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NOVEL CRYSTAL MODI FI CATI ONS Field of the Invention The
present invention discloses novel crystal

wore@flioeat i ons of (5S)-5-[4-(5-chl oro-pyridi n-PCT/SE2007/000256
2-yl oxy) - pi peri di ne-
1- sul fonyhnet hyl ] - 5- et hyl -i m dazol i di ne- 2, 4-di one,
processes for preparing such nodifications,
phar maceuti cal conpositions conprising such a
nodi fication, and the use of such a nodification in

t herapy. Background of the Invention WO 02/ 074767,
NOVBLARYSTAhMOPOISASIOMNS ei n by reference in its

entirety, teaches a class of netall oproteinase
inhibitors that are useful in therapy. WO 02/ 074767

Iﬁﬂﬁ%ﬁﬂ%qﬁvé%ﬁ&|oses a specific netall oproteinase
nni bi tor conpound identified therein as
(5S)-5-[4-(5-chl oro-pyridin-2-yl oxy)-piperidine-I-sulf
onyl net hyl]-5- nethyl -jm dazol j.di ne- 2, 4- di page <
Theg3kent HEARID dsplopes heA P anad oot e 3y Sid- GatTo-pyridin-
This .compou ' hofad or e S O f
2Ry BRGSO PLEUDARLE TR AL, frbdssges or
prefiiBB 3t odfiedtions Mathstetlidal Ehipositidhs eompsisig dudhent
conmpound (1) is prepared by a route anal ogous to that
modificationj andithe ufeoiflsoolt mgodifisetien MEPAPY.074767; pages 87,

113 and 120) but substituting the appropriate amne in
step (d): Schene 1 Reagents and conditions for Schene

Ba%'ﬁ!%o%}l? KENe thNgkiba 2C08, Et OHTH2O, +90 0C, 3h;. b)
par ati on, CH RALPAK AD, nethanol as el uent;.
c) d2 (g), AcOHH 20, <+15 0C, 25nin; d)

Di i sopropyl et hyl ami ne, THF. -20 0C, 30.min. Th
WOBH/ATAEA, voRbeRETpRTicri hY FriFiehieda ISiep iR fches a olass of

me G PirF R L  BAE " he Tacenat e

of conpound (1), (5RS)-5-[4-(5-chloro-pyridin-2-
WO 02/074767 further discloses a specific metalloproteinase inhibitor compound
identified therein as (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-
methyl-imidazolidine-2,4-dione (page 65, lines 15 to 27; and page 120, lines 23 to 29).

This compound is designated herein as compound (I).

(0

WO 02/074767 further discloses processes for the preparation of compound (I).



yl oxy) - pi peri di ne-1-sul fonyl net hyl ] - 5- net hyl -i m dazol
di ne- 2, 4-di one, was prepared by reacting

WO 2¢04A0@22zhl or o- pyri di n- 2-yl oxy) - pi peri di ne- | - BCI/SE2991/§00256
- propan-2-one with an excess of potassium cyani de and
amoni um car bonate in ethanol, and isolating the
product by precipitation. Carpound (1), the
(5S)-enantiomer, was then obtained by chiral HPLC (WD
02/ 074767, pages 55 and 65). No crystalline forns of
conpound (1) are disclosed in WO 02/074767. Conpound

Thys, y0 pue embodinaeit, GRAMDAUNG ) &t ERAIREDY & U fsfogous to that shown in

therfeﬁwvﬁg's@ﬁérxe maodﬁwmwega; & 1 mgen na%é’bu?&%s@l%tl @%

I'S use accor
am&b%n@é@@ﬁﬁﬁﬁgmﬁ@@ﬁrlbed in MD 02/ 074767, conpound (I)
exhi bits unpredictable solid state properties with

respect to thernodynamc stability. To prepare

phar maceuti cal formul at iSshemebnt ai ni ng conpound (1)

for adm nistration to humans in accordance with the

requi renents of U S. and other international health

regi stration authorltles t here |s a need tp Kroduce

compound N Ie farm .s

crystalli orm h Ing"CUﬁ§ta yS|caI agz?tles.

Pol ynmor phistmh can be characteri sed¥as the I ty of a
particul ar conpound to crystallise in different
crystal nodifications whilst maintaining the sanme
chenm cal fornula. Polynorphs of a given substance are
chen1ca||y |dent|cal i n Hontalnlng t he sane, aii-

bonded Pt c no her sane ,, 5 di
thei i cry cryst. -dlflca Lo mhfc affect
nore physica propertjeskﬁuch as di qut|0Q)ra

melting point, bulk gen5|ty stability, flow
properties, etc. sed in the speC|f|cat|%n with
reference to a speC|f|c compound, the terns

"polynorph" "cryst al modi flcatlon" "crystal fornf
"crystalling nodlfw§ and (crystalline) For nf
are t oAbe —urder stQot \?:s\jg\ §ous.

c

0 : H
\\S : N
F F

Reagents and conditions for Scheme 1: a) KCN, (NH,),CO;, EtOﬁ/HZO, +90 °C, 3h;. b) Chiral separation, CHIRALPAK

AD, methanol as eluent;. ¢) Cl, (g), AcOH/H,0, <+15 °C, 25min; d) Diisopropylethylamine, THF. —20 °C, 30 min.

The obtained compound (I) is then purified either by precipitation and washing with

ethanol/water or by preparative HPLC.
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The present invention provides a nethod to inprove the

t her nrodynam ¢ properties of conpound (1) in the solid
war@avageoand t her eby provi des conpound (1) in arPer/akdoe7/000256

crystalline nodification which has consistent and

advant ageous physical properties.Brief Description of

the Drawings Figure 1 is an3X-ray powder diffraction

di agram of compound (1) Form G Figure 2 is a

differential scanning calorinetry (DSC) trace and a

thernauﬁgraV|netr|c analytical (TGA) trace of conp

In q perophe @mpn@ thegacpmyade gfrromnonyd JHUERP)-&i [H?ﬁlelprcbwndm-%

nslGEaE SR SOTRRURLYS s BRAT) ARG 1 b

reaauggJI - @s b}ﬂoﬁ)’gpyﬁcﬁm y@&w;%ipeﬁuﬁi‘er1a§ﬂfdﬁ91]qu@%amﬁ with an
conpound (1) rmcC, Figure 6 is an X-ray powder

exatss dfipmtassiom ajianige and efumpoipo carbor(aky infedhrampDand-isglating the
is an X-ra diffra dlaramof onmpound
Pragye ygﬂf@%?%a&i«%em@mgow & ﬁwg@o SRIBHOTP Wﬂaﬁfepeﬁtamed%y) chiral
Ca@r] rmF; D sclosure of the
HP(Iildnv nérﬁc%ﬁﬁﬁtg%sg%gsv?/(dsn&iréé isingly been found that
(5S)-5-[4-(5-chloro-pyridin-2-yl oxy) pi peri dine-lsulfo
nyl met hyl ]- 5-nethyl -i m dazol i di ne-2, 4-di one, conpound
NO(qrystalh%me*é&ls ot cqmpnd |(BAst disdossd 1@\%@ 0RO74 147 ystalline
nodi fi cations (pol ynorphs). (I) In one aspect, the
present invention provides seven pol ynorphic fornms of

ColpBuPIPRWYb & nfcdIBlAeibdsk ilHibiaepLARASHE pétent ilBibitor of

i nvention provides a crystalline rmdl fication of
MNIBS), -aﬁd [ag sych-is useful in therapy. However, when made according to the processes

B e R TR T T
e N e L

codifinthg cbpBuadid) 1 .admPerdionieh@himssaiaccoXPRb: with the requirements

of U.S. and other international health registration authorities, there is a need to produce

compound (I) in a stable form, such as a stable crystalline form, having constant physical

properties.

Polymorphism can be characterised as the ability of a particular compound to crystallise in
different crystal modifications whilst maintaining the same chemical formula. Polymorphs
of a given substance are chemically identical in containing the same atoms bonded to one
another in the same way, but differ in their crystal modifications, which can affect one or
more physical properties such as dissolution rate, melting point, bulk density, stability,

flow properties, etc. As used in the specification with reference to a specific compound, the

¢ EE 114

terms “polymorph”, “crystal modification”, “crystal form”, “crystalline modification” and

“(crystalline) Form” are to be understood as synonymous.

The present invention provides a method to improve the thermodynamic properties of
compound (I) in the solid state, and thereby provides compound (I) in a stable crystalline

modification which has consistent and advantageous physical properties.



pattern i s nmeasured using CuKaradiation. |In another
enbodi nent, the invention provides a crystalline
worarfideat i on of (5S)-5-[4-(5- PCT/SE2007/000256
chl oro- pyri di n- 2-yl oxy) - pi peri di ne-I-sul fonyhnethyl]-5
-met hyl -1 m dazol i di ne- 2, 4-di one desi gnated Form G and
characterised by having an %-ray powder diffraction
(XPRD) pattern conprising specific peaks at 9.7, 10.1,
11.5, 12.8, 14.1, 16.2, 16.8 and 19.0 2Qand wherein
said XPRD pattern is measured using CuKaradiation. In
anot her enbodi nent, the invention provides a
Briéf V&tAbtidn ¥ tADBAwif@d | on of (5S)-5-[4-(5-
chl oro- pyri din-2Z-ylToxy) - pi peridi ne-1-sul fonyhnet hyl]-5
-met hyl -1 m dazol i di ne- 2, 4-di one desi gnated Form G and
F.chaﬁact i sed by having an X-ray powder diffraction
IZURPRHPN oty PP dEacken diagiam plcosanpand §) Farn Gshown i n
- . wherein i.d XP tern.s. neasured .
o Figlie s 8 ARl Dah Rl S el T b e figvimenio
analymi¢el(TIGoY) tREOYf e@Spoand (B Foihld;ne nodi fication of
. (59)-5-[4-(5- chlqro-pggidin-é-yloxy)-piperidnE-
Figare i ip fio ytabi @owgler diffrastivmdlagiam ofcomipodid @) Forkn @i one
. desi.gnated For .and .characterjsed by having_a
Fig RO PR PO S Ber i Gt G o0 cumoBbstD) FPHR .
Figerd B33t an iial by whbiedi i b EgyL 8.2 In
_ganother enggdWhenf, t 8§§ﬁ%§%%?§%’ rgé?gggg%n%’
10 Figgeyss ah Kimg powderf diffedction diafratb&) coblofind 8) Form D;

. chl_aro-pyridi n-2-yl oxy) - pi peri di ne-
Figue Jjf P AyHEON g4 iEicaetiomgiaztam ofcosipiotind@) Boum B one

- I € .and..characterised b i ng_an X-ray
Flg%g\%g %@gﬁe‘%}/ E g‘g’?% r??ﬁ%ﬁ??%?ﬁg{? qog}pﬁﬂﬁ/% QZ%P‘F’?E > peaks
at 6.8, 9.8, 13.7, 16.4, 18.4, 18.7, 20.4 and 22.6 2Q
~In anot her enbodi nent, the invention provides a
Diselespae of the feventieti f i cat i on of
(5S)-5-[4-(5-chl oropyridin-

-

1 2-yl oxy) - pi peridi ne-1-sul fonyl net hyl ]-5-nethyl -i m dazo
Tt hds NS ri s o ' Eoym Arand charact.eri.sed b
B B P S A ShE R PR 28 i ferithne 1

sulfenythsbeant]+Sainkthyl-heidazndings2, 4 dasne SERMduhd (1] @H'eRisBin at least
seven distinct crystalline modifications (polymorphs).

H
N O\O > N
z \ : \75’
N—
Q //S\\/\}NH
Cl 0o 4

0

20

O

In one aspect, the present invention provides seven polymorphic forms of the compound of
formula (I).

25
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I n anot her enbodi ment, the invention provides a
crystalline nodification of (5S)-5-[4-(5-

w@bdosnasopyri di n- 2-yl oxy) - pi peri di ne-| - sul f onyl P&t/REI0D#&0256
- et hyl -i mi dazol i di ne- 2, 4-di one desi gnated Form B and
characterised by having an X-ray powder diffraction
pattern conprising specificSpeaks at 6.6, 7.1, 8.3,
9.0, 13.6, 14.3, 16.8 and 17.7 2Q In another
enbodi nent, the invention provides a crystalline

di f.i cat i f S)-5-14-(5-chl o
In GRGoG R afin? bR e tideuhoh el Flociicrmomgr onsdads
chlbrlodyRRair22 416 ﬁaeﬁaﬁbgnﬁﬁﬁﬁylﬁ%ﬁplfs-%é@h H@E&%Eﬁ&iﬁé&,q-dione
by havi ng an X-ray powder diffraction pattern
dessgmbtsi iotm &} and dhamcteaived Bshavieg arsXawnpowddridiffetich (XFRD)
anot her . enbodi the invention provides a

nent,
Pat@?‘&/%‘tr%ﬂrfsilffgesl’ﬁﬁgg peakart bl of6-3.96)8 amd[19.Q 29 and wherein said XPRD
r o b di-N- 2 @l - pi peri di ne-|-sul fonyhnethyl]-5
pﬂ&ﬁ%§ﬁ3ﬁg¥ﬁgg%ﬁ%%ﬁ%ﬁﬁg¥%¥ﬁﬁdione desi gnated Form C and
characterised by having an X-ray powder diffraction
pattern conprising specific peaks at 6.3, 12.8, 14.3,
In apgthgr embodimenty the invemtion prayides a eryd@llinermadifitdtam of (5S)-5-[4-(5-
embodi.ment . the. i nyentio rovides_a crystalline
chl%ﬁmhglé?-yg}ygplpggép@g:Sflﬂtof(ggh@mygygmhy ixgidazolidine-2,4-dione
desgmile@¥¥im R BRI dndiBrekis { 5o WL
es}?ggixr?e- 2, 4-di one%gbaﬁ%%{%{ m@f%%&éﬁﬁg%ﬁfagﬁns@%
patthendomgpramgXpeasic peakdat 9.dj 10.1,adt3, 20.8pa4.1 €162, 16.8 and 19.0 °20 and
subst ; n%i ally the same as that shown in Figure 5. In
Wheteig Sy datters it megsyeed; usingftukorradieben.des a
crystalline nodification of (5S)-5-[4-(5-
chl oro-pyridin-2-yl oxy) - pi peridine-|-sul fonylmethyl]-5
In anO®Edthbdditnei@z Ok iitieRBorprbvilied B %rﬂ%ﬁhﬁriﬁ&gﬁ?iﬁh'@f B 52-@[4-( 5.
[

characterised by having an X-ray powder ractiro

- chlgsatyedin-Zplepy)-pipedispé esutfouy lpetiyt]- atmethybimitAzQididel2 2.dione

15 6. 15 9, 17.7, 18.2 and 18.4 2Q | t her
desigRiER AR arflbian s o Tgi A deshup Bt dpe diiing e (XPRD)

T LR RN
medsictd neing Cukdiradigtion.

In another embodiment, the invention provides a crystalline modification of (55)-5-[4-(5-
chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2 ,4-dione
designated Form G and characterised by having a differential scanning calorimetric (DSC)

trace substantially the same as that shown in Figure 2.

In another embodiment, the invention provides a crystalline modification of (58)-5-[4-(5-
chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione
designated Form A and characterised by having an X-ray powder diffraction pattern
comprising specific peaks at 6.8, 9.8, 13.7, 16.4, 18.4, 18.7, 20.4 and 22.6 °20. In another
embodiment, the invention provides a crystalline modification of (5S)-5-[4-(5-chloro-

pyridin—2-yloxy)-piperidine-1-sulfonylmethyl]-5-methy1—imidazolidine—2 ,4-dione
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desi gnated Form D and characterised by having an X-ray
powder diffraction pattern substantially the sane as

wo b@v/1edee2n i n Figure 6.1n anot her enbodi ment , PCTYSE2007/000256
i nvention provides a crystalline nodification of
(5S)-5-[4-(5-
chl oro- pyri di n- 2-yl oxy) - pi péridi ne-I-sul fonyknethyl]-5
-met hyl -i m dazol i di ne- 2, 4-di one desi gnated Form E and
characterised by having an X-ray powder diffraction

desii@&tgﬁ%” 55 Il DaTU Bl e 8 ey PA A dgpton patirs

nD | |ca?%%ﬁ%%ﬁh1§§§@é?f§¥?§gyides a crystalline-

chl oro- pyridi n- 2-yl oxy) - pi peri di ne-I-sul fonyhnethyl]-5
-met hyl -i m dazol i di ne- 2, 4-di one desi gnated Form E and

In appthenenbodiment, e invapting peovides aayyswmenodiﬁtettmaf (29-5-[4-(5-

SR o b o
GBI P Cat o ST ed Aol it

comprtngyspedific deakolat Aioned 28.3.-940,d3e, déSi ihabed 1 F6rpe. Fincandther

charact ri.sed by having an X1 owder diffraction
Sftribe SRisTIe Pigvissea prtllie atedieation af (5)5: [ 4@-loro-

B e e T

desiynglied Foah Bohdabhatabielisdt Hyhaly el X—"r@@;lydvl/dé'r Qiffraction pattern
2-yl oxy) - pi peri di ne- 1-sul fonyl nethy

substgntipdlytils samg agahasishewnén Bigu-4i one deS| gnated Form F
and characterised by having an X-ray powder
diffraction pattern substantially the sane as that

In 2268 erhPodinGht! ﬁlegnvelnho 1lo|V1(%§a ldﬂg ﬁ‘é(q{%jdlﬁ mél&)?%S S)-5-[4-(5-

relative intensities pea ray

chloiofpfyndmtz—glmxy)(ﬁﬁmdmam@tfnnymthya]nynﬁ:&qcbﬂxﬁidagoltdi)nd-ne-dione
orlentatlon of the s;gﬁle under test and on the type
designgfed Eprm fpngrchatqeteripr by hwmg anseery rayvden diffragiton pattern

oSO oy YO D MERSE, LB MRS BB 798, ot

embod@fertOthe aRalidd FrooRIBPAEHS@NMe modification of (5S)-5-[4-(5-chloro-
pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione
designated Form C and characterised by having an X-ray powder diffraction pattern

substantially the same as that shown in Figure 5.

In another embodiment, the invention provides a crystalline modification of (5S)-5-[4-(5-
chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione
designated Form D and characterised by having an X-ray powder diffraction pattern
comprising specific peaks at 6.6, 10.9, 11.2, 15.6, 15.9, 17.7, 18.2 and 18.4 °26. In another
embodiment, the invention provides a crystalline modification of (5S)-5-[4-(5-chloro-
pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione
designated Form D and characterised by having an X-ray powder diffraction pattern

substantially the same as that shown in Figure 6.
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The crystalline nodifications or Forns of the
invention are preferably substantially pure, neaning

wo bav/1e@eh crystalline nodification or Form of P€TYSE2007/000256
compound of formula (I) includes |ess than 10%
preferably | ess than 5% preferably |ess than 3%
preferably |l ess than 1% by wei ght of inpurities,
i ncludi ng other crystalline nodifications or Forms of
t he conpound. Thus, in one enbodi ment, the invention
provi des a substantially pure crystalline nodification

In apptheB@nb@liment( Bie dinention pypvidgs acoysipllieymodifiprtion @f (2S)-5-[4-(5-
1- sul fonyl pet hyl 1-5- net hyl -i ni.dazol i di ne- 2, 4-di. .
chl a3 LR Pk e T B SE sy Ry B o

A AChh Bk AR haR et 8r 8 2 ARAGafER
G h S QOO 1 e

congaisthgpRifipatdkennl.s, Be@ddreti4. 8siny 16KAR Jdind 1P G201 m
anot her enbodi nent, the invention provigdes.a

anohep smediment, thejnyention paqadesiafay s ing mediticatipngf (55)-5-[4-(5-

59).-5:[4-(5-chl or.a- pyri di n-2- - pi .
cnlqB i 1o8s Ry P R By Y Ry R Sl pRine. 2 4-dione
desti@ficd FHA E JnaldRhi@cRsedh vt ioti 3664, fywdea diffigetivn pittemy

powder io diffraction (XPRD) pattern conprising
subsfarGallyitbe prmackas that shown 1 Bigere ‘A1, 5, 12.8, 14.1, 16. 2,

16.8 and 19.0 2Qand wherein said XPRD pattern is

measur ed usi ng CuKaradi ati on. I n another enbodi nent,

In dfdfhet ﬁ&iﬂn@ﬁt, YV n %ro??&%ta%%‘sitﬁﬁﬁé’mg&ﬁﬁ%aﬁon of (58)-5-[4-(5-

crystalline nodificatio
chl6RPyritid-2-y{&xydpiperidingyl-sulfonyPrefiyd k §imqthylemidizoledine-2,4-dione

1-sul fonyl net hyl ]-5-methyl - 15 im dazol i dine-2, 4-di one
desigmatedForad RS e R R e ¥ S W%wfﬁact%m BRItEIRy

owder di f.f ti RRI t i °

co R gt st inal 4 SO or S i TR B MY Ybpamother
emB&ditrRAN) tHeSnTERASH PRVidES lalgystlliiee mhedFiadtidarvf (SHPPPHBIclbgo-

Form Gis obtained as a white crystalline powder
pyredim2rylexy)epiparidineal -sulf@ryémtthpl] timehpleind dazatidmati4-dionpe
R e b B SRS
sub%[aﬁlﬁgﬁ}pﬂlg YRS 2 OBLEHTHAGH F@ﬁr@g.ngl e '

It will be understood that the relative intensities of peaks in an X-ray powder diffraction
(XPRD) pattern may vary according to the orientation of the sample under test and on the
type and setting of the instrument used, so that the intensities in the XPRD traces included
herein are to such extent illustrative and are not intended to be used for absolute

comparisons.

The crystalline modifications or Forms of the invention are preferably substantially pure,
meaning that each crystalline modification or Form of the compound of formula (I)
includes less than 10%, preferably less than 5%, preferably less than 3%, preferably less
than 1% by weight of impurities, including other crystalline modifications or Forms of the

compound.
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crystal X-ray diffraction. In the crystal, the
nol ecul es are packed in an orthorhonbi c space group

W@ RR120602) . There are 4 nol ecul es in the asymMmeCT/8E2007/000256
unit cell (a = 10.510 A, b = 11.169 A, ¢ = 15.560 A).
The cl ose packing, resulting in a lack of interna
space, is 25 manifested in & relatively high density
of 1.46 g/nL. The sinulated X-ray powder diffraction
pattern of conpound (1) Form G cal cul ated using the
single crystal X-ray diffraction data agrees well wth

Thys, g eiesantodanent the Hﬁ’é{l‘éqwfﬁ@dleb%ﬁ‘tbéPaﬁtl%l e crystailifgr e

fr
o RSSO U LIS Lo
ARIaEdI RSN AT B-dddricl debidhabd Bofn® GRe fcBiirk &8 @i 5 Hadine QR X-ray
effects. When prepared according to the processes

powierclsetion (XD IBHOMATETrisIESpetis geaksat 10.1, 162, 16.8 and 19.0

Z%{dﬁw P ety s P Pkl (!,qrqrEt hyl ] - 5-

anor phous phase or Form A or Form C or a m xture
thereof. A nelting point for conpound (1) Form A has

In mothd) embodinsat, edinsemion pmqmmeshmba';tm:glaﬂly pm‘amyitdﬁms modification
into Form B at about 175 C. Conp d (1) mB is

of Sydclded- @%r@@W@ns?ralpéy)rmmdm@ éﬁglf%éwetﬂnb;}]rﬁ-methsfl-

1mf(]i§z tll%%‘l 4%?onlétdegl§§%te F(ﬁ%{ @a%d gﬁ&%&@%@? 1n2%¥1 )an[y ypovvder

'hen” recr orm gueén

dlfffﬁétilonf( Bgfa &8 Quin ﬁﬂaﬁg@ﬁém QsJﬂCb.’Ull).IEQ!Im Q.@@Eﬂzﬂ.s 16.2,
at about 2 0C. Corrpound (') FormD is produced when

16 8ang d 0020 land wdersineyazd EBRPypattesnsis alehsuged womg Cnkaradiation.
melt. For exanple, FormD is produced by nelting Form
B (starting wwth Form A at room tenperature) at the

In AR dr REMObLETRGE %éﬁﬁ@erﬁ{?n r?g&garr%r p%\gﬁgntfhll'l g)‘ﬁt% ?}9&!&1'1 gg Qlﬁcatlon

roomterrperature yi e ous materi a

of (IS 5HAg Saddiro-patidin-2Zpliory)-pperidige-1 el foredinethg - 3-iethyl-
_anorphous material goes through the glass transition
imidagdling Ut wliensylesigrgied Form G and characterised by having an X-ray powder

diffraction (XPRD) pattern substantially the same as that shown in Figure 1 and wherein

said XPRD pattern is measured using Cuk,, radiation.

Compound (I) Form G is obtained as a white crystalline powder comprising crystals
exhibiting acicular habit. The material is essentially 100% crystalline as determined by X-
ray powder diffraction measurements. The crystal structure was determined by single
crystal X-ray diffraction. In the crystal, the molecules are packed in an orthorhombic space
group (P212121). There are 4 molecules in the asymmetric unit cell (a=10.510 A, b=
11.169 A, ¢ = 15.560 A). The close packing, resulting in a lack of internal space, is
manifested in a relatively high density of 1.46 g/mL.

The simulated X-ray powder diffraction pattern of compound (I) Form G calculated using
the single crystal X-ray diffraction data agrees well with the experimentally determined

pattern shown in Figure 1. The positions of the diffracted peaks have a very close match
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subsequently recrystallises as FormD. FormD nelts at
about 209 C. Conmpound (lI) FormE is produced when Form
w@2i03/18doezried in water at pH 3, for exanpl e, BCT/SE2007/000256

anbi ent tenperature for several days. Like Form A,

Form E undergoes a thermal transformation at about 175
C, probably to Form B. Corrp@und (1) FormF is produced
when Form A or FormC is slurried in ethanol, for

exanpl e, at anbient tenperature for sever al days Li ke

[ and For For.m F .under ther
and e ot e e pefiptens e ¢ {9 Hugleps prienation
effdtConpound (1) Form G is reproduci bly produced when
(5S)-5-[4-(5-chl oro-pyridin-2-
yl oxy) - pi peri di ne-1-sul fonyl net hyl ] - 5- net hyl -i m dazol i
di ne- 2, 4- di og}@gl s recrystal|ised from aqueous et hanol

Whegp PF%P to thersesesses disglorsd e M3 (SEHM-C5-

n €.c0 d'.ti s. .
o S A S TS S e
obtan@smcamﬁplhaus pAkdd o FoFm @pm&hﬁd: Yr & BXHRS @blebe tO
Form C which then re-nelts at about 210 0C. \Wen any

of conpound (1) Forms Ato G are heated, no sol vent
rmal  event is observed prior to

REC IR R SR TR N

trarsfos 25 MBih B absHGAsag those outlined above, that
may occur at about 175 C. Thus, each of Forms Ato G

is thermally stable. The relative thernodynam c

stabi lities of conpound Forme Ato Gwere
CorgRand4DeiormP suspdirsd bl s@s%aatrs rentitonstverea FeicmtA isdwatsfl to

aboﬁpfﬁ&’(’,Athﬁn% Iwgﬁseat%go z}bgt eg n t%&:ant rleﬁryéﬁthsE gggém 8 and

tenperatures ranging 1

sub@équamynﬁmggalﬂatfafbroa@nm studies (XRPD) on the
resulting precipitates denonstrated conplete

conversion into Form G The same result was observed
conygirg (b rpdniers e Der (B nanol | nethanol |

1- propanol, 2-propanol, acetone or ethyl acetate).
Compound (I) Form D is produced when compound (1) is prepared by crystallisation from
a melt. For example, Form D is produced by melting Form B (starting with Form A at
room temperature) at the melting temperature of Form B; then quench cooling to room
temperature yielding amorphous material; and then heating again at 5 °/min. During the
heating, this amorphous material goes through the glass transition temperature and then

subsequently recrystallises as Form D. Form D melts at about 209 °C.

Compound (I) Form E is produced when Form C is slurried in water at pH 3, for example,
at ambient temperature for several days. Like Form A, Form E undergoes a thermal

transformation at about 175 °C, probably to Form B.

Compound (I) Form F is produced when Form A or Form C is slurried in ethanol, for
example, at ambient temperature for several days. Like Form A and Form E, Form F

undergoes a thermal transformation at about 175 °C, probably to Form B.
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Based upon these results, it can be concl uded that
conpound (1) Form Gis the thernodynam cally nost
wgar@bhesoef the seven crystalline nodificati onsPCTISEI0@7/000256
tenperature range investigated. Using the procedures
di scl osed herein, conpound gl) Form G can be
reproduci bl y manufactured fdPll owing smal |,
internedi ate or |arge scale synthesis. As could be
anticipated fromthe single crystal X-ray structure
determ nati on of conpound (1) Form G which showed
virtually no internal space for solvent nol ecul es,
Cohipointli (IYF&rei Glit RPromRaDly HOBICE wiRl PA(ITBRIE SR ridin-2-
1\?glaspo.ur(tl)sflgr ption (GVS) gwwed t hat htmﬂ%e)ggna?%/ 5:%1'5110 S din-2
ylozy hpigeridine-hstfdintimethyl ek methyb imidnzdiidite-2,¢ldidrieverecrystallised
hum dities (<0.05% hum di tyuptake at 80% RH). The
frof A T ranb 0T QA TG i dat6F Rp . frm G melts at about
5 [ I 1. ehl i n in
B B S e
subsequehilepirtigiod chmpletely fdmanting @OBPSmSClvidcIstheh e-melts at about 210
.~properties. It is 5 crystalline, non-hygroscopic, and
is thermally stable bel ow 200 C, show ng neither
solvent | oss nor any other thermal event prior to
nmelting (see DSC and TGA traces, Figure 2). FormGis
With a8y blCriftRhf 0 ¥at Aablo/alBeited RRLR RS lo%ﬂ%r%ﬁy ‘3@).%thenna1
known crystalline nodifications of conmpoun [).” o e
evenbisiobisesver pricgtta bieltintgy exdepcionpaonsibde {dlid skne trarsfovamtions, such as
st ud'.eg tgnder three sets of conditions: at 25 )
thogg %}E@? e thagmayepceyig gbeut1 73 nd. Hrusaerchof Fpmgs 4xitp G is
%grﬁi re examned after 2, 4, 8 and 12 weeks and
theche 'Sga}[lé/'\gnd physical stability was evaluated. It was
concl uded that the material was chemcally and
physj cal |y stable under all storage conditions since
Theeslating thysgodwnerie pakititiesof camphund GhFems Ato G were evaluated in
5)-5-14-(5-chloro-pyridin;: 2- . .
sush ey SR Mgt ety iofat AyP (G Werrstripribesddaztar for s
daydiat@mpedmib i Rl o kb 20 -
e R & 1 Y AR B Bt snudies
(XKPIRRD) the rasulting precipitates demonstrated complete conversion into Form G. The

same result was observed following incubation of suspensions of Form A in various
organic solvents (ethanol, methanol, 1-propanol, 2-propanol, acetone or ethyl acetate).
Based upon these results, it can be concluded that compound (I) Form G is the
thermodynamically most stable of the seven crystalline modifications in the temperature

range investigated.

Using the procedures disclosed herein, compound (I) Form G can be reproducibly

manufactured following small, intermediate or large scale synthesis.

As could be anticipated from the single crystal X-ray structure determination of compound
(I) Form G, which showed virtually no internal space for solvent molecules, humidity
sorption measurements using gravimetrical vapour sorption (GVS) showed that the

material has almost no humidity uptake even at high relative humidities (<0.05% humidity
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t he nor phol ogy of conpound (I) (SEM; in the sol vent

content (TGA); or in the nelting behaviour (DSC).
waoemcao@enpound (1) Form Gis considered to haR€I/SE2007/000256

excel | ent and advant ageous cheni cal and physica

stability in the solid state under pharmaceutically o

rel evant storage conditionsllin one aspect, the

present invention provides

(5S)-5-[4-(5-chloro-pyridin-2-yloxy)- piperidine-

- syl hyl]-5-methyl -imd i di -2, 4-di .
el sOr e oo B sy s af Pipe Y popic
acc[Qi;d:PI%/%f_éQﬁe piieseasaRdfio Ehet]%riﬁoﬂé;éﬁ @ﬁﬁﬁﬂdcgﬁ%eﬂ (5S) - 5-

chl oro- pyridi n-2-yl oxy) - pt peri di ne-1-sul f onyl net
hyl ] - 5-net hyl -i m dazol i di ne-2, 4- dione Form G Thus,

in one_aspect, the invention provides a process for
Comppeu: (é)g%qe@[(ﬁ Bas gxcellent and highly advantageous solid-state properties. It is

_5-[4- (5 chl.or Q- i di p-2- - BhpeLi di ne- | - sul f
o e deh P SRR Y el il B BOREG, oG
soldnfloss AVGIny et esingdl dveirl R o REIIB (EETHRE hASRENOces, Figure
from O aqueous ethanol. I'n another "aspect, the

2). Fermetip also pheghérnodynamicaltyemestfstablet dfehgsevpa kadwoorystalline
f.(59) - 5[ 4- ( 5- or o- pyri di n-2-yl oxy) - pi peridine-|-su
m"?‘ﬁ%ﬁ%}fnﬁé’f[ﬁ?}’flﬁgq‘%@%u iyl i m dazol i di ne- 2, 4-di one Form G
that involves crystallisation or recrystallisation
from aqueous industrial nethylated spirits. In another
Theampid state sthiglitynfenmpotnd(pFodes vasphRteistmdtthrdeets of
nglr,epar ation, of (5@‘) - 5%%51 ES-
congiions:ci gy r Pidesiccatsd; akdd) “EpPemtsiand af 4@ (CAT8M R HeSayplps ere
exa%tgqgetd?gl:ef %’vn\éni’ %gﬁgltlggxéegﬁ? izﬂéﬁlgffﬁ% arllzéj ;ghn})s%af sr%a%ﬂi‘éynv\v/aosl e\wlfgl?lated. It
was(@bttuled thaf the aliktRTaPwRY EhehiBalR A Phyicl iR
onyl met hyl]-5- methyl-im PRy A CRr o1 Sdee
congitions sicepo ¢hadgestwéra bbseevddyih dicamdntent of (58)-64[MEF-chit @ pyridin-2-

i1\) .heating the m x to reflux to obtain a )
oriRg e o nethl S et el Rghions relative o any
possible degradation products (gradient RPLC); in the Form of compound () (XRPD); in

the morphology of compound (I) (SEM); in the solvent content (TGA); or in the melting
behaviour (DSC). Hence compound (I) Form G is considered to have excellent and
advantageous chemical and physical stability in the solid state under pharmaceutically

relevant storage conditions.

In one aspect, the present invention provides (58)-5-[4-(5-chloro-pyridin-2-yloxy)-
piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione Form G.

In a further aspect, the present invention provides processes for the preparation of (55)-5-
[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-
dione Form G. Thus, in one aspect, the invention provides a process for the preparation of
(55)-5-[4-(5 ~chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5 -methyl-
imidazolidine-2,4-dione Form G that involves crystallisation or recrystallisation from

aqueous ethanol. In another aspect, the invention provides a process for the preparation of
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iv) heating the filtrate to reflux and then all ow ng
it to cool to about 20 C at a rate of about 0.5
w@2ennodoe2 v) col lecting and drying the PCT/SE2007/000256

(5S)-5-[4-(5-chl oro-pyridin-2-yl oxy)-pi peridine-Ilsulfo

nyl met hyl ] - 5-nethyl -i m dazol i di ne-2, 4-di one Form G

In a further aspect, the pré8ent invention provides

(5S)-5-[4-(5-chl oro-pyridin-2-yl oxy) -

pi peri di ne-1 -sul f onyl et hyI] 5-net hyl -i m dazol i di ne- 2,
Form G for uselnt erapy.. In a _further

e
<53a§plléc@ -chiqe- Dy Fd ettt ok R RIRETGAC 6%&9@@@%&%@&&% ne
um?EﬂJhl%i n%ai 11 Qﬁbn%f m{-rg% "hgg( 15/1?015?spc st I1rs1ae’c1o'n or I %stal}lsatloﬂ fﬁo]m
aqueﬁumﬂﬁsthallrﬂ&tﬂﬁgﬁﬂlsﬁhﬁe 2,4-dione for use in the

manuf act ure of a nedi canent for the treatment or

prophyl axi s of diseases or conditions in which
o 4t opeP i Bt B pgecperanon of (S EGs-
OSSR PRSP P I e il o

Fomathatenﬁdvemtﬁbfcﬂﬂbwmwps t he manuf acture of a
cament for the treatnent or prophyl axis

se%&ié]é@ @) édﬂdﬁﬂh@ﬁ%lﬁmdlwﬁ ﬂﬁxy)rmpmctmfb}rsglrfowﬂzpethyll 5-

t funt h spect
S?e;éh{n&hkﬁﬂe ARSIl 4 bR 16 HaIB e 87 OF Plausiifpetgytarea
pr OphyépaﬂﬂsﬂMS) wat@i;Ssease or condition nediated by MVP

activity conprising adninistering to a patient in need
t h)a r h@tma thehelxape tat ieBuk koyotsdinespluienanount of a

Il cation of (5S)-5-[4-
| %Eﬁlﬂﬁ?t “I?O‘i}’l ony) pi E)erl) di nEa | - sdf onyl net hyl ] -

% kO 320l LS afd thenMGRSG: \% it B Aol b6l 0 °C at a rate of
aspect he present i nvention provides a netho
t r eat naEsut 0.5 °p)fmmln§el axis of a disease or conditi on

rredlated by MMP activit I sing adm nistering to a
i eblecting andedaying élree(éS?/é [ﬂ%hb&:pmwyyl@manpwene 1-

SVBS?T%*? R SRRy PO oA | i ne- 2,

4-di one Form G

In a further aspect, the present invention provides (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-
piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione Form G for use in therapy.

In a further aspect, the present invention provides a crystalline modification of (5S)-5-[4-
(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione
for use in the manufacture of a medicament for the treatment or prophylaxis of diseases or

conditions in which inhibition of MMP activity is beneficial.

In a further aspect, the present invention provides (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-
piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione Form G for use in the
manufacture of a medicament for the treatment or prophylaxis of diseases or conditions in

which inhibition of MMP activity is beneficial.
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In particular, conpound (1) is useful in the treatnent

of a disease or condition nediated by MW12 and/ or
wormIdo@ezd/ or MVP9 and/ or MVP8 and/ or MVP3; esPET/SEA0DY000256

in the treatnment of a disease or condition nediated by

MWP12 and/or MWP9; nost especially in the treatnent of

a di sease or condition nedi aBed by MW12. In a further

aspect, the present invention provides a

phar maceuti cal conposition conprising a crystalline

nmodi fication of

Ing Qszhﬁs agpact; te prgseRtgnysAtion pmvgdey pavafhedyijesatmaeni of prophylaxis of
a et EORg Y e By MM TR SR Rfnitlgng o Baffot n

ne&nﬁéﬁapﬁﬂh%fagahuc@n%ﬁ@awe@ﬁmﬁﬁtrm'ral &Y $lline modification of (53) 5-[4-
(59) [4-(5-chl oro-pyridin-2-yl oxy)-piperidine-I-sulf

(5-clytormstridj-R-yBexypipiydridimiedaawfonylinmeshy 1 2 S 4nethyl Fisi deo hidige-2,4-
In a further aspect, the present invention provides a
dig®&t hod of treating a disease or condition mediated by
nmet al | oprot ei nase activity, conprising adm nistering
to a patient in need thereof a therapeutically

In efidréiet hypectatipidsen inferpioa ronidd aint@hoCeftaathért @R prophylaxis of
conpr|3|£g a crystalline nodification of
(1

a disze 053[) on qu@ted by VIV astizity cemprisipg pdiinisierimg-to a patient in

f da d |
nefdhiRars Hetmbytcalti SR AT o e s tgin 3-oxy)
plﬂéﬁﬁﬁ@-q &ﬁfoh&ﬁ%&ﬂﬂpS%éﬁhﬁﬁﬁfcﬁz&[dlﬁ@Q QL(IlbﬂH'IF&E{jGat ed by

net al | oprotei nase activity, conprising adm nistering

to a patient in need thereof a therapeutically

effectlve amount of rmaceuti cal conpositign
In E@'ﬁﬁlll flg p(ﬁ[@pound (D is use%.ll in the treatment of a diseasmg: or condition mediated by

MR By TR P 1 BB GRS Bl b

trehtfhedt S dib@ke aﬁﬁﬁlﬁitlontd‘i@h@écEB}EMMP TV W drVIVIPO9 M‘lo@teé:‘spemally in
the use of a pharmaceutical formulation conprising a

thectrepiment iof adispasgior icerditionmediated by MMP12.
(5S)-5-[4-(5-chl oro-pyridin-2-yl oxy) - pi peri dnel -
sul fonyl net hyl ] -5-met hyl -i m dazol i di ne- 2, 4-di one for

In b AGtHef 8t Me Piseft iV ERBR Prd¥ides a pharmaceutical composition
comprising a crystalline modification of (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-
1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione.

In a further aspect, the present invention provides a pharmaceutical composition
comprising (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-

imidazolidine-2,4-dione Form G.

In a further aspect, the present invention provides a method of treating a disease or
condition mediated by metalloproteinase activity, comprising administering to a patient in
need thereof a therapeutically effective amount of a pharmaceutical composition
comprising a crystalline modification of (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-
1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione.
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condition in which inhibition of MWP activity is
beneficial. In a further aspect, the present invention
w@e@vila®s2 t he use of a pharnmaceutical formul at POTSE2007/000256

conpri sing

(5S)-5-[4-(5-chloro-pyridin-2-yl oxy)-piperidine-I|-sulf

onyl net hyl ] - 5- met hyl i m dazolld#di ne- 2, 4-di one Form G

for the treatment of a disease or condition in which

i nhibition of MW activity is beneficial. In another
the.invention provides the use of a conpound

t,
In RAEGH donpch b ?reﬁmtmn I Pioaices A HeRAd pf drefinga disease or
corfRGANERLA b el Mol SRSTEOLG oBEARY BithfiiBiing fo g patient in

needrteatofgtherapeutiesllic éffigitih embintttor @ fphatniticb @iBaBE @hposition
di seases or conditions_which conprises adm nistering

COI%W%P&)@S%@T{4é§rfcf11=§’if¢'ﬁ@ﬂ¢1ﬂt¥|ﬂ1©1<Y)anlp¢ﬂ@k€ &rfsulf@ra«llme@vHeSa@ethyl-

apeutlcally effective anmount of a
mng%zr?%glﬁlﬁoéig 1"“8% (I) Form G Compound (I) can be

used in the treatnent of diseases of the respiratory
tract such as obstructive di seases of the airways
In 4 fucthedidspert, the prevent inveotiodprogides treaise af 2 pMIhﬁb@itmal formulation
I nduced

d
corpRsGla P s Mot i NEARD ! sblro-RHoda sy o eistne-
1- s@l%x@ﬁﬁﬁtetihg@% 1%51? rﬁgégoﬁﬁhle az”ﬂ d?)‘ﬁé ?(#r\‘jté§ H‘Eat@l@gt c%f a cﬁéease or

sev causes o

conditjparin esqhonBibitRMes MMPHHcARinEisMReéfickdt | ve pul nonary
di sease (COPD); bronchitis, including infectious and
eosinophilic bronchi tis; enphysena br onchi ect asi s;

Ing %F%Frc%ﬁ)%c bt gensf ?é,v%o osi Si[dle%&[e)}lsi) ﬂirﬁ ngp?tlcpljﬁﬁnulatmn
1 It i S -
ot O f?ﬁ%ﬁﬁls??yﬁg?ﬂgnzz%m IRl g RSk
imidarmpidine &, 4-dipne Kbim Kicfop testdatmdnt of agisean abr cdm@ﬂiu»mm which
|nfect|on i ncl udi ng tubercul osis and aspergillosis

inhubiionRiMMB f%ﬁﬁ’éi’lslh?ﬂ%@ilﬁlons conplications of lung

transpl antation; vasculitic and thronmbotic di sorders

In aﬁﬁfothtei1 Esgg&n@le\{ﬁ%ﬁﬂ&?é%gﬁie qlsg Hf &ﬁﬁmuntlayo??cr) L& rf%m)goﬂn Gin

Ive activi I'net
the umngfac’an;sm[ta mtdidamértior the treatment or prophylaxis of inflammatory

diseases or conditions; and a method of treating, or reducing the risk of, inflammatory
diseases or conditions which comprises administering to a person suffering from or at risk

of, said disease or condition, a therapeutically effective amount of a compound of formula
(D) Form G.

Compound (I) can be used in the treatment of diseases of the respiratory tract such as
obstructive diseases of the airways including: asthma, including bronchial, allergic,
intrinsic, extrinsic, exercise-induced, drug-induced (including aspirin and NSAID-induced)
and dust-induced asthma, both intermittent and persistent and of all severities, and other
causes of airway hyper-responsiveness; chronic obstructive pulmonary disease (COPD);
bronchitis, including infectious and eosinophilic bronchitis; emphysema; bronchiectasis;
cystic fibrosis; sarcoidosis; farmer’s lung and related diseases; hypersensitivity

pneumonitis; lung fibrosis, including cryptogenic fibrosing alveolitis, idiopathic interstitial
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i nflammat ory and secretory conditions of the airways,
and i atrogeni c cough; acute and chronic rhinitis
WO p@baaiorzy rhiniti s nedi canent osa, and vasonot BCT/SE2007/000256
rhinitis; perennial and seasonal allergic rhinitis
including rhinitis nervosa (hay fever); nasa
pol yposis; acute viral infedstion including the common
cold, and infection due to respiratory syncyti al
virus, influenza, coronavirus (including SARS) and
pn@ﬂ&masi fibi®sis Comphitanitlg Ghil-neailastic Sigerfsy digletirdnic nftetion, including
treat pent of di seases of bone_ and joints_such as
tubgrepjosisand agpermlions andeiherifngal infeciiops; gpRglications of lung
mﬁgiaﬁ%ﬁhh\‘dsédlﬁ{c%ﬁ%ﬁ%%@&%&de@%fﬂxeﬁﬁﬁ%s&l@ﬁ and pulmonary
condary to, for exanple, congenital hip dysplasia;
hypeetensions antivdsive adsivity sysdurtiyg trcatmﬁntaxf dhioow dvagh agsadiated okith
ain:, rheymatoid arthritis.and Still:s dis
inf ey A0 SE B0 RPaPT R P ATHALs 2P Bl Soishs acute and
chr@ﬂﬂé)thﬁ&isﬁﬁclﬁ&iﬁ@ eyihitik nfedidafiRhiodd, iafd @idoklotdr rhinitisC perehM8l and
arthritis and undifferentiated spondarthropat hy;
seagei)sd pldergicehinites igclading sinidis nprvpescthpy feven) E%SéhPOIYPOSIS acute viral

inf%%gpﬁ%&glﬁég}et%g NS 'aﬁ&’{ng i e Ebsﬁg%ag&rl‘g ﬁéﬂéyg@iu firus,

di sease an once

inflanlzac beronavirus I(insluding IAROeid sgeravirtis.s 1 ncl udi ng urate
gout, cal ci um pyrophosphat e deposition di sease, and
cal cium apatite rel ated tendon, bursal and synovia

CohpbhR IR ArOflso RARES N he HeSBREEO! R SR b@ﬁ@arﬁﬁ@ﬁﬁdﬁfcu as
Sjogren’s syndrone; systemic sclerosis and |inted

arthyitidss esrepiated valhserdnelading pstsoasthyitiventaoarthuesis, F@pﬂlemmary and
sec&%‘ ‘ft Ifor extta{ni)f Ig Ieﬁ%ﬁ%@i dﬁ% ?als%n(g ! flﬁﬁra%ﬁﬁﬁn% Pondyhtls and

con ive ory nyopa

low baﬂklmd mgcldpmﬂ&hawmﬂdtatrﬂhﬁuﬁmﬂ PIl’y disesse] desonegative
mal gi a_ r heunat i ca; iuvenl le arthritis includin

qu%gl%@ampéth}eﬁ fckying aylosingspendyiEs nserigticariyiss, %l’YF arthritis
c?ﬁxﬁﬁfféx@ﬂﬁ ﬁa@mﬁﬁﬁgﬁﬁﬁg% c%mﬁh%?émh@mferchsﬁ* P@M

ever syste |cat|ons vascul It
arthopathieh ang bgnadtsoxcdetsl suelr e tubterczulosfﬁainaMdmg Bottat dle¢a|s¢ g Poncet’s

SYRPaLEHE 00 BT o el Ry s e PP AR gt el
pytobhdkpiite AbpdsiicRcdidcass, ahy RaEieRNPhiite Yélhdéd tendon, bursal and synovial
inflammation; Behcet’s disease; primary and secondary Sjogren’s syndrome; systemic
sclerosis and limited scleroderma; systemic lupus erythematosus, mixed connective tissue
disease, and undifferentiated connective tissue disease; inflammatory myopathies including
dermatomyositits and polymyositis; polymalgia rheumatica; juvenile arthritis including
idiopathic inflammatory arthritides of whatever joint distribution and associated
syndromes, and rtheumatic fever and its systemic complications; vasculitides including
giant cell arteritis, Takayasu’s arteritis, Churg-Strauss syndrome, polyarteritis nodosa,
microscopic polyarteritis, and vasculitides associated with viral infection, hypersensitivity
reactions, cryoglobulins, and paraproteins; low back pain; Familial Mediterranean fever,
Muckle-Wells syndrome, and Familial Hibernian Fever, Kikuchi disease; drug-induced
arthalgias, tendonititides, and myopathies.
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reactions, cryogl obulins, and paraproteins; |ow back
pain; Famlial Mediterranean fever, Mickle-Wlls
waydnaeseez and Familial H bernian Fever, Ki kuch€T/SE2007/000256
di sease; drug-induced arthal gi as, tendonititides, and
nmyopat hi es. Conpound (1) can al so be used in the
treatment of pain and connedbi ve tissue renodel ling of
nmuscul oskel etal disorders due to injury [for exanple,
sports injury] or disease: arthitides (for exanple
Condpeumd(Iptah Asd by used $n the steatorent dif paiin and gauective tissuestmbdelling
art hropat hy), other joint sease (such as
of W%ﬁ%@%ﬁ@%flﬁpﬁaxsﬁwa@@wﬁ e PETH BV Grrheffipsare arthitides
(fol SkaMp1& BRERRIAL hﬁﬁﬁtls Qﬁ&%rthﬁﬂp dglid drtgysdil %ﬁﬁﬁ@aﬁh%}’ QfheRSoint
osteopor03|s Paget' $ di sease oOr 0ste€onecrosis
dispase (@ishng iiteiversebraldlissrdsdenertionier i@@p%@rnm;hbulmeomt degeaeration),
ndyl o rthro athle b rjaodontal disease
bord 3o 4efing RSP RERD SreHRNE Rl AR P B Bpitileg
polyBhdndeitits; &ﬂ&rﬁ&éﬁna@ﬁnﬁd&ﬁmﬁv@ﬁss&k di3ofleE Rp&sdyloarthropathies or
psoriasis, atopic dermatitis, contact dermatitis or

Pe%‘?q?@l?al Eissaatushes BeodRntE®s, and del ayed-t ype
hypersensitivity reactions; phyto- and
phot odermatitis; seborrhoeic dermatitis, dermatitis
Coh@ppmi (I camalsy bd lhaeﬂémthpltlammse;nt of dibraressutiskmcacis aﬁepsoriasis atopic

SRR BHRUELTS BB B o5l 0

hy@@s&l@fmy YéucGomy bhRs dandhbtodamhaitis 28 bR Mermatitis, dermatitis
vasculitides, toxic erythemas, cutaneous

heipgforsishlichenglanys Jishen Bolerpaisiehatronkics, pradeenm sangrenssys, skin
B N T
urtivania,i anfeeténs ;vagabitdesy taxid eryt;hemasj eataseduy RPpSinopslias, alopecia

o OB At GUIESL R OY Sk b B oe A BApps Ggiema
mu(ﬁ%ﬁﬁé"rb‘éllﬁﬁﬁs 560 iRfeSvelfa Uoh! q‘nfe@tu;eh ariri &t Man&us lymphomas,

di seases of the eye such as bl ephafTtls;
noqu‘lagunmal skt qaggeriand ot Agsppretielenioas; dawgtindeearadisorders including
Ier conjunct|V|t|s iritis; anterior and

ﬁxﬁ%@?@r FH°%ei tis; choroiditis: autoinmmune:
degenerative or i an anmmat ory di sorders

Compound (I) can also be used in the treatment of diseases of the eye such as blepharitis;
conjunctivitis, including perennial and vernal allergic conjunctivitis; iritis; anterior and
posterior uveitis; choroiditis; autoimmune; degenerative or inflammatory disorders
affecting the retina; ophthalmitis including sympathetic ophthalmitis; sarcoidosis;

infections including viral , fungal, and bacterial.

Compound (I) can also be used in the treatment of diseases of the gastrointestinal tract
such as glossitis, gingivitis, periodontitis; oesophagitis, including reflux; eosinophilic
gastro-enteritis, mastocytosis, Crohn’s disease, colitis including ulcerative colitis, proctitis,
pruritis ani; coeliac disease, itritable bowel syndrome, non-inflammatory diarrhoea, and
food-related allergies which may have effects remote from the gut (for example, migraine,

rhinitis or eczema).
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affecting the retina; ophthalmtis including
synpat hetic ophthal mtis; sarcoidosis; infections
wo p@baadory viral , fungal, and bacterial. ConpPCTSEL0D})/000256
can al so be used in the treatnent of diseases of the
gastrointestinal tract such as glossitis, gingivitis,
periodontitis; oesophagitis]l7including reflux;
eosi nophilic gastro-enteritis, mastocytosis, Crohn's
di sease, colitis including ulcerative colitis,
Coppoand () en appolbeivusedinghé jreatment afclistame af the dardioaabiler system
syndrone,..non- | .nfl ammat ory diarrhoea, and . |
Su"?%%g{hf’fe"%"gf’fé’alsaaiffeéﬁ’@% SGHPEH ROl R Blatien; nerpditis
mybéapditis Niaflghimatdro an@¥@eRthun8csldinpathidsthdlidn® fnyocardial
eczemn) . Conpound, (1), can al so be used in the treatnent
sarggnd; dscdiagraic enpsriusion injuries; sudasaiditin, valyslitisyprdiedrtitisincluding
i i L Sy et Q. nd. peri pher al
g b P
veigndclading phlebitisend dhrdinbogig ndlidies déspoleidihRgmbasacaddi a
sgrcoi d; .ischaemc reperfusion injuries; endocarditis,
CO”%@Y’%‘?I}Stqfé’?H%EVSIBF't itis including infective (for
exanpl e syphilitic); vasculitides; disorders of the
proxi mal and peripheral veins including phlebitis and
CompewiiDias alsp e lugefl ingpndelegy wwhras ithithesatsnent aficbmmon cancers

: [ ' varicose veins. ,Compound. (I), can al so

v S U8t R e R Bl b e

bramameerssind medligdaregespresti te bOieRsiow! @itGudify Melléikacmias) and
ncr {at ic, bowel and colon, stomach, skin and brain )

IWI’EB%Pg CLAtYC uttorgh sReh ssHedakurs hnamdodelne’s hamphoma; including

o 4754088 A O AP B0 BB LLSERLN

pargngeplastionyndiosepr eventi on and treatnent of netastatic
di sease and tunour recurrences, and paraneopl astic
syndrones. In particular, conpound (1) may be used in

In pafiRulaf eRbipethd (12 g Bk lisd B Rhd ReaPhyntdr %Hﬁl@?e%wgﬁéfgﬁ: cgért][:regs

ARDS), cystic fibrosis, pulnonary enphyse
synéqggter(@&]} eCysti¢ AbrRaisypulmonary emphysema, chronic obstructive pulmonary

disease (COPD), pulmonary hypertension, asthma, rhinitis, ischemia-reperfusion injury,

theumatoid arthritis, osteoarthritis, cancer, atherosclerosis and gastric mucosal injury.

More particularly, compound (I) may be used in the treatment of chronic obstructive
pulmonary disease (COPD), asthma and rhinitis.

Even more particularly, compound (I) may be used in the treatment of chronic obstructive

pulmonary disease (COPD).

Prophylaxis is expected to be particularly relevant to the treatment of persons who have
suffered a previous episode of, or are otherwise considered to be at increased risk of, the
disease or condition in question. Persons at risk of developing a particular disease or
condition generally include those having a family history of the disease or condition, or
those who have been identified by genetic testing or screening to be particularly

susceptible to developing the disease or condition.
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di sease (COPD), pul nonary hypertension, asthmg,
rhinitis, ischem a-reperfusion injury, rheumatoid
wa@edoinodoes, osteoarthritis, cancer, atheroscl erOFSB20aTIN0256
gastric nmucosal injury. Mre particularly, conpound
(1) may be used in the treatnent of chronic
obstructive pul nonary di sead8 (COPD), asthma and
rhinitis. Even nore particularly, conpound (1) may be
used in the treatnment of chronic obstructive pul nonary
di sease (COPD). Prophylaxis is expected to be
particularly relevant to the treatnent of persons who
¢ . : oo
rol Y Sn LU RSB ARS: pl Ap LSRR I
adromisiired will depeqd 66 thedliseaRebdmnGeadd, Hesdevaity dewRl dRhstg thk mode
particul ar disease or condition generally include )
of adsyaistrptaar), thy agef weighiandisex of e patientSugh Saciers mpy be determined

o AT S B S Prind v
coxtﬁ 2 @R hicldtificeRAYS h ARIAN of &R &R fHetv@A @ 1 fn%gcg’%g 700

above mentioned therapeuti ¢ 1ndications, the dose

mgdfg (nveswedpothadctive ibgredigni)ni stered wi || depend on the

di sease being treated, the severity of the disease,

the node of admi nistration, the age, wei ght and sex of

l Y

Tt BBk Ealpaiéi b IRGASL D) BB o BscBBR SR OFE, obta bilomy of
apprésitté phafracahica foesulieR cohPrisiafewddHoaheof the invention in

adm nistered to a hunman at a daily dosage of between
corgbinatinyy wWih & phamecericRy torepieblediuery, advevaat el aagrier. Particularly

prek%&rd%gé gnt 's't?}.l%)tﬁ? Hg‘ir %6?1 al lnglg g}eatei%ﬁp%)a%é d%}“ ?‘r{l%;n%rarﬁu ald%ergelz zeaction,

forRRBLPIR! ir?&ll%r?@ ABEE WonG@tioh A IR AR B (EOBRE DL A t he
conmpound of the invention in conbination with a

prephatiomofsutitebleliphymacedphbforeuldiibnsent dessdped/mnforexample,
carrier,. Particularly preferred are conpositions n

t
"PhEgRREUF Y- et SFiFRae O Bl9saec O REHETS Vol Adlinsy Ghurchill

- I i.0 for exanple, an allergic reaction.
LlJﬁgotélﬁtlfbgéal procedures for the selection and

According to the invention, there is provided a pharmaceutical formulation comprising
preferably less than 95% by weight and more preferably less than 50% by weight of a
compound of formula (I) Form G in admixture with a pharmaceutically acceptable diluent

or catrrier.

We also provide a method of preparation of such pharmaceutical formulations that

comprises mixing the ingredients.

The compounds may be administered topically, for example, to the lungs and/or the
airways, in the form of solutions, suspensions, HFA aerosols or dry powder formulations,
for example, formulations in the inhaler device known as the Turbuhaler®; or systemically,
for example, by oral administration in the form of tablets, pills, capsules, syrups, powders.

or granules; or by parenteral (including intraperitoneal, intravenous, subcutaneous or
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preparation of suitable pharmaceutical fornulations
are described in, for exanple, "Pharmaceuticals - The
waeiene®2nf Dosage Form Designs”, M E. Aul t onPCT/SE2007/000256
Churchill Livingstone, 1988. According to the
i nvention, there is provided a pharnmaceutica
formul ati on conprising prefdPably | ess than 95% by
wei ght and nore preferably | ess than 50% by wei ght of
a conmpound of forrmula (I) Form G in adm xture with a
: ti.cally acceptahle diluent or. cargier. W
iSRS SR e RO T mfimel P Gt i pitenteral
sol itk BRE@UEAsTdHs: bWy Hatal A iskhin, EIRLhSRSth& kg Jehe
i ngredi ents. The conpounds may bé adm nf st ered
suppopiorigh.l y, for exanple, to the lungs and/or the
airways, in the formof solutions, suspensions, HFA
aerosols or dry powder formulations, for exanple,

o B A P8, SO ARt

maptehdihiistatd B ofa of Adal BhATARIN. FaPInBAIBt o kild ®mpound is desirably
capsul es, syrups, powders. or granules; or by

finghy, diidedy ‘Bhe {inely: Hividadgompowadencieraiebis a inagsrmaediarodismeter of less
cut apneous.orintr scul ar i nj ection i
thalggﬁ#ﬁ}’ &9 B8y bR ,Su%PSP&@rﬁa ﬁﬁmeﬂﬁlﬁj IR e 8%%%? asgispeg @f 2
disRAda8h 8EAds 50]-a1 LORS; :
P O CLi 2P a0 oF PARRASL [ oty AAERAY, a bile salt »
phospipyipsd, o alket sacEliaride pavpke fludririarad @tpobrehoandtddrs@gSathntZ&thther
HFA aer (Isol s of the conmpounds of the invention may be
phagyagentieallyraseeniblodigpergantnasal i nhal ation. For
i nhal ati on, the conpound is desirably finely divided.
The finely divided conpound preferably has a nass

Then®eipdindy ¢1TRé Bivemtion B8 5altd1BEadRinEBre EHFMBEY JT8 dry powder
suspended in a propellant mxture with the assistance

inhgjer. Fhejinhigler switbe assingle ers: mulG dog2 Mhblkt,tand aciycbearbreath tictuated
t her.eof 1 for exanple, oleic acid), a bile salt, a

dryﬁﬂ‘é’gﬁrﬁwar rd, an al kyl saccharide, a perfluorinated or
pol yet hoxyl ated surfactant, or other

One possibility is to mix the finely divided compound with a carrier substance, for
example, a mono-, di- or polysaccharide, a sugar alcohol, or an other polyol. Suitable
carriers are sugars, for example, lactose, glucose, raffinose, melezitose, lactitol, maltitol,
trehalose, sucrose, mannitol; and starch. Alternatively the finely divided compound may be
coated by another substance. The powder mixture may also be dispensed into hard gelatine

capsules, each containing the desired dose of the active compound.

Another possibility is to process the finely divided powder into spheres that break up
during the inhalation procedure. This spheronized powder may be filled into the drug
reservoir of a multidose inhaler, for example, that known as the Turbuhaler® in which a
dosing unit meters the desired dose which is then inhaled by the patient. With this system

the active compound, with or without a carrier substance, is delivered to the patient.
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pharmaceutically acceptabl e di spersant. The conpounds

of the invention may al so be adm ni stered by neans of
wa2avgogonder inhal er. The inhaler nmay be a sipgi/eE®N7/@00256

mul ti dose inhaler, and nmay be a breath actuated dry

powder inhaler. One possibility is to mx the finely

di vi ded conpound with a carrper substance, for

exanpl e, a nono-, di- or polysaccharide, a sugar

al cohol, or an other polyol. Suitable carriers are

sugars,. for. exanple, |actose, glucose, raffnose, ]
Forr 1psgatiqn fhe pqtiye copgpund Bpy be adipxpd vath agadiiyaw or a carrier,

I . e dvely t ' i yid

for A et s Ehb sorblr B e b Dot i,
corR QWEET orltinKllopectinfRyceBliRe 88ivdtith IRty f0F SxaRdlél gelatine or

gel atine capsul es, each containing the desir ed dose of
polywaywyrrplidongpansiienadubrigint, fierrexpmpls, biakigsjun stearatepealcises

the fin di vi ded powder _Lnto res at break yp
stefie: PR Sl o B grcan e Hetties subhies npesedtato

| . ,

O BAIRA BN LG R0 it SRR 8y e
coafasd with akeddentrated swar sdludortwbich ghatttohtaite farexampke, gum arabic,

desired dose which is then inhaled by the patient.

gelgiinon Al qy tiggpiyra diaxide, ad the dike ohirsuattrelywiherialet mpx broerated
. ' . J L.oi to t.h tient.F
wit oS bolPBP ARG e ih 3 i VBB et S8 e " wea

with an adjuvant or a carrier, for exanple, |actose,
saccharose, sorbitol, mannitol; a starch, for exanple,

Forjbe arepargtion ofisoficgelating capsutes othe apmppapdoniasnhe alnistd witbsfer
derivative, a.binder or ex e el atine_or .

exagalg i gaE Pk AOHEy et B o bR P e
2HRGHE S Ib3b&HdA sk FRbCthY i - :

& al ycgﬁh a V\gx, par gfégllﬁn, a%&{eﬁgérﬁtogeec} B%&%&%tﬁgdﬁwets Also

liquid wpsasiseill fonhalatiody cfttlse drnf negdedilict altb &bl giline capsules.
required, the cores, prepared as descri bed above, may
be coated with a concentrated sugar sol ution which nmay

. .. f | bi | at.i | .
AP BI85 g BT 4o,
exan@i, 8blufiBis RAtEMAE B compound, the balance being sugar and a mixture of

ethanol, water, glycerol and propylene glycol. Optionally such liquid preparations may
contain colouring agents, flavouring agents, saccharine and/or carboxymethylcellulose as a

thickening agent or other excipients known to those skilled in art.

In a further aspect of the invention we provide novel processes for the synthesis of
compound (I). In particular, novel processes for the synthesis of crystalline modifications
of compound (I) are disclosed. In particular, novel processes for the synthesis of compound

(I) Form G are disclosed.

A preferred process for the synthesis of compound () is shown in Scheme 2.



with a suitable polyner dissolved in a readily
vol atil e organic solvent. For the preparation of soft
w@edodatipgee2 capsul es, the conpound nay be adni XxeBRCTEINN7/000256
for exanple, a vegetable oil or polyethylene glycol.
Hard gel ati ne capsul es may contain granules of the
conpound using either the appve nentioned excipients
for tablets. Also liquid or senmisolid fornul ati ons of
the drug may be filled into hard gel atine capsules.
Liquid g rations for oral application nay be in the

of y ups or suspensions, for , solutions
%&ﬁe‘iﬂ’é 5

cor alnlng Ot he conpound, the bal anc el ng sugar and a
nkﬁ KER, (BHh&R9l , water, glycerol and propyl ene

gl coI 2Gnbparval 1y such Iqu|d preparations may

contaiy col ouring agents, flavouring agents,

sacchari ne. and/ or carboxynet hyl cel | ul ose as a
e n ent or other excipients known to t hose
led i ®1In a furthe ect of the tion
we provi @ movel processes ?@:;jge syntheS|s 0
Hgound (1). In particul ar t1 processés~for the
synt hesi s of crystalllne nodi fi cati ons of compound (1)
are di égse partlcular novel pnocesses for the
synt hesi %Taorﬁb%und (1) Form G are (i §eP¥sed. A
preferfed process for the synthesis of compound (I) is
shown in Schene 2. Schenme 2 K (NH4) 2C33 (H)
2- romat ogr aphy KOBU';; 0 2 AcOH AcOH] H20
qgﬁiéiﬁgyﬂli ) Recrystallisatio \ijj\ /[::TH (V1)

~

0
(V)
cl,
j ACOH, H,0 l AcOH
Q EH Cl\@ OH.AcOH
=S N 0
o” N

(V1)

PrEtN
THF, iPrOAc or PhMe

i
Ch N/ﬁ/\J: =0 Compound (1)
P 0 7N
N” "0 H

Recrystallisation
EtOH, H,0

ZT

0
g :
Ch N/”/\]: =0 Compound (I) Form G
|, OON
N” O H
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Et OH, H20 Compound (I) Form @ n Schene 2, the sul phur

nmoi ety in conpounds (Il), (Ill) and (IV) is protected
wa@sooanodbenzyl derivative. The skilled nman w | PCT/SBED0T/§00256

appreci ate that other suitable protecting groups such

as t-butyl may alternatively be used. Thus, whilst for

conveni ence subsequent reacf2ons are shown using

S-benzyl protected conpounds, it is to be understood

that suitable alternative protecting groups such as

-but yl .nma | so pbe used. .
In Schee oy € SUpBriapt i camppends YD oAST Vs protested aicys-
e . d- : . tj .

benz P ey aeP e aHEd fhdn Gl A9 For e aoh B3P s B R HBcring
grolpy geh actbetyl may BledrnatileBl be ukbé Thuepaliitt Ftofvengensébibsequent

such as the acetate salt (VIl) allows the conpound to
reagiions ges show uging S-besrylbreteeted rempeinds.dbise he enddrstood that

o g PR B TS B A

nono- hydrochl ori de, di-hydrochloride,
trimethyl acetate, tartrate, citrate, funarate,
5-Chidre dt (pipehidimzdatozy)-pmbind (W) slor watydelid dinh wlow B o0) ded as
arbonate and_hem - carhonate. The carbonate salts are
Sucémftt%ﬁ?aélpwnﬁ sofation of tismatgdgl, pariicylndy pap3res ssle, & napideal.
' ' ity Si b
T fieharkfh et B AR R0t LAV ob S 0Bl ebuPl slotnes
as aolid elthy iembRrcohb@i¢Bgihahdled 841t Jlairdhdn8e 8detate may also be used.
5-chl oro-2- (pi peridin-4-yloxy)-pyridine (VlI) which
Suchrsgléy ipelyde the nhasmhatee gioaeyrydfocBlogi¢, ski-bydrochloride, trimethylacetate,
2-(pi.peri.din-4-yloxy)-pyridine acetate salt. (M 1). |
ardgice, PR Kptaft W) PONE igvan bty &i-fyhobromide,
carBon@ ¥ £ Q- CRibBRAE AR Arbh Y ¥alts¥E Pé}ﬁ&ﬂaﬁ%/hé f\?!%?rfc@ lhRSare
intermedi ates in the preparation of conpo nd (1. In°a
theqradlfy dabilecsophaidlesSee bdse cayint litesdtsd if sizu simply by warming.
5-chl oro- 2- (pi peridi n-4-yl oxy)-pyridine acetate (VII)
i s advantageously carried out in a solvent such as

Thtfgfllﬂao%\%g %% e-gp\%e ld?s%lo% alé ?1111%8{4:2% Cpﬁgﬁtdﬁ% {85 %g%og%iq%p#ﬁ%gﬁdlmg of

e_ rea_ct I on oro
5-cloRyZH(siystdiRery1ehky)ehyridine (VI) which involves the intermediacy of 5-chloro-

2-(piperidin-4-yloxy)-pyridine acetate salt (VII).

In another aspect, we disclose novel salts of 5-chloro-2~(piperidin-4-yloxy)-pyridine (VI)

useful as intermediates in the preparation of compound ().

In a preferred process, the synthesis of 5-chloro-2~(piperidin-4-yloxy)-pyridine acetate
(VII) is advantageously carried out in a solvent such as toluene. The use of toluene as the
reaction solvent allows the reaction of 2,5-dichloropyridine with 4-hydroxypiperidine,
subsequent aqueous washes and salt formation to be performed in the same reaction vessel
without the need for isolation of the intermediate free base. As water is a critical
parameter in this reaction (and 4-hydroxypiperidine is hygroscopic) the use of toluene to
azeotropically remove water prior to starting the reaction represents a significant

improvement and allows consistent yields to be isolated, even on a multi-kilogram scale.
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subsequent aqueous washes and salt formation to be

perfornmed in the sane reaction vessel w thout the need
wo oro7i1e@bat i on of the internmedi ate free base. PSI/SE10@T/000256

.S a critical paraneter in this reaction (and

4- hydr oxypi peridine i s hygroscopic) the use of toluene

to azeotropically renove wat28r prior to starting the

reaction represents a significant inprovenent and

all ows consistent yields to be isolated, even on a

nulti-kilogran1scale.The preparation of

(RS) - 5- net hyl - o o .
o o A A i

(IIIQ ﬂoﬁvbbmthlmpme €H) isalesdnibed onWiO 0D0F4 166 SCoinp&ed to the
erein 5@8 w di scl ose an i nproved process wherein ]
cor naﬂa%ﬁlﬁ ed SsFepR e moW disrdongen P& PTegRIWhegein the orgamc

an f um.c de used
b B R e e SR
redacgd frdh Qmﬁﬁlvaleﬁtstt@ bBouta00 tb NV2RALRERhINMGKARY AL tHe%:otassmm
essenti al lail conpl etely consuned in the reaction and
Yy

cyapfle ipessentiadly isamiletelz nonstineg osthe afactioh and the meedbiottahdlcngd
dmlarg% npunts of uny eact ed gota33|un1cyan|de S

BSCUEH T RE CPBWH%% SERCATIBBE of prateasted P%tab%‘ﬂftll%f%nl%f‘r pypvoided.
W

B ARILRAS, SNSRI L ORIl of pmonin
carbenate wbd équi atwueh bqawdlentt tu a)ouay lede. 23&4111%9’111@@&@1’% w&g the

aglr essure i s reduced fromabout 9 barg to about 1.5t

TN gpegating RIpssHferis eslyeedsoma eho Mharg @geéaouphﬁ te 24 Ibarg,
s1g1fuﬁ5aﬂt§ ﬁ/r ad%&tﬁgg }Q%Itlgulahjs forQarthresSéglerv?g i{sﬁsmg ﬁlegen%tvlesg

esi' s
parérB&)srs5ﬁ1€ESq|i’tMé81§50ﬂthé F(RSW—BLIﬁ@h ¥4- I[f(ﬂie%hﬁ%tﬂﬂkt}uo]methyl}
i m dazol i di ne-2, 4-di one has beéen routinely run

imidgzolidingt24-dicing 6@})@% besal reutln'Elwsm oinra ranloiikgras peid.  we
di scl ose i nproved condltlons for the preparation of
the (RS)-5- nethyl-

Tht[sf ?{h@l@ﬂepgpgé/tl W {ﬁbﬂl > 10 Ax}eﬁ %ﬁé@ﬁs‘_ﬁﬂf ﬁl%'pgclgpgﬁaq -083)% the (RS)-5-

frombenzylt tone ese

meuhyhﬁi-l{t(phﬂgrhﬁethybﬂﬂd]nﬁﬂiyb}ﬁrhﬂda&ﬂmzl@&ﬁé& {0y frb@r ge
scal.e pr epar ations. As described in WO 02/ 074767, the

bengglgg?aé:ﬁoaﬁ (1&x T@@)m@rqi@gi lggdiions are particularly advantageous for large

scale preparations.

As described in WO 02/074767, the separation of (RS)-5-methyl-5-
{[(phenylmethyl)thio]methyl }imidazolidine-2,4-dione (III) into the constituent
enantiomers is conveniently achieved by chiral HPLC using a Chiralpak AD column as the
stationary phase and methanol as eluent. As an alternative that is particularly convenient
for larger scale work, we now disclose a process wherein the chiral separation is carried
out under essentially the same conditions but using simulated moving bed (SMB)
chromatography. In this way, (S)-5-methyl-5-{ [(phenylmethyl)thiolmethyl }imidazolidine-
2,4-dione (IV) may be obtained on a multi-kilogram scale. The unprotected thiol, (RS)-5-

methyl-5-thiomethyl-imidazolidine-2,4-dione, is surprisingly stable and may also be is
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{[ (phenyl et hyl )t hi o] net hyl } i m dazol i di ne- 2, 4-di one
(I'11) into the constituent enantioners is conveniently
wa@edwaved2 by chiral HPLC using a Chiral pak AD POT/SF2003800256

the stationary phase and nethanol as eluent. As an
alternative that is particularly convenient for |arger
scal e work, we now di scl ose2d process wherein the

chiral separation is carried out under essentially the
same conditions but using sinulated noving bed (SMB)

C%%@@%%@?% ‘{’fij{]a&, %@@‘rﬁ%ﬁwﬂpﬂﬁ ARl 35 the stipRATY

: pha@@an(?isé}héﬁéaﬁé}@thﬁﬂo%ie@lﬁblarﬁﬁeglblh%i legﬂa?e. mul ti-kilogram
ol , (RS)-5-

scal e. The unprotected thi
met hyl - 5-t hi onet hyl -i mi dazol i di ne-2, 4-di one, is
A su;agri si.n%I stable and may al so be isconveniently
S PR ASETRRHY }g ehiral phromatesrarhys @ther comtentqptie vat smdazplidine-2,4-
diohd t i phase and
IO?SQRZ%gﬁggggﬁénol/diethylanine as the nobile phase. As
an alternative to chiral chromatography, other routes
to the chiral imdazolidine-2,4- dione (1V) are
Theypsgoff 6Red-methdbengplagfing ig)tharessluhyn bbrerypindrpdastoinderivetives has
resol.ution of j ol n deriyatives has been
e R sciroct LA oW DN oo Vim0 rargmmis Gvich-
methhRS- ([ REENIGttRThiRmethy] Limi idine-2,4-di
ngt_hﬂ:@& [(%hg%ll Beypipidazeliding:2 hdione (1) may; be resolvd by
crystefilisgtmn(ftdnh ) suipbesotvenoinvtie pleyeree v b ahirdl S8tiheahd §farBage such

syjtaple solvent in the presence of a chiral am ne and
as sgfil exide, Fxamples ofiplyral RoelrasineranclEtath$)€9-cof chiral

' ' d I -)r Q- t hyl benzyl ami
me@penARARE O RFFHE alesiebanie, bR Fo-0-

{ . : 1 |_ 3 L = NPT ~ .
) St oo g Aldine (O dlochonidine, B-()
cinghiopiskohl-Aeining, O Gequinidine, ((R)2H-(gsiphidtine (2R)-(-)-2-amino-1-
but%n%%(_%@-;%ﬁﬁ%& %gg%bgf@-glggnéf)%%%n@?ﬁé&%%{ ﬁg—odliﬁhenylethanol,
NN R AL SIS, AR Bhedrine, Y brusige, O
strynlonieg ey olimbing; (1SIPSYEHISred-2 amisd-1 Y5 hikdpBenyl)-1,3-propanediol,

~kﬁg-yohl nbi ne Ell S, 2%)1.-(+) - ) )
(L) st eo- 2 | -pperwyldi 3t propimsdidl) cis-martprdpained(1&R,2R)-(-)-1,2-

diaminocyclohexane and (2R)-(-)-2-amino-2-phenylethanol.
In a preferred procedure, the chiral amine is (1S)-(-)-o-methylbenzylamine.

Thus, in one aspect, we disclose a process for the resolution of racemic (RS)-5-methyl-5-
{{(phenylmethyl)thioJmethyl}imidazolidine-2,4-dione (III) using (1S)-o.-

methylbenzylamine.

In a preferred procedure, the chiral amine is (1S)-(-)-a-methylbenzylamine (1.0 to 2.0

equivalents), the base is sodium hydroxide (0.4 to 0.6 equivalents) and the solvent is water
(4 to 8 vols). Crystallisation then affords (5S)-5-benzylthiomethyl-5-methyl-imidazolidine-
2,4-dione (S)-a-methyl benzylamine of high enantiomeric purity, generally > 95%. Further
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(L)-(+)-threo-2-am no-1-phenyl -1, 3- propanedi ol ,

cwnyrtanyl am ne, (1R 2R)-(-)-1,2- diam nocycl ohexane
w@r@7(1@&m22 (-) - 2- am no- 2- phenyl et hanol . 1 n a pre¢ESE®A7/000256

procedure, the chiral amne is (1S)-(-)-

a- met hyl benzyl am ne. Thus, in one aspect, we disclose

a process for the resolutior5of racemc

(RS) - 5- net hyl -

{[ (phenyl net hyl )thi 0] mat hyl }i m dazol i di ne- 2, 4-di one

(11r1) using hylbenzizlamne In a _preferred

cory,emrt@s n@a%@iai Hite gﬁ S)énainﬁ@y -3-{ nggny(lmyﬂlyl)thlo]methyl}-

|
T PNV T 0 B B S0
us1ﬁ$ QNQ@Hrdcﬁlo\t\@ta@fd Sﬂsnhﬁlya)de?ﬂlﬁélhsa@oﬁﬂo% 11 'v§ﬁ’éty 8NsdifdBRR solvents

fords

inclglB)e- iSopirepid yicethico methyy hwbuiwékﬁw& (MiBdg)z tlliegene-
t—bgtﬁgﬂ?tilﬁﬁig}?s g}}a&]{ﬂ%ﬁy bg&e g Z n 8}5 s%lvgnltg hl“he conversion of (5S)-

5- b%gé;lﬁﬁgd &?}Kl-eif-ﬁ%&?r ?{uﬁé%{} irle” §|rd§d?1hl(%{] ﬁh}l]}benzylamme nto (IV)

maiy i sd dz elffieclied einzblv byl slafging th sokidyin beitadid, ﬁcst Slvennsieh as
standard_conditions, for exanple, using

CYQPgheraRs rltbmdeth@r o WA Ehﬁwﬂye 1y OEwy@mag rthes@rcrrzzsﬁalfm 6etution, or

t t abl |
o5 B0y i A R R FR O iR ol Lene.
{[(bh&%rﬁétﬁ%%ﬁid]m@t‘hp tmﬁ(ﬂ%mmeénﬂdl%ﬁ@tlw Wi MBePbrystdiiles on

| vents. “Thé conversi on of (5S)-
COCBmgeFﬂledr khigatenharceentes byseriedivdmn akingieitberdf dhage oiwehods to
1 éT% @Y thyl benzylamne into (1V) may al so be
ibgpedtYld sinply by slurrying the solid in suitable,
hot sol vent such as cycl ohexane, dibutyl ether or
wat er. Thus, the act of warmng the co-crystal in
In s@kther iagiect, @dceatic 2-aflind-3-HenBURES nichs Ipropehahidefval) t he
free (5S)-5-nethyl-5-
{[ (phenyl met hyl )t hi o] net hyl }-i m dazol i di ne- 2, 4- di one
(1'V) which then crystalli ses onscool i ng. Further

chiral enhancenent is obse &ih, usi ng either of
these nethods to Iibe (I . JLn_anot her aspect,
racem c 2-am no- 3- benz h| 0- NHy!| pr opi onani de
(M 11)

(VilI)

may be resolved by crystallisation from a suitable solvent in the presence of a suitable
chiral acid. Examples of chiral pool acids include (L)-tartaric acid, (R)-(-)-mandelic acid,
dibenzoyl-(L)-tartaric acid [DBTA], di-p-toluoyl-(L)-tartaric acid [DTTA], (L.)-malic acid
[(2S)-(-)-2-hydroxysuccinic acid], (1S)-(+)-10-camphorsulphonic acid [(D)-CSA],
(1R,3S)~(+)-camphoric acid [cis-camphoric acid], (L)-glutamic acid [(2S)-(+)-2-
aminopentanedioic acid], (L)-aspartic acid [(S)-(+)-aminosuccinic acid], (L)-pyroglutamic
acid [(S)-(-)-2-pyrrolidone-5-carboxylic acid], (L)-ornithine hydrochloride [(2S)-(+)-2,5-
diaminopentanoic acid], (L)-histidine, (L)-lysine [(2S)-(+)-2,6-diaminohexanoic acid], (L)-
arginine, N-acetyl-(L)-phenylalanine, N-acetyl-(L)-leucine, N-carbobenzyloxy-(L)-alanine
[(2S)-2-benzyloxycarbonylaminopropionic acid], (-)-menthoxyacetic acid, N-acetyl-(L)-
tyrosine and (2R)-(+)-2-(4-hydroxyphenoxy)propionic acid.
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(M11) may be resolved by crystallisation froma

sui tabl e solvent in the presence of a suitable chiral
wa@edod/1odazanpl es of chiral pool acids include PCT/SE2007/000256

(L)-tartaric acid, (R -(-)-mandelic acid,

di benzoyl -(L)-tartaric acid [ DBTA],

di-/?-toluoyl-(L)-tartaric &6 d [DITA], (L)-malic acid

[(2S)-(-)-2-hydroxysuccinic acid],

(1'S)-(+)-10-canphorsul phonic acid [(D)-CSA],

(IR 3S)-(+)-canphoric acid [cw canphoric acid],

(L)-glutamic acid [(2S)-(+)-2- am nopent anedi oi c

' - aptic. acid . ) 7 { £).- Al ccinic acid],

In ?{% ﬁ%fi;}r%g%ﬂot%g%f {gfe ézg}r% Acth & Ql@ ( S Al REH

[(S)-(-)-2-pyrrolidone-5-carboxylic acid],

(L)-ornithine hydrochloride [(2S)-(+)-2,5- )
Thus, ampreogseedt ame disclass aiprocess Yorithe rasliutien of tapethigs)-argino-3-

-{+)-2,6-di am no noi c i.d], (L).- arginine,

bey it Gt ropRayRac ai ene GFkouaiiels s3auct ne.

] V- car bobenzyl oxy- (L) -al ani ne

[ (2S) - 2-benzyl oxycar bonyl am nopr opi oni ¢ aci d],
In éne profentt procassethechadl adid i YR pGmand€lic) acid ydake pelvands a

(2R)-(+)-2- 54- hydr oxyphenox %pr opionic acid.In one
migfugss fpethang @@b@gpmpﬂéw@tﬁterﬁ ¢ grystallisatiqurmust by perdoranediie the
pret%gﬂcg ‘of 1&'&#% Iinlét%s gvgi(}elf ggz—%gatgﬁﬁél\-gfﬁ%h%ﬁggg-g—If;}etﬁyrflggo%isosna&%e (R)-

e reso
maRlZ e il d2at Bt Migh BhARIARAN LISy (iYbbthined STHR®Enantiomeric purity of
(R -(-)-mandelic acid. In one preferred process, the
thig kAl mby be fudthesenh@pced-by-mumstalisationdian andvettsusiodsierrropyl
i,is a mxture of nethanol and isopropyl acetate. The
ac%’i‘t?st allisation nmust be perforned in the presence of
water. In this way,
(2S) - 2- am no- 3- benzyl t hi o- 2- et hyl propi onam de (R)- io0
In amoiste padferrdiprobydie ties ahirahdofhisdnaiptationsidi ¢ purity is
obt ai ned. The enantioneric purity of this salt may be
further enhanced by recrystallisation froma sol vent
acet a

h [ yl . f .
T eRab T hE koS bR ArlnBRRAP Rap PLAGER P pgino-

benzylthio-2-methylpropionamide (VIII) using L-tartaric acid.

In another preferred procedure, the chiral acid is L-tartaric acid and the solvent is ethanol.
Recrystallisation of the resulting (2S)-2-amino-3-benzylthio-2-methylpropionamide (L)-
tartrate from a suitable solvent such as a mixture of methanol and methyl isobutyl ketone

then affords material of high enantiomeric purity.

The further conversion of (25)-2-amino-3-benzylthio-2-methylpropionamide into (5S)-5-
methyl-5-{[(phenylmethyl)thio]lmethyl }imidazolidine-2,4-dione (IV) may be achieved
using methods that will be readily apparent to the man skilled in the art. See, for example,
Tetrahedron Asymm., 2001, 12, 101; Tetrahedron, 1991, 47(12), 2133; and Chem. Ber.,
1928, 1431.
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Thus, in one aspect, we disclose a process for the
resol ution of racem c 2-am no- 3-

whewzibdobt o- 2- et hyl propi onam de (VI11) using PCT/SE2007/000256
L-tartaric acid. In another preferred procedure, the
chiral acid is L-tartaric acid and the solvent is
et hanol. 20 Recrystallisati@i of the resulting
(2S) - 2- am no- 3- benzyl t hi o- 2- et hyl pr opi onam de (L) -
tartrate froma suitable solvent such as a m xture of

In s Pefeco P g ?ﬁﬁl&q%&a‘f St pip el ideridine 2,4 dione

(VO SRV TPl vie Biseasbvi pymatipsiotysm L ARt aiepe
preC@$Ortholedfle. M@t pdsible routes are outlined in Scheme 3.
[ (phenyl et hyl ) t hi o] met hyl } i m dazol i di ne- 2, 4-di one
(1'V) may be achi eved using nethods that will be
readily apparent to the man skilled in the art ScBeme 3
for exanple, abedron Asynm 2001, 12, 101;
i‘aﬁmom( 1R} NHg Chem Ber., 1928,
1431. 14 anot her—aspect, chiral

repar eq, yla bi ocat a

4-diyone (I

(enzymati c) °of a sw table racem c cur sor
mol e¢ul e. Certai ™~Q05SI Dl € routes are outlined

Sche 3. Scheme 3 emzyne resolution enzyne (IX)

‘resolution As indicated in Sche , either H
Ph( S)S%Ono 3- benzyl sulREnys< 2N we'f"%fyl pr opi onafti des( N>_—o

or (S)O2-anmi no-3-benzyl sul fan - met Ry -pFroei oni ¢ a

(%) y serve as a suitable precursor to the desir

chiral hydantoin (1V). The bi®catal ytic resolution of (V)
the yacem c amno amde (VII1) requires the useof an

H enzyme
h" s P s N\H/NH?. resolution
>=o . T
O~ OH

(m (XN

As indicated in Scheme 3, either (S)-2-amino-3-benzylsulfanyl-2-methylpropionamide
(IX) or (S)-2-amino-3-benzylsulfanyl-2-methylpropionic acid (X) may serve as a suitable
precursor to the desired chiral hydantoin (IV).

The biocatalytic resolution of the racemic amino amide (VIII) requires the use of an
amidase that is capable of accepting this rather sterically hindered type of substrate. The
use of the amidases Mycobacterium neoaurum ATCC 25795 or Ochrobactrum anthropi
NCIMB 40321 for the resolution of C°-tetrasubstituted oi-amino amides is described in
Tetrahedron, 2001, 57, 6567 — 6577. Mycobacterium neoaurum proved to be a suitable
amidase for the resolution of the particular amino amide (VIII), but Ochrobactrum
anthropi surprisingly gave racemic hydrolysis. Other amidases that could be successfully

employed in the resolution of the amino amide (VIII) include Rhodococcus erthoplis and
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am dase that is capable of accepting this rather
sterically hindered type of substrate. The use of the
wa@niodas®s2 Mycobact eri um neoaur um ATCC 25795 or PCT/SE2007/000256

Ochrobactrum ant hropi NCI MB 4032 1 for the resolution

of C -tetrasubstituted a-am no amdes is described in

Tet rahedron, 2001, 57, 656hg 6577. Mycobacterium

neoaurum proved to be a suitable am dase for the

resolution of the particular amno amde (VIIl), but

Ochr obactrum ant hropi surprisingly gave racenic
Pselnipttonly Biisresd@uh AL AanTkaeclutiomet awinp dmide MIE388BE ul | y

enpl oyed in the resol ytion._of ] mde (V1)
Pseydogogas/TiarstrseobLad lseCﬁiql‘R?ﬁﬂ i‘%"‘w J0051123332.

andPseudononasf | uorescens AL45. The resol ution of

am no amde (VIII1) using Pseudononasfl uoresce(tn) AL45
As blfowit B3 cBsR6 4 the WoreddRDitA3INBDmMeADS tHesvbiotatal Bohmselutions can

the stereochem cal outcones of these biocatalytic,
conyemsaitlytbiesastreliad byohvisaiob telappiopriaisarridase e Bymsal sprsifice

of, the appropriat.e am dase. . Typical _ spec] f.i o
proGiaiEad BE PR e BPBEAE & P e Pae BT aR IS TR gr eiven in
the ERGEILE SRALRSE Al eRerdt YphlidatiBh Sndbie8 Brodesdel eepresBifpedific

section of the present application and such processes
aspéctpsfabepiesap@nichtian.aspect s of the present invention.

M neoarum (1 X) Schene 4 (VIIl) P. fluorescens or R
erthoplis (X) In an alternative biocatal ytic approach,

the racenic a-ureido a idj(%%)ngrepaLed by. hydKAol ysi s
r

of racemic hydant oi Rh{IT$ m tfe c8rrefpondi ng

racemnm ¢ anm no aci is
M. neoarum 0" 'NH, O~ OH
(1X)
H
Ph/\S%N 2
07 NH Scheme 4

2
(Vi)

P. fluorescens

or R. erthoplis z NH
P Ph/\sAj: NH,  pp>s” J: 2
+

0”7 OH O~ NH,

In an alternative biocatalytic approach, the racemic a-ureido acid (XI), prepared by
hydrolysis of racemic hydantoin (III) or from the corresponding racemic amino acid, is
subjected to a hydantoinase-catalysed ring closure (Scheme 5). Suitable hydantoinases

include Roche Hydantoinase I and Hydantoinase 2.

In one aspect, we disclose a process for the preparation of (S)-5-methyl-5-
{[(phenylmethyl)thio]methyl}imidazolidine-2,4-dione (IV), useful as an intermediate in
the synthesis of (5 S)—5-[4—(5-chloro-pyridin—Z-yloxy)—piperidine-1-sulfonylmethyl]-S-
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subj ected to a hydant oi nase-catal ysed ring closure

(Schenme 5). Suitabl e hydantoi nases include Roche
wolg@anoo@enase 1 and Hydant oi nase 2. | n one aspRCI/SE2087/000256

di scl ose a process for the preparation of

(S)-5-nethyl -5-

{[ (phenyl et hyl ) t hi o] et hyl 29 mi dazol i di ne- 2, 4-di one

(1V), useful as an internediate in the synthesis of

(5S)-5-[4-(5-chloro-pyridin-2-yl oxy) - pi peri di ne-|-sulf

nyl net hyl nmet hyl dazol.i di ne-2, 4-di one, which
me @aﬁg&ﬁ%@f dlkeez 6@%@@7@% COPPHESSE Ushob Ay deptograne enzyperig effect
rin (RRHE B GLS) 3-berylsultinl 2 methylr2-yreido propionic acid (XT). T ¢ fther

aspéef] the hiy@andoihabetehgymaBRathe Hylenbiydant o Mphgit2azsy e 1 S

Roche Hydant oi nase 1 or Hydantoi nase 2. Alternative

bi ocatal ytic nethods for the resol ution of a-ureido

aci ds ,are descr n.EP 0O fuchi) .and
Al’[%a%\éﬁ/ ITB 1('( %gﬁlgasaﬁor t}§crﬁ 1q31 Ct & )n(elaa r‘?re:a!f:escrlbelzll mEPO
17%1t29(mﬁéga\f€ch?}aelafﬂ\i@oef/wééw?{ﬁﬁm (Schene 6), the

racemat e of tthe amino acid (X) Is converted into the

corresponding trifluoroacetyl protected am no acid

(XI'l) which is then subj ectSiheinge 8m no aci d acyl ase

catal ysed hydrol ysis. Suitable am no acid acyl ases

i nclude Aspergillus sp. , Z-Hog kidney acyl ase and

L-acylase from Penicilliumsp. Oher suitable acyl ases

will be readily apparent to the man skilled in the

art. Schenme 6 (XIl)Surprisingly, nore traditional

substr Hs h as the N-acetyL @r N-chloroacetyl
Phanigies CO\Iﬂ/eSﬁOHdI ng tenCo N(XI ) faifh€d~$0 " Wn’NH

any r C§ Bn with—t=ani no aC| acyT&se.+ The man

skill th the art will readdfy Mppreciate that PheOH

trifluoroacetyl amide (XII) could be replaced by other

activifled anides and that theggplectivity of the

resol ution coul d be

In an alternative biocatalytic approach (Scheme 6), the racemate of the amino acid (X) is
converted into the corresponding trifluoroacetyl protected amino acid (XII) which is then
subjected to amino acid acylase catalysed hydrolysis. Suitable amino acid acylases include
Aspergillus sp., L-Hog kidney acylase and L-acylase from Penicillium sp. Other suitable

acylases will be readily apparent to the man skilled in the art.

Scheme 6

F
‘gv amino acid H F
F Cl =
Ph s NHZ h" s acylase P g NN F o Ng LN,
O +
O~ OH O”"OH OH

o

(X
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reversed by substituting a D-am no acid acyl ase,

thereby facilitating the direct crystallisation of the
w@ 3)o7amiorn acid fromthe reaction m xture. |n BEESE2007/000256

aspect, we provide a process for the preparation of

(R - or (S)-2-am no-3-

benzyl sul fanyl - 2-met hyl - proggy oni ¢ acid, useful as

internmediates in the synthesis of (R - or

(S)-5-nmethyl -5-{[ (phenyl met hyl )t hi o] net hyl }i m dazol i di

ne- 2, 4-di one, which conprises treating an activated
Surpisinggdy,ofiore traditional substrates such as the N-acetyl or N-chloroacetyl amides

RS) - 2- am no- 3- | sul.fanyl - 2-nmet hyl - pr.opi oni ¢_aci d
corrémo)ﬁdlélg §Q|quglfﬂuéla 2%5 gglgdéch | anyj rﬁaggﬁ)g vﬁg}o]?-lagdlil%?m& acylase.
Theg’rﬁﬁﬂlgééﬁllﬁdﬁﬂ T éé/l\r{?ltggglgg{ﬂpgesﬁtfglﬁt ok i URb ARG bide (XIT) could
be r5le@ﬁd.fby| otleer b ti@ieigrided d:nyll thathheojebaetikity pf thie desobitiodicoed be

,4-dione (1V) may be prepared via_ biocatalytic

revereadAyrrabstiytingesDravine peiderdpscothersby Jﬁtqﬂé%ﬁ%gy theizect
) .ol ecul e.. Th 0Bt |
cry B BE B SRER e S R IR b a above are

all resolutions whereby the theoretical maxi numyield

of the desired stereoisonmer is 50% In contrast,
In otle aypenE tweipsatidon pakesifopthe pppectpn af (R)res)-2camsotinds

can in theory yield 100% ofﬁjihe, desi red stﬁ%(eoi SONEr. o
bengd syl gmil-praredpBPECRioRIF agdayseliy as fufsrmgdites & fhgggnthests of (R)- or

: - . . S1IC :
L A s T e
trealfif o @8 8 MtNARI NS 8o AR )P - Aninui 3t bdalzel selfemyive-hdtkylglrgpionic acid

affording the chiral hydantoin precursors shown above.
witlsastitableacRlage egysmef by onerpartioddas agpecicthe aohiypigdamide 1§y 4
al kyl. The.required /nesO precursors may be prepared
mﬂﬁg’f‘%@etﬁ]eafﬂgﬁs anal ogous to those described in the
literature. See, for exanple, J. Og. Chem, 1995,
60(17), 5487; J Chem Soc, Perkin Trans. 1, 1991, 4, .
In 225881+ aspyett thiraCommethyl20 ({phebRB:thid)iiolmethy } inddegnlidine-2,4-dione

2003, 42(9), 2950. The synthesis of j f . .
(Vi b PEphdOn Ps B e | GBER) EHETBSIap OB aauighlp achira

(meso) precursor molecule. The enzymatic transformations which have been described

above are all resolutions whereby the theoretical maximum yield of the desired
stereoisomer is 50%. In contrast, desymmetrisation of simple prochiral (mmeso) compounds
can in theory yield 100% of the desired stereoisomer. Certain possible routes are outlined

in Scheme 7.



Potential enzynmes for the desymmetrisation of the
maso-nitrile (XIlI1) are described in, for exanple,
waeawramedr on Asym, 2004, 15, 2817; Tetr ahedr oPCESK2U17/000256
2001, 12, 3367; Tetrahedron Asym, 1993, 4, 1081; and
J. Org. Chem, 2003, 68, 2479. Desymmetrisation of the
maso- am de (XI'V) was achi eved usi ng Rhodococcus
erthoplis am dase. The resultant chiral acid am de
(XVI) was then further transformed in a single pot
sequence to afforgch8echi ral hydantoin (1V) with
excel l ent ee. Desymmetrisation of a mesO S-t-butyl
nmet hyl ester using Pig Liver Esterase has been
previously disclosed (J. Org. Chem, 2003, 68(13),
5403)., It has now been shown that the yeso-S-benzyl

et hyl Jester (XV, R=Et) is also & for this
enzN@e. ODesymmretri sati on proceeded i e wth the
literature precedent, affording (aft rtius

reafrangenent of the initially forned acid ester
(XV| 1) and subsequent ester hydrolysgis), the (R)-am no
acig (X) in 60-80%ee. W has been fyurthegy established

that sijm.|ar desymmetri gation transfor i ons may be
PraChé€ved Usi ngPiepséselt aNiyes Bfi” 186 df f fORent enzyme
cl assegn namelys Bacilus |icheniform rot ease and
an ,aminno aci d acyl @, M:the case pfCde&metrisation
usiing Baci | lus |icheni®®rni s proteake the
transformati on proceeded wth the reverse

st dreosel ectivity Yo afford the (S)¥est eq acid. This
(S){mst éf/acid was {Rur:t jer converted®nt g the

pr CO L O8] LNg BTNE BgHtio he apgOMgt @Ne0NbHgur at i on
and ch) r al of ich were deter ed by

wel | knb«gg inthe litgrature (see, for @%anple, Chem
19

puri téﬁ
corrpar"gon with B authsHs i ¢ sanpl e; ®ol P& ng net hods
Rev. , 46, 403), the am no aci? into the (S)-5-

met hyl -[5-{ S © .
[ (phenyl net hythjo¥vet hyl }i m dpa}]zeLé NieNB, 4- di one
(1V). Thys,~gn~s Turther aspect, we di §cl ose a process

r theg synthesils of (|S)-5-nethyl-5- og”>0Rr

Thus, suitable meso-precursors such as the nitrile (XIII), the amide (XIV) or an ester (XV)
may be desymmetrised using a suitable enzyme thereby affording the chiral hydantoin
precursors shown above. Suitable R groups for the esters (XV) include C1 to 4 alkyl.

The required meso-precursors may be prepared using methods analogous to those
described in the literature. Ses, for example, J. Org. Chem., 1995, 60(17), 5487; J. Chem.
Soc., Perkin Trans. 1, 1991, 4, 2589; Synth. Comm., 2001, 1323; and Inorg. Chem., 2003,
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the synthesis of conpound (1), which conprises
enzymati c desymetrisation of a nesonitrile (XII1), or
wa@20vedes0arri de (XIV) or a nmeso-ester (XV). |In aPCT/SE2007/000256
particul ar aspect, we disclose a process wherein the
meso-amde (XIV) is desymmetrised using a suitable
am dase enzyne. In another particul ar aspect, the
am dase i s Rhodococcus erthoplis am dase. In the above
bi ocatal ytic resolutions, the enzyme may, where
appropriate, be used as such or in_an imuobilised
42(@)5 @Bﬁg i gynthesisef sppcifip serrzpreawss disglpsed|in the Examples
nmet hyl - 5-{
Secfl?rbhenyhnet hyl ) t hi o] met hyl }i mi dazol i di ne- 2, 4- di one
(I1'V) may be prepared via asymmetric synt hesis. The
asymmetric Strecker reaction is an inportant nethod
Potém)tial bimgm&gss orttbe desyofmetsisetidi af ﬂl}tlmamnrinilea(éﬂas are described in, for
Phen lycinol is a typic raI auxj|iar Q
e, T haehon 4ot W0, T5radt bietbiirondon 201 36T
) , C ne (I1)
Tet%l%lt% é)o(l 65}%—")1-9 gﬂeﬁ 3%%?20‘?;8‘ ?? or d?bﬁggb%a?? ol i dme
(XVII1) as a m'xture of di astereoners. Reaction of the

oxazolidine (XVI11) with trinethylsilylcyanide then
De@anm@nsa’c@nmﬂmnm%armﬂ@ COM)xyas ashigysd using Bodococcus erthoplis

amg]raaSt eor‘{ﬁr Sii,clélrllrla t X ?m \ga%@FJ\]]Rglﬁly Sf}al lcl()jélaetdllr? :ra.]smgle
potI s§ TRAEXRNEEIr A %He%ﬁ@ﬁhﬁdﬁﬁtoﬁii Qﬁ'} %Etﬁ%ﬂ@éll‘eﬁt deatio of
ound (XIX) to greater t . 1 (Schenme 8):(H)

HBr ACO-I Bn = PhCH Schene 8 (XXII) Treat nent of the
amno nitrile )é) with one equival ent_of water in
Dez@yﬁ@n@pégt acweso— -t-butyl methyl ester using Pig Liver Esterase has been

previously disclosed (J. Org. Chem., 2003, 68(13), 5403).

—
0~ "OMe O~ OH

It has now been shown that the meso-S-benzyl ethyl ester (XV, R = Et) is also a substrate

for this enzyme. Desymmetrisation proceeded in line with the literature precedent,
affording (after Curtius rearrangement of the initially formed acid ester (XVII) and

subsequent ester hydrolysis), the (R)-amino acid (X) in 60-80% ee.

It has been further established that similar desymmetrisation transformations may be
achieved using representatives of two different enzyme classes, namely, Bacillus
licheniformis protease and an amino acid acylase. In the case of desymmetrisation using
Bacillus licheniformis protease the transformation proceeded with the reverse
stereoselectivity to afford the (S)-ester acid. This (S)-ester/acid was further converted into
the corresponding amino acid, the absolute configuration and chiral purity of which were

determined by comparison with an authentic sample. Following methods well known in
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hydr ogen chl ori de gas then gives the | actone (XX).
Reaction with potassium cyanate foll owed by renoval of

wo b@780@e2 chai n usi ng hydrogen brom de i n acetPCI/8EI007/000256
then affords the chiral hydantoin (XXl 1)
Alternatively, treatment of the amno nitrile (X X)
wi th chl orosul fonyl isocyamgge gave a m xture
conprising the hydantoins (XXI; R=H) and (XXI; R =
CONH2), which mi xture when treated w th hydrogen
brom de in acetic acid gave the chiral (R)-hydantoin

the [itetinp (seyfou sxamepl¢,SYreph w H 36 #es103 hdhe Haingigriddnto the (S)-5-

xiliary,. t ant i t0|
medy S biehyip STy aéoi‘%dfno% s tor the
synthesis of (R)- or (S)-5-nethyl-
{[ (phenyl net hyl )thi o] methyl }im dazol i di ne-2, 4-di one
Thmanjncarﬁmbarﬂaspﬁesverdmgosam@rbms f;ir tlw syhihesik ofi ()i I-mathyl- 5-
| abel I ed_oxazol i dine_ (XVlI rther _disclose t

{[(pgmmln@mygtm]nawamwamwrﬂsdleger : () dspiet 1 Bimedat in

sfer. catal '
the SRSt G RRPmAeE Mol BrfhisSs FRYENE Bl PHaRSTr 2o
nitrf1® (xm) eoﬂ'hsfﬁeﬁfarﬁblg BN ia0Rmb fekster @IV)IMi & peftictiaeaspbit] arb
control element, which is often the nost expensi ve
d1sq1<mgxqm>ce|smwh¢remph© pessamidei (K&Y) iskdesenmetsined wsing a suitable
catal ysi s offe s further ady nta s he i
oS, T AOOP SN Cooti Ggesedt AR BepEdis Erhepl
amidh@cedures, safe and |nexpen3|ve reagents and
sol vents, the use of organocatal ysts (catal ysts
wi thout netals), and the possibility of conducting
reactions on either a small or |arge scale. However,
In theyabays hiacpiabiticspsobftions e enramedeit éi“ihﬁ¥er?é’PEflP£‘1a@r Ppspd as such
.St ereogeni c entr carbons with four different
m”ﬂ&ﬂﬁﬁggﬁgégk 6€§ 1‘015')1/1'c:atalytic enanti osel ecti ve
processes contlnues to be challenging. A suitable
route whi ch makes possible the construction of such a

In apotitee aspacty clitad b-englyli % { [Getreny kndtisyshiolmethyl } innidgehiding-24-dione

XX 1| XXI
(IVS may be)pre(pared\\/f)la asymmetric synthesis.

The asymmetric Strecker reaction is an important method for the synthesis of a,a.-dialkyl
amino acids. (R)-Phenylglycinol is a typical chiral auxiliary for use in such reactions
(Tetrahedron, 2001, 57, 6383 — 6397). Thus, condensation of benzylthioacetone (II) with
(R)-(-)-phenylglycinol affords the oxazolidine (XVIII) as a mixture of diastereomers.
Reaction of the oxazolidine (XVIII) with trimethylsilylcyanide then gives the amino nitrile
(XIX) as mixture of diastereomers in a ratio of 85:15. Recrystallisation of this mixture
from a suitable solvent such as iso-hexane increases the diastereomeric ratio of compound

(XIX) to greater than 99:1 (Scheme 8):
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Hydrolysis (X) (I1V) R= Pr or Bu Schene 9 Ar = Ph,
2-naphthyl or Cl-Phln an initial step, t-butyl
w@ DyAedoani nat e or i sopropyl (DL)-al ani nate i SPCT/SE2007/000256
condensed with a suitable carbonyl derivative such as
benzal dehyde, chl orobenzal dehyde or 2- napht hal dehyde
to give an imne ester (XXIBH). Preferably the t-butyl
ester is used. This imne is then alkylated with
br omonet hyl sul f anyl net hyl benzene in the presence of a
sui tabl e bé’beﬁ a suitable chiral phase transfer
catalyst to glve the imne (XXV) é(éable bases,
i ncljude, for € l e, SSI um o%rde, sodi ume‘/\OS'Mes
B“M#i\de, caest-um h§as oxi are, r ubidi-umr hy dgpuied.-NH
Sw tabl e phase transferOea% yst sMpsFGNide, for p¢
l e XIX
{m Oall yl - N (9-ant hra@%’r‘u‘{)l nmet hyl ) ci pehoni di ni um 9
br om de and (+)-Oallyl-N(9- J CIO,SNCO;
om de. Sel ection ofy+

ant hr acenyl met hyl ) crchigh Ci@li um
the correct pseudo-engns{egeL+C (antipodal) phas

transfer catal yst allows € absol ute stereochem stry

of the resultant imne (XXIV) to be controlled, h(lhejR
suitable chiral phagedtransfer catalysts wll P/Ie ,_/

readi | y apparepjgto AN skikddoad in thg $,r/

Hydrol ysis of the im (XXI'V) then yield he a-

acid (X). By choi o@ the correct reagents Nhe

correct reaction conditions, the chiral a-anino Hcid (XX1)
(X), or the enantior®x) thereof, is obtai nedRiH: RirgtPNH:
enantioneric purity. In a particular aspect, the

specific procedures disclosed in the acconp@mnpyedid

Exanpl es are specifically clainmed. In one aspect,

provi de a process for the preparation of (R - or

(S) - 2- ami Bo=84Clbenzyl sul f anyl - 2- met hyl - propi oni ¢ aci d,
useful as internmediates in the synthesis of (R)zH or

(S) - 5-met hyl - 5-{[ ( phenyl met hyl ) t hi o] net hphgi TB/@ i di

ne- 2, 4-di one, whi ch conpri ses 07N

Scheme 8 H

(XX

Treatment of the amino nitrile (XIX) with one equivalent of water in the presence of
hydrogen chloride gas then gives the lactone (XX). Reaction with potassium cyanate
followed by removal of the side chain using hydrogen bromide in acetic acid then affords

the chiral hydantoin (XXII).

Alternatively, treatment of the amino nitrile (XIX) with chlorosulfonyl isocyanate gave a
mixture comprising the hydantoins (XXI; R = H) and (XXI; R = CONH,), which mixture
when treated with hydrogen bromide in acetic acid gave the chiral (R)-hydantoin (XXII).

By using (S)-phenylglycinol as the chiral auxiliary, the enantiomeric (S)-hydantoin is

obtained.
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al kylation of an imne ester (XXIlIl) in the presence

of a suitable chiral phase transfer catalyst. In one
w@arwilewkar aspect, the phase transfer catal ysPCT/SE2007/000256

(-)-Oallyl-N(9- anthracenyl net hyl ) cnchoni di ni um

brom de or (+)-Oallyl-N(9-anthracenyl nmethyl) -

ci nchoni di ni um brom de. The3skilled man wll readily

appreciate that in the above process the sul phur atom

could alternatively be protected by a group other than

benzyl . The chiral a-am no acid (X) may then be further

converted into the chiral hydantoin (I1V) using

In drstegheth e GBSO GRs fE T e SR () 8r ShEMeanRY:
{[(ﬁl(e%%'r 'tl‘i‘ﬁjtﬂi)é m V?l}ﬁmﬁéib‘hﬁiﬂe@alﬁidn@ hhidr oy i¥BY Higg§sele of a

chlori de

ch1(a$)1u}5}1mﬂhhdlle5e)ﬁa{zbh&mayxvﬁﬁ}}yI )t hi o] met hyl }i m dazol i di
ne-2,4-dione (1V) by direct chlorination in aqueous
acetic acid i s disclosed in WD 02/074767. Novel

We%ﬁ%rﬂc}ﬁ/%clo (e o %ﬁl%?@)%f glgjr(;al g}P n]ﬂggﬁ%r t?%ésgﬂgxger ﬁlgase transfer

catﬁl?!%l@ CatAPHd hsydinh@ie prddeReY af8 Es‘i)%&amf@ﬁraemhmg ré/gafd‘lsmce they
e sul fonyl chlori de (V), the piperidinyl ether
allewe Sardheussaif suliswichiomatic afiousts Olﬁéhercéaer@hwmpbdeﬁnmtowtmb is often

correspondi ng free _base (VI onvers

the Rt SRR NS T T e e Chira Lo s AR Ty Fter

ad¥ih Qﬁﬁe%lallﬁge i fcﬁflf fnveRkY ﬁﬁ“:l RGOS sl feaé\:ﬁﬁltlﬁb&dﬁfes safe
I Sopr opy I'n a preferred process,

ancBxXRnSive feagsnta aini slehts, theausd bf)h@ﬂncn:caﬂlj/}stse(natb}ysts without
suspendlng the acetate salt in toluene and_usi ng

é?éﬁ)e@@é 2 PRSPl FoRdugidngreagiong on FHRRT AT B Bl

s more effi
HOfREE, iR ARG il oo Rty kel el
(cak b8 Wtitbutd FeRhBakh-By A6t RCups PHP LAt aIgHE Q@Eﬁhbwlbcﬁffe processes
conpound (VI) with the sulfonyl chloride (V)
copambs olicahhlerpnssiA sm@bteo*ouﬂqevlpq:lememseboeﬂblwahémonsmwﬂon of
ither case, the .obtained of the free base
sudh qUefegay SR SO B DI OUBBIATSIETE Sl one 1< ¢ hon
reacted directly with the sulfonyl chloride (V) in the
presence of a suitable base such as

diiso My | amBase armh/\sss/@‘Bt et r ahydx : HQqSAr
cosol vept . R'
O~ OR Chiral Phase Transfer Catalyst 0 OR
(XX , (XXIV)
S _NH N N
— P TN 2 L, s =0
Hydrolysis i, N
07 oH O" H
(X) (V)
R = Prior But Scheme 9

Ar = Ph, 2-naphthyl or CI-Ph
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In this way, conpound (1) is conveniently and
efficiently prepared even on a nulti-kilogramscale.

WO poognesoaspect, we di scl ose a process for the PCT/SE2007/000256
preparation of compound (I) that involves reaction of
5-chl oro-2- (pi peridi n-4-yloxy)-pyridine (VI) wth
((S)-4-net hyl -2, 5-di oxoi m d&®ol i di n-
4-yl) - met hanesul fonyl chloride (V) wherein conpound
(M) is prepared by liberation of the free base froma
corresponding salt. In a nore particul ar aspect,
conpound (VI) is prepared by liberation of the free
base from 5-chl oro- 2- (pi peridin-4-yl oxy)-pyridine
acetate salt (VII).No crystalline nodifications of

In einial sep (tHutABLHaknimasad isoprod®l ORI P46 dte iVondaned with a
now found that conpoun prepared by any synthetic

Smr?@ﬂ%@abonah%rbféﬁw sushap b?@éfsiehmden ehlapbersiatdeby dragrd- or

B RPN B
imink i HBE &l MEAGT it RSl IV ﬁnféﬁﬂﬂlge'nﬁéﬁe' if? 'ﬂleoffresteﬁge ofa

i nput material. The i dentlfl cation of the different
sulpabileylvm @drd e suiwbllefchiral phasstranster chplyst orgyet the imink (XIE). e

ing the follow ng instrupents and

S BT e P g LU UL 200
h ¥ ©

/EEPAEOTRI B 0 8 Bd Dteci SOL0AAE It
(-)QuiBy (N~ S4dthBenimethy)ainchodidifnbromi&mdIS)-OlallyHNY(9-

incr. 0.03 Rotating quartz disc

anthracenylmethyl)cinchonidinium bromide. Selection of the correct pseudo-enantiomeric
(antipodal) phase transfer catalyst allows the absolute stereochemistry of the resultant
imine (XXIV) to be controlled. Other suitable chiral phase transfer catalysts will be readily

apparent to the man skilled in the art.

Hydrolysis of the imine (XXIV) then yields the a-amino acid (X). By choice of the correct
reagents and the correct reaction conditions, the chiral a-amino acid (X), or the enantiomer
thereof, is obtained in high enantiomeric purity. In a particular aspect, the specific

procedures disclosed in the accompanying Examples are specifically claimed.

In one aspect, we provide a process for the preparation of (R)- or (S)-2-amino-3-
benzylsulfanyl-2-methyl-propionic acid, useful as intermediates in the synthesis of (R)- or
(8)-5-methyl-5-{[(phenylmethyl)thioJmethyl}imidazolidine-2,4-dione, which comprises
alkylation of an imine ester (XXIII) in the presence of a suitable chiral phase transfer
catalyst. In one particular aspect, the phase transfer catalyst is (-)-O-allyl-N-(9-
anthracenylmethyl)cinchonidinium bromide or (+)-O-allyl-N-(9-anthracenylmethyl)-
cinchonidinium bromide. The skilled man will readily appreciate that in the above process

the sulphur atom could alternatively be protected by a group other than benzyl.
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30

Anbi ent conditions Approximately 10 ng of the test

sanpl e was placed on the sanple hol der and sneared out
weroorhesoguart z surface using a flat Tefl on barPCDBEI00)/000256

A Panalytical X Pert PRO MPD instrunent with the

foll owi ng paraneters: CuKa (l. 541 8A) 45 IcV and 40

M 2 < 2 40 4 7mn, incB7 0.016 Rotating Silicon

waf er Anbi ent conditions Approximately 2 ng of the

test sanple was placed on the sanple hol der and

d t i.li1gon surface using a flat Teflon
S B R el 8 il i 1o
: ' ' a e j stigate
e B R R el S el RERERA 1 Y s S
Scanni ng Cal orineter (MIDSC) (TA Instrunents) using
different nethods, the main features being:. Normally

Thepreparatiatofget-pedyhe, Sodipyo-jmidazdidin-f-ahpmetharesaifory] chloride

s Pl S tp it B Poalh S ebtatine ok iope 3y
direfbhi8Ahation iR B@é@ul &Qﬁg Q_eid/i‘m%&fséeﬂaﬁ VO 03/078767 tl\f?k)gl glterpative

test sanple was placed in an al umi ni um cups W
pro¢eseescior theipnepprraticn af thestitfouryl Ahlakids (8) & Girlofétkin a co-pending

ravi met.ri se of test sanples to increasing
pat%@ﬁ%@f“é’flﬂ?’&g &Qg&r%fsesti gat ed usi ng

For coupling with the sulfonyl chloride (V), the piperidinyl ether acetate salt (VII) must
first be reconverted into the corresponding free base (VI). This conversion may be
achieved using a base such as sodium carbonate in the presence of an ester solvent such as
ethyl acetate or isopropyl acetate. In a preferred process, the conversion is achieved in a
biphasic system by suspending the acetate salt in toluene and using aqueous sodium
hydroxide as base. The use of toluene enables more efficient drying of the solution of the
free base (VI) by azeotropic distillation. This is an important advantage since the coupling
reaction of compound (VI) with the sulfonyl chloride (V) is particularly sensitive to the
presence of water. In either case, the obtained solution of the free base (VI) in either
isopropyl acetate or toluene is then reacted directly with the sulfonyl chloride (V) in the
presence of a suitable base such as diisopropylethylamine and using tetrahydrofuran as co-
solvent. In this way, compound (I) is conveniently and efficiently prepared even on a

multi-kilogram scale.

In one aspect, we disclose a process for the preparation of compound (I) that involves
reaction of 5-chloro-2-(piperidin-4-yloxy)-pyridine (V1) with ((S)-4-methyl-2,5-dioxo-
imidazolidin-4-yl)-methanesulfonyl chloride (V) wherein compound (VI) is prepared by
liberation of the free base from a corresponding salt. In a more particular aspect, compound
(VI) is prepared by liberation of the free base from 5-chloro-2-(piperidin-4-yloxy)-pyridine
acetate salt (VII).
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a 00 Thermal Gavinetric Analyser (TGA) (TA
I nstrunents) using the foll ow ng paraneters: Heating
wo ag0g/1060ez mal | y): 5 C/ min Approximately 2 to S5P@mySEF007/000256

the test sanple was placed in the cup and heated to
just above 200 C. Hum dity InteractionThe gravinetric
responses of test sanples t3@ changes in humdity were
i nvestigated using either a SGA 100 (VTI Corporation)
or a DVS 2 (Surface Measurenent System G avinetrical
Vapour Sorption (GVS) instrument with the follown

No dresttliinesrodioptiors Feomppiel() e disclopedkingy® Q074767 We have

o RS LD SRR 0, 08 G
aquétlus teﬁ‘ﬁnélg)‘?tawg&ﬁﬁ irﬁu%ﬁ].gﬁétﬁ%%@d's it ©URneRGeproducibly afford
. “Nor phol ogy The t

eval uate rphol ogy of the tes
comg@ﬁfﬁpﬂlmwﬂﬁaﬂidw@ﬁitﬂeq&bﬁvh ofsherpolsmdeitic thSiE a1 of the input
canni ng El ectron M croscope (SEM using a
matergggni i cation of up to 5000 times. A few particles
were sprinkled onto the sanple holder with a carbon
sticky tape and coated with a thin gold |ayer and

Thel i@ hEH G9he SEREMAboIFHSHIAEMoMECARES ad iR rpdllidiBGrere
NMR spectra were recorded on a 300 MHz Varian Unity

invdstigated aeinglthe folkirvivg insammeints tyd methpds:i nst runent . The
central peaks of chloroform”? (d 7.27 ppm,
di met hyl sul foxi de-fik (5H 2.50 ppn), acetonitrile-<i3

X-Ha ﬂﬁv?(gﬁrﬁﬂ a&fon"@ﬂiﬂ%gl -*A (dn 3.31 ppm) were used as

I'ntern references. | um chronmat ography was carried
out using silica gel (0.040-0.063 mm Merck). Starting

materials were comercially avail abl e
XRPD measurements were made using either:

i) A Scintag Inc. XDS 2000 instrument with the following parameters:
CuK, (1.5418A)

45 kV and 30 mA
2°<£206<L35°

1 °/min, incr. 0.03 °
Rotating quartz disc

Ambient conditions

Approximately 10 mg of the test sample was placed on the sample holder and smeared out

on the quartz surface using a flat Teflon bar; or

if) A Panalytical X Pert PRO MPD instrument with the following parameters:
CuK,, (1.5418A)

45 kV and 40 mA
2°<20<40°

4 °/min, incr. 0.016 °
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unl ess otherw se stated. Al solvents and conmmerci al
reagents were of |aboratory grade and were used as
w0 e@eilv@a2 Unl ess ot herw se stated, operati onsSPGEBE2007/000256
conducted at ambient tenperature, typically 20 to 25
OC. LC analysis was performed using Agilent 1100 HPLC
instrunents. Various LC netB®ds were used for product
anal ysis. LCMS anal ysis was perforned usi ng WATERS
2790 HPLC with 996 Photo Di ode Array Detector and
M.cr QMass. ZMD, Si ngl e Quadrupol e Mass Spectroneter
V\Bf’iarnggéllc%""iafﬁrerface.Abbrevi ations: vol eq. grams of
| Wibidnp Borstidsisance expressed as a vol une Ac acetyl DCM
di chl or onmet hane DMVF yV-di net hyl f or mam de DVSO di et hyl
sul foxi de ep enantioneric purity eq. equivalent 10 I M5
Approctusdtely 2l mgref thy ltest smingslpiwas pecedisn the tsiplahadides anpt opaakred out
m de M BK nmethyl isqgbuty|] ketone RT roomtenperature
OH%V\?CE{ICP%FMEEHWW%M%;FH%QH@ | 5 THF tetrahydrofuran
TFA trifluoroacetic acid

Calorimetry (DSC)

The calorimetric response of a test sample to increasing temperature was investigated using
a Q1000 Modulated Temperature Differential Scanning Calorimeter (MTDSC) (TA
Instruments) using different methods, the main features being:

Normally modulated mode (“heat only”) with a ramp rate of 5 °C/min (but also 1 and 20
°C/min were used without modulation). The temperature range was from just below
ambient to above 200 °C.

Approximately 2 mg of the test sample was placed in an aluminium cups with a lid (no

crimping).

Gravimetric Analysis (TGA)

The gravimetric response of test samples to increasing temperatures was investigated using
a Q500 Thermal Gravimetric Analyser (TGA) (TA Instruments) using the following
parameters: |

Heating rate (normally): 5 °C/min

Approximately 2 to 5 mg of the test sample was placed in the cup and heated to just above
200 °C.

Humidity Interaction



10

15

20

25

Exanple 1 20 5- Chl oro~2- (pi peridi n-4-yl oxy)-pyridi ne

acetate 4-Hydroxypiperidine (12.1 g, 0.12 nol, 1.18
wOod07406022 was suspended in toluene (120 ni) t oPQI/$E208TI000256

orange suspension. The resulting m xture was heated to

reflux over 15 mnutes (jacket tenperature 115 0C). An

orange sol ution forned betwd@n 85-90 0C and sone

oi ling was observed on the stirrer shaft and

tenperature probe. Toluene (26 nL) was 25 renoved by

distillation. The reaction mxture was, cooled to 20 QOC

The graympesicremRAnses ot Aeshartiles iy shangss de hymidity avprainvagiggted using

elth%p 2 tS@A?’ '15()(R1V ’I*Ier%% )%tr \%\/a]jsl\?% g %uerﬁat gg\& a3 tg§’| @Sﬁeﬁs 0

Gravh)lem&'ﬂl\éap@usmmmmﬁnﬁdﬂﬁu indthtthefolldovey features:
droxypi peridine mxture at 20 C._A toluene |ine
Drmg 7 Rihangibpckyassteps @, foeexeamied 0%TRE. r esul ting t hi ck

suspensi on was heated up to 50 OC over 30 mnutes with

Eqgbbming oowdigors t0r0 | W@'ght/% @ef 1A indnutef (<0.00 lwelght-%/mln)

2, 5-di chl orop r|d|ne , 0.10 nol, 1 nol eq.)
APWB?"G%%Y Agngphthe \tﬁétssafm"eﬁ’a% Bla?%]emélll%‘i’qﬂﬁnéte"%lgat@@ over
approxi mately Ih foll owed by a toluene |line wash ( 11
m.). The reaction nixture was warmed to refl ux (ca.
Motpheld@y C) over 70 minutes and was then heated at
reflux for 2 h. The reaction m xture was cooled to
anbi ent tenperature over 30 mnutes and stirred
overni ght. The reaction m xture was washed wth s
Thenavgphology »f e tmt_ﬁomp@mdhmtlﬁ@ésﬁ@t&[)usﬁhga/ &ol ISM-5280 Scanning
sol ut j on of acial acetic acid (6.1 % 0.10 nol, 1
Elegigm Micrescope @M)elh%ng wa&@ﬁcw Qafep@é@i DQY times. ni xt ur e

A otk W R e o h

.-4U

mlg&glgie]é%/ht,ﬁ 2 g?lé)u etrs] (‘éky tape and coated

witls @kluh icoNl 19 af@Bhedigh®dRT over 70 minutes. The
requi red 5-chl oro-2-(piperidin-4-yloxy)-pyridine

acetate precipitated during cooling. After stirring
for h at e suspension was filtered o and the
Generpl, &&‘Q}F@bﬁ{m#tm uene (2 x 75nL). After drying in a
vacuum oven at 50 C overnight, the product was
obtained in 85 to 95%yi el d.
'H NMR and *C NMR spectra were recorded on a 300 MHz Varian Unity Inova or 400

MHz Varian Unity Inova instrument. The central peaks of chloroform-d (8y 7.27 ppm),
dimethylsulfoxide-ds (Sy 2.50 ppm), acetonitrile-d; (8y 1.95 ppm) or methanol-d, (8 3.31
ppm) were used as internal references. Column chromatography was carried out using
silica gel (0.040-0.063 mm, Merck). Starting materials were commercially available
unless otherwise stated. All solvents and commercial reagents were of laboratory grade and
were used as received. Unless otherwise stated, operations were conducted at ambient
temperature, typically 20 to 25 °C.

LC analysis was performed using Agilent 1100 HPLC instruments. Various LC methods
were used for product analysis.

LCMS analysis was performed using WATERS 2790 HPLC with 996 Photo Diode Array
Detector and MicroMass ZMD, Single Quadrupole Mass Spectrometer with Z-spray

interface.
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1H NVR (400 MHz, D20) d 8.1 (IH, d), 7.8 (IH dd), 6.9
(IH, d), 5.0 (IH mM, 3.4 (4H m, 2.2 (4H m, 1.9
w@ 37/180022 s Al ternative Salts of PCT/SE2007/000256
5- Chl or o- 2- (pi peri dm 4-yl oxy) - pyri di ne The appropriate
acid (either in a solvent for mneral acids; or as a
solid for organic acids; or4lfor the carbonate salt,
CO gas was bubbled into the solution) was added to a
solution of 5-chloro-2-(piperidin-4-yloxy)-pyridine in
toluene at RT. Additional toluene was added and the
resulting solution was stirred until crystallisation
Ab?& . The solid forned was 0 col |l ected by
Itratlon and washed wi th wo- hexane. Exanpl es of

volagi ds gaed of ﬁfmtiﬂg sibfeespresdedlaydeolunfueous
phosphoric acid NVR (D20 d 2.10 (2H, m, 2.20 (2H,

Acny, 3.a@styl2H, m 3.45 (2H, m), 5.15 (IH ), 5 6.91
7.78 (IH d, 8.8 Hz), 8.10 (IH, ' .
C%drocﬂf:%lﬂoéneg@f% (in pr(()panol) - used)to rrake(the °)

DMPNO- RAMdimdmiiformhefel de salts Mono-HCA, 1H NWR
(d6- O d 1.791 (2H, n) 2.14 (2H, m, 3.07 (2H, m,

DMSQ1 (dimethy] sulfoxid® (1 H, m), 6.90 (I1H, d, J 9.6 Hz),
7.83 (IH, .d, J 9.6 Hz), 8.21 (IH, s), 9.17 (2H, bs). o
P M p. 1BEIEOEPLIGRYitY 11 NVR (d6-DVBO) d 1.93 (2H, n).

2.16 3.08 (2H, 3.20 (2H, m, 5.20 (IH,
Uy (%;“’(35%1 bs) <(391 ??H d, 3(9.2 rll?z), 7.83((IH,

IMS, J YindudtHdl méthyddted bpiitss) , 9.35 (2H, bs). Mp. 131
0C. Trimethylacetic acid s 1H NVR (d6-DVMSO) d 1.10

LD@eH sl}thuqndlssopmﬁylmdel 93 (2H m, 2.58 (2H, m,

MI% 77 (?&Y@SOW%%%%t%) 8. 18 <|8§’| (Is)H o 988,
room temperature

TBME tert-butyl methyl ether

THF tetrahydrofuran

TFA trifluoroacetic acid
Example 1

S-Chloro-2-(piperidin-4-yloxy)-pyridine acetate

4-Hydroxypiperidine (12.1 g, 0.12 mol, 1.18 mol eq.) was suspended in toluene (120 mL)
to give an orange suspension. The resulting mixture was heated to reflux over 15 minutes
(jacket temperature 115 °C). An orange solution formed between 85-90 °C and some
oiling was observed on the stirrer shaft and temperature probe. Toluene (26 mL) was
removed by distillation. The reaction mixture was cooled to 20 °C over 15 minutes. A
white solid precipitated at about 30 to 35 °C. In a separate vessel, tert-BuOK (13.4 g, 0.12
mol, 1.18 mol eq.) was suspended in toluene (150 mL). This suspension was added to the
above 4-hydroxypiperidine mixture at 20 °C. A toluene line wash (11 mL) was then
performed. The resulting thick suspension was heated up to 50 °C over 30 minutes with

vigorous stirring. A solution of 2,5-dichloropyridine (15 g, 0.10 mol, 1 mol eq.) in toluene



10

15

20

25

30

Mp. 91-96 C. Tartaric acid 1 NVR (D20 d 2.10 (2H,
m, 2.21 (2H, m, 3.29 (2H, m, 3.46 (2H, m, 4.53
W@ 27189022 0 5. 17 (IH m, 6.93 (IH d, J 9.2 HQT/SE2080000256
(IH d, J 9.2 Hz), 8.12 (IH, s). CGitric acid
Hem -citrate, 1H NWVR (D20 d 2.10 (2H, m, 2.21 (2H,
m, 2.64 (IH d, J 15.2 Hz)422.73 (IH, d, J 15.2 Hz),
3 28 (2H m, 3.46 (2H, nm), 5.16 (IH bs), 6.915 (IH,
.8 Hz), 7 79 (IH d, J 8.8 Hz), 8.10 (IH, 5s).

(45%}1]9) ﬁvaiagczeélao ﬂ}ﬁ %ﬁ%ﬁpvempprgm%ﬁ% fﬁ%low%iS@oazg'luene

lmé( Whih (‘ﬁ mL@ 7I%e an!éhoﬁ InixtreSas(ddrmet to ﬂeﬂﬁ)lﬁ g%aHébS 1@7® over 70

8 Hz), 8.1 1 (IH, s

rrmamsdmdl “NB’ﬂle(ndﬁatBH/B@eﬂdx Ior825h (Phe; reﬂ&non&nﬂxalré Ahds cddled to ambient
3.13 2Hr6) m, 5.20 (IH 0 m, 6.12 (2H
tempprange gper(3 ﬂnmé}tes énfs.a Stz’rqflzgvenglg 3THq yepction rmxgugwa& yashed with

wafsr fZéx 2{%@%&%&%&% fv%fGI lz 2& soﬁ]gon Q? %]%01(1 Hfﬁmg 6.1g,

0. 13 o), 1(Abl ecm in tSué: }_&@@ IThL)"@fas a@d&ﬁto(thé’huf@me ® 9660(1111 H’xe fbrtion,
J88HZ) 40 (2 6), 7.48 (IH3 d, J 9.

follappd by a'ﬁ(quneHunedyasB (B }HL)) Aﬁeﬁa@litlc(HZ\Ivhs cﬂb,mplet@ the kdih)t;on was
c acid (aqueous)
C°°§edg}8&(ilj ?"&rﬁﬁ%&n‘etg% Ti’ﬁﬁ%‘lmfﬁﬂé Cg* loro o @inssim-sloahpyridine

ace Zatc(eé Wo@gﬁ% %?e?stlgj# fgg 1 %éﬁ{{{[ﬂh HESP%ES%%W% filtered

ancKthd:-Ipakx& wash&l @ithizrglyens.(85 75hi,). AfterddrPing ifrlg WacuBnedvenlaklso °C
8.80 (2H, bs

ove?'rzlght the prcgduct was 3bta1ned in 85 to 95% yield.

'H NMR (400 MHz, D;0) & 8.1 (1H, d), 7.8 (1H, dd), 6.9 (1H, d), 5.0 (1H, m), 3.4 (4H,

m), 2.2 (4H, m), 1.9 (3H, s).

Alternative Salts of 5-Chloro-2-(piperidin-4-yloxy)-pyridine

The appropriate acid (either in a solvent for mineral acids; or as a solid for organic acids;
or, for the carbonate salt, CO, gas was bubbled into the solution) was added to a solution
of 5-chloro-2-(piperidin-4-yloxy)-pyridine in toluene at RT. Additional toluene was added
and the resulting solution was stirred until crystallisation occurred. The solid formed was

collected by filtration and washed with iso-hexane.

Examples of acids used for this process include:

¢ Aqueous phosphoric acid
'H NMR (D,0) & 2.10 (2H, m), 2.20 (2H, m), 3.28 (2H, m), 3.45 (2H, m), 5.15 (1H, m),
6.91(1H, d, J 8.8 Hz), 7.78 (1H, d, 8.8 Hz), 8.10 (1H, 5).

* Hydrochloric acid (in propanol) — used to make the mono- and di-hydrochloride

salts

Mono-HCl, '"H NMR (d6—DMSO) 8 1.91 (2H, m), 2.14 (2H, m), 3.07 (2H, m), 3.21 (2H,
m), 5.19 (1H, m), 6.90 (1H, d, J 9.6 Hz), 7.83 (1H, d, J 9.6 Hz), 8.21 (1H, 5), 9.17 (2H, bs).
M.p. 156 °C.
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Mp. 198 C.Di-HBr, 1H NVR (d6-DVBO) d 1.91 (2H, m,
2.16 (2H, m, 3.15 (2H, M, 3.26 (2H, nm), 5.21 (IH,
woR780@22 (1H, d, J 9.2 Hz), 7.84 (IH d, J 9.PCF&E2007/000256

8.21 (IH, s), 876 (2H, bs). Mp. 183 C. Carbonic

acid (CO2 gas) Hem -carbonate, 1H NVR (d6-DVSO) d 1.53
(2H, m, 1.94 (2H m, 2.5943.02 (4H), 5.04 (IH), 6.84
(IH, d, J 8.7 Hz), 7.77 (IH, d, J 8.7 Hz), 8.17 (IH,

s). Example 2

RS) - 5- Met hy|] - 5- h I thyl)thi thyllimd lid
DiHT, 57 2R GHLDNS § SOy 0s2-56 Gt 308 L4 yrok 09 O, m),

s ARSI 920 PRI SRy TN Yy Bt

9,3(3@16,559_) Mpghgsmxture was stirred for about 15 minutes
to achi eve honogeneity. Ammoni um carbonate (49.56 g,
309 Trimsthylatetiaomdl eq.) and pot assi um cyani de (30.54

6 . I : t d
‘AR R on 2 0., seab o aol B ek FnGebaaz s Cn
' d
D L s LB I, S B A ST AR S
M.pepeObaC. After conpletion of the reaction, the
required product was allowed to crystallize. If
fecéadarioacikrystal | i zati on was i nduced by seeding.

' REDLE A AT et B S B ) Sty 0 9,
5 .1t7Q1Hh%),f6$%C§1'HQH, 0 2130 ez 3OTHIES dCpuSedy)ag prighange from
about 11.9 to 7.4. The crystal [ine mdss was filtered

of f Catrid asidbsequent | y washed wi th isopropyl acetate.
e, 1B 16 RETRRUS, U8 AT . 27
ot 19,58 DASE 0,4t By o8 e (g 8,17
(1H, d, J 8.8 Hz), 8.10 (1H, s). M.p. 88 °C.

e Fumaric acid
'H NMR (CDs0D) & 2.05 (2H, m), 2.20 (2H, m), 3.23 (2H, m), 3.39 (2H, m), 5.30 (1H,
m), 6.72 (2H, s), 6.83 (1H, d, J 8.8 Hz), 7.70 (1H, d, J 8.8 Hz), 8.11 (1H, s). M.p. 128 °C.

e Maleic acid
'H NMR (d®-DMSO0) & 1.85 (2H, m), 2.13 (2H, m), 3.13 (2H, m), 3.27 (2H, m), 5.20 (1H,
m), 6.12 (2H, ), 6.90 (1H, d, J 9.2 Hz), 7.83 (1H, d, J 9.2 Hz), 8.21 (1H, s), 8.48 (2H, bs).
M.p. 96-104 °C.

e Benzoic acid
'H NMR (d5-DMSO0) & 1.66 (2H, m), 2.02 (2H, m), 2.80 (2H, m), 3.09 (2H, m), 5.08 (1H,
m), 6.86 (1H, d, J 8.8 Hz), 7.40 (2H, t, J 9.6), 7.48 (1H, d, J 9.6 Hz), 7.79 (1H, d, 8.8 Hz),
7.91 (2H, d, 1 9.6 Hz), 8.19 (1H, s). M.p. 140 °C.

e Hydrobromic acid (aqueous) — used to make the mono- and di- hydrobromide salts
Mono-HBr, 'H NMR (d°-DMSO) § 1.90 (2H, m), 2.15 (2H, m), 3.12 (2H, m), 3.25 (2H,
m), 5.19 (1H, m), 6.91 (1H, d, J 8.8 Hz), 7.85 (1H, d, J 8.8 Hz), 8.21 (1H, s), 8.80 (2H, bs).
M.p. 198 °C. |
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Exanpl e 3
(S)-5-Methyl -5-{[(phenyl nethyl)thio] methyl}im dazoli di
Woes02/1d60clz one( RS) - 5- Met hyl - 5- {[ (phenyl net hyl ) t PCDBE0TI§00256

| }im dazol i di ne-2, 4-di one was separated into the
conmponent enantiomers using preparative chiral
simul ated noving bed chronagography (SMB). The sane
chiral stationary phase and nobil e phase were used as
di scl osed in WD 02/ 074767 (page 89). The enantioners
wer e recovered in essentially 5 quantitative yi

Di-HBe 'Ha$MR {d3PMSO0) § 1.91 (2H, m), 2.16 (2H, m), 3.15 (2H, m) 326 (2H, m),

52138 bhaog S35 1T B Rl DB, DAZAD. EATUE R o v

M. %g (to about 20rL) under reduced pressure at 35
Pog $§t (40 nL) was added to the solution dropw se,

ml@&mlﬁumgnga@} ernal io tenperature at 35 C. After

about half o the t had b dded h d
Heraiarcoelics 1 PRSI (§1-DRis0) ari‘éméﬁFmS‘el %gzém%aﬁéﬁ- 07 cam, 5.04

anEdy Qe e R E O Aees ST Fior et car a ter

SMB separation) was collected by filtration at 2 C as
a white crystalline solid. On a 5.86 kg scale, the
product fromthis recrysEahinpkal i on step was i sol at ed
in 98%vyield (5.73 kg). 15

(S)-5-Methyl-5-{[ (phenyl met hyl )t hi o] net hyl }i m dazol i di
T T

A steitleaadd steduterhel heictor bas @Hﬂg&fwitﬁ beysithiohtsert (O6Urpuaity)
range of sol vents including tol uene

(85d|6-g, éﬁﬁampy,l lethbeq.), satsu(4/) 3emhbanda2frarqraalﬁ<ér(1462@Li HURgvRixture

oul B0 PS03 e SSBAh B 5.

509%?1&%1, 1’91%%01 éq)za%d ﬁo&'a'ssu%h -cyanide (30.54 g, 460 mmol, 1.02 mol eq.) were

then charged. The reaction mixture was warmed to 90 °C, which induced a pressure of ca.
2.5 barg. The reaction was cooled and analysed by LC for the disappearance of starting
material. After completion of the reaction, the required product was allowed to crystallize.
If necessary, crystallization was induced by seeding. After crystallization, water (971.9
mL) and concentrated hydrochloric acid (96.7 g) were charged to the reaction mixture. -
This caused a pH change from about 11.9 to 7.4. The crystalline mass was filtered off and
subsequently washed with isopropyl acetate. After drying, the title compound was obtained
as a white crystalline solid in 86% yield.

'H NMR (d®-DMSO) & 10.74 (1H, s), 8.00 (1H, s), 7.35-7.20 (5H, m), 3.76 (2H, s), 2.72,
2.262 (2x1H each, Abq), 1.29 (3H, s).

Example 3

(S)-5-Methyl-5-{[(phenylmethyl)thio]Jmethyl}imidazolidine-2,4-dione
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The chiral purity of the product was established by LC
using a Hew ett Packard 1100 25 series HPLC fitted
wowaoh/1ec0et ode array detector; an Astec Chirobi BCT/SEN07/000256
50mm x 4. 6mm col utm; 70: 30 i sohexane: et hanol as nobile
phase; oven tenperature 55 C, flowrate 1.0 nlL/ m nute;
detection at 210 nm injectgson volume 1 nL; and run
time 5 minutes. Retention tinmes for the (§)- and (R)-
Lsoners were 2.6 and 3.8 m nutes respectively. Exanpl e
(RS)-§-DethylM{ My}ienghﬁetlﬂyl)ihb]mm%m&azﬁlidim%ﬁ-ﬂiqmtVWaﬁmﬂm’@d into
onyl chloride Method 1
the qOGINOYETEHIRLIIRATS BHYS H@PWW%CWF@% Hlated 9avine P ne- 2, 4-
g, I I
chuc AN SMPIR THE i R sttty PR apff okl fileg wer used a
discRfded intWd OBORI76( (Fagé®Y). %e)anamd)nmwm réc@vaﬂadum esdexially
Chlorine gas (96.9 g, 3.2 nol eq.) was then passed
quantitptovetsheldwel | - agi t at ed sol ution at a steady rate over
approx. 1 h such that the reaction m xture tenperature
was nai nt a}ned between 12 and 15 C t hroughout the
B A R e
metB@ivpt edlatién vas radutadrie vblmmus(tcaa‘tuiuaZQmL)sm(bt redugadegpssure at 35

colour and the te t d h h
M e R R R R S L

[ ve r
temper V%ytcs a&cfll‘fl% r%% 1t Eﬂeqf kﬂjtﬂal Karlf oh%glr?] gcll(%éggﬁle nft:{'s@v\g'éed to

preé f‘iﬁé’ "[Ql@%lﬁuﬁé Whi é’![oWé@l' t ﬁBolQ;fovﬁi? ltey Rt and evao viesah cbyled in an ice
distillation under vacuum The addition/distil/l at| on
batlofo 2 AT uEepradect (466 gt Lo ofitheoteted. aftpl’s%@%a% gvas collected

d
by SR SRR phPalE 5 s BB BB e om
19880/, ted solid
rec%i!ainﬁ%ﬁ&ldstﬁyl égo g&%ﬁéﬁgg/wd ﬁ?j gér?d drlsedI towggnst ant
wei ght in vacuo at 40 OC to give the reqw red sul fonyl

chloride as a white crystalline solid
(S)-5-Methyl-5- {[(phenylmethyl)thlgl]methyl}1m1daz011(|11ne & 1gnegcan%?so%/§

crystallised from other methanol mixtures including methanol/toluene or
methanol/dibutylether. It can be recrystallised from a range of solvents including toluene,

di-isopropylether, dibutylether and water.

' NMR (300 MHz, d6-DMSO) & 10.74 (1H, s), 8.00 (1H, 5), 7.35-7.20 (5H, m), 3.76
(2H, 5), 2.72, 2.262 (2x1H each, ABq), 1.29 (3H, s).

The chiral purity of the product was established by LC using a Hewlett Packard 1100
series HPLC fitted with a diode array detector; an Astec Chirobiotic V 50mm x 4.6mm
column; 70:30 isohexane:ethanol as mobile phase; oven temperature 55 °C; flow rate 1.0
mL/minute; detection at 210 nm; injection volume 1 pL; and run time 5 minutes. Retention

times for the (S)- and (R)- isomers were 2.6 and 3.8 minutes respectively.
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1H NWVR (300MHz, d8-THF) d, 9.91 (IH, bs), 7.57 (IH,

s), 4.53, 4.44 (2 x IH, each ABg), 1.52 (3H, s).
wWO/RM0M006022 PCT/SE2007/000256

(S) - 5-Benzyl sul fanyl net hyl - 5- net hyl -i m dazol i di ne- 2, 4-

di one (50 g, 199J nmmol) was dissolved in a m xture of

gl aci al acetic acid (8 vol é&§.) and water (4 nol eq.)

and cooled to about 4 C. Chlorine gas was then passed

into the well-agitated solution at a steady rate over

approxi mately Ih such thz%xth%%reactlon m xture

tenperature was maintain ﬁprom mately 12 0C

t hroughout the majority of the addition (the Huber

controller was set to maintain the reaction tenp at 12
((S())@)Memyl-éﬁ-dibeo-ﬁmhiﬁzbbdinv@yl)mffihﬂsﬁlféiéfl&rl]lm'ri’dwr e

turns a characteristic green colour and the
-l\ﬁf‘—lé@agrat ure drops sharply), the mxture was

d h t Ct
P EEBERURIILOS RN P10, ZBRH (8055 Brditor
1.080 v BY.) Was diskfed ﬁmqm@ln@ksf glaéauwébﬂé 8dill gé a&veag aﬁé'wva\tg:r (1 vol

100 nmbar pressure). |so-octane (25
eq.9 prechcoptpdleta abett 4 8C r@dpduegaar(86.9 lge3 mnxdlu:qe vmsomeaq)amdmo the
stir- t he product s coll ected
Weﬁ'alg{t?%? JRiomte s ge&fiy R BUTLBPTOY. hASISERAS waeq&pn@adms
&
tenfeh A0 e AR oo RO gl (QuE IR HEIOY of e aadition
(the jacketitehepaastua wdsi Kept atrdyXT dikdrigheuty. A fid tﬁélfea&%ngwas%%plete (the
1H NVR (300MHz, d8-THF) d, 9.91 (IH bs), 7.57 (I
mixtyre tyms § charaoigrigte greqn¢oleus @pd ABRGYMparamee dieps Slgi)plyll (he mixture

war SRy nisagn i gt AR08t 30 59 o paith e Thg bl ofthe

soliit ek tieh rerhovaRtHIWak kA AZ@ b Tolilné ﬁﬁmﬂvgéftﬁﬁd Inda
I5 a) 5-Chloro-2-(piperidin-4-yloxy)- pyrl di ne
similar volume of solvent removed by distillation under vacuum. The addition/distillation

of toluene was repeated once more. Isohexane (534.5 mL) was then added to the residue
and the mixture cooled to 20 °C. After a stir-out, the product was collected by filtration.
The collected solid was washed with isohexane (213.8 mL) and dried to constant weight in
vacuo at 40 °C to give the required sulfonyl chloride as a white crystalline solid (95.5 g,
98.7%).

'H NMR (300MHz, d8-THF) 3, 9.91 (1H, bs), 7.57 (1H, s), 4.53, 4.44 (2 x 1H, each ABQ),
1.52 (3H, s).

Method 2

(S)-5-Benzylsulfanylmethyl-5-methyl-imidazolidine-2,4-dione (50 g, 199.74 mmol) was
dissolved in a mixture of glacial acetic acid (8 vol eq.) and water (4 mol eq.) and cooled to
about 4 °C. Chlorine gas was then passed into the well-agitated solution at a steady rate
over approximately 1h such that the reaction mixture temperature was maintained at
approximately 12 °C throughout the majority of the addition (the Huber controller was set
to maintain the reaction temp at 12 °C). After the reaction was complete (the mixture turns

a characteristic green colour and the temperature drops sharply), the mixture was sparged
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5- Chl oro- 2- (pi peridin-4-yl oxy)-pyridine acetate (40 g,
0.146 nol) was slurried in iso- PrOAc (664 nlL) at 30
woMo7/Tesoehi s slurry was added Na2CC3 (1.5 nol PET/SE2007/000256
litre; 196 nL, 2 nol eq.). The slurry was then rapidly
stirred at 30 OC for 15 mnutes. The biphasic m xture
was allowed to settle, and #fie bottom aqueous phase
was separated and di scarded. 20 The above base washi ng
procedure was repeated tw ce nore. The organi c phase

yas_th hed th water (200
wilf Gt A Py o2l atp&'ive%;wg B BTy thirds

t4:
of BPBSGSI TR b Sy LR 409 SENGRY 1 octan
(25()4161Q Siol eqicvaagei raddhcﬁblthé ﬁéldd@u\ﬂitl the nélpfEdona 6129 °B80R fter a
Thi s procedure was repeated once nore. A sanple

stlrmg theprodaet was ,co]é@ggch,‘@{ fgltr@f.lolg JIdg|colestedwlid was washed with iso-

oo PO LA RS ADER oSl B e s

sulfoRFSdH Glel 1 a%}ﬁférc&s@alﬁﬁé ﬁﬂd@l?ﬁ Begegncentration of
5-chl oro- 2- (pi peridin-4- yloxy)-pyridne in the Z-PrQAc

HQTMRIGQQMH; d8-THF) 6, 9.91 (1H, bs), 7.57 (1H, s), 4.53, 4.44 (2 x 1H, each ABq),
1515&\45@4 (5-Cnhl oro-pyridin-2-yl oxyVpi peri d| ne-| - sul fony
: 'n-5-nmet hyl - 30 i m dazolidi ne-2

, 4-di oneDi i sopropyl ethylam ne (24.3 nL, 0.139 nol, 1

nol eq.) was added to the iso-PrQOAc solution prepared

in part (a) [ca. 300 nL; equivalent to 31.2 g, 0.146

5- chl or o- 2- (plperldln 4-yl oxy) - pyridine] in one

portion at The solution was then cooled to - 15 C

RT.
lidjn-4-yl h |
s SRRl Sl e T AR

idh S8 4l dlofl Mrobbls (285 nL) at RT with stirring. The
lmlr esul tll ng so?utl?’%ont!v:%/als then added to the iso-PrQOAc

a) sBOhidred-@ipehdm-ologyRptrdixer i di n- 4-yl oxy) - pyridi ne
dropwi se at -15 0C over about 1.5 h. A precipitate was

5-Chlser2dRinsadine4-gloxpipytidine acetate (40 g, 0.146 mol) was slurried in iso-

Prdéc%sﬂﬁx@t b5 2o BN R AR WL OO (F ShacTper BRE I8 e, 2

mol eq.). The slurry was then rapidly stirred at 30 °C for 15 minutes. The biphasic

mixture was allowed to settle, and the bottom aquéous phase was separated and discarded.
The above base washing procedure was repeated twice more. The organic phase was then
washed once with water (200 mL). The resulting iso-PrOAc solution was reduced in
volume to approximately 300 mL by distillation under reduced pressure. The solution was
then diluted with iso-PrOAc (400 mL) and again distilled down to approximately 300 mL.
This procedure was repeated once more. A sample was removed for analysis of 5-chloro-
2-(piperidin-4-yloxy)-pyridine content and water content. The weight or the volume of the
solution was measured in order to calculate the concentration of 5-chloro-2-(piperidin-4-

yloxy)-pyridine in the iPrOAc solution.

b) (5)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-

imidazolidine-2.4-dione
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addition, dry THF (32 nL) was added to the reaction
m xture to wash the line and the m xture was stirred
wo or07140d02amt - 15 OC. It was then warnmed to 20 C PUESED0T000256
and stirred at 20 Cfor 1 h further. The reaction was
quenched with 10 wt % NaHSO4 (157 nmL) with rapid
stirring. After about 15 m ABtes, the biphasic mxture
was allowed to settle, and the bottom aqueous phase
was separat ed and di scarded. This acid wash procedure
was repeated once nore. The organi ¢ phase was th
Diisepsersdetileming{2é2 17(']15)71319_1)1011’1;1, MR efl-d prag addadyte rrhf:gS%erOAc
SOII?IJIAH?]W%: &ﬁ?&rﬁ%ﬁ[cghﬁﬁ%ﬁ @l{vg.ie%n?{b ﬁei r(f }146 mol 105 clin(%l eq. of

onin Feact| on sol uti on wa

-cﬁ%r@?.ggiﬂ)eﬂéﬁm oRGRHHAIM] i ¥ Rrtidnl &R T The sﬂﬁﬁmﬁl%srfhan

was added to the organic |ayer that was then warned to

coddgl t0c14R€.filtered at 40 OC to renove any particul ate
matter. The sol vent volume was then reduced to about
157 nL by reduced pressure distillation with the

5

(S} RS Syt ZREOR 1Bl 1001 PR R iR A5 1085, 0139

mol, 3 /moileq.) Wds dissoRrep it dgriHE 86 InlOf at RSE Witherring 1 Tharesulting
were carried out. Solids bﬁggn to precipitate out

solutigr W@S thppadfiedtp thedsq-BitdAasutipnsefSpeeiochpirssidin-doloxy)-

oyl SO HIR alals SEPuE ol SR pdiE il febn sh Mg RO qf the

(SYasméth@m, 5-%[8%%11&52@11&1&1%15 %ﬁ@ﬁzm@ﬁlﬁhiﬂt dhlRide rAt the end of the
residual THF anal ysis. The  1H NVR showed no THF peaks.

additien, dognTHR1(32 oil.) tWae addsalat ithoreasion milteme trowhshdhe¢ bndan@ the
and the product was colecte ion. Th .
i VGRS b A S s HEHe e Ve g0 GE%V 151 A gtirred at

) leSe 1 ypas used to wash the product on thefilter.
OTQ & rfcl) tct vvas dri ed overnight in a vacuum oven at 40

Th@reaa'ﬂftﬁl weglieheltbd(vah £6 6 NaHSO, (157 mL) with rapid stirring. After
(5-chl oro-pyridin-2-yl oxy)-pi peridine-I|-sul fonyhnet hyl
abqut 5 prarps, thehipkasts mixtue WAS 411@4/@11@ sqils, anslichebettpra squgous

V\,hl te s oI | d | r}i?(il% cYsl eld. ag% dz%a S?‘% gl)ll‘e @S%ipe(a%gzongi more.
Thg o&%m@ |pHaseCwas’ then washed w1t’h water (157 mL) using rapid stirring and allowing
complete phase separation before partitioning. The reaction solution was then warmed to
40 °C and washed again with water (157 mL). THF (95 mL) was added to the organic
layer that was then warmed to 40 °C and filtered at 40 °C to remove any particulate matter.
The solvent volume was then reduced to about 157 mL by reduced pressure distillation
with the jacket temperature at 55 °C. iso-PrOAc (317 mL) was then added and the volume
was again reduced to about 157 mL. Two more put-and-takes of iso-PrOAc (317 mL)
were carried out. Solids began to precipitate out during the distillations and a suspension
resulted. The volume was reduced to about 157 mL each time and after the final
distillation a small sample of solvent was then removed from the reaction mixture for
residual THF analysis. The 'H NMR showed no THF peaks. The contents of the reaction
were then cooled to 0 °C and the product was collected by filtration. The reaction vessel

was washed with iso-PrOAc (63 mL) and this rinse was used to wash the product on the
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6.87 (IH d), 5.09 (IH m, 3.52-3.35 (4H m, 3.13

(2H, m, 2.02 (2H, m, 1.72 (2H, m, 1.33 (3H, s).
WE@NH@25 PCT/SE2007/000256

(S)-5-[4-(5-Chloro-pyridin-2-yl oxy)-piperidine-I|-sulfo

nyl met hyl ] - 5- et hyl i m dazol i di ne- 2, 4-di one Process 2

a) 5-Chl oro-2-(piperidm4-yH8xy)-pyridine

5- Chl oro- 2- (pi peri dm 4-yl oxy)-pyridi ne acetate (70 g,

257 mol) was slurried in toluene (560 nL) at RT. IM

nm.) was, added and the slurr

P ROl ke il RPAERn S5 OV B Shade RAPREGED- 54
(5-%&0@% Ries gfld;%(a/z gﬁﬂ hﬂinealngléfogglﬁ&%jlg Iﬁéﬂﬁ’}qq}fﬁdaggﬂl(ﬁﬁe 2,4-dione

par at I'scarde ani ¢ ‘phase

wak Rentsdas hechiw solid Wy B% yidd @14829).nmL) . A sanpl e was
renoved fromthe organic phase and assayed for

HN&RI(@WEZ{% EMSQM Nnl0. 74 §/1IH)>835)8 MH@I%@ 017k, s), 7.81 (1H, dd),

6 883% & PPp KR a2t andh i da il PR, R P B, m),

imately 168 nL (2.4 vol eq. with respect to
5 ch1052ro- 2- (piperidin- 4-yloxy)-pyridine acetate
charge). The solution was then diluted with tol uene
(420 m.) and again distilled down to approx 168 niL
(2.4 vol eq.). A sanple EmRgdved for anal ysis of
wat er content. b )
(S)-5-r4-r5-Chloro-pyridm 2-yl oxy) - pi peri di ne-1-sul fon
SH3 - htopo-P5i-ta 251 ip&idifie-13ulfén@AnfiByl]-5-methyl-
( )D| ﬁ%propyl?ﬁhyl am néi@?g“) m., 220 rrfriol )Eyvv!as addgd to
lmtdaeoltdjhe:adedlgné Broasss f

..y) -pyridine obtained in

S &~ HTTD ') in one portion foll owed

5- @%Slﬁrﬂ@]@:%(rﬁ@%l%z lpgl)s(lgllﬁ\?n agéggcg 6 %‘ 257 mmol) was slurried in toluene

(560 mL) at RT. 1M NaOH (420 mL) was added and the slurry was then rapidly stirred at

RT for 15 min. The biphasic mixture was allowed to settle, and the bottom aqueous phase
was separated and discarded. The organic phase was then washed with water (2 x 420
mL). A sample was removed from the organic phase and assayed for 5-chloro-2-(piperidin-
4-yloxy)-pyridine.

The resulting toluene solution was then reduced in volume by distillation at reduced
pressure, down to approximately 168 mL (2.4 vol eq. with respect to 5-chloro-2-(piperidin-
4-yloxy)-pyridine acetate charge). The solution was then diluted with toluene (420 mL)
and again distilled down to approx 168 mL (2.4 vol eq.). A sample was removed for

analysis of water content.

b) _ (S)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonvlmethyl]-5-methyl-

imidazolidine-2.4-dione

Diisopropylethylamine (38.4 mL, 220 mmol) was added to the toluene solution of
5-chloro-2-(piperidin-4-yloxy)-pyridine obtained in step (a) (containing 236 mmol) in one
portion followed by dry THF (151 mL) as a line wash. ((S)-4-Methyl-2,5-dioxo-
imidazolidin-4-yl)-methanesulfonyl chloride (48.7 g, 215 mmol) was dissolved in dry THF
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4-yl)-nmet hanesul fonyl chloride (48.7 g, 215 mml) was
di ssolved in dry THF(352 nL) at RT with stirring. The
wo e@alibdorzy sol uti on of the sul fonyl chloride WesST/SE2®n7/000256
added dropwi se to the tol uene/ THF sol uti on of
5-chl or o- 2- (pi peri di n-4-yl oxy) - pyri di ne and
di i sopropyl ethylam ne at RTsgver 1 to 2 h. A
preci pitate was seen on addition of the sulfonyl
chloride. At the end of the addition, dry THF (50 ni)
was added to the reaction 5 mxture as a |ine wash.

(35Ameleyat Rifewidl stirringn The seseling selution pfhe selfutyi eMotidewas then

tirred for, about i n_at . .The react.i.on S 3
adfydriater (e OB clomaatiein of cploff 7 GREHIPEEY o) pyridine and
diis%%wpmeﬂgymrﬁihe aPRT Q¥erlBtol B AEiHtdREE ScellloN hHAIBONBEthe

al'l owed to settle, when the bottom agueous phase was
sulfonybepanide et thanehdifsbaaditdon, Thi THRCS timba shas pddedgd thegreaction

.was repeated once nore. The solvent vol une was then
mixtare As @dine gvasy o OMtenthe aﬁql_ltlegy wag 3%glgtep}h@§gad:pgn was stirred for about
30%1?5{M~ati on. Toluene (300 nL) was then added and the

vol une was reduced to about 245 nL Solids begin to

precipitate during the distillations and a suspensi on
resulted. After the final distillation, a small sanple

Thefeagipin/wag qugashed rath Fewide MpHS QR $ hely sabirppid sinogfpreapprox

for sjdpal THE i5 analysis. The contents of the
15 et TR NI e AR s B mer e Gogfangs phpse ws
sepARRL andQi P il eFhR bacid W ah ipBoREAR ik SeRBftdloR8e RLRIURE solvent
was col lected by filtration. The reaction vessel was
volnaehed thér dadicet teasuf 200mid By mdabetl iprassuri dssé]latsn. UBdgene (300
to wash the product on the filter t .was

. h d
I 728 et ACAd BRI ST WS TahOdia ApogbHY BRSNS B 1

i~ - - i di n- . . . .
ores Bt hing Mo BN &l fusperpion sesufied. oA fier th final disilafion o
smhll Sirfisle 3f olGin® Ras WRE réBovall fosh &% readtldh tngix®ed foil résitdual THF

typically 85 to 88%yield over the two steps. Exanple
anaty%

The contents of the reaction mixture were then cooled to 0 °C, stirred for about 30 minutes
at this temperature and the product was collected by filtration. The reaction vessel was
washed with toluene (100 mL) and this rinse was used to wash the product on the filter.
The product was dried in a vacuum oven at 40 °C to constant weight. (S)-5-[4-(5-Chloro-
pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione was
isolated as a white solid in typically 85 to 88% yield over the two steps.

Example 7

(S)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-
imidazolidine-2,4-dione Form G

A 2:1 mixture of industrial methylated spirits (IMS):water (10 vol eq.) was added to (S)-5-
[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-

dione. The mixture was heated to reflux (about 80 to 82 °C) to obtain a solution. This
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(S)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-I-sulfo

nyl nmet hyl ] - 5-net hyl i m dazol i di ne~ 2, 4-dione Form G A
wQ2®7veoe2r e of industrial methylated spirits PCI/SE2007/000256

(IM5):water (10 vol eq.) was added to (S)-5-

[ 4- (5-chl oro-pyridin-2-yl oxy) - pi peridine-1|-sul fonyl net

hyl ] - 5- net hyl -i mi dazol i di ne52, 4- 30 dione. The mixture

was heated to reflux (about 80 to 82 C) to obtain a

solution. Thissolution was held at reflux for 15

m. nut es d., then_filtered. The filtrate s_heated to
solfieh W B SRR A Tt 20tk WGy of Rofiipes wes heated to
. : A 9 )
T TSP ey, EO0LSITADR A 08 oo
20 £G aBahate (0BP-5 Amfinte hAGieogtittinglan20 °C for 2 to 3 h, (S)-5-[4-(5-chloro-

2:yl oxy) - pi_per i di ne- o :
pyridigdrlomyreariding L-sulfasyipethyliiSaaetbyl-imidezofidine @i 4iene form G

Il ected by, fil i qn, d.wi .
way (IR B T B0 RS iaivG Sl 31k Qi Vot Bhdfiet Thes
prod&@vssblated §08( © @ijd_el d. This nethod has been
shown to reproduci bly give polynorph Girrespective of

t he pol ynor phic nodification of the input material.
nor phi ¢ m xtures have al|

Pol ynor phs A, .C, F and pol _
This st ias fvg?fhﬁhq@éa r?p6°<§1 Y BUE RSP g iSRS ciRe ¢ ke

Pl R Bl il Pobimarolis A dpghgorphic
mixtines Bawsilhigeet k&rydallisedao EBicTytm Banmy tAiFini@hd. sol uti on
of NaOH (0.45 eqg.) in water (4 vol eqg.) was added to
(1S)- a-methyl benzylamne (1.7 eq.) and
(RS) - 5- benzyl sul f anyl et -5-ngt hyl -i m dazol i di ne-2,4
-dione (50 g). The resul ’ﬁ'é“[gggpensi on was heated to
83 C. The m xture was cool ed slowy and seeded above
RT (36 0C). Seeding is not essential but aids the ease
Reyqiluthonninl (RS)+Heenzghufamyimeihyildrm ethybithirl agolidined,4adidne using
iltered, Further water (3 vol eq.) was added during
(lsg'ﬁ@‘ﬁﬁﬁ?thﬂgb%la@@merhe reaction was stirred at 20 C

A s3MEbA iogfh{aO?le(fO%SGeqt.)nﬁ wWale? %J b1 e\%swacs%ldld&f goe((i]S)tz&—methyl
benzylamine (1.7 eq.) and (RS)-5-benzylsulfanylmethyl-5-methyl-imidazolidine-2,4-dione

(50 g). The resulting suspension was heated to 83 °C. The mixture was cooled slowly and
seeded above RT (36 °C). Seeding is not essential but aids the ease with which the reaction
mixture can be stirred and filtered. Further water (3 vol eq.) was added during the cooling
cycle. The reaction was stirred at 20 °C overnight before the product was collected by
filtration and washed with cyclohexane to yield (5S)-5-benzylsulfanylmethyl-5-methyl-
imidazolidine-2,4-dione (1S)-a-methyl benzylamine salt in 45% yield.

LC (same conditions as for Example 3) indicated that the product had 94.5% enantiomeric
purity .

1H NMR (400 MHz, d®-DMS0) & 1.23 (3H, d, /= 6.7 Hz), 1.28 (3H,s),2.61 (1H, d,J
14.1 Hz) 2.72 (1H, d, J 14.1 Hz), 3.76 (2H, ), 3.96 (1H, q, J= 6.7 Hz), 7.37 - 7.15 (10H,
m), 7.97 (1H, s).
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filtration and washed with cycl ohexane to yield

(5S) - 5- benzyl sul fanyl met hyl - 5- et hyl i m dazol i di ne-
waeprdo@er (1 S)- a-methyl benzyl amine salt in BGBSE2007/000256

yield. LC (same conditions as for Exanple 3) indicated

that the product had 94.5% enantionmeric purity . 1H

NVR (400 MHz, d6-DMBSO) d 1.23 (3H, d, J = 6.7 Hz),

1.28 (3H, s), 2.61 (IH, d, J 14.1 Hz) 2.72 (IH d, J

14.1 Hz), 3.76 (2H, s), 3.96 (IH q, J =6.7 Hz), 7.37

2- Ay St yi b m e bbibhamide (M of onami de (V1)

PoROias Sy aHaLH Y 1@@ dodl- 2B Gm ap@roﬁmg@‘eiuﬂea (w4 Rgigg% 28%.

solution (4.46 of a 28% solution) were char

solgidon) wereaghargefido kRO fiaskt To ¢hismixtadded addgal ﬁgﬁeﬁbﬁéﬂ solution of
. H H H . t
ol e T B e ol i i,
- Zvht Dj.0) .- 2- . was_t hen added.
R bolblate P PPRIFOR 4 Hsl iR R s s

40 Bef@r5se dsiehiesd watr () LW sAdsteshdie phiies RBRASES1WRE € The
separated. The separated organi c phase (3.13 Kg) was

Sepa@g@ Quganeephage (111 Ke) wesuseddizpotlyTin the mixtstape of 37%
hydrochloric acid (13.3 Kg) and 48% hydrobronm c acid
(1.26 Kg) was added half of the material from above

To %@k tuADS79) HycﬁBclﬁngé%:ig Qd@s-.st ﬁgjﬁaﬁﬁ Aol g?%.r\é@%g{ég f8lq.(1.26 Kg)

stirred for 2" h at n war e
waggified half of theonageriv] doim abbive onenabuite]l WA absRSPC: Ot eadixaire was

th duct callected by filtration. The filter cake
thef TR A d Aty IOV e e ayi50 26 g pirrerbavermigis. The

_ i ro - di
8 Bl hon 81 54 e TR 1R e G SPETR ctfens
washbe withdesiedld Ware. hy@ciaelid £6d 8sH R¥tdnk! TThatdsQRing A 1 éa'l &ds re-

over ni ght under vacuum This procedure was repeat
suspesded Heacstone (1) hpard hehted bredlua for awhorteingr. | Bie. praduct vas then

colléﬁtg;rl) &}rf] glf‘rra%%m%agéng% axréreg*}lieg f! l?nldep ‘rzaec%&rn? ql‘h?sbpor\olgedglrelwgs6re£<gated for
the second half of the starting material.

To the combined batches of material prepared above (1.66 Kg and 1.51 Kg) was added
ethyl acetate (9 Kg) and a pre-formed potassium carbonate solution (9 Kg of 50 wt% in
water). The mixture was stirred for 1h and the phases were then separated. The aqueous
phase was extracted with ethyl acetate (3 Kg). The combined organic phases were
extracted with potassium carbonate solution (3.1 Kg of 50 wt% in water). The resulting
organic phase was dried over sodium carbonate, filtered and concentrated. The resulting
solid was slurried and heated at reflux in TBME for a short period. After cooling, the
product was collected by filtration and dried overnight under vacuum.

2-Amino-3-benzylthio-2-methylpropionamide (VIII) (2.4 Kg, 73.2% overall) was isolated.

Example 9

Resolution of (RS)—2—amino-3—benzylsulfanyl-Z-methyl-propionamide using (R)-(-)-

mandelic acid
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ethyl acetate (9 Kg) and a pre-forned potassium

carbonate solution (9 Kg of 50 wt% in water). The
worRoorao@2was stirred for Ih and the phases werBCT/RE2007/000256

separated. The aqueous phase was extracted with ethyl

acetate (3 Kg). The conbi ned organi c phases were

extracted with potassium cadBonate solution (3.1 Kg of

50 wt% in water). The resulting organi c phase was

dried over sodium carbonate, filtered and

concentrated. The resulting solid was slurried and
rlod After

."h.——--} " '

18134%0 AVAYL a a £
Il
A S L D ot 30 g it o
azmgj, v/ Sol@¥6roofenethdno] wosoipsepyhh@state. Exanpl e 9 Resol ution

) - 2- am no 3- benzyl sul fanyl - 2- net hyl - pr opi onam de
(ngs% %@m(lq? bengylsuktanylel-methyl-propionamide (5 g, 22.2 mmol) was dissolved in

oL R AP RN Rl L PSBLET
resdlfiflg BS1OHM waCRhridgo 68OCNIR.(- ﬂl@laﬂ&’él ceclgrd)(%\@@ &? Z%Wolt %.0 mol

give a 20% v/v solution of neth ano In
eq.hwes diswlved in the premixed MeOH/PrOAc solution (30 mL 6 vol eq.) and then

w58 B e L .
L4 L .
res B B8 MahPlh R G f%%"f’&%wnhm{* Shpetondpater qurng
the @&}ition.) Fhivhadeihing paérhﬂ(eﬁ BSEHLRr022. s 1R (abokit © vADdg. )e\ﬂas)used

was di ssol ved in the prem xed MeOH PrQAc sol ution
as giline washo| eqg.) and then added to the am de sol uti on |n

o SR D e Al 20
temBEﬁﬁir@tHefﬂrd)&ﬁt Rhs &chﬁ:cféﬁ%?qﬁltratfﬁyTﬁé &b, tlch F?eturned to 20
addi ti on. The renai ning prem xed c SO

°C Qrab\@mhedW%bllPr@Ac) (2fmsl,fsed eq3 fa albbﬁlES a9 mintitee. This solution
su en5|f) s then cool ed sl OV\AY to 0 OC and after a
wasss(u]?) eqyent ydg\é\ggawg%h the, product on the filter. The product was dried in a

vacuum oven at 40 °C to constant weight. (2S)-2-Amino-3-benzylsulfanyl-2-methyl-
propionamide (R)-mandelate hemihydrate was isolated as a white solid in typically 47 to
48% yield and 97 to > 99% enantiomeric purity.
(25)-2-Amino-3-benzylsulfanyl-2-methyl-propionamide (R)-mandelate hemihydrate of
greater than 90% enantiomeric purity can be enantiomerically up-graded by recrystallising
from iPrOAc (35 vol eq.) to yield material of > 99.35% enantiomeric purity with > 87%
recovery.

g NMR (400 MHz, d®-DMSO) § 1.28 (s, 3H, CH3),2.79 (AB q, J=140.5, 13.8 Hz, 2H
SCH,Cq), 3.76 (AB q, J= 16.4, 13.1 Hz, 2H, ArCH,S), 4.79 (s, 1H ArCHOH), 7.41 - 7.18
(m, 11H, ArH and CONHHg), 7.56 (s, 1H, CONHAH5).

The chiral purity of the product was established by LC using a Hewlett Packard 1100
series HPLC fitted with a diode array detector; a Chiracel ChiralPak AD 25c¢m x 0.46cm
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tenperature the product was collected by filtration.

The reaction vessel was returned to 20 0C and washed
wowao/1adee0Ac (25 nmi, 5 vol eq.) for about 5 toPQDSE2007/000256

m nutes. This solution was subsequently used to wash

the product on the filter. The product was dried in a

vacuum oven at 40 C to conssant wei ght.

(2S) - 2- Am no- 3- benzyl sul fanyl - 2- et hyl pr opi onamni de

(R) - mandel ate hem hydrate was isolated as a white

solid in typically 47 to 48%yield and 97 to > 99%
ID @ pti mimm,csop@nt-tg) 1% v/v dlethylamme in ethanol; isocratic method oven

e Rp G AL D8 i B S EG) “GELE A B Gb et deeoton a

I
2GR B U, S BRa0 GRS el o

and®)-e4rhiadb aﬁﬁde% vafe FiYoximatdy SAend d 1 Sunintites véspéctiveB7 %
recovery. 1H NWR (400 WHz, d6-DVSO) d 1.28 (s, 3H,
CH3), 2.79 (AB q, J 140.5, 13.8 Hz, 2H SCH2Cqg), 3.76
(ABq, J=16.4, 13.1 Hz, 2H S)54.79 (s, 1H
ArCHOH), 7.41 - 7.18 (mE.xL fﬁl’}fﬁ{ﬂ and CON HAHB), 7.56
(s, IHSCONHAHB). The chiral purity of the product was
established by LC using a Hew ett Packard 1100 series

ReddRit@orf oft (RS)-2mrhinos3-tewnydsulfanpl2-twthediopionadide using L-tartaric
.Chiral Pak AD 25cm x 0.46c¢cm D x 10 mm col umm; sol vent -

aci 105 v/v diethyl anine in ethanol; isocratic method;
oven tenmperature 20 C, flowrate 1.0 nL/m nute; sanple
diluent - purified water; detection at 210 nm

(28)2}- &fin ©B-HeakylsEfmyD 2 théth§R propicn duide (2I5,3Ri)Tarasate
Retention times for the (S)- and (R)- am no am des
were approximately 5.4 and 11.8 m nutes respectively.

M%Tl e 10 Resol ution of

2- am no- 3~benzyl sul f anyl - 2- net hyl ~pr opi onami de

Solﬂﬁbﬁb%fl(REﬁQIaﬁﬁh&Bﬁ)‘éh@lsulfanyl 2-methy1 tproplonamlde and L-tartaric acid
(2S) - 2-'Am no- 3- benzyl'sul f anyl - 2- ne pr opi onam de

(0.232 R,()E:R))-lff athtinat(&l.75 — 90 vol eq.) were mixed. The resulting solid that

precipitated was collected by filtration. This yielded 2-amino-3-benzylsulfanyl-2-methyl-

propionamide tartrate in typically 45 to 90% yield and 50 to 92% enantiomeric purity (ep).

Solvents other than ethanol (see under Method 2) could also be used.

Using L-tartaric acid (1 eq.) and EtOH (90 vol eq.), the product was isolated as a 1:1 salt in

44% yield and with 92.2% ep.

Method 2

A mixture of (RS)-2-amino-3-benzylsulfanyl-2-methyl-propionamide and L-tartaric acid
(0.25-1.0 eq.) was slurried in 2 minimum volume of a solvent (suitable solvents include,
but are not limited to, methanol, ethanol, iso-propanol, n-butanol, iso-propyl acetate, ethyl
acetate, toluene, acetonitrile and IMS). These slurries were then heated to a temperature
above ambient and additional solvent was added in order to form complete solutions at
various temperatures. If complete solutions were not formed in 35 vol eq. of solvent at
reflux, sufficient water was added to create a solution. These solutions were then cooled to

RT and the resultant solid was collected by filtration to yield 2-amino-3-benzylsulfanyl-2-
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Met hod 1 Sol utions of

(RS) - 2- am no- 3- benzyl sul f anyl - 2- met hyl - pr opi onam de
wa@e@7iiedoar t ari c acid (0.25-1 .0 eq.) in ethanoPCI/SE2007/000256

11.75-90 vol eq.) were m xed. The resulting solid that

preci pitated was collected by filtration. This yielded

2- am no- 3- benzyl sul f anyl - 2- 88t hyl pr opi onani de tartrate

intypically 45 to 90%vyield and 50 to 92%

enantioneric purity (ep). Solvents other than ethanol

> nder . Met hod 2)..co al. be used. Using .
e Ero Rl it 7836 000G 08 i 55510 Reiriommid input and
corf ORI INEB iSRS FRARES] : R satisbr 93 dard Y8 d o
e s ep. Method 2 Am xtur Sl A it e Wit in
the ¢/@p-0f 58 M0 6@43- benzyl sul f anyl - 2- met hyl - pr opi onami de
and L-tartaric acid (0.25-1.0 eq.) was slurried in a
m ni mrum vol ume of a solvent (suitable solvents

06l 3k AHlimted to thanol , et han
LR 20 LS50 O S LBk SRR o
recigstallzt@ froinolatienesol Ay ﬁ&rh}tﬁlbi &f saitablk ¥t entd Hﬁgﬁe, but are not

slurries were then heated to a tenperature above

limieehioe i) miyed sabygnt jeonystallisatione mithwitherMUOR ornvaedara sobvent and
.form conpl et olputions at various tenperatures. If
elth%%’r?ﬁ1pé?l°§g8§rl§{‘ﬁ§a&ﬁ§ %béf?%ce % 1395 RRY acHasiojysne dgetopitrile,

&8k Vet BiMEe ; fdi& . Lo
e reate a sol UP%’.M%’S%%g]I%u}t}%gA\A%% %t}S%’%%%@S(?f MSas
antifdltvents} or ié) diestietnptalizatioriiwasteabl, eetdobIMBid Wagkj. on

to yj.eld . ) i .
Re%%cﬁlﬁ&@@ bpely 1e8u¢ Yigldy in the pngeyl) to 9P Ypivish amdntiemeric purities in
the}aql?gg@ft@%% 78 to 100% yield (with respect to

L-tartaric acid input and correcting for the formation

Recefstatiidabion frbilMeOH/SIBK (20/29 38kt &), redpbldy | O/BH ftnino-3-
purities in the range o(f 50 tcc)) 6 g/g%l'hegg)j%%é (28524 dimino-3
benzylgiHanpl-3megivd prepivizangs QR IR)-tayttatoncisvopieid adrl with an
-tartrate s cgould be recrystallised from various
enaigrfie f R 126 e Semmemmreta oreo sAcu 7 ok ude. but
Chif BurQtwdsi i ' ' lovent
1 1r eglrngtgtvglsl [ ggftﬁ?lgggyvl‘m@fﬁs g;lr?%grrnﬁ 9O—| or water as a
H NdIR 600 MHd, d°-DMSO0) § 1.35 (31, s, CHs), 2.69 (1H, d, J 13.7 Hz, S-CH,), 3.00
(1H, d, J 13.7 Hz, S-CHy), 3.79 (2H, s, S-CHy), 3.98 (2H, s, CHOH), 7.22-7.36 (5H, m, Ar-

H), 7.44 (1H, s, NH), 7.63 (1H, s, NH).

Example 11
Biocatalytic Resolutions
1. Using Rhodococcus erthoplis amidase
(RS)-2-Amino-3-benzylsulfanyl-2-methyl-propionamide hydrochloride salt (5 g, 0.019
mol) was dissolved in 0.1N pH 8.00 borate buffer (100 mL) to give a solution with pH

about 4.0. The pH was adjusted to 7.00 with 2N KOH solution and Rhodococcus erthoplis
amidase was added as a cross linked enzyme aggregate (CLEA) (1 mL of a suspension in
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ei ther zs-propanol, n-butanol, ethyl acetate,
/ so-propyl acetate, toluene, acetonitrile, acetone,

wakile71ddkE, DCM M BK, diethyl ether, PCT/SE2007/000256
2,2,4-trinmethyl pentane or IMS as antisolvents; or (ii)
direct recrystallisation fromethanol, nethanol, |INM

or water). Recrystallisati 0A6typi caIIy gave Yyi eI ds in
the range 1 to 99% with enantionmeric purities in the
range 50 to 96% Recrystallisation from I\/E(J—VMBK

buELA SR /M s RPED T tb"%‘ave&éz%ﬁas@ifsrg fae el S .

HPLQ sK5%d/2E{dj3(ﬂ/G oMt ioRBr 188 @aﬁide%ﬁ{el c%ni%kg %ﬁmﬁéa{?&* %
(the starting material was ca. 50% ep) Chir & pur I

Th"‘?l\hg V‘@Q ﬂé]blsheé bt 00 with@onemmtrhted hisdmichlosic 901dihﬁmhl‘dﬁn&§@%éi tg

2. 69
re“ﬁé’ © "@-%@}{e %E%GJIZ’%EQH( %g's @?%?%l:ﬁg)#é with H golptior( and,
exﬁcte@%?h@pgﬁl(‘(ﬁﬁ} %% 4@5‘@2 ahg C&%ﬁq’aﬁ:&% Bg%\g Eljbtfrag:]tsl\?ér_e dried

and&vapr&titaﬂyd kive RpQlautin®@BDedzyldisianl-RAREFED amide as a white
t hoplis am dase (RS)-2-Am no-3-benzylsul fanyl -2

Solldr{%@ﬁ 3@ 25 vistdnkbe @nﬁy@m@h poritydeassfaind {0Heg 790 (R)LS:t by chiral
upfBl3400a8, di ssolved in 0.1N pH 8.00 borate buffer (100
];%(% éaveasolution with pH about 4.0. The pH was

Theljuesisaslydr %ad 4QBredintiih c%%éﬁ@éleﬁ qagmmen@ daRRECHrGUS

erthoplis am dase was added Cross |nke enzymne
malaglgreé@apﬂ 6 &0 feA) h(b}ﬂihﬂbc@ﬁloaaladdmeﬁ ®if ON KOHubfgion. PR
ecific act|V|t% The reaction m xture

resiffte Spis ?laataﬁtweﬁ%c@éc%rbyﬁl ation, Ppsiednigvd 709 tubleaosh dried

at 422?‘6@/5&1&@@ tcgélvte S ugrf{) B%ﬁzl}% ﬁ%{ %?IﬁlgtE%LBIgmoglgg ag:bd (12g,

27% ydtd)ciThe Emahtlaﬁieﬂc pudtyt e Folrd tb%@@% feﬁ 89 &{2
enzyme CLEA. The pH was adjusted to 1 CH

sol ution and
2. Using Pseudomonas fluorescens AL45 amidase (WO 2005/123932)

a) Growth of the microorganism

Ps fluorescens ALAS5 was grown in a 10 L fermenter in 5 L of mineral salts medium pH 7.2
supplemented with yeast extract (2 g/L) and lactamide (2.5 g/L) and maintained at 28 °C.
The fermenter was aerated at 5 L/min and stirred at 400 rpm for 24 h. Cells were
harvested by centrifugation and the recovered cells were washed by re-suspension in 100
mM phosphate buffer pH 7.2 and re-centrifuged. The recovered cells were stored at 4 °C

overnight prior to use in the biotransformation.

b) Biotransformation conditions

The cell pellet was re-suspended in phosphate buffer (100 mM, pH 7.2, 1 L) and to this
was added (RS)—2—amino-3-benzylsulfanyl-2-methy1—propionamide (5 g). The mixture was
stirred and incubated at 28 °C and samples were removed periodically for analysis. After

8.5 h, quantitative HPLC indicated that the reaction had reached 50% hydrolysis. Chiral
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extracted wth DCM ( 1 x 100 nL; 1 x 40 nmL). The
conbi ned DCM extracts were dried and evaporated to
W@ 2008/106022 PCT/SE2007/000256
(R) - 2- am no- 3- benzyl sul f anyl - 2- et hyl - pr opi onam de as
a white solid (2.67 g) in 62%yield. The enantioneric
purity was found to be 67% 6R)-ent by chiral HPLC (34%
ee). The aqueous |layer was treated with concentrated
hydrochloric acid to pH 6.80 and nmi ntai ned at pH 6. 80
for 1 h t he occasional addition of 2N KOH sol uti on.
analysis (ié‘éunhcgq:amgi @ﬁﬁi*?t-@n@pyi’sbngls\)@ﬂé’l-@dm?tb?éltl@fépll?}laﬁlide 96% ee;
c{)@ %\r_/%}nhf()) gﬁ]f ngglh\ag Wl& I_§11—7pr(())polorkﬁgfagl 9785%i eg.rl ed at 40
(S)-2-anm no- 3-benzyl sul fanyl - 2- met hyl - propi onic acid (
2 g, 27%yield). The enantioneric purity was found
to be 99% (b)-ent (98% ee). 2. Using
c)PRemmMnmmehpuorescens AL45 am dase (WD 2005/ 123932)
of the n1croorgan|sn1Pstuo escens Al

Ce@% wm fPlﬁo‘éFdlf@IE e S GRTRHOBPIOTORY (ARG e 4be Supematant
(appro n '1 060 én].i)%ﬁ@]s%ﬁ? Eaglﬂl 8\’! n%glan% %(?/3 tg%(ﬁﬁ{nr(%g[;oegt%_ﬁﬁfulnbn (final

voIf.lﬁfe plto@rma/tagv 1260 A1gd Tat afkalilddupedatinSivhy H@dcrt vAOTBME
rpomfor 24 h. Cells were harvested by centrifugation

7 S_QrmlL), hey wulsiparbetheaetained wathehoarchuig pbgser EheliBpEhrhash was

0 nv ohate H 7.2 d trif d.
euRReR e oo B S T e e Sl 87
pre@{pﬁtgfe NPt $Rilk thelddBedtsPhh NS4 REAQE with TBME (750 mL) and
Brotransformation conditions The cell pelle

agdie theus paicpithse wap hmsqdlmﬁ}emm apptd-aately 2@4111) 2Tm résplted in

and to this was add

the(seyatrpeh Enail a&&ﬁ%}ﬂ lwrm was. GombRAd withy e a7t of the ageous
pha%l: #'mh %V(l;nr KM S 82 &o%taéé’s (el gg}ﬁflh% yhal ﬁl@%@b@z %ltggfeﬁréﬂd the

es were renoved peri odi or a
solgerﬁ v!ih,s rEtHeHdIth @lvie(R JZIFHﬂan-B%eﬁ@il@ﬂfaﬁlbﬁﬂ-rﬁdﬁl@lflﬁé}ﬁblh&iiide as an
had reached 50? h§d20| sis. Chiralanalysis (LC)
offirwlditecaystalline solid (1.7 g) in 68% yield. The enantiomeric purity was > 99% (R)-
en( R) - 2- am no- 3- benzyl sul f anyl - 2- et hyl - pr opi onam de 96%
lee:

The aqueous phase was adjusted to pH 6.8 using 2M HCI and concentrated by freeze
drying to approximately 300 mL. Upon thawing a white slurry was produced. The
crystalline solid was recovered by filtration and dried overnight at 37 °C to give (S)-2-
amino-3-benzylsulfanyl-2-methyl-propionic acid as fine white crystals (1.8 g) in 72%
yield, 98% purity by HPLC. The enantiomeric purity was > 99% (S)-ent.

3. Using Mycobacterium neoarum L-amidase

Using an analogous procedure to that described for Rhodococcus erthoplis, (RS)-2-amino-
3-benzylsulfanyl-2-methyl-propionamide can be resolved using an L-specific amidase
from Mycobacterium neoarum. This method is complementary to those described in (1)
and (2) above in that (R)-2-amino-3-benzylsulfanyl-2-methyl-propionic acid and (S)-2-

amino-3-benzylsulfanyl-2-methyl-propionamide are produced in ~99% ee.
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and (S)-2-am no- 3-benzyl sul fanyl - 2- met hyl - propi oni c
acid 97.5%ee. c) Reaction work-up 5 Cells were

w0 esooue®2i r om t he bi otransformation broth by PCT/SE2007/000256
centrifugation and the supernatant (approxi mtely 1000
m.) adjusted to pH 10.5 using 20% sodi um car bonat e
solution (final volume apprdégi mately 1200 nL). The
al kal i ne supernatant was extracted with TBME (750 ni),
any emul sion being retained with the organi c phase.
The TBME phase was m xed with acetone (approximtely
250 nL) which resulted in the formation of a o

*. PESSL BBl Bl DB AU RAISE AR i rgapin o
(R%k%enmlﬁhymnmhﬂﬁﬁ@éiwp_r&;ﬁ@ﬂ&%idmat ely 250 niL).

is resulted in the separation of a small aqueous
| ayer which was conbined with the rest of the aqueous

e. The,t B cet.qne phases .were conbi ned,
m@?ﬁéﬂ“@lﬁ’%@@ﬁ@%‘mﬂ i ‘Z'rué?}g%'ﬁ DHEC &3¢ vent was renoved

to give

(R) - 2- am no- 3- benzyl sul f anyl - 2- rrehp,yl - propi onam de as
an s off-white crystalline_ s IBd 177 g) in 68%yield.
The enanti oneric purilfty V@gi% 9% (R - ent. The
aqueous phase was adj usted g®ogH 6.8 using 2M HA and
concentrated by freeze drying to approximately 300 nL.

Upon thawing a white slurry was produced. The
stalline solid was recovered by filtration and

(Ré,r&?/-é@pi@q-é raengtisulipyR7-nepthyil-grepiemdc il (350 g) was suspended in water

i NO; 3+ l.sul f anyl - 2- nmet byl - pr opi.qnj ¢ id as fine .
@G PR BRI Rt 0 o P Sy5piE W, R Shf oo Ao
at HRICovelMEhe RN AP dt&ssRE b}'}aYlaﬁé@?SC@ Wit dn2dd6fhnd e reaction

Usi ng Mycobact eri um neoarum L-am dase 5 Using an
wasstataigous fipthec 6 duSarning visthedasppddead thoradivadosaoocled at 0 °C
erthoplis, QRS) - 2- am nQ-
ovesniga ZWhegpsting lumy was Hifpred anbihs fimata avag spnqsatrated spdes geduced

pre‘s's?liré! gl"}?encoln'cgrﬂzea‘fé \tvilscac?cﬁhg&lﬁ)epH 2 with 6% aqueous HCI solution with rapid

stirring. After 1h the resulting solid was collected by filtration and was then sequentially
re-slurried in water (4 L) and methanol (4 L). After drying under vacuum, the product was
purified using silica chromatography. Impurities were eluted using DCM/THF while the
product was eluted using THF/AcOH followed by MeOH. Removal of the solvent
followed by trituration with TBME gave 3-benzylsulfanyl-2-methyl-2-ureido-propionic
acid (151 g) as an off-white solid.

(RS)-3-Benzylsulfanyl-2-methyl-2-ureido-propionic acid (9 g, about 90% pure, equivalent
to 30 mmol) was added to sodium sulphite solution (5 mmol, 100 mL). KOH (2.5 g, 44
mmol) was added. The solution was stirred until the acid had dissolved and was then
filtered. The pH was adjusted from 12.5 to 7.00 with glacial acetic acid. MnCl,.4H,0
solution was added (10 mmolar, 10 mL). The solution was heated to 40 °C under N and
D-specific hydantoinase added (1 mL suspension in buffer, Roche Hydantoinase 2

recombinant in E.coli., 300 units per mg, total protein 70 mg). The reaction mixture was
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from Mycobacteri um neoarum This nethod is

conpl enentary to those described in (1) and (2) above
WO p007hedo22 PCT/SE2007/000256

(R) - 2- am no- 3- benzyl sul f anyl - 2- et hyl - propi oni ¢ aci d

and (S)-2-

am no- 3- benzyl sul f anyl - 2- negchyl - pr opi onam de are

produced in ~99% ee. 4.

(S) - 5-Benzyl sul fanyl net hyl - 5- net hyl -i m dazol i di ne- 2, 4-

di one via resol ution of o o
stin(eazsp 482G endey NauDhsing the 2eastiom fhe-pEl weemgitginesitdrl by diedtipn of

. - 3- Benz Isulfanyl 2-met hyl - 2- urei do- propionic acid
5/"("1'f¥ cebe agifl u§°Ibenzyl sul f anyl - 2- met hyl - propi oni ¢ aci d
350 SRS I n A&efsidedoyPrb).cand THFE (2.6

Tm{? aSSI um cyangtﬁgejd(504 g) S\l/vas added and the

10heactr7<o)0 was $0idired at 25 0C3@%rni ght. Additi onal
pot assi um cyanate (75g) was then added and the
14k eact 76R vvas dffimled for a furt¥fer 6 h. Stirring was

t he sto d_the reac S .
e P RO AR ub S PR By Rl e
temgeﬂahﬁéaﬁ %&d%ﬁ@ﬁ%é@ﬁﬁ&e&l RstEyvashed wald. m@slsvpaasm
concentrate was acidified to pH 2 with 6% aqueous HC

phosghatit bufferviT hiehsolidpvad dsied pdrnight AH0SE. | Thetpeducewas isplatpd as a

eIt 0P By 1 L4 i bkt op hgﬁ%hﬁﬁfﬂﬂ&c
r t r t
ana BI%ISLS%I wptfi[h% r&fu)éi F)goeul@)@? gz%%‘um e product was

u3|ng silica c tography. Inpurities were
heeémltaegumtgvlm cBeblishetFusihg b @5 thex psmuﬂhmqmclemn @dumn, 30 °C,
using THF/ AcOH fol | owed by MeOH, Renoval of th
elugrd M + B Yoorde HOS3 Hy ﬂpwdrlahr@ﬁ vletestiomiEY gard M. Rt (5)-

3 18@%2%@%{&;5%'@)@6@8{1? 32L11r el do propionic acid (151

(RS) 3- Benzyl sul f anyl - 2- met hyl - 2- ur ei do- propi onic acid
(9 g, about 90% pure, equivalent to 30 mmol) was added
5. t ResohwtiiotoRIRS)3-Benzybulfanyd - (e thyzH(2, 22 0riflidro-Keky 14pim)-
g, 44 mmol) was added. The so|lution was stirred until
praprenig arid usimg kiAbIse Somndepargdut fn filtered. The pH
was adjusted from12.5 to 7.00 with glacial acetic
acid. Md 2. 4H2g sol uti on was added (10 nmol ar, 10

(RI-BedA@susahyltd-gRthyas-(Deat edlubeo-4ltydininoderophézicadd
F
F
H
PR S%N—g:
(0]
0O” OH

(RS)-2-Amino-3-benzylsulfanyl-2-methyl-propionic acid (5 g, 0.022 mol) was slurried in
trifluoroacetic anhydride (15 mL) and DCM (15 mL). The slurry was cooled to —20 °C and
triethylamine (2.5 g, 0.025 mole) added dropwise. The reaction was allowed to warm to
RT. HPLC showed complete conversion to the amide. The mixture was diluted with water
(30 mL) and DCM (30 mL). The aqueous layer was discarded and the organic layer

washed with water (3 x 50 mL). The organic layer was separated and evaporated to leave
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D-speci fic hydantoi nase added ( 1 nL suspension in
buf fer, Roche Hydantoi nase 2 reconbinant in E.coli.,
w@e®7amioes per ng, total protein 70 ng). The rPRESE®NT/000256
m xture wasstirred at 40 C under N . During the
reaction the pH was maintained at 7.0 by titration of
5% v/v acetic acid solutiongo Tine pH Titrant added
Conversion by HPLC 1.0 h 7.00 10n 32% 14 h 7.00 17 niL
44% During the reaction a thick white precipitate
formed. The m xture was cool ed to anbient tenperature
an @hdhistrhateral Wasrdisgolved irnasatonittileaind dheasolvopbgtaparapdtin vacuo.
. pH 7 pot assi osphate buffer. The solid was
Y“@*%é%I%%E%ﬁ?&ﬂ?fggﬂbgyﬁf@”The product was isol ated as
Msanglegggﬁer (3.3 9) in 42%yield, 100% chem cal
L purity by LC. Chiral HPLC anal ysis showed the
H PRVRI GCD ) Set 0D Hrs),S).3@ (5, .88 KRH.ah), Buf (1 dhvas05 (1H, d),
est abl i shed using a 25 cmx 4.6 nm Chiral pack AD
L786Hth, 30 0C, eluent MeOH + 0.1%v/v HCO2H, flow 1ni
mn 1, detection UV at 220 nM Rt (S)- enantioner 4.42
mns; R (R)-enantioner 9.21 mns. 5. Resolution of
(RS) - 3- Benzyl sul fanyl -2-niethyl -2-(2,2,2-trifluoro-ace
tyl am no)- propionic acid using L-Acykase from

Aspergil lus sp.\—f F
| -2-met byl - ¢ R
irﬂny i rrephbggs { 2R rplhf/l\uscwgizweg

(RS) -3 Berg
y| il n&y - popi o, = 1
(RS) - 2- Arghgg 3- bengpdrdus foanyl - 2-gfedhy! - pr opi oni coZgd
(59, 0.022 nol) was slurried in trifluoroacetic
anhydride (15 nL) and DCM (15 nlL). The slurry was
cooled to -20 C and triethylamne (2.5 g, 0.025 nvlea

Cogliefdt0dP 85\ 9001 Ted) Wesdisspbisd dmBoralel bE (108 wleri 8.8, 0-1N).

TS A e ERL R TP o S0 S DA g b8 ot
Th&kxturEREsRAHEP URddr AW &k 498E 18hiRE stk I RoltisR A the pH

[ ayer
reached 8.00 (ca. 35 mL added). L-amino acid acylase (0.7 gram, L-Acylase from

Aspergillus sp., 30,000 units o) was dissolved in pH 8.00 buffer (5 mIL) and added to the
reaction. The reaction was stirred for 30 h at 45 °C under N,, maintaining the pH ~ 7.50.
The pH was adjusted to 7.00 with HOAc and a precipitated solid was collected by
filtration, washed with pH 7.00 buffer and dried in vacuo. The (R)-amino acid (1.7 g,
34%) was isolated as an off-white solid. Chiral HPLC showed the rﬁateﬁal to be 98% (R)-.
enantiomer (96% ee). Some uncrystallised amino acid remained in the filtrate.

The filtrate was adjusted to pH 1 with conc. HCI and extracted with DCM (2 x 75 mL).
HPLC showed the DCM extracts to contain no (R)-amino acid.

The DCM was dried (Na;SQO,) and evaporated to leave (S)-3-benzylsulfanyl-2-methyl-2-
(2,2,2-trifluoro-acetylamino)-propionic acid (2.5 g, 35%) as a waxy off-white solid.

This material was hydrolysed to the (S)-amino acid using MeOH/watet/KOH in 98% yield.
The product (S)-amino acid was shown by HPLC to be 96% ee.

Example 12
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washed with water (3 x 50 nlL). The organic | ayer was
separated and evaporated to | eavean oil. This nmateri al
woa®7do®sol ved in acetonitrile and the sol vent PCT/SE2007/000256
evaporated in vacuo. Yield 7.2 g pale yellow oil.
(-100% yield). M5 M, 321 (100%. 1H NWR (CDC3) d 7.4
(IH, brs), 7.30 (5H m, 3635 (2H, m, 3.4 (IH d),
3.05 (IH, d), 1.75 (3H, s). Cod2 .6H20 (0.25 g, 0.001
nol ) was dissolved in borate buffer (100 ni, pH 8.0,
0. IN). The sol ution was degassed and the
BiodaRByti¢ ReddlmdnmsacatgDesymnictro®tien was added as an oil .
The m xture was stirred under N2 at 45 0C addi ng
saturated Na2CC38 sol ution until the pH reached 8.00

ca 5 ] - anl [ e (0.7 gram
2-B I{ZXIS‘)}&%IJ](L%?@%%&@)FW Ipd‘gaﬁgug O)é%%?) units g 1) was
di ssolved in pH 8.00 buffer (5 nL) and added to the
reaction. The reagtion was stirred for @0 h at 45 C
under N2, mag.aini nggthe pH ~ 7-50 H was
adj usted to 7.0Q wfh HOAc and™a p?ecilpi tHtted solid
was collected by fi®dtration, washed ytggpH 7. 00
buffer and dried in vacuo. The (R)-amno acid (1.7 g,
34% was isolated as an off-white solid. Chiral HPLC
showed the nmaterial to be 98% (R)- enantioner (96%
To £6JoledSoIRIod it diethiya eilsdnalanita §7 %2 gpanddreazylgdotirpmppethane
filtrate. The filtrate was adjusted t H. i th . cone. .
(11640) dml ooty SBHE G801 wedoo Romeryrp pulbiisk L g Btonwise
t he xiracts.t ' - @R[N I Jhes BHEM
ovel AOuhr ot i a8 Pt il 87 T Rlifhuie
allo%v%)i 13 wREREYR T dhd siydd GremaElity ITh2 reaction was diluted with water (320

2,2,2-trifluoro-acetyl am no)-propionic acid %5 g,
mLB5) tha phaseswaese sopdratafhi The exgpig Phasi wasifited (NasSQuadiltered and

the FYIVERIS FRore RGeS EEY |pe e RPR e 4 R TR pan

chrb}ﬁlrt%{aw@h%ﬁ%/bm%%ﬁm%% QAR R8GOl dH bR I g,
usi n symmetri sati on

78%).

' NMR (CDCls) § 1.23 (6H, 1), 1.47 (3H, 5), 2.98 (2H, 5), 3.72 (2H, 5), 4.17 (4H, q), 7.2-

7.3 (5H, m).

2-Benzylsulfanylmethyl-2-methyl-malonamide

O

CN
J\ _ Ph/\S/\l/ ———>ph/\s NH,
NC™ CN CN

07 NH,

A mixture of methylmalononitrile (6.6 g) and tetrabutylammonium bromide (1.06 g) in
DCM (50 mL) was cooled to about 0 °C. To this mixture was added potassium t-butoxide
(9.2 g) followed by the slow addition of benzylthiobromomethane (17.89 g). The reaction
was allowed to warm to RT overnight when it was diluted with brine (100 mL). The

phases were separated and the aqueous phase was extracted a further three times with
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2- Benzyl sul f anyl net hyl - 2- net hyl - mal oni ¢ aci d di et hyl
ester To a cool ed solution of diethyl nethylmlonate
wQ@ Z®780¢9»2 and benzyl t hi obr onmonet hane ( 110. 4 gPCT/RE2007/000256
2-met hyl - THF (480 nlL) was added potassi um but oxi de
(53.6 g) portion-wi se over about 2 h while maintaining
the tenperature below 0 C. ghe m xture was then
allowed to wvarmto RT and stirred overnight. The
reaction was diluted with water (320 nL) and the
phases were separated. The organi c phase was dried
DC¥ING2SB4nL).f Thet mnﬂﬂnﬁﬁgmepb@bmﬂnmﬁwg%@ﬁvﬁheraﬁa@&

coné%‘{t’%%amtuaé?&@%&f’#Lfvh%?as%b"e&%’?@xzﬁw&'yv%ﬁ% PRI
9
oo SRR i 6 0 g M L5800

malShonittild wad #blate@)as a?:o&lrlgss&oh&a 6576 g, 52%).
2- Benzyl sul f anyl net hyl - 2- net mal onam de A mi xture
'H WMRECRG: )l 83 31 )i 289 (fﬁ{,@) O(b@@ bt/ bR | (Ahni um
brom de (1.06 g) in DCM (50 nL) was cooled to about O
C. To this m xture was added potassi um -but oxi de (9.2
2. ﬁy}‘%g. 4 lved in #-butanol (30 mL). The
nglz lé?.{li}a (e} Ereﬂlt%}woghgl%@gﬂggb %S aifIs‘soe reaction vv(as -
sohﬁidnmdwmwvafm 1@ wiEn pmdere@pd)tawhnm hydrowids () £uvascadded

with brine (100 nmL). The phases were ted
POYH%W% Avaseatingt é%?@éf?@eghé thefepsfian W%C{%@ ‘ﬂ@%gﬂne and

et AR EIG 3 L, TP AR B BRES ERIERE (VRS0

filtrB& af E&IcditRAgdAfnddhvRuhmWe §ive Ukd fﬁﬂl@ébmpdun@ as @ bffrwhite solid.
chr omat ography (eluent ethyl acetate/hexane)

'H NMBR (YD RIS driy3 1th ), 2238 Hng), BB §dn)1 ¢4 @IM% 7.15-7.43 (SH,
isolated as a colourless solid (9.76 g, 52% . 1H NMR
HD(CIKIS) d 1.82 (3H, s), 2.89 (2H, s), 4.00 (2H, s),
7.26-7.37 (5H, m. 2-Benzyl sul fanyl - 2- et hyl
mal ononitrile (2.3 g) was dissolved in -butanol (30
Altélnativepeeparation using nitrile hydratase

(RS)-2-Benzylsulfanyl-2-methyl malononitrile (4 g, 0.19 mol) was dissolved in DSMO (15
mL). Freeze-dried cells (0.75 g) containing nitrile hydratase (ZyanotaseTM) were slurried
in 0.1N pH 7 phosphate buffer (120 mL) and the DMSO solution of the dinitrile added.
The reaction was shaken at 38 °C for 2 days and then filtered. The crystallised product was
dissolved in acetonitrile (70 mL) and filtered to remove cells. The solvent was removed by
evaporation and the crystallised product washed with water and dried to give 2-
benzylsulfanylmethyl-2-methyl-malonamide (3 g, 65%). Extraction of the aqueous filtrate
from the reaction with DCM (100 mL) followed by evaporation yielded a further crop of
product (750 mg, 16%).

(S)-2-Amino-3-benzylsulfanyl-2-methyl-propionic acid via desymmetrisation
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solution was warnmed to 60 C when powdered potassi um

hydr oxi de, (10 g) was added portion-w se. After heating
wW@eo0daodd2nver ni ght, the reaction was dil uted weTSE20DTIEN0256

and extracted with DCM (3 x 25 nL). The conbi ned

organi ¢ phase was dried (MgSO™4), filtered and

concentrated under vacuumtg3give the title conpound

as a off-white solid. 1HNWR (d6-DVMSO) d 1.38 (3H, s),

2.98 (2H, s), 3.78 (2H, s), 6.94 (4H, s), 7.15-7.43

(5H, my. Alternative preparatiop using nitrile

hydr at §se (RS)- 2- Benz;el ul fanyl | 2- met hyI %p nonitrile _
Ph (257 0.98 ol )prv@s saHved i ). s NN

Fregzewdried cells (0475 gT__ﬁh al ni ng n|tr|Ie

hydr at ase (Zyanotase?tn? were slurried PR 0|IN pH 7 © OH

phosphate buffer (120 nlL) and the DMSO sol utton of the

dinitrile added. The reaction was shaken at 38 C for 2

days and then filtered. The crystallised product was

di ssolved in acetonitrile (70 nL) and filtered to

renmove cells. The sol vent was renoved by evaporation
-Réﬁ@kfliadlﬁnﬂméﬂtyﬂéﬂﬂlsmﬁl -paditciciddisthelestdr (5 gwatesluaied in 0.1M pH

ried to give 2-

7 pb@nhgfcp buffﬁamsilﬂmlhy VichengferhisIprotease b was qdsled an(ég%reactlon

tractj.on, of us flltrat Q |on
AR PO 00 G, TamoNge By 0aEor GP RN bF A8k Honia via
prs’cé& t Rﬁér &He%@ @E r&%ﬁgﬁ%s é}&é@teﬁgﬁlﬂﬂ@ l-acetate (2 x 50 mL) to remove

(S) -3-benzyl sul f anyl - 2- met hyl - pr opi oni ¢ aci d

unreacmed dlester ac1d1ﬁed to pH 4 with dilute HC] and extracted with 1,2-dichloroethane
tris; 2-B | sul f | met h 2-

eSO hedRYIoTESF Py e B e PRE T SRR Ge and

e8> RO Bl oa Rl 1hBE s lied RS IEL (1.6 PR FRE By

FEACt] on NPXture wag stirred
dipBénydShodhoryingide PNes P (BN (44138 d Thy rdabitorakieh idatd adfefRid
ammoni a via pH stat. After 4 days, the reaction was
ovesxight otixed with SMAIGY(50aeke) anddepted at wHuRfyr & fyrtherfoly.eChiral
ted.diester, acidified:t th dil.ute .HC
P Rt et o eih b Sebribihe Broste ey st s
ext%ylc\:ggg%%)?f%gﬁga@ heRRAIRirfPIM v AGsenl En PO LE Glas WOEHThA, no

(R)-amino acid could be detected.

The chiral purity was established using a 25 cm x 4.6 mm Chirobiotic T column, 30 °C,
eluent 20% v/v water in EtOH, flow 1 mL min”, detection UV at 220 nM. Rt (R)-

enantiomer 6.86 mins; Rt (S)-enantiomer §.21 mins.

(S)-5-Benzylsulfanylmethyl-5-methyl-imidazolidine-2,4-dione via Desymmetrisation

Q o
Ph s NH PN I K
2 Ph™ "™ Y "OH E 3
— | s NN —tr S/\/]; =0
07 NH, 07 NH, o™

07 NH,

2-Benzylsulfanylmethyl-2-methyl-malonamide (2 g) was dissolved in DMSO (10 mL) at
50 °C. The resulting solution was added to 0.1M pH 7 phosphate buffer (100 mL). To this
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filtered. To the dichl oroethane phase, was added
triethylamne ( 1.6 g) followed by di phenyl phosphoryl
WwW@200da0qoPhO) 2P(O N3 (4.4 g). The reacti on was PEBSE®0Z000256
reflux overnight, mxed with 5M HC (50 nlL) and heated
at reflux for a further 6 h. Chiral HPLC anal ysis of
t he aci di ¢ aqueous phase, igto which the product am no
acid was extracted, showed that the (S)-am no acid was
present and the ee was 100% That is, no (R)-am no
acid could be detected. The chiral pur
wasaidad Rhsdmdcmient@%liszﬁrﬁdaﬁeﬂ MOM%A@IPS@L S¥spensfon of cross

lnkegh R fiecaas (CRER)S Sohe i ooy C 18 Sy 8 i gas
ren‘]('ﬁlg)@(if E}_/ tr&l%?g t‘ﬁf? ?iﬂhit? %@d 8 13 4 with conc. HCl and the roiiuct

enzyl sul f any met -met hyl -1 m dazol i di ne-
acidfamite wisexbecydwih rjoslab'pyiracetate (3 x 50 mL). Chiral HPLC showed that
2- Benzyl sul f anyl net h nmet hyl - mal onam de (2 g) was
the gaaposicidnd;an epobo3 ofé"hﬁﬁsﬂvslat ha:) re@oveméldF’é‘é?&P d replaced

Wltﬁ’L)éﬂalf’lgl %@%ﬂggﬁf %ﬁe%%h%%@oog&l}%oglu‘gﬂgr ? E(g%ﬁ am d g)z
folldtve@by %ﬁénﬁ&éégm’ylaim R0 S) OMhOfeabliciSwad hidateddit eamxrfer 18h,

aggregates {( After stirring at 35 C for 4 days,
codmm&t&dwmclmmﬁ@do biL, 2ixl 25mak.) anl conhentfatddiyndeevaggem. The

oreg pigcarh v KD 8t e SHORP s gy e wLuiy EHeLg. The
proﬁgct'ﬂfy)ignoggﬂ x{ﬁ} é)ulfi'? E&uSHE Wﬁ%ﬁlt&ﬁforﬁ'iﬂ@% Weﬁ&h@etﬂﬁ%c&ﬁte} and

sol vent“was renoved undér  vacuum and
waf fphaeditedifion dthaholltcfive traitleanmpobid (iLd, 499 at hicsloutless solid.
sol uti on was added trlethyl amne (0.79 g) followed by

Th@l?%h@ﬁﬂ%ﬁﬁ%ﬂﬂ%ﬁde (2 2 g). The reaction was

r ef | f.ar. cool t €z 0
A Gutihy 5 Dt 2o s TRtk - Blh ™o
elumqvls@meo.@%ox% ‘HCGJ&?ﬁ ROV 1 Rinteddtb@ion ) v anZay AMIMet (S)-
and 93% ee by chiral HPLC. The product hydant oi n was

engmbipinkt €42 nshs)djt¢R)-ewantiomen Petlogmaphy (el uent et hyl
acetate) and was recrystallised fromethanol to give
the title compound ( 1 g, 49% as a colourless solid.

Example 13

a) (R)-2-Benzylsulfanylmethyl-2-methyl-4-phenyl-oxazolidine

0

an\/u\ MeH

1 MgS0,, CH,Cl, an/\T/J )
o P

Ph\[NHz

OH
2

4A Molecular sieves (3.6 g) and benzylthioacetone (10.0 mmol, 1.65 mL, 1.80 g) were
added to a solution of (R)-(-)-phenylglycinol (1.00 eq, 10.0 mmol, 1.37 g) in toluene
(170 mmol, 18.0 mL, 15.7 g) at ambient temperature. The mixture was heated to 50 °C
and stirred at this temperature for 24 h. Following filtration through a 50 mm no. 3
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The ee had been up-graded to 97% The chiral purity

was established using a 25 cm x 4.6 mm Chiral pack AD
wa@odoanmmo280 C, el uent MeOH + 0. 1% v/v HCO2H, fPOWSH2017/000256

mn 1, detection W at 220 nM Rt (S)- enantionmer 4.42

mns; Rt (R)-enantionmer 9.21 mns. Exanple 13 a)

(R) - 2- Benzyl sul f anyl net hyl - 25net hyl - 4- phenyl - oxazol i di

ne 4A Mol ecul ar sieves (3.6 g) and benzyl t hi oacet one

(10 0 mml 1.65 rrL 1.80 g) were added to a sol ution

(R -(-)-phenylglycinal (1.00 eq, 10.0 1.37.9)

|sppt@r ye:! a(oiu;t@n e req_lgrqgl Q¥azo I_Egne7w® obéqm%ﬁflgﬁ polution was

DB e B o S ARl A st s o
fskﬂa‘llrsﬁﬁlbféfbfttﬁhﬁ oleHorwaevERDAR 18 BHyHe&Y tofpiktNelight @oloured oil.

sol ution of the reqU|red oxazol i dine was obt al ned.
Thiismeiskiak wamanalysedisie ¢ NMB aprstrqsmony (€RE; #0YHg) showing that

| t hout further purlf atlon na pur oses
S freAzlidt ﬁﬁwéteeﬁs § 40 KRS @f&&@wﬁp@% dsq

dryness to give a light coloured oil. This nateri al

VissNAMRI@DBEL, MyOMHEZNVR spectroscopy (CDA 3, 400MHz)
showi ng that the oxazolidine existed as a 54: 46

DR hrnoner ¢ 30 B SE0me gt 180T Wb L «
U PR R Jen o ¢, SﬁZ?*%élsﬂis o1

47511z)(17-75>(10H #)7.5Hz); 7.2-7.5 (10H, ).
(2S, 4R)-isomer: d 1.50 (3H, s); 2.70 (2H AB, J

s " Biepmtcn LS LR T0 (% A s il g B 65 0

(# &Hng?,t% (§H7A§H¢)2 sﬁz% ?1 §H£)1@'2*4 (ML, ¢, BY 5112); 4.46 (1H, brt, J
Benzyl sul f anyl - 2-((R -1 - phenyl - 2-tr i met

ﬁMHZ)t anyl.oxyHsmhy | am n0)

b) (R)-3-Benzylsulfanyl-2-methyl-2-((R)-1-phenyl-2-trimethylsilanyloxy-ethylamino)-
propionitrile

MeH 1. MgBr,.OEt, Ph,

an/\?\) 2. TMSCN Mo OSiMe,

Toluene; BnSN/NH

i NC
3 3. Hexane cryst 4

To a solution of (R)-2-Benzylsulfanylmethyl-2-methyl-4-phenyl-oxazolidine (1.00 eq, 100
mmol, 29.9 g) in toluene (4.25 mol, 449 mL, 391 g) at —20 °C was added magnesium
bromide diethyl etherate (99 wt/wt%, 5.00 mmol, 1.30 g) followed by trimethylsilyl
cyanide (105 mmol, 14.1 mL, 10.4 g). The mixture was stirred at —20 °C for 18 h and was
then allowed to warm to 0 °C and was washed with water (60 mL, 2 vol eq.). The solvent
was removed using a rotary evaporator (bath temperature 44 °C) to a volume of 60 mL (2
vol eq.) and was then diluted with iso-hexane (240 mL, 8 vol eq.). The mixture was heated

to reflux to give a clear yellow solution and then allowed to cool with stirring overnight.
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propionitrile To a solution of
(R) - 2- Benzyl sul f anyl et hyl - 2- et hyl - 4- phenyl - oxazol i di
wW@e007a0de2 eq, 100 mmol, 29.9 g) in tol uene (4.PSI/AEL007/000256
449 nm., 391 g) at -20 C was added nmgnesi um bromni de
di ethyl etherate (99 wt/w% 5.00 nmol, 1.30 Q)
followed by trinethylsilyl éganide (105 mmol, 14.1 ni,
10.4 g). The mi xture was stirred at -20 OC for 18 h
and was then allowed to warmto O C and was washed
vol eq.). The sol vent s renpved

i th 60 i, 2 ; :

Thg§lwgéﬁw§§ 901&%%’5{1%@%%@6@@%@? grame 420 By Lvgleq.)
)4 60d 0 di I ut ed

ancg\nd%%tgggeﬁféagﬁ%m&@énégl'ggvgodf'@eq. ;’. ﬁ}ﬁge% xlt u?éevvas

. heated to reflux to give a clear yellow solution and
HNMR @D Uye0ME10) 00 0. 16i(9H, 91 0.98 (ﬁé Mo h2FhtABrHd 45817, 4

o5 SHER S S Ml o YRl Sl re T g Wb o 3.9
Ci ARG POTRRUNG. it 809 (i by BI0aHRS B0 G il O

J 14.2Hz, D 43.1Hz); 3.33 (IH, brs); 3.42 (IH dd, J
10.6, 9.8Hz); 3.66 (IH dd, J 10.6, 4.2Hz): 3.99 (2H,

3 a3 - i inf-offe 2Hz) ;
c) ?@&,%R%ég (E%gg;{ls%a.ﬁ?lgfe'fﬂy)l 3-the@lPl ﬁJphleny‘MnorﬂhcﬁmSQ offe )

(3R, 5R) - 3- Benzyl sul f anyl net hyl - 3- net hyl - 5- phenyl - nor ph
ol i n-2-one 4 5Phiy, chl ori de gas wasviéiibbled f or
15 m nut es thr% %ng’g@feat HEh CHECH Rns3” %]\“Lh

benzyl sul f -Z='iet hyl - 2-17_1(;5)—1—1- ~Pphenyl -2-t gi net hyl si |
anyl oxy- et hyl 8@i no) - pr opi oni 5% (1.007e®, 10.0
nmmol, 3.99 g) ia DCM (622 mol, 39.9 nL, 52.8 g) held
at -20 C water (10.0 mmol, 180 ni, 180 ng) was added

nd _hydrogen chl qrjde ubbl ed throu far
oty e A5 B b b S kRS b Y S P 1o
ber&'ﬁ%hﬁﬁﬁyﬂﬁﬂ@ﬁ&ﬁi-ﬁ(‘%@-l‘; yBY ety Bl a®I®iyefthylamino)-propionitrile
téenperature for h before being evaporated to
(1 @0 gnekk0 um.liﬂr&?%g)joélﬁw(égé tmml2 Fhe mii, §28r$ hekisit 20 °C. Water
(102@%5@{1,2168% ;112 l%l’l\l/’llgs ?N%S gﬁ' edaarr]l h?/glrlorggg ghl\cl)mri ehwgsa}t)u%rb?etdetgrough fora

further 20 minutes. The mixture was allowed to warm to ambient temperature then stirred

at ambient temperature for 12 h before being evaporated to dryness under reduced
pressure. The mixture was dispersed in DCM (50 mL) and stirred with saturated aqueous
sodium hydrogen carbonate (50 mL) for 30 minutes. The organic layer was separated,
dried (Na,SOy) and evaporated to dryness under reduced pressure to give the title

compound as a light brown crystalline solid.

"H NMR (ds-DMSO, 400MHz); § 1.66 (s, 3H); 2.80 (AB, J 13.1Hz, A 71.1 Hz, 2H); 3.02
(brs, 1H); 3.91 (s, 2H); 4.15 (¢, J 10.4 Hz, 1H); 4.30 (1H, dd, J 10.3, 2.8 Hz); 4.40 (dd, T
10.8, 2.8 Hz, 1H); 7.2-7.4 (m, SH).

B3C NMR (ds-DMSO, 100MHz); & 25.4; 37.1; 42.7; 51.8; 62.6; 74.8; 126.7; 127.3; 128.0;
128.4; 128.4; 128.8; 138.5; 138.9; 172.0).
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sodi um hydrogen carbonate (50 nL) for 30 m nutes. The
organi c | ayer was separated, dried (Na2SO4) and
werapos@eed to dryness under reduced pressure POI/gE20@7/000256
the title conmpound as a |light brown crystalline solid.
1H NWR ( 6-DVSO, 400MHz); d 1.66 (s, 3H); 2.80 (AB, J
13.1Hz, D 71.1 Hz, 2H); 3.087(brs, IH; 3.91 (s, 2H);
4.15 (t, J 10.4 Hz, IH); 4.30 (IH dd, J 10.3, 2.8
Hz); 4.40 (dd, J 10.8, 2.8 Hz, IH); 7.2-7.4 (m 5H).
13C NMR ( 6-DMSO, 100MHz); d 25.4; 37.1; 42.7; 51.8;
IR Geaolidy3 32, 106, 303012973 293083082 (whd 730 ().2994; 145381495, 1369,

2385, 0055, 14 B LA sl 4, PR, P o

1369, 1325, 1289, 1276, 1237, 1202 (m), 1167 (s),
MSIQTY m/2 (%3 350M+NA290), TEBMFHE310097 (s) cm"1. MS
(Cl), mz (%; 350 (M:Na, 30), 328 (M+H, 100). s d)
(R) - 5- Ben2yl sul f anyl net hyl - 1- ((R) - 2- hydr oxy- 1- phenyl - e
thyi)-5-nethylim dazolidine- 2,4-dione and Carbam c
acid (R -2-((R)-5-benzyl sul fanyl net hyl - 5- net hyl -
d) 2, 4RJi5eBendyudazdintttiynt J(R)FI-hdrphe dyphestl iy eSneathyl-
S (X11l)y XVR=H n=1R=H n=2R=CONH, n=1
imifpzelidingidzi-dione ad Epbamissasid Gyd-(ReSchrardsefanylmeshyripmethyl-

2’41 7 mlﬁ%ﬁﬂ@%@%@%&%ﬁf e},sol ution of (R-3- 10

1- phenyl - 2-t riP t hyl si | anyl oxy- et hyl am no) pgr opbeni tri
le (2.26 mml,q:gq@’\r@éimb DCM (9.00 ml) at - C. The
n e Eeaane 7

m xture was stiy ned 0 QCAor 2 then

al | owedPb'o Wwar KJ(t o anbi ent tignper attir e GWd t He=gol vent

was renoved by CN o ”

4
i) (Xv)

R=H,n=1
R=H,n=2
R =CONH,, n=1
R=CONH,, n=2

Chlorosulfonyl isocyanate (2.26 mmol, 197 uL, 320 mg) was added to a solution of (R)-3-
benzylsulfanyl-2-methyl-2-((R)-1-phenyl-2-trimethylsilanyloxy-ethylamino)-propionitrile
(2.26 mmol, 900 mg) in DCM (9.00 mL) at -55 °C. The mixture was stirred at -55 to -40
°C for 2 h, then allowed to warm to ambient temperature and the solvent was removed by
evaporation under reduced pressure to give an orange foam. This material was heated at
reflux in 1M hydrochloric acid (9.0 mL) for 2 h, then allowed to cool to ambient
temperature and extracted with DCM (10 mL). The DCM extract was dried (Na2SO4) and
evaporated to dryness under reduced pressure to give an orange - brown foam. Purification
by chromatography on biotage 40M column (eluent gradient 90:10 iso-hexane : ethyl
acetate to ethyl acetate) gave a colourless foam which hardened on high vacuum drying to
a glassy solid. Crystallisation from toluene (1.8 mL) gave a mixture of the hydantoin (XV;
R =H, n=1) and the disulphide analogue (XV; R = H, n = 2), along with the
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evaporati on under reduced pressure to give an orange

foam This material was heated at reflux in IM
whyaroedknric acid (9.0 nL) for 2 h, then all oedSEI07/000256

cool to anmbient is tenperature and extracted with DCM

(10 nL). The DCM extract was dried (Na2SO4) and

evaporated to dryness under ggeduced pressure to give

an orange - brown foam Purification by chronatography

on bi otage 40M col um (el uent gradi ent 90: 10

i so- hexane : ethyl acetate to ethyl acetate ave
corsEP RIS BRI T (N HBrieT Doanddgh Rra Bty T ﬁb in a ratio

or §¥55 1o RS b P R donp R B kB0 RS 1 -

1) and the disul phide anal ogue (XV; R=H n = 2)
Hydhraoig (XiVt, R + Beaer Hespondi ng ur et hanes (XV; R = CONH2 |,
n=1) and (XV; R=CONH2 , n = 2) in a ratio of

' R R SRyt 2 U 9 é‘@&ﬁ‘?ﬁ"’ﬁ%r%#%ﬁ%@ 3.02 (1H,

t, J%Qﬁ—M’)'Z gzﬁ @ J(fﬂ“BHf»)A 44241585 $. %b*(lH\Eﬁ(ddilJ 1f15461@ 4.817); 4.26

(11—1,31d3H9 O D5H4); 4HZ)')(1H3d(8&9 J(llllﬂ 9@dGQHZ) 71- 5,5(]6)H)m)4859|1()H brs).
4. 26 IH dd, J 9.0, 4.5Hz); 4.55 (I H ddd, J 11.5,

‘?%ECB%W% st %q%@g %9%06% o B Mg R

154.8;7115%.140 (12 peaks); 156.9; 175.9. IR 3189 (br);
3061 (m; 1765 (nm); 720 (s); 1495 (w); 1432; 1374 (m);

S G e 0SS 8o 68, (85, 1952 10
113{(;\4(1?:{1 ?'%g'%@@@ -699)m§ Bh” 15- Benzyl sul f anyl net hyl -

g@ﬂj%&k%ytmlﬁt@ s, gl i 430 , 4-di one
R'BR) - 3”Benzyl sul f anyl net hyl metri yI '5- phenyl - nor p
hoI m 2-one (1.00 eqg., 2.69 mmol, 880 ng) was dissol ved

in acetic acid (9 m_) and charged to a stainless steel
e) bo 6%-5 -Benzylsulfanylmethyl-1-((R)-2-hydroxy-1-phenyl-ethyl)-5-methyl-

imidazolidine-2,4-dione

MeH Me /_/

BnS NP ioeN, AcoH _BnS
>=o

O

5

(3R,5R)-3-Benzylsulfanylmethyl-3-methyl-5-phenyl-morpholin-2-one (1.00 eq., 2.69
mmol, 880 mg) was dissolved in acetic acid (9 mL) and charged to a stainless steel 'bomb'
type vessel. Potassium cyanate (26.9 mmol, 2.18 g) was charged, the vessel sealed
immediately and the contents stirred at ambient temperature for 4 days. The mixture was
poured into water (18 mL) and extracted twice with DCM (18 mL). The organic extracts
were dried (Na;SO4) and evaporated to dryness under reduced pressure to give a brown oil.
Analysis of this material by LC-MS showed a mixture of (R)-5-benzylsulfanylmethyl-1-
((R)-2-hydroxy-1-phenyl-ethyl)-5-methyl-imidazolidine-2,4-dione and (3R,5R)-3-
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type vessel. Potassium cyanate (26.9 nmmol, 2.18 g) was
charged, the vessel sealed imediately and the
w@omnramos2 stirred at ambient tenperature for 4PCEYB2007/000256
The m xture was poured into water (18 nlL) and
extracted twwce with DCM (18 nL). The organic extracts
were dried (Na2SO4) and evapfrated to dryness under
reduced pressure to give a brown oil. Analysis of this
mat eri al by LC-MS showed a mi xture of
5- benz ulfanyl rrethyl-l- éql) 2- hydr oxy-
beraayimtfﬁwlmé P ymethyetphenyi-momwhe 12091’@(%11 gn apmpélﬁ@teaﬁaao of
40% R 5R) -3
enzyl sul fanyl net hyl - 3- net hyl.- 5- phenyl - mor phol i n- 2- on
e in an approximate ratio of 40:60. f)
U) 5-Beri zyl sul fanyl net hyl - 5-rnet hyl -i m dazol i di ne- 2,
’é@%lélz lfanyl aeth 1-5 ﬁth?fl 1m1dazo§1d1§1e thAa (rhgxy | - phenyl -
thyI) 5rrethy|-|mdazolld|ne- 4-di one (1.00 eq.,
1.00 mml, 370 rrg’)\ wagHdi ssol ved in acetic acid (140
nmol , 8. 00 m., 8.3 48% Hydr obrom c acjdy(133

mrol , 15.Q g)'wa@dpj&q{a Wure
h——(Fhe—nﬁorure was ¢ooFe@ to 0

heat ed at refFux f op—=0
C, ice (100 g) SNadded, the m xture wa® negtrali sed
to pH 7 by addit i off of 0.880 SG aqueous amggpni a and
extracted with DéM (100 nL). The organic extract was
dried (Na2SO4) and evaporated to dryness under reduced
pressure to give the title conpound as a brown gum
(RY-3-0enag sulfanORdetingTal-( (RﬁZ%ydrcEyanﬂieﬁay]léthﬁl)) StethyBlstidhzolidine-
i V-benzyl i deneal ani nate t - But -al ani nate
2 farodiion o0 mimgl. 399 eror s daselvsity i sgari (B 0 .

335, AP RR LY RS el 5 Banid 20 By ks anq the pojuture
heé&ed %%eﬁﬁspfar AMETheafidffle whitsol6d e&t(me 18@%9 b hesadea! the
at RT undera nitrogen atnosphere gnesi um

rmsmltcpw:mt weufrdli®d tgpHU. B7adudmnin) ofla8808{d eqhicbos sthmoniaxind estracted
and t he reac)tl on was stirred for_ ano

w@, REM 00l ) The rgagic sHapat was figd %%Of)ran% evaporatec(f to dryness

under reduced pressure to give the title compound as a brown gum (100 mg, 0.624 mmol,

62%).

Example 14

a) tert-Butyl N-benzylidenealaninate

o

t-Butyl (DL)-alaninate hydrochloride (5 g, 27 mmol) was slurried in DCM (100 mL) and
magnesium sulphate (6.50 g, 51 mmol), benzaldehyde (2.86 g, 27 mmol) and
triethylamine (2.73 g, 27 mmol) were added. This mixture was stirred for 16 h at RT under
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washed with water (2 x 50 nL). The organic | ayer was

dried (MgSO4) and evaporated to give the title
wa@eogpaeid2 as a colourless oil (5.54 g, 83% . 1PETMR007/000256

(SOOVHz, CDA3) d 1.47 (9H, s), 1.50QH, s),

4.01-4.08(1H, q), 7.39-7.43 (3H, m, 7.76-7.79 (2H,

m, 8.31 (IH s). b) tert-badyl

-benzyl -i V-benzyl i dene- 2- net hyl cyst ei nate Sodi um

hydride (0.17 g, 4.3 nmol) was added to a squtiOn of

tert-butyl Nbenzylideneal ani nate O 50, )
a mpyqeen stmfsphete. agnesiym synbate @-3s éﬂ.mm@]a “faélad@yl tmthﬁsrmxture

o8 WU AR 5L RS e
wadiddRvignehatth@ SNt e otbinic m?éxewas(&iédm solﬁﬁq@azuﬁ&ﬁ@d to

| ayer was extracted with eth acetate( x 50 nL).
givEitlee ts:lermmm@edat@cqlan}r@sswéﬁ ﬁfbghwmth water (10 nl),

H IR R bR oo CRREE S di0Cd $ar e b i #57.3 om

S the presence of a 1:1 m xture of
m>?’§§§??’2 ani@qusﬁoow, DA 3) d 1.47 (9H, s),

1.48 (3H, s) 2.89-3.05 (2H, m, 3.78 (2H,s), 7.2-7.50
39-7.43 (3H, ng, 7.76-7.79 (2H, m, 8.31
b) ({epc{-blgn%'i S@eanN qudene— -methylcysteinate
- benzyl -i V-benzyl i dene- 2- net hyl - D( R) - cyst ei nat e
Powder ed pot assi um hydroxi de (5.90 g, 105 mmol) and
chiral phase transfer catalyst Nx Ph
(-)-0Oallyl-N(9-ant ®hacefyl net hyl) ci nchoni di ni um
bromde (1.27 g, 2.1 muol) added to tert-butyl
N- benzyl i deneal aninate (5 g, 2 1'nmmol) in toluene (50
m.) at -20 OC. The m xture was stirred at this
tenperature for Ih. The reaction m xture was then
So&aRl 18-rite (0.8P¢,G. ?ﬂ“%cﬁ) V%’Qé 4de@% Pbolution of tert-butyl N-
bronnnethylsu%fany t hyl - benzene ( 11.6 g, 53 nmol)
benzyhde]iealﬂllﬁa‘(ei@ 5} mm&l) ad 088 (8indpwt BE. ﬁh@mlx‘ltuﬂ& wa'Eh;arred for 30
ture was stirred at this tenperature for

g Lo OB TEB G etk - bTHERS Eath -G wasol)r W% aedfle@ The
nn{tﬁfe%%*ku%%h WRT %&%8 h and then quenched with water (10 mL). The aqueous

layer was extracted with ethyl acetate (2 x 50 mL). The ethyl acetate layer was washed
with water (10 mL), dried (MgSO,) and evaporated to dryness to give the title compound
as a yellow oil (0.60 g, 86%).

Chiral HPLC analysis showed the presence of a 1:1 mixture of enantiomers.:

Column Chiral Pak AD

Mobile phase 1% i-PrOH in isohexane
Oven temp 15°C

Flow rate 0.5 mL/min

Detection 210 nm

Run time 30 min
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s washed with toluene (100 nmL). The sol vent was
evaporated to give a crude residue (19 g) that was

wo adognoaep2 i n t ol uene (100 nli) and washed w th MET/BE2002000256
x 25 mL). The organic |ayer was evaporated to give the
title conpound. The enantioneric purity at this stage
was not determ ned. This mat/érial was used directly in
the next step. 1H NVWR (300WMHz, CDC 3) d 1.47 (9H, s),
1.48 (3H, s), 2.89-3.05 (2H n) 3 78 (2H s) 0

IH-ﬁiﬁi‘&g@Mﬁf 'L'PDQQ 6§)437§f.9@e ﬁk9}4gigﬁe¥)h§f |891§<q5) (251, Bsva. z%(zﬂ 5),
T2 R R T3 R LR RS st ep ().

The m xture was stlrred at RT for 1 h. The organic
sol vent was evaporated off andthe remai ni ng aqueous
©) | #yiButyhS-heazyldv-banrylidenerdimethyl-B(R)-¢Btoins® ). The
conmbi ned organic |ayers were washed with 6M
hydrochl oric acid (50 nL). The conbi ned aqueous | ayers

were heated at 60 C fOLA24/h $@l vent was

evapor at ed under redaped presgure and the resulting
material was slurried in # m.) and the solid
was col lected by filtration. s solid was washed

with DCM (100 nL) to yield the title conpound as a
solid (3.6 g, 64%yield over two steps). Chiral HPLC

FoEL B AAEARC, e P98 R B pts

(-)-OrabA-38)9- ﬁlntﬂmaéc‘hy(rﬁblﬁyﬁc)1nc}2>nﬁﬂn1(ﬂn|‘tbrdﬂnde%1 98 o bH rﬁms/]g,were
addeii 30 f’ezt?@tylfﬁpan“%@é%aémﬁ% é)g Elerrtrn@m?;bluggf (S0 5iL) 820 °C.
The rmx%ur XVaSIStII‘I‘Q(? tztﬁfsltgn%ge%at%rer% The(rsgctlox %El)%tluPea\%as then cooled to
~30 °C and a solution of bromomethylsulfanylmethyl-benzene (11.6 g, 53 mmol) in
toluene (50 mL) was added dropwise over 1 h. The mixture was stirred at this temperature
for 1 h and then allowed to come to RT. The reaction was filtered through celite and
washed with toluene (100 mL). The solvent was evaporated to give a crude residue (19 g)
that was taken up in toluene (100 mL) and washed with water (2 x 25 mL). The organic
layer was evaporated to give the title compound. The enantiomeric purity at this stage was
not determined. This material was used directly in the next step.

"H-NMR (300MHz, CDCls) & 1.47 (9H, s), 1.48 (3H, 5), 2.89-3.05 (2H, m), 3.78 (2H, 5),
7.2-7.50 (5H, m), 7.39-7.43 (3H, m), 7.76-7.79 (2H, m), 8.31(1H, s).

d) S-Benzyl-2-methyl-D(R)-cysteine hydrochloride

NH,.HCI
//"', 2
Ph” S i

0" OH

THF (50 mL) and 6M hydrochloric acid (50 mL) were added to the crude product from

step (c). The mixture was stirred at RT for 1 h. The organic solvent was evaporated off and
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Powder ed pot assi um hydr oxi de
chiral

( 1.127 g, 2 1 nmmol) and

phase transfer catalyst (+)-Qallyl-

woR{IAamehr acenyl net hyl ) ci nchoni di ni um br om dePCDSRHOT000256
0.42 mmol ) were added tort-butyl

JV- benzyl i deneal ani nate ( 1 g,

-30 C. A sol utiomof
- benzene (4.65 g,
in toluene (5 nm.) was added to this mxture at
-15 C for

(15 nm) at
br ononet hyl sul f anyl et hyl

The reaction was stirred at

4.2 mmol) in toluene
2 1 mol)
-30 C.
16 h. The

theFIRETG ARAEOUSIER Mad werhed Ui etbyliaceiaigdd xdsnbl T\kue epmbined

ooh YGRS {40 Bl T im0, M s

411%0118

lay@iis wesr@hehdddkat B0 O@ToP24 h. ﬂ%&o%ﬁ%ampb@teﬂ%ﬂéﬂm&%‘éd pressure

found to be approxi mately 91.

8% (S)-ent at this stage.

andrthe resuliing mpadereal wals slvaged inddCMi (1 @@ mly andtherselidases collected by

AR T St v iR N R R IR il compepng s

solfil(s. 6"? %@‘Vﬁﬂgﬁ%v&@mgbﬁ p%?:auégraqr @Erﬁa?rs;s?s"@h%v@@t

m Xxture was stirre

?rf)dd@@ fo have

e organi c vent

96.90% enwatponaicqguriof.f and t he remai ni ng agueous | ayer was

washed with ether (3 x 20 niL).

The conbi ned organic

| ayers were back extracted with 6M hydrochloric acid

LCdngk) . The combi ned aqueo

The conbi ned aqueous phase was heated at

L
ST T UA IUI 1O 1T, T DUIVCIIL

Col@giiced pressure to yield th

was—evapotatetd—uhder—————
eAbtek CpirepGROUNd as a

creamsolid (1.10 g, 100%.
Mohels phésewn to be 90.12% (S)-e

The enantiomeric purity
n$0:60%;ctlmank¥watet hod as

Exanpl e 14d). 1H NWVR (400MHz
Oventemiy |\ d) 2 a8 (IH d)

dnso-d6) d 1.48 (3H, s),
RIBXC(2H "m) 7 3- 7 39

Flo(x?ﬂ_lte ) 8. 48 (3H, s) Exanp

f a) Js- Propyl

 do IOR 7n o A
4

sl AN i daTh:
a—~art1ace Ilyul o€ o+ ae11rtoh

Defé8®dn WwWas added dropw se to

) 2
T o6t = U9, z
n

o sphyt | on of DL- al ani

2
e
Th

(10 g, ITZ mmol) in Wo-propa
Runtixteur e was all owed to cone

of (400 mit)y—at -20 C
I O RIn and t hen heated at

ne

reflux for 4 h. The solvent was evaporated to yield

the title compound

'H-NMR (400MHz, dmso-d6) 5 1.44 (3H, s),

7.3-7.39 (5H, m), 8.50 (3H, s).
MS m/z, 226 [MH]".

2.87 (1H, d), 2.98 (1H, d), 3.8-3.85 (2H, m),

Example 15

a) tert-Butyl S-benzyl-N-benzylidene-2-methyl-L(S)-cysteinate

/\S/IN%Ph

Powdered potassium hydroxide (1.17 g, 21 mmol) and chiral phase transfer catalyst (+)-O-

allyl-N-(9-anthracenylmethyl)cinchonidinium bromide (0.26 g, 0.42 mmol) were added to
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(18.8 g, 100% . 1H NWR (300MHz) d 1.20-1.22 (6H+3H
each d), 3.46-3.50 (IH q), 4.01-4.06 (IH m. b)

wo s@7Reepy| N benzyl i deneal ani nat e Magnesi um seCPREI0@7/000256
(13.50 g, 112 mmol) and benzal dehyde (4.76 g, 44.8
nmmol ) were added to a slurry of zso-propyl alaninate
hydrochl oride (9.40 g, 56 mil) in DCM (200 niL).
Triethylamne (5.6 g, 56 mmol) was added to this
m xture which was then stirred for 16 h under a

b BR aASR R S 72 T05: BRSHGPIRLS P X souon
. . ; _ e

or B RSUTARES 180eRt 628 1t i OF (SHIDNS8 et

thikmbQuigla} -307PE. Th@@atifor wyestireast dr3 aUlfdr Vg SO he aitttuteRfas

sol vent was evaporated to give the product as a

 filterstl suphgseslity and(veashed wishyoluane (MVRL() 4 TbrEHratepas $ashed with

waise 5t S b8 Tl S SFaipattba g et 0 i 5 dp o ot
T baadopit pafitSuas Sung o BEARMoxen IRl DY ey PeyfHShRsH8g The

crudenlaerahdactded diregthaimahd naxnsfage. catal yst (-)-Cal Iyl -

N- (9- ant hracenyl net hyl ) ci nchoni di ni um brom de (0. 27 g,
0.45 mmol ) were added to wo- propyl

o \SRGE GRARLAS B gl ), 10 vere (10

tenperature for 1 h. The reaction m xture was cool ed
to -30 OC and a solution of _
br omonet hyl sul f anyl met z N%ZT%.47 g, 11.4 mol)
in toluene (10 nlL) wad' adfed ropwi se. The reaction
was stirred at this tenperat Hor 1 h and then
allowed to cone to RT. The reaction m xture was
filtered through celite and washed with toluene (10
e solvent was_evaporat ed to@give crude produ

THgiis?)ZQ nglgrandﬁM hydrpghdenicacigerd mbkwpreggdedhtothic Q@plfﬂsl)lgttfrom
steﬁ?% i ﬁfr}éeg}l)ggr% Q)@als %{nlrgd QtCR”P fcgrzl% KFh)e o%%ic%%g\%gt Wﬂ]gvaporated off and
the remaining aqueous layer was washed with ether (3 x 20 mL). The combined organic
layers were back extracted with 6M hydrochloric acid (20 mL). The combined aqueous
phase was heated at reflux for 16 h. The solvent was evaporated under reduced pressure to
yield the title compound as a cream solid (1.10 g, 100%). The enantiomeric purity was

shown to be 90.12% (S)-ent (LC; same method as Example 14d).

TH-NMR (400MHz, dmso-d6) & 1.48 (3H, s), 2.87 (1H, d), 2.98 (1H, d), 3.82 (2K, m), 7.3-
7.39 (5H, m), 8.48 (3H, s).

Example 16

a) Iso-Propyl alaninate hydrochloride

NH,,HCI

LX
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was stirred at RT for 16 h and then heated at refl ux
for 4 h. The m xture was cooled to RT and washed wth
wetdwhoaeret ate (20 nmL). The aqueous | ayer was PCT/SE2007/000256

evaporated to dryness under reduced pressure. The

resi due was taken in toluene (2 x 20 nL) and then
evaporated to dryness under 7deduced pressure to yield

the title conmpound as a creamsolid (1.20 g, 100%.

Chiral HPLC anal ysis showed the product to have 9

1. 72% enantioneric purity. 1H NVR (400MHz, dnso-d6) d
1.44 (3H, s), 2.87 (IH, d), 2.98 (IH d), 3.8-3.85

Th.l%% ch@rg??g’.?(z gﬁ4(r§ablg 'Qas gﬁ%léfdl%glﬁlise %4 2 sdYRidH Gt P2 Salanine (10

g, VY-thmaphi tsalmpaaoydmmﬁmalt L@kﬂ(e)ﬁieammm &alBOR RS turafbme to RT
sul phate (2.65 f% 622 mml ), 2-napht hal dehyde (1.63
e

andemhentgd afmefluxrioed hyT lafmcﬁ%en@ wag eygpotadedioligld ﬁ@rtélezmmund
ry of t-butyl alaninate hydrochloride(DL) (2
(wgé)g’i]fﬁ% in DCM (40 nL). The m xture was stirred
for 24 h under a nitrogen atnosphere. Magnesi um
sul phate (1.32 g, 11 nmol) was added and the reaction
HME@O@M@H} bar20an2 (eH-+3H ehch & B d6-3a506(1¥6 i} 4.0194.66 (1H, m).
magnesi um sul phate (2.65 g, 22 nmmol) was added and
m'xture was stirred for 3 days at RT. The m xture was
f] was washed with water (2 x
5 1 8 @glg%%nglﬁlegelﬂ& %}ti}ger was dried with nagnesi um
sul phate, filtered and the sol vent was evaporated to
give the title conpound as a%,hi:ﬁe solid (2.43 g,
1H NMR (300MHz, CDd 3) dqi (9H, s), 1.56 (3H, s),
4.07-4.14 (IH, q), 7.48- 2H, nm), 7.84-7.91 (3H,
m, 8.02-8.09 (2H, m, 87457(IH, s). b)
S-Benzyl - 2- net hyl - D(R) - cyst ei ne hydrochl ori de Powder ed
rubi di um hydr oxi de nonohydrate (1.79 g, 17.5 mml) and

Maghésigh sﬁ&PHe&@(ltzrwgfm n€B613 biy®benzaldehyde (4.76 g, 44.8 mmol) were .
-)-Oallyl -N-(9-ant hracenyl net hyl ) ci nchoni di ni um

addgad(jmi @]@m(y@f Zsp-rgopyl aB@inapeply)drochloride (9.40 g, 56 mmol) in DCM (200
mL). Triethylamine (5.6 g, 56 mmol) was added to this mixture which was then stirred for
16 h under a nitrogen atmosphere. More magnesium sulphate (3.30 g, 28 mmol) and
triethylamine (0.56 g, 5.6 mmol) were added. The mixture was stirred for 24 h. The
mixture was filtered and the filtrate was washed with water (2 x 50 mL). The organic layer

was dried (MgSOs) and the solvent was evaporated to give the product as a colourless oil

(9 g, 76%).

'H-NMR (400MHz, CDCls,) § 1.23-1.26 (6H, m), 1.51 (3K, d), 4.08-4.13 (1H, ), 5:03-
5.09 (1H, m), 7.36-7.45 (3H, m), 7.76-7.79 (2H, m), 8.31(1H, s).

c) S-Benzyl-2-methyl-D(R)-cysteine hydrochloride

; NH.,.HCI
S, 2
Ph” S J:

0~ "OH
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were added to tert-butyl
7V- (napht hal en- 2-yl - net hyl i dene)al aninate ( 1 g, 3.5
wonei7jlodor2 t ol uene (10 nlL) at -30 OC. The m Xt UPET/BER07/000256
stirred at this tenperature for 30 mns. A solution of
br omonet hyl sul f anyl net hyl - benzene (1.91 g, 8.8 nmol)
in toluene (10 nL) was added/sdropwi se to this m xture.
The reaction was stirred at this tenperature for 1 h
and then stirred at RT for 3 days. The m xture was
filtered t hrough celite and washed with tol uene (50
The sol vent was evaporated to gi ve the protected
I e
Pof %l‘é%‘f?&*‘ﬁﬁ B8 SO0 Broa B pF ety -0
allSilr-NC(Q aﬁﬂ@waﬁylnmﬂglycai@@m&mmmb@nﬁw(wﬁg,coMsTﬁiEm()zﬁerehaded to
and 6M hydrochloric acid (20 nL The m xture was
isospropyl¥rbanzykferfeglanipeter(1 gThE romghm tohsok (KhmL)as-10 °C. The

TR TR
an@étsélﬁﬁ&?gf WolBrBMyne AR Ak - Ber?z@héjg(@pg M )4 mﬂa%m toluene (10

onbi ned aqueous phases weré then héated at /0
th) wakhaddedjdrepwise] Byercasting washiadd ui this tehbachtuscter amem(i'ilﬁbn
m.) before being evaporated to drzness under_  reduced

allaw%moale t iR - 188 1eRG omxtarfé@sé? egedl theough celyp gadhwaghsg with

ol 5 1 L B RBONR 855554 8 31 B i

Raken %4 isYHE 20 @EHBM bdoriclddi hBPRMdded. Th tur
Wadrrsond ) 1r(50m12 Wﬁ CZIIIH ‘3@ 3.20 (IHe d), ¢ mixture

wag smeq Qt|-RT &y 167 egld therﬁg:a(e@}at rqﬂux fer 4 Big mixjure MBS (;@d to RT

on sy Bl Q2B it T g dgyer 3o i prdvied to drymess
un&ex%’éhfc@@ %fegﬁﬁ@ Yk rt%l(m%txpéls thlf@nqﬁ %(9{1&1{3' 0% 202mﬂ) &H&H@n evaporated

Form G tcharacterised havi ng an X-ray powd
to dryhésrsamﬂemdmﬂ pmssure meldsthmgﬂs penpdund apaai@nﬁtohml 20 g,
16.8 and 19.0 2Qand wherein said XPRD pattern is
10%&&1}1@@ H@’gprp@a]@gqgéh@@@chﬂm ®redust to have 91.72% enantiomeric purity.
(5S)-5-[4-(5-Chl oro-pyridin-2-yl oxy) - pi peri di ne-
1- sul fonyl met hyl ] - 5- et hyl i m dazol i di ne-
"H-NMR (400MHz, dmso-d6) & 1.44 (3H, s), 2.87 (1H, d), 2.98 (1H, d), 3.8-3.85 (2H, m),

7.3-7.39 (5H, m), 8.50 (3H, s).
MS vz 226 [MH]".

Example 17

a) tert-Butyl N-(naphthalen-2-yl-methylidene)alaninate

o
o

0]

Magnesium sulphate (2.65 g, 22 mmol), 2-naphthaldehyde (1.63 g, 20 mmol) and
triethylamine (1.1 g, 10 mmol) were added to a slurry of t-butyl alaninate hydrochloride
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2,4-dione Form G characterised by having an X-ray

powder diffraction pattern conprising specific peaks
w@r009/17602240. 1, 11.5, 12.8, 14.1, 16.2, 16.8 anpPiCIW/SED07/000256

2Qand wherein said XPRD pattern is measured using

CuKar adi ati on. 3.

(5S) - 5-[ 4- (5- Chl or o- pyri di n-7-yl oxy) - pi peri dine-I|-sul f

onyl met hyl ] - 5- net hyl i m dazol i di ne- 2, 4-di one Form G

characterised by having an X-ray powder diffraction

R el i Dnd (b e RS wor i B P aogen

aﬁgkghé% ! MQ e?fl Tﬂ%plﬁm% 1??&951? L) acﬁcfédaa%m g%nxgac‘%fon was stirred

|msl I's substanti a pure

for] ahother thh Qiﬁerplynﬁﬁydﬂs,rmareyhatgnyémmlsn@hmdl(ﬁ 65 g, 22 mmol) was added
1-sul fonyl methyl] -5-nethyl-imdazolidine-2 ,4- dione

an¢6mfﬁlta was stirgé ffz,rc?n%a AR AcErarmEixgge mgs @l‘rﬁwﬁ] and thyecfilirpie was

99 The compound a to Ca
walfod St a0 P i G B BB R e sufBoate,
ﬁlt@fé@%hg 'tH&sol'&n’@@Xs &RBodted &b 3ivaheliflPcdn o‘ﬁ.ﬁd WS & white solid (2.43 g,

t herapy. 8. Conmpound (I) Form G according to any one

78%H). Clainms 1 to 6 for use in the manufacture of a
medi canment for use in the treatnment or prophyl axis of
a di sease or condition in which inhibition of MW

'HAGMIN | m%}ﬁ g%gﬁ 3‘5‘31 ah yies B 2L aQpdl pﬁfgmﬁlm% (2H,

wher el n e or co’nltl rs”an in

m)(i7.84IH (BH, 8Y/8I02-809.(2HOm), BMs (usles)accor ding to daim?9
wherein the disease is COPD. . A pharnaceuti cal

conposi tion conpr|S|ng

b)(gﬁ—)’ernzﬁi‘%éﬂ‘?h@[}:)a{f ﬁ %’frh] 2"5]}i yI -i mi dazol i di ne- 2,

4-di one Form G according to any one of Claims 1 to 6
| n adm xture with a phar maceut i cal | y acceptabl e
di luent or carrier. treating a disease

or condition mnedi at ed By net al | opr ot ei nase activity,
O”"OH

Powdered rubidium hydroxide monohydrate (1.79 g, 17.5 mmol) and chiral phase transfer
catalyst (-)-O-allyl-N-(9-anthracenylmethyl)cinchonidinium bromide (0.21 g, 0.35 mmol)
were added to fert-butyl N-(naphthalen-2-yl-methylidene)alaninate (1 g, 3.5 mmol) in
toluene (10 mL) at —30 °C. The mixture was stirred at this temperature for 30 mins. A
solution of bromomethylsulfanylmethyl-benzene (1.91 g, 8.8 mmol) in toluene (10 mL)
was added dropwise to this mixture. The reaction was stirred at this temperature for 1 h
and then stirred at RT for 3 days. The mixture was filtered through celite and washed with
toluene (50 mL). The solvent was evaporated to give the protected methyl cysteine as a
gum. This material was used directly without isolation or characterisation. The crude
product was taken up in a mixture of THF (20 mL) and 6M hydrochloric acid (20 mL). The
mixture was stirred at RT for 16 h. The organic solvent was evaporated off and the residue
was washed with ethyl acetate (20 mL). The ethyl acetate layer was back extracted with
6M hydrochloric acid (20 mL). The combined aqueous phases were then heated at 70 °C
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18. A process for the preparation of (S)-5-nethyl-5-
{[ (phenyl nmet hyl )t hi o] net hyl }i m dazol i di ne- 2, 4-di one,
wais@iabeoas an intermedi ate in the synthesis of PCT/SE2007/000256

(5S)-5-[4-(5-chl oro-pyridin-2-yl oxy)-pi peridine-I-sulf
onyl met hyl ] - 5- net hyl i m dazol i di ne- 2, 4-di one, which

conpri ses enzymati c desymet’8i sati on of a m&r -ami de

(XI'V) using a suitable am dase enzyne. 19. The process
according to Caim 18 wherein the am dase is

Rhodococcus erthoplis am dase.
Claims

1. (55)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-
imidazolidine-2,4-dione Form G, characterised by having an X-ray powder diffraction
pattern comprising specific peaks at 10.1, 16.2, 16.8 and 19.0 °20 and wherein said XPRD

pattern is measured using CuK, radiation.

2. (55)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-
imidazolidine-2,4-dione Form G, characterised by having an X-ray powder diffraction
pattern comprising specific peaks at 9.7, 10.1, 11.5, 12.8, 14.1, 16.2, 16.8 and 19.0 °26 and

wherein said XPRD pattern is measured using CuK, radiation.

3. (5S)-5-[4-(5-Chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-
imidazolidine-2,4-dione Form G, characterised by having an X-ray powder diffraction
pattern substantially the same as that shown in Figure 1 and wherein said XPRD pattern is

measured using CuK,, radiation.

4. The compound according to any one of Claims 1 to 3 that is substantially pure (5S)-5-
[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-
dione Form G.-

5. The compound according to Claim 4 that is at least 99% pure.

6. The compound according to Claim 4 that is at least 95% pure.

7. Compound (I) Form G according to any one of Claims 1 to 6 for use in therapy.

8. Compound (I) Form G according to any one of Claims 1 to 6 for use in the

manufacture of a medicament for use in the treatment or prophylaxis of a disease or

condition in which inhibition of MMP activity is beneficial.
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9. The use according to Claim 8 wherein the disease or condition is an inflammatory

disease or condition.
10. The use according to Claim 9 wherein the disease is COPD.

11. A pharmaceutical composition comprising (53)-5-[4-(5-chloro-pyridin-2-yloxy)-
piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione Form G according to any

one of Claims 1 to 6 in admixture with a pharmaceutically acceptable diluent or carrier.

12. A method of treating a disease or condition mediated by metalloproteinase activity,
comprising administering to a patient in need thereof a therapeutically effective amount of

a pharmaceutical composition of Claim 11.

13. A process for the preparation of compound (I) Form G according to any one of Claims
1 to 6 that comprises crystallisation of (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-1-
sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione from aqueous alcohol or from aqueous

industrial methylated spirits.

14. A process according to Claim 13 wherein the (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-
piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione is prepared by reaction of
5-chloro-2-(piperidin-4-yloxy)-pyridine (VI) with ((S)-4-methyl-2,5-dioxo-imidazolidin-4-
yl)-methanesulfonyl chloride (V) and wherein compound (VI) is prepared by liberation of

the free base from a corresponding salt.

15. A process for the preparation of (S)-5-methyl-5-{[(phenylmethyl)thio]methyl}-
imidazolidine-2,4-dione (IV), useful as an intermediate in the synthesis of (5 S)-5-[4-(5-
chloro-pyridin-2-yloxy)-piperidine-1-sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione,
which comprises use of a hydantoinase enzyme to effect ring closure of (RS)-3-

benzylsulfanyl-2-methyl-2-ureido-propionic acid (XI).
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16. A process according to Claim 15 wherein the hydantoinase enzyme is Roche

Hydantoinase 1 or Hydantoinase 2.

17. A process for the preparation of (2S)-2-amino-3 -benzylthio-2-methylpropionamide
(R)-(-)-mandelate hemihydrate, useful as an intermediate in the synthesis of (5S)-5-[4-(5-
chloro-pyridin-2-yloxy)-piperidine-1 -sulfonylmethyl]-5-methyl-imidazolidine-2,4-dione,
which comprises crystallising racemic 2-amino-3 -benzylthio-2—methy1propionarhide and -

(R)-(-)-mandelic acid in the presence of water.

18. A process for the preparation of (S)-5-methyl-5-
{[(phenylmethyl)thio]methyl}imidagolidine-2,4-dione, useful as an intermediate in the
synthesis of (5S)-5-[4-(5-chloro-pyridin-2-yloxy)-piperidine-1 -sulfonylmethyl]-5-methyl-
imidazolidine-2,4-dione, which comprises enzymatic desymmetrisation of a meso-amide

(XIV) using a suitable amidase enzyme.

19. The process according to Claim 18 wherein the amidase is Rhodococcus erthoplis

amidase,



