PYRI DI NE DERI VATI VES AND THEIR USE | N THE TREATMENT
OF PSYCHOTI C DI SORDERS The present invention relates
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represents an -aryl, -heteroaryl, -heterocyclyl,
-aryl-aryl, -aryl-heteroaryl, -aryl heterocyclyl,
-heteroaryl -aryl, -heteroaryl-heteroaryl,
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In anot her aspect the invention provides a conpound of
formula (I) or a pharmaceutically acceptable salt
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represents -C(H2)-, (-C(H2)-)2, -S(Q®2)- or -C(=0-; Z
represents -C(H2)-, -S(2)-, -N(RZ)-, or an oxygen or
sul phur atom A represents hyxkrogen or -CH2OH, Rz
represents hydrogen, Cl-6 alkyl, C -6 al koxy, -COR7 or
-SO 2R7; Rl represents hal ogen, G -6 alkyl, Cl-6
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benzoi soxazol yl, benzot hi azol yl, benzoi sot hi azol yl ,
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In a yet further enbodi nent when q represents 1, p
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-N(R 2)-, Rz represents hydrogen, Cl-6 alkyl, -COR7 O
-SO 2R7. I n anot her enbodi ment, Rz represents -COR 7.
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di met hyl propanam de, 2-[ 3, 5-bi s(trifl uoromnet hyl)phenyl ]
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,4]thiazin-8(1 H-yl]-3-pyridinyl}- L/, 2-
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suitabl e for medi cal applications because of their
greater aqueous solubility relative to the parent
conpounds. . Such salts nmust clearly have a . .
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phy.sihekadi cC I f
DUSLEAREL TR |hotense bRk A bl e paslo s,
f 0038d.36i 04 drmasgani ¢ aci ds such as hydrochloric,
hydr obrom ¢, hydroi odi c, phosphoric, netaphosphoric,
nitric and sulfuric acids, and with organic acids,
sugh . i et 1] f ' LB -
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internally fornmed salts. Salts having a
non- physi ol ogi cal | y acceptabl e anion or cation are
within the scope of the invention as useful
internedi ates for the preparati on of physiologically
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by carrying out the procedures disclosed in the
Schenes and/or in the Exanpl es bel ow, by substituting
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a non-isotopically |abelled reagent. Certain conmpounds
of formula (1) are capable of existing in

stereoi soneric fornms. It w16 be understood that the

i nventi on enconpasses all geonetric and opti cal

i soners of these conmpounds and the m xtures thereof
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thereof as a single diastereoi somer whose absol ute

copfj.quration at onpe .stereqgcentre S, not det er.nm ned, .
Enaista g BoRFAF 357 ulte BRL BRae ARk i frim 12
| N\egAtd QPrAEctih dudlRy WBSIRS Ay her BOfim@ed dysdifftdcBon, i.e. by
enant i oner "whose absol ute configuration was not .
detherwdvebahgtiTaf the rpeojsctadrs bglito Am cgti calsgystem wfitht suegh low distor-

invention, The. present inventi. 0 provides

pr 4R usPartpulenis qptigyaed fardise &laﬂE@la’snB%@ﬁauws fi s rnge be-
('%N§§1F64H3§UW%B?Utical'y acceptable salt thereof,

whi ch process conprises:(a) reacting a conpound of
formula (I11) (1l) wherein R3, R4, R5, R6 and s are as
defined above and L1 represents a suitable |eavin

or Bl ORicah Syom may Bestelgwys which amRIneprRRE3lIel i@ Hi¢ gpject
. . ' v . .
SRR D A g 1

d, thépo¥sibditp sl cdhtadl @h@diseutivac faltemaiationtanglkdlih Yhe image

thereafter followed by (b) deprotecting a conmpound of
f oplan¢ Ry cphtrofhingtanjisteppity dstrémrtioand thq;ﬁlummatlon optics in front

i nterconversion.tg.oth onpounds of formula (1), .
ikt BEECEEE it P BB arowraRes af opligfbidboieis Ty i
at RN po¥sibRPUESEM Sptildl sRtemaifih £ cbBPERERYeBof EHiEPday-angles
process (a) nmay be perforned in the presence of a

suas thid wobldgeswdunthasequteassit ofradditiboalaompoments to give ac-
sui tabl e sol.vent such as DVSO at a suitable .

© effsas ARPU o BEns EDcaNGOEHE JRITPUSORRS Bumiton angles
[ ept .Y : . .

ror SR endit BRI AATT R Pl a0 opicalgystem

( ayvitiralyvdrgingethiefirapgdadcordihg tclageridethefobgecs planehf positioned
base such as potassi um carbonate and a suitable

sobswieen Shscurditppbeletents and angntenceppeil of Hieeopticglfystem.
as 1800C by m crowave irradiation. Wien p and g both
represent 1, X represents a nitrogen atom Y

I epragfratinsanglestdd)incidatteaceedigs ®ndlsim Cf He)p-to avoid high aber-
represents 1, R2 represents Cl-6 al kyl substituted by

a Tji@nsaythe guisgp The. myaximomm aogheof ingi on(pyurfagg of gach of

perfornmed.in the .presence. af i t.aldl e base such as
po{hgseéermu?‘ﬁt? 8}atyblftlg§<s| %@‘gs g%%eegis ﬁh%nclg bonate, a
sui tabl e sol vent such as DVMSO, a suitable catalyst

such as bi s(di benzyl i deneacet one) pal | adi um (0. 05eq) a
sulttalscenttic gatidalsystiemaccordipg toblexn |l gHolepiehbeight yariations
, L/ =di net hyl ami no) bi ghenyl . 125eq) at a suitable

t e PSRl arne é%ﬁ'ﬁﬁé@eh%nrﬁ crowave irradiation;

or in the alternative, process a) nmay be perforned in
the presence of a suitable base such as potassi um
caAhwpeicel ssttnaacordiablte chohviéntadsuotn sy Bigireadlution. The
sui tabl e tenperature, such as_between 110 and

16000, fNPemax bebpyt 6QARISSHORHYObIEBDt h represent 1, X
represents a nitrogen atom Y represents - C(H2)- and

Z represents -C(H2)-, n represents 1, R2 represents C1
al kyl substituted by a hydroxyl group (e.g. -CH 2-0OH),
process (a) may be perfornmed on the derivative wherein
the hydroxyl group of R2 is protected as an O TBDMS
derivative, in a suitable solvent such as toluene, in

o o o s L T T T




hal oC1-6 al kyl, process (a) may be perfornmed in a
sui tabl e sol vent such as toluene, in the presence of a

W@ enorap12gl cat al yst such as bis-tri -tert-butyl PEEPIN0G€8869
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pal | adium a suitable base such as aqueous sodi um

hydr oxi de and a suitabl e phase transfer catal yst such

as aqueous hexadecyl tri nmet hyl7asmoni um chl oride at a
tenperature such as 80-950C. Alternatively, when p and

g both represent 1, X represents nitrogen, Y

represents -(C(H 2)- )2, Z represents -N(R 2Z) , n
represents O, mrepresents 1, and Rl represents -CH

2- Shloptiodlgsstefmayithay ddfedpembeé st dfabole7 phas entses atcard-
sui tabl e base such as potassi um carbonate and a )
suingap climdAgads toucHimopirmdesignpfdig optigad system. The object-

te , 5Q0C. , W bot h

- Bt Fioy R aRaRE S Rine 51 195 BF st iy Siyss. In case of

I eRir§ 98B irhadel dHRh; thé ophifalSyERRI &FFHY fot#RBd A¥YE8Re kiR Thter-
or when p and g both represént 1, X represents a

ni tecopg theatentar fi¢ld ppingsiarthe obscOMd insage fieldeputheenths cen-

- -, 0f whe represents 1, represents 2, X

- ealdisld poing antl B e Brih ppristABRD GRS whtre Apgirofogy
r eﬁfc@é&fﬁgzto?g(ﬁglfscd Rlqu ofat{nPefRRE Bgﬁcea ’sy$em.

represent , represents a nitrogen atom

represents -C(H2)-, Z represents -C(H2)-, n represents

1 and R2 represents =0, process_ (a) my typicalla be .
peliceborsds phtheiptepents aprasding to chaimt hgive gLompagt fesign with

2o 9E 2 RGDEE B AL, PGP ALl e

a §/dtdnffla§ Ha@BPREBOAHIS 0F bSdut 3SmADE ok THICIoNWRY fhe require-
irradi ati on. Wien p represents 1, g represents 1, X

r epepisaegasdimgholdagad subsirate Yesigp ptherapsicallements of the op-
represents -C(H2)-, n represents 1 and R2 represents
=o}“§?8 @0 (a) may typically be perforned in the
presence of N, N -di net hyl et hyl enedi am ne, a suitable

base such as caesium carbonate, a suitable reaction

pr Anwiptcalsystenalsaviog peadiatooh stmircgacerosding b ckimd9vexploits
such as di oxane, ,at a sui.table.tenperature such as

B ROVSABECORL S OSATIGN BRIRHD RO BRHES of theal Jehh S freform
re : : Lt

R ek b P REER R hORER TR wavelengh of gyeha
masadgiopasvinee necpossitlacPpfeesidpcthe ofavelenigth sliha hagefrom
such as potassi um carbonate and a suitable sol vent
surlpuhd0 psio aoug 13 @m-apl e tenperature, such as 1300C.

In process (b), exanples of protecting groups and the
means for their renoval can be found in T.W G eene

" Prisé editaintege§0 0P Splical Oy gami ocSdihestlaim Q0 .aniVal micrélittio-
Sons, 1991). Suitable am ne protecting groups include

s ugaphig|togleacgordings i glainy @y corresppndde dhgse mentioped above with

trichl orogthoxycarhonyl ., benzyl oxycar I .

L s VRS FOARM asosPERED CRUSE T BTN, TR sampg hels wie
Meyespet ECRMBShURCctiMES %dﬁc’bcﬁadc@r&n% US EREM 3N e Wit Wepect to
as hydrochloric acid rn dioxan or frifluoroacetic acid

i nthdicohiponenteachende)g trclagulddt i vely (e. g.

hydr ogenol ysis of a benzyl group or reductive renoval

of a 2 ,2",2" -trichloroethoxycarbonyl group using zinc
P A AR e A ARG SR LSt odr gl T RaR ifruction
whioadreata yrebformesuntaeds tiidhasa begiratlysddnayahntiolisble manrer.
solid phase resin bound benzyl group, such as a
Merrifield resin bound 2, 6-di net hoxybenzyl group
(Ell'man linker), which may be renoved by acid

catal ysed hydrolysis, for exanple with trifluoroacetic
acid. Process (c) may be perforned using conventiona

i nt erconversion procedures such as epinerisation,

oxi dation, reduction, alkylation, nucleophilic or

el ectrophilic aromatic substitution, ester hydrolysis,

e . . -



)2 , Z represents N(RZ), and Rz represents Cl-6al kyl,
may be prepared from conpounds of fornmula (1) wherein

W23 ¢7bot h represent 1, mand n both repr esREIEB2006{008869
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represents a nitrogen atom Y represents (-C(H2)-)2

and Z represents NH, via reductive al kyl ation

enpl oyi ng the appropriate al-dehyde in a suitable

sol vent, such as acetonitrile, followed by treatnent

wi th sodiumtriacet oxyborohydride. Conpounds of

T Of (P mble, 6:MI%d%@ntQ cdh %rﬁ‘ti&%& &erﬂf)leé@ﬂhe Fol1&Wing
represents’ n represents represents

Clacdbahtagt$) Gor eRarnisid, en%odﬂmrﬁs ﬁmh&lea:amptl‘logedi]eaimbjhfctwes
represents (-C(H2)-)2 , Z represents -S(0). 2-
priéigb#redeleeiiiiie 8 umage ganeol pigican or 9V1€lﬁ é@réiqmsfpnb%n@rly
bot h resent esen e

; e%(i,ng aélﬁlm eu%%%mtf \{/5' onltélgﬁg atr“ gr)‘%ﬁep g2 %‘rﬁyé dlgf?gnces
represents a nrtrogen atom Y represents (- CXFQ) )2,

and Z represents -S(O 2, via alkylation enploying a

s ulnt ceipfain emkgdlmmats datoptric projgstion ebiestiyes havsagsdremaly high

assdlum in .a suitable solv
FFSOUHOE. 5 O 2RO SHy e dpe it Fapasitty of

ac ﬁfgﬁnw Bs L811EEh R 905830 rBﬁOHi%ftxeré 610ti¥¥can b
20%8(? . ?rpounds of formula y erlel ﬁa% gnd
q dchidvedeppesgectionlobjactaed thathavh artnagh anage- s16e nﬁ(merlcal
represents a nrtrog n atom Y re ese
r e?ﬁeé@é?t qas)SneAAQr oRergiQinaly ‘é?i"cflﬁ‘ %79% 10
th I henme: wherein Pl repr esents a sw t abl e
prlglfletgtal ﬁg%ﬁ%‘ﬁg such as Boc. Step (i) typically
conprises reacting a conpound of fornula (1V) wth

met hanesul fonyl chloride in the presence of a suitable
soPmmlogtpbrﬁoalyeﬁp@hpr@wviﬁemmﬁé waidow aheriatipne Ipgsdain

g i B Sy §a G Ry Wen GRBRE L8 ot abou

sego Riator1kdst i seRdin ein'b@dﬂﬁ@tﬁ? i 6jeBfio objeLti vyl fe TOHYEBE for
such as tetrahydrofuran. Step (i1i) typically

c odiiptortsers bel odeynlugserftabont 2 eacen less. f or exanpl e, when

P1 represents Boc said deprotection reaction may
typically conprise reacting a conpound of formula (V)

Wi Eﬂlbédfﬂxé?ﬁélfn%hﬁfe él't(ﬁﬂh@ BBjé%hbé’sntﬁatal%etJ hikh lﬂl‘&hﬂ@féﬁi ép‘erture
aci d. Conmpounds of formula (I11) wherein p and

r emdemenidelimagimgewitbdemtimage drstcrr(apn,els@anVdfrorfﬁzrror and

Sl eam Sy R 5 st S5 T e e e

pr Fe@ﬂfr&dgfrbea&%%&ﬂ rb?%sté" ik "&F nidit lFQUEEHh SHRGTE:

wherein repr esent suitable protecting group such
as t-butoxy. Step (i) typically conprises reaction in
the presence of sodiumtriacetoxyborohydride and a

sulnt sppneerabpdimegitss nrcasctrwwmean@rmetrel@gu caigpg sas(lbr )

t y&r}%? eXtV\ﬁ gfg?éges%%t?onq %‘?rﬂ?é ﬁlg)ﬁéc%%n 0%2&) dllvg %bOUtOJ rotatlon axis.

represents eprotecti
I eB&it éx@kh (p]@)én‘ibﬁéhl@lahﬂs)bf‘p@(b]'@éth&ﬁotﬁ@@tﬁidsf(@ ga It @Uﬁﬂ)}éﬁtton
formula (MII1) with a m xture of dichl oronethane and
t r @bjb@twe@hﬁevmevecc’rldtwetlb smelled ngo Piesttinpgeisbit which result
]&ﬁtron ¢ n Cc Exchang %13 (Hca gar rrd@gtgn
he‘a‘& GO{H ‘ri‘aé OB Of AARBIAS Bl Aoy eheh the PIGIeEUR) o
t e%j@étﬁte”rro?atessértﬁﬁt ﬂ?e H09 GhuSOWREN HESprfectiBh BB|eRti(¢ ls‘ subject
wherein p and h represent 1, mrepresents O,
r eprremmmsnmtroRigyrcerprt’esemasatﬂe per)formq:xi osthatssma field posmon

nitr ge atom Y. re - and Z represents -
C( Mthouthaying @deb)éa%rtgp%tg"éa Hocglgecor dance with the

foll owi ng schene: wherein P2 represents a suitable
protecting group such as t-butoxy. Step (i) typically
conprises reaction with chloroacetyl chloride in the
presence of a suitable base such as

N, N-di i sopropyl ethyl am ne in dichl oronethane. Step
(||) typrcally conprrses a deprotectron reactron for

o o e " .



sol vent such as acetonitrile at a suitable
tenperature, such as 60C. Step (iv) typically

weamwpises t he use of borane tetrahydrofuran cRGEER006/008869
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solution at a suitable tenperature, such as 00C

followed by treatnent with an aqueous acid, such as

hydrochl oric acid, and purifiZation on a SCX (Strong

Cationic Exchange) silica cartridge. Conpounds of

formula (I111) wherein p and q both represent 1, m

represents On represents 1, R2 represents =0, X

represents a nitrogen atom Y represents (-C(H2)-)2

anBmBod@pres 8l8d $nclild ©Xat gsthi cairojeT tidy omcmm&aﬂﬂh\demo field

accordance with the follow ng schene: ), (XIX?- XIX )b

( xdgnspdentoupiliobseraien ar pa cempfsal mprlé&swéﬂpn ali t abl e

protecting group such as Boc. Step (i) typically

conprises reacting a conpound of fornula (XV) with a

U EABbRMh &It MQ@J@&W&% e§ 8Arbé Sdapiéd fd?%bratlon ata

t enper at ure. (ii) typically conprises

deyarateof dkfferexaamedﬁngtlﬁ&; nncéu(ang vesibletasd uma\nelpt ad¥nt s

Boc, ald d ctionr ac i.cal | e

re\gew rteh o Bl ot Rt eY pRURGSE b ESRUR b7

\ Wabé‘l%flgﬂg & heflof, 'eﬂa%'dﬁﬁ!n% QH??BB %H%pteas se at

| yplca y conprises reacting the conpounds

f onnm:d than OX¥YMavchngth|, XYbl¢r Hranige lof Navelengths.

2- am noacet al dehyde in the presence of sodium

tri acet oxyborohydride in a suitable solvent such as

bR eBF BRric BrERchb bolel e e RERA BFDefhphy

Bowolss@igd, [dtapgiabhy sédinersyaad icom Ffﬁizydé pdatbalY Jove ouBsEAL

reacting the conmpounds of fornulae (XVIiIl) a and

( m\mvetscem tsracpmplighed deleeragnplei by wsing projection objectives

f db
(SRR R ek GTR 5 i ipls, i Bhed i gjianea
t Vg @t Jiry e thé ?éctik@‘lérrfﬂeléﬂis ﬁarﬁl%lttél@lh@lebsﬁig%ﬂgb Bf €he die
such as 40C the conpounds of formulae (XIX)a and

( Witéppaviondiag gl heddl to ssah thenleading ledgs ofrtheithe sﬂtes beyond the

- cHEESuARe Hhag, A ih obtArid sEsr e i Cesher. sy wBsaly the case
ni &Iﬁ&g?&tﬁ?ﬂmr of s I%HE QRS a§e §daRed rélgﬁiveztorfgﬁzﬁé IR,

be prepared 1 n accordance wth
follomnng scheme: (XX) (XXI) Step (iii) NHP7 CHO (I11)’
(XXI'V) (XXIL1]) wherein P6 an resent sui tabl e
prEm@efiﬁm@ltawweéugﬂgr&gh s gﬂ%ﬂ@@ilyew;agla $irpyghput. For

AT LR o S AT o o

St @nfdradletsyfteaslthat laoaparzsesverscdapAotrdingdy, thesgdbiwon,
for exanple, when P6 represents Boc, said deprotection

r cQNOTFCERA SYBIPMS\EN PAPYigle Braher wakerthepmehpyt thawr thegaserasable
ofS éﬁ@ﬂ a (XXI) with trifluoroacetic acid in

di BRI G omet hane. Step (iii) typically conprises
reacting a conpound of forrmula (XXIl) with N boc-2-

am noacet al dehyde in the presence of sodium

t r insrvencostybodiotenty catepirie progagtipalobpctives/amtprevded tat have

1, 2-di chl e p rise
delppotant R deaegsnss of peidid hibs Fonssatoie capbi e o

B el

D06 £A6H BEREOLEEL O GRBE LB BLASY i FOHTRRE i
t rplahel G Qaatemﬁmty):pd)vhdmgi ualtbon ebehiranen fanglesm‘é thexhief rays
purification on a rong Cationj ¢ Exch g A

si 01 the Qbjgat ekl d! hl%@%breéwe Py ioie field éepepd mté ading effects
reacting a conpound of formula (XXIV) with borane
tetrahydrofuran conplex solution at a suitable
tenperature, such as 500C, followed by treatnent with

an aqueous acid, such as hydrochloric acid, and
purification on a SCX (Strong Cationi c Exchange)

S|I|ca cartrldge Cbnpounds of fornula (III) mhereln p

e e ~



(Strong Cationic Exchange) silica cartridge. Conpounds
of formula (11l1) wherein p and g both represent 1, m

WO 2presemnts 0, X represents a nitrogen atom YPGEHEPZ006/008869
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both represent -C(H2)-, n represents 1 and R2
represents hal oC* al kyl (e.g. fluoroethyl) may be
prepared in accordance with-tthe foll ow ng schene:
wherein P9 represents a suitable protecting group such
as benzyl. Step (i) typically conprises reaction with

? (ﬂérla %du?ifvnhg%)cglga%yﬁﬁgl% IQ%B%? Stlhﬁ ogjegtu fleld (\étematively,

sobvatliticnatly, psjebtionl objetiieh amehate I&laﬁliflet)&b'hﬁl values chief ray
temmrMUresudwasroomtemmrMUre Step (i1i)
t yisicrignt gnglengnd/ eresma]l veprtims of ieident angles rﬁor fayp in the

exa esents henz t

; e‘g’g{)fi{%laﬁgefﬂ?yp? 210 Flymlcr:'ré)rrrrl)rrl hep r%écc?'?h %bﬂe%?wg r%&hhgg i an
f omtkaded AV8rage wﬂ%laumdrspeaeﬂ rhﬁ'rdrhglvéﬁ e&esﬁkeuoé nfulti layer
suitabl e catal yst such as pal | adi um on car bon,

f ofdflovien Hyclpbeingiopsimiond fom saclsOXidest anglgs.Cat i oni ¢
Exchange) silica cartridge. Conpounds of formula (1)
wherein p represents O q represents 1, mrepresents 0,

N EREHEEhbddi t%%?(%]@&%ﬁ §bj€9t1ve>%arn‘%HEl%§€ @éa?ur%s _that allow a

nitrogen atom an h represent - C(H2)-, may
beregduetia@r mcthe compbexiyaotahe vﬁurhmtahen SpdtérawF ogexaatderthe
wherein L1, R3, R4, RS, R6 and s are as defrned abov?
antveation pkibecsbanee pupilipf BISIGEipB £0) jSsEVES BNaY beR drons of the
Boﬁbjaé e( o) tOLHéP kx&qbé %h%?ﬁ&éf]ﬁﬁmg%?ﬁ HEREn il points are

yI e am no

pydiveldedlt Wﬁﬁ&éﬁmvioaéaehldﬂhe’t SUrstcab Ingakehy emrarfdePupésof the
DMSO in the presence of a suitable base such as
pop@mt@mo@mcmﬁ/@m papilpfdhe tlhmléa@@rrﬁéﬁml aeeessipbnwithout

00C under m rr.adi at i call
oo B088 ok £ BIENEPiN R SheBhto RSPk iiminaRigh Sisrdms
P18kif fpiE ek JoBRonIAtHe PRPEDOALD) &t ve BatiaRBe PaYil.
typically conprise reacting a conpound of formula (-)
vvlth a m xture of dichloronethane and trifl uoroacetic
ur|f|c ion O SCX

fol | d S
stz R gty Aiheds s hrbtigt SSPa e desebtion, the
ty&b%ﬁh%%aﬁ@ﬂﬁhﬂﬁﬁ% reacting a conpound of formula
(XXX

th triphosgene in the presence of a suitable

base such as triethylanm ne at a suitable tenperature
such as room t enper at ) ds og fornul (I)
whEl@iln p and q bl@tarﬁcrieaﬁ%%ww qf atem arhge@ﬁp
represents 1, R2 rep ﬁﬁlg{ H 2, CO2H or CEQEt X
represents a nitrogen at and Z both represent

-C(H2)- may be prepared in accordance with the
foll ow ng schene: wherein L , ,, RR, R and s are as
deFlGdd above andisR sctzgméeemesv shpvingga portigaeef thet ep
(i) typically co
oct ahydr opyrrol of laéﬁ&?ﬁgﬁﬁgﬁﬁgs o%EH gg?lrc aci d,
am de or ester in a suitable in the presence of a
sui tabl e base such as triethylamne at a suitable
t eher2& ure such &= cre@e@ctlomip@@rnﬁ agptationally asypmetyic

wherein p and q bot resent se

nitrogen, Y repre § flé(qq”flipdm%" ?té%r@ﬂtygygﬁnemc
oxygen atom m reRrSSRM SurficeN represents 1 and R2
represents Cl-6 al kyl substituted by a hydroxyl group,
protected as the TBDVS derivative, may be prepared
according to the follow ng schene: Step (iii)
(I11)Step (i) typically conprises reaction of the
carboxylic acid (XV) with the am ne of formula (XXXV)
in a suitable solvent, such as dichloronmethane, in the
presence of a suitable coupling reagent such as

O benzotriazol -1-yl- L/, L/,L/",L/I"-tetranet hyl uroni um
tetrafl uoroborate (TBTU) and a suitable base, such as
drrsopropylethylanrne at a surtable ‘tenperature, such

N o, ~ o o



and P11 represents a suitable protecting group such as
Boc. Conmpounds of fornula (I11) wherein Rz is G -6

WQRW031201- 6 al koxy, -COR7 or -SO 2R7may be dePCT/BPBR2006/008869
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from conmpounds of formula (111) when Rz is hydrogen at
any suitable point in the synthetic sequence, for
exanple after step (iv), vialdeprotonation enploying a
sui tabl e base such as triethylam ne foll owed by
reaction of the resultant anion with Rz-L2, wherein L2
ui tabl e | eayi r . I :
standgrd cond|t|gﬁgqggggﬁgﬁgagQ?ﬂgﬁgﬁgegggﬁggggqﬁ%
or gani ¢ chem st r yprogection objectivashowhie hiesidRshabpegidn.
Organic Chem stry: Reactions, Mechanisns and Structure
1by M chael B. Smth and Jerry March, fifth edition
(W.J.ey, 2001), |ncor Qrate refere
CofiSEthas of 1 or nsrarer 5 ianargy of 4 g §EE firror from a
represent 1, X rq&bﬁﬁﬁﬂh%bﬂkhb@gﬁﬁwnﬁlﬁ%ﬂﬁﬁﬁﬁﬂ&&nohc(H
2)-)2, Z represents -N(RZ)-, mrepresents 0, n
represents 1 and R2 represents Cl-6 al kyl, nay be
r&ﬁ in an analo us nannerg%g thathdescr H
Sfhen Z repréd gmattc BS&Wg Rt atamirRghavipge
the correspondi n
represents N Pllg%%gﬁ%ia%i:% g%n?é\é}gﬁgégﬁrgb l e
protectlng group such as Boc, and the approprlate am ne
i n_place of that of fornula ove. Conpounds of
f oFMEHPB (111) whelb&iss @atleve_w @f aatawrath 43 BUEPKBYng a
GR7or-SOZR7 s of
formula (I11) shereead B%Qﬁ{?w a‘g]é)ﬂta frﬁ/%%{elﬁ?t abl e
p0|nt in the synthetic sequence via deprotonation
| oying a suitable base such as triethylam ne
1@®édd by reactis@rview afldanireos(yl foatrmdni on wi t h
Rz L2, wherein L2 is a suitable |eaving group such as
hal ogen, under standard conditions, described in many
strgl@B] Of gani ¢ igheifb&tietibR¥ ey ofthemifor' sNBHAN FIG. 6A.
Advanced Organic Chem stry: Reactions, Mechani sns and
Structure' by Mchael B. Smith and Jerry March, fifth

edii (Wley, 200 |nco or at ed .her

ekl e Compodadsien ViGT MAET bodeRRaF a e segmanifield,
both represent 1, X represents nitrogen, Y represents
-(C(H 2H , represents -S(M2)-, n represents 1 and R2
repiegdnt s Cl- 6 ailslaylars ulest of aitieg sbymenthyald oodytivetocupair of
protected as the T'FMB derivative, nay be prepared
according to the Vaier 8if fi§Sschenme: Step (iii) (111) m
(XXXX) Step (i) typlcally conprises reaction of the
carboxylic acid (XXXVI1) with the am ne of formula
(XRG/)70 n a sui t aiglagplawlicansdt a faceangalar dietdiadatbreab harsy of
in the presence of a suitable coupllng reagent such as

O benzotriazol - 1-YR ferdiq gites/ ' L/’ -tetranet hyl ur oni um
tetrafl uoroborate (TBTU) and a sui t abl e base, such as

di i sopropyl ethyl am ne at a suitable tenperature, such
asFI@@M t enper at Uk Q. scheRafi¢ ¥iew ¥Pthe proj¥cteePhjes@s of the
deprotection of (XXXVII1) using a suitable reagent

such as tri fl uor cerokedimeat pHimidrolithogeaphlyytoglshopindatflon1.
on a SCX (Strong Cationic Exchange) silica cartridge

and subsequent cyclisation under suitable conditions,
SUEJG.@s i cr owavei ardfr?éjs'-@ctie%l v%@raf(alﬁrm)scﬁarpbn@ttt\ye shown
conpri ses oxidation of (XXXl enpl oying a suitab
oxi di si ng agent simahe@ddioBaldetidsroper oxybenzoi c aC|d

(m CPBA), in a suitable solvent such as

di chl oronet hane, at a suitable tenperature, such as
roomtenperature. Step (iv) typically conprises
reduction of (XXXX) using a suitable reducing agent

such as BH3-THF at a suitable tenperature such as

reflux. Step (v) typically conprises reaction of
(111)"Iwith fert-butyl dinethylsilyl chloride (TBDVSC)
|n a SU|tabIe solvent , such as dlchlorornethane in

o - o o s a o o " o



0, Rl represents hydroxyl, X represents a nitrogen
atom Y represents -C(H2) and Z represents -C(H2) may

wheooperar ed i n accordance with the fol |l owi ng BCHEPRI906/008869
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(XXXXETT) (XXXXI'V) step (iii) (H) O Step (i)
typically conprises reacting a conpound of formula
(XXXXI'I'1') with chloroacetyl -¢bl-oride in the presence
of a suitable base, such as triethylamne. Step (ii)
typically conprises treating (XXXXI'V) with nethanolic
a ha at roomt. tur N i -
cglﬁﬁl ilg es reduct ilgﬁqp%gégﬁégﬁ%?%tev? %ﬁ%é%ﬁé{n@b%ﬁ) #(%?Crtrll? Pa
(XXXXV) with a sujbjedtlve sheduGhigeradiondl sestiah as
LiAlH4, in a suitable solvent, such as THF, at room
tenperature. Conpounds of fornmula (l111) wherein p and

q represent 1, m and both represent. O X .
re%lﬁegénts a nitr‘é@é‘ﬁ(’s&fsﬁﬁﬁonﬁqr"éﬁ?Qggrﬁ’{%’egt&q—@?]?(:tij e shown
represents - C(H2)inapsidoh8REeessNt s CH2OH may be

prepared in accordance wth the follow ng

scheme: (XXXXVI) step (iii) (XXXXIX) (XXXXVIII)

Typi cally conpounds of fornmula (XXXXVI) may be . .
prefSarléd by react® ﬁ@r%s&eﬁypnajrﬁl% Ok P BHQIEE!1Qh pbjective shown
1, 3- di bronopr opang &%&i&igﬁ RLEsghce of sodi um et hoxi de,

in a suitabl e sol Vent such “as et’hanol, at a suitable

el evated tenperature, such as reflux (step (i)).
Typically step (ii) may be performed via reaction, of
(>®Qd>@<\lff>) Wit h br of@aEeisysecherhiviw of a e eplieis abjeeti vt shwn
sui t abl e base, su.%h a8 4i rqtlasstiiunm carbonate at OCC.
Typically step (i’i ir5’ i(}] Ofves' Y eat ment of ( XXXXVI 1)
with benzylam ne in a suitable solvent, such as
acetonitrile, at roomtenperature. Typically step (iv)

i NSk V44 reduct i o agfrogsyocxpamal iview o agrejestion apkeetive shown
reduci ng agent such as,.Li QI H4, in a suitable sol vent

such as THF at el BVAFRGOpISSEd M -ure, such as refl ux.
Typically step (v) involves deprotection under

standard conditions, such as treating with anmoni um

f oFi@tldBand pal | adiaumossesectohaview of an spficalsystesotheent
such as nethanol,. af an elevated tenperature, .s

reflux. Conpoundsifg d%mmrale(ctlplppgmev%ﬁb%nahﬁf{g 1A and
both represent 1, e represents 1, R2
represents Cmm,oggr{lzlgpggg%gsygeﬁ?trogen atom Y
represents -C(H2) , Z represents -C(H2) may be

prepared in accordance with the follow ng . o

sC SEXXXXX)  ( XMSOveress-seetipnglivigw of ajprgigctionadysetive shown
wherein P13 reprei%elﬂégdig EILQ?EQQAe protecting group

such as benzyl oxycar onyP. ypically step (i) may be

performed by reaction of a conpound of fornula (XXXXX)
w th di ethyl brononal onate in the presence of a base,

subks.d$Apot assi ums@arbpaeter plat showing caltudated distartion as a

e oS e one s bl LSS TR ab e gl B 7 bbcrion
conmpound ( XXXXXI ) ojBgVe sthddarrdgeesdi tions, such as

under an atnospheré of hydrogen in the presence of
pal | adi um on carbon, followed by cyclization at an
el evat ed tenperature, such as 500C. . Typicall t
GTIG 168y be. per f Brday YPSoF it ehpipecialqaipied shigf Fay angle
noi ety of (XXXXXI QY Sk [ '
agent | such as Li Bl gH oToSuahid e i ekl 13 the
fol |l owed by reducprogettioh obleetiaeshiewn i BOGYIS. noi et y
enpl oying a suitable reagent, such as BH3- THF, at

el evated tenperature, such as reflux. Conpounds of
formula (111) wherein p and q both represent 1, X
represents nitrogen, Y represents -(C(H2H , Z
represents an oxygen atom mrepresents 0, n
represents 1 and R2 represents hal oCl-6 al kyl nmay be
prepared from conpounds of forrmula (lI1l) k via
protection of the secondary NH, for exanple using a



Step (ii) typically conprises a deprotection reaction,
for exanple, when P represents Boc, said deprotection

WO 203 eml may typically conprise reacting a cobPGUEP0EGH08869
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formula (XXXXXI'V) with trifluoroacetic acid in

di chl oronet hane, and then purifying the product on a
SCX (Strong Cationic Exchangé} -silica cartridge. The
deprotected internmedi ate may then be cyclized via
heating at a suitable tenperature, such as 40 C

RS bt e o Kpro e e shown
(OOXVI 1) . (300X1 ) , in(fefdibhal)sectiofOO0X) and (XXX 1 1)

are either known or may be prepared in accordance with
known procedures. Conpounds of forrmula (1) and their

p tical ly acceptabl e salts . have affinity for
aglgf(gg%gﬂt@goni A€ pg(ﬁs a%%wﬂl%?atgl% aﬁﬁﬁatﬂ%}?@ﬁtao naiiep of
thus nmay be of u itfbrd 1AG&ht RAsERBIA Bf (REREbE objecti
di sorders. Wt hi flﬁotshe clont ext a%f t he presen{&] obJective
i nvention, the teahosvndedogi bi.ng the indications used

herein are classified in the D agnostic and
Statistical Manual of Mental Disorders, 4th Edition,

p t shed bythe-ﬁrﬁ{r' 8 I ap r SOcl atd-on:
(L[@l& ?\1/) and/ or t1 e %%Zgr%ﬁgté%{ﬁonmé%g gggi‘? ?tg%r?%)lg%&&e shown
Di seases, 10th EdintmerdiohdlReddn. The vari ous subtypes

of the disorders nentioned herein are contenpl ated as
part of the present invention. Nunmbers in brackets

o bR gt o LSS SR PRI 4B g papion

the present invenhk@magé field @F e MoyeetioniobjedtisosR@wn in Fig.
i ncl udes :-Schi zophrenia including the subtypes

Par anoi d Type (29%..-30), Disorganised Type (295.10),
Catatonic Type (295.20), Undifferentiated Type

(295.90) and Resi dual Type (295.60); Schizophreniform

D gy 981 (295. 40)i5 aR66ds2R21iHRANIME 0Pa PPoje8iord 88eeti) shown
i ncl udi ng the subtypes Bi pol ar Type and "Depressive

Type; Del usi onal ibDisendienal(s26fiorl) i ncl udi ng t he

subt ypes Erotomani ¢ Type, G andi ose Type, Jeal ous

Type, Persecutory Type, Somatic Type, M xed Type and

U i Type; [ ' ' AN
S LB RSoT o By SO o AR Eur R of oition in
Due to a Ceneral thedimagé fiEkinidr theoprojattibnadbjegtivéiehown in Fig.
subtypes Wth Del usions and Wth Hal | uci nati ons;

Subst ance- | nducedzﬁsychoti c Disorder including the
subtypes Wth Delusions (293.81 ) and Wth

Hal | uci nati ons (293.82); and Psychotic D sorder Not

O hEg @9se Speci fiigd drd@SseBiondlaigae vfidprojectidn objeétivd shown
and pharmaceutical ly acceptable salts and sol vates

t hereof may al so ipeneridigsd septi¢the treat ment of the

foll owi ng di sorders:- Depression and nood di sorders

i ncludi ng Maj or Depressive Episode, Manic Epi sode,

M KRSk B ;gade  andablypaEBRG winBRibsRE8on R RFSHYE of position in
Di sorders including Maj or Depressive Disorder,

Dyst hyni ¢ Di sor dethe (3@@e¢ fipld foe phrecprojectioMiobmctive sivpvn in Fig.
O herw se Speci fizeﬁij (31 1); Bipolar D sorders

i ncl udi ng Bi pol ar“1- Di sorder, Bipolar || Disorder
(Recurrent Maj or Depressive Epi sodes with Hyponanic

Epi sodes) (296.89), Cyclothym c Disorder (301 .13) and

Bi P83 D sor der iatcr&sherctibsa vipe of hipeoje(t2@bol§6¢tive shown
O her Mbod Disorders including Mod D sorder Due to a
General Medical ObriBemEdigRalsEoBoB3) which incl udes t he
subtypes Wth Depressive Features, Wth Mj or
Depressive-1i ke Episode, Wth Manic Features and Wth

M xed Features), Substance-I|Induced Mood Di sorder
(including the subtypes Wth Depressive Features, Wth
Mani ¢ Features and Wth M xed Features) and Mod

D sorder Not Ot herw se Specified (296.90): Anxiety

A2 2



Al cohol - I nduced Anxi ety Di sorder, Al cohol-Induced
Sexual Dysfunction, Al cohol-Induced Sl eep D sorder and

WoR®ehdI27Rel at ed Di sorder Not O herw se Speci f PEUEPZ294/008869
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.9); Anmphetam ne (or Anphetam ne-Like)-Rel at ed

D sorders such as Anphet am ne Dependence (304. 40),

Amphet ami ne Abuse (305.70), -Adphet am ne | ntoxication
(292.89), Anphetam ne Wthdrawal (292.0), Anphetam ne
Intoxication Delirium Anphetam ne Induced Psychotic

Di sorder, Anphetam ne-1nduced Mbod Di sorder,

Anphet am ne- | nduced Anxi ety Di sorder,

ANPIGS . 834 toeydl nducsrd phsts yhdwingsdbenatibmas a function of position in
Amphet am ne- I nduced Sl eep Di sorder and o o
Anphet ami ne- Rel at &g image fight foxshe projrotign objscpize shewa in Fig.
(292.9); Caffei ne, el ated D sorders such as Caffeine

I ntoxication (305:90), Caffeine-lnduced Anxiety

Di sorder, Caffeine-Induced Sleep D sorder and

Caffei ne-Rel ated Di sorder Not O herw se Specified
(2BHL.8)/; Cannabi sisReirassestchpsandew ©f syprd)eaorCabjealny sshown
Dependence (304. 30), C‘a&nn bi s .Abuse (305.20), Cannabis

| ntoxi cation (292ggNAIBAALSeEHAN.| nt oxi cation Delirium
Cannabi s- I nduced Psychotic Di sorder, Cannabi s-| nduced
Anxi ety D sorder and Cannabi s- Rel ated Di sorder Not

O FEESVi XetoFeci f i @d pl@9 2h&yingCGheaiationRed afiedtibh £6pdsrisn in
such as Cocai ne Dependence (304.20), Cocaine Abuse . .
(305. 60), Cocai nethedmgge Esld {on thepre)eptipn abgsctivpshown in Fig,
Wt hdrawal (292. Cocai ne Intoxication Delirium

Cocai ne- 1 nduced Psychotic Disorder, Cocaine-Induced

Mood Di sorder, Cocaine-Induced Anxiety Disorder,

Cocai ne- I nduced Sexual Dysfunction, Cocaine-Induced

S| BKp 4bi sor der anid agsess-sestipadlatied obiagueigetiomphjective shown
O herwi se Specified tQZ%Z. %) dal | uci nogen- Rel at ed

Di sorders such asHBFIGOMAGGENCbependence (304. 50),

Hal | uci nogen Abuse (305.30), Hallucinogen Intoxication
(292.89), Hallucinogen Persisting Perception D sorder

( FFEshsEctosdd (29 2ar8 P)ots kbdwing abegranonnasox funatipof position in
Deliriu Hal | uci nogen-1nd d Psychotic Disarder, . _.
Hal | uci nmogen- | ndu@ggm@gggeg (5|ﬂbee I"OJeCtIOIl o%ectwe s{mwn in Fig.
Hal | uci nogen- I nduggd Anxi ety D sorder and

Hal | uci nogen- Rel at ed Di sorder Not O herw se Specified
(292.9); Inhal ant-Rel ated D sorders such as I nhal ant
Dependence (304.60), Inhalant Abuse (305.90), |nhalant

| nE¥%idSat i on (2921S@GFOssrIEcHPRHVIEW O RIPERICFHPN PRIEFHY S $ROWN
I nhal ant - I nduced Per si: st | ntia, |nhalant-Induced
Psychotic D sor delp%?ﬁﬁﬁghg%te- ar;?guced Mood Di sorder,

I nhal ant -1 nduced Anxi ety Di sorder and I nhal ant - Rel at ed

Di sorder Not Ot herwi se Specified (292.9); N cotine- =
ReFKi® FH60056r der sargmpdots sBowingaberatigrsasn Bmeton 9 pogijion in
Ni cotine Wthdrawal .(292 nd N cot i.ne- Rel at -
Di sor der Not Ot neliiS8Ze5S @7 B bR G oBRALEShown in Fig.
Opi oi d- Rel ated Digprders such as Opioi d Dependence
(304.00), Opioid Abuse (305.50), Opioid Intoxication
(292.89), Opioid Wthdrawal (292.0), Opioid

I nt.oxi cation Delirium i ai d-I1 nduced Psychotic. .
D1 EGF 45 Cpi of - FTRSTRAGHBUR SIS BROIEH Tl DR v
Sexual Dysfuncti q@,mgp&ighg-seggﬁ,gced Sl eep Di sorder and

e

Opi oi d- Rel at ed Di sorder Not rw se Specified
(292.9); Phencyclidine (or Phencyclidine-Like)-Rel at ed
Di sorders such as Phencycli di ne Dependence (304.60),
Phencycl i di ne Abuse (305.90), Phencyclidine

I nt oxi cation (292.89), Phencyclidi ne |Intoxication
Delirium Phencyclidine-Induced Psychotic D sorder,
Phencycl i di ne- I nduced Mbod Di sorder,

Phencycl i di ne-1 nduced Anxi ety D sorder and

Phencycl i di ne-Rel ated Di sorder Not O herw se Specified
(292.9); Sedative-, Hypnotic-, or Anxiolytic-Related

o - ~ 1 .



as neurol ogi cal disorders, neuropathic pain, restless
| eg syndrone, heart and |ung di seases; and

wEawsodce- | nduced Sl eep Di sorder including thRCT/EP2006/008869

subtypes I nsomi a Type, Hypersomia Type, Parasomi a
Type and M xed Type; sleep apnea and jet-lag syndrone:
Eati ng di sorders such as Anerléxi a Nervosa (307.1)
i ncluding the subtypes Restricting Type and
Bi nge- Eat i ng/ Pur gi ng Type; Bul i m a Nervosa (307.51)

ng the sub ] i TEPN
Tygie@% esity; Coitr?pél Si %@ ?R%%%%sr%%g a%ﬁ@%rgééﬂ%smon n
Eating Disorder; thedmagé ifieti for sy piejecioh objdeeiveisseéwn in Fig.
Speci fied (307. 50) Auti sm Spectrum Di sorders
i ncl udi ng Aut i sti49-Di sorder (299.00), Asperger's
Di sorder (299.80), Rett's Disorder (299.80), Childhood
D sintegrative Disorder (299.10) and Pervasive
Di prg.dgr Not Ot hejswi §68ssSRREbhiISHew 299 p36iectide bbidLitge shown
Atypical Autism. Attention-Deficit/Hyperactivity
Di sorder incl udi ng merdisobltsepben.Att enti on-Deficit
/| Hyperactivity Di sorder Conbi ned Type (314.01),
Attention-Deficit /Hyperactivity Di sorder
Pr nantly | nagt, v
A tpfet(rj;?lzon Deticl ?fs i %éesr geccirlﬁgzlﬁ Widd bt AProjection objective shown
Di sorder Hyper act i menbmimhslese@m (314.01) and
Attention-Deficit /Hyperactivity Di sorder Not

10 ot herwi se Specified (314.9); Hyperkinetic Disorder;
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Di tlve Behavi Qur .
D|§1cr)($j ér incl udi n%%%@@ﬁ%ﬁ%?’s‘ﬁgggp E g‘;%-onse g/ep%fa
(321 .81), Adol esgsmitonddts@idelyee (312.82) and

Unspeci fied Onset (312.89), Oppositional Defiant
Di sorder (313.81) and Di sruptive Behavi our Di sorder

No S fl d
TobHERRe: o b sor dba Jouenadbshotae SeRSHT E YT HEPeS
i ncludi ng the subtypes Paranoid Personality D sorder

(301.0), Schizoid Personality D sorder (301.20),

Schi ot aspaét, ferdisclagure yellies 6o depptf BQrpR2Yion sbreckvesi thht have
Per sonal i t sorder (3 Bor der | Per

Di 9%t 2oy i”oréiﬁa“%(asgf“?%ﬁf’én‘ﬁé’ir§8ﬁjé?q {r 9§5€ 4P &%%’)éefom
(3 9c é{%&

| %\];g?lgan?at e Cgﬁ‘é eléﬁlé)/ﬁ %ﬁ?gﬁgéekf\bfgﬁ Yreao?ﬂlr Ifﬂﬁ{mé gﬁ&gﬁ Lsddin
Pemnhthogyap[ﬁysooldeReKeﬁﬁﬂg tolf1G. Ohs assrolrmhomlwmosl veo
Personality, D so r (301.4 Personal ity D sorder
NoBensF ¢ w%kl@essétgﬂeﬂf ﬁém éb@ angf “mEPﬂﬁWﬁ'@)é’c 13§}, a projection
Coglg!e{:tll\%n llnﬁhﬂ'@sf% I@% W EatdRhlco 6rdﬁpﬁ§@§z§s'tﬁﬂ 1S shown for

|rnen seases SUch a8 Sc
bi Rﬂ’ér@ﬁcéj L3 @HtbSurcediEN 68 @R radihiier alﬁkﬁ%ff\él@ﬁgthQ and directs a
di sorders and psychotic conditions associated with
colg¢ann ilV2of ﬂwaxadmsnn to éltgnlnAtIQIh sysiem' 120d]1bwaisatiomsybtem 120

oS D Slhau fad RoRBestire) th Gt Pagaaecs a
angea%@f?@lof ﬁ}éeﬂ'aaia@iﬁn% §%ﬁjﬁé 1(16989?1%)@ Wje@t rp‘?é‘r?@i 03.

di sorders such Femal e Sexual Arousal Di sorde

( 3By c?c:t])onafogied%/hzled Ofriemped mdidtmarlddrre(1d@ad Tid)n remcgfakétﬂ anto
di sorders such as Fenal e. Orgasm c. Di sorder

Ve éur%f(@d%frﬁ 0 @ir%tsﬂé@rp%éwed&s an, {Rags RIARS uﬁ% Fric radiation on

5 A5k Sl ol on SR LR AoTOEIRLESY G 9 hove
Dy &f BIG: 11| e rbipd artilesitive onpesnd hédnfedded ¥dhe accurately depict
par aphilias such as Exhibitionism (302.4), Fetishism

( 3@12 math of theaadiation sith(zepecs ) retipledldidhifor exapmie Smpstrate 150
Sexual Masochi sm (302.83), Sexual Sadism (302.84),
Transvestic Fetishism (302.3), Voyeurism (302.82) and
Paraphilia Not Otherw se Specified (302.9); gender
identity disorders such as Gender ldentity Disorder in
Children (302.6) and Gender ldentity Disorder in

Adol escents or Adults (302 85) and Sexual Di sor der

1 2 e ~ = P o a1



Thus, the present invention further provides a
phar maceuti cal conposition for use in the treatnent of
WO pw74ab37e di sorders which conprises the conpoRGHEBI006/008869
formula (1) or a pharmaceutically acceptable salt
thereof and a pharmaceutically acceptable carrier. The
present invention further prd6i-des a pharmaceutica
conposi tion which conprises the conpound of fornula
(1) or a pharmaceutically acceptable salt thereof and
a I o Q -
o PUREPREGLSY FaLE 130 FRh I 2o RHMIEL 15T Na RS ion
f obbjestivegl lgsthat piwjéoti@atobfective d Ve nmagayehiolel 110 to different
di sorders; i) antipsychotics; ii) drugs for
exP®§99$aﬁ$H§Ua§1Hﬁleffects, for exanpl e
anticholinergics (such as benztropi ne, biperiden,
procyclidine and tri hexyphenidyl), antihistanm nes
5( SPthj'ecﬁ%ndjb?é&iﬂrByl@'l antlnges AnderdAaming0s] mentisdidifheds where
amantadine); iii) antidepressants; iv) anxiolytics;
anproyctioo gbjactive iesyrametraswith respreiriolasmehdionakssctons e
i nhi_bitors . h as tacri.ne, donepezil, .rivasti.gn.n
PGt ) Dne E bHB i ARes sl (A s Haghe
benkﬁnghpyﬁgggjnation with antidepressants to treat
or prevent depression and nood di sorders. The
compounds of the invention nay be used in conbination
with the foll ow ng agents to treat or prevent bipol ar

10 qj bight sourcy 1 HQ sgsedechied 10 ravigle raglintion af 3 desicdiqpegitional

il nti.depressa he co unds qf it inventjion

ey L8Oy R8T, I Sa e TR 1o spREE T A taser
t ol fKteRdbrd! shesek i mséle@rxyg.,dﬁawgi@ Waivelehg@ e dbovit 248 hm)
and ii) antidepressants. The conpounds of "the

i neeart Adnlasery(et@, havang A wayelebgthatfi aboutv $hntheNon-laser light

foll owi ng agents tq.i nprove nicotine wt | and

F cxRieenegere wedinelBie st Gene dofe {L4ahe e S LEDs
15 U hehapMit 8iaﬁ?5ﬁ"i'ﬁprlﬁ Blud BPUWS8bnE 8F ! éf’édt%agnetic spectrum,

ni cot1 ne beta-cyclodextrin and nicotine patches; and

i 1 ¢.ghupowt@edmm,Taisut AP aundisaboiut 2Ae nimvent i on may be

used in conmbination with the follow ng agents to
i mprove al cohol w thdrawal and reduce al cohol craving:

i) . f . .
) TREAN. RSB OB ARS8 e A SHA L AP B A3y
angbold, wavelRhgihd, iinaRt Qltraidlagsitish,che AeeeuRAR Ret portion or
nal trexone. The conpounds of the invention may be used
20 i nthegntremetulwaviniet portion ¢ighe elechrgmageetisspeotritnmp Fovexample,
opjate w t hdr | and reduce opigte craying: ig i oi d
Rt éﬁ@%?ut BOF 4 858 @9%&%&%@(&88% 300 5 or
for ex I r PRl NEicnl i 1L.oid re 0
s AR PR SIBEIAR 30 ERSE' LAFRBUr s, . can e
vVagRe {hah AbuN hil(ERET A5 b e of Aor&%BBW ) hf xhéiendn
The conpounds of the 1 nvention may be used in
c oetnbodinients, Wi dain Hetabofao | $ Dnmn gbag div sin,cabone dt noy, or about
prevent sl eeping.disorders: i) benzodi azepi nes for

25 exhhpme Uskiges eshatively shorbvayelgagth raay be desarpblgecause, in
Cri LSS o eni ne. . .
e e
| i {o)theavdveleni . Thefeloreahanit @addlEwiing bart @low a projection
but abar bi tal, pentobarbital, secobarbita and o
phebiettayeiotrgsol ve ginaber fedaipesas sarmage angdueyalent projection
sedati ve- hypnotics for exanple chl oral r at nd
c DB O 1Ot Y S BIa<IroRe BHEe RO SRS G P e
used in conmbination with the follow ng agents to treat
anorexia: i) appetite stinulants for exanple
cyproheptidine; ii) antidepressants; iii)
anti psychotics; iv) zinc; and v) prenenstral agents
for exanpl e pyridoxi ne and progesterones. The
conmpounds of the invention nay be used in conbination
with the follow ng agents to treat or prevent bulim a:

e e T



phent ol am ne; iv) prostaglandin agonists for exanple
al prostadil; v) testosterone agonists such as
WO 2@r03128r one; vi) serotonin transport inhibitBCHEP2O6/008869
exanpl e serotonin reuptake inhibitors; v)
nor adrenal i ne transport inhibitors for exanple
reboxetine and vii) 5-HT1A ag®nists, for exanple
flibanserine. The conpounds of the invention nmay be
used in conmbination with the sane agents specified for

e R ARG A1 e PR LT it

aqgnnsh)such as estradiol. Antipsychotic drugs include
Typi cal Antipsychotics (for exanple chlorpromazine,
t hi ori dazi ne, nesoridazi ne, fluphenazine,

CrIBERP R b S rEh da 0 RaBTE R e N AR TR o
5 At acmlﬁﬁtedﬁ}*aaiaﬁ%ﬁ Rl with 6 HemdR¢ASRIsantehSit@pioTRe. Illumlnatlon
ol anzapi ne, risperidone, quetiapine, aripirazole,

zi pyseesn 20 éyaoallyaals s ulohrded bpamAttaragpmmess smdirdetbgam 122 to
i ncl ude ot oni n reuotake nhi bi tors
c Rl AT s SBe STt o oy st DL R include
#
SO HRAD oIS PRLALROARS SO I RIS eam

n1|naC|pran) Nor adr enal i ne reuptake inhibitors (such
as_reboxetine); trlg%cllc antldepressants (such as

10 anTYI?IPiJi)y?bJﬁ@t plang pisarralle! to Hnageamane | 0dpwevar ineertain
%ﬁlé&?h}/enw ?mﬁ‘géjgfahé 'i’b@fsaxg‘téh%tg 'IQJb%@{‘q ggo&@af 3@%91 03. For

ors (su I'socar boxaz
ph@mh]ﬂb Nienae laneaI? canetiltdledy: a0 bby g&bbau thommore
bu opion, manserin, mrtazapine, nefazodone and
dbavY 2° oeares ehoit 3°semereuahout 42 londwre.iabeutips or more)

sodlun1va|proate/va|pr0|c aci d/ di val pr oex,

carbanezepi ne, |amotrigine, gabapentin, topiramte and
15 ti egakt Pﬁne AD% i 9kepakf8d Frof e eRRNEOrHBBER UNeMce US Rviish is

al prazol am and | orazepam The 1 nvention 'thus prOV|des

| nalao fefetrbé to asthedengtbwissrdiingasiorordmeklengtingt arojection

ottt B 1uamedcRisbtnSsbnbd B S Granfehedrepn rynapraltel
{ NERARE e B0ARe RIEBFRLEITAE (ROTRNTH BTN pline

to above may onvenlent presented for use In
f oparaliél andpdiesestioethit obpect planermict thenthardjdeh isld, the image
phar maceuti cal fornul ati ons conpr|3|ng a conblnatlﬂg

20 asﬁaléfqnﬁéae 8Bt coOBPOnARYS aif loratgd DrtyarRdRERC e Rayal
gg @H{:sakfnllg g?rﬁ@rzlf Tl dgian%%.?ﬁérﬁﬂto ?gééﬁ?ﬁc Qedi ﬁbbﬁf;qe tion

e rnven & i ondi conponen 0
S ugthy ectovei adn dihe mlda@ttadf@parai@f &ftkoel 1G.Mn some
sequentially or simultaneously in separate or conbined

phgphg@@mts@ shcly ey wpalsidspignedifer @ Vdshegrany, df is in a range

| HRHLGL) Rl BRI ARBERAP) S b 2

25 SegHngh deh@r@aﬁybdlﬁq@&emls a6k it 282IsB8T ad AHuS2m or less
di séase state the dose of each conpound may differ

f r Gng.t dlzout iHem errlesss ebpsundmi er lgsedbantoné m ppissoabpat b5 m

8 L P BB 0 e

o ngna BYutes B SPALRD asauﬁﬁm&ul&l%re about 0.7 m
suita Iy at ambi ént tenperature and at nospheri ¢

pr essrE abost W8 wabt ynoaelabbed).pan oonalre, ghant hieoamoot).

rectal adm nistration and, as such, nmay be in the form
30 of tablets, capsul es, oral liquid preparations,

powder s, granul es, |ozenges, reconstitutable powders,

i njectable or infusible solutions or suspensions or

suppositories. Orally adm ni strabl e conpositions are

generally preferred. Tablets and capsules for ora

adm nistration may be in unit dose form and nay

contain conventlonal ex0|p|ents such as blndlng

e oy v - oy



conposition to facilitate uniformdistribution of the
conpound. Conpositions suitable for transdermal

W@ 3RIT at i on include ointnents, gels and paRCHEB2006/008869
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The conposition may contain fromO0.1%to 99% by

wei ght, preferably from 10 to 60% by wei ght, of the
active material, depending en8the nethod of

adm ni stration. The dose of the conpound used in the
treatment of the aforenmentioned disorders will vary in

t I i:
| PR ol AAAAEN RURESS LRl Sty
Hovericg deparsding o mieg §ecfiy @a@uoﬁ;abjeeuuﬂ lobjexdaseslo hey: soene

0.05 to 1000 ng, nore suitably 1.0 to 200 , .and such
u mmb@rbgv@@tsﬂﬁgﬁ g0 o Hhifoptiea] @@tlh%@nsth q&réfa%lﬂf@gﬂacw

f | e, t d Such. t

Feu Bl B e e Bl R R R agiene
Theun ABE)\M Rdo Beffdre P& OB AN EX AR, 9ol thiHs! drah6rel BSout
preparation of conpounds of the invention. Proton

Ve h etr ingorRestmmia hoe of MRE, speit triaomepee, abewrid@dranore).
Varian instruments at 300, 400 or 500 MHz on Bruker

i nstrunment at 300 MHz, chemical shifts are reported in
ppﬂo&&‘)ﬂgﬂ%&ﬁttﬁ@q 01 835 qlfﬁzi%ﬁﬁ’éa\fﬁ)ﬂt alib NFhi gﬁ réi%f*setror{ﬁl: ratio of
stan tting patterns are designe S,

si thgldemendonglofuht €ield &t objéatippdret [03cto thelesiresponding

mul tiplet; b broad. . The NWR sgectra were recorded at

t e‘i‘l‘ﬁ@r‘@’f@ﬁ@ thenigld gt inags plane U3 doeicalieproifstientoRigstives
SRR PR LA RSD CRle IVt RS

t afedlcOmealithehsiohs bR loe daﬂl@?ﬁllﬂjﬂ Qh@uﬁ@g&s [ISp&fié embBtiRnhents,

(Mcromass UK) or on a A%i ent MSD 1100 Mass
Spiéetaforepeycctiopertaedtivg 104 cas praduegrdigid af image plane 102

SpubE RBTaRong it seie el o) SRR BT 3X or more,
| OJHARUIXOGY ABRE abAHEEHr Wokd) abBl& X b8 Eﬂd#ETBJUouP@X' difthore,

1100 Series [LEMS - ES (+):analysis perfornmed on a
Sugieiut 8Xi or mABE, abbutDX 8B8mre aboyt BIapr (mowd) donpptned to the
100% [ wat er +0. 1% then.from 100%

[ VES0S e ODRECBIRe {0 A0 RS ool iR 1Y 01 can
9 I t bEi.0
e e St
(-3 Xanahyrs) sbane 5 Xosmmdrep abaut Bpet mosd, labsBZ/ Plou sore, about
(33x4.6 mm 3 (rmobi | e phase: 100% [wat er +0. O %

NHBK oF gRore, Rawt mmﬁnpw@ﬁb%d@ K Nerare Moe)«s%w@  Gosgyer,

LBt oBrectiNeEP a Pl ackpalig EADb ke b Bnabridh inbdb B ah

m infdge]the kamé Bize @ sise stgeat ra only one peak in the
nol ecul ar ion cluster is reported. Optical rotations
vvere determ ned at 200C with a Jasco DI P360 i nstrunent

ot ﬁ é%algs ggﬁ #{'grg%s iS#ﬂd%ﬁnegaeFosnseg %htt g)g rhg%ﬁat form the

c aferhlcréot aPWRAgSplah€ 0T M2 4O hERS e SHRRK h@ﬁbld&ud to
Merck AG Darnstadt, Germany or over Varian Mega Be-Si

pr élepamge«dldcamarmyéapmur@(/ﬁﬂ ) pf propentios dbRicoivade1. Image-
si L. c&/gartrl dges. HELC (wal k -up) refers to HPLC

anif ASa Luna C18 (nobile phase: from
100%[\/\/ater +0. 05%FA] to 5% [water +0.05%FA] and 95%
[ CH3CN +TFA 0.05% in 8 min; T=40C, flux= 1 m/mn).
UPLC refers to UPLC anal WSII:Sn,Q(ﬁ[@Of med on a UPLC
Waters Acquity System UPLC/MS refers to UPLC anal ysis
performed on a UPLC Waters Acquity System coupled with
an MsDet ector Waters ZQ (single quad.), ns range

100- 1000. UPLC nobil e phase data: G adient before
sanple organiser A = H2O + 0.1% formc acid B= MeCN +
0.075% formc acid r e(mn) Flowrate %A %8 CU
(m/mn) 1. Initial 1.000 97.0 3.0 init 2. 0.10 1.000
94.0 6.0 6 3. 060100030070064 110100010

NN N ~N A A A NN SN N N PN N A ~ 1" Y



Start Wavel ength (nm 210.00 End Wavel ength (nm
350.00 Resolution (nm 2.4 Sanpling Rate (spectral/s)

WQQ00812H | t er Response 0 Exposure Time(ns)  PCI/EP2006/008869

10

15

20

25

Aut omati cl nterpol ate 656 Yes Acquisition stop tine
(mns) 1.50 T.1.c. refers to thin |layer chromatography
on 0.25 mmsilica gel plates1960F-254 Merck) and
visualized with UV Iight. For phase separations
performed by using mcrofiltration devices: phase

se t t :
V\h&fl %’r%nd ggfe tég ﬁ@ﬁ%{eﬁgg%sé{ﬂggﬁ% C ar§ é%es Iagﬁad Flntgthe
0. sibfazelof gnbdtsatd/asd felg., S0 nitropars wireg oflevatardehvironment),
anhydr ous sodlun1sulphate The fol |l owi ng abbreviations
arandifed s the thal-angke of the OEsximust ¢gric efdstage dorngrgrays from
cycl ohexan DCM. = net hyl ene chl oride, D PEA =

N, RE9¥GGH98 bep‘f)tfllvgtlﬂ {amne, DMF = N N -
dlnethylfornanlde Et 20 = diethyl ether, EtOH =
et hanol, MeOH = nethanol, TEA = triethylamne, THF =
t el gdnyeeil ppriofenion bfectve 01 Ictio haee at imagecside NaH3CGbout 0.1
acetonitrile, std = saturated. * indicates a

St @ BOE(R - cabstut i haer TBoKe. abmH Gvvh OB MeF® GBRRNS-35 oy more,
el éﬁ‘q to%xoér r§or$e gﬁ&%‘?m&t s abB’hf’J‘éﬁs ?gﬁ 8);‘31@ n§mon of

ereol so a coﬂp

anemnbﬁmeb @hﬁe&ﬁtﬁf Ssjkctase B IShARG R1AiveBt IBiER g geBide NA.
whose absol ute configuration at one stereocentre was
noFomexaamie e gonEreanhadoments 1 projecHnarnbjestiee 191 rmc"anlsa‘@ an
co ound I nvent i.on or r nedi at

ARG At amerRohan Dot e PUiorani: S i more,
Wa§od?1@b e iEhBie) 8BoutPes 6F hidké)oth %eneral the resolutlon of projection
1[35Bls(trlfluororrethyl)pheny A [ 6-chloro-4-(4-f
| uotsjeet2venild lhydridsetependiBg on wavelength A and the image-side NVA.
pyri di nél j.cycl opro anecar boxam de

(D
1 Pathoupwighing 1q boperst t sneﬁgn r]eéqfle%@@pswﬁ@éetp%xy|

4 e
o SRSt b Berornifiy PR e i ERAGHT Drpegrsiedg
MBAskd Washadstaeslaf ol | owed by di met hyl formam de (5 nl
cat.). The sol ution was stirred for 3 hrs. The
solution was concentrated under vacuum The crude was
di ssol ved in toluene, 6-chloro-4-(4-fluoro-
2- et hyl phenyl ) - 3- pyri di namﬁe_i_380 ng, 1.61 nmol) was
added, followed by diisopropyl dthyl anine (0.7 m, 4
mol ) and di nmet hyl am nopyri dine (164 ng, 1.34 mol ).
and the solution was warnmed at 100 C overni ght. The
SOlyHEeOR iSRS rﬁddﬁdmtcﬁnehmsh R RhALE privdshaf Mstd
saturated aqueous NH4ClI and brine and concentrated
u ndlmnemamwmcofmemr@dad thm@cwd‘aetbed vayies dependmg on
chr omat g i,ca hexane/ Et QAc .90/ 1
sorsesaac@idisodatetinith TadRE0R (S ramar B apyarapertios),
S.B*él‘fﬁﬁé@%ﬁ“@?%%*%s, H prigh e g i §Afgion,
1Hjipote &itirzs6uddmipAesettingd t€. § and the; redist3Batesial. Ipically, £ is

1.60 (s, 4H Rf: 0.35 (cycl ohexane/ Et QAc, 80/ 20)
Delcd [4HEE §1Pnp about 0.4 to about 0.8, but can also be below 0.4 and higher

1- {h%n% SBfosr(c]tqe[’tFl{rLﬂ)gﬁ% (gjﬂyl)phenyl] L/-[6-chloro-4-(4-f

| uoro-2- et
pyridinyl]j cycl opr opanecar boxam de

£)3,_5 Bi s: trifluoronethyl)phenyl
L/ Prgeciia %Lv@dﬂfllldélrson@nn’e&lbyt nVIC)atShe image plane. For

SRR A D06 B o4 o

thhyl iodide (51 .6 M , 1.2 nmol) was added,
fol | oned by cesiun1carbonate (393 ny, 1.2 nnDI), and
t he suspension was stirred overnight). The suspension
was partitioned between ethyl acetate and saturated
aqueous NH4ClI, and the organi c phase was washed with
brlne and concentrated under ~vacuum The product was

I e . g ~NAN



added, followed after 30 min by sodium
triacet oxyborohydride (2.2 g, 10.38 mol ). The

WO 2uen3iem was stirred for 8hrs at room t enper aRCF/BP2006/€08869
reaction mxture was diluted wth nethanol to obtain a
cl ear solution, which was passed through a SCX
cartridge. The product was eR(Oted with 1 M nethanolic
amoni a. The product was isol ated bychronat ography
(silica, dichloromethane/ nethanol 95/5) as col ourl ess

syl B/ Tl  20ok 58 Whipu 3550 3 Mg 0s° or
3. B35, 9.3I0 driess46)0012 oPes?). HSm(beingBpdralldl.td 2adh dthef a1 the

3H); 1.48 (s, 9H). Rf: 0.40 (cycl ohexane/ Et QAc 1/1)
Deg)@agemlam]owr(t@gpq)asp@ﬁglq,a" ByiTPIsCHpn objective 101 can

D meth
(PR il kS matacubn A EE Rttt e size
5 py%ﬂhhgum e9 % ¥bAfeniB&Rim8REQ, ﬂiech?eﬁéymlnbmmﬁ}jy
di ssol ved in nethyl ene chlori de’ (10 M) and treate
wi otthegankl woinmegegtlane HYL. dhpg.. énar flatftopo@iaphiThéthe wafer

react.i on ur e. was, oaded ch on.,a SCX.col um
T8 O GrleEeP NG A EPe dpEC R HPEHp or
}ﬁgﬂ% effadiEi gh%g%ngﬁngom ti ve fractions el uted
met ha nia were concentrated under
vacuumat 40 OCfor 30 min, |solat|ngthet|tle

conpound as_a pale eIIowo [: 410 2.92 nmol , . 99%
10 yi By ee awser(ﬂhsﬁm)entmpzowctimowwa0 yshasesely Bigh: g

( Efe%]él%gg% qthf&j)uezgf @%irg Bé ??lgmeéi&pn’agﬁ éé)? fﬁﬁg d B can be
1Hbout 150 nin oBlEsi (8.g. 1ibout D86 Gk P ie8$) adout 100 nm or less about

(9aS) - Hexahydro- 1 H-pyrrol o[l , -d][l
, 47 dnarepless, 2baw)30ota of tesp, zmguhg}{) nm or less, about 35 nm or less,

23l A BB 5 L BB LR i ot 25 o

15 di ¢ ebest i@ﬂﬁl orllesk; El)diﬁtZ’(D)’dlﬁfthéss about 18 nm or less, about 17
(2- oxoet hyl )carbamate ( 1.2 g, 7. 25 mol ) was added,

f ohmmmddssaabcmt 1801mmrion ldsy, abodt bimtrr ordess, @l&Wdl"bh}ldlﬂl@@
12.0 The r act| s stirred
rasou s s o fesmiBobt 17 B ey BB e ok It g gs about
d| o

_W|th met hanol to obtain a clear solution,
whi ch was passed through a SCX cartridge. The product
was eluted with 1 M net hanolic amonia. The sol vent

was reaned under reduced pressure |eaving the product
20 asTae gualdypdimags Olmlegrgx pEpIGEieomRRy et e H v ean li’enquantl%ed in

U PR S CIE et FoP sy PG, MRS O aprisrived based
m ¥t ﬁfe&n&i@@lrécb@d@ﬂaﬂ&ed deparureso SBY¥ ifakd ffonaidtalibed

non- baS| c conpounds were washed away w th net hanol .
Theons Wﬁ%atséswh Géut’,sraawnt@ﬁsT}éqsatd@gaW%amenerally

TeLRADR b Sh TR 0N %trqonge?% q‘r%%q%'n BR2eVERbf 9 Boc

25 f Oﬁva%fror-llfriﬁ)rﬁ@llléfﬁlébl &ﬁ&sfr@dﬁ@ﬂeﬁﬁ ibl oot -atBAASdu ie8 s SLeTRONt
and the product purified bychromatography (sili ca,

Cl—@mz(WmMe Mn%/@ﬁnaﬁ n the4)Handbodks of Qpids,adoh Iwﬁ tFed

So' ifed b nk?a@ké raavmf 'e'lggs)( g;@a?%g’ 3, Whidh is

ﬁl’éo%:o%&te& 'Ebre]-xﬁ)y ré"fe%cg I%%sﬁgﬂal Zhb lov@eIEtﬁe By 43vz{1Hé for an

86bj©nt|1ve1 ithe leis t'h% vstaveﬁﬁm( deviate fro]n ttél_ deSlreZlQ)r(ldtal .‘Bhbpe and
Rf: 0.2 (dichlagro hane/ met hanol 95/5) Description 6
30 ( othg)betiet t gf%wmag%[lm cottaigrembadimsgnis ppiRsection)
Bor ane tetrahydrofuran conplex solution ( 1M 17.8 m)
was added to a solution of (9aS)-
hexahydro-1/-/-pyrrolo[1l ,2-d][1
, 4] di azepin-2(3/-/)-one (D5; 160 ng, 1.04 nmol) in
tetrahydrofuran (5 nl) at 00C and the m xture is
stirred at roomtenperature for 30 mn HCI vvater

~ N o o - o, NN~ s



conpl ete di sappearance of the starting material. The
sol vent was renoved under reduced pressure, |eaving
WO pwW760312@de product as an oil ( 1.3 g), which cBGE/EPINEE008869

both the expected nethyl ester and the
trinmethylsilylnmethyl ester (MS (ES/+): m z=268 [ M+Na]

+, 146 [ M BoC]+, 340 [ MWTNVS+Ri&]- +, 218 [ MFTMS- Boc] +.

The crude was di ssolved in nethylene chloride (10 m)

and treated with trifluoroacetic acid (2 5 n1) for 1h

ggﬂjgcti\;@ﬁ) i {]agﬂla@@ %la‘ﬁg F\V"ertﬁr Ittie gésrlﬁ F%e glgne 102.

ecting t ni nhydrine-positi V& ons
W Fér nipé orRkii6BbRelive 10 PBarRhaAa WOl Wikbot 0.8, or less

sol vent renoval, the crude (pale yellow oil, 670 ny,
VS(e( £=Sbiojut 0rﬁ727;dn4&:s$ Nbbit+).08 2801 Ib4sT W] 0.6 l\ms‘sess about
reacted with N-boc-2- am noacet al dehyde

mmBO#S rprdassy abou - Q4 »ogilesh) ahogbPH3A (gql(sswpomtro @3né or
5 mﬁ’e%w a2 b T, R DIV BF o eiE0 Difa ordist g

d | oaded on a SCX col um.
The ?rxa%gl?gshé\ﬁ%*u{%&%\?mﬁms?rm met hanol i ¢ ammoni a were
concentrated. The residual crude oil (880 ng, M

(ES/+): m z=289 [MH +, 361 [ MirTMS+H +) was di ssol ved
i nAanthgd metrsc that ban bmsadrtbmvamte(thz qnﬁl)ltya)fdhc rreageeld referred

of TFA 30 mMn a
Veteras il cBvabire lﬁfd St Bers 10 R ol dissnge for
10 aSthRUtdld Eﬂm@dﬁ?ﬂ 1&[‘9f ﬁl@%&@@ﬁ?ﬁ?’h&(ﬁﬁ@@ﬁﬁﬂ@ﬁnems,
wer e was met hanol
ni ptaye:htuone)bmwe iloé cﬁn hate¢ andawValy eohallifidhd edtvature for images
nmet hanol i am&m a were concentrat ﬁd Thﬁ resi due was
re%ﬂ%@lp&’é@ ﬁ@fﬁ’é?ﬁ%ﬂ’e(@@eﬁf‘?né’ ctiye 1 PLgan paygrn image-
f oL 43l éhert'[lE S'Pz%ng] Yarof % gee ‘%@o SHUERLS. about 20
pressure and the pro purified Dy chroma ograp%
(Sm|nl (ﬁaesschli(ﬂtZS/nrﬂ/Bﬂ'd:SQ,SibBut R ﬁmOorZIEQS a0anh 80le3$)ed as
a white solid: obtained 395 ng (2.53 mol ). M5 (ES/ +):
15 157 [ MEH +, 179 [MtNa] +. NMR (CDCI3) : d (ppm 5.77

br,. 1H): . 4. S T < V4 . ; 0 (t.
s ey i e (Bkg Syl the dyridihurtintlbiyi
2. RertedR dsistdiion. DistBri{dh reld to thebBaXihfhim dbdoluté vake of
(td, 1H). Description 8 1,1-Di nethylethyl ) o
4- (lmﬁdiwemt flopgridendgVigtran fnymstheﬁ ylma@mlnepmﬂlqn r_nthe
p| er azi,necar boxyl at.e 4. 65

%ﬁer@??ﬁll REAY embodgmelzts pI'OJeC on 0 Jec 1ve f101 can h

20 3 ﬁé“é’t e‘l}(%ﬂ?ﬁ Mx)mﬁmpdn%%@d Re @ﬁﬁﬁ@é‘ ﬁlto?edt%n?&gé‘@tlv@fml
di chl or onet hane, under at 00

vveczm mmaﬁmummmmntdf ebehto‘w addirtlessn(eod. aBodt 44 nwfor
hanesul f on hl orjide., After 12h of vyl gorous

st feéi»,. %é %‘&rﬁﬁf’%ﬂﬁ@%@ﬂ?rf&“ OF IssSabgH Ff i eelesmabout 12
gmgqpss%é AnfboRLOOARLRRARE/ ThAQ: 1BRAY Gt SPREF fifl or

an e aQueous one b extracte th

di s, or el hesned neobil less, 8chno bg &b, Snimesrdegdt siath agvienm).

Na2SO4 and concentrated under vacuumto give crude

25 material that was purified by chromatography on silica

el gt i 1 0

Lol i i oshalM GG RATR MM b LR BBy el
arh@@M M@dtﬂé ﬂrﬁa ﬂela H(H &M&M@Wt&)‘ucﬂl cah. v‘h%y bfj about 5 nm

9H), 2.96 (bs, 1H) &) : 8 (s, 1

( ber lese.g. 3alz)u4 14d1m QH)ess, put @@m qn—l)ess 4boxt Q b@ or]legs about

4.12 (bd, 4.3 (bm 1H), 4.4 (bm
H} nESégrc‘FFfét CB‘WS éhel‘ a%Sl fu‘éi‘hyl et hyl

hexahydr o- 5H i sot hi azol o[ 2, 3- a] pyr azi ne- 5- car boxyl at e
1,1-dioxide To a solution of 4 g of 1, 1-dinethylethyl
4- (et hyl sul fonyl ) -3-{[ (net hyl sul fonyl) oxy] nethyl }-
1- pi perazi necarboxylate (D8) in 50 m of dry THF,
under N2 at -78C, 11.8 ml of 1M secBu- Li in THF were
added drop wise. After 30 min the m xture was all owed
to sl ovvly reach roomtenperature After 2.5h the

. . M



eluting with IM NH3 in MeOH Sol vent evaporati on gave
0.95 g of pure title conpound as white solid. M

W@ B®/A31271L77 [ MFH] + 1H NVR (CDCl 3) d: 1. 97 (m PAFEP2006/008869
2.36 (m 1H), 2.59 (dd, 1H), 2.80 (dd, 2H), 3.1 (m
3H), 3.19 (m 2H), 3.41 (m 1H). Description 11 1,1
- Di net hyl et hyl -22-
(2S)-2-{[(chl oroacetyl)am no] net hyl }-1-pyrrolidinecarb
oxylate (D11)DIPEA (1.34 ml, 7.5 mmol) was added to a
solution of 1,1-dinethylethyl (2S)-2-
(am nonet hyl ) -i-pyrrolidi necarboxylate (1g, 5 mmol) in
50B8ing @f cat¥pMic bgemeplopeodias eibydctiobl10 iigdudéd Addmbir of
5.25 nmol ) was slowly added and the reaction m xture
stinprerd amanged ordirgsé ratiatiosy tedgcted fraporetivle 14Q deshbstiate 150

t he or gani hase was he i.1h sat ur at | yti
R et ARG e iEoRdad4b Radnd Bl SypathaRo.
ch : . . .

S g Py ofY chioh bl Et‘f?ffiég? AR DO, MG Snrally,
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(8af ?) - Hexahydropyrrol o[ 1, 2- a] pyrazi n- 3(4A7) - one (D14)
1, 1- Di net hyl et hyl

(2R)-2-{[(chl oroacetyl)am no] net hyl }-1-pyrrolidinecarb
oxylate (D13; 1.24 g, 4.5 mol ), was dissolved in 20
m of DCM and treated with TFA (5 m) at room
tenperature. After 1h conplete conversion into the
desired material was observed and the reaction mxture
was | oaded onto a SCX cartridge. The product obtained
after elution with 2M NH3 in MeCH was then dissol ved
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roomtenperature in 1h. An additional aliquot of 55%
3-chl or oper benzoic acid (500 ng, 1.59 mmol) was added
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sol uti on was washed wi th aqueous saturated sodi um

bi car bonat e and sodi um thiosul fate. The organi cphase
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o Attt st ond AP LB Mool eBR Nty 104 pas g
3- r&iticﬁfaﬂp%ﬁ&lﬁﬂ%ﬁh@oﬁﬁbéfoﬁﬁ sﬁffammdhlderspﬁaﬂlcaifor aspherical

di chl oronet hane, obtaining 1.23 g of crude product.
Th@%@fﬁbﬁﬁ%@”@ MRigeor rseref@@qsmsn%élﬁée puaxmiafgotgiional symmetry.

ChEQBL RO 30N (SIL1C8, (Y RLORSKANE LBl Ao ASSLEL Seerence
5 ( Es%(rf‘a)ce (3%6 a[sEHBI\?dl Br aipﬁﬂ:rl[cM Begivhhily syﬁmtlﬁb@l\@@eﬂ%

H: 4. 41-4.21
3 ﬁBﬁ@cBC’M(mh regeds; to $h66®tatmrﬁﬁy(smmmﬁ¥mp s@rf2g: thatidogtt adosely

1. 56- 24 (m 9H).
DSQ@Fﬁﬁiq@d°¥@°§@ﬁh§ﬂm§“FﬁﬁﬁﬁB ﬁollnecarboxylate 1,1
-di oxi de (D16) To a solution of 4-(1,1- dlnethylethyl)
3-net hyl 3, 4-thi onor phol i nedi carboxyl ate 1,1 -di oxi de
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contam nated by the starting material. M5 (ES/+): 191

[ ME1] +. NMR (CD3OD): d (ppm) 3.50-2.70 (m 13H)
wQ2m2/031238 (dt, 1H). Description 20 (7R, PCT/EP2006/008869
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acid (Astatech, 1.34 g, 5.80 nmol) was suspended in 15
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1H NMR (500 MHz, DVMBO-cfe) d ppm3.72 - 3.79 (m 1 H)

3.62 - 3.7 (m 2 H 3.37 - 3.56 (m 2 H 2.99 (t, 1
We002/0887t 2. 78 (m 1 H 2.55 - 2.64 (m 1 H) BPCEREP2006/008869

2.44 (m 3 H 2.02 - 2.16 (m 2 H 1.90 - 2.02 (m 1

H 0.75 - 0.90 (s, 9 H -0.05- 0.05 (s, 6 H.

Identified as the cis isoner2based on ROESY cross

peaks.
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(t, .1 1.1 - 218 ( 1 1.90 - 1.97 (m. 1 H

{ nitl vitofyDphgdogd diinges il s on g sfualih 1 b
5as the trans isoner based on ROESY cross peaks.
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di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) hexahydr opyra

zino[2,1 -c][1 ,4]oxazin-8(1 H)-
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, 1-di met hyl et hyl ) (di net hyl ) si |l yl ] oxy} net hyl ) oct ahydr op
Oyrazino[2, 1- c][1,4]oxazine (D22) (250 ny, O0.872

s di.ssolved in 3.8 . of toluene. Tq t.his
soters R TG Sohbetal et sl BlsHIRER aghehiiyrce.
L/ tHeGraedth@ef-cn(iAclhibel@é&ndation and tilt of the reference surface, base
met hyl phenyl ) - 3-pyridinyl]- L/, 2-di nethyl propanam de
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big-tri.-tert-butyl phosphi ne palladium ( 1 10 ng,
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15 ™M _ of a 25% aqueous sol ution) and sodi um hydr oxi de
solution (85 nL of a 50% aqueous sol ution, 0.85 mmol).
The sol uti on was degassed by 3 freeze-punp-thaw
cycles, then stirred at 900C. . After 4h,_ UPLC/ M5
anal ysi s indicated cg ; ; &aggéhjconpound
and no trace of startinkgt+ght-ér-ofYeiifi ner The reaction
was brought to roomtenperature, diluted with Et OAc
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150sedl toslcglage thel suskaee,dhe Howmviadapler anduthe dgsiged level of

25 Flgg(%:% ecg( tlr? is%&'&%%rﬁ{}rpt)%ptng ﬁ%‘eie_nce surface can be calculated using
L/ aizo‘ﬁeﬁ!sﬁl%@ﬂ?ciérﬂs fib WO nRrordet. Y LeRaA ¥ bodimyts dioe¥idients
L/, 2- dimethyl propanam de (7.75g, 14.54 mmoles) in 50
m highedthyn tlokdierder bag., dcldddordenlsixedddryarsadiedintor additional
terf-butoxide (2.1g, 21.8]1 nmoles) and
bi dSEYSSIANAT PHAMGICTIZABAM AT FIYIC BB @ﬁeaﬁwse@wg%?eazfpgos
nmol es). The resulting m xture was heated at refl ux
tenperature for 4 hours. The m xture was allowed to
cool down to roomtenperature and filtered over
Sterimat. The filtrate was then diluted with ethyl
acetate (200m ) and with sodi um hydrogen carbonates
(sat. solution, 200 m). Phases were separated and the
aqueous | ayer was extracted with ethyl acetate (2 x
150 m). The conbi ned organic extracts were dried
(Na2SO4) and concentrated under vacuumto a residue,
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1,1-dinmethyl ethyl (3/? or
S)-({[(1R) -1-(hydroxynet hyl)-2- (et hyl oxy) - 2-

W@ 2@l am no} car bonyl ) - 4-t hi onor phol i necar bRXI/EB2086/008869

(non-preferred nanme) (D26)- Diastereoisoner 1 To a
solution of N-Boc thionorpholine carboxylic acid
(0.488 g, 1.97 mmol) and Obedsotri azol - 1-yl -
L/,L/,L/",L/"-tetramet hyl uroniumtetrafl uoroborate
(TBTU) (0.697 g, 2.17 mmol) in 5 nL of anhydrous

di |

and e TR SRR AR BI0 CUES ol bidhromrQERed Rsbareh
sugpsiesdted(PakadenaeCiAne net hyl ester hydrochl ori de
(0.47 g, 3.95 mmol) in 5 nL of anhydrous

di chl or onet hane was added DI PEA (0.7 nL, 3.95 mmol)

angd the resulting.solution.,was stirred for.30 mns .
Thineel it G e larien S hed whieRhat puallbd Hgguittms
adpgdextatnp1 8 an skt dndbdinéhid! £18sdubrddaftih@higosithrh! Ut as a
at room tenperature overni ght. Water was added to the

r edonpahleastsquares ditdng hkgotithon plradesusedr Ramppd feastowjuares

The aqueous_ | ayer S tracted with di.chl oromet hane
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g) was used in the next step
f uReswarchy Wtd.{ BaatiednUnitRl Kiddsontl fore8aifipleM-l ) @
t=0.59 min Description 27 (7R, 9al/? or

l09aS)-7-(hydroxym=_~thyI)hexahydropyrazino[2,1 -c][1
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(met hyl oxy) - 2- oxoet hyl ] am no} car bonyl ) - 4-t hi onor phol i n
ecarbovityalined: Apdgionphclpoagierissics of diel rotasiens hxmspmygrgtac
added 10 nlL.of TFA. The reaction mxture was stjrred
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MeOH and | oaded on a SCX cartridge. The fractions

el mimdr sirfdee wen badetdrmizadnoni a were col | ected, the

vol ume was reduced and the solution was stirred at

500C for 45 mn. Then it was irradiated three tinmes by
m Qr appt Slel = ] Ak k2

T TSR B RO T Rple; B G Aot iph from  bes

af fiespherélays réthgortd ydgniraneialreféréte shethead s abvudh o more
white solid. So it was precipitated wwth DVE and it

20 wafe.gohbaart tl8d. rymbid, abauti ). oneing,rapoui A Br a@ret about 100 A

25

S bl L B LSRRl G o
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filtration, the 2nd batch of the title conpound was

i ssymmetticasspaeterafiaboahi 9o hiate (Q4., aboutyp=R demmwerabdut 10 A or
steps). The filtered solution was treated in the sane
wainoss aberio?@®r gnaneret @rouf S0/ orimerswabaeutilpPp Aderanpesy about 200

[set paraneters; T=130C, t=30 mn .(3 and, t =90

(Tker e, St 330 drpraroienthant 111900 Rrbra b TGk ea
as r ' ' =120 . Since
¢ naeno B P efoltinonts oot SifelRan hale Sdvimmf
NVReaddry frofh a Bédt fRfrofatienal 8@@5@& dsphérb®f aB&it ISOGPA or
UPLC/ MS: mf z= 217 (Mrl) @t=0.36 min 1H NVR (500 MHz,
DVMBO-cfe) d ppm8.03 - 8.27 (m 1 H 5.04 (t, 1 H)
4.73 (td, 1 H 3.98 (dd, 1 H 3.86 - 3.90 (m 1 H
3.72 - 3.79 (m 1 H 3.47 - 3.57 (m 1 H 2.90 (d, 1
H 2.80 (d, 1 H 2.73 - 2.81 (m 1 H 2.45 - 2.64 (m
2 H) Description 28 {7R, 9a/? or

9aS) - 7- (hydr oxymet hyl ) hexahydr opyr azi no[ 2, 1-c] [ 1, 4] t hi
azi ne-6, 9-di one 2, 2-di oxi de (D28)-Di ast ereoi somer 1 of
(D33) To a suspension of the starting (7R, 9aR or
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HCIl 6 N (ca. 8 nL) was added to the reaction m xture,
cooled to 0cC, and the resulting solution was refl uxed
WO 2007031271 The crude was purified by SCX cart r PCIyEP1006/008869

give the title conmpound as a white solid (182 nyg,
quantitative yield) HPLCO Ms: mz= 221 (M+l) @t =0.17
mn 1H NVR (400 Mz, DMSO CE@Y-d ppm 4.56 (t, 1 H)
3.18 - 3.26 (m 2 H 2.94 - 3.15(m 4 H 2.72 - 2.80
(m 3H 2.56 - 2.64(m 1H 2.44 - 2.53 (m 1 H
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zino[2,1 -cC , iazine 2,2- dioxide
(D30) - Di astereoi soner 1 To a suspension of [(7S, 9af?
or_ 9aS) - 2, 2- di oxi dooct ahydr oEyr akzli no[2, 1l-c]]|

1
, At gertan) embodigngne dregain s havepa igxinguig eV akien)from a

in 8 f_aphydrou i oro

5 (30t B sMer B Yoy B sk n O 398 B 858 b0 m or
TheioFLapbutoNu SriHbR, WBSutSt b’ dndiRl aout N0SuRbr HRE) about
tenperature and then the honogeneous sol ution was |eft
St 50 |uinf & mdrejapsut 198t um Nz &8y etsHuadde graodmoks abvot 500 pm
phases were separated. The aq. |ayer was extracted
wi othmdies aboutan@dthpme abe()2,30{HLmher rooreb bt 3 Aapiner more).
phases were_ dried with Na2SO4 andevaparated to
O Eivetath Hices CRibue DR B AeB O R SgTfHrphere by
(s : \ ; i t [

10 (ohhean BHREGS (Sshs i 3FIG). AR it
M & 3Bkess, Mbdht 1GrirxOr febs rdboul FONVYR ¢Aess)MHz, DVSO- Cf 6)

d ppm3.39 - 3.48 (m 1 H 3.31 - 340 (m 1 H 3.13
(t, 1 H 2.91- 3.09(m 3 H 2.70 - 2.85 (m 3 H

2.56 - 2.65 1 2.42 - 2. 51 2T~ 2.36

( rr? reffqgﬁn szrtia&gg_ cap g%ve(waim%m%ey%%n %rog%a%)ﬁfzt fit r.ﬂfatl.onally

1. Jfﬂ'nxﬁktriclasg?ue@-@oldﬁm ¥ tbre(8.g04bbst 16D fth JPessrel Mdu@B00

3 2-[3,5-bis(trifluoronethyl)phenyl]-N[6-[(7S, 9a/?
15 or naB)mdre( §fcut 1 Jtm or more, about 5 pm or more, about 10 pm or more,

di met hyl et hyl ) (di nmet hyl 3si |yl Joxy}met hyl ) -2, 2- di oxi doh

exalypd P8 pyn &% e, 2bput 100 um or more, about’200 um or more, about

8
)50 ot s b el e B AR M
ggg&_ia}faﬁgﬁlrla’eeég RS tattordy3syRithticARpire b 008 fim or

di leed (yg.eathout Gimei dryllesks abyut Boxyn oeleky @bottethiai oplesszbout 1
oM. i-clll ~Jthiazine 2,2-dioxide (D30) (147 ng, 0.44
20 i omleds, 2bpet sy arrlegs).uor omret hyl ) phenyl ] -
L/-[6-chl oro-4-(4-fluoro-2-
met hyl phenyl ) - 3-pyridinyl]- L/, 2-di net hyl propanani de
[ Weh2OORARRE 87 thle thitRY sWBfacdd i3 3BardBRliked By 3 st £fd second
anhydr ous tol uene were added
bi sean prineipal duvsthph odpth ae desdrimankdian thgpot oy cach 0BGor
mol )., hexadecyl trinetyl a ni um chloride (21 .6
or Sutiss G ests et g ! D c0bal GRRaRto rgeand Second
25 Sog:‘i'ltnéigﬁl duifhtiHes aff cAcmBAd g@g&ﬁ)eﬁ% #fdn@Bdok Jlathematics
reaction m xture was degassed by freeze-punp-thaw
cyby &N aBrbntedn et hl. \WISES! (SpriadeaR0QO0F. 563 14 Betwrsl, the first

During this reaction time further ampunts of the . |
paPTia@PalRuEwatarcfer amiyror ranfy difgsrentfaere dhe sgcopd paggipal

Na&'ﬁ%m‘ﬁ@fo‘? tﬁ‘éjtqgl ac%r.gldlf s%egee ag&&i%n[y e%b@ol%?éjvélpg 8%; p% q

phases 'were separ ueous “phase was ex

Wi Hifferéfd8bel3eon taB dirkthmdsesdidBeh@pdnarpkesasbyebsut 10°
dried (Na2SO4) and evaporated to dryness. The crude

was purified by chromatography (silica, cyclohexane:
EtOAc 9:1 to 75:25) to give the title conpound as a
white solid (172 ng, yield=47%. M5. mz= 831 (M)

and 416 (M2 +1) HPLC/MS: nmfz= 831 (M+l) and 416 (M2
+1) @t=1 .22 minlH NWMR (500 MHz, DMSO-c¢/6) d ppm 8.01
(s, 1 H 7.8 (s, 1 H 7.60 - 7.82 (m 2 H 7.16 (d, 1

~ NS P —




the next step without further purification. It was
di ssolved in 60 nL of dichloronethane and added 15 nL

W@R0TPAN2Zt O0C. The reaction stirred at room PCT/EP2006/008869

10 g4

15

20

25

tenperature for 2h. The sol vent was renoved under
reduced pressure and the residue was taken up in MeOH
and | oaded on a SCX cartri dg@8-The fractions com ng
from SCX were col |l ected, the solvent renoved and the
residue di ssol ved in nethanol and stirred at 500C
7 -6

cody BRleie (1200 herg 3 107 ofmbll, o0 (P26} Bk, #B3ut 5 x 10
f oamdre;vabowdlﬁse@trﬁdrdpybéutlst>E 207 onnrine] dbbet vt bemore, about
| i quour, concentrated by renoving the colvent. The two
fréétlloor@miéfleea@wl@sémm@fell—l- NVR, whi ch was
consistent with the product, as a m xture of
di ast ereoi soners. They were corrbl ned and used in the
nerht P, the ERQUInd] K SeBEHd Prih f)alc@wa@ﬂres B8 6 ibBiitios or

%7R 9af ?) - 7- (hydr oxyrret hyl ) hexahydr opyr azi no[ 2,
- CNghth@] Thei st ard/67 Seadind pein2ipal Clmvabulr@efoaadnl{“rm,surface can

PTGty Haa e chatbli TasopeRY PR ok SR bt Ehplte of
(7 rlnc pél %%Wda%%%I 5yd %J;@S?é%ﬂ’r&@% BfdiBQlom dbjedilve

, 4 th| a i ne-o6 I one and
9aB)t &- a(obydr@a&ynmmw g heb«amsdr o@imabsmbauﬂs g]lpf or less,

4] t h| a2| ne;
SEChaHEST, Bhow 17 et bescbsphis voloPmA ke of the

?efr‘}gsé ﬁ PU{&H %ur%}ghésr}ﬁ {%arﬁfrko‘%%‘ a{‘@%ﬁéc%v‘e é)%i‘eclgggqbl can be

segatl 6d oass \o@ghadow 3R IWGﬂlesIh:ﬂ)dult qui t"haBs& 2RI 0™ or
concentrated, The product was |§olated by fI'ash

c hlesyrabogir Kphor leswo0s 207 sr lesp 07 or IessbM NH3 i n MeOH

85:15), obtaining 594 ng, 2.39 mol. 1H NWR (500 MHz,

DVBO- Cy6) d ppm8.44 (s, 1 H 8.41 (s, 1 H 5.48 (t, 1

H) IrPceHAid Embdditflenfs, $l@e é%luté V!ﬂ)ue‘bf YIQ: secﬂn(Y ﬁnﬁéﬁbalzé'&rvature
.37 (dd, 1H) 4.25 ( 1 H 1 H 89

- Brogae (ommojte H)m@rs?gl projaacaén ()b]ecavd}-l)OBlstﬂ)o(lt 10 ioH)ess (e.g.,

Crbagt i PG lens abbuth S303.cu ofog 2o b Ty e, aod i o0°
556?1%%3) é%éog&té %h.ﬁ”o(f[tﬁg sim of the second ﬁmCIRf urvatures for

I oxl dooct ahydropyrazi no[ 2,1 lazin-7
- ylh]enﬂeﬂrimanni pmm}i:tlﬁlébﬁjectlve 101 can be about 107 or less (e.g., about 5
2-di oxi dooct ahydropyrazino[2,1 -c
4}99, 27 l68s.7abpu %ﬁ%n@po@@@)lo?-@[rg S8R abou 10* or less, 5 x 107
h nmet hyl ) hexahydropyrazino[ 2, 1-c][1
? % jb ¥9éa%yd|one 2,2-dioxide and (7R

9aS) 7- (hydroxynethyl)hexahydropyra2|no[2 1-c][1
, 4] thi azi ne-6,9-di one 2,2- dioxide (D33) L592 ng 2.39

hg sy o sliBest and secogd priveHABCTMETUSRS Qf the MIFOTS iBom

Dol ahios] VDT RE R A e il B EE R G 8 of
0 Airrdisin gﬁﬂ%&ld’ﬂ dBjedlve (ﬂzlhe(stﬁ-of thERRcEIE iz Fd‘ﬁug@a‘iures

quenched by addition of Ve OH (10 nmL) at 00
byokahmirreiSlin @mct)oraﬂldecth@ Kol artthosumens alefarstand gecond

800C and stirred The. cr.ude, was f|e by
SR TRIPE it el i R B B8 Skt 0] 58 g

1. %l‘ratesmgw smaif] FH%W% Qe Wa@@ﬁ% %l@k o@tﬂhoéﬁnﬁlois@le(ﬁp(st dnd

123ddan pﬁﬁmpa]ZCLﬁBat@ms (ifth& nﬁrrEﬁs can2167a2)o(1t110 DoHes2(e28, about

2.38 (m 3 H 1.76 (t, 1 H. The sanple consists of a

m xture of diastereoisonmers (ratio about 60/40).
Description 35 and Description 30(7S, 9aSor

f1)-7-({[(1,1-

di met hyl et hyl ) (di net hyl ) si | yl ] oxy} net hyl ) oct ahydr opyr a

zino[2,1 -c][1 ,4]thiazine 2,2- dioxide (D35)-

Di astereoi soner 2 and (7S, 9a/? or S)-7-({[ (1, 1-

di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) oct ahydr opyra



- 0.89 (m 9H -0.03- 0.06(m 6 H consistent with

the previously obtained diastereoner (D30) Description
W@e00208276- Bi s(trifl uoromethyl)phenyl]-N-[6-[ (FS/EB2S5/008869

or /?)-7-({[(1, 1-

dlnethylethyl)(dlnethyI)S|IyI]oxy}nethyI) 2, 2- di oxi doh

exahydr opyr azi no[ 2, 1- -29

c][1,4]thiazin-8(1H) -yl ]-4-(4- quoro 2- met hyl phenyl ) -3

-pyridinyl]-N, 2- dinethyl propanam de

E@g)lp{@”‘[ﬁ&%amrz» 160 2038 %1197 Rlieds! oot 3T Ur less, 5 x 10°

di ¥ ;eletwy l16P ly llgs6di met hyl ) si | ylI ] oxy}rnet hyl ) oct ahydr opy
razino[2, 1-c][1 ,4]thiazine 2, 2-di oxide (D35) ( 111
nmg, 0.331 mml) in 2. of toluene was added

bis{ bl u t
0 P SPRbantchtYy F%s Oaﬂ%mlm ks g e dssgrPEH yi 1 -
5 L/marheﬁiaﬁealmybww&mﬂbﬂe [ WO 2005/ 002577] (136 ny,
0.254 mmol),” bis-tri -tertbutyl phosphi ne pall adi um (26

ny, O 051 mmol ), hexadecyl tri nmetyl ammoni um chl ori de
(16 nl_ of a 25% aqueous sql ution) and, at |ast,
sodi um hydroxi de sol ution{31 m _, & -a464% aqueous

solution). The so utloz % by
freeze- punp-thaw cycl e he stlrred at 900C for 3.5
h . A check by UPLC M5 showed t he product peak at 1.22

mn., mz = 831 (M+l), 416 (% +1). The sol uti on was

diwbered With with Et OAc, washed with sat. NaHCO3, and

the organics dried (Na2SO4) . The product was isol ated
10 by flash chromat ography (cycl ohexane: EtOAc 100:0 ->

40: 60): 160 ng (0.192 EEQI% gﬁken+£o the next step

wi t hout further charaF s¢ription 37 (ZR

9a/ ?) - 3- (hydr oxynet hyl ) t et r ahydr o- 2H pyr azi no[ 1

, 2-a]pyrazine-1 ,4(3tf,6H)-dione and (ZR

9aS) - 3- (hydr oxynet hyl )t et rahydr o- 2H pyrazi no[ 1

3 f2ar§i PY @2isBE of theludtdcd Phralld] Qnez (&7 dwhieh tha§WrHhdyPhot be

A - parstl¢1@ Itheli-arishy Ipesjhgt@oxgbjectvsolyll, de-ipigseerak isndacantsred
Xyl i .ac'd 10.88 g, 32.93 [). i 00.nmL of

15 5 e R G R ma e piR i OmOBERDYE 19 Do S Legpstant
(T%d# sbéﬁdlhé é%tﬁeeJ Mra&]r orewmrﬁ%aﬁAtw SRPESEhe

di ccmfﬁmew(bfethhyxhcamnnel X8Y"6T§I1)J,Cal5ﬂ- tR8vained of ¢ Tchend C;are
reaction was stirred for In the neanti ne,

sofi¢ieimpined paggday thg @e%@%wtl@é PEIPCHIFS A b alrnirarewgthz@eszp@ct

g,
axtogtafibyiPHBbetOp 81 JABReCKE EHisk oP Bictohorhdt, o hian
20 addzﬁ? ab detifgl. I(Rﬁh@tdll@na I’Qghhtl oeler 'ﬁhﬁlohﬂalcdamm’rov\ﬂs al pif)jectlon
stirring at roomtenperature for 2.5 h. UPLC M5
anebipeiiv @segnewth@ frmbee lexed of pbyratipmegarkgctigpchowever, higher
conver si on t9 uct ( peak
e e plfls Pl e RER R Rians st g tetfrine.
angh &fié aabsdn¥ntd) nsaly is Nolde@ore 46 5 d 5(MNar§420 or Aidfe). As
the sol vent renoved. The crude (23.5 g) was taken to
t hélsaexcd belepw, thiet rroametiery fon éhe freefofm eairios kquationsean be
solved,in 80 m . of dichloronme ne and t.reat
25 \; SR V5P PRGN SN G DAY oS E oM dn some
St &hb&finRintd, IPIALISTRE dl?érﬁf(?(ef%r 9 gmes§tg>5ﬁ1@sg 7 & less, 6 or
freezer overnight, again wth of
TFsahdordess; A e less, 3oomst)en'per ature for 8h. It vvas
stored again in freezer, then added nore TFA (201l)
and stirred at roomtenperature for 5h. After addition
at 00C of 30 nL of TFA and heating at 300C for 3h, the
reacti on appeared by UPLC/ M5 not to contain starting
mat eri al anynore. Product seen at 0.20 min, mz = 232
(Mt1l). The reaction volune was reduced by evaporation
and the crude was purified by SCX. The basic fractions
ver e stlrred at 500C overnlght The solutlon was

o T e 1 o o .




Description 39 (ZS, 9a/?)-3-({[(1

, 1-di met hyl et hyl ) (di met hyl ) si |yl ] oxy} et hyl) oct ahydr o-
WQ2p9821 no[ 1, 2- a] pyrazi ne and (ZS, 9aS) - 3- (FCT/EP2D06/008869

di met hyl et hyl ) (di et hyl ) si | yl ] oxy} net hyl ) oct ahydr o- 2H

pyrazi no[ 1, 2-a] pyrazi ne (D39) (3S,

9aR) - oct ahydro- 2/ -/ - pyrazi neBQ-

, 2-a] pyrazi n- 3-yl met hanol and (3S,

9aS) - oct ahydr o- 2Hpyrazi no[ 1 , 2-a] pyrazi n-3-yl nmet hanol

(et OB R, oSSR A1 B Pions
mother thad tHédBpEdentedl aboge. B&.e38mpig)lin sorhbentbedihéems,

masstwredatroomtemmrMUrefor70r1 It was
c h@équéanb‘yr mscgané;e dgseiehedsnathematisaliersng fepke polynomials

7 G pREPR ) ik il o PR e B iRl from
5 Sa()ptl&ﬁ HEBareR A s difes, l?dégdédﬁeC@WO@ @sﬂé&%obﬁiﬁ%onﬁ_hﬁ)hne

crude was purified by flash chromatography (silica,
Cl—lsaﬁ:fa@es Exagagdeof t\wad]mmlom) spling sgrfaeeﬂardmwmephn@ or
ect ed_product pect rum e
o BertetitoR ftia! Ber sines SONRIES Hysgtiiprsional seling
Migg 7 a
3"%1{3'%43 ééﬁpb cn@%?%)%gar{lﬁlef)l%gh %rrl]@ 05f“ ppbﬁltg ?ﬂlgrm( y%p.)lé'ipée and
( nyorseshpnding 3-va112esl(7r s@cﬁpes Zm&l)he]se 'pémts D&nimg dn tHe specific
63 - 1. 0.04

10 ( 2typ2 Oﬁ)splonw'pfaffe the HPmPr!fé§ éwfeﬁq i3 ﬁ%%n?d@/ a Spe@lﬁ

9a
BT ES T ar RO PSR 8y PRRPRIYS ST Srirlegs tha

ZFﬂa/\fe&k'rtﬁQ{ rbp@rtl@]s itz pect &ﬂdor(tﬁﬁity or differentiability (e.g.,
9as) - 2- acetyl 7-({[(1,1-
di aralytjaabfunatippel et hyl ) si | yl ] oxy} met hyl ) oct ahydr o- 2H-
pyrazi no[ 1, 2- a] pyrazi ne (D40) TBDMS To a sol ution of
(3S,

15 9a1?~9 %é’trefa{l [ fhé. rﬂmﬂjeﬂﬁh@bbﬁhbﬂ of GrdbfoRtilntéik |1ﬁ/b?rc9é(df}di‘i&$thé’ct1ve

ahydro-2/-/- pyrazino[1,2-a]pyrazine and
9a8)1- Gan( {dry. 1Embod1ments include pI‘O_]CC'[lOIl Ob_]CCthCS with two or more

eth SI| ne! ctah dr oz 2A7
ORI TorbtSs nhire bhEordistorh Morphy (ST SRt orm
' nmlx@@rs”hve Bf n%@h%@fo%ﬂ?d?? s‘l@ér %g@ﬂeéfohﬁtrﬁﬂcﬁ@ ne
. mml ) and It was brought to -
A soI utlon of acetlc anhydride ( 1.459 n_, 15. 44 mml)
|n 16 nL of .dichlaoronmeth added dropw se in 45
i Rrolegionrabieative ] Ohesnerally iaeluds. oS T gROR R P thapsitive

T
¢ oo pORE WA Rtk SlorlE U R AN o R M ron iR
d| eaRheO FMiface amﬂosi uﬁ’e&e@to 8 Hdormnade &nEriSr Arojectidiz objed3R8e

(I\/H-l? The reaction mxture was diluted with
di 0l earometudgiwo anpporgde.ad thice 9r sxare, iyHEOmoss divsrarHaore,

d S
1 i ndreh s BYE IRl S 7 Pl iRl oy or
25 NH ok miMe6Hd tAE: Hedk neffiAl dpitiedl fowed Tlis et (0He@r more of

Mz, DMBO- Gf 6) indicated a mi xture of diastereoisoners
tmdmatgmbas @rqfkakge aprt@)nog,ltlpp@pnmms@fa@g (referred to as a

gfgncg)[\)/%g%rall i,?n §01(1{3 FT% %esgrgts pSrOJ%gtlon OI;S_]GC{IVC %F 1riclu es two
di getbyd ﬁgl )éﬂh}é&émbm lfc)u?r' dryﬁdre XHvaBE Mbte, /K¢ Ghefey cBhbex

pyrazi no a] pyrazin-2

( 4mfitromsr 0- 2- net hyl phenyl ) - 3 pyrldlnyl] 2-[3,5-bis(trif

| uor onmet hyl ) phenyl ]- L/, 2- di nmet hyl pr opanam de
30(D41)-Di astereoisoner 1 and L/-[6-[(3S, 9aS or

/?)-8-acetyl -3-({[ (1, 1-

di met hyl et hyl ) (di met hyl ) silyl]

pyrazi no[ 1, 2-a] pyrazin-2-yl]-4-

(4-fluoro-2-nmethyl phenyl)-3-pyridinyl]-2-[3,5-bis(trif

| uor onet hyl ) phenyl]- L/, 2- dinethyl propanam de

(D42) Di astere0|soner 2 To a solution of (7S,

oxy} met hyl ) oct ahydr o- 2H



added to a vigorously stirred solution of D Serine
(10.47g, 0.1 nol) in 2N NaCH solution (501), stirred
WO 20078812 nut es at RT. before cooling in an i CRCHEP2006/008869
bath to ~6C before addi ng Sodi um Bor ohydride ( 1 .06g,
27.90mmol ) portionw se over 40 mnutes. The reaction
was stirred at RT. for 1 houBlbefore adding nore
benzal dehyde (10.16m , 0.1 nol) and cooling down in
an ice-salt bath to between 6-1 0C and then addi ng
mAﬁ.eﬁﬁ)%!dmﬁthoar%gj defl§n Q)le)gecti%ﬂlat lch TR dhirrors is shown in
portionw se over m nut es. e reaction mxture was
StFIG. 8dSpéciffally, projecthmustiectiveoednuliuties ik ZLefdvdmirrors
sure all solid material in solution, hence diluted

wi 3K, W20e330 8101 50asd 3Rl ReteHoepmectipn okigrdiygs 004y er
idified to ~pH,6.5, ' , lution, Solj.d

e b g LR I S b S bl

5 OV&hNE FhHbleaB FaQéntt Bredfoh @ dndtakRitbeefMN dfdhé Mift@¥surfaces.
yield. NVR (DVBO-d6) d 7.44-7.30 (5H, m), 3.98 (2H,
q) Forahg purpséd of TatHe 14)and3lable (B, 1tHe nmjror Desgnatpmiseorrelate
44 R) - 5- -4- | met hyl ) - 3- hol i li
TS L EDLIE LI et Aol hecat ey
o] Cpg g Ribr3o0rntheof () O HIaR YR I3k ror 4
( phaytoredspyhds fo-mmardrBa0( hifens (¥B) tomesgonds o 2itrda&$0; and

solution (501 ) was added chl orgacetyl chloride
10 ( 4mzwen 6 (¥4) parresponyls taymgpen X9. oV bicknesspiim hakls 1 Arpnd

CEPLRITRISRTAE, Ay MBI 65 REIe R,

anfhdfatidRath. THe MBSorRO LesttitRn&N (I, G6r BhRtffedf®offirrors, along
adding c. HCl solution to pH<l . soli dg{)rem pitated

ouwithfth¢ ampunt themeipon dedecenteresogndojetated (airidtads froayaminitial
reflux for 10 m nutes. Filtered. | yent ..
VRS IUPBPIG NP Agh e ar e e ofAble TRl e e adhe

15 Wi iRefk 22Oy @idxhfivatif, b bb&neQMPaKRY idtnid 286 98 @Yion is
solidin 29%vyield. M5 (API+): mz 236.1 (M+; 100% @
r egignh indegrees Uni6 fonthe Desuniapcoasficiebts ag¢ hyh”"'. Nradius is a
(3ft).-5-0x0-4-(phenyl net hyl ) - 3- por phol i ne ate
( m%%lwcml{lg oS rer Vé@p&%éggrf@&ualéga ?@rﬁﬁ% t he
procedure described by HH Oto, Helvetica Chimca
Acta, 2004, 87, 90 using (3R)-5-0xo0-4-(phenyl nethyl)-
3- IOFIh 6l prgeaidnbyédtive 360 ds §Hodvn iBmerid@nallSecldnbhe
in EtOH (30m), cooling in an ice bath before adding

20 Thingrigionahplgne iea symmedyplangighpiaiectionbieqtivs 390 pymmgptry

at 0 ]l I j :
i e hnellaitd praRE K TRE BBt acECH e SRk rdspec
C hiottht geaxis dwd-dilténgbdit kg edxik OFurfhdrothe Soefiditads forthdrer
t hi on chloride (0.5n) and stirred overnight again.
Adfreeformiraimars bayiog iad @ddalegree)in shegr-ceerdinate (g:-g.ny, X 'of > 6tc.)
hours. Sol vent evaporated to afford the title conmpound
as?&if°Btange oil in quantative yield. M5 (API+): nfz

25 264.1 (M+; 100%9 @retention tine 2.28 mn [a]D = -
11.4, where | = 1cm ¢ = 0.5 in DCM Description 46:
Et Bydjeqt®hbjebtive3dnys nenfigiryd Srropeption witlke 48 Soxy Iradiation and

br BRI S5euae DA O RS B eGSR At 910 g e pptcal path

(Bl R pERdlon KO85 i 3lccordipaly, the ratiq of optical path
( Dength3tobdgklehgtiBhrapptoximatetly §.58HProjet@ioh)objeive das an
an i ce bath_ before addi ng borane-di net hyl sul(g)hi de
30 codgmagnificatigued 4X jompxinaym gisfort iRt lessdhan HGmmes Yres of 0.035
was allowed to warmup to room tenperature overnight.
Stirred for further six hours, added nore
bor ane- di net hyl sul phi de conplex and stirred at R T.
over the weekend. Reaction quenched carefully with
water, dropwise till the effervescence had fini shed.
Sol vent evapor ated. Residue dissolved in water,

T ] - T~ T



Cooled to RT. . Reaction neutralised using 2N HCl

sol ution. Solvent evaporated. Residue partitioned
wWheiwreen7DCM and Water. Aqueous | ayer extract eRBICIHEPI906/008869

10% MeOH DCM x5. Conbi ned extracts dried (MgSOH4)

Filtered. Solvent evaporated under reduced pressure to

afford the title conpound as32-white foamin a 94%

yield. M5 (API+): mz 222.1 (MH; 100% @retention

tine 0.96 min [a]D =+ 73, where | =1cm ¢ =0.51in

Sgli.ption 48: thyl ... - o
g B ie AR A datings sharaclsgisTies P BRI FStions
erd)lﬂ@étﬁ/e(mre resented in the discussion of projection objective 101 that
(3/7?)-4-(pheny nethy ) - 3- nor phol i necar’boxyl i ¢ acid
( Dvllows. 93g, 8. 73nmmol ) was dissolved in dry DCM (20n)
wth alittle DVF (2nL). To it was added TBTU (3. 62g,
11. 27mmol ) foll owed by DI PEA (3 o2mL, 17. 29mm|) and
st

R G A s B S G
( 2m7gs 31007 had ?‘ﬁﬂiﬂ)'e optichl QEAMBMQQ 6820, m 28d360 hrd dlso P
dry DCM(15rrL The resulting m xture was stirred for
45mnmlts %rr@@fﬁoeansle}i{ghamel gatevesepiivd! powenljpsequence

copbipfiterih e s el i RIE e hiReAR pOF RS prnee

Sol vent evaporated under reduced pressure to afford an
orange oil_. Used crude in the next step. NS (AP] +):

m z 323. 1 [( Mudacel0p9Rad@s(remknt iToiskiessiem). 17 Mede [§] D =
+ 11.8 vvngbjgctr  IREINIRY u 5 THalgear DEJCri prion 49:
(7S, 9aS) - ¢ct DY I 2,1 -

, 4] oxazi n{7- f’ﬁ% 1nol?bz7, %g{a Met hy %{41025 REFL
L/-{[(3f? -Ml(f?rh?en I n%7l5h913% 3- rror§ﬂ4(9[2$ nyl JJcaREdnyl } - D-

serinate (DAdmo3 7 ’g, 34glasa5mol ) wepadi Ssql veerFl n| Et OH
(50mM.), tiHe %-kd on C ) flhe | aged
under an %%Ir P o%&r@gr ogen oe\gloéeér% %TE ueeEEeFlr[wld. Left
stirring orM'f’?fr5t h or 83H%Ars.  Addétp-40% Pq

(200ny) ampd Miedrte updes2wrs3at nosphasogedf hydr RERN

overni ght | Catabysy rgemed by filgdogtion|through
ki esel guh M th acid washi ng vwell hwith Bt OH
10 Sol vent renoved under reduced pressure to afford a

colourless oil. dISSO|ée€1 dry MeOH ( 15m _) and
heated at 50C overn|ght tlng for a further 3
hours before cooling to R T.. Solvent renoved under
reduced pressure. Residue triturated with DCMto
afford the title conpound as an off white solid in 35%
yield over the 2 steps. M5 (ELSD+) : 201 . 1 (M,
1009 @retention tine 0.49 mn [a]D =+ 37.6 , where
I = 1cm ¢ = 0.5 in MeOH Description 50:

(7S, 9aS) - oct ahydropyrazino[2,1 -c][1

, 4] oxazi n- 7-yl met hanol (D50)

(7S, 9aS) - oct ahydropyrazino[2,1 -c][1

, 4] oxazi n- 7-yl met hanol (D49, 800nmg, 4nmol) was
suspended in dry THF (20m.), before being treated with
1M borane THF conpl ex solution (40r1L) and heating at
reflux for 17 hours. Cooled to RT., MeOH (8nlL) added
dropwi se followed by c. HCl solution (3.2nm). The
resulting mxture was heated at 70C for 2 hours.
Cooled to R T., solvent evaporated under reduced
pressure. Residue placed on a 10g SCX col umm in MeCH
with some water. Colum washed with MeOH (3x 25nl)
before eluting the conpound with NH3 in MeOH (4 x
25mL). Sol vent evaporated under reduced pressure to
afford the title conpound as a colourless oil in a
quantitative yield. M5 (ELSD+): mz 173.1 (M+; 100%
@retention time 0.31 mn [CC]D = + 3.6 , where | =
lcm ¢ = 0.5 in MeOH Description 5 1 :
(7S,9aS)-7-({[(1 , 1-

di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) oct ahydr opyra



W@ 20008312¢h| or o- 4- et hyl

= 0.5 in DCM

[a]D =+ 4.4, where | = 1cm C
i fluoronethyl) phenyl]-

Description 52: 2-[3,5-bis(t
-3, 4" -
bi pyridin-3"-yl)-L/, 2-di net hyl propanani de (D52)
2-[3,5-bis(trifluoronethyl)phenyl]-

L/ -(6-chl oro-4-iodo-3-pyridiagk)- L/, 2-
di met hyl pr opanam de (400ng, 0.726mmol ),
4- et hyl pyri di ne-3 boronic acid (130ng,
sodi um car bonate (0.8n, 2M,

t et raki stri phenyl phosphi ne pal | adi um (7. 8nyg,

0. 944mmol ),

PCT/EP2006/008869

Coefiicerd. 0P 726wmDl ) was wadded 1 n dwoxane (4mvy and stimsed M6

K UNAET 4a2450B+0DE1 OlesaINeas | NU-361326661 M BLAT06N-¢1 al 7.16RRBIR300  9.391806E-02
Y f or | 3Q.ott0dBH0eS . ,0.060dabeebo MO €oodooosFet hy b.@ydobedbd1e- B000000E+00  0.000000E+00
X2 bor pni-ssaacicds ( 671.26mg5e-00. 490mmb7ee-eNd 2.451198E-05  -1.557674E-04  -6.667760E-06
G t et § aki.istesiephenyl phosEphi nepadsbaaribaum (730809805 1.398839E-04  9.098616E-06
x2y 0. 0Q726mvedejos anck. headeed at 63XBOEC0T Or -03Q8WE-DAIL €9.519017E-07  -8.040311E-10
& t he efxmeswadded -tavrsesed net aydspye-odi nez2@2bvooni 32082807 -4.521618E-10
X! (51| mg, 409 3EAMOI ) 1.314504Er0ak i Stiei1phersy | phosplae-mepal7issediiene  -5.450396E-11
X2y2 (7. $mep.3033@OT 26 mmoddpseadad  he.atssdE-enden 95TPISE-oNaY 8.524719E-09  -5.846553E-11
Y condli ta.cesesiEat 1100QCsdEee 30AT9TeAERE0 , DRFFKE-OT € RAACBEYELQS -6.829886E-12
XY et iyl 9ediae- 3.3600EAIRC aGHBPRTINY, 1.915106E-13  -2.016721E-11 5.660569E-15
X2Y* 0. 34mmoley774EEB r akd-836401EpREny BpIBERBII nepalh@EHuUm (100839511 -1.079542E-14
\ 0. 00 72%619#P84E)13 anck-43esatEeld at -9-3RGOEX or 93B33E-HMUt €J.113886E-12  -1.553415E-14
X? Resi| due'Sg9atEt1bt | orfBePe et weenSBIERAE and 'BRI7TRES AJ@ESUE14  -1.105247E-16
XY | aygr -VEEEHEPr actBHO W h ECORRSY. CONYINEN ext2Atig85-14  -2.683146E-16
XY' wer ¢ OYSEUEPEARAd SsHIYAETR 14 evaPOiEREY RASTEGEpur iTPPBHEGH  -1.006466E-16
Y a 1 ABHEEI1Zon CVPAISel uPTRE W% h PEtSEEMer t°§13963E43  2.221551B-17
ij3 Et Opc: " PBPERBher3 7 A& e t 34158 &t e GFOANMEYT act!OFAEE1S  2493748E-20
XY Sampl " B¥E o b/ M5 Fi ed 66 MELS D'PERESR AurtdlPrBE)>  -3.30293%E-21
XY (VDAP)-'CHFGHAL ot E 16v\,hl f é 53810 di' GCENT ssEPvAS Ry 3-287503E-20
Y foupd tPREdesit e’ 117 eri af2"*Fhi’s WA RGHD] nedS%P‘i"ﬁ‘S -1.747517€-20
X product®9%8%i%at ed® Fi%n P he WR?“'E O af PP ERe t1 19758135 18 -3.966972E-22
XY ComboAEPRER WA YE EIRi 4 i ﬁSZé?ﬁEg b FPBPAE2\E (4 066751 5)17 -1.153602E-21
Xty 606232E1 ) 4ro11o7oe 20 034354E41 -9.786532E-22
x2y® rzﬂ [Z ;5%;6? ?‘27 |\4§I+f I ;ﬁgg&i&%ﬁsfgég 60 E)% ig;awe -21 3.324806E-17  -2.054121E-22
Y? Wi ) - §egjg;%§ E]; y e } 25661E-22  3.460507E-17  4.049399E-23
X8y . 7. E- 3E 2 -4.154 3418177E-20  2.593417E-25
e dimpt gl ) (dé ﬂ%ﬁy ) si LyT ek 9@%@59}6\@@5&9}4 68 satoroueos
xtys 210 [25%699752 %% i 31915 422E-2 231 754E-19  1.062541E-25
eyt H) - Y1 17 AsRBLBy! - 34 E%prr 7 V%E’ iy E% } £8P  5.083080E-27
v ana dzeaa% The, 4 3uor 9uE PhEm¥hobesoo  -a.6070626-26
xo L/- LRS- '-‘F"EEBGQME 253, 4720k Ry5d di @5&%439!59 DOOGEOE+00  -1.214434E-27
xeve  di met hylpeepanam ges{e22, {4WBee s 1 38Mdot o6 0.000000E+00  -7.139344E-27
xyt (7S 93251)52126&3(2%[ (LiosdomeE23  1.317953E-22  -1.079450E-25  0.000000E+00  -8.881170E-27
xtvve  di mt byl ebdeyl) ((dj 3Bbdtine) Sibyhidxyd el Bybhesd ahyeio@pyio®  -3.378s05e-27
xeye  Zi NQ[ Z3.2bge6delod , M Axpg e (Bokszeen 1. 308ecoosl 8MIBYodooE+00  1.400401E-27
y°  sodi un. 64435”1@2@“ dﬁnéﬂ&f@ 0638991@&'@3 ) WRP54E80aS660o00E+00  9.011434E-28
Nradis t YYY et 100E+0H' y—t U'l 0b (00E+0 1 “C' YT 1500E+00 1.00E+00
Ydecentﬁ 0 5 I-1), d ' .

X-rotation, - Mo -7.&5‘ 2.295 -1.825

0. 038nmmol ) and heating under m crowave

i luted with Et OAC,
e x 1, dried (MgSOH4) .
Filtered. Solvent evaporated. Residue purified eluting

| (15ny,
conditions at 1300C for 30? g%
washed with sat. NaHCO3 x T

with Pent to EtOAc. No Fractions isolated clean. M xed
fracti ons conbi ned, sol vent evaporated and residue
re-purified on a 2g SCX col um, washing with MeOH (2x1
OnL) before eluting the conpound off with NH3 in MeOH
(3x1 Orm). Solvent evaporated under reduced pressure
to afford a gummy solid (86ng). M5 (APl +: 766.4 (MH+;
100%9 + 652.2 (MH; -TBDMS ; 20% Crude product was
used directly without further purification.
Description 54: 2-[3,5-bis(trifluoronethyl)phenyl]-
L/-(6"-chl oro-6-fluoro-2-

met hyl - 3, 4' - bi pyridin-3'-yl)- L/, 2-di nethyl propanani de



colum eluting with Pet Et20 to 60% Et CAc/ Pet Et20 to
afford the title conpound in a 27%yvyield. M5 (API+):

worze@w783371 (MH; 100% Description 56: PCT/EP2006/008869

10

15

20 !

25

2-[3,5-bis(trifluoronethyl)phenyl]-
L/-[6-[(7S,9aS)-7-({[(1, 1-

di met hyl et hyl ) (di met hyl ) si | yB}exy} nmet hyl ) hexahydropyra
zino[2,1-c][1 , 4] oxazin-

8(1H) -yl ]-4-(5-fluoro-2-nethyl phenyl)-3-pyridinyl]-

L/, 2-di net hyl propanam de

(D56) 2-[3,5-bis(trifluoronethyl)phenyl]-N][6-chloro-4-

( SFdrl the herrdrdmtphjeptien ybjecBve 300, the maximum deviation of the
pyri di nyl]-N, 2-di met hyl pr opanam ‘de (D55, 50ny,

0. (‘D@aftmmlsmfa((exgr(gag)bem i{ §phere for each mirror is as follows: 154 pwm

d| met hyl e (di met hyl ) si_| oxy} net hyl ) oct ahydr opyr
fos PprTor é}%i 3 UNGHOR MIFET 1540 rgzrrfer nyrer 3mipl 0 12,

?Lr?lf’riéa%ﬁr RSB HEnE s ha ks RoP ko mirorasg ey
f ol h RGN l?l)évﬁ%ﬁ‘%? o Frééfﬁﬁh R ROET AN HUs Ot ffatt on%ﬂ?‘—

25% aq sol), finally sodi um hydroxi de sol ution

( Osynrhetric efs@%r@Qs $Dlum Yearrmirad@d0; 33 hen forthizree 388596 pum for

degassed for 5 minutes before heat i ng at 90C for 2

howirsor Félad6iron ferowireer 348); RS pym irlmireat 340 Anded §hgm for

washed th sat NaHCO3 solution, dried (MgSO»4) .

Fi PHERTetPY- Sol vent evaporated to afford a yellow sticky

solid. Used crude in the next step. M5 (APl +): 783.4

(MH; 60% Description 57:

2 TBe Hrdviand sedohdyoimeiped bytvepive fiyd hirkdr- 16 arh Octlox 40T and
oro-4-

f | %30 FpHE igsnectivplyr Resnegtiye first andisgeansymicins supvagues for

),
2[}?% oéh%r mlﬁors H %rorectlo{lhy fe)cgﬁg 39? ]areT\ES %)HOHVISO% g6 % dar_ld
3- pY6 ixdi Yoy niiredr 3002t 38yk PodpAdal A& ((R0ewirror 330 1.79 x
| or o-4-11 uor obenzer;e boroni ¢ i d

( SEQrganct)lﬂﬁz(n%ﬁaﬂjor RIETI Qﬂ%@rﬁfbﬁé@e a(lé -2.40 x 1 Mor mirror

et raki str, yl | adi U
L F R T P S SO B FERT b T e oo
?5'11 &rr@arrax\eefoabro}é&férr &rje@zﬂ«emomug ey 19'§hﬂ)“mI>h% Wafh yRhe
par itioned between Et OAC and Brine. The Agueous | ayer
wasecend peocipal wirvatur ©8c2%8 10T HBhe surhiofi gk Bt aad second prin-
wer.e dried and ed, .The residue S rified qn .
a SR TSP STROIF i 0 st mithRe RBaRY s psEond prin-
g{illédr@a?tu%llé L 0B&erp’ Sent to MDAP for purification
fford the title compound in a 96% yield. M
(API +): mz 553.1 (MH; 100% Descri ption 58:

A AR b o ST
I

i garg%g D BhRuAL ST RV ARG

H) mydge plaegr Foli exahiple,/prarediioe bhjettivopehanags radiagdn from

2-[3,5-bis(trifluoronethyl)phenyl]-N|[6-chloro-4-(2-c¢ch

| opkjedt- glqirgfolr@pweaﬁyp)e‘r@edrate 1mage at a location 305 near mirror 360.

%ﬂ%bﬁgfnént%\lt}é 8A§6nfy<zrprr1§€e%”ﬁe%%8la EfafHso Rellide two or

di petdiyl t Iihes( Qi aahbrémb%uwédtew}rémt biyd é%b%] iPPMhés is
zi nol[ 2, [1 ,4]oxazine (D51 , 13

sopm@maﬂlym@wnb&efqrmﬁgurp@sesmzﬁmmg )an\aecréur@esgasmtantlally
together in toluene ( 1 .2mM _) for 1Om nutes before

addi ng bi s(di benzyl eneacet one) palladium (6ng, O CH

nmol ) and

2-di cycl ohexyl phosphi no-2' - (N, Ndi et hyl am no) bi phenyl

( 11pg, 0.0275nmmol) and heating at 1000C for 30

m nut es under m crowave conditions. Added nore

bi s(di benzyl eneacet one) pall adium (6ng, O OH nmmol) and
2-di cycl ohexyl phosphi no-2' - (N, N-di net hyl am no) bi phenyl
(H rng, O. 0275mm|) and heat ed for a further 30

. o, A NN~ e o o N 1



8(1H) -yl ]-4-(2-fornyl phenyl)-3-pyridinyl]-
L/, 2-di et hyl pr opanam de (D60)
wQ2¢03/05261 s(trifl uoromet hyl ) phenyl ] - N[ 6- chl or BECHEPZD06/¢)8869
rmyl phenyl ) - 3-pyridinyl]-N, 2- di net hyl propanam de
(D59, 106ng, 0.201 mmol), ), (7S,9aS)-7-({[(1 ,1-
di met hyl et hyl ) (di et hyl ) si | yBpoexy} net hyl ) oct ahydr opyra
zino[2,1-c][1 ,4]oxazine (D51 , 72ngy, 0.251 mmol) were
di ssolved in toluene (2nm). Bis tritertbutyl phosphi ne

' . A0 g | . D
e AR RAAR AP Robis bitd B fiBihe sizg gfthe projection
sobbjectiveds dporaire.y sodi um hydroxi de sol ution (0.25ni,

50% aq sol) were added. The m xture was degassed for 5
m nutes before heating at 90C for 2 hours. Reaction

copled to R T. iluted with.EtOAc, .wash wi.th sat ..
e 4 §n rpispedinie e fh BRSO SRR TOL e B Bhatively
5 evRp&Y @opth cdRasd umtiFiedivlyi tBE dRtaHck Batwednthl chie? 889 and the

Et OAC /Pent. Sol vent evaporated under reduced pressure
t oupfelr and lawgralags giethe peirgovhiate the U pné lavervByg gvess:)In
mz 779.4 éh+H; 00% . Description ? 1
2. f(g{lgg]ﬁlbg Wpengs, this K c)aallpg@;bp]lt_ mm or more (e.g., about 2
L/ -{6- -
i T B s BT b By oot e gy s S DSl S P g B
zi glegu? 6Immy grimord] sxazasmbout 7 mm). Coma at an intermediate image in
8(1H)-yl]-4-[2-(hydroxynethyl)phenyl]-3-pyridinyl}-

10 |/ projestigaiobygchive sam Rairelatiyghs inall. In some embodimerits, the

£ 4iStafcLat bE Bt ARFLIKL RIETMd ol ik br/1esS B il dr

di pe§)hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) hexahydr opyra

zino[2,1-c][1 ,4]oxazin-8(1 H)-

yl]1-4-(2-fornyl phenyl)-3-pyridinyl]-N, 2-di net hyl propan

amj de 0,.27.7 .0..035 | S. S ended,in..dr

T et e s B B R o B OB gy Feftect
15 0- QARMIBLD aRBEhtDirhdiafi8n bPWaleldRsth ), M?ﬂlly‘:'ﬂ%ﬁieﬁpme%ﬁn or

borohydride (3nmg, 0.0/8mmmvpl) and left stirring for a

f uiricident theaguth oflep arcertaiaaagé ofingident eglesvMirrosstan be
diluted with Et OAc. ggyic | ayer washed with water

O \
dr fasmedMysoxymplerse that ghey refeciapoubydpar 8¢ (8- abpyt e0%
the t i ite solid . iof,89% vi el
Lo abe, GG PR Y nite Mol SoYr oY bl 0B et aBout
( MR, kQRGR:; 9B sithéie) 8N nbrtnally incident radiation at A.
2-[3,5-bis(trifluoronethyl)phenyl]- L/-(4-(4-fluoro-2-
20 net hyl phenyl ) -6-{[ (2S) - 2- pyrrol i di nyl met hyl ] ani no}-3-p
ridinyl)-. L[, 2- dimethyl pr.opanam de .(D62) A
Y s Smbpinggngss HEE e o PR R doR SOy Ydhgf films of
L/ - | ~A-(A- 2. . .. ..
e T Sy S b eyl e poml g aeidepadiaton
[ W& 2. 0%eh Q0251 the 6tatk cbn BavelarBdptigab thickness of about A/4.
1, 1- di net hyl et hyl
( 2Multtlayermdtackssanynglude phqut dlicdimeredegoxppat 30 pNBeEe, about

252 ST Shob e T R PR BB o
hegf st %%rsé%cgcs: Erﬁelé&&p&s@ﬁgﬁg?e%d{fnﬁl datachad »133¢) -

A HPL owed a 50 nversion wth partia

| ossanvplef teltBoe aleraheegd fihgs of mopybdEhemrasdailicom ovas

heat ed under microwave irradiation to 1600C for 1h and
npyrand perligmeeande usgdde dorm miprors fog pefiscting| v

to

The spensj on.was, di{uted with dichl orone ne an
extEATBIRIRE RO R to A ieain g ¥ &y OBt PS8 Bhowy 1
(Na2SO4) and the solution was | oaded on a SCX

cartridge, washed with dichl oronethane (100 nL) and

met hanol (200 nL, this wash allowed the recovery of

t he unreacted chl oropyhdine) and eluted with 2M NH3 in
MeOH. The crude thus obtai ned, which contained both

t he Boc-protected and unprotected conpounds, was
purified by flash chromat ography (silica, cycl ohexane:

T o~ N NN NN o~ N o o, ~Nr— N



To a solution of diethyl 2,2-pyrrolidinedi carboxyl ate
(D63, 900 ny) in dichloronethane (9 nL) at 00C
W@ 2r0ae3i20im car bonate (0. 5M sol ution, 12.5 nlL) BEHEP2006/008869

bronpacetyl brom de (0.55n.) were added. The resulting

m xture was stirred at 00C for 2 hours. The m xture

was then diluted with water-aad then all owed to reach

r.t. Ethyl acetate ( 15 nL) was added and phases were
separated. The aqueous phase was then extracted with

| (
 (REERRRN ellor i Bl ARTRAM Nl O DG b ana
Vaﬁli@oﬁ &equk’i%rﬂehﬁfoﬂk&l I lesimGaaRauag]d alferRfithe Mngsfange
oil. T.l.c: CH AcCeEt 1: 1, Rf=0.47. UPLC/ M5:. peak at
Rt molybdéBumiandwietyllimzare p8d6rre@3& 1 WHHE nm. Descri pti on
65: ethyl 1, 4-dioxo-2-(phenyl nethyl)hexahydropyrrolo[1l
, 2- a] pyrazi ne-8a(6H)-carboxylate (D65)To a sol ution

of d . .

5 3. bt bmpgsincgts, the mimprs dre made of guars elass pogied withip
Ngingle 1&g toFaldninue 4nkDovdredat@t withtonekgmadreanydrs of dklectric
m croL) was added. The resulting m xture was stirred
at meterials suctasgapiers fgrmedqio 1,ileak 2001, Alafhi. Mirsss formed
was ob erved nsi on was then fi.ltered. ov

CofieR Ramiim B RERR SoePPey P b ikl tinl GoEpIG hradiation
et Héfdlnéﬁ%&a@'éfengthléfiﬂou) 19ndmvashed with water (2 x 10
he organi c phase was dried and concentrated in
M)vacuo to a residue which was purified by flash
chrormt ogiraphy (Cycl / Et OAC from 50/50 to 35:65) to
[neganeeal gt §|pﬁé“&%@ﬁﬁ)c§ o hipflegtedy I kargs as a

T %Jf%tloﬁ éle% fg}e oélhgﬁff?&i ﬁ?ﬁtﬁf Yg&%ﬁmﬂf%ww&ce

?&%%@Nﬁ@g?ﬁ?ﬁpﬁhbr&%f&es tﬂro'dgha o%?oiftltll% p?OJé'Btlo?l cﬂﬁectlve

2 #png a@mrr(hg:r of d}@“erg)tmtl(sd the1an|gje @f 1@1¢1denge q%th@rfgdlmlq;{} on

15 (Sn?sa%il‘]lb%'r(’?%@é vary, T@sle?FEer#lszlllpﬁtr%eéiO ihtre}:%erll_ﬁe to FIG%I qnch
Degitgwst paRioR St a[rﬁrr{d?h@()}’lrﬂﬁbﬁbﬂoh@@é@mﬂ rapyihERdes 4 concave
, 2-a] pyrazi n-8a(6H)- yl]nethanol (D66) To a sol ution
of redlebyve qurfacdidd olRagadhadialineihipcideak ah yarfamy4(loilofd a

PG repbihsyndiuiie e e Shotn By speph DE 420 and
C4d3 di daS'%WTD aJIZUna 448D Ay ?Hcﬁf&n{ od behfbnyd'f’sm]fﬁcéﬂ whEr the
dded dropw 5e. eresutlng mxture was stirred at

20 OOgurfaee ndbOmal isuifsrent. The dadetoovedf $mferoeamhrnal atahdse portions is
stirred at thi s tenperature for 45 mnu

t heiovrelay Haesd 11, 421 LB@Q%@?%F&HO@dW&tOSa%S ‘Ndh A@Oaﬁui 430,

th t ¥ ,
( ERP R Rr b o atg: fod 430, ihldehr ot 0) o Mg
t hen,, adsieshd 8,4, la@spédh\ketl%qa g@ﬂdat 8 cfed IRt .90 aﬁ& 02, may
white precipitate was observed. The suspension was
stvaryed at rt for 30-40 mnutes then filtered over a
Gooch funnel. The organic filtrate was dried and
concentrated in vacuo to a residue which was purified
by
toFé*! P = (AL e ARGl At
T. tad@ationdsh %@ia&cﬂernze&ﬁﬁ@ véadetyWPlwayWBOnp ehkraateriBhtion is the
0.43 mMn wth mz = 247 I\/H-g+ Description 67: .
hewanydrra@ygmfdp@dgn% VPesdiangdepH-po rehemiERon 4 D67)

m%jlél&lrngfzéeﬁﬁ Eoé&;?w%&%%?ﬂ@hjy 1hmgﬂgxiagg§f%r%ke?[t& rays

anhydrous nmet hanol (5 m under a N trogen atnosphere
at rt, ammonium formate (475 nmg) and pal | adi um (10% on
carbon 13 ng) were added. The resulting suspension

was heated at reflux tenperature for 3.5 hours, then

allowed to cool to r.t. and filtered over Celite. The
organi c extract was dried and concentrated in vacuo to
gi ve the desired conpound (120 ng) as orange waxy
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mol) and Et3N (3 m, 2 1.8 nmol) in 10 n of dry

benzene at the tenperature of 7-8 0C was added
waele@pwsrel a sol uti on of chl oroacetyl chloride POI/BF200$/008869

10.9 mmol) in 5 mM of dry benzene. After 24 h at rt,

the precipitated was filtered off and washed

W thAcOEt. The filtrate was-8yaporated, and the crude

oil was purified by flash chromatography col um

(Q// AcOEt 1/4 as eluent). The title conpound was

Iate 35064 urless I 4 I
Rep U e ool S BT st s Vo oR T mirrors
18mp’1{gi%§ﬁ§ﬂ objeEtive 100 9. Chem 2000, 657. Description
8- hydr oxyhexahydropyrrolo[ 1 , 2-a] pyrazi ne-1
, 4- d| one (D70) A m xture of nethyl
(38) 1-(chl] oroacet¥l) 3- hydrox%/\lﬁL prol | nat e 48
g, Inssomergrapgdimentsothe mé}ﬂﬂ»@@qa 6 OraIl tlae §‘é‘fr9’fsa‘f1ed

(o] b o]
5 TrerSsPn bt 0L ITRNLES, Rhest P, Ryt 200 R lisk atoye
af bofesk, absal dod or/m@l Mﬁjuﬂé 5576 k34, @Bt drdehigabhia 45° or
title conpound as a pair of diastereoisoners. After a
shiesd). &k oambe groap thancablout® (eGHChBHIVE QP08 hibresabeht20it 9r
the title conpound was isolated as a foany solid flg)
YI Bo) sBusonReprapediarents, ki MRKEIFRA VARES Rri-ctradig felatively

1984, 1445- 8 t 1: o
Ol Bor SRy B B O P VTR F Haie P28 LEIRbPBAY qrles (g2
t o f I 3~
10 ?m%‘f({u??% gg&%ﬁ%g?gt d% #Lljllé—%%e\?\géslﬂ?r?te or géusg‘efﬂ%u( 30308tesS&3bout
( 8B)> @&-1bssdnlooayt HER @i Yebs cabyout d0VHrlles)- a] pyr azi ne- 1

, 4-dione (D70, 750 ng, 4.4 mmol) in small portions.
The m'xture was then aIIovved to reach rt and stirred

| s8R geBbl i B on e B 00 Gt foranigr D 88227, O
S Ogi_‘l 1%r 8Ho I\La{(b%garetmgx%g nirof 330 m 9‘5‘2@?,/1?,,(%1" ﬁﬁH‘%r 340 is

sol ution Were dropped into the flas
15 unggn° \g, gofod weirdt B0 i 124, 58 and @58 hidfronds0 & 6. wed
for 30 mn at rt, and filtered. The pale filter cake
vvas washed with 100 m of CHClI 3 and the conbi ned

LB HRO DD U BB < G BaRBT IR GRS (e dn4Fyees) o

L A S G a8 g

2. R8s, 68,0rleds)) atbuB 60 (ot lest, dhoul 580r (ebs, dbod) 4@ .oF lesgaboiit 30 or
H) 2.49 - 261 (m 2H 1.89 - 2206 (m 2 H 1.74 -
201 psSY(m 2 H) 1.48 - 1.56 (m 1 H) 1.34 - 1.42 (m 1
H) Reference : J. Org. Chem 1995, 60,
3916. Description 72:
c/ AnblicAblyds@pysdtwnak thelaradl@¥f aicidente wF et dhagtahy ( D72)
To a solution of cis- nethyl -3-oxooctahydropyrrol o[l
, 2caTesperdingéo the eeairgbiigldatosnt ooy eaghmeigroa e 8 megrijonal section

AP BOCEnE L shaelel o PR 2 il

at nqps r . '

25 TR o on é@%@a%?%d 43 AP Y G
wag 55t irhirRs 320 HI9G f.f 719§I>0 Hiisrof BOMhad b g%@figo.@ov Qﬁﬁ'l:br 340
rt and stirred at this tenperature for m nut es.
Vahar0 (2607 18 ¢ moirjor 380Eds O kMF48L06°] ad m26GOr B6EThasl o of
and water (780 mcroL) were then added to the solution
and. 02 hdnfsomeeemitndiments thihmaairpumciabia @ﬁ%cw@scmﬁm@é} ved,
The suspensi on filtered over och The
or@r&m%mfl.qbﬁcgwm%@ém Pé%Ia%ImIYé%\Mc%ﬂ% Ialetsbcan be
to give the desired conpound (198 ng) as yel I ow oil.
UPLC/ M5: peak at Rt = 0.1 5 mn wth mz = 157 [ MtH| +.
1H NVR (500 MHz, CHLOROFORM-d) d ppm 3.94 - 4.04 (m 1
H 3.75 (dd, 1 H 3.19 (td, 1 H 3.07 - 3.1 5 (m 1 H)
3.05 (t, 1 H 2.96 - 3.04(m 1 H 2.78 - 2.90 (m 2
H) 229- 240(m 1H) 217(td 1H) 202- 215

- o~ o o —~



0.90 (s, 9 H 0.07 (s, 6 HyDescription 74: cis-

2-[3,5-bis(trifluoronethyl)phenyl]- L/-[6-[1-({[(1 , 1-
waeipesgodieret hyl ) (di nmet hyl ) si |l yl ] oxy} et hyl ) hex aPGTHERI9)6/608869

olo[1 , 2-a] pyrazin-

2(1H) -yl ]-4-(4-fluoro-2-nethyl phenyl)-3-pyridinyl]-/V,

2-di net hyl propanam de (D74)-38-a sol uti on of

c/s-1-({[(1 ,1-

di met hyl et hyl') (di met hyl ) silyl]oxy} met hyl)oct ahydropyrr

a o ) Y (

L 32PENS SR R0, 1ot S5t AR R e
L/ alioﬁt ¢ht or les4-abduf 13fosrdess; apddrviop e task) abdup$? bdle@y,la]bout
L/, 2-di nmet hyl pr opanam de [V\D 2005/ 002577] (75 ng 2
dr§’ erdesdnEormoRCHDy ohipstizeld800ak(mex), whnch is O cg for mirror

?ﬁﬁleczd bé‘l nmet hyl anmoni um chl ori de (25% aqueous
[ 32 microL), bis(tritert- butyl phosphine)
5 pal l adium (19 ng) and NaOH (50% aqueous sol ution, 245

m croL) were added. The resulting m xture was degassed
byInt ssnd érabadintdnavtieyetieDf andmakinanadalu@ sfeRgf, ) (in degrees)

under a nitrogen atnosphere. The m xture was then
he@tlétﬂlga{SKQfdﬁ‘%f@n s about £00 crhl@ssh(% ulouid8 callesswelzput gO or

oo SBRRS, o BAIRS, Mol sPi foon G Raflebcsp Bpovt 30 or

M) The aqueous phase was extracted with ethyl
acetate (3 x 2.5 nL). The conbi ned organi c extracts
10 were dried and concentrated in vacuo to a residue

1 gch BiTEpa o aueCRR PisalT i KGR P4 e Shrgy eRee %y i jange
oi J)fF&nE_ésocﬁégc%&llé Wkt@r?&l;gays %O%aeflﬁ#ﬂ‘ﬁl setéggs é)“ E)?JI ct

750b gaIVYI1011 ¥b2edd ror, AO corresponds to the difference between 0.,
1- dl nmet hyl et hyl ) oxy] car bonyl } am no) et hyl ] -Lprolinate

( Diff) 6, avieeot O}, nthefmimixhinyl aniglqofintidanes §BaZs 0y caéh Brror
mol ) in dichloroethane (20 nl) was added at r.t.
15 1, m-aiingsidiopibsaeyipn 0f poxjedianebiectivsakitt &n genergl, AB.ngay vary

?Jﬁa'r)@m PASECROR ST GRS BICHES ?91“%39%%5%3? T
ACHSHNANRRR FEGHRAE, KOs 483 203 61 L (01, Al 35° or

e  conpoun Was 1'S0
IOUrelssf laBadht 1P otiléssSkBout 1 0° BMRRsE %@u{\@‘zor Iebd, @BEIMN A kssd
ppm5.1 1 - 5.49 (m 1H)359-388(m4H)305-
3. abjoug A7 onldsy, 2. orﬂess) 'Alg@n(itmely, foy same microps lnwromthn
20 5 @ine%tdrme_ a;} C@st&,rieg% {ylygje Eor exagnple Aé_l}or some mirrors

( 8@;1%) bé;z?ﬁ)t dygs 8 M{OE‘QL% a&ttgb?y Fg‘?{o‘?e oot 3616 MBS hbout

Ion O
13511 srathbde, @boutI400xy hedre P By bl ajedt i ¢8jeut vie-300; abj nabe
(D75 1 g) in dichloronethane (20 m) was added at r.t.
ThAuta 30 is@ndht N6 .4dacmimor 3120<tswr X2 VA msctfor meldof 930 s
hr. The m xture was diluted w MeOH and it
fi P88k ntar &y@wnsc%@ ay 998 dag@mam mm&@ﬁer\% 2‘épat edpd AB,y
h neth pmoni a were evaporated in vacuo

25 keéoﬁlnﬁlémlrﬁ@ ?Iﬁtenperature at 400C. The crude was
purified by chromatography (silica cartridge, CH2C
MeOH 95:5) to give the title conpound (420 ng). 1H NWR
( 4AD0solrizem Bbilli ROEORM uhax uinyrp ivahie86r A%AG.&,X;(I?W all thd mirrors in
3.47 - 3.70 (m 1 H 3.24 - 3.47 (m 2 H 2.87 - 3.13
( nprogecﬂpng)bwtwegog Fan e ralatyyely smll For @qangp}p AB 4y can be

16%%&%)5%% g gg%u?ﬁ@' ogfﬁ)%slﬁ,?a?{or.lz 15‘?131( Iess, about 12° or less,

d|nethylethyl)oxy]carbonyl}anino)ethyl]-1,3-piperazine
di carboxylate (D77) Boc Boc To a solution of 1-(1

, 1-di met hyl et hyl ) 3-ethyl 1, 3-piperazinedi carboxyl ate
[ EP1 486498, 2004] (2.023 g, 8.28 mol) in 10 nL of

di chl or oet hane was added asol uti on of

L/ - boc 2 an1noacetaldehyde ( 1 87 g, 12 42 nnDI) |n

~ N oy - o o, .



reverse phase chromatography (Casis HLB 6g x 4
columms, eluted with water), obtaining 372 ng of the

W@ paor@3edhpound. 1H NVR (500 MHz, DVMSO G 6) d PEHER2086008869

5

15T

20

25

(br. s., 1 H 3.20- 3.30(m 2 H 2.98 - 3.07 (m 1
H 2.84 (d, 1 H 2.72 - 2.80 (m 2 H 2.68 (dt, 1 H
2.49 - 2.52 (m 1 H 2.40 --2946 (m 1 H 2.35 (dt, 1
H 2.12 (dt, 1 H) Description 79:
oct ahydro-2H pyrazino[ 1l , 2-a] pyrazine (D79) To a
) <l [ ] kN5 o
7030 grDefg %gggm 51°r53§+§8815t582’ g}qlééns gBQRIPYE Bk lrbut 6
ke@tleﬁ aboE Wrﬂes%dﬁﬂﬂl £ IPVEF Frdjedti &t objlecti e 360, W, .., is
bor ane- THF sol uti on. The reaction was kept at 75C
undeP7hi trogen at nosphere for 3h, then quenched by
sl ow addition MeOH at 00C. After 30 mn at room
tenperature, 5 nL of a 37% HCl aqueous sol ution
di AHBﬁ@rWﬂ 18 cHdrablerib B ﬁﬁ@fa@ioﬁ%ﬁfim%lr dchén 68}%’6{1% 191 is
sol ution mas heated to 500C for 2 he solvent was
r ebpihechiefday heagneSdatioa ap eadl madoh whBXefdre v ihegpu@dient of
ng of the title conpound. M (djrect): z=
mhﬂmaesbe quanglﬂ\m@@esheocfﬁfm ¥ mnge merkfﬁqnaéswwn)
%%dne%rexilge 2591%%0? Zefo‘ijé and aﬁgr refiédion frofifeacMmitror. For

SCr 1
2 é:&n’;'plbl I‘éfdrfmg k& BIGIBA Whepephetiiyf tay/ 301 divérget froar efdence
mst hyl 8heny| ) - 6- (oct ahydr o- 2H- pyr azi no[ 1, 2- a] pyr azi n- 2

- yiRis 3 @yrlpatmgeﬂ]ecnw f@m ammphgl%r@éaﬁﬂeﬁta éromm)rorr%

L i B e AR
2 AgRifRh86n. méfkﬁﬁfgqaqilmfbkpﬂwéﬂvely/wﬂe@e @féhwfeayls@zl
fl uoro- 2- met hyl phenyl ) - 3- pyri di nyl

L/ dlzfetgeaéltdmy rqfempem axinil@é b[otﬁ(bafo&glrab@fseﬁ]:ﬂwm fgm a mirror
0. t b
m1g$(§5 r%‘ﬁ@réﬁg g‘Fggﬁi‘l’%\Qg : g?iga edpg&%ge&?% %12 got'lil cases,

T A W S -

W hvonig nfulltiple eninus Withqaisitie. chidbrdy aﬁglte)magﬁlﬂeatﬁﬁ&an
(Ml ) . Description 8 1. (3/?,8aS)-3-({[(1 -

di estaspped Hyro)qtivichetange nsidopt yregl% PR PR PY m%myla@@py the

I
C oRodestin JoPet, Akl broiBe kR ka8 baving aplyang
( Tﬁl‘il&@{h@ﬂh %svﬁ%ﬁ 'H’ﬂﬁf rXy add8 Graghlfidatioh 298 aR8QRhibitRMtively

ng, 1. nmol ) in mL of ~di chl or onet hane was added
t r loe\t Wlm rey quzbs mtheznmrmmrpr@ndual elykectiveoi)pmirrors

o bt S e FevelnoeivERyeT rty il FRBRTEAUSRS while

St Mk &S 45 ha[s%&‘&lth%’@ﬁéﬁ%&’%ﬁgfe%aé’tﬁﬁca‘bﬂﬂﬂ tional
tert-butyl di l'yl'silyl thloride nmg, 1.1 mol)

was added, and the solution |eft at roomtenperature
over ni I\/bretrlethylamne 261 nm,. 2. nmo
Lofhe Eﬁgﬁtweoﬁme%ﬁ JPATIATS BHPIQISG 3@11(0?16%6 13%6@“ ﬂﬂ& ?ependmg
wa t f
teﬁ%gﬁa (e B e Inb PROEARA R Refiiy R Rae Gstances
di bethveen adfabainaniaruds exith agspect toithdpsthtof tharadiRmnd can

brine. The product was_isol ated bgg flash .
c hehespond &pfﬁ}at(\@ﬂx Hive ineiank syean esa@rtmednmﬁ Haggrtain

in

Lk S N N R L S A
3 &%a&ént nillrrH}s t%a@&p@ﬁﬁed By h’)or@ tlQﬁa 50"/3 of 9{16( Projedtibh oBjeRBve

1H 5 (dd, 1 H 2.49 (dd, 1 H)
223- 240(m 2H) 166- 189(m 3H) 1.43 - 1.57
(m 1 H 0.90 (s, 9 H 0.08 (s, 6 H LCOM (check at
5h reaction): peak @.49 min, mz= 271 (Ml ) .
Description 82: (3S,8aS)-3-({[(1,1 -
di met hyl et hyl) (di met hyl ) si | yl ] oxy} et hyl ) oct ahydropyrr
olo[1 ,2-a]pyrazine (D82) DVS To a sol ution of
(SRS 8aS) oct ahydr opyrrol o[1l, 2 a] pyr azin- 3-yl rret hanol

NN S PNNN NSNS\



1 ,2-a]pyrazine-1 ,4(3H 6H)-dione (D83 -
Di at ereoi soner 1) and {3S, 9aR or

w@a®yAa3R2(hydr oxynet hyl ) t et r ahydr o- 2H pyr azi no[ RCT/EP2006/008869

5

10

15

2OH)

25

30

, 2-a] pyrazine-1 ,4(3H, 6H) - dione (D84-Di astereoi soner

2) To a solution of the

L/, L/ -di-boc-pi perazi ne-2-edfilboxylic acid (2 g) in 60

m _ of dichloronmethane was added HOBt (817 ng) and EDC

( 1.74 g). The reaction was stirred for 30 min. In the
me . .

hy@?%é(l: o}g.iaféyg%'zaﬁi@ﬁ lgbgjeﬁﬁf%lﬁ?&g%?do, GiitrBfs 340 and 350 are
di sepaptaplyy atony tiam 5026 Of thedprofdclion pbRRtiNE’s tratk length.

di chl or onet hanewas prepared and finally added to the
reaction m xture. The reaction was left stirring at

{ ] i t,. PLC-. i
¢ n e BUR ROt PPl o e M U B B
) o é& fldMe arld 1B first3RRrdrNh thSR[iatioh) path Eo@paRAEESH kiRNdistance,

was “di 'uted with dichloronmethane and extracted with

s adlop-2. NEet@aerBthedbj end plavez®d4he senod thigros oh theradiagion peth can
The crude (2.,75 .wgs .taken.tq the next step.w thout

{ b hepewon Pty 10 S0 e Fod R bn BRI Ors oot

di I freRAvh&R AL S W, 1hbbt Tor nfire TES:, aBOstELS
at&%‘%ﬁ{ %@%cﬁ on was %'???'édéﬁaat rogfnterﬁgeéétaure or
f omote, abbut 3 br masc, abeuk®d dbyndiP] AWoMB4 onmark, sHoowdd drhmore,
expect ed deprotection product a{ 0.20, min, mz = 232

( MiboUY 3 orpere} FamRlsQaave TRlat Yehylayy instdent ryangdes. dn
fracti tihpr gd at nd evaporated. The
soﬁ%ﬁlécglﬁﬁso\eﬁ%t%?%gg’ %’éﬂgﬂfgggﬁéﬁd in5n_ of MeOH and
filtered to give the title conpound (D83-

D astereoi soner 1) as a white solid 333 ng. D 83: 1H
NMR geremlmig foipBat girze pnd) sane of tho migorsiingyojsciagn ppjective

H.,4.15 (d 1 3..67 - 3.77 40 - 3.49.

( ml (f' llcaf_rb va%yggie( %)??printﬁ;a% %erf é(gmels%’ggg Eis g)be rplr?rﬁm(eﬁ%ed

1 bhto2hd-yplandd T heToodri offleGhiors Eafbke @&u1d0 ohiNpolygonal

m z= 200 efl\/H-l ) . The solution was concentrated to

gi (eeg. arestmgnlar,sghing, hevagon)), ergregulax inushapef Intgnabagliments,

O, S5 S Ba 2 TR A ISR S0P R on

ppm7.93 - 8.08 (m 1 H 506 - 519 (m 1

wéﬁ?%@m}es (m 1H 3.67 - 3.77 (m 3 H 3.40 -

349 (m 1 H 3.11- 3.23(m 1 H 2.75- 2.90 (m 1
2.45 - 252 (m 1 H 2.31 - 2.42 (m. 2.H. UPLC/ MS:

peHKcegRin §Bbatimenty, yairsgpcanpave)a foo r"YIH{_g BrRxgum

(34:2..9a .

o=0i5pch8Ta ot s sbgy 1,500 mm o fess (6, abou 1,400 nm or less, about

yl e analor (£38 baboubi]l @0ansoorslese abdyt ITH0amiM askss, about

contai ni ng (3S, 9aS or

9al 990 surpiey dessxghant RPP yarator dess datnup BRY nmion gss 1about 700 mm

, 2= rLAZi Nev 4( 3H, 6/ - 7

ad%‘g%g% ﬁﬁ@l’—@[ﬂﬁﬁmséﬁ% Sgghé%tlgj.ogrﬂﬁﬁrqggsd agﬂé é‘rdgg%m on o>
waghdut 800 Mimta? 16s8f Abbut QB0 nfsh V&S NALHE 1 00 e o a6k 1) Mirrors
flask was cooled to 00C and treated with 20 nL of MeOH
anuhay e foqeprigtzhat s)a myxenyra dimensign it it more thas about 10
heated to 60(2 for 4 h. Thg rt%@cti on was .checked by

di PREES RsapOHt 20 mippor IjRRe, OOUtDOMINIENGIE))  * The
reaction mxture was purified by SCX, obtaining 174 ng
of the title conmpound. 1H NWR (400 MHz, DMSO-c/6) d
ppAnéx3diple df HRirox 600 WithAnloval {&t@6nt(imsh@wilin PIG®HA. .
2.79 ( 6H 2.14 - 231 (m .2 H 1,92 - 2.04 (m 1

H) Myrrgn 500 hasg mepmym gimengien in ,thelx-ﬁor.emglfvﬁ@ Pyiledn
(3/?,9aS or a - - A | -

di met hyl et hyWli met hyGsi | yl | net hyt yoct ahydr o®"H pyr azi no
Il ~-al pyrazine (D86 - Diasteroisoner 1) The starting
(3R, 9aS or 9af ?)-octahydro-2H pyrazi no[ 1

, 2-a] pyrazi n-3-yl net hanol (D85, 173 ng) was dissol ved

in 6 mM_ of dichloronethane and treated with Et 3N (420

] e R AN N VALY e " . o o, .



217 ng) in 9 m _ of dichloronethane was added
triethylamine (212 m _ ) and it was brought to - 10

WO@07/3831 uti on of acetyl chloride (54 nL) i n PCHEP2006/008869

10 5

15

20

25

di chl oronet hane was added dropwi se. After 15 mn the
reacti on was quenched by addition of MeOH The crude
was purified by flash chromatddgraphy (silica, CH2Cl 2
to CH2Cl2 : (0.5 MNH3 in MeOH) 95:5). The sanpl e thus
obt ai ned was di ssolved in CH2Cl 2 andextracted with

S%mb&ﬂ?@ﬁé&%ﬁ%ﬂ%&@#g?? 508 Bmdr 164 (g%d 436t $ALY BB or less,

renove title compoun ny) .

L Gibdat IIﬁOEqﬁﬂﬁor(lh&sl abou]tH M(/}:in(rISGﬂleM-la,boleE(ID(dﬁ)m r p38)
4.25 62 3.46 (m 2 H

2. zgqpus g,(q) Ofnqq) orjegﬁz abOlg 9ﬁ)@ 1‘(1m or4le$q) abc_)lgB?OD gy legs, ahout
) ﬁfo Hioar %ts?%fSﬁg 60 o gx iS5, (aﬁs) gs@ilm%n §55§s%’ab§&b{dﬁ mm

( Ser l@sd"hbo@efﬂmrmﬁi d)lol@sﬁaboﬁﬂ'i(ﬁ)'rﬁﬁm 188RaB6ut 100 mm or less).

R\Z 8-acetyl-3-{[(1
tchy be gz {thati aimﬁﬁ;lo)rsml (p1g reboby 2Q sun anyhre-abdqup§e sm
Z|no a) pyr azi n- 2-

teﬁ fl uoro- 2- et hyl phenyl ) -3-pyridi nyl]-2-[3, 5-bi
s(t rifluoromethyl)phenyl]- L/, 2-dinmethyl propanam de
(D88 - Diastereisoner 1) To a solution of (7R, 9aR or
9aMirrdr a0 isydynnétricwitl respect to meridian 601. Mirror 600 has a

d t hy] et hyl ) (di met hyl |yl th ct ahyd 2H
5 ep¥lo§ N plaamerd bed | B 603, fragnaifer fharl i
b| s t ¥ %’I ng %ﬁ\éﬁapﬂﬂﬁeny%ﬁ s%ma?fer the same size, or larger than M,.

L/ H fonederabodidreinds, Mpigrin aZamgd fiyinpiveny 0.)1-M; py ababit M) (e-g.,
2- d| net hyl pr opanam de [ WO 2005/ 002577] ( 156 n
nnfahqut O MLy tor imarg ezbayti Dy3) @gmﬂrﬁ,eab@a £p ﬁr(r@@e :%ouh 0.5

hexa ecy t t |
W GE8GE0 ut%)dg%?m Jbt g"org %ﬁ(’“ 0%
Soﬂnkﬂré @Bo&ﬁ@ 'l‘j'lx_o%of’eﬁﬂ%ﬁﬁti@élysm&féhutﬂ @ﬁbodﬂﬁ:ﬁts M can

sol ution was degassed by freeze-punp-thaw cycl es, t hen
st be akait dt1 MHET mere (8.g7%bhut 1.6 Maer meedkaithtng ivRlraigafrom

\%hépch(%@m%dgg)eﬁwor the exmﬁ;ﬁgbr O%ﬁgl atﬁ??gg out 900

Waﬁqrrgb} 1¢5€ %bWhtt SOFRN6r le‘é@sa%ﬁ't ’MG I'ﬁrr?élt }esi\l%bﬁmmﬂm or

brine. Thé product were isolated by f
c hiessymbogr H(Ifhmn{ oy leks labzraid0EN@Aor 66k, ﬁbout>3(m} hoe0)r, less,
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of product. Description 90: (3/?)-3-({[(1 ,1-
dinethylethyl)(dinethyl)siIyI]oxy}nethyI)octahydro-ZH-
pyrazino[l ,2- a]pyrazine (D90) The starting
(3/?)-octahydro-2H pyrazino[ 1

, 2-a] pyrazi n-3-yl net hanol (D89, 528 ng, 3.08 mmvol) was
di ssolved in 20 m _ of dichl oronethane and treated
with EE3N( 1 .29 m _, 9.25 mmol) and TDBMSCI (929.5
ng, 6.1 7 mvol). The reaction was stirred at room
tenperature overnlght and then for addltlonal 24 h. It
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wer e added. The tenperature was |owered to - 50 0C and
0.25 eqg. (39.5 nL) of acetyl chloride diluted in 0.5

WorRooa03drchl or omet hane were added agai n. The cPUHEP2486008869
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purified by flash chromatography (silica, CH2CI 2 to
CH2Cl : (0.5 M NH3 in MeOH) 95:5). A sanple of clean
title conpound was thus obtadped: 121 ng. MS (direct):
m z=328 (Mt1 ) 1H NMR (500 MHz, DMSO-d6) d ppm 4. 25
(d, 1 H 3.77 (t, 1 H 3.67 - 3.74 (m 2 H 3.11 (t,
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next 'step w thout urt er purification was

di ssolved in 50 nL of dichloronethane and treated with
50 nL of TFA, added at OC. The reaction was stirred at
roomtenperature for 30 min. It was checked by

UPLC/ M5, whi ch showed t he expected deprotection
product. The crude was purified by SCX. The fractions
containing the product were concentrated and the
resulting solution was stirred at 500C for 9 h and at
800C for additional 19 h. UPLC/ M5 anal ysis showed
fornatlon of the cycllzed product peak at O 34 mn,
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- 352 (m 1H 3.02(t, 1 H 2.68- 2.81 (m 1H
2.52 - 2.68 (m 3 H 2.25 (t, 1 H 2.07 - 2.19 (m 1
wWOo007/0887t 2.00 (m 1 H) 1.68 (t, 1 H 0.91 (dPCBEPH006/008869

Di astereoi somer 2 (D95) (29 ng): 1H NWR (400 MHz,
DMSO-d6) d ppm 3.63 - 3.72 (m 1 H) 3.46 - 3.56 (m 2

H 3.09 (t, 1 H 2.95 - 3.0348m 1 H 2.31 - 2.47 (m

3 H 2.17- 224 (m 1H 2.06- 2.17 (m 1 H 1.87 -
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di chl oronmet hane (0.3 m _). The reaction was stirred at
roomtenperature for 3 h. It was checked by UPLC/ M5,
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anal ysis showed formation of the cyclized product:
peak at 0.1 7 mn, mz= 184 (Mtl ) . The sol vent was
WO 20960827and t he residue taken treated in net hBGHEP207§¢08869
white precipitate was collected by filtration, giving
353 ng of the title conmpound (additional 156 ng of
precipitate formed fromthe-gdl-ution). 1H NMR (400
MHz, DMSO- c/6) d ppm8.24 (br. s., 0.5 H 7.96 (br.
s., O 5H) 3.79 - 4.29 (m 2 H 3.10 - 3.31 (m 1 H
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tenperature overnight. The m xture was then slowy
added to 50 m of HCI (20% solution) at 00C and the
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(45.3 M, 0.26 noles) were added in small portions.

Them xture was stirred at roomtenperature for 26
Whaw783rnd t hen was additi oned with anmmoni um cPCHEP286/008869
(sat. solution, 250 m) and DCM ( 150 m ). Phases were
separated and the aqueous | ayer was extracted with DCM

(3 x 150 mM) and EtAc ( 1 x-3066m ). The conbi ned
organi c extracts were washed with brine (2 x 500 nl),
dried (Na2SO4), concentrat ed under vacuum and the
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anteSBrPEet UG SIE afford the title conpound (18.7g) as

white solid. UPLCM5: peak at Rt = 0.49 mn with mz =

291 .09 [M+H + 1H NMR (400 Mz, DVMBO-d 6) d ppm 7.26 -
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00C by an ice-water bath. Methanol (47 m, 1. 15
nol es) and HCl 6M (32 ml, 0.128 nol es) vvere t hen
slowy added, carefully nonitoring the gas evol ution.
The resulting m xture was then allowed to warmto room
tenperature and stirred overnight. The m xture was
then heated to 55C for 8 hours and then cool ed down to
roomtenperature. The white precipitate was filtered
off and the filtrate was concentrated under vacuumto
afford a resi due, which was d| ssol ved |n 50 m of
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stirred overnight. Im dazole (0.476g, 0.006 noles) and
tert-butyldinethylsilyl chloride (5.27g, 0.035 noles)
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for further 4 hours. DCM ( 153 m ) was added and the
i mdazole (2.4, 0.035 noles) and
tert-butyldinethylsilyl chledbde (5.27g, 0.035 noles)
were then added a fourth time. The m xture was stirred
overni ght. Water ( 150 n1) and sodi um hydr ogen
Cafnbc%%h?e&ﬁé‘&lme%?% ?HJQ% efive F@ﬁf&nt&%eé@ﬂﬁgzéﬂd
phases were separa ueous | ayer was extracted
Wi dverall Forlé&ngﬁlk r@firihf €0 EHHWI(I] édl embgdithentewhiepcarsimage
were dried (Na2S 4) and concentrated under vacuumto a
r eBeld 80 ip usqxf ﬁoefacpbye squaredicgies ¢0.ceatpe spmie arhieyedywith
wWth 5 to 10% Et QAc/ Cycl ohexane to afford the title
cofPOINESEE an oil (22.2g). 1H NMR (500 MHz, DMBO- d6)
s5d ppm7.32 - 7.36 (m 4 H 7.24 - 7.29 (m 1 H 4.00
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purified by silica gel chromatography eluting with 5
t owhORb /ELERES foyihk xR an iR afyf |_;Inax@b @mefcbﬁdrﬁ M@B@Hﬁ% the
as Ilght yellow oi |l (50.95g). HPLC (wal k-up)
4 %Ectrﬁeid (fome thedopticabass pnd Bésché prajestionOah) ectlve
7S, 9a. (1?1- o "
G maeytcats tl)t'@u- REEXAMPIS; 1o BPspF iR AYICTEEE BRsFdt opyr a

Z' &9{1 régs%tio}l_ofqz%}(@iﬁéj PE= 005923 d Q1R rSthe ceRFaSRIE HofA is 120

20, 1mm fretrhghieetpitighl) xds, bt By30 mind.y| ] oxy} net hyl ) -
8- (phenyl net hyl ) oct ahydr opyrazi no[ 2, 1-c][1 , 4] oxazi ne
(D106, 22.2g, 0.059 noles) in 660 m of nethanol at

(B e Rlichsy BREEoR O ER e R Ao adBlRPE D Mal
( 3dbj2er-inthgeShith| ks exumpte, peljedionldtgedtBeat izo@® objadtrintage

was stirred at 800C for 1-1 .5 hours. The resulting
mi shiftr Brojestionrbieciives iaving selabysly éth abjeqt gage shifts can be

25 Eg vZe:ﬁa ; z{tlv ?)0%1 ar(é op‘ﬁ%gleu r%gtnef?w%ﬁ d)??,hlyl:?nkhdllﬁléﬁg thatdiave

vacu e cofpoun
( 18er8)ob Ng&:t-ﬁlﬁbge ekl gwi@tion dgRcEV B0 1 R@n Wréfﬂa%dﬂib@ut the axis
peak. ss mz = 8 [MH| + CASS I D 8341 , NWR and
L Onitdssddtinigvize G@ﬂml Wiekd p@lnrscmdﬁe) obje m@me(ﬁeldﬂwﬁmout the

3 62 t@é%@ do p(glrr{}_brarés}_%xpsg_végh qu]to,l By stzag%d?)ad’ﬁhls %nr}_l})

g %’(g/agg%eoﬂs 'w)nel?e gtgr e_xa%xp?% nééﬁolgg}woo?s %% (@ertectﬁ)n’ opkcléb

30 H) S)&teﬁ‘ﬂs (sach Ss Hﬂose disOséd in B.3H)6,ROES8 Bi pks upwaktmg and
pattern in accordance with the syn rel ative
stereochem stry. Description 108: 1,1 -di nethyl ethyl
(2R) - 2-

[ ({[ (phenyl net hyl ) oxy] car bonyl } am no) et hyl ] - 1- pyrrol i
di necar boxyl ate ) (D108) To a solution of
(R) 2 (Am norrethyl) 1 N-Boc pyrroI|d| ne ( 1 .6 g, 8

o o o ~ N A



To a solution of 1,1-dinethylethyl (2R)-2-

[ ({[ (phenyl et hyl ) oxy] car bonyl } am no) net hyl ] - 1- pyrrol i
waelpeeodanboxyl ate (D108, 2.07 g , 6.1 muol) i n BGI/EP2006/008869

di chl oronet hane, cooled to 00C, were added 4 m of

TFA. The reaction mxture was allowed to warmup to

r.t. and then it was stirred4at this tenperature for

30 mins. The title conpound (1 .06 g, y=88% was

i solated after purification by SCX. 1H NWVR (400 MHz

D'\ﬁgn?@ wgff?gg)itprggple'cf_g ' ]gr%bé?m)n %b@é:ti? ?8& Lispl%(@%& a?
2 £ominal pasitfibn 8f ik cenﬁ*al&?elﬂ Moird biekauke 4Me centraBBieldpoist is not

H 1.14 1.40 (m DeSCI‘IEtIOH 110: diethyl
{ ( tzﬂ)slazed with respect to thlS position when the projection objective rotates.

| (AL{Rheny! et Loyl carbonut) amno) TR ipyr g

5 ?Bt%g%ﬁm Ig% bective BIS)JBe%nmopwh@w% C@@)ﬁwl&npaﬁje@ﬁr@é R sulb)Ject to

nmmitdtiang damegcbhn taourkeof d;ﬁ):raﬂl()n Tdnmiseﬂustmtémfﬁ Figa8 showing a
added dropw se di et hyl nat 1 .08 m, 6.46
m‘r‘ﬁﬁl)‘ng oF IQCQO@gbhtﬂ% ﬁ/ﬁoﬁﬂ ﬁ?@?ﬂtg ‘PPéHrfﬁ?%eLHr & two-
wa . at
SR BRIBCED IR e [0 AR

br @eRoRigonasiel Jals aﬁﬁngﬁd suth Gharmamtiersvas a&@kd@ﬂn(addlgt\hﬁh axis
reaction m xture was stirred for one nore hour. The
10 solQ/SeMerms # epval oI dhe M@ctwmfaaﬁqu laWaél extension of

LS e A g ) L560 Phego

95ob'§kcttlﬁla@b\sﬁlﬁ ag«; Duklt@tmmualsjeét iha 7shfﬁ d)] the%éﬁology
37 (M1l ) and 415 (M¢Na) UPLC/MS: 393 (Ml ) @

t :@d?t@stmgqtol)Hl NMRS( tolvmasum&b@p@m@ytl@l apatity of projection

le Atzsi &g’ € ]2) E%r efPﬁ %i’ ¢ }4 ag Otﬁgn}l i tl%pr@;ﬁc%lgn }Q?U efggg%l around

15 3 t%éréﬂer%e'z’ﬁuszlogo 2.90 (m 2 H 1.45- 1.89 (m 4
(m 6 H Description 111: ethyl

(8a/ 7) 3 oxooct ahydropyrrol o[ 1, 2- a] pyr azi ne- 4-
cas boxyl at e (EDll 1) The. sol ut| on di e

({orsplodtetrmenyroetiiyti ma}%moﬁamtmn or
T e

( 5&buigd mm&raehigeabcam @0trh® ordesst alctmmﬁthrce le@sabout 12 mm
stirred under a H2 atnosphere for 2.5 hrs. The

20 ¢ aeralesss abowis! & jant @ kegs, gbputadhennt Aeless|abeut Mmm 9g less, about 4
fi 0 | yt

Ilnth’[ mg}ﬁeg dsa%othiﬁ‘EB\ggfesE %%ﬁ?ﬁm’lgﬁsrﬂs f s a abol}?‘f rﬁ&&lé&?

te}’fff@ﬁé@ifoﬂf(ﬁ)ﬂécﬁll’ve@)ot)fﬁ)r%ﬁﬁméte heoay, eoiser aur e for 12
hrs. The solvent was evaporated to dryness to give the
t|tIe compound (617 ng) as a mixture of

) tig.ca. 70:30 Thi g :
BUPAPRS ARt B BiTiysd Ol G0 Rer< pis b1 Sa i en maee-
25 'Vssldé”h%e v&%rﬁ%g(dm&nae E1“'15'6: M‘ﬁgi éigig fl(‘érélz\v%@%i@%ﬁ%e %fg@g% the
( m,hoIteBt) dlﬁtaﬁde betS/eeﬁ 1r(1age flang 102 aad theZnQ‘BOI(s}mrfaQe bl)“ thé

,ﬁnngor,_ﬁ osiesgg 1mageg%ar(qﬂ0321thpb re%legt% 1magc‘:!dz_%adél onSTsz The
ra r
e
sugyisteans hdvendNrdtatiaedl Broysirgetaic suffacesdvhere Thdffee workidg
range. Description 112:

30 ( sém}lcm&&ﬁwm Bspsured o] theopiicphaxas i Thefren watkpngdistanpg
12) To a solution of ethyl
(8af ?) - 3- oxooct ahydropyrrol o[ 1
, 2-a] pyrazi ne-4-carboxylate (D1 11, 207 ng, 0.976
nmmol) in THF (0.5 M) was added 2MLiBH4 in THF ( 1

.46 m) and the reaction m xture was refluxed for 17
hrs The reaction mxture was cool eddovvn to r. t 9.7

Y AR A S /N =g i~ o o



To a solution of

(S)-2-(Am nonet hyl )-1-N-Boc-pyrrolidine ( 1.65 g, 8.25
worprp3izm 25 m _ of di chl oromet hane was added BI'TPERXM06/008869

(2.15 m _, 12.3 mml) and at 00C Benzyl Chl oroformate

(1 .41 m, 9.9 mmol). The reaction m xture was

warnmed-up to r.t. and then r#8was stirred for 3 hrs at

this tenperature. Brine was added to the reaction

m xture, the aqueous |ayer was extracted with

di

ar o PR AnC B ol G IRl A pRAR PR Ml Gstrated

puihi FTIG=6, @hxdhmhowataogrr&rrr&d O(z&lthd: clasesamiiriod g&image plane 102.
cycl ohexane: EtOAc 9 gl ve the title conpound

( 2Radjation gé‘@@)%frornswweZ&llzg minpisdE Thy igpgesids: freg 2=

235 I(kﬂﬁgggg}‘g} id dé n%%céﬁ/“' é )sotg’)e fg%(o% ﬁ%ﬁﬁol %2{)50&4%? mm or

5 ( nilno?e () lg. 3ol 3ab5}%1t 30 %ﬁ%rﬁﬂ&)rela‘tkﬁut 35Qhm-orIndre, §But 30Hhm or
2.75 - 30 1H 1.52- 1.98 (m 4 H 1.20 - 1.49

( nqnoge, Hbo@é&cmnpon owre BhoutpHk mym aemioyd about 55 mm or more,

So@ tgg%roglnlim&n%@r{ﬁ& [}qﬁar barr§a IQC m er%bodlments d,, 1s
[ (éﬂoclpb@@mﬁ%& me%egy]asaﬁtbwﬂnm 1269, ABLIYI o P 1, i
di necar boxyl at e 1°13, 2.23 g, 6.6/ mmol) in 16 nmL of
dl alitluo 60 mih faress). dtrojeetion ob20Gye 360, foneidenplé, Inds anafnage-
TFA. The reaction m xture was allowed to warm up
10 1 _side fgg woskingidistapee Qftappredmately ﬁ?@meﬁﬁ@#agmwéa%sr

30 [
col' St gicp iy o RERAHR bR PR i Srgge of
MXubRtrate 13850 pipideltiohed aﬂhhd‘ﬁ%léxﬂ@mﬂ\:wﬁhoﬁil\ﬁﬁm&mg thle side
ppm7.04 - 7.47 (m 6 H 4.82 - 516 (m 2 H 3.1 1 -
3. qlérn(rr@r&loliﬁcmggmagevlm 0y 1 H 2.84 - 2.97 (m 2
H 2.61 - 2.82 (m 2 H 1.40 - 1.83 (m 3 H 1.10 -
1.37 (m 1 H) Description 115: diethyl {(2S)-2-

15 [ (AhépBemty, RE BYjeLeXt Erve Rk IngadTbtandd R Y hd the Mortedt! |
di nyl}propanedl oate (D1 15) To a m xture of

phdistaheebétylech ORRct plapy d O3 land ithe/mirserrsprface ob dreetcllegtidic side

14 .36. g, .5.81 ), .and .6.9,,.11.

e TR it e TR Sg e P clesbpida Ristoplae D5 that

ad&?@ct@ﬁn@ﬁ@é@%ﬁétﬁ;ﬂﬁﬁ s&ﬁ@ BRIBBURRGHS projbctidt oBfecti®e BT has
nmmol) 1h a2-3 mns Then the reaction mxture

was redhth kg thrgc;obgacmldp frtee waybmgtdstpeceator examplej proyacsion

stlrredfor 4 rs vol of the sql vent

u S
20 | cohiedave K G éfiftéﬁge free aking distance gt gyt S0 mm

0 T AN 185058 00
pust bes] abyut@H0anai mgnarmybcﬁmljomﬁmaarmmed gleout 350 mm or

cyclohexane EtOAc 95:5 to0 7:3) to give the title
meBt oW ) mB) SUMPES @b@w|45@ Imrmqr rgor oy abqutep00 mm qgypore,

( 4%? E@%O {H%)%?E%g) bq%\’?ggb %11%%5 Hﬁ}re ?F%A?S%Sé gﬁ% ()z nQO% I_isbout
25 3. 980 mnftoRBhotéNabbutl) SEmBBor mdrel Abon 8 i &r ﬁ%re a8019t1850

(m 2 H 1.43 - 1.92 (m 4 H 1.00 - 1.30 (m

Dewiot ppmioss abowat: 904 iy of Bas), aBoehdonahgdmorsy |ab©1ntol[ Q00 mm

di %Iil}l?@{@) alznl c%?‘taf'n emgogll?r)l(e\{lltsa‘ihe (gbjectls?a Prge ?N%lrl%tnig dlstar];ce 1s no

{ (Aete %ah (a{)B&tpil@m kR oY hel 10%%%/5} ﬁ:@@ ra%met bad) bk or

- pyrrolidinylYpropanediéate (Dl 15,
migky, about, @0 (roa or B@S)ﬁP)omaﬁorddg aetsxetcBO(x f@%xaﬁlp’lé; has an
(778 ny,. was added and the act i
30 ni szmeffteﬂ%@egwqﬁ?éa disterse of approximatehh é@@ n%tar/gzelsﬂmlx large
The catal yst was flltered of f and the volune of the
filtrated solution was reduced in vacuo. The sol ution
was war med-up to 500C and it was stirred at this
tenperature for 7 hrs. The solvent was evaporated to
dryness to give the title conpound as a yellow sh oil
(793 rTg) as a mxture of d| astere0| Soners. Thi s crude

o, . 1. . r



The sol vents were evaporated to dryness and the crude
was purified by SCXto give the title conpound as a

W@ 2006/031286s oil (220 ng). It's a mxture of PCT/EP2006/008869

10 4

15

20

25

di astereoi soners. Ms: nmlz= 157 (M + 1) 1H NWR (400
MHz, DMSO-d 6) d ppm4.29 - 4.47 (m 1 H 3.46 - 3.64
(m 1 H 3.10 - 3.45 (m 2 H492.82 - 2.96 (m 1 H
2.50 - 281(m 3 H 1.44 - 2.38(m 5H 1.01 - 1.31
(m 1 Description 118: 1,1 -dinmethylethyl 3-({[(1

(& | i
8%&1(”??95 AP TR W oo n bt wher
( Dﬂccé&)%@h@smb WetvogengirofecBor obfeictiv® 1 Phehd BBject plane 103 is

carboxylic acid ( .1.36 ai 5.51 nmmol) in
d| @fmr@d orfstEanelq, in gmbogimenie phicegtgleulddds aneflegitve reticle,

TBTU 95 DI
chior riupnte ot s i 8P FidPlitarespiging tol.
TOTl@eréfb‘i'@ QHéﬂe%ﬁo@IH Be tgfiibAt JPRtEBEtwRSh %foﬁ%rp&&}teawedﬁn
(1.71 ¢ 02 mmol ) in dichloronmethane .

adamUob}cht’Eﬁar(e 103, tolloiw, the xeticle mcvrbe )lltannhateldd)wélsmmattngl
solutio:ﬂ S t|rreﬂfor 30m plenthe sol uti on
c oS %@B at hdesitsd Humnasionadels. Fughsterg, ingengeal, a larger
re f r
V\a&géét\?snva%é"ggé ¥ 8?10?}@ %ﬁééﬁrlrc\ggazltc)lk&%nﬂer@%ly féﬂgﬁf %f]tﬁe RS of
aqueebdsr ¢ayarlevinsproxidiag bwficiint bpateed noyuninettea nem(mﬁénts
and t he conbi ned_organi c phases, were dried (Na SO4)
n§-% rapoHaraly tdtes) Yeiween projection phgedtivel l@lcacaﬁﬁb@ pigpport

n the next step wthout further
purlﬁ"‘cln%au ontg%ﬁ%&l MS: miz= 371 (MNa); 349 (Ml ) ;
293 (M fBu); 249 (MBOC+t1 ) @t=0.59 mn Descrlptlon
119: (7S)-7-(hydroxynet hyl ?Dhexahydropyram no[ 2,1
c]{nlgezn]etam RI2jasHOB og}e@tlwé@ ¢an by dasigredsss) thet driclorays Risher

S) coilvefgsg:éplg))e(‘rmt hﬁéﬁ%gsr& stantlél )[;garallel to each other at reticle 140.

é gcae,lz?llg%slx % g%rregi% & 185%& g%mhgséhﬁgﬁﬁe%\yﬂm offprolHcaBR bBJwRtiv8 101

di with sespeett thanbgeotptanecdddedn vade F oNexarapler where hizefirrhyof
TFA. The reacti ?430 F{ilet ur e was red at room

t eTANYFLEE A LYy g entfgpee éﬁi@%@ henpipes plangstde
re e I

ek OB ERDUIIE CERMES0, JEBIIHE P L dI LB 1B,
amsbjmt@lzwwsl (Bvia pocant ket tveed thenesisnan plu]blh enal ﬁﬁathIﬂamﬂ;OZ
di ssol ved in refluxed for 20

r ethesmors; @%’5@%23 g%wﬁa oRissl Plage d Py @éﬁéhea?mr%% pupil can
d f
e B S o S o 35S G B o e

Wak.d. saoat 2an a8 nidrél abour B nobr Aiods taboetod fosENGrel BBdWtS m or

50/50). UPLC/MB: 1st peak miz= 2 17 (Mrl ) @t=0.35
m ore aHoWcRaa gfaerepabout (1w oy H@r@):fw%)hmi PheneVR3( 400

(N:Em?DN%QI??gg an %P iggr(p%rdlfu% ig%o@g}:t 61?’]'% %6})6%] sprfs 4,82

3. é’iﬁbodlﬁwﬁ@ (Hél endrahite %u;ﬁﬁs 108atB af iMfinity H)lth?reﬁﬁect t& oBfect
(m 2 H) - 2.68 Hy. The ratio between the

t wolang 463 élﬂe&)c@mﬁppadw@swug‘e ¢hertmetirays atchparhldelite ea¢h other
the inte rati o of djagnos eaks ch as the N
| deesIS g Trbagon H{’@g 308 B TS Sng Dty
128 thé éedtral 1 f@twgp&mt %@X@M F7ORNA ﬁ?e' ﬁ@h%uﬁn vahihtton
4]t hi azi ne-6 |one oxi de (D1 20) To
s ursﬁibﬂshm:lﬁ raf angle form the central field pomt chief ray is 0. 82° The
(7S)-7-(hydroxynet hyl ) hexahydropyrazi no[ 2, 1-c][1
,4]thiazine- 6,9-dione (D1 19, 1. 1 g, 5.09 nmol) in
di chl oronet hane (22 m) was added at r.t. 77% m CPBA
(2.85 g, 12.73 mmol ) and the reaction m xture was
stirred at roomtenperature for 2 hrs. The sol vent was
renoved under reduced pressure and the crude was
purified by chromatography (silica, CH2Cb: 2M NH3 in
NbCH 98: 2 to 8:2) to glve t he t|tIe conpound as a

-, o ~N N~ e e "~ A o o o o



N2, at r.t., 36.3 m of 1M BH3-THF solution. The

reaction mxture was refluxed for 16 hrs. 6 N HC (20
WorRg0737added to the reaction m xture, cool edPE€HERIBI6/008869

and the resulting m xture was refluxed for 2 hrs. Then

the reaction m xture was evaporated to dryness and the

crude was purified by SCX te5fi-ve the title conmpound

as a white foam (753 ng, y=94% Ms:. m z= 221 (M1l )

and 243 (M+Na) 1H NMR (300 MHz, DMSO d6) d ppm 4.40 -

H 9@ %gb pﬁgﬁ'g%?b(:%%d ] (E;(ﬂ%ngffbmlo%ct%) e T203|3_81?§1_e(2%8p_o§‘ite side

2. éflotfjeet prard) 10B @8nringéPl4mg102.H) 1.65 - 1.85 (m 1
H). Description 122 and 123: (7R 9aR or 9aS)-7-({[(1

| ) si t h
a0y PR s S R A R TR 227
5 Dl aﬁﬁﬁhm%rswmla @snt(ijor{ea/s?lbgt@ﬁlﬂfy Aak edtradde(plpillof
- di met hyl et hyl ) (di rret hyl)silyl ] oxy} met hyl ) oct ahydr opyr

azpm@mmn objestive 104] Inndeataimembodingtings; |11<b|len(nlaégn sy$iemol20

ast er ei sone 0.a sus ensj. on
[ (lﬂQ %?s 3t FW&&B@?@?‘% P/V&Jb(i}} eﬁ: TéleillBlTltr{dtlon system’s exit
411 b I
N L e 0285033“2?* ARG 4
. Y9Holeva3 nﬁﬁorrremin)aodmien’f@%@ht pupil bf glurmﬁaﬁomnysltem 120 1s
The reactjon mxture was stirred for. 16 hrs at
10 saposiNgnqdcat kb cuiges PHAY of RECISEHILRRI LS voaghout using a
ex} a
or SAERLEEiME A1t itigh SUTERCEE: el Bt e Bifhe 103
Th% Kéltwééh mopumdby@dvby 0¢hnaned egrameb pupid off tieeprofedtion
Cl IMeOH 1:0 to 97:3) to the title conpounds: D122-
Di a@pém%ﬁmr pugibe llkwqmn@tmrbwteé%é%ma)y coimidevith the

gsggﬁ %oné)b&_s%tlgg/gsf(n?ragcezgul?ll WE I1“t§o% usga téfg m0§% f'rt? ;lae

15 H) ilRu@fatio”s@erhm 3 H 2.56 - 2. 66 (m 2 H 2.21 -
2.34 (m 1 0.55 - 1. 11 (s, 9 H -0.23 - 0.26 (s,
6 H) D123- D astereoi soner?2 (382 ng. white solid): Ms:

m 335 (M1 5

T fpedtials Plajeckiof phlecyvaq O o pe gt Signghdin BRfctely

- 3vdiBpldvptRalUesder %ﬁwgmaﬁce(ZEM@\)wogLé(Sor CRdOY. tPpicdlly, a
H 2. 42 - 2. 51 (7 1L H 2.19 < 2.36 (m 2 H 1.91 *

2. G6sigmis startdd Hy §ﬁbc(fymg1ad—i)nt(}11 P6ojEstjorbobiskective. dxRighs(e. 265,
H) Descriptiqn 124
20 5. F@a@emegle 9? H{TOE a}%@h\ynﬂy PREMATs sugh gsgthe radistion, -

or (

w%@@e %t‘gt E{:Li)sﬂch: élnd u all aﬁ%‘%(rg}fr%te a 5)1_62”1121(_2 code then
d| opsuudcd&exladw&@igmt;drapemﬁ{eaoﬂnealbbﬂfonﬂamd&l caitéia, 8(dh as, for
H) -yl]-4-(4-fluoro-2- nethyl phenyl) - pyrldlnyl]

L/ exarppleevAye i ﬁﬁr@arﬁlaert(mMecewrﬁwea%ﬁgwwrero
a solution of (7R 9aR or 9aS)-7-({[(1 , 1-
di met hyl et hyl ) (di et hyl ) si |yl ] oxy} net hyI ) oct ahydr opyr a
25 i Wtektaln embddirddrit§)ithe iniGaldréjeclb®¥bdeti(dkRsighd@Rdny,
0. 36 m’ml{y in 2.2 mM of toluene were added 2-[3, 5-
bi sgtati¢rial @ymtﬁymymﬁgﬂ g., spherical or aspherical mlrrors) that are

L/ -] 6-chl oro-4- fl.u nmet h henyl ) - 3- riinI-
L1 e o AT SRR r i TR D e Ree e T dpilcal
0. §§1s 'ngp))smghswﬂéré tH&h‘Ms‘éhM@ﬁre%Hbﬁ%é&%ﬁt@ﬁon For
ng), hexadecyltrimetyl ammoni um chloride (17.
2S%aaqplleomhsmirmrlcan)oeaiﬂderﬁa@dlfmmytchrcuptlodba)geIbutanndmmount
of .a . 50% aque us sol utj on) The reactian

30 1 RSB IS CBAT By TEkb0 bABHFRCE BRI MO for
then it was stlrred at 900C for 4 hrs. EtOAc and sat.
NaHCO3 aq. were added to the reaction mxture and the
aqueous phase was extracted with Et OAc (x3). The
conmbi ned organi ¢ phases were dried and evaporated to
dryness. The crude was purified by chromatography
(silica cycl ohexane EtOAc 7 3 to 0: 1 ) to glve the



di met hyl et hyl ) (di met hyl ) silyl] oxy}nethyl)-2, 2-di oxi doh
exahydropyrazino[2,1- c][1

WO 240743221 n- 8( 1H) -yl ] - 4- (4-f | uor o- 2- net hyl phenBC/EB2006/$08869
idinyl]- L/,2- dinethyl propanam de (D125-
Di astereoi somer 2) To a solution of (7R 9aS or
9af ?2)-7-({[(1 ,1- -51-
di met hyl et hyl) (di met hyl ) si |yl ] oxy} et hyl ) oct ahydr opyra
zino[2 1-c][1 ,4]thiazine 2,2- dioxide (D123, 120 ny,

gl é{l’ttl?'lﬂ'l‘fﬁ }ieldn Iiferfib lﬂgl infined, %ﬂr&%‘i‘?cé’f%@d@c@ﬂ?@ed’zb{l AboAit 5 mm or

uor omet hyl') phenyl |
L/ mioBe .ottt -104ninl aranore2atwmit 29| mmesrythpre3 alpyuti30i mynl ¢r-
L/, 2- di met hyl propanam de [ WD 2005/ 002577] . (147
0. PRTen#BPYL Sthingy pF more) lrbeﬁwb ﬁ’é‘?ﬁﬁl%@%dﬂl%§ aﬁﬁ?ezgntered
agc?tﬁ%%%llnt(;r lg%t(%lgir(%)%g %?1{)18[* 'lqu agjb%)ﬁt Y'%O {Hr% ﬁr less,

%/%/aqueous solutron) ydroxi de so
5 (35bdﬂe 1020 r@n&'zw@s@qmwsoa%mtdrm) The reaction
m xture was degassed by freeze-punp-thaw cycles and it
vvas stirred at 900C for 5 hrs. Then further

t tert-bu h h | | adi
bl Son e Al R R Pt b tda THostBevhge the
OnﬁnHBf SitRAK s@nd pi’@§st£tﬁfshedl Brifel®BZEhe AUGE RO the BHERGtion

and sat. NaHCO3 aq. were added to the reaction m xture
andf ¢dvh g BENplayeaxvayith respact tedhﬂvophcd{tammf(thejmtnal

The c nbi ned gani.c phases were dried orate
10 ¢ ocon g%@%on rhibe FroigeiamneD JBeH S ﬁ@ar%s/% eon*i%cggxl Yo or

(s e d 4

U LS e AR 22 Y Bt B 3 o, g “”“géﬁwmﬁé or

m #eré3In éd‘vﬁder)abd:&lnm (D0 rdvirz, til Ny ablol} 20° pplesS(edd.,

(s, 1 H 7.86 (s, 1 H) 7.60 - 7.82 (m 2 H 7.1 6 (d,

1 ghous 198 or leps, abopi] 220Hpsss abqut(19)° o1 1¢95).4. 36 - 4. 54

(m 1 H 3.92- 412 (m 1 H 3.80- 3.94 (m 1 H)

3.58 - 3.73 (m 1 H 3.08 - 3.47 (m 5 H 2.87 - 3.00
15 ( MAfibr Wcehtefthg and/§2illiRg, dfrEbfodm4Bape Br@4cK Mirrbr J:'Bnl?e 1

-225(m§|—|)126 154(m4pl-|)078 (s, 9 H
o de)e(rgmee to-ppibeszsr the prajactianeebjective design for specified optical

1, 1-di net hyl et hyl ) (di met hyl ) silyl]oxy} m
et Béﬁgméa %ﬁ  met hyl ) oct ahydr opyrazi no[ 2, 1-¢] [ 1
, 4] oxazi ne (D126) To a solution of (7S, 9aS)- 7 ({[(1 ,1-
di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) oct ahydr opyr a
zi hojddition & fnirrom] pm@mtina obizchze 100Campcl@de7omenai horerother
di chl or oet han wer e added under N2, at r.t.,
20 Ph@@?‘éﬁnﬁéuéﬁ iangd BT PRI OPP. 1 goRfral, the shapgf fhe

/ ‘. .
o e b Y TPl s eigee ol aperture
ad ste;is &rhl@bttdaéapsafaxrt stops il arrpol ygsal apertuze sfops. 18p€5Tures

hrs. ag. was added tq the reaction m xture
t hémp%arpﬂa@ ég p@@ﬂen@fbﬁaﬂ@f By impge radjalionmapesd éowag pass

extf 991 % sg legh %ghréasgg% a%%t ?gtgbp%ar? ngﬂt@l%ﬂanged

or gahi ¢ °phases

25 Then §ﬂo§&ﬁoﬂ@’éjd@bﬂ/é f1 oedn@/y)r By land ahwdpﬁtmamm@ hy
(silica, CH2CI2: 2M NH3 in MeOH 1:0 to 95:5) to give
276 nmg of the t|tIe conmpound as a col ourl ess oil (276

uanti tati uP
" o 1 SR ERCp G ot iy oI hebifes o elibsiaR. Foy
e)?anlﬁle, m@n%’ocﬁﬂi‘ent]s wherd p%e&ttve obj&dtiv3-ifdulieh anlml@rmedlate
3.78-°3.89 (m 1H 3.68-7"3.75 (m 1 H 3.65 (d, 1
H) irBagk? the Relﬂ&t((p‘qanmd-l)osﬁlcﬁﬁd (@t or dear)th@ intérn{adiagte 2mhf)e.
2.45 - 2.50 (m H)218-2.32(m3|—|)2.08-2.18
30m 2 H 0.84 (s, 9H 0.02 (s, 3H 0.00 (s, 3 H
Description 127:
[ (7S, 9aS) - 8- (phenyl net hyl ) oct ahydr opyrazi no[ 2, 1-c][1
, 4] oxazi n-7-yl ] met hanol (D127) To a solution of (7S
9aS)-7- ({[(1
, 1-di met hyl et hyl) (di met hyl ) si Iyl ] oxy} net hyl ) - 8-
(phenyl met hyI )oct ahydr opyr aZ| no[ 2 1 c] [ 1 4] ova| ne

A NS NN o o o a ~



Description 128:

(7S,9aS)-7-(fluoronet hyl)-8-(phenyl nmet hyl ) oct ahydr opyr
W@200M0BR271L- c][1 , 4] oxazi ne (D128) To a sol ut i BET/BP2006/008869

[ (7S, 9aS) - 8- (phenyl met hyl ) oct ahydr opyrazi no[ 2, 1-c][1

, 4] oxazi n-7- yl]methanol (D127, 125 ng, 0.477 mmol) in

di chl oronet hane (5 m ), coolé@d-to - 78C, was added

DAST (0.187 m, 1.431 mmol) dropw se and the reaction

mxture was stirred for 16 hrs all owi ng the

{ERBLAIS, L LRRIEMMAe tosnithd Bl VAS: AR

on-m Xture an ases were
s efdfatibay. In-EBﬁleaﬂMﬁQlﬂﬁleﬂt@a%@ eman @bjdctiot €d1 Ghi include
di chl oronet hane (3X) and the conbi ned organi c phases
weeampiytieats (grih, létﬁaﬁmlaﬁ@tﬁ)tf@l mpyﬁ@@@g clpnges iuthe peaion of

ified h CH2Cl 2:
Bemiarors e in BT S Eu S upER AT e hedo allust
5 26@e(Mirbry toLPdngcwﬁ)r Zrelaﬁ@@ n(d\d‘éilne}lt @tkve@n We mlﬁ?—f)% HMirror

NVR (500 MHz, ) ppm 7.26 - 7
7. ddaustménfz&dlm atnrom)ated. Ezamphes@ﬁ systemg fdai) ménﬁérmg/adjﬁ&mg

1 3.85 3 63 (d, 1
(3 @mrdapsﬁiormr éléfiosedgn g{? 4139912%9 ) (3 09 (E]D 1
H 3.03 (t, 1 H 2.68 (d, 1 H 254(d 1H)2.29-

2.36 (m 2 H 2.24 (t, 1 H 2.08 - 2.1 6 (m 2 H
DeRefertitg @FIEI0, an embodiment of a projection objective 1000 includes

(7S, 9aS) - 7- quoromsthyI oct ahydr razino[2,1 -
10 ¢] it rmp@k%ké%l 028551300 | AR O ot TG0 and had an image-side

az?l}]n%farggai ap rt\fr %rfiij-%;%}zq #ﬁﬁ%@%@g&%@g& ?%%?Xrgr Wyxrors
I N1 AEOH02@01030) 10wE 1880 e£hdPriadl a6 kil (Fledforeh mirrdrs1 Proj&tion

and the reaction mxture was stirred under a H2
at eljsethver 0005 magas yadigronlfrempnbsect Plﬁélerlé)édo imagepeng ﬁQZ

Bl N AR HA R e TEFB R L PR ecive

15 el yo®pisWiabh n?tWHﬁﬁ'tHe ¥Bhi &l wfmkaﬂ@ﬂ (ﬁnﬁlagé’@%'iﬁf(ﬁi%ﬂ%o mm.
dryness. The crude was purified by chromatography

( sAccardingQH21Bt Patideadhéd optical ptiPlength tgitraeklengtht is tapproxi-
con‘pOllmg %14.9 ng, y=78% . 1H NWR (400 MHz, DMSO-d 6)

d Peeu>88- - 4.65 (m 1 H) 4.42 - 4.53 (m 1 H 3.65
(dd, 1 H) 3.38 - 3.53 (m 2 H) 2.99 (t, 1 H 2.93 -

3.01 (m 1 H 2.58 (dd, 1 H 2.42 - 2.45 (m 1 H 2.37

( d@he &ntkhnc? pBil-of Pr&éction ofjetfive2l (B is I&aidl (,600 trhifrom
2.02 - 211 (m 1H 1,92 - 2.00 gm 1 gg The whol e

20 Rcﬂgwtdﬂ@rsesl%\a(ktthCép}anre@oswoa@‘é plagsn shepntrange ypil and

tsr e i :
¥y SO At BRI A a3, umi
4i|u€ti(ﬁ12(b s cbn Be ositienédd3Gtation 1070, correspondmg to the entrance
/V- Boc- S- nor phol i necar boxylic acid ( 1.038 4.49

mpipil-vidie chigfpendegleiod thanegpdrab fis!ddrapl asrobmst Rlgne 103 is 7°.

&o@ﬁ“%r@avnw vaffiigR e P ey Anadis ot ity prnf Ths ks 8L ..

25 RT. , at which tinme conplete dissolution of the
starting material was observed. A solution of L-Ser-
MePryj¢atmnearbjtopicne dORD dias deeqtariguladfiggd. The ovagerds ficldndidth,

DIPEA ( 1 . m n dr d|c or oret hane .
Crho 1 26 it b pmiee Sidk 6P hrid rpieGHigR PPICHYe
ov t L onethane (50m.), washed

? GUﬁﬁﬁan(E%é% ﬁgﬁng%%gngg&gCnL) and brine (50 ni).
Exled (Na2SO4) and sol vent renoved under reduced
pressure to afford a crude used in the next step. It
was di ssolved in 20 nL of dichl oronethane and treated
with 10 nL of TFA. The reaction was stopped after 4 h.
The m xture was passed through a SCX colum. The basic
conponents were eluted with 1M nethanolic ammoni a. The
sol vent was renoved | eaving an oily residue, which was
re-di ssolved in MeOH and heated to renove the sol vent.
A preC|p|tate forned mhlch was coIIected by

o o -, o o M T T



mz= 173 (Mtl ) . The reaction was cooled to 00C, MeCOH
(5 M ) added dropwi se foll owed by conc. HCl sol ution (

WQ@2097/03127TThe resulting m xture was heated at SPBOIEP2906/d08869

10

15

20

25

hours. The sol vent was renoved and the residue | oaded
on a SCX col um, washed with MeOH before eluting the
compound with 1M NH3 in MeCH53Sol vent evaporated under
reduced pressure to afford the title conmpound as a
colourless oil (125 nmg). 1H NMR (500 MHz, DVMBO- G 6) d

P Thétpdforbiqned o brofectfori ety clloodifietyts antinidgetigOuy of
(d).021 W) DEstdrtion ig 1dxd tiidn 1 0lndd) add Flage-AdS BeldBurtattie id.1D

5 (dd, 1 H 2.09 (td, 1 H 1.92 - 2.03 (m 1
Desor Pysy ¢apronidiective/1900 providgs i ntarmedtliate image between mir-

o et DL ELIYLOEITEL I ) 5L A TS DY) QR AN T ar

( 7{ic’)1)la'u? cadivdpoPyEaeeN MeZehte &kl hnd the upper and lower rays at the
, 4] oxazi n-7-yl met hanol (D131 , 93 nmg, %954 mol , a

s alwphtéorr wheneghe dpperamddotvar taad cadssesptmmat si | yl ati ng

the preparation of Dnn) was dissolved in dry

di chl oronmethane (2 m ) and treated with Et3N (0.1 5

Moy, é]latgcgamlv%{ of"ﬂl% i inqhe(o:l'g - df%he pacﬁétiﬁ%t}% frggyI Sbj ect

resu eactron mxture was stirred over

RTplahé 10@ 0 GhaeqEandy0isradblidds: MiteoM I9d Ortas pbéikive bgtical
material, replaced by the expected peak at z= 287 )
( NpAW ST mifrer g%fblh@& negative gpgcal ipowesdmiararnl 030 has positive opti-

SorateBaR o e ap e CRUSAEH Snpriel s detive
WaSpti APYREr, ahdenife 1966 h_ﬁ\@ﬁoﬁﬂi"{?é bptecdl Bywet.ash
chriomat ogr aphy (silica, dichloronethane to

di chl or onet hane : MeOH 90: 10), | eaving the product as

Dl s g a7 s
1 63 382 168%mbolnifo? P0 61407 ) 39 B9 §8imidtor)o2d; 557
(dd,” 1 H) 3.42 - 349 (m T H 3.03(t, 1 H 2.86 -

2. & k261 In)fo2mbBof He30; 27Amz. 5094 mn 5at rhnrorll OMP; 29 &8n x
- 2.46 (m 2 2.21 (d 1 2.04 - 2.16 2

0. 8513 ?Orgnmyo@d.%@; ?%‘,g 2g8 ppm X 243 snmnter aarrpbflmﬂo-a;bnm e
1 2-[13,5-Bis(trifluoronethyl)phenyl]- L/-[6-(1

, 1- di oxi dohexahydr o- 5H i sot hi azol o[ 2, 3-

a] Phé¢ makindmMe ot fithid@r 1020 fRinhY e emsphenéris 475 gy

I']- L/, 2-dimethyl propananide A 8 ml sealed vial was
¢ hisfag gdumyi delviati®o fﬁ@n@@stlﬁﬁphﬁmlspf ofirrerd B)29), 1030, 1040, 1050,

0 S 480 4 TR by PODREY 3 bt B 1o 4pg Hmiiegpcy:

L/ 25, Of g 7 :
0y A0 RBRTRI UL RO B s P 26
PYAAZ IO pin, 10diyoy] 08 (#1692 1B AntB 70 Qud Tér miredrs 1010, 1020,
pot assi um car bonate; the reagents were dissolved in

0. B034, 1640,00850, amh&06k aetpeomvely xt ure was heat ed at
1800C for 36-48hrs and then added to a saturated NHACI
sol ution and back extracted with di chl oronet hane; the
cr [ - DL f : ti (15, 162

el Eg?fr}g@&mﬁ(? E@é&? rlg ?aldrfag%a{] fc?qu}gtr}]ﬂg )ggﬁﬁrg%ln(gloga?ﬁ)lll l%a)lc !a(? a%l?ed
9: 1L05 xt kD crespenhiexhn ®espduyive ficstant sedondlpramdpa fchiorathines for

44 ng (0.065 mml) .of the title conpound as pal e 3
y elleSfes anigprs ppiogsstion obgeesive ALY aregsriollpwso 0% 104 and -

(p . : .- 41H)i4 de (a ). :

7. B?‘ é‘?’églf(’rgn%“?ﬁw o%(_?é@z é‘,sml &‘bwd 44?%252 C g %’r’?r or1§30; 5.50 x
4.35-4.09 (m 1H); 3.53-3.50 (m 1H); 3.38-3.25 (m

1H); 3.16- 3.09 (m 1H); 2.96 (t, 1H); 2.83 (t, 1H);
2.70-1 .98 (m 10H); 1.79-1 .47 (m 3H); 1.46-1 .33

(s, 3H. Exanple 2 2-[3,5-Bis(trifluoronethyl)phenyl]-

L/ -{4-(4-fluoro-2-nethyl phenyl)-6-[(8aS)-6-

oxohexahydr opyrrol o[ 1, 2-a] pyrazi n-2(1H) -yl ] - 3- pyri di ny
['}-/V, 2-di met hyl propanam de (E2)A 8 ml seal ed vial was

. A NN A N~ o ~



2-[3,5-Bis(trifluoronethyl)phenyl]-A/-[4-(4-fluoro-2-m
et hyl phenyl ) - 6- ( 6-

W WReXamny dr opyrrol o[ 1, 2- a] pyrazi n- 2( 1H) - yl ) - 3PGH/EP290§(§08869

5

10

15

20

25

[']1-/V, 2-di met hyl propanam de A 8 ml seal ed vial was
charged with 100 ng (0.187 nmol es) of 2-[3, 5-

bi s(trifluoronethyl)phenyl]-54-

L/ -[6-chl oro-4-(4-fl uoro-2-nethyl phenyl)-3-pyridinyl]-
L/, 2- dimethyl pr opanam' de (WD 2005/002577), 78.6 ng

(01561,dRk) ﬂg %%r

a] b@ré"zu n- (lg one 1%% /281648%%8 %ng 5208 % 1(9 3@r mirror
b 30; ahd pi7as $0 Biané ardsona0é fomhemrel@@enrse mﬁe>fthe ﬁrst

di ssolved in 0.8m of DVSO.  The reaction_m xty
he@zﬂ@apfsltcumgl@ frpprectivprbieciys ltOIQQr*IS aHdRs 1o, Ehe Sum of
di Cu{sg{;oendlgeQNrErlﬁcﬁl%al%?xk\lfj I OL}%?@‘% p Ju%?é? &\Ie\flﬂrgt oanél second
SPhif@palrduseuleSiid 8 43)x mﬂéﬂMe%\t&s@s‘ﬁﬁ 3 tRNirst A®Mecond
cycl ohexane/ et hyl acet at g 9:1, to ethyl acetate 100%
anpriedipgragicvaguies isry. 18fx te title conpound as pal e
yellow solid. M5 (ES/+): 637 [ MtH +NVR (DMSO-C 6): d

(ppm) 8.01 (s, 1H); 7.78 (s, 1H); 7.65 (s, 2H);

Z “gge gmﬁf ra((yrﬁ g@'}_%f m@xcéﬁcc( §)r tljré'l):entflal @i%lcf;’po;&%t ) 4(99'(4» 186°,

1|—5 483 10213°218466¢, rand2H)O° fZ)r G‘ﬁm(ots 1(]1%@, 1020 418}32 44, das0,
2H) ; 1233(8,3H);230222m1H);213(s
3|-9nd hOGﬁlgrqspsgtn(ql,y tihg) maxingan @ggleg}ﬁ)lnc@etgg 0 5o q;}_gach mirror

F‘og?laq Wg{]ﬁgﬁna] S 5(1% 319 #m“ﬂ{]{?%eg% PJgf)[iW §]4§)8° and 8.61° for

ox&lﬁ@?@ hdoopysd, Qb% L049; 2050 raﬂa'1@6§(r% ectively. AO for mirrors
3-pyti di Ayl } propaham de ( A sdaled vial

was0 dhanaed! 030t h04MA 059, 4 166D amﬂlle"é’) 208° 348, 9 96°, 23.69°,
bis(trifluoronethyl)phenyl]-

L/ afd53- @Ay d?%le&tltf‘ziynet hyl phenyl ) -3-pyridinyl]- L/, 2-
di met hyl pr opanam de (WD 2005/ 002577), 67 ng
(0.483mol ) of (8aS)- hexahydropyrrol o[l

, 2MBTrpY ERI0N1 6ZE H030N B0 J0/eh@ 0080 B8G5FEghoafdk that@re more than
(O 322mmol ) of potassium carbonate; the reagents were
di & s vad 1¢ss thers2 imet Mbved) 03fHeasineaivieshifirsy angle weagnifi-

d 1800C f d
e Zh SRR 0Py Pah bR R R IE BRI B st
t hgogrude material was purified on SPE cartridge

(Silica) eluting wwth a gradient from
cycl ohexane/ et hyI acet ate 9:1 , to ethyl acetate 100%

vl hSmatsr e fige R itgHes ¢hmalr RRACKERERT B is 45 mm.
(IOPHQ o%e@gsﬁe %e(\%rk( dlsth&lls-QSizmgqm 1H); 7.73-7.63

1-6.56 (m 1H);
468454(m 1H) 433419(m 1H); 4.18-4.08 (d,

1 H_I'H)GCUQIP{ @g;eg 139 lé}é& dO& op- 223 ig4(2E]g@lgel(;'bmorgﬁ)djac%nt5r%1rror

2.

m?%’ir%%@é@ 1A 4050 746 5h1030%kna g aresepBBiedty

2 anreSt-hBh 0% bf im(?m@jéetl@ry bbjebevy s Iracklen@hdiFomhdrythe distance
-[4-(2-meth Ehen % 6- ( 6- oxohexahydropérrol o[ 1

2bfa}v|§9m azrrﬁr¥ ppd objectplpye 1@ isyndisrthpaABTH efdhe pyyegtion

e s charged with 100 ng (0. 161

m‘r{’)rﬂfjs % ?gﬁcﬁl%’%}q’abl s(trifluoromethyl)phenyl]-

L/-[6- chI or o- 4- (2- met hyl phenyl ) - 3-pyridinyl]- L/, 2-

di net hyl propanam de (WO 2005/ 002577), 67 ng (0.483

nmol ) of hexahydropyrrol o[ 1, 2- a] pyrazi n-6(2H)-one (WO

2003/ 066635), 44.5 ng (0.322 nmol ) of potassium

carbonat e; the reagents were dissolved in 0.8m of

DMSO. The reaction m xture was heated at 1800C for

36-48hrs and then added to a saturated NH4Cl sol ution

and back extracted wwth DCM the crude material was

purlfled on SPE cartrldge (Sl Ilca) eI ut i ng with a



gradi ent from cycl ohexane/ ethyl acetate 9:1 , to
cycl ohexane/ et hyl acetate 1. 1 and affording 80ng of

Wae pw702ie conpound as pale yellow solid. M5 (ES/EF2006/008869

10

655 [MtH + NMR (DMSO-d 6) : d (ppm 8.08-8.00 (m 1H),
7.82-7.76 (m 1H); 7.71-7.64 (m 2H); 7.37- 7.22 (m
4H); 6.62-6.57 (m 1H); 4.8058-60 (m 1H); 4.36-4.12
(m 1H); 3.58- 3.46 (m 1H); 3.39-3.27 (m 1H);
3.25-3.16 (m 1H); 3.17-3.08 (t, 1H); 3.05-2.91 (t,

Syt gty b g o
. 5w MhePaiamétedbdmll undts fomhePdrarmtarsifoe Tdble 2A and 2B and

1- [3,5-Bi s(trlfl uar onet hyl Lphenyl] | V-{4-(4-fluoro-2-m
prytdp -qr¢ Hresyame as the correspondmg parameters and units pre-

hexa [ r
SORO NN o it PO TADR A Pssrsp amiee gt Table
gﬂ%ehﬂstﬂ&fm&&%ﬁltm darzle Bt sutReest Forthkqur-

188 mmol es) of 1-[3, 5-
b| ]30{8&:5 of Fade&@am@ﬂ“pphéﬂﬁgltqle mirror designations correlate as follows:

e T
éﬁ@%)rr&f 3 g%@?lorr&?oﬁaé’ &y ARYS 1930% hirror 4 (M4) corre-
mg (0.377 mmol)

2-a] pyrazi ne, . of ~pot assium

Cas'mmdatcemntrhlelméﬁhgmimos SvM D adbinespéndsdo innrdr 8650;aind mirror
The reaction m xture was heated at 1500C

ov@(Mééﬁﬁnﬁﬁmn@ﬁ%“%a%WQ% a saturated NH4Cl sol ution
and back extracted wi th dichl oronethane; the crude
mat erial was purified on SPE cartridge (Silica)
eluting with a gradi ent from cycl ohexane/ ethyl acetate
1:1, to ethyl acetate 100% affording 72 ng of the
title conpound as pale yellow solid. Ms (ES/+): 621
[ MMH + NMR (DMSO-de): d (ppm) 7.93-7.89 (s, 1H);
7.86-7.82 (s, 1H); 7.67-7.62 (s, 2H); 7.06-7.01 (d,
1H); 6.89-6.77 (m 2H); 6.57-6.52 (m 1H); 4.38-4.34
(d, 1H); 4.21-4.17 (d, 1H); 3.10- 2.87 (m 2H);
2.88-2.84 (s 3H); 2.62-2.50 (m 1H); 2.26-2.06 (m
2H); 2.17-2.10 (s, 3H); 2.06-1 .94 (s, 1H); 1,90-1 .61
(m 3H); 1.46-1 .10 (m 6H) Exanple 8
1-[3,5-Bis(trifluoronethyl)phenyl]-
L/ -{4-(4-fluoro-2-nethyl phenyl)-6-[(8aA?)-
hexahydropyrrolo[ 1 , 2-a] pyrazin-2(1
H) -yl ]-3-pyridinyl}-L/- nethylcycl opropanecar boxam de
(E8) The title conmpound was prepared starting from 100
ng (0.188 mmol es) of 1-[3,5-
bi s(trifluoronethyl)phenyl]-
L/ -[6-chl oro-4-(4-fl uoro-2-nethyl phenyl) - 3-
pyri di nyl j cycl opropanecar boxam de (D2), 70 ny
(0.554mmol ) of (8aR)- octahydropyrrol o[l
,2-alpyrazine, 52.2 ng (0.377 nmmol) of potassium
carbonate; the reagents were dissolved in 0.8 m of
DMSO. The reaction m xture was heated at 1500C
over ni ght and then added to a saturated NH4ClI sol ution
and back extracted wwth DCM the crude material was
purified on SPE cartridge (Silica) eluting wwth a
gradi ent from cycl ohexane/ethyl acetate 1:1 , to ethyl
acetate 100% and affording 70 ng of the title compound
as pale yellow solid. M5 (ES/+): 621 [ M+H] +NMR
(DVMBO-CAJ6) : d (ppm 7.93-7.89 (s, 1H),; 7.86-7.82 (s,
1H); 7.67-7.62 (s, 2H); 7.06-7.01 (d, 1H); 6.89-6.77
(m 2H); 6.57-6.52 (m 1H); 4.38-4.34 (d, 1H);
4,21-4.17 (d, 1H); 3.10- 2.87 (m 2H); 2.88-2.84 (s,
3H); 2.62-2.50 (m 1H); 2.26-2.06 (m 2H); 2.17-2.10
(s, 3H); 2.06-1.94 (s, 1H); 1,90-1 .61 (m 3H); 1.46-1
.10 (m 6H) Exanple 9
1-[3,5-Bis(trifluoronethyl)phenyl]-L/-{4-(4-fluoro-2-m
et hyl phenyl ) -6-[(8aS) - 6-
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(m 2H); 1.15-1.02 (m 1H); H) .
Exanpl e 10
W@ 2003/05281 s(trifl uoromethyl)phenyl]-L/-{4-(4-fPCHER2026/$(8869
et hyl phenyl ) -6-[(8al ?) - 6-
oxohexahydr opyrrol o[ 1, 2-a] pyrazi n-2(1H) -yl ] - 3- pyri di ny

0.96-0.78 ( 1,

| }-/Vmet hyl cycl opr opanecar beséathe titl e conpound was
prepared from50 ng (0.094 mmol es) of 1-[3,5-

bi s(trifluoronethyl)phenyl]-
L/ -[6-chl oro-4-(4-fluoro-2-nethyl phenyl) - 3-

pyridi nyljcycl opro

nmol ) of
, 2-a] pyra

(0.189 nm
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heat ed at
sat ur at ed
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panecar boxam de (D2),
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and af f or

ne/NMitrdrypl  pcedaft4201: 1 , 806.8w8hyl
li N@rrdrd NP Ofgstaag titl esgopound
yellow sokid M5 (ES/ +): 635 [ MtHl + NVR (DVSO- d6)
(ppm) 8. 0-7"58° (n TH'NTF 99-7. ggsoo(om 14) . 7. 74-
(m 2H); 7.20- 7.10 (m 1H); 7.06-6.93 (m 1H);
6.92-6.83 (m 1H); 6.81-6.74 (m 1H); 4.55-4.47 (d,
1H); 4.44-4.37 (d, 1H); 3.88bR28 (d, 1H); 3.60-3.50
(d, 1H); 2.84-2.66 (m 4H); 2.59-2.38 (m 2H);
2.32-2.18 (m 2H); 2.15-2.09 (m 3H); 2.17-2.06 (m
1H); 1.64-1 .53 (m 1H); 1.32-1 .19 (m 2H); 1.15-1.02
(m 1H); 0.96-0.78 ( 1, H. Exanple 11
2-[13,5-Bis(trifluoronethyl)phenyl]-L/-{4-(4-fluoro-2-m
et hyl phenyl ) -6-[(8aS) - 3-

oxohexahydr opyrrol o[ 1, 2-a] pyrazi n-2(1H) -yl ] - 3- pyri di ny
I'}-L/,2-di met hyl propanam de The title conpound was
prepared starting from 100 ng (0. 187 nmol es) of

2-[3,5- bis(trifluoronethyl)phenyl]-

L/ -[6-chl oro-4-(4-fluoro-2-nmethyl phenyl)-3-pyridinyl]-
L/, 2- di met hyl propanam de (WO 2005/ 002577), 79 ng
(0.563 mmol ) of (8aS)- hexahydropyrrolo[1l

, 2-a] pyrazi n-3(4H)-one (D12), 72nmg of copper i odide
(0.378mmol ), 40m (0.375 mml) of

L/, L/-di met hyl met hanedi am ne, 112.4 ng (0. 375
cesi um carbonate; the reagents were dissol ved
of di oxane and heated at 800C for 4h and then at 120
OC overnight. The crude material was purified on SPE
cartridge (Silica) eluting with a gradient from

cycl ohexane/ ethyl acetate 9:1 , to ethyl acetate 100%
and affording 54 ng of the title conmpound as pal e
yell ow solid. M5 (ES/+): 637 [ MH + NVR ( DMSO- de) :
(ppm 8.39-8.23 (br. s, 1H), 8.09-7.97 (s, 1H)
7.87-7.64 (m 3H), 7.21 (d, 1H), 7.17-7.06 (m 2H)
4.62-4.15 (m 2H), 4.09-3.65 (m 2H), 3.19-3.00 (m
1H), 2.87- 2.53 (m 2H), 2.42-2.24 (m 1H), 2.20-2.04
(m 6H), 2.00-1 .88 (m 1H), 1.88-1 .76 (m 1H),
1.75-1 .59 (m 1H), 1.59-1 .47 (m 1H), 1.46-1 .23 (m
6H) Exanpl e
122-[3,5-Bis(trifluoromethyl)phenyl]-L/-{4-(4-fluoro-2
- met hyl phenyl ) - 6-[ (8af ?) - 3-

oxohexahydr opyrrol o[ 1, 2-a] pyrazi n-2(1W-yl]-3-pyridi ny
| }-L/, 2-di met hyl propanam de The title conpound was
prepared starting from 100 ng (0. 187 mmol es) of
2-[3,5- bis(trifluoronethyl)phenyl]-

L/ -[6-chl oro-4-(4-fl uoro-2-nethyl phenyl)-3-pyridinyl]-
L/, 2- di met hyl propanam de (WO 2005/ 002577), 79ny
(0.563 nmol ) of (8af?)- hexahydropyrrolo[1

, 2-a]lpyrazin-3(4H)-one (D14), 72 ng of copper iodide
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material was purified on SPE cartridge (Silica)
eluting with a gradi ent cycl ohexane/ et hyl acetate 9:1,
W0 20020821 acet ate 100% and af fordi ng 115 ng of PETEP2006/008869
title conpound as pale yellow solid. Ms (ES/+): 637
[ MFH + NVR (DMSO-d 6): d (ppm) 8.05-7.98 (s, 1H);
7.95-7.89 (s, 1H); 7.80-7.6957br.s, 2H); 7.74- 7.64
(br.s, 1H; 7.19-7.1 1 (d, 1H); 6.71-6.65 (s, 1H);
4.77-4.64 (d, 1H); 4.45-4.32 (d, 1H); 3.72-3.59 (m
1H); 3.52-3.41 (dd, 1H); 3.39-3.31 (m 1H); 2.83-2.73
(t, 1H; 2.60-2.50 (m 1H); 2.31-2.17 (s, 3H);
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Peei@f L, 4] di azepi ne (D6), 3 1ng of potassium carbonate
Dx-224] nmol ) ; t he@sir eagents wer e @i'ssol vedssrs 0. 5 e of
MBG" [The reaction mxture was heated at 1500C
overni ght and then added to a saturated NHACI sol ution
and back extracted with DCM the crude material was
purified on SPE cartridge (I8blé2B) eluting with a
gradi ent from cycl ohexane/ ethyl acetate 1:1, to ethyl
acetate 100% and affording 32ng of the title conpound
as pale yellow solid. M5 (ES/+): 637 [ MH + NWR
(DVMBO-d 6): 8.02 (s, 1H), 7.93-7.82 (br.s, 1H),
7.79-7.70 (br.s, 2H), 7.73-7.64 (br.s, 1H), 7.15 (t,
1H), 7.13-7.03 (br. s, 1H), 6.66-6.52(br. s, 1H),
4.28-3.98 (br. s, 1HO, 3.80-3.51 (br. s, 4H),
3.51-3.39 (br. s, 1H), 3.26-3.03 (br. s, 1H),
2.60-2.45 (br. s, 1H), 2.22 (s, 3H), 2.12 (s 3H) ,
2.07-1.77 (br. s, 3H), 1.48 (s, 3H), 1.55-1.24 (m
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2.95 (dd, 1H); 2.86-2.80 (dd, 1H); 2.72-2.61 (m 2H)
2.36-2.28 (t, 1H); 2.39-2.22 (br.s, 3H); 2.19-2.04

W@ RH743123H) : 1.61-1 .44 (br.s, 3H); 1.45-1.30 PCI/EP2006/008869
(br.s,3H). Exanple 17
2-[3,5-Bis(trifluoronethyl)phenyl]-
L/ -[4-(4-fluoro-2-nethyl pheny8)}-6-(9-
oxohexahydropyrazino[2,1-c][1 , 4] oxazin-8(1
H)y-yl)-3-pyridinyl]- L/,2- dinethyl propanam de (E17)
ENANTI OVER 1 of E16 1
2-[13,5-Bis(trifluoronethyl)phenyl]-
L/ Ré&ridl {d Bl .d IZaJIiTEtrfb}bHﬂﬂ@ny)lf)l-pﬁejé&-lon objective 1000 includes
oxohexahydr opyr azi no
, 451% BHFOFS gl(lﬁl_l/lgO yl gB_()gl b@d ,1d§ﬁyqqdl 160, and has an image-side

L/, 2-dimeth ro E16 42 e
r ol Tpf L pe e e St Gt RhER T R b ors
5 enpntg, QNew, | l@bell‘iﬂ) ]1159fadélnklf6@VHi'e Bll'tfre‘éfd}ﬁi fhirrors. Projection
stereochenistry was isolated using the foll owi ng
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(sVW (ot d,e)nsa. 1A ‘99}_0(1@0 yﬁ%(( ?Q’ngc@%%@ﬂ@g%%ctmo chquGe
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; 14- 3. 06 1H); 3.02-
10 2 Iglgtety 867 gg)Jequfl obzec;ttz/_ezl 189 h@@nan gpgrturg sg@ 121 Ofepqsitioned at
1 22 (br.s, 2.19-2.04 (br.s, 3
F%‘l”&lrﬁzg@z(br g 3H) : 1 45-1.30 (br. g 3H) . garrple
182-[ 3, 5- Bls(trlfluoronethyl)phenyl] ﬁv [4-(4-fluoro-2
- met hyl phenyl ) - 6- (9-
oxbhesuhnee oppH of Prapatian ehipative] h0AZR foeaterHt 1pfinity Tﬁgﬁr

or s ok o b BT AC Al Pt h Ry I g T b i
15 SafRnfeRsHtidnUTThas rﬁbém%lebﬁtadmédﬂ $lahé 1B, is 160 Yhdh ®06NE

(ES/+): 653 [ MrH| + d (ppm) 8.34-8.26
(s, 1H); 8.06-7.99 (s, 1H); 7.81-7.69 (br.s, 2H);

! lzrzc;iqsbuon @bi%:twedé 6@%‘65 a I%tan@}%éegd 'é? i;(n}?r?geis?dez{i&l% width,
3 04 1
s %2(71 %mg dhe 12‘[?56 s%l_ff;}elglgx%tﬁ g‘%‘g 2‘('9dncrln :i’fé&cﬁo§ bbfclive
2 BH)(IZha&Chn(cﬁhjectélhbagezhfmefZS16ﬂm(.m 2H); 2.36-2.28 (t,
1H); 2.39-2.22 (br s 3H); 2.19-2.04 (br.s, 3H);
20161144(brs 1.45-1 .30 (br.s,3H. Exanple 19

ot Eﬁ? g% 6&1%1{ Efolfkﬂgcg &E({/d;ér@d}(gpgg?ﬁ!gg[ @él}ﬂhdﬁ{ nflzléé%&’e WM of

, 40 0282). hmBgel side field cdvaukd B Myhrh- Projection objective 1100 pro-
L/ 2-di net hyl propanam de A 8 ml sealed vial was

C haudgsa!n witeimeiiate mpag@bad@emmuiprof 148 4@l BL50.
bi s(trifluoronethyl)phenyl]-
L/ -[6-chl oro-4-(4-fluoro-2-nethyl phenyl)-3-pyridinyl]-

25 L/ Tge oﬂﬂléﬁ‘bBWeP BP%r}ﬁfHd@ if M@o@@&%fqggéﬁ?atlon%twom object

of octahydropyrazino[2,1 ] oxazi ne

( Eﬁlaﬂé 28260 1mm plang 00 Blasrfoboys:ahirpot ldslﬁlhamposmve optical
carbonate; the reagents wer e ﬂlssolved in g ﬁn1 of . )
Dm@verrﬁarr@f R0 PRoRRNYveaRRIIGILPOW Fa NPT | 24 as negative opti-

3 O§é§ @;ng%?,; 1(1§1'0I Hag ?)’og e logﬁgzﬁ %%Weggrgg?%gﬂ{ SQ%Sas Inegatlve

850opéical 90\1/313 aﬂ'ﬂﬁhl}rorFRfMO Qa§p6ﬂ1@6ﬁt1d‘dﬁp6ﬁ&‘ +): 639
[M-H +. NVR (DVBO-d 6) : d (ppm) 8. 05-7.98 (s 1H):
307.91-7.85 (s, 1H): 7.79-7.68 (m 2H); 7.73-7.65 (br.s,

1H); 7.18-7.12 (d, 1H); 7.13-7.06 (br.s,lH); 6. 73-6. 64

(s, 1H); 4.29-4.18 (d, 1H); 4.13- 4.03 (d, 1H);
3.78-3.68 (t, 2H): 3.56-3.48 (t, 1H): 3.18-3.09 (t,
1H); 2.92-2.80 (t. 1H); 2.82-2.74 (d. 1H): 2.70-2.62
(d, 1H) 2.44-2.34 (t, 1H); 2.21-2.15 (s, 3H):
2.28-2.06 (m 3H); 2.14-2.07 (s, 3H); 1.55-1.41 (s,
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4.03 (d, 1H); 3.78-3.68 (t, 2H); 3.56-3.48 (t, 1H);
3.18-3.09 (t, 1H): 2.92-2.80 (t, 1H): 2.82- 2.74 (d,

WaQR07/021270- 2. 62 (d, 1H); 2.44-2.34 (t, 1H); 2.BAEEPE6/008869
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(s, 3H); 2.28-2.06 (m 3H); 2.14-2.07 (s, 3H);
1.55-1.41 (s, 3H); 1.40-1.28 (s, 3H). 5 Exanple 2 1
2-[3,5-Bis(trifluoronethyl)pb2nyl]-

L/ -[4-(4-fluoro-2-nethyl phenyl)-6-

(hexahydr opyrazi no[ 2, 1-c] [ 1, 4] oxazi n-8(1W -yl )-3-pyrid

b finyergfort TG ABHAPAIATh A rioEad e MO XM s s Rtlows:
us29igmihe 19amemdondiitroohsl B4 5B20m >0bfAimm fig rhirra, 1120; 157
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BRSO 5 9 AR A

r 481 By ection UV at 225 nmlsolated: 4 X
pﬁér’ﬁ yéof entlll}%ger 1 resulted to be 100 % M5 (ES/ +):

673[M+H]+ NVR (DMSO-de): d (ppm) 8.01 (s, 1H); 7.78
1H); 7.65 , 2H); 7.08-6.85 3H); 6.53
(1§64irr525811u@; Es!aé(f #pd 5?1190 havgﬁﬁabmé%at gpﬁ)morg than § nyy and
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2-[3,5 Bls(trlfluoromsthyl)phenyl%

L/t¢me- (1, 1- di oxi dohexahydr o- 5Hi sot hi azol o[ 2, 3-

a] pyrazin-5-yl)-4-(4-fluoro-2-net hyl phenyl) - 3- pyridi ny
I'1- L/, 2-dinmethyl propanam de (E23) ENANTI OVER 2 of E1l

Pr ?H@frﬁége\lﬁdé gl 'v&dr[%ﬁfg di§tBhdeadf grejediitn GbjleBN:-LAO0N29 mm.
(25 x 2)" cm Mobi | e phase n-Hexane/ Et hanol + 0. 1%

i sthe objjbbtastdﬂére%\/o‘rﬁln%dmtand%l ioWoB amre. 15 ml / mi n

Detection UV at 225 nmlsolated: 6 ng ;purity of
enantionmer 2 was 98. 8% by UV Ms (ES/+): 673 [ MtH + NWR

( q\tﬁg}_g&h(?)n 8%&89@1 160, Q4L ‘H) E’& 57 FLYI%le(n%orel 'éhjacgntetﬁlrror
( npaiid H)40 élncBB@SCD ﬂ@ semrat’bﬁl)by rﬁo&fih&a 50%((vﬂth& bI)QJectlon objec-
3.38-3. 25
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1. fl(g; é %?rseg uo(}fgﬁrrgp‘ﬁi}%tﬁleor@ﬁqve s tracklength.

L/ {4-(4- quoro 2- et hyl phenyl ) - 6-[ (8aS) -

hexahydropyrrol o[ 1 , 2-a] pér azi 2-di et hyl propanam de
( ERatp far pojeation Qbmxwé 100Bepwaenteh dr Gelle iy andsbatig 3B be-

L1t Tl & PRt el TG AT e PR con

L/ stams GoBICRRRORRGINF B ck\Pof QDpBESE OF Tabie JAHEd Table
(0.375mml ) of (8aS)- octahydropyrrolof[1l

23BJ thy maizion esigRatonso(1@] s dnfodloyvsomipot h¢dilygprresponds to
car bonate; the reagents were dissolved in 0.6 m of

DMSO. The reaction mxture was irradiated in a

m crowave oven (180 0C, 300W for 1 hour and then the
crude is purified by a Mass Directed Preparative
Instrunment by Waters (System Fraction Lynx TM

perforrred on a XTerra Prep M5 C18 (30 x 150 . 10 nm
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HCO2H] and 1% [ CH3CN +0. 1% HCO2H] in 30"; 99% [ wat er

+0. 1% HCO2H] and 1% [ CH3CN +0. 1% HCO2H] for 12");
Wa007/03R2fow rate= 40 m /mn; UV Detection : 21 BCHBBR0AGH08869

M5 Detection Mdde: ES (+)/ ES (-) , Mass Range:

100-900] to afford 45ng of the target conpound as pale

yellow solid. RF = 0.2 (EthybOAcetate) M5 (ES/+): 623

[I\/HrH]+ NVR (CDCl 3): d (ppn) 8.00 (s, 1H), 7.78 (s

7.71-7.60 (br. s, 7.27-7.22 (br. s,
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g@bm fluoro-2-net hyl phenyl)-6-[(8af?) -
}< ydropyrrolo[1 , 2-a] pyrazin-2(1
5 AY)-yl]-3-pyridinyl}-L/, 2-di met hyl propanam de (E25)

The title_conpound was prepared starting from 100 ny
(0. 187 nmpl rfagé - Radids-(miy) s ( t Thicknegemomet] hy Mpgsheryl ] -
L/ -[ 6-chljor (@bi‘éct\ AT R - TET TYioRsTeasy T J43- pyr 1 afjnyl ] -
L/, 2- di et hyl proganani (WO 20 002577) , ngy
(0. 554 )M ert 84 ?%5259%0 863‘/129 RIZIQL
oct ahydr qpyMirot [ 4, 21&10F9f azi ne, &2 ny |of RBDt adsi um
carbonat § ( &1ep7 rm)lu\)mthe r eagegytspower ¢ di ssol jed i n

0.6 m of qt ction re was atgqd at
1500C ovdgr r?Mg'ﬁfé Qot a‘f“r‘lgﬁﬁafter ?Bq chrorrg 'ngrcphy

52 ng of [t h¥Imeesi led &&APound. MS23ES +):| 6BBFl MiH] +
NVR ( DVBQ- d6eor 81 (|pprdos 8300 (s, -a8.5527. 78 (sEmH),

7.71-7.6(Q (@rrroré 2H)500 G027~ 7- 22444979 S, |1HRgr
7.05-6. 85

2 52-6. 45 1FDJ4 63 3 98 (m
2H), 3. 74-2'©?93(m Zqﬁiﬁ”“'ﬁhz- 2) z‘g"d@s 3. 2.67-]1. 86
(m 3H), 2.17-2.07 (s, 3H), 1.56-1.48 (s, 3H, 1.81-1
.12 (m 4H), 1.41-1.33 (s, 3H). Exanple 26
2-[3,5-Bis(trifluoronethyl jlahkedA] -
L/-{4-(4-fluoro-2-nethyl phenyl)-6-[(8af?)-

hexahydr opyrrol o[ 1, 2-a] pyrazi n-2(1H)-yl]-3-pyridinyl }-
L/, 2- di met hyl pr opanamni de hydrochl ori de

(E26) 2-[ 3, 5-Bi s(trifluoronethyl)phenyl]-
L/-{4-(4-fluoro-2-nethyl phenyl)-6-[(8aR) -

hexahydr opyrrol o[ 1

,2-a]l pyrazin-2(1/-/)-yl]-3-pyridinyl}-

L/, 2-di net hyl propanam de (E25; 39 ng, 0.063 nmol) was
di ssolved in DCM and the tenperature was | owered at
0C, HAO ( 1IMsoln. in Et20 75m (0.075mmvl) was
slow y added and, afterwards, the reaction m xture was
stirred at this tenperature for 30 mn. Then, the

sol vent was renoved and, the solid obtained was
triturated with pentane. Cbtained 4 1 ng of the

desi red conpound as pale yellow solid. M5 (ES/+): 623
[ MtH + NVMR (DMSO-d 6) : d (ppm 10.63 (s, 1H), 8.02
(s, 1H), 7.96 (s, 1H), 7.81-7.65 (m 2H), 7.17 (d,
1H), 7.15-7.07 (m 1H), 6.90- 6.84 (s, 1H), 4.88-4.66
m 1H), 4.12-1 .08 (m 24H). Exanple 27
2-[3,5-Bis(trifluoronethyl)phenyl]-
L/-{4-(4-fluoro-2-nethyl phenyl)-6-[(8aR)-6-
oxohexahydropyrrol o[ 1, 2-a] pyrazi n-2(1H) -yl ]-3-pyridiny
l'}- L/, 2-di nmethyl propanam de A 8 nl seal ed vial was
charged with 100 ng (0.187 nmmol) of 2-[3, 5-

bi s(trifluoronethyl)phenyl]-

L/ -[6-chl oro-4-(4-fluoro-2-nethyl phenyl)-3-pyridinyl]-
L/, 2- di met hyl propanam de (WO 2005/ 002577), 78.6 ng
(0.561 nmmol ) of (8aS)-

hexahydr opyrrol o[ 1, 2- a] pyrazi n-6(2H) - one (WO

2003/ 066635), 52 nmg (0.374 nmol) of potassium
carbonate; the reagents were dissolved in 0.8m of
DNSO The reactlon n1xture was heat ed at 1800C for
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di chl oronet hane was added (2 nml) and then isocyanate
pol ynmer bound was added (2.0 mmol ), and the resulting
WwWorReor08e7Ivas shaken at room t enper at ure over ni BET/EPZDREINS869
the resin was filtered and the filtrate was
concentrated under reduced pressure. Purifications
were carried out using mass-éirected HPLC. Preparative
chr omat ogr aphi ¢ conditions Colum: X Terra M5 C 18 5
nmm 100 x 19 mm Mobi | e phase: A: NHAHCO3 sol. 10 nM
pH10; B: CH3CN Gradient: 30% (B) for 1 mn, from 30%
(B) to 95% (B) in 9 mn, 95% (B) for 3 mn Flowrate:
2pcert 7 i n WV wavel engt h r awge: 2107850 nm M#ESS [ ange
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Nde@ntefM |N, 95%(B) for 3 mn Fl ow rate 1 rern UV
hyedie giglnn4 ranger27210- 350snm Mass7or ange: 03200- 900 varu
MrZatton, ESt bt al ned 26. 3 g of _tne desired
conmpound. NMR (DVSO-d6) : d (ppm) 8.03 (s, 1H), 7.90
(s, 1H), 7.74 (s, 2H), 7.5436%3RH), 7.49-7.39 (m
2H), 7.27 (d, 1H), 6.72 (s, 1H 4.39 (d, 1H), 4.22 (d,
1H), 3.05-2.98 (m 2H), 2.90-2.83 (t, 1H), 2.57-2.46
(m 1H), 2.42 (s, 3H 2.12 (t, 1H), 2.04 (q, 1H
1.97-1.61 (m 4H), 1.45- 1.19 (m 7H).Exanple 30
2-[3,5-Bis(trifluoronethyl)phenyl]-/V-[4-(4-fluoro-2-m
et hyl phenyl ) - 6-

(hexahydr opyrazi no[ 2, 1-c] [ 1, 4] oxazi n-8(1H) -yl )-3-pyrid
inyl]-A, 2-di net hyl propanam de hydrochl ori de (E30)
ENANTI OVER 1 A sanpl e of
2-[3,5-bis(trifluoronethyl)phenyl]-

L/ -[4-(4-fluoro-2-nethyl phenyl)-6-

_5_'(320 PNTNT 30030 Qm/\-



(hexahydropyrazino[2, 1-c][1 ,4]oxazin-8(1

H)-yl)-3-pyridinyl]- L/, 2-dinmethyl propanan de (E20, 42
worgno7@s12mol ) was suspended in 1 m of anhydr ORGI/EP2006/008869

di ethyl ether and treated at 0 C for 30 min with 79

m_ of IMHC in diethyl ether. The sol vent was

renoved under a stream of nig2oegen and the product

triturated with anhydrous pentane, to give, after

filtration, the hydrochloride as a white solid (44 ng,

quantitative). MsS (ES/+): 639 [ MtH + NWVR (DMSQd 6): d

(ppm 10.99 (br. s, 1H), 8.04 (s, 1H), 7.95 9s, 1H),
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(m 3H), 3.05-2.79 (m 1H), 260252(m 1H),

2.33-2.20 (br. s, 3H), 2.22-2.14 (m 1H) 2.16-2.05

( bProjé&ctiodhdbjectivb G200 h@a cevtardlar flRtdhesin@ige-side field width,

2-13, 5- Brs(trrfluororrethyl)phenyl] I V-{4-(4-fluoro-2-m
20 et psﬁ{em ) Itg: injagr-sedgfield-length, dy, is 2 mm. Projection objective

(h net ) yrrol o[ 1, 2-a] pyrazi n- 2( 1H) -yl
] -%@%@dﬁe@%ﬂe&i@%mt hyl propanam de (E32) The
title conpound was prepared starting from 323 ny
(0.608 mmol es) of 2-[3,5- bis(trifluoromethyl)phenyl]-
L/ Pfogeationarbgective 4 200 pooodes areintgrmed by imags: hefwieen murprs
l% 'Hfrﬁ‘f | pr opanam de (WO 2005/ 002577), 1.216 ny
(0 ‘of (3R 9aR)-octahydro- 2H pyrido[1
25 . 2 a] pyrazi n- 3-yl net hanol (Tetrahedron Asymmetry,
1996, 7(7), 1999-2005), 35ngy of
bi $helbpecnt pdeen‘éthceninrces patheaddemf(tbe estiatromopath ffm piyect

E; plé;leg CI ohex lﬁrgg g@%glqugfpﬁ?w 1135‘rqﬁ]l@|1§) haggesr,tlnge optical

(0 ot i
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cl efg@dwerahirt@r 1240hmslp$s1t1|\/bbptlca1 power; mirror 1250 has negative
di cycl ohexyl phosphi no-2' - (
30 di eptiesy pawreh@}lréunpﬁréﬁw%@ Bgs p@l@vqmlqrﬁlmpyver and
bi s(di benzyl i deneacet one) pal | adi um (35 ng, 0.061 nmol)
wer e added and the reaction kept at 140C for
additional 4 hours. The crude material was | oaded on a
SCX cartridge, the neutral fractions were washed with
nmet hanol and the basic eluted with 2M amonia in
nmet hanol and coI I ect ed The sol vent was rermved and
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reagents were dissolved in 1 m of DMSO and stirred at

1500C for 18h. The reaction m xture was diluted with
waQen3rnd et hyl acetate and t he aqueous phaseP@EEP2006/008869

extracted wth ethyl acetate. The conbi ned organic

fractions were dried and the solvent was renoved under

reduced pressure. The crude-pBeduct was purified by

flash chromat ography (silica, cyclohexane/ Et OAc 50/ 50

to EtQAc) affording the title conpound as a white

solid 105 ng. M5 (ES/+): [M:Na]\ NWR (DVMBO-d6) : d

(ppm 8.07-7.99 (s, 1H), 7.97-7.86 (s, 1H), 7.82-7.62

( rTThéh'l)nen&oZQof%héfodtﬁrmﬂM)eacH ndifroB,. @8er( 59 IVKH)M is as follows:

679669% 1@) 4.32-4 13m2r%33130b6
5H350 @y 153 ngw tppmigpy 12 10; 79-mmes69 mm fey mipos H120); 338
(%%%%5%@%(%%(%@( i’%szp'“ﬁ‘bs rr%mzxgllzz onr]ml |_gr 121106g7 mm x

5 2-73mm Bishirfdrf 12907 &Y@Q@Q’hﬁ]@ﬂ%ﬁ%nﬁ’%ﬁlﬁn{)ﬁ%@loro 2-m
et hyl phenyl ) -6-[ (75, 9aS) -
(hydroxymet hyl ) hexahydr opyr azino[2,1 -c][1

73 agz;p p@&ig%%&fd%ﬁ?é’ For ¥l e point is 6.13°, 10.61°,
?é‘g 2;68 éﬁ?%?é ginkaé.%ﬁ gk PIRINRo, 1230, 1240, 1250, and
dl rmhyé spedrlely. dlrmtqhyﬂrmﬁn bﬁ%ﬂem&m&ﬂml phexahyathapitrar for

2|no[2 -c][1 , 4] oxazi n-8 (3
10 tllngmﬁrzdlqmlrsyq:tpmelﬁﬁ 53°31 g@& ,cﬁy?llﬂ 1B 9° 24.26°, and 7.44° for

welToTs g D27 A0, 0 ke he! 1290, TRineetidely (P ant miors
adged) G956 306‘1?41) Sk 0 (%1 780)arél (70! %6@6'05 ‘734°' "7f446921 70°,

was contlrued at rdom tenperature for’

comdet.SiQngspedtieclyeact i on mi xture was Ioaded on a SCX
cartridge and washed with MeCH The product was el uted
with 0.5 M nethanolic amonia. The product-cont ai ni ng
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rri an lé@thﬁﬁ/'%)mmlNhNMR 1 meﬁ& ﬁos@t)ve cilef RRahgte @dgmfi8dtion
(s 1H). 7.88-7.81 (s, 1H), 7.79-7.69 (br. S, 2H},

7. whilg mirrory bi2101 H?20 7288, b 0havediegatiye dneﬁlr-aa apgle mag-
4.75-4.65 (m 1H), 4.31-4.13 (br. S, 1H),
4.‘1‘@95{.)“61 (br. s, 1H), 3.80-3.68 (m 3H), 3.58-3.49
(t, 1H); 3.43-3.34 (m 1H); 3.18- 3.09 (t, 1H):
3.04-2.98 (d, 1H); 2.68-2.58 (d, 1H): 2.51-2.45 (s,
20 3HI'he nage-ddd Se¢ svoridg; digam@-of pro@clion oljdrtivd 1 320 15 403@m.

(S 3H) ., 1..39-1 .28 (s, .3H). . |l e 35
b2 1 GBiapGiife e Nt i IIcniS AP R - (4- 1 vor o- 2- e
t hyl phenyl )-6-[ (7S, 9aS) - 7-
(hydr oxynet hyl ) hexahydropyrazino[2,1 -c][1
4]jncprajzﬂcnoﬁ Objeichivy I POR-day r/d i my1.P1. Furflermore, adjacent mirror

di met h anam de Hydrochl or|d E35) To a solution
of P | 54(23%{3 K QQ:;rmsggq,rgWétoyrp? ( ﬁﬁ%) of t%e projection objec-

L/ -{4- 0 t - .

25 £ G e SR exa“@a?“olg;ffgrz}%loo[ sy objpt plane
4] pocaizi o (thin 50%] of3heprdjebtionl gbjedtived:tracklength.
di met hyl pr opanam de (E34) (300 nmg, 0.449 mmol) in 2 nL
of diet hyI et her vvas added 0.6 nL of a 1M HClI sol ution

h et her precipitate farned, T

soPflaripr Bt EanictuR 1280 PERBUEEMTTAEE Bt The g be-
Ni foiR U812l pﬁ'&%nfs‘i‘_ﬁrﬂtl@h'leddwswﬁllé Ta818UBprekdns dspieri€dl con-
1: 1 pentane: Et20 The white solid was coll ected by

30 fi ftemtatforogachd themirronsiefacks. glor vizcpuposes ofihable 48 and Table
title conpound 280 ngy, 0.397 mmvol, 88%yield. 1H NWR
(500 MHz, DMSO-Cf6) d ppm 10.24 (br. s., 1 H 8.03

(br. s., 1 H 7.90 (br. s., 1 H 7.55 - 7.82 (m 2 H
6.89 - 7.24 (m 3 H 6.77 (br. s., 1 H 4.65 (br. s.,
1H 4.45 (br. s., 1 H 3.92 - 4.15 (m 2 H) 3.76 -
3.90 (m 2H)3.34-355(m 2H)309-3.36(m2



1H);

(s,

3H) ;

wQ 23031220 (s,

2.71-2.63 (dd,

2.39-1.99
3H);

1H); 2.61-2.39 (m 2H); 2.50-2.44
(m 3H); 2.16-2.02 (br. s, 3H);
1.40-1.27 (s, 3H). Exanpl ePGIZEP2006/008869

2-[3,5-Bis(trifluoronethyl)phenyl]-N-{4-(4-fluoro-2-ne
t hyl phenyl )-6-[ (7S, 9a/? or 9aS)-
7- (hydroxynet hyl ) - 2, 2- di oxi d6hiexahydr opyrazi no[ 2, 1
-c][1 ,4]thiazin-8(1 H)-yl]-3-

pyridinyl}-N, 2-di met hyl propanam de

SRR RO Mfor | A g

9afjrror KZI[O( inifror 2 (M2) corresponds to mirror 1220; mirror 3 (M3) corre-

oo el
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) 05} gardsoids S fionTas

.| 20 et
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s

hanol

mirrer é](M4

OcC. The reaction m xture was stirred at

tenperature for 1.5 hrs,

room

d|rnethyI)S|IyI]oxy}nethyI) 2, 2-di oxi do
corHeapendsito ngpror 1240; mirror 5

OBl Y o bt

was added dropwi se HCl 12 N (0.4 nL) at

jo iy

then it was purified by SCX

cartri dga—t-o—giverthe—titi-e—comotne—as—; sol i d
(120 g, lyi SACH10 PR pdRR s 85 T R
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t hyl phenyl )Mef& 7$, 9ac9ar R) - 7-348.850 REFL
(hydr oxyrfet j -2, Z-kaﬁdohexahwogpyr agi no[ 2, 1}fc][ 1,
4] thi a2|r-R(1 =yll]

pyri dinyl }- N, 2- di et hyI propanani de (E38)-Di ast ereoner

2 2-[3,5-Bis(trifluoroneth

R -7-({[(

1,1-

)f]?)f)hzﬁgyl] N-[6-[(7S, 9aS or

di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl) -2, 2-di oxi doh
exahydropyrazino[2, 1-c][1 ,4]thiazin-
8(1H)-yl]-4-(4-fl uoro-2-nethyl phenyl)-3-pyridinyl]-

- di net hyl propanani de (D36) (158 nmg,
di ssol ved 10 nL of nethanol.

0.190 mmol ) was
To this solution was

added dropw seconcentrated HCI (0.4 nlL) at 00C, and

stirred at

conversion by UPLC/ M5, peak at 0.87 mn.,

(Mrl),

359 (M2 +1).

by SCX cartridge,

roomtenperature for 1.5 h (conplete

m z

717
The reaction m xture was purified

| eaving the target conpound as a

solid: 107 ng, 0.2149 mml, 78% Ms. mz= 669 (M+l). 1H
NVR (500 MHz, DMSO-Cf6) d ppm 7.97 - 8.07 (m 1 H)
7.81 - 7.93 (m 1 H 7.62 - 7.81 (m 2 H 6.90 - 7.24
(m 3 H 6.57- 6.71 (m 1 H 4.65- 4.76 (m 1 H)
4.09 - 4.38(m 1 H 3.65- 3.79 (m 1 H 3.30 - 3.49
(m 2H 3.05- 3.28(m 5H 3.00(t, 1 H 2.65 -
2.79 (m 1 H 2.37 - 250 (m 1 H 2.01- 2.33(m 7
H 1.10 - 1.55 (m 6 H). Exanple 39 L/-[6-[(3S, 9a/?
or

S) - 8- acet yl - 3- (hydr oxynet hyl ) oct ahydr o- 2H pyr azi no[ 1, 2
- a] pyr azi n-

2-yl]-4-(4-fluoro-2-nethyl phenyl)-3-pyridinyl]-2-[3,5-
bi s(trifluoronethyl)phenyl]-W2- dinethyl propanam de
(E39)-Di astereoisoner 1 L/-[6-[(3S, 9af? or

S) - 8- acet

, 1-di met hyl et hyl ) (di net hyl ) si |
2H pyrazino[ 1, 2- a] pyrazi n- 2-

yl-3-({[(

1
yll

enyl)-3-pyridinyl]-2-[3,5-

bi s(trifluoronethyl)phenyl]-

yl ] oxy} met hyl ) oct ahydr o-
- 4-(4-fl uoro- 2- met hyl ph

L/, 2- di met hyl pr opanam de

(D41) ( 1.168 g, 1. 42 mml) was dlssolved |n 40 m_ of

o oy

T |



355.7 (M2 +1)).The product was purified in the sane
way, yielding 700 ng. 1H NMR (500 MHz, DVBO-* 6) d ppm

W@ 2®7/03128106 (m 1 H) 7.86 - 7.94 (m 1 H) 7.6GACT/ER208§008869
(m 2 H 6.92- 7.21 (m 3 H 6.64 - 6.79 (m 1 H
4.75 - 4.84 (m 1 H) 4.05 - 4.17 (m 1 H 3.90 - 4.05
(m 1 H 3.45 - 3.60 (m 4 Hp53.33 - 3.45 (m 1 H
3.18 - 3.30 (m 1 H 3.05 - 3.18 (m 2 H 2.69 - 2.83
(m 1 H 2.51 - 2.64 (m 2 H 2.32 - 2.45 (m 2 H
2.05 - 2.29 (m 5H 1.93 - 2.01 (m 3 H 1.09 - 1.56

m 6 H. Exanple 4 1:

- §o8- 5-1bi s@tri fl uoMoret hyl ) phenyl J-/ N {6 M5 M6
Lot 7S.19a8) - 7-  ((hvdroxynet hyl ) hexahydr opvrazi no[ 2, 1

ET1 1, [AT0REA n-BE1E) - yISPEEfrpt hyfPEePEAY - 3390S7EAD 1990979801
Tgyr i ofi YPFTESY | 22PHEOEO (i HERPRSI pr opEEifiCt e CREE)P! 1783082802
T 3, 5- Uiagtfﬁ f |1%9r9°6ﬁ“et Hjﬁ ?ﬁﬁen yl P2RE f -3.849802E-04  3.792405E-05

7S. 94 g%mzf o { [2()91994514 747764E-05 7.184003E05  -3.329705E-04  1.662750E-05

thy "CCRYP) (dPREETY | Y SIHVe et ) nEXARYdr opyra®
yfogd%g ? 261)?5&2)? ) Eﬁ;oxy}wsgazs@n) 15027355? ' 3214654)8
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PERYal n. 100 V eNnt1.00E+00

% . bobd@® SOI I U.zadd> ( APTtjes 1T Z 37772
Deeder ( M—|+ 209 Exarrpl e 43:
F8as-1oie t ri f |7é@r omet hyds) phenyl 2140 8477 6.989

CNOo = Q- oS0 S NPT WRRO0 QYOS RoTNOI<NNG L ND L RN
d -> <
(7]

~{O-1TUOTO-0 -1(7S, 9a9) - /-

(hydr oxymet hyl ) hexahydropyrazino[2,1 -c][1
,4Joxazin-8(1 H)-yl]-2-nmet Mable4B' -

bi pyridin-3"-yl}-L/, 2-di net hyl propanani de
(E43)2-[3,5-bis(trifluoronethyl)phenyl]-N(6

1-chl oro-6-fluoro-2-nmethyl-3,4 1-bipyridin-3 -yl)-

N, 2- di net hyl propanam de (D54, 53.5ng, O i mmol),
(7S,9aS)-7-({[(1 , 1-

di met hyl et hyl ) (di met hyl ) si | yl ] oxy} net hyl ) oct ahydr opyra
zino[2,1-c][1 ,4]oxazine (051 , 37ng, 0.13mmol) were
di ssolved in toluene ( 1.5m ). Bis

tritertbutyl phosphi ne palladi um (13ng, 0.026mmol),
fol |l owed by hexadecyl tri nmet hyl anmoi um chl ori de (

10m _, 25% aq sol), and f| naI I y SOdI um hydr OXI de

PN . Y 4



M5 (APl +): mz 670.3 (M+H; 100% Exanple 45:
2-[3,5-bis(trifluoronethyl)phenyl]-

WQ 20004312531 f | uor o- 2- et hyl phenyl)- - S PCT/EP2006/008869
aSJ"hydr oxynmet hyChexahydr opyrazi nop.i -c][1
, 4] oxazin-8(1 H)-yl]-3-
pyridinyl}-L/, 2-di met hyl pr op&hani de
(E45) 2-[3,5-bi s(trifluoronethyl)phenyl]-N[6-[(7S, 9aS)
-7-({[(1,1-
di met hyl et hyl ) (di met hyl ) si | yl ] oxy} nmet hyl ) hexahydr opyr a
zino[2,1-c][1 ,4]oxazin-8(1 H)-
y| Referfifg fd BIG.0F32 anettbpldphertydf)a-fdeojeg tiod bbjectiveN] zemmmes
hyl pr opanamn de was di ssolved in dry

(086, 1107R)
( 2K myirrosbh K | 7023 30643861 18 5Baand bindaad aaaarhgnegﬁlde

| ut t
PolhEG patis Ul 370 At bodehi S Eilpadite 3,5 B Reissgrs
5( 213<11(pr1132@ 1330f 0340, al380i A 136D £eAnGrRdorh hlirdH3 Prdjection
OH 94 x10m _J. Sol vent evaporated. Residue purified

nolaeétgvesbﬂoopal@gcsramﬁlcm froirap;edt phareel3 toamaEgoptaned 02

109 Et OA ol d t ff d th t tl
comBaraBninanndats of 430 Rhabaapished o Heblersn bbisclye

( f- 0 grl 5§b mx% a%Zl tfle g)ghcaq)pathﬁeﬁgth(ofgﬂagéa rad?at?dh 1(; 4199'3 mm.

4 A@eordlr%y (théL HltldCXDf th): ppﬁczﬂ?pa(h ]&hlgthst)) tra’&k%g(h ﬂsH,ppdd()l
3.81 1H, 3.33 1H 1)
10 3 g@teﬁzﬁﬁﬁro&ctm ({bqu.qlve Objlaggn@pg@reé)top QOSAtZQnezl ajgnir-

é‘?F'B% 2.29- 2.05 ( 4H, n), 1.51- 1.32 ( 6H m M
(A mz 669.3 ( MH+; 100% Exanple 46:
2-[3,5-bis(trifluoronethyl)phenyl]-
L/ %14 (5-fluoro-2-net hyl phenyl) -

7 SNt Sp-prp{lf dr eleghiet ﬂ@ﬁ?%‘é@(b}%ﬁ apintiiyndpe chief ray

% L@Wﬁhﬁ’xazb@ B rihipd kb BYRE TDAE 15 Abe mpgimuny yaria-

15 magen @p&qeﬂta%dgmsrmbbﬂ@t e obediesnthasample 4 1

starting from?2
bls(trlfluororrethyl)phenyl] Al -{4-(5-fluoro-2-nmnethyl ph

enyl ).-6-[ (7S, 9a9).-, £~ : : .
éaﬁ%ﬁvﬁ?&%ﬂ%yﬁ&ﬁwﬁf BEsang Y 4. Thy jpage-side field width,
4110)&3 Rir8(fhd 111"13) eyélale ﬁélﬂylélll%h,nd/ | 152 llm ZProjection objective
di nét hyl pr opanam E45, 11. to afford a pal e
yel 0@hhasadn @J&l&rlﬁﬁ@bﬂhrﬁoﬂkl%mﬁl 3 (M+; 100% Exanpl e
47: 2-[3,5-bis(trifluoronethyl)phenyl]-
20 .- {4-(2-chl oro-4-fl uorophenyl) -

O blchu i BYADBYNIRAYAT BEAIMEORKE 2Z60kEn hirrors

L/ 1 24(adet 380. pr opanani de
(E47)2-[3,5-bis(trifluoronet hyI )phenyl] N-{4-(2-chloro
-4-f 1l uorophenyl)-6-[ (7S, 9aS) -

({[(
15k BEhN f%ﬁf pt e AT ﬁlg(&fhéroa&ythg?éd?é(ﬁc}d";%ﬂ%% BBject

25 H) pi¢h¢ 183 Ry IrhaiaWhie N;)erCHstBIlB\X/ls PhEBSNEBTOdRs (p@ﬁl&ve optical
22y, 0. 027mmo issolved in dry MeOH

C opd&Eer; M ITen laléh@%mgabac laptical PO® epehoTes lrag p@sm@ﬁ opti-

sol ytion (~ ) The reaction

s vl e misgee 1380 s oIV ap S ekt g Perl S neBiive
st !))éSt'Ida'I‘Qo@rEr Rhd rxfn?lrora%@%‘é?%f h@@@ﬁ’tl@ﬂl b8Gkly onto a 2g
SCX col umtm, ‘washing wit m ) before
eluting the conmpound off with NH3 |n MeOH (4 x 5nL).
Sol vent evaporated under reduced pressure to afford
the title conmpound as an off white solid. (10ng) NWVR (
400MHz, DMSO-d6) d 8.03 ( 1H,s), 7.89 ( 1H s), 7.71
(2H, s), 7.55 ( 1H, d), 7.34 ( 2H, m, 6.65 ( 1H, s),
4.71 ( 1Ht), 4.22 ( 1H, br m, 4.07 ( 1H, br m, 3.76
( 2HmM, 3.55 ( 1H t), 3.1 5 ( 1Ht), 3.03 ( 1H m,
2.68- 2.60 (2H, M, 2.50- 2.40 ( 3H, m, 2.18- 2.05
(3H, n) 1.45( 3H, s) 1.31(3H,s) MS (APl +): iz



NVR ( 400MHz, CDCI3) d 7.94 ( 1H, d), 7.78 ( 1H, s) ,

7.66- 7.59 ( 3H, m, 7.43 ( 1H t), 7.28 ( 1H, m,
wQ@2®0/03R8706 ( 1H, m, 6.46 ( 1H, d), 4.67 ( 1HCTHEP2006/008869

4,53 ( 1Hd), 4.42- 4.34 ( 1H, m, 4.05 - 3.98 ( 2H,

m, 3.90- 3.67 ( 6H M, 3.35- 3.30 ( 1H M, 3.09- 3.00

( 2HmM, 2.72 (3Hd), 2.63 (61IH dd), 2.45- 2.30 (

3H,m, 1.30 ( 6H,s) M5 ( API+): mz 667. 3( MH; 100%

Exanpl e 50:

24 RS PSRRDTY RS & L IPADus Totows:

OXYTe ropyraz no
42’HX1@1¥1i R-188 lnrH)ft)Vh']mﬂr i 2t0; 69 mm x 65 mm for mirror 1320; 290

(hydr oxymet hyl ) pheny ridinyl}- ‘
L/ mn il i mip| fpr @pranah%?ﬂb Mﬁdnmcmg@ pring goHayrreral 3408 enm x

aceprdl Bg L0 JRHIA%, 89554 hhed I8 AR b Fagg 2t g

5 b| s(trifluoromethyl)phenyl]-A-{6-[(7S, 9aS)-7-(hydroxy
nmet hyl ) hexahydr opyrazino[2,1- c][1 , 4] oxazin-8(1

H) The ¢hidf faR- e(nlg}aja)ﬁmyrdent:g/fo)rph@cgdtx]al ﬁehypcoldt 15312 (}6" 12,132,
ekt e ﬂa%%gégé gfo(r%%?s‘fm 135004307480, 3%, and
2 5’3605 r%lpgét vrellf orI%n%ltnD m aHElPeQ}flu]l 1 %lzice[ @ [ (grie‘éach%lrror for

exa ropyrazi no cTT1
%%hh&?dlanaﬁ(séctwn ¥l zt)of 45 U0y €3°28.64°, 23.31°, and 6.17° for
met hyl phenyl ) - 3-pyridi nyl]- L/°,2-di met hyl pr opanam de
10 ( Bmirrorsridn6] W), 1330, 1340, 1350, and 1360, respectively. A8 for mirrors

8- tyl oct ahydr o- 2H '
21%1]%,3@,, 1336, 1340 434 and, Gieg" %3458 300 1.57°, 6.92°, 21.18°,
me & ridinyl]-2-[3,5-bis(trifluoronethyl)
ph%%# ?Q ’I}%I)f?&‘é@ﬁét hyl propanam de (E33, 101 ng) was

submtted for chiral separation to isolate its
enanti oners. The Enanti oner | abeled 1, of unknown but

SI Matrer 344 basarsitive Qvfyeﬁmas angl@l ra@@uﬁeﬁlmgwbﬂ@pvafram VO,

f title

15 ¢ ohishas0. S0 Hae ARl ARbta Bfertin hiftarkis 55
m The inSSE- 108 BRE Qbdrkm Sﬁszaﬁ@ étsmjecﬁ@ﬂ@b ﬁu§13oo is 40 mm.

Anal ytical SFC (Berger) conditions: 1H (500 MHz,

Dl\/E@ objestt sidpﬁnrﬁsvcemn(gtmstaece is D8R, QQIS(lbrge objectidefree

wgrleng Elﬁ angzg alloYs '_Blseﬁtuirz(gp édéil %(iquaé ﬁf)mfop_ﬁnt% iy é)(am%&zgé)f
( nﬂheﬁlh’fﬁm?aﬂ%ﬁ syst@moé é ﬁh aadl'ﬂ)ongl gégzmggnaaeﬂd@ foRlifid mirror or

(direct):
20 685u(11|%ﬁm)y Ekalrrpl e 52
2-[3,5-bis(trifluoronethyl)phenyl]- L/-[6-[(9aS or
9aR) - 2, 2- di oxi dohexahydropyrazino[2,1 -c][1
, Mt hi (44f1 2
el Ty PRSPk The Y pho 1 aeop A2 83 Futhesmore adjacentpirmor
( E5dirs- 1 30amidi I350ris 2¢pdnsted bylrﬁoxeohmoﬁm% oﬁahe ptdjeatmcbtgec-
the second conpound, | abel ed Enantiomer 2, fromthe
chilyep trg@lﬁgpg{l, B“rtb@rg therdtganesbetween mirror 1310 and object plane

2- ( 0
25 di o(i? grﬁ’er% 3 é%?é%%y&rfggghp({ égtflmx (ﬁﬂiétlvel‘s/ trllc@'lér?gtl%
, 4] thiazin-8(1/-/)-yl)-4-(4-fluoro-2-nethyl phenyl) - 3-
pyr| di nyl]-L/, 2-di net hyl pr opanam de E33 as reported

f oPata-fogpeiedsion(ahieqtiveor3ORes hydsynshé nyT]ab elyA Pr@d E polgfyB be-

o 9a§)§?fen§% S)igs)éln oorf) fégm{;% PNl sf abrlo [5% preser]t£ aspherical con-

/ étémt)ﬁ |f«])r é‘acﬁ%‘fftlhéjﬁﬁﬁogsmcgy |HHF@1%"[)) rp%Sé%ydﬂﬂib'IB’U\ and Table
- di net hyl propanam de (E51 ) (obtained 70 ny,

30 >9SB51‘Me neirror desigyatiarsl conelaats tollowsmmifrér M) wprredpdnds to
NVR (500 MHz, DVMSO-c/6) d ppm 8.02 (br. s., 1 H) 7.89
(br. s., 1 H 7.61 - 7.84 (m 2 H 7.16 (d, 1 H 6.90

7.14 (m 2 H 6.72 (br. s., 1 H 4.12 - 4.31 (m 2

3.08 - 3.32 (m 5H 2.85- 3.03(m 3 H 2.52 -

3 2 H 2.01-2.32(m 7H 1.13 - 1.59 (m 6

S (dlrect) 687 (I\/H ) Exan'ple 53:

= T

3



Exanpl e 54: 2-[3,5-bis(trifluoronethyl)phenyl]-
L/-{4-(4-fluoro-2-nethyl phenyl)- 6-[(9aS)-1

WO aoglegteahydro-1 Hpyrrolo[1l ,2-a][1 PCT/EP2006/008869

, 4] di azepin-2(3tf)-yl]-3-pyridinyl}-
L/, 2-di net hyl propanam de (E54) A solution of
(9aS) -octahydro-1 /-/-pyrroléBl ,2-a][1

, 4] di azepi n-1-one (Polish Journal of Chemistry, 59(1
0-12), 1243-6; 1985) (31 ngy, 0.201 mmol), 2-[3,5-
bi .

Cy A ChPBREBY XMALRRE R onds 0 mimer 430 gmiger 3 (M3) gorre

Lléﬁb

6 nmo

N N

dsitdrﬁlmw 1P3 300 i @dir quMQo&%@&&Q%H}mwswgmrmr 5

di net hyet hyl endi am ne (22nL, 0.207

mVLy) CQI’U?SpQIﬂ@S tp migtirde SO38dhirror Q()M6hﬁg1fr§esp@ﬁds to mirror

ca um car bonate (65 ng, 0.199 mol) in 3 m _ of
di ne was heated to 100C in a seal ed vial overnight.
Heati ng was continued for additional 2 days. It was

diluted with 10

of Et OAc and extracted with water.

The or gar
removed.
chr omat ogr
30: 70).
conpound.
NMR (500
H) 7.84 (Jbr
7.25 (d,
3.96 (t,
3.09 (m
2.42 (n
1.66 - 1.f7

i cSurfaes e

dRaced (10iNA 2 SOk dminh¢

Sotles g

nt

;Hna btUUL

ﬁ (SI
HWKWAG
NH%JOBNB(
W' 71
1 Myrozt 7
1 ifro2s 53
) l%(r'_DG

- 1.38 (1

) i’"aqul

LLNWNT\}DUIOILQ%WIIC
I|ca %yclohexane Et ¢
BP&RHe

d 14 m§*dt t he
884 BE 1 (M+1opoo >9¢
D- dinpINIEly PPM 8 62dtades, ]
"%%oé 7(br 5%3&@1 H)
(zmg?qsm 5 258‘(3(% ¥
éz%.@ﬁ (rl—n|) %311{85@. 43
11
AN

1INFINITY 22 (n?

%isof 44 |(
P q.

st

DAC 90:

REflye
YRBHL

.J10 (s,

o2 -

10 to
t
V. 1H
1
(s, 1 H
1 H
H 2.28
1 H)
H 1.26

1.07 (m

1 H Exanple 55:

L/ -{4-(4-fluoro-2-nmethyl phenyl) -
6- [ 8a- (hydr oxynet hyl ) hexahyablepyAr ol o[ 1, 2- a] pyr azi n- 2(

1H) -yl ]-3-pyridinyl}-

To a sol ution of hexahydropyrrol o[l

, 2-a] pyrazi n-8a( 6H) -yl met hano
sul f oxi de (1

.5

(D67, 35

),

2-[3,5-bis(trifluoronethyl)phenyl]-
L/-[6-chl oro-4-(4-fluoro-

2- met hyl phenyl ) - 3- pyri di nyl ] - A/, 2-di net hyl pr opanamn de
[ WO 2005/ 002577] (60 ng) and potassium carbonate (63
ng) were added. The resulting m xture was heated at

1500C for 24 hours.
down to r.t and further

ng) in

2-13,5-bis(trltluoromethyl)phenyl] -

L/, 2- di met hyl propanam de (E55)

met hyl

The m xture was all owed to coo
D67 (17 nmg) and potassi um

carbonate (15 ng) were added. The resulting m xture
was heated at 1500C for further 8 hours and then it

was allowed to coo

m) .

acetate (3 x 2.5 nL).

tor.t.

and diluted with water (2
The aqueous phase was extracted with ethyl
The conbi ned organi c extracts

were dried and concentrated in vacuo to a residue
whi ch was purified twi ce by flash chromat ography

(first purification:

Et QAc/ Cyc

then DCM MeOH 95:5. Second purification:
98:2) to give the desired conpound (7.7 ng) as yell ow

foam Tic:
= 0.673 mMmnwith mz
DMSO- CZ6) d ppm 7.94 (s,

(s, 2 H
6.46 (s,

2.18 (s,

7.07 - 7.

1 H 3.90 (d, 1 H 3.37 -
3.32 (m 4 H 2.80 -
3 H 1.61 -
1.54 (m 2 H).

DCM MeCH 9: 1 ,

= 653 [ M+H +.
1 H 7.82 (br.
20 (m 2 H 6.96 -

1.82 (m 2 H 1.40

Exanpl e 56:

2-[3,5-bis(trifluoronethyl)phenyl]-
L/ -{4-(4-fluoro-2-nmethyl phenyl) -

6- [ (8S) - 8- hydr oxyhexahydropyrrol of 1

from80/20 to 100:0

DCM MeCH

s., 1

2.95 (m 2 H) 2.47 (s,

(s, 6

Rf =0. 29. UPLC/ MS: peak at Rt
1H NVR (300 MHz,

H 7.73

7.07 (m 1 H
3.60 (m 3 H 3.11

3 H
H 1.32



Exanpl e
57: c¢/s-2-[3,5-bis(trifluoronethyl)phenyl]-L/-{4-(4-fl
WQ210603271et hyl phenyl ) -6-[ 1 PCT/EP2006/008869
- (hydr oxynet hyl ) hexahydropyrrol o[ 1 , 2-a] pyrazi n-2(1
H-yl]- 3-pyridinyl}-L/, 2-di net hyl propanam de (E57) To
a solution of cis- 2-[3,5-biéfPtrifluoronethyl)phenyl]-
L/-[6-[1-({[(1 ,1-
di met hyl et hyl ) (di et hyl ) si | yl ] oxy} net hyl ) hexahydr opyrr
olo[1l ,2-a]pyrazin-2(1/-/)-yl]-4-
(4-fluoro-2-nethyl phenyl)-3-pyridinyl]-
ifret Wyl propavam de (DPF¥4.10.5 ™g) i n drysnet hanot®
at 00C,_one drop of concentrated HCI
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e« i|t hogr aphy projection optical system in par
tjewia@ar] t o a4Proj ect¥'8®n obj ecttttve, a HiEGr ol i t hagraphi c 708
t 00l _conmprising such an optical System a netnod 1or

m crolithographic production of m crostructured
conponent s using such a m drbld sBogr aphic tool, a

m crostructured conponent being produced by such a

nmet hod and a nethod to design an optical surface in 10
such an optical system Projection objectives are

wi dely used in mcrolithography to transfer a pattern
froma reticle to a substrate by form ng an i mage of

the reticle on a | ayer of a photosensitive nateria

di sposed on the substrate. In general, projection

objec- 15 tives fall into three different cl asses:

di optric objectives; catoptric objectives; and

catadi optric objectives. D optric objectives use
refractlve elenents (e.qg., Iens elenents) to i mage

1 . r - g, I o I ~ o




In the follow ng specification, a rotationally
asymmetric surface according to the invention also is

WO 2§02 ed to as a freeform surface. Unli ke sphRCT/EBI00gH08869

10

15

20

25

aspherical mrrors, freeformsurfaces do not have an

axis of rotational syme try. Freeform surfaces

according to the present inv&ation differ from known
aspheric rotational symmetric mrror surfaces for EU
proj ection objectives in that such known aspheric

mrror surfaces are described via a mathenati cal

Tayl or expansion, i.e. having a sag being given by a

r oR éfeirdmigto BYGIIEA, iad aebodimeniadf 0frofcaide objeclihe 1¢eMimludes
point of this Taglor expanS|on for all these

po$1§9rli@ﬁﬁoa$ 14k d Osl‘@é’sﬂﬁ‘é‘b 1y Oganb il 2B hptan imagesside

nown m rror _ surfac des .1 be C
iR B T R S TR G PSS S NS 3y i Mirrors
cal £, aey, RBBY 1440, AA50MAE] A900%rk Iaﬂrfpee%ﬂn&hﬁrrarsl Ptojedtion
experience in nanufacturlng such mrror surfaces.

Hooleetrve 1400viamges sddiztenh fsgmtdbgedt planet ldBgotimage phaae 102

knowﬁ@éﬁey R ?ﬂ?h%gﬁ'aﬁﬂPf”ﬁ&clﬁﬁ?e%@snﬁgwgpé@leadﬁ‘?WJsawe
L ) 1'493‘?1'1m ahithe g*)ﬁ hitolen "Bftlﬁ‘ltagg@rzﬂh idn€ 3931 mm.

erent to rotationa tri© optic surfaces is
aVAbd&dmg\l\ﬁ&he eatwosftthe Kbgtltai paﬂelehgﬂﬂntt'rmklemgﬂl wfapproi-
ptlcal surfaces is enbodied as freeformo
r oatal A&t Projesipneatypetive il s awpﬂyl@r}ee@samed between
Suﬁfﬁ8§ﬁ4bbahﬁlagﬁs'ble to overcone limtations with
ct' to numerical aperture and distortion being
|nherent to rotational symetric surfaces which in
particular is advantageous in the field of EUV
m Eh@emtrmgrpapﬂy)f prejeelden epyective bﬂ%)plé docatede hBBQ mya Arom
a freef m.rror
o PRESTRTR, B RS e oSiliongd Beitien o ki fles qpphand
A m%rmm&@alfhertllﬂéfefay%nglemfan@c&ﬂfdp@ieﬁpﬁmﬂe@t dWect plane 103 is
thenormal of the object plane and the center points of
t he°. dihieanaxifmuet vamatbn ¢fechagf rey angles abdbjetteplanst | Gais 0.82°.
conmponents of the optical system Advantageously, the
projection objective according to the present
' nPﬁﬁédﬁ%ﬂ dbze&lv%%%t}{ab G r&ft&h A d1d O'Plheeﬁﬁég;éesldé feld width,
gene al, I mge plane of e optical systemis
pad,alid 26 nino. ThHeeintdgeexde ﬁéldnengtﬁhdey o2 il Prejestiemobgegtive
have a field at the i ne having a m ni num
r aifPQesh %Hm%@%qﬁﬂHpgeég%g@6ﬁ¥ﬂ¥nIn the optical system
the chief rays nay be at an angle of about 3, 5, 7 or
nore with respect to the object plane nornmal at the
0 b]l“E@ berfbraunence D prejptticradbjssttecr000aclndyeadimagtt sida ¥, of
g which is located nore than 2.8 m in particul ar
mo 883 Haii)lmrtmnﬂs @npth@n@tlgﬁmwo pinaped imagegeide figld curpature is
m eef orm surfaces.. an e
cot§ R PReipfioH ke e OO Ve B8 Tnepinepin i Blinen
ofnﬂggmqghp%ﬁhlgggtenl the chief rays corresponding to
ferent points neet. In the pupil plane, the
ray bundl es fromeach field point superpose. The term
|1 plane is u;ed to characterize

}3% RBfEALPGIver 8T heemimeghin B@aqﬁigwfdge r*?‘ﬁatf%P%Btfﬁoé’%\ijeCt
Syﬁfaﬁ% ﬁ‘ok“’@c‘?[rﬁa b ‘?é‘fksté’s ﬁillg&g &H%Pfhl%or{a"s‘@%g@pg%pheal

an 1 ['Tum nati angle dis tri ion inth
pl poveer; hileror MA@ Has pekiavd Gptidapower; meiftoe 480 hfas aegadive opti-
obj ect positioned at the object plane. The object
positioned at the object plane nay be a reticle that

is imaged by the plurality of elenents to the image

pl ane. The optical system may have a demagnification

of 4X. The optical system according to the present

i nvention may conprise four or nore reflective ele

ments. In particular, the optical system may conprise
SIX or nore reflectlve elenents A‘plurality of

. a o



cal system may conprise an aperture stop positioned

bet ween the object plane and the inmge plane. The
WeRWrAasi2ty of el ements of the optical system nBGI/EP2006/008869

conprise three elenents and the aperture stop may be

positi oned between the second and third elenents in

the path of the radiation fr@in-the object plane to the

i mge plane. Alternatively, the aperture stop nmay be

positioned at the sec ond or at the third elenment. The

r a&{l 2{)&\%{1 rﬂ'g'y orP&29 htag 85%06 %Pﬁﬁﬁ‘f)%w&r 11‘?(51‘01{3)5@%@ n@kative

twc ation 'so rce wh use
opéptival pewet; ard anierog 0460 Ags pesitieoptivaépdbiven may be a
| aser radiation source having a wavel ength of about
300 nm or Iess 200 nmor less, 100 nmor less. A
on_of th freeforn1su ace
e 5% it & BF RroBnlercaiR pbRR ) S a8 i as follows:
5 meany aqk Xrisoan@ffol RArrbe 1 4 RS 10ansU 1 28 8im férnirfdrsi 429; 120
pansi on, amay be 66. Further, mmay consist of even
| Neye6$ mmFﬁornthr 1430; 31 2map bél 2 qualfort miroer Wd§gét2 mm x
th 10.. A devi ati on rdln oclaim3 o
PEREOMBITY (5o 8ed FEGTER FOOIT E RioeLt0e: s
dlstortlon bel ow the limt mhlch I's reachabl e using
rotationally symmetric optical surfaces. The
r oTh¢ tloisftdyyangdy ofigtideaces forfthe eermey ﬁémflbcaheisférm 81@6°
best-fit rotatlonally symretric surface by abo
10 orz%} o 68° hé Sdheangr>. ﬁ%r@rlm}ér@fﬁ K, 142 lf‘épal‘?@ndl“ﬁg)

bestAfit

oA it e oG, TTRUmaSih Engls it ER! fawcin sshamirror

byfo@*@@@ﬁqeﬂi@%ﬂaﬂ&&hom 8.61BY1(EPPUD 1 58O, N VN 7NDP Earf 6.BY for
about 1000 nmor nore at the oné or more locations. A

M mieorssiyort 430; 148 eef4soml 450, |andll460nfemt1aelg/oﬁﬁ|fngrrti1arors
claim5 | owers the reEU|renents or production of

f r e d AZ@pt430al 44Qirital eandrigpOrase t@é9el3e$|%ntls79w %@183
15fred; galglrﬁevdiurfaces according to claim6 lead to

t hg" a better aberration m nimzation on
t he one hand and give the possibility to nmeet certain
aberration mnimzation requirenments with | ess

cohfirrorsat4dd, 1 $2GddPata ik end f fekhaveniicebpaedsapat asamore than

sy tem al ve t e e 0 x fr efo rm
a0 Tk T £ 5 m oY1 4B pomt s rhu i e

r eédn%%twme ﬁﬁﬁai%rm OWM 470,38 4BOSdrld P@)O%‘V@fnegﬁYvead]ﬂéfera?/ angle

magni fi cati on according to claim7 exhibits relative

20 | omagmnificedemt ray angles on the mirrors, thus causing
| ower aberrations at the outset. This holds in
particul ar using an optical systemincluding only one
re f 1846l A
oy FRagEeiaL PR Horhibl MR POmrblo gk RORKIETIGTR & mm
ap€hé¢ ubecwriide Iﬁxteewﬁrkn@ distgstem28tcomdi ng to claim9
allows a high resolution. The inmage-side nunerica
aperture may be as high as 0.25, 0.28, 0.3, 0.35, 0.4

fii I
259 rgﬁr: EctlAH 0 f@g?l e 1uBh dd°ﬁ|§/ Opaﬁé ?hg O%I?thca S,ys]l_a%em ﬁ]i]irror

es an' e ci ent emin

m ﬁa’lﬁﬂMm@@d 3y ispeparatdd lBNmeRPHaA’B0% ofthe PRojection objec-

aberration correction is inproved with freeform

sutiveis éracklgngihdesi gns with rectangul ar i nage fiel ds

are possible which by use of rotationally symetric

surfaces woul d exhibit aberrations being too high to

et PRIEAD T GHEHINAEIN0SS pfféasntés% A6l ahd ThisleWB/ be-

have a m ninmum di frensi on of about mm and may have a
30 f i rost. Tibhe6Aipreseofs qitiwat ddtaymwhile Hfalule 6Bnpresergsasphgrical con-

di mensi on of about 1 nmm or nore where the first and

second di nension are orthogonal. This second di nensi on

may be about 10 nmm or about 20 mmor nore. A

di stortion according to claim11l and a wavefront error

according to claim12 lead to a projection quality

mhlch onIy may be I|n1ted by dlffractlon i.e. by the

Y a1 - . - g s o,



wados32ess than 15. A tel ecentric optical

10

rations at the outset. The maxi mum angl e of incidence
on a surface of each of the elenents nay be | ess than

according to claim 15 tol erates height variations of a
substrate arranged in the i mage plane. An optica
system according to claim167Reads to a very high
resolution. The ratio Q NA may be about 60 or |ess or
50 or less.An optical systemw th an object-inage

S hét%ﬁts Pbr SRR l&f tgémmIC’%ur%gésc‘ R ‘fl%r ]?.ngegest(ﬂ 'l%b?é 65&33%(1 Table

to a slimoptica opt | system

Th@B otbe egitdordgs ghdtidrls d@smeldaeaﬁﬁﬂmwsS thifror (M 19g8rresponds to

about 25 mmaor less. In case of zero obj ect-lnage

shinfrror tHP; apﬂpe&(l\@%)waﬁsmsgénlngpaﬂ apistar 3t (M3) corre-
L.
ot L iR GE LR ki ST oSk Mifeor ol Gigirror s

POINIY) ¢drdipbAdd totmirtdH 19508 andm@bit 6 CMIGR EoREpRAHRBERUFOr
where metrology and testing tools are used requiring

rot@id.on of the optical system Freeboards of the
el enents according to claim 18 give a conpact design
with small incidence angles of the chief rays. Four or

SY SPETEP2006/008869

nore ele
freeboarq
require n
the optig
optical s
claim19

m ni m zatli

sur f ace,
of the wg
possi bl e.
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from aboyt nmtjo a e adva tages qf
optical dys %ﬂ*accorﬂ%ﬂﬁTYo cl ai mP9% and

m crol i thographic tool according to claimZ2 1
correspond to those nentioned above with respect to
the optical system accordi Agbted®Alains 1 to 19. The
same holds with respect to the manufacturing nethod
according to claim22 and wth respect to the
conponent according to claim 23. A design nethod
according to claim 24 gives a reproduci bl e design
instruction to create freeform surfaces which can be
produced in a controllable manner. Furt hernore,

enbodi nents can include one or nore of the foll ow ng
advant ages. For exanpl e, enbodi ments include catoptric
proj ection objectives that are telecentric at the

i mage plane. This can provide for constant or nearly
constant inmage magnification over a range of

i mage- si de wor ki ng di stances. In certain enbodi nments,
catoptric projection objectives have extrenely high
resol ution. For exanple, projection objectives can
have the capability of resolving structures snaller

t han about 50 nm Hi gh resolution can be achieved in
proj ection objectives that have a high i mage-side
nuneri cal aperture that are designed for operation at
short wavel engths (e.g., about 10 nmto about 30 nnj.
Proj ection objectives can provide inages with | ow
aberrations. In certain enbodi nents, projection

obj ectives are corrected for wavefront error of about
30 M or less. In certain enbodi nents, projection

obj ectives are corrected for distortion bel ow val ues
of about 2 nmor |ess. Enbodi nents include catoptric
obj ectives that have a high nunerical aperture and
provide imaging with | ow i mage di stortion, |ow
wavefront error, and telecentricity at the i mge pl ane
over a relatively large inmage field. These features
can be achleved by use of one or nore freeform

an

-, . g e



Enbodi nents of catoptric projection objectives can be
used in lithography tools (e.g., |ithography scanners)

W AW7037br ovi de rel atively | ow overscan. Low BUEEB2A§ 003869
is acconplished, for exanple, by using projection
objectives with rectangul ar image fields. In such
enbodi ments, the inage can b&3aligned so that an edge
of the rectangular field is parallel to the | eading
edge of the die sites, avoiding the need to scan the
| eadi ng edge of the die sites beyond the edge of the
inqge field in order to scan the site corners, as is

peetalll y vhe caseMwhen recd®angul ar Mor squar &5di e Mg
F@S dre scanned relative to arcuate fields.
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dgsTTT pHeLBhb, TTTeTegbbravi Ilgbgaedll(] ThesClr al MBI G 1T 1S a 2282
s¢hesatli c vi ew of an enbodi nent of a m crolithography
tqol . HI-Gss7 2A | sos schen@atst ¢ vi ew28howi ng-284porti on of 085
t hetid dr ol i t hography tool shown in FIG 1. FIG 2B is

a cross-sectional view of a rotationally asynmetric
surface and a corresponding rotationally symretric
reference surface.FIG 3 ig'abec@%ss sectional view of
an enbodi ment of a projection objective shown in
meri dional section. FIG 4 is a cross-sectional view
of a portion of a mrror froma projection objective
shown in meridional section. FIG 5A is a schematic
view of a ray path at a mrror having a positive chief
ray angle magnification. FIG 5B is a schematic view
of a ray path at a mrror having a negative chief ray
angle magni fication. FIG 6Ais a viewof a mrror's
footprint. FIG 6B is a cross-section view of the
mrror shown |n FIG 6A. FIG 7A is a plan V|ewof an
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in neridional section. FIG 12 is a cross-sectional
view of a projection objective shown in neridional

W71 FI G 13 is a cross-secti onal vi ew of PGI/EP2006/008869
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proj ection objective shown in neridional section. FIG
14A is a cross-sectional view of a projection

obj ective shown in neridionall4section. FIG 14B is a
cross-sectional view of an optical systemthat

i ncludes the projection obj ective shown in FIG 14A
angle Rl d HG”"M@?%}@ @&tl\Fel @00'Rn!t? WRed in an optical
Cross-s | onal Oj ection objective sho

I nsyREnh d4ONeat ethdesra llg'Ht Gourt6A40S and 11h:mmwasﬁ optigd @iclud-
showi ng cal cul ated distortion as_a functiq
po@gta @hlectoruni iddage spactpbpydy filkes 192 Qeﬁtﬂhdofﬁcet mirror 1435

o B R TSRy LA bt R s B BDVL A GG con-
Of fip@eH td Bfovide fddeationede 39 @hdo ey f&ﬁtl@h@bﬁ&:ﬁb@ rCollector
obj éctive shown in FIG 15.FI G IS a

crassl4ktgitbersiradiagon cﬁfonasanoq &445 and @m@xthwed@homwards
in meridional

L P PR T LS mapichy filfers dnciig Zaqialifin Bt WhRelpagths other
' nth]tgﬁq 3'9;@{9%,9121 gﬁ gtsftﬂé rddiftid & 18C3 hmo%ws‘:ﬁém efaée*a Aitor

I's a cross-sectional view of
pr D4350 Tlogethebjvithtpupdl fabetwnirfan 1485 ) fiéld fadet s aior diummates a
FIGS. 22 to 24 are plots show ng_aberrations as

f uitélepdye eticlorasitiastedia opigst Piangdls “éﬂbrafi@ﬁmr@é 13.5 nm. The
prr%d?a(hto'nqup&'lr]?&& LBt (HRMRidFRayd Ve%% fgﬁh@{ wticleS The radia-
Cross-secC onal view O a projec ] ecti ve snown

I ntigels sHooidel t6 &t redble ifftkSwabwittor8hang ¢ @lditional compo-
showi ng aberrations as a function of position in the

i megyus,fsheh ds a@rammlrmdﬂné@mlmr obj ective shown in Fig.
25 FIG 29 is a cross-sectional view of a projection
obj ective shown in neridional section. FIGS. 30 to 32

ar RefkPhS tS PR 180 aA RATHORAIh &t aSrajcbibs bbjeBti® 1500 includes
position in the image field for the projection

objizanirnes $Hhdr 520, 1153@ 12430 IISISG argBl 369, and has an image-side

Cross- se tional view of a ection ctd.ve sho

e aratueat Y i SxBP S WeRe RIS Somgrs

abes fRU5005] B9, "I’SiG”ICStSOOz'ihd’ﬁG@)Oa?rétall%e'féhﬁ RftrbRBfjcction
for t e projection objective shown in Fig. 33,

FI &bje@ived K50 ioragss rakatioroitain obijeovptenea O3rtojimage p]'ane 102

obj ectlve shown in neri n sect.ion FIGS 38 to 40
ar Wtplaglesmagniligation 8o ng‘?o%ﬁlge fracklengfh ofipspyeetion objective

po I
bfse(g:dt 1?{/1 élbg ﬁltlor\?\zdnldqﬁ%SB{lég ?Qt@?@%gﬁ iﬂ{agé(g%dlﬁfbn 15 4762 mm.
cr assordgdly,ahakatio efivhebptcglpajieiehidintoabick ehigtteis aipproxi-

in meridional section. FIGS., 42 to 44 are plots
shogtehy3der rati ons as a function of position in the
image field for the projection objective shown in Fig.

4 1. FIG 45 is a cross-sectional view of a projection
ObTBE Ehtyghcepphl dfprofettich objattiveersd0os lodatddSl 008ombPfréfh ob-
are plots show ng aberrations as a function of

poEICt plane 103 phth @bja@eolaneamltfcmedtbhempﬁndpe enfraice pupil and the

t h
or g0t Buf g e et el iiontaal ShFeiRlrve ! Chdlmine
I nn&? 6{)61&30 'I}%ax%%ﬁlfak Qrﬂmﬁo@hamg gapﬂ RS, cah %Apegmoned at lo-

aberrations as a function of ition I'n the i mage
f i edtobnf Y01t berrgepopéinigi to thoéyternice peps Hbvanchief faly gngleSof the



FIG 5 1 is a cross-sectional view of a projection
obj ective shown in neridional section. FIG 52 is a
weew3e3rerti onal view of a projection objecti VRCHRB2A6/008869
in meridional section. FIG 53 is a flowhart show ng
steps in the manufacture of a sem conductor devi ce.
FIG 54 is a flowhart showfi§-steps in a wafer
process. In one aspect, the disclosure relates to
catoptric projection objectives that have one or nore
M CdnpiaP Pgﬁl:’#dlﬂt & d‘biﬁﬁa@%‘ 116 9% B hdkigndrh %“Sﬁﬁﬁ@&'of hief
as freeformmrrors). toptric projection objectives
Wi tay dnigbrfadbBjest prage $08a10.82°.used in microlithography
tools. Referring to FIG 1, a mcrolithography too
100 generally includes a light source 110, an
il hum nati on syst ;| £Ck | jecti s
B O T e T S
5 shewis @mnh ef 18y @hupR-sidd ABId 18R CE, s1Dnivh FHefREion objective
radiation at a wavelength | and directs a beam 112 of
t h&S(hlisean @dpectomage shitheff 7 svn.syst em 120. 11| umi nati on
system 120 interacts with (e.g., expands and
honogeni zes) the radiation and directs a beam 122 of
th L L= o e " ahi 6ot
A R R A A L DA
14Q.0nef. Betating ntyd toRIGC | A 1d8toptidw isdessthba@bow3 Am across
substrate 150 positioned at an inmage plane 102. The,
10 r adhieamiagn fighl. dmegesidgdiadd gurveturp i rami Brojedjacebioetive 1500
101 is,depi.cted as. rays 152. As sho LR _Fl n lhe.
- o i SRRl BB By st BT el T adidfting to
acpLG atgs, Yhélemef fays hee Sahdyophl fohigndgdPlade WD t4ivithin about
respect to reticle 140, for exanple. Substrate 150is
suppot radi(BbYoJtaathe inB@e fihkd.ch noves substrate 150
relative to projection objective 101 so that
projection objective 101 inmages reticle 140 to
15 di ¥he bptiLal Bt BPFhehirftOH (R RO thEr i Piih from object
objective 101 i1ncludes a reference axis 105. 1n
enplade 163 ts imingr dape O)2 cstdasdiollowsaninrarel 519 g mosttive optical
with respect t meri di onal. section, .reference axis )
10BOWST; a@rrﬁéﬁéff& Antegagve BpEeal RoMERemIE L339 has agsitive opti-
in ! : - i sQL .
sof dEylsrTmESs (AR pReEhe e ENr R GRSt hogagive
wayist cah gower;landahirtardlS60 G@s pbgitis©opticitpodierrent s, | i ght
source 110 is a laser |light source, such as a KrF
20 | a¥be d{maension e AgotRrinkoEsash drirrosf 2ixebas MiasMyns agfollows:
an F la s [ X I
o R AZ2ab Ryt 17 o SR £ BR b Tor ARV L 227

| i gtk x 01 trhim@r ehindes S§0;:BB9)mmsueho asm E&Dnikoat540ni 11 mm
radi ation in the blue or UV portions of the

el ® 86 momefgn atiitor ¢ p&tandA89aniy. x 2 Ehoum f@eBirren 1 S40out
280 nm or about 227 nm Typically, for projection
obj ectives designed for operation in |ithography
25 1 OPh& chivpVAl £ Bf Incldentd fdrfiRe bt el §8inPRII 9612008,
deep ultraviolet portion or the extrenme ultraviol et
po7 5il&nl 10984 h&.8aP eartdr B foe microsp ETtM, U 620,Ad3 0e X 3dh |16 50,
| can_be about 400 nmor Jess (e.g., about 300 nmor
| edrd 13 aespeoiovelin bhe magunurg gpgle of 00CIHRRSs Onesn each mirror

abgut nm or |l ess, . b ol ol be o
ol e Bl ST, LS DoE A 3. Bfpg0° for
10mmFb RN 310N €320,11338MP, 1850, Sind! 1568 reBFectiRelt ADIBr Riftrors
about 157 nm about 13 nm or about 11 nm UsSing a

relatively short wavel ength nmay be desirabl e because,
in general, the resolution of a projection objective
is approximately proportional to the wavel ength.
Therefore shorter wavel engths can allow a projection
objective to resolve snmaller features in an i mage than
equi val ent projection objectives that use | onger

wavel engths. In certain enbodi nents, however, |can be

o " o g, o e - .



pl anes. The first plane is the object plane, the
second is defined as the plane parallel and closest to

WO pw70bi2ect pl ane such that the object field, PEHEPIPAEES8869
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field and the optical conponents are | ocated between
these two parallel planes. In general, this distance
depends on the specific desidh-of projection objective
101 and the wavel ength of operation of tool 100. In
sone enbodi nents, such as in tools designed for EUV

{bﬂgﬁs@@ms’e 1 840, 530! AROPSA0 GEYAPUS. o111 | qéq% 3

e.g., Ina Fangé rom about 1.5 mto about™ 2.

In21¢7%amd4éﬁﬁpdmpamn&baL is less than 2 m such as
about 1.9 mor less (e.g., about 1.8 mor |ess, about
1.7 mor less, about 1.6 mor |ess, about 1.5 mor

| Bop 19,45 0BT AR e PP By st

Or 5 pth @nd &R WharD2 $ nith AV e 19530%@%5&% diic@rayBfige magnifi-
about 0.8 mor nore, about 0.9 mor nore, about 1 m or

moeasionTweile mitrorsafs 10h é52:£bt1|56@,l anglak 3501 havgtnegasive chagfaay angle
radlat%on to the trackl ength vari es dependi ng on the

s pPeBRificai gn of projection objective 101. In some
enbodi nents, the ratio of this optical path Iength to
trackl ength can be relatively high. For exanple, the

r aThoimndgd-fide fmpwquingprﬁ'sthncteem@rbjdcdon oaxktieadd00 sadd mm.
be_about twg ab 2.5 or nore, about

t th%omecwfl%%esmm ing dislafce s ?235 BHout four or nore,
about 4.5 or nore, about five or nore). Projection

obj ective 101 has a magnification ratio, which refers

t oI v@jdchibh @bfctivbe 500, r‘d?,l!;‘l Sd(gra Ss M)St Rertliéraiode, aidjalehediirror
pl ane 103 to the corres di nensions of the field

ot P Do Sy E340. 4 156 aod 1530 8% sotriahy
ooyt Pl R AE R BoleRBYT oBiite S NEL R RRRL Pl PR giptance

d eBa%bﬁ YnirfoP @51 mobj'eﬂt slane 1 eRadbfERhs S0V taE Prdection
%ect|on obj ective 101 can produce a field at inmge
pla

jecti(@?s twhaddengthnensi ons are reduced by about 2X or
nore (e.g., about 3X or nore, about 4X or nore, about
5X or nore, about 6X or nore, about 7X or nore, about
8XD@fa %Pbﬁ)](i&ﬁﬂl‘ﬁbJ@@&\féﬁS@@ﬁ? re@@xﬁ@@l 14%1@7%@1‘%& 7B be-
conpared t o0 the dinensions aF obj ect plane 103.
ot loev. Nabiel3A pmcsaptsatptmal dﬂg,whlﬂw@aweﬂ&msmnsmsmlencal con-
dena nificatiqn of ~about 2X nore, (e.qg. 0 3X
or SRS 0T ¢ag lﬂ%tﬁfmvowéace%\ SuthSRIBPseRdiel a%geoﬂ%tané% able
or :

7%%{112 mi 9?1631% %}s%gté%br@%éegg $M12§§EH13 e;%ds to
pr njirect lfolm oo 2i(WD aoanes;hxmdsles ngned 1 520; pnmmnjie(l\ﬁ) corre-
magni fied i.mage or an inma e sane, size as
obﬂé@@s tRBTRPF | 3; @%@rﬁd?»ﬂ)cgonmorrdwg Hllsl?rdéf'@:rfélrépr 5
co t f
5P borks O O B T, A biGr £ i e 3885 & mirror
rel sged to the i mage-side nunerical aperture (NA) of
proj ection objective 101. I nageside NA can be
expressed as NA - n sin 6 >where no refers to the
refractive index of the imrersing nedi um adj acent the
surface of substrate 150 (e.g., air, nitrogen, water,
or evacuated environnment), and gmM X is the half-
angl e of the maxi mum cone of image formng rays from
projection objective 101. In general, projection
obj ective 101 can have an image side NA of about 0.1
or nore (e.g., about 0.15 or nore, about 0.2 or nore,
about 0.25 or nore, about 0.28 or nore, about 0.3 or
nore, about 0.35 or nore). In sonme enbodi nents,
proj ection objective 101 has a relatively high
i mage- si de NA. For exanple, in sone enbodi nents,
proj ection objective 101 may have an i nage-si de NA of
nore than 0.4 (e.g., about O 45 or nore, about 0.5 or

~ o~ o



Projection objective 101 is also nomnally telecentric
at the i mage plane. For exanple, the chief rays can
waeieasrase7by about 0.5 or |less (e.g., about O0.4PGFER286/008869
about 0.3 or |less, about 0.2 or |ess, about 0.1 or
| ess, about 0.05 or less, 0.01 or less, 0.001 or |ess)
frombeing parallel to each-G7her at the image pl ane
over the exposed field. Thus, projection objective 101
can provide substantially constant magnification over
a range of image-size working distances. In sone
enbodi nents, the chief rays are nomnally orthogona
to i mage |pl amtacd 03. R&hmsmma nnnmﬁ&aummprogM®phy pf t he

waf er surfete o ¢ =1 u ™ e—tere] does
%& t RERTEST o SN .
not |ead [to dl'stodtion or shadln e fectls in the|image

pl ane. 11| c¥iPal n |ent$8&P¥ents, PPdfEctign &5fkct|ve
101 has g relmat2 vql y-459.9% r esol 9e6.283 (i .|e. REFbe YVal ue

of R can |beyiglatilvehy,1s@gl 1) . Fggogxaml egeR cap be
about 150 nm or Iess about 130 nm or__| ess

about 10d nMi"8F4| ¢ss’ éﬁgﬁt 75 W 8121 eds, REbbut | 50 nm
or | ess, |abWiror #0 nnﬁdiﬂﬁess, aBo#B3735 nm &EFLes$
about 32 InMupor é €4S, sabpipt 30 nAy®Esol esq, @peut P8 nm
or |ess, abqut 25 nnhﬁk“+pss abgg&)ZZ nm or | ess§,
about 20 |nm'07%% es

out 18 nmor | esd, about 7 nm
or |less, about 16 nmor |ess, about 15 nmor |ess,
about 14 nmor |ess, about 13 nmor |ess, about 12 nm
or less, about 11 nmor |ed@blesiAh as about 10 nnj.
The quality of inmages fornmed by projection objective
101 can be quantified in a variety of different ways.
For exanpl e, images can be characterized based on the
measured or cal cul ated departures of the inage from
i deal i zed conditions associated wth Gaussi an optics.
These departures are generally known as aberrations.
One netric used to quantify the deviation of a
wavefront fromthe ideal or desired shape is the
root - mean-square wavefront error (W s) . Ws is
defined in the "Handbook of Optics,"” Vol. |, 2nd Ed.,
edited by Mchael Bass (MG awHilIl, Inc., 1995), at
page 35.3, which is incorporated herein by reference.
In general, the lower the Wiis value for an
obj ective, the less the wavefront deviates fromits
desired or ideal shape, and the better the quality of
the image. In certain enbodi nents, projectionobjective
101 can have a relatively small Whiis for inmges at
i mge plane 102. For exanple, projection objective 101
can have a Whns of about 0.1 | or less (e.g., about
0.07 | or less, about 0.06 | or |ess, about 0.05 | or
| ess, about 0.045 | or less, about 0.04 | or |ess,
about 0.035 | or less, about 0.03 | or |ess, about
0.025 | or less, about 0.02 | or |ess, about 0.015 |
or less, about 0.01 I or less, such as about 0.005 I)
Anot her netric that can be used to evaluate the
quality of the inage is referred to as field
curvature. Field curvature refers to the
peak-to-vall ey distance for the field point dependent
position of the focal plane. In sone enbodi nents,
proj ection objective 101 can have a relatively snal
field curvature for inmages at imge plane 102. For
exanpl e, projection objective 101 can have an
i mgeside field curvature of about 50 nmor |ess
(e.g., about 30 nmor |ess, about 20 nm or |ess, about
15 nmor |ess, about 12 nmor less, 10 nmor less). A
further netric that can be used to evaluate the
optical performance is referred to as distortion.
Distortion refers to the maxi mum absol ute val ue of the
field point dependent deviation fromthe ideal inmage
p0|nt p03|t|on |n the |nage plane In sone




In general, the nunber of mrrors in projection
obj ective 101 may vary. Typically, the nunber of

WOorR7/08871 s rel ated to various performance tr ab&r/BP3086/008869

associated with the optical performance
characteristics of the objective, such as the desired
t hroughput (e.g., the intensi’/8y of radiation fromthe
object that fornms the inmage at imge plane 102), the
desired i mage-side NA and rel ated i mage resol uti on,
and the desired maxi mum pupil obscuration. In general,
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oj ecti on objective 101 has at |east four mrrors
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asuerdnment can provide a function z' (x', y')
gcri i+t t he mewpor' s '&arface, Atftere 2' 709 t he s&y
e Imirror _surface along the z'-axis for different

(x', y') coordinates, as illustrated in Fig. 2B. The
initial step also |ncI udes determ ning the footprint
for the mirror, which refedgbleo/Ban area of the mirror
surface that is actually used to reflect inmage-formng
radi ation in the objective. The footprint can be
determ ned by tracing rays through the objective using

a

ray tracing program and extracting the mrror area

contacted by the rays. After obtaining the information
characterizing the rotationally asymmetric surface, a
| ocal coordinate systemfor the surface is established
for which decentration and tilt of the surface is

zero. Setting the tilt and decentration of the surface
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ves a vveII deflned startlng p0| nt for an
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one designating a rotationally symetric surface that
approximates the rotationally asymetric mrror

W@ 7agre71 The initial reference surface represkCI/EP206/008869
starting point for an optim zation algorithm Once the
initial reference surface is established, a |oca
distance, b, (i = 1. ..N) bef/fdeen a nunber of points
of the initial reference surface and points on the
surface of the rotationally asymetric surface
fo T o RASY L AL QW B Emene @P(tké i&\fen{iﬁﬁ hh@8! four mirrors
coordi nate system are determ ned. xt, the
r obelhg ahalebignsy nfrtéfoemrsaffacen Oepied Bake Object plage 2000, the
in Fig. 2B)_is established by determ ning a m ni nmal
valmggerpdang HO2, adupt mirsaran asecend miggomgl. 4 thirdpeirror S3, a

figti ar ters.and a firttin lgonrithm .| he .
e B P RER e AT Rl {4 sy i Byl e d W mirrors

5 susf ass4ias M &PVRY FeRtheSdmbREMent RRoRBAGIEFRSS. 171G 20d€he
the |l ocation of the center of the sphere within the
| ofrdlovangdatiarsa¢ giveyst em the radius, of the reference
surface. In Fig. 2B, decentering of the sphere center
fromthe coordi natesystemorigin is shown by
coRiflciRbesekitr@nd zc (decentration g ong the y'-axis
by an anount yc is not shown in Fig. 2B). The radius
of Ih&g@ng fdvesr: cal surface is designated4as R The
paranmeters R _x¢, yc and zc are optim zed to provide a

10 i Romapf Qhieciefi¢lds: t he 1 ocal di st ancesecldngulghsed on
t hg. on:. 7'e © - X =3 XC) 2 - ‘- yc)2) 1/2
- %?ﬂlﬁ%g&}lgé{ﬁgj é‘geﬁ]aet?tééctf%drexa sphledro%/rcr:lﬁ surface of
r aHelpht Bf se@ning fsld ah thoob@dingte (xc,8yen zc). Were
the rotationally symetric reference surface is an
asbbegthcal surface, the paraneters ca¥¥60demude
de tration,and tilt of the referenc Jace, base
ra@ﬁﬂ%{"%%ﬁﬁ%%F*constant and aspheridgiag%efficients.

15 These paraneters can be determ ned based on the
equation which is an equation describing conic and
asPhisrembasliménichowsdetystenhRaving adalanged comhimatigp of nameri-
coefficient haracterizing the.deviation of the .

" otalEPERE DElRtes YoMt siveteth A iSIORiR oftestion
surface. Cenerally, the nunber of aspherica
coefficients, A' used to fit the reference surface to
t h€hebptical datardaade seam foar thedefewdigigbles: t he
conmput ati onal power of the system being used to

20 cal cul ate the surface, the tine available, and the

desired Ll'l:vglijrfagé qUCIRARY. 11T SHRLETDo TRiTES, | he

referencdsurfacelcan he calcilated nsing acphpr cal

coeffici gnt £Pigpt t ¢ t WFMHTOr der . 2108.0¢%r t gi n
enbodi nent smireoef fli cda@aBs1 hi ghenselsan t i r REBL de
adar’t ong o eesd 2 e & Con| ¢ and
aspheri c |[suMiBtes |sed® {8 exanpl 89%% he rrogﬁgk manua
for Code |V, E¥&I | gbl BIFFNDM Opt | 68P.9Reseqrch Assogi at es
(Pasadend, fmbral 1] genessl , fitubngpocan [be rperf of ned
using a variety ofl opiiJigation b&pritrns. For |
exanpl e, |in s nbodi nents, a I'east sdquares fijting
al gorithm such as a danped | east squares fitting

al gorithm can be used. Danped | east squares fitting
al gorithnms may be performed using
commerci al l y-avail abl e optical design software, such
as Code V or ZEMAX (available from Opti ma Research
Ltd., Stansted, United Kingdom) for exanple. After the
rotationally-symetric reference surface is

determ ned, the | ocal distance between additiona
points on the mrror surface can be determ ned and
visual i zed. Additional characteristics of the
rotationally-symmetric reference surface can be

determ ned. For exanple, a maxi mum devi ation of the

o, = T - Y Y




nor e,
mm or

nore).

about 1 nm or
nor e,
WQRWIN3R200 nm or
1,000 nm about 2,000 mm or
Freeform surfaces can have a nmaxi nrum devi ati on

nore, about 5 mm or
about 50 mm or nore,
nore, about 500 nmm or nore,
nore, about 3,00

nor e,
about 100 nmm or
aPOLEP2006/008869

about 10
nor e,

0O mm or

froma best fit sphere by ab8(t 10 mmor less (e.g.,

about 5 mm or
about 1nm or

| ess,

about 3 mm or | ess,
| ess, about 500 mmor |es

| ess,

about

2
s).

mm or

Freef orm surfaces can have a maxi mum devi ation from a

best fit

rotationally symmetric asphere by 10 nm or

nqiCeef(igeny.

abdtiut 100 MmN or noMs, aboutMb00

nmnuﬁge

L8| ¥.=rppyzraiaty
nmnh or nore

al&uetesno

T ”U'sﬁ’egfwuuws?eoﬁ“' Ul 47 9r8
about 50 nm_ or nore,

rrmorz??(?re, aBalt 500 2rﬁ?fsor rmil885

about 100 nmm or

10

d%“r‘ss

11}

about 084

1,000 mm.
devi ation

Freeform surfaces can have a naxi
roma best fit rotationally sy

agsPrREFR by

abdlit 10 mMdr | ess MBe.qg., aWbut

| g&s, abou
nvor | ess
tHeam rror
sdgopnd nea
at|ybyhe poi
chief ray

prii.nci pal

Handbook o
4t|A*8d. (s
iI"dt prin
P‘ﬂYer ent

PKEGr. In
frper ence
xeat ur es
Ixey2 5 X

xBraOr
Ke, abou

Qe 10 3
Gnd pri
S ve.
r~amrr

le, i
t H&®first
i NXpf20j ect
(gX¢v4, abo
aboens 2 x
abjyel ute v
cYmenat ur es
camede abo
| gxsys abou
10,4y,0r le
cgrtain em
priifici pal

Lo
prld ectl on
aldt¥? 5 x
2
va
fa

di

di
cy
ng
10
ng
ah
S€
neg
fg
ex

X¢e of t
X2¥8he mi
about 10 3

not

X0 3 of

31898+ | eS&E-0abouR0EE+adM Or6.12E8y
albow+00500 ameE0¢ | esgEr00The o@oa+0Y
sursfsac@s | soghas act apsezed byt Be-b4
N prigicspal gorEMat ur e 232031 ch ad7eod
Nt Qnoeach ﬂ'&b%@é SULJ:;M t hat 44e 6f
pf the: gentralehi el d Roidft. FJ fzéEn
;U“’ae HELS ag g -Gal Cu'z@EEeog
ron S SE

c
Jdl rfq?gErem 2oo§a§” 587°5%n genera
i pdl Tl vat s ?or 4 %Pr or tER™
[ r orAHE secHbri ndidfal' curdElq
sorftetibodi AEht'S, t #E%RaBsol utBEY
betwveet? theG,$3F—f1St arigessidcond! .98k
cars.1be13about.93k0s 8or -7Aore ( e.-P4E-13l
| 0~7,208-13M01 €¢,33@hDut 1B3e6120r POBE)3
e, -about 107meaF norRee-dboutshexs
10,04 NDF @e1RbOULs g% 10 fogllis
or fHREf) - | 8.eheralsdBe fifskqA
nci pake qurvat yres can.he,posifjve

Thef Tc,st angg secqq 9””%7@9'«1

DI sur i Vel y s
] }srrbodl %ﬁ?s tl%E 3

N SO
bri NEEPHI cutAelr e £4Gne o7r7°'r:1f)8r
on '8 Bt i vE1%EGL i s 'dB0l§t 10WVDEHY
Ut BRE-10 3 bfERRss, 280Gt 3 -H26E:(P
10 280719 ess81088dut PO3E8or |€%E)7.
Al ues.7aé-21t he -s81ERof t RE7EF7r St JINE-MO
fori7bhe M reoessi N pregect i vasaply
Ut Jddo8190r | e&B-2f €. g.622e2ig0Ut D31l
3201A8 4 3 about 2.4%el@d 4 Of 19L&
PS, 4502(2110 525%3%211 €SS, 475 or549§$9s

bodi Jrents.  Ligcabsol yig pal ue, of i

obj & ‘9'?5 Ve THESEE op H?Erﬁomzrmg’?e

Obj

10 3707%4 ess”: El%ut § €20 3"
é*s1§E 23houb 6’ 3 orFe8s) . THE2Y

ne SYAFHf t hédE@tondp¥aAci pat23Edy

Fr Or6?9%-pF pr of-8ERT ve @bjEet | vel eI

or -11e5% (e. glsE2aboutze®E-20 10 ghopp2

[

about 3 X

w aDOU[ z X 10U 4 or IESS, abd

| e%Sau X

H0—S 5800 cbbaoo%od O GIERDS )~ 3 DhES 000

rct and
S+—aha

fiy

"ar\r\nr*l l’\l’l MLY\Q f‘l]u]

in projection objective 101, [
curvatures of all

princi pal

obj ective 101,

curvatures

or the sum of

curvatures

.e. the sum of

al |
al |

of

of

" '

nmum
tric

5 mMmm or

, about 1
ture of
rst and

et er m ned
| ects the
and second

Srlbed in

et al.,
t he

e

e for that
lue of the

ci pal

0~7 or

about 5 x
10 5 or

nor e,

nd/ or

or

curvat ures
. For

al ue of

e mrrors
| ess
3 or
The
i pal
ective 101
0 4 or

s, about

). In

he second
in

ss (e.g.,
gss, about
bsol ut e

vat ur es
can be

| ess,

ut 10 4 or
um of the

| ess,

L mrrors

the first

mrrors in projection

the sum of the second principa

mrrors in projection objective 101
first and second principle

aII n1rrors |n prOJectlon objectlve 101,



coefficient of the nmonomal X "Y'. Typically, the
values of ¢, k, and C, are determ ned based on the

waeleeiroa7opti cal properties of the mrror w t hPCEHEP206/008869
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to projection objective 101 . Further, the order of

the nonomal, m+n, can vary as desired. Generally, a

hi gher order nonom al can pr8Vi-de a projection

obj ective design with a higher Ievel of aberration
correction, however, higher order nonom als are
typically nore conputationally expensive to determ ne.

In sonme enbodi nents, m+n is 10 or nore (e.g., 15 or
MDY@y 2 o@ymm MOPiIRIftion ASDighrtgr uss edsoye Ve,  tThiecenyiitya metagafrent Error
for the freefapmmm rr@mnmequat i obist@@nde mgéer m neds,s nm
usi ng commerci al |l y-avail abl e opti cal design software.
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mrror has a concave surface and is referred to as a
concave mrror. Projection objective 101 can include
tWo,Or, Mahg y(e. 9. detaneetﬁe KL aH® &Q)oofd:lHétlen {fRIdBject blRe. The
or re, six Of nmore) concave mrrors. Projection
objaatd DestdrfibnCgmnabsd Dmottuxﬁ(ay)mm denoteshedistartion st the re-
t hat have negativ Thi s ans that ope
or SRRGHYE S@OmH@t%ﬁrehseﬁ% ?(a‘é!e&?.l%ﬁtpgmfv@ Pies She HhsoHte
co

SousRIGHnReS: (TSIl bR HRANRE e Mpec pline
t Woelecentmtiey/Degiees demstestherchigfirey ahglerat e epeetivé cv@dinate.
or nore, six or nore) convex mrrors. An enbodi nent of
a b\facypﬁ@nq Imondj Ide niedangigs the RMY agveiranigirergpainyts of the

fhcal l ct
S0ttt SaylendiREcr bp iy as Hedpinl SRRt Gymmet
35f¢ “ﬂﬂ'ﬂregﬁ&{ tdMed/ A Pland1tqs erficRAt ﬁbgleéfd'atéﬁﬁﬁgl mts hav-
presented in Table I'A and Table | B bel ow. Table

pr eggrasgivept-ceerdimigasan thenobjectldbhe | B presents
freeformconstants for each of the mrror surfaces.
For the purposes of Table I A and Table IB, the mrror
designations correlate as follows: mrror 1 (M)
corresponds to mrror 310; mirror 2 (M) corresponds
to mrror 320; mrror 3 (M) corresponds to mrror
330 mrror 4 (M4) corresponds to mrror 340 mrror 5
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has an i nmage-side NA of 0.35 and a tracklength of
1,500 mm The optical path | ength of imaged radiation

WO 2003/08331 mm  Accordingly, the ratio of opti caPCPEPI906/008869
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length to tracklength is approxi mtely 2.56.

Projection objective has a demagnification of 4X, a
maxi mum di stortion of |ess tRan 100 nm Wtis of
0.035l, and a field curvature of 28 nm Additiona
characteristics of projection objective 300 are
presented in the discussion of projection objective

101 that follows. For exanple, the first mrror in the
r aEliGR.i18no Rdtsholv lareralbibearatiohLinehd Q3ordifidte Oystein Of thaexit
positive optical power. Mrrors 320, 340, and 360 are
al Bapilofrthe pbjestivepequdingdg Flanty. IBeshabasratign Melgshpwdhe
optic ower . T uence o irrors,.in the .

r bk S ros 8BS For Y ARPRERT G lop bl Risyly v Eogrinates be-
PRVRRR- ,J%hahg/ml AERE Edribieatithdbo it HBIdME xMBO MR XK= x4,./2 and at
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the other mrrors in projection objective 300 are as
follows: 2.76 x 10 5 and 1.56 x 10 for mrror 320;

WO 200383127110 3 and -2.17 x 10~3 for mrror 330;PAT/EB20R6/008869
10 3 and 1.75 x 10 3 for mrror 340; -2.64 x 10 3 and
-2.10x 10 for mrror 350; and 1.93 x 10 3 and 1.9l x
I8 for mrror 360. The sum@B-the first pri n cipa
curvature for projection objective 300 is -3.19 x| O4

The sum of the second principal curvature is 3.29 x
10 4 . The sumof the first and second prin cipa
curvatures is 9.97 x 10 6 and the inverse sum of the
first anc seﬂﬁaﬂ rrlncmpal cur vViaicieds |1 § 1Mabe x JLOS.

I n Cert al IIJU\JI ) CII A>3 ar i ] LAY Uf 1TI rru S I n
proj ecti gn E%Fectl hﬁarh:na esﬂpg thl(n f rom opj ect

pl ane 103 t¥menhk ¢r %ﬁPé73nternéﬁV5§%l geRpFlanek. For
exanpl e, |prajrect i gn zdapeod i ve 30(R9semged radrati pn
from obj qct e|10 an inte iate i e al a

| ocation 30%mh§gr n1§?%?M360 Engagﬂnen st gk have
one or mgre S'REer redNaNETY |nage532%7§% i pcl ude twb or
nore pupill Miranes.| | A343te enbodbh®At s, |at REElast| one
of these |pumhdgeP! gnemringrPhysi capbop accgssible fpr the

pur poses lof placing an aperture stop su yat
t hat pupil plane An aperture stop is used to define

trEo&ﬁ(ﬂ.e%{ l.I 'JI UJ CbM2 UII UIJJ mll VC D WUCI l. ul i;\)ll
atl an inte late image in projection 00|ect|ve 01
cgni-deesnieg| ft | v@q 435 ar g&3.88pma cP9Be quahtdE i ed 9¥7¢ he
di|straaa bpt weenstahe chpgda ray amdst he upper and-3|7oser
r ays—at—the—porrt—y
cross. In some enbodi ments, this distance can be about
Immor nore (e.g., about 2 mmor nore, about 3 nm or
nore, about 4 mmor nore, about 5 mmor nore, about 6
nm or nore, such as about 7 mMm). Conmm at an
internedi ate i mage in projection objective can be
relatively small. In sone enbodi nents, the distance
can be about lmmor less (e.g., about 0.1 mmor |ess,
0.0lmmor less). In general, mrrors in projection
objective 101 are forned so that they reflect a
substanti al anount of radiation of wavel ength
normal | y-i nci dent thereon or incident thereon over a
certain range of incident angles. Mrrors can be
fornmed, for exanple, so that they reflect about 50% or
nore (e.g., about 60% or nore, about 70% or nore,
about 80% or nore, about 90% or nore, about 95% or
nore, 98% or nore) of normally incident radiation at
. I'n some enbodi ments, the mirrors include a

mul tilayer stack of filns of different materials
arranged to substantially reflect normally incident
radiation at |. Each filmin the stack can have an
optical thickness of about |/4. Miltilayer stacks can
i ncl ude about 20 or nore (e.g., about 30 or nore,
about 40 or nore, about 50 or nore) filnms. In general,
the materials used to formthe nmultilayer stacks are
sel ected based on operational wavel ength |. For
exanple, nultiple alternating filnms of nolybdenum and
silicon or nolybdenum and beryllium can be used to
formmrrors for reflecting radiation in the 10 nmto
30 nmrange (e.g., for | of about 13 nmor about 11nm
respectively). Generally, multiple alternating filns

of nol ybdenum and silicon are preferred for I = 11 nm
and multiple alternating filnms of nolybdenum and
berylliumare preferred for I =13 nm In certain

enbodi nents, the mrrors are made of quartz gl ass

coated with a single |ayer of al um num and over coat ed
with one or nore |ayers of dielectric materials, such
as | ayers formed from MgF2, LaF2, or, Al203 . Mrrors
forned fron1a|un1nun1mnth dlelectrlc coatlngs can be
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vary. For each mrror in projection objective 101,
i nci dent angl es of
W@ pwragreri zed in a variety of ways.
characterization is the maxi mum angl e of

meri di onal

i mged radi ati on can be
One

rays on each mrror in a neridiona
of projection objective 101-8&kri di ona
rayslying in the meridional

secti on.

t he
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I n general,

qmax

can vary for different mrrors in projection objective
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may vary for each mrror in projection objective 101.

For some mrrors,

Dg can be relatively small

For

exanpl e, Dg can be about 20 or less (e.g., about 15 or
| ess, about 12 or |ess, about 10 or |ess, about 8 or
| ess, about 5 or |ess, about 3 or less, 2 or less).

Al ternatively,

exanpl e,

1. .

about 30 or nore,
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for sonme mrrors in projection
obj ective 101, Dg can be relatively |arge.
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exanple, referring to FIG 5A where a chief ray 501
di verges fromreference axis 105 prior to reflection

WO p@a032it rror 510, and reflects from m rror 5SROI/BBZIKG6/008869
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towards reference axis 105, mirror 510 has a positive
chief ray angle magnification. Referring to FIG 5B,
alternatively, where a chief8bay 502 diverges from
reference axis 105 both before and after reflection
froma mrror 520, mrror 520 has a negative chief ray
angl e magni fication. In both cases, the chief ray

magni fication is given by tan(a)/tan(b) . In certain
emoedinment-gy hRidtey nRifttiopl e mibsofusVauewi tThleqartyisiot | Weavefront Error
chi ef ray angl@mwagniineati on «aifor@ant eIpERE t 0 at13,5mm
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Or 5o €, sogbout 24sofy Or 3HE@IE, abOudsa 5 Or nIRELYss Can odksin
have relatively low incident ray angles. In projection
obj ective 300, dop-1 /dop-2 is 2.38. In general, the

T OPIHS 1 1031 Zeh AN tht AP At oh'B tBE CHOFdindt8 s i &t RF thOBkit
obj ective 101 can vary. The footprint shape refers to

t hpushaPtheabjdchiee mccordingtodjléc2kd onto the x-y pl ane.

The footprint of the mirrors can be circul ar, oval,

pol ygonal (e.g., rectangul ar, square, hexagonal), or

' rf‘ﬁg 12 1ol 2% %J?) P Enothd fn'gﬁmitst etuli\fenilg{'?tha{/mgtfohlsmlrrors
sym*re ric with respect tot neri |onaI pl ane

pr b¢iaghilaesigbpeas fmefoiﬁhlsurﬂanesc Bepivted Brrhedbjeenplane 3000, the
mrrors can_have a foot pr| nt with a maxi mum di mensi on
thH’flagesp lane 30021 adget MR & S1, @sS@CQIad guIron P, third 4@@%%3 a

or S 3 ss

e e e
abguto 84Qs MM & MeFor t}ﬂab&ﬂﬁocﬁﬁ,@nnmc@fdxhgwﬂca@ow to7180 the
mm or | ess, about 600 nmm or | ess, about 500 mm or

| efdloveibgdatazne givenor | ess, about 300 mm or | ess,
about 200 mm or |ess, about 100 nmor less.) Mrrors
may have footprint that has a maxi mum di nensi on t hat
is nore than about 10 nm (e.g., about 20 mm or nore,
about 50 mmor nore). An exanple of a mrror 600 with
an oval footprint is shown in FIG 6A. . Mrror 600
has a maxi mum di rrenS| on |n the x-directi on g| ven by
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W@RWAN3re0 mm or | ess, about 300 mm or | ess, aPGUEP20008869
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mm or | ess, about 800 nmm or | ess, about 700 nm or
| ess, about 600 mm or | ess, about 500 mm or | ess,

nm or | ess, about 100 mmor less). My can be nore than
about 10 mm (e.g., about 20 mm or nore, about 50 nm or
nmore). In projection objecti-86-300, Mk and My for
mrror 310 are 303 mm and 139 mm respectively; M and
My for mrror 320 are 187 nmand 105 nm respectively;
Mk and My for mrror 330 are 114 nm and 62 mm
respectively; Mk and My for mrror 340 are 299 nmm and
11Bumerichkegeeaié:vel y; Mk and My for nd.2for 350 are 99
mmand 7 1 nm respectively; and Mk and My for mrror
36bmnagiag 3¢om and 332 nm respectively.In some

enbodi nent s base of the mrrors xtend beyond
tggorr[ﬁllgr S&Jegbfr‘l?lg%e (i.e., the porti ongég%éngﬁltéi?m rror

t hgtidfmed RehSink TRUEON HRAOHEHRMe: | N ONEYOMnTOr €
directions. For exanple, a mrror's base can extend
abblgight Of seanoingniield onghg objegbgide: 20 nfmun nore, about
30, mm or nore, about 40 nm or nore, af t 50 mm or
no]“gl)‘gtgeyond the optically active sur @(Lg)émpn t he xand/
or yﬂplbfi%%s Sne: M rror base extensiomnycan facilitate
mount i ng t mrror in projection objective 101 by
provi di ng surfaces that are not optically active that

can be attached to nounti ng apparatus. Preferably,
i R Pisrenmacment shostsgHey Sk i na garable! phics aidhigwee sianes.

oy iU FobAREELAbCE Bl IR EEL -

mrror and the radiation path as it passes the mrror
is related to a paraneter referred to as the

" f Teeppheal datagandre seen dipan therfohowing @bltsce bet ween t he
rays closest to a mrror's edge and the rays nearest
the mrror's edge that are reflected by the mrror. In
some enb _ pqui@StninQn Emmggsl(,\@) 81 Mbagnl hcl ude
one or e—Ft-eoHs—wit-h—freeboardg—af—dbeut—20—m or
more (e.d , Dyt ZS{KILEW%]( more, &BAt*40 nmor fore,
about 35 jmMaror hrorle, a33489140 nm @A63RIBd, &BbuUt #5 mMm
ab@itor 50 |"Mm @3osEE2e) . Largss dawdebeards
provide flexihiLitly ingglggor fabricaijqn &gef he

proj ectign obj ectijlve can 'acconmodat e 'an |ext ended
mrror base $W%hodt FNESi on of tH4%Rdged radi fition.
However, |reMaior¥elly smaried2er eeboar 63,618 c®EFesppnd to
| ow i nci dentjns@y gnghgsniep the mrrqigoi|n the

. . hodi vt

projecti S—projettion
obj ective 101 can include one or nore mrrors with
freeboards of about 15 mmor less (e.g., about 12 nm
or | ess, about 10 mmor |ess, about 8 nmor Iess,
al@aEffiGentn] O MESS) . T M2Cert ai Mgenbodl M@t S,  Image

priefeettontobiesttve—1toltnel Hdes—oane—er—Rpr-e M rar
hayi’drv?ﬁe"éerf B84 bet WBER05 i BHd 25 AAv For 1 1Pe!
exjarpleion i n pr o6 i on dWecti ve.BBO, i1 s 31,000
320,330, 350, and 36U have freeboar ds between 5 mm
and 25 mmIn general, the thickness of the mrrors in
projection objective 101 may vary. Mrror thickness
refers to the dinension of the mirror normal to its
optical surface. Mrrors should generally have
sufficient thickness to facilitate mounting within the
projection objective. Referring to FIG 6B, the

t hi ckness of mrror 600 can be characterized by a

maxi mum t hi ckness, Tnax, and a mi ni mumt hi ckness,

Tmn. Typically, the difference between Tnax and
T1111n w |l depend on the curvature of the mrror
surface and the structure of the mrror's base. In
some enbodi ments, Tnax is about 200 mmor less (e.qg.,
about 150 mm or |ess, about 100 nm or |ess, about 80
mm or | ess, about 60 nmor |ess, about 50 nmor |ess,
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an X-di nensi on,

di nensi on,

dx, aj-dinension, dy, and a

dr.

r adi al

dx and dy correspond to the dinension

w@boovka12fi el d al ong the x-direction and y-di r e€T/BP2006/008869

respectively. dr corresponds to the ring radius,

as

measured froman axis 705to the inner boundary of
field 700. Ri ng-segnent fiel®87700 is symetric wth

respect to

i ndi cated by line 710.
and dr vary depending on the design of projection

dy,

obj ective 101. Typically dy is smaller than dx.
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over scan when exposi ng the wafer.

Overscan r

t he i mage field can be shaped to reduce

efers to

the need to scan the imge field beyond the edge of a

die site t

0 expose the entire site. Ceneral

y, this

occurs where the shape of the inage field does not

conformto
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the shape of die site.

zed by the ratio (e.g., expressed
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Referrlng to FIG. 7B over scan corresponds to the
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pl ane. For projection objectives that have an opti cal
axis (a common axis of rotational symmetry for each

WOorRe070812rh t he proj ection objective) the obj eceCTEB06/008869
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shift can be calculated using the formula: dm =hn{\ -

M where ho refers to the distance in the x-y plane of
the central field point in tB8-object field fromthe
optical axis and Ms the projection objective

magni fi cation ratio. For exanple, for a projection

obj ective have a demagnification of 4X (i.e., M=

0.25) and where the central field point is 120 mmfrom
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reflects imaged radiation. In sone enbodi nents,
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wWopogo3123i de free working di stance. For exanpl BCT/EP2006/008869
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pl ane 103 to imge plane 102 is as follows: mrror
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Referring to FIG 15,
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mrror M4 of the enbodinment of FIG 5 1 is convex.
FI G doviggpiomaisthsst fibrasennatiysyBmatne spideedy dhout 20 nm

havi n X m.rror [ al J. designed as freeform
surfa ei’.oretgﬁlﬁ%gre%0?§10?%£008{3?%Sct pl ane 3000, the inmage
pl ane 3002, a first mirror M, a second mrror M, a
third mrror M3, a fourth mrror M4, a fifth mrror M
and a sixth mrror M. This projection objective has
an i mage side nunerical aperture of 0,35. The field
shape is rectangular with a width of 26 mmand a

hei ght of 2 mm The operating wavelength is 13,5 nm
The sequence of optical power of mrrors i s PPNPNP.
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MB and Mb have negative chief ray angle magnification.
The i mage-side free working distance of this

WQewjesRion obj ective is 45 mMm The obj ect - si dBCT/ER2906/008869
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wor ki ng distance is 441 nm In this projection
objective, dOp-i/dOp-2 is 1,89. Further, mrrors M4

and Mb are separated by norelltthan 50 % of the

proj ection objective tracklength. Data for the
projection objective of FIG 52 is presented in Tables
9A, 9B be low. Table 9A presents optical data, while
tabl e 9B presents aspherical con stants for each of

t h& nThe opticlisysaeasof clatl ewhcne fHe dumhty MelbBreh® défine a
M6 M6 K -5,6201 76E+Q1 -8.079329E+00 -8.913161E- 01 -
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Subsequently, in step 5320 nasks (i.e., reticles) are
produced based on the design of the integrated
W@Re3271 Prior to actually building the integPCE/EBR006/008869
circuit, wafers (e.g., silicon wafers) are prepared as
indicated in step 5330. Next, the integrated circuit
is formed on the wafer usingllt/he nasks in a wafer
processi ng step (step 5340). Details of wafer
processi ng are di scussed in greater detail bel ow
After formng the integrated circuit in the wafer, the
waf er is diced, bonded, and packaged to produce
i ntB. vikkaptical sysvehiofsldist ewhb@n®)he chiefaaysadiserdgal fyom each
steps are often referred to as post-processing. After
assenthgr atithe objertialang.e i nspected (step 5360). For
exanpl e, the chips' operability and/or durability may
be tested. Those devices that pass inspection step
5 53R BREoStEIAS SEHIRTINEI S PPRHeteth, tfha GIESTIRTRI sdcHoRAMS the
5370). FIG 54 is a flow chart show ng details of the
waf erompreat sistémyths chisf raxsriwwa lal mpaximaie angle of ewsdenge on a

i nvol ves form ng nupber of .l ayers .af various

nater?%&@eeg? ?foé%ﬁgﬁg??ﬁbo F%&?ﬁ@@; sem conduct i ng

materials, and/or dielectric materials) on a wafer

(Step 5410). One or nore of these layers is patterned

uslsgTke bptidad gysagrhiod chrimckebaing &tleqenbhid@ 6) the Tinagt plaaes

can be fornmedin a variety of ways. For exanple,
10'form'ng the layer can involve oxidizing a surface of

th I [ [ Qn e -

| Gore® Dpd) SN SRR REBRRTE pRUENE et Radddddugh the

deposditicadsystemtiecharhctorized wucHietayotind,for waieeidiomilieéetion

as by chem cal vapor deposition (CVD), for exanple

( St epoi5he ptical sysiem, shanchagiygyiomarestral fieldipeyt thas ajagramum

el eot Ve B EREE far st 08B BaReebicals oithfierees, th
15 exanph&dabbiernhi<in ifhi2Ed i nh ¥R Sp&dite! RUOloY Sa 8 thefV.3,

i npl ant1ng process for Tnplanting ions to the wafer
( St eparfaiithd xatiAOMEA i lessitag 68. | ayer of a material, the
| ayer can be patterned using a |ithographic process.
This typically involves a resist process for applying

a [eskst to the wafer. (St 9415).  Step 5416 | n..
o bs ibopfost S 5F b, £ Rgitht e SRR B3ty s & obiecr-
Ci I CUintageaht®bNakiut Yhanf@sKeRn t he wafer using a

l'i thography tool, such as Iithography tool 100
20 descri bed above. Step 5417 is a devel opi ng process in

whj h d ist js,d . Af. | opi )
HLIER e EE T RIS
are efsuhef nidte AR nRhEhAOhReFFEDDaldSoERbER D) mnfbiRbd.Y .

the remaining resist material is renoved fromthe
wafer in a resist separation process (Step 5419).
Steps. 5410 . and 5420 are repeated form ng integrated
oi FEuThe opical AusTeiam c1aitenh b iee AR S g gt Source con-
addi t} t . f i shing, for

25 &yt VRl P BRERE S iR oL L M B
material. O her enbodinents are in the clains.d ains
1. Mcrolithography projection optical system
codpr Th¢ npticah syitemaificiaimof9 Birdwe aepesingagedummationgestem
radiation.at a wavelength | from an %ﬁle t plane.to an
| mag e ering Qe PEIORe Blsmegts AAeed Ll adiafig from e ra-
surfa%%ﬁggéﬁgﬁgﬁéﬁhgﬁ gﬂggﬁﬁﬁgpqﬁhe rég¥étioh, &ﬁ%ﬁgfﬁl
the rotationally asymretric surface deviates froma
best-fit rota tionally symretric surface by at |east |
at at |east one location. 2. The optical system of
claim1, wherein the best- fit rotationally asymret
ric surface deviates by about 0.1 | or less froma
surface corresponding to the equation: where . _ (m
+n)2 +mt3n z is the sag of the surface parallel to an

. - e



two elenments that are reflective elenments that have
rotationally asymret ric surfaces positioned in a path

w@roorha12fadi ati on. 7. The optical system of clBECHER2006/008869
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wherein the plurality of elenents includes no nore
than two reflective elenments that have a positive

chief ray angle magnificati-ol8-8. The optical system
of claim?7 wherein the plurality of elenments includes
no nore than one reflective element that has a

POSi Ui UfngHredy sty &ﬁ;ﬂg}i_@es%gaeﬁewdsﬁrbnea-at IS AR cBffe-
systemof clarml erein the mcrolithography

pr oj espondimgaptancatrasyspupii bibthe apticalsystesi.de numneri cal
aperture of about 0.2 or nore. 10. The optical system
of claim1l wherein the optical systemhas a

l.an:fi ' .pl d wh in i
cath SR F e oo e R e T ect angul ar

fi el dthBaptisalsysierof lhii®ngi on of about lmmor nore in
both directions being orthogonal to each other. 11.
The opfirst arovepblestagsfcoafigirediopesitions retigleiag the object plane

distortion.at t.he image. field is about. 10 nm or | ess,.

15" TshghR ontiog yPRHT paeh Ind e Bl ng fm % ous 20
errora cohBendvaaBR stdgl! @ntiguabpokitioh4nrtit 18 %6 tHedmage
The optical systemof claim1l wherein the chief rays

di verplené s@thae ehincighef that retinke aljsediaicpbhithe.artide. The
optical systemof claim 13 wherein, for a neridiona
section of the optical system the chief rays have a

rm o .

ol e AR o ro MU pRINEIBHEE B Er o R Capidtens
cl ai mdimpréding tHeefotloanvig stepsat t he i nage pl ane. 16. The
optical systemof claim1l wherein a path of the .

radi at i oPfovKHpg asubtiatehavipgpt kosadaysrofdadiaien sensiie ma-
by chieﬁehg s and, for a neridional section of the
optical system the chief ray of a central field point
has a. megdoRidih@ sk Mavingd dere@ewhieh BubftRqRofbtedach

of the elenments of q degrees, the optical system has

an i magepvithng ameicwilithgraphie éoolgacordingnorcdaifthdh 0. 3,

and the rati IS less.than 68. 17. The .optical .
yst e obrOisclomah fahCh eifh Of pE Tk g et R R gYEfpine the
obj ect i nR@g&oRtNoktaphic RBPUt 75 nmor less. 18. The
optical systemof claim1l wherein the plurality of

el enments conprises four or nore elenents that have
freeboards of ahbout 25 or |ess. . The, opti cal..

oy &F KRt eveim iR EomnREl D BRI s D% o ah e pisfrding to
sourcaaﬁﬁgﬁjgured to provide the radiation at | to an
obj ect plane. 20. The optical systemof claim 19
further conprising an illum nation system conpri sing
one or nore el enments arrapged to dlrec%ﬁradiation from

t hé4r Methpddoidsaiza otaiongl ¥ AsyBmetic ke il AR @ptsal spgem
obj ec 110; ' ' E .

corpr 1eBLRHE o MIEOLHATE ] 20, O RN R Y3h Sing stcns:
spondi ngstt® fivin arlesign deinguptdtionhl $ymemetpic wiah réspsttamthe path
21. A mcrolithography tool, conprising: the optica

syst em o®f @H@tieN20; a first noveabl e stage configured

to position reticle af the object pla -t he
opt | cal - SRnBrR T B o Be Rt ESla PRSIl B ahor o
and a seg@BHalPURARHEWIha8EHEPf the dkRAchiPedBFithd PRthaT ra-
article at the’inmage plane so that the inmage of the
reticl e dmatian parallat® tg'fs mableawst i cl e. 22. Method for

m crol i thographi c production of m crostructured
conmponents conprising the follow ng steps: providing a
substrate having at |east a |ayer of radiation
sensitive ma terial, - providing a mask having a
structure which is to be projected, providing a

m crolithographic tool according to claim?21,

projection at |least a part of the mask on an area of
the layer using the mcrolithographic tool. 23.
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tational symretry with respect to the axis defined by
the path of r a diation parallel to this path axis;

W@ po7/081221 r ot at i onal symmretric design by tiltiPGI/EP206/008869
axis of rotational symretry with respect to the path
axis; mnimzation of optical aberrations by
i npl ementing a freeformd e M%tion fromthe
decentered and tilted design.

- tilt the rotational symmetric design by tilting the axis of rotational
symmetry with respect to the path axis;
- minimization of optical aberrations by implementing a freeform de-

viation from the decentered and tilted design.



