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30 The term “alkoxy”, as used herein includes —O-alkyl groups wherein “alkyl” is defined
above. Preferred alkyl groups are methyl, ethyl, propyl, isopropyl, butyl, iso or ter-butyl,
2,2,2-trimethylethyl or the same substituted by at least a halo group such as triflucromethyl,
trichloromethyl, 2,2,2-trichloroethyl, 1,1-dimethyl-2,2-dibromoethyl,
1.1-dimethyl-2,2,2-trichloroethyl.




5 hydroxy, hal ogen, thiol, amno, vitro, cyano, acyl) acy2 gaxigust@0bdnyl,
sul finyl, alkylam no, car boxy ester, ether, am do, sulfonic acid,

sul f onamV§R 01/ 6831 sul fonyl, al koxycarbonyl, oxyester, oxyaﬁCH&Z,Pﬂlfﬂwsﬁ

ai koxycarbonl 1, (C -C5)al koxy, and (Cl-g5)al kyl. The term "aryl al kyI as
used herein represents a group of the fornula aryl-(d-C4 al kyl) -

Preferred aryd gk v 2 ]
met hox benz%:'(h(_ee;q 10 nll’tg'gtg%zﬁdzsysgd hg% ihflgtﬁ%f@' ﬁ%#ﬁ@ﬁ% )dkyl is defined

(4- et SFS5d ﬂﬁﬁbﬁwﬁémeﬂ%@t@r pma?cwrpra-‘yl Gl Fﬁér%ltﬁf“b‘l“éfbr esent s
a radi malz ntmc:taytlamgy bt m@@:ﬁe é\ﬁtsie,titméa Hyitheles tﬁhﬂ@gﬂ%\%ﬁ%u&h@s frafiSebraethyl,

al ky ete aI Kk erein the various
hydrocczf"ac%rC é’r‘i‘”fst&c?% %’B %’é’fli Al ﬁlﬂlgsgsl&ff’ﬁ?ﬁthybr eferred al kyl groups
aré nel. hydlmeﬂvhylz 2mcmysi-qeﬂt}sopr opyl, butyl, iso or ter-butyl,

2,2,2-tri h. hesa 5 su t, a_hal

Preferred ary groéip B?tgﬁ?ﬂ %erﬁgt gﬁ?ﬁ‘é %ﬂ'&@%ﬁ‘ gﬁ”gf‘yn?«ﬁ’t‘%%ﬁgé‘%

rzret Eomgﬁi Ideﬂ%itzlyqve Patfotred 24iy] gm;@n@benmythyl myhm@tbgﬂzgsbprqpylébubflnm?l
phe radical o

car boxylt?c g{gll %ﬁ-&ﬁus |§%@§}dl(lghse g@%ﬁgg&ﬁ{ﬁ % 1%"%5’%9‘#1%”

aryl -CoO O %ﬁ%&ﬂﬂf agosed heratry|im1hgz¢sm1@amczr@dwtabd@mdtfmn %W@D%ﬂc

hyidr chd@@éh:b&dbﬁ @txﬁo@an ®f 8 HRdloBEs dadn E AP he, Pﬁsﬁr%gne , BBy,

aryl ups are he same as those defi ne e ac group. The term

'sui f o a}‘%ﬁ‘ﬂ%%t&meél by Yt substifugats @Fﬁﬂﬁn&en@o gelatptrzg/ rfroa"r measguaheltogen
wher ei mydrajqkyduot afdino afiyto, o), a@)ﬁl 288o@D oWeonyEr <l ey, —T?llal%i/rlo GRDIIRE, 63k,

t hyl thel b t but
2 2. 3 EPEHA N0 BR e pd Gl e Bl iRt Blpostearuaiyd. domapiimy, dipies
Pr et;] erwefdstar yi\ygnmwwr K1- %@emab:)r (lmﬁl-@ptb)e@ydw:iy anyﬂa(n:ﬁm:@gmyt The argrtaelingl , 5
fhoxy, enz anobenz oxybenz rgbenz
e ons AR br 1AM oo ARG B e SRUARBRENE ¥ o0 ERRAL PR rbteral N
- SO al taFbopptortgO- Wnﬂmbgmupalakq Igheayid h&hvpyéﬂylamyandphmyéduabpwyl
Pr ef
ter- ﬁLt*??lﬁW“ig?%%ﬁ?%ﬂ;‘Fﬁﬁf Ppefinl yanBb AL md OB RN B SR
group. 2Bbepyleflred aryl groups are, phenyl, hal opheny| cyanophenyl

ni trophenyl th RERYL" a erethat&ttedtwm %9 om?gméyémnzyl
ni obe vl , %%1 phenyl et hyl Theterm ester” ans rou of mul a

| 1s B@BO%T-y Prefipedean] groupy are. aH’PGnY'aP?n‘OPhS‘FE %PPH%HW bove.
Pr ef erﬁﬁtbpabxkgtj T@tUAPPhe 8, E@&Fﬂl}nﬁ]@%hﬂl , cyRh Pt zy], inSdR6BPYhayl utrgbenziyso or
ter- buﬁ)éléle %@ﬁ trimethyl ethyl or the same substituted by at least a halo
gr oup ngE rred aryl groups are, phenyl, hal ophenyl, cyanophenyl,
ni t r ophenyl Thestrhosarploeny las used hygtein, habmhemzmarybmnpbmwn ‘arell’ irodsfyed agl |
nitrob I The. t er, ans f formula
"o coEaRE, el BB L Rt Bl DAL Sl MO 5" Db ove.
Pres erﬂ’é&ﬂm@ﬁn}@rm aa@bn%hytt}’,anethI npatbgwbennéapimpywl FapBAIYlgtRY- or
ter-butyl Fdfgﬂ] | gty h U t- S hefndid0
gr oup. m%tﬁ% J%‘YA;’FusgusLd]'%(rstf)dz’tl &% g_?,%gg{_? l@elrlﬁe?j}yg?yl egroups
are, pReMpl Prefarrssmerhdroupsaisophersi halapheryp ryapephanst. H@taysaﬂf@ﬂyl benzyl ,
hal obeﬁmowan@b@aﬁyt halBRERA Y QRREHE P'ﬁaé’tﬁ@:@y%hlzyl AtRBeANA, ei-BHényléEh?l

term"ether” neans group of fornmula a ka/ O al kyl” or _al kyI O aryl
aryl - O aryl T‘t}tﬁé?ré‘i‘rp agany s usdgherginy includes appatopbef GloBer 1pr ef err ed aI I ryl

gF@éMZ)st are mat llﬂe/rlmt . mtd?qu hﬁé abyd her%gt t&@p:rt e@a)écbb,a gty of tl'ietsﬂanﬁtrl]lat—&m-} butyl,
rime ethyl. qr the sanme substitute S 0 group.
Preferred a&ggt Lfltl?éqaraé ussA Ay FIn: Wﬁsﬁﬁgs@gr "‘d:&/qﬁ'l} w ‘%‘t rophenyl ,
met hoxyphenghe batmzyéy,anbalasbmayiexemywpommi grou dfahy ernryd YCNi t r obenzyl ,

2- ph l eth Th f la_ - 2

2 et ot b T A0 S ST S ool A ONR o bEAEINE. T 1 g
"aryl" are dbtiteed "sbinc. aPneddhebiny repreyinthagrd@p of thedarbdn dagns and aryl
hags 6- 10 o ! |,
oo opyl ) Bagarith Ehnell T af LEEFLB seBl Rl LS e rofidioodioPY!
subst i t ut ed Thy temm [*@al§micagid!, casgmd;heranet@mmtaa gt'ﬂtg?r efuipe farretla DR |

hal ophenyl , maa%ha@ydn h&ffaettfsgaﬂh {ﬁ%tttgf%e%%aoupww fonttataa@@gzsmz

cyanobenzyl nmet hoxybenzy ni trobenz enyl e The term "ox ,am gdo"
'"means a griégpewR @le"»@wfég" u@@mﬂaﬁwe 16151'33593?5“3@5@?’(”5

or - O Cehlidanindd S5ove: ﬁ@%gr aY headt ¥WHE e Bhnd@ok Wi mteilﬂﬁbur%r thle’ ca_a:ro@yaefrt:@esirwdmwe.
Preferably allyl has 1 carbon atons and aryl has 8 carton atons.
Preferred al kyl groups are nethyl, ethyl, propyl, isopropyl, butyl, iso or
ter-butyl, 2,2.2-trtnmethylethyl or the sane substituted by at |least a halo
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The term “oxyacyl” as used herein, represents a radical of carboxylic acid and thus
includes groups of the formula alky-CO-0-, aryl-CCO-0-, heteroaryl-CO-0O-, arylatkyl-CO-O-,
20 wherein the various hydrocarbon radicals are as defined in this section. Preferred alky and
aryl groups are the same as those defined for the acyl group.

The term “sulfonyl” represents a group of the formula -S0g-alkyl or ~-SO0g—-aryl wherein

“alkyl” and “aryl” are defined above. Preferred alkyl groups are methyl, ethyl, propyl, isopropyl,
butyl, iso or ter-butyl, 2,2,2-trimethylethyl or the same substituted by at least a halo group.

75  Preferred aryl groups are, phenyl, halophenyl, cyanophenyl, nitrophenyl, methoxyphenyl,
benzyl, halobenzyl, cyanobenzyl, methoxybenzyl, nitrobenzyl, 2-phenylethyl.

The term “sulfinyl” represents a group of the formula ~SO-alkyl or -S0-aryl wherein
“alkyl” and “aryl" are defined above. Preferred alkyl groups are methyl, ethyl, propyl, isopropyl
butyl, iso or ter-butyl, 2.2,2-trimethylethy] or the same substituted by at least a halo group.

30  Preferred aryl groups are, phenyl, halophenyl, cyanophenyl, nitropheny!, methoxyphenyl,
benzyl, halobenzyl, cyanobenzyl, methoxybenzyl, nitrobenzyl, 2-phenylethyl.

The tefm “ester” means a group of formula ~COO-~alkyl, or -COO-aryl wherein “alkyl”
and “aryl” are defined ahove. Preferred alkyl groups are methyl, ethyl, propyl, isopropyl, butyl,
iso or ter-butyl, 2,2.2-trimethylethyl or the same substituted by at least a halo group.

35 Preferred aryl groups are, phenyl, halophenyl, cyanophenyl, nitrophenyl, methoxyphenyl,
benzyl, halobenzyl, cyanobenzyl, methoxybenzyl, nitrobenzyl, 2-phenylethyl.

The term “oxyester” means a group of formula ~0-COO-alkyl, or -0-COO-aryl wherein
“alky]l” and “aryl” are defined above. Preferred alkyl groups are methyl, ethyl, propyl, iscpropyl.
butyl, iso or ter-butyl, 2,2,2-trimethylethy} or the same substituted by at least a halo group.



be prepared by conversion of the correspondi ng acid (confAugust 208dnul a
(A) wher ¢ugoig4P2! ~ to the acid chloride with subsequent F@Wﬁﬁ@%ﬁ% or
| [ 5R6.

reaction with a primary or secondary am ne of the general
The followi ng two schenes (3 and 4) desgribe such a process. R3 Ra Rz' ~~~
% .
NOR COOH (A Rs RaPCIS ' 'fHF~ R2 N O R~~ CONHz (A} Schenme (3) RB R Rz_
N O R Frefemjed@yigrrepRare? pbangl, halbpleryl, cyabophdifRERGofherGONREhBE phlhylSchene
(4 T T BarheRA3 AaGobl Fﬁﬁm rforned, usi PC ~ give an acid
chlori de ToL) O\Ae% @rlgoan ar ousé{’g&ﬁ%ra%ﬁ ‘arE%PbWﬂ%F]&h%}w?g}éOndary ani ne of
the formul alMARSRe Tgmeans geEress pf imekeaatkyieOatider aloand or efylgereyal
f or nul whér&jn algieant +ayt G@E@Mam@.vgmfé%d "StloBf, Of
t hg cor ngi aci d (conpound (A) ere X 18 go ta ngggwgyﬁgﬂe

B ¥ osereBA buls - : .

(2)° t o the hePaYEHPOPT HE- ¥ 2sudr lethyceHdE pame supshitt¢rbbic atigasiainaip
f or mul groRy- Breftraed a0 lgrowdedre, flrerys HigdpHAH, ep&b%heﬁﬁ%u%ﬂe . 5) (A PAS
R -mlﬁgﬁl%qﬁakg%%ﬂgp%zé&r?%? reactions are preferably perfornmed using PCL15 to
give an acit chf oPr ™ ‘?%’ﬁ@g' XAePeRAG P exXhenay Ruiivghengyl. 3 -phenyithyl
desired estBrs teTine'aguddi tmieamsa gfoupe fahnwa -cmmlg SNSCENBaN®] br JOmvERDY, bhe
man skidd@flah otk 12 A st 2004, WO 6637 PCT/BPA [01956 .8 I n
anot her as pae?t % @lﬁ%\%g}ﬁ Tvgﬁre%n#%ﬂngn h&Y i dge F&rbe(?rﬁ}?%’ﬁ'd e&ra{: raﬁlﬁﬁéla(sA)
ast sy nt-A&8rom afpmsna] aybbas 6-10 carbon atoms. Preferred alkyl groups are methyl, ethyl,

Propyl, isopropyl, buty}, iso or ter-butyl, 2,2,2-trimethylethyl or the same substituted by at

least a halo group. Preferred aryl groups are, phenyl, halophenyl, cyanophenyl, nitrophenyl,

methoxyphenyl, benzyl, halobenzyl, cyancbenzyl, methoxybenzyl, nitrobenzyl, 2-phenylethyl.

The term “oxyamido” " means a group of formula -O-CONH2 or ~O-CONHalky! or ~O-

15 CON(alky})2 or ~O~CONHaryl or ~O-CON(ary))2 wherein “alkyl” and “aryl" are defined above.
Preferably alkyl has 1-5 carbon atoms and aryl has 6-8 carbon atoms. Preferred alkyl groups
are methyl, ethyl, propyl, isopropyl, butyl, iso or ter-butyl, 2,2,2-trimethylethyl or the same
substituted by at least a halo group. Preferred aryl groups are, phenyl, halophenyl,
cyanophenyl, nitrophenyl, methoxyphenyl, benzyl, halobenzyl, cyanobenzyl, methoxybenzyl,

20  nitrobenzyl, S-phenylethyl.

Preferably R1 is methyl, ethyl, propyl, isopropyl, butyl, iso or ter-butyl,
2,2,2-trimethylethy! or the same substituted by at least a halogen group such as
trifluoromethyl trichloromethyl, 2,2,2-trichloroethyl, 1,1-dimethyl-2,2-dibromoethyl,
1,1-dimethyl-2,2,2-trichloroethyl. |

25 Preferably R2, RS and R4 are independently hydrogen or halogen or methyl, ethyl,
propyl, isopropyl, butyl, iso or ter-butyl, 2,2,2-trimethylethyl or the same substituted by at
least a halo group such as trifluoromethyl, trichloromethyl, 2,2,2-trichloroethyl,
1,1-dimethyl-2,2-dibromoethyl, 1, 1-dimethyl-2,2,2-trichloroethyl.

Preferably RS and RO are independently hydrogen, methyl, ethyl, propyl, isopropyl,

30 butyl, iso or ter-butyl, 2,2,2-trimethylethyl. '

Preferably R7 is hydrogen, methyl, ethyl, propyl, isopropyl, butyl, iso or teri-butyl,
2,2,2-trimethylethyl, methoxy, ethoxy, phenyl, benzyl or the same substituted by at least a
halo group such as trifluoromethyl, chlorophenyl.

Preferably RS is hydrogen, methyl, ethyl, propyl, isopropyl. butyl, iso or ter-butyl,

85  2,2,2-trimethylethyl, phenyl, benzyl or the same substituted by at least a halo group such as
trifluoromethyl, chlorobenzyl or where X is ~CN. :

Unless otherwise stated, references herein to the compounds of general formula (A)
either individually or collectively are intended to include geometrical isomers i.e. both Z

(Zusammen) and E (Entgegen) isomers and mixtures thereof {racemates).



The conpound of fornula (A) where X is -CONH2 is of part12wtgustmuest as

catal yti nation of this conpound |eads directly to Levetiraceta
Bot h the%é‘%gﬁgﬁmn) and 5 E (Entgegen) isomers of these E&HIFRIAEL? ‘ﬁave

been shown to undergo rapid and sel ectiwe asymetric hydrogenation to
ei ther enantiomer of the desired product. The representation of the bond

j oi ni ng t heWyttoigsp&lit th @hd Q@n%b&@%ﬁr@&%@ﬁ@ﬁ fdckBLHeRribed BOIVR, tI9E Db rheuilts
|soner b er |cu‘§/§1 ég %rlg t he ;g‘%(g of corrpomimds %A} for tk@ﬁé hesi s
of corrp Fdhe ¢ (qusdapen 2REEEnigees) 1somers 9 (6).

R3 R Rosmalazmmzvnerenl iRt I\RZa:ﬁwR4 areHRnd X ¥ Xd %ich)—Ctmﬂe loe FEOOE) or ~

\é\{]ﬁrfl propy vﬁ%llso r%ﬁuﬁng%mlﬁ swsh %‘%}gﬁvq&é}:ﬁ% as;lergP%fEt Q%ILyI

ph@ﬂ#ﬂnﬁﬁmpaﬂvﬁlﬂmomﬂ)mmCuladgmncsattbﬁy hydr ogen or hal ogen or

t hyl t hyl,, | bly,

2}9 o Sach' hyiresBEebtihe desnOREREms Dldess fof BN AU prBlSha RRERELS Y
al kynygeneé§1(fP’6%‘1’]6d§1 mzmweS@MuwmgﬁdJow%msmmded by one or nore

hal ogen, Cywaﬁmpohhﬁgﬂﬁﬂ@a @eﬁeﬁﬁ 1foﬁﬁﬁ15¥A)t Gthre £ YCLOPTRPNG oy 269bRANG/-@I0-RS
phenyl ; ’F‘%}V CO)ghenyl suffonyl; phenyls oxy, tetrazole, thiazole,

U
t hi eny?” VEEently beypapgibyaea r‘él@? *’a OWEHWhCm%@WWE gbgeneral
sultst i fotinguth (T wee @il armr:e a?dadtieee abo! {ﬁ&h,a pat-afliidde ofdlekensy forfhivlid (D)

bt 1 P gt s ERerd] Sk pecbrdiognt b o eﬁﬁ%ns Bhebline o “Ohnie:

nost preferably -CONH2. The conpounds of formula (B) may R |schat ed in
free formor converted into their 28 phagfaceutically acce e salts, or
ui ce versa, in congentional nanner. re erred individual cgnpoynds anong

t he corrpoun avipg the general for (B) have—the fpf v ), (B")
and (B"'"). \;ZHA ust 12004 V\gl PCT/ EPQL/ 0195G 9 'f'A) ~NOOO
(s) (s) NH2 NHzZ (B') B) (8,. 0 15& TheOcorrpounds ofoor Ia (B) are
suitable for use incjhe treat ment of pidgpsy and rel ate B¢ S{A)
Accordi ng to anot her " enbodi nent, the ipvention therefore concerns a process

for preparing a conpound having a fornula (B) ~3 R4
Scheme (1)

Compounds having a general formula {4) where X is ~-COOR” may conveniently be
made by reaction of an a-ketocarboxylic acid derivative of general formula (C) where X is -

15 COORY with a pyrrolidinone of general formula (D) according to the folowing scheme (2).

H D)
Scheme (2)

Suitable reaction conditions involve use of toluene under reflux. In the resulting
20  compound (4), R? may readily be converted from H to alkyl or from alky! to H.

Derivatives of general formula (C) or (C) and pyrrolidones of general formula (D) are well
known by the man of the art and can be prepared according to syntheses referred to in the
literature, such as in “Handbook of Heterocyclic Chemistry” by A. Katrisky, Pergamon, 1983
{Chapter 4.) and in “Comprehensive Heterocyclic Chemistry” by A. Katrisky & C.W. Rees,

25  Pergamon, 1984 (Volume 4, Chapters 3.03 & 3.08).



z (B) NO'X wherein Rl, R2, R3, R4 and X are as noted ab2vagust200#& al ytic
(o~ s i fodypigasnaton o nESeaﬁﬁLéeSES?Si ei o hydr ogenat PorAATALEE  bed
in many publications or books such as "Jynthese et catalyse asynetriques -
auxiliaires et ligands chiraux' Jacqueline Seyden-Penne (1994) - Savoirs
act uel , i nt &eRiouings pOsRSr Adotrivala (4) ﬂ:hrEXlis -lw}ogaﬂamomﬁaéwayyquuﬁenmage
287- 300¢ @& POk t her el oun
qencral Papos 98 SEGE L cShresh Bl B R Tor B oUet) et e P s anded
to |ncpﬁ)@eﬂ§j‘e ‘rl §hl°ﬂﬂ§Gﬁ@r%lhseeuem@mhn@c(l)?a:sammnymmm& piEmgegren)
| sorrerSeo@ﬁduhgrldmﬁﬁ&@Q@ 4R S ! ch of
gr acemates). Pr ef%rab Y, lﬁleq%{r{ﬁ%s%%%pﬁe mven%ér}l(g)%‘g%gsﬁgcnecf s the
:'*Sar € SPCRBRSBERTEs of formula (B) in which Reand R4 are hydrogen and
X is -COOH or -COQyR or - t or CONH2and R is met pargfcul arly those
wherein R3 is hydro , (especially propyl) or kenyl
(especially difl uoro TN\ ) . Best resuP(B have been obt with the
process for pre trraceta nd of f in which R is
met hyl , R2and R4 are WW propyl or driﬂluorQ)vr nyl and X
i's -CO\IHZ . Geneéally thrs process conpri ses Subjﬁ tin to catal ytic
hydr ogenati on a O?@ formula (A) as descri gq\, Preferably
t he conpound of fornu is subjected to 12 AuguséﬂZ o1/ G-637
10 PCT/ EP01101956 asy tric hydrogenation using a chir catal yst based on
a rhodi um (Rh) or ruthenium (Ru)chelate. Asymmetric hydrogenatr on net hods
gri gde;sﬁrr beddrg &angl( Ipubl [ c?argtg)g)s %El %’&E ,SAUCQ as ?Ls%l)mr?trr_c Sylnt hesi s"
en an il ~nyi acki e Acadenmi c r of essi onal or
"Synt hesis of Opti csally agctive -Am no Acids" Robert.dM WLkl mas (1989) 5
Per ganon Press. [)-. Rnd Ru(l'l)-, conpl exes of cﬁ' ral ,hel ating |igands)
general |y di phosphi < have great cess in the asy ri ¢ hydrogenation
gf ?I efi nsh Nﬁﬂ)}/:hch ral\ bi dent ﬁte L-E%lc&ﬁ SECh ?éz hi nilt'es,t vst
i s(am nophosphifhe nophosphi phosphinit®s, O ral catalys
conpl exes, are descrr ed in the Irq-mraquﬁe or are q rcially avail able.
The chiral cat aIFir t A (gadbal so be associated to @ﬁgﬁ%{m/or an
ol efin. Although i Hation on the catalytrc ac} jVi
stereosel ectivity of(tlt)he chiral catal ysts has been ac€utmul ated, the choice
of the ligands, the chiral catal ysés and reaction conditions still has to
be made enpirically far each indiv giemeddhst r at e. Generally the Rh(l)

bas ed syst emhesd feadBShd ¥reU$e Qrzfl:gjr pEH&qﬁdeﬁ@ﬁ@fbt Oéwcaé?x 484 %ﬁlcﬁilde followed b
ivatrvecﬁ,,ﬁwhrlethe I

Ru( catal ysts" good to_.e | ent resu

T 5EHEP™G05 Bﬁmﬂﬂ' i érqqrrde%%rsgrercégeefowaf H ?ép e %er%ﬁear s
vvhr ch maymbie armsidd. i n t he present i nvention, ar a DUPHOS, BPPM BI CP, BI.NAP,
DI PAMP, SFi BPPEA | OP, HOS, PROPHOS, -~ PEI \ TNPHOS, . gUP
BPPIC, S TR o ERReaorh LBt S OB] ARG CRARBHPE iadh by
cat al ysesvepsiemaf gk éarmaspbhding hoMe(cohpbatd (4 wiRye Hlis COTEH)USRAnedb Bengmetepnt
i nvent 20 ert I roved conversi e Vit
i 11 5o Bk Sl St G Al S s R Ry R PR P Ra T ot e thod "
cat@dl y¥theghB aﬁt@frf"elefdcacbousdswﬁdmmermt hod of this invention are sel ect ed
from DUPHOS or | Vi ethyl . ethyl, D isopropyl - DUPHOSR3 r
(1, 2-bis-(2,5-di nethyi phol ano) benzene - US patent 5,171,892), D PAW
(Phosphi ne, 1,2-etha | bi's ((2-met pgt, yphenyl )pheM patents N
4,008, 281 and No 4, ), 25 BPP rrolidi borad.i ¢ acid,
4- (di phenyl phospl‘ﬁno) L hphenyl ph@‘sreﬂaHno) met hyl J&, i N-di &@et hyl et hyl
ester - Japanese tenl N 87045238) and BI NAP ( Phosphi neg,

(1, 1' - bi napht hal | bi s(di phenyl Europea B@?F{O 366 390).
The structures of these ors are shown bel ow. 12 (Ag%us 2004 WO
Ol Ga&@7 11

Scheme (5)

These reactions are preferably performed using PCls to give an acid chloride followed by
alcoholysis with R7-OH to give the desired ester.

The conditions of the above reactions are well known by the man skilled in the art.



Ph°P,, ~, \ O\ ~ OMe P. \ ~Ph (R R)-DI PAMP (S, S)-BPPM ( R2-ARigust 2004

PCT/ EPOL/ 01956 Preferred solvents for use in the method of this invention
are sel ect@d¥#GM tetrahydrofuran (THF), dinethyl for nman dFFHRESY0IR0hanol |
met hanol , di chl oronet hane (DCM, isoproganol (I1PA)) toluene, ethyl acetate
(AcCEt). 5 The counterion is selected from halide (halogen(-)), BPh4(-)"

A Og(-), BFgfahottRr@bpdet thili¥ention Efifderns tHehlklofb8mbSThds dforBRAhRAL Or .
tosylate., Preferred counterions for use wth these chiral catalysts are

sel ect BFPFOMIGPIIPEYate8EA(-) or OAc(-). The olefin is selected from

ethyl ene, 1 Thelhohgouages fd&ﬁ'ﬂﬂlo ﬁm,w&rﬁmbe&@m@h_ ' :’lg,of tp@ftl handsadieeas, ﬁ, c_:atalty_uc
cyci oogta- 1.5 : ing.. ir at a conbi nati on
o £’ a Ty Gickenadinl B ls Sohancrind sl ety Go £ el Aoth The G oFHRERAY FHom
1: 29 t & Endgrgeqdsomens of dhere ohpmoumie haivabten shoairl whlmiesgd vapnd and selective

i bl I I
Gloxt r or Sy e B Tog SR RS, e BN of He a0 B80T 1 fsepragion of
enant i dhePped Birtaghy ﬁ%lp)R]amthermelwa denctey eidher, 2 Ansbrhérgir auuie isoer
Moreover, 1Sy ARRIARG QXMH,FL&. YREust sl uhad ldﬁtff’f e Qddsislor c%ﬁﬁgﬁ.ggé ?g’ent

and have cost advant ages. I's asymmetric synthesis process wl
| ower B3t byustratediaccariing tnide following gehamsy(Gr di scardi ng t he unwant ed
enanti omer obtained by a ventighal synthesis procgss. Begf* results have
been obtained with the process for preparing 20
(S)-a-ethyl-2-oxo-i-pyrrolidyne\acetam de or
(l1Z)-a-ethyl-2-o0xo-1- pyre Hdin etam de , wherei ﬁE' 0 i ses subjecting
a conmpound of formula A FoiOn of a Z isoner or anNE is@ner to
asynmetri c hydrogenati 03%% chiral eatabyst agpording to the foll ow ng
schenme. (S, S)-Et-DUPF3 ugust 2004 WO 01 / EPO1/ 01956 12
50~0r ~O ~ NHCONHZ v CONH2 O In what follows, reference is nade
particularly to four corrpoundsg:gf formula (A) in which Ri(@s nethyl) R2, R3
and R4 are hydrogen and, for the conmpound hereinafter identified as
praoursor Al, X is -COOH: for the conpobebema@)nafter identified as
pr ecur sor - AZyngeirPr1 GOV, d0knd R cauRaUAblior.ei naf ter identified as

X' n e

precursor A2', i S ﬁ} and for the conpound hereinafter identified as
precur sor A3FTeEsraily. ethid, ethyh PERPYRSRTEEPAt BYYh T isibudili MPEPTpisFaRIN,
dependi sagtg1 emeos@b@b})?luti on 10 pattern, not all conpounds of general
formula (A gn? é} Wb be4 capable of form ng salts so that rﬁ%g@ﬁnce tlo
" phar maceut i CAITSPHcRe FRIT eaieapgependgpily BrdrgRen, of BalGgThoL of T OPYh
genér al istmopyl Betyl Asomityl Bhdhaissngrefdrasly capatih nfirogdhe fol | ow ng exanpl es
are provi dEdPxfe?errafallyl, H8 tisr EE'-é’ 51(% ‘05 gﬁ{(&%}cﬁl, ¥326-1-n85 a k%n?f,)tcyclopropyl. azido, each

optionally substituded by one or more halogen, cyano, thiocyano, azido, allgylthio, cyclopropyl,

acyl and/or phenyl; phenyl; phenylsulfonyl; phenylsulfonyloxy, tetrazole, thiazole, thienyl
furryl, pyrrole, pyridine, whereby any phenyl moiety may be substituted by one or more
20  halogen, alkyl, halealkyl, alkoxy, nitre, amino, and/or phenyl; most preferably methyl, ethyl,
propyl, isopropyl, butyl, or isobutyl.
Preferably, X is -COOH or ~CQOOMe or -COOEt or ~-CONHg; most preferably
-CONHp,
The compounds of formula (B) may be isolated in free form or converted into their
25  pharmaceutically acceptable salts, or vice versa, in conventional manner.
' Preferfeci individual compounds among the compounds having the general formula (B)
have the formulas (B.(B") and {B™).

30



15 intended, nor should they be construed, as liniting tt2August200d i n any
manner . rbcse skilled in the art will appreciate that routine variations
and modi PIEYG*8¥s of the fol l owing exanpl es can be made wi FRBEPVENE¥edi ng
the spirit or scope of the invention. Eéarrpl e 1 20 The preparation of
precursor Al was carried out in 70%crude yield by reacting u-ketobutyric
acid and pyrrolidinone in refluxing toluene, see Schene 7. By Z: E we.
mean the ratio of oner anount o ~j somer anount . 12 August 2004 WO
01161637 13 HOH | ~@ Tol uene, ref(q" Dean- St ark ~ o PCT/ EPO1/ 019i 6
OH OH Recrystallisatigqn ~p. N O cetone -%N O 70 % Rrecysor Al Z.E =
80 :1 ZE = 149 : 1 nel thAg Foint: 165 - Schene 7 Thg”crfide product
was recrystalli sed from‘ace one in 70%yi®eld. The geonetry of the double

bond was assigned to t he ba&W el ation ) 8 1+ R
spectral data -nocvn co

(Nucl ear Magnetic Resonan F{) unds with
simlar structure. 5 Esa 2 2 Precursor AMNWas prepared fr Al with

di azonet hane in THF. It was observed that the Z-E ratio changes from80 : 1
to 29 : 1 during distigglation (see Schene g4 OH Ove O ~O INg®; 1. CHzNZ,
THF, 100 %IN O 2. Distillation, 80 %- .~ Precursor Al Z:E=80:1 Schenme 8
Precursor A2 Z:E=29: 1 10 The E-isonmer of precursor A2 has been obtained as
shédwn in Schenme 9 from 2-isonmer of precursor Al with ethanol,

di cycl ohexyi carbodii m de (DCC) and di net hyl am nopyrydi ne ( DVAP) .

10 The compounds of formula (B) are spitable for use in the treatment of epilepsy and
related ailments. According to another embodiment, the invention therefore concerns a process

for preparing a compound having a formula (B)

R? (B)

wherein R, R2, R3, R¢ and X are as noted above, via catalytic assymetric hydrogenétion of

15  the corresponding compound having the formula (4) as illustrated and defined above. Catalytic
hydrogenation is described in many publications or books such as “Synthése et catalyse
asymétriques — auxiliaires et ligands chiraux” Jacqueline Seyden-Penne (1994) ~ Savoirs

_actuel. interEdition/CNRS Edition — CH 7.1 "hydrogénation catalytique” page 287-300.
Unless otherwise stated, references herein to the compounds of general formula (B)

20 either individually or collectively are intended to include geometrical isomers i.e. both Z
(Zusammen) and E (Entgegen) isomers as well as enantiomers, diastereoisomers and mixtures
of each of these {racemates).

Preferaply. the process of the invention concerns the preparation of compounds of
formula (B) in which R2and R4 are hydrogen and X is ~COOH or ~-COOMe or ~COOEt or —

25 CONHgpand R! is methyl particularly those wherein R3 is hydrogen, alky! (especially propyl} or
haloalkenyl (especially difiuorovinyl). Best results have been obtained with the process for
preparing levetiracetam, compoung of formula (B) in which R1 is methyl, R2and R% are
hydrogen, R3 hydrogen, propyl or difluorovinyl and X is ~CONHj, .

Generally, this process comprises subjecting to catalytic hydrogenation a compound of

30 formula (A) as described above. Preferably the compound of formula (A) is subjected to



12 August 2004 WO A /G-(37 PCT/EP011019i 6 14 EtCH (3 eq. 2 AWyugti2004

equi val ent (e g) DVAP (0.1 eqg.), THF (20 volunes (vol.)) N O room

t enper at W@ 046 4437y " 24hrs N O O ~O ON CEt Precursor Al PredRFEEPO1A1956
Z-isoner Schenme 9 E-isoner 100%vyield 5 Esterification of precursor Al Was
al so carried out on a small scale with PB15.in THE then MeCH and gave

excl USia\éﬁhbheThﬁ@hﬁﬁ%gEﬁﬂmﬁeﬁéB{é | éat&l?sﬁaéﬁé onlél)hogﬁﬁﬁ (ﬁﬁ*ﬁ%ﬁtﬂ&ummp

lr~O Pr (ﬁcur sof A1 1”7 PCIS leq;, TF~,

Pr e( curcheBe A&SYE@@@C@@EP@%M@ mstheds wregleppriledriggpamppwelicatipas opPegidr ed

by reacutingskasyeRmbid Syrﬁﬁbﬁs%héﬂh;&%ﬁs AN KBNS OSIFIL BONGd Abaldemi®i NY

tolueng?%pthe pre a%?%/ amount of POCIg]gsee Sc eme. 11. off

xR e %6%?12%5 5f Bpticactissphpinoibds™ Robe Wifimes P56 poc1s

- caﬁal ﬁrgaihrlmﬁmss ret 7ux, Dean-Stark 60% Ok ~O'N /O Pr'er~cur~so'rJ~A2
=6:1 h 1 . W 0O1/6(37 15 12 August 2004 P POl/ 19s6

The estertfi ca[ﬁl ‘on d(f% @:E Cﬁ@?&%ﬁfﬁ%ﬂ&%@%gﬁéﬁ?  EGPG yg’lpgr %‘

met han@redtsucenss mg thye B$yrematrio leydregdnatipn ef olefihd Maa;r@h&'ehlalﬂentaﬂ'dmgands such

subsequgniinGR tb%fﬁ ;9 rec %

met hod | ea%ls ? | g’h ﬁlt%s%?l rgei\g'gd% DH’EISI%O% r%h%ssgl %lf' %#E-H]out Vi a

pr ecur SEFPACKes S ﬁé}?éﬂ@)ed inth literatuss Oalare)wrﬂmsrmﬁb’ prbpbleatThoghiph] eatalyst

ester Sngleslsy 8k auSstifkd S 8 LA A2 AER bika.

Although much information on the catalytic activity and stereoselectivity of the chiral
catalysts has been accumulated, the choice of the ligands, the chiral catalysts and reaction
conditions still has to be made empirically for each individual substrate. Generally the Rh(l)
based systems are mostly used for the preparation of amino acid derivatives, while the Ru(Il)

15 ' catalysts give good to excellent results with a much broader group of olefinic substrates.
Chiral catalyst chelators which may be used in the present invention, are DUPHOS, BPFM,
BICP. BINAP, DIPAMP, SKEWPHOS, BPPFA, DIOP, NORPHOS, PROPHOS, PENNPHOS,
QUPHOS, BPPMC, BPPFA. In addition to this, supported or otherwise immobilised catalysts

prepared from the above chelators may also be used in the present invention in order to give

20  either improved conversion or selectivity, in addition to improved catalyst recovery and
recycling. Preferred chiral catalyst chelators for use in the method of this invention are
selected from DUPHOS or Methyl, Diethyl, Diisopropyl-DUPHOS
(1,2-bis-(2,5-dimethylphospholano)benzene - US patent N° 5,171,892), DIPAMP (Phosphine,
1,2-ethanediylbis ((2-methoxyphenyl)phenyl - US patents N° 4,008,281 and No 4,142,992,

25 BPPM { 1-Pyrrolidinecarboxylic acid,
4-{diphenylphosphino)-2-{{diphenylphosphino)methyl)-, 1,1-dimethylethyl ester - Japanese
patent N° 87045238) and BINAP (Phosphine, (1,1 -binaphthalene)-2,2'-diylbis(diphenyl -
European patent No. 0 366 390).

The structures of these chelators are shown below.



Synthesis of the precursor A3 has been effected by reacti2@udest2004 de
acid with PCl5 to give the acid chloride and then with gaseous anmmonia to
obt ai n t NEO§&6#43%ed enani de amide 10 A3. The product has be®CTERMOIIFEd as
the Z-isomer. The crude enam de am de A3 was isolated fromthe reaction

m xture by dissolving it in THF- MeOH antl filteri ng to renove inorganic -
resi dues. After evaporation of the solvent a yellow solid was obtained. The

crude materi al pi fied by dry flash chromatography foll owed by
recrystalligatio i-PrOHto afford pure materiak, This procedure has
been successtyl.W<35-applied f‘z? produce a single batch (11S g. 54%
>09% by peak 4rea) jand is ouF d in Schene 12. OH AT oOx. PCl,;, THF, 30

mn, CoCoMefl.t. ~@Mt O 2. NH3 gAS N O 3ppDrv fla O, |lwt 4.

Recryst al ion - i-PrOH Prec 1 /5472% ove /i el d P'rEé;cursor A3
Scheme Pn,,rmst cases of thedsymetric hydrkQgepal i on#f precursors,
t he cat hasPtbeen prepared in kitu by reacting [ Rh(&D)R] ~OTf- and the
respectlve~ghiral ligand in the sdi®ent of choice folloyed By addition of

substrat e’ Sone catal ysts are commercially avail abl eEa\ﬁ’éI ese have been

used Wi t hout ofd4r purificatignp. Exanple 5 Results fromthe asymetric
hydr ogenat i o(ﬁ'%é%gé%ursors Al (gﬁ)dm%g‘usi ng a numb&S}FF-DUREBEFum based

catal yst systens are sunmarised in the followi ng Table 1. These reactions
have been performed with between & Mol % and 5 nmol % of catal yst and
100 ng or 200 ng of substrate Jt tenperature (roomtenperature :
rt) for 24 hours. Reaction co 0 such as the H2 pressure, the Land
of ,solvents, the anount of pr ﬁgen nmodi fied in order to obtain
the optinmal conditions. All béen isol ated by evaporation of

t he 12 August 2004 WO 01/ 663+ h,019s6 sol vent fromthe reaction
m xture and anal ysed w t hout rification by 1H NVR spectroscopy.

at ogr aphy) nethod for %e. e.

determ nati on of the hydrogenatYon product of precursor Al proved difficult
to devel op. Therefore, we 5 conygrtedsthe crude products into their methyl
esters using diazomethane in THE ‘'solUtion. The ester derivatives were then

anal ysed using a chiral HPLC method for npnitoring the h dro%enati on of
enam de est ef" A2S? FYYRtRETNREdn fae msihodye thisdavention sraceleced ipm x250 mm

col unntemhyeﬂﬂémranhman@ix@gﬂfyﬁsﬂmh@m@gm, %tﬁgﬁm_t gﬁtbmlg Qg@ﬂh @,]tcoglggltm_ doethy of
precur: t e. results hav obt ai ned by the follow ng

ohir al “ERC %t{{%&&o ‘?“Fa?'glé(f aﬁ?&ﬁ%ciftgso mm) | PA-Hexane (5:95 v/v), 205
nm® 1 ni / ni Bhatownbiients sdeqed froor kal{det(halogati)l, @Ph (PR () IBFAHNPEG().

S- enanpgd f . ] - I r Ltiall t he .screenin ried
out on 180" n%*"é So el (FERTBR R or ot pPrepfe FIREEY B 1RA KR
enant | OHEt icatadstears fedected frameO B3I BEA(S of @ekpress the percentage of 15

| aevor ot at oty §=AAILLONEE ARN.BFAAL! ¥ 1 R28XRE SR5-LAE HaLssabads, of

dextrorotatory R-enantioner.
: norbornadiene or cycloocta-1,5-diene {COD).

10 Using these chiral catalysts, in combination with a range of counter-ions and at
catalyst-substrate ratios ranging from 1:20 to 1:20,000 in a range of commercially available
solvents it is possible to convert compounds of formula (A} into laevorotary or dextrorotary
enantiomers of compounds of formula (B) having high % of enantiomeric excess (e.e.) and in
excellent yield, and high purity. Moreover, this approach will use standard industrial plant

15 and equipme.r;_t.'and have cost advantages.

This a'sy}nmetric synthesis process will also be lower cost due to the avoidance of
recycling or discarding the unwanted enantiomer obtained by a conventional synthesis
process.

Best results have been obtained with the process for preparing

20  (S9)-w-ethyl-2-oxo-1-pyrrolidine acetamide or {R}-a-ethyl-2-oxo-1-pyrrolidineacetamide , wherein
it comprises subjecting a compound of formula A" in the form of a Z isomer or an E isomer to
asymmetric hydrogenation using a chiral catalyst according to the following scheme.



WO O /GLG37 17 Table 1. 12 August 2004 PCTI EPO|019s6  33tAuddst/2004\-

Cat al ystCou Loa.Solv.H2 Pres.C V. %.e.

~/ oA1100(’5°§,3'r £7 DUPHOSOTT (- ) 5. 0Et OH410095A11 00( S, S) - BPPMOPCT/BRYLGERS6H 68- 6
4A1100( R, R) - DI PAMPBF4(-)5. ODCVA10092A2

(2) 200( S, S) - Et - DUPHOSOTT ( - ) 2. OEt OH41009%* 810A2

(Z) 200( S, S) DUPHOSOTT ( - ) 0. 5Et OH410099+1A2

(Z) 200( S, SY - Me- PWloggs gAZ &
(Z) 300( S, S) Mg~ DUPHOSOTT (-) 2. 0 PA5100 or o
(E) 200( S, S) - Je- DUPHOSOTT ( - ) 0. 5Et OH51009%). 4 N

(E) 300( & . OTf (- 0. 51 PA510094L015A2 ' P NH
(E) 4000( S, S) - M¥ BF4(-) 0. 025MeOME100CONHy W 2
(Z) 4000( S, S] - Me- DUPHOSBF4( - ] 0. 0i MeOH59999A2

(Z) 4000( S, S)A’IVE DUPHOSBF4( - ) 0. 005MeOH52597 A2" o

(E)300(S, 9); [ MeOH1100- 99. 3A2"

( E) 300( S, S) E%% \v% r)e rS’E’f@E‘iﬁW%”ﬁ?ﬂw four compounds of formula {A) in

I(?)E) %Ioggl\ﬁ/l;:’cg:R:BBRNafg( B%I@-gﬁdjlaﬁﬁéﬂﬁd&gﬂgﬂd(a ZOOI(:’R BF4 0. 5Et OAc59296. 5
t OA t OAC .

In this tab?c(%,ﬁléf:.g : Séﬁlfeé%ae(ﬁe[rgdgg@eﬁ éﬂrﬁ‘ﬁ{r ?l‘%ijl AN% Cﬁ%%r esents Anount;

ColR 25 repieddnicomBound deramaftdrddentifedrasyeatissdroslizhe MEd0yieSol v

represents %}lt}ﬂ@r@éﬁngUan@?%%t?if?% %&E as?prg&ﬁ'%gz”d&% LU Moospd G V

represents Conve eénatron of pr ecur sor A3
Usi ng t he s&fehaspmpgend étgrqmaféscaﬁmteﬁe@ asaarnm’s@ma)fh tshPNip-and r ut heni um

30 catal ysts haveshgarn, @&&Qd@% e SRR D ersdn 38 hAM Lot Wubstituti
repr esent ative resul tsesacﬂp% /63G37 18 ?‘% nust EZOOFDPCT/CEI}}OEI 61190%16 N

(P hpRttm. opecgmpsinds olgepers! forgiula G () will by eaREble of forming salts o

10 that reference to “pharmaceutically acceptable salts” applies only to such compounds of
general formulae (A) or (B) having this capability.
The following examples are provided for fllustrative purposes only and are not
intended, nor should they be construed, as limiting the invention in any manner. Those skilled
. in the art will appreciate that routine variations and modifications of the following examples

15  can be made without exceeding the spirit or scope of the invention.

Example 1
The preparation of precursor Al was carried out in 70% crude yield by reacting

a-Ketobutyric acid and pyrrolidinone in refluxing toluene, see Scheme 7. By Z : E, we rnean

20 the ratio of Z isomer amount on E isomer amount.
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Toluene, reflux, Dean-Stark
70%

/\\K&o Recrystallisation /N/& o

N o Acetore- 16 o N o

g 70%. g

Precursor Al

Z:E=149:1
melting point:
165 - 166 °C

Scheme 7
The crude product was recrystallised from acetone in 70% yield. The géometry of the

double bond was assigned to be Z on the basis of correlation with the 1H-NMR (Nuclear

Magnetic Resonance) spectral data for known compounds with similar structure.

5
Example 2
! Precursor A2 was prepared from Al with diazomethane in THF. It was observed that
the Z-E ratio changes from 80 : 1 to 29 : 1 during distillation {see Scheme 8).
OH OMe -
/\(’g o /‘\(& o
N 0 1. CH,N,, THF, 100 % N 0
| l 2. Distllation, 80 % | |
* Precursor Al Precursor A2
Z:E=80:1 Z:E=29:1
Scheme 8
10 The E-isomer of precursor Ap' has been obtained as shown in Scheme 9 from Z-isomer

of precursor A with ethanol, dicyclohexylcarbodiimide (DCC) and dimethylaminopyrydine
{(DMAF).



00~ 0.ti O NN4Gx NG Nt~ 0. sue. Cw N O b0 G 12Miigust2004 a 0 U
d N H G Wold:3 ﬂg 12 August 2004 WD 011 61637 PCT/ EPQ1/ 0195G 19 As
above, the rhodiam cat al ysts have been prepared in situ or HERHSY San

used wit hout further purification. The ygthenium catalysts were prepar ed
according to known literature grocedures Most experinents have been

conducted on a 100/ng Yo 15 th betvveen 0. 001 and 5 mol % of
catal yst. The crud pr ucts b 1I-|I 5{13C
spect roscopy and by |r (” S@veley - RA(1)® or Ru(ll)*

catalyst ( 2.5 - 100 - [500
Levetiracetam SC opp05| te enanti oner produced. le 7 :
Asymetri ¢ hydrogenatign of precursor A3 uzth Rh-(Et, Et) DUPHOS. The
results of the hydroge@Hion of A3 with Rh-DUPHOS catal yst an@Eshown in
Tabl e 3. These reactions have been perforned in the sanme way as in exanple
5 and 6, with a dro en pressure of 4 atnospheres. Usu II‘__IXI

enant i osel ectivi%¥ X hA he Rn- DUPHES, satal ysed hydr ogendt (ﬁ‘?éA%f 15
a-acyl am noacryl i &AY'd derivati ves~ghow very little soly Eﬁ}fﬂj fect.
However, it_remains inpossible to predict a priori what t ect of the
sol vent wouFt EBEC%WPDL‘ITFP PTERERTOT 63 etasctisasartiedindt omhe smetliescele Wik POt TBR f or
a gi vethenedH aha. gald efdss deQ ! 3 is

hi ghly sol vent dependant lgﬁgﬁggéfégﬂ?%gﬁsﬁ%??%?o?u g?g%gvée%%?ﬁ%él@i

found superior. Hydrogenations in protic alcoholic solvents resulted |n

sl ower reactions and re ed 20 selectivity. Sinilarly,2redé¥dd conversions

whi ch may be expett oor di na eP(t:p Jlﬁ”[m%f’@”d i nhpt “Eat al ysis. The

i nhibition by coordingting,sol ven gﬁests t haf, A3 bs a poorly

eci al | ot h )

a-acyl am noacrylic erivatives. Neverthel ess, excei I enti results have

been obtained in can be seen, 25 enanti osel ect i of 97 to 98%

Igromising results were obtained in Et QAc- DCM sol ventEniz&@r:d and i n

t olfuene. 12 August 2004 VfO 011( 1fSgheP®F/1BPA / 019s6 20 Table 3 :

solvent . sglvent Reaction C.V, e.e. A3 nol % volunme tine %5 ng (hours)
ecursor A2 was also prepared by reacting ketobutyric acid methy! ester and

wer,e observed in pglar rotic solvents such as Et OAc bot h of

coordi nati ng substr

e.e. were consi st FF‘&TS%Aﬂeved on 0.5 to 15 g scal e PrctihbsAg0l vent. O her

Hydr ogenat i gRa@fieA With (R1-COD- (S, §)-Et DUPHOS) OTf Anpunt Cat al yst
pyrrolidinone in refluxing toluene in the pre.sence of a catalytic amount of POClg, see Scheme

11.
%2 MeOH, EtSO,H-cat, DCE, 48 % OMe
' >
. /\r(ko or CHzNg, 100% /\(‘(gO
:
N_ _O

POCI, - catalyst
Toluene, reflux, Dean-Stark
Y 60%

OMe

K

N O

Precursor A2
ZE=6:1
10 Scheme 11
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5001. OAc® 4120801 795965: 15001. 0ODCM2017100975000. 5DCI\/BOl699%§§9@1%15RCM40161
00975002. 5DCw01710097100001. OTol uene306593925001. 0Tol uene30169595 In this
table C. V. represents Conversion. 20 23530 35 A Preparation of precursor

Al @ (2)-2-42 ahydr.o- rrolyl)-2-butenoic acid (Precursor Al) A
1 1 flask fi tt&é%‘e“taﬁ"ﬁ 0%1% ?‘&u‘%F prid sw&m%ﬁwautae@@aﬁw%mﬁwamafa fxing
char gedlitgfathrometividy bawtthalizmink th 2. gme&%séqubh} cohdirisgten t&RBofgave?0 Vol )

and 2-g (i 2 , UI v).. The_reaction m xture was
sti rredyﬁﬁggﬂr%e P&%ﬁ thgzseIgFY?’gsmsé ‘?5 O%EFtnéPf&afs?rH%”Becé'ﬁl—I@PéP‘Rt
“trap B T8 VijopresursprAldSthanof). thahrbxhnea altow Centhe gireshrttior 6f otfier edtef 3. 6
vob) anéivalite@wePriQur6pode Sl oWy to anbient tenperature. OFf white solid
started to come out of solution at around 55C. The solid was filtered, the
cake was washed with toluene (2 x 1 vol) followed by dichloronethane i3 x 1
vol ) and dr]i::edn_@az;t he filter under vacuumfor 5 mn to afford crude
rraterl al Zgygg_h OfV %H The crude product was dissolved in acetone (450
, 16 vol) Ty P EHEB T80r 43 Bk Yearceliatsddm repetipe thet anamidhacid midweelst o

\?\;}ytSt dblgivedhewreid Cbzorlkﬂe(sjarfﬁz ‘?Lheilﬁ'nﬁ‘i) as%@u@a.linlﬁiﬁr@a f.H(’j ?ﬁ‘dﬁ}e’ﬁé@&sﬁ@& @Ihziﬂﬁf(ae%ﬂ)ae

e of Y. 0 overall vyie ing point (mp

168 5 A2 @%?%"hggfﬁﬁab e&ﬁ@f&?’h & FOReTshi ft) 2.13 (SH, doublet (d) and
mul tiplet), ﬂ@csm(:lglemammaepd:atde@s)\)ras BoBlddXrbmtthe réac@dh bidxt (e B¢ dig3bRing )y , 8

to 10¢ 1

VRV d%f*“‘ga PRL GG S BRIR vty Bl Waapdrunady PGt oo §lee

rati o $249:Wes objpined.| Vvreruplti matesigbwahunhet ngéapiash(cHrGnat@idhy followed by

Tol ueneéheisMach o Lrfo e 4 WO
/G~C§37p9‘§i e pHih L MR B ELAC %%Biéﬁgé‘%e has teelditiEbsredl

2-8PpliG &%@P&ﬁ%ﬁ&l%ﬂa&mbﬁﬁéumgzsaﬁmwabn pesk eraal sod isstlimedisur sor

A1 (1B8o0pemélizomol ) was dissolved in TF1IF (240 mi. 20 vol) at 0-5C. A

solution of diazonethane in ether (200 m, -78 nmmol, 1.1 equiv) was added

portionwise to the 5 reaction m xture, keeping the tenperature bel ow 5C.

The reaction m xture t d yellow colour with the |ast porti of the

reagent. This was _stirrjed for additional 30 m'n at Iowterrpe ature and then

al l owed to war pXFie Y gnai nj et € e aestroyed by

dropwi se addition ofvery dllugeNﬁi gc aC| |n ’I' unt|I he 363IIow

sol ution becane co Id Q ed in vacuo

Jog i xture was co
and the crude materi 10 vvas i 001 nm Hp~ to afford
pure product (9.4 3%, as @& ?ﬁﬁaﬁ g réf % % ch i es on cooling
bel ow 10 C. 1H NVMREPemseidt: g 2. ot HOVaflYEld (op 1y, 2Pnp3(uzprA§) 3. 54( 2H,
t), 3.76(3H, s}, 5.96(1H, q): signals for E-isoner, 6 1.75(3H, d) and
7.05(1H, c~. 13C ~R(MeOHd4): 5 14.4, 19.7, 32, 51, 52.6, 130.1, 134.4,
165.6, 177.4. 15 ZZE ratio 29:1 by |HNW . C Preparation of nethyl

2- oxobut anoat e. 2- Oxobut anoic acid @@em%g distilled under reduced
pressure using a Kugei ruhr apparatus (84C, 20 nmHg) to yield 14 g of

pugi fied er| i1l ed 2-oxobutanoic acid 20 (14 was di ssol ved |n
msltb hanol Emlt;n ocuases Q%mr‘ﬁasthBW drogenatiogfar E%Fﬁ%rﬁeg‘%%‘ﬁl@m %

5.7 vairgpamed tlIheltprtefsreaﬂﬁlg){mhm(bmlﬁ]d)’@psn?i_h@ielgﬁaﬁh mlchgm Dgaa@liifl thd bmvent of
react| r tir ux 8 hrs under

L o i o Bardbh oF Sibeitart "B cavets o crBrer el 74 s
and cM@@ﬁ@Ué@ﬂMvatﬁn'theTmrmtuﬂmms purified by distillation (b.p.

76C, 20 mm Hg) to give a pure product as a colourless oil (7.53 g. 48%
yield). 25 1H NMR (CDC13): 5 0.88(3H, t), 2.66(2H q), 3.63(3H s) ref.

BiZOcheni st r§xampled® 1971. D. Preparation of nethyl
(2) - 2- (2- oxpisbtsabydiRe AElhaa¥td %&5&%&3%@@9&5& A?i uéiRy a vk Bk
ar an r trap was

flask itted with a magnetlc stirring
c h~. r dium based catalys systems are summarised in the follow"lnd Table 1. These reactions

have been performed with between 0.005 mol % and 5 mol % of catalyst and 100 mg or 200 mg

of substrate at ambient temperature {room temperature : rt) for 24 hours. Reaction conditions
30  such as the Hqg pressure, the kind of solvents, the amount of precursor have been modified in

order to obtain the optimal conditions. All products have been isolated by evaporation of the




w th met hyl 2-oxobutanoate (7.5 g, 73 mmol), toluene (50121Augustd@(04and
2-pyrrol igi 0 (8.4 mM, 111 mmol, 1.5 equiv) foll owed by dropw se
addi ti on%ﬂg%ig (1.6 mM, 20 mml, 0.27 equiv). The react i‘%ﬁ[ﬁ'ﬁ"gfplﬂ“é was
stirred under reflex with azeotropic reypval of water via the Dean-Stalk
trap for 8 hours. After cooling down the solution was washed with 10% ag
KHSO4 gdtvent Srovothe. redbimoragiretans apd ansly yabwlidutrakher phiifcdine byah-thark |
extra’(\:/%%qtr\gé‘%o?rtol uene (1 x 6 vol). The conbi ned organi c phase was dried

over A tered and 35 concentrated in vacuo to afford crude materi al
(7.5 ~ as afhoHERGdHighoPdréoroihee Tigmid Chdenabfraphy) mediod|fbeth €. Xeter8dniorD. 1

nm Hg) ofaRd 1 9 . oyrless qil - Z E ratio
6.1 by T e ceeRqlidn | g‘)ggF EY sl et BAcie bt Bt e

Pr &par SHVeTied g eumg [prodycts intp thsip methd legttrousing tiazpmethare)inTHiusdnban.e

( Pr ecursdéstéderfyadis 1L k ' Lh&&S was
char ge ith Z-Al Zs g?ﬁlt?g%%nﬁ%%é h%a‘%)ggn%% g@&@%%{ﬁ%?%rt@né)ﬂ{e

t et r at RAIPETIGHAR of ¢ppriideesigr A% oF ety BRLE @ehedhye awedh eiShirateh@D( DVAP, 150
ng, 1. 28 x2%0Igmusiebnamd PhyRIRRA¢ [BBSEH) 5 Qluakfe 5 reaction mxture was
cool ed to 0 befaqre addi di gycl ohexyl carbodjimde (DCC, 2.46 g, 11.9

nol ), thenpﬂrég}egg%f%geé’ﬁg‘%e?ﬁogﬁgrﬁ&’ WP AdpiRe FEaFSYS %Vipﬁ‘?%g?%@egttﬁr red
Vi Jlgb 8 otiel fyll@ding obirsl HALE emethhftt(:lhﬁée&] ez?r.( 4% mio n?g,l wadeekane (HOSaI/P), DﬂBemg,
solid. iltered off.an iiltrate was congentrate
T vasho (s Fr aBhlat feBSat el Barie 1 Pt | SRR AR (40
m) waB-orashisenagi)t bnidialin| the soxsehmgevisDEied Gundn 1 0@ mPscal2®ithis) mot hef 10

sol vengaiwgst. dri ed by Na2S04 and concentrated in vacuo to afford 2 g of E-A2
et hyl estera(_’100%yi_el d). F. Preparation of precursor A3 : .

(Zj - 2- ( 2- ox dPefesaiypdndt ofenargipmesicdxress-(be! enepesiiiteto( dRpeessrtho PeABRtage B A
2018 i t revdrbailgs d-baskiNes SR natl Ik JeNB re and
was ch re%$% Wih AL (222 g. vl ?Ltﬂ{éﬁt?ggﬁﬂgg‘%ﬁﬁgh’é@ ﬁ?:a%?g‘_go litres,
30 vol gT HOPEGhction mixture was al l owed to cool bel ow 5C and PC15 (300 g,
1.44 nmol, 1.1 equiv) was added portionvi se keeping the reaction tenperature
bel ow 10' C. The reaction m xture was stirred at -5 to 0OC for one hour,
allowed to warmup to 15C to di ssol ve the remai ni ng PC15, and then cool ed
back 20 bel ow OC. A condenser filled with dry ice/acetone was fitted and
ammoni a gas (- 200 g) was bubbled slowy through the solution, keeping
tenperature bel ow 15C. The suspension was stirred for an additional 15 mn
and the excess anmoni a was renoved by bubbling nitrogen gas through for
several mnutes. Methanol (3.7 litre, 17 volj was added, the reaction

m xture was refluxed for 1.5 hrs, then cool ed~beoow 30C, filtered, and
washed with THF/ MeOH (2:1, 25 600 m, .-3 vol). The filtrate was evaporated
to give a yellow solid. This material was dissolved in nethanol (640 m,
.-3 vol) and ethyl acetate (440 m, 2 vol) and purified using dry-flash
chromat ography (SiO2, 11 wt. 3.4 Kg) with EtCAc/ MeOH (6:1) to afford crude
product (288 g). The crude product was recrystallised fromisopropanol (
1.9 litres, -8.5 volj to give white crystals (127 g). The solid was dried
in vacuum oven at anbient tenperature for 2 days to 30 yield A3 (118 g,
54% . 1HNVR (CDCl3+few drops MeOD): E 6.75 (IH,q) 3.5 (2H,t) 2.5 (2H 1)
2.15 (2H M 1.7 (3H,dj, traces'of inpurities. Elenental analysis (%M m: C
56.90 (57.13%theory); H 7.19 (7.19%theory); N 16.32 (16.66%theory). 35
A3 (108 g) was recrystallised again fromIPA (1 L, 9.3 vol) to afford a
final batch used in the hydrogenation studies (100 g, 93%. mp. 172.0C
174. 2C. 12 August 2004 WO 0Ol /6. 1637 23 PCT/ EP011019s6 El enental anal ysis
(% m: C5G95 (57.13%theory); H 7.10 (7.19%theory); N 16.38. (16.66%
theory). TLC: Si02) Toluene/ AcOH MeOH (4:1:0.5), Wand ani sai dehyde
stain.



5 G Preparation of Chiral Rhodium and Rut heni um Cat al ys12 Augns{2004 i on of
(RhQ L" CQR6*0dkhc360. 15 M sol utions) (Rh(1)COD2] ~Orf (35 ng. 0.075 nmpl) and
a chiral ligand (L, 0.083 mml, i.l equiv) were wei ghed quipcgérl@lpqlf‘?l%ﬂ‘sr and
charged to a flask. The flask was seal edqywith a rubber septum and purged

Wi th argon. Anhydrous, degassed solvent (5 m, 143 vol) was added via the
10 septum The reaction mxture was ddghksled (3 x vacuuni argon) and stirred
for 30 mn or until all solids had dissolved. H Preparation of

Rh( 1) (MeOH) 2] a-Bin A dry 200 nil Schl enk tube fitted with a magnetic
sti rrefM%bar vva(%lz'char ggggaﬁ#h 15 [ RhEPPnbd)IZRC104 o261 m§i2 0. 649/.nml e.and
(R) - Bi &8 (40%gry, 0.65 mmol) under an argon at nmospher gz Di chl gr omet hgne
(angydrous, degassed. 5 m, 20 voi) was added via a syringe and the

reacti gn m xture was degassed—{3—x—veacutt-argor—tet+rahydrofuran
(anhydfdus, di¥¥hssd8.S)E-DUPHAS vol pTiKs added Skpmlyy fof | ovethdy hexgne
(anhydpaus,  dagpssqf s , 80 vol The sul ting._suspensi on_was kept at
0-5 for 16 hrs.Et Tk’lg%sﬁgjl[vents vve%)gﬂ eca l(i)ed 2§t‘3ﬁder 1argon &hd ma@‘ﬁanol
(anhydfdus, dE¥hssdBRPIFAMP20 vol )BR&lS) added. Theadchl enk t ubm was guir ged
dt h hydeagen 4do X ey hysiEegen) \stigred a ient te rature for
1. ohriz( )he % ear red orange sol utléo ]V\B.Slé’[ol’ ans%’éaﬁgd th ano r SxH-Bnk

t ube (plrged “Htn (Qr%'&‘})mﬂ%éoﬁ syrPife. TRS cat Bt9Ht sal uti orowas sidted
under a2dan 2200- 5 (§spMe-BEPEICYH I echiy,yf or ;Rydro tion (Tet edr

1245, 4954) . g8 | .<Rigparation of B (R nag)&? H6)Y * G fA&Her 29
Schil enk” t'ube It ed> W %lt‘?ﬁ’é)r%ti cOr r eR-Mar charged wath 97.9

[ RuCl 26:26H0) ]hgo( 0. 38.sypMODeFHOD! ) end) (R) oB ?apEfﬂ@H815 eJ. I )1.1?Odmod I %ggj.gfjer
argon abn@spheye. 1356 rou nzene (20 , 60 vol) .and et hano
(130 m . 330 Vvol) ﬁ%@%gé%g%dand(%rﬁi soPtt i on'Bfas dedassedlQ®B x 94.0
vattiunfanlEbr$o00The (P& Me-DUFHOSS penBier wae.026at BoEp 5@ 55C fay 45 gi.p

gi vi ngaa (g) easodor ovg Skl This s, filtered rough a celite pad under
argon hgt% anot her SCS?ﬂ en IU?U OeS. Th% S Ivehto \Aep’%%éﬁapc?r ated ¥ vadid to
af f or d*EHE A% ystSE-Me-PalPHOS or aRFe-sol DOOSL. DROGI 869 whizsh wasost or ed

under aRg@n a3od-5 (§4.bePg. Chem , 4, 194). Pr.eparajion of

(RuCi (&:g naﬁO(CGHggi*é:?}gA dry 10%9&13 Scﬁ%nk Sﬁetgéfi tt ed \?\ﬂoﬁ ar gg‘%eti c
stin%grer b&f Was chdPSEEERM h [ RuC (RTEBi naPy CoHBIPAC! - 1(0. 451G 0. 535.2mol )
an<P degadEkd thydr®is-BEEeH| or onet hgfgy 13.sAugu 4 WO y G5 24
PCT/ EPgL/919-f3 20 g }_é[%}{@l) under 8 yon gmsﬁlé‘rggg A T nGSJGg

sol ution was egassgedQ acuunt aPgon) ar® traféPaered via W&yri MfeSto
anot hef2'9ER| €40 t uBB.R-IPAMEA ng a depassedoguspersbon ofs AgBFdH O 15gs
0.77 mmol, 1.5 equiv) in dichloronmethane ( 10 m, 22 vol). The m xture was
stirred vigorously for 0.5 h.and then filtered through a celite pad 5 under
argon at mos ph&kis talleSt. Ma. represerts Staing midtet g Al réfiébents Anghune ¢de

cat®l ysdprasends 068650 1 9 Lchwas_store der, on at 0 -
5 C (J.0rg Chem. 36’%91', L%ggﬁég?{gsﬁrggcp@é‘ﬁﬁ]‘i‘%n% RT3 q‘éﬁ"(*R@%ﬁ?ap] A
dry 20FPHESeEEhEmEcsse (atm)t asdl GiVi epreseds Epircersionr r er bar was charged with
10 [Rudl 2(C6H6)]2 (0.805 g, 1.60 nmol) and (R)-Binap (1.89 g, 3.03 mol,

0. 95 equi v) .unde n argon atnosphere. Anhydrous) degassed

di met hyl f or = 36“55%,”%‘3 vpiesenationdd edecamebrt&® sol uti on was degassed
(3 x vacuumUsimgothle. safitea prR8&dH winf@:eéhkﬁlés;v@lﬁuga%t%} Eﬂl;rr{;:aﬁidrﬁ%tﬁgfrﬁhaemnﬂ‘ nto

gi a ol ution ich was then cool e 0 anbi ent nperature. A

d eé'g/(gs s ‘é%gfé)éfﬁa&%ﬁ”e%f‘ $§{¥&f‘\é\$ﬂ S5 Scheme (15 andglabls? forepresen@tive tasiitsi n

met hanol (50 ml, 60 vol) was 15 charged to the reaction vessel and stirred
for 5 mn. Degassed water (50 ml, 60 vol) and toluene (25 nl, 30 vol) were
added and the reaction m xture cvas stirred vigorously for 5 min. The
toluene | ayer was transferred via a syringe to another dry Schl enk tube
(purged with argon) and the aqueous phase was extracted with toluene (2-x
25 m). The conbi ned toluene solutions were washed with water (4 x 10 nm),
t he solvent was concentrated in vacuo at 45C 20 and dried for 12 hrs under
vacuum (0.1 mm Hg). The yell ow brown solid was dissolved in toluene (25 m)
Wi thout stirring and hexane (75 m) was added slowy to forma second | ayer
on top. The two phase m xture was left to stand at anbient tenperature for
7 hrs and then at 0 -5 C for 3 days. The catal yst crystallised out. The
solvents were renoved via a syringe under an argon-atnosphere, the solid
was washed wi th hexane (20 m ) and dried under vacuumfor 25 2 hrs to give
the catal yst as an yell ow brown solid (1.76, 70% which was stored under
argon at 0 - 5C (J.Org. Chem, 40S3, 1992). Asynmmetric hydrogenation of
precursors A, A2, A3. The asymetric hydrogenation follows the sanme
protocol for each precursor. Therefore. 30 only the asymetric
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A dry 1d0 ml Schlenk tube fitted with a magnetic stir-er12August 2004r ged
with the rate (500 ng , 3 mol) and purged with argon_gas. Degassed
sol vent m“/gp’z%‘égé via a 35 syringe followed by addition of PgT@ft‘]HP ¢
solution (0.5 to 2.5 not% . The reaction m xture was degassed (3 x
vacuunt argon). and then purged with hydr oggﬂ%(S X vacuum hydr ogen) using
hydr ogen bal | oon. The [reaction was stirre or 16-65 hrs at anbient
tenperature. The hydrggen at nbsphere was exchanged with, nitrogen and the
sol vent was evaporated in vacuo to 12 August 2004 WO & | Ga&37 25
PCTJEPO1l 0195G afford ja crude product, which was anal ysed by NWVR

spect r oscopi cgangl ysi
at a pressurevofs 4 at
(Al drich Chem cal

Technol ogi es 3
teflon coatedgnagynet i

catal yst sol ugion (0.257

purged wi th h¥drogen
rel easi ng thegprgssur
~the desired Igv%

tenperature f@r 46

crude product, which
HPL.C anal ysi s5 Pyrisfic
(S)-a-et hyl - 250x®- & py
obt ai ned by agyresric
di ssolved in water (2(Q
m, 3 x 2VO|€ ghe or
m, 2 vol) ant tthewaq
(4.83 g, 80%. This so
and heated togreflux f
sl ocvly ®0 0CZat a rat
with acegone £1.6 ni.

81% >99%8%e.e.) 54 ¢
(S)-a-ethyl -2-o0xo0-1-py
obt ai ned by agsymretric
was recrystal Bised frd
crystalline s@lid (3.9
g) was recrystallised
(2.31 g, 77% >99. 8%.
26 CLAIMB. 1. A onpod
accept abl e saft2there
or  CN; R is hydrogen
hal ogen, hydrgxy, amn
di fferent andaeach i's

metal

Catalyst

A3
mg

Amount

and |t he
- 65 |hrs.
exchanged wi t% nitrogdn and the sol vent was @&vaporated &

and chiral HPRC o anal ysis. 'I—|ydr‘«‘§)genati on occurred
SN B mangpuBaty ofis ete teagyied ut in an At nosBa-

Co.)| undér an 5 argon at nospheré&. The substrate
(500- 10000 nmyg) was pllaced in stainless steel
td. France

hi gh preé%ure vessel
fitted Wwth a teflon beaker @or glass dish) and a
iBrer Bar® Bg8s&dSs@ vent agg a catalyst or a
072.5 ®0I'P) "Was atded.~ The vessel was seal ed and
y pressurising the vessel to 4.5-&6.5 atm and then
(5 tines). Finally, the pressureg was 10 adjusted to
eaction_ m xture wgs stirred gt anbient
Upon ’-co*FrpI'-et Fork the hy & ogertat nosphere was
n vacuo to afford a
s anal ysed by NMR spectroscopi c @anal ysis and chiral
ation of final material : Purifidation of
r &l £di nedpcRt @rige 959( kevetiraddtam) . Levetiracetam
hydr ogenati on as descri bed aboveZ(5 g. 98%e.e.) was
m, 4 vol) and extracted with et'hyl acetate (3 x 10
gani ¢ phase was then back extract@d with water (10
edusYphas# evaporwt ed +o <af kord & pale yellow solid
lid (4 gl was dissolved in acet ofi¢ 20 (24 M, 6 vol)
or one hour. The solution was allwed to cool down
eHfR5- 108 Y. FThg ySt@sQwereFiltered, washed
0.4 voi) and dried to give a whit% solid (3.23 g,
pm R) Purification of =
rrol £i ne acetam de (Levetiracet&n: Levetiracetam
hydkzogenat i on as.described aboveS8 (5 g, 98%e.e.) 25
mcacet ane s .06 @oE} sgaboveato yield a white
4) 28 14H 99, &-uRe 2. @ gpm R . This materi al
again as above to afford a white €rystalline solid
e., 23 ppmRh). mp. 118.4-119.9'€. 12 August 2004
nth havi nguwa general 4 opmyha{A), and pharmaceutically
ofi €A) 5Sanher @ noiX + s GONRBR6 08 - COORS or - CO- R$
or al kyl, aryl, heterocycroallcyIE, het er oaryl ,
oz nitro, seyane; 0 -R2_and R4 aregthe same or

i @lefendeft |y BydFogensorhad oge
Gegnie ] B EoEEEne ok

(Vi nci

(3

e
o
O
@)
s B Lo
EE EEEEBEEREE %
g
0w &
cg -
2. EE B
. ) = 8
g9 gEaxzhkAA :
=& S AQRAddAERE 3
T8 BREREBREQG G 0O
EE 2ecdduay 2
—
o O o O Q9 9O O o © O
28 88888%8¢88R 5
« 5
e



hydroxy, amno, nitro, cyano, acyl, acyloxy, sulfonyl, suRfAmyust2004

al kyl am RQg o§a4QR9xy, ester, ether, am do, sulfonic acid, sulfonam de,

al kyl sul fonyl, arylsul fonyl, al koxycarbonyl, alkylsulfnyl, PGYERG0A936y|
al kyl'thio, arylthio, alkyl, alkoxy, oxygster, oxyam do, aryl, arylam no,

aryl oxy, het erocycl oal kyl , heteroaryl, vinyl; 15 R3 is hydrogen hal ogen,

hydroxy, anff@bove, thorhaiyamaatapsth ha%lyéewpfepé'éhf:ﬁ Bjtls, or%ﬂd:lrcf:ﬁaébd aﬁh lagke@m no,

b | f f |,
aryl Zﬁr’%ﬂém | SrnefbIfeadtl. e SO lgsts 577 citrr s recomtiRb to ron
aryl t hi'§* %FW‘PCB%!M%&@JOSEWMB hxyeahaeda;onanyﬂed ol L adrimoto 1esrgld;@xe/wuth
het er obm*eaablqoll mbﬁ%%&ﬁ% M:lol oA gf?ca lﬁ%@%ﬂde&&%&uﬁsé{; %%%Xa%anélg%e%l by 1H,

yl§%WI 20 R5, RO, he“sane

pen OSEERY, 2K iy 61%%]&3 Pb?ﬂ@enalmyl het er ocycl oal kyl :
heteroaryl aI koxy, aryloxy; and R8 is hydrogen, hydr oxy, thiol, hal ogen,
al kyl , aryl het erocycrl,nqal kyl , heteoaryl, alkylthio, arylt h| ., each

al kenyl , aIkynyI azid onay i ndependent|y be optionally substlr%ted by one
or 25 mare hal g thlocyano azi do, al kylthio, cl opyl, acyl,
phenyl; with the pr VISO hat the conmpound is not nethyl 0

2- (4R S—I sopropyl di r Ia e, yl
R, S-i sopropyl - opyr oI | &{lﬁbh‘ I%J(g%'léq% %‘y(mgﬁétrH?/]lg
2- ( 2- oxo- pyrrol i d | )-acryl ate 30 2. The corrpouna’of formula (A
according to cl &Pr@;tgrsQMgrel n R3 | @ 1-C5)al kyl, (C2 CS)al ngll,
(C2-C5)al kynyl, 10ocd sgor@pyl , azi do, phenyl phenyl sul f oh§yetiracetam
phenylsulfonyloxy, tetrazole, t hi azol e, thienyl furryl, pyrrole or

pyri di ne; each al kyl, al kenyl, al ky&¢chermeytB8opr opyl : azi do may optionally
be substitutg tec%n}e r marec;%fl gen, cyano, thiocyanoo, azido, alkylthio,
cycl opropyl , “acyT, pﬁ‘g Jer pro ugust 2004 27 any phenyl nmoiety may be
substituted by one or nore hal ogen, alkyl, hal oal kyl, al koxy, nitro, am no,

. 3. [ t hyl d R4
R ik —Trﬁg%%ﬁﬁ Wptlmhp 'heffif%ﬁwmé\%rﬁceaar R T
or - COOEt or Tegragulis, }‘:@wgmm’a@n&ﬂ' AG| it RB- NMBHeBrtaEﬁyét&rélyﬂdiv&gﬁm‘aﬂﬂé apy!|
or di fTheee¥idbivhs h@ve Bos ﬁ%‘?&%&é@%‘%ﬁe @gﬁ?ﬁo o eaarré;;i:%n]ip eh a%%ﬁgoun& Bofen

N(3R&-chloro-4

i somer_or_an F i soner.. rocess NG a

gener aP"SFHHT ﬁa(t%"sﬁﬁerﬁﬁy of cI aims 1 to 5, \/\herel n this process conpri ses

t he reactiobsmlﬁ@nﬁﬂﬁe%ﬁiﬁﬁéﬂh&ﬁﬁ' $¥§tta.'ly§§d?1§r %Qﬁ;{t?d rmula (C)
to™t frl owng is

\émoltSh a-%XylELngmacry 1C amc[ d gya%rv%fls s..l]:u?ur..r glejxlye}it E solggrﬁ:oeffect owever, it remains
impossible to predict a priori what the effect of the solvent would be on the enantioselectivity
- and the rate of the reaction for a given substrate. It has been observed that the hydro.genation
of A3 is highly solvent dependant. The non-coordinating, aprotic solvent DCM was found
superior. Hydrogenations in protic alcoholic solvents resulted in slower reactions and reduced
selectivity. Similarly, reduced conversions were observed in polar aprotic solvents such as
EtOAc and THF, both of which may be expected to coordinate to the metal and inhibit
catalysis. The inhibition by coordinating solvents probably suggests that A3 is a poorly
coordinating substrate, especially in comparison to other a-acylaminoacrylic acid derivatives.
Nevertheless, excellent results have been obtained in DCM. As can be seen,
enanhoselec‘awties of 97 to 98% e.e. were consistently achieved on 0.5 to 15 g scale in this
solvent. Other promising results were obtained in EtQAc-DCM solvent mixture and in toluene.



schene (1). RBRRA OR+z XRNO(C H (D Schere (1) RR2 BRugwst2004R~, X
(A 7. ol for preparing the conpound having a general formula (A,
where X I's - S, of any of clains 1 to 5 wherein this pPSE’e‘é’Q”&%?ﬁﬁri ses
~the reaction of an a-ketocarboxylic acighderivative of general fornula (C-
with a pyrrolidinone of general fornmula (D) according to the follow ng
schene (2). O R-TaR3 :GifdzoyerfaBioRAf ASawith [RHACHD( (3),S)R8t BUPRDISIOTf N O R1ICOOR
Schenme (2) 2s 8. A process for preparing the conpound having a general
formula (A), where X is -CONH2 or -CONRSR6 , of any of clainms 1 to 5,

wher ei fiTt pFatadst congrltends t he eoverdr sikgactibnan aci@V, where tiis acid
i s a conpsund ofndlwrnul a (A) where ¥gi,ieCO02Hg i th the ggid chlorigle 12
August 2004 28 with subsequent anmonolysis or reaction with a primary or
secondarY®ani ne of the general fornula HNRSHBOWEStording to the fol | owi ng
schemes_ 3 qor 4, RBRARRBRaPOSz~Rz -r~R-~~TH- NHB NONOR~, R

"0 CONHZ (A), Sch 3) SRS RARR.R “PB RI=THF R =—=OR- /N
o) HNRE%JB% (A (‘@OON Céi’é&%@(% A Lheme (3Y 9. Use & a conpofid of

~general formula (A) of Bany of clains 1 to 5 as synthesis internediate.

500 1.0 DCM 20 17 100 87
10 500 0.5 DCM 30 16 99 98
500 0.5 DCM 40 16 100 97
500 2.5 DCM 40 - 17 100 97
10000 1.0 Toluene 30 65 93 22
500 1.0 Toluene 30 16 95 95
15
In this table C.V. represents Conversion.
A Preparation of precursor Al : (2)-2-(2-oxotetrahydro-1H-1-pyrrolyl)-2-butenoic acid
{Precursor Al)
20 A1 lflask fitted with a magnetic stirring bar and a Dean-Stark trap was charged with

2-oxobutanoic acid (25 g, 245 mmol), toluene (500 ml, 20 vol) and 2-pyrrolidinone {37.2 mi,
490 mmol, 2 equiv). The reaction mixture was stirred under reflux with azeotropic removal of
water via the Dean-Stark trap for 5.5 hours. The solution was then concentrated to ca. 90 ml
(3.6 vol) and allowed to cool slowly to ambient temperature. Off-white solid started to come out

25  of solution at around 55°C. The solid was filtered, the cake was washed with toluene (2 x 1 vol)
followed by dichloromethane {3 x 1 vol) and dried on the filter under vacuum for 5 min to afford
crude material (28 g, 70% yield). The crude product was dissolved in acetone (450 mi, 16 vol}.
at reflux, cooled slowly to ambient temperature and allowed to crystallise over 12 hrs at -15 to
-20°C. Pure product was obtained as a white crystalline solid (21 g, 519 overall yield).

30 Melting point (m.p.}). 165.5 - 166 °C,

1H NMR (CDClg): & (chemical shift) 2.13 (5H, doublet (d) and multiplet), 2.51(2H, triplet
(). 3.61(2H. 11. 6.27(1H, quadruplet (g)), 8 to 10(1H, broad); signals for E-isomer, § 1.85(3H, 1)..
7.18(1H, q). -
13C NMR(MeOH-d4): 6 14.7, 19.6, 32.1, 51.4, 130.8, 137.7, 166.6, 177.9.
35 Z:E ratio 149:1, by 1H NMR.

Thin Layer Chromatography (TLC): S10g, Toluene/AcOH/MeOH (4:1:0.5), UV and
anisaldehyde stain.



10 10. Use according to claim9, wherein a conpound of gdReAwgus$i2004 a (B)
(B) V\/ner ﬁ g& 52 R3, R4 and X are as noted in claiml, is prepared via
catal ytic hy 6381 nation. is 11. Process for preparing a coRﬁE(ﬁi’@”@W"@eneral
formula (B) as illustrated and defined 4n claim 10 which conprises a
reaction of a correspondi ng conpound of general fornula (A) as clained in

cl ai m B. accBregaragionmf phecuirodd A MEHEE (BIR(( Slotetrahylto AUOHS Tro0H% Bl tdRpala
Rz NOR " ﬁ(‘{b% %em& (6) (B) 12 Process according to claim 11, which
al'ytic

conprises cat ydrogenation. 13. Process according to claim 11,
wher ei n theP@@nwmd (b2 gf G munal) @wé)a dissoRed (e THP q24®ml SYOVE] £1 ©5°C. A

? é;ill’ gget hydfr?af dgi%d}%tﬁaﬁ%f 9%‘ t 14' A’., erlggq%sw \L:?sr a&)c{eg %%cr)]rgmse to the
( RP- a- Ry DiBRE-. i»epfying@hq: éhmle%:emraﬂml@w §°Onreaieactidn miwtprd Sesedysijoect i ng

a conpeine with ties ?cl:reion' & ﬂﬁé‘?eafg&él ’ﬂ'{xs Fas PEQ{I‘? r a°da;§<§h£ 3'05:8;[93'}3]{1: 1@

asy %I’I C dro en on using a cata according to ol | owi ng
schene'® TCIpEEdde WagrL. an#ma;smgaraq_ea@ﬁdmpmt}Weovere

dext r odestalyed yy aﬂ@wls@ar@dmeﬁ of QLR Qe 9&&%‘8&%&1&1@{1% éhe(ﬁho@%gmuon
phar na.geut | ca& N acc%gt abl e salts thereof
ecame colourless e reaction mixture was concentrated in Vacuo a.nd ﬂle crude material
10  was distilled (93 - 94°C, 0.01 mm Hg) {o afford pure product (9.44 g. 73%) as a colourless oil,
which solidifies on cooling below 10 °C.
11 NMR (CDClg): 6 2.0(3H, d), 2.1{2H, m), 2.43(2H, t), 3.54(2H, t), 3.76{3H, s}, 5.96(1H,
q); signals for E-isomer, & 1.75(3H, d) and 7.05(1H, g).
13C NMR(MeOH-d4): 6 14.4, 19.7, 32, 51, 52.6, 130.1, 134.4, 165.6, 177.4.
15  Z:E ratio 29:1 by 1H NMR.

C. Preparation of methyl 2-oxcbutanoate.
2-Oxobutanoic acid (15 g) was distilled under reduced pressure using a Kugelruhr

apparatus (84°C, 20 mm Hg) to yield 14 g of purified material. Distilled 2-oxobutanoic acid

20 (14 g) was dissolved in methanol (anhydrous, 20 ml, 1.4 vol) and dichloroethane {anhydrous,
80 ml, 5.7 vol) in the presence of a few drops of ethanesulfonic acid. The reaction mixture was
stirred at reflux for 18 hrs under an inert atmosphere, ‘Then it was allowed to cool down, dried
over MgSQ0y, filtered and concentrated in vacuo. The crude was purified by distillation
(b.p. 76°C, 20 mm Hg) to givé a pure product as a colourless oil (7.53 g, 48% yield).

25 1H NMR (CDClg): 6 0.88(3H, 1), 2.66(2H, g, 3.63(3H, s) ref. Biochemistry, 2670, 1971.

D. Preparation of methyl (Z)-2-{2-oxotetrahydro-1H-1-pyrrolyl)-2-butenoate (Precursor A2)
A 100 m! flask fitted with a magnetic stirring bar and a Dean-Stark trap was chhrged
with methyl 2-oxobutanoate (7.5 g 73 mmol}, toluene (50 ml, 7 vol) and 2-pyrrolidinone
30 (8.4 ml 111 mmol, 1.5 equiv) followed by dropwise addition of POCl3 (1.6 ml, 20 mmol,
0.27 equiv]. The reaction mixture was stirred under reflux with azeotropic removal of water via
the Dean-Stgj;}g trap for 8 hours. After cooling down the solution was washed with 109 agq
KHSOy4 (2 x 3 vol). The aqueous phase was saturated with NaCl and back extracted with
toluene (1 x 6 vol). The combined organic phase was dried over MgSOy, filtered and
35  concentrated in vacuo to afford crude material (7.5 g) as an orange mobile oil. The crude oil
was distilled (92 - 94 °C, 0.1 mm Hg) and gave pure product (4.7 g, 60%) as a colourless ofl.
Z:E ratio 6:1 by 1y NMR.



NOR X (B) zo wherein Riis nmethyl and X is -COOH, - COCNEAmgust2004d.
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atmosphere. Dichloromethane (anhydrous, degassed, 5 ml, 20 vol) was added via a syringe
and the reaction mixture was degassed (3 x vacuum/argon). Tetrahydrofuran (anhydrous,
degassed, 10 m, 40 vol) was added slowly followed by hexane (anhydrous, degassed, 20 ml,
80 vol). The resulting suspension was kept at 0 - 5 °C for 16 hrs. The solvents were decanted

20 under argon and methanol (anhydrous, degassed, 5 ml, 20 vol) was added. The Schlenk tube
: was purged with hydrogen (5 x vacuum/hydrogen) and stirred at ambient temperature for
1.5 hrs. The clear red orange solution was transferred to another Schlenk tube (purged with
argon) via a syringé. The catalyst solution was stored under argon at 0-5 °C and used directly
for hydrogenation (Tetrahedron, 1245, 1984),
25
1. Preparation of [RuCl(R)-Binap){CgHg)]*Cl
A dry 200 ml Schlenk tube fitted with a magnetic stirrer bar was charged with
[RuCly(CgHgllz (0.33 g, 0.66 mmol) and (R)-Binap (0.815 g, 1.3 mmol) under argon
atmosphere. Degassed anhydrous benzene (20 ml, 60 vol) and ethanol (130 ml, 330 vol) were
30  added and the solution was degassed (3 x vacuum/ argon). The red brown suspension was
heated to 50-55°C for 45 min giving a clear brown solution. - This was filtered through a celite
pad under argon into another Schlenk tube. The solvents were evaporated in vacuo to afford
the catalyst as a yellow orange solid {1.08 g, 86%) which was stored under argon at 0-5 °C
(J.Org.Chem., 3064, 1994).
35
J. Preparation of [RuCi(R)-Binap)(CgHg)|*BF 4
A dry 100 ml Schlenk tube fitted with a magnetic stirrer bar was charged with
IRuCl(R) -Binap)(CgHg)]*Cl- (0.45 g, 0.52 mmol) and degassed anhydrous dichloromethane
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1077 1Y% 9H)Sa§1]d tég aqueous phase was extracted with toluene (2 x 25 ml). The combined toluene
sotutions were washed with water (4 x 10 ml}, the solvent was concentrated in vacuo at 45°C

H*

20  and dried for 12 hrs under vacuum (0.1 mm Hg). The yellow brown solid was dissolved in
toluene (25 mi) without stirring and hexane (75 ml) was added slowly to form a second layer on
top. The two phase mixture was left to stand at ambient temperature for 7 hrs and then at 0
-5 °Cfor 3 days. The catalyst crystallised out. The solvents were removed via a syringe under
an argon atmosphere, the solid was washed with hexane (20 ml) and dried under vacuum for
25

2 brs to give the catalyst as an yellow brown solid (1.76, 70%) which was stored under argon at
0 - 5°C {J.0rg. Chem., 4053, 1992).

L. Asymmetric hydrogenation of precursors Al, A2, A3.
The asymmetric hydrogenation follows the same protocol for each precursor. Therefore,
30  only the asymmetric hydrogenation of A3 has been described below.
Asymrmetric hydrogenation of precursors A3.
Hydrogenatiqn_lat atmospheric pressure of Ho
A dry 100 m! Schlenk tube fitted with a magnetic stirrer bar was charged with the
substrate (500 mg , 3 mmol) and purged with argon gas. Degassed solvent was added via a
syringe followed by addition of a catalyst solution (0.5 to 2.5 mol%). The reaction mixture was
degassed (3 x vacuum/argon) and then purged with hydrogen (5 x vacuum/hydrogen) using
hydrogen balloon. The reaction was stirred for 16-65 hrs at ambient temperature. The

hydrogen atmosphere was exchanged with nitrogen and the solvent was evaporated in vacuo to

35
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solvent was evaporated in vacuo to afford a crude product, which was analysed by NMR
spectroscopic analysis and chiral HPLC analysis.
Purification of final material : Purification of (8)-c-ethyl-2-0xo-1-pyrrolidine acetamide
19 {Levetiracetam).

Levetiracetam obtained by asymmetric hydrogénation as described above (5 g, 88% e.e.)
was dissolved in water (20 m), 4 vol} and extracted with ethyl acetate (3 x 10 ml, 3 x2 vol). The
organic phase was then back extracted with water (10 ml, 2 vol) and the aqueous phase
evaporated to afford a pale yellow solid (4.83 g, 80%)}. This solid (4 g} was dissolved in acetone

20 (24 ml, 6 vol} and heated to refiux for one hour. The solution was allowed to cool down slowly
to 0°C at a rate of 5-10°C/hr. The crystals were filtered, washed with acetone (1.6 ml, 0.4 vol)
and dried to give a white solid (3.23 g, 81%, >99.8% e.e., 54 ppm Rh)

Purification of (S)-a-ethyl-2-0x0-1-pyrrolidine acetamnide (Levetiracetam):

Levetiracetam obtained by asymmetric hydrogenation as described above (5 g 8% e.e))

25  was recrystallised from acetone {30 ml, 6 vol) as above to yield a white crystalline solid (3.94 g,
81%, >99.8% e.e., 52 ppm Rh). This material (3 g) was recrystallised again as above to afford a
white crystalline solid {2.31 g, 77%, >99.8%se.e., 23 ppm Rh).

m.p. 118.4-119.9°C.
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8. A process for preparing the compound having a general formula (A), where X is -CONHj, or
—CONRORO | of any of claims 1 to 5, wherein this process comprises the conversion of an

25 acid , where this acid is a compound of formula (A} where X is COgH, with the acid chloride
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wherein Rl, R2, R3, R? and X are as noted in claim 1, is prepared via catalytic
hydrogenation.
15
11. Process for preparing a compound of general formula (B) as illustrated and defined in
claim 10 which comprises a reaction of a corresponding compound of general formula

(A) as claimed in claim 1 according to the following scheme {6).
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Scheme (6)

12, Process according to claim 11, which comprises catalytic hydrogenation.

5 13. Process according to claim 11, wherein the compound of formula (A) is subjected to

asymmetric hydrogenation using a chiral catalyst.

14.A process for preparing (S)-u-ethyl-2-oxo- 1-pyrrolidine acetamide or
(R)-a-ethyl-2-oxo-1-pyrrolidineacetamide , wherein it comprises subjecting a compound of
10 formula A’ in the form of a Z isomer or an E isomer to asymmetric hydrogenation using a chiral

catalyst according to the following scheme.

= \/1\ _NH
CONH, CONH, \/W 2
O
Al
15
15. Laevorotatory or dextrorotatory enantiomer of compound of general formula (B) and
pharmaceutically acceptable salts thereof
LN (B)
N O
X
20

wherein Rlis methyl and X is -COOH, -COOMe or —-COOEL.



