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ol natn ti b ot b ohar e st R 58 SR T oSO e r e o1 g

i uti ive | | S. “limti
egggr)rpl g’tsal“g?caé\%}léﬂ' 88 @?f?‘gﬁéﬁa@% Of FP&SE?%%JEWW OR aHaf%ngr%lpﬁ ega fembipapon pf the
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Cnhi bi o Oﬁe@'d%aé%iﬁﬁ’ay{ﬁ%i?’ﬁ r2e‘§2f§%%?€°3ﬂ°rﬁ§9%%2§’a IR RBBHERY. | i bt
a pot ePfnZRfirARylebenzexepinyl.isoaxenpiyliwdazalyk thiamthravotytenzéthtazbivl,icon medi at ed
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N- Fnoc- 2 UtGyrl c anmide resin (0.087mpl) is contai ned REWRTHA%% i t t ed
pol ypr opyl ene syringe. Renoval of the F:Spc group is achieved using 20%
piperidine in 17M~. 5 To the amno resin’ is added the al dehyde (0.5 mmol)
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tri acel’S%y BRABH @S yeYg 9‘28&@56 P21 AYHARAXENE TRB, & evedoricotane singgh cxglepemene an
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1991, % -#kylimwpyler ‘kEIPhGIﬁethanlaﬂEs-CQl‘HHuratl vel y, Iactones can al so be

Obt ai ned by I(rb%rm k&dtahgmwrcéh@%ﬂ%te esters.
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di B Opﬂég%taehla@eanﬂow dzmamywz %dtbu:ompcthahddl -dimmeh yiy3,2,8ttiehlonast iy
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st er eoiagirer s of (2S5)-2-(4-allyl-2- oxo pyrrol | d| nyI ) but anam de 228 25 and
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‘40 EXAMPLE 3. Synthesis of 4-substituted 2-oxo-pyrrolidit2August@0des by
al kyl ati 0@\/(?51 8 2-o0xo-pyrrolidine with ethyl 2-brono-butanoate. 3.7.
Synt hesi s 0 Wi thst i uued 2- oxo- pyrrolidines 3.1.1.a.1. PrepaF&PPEMGE
et hyl 3-(3-chl orophenyl)-2-propenoate 375: ci ci ~~ \ [/ \ /[ t /] ~O. |~
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Raggy Ni ckel . in 700 m of,ethanol is added and the m xture hydrogenated on
a Parr hydr dyehdreieraily.R s hroralkoy! qpoiopeily stbspitused by en¢ STRONGUBSEXETERM C
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gr epar gt»’hdmh ﬁfrmp@ﬁgt)hl thrzﬁfane ay mi_ert%? o ﬁkﬁnﬁﬁbﬁ@%yﬁiw eth op:@odédxyldzlblstiatﬂ_ﬁdo
~ ] a itted w r ux condenser netic
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2054 § 8 Bigke PSR BN GOy OBt S e R ey RS
the re&Pgubalegen &id6dlky, Glihaleadkylatrazidtashed with water, the aqueous
phase reextracted with ethyl acetate. The conbi ned organi c phases are dried
over magnesium sul fate, filtered and concentrated to dryness. The residue

is purified by PrepLC (1 kg Si Oz, pet. ether/EtOAc, 70:30) to give 56.7 g
of pure 380, 69 10 % ~H NMR (250 MHz) (CD3)zSO) : 0.80-1.00 (m 3H),
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~/['"~ O1l. NHNH N ~NH, ' ~O 11 391 HC(CEl)3, TsOH- ~N-12 Augusti2004 ' ~O
50 Step 18, ‘{\I’Eﬁgction with Hydrazine In a three necked flask, under argon, a
sol ution 8P ster 11 (3 g, 0.013 nol.) and hydrazine | OPGTEPAYS199D. 7
m) is stirred in EEOH (3 m) for 24 h. The yellow solution is then
concentrated to afford the crude hydrazi’de 391 which crystallise upon

st andi n 2. 994, . : M ). Step. 2. : Synthesis of the

oxadi azgl (e fg'ztlhgr %’ZQF@%%%EEE&C! %Ba&rgeflpﬁi)‘f&&l'ér%g@ﬂ,a“ﬁ%s?oﬁ helogtkepyl-t he crude
hygr azi dle 3@referabl sRpand RO, ar8 iglepbrdinBy Hydrdgen} mtﬂyjlf,llegwn fﬁfp‘?% ﬁp@o% )
an - ] | 1S. ted at or . e
reaclto i tgg %ﬁwﬁfgk?’gwé'g%?’gafg{%%ﬁé‘%géﬁ%&#@@ﬂ?@%@&ﬂ{éﬂ?‘%&-ed under vacuo to
afford the &SBerdalbxadeasr eneandhimont prefepably bothdofR> ahd Bfetre §ydmpigyn.on

il 6cagel ( Grifet =10~ / f. .

(o) 50T, (T aeniely R (RCkydroBers Mokt b, byl iSbtonyt Bubldsh orisrebYb. 312

(2S) - 2445 h_:IL 3h41'%§( di azol - 0 ol'i anam de

g) 20 AL %EHUBFhYIeE, mefhaxneshaxyophanys, bengyber the ke debstiated byt least one

Al t er nhtlioged gpmilsuth4s ekdebrazetif] dMdphéngs can be obtained from hydrazine
391. For ex

2[ 2- ox0- 4- ( ?@%ﬁf’%@? ishydrggen, methyl o ey esperigllyyskeaamny | | but anani de 51 is
obt ai ned by PrefarsblynR® 26h yurdgeay, imeehy3 9dthwi, bropsBasanepHObuiyh, & mer-‘éu%x, "
s

S hesissy. he- Ldi.n-2- 392, ... 12 A t 2004
d ﬁ%%g?&h&’%wﬁm&%@ﬁéﬂ%&%ﬂ‘%ﬁ“&’&sﬂ&%@dﬂwﬁ%@ P Balgery e Suchgs o
5. 5. 1. rgiupomethybehiasekangylbf t he carbamate 393 PCT/EPO /01992 5 In a three

necked f| askreferag R&;gpjn_a,- S HEdop of the enantionerically pure
o roﬁ - 5- oxto-93- pyrrolidinecarboxylic acid 48 (19.06

1-[2S-1(am ?’OC r.bonyl ) propy )
g, 0.089 nol-%" ‘%‘ﬁ%‘éﬁﬁ%ﬁ@%ﬂ?&?ﬁmaﬁHéfm.ﬂyn@ouﬂdmmn:psmmﬂm3N
(13.5 pieferradt. MeCN (225 m) is heated at 55 C with formati on of N2. The

tepperat ur e, iL_at 55_.C for 0,5 at 7 for 2h and cool,.ed down to
rog% t enper aﬁﬁarrécf?\ﬂére%r?w DQFEIHHB?HC{SQ?HZ}S“W[?(}i(goﬁ't!’&’éﬂdfahﬁ) EPBPEEASIRPSN i s

ref | ux®4ere.for 4 h, cool ed down to roomtenperature and concentrated in
vacuo. The cAygeoxcygglpanate is purified by chromatography on silicagel _
(AcCet | I\/e%{ I Nllrg]—|6: 95/04101 (v/v)) to afford the two di asteroisonetic
car banat es la"(cé?l‘éﬂ B® 00-GORRAA0-GO3REIr @Ny, 4299 . For 393 : 'H NMR (250
MHz, CDC13) R iOh98rogkn oBhtkyl, hryd0-Hal SRl AYdrek; ainaonitfS L, 2.75 (dd,
g 2 T S SR ZL O s
5H) . 5hgdraxy,3mepoZnitro Syyahbesdys, @lckyaakiigomy delvattie) a2ulns] 383valel fh @mMho2S

L pres Jar er..inhent atmsphere, 11.9 0. 037 I”.) of 393 and Pd
L P S B Bl ea A Ll e RS PRTES Ak e Qi o b caipohe - e e
hy dr og€siatagige.orlieyl Rakex shydyesiem ak pamialp, aryivganroxy deti vaQv@dietarbe yoie vy end
After R0k, ;1A (= egas f jyt na Celite/ Narit d,.

the fi i1 Lo Y rEregprf 928 Byt G2 bR b e R o i g R

r ect ysPhPIE Qeiore alegameyane, iipenano, azido, , cyclopropyl, acyl and/or phenyl; or.

2- [ 4- aphengisdifor@oky eyl £ ' 1] ,ve).
12 Aug{:llhﬁq 2004 S\z/lp RS 1‘(33,“ 5@%2{}5* h*e*&"?%ﬁ}’é‘??%ﬁr |9’;?)§?‘ﬁg??£a?1%bbne
223 N ' %aalﬁ,y'( Q- RHIOAMIRP, apdior phonyl; most peferaidy goethyly ety trerylnecked
f | ask, isaprébgy!, bogdror isobadpensi on of

2-[4- am no- 229%934l &) 1 di.nyl ] butanam de 393 (6.99 g, 0:037 nol.),

di met hoxyt e rsa’)gg%jrgﬁuéan re(lgydg%ge&, 0.041 5 nol.), pyridine (50.6 nl) and
ACYH (36 m RiBOVR( ardhe same of diffictenti ameialagh oindepaideatly Al tigizer, tydasx ., alkyl,

t enper g Uk@erddiRld éj&r@w ﬁv%'%%lded down to room tenperature, concentrated
in vacuo and&tiFe cru pro&uc TS purified by chromatography on silicagel

(CHzCl = / hydrogers hydraxy) thiol, htlogenl, 2k, ayl dretabtydle,. BRylthio 80thlo % . 10
5.7. Bieiviatigg.i on of 4-pyrrolyl-pyrrolidin-2-one 223 \ N\ ~ s. N

N- Bnxno- ~' V%{mlo /\ [.~e N14 ~NH>,"-' ~O O 1In a 0.25 L three necked flask
under ar gon b thesg RomRousds 4 A R, is areferghbsmathybl aghylopropyl, isopropyl, butyl, or
2S5 pyisobutply st prliferaBlyanethal g oan?ra e enantionmer (1.18 g, 0.0049 nol.)
in THF (35 gh) i ooled. to,-78 C a ronosucci pimde (0.877. g, 0.00S
ml.) is adggénﬁ?ﬁ%?tpf%ﬁﬁa%‘yrﬁ@ﬁ?@&@ﬂ‘&ﬁ'yé?a’ﬁwi‘lﬂg’giﬂg %mqﬁi*)zdﬂh%#» PEPR L,
and t heopNapBz DByl Asébuyyl; asd adde préferaplipredeidhehydBSgenThe reaction mxture is
warnmed to rpoen t : n rnated jp vagcug an rified b

chr omat ogr aRhyrl/Tg %%@?‘P@céléfg%lau%ﬁt gﬁ_vr%_lg@ﬂ ; 90'5‘?5 B‘(Y\W ef?‘: Br%y?'oarz@c” §99%r

r ecr ysPRHANEE % fpkstitpdediayaine or more halogen, cyano, thiocyano, azido, alkylthio, cyclopropyl,
(2S)-2-[4-(2brono- 1H pyrrol -1-yl)-2-o0xo0-1-pyrrolidinyl]butanam de 234 (1.05
g, 67% as a white solid . Alternatively, using the sane experinmental
procedure and 2 equiv. of N-Brono-succinimde, 20 dibronmopyrrole 237 can be
obtained. 5.8. Synthesis oftetrazolyl derivatives Alternatively to 5.6,

o Y ~ o ~ o o



5 CH=Cl =, dried over MyS04, filtered and concentrated i nq® §102004 or d

t he crudeéﬁé;ﬁwe which is purified by chromatography on chiral phase

(Et OH hex i ford the 2- (4-propyn-1-yl-2o0xo-1-pytrol i RCHERQRIAamM de
280. 6.5. Hydrogenation of Aefmc Pyrrolidones 10 The synthesis of the

1/ 11111 m xture ofthe 4 di astereoi soners®of

2-[4- (2, i hyl) -2 l,-pytrol i dinyl L.butanam de 157 is )
repr esen agk%g@%?L%hKﬁ BRE&IS@K@)’& Hﬁeﬂﬂﬁﬂ o ,xwtiaé;eilels}?a#%%hrewlsfw'
pr essurRYTA%. PYEidine: Wheeshy anyrpiepiemeiety mgy 0@ s0BRuttbly.one@r nidi® haloge Rchlioy),

char coaialdali¥10abiy, iird. hindl ' 1 _Et 50 m nd the mxture
hydroggpated on a Par rih ‘h“?a?%ggﬁ@?ég&ﬁq&ﬁeg;cfg@b&mgwg,ﬁ?l}ﬁuprgpyls1sopropy],
degasset Y PTERPUYLon a Celite/Norite pad, and the filtrate concentrated in
vacto, to gi WeistphefeedbifeCOMR SR - AR MicHbi € al | | rom Phive to
afford g (111 m xt ujrde of the 4 diastereol sEofr%li ?%%Oﬁz’ nllégs%fém&y
2-14-(2,2- i"#1 uor oet hyl ) - 2- oxo- | pyrrolidi nyl ] butanam de 157 as a white
solid (0.75 &furtldd farficul Sygrobp 9f soRbounds of formula I (C ds 1 '

2- (4- (SewetiRy! -7, 3-oxazol - 2-yl) - 2- ogo- 1- pyr r%?‘f gli r(ly??lga?gnsarr?)dceon%pfsgsng’oé% 0
~\\' 0 ~0o MNONNHt. NaCH-MaCH ~ L OCO EL ~E~, N o ~f"NH, 00 o ~0 O aao
u, mStep 1 XiHfemdVHsi-CANHEAH; est€A'N(CH:)Nr ee necked flask, under argon,
Na® 1N (39 Rﬂi)saiIle%% dpio a solution of nethyl 1-[125

(tert-but oxylgﬁrba&l 1) ropij'l’ -5-0x0- 3-pyrrolidinecarboxylate 397 as a

1/ 1/ 1/ 1 ni xt'ird ageyisalseny ek yntee yanpl Bothjodya086, etber, raibox e ehiddl @byl ) at
20 C. Theeersolcld;iopn is stirred for 0.5 h, evaporated to dryness and
acidified topPH~5, L th HCE 4 N The aqueous |ayer is extracted with AcCEt,
dried over %égg{zh I ‘f"_h?@éﬂ ndS Bytrose: catwalkyh oxaesier, payatkylselonshe crude

aci d 403 y#iglsafonyl 12nitoglksisulOR41, A6 Addr PRUZER 3 bniREdLERY A O 1OSR: B Y arBaso, Az i t €

sohgd b d .4ah ny, f.urther purificatigon in the nexi step.'H
e (280 Th: *rABER Aey s Byt e i ol essSnetiunedios o
1.70-1.95 (it IHyydregerpatkyd5r aryl (2ipepially mdlh vie pvevritagpaedhsh RY sohieak), R?
3. 10- 3.o8fer tian r%éih%fti ally overlapped with solvent), 4.45 (dd, 1H). Step 2

. Synthesis 0%253 he_am de 401 In a three necked flask under argon, ClCOCEt
(D.50 M, 0.9 hr’roio.rﬁnqucé‘éﬁiém]ito a solution of the acid 400 (0.678 g,

0. 0025 ol . Jand R*CRECRE a6 AR P h)e S h?,g}o%pyl amne (0.77 m) cooled at -20 C

| Ood’he reacty,Qp. M xture is.stirred r-1.5 h at -10 C then propargyl am ne
(0.2%-6 m) i s‘i’lgﬁ‘é‘er‘hetcgﬂpﬁéné%)%{qwl%ﬁi | e mai ntaining the tenperature bel ow
0 C. The sudpénpieferably alkirespeciblly ClL-1p-aho pajtisMdried 1 1alkoPind ie fst at ur e)
filter ggcf@,@glytg]ﬁyﬂi Itrate i s evaporated under vacuo. The crude am de is
purified by golwm chromatography on silicagel (CHzCl2/MeOH 98102 (v/v)) to

A

afford 0.8 g?g t:He " ISR e praferdblysQtiragena 1/ 1/ 1/ 1 mi xture of four

di ast er eoi (CDR) ZS0h . 1 ,
oMy 158 g ge Eﬁfgﬂéﬁﬁi‘@g‘? o Mosd i %o, adfally il et (©

over | aﬁg%%“wtsﬁ yulrcHity onsonmgrer substijuests spigctedrany hydeaxlyahplogenacyano,

sol venthipc Bnad- Aoxyandiiachéd 4 tHeAngldd railgéﬁlr?(&vi&'ﬁ')thio,smﬁn?l, Su]§}ﬁﬁ"i,2]§5i S

f th | 2 20 1 th d f] d J7a sol uti |
Che. ant G580 cB38arbn) Ge b aniapRpnay sdsekprably Ak |- By ege Erigses PEicElB Vg
0. 0001Bklene; Ai2e6-abitdnyk erl-4lkynll, Bspetially (ZRBtliRNy] 6r CARYSH, d42hopadially

t enper i der vacpo and hydrolyzed with saturat NazC03.
e, aqeausfESLERPLr BIFP RAMEEhyBiee Do e oy e SBHERE L. vacned
with bPYmelidigy}, pyridyld-oddapsody], thidrmembdlimyldbamodienblyd) fadyli oxazabilo t o

Chex ;ﬁg‘?““‘i“é"&?9?’%%?%8%#3%‘?‘%”3%?#‘2%@% P Fir R B BlihaPP st e
209) . BLPRBOT megBsyatityenihselectad fropehajogene Cllethalkyl end phemyd 264 atigched to the
amonotiyg ekharditeeg9ushya b Qafbodyl g o -a7cl-§3|<zsrTlE)Et€@:;\FT'_%e, hgﬁﬁgza?llﬁﬁeﬂigeﬁe;l-

Synt hegj fi.the unsuhstifuted teétrazol.es i ] - August
2004 \Agé‘%‘i_ﬁ?%2%@‘%‘?’?&?}‘@3@@f@@nylﬁlk&nrimaéb optienaly subsdwied e AMIR, a
sout | &rbsutuentseselmﬂmrﬁmﬂhélb%érﬁ_Cﬂlog-a(%l,ﬁﬁl-@,ha@oa@l@ﬁ, 0l dkoRANE1 -6 4118/ 1o,
0.073 ﬂﬂ%n aﬁagoﬁ N—heﬁrotch O%Id 1 %{f % i s he %ﬁe)% at, 110 .C in DVF (60
m) for 2, A, coole Y4 808 P PO ﬁ‘i‘cti‘eagﬁéb iortae aRg © FeRtlyPTIFRIE ©acuo.
Thgo;: ‘ sﬁ@gﬁ» ;Elfﬂiﬂ%d, tarbohylaoratanigsmaidyy goup hd cpi@@au(y@da%@a?é wmcn:u42 4 éc 81140
; nk%h : cemc 5 tetrazol ester a (3. g, O.
nmol .) asga g#l}%/’1ﬂé€ntl§1§1%qugq%%tnglleé§:t ereoi somers. LG/ M5 : 295 (MH#). 6.7.2.
Al kyl ation &f2{septefrablydiyidaegen enEl4kilky; aoa In a three necked fl ask,
under argon, a suspension of the racemc tetrazole 404 (5.6 g, 0.019 10
nol.), KzCO3 (2.88 g.) and Mel (1.3 m) in DMF (60 mM) is stirred at room
tenperature for 29 h and evaporated under vacuo. The crude m xture is
purified by chromatography on silicagel (MIBE/ Hexane : 50150 (vlv)) to

o A - ”~ ANA



4-(1-pyrrolidi nyI net hyl)-1-pyrrolidinyl]butananide 15, 12 August 2004

(2S9)-2-[ 2\1"??)( 4t hi onor phol i nyl met hyl ) - 1- pytrol i di nyl ) butanam de 17, are
pr epar ed $ar ways, from activated al cohol derivati vECT/ERUN I8
mesyl at es) tosyl ates or halides. 7.3. Qher synthesis 7.3.1. Synthesis of
{1-[(1S)-1- (am nocar bonyl ) propy! j - 5- oxo23- pyrrol i di nyl } met hyl ni trat e 38
12 August 2 ~ONO7.3,1 ~NHZ ----- N O ~NHZ 10

o/ @7
O 38 O PCT/ %%P;‘\gfg@rf Br eéabgbd“‘?ﬂpeéd%b’@’&f%casﬁl ‘Hl[gl F&ahwbﬂ RT ReRayhni cal
stirrer and# Birthex goapddearpoundest foranla IatmaﬁjbhﬁdsSICﬁcdr@prgseé tosetesmid

f dﬁ%ﬁb | d
S?)ssgl 1:/ed I E&CM \&r#e?,d%@;z(g onlst%‘ %—ﬁp%é'é'g I %%&Kﬁﬁﬁh@ma ofyg(ﬁljae% of
si | ver SYbStifuiiop ofy e pygrelidmedingrie othexthmenom -bdieugrhiti-rhethyledd meno-gdhykr t wo
how's, 440 mfurthed oM ghe |c§f%onﬁm?m§9? fcg{-mﬁ“ Cg,ecl'm;%BJng@tlﬁ) @hﬁpﬁ@qqoscEiHQa&%ﬂ: ux

t d f t
o et wherefh. ATRERCS S < ANRIRG 2R by horchgeor CO66-glks), GD-b-alkenyl or -

CHzCl Zﬁll@ﬁ}‘lm'l‘lc-yﬁhba!l%@ dack uanﬁ)snthCH itiYeh subdtitdtioh 1rP{h'éQﬁ1‘=Q§ ctthlefr tHaf bg' alkyl
crystalj] ﬁg f mh 3/ acetate to give 4. of pure
10" 7. {‘,1 é’; yn €3 unsubsm ted.

2 4- benz m it fompouAld 6k fo IQUI'[@B odﬁdsl r9estHoss /
{ [( wM);rrg Ziyaﬂafcg)idspp?:B % O-0 ~ Vl’ml ( ﬁ‘[ﬂ @Gb'é‘fb NHSZItI :?SB

411 OO rgé 154 15l 7.3.2.a. Synthesis of rert- butyI

(2S) - 2- ( 4- ( EoBnEA N ynet hyl J- 2- oxo- 1- pyrrol i di nyl Jbai tanoare In a 100 m 3
necked fl aslgl % i.ted with magnetic stirrer and reflux condenser under inert
at nosphere, :I3 (60 % 27.5 mmoles, 1.1 eq) of sodium hydride are
suspended i R760 ameDTet‘DNFOQthethlyh emhy&topnenaibdu@dtmimdrbyt brolS IizlogerBatomps (24, 8
ol es foﬁyﬁgﬂtltﬁfall@eshﬁsth%c}ﬂlb Zt%)d? l%alFé'1 oms, vinyl aptianally subsituted by one or two

( droxg{ﬁas - 2- 0XO0- -pyr nyl ut anoat e are
LY 'o’%@%cgf 1183 balogén apms. aretylme gptipnaBly gubspiruted hjrblledsalkyl, eigpnidror
benzylhdjogem de in 10 m of DMF are added, and stirring continued for 30 mn

at 0 C, fol g\é/ed b hougﬁ at roegr %Fnﬁerature The m xture is

concent r at et t &° Y R88% OF plass orelemblsllqriisended in btine/ CH2A 2, decant ed
and extract end R4 R @hndméamtﬂmhnqdrmgegam c phases are dried over MySO-,
concen r re Pr 1 kg
concentd @ity %%Eé@%%%g@ﬂﬁ'o%@ﬁ%ﬁ etng%gg&% chérgpiﬁﬂﬁgx,ic bt K9
B2yl est efsfurther perticrlac eranpsqf CRTpIungs aﬂfoymelmls(Cotrnpqusdus@ol:oa@rggtthOﬁ@r
the neyhestgp 7.3.1.b. tH NWR (250 MHz, (CDCI3) : 0.85 (t, 3H), 1.44 (s,
9H)) 1.55-1 5 ?dlﬁéj'ﬁ,) 12 August 2004 WD 01/ 62726 64 PCT/ EP01/01992 2.10
(dd, 1H), 2: 2.55-2.70 (m 1H), 3.45-3.55 (m 1H), 4.40 (dd,
1H), 4.55 (Rllgﬁ 7.20-7.40 (m 5H). 7.3.2.b. Synthesis of

2-(4- ((benz )e t hyl J 0x0-1 pyrrol i di nyl Jbut anam del53.5 In a ,
necked fl as ]tngti‘ll%bil'tq%?ﬁa%jh@l}i] &1 §2-pabieynyhepticap|! Mﬁuwﬁa%gbﬁzigmy“it%rt
at rmsphecréhabgzﬁagorﬁi benzyl ester enriched fraction are dissolved in 20 ni

of MeOH & ni a t hen t hr ough the solution and the
sat ur at ed soggt]$8 H%gﬁ? Oébaf’e‘?ﬂnp{%uﬁﬁg %ﬂﬁ?‘éﬂeﬁor 24 hours, while

occasi onal | gnd E@aRL?laaRf’f ngd R4@araesohrtiyalrogint er corrpl etion of the reaction,
the sojyy t nes d e kg Si 02,
O e D S b e R T S
necked fl ask)aH the @bjbwmttntrmngdecw{mss'thernrtbq: carhdn gtom Lmewhd?elrﬂQ@ttth@dﬁ i nert

ataws phagienethic3fish® te@yn raction are dissolved in 16 m
of a lh? mc t{jr“elsgp ferfnPin .9 %&EEBH&%B 0-5 C.for 24 hpug]us.e The

solution is SnBEW%EW%BﬂF?WéE@ Sé“ gogarding tofthe IpNeaEeR e¢%®n 10 m of

CHzCl —theﬂapzum:alr)zaca:vrehnozﬁ@am@t)aseranatalayd Sl fOEmavhickatle domposhdshus fdrmuta X teer e
cool ed,,d (ﬁg} 20 C. 780 ul of ethyl chlorofornmate are added dropw se, and
t he mx ure t slowy warmup to -10 C over 1.5 hour. Gaseous anmpnia is
t hen bubbl ed’helaculiadditidresa ofastn afra cfcﬁnpcﬁmﬁ df dormulafdhadt loecurs it ity Freddmpm as a

h
OBk c2h P RBLENBT LA E e tloe Gast Wil r AR P pE Py L HBRARE . 1
by Preforegamplag fsldml;al:@lszxcjn 2% Mzdna;:h!@ap 2r hyd@brdibic, sxdﬁmweltmh@hpwonc and
di ast efheqQImR: 8¢ a@%réral?n?c E&&ts&ﬁ%ssf%? ? % ‘i%uen eﬁﬁ&)?fa%%r% 2h Gl fabﬁctm

runs are conbi ned crystalli'sed Ive pectively 305 ny

%

of pur BYTYEE, MOWSOSLW@I%?- PYEE, iitgaanmn%comaam citrig, 5163#1 negkioRKs| s
(25)-2-{4-[(S-nmethyl-1H1,2,3-triazol-1-yl)nmethyl]-2-oxo-1
pyrrolidinyl}butanam de 52 I5 Nd=N_NN-~7.3.3. ~ONHE= ~ ~NH= 32 ~ '
~~ 52 In a 50 M 3 necked flask, fitted with magnetic stirrer and refl ux
condenser under inert at rmsphere) 19 (4.44 moles, 1 eq) of
(2S)-2-[4-(azidonet hyl)-2-o0xo0-1 30 pyrrolidinyl] but anam de 32 is suspended
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lereogenic centér in thelr structure. This stereogenic center may be presentinaRora S

configuration, said R and S notation is used in correspondance with the rules described in Pure
Appl. Chem., 45 (1976) 11-30.

The invention also relates to all stereoisomeric forms such as enantiomeric and

diastereoisomeric forms of the compounds of formula I or mixtures thereof (including all
20  possible mixtures of stereoisomers).

Furthermore certain compounds of formula I which contain alkenyl groups may exist as
Z (zusammen) or B (entgegen) isomers. In each instance, the invention includes both mixture
and separate individual isomers.

Multiple substituents on the pyrrolidone ring can also stand in either cis or trans

%5 relationship to each other with respect to the plane of the pyrrolidone ring.

Some of the compounds of formula I may also exist in tautomeric forms. Such forms
although not explicity indicated in the above formula are intended to be included within the
scope of the present invention.

With tespect to the present invention reference to 2 compound or compounds is intended

30 1o encompass that compound in each of its possible isomeric forms and mixtures thereof unless
the particular isomeric form is referred to specifically.

The invention also includes within its scope pro-drug forms of the compounds of formula -
I and its various sub-scopes and sub-groups. ‘

The term “prodrug” as used herein includes compound forms which are rapidly

35  transformed in vivo to the parent compound according to the invention, for example, by
hydrolysis in blood. Prodrugs are compounds bearing groups which are removed by
biotransformation prior to exhibiting their pharmacological action. Such groups include moif:ties
which are readily cleaved in vivo from the compound bearing it, which compound after cleavage
remains or becomes pharmacologically active. Metabolically cleavable groups form a class of
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20  A.CYCLISATION OF AN AMINOESTER.

When, in formula I, A2 = O, an aminoester of formula AA-I is cyclised wherein 0l, together
with the oxygen to which it is attached, is a leaving group, especially Qlis an alkyl group, in
particular a linear or branched alkyl group having 1 to 4 carbon atoms.

Rta Hd sa 4
R% s R¥ R
A,
2 . 2
0 0

R > R
R;\NH H?a/\/NL
R X R ™X
25 : (AA-11) 0]

Ql= methyl or ethyl. The reaction is known per se and is generally carried out between
room temperature and 150 °C, in-the presence or not of a catalyst such as acetic acid, -
hydroxybenzotriazole or 2-hydroxypyridine.

Ql » methyl or ethyl. Ester of formula AA-II is hydrolysed under acidic or basic

30 conditions then cyclised under conventional peptide synthesis conditions, by using
coupling agents, for example dicyclohexylcarbodiimide (Bodanszky, M., Bodanszky,
A., in "The Practice of Peptide Synthesis”, Springer Verlag, 1984).
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15 This reaction may be carried out using the conditions described in Abdel-Magid, A.F,,

Harris, B.D., Maryanoff, C.A., Synlett (1994), 81-83. Alternatively, when X represents
CONRSRSO, the amine AA-ITI may be linked via the amide moiety onto a solid support
(for example a Rink resin).

Compounds of formula AA-V may be prepared by one of the following processes:
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A2.2. A nitroester of formula AA-VIII may be transformed into the compound AA-V by
treatment of its conjugate base with sulfuric acid in methanol and hydrolysis of the
intermediate dimethylacetal (Nef reaction as in Urpi, F., Vilarrasa, J., Tetrahedron Lett.
10 (1990), 31, 7499-7500). The nitroester of formula AA-VIII may be prepared as described
in Horni, A., Hubacek, 1., Hesse, M., Helv. Chim. Acta (1994), 77, 579.
A.23. An ester AA-X is alkylated by an allyl halide AA-IX (X! = halogen atom) in the
presence of a strong base (for example lithium diisopropylamide), followed by reductive
ozonolysis of the unsaturated ester as described in Amruta Reddy P., Hsiang B.C.H.,
15 Latifi T.N., Hil M.W_, Woodward X.E., Rothman $.M., Ferrendelli J.A., Covey D.F,, I.
Med. Chem. (1996), 39, 1898-1906.
A.3. Synthesis of AA-II by alkylation of a y-halogeno ester.
A compound of formula AA-TI wherein X = CONRIRG, COOR7 or CN may be
prepared by alkylation of a y-halogeno ester AA-XI, wherein X2 represents a halogen
20 atom, with an amine AA-III.

2 0O

(AA-HI) (AA-XI)
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‘wherein X3 represents a halogen atom, preferably an 10d1ne or a chlorine atom, X4 represents a

15  halogen atom, preferably a chlorine atom. This reaction may be carried out as described in patent
application GB 2225322 A.

Qompounds formula AA-XIII may be obtained by the opening of a lactone of formula AA-XIV
in the presence of an halogenation agent, for example TMSI, SOCl/ZnCl, (followed if

20 necessary by halogenation of the obtained halogeno acid (X% = OH)) according to the equation:

H R4a aaH4a H"
| 4
> R
He O 0 Hz/'l\xa O
(AA-XIV) (AA-XHN

Opening of the lactone AA-XTV can be performed according to the procedure described in:
Mazzini, C., Lebreton, J., Alphand, V., Furstoss, R., Tetrahedron Lett. (1998), 38, 1195-1196
and in Olah, G.A., Narang, S.C.,, Gupta, B.G.B., Malﬁotra, R.,J. Org. Chem. (1979), 44, 1247-

25  1250. Halogenation (X4 = halogen) or esterification (X4 = OQ1) of the obtained halogeno acid
(X4 = OH) may be performed under any COﬂdlth[‘lS known to the person skilled in the art.
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wherein Q3 is a methyl or an ethyl group, G represents O or S and Q% represents an
hydrogen atom or a linear or branched atkyl having 1 to 4 atoms of carbon, with the
20 condition that when Gl = §, Q4 = alkyl and when G1 =0, Q4 =

C. ALKYLATION OF A LACTAM DERIVATIVE.
When, in formulal, A2 = O and X = COOR7, a compound of formula AA-XVII is reacted with

a compound of formula AA-XVII accordlnv to the cquanon
RY R s R® H‘“R

3 ] R
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(AA -XVi1) (AA-XVI) .
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When, in formulal, A2= O and R2a = R3a = Réaz§H, compounds of formula I may be obtained
by reduction of an unsaturated lactam AA-XIX:

R~ O s

' alkylanonlcychsatlon

o}
Br A T AA-XX
NH,
)\ (AA-1H)
X

H1

R R .
‘ 1
Q::/L =2 oy " ' i X
R @) reductive aminatioﬁ? AA-XIX

cvelisat]
AA-XXI yclisation

The reduction step may be performed under classical conditions known to the person skilled in

the art, for example hydrogen in the presence of Pd/C or optionally in the presence of an

optically active catalyst. When R2, R3 or R4 is susceptible to be hydrogenated under low

pressure conditions, for example by using Pd/C as catalyst, the double bond of the olefin mixture
- may be reduced selectively with NaBHy in the presence of CoCl».

20

25 .
Compounds AA-XIX may be prepared by one of the following processes:
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25 Activation and oxidation of alcohols. )
Compounds of formula I wherein A2 = O and one of the groups R2, R22, R3, R32, R4
and R42 represents —GlCHzOH, G2 being a bond or an alkylene group, are key
synthesis intermediates for corresponding compounds wherein one of the groups R2,
R22, R3, R34 R4 and R42 represents -G2-CHX6 or -G2.CHO wherein X8 represents a
30 chlorine, a bromine or a iodine atom or a group of formula -0-502-Q7 or -0-Q8, Q7
being an alkyl or an aryl group and Q8 being an alky! group. These transformations may
be performed under any conditions known to the person skilled in the art.
F.3  Nucleophilic substitution of activated alcohols.
Compounds of formula I wherein A2 = O and one of the groups R2, R22, R3, R33, R4
35 and R42 represents -G2-CHyX6, G2 being a bond or an alkylene group and X0 being a

chlorine, a bromine or a iodine atom or a group of formula -0-803-Q” as defined in
F.2, are key synthesis intermediates for corresponding compounds wherein one of the
groups R2, R2a, R3, R32 R4 and R42 represents -G2-CHyX7, wherein X represents
4zido, halogen, nitro, amino, amino derivatives, thio derivatives and heterocycles. These

40 transformations may be performed under any conditions known to the person skilled in
the art.
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EYO ,?\OI ﬁop " an hetebeyclel for MMHe 4004 MO ¥ 24558, B5. FPLE 7%, RO AC
Amer. Chem. Soc. (1933), 55, 2262 or in Iroka, N., Hamada, Y., Shiori, T., Tetrahcdron
(1992), 48, 7251), an oxazole (in Street, L.J., Baker, R., Castro, J.L., Clamber, R.S.,
Guiblin, AR, Hobbs, S.C., Metassa, V.G., Reeve, A, Beer, M.S., Middlemis, D.N.,

25 Noble, A.J., Stanton, J.A., Scholey, K., Hargreaves, R.J., J. Med. Chem. (1993), 36,
1529), an oxadiazole (Ainsworth, C., J. Amer. Chem. Soc. (1955), 77, 1148), a tetrazole
starting from a nitrile (Goerlitzer, K., Kogt, R., Arch. Pharm. (1990), 323, 847) or a
thiadiazole (Lamattina, J. L., Mularski, C. I., J. Org. Chem. (1984), 49, 4800).

F.6  Synthesis of ketone derivatives.

30 Compounds of formula I wherein A2 = O, and one of the groups R2, R2a R3 Rr3a R4
and R42 represents -G2-CH=CQ12Q!3 or -G2-CQ13=CHQ!2, G2 being a bond or an
atkylene group, Q12 and Q13 being a hydrogen atom or an alkyl group, with the proviso
that none of the other R}, X, R2, R22, R3, R32 R4 and R42 is bearing a functional
group sensible to oxidising conditions, are key synthesis intermediates for

35 corresponding compounds wherein one of the groups R2, R23, R3, R33, R4 and R42
represents respectively -G2-CO-CHQ12Q13 or -G2-cHQ13-co-Q!2.

These transformation may be performed under any appropriate conditions known to the
person skilled in the art, for example in presence of O and PdCl», in an inert solvent,
for example dimethylformamide or N-methyl pyrrolidine, between 0 and 50 °C (Bird,

40 Transition Metals Intermediate in Organic Synthesis, Academic Press, NY, (1967), 88-
111).
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10 Compounds 8f formula'T wherein A2 = O and one of the groups R2, R22, R3, R32, R4

and R42 represents —G’-C—C(Xs)g , G2 being a bond or an alkylene group and X8 being
a halogen atom, with the proviso that none of the other X, R1, R2, R22, R3, R32, R4
and R43 is bearing a functional group sensible sensitive to strong bases, are key
synthesis intermediates for corresponding compounds wherein one of-the groups RZ,

15 R2a R3, R3a R4 and R42 represents -G2-C=C-Q15, wherein Q17 is hydrogen,
halogen, alkyl or aryl .
These transformation may be performed:

. by base induced f-elimination (for example 1 eguivalent of t-BuOK at low
ternperature as described in Michel, P., Rassat, A., Tetrahedron Lett. (1999),
20 40, 8579-8581) into an haloacetylenic derivative {(Q15 = halogen) followed by
metal catalysed substitution of the halogen by an organomctallic species (for
example by MeZnCl in the presence of CuCN.LiCl as described in Micouin,
L., Knochel, P., Synlett (1997), 327),

. by direct conversion into a metal acetylenide (for example with 2 equiv. of n-
25 butyllithium) and alkylation with an alkylhalide or a carbonyl derivative (as
described in Corey, E.J., Fuchs, P.L., Tetrahedron Lett. (1972), 36, 376%-
3772).
F.9  Synthesis of alkanes. .
Compounds of formula I wherein A2 = O and one of the groups R2, R22, R3, R33, R4
30 and R42 represents -G2-C=C-Q16Q17 G2 being a bond or an alkylene group, Q16 and
Ql7 being alky! or fluoro, are key synthesis intermediates for corresponding compounds
wherein one of the groups R2,R%a R3 R3a R4 and R42 represents -G2-CH-CH-
QléqQl7.
The reduction step may be performed under classical conditions known to the person
35 skilled in the art, for example with hydrogen in the presence of Pd/C (March, J., |
"Advanced Organic Chemistry, Third Edition”, John Wiley & Sons, (1985), 1101-
1102).
F.10 Synthesis of (halo)azidoaryl derivatives.
Compounds of formula I wherein A2 = O, X = CONRSR6 or COOR7 or CN and one of
40 the groups R2,R3 orR% is GZ-ng wherein Q18 represents a nitroaryl or triazenoaryl,



~n v. 'CV net .. N N aQ y~C vw1CM ~p_.~: x- O ~...r N2 August2000 ..~

~ ..~ .~ ..QMN._..00 ..~E" ox.~. Ox '"xx px Oxx ~xi OO
AM ~' ~ “MOUGIAM\/I 1I A MG~ i~ V_..: ‘rCvel v O x~r~1 pMW/EP@/01922 vGdO
avO'O O' ~O ON@@>V1 "~t '- WD ~ 000 ' 0000000000 NDoOO 'D Nr , ~
Oso c a.0 ~.0~ Eo Eo r;0 Ho oc o .oC vt20a E~C ~~"E'rrn-, ... 12 August
2004 WO 01/ 62&%8 33 PbCT/ EPOllaiéXEjQZ 0 A0 AO Ao ~ Am4 Un A Uo A0

C70 A0 L10 eing a bapdey an %&!ﬁuﬁwﬁv fntgrmediagasofor the synthagisof —n 74
n>-...y~ fcwesmndlmompum]dnemhdrelneancof~th@ groups RZ)R3 oy R4Ts 632919, 312
0O-, ni - V. rb@;‘ﬂ an

e e é:ga aZI%OQ'Yr@PUCSBa”}’\é&E tl.\fﬁtﬁd Byjone or sevfraq)h%%\én 6tonlrs prgvr?ﬁ]y&b
-N vtda ~ + NF segs. The transforngiipn proceeds thrg;gl‘th@cducuon of the nitro ggriggenp' T
'~~5. mt~| ~~-meiety Nt&lamiméxlSNMEEmn@NﬁﬁEtxby p&sﬁn&sl-&ll@dm?heart oEltYona,HyO y E

C/Kll\lt S/;> ".' >g¢ﬂtr@d19&10\ﬁcoq’oﬁ¢ or S%;QT%%Q %gﬂ@n as %OX%% etngul_;) B‘ﬁuo 11, g\l\ﬁynth

. E*p-~v- Sd Copmun-di982).dfe 126 ) agdcg&vers:oa,oﬂhe anyine 1mo|:_qgi@by well kpewy
>NP| N pS~er NG&&holds. O ~N , -~ -NNNy : . X~a'

p_- ~1;“F)‘(‘¥¥‘f‘83\ﬁthes:s &&et\}'ocyfle?f;oxlx\x -amines c N Z N~ f- a o E~ BxJ =

?q¥ &ompounds of formula I wherein Al = 0, X = CONRSR6, COOR7 or CN, and one of
the groups RZ, R3 or R% is G2-Q20, wherein G2 being a bond or an alkylene group and
Q?-0 is COOH, CONHj3 or CN, are key intermediates for the synthesis of corresponding

\ _ compounds wherein one of the groups R2, R3 or R4 is G2-NHj or G2-CHp-NHj,
which lead to corresponding compounds wherein one of the groups R2, R3 or R4 is G2-

15 Het or GQ-CHZ—Hct, where Het is an heterocycle bound by a nitrogen atom, optionally
substituted by one or several halogen atoms.

. In the case where X = CONRIRS, CN or COOR7 with R7 different from H,
and where R2, R3 or R4 is G2-COOH, the transformation proceeds through
Curtius rearrangement (for example by action of diphenylphosphorazidate and
20 triethylamine and quenching in situ by benzyl alcohol as described in: Kim, D.,
Weinreb, S.M., I. Org. Chem. (1978), 43, 125), deprotection of the amine
function by hydrogenolysis or any condition known to the person skilled in the
art to give R2, R3 or R4 = G?-—NHz. followed by ring synthesis to give an
heterocycle such as a pyrrole (as in Jefford, C.W., Tang, Q., Zaslona, A., J.
25 Amer. Chem. Soc. (1991}, 113, 3513-3518), and optionally introduction of one
- or several halogen atoms on the ring (as in Gilow, H.M., Burton, D.E., J. Org.
Chem. (1981), 46, 2221-2225).

* In the case where X = CONRSRS, COOR7 or CN and one of the groups RZ,
R3 or R4 is GZ-CONH, with X different from CONRSRS, or G2-CN, with X
- 30 different from CN, the transformation proceeds through selective reduction of
the amide or nitrile into the aminomethyl moiety under any condition known to
the person skilled in the art, and ring synthesis to give an heterocycle such as a
triazole (as in Miles, R.W., Samano, V., Robins, M.J., J. Amer. Chem. Soc. "
(1995), 117, 5951-5957).
35 F.12 Synthesis of triazoles.
Compounds of formula I wherein A2 = O and one of the groups R2, R22, R3, R32, R4
and R4 represents -G2-CH,N3, G2 being a bond or an alkylene group, are key synthesis
intermediates for corresponding compounds wherein one of the groups R2, R22, R3,
R32, R4 and R4 represents -G2-CHj-triazole. These transformations may be performed
40 by prolonged heating in the presence of 1-(triphenylphosphoranylidene)-ketone
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15

Certain of the intermediate compounds described above particularly those of formula
AA-II wherein the various substituents have the meanings set forth above are novel and also
form part of the invention. These nove! intermediates, wherein the leaving group is

pharmaceutically acceptable, possess the same utility as described for the compounds of formula
20 Thereunder.

It has now been found that compounds of formula I and their pharmaceutically acceptable
salts are useful in a variety of pharmaceutical indications.

For example, the compounds according to the invention are useful for the treatment of

25  epilepsy, epileptogenesis, seizure disorders and convulsions.

These compounds may also be used for the treatment of other neurological disorders
including bipolar disorders, mania, depression, anxiety, migraine, trigeminal and other neuralgia,
chronic pain, neuropathic pain, cerebral ischemia, cardiac arrhythmia, myotonia, cocaine abuse,
stroke, myoclonus, essential tremor and other movement disorders, neonatal cerebral

30 haemorrhage, amyotrophic' lateral sclerosis, spasticity, Parkinson’s disease and other
degenerative diseases.

In addition the compounds according to the invention may be used in the treatment of _
bronchial asthma, asthmatic status and allergic bronchitis, asthmatic syndrome, bronchial
hyperreactivity and bronchospastic syndromes as well as allergic and vasomotor rhinitis and

35 rhinoconjunctivitis.

Thus, the present invention, in a further aspect, concerns the use of a compound of
formula I or a pharmaceutically acceptable salt thereof for the manufacture of a medicament for
the treatment of neurological and other disorders such as mentioned above.

In particular, the present invention concerns the use of a compound of formula I or a

40  pharmaceutically acceptable salt thereof, for the manufacture of a medicament for the treatment
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The present invention also concerns a method for treating epilepsy, migraine, bipolar
disorders, chronic pain or neuropathic pain or bronchial-, asthmatic- or allergic conditions, in a
mammal in need of such treatment, comprising administering a therapeutic dose of at least one

15  compound of formulal or a pharmaceutically acceptable salt thereof to a patient.

The methods of the invention comprise administration to a mammal (preferably human)
suffering from above mentioned conditions or disorders, of a compound according to the
invention in an amount sufficient to alleviate or prevent the disorder or condition.

The compound is conveniently administered in any suitable unit dosage form, including

20  but not limited to one containing 5 to 1000 mg, preferably 25 to 500 mg of active ingredient per
unit dosage form.

The term “treatment” as used herein includes curative treatment and prophylactic
treatment.

Y

By “curative” is meant efficacy in treating a current symtomatic episode of a disorder or
25  condition.

By “prophylactic” is meant prevention of the occurrence or recurrence of a disorder or
condition. _
The term “epilepsy™ as used herein refers to a disorder of brain function characterised by
the periodic and unpredictable occurrence of seizures. Seizures can be “nonepileptic” when
30  evokedin a normal brain by treatments such as electroshock or chemical convulsants or
“epileptic” when evoked without evident provocation.
The term “seizure” as used herein refers to a transient alteration of behaviour due to the
disordered, synchronous, and rhythmic firing of populations of brain neurones.
" The term “migraine” as used herein means 2 disorder characterised by recurrent attacks
35  of headache that vary widely in intensity, frequency, and duration. The attacks are commonly
unilateral and are usually associated with anorexia, nausea, vomiting, phonophobia, and/or
photophobia. In some cases they are preceded by, or associated with, neurological and mood
disturbances. Migraine headache may last from 4 hours to about 72 hours. The International
Headache Society (THS, 1988) classifies migraine with aura (classical migraine) and migraine
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1

up as above,
1.2.3. Other Cyclisation '

25  Alternatively, cyclization can be performed in two steps by (i) acid or basic hydrolysis of the
ester and (ii) cyclization of an activated ester in the usual conditions described in peptide

synthesis.



#10%WH#&' () - ] S@\BCDEFI t X8 #10 #100#&' () -] 3 #10%w#&' () - | 32/A0GueE2G04 | 3
#1090HE& ()-] 3 #109H& ()-j 3 #109%WH& ()-j 3 #109%#& ()-j 31 JKLMPQRPTS #10
H1090HE' (WO 03/681BMHE () -] 3 #109HE& ()-j 3 #109H& () - 3 #1C0GHARPILICIPS
#1098 () -] 3 #10%w#& () -] SRSUVWYZ[ | P4 ~ #109%w#&' () -] 3 #10%w#& ()-] 3
#1090H& ()-] 3 #109%WH& ()-j 3 #109H&' () 33 #109%V#&! () i3

#100#& () -] 3[\]", | PA#03~A }Pd dTL_"# #100W& () -]

#109%WH&' () - JsA *abcdet X<#03~ #109W#& ()-j 3 #10%\#& ()-j3 #10%w& ()-j3
#10%vH& §) ()-73 #10%\#& ()-]3eijklnosod
#10%WHE ﬁ) “}I %ﬁﬁ%’{?s@bﬁg%% -] 3( #109%w& () 'ﬁ‘l #109%WHE () - 3(
#10%wd.3.1- Attackreuhefkt mﬁyie}cw amjnqagig gnt *193‘}1 W@&fﬁ’&f‘*@b” i3
#10%WE& () -] 3 #10%W& ()-j 3 #10%WWH& ()-j 3 #10%\#& ()-j 3 #10%w& ()-j 3~ LO
#1088 () - 3) #10%w#&! ()- 13 #10%\#& ()-j3 #10%w& ()-j3 #10%w& ()-j3
#L0%WHE () -] 3 #10% - TTOMWHE () -] 3 FLOMEE () - j 3#03~A } Pd
dTL_"#pP4 #10%#&' ) 13 #10%{#&() JsBrdbd 0%F& () -] 3 #100 & ()-j3
#10%W& ()-j 3 #10%M -j 3dH, #109W#&' & #10%WH& ()-j 3
#10%W& ()-j 3 #10%W -] 3 #10%w&() 13 #10%\#&H()” 3°°# 09%#&' ()-j 3¢cG
#109& ()-j 3 #1oogqy #1 109%W& ()-j 3
#1098 () -] 3 #10%wW& () - 3¢cG, #10%%&() i3 # 3 #10%#& ()-j 3
#109%W& () -j 3 #10% ﬁ%ﬁ*ﬁk #10%WH& ()-j 3 #10%\#& () j 3dHl G, #10%w& ()-j 3
#100aw& () -] 3#03~A ) PIT X< #100% #100 & ()-j3
#1098 () -j 3 #10%WH& () i3 #10%w& ()-j 3 H10%WHE ()-j 3 #10%wé& ()-j 3l P4
#10%W&y 6 )5l (0:313%e fo%ﬁéoélnelsﬁ) i &W&ﬂ bisS vkt At &tifred i
#10WWHE ?%%a @ﬁé%%% ¢ 3ng+§ 10%\#&t ) '(Hn /tg#l % ﬁf{;ﬁ LIRS Sk adh
#109w 82 Vf\eplﬂq_@@m@ @mﬁié%%@&‘n(f)“ ¢53 ¢ NUHGIE RE
ﬁigmﬁrakw@ﬁn}@mm dd, WhsHADEOW BINTFy dndniFed. #ﬁ@ﬁm#&s(s)lsgesdcd in DMF (40
#1 09w &

) Smied ?é%ﬁm AT P i ) ak?mg

#109%w#&of ) 3}ﬁ6?ﬂﬂ%m?&c2(rbeﬁﬁmﬂlc0%#§«. 11).13 8incd) mmmq@)(qxl)j BhereaoleRs 6 mjf for

#10%'\#& #1 0% SHAE repeated. The
#1004 & %‘)l‘“ }%“”? ﬁ%?céﬁﬂg%%gﬁ%% z%f%%%\g%fﬁ Wéf#(l)h Prc;;ess 13(<#?3 AP
#1090 &Eds)n }seﬁ lieredameshed (¢ 8 DMBURRLEChB driady gsed)as;ist @b\é& F5P
#1090#& () -] 3 #100#& () -] 3t X8#03~A #100M#& ()-j 3 #100H& ()-j 3

#10%w& ()-] 3 #10%w& ()-] 3 #10%w& ()-] 3 #10%WHE& i 3lL,
#10%#&'18" }Fedmbw&nétgmi wt#mm&hééﬂ}*m m&%@(“@"’?@a‘%@?%é{’%) ! i3
#1000w& ()-] 3 #109H& ()-]3!"()IL, #109%W#& ()-j3 #10%w& ()-j 3
#10%WH& () -] 3 #1009 &)=T3 #I0WER () -] 3(
#100W& () -] 3)*+, dH, | L, #109H&' ( beddedid O%WEE () - | 3#03~A } Pd
dTL_"#, - ./ 0123t X< #10% #10%W&’ (Lﬂsg[ox:g,lg.(@w& ()- 1\3_#(1_1/&\#& ()-j3

#10%W& () -] 3 #10%w& () -] 3 #10%W&

NHFmoc N L*]

H HO=" g7 0

! e H’NW(!V
o)

3. TFA/CHCL o]
. = Rink Resin

100 mg of the N-Fmoc-2-aminobutyric amide resin (0.051mmol} is contained within a fritted
polypropylene syringe. Removal of the Fmoc group is achieved using 20% piperidine in DMF.

20  To the amino resin is added 5-hydroxy-4-propyl-furan-2-one (from 36.72 mg, 0.25 mmol) in
DCE (2 ml). The resin is then treated with acetic acid (15 pL) and sodium tnacetoxyborohydnde
(54 mg, 0.25 mmol). The reaction is stirred for 18h at room temperature then filtered and washed
with the following solvent sequence: H;O/DMF (1:1), DMF, CHCl, MeOH and dried. The
resin is suspended in trifluoroacetic acid / CH,Cl, mixture (1/1) for 4h with vortex agitation, then

25 filtered, washed (CH,Cl, x 2). The filtrate is concentrated, the residue dissolved in CHxCl; (2 ml)
and concentrated once more. The desired compounds are purified by LC-MS (Micromass-
Gilson, LCZ-Platform, RP-18 column, gradient elution, CH;CN/H,O/TFA1%).
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2.1. Synthesis of Lactones

20  2.1.1. Route A : By alkylation of 2,3-furanone
The synthesis of 4-n-butyl-butyrolactone 365 is representative :

n-Bu
|—--| 1. n-Bu,Culi (1.5 equiv.), TMSCI (2 equiv.) n
0”70 E1,0,-78°C 10 20°C, 3 h 0" X0
2. NH,Cl
) (749%) 365

364

In a three necked flask under argon, n-butyllithium (1.6 M in hexanes, 75 ml, 0.12 mol.) is added -

to a suspension of Cul (11.42 g, 0.06 mol.) in dry THF (80 ml) cooled at =30 °C. After 0.5 h, the
25  solution is cooled down to —78 °C, TMSCI (4.75 g, 0.04 mol.) is added dropwise followed by

2,3-furanone 364 (from Aldrich, 3.36 g, 0.04 mol.) dissolved in dry THF. The suspension is

allowed to warm to room temperature and hydrolysed with saturated ammonium chloride. The

aqueous layer is extracted with AcOEt (3x), washed with water, dried over magnesium sulfate

and evaporated to dryness. The crude lactone is purified by distillation (1 mmHg ; 73-80 °C) to
30  afford 2.7 g of 4-n-butyl-butyrolactone 365.
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AN 1. TMSI {2eq), GH.C! N y X
U gc. aash $-2-atino butyramide, KOH, n-Bu,NB1 & .
- o
o =0 - i O Mol Sleves, Na S0, {1.18eq), CH,CY, ¥ " Y :H
X -5*C, 18h W * \/\n/ i
o o

(60%)
364 X=0H:36 28 =4

2. SOCL,, PhMe, RT, 20n (

X=Cl: 358

- Step 1 : Opening of the lactone

In a three necked flask, under argon, TMSI (51 ml, Aldrich) is added to a solution of the crude 4-
30 allyl-butyrolactone 366 (see procedure §2.1.3.,22.9 g, 0.181 mol.) cooled at 0 °C . The solution

is stirred for 2h at room temperature and hydrolysed with 1N HCI (300 ml). The aqueous layeris

extracted with CH,Cl, and the combined organic phase washed with brine, dri ed over

magnesium sulfate and concentrated in vacuo to afford the crude 3-(iodo)methyl-5-hexenoic acid

367 (44.5 g). '"H NMR (250 MHz, CDCl3) : 1.80-2.05 (m, 2H), 2.20 (1, 2H), 2.40-2.60 (t, 2H),
35 5.10-5.20 (m, 2H), 5.15-5.80 (m, 1H).
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125  The synthesis of the two sterecisomers of (28)-2-(5-nonyl-2-oxo- 1-pyrrolidinyl)butanamide is
representative :

Step 1 : Opening of the lactone

To a solution of y-nonalactone (0.32 ml, 2 mmol) in thionyl chloride (164 pl, 2.25 mmol), zinc

30 chloride (12 mg, 0.088 mmol) is added at room temperature and the mixture is stirred for 24 h.
Excess methanol is added and the reaction mixture is stirred for 10 min and then concentrated
under reduced pressure to give 4-chloro-nonanoic acid methyl ester used as such.

l\/\/& 1. SOCL, ZnCl,
072 2 MeOH o L9
't

35 To a solution of 4-chloro-nonanoic acid methyl ester (2 mmol) in BMF (2 ml) are successively
added 2-amino butyramide (1g, 10 mmol), 300 mg of sodium iodide (2 mmol) and 276 mg of

Step 2 : Alkylation
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pwise (addition time : 1.2 h). The solution is stirred under bubbling for 0.75 h, ﬂltcred
15  trough celite and evaporated under vacuo (1 mmHg). The crude ketone is purified by
chromatography on silicagel (CH,Cly/methyl-t-butyl ether/i-PrOH 9/0.9/0.1 (v/v)) to afford (25)-

2-[2-0x0-4-(2-0xo0propyl)-1-pyrrolidinyl]butanamide 230 as a white solid after recrystalisation in
AcOEt.

20  2.4. Derivatisation of ketone 230

2.4.1. Synthesis of the alcohols

The synthesis of (28)-2- [(4S) -4-(2-hydrox ypropyl)-2-oxopyrrolidinyljbutanarnide 233 is
representative ;
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2Cl; (90 ml) at room temperature. The solution is stirred for 5h, quenched with saturated

ammonium chloride, and the aqueous layer is extracted with CH,Cl; (3x) dried over magnesium
sulfate and concentrated in vacuo to afford the crude acetate which is purified by column
chromatography on chiral phase (hexane/EtOH) to afford the two epimeric acetates 370 and 371

20 (respectively 1.143 and 1.17 g). For a 1/1 mixture of 370 and 371 before chiral chromatography
'"H NMR (400 MHz, CD;S0OCDs3) : 0.90 (t, 3H), 1.21-1.28 (m, 4H), 1.51-1.82 (m, 4H), 1.89-1.98
(m, 1H 1.80-2.05 (m, 1H), ), 2.04 (s, 3H), 2.16 (dd, 1H), 2.38 (m, 1H), 2.62 (dd, 1H), 3.11 (dd,
1H) ; 3.49 (dd, 1H), 4.39-4.49 (m, 1H), 4.89-4.99 (m, 1H), 5.43 (s (broad), 1H), 6 24 (s (broad),
1H).

25 - Step 3: Deacetylation

In a three necked flask, under argon, a suspension of a single enantiomer of the acetate 371 (1.11

. 0.0042 mol.) and K,CO; in EtOH is stirred for 20h at  °C, evaporated to dryness and the

crude alcohol is purified by chromatography on silicagel (MeOH/CH,Cl, : 85/15 (v/v)) to afford

(25)-2-[(4S)-4-(2-hydroxypropyl)-2-oxopyrrolidinyl Jbutanamide 233 (0.67 g, 72 %) as a white
30  solid after recrystallisation in acetonitrile.
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20 2.5. Synthesis of (25)-2-(2-ox0-4-propyl-1-pyrrolidinyl}butanamide 158 and 159
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2.5.1. Step 1 : Reductive amination

25  In athree neck flask, under argon, 4-n-propyl-hydroxyfuranone 373 (35.5 g, 0.25 mol.
synthesized from Bourgui gnon JJ et al; J.Med. Chem, 1988, 31, 893-897) is added a solution of
S-2-aminobutyramide (28.1 g, 0.275 mol.) in PhMe (355 ml) at 18 °C. The solution is stirred for
0.5 h at this temperature and a precipitate appears. The reaction mixture is stirred for 2 h and
NaOH 4N (37.5 ml) is added dropwise to the suspension followed by an aqueous solution of

30 NaBH; (6.2 g, 0.16 mol.) in water (62 ml). After 1h, the reaction mixture is carefully quenched
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‘25
2.5.3. Synthesis of 5-hydroxy-4-propyl-furan-2-one

\h R, , Pd/C 5% \h
HO™ N\ g7 =0 E10AC HO™ Ng” 0

30  5-hydroxy-4-propyl-5H-furan-2-one 373 (15 g, 0.1 mol), ethyl acetate (260 ml) and Pd/C 5% are
placed in a Parr apparatus. The mixture is degassed, and hydrogen is introduced at a pressure of
35 psi. This mixture is then stirred vigorously at 25 °C for 2 h, After filtration on celite, the
solvent is removed under reduced pressure at 50 °C to give the 5-hydroxy-4-propyl-furan-2-one
as a crude product (100% yield). LC/MS : 145 (MH-+).

35
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3.1.1.a.2. Other methods :
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Alternatively, cinnamate d-crivatives have also been synthesized by Palladium catalyzed
20 carbometalation of an acrylic derivative. For example, ethyl (2£)-3-(5-pyrimidinyl)-2-propenoate
376 is obtained by reaction between ethyl acrylate and 5-bromopyrimidine in the presence of

palladium acetate.

3.1.1.b. Preparation of ethyl 3-(3-chlorophenyl)-4-nitrobutanoate 377:

25 375 377
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#1000 & 1.1.4. Preparation of 4-(3- chlorOphenyl) 2- pyrrohdmone 379:

%}_ C%a

In a 500 ml flask fitted with reflux condenser and magnetic stirrer, 135.7 g (561 mmoles) of

ethyl 4-amino-3-(3-chlorophenyl)butanoate 378 are dissolved in 200 ml of toluene, and the

mixture is refluxed for 30 min. The solution is concentrated to dryness and the residue purified
25 by PrepLC (1 kg SiO;, CH,Cl/EtOH, 98:2 -> 95:5) to give 54.4 g of pure 379 (49.2 %).

GC/MS : 197/197 M+.

3.1.1.f. Preparation of ethyl 2-[4- (3 chlorophenyl) 2-oxo 1- pyrrohdlnyl]butanoate 380
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of ethyl 2-[4-(3-chlorophenyl)-2-oxo-1-pyrrolidinyl]butanoate 380 are dissolved in 600 m! of
- methanol. Gaseous ammonia is bubbled through the solution, and the saturated solution kept at
room temperature for 5 days, while occasionally resaturating with ammonia. After completion of
the reaction, the solution is concentrated to dryness. The residue is purified by PrepLC (1 kg
20 Si0,, CH;CI/EtOH, 97:3) to give 50 g of pure 381, 97.8 %. 82.2 g of the mixture of
diastereomers are separated by Chiral PrepL.C (Chiralpak AD, benzine/E1OH, 50:50), and each
pair of enantiomers resolved by Chiral PrepL.C (Chiralpak AD, benzine/EtOH, 50:50). The four
compounds are crystallised from toluene to give 16.79 g, 13.9 g, 15.84 g, and 14.84 g of 202,

203, 204 and 205 respectively, 72 % overall.
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EXAMPLE 4. Synthesis of 4-substituted 2-oxo-pyrrolidine butanamides by

alkylation/cyclisation of 4-bromo-3-substituted-but-2-enoic acid esters with 2-amino-

butanamides.

30  4.1. Synthesis of 4-bromo-3-substituted-but-2-enoic acid ester, alkylation and reduction
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15  4.1.2.1. Step 1 : Alkylation-cvclisation
In a 1L three necked flask under argon, a solution of 4-bromo-2-thiophen-3-yl-but-2-enoic-acid
methyl ester 382 (36.72 g, 0.134 mol.), (S)-2-amino-butyramide ((c}*°p : 19.09 °; 31.6 g, 0.270
mol.) in THF (350 ml) is stirred for 20 h at room temperature. The suspension is filtered and
concentrated in vacuo to afford the crude unsaturated pyrrolidones 384 and 385 (43.47 g) which

20  are used in the next step without any further phriﬂcation. The crude pyrrolidone can be isolated
and is usually a mixture of double bond isomers (olefin in 3,4 and 4,5, the first one being the
major one). 'H NMR (250 MHz, (CD3),SO) : 0.80 (t, 3H), 1.30-1.90 (m, 2H), 4.40 (d, 1H), 4.45
(m, 1H), 4.70 (4, 1H), 6.30 (s, 2H) 7.0 (s (broad), 1H), 7.15 (dd, 1H), 7.40 (s (broad), 1H), 7.0
(d, 1H), 7.85 (d, 1H).

25 4.1.2.2. Step 2 : Reduction
In a 0.5 L three necked flask under argon, NaBH, (1.75 g, 0.044 mol.) is added by portions to 2
solution of the crude unsaturated pyrrolidone 384/385 (14 g, 0.044 mol.), CoCl» (0.062 g, 0.0005
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4.2.1. Synthesis of Anilines
20
4.2.1.1. Step 1 : Alkylation of (S)-2-amino-butyramide by 4-bromo-3-(3-nitrophenyl)-but-2-
enoic-acid methyl ester 386
The synthesis of 386 is made as described in § 4.1.1. "H NMR (250 MHz, (CD3),S0): 1.30 (t,
3H), 4.20 (q, 2H), 5.15 (s, 2H), 6.45 (s, 1H), 7.75 (dd, 1H), 8.10 (dd, 1H), 8.25 (dd, 1H), 8.45 (4,
25 1H).
The alkylation is performed following the experimental procedure described in §4.1.2.1. (59%).
LC/MS : 290 (MH4).
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1. PNyPCH,PrB, 8r
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In a three necked flask, under argon, a solution of PhsPCH,PhBr; (2.870 g, 0.048 mol.) and 90

(0.420 g, 0.0016 mol.) in CH,Cl; (10 ml) and MeOH (5 ml) is stirred with NaHCO; (0.407 g,

0.048 mol.) for 4 h at room temperature (orange solution). The reaction mixture is filtered and
30  concentrated in vacuo to afford the crude aniline which is purified by column chromatography on

silicagel (AcOEt/ethanol 98/02 (v/v)) to afford 0.38 g of the expected aniline 107 (47%,
recrystallized from Et,0).



"109% #& () - F3E "10% #& ()- F3E "10% #& ()- F3E "10% #& () - F2RAUGWSK2004 ) - F3E
"109% #& ()-F3{} _?0(#& E "1E "10%#& ()- F3E "10% #& ()- F3E "109% #& () - F3E
" 109 #& (WOFRB2TH0% #& () - F3E "10% #&' () - F31E " 10% #& () - F3@¢d /2o DbihE7
SI"E " 10% #& ()-F3| PA& ()-F3E "10% #& ()-F3E "109%#& ()-F3E "10% #& ()- F3E
" 1094 #& () - F3E " 1094 #& () - F3E " 109 #& ()sgF3E " 109 #& () - F3pP4& () - F3E
"109% #& () - F3E "10% #& () - F3E " 10% #& () F3E "109% #& ()- F3E "10% #& ()- F3E
" 10% #&é)&ypgﬁmm He2- ?1 “NRINER10- 1 Y Erol O ok drianFiGES 1BHGHS! () - F3E
" 109 #& ()- F3E "10% #& ()- F3E "10% #& ()- F3E "10% #& ()- F3E
" 109 #& ()- F3l LO& () - F3E "10% #& () - F3E "10% #& ()- F3E "109% #& () - F3&E
"109% #& () - F3E "109%#& () - F3E "109% #& ()\F3E "10% #§ ()- F31E
"109% #& ()-F3GYJ X 9 7 SI"E "10% #& (&9(#& ()}YF3GYJE "10% #& () - F3E
" 109 #& () - F3E " 10% A& F@Efai'cm'@%o#&hv() 109 #& S%E
"10% #8& ()-F3_2(#& ()-F3GYIE "T0R#& (V- FIE " 109 #& (!; F 109% #& () - F3E
"109% #& () - F3E " 10 NESE " 1004 #&' (\)\ﬁi%.sm 0) 09 #& () - F3E

)

"109% #& () - F3E "10% #& () - F3E " 10% #& ( 109 #& ()R F3E " 109 #& () - F3E
" 109 #& () - F3t X<& () - F3E " 10% #& () - F3E " 109 #& ()-F3E “10% #& () - F3E

"109% #& ()-F3E "10% #& ()-F3E "10% #& () 3='|:3E "109¢ #&5 () - F3GYJ X QulfF7 s!"E
"109% #& () - F3E "10% #& ()-F3t X< X 9uif F7E "10% #& ()-F3E "10% #& () - F3E
"109% #& () - F3E "10% #& ()-F3E "10% #& ()-F3E "10% #& () - F3E

"109% #& () -F3t X< X Qulf F7E "10% #& ()-F3E "10% #& ()-F3E "10% #& () - F3E

" 10%{ #&a(a)ndmswtwe#&b(a)n cri;aa@/ ﬁ&h am%& thd 82etiSc 689 bRt %Rirkl Qutiddnaky

" 1094 # FSE (109648 () - F3E ocy

- 10% #i'h%§ ¢ i iQHd Hidkan Xal‘—‘%také" b Pisined p s ordsal sheg g Pl %@n in
" 109 #&Kr)OEBE6' us_obx(a#&d(a)s -HiE erymsaﬁaﬂee yecEafalishOog ﬁ&E(;)t} F3E .

" 109 #& () - F3R6E "109% #& ()- F3E " 109% #& ()-F3GYJ X 9ulf F7 s!"t X<(#& () - F3EE
" 1094 #EXAMBEE" 3094ritfieis of 3/dnbshiflied - dxo- fakr olid 19 Bidtahhnfids byl@8vatishlio3E
" 109 #& E El 0%1#& ()-F3 tX<(#& ()-F3EE "10% #& ()- F3E ' fo%#& () - F37E
" 109% #&’fﬁ? ¥EL-[3d bPBE”P!LW]#@f%?ﬂ:BFPDl@W%&ﬂQ? yate 11.

" 1Y #& () F3t x<(#& () - F3EE "10% #& ()-F3E "109%#& ()-F37E " 10% #& () - F3E

" 109% # £ l0Y e ( " 1094 #& 3t X E

" 10‘Vé# §SJ’E§E5*’%’8&‘%Q’% Ietapuint g /f@éf%rf%’ B-o% /(P#E‘(‘)(‘ff ’iféﬁé’("fgé}é")#’&f f‘f F3E
" 109 #& () F3E "10% #& () - F3R2t X<(#& (E "109% #& ()-F3GYJ X 9QulfF7 s!" .
#3% ) gG<(#&' (E "L0%E "10% #& () - F3E " L0% #& () - F3E ' 10%#& () - F3E

109% #8&' () - F3E " 10% #&' (4 E3E " 108#& D) +- ] 246 B pel (E E

"10% #& () - F3E ' 10 "#8.() - FIE 309 #& (- F3E " 10% #& ()MwFQE " 10% #& () - F3E
'10% #& () - F368: C<(#&'—(-IZFE—“-S:O(V(¢{‘-&'~§’ ) ESE—-109% #W%

" 109 #& () - F3E ' 0%13;?& ()- F3E "10% #&"() °F3E

'10% #& () - F3ABCDEFGH: X<(#& (EE " 10% #& () - F3E " 10% #& () F3(E

" 109 #& () - F3%E "10% #& ()- F3E "10% #& ()- F3E " 10% #& () - F3E

'109% #& () - F3H JMBE " 10% #& () - F3GYJ

15 This transformation is described elsewhere §7.0.1 to produce the two esters 11 and 12.

5.2. Synthesis of 1-[2S-1-(aminocarbonyl)propyl] -5-oxo-3-pyrrol£a’inecarboxylic acid 48
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1. MeQOH, NaOH
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In a three necked flask, under argon, a solution of 1N NaOH (126 ml) is added to a solution of
20  the enantiomerically pure ester 11 (22.62 g, 0.1 mol.) in MeOH cooled at 0 °C. After 1.5h at

this temperature, the reaction is acidified by HCI (1IN (109 ml), the solvents evaporated under

vacuum. The residue is extracted with i-PrOH, filtered and the filtrate is concentrated in vacuo to
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Alternatively, 1,3,4-oxadiazole derivatives can be obtained from hydrazine 391. For example, 2-
[2-0x0-4-(5-sulfanyl-1,3 4-oxadiazol-2- -yI}-1-pyrrolidinyl}butanamide 51 is obtained by reacting
25  hydrazine 391 with CS2 and KOH in EtOH.

3.5. Synthesis of 4-amino-pyrrolidin-2-one 392
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5.5.2. Step 2 : Synthesis of 4-amino-pyrrolidin-2-one 392

20 In a0.25L pressure jar, under inert atrosphere, 11.9 g (0.037 mmol.) of 393 and Pd on charcoal
(10% wiw, 0.2 g) are dissolved in EtOH (300 ml) and the mixture hydrogenated on a Parr
hydrogenator at a maximum of 20 psi H; pressure. After 20h, the mixture is degassed, filtered on
a Celite/Norite pad, and the filtrate concentrated in vacuo, to give the crude amine which is

recrystallised from PhMe to afford 2-{4-amino-2-ox0-1-pyrrolidinyl]butanamide 392 (6.99 g,
25  quantitative).
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mixture is warmed to room temperature, concentrated in vacuo and purified by chromatography
on silicagel (EtOH/CH,Cl; : 05/95 (v/v)) to afford, after recrystallisation in MeCN, (28)-2-[4-(2-
bromo-1H-pyrrol-1-yl)-2-0x0-1-pyrrolidinyl Jbutanamide 234 (1.05 g, 67%) as a white solid .
Alternatively, using the same experimental procedure and 2 equiv. of N-Bromo-succinimide,
20 dibromopyrrole 237 can be obtained.

5.8. Synthesis of tetrazolyl derivatives

Alternatively to § 5.6, reaction of 2-[4-amino-2-oxo-1-pyrrolidinylJbutanamide with triethyl
orthoformiate, NaN; and AcOH provided 2-[2-oxo0-4-(1H-tetrazol-1-y1)-1-
25  pyrrolidinyl]butanamide 67.

5.9. Synthesis of (4H-1,2,4-triazol-4-yl) derivatives

Alternatively to § 5.6, reaction of 2-[4-amino-2-o0Xo-1-pyrrolidinyl Jbutanamides with pyridine
and 1,2-bis((dimethylamino)methylene)hydrazine provided 2-[2-ox0-4-(4H-1,2,4-triazol-4-yl)-1-
30 pyrrolidinyl]butanamides 65 and 66,
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20  Alternatively, the reaction can also be conducted with racemic 2,2-dimethylethyl-2-amino-
| butanoate to afford the racemic butanamide with a similar yield.

Step 2 : Synthesis of the aldehyde 396.

o . H ;—’
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25  Reduction of the ester 397 to the alcohol 398
Itis done using the method described in §7.0.2.a using 397 either as a single enantiomer, a
mixture of two diastereoisomers or a 1/1/1/1 mixture of 4 stereoisomers. For a 1/1
diastereoisomeric mixture of zerr-butyl (25)-2-[4-(hydroxymethyl)-2-oxo-1-
pyrrolidinyl]butanoate 398 : GC/MS : 257 M+ |
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6.2.2. By olefination with Ph;P/CBr4

30  Alternatively to §6.2.3., halovinyl derivatives can be obtained by Wittig olefination of the 1-
{(1S)-1-(tertbutoxycarbonyl)propyl]-5-oxo-3-pyrrolidinecarboxaldehyde 396 in the presence of a
phosphine and an halogenomethane. For example, (25)-2-(2-0x0-4-(2,2-dibromovinyl)-1-
pyrrolidinyl)butanoic acid 2,2-(dimethyl)ethyl ester is obtained from aldehyde 396 and CBry4 in
the presence of triphenylphosphine.
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Alternatively to §6.2.3., halovinyl derivatives can be obtained by Wittig olefination of the 1-
[(18)-1-(tertbutox ycarbonyl )propyl]-5-oxo-3-pyrrolidinecarboxaldehyde 396 in the presence of a
phosphine and an halogenomethane. For example of 2-(2-0x0-4-(2-(Z)-fluorovinyl)-1-
25  pyrrolidinyl)butanoic acid 2,2-(dimethyl)ethyl ester is obtained from aldehyde 396 by
successive reaction with CFCl; and n-Bu;P followed by dephosphorylation of the intermediate
vinylic phosphonium by NaOH.

6.2.5. Synthesis of the 4-cyano-pyrrolidone
30
Alternatively, 4-cyano-pyrrolidone derivatives are obtained by reacting 1-[(1S)-1-

(tertbutoxycarbonyl)propyl]-5-oxo-3-pyrrolidinecarboxaldehyde 396 with hydroxylamine
followed by SeQ,.
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1832 ﬁ%n@%tﬁ%@ﬁigﬁﬁﬁﬁ lfr)dc'r:?%onl\,ol(ﬁ #chiniEAR A AHEOOEFRBE mI, 0.24 mol.) is.

dgied to g solution o the mixture of acids (25.6 g, 0.11 mol.) in CH;Cl; (250 ml) and

20 triethylamine (33.7 ml) cooled at -15 ®C. The reaction mixture is stirred for 1.5 h at-10 °C then
gazeous NH; is bubbled through the solution while maintaining the temperature below 0 °C.
The suspension is stirred for 1 h at 0 °C, warmed to room temperature, filtered and the filtrate is
evaporated under vacuo. The crude amides are purified by column chromatography on silicagel
(CH.CIL/EtOH 99/01 (v/v)) to afford 23 g of a 1/1 diastereoisomeric mixture of (28)-2-(2-oxo-

25  4-(2,2-diflucrovinyl)-1-pyrrolidinyl)butanoic acid 2.2-(dimethyl)ethyl ester which is purified by
column chromatography on chiral phase (hexane/EtOH) to afford the two diastereoisomers 213 .
(10.1 g, recrystallised from i-Pr,0) and 222 (11.2 g, recrystallised in i-Pr20).

6.3.2. Alternatively, the deprotection can be performed with bromocatechol borane.

30

4 diastereoisomers of 2-(2-ox0-4-(2,2-dimethylvinyl)-1-pyrrolidinyl)butanamide 163 are
obtained by reacting the 1/1/1/1 diasterecisomeric mixture of 2-(2-oxo-4-(2,2-dimethylvinyl)-1-
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6.4.2. Synthesis of 2-(4-p ropyn-1-yl-2-oxo-1-pyrrolidinyl)butanamide 280

h \_L
’ 1. NaH o0

NH.‘, 2. MeZnCl, CuCN
3. NH,CI
° <
267 280

In a three necked flask, under argon, a solution of methyl zinc chioride (prepared from

25  methyllithium (1.5 M in ether, 6.14 ml) and ZnCl; (1.25 g)in THF (15 ml)) is added to a
solution of CuCN (0.82 g) and LiCl (0.78 g) in THF (10 ml) at ~10 °C. In another three necked
flask, under argon, NaH (80% in oil, 0.097 g) is added to a solution 2-(4-bromo-ethynyl-2-oxo-
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20  6.6. Synthesis of 2-[4-(5-methyl-1, 3-oxazol-2-yl)-2-oxo I-pyrrolidinyl]butanamide 62 and 63
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Step 1: Hydrolysis of the ester

1In a three necked flask, under argon, NaOH 1IN (39 ml) is added to a solution of methyl 1-[1-
25 (1Cﬂ-butoxycarbonyl)propyl]-S-oxo—B-pyrro]idinecarboxylate 397 as a 1/1/1/1 mixture of 4
stereoisomers (10 g, 0.035 mol.) in MeOH (100 ml) at 20 °C. The solution is stirred for 0.5 h,
evaporated to dryness and acidified to pH = 1 with HCI 1N. The aqueous layer is extracted with
AcQEL, dried over MgSOs, filtered and concentrated in vacuo to afford the crude acid 400 (8.45
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30  6.7. Synthesis of tetrazoles.

6.7.1. Synthesis of the unsubstituted tetrazoles
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20  6.8.1.1. Ammonolysis of 397

In 2 0.5 1 three necked flask fitted with reflux condenser, magnetic stirrer and an addition gaz
tube dipping in the solution, 10 g (0.035 mmoles) of 397 are dissolved in 100 ml methanol.
Gaseous ammonia is then bubbled through the solution, and the saturated solution kept at room
temperature for 1 day, while occasionally resaturating with ammonia. After completion of the

25  reaction, the solution is concentrated in vacuo to afford the crude amide 407 (9.6 g, 100%). 'H
NMR (250 MHz, (CD3),SO) : 0.85 (t, 3H), 1.44 (s, 9H), 1.55-1.60 (m, 1H), 1.70-1.95 (m, 1H),
2.40-2.60 (m, 2H partially overlapped with solvent), 3.00-3,70 {m, 1H partially overlapped w1th
solvent), 4.35-4.45 (m, 1H), 6.95 (s (broad), 1H), 7.40 (s(broad), 1H).
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2-(4-hexyl-2-ox0-1-pyrrolidinyl tetradecanamide
2-(4-hexy!-2-ox0-1-pyrrolidinyl)tetradecanamide
2-(4-hexyl-2-oxo0-1-pyrrolidinyl)hexanamide
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2-(2-ox0-4-propyl- 1-pyrrolidinyl)octanamide
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103  |2-[4-(iodomethyl)-2-oxo-t-pyrrolidinyl]butanamide
[2-(4-hexyl-2-oxo-1-pyrrolidinyl)pentanamide
8 = |2-(4-hexyl-2-ox0- 1-pyrrolidinyl)heplanamide
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2-(4-ethyl-2-oxo0-4-phenyl-1-pyrrolidinyl)butanamide
2-(4-ethy!-2-oxo-4-phenyl-l-pynolidinyl)bulnnamidc
2-[4-13-(cyclopentyloxy)-4-methoxyphenyl]-2-oxo-1-
pyrrolidiny! ) butanamide
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(25)-2-[4-(5-amino-2,4-dibromophenyl)-2-oxo- [ -pyrrolidinyl]butanamide

(2S)—2—[4-(2,2—diﬂuorovinyl)-z-ox()pyrrolid'm-l-yl]butanoic acid
2-[4-(3-bromo-2-thienyl)-2-oxo-1-pyrrolidinyl]butanamide
2-[4-(4-methyl-2-thienyl)-2-0x0 1-pyrrolidinyt]butanamide

(28)-2-(4-methyl-2-oxo-4-propyl- | -pyrrolidinyl)butanamide -
(2S)-2-(4-ethynyl-2-0xo- 1-pymolidinyl)butanamide

(25)-2-(4-methyl-2-o0xo0-4-propyl-1-pyrrolidinyl)butanamide
(2R)-2-[4-(2,2-dichlorovinyl)-2-0x0- 1 -pyrrolidinyljbutanamide
(2R)-2-{4-(2,2-dichlorovinyl)-2-oxo-1-pyrrolidinyl]butanamide
2-(4-cthyl-4-methyl-2-oxo-1-pymolidinyl)butanamide
2-(3,3-dimethyl-2-oxo-4-phenyl-1-pyrrolidinyl)butanamide
2-(3,3-dimethyl-2-oxo-4-phenyl- 1 -pyrrolidinyl)butanamide
2-{3,3-dimethyl-2-oxo-4-phenyl-1-pyrrolidinyl)butanamide
2-(3,3-dimethyl-2-0x0-4-phenyl-1-pyrrolidinyl)butanamide - '
(28)-2-(3-benzyl-2-ox0-I-pyrrolidinyl)butanamide
2-[(48)-4-(2,2-difluoropropyl)-2-oxopyrrolidinylJbutanamide
(25)-2-[4-{bromoethynyl)-2-oxo- {-pymolidinyl]butanamide
(28)-2-(3,3-diethyl-2-oxo- I-pyrrolidinyl)butanamide -
2-(3-benzyl-3-methyl-2-oxo-1-pymolidinyl)butanamide
2-(3-benzyl-3-methyl-2-oxo-1-pyreolidinyl)butanamide
(25)-2-(3-benzyl-3-methyl-2-oxo- l-pyrrdlidinyi)bumnamidc
2-[4-(5-methyl-2-thienyl)-2-oxo- | -pyrrolidinyl]butanamide
2-[4-(5-acetyl-2-thienyl)-2-oxo-1-pyrrolidinyl jbutanamide
2-[4-(5-cyano-2-thienyl)-2-oxo- 1-pyrrolidinyl jbutanamide

2-(4-ethyl-4-methyl-2-oxo- 1 -pyrrolidiny!)butanamide
(25)-2-(2-0xo-4,4-dipropyl-1-pyrrolidinyhbutanamide
(2R)-2-(3-benzyl-2-oxo-1-pyrrolidinyl)butanamide

2-[4-(bromoethynyl)-2-0xo-1-pyrrolidinylJbutanamide
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0.80 (t, 3H); 1.50-1.75 (m, [H);1.80-1.95 (m, 1H); 2.45 (

(dd, 1H); 6.90 (s (broad), 1H); 7.20-7.25 (m, 5H).

0.80 (t, 3H); 1.55-1.70 (m, 1H):1.80-1.95 (m, 1H); 2.55 (@, TR o@@ppeg Hilsasy

with solvent);1.70 (dd, 1H); 4.50 (dd, 1H); 6.95 (s (brond)d)ll_ig; 7.30-7.70 A@I&H%

1.75-1.95 (m, 1H); 2.55 (m, 13
- 4.40 (dd, 1H); 6.95 (s (broag

1H); 3.50-3.70 (m, 3H); 4.45 (dd, 1H); 5.45 (s (broad), [H); @

0.90 (t, 3H); 1.20 (s, 3H); 1.60-1.80 (m, IH); 1.80-2.10 (m, 18

, 1H);1.90-2.20 (m, 1H); 2.70 (dd, (IS0, 2Ry

3H, overlapped with solvent); 3.5 (dd, 1H); 4.05 (dd, 1H of |

0,80 (t, 3H); 1.50-1.65 (m, LH); 1.75-1.90 (m, 1H); 2.25 (dd T,
{(s(broad), 1H).

0.80 (t, 3H); 0.90 {t, 3H); 1.30-1.70 (m, 3H); 1.70-2.00 {m,

(s (broad), 1H); 7.30 (s {broad), 1H).

0.80 (t, 3H); 0.85 {1, 3H): 1.30-1.70 {m, 3H); [.70-1.90 (m, |
1H); 4.30 (dd, 1H); 6.90 (5 (broad), 1H); 7.30 (s (broad)

0.80 (1, 3H); 1.45-1.55 (m, 1H); 1.60-1.95 (m,1H); 2.1 (dd, L1})

2HY; 3.6 (dd, 11): 4.30 (dd, 1H); 7.8 (s(broad}, IH).

0,00-0,005 (m, 2H, overlapped with TMS); 0,40-0,55 (m, 2ZHR
(m, 1H); 1.85-2.05 (m, 1H); 2.05-2.30 (m, 1H); 2.35-2.70 (m

6.20 (s (broad), 1H)

0.95 (t, 3H); 1.60-1.80 (m, 1H);1.90-2.10 (m, IH); 2.60-2.70%e
5.40 (s (broad), 1H); 6.00-6.20 {m, 2H); 6.30 (d. IH); 7.45 {do
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3.55(dd, {H); 4.3

0.95 (t, 3H); 1.60-1.70 (m, 1[):2.00-2.10 (m, [H); 2.00@I Y, 285340 WL 330D 3 30380 m 3B &

5.40 (s (broad), 1H); 6.10 (s (broad), 1H); 6.15 (d, 1H}; 6.35 (d,"11¥); 7.40 (d\, 1H}.

0.80 (t, 3H); 1.60-1.70 (m, 111);1.90-2.10 (m, IH): 2
0.70-0.90 (m, 3H); 1.50-1.75 (m, 1H):1.80-1.95 (m, 1§30

153
N’
=
-
—
e
L5
E
S
.4
=3
bt
[~
L
vy
B
S
"
=
=
e
o
U
=
[=]
L3
2
Z
—
.
-]
)
L
wy
=
]
~
s
=
E
et

0.83 (t, 3H), 1.52 - 1.70 (m, 1H), 1.70-1.84 (m, [H), 2.5 Q@

4.39 (dd, 1H), 7.05 (s (broad), IH), 7.42 (m, 2H).
0.81 (t, 3H), 1.48 — 1.51 (m, 1H), 1.80-1.94 (m, 1H), 2.5

4.38 {m, 1H), 7.05 (s (broad), 1H), 7.42 (m, 2H).
1.02 (1, 3H), 1.63 — 1.82 (m, [H), 1.91-2.08 (m, {H), 2.86

{m, 1H), 5.58 (s (broad), 1H), 6.21 (s, 2H), 6.25 (s (broad);
5.5 {m, 2H), 6.13 (s (broad), 1H), 6.21 (s, 2H).

3.95 (dd, TH); 4.50 (dd, 1H); 5.50 (s (broad), IH); 6
0,75 (t, 3H); 1.45-1.60 (m, [H); 1.75-1.90 (m,1H); 2.05
0.80 (¢, 3H), 1.41 - 1.63 (m, JH), 1.71-1.86 (m, tH), 2.1
4.31(dd, 1H), 6.97 (s (broad), 111), 7.3I (s (broad), 1H),
0.84 (1, 3H), 1.60 - 1.72 (m, [H), 1.86-1.98 (m, 1H). 2.7884

0.90 (1, 31); 1.60-1.70 (m, IH);1.85-2.10 {m, 1H); 2
1.80 (dd, 1H); 4.50 (dd, [H); 5.50 (s (broad), IH); 6

2H, partiafly overlapped with solvent);
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Blog/@AM%& Adsu é%?in(r)zor)c! ﬁgg f\x&{fg Jﬂgf eig%gg/"{% IS% dfon two
gig'@;qmd &r 'jf iwpé’f@’qﬁm ﬁ@bﬁ(tqnqk Bld}gq) p&?‘?) ) CCCCCCC D ! %)‘K’Z<

g%ggj@ ‘P& (JCerebrBIOMRA fﬁ&n(_bﬂ)Z‘iOB]rQ?(f@'SpP&u(e)Di\$lc§]r9t{‘|%re E’émﬁéer)lsfed using a

10% &
310+ 8@*’(5} §@°%i‘6@%f»(18&“€5‘°5>%]1é¥§b m“? p%r@em(#@mw%mw?l)m@ﬁo
;151/00 YA P& tnimjod/] BAGrUee (hnffef ) sl Bﬂ;@%ﬁ}ﬁnsp&g( )erfbﬁnB&@fgll}ACp&g homhsgenate is
0 < 0 o/

Blowg ﬁ%‘gﬁoe}l ﬁ%%}yf& - %hﬁcyéﬁt}%&b%%( %‘3] fey J pbieteAds B“ugic“@ﬁ(i“ S
B1¢p Mae! )1'1)5<H 1 6l 7 ﬁ&(t(t.)ffc)r%)mﬂ%édm&c( )5 in BUBDAD ! qeltrifgpcat 30, 000xo for
S o RIS v RSB TR MBI R R b e
< Be. BROYeRRE e maty s o 1 2 1eimp aha zioryd ORISR () ) <
_ giggﬁ@ p& ()Mt)ﬂ‘llﬁ'kB Fot?ﬁq(é&i%ﬁ&f&ﬂ'lcﬁﬁat&i@fy@‘s\é Rt (201)1}?1 in 0.5 m! of

BlocygAaBQ ’%"g“ §"f§ié“%%u5% ‘{S%N' }Pw?cﬁﬂk'fq Bl(l.)%’)g iﬁ& YP?V‘)OJ [H)-2-[4-
812%“(%&léppbe@@msﬁ@bu@ymcampmamgm@c and iRIQYIAS p&c(e)mm f the test
B10%"s &G)W@becﬁ‘& lgl}ld ng Mﬂs dgf&néc} as)l gresidu I’bmdlncr observed in the

B10%p""
presenca of a concentration of reference substance (e.g. 10~ mol/l levetiracetam) that binds

essentially all the receptors. Membrane-bound and free radioligands are separated by rapid
filtration through glass fiber filters (equivalent to Whatman GF/C or GF/B; VEL, Belgium) pre-
80 soakedin 0.1 % polyethyleneimine and 10~ mol/l levetiracetam to reduce non specific binding.
Samples and filters are rinsed by at least 6 m! of 50 mmol/l Tris-HC| (pH 7.4) buffer. The entire
filtration procedure does not exceed 10 seconds per sample. The radioactivity trapped onto the
filters is counted by liquid scintillation in a B-counter (Tri-Carb 1900 or TopCount 9206,
Camberra Packard, Belgium, or any other equivalent counter). Data analysis is perfomed by a
35 computerized non linear curve fitting method using a set of equations describing several binding

models assuming populations of independent non-interacting receptors which obey to the law of
mass.

Compounds according to the invention showed pKi values of 6.0 and greater. Particular
affinity is shown by compound nes.: 8,9, 10, 22, 23, 27, 30, 31, 32, 33, 38, 40, 41, 43, 46, 47,
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1ntervai the mice arc observed and the presence of the 3 phases of the seizure activity namely
wild running, clonic and tonic convulsions, is recorded. The proportion of mice protected against
wild running, clonic and tonic convulsions, respectively, is calculated.

30 For active compounds, an ED50 value, i.e. the dose producing 50 % protection relative to
the control group, together with 95% confidence limits, was calculated using a Probit Analysis
(SAS/STAT® Software, version 6.09, PROBIT procedure) of the proportions of protected mice
for each of the 3 phases of the seizure activity.

Compounds according to the invention showed ED50 values of 1.0E-04 or lower.

35  Particularly promising activity was shown by compounds nos.: 8, 9, 10, 22, 23, 27, 30, 31,32,
33,38,40,41,46,47,64,71,72, 81, 86, 87, 88, 92, 93, 95, 96, 100, 105, 110, 146, 151, 152,
156, 158, 159, 162, 163, 164, 165, 166, 180, 181, 187, 188, 195, 196, 197, 198, 200, 201, 204,
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GHI JKL M N O Palkenyl or -alkynyl, each optionally substituted by one or more halogens;

azido: cyano: amido: carboxy: triazolyl, tetrazolyl, pyrrolidinyl, pyridyt. 1-

oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl. pyrimidinyl.
pyrrolyl, thiadiazolyl, thiazolyl, thieny! or piperazinyl each optionally
substituted by one or more substituents selected from halogen, C1-6-alkyl
and phenyl and attached to the ring either directly or via a carbonyl group or
a Cl-4-alkylene bridge; naphthyl; or phenyl, phenylalkyl or phenylalkenyl

each optionally substituted by one or more substituents selected from
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azido, phenyl and nitro and each attached to the ring either directly or via
an oxy, sulfonyl. sulfonyloxy, carbonyl or carbonyloxy group and optionally a
Cl-4-alkylene bridge;

5 b) as a) except that any alkyl is C1-6-alkyl and any C1-4 alkylene bridge is
methylene;

c) Cl-6-alkyl optionally substituted by one or more substituents selected from
halogen, thiocyanato, azido, alkoxy, alkylthio, phenylsulfonyl; nitrooxy; C2-
3-alkenyl or -alkymyl each optionally substituted by one or more halogens or

10 by acetyl: tetrazolyl, pyridyl, furyl, pyrrolyl, thiazolyl or thienyl; or pheny! or
phenylalkyl each optionally substituted by one or more substituents selected
from halogen, C1-6-alkyl, C1-6 haloalkyl, C1-6-alkoxy, amino, azido, phenyl
and nitro and each attached to the ring either directly or via a sulfonyloxy
and. optionally, a Cl-4-alkylene bridge, particularly methylene;

15 d) as c) except that any C1-4 alkylene bridge is methylene;

e} hydrogen, halogen or methyl. ethyl, propyl, isopropyl, butyl, iso or ter-butyl,
2,2,2-trimethylethyl or the same substituted by at least one halogen atom;

f) Cl-4-alkyl optionally substituted by one or more substituents selected from
halogen, thiocyanato or azido; C2-5-alkenyl or —alkynyl, each optionally

20 substituted by one or more halogens; thienyl; or phenyl optionally
substituted by one or more substituents selected from halogen, C1-6-alkyl,
C1-6 haloalkyl or azido: or

g Cl1-6-alkyl and C2-8-haloalkenyl.

7. A compound according to Claim 1 wherein R8 is a substituent group selected from,

25 ' a) hydrogen. methyl, ethyl, propyl, isopropyl. butyl. iso or ter-butyl,
2,2,2-trimethylethyl, phenyl. benzyl or the same substituted by at least one
halogen atom; or

b} hydrogen or methyl.

8. A compound according to Claim 1, wherein,
30 A2 is oxygen;
X is -CONRPRS or ~CO-R8 ;
Rl is hydrogen or alkyl, aryl, halogen, hydroxy, amino, nitro, cyano;
R3 is hydrogen or halogen, nitro, cyano. acyl, acyloxy, a sulfonyl derivative, a sulfinyl
derivative, carboxy. ester, ether, amido, sulfonic acid, sulfonamide, alkoxycarbonyl, a thio
35  derivative, alkyl, oxyester, oxyamido, aryl, alloynyloxy, acyloxy. oxyester. oxyamido,
alkylsulfonyloxy. alkylsulfinyloxy, arylsulfonyloxy, arylsulfinyloxy, aryloxy, aralkoxy,
heterocyclooxy, heterocycle, vinyl and R3 may additionally represent C2-5 alkenyl, C2-5

alkynyl or azido each optionally substituted by one or more halogen, cyano, thiocyano, azido,
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cyclopropyl, acyl and/or phenyl; or phenylsulfonyloxy whereby any phenyl moiety may be
substituted by one or more halogen, alkyl, halocalkyl, alkoxy. nitro, amino, and/or phenyl;

R32 is hydrogen:

R and R® are the same or different and each is independently hydrogen, hydroxy,
alkyl, aryl. heterocycle or oxy derivative; and

RS is hydrogen, hydroxy, thiol. halogen, atkyl. aryl. heterocycle, alkylthio or thio
derivative.

9. A compound according to claim 8, wherein

Rl is methyl, ethyl, propyl. isopropyl, butyl or isobutyl:

R3is C1-5 alkyl, C2-5 alkenyl, C2 - C5 alkynyl, cvclopropyl, azido, each optionally
substituded by one or more halogen, cyano, thiocyano, azido, alkylthio, cyclopropyl, acyl
and/or phenyl; phenyl; phenylsulfonyl; phenylsulfonyloxy, tetrazole, thiazole, thienyl, furyl,
pyrrole, pyridine, whereby any phenyl moiety may be substituted by one or more halogen,
alkyl, haloalkyl, alkoxy, nitro, amino, and/or phenyl; most preferably methyl, ethyl, propyl,
isopropyl, butyl, or isobutyl.

X is ~COOH or ~CONHg
10. A compound according to Claim 8, wherein

R is methyl, ethyl or n-propyl; and

Xis -CONHg.

11. A compound according to Claim 1, wherein

X is -CAINH3, -CAINHCHj3 or —~CA!N(CHa)z:

R! is alkyl or phenyl;

R? is alkyl, alkenyl, alkynyl, cyano, isothiocyanato, ether, carboxyl, amido, aryl,
heterocycle; or

R3is CHyR!0 wherein R!® is hydrogen, cycloalkyl, oxyester, oxyalkylsulfonyl,
oxyarylsufonyl, aminoalkylsulfonyl, aminoarylsulfonyl, nitrooxy, cyano, isothiocyanato, azido,
alkylthio, arylthio, alkylsulfinyl, alkylsulfonyl, heterocycle, aryloxy, alkoxy or trifluoroethyl;

R3a is hydrogen. alkyl or aryl; or

R?® and R form a cycloalkyl.

12. A compound according to Claim 1, wherein

R!is alkyl;

R3ais hydrogen;

R? is hydrogen; C1-12-alkyl optionally substituted by one or more substituents selected
from hydroxy. halogen, cyano, thiocyanato or alkoxy and attached to the ring either directly or
via a thio, sulfinyl, sulfonyl, carbonyl or oxycarbonyl group and optionally a C1-4-alkylene
bridge; C2-6-alkenyl or —alkynyl, each optionally substituted by one or more halogens; azido;
cyano; amido; carboxy; triazolyl. tetrazolyl. pyrrolidinyl, pyridyl, 1-oxidopyridyl.
thiomorpholinyl, benzodioxolyl, furyl, oxazolyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl,
thienyl or piperazinyl each optionally substituted by one or more substituents selected from

E
|
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R! is ethyl;

X is -CONHg;

R3 is n-propyl or 2,2-difluorovinyl: and
R32 is hydrogen.
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19, A compound of formula AA-II

(AA-I)
wherein X, R}, R3 and R32 are as defined in Claim 1 and @! together with the oxygen to

which it is attached is a leaving group.

20. A compound according to Claim 19, wherein Q! is a substituent group selected from,
a) alkyl; or
b) linear or branched C1-4-alkyl.

21. A compound according to any preceding claim as a pure enantiomer.

232, A compound according to any preceding claim, which, when the carbon atom to which
Rl is attached is asymrnetric, is in the “S” - configuration.

23. A compound selected from those hereinbefore numbered 8, 9, 10, 22, 23, 27, 30, 31,
32, 33, 38, 40. 41, 43, 46, 47, 49, 64, 71, 72, 73, 75, 81, 83, 86, 87, 88, 92, 93, 95, 96, 98,
100, 103, 105, 110, 119, 127, 142, 1486, 149, 151, 152, 156, 157, 158, 159, 162, 163, 164,
165. 166, 169, 170, 171, 173, 174, 175, 176, 180, 181, 185, 187, 188, 195, 196, 197, 198,
200. 201, 204, 205, 207, 209, 211, 212, 213, 214, 215, 219, 221, 222, 223, 224, 225, 226,
228, 229, 234, 250, 251, 252, 264, 265, 267, 304, 306, 350, 351, AA 1, AA2, AA3 AA4 and
AA 5 or a pharmaceutically acceptable salt thereof.

24. (25}-2-[{48)-4-{2,2-difluorovinyl}-2-oxopyrrolidinyl]butanamide or a pharmaceutically
acceptable salt thereof.

25. The (4R} and (48) diastereoisomers of (25)-2-{2-0x0-4-propylpyrrolidinyijbutanamide or
a pharmaceutically acceptable salt thereof.

25. A pharmaceutical composition comprising an effective amount of a compound according
to any preceding claim in combination with a pharmaceutically acceptable diluent or carrier.
27. The use of a compound according to any preceding claim for the manufacture of a
medicament for the treatment of epilepsy, epileptogenesis, seizure disorders, convulsions and
other neurological disorders including bipolar disorders, mania, depression, anxiety, migraine,
trigeminal and other neuralgia, chronic pain, neuropathic pain, cerebral ischemia, cardiac
arrhythmia. myotonia, cocaine abuse, stroke, myoclonus, essential tremor and other
movement disorders, neonatal cerebral haemorrhage, amyotrophic lateral sclerosis, spasticity,
Parkinson's disease and other degenerative diseases, bronchial asthma, asthmatic status and
allergic bronchitis, asthmatic syndrome, bronchial hyperreactivity and bronchospastic

syndromes as well as allergic and vasomotor rhinitis and rhinoconjunctivitis.
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MmN 0P the: n%uxtoiééié/al HisSrderé in{clddix}\g bipolar disorders, mania, depression, anxiety. migraine.
trigeminal and other neuralgia, chronic pain, neuropathic pain, cerebral ischemia, cardiac
arrhythmia, myotonia, cocaine abuse, stroke. myoclonus, essential tremor and other

5 movement disorders, neonatal cerebral haemorrhage, amyotrophic lateral sclerosis, spasticity,
Parkinson’s disease and other degenerative diseases, bronchial asthma, asthmatic status and
allergic bronchitis, asthmatic syndrome, bronchial hyperreactivity and bronchospastic
syndromes as well as allergic and vasomotor rhinitis and rhinoconjunctivitis, in a mammal in
need of such treatment. comprising administering a therapeutic dose of at least one compound

10 according to any preceding claim.

29. The use of a compound of formula I as illustrated in Claim 1 or a pharmaceutically
acceptable salt thereof, wherein the individual substituents are as defined in Claim 1, with the
provisos that at least one of as R3 and R32 is other than hydrogen; and that when the
compound is a mixture of all possible isomers , X is ~CONRSRS, A?is oxygen and R! is

15  hydrogen, methyl, ethyl or propyl then substitution on the pyrrolidine ring is other than mono-
. di-methyl or mono-ethyl, for the manufacture of a medicament for the treatment of epilepsy.
epileptogenesis, seizure disorders, convulsions and other neurological disorders including
bipolar disorders, mania, depression, anxiety, migraine, trigeminal and other neuralgia,
chronic pain, neuropathic pain, cerebral ischemia, cardiac arrhythrnia, myotonia, cocaine

20  abuse, stroke, myoclonus. essential tremor and other movement disorders, neonatal cerebral
haemorrhage. amyotrophic lateral sclerosis, spasticity, Parkinson’s disease and other
degenerative diseases, bronchial asthma, asthmatic status and allergic bronchitis, asthmatic
syndrome, bronchial hyperreactivity and bronchospastic syndromes as well as allergic and
vasomotor rhinitis and rhinoconjunctivitis.

25 30. A method for treating epilepsy, epileptogenesis, seizure disorders, convulsions and
other neurological disorders including bipolar disorders, mania, depression, anxiety, migraine,
trigeminal and other neuralgia, chronic pain, neuropathic pain, cerebral ischemia, cardiac
arrhythmia, myotonia. cocaine abuse, stroke, myoclonus, essential tremor and other
movernent disorders, neonatal cerebral haemorrhage, amyotrophic lateral sclerosis, spasticity,

30 Parkinson's disease and other degenerative diseases, bronchial asthma, asthmatic status and
allergic bronchitis, asthmatic syndrome, bronchial hyperreactivity and bronchospastic
syndromes as well as allergic and vasomotor rhinitis and rhinoconjunctivitis, in a mammal in
need of such treatment, comprising administering a therapeutic dose of at least onecompound
of forrnula I as illustrated in Claim 1 or a pharmaceutically acceptable salt thereof, wherein the

35 individual substituents are as defined in Claim 1, with the provisos that at least one of as R3
and R32 is other than hydrogen; and that when the compound is a mixture of all possible
isomers , X is -CONRZRS, A2 is oxygen and R! is hydrogen. methyl, ethyl or propyl then
substitution on the pyrollidine ring is other than mono-, di-, or tri-methyl or mono-ethyl.

31. The use according to Claim 29, wherein the compound of formula [ is a compound
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