WO 03/ 066635 PCT/ EP0O3/ 01308 1 PI PERI DI NE DERI VATI VES The present invention
rel ates to diazabicycle derivatives, to processes for their preparation, to
phar maceuwcc@l066638p0osi ti ons contai ning themand to their red/ERBowe. | n
particular, the invention relates to novel conpounds which are potent and
specific antagonists of tachykinins, including substance P and ot her
neur oki ni ns. Thus, the present invention provides conpounds of fornula (I)
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R represents halogen or Cj_4 alkyl;

Ry represents Cj_4 alkyl;

Ry or R3 independently represent hydrogen or C1_4 alkyl;

Ry represents trifluoromethyl, Cj_4 alkyl, C1_4 alkoxy, trifluoromethoxy or halogen;
Rs represents hydrogen , C1.4 alkyl or C3_7 cycloalkyl;

Rg is hydrogen and Ry is a radical of formula (W):
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or R is a radical of formula (W) and Ry is hydrogen;

X represents CHyp, NRs or O;

Y represents Nitrogen and Z is CH or Y represents CH and Z is Nitrogen;

A represents C(O) or S(O)q, provided that when Y is nitrogen and Z is CH, A is not S(O)q;
m is zero or an integer from 1 to 3;

n is an integer from 1 to 3;

p and q are independently an integer from 1 to 2;

and pharmaceutically acceptable salts and solvates thereof.

A further embodiment of the invention is



RAyn 2 N* 66 RLI 32 ANR3 R2 (R (1) wherein A represents C(O or
S(Oq; 5 Xrepresents CH2, NR5 or O; R represents hal ogen atomor Cl-4
al kyl; Rwoepcesents a Cl-4 al kyl group; R2 or R3 i ndeperrtantrog/ormpr esent
hydrogen or Cl-4 alkyl; R4 represents2trifluoronethyl, Cl-4 alkyl, Cl-4
al koxy, trifluoronethoxy or a halogen; 10 R5 represents hydrogen, Cl-4
al kyl or C3-7 cycloalkyl; mis zero or an integer froml1l to 3; n is an
integer from1l to 3; p or are independently an integer froml to 2; and
pharmaceutical |y accept apt H8alts and sol vates thereof. 15 Suitable
pharmaceutically acceptahl e\salts of the conpounds of general forrmula (I)
i nclude acid additionpsatys*fHornmed with pharmaceutically acceptable
organi ¢ or inorganic acidsl f ochirpimi des, hydr obromi des,
sul phates, al kyl- or arylsu anesul phonat es or
p-t ol uenesul phonat es), phosphat 83, _mce itrates, succinates, 20
tartrates, trifluoroacetates, ds, Rarates, mal ates and nal eat es.
The sol vates may, for exanpl e, drat B8. References hereinafter to a
conpound according to the invent i ncl ude both conpounds of 25 formula
(I') and their pharnaceuti caliRyrrateept abl e acid addition salts together with
phar maceutical |y acceptabl e solvate Sui tabl e pharmaceutical acceptable
salts of the conpounds of general é}%ula (I') may be obtained in a
cryst al | Wkreeif or m and/ or in an annrphous formor as a mxture thereof. 30 It
w || be appreeaitaCE) obg@)igose skilled in the art that the conpounds of
formy a kkgr&gﬁgéﬂ Ml orlgast three chiral centres (namely the carbon atom
shown as E = naomor{{onhy to 4h). WD 03/ 066635 PCT/ EP03/01308 3
Thus, mh%ﬁmﬁ%mls #y a radical of formula (W, Zis nitrogen
and Y i sRcEPieats thed 2 I &ra¥Picent r es may be represented by the formul ae (
a, | b, Ry orRjindepethdently iepriesent hyglregamlor Chy alkyl;

R4 represents trifluoromethyl, C1_4 alkyl, C1_4 alkoxy, trifluoromethoxy or a halogen;

10 Rg represents hydrogen, C1_4 alkyl or C3_7 cycloalkyl;
m is zero or an integer from 1 to 3;

n is an integer from 1 to 3;
p or q are independently an integer from 1 to 2;
and pharmaceutically acceptable salts and solvates thereof.

15
Suitable pharmaceutically acceptable salts of the compounds of general formula (I) include
acid addition salts formed with pharmaceutically acceptable organic or inorganic acids, for
example hydrochlorides, hydrobromides, sulphates, alkyl- or arylsulphonates (e.g.
methanesulphonates or p-toluenesulphonates), phosphates, acetates, citrates, succinates,

20 tartrates, trifluoroacetates, lactates, fumarates, malates and maleates.
The solvates may, for example, be hydrates.

References hereinafter to a compound according to the invention include both compounds of
25  formula (I) and their pharmaceutically acceptable acid addition salts together with
pharmaceutically acceptable solvates.

Suitable pharmaceutical acceptable salts of the compounds of general formula (I) may be
obtained in a crystalline form and/or in an amorphous form or as a mixture thereof.

30
It will be appreciated by those skilled in the art that the compounds of formula (I) contain at
Jeast three chiral centres (namely the carbon atom shown as * in the formulae from la to 4h).
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R7 is hydrogen, R6 is a radical of formula (W, Zis CHand Y is nitrogen,

t he chi rgdus, when Rg is hydrogen, R7 is a radical of formula (W), Z is nitrogen and Y is carbon, the
chiral centres may be represented by the formulae (1a, 1b, lc, 1d, le, 1f, 1g and 1h)
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15  When Ry is hydrogen, Rg is a radical of formula (W), Z is CH and Y is nitrogen, the chiral
centres may be represented by the formulae (2a, 2b, 2¢, 2d, 2e, 2f, 2g and 2h)
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When Rg is hydrogen, R~ is a radical of formula (W), Z is CH and Y is nitrogen, the chiral

centres may be represented by the formulae (3a, 3b, 3¢, 3d, 3e, 3f, 3g and 3h)
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15 When Ry is hydrogen, Rg is a radical of formula (W), Z is nitrogen and Y is carbon, the

chiral centres may be represented by the formulae (4a, 4b, 4c, 4d, 4e, 4f, 4g and 4h)



R R (R \ (R \ 3g 3h 15 Wien R7 is hydrogen, R6 is a radical of
formula (W, Zis nitrogen and Y is carbon, the chiral centres may be
repr esent wa d3yoetd’e f ormul ae (4a, 4b, 4c, 4d, 4e, 4f, 49 arrtTHAPO3NGO0S

03/ 066635 PCT/EP03/01308 6 o o , X eCHy)P X )P NCN) N *3 (R4)n *3 R1
(RA)n , 2 RL, 256NN56NN RBARZ R Ri~sl (R (R 4a 4b oX 0 X N
.(CH21P (CH)P CN(N.~ N(R4) n (RA)n 32 R , 32RL 55 N N6 N NR3R3
R Rit\l (R (R 54c 4d oo ~X~XNI11(CH2)P Al (CHOP CN~ N (R4)n

(R&)n (~*3 I%?JX\Rl N, N5 5N _N* ARy AR
N (CHyP
ol

{R)n ; (Ryn
ﬁ<§/
R2
4b
o) o)
X ﬁ\’x
N \(CH,)P
['2‘
(R)n g (R)n
4 Ty R *
5
_N
e R3
R2
(R) (R)
5 4d
o) o)
X YX\
[N erP [N j/(cﬂ,)p
N N
. (R)n 5 (R)n
@ Rt ¢ YR 4
g ] N\ /N 2 8 N\ /N
g~k A R3 é* A R3
(R) (R)
4e af
o)
X
YX\
[N P [ij’"
N N
5 (Ryn 5 (Ryn
7y R “ Ty R ¢
N. N < <r-N
%A R3 A R3

10 4g 4h



R/ R (R (R ekil 4e 4f oX oX N('P (0O HPCNN-~NRH)N (R4)n 4)n
SRL<32RIL5NINNANRIRI R =R (R \ (R 10 4g 4h WD 03/ 066635
PCT/ EPO3/ 91813866685 The wedge shaped bond i ndi cates that thedorr3osiosabove
the plane of the paper and it is reférred to as R configuration. The

br oken bond indicates that the bond is below the plane of the paper and is
in the a configuration. 5 In the specific conpounds nanmed bel ow when Y is
CH and Z is Nitrogen, the (3 configuration at the 2 position of the
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The assignment of the R or S configuration at the 2 and the 4 positions has been made
according to the rules of Cahn, Ingold and Prelog , Experientia 1956,12, 81.

20
The configuration of the chiral carbons atom of the piperidine ring shown in formulae from
Ic to 1f, from 2c¢ to 2f, from 3c to 3f and from 4c a 4f is hereinafter referred to as anti
configuration and in formulae la, 1b, 1g, 1h, 2a, 2b, 2g, 2h, 3a, 3b, 3g, 3h, 4a, 4b, 4g and 4h
as the syn configuration.

25

Further asymmetric carbon atoms are possible in the compounds of formula (I). Thus, when
Ry and Rj3 are not the same group, the compounds of formula (I) possess at least four
asymmetric carbon atoms.

30 It is to be understood that all stereoisomeric forms, including all enantiomers,
diastereoisomers and all mixtures thereof, including racemates, are encompassed within the
scope of the present invention and the reference to compounds of formula (I) includes all
stereoisomeric forms unless otherwise stated.

35  Compounds (I) may be obtained as a crystalline form . Thus for example Compounds of
formula(I) may be obtained as an anhydrous crystalline form or as a dihydrate crystalline
form or a mixture thereof. It is to be understood that these crystalline forms or a mixture
thereof are encompassed within the scope of the invention.

Furthermore, some of the crystalline forms of the compounds of structure (I) may exist as

40  polymorphs, which are included in the present invention.
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The term as used herein as a gr OUP or a part of the group
refers tw®ethylsethyi Rprylasoropylaprbrizl sabyor FFOUB cont ai ning from 1 to 4 carbon
atons; exanples of such groups include nethyl, ethyl, propyl, isopropyl,
n-buiy |, TheSRRMEY!, Moxy @Fdup Rial bk .a stRighihdhain@k Mbfahckbdahkioxlkogy gopp,fay be a
straight ex%rr}lapler}ne?ﬁ’oxﬁ emo%%EO%GX}% %?dp[b-@lylfglﬁgxy%lﬁ-l’z‘%xyfopﬁlethylprop-Z-oxy.

The term halogen refers to a fluorine, chlorine, bromine or iodine atom.

30  The term C3_7 cycloalkyl group means a non aromatic monocyclic hydrocarbon ring of 3 to 7
carbon atoms such as, for example, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or
cycloheptyl.

A group of preferred compounds of the invention is that in which Rg is hydrogen, R7 is a

35  radical of formula (W) and Y is CH and Z is nitrogen or wherein Rg is a radical of formula
(W), R7 is a hydrogen and Y is nitrogen and Z is CH . These compounds are represented by
the formulae (1) and (2) respectively, wherein R, Ry, Rp, R3, R4, A, X, m, n, and p have the
meanings defined for compounds of formula (I).



exanpl e net hoxy, ethoxy, propoxy, prop-2-oxy, butoxy, but-2-oxy or

nmet hyl prop- 2-oxy. The term hal ogen refers to a fluorine, chlorine, bromne
or iodi newat@me6:3® The term C3-7 cycl oal kyl group neans a RUOVERBOMASI C
nonocycl i ¢ hydrocarbon ring of 3 to 79 carbon atons such as, for exanple,
cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl. A group
of preferred conpounds of the invention is that in which R6 is hydrogen, R7
is a 35 radical of formula (W and Ybis CH and Z is nitrogen or wherein R6
is aradical of formula (W, R7 is a #yﬂrogen and Y is nitrogen and Z is
CH. These compeunds are represented byy_ the fornulae (1) and (2)
respectivef&, wherein R, R, R2, RS,[EﬁH;A, X, m n, and p have the

meani ngs N for conpounds of for a (l). WO 03/066635 PCT/ EPO3/ 01308
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cl ass of conpoun formula(l) is th wherein p is 1. 10 Wen Y is CH

and Z is Nitrogen,>a preferred grouwy of conpounds of formula (I) is that in

whi ch the carhQen atomat the 2-positioq2pf the piperidine ringis in the (3

configuration. When Y is CHand Z is Nitrogen, a further preferred group of

compounds, of formula (1) is.  that in which the carbon atom at the

2- posi t i hPEFerehelassioberepps of forguladyis thsbwhespipdris &f@m 15 bearing the group

(W abe in the (3 configuration. A further preferred group of conpounds of

formul a (AgotHesprefeatd ¢lkks Whéddpotilie o RFHRANTAL B3R Wherdi® is @uposi tion of the
pi peridine ring and the carbon atom bearing the group ( are in the syn
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al kyl10( e.Vghenr® ish§H Jand) Z.dsI Vitevigeh, ialprdféred group of compounds of formula (I) is that in

which the carbon atom at the 2-position of the piperidine ring is in the B configuration.

—

When Y is CH and Z is Nitrogen, a further preferred group of compounds of formula (1) is
that in which the carbon atom at the 2-position of the piperidine ring and the carbon atom
15 bearing the group (W) are in the B configuration.

A further preferred group of compounds of formula (I) is that in which the carbon atom at the
2-position of the piperidine ring and the carbon atom bearing the group (W) are in the syn
configuration.

20
When R represents halogen, this is suitably chlorine or more preferably fluorine or when R is
C1-4 alkyl, this is suitably methyl or ethyl.

R is preferably a halogen (e.g. fluorine) and/or a Cj_4 alkyl (e.g. methyl) group and m is
25  preferably zero or an integer from 1 to 2.

Rj is preferably a methyl group.
Ry is preferably a hydrogen atom or a methyl group.
30

R3 is preferably a hydrogen atom or a methyl group.

Ry is preferably a trifluoromethyl group or halogen (e.g. chlorine).



25 preferably zero or an integer froml to 2. RL is preferably a nethyl
group. R2 is preferably a hydrogen atomor a nethyl group. 30 R3 is

pr ef er abl woen3ngelssgen atom or a nethyl group. R4 is pref errada/BP0a/01308
trifluoronethyl group or hal ogen (e.g10o chlorine). WO 03/066635

PCT/ EPO3/ 01308 10 A preferred class of conpounds of fornmula (1) is that
wherein each Ris independently a halogen (e.g. fluorine) or a Cl-4 alkyl
(e.g. methyl) group, wherein mis 0, 1 or 2. More preferably, mis 1 or 2.
Wt hin th srefdnad slast bibsmmpatmetsaif rfoiullas(Tats thdteviRredmddcbrR 4s deietdently en t he
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each R4 | ?eférglgﬁ Q{?ﬂdle&t WI{hlil{ tfl} L{;ﬁ’ 559 %ts%]%hergﬁ RUP at t'fle 2 Igflpos t{OPI 9 the hlorine),

nis 2, % Bﬁfgref &l ass the
groups RAYEHY r“ﬂﬂ'aé‘? ‘B‘leé’fef?rﬁél 3 and 5 posi t| on |n the phenyl ring. 10 A

group50f preferred conpounds of formula (1) is that wherein R6 is hydrogen,
R7 is a aoa@b@ﬂb o®ffoin@ulamal),awhdMin aach X416 ifddp@iaent irFlubiohie@FR Brodp opherein R6

I S a radlhﬁﬁk fo@ﬁdﬁﬂle)a n lg Wre?rgge i’lgr@fel?%&jcgﬁgg% ﬂ'{)ﬁgunﬁs A S O@ﬁ?ﬁse&a ?nd Z I S
p

CH and A oun roula(l) is
that in \mﬁ%‘ﬂl 4a§"%§£‘€f?@§éﬂ 08 8“5” Ir‘ngf formula (W and Y is
CHand Zis nitrogen or wherein R6 is a radical of formula (W, R7 is a
hydr agen Aap@up of prefiriet @g@poudtsl of foruleHl]) i thas whe)n Rpds NydrgeaHRs isha gr oup of
further pafdi &f%ﬁ‘x‘idlé’ w;sidesr 'isQ@H%R&rE%Jxﬂﬁ’ o r(vﬂér@?ﬂll@(; & a)radis] bPRImdi) Whi ch R6

i's hydro ara CH and Z i's nitrogen
or Wnere F%‘?lsﬁbyqr%geﬁ at“&?éﬁﬁmé‘?nalng%%a? s a hydrogen and Y is
ni t rogen andZ|sCH, Ais C(O ; Xis CHZ RlSlndependentIyahangen

(e.g. fl uogrbupedf foutheaprbfofred bduypoufds. o formataﬁyis)thag frowhich RE4s hyslragen, Ry is
trifligor QR bf ffmQUCW Pand W is ©H alﬂrZ id nitroBenl 6 whereth R@ishradlb befofmda cONPoUnds

accordin
2 ( R) - ( 49&@ ci{Jrlpggg'dr?na%%ﬁy ngghlg%&o% fm(lé ((‘% ‘Aé%oc(ﬁ)%ia(%%ycfr o-pyrrol of
2-a) -pyrazin-2-yl)- piperidine-1-carboxylic acid
3, 5- bi 54t giofp euftfmlmphwulbé/rngtbl)red aempénpdaefi fommula (1) is that in which
R) - (4REliviprdeogen, Retiby kadpaBsTyfbomuder (W5)and & 1@&91 N 7AIB YilhoBerPyt WHete@l R
)@b pYSr z?x%@h&ﬂ gf ﬁé ula @{r '19% ﬁﬁiﬁo}ey?{gxm ?fgeﬂgﬁfi s CH;

(3 @ n FPan de;
4 FIu nethyl phenyl) 4- ( 6- ox0- hexahydr o- pyrrol of
-a] ylxalipﬁz?z yl ) -pi peridine-2 35 carboxylic acid
5- bi sRtis infiépendentips halbgeh éng luprimsp o _patkyd €e.g. methyl) group;

R4 is a trifluoromethyl group;
25 mislor2;

nis2;

(
2-
(R

(
2-
1,
1-
1-
1,
(3

pis L.

Preferred compounds according to the invention are:

30 2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-(6-oxo-hexahydro-pyrrolo[ 1,2-a]-pyrazin-2-yl)-
piperidine-1-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methylamide;
2~(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-(6-oxo-hexahydro-pyrrolo[ 1,2-a]-pyrazin-2-yl)-
piperidine-1-carboxylic acid[1-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethyl]-methylamide;
1-(4-Fluoro-2-methyl-phenyl)-4-(6-oxo-hexahydro-pyrrolo[1,2-a]pyrazin-2-y1)-piperidine-2-

35  carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide ;
and enantiomers, diastereoisomers pharmaceutically acceptable salts (e.g. hydrochloride,
methanesulphonate or maleate) and solvates thereof.

Particular preferred compounds of the invention are:
40  2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-oxo-hexahydro-pyrrolo[1,2-a]-pyrazin-2-
yl)-piperidine-1-carboxylic acid [1-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethyl]-methylamide;



and enantionmers, diastereoi soners pharnmaceutically acceptable salts (e.qg.
hydr ochl ori de, net hanesul phonate or mal eate) and sol vates thereof.

Parti cul awgomakerssed conpounds of the invention are: 40  PCT/EP03/01308

2- (R) - (4-Fluoro-2-net hyl - phenyl ) -4-(S)* ((8aS) - 6- oxo- hexahydr o-pyrrol o[ 1, 2-a
]-pyrazin-2- yl)-piperidine-|-carboxylic acid

[1-(R) -(3,5-bis-trifluoronethyl-phenyl)-ethyl]-nethylam de; WO 03/ 066635
PCT/ EPO3/ 01308 11
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NK1( $- phesreneduirigrs. Mrmmaliagmohykifier mian gontibute NK3th¢ NiBopinsfobrey i ofg)  whi ch
are w dehymbkrof hunbumtdésdastdir oughout the central nervous (CNS) and peri pheral
ner vous mp’%{pﬁ’ &a&ﬁ%ﬁlhﬁlﬂ“@c%’c&y ha\;e%%erf:ﬂgm%glqﬁm 21\}1&%?% P%’e‘fa’e@} Agﬁ?[\]@achykl ni ns

ant agoni I rtye cac

recept or exﬁt femfl ¥) an @@%%P&ﬁfﬁfy gg\ét‘g}j%h?rgtvgéebf figtri Etﬁilrﬁlﬁaﬁ*ﬁﬂ‘g“to €t he
present FH{a ef"(S’HS Mﬂq@hﬁ“ﬂ@vowﬂm for the treatment of CNS

di sotders 20 and psychotic disorders, in particular in the treatnment or
prevent i pariaflardemic 8shoiRds AleasveRith ard Bhiaghbfsth Pend KRALERL:, Of anxiety.
NK1-receptor binding affi n|ty has been det erm ned |n vitro by measuring the
corrpoundé abl% 1y &.o di spl - substance P (SP) from reconbi nant
human NKEY YEWS of thelr sifisacyeas &g Ykzlsnﬁ rﬁC@@Fﬂfﬁ?é@%m%N"sleqecm}w(g@m the| |

menbr ane&enznedngsod the geastt inveriivn permadiselarionsaiuh for drettextmehiooftNSdiseders Menbr ane
pr ep20 at amirpsfehotie BiNEderCHOpsratd1s iweereweﬁwr?aeﬂﬁ)ﬁ%m@ééswe fredgaer i bed by
Beatti e gfindhe trdaBhent dFani@Rr Macol , 116: 3149- 7, 1995). hNK1-CHO cells were
harvested in phosphate buffered saline (PBS) containing 5nM EDTA 30 and
centrifuged at 913g for 8 min at 4C. Cells were then re-suspended in 10

vol unes BF1TerepipT Bifding pliniy Aey bren etefmeiped IERESHB Orehuripgilie, ab;npomnls ai ni ng

0. 1M | eabilépta displab® (IHIL sulssabd P ¢&H) fromleddnfEiibA; hubidVINRg R&dpas éissé’d\/l
pepsisat i ﬂﬁ Oﬂne@eﬂ% ﬁg'(@ﬁ@) ceﬁhﬂemlﬁé}épm%&p e%ﬁanﬁ% Pgrg 8 000g
The final pellet was re- suspende N unes of

for 20 at 4cC.
menbr ane lpar atl on, buf fer_and _re-honobgeni sed. Suspensi ons
ane preparation from hNK1-CHO cells were performed essentially as described by

Beattie et al. (Br. J. Pharmacol, 116:3149-3157, 1995).
hNK1-CHO cells were harvested in phosphate buffered saline (PBS) containing 5mM EDTA
30 and centrifuged at 913g for 8 min at 4°C. Cells were then re-suspended in 10 volumes of
membrane-preparation buffer (HEPES 50mM, pH 7.4, containing 0.1mM leupeptin, 40pg/ml
bacitracin, ImM EDTA, 1mM Pefabloc and 2uM pepstatin A) and homogenised. The
suspension was centrifuged at 48,000g for 20 minutes at 4°C. The final pellet was re-
suspended in 10 volumes of membrane preparation buffer and re-homogenised. Suspensions
35  of membrane were then frozen at -80°C until required.
The assay volume of 200 pl consisted of 2ul of DMSO or increasing concentrations of test
compound dissolved in DMSO (1pM-1uM final concentration), 100pl of {3H]-SP (0.5nM
final concentration), and 100ul of membrane suspension (8 pg of protein per well) in
incubation buffer (containing 50mM HEPES, pH 7.4, 3mM MnCI2, and 0.02% BSA). The
40  incubation was carried out at room temperature for 40min. Non-specific binding was defined
by the addition of cold SP (1pM). The reaction was stopped by rapid filtration. Filters were
washed 5 times with 200ul of ice-cold 0.9% w/v NaCl, and radioactivity was counted in a



35 of nenbrane were then frozen at -80C until required. The assay vol unme of
200 gl consisted of 21 of DMSO or increasing concentrations of test
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' ncu?élt eg‘V €62. Gﬂﬁéﬁw%‘iuné 1tH ﬁaﬁ/ig'sﬁalgnl& Rhits Solution (HBSS) containing 20mM

HEPES and 2.5mM probenecid, the cells were incubated for 60min at 37C in wash buffer

containing 0.02%BSA either in the absence (control) or in the presence of test compounds.

The plates were then placed into a FLIPR to monitor cell fluorescence (ex=488 nm, em=510-

570 nm) before and after the addition of different concentrations of SP or GR73632 in assay

35  buffer. Experiments were carried out by using a laser setting of 1.0 W and a 0.4 sec charge
coupled device (CCD) camera shutter speed.

Compounds of the invention have also been found to exhibit anxiolytic activity in
conventional tests. For example in marmoset human threat test (Costall et al., 1988).

40
The action of the compounds of the invention at the NK receptor may be determined by
using conventional tests. Thus, the ability to penetrate the central nervous system and to bind
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obsessi ve- npul si ve disorder, stress 'disorders inc ost-traunmatic
stress d Ia%?tﬁ glfsgr eI AP grqsgggprders and mixed anxiety-depression dlsorders

30 Compounds of the invention are useful as analgesics. In particular, they are useful in the
treatment of traumatic pain such as postoperative pain; traumatic avulsion pain such as
brachial plexus; chronic pain such as arthritic pain such as occurring in osteo-, rheumatoid or
psoriatic arthritis; neuropathic pain such as post-herpetic neuralgia, trigeminal neuralgia,
segmental or intercostal neuralgia, fibromyalgia, causalgia, peripheral neuropathy, diabetic

35 neuropathy, chemotherapy-induced neuropathy, AIDS related neuropathy, occipital neuralgia,
geniculate neuralgia, glossopharyngeal neuralgia, reflex sympathetic dystrophy, phantom
limb pain; various forms of headache such as migraine, acute or chronic tension headache,
temporomandibular pain, maxillary sinus pain, cluster headache; odontalgia; cancer pain;
pain of visceral origin; gastrointestinal pain; nerve entrapment pain; sport's injury pain;

40  dysmennorrhoea; menstrual pain; meningitis; arachnoiditis; musculoskeletal pain; low back
pain e.g. spinal stenosis; prolapsed disc; sciatica; angina; ankylosing spondyolitis; gout;
burns; scar pain; itch and thalamic pain such as post stroke thalamic pain.
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Compounds of the invention are also useful in the treatment or prevention of schizophrenic
disorders including paranoid schizophrenia, disorganised schizophrenia, catatonic
schizophrenia, undifferentiated schizophrenia, residual schizophrenia.
35
Compounds of the invention are also useful in the treatment of emesis, i.e. nausea, retching
and vomiting. Emesis includes acute emesis, delayed emesis and anticipatory emesis. The
compounds of the invention are useful in the treatment of emesis however induced. For
example, emesis may be induced by drugs such as cancer chemotherapeutic agents such as
40  alkylating agents, e.g. cyclophosphamide, carmustine, lomustine and chlorambucil; cytotoxic
antibiotics, e.g. dactinomycin, doxorubicin, mitomycin-C and bleomycin; anti-metabolites,
e.g. cytarabine, methotrexate and 5- fluorouracil; vinca alkaloids, e.g. etoposide, vinblastine
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Compounds of the invention have been found to exhibit anxiolytic and antidepressant activity

in conventional tests. For example, in Guinea pig pups separation-induced vocalisations

(Molewijk et al., 1996).

35  Compounds of the invention are also useful in the treatment of convulsions and epilepsy.

Compounds of the invention may be administered in combination with other active

substances such as SHT3 antagonists, serotonin agonists, selective serotonin reuptake

inhibitors (SSRI), noradrenaline re-uptake inhibitors (SNRI), tricyclic antidepressants or
40  dopaminergic antidepressants.
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25
There is also provided as a further aspect of the invention the use of a compound of formula
(D) or a pharmaceutically acceptable salt or solvate thereof in the preparation of a medicament
for use in the treatment of conditions mediated by tachykinins, including substance P and
other neurokinins.

30

In a further aspect of the invention there is provided the use of a compound of formula (I) or a
pharmaceutically acceptable salt or solvate thereof in the treatment of conditions mediated

by tachykinins, including substance P and other neurokinins.

35  In an alternative or further aspect there is provided a method for the treatment of a mammal,
including man, in particular in the treatment of conditions mediated by tachykinins, including
substance P and other neurokinins, comprising administration of an effective amount of a
compound of formula (1) or a pharmaceutically acceptable salt thereof.

40 It will be appreciated that reference to treatment is intended to include prophylaxis as well as
the alleviation of established symptoms. Compounds of formula (I) may be administered as
the raw chemical but the active ingredient is preferably presented as a pharmaceutical

formulation.
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30 the active compound.

For buccal administration the composition may take the form of tablets or lozenges

formulated in conventional manner.

35  The compounds of the invention may be formulated for parenteral administration by bolus
injection or continuous infusion. Formulations for injection may be presented in unit dosage
form e.g. in ampoules or in multi-dose containers, with an added preservative. The
compositions may take such forms as suspensions, solutions or emulsions in oily or aqueous
vehicles, and may contain formulatory agents such as suspending, stabilising and/or

40  dispersing agents. Alternatively, the active ingredient may be in powder form for constitution
with a suitable vehicle, e.g. sterile pyrogen-free water, before use.
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devi ce. RopinhRpRSeadiaseatdh, thhieongRIRL BAAS iEntiol Gnay b EstinubiRedias sclutlo@s about

100059 Pgs: Hdsthfion¥ik b sQ&bleW&&P%ﬁ%ﬁhQ@de%e g?g&‘l%eﬂgti{?&‘? 0 gévb’deI o make

routine variations to the dosage, .dependin n, .. age and condition of
the pati Bt "AhaSRE SHE Her BRI HEORTE BETAS o HFEAS S t he di scretion of
t he attendant physician or veterinarian. The dosage will al so depend on the
rout e of A mopased dbse afl the tongpotindshd thedfidehiianl gl te€ avpo LIOmgeeediyeld wilCberpounds  of
‘;gr m“ﬁ Q;)reciat@c{a,‘?lhé?t;ﬂ %x:?y @él@éc&?iry & ﬁ§ke¥rﬁﬁfn@@gxiiatf$ﬁ§’tot}ﬁe BéSRAERAY, {)]rhe gener al
ods outlined.hereinafter..ln the follo lescription, t.he groups
X Yb 70t a8l Sl an 48 pietS doSaee W BOEiRRELy HideSereir® ITOHPE
as previ 8{I§]eyat’@@$aphéléysp@p A oHOuHEE- &le dosage will also depend on the route of

administration and the particular compound selected.

Compounds of formula (I), and salts and solvates thereof, may be prepared by the general

35  methods outlined hereinafter. In the following description, the groups X, Y, Z, A, R, Ry, Ry,
R3, R4, R5, Rg, R7, m, n and p, have the meaning as previously defined for compounds of
formula (I) unless otherwise stated.

Compounds of formula (I) may be prepared by reductive N-alkylation of a compound of
40  formula (II), wherein Rg is =O and Rg is hydrogen or Rg is hydrogen and Rg is =O



formula (1) unless otherw se stated. Conpounds of fornmula (I) may be
prepared by reductive N-al kyl ation of a conmpound of 40 forrmula (I11),
wher ei n Ryad ®/os@3and RO i s hydrogen or Rg i s hydrogen and FRA/EE36B0¥\O
03/ 066635 °CT/ EP03/01308 9 19 RO R8I1RL R4)n Y ANR2 R3 X(CH)p ON
(RmNH (Il) (Il'l) with diazabicycle derivatives (I11) or salts thereof.
The reaction is conveniently carried out in 5 an aprotic solvent such as
di chl or oet hane gd in the presence of a suitable nmetal reducing agent such
as sodi um borohydride or sodiumtriacetoxyborohydride. In a further

E{:ﬁfs of formula (1), wherein Yis CH Z

enbodi mentR i nvention,~conp

is nitrogen Jray e pfEb , ion of a conpound of formula (1V) R6
R6 R7 R7 NHWN , & Cl_NLO INN (Rm (V) with triphosgene or S(O pd
1to 2 in an gppotic solvent such as

wherein p is anYintéger :
di chl or onet haneland in presence of bl rgani ¢ base such triethyl am ne

to formthe nmedi ate conpound (V) iin ich Ais C(O or S(Op
respectively M may be isolated =T ired, followed by reaction of
compound (V) #¥H the am ne conpound (VI) [15 RAyn HN R3 R2 (VI) The
reaction cdRysni ently takes place in an aprati't'sol vent such as a

hydr ocar bo(r;kII a 20 hal ohydrocarbon such as ﬂ chl or onet hane or an ether such
as tetrahy r?)furan optionally in the preserﬁ of a base such as a tertiary
am ne e.g. diisopropylethylanmne. WO 03/066635 PCT/ EP03/01308 0 20 In a
further ewBodiambrtycloflerivatvds (B nt saiimtherofrhurasionts doovemichtly {drjedwfaeinei n Y is
gl tr og;an aneﬁpd)t(ifl ablSelﬂilpdm%ﬂcPﬁﬂ&f)&_ Qﬁlg Ef;ﬁ'd fﬁ/thé %fi@éﬂc@ Pif )Qfsui%%eﬁiﬁ&thIYI@&&?l\%l )
erivativg.n g YiJaf . . , W am ne or

salts t hea %o%‘f op?.clfdg{laﬁ?y },id?lld‘?%es %?egéﬁg‘rg@éPl%§§%{h| t abl e base.

In a further embodiment of the invention, compounds of formula (I), wherein Y is CH, Z is

nitrogen may be prepared by reaction of a compound of formula (IV)

R7 R7

NH N_ _Cl

10 (R)m ) (R)m )
with triphosgene or S(O)pCl wherein p is an integer from 1 to 2 in an aprotic solvent such as
dichloromethane and in the presence of an organic base such triethylamine to form the
intermediate compound (V) in which A is C(O) or S(O)p respectively which may be isolated

if required, followed by reaction of compound (V) with the amine compound (VI)
15

[Iq1 Ron
HN

R3
R2

(VD

The reaction conveniently takes place in an aprotic solvent such as a hydrocarbon, a
20 balohydrocarbon such as dichloromethane or an ether such as tetrahydrofuran optionally in
the presence of a base such as a tertiary amine e.g. diisopropylethylamine.



R6 R NCO2H 5 (Rm(VII) Suitable activated derivatives of the carboxyl
group include the correspondi ng acyl halide, mxed anhydride, activated
est er sucwoas/@ed3hi oester or a derivative fornmed between tHua/dE30830B0XY| i C
acid group and a coupling agent such 2 that used in peptide chem stry, for
exanpl e O (benzotriazol-1-yl)-N,N,N N -tetranethyl uronium

tetrafl uoroborate. The reaction is preferably carried out in an aprotic

sol vent such as an ether, e.g. tetrahydrofuran, a hal ohydrocarbon, e.g.

di chl or onthiirber aubrdigieneal il musniiand ceaipynds a8 &rmwie (D ivtherein X ispitoadl e base
for use imdtzhis €H eag b prpirathyudection ghum ctitrasialedvitite abthé tarbdxdylit asid o or N, N
di i sopr opglREIAW BRVRE amihb eVIG 6t dal@tth@ﬂéoid FtodAl iy 88 pféfsentcpgf LGyt c acid
(VIl) may be prepared by conventional Tneans. A particularly suitable
activated derivative for einthis reaction is obtained by reaction of
the carboxylic acid (Il1) Wth

O (benzotriazol - 1-yRyz=N, NN N -tetranmet hyl uroni um 20 tetrafl uoroborate in a
sui tabl e aprotic solve ¢h as an ether e.g. tetrahydrofuran, a

hal ohydr ocar bon e.g. di onet hane, an ami de e.g. N, N-di nethyl fornmam de
or acetonitrile. Conpourgs ofcdgrmula (11), in which Yis CH, Zis

ni trogen nay be prepared py tredting conpounds of forrmula (VII1) , wherein
R8 and R9 have the nean sy defined for conpounds 25 of fornmula (I1) and
Ra is a nitrogen protec group, WD 03/066635 PCT/ EP03/01308 21 R9 R8 N
Ra (Rm(VIIl) wusing, ater renoval of Ra, the sanme procedures descri bed
above sfor the prepaquymn of conpounds of fornmula (I) from conpounds of
fornula (rv). npounds of formula (I1), wherein R8 and R9 have the

meani ngs defi for conmpounds of forrmula (I1) and in which Y is nitrogen,
Zis CH . may be prepared by treating conpounds of formula (I1X) 10 RO RS
-el

Suitable activated derivatives of the carboxyl group include the corresponding acyl halide,
mixed anhydride, activated ester such as a thioester or a derivative formed between the
10 carboxylic acid group and a coupling agent such as that used in peptide chemistry, for
example O-(benzotriazol-1-y1)-N,N,N’N’-tetramethyluronium tetrafluoroborate.
The reaction is preferably carried out in an aprotic solvent such as an ether, e.g.
tetrahydrofuran, a halohydrocarbon, e.g. dichloromethane, N,N-dimethylformamide or
acetonitrile.
15  Suitable base for use in this reaction include organic base such as triethylamine or NN
diisopropylethylamine.
The activated derivatives of the carboxylic acid (VII) may be prepared by conventional
means. A particularly suitable activated derivative for use in this reaction is obtained by
reaction of the carboxylic acid (II) with O-(benzotriazol-1-y1)-N,N,N’N’-tetramethyluronium
20  tetrafluoroborate in a suitable aprotic solvent such as an ether e.g. tetrahydrofuran, a

halohydrocarbon e.g. dichloromethane, an amide e.g. N,N-dimethylformamide or acetonitrile.

Compounds of formula (II), in which Y is CH , Z is nitrogen may be prepared by treating
compounds of formula (VIII) , wherein Rg and Rg have the meanings defined for compounds
25  of formula (II) and Ra is a nitrogen protecting group,



N CO2H (Rym (IX) using the sane procedures described above for the
preparation of conpounds of fornmula (Il1) from conpounds of formula (VI1l).
15 Conpouwaso3mbed3sr nul ae (1V) and (VI1) nmay be prepared bydrakeshidee
N-al kyl ation of a piperidine of forneda (VII1) and a carboxylic acid (IX)
or esters thereof (such as nethyl,ethyl and the like) respectively with a
di azabi cycle derivatives (I11) or salts thereof. The reaction is
conveniently carrieg out in an aprotic solvent such as dichl oroet hane and
in the presence of % suitable netal reduci ng agent such as sodi um

bor ohydri de orR&gQditun 20 triacetoxyborohydride. Exanples of suitable
nitrogen protectihg gfoups Ra include al koxycarbonyl e.g. t-

but oxycar bonyl , bepzyNgoxycarbonyl, aryl sul phonyl e.g. phenysul phonyl or 2-
trinethylsilylethoxymet Rl . 25 Protection and deprotection may be effected
usi ng conventional techni ques such as those described in "Protective

G oups in Oganic jhesis 2d Ed." by TW Geene and P. G M Wits (John
Wley and Sons, 1 and as described in the exanples hereinafter WO

03/ 066635 PCT/ ERO 308 22 Compounds of forrmula (VII1) are either known
conpounds or né#ynbe prepared by anal ogous nethods to those used for known
conpounds. Thygynfor exanple, compound (VII11) and enantioners thereof may
be prepar usi ng_Cormmi n reaction as .descrihbed in Journal American

Chen oa S T4 toR B ga 58 bl BRalres iR oLy B Wi hrp TR £15, 5

di hydr o- IPmPRARSsREformul{® frrst sapmporiss of Qrpplp@Vi-di ne- 4- one derivative. The
reducbi on may be effected using hydrogen and netal catalyst e.g. palladium
on a su: (GRpeunds UPPAHtla B1)IwhdEeh RQAndRg Rive menﬁeanmgﬁddﬁﬁ@&fo} %ﬂoﬁ?da?fri efl out
in a so . 8.0 n rmul a
(1% whet o AR BRLY ahidbe it i BB o s 471 Ty
be prepaﬁﬁ@“ﬁ rding to the procedures as described in Bioorganic &
Medi ci nal Chemistry Letters, Vol 2, N 1, pp 1357-1360, 1992. Conpounds of
formiba (1 X) wherein RO is =0 and R8 is hydrogen are novel conpounds and
15 they may prepared for exanple by reaction of an amne (XIV) with
ethyl glyexal&te to obtain the internmediates (Xl I11) which nmay be converted
into 4-oxo- hydropyridine internediates (XIl1) which in turn may be
reduced to cgsgfdiate of formula (XI). Said internediate (XI) may be
in turn hydrofysed;2thus formng an internediate of fornmula(lX). a O NH
N - COOEt | COOEt N COCEt (Rm(Rm(XIV) (XII1) (Rm(XII) (Rm

(R)m (IX)
using the same procedures described above for the preparation of compounds of formula (II)
from compounds of formula (VII).

15  Compounds of formulae (IV) and (VII) may be prepared by reductive N-alkylation of a
piperidine of formula (VIII) and a carboxylic acid (IX) or esters thereof (such as
methyl,ethyl and the like) respectively with a diazabicycle derivatives (III) or salts thereof.
The reaction is conveniently carried out in an aprotic solvent such as dichloroethane and in
the presence of a suitable metal reducing agent such as sodium borohydride or sodium

20  triacetoxyborohydride.

Examples of suitable nitrogen protecting groups Ra include alkoxycarbonyl e.g. t-
butoxycarbonyl, benzyloxycarbonyl, arylsulphonyl e.g. phenysulphonyl or 2-
trimethylsilylethoxymethyl.

25  Protection and deprotection may be effected using conventional techniques such as those
described in “Protective Groups in Organic Synthesis 2™ Ed.” by T.W. Greene and P. G. M.
Wuts (John Wiley and Sons, 1991) and as described in the examples hereinafter



(XI) 201t will be appreciated by those skilled in the art that the
conpounds of formula (111) contain one chiral center (nanely the carbon
at om showwoas/066438 the forrmulae Il1la and I11b). X/ (CH)p »Cci@dpmo® N O N
25 NH (Il1la) ~NH (I'llb) It is to be uemerstood that the reference to
conpounds of formula (111) includes all stereoisoneric forns and all

m xtures thereof. Conpounds of formula (lI11) are known conpounds or may be
prepared by anal ogous 30 nmethods to those used for known conpounds. Thus,
conpound€omfouinds efifbrmufal (VIIY) axh eithei knoynjcsm@pmdsnierdngy tieprepared\py pealegospar ed as
descri begethbdls B @adiof kfovR@ingbunas. Chenistry Letters, (1998) pages

3469-3474; o |n J ur nal dicin 2000 V N10Q pages
1969- 197 3husier lé?ijﬁ‘ﬁgg 35m ?gmﬁ?ﬁéﬁéy PR PEPHS Pt s hoogs ment
of the i fvdﬁibhla@ﬂgescﬁbﬁdpmﬂmﬂml afneficmrGiemidal $dcjety W?érléﬁ r1171<9-|4%28 Cewethd p is 1,
may b? pé}?pe%r% 1onbo¥2 3ed?h§/h ﬁ{ é&%ﬁ I@-%Lé)}fér%%%eto (pég)ldﬁ% Hran@dérﬁfaﬁve The

but yhal oateta le tert- moacetate i n the presence
of a sui teeimtlembl@aS(ebeEef@GFeﬁ uasg hlﬁrowe@ﬁélﬂéﬂtqllcﬂthb'ﬁrﬁ giimabastim 9y 12a59 e | n an
aprotic %ﬁiﬁ%@g SHRA oRSuhBh MY A5 UE Bdirie PG it sofchONBILAsOhidF €g.@und - 78 to
obt ai n cornpoun XVI) which in turn may be converted into conmpound (XVII)
wher ei PRIV i s rrethyl or ethyl, by reaction with sodiumethylate or wth
hydrochl oride in nmethanol. Said compound nmay be subsequently reduced and

cycl igedcohpoudld 8f Brog@aRy rkdhe&dnh is F0@nd Bguchjdesgeial thewaabmpeddout by

heatl ng t.al N NaCEt
N H2 C g’lé%ﬁgj ogygFeB%EQ a"éfg@ @bﬁng Bfie &Ieg%”bﬁld e B8 %%ﬁd(J;'?w B
(XV) (XVvMge epmystry eﬁ“é%lvr" ?338](? ound formula (1) as a salt,
for exanple a 15 pharmaceutically acceptable salt, this may be achieved by
reacti ngcblhsoxmegwwumdllaxixmmmm Rg if#Q andR§ iaaydrogamaoef ndvlakcoinpeendpase Wit h an
appr ppri ta?nﬁi gﬁ)rre od $ etxgtg]!)l@ b§%£t1&ﬂ6'f dnnanﬁnes{}(mk)\llﬁ ett%@lg%mlat@&ph as an

al co oI anp _est er or an
et her bt i t(l}F e ed’@fﬁe(g?@r W?‘éc r%% r o‘foﬁ‘r’eétﬁé i 04'&‘1 Qe al?’% ;ng
accept ablﬂéer@%ll@tgs D) vetichoin gwn gnayhsrrediced trangpisepediatn ?fsfor‘?‘ﬂ‘tkj)géh ot her
phar mac einttdrmadihty (83 mepbainlten dadrblysedothug flosnigpapiotermaksliatd Oﬂfomrml.ﬂ(lé()( ) using
conventional nethods. The conpounds of f& nula (1) may @eadily be isol ated
in associ ati on with sol vgn& JR! ecul es &

N~ ~COOEt N~ ~COOEt
— & — L™

XIV) (X ®im oy ®m X

(R)

20

It will be appreciated by those skilled in the art that the compounds of formula (III) contain
one chiral center (namely the carbon atom shown as * in the formulae Illa and IIIb).

X/(gHz)P x _ACHp

o o
25 LA (ITTa) L (IlIb)

It is to be understood that the reference to compounds of formula (III) includes all
stereoisomeric forms and all mixtures thereof.

Compounds of formula (IIl) are known compounds or may be prepared by analogous
30  methods to those used for known compounds.

Thus, compounds of formula (III) wherein X is CHy and p is 1 may be prepared as described
in Bioorganic & Medicinal Chemistry Letters, (1998) pages 3469-3474; or in Journal of
Medicinal Chemistry, 2000 Vol 43 N°10 pages 1969-1974.



25 by crystallisation fromor evaporation of an appropriate solvent to give
the correspondi ng solvates. Wien a specific enantioner of a conpound of
general fwonslogsd3s) is required, this may be obtai ned forrcaxervphesoy
resolution of a correspondi ng enantiod®ric m xture of a conpound 30 of
formula (1) using conventional nethods. Thus, for exanple, specific
enantioners of the conpounds of fornmula (I) may be obtained fromthe
correspondi ng enantioneric m xture of a compound of forrmula (I) using
chiral HPLC procedure. 35 Alternatively, enantioners of a conpound of

gener al "[L FBU ma%xtq‘!u ar @}??{ elﬁfg 1991%!3&%9 Jo\[;%rﬁﬂdggffoﬂﬂﬂﬁ ans, |vihta@1rplxt1ls cally
active int ] VI | ( ng any of
t he gen&HaI arﬁjr @c?séegla?ﬂe cPi® @%} ﬁér%{%#ng lﬁﬁrégé%a(gg}/%% 308 24
Thus, f dntybosteaspthie sudhive ferteamaple eyhybivemoreptate)n the mes%{‘ﬁ%lo av‘?“l1 f‘

prepar egudhl 8 For éa@mpréqmempm@mpglamaman apiotip salvenks sych [ab )tetral(lydv)fumd ( VI
using copy %@ttérﬂ (ﬁﬁ&j u786§0 Sah corﬁp%uﬁ@-{}t\/ﬁ Qf'hféﬁﬁli ﬁﬂl Mh}t e @nsdiet abl e

i B fY
optlcally aC|v % eo t he
process %8 cIRY E:eiub ett & i egylé%tlje%%o m%ﬁaierbrThe chiral

§ C ac
conpou nd\sth(hvﬂlloyhlarrm ip Inﬁhaﬂ@ys%c%’i‘@ﬁ% Bay Pf é‘fhs‘? gng Uggfi)g{ﬁiaﬁYﬁ facenic
conpounds offtMh lcpmparard (I1X) Thestehgticomee ¢ boried oy bydertingasd geiphhwlossn| ¢

for %tl QR4 YinkAl @atalysspéggga@mg,ptl cally active am ne. Said diastereoisoneric
salt forns are subsequently separated by conventional neans e.g. 10

chr omat ogr aphy and crystallisation and,gnhd the Ngnantl Oner gyar e wﬁsequent |y
|| ber at e t;%gpgb&gd s of e di ast_e,r_e,o;—son{ sal ts. -The>rnvention is
further 1 o R PP &R@RExanpl es which are
not i nter{%ed as alimtation of VI e | fvent i on. 15xvrn) t he I nternedi ates and
Exanpl es Ml ess ot herwi se stat &YV mel ti ng points (mp.) were determ ned on
a Buchi mp. apparatus and are uncorrected. RT. or r.t. refer to room

t errper atwihge Qs |c[é§1¥s’ﬂ_r @fl iShE tar dorhpdihd Warmeulare@s us es saly Gl ewwblr m or  nuj ol
ult I On% %@1&«%&5 a&egﬁgfe SHPRRL may L] &hQOed\ﬁg@ﬁrtlhﬁt}B%§ﬂﬁ&ﬁﬁ of fdNnfdh spectra

, hi ft
?’SL&IS&"LN sy oo, B b P B ud SPHRe RS hard,

Splitti mglvgatsu@raﬁ@nakehcdl & gihaepl aéméthal?ﬂl)n@‘} ester (¢i8- e&%fﬂe@teg fr an ?q‘eﬁl e: q,
quar t et ;(e.p dietifl lethbidredtianfiroforagpd. Mass spectra (MS) were taken on a VG
Quattro nmass spectroneter. 25 QOti cal rotations were determned at 20C with

J | P360 @i Fl ash
2‘| | :’3.2(8920 9?5 #}%ft [ r])tle a]'ts maé{ran;o % %{le;[)aré/ h‘b'lqeot er Jsal'fEL ’11%1 di S&hﬁg) mashas

suppl i ed?hbfylawléﬁlélyA@‘:Eﬁ?‘%{% ?”é@t of gy ?Pé‘ﬁ’s?“ndf’ 9t % I%f@?‘ésgrtgo"?"ﬁen%ofl ayer

chr omat agetiaj@hy on 0.25 mmsilica gel plates (60F-254 Merck) and visualized
with UV Iight.

The compounds of formula (I) may readily be isolated in association with solvent molecules
25 by crystallisation from or evaporation of an appropriate solvent to give the corresponding

solvates.

When a specific enantiomer of a compound of general formula (I) is required, this may be

obtained for example by resolution of a corresponding enantiomeric mixture of a compound
30  of formula (I) using conventional methods.

Thus, for example, specific enantiomers of the compounds of formula (I) may be obtained

from the corresponding enantiomeric mixture of a compound of formula (I) using chiral

HPLC procedure.

35  Alternatively, enantiomers of a compound of general formula (I) may be synthesised from the
appropriate optically active intermediates (1ID), (IV), (V),(VII), (VIII) and (IX) using any of
the general processes described herein.



Solutions were dried over anhydrous sodi um sul phate. 30 Methyl ene chl ori de
was redistilled over calciumhydride and tetrahydrofuran was redistilled
over sodi wa 03kes3fol | owi ng abbreviation are used in the te@dVEPAOEIS= et hyl
acetate, CH = cycl ohexane, DCM = netdl ene chloride, D PEA =

N, N-di i sopropyl et hyl am ne, DVF = NN - di net hyl formam de, Et20 = di et hyl
ether, EtOH = ethanol, MeOH = nethanol TEA = 35 triethylamne, THE =
tetrahydrofuran. The X-ray powder diffraction pattern of a crystalline form
of the coppo¥Pekaaiple AR Jhi¥Eshipoinds WED, (W) aidh@dIIpynaly dediregradhfeons éhepl e i nt o
the di ffclbra‘rgstpglg(ﬁﬁ er{aﬁgni I@ﬁmﬂqﬁ ?(I%) Erf@’(VII%' LJiﬁg’J‘ébh@éﬁ%ﬁﬂ pRYIsHuRREEEW th 0/ 0

goni oneter, i Q ount ér z%nd ‘tqraphlte nmonochr omat or. The
di f f r actas it lormajiqn Witk e syfsblg oPHoAlK &1 VR&0¥ unent al  parameters gjven bel ow. 40
| nst r unefhitable patictietactive MBNGTHRENMATHE Prosess AT Lok maggelic T}%@D%%’ﬁ%
20RANGE: acdryhidnddlic W.03/ 066635 PCT/ EP03/ 01308 25 GENERATOR
0

VOL TAGH co L})QKMS aﬁﬁB(gsﬂniZ\_rﬁ%e %r QreQQromTkHVquPrE@oﬁa_iEg’ira&mﬁ:eC- 1

ROTAT! : Y o A ST n%ﬁl Nced%'r‘elsTs;u Y alls F If QWQh ar ea)
SAVPLE HEMBRERIS £ axhfitd WHIESOPVLAP S PRSP st dmeén s(frm ERATURE: 25 C
The spectuitahls enticallypeldveieineanal ysed using the data eval uati on software

EVA3. 0. Sald diafttresiscattiiatselt Yorms are subsequently separated by conventional means e.g.

1- ( BRNZY @Y DN YA crgsthiftsatibhl @ Pand- tHR biitionidae | shbsquntly liyetited ypyr i done

Asmall a nt i.odi ne. was. ed to a suspension of magnesi um turni ngs
(13.2 g)hﬂg%&lﬁfsﬁ[hﬁgﬁgtf@ﬁlﬁmﬁ?ﬂc,%%%f r.t., under a nitrogen atnosphere, then
the m xture was vigorously refluxed 15 for 20 mnutes. To this suspension,
a 15% of Tte isdntier o rfurtifer Hlulraseroby5the [feltomdng loterragséatgsspd Fixapples phich Ay dr ous THE

(300 nmL)pomasenasiogd limligorSdrsiRansnfith. wvas heat ed under vigorous reflux until
t he hrown col our di sappeared. The remai ning part of the brom de sol ution

was “added drop-wi se over 1 hour tg the ref] uxing suspension which was then
stirred IP(SIPGIﬁtef"ﬂﬁd{aﬁél‘““yﬁx%}?&ﬁs.“nl?f‘?ioghe%llsﬁtziﬁ%c{ﬁ of Grignard reagent was then

added drop-wise to the pyridiniumsalt 20 obtained from benzyl
chl or of oNBEhE pidS (. plyly)erddderdrites thaxBipkirm gi apparb@S and jrejuncatreyted HEL. (900 nl)
at - ZS,C. or‘;{ggegg%%dﬁgggﬁ/ggﬁ;%?gc\é\?sr ist [ rg;ad 1 hour at -20C then it \(/jvgsd g
o B o T St AN 0 R 0 o
or gani ¢ Rrtop AaggetitdresonfasH@iii %Pﬁc@oﬁgﬁéﬁcﬁﬁ?%%%ﬁ"é‘nm Bﬁ;ﬁg s8l uti on
500 MHz, chemical shifts are reported in ppm (8) using the residual solvent line as internal
standard. Splitting patterns are designed as s, singlet; d, double; t, triple; q, quartet; m,
multiplet; b, broad. Mass spectra (MS) were taken on a VG Quattro mass spectrometer.
25  Optical rotations were determined at 20°C with a Jasco DIP360 instrument (1=10 cm, cell
' volume = 1 mL,\ = 589 nm). Flash silica gel chromatography was carried out over silica gel
230-400 mesh supplied by Merck AG Darmstadt, Germany. T.lLc. refers to thin layer
chromatography on 0.25 mm silica gel plates (60F-254 Merck) and visualized with UV light.
Solutions were dried over anhydrous sodium sulphate.
30  Methylene chloride was redistilled over calcium hydride and tetrahydrofuran was redistilled

54439

over sodium.

The following abbreviation are used in the text: AcOEt = ethyl acetate, CH = cyclohexane,
DCM = methylene chloride, DIPEA = N,N-diisopropylethylamine, DMF = N,N’-
dimethylformamide, Et20 = diethyl ether, EtOH = ethanol, MeOH = methanol TEA =

35 triethylamine, THF = tetrahydrofuran.

The X-ray powder diffraction pattern of a crystalline form of the compound of the invention
was obtained by loading the sample into the diffractometer (Siemens D5005 X-ray
diffractometer equipped with 6/0 goniometer, scintillation counter and graphite
monochromator. The diffractometer was set up with the instrumental parameters given below.

40  Instrumental parameters
MONGOCHROMATIC RADIATION: Cu - 1.54056/1.54439

2ORANGE: 2°-40° 26



(600 nL) and brine (600 nm.) then partially concentrated in vacuo. CH (400
m.) was added drop-wi se over 1 hour at 20C and the resulting m xture was
stirred 9O okeses and then filtered to give the title caqormdos®sa white
solid (66 g). IR (nujol, cm1): 1726 &hd 1655 (C=0, 1608 (C=C). 30 NMWR
(d6-DMSO): S (ppm) 8.19 (d, 1H); 7.31-7.18 (m 5H); 7.08 (m 2H); 6.94 (dt,
1H); 5.77 (d, 1H); 5.36 (d, 1H); 5.16 (2d, 2H); 3.26 (dd, 1H); 2.32 (d,
1H); 2.26 (s, 3H. M5 (ES/+): mz=340 [MH +. Internediate 2 35

2- ( 4- Fl uGENERATORIVIOYTAGH@RRENE: g0l0gF0mdAne- 4- one  Met hod A

4- Fl uor oszZepidhybadmnzal dehyde (4 g) was added to a solution of

4- am nob SR tihyl ene acetal (3.8 g) in dry benzene (50 nmL) and the
sol ution%s\wlgﬁgl)%tsﬁpgé&at r.t. under a 40 nitrogen atnosphere. After 1 hour
the mixt &P@V&@%@at ed at reflux for 16 hours and then allowed to cool to
r.t. Yhi DIGRCENCERIANTECATSERING SLIEd@Reble Gixed #ed)| uxi ng sol ution of p-

t ol uenesshmhioicl DK TIK shchple hg)det (Aleh Baabstaeieatsf 50 L) previ ously refl uxed
for 1 hoqEHWEmT@R\gQZQ%OGGGSS PCT/ EP03/ 01308 26 Dean- Stark apparat us.
After 3. Eh our s t 'Ce;dt’de sql u‘ii on t}q/aa tcool eg angwrrr%%% l%atfi c wth a

sat ur at edPHFHELT AR B AR oL Btk 1o Frd AV AR Bl YR Ac OBt (50 nl). The
aqueous phase was extracted with AcCEt (3 x 50 nmL) and Et20 (2 x 50 ).
The o0 gamitermhalyge 1was dried and concentrated in vacuo to a yellow thick

oil asr ?iijg_}i’floﬁ%ca?-ﬁ)iﬂba2-ﬁ'ﬁ\-fﬂx@i‘&&-%t#}fl—ght_tff‘ylﬁi,ﬂqﬂlgﬁrom-ﬁixliﬂ(ﬁle(_3 g) was

di ssolved Tn a ydrochloric acrd solution and stirred at 60C
for 16 hours., The solution was basified with solid {)ot_assi ug} car ponat e and
ext r act ed Sallpmopeinf iedine w5 agged to f5usPeRHRY Hf SepeBTFAh TR 4526 BB Y washed
with bri BEF(BD ml) at rdy; ivetdr anittogepateepharattied themixtieawastvagogousky refhuxed i t | e
colrrpw Nd £dr 20 mighite® Todthis Rugpknsioal b quif:ja. solflioMVBf DBEbnR-1-flgebaslhent ¢s2.{ 1M

sol ution .dr 20 - , to a
sol uti onmle] lr?ﬁ%{h%}rég%i at e(3q("§¥ g %Fﬁe%d}gi %ﬁ&fg?ggg@rﬁﬁ tecg(g:éc{/gi (g%ts)ﬁﬁg cooled to
- 72C und U Ui e Bpan oqlopbLintRariEed: ARt efmang A TdRe gAY B ogen
car bonat eddsé dippivoise ¢804 herrYo theaefluzing susparsing-whidewasieen sHered &1 affugisr was

ext r act ed heint Mhidcelntior 3f GrigAd Mwhgent Whethdib adpdridtapedsctoghs pyriditias esit wer e

washegl WhbiHindPk&h vedSfcilbdioAffe RIBINELY AR8-Mbthoxy PRI @EMIS in BHAHE Was dri ed
and conc r t)eg_ ggb vacuo to get 1-benzyl oxycarbonyl -2-(4-fl uoro-2-nethyl -
phenyl )EEB 8 7 -4-one as a al‘%&gel | ow thick oil %}%g g) whi ch was used
as a crudbe obtpiped sphutiopwep sttt 18510 s Shsnvbias Wamedp 1 296 #0% t hen 10%
Pd/ C ( 30hgirgphlonmsicildabtion (60 enL)awasi addedjenl tht myspirelaper Wiseextrhatedr yitwas
hydr ogengt;@_gt@tx 750 afiypspher e for 30 mnutes. 20 The m xture was fi I tered
thr ough (il LA bR ALAA0NERNRRG WP sAARERA"LAIEM tibdAEBItG, O ve the
crude 2-(4- gor(g-é-rrgt 1%1/ &‘Q&% l-gl perlcfl ne-4-one-as a yellow oil. This
mat er i al OORAL) APERERY My EodRtiatls QPCHRIPIed i Yo and racemic
canphor s GHZAYHINE) wes afld¢didoBwisy owad hoarid@8°C adletheviesuliinganinase wasistirred at r. t
for 18 heumsutds AanthemBltesal tb divevass title béreonad af 4 whitsasliv@e w).t h

IR (nujol, cm™): 1726 and 1655 (C=0), 1608 (C=C).

30  NMR (d-DMSO): & (ppm) 8.19 (d, 1H); 7.31-7.18 (m, 5H); 7.08 (m, 2H); 6.94 (dt, 1H); 5.77
(d, 1H); 5.36 (d, 1H); 5.16 (2d, 2H); 3.26 (dd, 1H); 2.32 (d, 1H); 2.26 (s, 3H).
MS (ES/+): m/z=340 [MH]".

Intermediate 2
35 2-(4-Fluoro-2-methvl-phenyl)-piperidine-4-one
Method A:

4-Fluoro-2-methyl-benzaldehyde (4 g) was added to a solution of 4-aminobutan-2-one
ethylene acetal (3.8 g) in dry benzene (50 mL) and the solution was stirred at r.t. under a
40  nitrogen atmosphere. After 1 hour the mixture was heated at reflux for 16 hours and then
allowed to cool to r.t. This solution was slowly added to a refluxing solution of p-
toluenesulphonic acid (10.6 g) in dry benzene (50 mL) previously refluxed for 1 hour with a



AcOEt (2 x 50 nmL) and dried in vacuo for 18 hours to give

2- (4-fluoro-2-nethyl -phenyl) 25 piperidine-4-one, 10-canphorsul fonic acid
salt as awwals@eyabl ow solid (68.5 g). (Mp.: 167- 169C - MAR/KRGHDIBO) : 6
(ppm 9.43 (bs, 1H); 9.23 (bs, 1H); 7266 (dd, 1H); 7.19 (m 2H); 4.97 (bd,
1H; 3.6 (m 2H); 2.87 (m 3H); 2.66 (m 1H); 2.53 (m 2H); 2.37 (s + d,
4H); 2.22 (m 1H); 1.93 (t, 1H; 1.8 (m 2H); 1.26 (m 2H); 1.03 (s, 3H);
0.73 (s, 3H). This material (68.5 g) was suspended in AcOEt (480 niL) and
stirred WéahRiadk Sphiafet £lersoihdinm thaerubly chlwige was apdlehatdendd2 bdsiorivjth aThe

organi c | avel p‘éﬁ?su{fa% L doidfish éﬂ@%ﬁ@{juﬁ"@vfﬂhA&UEtt(b@ﬁlL) Vit Biuebid phaskl) . - The

090 i A5 A S E B FRE el feBe 0 LS 0o,
1H); 7. 00d concetidfed i3 vaquo(te @, yehlqvxgmksmw reﬁiiuel {23 8- fportiogo] Blffi‘) 2. (72 (bm
1H) ; 52. 4fixfurd (3 1d)was Aisddveldrin a M) hydcRBriq acid 31*1)t10112(2(25110 dod stmdt)at 603C18 (m 35
%H% 4 E/ls oER fidurs. {'ﬂh@ 'Sglgg‘or{MJg H’amﬁedi Rt rsﬂﬁﬂbéﬂls@luﬁl carbonate and extracted with

0X0- -
40 17} ﬁéﬁ%&%ﬁﬁ bgﬁzco%; PR Bﬁ%‘ft@:"*ﬁ jgﬁﬂﬁw‘? BRA 2O as )
i ssol vexnsentraied,n a8 M&% é feP t diate 2
(2.5 g) and DIPEA (8.4 L) in dry DCM (20 nL) previously IcgoF(ra(r:Ireti)aO(Ca: WO
03/ 0B 637 Jﬁgﬁ'j;EPOS/01308 27 under a nitrogen atnosphere. The sol ution was

stirred _T—OE
trifluor ‘fc “dle?LM SOR‘ "ﬁﬁ g doc}rf p_WISS ngr it mfgtnes ® IaPEA (3 34
nm) wer egOIuQEI'H%‘me‘FPl@ 1445 HWr@ ?5 WSV‘OHW OO&; 2 (%er f or

hours. Tiiogen mmnsmewas%fteaﬂémlmﬁes Aot shdipe ddrogerp carponate, sglik é‘H(W tH)col d I N
hydr ochl Msl £1da¢ debpsibdl th®fhe( SolxtioR Owal yxtracted bithnAcGEL( BOxni9%. mIhelhor gani ¢

| ayers wag dfl.8d..a1d &Cvgel?é &Qsthg&iwltlpw%@ﬁ@@él £P) sd'teBk (868 nyit)i T ongasic purified
oht

by f as h C r 0 0 t

whi te 1 o2 3 SHETglc ¥¢§£“(ﬁ%’t8l""“’8gﬁ’ {953 0\4‘2"”"0%{'51‘ t @%f“ﬂhk% (d6- DVEO):
S (ppm ﬁheg@) gipsridineh4-onp, ay@p%lg yelbp[)thlc lyoib 4 a' ich IVf use 6 agrer H: 6.90
(dt,  10THidnateBal P4 £} wasldifsolvéd mOAJCOEL (’ZIlH)n;lL)Ath&‘rB 104, Pdﬂ.@-ﬂ-’f() 53%)67@5 ddd (m 2H);
2 79 (s, un%tll)a mao&% atBspKd. ;The it waBhyd#bllenatéd 261 4tsrosphbde. foMD fafnbles:) : Mz =

R,ngH] T}'@l xﬁ%ﬁl{)e was rf‘é ehed%hrOH%h CTIBte %d the or: n1c }Ighase was Toncentrated in vacuo to,

1 di ne-

1 (R) - 33152 thp srude r2r(f11ﬂﬁeli%’$@ﬁth¥1rp 15‘%%%”}‘ é?ﬁﬂnF eoRy ‘P”g:‘?f 3@/’2 .%e“gl
(S) - (4was displye® in¢ORt (S Phshy kY rt4anshrecepiip ermmioralphordaprdd AP ® WS d |
(R) - 3, &b, The kabindrk Was anml by t-fphismphn,-tedtid dolidetabiliand off Wadis) v2@ Met hod A:

AcOEt (2 x 50 mL) and dried in vacuo for 18 hours to give 2-(4-fluoro-2-methyl-phenyl)-
25  piperidine-4-one, 10-camphorsulfonic acid salt as a pale yellow solid (68.5 g). (M.p.: 167-

169°C - NMR (dg-DMSO): & (ppm) 9.43 (bs, 1H); 9.23 (bs, 1H); 7.66 (dd, 1H); 7.19 (m, 2H);

4.97 (bd, 1H); 3.6 (m, 2H); 2.87 (m, 3H); 2.66 (m, 1H); 2.53 (m, 2H); 2.37 (s +d, 4H); 2.22

(m, 1H); 1.93 (t, 1H); 1.8 (m, 2H); 1.26 (m, 2H); 1.03 (s, 3H); 0.73 (s, 3H).

This material (68.5 g) was suspended in AcOEt (480 mL) and stirred with a saturated sodium
30  hydrogen carbonate (274 mL). The organic layer was separated and washed with further

water (274 mL). The organic phase was dried and concentrated in vacuo to give the title

compound (31 g) as a yellow-orange oil.

NMR (dg-DMSO): & (ppm) 7.49 (dd, 1H); 7.00 (m, 2H); 3.97 (dd, 1H); 3.27 (m, 1H); 2.82

(dt, 1TH); 2.72 (bm, 1H); 2.47 (m, 1H); 2.40 (m, 1H); 2.29 (s, 3H); 2.25 (dt, 1H); 2.18 (m,
35 1H).

MS (ES/+): m/z=208 [MH]".
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Intermediate 3
2-(4-Fluoro-2-methyl-phenyl)-4-oxe-piperidine-1-carboxvlic acid (3.5-bis~-
40  trifluoromethyl-benzyl)-methylamide

A solution of triphosgene (1.43 g) dissolved in dry DCM (10 mL) was added to a solution of
intermediate 2 (2.5 g) and DIPEA (8.4 mL) in dry DCM (20 mL) previously cooled to 0°C



A solution of triphosgene (147 ng) dissolved in dry DCM (5 nlL) was added
drop-wise to a solution of internediate 2 (250 ng) and DI PEA (860 L) in
dry DCM (W® eslopeqssevi ously cooled to OC under a nitrogen mimEmplene. After
2 hours, [1-(R)-3,5-bis-trifluoromethyl 25 phenyl)-ethyl]-nethylam ne
hydrochl ori de (503 ng) and DI PEA (320 L) in dry acetonitrile (20 nL) were
added and the m xture was heated to 70C for 16 hours. Further [1-(R)-(3, 5-
bi s-trifluoronethyl -phenyl)-ethyl]-nmethyl am ne hydrochl oride (170 ng) and
DI PEA ( k@@er 4 hitloRéEatadshhereamMnl tdiationi wisltierethvas 0% farrdebowas, tHC3i5bisf urt her 4

hours. Naxt ﬁl%%rﬂeﬁiy?rrﬁeth in@hy k&%ﬁorh@ 699! 2) t.Ad IDIPEA BAMEHLM e t h AcCOEt
30 mL orl coO. 15 nL

(30 1) SIS 2, ISP onl oy IR ffOL mBhit Lalla 15 1)

vacuo t ovith A&Etdﬁl‘ér,nL rwaslted wth cpldr ¥ li‘}@épcb&?rlf pead #olutiop M?B@fléﬁﬁ‘i/ MRS Ac OEt

8: 2) st 0 (gb W), The biptuets Meki Rbsedrikd {nd I0nceniatalinavaedy toea fesaie whizh Wast er medi at e

4b (231 ie sh'chrofa iRltRe R ¢ Gs PMWRI) foad
798 (bl g R oL t"é‘@%%(A‘%?E“é?mZWﬁ&*—B”zwg7 A 68 (m 1k

524(t(3f 61 (m 1H):; 3.55 (m 1H): 2.71 (m 2H); 2.56
(s, 3H); IR(QUJSbCTrﬁrl'éﬂl)ﬂ 524260?@) 3H); 1.57 (d, 3H). Internediate 4b 40 NMR
( d6- DVBOYMRSALPNISD) TS @mY BS6 (s H)); 776 16 2Hg, 25264, 1H, 6 (@AdH)1640 (6. 98 (dd,
1H) ;106- 931, §.93 (¢ ilIJrD455 @QH§%431(H) 1H)53%43(419 (mHY); 239 %6 360 2.60H, 2B);48 (m
1H); 2.7 é 6 (s, 3H); 1.54 (d, 3H). Internediate
4a WO 0 (g‘F/fE /91308 28 NEt hod B A saturated sodi um hydrogen
car bonatl\éI Q@ﬁ/ﬁ} PE%‘ ) was added to a solution of internediate 9

(21.6 g) in AcCet (324 m.) and the resulting m xture was vigorously stirred
for 15 rﬁnmﬁ,@a,ateWe aqueous | ayer was back-extracted with further AcCEt

(2165nL), GRGL 4lrf oro-2GR RIS A1 9300 Gintrbinagarmiene duiied anR)sgomentrated in

vacuotu_r Ir[?l’ (]Ila[ﬂ . 4 W Oi I, Nl cCh was treated wth TEA
(19 ni) 1} oy A %@X&M 158 obtai ned was added drop-w se over

40 mnutaad to a sol ution of triphosgene (8 g) in AcOEt (64 nmL) previously
cool ed tp(M-Fnﬁbeﬁ-zaadﬂthMM) abxmmnh&hne—lmbnxmc_m_t_ha_w&t ure

bet ween (. QroftAeLt hé&f InkefvBshifiO@p) . hours at OC and for 3 hours at
20C,, [ 1- . D-DI S r| uor oret hy phenyl)-ethyl]-nethyl am ne
hydr%chlﬁ%g' 29.7 g), AcOEt (190 nL) and TEA (3 8 nL)were added to the
reaction m xture which was then heated to reflux for 16 hours. The
sol ut i onA welstioacsHeghovdendi( 120 Ue3 didsolived iy diy DG €5 m1b) wes ardled dB0-wits to 219
hydr ochl Qkin offikeImsdAieIRi(2I0 hd) and TIOENIF60 MBtiedry( BCM ABGnIniyrevdndlybr i ne (180
The, \%{:‘ ﬁIOGC LAYE"a Seen ﬁ‘n he?g A 2Cl§b[ﬁfse f]lt (r81380bib BRI HyR
r eSI due phenyl) eth}\/,i? met?lulamme ydroc 10r1 QS(% Igg) ang BH;B\ (320 pL) in dry acetonitrile
(20 mL) were added and the mixture was heated to 70°C for 16 hours. Further [1-(R)-(3,5-
bis-trifluoromethyl-phenyl)-ethyl]-methylamine hydrochloride (170 mg) and DIPEA (100
L) were added and the mixture was stirred at 70°C for further 4 hours. Next, the mixture
was allowed to cool to r.t., taken up with AcOEt (30 mL), washed with a IN hydrochloric
30  acid cold solution (3 x 15 mL) and brine (2 x 10 mL). The organic layer was dried and
concentrated in vacuo to a residue, which was purified by flash chromatography (CH/AcOEt
8:2) to give:
1. intermediate 4a (230 mg) as a white foam,
2. intermediate 4b (231 mg) as a white foam.

35 Intermediate 4a
NMR (dg-DMSO): & (ppm) 7.98 (bs, 1H); 7.77 (bs, 2H); 7.24 (dd, 1H); 6.97 (dd, 1H); 6.89
(m, 1H); 5.24 (t, 1H); 5.14 (g, 1H); 3.61 (m, 1H); 3.55 (m, 1H); 2.71 (m, 2H); 2.56 (s, 3H);
2.50 (m, 2H); 2.26 (s, 3H); 1.57 (d, 3H).
Intermediate 4b

40 NMR (dg-DMSO): & (ppm) 7.96 (bs, 1H); 7.75 (bs, 2H); 7.24 (dd, 1H); 6.98 (dd, 1H); 6.93
(dt, 1H); 5.29 (q, 1H); 5.24 (t, 1H); 3.56 (m, 1H); 3.48 (m, 1H); 2.70 (s, 3H); 2.50 (m, 4H);
2.26 (s, 3H); 1.54 (d, 3H).
Intermediate 4a




(CH AcCEt 9:1) to give the title conmpound (21.5 as a brown thick oil.
NVR (d6-DVBO): 6 (ppm) 7.97-7.77 (bs + bs, 3H); 3?24 (dd, 1H); 6.97 (dd,
1H); 6.88wdaaboe6aBil); 5.24 (m 1H); 5.14 (q, 1H); 3.58 ( mpCAHIR03A1308( M
2H); 2.56 (s, 3H); 2.49 (m 2H); 2.2628 (s, 3H); 1.57 (d, 3H). 20
Internediate 5 2 (S) (4

Fl uor o- 2- net hyl - phenyl ) - 4- oxo- pi peri di ne-1-carboxylic acid f
1-(S)-(3,5-bis- trifluoronethyl-phenyl)-ethvll-nmethvlamde (5a) and 25 2
(R) (4 URs PR 2- et hyI phenyl) - 4- oxo pi peri di ne-|-carboxylic acid
Of tr| ph% lérﬁéeg sﬁlu}m % gﬁgljﬂgﬁ cfln) 384 lI'ﬁ’]_,)l wﬁﬁd&‘& Qcmadé%lu&léﬁ))ofA sol ution

4@ sol uti on

of int errtmﬁlaiee" @le Eéﬁ%f‘ ‘fﬂ“ E%’@g‘&% I?]ﬁ(tu&g Was[)‘&ﬁﬁr '%‘B)ﬂSt previ ousl y
cool ed tfar BGninB®s. deequeauaiaxer vgebrcktenprsise avith futher d¢ Iét @oermd) aad Wg| utj on of
[ 1-(S) - Cambm&d ?&fﬁé E:dtra0ts QVERE diiet apd estgéniraret by bdcuorst giyd mtrrmelidty 8roehl or i de

(510 ”g)yeﬁ‘oW%lP 'r:cﬁvfa:é%%é&wftt{'Tﬁ'Ahﬁﬁ]?}dﬁH'Afcht@14 (n%g THe kolu@sh cdided and t he

m Xt ur
(3, 5- b?é”aﬁlaiicfeld@é‘?po%‘f AYAL - BH‘%}H%}?S)tO&Sﬁ{}’?‘ “ﬁgﬁh‘f%‘% dﬂ‘ % or| D (170 ny)

and DI PBeviquglpsoelyd tael°E unded @adutrogpn @tﬂwmbﬁlteh@ﬁmwmmﬁ} l%te era s PRED i xt ur e

was al | @wednt @°COoAtert intingt for 13utsadt@AC upd ort h haw OBt 2¢°80 [hK);Gdihed with a

é:‘\lggl&ldg(%{iMOQ&h&h leyghﬂ] &thylfafn% KyAroshibBddTE)0.7 @dAdDE M@ ALy b8 ni). The

wh

purt 1 C ey A g oglreaw IG5 BRE VB o b GaShBRy 16 6 2a
234 ngpuss a white foam . internediate 5b (244 ng) as a white foam

40 | nt ermedblatien Has WdRed oBh M@)dluxs hyfowiyle 7olgfmn7(1$07m(~bs1%h35§0°h@ﬂy; 7.24

( dd 1H)ac1d@:oﬁ?10r( Eildx 15101&&) wWateBB £ 180 mLL&md; brine 2680(uill.). The) organid Wydrayas1H) ; 3. 58

1) Bl Gt 8%%%% e R GG s

ppr’r) 7 .(GB/AYE 91lpgo give thert 175 @4“?&’&’“1 dd, .89 (m

H; 5. mm(ﬂﬁ-w)som (ppm) §,970HF :(b8+ b3, Hihyy 7-344dd, é97r€ild (11 6. F?ﬂ’a (m 2H);

.96 (s, mékﬁ 24 (12159, {1 (q2H)); 338 26, 159; 2.31h; 261); 536 (<l SHRRWO (ﬁa, HE B2fedi at es 6

(S ( %rgfs(é’g@t hyl - phenyl ) - 4- oxo- 3, 4- di hydr o- 2H pyri di ne-| - carboxylic

cid (1R i sopropyl -5-nmet hyl -cycl ohexyl ester (6a) and 2

R) -7(04 Fi uor o- 2- met hyl - phenyl ) - 4- oxo- 3, 4- di hydr o- 2H pyri di ne-1 - car boxylic

cid (1Anterm@dia s 5R) - 2- i sopr opyl - 5- net hyl - cycl ohexyl ester (6b)
2-(S)-(4-Fluoro-2-methyl-phenyl)-4-oxo-piperidine-1-carboxylic _acid [1-(S)-(3.5-bis-
trifluoromethyl-phenyl)-ethyl]-methylamide (5a)

(
1
2
2
a
(
a

and
25 2—(R)-(4—Flu0ro-2-methvl—phenvl)-4-oxo-piperidine-l-carboxvlic acid  [1-(S)-(3,5-bis-
trifluoromethyl-phenyl)-ethyl]-methylamide (Sb)

A solution of triphosgene (147 mg) dissolved in dry DCM (5 mL) was added to a solution of
intermediate 2 (250 mg) and DIPEA (860 pL) in dry DCM (15 mL) previously cooled to 0°C
30 under a nitrogen atmosphere. After 2 hours, a solution of [1-(S)-(3,5-bis-trifluoromethyl-
phenyl)-ethy!]-methylamine hydrochloride (510 mg) and DIPEA (320 pL) in dry acetonitrile
(20 mL) was added and the mixture was heated to 70°C for 16 hours. Next, further [1-(S)-
(3,5-bis-trifluoromethyl-phenyl)-ethyl]-methylamine hydrochloride (170 mg) and DIPEA
(105 pL) were added. After further 4 hours at 70°C, the mixture was allowed to cool to r.t.,
35  taken up with AcOEt (30 mL), washed with a IN hydrochloric acid cold solution (3 x 15 mL)
and brine (2 x 10 mL). The organic layer was dried and concentrated in vacuo to a residue,
which was purified by flash chromatography (CH/AcOEt 8:2) to give:
1. intermediate 5a ( 234 mg) as a white foam,
2. intermediate 5b (244 mg) as a white foam.
40  Intermediate Sa
NMR (dg-DMSO): & (ppm) 7.97-7.77 (bs + bs, 3H); 7.24 (dd, 1H); 6.97 (dd, 1H); 6.88 (td,
1H); 5.24 (m, 1H); 5.14 (q, 1H); 3.58 (m, 2H); 2.7 (m, 2H); 2.56 (s, 3H); 2.49 (m, 2H); 2.26
(s, 3H); 1.57 (d, 3H).




A solution of 2-brono-5-fluoro-toluene (3.68 g) in dry THE (10 nL) was
dropped over 30 mnutes, into a m xture of magnesium (525 ng) and i odi ne
(1 crystawpoo3mweesy THE (5 nmL) previously heated to 70C urrdavER3/0i308 ogen

at nosphere. The m xture was stirred a9 70C for 15 1.5 hours, then all owed
to cool tor.t.. Asolution of (-)-nmentyl chloroformate (3.53 nL) in dry
THE (15 nL) was added to a solution of 4-nethoxypyridine (1.52 nL) in dry
THE (35 nlL) previously cooled to -78C under a nitrogen atnosphere. After
15 m nutgSernleli@ies® Ut i on cont ai ni ng the 4-fluoro-2-nethyl- phenyl nagnesium

brom de W GEEE r b S rg@@l &gof or 1 20
hour. Th eat |or?gm§§)p%% g‘%ﬂ %ﬁ%b@‘q??ﬁmd FH%),m )é nggﬁ c acid
sol ut i on(p 28)mt3¢ (& Ty @n s? r(IEd 3% 3 %% es Aft er
ext ract i b0 (mi, 2H); AthJHZ 1x57J(5,(3H)L), t he conbi ned or ganl c extracts wer e
washed with brine (50 mL), dried and concentrated in vacuo to a residue,
Wnich by flash chromatography (CHTI-1F/toluene 8:1:1) to

i —i——#’%a{egg 00803440, L Sl O QL L2 'pﬁ ediidt g 6b (530
.’.r' et 271, Rf=0.59.

S (ppn) 8.14 (d,
: (R [ A ‘ i X p 1R 34 (d
104 45 % ro l-gﬁleé c c“foe l%st&o 4H) 1.7 (m 4H), 1.33 (m 2H);
0 ernedi at € 7-120C. 35 T. I . CH THF/ t ol uene
721 Rf--O 56 IR (nu le a 9 NIVR d6;, DIVBO) S
(ppm 8. &'pol@@on q_f@-bronpoézél@rcg@h@m 33ﬁ8|)g§ dggﬂ-gl% ((31% lpé‘) W o(f ; 4 42
(m 1H) ; mBwR8 iftda, miktdyg oR2m@hegimp (239) mg)lang godines(d qryﬁtaledrYif Xm 8H);
0.51- 0 iRty feblkd o APC |uﬂ&é?rari‘ﬂﬂigaﬁ @mésphere. The mixture was stirred at 70°C for
2- (R~ ghuor %egaﬂ@gﬁ henyl) -2, 3-di hydro IH-pyr| di n-4-one WO 03/ 066635

PCT/ me hOXI 1 to_a.solution of
R e e N A
i xt ur e swhsgion ef Hunedwxymridingd! A oMg i Ay TI%%(%SIBH/E@YIO Wods Ctdsed0 el En vacuo.
|The r esi ghder M¥Godea binidspiere d fibetsuniamntesyit eslutfchGontainingriige 4-Ae@L- n@eﬂglfl m_% ] Thg
ayers N ur er
AC)C/Et V\ﬁ{ fiyl ﬁﬁr?ﬂ'omﬁﬁqvag Q@deQQH)%Qﬁ?eC irg?/fﬁgmm&fggﬁ gﬁ\éﬁéggﬁ -9 %g i 210
m), 2Qzlr i 'é‘a“ 8%%‘8?&‘1”8% h{?%cué‘mto i %Cﬁ’ oLF r‘rpl(g (145 )
as a | i ghermpedfq @V\PI@I SFIHGCF\N@W Pivmiyptes. f( ac*)"’“?‘llﬂ( %88&1 tﬁ (dd, 1H):
7.38 (t, thd kpmbided@ gfmig ex@tdpts whreBGashetiwith M-A)e (58 .1717), (rded gﬂ)oongenqgect #d, 1H)
2.31 (M y@Btoa residue, which was purified by flash chromatography (CH/THF/toluene 8:1: 1 to
give:
25 1. intermediate 6a (3.44g - yellow oil)
2. intermediate 6b (530 mg- white solid).
Intermediate 6a
T.l.c.: CH/THF/toluene 7:2:1, Rf=0.59.
IR (nujol, cm™): 1718 and 1675 (C=0).
30 NMR (de-DMSO): & (ppm) 8.14 (d, 1H); 7.08 (dd, 1H); 7.02 (dd, 1H); 6.95 (m, 1H); 5.68 (d,
1H); 5.34 (d, 1H); 4.47 (m, 1H); 3.26 (dd, 1H); 2.30 (m, 4H); 1.7 (m, 4H); 1.33 (m, 2H); 0.8
(m, 11H).
Intermediate 6b
M.p.: 117-120°C.
35  T.lc.: CH/THF/toluene 7:2:1, Rf=0.56.
IR (nujol, cm™): 1718 and 1669 (C=0).
NMR (de-DMSO): & (ppm) 8.17 (d, 1H); 7.04-6.94 (m, 3H); 5.70 (d, 1H); 5.35 (d, 1H); 4.42
(m, 1H); 3.26 (dd, 1H); 2.30 (m, 4H); 1.58-1.40 (m, 3H); 1.2-0.7 (m, 8H); 0.51-0.34 (bs, 6H):

40  Intermediate 7 .
2-(R)-(4-Fluoro-2-methyl-phenyl)-2.3-dihydro-1H-pyridin-4-one




M5 (ES/+): mlz=206 [M+H] +. 10 Internediate 8

2-(R) - (4-Fl uoro-2-net hyl - phenyl ) - pi peri di n-4-one Pal | adi um over charcoal
(10% - 74wmy)3/meessadded to a solution of internediate 7 (I3/Eryp/oizo8l5 MeOH
(8 nmL) and THE (2 nL). The m xture wa% allowed to react with hydrogen in a
pressure reactor (2 atm overnight. After flushing with nitrogen, the
solution was filtered and the solvent renoved in vacuo. The crude product
was purified by flash chromatography (AcOEt/MeCOH 9:1) to give the title
conpoundS¢dan mgjhoaide 8l 0penhgd)oves edded tT heolaivant invermediste®d €8mERI0 MEH  was

det ect ed(BYymEhufidl aHikelzen atBospheke. CTheAa k¢ MaOrtMixdd fdrf tQoZhoulMRd(1d6- DMSO) : 6

(bpro 7 509 ggq,a o 129040 E@%fe ZS%W& e ol 55%% o2, .

1H) 2 18 Frs 15 hﬁ/éﬁYEYngefrﬁ) sepafisd SprBthe RRYPQus Phass s ithey 7,
DVBO) 5 RROBK (editank). Ghecmgme(dmrmwaa@smhx;ashepmﬂyc»r;mmcpeam dried 4- one
L-(+)- rraﬁkdﬁioa&eﬁtra&i zAva@Jou& 'g@athefml_hgmﬁmmdﬂngpasaaigﬂt Yel3whilg) in AcOEt (308

m.) was t I 08 mL
T T A B B RO 20
vacuo toPé)ig )—:-n cooled to OC and further cold

isopropaMﬂ(E§/§$Ime=)2OMM+ﬁdided. The thick precipitate was stirred under
nitrogen for 5 hours at 0C, then filtered and washed with cold Et20(250
m) to gimgrmelagadtggtle 35 corrpound as a pale yellowsolid (20.3 g). Mp.
82-85C. N O:8 (dd, 1H); 7.40 (m 2H); 732(m2H)
7.26 (m=tH puen el“““"',404(o|o| 1H): 3.31 (m 1H); 2.88
(m 1H); 2. 49- 2. 2 (m 4H); '2.29 (s, 3H. Chiral HPLC. HP 1100 HPLC system
col um Chalkdiimelver@batehal RBYe nT4xmg). véas mrided napbsdleiod Of jpheapediate 7 (145 mg) in

N- hexaneljeoPP(oRB)erd PEF2 milo1dk elikittearmisnBlowkl @WVireat Fithihydiofén fled ecti on:

I%é'(lj'; E]F-’g g% 5{% éga@% @atxtn g@erx%ightolz&ép fﬁ'lgﬁn?gsmtﬂ Hﬁrgéeqeﬂg %IﬁtlojleVa\é\lPlltgl%é Q{?cp 635

2-(RR) - 4 hmsa’d% romowe i | vagite PP e prestugi yiesy paifisd by fash ishsagnatograglyt ¢
( 3, 5- bi stAOEIMeOBF b e biyk thsditle pompavnd (¢ Imprpgeydlertsdld A 5 A sol ution of
t ri phos geneenbdibmdy) eicBssq909 M {sAetitipd WechiralddigdC.t 0 a sol ution of

i nt esgredi gt e GrRROTEd: 1 a0do P PEA (65 ng) in dry DCM (3 ni) previously
cool ed t gy O d,-DMSO): & (ppm) 7.49 (dd, 1H); 7.00 (m, 2H); 3.97 (dd, TH); 3.27 (m, 1H); 2.82
(dt, TH); 2.72 (bm, 1H); 2.47 (m, 1H); 2.40 (m, 1H); 2.29 (s, 3H); 2.25 (dt, 1H); 2.18 (m,
1H).
MS (ES/4): m/z=208 [MH]".
25 [Alp=+82.1(c=1.07, DMSO).

Intermediate 9
2-(R)-(4-Fluoro-2-methyl-phenyl)-piperidin-4-one L-(+)-mandelate

30 A solution of L-(+)-mandelic acid (22.6 g) in AcOEt (308 mL) was added to a solution of
intermediate 2 (31 g) in AcOEt (308 mL). Then isopropanol (616 mL) was added and the
solution was concentrated in vacuo to 274 mL. The solution was then cooled to 0°C and
further cold isopropanol (96 mL) was added. The thick precipitate was stirred under nitrogen
for 5 hours at 0°C, then filtered and washed with cold Et20 (250 mL) to give the title

35  compound as a pale yellow solid (20.3 g).

M.p.: 82-85°C.

NMR (ds-DMSO): 6 (ppm) 7.51 (dd, 1H); 7.40 (m, 2H); 7.32 (m, 2H); 7.26 (m, 1H); 7.0 (m,
2H); 4.95 (s, 1H); 4.04 (dd, 1H); 3.31 (m, 1H); 2.88 (m, 1H); 2.49-2.2 (m, 4H); 2.29 (s, 3H).
Chiral HPLC: HP 1100 HPLC system; column Chiralcel OD-H, 25 cm x 4.6 mm; mobile

40  phase: n-hexane/isopropanol 95:5 + 1% diethylamine; flow: 1.3 ml/min; detection:
240/215nm; retention time 12.07 minutes.

Intermediate 10




under a nitrogen atnosphere. After two hours acetonitrile (10 nL) was
added, the tenperature was allowed to reach r.t. and the DCM evapor at ed
under a nwarasgeesssl ush. Then, 10 a sol ution of PCT/EP03/01308
3,5-(bis-trifluoronethyl-benzyl)-nmnmethyl am ne hydrochl oride (74 ng) and

DI PEA (130 ng) in acetonitrile (3 nL) was added and the m xture was stirred
at 23C overnight. The solvent was concentrated in vacuo. The residue was
di ssolved in AcCEt (10 m_) and vvashed vvlth 1N hydrochl oric aC| d soI ution
(3 x5 ‘ Bl pripinenidine-1¢& ) o :

or gani c It_ge:rroﬂﬁﬂwdbexﬁdl)mvcmmaentrat ed in vacuo 15 to a resi due whi ch
was purified by flash chromatography (CH AcOEt 1:1) to give the title
comound@gﬂ) as a white solid. Method B 20 A saturated sodi um hydrogen
car bonat ion (348 nL) was added to a solution of internediate 9
(23.2%g) in AcOEt (348 nL) and the resulting mixture was vigorously stirred
for 15 mAnusdleson dheriphgspendi$l7 agerin wag DEadkRexLy aat eddasi toh af dotultibe rof Ac OEt

(230 ni) uﬁme&b@s @8 )@ﬁ(ﬂm@agssqn BVWD@M\@rﬁLﬂﬁkﬁgus%ngoo@éa%%%rat ed in
vacuo tO terrre |at 2

I treated
wth TEA' ¢ "zrstwn%) b ReeBats ) OB it roity B haed
dr op- wi s&nm?@furwamﬂzw%@ rﬁ@ha S0 thei BrMovaroratssHmdey erutrqagn dipsh. Fhenac OFt (61
mL) pe evioseditipn colo BSebisarilhCrammedted-benzml)tmetdytaminat hpdpihdorele (i migpiand ng t he
g e r5rpeL at DEEAe13eRR) HCaRnREinde. (3 'ﬁfﬂ)e{/assellddéd bt the Qhixtrd \RHY Stirfdd a%@@oc N OEt

0 r c
(bi S% Jr}aé E’g}ﬁ O%)g\; g}{b‘%/as ohaH r:) \Jzyuoa%g'?emdgﬁ%/ glgs (ﬁ& %ed (ijn {Xé&é{ (V\?“ Ch

(184 ni)

t hen fur an twafllg‘ ,IN\yyﬁ@ﬁﬁgr 15,019 (f@f“t‘%g ol H‘H on® §‘“Wa’§ﬁlé‘%$e% th 10%
sodi um hyatheriedé Hddlau@ bare ({ Bmk.). 138 ordapicdangr ¥86 drieg dndbedukbentiated #evadug ol ut i on

(3 x1485td jesidid) avishgwasi farified/ By flavhebia@graphy (CHYACEPE 1:8f ®G:ivelthe Vi€ U0 t 0 a

crude (38yfhoun q,t;g)\glg§wgﬁggoflgled through a silica pad (CHIAcCEt from9:1 to
1:1) to glve e title conpound (24.7 g) as a colourless oil. 35 NWR

(d6- DI\/S pn) 7 96 (s, 1H); 7.76 (s, 2H); 7.26 (dd, 1H); 6.98 (dd,

1H); 5.23 (t, 1H); 4.61 (d, 1H); 4.41 (d, 1H); 3.60 (m

2H) ; 269 (m 2H) 279 (s, 3H); 2.50 (m 2H); 2.27 (s, 3H) MS (ES/+):

V”{DZ Og(?éGN\@ﬂ‘uTated Q&iuluﬁ'tlg B%éﬂ SdrBondtd sobutitn QBét%eﬂﬁ,y |wag aﬁd&lefan'sGﬁﬁéH rgpxaloﬁgel[]gde

1 On |

( 6 ) 91@6%1% EESO? &XAC%E ?%8 rﬁl_% nHtthe g ng n%lxtXre wds v Lﬁorousg/mﬁgecp P
CRBNEAC i Cic MERRERCU AL 3 S o

(50 mL) cmdzemedaprgmcr oxjearts aterrpdidesnd. cofibratrated it vacng tovigive Linermaiteheft ed t o

100C for(1221 e Sellowhen waich wedeam »claptEA@zors faL) arﬁlAddmmmm AeOEt (100

m) and vASRELMNES Wik hdiEd ﬁl%i%ﬂ i]ute-sr'fbe §U1191% g&é&iggxf (g‘r’%@‘ﬁl dried and

cone e e L e -

temperafure between 0°C and
After stirring for 2 hours at 20°C, 3,5-(bis-trifluoromethyl-benzyl)-methylamine
hydrochloride (28.1 g), AcOEt (184 mL) and TEA (33 mL) were added to the reaction

30  mixture which was then further stirred for 2 hours at 20°C.
The solution was washed with 10% sodium hydroxide solution (3 x 185 mL) and 1%
hydrochloric acid solution (3 x 185 mL). The organic layer was dried and concentrated in
vacuo to a crude (38 g), which was purified through a silica pad (CH/AcOEt from 9:1 to 1:1)
to give the title compound (24.7 g) as a colourless oil.

35 NMR (ds-DMSO): § (ppm) 7.96 (s, 1H); 7.76 (s, 2H); 7.26 (dd, 1H); 6.98 (dd, 1H); 6.90 (id,
1H); 5.23 (t, 1H); 4.61 (d, 1H); 4.41 (d, 1H); 3.60 (m, 2H); 2.69 (m, 2H); 2.79 (s, 3H); 2.50
(m, 2H); 2.27 (s, 3H).
MS (ES/+): m/z=491 [MH]".

40 Intermediate 11
1.4-Dibenzyl-2-piperazinecarboxaldehvde




carboxylate (5.65 g) as a yellow oil, which was used w t hout any
purification in the next step. Diisobutylalumniumhydride (1Min toluene
- 29 nL) wasoswepped into a solution of ethyl PCT/EP03/01308

1, 4- di benzyl - pi per azi ne- 2- car boxyl at e3 5. 47 g) in anhydrous toluene (110
mL) previously 10 cooled to -78C under a N trogen atnosphere. The sol ution
was stirred at -78C for 1 hour, then a 20% sodi um hydroxi de sol ution (20
m.) was added and the m xture was allowed to warmto r.t.. Further 20%
sodi um hy dsladnde eggl uBiditnor&opitnatevia snla did exthydnods tohens (0ubk)oresweded ext ract ed
W th Et29 { 201&&10%5& 1T -dibbRS 1&1Wmlealﬁﬂln9r Q%’)'“aﬁd PIEACHS MBI 8 Ahj@ehsand

concent I:ltab\lf HIB@F’Y‘?E%P 5?151 tg)l%?q ﬁcgnosephgrle he & ﬁﬁrﬁg Hlnﬂuxfe QVa’S)’ ﬁeage)d t(‘?EOOaC G u?e Wni ch

was use uri C.
CH/ Ac OEt21ghoprs, then-glozgd tagerl (odé. M'S‘é)wﬁha’\% gn@zﬂn §Vashj=:ii+)"“t .15 (m
10H) ;5 3.8600(8L.). Th prgdnib extohet idd)drie® amtibeofsentratedHyr, vaBudd9 a(l‘gsldueﬂh)lch vzasgz (t,

1H); 2. 5;§1r1%e<fl§y Q]HQh c%'r'gmatggré]p‘hg (GHIAVOEB 1) tozgvé @ih?l’ ITEGlbaﬁ@I pigerazine-2-
Hexahydr o-.pvr.r o

¥ a, el F%\}HRB Q7 9&%d w gélon in e next step.
( Car bet h8Xy )nqéfltﬁ tgrry }1 osphor ed. |
portions IE‘SGb‘ﬁy a EIPIH'EIT’ Bﬁdr@F i t‘%lt‘?lr‘éa&f’ at2 aﬁ dﬁﬂ?p mfo P ?ﬁ‘ﬁ?ﬂ%ﬁgyt ol uene
(100 i) 1,4ditbenzybpipérezinegerarbaxty s (FHEr ® . in Bhlkydmust toluenend 40 welat rseyiquslysoC f or 24
hourfy tdeRd id -76RS uiklel @WREbded ati¥9pheted The folutiod ehs weksdiled -18°C Horviakaer, (100 ni) .

The or g?t?c%: g d&@% %Hl%%y&%kﬁg S(ﬁﬁ't%nc(g e %?'Bcﬁfgd Iaﬁ'd ﬁl@%ﬁ?tul;eowﬁ allB@&i fdue, which

t : g.&thyl 1,4- 30
di benzyIW‘E’nﬁPb g ésﬁglr“f}‘lhé’g 5}/041 tpn. 66&[‘%’ was ad%—ciaﬂg%? BWER _f_24.36).
A sol ut i atragéd E\tﬂlhyEQ@ @ &i bethzaglh)- Thejqembinsd regamica E¥HACkt E(er€2dr8’4 B in abs.
Et OH ( 40comtehtrivedin vaybrio giva dteatlc cupould(5G316) % ¢ £rudd viichatas 8se8 vathout f or 2
days;s Af}r@ lglfrﬂitcgtg)g,mﬁggeﬁgﬂe tion was concentrated to nearly 30 nL and
heat ed t until conplete cyclization occurred The
sol ution @ﬁ@g f eé ?n vacuo and the residue was i&l ed by flash 35
chr omat oYMERA VD](@@M%EPD%% 1) §t/d Stmel 4Pi §- %6@0}1%)0%& 83645 as a pale
yel | ow olH); 3.09vt, HET; 2382 (DilHchis 3 almy AHpi2u3 hgar3He (1.2M in tol uene - 262
rrL) was dropped into a solution of 40 ethyl
bep%‘% apelr a2| ne- 2- car boxyl ate (48.4g) synthesised as previously
de C S toI uene 450 m.) previously cooled to -78C under a
N|troge : b€ D) BAL-H t ook 1.5 hours and the internal
t enper at ure was aI ways nai nt ained below -70C). The solution was stirred at
-78C forpéthsauw:, then a 10% sodi um hydr oxi de WD 03/ 066635 PCT/ EPO3/ 01308
33 solution (500 nm.) was added and the m xture was allowed to warmto r.t.

0
vas ot eteu SR et ten U 7 ol EAPEANN VR, el on
vver e driwintigndf doigeesdiatealbd4-Ph &)d%%hX?FR“FItOI&enev@pﬁrf%L o eF_LBd‘hFFEgeBont ai ni ng
1, 4- di benmydphere pitpaniamienesdiciok wl e fulé4 howrs.chenitwavabged ® appkthotit any
further pldrdabied@biinQihter 1 00REL)"EX orSdn®Rayer was dried and concentrated in vacuo to a
residue, which was purified by flash chromatography (CH/AcOEt 85:15) to give ethyl 1,4~
30  dibenzyl-2-piperazine-3-acrylate (4.2 g - T.l.c.: CH/AcOEt 8:2, Rf=0.36).
A solution of ethyl 1,4-dibenzyl-2-piperazine-3-acrylate (2.84 g) in abs. EtOH (40 mL) was
hydrogenated over Pd/C 10% (1.42 g) at 3.5 atm. for 2 days. After filtration, the solution was
concentrated to nearly 30 mL and heated to 70°C for 16 hours until complete cyclization
occurred. The solution was concentrated in vacuo and the residue was purified by flash
35  chromatography (DCM/MeOH 7:3) to give the title compound (820 mg) as a pale yellow oil.

Method B:

Diisobutylaluminium hydride (1.2M in toluene — 262 mL) was dropped into a solution of
40  ethyl 1,4-dibenzyl-piperazine-2-carboxylate (48.4g) synthesised as previously described in
anhydrous toluene (450 mL) previously cooled to -78°C under a Nitrogen atmosphere
(addition of DIBAL-H took 1.5 hours and the internal temperature was always maintained
below -70°C). The solution was stirred at -78°C for 2 hour, then a 10% sodium hydroxide



( Car bet hoxynet hyl ene) tri phenyl phosphorane (75 g) was added in two portions
to the previous solution of 1,4-dibenzyl-2-piperazine carboxal dehyde in

t ol uene (Wesmkye3sinder a Nitrogen at nosphere. The m xtur ecvaspobesioed to
80C overnight, then it was allowed to3xool to r.t. and washed with water
(2 x 400 nL) and brine (250 nm.) The organic |ayer was dried 10 and
concentrated in vacuo to a residue, which was purified by flash

chromat ography (CH AcCEt 85:15) to give ethyl

1, 4- di beghition 2500 MEY aas Béded-aad thel Mixeurd 44s 8llgved td.Warm. to r.tCHUAOADYS: 2,

(RLZ{ g S gigodmﬁphﬁr&me%m&h @bo ﬁ;ﬂ?was ddba dhdee %Mhtxo% v%sl%%fr@e%édﬂ@iﬂﬁtoﬁ@ﬁé" ate

n .anmoni_ur for mat e
(53 5 g)(zefﬁ%‘%g 0 SofitechotE i dad SpBYERd S HERRRY AR
resul ting lyscolir 00y cREAnDg lt‘bdlb%fflyb&m&’@ﬁ%’éﬁc%f?%a@ehﬂe B’H“’hM’a@ é‘lsedf iltration
over SOeIwttlmutadyefmslakpnrlfmatmasthemmmepr ated in vacuo and the residue was

purifie Ctayoefhbi?ﬁﬁbthy@%}ﬂ*f@l%&gﬁlﬁﬁﬁ]%raﬁm QrbsBadded tig B¥0/ Poitios fd tthe conpound
14. 15 o u
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and
pal | adi ubitiose P%’B%{F Rhs n%tuws heagesl tg 30 \Eagve%d en?h%fﬁ%%ﬁﬂ&&ﬂ‘ areoha
r ender edtoirm.emtl wagliet! hwithiwatey §2r 408 mibs explienmeel (950f ) B cngganle 1200 V\baldrlm/dr ogen,
aﬂd tohenaddeadneshtra@d 10 Qakuo WheNresithte whidhe v pufdiedsb rfﬁslh@ﬁrofnaﬂghﬁﬁh}l o 90 Ear
t he pres r ydr n upt ake
ceased, %ﬁ%ﬁg %6{%&@90&5@4eggg&@%\%ﬁ%gip%wﬁégqﬁz% gctl %n slg?ﬁtl on was
rem)ved 1 s then filtered off with a buchner funnel and

washed wla hsolutioh g€eikyl (| #-dibepay-2rierazivetdegorden (bt it MagHt(R0 mElyndat e with a
r ot at or ya Niteper finosphert Nnmponihil Gdrmated®3. 2 psdnd| sh/ephlladien o chareaan(3/@geux col um

g FPglr]Sél-l:l-gwérg a&@e\% @e@e&l&é rHRﬁ&é wgg NdaRd 6 irdflu® ten%%ﬁé‘@(q 6h2 A@éﬁﬂmg%?ﬁ 3; r

o niyar Lo KR %b&ggw S?’B ARG acuaﬁﬁd%ﬁr%sﬁ%ws TEeE by Ehi

3. 01 ( m chigmpatograpiyy (1P %ﬂ%‘ Ptogeiyeche tit 1419 2) 314 paloyellgw(oih 1H) 1.6
(m 1H). M5 (ES/+): mz= 141 [M+H + 35 | ntermedi ates 13

(8aS) - Hepgatiwdice- pyrrol o[ 1, 2- al pyrazi n-6-one (13a) and

(8aR),- Hexahydro- pyrrol of | , 2-al pyrazi n-6- one (13b) 40 I\/Et hod A WO

03/ 066635 PCT/. EP03/ 1308 . 34 In d| at 7 par ated into
the enanffeghehiae {3 & ?)%Mr%?‘\‘?éti?e-ﬁg (‘“’(%‘rgg% %Rte §a‘$? 2 cm
mobi | e pﬁméspelladrlmhelx alrregort GHyo8dig;— 50 gDX\Ea.’E adﬂe;mehe atﬁczcz@enms rendmésnert

i nt er nedwig gitrdga, (BAueilly fidledl withtler ba diydiogen] 3l th&2kbated)to Weo &C.Oliheni ned.

I'nt er m%@?n?erﬂa?greﬁs%mg 2B o 90 bar, tﬁe bRbre WRIiMTTs &8 BACIgaDARaC M X 4. 6rm
X 5’25rm tile Eycp rogen uptnke ceased t{le aug_c!,lave as cooled below 30 °C and the reaction solution
was removed. The catalyst was then filtered off with a buchner funnel and washed with
toluene (2 x 200 mL). After concentrating the filtrate with a rotatory evaporator, the product
was distilled over a 15 cm Vigreux column (bp: 115 to 125 °C @ 0.07 mbar) giving title
compound 12 (574 g) as a slightly yellowish oil.
30 T.lc.: DCM/MeOH 7:3, Rf=0.17 (detection with ninhydrin)
NMR (CDCI3): 8 (ppm) 4.01(m, 1H); 3.54 (m, 1H); 3.16 (m, 1H); 3.01 (m, 1H); 2.81 (m,
1H); 2.6 (dt, 1H); 2.38 (m, 3H); 2.16 (m, 1H); 1.6 (m, 1H).
MS (ES/+): m/z= 141 [M+H]"

35 Intermediates 13
(8aS)-Hexahvdro-pyrrolo[1.2-alpyrazin-6-one (13a)
and

(8aR)-Hexahydro-pyrrolo[1.2-a]pyrazin-6-one (13b)

40  Method A:



flux=1 nL/mn; X=225 nm retention tine 10.7 mnutes. Ratio 13a/13b=100: 0.
Internmediate 13b (enantioner 2): HPLC. Col um Chiral pack AD 25cm x 4. 6nmm X
5; nobi | ewgh@aesdss hexane/ EtOH 8:2; flux=1 ni/mn; a, =225 FOTVERBHENL| ON
time 12.8 mnutes. Ratio 13a/13b=0:108 10 Internediate 13b: Method B: A
solution of L-(+)-mandelic acid (13.03 g) in isopropanol (60 nlL) was
dropped over 20 mnutes into a solution of internmediate 12 (12 g) in

i sopropanol (60 nL) under a Nitrogen atnosphere. The suspension was

stirr edhﬁ‘érmgéigefl@(ﬂz k) Wa$ sephrtedintd thiversanfiorhdrevie gropirhtivattPLLE Calisined Wi t h

f“”her ch3gpd }2%}5‘% (%819 Wit EE&% $Rbiade R ne dul+aki Mmignandsi gier s 20: 80)

recryslt rom.| an unes) until a
corrpl et &b WPL“@““%‘H%?}E#%@@&@EH Htiflr\ﬁ%@teég?@(ﬁ? mc??WF](e]Og ﬁ}ngé way

( 8aR) - hitahyahiae p3a (endrdiomep 1] pyr azi n- 6- one L- (+) - mandel ate (5.84 g -
enans i opRLC2Colam OfitafjaciehD T5uns x vedremixaby;(1BokiBophgye whexak/BEBI $8d i n Et OH
(40 ni) %@4 AR xf;ﬂz r@t@&oﬁfuh{en@d Ny, Ratic2(3a886PR0SI on of resin | RAGS

(112 g - th a 0. O5N sodi um hydr oxi de ~solution (370 ni)
and wat &ptey ‘He‘{ te i#ﬁ/ fef‘a'ﬁﬁ’ﬂﬂef 21

in EtOH (200
st rred@LCZwmcmr%ﬁ)aﬁb@t{é%%érﬁ ‘?W’Pt’%?lédm@?”fenw???en' ?’ij‘ﬁ ttcoﬁ gﬁer was
concent flat-€dni Mmivasans fm; retgntmetltrhd2t8lmhae&:8ﬂtpfolﬁaél3h‘3(b1({03 1 g) as a white
sol ilﬁ' IeEhaRdE a8 13b: 25 HPLC: Col um Chiral pack AD 25cm x 4. 6nm x 5;
nmobi B exane/EtO—I 8:2; flux=1 nL/mn; X=225 nm retention time

let
12.8 m 13a/ 13b=0 100 | nt.er medi part of
the not Hetolytiog b ris(“?'glaa‘i?h@ agif {(13-Pa8); 18 ‘?L‘i?é“pi -C%émgg Wa?/\gl%p P‘% %Vte{a &W th a
sus pens intintes3Btoof soheion wf HRABSIILT 62 §12 g)pin dspponaio) (%hbﬁldﬂ t Vi8R 05N sodi um

hydr oxi ggnc3pierd. iThB sﬁ%@lﬁldﬁ-\)zas GiRed warEC ntiloursethen al wipsHiltared &ff @kl ( 150 nl)
fa:'ltjt tesvras ? "@_F)ﬁm}g,? ggg y‘f gm"@lﬁ) ghi sdiRdbdined %’3&) EahtictnddOR0: 80) waben

opcent.r at va the free
hex ahydlr‘?fmﬁ lizgd e2“‘§fsp FPPEPAM % (‘)IOIQTI);GS umq &1%%,1&901@?]3/@
mat er i alendutioBleghivityweas defiecierb [nvibig wapi, (BFDesPRRGPY[TE OHL% algﬁf&llf‘ PeRe E«d vvl t h a

sol ut i op+ythaddelate)5.88 g dehdnboaari2glwhdobfdned35 g) in i sopropanol (8 nmi). The

S us pens 'Tﬂ{é ﬁ(@?ﬂaiéé 46"9@ watb diddfved B BB AOWIS and BeRr (4 mUpadfsiirédewaitla of f and

enartt] ofPERg. S hSAPE Fé‘;‘%nglpr. e y;f’gﬁ%;c%ﬁ& ?‘)%"?‘r 8?‘%;[’:22‘ el (10

vol umes yolyien ‘137%11@@@11 aaer (pLLuH 2RYTS In this
way, (8afEyedr23dtyfr 0.5 hyurs,dhen[filier2d aifp?m@zganwéayshﬁawece}mﬁ%wé?F’%KOéO (0.88 g
40 - Ale iR chhpMRa 19P13a1 fada whik ligat erial (0.88 g) was dissol ved in
Et OH (1% m&le@atel ter (1 n) and stlrred with a suspension of resin | RA68

(15 0 ol o cUFIREEY 0ef o B3 T MR B 22,5, ™0,
03/ 06663bx=1 RUBiEPG2LH B O@tention time 12.8 mmutes Ratio 13a/13b=0:100.
Intermediate 13a:
Method B:
A part of the mother liquors (3.48 g with ratio 13a:13b=63:37) was treated with a suspension
30 of resin IRA68 (70 g - previously washed with a 0.05N sodium hydroxide solution (150 mL)
and water until neutral pH) in EtOH (150 mL) and water (1 mL). The mixture was stirred at
23°C for 2 hours, then filtered off. The organic layer was concentrated in vacuo to give the
free hexahydro-pyrrolo[1,2-a]pyrazin-6-one (1.6 g) as colourless oil. This material (1.6 g)
was dissolved in isopropanol (8 mL) and treated with a solution of D-(-)-mandelic acid (1.74

35  g)inisopropanol (8 mL).
The suspension was stirred at 23°C for 16 hours, then it was filtered off and washed with
further isopropanol (120 mL). The solid obtained (ratio enantiomers 86:14) was recrystallized
three times from isopropanol (10 volumes) until a complete HPLC enantioselectivity was
detected. In this way, (8aS)-hexahydro-pyrrolo[1,2-a]pyrazin-6-one D-(-)-mandelate (0.88 g
40 —enantiomer 1) was obtained.
This material (0.88 g) was dissolved in EtOH (10 mL) and water (1 mL) and stirred with a
suspension of resin IRA68 (15 g - previously washed with a 0.05N sodium hydroxide
solution (50 mL) and water until neutral pH in EtOH (30 mL). The mixture was stirred at



35 23C for 1 hour, then filtered off. The organic |ayer was concentrated in
vacuo to give the title conmpound 13a (0.434 g) as a white solid.

| nt er medi wtoeo3k86635 HPLC: Col uim Chi ral pack AD 25cm x 4. 6mmpCT&#PoaDEok e phase
n- hexane/ EtOH 8:2; 5 flux--1 nL/mn;3%=225 nm retention tinme 10.7

m nutes. Ratio 13a/13b=100:0. Internediate 14

2-(R) - (4-Fl uoro- 2- nmet hyl - phenyl ) - 4- oxo- pi peri di ne-1-carboxylic acid
(3,5-dichloro- benzyl)-nmethylam de 10 A saturated sodi um hydrogen car bonat e
sol uti onfeESoft hoWtheRditiedd b, BheSQbahid aYer Ofas coiteRifd1didinalaeuddo (glvelhg) i n

AcCEt (15,,m. h I I d f 15
cOEt ( ?ll O}n%%% %?Eﬁlsegﬁagég,g% E&ure was vigorously stirre or

m nut e extracted with further AcOEt (10 nl)

and the I'EB'I"P“@E‘F%H’%r gani ¢ phases were dried and concentrated in vacuo to
gi ve t heHPLE@eChlawe (2111(%11%)101( AD 2%nf k dehimom X- s trhghile pihaseyp-hexgnedRi@h 8Ber i di ne

(0.559 gHuag nd/M@l; heresain; reténtidn kibhe i1 0.N nidutes. Ratio 13a/13b=100:0.

2-(R) - (4- quoro 2- met hyl - phenyl ) - 4- oxo- pi peri dine (0.550 g) and TEA (20.5

m.) in 5.5 ) was added drop-wi se, over 40 mnutes, to a solution
of triph fate K in AcOEt (2.75 nt) previousl cool ed to OC under
a nl trog 4 e pHENy ’. .\_‘l—",_ Cll-¢AF D@ i W -' 3'lc 10r0nd

stirred B&anl?pGneimm&dbours then N (3, 5-di chl oro) 20 benzyl met hyl am ne
hydrgghl oride (3.17 g) and TEA (1.860 mL) in AcCEt (8.25 nL) were added.

The react,ion stlrr s at 2 tihen, i yashed
with 1004 S6%; E%S?lé"ﬁ? H)éeréof ?na{ %m (ggnrf 99}%2) h%d?osé W ¢ acid
sol ut i oningegmedige f{§.0 g)l'ﬁe%%t @érﬂ‘@ ‘1“3 rreﬁ}bgrélgc?i*‘i‘té’ﬁf ‘%Pﬁd"%%‘ﬁﬁ hid fl@ﬂ in vacuo
to a resifiugnudsi The wasomulydri wd bak-eughbted withi furtber 4eREL((@YmoCGEd the om 9/ 1 to

1/1) to gdllé@ce ﬁ;ﬁé b aBesGRNPAAGNG Qonggn@ra@)l imSacido feﬂélﬁl«thé ﬁSébasQﬁ-(R))—M T. 1.

¢ Ly f'h —-chg ye #2i 7.29 (m 1H)
(7m072§)E Agsopgion of 2%3? %WU%%?E eéhygﬁﬁ(} &%ﬁﬁwﬁ é‘#%@zgﬁ‘(

| nt er medindd & AGELIS Pynlarias-agddegd| dren-wiss, omerctOgpingtes th § folutiqneqf te enfr i t h| um
(2. 5M i n(dBssanen AcGBEQ. Tl wasviahtiecholst ttd 0TC Andeod miirdgai atngosd@rel The ask 35

charged wlﬁtl&nWEaﬁ%e%%%?qmt dhd SEREAPYI2MHPE HofR28he N 'Sld?ch'[

was, ThonPBPIBIAR R OO 17%39%*‘?%?9%@?%3%& ’é%fs‘)i "and THE

(590 nl) 2dded Thadengtion mitue Vap gifFed fomeiBours g ?g?o?ofh%n gtwaﬁmr b t o -30C.
The deepsddem Eytdraxides@lutibn @hxiSsmbhad i hpkethtapicacidoolugon (3 x 60@)) it ure of

tert-but Ylahe Q?@éb% tugt®afdledp@nBdtedNdadildbo b 33Rfe FMhlchiwhs pudfedthfoggcd or . 40
During t h?ca npa (&hpﬁpcdgt frtome9/?‘l?(§ ?/n) t%oén%tthé) tle éﬁpo{l mﬁtéﬂ afal choﬁljfE‘:s's reaction

vessel

T.l.c.. CH/AcOEt 1:1, Rf=0.40.
NMR (dg-DMSO): & (ppm) 7.45 (t, 1H); 7.29 (m, 1H); 7.07 (d, 2H); 7.0-6.94 (m, 2H); 5.16
(dd, 1H); 4.40-4.26 (dd, 2H); 3.55 (m, 2H); 2.76 (s, 3H); 2.75-2.6 (m, 2H); 2.5 (m, 2H); 2.29
(s, 3H).

30
Intermediate 15

3-Pyrazin-2-yl-propionic acid ethyl ester

Butyl lithium (2.5M in hexane — 2560 mL) was added within 2 hours into a 10 L flask
35  charged with THF (3350 mL) and diisopropylamine (658 g) while the temperature was
maintained at 0 — 5°C with an ice bath. The LDA solution was then precooled to —50°C and a
mixture of methylpyrazine (606 g) and THF (590 mL) was added within 2 hours under
vigorous stirring at —40 to —30°C. The deep red anion solution is then pumped to a cooled (-
60°C) mixture of fert-butyl bromoacetate (1255 g) and THF (3360 mL) in a 20 L reactor.
40  During the addition of the anion solution, the temperature in the reaction vessel did not
exceed —55 °C. After the addition, the mixture is stirred for further 30 min at —55 °C and then
transferred to a 30 L reactor (the transesterification and removal of solvents can be done for



exceed -55 C. After the addition, the mxture is stirred for further 30 mn
at -55 C and then transferred to a 30 L reactor (the transesterification
and renovelo @fo6eBbvent s can be done for WO 03/ 066635 PCT/ B IIB0HS 36 two
runs at once). A solution of sodium eshylate (142 g) dissolved in EtCOH
(2200 nmL.) was then added to the orange m xture and about 12 L of solvents
were distilled off until a tenperature of 80C was reached in the
distillation head and 100C in the boiling liquid. The mxture was cool ed
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dr oprowi Slﬁ-NMR (65 BMS@QI&?(BpIﬁ)‘S sngdermedisaidl, 19); 645 ¢, 1H) ey mp; .e8(th) at

20C. Thesz ¢t p} @ - was seeded to initiate the precipitation. 20
The obt ai r?éd preeci ? s stirred at 20C over 4 hours then filtered
washi ng W{W/ﬁhﬁﬁn@“ II“ITE The solid was dried in vacuo at 40C for 18

hours to give the title corrpound (3.44 g) as a white solid. HPLC. Colum
Chl ral pq@,i@rﬁ,@dlaﬁ.ps 4.6 x 5m nobile phase n-hexane/ EtOH=1:1; flow=lm/mn;
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sl oWy agieiet]. Ca_lhﬁhn NThitalpack WS 25eat £6 f Gpmefrhabile f ghase3 nexds/EtOHen1;i t was
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'H-NMR (d¢-DMSO): & (ppm) 9.5 (broad, 1H); 7.42 (m, 2H); 7.32 (m, 3H); 5.62 (s, 1H); 3.79

(dd, 1H); 3.55 (m, 1H); 3.14 -3.02 (2dd, 2H); 2.80 (dt, 1H); 2.52 (dt, 1H); 2.40 (t, 1H); 2.19

(m, 2H); 2.06 (s, 3H); 2.05 (m, 1H); 1.49 (m, 1H).

MS (ES/+): m/z= 141 [M+H-PhCH(OAc)COOH]".

30
Intermediate 17

(4-Fluoro-2-methyl-phenylimino)-acetic acid ethyl ester

A solution of ethyl glyoxalate (50% solution in toluene — 40.8 mL) in toluene (180 mL) was
35  heated to reflux for 1.5 hours under a Nitrogen atmosphere, in a flask equipped with a Dean
Stark apparatus. Then, a solution of 4-fluoro-2-methyl-aniline (10 g) in dry toluene (20 mL)
was slowly added. The mixture was heated to reflux for 3 hours, then it was concentrated in
vacuo. The residue was purified by flash chromatography (toluene/CH/AcOEL 4:4:2) to give
the title compound (13.06 g) as a yellow oil.
40  T.l.c.: toluene/CH/AcOEt 4:4:2, Rf=0.67.
NMR (CDCI3): 5 (ppm) 7.8 (s, 1H); 6.95 (d, 1H); 6.85 (d, 2H); 4.4 (q, 2H); 2.35 (s, 3H); 3.3
(t3H).
MS (ES/+): m/z=210 [M-+H]".



he title conmpound (13.06 g) as a yellowoil. 40 T.1.c.: tol uene/ CH AcCEt
4:2, RF=0.67. NWVR (CDC13): S (ppm 7.8 (s, 1H); 6.95 (d, 1H); 6.85 (d,
H; 4.4 p@o3dh63s2. 35 (s, 3H); 3.3 (t 3H). M5 (ES/ +): mecaza@spMesd] +. WO
03/ 066635 PCT/ EP03/01308 37 Internesiiate 18 1 (4

Fl uor o- 2- net hyl - phenyl ) - 4- oxo- 1, 2, 3, 4-t et r ahydr o- pyri di ne- 2- carboxylic acid
ethyl ester 5 Boron trifluoride etherate (1.22 nlL) was added to a solution
of internediate 17 (2 g) in anhydrous DCM (20 nlL) previously cooled to
-78C under a Nitrogen atnmosphere. After stirring for 15 minutes at -78C,
the 1- nerX¥F1§te18l met hyl si | oxy-1, 3-but adi ene (2.67 m_) was dropped over
45 mn ing sol uti.qg as stihrred at s @S, then 10
TFA(O RefsmE Ryl ee-0XD Lyl i QR QYOD M hut es, then
a sat ur asted SOdI um hydr ogen car bonate sol ution was added and the m xture
was extracted with AcOEt (3 x 50 nmlL). The conbined organic extracts were
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| nt EfgTe dfF”}’E @ 7349mg wgs z(d@ed The mixture was stirred at 0°C for 15 minutes, then a saturated
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hour, t o< &0 The ‘Eﬂﬁ“ byed |°’|‘ﬁa§‘r"r?§§?°ést werg glrie R° 8 “or evi ousl y

cool ed txemdu%S@mm des puifiedby flay)shronpiessp /Agptefrom 8: P\(%? )té gg’ﬁtﬂ?fr at ed

sodi um hygle@sMina a1 benatapakeeldw @lid( 20 mL) 25 was added dr op-w se and the
sol Ufsl onp Was-EM b%?& th AcOEt (3 x 50 nL). The conbined organic

extracts Wer e dri e con resi e . wWas
purifie W (PN @W et ?%ﬂ%?d&%@@% %ﬁ)"?ols |§ve 1114&?“ ‘e conpound
(810 ng)4.bbn,2H)M3-1-8-88 6hi HD; 2.4(3 3 4, Rf=0.6. NMR (CDC13): 8
(ppm 7.4 (dd, 1H); 7.1 (dd, 1H); 6.9 (dd, 111); 6.8 (dt 111); 4.2 (q,

2H) ; 3 neri'ﬂ%d(af@lﬂ"') 3.6 (m 1H) 3 2 (m 1H; 2.8-2.7 (dd, 2H); 2.6 (m

2H) ; ‘ % acid ethyl est
1- (42q:Iu36- - orart §/seirc acid Lithium

hydr oxi de rmnohydr at e ( 241 ng) was added to a solution of internediate 19
(300 35Lswctiide (VWObol(tD inidyy AHE, HA6 erl)(GasnadpiechArgpiEe, P Ul bauRgioSHl ut i on
was stirdaiodtof 8emb@hie 18 (NQYin dryNES (ﬂOLﬁleﬁreViﬂmsl}a&domdﬂd -185Camdér 2 0 r.t.
and ext rl@?l;[oggn a‘t’t“mggi')hgg Z&er-ml%ulag UGHRd s &h hY#Sgen carbonate solution (20 mL)
25  was added drop-wise and the solution was extracted with AcOEt (3 x 50 mL). The combined
organic extracts were dried and concentrated in vacuo to a residue, which was purified by
flash chromatography (CH/AcOEt 8:2) to give the title compound (810 mg) as a white solid.
T.l.c.: CH/AcOEt 6:4, Rf=0.6.
NMR (CDCI3): & (ppm) 7.4 (dd, 1H); 7.1 (dd, 1H); 6.9 (dd, 1H); 6.8 (dt, 1H); 4.2 (q, 2H);
30 4.15 (m, 1H); 3.6 (m, 1H); 3.2 (m, 1H); 2.8-2.7 (dd, 2H); 2.6 (m, 2H); 2.4 (s, 3H); 1.2 (t, 3H).

Intermediate 20
1-(4-Fluoro-2-methyl-phenyl)-4-oxo-piperidine-2-carboxylic acid
Lithium hydroxide monohydrate (241 mg) was added to a solution of intermediate 19 (300
35 mg) in MeOH (15 mL) and water (3 mL) and the resulting solution was stirred at 80°C for 1
hour. The solution was allowed to cool to r.t. and extracted with Et20. The aqueous layer was
acidified until pH=6 with acetic acid and extracted with AcOEt (3 x 15 mL). The combined
organic extractes were dried and concentrated in vacuo to give the title compound (230 mg)
as yellow solid, which was used without any further purification in the next step.
40  MS (BS/H): m/z=252 [M+H]".

Intermediate 21




acidified until pH=6 with acetic acid and extracted wwth AcCEt (3 x 15 niL).

The conbi ned organic extractes were dried and concentrated in vacuo to

gi ve the wadmeasspound (230 ng) as yellow solid, which wea/Em®ediasst hout

any furthegr purification in the next 3 ep. 40 M5 (ES/+): m z=252 [ MtH] +.

I nternediate 21 WO 03/ 066635 PCT/ EPO3/ 01308 38
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anhydrous DVF (25 rrL) under a Nitrogen at nosphere. After stirring 30

m nut es = tri oromre hyI enz ), ehdr hl ori de (1.62
g) was ad@ﬁgand the nf‘&bj ur e? %?‘?efl?‘%%gz%]fl Ylpﬂﬁ’ﬁo& E’ﬁ'émm?‘ﬁe

r eact Pon hekaflugrophagplated (2.4 EHWWiet Hldet GER splBOonrRf nstwmede@hw(l Wt ia

sat ur at echnhydr@R iDMF (15 @l) cieles 0 Nifrdgen atidSphizte) Aftar Sty 30 ﬁﬁlmd@wmmydr ogen

10 car bortaﬁ@ora{eétwma&yt %%tﬁyta)mlﬁm,dpacmaﬁde(é 6?2 Qtamraded Il?@thg Qxéa‘gXt racts
wer e drle q ny nt ed | vacy 1 g I dc? flash
chr omat ogr’rae WA r&-‘/ %?’65_’? ef?aCF%n mﬁ‘l V‘ewtish u | t“flt %Zﬁn‘ﬂ 5( PIFEF as a
dark vyel |V6t)9 8i Statura‘fedt agmoniggy e olution {3 k), 5 satngfRd (WeupVELYrozes (ppm)
8. 03 10 bs catbbi)ate FalBibn (B mIAHNT brin®& &dW, mL})The Grgh@ic( dd,acté. Mere @ricddand15 ('t d,
1H); 4. 8Qosddntratdd) iz vAeud FTHeFesidkEwas ﬂurﬁ?ﬁd (e ﬂa&"&tronﬁtc@@pﬁ%C%bE@:%o( m 1H);

2.74 (m H; 2.40 (s H; 2.38 (s, 3H. M
(ES/ +) : W%%Q%Sfd i S oif

2-(R) - (4TFlt°u AR en | )-4-(R)-(6-o0x0-hexahydro-pyrrolo[l, 2-al -pyra
zin-2-yl )T\H\’Iﬁl(@ré?h/laﬁhei(mpmh& b?oﬁb,%l 110); &6 dbs, 2H); 7.03 (dd, 1H); 6.79 (dd, 1H); 6.64

(3, 5-bi sddy L1, meomme;yﬂ 67t(emm )421%{3 hﬂ)m% (HR)3.6h, 1H); 2.74 (m, 1H);

2-(R) - (4"2"_5|('1+Pr1H)§4 I*hem(;(lk 13&9 3 3§Doxo hexahydr o- pyrrol o

[1, 2-al er | di ne- 1-Ca boxyllc acid

(3, 5- bi Sﬁ{ﬁ&g{{}o% erVP enzyl )-nethyl amide (1 b) 25 A sol ution of
intermediate 12 (129 ng) in anhydrous acetonitrile (2 nL) was added to a
sol ut i on Exhmpktler nedi ate 10 (300 ng) in anhydrous acetonitrile (5 nmL) under

a N bpogenr)-M-PReRPIELRthyl-PRenyBlAEH @-omﬁexﬁﬂld’rﬁ-rﬁ% {.2301-p ﬁliinl- 1l nut es,

t hen sodi um bl ace ox bor. & - e Xt ure was
piperidine-1 car {)15-(ir1 -bensl- im Al ort (15 ni) and

stirred & 0 e
washed wi2h$ a 5@6sod|unthydrogen carbonate 30 solutlon (15 nL) and brine
(10 nm). [h_t‘ . 8 phe ] I a : .

resi due

two Hfr agt Eo%tﬁ)n of 1nt%ﬁﬂteeu y drofrs ac%&)ﬁm?le%Z

solution of intermediate 10 (300 mg) in anhydrous acetonitrile (5 mL) under a Nitrogen

atmosphere. The solution was stirred at rt. for 15 minutes, then sodium
triacetoxyborohydride (233 mg) was added. The mixture was stirred at 23°C for 2 days. The
solution was diluted with AcOEt (15 mL) and washed with a 5% sodium hydrogen carbonate
30  solution (15 mL) and brine (10 mL). The organic layer was dried and concentrated in vacuo
to a residue which was purified by flash chromatography (AcOEt/MeOH 8:2) to give two
fractions:
1. example 1a (21.9 mg)
2. example 1b (48 mg).
35 Examplela:
T.Lc.:AcOEt/MeOH 8:2, Rf=0.38.
NMR (de-DMSO): 6 (ppm) 7.95 (bs, 1H); 7.71 (bs, 2H); 7.31 (dd, 1H); 6.94 (dd, 1H); 6.85
(dt, 1H); 4.89 (m, 1H); 4.55 (d, 1H); 4.41 (d, 1H); 3.78 (m, 1H); 3.52 (m, 1H); 3.35 (m, 1H);
3.14-3.05 (2m, 1H); 3.12 (m, 1H); 2.96-2.91 (2m, 1H); 2.81 (s, 3H); 2.74 (m, 1H); 2.62 (m,
40 1H); 2.26 (2s, 3H); 2.24 (m, 1H); 2.16 (m, 1H); 2.07 (m, 1H); 1.9 (m, 2H); 1.82 (m, 1H); 1.75
(m 1H); 1.72 (m, 2H); 1.51 (m, 1H).
MS (ES/+) m/z=615 [M+H]".
Example 1b:



35 Exanple la: T.1.c.:AcCEt/MeOH 8:2, Rf 0.38. NWR (d6-DVMSO): S (ppm) 7.95
(bs, 1H); 7.71 (bs, 2H); 7.31 (dd, 1H); 6.94 (dd, 1H); 6.85 (dt, 1H); 4.89
(m 1H); woBeeh3siH); 4.41 (d, 1H); 3.78 (m 1H); 3.52 (rmcTiPo3/oRB08S5 (m
1H); 3.14-3.05 (2m 1H); 3.12 (m 1H}9 2.96-2.91 (2m 1H); 2.81 (s, 3H);
2.74 (m 1H); 2.62 (m 401 H; 2.26 (2s, 3H; 2.24 (m 1H); 2.16 (m 1H);
2.07 (m 1H); 1.9 (m 2H,; 1.82 (m 1H; 1.75 (ml1lH; 1.72 (m 2H); 1.51
1H. M5 (ES/+) m z=615 [ M+H] +. Exanple |Ib: WO 03/ 066635 PCT/ EP03/ 01308
T. | 1Q.c.: AcCEINDODY:B8R20.28f 0.28. NVR (d6-DVBO): 6 (ppm) 7.94 (s, 1H);

(m

39

7.59 9

? 59 31 }ﬁ de- D i%) ffgg‘ﬁ)ﬁ% ’;% 6@'@;; 2 ejE)m‘édc17i’1-11,fét89 ddLHg) @h?ﬁ@tg (d, 1H)
S, 3

TP mmmzsgm;at ARG 3Hi zsﬁwﬁm 3 Wq‘f 5 §9°f’m(m
1H) . 5 VS 1(75A8, NBAYL.6s(m~6D51.5 WeHED; 1.3Hxaid).e 2

(R -(4- 'ﬁhygf%/ﬁBKﬂn%IﬁmH 4-(S) - (6-o0x0- hexahydro pyrrololl, 2-al-pyrazi

n-2-yl) pi peridine 1-carboxylic acid
(3,5-bis-trifluoronethyl-benzyl)-nethvlam de hydrochloride A solution of
exarrpleEEBm@M mg) in dry Et20 (2 m.) was treated W|th hydrochl oric acid
(IMin Bt@ d 3 L1 (R €6-0% 0 Al
sol ypi Oli ﬁlmelﬁca?ﬂ)bi ied at z@? for S-Blsﬂﬁi'ﬂﬁ&onfe Rbé so@at r at ed in
vacuo af srdue was triturate w t entane (2 x 3 nL) to give the
title cé#ﬂ%’é’ﬁlélr—gs a white solid (39.4 ng). aI\/R (d6 E)IVBO) S(?)pn) %0 34 (bs,
1H); 7.96 (bs, 1H); 7.6 (bs, 2H); 7.28 (m 3 (m
1H) ; 4. 68s¢latonldf)examplg Th (4dmeg)in-dry Et20 @2m(bbwas E@@Ief Wlﬂuhbcif%tﬂ’m fild 1); 3.88
(m 1H) ;(1M3n 80 2 (088 ofib)ar 02 et 8 NiBoden afnodplizre) Theestihg salut®B was, 3H) ;
ﬂ‘_S( S ’s 11%&9 at nglc o2 3() mmlgel_sj) thenkit Yas &Qcéntr'éteﬁ D valdid and MR rbdichleyas Mitdra®ed S

403
(R) (4- PYIE&’cReBtalze&g‘t tﬁﬁgﬁ foytitlg ¢ ggyhite sglid Gpa s _pyrrol o[ 1, 2-al -
pyr azi n-NMB (&-BMFOpy; e d P (s B8k b §< 5 1WDatp €bs 2H>:72§ﬁ%r3/ R
(3, 5- bi sy 6.83 ey aetbY (d, 1ERZ4/37) bdetHy # 27i(kte 1HEBa)0 (bdntH)z 3.88 (m, 1H);
(R)- (4 %'#9&%25@%@)4 G QH?WAio@m(ﬁi),ﬁwﬁsﬁHﬁZGX@S bExatpsden2Hy sl ol |, 2- al -
pyr sl %91?/12 piperi hl Inebl -calr ;)oxyl IhCI acid
or onet hv enzy met hvl am de (3b) 30 Internediate 13a

(259 3 g Gy mageld MoPaHSYl ut i on of internmediate 10 (550 nmg) in
anhydrous acetonitrile (10 nl) under a Nitrogen atnmpsphere. The solution
was stirggaehpids3r-t. for 30 mnutes, then sodiumtriacetoxyborohydride
(474.8 r‘g )-(4 %luoro i-metl-[st]-nhen -kl-rﬂ%-&%%)-G-OXO-hexahvdro-pvrrolo[1,2-al-pvrazin-

25  2-y])-piperidine-1-carboxvylic acid (3,S-bis-triﬂuoromethvl-benzvl)-methvlamide (3a)

and
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-oxo-hexahyd ro-pyrrolof1,2-al-pyrazin-
2-vh-piperidine-1-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methylamide (3b)

30  Intermediate 13a (259.3 mg) was added to a solution of intermediate 10 (550 mg) in
anhydrous acetonitrile (10 mL) under a Nitrogen atmosphere. The solution was stirred at r.t.
for 30 minutes, then sodium triacetoxyborohydride (474.8 mg) was added. The mixture was
stirred at 23°C for 8 hours. The solution was diluted with a 5% sodium hydrogen carbonate
solution (15 mL) and extracted with AcOEt (3 x 25 mL). The combined organic extracts were

35  dried and concentrated in vacuo to a residue which was purified by flash chromatography
(AcOEt/MeOH 8:2) to give two fractions:

1. example 3a (177 mg)
2. example 3b (280 mg).
Example 3a:

40  T.l.c.:AcOEt/MeOH 8:2, Rf=0.38.

NMR (dg-DMSO): & (ppm) 7.96 (s, 1H); 7.72 (s, 2H); 7.31 (dd, 1H); 6.95 (dd, 1H); 6.86 (dt,
1H); 4.89 (t, 1H); 4.55 (d, 1H); 4.42 (d, 1H); 3.8 (d, 1H); 3.52 (m, 1H); 3.35 (m, 1H); 3.13



stirred at 23C for 8 hours. The solution was diluted with a 5% sodi um

hydr ogen carbonate solution (15 nL) and extracted with AcOEt (3 x 25 nl).
The conbi wehsmweani ¢ extracts were 35 dried and concentr atrReEd/ERV308080 t 0 a
resi due which was purified by flash c#iromat ography (AcOEt/MeCH 8:2) to
give two fractions: 1. exanple 3a (177 ng) 2. exanple 3b (280 np).
Exanple 3a: 40 T.l.c.:AcOEt/MeOH 8:2,110.38. NVR (d6-DVSO): 6 (ppm 7.96
(s, 1H); 7.72 (s, 2H) 731(dd 1H); 6.95 (dd, 1H); 6.86 (dt, 1H); 4.89

(1}_1) 1'9:') m41D553.06 @, 160, 281K, 1E8; B7% (hn, 1Hi*)2613(1153ﬁw:2ﬁ261(|?)|_?)H)323g6(?1

;3. in,
1 245 H%% SRS e b i ol o Ty T2 % i,
2H): 2 nE 61 M 2H): 1.81-1.71 (m 4H): 1.52 (m 1H) . MS (ES/+)

mtz=61E3E@mpqesb Exanpl e 3b: 5 T.1.c.:AcOEt/MeOH 8:2, Rf 0.28. NWR
(d6 g)lvsfp)tc &ccﬁmmOHs%R(:@zgil 1): 7.59 (s, 211); 7.23 (dd, 111); 6.89 (dd,
L 5 ﬁ&; 279(4 s, 1 594(s3ﬁ{) ¢z3 1H)46ké 4o 1% 570, 3. 73 (dd,

): 4! 6_L }2(9*3/‘(5%11%1)12)9 2.66 (m

; (2 %H.)75 (bt,
111) 1(s65H1 r21811 1H)12§6(<m3 3415 éﬁ) nW H) %é’%(@ thyZs15 [ M-H] +.
Exanpl e 145 2ot( 7)); 1.65 (m, 1H); 1.5 (m, 1H); 1.39 (m, lH)

(4- Fbuo ( yt;gtn{)y:lﬂpmmﬁﬁ 4- (R) - ((8aS) - 6- oxo- hexahydro-pyrrol of I, 2-al - pyra
zi n- ?}ﬁ pi peridine 1-carboxylic acid

(3, 5- b| s-trifluoromethyl-benzyl)-methylam de 15 hydrochloride A solution
of examﬂ’_‘@_LBE_(SO nmg) in dry Et20 (2 rrL) was treated vmth hydrochl oric acid
(IMin BLRO4-FRofs2 fethyiph &N i S gazigsul ti ng
solution was sSiirred at OC for

vacuo a Hat-et i & (2 X <

t he 15i t Ihgd mﬁuad as a Wmte SO|Id (50.8 ng). NWR (d6-DIVISO): 6 ppnm) 10.96
(bs, 1H); 7.99 (bs, 11-1); 7.81 (bs, 2H); 7.39 (m 1H); 7.01 (dd, 1H);

5 93 ( m 1"%1011 (of% J[&pi? 3d §0131%) i/ }_gt(z@’ (231&%9 waéuéted(vﬁth 1%Jd}och16ncla§d 752( g m (m
1|_|) 2 'ﬁg\d(lg Et%]_b— .0.09 12%) td 0°C era

1tr§g zlt ergl_bl'h Tsvﬁ&n SO u%t?xll_bm 1.6 (m
1H); 1. 36redt 09C¢Hfor lQﬁnrN@S(iESIHFWaSrﬁOZ‘E@!ﬁe‘E iacyacf fhe ref@%‘ﬁr‘?ﬁ? gitgatsd ()
éfn*ﬂ“%“mtﬁ%‘é’éém@t“%tftt@ﬂmm e R
- L 9 7801 (85, 1H); 7.81 (bs m,
(3,5-bigad" h? el y?ze%“%?ﬁs 1 bl am e, 1130 shvS5 o or; derss
(m, 4H); 3.2 (m, 1H), 3.16 (m, 1H); 2.95 (s, 1H); 2.86 (m, 1H); 2.73 (s, 3H); 2.23 (s, 3H);
2.5-2.1 (m, 5H); 1.71 (m, 1H); 1.6 (m, 1H); 1.25 (m, 1H).
25 MS (ES/+) m/z=615 [M+H-HCI]".

Example 5
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-(( 8aS)-6-oxo0-hexahydro-pyrrolo[1,2-a]-pyrazin-

2-vD)-piperidine-1-carboxylic acid (3.5-bis-trifluoromethyl-benzyl)-methylamide

30  hydrochloride

A solution of example 3b (275 mg) in dry Et20 (5 mL) was treated with hydrochloric acid
(IM in Et20 - 0.5 mL) at 0°C under a Nitrogen atmosphere. The resulting solution was
stirred at 0°C for 30 minutes, then it was concentrated in vacuo and the residue was triturated
35  with pentane (2 x 3 mL) to give the title compound as a white solid (268 mg).
NMR (ds-DMSO): & (ppm) 11.1 (bs, 1H); 7.95 (bs, 1H); 7.6 (bs, 2H); 7.26 (dd, 1H); 6.94 (dd,
1H); 6.82 (m, 1H); 4.63 (d, 1H); 4.37 (d, 1H); 4.21 (dd, 1H); 3.97 (m, 2H); 3.55 (m, 4H),
321 (m, 1H); 2.93 (s, 3H); 2.85 (m, 2H); 2.75 (m, 1H); 2.32 (s, 3H); 2.4-2.1 (m, 5H); 1.97
(m, 1H); 1.69 (q, 1H); 1.57 (m, 1H).
40 MS (ES/H) m/z=615 [M+H-HCI]".
HPLC: Column Chiralpack AD 25cm x 4.6mm X 5p; mobile phase n-hexane/EtOH 8:2;
flux=1 mL/min; A=225 nm,; retention time 8.7 minutes.



A solution of exanple 3b (275 ng) in dry Et20 (5 nL) was treated with
hydrochloric acid (1Min Et20 - 0.5 nlL) at OC under a N trogen atnosphere.
The resul wiog/sad3siti on was stirred at 0C for 30 m nutes, RATEIPIBH13IMAS
concentrated in vacuo and the residue4was triturated 35 with pentane (2 x
3 m) to give the title conpound as a white solid (268 ng). NWVR (d6- DVSO):
6 (ppm 11.1 (bs, 1H); 7.95 (bs, 1H); 7.6 (bs, 211); 7.26 (dd, 1H); 6.94
(dd, 1H); 6.82 (m 1H); 4.63 (d, 1H); 4.37 (d, 1H); 4.21 (dd, 1H); 3.97
(m 2H); 3.55 (m 4H); 3.21 (m 1H); 2.93 (s, 3H); 2.85 (m 2H); 2.75 (m
111); 21§2 S 311); 2.4-2.1 (m 5H); 1.97 (m 11-1); 1.69 (q, 111); 1.57
(m 111)= (ES/ +) n12 615 [I\/H—l- HCI HF;ILC Col um Chlral pack AD 25cm X

2- (R - (4- ro- Z-nethyl-phenyl)-4- aR) - 6- oxo- hexahydr o- pyrrol o
11, 2-al .%ﬂr azin- 2-yl)-piperidine-1-car boxyl ic acid
(3, 5- bi -_twid JF‘thi’r@JZHﬁ& =AY SRS airy6 R -l exahGdno-fyrasla1.2-a]-pyrazin-

2-(R) - (4 orqz I-hen _hexahvdr e oyr ol 0
f1(2)a|( u hl}/ 3)5b1 er u%mgt l-ben -mQ YL Py

(3, 5-bis- trlfl uororret hyI benzyl) nmet hyI am de (6b) A sol ution of
i nt er medh asletich3t ift@medigl 18 (Gahg)yio pdiydroaceronitile (0c+ §EOLYwapadded togas added

to ay 10RebibE @xﬁerﬂfedﬂa@tﬁf (‘732j AL adiidiods deefhhittiR @0 hyIOY Guter ackitogent ril e (40
L RGO IR Mopd ed| N8 50! Uk 0B VaSnSEL, 1 8 ot - foT 20

er,
m nut es rlaceto g ohydri % he m xture
was sti rtflé‘iftoét'boz‘@@d‘f‘ S PP s P Tﬁl@ n¥‘§%‘f ‘f'arscfﬁ"%%)%%gqra@%ou&s TT 5% sodi um
hydr ogersohmmin@/aadn@tsb\lvm 2 6% sogdemry)irogenceayhenate s¢laden @GP L) pyagegy 9;9t 23C for
10 m nutgs), skt SOUCOAL G Rliitks) thervaatkatrited &l aponatemine the atenitiled | e. 15

The [s2 Slﬂ% em v?zéteg( gctte%dw E\Ebftc(g%(t 200%mX %). %Qgcmlnedm}gan@@émﬂa&@@eﬂr gani c
extracts % V\@ "EJIEP I‘dl ne (% rgrapé%{ivdzrwltoarw 1o @I[“%%el n vacuo
to a resveried Vit e myy fsdagd © Chtomat' o ra OH 8:2)
to give ltwﬁﬁslﬁﬁla@imlt@grsph}’;(AC%Eéé\ﬁ?ﬂ)Ié8@&‘*"(@’"’0""@@“?“ exarrpl e 6b (3 67 g ). 20
Exanpl e Raxardpld 6:02:049 CEt / MeOH 8:2, Rf--0.49. NMR (d6-DVBO): S (ppm) 7.96
(bs, 111); evain@st(g%7§% 7.31 (bt, 1H): 6.95 (dd, 1H): 6.86 (dt, 1H):
4. 89 (m 4.42 (d, 1H); 3.78 (m 1H); 3.53 (m 111); 3.35
(m A E 1‘1‘21 : 92(m 1H); 282(5 311) 275(in 111) 2.63
(m 11- 1T4cAOF :-Rfio‘é%-z 17 25 (m 2H); 8 (m 7 (m
6H); 1. SIﬂl\/l(Rnﬁde-DMSO)i\@(r(PESﬁi% (b, AHB; 1577 (s D 73Eﬁ3éanH‘De 8%(ddr1@c§86AcCEt/|\/EC]-l
8:2, Rf-d0.18$.4.89 (m, 1H); 4.55 (d, 1H); 4.42 (d, 1H); 3.78 (m, 1H); 3.53 (m, 1H); 3.35 (m, 1H);

3.14 (m, 2H); 2.92 (m, 1H); 2.82 (s, 3H); 2.75 (m, 1H); 2.63 (m, 1H); 2.27 (s, 3H); 2.23-2.17

25 (m, 2H); 2.08 (m, 1H); 1.91-1.7 (m, 6H); 1.52 (m, 1H).

MS (ES/+) m/z=615 [M+H]".

Example 6b:

T.l.c.:AcOEt/MeOH 8:2, Rf=0.33.

NMR (de-DMSO): & (ppm) 7.94 (s, 1H); 7.59 (s, 2H); 7.23 (dd, 1H); 6.89 (dd, 1H); 6.77 (dt,

30 1H); 4.62 (d, LH); 4.36 (d, 1H); 4.14 (d, 1H); 3.73 (dd, 1H); 3.45 (m, 2H); 2.97 (dd, 1H); 2.9

(s, 3H); 2.81 (bt, 1H); 2.66 (m, 3H); 2.34 (s, 3H); 2.17 (m, 2H); 2.03 (m, 2H); 1.84 (m, 2H);

1.75 (bt, LH); 1.65 (m, 1H); 1.5 (m, 1H); 1.39 (m, 1H).

MS (ES/+) m/z=615 [M+H]".

35 Example 7
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(R)-(( 8aR)-6-0x0-hexahydro-pyrrolo[1,2-al-pyrazin-

2-vyI)-piperidine-1-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methylamide

hvdrochloride

40 A solution of example 6a (50 mg) in dry Et20 (2 mL) was treated with hydrochloric acid
(1M in Et20 — 0.09 mL) at 0°C under a Nitrogen atmosphere. The resulting solution was



NVR (d6-DMBO: 6 (ppm) 7.94 (s, 1H); 7.59 (s, 2H); 7.23 (dd, 1H); 6.89 (dd,
1H); 6.77 (dt, 30 11-1); 4.62 (d, 1H); 4.36 (d, 111); 4.14 (d, 11-1); 3.73
(dd, 1H ;w&emeéass 2H); 2.97 (dd, 11-1); 2.9 (s, 3H); 2. @rwino3oiiey; 2. 66
(m 3H); 2.34 (s, 3H); 2.17 (m 2H); 203 (m 2H); 1.84 (m 2H); 1.75 (bt,
1H; 1.65 (m 1H; 1.5 (m 1H); 1.39 (m 1H). M5 (ES/+) m z=615 [ M+H +. 35
Exanple 7
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11, 2- al -ppERRIOPE for-1¥ Iminudsp@Ed [liwae cdncamiiated Xy ydceo adithk residue was triturated
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3.13 (MEsmple®. 91 (m 1H); 2.73 (s, 3H); 2.24 (s, 3H); 2.5- 2.1 (m 5H);
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ESHIE O e Frndropis i s C Mg e YR °Ff( @fﬁ B30 (5
nL) and wasrvaslead witsrpertaee (2ABL) B0 (A LY and diprher Eeﬁ@nef |5t*13é) BbH&Ras a white

solid (Suttbcgmpodwaswﬁrtamm@ (ppm 11.06 (bs, 11-1); 7.95 (bs, 1H); 7.6
(bs, 2H)g DM%@) m @18@ bs2 dfbs (MH)@@B(%S(ZH) 1b*7(dd4 183 6%, 1H)
;’ ngogg d @%@xé ?g%ﬁ 377 gﬁ%g 3§6g& ig;m 5H)
1.91 (n%211(“1} 1H); 798 (Sq3H)1 9(@ (Zr{‘é (II*H}H) I%% 6\‘%55‘}“3; 2148“1% |]\}u HO ]+,
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8:2; ZEM'ESIEyﬂF)'LmEI:ém[lMJr}P&H@ g% nm retention tinme 9.5 minutes. Exanple 9
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Example 9
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(R)-(( 8aS)-6-oxo0-hexahydro-pyrrolo[1,2-a]-pyrazin-

2-yD)-piperidine-1-carboxylic acid [1-(R)-(3,5-bis-trifluoromethyl-phenyD-ethyl|-

30 methylamide (9a) and
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-0xo-hexahydro-pyrrolo[1.2-a]-pyrazin-
2-yD)-piperidine-1-carboxvlic acid [1-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethyl}-
methylamide (9b)

35 Method A:
Intermediate 4a (168 mg) and sodium triacetoxyborohydride (127 mg) were added to a

solution of intermediate 13a (80 mg) in anhydrous acetonitrile (4 mL) under a Nitrogen

atmosphere. The mixture was stirred at 23°C for 14 hours. The solution was diluted with a

5% sodium hydrogen carbonate solution (5 mL) and extracted with AcOEt (2 x 10 mL). The
40  combined organic extracts were dried and concentrated in vacuo to a residue which was

purified by flash chromatography (AcOEt/MeOH 9:1) to give three fractions:

1. example 9a (18 mg) a a white solid



30 net hyl am de (9a) and

2-(R) - (4-Fl uoro-2-net hyl - phenyl )-4-(S)-((8aS)-6-oxo- hexahvdro-pyrrolo f

1, 2- al - pywawo3me6adsyl ) - pi peri di ne- 1-carboxylic acid f PCT/EP03/01308
1-(R) - (3,5-bis-trifluoronethyl-phenyl 33 ethyll- nethylamde (9b) 35 Method
A: Internediate 4a (168 ng) and sodiumtriacet oxyborohydride (127 ng) were
added to a solution of internediate 13a (80 ng) in anhydrous acetonitrile
(4 nmL) under a Nitrogen atnosphere. The mixture was stirred at 23C for 14
hours. ThenigQldbfleQdnplesa gdlul9utmj )t h a 5% sodi um hydrogen carbonate

sol ution; (e? @%93%@%“ egggl th AcCEt (2 x 10 nlL). The 40 conbi ned

organi ¢ €ex S wer concentrated in vacuo to a residue which
was pu M‘—’ﬂ’éﬁ—%y flash chromat ography (AcCEt/MeOH 9:1) to give three

fract i ond:solutiomxf inraediste 138 (i) i anhyfropbacsinjtdio\iy od) oreadded to a

PCT/ EPO34oiti3A &S idBrmediataTitX (117 @) of ashyarpk ecenitgitd (WbmL ) 66deny) NBrogexanpl e 9b

(8 ) ag.gs gW@r' Al §o<ﬁlﬁl1 'tgaceto%t)%g?;ﬁe (4\3§ b%b Qidedfin |tH}E@F6EﬁGﬁsaév@rle$a (2.4 9)

hyd
: Et 2? rrgd’glglf%s t%%m’lixt Waﬁs(tlérﬁ?‘uat %Vgore%ge ‘ganihg (?lum? ng%; ;;ig%&‘;er Ni trogen

at mosphe(é. mlsoaaudmatnrrata‘t sadipgy bxﬁrr@ﬁ?p SRTbgRAtY aol%mg(%ﬁ'
por t i onsAever (g x 250 mii).riike esmbing drgpmiorxicaly eerpebedsand consentepted28 @uciio to 22 hour s.

The gpl uf ke@faué'\@«ﬁlcﬁ It B By MR bRbmato@raptyL(CHANED R/ MO 50158:9) BOghveim
hydr ogen ca% 8nate solution (25 nL) and extracted with AcCEt (2 x 200 ni).

The conb ani c extracts were dried ang concentrated in vacuo to 10 a
resi due Wlé‘}"}re\ﬁéémblﬁlg’??‘?dee&a‘ﬂ@}e??é]sw P BH_Ldgr aphy ( CH AcOEt / MeOH 50: 50: 8)
to gi ve 2.fegamplé PlacltG6og)gratid 9a:Hi=188¥)e exanpl e 9a and exanple 9b (1.27 g) in
rati o 1:4 exZmpl€¥5 420 e aticloabh=gps rati o 9a: 9b=13:87) 3. exanple 9b (420
ng) at le 9b (800 ny) (ratio 9a:9b=2:98)

fﬁr %%Xgr%ﬂ?%é}oiﬁ%% %%e%—?be%ggpl?f 0.55. MS (ES/+) mz--629 [ MH HPLC:

CoI um SEFEMRIBA ABZ Plus 25cm x 4.6mm x 5; nobile phase NH4OAc 10 20
mmI/CHBUkbfAQQﬁt/MWd{fTW@O in5 mn. then NHAOAc 10 mmol / CH3CN for 10
m n fM$>(E9/+§3mVﬂssz9 IM+HEKE220 nm oretention tinme 9.27 mnutes. Exanpl e 9b:

/ N@ﬂﬁnss%elc@h A& s Mol B dm™ 31 631%bfldvbﬂsé‘ NEEDAIPLC: Col umm
Supe£ COSIIanﬁEé d:‘l\ll lflrom &F ﬂ? t)(() lL(lj 9@ 5 ml% tthﬁll—LéAp ﬁ@%‘rﬁnm fiIJp 10 min.;
flux=0.8 mL/min; A=220 nm; retention time 9.27 minutes.
Example 9b:
T.lc.:AcOEt/MeOH 8:2, Rf=0.48.
MS (ES/+) m/z=629 [M+H]".
25 HPLC: Column Supelcosil ABZ Plus 25cm x 4.6mm X 5u; mobile phase NH;OAc 10
mmol/CH;CN from 60:40 to 10:90 in 5 min. then NH,;OAc 10 mmol/CH;CN for 10 min.;
flux=0.8 mL/min; A=220 nm; retention time 8.84 minutes.

Example 10
30  2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(R)-((8aS)-6-0xo-hexahydro-pyrrolo[1,2-a]-pyrazin-

2-vI)-piperidine-1-carboxylic acid [1-(R)-(3.5-bis-trifluoromethyl-phenyl)-ethvl]-
methylamide hydrochloride

A solution of example 9a (18 mg) in dry Et20 (1.3 mL) was treated with hydrochloric acid
35 (1M in Et20 — 32 uL) at 0°C under a Nitrogen atmosphere. The resulting mixture was stirred

at 0°C for 30 minutes, then the mixture was concentrated in vacuo. The precipitate was

washed with pentane (2 mL) to give the title compound as a white solid (17.6 mg).

NMR (de-DMSO): & (ppm) 10.65 (bm, 1H); 7.99 (s, 1H); 7.76 (s, 2H); 7.37 (dd, 1H); 7.01

(dd, 1H); 6.93 (dd, 1H); 5.24 (bm, 1H); 5.04 (q, 1H); 4.0-3.95 (bm, 2H); 3.68 (m, 1H); 3.58
40  (m, 2H); 3.51 (m, 1H); 3.24-3.15 (m, 2H); 2.96 (m, 1H); 2.85 (m, 1H); 2.54 (s, 3H); 2.36-

2.13 (m, 6H); 2.21 (s, 3H); 1.72 (m, 1H); 1.59 (m, 1H); 1.57 (d, 3H).

MS (ES/+) m/z=629 [M+H-HCI]".



mol / CH3CN from 60: 40 to 10:90 in 5 mn. then NH4OAc 10 nmol / CH3CN for 10
mn.; flux=0.8 nmL/mn; ),=220 nm retention tine 8.84 mnutes. Exanple 10
30 WO 03/066635 PCT/EP03/01308

2- (R) - (4-Fl uoro-2-net hyl - phenyl ) -4- (R4 ((8aS) - 6- oxo- hexahydr o-pyrrol of | , 2-a
| - pyrazin- 2-yl)-piperidine-1-carboxylic acid f -

1- (R -(3,5-bis-trifluoronethyl -phenyl)-ethyll- nethylam de hydrochl oride A
solution of exanple 9a (18 ng) in dry Et20 (1.3 nL) was treated with
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t he xture V\B.% L)\tﬁ%() |0 vacug. ‘Egmup ecipitate was washed with
pent ane"t"? s~ tanIE{fr\Wa e 83&’5’03 ds a white solid (17.6 mg). NWR
(d6-DVMSO): 8 (ppm 10.65 (bm 1H); 7.99 (s, 1H); 7.76 (s, 2H); 7.37 (dd,
1H); 57. GkampRdl 1H); 6.93 (dd, 1H); 5 24 (bm 1H); 5.04 (g, 1H); 4.0-3.95
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X 5; nobile phase NHAOAc 10 nmol/CH3CN from 60:40 to 10:90 in 5 mn. then
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A sol ut Imwﬁ-mwsﬂplamm 10821m5) 1500749 s, BHR0.6( Is, BH); 7vBa%dd, iBa16&d (dd, t h
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2-(R)-(4-Fluoro-2-methvl—phenvl)-4-(S)-((8aS)-6—ox0-hexahvdro-pvrrolo[1,2-a]-pvrazin-

2-vl)-piperidine-1-carboxylic acid [1-(R)-(3.5-bis-trifluoromethyl-phenyl)-ethyl}-
methylamide hydrochloride as anhydrous crystalline form

30
A 2% sodium hydroxide solution (100 mL) was added to a suspension of example 11¢(10 g)
in AcOEt (150 mL). Then the two phases mixture were stirred for 10 minutes and the layers
were separated. The organic phase was washed with water (100 mL) and then concentrated in
vacuo up to 40 mL. AcOEt (100 mL) was added to the organic phase, which was then
35  concentrated in vacuo a second time up to 40 mL. The solution was further diluted with
AcOEt (60 mL) and 5-6N hydrochloric acid in isopropanol (3 mL) was added. After 5
minutes the clear solution was seeded. Precipitation occurred in a few minutes and after
further 20 minutes stirring, n-heptane (100 mL) was added in 10-15 minutes. The obtained
mixture was stirred 2 hours at 20°C.The solid was then filtered, washed with AOEt/n-heptane
40  1/1 (60 mL) and dried in vacuo at 40°C for 16 hours to give the title compound (8.08 g) as a
white solid.
X ray podwer diffraction data are reported in table 1
Table 1
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as anhydrous crystalline form 30 A 2% sodi um hydroxi de sol ution (100 nlL)

was added to a suspension of exanple 11c(10 g)

in AcOEt (150 nl). Then the
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vacuo a second time up to 40 ni.
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ew m nutes and after further 20

added in 10-15 m nutes. The
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and dried in vacuo at 40C for 16

as a white solid. X ray podwer

Table 1 WD 03/ 066635
action pattern of the product of
as follows Angle(2 Theta) d

0, 867 8,95664 12,877 6, 86899

4 17,323 5,11486 17,966 4, 93311

—011529 22,382 3,96884 24,311

2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-oxo-hexahydro-pyrrolo[1,2-a]-pyrazin-

S-bis-trifluoromethyl-phenyl)-ethvl]-

To a 265 mg of example 11a , 3 ml of water was added. The suspension was stirred overnight
at 25°C and then centrifuged for 5 min at 10000 rpm. The solid was filtered using a
centrifugal filter device (Millipore Ultrafree-MC 0.45um) to obtain the title compound (

The X-ray podwer diffraction pattern of the product of the Example 11b in terms of d spacing

separated ﬁe organic phase was mashed mnth wat er
as follg =
concent Fafedh—vaeto gp—to—40—1t:
phase, whi delkad Theieh 3% concéH@Pﬁﬁéd |n
The sol ytion was further diluted with Ac
acid in |soprqp@ﬁpl (3 1) wagsadsed. Aft
was seege Pr prtatipn occ in a f
m nut es 5 A—hepiane (§é§§§§} Wt
obtai ned_ mi xt28@ was siirred R9H6fr s at
washed W th AQERAIN- hept ane 40 44689¢60 ni)
h_our s to gi vg 1%’%4 titlTe corrpougg99(7§ 08 g)
di f f r act+en—data aIUIU}JUILUUIIILaUICJ.
PCT/ EP03/013081545 The X-ray |
the Exanple 1118780 terng of d SpAeing is
val ue( A 3,413335 87492 6, 875 114885613
14, 274 671897 I 5,294
18, 521 4.786587:99% 557 4 535 5’9%%%1’, PP
3,65818| 27, 11853128566 47&ﬁ6
19,557 4,53525
22,12 4,01529
22,382 3,96884
24,311 3,65818
27,117 3,28566
27,836 3,20239
28,374 3,14292
28,846 3,0925
29,372 3,03835
33,9 2,64214
Example 11b
5  2-yl)-piperidine-1-carboxylic acid [1-(R)-(3,
methylamide hydrochloride as dihydrate crystalline form
10
250mg)
X ray podwer diffraction data are reported in table 2
Table 2
15  isas follows

Table 2

Angle(°2-Theta)

d value(A)




27,836 3,20239 28,374 3,14292 28,846 3,0925 29,372 3,03835 33,9 2,64214
Exanpl e 11b 2-(R)-(4-Fl uoro-2-nethyl - phenyl)-4-(S)-((8aS)-6-o0xo- hexahyd
ro- pyr r ol wolB/ideai- pyrazi n- 5 2-yl)-piperidine-I-carboxyl irCTaCR0E/01308
[1-(R)-(3,5-bis-trifluoronethyl -pheny#g-ethyll- nethylam de hydrochl ori de
as di hydrate crystalline formTo a 265 ng of exanple 1la , 3 m of water
was added. The suspension was stirred overnight at 25C and then

centrifuged for 5 min at 10000 rpm The solid was filtered using a 10
centrifugal fijisgr device (Mbbhspone U trjafree-MC 0.45n) to obtain the
title compound ébung) Fay pogyRy diffrlaction data are reported in table
2 Tabl b2 ThdX ay—pogwer—et-1 ' attern of the product of the
Exanpl e[ 1l b | d2tl4r nw of | d spack4¥37 15 is las fol | ows Table 2 Angl e( 2- Thet a)
d val ue(A) WO19847066635| PCT/ EROBB308308 46 3,233 27,30972 6, 353 13, 90157
12,14 7 28437173 %&2 647 6[99378 633@05282 6, 6605 13,5 6,55347 15,48 5,71928
16, 324 574255F 167779 ', 27951 %&4 —8254,97188 19,022 4,66158 19,414
4,5685 [19_9011%1 45772 33934505 21 915 4,05245 22,21 3,99923
23,161 3, 837145,433, 521 3 779155 71928

16,324 5,42557

16,779 5,27951

17,825 4,97188

19,022 4,66158

19,414 4,5685

19,901 4,45772

21,339 4,1605

21,915 4,05245

22,21 3,99923

23,161 3,83714

23,521 3,77915

24,179 3,67782

25,417 3,50136

26 3,42415

26,668 3,33994

28,052 3,17821

28,553 3,1236

29,551 3,0203

31,297 2,85568

32,8 2,72816

34,148 2,62353

Example 11c
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-oxo-hexahydro-pyrrolo[1,2-a]-pyrazin-

2-vl)-piperidine-1-carboxylic acid 11-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethyl]-
5 methylamide maleate

Method A:

Intermediate 16 (25 g) was suspended in acetonitrile (300 mL), then TEA (10.4 mL) was

quickly added in order to obtain the free base: the aspect of the slurry did not change as a new
10  precipitate of TEA-acetylmandelate salt was formed. The mixture was kept under stirring for

15-20 minutes. Meanwhile intermediate 4a (25 g) was dissolved in acetonitrile (125 mL) and

the so-obtained solution was quickly added to the slurry. Then Sodium triacetoxyborohydride

(15 g) was added all at once and the mixture was kept under stirring conditions for 22 hours.



24,179 3,67782 25,417 3,50136 26 3,42415 26,668 3,33994 28,052 3,17821
28,553 3, 1236 29,551 3,0203 31,297 2,85568 32,8 2,72816 34,148 2,62353
Exanpl e | W& 03/066635 PCT/EP03/01308

2- (R) - (4- Fl uor o- 2- net hyl - phenyl) - 4- (S}7 ((8aS) - 6- oxo- hexahydr o- pyrr ol of
1,2-al -pyrazin- 2-yl)-piperidine-I-carboxylic acid f

1-(R)- (3, 5-bis-trifluoronethyl-phenyl)-ethyll 5 methylam de nal eate Method
A. Internediate 16 (25 g) was suspended in acetonitrile (300 nL), then TEA
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sodi um hyenagess. The domatves sbiedtli lonr {20%C aRbisodtdne 4200 mhewasvddpd B0 sodi um
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m xt ur e fak W}Slﬂs‘tllwhﬁbﬂmm%ﬂ7%asﬁﬁ ‘fetfé?Ir‘ ‘i sopropyl al cohol (100 ni).

A solution of maleic acid (5.8 g) in isopropyl alcohol (50 nlL) was dropped
in ca. lﬁetlm)&lgt es. The mi xture was seeded and precipitation occurred in
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i sopr opanedipiiased TEAecel mapddge ﬁﬂL9W§rf@FHGF‘ i Asfpr |3ﬂmiﬂél¥9€| Gf girringy the migpre) 8 hour s
gi Vi NG 1)@ tehtbd Ritk UERAMAECHIbIABEYrias (02 giplus Eorsdd dcall (0984 mdY B: 15
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added to the so-obtained mixture and the resulting solution was washed with aqueous 4%
sodium hydrogen carbonate (2 x 5 mL) and then with 5% sodium chloride solution (5 mL).
The organic layer was dried and evaporated to a white foam.
25  Isopropyl alcohol (10 mL) was added and the mixture was evaporated again to dryness. The
resulting foam was, once again, dissolved in isopropyl alcohol (8 mL) and treated drop-wise
with a solution of maleic acid (0.232 g) in isopropyl alcohol (2 mL). After 30 minutes the
mixture was seeded and precipitation occurred in a few minutes. The slurry was stirred 1 hour
at 20°C and then isoctane (10 mL) was added dropwise over 5-10 minutes. The resulting
30  suspension was stirred at room temperature for 19 hours. The solid was filtered and washed
with isopropanol/isoctane 1/1 (5 mL) and dried in vacuo at 40°C for 18 hours giving the title
compound (0.639 g) as a white solid.
HPLC: Column X-Terra 4.6 x 100mm, RP18 3.5um; mobile phase: eluant A: NHHCO;
5mM (pH=8)/CH;CN 90/10 - eluant B: NH,HCO; 5mM (pH=8)/CH;CN 10/90 - Gradient:
35  from 50% B to 100% B in 7.5 minutes; 100% B for 0.5 minutes then 50% B for 3 minutes;
column temp. 40°C; flow= 1mL/min; A= 210 nm; retention times 4.15 minutes, >99%a/a.
'H-NMR (dg-DMSO): § (ppm) 7.98 (bs, 1H); 7.68 (bs, 2H); 7.21 (dd, 1H); 6.93 (dd, 1H);
6.81 (dt, 1H); 6.09 (s, 2H); 5.31 (q, 1H); 4.19 (dd, 1H); 3.93 (m, 1H); 3.74 (bm, 1H); 3.46 (m,
1H); 3.45 (bm, 1H); 3.30 (bm, 2H); 2.93 (bt, 1H); 2.79 (t, 1H); 2.73 (s, 3H); 2.73 (bm, 1H);
40 2.60 (bm, 1H); 2.35 (s, 3H); 2.23 (m, 2H); 2.12 (m, 1H); 2.04 (bd, 1H); 1.98 (bd, 1H); 1.84
(m, 1H); 1.64 (q, 1H); 1.56 (m, 1H); 1.46 (d, 3H).
MS (ES/+): m/z= 629 [MH-HOOCCHCHCOOH]"




was treated with sodiumtriacet oxyborohydride (0.6 g) plus formc acid
(0.224 nm.). Meanwhile internediate 4a (1 g) was dissolved in acetonitrile
(6 nmL) andadseeensobtained 20 solution was qui ckly added rax/Eree/osdosr ry and
the resulting m xture was kept under #tirring conditions for 18 hours. The
slurry was evaporated to small volume. AcOEt (10 nmL) was added to the
so-obtained m xture and the resulting solution was washed wi th aqueous 4%
sodi um hydrogen carbonate (2 x 5 nL) and then with 5% sodi um chl ori de

sol uti oNE£dm @! The organic | ayer was dried and evaporat ed to a white
foam 25,1 I alcghlol (10 mo) was. ddeglexag dr}) e Wasi,evapor at ed

OXO-

B pdod e d ght ed 1k bis# jrpmeth : ; mal ei c
acid (0.232 10 45 propyl al cohol (2 n1_ After 30 m nutes the mxture
was seed itation occurred in a few m nutes. The slurry was
sti rr%d %—‘hour at 20C and ther; |soct ane (10 rrL) was added dropvm se over

for 19 hwns)lpe]fm(asl@&drdoms fiddider edlmd(mhaﬂlummbt _Lgp_am_];[l soct ane
1/1 (5 ”b%t;&&%ﬁ'é ;(ﬁgll n vacuo at 40C for 18 hours giving the title
conpound g) as a white solid. HPLC. Columm X-Terra 4.6 x 100mm RP18
3.5m nobil e phase: eluant A- NHAHCO3 5nM (pH=8)/ CH3CN 90/ 10 - el uant B:
NHAHEO3 Mlethodd+=8) / CH3CN 10/90 - Gradient: 35 from50%B to 100% B in 7.5
m nut es; InleMediBe 13k (200 mghvmstiddsl b lasplub@LofBrtéroediate da (ifdang) it athydmus enp. 40C;
flow= | nltc!ef&ﬂmle%l(?n@}@n&ﬂa N E%Jhtﬁﬁs 'eﬁegzhélsollﬁlom\ﬁﬁétsﬁ&ed 2000@bals ' H- NWR

(d6 DNBO 9) 1c? 1(1 Wabd ned gwaslt edgt 93 (dd
fpu &t ) “m%i?éj g % gﬁ 93
R s v ephls r% fe i roge% &

inasf ted wit 3 aosrdghu 1 10n 2.93 (bt,
1H) 1. 76 k) and bﬁtrac@d ¥8h @sOEB(H)x 302nI7BT(1ebcmnbmpg orgngc gxt@gts WisFR drlgﬂynd 2.35 (s,
2 Z&n(zéﬂtrat%h‘l) in 3610113 {ona Yéddue 2whidh (a5 phiificd by9Bashb@hromhibyraptly. 84 (m

1686 Breclifiiogk: 40 (d 3H) . "WB (ES/#): iz~ 629
1 06 635 lPCT/ EP03/ 01308 48 Exanple 12
2-( 41 ERUBRD- 253 4 (R)- ((8aR) - 6- oxo- hexahyd ro-pyrrol o

f1,2- aI bymatzlrerpfe&anwlea %@H‘d@ﬁ%m@ carboxylic acid
(1- (R - (3,cRaipls 121 280 mgy srwititglselphenyl ) - et hyl | - net hyl am de (12a) 5 and
2- (R) - (4pfehib@ B:0- 2- rret hyl - phenyl )-4-(S)-((8aR)-6-o0xo0- hexahyd ro-pyrrolo
11, 2- al raz in
1- (R) - ( Sﬁ%e wpute 4a ?lp gan% sRclh tﬁac%tog)?)og)%ﬁd/rldle %6 ?‘f%i)%%etcaadded to fg&};ﬂl 0 Met hod
A Inter ﬁféaqea%eélaieééb 642%55 dﬁ?n%@“%%fd@amf g 0%’61) YRgep A NgFoeeh i Fate 4a
(504 ng) Themamiy drosisred ac2X°6ript 14 hawry The salytion ryche diletedivith gegten (3 bk pher e.
The $9| ULidORitNG Ssatbakell DEItiSh of sbdiurh Qydrben Eorbbuhte¥30 tfigmnd egiractad with
triacet oxyberQmeh ('S 14 26miHd WEmiAHEds wdB8ridl ath UbfeltBledSh kg% at
a residue which was purified by flash chromatography (CH/AcOEt/MeOH 50:50:8) to give
these fractions as white foams:
1. mixture 12a and 12b (1 g) (ratio 12a:12b=75:25)
30 2. mixture 12a and 12b (2.65 g) (ratio 12a:12b=50:50)
3. example 12b (2.13 g) - (ratio 12a:12b=16:84)
4. example 12b (1.4 g) (ratio 12a:12b=6:94)
5
6

. mixture of 12a and 12b (0.5 g) (ratio 12a:12b=30:70)
. example 12a (1.6 g) (ratio 12a:12b=95:5)
35  Example 12a:
T.l.c.:AcOEt/MeOH 9:1, Rf=0.24.
MS (ES/+) m/z=629 [M+H]".
HPLC: Column Supelcosil ABZ Plus 25cm x 4.6mm x 5u; mobile phase NH,;OAc 10
mmol/CH;CN from 60:40 to 10:90 in 5 min. then NH;OAc 10 mmol/CH;CN 10:90 for 10
40  min.; flux=0.8 mL/min.; A 220 nm; retention time 9.28 minutes.
Example 12b:
T.l.c.:AcOEt/MeOH 9:1, Rf=0.2,



23C for 18 hours. The solution was diluted wth a 5% sodi um hydr ogen
carbonate solution 15 (5 nL) and extracted with AcOEt (3 x 30 nL). The
conbi ned wogBmices3extracts were dried and concentrated i n RCATER3 D08

resi due which was purified by flash ckonmat ography (AcOEt/MeCH 9:1) to
give three fractions: 1. exanple 12a (125 ng) as a white solid. 2. mxture
of exanple 12a and 12b (950 ng) 20 3. exanple 12b (280 ny) as a white
solid. Method B: Internediate 4a (10.45 g) and sodi um

triacet Q);ytgmghmigzd MEB]'32 g) were added to a solution of internediate

136 (4. 3510) CANRYRIOUP BPHARIAEY|E 463H0 Xt ﬂ&lﬁl@r 1@%@@@%

at m)sphere r ution was
di | ut ed PR HENeioR !§g4ﬁfwﬁg%0 E‘n{jm\’iﬂ tﬂﬁ“ﬁgt‘qﬁolgt soI | o¥°§ggd| um

hydr ogemmaﬂbm@direL/@@@ N‘?Z%O rridetention SeeSPOMRiENes- AcOEt (3 x 100 ni). The
combkned organic extracts were dried and concentrated in vacuo to a

resi due b n}f@as purified by flash chromat ography (CI—VAcCEt/IVbCH 50: 50: 8)
to give ratl . f ! oxih e re A1304. 12b (1 9)

N Oazho? el ' ; Up{ 21 SIS, exanpl e
12b (1. 4:tli3/)] {gétéhtrlamndﬁﬁfdi&hlaﬁxdw) 5. mxture of 12a and 12b (0 59¢9) (ratio
12a:1$2b=30: 70) 6. exanple 12a (1.6 g) (ratio 12a:12b=95:5) 35 Exanple 12a:

T.lec.: :L‘\r oglgngnp%e,'slﬁf (1?5 mé) in dﬁ)&gﬁo n}]_[) r;r,;ag 't'r@zﬁgd ‘LM !ékd'fochldﬂfgcidool um

Supel co i.ﬁ ’&5 nol / CH3CN
from 60: (hM moEt%@ o] th)Satrﬁ A unf‘?{&Nﬂ%@A&tmféPhﬁ’ﬁn o s °f6F 10 40
m n. ;T IsticeDatQ0°ALbm NimjnuRs 2Beén thaymixtteewiasi encenfraied 6 %uQnWGtPéer!Pltﬁﬁanpl e 12b:

! AGSRth MRy Re Yith B2O%eRtand D1 0BhDHHG3R tRGTHEPHBHOE 308 whiddsoliVs ( ES/ +)
rﬂz— 29&%) HPLC:. Col um Supel cosil ABZ Plus 25cm x 4.6mm x 5; nobile
10

hasé N hgp. NEMOAC 10
ot/ e QySPr (g (14148 ot Ji§ pdolte o e 8. 30 de (BB ABECTC, 0
8. 86 mi rdd,dED; G92ER M) 6.24 8, 1H); 5.05 (g, 1H); 3.98 (m, M. 57 G YD 5 58 (o, TH:

il( ZR) |(43'4;11 HONH); 3: 3’@% bi); ZWheﬁléQJH)) Zlii(@ﬁg( 591'!?15' ﬂ%bﬂg-wemf@ﬂrwwr .;rol o
, 2-a n{l yl -Ql ridl ne- car poxyli1 c acl
-G - (éﬁ&ﬁ) mﬁfngg [Hﬂhoggﬁ*hy' phenyl) -

Example 14
2-(R)-(4-Fluoro-2-methyl-phenyl}-4-(S)-(( 8aR)-6-0x0-hexahvdro-pyrrolo[1.2-a]-pyrazin-

2-yD)-piperidine-1-carboxylic acid [1-(R)-(3.5-bis-trifluoromethyl-phenyl)-ethyl]-
25 methvlamide hyvdrochloride

A solution of example 12b (280 mg) in dry Et20 (5 mL) was treated with hydrochloric acid

(IM in Et20 — 473 pL) at 0°C under a Nitrogen atmosphere. The resulting mixture was

stirred at 0°C for 15 minutes, then the mixture was concentrated in vacuo. The precipitate
30  was triturated twice with Et2O/pentane 2:1 (2 mL) to give the title compound as a white solid

(245 mg).

NMR (ds-DMSO): & (ppm) 11.05 (bs, 1H); 7.95 (s, 1H); 7.64 (s, 2H); 7.19 (dt, 1H); 6.9 (dd,

1H); 6.78 (dt, 1H); 5.28 (q, 1H); 4.16 (dd, 1H); 3.53 (m, 2H); 3.41 (m, 2H); 3.17 (t, 1H); 2.94

(m, 2H); 2.96-2.8 (m, 2H); 2.75 (t, 1H); 2.69 (s, 3H); 2.31 (s, 3H); 2.3-2.0 (m, 1H); 1.9 (m,
35  1H); 1.75 (q, 1H); 1.5 (m, 1H); 1.43 (d, 3H).

MS (ES/+) m/z=629 [M+H-HCI]".

Example 15

2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(R)-((8aS)-6-oxo-hexahydro-pyrrolo[1,2-a]-pyrazin-
40  2-yl)-piperidine-1-carboxylic acid [1-(S)-(3,5-bis-trifluoromethyl-phenyl)-ethyl]-

methylamide (15a)

and




et hyl | - met hyl am de hydrochl oride 10 A solution of exanple 12a (125 ng) in
dry Et20 (3 nL) was treated with hydrochloric acid (1IMin Et20 - 201 L) at
0C under woNistwazen at nosphere. The resulting m xture was PCAVErRBOMoat 0C
for 15 mnutes, then the m xture was 8bncentrated in vacuo. The precipitate
was triturated twice with Et20 pentane 2:1 (2 nL) to give the title
conpound as a white solid 15 (115 ng). NWR (d6-DVSO): 6 (ppm 10.9-10.6
(bm 1H); 7.99 (s, 1H) 776(s 2H); 7.36 (dt, 1H) 70 (dd 1H); 6.92
(dt - "y i\ ) fazi

(ES/ +) miethytpmide SO | +.  Exanpl e 14
2- (R) - (4-Fl uoro-2-net hyl - phenyl )-4-(S)-((8aR) - 6-oxo- hexahydro pyrrol o
11, 25 al ypybRdi fé‘l3g (QSIO)mg‘?'Ma@ﬁdde foQr sbhuiad @ﬂiﬁyinhddla&(ﬂlfmw mg) in anhydrous

I 1- (R) | ) denour,

hydr oc hl(df)‘?l?ndt@ Agg er aoﬁﬁgg%(ﬁaartrrg H%lﬁ Ju gﬁ‘“lm %SSU%& Wl%%mé3( . nL) was
treat ed tWﬁPﬂ‘Wg}ﬂ‘i‘%&‘ﬁFﬂPfoéy‘H@ieézgz “?L "faﬁa @reL 5? dnder._a Nitrogen
at mos phas @ourfHEhersebitibt Wagdilviedtwithea ﬁﬁéssodlsmlhb’ﬂfé@naﬁaﬁ@@t? splution (W) Al es, t hen
the m XTch[ ExtieRd Q@thC&mMB &30i ALY abel@ombihel @eadd pittacts eveBOwaghed witht ur at ed

tw t e %) GelillR Whitl &a¢ fidE, Asha wWhite
sol i ok LR A %@ et o ;g, gf’\é 05 (be. 10 T A TR
(s, 2H) chl?mf@g hy (Ag éoglv e"' B> (dt, 1H): 5.28 (g, 1H): 4.16
(dd, 1HY; e@n@emnﬂnm}g)asawllﬂe(wdzm 3.17 (t, 1H); 2.94 (m 2H); 2.96-2.8
(M  2H) . dixt&re 6f exahple; 15228956840 8¢)) ; 2. 31 (s, 3H); 2.3-2.0 (m 1H); 1.9 (m

?aadeﬁexZiﬁlp%’Sb%ﬁ&méa?a(vmteslam 1.43 (d, 3H. M5 (ESI+) nfz=629

2 (FbS ( Xepls a2 net h I-phenyl) 4- (R) - ((8aS) - 6- oxo- hexahydro-pyrrol o
11, 2- al TlpyAa@FEyMeQH 8 48t peri di ne-1-carboxylic acid

[ 1-(S) - (Ms&%%ﬁnmdml[mﬂﬁ)rret hyl - phenyl ) -et hyl | - net hyl am de (15a) and WO
03/ 066635, ggyggoslomos 50 2

(R -(4-EF UOr, Oc) I) 4- (S) ((8aS) - 6- oxo- hexahydro pyrrol of

1, 2-al - af‘l er b

1 (8- ( »gw@nwp%’ c{f@praﬂbf% G B AR b o ﬁ%ﬁ 104D %gg
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(282 ny fixturfe was stirred at 23C

25 MS (ES/+) m/z=629 [M+H]".

Example 16
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-(( 8aS)-6-oxo0-hexahvdro-pyrrolo[1.2-a]-pyrazin-

2-vD)-piperidine-1-carboxylic acid [1-(S)-(3,5-bis-trifluoromethyl-phenyl)-ethvl]-
30 methylamide (15b)

A solution of example 15b (218 mg) in dry Et20 (1 mL) was treated with hydrochloric acid
(1M in Et20 — 380 pL) at 0°C under a Nitrogen atmosphere. The resulting mixture was
stirred at 0°C for 1 hour, then the mixture was concentrated in vacuo. The precipitate was
35 triturated twice with pentane to give the title compound as a white solid (195 mg).
NMR (ds-DMSO): & (ppm) 10.60 (sb, 1H); 7.94 (s, 1H); 7,54 (s,2H); 7.22 (dd, 1H); 6.93 (dd,
1H); 6.80 (td, 1H); 5.33 (q, 1H); 4.20 (bd, 1H); 3.98 (bd, 1H); 3.92 (m, 1H); 3.60 (m, 1H);
3.46 (m, 1H); 3,53 (m, 1H); 3.43 (m, 1H); 3.14 (bt, 1H); 2.96 (m, 1H); 2.86 (m, 1H); 2.85 (s,
3H); 2.6 (s, 3H); 2.73 (m, 1H); 2.2-2.35 (m, 2H); 2.19 (m, 1H); 2.15 (m, 1H); 2.16 (m, 1H);
40 1.95 (dd, 1H); 1.64 (dd, 1H); 1.58 (m, 1H); 1.50 (d, 3H).

Example 17



16 hours. The solution was diluted with a 5% sodi um hydrogen car bonat e
solution (10 nmL) and extracted with AcCEt (3 x 30 nmL). The conbi ned
organi c ewor@mbes3per e washed with 10 brine (10 nL), dried POTERGNOCOAt r at ed
in vacuo to a residue which was puriffed by flash chronmatography
(AcOEt/ MeOH 8:2) to give three fractions: 1. exanple 15a (181 ng) as a
white solid. 2. mxture of exanple 15a and 15b (40 ng) 3. exanple 15b
(218 ng) as a white solid. 15 Exanple 15a: T.l.c.:AcOEt/MeCH 8:2, Rf 0. 46.
I\N/SNR( (Eg»g ). zﬁ@&oh'\ﬁk&w 3}1eﬁﬁﬁwkﬁg(m-64arxolh&am@mﬁmm mr&g&mﬁ %1 (20
- P L - m
11 ;1. govippiperidiperi-cirpo o '%ﬁﬁ%@%(mm
2.25 (mmethylamideafi7ay 3H): 2.65 (m 1H): 2.77 (m 1H: 2.80 (m 1H): 2.81
(s, 3H);and. 40 (m 1H); 3.41 (m 1H); 3.46 (dd, 1H) 3.74 (m 2H); 4.13
(dd, 51"')2 351%1146}0 24l thyiBphédyl{- S (BaR) &-A8-bestthyddd-byrrdoAd-dlsvrddl-; 7. 20
ER?’ (4 e dtne- -& ro VB S +i ($NA3 qggtrﬁﬂwbkﬂlﬂ'eth 1BiRA)-&h R 2

? e 8aS) - b- 0X0- hexanydr o- pyrrol of | , 2-al -
pyrazi n-nflh AIIEE BPl di ne- 1-carboxylic acid f
1-(S)-(3,5-bis-trifluoronethyl-phenyl)-ethyll- 30 nethylam de (15b) A

sol ut i oNLRFmEXASTEE2AER e[ WG ddad)io b Bolttion dEiiR@mediatash (WAsng)ireathgdrows t h

h y drgehl o ?ﬂofﬁtrﬁg I( pO mi } Whid? aEItII%Qgen §§1Qsp|hére a’TheOQIMi%Q Bfasastifed hOgEforadonospher e.

he resuf 0 ure was
c oncent r’&’cnéﬁs’lﬂi‘F“\Félgﬁ‘JB‘ "“ﬁﬁ%@"ﬁ%"é?f ({62&%2 w%) s édet% Jﬁée m&p‘ %d1 w%%\n&ﬂgh i th
pent ane 236Cdovis hawes. The sodutien Higo died¥itha qi seduadlydpepn soqmg's SO]RM‘?
(d6- DVBQp:mIS) dnpRRdacka.vafh AcIFt (34 3) mLJ. B combingd-prganic Budrafts ward)washed2 (dd,
1H) 6 g\glt e (%(H?DL d@ie@ Shd(doHoenttdild inBadB t6 @ resii iwhith 2Qs plified by flhghi 3. 98

bd, 1H: 3,53 1H: 3.43
(1H) 155) %{“‘(‘Ba[t‘)grﬂrﬁ} ‘t‘%?g ﬂl])°glvft’§%fr?‘5t$gs(m 2H%35 (s, gLnD ;Da (s, 3I(—|)m

2.73 (m l.eKymplol T 36GBmeYama Wi solid. 19 (m 1H): 2.15 (m 1H): 2.16 (m 1H):
40 1.95 :(ddamlﬂu—l)'zb@%ﬂaglddwhiji}qhdl 58 (m 1H); 1.50 (d, 3H). Exanple 17 WO
03/ 06663pyfRfphé 5?4)3/01308 51 2

(R -(4- F oro- <R y{)-4-(R-((8aR) - 6- oxo- hexahydro pyrrolofl, 2-al -

i fT
pyraZI ?3N %,gquﬁgéﬂ@«fr g(c iﬁh& L (m ks 1y 72 0 )(’Hg nd 5 2
(R) (4 FlHl)oﬂ(Sl annﬁi)hw&@héﬁy|l)944m( L@@%érm)ll@ BX( %é&% ofI ,2-al -
pyr azi n-(m, 1H); 2.71 (s, 3H); 2.76 (m, 1H); 2.93 (m, 1H); 3.08 (m, 1H); 3.15 (m, 1H); 327 (m 1H);

3.53 (m, 1H); 3.74 (m, 2H); 3.88 (bm, 1H); 4.85 (dd, 1H); 5.27 (q, 1H); 6.84 (td, 1H); 6.94
(dd, 1H); 7.30 (dd, 1H); 7.69 (s, 2H); 7.95 (s, 1H).

25  Example 17b:
T.l.c.:AcOEt/MeOH 8:2, Rf=0.13.
NMR (dg-DMSO): & (ppm) 1.45 (d, 3H); 1.6-2.27 (bm, 10H); 2.3 (s, 3H); 2.61-2.97 (bm,
4H); 2.78 (s, 3H); 2.9 (bd, 1H); 3.4 (d, 2H); 3.7-3.9 (bm, 1H); 4.1 (dd, 1H); 5.27 (q, 1H); 6.72
(td, 1H); 6.84 (dd, 1H); 7.15-7.19 (dd, 1H); 7.5 (s, 2H); 7.89 (s, 1H).

30
Example 18

2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aR)-6-oxo-hexahyd ro-pvrrolo[1,2-al-pyrazin-
2-yD)-piperidine-1-carboxylic acid [1-(S)-(3,5-bis-trifluoromethyl-phenyl)-ethyl}-

methylamide

35
A solution of example 17b (235 mg) in dry Et20 (4.2 mL) was treated with hydrochloric acid

(IM in Et20 — 411 pL) at 0°C under a Nitrogen atmosphere. The resulting mixture was
stirred at 0°C for 15 minutes, then the mixture was concentrated in vacuo. The precipitate
was triturated three times with pentane to give the title compound as a white solid (243 mg).
40 NMR (dg-DMSO): & (ppm) 10.88 (bs, 1H); 7.94 (s, 1H); 7.54 (s, 1H); 7.23 (dd, 1H); 6.93 (dd,
1H); 6.79 (td, 1H); 5.33 (q, 1H); 4.21 (dd, 1H); 3.99 (bs, 1H); 3.97 (m, 1H); 3.55 (m, 1H);
3.54-2.7 (m, 1H); 3,57 (m, 1H); 3.44 (m, 1H); 3.18 (t, 1H); 2.95 (m, 1H); 2.84 (s, 3H); 2.7 (¢,



2 yl)piperidine-1-carboxylic acid f
1-(5)-(3,5-bis-trifluoronethvl-phenyl)-ethvll- nethylam de (17b)

| nt er nedi w0e03086636§ 220 i ng) was added to a sol ution of inteaurmeckeabe3sodb (500
ng) in anhydrous 10 acetonitrile (1052ri) under a N trogen atnosphere. The
solution was stirred at r.t. for 30 mnutes, then sodium

triacet oxyborohydride (422 ng) was added. The m xture was stirred at 23C
for 18 hours. The solution was diluted with a 5% sodi um hydrogen car bonat e
sol uti onimy 536@ 3ﬁpd 3606, 1ER ad (i 1H); AcORt 1323 (B018);.) .69 [heHpdrsi(med or gani ¢
extracts, \NX]W with brine (10 nL), dried and concentrated in vacuo
to a reS| l’.le I'C vvas purified by flash 15 chromatography (AcOEt/ MOH
8:2) to give two fractions: 1. exanple 17a (160 ng) as a vvhite solid. 2.
exanpl e Exmplestd ng) as a white solid. Exanple 17a: T.l.c.:AcOEt/ MeCH 8: 2,

in =0. 5211 2-4%)- (bl"\ﬁu( l%@’ MR pheiiyk -ﬂm (329%- &th&mvdré-%%goﬁm& &lbﬂvraﬂinjl (m
1||:|)|) , 2' {)Mllﬂlfcaé‘%agwp aclcl dlchlo%{b?n}y&g}gﬂ%ﬂ?@a_ﬁwm : 2 71 Ersn

3H); 2. 78.@P-Hitbro-2mBhyl- ﬂl_l MT!S% 88%)-6 xo- h drol 1PH):pyBazd¢ (m 1H);
3.53 (m 1M . 3 .74 2 N dd . 5.27 (q, 1H);
6.84 (td& pd l;Q ghide . 7.95 (s, 1H).
25 Exanple 17b: T.1.c.:AcOEt/MeOH 8:2, Rf=0.13. NMVR (d6-DMBO): S (ppm

1. 451(Q d, InRkdhedidte B32(4R hg)bms addetHyq a Q)JlBlO(l@f inBdnedide @4 (D097e) (banhydudrd ; 2. 78
(s, 3H); ac%to%ttﬁl@CtS iy dider 8-Mitrf&n a@hibsphede. 7Fh3- DlutidMwad Hiiredt atlrf det, 151H) ; 5. 27
(a, 1H) TﬁSes tg%y %}t(hughl_‘])rl’ace;giﬁlor&ggndel ’mgg V&Jzé aZdegi 9T1(edlgfxtlﬂ'é_|)7vas dirred Gs. 2H);

7.89
2-(R) - ( ?42%5%% 80 hovrst ﬁgﬂ sobfian ey djutpdsyvith agsy Peg%d B BYeReR B RS of o f
1, 2- al - psohwizn GLO @LMn)i-eptrqg@dwdlﬂmﬁ@OﬂEt CGaxr iﬁ)cmg/) Tee epmjbdnefl organic extracts were

1-(S)s ( 3drfbdmn8-cbﬁdef1ﬂrdiéﬂ’ pRicivo- plesiayd Yhieh ek lpurifieatt tyyflahichemabghpiyol ut i on of
exanpl e 1vg’£\¥o§£c%9ns(4 2 m) was treated with hydrochloric
b

acid (1 at 0C under a Nitrogen atnosphere. The resulting
m xture OCfor 15 mnutes, then the m xture was
concentr%tteé@nnlﬁl%@gﬁl.gﬁhe precipitate was triturated three tinmes with
pent ane Esangplv@9d:he title conpound as a white solid (243 ng). 40 NWR
(d6- BVEO} &mmows@aue@% 1H); 7.94 (s, 1H; 7.54 (s, 1H); 7.23 (dd,
1H); 6.9 SE(EQ/% ﬂ%I—=|)57 71%+(td 1H) 5.33 (q, 1H); 4.21 (dd, 1H); 3.99 (bs,
1H: 3.9 o 3.54-2.7 (m 1H): 3,57 (m 1H): 3.44 (m
1H): 3. 18<mplei9:: 2 95 (m 1H): 2.84 (s, 3H): 2.7 (t, WO 03/ 066635
PCT/ EPO3T 04.30®EBROH $,R203. 6 (s, 3 H; 2.3 (m 1 H; 2.17 (m 1 H; 2.15
(a, 1 HmSESH wz=54HM+H169 (g, 1 H; 1.5 6 (m

25

Example 20
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(R)-((82aS)-6-oxo-hexahydro-pyrrolo{1,2-a]-pyrazin-
2-yD)-piperidine-1-carboxylic acid (3,5-dichloro-benzyl)-methylamide hydrochloride

30 A solution of example 19a (25 mg) in dry Et20 (1 mL) was treated with hydrochloric acid
(IM in Et20 — 54 pL) at 0°C under a Nitrogen atmosphere. The resulting mixture was stirred
at 0°C for 15 minutes, then the mixture was concentrated in vacuo. The precipitate was
triturated with Et20/pentane 1:1 and then pentane to give the title compound as a white solid
(20 mg).

35 NMR (ds-DMSO): § (ppm) 10.95 (bs, 1H); 7.44 (s, 2H); 7.35 (m, 2H); 7.00 (s, 1H); 6.85 (m,
1H); 5.2- 4.8 (m, 1H); 4.4-4.2 (dd, 2H); 4.05-3.5 (m, 10H); 3.2-1.5 (m, 8H); 2.7 (s, 3H); 2.27
(s, 3H).

MS (ES/+) m/z=547 [M+H-HCI]".

40 Example 21
2-(R)-(4-Fluoro-2-methyl-phenyl)-4-(S)-((8aS)-6-oxo-hexahydro-pyrrolo[1,2-a}-pyrazin-

2-yD)-piperidine-1-carboxylic acid (3,5-dichloro-benzyl)-methylamide hydrochloride




1H); 1.50 (d, 3H). Exanmples 19 5

2-(R) - (4-Fl uoro-2-net hyl - phenyl ) -4-(R)-((8aS) - 6- oxo- hexahydro-pyrrolo[ 1, 2-a
| - pyr azi nwae3yleye3pi per i di ne- 1- car boxylic acid PCT/EP03/01308

(3, 5-di chl oro-benzyl)-net hyl am de (198 and

2- (R) - (4- Fl uoro- 2- net hyl - phenyl ) - 4-(S) - ((8aS) - 6- oxo- hexahydro-pvrrolo f

1, 2-al-pyrazin- 2-yl)-piperidine-|-carboxylic acid
(3,5-dichloro-benzyl)-nmethyl am de (19b) 10 Internediate 13a (40 ng) was
added t oy gola%tbtflegﬁn@é 1951(4%@% atyeEtdd (( 209 wag dredted @b jigiradhboricacidt onitril e

(5 nt) TI?I ﬁ&g\l d% s o Og’é md%ppﬁrtx%g%n So%ﬂérftl* g@es\ﬁﬁa%l%ﬁitﬁr@ eds alrreft- t. for 15

m nut es, race The m xture

dde
was stiraf € der 1pmotssy thop tll‘fo’ﬂﬂ’%“re T‘ﬁ% CQIE?F'EHaietSl \r/%)guodl I ﬁtpée(?lp\c%nattehwas sat ur at ed
sodi um hyitrabgierithcEirOpratre 1: 5 aidihdnpentpego ive thertillecempennd aga {ihsold OFt (3 x
50 ). Jhg ponbl ned organi c extracts were 15 dried and concentrated in

vacuo tqq Iy 4855 B {1k 94y 1 {358 @RI 10028, 96 (PR, GOACCEL / VBCH
5200, & Mufte (EEhEsEy pﬁ é 9b (40
MPRIN NN AT L Tt %ﬁ%é W%@;gr:@ (jg?éde IR L
Exanpl e 318m, 15);3.81 (dActEl;BM’ém g 3. 1Ri(de 18D); 2.9y & OM-H) +. 25
Exarml e (3@ 12})(@7 (s43H); 261 Hp iRl (d@hiehy?.}3 dd( R (2(18a:@) 18); d>96-(Héxahyd

r o- p dg ﬁi yg i1fp. 2-yl) - pi peridine-I|-carboxylic acid
(3, 5 d| %jg §9 rap ‘{'Z aﬁ%@am de hydrochl oride 30 A solution of exanple
19a (25 ?é 2, Fy [yg?t’ ) was treated with hydrochloric acid (1Min

Et20 - 54 L) at 0C under a Nitrogen atnosphere. The resulting m xture was

stirred E 26o0r 15 m nut es, then the m xture was concentrated i n vacua.
The pre' t Lt R t @0_ A,l@ O IeT=Ys zmgntaneto
gi ve the tF?uoro- -mét l’h l &i iﬂl 628!0%% 0 el ..v. S

(ppn’)S 1 @-gdhpiperdin Lhn .14 Aoid 3lchl l"lr ll"m 'i a 'IL ,anH); 6. 85 (m

1H); 5. Pha]-pSrazint. 5 (m
8H); 2. o HHC]+ 40
Exanpl e

> V
as) - oxléwﬁ’@@éﬁm/ Q)\W%P W%a‘tde‘ito? S&l““ﬁ’i‘/? 1 189 me} PR 9%Sc ar boxyl i ¢
acid ( 3, detdbiotié ¢F olb amdst § Niteaghy latrvisplsren yidie @elmlm ae stigsdos /g6 633
PCT/ &P O%Q%Qghenﬁgdlum triacetoxyborohydride (90 mg) was added. The mixture was stirred at
23°C for 20 hours. The solution was diluted with a saturated sodium hydrogen carbonate
solution (10 mL) and extracted with AcOEt (3 x 50 mL). The combined organic extracts were
dried and concentrated in vacuo to a residue which was purified by flash chromatography
(AcOEt/MeOH 8:2) to give two fractions:
25 1. example 22a (23 mg)
2. example 22b (43 mg).
Example 22a:
T.l.c.:AcOEt/MeOH 8:2, Rf=0.36.
MS (BS/+) m/z=547 [M+H]".
30 Example 22b:
T.l.c.:AcOEt/MeOH 8:2, Rf=0.2.
MS (ES/+) m/z=547 [M+H]".

Example 23
35 2-(R)-(4—Flu0ro-2-methvl—phenvl)—4-(R)-((8aR)—G-Oxo-hexahvdro-pvrrolo[1,2-a]-
pyrazin-2-yl)-piperidine-1-carboxylic acid (3.5-dichloro-benzyl)-methylamide

hydrochloride

A solution of example 22a (23 mg) in dry Et20 (2 mL) was treated with hydrochloric acid
40 (1M in Et20 — 46 uL) at 0°C under a Nitrogen atmosphere. The resulting mixture was stirred
at 0°C for 1 hour, then the mixture was concentrated in vacuo. The precipitate was triturated

with pentane to give the title compound as a white solid (25 mg).



A solution of exanple 19b (40 ng) in dry Et20 (1 nL) was treated with
hydrochloric acid (1Min Et20 - 87 L) at OC under a N trogen atnosphere.
The resul wiog/oeeessure was stirred at OC for 15 m nutes, (ACIMERIBMO1308 Xt Ur e
was concentrated in vacuo. The precipftdate was triturated with

Et 20/ pentane 1:1 and then pentane to give the title conmpound as a white
solid 5 (35 ng). NMR (d6-DVMSO): 6 (ppnm) 10.95 (bs, 11-1); 7.44 (t, 1H);
7.28 (dd, 1H); 6.96 (dd, 1H); 6.93 (td, 1H); 6.89 (s, 2H); 4.49 (d, 1H);
4.19 (d, Nmé%mlﬁom(pwloﬁ@z 1) 7.2 113) 63(70!dkl 115) 7.14 Gn,34){ T3 lH) 3 51

(dd, 1H) (43140 6 bRttty h 33 )%"@9(m21ﬁ93(9§ mBﬁQ)’
E%s égz@% 5;6_2(“1 g“% ?é’%/]@)’nf 21;47

(dd, 1H)

(m 1H) W(

[ M+H- Hc| 1H); 27@(@,@1)93,422 (m 2H),235 (m, 1H); 227 (s "3H); H) 2.18 (m

2 (R)5(4ZH|7(lﬁl’1CH)2} ety D;phemy11H.4- (R) - (( 8aR) - 6- oxo- hexahvdro pyr r ol of
?s,rsa@spr mi2=547 WilaRid@gr | di ne-| - carboxylic acid

(3 5- d| c B ;

enzyl ) -met hvlam de (22a) and
2- (R) (4- Fl uoro- 2- et hyl - phenyl ) - 4- (S) - ((8aR) - 6- oxo- hexahvdro-pyrrol o f
1, - pExample242-y| ) - pi peri di ne- 1- car boxyl i ¢ acid
(3 5 d| ¢ b{(RY-0kPla byl -hretiRl-hldng1i4d@)-((2:33)) 6- brvt lexakpdiradperrdBifil .Z-4PBpyrgdinyas added

Lﬁdgrmg' gy Q‘fdlilé]i{gz{ﬂ% 'rléta@id éélsme%rérﬂln' n@ég ShRUhydACEbAR t I i Ilg (gont)
ﬁgéﬁggaaexfa%pfe Bt ey POy (B aleh itu Ay houtoric

m nut es, ri‘a m xture
was stir (¥ iggi20 3d6dy aofCrnders, N“F?Eén %‘?"EP}FCEFn TQ%’?“HY“P&JP@H“W?SWUQG% at ur at ed
sodi um hydd€yn 1Ganbokgtteen e lmikiuenwi{sl@nednjratahdr esdupathepredipitdte KeOEt (3 x

50 ). Ehﬂaﬁ@mhm/&fnﬂﬁﬂﬂq a8 & the@ fénSan@y gve e kigél cabusdmcentiiteabled | n vacuo
to algeskﬁqg%)v\hl ch was purified by flash chromat ography (AcCEt/MeOH 8: 2)

to give action 2 2 43
Exanpl o SR CMIOT Rese) NEiaiba 50 e oty 30 g gﬁx;‘?ﬁ?ﬁé IO e S 30
Exanpl e 22bH); 6:89 (sc2EDAG @R NEOH 8 (n, 1Hy 4216 (AN, B8 )z 28U JHH] +.

Exanpl e 238 &&, 1H); 3.56 (m, 1H); 3.5 (dd, 1H); 3.44 (m, 1H); 3.17 (t, 1H); 295 (m, 1H); 2.90 (s,

2 (R) - (43h; ‘Msctag 1BL A ey hls74s, GR): iﬁ@gf%R)ZTﬁ pwoﬁleﬂrﬁhyw @n, Py ol of

(3 53§| cﬁ)ig @’Qn%é‘i ﬁrgﬁﬁvizgl nglgj 1%{’}?%1 orcl ggl A sol ution of exanple 22a

(23 ny) MS@ISV)E{/ZZ’@‘ Wﬁlﬂ Glhs treated with hydrochloric acid 40 (1Min
Et20 - 46 L) at OC under a Nitrogen atnosphere. The resulting m xture was
stirred E@Qmﬂgsjg)r 1 hour, then the m xture was concentrated in vacuo. The

pr .eCi pi t [i (A?IF@E ettﬁlvl%thgrﬂ'l) m(k&)p&&oalﬁ?aﬁﬁrgjpyﬁofohez pr'ﬁmcpw ound as a

white _so
25  piperi me-2-c!§]t)rboxvllc acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide (25a —anti)

and
1-(4-Fluoro-2-methyl-phenyD-4-((8aR)-6-0xo-hexahydro-pyrrolo[1.2-a]pyrazin-2-yl)-
piperidine-2-carboxylic acid (3,5-bis-trifluoromethyl-benzyl)-methyl-amide (25b —syn)

30 Intermediate 13b (10 mg) was added to a solution of intermediate 21 (150 mg) in dry
acetonitrile (1 mL) under a nitrogen atmosphere. The mixture was stirred at 23°C for 30
minutes, then sodium triacetoxyborohydride (24 mg) was added. The solution was stirred at
23°C for 16 hours, then washed with a 5% sodium hydrogen carbonate solution (5 mL) and
brine (5 mL). The organic layer was dried and concentrated in vacuo to a residue which was

35  purified by flash chromatography (AcOEt/MeOH 8:2) to give three fractions:

1. example 25a (C-2 and C-4 anti configuration — 6.5 mg).
2. example 25a + example 25b (5.5 mg).
3. example 25b (C-2 and C-4 syn configuration — 7.3 mg).
Example 25a:
40 T..c.: AcOEt/MeOH 8:2, Rf=0.52.
MS (ES/+) m/z=615 [M+H]".
Example 25a:
T.Lc.: AcOEt/MeOH 8:2, Rf=0.39.



WO 03/ 066635 PCT/ EPO3/ 01308 54 NWR (d6-DVSO): 6 (ppm 10.77 (bs, 1H); 7.48
(t, 1H; 7.37 (dd, 11-1); 7.14 (m 2H); 7.03 (dd, 1H); 6.96 (td, 1H); 5.23
(in, 11-1Wwo0e8/08&36d, 1H); 4.28 (d, 1H); 3.99 (m 1H); 3.9&dmgPoikh308 3.7
(dd, 1H); 3.63 (m 1H); 3.6 (dd, 1H);58.49 (m 1H); 3.19 (t, 1H); 3.14 (dd,
1H; 2.93 (m 1H); 2.71 (s, 3H); 2.4-2.2 (m 2H); 2.35 (m | H; 2.27 (s,
3H; 2.22 (m I H; 2.18 (m 111); 5 2.17 (m 1H; 1.75 (m 1H); 1.6 (m
1H). M5 (ES/+) m z=547 [MtH-HCO ] +. Exanple 24

2- (R) (4M75|(gg/r+9m22=m;$5 hwtHphenyl ) - 4- (S) - ((8aR) - 6- oxo- hexahydr o- pyr r ol of

1, 2-al -pyrazin- 10 2-yl)-piperidine-1-carboxylic acid

(3 5- d| chl or o- henzyl ) - net hyl am de hydrochl oride A solution of exanple 22b
(41 nmg) A 2t20(1 m_) vvastreated vvlth hydrochlorlc aC|d (IMin Et20
- 46 L) &4(4-8Bh Prif e was
stirred pﬂ,bn&)iﬁeizmarﬂdivm nut escndt hen (3 B&xsﬂﬁrﬂhﬂf@m@@gb@m)emﬂlmmﬁd n vacuo.
The precypibahsi spldyf urated with Et20/pentane 1.1 and then pentane to
gi ve the‘%‘r@e—t%mﬁg_h%s a vvhite solid 15 (21 rrg) NIVR (d6 DI\/BO) 6
(ppm 10.72 (bs, 1H); 7.44 11-1 6. 91
(m 1H): Egangge 33, (5244513) lmdweét%é (©. S.mP was tszefte(imﬂhmmclﬁori%a%(%‘f B30° 3 98 (m
1H); 3. 94 o(ImnL1kHd theIemBingddlutidiHyps 8irts6 af ATC fdd)30 Binste§.dbhe sbMfion vag4 (m

1H); 18- 1orebntrattlilin v&mg ST l{e%suﬂél)was zrltaﬁteﬁﬁmh Bb0 (1 2008 8nd @entankH] mi3.td4 (dd,
: 2.17 (m 1H); 20 2.16 (m

11-1); 2, 37th(f:§11 Shiou asa\gm n‘ggél8 (m 1H);
1H); 1.9% ‘Eﬁ——%%% MtH HCO ]
Exanpl es P 3@%%@?“’& 1r§ét(ﬁ3}I’H)p1H§r{Wq’n1@ %H%% I%Eib‘)%"@nggz 2 pyrrol of
1, 2-al pyHR2ilB-P¢3H);-3. PI5(sA e Pl (mield, éé?ﬂulxw)wédﬂd 1H); 4.94 (mb, 1H);

(3, 5- bi sehr tdd wy: eneiiayisberz ] RO HBT de(dd26a); 1@t (by, 1iHnd

1- (41§I uor o- 2- net hyl - phenyl ) - 4- ((8aR) - 6- oxo- hexahydro-pyrrol of 1,2-al
pyrazin-2-yl)- zlperldlne 2-carboxylic acid

(3,5-bis le 221 onet hyl benzyl) rret hyI am de (25b -syn) 30 Internediate
13b (10 daf? reryDs (S d d.25a| pyrazin- in dry

acet oni tm@@&zmdbmﬂeicua(sm-bm DD 3 wyg) stirred at
23C for 30 mnutes, then sodiumtriacet oxyborohydr| de (24 ng) was added.

The 2§Ielrjlt Icsg) %I(V‘gﬁzotfzﬁtergfe teail 3n§3%flgran dr%;%ue{c‘?tb EHWB mh%g Whd o 5% sodi um

hydr n| c layer was

dri ed anéplat@ﬁdéﬂpﬁeat@&tq 5%, u'ag)t B aphydreysqeet HIEH “féisr Y9eFRd by
fl ash chrosghest Rhmixtuie G stiviedidt 33°2)fort bheyirythert $pdiven frlaeﬁt@i}’bwshyd&lde ex arrpl e

25a (G 2@ Covds adued. mng‘o'ugluﬁ ataks Qfirred & B3°0Tbr 24 Boure XAsP h@theSeodiunexanpl e
25b (5.5, ggémng (%)( 520 i sEORMHANER KON days T D)
Exam%l © mixture was dlluteg w1th washed with a satura?ed sodium hydrogen carbonate

solution. The organic layer was dried and concentrated in vacuo to a residue which was

purified by flash chromatography (AcOEt/MeOH 9:1) to give the title compound (14 mg) as

a white foam.

T.l.c.: AcOEt/MeOH 8:2, Rf=0.28.

30  NMR (dg-DMSO): & (ppm) 1.52 (m, 1H); 1.65 (m, 2H); 1.75 (m, 1H); 1.95 (m, 1H); 2.0-2.2

(m, 2H); 2.06 (m, 1H); 2.1 (m, 1H); 2.23 (s, 3H); 2.46 (m, 1H); 2.69 (m, 1H); 2.82 (m, 1H);

2.9 (m, 1H); 2.92 (m, 1H); 2.96 (m, 1H); 3.07 (s, 3H); 3.2 (m, 1H); 3.48 (m, 1H); 3.78 (m,

1H); 4.14 (bd, 1H); 4.35 (bd, 1H); 4.54 (bd, 1H); 6.69 (td, 1H); 6.81 (dd, 1H); 7.04 (dd, 1H);

7.54 (s, 2H); 7.8 (s, 1H).

35
Example 28
1-(4-Fluoro-2-methyl-phenyl)-4-((8aS)-6-oxo-hexahydro-pyrrolo[1.2-alpyrazin-2-yl)-
piperidine-2-carboxvlic acid (3.,5-bis-trifluoromethyl-benzyl)-methyl-amide
hydrochloride (syn)

40

Hydrochloric acid (1M in Et20 —21.5 pL) was added to a solution of example 27 (12 mg) in
dry Et20 (1 mL) previously cooled to 0°C under a nitrogen atmosphere. The resulting
mixture was stirred at 0°C for 30 minutes. The solution was concentrated in vacuo. The



M5 (ES/ +) m z=615 [ MrH] +. .
03/ 066635 PCT/ EP03/ 01308 55 NS (ES/+) nl z=615 [ M+H] +.

1- (4- Fl uowe Goaedshy |

Exanple 25a: T.l.c

AcOEt / MeOH 8: 2, Rf=0.39. WO

Exanpl e 26

- phenyl ) - 4- ((8aR) - 6- oxo- hexahvdr o- pyr redTofP03/01308

2-al pyrazin-2-yl) 5 piperidine-2-cafboxylic acid
hydr ochl ori de (25b -syn)
indry Et20 (0.5 nmL) was treated with hydrochloric

(3,5-bi s-trifluoromet hyl
Exanpl e 25b (5.4 ng)
- 0.1 m) and the resulting solution was stirred at 0C

acid (IMin Et20

- benzyl ) - et hyl

-am de

for 30 nmridiewas tlii@atsbwitii pantane@sx 1 i) cogieethé titd eshpotind/acawhite &l (12si due was

trlturatg%)mnth Et20 (1 n) and pentane (1 n) to

give the title conpound

as a whi (nb, 1H)
2.09 (nb. ‘J“D%‘é@) Eﬁ% Pf)zP? 9‘?1 &H%H)l%gl?“
3.95 (rrb (m3FD): %1 pm, L ,3151) QmAHMQ%IHM”Sém H)édd 1H);
6. 73 §t d2.91kp; 1H); 38 (s 1H2|—3}9 (bzi 913) (595 (Hd—l)lH)74 20(bogl dH); U7, (bd.0EH16.8bs, 1H) .
15 Exanplig 12#; 6.82 (dd, 1H); 7.05 (dd, 1H); 7.54 (s, 2H); 7.81 (s, 1H);
1 (4 Flugﬁﬁl H~ /_%55 gﬁ (éﬂ4 ((8a 3 2 oxo- hexahvdr o- pyrrol of

2- al pyrazin- erldine 2-carboxylic acid

(3 5- bi s- trlfluoronethyl

benzyl ) - net hyl

-am de (25b -syn)

20 A sol ution of

i nt er mediPRirgnady exddpléd) i n anhydrous acetonitrile (2 nL) was added to a

solu
a ni

at 23C for 24 hours,

)R SLED

sodi um t AL Babdstoxybor ohydri de

ate 13a (27 ny)
e.

t hen further

i n anhydrous acetonitrile (2 nlL) under
The m xture was stirred at 23C for
(49 nmg) was added. The solution was stirred
sodi um

1 hour, then

triacet oxyborohydride (13.6 ng)

was added and stirrlng was contimued for 7 days:—Tte 2p mixture was diluted
with DCM and washed |ict 0 ar bonate sol ution.
The organic | ayer pv@ri ed and concentratqﬂmgn vacuo to a residue which
was purified by flash cnronatoa apny (ACQEI/MeOH 9 1I)|to give the title
conpound (14 ng) as | MicigaystallipgGeHu : B: 2, Rf=0.28. 30 NMR
(d6-DVMSO): 8 (ppm :|-S5d’5uﬁlrﬂtaraﬂ")ﬂyc@lat55 (m [2Mmg 1.75 (m 1H); 1.95 (m 1H);
2.0-2.2 (m 2H); 2. éﬂ‘)§ 2. 1 (m lH) =73 (S, BH; 2.46 (m 1H);
2.69 (m 1H); 2.82 ( arétefm .@%{m 1t 2.96 (m 1H); 3.07
(s, 3H; 3.2 (m 1H); 3. 48 (m 1FD 3.78 (m 1FD; 4.14 (bd, 1H); 4.35 (bd,
1H); 4.54 (bd, 1H); 9 (td H; 6.81 (d 04| (dd, 1H); 7.54 (s,
2H): 7.8 (s, 1H). 35@@?@%%?‘8‘“&% 0
1-(4-FIuoro-2-nethy|Pwﬁenyl)-4-((8aS)-6-oxdhhgxahyd rotpvrrolo f 1,2-al
pyrazin-2-yl)- Microcrystalline Cellulose 226 mg

Sodium Starch Glycolate 12 mg

Magnesium Stearate 3 mg

form tablets using appropriate punches.

Active ingredient

Microcrystalline Cellulose

25.0 mg

(1-100
qS

mg)

The active ingredient is blended with the other excipients. The blend can be compressed to

The tablets can be coated using conventional

The active ingredient is blended with microcrystalline cellulose and then filled into suitable

15
techniques and coatings.
B. Capsules

20
capsules.

25  C)Injection



pi peri di ne-2-carboxylic acid (3,5-bis-trifluoronethyl-benzvl)-nethyl-am de
hydr ochl ori de (syn) 40 Hydrochloric acid (1Min Et20 - 21.5 L) was added to
a sol uti owoois/ex@spl e 27 (12 nmg) in dry Et20 (1 nmL) previrausiposomoged to
OC under aznitrogen atnosphere. The r&sulting mxture was stirred at 0C
for 30 mnutes. The solution was concentrated in vacuo. The WO 03/ 066635
PCT/ EPO3/ 01308 56 residue was triturated with pentane (2 x 1 nL) to give
the title conpound as a white solid (12 ng). NWR (d6-DVBO): 8 (ppm 1.62
(m 1H); 187 (m 1H); 1.91 (b, 1H); 2.06 (b, 111); 2.1-2.4 (m 2H); 2.16
(m 1H); 2.5 (m 1H); 2.56 (m 1H); 1H); 2.7-3.8 (m
5H): 5 C’?ﬁrédﬁ&ﬁ 3.1 (m 1H): 3.9 (bd, 1H) - %%@)8’8 C1H): 4.24 (bm
1H); 4. 67BQﬂM,SOIELﬁ6)lpP538ﬂ30(401)suit¢5)qfoﬁmj}2t1c(rﬂd 1H) ¢std10mi(dd, 1H); 7.54 (s,

7.81 trdtEbmes + Phar macy exanples 10
Phar macy (eé%%tesu %#gﬁ%vev%tgm&{“% eonl ngr edl en% 10.0 mg PVP 9 ing
M crocrystalline Cellulose 266 ng Sodium Starch G ycolate 12 ng Magnesi um

St ear at € Bnd Bnuldieh 4§ b BQJk@deQ‘ﬁ' la§SQ)r mastF\éPa@ommMe%r 96¢ Yo?ﬁlélhﬂldnf}ﬁa |l ulose
226 mg Sodi.um St a ycol ate gne& um St ear at e In The

active i nQfradmimsigre Mﬂ%ﬁ@sﬁmm ’ﬁ‘f"tsﬁév eof RSt dwiqnayitifd eV °1T19i8%15‘1I d can be

conpressed to formtablets using appropriate punches. The tablets can be

coat ed USTH&QafﬁrH&V&”%é( &mﬁoun& GPJBQ :\}ﬂ’gl?%g?&gNﬁl?quegtg§ yafd ?tgﬁ%ﬁ' i 40 Acti ve

i ngredi ent 25.0 ny 1T n e active
i ngr et ent™1 g°%s5pieh a@dm&. ftfﬁmﬂ‘i @P‘abeql yrse@sa}rms e Vit biltiss @x@mncish ahilifyi tol ed into

sui t abl e dighpsUbEs- siBtahde PNISEE FoNrecombinant human NK receptors expressed in
Chinese Hamster Ovary (CHO) cell membranes. The affinity values are expressed as negative
logarithm of the inhibition constant (Ki) of displacer ligands (pKi).
The pKi values obtained as the average of at least two determinations with representative

15 compounds of the invention are within the range of 9.40 to 11.00.



WO 03/ 066635 PCT/ EPO3/ 01308 7 57 Active ingredient 2-20 ng/nL Buffer
solution pH 3.5 (3.0 - 4.0) suitable for injection gqgs to 10 nL (e.qg.
citrate bwid®rossasssterile water for injection or NaC 0. 9%CTEPIBG1308
formul ati on may be packaged in glass & plastic vials or ampul es. The
formul ation may be adm nistered by bolus injection or infusion, e.g. after
dilution with DSWor 0.9% NaCl. The affinity of the conpound of the
invention for NK1 receptor was determ ned using the 10 NK1 receptor binding
affinity method neasuring in vitro-fy,d he conpounds' ability to displace
[3H - substance P (SP) fron1recon%rﬂaht human NK1 receptors expressed in
Chi nese Hanster Ovary (CHO cell nenbranes. The affinity values are
expresséd adscompgatdioféormuladlri t hm of the inhibition constant (Ki) of

di spl acer ligands (pKi). The pKi val ues obtained as the average of at | east
two determ naRéons with representative 15 conpounds of the invention are
within the.r e of 9.40.to (ROO. WO 03/066635 PCT/ EP03/01308 58 dCains
1. A conpouijd of f &l Yy RRRTRL(RAn RB R 5 (R \ ~I) R
represents | ogenNay S al kyl ; Rl represents Cl1 4 alkyl; R2 or R3
independentlereﬁ}es=nR3hydrogen or C1l.4 alkyl; R4 represents

trifluoronet Cl_R2al kyl, Cl_4 al koxy, trifluoronethoxy or hal ogen; 10
R5 represent drogen, Cl 4 alkyl or C3_7 cycloalkyl; R6 is hydrogen and
R7 ig a Ry ofMHMa(W:as~GmP15eON9 32N(W or R6is

a radical of fornula a R7 1's hydrogen; X represents CH2, NR5 or O;
15 Y reﬁ%@E@ﬁP§}ﬁFg?H%§%LéE@ﬂ2 is CHor Yrepresents CHand Z is N trogen
R represents C1.4 alkyl;
Ry or Ry independently represent hydrogen or Cy_4 alkyl;
Ry represents trifluoromethyl, C1_4 alkyl, Cj_4 alkoxy, trifluoromethoxy or halogen;
10  Rg represents hydrogen , Cy.4 alkyl or C3_7 cycloalkyl;

Rg is hydrogen and R7 is a radical of formula (W):
CH,)p

X&'
o)S\NBN
KZ/ N ~ (W)

or Rg is a radical of formula (W) and R7 is hydrogen;
X represents CHy, NR5 or O;
15 Y represents Nitrogen and Z is CH or Y represents CH and Z is Nitrogen;
A represents C(O) or S(O)q, provided that when Y is nitrogen and Z is CH, A is not S(O)q;
m is zero or an integer from 1 to 3;
nis an integer from 1 to 3;
pand q are independently an integer from 1 to 2;
20  and pharmaceutically acceptable salts and solvates thereof.

2. A compound as claimed in claim 1 in which Rg is hydrogen, R7 is a radical of formula
(W) and Y is CH and Z is nitrogen or wherein Rg is a radical of formula (W), R7 is a
25  hydrogen and Y isnitrogen and Z is CH .

3. A compound as claimed in claim 1 or claim 2 wherein A is C(O).
4. A compound as claimed in any claims from 1 to 3 wherein X is CHp.
30

5. A compound as claimed in any claims from 1 to 3 wherein pis 1.

6. A compound as claimed in any claims from 1 to 3 wherein each Ry is independently
trifluoromethyl group or halogen (e.g. chlorine) and nis 2.



A represents C(O or S(Oq, provided that when Y is nitrogen and Zis CH A
is not S(Oq; mis zero or an integer froml1l to 3; nis an integer froml
to 3; p and @/&Eesi ndependently an integer from1l to 2; 2(canbo3/01308
pharmaceutically acceptable salts andssol vates thereof. 2. A conpound as
claimed in claim1 in which R6 is hydrogen, R7 is a radical of formula (W
and Yis CHand Z is nitrogen or wherein R6 is a radical of formula (W, R7
is a 25 hydrogen and Y is nitrogen and Zis CH. 3. A conmpound as cl ai ned
inclaiml &Eorﬁgo%hm oI¥HRE G Bly%ms Gofd) 1 1o vﬁe&mgyms ARiefinBidiBG i N any

clains from er el u a clalrredln any

cl ai ns fkfag’t%?ri(etgoﬂ?r eqr&Cﬂ ‘banfyz (. ngthyigbogﬁp@ffﬁednng‘és @I a‘ir%ed in any clains
from1l to 3 wherein each R4 is independently trifluoromethyl group or

hal ogen g e. A comjpuad knelpingeddn Any slazns ih 036 666 686chPK IsHBAR/8, 308Bis a59 7. A

co gpgunqa@iéal ok ﬁ;nﬁag (‘vvr)1 2ADY 6 LAl dﬁ& zflt::, qam 1 & whoMieRg| hslna ﬁa@? d?fd)rﬁmlat 1)

i ndepen ge r. e.g. nethy

group, \?\ﬁ@ lsan?'drogeél rg%l&(’ ngtroggn og}r{(sj%g@%nﬁgﬁné’ Zin any clainms from
1 to5in which R6 is hydrogen, R7 |s a 5 radical of formula (W and Y is
CH and 2A.i sA nompavgéns olkimeden ey clRnsi Sona 1 rtadi iv athidhf R§ or imdbagen, Ry is aR7 is a
hydr ogena&e4l of/fdnﬁulﬁl |(W') agew 1§-UH AdiZSis @lﬁ;ogé}q d)rSWI@fe@ Rk Pdicsl cEIfB'mu& A
conpgun [ a O~ | [ ogen,

o R E I B Rkl 2 ngdvé” W@ hogty n.@? ooan BRI e i s
> i CAPASE bl ORS¢y TORRS) O & Py DA dn PSRy Beh tand 2 |
CH, A |t9ﬂ@3(r®)lethﬂgr®pnﬁl281@3,9132\@éwehhentIy a halogen (e.g. fluorine) or a

Cl-4 alkyl (e.g. nmethyl) group; R4 is a trlfluoronethyl group; mis 1 or
2; n is g apdoBpdusid deleckdd-fro corrpound sel ected from:

e R
3, 5- bi smpqridfnledmawlwmdtﬁéﬁi?gﬁrtylﬂwm;tmdﬁpwl)-methylamlde

R) - (42-@)yeFbron-Iraicthyl-plph@H(§)-@-dxShexabydx-pyina xRy rpyrapinF¥-y)-o [
aJ - g@i%@ﬁld@ 12caWo)tyth'cﬂ?lr 11]{31(@%;% tﬁﬁﬁé?&ﬁé&h&lgh@@ﬂ)cﬁthyl]-methylamlde

(
2-
()l R SR N B S S N R R B2
2

-3 pyseeherpiczeig( 5&?5&@@?}%@ N L (L Wv S aci d
(3 5- bi santlrdnbdtiooresrétabiyleoismmey | phammpidayticalynnateptalde dalesn@mt ihpdreehdoride,

di ast er eQimaRBIhopAaLIReRME) Sakdlyat@aEegifabl e salts (e.g. hydrochlori de,
met hanesul phonat e or mal eate) and sol vates thereof. 11. A conpound sel ected
from: 25

2- (R - (4}1FIA|@dsmp02ma1r&ﬁd@§eldﬁmhenyl) 4-(S)- ((8aS) - 6- oxo- hexahydro-pyrrolo[ 1, 2-a

][ 1p3(/ g(lé (4X~Jll)o o? ?%%{hgggl%g}/lhﬁig (EQX% oﬁo ?ﬁ! ﬂ)!dr%g¥rﬁol?[l 2—a(] é)yrazm-Z-
2 ( R) - ( 4y1Fpmm@e2L—¢mquyhc zmrfbm;ﬁR) (345 blss;nf(L(om)hyepm@lgﬁ@yH myetnpde rol o |
2-a] - py(l@z(h Ii“lL%ro—Z-me’thyl-phenyl)-4 (S)-((8aR)-6-0x0-hexahydro-pyrrolo[1,2-a]-pyrazin-2-

y1)-piperidine-1-carboxylic acid [1-(R)-(3,5-bis-trifluoromethyl-phenyl)-ethyl]-methylamide;

2-
z
(
2-
1,
1-
1-
1,

and amorphous and crystalline forms thereof and pharmaceutically acceptable salts (e.g.

30  hydrochloride or maleate ) and solvates thereof.
12. A compound as claimed in any claims from 1to 9 for use in therapy.

13. The use of a compound as claimed in any claims from 1to 9 in the preparation of a
35  medicament for use in the treatment of conditions mediated by tachykinins, including
substance P and other neurokinins.

14. The use of a compound as claimed in any claims from 1 to 9 in the treatment of
conditions mediated by tachykinins, including substance P and other neurokinins.
40



yl) - pi peridine-|-carboxylic acid
[1-(R)-(3,5-bis-trifluoronethyl-phenyl)-ethyl]-nethylam de; and anorphous
and crystwld oswsed3sr ns t her eof and pharmaceutical |l y accept aldmEmalbi®s(e. g.
30 hydrochloride or nal eate) and sol veites thereof. 12. A conpound as
claimed in any clains from1l to 9 for use in therapy. 13. The use of a
conpound as clained in any clains from1l to 9 in the preparation of a 35
medi canment for use in the treatnent of conditions nmedi ated by tachykinins,

including & gﬁ&ﬁlg&ﬁ@caﬂ&%ﬁaw@ngﬂ?giri]ﬁrg%m A% ad HaindGn USS Qfim@ sogMPOUNd as

claimed tn any clains.from1l to th reatpent _of conditions nedi ated
byt achykPt RRSEPer Tk R S disLs HRER R SRR RB S0 o
03/ 066635 PCT/ EP03/01308 60 15. A pharmaceutical conposition conprising a
conpoundliéasA elethbdréed tHenreatimeniodf ainmmnrfial, amludingt roanQini partadiar fatthe teeatndnhofone or
[rﬁr etspha{oﬁaﬁfrutr#léaﬁkéd%y%ﬁﬁeﬁia@, :irﬁ:hﬂﬁrfgrsh&'fa%c@ﬂs aRXGhd? 'n@llﬂbl%ni_ng; @orﬁﬁris{ﬁ%t h ?d f ?r f

e treatnmen mamal . _includi ng man, i partic - eatment o
5 condt cIOTL e Selainyt 2ok i fewBRie Rl b G, Sk Bahl £l Ry
neur oki ni ns, conprising admnistration of an effective anmobunt of a
conpoundl7asA pt@esseel the peepyratidnadimscdnponndlast dei@ed inl 2ny Alapesotess! @b, t he
prepar ataéh edmiseORRARAt asnthid ap(ﬂoﬂnlmaa(??,l }),3|v&i)ef8i1 Vwi]{@qm=b }_@d% is\ghi cg o
conpfy S _&ornul a v ) erein is =0 an
o 0" Ry BAE Ol R AR AR X 6 TR0 Ts Lo R Re RLRayn Y A Z . N
R3 X-(CH2)P RR ON (RmNH (Il) (I'l'l) 15 with conmpound of fornula (111)
or a salt thereof in the presence of a suitable netal reducing agent,
fol | oned wher &hecessary or desired by one or nore of the follow ng steps:
i) renovak of lany protecting group; ii) isolation of the conpound as a salt
or a solvatyg'thereofR1iii Pon of a conpound of forrmula (1) or
derivative therg?f ihto gnanti oners thereof.

- ~ A/

Y ~(CH,)p

R2 X
O)\Nx
Fm K/ NH

(D (IID)

15  with compound of formula (IIT) or a salt thereof in the presence of a suitable metal reducing

agent, followed where necessary or desired by one or more of the following steps:

i) removal of any protecting group;

ii) isolation of the compound as a salt or a solvate thereof;

iii) separation of a compound of formula (I) or derivative thereof into the enantiomers thereof.



