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invention relates to a new class of conpounds, to

phar naceutical formul ati ond containing said conpounds

and to the use of said conpounds in therapy. The

present invention further relates to the process for

the preparation of said conpounds and to new
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cell surface receptors. These receptors have been
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interméditESHRbAkl fergfcond messenger systens fol | ow ng the

bi ndi'hg  of glutamate. Activation of md uRs in intact

manmmal i an neurons elicits one or nore of the follow ng
BACKIGROUNR OF FBE INYENTION phosphol i pase C, increases in
phosphoi nositide (Pl) hydrolysis; intracellular

c [ rel ease:. activation.of.phospholipase D
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(CNS) Glutieedi€ pdacdshitsteifect @h Bt 0 me@fonS ¥ ¢ bindlirkkenas ititgeby activating
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ncreases I n ara onic a rel'ease; "and 1 ncreases
receptan’ prdeedirse alse snelans bipewhich i the trycepfory afahsdyee sigials into the cell, and

| i gand-gated ion channels. Schoepp et al., Trends
Pham“iﬁﬁgﬂ&‘@&gio.ﬁ DBei. 14:13 (1993), Schoepp, Neurochem Int.
24:439 (1994), Pin et al., Neuropharmacol ogy 34:1

(1995), Bordi and Ugolini, Prog. Neurobiol. 59:55
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responses: activation of phospholipase C; increases in phosphoinositide (PI) hydrolysis;

intracellular calcium release; activation of phospholipase D; activation or inhibition of adenyl
cyclase; increases or decreases in the formation of cyclic adenosine monophosphate (cAMP);
activation of guanylyl cyclase; increases in the formation of cyclic guanosine monophosphate
(cGMP); activation of phospholipase Ay; increases in arachidonic acid release; and increases
or decreases in the activity of voltage- and ligand-gated ion channels. Schoepp et al., Trends
Pharmacol. Sci. 14:13 (1993), Schoepp, Neurochem. Int. 24:439 (1994), Pin et al.,
Neuropharmacology 34:1 (1995), Bordi and Ugolini, Prog. Neurobiol. 59:55 (1999).



Knopfel et al., J. Med. Chem 38:1417 (1995). Further
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Metabotropic glutamate receptors have been implicated in a number of normal processes in
the mammalian CNS. Activation of mGluRs has been shown to be required for induction of
hippocampal long-term potentiation and cerebellar long-term depression. Bashir ef al.,
Nature 363.347 (1993), Bortolotto et al., Nature 368:740 (1994), Aiba et al., Cell 79:365
(1994), Aiba et al., Cell 79:377 (1994). A role for mGIuR activation in nociception and
analgesia also has been demonstrated, Meller et al., Neuroreport 4: 879 (1993), Bordi and



ol factory nmenory, central control of cardiac activity,
waki ng, notor control and control of the
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(1994), Pin et . al., Neuropharmacol ogy 34: 1, Knopfel
et al., J. Med. Chem 38:1317 (1995). Further, Goup |
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Neugebauer Pain 98:1 (2002). Mich of the pathology in
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Furthergb%mtrﬁethmﬂﬂ)‘f&d lutfdté 3edePtor® anENSGRRY BN PartiBEIGAUSSe been
up I m3d uRs appear to increase gl utanmate-nedi ated

suggestedsm plagiirokes di @anariery of patmwymma orosessha AN disorders affecting

nced res tic utamate. rel ea . their .
the CNGTHRGERAROTSHRER s Bkboichue B! FRAEpis Wil pyvostsoenia
epﬂepsﬁ%afddibgaieyatws eligeddry Suchaddt AFBSinE:'S disfeaéa@qu;ahn "Sohoédp et al.,

ptors coul d be therapeutically bene

Trends Eb@@mcpb ki y4d3 (1980 eprvrghe /el. aé@‘ﬁﬁ@ 5<éﬂaé$ H99 % Homan er

al. A R SRR 301, (L 3060 P A GG Flo s SEM RIS K ptel er

al, J. Mai:eqﬂlt@r ﬁaggmﬁr(apw spoboréi etipl. IT#endehhiiﬁadgarSci.meI (2001),
t | eqt e rec tOI‘ om n r

Gasparii et l?'ﬁe%wy Plermgedt & ancOn &%@@'&%F?%r%gggla@éﬁgmch of

the pa 31}5%? dlﬁt thb& BhRREGRT R ﬁﬁq%htcfbr BQ'cﬁlgaﬁ)d Qi_(%gﬁfeo @.‘}tﬂmate-induced

ers. Gastro intesti di sorders
excitatiess op GaeaduraphBacituer GfdiES) mGduRy gppeatt © inetease glgamate -mediated
ence, . fluid from

neurond] ' GHUBHOR ot piaseOhatis” HESUNSR. G culfinged (REvhiblic glutamate

release, MR RLGAtioRapFIbEly! §ontf1§lﬁ@§) rgr thLerJltﬁ%gft ARl TE Selective
an event herelnaftér referred to as " WO

antagord 9o pf 620GV E TRERUSDEIGR Go0loke therapastioaly dwapfivie apecifically as
qost preval ent upper

nemopp et pécpBS ARflar e ner o dgale. i rent

phar macot herapy ains at reducing gastric acid
secretion, or at neutralizin acid in the esophagus.

Recent m@nﬁa&j J@rthml@ﬁlalml@h@fo@ﬁ inﬁ‘éFOP sielegipalgolss &b H@mtram @dptamate
recepto ql@&ﬁ@/danﬂrbro 19 tapt l We'e 8%@5'63 rg%'t&g 35 E)romlslng
e !

drug targets in the therapy of acute and chromc neurolog1ca1 and psychiatric disorders and

chronic and acute pain disorders.

Gastro intestinal disorders
The lower esophageal sphincter (LES) is prone to relaxing intermittently. As a consequence,
fluid from the stomach can pass into the esophagus since the mechanical barrier is

temporarily lost at such times, an event hereinafter referred to as “reflux”.



Gastroenterol. Cdin. N Aner. 19, pp. 517-535, has
shown that nost reflux episodes occur during

wao e@ns2sms | ower esophageal sphincter rel axatiPEBEUS2006/030394
(TLESRs), i.e. relaxations not triggered by swall ows.
It has al so been shown that gastric acid secretion
usually is normal in patients with GERD. The novel
conmpounds according to the present invention are
assuned to be useful for the inhibition of transient
| ower esophageal sphincter relaxations (TLESRs) and
thus for treatnent of gastro-esophageal refl ux

di sorder (GERD). T ' " ' i
Gasto- Bk sk v GV B] 5 80, mde ptenl RS o Rt
disease. ACERNE pRSEnA0bthBrapy tairad at RdKcingighittivayid fcidtion Ranaigieniralizing
. R, Blackshaw, L.A., Dent Q)&ﬁ 1995 Transi ent | ower
acid in the eftPhaeus TBp M tRschprsRbepng e ‘@h@%srt%%ﬁ?%‘i‘%‘{]eﬁ?f{/tol end on
. - 1 1 n r n | h . e h a
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. ost, at_, such times., The wordi.ng ! GERD: . .

during {rzugiery. @%hgsgg%qge?leﬁ%waﬁ SeldSsions IRESESY fir Fefgions o

triggere@%?%%ﬁﬂ@@. Whhdalsd BEn @B HahAstriMabid sedlefiB sually is normal in
A J.P.M, 2000; D agnosis of reflux disease.

patientsBaith GERLDe' s Cin. Gastroenterol. 14, pp. 759-774.

Because of their physiol ogical and pathophysi ol ogi cal
significance, there is a need for new potent nd uR

The noPd QrpoindNibcarilimd Nitet sreddhtinvdhter ay @sithedto be useful for the
selectivity for md uR subtypes, particul

) arly the
inhibitiqy efptransiest dower esophagpd, Sﬁwefpﬁlﬁﬁaélepfar(ff%%ﬁé) i yfhgs for
The. obj ect t i ion is to provide
treatmegto?%&gatjﬁ%ésogﬁ%%egrfelﬂﬁ% %zsﬁ’[)&a"ét(@g.ﬁ 3) at netabotropic
glutanmate receptors (n3d uRs), especially at the md uR5

receptor. WO 2007/021575 PCT/ US2006/ 030394 5 SUMVARY. .
The worsing FEL AR EAVHERA CH <6 MG E48hEPTBACLGTTE R Hifehy s SR Gefined i
a8l Sl GORP U a0l RELT PONinl R, BIERsHUY, A ADER R 1995;
accor a&%ﬂ t?lsﬂf l\%er el gm %ra ﬁes an g ltni onal l'y Ssubst I tuted
Transiear yphwed esdpitigaad sphihciey relpxation éfastrenipwlegyoid pudti H18r e
selected fromthe group consisting of F, d, Br, I,
CH nitro, Cl_6-alkyl, Cl_6-al kylhalo, OCl1 _6-al kyl,

The wording “reflux” is herein defined as fluid from the stomach being able to pass into the

esophagus, since the mechanical barrier is temporarily lost at such times.

The wording “GERD”, gastro-esophageal reflux disease, is herein defined in accordance with
van Heerwarden, M.A., Smout A.J.P.M., 2000; Diagnosis of reflux disease. Bailliére’s Clin.
Gastroenterol. 14, pp. 759-774.

Because of their physiological and pathophysiological significance, there is a need for new
potent mGIuR agonists and antagonists that display a high selectivity for mGluR subtypes,
particularly the Group I receptor subtype, most particularly the mGluR5

The object of the present invention is to provide compounds exhibiting an activity at

metabotropic glutamate receptors (mGluRs), especially at the mGluRS5 receptor.



OCl_6- al kyl hal o, C2_6-al kenyl, C2_6-al kynyl, CN,
C2R2, SR2, S(OR2, S2R2, aryl, heteroaryl,
weyooalskyl and het erocycl oal kyl, wherei n any PYDUS006/030394
group may be further substituted with at |east one
substituent sel ected from he group consisting of F,
a, Br, I, OH nitro, Cl_6-alkyl, Cl1_6-alkylhalo,
CI&_G-aIkyI, OCl_6-al kyl hal o, C2_6 al kenyl ,
C2_6-al kynyl, CN, Q02R2, SR2, S(OR2 and SO2R2 ; Ais
sel ected fromthe roup consisting of Art, CO2R2,
SUMMAGNROESTHE I VN S02R2; B is selected fromthe
group consisting of vinylene and ethynyl ene, wherein
One en{blaﬂ'gx‘{ ﬁk ﬁf%q Hpel hhsyoisfHﬁﬁﬁl'atIUt ed wWith up
to epen ent y- se ecte Cl_6-al kyl groups; R1, in
each instance, is independently selected fromthe
group consisting of F, d, Br, I, OH CN, nitro,
Cl _6-al kyl, OCl1_6-al kyl, 6- al kyl hal o,
OCl1_6- al kyl hal o, (CO R2, , QCOOR2, CO2R2,
CONR2R3, Cl_6-al kyl ene a%yyleneORZ and Cl1_6-
al kyl enecyano; R2 and i ndependent |y sel ected
fromthe group cona+s1|n of Cl_6-al kyl, Cl1_6-
al kyl hal o, C2_6-al kéhyl, C2 d$h,kynyl and cycloalkyl
WO 2007/ 021575 PCT/ US2006/ 030394 6 mis an integer
selected fromthe group consisting of 0, 1, 2, 3 and
4, and n is an integer sgf)ected fromthe group
conS|st|ng of 1, 2 and 3; or a
Wﬁﬂm%harnaceutlcally acceptabl e salt, hydrate, solvate,

Arj is gjrlg)%?ﬂly %ﬁ'}é{l g@raerx]g%&{e&%%rblsggﬁﬁ %lg{r%glg@?lb@ﬁ*kﬁ@ are selected

from tlfeogmap chnmtmgwfplﬁ‘ i Gl, By, BOHChitroe Gu@-gﬂ@dil (ém-alhylhalo, OC¢-alkyl,
rapeutl cally effectjve_ anmunt of

OC.c-leeibiib rep L ekt ALk Bost onSh: Ohe SPAR aryl,
t t cr
heerod ERRIGP G hEBLVcIGEAD ARG b peglRe gRiE) B fory

substituted mithet bhastaine shiedtivwent sdéaedlrom the gonp comistagedFd Ch@Pr, I, OH,

i, s S B R B8 2Rl KDDL, o, .
c02R2n§;@Fi SEORManti WO, RRe treatment of nGLURS nedi at ed

disorders. Still other enbodinents relate to a method
of treatnment of nd uR5 nedi ated di sorders, conprising

s seft Thom st G HRG T Ate SPAR g GRSy RUPAC ah 8BRS
anot her errbodl ment, there is provided a nmethod for

~inhibitin activation of md urR5 receptors,
B is selestigsh ﬁ@ﬁhglet greup icApsiYingedl| viapiena japd r‘?&lB@H ege.r wherginthe vinylene

group i\QAo%Bor?ale%{lgﬁﬁﬁfeH %Vl@lr[ﬂjutgb 1ﬁﬁeﬂengently-selected Cy.6-alkyl groups;

Ry, in each instance, is independently selected from the group consisting of F, Cl, Br, I, OH,
CN, nitro, Ci¢-alkyl, OCp¢-alkyl, Cig-alkylhalo, OCy¢-alkylhalo, (CO)R?, O(CO)R?,
O(CO)OR?, CO,R%., CONR’R?} Cj¢alkyleneOR?, OC,s-alkyleneOR* and Cisg-

alkylenecyano;

R? and R? are independently selected from the group consisting of H, Cis-alkyl, Cis-
alkylhalo, Cy¢-alkenyl, C,6-alkynyl and cycloalkyl;



compound according to fornula |I. DETAI LED DESCRI PTI ON

OF THE PREFERRED EMBODI MENTS The present invention is
whawed215pdn t he di scovery of conpounds that exPCDUB2006/030394

activity as pharmaceuticals, in particular as

ant agoni sts of metabotropi ® gl utamate receptors. Mre

particularly, the conpounds of the present invention

exhibit activity as antagonists of the nd uR5

receptor and, therefore, are useful in therapy, in

particular for the treatnment of neurol ogical,

psychi atric, pain, and gastrointestinal disorders

m is a3 RR8 SRtk F AR BB T e e T oa
otherw se wthin this specification, the nonenclature

used in thi ecification generally follows the
nis ané%%ﬁ?ﬁ?%%“ﬁ‘ﬁg‘ FUB%&‘%‘P&OQESW% Qﬁdn@ﬁ‘éflgt ure of Organic

Chem stry, Sections A, B, C, D, E F, and H, Perganon
Press, Oxford, 1979, which is incorporated by
or a phaghaesticadly-dveemilie falt, liytmte sehptenispfaire tiutahers bpticil ioner, or

.nanmes and rules on namng chem cal structures.
Conmu@ﬁ??aﬁgﬁgy, a name of a conpound may be gener at ed

using a chem cal nanming program ACD/ Chentket ch,
Versi on 5. 09/ Sept enber 2001, Advanced Chem stry
Anothepespehodimenitis 4 mbarmareutinal ¢ompasiticia.cofipeisingr an Yetivieyingredient a

e rein a straight- qr branch d chain
therap eI BHE aian i orive t SPERE ban Betpciation with
one or mbm@lm&&utlﬂﬂly&ﬁéptﬁlﬁk Hﬂhentﬁfeﬁéﬁblenﬁraﬁﬁb()lr inerSQREGRY !
t-butyl and the like. The term "al kenyl" as used

herein neans a strai ght- or branched-chain al kenyl

Other Jrﬁﬁqd‘fxglé%tg 2%’ hcgb%cxiﬂ];erdoirﬁ] élg%eé]@?lf' 'bilo%/ﬁtrr g%{;‘l tgtaé\(,])(gOBrIPIF]Oélrr]lﬂi z‘ggc_)rding to

formuld héortuee im thafalpynml treaBferit DE thFIGRET MedRAASidrddrs, ah 8 mafifacture
e(tsjlranch %}Chaln al kynyl radical havin fromtwo to six

of a medicapispt gﬁéreagﬁ%‘ltloﬁ&%3§ Hlﬁdb%téﬁwlﬁvael@pr opar gyl ),
1-butynyl and the like. The term "cycloal kyl" as used
herein neans a cyclic group (which may be unsat urated)

Still othavbmbodimamst Ietate t¢ @ methed cfarémment oftGlaRd medihtedeBsorders,

oS OB B B S S LSS o s oo

accordih B i®RIMuR ISEeven- rrerrbered cyclic group (which may be
unsat urated) having at | east one heteroatom sel ected

fromthe group consisting of N, S and 0, and includes
In anoth: grrhbgcﬁipr}élnt, tﬁelngeig apzrcl)\ggcled apr}{etilgcli If(ojrI %lbltmg activation of mGlurR5
receptors, comprising treating a cell containing said receptor with an effective amount of the

compound according to formula I.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is based upon the discovery of compounds that exhibit activity as
pharmaceuticals, in particular as antagonists of metabotropic glutamate receptors. More
particularly, the compounds of the present invention exhibit activity as antagonists of the
mGluRS5 receptor and, therefore, are useful in therapy, in particular for the treatment of
neurological, psychiatric, pain, and gastrointestinal disorders associated with glutamate

dysfunction.



tetrahydrofuranyl and the |ike. WO 2007/021575
PCT/ US2006/ 030394 8 The term "al koxy" as used herein
wore@n®2®7st rai ght - or branched-chai n al koxy r aPiT/EE2006/030394
having fromone to six carbon atons and incl udes
met hoxy, ethoxy, propyloxy? isopropyloxy, t- butoxy
and the like. The term "hal 0" as used herein neans
hal ogen and includes fluoro, chloro, brono, iodo and
the like, in both radioactive and non-radi oactive
forms. The term "al kyl ene” as used herein neans a
di functional branched or unbranched saturated
Deﬁnnﬂ%grocarbon radi cal having one to six carbon atonmns,
i ncl udes net hyl ene, ethyl ene, n- propyl ene,
Unless rspbeifiydl eothensvise t\hﬁluhl Kes s'f:belflba!mn " thiek anybreiattireasised et this

herein uncti o ched br anched
specificayert ST EuF Bh RHSCUF HaP J 3 apiluies Scisd tnfiBa A o Qs
Chemzsﬁ?vs&g ot AeBst, q_ﬂeEd@U*ah@ 2 Falﬁsﬁj PréICI044&49, 1979, which is

eny ene,” n:propenyl ene, n-bufenyl ene and the 1ike.
1ncorpoii'ath@i be rrcfﬁi‘eabtbsylrrqrblarfer 1ta§xcmplarsh ohamigalnsneirg names and rules on
i func

unbr apched h roc rbo

naming, HGEH SRAORS, CHBOAIS S R RO BrBaE S He klgrige usine o
chem1c£leﬁ5§hmgn§ro§fa|np| AdlD?GHemSlEBﬂch | vigdsieales. OQISléyﬂéﬁibEﬂ @001, Advanced

n- propynyl eéne, n-butynylene and the |ike. The term
ChemistrDaveloggent &ep- HEarenta, 8 an aromatic group having

five to twelve atons, and includes phenyl, naphthyl

and the like. The tern1"heteroary|" means an aromatic
The ter@d OAlRyMHsClibed Metditl@seadt al @asdht-ooe bfmtl&rdadiaamhy&ebz&bbm dadical

fromthe group consisting of N, and i ncl uderc,
having #iogu pae %gx,cg@qog@é@nf)yqnﬂ ;;)q:ludesI m@@y{hethyﬂ LHI‘?pyl 1sopropyl, t-butyl
andthekf gzof uryl, thienyl, benzothienyl, quinolyl, oxazolyl

the i ke. The term "cycl oal kenyl " as used herein
rreans an unsaturated cyl cl oakl yI gr oup having from
t o seven_ carpon atons,

The tergy kSRR 0 05 HRERay A0 AR ey PR Tl piEgoyl gical having

7 /
from tw?ogl{aks‘é/{ gc(rﬁatgﬁg,l aﬁ’l?%%cgt@ie%%gﬁaﬁl l%ﬁﬁb@lygqa@ﬂli%r; (1: Iarcl)% fhﬁ:ﬁke"

refer to an al kyl radical substltuted with an aryl,
het er oa or

The terg* ﬁ)é/[ ’%%; us e%ﬁé/ ol oa%ewé )?);ﬁ'r %ﬁg p%; hncf F]lgacl!li? S1kgnyljrﬁdical having

from tv&&trorﬁlx éaﬁ&ﬂit@ﬁ@daﬂaqh@ﬁ@ss ﬂoﬁ?rﬁylm 0f@BYB] NbignyMAdake like.
hree het er oat ons i ndependent ected fromthe

group conS|st|ng of N, 0 and S" |ncludes aromati c and

The term het %{/cq lfgﬁa t4sCused herein means a cyclic group (which may be unsaturated)

having from three to seven carbon atoms, and includes cyclopropyl, cyclohexyl, cyclohexenyl
and the like.

The term “heterocycloalkyl” as used herein means a three- to seven-membered cyclic group
(which may be unsaturated) having at least one heteroatom selected from the group
consisting of N, S and O, and includes piperidinyl, piperazinyl, pyrrolidinyl,
tetrahydrofuranyl and the like.



rings, as well as rings which may be saturated or

unsaturated, and includes isoxazolyl, oxazolyl,
wo@dioarses yl , pyrazol yl, thi azol yl, i m dazol yl PCT/US2006/030394
triazolyl and the Iike. tenn "pharmaceutically

acceptable salt" neans e|t er an acid addition salt or
a basic addition salt which is conpatible with the
treat ment of patients. A "pharmaceutically acceptabl e
acid addition salt” is any non-t oxi c organic or
i no nj,c_aci addi t se co
The terfry SHRT s B, e o B el rotiened Fig ARBRY Sicha! having
from onhd tdSikr @lbote atoRRr SRNineluded @fetivdiyC lathbsep n};@pympl Ropdbiioxy, ¢
i ncl ude hydrochl oric, hydrobromc, uric and
butoxy parbthehisei ¢ aci d and acid net al salts such as sodi um
nmonohydr ogen orthophosphate and pot assi um hydrogen

sulfate. Illustrative organic acids which form
The termUihablti| 8 w8ed hereinn@bardehaldpen nma dncludbis flvdfs] chloro, bromo, iodo and
tricarboxylic acids. IIIustratlve of such acids ar e,

the lﬂief@rb‘)ﬂe%ét?ﬁ%"e adonadigagisIIPRDS. | actic, pyruvic,
mal oni ¢, succinic, glutaric, fumaric, nalic, tartaric,
citric, ascorbic, naleic, hydroxynaleic, benzoi c,

The tertmy‘thlloptgriz s aised hpleenyleased difunationalaanched somlunbyancioed saturated

enzoi c, tqu nesul foni ¢ .aci d and. o
hydrocaé?fﬁ’f bﬁﬂ EEYIB% °§18 S CAIReR RiTeS @Pg dﬂ"r‘clE‘geadPEtthf?He ethylene, n-
m@pngenygﬂg%ﬂghmgm@qg%fon|c acid. Either the nmono- or
di-acid salts can be formed, and such salts can exi st
in either a hydrated soIvated or substantially
anhydr ous form E general t he aIts
U.Sg e

The te € aﬁ_ci gti adFi Y o ched
Phede™CiPoulds CRofPe Piemt b AERctiaal dranghed ot F’?Rf&n
hydrocdiyéH RBftal haid @R oG 8drB&NADmMsAAH ha@ing raﬂie'aé’c one double bond, and

denonstrate higher neltin poi nts in conparison to
includes gtbpryleneen-poeprayleoe.msbuttindenceanddhe Bke-criteria for the
appropriate salt will be known to one skilled in the

art. OQther non-pharmaceutically acceptable salts e.qg.

The termX'alk@hﬁsne"%)ﬁs&ﬁhdt&ﬁdné&ﬁ adx@ARichal Brahéidics Qh’ﬁ’fah&fédOf
npounds. of Fornula | for |aboratory use,

hydrocagbmy@&u?éhlﬂa"éftﬂﬂwt@lSﬁhcqr}eo%atﬂﬁlé eRdBatiRg aidedsy Oi'a%%’éft bondeand
/ US2006/ 030394
1ndmde§§hgaﬁg%%b&§§%ﬁ§nCa1¥%h§88%%€a %é%%%?c addition salt"”

is any non-toxi c organic or inorganic base addition
Qf the ﬁCId conmpounds represen Formula | or

Sa
The terﬁhjy“%lf 38 1useq APISHHEG aromattctsgwratlm g9 dpplye atoms, and

mcludep@sﬁefyl wWapellyf flathstikd abl e sal ts include I i thium
sodi um potassium  cal ci um magnesi um or bari um

hydroxi des. Illustrative organlc bases whi ch form

suitable salts include.ali clic o
The tef chipiofindy gieans BrrHee eEhons iy R hE abTedf ope pgproatom
selecte(ﬁﬂbﬂlethe 3R pRioaSisiifE 0PN, srmar@ %ndﬂﬁauael 86hpOMmdahclB& pyridyl,
propriate salt nmay be nportant so that an ester

mdolyl,f xbe@n@ﬂurxlythlqnvl anlszoﬂeblsséumen@yl axadedyl rnd dwdiks. i s
not hydrol yzed. The selection criteria for the
appropriate salt will be known to one skilled in the

The teral ‘tcycloalkenyl” as used herein means an unsaturated cylcloaklyl group having from

four to seven carbon atoms, and includes cyclopent-1-enyl, cyclohex-1-enyl and the like.



"Sol vate" neans a conpound of Formula |I or the
phar maceutically acceptable salt of a conpound of
wo-o0mak 73 wherei n nol ecul es of a suitabl e sol RENUSANE030394
incorporated in a crystal lattice. A suitable solvent
i s physiologically tolerabPe at the dosage
adm ni stered as the solvate. Exanples of suitable
solvents are ethanol, water and the |Iike. Wen water
is the solvent, the nolecule is referred to as a
The tern1"stereo soners” is a general term

The term@ aléﬂylea'ryl” o releydheggroqph” P%I alkdeloalpil e abfiento analkyl radical
substmﬂécf fxz‘r’tﬁ aﬁ %}i He]@ergﬁgl & élﬁ ngg uBf midrlﬁélﬁd&t?ﬁi‘i‘en'e{ﬁyl 3-

e 1 soners
cyddmﬁ@hpmmymeMhéhk@eonetr|c (C|s/trans) I somers and
i somers of conpounds with nore than one chiral centre
that are not mrror inages of one another
The terﬁﬁ‘ﬁﬁ%&b@&ﬁ%%ﬁocyﬂ"’@nﬁg Edftaihfn@atvo o khred h&albohfdehs 1H&’éi‘>€ﬁdently
'l eviate synptons, elimnate the causation of
selecte@ﬁmpﬂbcrgrceuptdoemstmg Qf N, drpact &7 inchidep eomeatie and betsrosronmtlc

rings, o) Bl RS pbic T bl i AR S L ARG Gl b A e Rendll

oxazol Al &:eelidzy 16}1}9&&61 1, tARAHIS], FiRABBIY triolyl ARd gRMreund
&hl ch i sgl e fectyl ve | ngt reati ng t he n}gmsd di sorder or

condition. The term "pharnaceutically acceptabl e

The teﬁﬁr“Phaer[na{:é{Rﬁgﬁ% %c&?)&bieo%e.{lﬁ ﬁgén\éeé’iﬁl’er ?ﬁ%ﬁﬁr %ﬂﬂﬁm salt 8r a basic

pien mat efri a
additiomsilbwhith 1aedmmlbﬂm@rﬂ@dieetrﬁatméht©f getientd  permit t he
formati on of a pharnaceutical conposition, i.e., a

dosage form capabl e of WD 2007/ 021575

113 t . .
e e T
additioncelkt i atd baseomdmpqupds: adprgsenise d)nymrnpvdH &t engplof its mtermediates
adm.ni stratip unds un f t he nven
Mtustrof g gt RS Y J1oh SO, SfeBle) S0 gy ichgehIRy: pyeEppromic,
sulfurid and: ph¥éR6aENadM! and™ ackl  Btal r@aﬁﬁ]dsdéhara? %fuhﬂeﬁlonohydrogen
her ei nabove In one enbodinent, B is an ethynylene
orthoplpspligse and potessembdyidnagen , subfiate. | dllugirative organic acids which form

sultabI% %gtg ‘?EI(L% g lflr?oshtol- t & an% tPl BXxyh%ram hustratcive 8% sucﬁ acids are, for

example, acetic, glycolic, lactic, pyruvic, malonic, succinic, glutaric, fumaric, malic, tartaric,

citric, ascorbic, maleic, hydroxymaleic, benzoic, hydroxybenzoic, phenylacetic, cinnamic,
salicylic, 2-phenoxybenzoic, p-toluenesulfonic acid and other sulfonic acids such as
methanesulfonic acid and 2-hydroxyethanesulfonic acid. Either the mono- or di-acid salts
can be formed, and such salts can exist in either a hydrated, solvated or substantially
anhydrous form. In general, the acid addition salts of these compounds are more soluble in
water and various hydrophilic organic solvents, and generally demonstrate higher melting
points in comparison to their free base forms. The selection criteria for the appropriate salt will
be known to one skilled in the art. Other non-pharmaceutically acceptable salts e.g. oxalates
may be used for example in the isolation of compounds of Formula I for laboratory use, or for

subsequent conversion to a pharmaceutically acceptable acid addition salt.



may be selected fromthe group consisting of F, O,
Br, nitro, Cl1 6-alkyl, Cl 6-alkylhalo, OC1_ 6-alkyl,
w@zb7828rkyl hal o, and CN. | n anot her enbodi MenPCT/BEM06/630394
an optionalIy-substitutedaﬁ{ridyl group, for exanple a
2- pyridyl group; illustr ve substituents may be
sel ected fromthe group consisting of F, C, Br,
nitro, Cl_6-alkyl, Cl 6-al kyl halo, OClL_6-al kyl,
OCl_6-al kyl halo, and CN. In still another enbodi nent,
b | ected f h t f
A “Phaea}a%%gmé& gcecegt%@% sico d&t%% %%ufg@%%%ng@m' ngF&rﬁsno ic 4 norganic
base adﬁ‘f’tmﬁ%%ﬂf ¥k GR&Rcont uﬁﬂ?reﬁ%@%ﬁ Fornfly1h $ 811an}) & 1%rlﬁtteﬂﬁ5d1ates
nis 2. In yet another ehbo |nen , miIs I'n others m
Illustraﬁﬁe in(mgarﬁc bWBsZ@lihEh (f@ﬂlﬁmltM/ SﬂBQOﬂﬁﬂ(ﬂBﬁﬂ@lAn d®liurh, potassium,
i be under st ood e of. skil th
calciuy s R P GO DGRt phsic e ST bfoptncgable salts
include MipARIcS ah&yclidlor ﬁ%ﬁa@lﬁsorgélﬁ@ AP QuEISs AbthiReihd) (BRBIhYNamine
may exist 'in, and be isSolated as, enantioneric or
and plcdlumr@rrmrma i Bhefsoleniion efrtherappaonriatrosaltenayi b@tlmpertanm@ that an ester

nt|o Lnch udes any, po nttorrers
functio hg?é b eermélo?%é er? gﬂgﬁg}oi%cu RE H]otxl%}%ig 2¥ze h‘él" 8 S¢ ectbqn cr1etleria for the
appropﬁ@m&ﬁmmﬁwb@ dkilleihetepit cal |y active forms of
the conpound of the invention may be prepared, for
exanpl e, by chiral chromatographic separation of a

“Solvat%’:%ﬁ;g@%f%csg}{};’) g@g%ﬁ{ eéll g?pégfﬁ@f Iegtg i}/rlﬁ'glé ble salt of a

compoﬁtdacrﬂﬁdmguhiﬂt\ﬂtdrahsncﬁecums of asymﬂ.’ée B(bleerﬁymi 1he&1p5raltmlsed crystal
lattice. g’g ltélgag pr Cedur s1p gé lﬁ]t qgnrgp ee|ra(te f e ege{dgnvy{qlqtlgfecf as the

solvateC %&Eﬁgﬁs 6P M&Bﬁds%lv%htstaﬁl@%tﬁﬁlﬁﬁ e&)ﬁteﬁ éﬂ@Mﬁ@ hk@ NWHH v&%’ﬂérsﬂ the
metrical isoners or exanple E and Z isoners
solventaﬂllecmﬂasﬂe iFhreferrpd es@smt hydnatent i on i ncI udes any
geonetrical isomer of a conmpound of forrmula I. It wll
further be understood that the present invention

The tel%[‘ eﬁ%éﬁﬁlﬁt?rst’ a4 h QRREAl REmiBE alk 35BN A5 1Rf iniRidal @oldeules that
al so be understood by those of skill in the

differ @n&y in Hh@ ogientetipm of dheip@kges of spase. pk aselndes nmv@mtmm isomers

(enanisF G5Byl ERIFFRS Bl B X firo Pl B chan one
chiral dehtaé tHahgre RIOEHEIAGT ihia E@srksﬂ 28 a8smeNjdascesonddrt). such
solvated forns of t compounds of fornmula I. Wthin

the scope of the invention are also salts of the

The teftf HRQ# ?“ﬁgatF e o%a%s ko affE0) Sea%/#r}f)'t% eP r@ﬁrﬂﬁ& lfflé Sﬁis%@l’on of the

acceptanl e sa conmpoun pr esen I nven
symptoiseeithiet am aeﬁnpmmwgor Eianckat agis, @ e preesntvee| slovk tieappesrance of

the art, fo reacting a sufficientl basi c
symptoms of tfle namec{ dlsor er or con(?l%/lo g y

The term “therapeutically effective amount” means an amount of the compound which is

effective in treating the named disorder or condition.

The term “pharmaceutically acceptable carrier” means a non-toxic solvent, dispersant,
excipient, adjuvant or other material which is mixed with the active ingredient in order to

permit the formation of a pharmaceutical composition, i.e., a dosage form capable of



conmpound, for exanple an alkyl amne with a suitable
acid, for exanple, HO or acetic acid, to afford a
wa@ adoy/ogisth a physi ol ogi cal | y accept abl e ani on. PCT/UBR06/030394

al so possible to make a correspondi ng al kali netal

(such as sodium potassiumlor lithiun) or an alkaline
earth nmetal (such as a calcium salt by treating a
conmpound of the present invention having a suitably
acidic proton, such as a carboxylic acid or a phenol,

. . Lkal i
adminié\%{tgﬁ%%ee%%h§f3 lr o ﬂ;gzl;r&?en e{yg :aégg?%géﬁgg@n{%ﬁ@%{chff}? acceptable
oil typi€d11Qused forPard BB IndRkiratiin, @ SUi tably basic organic

am'ne (such as choline or nmeglum ne) in an aqueous

medi um foll owed by WO 2007/ 021575 PCT/ US2006/ 030394

C 13 conventional purification techniques. Additionally,
—Ommﬂﬁ!é!éer nary ammoni um salts can be prepared by the

CompoRfléd & (B8 irven@dkddnddrin g B@tts forhidla BXanpl e, to neutral
am nes. In one enbodi rent of the present invention,
t he conpound of fornmula | nay be converted to a
pharmaceutically acceptable salt or sol vate thereof,
particularly, an acid adgryjon salt such as a
hydr ochl ori de, hydrobrom osphate, acetate,
fumarate, maleate, tartyratg -aphe,
nmet hanesul phonate or B tol u‘Qﬂ_ggu phonate. Specific
exanpl es of the prggént i nve h%on i ncl ude the
foll om ng conmpounds, their ﬂ %naceutically
acceptabl e salts, hydrates, solvates, optical isoners,
and conbi nati ons thereof: W 2007/021575
PCT/ US2006/ 030394 14 Exafipl e Conmpound Nane
() -Methyl (6R,8aS)-6}%g3 12.1 N %
whereig Wrp Ao gh &nyin)aad iy e fined dievednabpye-r ol of 1, 2- a] pyr azi ne-
2(1H)-carboxylate a z ()-ethyl (6R 9aS)-6-[(3 N
chl orophenyl ) et hynyl ] oct ahydro- 2H pyrido[1,2- 12.2 | /
In one embbln2h) B 8 ah kehydylend poypl ate O ci :N /1 ethyl
(6S,8aS)-6-[(3-chloro

In one embodiment, Ar; is an optionally-substituted phenyl group; illustrative substituents
may be selected from the group consisting of F, Cl, Br, nitro, C;¢-alkyl, Cy.¢-alkylhalo, OC;.
¢-alkyl, OC;¢-alkylhalo, and CN.

In another embodiment, Ar, is an optionally-substituted pyridyl group, for example a 2-
pyridyl group; illustrative substituents may be selected from the group consisting of F, CI, Br,
nitro, C;¢-alkyl, C;¢-alkylhalo, OC.¢-alkyl, OC;¢-alkylhalo, and CN.

In still another embodiment, R! can be selected from the group consisting of C;.¢-alkyl, Cy6-
haloalkyl, CN, CO,;R?, CONR?R?, and C;.galkyleneOR>

In one embodiment, n is 1; in another n is 2.

In yet another embodiment, m is 0; in others m is 1 or 2.



12.3 ci "

phenyl ) et hynyl ] hexahydr opyrrol o[ 1, 2- a] pyr azi ne-
WQemHP2152% boxyl ate net hyl (6S, 8aS) - 6-[ ( 3- chl oPOI/LIR2046/030394

phenyl)ethynyl]hexahydropyrrolo[l 2- a] pyrazi ne-

2(1H)-carboxylate (6S, 8aS} N-(2-chloroethyl)-6-[(3 /"

N Nc

chl or ophenyl ) et hynyl ] hexahydr opyrrol o[ 1, 2- a] pyr azi ne-

12.5 ¢~ NH 2(1H)-carboxam de Cl ()-ethyl

It will %ﬁ%ﬁ;@ﬁ&ﬁ&%i&lﬁgﬁﬁ@#ﬁﬁ% Ig}%ﬁ [wile% C%PBM of, the present invention
contain?érd br GRED @Kﬂélaée%teri,)th@tcbhboﬁlﬁﬁ Sta@k -iRydukibh Iﬁa}( §X1§t m and be
chl orophenyl ) vi nyl ] oct ahydr o- 2H-pyri do[ 1, 2-

1solated~gs ajnaytemenie op @ feengdrist formg) o af (aeuac@as) m@;t{u(eg The present

mventiQ oo A PSS S R BSOS BERg ppPich ereof, of

a compd(idddf $orinplar RZTHEopicaRy BetRict foithe of He\dOp0Hd 82hd Thvention may
PCT/ US2006/ 030394 15

be prepapyd, by Srawple; By @hlr@r‘%hﬁm&ﬁ%lﬁpléﬁ lsRAyatjoncft aeliggerpee P8 chremical or

enzym%!_x[ %%)él?t?ar%ﬂg%g?t%%g% '1b§] sgﬁ%x%ﬁ% gr&ng?ﬁki}am/ Q&Neré?zﬂﬁﬁé Ha&nals or by

asymmetnicynthbsinpased bh yinyprpbeuadsyddsaibed tiodredfter.2- a] pyr azi n-
2(1H) -yl ] nicotinonitrile

It will also be appreciated by those of skill in the art that certain compounds of the present
invention may exist as geometrical isomers, for example E and Z isomers of alkenes. The
present invention includes any geometrical isomer of a compound of formula I. It will further

be understood that the present invention encompasses tautomers of the compounds of formula
L

It will also be understood by those of skill in the art that certain compounds of the present
invention may exist in solvated, for example hydrated, as well as unsolvated forms. It will
further be understood that the present invention encompasses all such solvated forms of the

compounds of formula I.

Within the scope of the invention are also salts of the compounds of formula I. Generally,
pharmaceutically acceptable salts of compounds of the present invention are obtained using
standard procedures well known in the art, for example, by reacting a sufficiently basic
compound, for example an alkyl amine with a suitable acid, for example, HCI or acetic acid,
to afford a salt with a physiologically acceptable anion. It is also possible to make a
corresponding alkali metal (such as sodium, potassium, or lithium) or an alkaline earth metal
(such as a calcium) salt by treating a compound of the present invention having a suitably
acidic proton, such as a carboxylic acid or a phenol, with one equivalent of an alkali metal or
alkaline earth metal hydroxide or alkoxide (such as the ethoxide or methoxide), or a suitably

basic organic amine (such as choline or meglumine) in an aqueous medium, followed by



~ 2-[(6S, 8aS)-6-[(3-chl orophenyl) 13.4 %N
et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazin-2(1H- cl | /
wWo-2007zisedt i nonitrile N (6S, 8aS)-6-[ (3-chl or opP&nyE3006/030394
ethynyl]-2-(5 13.5 nitropyridin-2-yl)
oct ahydr opyrrol o[ 1, 2- a] pyrli@zi ne Noz
2-[(6S, 8aS)-6-[(3-chl orophenyl) 13.6
et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazi n-2(1H)-
yI]isoni coti nonitrile I N
)-2-[ (6R, 8aS)-6-[(3-chl orophenyl)
convenfé@rﬁt}/rgk ifls %W@W?? ol %@@tlgnaéljy m@mw Amppuiung saltsgcan be

prepare{l Iﬂyghé{/ %Jé@@a@) il H,:% alggnt(sg aélg%lt_a tRI nﬂ_ltral amines.

phenyl ) vi nyl ] oct ahydr o- 2H pyri do [1, 2-a] pyrazi n- 2-

In one mbozinp@gt@féé@reggr{t glg}eéﬁ&g :,téebl e ldég{%l ﬁwlT Bg}agﬁvd:logverted to

a pharnﬂc&'ﬁ!idﬁlflgl'ag&[p%ab?e it BYIAGHE tredk ) ﬁ;drﬁ&ﬁ Rintdcid S‘dd]rt:fm?salt such
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as a h;(dyec:hlc{r(@Rh@a@)orcﬁmp(esplnmpbarto,pmw¢ ) fugtanstoy hiplsetealtyrtinis, Kitrate,

methanesuhﬁ%na Lp tolueJlestﬁlgrzlalttQ 2-yllpyrazine-2 carbonitrile

Specific examples of the present invention include the following compounds, their
pharmaceutically acceptable salts, hydrates, solvates, optical isomers, and combinations
thereof:



13.10 d NP cl ()-2-[(6R 8aS)-6-[(3-cyanophenyl) -~"
N et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazin-2(1H)-

wQ@ 300202873 ni cotinonitrile N N ()-nmethyl PCT/US2006/030394

2-[(6R 8aS)-6-{(3-chloro N N

phenyl ) et hynyl ] hexahydr opyl rol o[ 1, 2-a] pyrazi n- 2( 1H) -
13.12 yl]nicotinate 0 cl

()-2-[(6R,8aS)-6-[(3-chl orophenyl) 13.13 cl F

et hynyl ] hexahydropyrrol o[ 1, 2-1d] pyrazin-2(1H -yl]-5- i
e fluoro-nicotinonitrile N ()-2- [(6R

8aS) - 6-[ (3-cyanophenyl) "

et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazin- 2(1H) yl]-5-
13.14 ~N N fluoro-nicotinonitrile N Ni

Evea)mlse[(eR 8aS§3OI@PPl(®- 14.1 tN " Name
cyanophenytethynyt ilc@xallyw pytazti=—~N

N 2(1H) -yl ] pyr ayi %(— carbo KI tr |ﬂ1yi &R'K?ST‘{IP%’

(lb ternt- butyl ( R

al pyr azi nee rboxyl at e

()-ethyl (6R,9aS)-6-[(3~

chlorophenyl)ethynyljoctahydro-2H-pyrido{1,2-
aen
12.2 K/N\H/O alpyrazine-2-carboxylate
(0]
Cl
ethyl (6S,8aS)-6-[(3-chloro-
12.3 C,\©//°\ N\\,Nw(o phenylethynyljhexahydropyrrolo[1,2-a}pyrazine-
o]
~ 2(1H)-carboxylate
D‘\ methyl (65,8aS)-6-[(3-chloro-
124 c|\©/ NK,N{O phenyl)ethynyllhexahydropyrrolo[1,2-alpyrazine-
- 2(1H)-carboxylate
(6S,8aS)-N-(2-chloroethyl)-6-[(3-
(o] .
TN chlorophenylethynyllhexahydropyrrolo[1,2-a]pyrazine-
125 | © 2" MY .
NH 2(1H)-carboxamide

($)-ethyl (6R,8aS)-6-[(3-chloro-
12.6 a Z A\ N phenyl)ethynyl]hexahydropyrrolo[1,2-alpyrazine-

i 2(1H)-carboxylate
()-ethyl (6R,9a8)-6-[(E)-2-(3-
127 = N\\/N \(o chlorophenyl)vinyl]octahydro-2H-pyrido[1,2-
° alpyrazine-2-carboxylate

(H)-3-[(6R,8a8)-6-[(3-

al A N\\/N \Nj chlorophenyl)ethynyl]hexahydropyrrolo[1,2-a]pyrazin-
Y 2(1H)-yl]pyrazine-2-carbonitrile

13.1

9elS) 6. [ (% chbrepnhehmeiiykisiimyngbl,2-dpyrazine-




cl
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()-3-[(6R, 8aS)-6-[(2-chl orophenyl)

LNN::: N

wethYiYsyhexahYdropYrrol o[ 1, 2-a] pyrazi n- 2( 1H) PCI/GSB06030394

NI

yl ] pyrazi ne-2-carbonitrile

/Il N

()-3-[(6R 8aS)-6-[(3-nethoxy- N NN, -
phenyl ) et hynyl | hexahydr opyrrol o[ 1, 2- a] pyrazi n-2( 1H) -
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Pharmaceutical Composition




limted to, powders, tablets, dispersible granules,
capsul es, cachets, and suppositories. A solid carrier
w@anw7hzisehne or nore substances, which may al soPEDUSZE6/030394
di luents, flavoring agents, solubilizers, lubricants,
suspendi ng agents, binders, or tablet disintegrating
agents. A solid carrier can also be an encapsul ati ng
material. In powders, the carrier is a finely divided
solid, whichis in a nmxture2fith the finely divided
conpound of the invention, or the active conponent. In
tablets, the active conponent is mxed with the
carrier having the necessary binding properties in
sui tabl e proportions and conpacted in the shape and

dihgecerareundsl. of e presprir m’vrgntsqxpmaéf erﬁprra@lﬁﬁds int¢ cregyentional

n ch t G
Dpl el DOoBaNE cBipillk b Spltou LB iRl 1 or &
phhinvRenti@ilediaetdptabie dsadtp edrs adlvateh ethedent, byn ﬁ@bmaﬂon with a

exanpl e, (@hlrrln The ol ten honngeneous m xture

PRaasEHcRHY acaeriable FBIFTE GHteX§IPia nh a%argﬁaeu&w%é@eptable
Y, a I

SRSt PEeREl Rhiovor SAS SeRaREE EArh i 8B tht are not

sinsiterdatd gpovtders; fabl s tdispersitdel ganulepeapsules, deshbtsj and suppositories.

starch, tragacanth, nethyl cellul ose, sodium

car boxynet hyl cellul ose, |ow nelting wax, cocoa

IGHRY \caftitd éaﬂebé ke orTIBSret SRR LD ik %hy' §ls@|a%9 as diluents,

intended to include the fornulation of the“active

cfhﬁpmr&rﬂgemst h:ombdapwl lalbrlqagltms@pcmhngsﬁgant@arhm@s or tablet

SRR Bt S RO A B

mnthout other carriers) is surrounded by a carrier

which is thus in association with it. Simlarly, i

daphwdersathe cariter eﬂjé@nefyab}/@@@ solgbwduelsis isaonixtwe vethe finely
b ' )

;ﬁg\ﬁaéﬁo%grpﬁ(g.ﬁld c%l S e?%'lﬁﬁ (EIJ tﬁile qagﬁfeg go&ﬁ&rpé% Silf]# :iag)?%& the active

icbﬁipbﬁl@t sie| mtxied n@lth Shs paftidr Omﬁfmgatlda ﬁéﬁd&h@lryJ endif® properties in

exa sterile water or water propylene glyco

St ‘? BW@O’&S%W? Aed sempartedds drothans andige desited.qui d

preparations suitable for parenteral adm nistration.

Liquid conpositions can also be fornulated in

dok ptdparing uppPQBIEDY SOMPbsibdlsy hémm—r@ih;m:gJWax smihﬂsi aomixture of fatty

A s solutions for or tion can

SREEY iy i S8Seiig” s G R i ispersed

ARG ANY, For SHMAE)! RirGR4, OTRB tnfoltch! lﬁﬂl%geﬂgoﬁgfﬁﬁhﬁe is then poured

stabi | i'zers, and thickening agents as desired

Agfaesonvensens p@n@ imouklsfapd abewed tpseot amd udidifside by

Suitable carriers include, but are not limited to, magnesium carbonate, magnesium
stearate, talc, lactose, sugar, pectin, dextrin, starch, tragacanth, methyl cellulose,

sodium carboxymethyl cellulose, low-melting wax, cocoa butter, and the like.

The term composition is also intended to include the formulation of the active

component with encapsulating material as a carrier providing a capsule in which the



di spersing the finely divided active conponent in

wat er together with a viscous material such as
woaeoanzals7synt heti c guns, resins, nethyl cell ul BEEDUS2006/030394

sodi um carboxynet hyl cellul ose, and ot her suspendi ng

agents known to the pharmaceutical fornulation art.

Exenpl ary conpositions intended for oral use nmay

contain one or nore coloring, sweetening, flavoring

and/ or preservative agents. DR€pendi ng on the node of

adm ni stration, the pharmaceutical conposition wll

i ncl ude from about 0.05%w (percent by weight) to about

99%w, nore particularly, fromabout 0.10%wv to 50%w,

of the conmpound of the invention, all percentages by

wetivphtoniyeinert (vatbhedt withauh etheo carfriev iig$irrayhdedhby a carrier which is

onpositi.on. A.ther utically effective anmount for

ERER Arsoriaton Bithih SRR Ronddy Bsafahdeit P

determ ned by one of ordinary skill in the art using

known criteria including the age, WO 2007/ 021575 )

Patrietsspoudse Jedds, apd capsilsh campejusedsis spid defage Fms suitable for

i ndi yj patient, and interpreted within the context

8{5‘%@%@@@236 which is being treated or which is

bei ng prevented. Medical use It has been found that

t he .conpounds accordin? to the present jnventjon, ..

&gt forg compesiipngr Beltde prlvidonsy S&?anélép%cﬁli“{/iwlﬁ‘l%ﬁ‘s- For
i.odi vi.dual: b ' r :
B A D o SR B et compounds
immaye ritel diquad eprepgretonsd suftablbe fors gfandntéral t ddlministraiorent Liquid

of conditions associ.ate i t.h excjtatory activation of

ST ERBORIHD AP o O h B GO Ao OB gen elyeol
g¥iibat ory activation of md uR5. The conpounds nay be
used to produce an inhibitory effect of nd uR5 in

manmal s, including man. The Group | nm3 uR receptors

includi ng md uR5 are hi.ghl v. expressed in.the,cent.ral :
Aol MAwE s o7 o G teiah BRabs Rrearnd oY 1S EnpLE e acive
Ebkhondrt ih SwatPeEt fididehatitabRecol e OfMEingfagehts, stabilizers, and
invention are well suited for the treatnent of
ckaengragirat a¢ degireslor degousuERPeRSions foe 0wl diseHiegne made by
eur ol ogi,cal. d;; ' [ [ er . .

U B ROBSpAL ERAE I Rl O e gt it g isons
angefidessch Tie danvaintdyathetiel ghms, tresiagnpsthyls ceflulose, sodium
Formula |, as_ defined hereinbefore, for use in

creapethTheelitiersn b Ather FEPERTInG ageh S0RWR 1o he-Bharmpgeutical
lorrAfiati] R eEXRRLEIPREHBOG ok Cintdt8€d & oral use may contain one or

more coloring, sweetening, flavoring and/or preservative agents.

Depending on the mode of administration, the pharmaceutical composition will
include from about 0.05%w (percent by weight) to about 99%w, more particularly,
from about 0.10%w to 50%w, of the compound of the invention, all percentages by

weight being based on the total weight of the composition.

A therapeutically effective amount for the practice of the present invention can be

determined by one of ordinary skill in the art using known criteria including the age,



treatnment of nd uR5-nedi ated disorders. The invention

relates to conpounds of Fornmula I, as defined
whegogioztses ore, for use in treatnent of Al zhei P&F/US2006/030394

di sease senile denentia, AlIDS-induced denmentia, WO

2007/ 021575 PCT/ US2006/ 030394 29 Par ki nson' s di sease,

anylotropic lateral sclerosis, Huntington's Chorea,

m grai ne, epilepsy, schlzophrenla depr essi on,

anxi ety, acute anxiety, ophtﬁﬁlnologlcal di sorders

such as retinopathies, diabetic retinopathies,

gl aucoma, auditory neuropathic disorders such as

tinnitus, chenotherapy induced neuropat hies,

post - herpetlc neuralgla and, trigem nal neura

gt 3pe g:sp@gﬁ@,ﬁ ggﬂggwl ]a@qqegt Rod Fierprgied Wghmghe context of the
I ndrone The

O P BRSBTS Ry

defi ned above, for use in treatnent of paln related

to mgraine, inflammatory pain, neuropathic pain

di sorders such as diabetic neuropathies, arthritis
anéhitfqupat oi d di seases, | ow back pain, post-

operative pain and pain associated with various

condi tions including cancer, angina, renal or

| i t t t
Pl ks 248 0P Bt 2 B oot i PSP i gbic o
heshedgpbef frpdtenicd land S€ledtivityt foL BIdNBMial %etzﬂidh@ R glti@Adte receptor
trauma, anoxic and_ischem c injuries, hypoglycem a,
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as d er el nbef or €,
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rece tor- nmedi at ed di sorders and any di sorder |isted

S. Ehe ConBYHdEERY kst usef o P?Rﬂ@ﬁ% P inhykifory effeetpliip@IuRS in
%&@nﬁﬁsqngggﬁg%ﬂg.accordlng to Formula l in the

treat nent o astroi ntestinal disorders. Another
enbodi nent of the invention relates to the use of a
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The invention relates to compounds of Formula I, as defined hereinbefore, for use in

therapy.

The invention relates to compounds of Formula I, as defined hereinbefore, for use in

treatment of mGIuR5-mediated disorders.

The invention relates to compounds of Formula I, as defined hereinbefore, for use in

treatment of Alzheimer’s disease senile dementia, AIDS-induced dementia,



irritable bowel disease (IBS) and for the treatnent of
functional dyspepsia (FD). The invention al so provides
w@20mentisds of treatment of nd uR5- nedi at ed di soPCEDS20861630394
any disorder |isted above, in a patient suffering

from or at risk of, said condition, which conprises

adm nistering to the patient an effective anount of a
compound of Fornula |, as herei nbefore defined. The

dose required for the therap@dtic or preventive

treatment of a particular disorder wll necessarily

be varied depending on the host treated, the route of

adm nistration and the severity of the illness being
treated. In the context of the present specification,
Phirtsenim dls¢m¢,agyyloanpn0"hateeait sekavesis,i Hentinggen’s Chorea, migraine,

ventio | axi.s unlestherea p
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In this speC|f|cat|on unl ess stated otherw se, the
disprdersarfuglyons siimitapd chpmpibsrapyr nduspds| nevrenathigs, post-herpetlc
t y
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ptadbitbdri, @éhi@fph@eﬂiz&&ﬂﬂh&ﬁn’b)&yhﬂ&rﬁa gand The term
"di sorder"”, unless stated otherw se, neans any
condition and di sease associated with metabotropic
%Ht AV fn' & é%t & caabbldsYof MORauIMAdias Aefite® dbBye, for use in
ditionto e|r use’ i n therapeutic nedicine, the
ceapenn df paifi rE}atedub anilgraises in@drhmatasy paiht Belnaphﬂhiy gt disorders
of such .conpounds, .are useful as ar macol ogi ca too S
St e SRR S S A BT LRS G SF I bpgtoPais, post-
B&aﬁ% ﬁéﬁﬂi%nﬁ ?h’l S840 Wil viritRis %Bﬁdhbi@ﬁd ﬁf&lu\&@ig cancer, angina,
2007/ 021575 PCT/ US2006/ 030394 31 of the effects of
rental bi billiagy ofliorGenRruagiont migraine and gouti n | abor at ory
animal s such as cats, dogs, rabbits, nonkeys, -rats
and mce, as part of the search for new therapeutics
gue hventibh 2618RS (@ torip&aE aF IFornAla at R elefiasd aeieindbfdid) €or use in
present invention provides processes for preparing
sisaprenhdy sterkerdieat| auma, ool @8d oscheie anigicsn dypeglycemia,
R f I tion of the conpounds in the
@gog’fﬁ‘?&?%rvdz% geg%ngrgﬁ)%re 'cri bed herein. ?ﬁr oughout the
foI | owi ng description of such pr ocesses it is to be
under st ood t hat, mhere aqgropn

e trEesePhEvEREB S 1aS| alsie G desiof 8 Coglﬁa“%faéﬁa%ﬂ% [ gs defined

hereinbefore, in the manufacture of a medicament for the treatment of mGluR Group I

receptor-mediated disorders and any disorder listed above.

One embodiment of the invention relates to the use of a compound according to

Formula I in the treatment of gastrointestinal disorders.

Another embodiment of the invention relates to the use of a Formula I compound for
the manufacture of a medicament for inhibition of transient lower esophageal
sphincter relaxations, for the treatment of GERD, for the prevention of G.L reflux, for

the treatment regurgitation, for treatment of asthma, for treatment of laryngitis, for



renoved from the various reactants and internedi ates

in a manner that will be readily understood by one
wa@kRkiozlozd7i n the art of organi c synthesis. ConvROl/US2086/030394

procedures for using such protecting groups as well

as exanpl es of suitable protecting groups are

descri bed, for exanple, in "Protective Goups in

Organic Synthesis", T.W Geen, P.GM Wits,

W ey-Interscience, New York30(1999). It also is to be

understood that a transformation of a group or

substituent into another group or substituent by

chem cal mani pul ati on can be conducted on any

internedjiate or fipal product on the synthetic path
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formula | except where defined differently. The term

"room tenperature” and "anbi ent tenperature" shall
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Non- Medical use

In addition to their use in therapeutic medicine, the compounds of Formula I, as well
as salts and hydrates of such compounds, are useful as pharmacological tools in the

development and standardization of in vitro and in vivo test systems for the evaluation



according to the nmethod shown in Schene 1, bel ow, by
treatnment of the neso- dibromde a with an ethyl ene
wale@miozns7s Reducti on of the am de and ester gr ORQIEURZY6/030394
be done in one pot with a reducing agent such as LAH
to give the bicyclic piperazine alcohol c. The free
NH of the piperazine nay displace a halide atom such
as chloride froma heteroaromatic such as pyridine or
pyrazine to introduce the A‘%biety of formula | at
this stage, or the NH may be protected with a group
such as BOC to allow later introduction of the A
group at a | ater stage follow ng deprotection. NHZ O
A m NH.reduction N J NH N m
8 e SRR b DTSRt TBPNER (a4 R i MOprasony gl such as
e%@dﬂaags +abbds &Qﬂlée% %%Fs%nﬁ@i[{cy%%%ﬁl &?tﬁg’%rc}?ﬁ)r hB& therapeutics
honol 6gat ed bi cycl’i ¢ pi perazi ne “al cohol wherein n=2
ageptsbe prepared according to the nethod shown in
Schene 2, beginning with reduction of pyridyl diester
e to the piperidine diester f. Diketopiperazine
PruceRiofPrepmatiof done via acylation with a protected
al pha-am no aci d, deprotection and cyclization; or
acylation with an al pha bronoacid halide followed by

SHSLL P AT RO B YEE 0L (bl g cqpppuncs
ofi Felttmﬂa [:Ie o2 Ziahe oreydiates dieradlft aP@oessey éotutdrdpieparation of the
rov bi cycl,i c pi perazine al cohol h. As above,
%\p %ﬁl B DIeAYI JUFEHORTSEBEHISE PPReEh. N of t he
pi perazi ne noiety nmay be done at this stage, or the
NH may be protected and A introduced at a | ater stage
Tloohglwiun ghe thélomonge descoiptioiGoA soch Bacess@RitNs Kbl b© uiOeROOAG that,

v's\/here approprlatel,\I sultagle cgr)otecting groups will be added to, and subsequently

removed from, the various reactants and intermediates in a manner that will be readily
understood by one skilled in the art of organic synthesis. Conventional procedures for
using such protecting groups as well as examples of suitable protecting groups are
described, for example, in “Protective Groups in Organic Synthesis”, T.W. Green,
P.G.M. Wuts, Wiley-Interscience, New York, (1999). It also is to be understood that
a transformation of a group or substituent into another group or substituent by
chemical manipulation can be conducted on any intermediate or final product on the
synthetic path toward the final product, in which the possible type of transformation is
limited only by inherent incompatibility of other functionalities carried by the
molecule at that stage to the conditions or reagents employed in the transformation.
Such inherent incompatibilities, and ways to circumvent them by carrying out
appropriate transformations and synthetic steps in a suitable order, will be readily
understood to the one skilled in the art of organic synthesis. Examples of
transformations are given below, and it is to be understood that the described
transformations are not limited only to the generic groups or substituents for which

the transformations are exemplified. References and descriptions on other suitable



NG e f g h Schene 2 The SS enantioneric bicyclic

i nternmedi ate wherein n=1 may be prepared according to
wo b@7oetshod shown in Schenme 3, bel ow, using a PCDUSHNE30394

pyroglutam c acid derivative fromthe chiral pool

The | actam group may be converted to the lactol i by

reduction wth a reducing reagent such as |ithium

triethyl borohydride. Treatnent with an al cohol such

as nethanol in the presence o a nild acid such as

tol uenesul fonic acid my be used to convert the OHto

an al koxy | eaving group, which nay be used to

i ntroduce a olefin nDiety by treatnent mﬁth a vinyI

eci es suc brom de )
Bl mplinRHE eiten i ColpaisBiive TG T rittoeioye esuide t
mféuoﬁa%c;%@ Pr@?&ﬁk%rﬁé’s' R. . tm@ocw ancgrP%HsHe@sl | p1ed1989).
by workup with a reagent such Me2S may be used to
Raefergneest and deseraptioae of wiies suitahje b@Ch@rmare desanibgd in textbooks of

LRl X%e&%”‘%é%%fc%% FOIERE SRRy et h e

Mu@sm UHIL dlBQI)OdiﬂCt“IOigarﬁé $iehesike] eSroak,y ME®iagt VHift, 011994).
otectlng roup for the piperazine NH The RR
B Puribiggtion %lrﬁee*rrﬁfl@&araéé fingl progiugss|isgludmniexample,

S B e T o TNl

ﬂecnystaﬂtsammB dnmllanoxam&i Mneadiqoilyortzeligh gpal extrabyort, Rehich will be

i.n Sch el ow. _Oxi dat.ion o
fBF‘i}l}’cW‘@r %@%ﬁ%”ﬁ%mst%ﬁ 3ty Thfpdefiytionsy ow@?tﬁgents and
h C
UM HARE % Bn Rk OE‘?&dZt GO WEORE AU et BRTEY KRR “room
tﬁmeemwc”ewb dinhignt eampﬂltatllreﬁc‘élﬂm mems ynless sithegwise specified, a

di azo hon er, mldly basic conditions in a
SPBET, @%g?t\%’éﬁ‘i‘%ﬂ’&‘ﬁgg . net hanol . The terni nal
acetyl enes may be coupled to an aryl iodide or aryl

brom de
The RS/SR diastereomer of the bicyclic intermediate wherein n=1 may be prepared

according to the method shown in Scheme 1, below, by treatment of the meso-
dibromide a with an ethylene diamine. Reduction of the amide and ester groups may
be done in one pot with a reducing agent such as LAH to give the bicyclic piperazine
alcohol €. The free NH of the piperazine may displace a halide atom such as chloride
from a heteroaromatic such as pyridine or pyrazine to introduce the A moiety of
formula I at this stage, or the NH may be protected with a group such as BOC to

allow later introduction of the A group at a later stage following deprotection.

G=A or Boc

NH,
i
o] Q HzN (R1)m N NH fEdUCtlon N ~ﬂ/\,\]—ﬁ
Br  Br 0 (H1) R (G
a b c

Scheme 1



usi ng pal | adium and copper catal ysts such as

Pd(PPh3) 2C12 Wth Cul in the presence of an am ne
whaweosisch as Et 3N to yield conpounds gq. O O RAT/OR006/030394

Swern nP OR -G oxidation GN ArtX NHON N =--=NNG

NG (RR)mOPd(EN U Art (Rt) (RR)m/ (Rl)mn O p q

Schene 4 Conpounds of Fornula | wherein Bis an

E-ol efin may be prepared by the nmethods shown in

Scheme 5, bel ow. O efinatiomdf the bicyclic

pi perazi ne al dehydes o may be WO 2007/ 021575

PCT/ US2006/ 030394 35 acconplished using a stabilized

Wtting reagent generated froma benzyl

tri phenyl phosphoni um brom de and a strong base such

as-nBuLi in a solvent such as THE at |ow tenperature

’fheﬁ?tmﬁcﬁg%@@d Q)éyélf?: Iﬁb&hﬁn@ 91@&951 r\‘i&qt%ré'm nﬂz £ ay be prepaied accordmg ’
to'me method (ShZO\{’IRm‘rSch@me QSbhgnmng Wﬁﬂ]eredmmle)ntolf opridd dlester e to the

RiAFdie gigstett® RSO Sharlod Sudts St aiy SR GR 2

btebRRd alphvemiih® Aeid, [NPsReQi0AMRAN RS clddaBoRVr acylaﬁ@mﬁﬂ ah @lpha
nor are they to be construed to, limt the scope of

hrRmopeid éﬁ]thl%ﬁﬁ’ﬂOva‘d B leycligation nsag ammenia dse sopreeof en

a r
AR G4 58 LA P B e ey o
sianltaddoonfedaded tbr@prids v bidyeMe pipeRindraicoposis Bk above,
arylation to introduce A onto the free NH of the piperazine moiety may be done at this
stage, or the NH may be protected and A introduced at a later stage following

deprotection.

G=A or Boc

o)
L i — ol
ROOC COOR  ROOC COOR )\/NH

° A,

e f g h

Scheme 2

The SS enantiomeric bicyclic intermediate wherein n=1 may be prepared according to
the method shown in Scheme 3, below, using a protected pyroglutamic acid derivative
from the chiral pool. The lactam group may be converted to the lactol i by reduction
with a reducing reagent such as lithium triethylborohydride. Treatment with an
alcohol such as methanol in the presence of a mild acid such as toluenesulfonic acid
may be used to convert the OH to an alkoxy leaving group, which may be used to
introduce a olefin moiety by treatment with a vinyl metallic species such as vinyl
magnesium bromide or propenyllithium with a copper salt such as CuBr.Me,S and
BF3.Et2,0. Ozonolysis of the vinyl group followed by workup with a reagent such as

Me;,S may be used to obtain the aldehyde, which may be reduced in a subsequent step



in view of the teachings herein and, therefore, are

Wi thin the scope of the invention. General nethods
wW@\Rdo7m21r3 i ng materials are comrerci al |y avai | B@I/8Sm06/030394

earlier described in the literature. The 1H and 13C

NMR spectra were recorded either on Bruker 300, Bruker

DPX400 or Varian +400 spectroneters operating at 300,

400 and 400 MHz for 1H NVMR respectively, using TMS or

the residual solvent signal &4 reference, in

deuterated chloroform as solvent unless otherw se

indicated. Al reported chem cal shifts are in ppmon

the delta-scale, and the fine splitting of the signals

as appearing. in the WO 2007/021575 PCT/ US2006/ 030394

36 bl dingperaincclsolm i ficaitaisrtba ubeaers inireivction of the

GREPLEYT mbiety A i Lt . :
R b ok Broseing 00 Rk vy hiofidrhe RIF g kR gpantiomers
MY alsit be pvaparediaa siedlanmaBf®. MHz, using CDCl3 as the
solvent. Analytical qin line liquid chromatography

separ afd ons fol Lowefl by mass §pectra deteptions, wef orBoc
reco on a \Wat gr SokCVS t~eRi NG ijl [ian
2795 (LC_agpd a"%gosi ngl & qliadr opol e \ngss NH____ \

N—G

s@ect)Féhet er.ROTheo nMass spe met er was i pped w tNhJ
an ebectrospray i ourg,,e;operat ed ip aopositiveon
and/ negati ve i'dh nodey The ion spray voltage was 3
kV and the nass spectronmeter was scanned fromniz
1001700 at a scan time of P.8 s. To tpe col um, m
X-Terra M5, Waters, C8, 2.1 x 50nm 3.5 mm was
applied a linear gradi entSchero¢85 % to 100%
acetonitrile inl O MM amoni um acetate (aq.), or in
0.1% TFA (aq.). Purification of products were also

JuBdNEr Kram ' |8l t
#1219- 8002) . I\/Egegi hergli %%g%%g%tﬁt%%ﬁa?é’ g;ﬁééjggéao%’f 8 methods
chewn am Sclezine 4, below56@id8tion 2P BE62 bicytld? pipeBuine abcohbls n to the

fl 1 rraphy in silica-filled glass ., colums.
PEPQodh EbRET Wl o ariieptshe Einiey e gy such o
fovem BkidbAgs f61lResSON dbnvefdigiMosthe oftsn®H!tBrminal acetylenes p
Synt hesi zer_ Si ngl e-node m crowave cavity produc

sowgiandisersPhesphenate peger anildiy desivqendiers na prc@jo:'eqr%%@m such as
d l.agi cal b ti :
SRl B ern P Pl O, SRR GBS B0 bromice

usingpakidimdand cagpaystalyets shictas PAIRBh;) AT iwith QG in the presence of
Exanpl es of gl ut te receptor assays are well known

iR Dase S‘écg’ %gﬁF%ﬂéldiWH?P@Pn%npl e Aranori et al.,

Neur on 8: 757

o o
pooR n
Swern n /lkl( “or n
N—-G  oxidation G N ArX N
HO N\‘lJ N N —N_> N-G /7 \7L/N‘G

N
o= PA(l), Cul A
R)n . / \—5‘ ) il A R

n 0 p q

Scheme 4

Compounds of Formula I wherein B is an E-olefin may be prepared by the methods

shown in Scheme 5, below. Olefination of the bicyclic piperazine aldehydes o may be



(1992), Tanabe et al., Neuron 8:169 (1992), MIller et
al ., J. Neuroscience 15: 6103 (1995), Bal azs, et al.
wq 200R0erseEhem stry 69: 151 (1997). The net hodol PQL/US2006/030394
described in these publications is incorporated
herein by reference. Conveniently, the W 2007/ 021575
PCT/ US2006/ 030394 37 conpounds of the invention can
be studi ed by neans of an assay that neasures the
mobi | i zation of intracellula5cal cium [Ca2+]i in
cells expressing md uR5. Intracellular calcium
nobi |l i zati on was neasured by detecting changes in
fluorescence of cells |loaded with the fluorescent

i ndi c t r flyo-3. Fl cent . signals were neasured
FETIRPHSAEL FETRR 8y SiEBIZE N MULIREA TomSspt cBaeratgd 1 jgom o benzyl
%ﬁﬂieh&ff)ﬂoﬁ?ﬁ@ﬁﬁl Emdé“@ﬁd Yk eé pak sovkd get e ta solvent such as
conpolunds ‘that either activate or antagoni ze

ridBegitlow tempeyatufd (- PRl §Z$tcsy1ekclejoh3)oamﬂmes& ng human

i nd uR5d were seeded on ;g %g - coated cl ear bottom

96-wel | pl ates bl ac and anal ns of
[Ca2+]i nobil{zati gnGwa 4 ho ffen seeding.
FLI PR exper brent ser e doffeF usi ng §1Iaser Ndeng of

0.800 Wand a 0.4 ®cond ©E8F ¢tanera shuttdr speed.
Each FLI PR experinment was initiated with 160 L of
buffer present Qn each well of the cell plate. After
each addition of the conpound, the fluorescence
signal was sanpl ed 50 Sglesimag 51 second interval s
followed by 3 sanples at 5 second intervals.
Responses were neasured as the peak height of the
response Wwthin the sanple, per| d. EC50 and | C50
determ nati ons were nade f?on1data obt ai ned from
8-point concentration response curves (CRC) perfornmed
in duplicate. Agonist CRC were generated by scaling
dhe inesntionsie Surthert ih]@slmmd ol waesichs efoldndu)smg\mcdnﬁ)ms Whm:h are

n| st k of oni st. challen
BB o SHPER 3o P ealsdh B8 Whietliofio B ampLeS are no
ghieddegn@anor Areltfte E OB @nstnd@id 15, l‘i’lﬁltttﬂi@sc%ﬁérﬁf ﬁEQﬁVeentl% It will be
have val i dated a secondary functi onal assay f

then dignon PHOSPE Bractipeb ofienvise (hapa)s pemtlnolaéy described

£C s _angi.ndex of.rece
hggl at lgg Losp 1f1c:‘)ag1§§9%¥4 ﬁ%ﬁaol\%l§ of e%eélF F%Veg?(%b?rﬁ possible
ax piewssitigtehdbendsthizbsin WA, 200000 hfe/witle Thd 2300 6f 93 3R4Ation.
38 n3d uR5d receptors were incubated with [3

myo-i nositol overnight, washed three
General methods '

All starting materials are commercially available or earlier described in the literature.

The 1H and 13C NMR spectra were recorded either on Bruker 300, Bruker DPX400
or Varian +400 spectrometers operating at 300, 400 and 400 MHz for 1H NMR

respectively, using TMS or the residual solvent signal as reference, in deuterated
chloroform as solvent unless otherwise indicated. All reported chemical shifts are in

ppm on the delta-scale, and the fine spiitting of the signals as appearing in the



times in HEPES buffered saline and pre-incubated -for

10 mMn. with 10 MM Li . Conpounds (agonists) were
w@dawed2e#ntl | ncubated for 30 min. at 37C. Ant agPCi/BE52006/030394

activity was determ ned by pre-incubating test

conpounds for 15 mn., then incubating in the

presence of glutamate (80M or DHPG (30 M for 30

mn.. Reactions were term nated by the addition of

perchloric acid (5% . SanpleS6were collected and

neutralized, and inositol phosphates were separated

using Gravity-Fed |on-Exchange Col unmms. Cener al

net hods Abbreviations BOC tert-butoxycarbonyl BSA

Bovi ne Serum Al bumin CCD Charge Coupl ed Device CRC

Gonuhngsr(at singletResy brond sthglated: dD@Meti itcihiplst.ornepfiggien: multiplet).

RGP H TR 8 el o] MR i was elgpiaed o 300

My lueive dDERapehelelveancetic Acid Et3N triet hyI am ne
FLI PR Fluorometric Imaging Plate reader GHEK Human
Enbryoni ¢ Ki dney expressing G utanmate Transporter

PRI L B P EEERS HOTERY bt pooces
NbBctivis) wark recugdeat drca Wasan RAMS YWRsRHAZ b0 Allfance 2795 (LC) and

PCT/ USZOO6/ 30394 39 arts per mllion RT room
fRDEngle guadropple nagsp p@cgﬁ%g I.ohhie,mass spertrofeser was equipped with

bh el HOERAF B SGuB% &herated in a positive and/or negative ion mode. The ion
spray voltage was 3 kV and the mass spectrometer was scanned from m/z 100-700 at
a scan time of 0.8 s. To the column, X-Terra MS, Waters, C8, 2.1 x 50mm, 3.5 mm,
was applied a linear gradient from 5 % to 100% acetonitrile in10 mM ammonium

acetate (aq.), or in 0.1% TFA (aq.).

Purification of products were also done using Chem Elut Extraction Columns (Varian,
cat #1219-8002), Mega BE-SI (Bond Elut Silica) SPE Columns (Varian, cat #
12256018; 12256026; 12256034), or by flash chromatography in silica-filled glass

columns.

Microwave heating was performed in an Emrys Optimizer from Biotage / Personal
Chemistry or a Smith Synthesizer Single-mode microwave cavity producing

continuous irradiation at 2450 MHz (Personal Chemistry AB, Uppsala, Sweden).

The pharmacological properties of the compounds of the invention can be analyzed
using standard assays for functional activity. Examples of glutamate receptor assays
are well known in the art as described in for example Aramori et al., Neuron 8:757
(1992), Tanabe et al., Neuron 8:169 (1992), Miller et al., J. Neuroscience 15: 6103
(1995), Balazs, et al., J. Neurochemistry 69:151 (1997). The methodology described

in these publications is incorporated herein by reference. Conveniently, the



THE tetrahydrofuran Exanple 1: ()-Ethyl

(6R, 8aS) - 1- oxooct ahydr opyrrol o[ 1, 2- a] pyr azi ne- 6-
weamboxyprate 0 0 O 1, 2-ethyl ene diamne N O EEMUR00&030394

K2C03, CH3CN O O To a m xture of 1,2-ethyl ene diam ne

(20 m., 0.28 nol), K2CO3 (40 g, 0.29 nol) and

acetonitrile (300 nL) was added slowy a sol ution of

di et hyl nmeso-2,5- di bronoadi pate (50 g, 0.139 nol) in

acetonitrile (200 nL) over 3% h at RT. The solvent

was renoved and DCM (300 nL) was added. After

filtration, the DCM was evaporated to afford the

crude product (32 g, purity > 90% . 1H NWR (300 MHz,

CDC13): -6 (ppm 1.30 (t, 3H), 1.96-2.18 (m 4H), 2.52

¢ompolbfls of ft@4ingentiontgan ‘t@ spgh@ch'by nqu;ls o8 agZs§ay thQereasures the

et e

ONLIiAIH4, THE OO NvN OToasuspenS|on of

L|AIH4 (16 g, 0.42 nol) in THE (350 nlL) was added _a
tlcglivdag cgkcmn(i yobiligation was measured by detecting changes in fluorescence

1‘16 ligs f@& %ﬂ?%@g@%&%@%{t n%h%tt]ox ogg{ 9‘ c&tcﬁg&%( were

me@smtddomsl the IFIIPResy/stein (Meldcidbr Bdviossdr A g a&ﬁlon experlment
2007/ 021575 PCT/ US2006/ 03&&@4 40 and at 80C fo

was vsd thas sovldidsiecheompiadadat cithes acth&reequﬂnray%OR&weafacePwr
(10% 18 nlL) over 30 min at OC. After stirring for
additional 30 mn, the mxture was filtered through

Eai FLHJ(R )analysliss bells bkpmaﬁrg hlaman onGlRdatvere seedad fasr dollagen

oS’ T oot D6 ety Bl 1 v oI s 7 et YT
%U)nhzgﬁdirr’wﬁﬂbn%@ﬂf hofirdaTtet Bedifd), 2. 76 (m 1H), 3. 01
(m oo 83 (m. 1H) . 3. 46

FLIPR experiments were done using a laser setting of 0.800 W and a 0.4 second CCD
camera shutter speed. Each FLIPR experiment was initiated with 160 pL of buffer
present in each well of the cell plate. After each addition of the compound, the
fluorescence signal was sampled 50 times at 1 second intervals followed by 3 samples
at 5 second intervals. Responses were measured as the peak height of the response

within the sample period.

ECsy and ICsp determinations were made from data obtained from 8-point
concentration response curves (CRC) performed in duplicate. Agonist CRC were
generated by scaling all responses to the maximal response observed for the plate.
Antagonist block of the agonist challenge was normalized to the average response of

the agonist challenge in 14 control wells on the same plate.

We have validated a secondary functional assay for mGluR5d based on Inositol
Phosphate (IP3) turnover. IP; accumulation is measured as an index of receptor

mediated phospholipase C turnover. GHEK cells stably expressing the human



(broad d, 1H), 3.70-3.79 (1n, 2H). Exanple 3:
()-tert-Butyl
W@ 8R782a15y5 6- ( hydr oxynet hyl ) hexahydr opyrr ol o[ 1, PET/US2006/030394
a]pyra2|ne 2(1H)-carboxylate ~O N (B00201 CH3CN N N
O O To a solution of
() (6R, 8aS) - oct ahydropyrrol o[ 1, 2- a] pyr azi n- 6-yl met hano
Il (9 g, <crude) in acetonitrile (120 nL) was added
(Boc)20 (13.5 g, 62 rnol) at3®C over 10 nin. The
m xture was stirred at RT for 2 h. To the resulting
m xture was added Na2CO3 aq (sat. 200 nlL) and
extracted with ethyl acetate (180 nL x 3). The
conbi ned extract was dried and the sol vent was renoved
mqlhRﬁdnr%aeptOéa/ #etsy Bcubatedwithj [GH] mew-wgsitelvermnigis washed three

BHieh i ﬁ%p%s %h%f%l%?/@ S%ﬁlm%@ ik Boditd %rclég%g? Phghfd f:@/l LiCL.

Cozpol(ds Ga nisth) %re( 8ddiHind IchBatédnfor 3dmin? a1057°(Cm Antagonist
2H), 2.53 (m 2H), 2.65-3.00 (m 2H), 358r? I?
4ctmgty( Ayas 1 termunqct b}( o aeubae, tesk a¢ﬁ§l|11§)uzpds or 15 min., then

but yl
PSP M e, OREENS slpamase G0y 5 PIHEGRQ 1MD fo 30 mi.
Redetidns ardrexpitited0y200 HIORLG 16 PEIHILS2 Q00 (DS Shunplts were

TsOH O N.N
QIF@adsanthr@haed an% b‘%ﬂﬂﬁPl PhQSH]il%‘Pﬁ WEiez&?P@fateé}Br%Q@Vlty-Fed

F;;%SEQ}%% gr e of
%ert ut oxycar bonyl ) - 5- oxopyrrol i di ne- 2- car box

ylic acid (9.79, 42 nmol), K2CG3 (6.6 g, 48 nmol) and
B:/F 0 nL) was stirred at RT for 20 mn. Ml (5.5

enexal Methods a5 added and this mixture was stirred
over ni ght, dlluted with ethyl acetate (600 nlL) and
washed with H20O (300 nL x 3). The organic | ayer
Abbreviations

BOC tert-butoxycarbonyl

BSA Bovine Serum Albumin

CCD Charge Coupled Device

CRC Concentration Response Curve

DCM dichloromethane

DHPG 3,5-dihydroxyphenylglycine;

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EDTA Ethylene Diamine Tetraacetic Acid

EtsN triethylamine

FLIPR Fluorometric Imaging Plate reader

GHEK Human Embryonic Kidney expressing Glutamate Transporter
HEPES 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (buffer)
IP; inositol triphosphate

MeOH methanol

NMR nuclear magnetic resonance



was dried over Anhydrous sodi um sul phate and the
sol vent was renoved to give nethyl ester. The ester
worw 72156t ed with dry THE (100 nli) and cool ed POT/UFRE6/030394
Li HBEt 3 THE solution (1N, 48 nL, 48 mmvl) was slowy
added to above systemover 15 mn at -78C. The
m xture was stirred for 1 h and was poured into NaHCO3
aq (sat, 200 niL), followed by addition of H2Q2 (30%
2 m). This resulting mixturé was stirred for 1 h at
OC and extracted wth ethyl acetate (200 nL x 3). The
extract was dried over Anhydrous sodi um sul phate and
t he solvent was renoved. The residue was treated with
dr}//n MeOH (150 ﬂ%jﬂﬁrd 4- et hyl benzenesul fonic acid (2
The red@fP Y ure was stirred overnight at RT,
NeHCCB( aq) t was added and the product was
extract ed Va&éﬁtcg@&?lso nm. x 3). Renoval of sol vent
i nt er el abaseEBiractiph. To a suspensi on of

odike

r' Me2S (18. 8 .76 ) and Et20 (100 nL) was
%d a sgpﬁlc‘?r{?%éegf aﬁﬂggenyl lithium generated from
pregpeny | briewigerdi@ag M, 76 mol), lithium metal

(1.8 g, 260 mml) and Et20 (100 nL) at RT for 1 h, at
-40C over 10 mn. After stirring for 1 h at -40C the

RRAROT: Dot el ARt BotoclMunropyRdor Zalimgne-o-
Ehihokytatwas stirred at -78Cfor 1 h. To this reaction

m xture was added a solution of internedi ate obtained
above in E2O (100 rd.). After the m xture was al]o

to warmto JOC WO 20 /02157152 gggny@g,qgg/ 030394
over 375G Nt wa into ‘sarurated Cl / N
NHAOH (1:1) gl utikn (200 mk)co, st i rred i,

The organi ¢ phase was separated and water phas
extracted with Et20 (150 nL x 2). The conbi ned
bt mittarevod l@-ethylene diathinen@0 gl 0528 mol)aKC@ntHdeg) 029 mol) and

B ReRaRE U ] Radho Ry oo il egad 305 T

Hkll)romBEicﬁﬁaté 150 3. 1394m3g'114ra&301{1ﬂrﬂe (2ANmL) PreB 36 B-aDRT( The
a

¢ SéBta‘QS-IGmPFQ@fZB DEMb300 neln) wasgddpd wfisr diloptjan, 8ledp@MVpwas
eRp0thiRd ' EFord i QL8O FroRuctNaZ g, frfly >9095! 2R (300 MHz,

CDCls): 6 (ppm) 1.30 (t, 3H), 1.96-2.18 (m, 4H), 2.52 (m, 1H), 2.94 (m, 1H), 3.15 (m,
1H), 3.35 (m, 2H), 3.60 (m, 1H), 4.23(q, 2H), 6.12 broad, 1H).

Example 2: (1)-(6R,8aS)-Octahydropyrrolo[1,2-a]pyrazin-6-ylmethanol

O
N LiAIH,, THF
\\ N — - N
N
0 \J o \J
(@]

To a suspension of LiAlH, (16 g, 0.42 mol) in THF (350 mL) was added a solution of
(1)-ethyl (6R,8aS)-1-oxooctahydropyrrolo[1,2-a]pyrazine-6-carboxylate (32 g) in
THF (150 mL) at 0°C over 30 min. The reaction mixture was stirred at RT overnight



NO 0 O2, EDCl, HOBt, HORCH2NHBoc, DMF d 0 3, TFA,
CH2CI 2 To a m xture of 1-tert-butyl 2-nethyl

W@ 28788575- [ ( 1 E/ Z)-prop-1-en-1-yl]pyrrolidi nePCT/US2006/030394
1, 2-di carboxylate (10 g, 37 nmol) and DCM (75 nilL) was
added TFA (25 nL) at OC. The m xture was stirred at
RT for 2 h. After renoval of DCM and TFA, the residue
was diluted with ethyl acetate and washed with Na2CO3
ag. Organic solution was dr#ed over Anhydrous sodi um
sul phate and the sol vent was renoved to afford am ne.
The internediate amne was treated with EDCl (7.8 g,
40 mmol ), HOBT (5.8 g, 43 mmol), HOCOCH2N(boc) (7.3
g, 42 mmol) in DMF (100 nl) at RT overnight. The
mebdlﬁﬂf’CvﬁaJsZ bxTo thetreshlting mixgute yias addedacaceiuiyl Nmﬁ%@q:l(m% 18

and ter, .successi vel y.

PESO it Gl Alish darin Lorgddiigng Gmifipmixyte ates filtered
‘gtﬁ&%ﬂ caat® Qnd’\ﬁhE lfllt?ﬁéw(ag éoﬂ@e}ltrét@d RO drd thddehdd Ahinbaldohol

A were renoved and the residue was

(Mggmmy basmzkemma (3GEMEz, CDClg)} 6 $pprpH .28 (el Ay d6-1.87

v DR 2B T T TPB AL ATy e Gty 346

FHint th Et 20 and hexane to produce
Eﬂb&&dv‘ﬁ?dggb wﬁl@gﬁdﬂv 1H NVR (300 MHz, CF[))GCD) 8

1.47 -1. 83 (m 4H) '2.05 WD 2007/ 021575

Sl RN X AT
%E’gfgﬁg?@éﬂ?m‘“&}?’g P o hexahydr ZS;E)r &”L[y'l 2.

a] pyr azi ne- carboxylate O N 1 2S C
~j A < 1| NNJO Oy2, BREHaCHANE 3, ( 0c)20, CN O
To a sol uti Né / N\J 0

(6S, 8aS)98 (1 -prop-1-en-1 -yl |Rexfahydropyrr [1,2

- a] pyr azi ne-

To a solution of (£)-(6R,8aS)-octahydropyrrolo[1,2-a]pyrazin-6-ylmethanol (9 g,
crude) in acetonitrile (120 mL) was added (Boc),O (13.5 g, 62 mmol) at 0°C over 10
min. The mixture was stirred at RT for 2 h. To the resulting mixture was added
Na,COj aq (sat. 200 mL) and extracted with ethyl acetate (180 mL x 3). The
combined extract was dried and the solvent was removed with rotary evaporator to
give residue which was purified on silica gel column to afford boc-protected alcohol
(8 g, 64%). "TH NMR (300 MHz, CDCL3): 8 (ppm) 1.28 (m, 1H), 1.48 (s, 9H), 1.79 (m,
3H), 2.06 (m, 2H), 2.53 (m, 2H), 2.65-3.00 (m, 2H), 3.58 (m, 1H), 4.13 (m, 1H), 4.12
(broad, 2H). ‘

Example 4: 1-tert-butyl 2-methyl (2S,5S)-5-[(1E/Z)-prop-1-en-1-yl]pyrrolidine-
1,2-dicarboxylate



1,4-dione (2.8 g, 14.4 mmol) in MeOH (100 nL) was

bubbl ed 03 at -78C for 20 mn. Me2S (4 nL) was added
wW@pa 7075 esul ting m xture was stirred at RT OREr/DEPNE/030394

The solvent was renoved and the residue was treated

with LiAlHA (2.6 g, 70 mmol) and THE (160 ni) at RT

overni ght and at 80C for 2 h. To the resulting mxture

was added carefully NaOH(ag) (10%5 nlL) over 30 mn

at 0C. After stirring for additional 30 nmin, the

m xture was filtered through Celite(r) and the

filtrate was concentrated to afford the crude

am no-al cohol (1.8 g, crude). Et3N (1 nL) and (Boc)?20

(2.66 g, 12 ) were added to the crude 0

am no- al coholy in DCI\/I1 ,@% 3’h[. ;M (0C, and the resupting

S

m xt ur irred ter washing
sat ur at lution\
conce rat?d:cand purBleIHBEtQITHEI lica gel _caqfu
afford bo ot ect ed4qmgeay|aﬂhmhaio(63 Z
NMR (300 CDC13): CL&rMBJZSTBFSJEt (s, 9H) 1965-2. 11
(m 4H), 55 (broad, 1H), 76 24 (m 6H),

3.44-3.70 (m 4H). Exanple 7: ()-Tert-butyl

$\n - [ -

(aAGIE;?ragi‘Z&%I)OESZ %QFR?)%%E%%@BS‘ %ﬁgg}r&@%’ ) cgu%k;(ylgc acid (9.7g,
83mmolp.df iR 116-0g,8-8dhmal) o YMF €301 2 0QF sQ24PART for 20 min.

Okt P wlhomishye i st 'é've%?rghvmlam)ed
v éﬂh_l}& 20600 mby ehd (vhalld Wit 1RO Bddl A%) THJ offimic layer

he reaction vessel was evacuat
Waﬁ Hriedy Qv dydrydegas sodinoh siphatecuhdithe svetayas mmkared to give

ki T LR

!MI&BE{NFHF sdluddeM1 98 rfﬂ?sﬁf%elﬂm\M)t }) bzweesystem over
*an

organi c phase was dri ed, oncentrat ed -t
¥5 eiid at Y8°€i The rmxmmowmjst(rma f8111 b anﬂi%é); poﬂﬂdd NNRN&I@% aq

Eég'é ’20%33§011?gve§1§5}m flbtlopl H(GS)Q €10 yq mL) T(hls resuF?mg ?nn?tgre
WaRsHed) fo% 14 A 'O@é %§’l&‘ EQ@Q@&PW&IH&%%{\%\C%%& (2%0%]9%%’3‘2 M&efract

- car boxyl ate
was dried over Anhydrous sodium sulphate and the solvent was removed. The

residue was treated with dry MeOH (150 mL) and 4-methylbenzenesulfonic acid (2
g). The resulting mixture was stirred overnight at RT, NaHCOj3¢,q) (sat. 50 mL) was
added and the product was extracted with DCM (150 mL x 3). Removal of solvent
gave intermediate (9.7 g).

To a suspension of CuBrMe,S (16.8 g, 76 mmol) and Et,O (100 mL) was added a
solution of propenyl lithium, generated from propenyl bromide (6.5 mL, 76 mmol),
lithium metal (1.8 g, 260 mmol) and Et;O (100 mL) at RT for 1 h, at -40°C over 10
min. After stirring for 1 h at -40°C, the reaction mixture was cooled to -78°C and
BF3Et;0O (11.5 mL, 90 mmol) was added over 5 min. The resulting mixture was
stirred at -78°C for 1 h. To this reaction mixture was added a solution of intermediate

obtained above in Et,0 (100 mL). After the mixture was allowed to warm to 0°C



O OHO2. NHB OO "~-NH D nethyl (2R
6S) - pi peri di ne-2, 6-di carboxylate (7 g, 34.8 mmol ), and
WORTOBI5(Y. 37 g, 69.5 mMmvl) were added to a PCT/US2006/030394
round- bottom fl ask and di ssolved in acetonitrile (50
mL and THE (25 nL). The reaction was cooled to O C and
bronpacetyl chloride (6.56 g, 41.7 nmol) was added
dropwi se. The reaction was stirred until the starting
material was no | onger obser¢éd. The sol vent was
renoved in vacuo, and the residue was dissolved in
MeOH (40 nL). The solution was cooled to O C and
concentrated ammonia (20 nmL) was added. Wen the
|ntermad| ate was_ consuned, the solvent _was _renpve

Yed 3ph I was porsedo satwiatsi\ NI Gl 49%<1m1§§ﬁ3@10w(%¢9 mL)
X\@iﬁ rred FBR30 AGY AR HNE Sltﬁ'gl\é?ﬁ/a? %ﬁ%@(ﬁ&dﬂgﬁémﬁ%é Ras

acetate and added organi c pﬁase “
wamcthdi with EtOt(@5@thLan@). C’Hm:@mhm&da@gtrabﬂa everpdri¢d amldheyolvent

col um hr omat pgr a ield i C d .
18 vl 0 provR e G50 JREN TS ‘o i ABIRG 40 MHEE, CD0D):
5 (4no-3kk;
5@%@%?@@2@3»@%@ (o Op o iy By 0 b m. 200,
B33y 8 (bid)2H)i i i)
()-(6R, 9aS) - Cct ahydr o- 2H- pyri do[ 1, 2- a] pyrazi n-6-yl neth
anol /ONOLAHN ONHTHE OH NH LAH (5.45 g, 143
_ 4969 ! C Kpyrazine-
P R B O K pyravin
ddedionol ed to 0 C. ()- Met hyl
(6R, 9aS) 1 4- di oxooct ahydr o- 2H pyri do[ 1, 2- a] pyrazi nen6
- car (6.5 9. 28.7 nmml) was added as a oIi ,
and th nr & was stuTFrAengl 40 C overni ght. NH
reaction wags thgn coole

vat er, slc\gﬁ%ﬁo The i xg \%%% Fﬁg?td?,\;?[:ow >7J

Celite( nd washed V\é acet gt e.0 The
filtrat evaporaté o;ﬁléldthetltlec ound
in quantltatlve

Tppryixqurg of fhgrt- m:.})yl 2-11164}2}71((% 5§)=§ [(1:]_5/%)3p1(0m1 QIH)l yl]Pyl;rgghdme—

g%dl@%@?f%tg %Io’-%b% rg&@ a?lt{'b rﬁ)(% gﬁg%a(sg;@'}led f&rﬁfz%é B at

0®dl, Thddnixture was stirred at RT for 2 h. After removal of DCM and TFA, the

residue was diluted with ethyl acetate and washed with Na;COj3 aq. Organic solution
was dried over Anhydrous sodium sulphate and the solvent was removed to afford
amine. The intermediate amine was treated with EDCI (7.8 g, 40 mmol), HOBT (5.8
g, 43 mmol), HOCOCH;N(boc) (7.3 g, 42 mmol) in DMF (100 mL) at RT overnight.
The product was extracted into ethyl acetate and washed with NaCl aq (sat.) and
water successively. The organic phase was concentrated to give amide, which was
treated with TFA (25 mL) in DCM (75 mL) for 1 h at RT. DCM and TFA were
removed and the residue was treated with Na,COj3 aq (sat.) to adjust pH value about 8
and extracted with DCM (3 x 300 mL). The extracts were dried and the solvent was
removed to give solid, Which was triturated with Et,O and hexane to produce pure

product (4 g, 47 %). "H NMR (300 MHz, CD3;0D): & (ppm) 1.47 -1.83 (m, 4H), 2.05-



iv) ()-Tert-butyl
(6R, 9aS) - 6- (hydr oxynet hyl ) oct ahydr o- 2H pyri do[
wa2®7a239F azi ne- 2- carboxylate (Ba)20 OH L, , , N/T5500M030394
OHNO OTo a solution of
()-(6R, 9aS) - oct ahydr o- 2H pyri do[ 1, 2- a] pyrazi n-6-yl nmeth
anol (5.5 g, 32.3 mmol) in DCM (40 nL) was added
(Boc)20 (7 g, 32.3 mmol) at 0 C. The m xture was
stirred at 0 Cfor 1 h. To tHé resulting m xture was
added NaHCO3 ag WO 2007/021575 PCT/ US2006/ 030394 46
(sat. 200 nlL) and extracted with DCM The conbi ned
extract was dried and the solvent was rem)ved vvith
rotary evaporator tmve resi due _whi ch was puri

88 431D §313 At b O3EE T G2HD. (hG-bO8 GmpBlInG 31-5.66

1 I\/R 300 Mz, CDCL3): 5 (ppin) 1.40
Erﬁ ﬁH%)G A ﬁ{j\l ( 1.55-1.8 (m 5)H) 2.(05 (s, 3H),
2.5 (broad 2H) 2 88 (broad, 1H), 3.08 (broad d,

1 4.14 (m 3H) . Exanple 8. 1:
M@&eﬁf 84%%5%%%@ Qwih%?lla%rpmra[oi,léz
azi ne-2-carbonitrile N
3@*5%‘?%%51?2%@#2*‘%*‘%0n.tr. e -/ NNNN ON

Et 3N, THE O NPA mi xture of

()-(6R 8@4& ahydroPérqrol of 1, 2 a] pyr az %hano
I (1.05 N #zi ne- 2- ar onlm

(860 nyy 6. I) Et3N (1.5 ﬁ[j and T

St rrecpzl;}at 0C over ni yHAHAFHFer concent\r at| on

crude pgoduct was pu®iBckd GmCY silicagel col um>  t o
afford pure product (1.03 g, 77% . 1H NWR (300 MHz,

ToEkBhutios of mﬂﬁia&-.ﬂglg/?)-pi%% 1 -E?Ll.- Bﬁl]]_g&n]a-tgﬁhl))pyrgoléﬂl ,Zéﬁ]g%lrazine—
fiﬁ'?-di@% g%%gé,%.a( E;')giol)li,'q)Meqﬁgioq mlib)’zqzzbs'buhb]één% §It_|) ~78¢ for 20 min.
g%ezg glg %%.g v;agbaddé%ﬁ i fgshlgllhg @Q{ﬁ?{ Wtag%r uc u r e rn1ght The

were s hesi ze
Yole¢rd was removed and the residue was treated with LiAlHy (2.6 g, 70 mmol) and

THF (160 mL) at RT overnight and at 80°C for 2 h. To the resulting mixture was
added carefully NaOH(yq) (10% 5 mL) over 30 min at 0°C. After stirring for
additional 30 min, the mixture was filtered through Celite® and the filtrate was
concentrated to afford the crude amino-alcohol (1.8 g, crude). EtzN (1 mL) and
(Boc),0 (2.66 g, 12 mmol) were added to the crude amino-alcohol in DCM (15 mL)
at 0°C, and the resulting mixture was stirred for 2 h. After washing with saturated
Na;COsaq), the organic solution was dried, concentrated and purified on silica gel
column to afford boc-protected amino-alcohol (638 mg, 18%). 'H NMR (300 MHz,
CDCls): 6 (ppm) 1.48 (s, 9H), 1.65-2.11 (m, 4H), 2.55 (broad, 1H), 2.76-3.24 (m,
6H), 3.44-3.70 (m, 4H).

Example 7: (+)-Tert-butyl (6R,9aS)-6-(hydroxymethyl)octahydro-2H-pyrido[1,2-
ajpyrazine-2-carboxylate

i) Dimethyl (2R, 6S)-piperidine-2,6-dicarboxylate



N ()-2-[(6R 8aS)-6-(hydroxynethyl) 60% N/
hexahydropyrrol o[ 1, 2-a] pyrazin 8.2 o N 2(1H) -yl ]
wor@obeysehitrile N 1.43 (m 1H), 1.88 (m 3H) PCRUEH06/030394
(m 3H), 2.48 (m 1H), 2.86 (dd, 1H), 3.14 (m 2H),
NVR 3.56 (broad d, 1H), 3.79 (dd, 1H), 4.49 (m 2H),
6.78 (dd, 1H), 7.79(dd, 1H), 8.36 (dd, 1H). WO
2007/ 021575 PCT/ US2006/ 030394 47 N F
()-5-fluoro-2-[(6R 8aS)-6- 586 N /) (hydroxymethyl)
hexahydropyrrolo 8.3 0_;) ~ [1',2-a] pyrazin-2(1H)-yl]
[ [ nicotinonitrile N NVR 1.45 (m 1H), 1.88 (m 3H),
2.41- 2.48 (m 411), 2.85 (dd, 1H), 3.10 (m 2H), 3.54
(broad d, 1H), 3.79 (dd, 1H), 4.26 (m 2H), 7.54(dd,
1H), 8.26 (dd,

In a simlar manner the foll ow ng
conmpounds were {syntihesi zed &k 35 C gver t: OExarrpl e
Structure M P)- 3-BOSR, 9aS) g7 BEoy

(hydr oxynet hyll ) oct ahitdr 0o- 2H N H
pyrido[ 1, 2-a]pyrazi n~2-yl ] pyrazi ne- 2- 84(}ILNN

9%&921') pyridige-Ne-d dl\&a%yi]at{gl 5(%“77 o) a8 Risc et MednEE 50

(m 1H);” 2.21-2.32 (ny 4H); 2.93 (dd, 1H); 3.28 (m

o) andHSY . (77 mH) 1M3. The (edctjonlvdssel 4va34vianated lng backdBled with
d, 1H: 8.02 .(d. . 1H): 8.26 (d, 1 .

b trosihese, isdyinga o0 dosf RO YRR B RyoRecan b bprfgetion

¥ Esiapidie2tRImiRiird#adfiRered aRd EdhceMrd¥ed, then dissolved in DCM and

yl ] nicotinonitrile -5i N

washed with NayCOs . The organic phase was dried, filtered and concentrated to

yield the title compound (13.81 g, 89%). "H NMR (300 MHz, CDCl;): & (ppm) 1.43

(m, 3H); 2.01 (m, 3H); 3.39 (dd, 2H), 3.75 (s, 6H)

ii) ()-Methyl (6R,9aS)-1,4-dioxooctahydro-2H-pyrido[1,2-a]pyrazine-6-carboxylate
)

1.
)J\/B'
cl _0 O
/O N O\ —_— N
H

2. NH, O NH

Dimethyl (2R, 6S)-piperidine-2,6-dicarboxylate (7 g, 34.8 mmol), and Na,COs3 (7.37
g, 69.5 mmol) were added to a round-bottom flask and dissolved in acetonitrile (50
mL and THF (25 mL). The reaction was cooled to 0 °C and bromoacetyl chloride
(6.56 g, 41.7 mmol) was added dropwise. The reaction was stirred until the starting
material was no longer observed. The solvent was removed in vacuo, and the residue
was dissolved in MeOH (40 mL). The solution was cooled to 0 C and concentrated
ammonia (20 mL) was added. When the intermediate was consumed, the solvent was
removed, and the residue was dissolved in DCM and washed with water. The
aqueous phase was extracted again with ethyl acetate and added to the DCM. The
organic phase was dried filtered and concentrated, then purified by column
chromatography to yield the title compound (6.5 g, 83%). "H NMR (300 MHz,



1.19-1.43 (m 2H); 1.64-1.72 (m 3H); 1.80 (m 3H);
2.19 (m 1H; 2.24 (m 1H; 2.34 NW (m 1H); 2.88
w@ ego7aRd575 3. 20 (t, 1H); 3.25 (d, 1H); 3.39 (d,PAFps2006/030394
3.96 (dd, 1H); 4.21 (d, 1H); 4.37 (m 1H); 6.76 (dd,
1H); 7.78 (dd, 1H); 8.35 (dd, 1H).
()-5-fluoro-2-[(6R, 9aS)-6- 40%
(hydr oxymet hyl ) oct ahydr o- 2H gyrl do[ 1, 2- a] pyrazi n- 2-
8.6 off N~ Nyl]lnicotinoni#sile N15' F 1.39 (m 1H);
1.62 (m 3H); 1.78 (m 1H); 2.24 (m 3H); 279(m
2H); 3.11 (t, 1H); 3.20 NWR (d, 1H); 3.40 (dd, 1H);
3.85 (d, 1H) 394(d 1H); 4.04 (m 1H); 750(m
1H); 8.19 . nple 9.1:. ()-Tert-buty
G@@laaé)(plsn)el ﬁ@/ﬁ;u kélﬂ}dméﬁ)&%{@hb 4.04 (m, 4H) 7.15 (s,
ugg%}/luég%ne 2(1H) - car boxyl ate WO 2007/ 021575

06/030394 48 0 0 P.O O (COCI)2 NI INI  N- p
aNN" OK2CO z 2 McOH To a solution of oxalyl
chloride (2M 3.3 nL, 6.6 nnol% in DCM (12 nL) was
addéh(ﬁlme@erMH-mld@ﬁbﬂ)a mrazir8aylmathesl stirring

10 min a solution of ()-tert- butyl

(6R, 9aS)-6-(hydr xy t hyl ) oct ahydr o- 2H pyTi do]
1, 2-a] pyr azi oxyl ate 4850 ng, 3- N ) in
DCM(6 nmL.) was add!Ed he reagfEdh m xtlure|wa E‘stlrred

at - 78C for 1% H(2 nL) was added™an

resul ting m'xture was stirred at RT for 30 min, then
DhAH €045 gtid3 Imbb 3dsrtljled toNHBreeR@cK 1@84d bbGomlf)ask Théech was
orgaglc phase epar at e

A TR R O Bt fdiedan Eofé%«i@ 48 Rhethy
e
(i) ms adlderlms la)soladl, aRd theﬁtfeuﬁ[onsxt/asrstmg ang0 ?U'oﬁarmgﬁt) The
Teaction was then cooled to 0 °C and quenched with water, slowly. The mixture was
filtered through Celite® and washed with ether and ethyl acetate. The filtrate was
evaporated to yield the title compound in quantitative yield. 'H NMR (300 MHz,
CDCls): & (ppm) 1.15 (m, 1H); 1.42 (m, 1H); 1.66 (m, 2H); 1.71 (m, 1H); 2.02-2.07
(m, 4H); 2.53 (dd, 1H); 2.85 (t, 2H); 2.99 (m, 2H); 3.12 (m, 1H); 3.36 (dd, 1H); 3.88
(dd, 1H).

iv) (%)-Tert-butyl (6R,9aS)-6-(hydroxymethyl)octahydro-2H-pyrido[ 1,2-a]pyrazine-2-

OH K/NH CH,ON OH k/N\n/og‘/

carboxylate

To a solution of (£)-(6R,9aS)-octahydro-2H-pyrido[1,2-a]pyrazin-6-ylmethanol (5.5
g, 32.3 mmol) in DCM (40 mL) was added (Boc),O (7 g, 32.3 mmol) at 0 °C. The

mixture was stirred at 0 °C for 1 h. To the resulting mixture was added NaHCO3 aq



the resulting m xture was concentrated. The residue

was di ssolved with ethyl acetate and filtered. After
wo eovowals7df the sol vent, flash chronat ography POT/E5100€6830394

gel afforded pure acetylene (557 ng, 64% . 1H NMVR 300

MHz, (CDC13) 5 (ppm 1.48 (s, 9H), 1.55 (m 1H),

1.66-2.2 (m 5H), 2.34 (s, 1H) 2.63 (broad, 1H), 2.90

(broad t, 2H), 3.25 (broad d, 1H), 4.16 (broad, 2H).

In a similar manner the foll 6% ng compounds were

synt hesi zed: Exanple Structure Nanme Yield

()-3-[(6R, 8aS)-6-ethynyl 53% /

hexahydr opyrrol o[ 1, 2-a] pyrazin 9.2

%%gbg %\}Il)%;lae)zcl Qegiztv;-:ﬂ?r])%)l]?ll t réllelggmpglled%%ctggag ek and the

g(hl)/ent%ag %er(lmefl)z&ﬂ)ch ?egg%g a(gﬂtg \)//% 57 ?i%g%?)fhu#}'_&/as Sefd on

siirapslcobyr tocttord thb tﬁ%ea:]ompnarzd (4 9 gfﬁ(}%y 'H NMR (300 MHz,
007/ 021575
BEHIS GharoHaG8 10 s PRI L a1 (i, SH), 80545 FED(%5

P ittt ity g ot 9 g0
P-_ F ()-2-[(6R 8aS)-6-ethynyl 55%

hexahydropyrrolo[l 2-a] pyrazin- 9.4
2(1H)-yl]-5-fluoronicotinonitrile N NWR 1.57 (m 1H),

B 98- (s G 104yt
elpyrazhm-.Z(1])1)-yﬂpyrdziltey2-czilﬁﬁnﬁai® 6- et hynyl 77%
oct ahydro-2H pyrido [ 1, 2-a]pyrazi ne- 2-carboxyl at e

9.5 L\yO 3-chloropyrazine-2-carbonitrile \p/\N \
S

o EtN, THF

A mixture of ()-(6R,8aS)-octahydropyrrolo[1,2-a]pyrazin-6-ylmethanol (1.05 g,
crude), 3-chloropyrazine-2-carbonitrile (860 mg, 6.2 mmol), EtsN (1.5 mL) and THF
(10 mL) was stirred at 80°C overnight. After concentration, the crude product was
purified on a silica gel column to afford pure product (1.03 g, 77%). 'H NMR (300
MHz, CDCls): 6 (ppm) 1.45 (m, 1H), 1.85 (m, 3H), 2.41 (m, 3H), 2.63 (m, 1H), 2.92
(dd, 1H), 3.18 (m, 2H), 3.53 (t, 1H), 3.79 (dd, 1H), 4.61 (m, 2H), 8.03 (s, 1H), 8.27 (s,
1H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield
N== ()-2-[(6R,8aS)-6-(hydroxymethyl) 60%
\p’\ N\ / hexahydropyrrolo[1,2-ajpyrazin-
8.2 od N 2(1H)-yl] nicotinonitrile
4

1.43 (m, 1H), 1.88 (m, 3H), 2.41 (m, 3H), 2.48 (m, 1H), 2.86 (dd, 1H), 3.14 (m, 25,
NMR 3.56 (broad d, 1H), 3.79 (dd, 1H), 4.49 (m, 2H), 6.78 (dd, 1H), 7.79(dd, LH), 8.36 (dd,
1H).




NVR 1.28 (m 2H), 1.47 (s, 9H), 1.61-2.06 (m 6H),
2.35 (s, 1H), 2.61 (broad, 1H), 2.78 (d, 1H) 2.98
w@ oooaehs72H), 3.55 (d, 1H), 3.8-4.2 (broad 2H)CT/0S2006/030394
tert-butyl (6S,8aS)-6-ethynyl 50% N N
hexahydropyrrol o[ 1, 2-a] pyrazine 9.6 \-j
2(1H)-carboxylate NVR 1.45 (m 1H), 1.47 (s, 9H),
1.88-1.94(m 2H), 2.18 (m 1H), 2.34 (s, 1H),
2.44-2.81 (m 5H), 3.95 (bréad d, 1H), 4.13 (broad,

2H) .

()-3-[(6R, 9aS) - 6- et hynyl oct ahydro- 40 %

2H pyrido [ 1,2-a]pyrazin-2 9 7 ~N N

yl ] pyrazi ne-2-carbonitrile I~ NN~ 1.33 (m 2H);

(m 1H);

1.76 (m_2H): 1.97 (m

1.70
1H); 2.09-2 18 (m

2H) 2.34
§3(td

1, 2-a] pvr

() 2- [(6R 9aS) 6- et hy

HN=x. 80 (

(deéhéB,\l
4
1H)J8 oH)

(d, 1
| oct ahyd

0 (£)- [@B.8¢Y-6-
Qlydgfﬂy(:;(;ti (gh%x Stci;gply(l_rl)@o

2-a)pyrazin-2(1H)-yl]

1;
’_2180-““‘3%596 2H pyrido [

azin-2-vll 9.8 ~-N N n

cotinonitrile NVR 1.26

50%

( MNMRY) ;

1,45 5m, (1Y), 1B{m, 3H), 281-(%AH8 (IBH);I)
2 07-2 16 (brmddﬂlﬂ) 3.7 (dgh 11426 (g FH)

28594, R 3.1
4y, thf]S(%md 1

2H) 3.54

(td, 1H);

3.57 (d, 1H);

411d

1H); 4.32 (d, 1H) ;

1.8 Grfif mabbleane fuBRihd g%%g%ﬂs AL RECL—

(Ex2mple6H
2H pyri dg

R, 9aS) - 6-Rhdapay | oct ahy
[1,.2-alpyrazin-2-y|]-

dr o- 61% Whme

Yield

fl uoronid
(HID 1H); .
2 2.3
(d, 845
.15 (d,

otinonitrnle ( N F
; 1.95 (m

- .7%(m 2
N//)IN/I

5- 9.9 ~N N
2H) ;

%31(6@ 31801 Ct y
yr?é% &?'P(%n 21%2@’ >
46 (dd, 1H);

*‘1‘1515““ 7.

81%

NMR

09 (d
1.40 (m, 1H); 1.69 (m, 4H); 1.82 (m,

1H); 2.21-2.32 (m, 4H); 2.93 (dd, 1H); 3.28 (m,
2H); 3.35 (d, 1H); 3.96 (dd, 1H); 4.34 (d, 1H); 4.48 (d, 1H); 8.02 (d, 1H); 8.26 (d, 1H).

(#)-2-[(6R,9aS)-6-
(hydroxymethyl)octahydro-2H-
pyrido[1,2-a] pyrazin-2-

32%

1H).

8.5 OH NNy, yl]nicotinonitrile
|
=
N//)ij
1.19-1.43 (m, 2H); 1.64-1.72 (m, 3H); 1.80 (m, 3H); 2.19 (m, 1H); 2.24 (m, 1H); 2.34
NMR | (m, 15); 2.88 (m, 1H); 3.20 (t, 1ED); 3.25 (d, 1H); 3.39 (d, 1H); 3.96 (dd, 1H); 4.21 (d,
1H); 4.37 (m, 1H); 6.76 (dd, 1H); 7.78 (dd, 1H); 8.35 (dd, 1H).
(£)-5-fluoro-2-[(6R,9aS)-6- 40%
N (hydroxymethyl)octahydro-2H-
pyrido{1,2-a]pyrazin-2-
8.6 oHt K/N NS yl]nicotinonitrile
_
NZ F
R 1.39 (m, 1H); 1.62 (m, 3H); 1.78 (m, 1H); 2.24 (m, 3H); 2.79 (m, 2H); 3.11 (t, 1H); 3.20

(d, 1H); 3.40 (dd, 1H); 3.85 (d, 1H); 3.94 (d, 1H); 4.04 (m, 1H); 7.50 (m, 1H); 8.19 (m,

Example 9.1: ()-Tert-butyl (6R,8aS)-6-ethynylhexahydropyrrolo[1,2-

aJpyrazine-2(1H)-carboxylate




Exanpl e 10. 1:
()-(6R, 8aS)-6-[(3-chl orophenyl) et hynyl ] oct ahydr opyrr ol
Wo@pW;A21523 pyrazine o 1, 1-chioro-3-i odobenzenePCHUS2006/030394

Pd(PPh3)2CI 2, Cul, EE3BNN ON 2, TFA CHCl12 A
m xture of ()-tert-butyl (6S,
8aR) - 6- et hynyl hexahydr opyrrol o(1, 2-a) pyr azi ne-
2(1H)-carboxylate (557 ng, 2.1 mmol),
3-i odo- chl or obenzene (952 ng484 mmol), Pd(PPh3)2C12
(84 nmg, 0.12 mmol), Cul (45 ng, 0.24 mmol) and Et3N (4
m.) was stirred at RT overnight. After renoval of
amne with air flow, the residue was purified on
silica gel colum. The resulting phenyl acetylene in

2

DCM (2 / TBA (1 nL) was stirged/atB:ﬁTfo h. o
DCM arholge&f%s/(TFAcmre r ifn vachd. The ITesidue
was q t'éd/&/v%%em;gl’gc_ e /an® washet wj haqbgc%s
Na2CO3. The o ni@,cLphase was Ked hydr ous

sodi um sul phate. After filtration, the solvent was
Te rzohdion f vaalybelloridf (M, 3.3 e, 6i6trh@ol)anDUMA1% 3675 wig added

6%2%0 1H VR (300 Mz, CDCL3): b (ppm 1.55 (m 1H).
PMS0 £0.7 6 1y 10gpol) at §48°C difter phirring 19gningasolutign, of ) tert-

. . ok
Bt s Mtk b Riag i Pialbflo AP o lattytace
BSOS Simmusy lir BCNa(EMY) elsadtlod 2 QBE r&R2 8017 mixture was stirred at -

PCT/ US2006/ 030394 51 ()-(6R 9aS)-6-[(3-chlor ophenc%ll )
88% faxtlry BN (dealarwasadd ¢ grsuting mpixgyre wos stinggd gt RY for

YSEE s oy e R Ll e
St} separated, [dsied birbr. A{HBrdin Spdian| dufphaty axlaphedsivialedd Yvearude

" eth | ] oct ahydropyrraolo[1l,2 a] 10.3 1S " razi ne
aldehy(%:. ]ﬂ%e alde%yde veg/s added MeOH (;O mL), K,COs3 ancFl) >c/1imethy1 (1-diazo-

2-oxopropyl)phosphonate (768 mg, 4 mmol) at RT. After stirring at RT for 50 min,

the resulting mixture was concentrated. The residue was dissolved with ethyl acetate
and filtered. After removal of the solvent, flash chromatography on silica gel afforded
pure acetylene (557 mg, 64%). 'H NMR 300 MHz, (CDCI3) 6 (ppm) 1.48 (s, 9H),
1.55 (m, 1H), 1.66-2.2 (m, SH), 2.34 (s, 1H), 2.63 (broad, 1H), 2.90 (broad t, 2H),
3.25 (broad d, 1H), 4.16 (broad, 2H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield
N= (£)-3-[(6R,8aS)-6-ethynyl 53%
N A hexahydropyrrolo[1,2-a]pyrazin-
9.2 N N 2(1H)-yl]pyrazine-2-carbonitrile
74 Il
N

NMR 1.58 (m, 1H), 1.92 (m, 2H), 2.23 (m, 3H), 2.35 (s, 1H), 2.95 (m, 2H), 3.33 (m, 2H), 4.53
(m, 2H), 7.98 (s, 1H), 8.23 (s, 1H).

N= (£)-2-[(6R,8aS)-6-ethynyl 54%
NN\ hexahydropyrrolo[1,2-a]pyrazin-
9.3 N/ 2(1H)-yl]nicotinonitrile
4 Il




NVR 1.70 (m 1H), 2.14 -2.46 (m 3H), 2.12-3.68 (m
7H, 4.49 (m 1H), 7.29 (m 3H), 7.43 (s, 1H).

W@ 2003/02156R, 8aS) - oct ahydropyrrolo | PCT/US2006/030394
1,2-a]pyrazin-6-ylethynyl] _ ~N 10.4 NCID N
benzonitrile NVR 1.58 (m 1H), 1.88-2.23 (m 5H), 2.71
(dd, 1H), 3.06 (dd, 1H), 3.22-3.48 (m 4H), 7.44 (dd,
3H), 7.59 (d, 1H), 7.65 (d, 14l—9|), 7.73 (s, 1H). Exanple
11:

@) i (9aS)-6-[(E)-2-(3-chl orophenyl)vinyl]octahydro-2H p
yrido[1,2- a]pyrazine i) (3
-chl or obenzyl ) (t r| phenyl ) phosphoni um brom de PPh3 Cl

Br fnl u ;'E]tq? Br NI A g(yfllrp of
1- (PHYIBwo 5 5De2.99 (m. 28, 343p <Iar?é1),447
+1 | IJIIUIIyI ggj 61:26( ;@:é‘ﬂ?ﬁuuéj (5 (d ’anDnI vene (8453 'n.d__\
was heat ed at Fh. +) 'y p}%r “ ﬂ ﬁm\/\n 55%
thegsol i d was gei| e e y fil gf th
benzene and xane tq,yi eI dt e t e léooomcgunr? tkaS 7
98% . WO 2007/ 0215 é PCT/ US2006/ 030394 52 ii)
g, )
JAAY Tort wt vl
} | A l. 2
(9AYfRs. [“lgjglg ;@(ggfrﬁﬁ T leﬁ%é’?a%g&ﬁ& SR
UU|_ J. 2= ytraztHe= cat H e
70 10THE -78 t OBruoﬁﬁaﬁfﬁ B ?"eﬁ}‘ B i n| 77%
hexane, 2.6rmao added to @ U Rygeine
chl grsobenzyl ) (tri phenyl ) phosph Jnl um rom de (1.1 g,
2.4 mol )] in THF (13 nL] at - ¥8C. The m xture was
warmed tqg -20C over n and @ solution of
()-tert-butyl
(0o A flo dra- 2L n dao zine-2-ca
bthe %yé?o ‘%é ?@;\} ]qf 3(( *%1%2]5 251 G, 278 (@,
Vi a Swert ux| datotf—as 1L .- —bl‘i't”l“(g§8aé;‘@ethynyl 50%
K /( hexahydropyrrolo[1,2-a]pyrazine-
9.6 \J 2(1H)-carboxylate
7 &

NMR 1.45 (m, 1H), 1.47 (s, 9H), 1.88-1.94(m, 2H), 2.18 (m, 1H), 2.34 (s, 1H), 2.44-2.81 (m,
SH), 3.95 (broad d, 1H), 4.13 (broad, 2H).

(#)-3-[(6R,9aS)-6-ethynyloctahydro- | 40 %
2H-pyrido[1,2-a]pyrazin-2-
= N

k/” \ yllpyrazine-2-carbonitrile
N
5o
e

9.7

NMR 1.33 (m, 2H); 1.70 (m, 1H); 1.76 (m, 2H); 1.97 (m, 1H); 2.09-2.18 (m, 2H); 2.34 (d,
1H); 2.80 (d, 1H); 2.89 (t, 1H); 3.26 (td, 1H); 3.64 (d, 1H); 4.27 (d, 1H); 4.44 (d, 1H);
7.94 (d, 1H); 8.20 (d, 1H).

(+)-2-[(6R,9a8)-6-ethynyloctahydro- | 38%
y 2H-pyrido[1,2-a]pyrazin-2-yl]
9.8 & K/N N nicotinonitrile

1.26 (m, 2H); 1.55 (m, 1H); 1.70 (m, 2H); 1.95 (m, 1H); 2.07-2.16 (m, 2H); 2.31 (d,
NMR 1H); 2.79 (m, 2H); 3.16 (td, 1H); 3.57 (d, 1H); 4.11 (d, 1H); 4.32 (d, 1H); 6.67 (dd, 1H);
7.68 (dd, 1H); 8.25 (dd, 1H).




added. The resulting m xture was allowed to warmto RT
overnight. The m xture was partitioned between et hyl
wacavares7and water. After the organi c phase waBCTUB®d6/030394
and concentrated in vacuo, flash columm chromatography
yielded the title compound (347 ng, 48%. iii)
()-(9aS)-6-[(E)-2-(3-chl orophenyl)vinyl]octahydro-2H p
yrido[1l,2-a]pyrazine 0 ZNoNNH CI C To a mxture
of ()-tert-butyl 50
(9aS)-6-[(E)-2-(3-chl orophenyl)vinyl] octahydro-2H
pyrido[ 1, 2-a] pyrazi ne-2-carboxyate (347 ngy, 0.96 mmmol)
and DCM (3 nL) was added TFA (2 nL) at OC. The

ri-xt-ure \,a&slirped at RT for 2 h. After renpval of _

DCM and TFA, the[rgsidue was d] fRtEERMN frebomogpkydro- | 61%
vvas?g wilt h gq. Organi f?iuo ;{(él l&ln,éﬁ] dn-grpflay
ove Anhﬁdrous sodi | phat e AREEREUE Y ent was V0
2007/ 0215875 PCT/ USZQ 0394 | 53 renpved to afford
the title product (N 18ng, 85% | whi ch was used w t hout

further [p2sih 268156 Gn, 1EX NG 2872 135 (of, YEDVBAGY.L7 (m, 2H); 2.30 (4,
( 6RMRS) - 8HJ; 236 (m, 2H); 3.14 (td, 1H); 3.57 (d, 1H); 3.94 (d, LH); 4.09 (d, 15); 7.46 (dd, 1H);
chl or opheyibYeifynyl ] hexahydr opyrrol o[ 1, 2-a]

pyrazi ne-2(1H) -carboxylate O N~ N~ Et3N, CH2CI 2 N

[ T t
M&g@@&@ghﬁd%ﬂﬂeﬁmWeyH%ynyMMpnpr1,2-
gjﬁ,r%lﬂlpyram ne (40 ng, 0.15 mmol) Et3N (40 ng, 0.4

and DCM (1 nlL) was added nethyl chl oroformate

(30 0.3 mmol) at -78C. The resulting m xture
stirred RTSf or 1%, 1adhioro-8i@iBoekasfeed with Na

(sat w ect ed tRu(RfH,),Cla GyelELNcoLum t o r"%\/N
pr ct O 84% —IH-NVR{300 M4z, :

1.55 (m 1 1.85-2 2B (dR,cBH) » 2. 69 (
3.05 (broad, 1F), 3.16 (dd, *1F), 3.24(broad d, 1H)

%@fm&g of (&} terfiuty @508, ELlhymyinélin &@Ogg&gl% 2 Pakdine-
QMIH)IEUaﬂJOZ{QHtte (557 mg, 2.1 mmol), 3-iodo-chlorobenzene (952 mg, 4 mmol),
Pd(PPh3),Cl; (84 mg, 0.12 mmol), Cul (45 mg, 0.24 mmol) and Et;N (4 mL) was
stirred at RT overnight. After removal of amine with air flow, the residue was
purified on silica gel column. The resulting phenyl acetylene in DCM (2 mL) / TFA
(1 mL) was stirred at RT for 2 h. DCM and excess TFA were removed in vacuo. The
residue was diluted with ethyl acetate and washed with aqueous Na;COs. The organic
phase was dried over Anhydrous sodium sulphate. After filtration, the solvent was
removed in vacuo to afford the title compound (367 mg, 63%). 'H NMR (300 MHz,
CDCls): & (ppm) 1.55 (m, 1H), 1.85-2.25 (m, 5H), 2.69 (dd, 1H), 2.96 (dd, 1H), 3.14-
3.55 (m, 4H), 7.26 (m, 3H), 7.45 (s, 1H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield




Exanple Structure Nane Yield ()-ethyl (6R 9aS)-6-[(3-
81% chl orophenyl ) et hynyl] octahydro-2H N
W@ @ol515 2- a] pyr azi ne- 2-carboxylate 12.2 ~, NOT/US2006/030394
ci 1.39 (t, 3H), 1.40 (m 2H), 1.59 (broad d, 1H),
1.80-2.12 (m 5H), 2.69 (broad, 1H), 3.03 NM (dd,
1H), 3.06 (broad, 1H), 3.55(broad d, 1H), 3.93 (broad,
2H), 4.15 (q, 2H), 7.28 (m 311), 7.42 (s, 1H. WO
2007/ 021575 PCT/ US2006/ 0303941 54 et hyl
(6S,8aS)-6-[(3-chloro- 70%
phenyl ) et hynyl ] hexahydropyrrolo [ 1,2 12.3
-a] pyrazi ne-2(1H)-carboxylate NVR 1.28 (t, 3H), 1.46
(m 1H) . 0 (m 2H) 226 (m 1H) 2 60 (m 3H) 2 92

(m 2H), |4.18 (, 2H),~220 (b &xRIsp-[Gehomoperyl) 31| 86%
7.40 (s, |1H), nethyl 8a5)-6€ty‘gy§%*1°&th‘}Y6fP&H'P§§ o““]H)
pheW}A)et hyn§| ydrNop rrol of

L, -a] pyrazi ne- ylate 12.4 cl NVR 1.45 (m
1H), 1.97 (m 2H), 2.26 (m 1H), 2.53-2.92 (m 5H),

3. M{%s 1214 (d, 5HY, DeD@d, 1H), 31 (dd.AHR.8 .03 i, 381,60 {@dt,A8), 7.27 (m,

(s GER78a8) HN (2-chl oroethyl )-6-[(3- 13%

chl or ophenyl) et hynyl ] h hy dr opips.BaS)-&-X3Shlorophikig)~ 91%

oI [01%2 a] py P e- NH cpethyoxigatitdropyapeloNMR1 1. 42
2@ () PYIFHPS 2. 58-3.03 (m

5H) 3. 6(-3 70

NMR 1.70 (m, 1H), 2.14 -2.46 (m, 3H), 2.12-3.68 (m, 7H), 4.49 (m, 1H), 7.29 (m, 3H), 7.43

(s, 1H).
()-3-[(6R,8aS)-octahydropyrrolo
N [1,2-a}pyrazin-6-ylethynyl]
104 NG = LN benzonitrile

NMR 1.58 (m, 1H), 1.88-2.23 (m, 5H), 2.71 (dd, 1H), 3.06 (dd, 1H), 3.22-3.48 (m, 4H), 7.44
(dd, 3H), 7.59 (d, 1H), 7.65 (d, 1H), 7.73 (s, 1H).

Example 11: (+)-(9aS)-6-[(E)-2-(3-chlorophenyl)vinylJoctahydro-2H-pyrido[1,2-
aJpyrazine

i) (3-chlorobenzyl)(triphenyl)phosphonium bromide

Nelr
PPh, )
Br toluene P
Cl

A mixture of 1-(bromomethyl)-3-chlorobenzene (5.5 mL, 42 mmol) and

triphenylphosphine (7.8g, 30 mmol) in toluene (80 mL) was heated at reflux for 6 h.
After cooling to RT, the solid was collected by filtration and rinsed with benzene and

hexane to yield the title compound (13.7 g, 98%).



(broad d, 111), 4.09 (d, 1H), 4.20 (d, 1H), 5.32 (t,

1H, 7.29 (m 3H), 7.41 (s, 1H). Q/---~ ()-ethyl

W@ &R70215y5 6- [ (3-chl oro- 76% PCT/US2006/030394
phenyl ) et hynyl | hexahydropyrrolo [ 1,2 12.6 a ~N-!/
-a] pyrazi ne-2(1H)-carboxylate ~\ I , NWR 1.29 (t,

3H), 1.38 (m 111), 1.80-2.26 (m 5H), 2.69 (broad,
14, 3.01(dd, 1H), 3.19 (dd, 1H), 3.31 (d, 1H), 4.15
(g, 211), 4.20 (broad, 2H), 3228 (m 3H), 7.44 (s,

1H). ()-ethyl (6R 9aS)-6-[(E)-2-(3- 99%

chl or ophenyl ) vi nyl ] oct ahydro-2H N N-o

pyrido[ 1, 2- a] pyr azi ne- 2-car boxylate 12.7 1 ---/ o cl
NWVR 1.25 (t, 3H), 1.38-2.01 (m 8H), 2.64 (m 2H),

8) Oi(Tarobtyl @6S)-6-4(H)SX-(3-dd dropRédy)) vinyl pctabgdroZH-pyRdd[s,2-

%&) Fﬁﬁl‘g)%égig‘?ya d 1H, 7.24 (m 3H), 7.36 (s, 1H).
()-3-[(6R 8aS)-6-[(3-chlorophenyl)ethyn hexafydr opyr

rol o[ 1, 2- y n-2(1H) - vl razi ne- eA{trile
@ / US2 17@%3 55 N 3N {THE N

WO 2007/ 0

()-(6R, 8a -61 3)chl dFo 3I/§) et hy oct ahydr opyrr ol
o[ 1, 2- a] pyr&Zi (40 ngy-nQ.»

2-chl or o- 3- cyanopyr azi 30 , 0.22mmol ), Et3N (0.1

a d N
ni) adTHE %15rrL) was stirred at 80C for 4 h. The
P%%ﬂ M dhegare, 2 smmel tvas eddediad sysnension of Gh

N e T

U8ic. 5Pll)e, m&uﬁa “(ad dvarﬂabﬂ to -28°@ m& 34%1% %ﬁd(@édll{tﬁ)ﬂi &J(ﬂ( fétubutyl
951053 61fﬂvnylpﬁalayc§p1%ﬂ BYH hRedpyIieing- étqamxﬁljlt%@rﬂi@m]ds

W eEarS REREH2ZR8 of alcohol via Swern oxidation as in example above) was

added. The resulting mixture was allowed to warm to RT overnight. The mixture

was partitioned between ethyl acetate and water. After the organic phase was dried
and concentrated in vacuo, flash column chromatography yielded the title compound
(347 mg, 48%).

ii1) (£)-(9aS)-6-[(E)-2-(3-chlorophenyl)vinyljoctahydro-2H-pyrido[ 1,2-a]pyrazine

Q
N N’/(Ojr d \JNH

— ——— - —_
cl Cl

To a mixture of (F)-tert-butyl (9aS)-6-[(E)-2-(3-chlorophenyl)vinyljoctahydro-2H-
pyrido[1,2-a]pyrazine-2-carboxyate (347 mg, 0.96 mmol) and DCM (3 mL) was
added TFA (2 mL) at 0°C. The mixture was stirred at RT for 2 h. After removal of
DCM and TFA, the residue was diluted with DCM and washed with Na,COs aq.

Organic solution was dried over Anhydrous sodium sulphate and the solvent was



Exanple Structure Nane Yield ()-6- {

(6R, 9aS) - 6-[ (3-chl orophenyl) 51% et hynyl ]
woewahydro- 2H pyrido [ 1,2-a] N pyrazin 2 PCT/US2006/030394

yl}nicotinonitrile 13.2 g~~ cl 1.43 (m 2H), 1.69 (m

2H), 1.88 (m 2H), 2.09(m 2H), 2.82 (dd, 1H), 3.03

(dd, 1H), NWR 3.21 (dt, 1H), 3.70(d, 1H), 4.29 (d,

2H), 6.6 (d, 1H), 7.29 (m 3H), 7.43 (s, 1H, 7.63 (d,

1H), 8.42 (s, 1H). 6-[(6S,8a%}-6-[(3- 40% C1

chl or ophenyl ) et hynyl ] hexahydropyrr 13.3 N %

olo[1,2-a]pyrazin-2(1H) _Nyl]nicotinonitrile NVR 1.53

(m 1H), 2.06(m 2H), 2.35 (m 1H) 2. 74(m 3H) 3. 09

(m 2H), 4.23(d, 1H), 4.39 (d 4.60 (d, 1H),

(emovmc_i_ 19 affqrd 2ige 1(11]1@ PRyt (71%8e, (8§ %)ﬂﬂ)lCh wasgse(idmth_ppq} further

i éo 1H). WD 2007/ 021575 PCT/ US2006/ 030394 56

E- Cél ,%aS)-G-[(s-chI orophenyl) 30%

et hynyl ] hexahydropyrrolo [ 1,2-a] 13.4 a ~N N

yra2|n 2( 1H§2¥ Lnlcotlnonltrlle so N 1.52 (m 1H),

xamplnlzzh)& ¢ yI(WR,&a%) -6-[£374( m 3H) 3.05 (m 1H),

%ﬁg?r%ﬁbepylé%hzrl&lg‘?x rzodi,%,d 1@)&_3 ?ZI %g]}@carépi? ate

7.78 (dd, 1H),

ophenyl) 50% 13.5
et hynyl ]-2-(5-ni i dimNZewt) Noe o rogyrrol o
[ 1,2- a] pyrazf/ne N\R 1-574{m=1H), 2/5(m 2H), 2.35
(m 1H), 2. 21 (m 5H), 4.26(d 4.50 (d, 1H),
4.71 (d, 1N 62 (d, 1H), 7.26 ¢ , 7.38 (s,

1H), 8.21(dd, 1H), 9.06(d, 1H).
2-[(6S, 8aS)-6-[ (3-chl orophenyl) 32%

To a mixture of (£)-(6R,8aS)-6-[(3-chlorophenyl)ethynyl]octahydropyrrolo[1,2-
a]pyrazine (40 mg, 0.15 mmol) Et;N (40 mg, 0.4 mmol) and DCM (1 mL) was added
methyl chloroformate (30 mg, 0.3 mmol) at -78°C. The resulting mixture was stirred
at RT for 15 min, then washed with NaHCO; aq (sat.) and subjected to silica gel
column to afford product (40 mg, 84%). '"H NMR (300 MHz, CDCls): 8(ppm) 1.55
(m, 1H), 1.85-2.25 (m, 5H), 2.69 (broad, 1H), 3.05 (broad, 1H), 3.16 (dd, 1H),
3.24(broad d, 1H), 3.73 (s, 1H), 4.2 (broad, 2H), 7.28 (m, 3H), 7.45 (s, 1H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield
(1)-ethyl (6R,9aS)-6-[(3- 81%
\ chlorophenyl)ethynyl]octahydro-2H-
2 N pyrido[1,2-a]pyrazine-2-carboxylate
122 7 k,N\[ro
o
Cl

1.39 (t, 3H), 1.40 (m, 2H), 1.59 (broad d, 1H), 1.80-2.12 (m, 5H), 2.69 (broad, 1H), 3.03
NMR (dd, 1H), 3.06 (broad, 1H), 3.55(broad d, 1H), 3.93 (broad, 2H), 4.15 (q, 2H), 7.28 (m,
3H), 7.42 (s, 1H).




(of

ionicotinonitrile
wQ206/0m572H) ,

et hynyl ] hexahydr opyrrol o[ 1, 2-

13.6 1 N N |
2.33 (m 111),

al] pyrazin-2(1H-yl]
|

N NWR 1.57 (m 1H),
2.68-3.21 (m 5H)PCT/US2006/030394

4.23-4.50 (m 3H),6.75 (d, 1H), 6.86 (s, 1H), 7.26
(m 3H), 7.38 (s, 1H), 8.30(dd, 1H). ci
()-2-[(6R, 8aS)-6-[(3-chl orophenyl) 43%
et hynyl ] hexahydr opyrrol o[ 1, 2-6}4 13. 7
pyrazin-2(1H-yl]nicotinonitri e ~ ~N M I, N NWR
1.67 (m 1H), 1.82-2.4 (m 5H), 2.98 (dd, 1H), 3.26
(m 2H), 3.45 (d, 1H), 4.50 (m 2H), 6.76 (dd, 1H),
7.28 (m 3H), 7.45 (s, 1H), 7.78 (dd, 1H), 8.35(dd,
1H) O-2-{ (6R 9aS)-6-T(E)-2-(3-chloro- 12%
phenyl ) vi hyl ] oct ahydo\2H pyr i d6t{&-8S h(3 ~chlqep 70%
[1, 2 a] pyr azi n- 2- yL oty nagi t rﬂ’ﬁnr)e&gn a%gm y”@
6H) 123. 20| ( 2. 724'%\,( 1H) 2rgipegit yiafe 17
(t, 2H) 4. 27 . NMB®6.19 (dd, 1H), 6.60 (d,
1H) 6.76 (dd, 11), 7.25 (m E%H), 7.37 (s, 1H), 7.78
LI = s I ST (o '91.41' Y6 a9 9240 T, 2.60 (o, 350, 2.92 (m, 200), 4.18
PCﬁ@OOGé@ﬁB&%m 3H), 7.27 (0, 3H), 7,40 (s, 1HD).
(7_2=1(OR 9aS) o [ (3 ENT or opie Wlethy RO BasEE NG O [83%
ct ahydr o- DH pyrido [ <a] N | phenylethynyllhexahydropyrrolo[1,2
pyr gzin- 2ryL}nico OM L%O I\IZa]pyiaﬁi.naz(-rH)-&\drboﬁﬁatd\l
e
NMR 1.45 (m, 1H), 1.97 (m, 2H), 2.26 (m, 1H), 2.53-2.92 (m, 5H), 3.72 (s, 1H), 4.15 (broad,
3H), 7.28 (m, 3H), 7.40 (s, 1H).
(685,8aS)-N-(2-chloroethyl)-6-[(3- 13%
Q‘\ o chlorophenyl)ethynyl]hexahydropyrr
cl 2" N olo[1,2-a]pyrazine-2(1H)-
12.5 \©/ — N<NH carboxamide
/__/
cl
NMR 1.42 (m, 1H), 2.02 (m, 2H), 2.28 (m, 1H), 2.58-3.03 (m, 5H), 3.60-3.70 (m, 4H), 3.95
(broad d, 1H), 4.09 (d, 1H), 4.20 (d, 1H), 5.32 (1, 1H), 7.29 (m, 3H), 7.41 (s, 1H).
(%)-ethyl (6R,8a8)-6-[(3-chloro- 76%
o phenyl)ethynyllhexahydropyrrolo[1,2
12.6 o // N\\/N\{) -a]pyrazine-2(1H)-carboxylate
-~
NMR 1.29 (t, 3H), 1.38 (m, 1H), 1.80-2.26 (m, 5H), 2.69 (broad, 1H), 3.01(dd, 1H), 3.19 (dd,
1H), 3.31 (d, 1H), 4.15 (q, 2H), 4.20 (broad, 2H), 7.28 (m, 3H), 7.44 (s, 1H).
(3)-ethyl (6R,9a8)-6-[(E)-2-(3- 90%
chlorophenyl)vinyl]octahydro-2H-
=~ N ido[1,2-a]pyrazine-2-carboxylate
127 A > ’
\/o
Cl
NMR 1.25 (1, 3H), 1.38-2.01 (m, 8H), 2.64 (m, 2H), 3.01(broad, 2H), 4.05(broad, 2H), 4.15
(g, 2H), 6.15 (dd, 1H), 6.45 (d, 1H), 7.24 (m, 3H), 7.36 (s, 1H).

Example 13.1: (£)-3-[(6R,8aS)-6-[(3-chlorophenyl)ethynyllhexahydropyrrolof1,2-
a]pyrazin-2(1H)-yl]pyrazine-2-carbonitrile




NWVR 1.26-2.35 (m 8H), 2.93 (dd, 1H), 3.08 (dd, 1H),

3.30 (m 1H), 3.71 (m 1H), 4.24-4.45 (m 2H), 6.76
w@daby/odtdys 7.28 (m 3H), 7.43 (s, 1H), 7.78 (deiCT/Lk0p6/030394
8.35(dd, 1H). ()-3-{ (6R 9aS)-6-[(3-chlorophenyl) 60%

et hynyl] octahydro-2H pyrido [ 1,2-a] 13.10 N
pyrazin-2-yl }pyrazin-2-carbonitrile C NWR 1.26 (m

2H), 1.73-2.31 (m 6H), 2.98 (dd, 1H), 3.07 (m 1H),

3.35 (dt, 1H), 3.74 (d, 1H)554.46 (d, 1H), 4.52 (d,

1H), 7.28 (m 3H), 7.43 (s, 1H), 8.02 (d, 1H), 8.26(d,
1H). ()-2-[(6R, 8aS)-6-[(3-cyanophenyl) 20%

et hynyl ] hexahydropyrrolo [ 1,2-a] 13.11 NN N
pyrazin-2(1H)-yl]nicotinonitrile N NWVR 1.65 (m 1H),
1.83-2.38 (m_AKHLe 2.98 (dd, 1H),

4.50 (m 211) : :
1H) 7.73-7. 30 szH), Bt,SGTHF 1H) .

(1H) -yl ] nicotinate
. 35 (m 6H), 2.95 (dd, ©
3H), 3.83-4.04 (m 2H), 3.91 (s,
7.26 (m 3H), 7.46 (s, 111), 7.99 (dd 1H) 8. 30(d,
IH). cl ()-2-[(6R 8aS)-6-[(3-chlorophenyl) 18% N
&t njamye ol HORLBaR)y6-{ B+ abl drpphemlyethynyl]octahydropyrrolo[1,2-

2(1 5-fl 13.13 N\ [ itril
i i b B D o
m %nl(% a%gl}ii)ﬂflzgg @&)% ’stn%ﬁfat(géﬁ géflg% il'ﬁel res ng%'ﬁi)xture was
20656028 78l PGTHAISR086¢08038Mmn to provide product (44 mg, 81%). 'H
NMR (300 MHz, CDCls): 6 (ppm) 1.62 (m, 1H), 1.85-2.25 (m, SH), 3.02 (dd, 1H),
3.24-3.48 (m, 3H), 4.61 (dt, 2H), 7.29 (m, 3H), 7.45 (s, 1H), 8.02 (d, 1H), 8.27 (d,
1H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield

(2)-6-{(6R,9aS)-6-[(3-chlorophenyl) | 51%
ethynylJoctahydro-2H-pyrido{1,2-a]
Y N pyrazin-2-yl }nicotinonitrile
a
SN
Cl

1.43 (m, 2H), 1.69 (m, 2H), 1.88 (m, 2H), 2.09(m, 2H), 2.82 (dd, 1H), 3.03 (dd, 1H),
NMR 3.21 (dt, 1H), 3.70(d, 1H), 4.29 (d, 2H), 6.6 (d, 1H), 7.29 (m, 3H), 7.43 (s, 1H), 7.63 (d,
1H), 8.42 (s, 1H).

6-[(65,8aS8)-6-[(3- 40%
y L/N>\\ N chlorophenyl)ethynylthexahydropyrr

al
13.3 \Q/é \\/N\D\\ olo[1,2-aJpyrazin-2(1H)-
/=N | yllnicotinonitrile

NMR 1.53 (m, 1H), 2.06(m, 2H), 2.35 (m, 1H), 2.74(m, 3H), 3.09 (m, 2H), 4.23(d, 1H), 4.39
(d, 1H), 4.60 (d, 1H), 6.6 (d, 1H), 7.28 (m, 3H), 7.38 (s, 1H), 7.62 (d, 1H), 8.42 (s, 1H).




58 ()-2-[(6R, 8aS)-6-[(3-cyanophenyl) 25%
et hynyl ] hexahydropyrrolo [ 1,2-a] ~

w@0ap2s72( 1H) - y1] -5-fluoro- nicotinonitrile BGI/L&20P6/030394

Nl NVMR 1.64 (m 1H), 1.90-2.40 (m 5H), 2.97 (dd, 1H),
3.22-3.46 (m 3H), 4.3 (m 2H), 7.43- 7.69 (m 4H),
7.45 (s, 1H), 8.38(d, 1H). Exanple 14.1:

()-3-[(6R, 8aS)-6-[ (3-cyanophenyl ) et hynyl ] hexahydr opyrr
ol o[ 1, 2- a] pyrazin-2(1H) -yl ] ®razi ne-2-carbonitrile

N- -'N 3-iodo-benzonitrile, N N N Pd(PPh3)2C 2, Cul,
Et3N NN N NNA mxture of

()-3-[(6R, 8aS) - 6- et hynyl hexahydr opyrrol o[ 1, 2-a] pyrazin
-2(1H)- yllpyrazine-2-carbhonitrile (40 ng, 0.15 mol)

3-i odobenzonitrile ( rTg, O 3 ﬁ'rﬁ‘é 35)6115@ BoRment1 2 (B30%

ng, 0.011 1), AHePYEPlaNy2@h 8
) 1dds s \@d% §BH s #T‘E@‘ﬁ?tm*ﬁﬁg
resul ting re was con rat ed and purified on
silica gel colum to aff#rd the title conpound (53 ng

999 . 1H[NMR 300 Mz, (CDC13) 8 (ppm 1.65 (m 1H),
1.89-2.4 |(In, 5H), 3.02 (dd, 1H), 3.23-3.51 (m 3H),

4.62 é 2P (m,AFB.S. 05 tm, 2834 (fo, OH)/ 2. 78m(3M), 336m, 180,821 (&, 15),
1HNMB. 2 42d(d, T 4.46] (6 18), SisBrid, H), GTESAE LHY, hes G Binombang 1H), 7.78
conpounds (Weil. 84hidhdRi zed: Exanpl e Structure Nanme

Yield WD |2007/ 0215 PCT/ USZOO 3/(6&3@89’1{;[(3-.5@)ropheny1) 50%
()-135t - Qut ;%@W/ms} 3 ygnyl]-2-(5-nitropyridin-2-yD)
chl or ophenyl ) hynyl gro Ry GPRy{FPIPId §-2fpyrazine
1,2-alpyrlazi ne-2-carboxylate 14,2 \ ~N-o0

NMR 1.57 (m, 1H), 2.05(m, 2H), 2.35 (m, 1H), 2.64-3.21 (m, 5H), 4.26(d, 1H), 4.50 (d, 1H),
4.71 (d, 1H), 6.62 (d, 1H), 7.26 (m, 3H), 7.38 (s, 1H), 8.21(dd, 1H), 9.06(d, 1H).

2-[(6S,8aS)-6-[(3-chlorophenyl) 32%

cl o \\\--% ethynyl]hexahydropyrrolo[1,2-a]
G// I\/N N pyrazin-2(1H)-yl]isonicotinonitrile
=
| P

13.6

i
N

NMR 1.57 (m, 1H), 2.06(m, 2H), 2.33 (m, 1H), 2.68-3.21 (m, 5H), 4.23-4.50 (m, 3H), 6.75 (d,
1H), 6.86 (s, 1H), 7.26 (m, 3H), 7.38 (s, 1H), 8.30(dd, 1H).

()-2-[(6R,8aS)-6-[(3-chlorophenyl) 43%
ethynyl]hexahydropyrrolo[1,2-a]
13.7 k/ N pyrazin-2(1H)-yl]nicotinonitrile

Cl

NMR 1.67 (m, 1H), 1.82-2.4 (m, 5H), 2.98 (dd, 1H), 3.26 (m, 2H), 3.45 (d, 1H), 4.50 (m, 2H),
6.76 (dd, 1H), 7.28 (m, 3H), 7.45 (s, 1H), 7.78 (dd, 1H), 8.35(dd, 1H).

(#)-2-{ (6R,9aS)-6-[(E)-2-(3-chloro- 12%
phenyl)vinyl]octahydro-2H-pyrido

13.8 N [1,2-a]pyrazin-2-yl }nicotinonitrile

Ci N

1.38-1.82(m, 6H), 2.20 (m, 2H), 2.72 (t, 1H), 2.91 (¢, 1H), 3.17 (¢, 2H), 4.27 (m, 25,
NMR 6.19 (dd, 1H), 6.60 (d, 1H), 6.76 (dd, 1H), 7.25 (m, 3H), 7.37 (s, 1H), 7.78 dd, 1H),
8.35(dd, 1H).




1/ cl NWR1.38 (m 2H, 1.60-2.18 (m 6H), 2.65
(broad, 1H), 3.03 (d, 2H), 3.6 (d, 1H), 4.0 (broad,
wWQ@kho7/on528 (m 3H), 7.42 (s, 1H). PCT/US2006/030394
()-3-[(6R, 8aS)-6-[(2-chl orophenyl) 100%
et hynyl ] hexahydropyrrolo [ 1,2-a] 14.3 N
pyrazin-2(1H) -yl ] pyrazine-2- carbonitrile N NWVR 1.65
(m 1H), 1.82-2.37 (m 5H), 3.04 (dd, 1H), 3.29-3.59
(m 3H), 4.62 (m 2H), 7.21-57.52 (m 4H), 8.02 (d,
1H), 8.27 (d, 1H. ()-3-[(6R 8aS)-6-[(3-nethoxy- 100%
eN p henyl)et hynyl ] hexahydropyrrolo[ 1,2 N N
-a] pyrazin-2(1H)-yl ] pyrazine-2- 14.4 N carbonitrile N
JONVR 1. 67 (m 1H) 1 .82-2 34 (m 5H) 3 04 (dd__1H)

3.22-3.50 (m 3H), 3781 (s, 3 +>&{é§§9a5(>rﬁ[<3mh)or0phenyl> 50%

6.88-7.28 (m 4H) "8 03 (d, 1 ygro- yrlldoflz-al

() -Br (6R, 83K 67 i chl or 3f’yf‘§§’0 °8H 3¢ hynyl |

hexahydr apy , N/

N_a] pyrazi n- 2{1H) -yl ] pyrazi e-Z- 14.5 carbonitrile C

N NVR 1.7 (A 1H), 1n .37 (m 5H), 3.02 (dd, 1H),

3,28-3.55 (m 3H) AGA(m)93Mq7£%%ﬂmﬂ£?ﬂ(7§§4M4%
g m m

(8’1\2\1?)(’5' 812‘%@&“& I-:{).. 28,2(1;1 7L;4§0 1K), 7.78 (dd, 1H), 8.35(dd, 1H).

IE‘»é(6R j) )-6-[(3-chlorophenyl) | 60%
§ y ro -pyrido[1,2-a]
azin- —yl

VA
\J

fl uorophe
l o pyrazme- -carbonitrile

&é&éltr'

NMR 1.26 (m, 2H), 1.73-2.31 (m, 6H), 2.98 (dd, 1H), 3.07 (m, 1H), 3.35 (dt, 1H), 3.74 (d,
1H), 4.46 (d, 1H), 4.52 (d, 1H), 7.28 (m, 3H), 7.43 (s, 1H), 8.02 (d, 1H), 8.26(d, 1H).

(#)-2-[(6R,8aS)-6-[(3-cyanophenyl) 20%
ethynyl]hexahydropyrrolo[1,2-a]

13.11 pyrazin-2(1H)-yl]nicotinonitrile

NMR 1.65 (m, 1H), 1.83-2.38 (m, 5H), 2.98 (dd, 1H), 3.21-3.46 (m, 3H), 4.50 (m, 2H), 6.75
(dd, 1H), 7.43 (dd, 1H), 7.58 (d, 1H), 7.73-7.80 (m, 3H), 8.36(d, 1H).

(£)-methyl 2-[(6R,8aS)-6-[(3-chloro- | 48%
phenyl)ethynyl]hexahydropyrrolo[1,2

& \ N/ -a]pyrazin-2(1H)-yl]nicotinate
13.12 \\/Q\\)
o)
cl P

NMR 1.62-2.35 (m, 6H), 2.95 (dd, 1H), 3.19-3.41 (m, 3H), 3.83-4.04 (m, 2H), 3.91 (s, 3H),
6.75 (dd, 1H), 7.26 (m, 3H), 7.46 (s, 1H), 7.99 (dd, 1H), 8.30(d, 11).

cl (#)-2-[(6R,8aS)-6-[(3-chlorophenyl) 18%
= ethynyl]hexahydropyrrolo[1,2-a]
N pyrazin-2(1H)-y1]-5-fluoro-

N

13.13 ’ N\ nicotinonitrile
= =

N F

NMR 1.62 (m, 1H), 1.88-2.38 (m, 5H), 2.96 (dd, 1H), 3.21-3.47 (m, 3H), 4.3 (m, 2H), 7.24
(m, 3H), 7.45 (s, 1H), 7.56 (dd, 1H), 8.26(d, 1H).




NVR 1.67 (m 1H), 1.95-2.35 (m 5H), 3.03 (dd, 1H),
3.25-3.51 (m 3H), 4.60 (m 2H), 7.02- 7.45(m 3H),
w@2@3/0t$75 1H), 8.27 (d, 1H). WO 2007/021575  PCT/US2006/030394

PCT/ US2006/ 030394 60 ()-3-[(6R, 8aS)-6-(phenyl et hynyl)
hexahydr opyrrol o[ 1, 2- a] pyr azi n-

100%

2(1H) -yl ] pyrazine-2-carbonitrile

1H), 1.90-2.35 (m 5H), 3.05 (dd, 1H), 3.22-3.54 (m
3H), 4.61 (m 2H), 7.31- 7.48m 5H), 8.03 (d, 1H),
8.27 (d, 1H). ()-3-[(6R 8aS)-6-[(3-fluorophenyl) 100%

eN et hynyl ] hexahydropyrro to |

14.7 ~N
NNe NMR 1.6

1,2-a] N N-

9 (m

pyrazin-2(1H) -yl ] pyrazine-2- 14.8 carbonitrile ee N

FNVR 1.65 (m 1H), 190237(m 5H) 304(dd 1H)

3. 22- 3. 5] ) GE)-22[(EFR8aS)6- H@}cxﬁ pheppd) | | 25%

8.03 (d, eﬂlynyl]hg(%lydlrﬂcq)gyfrlro [1,2-a]

() 3- [(6[ 11 -y uoro-

et fypy! 11 ]ﬁf gy

pyrazi n- 2( 1§ §| carbonitrile C  NWR

1.68 (m |, 1.93-2.34 (m 5K, 3.02 (dd, 1H),

3.21-3.52 (Ph 3H), 4.60 (m 2H), 7.29 (d, 2H), 7.39

(d, 2H), {8.03 (d 1H) 8. 27 (d, 1H).

O3k COR @@y, 106710 SH)] d 1§¥‘3’022346 3D, 4.3 (m, 2H), 743-
et I he@%dﬁpm Fohd Tscds Ana] 14 10N Rom

pyra2| n-2( IH) - yT | pyr azi ne- 2- car bonl tr| e

Example 14.1: (+)-3-[(6R,82aS)-6-[(3-cyanophenyl)ethynyl]hexahydropyrrolo[1,2-
alpyrazin-2(1H)-yllpyrazine-2-carbonitrile

V4 |<1 ! rl\| / N//)EN/j

A mixture of (+)-3-[(6R,8aS)-6-ethynylhexahydropyrrolo[ 1,2-a]pyrazin-2(1H)-

3-iodo-benzonitrile,
Pd(PPh,),Cl,, Cul, Et;N

yl]pyrazine-2-carbonitrile (40 mg, 0.15 mmol), 3-iodobenzonitrile (68 mg, 0.3 mmol),
Pd(PPh3),Cl, (8 mg, 0.011 mmol), Cul (4 mg, 0.02 mmol) and Et;N (0.8 mL) was
stirred at RT under argon overnight. The resulting mixture was concentrated and
purified on silica gel column to afford the title compound (53 mg, 99%). '"H NMR
300 MHz, (CDCI3) & (ppm) 1.65 (m, 1H), 1.89-2.4 (m, 5H), 3.02 (dd, 1H), 3.23-3.51
(m, 3H), 4.62 (m, 2H), 7.45 (t, 1H), 7.6-7.76 (m, 3H), 8.02 (d, 1H), 8.28 (d, 1H).

In a similar manner the following compounds were synthesized:

Example Structure Name Yield




Br ee NN NWVR 1.68 (m 1H), 1.93-2.37 (m 5H), 3.04
(dd, 1H), 3.29-3.62 (m 3H), 4.65 (m 2H), 7.18- 7.61

w@¢ eqo7424575 8. 03 (d, 1H), 8.27 (d, 1H). PCT/US2006/030394

()-3-[(6R, 8aS)-6-[(3-bronmophenyl) 100% N_
et hynyl ] hexahydropyrrolo[1,2-a] N N
pyrazin-2(1H)-yl]pyrazine-2- 14.11 N carbonitrile Br
NVR 1.68 (m 1H), 1.93-2.34 (m 5H), 3.04 (dd, 1H),
3.22-3.51 (m 3H), 4.64 (m 2B), 7.16(dd, 1H), 7.38
(d, 1H), 7.45 (d, 1H), 7.62 (s, 111), 8.03 (d, 1H),
8.27 (d, 1H). WD 2007/021575 PCT/ US2006/ 030394 61
()-3-[(6R,8aS)-6-[(3,5-difluoro- 85%

enyl ) et hynyl ] hexahydropyrrolo [ 1,2 F N LNN

-a] pyrazi|n-2( 1H) -yl razi ne- 2y G-rtbptyaRBSNG{Bi | € F N86%

NMR 1.66 |(m 1H) . 36 (] chyEpphenyDeypynyligetahyd: 2H-

3.21-3.49 (m 3H)/ ANG3 |(my 2H) Pyrigogalpyraginey-garboyylateg
\\/éq (d| 1H). F

iPl uorp- 62% N

phenyl ) etlhynyl hexahydr yrrolp[1,2 NN,

-a] pyrazijn-2(1H) -yl ] pyrazi ne- 2} 14. 13 F carbonitrile |N

()-3-[(6R, 8a

Y 67 (88 (), 1560993 ¢, o), Q '@5 (b'RJ’"H ’lH)j 397 3, 3. Gl('d') IH), 4.0 (broad,
3. 25-3. 57 o728k 354761 (o( ). 2 5 (m I")”

(m 1IH), (8.03 (d, 8. 27 | d (+3-|3'1X(6R,8a8) 6- [(2-chlorophenyl) 100%
()-3-[(6R, 8a di Ch| or Dethyh@fH¥aniropyrrolo[1,2-a]

phenyd ) etihynyl ] Fg Dpytaz-2(XB)-yl]pyikhizine2- N

- a] pyT azi|n- r azg\1 n carbonitrile

NMR 1.65 (m, 1H), 1.82-2.37 (m, 5H), 3.04 (dd, 1H), 3.29-3.59 (m, 3H), 4.62 (m, 2H), 7.21-
7.52 (m, 4H), 8.02 (d, 1H), 8.27 (d, 1H).

(1)-3-[(6R,8aS)-6-[(3-methoxy- 100%
phenyl)ethynyl]hexahydropyrrolo[1,2
& N\\/N Nj -a]pyrazin-2(1H)-yl]pyrazine-2-
14.4 ;\\N/ carbonitrile
N
O

NMR 1.67 (m, 1H), 1.82-2.34 (m, 5H), 3.04 (dd, 1H), 3.22-3.50 (m, 3H), 3.81 (s, 3H), 4.62
(m, 2H), 6.88-7.28 (m, 4H), 8.03 (d, 1H), 8.27 (d, 1H).

(&)-3-[(6R,8a8)-6-[(2,4-dichloro- 93%
ol N N phenylethynyllhexahydropyrrolo[1,2
& \\/N j -aJpyrazin-2(1H)-yl]pyrazine-2-
14.5 \ 7 | carbonitrile
4
Cl N/

NMR 1.67 (m, 1H), 1.89-2.37 (m, 5H), 3.02 (dd, 1H), 3.28-3.55 (m, 3H), 4.64 (m, 2H), 7.28
(m, 2H), 7.48 (s, 1H), 8.03 (d, 1H), 8.27 (d, 1H).

(*)-3-[(6R,8a8)-6-[(5-chloro-2- 53%
N N fluorophenyl)ethynylJhexahydropyrro
F v N \> lo[1,2-a]pyrazin-2(1H)-yl]pyrazine-2-
/ Ed
14.6 7 >\\N carbonitrile
/4
N4
Cl

NMR 1.67 (m, 1H), 1.95-2.35 (m, 5H), 3.03 (dd, 1H), 3.25-3.51 (m, 3H), 4.60 (m, 2H), 7.02-
7.45(m, 3H), 8.03 (d, 1H), 8.27 (d, 1H).




14.14 N c
1.95-2.37
W@ 2@71/081575
1H), 8.03

arbonitrile N Cd NWR 1.65 (m 1H),

(m 5H), 3.02 (dd, 1H), 3.27-3.55 (m 3H),
2H), 7.21 (d, 1H), 7.34 (d, 1H), 7.PCr/{1S2006/030394
(d, 1H), 8.27 (d, 1H).

()-3-[(6R, 8aS)-6-[ (4-cyanophenyl) 100%

et hynyl ] hexahydropyrrolo [ 1,2-a] \ N N N,
pyrazin-2(1H) -yl ] pyrazine-2- 14.15 carbonitrile N N~
NIVIR 1.65 (m 1H), 1.95-2.3®(m 5H), 3.01 (dd, 1H),
3.24-3.48 (m 3H), 4.61 (m 2H), 7.52 (d, 2H), 7.62
(d, 2H), 8.03 (d, 1H), 8.27 (d, 1H).
()-3-[(6R,8aS)-6-(pyridin-2-yl- 74%
hynyl ) hexahydropyrrolo [ 1,2-a] 14,16 CN N
pyrazi n- 24( 1H) -yl ] pyrazi ne- 2- /| CaBHERBeD61EhetyletiynVR | 100%
1.65 (m [1H), 1.95%2/3a (ry_ 5H) hexahydopyrighg[l,244ipyrazin-
3. 26673. 54 (e 39, 4\\5,9q 2H) 2013 Yéh’yraﬁﬁz opphpritrite 44
(d, 1H), |7. (m 1H), 47 (d| 1H), 8.25(d, 1H), 8.56
(d, 111).| wb#2007/ 0215 " PCT/ US2006/ 030394 ~ 62
()-3-[(6R, 8aS)-6-[(5-cyanopyri @i n- 92%
3- WNRt hyinydS )@@ H 08230 ym, 158, 6[01 (a2 13d), 3.2R3 184 [sh, 3H), 4.61 (m, 2H), 7.31-
pyrazi n- A(7A%m,vH), 93 @71Fe827 A.AHL7 N i carbonitrile N
N N NWVR[1.65 (m 1.95-2. @)-@mGRSH)M [(@:-f0oofdd) | 100%
1H), 3.26-3.48 ( \ 4.,% ( Vﬂg?ﬁ%ycgqpyrrolo[; al
razin- razine-2-
14.8 7 \ N/ I<:c?:rbon1trlle i
N
F
NMR 1.65 (m, 1H), 1.90-2.37 (m, 5H), 3.04 (dd, 1H), 3.22-3.52 (m, 3H), 4.61 (m, 2H), 7.03-
7.30 (m, 4H), 8.03 (d, 1H), 8.27 (d, 1H).
()-3-[(6R,8aS)-6-[(4-chlorophenyl) | 89%
N Y N ethynyl]ge(:;cla_lll;ydlr]opyrrolo[12,2—a]
. yrazin- - azine-2-
14.9 7 — j\\\,\% Ic)aurboniﬁrile TR
Y
cl N
NMR 1.68 (m, 1H), 1.93-2.34 (m, 5H), 3.02 (dd, 1H), 3.21-3.52 (m, 3H), 4.60 (m, 2H), 7.29
(d, 21, 7.39 (d, 21, 8.03 (d, 1H), 8.27 (d, 1H).
(£)-3-[(6R,8a8)-6-[(2-bromophenyl) 61%
Pl N ethynyl]lzlizi(%};ydlr]opyrrc?lo[12,2—a]
N pyrazin- -yllpyrazine-2-
14.10 [ \ ) carbonitrile TP
Br // N
N
NMR 1.68 (m, 1H), 1.93-2.37 (m, 5H), 3.04 (dd, 1H), 3.29-3.62 (m, 3H), 4.65 (m, 2H), 7.18-
7.61 (m, 4H), 8.03 (d, 1H), 8.27 (d, 1H).
(#)-3-[(6R,8a8)-6-[(3-bromophenyl) 100%
NS | porein sy yine 2.
14.11 7 }N’ carbonitrile
%
N
Br
NMR 1.68 (m, 1H), 1.93-2.34 (m, 5H), 3.04 (dd, 1H), 3.22-3.51 (m, 3H), 4.64 (m, 2H),
7.16(dd, 1H), 7.38 (d, 1H), 7.45 (d, 1H), 7.62 (s, 1H), 8.03 (d, 1H), 8.27 (d, 1H).




(s, 1H), 8.05(d, 1H, 8.27 (d, 1H, 8.80 (s, 1H), 8.86
(s, 1H. ()-2-[(6R 8aS)-6-(pyridin-2-yl- 26%
weehwynylsyhexahydropyrrolo [ 1,2-a] 14.18 PCT/US2006/030394
UNpyrazin-2(1H) -yl ] nicotinonitrile io N NWVR 1.65 (m
1H), 1.90-2.38 (m 5H), 2.98 (dd, 1H), 3.28-3.53 (m
3H), 4.49 (m 2H), 6.76 (dd, 1H), 7.25 (dd, 1H), 7.46
(d, 1H), 7.63 (dd, 1H), 7.78(d, 1H), 8.35 (dd, 1H),
8.37 (d, 1H). ()-2-[(6R, 8aSyHl6-[(6-nethyl pyridin- 33%
, N N 2-yl)ethynyl ] hexahydropyrrol o[ 1, 2-a]
pyrazin-2(1H)-yl]nicotinonitrile 14.19 NWMR 1.63(m
1H), 1.88-2.40 (m 5H), 2.56 (s, 3H), 2.97 (dd, 1H),
3.26-3 51 (m 3H) 453 (m 2 6.75 (dd, 1H) 7 Q5

(d, 1H), <+>-§ R%ﬁ‘l@é difjueo- 85%
8. 35 (dd | P 11%€ PPEPiaLL 2

65% 2- I bal;l YRECRIN
yrlézlﬂn 2 i | &S0 E'N O NWVR 1. 63

(m 1H, [1.92]2.38 (m 2.94 (dd, 1H), 3.21-3.50

(m 3H), [4.24"(m 2H), 7.36- 771 (m 5H), 8.25 (d,

1H). ()-58-fluoro-2-[(6R 8aS)-61[(6- 40%

PY Tl 1086Rm A1y, 1)8LRY W, 5H), 3702 MdNH) 3.21-3.49 (m, 3H), 4.63 (m, 2H), 6.79
hexahydr qpyst )| €48km2Ep] 081 @21H)) 8.21d, 3.

2(1H) -yl ] B-36BRERS)-63E)4-difluoro- 62%
1.92-2. 38 Hphen)eByny(Ibkalahydrddyyrolo[1,2
3.21- 3. 56 -a]pyrazin-2(1H)-yl]pyrazine-2-

14.13 carbonitrile

NMR 1.67 (m, 1H), 1.95-2.36 (m, 5H), 3.02 (dd, 1H), 3.25-3.52 (m, 3H), 4.61 (m, 2H), 6.85
(m, 2H), 7.42 (m, 1H), 8.03 (d, 1H), 8.27 (d, 1H).

(1)-3-[(6R,8a8)-6-[(2,5-dichloro- 100%
N N phenyDethynylJhexahydropyrrolo[1,2
cl . N \> -a]pyrazin-2(1H)-yl]pyrazine-2-
14.14 7 >\\N/ carbonitrile
4
4
Cl

NMR 1.65 (m, 1H), 1.95-2.37 (m, 5H), 3.02 (dd, 1H), 3.27-3.55 (m, 3H), 4.61 (m, 2H), 7.21
(d, 1H), 7.34 (d, 1H), 7.62 (s, 1H), 8.03 (d, 1H), 8.27 (d, 1 H).

()-3-[(6R,8aS)-6-[(4-cyanophenyl) 100%
ethynyl]hexahydropyrrolo[1,2-a]
pyrazin-2(1H)-yl]pyrazine-2-

14.15 \\/N \ > carbonitrile
Né Né
N

NMR 1.65 (m, 1H), 1.95-2.36 (m, 5H), 3.01 (dd, 1H), 3.24-3.48 (m, 3H), 4.61 (m, 2H), 7.52
(d, 2H), 7.62 (d, 2H), 8.03 (d, 1H), 8.27 (d, 1H).

(1)-3-[(6R,8aS)-6-(pyridin-2-yl- T4%
N ethynyl)hexahydropyrrolo[1,2-a]
14.16 Ny Z LN Nj pyrazir}-z_(lH)-yl]pyrazine-Z-
) | j\\ Y carbonitrile
Z N

NMR 1.65 (m, 1H), 1.95-2.34 (m, 5H), 3.00 (dd, 1H), 3.26-3.54 (m, 3H), 4.59 (m, 2H), 7.22
(m, 1H), 7.44 (d, 1H), 7.63 (m, 1H), 8.01 (d, 1H), 8.25(d, 1H), 8.56 (d, 1H).




2H), 7.1 (d, 1), 7.53-7.65(m 3H), 8.26 (d, 1H. WO
2007/ 021575 PCT/ US2006/ 030394 63 ~N

W@ 2003402156, 8aS) - 6-[ (4- et hyl pyri di n- 38% 2-yl ) rChys300§/030394

hexahydropyrrolo [ 1, 2-a] 14.22 eN~~ ~N
pyrazin-2(1H) -yl ] pyrazine-2- carbonitrile N N NW
1.65 (m 1H), 1.95-2.38 (m 5I—I) 2.36 (s, 3H), 3.03
(dd, 1H), 3.28-3.55 (m 3H), 57 (m 2H), 7.08 (d,
1H), 7.31 (s, 1H), 8.01 (d, §12|), 8.25(d, 1H), 8.50 (d,
1H. ()-3-[(6R 9aS)-6-(pyridin-2-yl- 54%

et hynyl) octahydro-2Hpyrido [ 1,2-a] N

pyra2|n 2-yl ] pyrazi ne- 2- carbonltrlle N N 14.23 ONN, 11

N1.42 (m 2H) 1 7'29';4 m ')QR(dd 1H)

3 1 ( dd 8aS opyrldm- 1 92%
4. 35- 4. 5¢ ?gyﬁl(‘% %@‘é@?ﬁ( “O*P“a%a]

(dd, 1H),

()g@l%(ﬂ n- 4% 2-yl) et hynyl]

oct ahydr d
[1, 2- 4] pyrazl\n 2- yl}pyra2|ne 2t 14.24 N carbonitrile |N
X N N1.40Mm 2H), 1.66-2.3L (m 6H), . 2.56 (s, 3H)|

Z. ad,| 16b6m, 18, 1.96994 (ol 5¥D), 3.80 @2, 16615,26-3 8 ¢m, 31%9\/!#615(111/ %), 8.01
(m , 4s BExéLoﬂét(lH) 8.2Hx, 185, 8 ({ Ui, 489 (s, 1526 (d, 1H),

B2 2( (@R, 8a8lb-(pykidin3-y1- 26%
8RmyheyahydedphtydiyL 2-a]
ypyazin 22Dyl dipyinauittilae- 2-

1.65 (m, 1H), 1.90-2.38 (m, 5H), 2.98 (dd, 1H), 3.28-3.53 (m, 3H), 4.49 (m, 2H), 6.76
NMR (dd, 1H), 7.25 (dd, 1H), 7.46 (d, 1H), 7.63 (dd, 1H), 7.78(d, 1H), 8.35 (dd, 1H), 8.37 (d,

1H).
(1)-2-[(6R,8a8)-6-[(6-methylpyridin- | 33%
N 2 2-yDethynyl]hexahydropyrrolo[1,2-a]
razin-2(1H)-yl]nicotinonitrile
14.19 [ Lw s Py Y
F
NZ

1.63(m, 1H), 1.88-2.40 (m, 5H), 2.56 (s, 3H), 2.97 (dd, 1H), 3.26-3.51 (m, 3H), 4.53
NMR (m, 2H), 6.75 (dd, 1H), 7.05 (d, 1H), 7.28 (d, 1H), 7.54 (dd, 1H), 7.77(d, 1H), 8.35 (dd,
- | 1H). .

(&)-5-fluoro-2-[(6R,8aS)-6-(pyridin- | 65%
\ 2-ylethynyDhexahydropyrrolo[1,2-a]

N NS pyrazin-2(1H)-ylInicotinonitrile
14.20 [ \ I~
Va
4
N/

NMR 1.63 (m, 1H), 1.92-2.38 (m, 5H), 2.94 (dd, 1H), 3.21-3.50 (m, 3H), 4.24 (m, 2H), 7.36-
7.71 (m, 5H), 8.25 (d, 1H).

(%)-5-fluoro-2-[(6R,8a8)-6-[(6- 40%
methylpyridin-2-yl)ethynyl]
hexahydropyrrolo[1,2-a]pyrazin-

14.21 2(1H)-yl]nicotinonitrile

NMR 1.63 (m, 1H), 1.92-2.38 (m, 5H), 2.58 (s, 3H), 2.97 (dd, 1H), 3.21-3.56 (m, 3H), 4.3 (m,
2H), 7.1 (d, 1), 7.53-7.65(m, 3H), 8.26 (d, 1H).




14.25 N N carbonitrile NNN1.43 (m 2H),
2.96 (dd, 1H),
NVR 3.77 (m 1H),
8.00 (d,
()-3-[(6R, 8aS) - 6-

(m 6H),
WS 2@3/02 13175

7.05 (d,
8.42 (d,
N N ethyn

2.35 (s,
1H),
1H),
1H).
yl ) hexahydropyrrol o[ 1, 2

3H) ,

7.28 (s, 1H),

1.7-2.30
3.1 (dd, 1H),
1H),
(1, 3-thiazol
-a] s N

8. 25(d,
-2- y| -

pyrazin-2(1H) -yl ] pyrazine-2- 14.26 ~N carbonitrile N j

NVR 1. 67
3.29 - 3.

(d, 1H),

4. 35- 4. 56( npCRB$2006/030394

1H),
21%

(m 1H), 1.91 - 2.3%3(m 5H), 3.02 (dd, 1H),
52 (m 3H), 4.60 (m 2H), 7.36 (d, 1H), 7.82
8.03(d, 1H), 8.27 (d, 1H). WD 2007/ 021575

PCT/ US2006/ 030394 64

/- 729% N N

)=3-1(6R 8aS)-6-(pyrimdin-2-)
et hynyl ) Hexahydr opyfTpl o[ 1, 2- a] (+)’§2i(6§‘?a3ir6 [(4-retpylpyridin- | 38%
pyrazi n- 2( 1H)- yl e-2 | zé‘%"ﬁlﬁ F@PYW[W'MN
NVR42269 |( 7 bom ed; 1H),
3.28 - 3.[56 . 26(d 1H), 8. 0p
(d, 1H), [8.26(d, 1H), 8772 (d
()-3-1(6R, 8aS)-6-[(5-fl uoropyr d| n- 60% N " N
2- WNIRE hy|nydS|nesBRpaRGRYm, 58), 634 (s23Fa] 3.03 1, BB, 3.25-3.55 (m, 3H), 4.57
DT azi n- 2A(H§EyT.Q8G:rLHy: 7 Ab(PLE) N0 ¢ 1 B BRI(ELiLFR 850 (4. MR
1.69 (m [1H), 1.93 4 (m 5HB-33(6BRa) dclpyridisp;yl-3. 26| 54%
- 3.52 (ny 3H), 2H) , 7EBEYDLCHlyRHE pIIE2 k|
1H), 8- 07 (d d, 1H) | PBg2-lipyrezipgy2-carboni
: N
B
NZ N
1.42 (m, 2H), 1.73-2.34 (m, 6H), 2.98 (dd, 1H), 3.1 (dd, 1H), 3.35 (dt, LH), 3.78 (m,
NMR 1H), 4.35-4.56(m, 2H), 7.24 (dd, 1H), 7.45 (d, 1H), 7.63 (dd, 1H), 8.01 (d, 1H), 8.25(d,
1H), 8.58 (dd, 1H).
(£)-3-{(6R,9aS)-6-[(6-methylpyridin- | 54%
2-yDethynyl]octahydro-2H-pyrido
[1,2-a]pyrazin-2-yl }pyrazine-2-
14.24 carbonitrile
1.40 (m, 2H), 1.66-2.31 (m, 6H), 2.56 (s, 3H), 2.97 (dd, 1H), 3.1 (dd, 1H), 3.35 (dt, LH),
NMR 3.76 (m, 1H), 4.35-4.54(m, 2H), 7.09 (d, 1H), 7.26 (d, 1), 7.54 (dd, 1H), 8.00 (d, 1H),
8.25(d, 1H).
(4)-3-{(6R,92S)-6-[(4-methylpyridin- | 59%
2-yDethynyl]octahydro-2H-pyrido
[1,2-a]pyrazin-2-yl}pyrazine-2-
14.25 carbonitrile
1.43 (m, 2H), 1.7-2.30 (m, 6H), 2.35 (s, 3H), 2.96 (dd, 1H), 3.1 (dd, 1H), 3.35 (dt, 1H),
NMR 3.77 (m, 1H), 4.35-4.56(m, 2E), 7.05 (d, 1H), 7.28 (s, 1H), 8.00 (d, 1H), 8.25(d, 1H),
8.42 (d, 1H).
(£)-3-[(6R,8aS)-6-(1,3-thiazol-2-yl- | 21%
7/CN>\\ . ethyn}ll)g?iﬁg)lycllr]opynglo[12,2-a]
s N = pyrazin- -yllpyrazine-2-
14.26 &/ \\/ j\\) carbonitrile
N N
7
NMR 1.67 (m, 1H), 1.91 - 2.37 (m, 5H), 3.02 (dd, 1H), 3.29 - 3.52 (m, 3H), 4.60 (m, 2H),
7.36 (d, 1H), 7.82 (d, 1H), 8.03(d, 1H), 8.27 (d, 1H).




()-3-[(6R 8aS)-6-[(6-nethyl pyridin-
2-yl ) et hynyl ] hexahydropyrrol o[ 1, 2-a]
w@an2s72( 1H) -yl ] pyrazine-2 r carbonitrile

1.67 (m
(dd, 1H),
1H, 7.3
(d, 1H).

1H), 1.90 - 2.38 (m
3.26 - 3.54 (m 3H)),
(dd, 1H), 7.57 (dd, 1

()-3-[(6R 8aS)-6-(1, 3-
yl et hynyl ) hexahydr opyrr ol o[ 162- a]

62% N
| ~N 14.29 " N~
AP/ NS IINGR030394

511), 2.56(s, 3H), 3.01
4.59 (m 2H), 7.1 (d,

Hy, 8.01(d, 1H), 8.26

thiazol -4- 29% N

14.30 \~ " pyrazin

2(1H) yl]pyrazine 2- carbonitrile s N N NAM1.68 (m
1H, 1.91 - 2.50 (m 5H), 3.02 (dd, 1H), 3.25 - 3.54
(m 3H), 4.60 (m 2H), 7.52 (d, 1H), 8.02(d, 1H),
8.26 (d, 1H), 8.78 (d, 1H). FExanple 15:
()-2-[(6R, 8aS)-6- chI or ophen@ﬂ) }ﬂﬁmwgrﬁ](meml Ylopyr72%
rolo[1,2{ a] i ]n ey Hetahgleqpyr al -\
| L4QH THE NELPH. 0 RyFaziy-2G vl Ipyraziag- 2\/\0
2007/ 021575 P /uszooa/o BNt ure of
()-net hyl (6R, 8aS) - 67
chl or nphc n\/l ) et h\i?\ll 1?h h\/d)rn \/(r({ ol nr2 S0 31-1)%( 5T
L ﬁ%ggf 6(%%&@92\(3 Mmﬁ'ﬁ {953 W( 0. - |r)1 &
-0~ YLl 1n— (s]
(110 e Mi‘@ AL
rrL)l.‘ Af t g r%@gg@ t (reazr eS| due
was di ssqd i tered. The filtrate was
concentrgted and dried With vaguum punp to afford the
pr (1148 (g H),94%9 2.4 Gkl5H)yR0B@A, 1MyB,26 ( CRB@D}H), 661 (m, 2H), 7.38
(pp 1. §%4,2HY,3.81 (dd, 1H), 8.02 (d, 1H), 8.26(d, 1H), 8.64 (d, 1H).
()-3-[(6R,8aS)-6-[(6-methylpyridin- | 62%
2-ylethynylfhexahydropyrrolo[1,2-a]
14.29 pyrazin-2(1H)-yl]pyrazine-2-
carbonitrile
NMR 1.67 (m, 1H), 1.90 - 2.38 (m, 5H), 2.56(s, 3H), 3.01 (dd, 1H), 3.26 - 3.54 (m, 3H), 4.59
(m, 2H), 7.1 (d, 1H), 7.3 (dd, 1H), 7.57 (dd, 1H), 8.01(d, 1H), 8.26 (d, 1H).
(#)-3-[(6R,8a8)-6-(1,3-thiazol-4- 29%
/ N ylethynyl)hexahydropyrrolo[1,2-a]
14.30 N Z NN pyrazin-2(1H)-yl]pyrazine-2-
) }) carbonitrile
7
NMR 1.68 (m, 1H), 1.91 - 2.50 (m, 5H), 3.02 (dd, 1H), 3.25 - 3.54 (m, 3H), 4.60 (m, 2H),

7.52 (d, 1H), 8.02(d, 1H), 8.26 (d, 1H), 8.78 (d, 1H).

Example 15: (+)-2-[(6R,8aS)-6-[(3-chlorophenyl)ethynyllhexahydropyrrolo[1,2-

a]pyrazin-2(1H)-yl]nicotinic acid

Cl

N=

)TN

o)

Y4

o
/

N=
LiOH, THF, EtOH. Hy ;ifA j}




(m 6H), 3.06 (dd, 1H), 3.33-4.15 (m 5H), 6.98 (dd,
1H), 7.38 (m 3H), 7.47 (s, 1H), 8.12 (d, 1H),
w@2@1021574H) . Exanpl e 16: PCT/US2006/030394
()-2-[(6R, 8aS)-6-[(3-chl orophenyl ) et hynyl ] hexahydr opyr
rolo[ 1, 2- a]pyrazin-2(1H)-yl]nicotinamde \ / 1, SOClI 2
CH2C12 N~ NO 2, NHB ~~ o N 0 G C\ / A mxture of
()-2-[(6R, 8aS)-6-[(3-chl orophenyl ) et hynyl ] hexahydr opyr
rol o[ 1, 2- a] pyrazin-2(1H)-yl gficotinic acid (30 ng,
0.08 mmol ), SOCC12 (70 mg, 0.6 mml) and DCM (1 nlL)
was stirred at RT overnight and at 50C for 2 h. The
resulting mxture was concentrated and was dil uted
with DCM (1 nL) and was cooled to -50C. To this was
addedurEo8 (§)(0etRyld-) (6RBASNBF (F-0. 5N i n di oxane, 1.5 m_)

FBlo RSP b Eap Ep ol 2Py G 1D BN Al e
i f t

O3B A R | O AT A s

&irfeth (Ef.ke):ﬁﬂglgtrmt llllE_[DH)n,d7a2 gg@: gd(ijid hl I—D]Td) thlsBrthﬂuﬁg ﬁﬁxt(lm Was'iid):led HCl

6.

-y ? lz\i 9 ger(r@(moi/p_bof sglvgnt ipyreY thelrpﬁldquwgs_[@@soquq)wﬁh

BeM g hﬁ §7 1iiliald3EABOAIRG anl E?%xgm[sg %lgrhpum

()-(6R 8aS) - (30 oro eny et yny
afbbrdFhe pﬂo)ipgtr(llm ng%%] 'H NMR 300 MHz, (CD3OD) o (ppm) 1. 65 2 75

an»ﬁa*b{/gr e1d ‘iﬁdrl%ll)og 3Rré- ﬁ\tpy%%z);(g 8 gldcble) 758w, 310,747 © 180,

_ [ Rgg §) [ (3-chl orophenyl) et hynyl | hexahydr opyr

roF%?’l,(ﬁ;f 'a? ﬁ‘a Tn-2(1H -yl ]nicotinonitrile (70 ny,

0.2 mol ), Me3SnN3 (160 ng, 0.8 mmol) and DVF was
tirred at 9 verni TJo this resulting m

ﬁégmggd@ (%2&@%,838) 6g [(3- chlorophenyl)ethynyl]hegahydropyrrolo[l 2-

a]pyrazin-2(1H)-yl]nicotinamide

—-— N/
N \j N\ / 1,80Cl CHCl, \ \/)\1 \
oA 2, NH3 Vi o

cl Cl

A mixture of (&)-2-[(6R,8aS)-6-[(3-chlorophenyl)ethynylJhexahydropyrrolo[1,2-
aJpyrazin-2(1H)-yl]nicotinic acid (30 mg, 0.08 mmol), SOCI, (70 mg, 0.6 mmol) and
DCM (1 mL) was stirred at RT overnight and at 50°C for 2 h. The resulting mixture
was concentrated and was diluted with DCM (1 mL) and was cooled to -50°C. To
this was added EtsN (0.2 mL) and NH3 (0.5N in dioxane, 1.5 mL). After stirring at
RT for 1 h, the resulting mixture was washed with Na,COs aq (sat.), dried,
concentrated and purified on silica gel column to afford product (18 mg, 60%). 'H
NMR 300 MHz, (CDCl3) & (ppm) 1.64-2.38 (m, 6H), 2.99 (dd, 1H), 3.24-3.65 (m,
5H), 6.07 (broad, 1H), 7.08 (dd, 1H), 7.28 (m, 3H), 7.45 (s, 1H), 8.28 (d, 1H), 8.3
(broad, 1H), 8.41(d, 1H).



and extracted with ethyl acetate. After the sol vent
was renoved in vacuo, the crude product was purified
wo@roogiokiseca gel columm to afford the product (4BCTS2006/030394

559%. 1H NWR 300 MHz, (CDC13) 5 (ppm: 1.65-2.5 (m

6H), 3.04 (dd, 1H), 3.25-3.46 (m 5H), 7.1 (dd, 1H),

7.24 (m 3H), 7.4 (s, 1H), 8.29(d, 1H), 8.41 (d, 1H).

Exanpl e 18. 1:

()-3-{(6R 9aS)-6-[(3-chl oroplényl ) et hynyl ] oct ahydr o- 2H

- pyrido[ 1, 2-a] pyrazin-2-yl }pyrazi ne-2-carbonitrile WO

2007/ 021575 PCT/ US2006/ 030394 67 Pdd 2(PPh3), NC N N

NCIl + ~NNC Cul, THF, NEt3 1 UN N N ~N

N~Bi s(tri phenyl phosphi ne) pal | adi un{11) dichloride

(0.018 mmol ) and copper(l) iodide (0.03 mmol) were

added to a mcrowave vial with a stir bar.

3-i odobenzonitrile (0.45 mol) and

@gﬂtdlé R @@RQ&IS) Hs{(ﬂ#blﬂﬁi‘(ﬁﬂﬁéﬂynetﬁyhm-m[@(DH tetrazol 5-
a_]pyra2| yrazi ne-2-carbonitrile (0.3 mol,

aybpzr caalss%ppwolqﬁl,zmpmzm@) and added to the

nm crowave Vi with stirring, followed by Et3N (1 ni).
The vial was ed and microwaved at 90 C fpr— 6 mn.
The resul/gmxt StMé‘GBanHuted W|th ﬁ,-
wash wat y

( 80. , 73% . 1HAVR 300 MHz,
(m 2H): 1.72 (In,N1H: 1.87 (m 2H);
2.21 (m 1H): 2.31 (td, 1H: 2.95 (dd, 1H); 3.0 g,aw
1H) ; 333(td 1H); 3.69 (d, 1H); 4.35 (d, 1H); 4.51
7.43 (t, 1H); 7.58 (d, 1H) 7.64 (d, 1H);

d ,
4 mvftéwe b S <é&?xw§opias s ki ropyrmoloft.2-
AUTHQSRE SR RNAGI0%, 0 hRcHESE AU BE R

Shd DAME mwexs blanred 2 9OPQA overnight. To thlS 1esu1t1ng mixture was added water
()-2-{(6R,9aS) -6-[ (6-nmet hyl pyridin- 50% N N
glm} ¥l \th} BEyhrptHS - 2HETH)E pelyentavas rogoved in vacuo, the crude

[pfodicBhRY Biied or MlidaYef O51LARS bftbidhe Product (44 me, 55%). 'H
NMR 300 MHz, (CDCls) § (ppm): 1.65-2.5 (m, 6H), 3.04 (dd, 1H), 3.25-3.46 (m,
5H), 7.1 (dd, 1H), 7.24 (m, 3H), 7.4 (s, 1H), 8.29(d, 1H), 8.41 (d, 1H).

Example 18.1: (£)-3-{(6R,9aS)-6-[(3-chlorophenyl)ethynyl]octahydro-2H-
pyrido[1,2-a]pyrazin-2-yl}pyrazine-2-carbonitrile



1.42 (m 2H); 1.71 (m 1H); 1.87 (m 2H); 2.12 (m
2H); 2.35 (td, 1H); 2.56 (s, 3H); NWR 2.92 (dd, 1H);
w@2m4/0tddy 1H); 3.30 (td, 1H); 3.74 (d, 1H); 4rP@BUSIHN6/030394
1H); 4.41 (d, 1H); 6.74 (dd, 1H); 7.09 (dd, 111);
7.27 (d, 1H); 7.53 (t, 1H); 7.75 (dd, 1H); 8.34 (dd,
1H). WD 2007/021575 PCT/ US2006/ 030394 68 ()-2-{
(6R, 9aS) - 6-[ (3-cyanophenyl ) 38%
et hynyl ] oct ahydr o- 2H pyri do[@] 2-a] 18.3
pyrazin-2-yl}nicotinonitrile 1.43 (m 2H); 1.72 (m
1H); 1.87 (m 2H); 2.12 (m 1H); 2.21 (m 1H); 2.36
(td, 1H; NWR 2.93 (dd, 1H); 3.11 (dd, 1H); 3.30 (td,
(1g|)d; 3.69 (d, 1H); 4.25 (d, 1H); 4.42 (d, 1H); 6.77

s 1H);1Z|j43 (t,dH); 7.60 (d, 1H); 7.66 (d,
. , . 7.18 (ldd, 1H):;_.8.36 dd, 1H).
()%2{‘@;5 %S%di n-H)z-Pd P %6 (Nb H)4 '
ety ctahydro 2t pyrido[d, F.aF. 18. NN
pyrazi n-2-yl }ni cotin:n)i;[rii!e 1.44 (m ; 1.66 (ﬂ/]
1H); 1.88 (m 2H); 242 2H):; 2.37 (td, 1H); 2284 "
(dd, 1H: NVR 3.16Ydd, 1H); 3.32 (td, 1H); 3.76 (d,
]%ié%tflp}%ekrl%lzﬂpl{ogphlﬂé%allaﬁhﬁﬁ(lg fi‘l%cslﬂé'x%dci (@.-{)l@ Iﬁlggl% gﬂ(ﬂ'%%pp%i@ﬁpdlde

7.45 , )
®.Bommdd), Wdfblf\ddél fisle ] rgl)movamy_ia with stir bar. 3~iod(obenzonitHzﬂe (0.45

(SRS IS8 ol 2 e
g{gﬁﬁiﬂeé:&h}onﬁﬁfé B3 AR %bizr&gr?j Hhd digsolNdAn IHHO(ZKIBL) and
; 1.65 (m 1H); 1.84 (m 2H); 2.12 (m 1H); 2.23
{dded 10l RicBAvavedrial ph stiriihgR foll@BdydEt N ] mId). (_The(véﬁi ‘was
%%Qedf?p’ﬁi :%nslcxg;;w%ile% 'f;P 9()_l \ 8‘6671_(0%1l ’%‘l%) 1;e§ﬁ|§ixc1)g2 1}1_(i)gt§.re(1\ggs; tﬁ}é} &Ruted

Wit DER antiashéll wah Watertthe organi;éhase was purified by column

()-2-{(6R, 9aS)-6-[(3-chl orophenyl) 60% 18,6
eirhipaiplstaphy 40 yighbthe degitadi preuct mg, 73%). "H NMR 300 MHz,

BADEE) Siggmbl i i, SED 07 E Bh DR 1'G Gf 2Rl yap 21 o,
(A; 2139 td 21892 O5¢dd, 1iH); 3.00E, 21583 63igd, La; 3.8 @B1Hyd.35 (d,
%%;’415345 %d7 1§1t);d7’.431@ 1H)3 7158 (&gﬁ)l Des (ﬂfl; ?151);(7(.]'69 (%,F?H);%Zo%z(d, 1H);

8.25 (d, 1H).

In a similar manner the following compounds were synthesized (bromo-pyridines

were used in place of iodobenzenes for alkynyl pyridyl compounds):

Example Structure Name Yield
(2)-2-{(6R,9aS)-6-[(6-methylpyridin- | 50%
182 w 2-yl)ethynylJoctahydro-2H-pyrido
: I : o |"\ [1,2-a]pyrazin-2-yl}nicotinonitrile
=

1.42 (m, 2H); 1.71 (m, 1H); 1.87 (m, 2H); 2.12 (m, ZH); 2.35 (td, 1H); 2.56 (s, 3H);
NMR 2.92 (dd, 1H): 3.14 (dd, TH); 3.30 (td, 1H); 3.74 (d, 1H); 4.26 (d, 1H); 4.41 (d, 1H);
6.74 (dd, 1H); 7.09 (dd, 1H); 7.27 (d, 1H); 7.53 (t, 1H); 7.75 (dd, 1H); 8.34 (dd, 1H).




7.24 (m 3H); 7.42 (s, 1H); 7.52 (dd, 1H); 8.25 (m
1H). ()-5-fluoro-2-[(6R, 9aS)-6-(pyridin- 35%
wQ@200702 13991yl ) oct ahydr o- 2H pyrido 18.7 PCT/US2006/030394

[1,2-a] pyrazin-2-yl]nicotinonitrile
2.15 (m 1H);
3.13 (dd, 1H);

1.65 (m
1H); 2.35
3.26 (td,
1H),; 7.2
(td, 1H);
(6R, 9a8) -

1H); 1.85 (m 2H);
(td, 1H);
1H); 3.74 (d, 1H);
2 (m 1H);
8.23 (d, 1H);
6-[(6- 40%

NVR 2.89 (dd, 1H);
4.
7.42 (d, 63H);
8.56 (m 1H).
nmet hyl pyri di n-

F1.41 (m 2H;
2.24 (m

04 (d, 1H); 4.19 (d,
7.52 (dd, 1H); 7.63
()-5-fluoro-2-{

2-yl)ethynyl] 18.

oct ahydr o- 2H pyri do[ 1, 2-a] pyrazin F

2-ylinic

tinonitrile 1. .39 (m

]64(m1|—h18

8

(m 2H);
NVR82 53
(td, 1H);
7.07 (d,

2.13 2.22 (

3.72 1H)ﬁ$

3

04 (
7.

dpyraﬂnDZ Y1

(‘*ﬁ:: 6R9aG-[ tcﬁanogppg
ethyﬁglzll g_ta a]25
1cit£10n1e‘%j

(s d, 1H
1H); 7. 25 (t,” 1H);

bl (m 2H);

822(d

38%

1H). Exarn

200R[R2175
-78C N Br

( 6- br onon
\ Lh

(d,

4@ (i, 9F); 27D (o 18); 6.57 (b, GBY, 0A6h yH), p9Y (nd Lile 2. Whtd, 1H);
2593 RETVHUSZ008Y, 003U, BD; 3.69AS THHO 2K (BH)DER

1H);

6.7F (dd, BB T34t 1 5% 7.@9@,@@- 7.66 (d, 1H); 7.72 (s, 1H); 7.78 (dd 1H); 8.36

\deiﬁ Hbp. 2. vyl et hanol

______ L-n I'Y‘I\/I

0

nL) was
8 ygp! )

n|trogen

stirred f

rni-aht

added dropgwijse to a sp
in OInL) at -78
at no ere. The> esul
or additio

\

g,
d

T,

?yrazm— 81 cPtcl)nrc])n V%e

hen vvarmsd to RT

7%

UVCI LILL] UIIL

m NMR COly
extract ec

%z % 0 °'1H "1’88
‘(

faﬁ%ﬁg
6 4
?(Ed Ciﬁ%ﬂ?b@@@ 198 %@'(&1 ﬁbﬁtﬁs% (m, 1H).

37’ d‘fH)
% %76(dd

ié&’(dd 1H);

1H);

WS Wash

anh OuSs
The1 i5| q

silica gel

ol
o Wit wat
sodi,um ate
ue wasl_pur i

and brin
eI ut i ng Wi 10%

+ P
U yrve

MHXMRDC]

con SRy %@@d

P& (R 10R9).6- [ BTy Rl p NG
§1 OGSV LM
Chy PR o ldYitr

f | pgdzin
et hyl acetate in hexane

66%

S

) ( Orfy. R 1A
7.41 (t, lH) 754 (m, 2H) 763 (d, 1H); 7.68 (s, 1H); 8.22 (m, 1H).

21432 17 0D, 355 VR 98904, T,

1 3.66 (d, 1H); 4.02 (d, 1H); 4.19 (d, 1H);

(H)-2-{(6R,9aS)-6-[(3-chlorophenyl)
ethynyl]octahydro-2H-pyrido[1,2-a]

60%

18.6 K/N)ij\ pyrazin-2-yl}-5-fluoronicotinonitrile
1.41 (m, 2H); 1.68 (m, 1H); 1.85 (m, 2H); 2.10 (m, 1H); 2.24 (m, 1H); 2.35 (1d, 1H);
NMR | 2.88 (dd, 1H); 3.08 (dd, 1H); 3.27 (td, 1H); 3.70 (d, 1H); 4.05 (d, 1H); 4.22 (d, 1H);
7.24 (m, 3H); 7.42 (s, 1H); 7.52 (dd, 1H); 8.25 (m, 1H).
(1)-5-fluoro-2-[(6R,9aS)-6-(pyridin- | 35%
W 2-ylethynyloctahydro-2H-pyrido
18.7 | : K/")i"j\ [1,2-a]pyrazin-2-yl]nicotinonitrile
7
1.41 (m, 2H); 1.65 (m, 1H); 1.85 (m, 2H); 2.15 (m, 1H); 2.24 (m, 1H); 2.35 (td, 1H);
NMR | 2.89 (dd, 1H); 3.13 (dd, 1H); 3.26 (td, 1H); 3.74 (d, 1H); 4.04 (d, 1H); 4.19 (d, 1H);
7.22 (m, 1H); 7.42 (d, 1H); 7.52 (dd, 1H); 7.63 (td, 1H); 8.23 (d, 1H); 8.56 (m, 1H).
()-5-fluoro-2-{ (6R,9aS)-6-[(6- 40%
18.8 I"j/[& . methylpyridin-2-yl)ethynyl]
) l_ /\Ej\ octahydro-2H-pyrido[1,2-a]pyrazin-
7 2-yl}nicotinonitrile
1.39 (m, 2H); 1.64 (m, 1H); 1.85 (m, 2H); 2.13 (m, 1H); 2.22 (m, 1H); 2.33 (td, 1H);

2.53 (s, 3H); 2.88 (dd, 1H); 3.11 (dd, 1H); 3.25 (td, 1H); 3.72 (d, 1H); 4.04 (d, 1H); 4.14

(d, 1H); 7.07 (d, 1H); 7.25 (t, 1H); 7.

51 (m, 2H); 8.22 (d, 1H).

Example 19:

2-bromo-6-(fluoromethyl)pyridine




7.45 (2H, m, 5.51 (1H, s), 5.40 (1H, s). Exanple
20.1: ()-3-[(6R, 8aS)-6-[(6-nethoxypyridin-2-

wQ kgoentmsmy | | hexahydr opyrrol o[ 1, 2- a] pyr azi n- 2( 1P Fy5E30pe/030394
azine-2-carbonitrile N MeON 1 PIN N N N Pd(PPh3) 4
Cul NN (iPr)2NEt, DMV -O/ N N N~ A m xture of
3-[ (6R, 8aS) - 6- et hynyl hexahydr opyrrol o[ 1, 2- a] pyr azi n- 2(
1H) - yl]pyrazine-2-carbonitrile (300 ng, 1.18 mmol),
2-i odo- 6- net hoxypyridule (278%ng, 1.18 mmol),
tetraki s(tri phenyl phosphi ne) pal | adi um(0) (137 ny,
0.118 mmol ), copper iodide (46 ng, 0.24 mol),
di i sopropyl et hyl am ne (0.45nL, 2.6nmol) and DWVF
(40nL) was stirred at RT overnight. 5% EDTA Na2.2H20

(aq) (2nL) was ad and timagTeaction
stirred at rg@nﬁ@gdl t+onat—36—m+n anld t
concent r at ed. asf” cel uPeM hisierat ogr@p ry g

title conpound (280 ng, 65% . 1H NMR 2007/ 021575

PCT/ US2006/ 030394 70 (400 Mz, CDC13): 8 (ppm) 8.26
(dcold phintien o 6¢leomopyridiz-25g)methandy3g, 2608mok in DM (50 mL)

AR x e e
2C Ifde stfridgandhtibroged #odphft. Tk rebtlting boll@iod W sfifikd for

. In a simlar manner the follow ng conpounds were
§9¢it1h@f§|121§ dthelEMﬁ‘pﬁétOSRT grermieht. \Beaeagiign gnixture was poured onto

300 P o D Pes Do Bt PBY Bl wh Sgbgg Mol Do 6. The
26hbiney |o}ghyﬁcﬁg2haﬁewas wbhhéd M&anhtét el BYire. sBﬁltl(od driellildv,er

8.02 (d, 1H), (t 64 (dd, 2H), 4. (t
zp.]}ydrguszﬁ@d{lgn sq:lp.]}ate gog@ntrgﬁgﬁg ugdg(ya(:wz}m zﬂ)e regd@lewgs pified by

%a?bglf%(g g P ﬁl)%ﬂfc?gslgé'l%m #6521% et acttdke in hexanes to give

the td domhphoBad)?2. 6g{79[‘?@- 1HZ‘IFI\/IR\/QXIOBIMHz CDCl3): 6 (ppm) 7.62 (1H, t),
f | uor onet hgl )ID
45 (2H, m), 5.51 ( s) 540(1H s).

Example 20.1: (+)-3-[(6R,8aS)-6-[(6-methoxypyridin-2-
yl)ethynyl]hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]pyrazine-2-carbonitrile

\

l =
N \ Pd(PPh3)4 Cu N ] Ny
// (iPr),NEt, DMF ~0 ///\(N/

A mixture of 3-[(6R,8aS)-6-ethynylhexahydropyrrolo[1,2-a]pyrazin-2(1H)-

yllpyrazine-2-carbonitrile (300 mg, 1.18 mmol), 2-iodo-6-methoxypyridine (278 mg,
1.18 mmol), tetrakis(triphenylphosphine)palladium(0) (137 mg, 0.118 mmol), copper
iodide (46 mg, 0.24 mmol), diisopropylethylamine (0.45mL, 2.6mmol) and DMF
(40mL) was stirred at RT overnight. 5% EDTA Nay.2H,0 (o) (2mL) was added and
the reaction mixture was stirred at room for additional 30 min and then concentrated.

Flash column chromatography gave the title compound (280 mg, 65%). 'H NMR



20.3 N\ yl]ethynyl} hexahydropyrrolo[l,2- N

a] pyrazin-2(1H)-yl] pyrazine-2- N carbonitrile 8.24 (d,

waegho7/o81560 (d, 1H), 7.72 (t, 1H), 7.40 (d, 2H)PCBUSM06/030394

(s, 1H), 5.41 (s, 1H), 4.58 (m NWR 2H), 3.48 (d,

1H), 3.36-3.24 (m 2H), 3.04-2.94 (m 1H), 2.38-2.18

(m 3H), 2.14-2.02 (m 1H), 2.00-1.88 (m 1H),

1.70-1.56 (m 1H). Exanple 21: HPLC separation of

enantioners: Exanple Structurf@ Name ci N

3-[(6R, 8aS)-6-[(3-chl orophenyl)ethynyl] 111

hexahydr opyrrol o[ 1, 2- a] pyrazi n-2(1H) -yl ] pyr azi ne-

L,,NYI\ 2-carbonitrile 21.1 NJ &

3-[(6S, 8aR)-6-[(3-chl orophenyl ) et hynyl ]

Wd*’lﬂdr @Dﬂi)oﬂi Qiprd), fﬁﬁﬁddpyﬂazﬁ 02 @¢ 1H),- N3] @yIidy tm)e d, 1H)
2-carbonitrile Fract el low solid, rr%

830800, PG 2D A PFGnlED) 301 Culih 8 3801 Fm gD DRC. THD,

g ( t |
S5 B GriEREAR L0 gy ) SRt TR 2 O A
coI um; MeOH, 1 nli/mn) WO 2007/ 021575

%%2006/ Osotﬁ%élwwﬁmnﬂéf”ﬁ%ﬁﬂheﬂzed:

hﬂﬁﬁgﬁrc pyrrol Ols’f?uéfﬂpyfaﬂ nt Z(1H) - yT [yhazine- \ | vYield

2-carboniltrile 21.2 &
3-[(6S,83R)-6-[ (3-cya henyl ) ey Jm(ﬁR]SaS) -6-[(6-cyanopyridin- | 71%

hexah drcpy rol,o[ A yrazi n2-2etpyy FORYToEL.2-
2- ¥boniltril i '\g:\ | palpBzn }9 IpyezingGony,
Rt 11.8niln of FA8AFEe solid, 250ny,

Rt 22.8 rin

8.26 (d, 1H), 8.02 (d, LH), 7.80 (t, 1H), 7.64 (ad, 2H), 4.60 (t, 2H), 3.48 (d, 1H), 3.36-
NMR 3.26 (m, 2H), 3.04-2.96 (m, 1H), 2.40-2.20 (m, 3H), 2.14-2.06 (m, 1H), 2.00-1.92 (m,
1H), 1.70-1.60 (m, 1H).

()-3-[(6R,8aS)-6-{[6- 42%
(fluoromethyl)pyridin-2-
yl]lethynyl }hexahydropyrrolo[1,2-
a]pyrazin-2(1H)-yl]pyrazine-2-
carbonitrile

20.3

8.24 (d, 1H), 8.00 (d, 1H), 7.72 (t, 1H), 7.40 (d, 2H), 5.54 (s, 1H), 541 (s, 1H), 4.58 (m,
NMR 2H), 3.48 (d, 1H), 3.36-3.24 (m, 2H), 3.04-2.94 (m, 1H), 2.38-2.18 (m, 3H), 2.14-2.02
(m, 1H), 2.00-1.88 (m, 1H), 1.70-1.56 (m, 1H).

Example 21: HPLC separation of enantiomers:

Example Structure Name

N 3-[(6R,8aS)-6-[(3-chlorophenyl)ethynyl]

==l il hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl)pyrazine-
k/NYL 2-carbonitrile

21.1 N

&
"7 | 3.(63,8aR)-6-[(3-chlorophenyDethynyl]

hexahydropyrrolo[1,2-a]pyrazin-2(1H)-yl]pyrazine-
2-carbonitrile

cl

Fraction 1: pale-yellow solid, 52mg, Rt 10.6 min

HPLC Fraction 2: off-white solid, 56mg, Rt 30.8 min

(Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with MeOH at 20 mL/min;
analysis: 4.6 X 250 mm column; MeOH; 1 mL/min)




(Separation: Chiralpak AD 21 mmID x 250 mm 20 mc
wth MeOH at 20 niL/mn; analysis: 4.6 X 250 nm

wa@ odoanens73veOH Et OH =5/95; 1 nl/mn) PCT/US2006/030394
3-[(6R, 8aS)-6-(pyridin-2-ylethynyl)hexahydro N N
pyrrol o[ 1, 2-a] pyrazi n-2(1H) -yl ] pyrazi ne-2- 21.3 CN
carbonitrile
3-[(6S, 8aR) - 6- (pyri di n-2-yl et hynyl ) hexahydro- pyrrol o
[ 1,2-a]pyrazin-2(1 H)-yl]pyyazine-2- carbonitrile
Fraction 1: pale-yellow solid, 162ng, Rt 8.4 mn HPLC
Fraction 2: off-white solid, 245ng, Rt 13.1 mn
(Separation: Chiralpak AD 21 mmID x 250 mm 20 mc

wth MeOH at 20 rrL/mn analysis: 4.6 X 250 mm
col umm; NEDH: - [ (GRIGES)S)6-([(:Ganopheny Detbyny]
cyanopheny allydr ¢psraksgtogyrfolof!,Ralpyrazin-2(1H)-yl]pyrazine-
a] p%rlzm D yl] v o |2t96fi3‘i’%ﬁ| trile NI N

(S, 8aR) - 6- [ (8~

ophenyl)ethynyl]
cyanopheny et hynyl ] hexahydr ¢ [(3? \Epeny Ve _
a] pyrazi n- 7( 1H) yI ]-5-fl uoron%{ épyrfmzé]tmgr]pymzme

betrge- bgFﬂaé{ron 1 yelRw sSf?d 5 ”Rt Bifin T ACLT O 2.
be'@ﬁLém | Orra QRAY,: ofFivhifd ol ation: Chiral pak
| D(S¥padaaibh: @H’kalp@@AﬂlZ@ m\ﬁd Ibh 230 HanFE20GH i ekt 28 tnL/min;
25 L/ mn, tulasrﬁs l@@%SE&ﬁ'&oEﬁmM&ﬂH/RDH =80%;amifinst peak

el uted; anal X 250 | B¥(6BBhIM6r(pyri8 b it ihexahydro-

MeOH 1 nL 6R, 8a¥ )Dylﬁ)-k[[( Balpyrizin-2(1H)-yl]pyrazine-2-

cya ?)heny ) et hynyl] heyah Eﬁ&fb?n&ﬂe[ 1,2- N

a&] pyrazi ni 2( 1H) - yI]nlc &trll 21.5

2-1(6S, 8aR) - 6- [ ( 3- 3-[(6S, 8aR) 6-(pyridin-2-ylethynyhhexahydro-
pyrrolo{1,2-a]pyrazin-2(1H)-yllpyrazine-2-
carbonitrile

Fraction 1: pale-yellow solid, 162mg, Rt 8.4 min
HPLC Fraction 2: off-white solid, 245mg, Rt 13.1 min

(Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with MeOH at 20 mL/min;
analysis: 4.6 X 250 mm column; MeOH; 1 mL/min)

2-[(6R,8aS)-6-[(3-
cyanophenyl)ethynyl]hexahydropyrrolo(1,2-

. N= Vi a]pyrazin-2(1H)-y1]-5-fluoronicotinonitrile
21.4 N Y &
Y Il 2-[(68,8aR)-6-[(3-
cyanophenyl)ethynyilhexahydropyrrolo[1,2-
N= a]pyrazin-2(1H)-yl]-5-fluoronicotinonitrile

Fraction 1: beige solid, 78mg, Rt 18.4 min

Fraction 2: beige solid, 68mg, Rt 39.4 min

HPLC (Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with 30% BtOH in MeOH
at 25 mL/min, then 100% EtOH at 20mI/min after first peak eluted; analysis: 4.6 X
250 mm column; 30% EtOH in MeOH; 1 mI/min)

N= 2-[(6R,8aS)-6-[(3-
N \JN \_/ cyanopl.xenyl)ethynyl}he)fahyc'qupyrro10[1,2—
/ alpyrazin-2(1H)-yl]nicotinonitrile
21.5 4 4 &
N 2-[(6S,8aR)-6-[(3-
cyanophenylethynyl]hexahydropyrrolo[1,2-

aJpyrazin-2(1H)-yl]nicotinonitrile

Fraction 1: off-white solid, 176mg, Rt 12.4 min

HPLC Fraction 2: off-white solid, 193mg, Rt 23.4 min

(Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with 30% EtOH in MeOH
at 25 ml/min; analysis: 4.6 X 250 mm column; 30% EtOH in MeOH; 1 mL/min)




N~ cyanophenyl ) et hynyl ] hexahydropyrrol o |
al pyrazin-2(1 H)-
woRdormbist® sol id, 176ng,
of f-white solid,

1, 2-
yl]lnicotinonitrile Fraction 1:
Rt 12.4 min BPLC Fr apCT/0R2086/030394

193ng, Rt 23.4 min (Separation:

Chiral pak AD 21 nmID x 250 mm 20 mc with 30% Et CH

in MOH at

25 nmL/mn; analysis: 4.6 X 250 nm col um;

30% EtOH in McOH, 1 nL/mn) WO 2007/021575
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3-[(6R 9aS)-6-(pyridin-2-ylethynyl)octahydro-2H ~I
pyrido[ 1, 2-a] pyrazin-2-yl]pyrazine-2-carbonitrile

21.6 N %N & N

3-[(6S,9aR) - 6- (pyri d| n-2-yl et hynyl ) oct ahydro-2H N1
pyrido[1,2 - (PR BaSP6-CrrifinAiytethyhydoctahydro-2H-
Fraction 1} leéﬁﬂraﬁ-alpmﬂzlm 41]Rwaﬁm$-IPE@b0mtrﬂe
Fragt.bon 2|

(Separatio ﬁﬁ Qﬁgi qahydro-2H-
with MeOH Vgﬁd%[ 2- jr\]péra ywe— -carbomtrlle

_colum:  MeloH

HGRRAQ\-G (nVJ‘IdILLZ I\L

/Iyl et hyny| Wé!%\l’i)@}l‘ i‘liy(gﬂ gg’f\tﬁ ¥ azi n- 2( 1H) -

y! tin I I % Wi 2c?mL/mm
MRS e R R

VAR it ot 1.2 RIAIE gv( }—alh*fy ot

50nmg, Rt 7.3 min é&g%yl) %lh ﬁ&lb[@ 5M1p9ﬂaim-2(1ﬁ)

52ny, Rt 23. 4 m Ny11nkeBlidofr ﬂ@

250pmm 20 PR L/ m n; anal yS| s. 4. 6

X 250 mm coI hg_ Me CH; m-[()ss SHRY-6- (pyridin-z-

2-[ (6R, 8aS (6- et hyl pyri jylﬁh@ylbhqkahydropynolo[l,2—a]pyrazin-2(1H)—
yl ) ehhynyl hydr opyr r ol o[ Lylicafigeyitrdiei n- 2( | H) -

Fraction 1: yellow sticky oil, 50mg, Rt 7.3 min

&

HPLC Fraction 2: yellow sticky oil, 52mg, Rt 23.4 min
(Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with MeOH at 20 mL/min;
analysis: 4.6 X 250 mm column; MeOH,; 1 ml/min)
N=" 2-[(6R,8aS)-6-[(6-methylpyridin-2-
K NQ yDethynyl]hexahydropyrrolo[1,2-a]pyrazin-2(1H)-
) yl]nicotinonitrile
21.8 VA i &
Ne= N 2-[(6S,8aR)-6-[(6-methylpyridin-2-
\ / yDethynylfhexahydropyrrolo[1,2-a]pyrazin-2(1H)-
yl]nicotinonitrile
Fraction 1: brown sticky oil, 86mg, Rt 7.2 min
HPLC Fraction 2: brown sticky oil, 92mg, Rt 10.0 min
(Separation: Chiralpak AD 21 mm ID x 250 mm, 20 mic with MeOH at 20 mL/min;
analysis: 4.6 X 250 mm column; MeOH; 1 mL/min)
‘> 3-[(6R,8aS)-6-[(6-methylpyridin-2-
N \JN N\ yl)ethynyl]hexahydropyrrolo[1,2—a]pyrazin—2(1H)—
1.9 Vi I g]pyrazme—Z-carbomtrﬂe
\N* ) 3-[(6S,8aR)-6-[(6-methylpyridin-2-
yhethynylThexahydropyrrolo[1,2-a]pyrazin-2(1H)-
yllpyrazine-2-carbonitrile
Fraction 1: RT 16.08min, 97.3%, yellowish solid
HPLC Fraction 2: RT 21.03min, 99.9%, yellowish solid
Chiralpak_AD_20mm X 250mm, hexane/EtOH (9:1)
’> 3-[(6R,8aS)-6-[(6-methoxypyridin-2-
o \//N’%/N yl)ethyn_yl]hexahydrqp}./rrolo [1,2-alpyrazin-2(1H)-
21.10 Vi 4 / yllpyrazine-2-carbonitrile
\  N=
s

3-[(65,8aR)-6-[(6-methoxypyridin-2-
ylethynyllhexahydropyrrolo[1,2-alpyrazin-2(1H)-
yllpyrazine-2-carbonitrile




JNMN_ 1 ~~ &nicotinonitrile 21 8 N
2-[(6S, 8aR) - 6-[ (6- et hyl pyri di n- 2-

w@ kgogmsmy | | hexahydr opyrrol o[ 1, 2- a] pyr azi n- 2( 1P{'F/US2006/030394
ylInicotinonitrile Fraction 1: brown sticky oil, 86ng,
Rt 7.2 mn HPLC Fraction 2: brown sticky oil, 92ng,
Rt 10.0 mn (Separation: Chiral pak AD 21 mm I D x 250
mm 20 mc with MeOH at 20 niL/mn; analysis: 4.6 X
250 mm col um; MeOH; 1 nl/m @}
3-[(6R 8aS)-6-[(6-nethyl pyridin-2 NN N\~
yl ) et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazin-2(IH)- /] [/
yl ] pyrazi ne-2-carbonitrile 21.9 & N_
3-[(6S 8aR)-6-[(6-net hyl pyridin-2-

vyl ) gbheny! | ﬁfé%gwd%g 9t WE%Y@DWWF%E n-2(1 H-

Xlﬁ] nzraz'”‘ig ;&% Anmpgsﬁm [%nxang’ggﬁ K RT

LUTTUOTIT 1T, v | Ao A OI [opw RS '-6 :

21.03m n, j yb&hyn}élﬁf]ex ropyﬁol(@}l-;’zo pyrazm-Z(lH)
250mm hexg %yrazme -2- Carb(i{l.ltrlle

3-[2BKRl 8aS %& T e .

yl ) et hynyl ] 132 (68 BRI Z-dYarykidin-2-

&] pyrazin-2 NT .| ¥0etBynyl]hexahydropyrrolo[1,2-alpyrazin-2(1H)-
3-[(6S. 8aR) - 6- [ ( 6- et hoxypyr i|glipyr@2ine-2-carbonitrile

yD) ny| | FrestiayldRDRAATmo1, 824%, HPATH9 2472 yolcsh byl
yl ]%j;%‘m ne Fiaction 2R #+4:42iming 91072 GrOIFVigiPspBy 5
_PCT/ US20086, ﬁmmlngDzﬁ)ﬁmﬂ((%Qﬂrnbﬁﬂaﬁ?ﬁEt@WWHﬂﬁ/ 15tk n

0 ,895)-6g416 orgﬁﬁlyﬁpyndm—%

99. 84% ye iy %ﬁ/nyl}hexahy ropyrrolo[ 1,2-alpyrazin-2(1H)-
99. 83% vye

) yl]py1az1ne 2-carbonitrile

21.12 &

3-[(6S,8aR)-6-{[6-(fluoromethyl)pyridin-2-
yllethynyl }hexahydropyrrolo[1,2-a)pyrazin-2(1H)-
yl]pyrazine-2-carbonitrile

Fraction 1: RT 16.06min, 97.98%, yellowish solid
HPLC Fraction 2: RT 27.50min, 99.63%, yellowish solid
Chiralpak_AD_20mm X 250mm, Hexane/EtOH 85/15

Example 22: Pharmaceutical examples
‘Functional assessment of mGluRS5 antagonism in cell lines expressing mGIluR5D

The properties of the compounds of the invention can be analyzed using standard
assays for pharmacological activity. Examples of glutamate receptor assays are well
known in the art as described in for example Aramori et al., Neuron 8:757 (1992),
Tanabe et al., Neuron 8:169 (1992), Miller et al., J. Neuroscience 15: 6103 (1995),
Balazs, et al., J. Neurochemistry 69:151 (1997). The methodology described in these
publications is incorporated herein by reference. Conveniently, the compounds of the
invention can be studied by means of an assay (FLIPR) that measures the
mobilization of intracellular calcium, [Ca®*]; in cells expressing mGIluRS or another

assay (IP3) that measures inositol phosphate turnover.



Chiral ak_AD 20mm X 250mm Hexane/ Et OH 95/ 05 N~
3-[(6R, 8aS)-6-[(6-cyanopyridin-2 N~

w@Q bdoeimsmy | 1 hexahydr opyrrol of 1, 2-a] pyr azi n- 2( 1M)F/Uy10P6/030394
pyrazi ne-2-carbonitrile 21.11 // & N N=
3-[(6S, 8aR) - 6-[ (6-cyanopyri di n- 2-
yl) et hynyl ] hexahydropyrrol o[ 1, 2-a] pyrazi n-2(1H)- yl]
yrazi ne-2-carbonitrile HPLC Fraction 1. RT 24.27m n,
94.24% (HPLC 90.24% vyellow%h solid Fraction 2: RT
49. 42mn, 97.56% yellow sh solid Chiral ak_AD 20mm X
250mm Hexane/ EtOH/ i PrOH 75/ 15/10 3-[(6R, 8aS)-6-{
[|6]-(fl uoronet hyl ) pyridin-2 NN N
yl ] et hynyl } hexahydropyrrol o[ 1, 2-a] pyrazi n-2(1H)- 21.12
YLIP Assayhe- 2-carbonitrile F N N & 3-] (653, Iél)aR) - 6-{
[ 6-(fluoronethyl)pyridin-2- yl]ethynyl
Flexatyssiaphumah ajGluR5d ppesaribert R(WEPO7/05252 are seeded at a

| ] pyrazine-2-carbonitril HPLC Fract i 1: .
Lo BT FOT G0 cibiposiel e Shpest epaed Fci Rl mo9e gl plates with
l%l?xcl?gﬁésnand%% E3%entY Sl 0 99 h8l1bWineGBédiRd. PAKashis2R8HbE in a

50mMm Hexang/ Et OH 85/ 15 Exanple 52: Phar naceuti cal
euferpbesinfun 27 oivaNagh SesdhBal, 20nVhideiks O adiQs, 8 mM

oAl ARG o RS LRARSE o sege 1 fermi

BbANGAEthn IWS@RYB.4S. OCelPARRBGAKRIIE Hell pldtds\tiré Yoaded for 60 min.
Exanpl es of ¢l utanate receptor assays are well known

inrthe beoarmengndébefférmedtaining 6 LM pbihs asetpr ynerhyl ester form of the

Rissient salsibayingeat foo-3 Wieribe Bretics PPUEBE Gisd) in 0.01%

E)ﬂa%%ﬁé acid BAb@pBeta), ndh-ionid surMRHNOFHHHI -SCAB BG1B&ED003-11-6).
1997). The net hodol ogy described in these .

Polbowingtheoleeding peredihs dluat Henffrsisfemdypd ped plaged with fresh

SR e ot R b B Y B SN 04
second CCD camera shutter speed with excitation and emission wavelengths of 488
nm and 562 nm, respectively. Each experiment is initiated with 160 ul of buffer
present in each well of the cell plate. A 40 pl addition from the antagonist plate was
followed by a 50 pL addition from the agonist plate. A 90 second interval separates
the antagonist and agonist additions. The fluorescence signal is sampled 50 times at 1
second intervals followed by 3 samples at 5 second intervals immediately after each
of the two additions. Responses are measured as the difference between the peak
height of the response to agonist, less the background fluorescence within the sample

period. ICso determinations are made using a linear least squares fitting program.

IP3 Assay

An additional functional assay for mGluR5d is described in WO97/05252 and is
based on phosphatidylinositol turnover. Receptor activation stimulates phospholipase

C activity and leads to increased formation of inositol 1,4,5,triphosphate (IPs).



nmobi | i zation of intracellular calcium [Ca2+]i in
cells expressing nd uR5 or another assay (I1P3) that

wore@s021s35 i nosit ol phosphat e turnover. WO 2007PORLS2066/030394
PCT/ US2006/ 030394 74 FLIPR Assay Cel |l s expressing
human nm3d uRS5d as described in W97/ 05252 are seeded at
a density of 100,000 cells per well on coll agen
coated clear bottom96-well plates with black sides
and experinents are done 241 fol |l owi ng seedi ng. All
assays are done in a buffer containing 127 mM NaCl, 5
mM KCl, 2 mM MgC1l2, 0.7 nmM NaH2P04, 2 nmM CaCl2, 0.422
ng/ M NaHCO3, 2.4 ng/m HEPES, 1.8 ng/m glucose and 1
nmg/mM BSA Fraction IV (pH 7.4 Cell cultures_ in th
(QHEKeﬂt:hblp bzqirwnwtbe humel@mGl@RS arerseered anip Phwell palyel- lysme

Cé’ngnetgl %%g ﬁ]g& I“{T’ lgglgegﬁaté\gn mﬁ‘lgm | ngf %@&qusml‘

éénscwe%e iMabasy b%mighpaesm, g #ashed @ieg Oites iand thodBated for 1 h
pluronic acid pro rietary, non-ionic surfactant

2879@ in HEBES 46 mM)NaClrbP g gl Orem Mol

i d th ff r
FFB AL MR 0 OB 0
Hrh i fraﬁﬁﬁﬁﬁaﬁ@ afdd 2 NI QRriNae deBs fredvashetomd iCEIEPES buffered
canera shutter speed with excitation and em ssi,on

sedine hehpreriscubrtedder 1hmimmdHERBS brifered spaneqopiyning E3 afM

t d h,l1
PG Polnds S PheRed iR 30 G 85 Bl frep RS Thuamarc
§8%M515@19HPGS@30 FPJM*)‘ 8 W@l anfiGhdiderd fbyarpadditidnab8lini. Afhe
romthe agoni st 15 ate. A 90 second _ interval separates

Iehe:mms aegmmamd Tanidre additios of dank pesehloricraeid (1 Bbr ettt

B 1Tl B B SRR L Boonyns
hiveesiehedivl @ﬁés%hat@@&ﬂ% se@efrattaﬂ‘ ﬁs1h¥\ﬁb1ﬁ§$dﬂl1hmgmﬁsm (Dowex AGI-

Responses are neasured as the difference betvvee

Bédrmate faght, 200-400 mes FHORSDY eplugani Bpsitql @é@spthﬁf@ Separatlon
b
a5 g&be ) n&ﬁ‘{ ?}gﬁﬁl% g3e § ee[]r% ¢ hﬁ%’éﬁ 1@}&1}1}%&81@% sm pﬂe ni ammonium

ﬁﬁiﬂh@fee Nt L tbiah fhopik sl QihaiphateE’& e%ﬁt:edyvlﬂlrﬁ mil 00 ixdvi almonium

functional assay for md uRS5d is described
W;gmxeo’mgnmrf@rmg ac@a@@&ogﬁctﬁqi] H’sﬁ?ﬁgﬁ{aﬁw v H&Tpaeluate is then

%Eﬁ 8 nﬁieo%gaﬁlﬁﬁ%&%{l& Y&k £8sifh b J{Bfégﬁﬁ&ﬁmﬁb aaeﬁﬁihbm e

I Vit O | ncrease tion of

lstiﬁﬁ]lzttQin cbuﬂtnfg t THepipas phvatefrdh B3 dupliCat2 6emplee afotted and
PCT/ US2006/ 030394 75
ICso determinations are generated using a linear least squares fitting program.

Generally, the compounds of the present invention were active in the assays described
herein at concentrations (or with ICso values) of less than 10 uM. Preferred
compounds of the invention have ICsq values of less than 1 uM; more preferred
compounds of less than about 100 nM. For example, the compounds of Examples
12.3, 13.3, 14.26, 13.12, 18.7 and 18.3 have ICs; values of 187, 486, 439, 23, 83 and
20 nM, respectively.



GHEK stably expressing the human nd uR5d are seeded
onto 24 well poly-L-lysine coated plates at 40 x 104
waeetrs29sael | in media containing 1 iG/well [3PfT/US2006/030394

nyo-inositol. Cells were incubated overnight (16 h),

t hen washed three tinmes and incubated for 1 h at 37C
in BEPES buffered saline (146 nM NaCl, 4.2 nM KC1, 0.5
mM MgCl2, 0.1% gl ucose, 20 nM HEPES, pH 7.4)

suppl enented with 1 unit/mn gV@tanate pyruvat e

transam nase and 2 nM pyruvate. Cells are washed once
in HEPES buffered saline and pre-incubated for 10 mn
i n HEPES buffered saline containing 10 mM Lid.
Vﬁgounds are incubated in duplicate at 37C for 15

ATHa FIeA MR 181 ut amate (80 M) or DHPG (30 M) is

added and incubated for an additional 30 m n. The
reaction is termnated by the addition of 0.5 ni
perchloric acid (5% on ice, with incubation at 4C

f or lat Al eagiou8d ofifanmuBdnpl es are collected in 15 n

pol ypropl yl ene tubes and inositol phosphates are

separated using ion-exchan sin (Dowex AGL- X8
formate form 200-400 nesh, col ums. Inositol
phosphat e separati on was % ?f el uting

gl ycero phosphati dyl | nosxy't ol W} { / 30 mM anmoni um
formate. Next, total 0’S|tol Sphates is eluted

with 8 nl 700 rrMammnlhm formaf%),{\ 100 M formic
acid and collected in scintillation vials. This eluate
is then mxed with 8 ml of scintillant and [ 3H]
inositol incorporation is detrmned by scintillation
cognt ing. The dpm counts fromthe duplicate sanples
Pee5ibtt ed and 1 C50 deterninations are generated

u%‘rf‘ﬂ; (%}th?)tﬁ?lgy k@RAt lr(?shf{t] %flypg Qlfléﬂgln the substituents are

Gener a , conpounds I nventi on were
asgleored frnmtthe gamp ayssigdegafith €4 Bﬂ;‘lérQiﬁmla”b Ci¢-alkyl, Cj¢-alkylhalo,

VbR QTS eliinalih 8 il Gatyihibn ko & FREGSR SO,
VBOURE 91, Ih@é?oa&ﬁaeycloal‘vkylrmfdehd%@&fdwaqﬂyl GABRAY afgys c9éhc group

| ess than’ about For exanpl'e, the compounds
Emwrplbeeﬁurﬂm sgtbstmgteg Wllhl ap deasi Ing 2subgtunt aselecieg ﬁomaﬂ@ group

; SEBistRR T Cu 7 8070 515 syl fa g iin A galkst. OCus

VAT 1HaB ,CoANalEByl| 8;.¢-AlkyAylc cEpWOLRS] SRQISIO)RE dnd JONRRE A

B
A is selected from the group consisting of Ar;, CO,R?, CONR?R?, S(O)R? and SO,R?;
B is selected from the group consisting of vinylene and ethynylene, wherein the
vinylene group is optionally substituted with up to 2 independently-selected Cy.¢-alkyl

groups;

Ry, in each instance, is independently selected from the group consisting of F, Cl, Br,
I, OH, CN, nitro, Cj¢-alkyl, OC,¢-alkyl, C;.¢-alkylhalo, OC,.¢-alkylhalo, (CO)RZ,



Are (RRm (lI) wherein: Arl is an optionally
substituted aryl or heteroaryl group, wherein the
wGaamgntseent s are selected fromthe group conBCEHUBI9G6/030394

of F, d, Br, I, OH nitro, C1.6-alkyl, C

1. 6-al kyl hal o, OC1.6-al kyl, OC1.6-al kyl hal o,

C2. 6-al kenyl, C2.6-al kynyl, -CN, CO2R2, SR2, S(O Rz,

S2R2, aryl, heteroaryl, cycloalkyl and

het er ocycl oal kyl mhereln any’tyclic group nmay be

further substituted with at |east one substituent

selected fromthe group consisting of F, d, Br, |
OH, nitro, Cl _6- aIkyI Cl. 6- al kyl hal o, OCL. 6-al kyl ,

StrBIRERIOUBS e GO, A LGN s Gl tonsOR” and

g OHRIKCRA tnl,ng of ArI COZR2, CONRZR3, S(OR2 and
08%2 ¥ édlyg selected from t he group consi sting of

vi nyl ene and ethynylene mhereln the V|nylene group

i§20 onal.l

| BBt G e Bt stlecied ot 1§Tero h Sragistingef 1 Frecaliy. Cro
| ARYIBHIGEC, |- §1kb ed%??glﬁlﬁ%}tl)éné @&ﬁ@éﬂéﬁ, fromthe group

consi st ng of nitro,

Cl1_6-al kyl, (I:16alkl Cl1. 6- al kyl hal o,

5 BB Db MBI 2 s o

- CONR2R3, Cl_6- aIkerneORZ 0OC2. 6- al kyl eneOR2 and C
6- al kyl enecyano and R3 are independently

serseaétlaégtrr%}ﬁcmé’r@? Seereuneqnsisting obt. 2adGE 6- al kyl |

Cl_6- al kyl hal o, C2_6-al kenyl, C2_6-al kynyl and

cycloal kyl; mis an integer selected fromthe group
cangipaimgreuficly dcceptabld sattd hgdraten dsolvatd, Ssaform,ntagparer, optical
selected fromthe. group consisting of 1, 2 and 3; or a
pﬁg?’ﬁ’iaé”éﬁ?mgl&?ﬁl?}l@g@Q table salt, hydrate, solvate,

i soform tautoner, optical isoner, or conbination
t hereof 2. A conpound according to claim1l wherein B

is an ethynyl ene group. 3. A conmpound according to

cl aiZm A cppwpaRhacserding tosdpiaet whereiokhis #ecthywilgne group.
consisting of an optionally-substituted phenyl group

and san ot I

corrgound accor gléréa Itag@ifolalh%@ ééfg?% Fsgyegee(itededctg the group
from t ¢omsgtingipof an optionally-substituted phenyl group and an optionally-

substituted pyridyl group.

4. A compound according to claim 3 wherein A is selected from the group
consisting of an optionally-substituted pyridyl group and an optionally-

substituted pyrazinyl group.

5. A compound according to claim 4 wherein A is selected from the group
consisting of an optionally-substituted 2-pyridyl group and an optionally-
substituted 2-pyrazinyl group

6. A compound selected from the group consisting of:



consi sting of an optionally-substituted pyridyl group

and an optionally- substituted pyrazinyl group. 5 A
W@ oo9poensds according to claim4 wherein A is sePEDUSIHNG/030394

fromthe group consisting of an

optional ly-substituted 2-pyridyl group and an

optional |l y- substituted 2-pyrazinyl group 6. A

compound sel ected fromthe group consisting of: WO

2007/ 021575 PCT/ US2006/ 03039478 78 () - Met hyl

(6R, 8aS)-6-[(3-chl orophenyl ) et hynyl ] hexahydr opyrrol o[ 1

, 2-a] pyrazine- 2(1 H)-carboxylate, ()-ethyl

(6R, 9aS) 6- [ (3-chl orophenyl) et hynyl ] oct ahydr o- 2H pyrid

ra2|ne- 2- car boxyl ate, ethyl

( &3 Péatsy R[ &@)@m(%ﬁblompéﬁwl)e&myﬁmahﬁdrapyml@bwﬁ]ﬁyo{zme-
2(1 boxyl at t hyl
(%@I_@] %ﬁ g?f[a%g cgl g? 0- gﬁ;nsrgle?hsnyrfheiahydr opyrrol of
(S e@l}@%@l@@hw (cfhld'ﬂb IR P@tlﬁ}‘h}ﬂ]d%tah @1%—21@ -pyrido[1,2-a]pyrazine-
chloro °B- ? 3-chl or ophenyl) éf hynyf(]

ISIY letsyrrol o [ 1 2- a] pyrazine-2(1 H)-carboxam de,

§%tk?‘s<'§§;8?§>:ﬁ[@: PSRBTy RIS 2D
lcﬁ%@hmyéazine- 2(1 H)-carboxylate, ()-ethy
R9a 2- (3-chl or ophenyl ) vi nyl ] oct ahydr.o- 2H
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15. The nmethod according to claim12, wherein the

di sorders are psychiatric disorders. 16. The net hod
wa@ewonzhisny to claim 12, wherein the di sorders BCEUS2006/030394

chronic and acute pain disorders. WO 2007/021575

PCT/ US2006/ 030394 86 17. The nmethod according to

claim 12, wherein the disorders are gastrointestinal

di sorders. 18. A nethod for inhibiting activation of

n3d uR5 receptors, conprising Bfeating a cell

containing said receptor with an effective anount of

t he conpound according to claim 1.

7. A pharmaceutical composition comprising as active ingredient a
therapeutically effective amount of the compound according to claim 1, in
association with one or more pharmaceutically acceptable diluents, excipients

and/or inert carriers.

8. The pharmaceutical composition according to claim 7, for use in the treatment

of mGluR5-mediated disorders.
9. The compound according to claim 1 for use in therapy.

10. The compound according to claim 1 for use in treatment of mGluR5-mediated

disorders.

11.Use of the compound according to claim 1, in the manufacture of a

medicament for the treatment of mGluR 5-mediated disorders.

12. A method of treatment of mGluRS-mediated disorders, comprising
administering to a mammal a therapeutically effective amount of the

compound according to claim 1.
13. The method according to claim 12, wherein the mammal is a human.

14. The method according to claim 12, wherein the disorders are neurological

disorders.

15. The method according to claim 12, wherein the disorders are psychiatric

disorders.

16. The method according to claim 12, wherein the disorders are chronic and

acute pain disorders.
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17. The method according to claim 12, wherein the disorders are gastrointestinal

disorders.

18. A method for inhibiting activation of mGluRS5 receptors, comprising treating a
cell containing said receptor with an effective amount of the compound

according to claim 1.



