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2, 3, 4, 4A- TETRAHYDRO- 1H PYRAZI Nﬂ%“ﬁﬁmﬁa‘ LI N-5( 6H) ONE DERI VATES BEI NG
5HT2C AGONI STS BACKGROUND OF T 5 The present i nvqnit IJB[I ffﬁy at es
to pyrazing 2.-a] qU| noxal i n- 5( 6Hgaw®s whi ch are ser ot oni

S hydroxytry dé?ﬁ’rk’ 2~ (5HT2C) receptor agonists useful for&[—%‘éwlg?%sgfrrent
of disorders such as obsessive conpul sive disorder, depression, anxiety,
schi zophreni a, mgrai ne, sleep disorders; 110 eati ng di sorders, obesity,
type Il diabetes, and e |Ie S Qbesity is a nmedical disorder characterized
by an excdsk 4efATETRAHYRRO] %%AM&IIZ-AMOXMHMHMN@%I%Eéoﬁ&w@cwm&h
obesity af‘@"ﬁf:% 1 di abet es) cardi ovascul ar di sease, hypertension,

hyperli pi dem a, stroke) osteoarthritis, sleep 15 apnea) gall bl adder

di sease, gout, sone cancers) sone infertility, and early mmummmmmms t he
per cent age of BAGKGEROUMNDYOHEHE INVBNITONS to rise both in d
abroad, obgsity is expected to be a major health risk in the «gisCentury.

The serot oni n ShydggxhEuRt Ao Oiills 6°gRMANS of PPugiEA saumted

receptor which is pressed rons’ i n many
nervous syst epyraﬂﬁo[[l\ﬂ‘l,-la]qmmxahn E(6I—mmean\dh1mwre sér,oto@m JI-hydrox$eymanine 2,

Recept or Subt Basi and I ect outk S, J..

147-210 (W e@ﬁss) ret %%’P 8] f?’A]%‘% ‘%i‘#é’gdﬂ ¥ e (%‘?‘%ﬁﬂ@ “cal | ed
the SHT1C r ecemﬂpmswez disarder, Ocmpfeeﬂbn sanhieygpascm‘zolblhansemcg@ﬂna diepedis@ders,ound

[ ral peryou rats and humans. It is expressed

in the ce y

wi dely i nP(E)otﬁ‘”é‘érdﬁOE QE %U%B%Btdi‘%ﬁ?es'raé‘&ea &PSY{ Julius, D. MacDernott, A.
25 B., Axel, R Jessell, T. M Science 241:558-564 (1988) ] Studies in
several ani mal species and in humaps have shown that the non-selective

5HT2C recept or agoRPetty et Medicebdisprlen vhyngerzedi bie apreess ¢febedyadl<Orf ood

i ntake. [ Cowepdip&ledtissuéd | 6oﬁfoﬁbldlﬁes Massociﬁ(éd' WAIE obdsity M8l Bype f1 dhabesSs,:
Fai rburn, C. G Nature 376: 557 }n Tecott) et al have denonst r at ed
¥

that tr ansgenFQdeiVésé“%@Heﬁ-‘ij tWEcWQG B@bl"@?m@ats‘fs&e nestarhdtisardeeheavi er

h | d
}Vl ?nL\éangT glpﬁprﬁh CEall ﬂliﬁfé%fseas& %&'GE Jsorak! 'Eﬁnders, ’%me ﬂf@rﬂﬂtryé% L& l)y5r§$2 %ﬁ}g A

1995) . ] Conpodédhe mﬁrcemmgg Of ﬁb@mmbwd@aﬂ%cwg@ pgise podrin by and abread,i ve
agoni sts whi C?té%gﬁ 1§§:lp%&te& Y& bOY% Ghaitt Ri&alth TRRIA T 1 ELERY OF1he sERMRES B

reduction in
hydroxytryptamine (5-HT) receptor is a G-protein coupled receptor which is

expressed in neurons in many regions of the human central nervous system.
20  [Wilkinson, L. O. and Dourish, C. T. in Serotonin Receptor Subtypes: Basic and
Clinical Aspects (ed. Peroutka, S. J. ) 147-210 (Wiley-Liss, New York, 1991).] The
SHT,, receptor (formerly called the SHT, . receptor) is a prominent subtype of the
serotonin receptor found in the central nervous system of both rats and humans. It is
expressed widely in both cortical and subcortical regions. [Julius, D. MacDermott, A.
25 B., Axel, R. Jessell, T. M. Science 241:558-564 (1988).] Studies in several animal
species and in humans have shown that the non-selective SHT,. receptor agonist,
meta-chlorophenylpiperazine (MCPP) decreases food intake. [Cowen, P.J., Clifford,
E. M. , Williams, C., Walsh, A. E. S,, Fairburn, C. G. Nature 376: 557 (1995).]
Tecott, et al have demonstrated that transgenic mice lacking the SHT,, receptor eat
30  more and are heavier than Wild Type mice. [Tecott, L. H., Sun, L. M., Akana, S. F.,
Strack, A. M., Lowenstein, D. H., Dallman, M. F., Jullus, D. Nature 374: 542-546
(1995).] Compounds of this invention are SHT,. receptor subtype selective agonists

which are selective over other monoamine receptors, causes a reduction in food



WO 00/ 35922 -2 ,1 7 JU - 20ai PCT/US99n9894 intake and result in a .
reduction in weight gain. O her therapeutic indications for SHT2~ agoni sts
are obsessive conpul sive disorder) depression, panic disordey? JUL 2003

schi zophre p di sorders, eating disorders) and epil d

St oo par g 9(5‘4835 639; 4,089, 958; and 4, 203, 987 descri bee"f‘?’%%@

Tet rahydr o- 1H pyr azi no[ 1, 2- a] Qui noxal i n- 3( 6) -ones and derivatives thereof
as anti hypertensive agents. In contrast, conpounds of this invention bind
to and actlva t he SHT~reeﬁB?orS|ntE g}e useful faor the

treat nent of ! ARG ErsHiL AR a Jeqpction in weig ’mga‘.nﬂ esapsutic ygications; K& oses
3- Subst i t ut edHA,3, dgohistd afe H@KG%EWQr&nﬁﬁ]lﬂveoldisﬂideﬁohépr@ssﬁ)\agl{iaﬂiexéﬂsbﬂa@ls whi ch
exhi bit no anoréXigenic or 10 stimulant activity at 60 ng/Kkg 1.p. dose.
Weak CNS depmsészaphtenis sieep tigordons, satigpidisorderd, atd/ epilepsysi ve acti vi ty in

anaest heti zed ani S ved. | PTI

| NVENTI ON 15 Thi s?fnh\/%§i5?%§?/ﬁg‘?‘%\ﬁ§2§°3§ﬂ%8%§ B 4 BB d‘fscﬁgl‘?/ﬁ e
structuresR rrewhl@rdem NHRpyrszimy dRag@rinenaliade)-omek bnd aribOiveat Gi¥ksof ZQSR' is
hydr ogen, al k 1-6 carbon_atons, acyl of 2-7 c¢arbgn at , or aroyl;
e e St oRar ey eBERS T o0 BstcrARCY RS T s GaYena RS leAndBcavitay bon
at ons) al koX \heXSHTEreCepiif h thk QRS arltiedr® Gful 1bf ihk hieinfeal SENS disbbdea! Ky

sul fonam de of |-6 carbon atons, al kyl am de of 1-6 carbon atons) ani no,

al kyl ami no of 1- elmmmdmcaemmmnm—w &1978D daﬁ:lo]se%?wSabbﬂntedaﬁCﬂﬂMp&,ﬁ- al kyl

iety, 2St l, t
or aroy + x HeuRREH S adhorkanGahaiinddMen “FRbinif o sbgfRisdfil 80T
|7 ngaﬁeggggt L?itlr{x_;lﬁgrg (ggtengtg)zt aGDk;nIg/l«ﬁf if- Gose?r leaalat(CMS ;depresdaft Q%\?@?ﬁﬁd 3f , -
ar raceut i,ca acc er eo
with the provieQHcaRy ]hyg?tevségestacﬁ}ﬁéy of? Iﬂ"aes??f t g,‘mﬁ?ﬁgmqg }é"pﬁ Xif WAdgen:

observed.

DESCRIPTION OF THE INVENTION
15
This invention provides compounds of formula I having the structure

R, N.
Rj N’X
R4 én
I

wherein

R is hydrogen or alkyl of 1-6 carbon atoms;

20  R'is hydrogen, alkyl of 1-6 carbon atoms, acyl of 2-7 carbon atoms, or aroyl;

R;, Ry, R3, and Ry are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkoxy of 1-6 carbon atoms, halogen, trifluoroalkyl, -CN, alkyl sulfonamide
of 1-6 carbon atoms, alkyl amide of 1-6 carbon atoms, amino, alkylamino of
1-6 carbon atoms, dialkylamino of 1-6 carbon atoms per alkyl moiety,

25 trifluoroalkoxy of 1-6 carbon atoms, acyl of 2-7 carbon atoms, or aroyl;

X is CRsRg or a carbony] group;

R5 and Rg are each, independently, hydrogen or alkyl of 1-6 carbon atoms;



'whi ch are SHTz~ receptor agonists useful for the treatnent of disorders
“involving the central nervous system such as obsessive-conpul sive disorder,
depression) anxiety, 5 panic disorder, schizophrenia, mgrai el JHiLe2i3
di sorders, sorders, obesity, type Il diabetes, and The
conpounds of pﬁﬂgﬂﬂkventlon may contain an asymmetric carboﬁqgwgﬁggﬁh sone
of the conmpounds of this invention may contain one or nore asymetric 10
centers and nay thus give rise to opticar i'somers, enantioners and
di ast ereoi soners. Wile shogwn w t hout respect to stereochem stry in Fornmula
|, the presentr |arﬂbéﬂ1@‘1°8?flqaﬂﬁ PergRIbIE FalY fcwith theirRyigo ﬁ‘ﬁha‘ teast dne of Ry,

di ast ereoi soners; &, Rg!dr Rysaré hét hydeogeh;C and resol ved, enantionerically
pure R and S stereoisoners; as well as 89 m xtures of the Rand S

ster eoi somers WA 3Fa Hike 4FEPIOR RECPIStT RSB Ao tBe fgtment platignsders myolving ther m
"al kyl " incl uciemrzbqieruvm rsystghtsuctaa@l obseasichesmplisiver diBaitddr, aleprbssidt, rhhﬁfety;

hydr ocar bo S f 0

butyl . oSt prians, Ui SRae Rl R AR ok dhloueed, Wi

et her, where aygﬁlludsabdtes.uanédmé@sm ar omatic system of 6-14 carbon atons,
which may be a single 20 ring or nultiple aromatic rings fused or i nked

together as such thak Bph@R8obf Qﬂﬁnpé’rﬁion%aytébﬁtai#ﬁ%yﬁn’ine'tﬂxd’l‘ﬁ%nrdtélﬁ%néOrm3
the conjugated aromatic system Preferred aryl group$s include phenyl,

napht hyl ) bi phiéﬁi?IOf ﬁlﬁtwrwounQSe@f Ay dR\eREYN MY CoNwHB et A AOTey ABIIRCITiC
Hal ogen i § defc'le jﬁh ivE ris8%l op capisgﬁx%fs?p#a\ﬁuﬁﬂkﬁrahﬂ%uﬁﬁar hddRetsne
y accept bl e § %e 8

Phar maceut’i cal ts can ormed from organi c and 1 norgani C
aci ds, for exaWpileshagewitbout pesppétdnistrecchanisicy irc Fomiua Lt the tpeasend, inention ni c)

f | ef. I | i hi hal i hl
nydr obr om ) - PhOLoRER) Sniely R Rersiand BlabresBoRaR, of pyelh " rtehefc ang

napt hal enesul fresvlved, hmnnememalll&qmre:k and| S stere5isbmens) as)welaupbthesmli;ttms of and
are thoss i n vl Bias e SrobErt i hhiy Rl S GRRRR BIGngel 1\ 0: ogen.  and

t he non- hyildr ogen substituents of R~ ) R2, Rg, and R4 are hal ogen or
trifluoronethyl. ~1 7 JUL 2(i03 WO 00135922 PCTNS991 29894 -4Preferred
enantionerical ly pdthe compUakgs okcludes rhottasstiaizhtindnd Branchegprimim datiraied

fol Tows: R R~ ;iNganyardtabongronfs. RerelerRa alkfY zr&éps’ arlmethyl, ethyl, propy! or

butyl, most preferably methyl. The term "aroyl” is defined as an aryl ether, where
aryl is defined as an aromatic system of 6-14 carbon atoms, which may be a single
20 ring or multiple aromatic rings fused or linked together as such that at least one part
of the fused or linked rings forms the conjugated aromatic system. Preferred aryl
groups include phenyl, naphthyl, biphenyl, anthryl, tetrahydronaphthyl, phenanthryl
groups. Halogen is defined as Cl, Br, F, and I, preferably chlorine or fluorine.

25 Pharmaceutically acceptable salts can be formed from organic and inorganic
acids, for example, acetic, propionic, lactic, citric, tartaric, succinic, fumaric, maleic,
malonic, mandelic, malic, phthalic, hydrochloric, hydrobromic, phosphoric, nitric,
sulfuric, methanesuifonic, napthalenesulfonic, benzenesulfonic, toluenesulfonic,
camphorsulfonic, and similarly known acceptable acids.

30

Preferred compounds of this invention are those in which at least one of Ry,

Ry, R3, or Ry are not hydrogen, and the non-hydrogen substituents of Ry, Ry, R3, and

R4 are halogen or trifluoromethyl.



"R3\' ~OR4 I1AS5 wherein R Rl) R2, Rg, and R4 are as descri bed above. | B
The conpounds of this invention can be prepared according to the foll ow ng
schemes fromcomercially available starting naterials or syar tJU %003

materials which 10 can be prepared using literature procegég_l?ﬁ e
schenes shww“ﬁ'ﬁﬁgzbr eparation of representative conpounds ?93 gﬁ@enti on.

~1 7 JUL 2003 WD 001 35922 -5 Schemb 1 ~bz Rt ~R2 wY CJ-COOH + ~ .~ NOy N
RBRHRal Il rt ~NHR3 ~i ~ORaH®Mat ~-NChz RI RB~NORaHIVR
t ~*"NHRZ | RB] ~NORa R Vi NRR~NR3NORaR VIII

PCTNS99/ 29894 t Rpeferred eppntiomarjqaliys poreegompounds of formulas IA and IB are
provided as follows:

R3 N

Ry Rq

wherein R, Ry, Ry, R3, and R4 are as described above.

The compounds of this invention can be prepared according to the following

schemes from commercially available starting materials or starting materials which

10 can be prepared using literature procedures. These schemes show the preparation of
representative compounds of this invention.



111't ~NCbz' R NRB~NOR R VRt ~NH- RWRI ~NRaR VII t f
NRR---~- Ral RARR IXIn Schene |, the synbol Cbz represegpnts a

car bobenzyl oxy group and Y stands for chlorine, fluorine, or\ ?oﬂﬂn@p3A
sol ution of _4-carbqgbenzyl oxypi perazi ne2-carboxylic acid (1) dto
react with gégﬁ%§%§tuted ort ho-ni tr ohal obenzene (11) to givgbguﬁbhﬁwﬁ
4-carbobenzy|oxy-l-(o_-nitro-substituted-ﬁhenyl)-piperazine-2-carboxy|ic
acid (Il1l). The reaction is carried out i-h an inert organic solvent) such
as di nmet hyl sul foxide, in the presencg of a base, such as triethylamne, at
a tenperature above anbient tenperatﬁ*@?“éuch as SU-150C. 5 QL7 JUL 2003
WO 001 35922 -6 PCT/ US99l1 29894 The internediate (l111) igg cyclized by a

process involving r ction of theRvitro group to @p i No/Q z
preferably by reacfign of a net as Lrog) in Cl. such as acetic
acid, followed by coPHat el e NQanper at ur e, RgUSH e C to

effect cyclization @ (1V). Rendva 4of the Cbz protectRigng group using boron
5 tribromde, catalytic reduction ﬁr a base, such as potassi um hydroxi de,
gi ves products of this invention {TVa). O treatnent of (’I"\/) wi th a base,
such as sodi um hydride, followed by({ﬁ_a%ti on with an al %’l &de, such as
met hyl iodide) give intermedpat g3 dv) Broval of t Iy gr gup W th boron
tribromi de or pot ass.i_u.m.,hydro?( grle conpeunrdsmof t
where R is |lower alkyl. 10 ggms@l o(Vl) can al so gz T kyTTax ed a second
time using a base) such as sodi ®p Bydride, and an al kylRha'i de) such as

nmet hyl i1odide, to give conpoundsypf this invention [11y. Alternatively,
conmpounds (VI) can be ri%ueéﬁnmth a reduci ng agefit) such as borane in

TI-iF) to conpounds of is invention (VII). npounds (VII1) can al so be
reduced wth borane in THF to gi | X) ¢Ch are conmpounds of 15 this
i nvention. The a -Ho -tan al so be reduced to amines (VII)

using a reducR
Conpounds (VI
am de of conpoun
of this invention?

e in tetrahydrof ur
t hies—nugat i op
ced to am nes (VI
) where R is acp§ )
Va Vi R4 R

In Scheme 1, the symbol Cbz represents a carbobenzyloxy group and Y

stands for chlorine, fluorine, or bromine. A solution of 4-carbobenzyloxypiperazine-

5  2-carboxylic acid (I) is allowed to react with a substituted ortho-nitrohalobenzene (II)
to give a 4-carbobenzyloxy-1-(o-nitro-substituted-phenyl)-piperazine-2-carboxylic
acid (III). The reaction is carried out in an inert organic solvent, such as
dimethylsulfoxide, in the presence of a base, such as triethylamine, at a temperature

above ambient temperature, such as 50-150°C.



‘groudp is put on, as already described, after reduction of am' des (VI) wher e

R is hydrogen. QL7 JUL 2003 WO 001 35922 Schenme 2 R~ 7 ~OH Ra
/| NOOIVR-~ RRZI RR RAONH2 XI NRRRs R3 Ra XI | JN—F&UPWI/N
Ris4R' PCT/ US991 29894 Ov X .Rv Ra\ ~Rs R3 , ~2 Ra
XIV ‘Kﬁ’(P\b’#? R Rl R pernfiobideid

-6-

The intermediate (IIT) is cyclized by a process involving reduction of the
nitro group to an amino group, preferably by reaction of a metal, such as iron, in an
acid, such as acetic acid, followed by heating at elevated temperature, such as 50-
100°C, to effect cyclization to (IV). Removal of the Cbz protecting group using boron

5 tribromide, catalytic reduction or a base, such as potassium hydroxide, gives products
of this invention (IVa). Or treatment of (IV) with a base, such as sodium hydride,
followed by reaction with an alkyl halide, such as methyl iodide, give intermediates
(V). Removal of the Cbz group with boron tribromide or potassium hydroxide give

compounds of this invention (VI) where R’ is lower alkyl.

10 Compounds (VI) can also be alkylated a second time using a base, such as
sodium hydride, and an alkyl halide, such as methyl iodide, to give compounds of this
invention (VII). Alternatively, compounds (VI) can be reduced with a reducing
agent, such as borane in THF, to compounds of this invention (VII). Compounds
(VIII) can also be reduced with borane in THF to give (IX) which are compounds of

15 this invention.

The amide of compounds (V) can also be reduced to amines (VII) using a
reducing agent, such as borane in tetrahydrofuran, at 0-50°C. Compounds (VII) are

also compounds of this invention.

20 Likewise, the amide of compounds (VI) can be reduced to amines (VIII)
which are compounds of this invention. In compounds (VI) where R’ is acyl this
group is put on, as already described, after reduction of amides (VI) where R’ is

hydrogen.



"XV NRR\ RS R/ INRGE R4 R XVI ~17 JUL Z() @ WD 00l 35922 _g_
PCTNS991 29894 I n Schene 2, the carboxylic acids of internedi a‘i iyjl\/) are
converted to the correspondi ng N et hoxy- N net hyl am des (I XM Yle 288i on
of the corr ing acids (1V) with N, O di met hyl hydr oxyl amj

hydr ochl ori W@Z’q%e presence of a base, 5 such as pyridi ng?@g/}])s 9329?:93upl i ng
reagent, such as dicycl ohexyl carbodiimde, (DCC) in an organi c sol vent, such
as nethylene chloride at a tenperature between 0-50C. Treatnent of
internediates (1 X) with Gignard reaggg\l’tés o% organol i thium reagents, such
as nmethyl lithium gives ketones (X). d%&tion of the vitro group in
internediates (X) with a reducing agent) such as iron in acetic acid, gives
the 10 correspondi ng, am ng XI) which cyclize at el eva t enper at ur es,
such as 50-150C, X #iite of an acid) such &s p-f ol esul fonic
acid, in an inerReorggnt’cNgol vent _ such_as benBg g ) conpounds of
this invention (Xl y O®n of (XIT) with a yl NdeOMsuch as

met hyl i odide) & ®al i de such as acet YR CHAN, deQ g#ves conmpounds
of this invention (X,1). *Treatnent of i nt er med! at gs with a Gignard 15
reagent, such as nethyl magnesiumchloride, give tertiary alcohols (XV).
Reduction of the vitrowgroup ininternediates (XIV) wixxh a netal) such as
iron, in an acid, such as acetic acid, followed by ating at a tenperature
from 50-150C) gives (XV) which are conpounds & thj Renti on. Reaction of
conmpounds (XV) with an al kyl halide) suchRg : iL-0di de, or an acyl

hal i de, such as acetyl chl ordeyr»gi ves (XVI) whi cpr—Rge conpounds of this
invention. The enantionerically pure conpg

prepared according to the follow ng Schene™3 r ol onmmer ci al | y avail abl e
starting materials or starting materials which®can be prepared using
literature procedures. This schene shows t hegpreparati,on of
representative f&fmula A of this invent\}:) starting with

t he known 2-(R) ylic acid (reference belo Starting from
the known 2-(S) Xylic acid gives the (S)-colNr
formula I B of t WD 00135922 ,i z JUL 2~B1PCTISONR9894 -9

Schene Il ~NH {- HN __ COyH COzH 2-RaR- IE
5
R3 Rs
R4
X
Y
Ri [ N-R
R
Rs Rs
R3 H R3 ﬂ Rs
R4 Ry
p 4l XV

R



" CARBOXYLIC ACID XVII R~ R2 , FR3 ~ N02 Ra /Cbhz ~N N_J CO2H N0O2 ~ JIIl R
R3B HO/Chz RL ~N NJ Ra xIx R~ ~NHR2/ NR3 ~~O.Rl a IA 5 I|n Schene 3,
the (R)-2-piperazi necarboxylic acid (prepared according to ﬂl‘?eJUbences
bel ow) was ed by standard nethods to the N-protecte i d
(XVI1); g&g@ngz# Cbz represents a carbobenzyl oxy group. g\ SO %9%% of
(R)-4car bobenzyl oXypi per azi ne- 2-car boxyI%c acid (XVIl) is allowed to react
with a substituted ortho-nitrofluorobenzene to give a

4- car bobenzyl oxy-1-Lo-nitro 10

substi t ut ed- phenyl) - (R) - pi perazi ne-2-carboxylic acid (XVII1). The reaction

I's earned out in gNSdheRkl2, Qﬁé)@ﬁb@xﬁi@'a\éﬁﬁtof 1§!éﬁﬂecﬁ§te‘él\!§9$r9)ébi§\@'rt@3%%‘e In
t he presence of a base such as triet hyl am ne, at a tenperature above

anbi ent terrp@r@smnnémgsﬁcrneta@xw meshyl amideg (5P| b ggzstion ¢ they corresppndiE 3
PCTNS991 29894, @];Q?v; P W@ddlﬂlteﬂlg(témd k?ardlﬁe fyt &bem&@hehx &b@%&‘é@é& 4 Byg! ving

reduction of the nitro grou group, prefera y reaction of a
met al , suth sushias pyridine aad aa;ou@l;ngsnamnasudcast dlwcamewlca‘rbcbdlmuéd (BEChimat i ng

2 oo HETRBR o ED S ol AR AR B0,
tribrom de, Treamahalby intermedtaest (NN withi Gagnatﬁnrezfgbntprcmchngztnshthium reapentsyent i on
(LAY, Procesas LOnle SRR AL ReRhed RLCORBRINS & kWY Brdp b o0
intermediates (X) with a reducing agent, such as iron in acetic acid, gives the
10  corresponding amines (XI) which cyclize at elevated temperatures, such as 50-150°C,
in the presence of an acid, such as p-toluenesulfonic acid, in an inert organic solvent,
such as benzene, to give compounds of this invention (XH). Alkylation of (XII) with
an alkyl halide, such as methyl iodide, or an acyl halide such as acetyl chloride, gives
compounds of this invention (XIII). Treatment of intermediates (X) with a Grignard
15  reagent, such as methylmagnesium chloride, give tertiary alcohols (XIV). Reduction
of the nitro group in intermediates (XIV) with a metal, such as iron, in an acid, such
as acetic acid, followed by heating at a temperature from 50-150°C, gives (XV)
which are compounds of this invention. Reaction of compounds (XV) with an alkyl
halide, such as methyl iodide, or an acyl halide, such as acetyl chloride, gives (XVI)
20  which are compounds of this invention.

The enantiomerically pure compounds of this invention can be prepared
according to the following Scheme 3 from commercially available starting materials
or starting materials which can be prepared using literature procedures. This scheme

25 shows the preparation of representative (R)-compounds of formula IA of this
invention, starting with the known 2-(R)-piperazinecarboxylic acid (reference below).
Starting from the known 2-(S)-piperazinecarboxylic acid gives the (S)-compounds of

formula IB of this invention.



'The ability of the conpounds of this invention to act as 5HT=~ agoni sts was
established is several standard pharnmacol ogi cal test procedures; the
procedures used and results obtained are provided bel ow 15 7ejul PW®cedures
5HT2~ Receptor g Test Procedure To evaluate high affiny e
S5HT2~ recept‘BPo%&g}ﬁO (Chi nese Hanster Ovary) cell line trawgréf:s[s'%s{;/\ft h
the cDNA expressing the human 5-hydr oxytr;(g)pt am ne2~ (h5HT2~) receptor was
mai ntai ned in DVEM (Dul becco's Mdified 20 Eagle Media) supplied with fetal
calf serum glutam ne) and the markers: guanl nephosphori bosyl transferase
(GTP) and hypoxant hi net hyni di ne (HT). $akemelll s were all owed to grow to
confluence in large culture dishes with internedi ate changes of nedia and
splitting. Upon reaching confluence, the cells were harvested by scraping.
The harvested cells were susp 'jin hal f vol une %eshcgﬁ physi ol ogi cal
phosphat e buffered saline (PHS) sojution and centrifugedi“at | ow speed (900
X g). This operation was repgated bnce nore. The collectied cells were then
honogeni zed with a pol ytron at tting #7 for 15 HM ten vol unes of 50
MM Tris.HJ) pH 7.4 and 0.5 mM EDTA. The honpgenate vnas centrifuged at 900
x g for 15 mn to renove nucleafOgéarticles and other Fe|l debris. The

pel | et was di scarded 30 agnf)dnteagmper natant fluid recerfiri fuged at 40, 00Q X
g for 30 min. The resultiggBpetlicacmas resuspended iin_a small vol une of
Tris.HO buffer and the tissue protein content was dllernined in ali guot s
of 10-25 mcroliter (pl) volunes. Bovine Serum A bum n .1 7 JuL 2003 WO
0035927 PCTNS99I1 29894 - 11 (BSA) was used as the st a8 ard |n the protein
determ nati on by tRe fh of Lowy @t al. N'B“ o Chem , 193:265 (

1951 ). The vol une ran s was adj usted with 5U mM
[ 10 mM pargyl ine and 4 mM
i on

e suspended cél |

Tris. HO buffer cont .
CaClz to give a tiBSueprdi@in cond f 1-2 ng per of 5
suspension. The pre ar Bei on_nmenbr ang enmggé ny tinmes cgncentrat ed)
was aliquoted in 1 m volunes apd ] until used in subsequent
bi ndi ng experinents. Binding measur engnt s we e perforned in a 96 well
mcrotiter plate format) in a total vBju Vlglf 200 pl. To each well was
added: 6U ~1 of incubation buffer nade 1 5U nM Tris. HO buffer) pH 7.4
and containing 4 mM CaCl z; 20 pl of ['"'slI] DA (S.A, 220U G /nmml) NEN

Life Science). The dissociation nstgaeby KD of ['' SI] DA a human
serotonin 5HT2C receptor Rg f/wm y saturation bi noR1ng wift h i REr easi ng
concentrations of ['~I] Dpl. ue reéctl on was ingtiatel by he fi naI

addi tion of 1()D.0 P2 pensi on 15 cohts

()
receptor protein. Nons bi ngli ng Fs—reaswwed |
unl abel ed DO added i nJ; <Cl | ume. Test conpoue : adiied in 20.0
m . The mixture wasrifcubyfed &ntenperatur for pO m ThQ

i ncubati on was stopped by rapi b filtration. The bound i gand-recept or
complex was filtered off Bn a 96 well unifilter with a *Packard Filternate
196 Harvester. The 20 bound caxpl ex caught on the filter disiawas dried in
a vacuum oven heated to 60C

presehce of | ACM

3

5 In Scheme 3, the (R)-2-piperazinecarboxylic acid (prepared according to the
references below) was converted by standard methods to the N-protected amino-acid
(XVII); the symbol Cbz represents a carbobenzyloxy group. A solution of (R)-4-
carbobenzyloxypiperazine-2-carboxylic acid (XVII) is allowed to react with a
substituted ortho-nitrofluorobenzene to give a 4-carbobenzyloxy-1-(o-nitro-

10  substituted-phenyl)-(R)-piperazine-2-carboxylic acid (XVIII). The reaction is carried
out in an inert organic solvent, such as dimethylformamide, in the presence of a base,

such as triethylamine, at a temperature above ambient temperature, such as 50-70°C.



"and' the radioactivity neasured by liquid scintillation with 40 ~1

M croscint-20 scintillant in a Packard TopCount equi pped with six (6)
photormul tiplier detectors. Specific binding is defined as the Jupt 2003

radi oact i vj d | ess the anmount bound in the presence

unl abel ed k&%mggﬁgding in the presence of varying 25 conceﬂ%?g??g%?4of t est
drugs is expressed as percent of specifE@ bi nding in the absence of drug.
These results are then plotted as | og % bound vs | og concentration of test

drug. Non Ii i i, . d ints, yield th the I C50
i he K var aesTEP S me s AR A oliné G BaeE ot Eing reghikion of the
Al ternati velm&mrddﬁrte&h anfes gmarpp“refekm Bf réheton bEa fetdl adueh ROirBA Siniah

| C

plotted, from the | C50 val ue can be 30 read off the curve and the Ki
val ue det er iciledudly as aelir gidy fRllomsd) byheating g glevajpd temperature, sugh 35088 WO

00/ 35922 - 1Rei 15etebibyclizatioh KPESHNRER6vABD e R6Rcting SrobiBsing 307
concentration of 0t he radi oact i y((a |l i'gand used and t'he [%Dglé;r_otgesuéﬁ ssoci at i on
const ant Sof HBein jcghadcidoporph é’lbfé@égt oF catyytio reduptians gisgs ichiral prodpgts of

foll owi ng Kigs: : hded for various reference conpounds: Ki value and
95% confi denﬂéléu?‘%ﬁtéﬁlgﬁ)' 10 Ritanserin2.0 ( 1.3 - 3.1 ) nMetanserin94.8
(70.7 - 127.U nMM anserin2.7 (1.9 - 3.8) nMJ ozapine23.2 (16.() - 34.U)

WLoxapi neas. U ( 31t fotty brebhieaoR CLIRE RORBOSER of iy | B4 18 fomg 1y

2U Sti nmul at ifanharfaspectd of lthopreseat invemimphosphat e producti on by SHT~ a nis .

CHO cel | 9 transfected with the cDNA expressing the human 5-HT_~ receptor

wer e cullt ured in Dul becco's nodified Eagle's nmedi um (DMEM suppl enent ed

with 1 Wofetal biheabiitsef uie contponads eSthesninvadtionntonot ac5HT,. agbsins vagchi ng

confl uence the f?\lel s were hartﬁgtgd gsilng 'P]BSI EDTA and BI at eddi n 24 wel |

El a]'E es at ?rFSfaH 1% QI’; %’eﬁéﬁ@i‘ . Bw?o:v%o%‘/f‘:étj’% PE%‘i[epﬁeﬁé eﬂé‘lcFi“r%\ése@dé 21 {n
Oor M al Nt &indReRItSBbthindd aRprévidddtidlow.P myo-[* I'nositol was added to

each well. After 48 hours Iarpgeling, the cells were washed once with U5 n

DMEM cont ai ning 25 nmM HEPES and |U nM Li Cl, then preincubated wth the

nmedi um fgr 3fdsippocediieddoni sts were included in this period if tested). At

the end of the prerncubation, the mediumwas renoved, the cells 30 were

t hen i ncubat ed widHrdRecepionBindingdest Broeq nce of antagonists if needed)

O T EPE I B8 007 P SRR LA BB 1

i ncubati on Qivarpe cel? WePlrafifecttdSwith T@e/ é'DﬁAMaﬁarés@ﬁ% WRS hafSe &-fyir@dch wel |
to neutralize to pH 7, and plates were , 1 7 JUL 2003 WD 001 35922°- 13

PC f NS99I z9gowtaninexcoitdect sicepiab tae mainiaingd 3p INVIEM (Dylbecersi Madisied| |
salts The LW Mafs) BhhfkePWARC Tl e SBAR" hafngCRh | HORLHRR:

guaninephosphoribosyl transferase (GTP) and hypoxanthinethymidine (HT). The

Whilave

cells were allowed to grow to confluence in large culture dishes with intermediate
changes of media and splitting. Upon reaching confluence, the cells were harvested
by scraping. The harvested cells were suspended in half volume of fresh
25 physiological phosphate buffered saline (PBS) solution and centrifuged at low speed
(900 x g). This operation was repeated once more. The collected cells were then
homogenized with a polytron at setting #7 for 15 sec in ten volumes of 50 mM
Tris.HCI, pH 7.4 and 0.5 mM EDTA. The homogenate was centrifuged at 900 x g for
15 min to remove nuclear particles and other cell debris. The pellet was discarded
30  and the supernatant fluid recentrifuged at 40,000 x g for 30 min. The resulting pellet
was resuspended in a small volume of Tris.HCI buffer and the tissue protein content

was determined in aliquots of 10-25 microliter (ul) volumes. Bovine Serum Albumin



"A portion (35Upl) of the upper aqueous phase was applied to Dowex AG 1X8 5
" (formate form 100-200 nmesh) columms. The colums were then shed stepw se
with 10 Ml of water and 10 nl of 25 nmM ammonium fornmate to ndfodél 288e
nyo[ ' H] i nosi deacyl at ed phosphoi nositol) respectivel | 10 m
of U2 Ma @lb(ﬁ?sng ormate solution was applied to the col urr%gﬁtﬁcs) egg%{‘e ["H]
i nosi tol nonophosphate (['H IP,) directly into scintillation vials. ~f
this eluate, 1 mM was 10 used to determ"r} radi oactivity by scintillation

counting. Agonisi-stinulated |evel.s of ['Hinositol,. ngphosphat IP,) is

expressed as gﬁ%@r vassagas ﬁ’F s{aﬁéarp & ﬁﬁré%‘tg%%&fmtw%?’% Wﬁ@f"ﬁﬁf L§wry

effective congge (RBiSINCHEM. 71981243 @OHN). The FSoRMeaTRRCSuspetded tdICmbMBahésON | S

used to generate estimte of 1515&5%TC50. Ant agoni sts are tested in the
i

presence of 1¥asRfligsted Withn0 mdf buffer copining \f} He ps¢ashic\agids dQgnM

ref erence CoMpgytE ad 4 i By, WFERRisER ISR dicnalbiECR 2 20REpEND or
(relative to 5-HI) SB200646 286 nM1Cs (I QoM 5-HT as agoni st) Effects of
conpounds dn SUSBESING. bERMDICHATAION MAMTanE SHspeaSPn KlpRY Hmes GorcemaspdyWasat s
wei ghi ng 15U‘ll?c8ﬂ e j iNgdi : ' to a
powder ed di et r te?e{k]e}aé@p%?%é}h ‘?tﬁﬁéédggir i%(ﬁé%néﬁfcﬁ?%ﬁﬁ%s?&%hé%g
procedur e) thexfevogntsup and the ani mals were wei ghed daily. Follow ng the
acclimation period, aninmals were fasted for 24 hours and then injected 30
with either vehicleg; . Lt ake was
assessed at 2 and gﬂﬂﬁnc}rﬁ{r{ %‘sﬁ%{nlé%lgmg‘%gé%egfr%%gﬁg* §%§nw%ﬁgﬁ ?llgp %5 Rﬁﬁggﬁhnghﬁds to
be eval uat ed westel volymee db£2001pk: Zloeapk wellerds added:|160alllof aintcubmktisn bafferreadel ved
all doses_of the test pg_i}gou?d. The order of doses were chosen using to a
modi fied R@ti i YoM Srigd&iigiter, piy 7.45and continipg dopEGa0L,: 20 ulyof [1] DOI

PCTI US99129894s Addirbii) e4)aimcii NENGJreR¥enp®, cOnduct ed in satiated rats at the
start of the dark cycle. Conpounds were’injected i.p, s.c. or p.o. At the

end of the study effects of the test l%a&pogpd on food intake was eval uat ed
using a repeated néas diseasciaticmganstangt KDyl 4 dbPOL @t die hynan serofgrip Fhlag

i ntake (g). D] . - Mt : -tegts to
assess groung’itcglft}éféﬁ%g's%. }‘Wé’rag““%‘g%ﬁﬂglr“ ?@%e@%@gé\sfa ﬁgg&&gég&géﬂtfchl Qt ed.
The ED50 val uBQOls Thbecadasewhdimitiappddgune sinal a9d@lbohed100.0 @b of tisshoadpémionk e

during the test period. Re ais 1t) Results fromin vitro Test Procedures
ConpoundSiHr2ceatainiag: 30 @ PiadesaPSE PRetA; ndNansrecifich Ripdingois wwasyied igHthe

24. 16112 507, ORI of WS AT ARl o 0 Er Yo dedoPHATINE wpre

S7. 00100. 0033 2BREIRAP0enBSTIRORRLAE Das AQTkaAD hErcss: BHPAANDOEF. 6BGERATHee
8S16. 0085. 002607. O0Exanpl e 925. 0010Q.. 0018. a 101036, OOND* NDExanpl e
iTe J0vai 22 elatin SHRShoRe By SeH0 S5 E 155 DU I TE St GPRRIER mas

filtered off on a 96 well unifilter with a Packard® Filtermate 196 Harvester. The

20  bound complex caught on the filter disk was dried in a vacuum oven heated to 60°C
and the radioactivity measured by liquid scintillation with 40 pl Microscint-20

scintillant in a Packard TopCount® equipped with six (6) photomultiplier detectors.

Specific binding is defined as the total radioactivity bound less the amount

bound in the presence of 1 pM unlabeled DOI. Binding in the presence of varying

25  concentrations of test drugs is expressed as percent of specific binding in the absence
of drug. These results are then plotted as log % bound vs log concentration of test

drug. Non linear regression analysis of data points yields both the IC50 and the Ki
values of test compounds with 95% confidence limits. Alternatively, a linear
regression line of decline of data points is plotted, from which the IC50 value can be

30 read off the curve and the Ki value determined by solving the following equation:



-* ND = Not determ ned. ,1 7 JUL 208 WO 00l 35922 PCTNS99129894 - 1S
Results fromin ~ 5HT2~ Food Intake in Rats (24 hr fast) ConB p@_R%E e of
Adm n. ED50 { ng/ kg) Exanple lip ~ pol.91 9. 73Exanpl e 2i pl. 99Ex ﬁp p9. 99
5 The resulwgo@Ps ned in this standard pharmacol ogi cal teslcTRISOHHEIY €S
denonstrate that the conpounds of this invention are SHTZ~ receptor

agoni sts useful for the treatnent of di sl?ases i nvol ving the central nervous
system such as obsessi veconpul sive di sor depression; anxiety; panic

di sorder; schizophrenia; mgraine; sleep disorders, such as sl eep apnea,;

[ ]

eating di sorders, such as hyperphagia; obesity; U type Il diabetes; and
epi |l epsy. The conpounds are for treatKienICHf di seases of a mammal,
preferably a human. The conpounds of th ention can be formul ated neat
or with a pharmaceutical carrier for adht ration, the proportion of

which is determned by | S the solubility and chem cal nature of the
conpound, cho en Lout of adm ni stralkl on and standard pharnmacol ogi cal

practice. 3 Th¥hgiea ks BRGoRcanUIaLeY of thegydipactive ljgand used gud dhe KIX 4 jthe
carrier can gf3sdcitfdonbfstatt of Bk 3igattPRl ARCGBSepiH 5th BRYeRbSM Mit as 20
flavoring agents, lubricants, solubilizers, suspending agents, fillers,
glidants, conpres3hafllgwing bﬁ%’@lé@ﬁ?ﬂit)ra‘{ﬂf@!JStﬁf@ﬂﬂﬂe@gmaWﬂﬁg agents; it can
al so be an encapsul ating material. In powders, the carrier is a finely
divided solid which is in adm xture with the finely divided active
ingredient. In taki#alye m%%qaé@ﬁfubmﬁmgtee‘dalent is mxed with a carrier
havi ng t necessary conpr ro S i tabl e 25 proportions and
conpact e26| n the shape ande]glng esir pfé % 31 S%ers and tablets preferably
contain up to 99% of the acKetamseringr &4;83(7()7-Slﬂ7t()alnl% solid carriers

i nclude) for exanple, cal CIM{B sph B fum stearate, talc, sugars,
| act ose, dextrin, starch, ge a?ém’ a‘%ﬂj sg{%?ﬁéfhyl cel l ul ose, sodium
car boxymet hyl cel | ul ose) poClpwapind pyr23d (1dined4.0)vinel ti ng waxes and ion
exchange resins. 30 Liguid Liers ed 1 n preparing solutions,
suspengi ons, enul si ons)g syr%@',’m ?Pﬂ&?‘{i(‘g‘zagﬁ’b BE/Eur !Ozed gorrposi tions. The
active itgredient can be dissnlyseegide 6 3X0O} 85PN -16 ~i 7 JUL Z003
PGTNS991 29894 or suspended har et i ca ceptable liquid carrier
such as water, an organic sfo‘WIB r@rk&f} f'(y)t@&h or pharnaceutically
acceptable oils or fats. Thmcppqw d o5 (4.8r90pAMcONt ai n ot her suitable
phar maceuti cal additives s as sol ué'%l jze emul sifiers, buffers,
preservatives, SV\eeteners)uﬁB};lvori ng %%S%f)iﬂg‘ggndi ng agents, 5

t hi ckeni ng agents, colors, viscosity regulators, stabilizers or

osno-regyl at grs. S_Ult l;l aml es of |IC]UId carrlers for oral and
parent er &Y aghink hInositel, Monophesphate prod M Es 200N additives as

above) e.g. cel | ubmﬁcémrtta»sﬁ*eawwlthnﬁ@mr\@b&»br&ggﬂgtﬂﬂe REhROXHE! R¥dptor
cel lul ose soluti onz‘El al cohol s (incl udi ng nonohydri c al cohol s and poI yhydric

al cohol s) e. Yeregtudrmdsin Ribecee s imoditiqd %ﬁtl? v arediyne €PMEMsupplsteried éVl'é"e g. 10
fractionat ed169CcRMbhoRht s MRS Sshia) aml:n%racﬁ%r e@ﬁ RhcBttGHRERGL | ON,
the carrier can also be an oily ester such as ethyl ‘ol eate and i sopropyl
myristate. Stherqelle wererhardestadr ysing BBYEDTifs apdiplated i§t2dr welbplajeg at an finjHiph
conposi t hHns d&%f%%?@eﬁk Glba&elﬁgﬁ} efil 'Giie @2 énl;l;(;}gm!nh&i{t&e %?Jd‘idn%oxﬁt%‘hmg

pressurl zed conpOsi tions can ogena rocar bon or ot

phar maceut i carCymhoyefttinesitph wpeaddadito each walky wﬂerpﬁsa{mmdelmlmgahe cells

conpost {1 onswehl Ginal Enchl Gl b8 SODMENILSn i B SPRRE HEBESGAR 181ty zed BV
or exanple, intranuscu Intraperitonea cut-aneous ‘i'njectiadn.

Sterile sol uthenrmcmarbamldsmtlbduﬁxmmmnsIwrﬁnmlmt(ama,genmsste ifi¢lededoinpbisnds of

this inventign.can tered ei t in_|i UId or ,solid
conposi tion P87 ’%eaﬁekﬁ‘é} ”{]ﬂg@e(gfm?% §"(?"h\}5:rﬂ‘? anr% GWﬁfgfser ed
rectal | y30r weg thed inxtubaltbdt\hﬂl fewmbumsqﬁﬂmemwmimagmmm rieeded) fdr®0

adm ni stration by intranasal or, i Babronc i nhal ation or fflation)
t he compound¥f ‘Tlfeé‘c‘fq‘i'v‘%‘}ﬂ[FrHH"?fﬁ‘il Y)E""?%’la tQ? ingubatiog s%‘i“%ﬁ‘b‘&f’g

partially aCIUfSOlSSmISi@éJdblld@% P@m EHlicwad By eSS Hiih hdcamlohrbntxb@ o gt an
aerosol . The _canpound i nvention may al so be admini stﬁr ed 25

t ransder mal | 95t1}4r'125"§/df§ Mﬁg%@"‘ﬁf‘dd&dﬁ? sardpesihtgineptsalizh 1B Tathd Mafes Wereact i ve
conpound and a carrier that is inert to the active conpound, is non toxic
to the skin, and allows delivery of the agent for system c absorption into
the bl ood streamvia the skin. The carrier may take any nunber of forns
such as creans and oi ntnents, pastes, gels) and occl usive devices. The
creans and oi ntnments nmay be viscous liquid or semsolid




"30 énul sions of either the oil-in-water or water-in-oil type. Pastes

" conprised of absorptive powders dispersed in petroleumor hydrophilic
petrol eum contai ning the active ingredient my al so be sui t alifeJUla 2068 i ety
of occl usi veydfiblssfs My be used to release the active ingrepifiéoshddey t he
bl ood stream such as a sem perneabl e nenbrane covering a reservoir
containing the active ingredient with or w,thout a 35 carrier, or a matrix
containing the active ingredient. Qher octlusive devices are known in the

literature. L, w1 7. JUt- 2003 00( 35922 -17,PCTNS99129894 The dosage
requi rements VEfyPRCE HOF ARP r]tgowufémnéé‘hﬁ%lpﬂtia@ngﬁeﬁarﬁ?'ogga,thWear}doﬂg’é of
adm ni strat i onphakd}ever€ Yepatdtad Bf cehlifugitant ons presented and the particul ar
subj ect being treated. Based on the results obtained in the standard

phar macol ogi cal test procedures, projected daily dosages of active conpound
woul d be U. (12 pgl k : s W I L N haked
with smal|l dosages Aiﬂggxgxotﬁ ﬁ%@ﬂ}ég&gﬁ@%ﬁ%&?gg%ﬁﬁ&pﬁgﬁgﬁgﬁhéﬁr?g@e%hmg ég?t er

t he dosage 3 s {(feraratsafosan. JRPi200meshhpelpmsn dihe columnsdwere tthen washed sispwisees i s
reached; preci r r y ' r i al
adm ni strati onmv?vlh ?Pﬁgﬂzg%tg%&n@dkwﬁ? ﬁg& I\gdl?nrln)rl\(l) S e?%’ﬁ%ﬂ%hdyﬁoﬁgr@gg&% on
experi ence wi tHlimesitohaid dehsalatesupijospttoittasitelt easpectivalyPrEhaltyab0 y)l ofh@2 M

phar maceut i cal it I Sl . unit f ..as,tablets aor
capsules. In s%ng'ﬁ&gg‘?‘m% & E%H{S%ns i“falsoérjp%l 1§@§ab@é{%)llu§% o ehu&ﬁ 5*@0%“89“01

cont ai ni ng appmogpophasphagudit]i 1P )edirently tie seittilladori wiglse dif ehis; elidng lumil twagosage
forms can pac conposi tions,. for | e) .packaged powders, vials,
anpoul es, ﬁfe qsieﬁlffoﬁ@e%rwﬁa@goagqvntga@hﬁrgﬁféﬁﬁ?&?Lﬁlnﬁé | i quids. The unit
dosage formcan be, for exanple, a capsule or 15 tablet itself ) or it can
be the appropriate nunber y S ..cqQnpositions. in kage for The

fol | owi ng pr ov%‘%‘@gs%sﬂg‘u&“égiervﬁ i‘btnrjgﬁmas‘ ﬁ@?@ﬁ?s}ﬂ’?‘ee&ggﬂﬁcﬁ}ﬂﬁsﬁw ¥hits 20
i nvention. Exaggtentake $oP1hd ed3p6ise-obsedvetnwitta adyidially ftebNveagdneedtration of

1. 2-al Qui nox, ~lin-5 ?r% One A. 4- Car bobenzyl oxypi per azi ne- 2- Car boxyl i ¢

Aci d, Copper Ch&Tal -a%@FRﬁ’?‘Bﬁeroi"gls@CgP‘/lB‘F“ | Febsedi Retorerals s8INAe Ofaci d
in 40 ni ofs HzBC)/3C25ARAE6N stS Brehsi in2hcSprdbeladdt 10 BLIIT on of 6.5 g of
CuSQ, SH20 in 80 L of H=EO is then introduced and the resulting deep bl ue
solution is cooled to OC. To this cooled solution is added 5 g of solid
NaHCO, in one Wﬁ!l%in@ai%ﬁr&ﬁeﬁ@& ViBRWeRSerREEbhpAhgel a sol ution of
7.7 mL of benzylchloroformate in 40 nL of di oxane over 10 m nutes. The pH
is monitored and NaHCO, is added as needed to 30 mmintain a basic solution.
The ice bath iggghen;4 ¢gryed and e reaction mxture is stirred overnight
at ambi ent tenperature, The blue précipitate is filtered and the solid is
washed wi t30 con6PPBAIG.88Mr), Et OBG:2U nL), and EtOAc (20 nml) to give 1 U. 4
g of a light blue solg .17 J?L .?(?@ﬁiv\é‘%@- 0922 PCTNS99/ 29894 -18 B.
4- Car bobenzyl oxy- 1- {4, 5- Di chl or 0- 2Nt r opheny!’) Pi per azi ne- 2- Car boxyl i ¢ Acid
A mixture of 198200§46284-nd4r bobend€), 6b0uM pd¥laas agenidt)car boxyl i ¢ aci d) copper
chelate and 7.9 g of ethyl enediam netetraacetic acid, disodiumsalt in 800
m. of HzO 5 is heated to 80C for 3 hours. After cooling to room
tenperature, the mxture is concentrated to dryness. A m xture of this

solid) 7.329 of 1, Emiceddroprpiuddswarfedniy icheHenmene, and 20 ni of
triethylamne in 100 of dinethylsul foxide is he teq {)o 60C for 12 hours.
1?‘?2135

L \
After cooling to anPERntd) sy epPRets-Lavieydalse¥sie 208, Merg seppraediiate wi t h

HO to pH 3. Tingiviuil tHgBs hifd hdtBMatkdl1baSfbwieted dittGoPDAveRKS. " PRERE 14 pétiokO
ethyl acetate. The conbi ned extracts are dried over SO, and concentrated
to give and throughout the test procedure, the food cup and the animals were weighed daily.

Following the acclimation period, animals were fasted for 24 hours and then injected
30  with either vehicle or one of 4 doses of the test cbmpound. Food intake was assessed
at 2 and 24 hours following compound administration. Compounds to be evaluated
were injected 1 -2 x per week until all animals had received all doses of the test
compound. The order of doses were chosen using to a modified Latin Square design.



'16 g of crude product. C

3- Car bobenzyl oxy- 8, 9- Di chl oro- 2, 3, 4, 4a- Tetrahydro-1 H Pyrazi no[

1, 2~a] Qui noxal i n-5(6~-0One 15 A rapidly stirred solution ofﬂTGJULdﬂB

4- car bobenzyl oxy- 1- (4, 5-di chl oro- 2ni t rophenyl ) pi per azi ne- 2- car boxylic acid
in 200 nlL WO0MBERRc acid is heated to 60C and then 16 g of P¢FEH? er is
added in portions. The reaction mxture is stirred at 60C for 3 hours and
then allowed to cool to roomtenperaturé4-The m xture is diluted with 1 N
HCl and the resulting precipitate is collected. The solid is washed 20 with
wat er and etAdditioral gtudies Iiay befconﬂm&dcih.saiﬂned e de the-stibislithe dakséygleent . A

Il t of th duct i ified by flash
chr onat ogr A Els it TaeHe igh & PRPBSoALIRRT 28 RETUN SRS 6 tas056
ethyl acet atdb}nﬁoﬁmﬂbﬁefo@m idsal wid @@idaxedmﬁrﬂg §@éﬁéb@d medsHRANEROA My ds
DVSO) 8 10.8 (s, 1H) 1H; 6.96 25

5.12 (s) 2HYerR caldected W%H)Z hy“f—fq’g llwalfq;?ﬂ) DcUBWe'G subjefted to-onggvay ILEPW?, 71
(d, 1H, SJ @;Féstﬁ&) t-te%tsGt% 55@6%5 g*odﬁ dr}ferenizés 2 %ﬁer% fggr})pm?te,ﬁD 52 gvé]uegH)

2.68 (dt) 1 H I'R (KBr) 280 1500)
| 370) 1240, werpselcub@o DﬁQaMal@fp Sithe dm @E@roduﬂee a(50gh redoesiqn indood
[ MEH] ), nal . Calc'd for Cl9HL~C1~N3O8: C, 56.17; H,
4.22: N 10%5%@& %ﬂ’@s‘%%%é’? H 3.88; N, 10.29. ,1 7 JUL 2~3 WO

001 35922 - 19 PCTNS991 79894 D. 8,9-Dichloro-2, 3, 4, 4a- Tetrahydro-1 1, ~-

- Pyrazi no[ 2-al Qui noxal i n-5(6H>-One A solution of 2U g of KOH in SU nL of
HBO i s adde solution of 4.2 g of

3- car bobenzyl oxy- 8, 9-di chl or o- 2 3,4, 4a- tetrahydro 1H pyrazino[ 1, 2- a] qui noxa
lin5(6H)-one in 5U nL of net The resulting reaction mxture is heated
to reflux 5 for 3 hours and ﬁ%‘ Sfrgmall-’-l-&&%‘g g“%ﬁ%‘f“"%o anbi ent tenperat ure.
The solution is concentrated and the crude solid is partitioned between

wat er and WWW : seis
extracted with ethyl 2aE ™Y he conbi ned or ¥E¥Cc phaped? &“g Ycent{r at ed.
0

y—

The crude SOéJnQanﬁ di [S2fAserist Pirding (& AMnfm REO[ ho Fi2h8Y and then a
sol ution of S etfhrarol .s ""'df—:d +6 “w p. 5o e azﬁe‘rﬁioouslieet ed and
dried in a vacuPJ' aven at soct give 2.14 2 oduct {as i t&hydr ochl ori de

salt. 'H NVFExmgel VHz) ds DI\/5®)38 11.0 (Is, ||-1)1,25(9.51 (br s, 2¥); 7. 11 (s
1H); 7.02 (|SExampiEB; 4. 02 (dd;ssao H, J = 116 39.60 HZ) B 838 286150 L H,
11. U Hz); 36t ’4.¥4L1.],, 341l e =083+ 98— m—aH)- 15IR
(KBr) 342U, %‘2’6 ..3020) 2970, 0]9)] 1695. 15U€19m{46 43U) EQS 13795,
1290, 1140 |cExaimple 5 VS j(APCI) nT@ (%) 272 (1UGPO.PAKH] ' ) 274 3386, [ M+H] ') .
Anal . Cal c' TE&ffe & 11 H IZCT, §&0. C, 4281, Hjrg0 92, N 13- Gdaground] C,
42.66; H) 3IFFo—N—13-33

Exarnple 7 8.00 100.00 97.30
Example 8 516.00 85.00 2607.00
Example ¢ 25.00 100.00 18.80
Example 10 1036.00 ND* ND
Example 11 19.79 73% @ 1 uM ND
Example 12 9.00 95.00 30.00
Example 13 91.00 ND ND

* ND = Not determined.



.20 Exanple 2 8y9-Dichloro-2. 3, 4. 4a- Tetrahydro-1H
razi n~l.2-al Qui noxal i n-5(6H) -One Method A (Separation Methqd) Jlibegs
enanti onmers of the conpound of Exanple | were separated by HPLC 25 using a
Chiracel ADwobwss2ani th 1 UO% et hanol at a flow rate of 0.5PEL/USPIRISY
provi de the conpounds of Exanple 2 and 3. The first enantionmer (Exanple 2)
elutes at 10.4 mn ([a] 'D+27.8) and the 1gecond (Exanple 3) at 13.7 mn
([a]"sa 25.5). 17 JUL 2003 WO 00135912 -20 Metho~! B (Chiral Synthesis)
PCTNS99129894 A. (R) - AR6sult OO @ WAVDSHI,L R ¥ Inifkedn RalsQox it fagn Aci d. To a
solution of 5.0 g of (R)-piperazine-2-carboxylic acid in 30 nL of water is
added 5.0 g CuS045Hz0 dissolved in 60 m of H O The solution is cooled to
0 5 5C and 10.0 g of NaHiCompqued addeRoneefiAsmay MERSH Y tli on of 5.3 g of
benzyl chlorofornmate in {FRanfle OT ag¢etong over Y0 mlrwt €sS. {The m xture is
warmed to anbient tenperature and gtirred for 24 h 71’he blijue precipitate is
filtered and the solid ils_washed wilth c®ld wat r.jhe solilds are slurried
in 100 nL of |:| nethanqExampled er i xt ube and tlhe pgM%adjudted to < 4 by the
addition of 2.5 N HCl. T Wi on 15 0 appr ifed u@ga colfum of 400 g of
AG 50W 8X resin that had—beer—pre—tashed—mth—admxture—of 1:16:16 pyridine
nmet hanol : water. The product was eluted wth the sane sol vent m xture
and the conbined product fracti ons are concentrated under reduced pressure
(< 50C) to give a sem-solid residue. This material is slurried with 50 nL
of ethanol Sto obt afhe cref@isalobiaiedsi ithis staedasé| phasmegologicsl | edtt erpcedidesdr i ed

to 15 give 6. Qe@ofso@tedth) thetompounds apmxsﬂmvem:&l%eSﬁma@wpmsxgsms:kius@ﬂhﬂ (400
Hz, ds DMSO)

555, 6°0), P oot (sl sogighe oy sl B o i 3,
2.82 (dt, 1 Heompulsive disorderpdeprgssionRagxi@y,) pam-sLdlsondko;ogchm@rzmm_a_mugmmoo

]}(2)::’5)0' algH gmsle%) aﬁoh@rs Eﬂh(a‘h)sleeﬁ'/d néa%aiur%Ggis&thQ suEMﬁ.H}xy])erp al obe@ﬁ&c d

U. 40. chi 8’ ﬁtne.wg abegss; é@%/sqlfép% T&ﬁ.cplgpe'@}ds for teedin’@% ﬁeaiea]ogm

-38. 77 (c =1, nidhGpal, PpferabBy a human.
(R) -4- Carbobenzyl oxy-1- (4, 5- Di chI or o- 2- Ni t rophenyl ) - Pi per azi ne-2 Carboxylic

Acid. To a slurry containing 5 8’5&?
(R) - 4- car bobenzyl oXVpi GERRHINES 02 HBYepHPR Gidj e fprmulgteds neat or with a
2- di chl or o- phartracerhical ¢aridrefor edinisiation, thd prepbaionasidvhiiclDisndetedfnined by

15  the solubility and chemical nature of the compound, chosen route of administration
and standard pharmacological practice. The pharmaceutical carrier may be solid or

liquid.

A solid carrier can include one or more substances which may also act as

20 flavoring agents, lubricants, solubilizers, suspending agents, fillers, glidants,

compression aids, binders or tablet-disintegrating agents; it can also be an

encapsulating material. In powders, the carrier is a finely divided solid which is in

admixture with the finely divided active ingredient. In tablets, the active ingredient is

mixed with a carrier having the necessary compression properties in suitable

25 proportions and compacted in the shape and size desired. The powders and tablets

preferably contain up to 99% of the active ingredient. Suitable solid carriers include,

for example, calcium phosphate, magnesium stearate, talc, sugars, lactose, dextrin,

starch, gelatin, cellulose, methyl cellulose, sodium carboxymethyl cellulose,
polyvinylpyrrolidine, low melting waxes and ion exchange resins.

30 Liquid carriers are used in preparing solutions, suspensions, emulsions,

syrups, elixirs and pressurized compositions. The active ingredient can be dissolved



*30 dinethylformam de is added slowly 5.3 nL of triethylamne. The sol ution
Is heated to 50C for 5 hours, then at anbient tenperature overnight. The
dar k orange. sol ution ~'1 7 JUL 2003 WO 00l 35922 PCT/ USQp?Z&ﬁQQmaZl S

concentr at reduced pressure (1 - 2 mm < 500) to
QB il

resi due. I's dissolved in 400 nL of ethyl acetate an
100 nmL of 1NHCI (2X), with 15U nL of ter (2X)) and 100 nmL of brine. The
organic layer is dried over MgSO~, filteréd and concentrated to give 8.1 g

) Pntgbr S SERB e A ot o i e,

[ MENH, ] ). Clolveat, Puixtuye of B&h%%&hﬂo@utxc\éﬂ | dcedptable Gils<oR Bdls.Mhe 1igdidC
(R o bobenet e KPSl Bl St bbb HBRves S L83 Blicers,

1, 2a] Qui noxa
( R) - car bobemulyifiessy buffers, Bredaruanvos,csu@ewn@rsoﬁmsylg)qgatp&rmpamdmz- agantsoxyl i c

acid in 2( ?iidrefihg aﬁﬁén'tsc 8616, 'ﬁsc%giée%@ﬂ@toﬁk 0§tal$1ﬁ£é?s Rﬁm@%or ut]zﬁongOd
stirnng, the mx ure | ed.at 60 urs

concent r at edSHHE e’fa@mi"cse?fabﬂ‘ég LAy fq o pﬁ‘@%‘f?rar 8 ‘Q"B‘T‘WOBIIH‘&‘R“

resi due. Thi waten{(artidly ceasaisingraddigdesras dbodklDe.pl cadlulase kiytivaives, girefembly
filtered. Thj r ates
are wasned wi T SEBSRIRRyT GRARKE oy llif, GRERIC RoRNGY mASRAI ol 2 2

and dried ovdd mjgodricileahols p@ngblﬁels}:m&mrrc&rwweéf legithinss @nd @ils (gave a

sem - sol {@¢ MEh@{onadked icbédnut il G Sradhisl ae;d Foropar&itdril acﬂﬂnﬁﬁ@ﬁcﬁi ghdrexAee to
afford 5. 44 V\/mt 138C. H'

f titl
NV (400 1o, Cantalid R off: s S GRP dlews é%f b3t FSkisie. BledR Gt )
6.95 (s, 1 Hparrigrsbte (lspfulzlm)sterﬂc Bquiddorm chimpdsitionks2oB phiehteral . adﬁllr(lsiratmnH J =

13.4 Hz); 3.ffd fla:ud]cah‘ner‘?torﬁgesﬁm%a comd &?’uc(ngq‘an be ) erratéi BydréQeton8d ;3. 00
(bs, 2H): 2.6 25 % I'R (KBr) 3240, 171U, 1675,

150U, 130U, 998 ai’%‘@“@?ﬁhyd‘:‘ﬁ?s‘a@mpe%f"e (%) 406 (100, [MrH ") and 4U8
(90, [ MtH§ ) Anal LiqGal phacndcentica) Sddigdsitin©Owhioh, ard &erllé ;soltionk 6t Auspensidnd. 34.

i ral col D05 Wied by, or xille, inbyfilpiid, ipherilongglssr bGudEhls,

Maf fei: S. PindacHan. Pterit @ql%uonmémalbmbpﬁﬂmmt@red ipyenQysly. STJ@ compopnds j L

2003 WO 001 358% ihehioh ¢h 186 8e adminidtered orally either in liquid or solid composition
(R) 8, 9- Dchhro 2,3,4,4a-Tetrahydro-1 H Pyrazino[

1, 2a] Qui noxa - 5( 6H) One
The compounds of this invention may be administered rectally or vaginally in

the form of a conventional suppository. For administration by intranasal or
intrabronchial inhalation or insufflation, the compounds of this invention may be
formulated into an aqueous or partially aqueous solution, which can then be utilized
in the form of an aerosol. The compounds of this invention may also be administered

25 transdermally through the use of a transdermal patch containing the active compound
and a carrier that is inert to the active compound, is non toxic to the skin, and allows
delivery of the agent for systemic absorption into the blood stream via the skin. The
carrier may take any number of forms such as creams and ointments, pastes, gels, and
occlusive devices. The creams and ointments may be viscous liquid or semisolid

30 emulsions of either the oil-in-water or water-in-oil type. Pastes comprised of
absorptive powders dispersed in petroleum or hydrophilic petroleum containing the
active ingredient may also be sunitable. A variety of occlusive devices may be used to
release the active ingredient into the blood stream such as a semipermeable
membrane covering a reservoir containing the active ingredient with or without a

35 carrier, or a matrix containing the active ingredient. Other occlusive devices are
known in the literature.



'To a solution of 5.0 g of

" (R)-carbobenzyl oxy- 8, 9-di chl oro- 2, 3, 4, 4a-t etrahydro- 1H5 7

pyrazi no-[ 1, 2a] qui noxal i n-5(6H) -one in 100 nL of acetic ac#h iUl d%3
dropwi se 15 Yo HBr in acetic acid. The solution is stpdk6shoabgos
anbi ent terrp‘gba(t]tgfa?égf or 5 hour and concentrated under reduced pressure ( 1
nm < 40C) to give solid residue. The resiﬂue is dissolved in 300 nmL of

et hyl acetate and washed with 100 niL of 1 NaOH, 2U0 nmL of water (2X) and
300 nL of brine and.drjied aqver O ratio 0 and concentrati.on o
the sol vent affor dgl'hg dggeg rf‘B’é‘%“ B v@Wu‘Hﬁﬂﬂee@I%cé’i‘g COBBPMI?@J‘L"W&WGBy‘%EOI um
chr omat ogr aphyoyt2@8 agmodistsationg thegseverity: df bt rsymptomisapresentill Mid, the rpantisubianol )

i |.8 I gd.
The solid (3 Pty Braie asttof aBlenl QiR g ScHPORARSIIAGE, |
excess of 1 Mt%@prqcr%dwwmwe%fiwb? gospges of actixe compQynd tW\fél 1¢pa 0dnrgike de
?al t 1<E|)S agSég 786 fepiiby ; A &‘r?ﬁhérﬂl willpgen@Q0{E. beHnitHildR Wﬂi@@mb‘ﬂ)do%ﬁge%@)lhiﬂ tll% g?

s
3.6 H2); 3.87 %’ﬁﬁ“‘%«“ﬁe "gl‘ggf°§?§°"% Oﬁh %aﬁ‘erk% dgea? ' @lfe 4 ‘Il%‘ g ;)
(d) 1H J 9 Optipmm  effeqr? updeyothm cigmmstanrey( KBryacREB Opredized \fosagesiofor 1658l
1500 cm ' . fp%%n(eﬁﬁu nasdll &r( ﬁl)ab%ﬁgmﬁllqgmn{lwa'dbn)wﬁf‘%ezzléte(‘rﬁf:}led[wkﬂ)e
Anal . Calc'd far hl' g 3{) ng! %%, Found: G,
42.45; H, 3.7& mN“S‘i%“&Q yeginm Pseﬁu?’? teiipme%e g4 pingividaal subiegt roasd- 4 6 x
25U mm) . [18] ~ Prefe@bly/ 2he( pharhjceDidaDrompésitioraisiih eini dosage form, e.g. as tablets or

(S~-8.9-Dichlq Tefra 0

1. 2- al Qui noxal |ﬁsu§¥f6H§' é?]ch ﬁgﬁ]hgydéjkg é@@r@a ktn) {{}b‘tdﬁd (B' uPht dose %otnlxaén}%% s of
the conpound @ppm&#&q@aqm%%thg@ﬁta\f%wwdmt mlmltawswufﬁgn%cmem@!@gem
col um wi t h 1QbHpesiiedsp foraikabple) Mig%ﬂ@)oﬁfde@ ﬁaﬁLirﬁpdﬁldsOplﬁrfﬂléﬁd?nﬁéé@ or

conmpounds  of Th f|r enantioner el utes at

T mn (Lal 'éx%e"‘}fogfwﬁﬂ%hﬁw <15 4hT B IbR G5 b, TOBERnIE s R EBr
25.5). 15 7 wahlpt ipelorWrapdie3boagprom Rt oBanmch@bmsymtlmsnsw)lckage
PCTNS99r 29894 f&m.( S) - 4- Car bobenzyl oxypi per azi ne- 2- Carboxylic Acid. To a
solution of 4.0 g of (S)-piperazine-2-carboxylic aci d in 70 nL of water is
added 5 4.2 g of CQudz. The pH of the blue solution is adjusted to 10 by

t he addition of 2. Fhw dl@Hnampdoviddsithe pfeparatomnfa irepresciutetive divepasiod of this i s
cool ed to 0-5GaRforp- 3 9 of benzylchloroformate in 40 nL of acetone is
added overny90 mnutes. The pHis nonitored and maintained by the addition
of 1 N Na(.2]-| The m xture is warnmed to anbi ent tenperature and stirred
overnight. The blue precipitate is fllmwgdnd t he 1() solid is washed
with cold wat g S ,

m xture and t 1 :

solution is apypli eel @arbebemjrluxypmﬁaz&&u g?arbfoxyﬁl@ EﬂWdepee@heﬂate hat had been

hed th t f h
ot oduct was. el ot ed WA tROPHE: oba B of plBbect R taiG Rd B Ghuct
fr apt i oln_sdzar e aﬂmw\ﬁl_lrﬂ{?ﬁfelﬁ ?h]dwll'lla §(ﬂ?kﬁ.lﬁﬁ@f (i3)) @8)5 m’uSO('§H§@ﬁ) 80 ﬁngd)fV[Q Oti
sSem -Sol | resi que.. IS M rla 1S S | (0]
Sbta nCervst on S infPaikel S the st fa? APE b itidn Jashoaf e o T b 5 U 4
(7 Sg‘;/o 701;, O\M(n th&l@hlsdlutiﬂSﬁ 124aﬁﬁediscgralrgmﬁ Nbil-l_|CNVRn (eHeWpdriion Cf&lchMaOb 8he
13.8): 3. o7 dfggﬂlsela&ﬁ“ n of fﬁ‘t}m% of &Iz7) “&4306 ep C%Qlﬁsz %atszn Sﬂ(lz?!l 1H

- 12.2,'3.6 Hzloxah&oldtBr0 mx?n%hQ; TllZLpM 1slrﬁgﬂtoréd4z%& NAM4E, islxided aiﬁgéde&iﬂ 'VS
(APCI, me (%) 263 (10U) . lc'd for C'H 6N~04: C) 59.08: H,
b.

10: N £8. Lgxalmé@nﬁbasg) 8 tg.logg hq me;;bgb s ptben remeyed and the reaction mixture is
stirred overnight at ambient temperature. The blue precipitate is filtered and the solid

is washed with cold H,O (20 mL), EtOH (20 mL); and EtOAc (20 mL) to give 10.4 g
of a light blue solid.




+ 25 Chiral Purity = 99.88% (HPLC. Chiralcel WH, 4.6 X 25 mm). B.
(S)-4-Carbobenzyl oxy-1-(4,5-D chl oro-2-N trophenyl) - Pi per azi ?eJ@_Cngoxyl iC
Acid. To a slurry containing 1.5 g of :

(S)-4-carbo pi perazi ne-2-carboxylic 30 acid) 1.25 g

1, 2-di chl or y@%’%@?&ni trobenzene) 25 nlL of water and 50 nL‘Q%r SI25854

di met hyl formam de is added slowy 1.6 niL triethylamne. The solution is
heated to 50C for 5 hours, then at anbi ent” tenperature over night. The dark

orange ~1 7 _JU - 03 WO.00/ .PCT/ /29894 -24 sol ytion i
concentrated Bnder 4 1‘3]‘5’58236?’9'5'E’Zigg?‘ihgr&moﬁ’egé&p?%mBﬁaéiaé‘?f&ﬂﬁﬁi ly
residue. Thispid is dissolved in 100 nL of ethyl acetate and washed with
20 nmL of 1 NHC (2X), with 100 nL of water (2X), and 100 nL of brine. The
organi c |ayer is dfiBEWeSt Iggort 4-rarpekenayloxypiperasinedeahordicasidycorpep. 5 g
(99% an oran | i 86&th s 2 : ) Y 454
(75) (MH ) Shclaa hg7d £ 8 foyrlé“é“%@rﬁ%‘?‘ﬁf‘%%’&ao@% dﬁ%%“%@i%&%!ﬁqw’t g?rtgz; N,
9.07. Found: ¢ hepgzdo® 8¢IC Brgohouss. gifien cocling &d rqom itamperatg, g@omixHPE ds

(S Carbovenz VSR ,tEnb) pmisie e s Sl ARG | St uor-s

1, 2a] Qui noxal nitrdbeBidne, Gmd. 20T Laof uethylaminecin 1005mE of dimethylsulfoxide is heated

S) - 4- car boben -1 -dichl - 2- i f.I. en . . .

|(oi |)oer azi ne- 2- é(gg{);g’x&ﬂjlg(@g?sd Mé}fgsﬁﬁgz @fani%grﬁﬂ%mé%%tﬁ?q, éhearggggnglr_nyctléredi; iron
powder . th g@gtdd s\tithjHChgq pHIZe Thexmixtere iis theaalilatdavittoBD fand eﬂﬁewd[(\silhthen
concentra u r redu ressyre 1-2 < 4 0 ray- ck .

oo due. Hi s el bsefate TRE SRR Pt wart SO VS Qand cotElrlr (9% he
conbi ned et hyhsaaficaide product.at es are washed with 1U0 nL of 1IN HCl, 2U0 nL
of water (2X), 100 nL of brine and dried 20 over MySO,. Filtration and
concentration of the solvent gave a sem-solid material that is
crystallized fgom Bm&ﬂaeﬁala;tyf-&pd)i&m@l%-g3,@&@-@‘1’9\411%011iH-1>5a;a@iﬁ6[nsws]d as a
white solid, 174-6C,_ . H NWR (400 Hz, d6 DVBO 8 10.93 (s, 1 H);
7.41-7.31 (m oxalin-§PEOne ). 6,95 (s, 1H); 5.11 (s, 1H; 4.37 (d, 1H
3 = 12.5 ifg); 4. 05/ ¢h idﬂ{tsti&e& sditidn dg) 163 6P 4(&:b§)'énélld')k -1 (£5-bichiofo-22) ;
3.63 (dd) T H J =3.6) 1U8 He); 3. 0U (bs, 2 2 (dt. TH J =36,
12.2 Hz). | R @KkepheryDpmerazineol-cagyeyic psiduin 20Q0nk of agatic acidiy heated to 8°Q APC |
me (%) 4U6 i : ; ' :

CoH G an e, . eBnenbid ofirdfith 2@%%5‘1 i, Borng T Rhcrolrdnnte IiQfird . N,
10. 37. Chi ral 6P ifery3 hoos. guh theplatiowehia spddp rapn wmpentrs Thgymixture iy JUL

2003 WD 00/ 35 : _ . o S
(3 56 o cnt cagell Wit PROHERER e Tening e PG e 0 o
To a sol u20on with watesamdyethér tpPivec bl boberoducoxTheacmde i INMRJs 2omsisient g A

tet r ahydr o- 1 gt 1 1. AAMOWROMA Y Stk WE 1bdh Sl ObBEblApRFI I 19

added 5 dropw se I'n ac e solution tirred
at anbi ent t enprdiatigletidrowitl. 5% ethy] agethiezbexapen toat(0& ewhpibacetata} o egiiveparessur e

( 1 mm < 4U o affo 18 g of tan solid. The solids dissolved in SO
L of ethyl St Pealth ikt 9 01 187 PO NaOH, 20 ni of water (2X)

and 30 nL of BHINMRAC0 MHzZd -DMSONM)BLB (s, FH)] 7.897@1 (@ndH)pNo4 (¢, 1H);i 6096 of

R (ot UL SR O b BT % WA ¢
3.49 (bd) 1 HH,JI =10.50H%7 B:63Xd4,11H dP= 11.213.0Hz); DOB(brs 2B)H2 b8 (&, 28, s 1
H:; 2.94 (bd, l%'ll,-i%ﬁ\]Hz:). 9.9

IR (KBr) 3400, 3250, 2800, 1690, 1500, 1370, 1240, 1130, 860, 770, 730 cm™.
MS (ESI, m/e (%)) 406 (100, [M+H]"), 408 (65, [M+H]").

30  Anal. Calc'd for C19H17C1,N303: C, 56.17; H, 4.22; N, 10.34.
Found: C, 55.95; H, 3.88; N, 10.29.



) .67-2.53 (m 4H)) MS (APCI, me (%) 272 (100) [M+H ') and 274 (S5,
[IVH—|] ). 15 Chiral Purity = 99. 9%(HPLC: Chiralcel AD, 4.6 X . [a]lp
= -25.5 (¢ =.1, DMSO). Exanple 4 f?%ur["}ma
$, 9-Di chl or da. 5. 6- Hex~Ydr o- 1H Pvrazi nof 1. 2-al Qui noxgl; 25
di hydr och~ r?%é"‘g’sgo ution of 5 nL of 1 MBH-THF in THF was g%’é@%’zg a
cooled (UC) solution of 0.43 g of

. 8,9-dichloro-2,3, 4, 4a-tetrahydro-1~- yF&?ino[l 2-a] qui noxal i n-5(6~-1)-one

in 20 nL of THF. resul tj ut | al l owed t radyal_| warmto
room t enper at Br e og-gT]?fFE}Hfo £$%£F ‘ﬁﬁ\ﬁgyﬁﬁ‘éﬂﬂ%ﬁﬂ?})&%}%a@%ﬂﬁﬁ) and
concentrated. The ﬁ%ﬁﬂﬁoﬁ%f@@)t%kﬂ@%n%@ﬁ&M@Oi@aﬂ@édh@'&%bhﬁ@ﬁloﬁgé'%:of
concentrated. The product was E]urlfl ed fl ash col um chromat ogr a

through silicd cg@p loxy-8:P-dic nrmwmaﬁyuafy@&-éﬂ@yn@mﬁbgja]quwoaﬂmrd D. 30

73% . The r I d 15\4&91 ded
gn'gi I /(')the sol g@—'@ndn\é/\l/é%\gg??lalbﬁﬁ@ hﬂeet% e'ﬁ&?ng %ﬁeﬁg:’l’??‘eiﬁ&
precipi tat® ffarrkdowFaadghen i altasvedtoosiol &ta&dtleahdtmmﬂﬁnreun'dim seladeruis t o

e 68 of 3
067 35972 n%dl\l%‘%ﬁ%gg&? @AQ&W%@%%@&?%WQ n 451"2‘8i é‘?‘% ]V@H)
6.86 (s, 1 H)phfledare(sparitett)and3he &qabus phike ik extrhited szh) gth3l 3okt@e.24THem) 4

; 3.Ur-2.89 . 3H . 2.69 1 o Br )., 3380, 3190 9 810
V5L 2a00) - 1800pinG Gegenic, BptsPh af, EbacshlEubd Tokne' s ss BR{Gediit
I((|):/g ) 8288D|( lnguﬁ:Mhhﬂ athourd G HoﬁEthaﬁdWthdh tIhef ﬁxglvﬁﬁble 05H|C] in etha?(&ls .1ddedI to

s 0 ahyvdr o razi no al Qui noxal i

di hvdr ochf rlag%lOTéey l’rﬁielsscﬁﬁﬁc g‘ﬂﬁdemd‘éé’é‘i”iuﬁ’eﬂvef’(ﬂ[]g@x%ﬁ‘blgge 4 g g of
(R -8, 9-dichl fdauadgngh emt,,ﬁ@tmﬁro 1H pyrazi no[ 1, 2- a] qui noxal i n-5(6H) - one
was reduced tp gi roduct. The enantioners were be separated by
HPLC Usi ng a @&MgawoAM}ﬁzoﬂﬂn&mwmawmmm 4D: 219 G Wag 8246, 0. 8
nLimn. The fipsig @f&!ﬂt HAMRL 1@'5‘“3%%" 3788%d”'|ﬂ 13 13PuLhs, 636(919@‘1—1)6‘@43 9
m n. HPLCanaldlslsmlcaied an ee .2 minreténtion ting). 'H NWR

(400 MHz, ds 6)15998H4L§1§52?87{m23¥5) 6. 86 (s, 1H); 6.59 (s) 1H); 3.78

IR (kbr) Yoo BB 398,700 3¢ Ot 30 P L@%‘%U%i’é%“ﬁ 1% 482,

1140) 20 1110184Bem’.M5 (APCI, ne (%) 258 (10U, (M¥H ~, 26U (65, [M-H *).
MS (APCI, m/e (%)) 272 (100, [M+H]"), 274 (65, [M+HY").
Anal. Calc'd for C11H12CLN30: C, 42.81; H, 3.92; N, 13.62.
Found: C, 42.66; H, 3.75; N, 13.33
20
Example 2

Method A (Separation Method)
The enantiomers of the compound of Example 1 were separated by HPLC

25 using a Chiracel AD column with 100% ethanol at a flow rate of 0.5 mL/min to
provide the compounds of Example 2 and 3. The first enantiomer (Example 2) elutes
at 10.4 min ([o}**,+27.8) and the second (Example 3) at 13.7 min ([0}*;-25.5).



‘Exanple 6 25 ~~9-Di chloro-2.3,4.4a.5, 6-Hexahydro-1 H Pvrazino[ 1.2-al

Qui noxal i ne, di hydrochl oride By the sanme procedure described {?rJ‘E(%&RI e 4)
U BU g of (5~-8 9-di chloro

2,3,4, 4a- tet %le- pyrazi no[ 1, 2- a] qui noxal i n- 5( 6H) - one .Bb%

gi ve 0 3l pro uc 30 The enantioners were separated by HPL u5| ng

Chi r apak AD colum with 100% net hanol at 3 flowrate of 0.8 nLImn. The
first enantioner eluted at 7.2 mn (Exanplg 5) and the second at 8.9 mn

(Exampl e 6). HPLC a ated. an ee of >99% (8.9 mn retention
time). ,1 7 JuL ﬁ@@ﬁs(élﬁfréksg‘?ﬂ‘e#’é?f/u599129894 222[a]' Sp +4.35 ' H NMR
(4U0 Mz, ds DNBO @)%- Gﬂrbabéiﬁyl()ﬁyplﬁéﬂhmn@Z&farlﬁ(ﬁc 1id Weid. 6. 59 (s, IH); 3.78

d, 1H J = 11.8 Hz): 3.37-3.
I(R (KE?) 3380, 3190 02@9‘@‘10@8%5) Ezqfdé%)) Pma;nel%wbo’@é@cﬁfldlzfsép mLs@fONatm?BD

pal | Cai o d 1 aroded R RO D iflohvediR 03 Ihe s 5 Bored e )
4.84; N, 13F 715"IDa1Ei<am}| geof? NaHQO, ds addedTiollbved bertké Aydition of 5.3 g of benzyl-

2. 3. 4. 4a- Tet rahydr 6a2|nf 1. 2-al i ngxal i n-5(6H) - One,
Hydr ochl ori de oro ormate n 40 mL o acetone over 90 minutes. The miXture is warmed to

4- Car bobenzyl| Oﬂﬁﬁblém(tén?é}hﬂf@ar@ sHhEﬂ WW'T& tlad pretiph@BH fydreFAnaahasdiue2- Ca
rboxylic Acid 15 A

4- car bobenzy| olypashist with ﬁ@dzﬂ%% H@pr a5 flgrried ip 160 gyl of 1:1 methanol : water
2, 4-di chl or o- SyilthORANRO bH! ddfidtidl e 48&9%9 a%@iugh @fz §'N' Hepr qhy kel am ne

in 35 nmL of dinethylsulfoxide’is heated hours. After cooling

to ambi ent 1Q enfppligé to & columa ofetdlig ofngGrﬁ(b‘«Y@P%remg tbatéadéuem/ptermamd withpH 3.
The m xture isythen d}' elgs ﬁ%&f‘n# %”Il@%ﬂex&@@]“ 34le W dﬁchQsY Llu?eﬁe\&ﬁ’ﬁ ﬁue The
I‘ ie grv e

conbi ned extracts are over conce rate
crude product . sage solvent mlxlure and the combmed product fractions are concemrated under

3- Car bobenzyl o 9-.Chl ar g ifl uor onet hyl Jetrahyd 1H azi no
1. 20 2] Qi noxatcHHee e (& SPrioh o sl eidoies Thisasdnl i STt e oo
rapidly stirresp ﬁﬂ.l ot etdndlfto 2)5tain Sry8taline solid. The solids are collected and dried to

4- car bobengl oxy-1l-(5-chloro-2-nitrop he&%ﬁ §I°Qat rifluoromethyl)-piperazine2-c

arboxylic Bi d&"ﬁ%@ @%Ml"ﬁ]“ede’é@ﬂ"@ flecgmposethe resul ting nixture

was stirred ovr t n afure..
reaction m xt urﬂe was 4(@1}?223 1\@0(5)%7.%9 QE? éggagr&% f‘r ?H§ hieHngl |1%H
washed with 1 HzHGl.89a(rdd1H; £ehI8)ps.88(dd, d Hy il 110,500 iz 3. O&Gndﬂs) r2e82 (ml[oduct
as a brown solj llq 8 1—7 JUL 2003 WD 00135972 PCTNS99/ 79894 -28 C.

9- Chl or o- 8- Tr| uJor ?ngt ?Té Z'} 3,4, 4a- Tetrahydro-1_H Pyrazi no

1, 2- a] Qui noxal lm(mﬁsommowmo,cmo,rim, 1235, 1150 cm™.

20 MS (ESI(+), m/e (%)) 265 (100, [M+H]").
Anal. Calc’d for C ,H N.O,: C, 59.08; H, 6.10; N, 10.60.
Found: C, 59.04; H, 6.09; N, 10.40.
Chiral Purity = 99.99% (HPLC: Chiralcel WH, 4.6 X 25 mm).
[a], =-38.77° (c = 1, H,0).

25
B. (R)-4-Carbobenzyloxy-1-(4,5-Dichloro-2-Nitrophenyl)-Piperazine-2-
Carboxylic Acid.
To a slurry containing 5.0 g of (R)-4-carbobenzyloxypiperazine-2-carboxylic
acid, 4.2 g of 1,2-dichloro-fluoro-5-nitrobenzene, 85 mL of water and 170 mL of
30 dimethylformamide is added slowly 5.3 mL of triethylamine. The solution is heated

to 50°C for 5 hours, then at ambient temperature overnight. The dark orange solution



A m xture of 0.S8 g of

- 3-carbobenzyl oxy-9-chl oro-8-trifl uoronethyl -2, 3,4, 4at et rahydr o- 1H pyr azi no-
[ 1, 2-a] qui noxal i n-5(6~-one and 2.3 g of potassi um5 hydroxi gep iypL 1Rggt of
50% aqueous t was heated to reflux for 2 h. The react e was
concentrat ed ogégb%educed pressure to approxi mately half |t%a2¥$§g/?§rldgf

vol unme. The crude material was diluted with 1(?0 nL of ethyl acetate and
10U nL of saturated aqueous sodi um bi car at e. The phases were separat ed

and the aqueous phase was extracted with ethyl acetate. The conbined
organi ¢ phaseds s@cetiaigdyndeyregycsd nigpsirg (112 s $0° QN BWTeRgsailyresidueThe

crude materi alrpyas 'd?s%@l'vﬁ@ﬂl Add rﬁUb?@@l 1%&@@@%&%&@%@‘1 0L bﬁhﬁﬁé ol

was added untll acl e resultin xture was tere and the solid
was washed wi (BX)kwidr 150n0d efovater Wﬂ. ande)0comLed birine.a Tha cogamicolayer is dried ve

e o s R TR S o V£ 263 Pyl dmoliggd b T,

(s, 1H) 4519 ofahgle sdlid foam=11. 6, 3.2 Hz): 4.01 (d) 1H) J =11.8 Hz): 3.62 (d,

3460, Ja170- SaEENES Tyl et e da ity s 5. Wiy A Dlg o g NRLELSS )

123U) 116U, 1ha&MT3{100, MN’B]()APCI me 3U6 (10U, [MrH ;)) 308 (33,

L) "2 a0 S AR QR bl oo i 2y L

using a Chi rapak AD col umm with 85: 15 nethanol : wat er (+0.1 % di et hyl am ne)

at atlowipat @0f (RECHbBRYIoF) d Dichlora 3, EAMTLAItrok FPyREBp 2 Ut ed at
17.5 mn ([a]"’ gkg and the sg-gond (Exanpl e 8) tﬁa;‘{l@Zré) Unn ([g% D -40).

("1 7 JUuL 2Q03 V\D Surpxabn- S(aEpNAReY| 20894 - 29 Exarrpl e 8
|'S)-9-Chl oro-8-Tri %@E&%xﬁ&ﬂ 83 g?’(l(*) A@ﬁrﬁ%ernéﬂogf 9: (Jr'S"dD Hidéi08rophenyl)-

1. 2- al Qui noxal i n-5( 6H1- One. Hydrochl ori d he” enanti omers were separat ed by
HPLC using a meraezwk2 mbwlmﬁldvm@ﬂﬂaaﬂ%f mu%@xﬂamﬂdemtﬁeg o{ iron powger.

di et hyl T
) el ut od at 1ot ool CHiekth.° ! ifsiieeT Beflea Cot! Hs SR CHgped 17
([a]'S" -48). coird:ehhrﬁe& ﬁﬁ&r%ﬁwed breENEQ)I ﬁmﬁhl <l40(’S) toﬂ‘&my%la@i résidues )I“hZSH)

7.22 , 1 7.18  4.01 (d, |
H J (:Sll Al tergl g‘? é’ml_%d W“hﬁ%o n_‘lg of eIﬂUJ Hfotatef)angfxlkeaed 'FP’S\P)"’CH? Vra%-é)
3.14-3. ()1 (mr hled. ﬂ'ﬂe(c%ﬁlb)ne@‘é laé’elfﬁgfllﬁﬁé’suare W&d \31@9!50 ml L 1N BicH,
15U5, 145'[)) 00, 1370, 130U, 1160, 1110 cni'. APC] m e 306

(100, [MH *) 20808L (of ayatenfaX): )200 [néﬁ. of) bring pnglsdrigd,pver c]gg d fFifration and
Cl2H12C F, N30 coﬁ&enﬂ@no]‘?bf di& sotvent ga\kpa Qe%u%ghd 'ﬁfhﬂa‘?ﬁl that 1s4:i1ys5a?lazeh* from édlil N,

12. 07. Exarrp R) - oro-8-Trifl uoronethyl - Tet r ahy
H Pvrazi n@P 1 aggdtgdhexane to afford 5.44 g (76.1%) of title compound as a whlte sohd mp 136-

138°C.
H' NMR (400 Hz, d,-DMSO) § 10.81 (s, 1H); 7.38-7.31 (m, SH); 7.04 (s, 1H); 6.95
(s, 1H); 5.11 (s, 2H); 4.37 (d, 1H, J = 12.5 Hz); 4.05 (d, 1H, J = 13.4 Hz); 3.70 (d,
1H, J = 11.2 Hz); 3.63 (dd, 1H, J = 3.6, 10.8 Hz); 3.00 (bs, 2H); 2.66 (dt, 1H, J = 3.6,
25 12.2Hz).
IR (KBr) 3240, 1710, 1675, 1500, 1300, 1245, 1'130 cm’.
MS (APCI, m/e (%)) 406 (100, [M+H]") and 408 (90, [M+H]").
Anal, Caic’d for C H,CLN,O,: C, 56.17; H, 4.27; N, 10.34.
Found: C, 55.97; H, 4.33; N, 9.90.
30  Chiral Purity = 99.99% (HPLC: Chiralcel AD, 4. 6 X 250 mm).
[a], = +23.89° (c = 1, CHCL,).

' E, Felder, S. Maffei, S. Pietra, D, Pitre, Helv. Chim. Acta. 1960, 888-896.



* 2U Qui noxal i n-5(6H One, Hydrochl oride The enantiomers were separ ated by
HPLC using a Chirapak AD colum wi th 85:15 net hanol : wat er (+g L(
diethylamne) at a flowrate of 0.5 nL/mn. The first enanti: r?e?J ngngnple
9) eluted at N ([a] ' sp+ 43) and the second (Exanple 8 mn
([a]~'p 40) “}‘g%"?ﬁﬁc anal ysis indicated an ee of 96% ( |7. 5%%?@5%%989#“ on
time). (a] ~D + 43 '"H NMR (4U0 MHz, ds DIV%) 811.0 (s, 1 H); 9.47 (br s,
2H); 7.22 (s, 1 H); 7.18 (s, | H); dd) I H J =1 1.6, 3.2 Hz);4.0
| (d) 1 H J=11. S Hz); 3.62 (d, I H, J-117Hz); 3.41 (d, 1H, J = 10.1
Hz); 3.14-3.U1 (m 3H). 30 IR (KBr) 3460, 3170, 3020, 2970, 28U0, 17UV,
1620, 1505, 14pU, 14, 9-b38mbrol:z3@@)4a-’t1% V\gdro-lﬁlopyr&éﬂé{mmu1n6ﬁhﬁ$mky ne
3U6 (1UU, [M-H'), 3U8 (33, [MtH| 001 35922 -30 Anal. Calc"d for
C12H12C1F~N30: Ves. 42. 13; H, 54; N 12.28. Found: C, 41.83; H, 3.49; N,

3.
12. QL. Exanpl e U §§,§ -
~. 10-Di chl or o- E&% glmgltzlao}ngg rgah%/(? MlJ razgn $8 - d1ch1 0021|3r‘11'04>?at t.rahygr W One
Hydr ochl ori%de pyrazino-[1,2a]quinoxalin-5(6H)-one in 100 mL of acetlc acxd is added dropw1se 15
4- Car bobenzyl oxY: O i )RlLRer azl ne- 2- Acid
By the sane proce %rur e g‘eﬂs?clﬁp Eééfﬁ afcc?)dr’ N&%%ﬁﬁgwsﬁﬁhg ggfnéb&g%&aﬁﬁagé%wz{%t ril
U chl or oni t r o- henzedeongedirdied ugdeviredhcedipriosivent § nowypHpED aa igne—sﬁh(taashtugyl ic
acid, there obt ned 0. 75 i,re |
3 Car bobensyl oy GeRbE H tistofii %o 0 It Gy LERGR BA Y pwly AOL. & 1
1, 2- a] Qui noxal NaOH( 86GamDnef viderF2X) hmd S(mmLmtmdumedﬂasmrer MgSd, oFllEmmpl e 7
B fromO

4 car bobe'nZ@I g@?“ﬁ%‘"@ﬁaﬁ’ ehihg selvent affords o8 (3080 0L e fise dage, Rysifioptiqn aci o
and 0.28 g of by Cdblmv\liﬁfomdtdmﬁilﬂly\/\mSOEt@ sifch @eB40:9 €lPYGerné: Rie NIgSin ed

product as a brown solid. C | oro- 2, 3, 4, 4a- Tet r ahydro-1

1
H Pyrazi no( 1, metpoed) #ivescdi§ i £3469%) of prpdugle as Hy dYeHOMISHr iSthd Bppt RSB °Cane
procedure desc%_ ?Q{)%&G 'lgfé%m?& ?1065) (RO i 59me of melhan and eated with

4- car bobenzyl o ni tropheny 5% perazi ne- arboxylic acid
and 1.5 g of panexsesanh Wﬁknmherttmﬂ@rdvca@gd a%heﬂtlmsmydgmronge sdugstan

i sol ated asqi dro (o] 25 "H NWR (4U() WMHz, ds DMSO) b111
(s, 1H: 5 05 gf(‘b"?hgesg%)mf’g%@e(d) 1H J=2828HMH); 697 (d 1H J=28.28
Hz); 4.U6 (d, }IFNMR caoa Hz, HL)JM@O}SG 1(1d)0(b rme @m Hz X2 (8. 129); Bmzts(m 4
H; 2.77 (m 1 & l'i#' 695) 157U, 147U
139(>, 1280 cnt 4\@ dd, 1 b/é 32?117()5%871(41)5142‘73 10§5HZ)\/|3)61 @4 Ml =
ga'gg dN; OEZCéllrEECiO'ixﬁSlsﬁ)(d‘l?H8ﬁ=9®Hi% 94> MNo(h33AY. Found: C  42.40; H

IR (KBr) 2950, 2700, 1700, 1590, 1500 cm™,

20  MS (APCI, m/e (%)) 272 (100, [M+H]") and 274 (65, [M+H]").

Anal. Calc’d for CH, CLN,O ¢ HCI: C, 42.81; H, 3.92; N, 13.62.

Found: C, 42.45; H, 3.78; N, 13.43.

Chiral Purity = 99.99% (HPLC: Chiralcel AD, 4.6 X 250 mm).

[al, = +27.72° (c = 1, DMSO).

25

Example 3

Method A (Separation Method)
The enantiomers of the compound of Example 1 were separated by HPLC
30 using a Chiracel AD column with 100% ethanol at a flow rate of 0.5 mL/min to
provide the compounds of Example 2 and 3. The first enantiomer (Example 2) elutes
at 10.4 min ([o}*,+27.8) and the second (Example 3) at 13.7 min ([0]*,-25.5).



, 17 JUL ZOQ@B WO 001 35922 PCTNS991 79894 - 31 Exanpl e 11
7,9-Dichloro-2. 3. 4. 4A- Tetrahvdr o- 1H Pyrazirl ~, 2-al Qui noxal i %P(J?{ED?@]
H~r ochl or | de. 5 The title conpound was synthesized according t hod

of Exarrple gdég |tut| ng 2, 4-di chl oro-6-fluoronitxobenzen 8949 -
; Ni ght engal e, ﬁ} . Fla~orine Chem ( 1996) 78 ( 1), ?gﬁ@g?n? %
1,2-dichloro-4-flu oro 5 ni trobenzene. ng nmelting point of the t|tIe
conmpound is 308-311 C. 10 Exanple 12 )

(R)-9-Chl oro-2. 3, 4, 4a- Tet rahydr o- 1H Pyr azi nof | . 2al Qui noxal i n-5(6HLOne A.
(R) - 4- Car bobenzyl oxy- 1- (5- Chl oro- 2- Ni t r ophenyl ) - Pi per azi ne- 2- Car boxylic

Acid. By the sane pegeg®UchirdesHilemy for exanple 2 method 2B) fromO0.95 g
of (R)-415 car bobenzyl oxgpl perazi ne-2-carboxylic acid, there was obtai ned

1.2 g (85. 70148y of (R4 ¢ubeksnpyoripinesazinend-Sagioxylin Aefd. np 145- 155C. M5 (ESI)
m ?J—é 9) 420 13 QQ1ulidd 61 4.0 g4 PrigerhAfe-2lcMbkylc adidi® 76 mi 1O Herli§ adael

(R) - Car bob%nz&ﬂ@)@@lcdmI"Blecpfﬁoﬁthﬂbh@SthﬁlaMﬁtswﬂﬁp Fbg)tbazlilmz;{dmozaat@ﬁ Noxal i n
-5(6H) - One. By, H11¢, 33150 P 0P §E18HeSs 458" T8 %olulion K& Fr020-55 DY g Gor FOM

1.12 g (R

4- car bobenzyl mﬁ!yl&hlbﬁ)fcﬂfﬂm n 20 ML refpdeenyé Jis admrwerw&xrm@ersbcmd H ﬁCI d,

t here was obt ai ned g 80.d§°g) of |tleg$§nﬁo nd as a, white so

139- 141C. 25 'monif a‘(‘h 65‘“8" 23] H.| Thg mixjurg ds “Y“ré’%?d(‘ﬁj 5H)
53 ?712 (7)8 (m_mﬁlb'ﬂ:nt t@m%@rdﬁﬁe ax?d".\surréh S&rﬁlght 1'1?;% bﬂlg réeﬁn&té‘%)ﬁlteﬁle(pﬁlc(% 1 H,
Hz); 2. 97l(t bssollgpﬁ wa@egylthoqold yaqqr ]‘he-soiliis gre s:gurgem 10(}\;BL(9(|:I@| mer(% )

372 ( 100, [ Mykikr )m;aﬁ&@ a?Mh F;ﬁ@ ghy&ﬂou%g twa?ddmoﬁadtcz Simeil Gﬂ%"&oﬁ@%ﬁ' 0
C 61.38: H, 4.88: K ~1 7

2(i, 9 WO 00l 3159921194139 ap@pmng@@@nggg&@ G0W- SX resin that had been pre-washed with a
R) - 9- Chl t | B
(R)- oro- gixtud of 31 1BLIEIVLR: Liteifdl2 kel 2R B@ahw@s %&g«g(“ﬁlﬂ) %916 y

t he sane proce escri bed tor exa rom
car bobenzyl ox§tm9‘— srhivest aniztups Andidhe eombingd produet frpetions g conccmrated under

1, 2a] - qui poxal e:,\ﬁtfe gp%s_s%lfregz Spg?)rtﬁgyl% alsll?gn&%l APLsidud “This (flertht PDanllied With®

conmpound ds a
50 mL of methanol to obtain crystalline solids. The solids are collected and dried to

give 4.0 g (50%) of white solid, mp 247°C decomposed.

H' NMR (400 Hz, d,-DMSO0) & 7.37-7.30 (m, SH); 5.08 (s, 1H); 4.19 (d, 1H, J = 12.1

Hz); 3.89 (d, 1H, J = 13.8); 3.27 (dd, 1H, J = 11.0, 4.0 Hz); 3.08 (m, 3H); 2.82 (dt,
20 1H,J=12.2,3.6 Hz).

IR (KBr) 3200, 1700, 1620, 1430, 1400, 1235, 1150 cm™.

MS (APCI, m/e (%)) 263 (100, [M-H]).

Anal. Calc’d for C,,H,N,O,: C, 59.08; H, 6.10; N, 10.60.

Found: C, 58.90; H, 6.20; N, 10.58.
25  Chiral Purity = 99.88% (HPLC: Chiralcel WH, 4.6 X 25 mm).

B. (S)-4-Carbobenzyloxy-1-(4,5-Dichloro-2-Nitrophenyl)-Piperazine-2-
Carboxylic Acid.
To a slurry containing 1.5 g of (S)-4-carbobenzyloxypiperazine-2-carboxylic
30 acid, 1.25 g of 1,2-dichloro-fluoro-5-nitrobenzene, 25 mL of water and 50 mL of
dimethylformamide is added slowly 1.6 mL of triethylamine. The solution is heated

to 50°C for 5 hours, then at ambient temperature over night. The dark orange



M5 ((H)ESI, me (9%9) 238 (85, [MtH'). Anal. Calc'd for C'H,.CLIN 0: O
55.59: H, 5.09; N, 17.68. Found: C, 55.59: H, 4.98; N, 17.40 [@% _—
28.9 (c =1, MeOH). 1 U Chiral Purity = 99.9% (Chiral pak ADN4. ¢V 8o mm

The hydrochl gri It was prepared fromHC and MeOH as a Ig -
solid, np de‘%ﬂ‘?{gﬁg 27U-280C. H NMR (400 Hz, ds DVBO) 8 1&‘8@5552éﬁ§£9;
9.53 (s,2H); 6.94 (bs) 1H); 6.90-6.84 (m 42|—|); 3.96 (dd, 1 H J =13.1, 3.4
Hz); 3.86 (d, 1 H 3 = 11.0 Hz); 3.62 (b‘dz, 1T H J=15 12.0 Hz); 3.42 (d,

1H, J = 10.6 Hz); 3.10-2.97 (m 3H). M5 (APCl, mie (%) 238 (1U0) [MH] +)
and 240 (40, Ppostign is copgentratedunder geduged pressurediin, 2 mnyc 50°C) ta 8n ognge-pilyl. 78;

N, 15.33. F 2+ C, 48,38 . H. ' : ' ' = %

(Chi ral pak ngtqlﬂ“g hote ‘R#%‘s.saig‘?f%%? ﬁﬁ&ﬁ“ﬁyc@%,“ﬁﬁ/g@?f@g%@@ o5

1 Car bobenzyl oy (4 G DL yor 622 N raphany ) - Py BeE Bz b 2 ot Boxpbl 6 25
4- Car bobenzyl oxy- 1- - -2-Ni - Pi < 2- XVl C
acid By the St oet S HBERH Al R SROER W el 2IH S g W € §
of racem cs4- ggnpobenzyl oxypi per azi ne-2-carboxylic acid and
1,2,4-trifluoro-S-nitro Eggﬁzenefmt’here was obt ai ned g ( 16.7% of title

. ). 4
conpound as aMdAkige e o) dst (IR0, IMAPPRNAAS I(?SrerH?%) 422 (45, [MH').
1 7 JUL 2003 L, DN i / . 96 .
3- Car bobenzyl }6&%}9%&%&%@%9{??% %,aﬁgifr’%?%gﬁ%’r%’ﬁilgﬂz—’I?I;Iy’rgéoz7i' no[ 1, 2- a] Qui noxa
| i n-5( 6H) - OneFodyd: hd39anH, H8AUMNAT4e descri bed for exanple 2 nethod 2C,
fromU. 298 of . S )
4car bobenzyl 0%17%]-lzuz{ft)éfcﬁgf%gl?’o?%g%‘rwpernéb(ﬁe“h?/ %58i“b’8¥'azi ne- 2- carboxylic
acid) thene S[eRs od 28 (oed,McOH)Y (66. U of title conpound as a white
solid, mp 226-8C. H NWR {4(>n MHz, ds DMsO 8 10.7U (s, 1H); 7.39-7.30 (m
5H); 6.98-6.92 (m 1 H); 6. 82-6.77 (m 1 H; 5.11 (s) 2H); 4.38 (d, 1 H J

= 13. U Hz); 406 (@S)-éarbbbeﬂzﬁoéﬁs,ﬁ-mﬁhlbm’iz 82, 4 0Tettanliro HEP#hziofi2da)- 3. 52
(dd, 1 H J =11.(), 4.0 Hz); 2.98 (bs, 2H): 2.65 (dt, 1H~J = 11.U, 4.0
Hz). 1U M5 ( ARuinoxplins5(6A»0Me74 (1 U, [MrH +). Anal. Calc'd for C, 9H'F, N, 03:

O 61.12; H 4.59; 1)a doluor of LY (S)A-cbbbehzylbhy-1-(25: didMordJd-niflphenyl)-
15  piperazine-2-carboxylic acid in 40 mL of acetic acid is added 1.2 g of iron powder.
With good stirring, the mixture is heated at 60°C for 2 hours, then concentrated under
reduced pressure (1-2mm, < 40°C) to a gray-black residue. This material was
slurried with 100 mL of ethyl acetate (2X). The combined ethyl acetate filtrates are
washed with 100 mL of 1IN HCI, 200 mL of water (2X), 100 mL of brine and dried
20  over MgSO,. Filtration and concentration of the solvent gave a semi-solid material
that is crystallized from hexane to afford 1.08 g (80.6%) of title compound as a white
solid, mp 174-6°C.
H' NMR (400 Hz, d,-DMSO) 6 10.93 (s, 1H); 7.41-7.31 (m, 5H); 7.04 (s, 1H); 6.95
(s, 1H); 5.11 (s, 1H); 437 (d, 1H, J = 12.5 Hz); 4.05 (d, 1H, J = 13.4 Hz); 3.70 (d,
25 1H,J=11.2 Hz); 3.63 (dd, 1H, J = 3.6, 10.8 Hz); 3.00 (bs, 2H); 2.66 (dt, 1H, J = 3.6,
12.2 Hz).
IR (KBr) 3240, 1710, 1675, 1500, 1300, 1245, 1130 cm™.
MS (APCI, m/e (%)) 406 (70, [M+H]") and 408 (45, [M+H]’).
Anal. Calc’d for C H,,CLN,O,: C, 56.17; H, 4.27; N, 10.34.
30 Found: C, 56.26; H, 4.18; N, 10.37.
Chiral Purity = 99.9% (HPLC: Chiralcel AD, 4.6 X 250 mm).



'C. 8,9-Difluoro-2, 3,4, 4a- Tetrahydro-1 H Pyrazi no[

1, 2-a] Qui noxal i n-5(6H)-One 15 By the sane procedure describ g far anple 2
nmet hod 2D, from 0.28 g 3-carbobenzyl oxy-8, 9-ditl uoro-2, 3, 4,i ‘!@t ﬂ@ﬁydro-l
H pyrazi no[ ui noxal i n5(6H) - one there was obtai ned 0. %a

of title co ?{BJ’& a white solid. The hydrochl oride salt %ﬁ']‘gﬁi‘)@ﬁz )
mat eri al , prepared froman excess of hydrogen chloride in ethanol, was
obtained as a white solld rrp >280C 20 "5 “NMVR (4UU M—Iz ds DI\/BO) 8 10.89
(s, 1 H; 9.57 (s, I—é? r'}] yIE)b90686 3.93 (dd, 1
H J=11.U B0 I—@ %Drchlqra-2 3ae Tourahyrlro r&))ram@[bﬂa]@wn% jn-56H2 (m
1H); 3.42 (d?_’?).l? = 10.U Hz); 3.1U-2.95 (m 3H. M ((+)APCI) me (10))
240 (75, Anal . Calc'd for C'H'F=N, O C, 47.92; H, 4.39; N, 1S. 24.
25 Found: C, 47.96ToH spl®ion Nf @4586g of ($)-Tarbohen2orgy-8,341iaNAT-2,34,80-A1 VED

IS: 1. A conp RiTe A L.0Q. &.0e tur

hydr ogen or a%ﬁydg); 1&8@?@%3%@“9@@@@@5@%@@ ﬁ@ed}rﬁogglr%‘ 0} ?‘}gﬂ? agfd a861!7-’9‘cdRr bon
atons, acyj oflropwisechf hoh oft 3096, HBxr maammb acid., TR ,solgon amduﬂfétl ar anbnamh

I ndependent | y hydr o carbop atons, al ko of 1- ar bon

atons, hal ogelfmAeFatyy gg‘éfr%gk‘ﬂ |an8 c@Ne“‘é‘l‘-‘F&/P“ F‘?@ﬁ%@ﬁ%@“@f g, < 4P bé%‘oat ons,

al kyl am de ofsrdraf, PP§ Bpﬁn%ﬁdm'rh@wli'aﬁ’dxsﬁh{féd fsoneL of etﬂ l@xc&t@te%ﬂ%@h&lt ons,
di al kyl am no of 1-6 carbon atons per al nol etc}/3 trifluoroal kox 6

e Siby10 Y. 08 1N AR oy brod witr (AR gd 30 Leo MG e 69T 0m |
group; RS and@gr FIFAGL) phOESRENASSH bof e WHATSHAS oSk (el & i DO

atons; or ap ceutic y acceptable salt thereo he "provi so that
at | east 1o osmpoundpsamhitemglid.or R4 are not hydrogen, and that RZ and R3

fo ol m o, i A, SRR OB NL  HD0Rp C RS R PHI . B6R
hal ogen or trilH| panoo1ys.41 244, 3H, Tkeel (¢ 3oHRd 320 (&), aHM2194 (vdying £ b
structure 1A {8 67-2.53 (m, 4H).
MS (APCI, m/e (%)) 272 (100, [M+H]") and 274 (55, [M+H]").
15  Chiral Purity = 99.9% (HPLC: Chiralcel AD, 4.6 X 250 mm).
[, =-25.5° (¢ = 1, DMSO).

Example 4

20 dihydrochloride
A solution of 5 mL of 1 M BH,*THF in THF was added to a cooled (0°C)
solution of 043 g of 8,9-dichloro-2,3,4,4a-tetrahydro-1H-pyrazino(1,2-a}-
quinoxalin-5(6H)-one in 20 mL of THF. The resulting solution was allowed to
gradually warm to room temperature overnight. The reaction was quenched with
25 methanol and concentrated. The crude material was dissolved in methanol and again
concentrated. The product was purified by flash column chromatography through
silica gel (elution with 40% ethyl acetate-hexanes) to afford 0.30 g (73%). The
material was dissolved in ethanol and HCI in EtOH was added until the solution was
acidic. Diethyl ether was then added until a precipitate formed. The solid was
30 collected and dried under vacuum to give 68 mg of product as the dihydrochloride
salt.



(1 7 JUL 20p3 -35 or a pharmaceutically acceptable salt thereof. 4. The
conpound of claiml, which is 5 a)

8,9-dichloro-2, 3, 4, 4a, 5, 6- hexahydr o- 1H pyrazi no[ 1, 2- a] qui ngx]alJUneZOﬂ& a
phar maceut i I eptable salt thereof; b)

8, 9-di chl org‘9 0¥%gga 5, 6- hexahydr o- 1H pyrazi no[ 1, 2- a] qui noxa |"‘rllses‘9/2989'1

di hydrochl oride salt; 10 c)

(R -8,9-dichloro-2, 3, 4, 4a, 5, 6- hexahydr o- fﬁ- pyrazi no[ 1, 2a] qui noxal i ne or a

phar maceut | 63l B Co %0 PSR 35Th, 21 681 6 318, 6595 M e

di hydrochl OrI@elﬂakT—n%)Hz 3.37:3:24 (m, 4 1); 3.07-2.89 (m, 3H); 2,69 (m, 1 H).
(S)-8,9-dichloro-2, 3 hexahydr o- 1H-8 yrazi no0 145J qw noxal ine or a

phar maceut i calR W%c%}ﬁ%%l%’ §37Q 28Her2d 89, 2480, 1600, 15 380, 1270, 1140,
(S)-8,9-di chlglr 3, 4, 4a, 5, 6- hexahydr o- 1H-pyr azi no[ 1, 2a] qui noxal i ne

di hydrochl ori de sal t; g) 9- chl or o- 8- trlfluoronethyl 2,3,4,4a-tetrahydro-1
H pyrazi nd] 1MS PG mégh)) 258 (600, IM+E]0r 260 (6hAMEERMt i cal |y accept abl e
salt thereof; 25 h)

9- chl or o- 8- trifluororrethyl 2, 3,4, 4a-t et rahydro- 1H—pyra2|no[1 2

a] qui noxal i n- 5(6H) one hydrochl oride ﬁdampleS

(S)-9-chl oro-§.t l, le 4 ahydr o- D raz'nOJI 2 30

a] qui noxal i n-SQak A Rred & lZrlQuinoxaling.hyo o of - i)

(S)-9-chloro- @,i%ﬁﬂ_ggg@rrethyl 2, 3,4, 4a- tetrahydro 1H pyrazino[ 1, 2
a] qui noxal i n-5(6H) - one hydrochl orjde_salt; i?
(R) - 9- chl B 0- 8- & fh%ﬁﬁ%@f%?‘?“@ dgscribgd - PétEr"aWP r - 148 Byela@Rrfb?-dichlorerui noxa

|'i n-5(6H) - oney gy, M- LR A YIRS PRI fyeAd oY 1,055 Xalif: S6 onle N8/a8 Oeduckdl
(R -9-chloro-8-trifl uororrethﬂly?% ??‘{4 4a- tetréhygérﬂc? oll—l-p;ram%co[lozgwe

a] qui noxal i n- @?%EI)Of@FRQ“ﬁ‘ydrochl oride salt; 40  ~1 7 JUL Z003
The enantiomers were be separated by HPLC using a Chirapak AD column with

100% methanol at a flow rate of 0.8 mL/min. The first enantiomer eluted at 7.2 min
1S  and the second at 8.9 min.

HPLC analysis indicated an ee of >99% (7.2 min retention time).

'H NMR (400 MHz, d,-DMSOQ) § 9.44-9.35 (m, 2H); 6.86 (s, 1H); 6.59 (s, 1H); 3.78

(d, 1H, J = 11.8 Hz); 3.37-3.24 (m, 4 H); 3.07-2.89 (m, 3H); 2.69 (m, 1 H).

IR (KBr) 3380, 3190, 2970, 2810, 2750, 2400, 1600, 1500, 1450, 1380, 1270, 1140,

20 1110cm™.
MS (APCI, m/e (%)) 258 (100, [M+H]+), 260 (65, [M+H]").

Example 6
25

dihydrochloride
By the same procedure described for Example 4, 0.80 g of (S5)-8,9-dichloro-

2,3,4,4a-tetrahydro- 1H-pyrazino[ 1,2-a]quinoxalin-5(6H)-one was reduced to give
0.31 g of product.

30 The enantiomers were separated by HPLC using a Chirapak AD column with
100% methanol at a flow rate of 0.8 mL/min. The first enantiomer eluted at 7.2 min
(Example 5) and the second at 8.9 min (Example 6).

HPLC analysis indicated an ee of >99% (8.9 min retention time).
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9, 10-di chl oro- 2, 3, 4, 4a-t et rahydr o- 1H pyrazi no[ 1, 2- a] - qui noxal i n5(6H) - one or
a pharmaceutically acceptable salt thereof; n) A7 JuL 2003

9, 10-di chl %g-og,giﬁél, 4a-tetrahydro- 1H pyrazi no[ 1, 2- a] - qui NoXgEdinRe24g64) - one
hydrochl ori de salt; o)

7,9-dichloro-2, 3, 4, 4a-tetrahydro- 1H pyr_aﬁ no[ 1, 2- a] qui noxal i n-5(6H)one or a
pharmaceutically acceptable salt thereofS 10 p)

7,9-di chl oro-2,.3, 4, 4a-t et rahydr o- 1H pyrazi no[ 1, 2- a] qui noxal i n-5(6H) one

hydr ochl or | déala|"t4;'3£)

(R) - 9-chl or 012 N (460 M7, %hWSD)Jd’b.M@%;@Q[lz?)%ékew, Y2659 (L f)3.79ne or

a pharnmaceutical |y ‘accept abfe sal't thereof:

(R) - 9- chl or o{&,131,4 ~H-§ He):; 3d37cf-24 (op-kl); 3201382 (ma3hii2ddxa, itH)5 ( 6H) one
hydrochl ori d ) d

8,9-difl uor oﬁiighb 528({’3,[1 ?%%%r’?*ﬁlzzép:%@bz ﬁd@qg?d&aﬁ%%ggﬁ)’nug%]—b‘m bne or
a phar macgut iltH) ¢y’.accept abl e salt thereof; or 2

5
8, 9-di fl uoros Aa- A Laz) 1,,2- al.qui noxal i n- 5( 6H) - one
hydr ochl ori d&gssé}éc.l’ 8‘./'% %’@%@ﬁ%]@ﬂ%& g@%ﬁo‘ﬁfﬁiﬂgr oup 30
(R -8, ﬁ di chIAmE\p(Blch fhrq{{,,fll,gazr@,mﬂc?flﬁ]pma%ﬂ P4, 2- a] qui noxal i n-5(6H) - one
or a pharnmaceutic c bl e er eof ;
(R -8, 9-di ch?BV@%@?ﬁﬁ4§fg(§?r Qh&%ﬂ) 1H pyrazi no[ 1, 2- a] qui noxal i n-5( 6H) - one
hydrochl oride salt. 35 7. A pharmaceutical conposition which conprises a

conpound of fornmula | having the structure , 17 JUL 2003 -37 R 1 wherein R
is hydroé@n or al kyl of 1-6 carbon atiFRmpIR7 | s hydr ogen, al kyl of 1-6

carbon at ons Q-@rﬁ%{r‘o-Qﬁ‘riﬁgﬁrgﬁr’éﬂﬂ%ﬁ%ﬁ%uﬁ&dﬁ_ﬁH%(JP'yrgEin?Fj,Z-B% R3, and R4 are
each, independently, rogen, alkyl o -b carbon atons, al koxy of 1-6
: guRife - CN, al kyl sul fonam de of 1-6 carbon

car bon at ons Quingxalig-4(6H)Qne, flydeoghl
atons, al kyl ,am dg_ - )k 5 o NG W ke Ra = rbon
R A A G e A

atons, dialkyl'anino of 1-6 car
of 1-6 carbod-Garbenylicdeyd of 2-7 carbon atoms, or aroyl; 10 X is CRSR6 or a

car bonyl ;group; r ( i N ol of 1-6
car bon at1 %ms; o@lﬂgxp gro ﬁl‘?&%ﬁ ngl glbogg%g&%gglﬁglldélé 3 rbt}éﬁdreo?glﬁ?aéﬁ {i'hl%/{%fe

provi so t hat 2gk¢diciast-5-pitwbedzoRifluoRde, ar8 0.9 mRAf diisopreryldtydanige in 35md. t hat
R2 and R3 ar Gf Wﬁelﬂ%ﬁf%eogeﬂeameg %i)"bsfﬁ 72 hours. After cooling to ambient

temperature, the resulting mixture is treated with HCI to pH 3. The mixture is then

diluted with H,O and extracted with ethy! acetatc. The combined extracts are dried
20  over MgSO, and concentrated to give the crude product.

B. 3-Carbobenzyloxy-9-Chloro-8-Trifluoromethyl-2,3,4,4a-Tetrahydro- 1H-
Pyrazino [1,2-a]Quinoxalin-5(6H)-One
Iron powder, 0.64 g, was added in portions to a rapidly stirred solution of
25 1.8 g of 4-carbobenzyloxy-1-(5-chloro-2-nitrophenyl-4-trifluoromethyl)-piperazine-
2-carboxylic acid in 35 mL glacial acetic acid at S0°C. The resulting mixture was
stirred overnight at 50°C. After cooling to ambient temperature, the reaction mixture
was poured into 20 mL of H,O and filtered. The solid was washed with 1 N HCI and
diethyl ether to give 0.59 g of the desired product as a brown solid.
30




carbonyl group; and a pharmaceutical carrier. 15 8. A conpound of fornula II
havi ng the structure R 1 wherein Ris hydrogen or al kyl of 1.6 carbon
atons; 20 R is hydrogen al kyl of 1-6 carbon atons, acyl dr 2k Q83 hon

atoms, or argwyle R2, R3, and R4 are each, independent!y, pfiyd§855d4
al kyl of 1-6 cargon atons, al koxy of 1-6 car bon atons, hal ogen,
trifluoroal kyl, -CN, al kyI sul f onam de of , 17 JUL 2~3 -38 1-6 carbon

at ons, al kyl am de of 1-6 carbon at ons, a%ﬁ no, al kyl am no of 1-6 carbon

atons, dial kyl f rbon or oal koxy
of 1-6 car bon(‘;tong&é{ ggpﬁgor?ngﬁ}yggﬁigg%ﬁgtm Idmg?gfﬁfy?{é [LE gR6 or a
car bonyl groumm&x&gn.@mi)mn@mdmmndendependentIy hydr ogen or al kyl of
1-6 carbon atons; or a harggceutlcal | y accept sbl e salt _thereof, with the

provi so that at PemstureyRt B8 of Boearpgpengyloxud-chlorgrgrtriflyeremeiiyl-2ddetar hat
R2 and R3 are:a%ymtmwa@asqummaﬁn%c 6BY-BRNYhnd" 98P ¢  OF  WSsshifin

medi canent. 10 9. npound f use as a nedl cament accordl n Po clalm 8,

in which the lbyéroa&epnulge@Ltqfem‘?mﬁveO@s mepthangl @gs heated Vo riluxHer @dnt The
nervous syst e?&a%HS nﬁﬁmﬁeb@%éédn‘ésn&a‘?éa%&'r ‘fﬁmﬁlb& gfe‘!ﬁfre t@?ﬂfrﬁ’ﬁ@ﬁ&% hgpgke St y;

pani ¢ di sorder; I 'zophreni a;, m grai ne, | Sorders
apnea; eating odgmaf delnme SKhefvrade llnyqnaalmegdléuted)Mbl 10Q; mL\of eethyl ackitatbenés;

o Pl <PV, b s S e RTEBAATu bR Ty il SEE IR ATy
di seases i nvolaguevys phsewmtemhcmbwubuﬁmytye&tzﬁm glhe homblmtbsoegm:cv;mammwd: sive
o sorder SHSPERa L3 MASOL 3 BorTBHAET TR TIREL B LB T
hyper phagi a; @bﬁﬁoltemd atspjneioh bf HChhedtianol wladaatedluaﬁlsac:dxd.l A pr ocess for the
preparation of a CC}JEB esuﬂmg ml];(turemvjvas txktere% Qq})e so?ldsvtlgsuv%s ede th ether. l}‘he
solid was then dried in a vacuum oven to give 0.21 g (48%) of the desired product as
its hydrochloride salt.
15 'H NMR (400 MHz, d,-DMSO) 6 11.0 (s, 1H); 9.47 (br s, 2H); 7.22 (s, 1H); 7.18 (s,
1H); 4.19 (dd, 1H, J = 11.6, 3.2 Hz); 4.01 (d, 1H,J = 11.8 Hz); 3.62 (d, 1 H,J = 11.7
Hz); 3.41 (d, 1H, J = 10.1 Hz); 3.14-3.01 (m, 3H).
IR (KBr) 3460, 3170, 3020, 2970, 2800, 1700, 1620, 1505, 1450, 1400, 1370, 1300,
1230, 1160, 1110 cm™.
20 MS (APCI, m/e 306 (100, [M+H]"), 308 (33, [M+H]").
Anal. Calc'd for C12H12CIF,N30: C, 42.13; H, 3.54; N, 12.28.
Found: C, 41.88; H, 3.71; N, 11.81.
The enantiomers were separated by HPLC using a Chirapak AD column with
85:15 methanol:water (+0.1% diethylamine) at a flow rate of 0.5 mL/min. The first
25 enantiomer (Example 9) eluted at 17.5 min ([a]”p+ 43) and the second (Example 8)

at 22.0 min ([o]%} -40).



| 25 wherein Ris hydrogen or al kyl of 1-6 carbon atons; R is hydrogen,
al kyl of 1-6 carbon atons, acyl of 2-7 carbon atons, or anyl; Rl, R2, Rg,
and R4 are each, independently, hydrogen, alkyl of 1-6 car bbh Wod3  al koxy

of 1-6 car bggo_g@gﬂ% hal ogen, trifluoroal kyl, -CN, alkyl suIPEQR%gg,gg%of

~1 7 JUL 20 6 carbon atons, al kyl am de of 1-6 carbon atons, am no,
al kyl am no of 1-6 carbon atons, dialkyl ag'%r;o of 1-6 carbon atons per al kyl
noi ety, trifluoroal koxy of 1-6 carbon at'ors, acyl of 2-7 carbon atons, or
aroyl; X is CRSR6 or a carbonyl group;_ 5 RS and R6 are each, independently,
hydrogen or al kyl of 1-6 carbon atons;Ex$mpeghar maceutical |y acceptabl e

salt thereof, /M blniliE-g2FQHi s aly J.eRS R . 939, or R4 are
not hydrogen, h.é}Sso'I" ﬁ(ﬁQmEﬂgngf[,l'z%é.% o AL AL z | N COOH N

H 10 in whi chQainoxalepbéthrdne. Hydrochlotidnzyl oxy group, with a conpound of
tands for_chl ori nbve PR kol by RPEROSR ORI RS St wiling 2y
a tenper at fir e85 westiambl: water (4001 % Hietioylamimek agpfiovdate fof DErmL/ngin. The, fiest7 JUL
Fol | owed by, hEMRAGPEIGRER DvaNEhat Ehpanailslan bIrdt i Kerbionar B
Formila | wheto R LR 0F TOY Ohal Iy (reati ng w th a reduci ng hgent ©o

form the conptliNMR(40(0MHz, d.-DME®IrE 10 ¥, i18);CR8RGr s, 2H); 7.22 (s, 1H); 7.18 (s,

1H); 4.19 (dd, 1H, J = 11.6, 3.2 Hz); 4.01 (d, 1H,J=11.8 Hz); 3.62 (d, 1 H,J = 11.7

10  Hz); 3.41 (d, 1H, J = 10.1 Hz); 3.14-3.01 (m, 3H).
IR (KBr) 3460, 3170, 3020, 2970, 2800, 1700, 1620, 1505, 1450, 1400, 1370, 1300,
1230, 1160, 1110 cm™.
MS (APCI, m/e 306 (100, [M+H]"), 308 (33, [M+H]").
[0]*;, - 40

15  Anal. Calc'd for C12H12CIF,N30: C, 42.13; H, 3.54; N, 12.28.
Found: C, 41.59; H, 3.61; N, 12.07.

Example 9

20  Quinoxalin-5(6H)-One. Hydrochloride

The enantiomers were separated by HPLC using a Chirapak AD column with

85:15 methanol:water (+0.1% diethylamine) at a flow rate of 0.5 mL/min. The first
enantiomer (Example 9) eluted at 17.5 min ([a]”[,+ 43) and the second (Example 8)
at 22.0 min ([o]”, -40).

25 HPLC analysis indicated an ee of 96% (17.5 min retention time).
[}, +43
'H NMR (400 MHz, d,-DMSO) 5 11.0 (s, 1H); 9.47 (br s, 2H); 7.22 (s, 1H); 7.18 (s,
1H); 4.19 (dd, 1H, J = 11.6, 3.2 Hz); 4.01 (d, 1H,J = 11.8 Hz); 3.62 (d, 1 H, I = 11.7
Hz); 3.41 (d, 1H, J = 10.1 Hz); 3.14-3.01 (m, 3H):

30 IR (KBr) 3460, 3170, 3020, 2970, 2800, 1700, 1620, 1505, 1450, 1400, 1370, 1300,
1230, 1160, 1110 cm™.
MS (APCI, m/e 306 (100, [M+H]"), 308 (33, [M+H]").



+or treating wth a base and an al kyl or acyl halide followed by renoving
the Cbz group to give the conmpound of fornula 10 and optionally treating
with a reducing agent to formthe conpound of forrmula | whefejuL #98s CRSR6~

or al kyl ati | a base and an al kyl halide to give the %’Wﬁi’é&?&s@j
formul a | 1”@%% is alkyl of 1-6 carbon atons, and optionally treating
with a reducing agent to formthe corrpogrgg_of formula | wherein X is CRSRg,
12. A process for the preparation of a conmpound of formula | having the

structure 1.7 JUL 20 241, = y NN ,n R is hydrogen or
al kyl of 1-6 ’é’éz}]bgg}chtfgﬁg%ﬁﬁzjq]g’mrcgéd’g/nml’\lﬂ\léﬁ%Y?ﬁls% carbon atons, acyl
of 2-7 car bong@in@n®, 4083:314.49; N, 201R2, R3, and R4 are each, independently,
hydr ogen, al kyl of 1-6 carbon atons, al koxy of 1-6 carbon atons, hal ogen,

trifluoroal kyl, -CN, al kyl sulfonam de of 1-6 carbon atons, al kyl am de of

1-6 carbon at ) on _at ons,
acyl of 2- ; 5 4 T PRI SIS v.)l- oup; RS
and R6 are eadidrochidedendently, hydrogen or al kyl of 1-6 carbon atons; or a

pharmaceutically a t abl e, sal .t It.é;r f L,LIh the proviso fhat at.|east
Do of R oA ke oAt i 2 NiebelSpRisfizle 4 Eheofy o
compound of fagigul a 15 by reaction with N, O di nmethyl hydroxyl am ne
Tt 08 o Wyt BeSesul ol beato B S0 o 8.d6° Y st o7 @

10 chloronitro-benzene and 1.0 g of 4-carbobenzyloxypiperazine-2-carboxylic acid,

there was obtained 0.75 g of the desired product as a brown oil.

B. 3-Carbobenzyloxy-9,10-Dichloro-2,3,4,4a-Tetrahydro-1H-Pyrazino[ 1,2-a]-
Quinoxalin-5(6H)-One

15 By the same procedure described for Example 7 B, from 0.75 g of 4-carbo-
benzyloxy-1-(5,6-dichloro-2-nitrophenyl)piperazine-2-carboxylic acid and 0.28 g of
iron powder, there was obtained 0.34 g (49%) of the desired product as a brown solid.

C. 9,10-Dichloro-2,3,4,4a-Tetrahydro-1H-Pyrazino 1,2-a]-Quinoxalin-5(6 H)-
20  One, Hydrochloride
By the same procedure described for Example 7, from 0.34 g of 4-carbo-
benzyloxy-1-(5,6-dichloro-2-nitrophenyl)piperazine-2-carboxylic acid and 1.5 g of
potassium hydroxide, there was obtained 18 mg of product isolated as its
hydrochloride salt.

25 'H NMR (400 MHz, d,-DMSO) & 11.1 (s, 1H); 9.05 (br s, 2H); 7.45 (d, 1H, J = 8.8
Hz); 6.97 (d, 1H, J = 8.8 Hz); 4.06 (d, 1H, J = 3.7 Hz); 3.84 (d, 1H, J = 13.2 Hz);
3.29-3.12 (m, 4 H); 2.77 (m, 1H).
IR (KBr) 3440, 3160, 3020, 2970, 1695, 1570, 1470, 1390, 1280 cm™.
MS (El, m/e (%) 271 (55, M"), 273 (35, M").

30 Anal Calc'd for C11H12CLN30: C, 42.81; H, 3.92; N, 13.62.
Found: C, 42.40; H, 3.98; N, 12.82.



-42 and treati ng this conmpound with a Gignard reagent or organolithium
" reagent to give a conmpound of formula 5 and then either (a) reducing with a
reduci ng agent to a conpound of fornula which is then cycli qedJdL 208

el evated te in the presence of an acid to give 10 gpuRaM
formula | i W%%#&g I s hydrogen, and optionally al kylating or %a‘fl ng

with an correspondi ng al kyl or acyl hali to gi ve conpounds of forrrul a |
in which R is other than hydrogen, and ‘optionally form ng a pharnmaceuti cal
salt thereof ; ~1 7 JUL 2003 -43 or (b) treating with a Gignard

reagent to give a tertiary alcohol of formula which is then reduced with a
metal in acid followed by heating at %ﬁ,lﬁgq'qed S tenperature to give
conpounds of fornula I in Whl ch R is drogen and opt | onal | y al kyl ati ng
or acyl ating ZiRick 2 shdietiabydredlk B & hlimeconpounds
of formula I S ot her than hydrogen and optlonally formng a
phar naceuticamgw‘?!ﬁg . 10 13. A process for the preparation of
conpounds Bf fornulThe Itwle@pmpmnﬁ wis synthesiged AccoBlinghtonthe aetiyd 6¥1ExaRple R3, and

ol 1 her oo | SOARfRe GRR-B b Phillobeflen?, (Clark RSB, .30 CGP 201 ©
(R) - pi per azi n@&hairine>CHeinc (1986017 8(10, Te®B/Efar iliydichlotdié-fluoro-Bapmbekizone. NThe
prot ected compoyns of. TOUTR cohShia AP REH

10 Example 12

A (R)-4-Carbobenzyloxy-1-(5-Chloro-2-Nitrophenyl)-Piperazine-2-Carboxylic

Acid.

By the same procedure described for example 2 method 2B, from 0.95 g of (R)-4-
15  carbobenzyloxypiperazine-2-carboxylic acid, there was obtained 1.2 g (85.7%) of

title compound as a orange solid, mp 145-155°C.

MS (ESI, m/e (%)) 420 (100, [M+H]") and 422 (40, [M+H]").

[a], = +196.0° (c = 1, MeOH).

20 B. (R)-Carbobenzyloxy-9-Chloro-2,3,4,4a-Tetrahydro- 1H-Pyrazinof[1,2a]-
Quinoxalin-5(6H)-One.

By the same procedure d_escribed for example 2 method 2C, from 1.12 g (R)-
4-carbobenzyloxy-1-(5-chloro-2-nitrophenyl)-piperazine-2-carboxylic acid, there was
obtained 0.80 g (80.8%) of title compound as a white solid, mp 139-141°C.

25 H' (NMR (400 Hz, d,-DMSO) 6 10.73 (s,1H); 7.38-7.30 (m, SH); 6.87-6.78 (m, 3H);
5.11 (s, 2H); 4.38 (d, 1H, J = 13.0 Hz); 4.06 (d, 1H, J = 13.0 Hz); 3.70 (d, 1H, J =
11.4 Hz); 3.57 (dd, 1H, J = 11.0, 3.7 Hz); 2.97 (bs, 2H); 2.65 (dt, 1H, J = 11.3, 3.5
Hz).
MS (APCI, m/e (%)) 372 (100, [M+H]’) and 374 (40, [M+H]").

30  Anal. Calc’d for C H,,CIN,O,: C,61.38; H,4.88; N, 11.30.
Found: C, 61.46; H, 4.76; N, 11.27.
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reacting with a substituted ortho-nitrofl uorobenzene to give

corresponding .(S) or (R) conpound of formula which is cyclislg Bw-ﬂggucing

the nitro gr am no group and then heating at el evat

t enper at ur es, 8??%@£d by removal of the Cbz protecting grou?ﬁﬂyﬁﬁﬁﬁﬁ he

conpound of A or IB, and optionally form_g a pharmaceutical salt thereof
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g)

h)
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D

a pharmaceutically acceptable salt thereof;

8,9-dichloro-2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-a]Jquinoxaline
dihydrochloride salt;

(R)-8,9-dichloro-2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-
a]quinoxaline or a pharmaceutically acceptable salt thereof;

(R)-8,9-dichloro-2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-
ajquinoxaline dihydrochloride salt;

(S)-8,9-dichloro-2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2-
ajquinoxaline or a pharmaceutically acceptable salt thereof;

(S)-8,9-dichloro-2,3,4,4a,5,6-hexahydro-1H-pyrazino[1,2~
a]quinoxaline dihydrochloride salt;

9-chloro-8-trifluoromethyl-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-

ajquinoxalin-5(6H)-one or a pharmaceutically acceptable salt thereof;,

9-chloro-8-trifluoromethyl-2,3,4 4a-tetrahydro-1H-pyrazino[1,2-
ajquinoxalin-5(6H)-one hydrochloride salt;

(S)-9-chloro-8-trifluoromethyl-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-

a]quinoxalin-5(6H)-one or a pharmaceutically acceptable salt thereof;

(S)-9-chloro-8-trifluoromethyl-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-
a]quinoxalin-5(6H)-one hydrochloride salt;

(R)-9-chloro-8-trifluoromethyl-2,3,4,4a-tetrahydro-1H-pyrazino[ 1,2-

a)]quinoxalin-5(6H)-one or a pharmaceutically acceptable salt thereof;

(R)-9-chloro-8-trifluoromethyl-2,3,4,4a-tetrahydro-1H-pyrazino[ 1,2-
a]quinoxalin-5(6H)-one hydrochloride salt;
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F 10% bl g () -1 QOW@%}{I&oﬁﬁ,@ﬂ%@m@yﬁo- -pyrazmo[l,2-a]qu1noxalin-5(6H)-

one hydrochloride salt;

V) (R)-9-chloro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2a]quinoxalin-5(6H)-
' one or a pharmaceutically acceptable salt thereof;

15
r) (R)-9-chloro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2a]quinoxalin-5(6H)-
one hydrochloride salt
20 5. A compound selected from the group :

8,9-difluoro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5(6H)-one ~ or a
pharmaceutically acceptable salt thereof; or

25  8,9-difluoro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5(6H)-one
hydrochloride salt.

6. A compound selected from the group :

30 (R)-8,9-dichloro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5(6H)-one or a
pharmaceutically acceptable salt thereof]

(R)-8,9-dichloro-2,3,4,4a-tetrahydro-1H-pyrazino[1,2-a]quinoxalin-5(6H)-one
hydrochloride salt.
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7. A pharmaceutical composition which comprises a compound of
formula I having the structure
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10RO (4, Aoy i BRI I AORRLY U s 2 O
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trifluoroalkoxy of 1-6 carbon atoms, acyl of 2-7 carbon atoms, or aroyl;
10 X is CRsRg or a carbonyl group;

R and Rg¢ are each, independently, hydrogen or alkyl of 1-6 carbon atoms;
or a pharmaceutically acceptable salt thereof, with the proviso that at least two of R;,
Ry, R3, or Ry are not hydrogen, and that R, and R; are not both halogen when X is a

carbonyl group; and a pharmaceutical carrier.

15
8. A compound of formula I having the structure
R
R, (\
Ry N
R; N’X
Re g
I
wherein

R is hydrogen or alkyl of 1-6 carbon atoms;

20 R'is hydrogen, alkyl of 1-6 carbon atoms, acyl of 2-7 carbon atoms, or aroyl;
R}, Ry, Ry, and Ry are each, independently, hydrogen, alkyl of 1-6 carbon atoms,

alkoxy of 1-6 carbon atoms, halogen, trifluoroalkyl, -CN, alkyl sulfonamide of
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25  wherein
R is hydrogen or alkyl of 1-6 carbon atoms;
R'is hydrogen, alkyl of 1-6 carbon atoms, acyl of 2-7 carbon atoms, or aroyl;
Ry, Ry, Ry, and Ry are each, independently, hydrogen, alkyl of 1-6 carbon atoms,

alkoxy of 1-6 carbon atoms, halogen, trifluoroalkyl, -CN, alkyl sulfonamide of
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in which Ry, Ry, R3 and Ry are as previously defined above, and Y stands for chlorine,
fluorine or bromine in the presence of a base, and at a temperature above ambient, to
15 form a compound of formula

Ry I/\N—Cbz

Ry NO, OH

Ry
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or alkylating using a base and an alkyl halide to give the compound of formula I

15  where R is alkyl of 1-6 carbon atoms, and optionally treating with a reducing agent to
form the compound of formula I wherein X is CR5Rg,

12. A process for the preparation of a compound of formula I having the
structure
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by reaction with N,O-dimethylhydroxylamine hydrochloride in the presence of a base
20  and a coupling reagent to form a compound of formula
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and then either (a)
reducing with a reducing agent to a compound of formula

Ry

Rz //\ I

Ry NH, OH

which is then cyclised at an elevated temperature in the presence of an acid to give

10  compounds of formula I in which R’ is hydrogen, and optionally alkylating or
acylating with an corresponding alkyl or acyl halide to give compounds of formula I
in which R’ is other than hydrogen, and optionally forming a pharmaceutical salt
thereof ;
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which is then reduced with a metal in acid followed by heating at an elevated
5  temperature to give compounds of formula I in which R’ is hydrogen, and optionally
alkylating or acylating with an corresponding alkyl or acyl halide to give compounds
of formula I in which R’ is other than hydrogen, and optionally forming a

pharmaceutical salt thereof.

10 13. A process for the preparation of compounds of formula IA or IB
R R
Ry ‘/\N/ Ry (\N/
Ry N\) Ry N
Rg u/\o R N Yo
R4 Ry
1A 1B

in which R, Rj, Rz, R3, and R4 have the meanings defined in claim 1 or a
15 pharmaceutically acceptable salt thereof, which comprises starting from the relevant

(S) or (R)-piperazinecarboxylic acid and converting to the corresponding N protected

(\ N-Cbz

HN

compound of formula

COH
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in which Cbz represents a carbobenzyloxy group, and then reacting with a substituted

ortho-nitrofluorobenzene to give a corresponding (S) or (R) compound of formula

Ry r//\\N_R

COH
Ry NO,

R4

which is cyclised by reducing the nitro group to an amino group and then heating at
elevated temperatures, followed by removal of the Cbz protecting group to form the

compound of IA or IB, and optionally forming a pharmaceutical salt thereof .



