WO 03/ 053942 PCT/ DKO2/ 00859 Aryl oxyphenyl and Aryl sul fanyl phenyl
derivatives The present invention relates to novel conpounds which are

gl yci ne twerspsster inhibitors and as such effective in tha/mnKeavtsent of
di sorders in the CNS. 5 Background of the invention Qutamc acid is the
maj or excitatory amno acid in the manmal i an central nervous system (CNS),

and acts through tveylokeslses! afd Astaphoylphedyhderwvatiots opi ¢ and 10
nmet abot robi ¢ receptors, respectively. The ionotropic glutamte receptors
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r ecept or Backgroainidat thejnvertion pot enti al target for the treatnent of

schi zophreni a and ot her diseases linked to NVDA receptor dysfunction. An
activation can be achieved by an inhibitor of the glycine transporter. 20
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15 The NMDA receptor contains binding sites for modulatory compounds such as
glycine and polyamines. Binding of glycine to its receptor enhances the NMDA
receptor activation. Such NMDA receptor activation may be a potential target for the
treatment of schizophrenia and other diseases linked to NMDA receptor dysfunction.
An activation can be achieved by an inhibitor of the glycine transporter.

20
Molecular cloning has revealed the existence of two types of glycine transporters,
GlyT-1 and GlyT-2, wherein GlyT-1 can be further subdivided into GlyT-1a, GlyT-1b
and GlyT-1c.

25  The NMDA receptor is blocked by compounds such as phencyclidine which induce a
psychotic state which resembles schizophrenia. Likewise, the NMDA antagonists,
such as ketamine, induce negative and cognitive symptoms similar to schizophrenia.
This indicates that NMDA receptor dysfunction is involved in the pathophysiology of
schizophrenia.

30
The NMDA receptor has been associated with a number of diseases, such as pain

(Yaksh Pain 1989, 37, 111-123), spasticity, myuoclonus and epilepsy (Truong et. al.



WO 03/ 053942 PCT/ DKO2/ 00859 2 Movenent Disorders 1988, 3, 77-87), learning
and nenory (Rison et. al. Neurosci. Biobehav. Rev. 1995, 19, 533-552).

G yci ne twangsvier ant agoni sts or inhibitors are believeadCr®Kie/obsghl y
beneficial in the treatment of schizophrenia (Javitt WO 97/20533). 5
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may benefit from glycine transporter antagonists.

Clinical trials with glycine have been reported, Javitt et. al. Am. J. Psychiatry 1994,
151, 1234-1236 and Leiderman et. al. Biol. Psychiatry 1996, 39, 213-215. The
15 treatment with high-dose glycine is reported to improve the symptoms of
schizophrenia. There is a need for more efficient compounds for the treatment of

NMDA associated diseases.

The present invention provides compounds which are potent inhibitors of the glycine
20  transporter and consequently they are useful in treating diseases associated with

NMDA dysfunction.
Summary of the invention

25  The present invention provides compounds of the general formula I

(R*),
R"),

AL ( AR— (R3),
ﬁ N ; X
o
m

R,

Y isN, Cor CH;



3 Xrepresent 0O or S; mis 1or 2, pis 0,1, 2, 3 or 4, gis 0O, 1or 2; 5
sisO, 1,20r3; r is 0, 1 or 2; Qrepresents C, P-ORS, or S=0O wherein RS
repr esentwohgasdgen or CL 6-al kyl; 10 A is OR6 wherei n R6PCEFIDIIZONES9
hydrogen, Cl_6-al kyl, aryl or aryl-Cl 6-al kyl, wherein aryl may be
substituted with hal ogen, CF3, OCF3,3CN, NO2 or Cl.6 al kyl; AR represents
phenyl | ; 15 Each R4 individually represents Cl_6-al kyl,
C3_8-cy?{{)é§f%§+te%?)fé§_8-cycl oal kyl -C1_6- al kyl; The dotted line represents
an optiandd1bold; 20 Each R, which may be identical or different, is

i ndependently selected fromthe group consisting of C1_6-al kyl, or two
RL, s at P8Red2t 9% fie sane carbon atom may forma 3- 6- menber ed

spi ro-at i@gh@g gycl o-al kyl ; Each R2, which may be identical or different,

i s i ndependén fy’ selected fromthe 25 groups consisting of hal ogen, cyan,
nitre, GIs6;klxkéeh/yn)yl, Cl_6-al k(en/yn)yloxy, Cl1_6-alk(en/yn)ylsulfanyl,
hydr oxy, .hydroxy-Cl_6-al k(en/yn)yl, hal o-Cl_6-al k(en/yn)yl, :

hal o- C1.18% éi L?’é / yn)yl oxy, C3.8-cycloal k(en)yl,

C3_8-cycloal k(en)yl-C1_6-al k(en/yn)yl, acyl,

Cl_6-al |l k(en/yn)yl oxycarbonyl, O _6-al k(en/yn)ylsulfonyl or. NR RLO wherein
RO and @Iﬂ)réwd@@ﬂ?déﬁﬁlo} Sr6h s Rhiepresgeth hy g%l%ﬂ%seﬂ}%ﬂh) yl,
C3_8-cycloal k(en)yl, C3 30 8-cycloallc(en)yl-Cl1_6 al k(en/yn)yl or aryl, or
R? and R10 together forma 3-7- nenbered ring which optionally contains one

furtier Aet ©RSaiRFEin\W0 R3f0&8I4drd3el/ OKPZPDBEI or 4ryEeik-a08yl, whewsin i s

substituted on AR_ nmay be identic 0 if t, 1s independently
sel ect ecdrFyBaY be Q‘%@HB‘){@OW@P halpggy ?P%fé(lj]ggg&\ﬁ%(g“ﬁihfy o,
Cl _6-al k(en/yn)yl, Cl-6-

AR represents phenyl or a heteraryl;

15  Each R* individually represents Cj¢-alkyl, Csg-cycloalkyl or Cs.s-cycloalkyl-Ci6-
alkyl;

The dotted line represents an optional bond;

20  Bach R', which may be identical or different, is independently selected from the group
consisting of Ci.-alkyl, or two R',s attached to the same carbon atom may form a 3-

6-membered spiro-éttached cyclo-alkyl;

Each R?, which may be identical or different, is independently selected from the
25  groups consisting of halogen, cyano, nitro, Cis-alk(en/yn)yl, Ci_¢-alk(en/yn)yloxy,
Cr.¢-alk(en/yn)ylsulfanyl, hydroxy, hydroxy-C;.¢-alk(en/yn)yl, halo-C_¢-alk(en/yn)yl,
halo-Cy¢-alk(en/yn)yloxy, Cs.g-cycloalk(en)yl, Cs.s-cycloalk(en)yl-Ci-alk(en/yn)yl,
acyl, Cy¢-alk(en/yn)yloxycarbonyl, C.¢-alk(en/yn)ylsulfonyl or ~NR’R" wherein R’
and R'° independently represent hydrogen, Ci.s-alk(en/yn)yl, Cs.g-cycloalk(en)yl, Cs.
30  g-cycloalk(en)yl-Ci¢ alk(en/yn)yl or aryl, or R® and R' together form a 3-7-

membered ring which optionally contains one further heteroatom;



al k(en/yn)yl oxy, Cl_6-al k(en/yn)ylsul fanyl, hydroxy,

hydr oxy- Cl. 6-al k(en/yn)yl, halo- Cl1_6-al k(en/yn)yl,

hal o- C1. owalok(&3943yn) yl oxy, C3_8-cycl oal k(en)yl, C3. 8- cycl earkmpyssos
Cl. 6-al k(en/yn)yl, C1_6-al k(en/yn)ylsulfonyl, aryl,

aryl -Cl_6-al k(en/yn)yl oxy, aryl-Cl_6- alk(en/yn)yl,

Cl. 6-al y ! Inay HEEXtcAL 6r dilffeteain)/ iy Mdebende R11R12
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substi t ugR' lkébﬁﬁii@ih K'onai R % indepehdanty epresént haiogem &g ellllen/sn)yLf r om t he
ro consisting of R RR WR wh i is O S d d R
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het er Oa:@’éeéﬁe? ’I{Vﬁ% ;Hé%?g‘t&{k%g% e thet ereoatRid Ysiad at R7ihemib¥red @ingan acid

additio I'n case of the integers p, q, r or s being O,
t he 1pubsititiuesticnaly eotityitis oge furthef heterogipmesent s C, the dotted line is

present. The,dotted |line is npt present if Y .re S_ 30 The
i nvent i Of 1}5‘?\103& d@léeramctg‘nﬁﬂgﬁj Blfigl?e ﬁ?ﬁfltyarel’ma?t %@@géﬁﬁl'%’%{é@gjﬁ 114
medi Ca”@Eglcy\é@aﬁ&&%?ﬁ9é§g—gﬂédﬁﬁggfyﬂ@§.§—alk(éﬂyn)yl or aryl; or R~ and R

together with the nitrogen to which they are attached form a 3-7-membered ring

which optionally contains one further heteroatom;

15
or two adjacent R’ substituents together form a ring fused to the AR ring selected

from the group consisting of

N />R' /W>< . /W\/jl : S /]R' /7\}]{.
\/\R" ~ ! \w /\\R" \/\\R" \?\/R"

20
wherein W is O or S, and R’ and R*’ are hydrogen or Cy_¢-alkyl:
or two adjacent R? substituents together form a heteroaryl containing one or two
heteroatom fused to the AR,
or an acid addition salt thereof.
25

In case of the integers p, g, r or s being 0, the substituents are hydrogen.
If Y represents C, the dotted line is present. The dotted line is not present if Y

represents N or CH.

30 The invention provides a compound of formula I as above for use as a medicament.



The invention provides a pharnmaceutical conposition conprising a conpound
of formula | as above or a pharmaceutically acceptable acid addition salt
t her eof awo catws3okreast one pharnaceutical |y acceptabl e car PCa&mKm/oossbuent. 5
The invention provides the use of a _conmpound of formula | as above or a
pharmaceutically accept able acid addition salt thereof for the preparation
of a al f A58 conhRfieed doipubd@fgr oup
consi sﬁﬁgqg‘?@‘ﬂ é‘(’)l%%‘e rgh%ﬁh%g%lﬁaglcﬁgipggﬁth t he pofsifgtel vema?’nd t he negative
synpt omorpfula B adﬁabm'p for erjharamgutieailoracpepfafio eeid additian;salt thaeofd A enent  of
cogni t| on in 1 condi ti gns V\/n%rbf t he co%ql t| ve processes are di m ni shed,
i.e. q%rpagrr@ﬂcg%tg‘sa yac © §PS R e 1t | a, AlDS denenti a,

Hunt i ngton s disease, Parkinson's disease, anyotrophic lateral sclerosis
or di seases wherein the brain is damaged by i nner outer influence, such
as t 5 auffhct Diveitionhpeides Her gk, of aaaopomw&ﬁ(sqfvéo "iaorldé?sag YePtad

epi | eps ) astlc y_ Qr QcC OB, P t hod for
the tredb Sy TG C T iR I shoRETkenOhcd PR S Sofr

schi ZOpI?ﬁte’iEaﬁlent m&l ud fgathehh of fsepsesi salactedafrdmt Itt@ gmmt cansisspaptfons of

schi zophrenia and other psychoses, and in the i enent 0 tion |n
condi t | splsizopthienia trduding nl)(’f"i}\/éhﬁr BeEl G s, dhy; ’élﬁeéympgoén %}Jz hei mer"

di sease,_ul ti farc apn A eRRbinentiUst | REEMLOS @i sease,
Par ki ns SRUZORIei4 ¢ id a%d Bt}%{)oéjs?@lﬁﬁéé mfdg\tngrstgg ?gﬁ}er osi's or di glgages wher ei n
t he {br alcand1&oﬂ@mﬁ>dthbycdgnnﬂre p:mcassﬁseare|dmﬁ1im@¢del e. Alrbhinegs’st diseAf® to t he
head or stroke, and cqnv ve di sorder.s uch ep icity or
myoc| onuBUinnEart; tl%enxhé#; c% a ﬁ g1s|%se Pafliins &18&%%

N, Comprisin

admi ni st.grd gl% ﬁlctlgt%f]a@ggféfdsﬁ%ﬂ als@jséﬁ%bl‘éﬁl AR08 A. Qfdmagedirrb@underocﬁr formula |
as abové 25 Bt a phar maceut i ca acce tabl e acid additiaqn salt t her eof .
Det ai | ecdbutkersinflignté,enctods trdvend Wbﬂﬁ%drpm pl pad FRRVUATTROUSHHERT SBER he

i nvention_is wherei il 30 A preferred enbodi ment of the invention is
wher ei n %IIPBSYSSP*‘SWI&CEF%WC H&mbodi ment of the invention is wherein Qis C

A prgferred enbodi nent of the invention is wherein Ais OH;

The invention provides a method for the treatment of diseases selected from the group
consisting of schizophrenia, including both the positive and the negative symptoms of
schizophrenia and other psychoses, and in the improvement of cognition in conditions
where the cognitive processes are diminished, i.e. Alzheimer’s disease, multi-infarct
20  dementia, AIDS dementia, Huntington’s disease, Parkinson’s disease, amyotrophic
lateral sclerosis or diseases wherein the brain is damaged by inner or outer influence,
such as trauma to the head or stroke, and convulsive disorders such as epilepsy,
spasticity or myoclonus in a living animal body, including a human, comprising
administering a therapeutically effective amount of a compound of formulaI as above

25  or a pharmaceutically acceptable acid addition salt thereof.
Detailed description of the invention

A preferred embodiment of the invention is wherein Y is N;
30 A preferred embodiment of the invention is wherein X is S;

A preferred embodiment of the invention is wherein Q is C;

A preferred embodiment of the invention is wherein A is OH;

A preferred embodiment of the invention is whereinp is 1 or 2.



A preferred enbodi mrent of the invention is wherein pis 1 or 2. W

03/ 053942 PCT/ DKO2/ 00859 6 A preferred enbodi nent of the invention is
wher ei n MvDD305394A preferred enbodi nent of the invention iPSTWERAILIq is O.
A preferred enbodinent of the inventjon is whereinr is 0 or 1;, A
preferred enbodi nent of the invention is wherein s is 1 or 2. 5 A preferred

enbodi mankedrddientioauBitioPhelifivention & wheinirs iphenyl , t hi ophene, pyri dyl,
pyrimdyl, thiazolyl, imdazolyl or benzothizolyl; A preferred enbodi nent
of the @bpreéeries anphmdanentf thegnemyon iowherging 8% ed enbodi ment of the

i nvention | erein. AR i . L th 0, pis 1or2, sis 1l
or2,ri S&Pre%rfﬁ Sen?t:o%rpgr&gi}l’%ﬂﬁ%&lggsc‘? TS rﬁ%%o}g?, S; An even nore preferred
enbodi M reBralenm diBeoe fiei inventioh iRShérsin nddpeddent |y 15 sel ected from

hal ogen, C1.6-al koxy or Cl 6-al kyl; .An_even re, preferred enbodinent of
t he abovepieferskanahadiment;of Thedngeitiog is WhrseiheR 1§ PB%ﬁiéﬁ’ﬁ e Pr‘d“‘g’fL d, F
OCH3, t- - Yebos laotmgRarticularly preferred enbodi nents
of the ip&\ﬁéﬁbﬂbﬁu%:ogﬁ y é@%@ﬁﬁ%ﬂﬁe{ nggnpou}ﬁa of the invention is any of the
followi ng: (+/-)- _ _ _

(412 (4 Vet hoxy. phepyl sul (el PSR 482 S+ methyl -pi perazi n-1-y1)
{4-[ 2-(4-Chl oro-phenyl sul fanyl ) -phenyl]-trans-2, 5-di net hyl - pi perazin-1 -yl}
- 25 acetic acid (+/-)-

{ 4- [12- ( A peeferrBlemboditentydfshe fnyeytion istvdwyein AR isphenylst andg et Oper azin- |
“yl} - t id. (+) s . . . . . .

(4 % 2 (BB ]Lgfrggbﬁéfﬂﬂzsﬁrsr‘)a%%?)m bR 15 Ehads P8 Qis Gy Wp Nmd X s

-yl} - agetic acid 30

(+/-)-{4-’[ 2-(4-tort-Butyl - phenyl sul fanyl) - phenyl ] - 2- net hyl - pi perazi n-1-yl }-
acetic acid

An even more preferred embodiment of above is wherein each R? is independently

15 selected from halogen, C;.¢-alkoxy or Ci.¢-alkyl;

An even more preferred embodiment of the above is wherein R? is selected from the

group consisting of Cl, F, OCH3, t-butyl, 2-propyl or methyl;.

20  Particularly preferred embodiments of the invention are wherein the compound of the
invention is any of the following:
(+/-)-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazin-1-yl}-
acetic acid
(+/-)-{4-[2-(4-Chloro-phenylsulfanyl)-phenyl]-rrans-2,5 -dimethyl-piperazin-1-yl}-

25  acetic acid
(+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazin-1-yl}-
acetic acid
(+/-)- {4-[2-(4-Fluoro-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazin-1-yl}-
acetic acid

30 (+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl] -2-methyl-piperazin-1-yl}-acetic
acid
(+/-)-{4-[2-(4-iso-Propyl-phenylsulfanyl)-phenyl] -2-methyl-piperazin-1-yl}-acetic

acid



(+/-)-

{4-]2-(4-1so0-Propyl - phenyl sul fanyl ) - phenyl ] - 2- net hyl - pi perazin-1-yl }-acetic

aci d WO 03003883922 PCT/ DKO2/ 00859 7 PCT/DK02/00859

(+/-)-2-{4-[2-(4-tert-Butyl - phenyl qu]fanyI ) - phenyl ] -trans-2, 5-

di met hyl pi perazin-1- yl}-propionic acid

{4-[5- CQ#PF-Q:{%;[%&éﬂ&&@ﬁ%zﬂﬁﬁ%ﬂ%&bwh}m-@mﬂz!s}- 2 AR)ethbidglazioi-per azi n-| -y
[

|} - acetitc ac
{ 4- [ 2- (44 )ptdpionye ahényl sul f anyl ) - phenyl ] - 2(R), 5(S) - di net hyl - pi perazin-1-yl}

-acetic [ - :

{4-] 5|- Ch{l4§5|b&219{042'r%ﬂ%wy Hﬂ@ﬂwglaqn?’gfﬂ}jle ?YIE)"%Q%W@%}_B{%{E‘% ]h?ﬂ}-_ pi perazin-1 -

%”4}[-5 ghcaﬁgﬁ&a%&i(g §+/fl) t hyl - ph | sul f 1) - ph .]-2 t hyl - pi [
-[ 5- oro-2-(4-trifluoromne - phenyl su n - phenyl ] - 2- e - pi per azi

L LG T - abiboxsphemistmyD SO E) G- Gotety piperdzin-1 51 Beelt P! P

- et hoxya-cpdﬂenyl sul fanyl)-phenyl] -2 (R -nethyl-pip erazin-l-yl } - acetic

aci d

(+] ) - {4k ~CHioRhe ¥ imdehesypiany gy ton gl 26-tiyhetinil pipazimlivlid } - aceti

acid (+/-)- .
{4-]2-(4C #ﬁ}‘ﬁ- phenyl sul fanyl ) - phenyl ] -trans- 2, 5-di net hyl - pi perazin-1-yl}
- 15 aceli ¢ @Gk i) 14 fidgréfisthFIoHn @Mkmﬁrg LsToiasil)-piphepil | - t f
ans- 2, 5- {ﬁré'?%s/l(hﬁp?l%eir gz{z"ﬁ}l 1-r y?}?g%gt?lc aci elgnf/ §§}l e
I{4- [ﬁT § 214}}{;3:10@&'& boitl - ggeny} sul f2anyl ) - phenyl ] -trans-2, 5-dinethyl -pi perazin-
- yl}-acetic aci +/-)-2- (L e o
(4~ (5 { 2CE B Ehityrte Shehg b sy bre 4R Ry s iy 1 .
pr opi oni g.cacidg | . o
{4-[2-(4-1sopropyl - phenyl sul fanyl )-Fhenyl ]-piperazin-1-yl}-acetic acid
(+/ -) - 2- (+{3- (P22 (@-Menylodyenloasiyd |2ty bRPSAZIL- By hetdelt 28t per azi n- |
-yl} - p{+9-r))! {aEtIZ9(4%Iet(ljly?-ghenylsulfanyl)—phenyl]-tmns-Z,S-dimethyl-piperazin-1-y1}—
15  acetic acid
(+/-)-{4-12- (4-iso-Propyl-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazin-1-
yl}-acetic acid
(+/-)-{4- [2-(2,4—Dimethy1-phenylsulfanyl)-phenyl] -trans-2,5-dimethyl-piperazin-1-
yl}-acetic acid
20 (+/-)-2- {4-[2-(4-tert-Butyl—phenylsulfanyl)-phenyl]-3—methy1piperazin—l-yl}-
propionic acid
{4-[2-(4-Isopropyl-phenylsulfanyl)-phenyl]-piperazin-1 -yl}-acetic acid
(+/-)-2-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-3-methyl-piperazin-1-yl}-
propionic acid
25

or a pharmaceutically acceptable acid addition salt thereof.
Definition of substituents

30  Halogen means fluoro, chloro, bromo or iodo.



or a pharmaceutically acceptable acid addition salt thereof. Definition of
substituents 30 Hal ogen neans fluoro, chloro, bronmo or iodo. WO 03/053942
PCT/ DK02/W035053982 The expression Cl_6-al k(en/yn)yl neans 2CT82abisyl
C2_6-al kenyl, or a C2.6-al kynyl groyp. The expression C3_8-cycl oal k(en)yl
means a C3_3-cycl oal kyl - or cycl oal kenyl group. The term Cl.6 al kyl refers

to a bramséegpressist 0y pati@dydyl fihngs @R-dlielj 0gs-bIKeNYIPOL at @, c-dlkgiyt car bon
atons inclusive, including but not limted to meth ethyl, 1-propyl, 2-

yl
propyl , &o8Dt yihe exprassion Cia-Gyslopli(emyiomesil 2 Gnercyelpalkyly or pydloalisgny]
Sim | arlgmu .6 al kenyl and C2.6 al kynyl, respectively, designate such
groups having fromtw to six carbon atons, including one double bond and
one tri plTke teomncC.sldlkyl esfpad hbednghed oclnbdarehedalkylrgroup having ffomenetthenyl |

T
C ;o i et b € l I |, | oh |,
"L g5 U518, oo LGBy opery | crclohery

15 etc. si gnat es” a nonocyclic or bicyclic
carbocycl e having three to eight Catons and including one double bond. 20

In the t ) < I Kk | -C1 6-al k . C3 8- | oal k I d
Cl 6. al PERUDy A aigngl S4F et PHAThiovec oAhs U St By BfDE) )Y oxy.
C1_6 al kGBR{ YR YtbSsik famon, ato¥d!l exdudide Gmel &ddl Boid/ land one triple bond

hal o- Cl. 6- al k(en/yn%yll , hal o-Cl_6-al k(en/ yn) yl ox

Cl_61@l k(aspeopivpipl tngluidinghut aptlimitedtogakenyh repesyle ﬁufgmdu?fhmd, AP 1t he

Cl 6-alk e§ nyl are as defined above. As used herein, the term

Cl_6-al k%lécII %‘PIII%II oxycar bonyl refers to groups of the formula

Gt _6-alk(en/yn)yl-O-CO, wherein C1_6-al k(en/yn)yl are as defined above. 30
As used herein, the termacyl refers to for

I, Cl.6-al k(en/yn)yl carbonyl,
aryl car bdhg termaEy4 cxcloadyl driighatss W@%%HHQ%IC@I%aEWSIgﬁI@Yéﬁ)I ®€ar bonyl
or a C3—§6 eight C-atoms, including but not limited to cyclopropyl, cyclopentyl, cyclohexyl,

15 ete.

The term Csg cycloalkenyl designates a monocyclic or bicyclic carbocycle having

three to eight C-atoms and including one double bond.

20 In the term Csg-cycloalk(en)yl-Ci.¢-alk(en/yn)yl, Csg-cycloalk(en)yl and Ci.6-
alk(en/yn)yl are as defined above.

The terms Ci.s-alk(en/yn)yloxy, C;.s alk(en/yn)ylsulfanyl, hydroxy-Ci.¢-alk(en/yn)yl,
halo-C.s-alk(en/yn)yl, halo-C;¢-alk(en/yn)yloxy, Ci.s-alk(en/yn)ylsulfonyl etc.
25  designate such groups in which the Cy.¢-alk(en/yn)yl are as defined above.

As used herein, the term Cj.¢-alk(en/yn)yloxycarbonyl refers to groups of the formula
C1.s-alk(en/yn)yl-O-CO-, wherein C;.¢-alk(en/yn)yl are as defined above.

30 As used herein, the term acyl refers to formyl, Cig-alk(en/yn)ylcarbonyl,
arylcarbonyl, aryl-Cj.s-alk(en/yn)ylcarbonyl, Css-cycloalk(en)ylcarbonyl or a Cjs-
cycloalk(en)yl-C;.¢-alk(en/yn)yl-carbonyl group.



cycloallc(en)yl-Cl_6-al k(en/yn)yl -carbonyl group. W 03/053942

PCT/ DKO2/ 00859 9 The term 3-7-nenbered ring optionally containing one
further hwoesosi9em as used herein refers to ring systensPESIAKEAH859

1- nor pholinyl, 1-piperidinyl, 1-azepjinyl, 1- piperazinyl,

1- honopi perazi nyl, 1-im dazolyl, 1- p%/rrol yl, or 1-pyrazolyl, all of which
may be S ' ' rBQcBl%r £afiged may
represemﬁ%ggﬁﬁer%bzr t%egéndgg? Pgoﬁﬁgﬁgﬁggeyﬁ%&%@ oxat hi azol e,

1, 3, 2- oshatedn azfafseto ihng szzskdmxsanzblas 1-giarphodingl, di-pipeadioyle 1-wepingl, di-t hi azol e,
1, 2, 3- oxadi azol.e 3-thi adi.azal.e 1 ri.azol X oxazol e,
t hi aPdresazinyly} QQB]IOBIPGEHIZP}Y 16@8?7@13']1'1_‘1—1PW§3§’% rd-p BTF—EOQ)X/I? s %BL ﬁr an or
opheng,anon.bmeeaBsiaedkAimoneskel i ¢ rings such as 1, 2, 3-oxat hi azi ne,

4- oxat'hi azine, 1,2,5-oxathiazine, 1,4,2-oxathiazine,
3- oxat hi azi ne 1 2, 3-di oxazine, 1,2, 4 d| oxazi ne, 4H 1, 3, 2- di oxazi ne,

i so
t hi
1, 2,
1,4,
2 SR AT o LR B AR 0 e
H-
OH-
2H-
2H

2, ?m@ﬁ@&bﬁazumegz 02&&1&1281541 J3oxdidkaplenSH-2, &31(11&11&0@;3@ 2dithiazole,
2, 6- oxadi azi ne, 4 oxadi azi ne, %H 15 ql adi E\z (g
2. 4-1.Aicxediazolpel, 5 éHh@dElzglﬁ{ Hildofl-3rmg70le zﬁlﬂrxizoée 6’"??9 Sdraihiaglc

3 4 a%l%diﬁ%%@fafo% gf){ }X}a{zbl’%z Eﬂﬁ?’rr;o 2h bl BEdfiRne #idt §-néntbeded ne,

2H 1, 3- oxa2| ne I ne i azi ne, 2H1, 3-thi azi ne,
2H 1304- thowstytlie rings agicheas 193434odah1anm¢, ylﬁmathmexneAH’ZJﬁ-QX@h@Zmﬁ; n,

1, 4-oxathiin, 4H-13d|0X|n 4H- 1?29flc#1h"n 4 1d:§£hlln

pyri di nel-421xaihiagiicr MPmth‘ﬁzm%O 11%5%1193%3%118’ry TPy Earpetyclic,

ar omat I Gy;Sy:shRmy 45218%?3@@%% zadiéxa%wﬂmls difiigziae, 1k, adethtaiien, 451 tS of the
y

i nventi on are prefera phar maceut i cal fy acceptable salts of the
conpoundi3 atdithiveziney  get-tishiatioe, Pk 1 i 2-dithiagine, -t 2dcoxpdiazimgetiftlad-§- of 25

such organic salt rethoevvlt ri e s bIC
tcci i cag e SRR e AP Ey P e e R AL L g Rkl O
et hapedi PE|3ftﬁf£'di%vzuﬁC eZH-CI;Z PHORIi NG , 287a12 8rthiadiazing| 2¢k1,2 G thiadtazine,

gl uconic,” Tactic, malic, nmandel i c, ci nnam c, citracqnic, aspartic,
2H-1 ,3, 4-th1ad1azme 1 ,2,3-triazine, 1,2,4-triazine, 2H-1,2-oxazine, 2H-1,3-0xazine,

1,
1,
1,
1,

2H-1,4-oxazine, 2H-1,2-thiazine, 2H-1,3-thiazine, 2H-1,4-thiazine, pyrazine,
pyridazine, pyrimidine, 4/-1,3-oxathiin, 1,4-oxathiin, 4H-1,3-dioxin, 1,4-dioxin, 4H-
1,3-dithiin, 1,4-dithiin, pyridine, 2H-pyran or 2H-thiin.

20

The term aryl refers to carbocyclic, aromatic systems such as phenyl and naphtyl.

The acid addition salts of the invention are preferably pharmaceutically acceptable
salts of the compounds of the invention formed with non-toxic acids. Exemplary of
25  such organic salts are those with maleic, fumaric, benzoic, ascorbic, succinic, oxalic,
bis-methylenesalicylic, methanesulfonic, ethanedisulfonic, acetic, propionic, tartaric,
salicylic, citric, gluconic, lactic, malic, mandelic, cinnamic, citraconic, aspartic,
stearic, palmitic, itaconic, glycolic, p-aminobenzoic, glutamic, benzenesulfonic and
theophylline acetic acids, as well as the 8-halotheophyllines, for example 8-
30 bromotheophylline. Exemplary of such inorganic salts are those with hydrochloric,

hydrobromic, sulfuric, sulfamic, phosphoric and nitric acids.



stearic, palmtic, itaconic, glycolic, p-amnobenzoic, glutamc,

benzenesul fonic and theophylline acetic acids, as well as the

8- hal ot hewplwlobiones, for exanple 8 30 bronot heophylline. Bxamxoanyssof such
inorganic salts are those with hydrg&hl oric, hydrobromc, sulfuric,

sul fam c, phosphoric and nitric acids. WO 03/053942 PCT/ DKO2/ 00859 10
Further g 1&g GRTBOMPOEAR oft T invenaed in@iy eyt BXusdolvatediasobathednas wel | as
in solvated forms Wth pharnaceutically acceptab)e sol ventgs uch as water,
et hanol salwated tfbrens| witle pharmageuticady ,aCth@bi;‘oﬂ %dsufﬂé PVt @?fgiaﬂgr ed

equi val ent_.to _the un vat.e for f.or f. LSl ntion. 5
Sonme of %%%Bﬁ%éﬁﬁgﬂﬂag %ﬁ‘ s?lﬁgte%lf%rsr%"éﬁ%reicg\g%ﬁ%ﬁ@%ﬁ%g%l?gtl %fg imrrg?lvgegﬁt res and
such cqm%pﬁlewegdﬁmhemf@ﬁm,of isoners (i.e. enantionmers or

di astereoners). The invention includes all such isonmers and any m xtures
t hergof including racemic mxtures. 10 Racem c fornms can be resolved into
t he optical apt,ipod r ; btreseqndr afchon of

di aster ;§§H’§r Pﬁ@a‘f%@%‘lﬁ}e{? g)g]?tﬂ%p %gtﬁglggr%tlio%aﬁ@?%@e caci d, and liberating
t he opt iceaipbindaCéisteinatiienfornonfpisumersbii.ct enattionrers wi tdiastereparas). Ahst her

met hod for resolving racemates into the optical ,antip . 1S d upon 15
chr onat deyeabRy Beludes albtsueh Pgmers3ndedtin Kipres hety clg%g@r%l urr?ggﬁlgf tﬁe

pr esent iix ntion can also be resolved into their optical antipodes, e.g.
by fractional  crystallization of d- or 1- (tartrates, mandel ates or
canpbor sul phonate) salts. The conpounds of the present invention may al so

be resolved by the fornatio f. . diastereo | i | 0 di tional

ot hods Rasemig Ems<sP g BRoSFd d%tPit@SPP?l%%rﬁgi?lé%’&?%kﬁ‘?‘ght %2%‘%’5 lfﬁﬁﬁ ed in

the ar texaﬁ%’e 'g? seé;\gfgt-ion%ftbia@fefebﬁféﬁcisﬁmd egot hatheardbpstivally edtiy add, Jaques,
a :

A. Coll et len in "Bnantioners, Racenates, ar}ld esol ut ihons", John
W | ey armhdSibestingihe optically active amine compound by treatment with a base. Anot

method for resolving racemates into the optical antipodes is based upon

€r

15  chromatography on an optically active matrix. Racemic compounds of the present
invention can also be resolved into their optical antipodes, e.g. by fractional
crystallization of d- or 1- (tartrates, mandelates or camphorsulphonate) salts. The
compounds of the present invention may also be resolved by the formation of

diastereomeric derivatives.

20
Additional methods for the resolution of optical isomers, known to those skilled in the
art, may be used. Such methods include those discussed by J. Jaques, A. Collet and S.
Wilen in “Enantiomers, Racemates, and Resolutions”, John Wiley and Sons, New
York (1981).

25
Optically active compounds can also be prepared from optically active starting
materials.
Pharmaceutical compositions

30

The pharmaceutical formulations of the invention may be prepared by conventional
methods in the art. For example: Tablets may be prepared by mixing the active

ingredient with ordinary adjuvants and/or diluents and subsequently compressing the



York (1981). 25 Optically active conpounds can al so be prepared from
optically active starting materials. Pharmaceutical conpositions 30 The
phar maceuwDmalosez nul ati ons of the invention may be prepaPed/niKo2/00859
conventional nethods in the art. FgQr exanple: Tablets may be prepared by
m xi ng the active ingredient with ordinary adjuvants and/or diluents and
Subsequia{&ﬂu?/e CONMPEGRShichal 1M IhABARA T BEPIEKORAGABEAs of Miltentsure in a
conventional tabletting machi ne. Exanpl es of adjuvants or, di]uents
conpri seomprisa cstrms@ich, potat statshatalenm,: mpgrATuTEgHELS E5ladinealrsloss: gel ati ne,
| act ose, uns, .and the like. An t .ad] I &H ual ly used
uﬁﬁ‘g’r ?}'615%’& QH@U y Quef 89%11‘%“)[8 P %&qlﬁ%s“é(s%ﬁf ufdd AL g@?\c}’s@

for suck i ngs, avoluri ngs, preserv es etc. nmay

be used oM Qaslnidpat fldvaadngy gres&vatwa@atd. lodey boi tshd providedtthatéhengreedi ent s.
Solutions for injections may be prepared by dissolving the active

i ngr &di eompatille witbsbe pitiveaegIpdipites in a part of the solvent for injection,
preferably sterile water, adjusting the solution to desired vol une,
sterilising the solution and filling it in 10 suitable anpules or vials.
Any sui SahltRnaddt tihjéetions nugnbe qreparyd byedissotvingehanttiveaingsedieddandd, such as
tonicity agents, preservatives, antioxidant.s,.etc. Th har.jmac i cal
conposi ﬂﬁpéﬁﬁ@éoﬁdd#tm% g AT &nihgy s YF‘é‘éefOWWJEﬁloé‘r @rmﬁlfyggteﬂfegggyefr,n
aecor da’&gﬁlsk%g nd Qb@ibﬂ%@ 28 FBMnRE sBiflisiigSther Rty Ay fifluigl &bine rout e,
anmpfe orally i

for 15 n the formof tabl et's, capsul es, powders, syrups,
etc.ip Ofsupsisleamputs oy viais. Ang shitabie additvd eomventsonpBy usedj iadhe & maydte pr epari ng
such conmpasitigns, nethods well k{i]own itn t(petsaét(t: may be used, and any

phar mac éded s1ehASTORISHY 3BT0LS: PEFSPVATYEES FHOFERES: *“exci pi ents or ot her
additives normally used in the art may be used. 20 Conveniently, the
conpounds of the invention are admnistered in unit

sai d corffimuptdsmaceutinalanspypositions ahthig inyetion ¢ thoge Wbicﬂ%ﬁi%%’?ag{légzm@ﬂc |09t aining
in accordance with this invention may be administered by any suitable route, for
15  example orally in the form of tablets, capsules, powders, syrups, etc., or parenterally
in the form of solutions for injection. For preparing such compositions, methods well
known in the art may be used, and any pharmaceutically acceptable carriers, diluents,

excipients or other additives normally used in the art may be used.

20  Conveniently, the compounds of the invention are administered in unit dosage form
containing said compounds in an amount of about 0.01 to 100 mg. The total daily
dose is usually in the range of about 0.05 - 500 mg, and most preferably about 0.1 to

50 mg of the active compound of the invention.

25  The compounds of the invention are prepared by the following general methods:

Alkylation of an amine of formula II with an alkylating agent of formula III



dose is usually in the range of about 0.05 - 500 ng, and nost preferably
about 0.1 to 50 ng of the active conpound of the invention. 25 The
conmpoundswofo3ibi®42 nventi on are prepared by the foll owi ng @emarkm/onssyhods:

Al kyl ati on of an amine of formula Il_wth an al kyl ating agent of formula
111 WD 03/ 053942 PCT/ DK02/ 00859 12 ¥R1)p X, AR (R3)S 0O HNL Y Q It4 Il

M YUA (R2)q (R4)h18||) (rr1) L is a suitable |leaving group such as hal ogen
or tosylate. .J é S bstLyugnLS(ﬁBD R- R4,Y,Q X A in, p,q, r and s are as
defi ned Hbﬁﬁg72ﬁhe redction is typically perfor 5 in a suitable solvent
such as etlhangli N, N-|di nmet hyl formam de or gcetorfitrile containing an

i norgani c pot assi um or cesium ca natey or an organi c base
such N-ethy I'1sop am ne at an el evated ténperature of 40-120 C
Compounds of fornuka herein Qis carbon anﬂﬁ is OR6 wherein R6 is
hydrogen may be prep @$%ron1the correspond 9resters COOR6 wherein R6 is
an i nsoluble 10 pol yner €1l 6-al kyl, aryl or aryl-Cl _6-al kyl. The
transformation may be perforned under basic ¢ ?itions, for exanple, using
aqueous sodi um kNHroxi de in an al coholic soIJiﬁ or acidic conditions for
R6 being a tertiary-butyl group or an insoluble polyner. 15 Conpounds of
formula Il naybe prepared by any of the followi ng reactions:. a) Chem cal
transf oryat b QRitefie FeLRMEPOURS Wit Bs habganl & fovylaRl TheRdbstituents AR, R'-

R4,Y,Q, X, A, m, p,q, r and s are as defined above. The reaction is typically performed

5 in a suitable solvent such as ethanol, N,N- dimethylformamide or acetonitrile
containing an inorganic base such as potassium or cesium carbonate or an organic
base such N-ethyl diisopropylamine at an elevated temperature of 40-120 °C.
Compounds of formula I wherein Q is carbon and A is OR® wherein R° is hydrogen
may be prepared from the corresponding esters COOR® wherein R® is an insoluble

10 polymer or Ci¢-alkyl, aryl or aryl-Cj.¢-alkyl. The transformation may be performed
under basic conditions, for example, using aqueous sodium hydroxide in an alcoholic

solvent or acidic conditions for R® being a tertiary-butyl group or an insoluble

polymer.

15  Compounds of formula IT may be prepared by any of the following reactions:.

a) Chemical transformation of a compound with formula IV

(R1), H,N

-+
HN Y
M (R?),

v
20  wherein R!, R%, m, p, q, X,Yand Z are as described above, to the corresponding
diazonium compound, and subsequently react with a compound HX-AR-(R);,

wherein AR, X, R? and s are as defined above.

b) A chemical synthesis as depicted in scheme I



HNS r "-Y\\CJ m(R2)g IV 20 wherein Rl, R2, in, p, q, X Yand Z are as
descri bed above, to the correspondi ng diazonium conpound, and subsequently
react w twoaspsypound HX- AR-(R3)S, wherein AR, X, R3 andPsTarnasssdefi ned
above. b) A chemical synthesis as depicted in scheme I WD 03/053942

PCT/ DKO2/ 00859 13 FeCp+ PF6 Cl \ / (R2)q PF6 O (R1)p O (Rl)p FeCp+ T C
-t-\' (RR)g HX-AID-(R3). Os--II NN\ " f ~\NHN HN\ / Cd O (Rl)p FeC
(R (R))p - (RR) mgfi gmm AR--(R3)S AR--(R3)S (Il) Schene |I 5
wherein ARR R, R2, R3, s, I_mqu PFg and X are as described above and the

circled S represents the s support. c) A chem cal synthesis as
depicted in schenme Il wher &R and Yis N 18WO 03/ 053942
PCT/ DK0O2/ 00859 14 Br 6

0 1 o R, FeCp*

(R)
/—1—< Cl Yan\ (R%)y  HX-AR—(R%),
S N N — (s N N —
; "l

o (RY, FeCp* (R7),
A L,
s N N \ / > HN N\Q
~Hm o
X X<
AR——(RS)s AR—(R3)S
(n
Scheme 1

wherein AR, Rl, RZ, R? , s, m, p,qand X are as described above and the circled S

represents the solid support.

¢) A chemical synthesis as depicted in scheme II where X is O and Y is N.

10



Br OH (R3)S ARRB(OH)2 OAR 1 '41 (R2) (R3)S (R2)g g PG N (Rl)p cJm NH
H, N(Rl)p X~AR- (R3)s PGA (RI)p ,,Al- (R3) s N XN mad4rm (R2)q (R2)q
Schene | Iwa)o3dsxhenm cal transformation of a conmpound of f®CAIIKI2ZN0850R3) S X
G\ (RR)g V 5 wherein R2, R3, X, s gnd g are as described above and Gis a
brom ne or iodine atom wth a corrpc} nd of formula VI (Rl )p PGNNH m VI
wherein R1, in and p are as defined above. AQ

Br o

OH (R3);—AR—B(OH), \'TR

- RS

2 s (R,
(R, PG
ol
l N Jm
H
(R1 )p (R1)
H\N X/AR— (R PG\N/% p X/AR—— (R3),
ash — Y
(R?), (R2),
Scheme i

d) A chemical transformation of a compound of formula V

(R®)s

(R3),
\%

5 wherein R%, R?, X, s and q are as described above and G is a bromine or iodine atom

with a compound of formula VI

(R,

PG—N NH

N

VI

wherein Rl, m and p are as defined above.

10



WD 03/ 053942 PCT/ DKO2/ 00859 15 e) Dehydrating and optionally

si mul t aneousl y deprotecting a conpound of formula WVII (R3)s (RI), X OH
RN M (R2 wa 03053945 wherein R, R2, R3, X, m p, g and s areTaxd®ssspi bed
above and Ris either a hydrogen atgmor a BOC group. f) Hydrogenation of
t he doubl e bond in a conmpound of forrrula VIl (R3)s (R)p X HNM(R2 )q
10 VI 11 e‘)‘lf[%l‘@ﬂfﬁtlﬁyg anf tﬂﬁall}xmn{tiltaﬂeouﬁllyadb@r(ﬁecﬁmg @asorpsontd dfefbrablave. g)
Deoxygenati on and deprot ection of a conpound of formula VI P (R3)s (RI)p
OHx RYIM (R2)q 15 VI1 WD 03/053942 PCT/ DK02/ 00859 16 wherein Rl, R2,
R3, X, m p, g and s are as described above and Ris either a hydrogen

(R,
R, X
OH
RN
m (R?),
VII

5  wherein Rl, Rz, R , X, m, p, q and s are as described above and R is either a hydrogen

atom or a BOC group.

f) Hydrogenation of the double bond in a compound of formula VIII

(R%);

@

10 VIII

wherein Rl, R, R, X, m, p, q and s are as described above.

o) Deoxygenation and deprotection of a compound of formula VII

(R®),

R1
(R, on
RN
m (Rz)q
15

VII



atomor a BOC group. The diazotation followed by reaction with a conpound
HS- Ar- (R3)s according to 5 nethod a) is perfornmed by addition of the

di azoni unweaBsdh2 t he corresponding aniline to a sol uti orCafDKQAIEIM sal t
of a thiophenol in water containing 3, copper suspension. The starting
material of formula IV is prepared as outlined in the following. A

f1 uor oni {vheRANRERE, REM ALY, Yeands dreasd@erivéd dbode PhdRMOE e adBiiophi ve in a
sol vent such as DMF, NWP or other dipolar aprotic solvent containing an

or gani ¢ BaBeosABRCaHOUm triethylamine to afford the

ort honi t ophenyl pi perazi ne derivative. The nitro group is then reduced
usi ng standard procedures known to those skilled in the art to give the

st art i ngThatdadoadtionf foflowsdilby teWctidrowith, &-cdinpeirdy HiS-Ae(RY){ aecotding at i ves t he
N Benzyl - 2(R), 5(S) - di et hyl pj perazi ne . was prepared according tgQ. known
literat uﬁ@&fﬂdc?é defesriogmedy; tyraddition of theydiaganium @ﬂgﬂﬁg the fof%’@B‘,lmgé‘?ﬁ@%- 249) .

N- Benzyl i I i : I at ent

hopi 1 ot 168 R Ebr SdFEh Wi e REhREhARI I8t EARERMALEAIR RpoidobS P01

accor di nGht etdrting medtérind ofdesoniabBd is preppetieast owtphpéd oatheo folld@ifgd./ 48681. The

di am nes are either comerci all C@g%&ij[ abl e or. .synt hesi sed tbQ'ucHEt hods
t.

0
known  t o TEARERIERbETIAgRF PRIV 1t Fractsfl ovith 3 BiRerging AEsiedive 1 ggol7e
1, 2-di chhoIRNRANE of bies YiSdaepratt s61véit@hfalning BevaddniobarhesRrhat e and
substituted anal ogues are ‘synthesised according to Iiterature known
pr océdur gsetiffeminsote afford|the grthordiophercipiperazige @erivative] 297 nitgp gyoupr is
synt hesi sed b t hods , kno to chem sts . skill jqn t ri. .25.The
St art | ng et R PN, wp e B R e e e Gt nElT
br omophegg@ttin hhtedalsfiféalieTar yl boronic acid or boronate ester in a known
literature procedure (Evans et al, Tet. Lett, 1998, 39, 2947-2940). The
resul ti ngobiZat-gineativdpipeigriag deaivatives Hhn SbBerak 2R NS -FursthdpiRriag®cal ysis to
a protec i i . : I : yoihsal |y but
ot oxcl i pAPREAP DRl B fdnif ittt GIaD o Daed OhSA

benzyb ox poed, b)) 28362087 )N-Bedztl €S pF (B €lih ethglpipeoume( W) piepatefl @ncordimgoved by

acidic cItgggtggteapgﬁgaﬁ%éwlO%/ﬂssi?)gg hydr ogen chloride in an al coholic

The reaction sequence in method b) is prepared according to the methods described in
patent application WO 01/49681. The diamines are either commercially available or

20  synthesised by methods known to chemists skilled in the art. Iron-complexes, like n°-
1,2-dichlorobenzene-n’-cyclopentadienyliron(II) hexafluorophosphate and substituted
analogues are synthesised according to literature known procedures (Pearson et al. J.
Org. Chem. 1996, 61, 1297-1305) or synthesised by methods known to chemists
skilled in the art.

25
The starting material in method c) is prepared by the coupling of an ortho
bromophenol with a suitable aryl boronic acid or boronate ester in a known literature
procedure (Bvans et al, Tet. Lett, 1998, 39, 2947-2940). The resulting biarylether
bromide is then coupled using palladium catalysis to a protected piperazine where the

30  protective group may be typically but not exclusively a tert-butyloxycarbonyl (BOC)
derivative or benzyloxycarbonyl (CBZ) and the protecting group (PG) is then
removed by acidic cleavage for example using hydrogen chloride in an alcoholic

solvent for removal of the BOC group or catalytic hydrogenolysis in the case of the a



solvent for renoval of the BOC group or catalytic hydrogenolysis in the
case of the a WD 03/053942 PCT/ DKO2/ 00859 17 CBZ renpbved to give
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15 with hydrochloric acid in methanol. Compounds of formula VII may be prepared as
described in Palmer et al. J. Med. Chem. 1997, 40, 1982-1989.

The reduction of the double bond according to method f) is generally performed by
catalytic hydrogenation at low pressure (< 3 atm.) in a Parr apparatus, or by using
20  reducing agents such as diborane or hydroboric derivatives as produced in situ from
NaBH; in trifluoroacetic acid in inert solvents such as tetrahydrofuran (THF),

dioxane, or diethyl ether.

The deoxygenation of tertiary alcohol intermediates of formula VII in method g)
25  wherein R is a BOC group, was performed by a modified Barton reduction in a
similar manner as described in Hansen et al. Symthesis 1999, 1925-1930. The
intermediate tertiary alcohols were prepared from the corresponding properly
substituted 1-bromo-phenylsulfanylbenzenes or their corresponding ethers by metal-
halogen exchange followed by addition of an appropriate electrophile of the formula
30 IX in a similar manner as described in Palmer et al. J. Med. Chem. 1997, 40, 1982-
1989. The properly substituted 1-bromo-phenylsulfanylbenzenes were prepared in a
similar manner as described in the literature by reaction of properly substituted

thiophenols with properly substituted aryliodides according to Schopfer and



hal ogen exchange foll owed by addition of an appropriate electrophile of the
formula 30 I X in a simlar manner as described in Palnmer et al. J Med.

Chem 199W0 0405394982- 1989. The properly substituted PCT/DK02/00859

1- br ono- phenyl sul f anyl benzenes were prepared in a simlar manner as
described in the literature by reacﬁ?on of properly substituted
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Anal §t i kadbwh @ WBselskibedvartbe aibt ai ned on a PE Sci ex APl 150EX i nstrunent
equi pped 15 with lonSpray source and Shimadzu LC 8A/ SLC- 10A LC system
Colum: 30 X 4.6 nmWaters Symmetry C18 columm with 3.5 gm particle size;
Sol vent syste IQﬁ = water/trifluoroacetic acid (100:0.05) and B =
wat er/ acetoni frie/trifluoroacetic acid (5:95:0.03); Mthod: Linear
gradi ent_ el uvi on \ME)(S 90% A to 100% B in 4 mn and wth a flowrate of 2
nmL/ m n. i termned by integration of the UV (254 20 nm and
ELSD trace. gtention tinmes (RT) are expressed in mnutes. Preparative
LC-Ms-purification was perfornmed on the sane instrunent. Columm: 50 X 20
mm YMC ODS-A-wWith 5 mparticle size; Method: Linear gradient elution with
80% A to 100% B in 7 min and with a flowrate of 22.7 nL/rin. Fraction
collection was perfornmed by split-flow M5 detection

10  Examples

General Methods

Analytical LC-MS data were obtained on a PE Sciex API 150EX instrument equipped
15 with IonSpray source and Shimadzu LC-8A/SLC-10A LC system. Column: 30 X 4.6
mm Waters Symmmetry C18 column with 3.5 pm particle size; Solventsystem: A =
water/trifluoroacetic acid (100:0.05) and B = water/acetonitrile/trifluoroacetic acid
(5:95:0.03); Method: Linear gradient elution with 90% A to 100% B in 4 min and
with a flow rate of 2 mL/min. Purity was determined by integration of the UV (254
20 nm) and ELSD trace. The retention times (RT) are expressed in minutes.
Preparative LC-MS-purification was performed on the same instrument. Column: 50
X 20 mm YMC ODS-A with 5 pm particle size; Method: Linear gradient elution with
80% A to 100% B in 7 min and with a flow rate of 22.7 mI/min. Fraction collection
was performed by split-flow MS detection.
25
" NMR spectra were recorded at 500.13 MHz on a Bruker Avance DRXS500
instrument or at 250.13 MHz on a Bruker AC 250 instrument. Deuterated
methylenchloride (99.8%D), chloroform (99.8%D) or dimethyl sulfoxide (99.8%D)
were used as solvents. TMS was used as internal reference standard. Chemical shift
30 values are expressed in ppm-values. The following abbreviations are used for

multiplicity of NMR signals: s = singlet, d = doublet, t = triplet, q = quartet, qui =



25 1H NWR spectra were recorded at 500.13 Mz on a Bruker Avance DRX500
instrunment or at 250.13 MHz on a Bruker AC 250 instrunent. Deuterated

met hyl encWbDagios®4 99. 8%D), chl orof orm (99. 8%D) or di net hylPCImKo08H
(99.8%) were used as solvents. TMS yas used as internal reference
standard. Chem cal shift 30 values are expressed in ppmvalues. The
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15  triethylamine (10 g, 100 mmol) and placed under a nitrogen atmosphere. To the
reaction was added 2-methylpiperazine (5.0 g, 50 mmol). The reaction was heated to
80 °C for 16 hours. The reaction was allowed to cool to room temperature before the
solvent was reduced to half volume in vacuo. Ethyl acetate (200 mL) and ice-water
(250 mL) were added to the solution and the product was extracted with diethylether
20 (2 X 200 mL). The aqueous phase was saturated with sodium chloride and extracted
with ethyl acetate (2 X 200 mL). The organic phases were combined, washed with
saturated brine, dried over magnesium sulfate, filtered and the filtrate was
concentrated in vacuo. The product (10.5 g) was dissolved in ethanol (250 mL).
Palladium on charcoal catalyst (10% w/w, 2.2 g) was added to the solution and the
25  solution was hydrogenated in a Parr apparatus at 3 bar for 3 hours. The solution was

filtered and evaporated to give the aniline product. Yield (8.0 g, 83%)
The following intermediates were prepared in an analogous fashion:
30 2-(3,5-Dimethylpiperazin-1-yl)phenylamine

2-(3,3-Dimethylpiperazin-1-yl)phenylamine
4-Methoxy-2-(3-methylpiperzin-1-yl)phenylamine



concentrated in vacuo. The product (10.5 g) was dissolved in ethanol (250
m.). Palladiumon charcoal catalyst (10%ww 2.2 g) was added to the
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the aniline product. Yield (5.2 g, 87%)
15

The following intermediate were prepared in an analogous fashion
2-(2(R),5(8))-Dimethylpiperazin-1-yl)phenylamine

20
4-Chloro-2-(3,3-dimethyl-piperazin-1-yl)-phenylamine
2,2-Dimethylpiperazine (9.55g, 84 mmol) was dissolved in dimethylformamide (140
mL). To the solution was added triethylamine (12.07 mL, 83.6 mmol) and the reaction
was placed under a nitrogen atmosphere. The solution was heated to 80 °C and 4-
25 Chloro-2-fluoro-nitrobenzene (13.5g, 76 mmol) was added as a solution in
dimethylformamide (35 mL). The reaction was stirred at 40°C for 16 hours. The
solvent was removed in vacuo and the residue dissolved in ethanol (250 mL).
Ammonium chloride (28 g) and zinc powder (17 g) were added. The reaction was
boiled under reflux at 80 °C for 1 hour and then allowed to stir at 40 °C for 72 hours.
30  The reaction was then filtered and the filtrate evaporated in vacuo. The solid was then

washed with ethyl acetate and then a small amount of methanol- Yield: 16.04 g, 88%

The following intermediates were prepared in an analogous fashion
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(140 mL). To the solution was added triethylamne (12.07 nL, 83.6 nmol)
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extracted with ethyl acetate (2 X 10 mL). The combined organic extracts were dried
over magnesium sulfate, filtered and evaporated in vacuo. The crude product was
purified by flash chromatography using silica gel, eluting with ethyl acetate
/methanol/ammonia 96:3:1. The pure product was isolated as a colourless oil. Yield

20 (0.18 g ,11%) 1 NMR (CDCls, 500 MHz) 1.12 (d, 3H); 2.6-2.72 (br m, 2H); 3.0-
3.15 (m, 5H); 6.9 (m, 2H); 7.08 (d, 1H); 7.15 (m, 1H); 7.25-7.35 (m, 4H); MS (MH")
319.1.

The following compounds were prepared in an analogous fashion:

25  1-[2-(4-Chloro-phenlsulfanyl)phenyl]-3,5-dimethylpiperazine
(+/-)-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazine
(+/-)-{4-[2-(4-Chloro-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazine
(+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazine
(+/-)-{4-[2-(4-Fluoro-phenylsulfanyl)-phenyl]-trans-2,5 -dimethyl-piperazine

30 (+/-)-4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl] -2-methyl-piperazine
(+/-)-4-[2-(4-iso-Propyl-phenylsulfanyl)-phenyl] -2-methyl-piperazine
4-[5-Chloro-2-(4-methoxy-phenylsulfanyl)-phenyl ]-2(R)-methyl-piperazine
4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-2(R),5 (S)-dimethyl-piperazine



purified by flash chromat ography using silica gel, eluting with ethyl
acetate /nethanol/amonia 96:3:1. The pure product was isolated as a
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15  stirring. The product was allowed to precipitate at room temperature. After 3 hours the
precipitate was filtered off, washed intensively with water and dried in vacuo (50 °C)
to give 81 g (21%) of the title compound as a light yellow powder. '"H NMR (Ds-
DMSO): 5.29 (s, SH); 6.48 (m, 2H); 7.07 (m, 2H).

20  Preparation of polystyrene-bound amines
4-[(Piperazin-1-yl) carbonyloxymethyl[phenoxymethyl polystyrene
4-[(4-Nitrophenoxy)carbonyloxymethyl]phenoxymethyl polystyrene (267 g, 235
mmol) was suspended in dry N,N-dimethylformamide (2 L). N-Methylmorpholine
(238.0 g, 2.35 mol) and piperazine (102.0 g, 1.17 mol) were added and the mixture

25 was stirred at room temperature for 16 h. The resin was filtered off and washed with
N,N-dimethylformamide (2 X 1 L), tetrahydrofuran (2 X 1 L), water (1 X 500 mL),
methanol (2 X 1 L), tetrahydrofuran (2 X 1 L) and methanol (1 X 1 L). Finally, the
resin was washed with dichloromethane (3 X 500 mL) and dried in vacuo (25 °C, 36
h) to yield an almost colourless resin (240.0 g).

30 The following polystyrene bound diamines were prepared analo gously:
4-[(2,5-Dimethyl-piperazin-1-yl)carbonyloxymethyl] 'phenoxymethyl polystyrene
4-[(3-Methyl-piperazin-1-yl)carbonyloxymethyl] 'phenoxymethyl polystyrene
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(3 X 500 nL [ [

d dried 25 C, .36_.h) t i el I t I I
Fesin( 24001 vgp supenduHkInEY FGRPHYOREEY kT bt EPTPRELSIERE  pr opar od
anal ogousl.y: 4. . 5- D ' Ln
yl )ca?bﬁ?&%‘?‘%&%‘mnﬁ% ﬁé@%?lﬁ?ﬁg%g%st@?%n% 14§4 [ (nélgcl\)/lgt Wlsp?%deeg azin-1
yl ) car basiydveery BRtjoydsdinhe oabynae (§0.9pgl 363 ymeolp TR 08068 IUXUPEWEK02/ 00859
23 Preparation of resin-boun

d - | -ris- di i
hexaf | ustisphespthat &y 14 It Adiqr qogﬁl@ggoé?g{ngt?@%%%}ggﬁﬂé festnwis kf: QR4 bEp
n5-gycl opg %a@ﬂ%ﬁ?ﬁ 'tét&ﬂgélﬂoﬂr% F’?X@O%L), wa¥dr(2 X 250 mL), tetrahydrofuran

car bonyl oxynme phenoxynet pol ystyrene hexafl uorophosphate 5

4-[|()Pi pqnazsoehﬂglgﬂamm?agfuwmmxmgthp?dda&wﬁemw disbilqremptane (4 X15. 1 g, 92
rnmol) was suspen [ ry tesr r .a : :

116- 1, 2-30c Htlor ﬁ&@ﬁ@%{@ %yﬁ%&%ﬁt ;%P@%I Ih?olr’\%}nl )E*’a%eyff?e&o%glhosphat e
(76|-§3 gﬂ%&ﬁéroﬁle%hé 3RS RAFEfand @ ddaee oy 25 0C B UM yield haiadt erafg0. 9 g, 368
mol ) .

e reaction mxture was stirred at 60 C for 16 h. After cooling to
roomtenpengtd®, the resin was filtered off 10 and washed with

tetr 1a5hyd,1[}?g chl)[lgvr&}in%Zpoﬁ(}ls%ggnenﬂfgmd%tn%orr{p%efés gk ﬁpeﬁare& ehd1GdbidEyof uran

4-({4-[ 776-(2—Chlorophenyl )- 775-cyclopentadienylir0n(II) )]-2,5-dimethylpiperazin-1-
yl}carbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate
4-({4-[ 1°-(2-Chlorophenyl)- 17-cyclopentadienyliron(Il)]-3-methylpiperazin-1-

20  yljcarbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate

Preparation of ortho-(arylsulfanyl)phenyl piperazines
(+/-)-1-[2-(4-Methylphenylsulfanyl)phenyl] -trans-2,5-dimethylpiperazine:

25  To a solution of 4-methylthiophenol (1.4 g, 9.8 mmol) n a 1:1 mixture of
tetrahydrofuran/dimethylformamide (5 mL), sodium hydride (7.4 mmol, 60% in
mineral oil) was carefully added at room temperature (Caution: Generation of
hydrogen). The mixture was stirred for an additional 30 min after the generation of
hydrogen  had  ceased.  Subsequently, 4-({4-[n°-(2-chloro-phenyl)-n’-

30 cyclopentadienyliron(II)]—trans-2,S—dimethyl-piperazin-l—
y1} carbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate (3.5 g, 2.45
mmol) was added and the mixture was stirred at 55 °C for 6 h. After cooling to room

temperature, the resin was filtered off and washed with tetrahydrofuran (2 X 50 mL),



(2 X500 nL), water (2 X 250 nL), nethanol (2 X 250 nmL), dichloronethane (2
X 250 nL) and nethanol (2 X 250 nL). Finally, the resin was washed with

di chl or onwDlas39¢8 X 500 nl) and dried in vacuo (25 C, 36PaI/nKN2pIEshd a
dark orange resin (142 g). 15 The fg | owi ng pol ystyrene bound

i ron-conpl exes were prepared anal ogotisly: 4-({4-[i76-(2-Chl orophenyl)-
rls-cycl gpanfRSuemwher 1) k2 52,505nd) MREtdiRERgHS#tdmilie (2 X 50 mL),

yl } car bonyl oxynet hyl ) phenoxymet hyl  pol yst yrene” hexaf | uorosphosphat e

4- ({4-[ Twatet 2 CRI B ophemgthanol (3 X 50 mL), tetrahydrofuran (3 X 50 mL), and

ris-cycl opent adi.eny),ir | 1) J=3-.met hyl.pi per azi-R-| .

yl }ca%/bo IS%C%? ﬁé%hl)rﬁ?‘c‘?[g%fb%g?ﬁggﬁ Yﬁ%@éﬁﬁ?aéﬁéa%&’afgﬁ%?s bﬁ%lglpl)}{fét g

Prepar at jegi wis washb@ witrdidiSstbhriiahe PYEB0 mb) peY @zddv@sacuo (25 °C, 12h)
(+/)-1-[2-(4- Met hyl phenyl sul f anyl ) phenyl ] -trans-2, 5-di et hyl PI per azi ne: 25
To a sol igtyiekd @ﬂa%i QraRgehiesinh (b hlasopbigined regin andga fripM selptien of 1,18 xt ure of

t et rahydr,of ur i_net Qyl f i b1 } ydrd . |, 60%in
m ner al %l?einfnt\;\%/gggggg}r% e? UII ln@&ﬁ%deogegﬁdrlg%%agegﬁggﬁgpz r‘géé( %gdlf% (lzolﬁ: Hgtlner ation
of  hydregepireniT Reactth Xy, Theasispdnsiohesdlad agitatad byl dothiien ahd@Oirmiliatiefit er t he
generation of _ hydr o?en had ceased. Subseguent |

4- ({ 4- [ 1%8h vasibleilghb IgsHErfy I Bhe resin wig filtered and washéd with methanol 2X25

cycl ope [ j | - . i it -0 7 Ne .

car bony| ey {3 RRChb] ld @O R pLE RIS p R Rle istkig soluions ¢

2. 4510 mwkde swsurdaisléabpaod ¥ bgcles) xand rtee wasliationr preckdate %8s @efeatedouriiil Af t er
cooling to room .tenperature he resin filtered, off and.washed with

C et ahycHSPTRAT B0 clofSPBT0 S 645 Rk GF clsgegp oot S

tetr ahyd&ﬁfl%ﬂé%ﬁ/ WRL&Nn ks WhsHed wittPAcRbimethbrdH(IXTRS Mil) fad AEiBd HevdcdoX 50 nl),
water (2 X 50 nl), methanol (3 X 50 nL), tetrah drofurantS X 50 nm), and

subsequef®s 3, iRt terebtatmmlighirowe resith Bt ®t34ummodeaidhe s ebtaimddgspes) .

Finally, the resjn.was, washed wi.thsdi r t han d dried
in vacﬁow(alf'ss‘@?erﬁdfaﬁ? a1 'ti\la&n%%gia ¢ fﬁﬂ%érég%?lg%g@ %@s&ﬁﬁﬁ?ﬁgﬁ? I#J?) Obt'ai ned
resi s angn@Bstrddl drsehUbhpéranie for D05 hphien@sinhwaal filteeed off and waskédiwihof

pyridi ne/ water (20 rrLS) was placed in light- _transparent react Of t ube. The
suspensi dishigaemefirnetsed Opymlot Aftergyaperaen pf thg diltzgats frem volatile solvents

in vacuo, an orange oil was obtained. The crude product was purified by preparative

LC-MS and subsequently by ion-exchange chromatography.
LC/MS (nv/z) 313.2 (MH"); RT = 2.17; purity (UV, ELSD): 87.1%, 98.7%; yield:
20 47.8 mg (6%).

The following arylpiperazines were prepared analogously:
(+/-)-1-[2-(4-Isopropylphenylsulfanyl)phenyl]|-trans-2,5 ~dimethylpiperazine
25 (+/-)-1-[2-(2,4-Dimethylphenylsulfanyl)phenyl]-trans-2,5-dimethylpiperazine
(+/-)-1-[2-(4-Tertbuytylphenylsulfanyl)phenyl]-trans-2, 5-dimethyl-piperazine
(+/-)-1-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-2-methyl-piperazine
(+/-)-1-[2-(4-Isopropyl-phenylsulfanyl)-phenyl]-piperazine

30  Preparation of intermediates of formula III where A is an insoluble polymer

4-[Chloroacetoxymethyl]phenoxymethyl polystyrene



with visible light for 12 h. The resin was filtered and washed with

nmet hanol (2 X 25 nlL), water (2 X 25 nlL) and tetrahydrofuran (3 X 25 nl)
until thewaasiosasg2 sol uti ons 10 were col ourl ess (approx. 5PcyraiRpossad t he
irradiation procedure was repeated upntil deconpl exati on was conpl ete
(approx. 5 cycles). After the deconpf'exation was conpleted, the resin was

washed wyij %%bﬁﬁ'(‘?b @H@@@mﬁa) >6va%5sd§bénde&qnddmﬁskomatnéﬁ@ {200 (R5) Gad 12 h) to

obtain a I rown resin. 3. mol ) of the thus obtained resin
wer e susqetadedtd nO&Cl Dllmpropbrlethmlarmm f (Qomolace?? c maweld atied dpddedor met hane

(2 nm) 15 and s ergture r 21 filtered
of f and t\)d“‘i‘;? |V@§Ia§ﬁg4 %ﬁﬁ](e “88 n{}l% Qf&?ggﬁe%gt;%or;@?on of the
filtratesd pam axlql fikh | oG8l (@ MHebt td Foon@Geiperaired ' RgRactidn wasuebivas ned. The
crude product was purified byll_%h'v%ﬁlr ative LC M and subsequentl

i on- éxcheiinrpd at he@raereRarpreyfor ¢ FRsE) wappltereq gifjand ppshedow 1=)’N%url ty (W,
=L5D) - ety REnfdfas! f! dx 280 4%nf), "iéfidfomelfifie T Q2! O NGORT W), PEr azi nes

were pre f'0gous

(+-)-1- &lare&}grlfo‘fmammby@phamlrﬁm fadh dichpbenythind (2aXsHD, mb) didréting lipi per azi ne
25 (+/)-1-[2-(2, 4-Dimethyl phenyl sul fanyl)phenyl]-trans-2,

5- di net hyacgp a@nlr@(ah(ﬂ) 1-[2-(4-Tert buytyl phenyl sul fanyl ) phenyl ] -trans- 2,
5-di et hyl pi per azi ne

(+/)-1-[2-(4- Met| zoxyphenyl sul fanyl) phenyl ] - 2- met hyl pi per azi ne

(+/) tal- [ 2hd follosing teginl washeepdralinfaarsphlogisctastion:pi per azi ne 30 Preparati on of
i nternmedi ates of fornula |11 an.i nsol ubl e pol yner

4-[ Chl or6&8&%%%%%%%@%’%&%%@@?5%’(1%{33586‘?{‘5 VO 03/ 053942

PCT/ DKO2/ 00859 25 Wang resin (10 g, 10.3 nmmol) was suspended in

di chl oronet hane (100 nmL) and cooled to OC. Diisopropylethylamne (9 nL, 52
nmol ) was added. Chl oroacetyl chloride was added slowy. The reaction

m xture s stj.rre 0 nd then allowed to heat to room
t enper at par hgnloggb%ﬁqgﬁ&ﬂ{eﬁ%?%%\gh@%g tirred at roomtenperature for 16
h. The resm was filtered off and washed with N, N di nethyl formam de (3 X

100 m.), dichl oronethane (;12 X 100 m),
4-(2-Bromo-phenoxy)-biphenyl

A mixture of 2-bromophenol (2.08 g, 12 mmol), 4-biphenylboronic acid (4.75 g, 24
mmol), Cu(OAc); (2.20 g, 12 mmol) and triethylamine (6.1 g, 60 mmol) in dioxane

20 (100 mL) was stirred for 48 h. The crude mixture was evaporated onto silica gel and
purified by column chromatography eluting with ethyl acetate/heptane 1:9.Yield: 0.73
g (19%). "H NMR (CDCls, 500 MHz) 7.65 (m, 1H) 7.55 (m, 4H), 7.43 (m, 2H), 7.25-
7.38 (m, 2H), 7.00-7.08 (m, 4H); MS(m/z): 325.1.

25  (+/-)-1-[2-(Biphenyl-4-yloxy)-phenyl]-3-methyl-piperazine

A mixture of 4-(2-bromo-phenoxy)-biphenyl »(0.7 3 g, 2.25 mmol), rac-2-
methylpiperazine (0.285 g, 0.285 mmol), Pdadbas (0.022 g, 1 mol%), rac-binap (0.043
g, 3 mol%) and NaOBu' (0.300 g, 3.12 mmol) in dry toluene (15 mL) under argon and
30  stirred at 90 °C overnight. After cooling to room temperature the mixture is filtered
and evaporated onto silica gel and and purified by column chromatography eluting
with ethyl acetate/heptane 1:2. Yield: 0.264 g (34%). 'H NMR (CDCL;, 500 MHz)
755 (m, 2H), 7.49 (m, 2H), 7.38 (m, 2H), 7.27 (m, 1H), 7.10 (m, 1H), 6.90-7.00 (m,
5H), 3.30-3.35 (m, 2H), 2.88 (m, 1H), 2.62-2.80 (m, 3H), 2.30-2.40 (m, 1H) 1.60-2.00
35 (br, 1H), 0.99 (d, 3H); MS(m/z): 345.1.



di met hyl formam de (3 X 100 nlL) and dichl oronethane (2 X 100 nL) and drie
in vacuo (25 C 16 h). 10 The follow ng resin was E)repared in) an anal oggus
fashi on: Wo-0B@s38ut or opr opi ony! oxyrret hyl Jphenoxynet hyl pol PSTHKMM0859
Preparation of Internediates || ggt hod ¢ 15 4-(2-Bronp- phenoxy) - bi phenyl
A m xture of 2-bronophenol (2. 08 g, “12 mmol ), 4-bi phenyl boronic acid (4.75

g, 24 %%ﬁ%ﬁ%@%ﬁoﬁ@d?&tﬁelﬁnﬁﬂm) and triethylamine (6.1 g, 60 mmol)

IeCaglo(r));tnd t O] vvals stldrredfor 48 h. The crude m xture was

\ ed onto silica gel an purified by col unm chromat ogr i
wi t h et Exbmpleet at e/ hept ane 1: 9. Yiel d: O. 73y g (19%. 1H NNRg(?:B@l/&el ggbng
MAz) 7.65 (m 1H) 7.55 (m 4H), 7.43 (m 2H), 7.25- 7.38 (m 2H), 7.00-7.08
(m 4H); M5(mz): 325.1. 25 (+/-)-1 -[2-(Biphenyl-4 yloxy) phenyl]-3-methyl
pl pegaz 'IH?-!-A{W)X?WWQBOJ? &(h%nﬁmafaayplpea@xmmm -pliediybthybpipdragin-2-. 25 mol ) ,
rac-2- net pi perazi ne g, 0.285 mol ), Pd2dba3 (0.022 g, 1 nol %,
rac- bi nap- c(c@?tlollleld @YCIFQCWI% and NaCBut (0.300 g, 3.12 mmol) in dry toluene
(15 nmL) under argon and 30 stirred at 90 C overnight. After cooling to room
tenperature the mxture is filtered and evaporated onto silica gel and and

glu (ra : 1; i e81 ﬂ%%cgﬂemggpﬁm?ﬁaﬁmwgﬂmg%ﬁ#msgé dimethyl-piteydzinec P&t - hépt ane 1: 2.
7.38 (mrmzpb) apd ) N- %thyldisprympy k0 @SﬂnL 81190185 éJL‘s %El)s-ﬁlvg%4 (? 3?2 m
2H) ’10O gag t%)g}trﬂ%::gl’o ?%u& pﬁ&eﬁrﬂndéﬁ)a ni#o atnﬂfé phete. Bitlyl br@ifleake® 35 (br,

345.1. WO 03 053942 PCT/ DKO2/ 00859 @26
Pr epar at(0ao i, d:dmpmoh)dwasoziddtsﬁuand tiveemiitaie WEsxgfsiat pmbiqns temperature

E);/e)nyl{]df EPF égé‘%%h& ﬁ‘@ g‘ln'fvflf’g’ga{'sf@f% ﬁde mglée o gglf 3lhcﬁfgr oc%lﬂ(l)em de
solvent was evaporated in vacuo. The product absorbed on to silica gel, was poured
on to a silica cartridge and eluted with dichloromethane/heptane/ethyl acetate

15 (60:35:5). The ester was isolated from relevant fractions as a light oil (300 mg, 48%).
The ester was then dissolved in ethanol (10 mL) and 2N NaOH was added (5 mL).
The reaction was stirred for 16 hours at room temperature. The reaction was
evaporated in vacuo and the residue was dissolved in ethyl acetate (50 mL). 2N HCl
(15 mL) was added and the phases were separated. The aqueous phase was

20  reextracted with ethyl acetate (2 X 50mL). The combined organic fractions were dried
(MgSOy), filtered and evaporated. The residue was dissolved in a small amount of
dichloromethane, precipitated by the addition of heptane and the solvent was removed
in vacuo. Yield (280 mg, 100%). '{ NMR (CDCls, 500 MHz) 0.87 (d, 3H), 1.35 (d,
3H), 3.04 (m,1H), 3.12 (m, 2H), 3.6 (m, 3H), 4.11 (d,1H), 4.31(d, 1H), 3.81 (s, 3H),

25 6.55 (d, 1H), 7.02 (d, 2H), 7.13 (dd, 1H), 7.2 (m, 1H), 7.42 (d, 2H) , LC-MS (m/z)
(MH)" 387.4 RT=2.22 (UV, ELSD) 98%, 97%

and the following compounds were prepared in an analogous fashion:

1b (+/-)-{4-[2-(4-Chloro-phenylsulfanyl)-phenyl] -trans-2,5-dimethyl-piperazin-1-yl}-
30 acetic acid, hydrochloride

'H NMR (CDCls, 500MHz) 0.80 (d, 3H), 1.28 (d, 3H), 2.92-3.18 (m, 3H), 3.64 (m,

3H), 4.06 (d, 1H), 4.29 (d, 1H), 6.78 (d, 1H), 7.12 (&, 1H), 7.26 (m, 2H), 7.50 (m, 4H),

LC-MS (m/z) (MH") 391.2 RT=2.43 (UV, ELSD) 99%, 99%. Yield 420 mg.



4-12-(4- Met hoxyphenyl sul fanyl ) - phenyl ] -trans-2, 5-di net hyl - pi perazine (0.5
g, 1.5 mol) and N-ethyl di sopropyl am ne (0. 315nL, 1.8mml) was di ssol ved
in 10 acwpDoniosvir e (10 nL) and placed under a nitrogen areogK0e859Et hyl
bronoacetate (0.19 nL, 1.7 mnol) was added and the m xture was stirred at
anbi ent tenperature for 16 hours. the m xture was then added a snal
anmount of silica gel and the solvent was evaporated in vacuo. The product,
absorbed on to silica gel, was poured on to a silica cartridge and el uted
with di chi ofoRefhEhe-vepBapsienilfayyydeey 1560535 r@hyl piperai-ér vas

isolated fromrel t tions as a light oil (300 ng, 48% . The ester
was t hed” P%%Hl%é‘g\f%?("é{d{‘?ﬁ% (10 nL) and 2N NaOH was added (5 niL). The

react i ONRRIR (EHCEI sOONHLS dTmJ(fd53H§ o0, Bﬁmew(swﬂ) 2th1@ 6 @AH)PN was
evaporated 1 n vacuo and the residue was di’ ssol ved I n eth acetate (50 ni).

2N HGL 2.98.001p, 3WAs 228 éd, HiY 3t3e(dphH3.ck48t d FHep é‘ieﬁ{) ﬂ@é (hddbous phase

$?Zc$?o;sf€éigihr?%gﬁ(ghﬁ%kﬁ) &fbgéng;éﬁaéggHﬁoré?ggﬁgqﬁh@5e5| ugnk;s

di ssol vegrin7a (SVRELSBYOSN, 99%. Yetl€bs®menet hane, precipitated by the
addi tion of heptane and the solvent was renoved in vacuo Yield (280 ng,

100% . 1H NWR (CDC13, 500 MHz) 0.87 (d, 3H), 1.35 (d, 3.04 (m1H),
?d,lzll(—l)m 1 l%l?')o#é )~ ?fé 92%]7[1%?)0 fézé?%%ﬁq%w?yg] ?‘z%sd‘? 5= %ez‘h;lzﬁt%e;(a%m 18')79}» Lé—SI\/g 55
(M zjo (Mdhit a3l hpdrBIHarid2 (UV, ELSD) 98% 97%)and t he follomnng conpounds
bheny! sultl SAPRYCBRn a0 VA S0 3cte masiih BEbersspis 2208 ¢ aci g
SN, oy e S
1H) 2626r(m ZHY), 7350dd, RH)A)54 (AdC28, L@LM)S (mvied (MBD RTF3r24 (
(Eif’Di sy v DB e O Oo3py2, PO D02/ 00050 27 ¢
pi pefazin-1 - yl)-acetic acid, hydrochloride

le  (+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl /}-acetic

acid, hydrochloride

LC/MS (m/z) 399.2 (MH"); RT = 2.54; purity (UV, ELSD): 100%, 100%; yield:

10.4 mg.

20

If (+/-)-{4-[2-(4-iso-Propyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl }-acetic

acid, hydrochloride

LC/MS (m/z) 385.1 (MH"); RT = 2.45; purity (UV, ELSD): 88%, 100%,; yield:

11 mg.

25

1g (+/-)- 2-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans 2,5 dimethylpiperazin-1-

yl}-propionic acid, hydrochloride

LC/MS (m/z) 427.0 (MH"); RT = 2.76; purity (UV, ELSD): 86%, 98%; yield: 27 mg.

30 1h {4-[5-Chloro-2-(4-methoxy-phenylsulfanyl)-phenyl]-2(R)-methyl-piperazin-1-yl}-

acetic acid, hydrochloride



"H NWMR (CDC13, 500MHz) 0.76 (d, 3H), 1.01 (d, 3H), 1.30 (s, 9H), 2.4-2.6
(m 2H), 52.9-3.0(m 3H), 3.28 (m 1H), 3.32 (d, 1H), 3.48 (d, 1H), 6.65
(d, 1H), woO0sof3942 1H), 7.13 (t, 1H), 7.24 (d, 1H), 7.39 @PdI/Kdp/0085947 (d,
2H), LCGMs (mz) (MH) 412.9 RT=2.7% (WV, ELSD) 95% 99% Yield 550 ng. Id
(r;)-{lg-[z (4- Fl uoro phenyl sul fanyl) 8nenyl] trans-2, 5-di net hyl piperazin-1
y ide 1: 3

s G, ’qgﬁ?\m 2( A @b ﬂ)\oomﬁmqo (8 3Hj‘|3NYﬂnﬁ@H§3 232550;@%(2&2)4}12 §@3((ﬂ} (H)

1H), 4. 0H),4, 751(H),,1IB 6480((6,,3H)H§1157id01 )441301414)1H)76éé (&.aH)1 A2 (dﬂ&)@ (m 1H),

7.32 (dd (mz) (MH) RT=2.24 (UV, ELSD) 95%
Qﬁ% IYi e”igl_%b %B f 42)@%19452 (4-tent-Butyl phenyl su fanyl)

phenyl | - Zenmas hyh/z l49¢Ba(MH+ RIT }= acet iperit HISINO SshQriades;LineMs (1 z)
399. 2 (MH+ }3 . 54; pur)llty (Lv, EI%F))W%O% 10)0% yi el d: %0.4 ng. 20

If (H)- %2121[112 (4-i so Propyl phenyl sul f anyl ) phenyl ] - 2- met hyl pi perazin-1
yl }-acetic acid, hydrochloride LOMS (mz) 385.1 (MH); RT = 2.45; purity
(UV, ELSD): 88% 100% vyield: 11 mg. 25 1g (+/-)-

2- { 4- [ 2- {A- Yoy BuTahheIchssfapy\phephpagR)] - 1 SRdin2ibl-gipeetzinl pijper azi n- 1-
yl'} propionic aC|d 6‘%/drochl oride LOIMS (mlz) 427.0 (MH); RT = 2.76;
purity (@eticeeihy Yorige oy yield: 27 ng. 30 I h {4-[5-Chl oro-2-(4-net hoxy

phenyl sulgd I
hydr ochl df W@% g N A S P
(d, 3H), 33316, (H),3H0-33525, 21983 8(my BH), 3.83(4, th) 4.10 (d, 1H), 6.55 (4,

1H), 7.02 (d, 2H), 7.13 (dd, 1H), 7.2 (m, 1H), 7.42 (d, 2H)

LC/MS (m/z) 387.3 (MH"); RT = 2.22; purity (UV, ELSD): 97%, 96.9%; yield:

607 mg.

15 Ij {4-[5-Chloro-2-(4-methoxy-phenylsulfanyl)-phenyl]-2, 2-dimethyl-piperazin-1-yl}-
acetic acid, hydrochloride ‘
'H NMR (DMSO-d6 500 MHz) 1.58 (s, 6H), 3.20 (s,2H), 3.20-3.60 (br m, 4H), 3.80
(s, 3H), 3.92 (d, 1H), 4.10 (d, 1H), 6.55 (d, 1H), 6.90 (dd, 1H), 6.96 (d, 2H), 7.13 (s,
20 1H), 7.40 (d, 2H)
LC/MS (m/z) 421.1 (MH"); RT = 2.41; purity (UV, ELSD): 96%, 98%; yield: 1.18 g.

1k  {4-[5-Chloro-2-(4-trifluoromethyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-
yl}-acetic acid, hydrochloride

25
LC/MS (m/z) 445.1 (MH"); RT = 2.50; purity (UV, ELSD): 88%, 72%; yield: 20 mg.

1l {4-[5-Chloro-2-(3-methoxy-phenylsulfanyl)-phenyl]-2(R)-methyl-piperazin-1-yl}-
acetic acid, hydrochloride
30

'H NMR (DMSO0-d6, 500 MHz) 1.32 (d, 3H), 3.05 (m, 1H) 3.10-3.40 (m, 4H), 3.50-

3.60 (m, 2H), 4.10 (d, 1H), 4.24 (d, 1H), 6.82 (d, 1H), 6.95 (m, 3H), 7.11 (dd, 1H),

7.2 (s, 1H), 7.38 (dd, 1H)

LC/MS (m/z) 407.2 (MH'); RT = 2.41; purity (UV, ELSD): 99.6%, 100.%; yield:
35 1.26g



1H, 3.75 (m 1H, 3.80 (s, 3H, 4.15 (d, 1H, 4.30 (d, 1H 6.55 (d, 1H),
7.02 (d, 24, 7.13 (dd, 1H), 7.2 (m 1H), 7.42 (d, 2H) LG M (mz) 407.3
(MH); Rwe0doF®s2purity (UV, ELSD): 95% 100% vyield: 5PRITBHKNG/00850
{4-[2-(4-Methoxy phenyl sul fanyl) phﬁf\%' ]1-2(R), 5(S)-dinethyl piperazin-1
{I %0 ?getbﬁb acid, hydrochloride 1H (DVBO-d6, 500 MHz) 0.85 (d, 3H),

Iy 4.95. (Blohdi-4-08P-ph By REYneth-pipdzih-d-yl 3. 6053id65 (M
oH), 3. 80 gH? (3?’92@d,ﬁ1’§§f’ ByR (d Jﬁfﬁ% 6. 553%@‘”1&0 néid (c(j 2H) |
7.13 (donyde)h]or'idQ (m 1H), 7.42 (d, 2H) LM (nmz) 387.3 (MH); RT = 2.22;
purity (UV, ELSD): 97% 96.9% vyield: 607 ng. 15 if
(4-[5-d zl oro- 2- (4- net hoxyphenyl sul f anyl ) phenyl ) -2, 2-di net hyl pi perazin-1
% | )20 ?geg{mmmm%agigosd%d PIHAE. Gtﬂ'(ni\lmgf DB Qg 6H), BD@z Miz)H) 638-71.30 6H),

r 4.10 (d,
1H), %. 560,GH), .5_95)6@@13 uamomk?o Gn.oBl) a(8023|—90F?n7, ), é@835£b(ma ), 7. Elo (d,
2H) LC/I\/§P§131 é:k&l] l)/l—ﬁ)3 = 2.41; purity (UV, ELSD): 96% 98% vyield:
1.18 g ]{ trlfl uoromet | zyl pherzyl sul farzyl)
phenyl) - Qeimsf(ﬁi/z)m(l@ﬂ)‘ ZIZF=F12 |45 puﬂt} @DEELSDYCcYE7%hyddr hotidldr 0.886 2543.C/ M5
(m 2) 4405 (M—|+) RT = 2.50; purity (UvV, ELSD): 88% 72% yield: 20 ng.
11 {4-[ 5%¢hl or o- 2- ( 3- met hoxyphenyl sul f anyl ) phenyl ] - 2( R) - met hyl pi per azi n-1
yl }- acetic acid, hydrochloride 30 1H NVR (DVBO- d6, 500 MHz) 1.32 (d, 3H),
3.05 (m 1H) 3.10-3.40 (m 4H), 3.50- 3.60 (m 2H), 4.10 (d, 1H), 4.24 (d,
1H), 16. 82 (d, 1H) 6.95 (m 3H), 7.11 (dd, 1H), 7.2 (s, 1H), 7.38 (dd, 1H)
Iég/ (m.z) 407 2 (MH); RT = 2.41; purity (UV, ELSD): 99.6% 100.% vyield:

xame
26glxamp

2a (+/-)-{4-[2-(4-Methyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-yl }-
acetic acid, hydrochloride

15 A solution of [2-(4-Methyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazine
(10 mg, 0.03 mmol) and diisopropylethylamine (0.02 mL, 0.11 mmol) was added to
4-[Chloroacetoxymethyl]phenoxymethyl polystyrene (100 mg, 0.09 mmol). The
reaction mixture was agitated by shaking overnight at 70 °C. The resin was filtered
off and washed with N,N-dimethylformamide (4 mL), methanol (4 mL) and

20  dichloromethane (4 mL). The resin was suspended in a 1:1 mixture of trifluoroacetic
acid and dichlormethane (1.5 mL) and shaken at room temperature for 1 h. The resin
was filtered off and washed with dichloromethane (1 mL). The organic extracts were
collected and evaporated in vacuo. The crude product was purified by preparative LC-
MS.

25  LC/MS (m/z) 371.1 (MH"); RT = 2.24; purity (UV, ELSD): 100%, 100%; yield:
1.6 mg.

The following compounds were prepared in an analogous fashion:

30 2b (+/-)-{4-[2-(4-iso-Propyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-
yl}-acetic acid, hydrochloride
LC/MS (m/z) 399.0 (MH"); RT = 2.48; purity (UV, ELSD): 98.3%, 100%; yield:
2.2 mg.



WD 03/ 053942 PCT/ DK02/ 00859 29 1111 {4-[2-(Bi phenyl -4-yl oxy)

phenyl J- 2- net hyl pi perazin-1-yl}-acetic acid, hydrochloride 1H NVR

(DVBO- d6,wb@Q/0k4d92) 7.60 (m 4H), 7.40 (m 2H), 7.32 (m 1lHCI/IKWQHLEI20 5
(m 6H), 5.00-6.50 (br, 1H), 4.00-4. (m 1H), 3.80-3.90 (m 1H),
3.20-3.50 (m 6H), 3.05-3.15 (m 1H), 1.17 (m 3H); LC Ms (1n/z) 403.0;
RT= 2.452¢ gH/r ) YAX/ [Z—walﬁhﬁ%ﬁ 6%t Op Henyl itednd-2, Ddiiddhy@-pipedazifdl- 10

Exanpl e 2 -{4-[2-(4- Met ﬁyl phenyl sul f anyl)

phenyl J- xl}@n@uza@ddwquh{ﬂ idsi perazin-1 yl }- acetic acid, hydrochloride 15 A

sol ution _ sald-
[ 2- (4- I\/e%ﬁw-sp(ﬁ%/n{/? Pf(anyl RghenZyﬂ p[ra%s(uy §Lngr%et93 8%’p]i0p?<oaAr)’azlielr§1é (10 ny,
0. 03 mmoky mgid dii sopropyl et hyl am ne (0.02 nL, 0.11 nmol) was added to

4-[ Chl or oacet oxyl uet hyl | phenoxynet hyl pol ystyrene (100 ng, 0.09 nmol). The
reaction mxture was agitated by shaking overnight at 70 C. The resin was

filteredyyoff zbﬁd(zfl"’fegﬂth Hﬁfi\bl@'n%&%f)%lﬁwggnét Zﬁ?p)zmzﬁ?l”ﬁ@nm (4 )

and 20 dICh| ororre e (4 nmL). The resi’h was suspended in a 1:1 m xture of
trifl uorp;apmmcaczdzk)dimhdomﬂechl ornet hane (1.5 niL) and shaken at room

o chi or ohEMSe Py 5. (A GE KTzt B s hEEY. Resrh 207 B L%y apor at ed

in vacuogzothe crude product was purified by preparative LG M. 25 LC M5
(mz) 371.1 (M#); RT = 2.24; purity (UV, ELSD): 100% 100% vyield: 1.6
The fol |l ow ng corrpounds were prepared in an anal ogous fashion: 30 2b

ng.
NG e L e T
2. 48; pupjdrpckihde ELSD) : 98. 3% 100% yi el d:
LC/MS (m/z) 370.8 (MH"); RT = 2.35; purity (UV, ELSD): 89.0.%, 99.9%; yield:
3.2 mg.
15
2f (+/-)-2-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-3-methyl-piperazin-1-yl}-
propionic acid, hydrochloride
LC/MS (m/z) 386.7 (MH"); RT = 2.63; purity (UV, ELSD): 91.9%, 99.2%; yield:
3.2 mg.
20

Pharmacological testing

The compounds of the invention were tested in a well-recognised and reliable test

25  measuring glycine uptake:
[’H]-Glycine uptake

Cells transfected with the human GlyT-1b were seeded in 96 well plates. Prior to the
30  experiment the cells were washed twice in HBS (10 mM Hepes-tris (pH 7,4), 2,5 mM
KCl, 1 mM CaCl,, 2,5 mM MgSO,,) and pre-incubated with test compound for 6

minutes. Afterwards, 10 nM *H-glycine was added to each well and the incubation



2.2 ng. WO 03/053942 PCT/ DKO2/ 00859 30 2c (+/-)-(4-[2-(2, 4-D nethyl

phenyl sul fanyl) phenyl J-trans-2, 5-dinethyl piperazin-I - yl}-acetic acid,
hydr ochl owDde/0s38ANMS (m z) 385.0 (M) ; RT = 2.37; purity @POV/DKERSDYS9 99. 8%
100% vyield: 4.7 ng. 5 2d

(+/)-2-(4-[2-(4-tent-Butyl phenyl squanyI)phenyIJ 3-met hyl pi perazin-1 yl}-

Pr opi oni Ga@&difinuéy ﬂfrqg hhigties eTHeCeMSwbrd washddfivide {VHIBY; Sﬂﬂ"ul}'atﬁ)njfﬂnd purity
(UV, ELSD): 91.9% 99.2% vyield: 3.2 . 10 2e (+ - } (4-[2-(4-1sopropyl
pheny! suwasaddell apt drpRlatepvsea ecopnied ony) Trilyx £Wialag spigtillatigpoiogetstor i de LC MB
(mz) 370.8 (MH); RT = 2.35; purity (UV, ELSD): 89.0.% 99.9% vyield: 3.2
mg. 15 2f (+l-)-2-(4-[2-(4-Met hoxyphenyl sul fanyl ) phenyl J- 3- net hyl

pi per azi Thd et Fesuls eldvast, chaacthel cotyelinds ifahe devehisrvell (sms\zed affbifio VH+) ;. RT
= 2.63; gﬁﬁﬂ%@éw ELSD): 91.9% 99.2% .yield 3.q2 rrg (gar macol ogi cal
testihg falew é\%d@I&SO%@C@WWP@FP%%%%M%HO'W OWEP‘I“‘ &¥8Gni sed and
reliable gl ycine uptake: [3H -dycine uptake Cells
transfec]i)ét%%\é/ﬁ1 Mﬂﬁﬁ%@el yT-1b were seeded in 96 well plates. Prior to
the 30 experinment the cells were washed twice in BIBS (10 nM Hepes-tris

(pH 7, 4) Mi&bﬁia@és experiments in rodents showed that administration of selected
10 compounds of the invention resulted in an increased concentration of glycine in the
brain. Furthermore, in a rodent model of psychosis, selected compounds of the

invention reversed the symptoms of amphetamine induced hyperactivity.



KO, 1 mMCad 2, 2,5 mM WySH4,) and pre-incubated with test conpound for 6
m nutes. Afterwards, 10 nM 3H gl ycine was added to each well and the

i ncubat i oWOWR08BAD53942 PCT/ DKO2/ 00859 31 was conti nued fPor/IK)20085at es.
The cells were washed twice in HBS. Sgintillation fluid was added and the
Pl ates were counted on a Trilux (Wallac) scintillation counter. The test
results showed, that the conpounds of the invention all showed inhibition
5 bel ow 2000 nMas IC50 in the above-nentioned assay. Mst of the conmpounds
were bet¢d@$:150nM and 850nM M crodi al ysis experinents in rodents showed
that adm nistration of selected 10 conmpounds of the invention resulted in
an increased concentration of glycine in the brain. Furthernore, in a
rodent nddel df copayaidsesesaidddntthel gemmddomadadf the invention reversed

t he synptons of anphetam ne induced hyperactivity. WO 03/053942

PCT/ DK02/ 00856R*)32  aims: 1. A conpound represented by the general
formula | ((Iiius A QRN (R)p XAR-(R3)s (R2)g | Yis N Cor CH X
repr esentAQ , is T orAR—B®R is 0,1, 2, 30or 4 gis 0, 1 or 2

sis0, 1, Zor% r 11 orpt2; 15 Qrepresents C, P-ORS, or S=0O wherein R5
represents qydr og{gp%gr( d _k-al kyl;
m

(R?),

I
Y is N, C or CH;
X represent O or S;
mis 1 or2;

10 pis0,1,2,3 0r4;
qis 0,1 or2;
sis 0, 1,2 or 3;

ris 0, 1 or 2;
15  Qrepresents C, P-OR’, or S=0, wherein R’ represents hydrogen or C1.s-alkyl;

A is ORG, wherein R® represent hydrogen, Ci.¢-alkyl, aryl or aryl-Ci_¢-alkyl, wherein
aryl may be substituted with halogen, CF3, OCF3, CN, NO; or Ci.¢ alkyl;

20 AR represents phenyl or a heteraryl,;

Bach R* individually represents Cj¢-alkyl, Css-cycloalkyl or Cjg-cycloalkyl-C;.¢-
alkyl;

25  The dotted line represents an optional bond;
Each R' is independently selected from the group consisting of Cj¢-alkyl, or two R
attached to the same carbon atom may form a 3-6-membered spiro-attached cyclo-

alkyl;



Ais OR6, wherein R6 represent hydrogen, Cl_6-al kyl, aryl or

aryl-d _6-al kyl, wherein aryl may be substituted with hal ogen, CF3, OCF3,
CN, NO2 owo@s/os39at kyl; 20 AR represents phenyl or a het er 2CTINKEZacds9 R4

i ndividually represents Cl1_6-al kyl, §§_8- cycl oal kyl or

C3_8-cycloal kyl - C1_6- alkyl; 25 The dotted line represents an opti onal
bond; EawhciRR isSnidaaenyeniscid e Heatodfsebhtiin s AR BN ifio,0f

Cl.6-alkyl, or two RL attached to the same carbon atom nay forma

3- 6- menb&nedldpn/ya)vat @a@rﬁ]éféelbfyéb’bxyaaq?kwﬂi(@mfﬁﬁﬁ'dﬁ@gh@YMNUKYFEP@OBS9 33
Each R2 t th f ~hal
cyano. - ntrGIRERGRARET | HaREEEEhilon bl | PPpHbRABSERARLINGRE Of I ogen.

R e T
a O- a en n al o allc(en n (0] C Oa en
C3. 8. &y c BTN TBHIGH SARowtl o Ch g aRTSHYRY UL or G RS 0 Ghevain RCarrRIA EM YL

R0 e ?&b‘?@*%se%&t9@&%‘*&83%Qﬁé{éﬁ&@?ﬁ?&ﬂ?{"ﬂ%ﬂ“%?' " an

C3_8- cyclegabilikém)yitC:- mk(&n/ymy}dlooatyl(carrﬁ yand(R 6o@tlke(rénﬂnya)3y7-mmlmrqdl or RO

and R10 to et h farm ng . whi ch optionally contains one
further é’ﬂ?flo %%’Eé’ggal neﬁ‘l’%&?ﬁhie tituted on AR, is
i ndependent I y sel ected froma group consisting of hal ogen, cyano, nitro,

Cl_6-all c(en/yn)yl Cl_6-al k(en/yn)yloxy, Cl_6- alk(en/ yl sul fanyl ,
hydr oy, anhirlbxwlﬁih 6is agubsemiodnpy | ARhas dndspendently( @?&‘10}‘?\{ om a group
hal o- C1_6- al.

Cc3_8-cycl® 8’3§1§§1en/§q}aége%y§VWﬁ}l§¥i) 9‘6 aﬁ@%{ﬁg k(E’eﬁ? ucﬁﬁn@(ngﬁlﬂ%’nﬁlﬁ aryl ,

aryl - Cl. @ﬂ@bﬂﬂﬁzﬂﬁds\ﬁ[&fﬂ'loxhyd@ky,' @Bﬂﬁcya(tlke( £R(AVYY, ﬁalofcllssalk(en/yn)yl
al k(en/yn)yl oxycar bonyl , yl NHCO- C _6- al k(en/ RuR12 wherein
RI1 and MRIEeC edisparomiony, Caprcselenlk(cnplr Sgerwyclonlk eenixwwwpwy,

RIT and 14 %ﬁ@% ey, Y P AR e L A B 8Ty o &
3-7- nﬁnbam&ﬂynﬁgommbnﬂptacjdnm& >Gnt-alkien/nigl, ’(lﬂ)N]h]éR 2hwh@flexmaRbm
and R'? independently represent hydrogen, C;.¢-alk(en/yn)yl, Cs.s-cycloalk(en)yl, Cs.
g-cycloalk(en)yl-C;.¢-alk(en/yn)yl or aryl, or R and R together with the nitrogen to
which they are attached form a 3-7-membered ring which optionally contains one
further heteroatom;
20  or NRPR*wherein R" and R™ independently represent hydrogen, Cy.¢-alk(en/yn)yl,
Cs.g-cycloalk(en)yl, Css-cycloalk(en)yl-C¢-alk(en/yn)yl or aryl; or R and R"
together with the nitrogen to which they are attached form a 3-7-membered ring

which optionally contains one further heteroatom;

25  or two adjacent R? substituents together form a ring fused to the AR, selected from the

group consisting of

N />R' /W>< . /W \/]R' /\ /jR' /y\j{.
—~ S~y SN \/\R X

Rll

30 wherein Wis O or S, and R’ and R”’ are hydrogen or Cy_s-alkyl:



20 or NR13Rl4wherein R13 and R14 independently represent hydrogen,

a _6-alk(en/yn)yl, C3_8-cycloal k(en)yl,

C3_8-cyclwals@sanyl -C _6-al k(en/yn)yl or aryl; or R13 andPRIDKWRo0SH her
with the nitrogen to which they are aftached forma 3-7-nmenbered ring

whi ch optionally contains one further heteroatomy 25 or two adjacent R3
subst i t uentisvd adpicher R osubsttuehtegtobethad fomn thefudid, hert@esmatid spstemhe  group
consisting of R/ WR'I- WRRL WR" R 30 wherein Wis 0 or S, and R
and R' arfuAipRGeRsPrvodeteseatomy fusedio AB/ 053942 PCT/ DK02/ 00859 34 or two
adj acent R3 substituents together forma fused heteroaromatic system
containing one or two heteroatons fused to AR, or an acid addition salt

t her eof . or nZcidlidittongatidheteatcor ding to claim 1 wherein Y is N 3. The
conpounds according to any of the above clains wherein Xis S. 10 4. The
conpoand according to any of the above clains wherein Qis C. 5. The

conpound 22¢ROESthPEurddacaiidinf to lchgmal v d¥Binabpwe, wherein Ais OR 6. The
conmpound according to any of the clainms above wherein pis 1 or 2. 15 7.

The conpound according to any of the clains above wherein mis 1. 8. The

conpound ,accordi ng to_any.of .the clai above wherei o .gqsis 0. 20 9. The
conpound *adorahgued «Bmede 1t AE Gt MBS E BB R F5i S 0 or 1 10 The
conpound according to any of the clainms above wherein s is 1 or 2. 11. The
conmpound according to any of the clains above wherein AR represents 25
phenyl0, t4hilbprempounsyaceerding tgywny af thelaboaglaims whereinQ Bdzol yl or

benzot hi zol yl . 12. The conpound according to clains 1- 11 wherein AR is
phenyl, r and q are both 0, pislor2,sislor2,risOorl;

m sl , Rli $CHBe Abapbid &CordiNangXio§the claims above wherein A is OH.

6. The compound according to any of the claims above wherein p is 1 or 2.
15

7. The compound according to any of the claims above wherein m is 1.
8. The compound according to any of the claims above wherein q is 0.

20 9. The compound according to any of the claims above wherein r is 0 or 1.
10. The compound according to any of the claims above wherein s is 1 or 2.

11. The compound according to any of the claims above wherein AR represents

25  phenyl, thiophene, pyridyl, pyrimidyl, thiazolyl, imidazolyl or benzothizolyl.

12. The compound according to claims 1- 11 wherein AR is phenyl, r and q are both
0,pislor2,sislor2,ris0or1;mis1,R'is CHs, Ais OH, Qis C, Y is N and X is
S.

30
13. The compound according to claim 12 wherein each R’ is independently selected

from halogen, C;.¢-alkoxy or C;4-alkyl.



S. 30 13. The conpound according to claim 12 wherein each R3 is

i ndependently sel ected from hal ogen, Cl_6-al koxy or Cl_6-al kyl. WO

03/ 053942WB@3/E¥@2/ 00859 35 14. The conpound accordi ng t @CeimKmiotFIwher ei n
R3 is selected fromthe group consisfing of A, F, OCH3, t-butyl, 2-propyl
or nethyl. 15. The conpound according to any of the above wherein R4 is
CH3. 5 1&. Tﬁeecmnpqmcndrmbcamimyth nlyinh d3cbvhe1mn1R saisdlectedpom dhdeirag (+/ -) -

e RSl PO RY O, B0y 2R of > 20 S Ot et vl -piperazin- -yi}

{4-[2-(4-Chl or o- phenyl suI fanyl)-phenyl]-trans-2, 5-di net hyl - pi perazi n-1-yl }
- 10 acetic acid (+/ -

{ 4-[ 2- ( 4-t5eThe Bompou nqﬂdmtﬁanybfﬂlphbmdwharmr& 12 (bL:di et hyl - pi perazin- |
-yl} s acetic acid (+/-)-

{4-[2-(4-Fl uoro-phenyl sul fanyl)-phenyl ] -trans-2, 5-di met hyl - pi perazi n-1-yl }

- aceti ¢ @LTHe ddmpound according to clalm 1, said compound being
(+/-)-{4-] 2- (4tert But yl - phenyl sul fanylf henyl ] - 2 met hyl - pi perazin-1-yl}-
acetic {- -0t { #-{2-(}-Methoxy-phenylsulfanyl)-phenyl]-irans-2,5-dimethyl-piperazin-1-yl} -

{4-12-(4- alc@t?c ggla)pyl phenyl sul f anyl ) - phenyl ] - 2- et hyl - pi perazin- | -yl}
-acetic

(+-)-2- {(44 [) 34( A-(t-HiloByihghylpiiemyl) iefigPyaps- pbemielhyﬂ@wﬂ& byl}-
di met h Iplpera2|n 1- 20 yl}-propionic acid {4-[5
- Chl 01’% ZaCEQLC?ﬁé hoxy- phenyl sul f anyl ) - phenyl] -2 (R)-nethyl-piperazin-1-yl}

E S?? glt Im(;t (ﬁ? ;) ng % e(zrﬂetér{-n ﬁf&ﬁ'&ﬂ%&g%ﬁg%@ﬁ&% B sPARRM-pipetdRin-1313 -
acetic acid
(+/-)-{4-[2-(4-Fluoro-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-yl} -
acetic acid

15 (+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl}-acetic
acid
(+/-)-{4-[2-(4~iso-Propyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl }-acetic
acid
(+/-)-2-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans-2,5-  dimethylpiperazin-1-

20  yl}-propionic acid
{4-[5-Chloro-2-(4-methoxy-phenylsulfanyl)-phenyl]-2(R)-methyl-piperazin-1-yl1} -
acetic acid
{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-2(R),5(S)-dimethyl-piperazin-1-yl}-acetic
acid

25  {4-[5-Chloro-2-(4-methoxy-phenylsulfanyl)-phenyl]-2,2-dimethyl-piperazin-1-yl}-
acetic acid
(+/-)-{4-[5-Chloro-2-(4-trifluoromethyl-phenylsulfanyl)-phenyl]-2-methyl-piperazin-
1-yl}-acetic acid
{4-[5-Chloro-2-(3-methoxy-phenylsulfanyl)-phenyl]-2(R)-methyl-piperazin-1-y1} -

30  acetic acid
(+/-)-{4-[2-(4-Phenyl-phenyloxy)-phenyl]-2-methyl-piperazin-1-yl} -acetic acid
(+/-)-{4-[2-(4-Methyl-phenylsulfanyl)-phenyl}-trans-2,5-dimethyl-piperazin-1-y1} -

acetic acid



25

{4-[5-Chl oro- 2- (4- net hoxy- phenyl sul f anyl ) - phenyl ] - 2, 2-di net hyl - pi perazi n- 1-

yl }- acetwo caosx4f +/ - ) - PCT/DK02/00859

{4-[5-Chloro-2-(4-trifluoronethyl-phepyl sul fanyl)-phenyl]-2-nethyl - pi perazi

n- 1-yl}-acetic acid

{4 [5 ChI (@1-0{2-[2 J4iet-Poopy Hplieayish Fenyi ppheny H phensyd, §-dadylrppdrytinfli- per azi n- 1-y
- acetic.acid (+/-)-

{4 [2 (4 ﬂﬁéﬁ%ﬂc ?’ﬁHﬂnyl oxy) - phenyl ] - 2- net hyl - pi perazin-1-yl} -acetic acid

(+/-)-  (+/-)-{4-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl- -1~

{4-[2-(4- (Mag éyl[ pghenyll seuI}f zfnlgn% SIE) ag%))lp] -ertl}F ]anrgnsz 5- c}lmr?etyhyllpegzbneram n-1-yl}

- aceti c ¥boeetin®oB/ 053942 PCT/ DK02/ 00859 36

{4-[2-4- Qﬁz_gpjép[%y(lﬂ z%; teﬁl}{tyisﬁ'henyps}ﬂf;n}}b ehe\ﬁyi] 313 §71p1p<35rézq}1-q?§ls]y | -piperazin-|-

yl }-aceti
{4 [2 ( 2, frofponmetabid -phenyl sulfanyl) phenyl ] -trans- 2, 5-di net hyl - pi per azi n- |
yl}-acetic acid 5 (+/-)-

{4 [ 2- (4- At 4éﬁ@gmpqdnéwyyl§uﬂ¢fw&0ypbenﬂﬂr@qumgmé} Reatisiagisk azin- | -yl }

pr opi oni ¢ d

{4-[ 2- (4 +?gb 4 %SWF‘XL?F‘F% am{)]ﬁé) 311] %'ll%eélrlsélfl%er?zm 1}yl<};1cet|c aci d

(+/ ) 2- I{ropiom[c&c{d4 M et hoxy- phenyl sul fanyl) phenyl] -3 -nethyl-pip erazin-
0%1 p| onic .acjd 10 or pharmaceutical |y acceptable acid addition

salt L er‘?é&f a@aceﬂuiﬁ%{r%ﬁﬁﬁ%ﬁl? E‘aﬂa%ﬂ%éqfttihéﬁ?oﬁorrprl sing a conpound

according to clains 1 to 16 or a pharnmaceutically acceptable acid addition

salt thereof and at | east one pharmaceutically acceptable carrier or

di luent. 1165 18A phhmlacsatim carnpqukmucrdnmtsdngdbmgp@mldcdcabwmgtotdaiﬂrﬁ Ior a

phet e CoLL Y, oRERBAAR, 2L Bk 90,85k akBheshof iy iR B
consi sti qglagﬁac%gﬁ&zgg,%{;@m@e carfiel Mdiiment. bot h the positive and the negative
synpt 105ms of schi zophreni'a and ot her psychoses,

18.  The use of a compound according to claims 1 to 16 or a pharmaceutically
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20  and in the improvement of cognition in conditions where the cognitive processes are
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Huntington’s disease, Parkinson’s disease, amyotrophic lateral sclerosis or diseases
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30 i.e. Alzheimer’s disease, multi-infarct dementia, AIDS dementia, Huntington’s
disease, Parkinson’s disease, amyotrophic lateral sclerosis or diseases wherein the
brain is damaged by inner or outer influence, such as trauma to the head or stroke, and

convulsive disorders such as epilepsy, spasticity or myoclonus



20 and in the inprovenent of cognition in conditions where the cognitive
processes are dimnished, i.e. Al zheiner's disease, multi-infarct

denenti a,wAliB85Mde2renti a, Huntington's di sease, Parki nsonPESTHKRASS9
anyotrophic |ateral sclerosis or diseases wherein the brain is damaged by
inner or outer influence, such as trauma to the head or stroke, and
convulsivﬁldiﬂmﬁdgrsmﬂu@hbagzepkmﬁnmy a Si@sdr, C conpasingy adhiidiging?2® 19 A

met hod for the tr atgpnt of an il] ness sel ected fron1the rouE consisting
of the ﬁ@?ﬁ%alish& PrevenEgait Ve & garppeRd ecosting Jostenilato IHArwi ng bot h
t he posit hi zophreni a and ot her
psychoseéﬂﬁgﬂﬁﬁﬁﬁm%I Ca&%%?%égﬁéﬁgab?gﬁggﬁ???on in conditions where the
cognitive processes are dimnished, 30 i.e. Al zheiner's disease,

mul ti-infarct denentia, AIDS denentia, Huntington's disease, Parkinson's
di sease, anyotrophic |ateral sclerosis or diseases wherein the brain is
damaged by inner or outer influence, such as trauma to the head or stroke,
and convul sive disorders such as epilepsy, spasticity or nyocl onus WO

03/ 053942 PCT/ DKO2/00859 37 in a living animal body, including a human,
conprising admnistering a therapeutically effective anount of a conpound
according to clains 1 to 16 or a pharnaceutically acceptable acid addition
salt thereof.



