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Aryloxyphenyl and Arylsulfanylphenyl derivatives

The present invention relates to novel compounds which are glycine transporter
inhibitors and as such effective in the treatment of disorders in the CNS.

Background of the invention

Glutamic acid is the major excitatory amino acid in the mammalian central nervous
system (CNS), and acts through two classes of receptors, the ionotropic and
metabotrobic receptors, respectively. The ionotropic glutamate receptors are divided

into three subtypes based on the affinities of agonists for these receptors, namely N-

“methyl-D-aspartate (NMDA),  (R,S)-2-amino-3-(3-hydroxy-5-methylisoxazol-4-

yhpropanoic acid {AMPA) and kainic acid (or kainate) receptors.

The NMDA receptor confains binding sites for modulatory compounds such as
glycine and polyamines. Binding of glycine to ifs 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.

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.

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.

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.
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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 A first aspect of the present invention provides a compound of the general formula I
(R,
(R,
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- Xrepresent O or S;




2 Mvenent Disorders 1988, 3, 77-87), learning and nenory (Rison et. al.
Neurosci. Biobehav. Rev. 1995, 19, 533-552). @ ycine trandpdpeedios
antagoni sts or inhibitors are believed to be highly beneficial in the
treatment of schizophrenia (Javitt WO 97/20533). 5 A ycine transport
antagoni sts or inhibitors could be useful for the treatnent of both the
positive tive synptons of schi zophrenia and ot her psychoses,
and in %ﬁgafﬁ%fgggﬁgnt of cognition in conditions where the cognitive
processesiade dimnished, i.e. Al zheiner's disease, nulti-infarct

dementi a .Q&Fﬁigenentia, Hunti ngton's di sease, Parkinson's disease,
anyotrophﬁ%’ @ er¥® scl erosi s or diseases 10 wherein the brain is damaged
by innergero,quiret influence, such as trauma to the head or stroke.

Li kewi se, convul sive di sorders such as epilepsy, spasticity or myocl onus
may Benefist0, lydm ¥l yci ne transporter antagonists. dinical trials with

gl yci ne h%%plgegn reported, Javitt et. al. Am J. Psychiatry 1994, 151,
1234-1236"and °Léi derman et. al. Biol. Psychiatry 1996, 39, 213-215. The 15
treatment with high-dose glycine is reported to inprove the synptons of
schi zophrenia. There is a need for nore efficient conpounds for the

t r eat men® represeiSA associ at ed di seases. The present invention provides
conpounds which are potent inhibitors of the glycine 20 transporter and
consequently they are useful in treating di seases associated with NVDA

dysf unctAdORSwirriny Rbfeptdsentibydmpenon 25 A first aspect of the present

i nvention provides a conpound of the general formulal (R4) r Al _ /(RL
)P AMios%.Q 11 O YisN, X represent 0 or S
AR represents phenyl;

Each R* individually represents Cj.¢-alkyl, Css-cycloalkyl or Cs.g-cycloalkyl-Cy,-
15  alkyl;

' 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;

20
Each R?, is independently selected from the groups consisting of halogen, cyano,
nitro, Ci¢-alk(en/yn)yl, Ci¢-alk(en/yn)yloxy, C,s-alk(en/yn)ylsulfanyl, hydroxy,
hydroxy-C.¢-alk(en/yn)yl, halo-C ¢-alk(en/yn)yl, halo-Cj.¢-alk(en/yn)yloxy, Cai.s-
cycloatk(en)yl, Cs.3-cycloalk(en)yl-C; ¢-alk{en/yn)yl, acyl, Ci6

25 - alk{en/yn)yloxycarbonyl, C;.¢-alk(en/yn)ylsulfonyl or -NR°R'® wherein R? and R
independently represent hydrogen, Cjg-alk(en/yn)yl, Css-cycloalk{en)yl, Css-
cycloalk(en)yl-Cy.¢ alk(en/yn)yl or aryl, or R® and R'° together form a 3-7-membered

ring which optionally contains one further heteroatom;

30 Each R3, which is substituted on AR, is independently selected from a group
consisting of halogen, cyano, nitro, Cy¢-alk(en/yn)yl, Ci_¢-alk(en/yn)yloxy, C.¢-
alk(en/yn)ylsulfanyl, hydroxy, hydroxy-C;¢-alk(en/yn)yl, halo-C).s-alk(en/yn)yl,
halo-C; ¢-alk(en/yn)yloxy, Cs.s-cycloalk{en)yl, Css-cycloalk(en)yl-C¢-alk(en/yn)yl,




14 June 2006 3 X represent O or S; mis 1; pis 0,1,2,30r4;, gisQ lor2; 5
sis0,1,20r3; ris0,1or2; Qrepresents C, 10 Ais OR6 wherei r44F§Bner%qg|6esent
hydrogen; AR represents phenyl; Each R4 individually represents

G -6-al kyl, C3_8-cycloal kyl or C3_8-cycloal kyl-C1 6- 15 al kyl; Each R1, is
i ndependently selected fromthe gr ouﬁ consisting of C1_6-alkyl, or tw R

attached a - G- eRbe hy10at t ached
Ch g SR saRab kNI oty S R PSR B c

cycl o- al kyl; i's’ 1 hdependent gr oups

consi st i ak{cafympayserbongl aepl, -NHEO; salk(en/shyl,eIGNRYR" wherein R’

d _6-alk X d-6-al keen/yn sul f anyl dr oxy,

hydr oxy- @{%@Fﬁ%’%ﬁﬁﬁlﬂ}' FPreEsaf éy%%%’l’ﬁ%(a@féﬂ}/&?m’, s-s-cycloali(en)yl, Cs.

hal o- C16;-aydi¢akien)y)-7.pxlk(erlBn)8t orcatol, aaRK (SRR together with the nitrogen to
C3_3-cycl oal kgaen)yl -G _6-al k(en/yn)yl, acyl, A _6 25

al k( eh/ yWhishdhex arneaghed s 22-kmegmbengd, ring (wisely opdenal lxReREINSWET ei n R9

and Rl M &Sﬁfﬂny represent hydrogen, O _6-al k(en/yn)yl,
C3- 8- cycl oal E'E en)yl, C3.8- cycloalk(en)yl-d _6 alk(en/yn)yl or aryl, or R9

?nd Elo oo y& TRF wherein R“&nﬁ-ﬁf%'rﬂ&paﬂﬁnﬂlj fegrdgbﬁtﬂi?dﬂ)@gh,@laﬁl-élk(eﬁ@m}dj ns one
urther heteroat.om. 30 Eac , ich is substjtuted on AR, is

i ndepend@hi‘?’ﬁf (8%)9'6dci-%“ﬂﬁlg‘?@e%ﬂ)'clé‘@ﬁ@ﬁgﬁ)ﬁb opf arpky| %&% agdaRo, nitro,
A _6- al kivesth¥with i kioe ) - N4 v ,

hydr oxy, %ydr OXYy- Cﬂilgn;tlﬁ?( ent/()yﬁ%lﬁ, ﬂlllﬁgf%e- &%&gﬁi 3%‘21%/% y%@%‘&lﬁw’e&%

hal oloCl _8high kpeéenajly cottainy on€hirther hetbwatok(;en) yi |,

C3.8-cycloal k(en)yl-d _6-al k(en/yn)yl, 14 June 2006 4

or two adjacent R® substituents together form a ring fused to the AR,: . selected

from the group consisting of

G U P G
A
15 Yo \R R’

wherein Wis Qor S, and R’ and R’ are hydrogen or C;_¢-alkyl:
or two adjacent R® substituents together form a heteroaryl containing one or two
heteroatom fused to the AR,

20  or an acid addition salt thereof.

Each R' may be identical or different.
Each R? may be identical or different.

Each R’ may be identical or different.

25
In case of the integers p, q, 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

A compound of formula I can be used as a medicament.




C _6-al k(en/yn)yl sul fonyl, aryl, aryl-C _6-al k(en/yn)yl oxy,

aryl-d _6-al k(en/yn)yl, Cl_6- alk(en/yn)yl oxycarbonyl, acyII,4 June 2006

-NHCO- G _6-al k(en/yn)yl, -CONRL' R12 wherein R' and R12 independently
represent hydrogen, O _6-al k(en/yn)yl, C3.8-cycloal k(en)yl, C3_

8-cycl oal k(en)yl-d _6-al k(en/yn)yl or aryl, or R" and R12 together with the
i tT0ogen ot QedBniishilts tdFe NA 3ok jGsidthy ch
optionally %oﬁt aisgs one e;&{ﬁ%{e e?lﬂﬁgtﬁg} %g('i‘}(i)ﬁnﬁg %Pﬁﬁgﬁag%%%%gﬁé{?glgsﬁ 3 and R14
i ndependedmpysing pcespognchyiifoogeln, I 5l abbvabk§ pharymapyiticallCac@ptaplel avid k(en) yl ,
C3. 8-cycl oal.k(e | -G _6-al k(en/y | or.aryl; or 3 and R 4 together
with thea‘%ﬁ{‘?rgifze?ﬁ?%‘%ﬂ%&% lletaglte‘iflezl’?‘é%%f"(c?‘g% aeespiable oarmer o dSEd ring 10
whi ch optionally contains one further heteroatom or two adjacent R3

substituents together forma ring fused to the ARC. selected fromthe
gr oup’ cofsthisd psngciogf thepyeggnt fvertign RRVides thR use Wf ahempoumdwfifem®lof aS, and R

and R' a ro -al kyl... or..twq..adj a t suybstituents together
forma hgedfoe‘Jra )(g)gray& %(%B%Gélgﬁ?{%gac%%a%? a W%H@P{éﬁaﬁiggﬁ??{%glbe PIEPERALOTAR go or
an aci d eflsiniddivanead fortthe tre@mentaCHisEseBYecRRl fE@NThE GAdupondisfidgsent . Each
R2 may be_identical or different. Each R3 may be identical or different.
25 I'n ca¥dizophienia, | lckying Both gthe pesitiyepapdgthe, negativebeympterant ef ar e

“hydr ogen d e [.he | ent.. The.dotted line is
ngt p?essecrllj%;opgre{\l(ﬁp?%%?dgg%n? gycklg%rs’ %lh—gl %Olﬂk gng I%g%gﬁtog %f of tl(a&l Encan be
usedltas eondgine awhen¢ thel doghitivee BRQEssEs ard Siatiniskedad pe etlzleiméehe degsent

i nvention provides a phar eutical conposition . .
multi-imfarct aemeﬂ%a, Ar}B% c':'[lementla, 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.

15

Detailed description of the invention

A preferred embodiment of the invention is wherein X is S;

- A preferred embodiment of the invention is wherein p is 1 or 2.




conprising a conpound of forrmula | as above or a pharmaceuti call
acceptable acid addition salt thereof and at | east one phdf‘ﬁﬁ%“eﬁﬂﬁcal |y
acceptable carrier or diluent. 5 Athird aspect of the present invention
provi des the use of a compound of fornula | as above or a pharmaceutically
acceptabl e acid addition salt thereof for the preparation of a nedi cament

for the Wrgaf-nea %ﬁgﬁ%i?{r%‘eﬁﬁtﬁﬂi"ﬁﬁ%@&tﬁg"ﬂ&e@‘%p@ group consi sting of

schi zophrenia, In positive and 't he negative synptons of
schi zophAgméfarrad dmbodierenpefithé orvestionain dvhiereit & 0 dgl;ovenent of cognition in
10 condi ion% \é\gerg ctl.he coflqﬂi tive processes are dimnished, i.e.

Al zhei mef* BCIGIER §OR0dment ¢hthe Hventiqn 1§ 3aasrin 815 193K denentia, Huntington's
di sease, Parkinson's disease, anyotrophic |lateral sclerosis or diseases
wherein the brain is damaged by inner or outer influence, such as trauma
to the haguefsired embedimennef thoahaveds wherdinsRlid€H; such as  epi | epsy,

spasticity or nyoclonus. 15 Detailed description of the invention A
preferred enbodi nent of the invention is wherein Xis S; A preferred

enbodi meAtpreferrbd embodiaithi Ofthe nvehigsis kit AR & phényllf GredfR@P06 A
preferred, enbodi ment of the invention is wherein 1s O. preferred

embodi neRis ber 2.esilFeat iohor & miet.dk ris CHas AQis 61H,1Q is @, YieNewmdetisenbodi nent
~of the igvention is wherein s is 1 or 2. 5 A preferred enbodi nent of the

above is Wherein R4 is CH3; A preferred enbodi nent of the invention is
wherd#in AR is phenyl, r and q are both O, pis 1or 2,sis 1or 2, r isO
or 1, ms 1, R is , is OH Qis C Yis Nand Xis S 10 An even nore
preferr efgné’?fﬁbm% H%eﬁﬁsg%dm@nwfea@ivﬁ iy yberom each Riieipdensadently sel ect ed
from hal QE8Rd ffdm BaBb&O¥Y , Akod ofcdl kithi: An even nore preferred enmbodi ment
of the above is whergi I”l% FggégFeg'f egéy*’r omthe 15 group consisting of O,
F, OCH3, t-butyl, 2-propyl or methyl;. Particularly preferred enbodinments
of the ' QY 04 r?lr(])reaﬁr%fevrvr% re?rllbrc])dltntl]e%t% %Oa%gge ?sf W Qr%in R’ is selected from the

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

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 } -

20  acetic acid
(+/-)-{4-[2-(4-Chloro-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-yl} -
acetic acid
(+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-y1} -
acetic acid _

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

acetic acid
(+/-)-{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

30  acid




I nvention is any of the followng: (+/-)-

{4-] 2- (4 phenyl sul fanyl) -phenyl ] -trans- 2, 5-di met I14 P{%?e’%oﬁél n-1-yl}
- 20 aceticC agg%z(ﬂ é 02/00859

{4-[2-(4-Cnl oro phenylsulfanyl) phenyl]-trans- 2, 5-di rrethyl pi perazin-1-yl }
- acetic

(+] ) - (i Rl (@421 tert Bt memdnyfoaul) phems) wprsst | -drsfyiEpsegnret hyl - pi per a

zin-1- gcid 25

(+-)- WF?-%E:%%UOF o- phenyl sul f anyl ) - phenyl ] -trans- 2, 5- di et hyl - pi per azi n-
1-yl } - {ad6tCidome?-M-mtihoxy-phenylsulfanyl)-phenyl]-2(R)-methyl-piperazin-1-yl}-

{4-]2-(4- tert But yl - phenyl sul f anyl ) - phenyl ] - 2- et hyl - pi perazi n-1-yl }-acetic
aci d (-#eetjcacid

50 Sei o B 3R DR B R TP e PRyt 1 ) -acet ¢
(+/ -) - 2¢fd4- [ 2- (4-tert-Butyl - phenyl sul fanyl ) - phenyl ] -trans- 2, 5-

o T AReRSR ety BN B e 3Ry SR - i per az - 1-y

l{il-[gc?%étfl\(/;eiﬁﬁdd > henyl sul f 1) - ph 2(R), 5(9)-dinet hyl l-yl}
0X enyl sul fan en i me i, perazin-|-
-acet | H-nd4dd- oe'o-Z— 4~ mﬂuoron:}/ethyl-%he >is;u anyl)-ph enylf 2—meﬂ1yl—p¥per£zu? Y

{4 1&)5 gg{rl?-a%e@c %:f‘d met hoxy- phenyl sul f anyl ) - phenyl ] - 2, 2- di net hyl - pi per azi n-1-
C acli

. (+/ ) - {{4- [B&Iﬁhiooz@-ﬂ:ethbxy:phéhylmlﬁn?mphbn)ﬂ]}ﬁm)I-methﬂqnpd:r)azm#ieyiw] 2- met hyl - pi
perazin- |0 1-yl}-acetic acid

{4- [ 5- @GP 3D (3- met hoxy- phenyl sul fanyl ) - phenyl | - 2(R) met hyl - pi perazin-1-y
|}- ac - - . cid

(+/-)- E(Il-’ féQP %’Ehen lph Jr%glxy(g)%l}?n%]r]%r?;’/ethylf 11?%??1;/1 yﬁ? Sg?t%aczal n-1-yl}-acetic

aci d (+/-) {4-[2- (4-Methyl—phenylsulfanyl)—phenyl]-trans—z 5-dimethyl-piperazin-1-yl}-

(+/ acetjlc acgéf Met hyl - phenyl sul fanyl ) - phenyl ] -t rans- 2, 5-di net hyl - pi per azi n-

S5
M (#/-)-{4-[2-(4-iso-Propyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-

yl}-acetic acid
(+-)-{4-[2-(2,4-Dimethyl-phenylsulfanyl)-phenyl}-trans-2,5-dimethyl-piperazin-1-
yl}-acetic acid

20 {(+/-)-2-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-3-methylpiperazin-1-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-y1} -
propionic acid

25
or a pharmaceutically acceptable acid addition salt thereof.

Definition of substituents

30 Halogen means fluoro, chloro, bromo or iodo.




15 acetic acid ' 44
;rﬁl){ﬁv% gﬁé’é 4ioacli;rgpyl - phenyl sul f anyl ) - phenyl ] -trans- PCTIDK(}ZIOOSSyl - pi pera
(+/-)-{4-[2-(2, 4-Di et hyl - phenyl sul f8anyl ) - phenyl ] -t rans- 2, 5- di net hyl - pi pera

f'+/n )1 2*%%1 e?éf%%%g& C'-gléfﬁ%éxmﬂh@ﬁwssﬁ Crariiy)s- Greretbenydzoma Gaptalml azi n- 1-y1 )

- Propi gpkg aﬂiqe Cs.5- 1 - I
{4-]2- (%%I soprgpy regsﬁgrhy%suy? %ﬂ(l(sn)%hnele Sa—?ﬁspc rcflalozal A ?)Scloaac]kg%l c acid

(+/-)-2g%onp{ 2- (4- Met hoxy- phenylsulfanyl) phenyl ] - 3- rret hyI pi perazin-1-yl}-

pr opi on ci g~ 25..0 har bIe ditiop salt
thereofTﬁe%gf&hrﬁtalngir%?rB&% émggangﬁq%&glg FB M oro, bromo
or  i50d0six kArbbaN@omS Hrlusive, Q@dl@cﬁﬁ@%ﬁt H&Wnﬂf&ﬂcﬁﬁﬁﬁﬁd eﬁh;Tth rﬂcééﬁ%’leﬁs' on
Cl.6-allc(en/yn)yl nmeans a Cl.6-al k kenyl, or a 6- al kynyl

al
group. mMeeyklpredsl-buyk3-rgetbyk?-vronyi {éﬁé%ﬂﬁﬂw&ﬂﬂl‘l‘@m@a 8-cycl oal kyl - or
cycl oal kenyl group. The term Cl.6 al kyl refers to a branched or unbranched
al kyl group having fromone to 5 six carbon atons inclusive, including but

not | i nBingithrlyp Omtahgehyl 2idh@} ¢ alkynylp psspectBrelypdesiptlate Suchugrpbps lihvh:lg yl,
and nmethyl ;| -propyl. Simlarly, C2-6 al andC26

. 2- h
al E?Ly?lho‘?’eg"b%égl%lcﬁr °E|é§?’§?ra?3§ %’IO@? iﬁﬁ H?sﬁﬂdngud OPe P ?’%51 si x carbon

at o | e&[ﬁm@, Rgﬁ;ﬁ vely,
[ ncﬁdlfnegﬁégﬁg élgg?elﬂ&]r%g? g%‘?o@?%e@%ﬁfeﬁgﬁgﬁgégl%@aﬁgny , ?? ? propynyl
and but gmhiputyihle t erm C3-8 cycl oal kyl desi gnates a nonocyclic or bicyclic

carbocycle having three to eight Catons, including but not limted to
cycl opropyl, cyclopentyl, cyclohexyl, 15 etc. The term C3.8 cycl oal kenyl

desi gnatR$tcAm NS ¥ehIkS] @dsighatex Gl théndePEIROSHR1ID 3XibBEycle having three
to eight C-atoms, including but not limited to cyclopropjrl, cyclopentyl, cyclohexyl,
15 efc.

The term Cj.g 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 Cie-
alk(en/yn)yl are as defined above.

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

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

30  As wused herefn, the term acyl refers to formyl, Ci.s-alk{en/ynjylcarbonyl,
arylcarbonyl, aryl-C,.¢-alk(en/yn)ylcarbonyl, C;s-cycloalk{en)ylcarbonyl or a Css-
- cycloalk(en)yl-C; ¢-alk(en/yn)yl-carbonyl group.




three to eight Catons and including one double bond. 20 Inléhhe thrm
C3-8-cyc Cl-6-al k(en/yn)yl, C3-8-cycl oal k(en)yl ng 3008
al k(en/ yh’%a[is‘%&g)as defi ned above. The terns CL.6-al k(en%’ EWOHQV” Cl-6
al k(en/yn)yl sul fanyl, hydroxy-d .6-al k(en/yn)yl, halo-d -6-alk(en/yn)yl,
hal o-d . 6- al k(en/yn)yl oxy, Cl-6-alk(en/yn)ylsul fonyl etc. 25 designate
such grmptgnnﬁ% Vimbasiberéte riag n@u@:akloreqwgmyg ong duberchetdropiamasonsed As used

her ei n, thet CI- - n/ I r t of the

f or mul &ere&? ]l e, RS oY SRR b Bl J 36 222 et ned

above }t1§ B@oﬂﬁgﬁiefamﬂymel -ingdamoddy1-pyebiet, ortiopyradotyl] all of which
. 6-al k(en/ yl car bonyl aryl carbonyl, aryl-Cl-6-al k(en/yn)yl carbonyl,

G 5 oy REERABH S BITICE CAIER. 5.

cyc oal k(en)yl -d -6-al k(en/yn)yl -carbonyl group. WO 03/053942 14 June 2006
/5DK02/ 00559 9 The term 3-7-nenbered ring optionally containing one

f ur t herTHeetean hateooarglsmop eepredentr Bimembefedrmonayclingngy sichras 3&t2.3as

1- honbabision 2 Sishisaatbol 3 BEER0R apt 2 SBEBRERR D5 gitiame. of wni ch

may be {f yBIRGH5ESE 2 BlhRdiave1e,Mm AL 53- ﬁ{dﬂﬂe isaxdAdEe To%i@lé‘@éoﬁﬁ%lé" my

represent  5-menbered monocyclic rings such as 3H 1, 2, 3- oxat hi azol e,

1, 3, 2- dh:azﬁs,awmdazols Hiwwa&olfé-pyapmﬁga@omh@qﬁham#@ 6-membered; t hi azol e,

2, 3- oxadla th| o] , oxazol e,
SO]tOhI B VASIN: é’ °[ Fﬁngﬁosf% la% g’é’%@?@n ’1!1-7-5 z?? tﬁmegé’llllv-‘i A bﬁ%%ﬂ# uran or
hi ophene 2 araihfwiRD ¢ Uetoddhimmig c 1 ¢, 3-aldxaz1ga Sll,IZ;lil-daS(aﬂmé’, (B ALK azi ne,

2 4- oxat hi azi ne, 1,2, 5-oxat hi azi ne, oxat hi az

4 3 sliexamings 1.4&-dipxazing, 3folaidiexazinepl Zﬁodlﬁs%mmé 2 Ja&k@a%n% ARG oxazi ne,

2 S8R > QO YPE] 89 b Y1) S8hd 21 914 021 e

, 2,0Xka0begide,a 24,2, Rbkddidink; AR, Gpkadiaziddl 221, 54mdh|aanc,néﬂ—

1 2
L L e T
1, 3,
1,3

zgggg: AfliaRhARe, L23-tAadihd, 322 AGriading A!3-8%dAR, 28t 3-ckasliigzi Ne,
2H-1 4—0xazme, 2H-12-thiazine, 2H-1,3-thiazine, 2H-1,4-thiazine, pyrazine,
pyridazine, pyrimidine, 4H-1,3-oxathiin, 1,4-oxathiin, 4f7-1,3-dioxin, 1,4-dioxin, 4H-

1,3-dithiin, 1,4-dithiin, pyridine, 2H-pyran or 2H-thiin.

1,
i

t

1,
1
1
4H
2H
2H
2H
2H
2K

20

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

The acid addition salts of the iﬁvention 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, phosphoﬁc and nitric acids.




2H -1, 4-oxazine, 2H 1, 2-thiazine, 2H1, 3-t hi azine, 2H1, 4-3 h}%%i %’6
pyrazin 1 Jazine, pyrimdine, 4H 1, 3-oxathiin, 1,4-q j’nﬂ)
4H 1, 3- g‘fvgx“ug)f?,%ég ?4-di oxin, 4H 1,3-ditbiin, 1,4-dithiin, Pé B985 51 byr an
or 2H-thiin. 20 The termaryl refeng to carbocyclic, aromatic systens such

as phenyl and naphtyl. The acid addition salts of _the invention are
Bﬁr&?{l}n

pr ef er Eiriherp ibe cermponmds 01 (s svephion ey et 1 B‘qume%c #Ff the

i nvent | I ] - ' | adi¥h S oPEg@NIi C salts
are thg(glgat\ffe\n&tf rra‘}Mel ?hﬂ‘?{t}ﬁ%ﬁ&gﬁy ggdr?g%})%?ég{ség{gr bi cfa§ g%%éﬁﬁlﬁich oxal i c,

bi s- metiieylikends gehayl, ithe sotesthd fems drewonsiderch aquivilend foohe ansdeded ¢,
propionic, tartaric, salicylic, citric, gluconic, lactic, malic, mandelic,
ci nnanft e ﬂhﬁ(PBmOE?S‘}}?&‘ﬁ Ne@UOn. gt earic, palnitic, itaconic, glycolic,

p- agi nobenzoi c, glutam c, benzenesulfonic and theophylline acetic acids,
as well as the 8-hal ot heophyllines, for_ exanple 8 30 bronotheophylline.
Exenpl Sowmeodf thectomprangdsof dhe aresentsingentionseonigin whirglis@diss gpd Such

hydr obr om ¢ ul fyri cg . s ' ospharl ¢ L t41al -ClS . 03/ 053942
14 aneoBeaeedistiince gtianat omB TR, Ahdrfipels B Weklerdiiely; THE L0 oo
my eXiisfention Unsodesasieduels ivwhdrs agdi any sittuss etledeof imcluding radearicmceut i cal |y
acceptabl e sol vents such as water, ethanol and the like. In general, the
sol vat ®8xt¢Ss are consi dered equival ent to the unsolvated forns for the
pur,poses of this invention. 5 Sone of the conpounds of the present

i nvention contain chiral centres and such conpounds exist in the form of

i soner Kagcemiz. fopmardah dreresolved ititashe opticak majipodehdy kiprantietieds,nfor udes al |

h i d . m t her eof, incl udi M . Xt . 10
Pacen ExnBpiRs oF st teaarernons tite Biereutt i S et hoas,
for  exanhermily RepRcal) Aive hrihAThfIoaRdBY tataRtint WithAdaen Ansilids an

~optically active acrd, ‘and liberating the optically active am ne conpound
by treancthed fiort kesalvings eacen@itsheinto the optical antipodes is based upon

15  chromatography on an optically active matrix. Racemic compounds of the present

invention can also be resolved into their optical amtipodes, e.g. by fractional
crystallization of d- or I- (tarirates, 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/o: diluents and subsequently compressing the




met hod for resolving racemates into the optical antipodes i s _based upon 15
chr omat owa@@ﬁ on an optically active matrix. Racemc corrEéﬂlﬂ‘dFée%?pﬁt he
present "nVERT*on can al so be resolved into their opti cBETAKRAKERs, e.g.
by fractional crystallization of dt or 1- (tartrates, nmandel ates or

canphor sul phonate) salts. The conpounds of the fpresent I nvention may al so
be resolivie by & henveotionat itdetting raachinee Hxemplas coldedinyants ok 4liluoys Addi t i onal

nmet hods for. the resoluti f opti ' . illed in
the apemprisg et SoRes belh, SpefibGeh. pBlEtiy (AT ebBEhG RS [ 00 d.
A Col ginsamsli fhe 1K Aay ottier aBnenits ofradditivésananily aesed faneudigsopedes ons”,  John
Wl ey and Sons, New York (1981). 25 tically active gr%% unds can al so be
pr epar uch asralepingsdilavpurings; presdvaives sty maybeiised Rrovisy tFEal

conposi.ii . ,cal formul ations of the invention nay be
prgarg%%g%éﬁﬁ?gﬁgﬁ%%%%s in the art. For exanple: Tablets nmay be
prepared by m xing the active ingredient with ordinary adjuvants and/or

PCT] DKB2HBE8S 08 SISHHORE 1% PR PRSTAEH BN RGRIIE 35 Gt g 88 Eampl es

of adj Uuanbis Rditfles UBNY Part GIME | dBrent Fo1 irféctios ) preliisty Ostérilar wiker,t al cum
magnesi um stearate, gelatine, |actose, guns, and the |ike. Any other

adj uvandistng dlkiisolntiers to slgsirddy velume, stsrilisiog Hhe selyber gndstillmeald 8ol our i ngs,

fl: ' tJ t. . ' . t 5
corbar shitlBRTERGY Bale) §8 FHGPIRGING RS Bhan el Rk BV 87T S
pr epar gdady sabis&abMicRPadant, pekdrvativengmadiidaits,and possible additives in a

part of the solvent for injection, preferably sterile water, adjusting the
solution to desired volune, sterilising the solution and filling it in

The pharmaceutical compositions of this invention or those which are manufactured

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 Il




10 suitable anpules or vials. Any suitable additive conventi gnal I0\6 used in
the art %%/ P added, such as tonicity agents, preservatl

ant i oxi dYR%SO5¥EL  The phar maceutical conpositions of thPSTPEIYMSEDN or

t hose which are manufactured in aggordance with this invention may be
adm ni stered by any suitable route, for 15 exanple orally in the form of

t abl ets, capsu(Eé) powders, syrups, etc., or parenterally in the form of
sol uti Oﬁ?\{ | nj ect ) ér%aoari ng such cong)si tions, methods well

u

known i aft maypbe used, and any pharnaceutgfcal l'y acceptable carriers,
di l uents, %E:'égylen _or other additives néwmal Qy_used in the art may be

used. 20 eni e t he conpounds of the venti®on are administered in
unit dosage form ai ni ng said conpounds ih an anount of about 0.01 to
100 ng. The total dagky dose is usually in(l[:tnq range of about 0.05 - 500
nmg, and nost preferabl YRRA)out 0.1 to 50 ng of the active conmpound of the

i nvention. 25 The conpounds of the invention are prepared by the follow ng
general net hOdﬁQ Al kyl ati on of anam ne of fqr njul a Il with an al kyl ating
I

agent of fornu Il WD 03/053942 12 (R2)q O LI \Y--4--A (R4)r (I1)
(rrr) 14 June 2006 PCT/ DKO2/00859 L is a sui tabl e IeaV| ng group such as
hal ogen or tosylate. The substituents AR Rl - r and s

ar e as ldés # gaitablplepwing Ereun sy asdilqmen oy josyiate. ynp?eﬁﬁ F'WE%FS@R rBa SUI tabl e
sol ventp: 1@')@ gi,gwacggland@%e & JIRhEY S Fhe! rH540h § te oPé tidrfedcoNt ai ni ng

an inor gém h "as potassium or cesium carbo an organi c base
suchs N-at fysuitable ssmﬁ)\ranpyduehn ae etinaln NyNe vditrethylformemateune aoétodilrile20 T.

Compounds. of fornul a ere |s carbon and A i.s wherein R6 is
hydrog&?nw%lwrgﬂavgés% F@fﬁ%r@twerpswgca@% OB Werein R6 s

an i nsqjaubldich 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 Cyg-alkyl, aryl or aryl-Cis-alkyl. The transformation may be performed
‘under basic conditions, for example, using agueous sodium hydroxide in an alcoholic

“solvent or acidic conditions for RS being a tertiary-butyl group or an insoluble
polymer.

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

a) Chemical transformation of a compound with formula IV

(R%), H,N

/—h
U/Im (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 chernical synthesis as depicted in scheme I




10 polyner or Cy6-al kyl, aryl or aryl-Cl.b-alkyl. The transformati on may be
performed under basic conditions, for exanple, using aquedddutsotfl0gm

hydr oxi d®0i93081#4%| coholic sol vent or acidic conditions PEFDRE2MEShg a
tertiary-butyl group or an insolublg polyner. 15 Conpounds of formula Il

may ‘be prepared by any of the followng reactions:. a) Chem cal
transformation of a conpound with formula IV (R)p HZNHN ' \ r, "~ M
(R2)g IV 20 wherein R, R2, m_Dp, g, X Yand Z are as descri bed above, to

t he correspondi ng di azoni Loy eund, and subsequently react with a
conpound HX- AR- (R3) S, R, X, R3 and s are as defined above. b) A

chem cal synthesis as ' i‘h scheme | WO 03653942 14 June 2006
PCT/ DKO2/ 008597&3) Cl (R1) * /71 (F%%q X |~ efh—(RS)$ Schene | 5 (Rl)a
RZ)a H\ tQ\7" /% o (R FeCpr .
Yan\ Cl 7\ (R%);  HX-AR—(R®);
S N H —— (sy "N N —
i 1
Ci
0o [®RY, FeCp* (R"),
_ /T\ (R?), /M —\(R?),
S AT AN — HN N—@
Hm \—Hm
X X
AR—(R?), AR—(R?);
)

Scheme 1

wherein AR, R}, R%, R3, s, m, p.qand X are as described above and the circled S

represents the solid support.

c) A chemical synthesis as depicted in scheme I where X is O and Y is N.
10




mX 'AR-(R3)s wherein ARR R, R2, R3, s, m p, q and X are as descri bed
above and the circled S represents the solid support. c) A4dHesQ08|

synt hesi WO®/0§&42cted in scheme U where X is 0 and Y i s RCT{OEDRAO089N | H m
PFs - (R1)p FeCp* /-rl /=-c(R2q HX-AR-(R3), mC 10 WO 03/053942 14 Br (R2)q
OH (R3)s AR-B(OH) 2 (R2)qg OAR (R3)5 Schene Il d) A chem cal transformation
of a compound of fornula V 14 June 2006 PQifDK02/00859 V wherein R2, RS,
X, s and g arBr as descri bed above and Gis brom ne or iodine atom with a

conpound of fprmlg VI FLAR—B(OH), O\AR
(R®)s
R?
(R?), R b

G
,{, (RY),
|
H
(RY) ‘
'H.\.N /7ﬁ P X,AR-— (R3)s PG\N /74’('?1)" X/AR— (R%),

2
(R3), (R?),
Scheme il
-d) A chemical transformation of a compound of formula V

(R®)s

(R2),
A"
5 wherein R%, R%, X, sand 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 R', m and p are as defined above. |

10




[-T-\ PGNNH~ mVlI wherein R, mand p are as defined above 10 WO

03/ 053942 14 June 2006 PCTI DKO2/ 00859 15 e) Dehydratin 0%8nal | y

si mul t an® Q%% pr ot ecting a conpound of formula VI V FT/IB( B52in R,

R2, its, X, m p, q and s are as degcribed above and Ris either a hydrogen
atomor a f). Hydrogenation of the double bond in a conpound of

f or nul ae)\mhyd{a%ag snd epiiprallynsigmdipreonsly deproteeting . compaundeofzfEmelaar e as
descri W{ﬂ above. g) Deoxygenation and deprotection of a conpound of formula
VI | June 2006 WD 03/053942 PCT/ DKO2/ 00859 16 wherein R, R2, R3, X
in, p, g and s ar descri bed above and Ris either a hydrogen atomor a
BOC group. The diz ation followed by reaction with a conpound HS-Ar-(R3),
according to 5 ) ﬁ% is perforned by addition of the diazoniumsalt of
t he correspondi ng/amnil i %0 a solution of sodiumsalt of a thi ophenol in
wat er cont ;ﬂRﬁpngxa copper suspension. The starting material of formula IV
i's prepared as iy lined in the followng. A

RN

m (R

VI
5  wherein R/, RLR3, 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

.

R1)p X

m (R2)q
10 VIl

wherein R!, R%, R} X, m, D, q and s are as described above.

g) Deoxygenation and deprotection of a compound of formula VII

(R3),

H

RN

| m (R2)q
15 -




fluoronitrobenzene derivative is reacted with a piperazine derivative in a
sol vent such as DMF, NVP or other dipolar aprotic sol vent 1&dwed%8bng an
organi ¢ W8W8/08%¢h as io triethylanmne to afford the PCT/DK02/00859

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

st art i nyheeeieRLR?, BT, X, 0m,mylqeank\s. ard ax de@eribediabeveanddR pecitier abydiegevat i ves t he
N- Benzyl %@%@@@ - di nmet hyl pi perazi ne was prepared according to known
literat 0P &P (Aicher et al J. Med. Chem 15 2000, 43, 236-249).
N Benzyl - 2(S), 5(R) - di net hyl pi perazi ne was prepared according to patent
application WO 00/71535. The reaction sequence in net QOd b) is prepared
accor di Age tdazotpsiondpRoved hxsteastivadwith a pemendaliBtAe@ )sorccding t®9681. The

di ang ne l C rGisal |y -avai. I | sed t hods
enov ¢ ool i Aol B o er etiadtBlsth Bl Gl Ut B AR e ™

1, 2- di ch prclagnz eNedih saly of epkibpasbbyWateOsntdihing exc@pbaoduepdedahat e and
substituted analogues are synthesi sed according to literature known

procedutBg $ of formula I i prepargd as guglinedin theofpliowing

synt hesj - ; 1 St | ks The

starti ngﬁ@lrrg%ﬂeﬁi")ibgiFZte ?ﬁﬂ%ﬂgﬁ!}@é‘%ﬁ&?ﬁ@%@g%ﬁ %%E%?/é l{iﬁ{etra('? gﬁ E{P? ﬁg{’%ﬁt Sgﬁl ortho

br onophan BIMEy WNMPaoss ofita dipelaa raptotivosodvent cantaidingr arb organiat imsestdr as n a known
literatuyr rocedur vans et al, Tet. Lett,,1998, 39,, 2947-2940). The
restll ¢ 1 HisiERe 0 aPrd o iaiiooBhoy bipecesi Gl mg BRI RN S5t ai yi s to
- a. pr ot effef edice® bidg BEmWAERodddBre3 knBwA 16 idsY kil &P tHEPMt Regiv¥Rhsal |y but
not exclusively a tert-butyl oxycarbonyl (BOC) derivative or

benzy! ostgitmgesisial oCRXIUlAY.t he protecting group (PG is then renoved by

acidic egva . eX I 1.0 dr n i .0 _an. al coholic

sol vent ﬁ+ro?’\é chﬁagvg{pl%%r%riﬁ%ﬁgﬁ%bdg%@%e oﬁ%eﬂﬁﬁ’é@mgég#& eﬁzﬂ’%’ in the
case of wahiprepard adtit€ing(06moWn Ktralibe Photelicdd DRBEOAGH Y. Med. CBémr enoved to
give internediates of fornmula |1 where Xis O and Y is N._The _ general

met Hods 29 Befifrdt?)oN-BenaykB(S, SR biimathyijrerran Ivas meenssaacepelitg n t he

t ext book, fﬁ&ﬁﬁﬁﬁﬂc‘iﬁoﬁ%‘@@ﬂh%@ ganic Synthesis T.WGeene and P.P.G M Wits,

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 1°-
1,2-dichlorobenzene-n°-cyclopentadienyliron(l) 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 (Evans et al, Tet. Lerr, 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




Wley Interscience, (1991) |ISBN 0471623016. 5 The reaction of a conpound of
formula V. wth a diamne of formula VI in nmethod d) was pé B %in a
simlar Y24 described in Nishiyama et al. Tetrahed PERDESRPISSI 1998,
39, 617-620. The starting material aof fornmula VI was prepared in a simlar

manner escribed i.n Schopfer et al. Tetrahedron 2001, 57, 3069-3073. 10
The dehgg??zgf‘?%?lque@cglf’%mt%d&ﬁsi ofnformylad]) whare shiés Qemndb¥eistNodbef a

compoun Ll per i S M. | manner as
osor | bEgaral BRI o stmpiy 8% AL phASRE S84E° rp BoeBhln Hhe "ot ar 1 ng
V\rrzt eri ateX&OOKOPgnjodécaiv&JI Growps in m;gpmbeﬁj{nfke@ifg"&w.t@mh he(rjnixdoﬁ.la_p; MW, }j/l !

erei NyR, i r ion Wi ydrochloric acid in
net hanopﬁliﬁﬁ%Sffﬁ%g’ﬁ%&g%]%%quz%?' be prepared as described in Pal ner
et a4. J. Med. Chem 1997, 40, 1982-1989. The reduction of the double bond

according to nethod f) is generall %// performed by catalytic hydrogenation
at | ow preseagtien pka gompeny of formmbe Vrwikh paliamios of wmila Vbinmethod d@duci ng

agents | or ane. bor i rivat.i ves roduced jn situ from

o TS e R R meb OB RN ST ol RO of ur an

(THF), 1998)x3Me&5176200Thé Riaktingt haferiall bE felaany VENRMS prepabd tigfl digfitér al cohol

internmedi ates of fornula VIIL 1n nmethod g) 25 wherein Ris a BOC group, was
7

per f or nERBSF a3 degribed BuSwapies it #leBritaliedreni 200% %, A6%30%anner as descri bed
in kpnsen et al. Synthesis 1999, 1925-1930. The internediate tertiary
al cohols were prepared fromthe correspondi ng properly substituted
- 1- br onoThé delydatidraregdtivanandnaptionsl ditmaltaneons degptectiom of @tdompsuly ofret al -

hal ogen_exc e foll d by additi.on of an appropriate electrophile of the
f or mil af3EEY Hijn metiatie) 3aS hersraed a 3 SURIATIARISE 37 dosgrierd TePaldter o e,

Chem 1897, p38, Ch982199989; 138£ 19508 ! MartinD Shatbridiest formula VII was

1- br ono- phenyl sul f anyl benzenes were prepared in a simlar manner as
descri bpwpangd fiem i cempeiindrof forynule ¥&k whereinf R pr 0BOC grosuby teproteetion

o B A N ol A P o0 o o

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 bydrogenation at low pressure (< 3 aitm.) in a Parr apparatus, or by using

20  reducing agents such as diborane or hydroboric derivatives as produced in sifu from
NaBHy 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. Synthesis 1999, 1925-1930. The

- intermedijate 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 ot 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




18 Schl apbach Tetrahedron 2001, 57 3069-3073 Bates et al., Og. Lett.

2002, 4, 2803- 2806 and Kwong et al. Org. Lett. 2002, 4, (idhJyecd8$. The
correspoW@i0d@S¥dbst i t uted 1-bronp- phenoxybenzenes may bRCDDEP20GEH as
described by Buck et al. Og. Lett 2002, 4, 1623-1626. Renoval of the BOC
group was perforned by standard rre%ihods 5 known to those skilled in the

art ( R&}aptRckIeandd b 2000 S23080l3093 ey &l alMelpoDer:. 200 y4,i 2888- LC- M5 dat a
were obtained on a PE Sciex APl 150EX instrunment equipped 15 with |onSpray

sour ce280fjashKnmag ¢t plce) Brc200 4. € is prassiml hegpuaipondios gubstigntedh, wat er s
Symmet r; 1 ' m.part L7 £4 S =

vt or Lol RSkt iy B PPy S SRl by BHRTUNHRTLA.

wat er / 203, anil 623-1626. Rehdoval sfabeBOC gioup was pedorniedi8) staddatdumeithotls near
gradient elution with 90% A to 100% B in 4 mn and with a flowrate of 2
L/ $ri nknesyn tq thoggskilledigthg #bd by integration of the W (254 20 nn) and ELSD
trace. The-retention tines (RT) are expressed in mnutes. Preparative
LC-Ms-purification was perfornmed on the sane instrunment. Columm: 50 X 20
mm YMC CDS- ARi)th 5 mparticle size; Mthod: Linear gradient elution with
80% A to 10 in 7 mnand with a flowrate of 22.7 nL/mn. Fraction

~col | ecgcgd; ornmed by split-flow M5 detection. 25 1H NWR spectra
were rec H‘ d 500. 13 MHz on a Bruker Avance DRX500 instrunment or at
250. 13 MHz o i uker AC 250 instrunment. Deuterated methylenchloride
(99.8%), chloroform (99.8%) or dinethyl sulfoxide (99.8%) were used as
solvents. TRMS was used as internal reference standard. Chemical shift 30
val ues are expressed in ppmval ues. The foll ow ng abbreviations are used
for multiplicity of NVMR signhals: s = singlet, d doublet, t =triplet, gq =
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General Methods

Analytical LC-MS data were obtained on a PE Sciex API 150EX instrument equipped
15 with TonSpray source and Shimadzn LC-8A/SLC-10A LC system. Column: 30 X 4.6
mm Waters Symmmetry C18 column with 3.5 pm particle size; Solvenisystem: 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 mU/min. Purity was determined by integration of the UV (254
20 nm) and ELSD trace. Theretention times (RT) are expressed in minues.
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
'H 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, ¢ = quartet, qui =




WO 03/ 053942 PCT/ DKO2/ 00859 19 quintet, h = heptet, dd = doubl e doubl et,
dt = double triplet, dqg = double quartet, tt = triplet of lAJrpaai08 in =
mul ti pl eWOLROSH4E broad singlet. For ion-exchange chronaPEEMAIRYISSE he
following material was used: .SCX-colggms (1 5 g) from Varian Mega Bond
Elut(r), Chronpack cat. No. 220776. Prior to use, the SCX-colums were

pr e- condivitnb & hepish ddwdesbledonbletdt zalouble tdplicd dare destiaqudriet,3t =nlL) . For

de- conpl ' Lrradiation..a yultaviolet |ight source (300 W from
Phi | i ppsﬁqﬁlgg’ﬁgg%’k‘s gﬂ?%t?@?atnaéld&olyl;% S‘&ﬁiﬁgorts for solid phase synt hesis,
Wwang-resin (1.03 mmol /g, Rapp-Pol ynere, Tuebingen, Germany) was used. 10

Preparatj on of interpediates of fornula IV 2-(3 I\/bthgl | perazin-1
yl )phenﬁ%%ﬁ%@@%@@&%@%ﬁ@hi%@bwm gaterd WasdIsp V&Q@hmms\iéd in DMVF

(1005 mL)y GRYM: &FH ' a@'@ » k0 Jb.and placed under a
nit rgge?%) at m%@gﬂ%&e&%%&é%@%c | oﬁlp\%ég"%dﬁléd%%' ﬁﬁﬁﬁgeulﬁgzﬁﬁﬁe (5.0 g,
50 mol SCXFhehir®s Gicr® prescuhditiaee fvithol 098 Qoletibw bf AetidQididin hbakdqst i on was
al | oned to)v ool to roomtenperature before the solvent was reduced to half
vol une L) @Edie"?ﬂﬂﬁ?xa&%t'ﬁt grgdgiiongp) ulterielet dighfagonrce (3980WmTomer e added

to the ' : ] L1 erL.20 (2 X 200
) T e A A Ml S Bl 2 L0 MR RO VSR e
Wi t h et I§i.03 aveeld, Rapp-Pxly2ade,Mychinfae Gengamy)ovgshases wer e conbi ned, washed
vvit[i saturated brine, dried over nagnesiumsulfate, filtered and the
filtfate was concentrated in vacuo. The product (10.5 g) was dissolved in
et hanol pg aibh of iftadrthédthtédof forahiah gpal catal yst (10% ww, 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 |4 fe]o .. Yyield (8.0 g, 83% The follow ng internediates
' vverg prgdg?‘é%%%mgﬁazgnng??é%ﬂgy@ggﬁi on: 30 2-(3,5 Dinethyl piperazin-1
- yl') phenglFlobmaitrobedzdng @11} 51/ mAdIpivag 88solved! hrINeIFY{1B01HE) containing
4- Met hoxy- 2- ( 3- net_hyl piger zin-1 yl)phenyl am ne

15 trethylamine (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 fo the solution and the product was extracted with diethylether

20 (2 X 200 mL). The aqueous phase was saturated with sodium chloride and exfracted
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




14 June 2006 WO 03/ 053942 PCT/ DKO2/ 00859 20 2-(2(S), 5(R)-
et hyl pi perazin-1 yl)phenylanine 2(R),5(S)-Dinmethyl-1-N beﬂﬂlmﬂp?lq%ram ne
(6.0 g, PO BMSIN2was dissolved in dinethylformam de (108CHDK02/8¢559
triethylamne (6.4 n1_ 44 mmol ) and ghe mi xture was placed under nitrogen.

To the s ed2f|uoro ni trobenzene ( 3.5 nL, 5 31 nmol ). The
reactlon?\@sq) ﬁ@-ﬁg@e PiRRFagintion)phentening The sol uti on was evaporated in

[ ut th
washod ViR BB ORI LR BEENA J60 30 20 s 0BG Sed S ur ot e
brine s@mﬁhyﬁonnmer(w() nil)cariepiathytaatine (QLRILG Rhame])wad K npdueVer
magnesi f ted Iter(-fdtgnd the filtrate was evagorated in vacuo. The
crude p?"%ﬁj@? e&é@' ?rﬁé & i QWW?SI@QW%W@%F@Q eeye (BFmb.ng with
et hyls acat @i:ﬁélWETH@rtéddu’bﬁ'ﬁwlﬁbﬁgﬂ 3 J. ; 1068 72 i ggef% 1u&§5n %Ya%) was

di ssolved in ethanol (250 nmL). Palla m on charco 0% w w,
2.2 g) @¥epededdn wupraadgghmma mmﬂiylmtamoqmtmﬁr) \msbmdom@em&teﬁd in a

P t 3 ] ol f | t d
cvapor ot it S ol L¥fue? nHiBas e urbRThd GBLb “5nd gied rvhe
f ol | owi mghitioh &1 0 eiI3t erhme;@:ﬁ&@b@gaﬁﬁ plﬁs@waéaﬁw%éis ﬁ.féa ulfa

| ) phenyl am ne oro§{§3d|methyl

2-(2(R), S pi perazin-1
' pi per azi g‘if?nﬂqgﬁgiﬁflt‘émaﬁév@%t fretaaye. pihserade MOQIMEWB?@ the@pumifiell) was

?Ir;sZI:glh;I am ne%%#n@%w%mﬂézﬁtﬁg eg}g ﬁ'%‘r?%ﬁb\ﬁg m%géﬁg’dunderr a

ni t r ogerThetpnodpoh@:2g) Whediswmilvdiin Bﬁmﬂ ( Haﬂla&@n:@@élﬁrdaal?&tal st

ol b dded
ot e e 3 B Rs RIS s saltion e St s dngmnated 18 hour &
The  solpégnipp m&sra@w%wmﬁﬁu @Muﬁ&h%ﬁ?ﬁlt%?ﬂﬁﬁé%e&ﬁgd gt hanol (250

m.). Ammoni um chloride (28 g) and zinc
reactloﬂlmhnmpdmmhb@?rgﬁi?&@ at 80 C for 1 hour and then all ovved to
stir.at 40 C for 72 hours. 30 The reaction was then filtered and the

filtrate evaporated in vacuo. The solid was then
The following intermediate were prepared in an analogous fashion

2-(2(R),5(S))-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 atrosphere, 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 ir 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 reftux 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 iz 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




washed with ethyl acetate and then a small anount of nethanol- Yield: 16.04
g, 88% The followi ng i ntermedi ates were prepared i n an anallédB®s2G04shi on WO
03/ 05394W0NB/05304¢h| or 0- 2- (3 - (R) - anet hyl pi perazin-1 yl ) PER®IAIDEI? ne
4-Chloro-2-(3 -(S)-netlayl piperazihaa-1 yl) phenylanm ne Preparation of

I ntermedi ates of fornula H by nmethod a 5 14 June 2006 PCT/ DKO2/ 00859 1-] 2-
(4- Ch4lOriopheny -@)Hiaiyipiereiyi 1yl Bphaayiaylipg per azi ne

2- ( 3- Met hy) pi perazin-1- %_I ) phenyl aBi r}§ﬂ§0. 96 g, 5 mMmvl) was dissolved in

wat er lofa-y-(8 oty inertrie iV RIeW'eMmeur i ¢ acid (0.28 nil, 5.2 mml),
the solution was cooled to 0 C and sodiumnitrite (0.36 g, 5.2 mol) was
added. The reaction was 1o stirred for 30 m nutes before the pH of the

r eact i @repasation)of suiecmediatesiof forimeiia $oby metheaket at e. The di azoni um sal t
solution was then added dropwi se to a solution of 4- chlorothiophenol in 2
M NAOH (4 nL) containing a copper suspension (0.3 g, 5 nmmol). After

addi ti qopo_thenidrsphé ISV PR&SY -3 Isipérarind0 m nutes before being
al | oned [toycjzool %% rr%omtéﬁyp?er'g?uree?r% et hyl acetate (10 nl) s added.

The 15 2ni3>xMeftyipiperazinledipbemdanainer(8-96rg Srmeiol)yas disgalved dp Falgrdd? The
. aqueous_4.ayer. wa 4 t e]?]gg] X combi ned
or gani P@ﬁ?%@%%%gﬁﬁﬁiﬁ&%é%% %ggﬁﬁ% gtl%l at 23 ﬂ#l%@%%%ﬁd
 evapor @belRdi (VEC uad sddiemaritite (D3O @S2 mam]) was addeddThy réactiein was
chromat Qgraphy using silica gel,.eluting wth, ethy] tate ..
/ meP hasbied Aorctd) ram%@.e@re ﬂ“ﬁé’%ﬁfr@e prasHoR was\,a@;uﬁg%ioaﬁig VH@‘ $PdPour 1 ess
oi .. Vi 2 i 7 ' dOBroMsb - al Zoluflon 4~ 2. 6-2. 72
(br i n,agét%f) &h%%z_lﬁ:g?%%?ﬁms&%% ;i‘a%.iggg;?%d 2H): 7 7.08 (d, 111): 7.15 (m 1H);
7. 25- 7 cBhorétiophadgl; inNSM MAOH (8181 coffihinirfgoh lcoppen guspsnpion {8 gefe prepared
I n an anal Qgous fashion: 25 1-12-(4-Chl orq . \
phenl| s&Pg y%ﬁ%‘ﬁﬁmn’%%@a&'ﬁr@t‘%ﬁﬂ léﬁa{?glgﬁong fo;pp yrtes be ]Eofle i%]tnﬁoxy
phenyl Ao GURERY rhothBRBerdiude Ghd B! acktaRe (IZ1dl§ was added. The
(+ - -)-%P%[éz-m- Chl orro phengl sul fanyl) ‘phenyl ] gt ri;[algs- 2, 5-di net hyl
pi pér aanimgire was filtered and the organic layer was separated. The aqueous layer was
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%) "H NMR (CDCl;, 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 I—[2~(4-Chloro?lzenlsubfanybpherzyy-3,5-dimeﬂzy{pz]pemzine
(+/-)-{4-[2-(4-Methoxy-phenylsulfunyl)-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  (+1)-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—pzperazine




(+/)-{4-[2-(4-tertButyl phenylsulfanyl phenyl]-
pi per azi ne I}é# -%-{4 [ 2- (4-Fluoro phenyl sul fany
phenyl ] “VPI di met hyl piperazine 30 (+/)-4- (4-t
phenyl sul fanyl) phenyl]-2-nmethyl pjperazine (+/ 4-[2-(4-iso Propyl
phenyl sul fanyl ) phenyl]-2-nmethyl piperazine 4-[5- Ch loro -2- (4-meth
oxyphenyl sul fanyl) phenyl]-2(R)-nethyl pi perazi ne 4-[2-( 4

Met hoxyphen suI a h, e era 03/ 053942
22 14 g% %f%ﬁ%?feﬁ%% ?’f’@)%?éﬁ%ﬁ %f'@ &PE\ \ﬁoaccor di ng
to netfrdblepsymer represents an insol uble polynmer 5 Preparatlon of iron
conpl exes i6-1,2-Di chl orobenzene-rls-cycl opentadi enyliron(ll)
hexafl uorophosphat e Ferrocene (167 g), anhydrous alumniumtrichloride (238
d (24 g) wer e suspended in 1, 2-dichl orobenzene
(50 ?gpgg‘%"ﬁl ﬁl@ﬁﬂ%ﬁqﬁ% nitrogen atnosphere for 5 h with intensive
stirripgy, zTDﬂ:kmrzsban&@zem@%cW@zddie@lﬁemI) YxdfRipsylakphore and wat er (1000 i)
was added carefully in small portions while cooling _on_a |ce bat h.

Di et hyFerrerene (Be)nmhydrous abarisym Eehloride (3%%)@#16 peEderst room
te”perérﬁgf“lpg geﬁﬂeﬁ%e 2‘51&?“8%%]%%3 sggfmgzgh&%%d%td@ élﬁtsby' ether (3

x 300 ueous phase was agueous amoni um
hexaf | nitfogpi aspdsphere (OS5 & with Hffersivewtitring) 'l\hﬁsmaulldmatrab eocladifd rqeor t i ons under

| i?tléﬁ'%ﬁa%%ﬁ@r@aﬁe%%%iﬁ ik gon e chrog it sl Rpgs o R on B el o wi 1

t t ;n@ctuﬂ; bd | d
oe a1 PRPCLE R Pitthel Fh "Pefg'a*‘@“%]“a "‘1@ R s (m 210)

7.07 (mo:ﬁlt@mpeaﬁuﬁrfapaﬂanmntesoﬂpmhmmmaﬂeemm Vil d@ﬂméﬂ;l%rm?@ér azin-1

yl ) car yl | J henox yl polyst
4- [ (4 ¢} Smw MSEHS) | Wﬁ‘rp ﬁ%ﬁ%‘xyﬁ&f‘hﬁq‘ls%‘f STOPORE™ 567 ¢, 235
aﬂﬁatel (5005 YinNs ONgh, Wté%'\f/&r s Oipy élﬁall-)portiﬂanwéﬁﬂ&ﬁhnor phol i ne
(2380 : 2 3 anda{nperazme g, 1.17 nmol) were ad ed and the
m )15 ur stlrrmg The product was allowed to precipitate at room temperature. After 3 hours
- 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 (D¢-

DMSO): 5.29 (s, SH); 6.48 (m, 2E); 7.07 (m, 2H).

trans-2, 5-di t hyl
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20  Preparation of polystyrene-bound amines
4-[(Piperazin-1-yl)carbonyloxymethyl]phenoxymethyl polystyrene
4-[(A-Nitrophenoxy)carbonyloxymethylJphenoxymethyl 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 stitred 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 analogously:
4-[(2,5-Dimethyl-piperazin-1-yl)carbonyloxymethyl|phenoxymethyl polystyrene
4-[(3-Methyl-piperazin-1-yl)carbonyloxymethyl]phenoxymethyl polystyrene




25 was stirred at roomtenperature for 16 h. The resin was filtered off and
washed with N, N-dinmethylformamide (2 X 1 L), tetrahydrof udddue20R61 L),
water (1WRHMME), nethanol (2 X 1 L), tetrahydrof uranPC2/DX02/00859 and
methanol (1 X 1 L). Finally, the pesin was washed w th dichloronmethane (3
X 500 nmL) and dried in vacuo (25 C, 36 h) to yield an ktlnost col ourl ess
resin PRARRYd of réSinTenntofLapyi ocyelipyrtadiesiltrop@nd di am nes were prepared
anal ogously: 4-[(2,5 Dinethyl piperazin-1

yl ) car bMMWW@@henoxyrret hyl polystyrene 4-[(3 Methyl piperazin-1
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iron-conpl exes were prepared anal ogously: 40;(_;{ 4- [)276_- 2- Chl or ophenyl ) -rf

- cycl opinhiadinethyhs (30X G00 Jull-)2n8 ddiedrnt tarkei et 36m) to vield a dark orange .

car bonyl gx é%l ) phenoxynet hyl pol ystyrene hexafl uorophosphate 4-({4-[i

f-(Z-d?%?égﬁ 1 )-rlf-cycl opentadienyliron(ll)J-3-nethyl pi perazin-1- 20

y| h§ar GeRyh RewHE ok iyRERMIHARbALbmBRkS e phepatetablogondphosphat e

4-({4-[ 1°-(2-Chlorophenyl)-n’-cyclopentadienyliron(I) |-2, 5-dimethylpiperazin-1-
 yljcarbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate
© 4-({4-[1’-(2-Chlorophenyl)- 17 -cyclopentadienyliron(Il) ]-3-methylpiperazin-I-
20 yl}carbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate

Preparation of ortho-(arylsulfanyl)phenyl piperazines
(+7-)-1-[2-(4-Methylphenylsulfanyl)phenyl]-trans-2, 5-dimethylpiperazine:

25 | To a solution of 4-methylthiophenol (1.4 g, 9.8 mmol) in a 1:1 mixiure 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—[116—(2-ch10ro-pheny1)-n5-

30  cyclopentadienyliron({lX)}-trans-2,5-dimethyl-piperazin-1i-
yl}carbonyloxymethyl)phenoxymethyl polystyrene hexafluorophosphate (3.5 g, 245
mmol) was added and the mixture was stirred at 55 °C for 6 h. Afier cooling to room
temperature, the resin was filtered off and washed with tetrahydrofuran (2 X 50 mL),




Preparati on of ortho-(arylsul fanyl)phenyl piperazines

(+1)-1-[2- (4- Met hyl phenyl sul f anyl ) phenyl j - trans- 2, 5- di met hyFget®si ne: 25
To a sol WOSHS¥M2 4- net hyl t hi ophenol (1.4 g, 9.8 nmol) i nPET/DKD2ASR? ure of

t et rahydr of uran/ di met hyl f ormami de (§ ni), sodium hydride (7.4 nunol, 60%in
mneral oil) was carefully added at roomtenperature (Caution: Generation
of  hydictgydrofifirgwatex (1ti} (@ 56t i), Naimethydsigiamidn g2 BGomL)af ter the

(1 aa&'%%r 2%%2?’%%& of ad9f§£§§ds'o3§i S G rodian (3 X 50 mL), and

cycl opeainasiuRaiy wilithéthdol %@@é&ﬁy&oﬂhﬂiﬁg&% 50 iR Addles). Fiddily, the
car bonyl oxynet hyl ) phenoxynet hyl pol ystyrene hexaf| uorophosphate (3.5 g,

2. 45  nresin)wagasashad eithakehlorhmethane (fr 8 SRl yaid dried invad® @50y 13hh. Afte
coold ng, to y.00 t enper atur he resin, was fi,Jlter of.f.. and hed with
ot e Bl Bt SRRE A T G rilhgl 5% i 4 85T R 30, om0 24
t et r ahygliephhtheglineaine 3. 1( nikiurd 2 XpyaidiindivateNN20li HE} Rivdsf QIaH@dﬁiﬁleli%I%- X 50 M),

water (2 X 50 nL), nethanol (3 X 50 nlL), tetrahydrofaran (3 X 50 nL), and
subsequiispgrens F9ecios tihen dihe fusponsion argpdagitetedy Tadeiion wolepiiradjaligne| es) .

' vac st 3BT IRAP P2 HANY D gibied SRR AR bbb (T 28, 10
resin amfl)awfeH(NK26|mil) o tefratlydidFarap (8 0028 Ml untikthe washibg sobatione  of

pyridi ne/water (20 mi) s placed,in |ight- transparent reactor tube. The
susiensVei? ko wé»pgac“-%ycms%m i, FERRIGOR PAOReAMIEONES TAOEHSY (RHb| i ght

for 12 | | n d Ay &ﬁ’m ; m),
wat er (J%Ecg(ﬂ%ge)%ﬁ_?ﬂ grrl% tel{ll?lgttﬁ;e/%%og'r gn%@ %\Ef;defnt érﬁ%lt I %}flaﬁelg{/\l/ax)svﬁsi‘ang )
~ sol ut i csmupétedethe restn was Washed (vatpliditorntetieane (2X)25anb) sikkdriadriadizata on

Byer os) 25 12  RESER 4 Bk bt S 7 £ B nb i e GRS S8R R et wi e
di chl orvyeiehsgeriddd Tn 33 : Mulix@ksl of friffifbrédtci@ el anf ctiormbthdny (Lanbptain a

light brown resin. 3.7 g (24 mmls)hof the thus obtained resin were
th.

susiend gtired at Taomiseaparetuestfor 245th. Thegasemag filfered ofhandiweshed with hane (2
oft andnBieRbs O X DI SRR Tkt B SR ORRIGHIERE | 07 e
filtrat# facoe) aobrabgd 6il $@k vbnimed. The crude product was purified by preparative
LC-MS and subsequently by ion-exchange chromatography.
LC/MS (m/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:

(*+7-)-1-[2-(4-Isopropylphenylsulfanylphenyl]-trans-2,5-dimethylpiperazine
25 (H/)-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 formmula ITI where A is an insoluble polymer

4-[Chloroacetoxymethyl[phenoxymethyl polystyrene




I n vacuo, an orange oil was obtained. The crude product was purlfled by
preparative LC M5 and subsequently by ion-exchange chromatédeegdpé L/ VS
(mz) 3MEOBOMEY; RT = 2.17; purity (UV, ELSD): 87.1% BET/PHH2/QME d: 20
47.8 mg (6% . The foll ow ng aryl pi parazi nes were prepared anal ogously:
(+/-)-1-[2- (4l sopropyl phenyl sul fany )phenyl J-trans-2, 5-dinethyl pi perazine
(25/ ) Wi'mg resin (10 g, Ik(: 3I mrllnol) waslsfuspenlded r1]11. dlclhloromethane (IOOdmL) ak?dl

+ 1 2, 4- Di et ypen ul fany enthransZS i met pi perazine
(+)- 1([02*?@4 berPBngt P?ﬂh’é‘?ﬂm @E At J-X2r af§0d) 5 WS netddg 5 pi per azi ne

(+/)-1- (Fiﬁo%offcé\?foﬁ%ﬁe 2 %&é&fﬂl&ﬁ '1219 *fé‘d& tlIRION stitddCR 37 For

(+/)-1- opropyl phenyl sul fanyl) eny pi perazine 30 Preparation of
i nt er ned] atiesindfthéwrhowed td heathior wo tempenatines The reastipo| mixbyre was

2008 FORFGRL D BB IS T [ 1ol rorr0P) et yoohed VaidNekdea i n

di chl orgifwy ﬁnﬁﬂaﬂi@ nB) XndIOGO%IQd Tcﬁbh@&om@dhhﬁ@p(ppwtetlfmml amipye (9 i, 52

nmol ) was added Chl or oacet yl chl ori de was added sl owl The reaction
m xt ur edimgthydformenaide 3 3 160 py) amgiodighlaraspeihans &3 31109 ¢réssk int 0 r oom

t enperat ure ction mxture was 5 stirred at roomterrperature for 16
h. The ng?ﬂz Jajglwssltered of f and washed with N, N- di net hyl formam de (3 X
100 nmL), dichloronmethane (2 X 100 nL), dinethylformamde (3 X 100 nL) and
di chl oronet hane (2 X 100 nlL) and dried in _vacuo (25 C, 16 h). 10 The

f ol 10owi Hip follewinasssin jas prepaigd i an Anglogous &$HO0: ashi on:

4-12 ystyrene Preparation of

Inter%?%@g&&%wgg%ﬁ%d&}ng ?g Wig}ﬁeﬁ%xy) bi phenyl A m xture of

2- bronophenol (2.08 g, 12 mmol ), 4-bi phenyl boronic acid (4.75 g, 24 nmol),

Cu(OAc)Z (2.20 g, 12 mmol) and triethylamne (6.1 g, 60 nol) in di oxane
Preparation of Intermediates II by method ¢

15
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. Thé’ crude mixture was evaporated onto silica gel and
purified by column chromatography eluting with ethyl acetate/heptane 1:9.Yield: 0.73
2.(19%). 'H NMR (CDCl,, 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 -(0.73 g, 225 mmol), rac-2-
methylpiperazine (0.285 g, 0.285 mmol), Pdydba; (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%). i1 NMR (CDCls, 500 MHz)

7.55 (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.




20 (100 nL) was stirred for 48 h. The crude m xture was evaporated onto
silica gel and purified by col utm chromat ography el uting WttIAna30Rg|

acet at e/ WEHBHEP42: 9 Yield: 0.73 g (19%. 1H NVR (CDC13, PEO®KORR)SST. 65 (m
111) 7.55 (m 4H), 7.43 (m 2H), 7,¢5- 7.38 (m 2H), 7.00-7.08 (m 411);
M5(mz): 325.1. 25 (+/:)-1-[2-(Bi phenyl-4 yl oxy) phenyl J-3-net hyl

pi per aziregaratioh of dompoimds ¢fAhbipmatiphenoxy) - bi phenyl (0.73 g, 2.25 mml),
rac-2- nethyl pi perazine (0.285 g, 0.285 mmol), Pd2dba3 (0.022 g, 1 nol %,
rac-binap (0.043 g, 3 nmol % and NaOBut (0.300 g, 3.12 nmmol) in dry toluene
(15 m_)Exﬂﬁ’ﬂ Iargon and 30 stirred at 90 C overnight. After cooling to room
tenperature the mxture is filtered and evaporated onto silica gel and and
purified by colum chromatography elutin wth et h%l acet at e/ heptane 1: 2.
Yi ebd: 10.(%6%{@[eafwefetkwmlfm&pk@o@ﬁmz,5-‘41@@ phiipgagin-Iy 49 (m 2H),

7.38 ( 21), 7, 1H), 7.10 (m 1H), 6.90-7.00 (m 5H), 3.30-3.35 (m
2H) 2%%“‘(%?“&54}2;3’“%%?”52%0 (m 311),2.30-2.40 (m 1H) 1.60-2.00 35 (hr,

1H), 0.99 (d, 3H); Ms(m z): 345.1. WD 03/053942 26 Preparati on of conpounds
of the invention Exanple 1 14 June 2006 _ PCT/ DKO2/ 00859

1
(+1 ) - { 4224 MiethoryihenylswéayDsphepybyraps-2Sediprefiyl-plpsezsies -(gﬁw%t hiP
DS ey ) NoREy IRtk e V@RI AL, CBsmmal) | was dissolved in o
g, 1.5 acétlfmitl)ilea(llld ﬁﬂ@étah&lpﬁc&dgnﬂ}ayha:dﬁm@g(m&m@ Bih; oaggisiedi ssolhvled
in 10 tonitri 0 m nder ni, t n re. Et
b ommadBaaasl, 15 mmolvasdodohan jhemerin s gt ehanhi PERRIEeS: | T oy o
anbi e“tfm}% RRLAL 4o egglgmt}ﬁg%% addedtd Emall Xieth: YBslENes adigd a smal |

anount "of "si'lica ge sol vent was evaporated in vacuo. The product,
absor besdlvent tvas svdpocadiedyizl vacua<Thsquodubt, absorbed gn 4o silica geh™as iPggEdand el ut ed

ol at 6 17 GrHiEh SHRHOER (0 | GHEa D PORToB - pBRRy o CRefRk E2,
wasyst hegodis S50 heeshtdr ivatifiasied frodrelshintdrdtiatd dNaQibhvol (A00iarg, 68%xL) .
The ester was then dissolved in ethanol (10 mL) and 2N NaOH was added (5 mL).
The reaction was stitred 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 agneous phase was
20  reextracted with ethyl acetate (2 X 50mL). The combined organic fractions were dried
(MgS0,), 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%). "H 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 (4, 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—pkenylsulﬁmyl)-phenyl]—tmns—Z,5-dimez‘hyl—pipemzin-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, 1), 7.12 (t, 1H), 7.26 (m, 2H), 7.50 (m, 4H),

LC-MS (m/z) (MH) 391.2 RT=2.43 (UV, ELSD) 9%, 99%. Yield 420 mg.




The reaction was stirred for 16 hours at roomtenperature. The reaction was
evaporated in vacuo and the residue was dissolved in ethyl 14deaesd®6(50 ni).
2N HO  YP9353%%as added and the phases were separat ed. PEF®KE08%Us phase
was 20 reextracted with ethyl acetage (2 X 50n). The conbined organic
fractions were dried (MgSOH), flltered and evaporated. The residue was

di ssolved in a small amount of di chl oronet hane, preC|p|tated by the

A R
3.12 ?l} gggma%uphg,%cgﬁ)zde4 11 (d,111), 4.31(d, 1H), 3.81 (s, 3H), 25 6.55
(d, 11 13 (dd, 1H), 7.2 (m 1H), 7.42 (d, 2H , LG MB

( rﬂ z) H\MWDEIR‘S&@MBZ) O, (AEBIER)L.W8GE 3HY, % 3@, $H)k 21462.6 ¢mi, BH).conpounds

I

phe g?'?a‘ﬁ&?’)mn@??%ﬁ ﬁjﬁ’?fz@d ﬁgén‘ghb(dé%@r@? {;flzf%’l fm gtf)?g%’etl c acid,
?ydrgﬁbmpgl(% H'i\hg%ﬁeml?isgqa,obﬁg)’/@?i 29H)(d 111) Z 78 glwfli) 92731%8

11 BT=%70 UVnELSR) 95%, 89%( eidm mgLC- VS (nfz) (MH) 391.2 RT=2.43 (UV,
ELSD) 99% 99% Yield 420 nmg. WO 03/053942 27 14 June 2006 PCT/ DK0O2/ 00859
lc (+/-)-{4-[2-(4-tert Butyl phenylsulfanyl) phenyl]-trans-2, 5-dinethyl
p| per izléi;{%/—)-ﬂ Yzqmaéw'o@ge@lsz&)ﬁ@gpph&@?%mﬁ%ﬁét@g@?&amﬂg% gli? (d,
3 2@ (rﬂcetiwadsg%iz"%’ﬁo 61"115 3. 48 '(d 1H), 6.65 (d, 1H), 7.01 (t, 1H),
di20  HOTR (CPGh SEME 4R (@0 37 (DL B A 0 DL S BT 2 el o o
phenyl SAd-Banfrh, ﬁlﬁ)e;ﬁgﬂ’?](dx 1B)n4-08, (8; tﬁI)rétGMd the'fr%?z(nm 1H) 720 (w0 18det i ¢ aci d,

(21365 1, R 0o 2807 34 Q0 ey S ) Qv RT2g Y, #1000
0. 54 ( Gar Si3dsoioft ¥ ma W9mg7. 20 (m 111), 7. 26 (m 111). 7.82 (dd. 211),
7. 54 (dd,  217) VUMY RT=2. 24 (W,
le (V/-)-{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-I-
yl}-propionic acid, hydrochloride
LC/MS (m/z) 427.0 (MH"); RT = 2.76; purity (UV, ELSD): 86%, 98%; yield: 27 mg.

30 Ik {4—[5—Chloro-2—(4—methoxjf-phenylsulfanyl)—pkenyl]-z(R)—methyl—pz]verazin-] yl}-
acetic acid, hydrochloride '




ELSD) 95% 99% Yield 180 ny. 15 le (+/)-[4-[2-(4-tert- Butyl :Nélsulfanyl
phenyl]-2-neth I p| perazin-1 yl}-acetic acid, hydrochlorid (M z)
399. 2 (WYPH3ORM2- 2 54: purity (UV, ELSD): 100% 100% yP@TlaKozlqassm ng. 20
If (+/)-{4-]2- (4 I so- Propyl phenyl sy fanyl) phenyl]-2-nmethyl piperazin-1
yl}- acetlc acid, hydrochloride LM (mz) 385.1 (MEl ); RT = 2.45; purity
(Vv ELWW&@,@% MHe) 140 (d, 3Hy 3. 185m, T, 8/25)3.48 (thA4XR-3(6B (rey t - But yl

Ry ocriior s (eths S0k T8 & Rndell A RHE 548 Bl iy AL BBy © Soe”

98% ylﬁigigdZZH?wzag 11, 94,2[(5 ﬁnl or 0- 2- (4- met hozy- phenyl sul fanyl)

phenyl ] erazin-1 yl }- acetic acid, hydrochloride WO
03/ 053 Ribkep?2-898peritys(ULHERSR):( $R960100%0 yiskd) 1.40 (d,
-3I—I),532]2§ZPQ€1 325348(m 41-1), 3.63 (m 1H), 3.75 (m 11-1), 3.80
5 4.30 (d, 1H) 6.55 (d, 1H, 7.02 (d, 2H), 7.13 (dd,

111) 72(m 1H) 742(d 2H) LC/I\/IS(niz) 407.3 (M) RT = 2.79; purity

UV, ELSD % 100% | d 5 [ 2-(4-Meth
ey S} Sl (- My pheprg iy o iRy Sdratirtortpaea-Tadi | ¢ aci d.

hdroc 1 O d6, 500 MHz) 0.85 (d, 311), 1.30 (d, 31-1), 2.95
4 %&é%&ghj&%ﬁz&%ﬂ 53 (d, 1H), )3 60- 3(65(m)2H) 3£30(m 3)11)

' 3 92 ( HM@M 5001MIHz) 6.85%d,(3H), 13B6)(d, 3H)2.96dt,17)7)3.05/(ni,2H)dd, 111),
7 24(M3 J43 188y, $%50Fes &) 2m), 3.80 (m, 350), 3.92 (4, 1H), 4.10 (4, 1H), 6.5 (d,

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

LO/MS (m/7) 3873 (MH'); RT = 2.22; purity (UV, ELSD): 97%, 96.9%; yield:

607 mg.

15 Ij {4—[5—Chloro~2-(4—metkoxy—phenylsulfanyl)-phenyl]—2,2-dimethyl1njperazin—]-yl}-
acetic acid, hydrochloride .
"H NMR (DMS0-d6, 500 MHz) 1.58 (s, 6H), 3.20 (5,2H), 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, ]—é—methyl-pzpemzin-l -
yi}-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 (DMSO-ds, 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, 1B), 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  1l.26g




LC/ M5 (mz) 387. 3 (MH); RT = 2.22; purity (U, ELSD): 97% 96.9% yield:
607 my. 15 if [5 Chl or o- 2- ( 4- et hoxy- pheny! sul fanyl) 14 June 2006
phenyl ) - WOBESHE hyl piperazin-1 yl}- acetic acid, hydr o@ETEHKOHE0SEH NVR
(DVBO d6, 500 MHz) 1.58 (s, 6H), 3.20 (s,2H), 3.20-3.60 (br m 411), 3.80
(s, 311), 3.92 (d, 1H), 4.10 (d, 111), 6.55 (d, 111), 6.90 (dd, 1H), 6.96
(d 2H), Iit. 13 (d-[2-(BohkAy Y yloity) dbekyd]-2 2l Gindeadindz))-4aticl (Nol); RT =
2.41; %%t%dé}{%/, ELSD): 96% 98% vyield: 1.18 g. 25 30 1k

{4-]5- PAYYI¢%-tri f 1 uor onet hyl phenyl sul fanyl) phenyl]-2- et hyl

pi perazin-1- yl}-acetic acid, hydrochloride LC M5 (rﬂz) 445.1 (MH); RT =
2.50; purity (UV, ELSD): 88% 72% vyield: 20

{ 4- [5 M@Rmaﬁﬁhw@wﬁﬁmmymmewnmmy B BiP5- 7pzq)era2| n-1

4 b (oS o HETERL o ulB SSRGS Bl 3% (o

1H) §Bs(3d], ,ﬁbi]lm 519@]1 7. 11 (dd 1H), 7.2 (s, 1H), 7.38 (dd,
11-1) LGNS ( 2 { M 3 = purlty w, ELSD} 99. 6% 100. %
yiel d: LGS (mézj %(bmfs%éa@w J@HéfEiéDér Eli=Tes TR iR tog (43y

{4-12-( gphenyl 4 yl oxy) phenyl]-2-met hyl piperazin-1 yl)-acetic acid,

hydr och(dri de” 1H NVR (DVSO-d6, 500 MHz) 7.60 (m 4H), 7.40 (m 2H), 7.32
(m 1H), 6.95-7.20 5 (m 6H), 5.00-6.50 (br, 111), 4.00-4.10 (m 1H),
3.80-3.90 (m 1H), 3.20-3.50 (m 611), 3.05-3.15 (m 1H), 1.17 (m 3H);
c/Ms (mz) 403.0; RT= 2.45; purity: (UVELSD): 96.7% 99.4: yield: 0.116 g

(43 %Example 2

2q (+/-)~-{4-[2-(4-Methyl-phenylsulfanyi)-phenyl]-trans-2,5-dimethyi-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 exiracts 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
LCMS (m/z) 399.0 (MH"); RT = 2.48; purity (UV, ELSD): 98.3%, 100%; yield:
22 mg. '




10 Exanmple 2 2a (+/-)-{4-[2-(4- Met hyl

phenyl sul f an QPphenyI ]-trans-2, 5-di net hyl piperazin-1 yl)- 14 dang 2004¢i d,
hydr ochl ¥P;0 aé 42 A sol ution of PCT/DK02/00859

[ 2- (4- Met hyl - phenyl sul fanyl ) - phenyl jo- t r ans- 2, 5- di met hyl - pi perazine (10 ng,
0.03 mmmol ) and dii sopropyl et hyl am ne (0.02 m_ 0.11 mmol ) was added to

4- [ Chl ofw &tet-Ghynbd. hyPi} wﬂ@l@wm@mvm@ﬂfmﬁé X-disgthybpiperagd-fmol ) . The
reactio Tﬁtcuéc?d\%aar%ﬂf dteed by shaki ng overnight at 70 C. The resin was
flltereyg} 871 A HEE V\nthNI\I-dlrrethyIforrramde(4 mL), nethanol (4 ni)

and 20 TCOIS qeogEsSR0qME)NRY. = TBY; pesity (VAL Emﬂ;eagle% i100%; kidldm xt ure of

trifluorgacetic acid and dichl ornet hane (1.5 nm) and shaken at room
tenpera‘@uF%gfor 1 h. The resin was filtered off and washed with
di chj oromet hane (1 nl). The organic extracts were collected and evaporated
in vacuo. The crude product was purified by preparative LG Ms. 25 LC/ M5
(rﬂ z) 331 (WE)-2-f3[2=({2eqBuiyiphicnysulfady]) BhEDY]-3-10tyipin@0siy-Iyplt d: 1.6

. The follow n nd were prepared in an anal ogous fashion: 30 2b
(+/) (frfﬁzo(’ﬁc‘i‘@‘g f&?’%f enyl sul fanyl ) phenyl ] -trans- 2, 5- di net hyl

& b Run
D TPl ) sect quepg st (0 KD 4 308 AR L T

2006. F&EIMmKO2/ 00859 30 2c (+/-)-(4-[2-(2,4-Dirnet hyI
pheP(}/I sul fanyl ) phenyl ] -trans-2, 5-di net hyl piperazin-I- yl)-acetic acid,
hydrochl ori de LG/ M5 (m z) 385. 0 (MH); RT = 2.37; purity (UV, ELSD): 99.8%

100% y2el di+/ijdede). WI@P@%P%hﬂﬂtlfaﬁyﬂ%hé@fl] -piperddisi-Jlyl}pdveriy | sotitiany| )
phenyl ] - 3- net hyl pi per azi n-
hydrochloride
LC/MS (m/z) 370.8 (MHY); RT = 2.35; purity (UV, ELSD): 89.0.%, 99.9%; vield:
3.2mg.
15
o 2f (+/-)-2~{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-3-methyl-piperazin-1-yl}-
propionic acid, hydrochloride
LC/MS (m/z) 386.7 (MHN); 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:
" PH]-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 MgS0,,) and pre-incubated with test compound for 6
minutes. Afterwards, 10 1M *H-glycine was added to each well and the incubation




propi onic acid, hydrochloride LM (mz) 386.7 (VHL); RT = 2.14; purity
(v, -ELS}I,Z‘)): 91.9% 99.2% vyield: 3.2 ny. 10 2e (+/ -)-{4-[24@ung W6 opyl
pheny! suMIKFI%bhenyl Jpi perazin-1 yl}-acetic acid, hydPEEMIKSRDEE LC/ VB
(mz) 370.8 (MH}); RT = 2.35; purity; (UY, ELSD): 89.0.% 99.9% vyield: 3.2
mg. 15 2f (+l-)-2-{4-[2-(4-Methoxy-phenylsulfanyl) phenyl)-3-nethyl

pi per azwas gonginped fardFininiics.adicdellhyareordshed twiece IndRS Joittdlatisgdluid (MH) ; RT =

2.63; purit UV, E .. 91.9%. 99. 2% ..yi L 03..2.90. 20 Phar macol ogi cal
testi ngwﬁ%ddggr%gﬁlheﬁggf wteﬁeecol"%it\?aﬁPiaéﬁ‘%E@gp%cgtS@ﬂuﬁmg CQBREFL ecogni sed and
reliable test 25 neasuring glycine uptake: [3H -d ycine uptake Cells
transfected wwth the human AyT-ib were seeded in 96 well plates. Prior to

the 30TBsjrst rosehs shoveeds dhat dheyeorapeynds of thevnvention gbshqwial wytiddes-tris (pH
7,4 2 i it h test
co rr%a'r’ou n%é?‘%r\ﬁoggjﬂrbnd :ﬁstrfgﬂ §°.C91§?1 % 8‘?%5‘8@4%@%#%398?%%% &\%Hé}g&glglde 0 egz h

wel | anbkttveen i fomMiand 8504MD 03/ 053942 14 June 2006 PCT/ DK02/00859 31 was
continued for 15 m nutes. The cells were washed twi ce i n BIBS.
Scintillation fluid was added and the Plates were counted on a Tril ux

(Val | acMisodialysid axpeaimends nine rodefitse shewed rihat| ddmisibiatiod, of hadledi¢éde conpounds
of the invention.all. showed i ihitian 5 hel ow 2000 n s. 1C50, in the
“abot- nEERUIGE of L inveriipn, re qpef‘ﬁ’é a0 SRS SopeREation.p ﬁlﬂf%ﬁﬂlﬂﬂ and 850nM

brain. Furthermore, in a rodent model of psychosis, selected compounds of the

invention reversed the sympioms of amphetamine induced hyperactivity.




Mcro dialysis experinents in rodents showed that adm nistration_of
selected 10 conpounds of the invention resulted in an i ncriddeusg2006
concentration of glycine in the brain. Furthernore, in a rodent nodel of
psychosi s, sel ected conpounds of the invention reversed the synptons of
anphet anmi ne i nduced hyperactivity. 12 June 2006 Cains: 32 1. A conpound
represented by the general formulal (R4) r "AR- (R3)s A J- ~ (R)P 1 X
Q Nofdmd-SN, X represent 0 or §§ mis 1; pis 0,1, 2, 3or 4, qis O, 1
or 2; sis0,1,20r3; risO, 1 or2; I Qrepresents C; Ais OR6, wherein R6
represent hydrogen; AR represents phenyl; Each R4 individually represents

Cl. 6- al kyl - | oa | or C3 s:scyclpalkyl-C _6-alkyl; Each R is

i ndepgndenﬁtL F%/%psogflée:%@ggm}ebg’%ﬁ%“gﬁ@ﬁﬂx@%ﬁsi sting of Cl.6-alkyl, or two R

attachgReyo the sane carbon atom may form a 3-6-nenbered spiro-attached

cycl o- aljkyl ; Egﬁ R2 is independently selected fromthe groups consisting .
n

f mal oden, P niAR.o— (€F).6-
o m@ﬁo nN /eﬁﬁ xryﬂtR &),
| S LH,Y |
m

| 'R,
YisN;

X represent O or S;

misl;

pis0,1,2,3 or 4;

qis0,1or2;

sis0,1,20r3;

- risQ, lor2;
Q represents C;
A is OR®, wherein R® represent hydrogen;
AR represents phenyl;
~ Each R* individually represents C;.¢-alky!, Cs.g-cycloalkyl or C;_g-cycloalkyl-C,.¢-alkyl;

- EachR! is independently selected from the proup consisting of Cy¢-alkyl, or two R attached to the

- same carbon atom may form a 3-6-membered spiro-attached cyclo-alkyl;

Each R? is independently selected from the groups consisting of halogen, cyano, nitro, Cy-
alk(en/yn)yl, Ci¢-alk(en/yn)yloxy, Ci.s-alk{en/yn)ylsulfanyl, hydroxy, hydroxy-Cj¢-alk(en/yn)yl,
- halo-C;s-alk(en/yn)yl, halo-C,;¢-alk(en/yn)yloxy, Ci.g-cycloaltk(en)yl, C3.3-cycloalk(cn)yl-c|_5-
alk(en/yn)yl, acyl, Cy¢-alk(en/yn)yloxycarbonyl, Cw-alk(énfyn)yl_sulfony! or -_N_RS’R_‘”'wherein R




al k(en/yn)yl, Cl4-al k(en/yn)yloxy, Cl.6-alk(en/yn)ylsulfanyl, hydroxy,
hydroxy-C . 6-alk(en/yn)yl, halo-C.6-alk(en/yn)yl, 14'Tune 2006

hal o- Cl. 6-al k(en/ yn)yl oxy, C s-cycloal k(en)yl, C3_s-cycloal k(en)yl-G .6-

al k(en/yn)yl, acyl, C _6-al k(en/yn)yl oxycar bonyl G s-al k(enlyn)yl sul fonyl
or NROR10 wherein R9 14 June 2006 3333and R10 independently r epr esent

hydr ogen, C14 al k(en/yn)yl, C3.s-cycloal k(en)yl, C3.s- cycl oal k(en)yl-C, -6

al k(en/ﬁ{F) or aryl, or R9 and R10 toget her forma 3-7-nmenbered ri ng which
optadén indenendaniy  GPRICRRY thi@roa%t e@@a&"ﬁﬁ?’ﬂﬁ&bh%"ﬂkﬂﬁ"ﬁ?@l’s Eebrsti t ut ed

0 ok REEGEMAIELY L85V 16 0 BB oI S

C oﬁumaﬂdye@ma}immesfuﬂtﬁeahgltrpathmdroxy, hydroxy- C1.6-al k(en/yn)yl,

hal o-C . 6-al k(en/yn)yl, halo-d.6-al k(en/yn)yl oxy, C34-cycl oal k(en)yl :
C3. 8- c;/cl oal k(en)yl -C, 4-al k(en/yn)yl, C, .6-al k(en/yn)ylsul fonyl, aryl,
ar YHacKR® Gvhith K substitaed b AR, iscinddpesdently &!@idd(fﬁiﬂ{ ¥ Bovip consisting of halogen,

&@?@%ern B¢ ynm%f ﬁ'ﬂcﬁﬁaﬁﬂmﬁy Oi%péFV é?a@wnfw?lhéaﬁ“%“ %'é éwe@h? 31/tn)R y|2
et e (N (qmcw:. ﬁﬁﬁﬂ/ynﬁydh%mﬂ(ﬁ%m(éﬂ/yxﬁyléxﬁ' @g@&a&m&mﬂr % or R 1
ﬁl tO et er V\Atﬁ'l e nitrogen to ar e attac orma

3 ¢¥ﬂ@ﬂﬁéﬁ)¥ﬁcr¢ﬂl§{em)dh (bp-talkfﬂméb{nbxlsléﬁmlamh Js-@HC{ql‘iém))ﬂ@WeWhCom or

ARG o6 IR ARl AR, SBKERARS, BAGO? wherein

C3RY" amé| REI kndepengiéntiC] repreadnt (mydrogeny IC) @alkfenyin)ylprCsRtclaaikieRyl €oget her with

opE U AT PRV il G, AR et e RS Qti R

SUQﬁéchédJl%ﬂﬁESIm&hb&édxfi Which robﬂ&afl}‘éﬁﬂanﬁs%rk'?ﬁﬂéﬂlet&%t@nﬁt ed from the group
consi St"?ﬁ{:‘ of R wherein Wis and R' are hydr ogen

or o1 NR F kyherein rli } vandaB)‘aindepengdently utmesetm é?)‘ﬂépgﬂlb thd‘l@k(eﬂfW}ﬂ, aCfused

het.en ti B 1 AR, or an
' ac?@l%%ﬁbr?gggy(fqz’m@gp#'{'ﬁk@g{ﬁ@ggg?mag} gc%&%?ﬁgqﬁmeral m%‘ wherein X
i snifiogdnitoJwhieh ZiHyGarB4ttached form a 3-7-membered ring which optionally contains one

further heteroatom;

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

consisting of

/\/>R' /W><R. /w‘/R‘ A S
\>\R" ~w R" \]1 \/

wherein W is O or §, and R’ and R’ are hydrogen or Cy.¢-alkyl:
or two adjacent R® substituents together form a fused heteroaromatic system containing one or two

heteroatoms fused to AR,

or an acid addition salt thereof.

2. The compound according to claim 1 wherein X is S.




3. The compound according to claim1 or 2 wherein pis 1 or 2 4,

conpound according to any of the clains above wherein g is 14 Jume Oﬁﬁe
conmpound according to any of the clainms above whereinr is 0 or 1. 6. The
conpound according to any of the clainms above wherein s is 1 or 2. 7. The
compound according to clains 1- 8 wh#hein AR is phenyl, r and q are both O,
pisl or 2, sis | or2,risOor 1;,ms 1,RLis CH3, Ais OH Qis C, Yis N
and X is S. 8. The conpound according to cllaim7 wherein each R3 is

i ndependently sel ected from hal ogen, Cl1_ 6-al koxy or Cl.6-alkyl. 9. The
conpound according to claim8 wherein R3 is selected fromthe group
consisting of d, F, OCH3, t-butyl, 2-propyl or nmethyl. 10. The conpound
according to any of the clains above vvherei n R4 is CH3. 11. The conpound

aC?%hgfﬂg?gazﬁ(:%ﬁ gﬁ‘;ép “gﬁgfgﬁ’ﬂf anyl ) phenyl ]-trans-2, 5-di met hyl - pi perazin

- -yl} -acetic acid

|(T</| aceiagun(i% %ﬁxgé%a{g‘?%p% a%nfxsaan Wld o ef}gzlg l:JOt rans- 2, 5- di net hyl - pi per azi n-
(+/-)-(4-[2-(4-tert-Butyl -phenyl sul fanyl )-phenyl ]-trans-2, 5-di et hyl - pi pera

zip-l-yl}-acetic acid . ..

(+£'-1]5]’9f93}’f’ ¥ 4‘9?;‘1‘%% 0-apnefe daimsaboye whaseing is.ardans- 2, 5- di met hyl - pi per azi n-
1-yl}-acetic acid '
(+/-)-{4-[2-(4-tert-Butyl ‘Ehenyl sul fanﬁll) phenyl] 2- met hyl - pi perazin-1-yl}-
ac@tTihe cempennd according to any of the claims above wherein s is 1 or 2.

(+/-)-{4-[2-(4-iso-Propyl -phenyl sul fanyl ) -phenyl ] -2- et hyl - pi perazin-1-yl}-
acetic acid (+/-)-2-(4-[2-(4-tert-Butyl-phenyl sul fanyl)-phenyl]-trans-2, 5-
di Tedthia gomppqead az¢andihg ol cJaims D8 wharein ARCisphenyl, r and q are both 0, pis 1 or 2, s is

L EREE 761 SHERYA%EY R¢ ANty - 2(R eyl -piperazin-i -y
{4-[ 2- (4- Met hoxy- phenyl sul fanyl ) - phenyl ]-2(R), 5(S) -di met hyl - pi perazi n-1-y1}
-acetic acid

{ 48.The cpmpsund acqordingtolelsioy prhereist eagh A s /ingependenty qeleztedfmmmlcrgenr% perazin-| -

yl
(#;ﬂ?&?k&F @Ilf?oro 2-(4-trifluoronethyl-phenyl sul fanyl)-phenyl]-2-nethyl -pi
pera2| n-1-yl}- acetl c acid ‘

A? ﬁg%%;?%@péc ordmg %ohca;(ix{éj wﬁ %lnslig is sg%ctgd 8’0 ewc &roulg 5 nsggrtlghgtl (-II‘?IF,per azin-1-y
(@eHB,{ﬁnt&QQ(]ﬂoﬁlpgﬁyéthﬁhenyl oxy) - phenyl ] - 2- net hyl - pi perazin-1-yl}-acetic
(+/ -{4-[ 2- (4- Met hyl - phenyl sul fanyl ) - phenyl ] -trans-2, 5-di net hyl - pi per azi n-

| | . e d .
g ){ﬁf@%ﬁ?ﬁ&@g%%wmﬁdm shoveubeeinRUSCHL o c i et hyl - pi per a

2|n | -yl}-acetic acid

11. The compound according to claim 1, said bompound being
(+-)-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl)-frans-2,5-dimethyl-piperazin-1-yl } -acetic acid
(+/-)-{4-[2-(4-Chloro-phenylsulfanyl)-phenyl}-trans-2,5-dimethyl-piperazin-1-yl}-acetic acid
(+/-)-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-trans-2,5-dimethyl-piperazin-1-yl } -acetic acid
(+-)-{4-[2-(4-Fluoro-phenylsulfanyl)-phenyl]-frans-2,5-dimethyl-piperazin-1-yl}-acetic acid
(+/-)-{4-[2-(4-tert-Buty)-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl }-acetic acid |
(+/-)-{4-[2-(4-iso-Propy!l-phenylsulfanyl)-phenyl]-2-methyl-piperazin-1-yl } -acetic acid
(+/-)-2-{4-[2-(4-tert-Butyl-phenylsuifanyl)-phenyl]-frans-2,5-  dimethylpiperazin-1-yl}-propionic
acid

{4-[5 -Chloro—2-(4—methoxyfphenylsulfanyi)-phenyl]—Z(R)-methyl-piperazin-1 -yl}-acetic acid




-[2-(2, 4- D net hyl - phenylsulfanyl) phenyl]-trans- 2, 5 di et hyl - pi perra

(+-)-{4
zin-1 -yl}-acetic acid 14 June 200

(+-) 2 {4-[2-(4-tert-Butyl -phenyl sul fanyl)-phenyl]-3-net hyl pi perazin-1-yl}
-propionic acid ,

{4-[2 (4-Isopropy|-pheny|sulfanyl)-p-”f?enyl]-pi perazin-1-yl}-acetic acid

(+/-)-2-{4-[2-(4- Met hoxy- phenyl sul fanyl) - phenyl ] - 3- net hyl - pi perazin-1-yl}-p
rop eut tablea ad i.tiO salt thereof.
12 {42& ﬁar gﬁ{hc@'aﬁln%c?{%% gﬁi)éﬁ%qﬁrflgt P RErazty; “gld' ding to clains
- ﬂ5|-Cid0r082-(4pimham¢hetlty1llmﬁhﬂy)V) mﬁﬂpn,abinﬁethﬂlﬂibe%iﬁlé 1-|ynracaﬁzl deidt heL eof andf at
| ca ccept carrier or diluent. 13. The use of a
?F% ng'?%@%pg? ﬁﬁm&%‘“&f”& sPhenylsy %TY%PI‘%‘Y ReApstay PiReracin | -ylhseeticot abl e aci d
addscid on salt thereof for the preparatlon of a nedi canent for the treatnent
of di[tssg:@jes selected from the consi sting of schizophrenia, including

bot{# e @ rmethoxpphenylsulfenyben é)’l YoRpmethyl-piperagatiiyibpeetieatid and ot her
PS\§ (PR s f nditions where the
coxn}l]??f? ¢ r ocg%@es%%ygﬁeﬁyﬁ%ﬁé%ﬁ pl&p%Af gﬁgﬁ#gr g di sease, multi-infarct
derfé/hl-{‘h[?- kmhyldélmmfanyl}plmhylmghmz S-dd'nal@dl-@mpraﬂa#lkyll}l-&@e“llcacﬂl sease,
o ) SGhEIQs s 1or rein t raln i.§ damaged by

g h L VI M M e e R ot Pk N B
c orftid)-#1- [ﬂa(2dh—Bmedgt—ﬁheﬁW@nlﬂfaa91)@Bédyﬁﬁﬁdhs-ZWﬁxbthﬂLﬁ;yer&ﬁn- Wée@ﬂ&ﬁmd

- (+/-)-2-{4-[2-(4-tert-Butyl-phenylsulfanyl)-phenyl]-3-methylpiperazin-1-yl}-propionic acid

{4-[2-(4-Isopropyl-phenylsulfanyl)-phenyl)-piperazin-1-yl }-acetic acid

(+/-)-2-{4-[2-(4-Methoxy-phenylsulfanyl)-phenyl]-3-methy)-piperazin-1-yl }-propionic acid

~ or a pharmaceutically acceptable acid addition salt thereof,

12. A pharmaceutical composition comprising 2 compound according to claims 1 to 11 or a
‘pharmaceutically acceptable acid addition salt thereof and at least one pharmaceutically acceptable

“carrier or diluent.

- 13, The use of a compound according to claims 1 to 11 or a pharmaceutically acceptable acid
addition salt thereof for the preparation of a medicament 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
cognifive processes are diminished, 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.






