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recept or 6%ﬁert a w de range of therapeutic effects in humans.
EP- A- 0, 379, publ i shed on August 1, 1990, di scl oses
N-[ 2-[ (pi peridinyl)am no] - 4-pyri m di nyl ] benzam des and generically

descri bes 21{ i gepenaby céepydd) knviwledgeshguropemine receptors are important for many
or di (al ky! ) ek hioN riEidhs msfamfﬁm'b\sa ﬁ.léxapﬁve Ote %ﬁ:flﬁiﬁts'o‘fﬂ{%% ential
e and centra

in 25 neu |ca | seases O era ner vous syst ens
of ani mdfs. recep ors pok ety partigipatesinithe S?%t?lq f prychosis, B alsopfanxizty, egwsis,

gener } cal l ylrﬁbtsﬁb fﬁﬁ:‘ﬁohh lalidicon; sl%ep, feediti hnedﬁm:g, hﬁn&?nid&dhmdhﬁvﬁhr,
enzofuranyl)-2-yl a ridin
derivati ve>s/ éﬂ'ﬁ@# 95%7#["&918 gﬁlrﬁ? o gﬁ’ll%"[dl RECS3ULS: \ﬁalf’?" ggﬁég'nmq-mgeptors

2, 4- di am noppnirol adgneat niemberaif phmnacbldgﬁnal pyents; Rome nﬂ whﬁctmte shusfar wikmghwn,

how s, q;*“?a ot hatd SRR el Wil tlbtor e
dopami ngoD4 ‘b%éﬁP'BF"Wé’l"e&aH%‘ H@ﬂﬁ&rﬁf rapeutic e %H’(B‘F'Emfsn the human body.
The subj ect conmpounds al so show variable affinity for ot her receptors

o SEEACORIS 80 IS5 GEATEARI, 9 oo 02 (ool
4-pyrimidiny ]bcnzam:des and generxcally describes 2-[(4-piperidinyl)amino}-4-(mono-
or di(alkyl)amino)-pyrimidine derivatives, all having therapeutic potential in

25 neurological diseases of the peripheral and central nervous systems of animals.
Further, WO 93/17017published on September 2, 1993, generically discloses N-[1-(2,3-
dihydro-(1,4-benzodioxin or benzofuranyl)-2-ylalkyl)-4-piperidinyl]-2,4-
diaminopyrimidine derivatives showing 5-HT}.jixe antagonistic activity.

30 The 2,4-diaminopyrimidine derivatives of the present invention surprisingly show a
high degree of dopamine D4 receptor binding affinity. Moreover, the present
compounds have a selective affinity for the dopamine D4 receptor over other dopamine
receptors in the human bedy. The subject compounds also show variable affinity for

other receptors such as, for example, the 5-binding site.
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The present invention concerns compounds having the formula
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[err] wo 97743279 t he N-oxide forms, the pharmaceutically apcemrehbssoesci d
addition salts and stereochemcally isomeric forns thereof, wherein
Alk is Cerr]al kanediyl or C3.6al kenediyl; 5 Rlerr] is hydrogen or

d err]al kyl ; R2 and R3 each indé&pendently are hydrogen, C[err]alkyl

or (Jerr]cycloal kyl; or R2 and R3 nay al so be taken together with the
nitrogen atomto which they are att&ched thus formng a
pyrrolidine, a piperidine or a perhydrq azepi Mg ring; R4 is hydrogen

or halo; 10 Q is aryl, arylo di ('fary thﬁ or heteroaryl; ~aryl
i s napht hyl or phenyl, saQ-dAua thy \phe\l ey éBtionally be
substituted with one, or thnee/ sRibstituents selected from
hal o, hyd , rlal kyl err] al,kyl -

Cerr] ark%%ﬁ’%%ﬁ)?kgéﬁ%aﬂ%afﬁ‘ft@h? X?ﬁePPB!e agid ?ﬂﬁi,’t"l’%//%ﬁluté add phenyl : and
het er oar ybtefeochernically ispimericforus thetcofiswherginr i di nyl , thi enyl, indolyl,

2, 3-di hydp\qk;sér_éﬂﬁaned,yl &mz&*&a,yyl 2, 3-di hydr o- benzof uranyl or

benzod oxglan sai d heter yl s may optionally be substituted
wi th 0$1 &[wbg/ ydrogen.or hﬂfglc‘);lt uents sel ected from hal o, hydr oxy,

Cerr]al kRP,and:ﬂéreabhliﬂdeben’dentlﬂaw hg}cnbgenl. Cilfﬁblkyb’énc@?dy@ﬁaﬂfyl]@ kyl and
phenyl fl{is gld e foreqgoi, finitions ang herei nafter, halo
i's gener|i R?and K mpay,: SEhFG‘?I??“ togpth BY‘JrU W@B&B‘mfﬂ\é{ fendheXaredes i nes
strai ght and attactiedthds €draiing apyrolidiad, dyigeriding boaperhydro 428iné #ing; havi ng

from1l to uch as, for exanple, nethyl, ethyl, propyl,
butyl, 1- lr?ét Eﬁ%ﬁ%ﬁﬁ r]r‘i’t h{mpro yl, 2,2-dinethyl et hyI and t he li ke;

Cerri®l kR n%aryl aryloxpahitaryymethy| erdetesparyk] al kyl and the hi gher horml ogues

t her eof hawji Iilgnzﬁ)hﬁ{yl ®r gﬁérﬁﬂﬁaxd naphth'%'tl Qﬁ@pﬁaﬁh OPI‘%”%}P@‘ Pe iyl
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defines hi val Bt ?r:H’ e
radi cal s haviomy, €i- @dkylcmoﬁyhhab&n4ak9hnxtwamxm pyarwambqﬂmpyh and,

1- met hane Lyl
1, 5- pent aﬂ%élﬁoaﬂl liqgm;?hg% eg'aﬂ'l%gm{}Ll )}ricﬁn@ @‘? %‘?'% %32("5 %ﬁ?fggedl yl and
the |1ke; @pm}Qﬂl%nﬂdﬁ;}l-dlhEdmmmfanbmb@mthogbianyl said hetrrbaoylsnmyed
chai n_hydr oc apReRally A5t SiblsiutdfWith ggngeaﬁrﬁeymbenmﬁ@ ag &egﬂeﬂﬂakrom 30
3-buten- 1, 4- &‘r"g‘P yzcbﬂﬁg‘ﬁ?%l-“aﬁ‘yl‘i"yﬁgﬁﬂ’kl’ ?ﬁﬁéﬁﬁgﬂ Fggahﬁgf pnd pheny]
3-penten-1,5-diyl, 3-nethyl-2-buten-1,4-diyl, 3-hexen-
As used in the foregoing definitions and hereinafter, halo is generic to fluoro, chloro,
20 bromo and iodo; C_4alkyl defines straight and branched chain saturated hydrocarbon

radicals having from 1 to 4 carbon atoms such as, for example, methyl, ethyl, propyl,
butyl, 1-methylethyl, 2-methylpropyl, 2,2-dimethylethyl and the like; C;.galkyl is
meant to include Cj.4alkyl and the higher homologues thereof having 5 or 6 carbon
atoms such as, for example, pentyl, 2-methylbutyl, hexyl, 2-methylpentyl and the like;
25 Cj.ealkanediyl defines bivalent straight and branched chain saturated hydrocarbon
radicals having from 1 to 6 carbon atoms such as, for example, 1,1-methanediyl,
1,2-ethanediyl, 1,3-propanediyl, 1,4 butanediyl, 1,5-pentanediyl, 1,6-hexanediyl,
1,2-propanediyl, 2,3-butanediy! and the like; C3_galkenediyl defines bivalent straight
and branched chain hydrocarbon radicals containing one double bond and having from
30 3 to 6 carbon atoms such as, for example, 2-propen-1,3-diyl, 3-buten-1,4-diyl, 2-buten-
1,4-diyl, 2-penten-1,5-diyl, 3-penten-1,5-diyl, 3-methyl-2-buten-1,4-diyl, 3-hexen-
'1,6-diyl and the like; and the carbon of said C3.galkenediyl connected to the nitrogen
atom of the piperidine ririg preferably is saturated; haloCj_salkyl is defined as polyhalo-




1,6-diyl and the like; and the carbon of said (Jerr]al kenediyl connected to
the nitrogen - atom of the piperidine ring preferably is_saturated;

hal o er r [wbloyM3279¢ def i ned as pol yhal o- VO 97/ 4327BCT/EPITN2S06
PCT/ EP97/ 02506 . - 3-
substituted ClerrJalkyl, in particular gferr]alkyl substituted with 1 to 6
hal ogen at ons, nore in particular difluoro- of trifluoromethyl.
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addltlon salts, a sethe
t her apeut i c1apipo z‘eﬁes Bﬁ“!ygx‘g' m? cﬂ“t"?é’r?yg%ﬂraa F’ ﬁ“ itis  the
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treating he u L formul a
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hydr oxy- Zma e Ca?h'{‘ageut%’aﬂ?%@?%p?ablé Qc?td'aﬁd%tﬂx ElYé dy m%lﬁfdtl%& hergﬁ'{aﬁ b

succi ni c, anee%rﬁl fonic,
et hanesidl f omieant th samprise thefthenapeutically |as@m=mn-toesm asid addition saltforms which

salicylic, (nicohpdihdOsBiorhuld @) are%ra fo 8RR Jaitfsdlts ¢8n BE bﬂﬁmcd b\megﬁ?e term

addi tion salt as ‘used herel nabove al so conprises the solvates he 25 .
conmpounds o‘lhefbéf‘?r&“é‘ of| the gompapndsof formaula 4D vdth apprepsiate 3gids sish as inpreagyien

Such sol vat ®4ds, for exam"p}e [fiyidrehadienkid, biedhpdrochlond eoiyairabremic Ralfhie; ritrice.-

The N-oxi de_f n of for errent t.0 ri se
t hose °§R§§r ﬁ‘elﬁ%% g??'}gaﬂﬁeﬁ‘;@gh&d\ég cfs %1281 f'x HYat onms
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defines all 0SSl I soeri¢c rorns In ounds 5t mul a
(1) may cyclamlc salicylic, p-aminosalicylic, pamoic and the like acids.

The term addition salt as used hereinabove also comprises the solvates which the
25 compounds of formula (I) as well as the salts thereof, are able to form. Such solvates
are for example hydrates, alcoholates and the like.

The N-oxide forms of the compounds of formula (I) are meant to comprise those
compounds of formula (I) wherein one or several nitrogen atoms are oxidized to the
30 so-called N-oxide.

The term “stereochemically isomeric forms™ as used hereinbefore and hereinafter
defines all the possible isomeric forms in which the compounds of formula (I) may
occur. Unless otherwise mentioned or indicated, the chemical designation of

35 compounds denotes the mixture, and in particular the racemic mixture, of all possible
stereochemically isomeric forms, said mixtures containing all diastereomers and
enantiomers of the basic molecular structure. Stereochemically isomeric forms of the



occur. Unless otherw se nentioned or indicated, the chem cal designation of
35 conpounds denotes the mixture, and in particular the racem c mxXture’
of all Wﬁ?‘} 250 stereochem cal l'y isonmeric forns, saipCITErM2866

cont ai ni ng a’ di ast ereonmers and enantiomers of the basic nolecul ar
structure. Stereochemcally isonmeric forns of the WO 97/ 43279
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conmpounds of formula (1) and m xtures of such forns are obviously intended
to be compoundsyfdennalal(]) dndrmixiveres 6f such forms arPoblivuslyligten®dtoge | S

| : i | kyl l oal kyl ‘and
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together with the nitrogen atomto which they are attached, thus

forni ng Prefrably,iRdiis&iaaligyl. Preferably, Alk is a straight chained

ql err bal lagrersbl), ’¥is €, Salidl 8RC;GRF168MY and R3 SlHYkrdgahleresdalilyt G2 1 1
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Sui t abl y andRy|are taken tegsthesyyith the pitrogenatom s 3iich they atsrattackad, thusubst i t ut ed
phenyl .  forming aPyrbidine fi.er oaryl is optionally substituted 2-quinolinyl,
3- pyri dyl -pyridyl. . -t hi | o 3-lndol vl . .

> 574 by drefeiably. ik s n et S Cl gt B dhsiehpined, | o

5- benz odiCyxgalkempdiyl, mére in paiticnlar, flkds methiylens, tli3epropanediyipr Urdtbutanediyhos e

G or 39l ety R} a5 Byl phenyd or i, of RS0 gl |

2- qui nol iSujtably2h@erparyids optionally snbstitated 2-quinalinybr3-pyridyl o4-pysityl, A
second gr i [ 195 ) _gl |
Y e T
([ err] cyrosarrgioxald@yYR[ err] is hydrogen, (Jerr]alkyl; or Rerr] ~and

R3 forma pyrrolidine ring when taken together with the nitrogen atomto
\é\girrggandsl\gﬁ?g%pa?ipﬁéﬂ re;?o#ndsarfthéﬁ;e%h .rig&ke quﬁ)@ﬁgﬁﬁ?‘ggfed

conpoundd® ?;\Ftéai?hgéi'@"l? %1'%?%&“% %ﬁ g‘n% 3”\%35%1& ﬁ’i‘gﬁ[‘n@e%]phiegy%ﬂ?yﬁfhyﬂ{ err]
S 2quiihylinyle2 Bydibydrobgmzofuran-Syyiloo Srbenybddiexsladfler r] i s hydr ogen,

met hyl or ethyl; or Rerr] and R err] forma pyrrolidine ring when
taken together with the nitrogen atgmtaq, which the aitached; Ak
s ot hy FoEONd S0t ?%asg%wlsrn‘%wgwsﬁsg&eﬁ?‘aﬁ%aﬂgggﬂ. & ‘%F'nggrﬂ%‘yf‘?mo‘b |
2- quizBoi iRdlyis C124atkydi RY ix G bealkyk o Garzayclpalkyl asd B2 iy Rivirogen, &nygalkyl; or R2

and R3 form a pyrrolidine ring when taken together with the nitrogen atom to which
they are attached. '

Interesting compounds are those compounds of formula (I) wherein R4 is hydrogen.
25

Preferred compounds are those particular compounds wherein R! is methyl; R2 is
methyl, ethyl, propy! or cyclopropyl and R3 is hydrogen, methyl or ethyl; or R2 and R3
form a pyrrolidine ring when taken together with the nitrogen atom to which they are
attached; Alk is methylene, and Q is optionally substituted phenyl, 2-naphthyl,

30 2-quinolinyl, 2,3-dihydrobenzofuran-5-yl or 5-benzodioxolanyl.

More preferred compounds are those preferred compounds wherein R2 is methyl, ethyl
or cyclopropyl and R3 is hydrogen or methyl; or R2 and R3 form a pyrrolidine ring

when taken together with the nitrogen atom to which they are attached.
35

Most preferred compounds are
N4-cyclopropyl-N2-methyI-NZ-[ 1-(phenylmethyl)-4-piperidinyl]-2,4-pyrimidine-
diamine;




More preferred conmpounds are those preferred conpounds wherein R err] is
nmethyl, .ethyl or cyclopropyl and Rl err] is hydrogen or M " ﬁr

Rl err] andwi[9318279f orm a pyrrolidine ring when taken t & d h -
the nitrogen atomto which they are attached. 35 Most preferred
conpounds are -5- _

Nl err]-cycl opropyl - N[err] met hyl - N err]-[ 1- (phenyl net hyl ) - 4- pi peri di nyl]-2,
IA:',_C-W rE:Drgn 7?622’86“'(1 3- benzo@noxol S-ylmethyl)-4-p|pendluﬁ'%]lea-ethyl-Nz-methyl-Z %-
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et hyl -2, 4- Y4 K - N2
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N2-[ 1- [(3 fﬂmﬁhenyl)nethyl] 4-piperidinyll-Nerr], N[err] N err]-trimethy

| - 2, 4- pyr i mi NRPE{(3-fluorophérAyiniethyl]-4-piperidinyl)-N2,N4, N4-tnmethyl—2 4-pyrimidine-

N[err] N[erEi N err] trimethyl-Nerr]-[1-[[4-(trifluoromethyl)phenyl]nethyl
@?-24 10 pyrim di nedi am ne;

] - 4-pi peridi
Nl err], N er riy2,npt V-frimethybMylL- mmwmmmmwmmwmmmmmu peri d

inyl]- 2 &h@c‘ﬁamme di am ne;

Nerr], ﬁ*% -trlﬁetli Nerrgl [1[23 rrethyIerrQ/ met hyl ] -4 plperld
i nyl ] -2, 4- pylV? ¥ hisimethyl- oﬁlaﬁé-me thylphenyDmeth hdrpiperidinyll-2opwimidiner ns
and the phagpmagaeiically acceptable 15 addl tion salts thereof.
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wher ei n W r djanginenths s&reachpnrmailya&mnenc fonns emtthe\;mahnaaoeutigalg(rmppmhkh as,
for exalirgl ead?m'&ﬁlsglgse ere ?e reaction can be perforned 20 in a
reaction-inért "SoIVent “stch as, for exanple, methyl isobutylketone,

N, N- di met hyl - acetam de or N, N-di.nethyl formam de, in the presence of

a suitabl e Cosapamdhobforminta () can gemrailypﬂeqzremcﬂ hereaikjnhting en dntermediate of
triethyl am ?&m.ﬂagug%g?mmtynﬁe ishB RIBRBIER, Fherein W rer%E@tﬁ§ ol Tpbdphidfe:

Stlrrlng may en e react
conveni ent | yeastive Jgavinggroup sugh 25, forsyampleyp baloger;i %e FactiRneean bropsrformed

t enper ag@r e i B featBion ifdrt SolvérREN as, lféleexaréléxle, methyl isobutylketone, N,N-dimethyl-
[err] acetamide or N,N-dimethylformamide, in

¢ presence of a suitable base such as, for
example, sodium carbonate or triethylamine, and optionally in the presence of
potassium jodide. Stirring may enhance the rate of the reaction. The reaction may
conveniently be carried out at a temperature ranging between room temperature and
25  reflux temperature, '

R? R?
i i
N_ : N
B N F R N——-g "R
Q—-Alk—W + H-—ND——N-—-{ ) ——— Q—Alk-——ND—N—-(
{an 411)) H

Compounds of formula (I} wherein Alk is attached to the nitrogen of the piperidine ring
by a carbon atom bearing at least one hydrogen atom, said compounds being
represented by formula (I-a) and said Alk being represented by Alk'H, can be prepared

30 by reductively N-alkylating an intermediate of formula (III) with an aldehyde or ketone
of formula Q-Alk'=0 (IV), said Q-Alk'=0 being derived from Q-Alk'H; by replacing
two geminal hydrogen atoms by an oxo group.




Conpounds of formula (lI) wherein Alk is attached to the nitrogen of the
pi peridine ring by a carbon atom bearing at | east one hydrogen atom

sai d corrgwggéz i ng represented by formula (I-a) angceaiedndisls Pei N9
represented by %ek' H, can be prepared 30 by reductively N-al kylating an

internmediate of formula (111) with an al dehyde or ketone of formula
QA k' =0 (l1V), said QA k'=0 being dertved fromQ Al k' H2 by repl aci ng

two gem nal hydrogen atons by an oxo g{ oup. WO 97/ 43279

PCT/ EP97/ 02506 : -6- [erRY

Sai d reductive N-al kylation may be penformed in a reaction-inert ,'@ol vent

such as, for = exanpjen di &l oNeaﬁt hethe, et hanol —o! Ukne e xt ur e
t her eof ar@-ﬂl%bfrem#ltei@eﬁw\ 22 LegLg-Ag nt , Fypr exanpl e,
a borohydride, e.g. sodh bor oh ﬁr_i.bg‘,' sodium 5 nobor li4de or

triacetoxy bogepydride. It nggpal so be convenient to useghydrogen as a

reduci ng %g,%“ I n, cggb' natjon with a _suitable catalyst such as, for

exanpl e, refugtjve ﬂh&y%l%%%l’e@m}ﬂdd@ R AeAcHOPriReThsl venlt suchmas; fore

gygr ggetn_ bﬁaMﬁl@dctiiﬁfldi’@ﬂt hb‘!hhﬁ@ ettbanol,wﬁéﬁe, oriatmﬁﬁ)fe Hﬁr@éﬂ’@tﬁf i"i\QE@Eﬁes&Fbeaoqd a
ehydratin ent to reaction m xtur U .as, for exanpl €,

2 Ui nt U PERICTTR psBt R don ok caaip s BPIoDUiHGe: he. shrtisbocshydiide madivn

hy dr og®naryanobofohydrite ontriacetoxy dosdhydride ismay alsb e rcbﬁ@én@édﬁcti fo asechydiSgen

reaction detfic : . an _appropri ate

catal yst - g‘g?sc_)n tﬁl & %é?gt lrnecé’g??al g%t%rﬁ{tgggaﬁ%@éa?%ﬁg%ﬁcﬁ %’g?)rheé‘ﬂ@pg‘re

qui nol i nePaladipmron-ghareonl o platinnm-onzcharesal .t Inecasehydrogen istised ssredaciag

ture may Bgert| it iyt ddvamtaédidto Aad %@ﬁy(ﬁﬁﬁi{? Jg@ﬁﬂ@rtﬁt% Téra&iﬂ'm\iitnx% dufh! UX .
t enperature of. the reaction m xture an ptional Iy the pressuré of the
hydr ogen §&JongxamRle, aluminjum ysrr-butoxigs,  Injsder to preygntthe updesirsd further (1) can
be pr Ia@)S_r byldivgenationt of iegriain funétéonab gioapeinahe reaptanfs@hﬂ!!bﬁrel%ﬁ(fry‘fnbhué@, it
i nt er medi .err s a .sui e | eavin
ar oup. such e 5 hdihfhgbole)o it b chai-Bribh ki \Re essfio abanes,
e.g., thiophene or quinoline-sulphur. To enhance the rate of the reaction, the tempera-
) tu_re’ may be elevated in a range between room temperature and the reflux temperature
of the reaction mixture and optionally the pressure of the hydrogen gas may be raised. |
15 -
" Faurther, cbnipourids of formula () can be prepared by reacting an intermediate of
formula (V) with an intermediate of formula (VI), wherein W1 is a suitable leaving
group such as, e.g. halo, following art-known N-alkylation procedures.

| ¥ | il
. N\ N
Q-Alk-N »N—H +W! ) ~—— Q-Alk-N N )
' V) Vh (D

20  The compounds of formula (I) may be also converted into other compounds of formula
(I) following art-known transformation reactions. For instance, compounds of formula
(1) wherein R4 is hydrogen, said compounds being represénted by formula (I-b-1), may
be converted into compounds of formula (Ij wherein R4 is a halogen atom, said
compounds being represented By formula (I-b-2). For instance, an iodine atom may be

25  introduced in the 5-position of the pyrimidine ring of a compound of formula (I-b-1) by
reacting said compound with a mixture of benzyltrimethylammoniumchloride and
iodinechloride, or a functional analogue thereof. Alternatively, the introduction of an

iodine atom in the 5-position of the pyrimidine ring of a compound of formula (I-b-1)
may be established by reacting said compound with a mixture of a peroxide and In.




[er'r‘]m 20 The conpounds of formula (1) nmay be al so converted into other

conpounds of formula (1) following art-known transformation-reactions.
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i nto conpounds of fornmula (1) wherein Ryerr] is a hal ogen atom said
conpounds being represented by fornmula (1-b-2). For instance, an iodine
atomnmay be 25 introduced in the 5-position of the pyrimdine ring of a
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In the following paragraphs there are described several methods of preparing the
intermediates employed in the foregoing preparations.

Intermediates of formula (III) can be prepared by reaéting an intermediate of formula
25 (VID), whereinPlisa prdtective group such as, e.g. alkyloxycarbonyl with an inter-
mediate of formula (VI), following art-known N-alkylation methods, and subsequently

removing P1,
R2
|
N\
< > 1‘1‘ N =‘§ R’ . 1
pl—N N—H + W'—<\ 2 N-alkylation - removal of P: (n
N—7"R?
(vViD 472))

Intermediates of formula (V) can be prepared by reacting an intermediate of formula

30  (VIII), wherein P2 is a suitable protecting group such as, e.g. alkyloxycarbonyl, with an
intermediate of formula (II), following art-known N-alkyiation methods, and
subsequently removing P2



be prepared according to the procedures described in WO 93/17017. 2Q

In the follow ng paragraphs there are described several nethods of

prepari ryotd32? - i nternedi ates enployed in the foregoi ngPOIERIOZ860ns.

| ntermedi ates of formula (111) can be prepared by reacting an internediate
of formula 25 (VIl), wherein P[err]-gks a protective group such as, e.g.

al kyl oxycarbonyl with an inter- medi ate of formula (VI), foIIovm' ng
art-known N al kyl ation neth aHd subsequent ly rem)wzng Plerr].
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chr omat ogra | C t echni
met hods; & llﬂPWaﬂhfWét@stth iang t@aﬁllsp @eﬁbaﬁ-atae@ finally converting said separated

diastereomeric salts or compounds into the corresponding enantiomers.

15  Analternative manner of separating the enantiomeric forms of the compounds of
~ formula (I) and intermediates involves liquid chromatography, in particular liquid
. chromatography using a chiral stationary phase. - |

Pure stereochemically isomeric forms of the compounds of formula (I) may also be

20 obtained from the pure stereochemically isomeric forms of the appropriate interme-
diates and starting materials, provided that the intervening reactions occur stereo-
specifically. The pure and mixed stereochemically isomeric forms of the compounds of
formula (I) are intended to be embraced within the scope of the present invention.

25 The compounds of formula (I), the N-oxides, the pharmaceutically acceptable acid
addition salts and stereochemically isomeric forms thereof, are potent antagonists of the
dopamine D4 receptor, i.e. they show a high degree of dopamine D4 receptor binding
affinity thus inhibiting the binding of an endogeneous ligand, in particular dopamine, to
the dopamine D4 receptor, as is demonstrated in the pharmacological example

30 described hereinafter. The antagonistic effect of the binding of the present compounds
to the dopamine D4 receptor was ‘confirmed in signal-transduction assays.

The present compounds show interesting activity in the so-called “differential
reinforcement test low rate 72 seconds”-test (DRL-72) which is an in vivo test where
35 most clinically active antidepressants given at high doses show activity. In said test,



dlastereonerlc salts or conpounds into the correspondi ng enantioners.
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al so be 20 obtained fromthe pure stereochemcally isoneric fornms of the.
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Ct
Affective DASSFAeEs §°a@w(t wg gmpulse éﬁyrqefﬁa ﬁﬁllmafenfmdeschszoaffecnve disorders,
signi fiz@nt p iaabipmarhﬁsoma@ dysphddic masrPinxiety ane redated B3oRRrs M and nood
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as wel |l as medingitds, learning dlsorders, memory dlsorders, Parkinson's disease, depression,
extrapyramidal side effects from neuroleptic agents, neuroleptic malignant syndrome,
hypothalamic pituitary disorders, congestive heart failure, chemical dependencies such
25  asdrug and alcohol dependencies, vascular and cardiovascular disorders, ocular
disorders, dystonia, tardive dyskinesia, Gilles De la Tourette's syndrome and other
hyperkinesias, dementia, ischemia, movement disorders such as akathesia, hypertension
and diseases caused by a hyperactive immune system such as allergies and

inflammation.
30

The compounds of the present invention distinctively show affinity for the dopamine
D4 receptor in comparison with other dopamine receptors such as, for example, the
dopamine D5 receptor. Such a dissociation between dopamine D4 receptor
antagonizing activity and other dopamine receptor activity may be of additional use in
35  the treatment and/or prevention of the above-mentioned disorders. For example, Van

Tol et al. (Nature 1991, 350, 610-614) suggested that compounds which can interact
selectively with the dopamine D4 receptor, whilst having a less pronounced action at
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anti psychiidordeys. 5 especially in the t r eat nent and/ or prevention of
psychotic di sorders such as schi zophr eni a. In addition to

thei 5sPOtjfaG CaSEARE B, AEcdptst ARRARNIZNE dh&itd, af GS&PIHin, FeiGs TRk €Ct
amount sufficient to inhibit the binding of an endogeneous ligand, in particular
dopamine, to the dopamine D4 receptor. Those of skill in the treatment of the disorders
as mentioned hereinabove could determine that an effective dopamine D4 receptor
antagonizing daily amount would be from about 0.01 mg/kg to about 10 mg/kg body
30 weight, more preferably from about 0.04 mg/kg to about 4 mg/kg body weight. The
compounds may be administered on a regimen of 1 to 4 times per day.

In order to alleviate the symptoms of psychotic disorders such as schizophrenia without
causing undesired side-effects, the dosage level of the compound according to the

35 invention is ideally selected such that the dose administered is effective in substantially
completely blocking the dopamine Dy receptor while displaying a favourable dopamine
D, receptor occupancy causing no or negligible undesired extrapyramidal or '

neuroendocrine side-effects.
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20  preferably, for admml tratlon rally, percutaneously, orb pareriteral injection.
example, in preparing the compositions in oral dosage form, any of the usual
pharmaceutical media may be employed, such as, for example, water, glycols, oils,

alcohols and the like in the case of oral liquid preparations such as suspensions, syrups,

elixirs and solutions; or solid carriers such as starches, sugars, kaolin, lubricants,

25  binders, disintegrating agents and the like in the case of powders, pills, capsules and
tablets. Because of their easc in administration, tablets and capsules represent the most
advantageous oral dosage unit form, in which case solid pharmaceutical carriers are
obviously employed. For parenteral compositions, the carrier will usually comprise
sterile water, at least in large part, though other ingredients, for example, to aid solu-

30 bility, may be included. Injectable solutions, for example, may be prepared in which the
carrier comprises saline solution, glucose solution or a2 mixture of saline and glucose
solution. Injectable solutions containing compounds of formula (I) may be formulated
in an oil for prolonged action. Appropriate oils for this purpose are, for example,

- peanut oil, sesame oil, cottonseed oil, corn oil, soy bean oil, synthetic glycerol esters of

35 long chain fatty acids and mixtures of these and other oils. Injectable suspensions may
also be prepared in which case appropriate liquid carriers, suspending agents and the
like may be employed. In the compositions suitable for percutaneous administration,
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bromine or fluorine; or those compounds having at least one 11C-atom or tritium atom.

One particular group consists of those compounds of formula (I) wherein Q is aryl or

30 heteroaryl substituted with a radioactive halogen atom, or those compounds wherein R4
is a radioactive halogen atom. In principle, any compound of formula (I) containing a
halogen atom is prone for radiolabelling by replacing the halogen atom by a suitable
isotope. Suitable halogen radioisotopes to this purpose are radioactive iodides, e.g. 122],
1231, 1257, 131]; radioactive bromides, e.g. 7>Br, 76Br, 77Br and 82Br, and radioactive

35 fluorides, e.g. 18F. The introduction of a radioactive halogen atom can be performed by
a suitable exchange reaction or by using any one of the procedures as described
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descri bed
PCT/ EPE8 02empigsions {sonpthe radighabelled compound. The term biological material is meant to

comprise every kind of material which has a biological origin. More in particular this
term refers to tissue samples, plasma or body fluids but also to animals, specially
warm-blooded animals, or parts of animals such as organs. |
The radiolabelled compounds of formula (I) are also useful as agents for screening

30 whether a test compound has the ability to occupy or bind to a dopamine D4 receptor
site. The degree to which a test compound will displace a compound of formula (1)
from the dopamine D4 receptor site will show the test compound ability as either an
agonist, an antagonist or a mixed agonist/antagonist of a dopamine D4 receptor.
When used in in vivo assays, the radiolabelled compounds are administered in an

35 appropriate composition to an animal and the location of said radiolabelled compounds
is detected using imaging techniques, such as, for instance, Single Photon Emission
Computerized Tomography (SPECT) or Positron Emission Tomography (PET) and the

R S e
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for eXa amt o tivated carbon. 20 Hence, said
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degr to_whic 0 u of formula (I
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The combined extracts are washed with 280 parts of diisopropy! ether (390 ml). After
cooling to 0°C, the product is filtered off and dried, yielding 29 g (72.5%) of N2,N4 N4-
trimethyl-N2-(4-piperidiny1)-2,4-pyrimidinediamine (intermediate 2)
In a similar way were prepared :

30 N4-ethyl-N2-methyl-N2-(4-piperidinyl)-2,4-pyrimidinediamine (interm. 3);
N4-cyclopropyl-N2-methyl-N2-(4-piperidinyl)-2,4-pyrimidinediamine (interm. 4);
N-methyl-N-(4-piperidinyl)-4-(1-pyrrolidiny])-2-pyrimidinamine (interm. 5)

N2 N4 d:methyl—Nz (4-piperidinyl)-2,4-pyrimidinediamine (interm. 6);
N2-butyl- N4, N4-dimethyl-N2-(4-piperidinyl)-2,4-pyrimidinediamine (interm. 7);

35 N4,N4-dimethyl-Nz-mcthyI-NQ-(4-piperidiny1)-2,4-pyrimidincdiamine (interm. 8);
N2-methyl-N2-(4-piperidiny!)-N4,N4-dipropyl-2,4-pyrimidinediamine (interm. 9);
N2-ethyl-N4 N4-dimethyl-N2-(4-piperidinyl)-2,4-pyrimidinediamine (interm. 10);
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Example B.4

A mixture of chloromethylbenzene (1.9 g), intermediate 2 (3 g) and triethylamine

35
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25  diluted with water and extracted with CH2Cl;. The organic layer was washed with

water, dried, filtered and the solvent evaporated. The residue was purified by column
chromatography over silica gel (eluent : CHClo/CH3;OH(NH3) 96/4). The pure

fractions were collected and the solvent evaporated. The residue was crystallized from
CH3CN. The precipitate was filtered off and dried, yielding 3.69 g (28.4%) of N4,N4-

30 dimethyl—N2-[l-(2-phenylethyl)—4~piperidinyl]-2,4-pyrimidinediamine (comp. 11).

Example B.7
A mixture of compound 67 (0.005 mol) and calciumcarbonate (0.0065 mol} in CH2Clp

(25 ml) and methanol (10 ml) was stirred at room temperature. A solution of

35  benzyltrimethylammonium dichloroiodate (0.005 mol) in CH»Cl; (5 ml) and methanol
(5 ml) was added dropwise at room temperature. The reaction mixture was stirred at
room temperature for 30 minutes, then washed with water. The organic layer was
separated, dried, filtered, and the solvent was evaporated. The residue was purified by
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evapor at ed. EXampledB8due was purified 15 by col urm chromat ography over

silica gel (el re(??%é‘.c&he was

silica i of%hgab&l;&kb%i Bhﬁ@*h@é:fdaﬂd @Cyaﬂ'nglgpe |
di ssol v V\ﬁ% (b ‘é’t P ir%'lg:gﬁ n@f’ %@HFB?@‘Q&'M sal t
261562)2% Tg}g %‘gf““&“ﬁfé ﬁ)lmbgln sz h%i; gg()) ylpeldmg)Nz-%@J((ﬂjcﬁdrﬁddebmglMﬂ)% g
pi Eerl (cji! nyl %ﬁf‘ghyi yﬂ’éﬁ P N['B?"h’ ?ré?ﬁ QHPHWP?‘A“&"HEH%WPW@ 89)f

T (2 phenyl SEREF} 43 iHES %"21%)0550 ) i3EEE o rerared acceftil I o

4-pyrim di ndmab@\'stamglpﬁwas stirred for 20 hours at 120[err]C. The

reaction m xture was 25

CHerr] B

96/ 4) .

e

(el uent ..

CH[err]CI[

ns were IeRteoNﬁ
L e an %
3/5.99

~water,

diluted with water and extracted with
dable Ithe organic layer was washed with
filtered and the sol vent evaporated. The resi due
chr omat ogr aphy over si I | ca gel .
The pure
The resi due was crystall
off and dried, vyiel d| | Ny

dried,

purified by colunn
rr]/CH err] OH(NH err])
Ig¥e sol vent evapor at ed.
precipitate was filtered

di et hyl - N et+4—~—+ P—pheryrethyt—4 }erUl eH—fry- ,_, i WsAANNLIE: ~Re
(conp. 11) Co.| Ex RE amiYe B.7 Ak mRtt ur ¢ ofR% ol oouﬂa 67 PRysODatanpl )
and caImun‘M. ateLOOG nol) in Cl-ﬂerr]CI[err] _(2': m) and
E‘ZL??F?L %?Hgﬁhﬁ o ohr eHpgn tee( ggjﬂgﬁi?&%ﬂ]g[ggr] 6 )
and methanol 2 [B.II|H] H (CH2)3 CH3 . 3 H3 -

3({B.1|H H CH(CH3)2 CH3 CH3 CHj3 -

4 |B.1| H H CHz [(CH2)3CH3 CH3 CH3 -

sBilu] =H CH CH3 leyclopropy] H .

6 |B.1| H H CH, CH3 CH2CH3 H -

7 IB3| H H |CH=CHCHz{ CH3 CH3 CH3 |(E)-2-butene-

dioate / H2O

8 |IB4| H H CH2 CH3 CH3 CH3 -

9 IBSIH H CH2 CH3 CH2CH3 | CH2CH3 -

10{B.S{ H H CH2 CH3 CH3 H -

11|B.6f H H (CH2)2 H CH3 CH3 -

12iB5slH | 3-CH3 CH» CH3 CHj3 CH3 -

13 {B.1{ H | 4-phenyl CH2 CH3 CH3 CH3 .

14|B.1| H 2-Cl CH2 CH3 CH3 CH3 -




(5 M) was added dropw se at

roomtenperature.

The reacti on m xture was

stirred at roomtenperature for 30 minutes, then washed with water.
The or g3 v r was separated, dried, filtered, areCwiPomnabosent was
evapor at ed. e residue was purified by .
PCT/ EP97/ 02506 WD 97/ 43279 8- _ -17-
col um chr omat ogr aphy over silica ge‘ (eI uent: CHerr]CJ[err]/CHerr]OH
95/5). The—pus -—aetenRsTwerereot-pet-ed—aghd—thag—selveni—was
evapor at|ebh. |Ehe resi dhe (RY6 gi Idlk%ol ven3| M et imapolpagnd clonvert ed
I nto t helNd3 Fbuteneflioic acid salft (3:2) wth (E)-2-butenedipic- -
aci d. Thle}eoir {: pi hat e vvasz_fl_._i I tdpr@ﬂszéﬂf dc‘iﬁ E'd’CH';i alding 1.28 g
(41..19% {o ) )
N[ err] - [[147B.B} bebzod| oxoB-F- y|| kiR IGH3 piGH if diGHA 1)- N[ er r 1- cycl opf opyl - N[
errj- 3 fhyl - 3d032;pé-p rcH} dlicredi armge diR -|2- but enedi oat g (2: 3)
hydr at e H E 83) . 8 A m xture of onpound - -
67 (1.6 P ,etrFIE a,|d4'(‘{9.25 CH% 6%3 |Fé\‘3r] (Cﬁit)g[err]oj) and 10
H[err]qejm]B(:) 1) \/\/aS4_@iir t(mgwrem{gr . The reaction was
quenced \/\5 % sod ‘#bgb é@% t 19 (1._.@3 ;CI-HW , yielding
N[err]-[ll( ,'lsrbeﬁlzod oxo (; -
pi _perdi(n B\[;;rﬂcy“ldg_@ﬁﬁyl ﬁm‘]ﬁgﬁﬁa hﬂHS-i(S‘diB[e][ry-Z I4 pzllrl)mwﬁl nﬁdi
amne (c es Oltﬁ.jifo ornul a ic
wer e prepar eBdiBaccordl g t% one 2 jf aboJe exanples. [err] 15 Table 1
Co. Ex R# 8.1 Herf] 4F Agiz CH3 RFé‘Br] CH3 | Rerr]- " Rerr]
Phys. 0| 2-0bH; | CHz| GH3l{HCH af ° ©s
CH3 %5—@2 E:iz B.| H 3 H2 3(1(:I—I[er3r,])[er3r] '(1'8'%5?/]
CH err] CH err] - 3 B1H H CH( ) efr]
CH err] }26B2| CHperr 3-OCH@H[ eCHi CH3 | CGH3 | CH3! |B. 1mpl 104. 8°cH
CH err] errly[efr rrj ] : H grr] 5
B.1 H 2t E_ﬂ H Fer rc?k? CH%:H[ e@] CHSC) cl o dpyl H
28 1B H 2-CHj3 CHjy | CH3 CHj CH3 -
{29|B5| H 4-CH3 | CHz| CH3 | CH3 | CH3 -
t3olss} n 2CF3- | CHy| cH3 | cH3 | cH3 ]
31|B.5 H 4-CF3 § CHz | CH3 | CH3 CH3 -
132185 H 2-0CH3 { CH2 | CH3 | CH3 CH3 -
33|B5S| H . 4-OH CHz | CH3 | CH3 { CH3 -
341B.S H |4-CH(CH3)2| CH2 | CH3.| CH3 | CH3
35 |B:.1{ 2-CH3 5-CH3 CHy | CH3 | CH3 CH3
36{B.1| 2-Cl 6-Cl CHz | CH3 | CH3 | CH3
371|B.5| 3-OCH3| 4-OCHj CH2 | CH3 CH3 CHj3
38|B5| H H CH2 | CH3 | (CHo4-

* : R2 and R3 are taken together to form a bivalent radical

Table 2



6 B.1 H

A B L

H CH2

CH3 CH2CH3 H 7 B.3 H H
CH=CHCH[ er r ] CH err] CH err] CH err] (E) - 2- but ene-
di oat e H2GwO 97432798 B. 4 H H CH2 CH3 REVEPIIIS0S,
9 B.5 H H CH2 CH3 CH2CH3 CH2CH3 10 B.5 H H
CH err] CHerr] CH err] -19H 11 B.6 H H -
(CH err])[err] H CH err] CH err] 12 B.5 H
3-CH err] CH err] CH err] CH err] CHerr] - 13 B. 1
H 4-phenyl Co. CHERNI] g1 CH[ egpl £H ical daa CHL €7 1] 14
B.1 H 21 Qo. | N& [err?‘ err] R C:I—[E%@rs]caldma CH err] WO
97/ 43279
PCT/ EP97/ 03588 | B3| CHs H H [mp.2534°C/2 (CQOH) o | Ex
Rlerr] | a0 |FBsir] CHy Al K Rggrr] | CHR Qﬁﬁ]]1118°c Rierr] ]PhyS-
a : : : - er [ r ern
CH err] a1 [%83]" (6Hy | | oyglostopy | 5 B [blU§EFT 2 {opoiDh
CH err] - |CHRefrB.3]18 BHB HCH2CH3 3} CFHer r jmp. 168:9°€7 2 (COAHpr |
CHerr]  CH,ert] - cif B 1 d..’ [err]
CH err] CHPgr ]B'3 CHE&Pr] E)C%Z)i i—ﬁ H H an I(§6 70@%?6 »2 EHerr]
CH err] Chtef rB.3 h CHay mp 1063§’CCIJH3 CH er ]
CHerr]  ©Hgsr{] CHOM | (2CHICH éZ'J‘bH 1
CH err] (tH[ gr B3 Z(Eijb% éﬂ-l 2?2,:}%& 3 H é )5 gg::[ err]
CHerr] - | Chpe r?3 E\ 3 4CIH3 mm{Qa?r}‘]C CH[err] - GH err]
a% err% 2% B72} B.3A CH3 2- OCl:tHQId:Hz-C@Ii[ er rmpQi3290/ .2 (COOH); ]
err
2(cooH) 2 T R E’d}q arq_{?en together ﬁfﬁf’@r“r'ﬁ’vak?ﬁ—rlf@f’?i CHerr] CHerr]
CH err] ble 3 rrp 104 8C 27 B. 4 4-C1 CH err]
CH err] err] r 28 B.5 g:H[err] CH err]
CH err] CH[err] = CH2 CH3 CH3
CH3 30 B.5 AIH—N% [err] CH err]
CH err] 31 B. 5 0. CFl[err CH eN CH[err] CH err]
g% err% 'go (g ;Ex H ch;_l 1 |J uq_F" EJ S ]ci'f] CH[ﬁ":"
err _ err r
CH err] @ g No. I—IAlk AL CH( Lnrrl\h_:rr] ' (‘lﬁrr (}Flﬂégcla d%‘ﬁ[prr]
a% er r% \§g48. i B.1 ng-CH@ S5HCH drr] CH[3 [eCH3[ Eerzd 9°C CH][ err]
err ] : ?- err efr rr
ot or] 48 | B4t EH, T H o 14788
50 | B.1| CH: CH; CH3 H |mp.128.8°C
51 | B4| CHz CH3 CHj CH3 |mp. 97.4°C
52 | B1|] CHz CH3 [(CH2)3CH3 H mp. 189.1°C/2(COOH),
53} B.1| CHa CH3 | CH(CHa)y' H }mp. 194.2°C/2{COOH);
54 | B.1{ CHa CH; CH,CH3 H mp. 170°C/3/5(COOH),
55| B1| CHz CH3  |cyclopropyl H |mp. 166°C/
.3/2 (COOH)2.H20
56 | B.1| CH CH; | CHxCH3 | CH2CHsl mp. 153.9°C/
.2 (COOH)2.H,0
57 | B.1] CHz | CHCH3|{ CHj CH3 |mp. 141.7°C/
' .2 (COOH)2.H;0
58 | B.1] CH; |(CH3)3CHy CHj CH3; |mp. 132.5°C/2(COOH);
59 | B.1{ CH; [(CH3),CH3(CH32)2CH; H mp. 132.8°C/2(COOH)>
60 | B5|[CH(CH3){ CHs CH3 CH3 {mp.211°C/
.2(E)-2-butenedioate
61 | B.l| CH; CH3 -CH2-CH2-CH2-* | mp. 107°C

: RZ and R3 are taken together to form a bivalent radical

AT T adte



CH err]

CH err]

CH err]

37 B 5 3- OCH[err] 4-OCH err] CH[errl 38
B.5 H H CHerr] CHerr] -(CHerr])[err]- * R[err]
and R ewds,ﬁj_@,gt aken together to forma bival ent radical PCT/ERBVR506 .
[err]
PCT/ EP97/ 02506 WD 97/ 43279 -20- : _ -19-
Co. Ex. R err] R err] R err] Physi cal data N
o. No. w B.3 CH err] H : H nmp. 253.4C .2
(COOH)[err 40 B.3 CH err] 2 CHerr] np.
111. 8[err] C 41 B.3 CH[ err] cycI opr‘bpyl H rrp.
168.9C/ .2 (COOH)[err] GHs mp
168.9C/ .2 (COoH) [err] [Rerr])[err]CH[err]
H np. 186.7C .2 ( N—< err] CH err]
CH err] np. 106.3C 4 B.3 CH err])[err] H
np. 177. der-Gl3i2—LCo00-h--ea++] - orr |
CH err] | Co.No. CEker] nR! 102 1CR2 47 R33 Phviieal idhta
-CH err]f- err]]-CHLerfr[-* ery| .2 ( )[errT— * Rerr] and
Rlerr] dre %akdn t%get her @8 f orjm Jal ¢nt dichl  Table 3
[err] 63 Cd. pX. I&H No. ChisK CH elhd. 127.1°C R err]
Rl err] Physi cal [dat a l-g 1 IEI 3}_1 ll H
CH err] 64cH[fer rB.5 np. & 9 e.r(rq »2CHa (CHR2GH3 | o er 1] CH err]
H - {147 caterr11C cH,Cl; | BcH,cHgH err] CHerr]
CH err] 65 | ISTBrrp I W A err CH brr]
CH err] 66 |CHRH6r] |ﬁ5‘13 97. A@clopr@l BH CHerr]- CH err]
(CHerr]DI 1GH[ eg 1] L[err a2 Jerr] 53 B.1
CH err] 7 C%‘grr] C}Eﬂ-l( CI—[C?&L 1] L cthan a_lte(l.Z) .
194. 2[ erlr ] @R ( qOOB.3 54£H3 B. 1 Br] H CH3 - CHZCqurr]
H np. 1784 er.r]C/gerraé K err] CHz CHs )
70 B.5 CHj3 -CH,-CH3-CH-CH»-* -
*: R2 and R3 are taken together to form a brvalent radical
5 TableS
CH3 N== (:;-13
Q—Alk—-ND—

Co. | Ex. Q Physical data

No. | No.

71 | B3 phenoxy -CH(CH3)CH2-| .2 (COOH)2.H,0 ; mp. 142.5°C

72 | B4 phenoxy (CHz)2 .2 (COOH); ; mp. 192.6°C

73 | B4 phenoxy (CHy)q .2 (COOHY); . mp. 162.8°C

74 | B.4 | 4-fluorophenoxy (CH2)3 mp. 113.8°C.

75 | B.4 | 2-acetylphenoxy (CHa), mp. 133.2°C

76 | B4 2-chloro-6- (CH2)2 -2 (COOH)z ; mp. 171.9°C

methylphenoxy

77 | B.1 2-pyridinyl CH; -

78 | B.5S|  3-pyridinyl CHy -

79 | B.S| 4-pyridinyl CH, -

80 | B.S 2-thienyl CHz -

81 | B.1| 1-paphthalenyl CHj -




55 B.1

CH err] CH err] cycl opropyl H np. 166C/

.3L2.(COOH)[err].Herr]O 56 B.1 CH err] CH err

CH er r ] CHiwomwpuaz7€H err]CH err] np. 153.9[err] PCY/EP97/02506

.2 (COOH) 2. H20 57 B. 1 CH err] CH err]CH err] CH err]

CH err] np. 141. 7[err]C -21-

.2 (COOH) 2. H20 58 B. 1 CH[ err] (CH err])[err]CH CH err]

CH err] P, 1 Slerr] G2 ( COOH)|[ er, 59 B. err]

(CH err]) ] «arﬁz'aa[%"rr] (CHMY 2CH] erfr ] Wik H ‘g"ysi”é%d 2(C00H) [ err]

60 B.5 C P CHfe++ e+ CH-e++ -APp 11
L T y T L T ¥ T -

. 2(E) - 2- buegad| ans ¢ 2-n]aﬁﬁthaleByIL CHp[ drr] . CHEerrL )

-CHerr]-CH grr]-CHlerg]l-* . op. 110 R2 and R3 are taken togethpr to

forma bival S | il copauinolindfy |07 CH ) 1o '

-20- [err] | T&5I ¢ B4 -mdolﬂ) (CHg | No. mpe0]2°C Rerr]

Rl err] hyst 84 B.5 LT/ AL) CH err]

H 63 86 B%I& CH err] nﬁ'_|[l&312]-lcferr] np.

127.1C 64 (CHerr])[err]CH err] :

(CH err])[ %:B]?d-l[mzr .3/2 (Ep2fteneriedioate ; meH26.39CH err |

CH err]CH err] : cycl opr opyl H 67

B.5 3 dycl 8pr 3oyl (S et-handi-cat-e—1-2) 6B

B.5 CH3 CH2CH3 H 69 B.5

(CHerr])I[ ok 6 vical exa 70 B.5

CH err] err] and R err] are

t aken toge

[err]
5

10

15

20

25

The mteracnn of thc compounds of formula (I) w:th the dopamine Dy receptors was
assessed in in vitro radioligand binding experiments.

A low concentration of 3H-spiperone with a high binding affinity for the dopamine D4
receptor was incubated with a sample of a membrane preparation of transfected Chinese
‘Hamster Ovary (CHO) cells which express cloned human D4 receptors (Receptor
Biology, Maryland, USA) in a buffered medium. When equilibrium of binding was
reached, the receptor bound radioactivity was separated from the non-bound
radioactivity, and the receptor bound activity was counted. The interaction of the test
compounds, added to the incubation mixture in various concentrations, with the
dopamine Dy receptor was assessed in competition binding experiments as described by
Schotte et al. (Psychopharmacology, 1996). The compounds with number 1, 2, 5-10,
12-14, 16-24, 26-32, 34-45, 52, 53, 55, 59, 61-63, 66, 68, 70, 73-76, 78, 80, 81 and 83-
88 had a pICsg greater than or equal to 7 (pICsg is defined as -log ICsg wherein ICsq is

the concentration of the test compound causing an inhibition of 50 % of the dopamine
Dy receptors).

(o) sition exam _
"Active ingredient” (A.l.) as used throughout these examples relates to a compound of
formula (I), a pharmaceutically acceptable addition salt or a stereochemically isomeric
form thereof.

Example D.1 : Capsules

20 g of the AL, 6 g sodium lauryl sulfate, 56 g starch, 56 g lactose, 0.8 g colloidal
silicon dioxide, and 1.2 g magnesium stearate are vigorously stirred together. The
resulting mixture is subsequently filled into 1000 suitable hardened gelatin capsules,




Co. Ex Q Al k Physical data  No.,
No. '

71 B.3 phenoxy  -CH(CH err])CH err]- .2
(COOH) [ exyid 973299 ]| O np. 142.5C 72 B. 4 phenoxy PCT/EP97/02506
(CHerr])[err] .2(COCH)[err]; np. 192.6C 73 B. 4 phenoxy
(CH err])[err] .2 (COOH)[err]pomp. 162.8C 74 B.4
4-f | uor ophenoxy (CH err])[err] np. 11 3.8C 75 B. 4
2-acetyl phepoxy ., CH err])[err] np. 133.2C - 76 B.4
2- chl or o-¥¢ "°X"P"5’("éﬂ<ﬂe"f‘k]°§[}%r$§" .2 (COOH)[err] ;nmp. 171.9C
met hyl phenoxy 77 B.1 2- pyri di nyl CH err] 78 B.5

..........................................

PCT/ EB97/ AdBhiture of 10WDg ST the3R19 570 g lactose and 200 g starch is mixed well and
-21- X . . Lcal . data
No. Mo therea.EQr lé}gﬁ?ﬁ . 1f§qswntté a ﬁ?gﬁxpﬂ é’F g rﬁ/ﬁdﬁi%t’leercﬂ sulf-'ate. and @"E boC@.va -
2- qui nol i pyrrolidoncia abaut 200 ml of veer. The wet povader misluge is sieved-rjedl and
np. 201. 2digyed] ééain. Then tHfe areBdfled 100 g microcrystalline cellulose 5301'{4 ffe g]r

3-pyridi leD.2: 65 tdd tablets’ 9 B.5 4- pyri di nyl CH err]
E(Bj(zl[ o rB] 5 Preparatigﬁ E)Ptla%@(ci ore CH err] 81 B. 1 1- napht hal enyl

np. 142.1Jerr 87 . .2 .. : ) . 312
(E)-2- but%ﬁ@@afeé veggigblenily .Tgf &rhojecis mixed well angcompressrddp %@bﬁ% exanpl e
Exanplie Ggi¥ing 101000 dablets) eauhi dognpisingi 0 tngfof theckefiserinpeedib@l r | recept or
The int eréctti on of the conpounds of forrmula (I) wth the dopam ne Derr]
receptors--%%g-lg 5 assessed in in vitro radioligand binding experinents.
A | ow contentsobiionof 40 g3hetbpl ¢rdlubose imi? 3 ml af Henplurbled ¢thagobthereris agdéda t he
dopari ne Liid of 5 ¢ of efijPERMsc!1R 150 Y Alchfbrifbdhade. THER fer hreadBER 55 20
preparation of transtecte I nese o
ml of dichloromethane and 2.5 ml 1,2,3-propanetriol. 10 g of polyethylene glycol is
15  molten and dissolved in 75 ml of dichloromethane. The latter solution is added to the
former and then there are added 2.5 g of miagnesium octadecanoate, 5 g of polyvinyl-
pyrrolidone and 30 ml of concentrated colour suspension and the whole is homogenated.

The tablet cores are coated with the thus obtained mixture in a coating apparatus.

20 Ex e D.3 : Oral solution
9 Grams of methyl 4-hydroxybenzoate and 1 gram of propyl 4-hydroxybenzoate were
dissolved in 4 | of boiling purified water. In 3 ] of this solution \-_)vere dissolved first 10
grams of 2,3-dihydroxybutanedioic acid and thereafter 20 grams of the A.l. The latter
solution was combined with the remaining part of the former solution and 12 |

25  1,2,3-propanetriol and 3 | of sorbitol 70% solution were added thereto. 40 Grams of
sodium saccharin were dissolved in 0.5 1 of water and 2 ml of raspberry and 2 ml of
-gooseberry essence were added. The latter solution was combined with the former,
water was added q.s. to a volume of 20 | providing an oral solution comprising 5 mg of
the active ingredient per teaspoonful (5 ml). The resulting solution was filled in suitable

30 containers.

Example D.4 : Injectable solution
- 1.8 Grams methyl 4-hydroxybenzoate and 0.2 grams propyl 4-hydroxybenzoate were

dissolved in about 0.5 1 of boiling water for injection. After cooling to about 50°C there

35 were added while stirr'mg 4 grams lactic acid, 0.05 grams propylene glycol and 4 grams
of the A.L.. The solution was cooled to room temperature and supplemented with water
for injection q.s. ad 1 1, giving a solution comprising 4 mg/ml of A.L. The solution was
sterilized by filtration and filled in sterile containers.



Hanster Ovary (CHO cells V\:hl ch expr ess cI oned human D4 receptors (Receptor

Bi ol agy, Maryland, USA) in a buffered nmedium Wen equili brlﬁW| ng
was 10 remﬁezﬂsﬂhe receptor bound radioactivity was separ at

non- bound radi oactivity, and the receptor bound activity was count ed.
The interaction of the test . conp@snds, add € 1 ncubati on

m xture in various concentrations, wth the recept or
was assess 1' conpetition binding experinments HI quﬂ ﬁ“‘ I
Schotte et Psychophar macol ogy, 1996). The comrpounds nanber 1,

5-10, 15 112&gwnpqwxcbhavmmz fogmulg, 52, 53, 55, 59, 61 63, 66, 68 70, 73-76, 78, 80

81 and 83- ~ 88 had a pl(err] greater tharR'or equal to 7 (plJerr] is
defined as -log I CJerr] wherein ICerr] is the concentration of the
test compound causing an inhi biti of ﬁO o af t‘ng dopami ne D4
receptors). 20 D. Conposi LOp-E D-KActlve fmgredient” (A l.) as

used throughout these exanples r at S cgpeund of _ formula (1),
a pharnmaceutically acceptable addition saI t or a stereochemcally isomeric
form t her eof .a N4 Zﬁxde fénanqapharﬁlateutﬁaﬁglab@table acid addionfalttvea A. 1., 6 ¢

sodi um kaurylg qS&ﬂéﬁ@f&ﬁthé@oﬂﬁlﬁ% se, 0.8 g coll oidal
silicon dIOXI ﬁ % ‘ﬂ eS| mst arate are vigorously stirred

t oget her . Thelk s Vﬂ‘g" -salfened f » subsequently filled into 1000
sui tabl e har dE‘rle(ﬂyOtdgah on Cj aakkul:es, WO 97/ 43279

PCT/ EP97/ 025

each conpri si T nphrindgpendently are hydmﬁﬁ%frﬁ)‘l -gatkyl or qf’r"leB't‘}ai’éﬂr tabl ets

Pref par ati on m?aﬁdalb:? fiiay GilSocbe taken thgethei with tl&fm&ﬁ@etgatefn tolehich they aR/0 ¢

| act o and ter h mdf ed th
2"sol uiPon o R}d%ds s il abriBad e, Birding or  18ORRS Rppihe Rrg: | °C ™
pyrrolidone iRf isthydrogeo®ribaloof water. The wet powder mixture is si eved,
dried and Qg'lé‘ﬂﬁ'dgka{)ﬁhﬁ&h {16 1Rtz {idded 100 g mcrocrystalline

r

cel | ul ose an enated vegetable oil. The whole is m xed well
and conpr ess&dy |1ﬁf"t‘Pm§}5‘I ‘Etﬁ‘e“ Ylosaid gaphthy} and pbewyliaay eptionally be sebstipitedi ng 10
ng of the acti weith omgp, estb@nthree substitu@nttselegted from haldphypdrexy, @ ialkyef 10 g

met hyl 15 el ul O%ﬂ.‘iﬁ'kﬁgchl-‘;allgﬁgﬁb%ﬁt ﬁ"zﬂo@ ﬂﬂﬁﬂl mtu%e Qﬁnﬂo c?ﬂx%ea%d phenyl;
and
heteroary! is quinolinyl, isoquinolinyl, pyridinyl, thienyl, indolyl, 2,3-dihydro-l 4-
benzodioxinyl, 2,3-dihydro-benzofuranyl or benzodioxolanyl; said heteroaryls

| may optionally be substituted with one, two or three substituents selected from
20 _ halo, hydroxy, Cj4alkyl, C, 4a!kyloxy, Cj-salkylcarbonyl, haloC1-4a!ky| and

phenyl.

2. A compound according to claim | wherein R4 is ﬁydrogen.

25 3. A compound according to claim 1 or 2 wherein Alk is a straight chained
- Cj.galkanediyl and Q is optionally substituted phenyl, 2-naphthyl, 2-quinolinyl,
2,3-dihydrobenzofuran-5-yl or 5-benzodioxolanyl.

.4. A compound according to any one of claims 1 to 3 wherein R! is C|_4alkyl; R2 is
30 C;-6alkyl or C3.7cycloalky! and R3 is hydrogen, Cy.galky!; or R2 and R3 form a
pyrrolidine ring when taken together with the nitrogen atom to which they are
attached.

5. A compound according to claim 1 wherein the compounds is :
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[err] salt thereof. '

6. A compound according to claim 1 having at least one halo which is a radioactive
20 isotope of iodine, bromine or fluorine, or having at least one !!C-atom or tritium
atom.

7. A pharmaceutical composition comprising a pharmaceutically acceptable carrier
and, as active ingredient, an effective dopamine D4 receptor antagonizing amount of

25 a compound as claimed in any one of the claims 1 to 6.

8. A process of preparing a pharmaceutical composition as defined in claim 7,

characterized in that, a pharmaceutically acceptable carrier is intimately mixed with
an effective dopamine D4 receptor antagonizing amount of a compound as claimed

30 in any one of claims 1 to 6.

9. A compound as claimed in any one of claims 1 to 5 for use as a medicine.

10. Use of a compound as claimed in any one of claims 1 to 5 for the manufacture of a
35 medicament for treating psychotic disorders.

11. A process of preparing a compound as claimed in claim 1, characterized by

a) N-alkylating an intermediatc of formula
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N err]-cyclopropyl-Nerr]-methyl-N ergls 1 ﬂ)henyl met hyl ) 4-pi peridinyl]-2,4
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N err]-[1-(1, 3- benzodi oxol - 5-vyl rre?’hy \?q;_éj,%ai per(i # nyl]-Nerr]-ethyl-N err] -m

et hyl -2, 4- ' :

10 wherein R2, R3 and R4 are defined as in claim | and W1 is a suitable leaving group;

..,(U

ln—

c) reductively N-alkylating an intermediate of formula (III)
2

: R
R3

AOHR S
._/ RS

wherein R!, R2, R3 and R# are defined as in claim 1, with an aldehyde or ketone of
formula Q-Alk'=0 (IV), said Q-Alk'=0 being derived from Q-Alk'H> by replacing two

15  geminal hydrogen atoms by an oxo group in a reaction-inert solvent and in the presence
of a reducing agent; thus forming a compound of formula (I-a);

R2
U

N\
‘f" N=g R®
Q-—A!k'ﬂ-NC>~N~<\ Q@
N—7 R

wherein Alk'H is the same as Alk defined as in claim 1 but whereby Alk is attached to
the nitrogen of the piperidine ring by a carbon atom bearing at least one hydrogen
20 atom;
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(54) Title: 2,4-DIAMINOPYRIMIDINE DERIVATES AS DOPAMINE D4 RECEPTOR ANTAGONISTS

(57) Abstract

The present invention concems the compounds of formula (I), the |
N-oxide forms, the phannaceuucally acceptable acid addition salts and
stereochemically. isomeric' forms thereof, wherein Alk is Cy.galkanediyl or
Ci.galkenediyl; R! is hydrogen or Cj.qalkyl; R and R3 each independently

ate hydrogen, Ci-galkyl or Cascycloalkyl; or R? and R3 may also be

together with the nitrogen atom to which they are attached, thus forming

R?

N
R! N \Rs l
Q-Alk—-_NQ—I!:—{ =§ th

a pyrrohdme, a piperidine or a perhydro azepine ting; R4 is hydrogen or

halo; Q is aryl, aryloxy, di(aryDmethyl or heteroaryl; aryl is naphthyl or

phenyl, said naphthyl and phenyl may optionally be substituted; and heteroaryl is quinolinyl, isoquinolinyl, pyridinyl, :hlenyl indolyl, 2,3-
dihydro-1,4-benzodioxinyl, 2,3-dihydro-benzofuranyl or benzodioxolanyl; said heteroaryls may optionally be substituted; it further relates
to processes for their preparation, compositions comprising them as well as their use as a medicine; compounds of formula () containing
a radioactive isotope; & process of marking dopamine D4 receptor sites; and a process for imaging an organ are disclosed.




