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-1- BENZOXAZI NOME DOPAM NE D4 RECEPTOR ANTAGONI STS 5

FI ELD OF THE | NVENTI ON e This invention relates to conpounds
that are wo #/is@@oni sts  at dopami ne D4 receptors, to netpeﬁ itsS08dd
treating psychosis and schi zophrenia using a conpound 'S an
ant agoni st at dopam ne D4 receptors, and to “pharmaceutical ly
acceptabl e conpositions that contain a dopam ne D4 receptor

ant agoni st . 15 BACkGRCUND OF THE | NVENTI ON
Dopam ne is a neurotransmtter that is found in t he brains of

ani mal's, including IHNENZOXAZINONE SDESAMINE O3S RECEPTOROANDPAGORISTS! Ve si gnal
transm ssgon. It is ~wel |l -known that certain conpounds bl ock or
inhibit the bi ndi ng of dopam ne to dopam ne receptors. Such
conpounds are cal |l ed dopani ne rEERPR RF HHELJNVENTION] t is also
wel | - known that dopami ne receptor antagonists 25 are useful in the
treatmment of schizophrenia an Recently, it

sycho
has been di scovered that HOr& Qnrelageg gﬁe cotRungds Fhat ke recept or
exi sts, and thaantiagemisks at dopamicepDér renepiors st cwethodef efential |y

i nhi bi t gpe 30 treat¥yh® My éiﬁ:ﬂﬁ.@ '&ﬁd" 8ERRLOPhLMe a AP cohBulB) OF

famlies of dop e, recept rs_hav e eptified an aned the D1
and D2 fanlllesgﬁ1€ (ﬁﬁﬁﬁq % ﬁ gBPamEne 6%H¥ﬁqﬁﬂﬁPrPec FOsubt ypes

have been |dentphaeuag§u¢xpally acceﬁ&ab&edcﬁmPos1tlons that contain a
dopamine D4 receptor antagonist.

15 :
- BACKGROUND OF THE INVENTION

Dopamine .is a neurotransmitter that is found in
the brainsiof-animals, including humans, and is
20 essential fqr}prpper nerve signal transmission. It is
well-known th&f certain compounds block or inhibit the
binding of aépémine to dopamine receptors. Such
compounds aféjéalled dopamine receptor antagonists. It
is also well-known that dopamine receptor antagonists
25 are useful ih;the treatment of schizophrenia and
psychosis.
Recently, it has been discovered that more than
one type of dopamine receptor exists, and that dopamine
receptor antagonlsts can preferentially inhibit one

30 type of dopaml” ﬁreceptor over another. Two major

families of doJamzne receptors have been identified and
named the Dl ‘and D2 families. 1In the D2 family, three
distinct receptor subtypes have been identified as D2,
D3, and D4.
35 The dlst?ibution and concentration of the subtypes

. of receptorS}faries in different regions of the brain.
D2 subtype réééptors are located in both the limbic
region of the braln, which is assoc1ated with cognition
and emotlonal functlon, and in the striatum, which is




35 “ “The distribution and concentration of the subtypes of

receptors varies in different regions of the brain, D2 subtype
receptors are |ocated in both the linbic region of the brain, which
I s associ at cognition and enotional function he

4 chit
striatum V\f\#lj)cgro\” |H's19 . WO 97/ 45419 P &}0&2&
PCT/ US97/ 08524 ' - 2- associated wth
notor effects. D4 receptors are found i n higher concentrations in the
frontal cortex and | i nbic regions; which are associated wth
cogni tive andassoua@é@twwlmcitwtsfeecté e%pe&ssv(‘aw EGydlugs t hat
are D2 subtype rece ~ .0 antiagoni sts ave ]E) used to treat psychosis
and schi3 Iyt a°°r}ﬁﬁntﬁ5\'fé° fddBi Fae| Eratah BRErfd &R de

effects and pliwlobe teyibneg sysilchneseaassociared agith cogniti¥er andpt or

ant agoni sts sg,gg\éfoﬁgfkﬁg{ t%.’Srf apyram dal 10 side effects and tardive
dyski nesia. Moreover been observed that the |evels of

dopami né D4 recept%‘l“%"psYCh°téFed’e'I“E§aFBGt are P ke @eceptor Thus,
it woul d be uartagonistesimweo Meendsetihtd treat pachediectandge D4

e S B SR T have ARBSYEROR, SRR S04
conpounds of efEects andgraduse [taa'ﬁ"éVFIdYSk{%'?ﬁi}a "In ‘contrast,
D4 receptor antagon1sts show a lack of extrapyramldal
10 side effects and tardive dyskinesia. Moreover, it has
been observed that the levels of dopamine D4 receptors
are elevated 1n schzzophrenlcs
Thus, 1t wqu;d be useful to have compounds that

are selectlve@D4 ‘antagonists for the treatment of
15 psychosis and$sgh;zophren1a

" SUMMARY OF THE INVENTION

20 The preseﬁtiipvention provides compounds of the
Formulas I and II"

25

R3
1 UL
N o] ki N O
12 )
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T | ‘IT
30 P
wherein Rl and R2 are 1ndependently hydrogen or C;-Cg
alkyl;
X is N or CH, and .
RS is phenyl, naphthyl heteroaryl, substltuted phenyl,
35 substltuted naphthyl or substltuted_heteroaryl




whereifi R err]
al kyl ; 35
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-3-

w
sel ected fronw%

and Rlerr] are independently hydrogen or CJerr]-Clerr]
substituted naphthyl or substituted heteroaryl,
PCT/ US97/ 08524

,ﬂﬂ“umherein each substituent is independent lpeTuse7/08524

alogen, (Jerr]-Cerr] al koxy, CJerr]-Clerr]

al kyl, -CN, -CF[err], or sul phonam do, and the phar maceutical |y

accept abl e salt
a preferred enb

10

15

20

25

30

35

s, esters, amdes, and 5 _5_prodrugs thereof.

odi ment of Formula | or II, the gr oup [err]

wherein each substituent is independently
selected from halogen, C;-Cg alkoxy, C;-Cg
alkyl, -CN, -CF3, or sulphonamido, and the
pharmaceutically acceptable salts, esters, amides, and
prodrugs thereof.
In a preferred embodiment of Formula I or II, the
group

r:

is attached to the benzoxazinone group at
the 6 or 7 position.

In another preferred embodiment, Rl and R? axe
hydrogen.

In another preferred embodiment, R3 is phenyl, -
methyltolyl, tolyl, or sulfonamido.

In another preferred embodiment, X is N.

The present invention also provides compounds of
Formula III,

R\X/’\\]
I\/N ol III
N
I

wherein X is N or CH; R! is hydrogen or methyl; and

R? is phenyl or substituted phenyl wherein each
substituent is independently selected from C;-Cg
alkyl or sulphonamido, and the

In



15 " is attached to the benzoxazi none group at the 6 or 7

group,

posi tion. I n another preferred enbodi ment, Rlerr] and Rlerr] are
hydr ogen. 20 I n another preferred enbodi ment, Rlerr] is phenyl,

met hyl t ol yl or sul f.onam do. I n anot her preferred

embodi nent , ‘“? , The present invention al so PFHYSYHEs24
conpounds of Fornulapill, 25 [err] wherein X is N or
CH, Rl is hydrogen or nethyl; and Rlerr] is phenyl or substituted
phenyl wherein each 35 . substituent-4-s i ndependently selected from
Cerr]-Cerr] al-kyl_ or sul phonam dg, and the WO 97/ 45419
PCT/ US97/ 08524 pharmaceutlcally acceptable salts, egters, amides, and

phar maceuti cal | ypgedepga wedfi s, esters, am des, and pr odr ugs

t her eof . kR 2 gfgéeexrxreeéi SHERAZER! o8 FERRIYhart} | chde

group,

5
10
15 L5 o
,and II1 are:
oxo-3, 4-dihydro-2H-benzo(1, 4] oxazin-
f:razin—l-yl]—benzenesulfonamide;
pvlmethyl phenyl) -piperazin-1- ylmethyl]-
20 4H-benzo [1 4]ox321n 3-one;
6-(4f ‘olyl-plperazzn l1-ylmethyl) -4H-
benzo[1,4]6xazin-3-one;
6-[4%phen¥l -piperazin-1l-ylmethyl] -4H-
benzo{1,4i _z{ﬁ 3-one;
25 7—(4- -olyl-plpera21n 1-ylmethyl) -4H-
f3-one,
: piperazin-1- ylmethyl) -4H-
zine-3-one;
:fdlmethyl phenyl) -piperazin-1-ylmethyl]) -
30 oxazine-3-one;
‘methyl-pyridin-2-yl) -piperazin-1-
: H;bépgo[1,4]oxazin-3-one;
1y1—piperidin—1-y1methyl)-4H-
zin-3-one;
35

Dlmethyl-phenyl)—plperldln 1-ylmethyl] -

4H-benzo [1 41 xazin-3-one;



[err] - 10 Is attached to the benzoxazinone group at the 6 or

posi tion. In anot her preferred enbodi.nent, R err] is hydrogen.
I n anot her preferred enbodinent, Rlerr] is phenyl, met hyl t ol yl ,
tolyl, or su o%gllg In a nost preferred enbodi neotrssrogs24

conpounds of Fornula I, 1l and Ill are:

4-[ 4- ( 3- oxo- 3, 4-di hydr o- 2FLbenzo[1.4]oxazin-

6-yl met hyl) - pi perazi n-1-yl ] - benzenesul f ona de,

6- [ 4- (3, 4-di met hyl - phenyl ) - pi perazi n-1-yl nethyl]- 20

H-benzo[ 1- 4]0xa2|n é-Qhethiazol-2- yl-pzperaz;n -1-ylmethyl) -4H-

(4-p-tolyl- er azi . benzo[ 1, 4] oxazi n- 3- one;
[ 4- phenyl - p|p eg%P&E i %&QEhQ i benzo[ 1, 4] oxazi n- 3-one; 25
(

4-p-tolyl-pi per azﬁn-(;‘: mey a}zcanz vl-pipegaginr i-Hlngeby . #Hme:
- (4-phenyl - pi pRmZeI[N, 13¢kaeiﬂy§90néu+ benzo[ 1, 4] oxazi ne- 3- one;
-[4- (3, 4-di net hyl enyl )z PLpsr.a yLL _
H benzo| 4]oxa2|ne23qé é4 5 &iméfhyl éﬁfyi E 5 yl? ~piperazin-1
6-[ 4- (5- et hyl - psimiedtihy12 - 9H)bpnmf3a.zalrw@zm -3-one;
yl methyl] - 4H'ben20[164kﬁxﬁ§bﬂtﬁafﬁﬁhz-yl -piperazin-1- leethyl) 4H-
6- (4-p-tolyl- rldlg é benxo[ 1, 4] oxazi n- 3-one; 35
6-[4- (3, 4-Di rret 29 &n Ilﬁxaﬁ“ﬁe |°éﬁ?’( 1-yl met hyl ] -
4H benzo[ 1, 4] oxazi n- 8-dAe;(3-chloro-pheni )9 pipesragin-1-ylmethyl] -4H-
PCT/ US97/ {8524 penzo[1,4]oxazinb3{dud hi azol - 2-yl - pi perazin-1-yl methyl)-4H

6-[4-(3,4-dichloro-phenyl) -piperazin-1-ylmethyl] -

4
6-
6-
7-
7
7
4

4H-benzo[1l,4)}oxazin-3-one;
2-[4-(3-0x0-3,4-dihydro-2H-benzo(1l,4]oxazin-~6-
ylmethyl) -piperazin-1-yl] -benzonitrile;
15 _ 6- [4- (4-methoxy-phenyl) -piperazin-1-ylmethyl] -4H-
benzo{l,4] oxazin-3-one;
6-{4-(2-chloro-4-methyl-phenyl) -piperazin-1-
ylmethyl] -4H-benzo(1,4}oxazin-3-one;
6- [4- (4-Fluoro-phenyl) -piperazin-1-ylmethyl] -4H-
20 benzoil,4)oxazin-3-one;
6-[4-(3-Trifluoromethyl-phenyl);piperazin—l—
ylmethyl] -4H-benzo(1,4]loxazin~-3-one;
6-[4- (3,5-Dimethyl-phenyl) -piperazin-1-ylmethyl] -
4H-benzol[l,4)oxazin-3-one;
25 6-[4-(2—Chloro-pheny1)-pipérazin-i-ylmethyl]—4H-
benzo(l,4)oxazin-3-one;
6-[4-(4-Trifluoromethyl-phenyl)-piperazin-1-
ylmethyl] ~4H-benzo {1, 4] oxazin-3-one;
6-[4~ (4-Chloro-phenyl) -piperazin-1-ylmethyl} -4H-
30 benzo[1l,4)}oxazin-3-one;
7- {4- (5-Methyl-pyridin-2-yl) -piperazin-1-
ylmethyl] -4H-benzo(l,4]loxazin-3-one;
7~ [4- (4-Methoxy-phenyl) -piperazin-1l-ylmethyl] -4H-
benzo{l,4}oxazin-3-one;
35 7-[4- (4-Chloro-phenyl) -piperazin-l-ylmethyl] -4H-
benzo{l,4]oxazin-3-one;



benzo[ 1, 4] oxazi n- 3- one;

6- (4- benzot hi azol - 2-yl - pi perazi n-1-yl nmethyl)-4H
benzo[ 1, 4] oxazi n- 3 one; 5

6- [ 4- (4, 5-di ‘ﬁ -thlazol 2-yl)-pi perazin- 1-
ylnethyl]-4 1 4] oxazi n- 3- one;

6- (4- napht hal en- 2-yl - pi perazi n-1-yl net hyl ) - 4H
benzo[ 1, 4] oxazi n- 3- one;

6- [ 4- (3-chl or o- phenyl ) - pi perazi n- 1- ylnet%yl] 4H 10
benzo[ 1, 4] oxazi n- 31quh _ _
6-[4- (3, 4-di chl oro- phen¢ﬁ 4pP53?g§ T %Feqyl)l$ﬁﬁerldln 1-ylmethyl]
4H benzo[ 1, 4] AHrhenze [dnél oxazin-3- ~one;

2-[ 4- (3-oxo0- 3, 4- dihydna%lHMbehéﬁyipHéﬁyEWAp&ﬁéridin—1-ylmethy1]-4H-

yl methyl)-pip zQn | 1e; 15
6-[4-(4- netho§§ yf? p| ega§|ﬁﬁ ‘yl nethyl]- benzo

1, 4] oxaZi n- 3- one 7 14- eth°EYtEh?4¥¥%ﬂRﬂR?5$4%§rHywiﬂﬁéh¥l; =$Hper azin- 1- -
| met hyl | - 4H et {4, 4nwnn 3-6ne;

4- (4-Fl uor o-phenyl ) phRQlazhied- ViRt Mul it 139 an-

[
enzo[ 1, 4] oxazi n- 3- on
[

4- (3-Tri | Renaekin@l oaeanr$-eneer azi n- | -

PCT/US97/08524

I met hyl ] - 4FFbenzcﬂiLGQJN&@htﬁaieﬁﬂﬂr —plperazln -1-ylmethyl) -4H-

[
y
6-
b
6-
y
4t benshi1, 4] BEAGr anegats 8T op vl e VL
6-
b
6-
y

o[ 1, 4] oxazighzb QANQ) oxazin-3-one.

(4-Trifluoronethyl -phenyl) - pi perazin-1-

| met hyl | - 4H-benzo[ 1, 4] oxazi n- 3- one;

6- [ 4- (4- Chl or o- pherﬁll%a pinsvidednby - Wmmsqntmnmtmn is a method
benzo[ 13 8] oxazdf-titing psych051s, the method comprising
7-[4-(5-Met hyl ¢ 'rld%nxzné L plpe glent suffering therefrom a

yl nmet hyl ] - 4H- B8 iy 7ir 8- 3-BA g

7-[ 4- (4- Met hoxtshqﬁwt)ﬂ-cpf\ulﬂarr aif-ﬁctpw neeuany ofHa compound of
beFZOE1 g?xamdtﬁﬁzmm 3T, or III. ]

7-[4-(4- or o- phe | .azilng 1- - AH- . .

benzol 1, 4] oxazi n- 3Q§ﬁk>%r%$&ﬁéa b} X%gﬁ%?¥%%1 dnventlon is a method
PCT/ US92? 0852.0f treating schizophrenia, the method comprising

[ 4-
b

[ 4- (2- Chl or o- pherA (A~ ﬁ@ﬂxérnlneyi®@n+ﬁdxlmﬁqhyl) -4H-
enz

[ 4-

administering to a patient suffering therefrom a
therapeutically effective amount of a compound of
Formula I, II, or III.
Also provided by the present invention is a
25 pharmaceutically acceptable composition that comprises
a compound of Formula I, II, or III. | |

DETAILED DESCRIPTION OF THE  INVENTION
30 '
The present invention provides éompounds of the
Formulas T and II '



- 6- . . 7-[4- (3, 4-D net hyl - phenyl ) - pi peri di n-1-yl net hyl ] -
4H benzo[ 1, 4] oxazi n- 3- one;
6- [ 4- (4- Met hoxy- phenyl) - pi peri di n- 1-yl met hyl | - 44

benzo[ 1, 4] ox 9,,%3@16, 5 PCT/US97/08524
7-[4-(4- Met hoxy-p enyl)-plperldln-l-yInethyI]-4H—
benzo[ 1, 4] oxazi n- 3- one; 7- (4- Phenyl - pi peridi n-1-yl net hyl ) -4H

benzo[ 1, 4] oxazi n- 3- one;
7- (4- Napht hal en- 2-yl - plpera2|n 1- ylnethyl) “4H 10
benzo[1L4]ova|n -one; or-

7-(4-p-Tol yl - plﬁékkdrh\i-ylnethyl) 4H R3
e pr

o[ 1, 4] oxazi n- 3- one.

Al so provided by t sent ipvenijon is a hod {15 of t4eating
psychosis, the net*qalgp ol s adm nil§t erjng td at | ent
suffering therefro - ap%ELLfally ef Ect i \ne it of |a conpound
of Formula I, 1l, Qa Al soO prquie ; esent
inventionsis a met hod 20 of tr&htlné>sch|zophrenﬁh, t he hod

conpri sing admi ni stering tor? patient suffering therefrgana
therapeutically effective anmount of a conmpound of Formula I, I, or
[, Al so provi ded by the present i nventioffis a 25
pharmaceutically acceptabl e conp05| i on that conprises a conpound of
Formula |, |1, or ||wherein R and R? are inEdpendEntDRSERAEDgEN 6F THE
INVENTIO@ 30 aImtgeg§9ﬁg i nvention provides conpounds of the

For nul as I and 11,
. X is N or CH; and

RS is phenyl, naphthyl, heteroaryl, or substituted
phenyl, substituted naphthyl or substituted
heterocaryl wherein each substituent is

15 independently selected from halogen, C;-Cg alkoxy,
| C1-Cg alkyl-CN, -CF3, or sulphonamido, and the
pharmaceutlcally acceptable salts, esters, amides, and
prodrugs thereof. The term substituted phenyl included
phenyl substi;uted with one or more substituent.
20 The preéént invention also provides compounds of

Formula III,
N
ﬁ l I1I
N o

wherein X ist or cH; RL is hydrogen or methyl; and
30 R? is phenyl 6r substituted phenyl, wherein each
substitﬁﬁnt is independently selécted from C;-Cg
alkyl 6r;sulphonamido, and the
pharmaceutically acceptable salts, esters, amides, and
) prodrugs theréof. _
35 The term "alkyl” means a straight or branched
chain hydrocarbon. Representative examples of alkyl

25
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-7- [err] wherein Rlerr] and Rierr] are independently
hydrogen or Cerr]-Cerr] alkyl; Xis Nor CH and

R3 is pheny hyl , het eroaryl, or substit ut ed

substituted nap’%?‘ or substituted het er oar yl Wer%?ﬁ%ch
substituent is 15 I ndependently sel ected from hal ogen

Cerr]-Cerr] alkoxy, Cerr], C[err] al kyl -CN, -CF[err], or

sul phonam do, and the "~ pharnmaceuti cal |y acceptable salts, esters,

phenyl substifuted wth one nor é . su I tuent The present
i nvention al s8% V8V|8%§ c%ﬁﬁ%iﬂuﬁ?Qﬂb“ Y PFBFWﬁPaaP?Ihexyl [err]
wherein X is N or The &=mrlatnel hyangea eyciithakomanie 30 R[err] S

phenyl or SUbﬁga%HESQb enY& A ﬁ@é&f@%champles of a?ﬂ?sé é i s

am des, and grou pR' Q€& Ut lyEr &tihy1, T%e.-tob?gm §QQ§L5§§& edlémms}ll ncl uded

| ndependent |y ected err | sulphonanldo _
and the® 1BﬁéFﬁﬁcEU??¥ (k) Pew?&FpscaBsP%r%ub%ﬁﬁ§H£? and

pr odr ugs there@funaubstltuted Examples of suitable substituents
include halogen, C1-Cg alkyl, hydroxy, C;1-Cg alkoxy,
-CF3, and sulfonamldes
The term
10 that contalns'oﬁe or more heteroatom. - Representative
examples of heteroaryl groups are thiazole, thiophene,
and pyridine,
imidazole. T

!heteroaryl" means a cyclic hydrocarbon

rimidine, quinoline, isoquinoline, and

heteroaryl group can be substituted or

unsubstituted.. 'Examples of suitable substituents
15 include Cq- C6 kyl, Cy-Cg alkoxy, or halogen.
The term' eteroatom" means an atom other than

carbon. Examp es of heteroatoms include nitrogen,
oxygen, sulfufi'and phosphorus.
The term: "halogen" means chlorine, fluorine,
20 bromine, and 1od1ne.

The termf}sulfonamldo" means a group having the
structure -SOZNRaRb, where R® and RP are sulfonamido
substituents well known to those in the art such as
hydrogen and Cl’cé alkyl.

25 The symbol ".% means a bond.

The atoms 1n the benzoxazinone group can be

numbered as shqu below:

o)
13
!
N

o]
l2

=)

30 ;
The term "patient” includes humans.




35 : The term "alkyl" neans a straight or branched chain

hydr ocar bon. Representative exanpl es of al kyl WO 97/ 45419

PCT/ US97/ 08524 - 8- groups are
nmet hyl , ethyl , isopropyl, isobutyl, butyl, teptrivsdyisszs

sec- butyl, H?gf and hexyl . The term"aryl"™ means a cyclic
aromatic hydr ocarbon. Representative exanples of aryl groups 5

i ncl ude phenyl and naphthyl, which can begsubstituted or
unsubstituted. Exanples of suitable substituents i ncl ude hal ogen,
Cerr]-Cerr] alkyl Ahwti@apelﬁlefarlllycbffébtﬁwoawount" is a@Flagouht and
sul f onam des. un‘i’u%tl q__ Q%%gbgai;ﬂ, ETP&pst}fattc | c hydrocar bon
10 t hat con?alns nDre eféroa resen

exanpl es of het éﬂ@anwt@v%ﬁ@ a@attnsaioﬁ@elmmmr% symptom ofnd pyri di ne,

pyrimdi ne, qui Esycn@smsmtumgd%re@ma A thet@@lﬁ@i&aﬂlﬁhe het er oaryl
group can_be su nsubst i .0f s |table

d
Jubebi tuohts 16°EEetf1FE Sowar, of A BRRBPULRGF “the BRI Avehfipl) ¢
hal ogen. can be Tereily deteamdngd: by oneanlsr»hlpﬁ@tigmtdxeh@rtt

carbon. Exanpl egdain{et&r oed Qe aﬂﬁlﬂ&geo@ hr 86fPound to a PaxdRnt Smlf ur,
and phosphor us.

broni ne, and i o@PAgTVing the T r21 Fg?%‘agggf‘f’%ha#%ﬁiy%é&ﬂ?daﬂ uglrjlpne 20
havi ng t he thesarncax#efamﬂlyamrpNRbendFﬁ@efy}ngvwﬁnxanqsemﬁplagd Rl err]
ﬁrg sul fqroa(rjn dopsychosl§l@1§&'éd!ﬁ h‘i%hllakaﬁa’nai-@ fém%y 1l @ t sugh gs
hydrogen and O Sable k5T ok UL w22 e, eron Sesilbels A", DO,
schizophrenia.
The term "pharmaceutically acceptable salts,
esters, amides, and prodrugs" as used herxein refers to
" 15 -those carboﬁylate salts, amino acid addition salts,
esters, amides, and prodrugs of the compounds of the
present invention which are, within the scope of sound
medical judgement, suitable for use in contact with the
tissues of patients without undue toxicity, irritation,

20 allergic response, and the like, commensurate with a
reasonable benefit/risk ratio, and effective for their
intended use, as well as the zwitterionic forms, where
possible, ofrthe compounds of the invention. The term
“salts" refers to the relatively nontoxic, inorganic

25 _and organiclécid addition salts of compounds of the
present inveﬁtion. These salts can be prepared in situ
during the final isclation and purification of the
compounds or;by separately reacting the purified
compound in .its free base form with a suitable organic

30 or inorganic’acid and isolating the salt thus formed.
Representati%e salts include the hydrobromide,
hydrochlorlde, sulfate, bisulfate, nitrate, acetate,
oxalate, valerate, oleate, palmitate, stearate,
laurate, borate, benzoate, lactate, phosphate,

35 tosylate,'citrate, maleate, fumarate, succinate,
tartrate, naphthylate mesylate, glucoheptonate,



[err] "30 The term "patient” includes hunmans.

WO 97/ 45419 PCT/ US97/ 08524

-9- A "t herapeutically effective anobunt” is an anount of
a conpound q$05ﬁ [y esent i nvention that when adm nips, ﬁ Eﬂmkﬂ a
patient aneliorates a synptom of psychosi s or schi zophreni a.
therapeutically 5 effecti ve anount of a conpound of the present

i nvention can be easily deternlnﬁg by one skilled in the art by
adnministering a quantity of a conpound a patient and observi ng

et erul b pRticRicol BRACISEHASGnace salkl? B BGE LRI Iar Wit
readi |y abl e trese may g ﬁPéF cﬁﬁf&%%t%? cghﬁpﬁraﬂﬁﬁﬁﬂp§9€h05|s and
schi zophreni a.alkaline earthThetaEsn1éuﬁhfasusndmumﬂIlithﬁumptable salts,
esters, am de}o@é’&ﬂfnpdrc‘aﬁﬁn uft? Mé?ﬂe@ﬂrf'aﬂxcf iR ﬁsz% 1§s weifO%

carboxylate S am fo aci d addit and
pr odr ugs® of tH@“Bﬁﬁﬁdbﬁﬂ?“ﬁ?“ﬁheq“aternaﬁﬁé%@%?“@ﬁVeﬁPFoﬁmﬁﬁFch are, wthin

the scope of seatibns includdeigeabuf utgenkiniteslitdoabmohdom,ise in contact

Wih the  olddRiiSadmBAbiRD Sl LOOM NGO bk hyaahEhi 2t N, 20

al l ergic response, 2 conmensurate w easonabl e
benefit/risk rditeEhylapider,ctripethytaning, triethylamisgded use, as wel | as

the zwitterionéghylimime Wapkiethe like. (See, for example,

10 Berge s.M.,fegial., *Pharmaceutical Salts," J._Pharm.
Sai., 1977}6$5i—19 which is incorporated herein by
reference).

Examplea"éf pharmaceutically acceptable, nontoxic
.esters of-the mpounds of this invention include
15 - Cq-Cg alkyl: ters wherein the alkyl group is a
- straight or. b ahched chain. Acceptabie_esters also -
include Cg- C7

:cloalkyl esters as well as axylalkyl
;but not limited to benzyl. C;-C4 alkyl
rred. Esters of the compounds of the
in may be prepared according to
thods

Examples of:pharmaceutlcally acceptable,
nontoxic amides

esters such a
esters are pre

20 present inven
conventlona1 M

‘of the compounds of this invention
include amide derived-from ammonia, primary
25 C1-Cg alkyl amines and secondary C;-Cg dialkyl amines

wherein the a ~groups are straight or branched

chain. In th' caée of secondary amines'ﬁhe amine wmay
also be in the -orm of a 5- or s-membered heterocycle
containing op

”trogen atom. Amides- derlved from
30 ammonia, Cl-ci kyl primary amines and Cl C, dialkyl
secondary aﬁ' are preferred. Amides-of the
compounds of :1nvention may be prepared according to
conventional ‘methods.
The term prodrug“ refers to compounds that are
35 rapidly transf rmed in vivo to yield the parent

compound of th above formilae, for example, by



possi bl'e, of the conpounds of the invention. The term "salts" refers

to the relatively nontoxic, inorganic 25 and organic acid addition
salts of conpounds of the - present invention. These salts can be
prepared in si 145419 during the final isolation and puri fpefissnss2a the
conpounds or by separately reacting the purified conmpound in its
free base formw th a suitable organic 30 or inorganic acid and
isolating the salt thus forned. Regresentative salts include the
hydr obr om de, hydrochl ori de, sulfate, bisulfate, nitrate, acetate,

gxal ate, V?I eratw:gagl% ﬂabm:bate A%W&@x d:.scusszbﬁulﬁ.atﬁrob?déde
enzoat e, actate at citrate ea unar at e,
succi nat e, tg‘rﬁ'ﬁaﬁ Bat Kyl Soltf%fiﬁ"sylﬁpﬁo r@ﬁ?c&ﬁngf’ vﬁ%t e,

VWO 97/ 45419 Delivery Systems,“ Vol 14 of the A.QP@W/@sgppaggm4
- 10- | acdobi NatamPng BaHFaySHe DRONAEH B irADehuk

These nay L ncl ude, c ons, has n the ajkall and kallne‘earth
net al s, h as "s%d?"%ﬁﬂ %ﬂ %ﬁf’g R'" macc?éﬁt&cﬁﬁ] magnesi um and
the |i ke as melAsscsc:Eatlon At Bgrgamol?wm Rl r fetyr afinwhich axed

am ne cat { ASrddie e mrehﬂtw%ééf&d@éﬂ to ammoni um
tetranethylannnnlun1 tetraeth gg | am ne, bnethylan1ne
trimethylamne, triet nso Anyeption FRRePE (See, for
exanpl e, 10 &Emtniéidmed.eb aIpatiéhmra&mnnnorxﬁs $RArtspf &. Pharm

Sci., 1977 ?66 1- dShmo¥E G drS cHAEOLBRE LSS HUS ediponents sheheagnce).

Exanpl es of pharmaceutically, ,acceptabl e, nontoxic s of the

conpounds of t hi ¥FIRAFRG SN GitLePRbE. 13d caxkigyy. gl of gﬁk§ BEfers
wherein the al kywelji-dupwrs im the artst rThehtompodirtadmgisedanhbhen. Accept abl e

esters also admiﬂﬂééi%ﬂt%r Ehmgxéréﬁdcé/x‘fi fﬂlt‘i‘zﬁz‘a"o?aﬁi wel | as

aryl al kyl esters such limte benz errl Cerr]
al kyl rectally, parenterally (lntravenously, 1ntramuscular Y
15 or subcutaneously), intracisternally, intravaginally,

intraperitoneally, intravesically, locally (powders,
ointments or drops), or as a buccal or nasal spray.

Compositions suitable for parenteral injection may
comprise physiologically acceptable sterile aqueous or

20 nonaqueous solutions, dispersions, suspensions or
emulsions, and sterile powders for reconstitution into
sterile injectable solutions or dispersicns. Examples
of suitable aqueous and nonaqueous carriers, diluents,
solvents or vehicles include water, ethanol, polyols

25 (propyleneglycol, polyethyleneglycol, glycerol, and the
like), suitable mixtures thereof, vegetable oils (such
as olive oil), and injectable organic esters such as
ethyl oleate. Proper fluidity can be maintained, for
example, by the use of a coating such as lecithin, by

30 the maintenance of the required particle size in the
case of dispersions and by the use of surfactants.

These compositions wmay ‘also contain adjuvants such
as preserving, wetting, emn151fy1ng, and dispensing
agents. Prevention of the action of microorganisms can

35 be ensured by various antibacterial and antifungal
agents, for example, parabéns} chlorobutanol, phenol,



esters dre preferred. Esters of the conpounds of the 20 pr esent

I nvention may be prepared according to conventi onal methods.
Exanpl es of pharmaceutically acceptabl e, nont oxi ¢ am des of the
conpounds of lisdgvention i nclude am des derived fy&fRsE8d34 2,
primary 25 erfr]-Cerr] alkyl am nes and secondary (Jerr|-Clerr] ~
di al kyl am nes wherein the al kyl groups are strai ght or branched
chain. In the case of secondary ami nes fhe am ne may also be in
the formof a 5- or 6-nenbered heterocyc* cont ai ni ng one nitrogen

atom  Anides dgkiyedabi@m 3k the ATR 21t gl 4155 G5 1 adi ddbIR icdpr y
am nes and (Jerr]-Clerr] dialkyl aiéaan1nes are_preferred.

/ second
Ani des of the include jggtonig agents, for.ArAPRLGFSVEREPr IR accor di ng
to convehlibohdé, nebdiockse like. Prolongkd absoxpipiadrafythecfers to
conpounds that ;at b haRhLU isfrg hNp¥i ¥PotidhtY | e par ent
conmpound of théﬁégggg %(e)r %ghe,. %horl Qxarrp%g‘,agg\é ,.b ough \% 9745419
PCT/ US97/508524the use of agents delaying absorption, 1for examplqrydrolysis in

bl ood. A thor oaghmih@nuachostésrgdedndedelatin.in T. Hi guchi and V. Stella,

"Pro-drugs as Novel : V€ ‘ o1 Vi . G S nposi um
Series, and in Bi org%%gi%%égﬁél%ﬂﬁoﬁraé %ég%éhg{%é%rﬁelgléé’ ward B.
Roche, AnericafapPrdtpbcctitPtels, Pillsas powdgEson2BRAcIXaRYeHn Fless, 1987,

both of which @aueh solidi Acsdgoridmd hahe achiveetempoged is admixed The
conmpoundg, of t g pr S.Ee?%aggvgﬁgiﬂ{bﬁa%u%%og\a v ex?f'ﬁié’ixétﬁ&ed to a patient
al one or-"as part of "a conposition t aF contal ns ot her conponents
such as caxeipréncuchdre (Rodism grigreger psrdicaleive phosphate
wel | -known in the @nt £iT6rs osP astddrdies-sGaRsbEor exampBd)ri stftdHers] t 0
hU”H“S and aniq%k%oggthgﬁc?£3+nglucose, d&%%&%h&Y’aR&rsfifgfﬂlé&id;
(i ntravenously, T ntrafuscarl ar g

(b) binders, as for example, carboxymethylcellulose,

15 alignates, gelatin, polyvinylpyrrolidone, sucrose, and
acacia; (c)-humedtants, as for example, glycerol;

(d) disin&egratihg-agents, as for example, agar-agar,
calcium carbonaté, potato or tapioca starch, alginic
acid, certain coﬁplex silicates, and sodium carbonate;

20 (e) solution'retérders, as for example paraffin;

(f) absorption a¢¢e1erators, as for example, quaternary
ammonium compounds; (g) wetting agents, as for example,
cetyl alcohol and glycerol monostearate;

(h) adsorbents, és for example, kaolin and bentonite;

25 and (i) lubricanfs, as for example, talc, calcium
stearate, magnesium stearate, solid polyethylene
glycols, sodium'iéuryl sulfate, or mixtures thereof.

In the case of cépsules, tablets, and pills, the dosage
forms may also comprise buffering agents.

30 Solid compositions of a5§imilar type may also be
employed as fillé;s in soft- and hard-filled gelatin
capsules using sﬁch excipienﬁ$ as lactose or milk sugar
as well as high molecular weight polyethyleneglycols,
and the like. R :

s Solid dosage forms such as tablets, dragees,
capsules, pills, and granuleéécén be prepared with




15 ‘or subcutaneously), intracisternally, intravaginally,

intraperitoneally, intravesically, locally (powders, oi ntments or
drops), or as a buccal or nasal spray. Conposi tions suitable
for parenterajoiodiafigsi On nmay conpri se physi ol ogi cal | ypcgosdplogsas e
steril e aqueous or 20 nonaqueous sol utions, dispersions, suspensions or
emul sions, and sterile powders for reconstitution into sterile
injectable sol utions or dispersions. Exappies of suitabl e agueous
and nonaqueous carriers, diluents, sol vents or vehicles include

wat er, ethanol, Jeeltiegs ahd sheipé,omdc&ﬂw m&brlaObyethubgn&g:hyCm
gl ycerol, and the:Ihers we ;LI 'féﬁgw SHl rﬂ% eﬁrrp xt ‘ﬁngf gr g&tltai/&get able oils
0 )" dnlnje c

(such I'VE Ol e orggn teérs such as
ethyl ol eate. Pm@ifwugd genkarand gan jlsondg, of opuch compesikid®e, by the

use of a coatingraeChnay ketehbé chdyadtlive coinjb@uﬁ&l as.»eaamls&;mstihhe a f
h the use o

required rtlcle ze | -t e rsions

surfactan&g ertain pafh:gg %Qﬁmﬁﬂﬁ?é%ﬁﬂ?lngﬁagﬁs5n08n?3?ﬁyﬁ juvants such
as preserving, wanmexy, Examplesioef ewbafidingpespprgitions whiehtcan
Prevention of the a@eldoBref pBlFneRi@aiisitanteld 3hd wakBsenNSHh&abyivari ous

anti bacterial and antlfung L also b ﬁe1y%gﬁ&§kcapsngatédpgrabeqf

chl or obut anol , IFgREURdS
PCT/U897/08524 approprlate ith one or more of the- dRBove-mentiomedbic acid,
de5|rable to I ncl ude i sotonic agents,

and the |4 | tg 1@h§9

for exanp e sugars gl é é%f e.li ke. Prol onged
absorption of the 1qul nF@Ef%ﬁl céﬁ? ca miBiREEARIPR brought
about by 5 tire lsle phaagéqestxmak%yrqugmgab§9|emulémonexanple
al um num ”D”OSt%li‘It%o?@d g8bgbhfions, syrups, angl bﬁ!isal@f»ége fprms for oral
adnlnlstratlonllga Civoca sules tabl et s, # Eomders and
granul es. 1%%98ht Taes %Xﬁa?9ﬂ3ﬂ9ndﬁhe yau Gn%%%ﬂ%els admi xed
10 VWIgléu |feasts oay: nt&1nu$ﬁerﬂndnlnemtplebmménly used in the

art, such a ter or other solvents, solubilizing

agents and”émﬁiéifiers, as for example, ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate,
. benzyl alcohe ” benzy1 benzoate, propyleneglycol,
20 1,3 butylenegl”col dimethylformamide, oils, in

partlcular,_' ttonseed oil, groundnut oil, corn germ
oil, olive o |
tetrahydrofurfu
fatty acid}ﬂsﬁérs of sorbitan or mixtures of these
d the like.

uch inert diluents, the composition can

castor oil and sesame o0il, glycerol,
uryl alcohol, polyethyleneglycols and

25 substances, :
Besidgl
also inclu@ 'djhvants, such as wetting agents,

' suspending. agents, sweetening,

perfuming agents.

emulsifying’
flavoring, ai
30 Suspens: ng, in addition to the éctive compounds,
may contain '
ethoxylated

sorbitol and

spending agents, as for example,
stearyl alcohols, polyoxyethylene
o:bltan esters, mlcrocrystalllne

cellulose, alumlnum metahydroxide, bentonite, agar-agar
35 and tragacan;
the like.

~or mixtures of these substances, and



carrier) such as sodiumcitrate or dical ci um phosphate or (a)
fillers or extenders, as for exanple, starches, | act ose, sucrose,
gl ucose, mannitol, and silicic acid; (b) binders, as for exanple,
car boxynet hyl cel | ul ose, 15 al i gnates, gelatin, :polyvinylpyrrolidone,
sucrose, anWO9745419 acacia; (c) hunectants, as for exanpl ePCHP§UTEOREAN ;

(d) disintegrating agents, as for exanple, agar-agar, cal ci um
carbonate, potato or tapioca starch, alginic acid, certain conplex
silicates, and sodium carbonate; 20 (eda-solution retarders, as for
exanpl e paraffin; (f) absorption accelerators, as for exanple

quat er nary amRANRABIEIPPGuRES: Tegrahcadnini strationsmaneor exanpl e,

cetyl alcohol ansheffersn} SUPPRBLiCardks; which canh e gslssydred &»y as for

exanpl e, kaolin and b il a bricant as f.or exanpl e,
talc, calcium mit earao?dpouﬁgrs\eglfugnggt %?% - WS rgi"p wét | ene

gl ycol s, sodlun1$%&#§b1%nnqniﬁ?ltéﬁlﬂgxFHPéBl?hé$eQ# Carrlerslavcmhéﬁcase of

capsul es, gabl etéoc@éwbxmdéﬁ,, Pl e@ﬁ{?iﬁﬁeglycol f oF re éH:.S:% Raakd, se
bufferlng agents

3 f I -.
e ol oyiliich 379 agliq Re, GrALAREY ﬁsﬁﬁesﬁ?w%ss @%%ﬁ%e ATy &S0
capsul es usi ng shedy csengsrattureaandatherefore ni nklisugmrthe rectums oxel | as
hi gh nol ecul ar %gfﬂap%m&wlaeﬂe&lﬂsabé the actloél%ankﬁoﬂédte 35

. Solid dosage fornms such as tabl et e sul es, IIs, and
. granul es can be prep gﬁ ﬁ? 2 For t°91°9&>§éwﬁ%h. dtion ot 2

PCT/ US97/ 88524 compound of this invention include oirftments, powﬂama,ngs and
shell's, such as gotgyéc mtmﬁaaem The alt{¢é sc&ﬁﬁénéﬂp% Intihegart .

.Igﬁﬁog?zlggntaln d?ﬁaﬁt?$E%Fr%§4§i§é gggaﬁggdé a%% ‘%Uﬁ%P H@%ﬁggunds in a

5 certain paacgewtabke|¢gngmarnamd;aawtprﬂservh#;maﬁi buffermmnicar .
Exanpl es of enbeggbpg) ranposdd in2Rs vehireué#8d. ophthalmic
15 formulations, -eye ointments, powders, and solutions are:

also contemplated as being :within the. scope of this
invention. '

The compounds of the present invention can be
administered to a patient at dosage levels in the range

20 of about 0.1 to about 1,000 mg per day. For a normal
human adult having a body weight of about 70 kg, a
dosage in the range of about 0.01 to about 100 mg/kg of
body weight-pef day is preferable. The specific dosage
uged, however, can vary. For example, the dosage can

25 depended on a numbers of factors including the
requirements of the patient, the sevérity of the
condition being treated, and the pharmacological
activity of the compound being used. The determination
of optimum :dosages for a particular patient is well-

30 known to those skilled in the art.

In addition, the compounds of the present
invention can exist in unsolvated as well as solvated
forms with pharmaceutlcally acceptable solvents such as
water, ethanol, and the'like In general the solvated

35 forms are considered equlvalent to the unsolvated forms
for the purposes of the present invention.



be used are’'pol yneric substances and waxes. The active conpounds can
al so be in mcro-encapsulated form if appropriate, wth one or nore
of the above-nentioned 10 exci pi ents. Li qui d dosage forns
for oral admwosg.,;‘% on i ncl ude pharmaceutical |y accepé@pbioosszs
enmul si ons, utions, suspensions, syrups, and elixirs. In

addition to the actlve conpounds the liquid dosage 15 forms may contain
inert diluents commonly used in the gart, such as water or other

sol vents, solubilizing agents and enulsifiers, as for exanple, ethyl

al cohol , 'SODEBEYEoﬁbSﬁﬁﬂg,ofﬂdH@ p&%%QﬁBaiﬁveﬁébaﬁ Pttt
benzyl al cohol, benzoate pro Ieneg

Z c
1, 3- butylenegly&& o %Fﬁﬁ?ﬂ | FL¢ etEi4Cs f%'ws bY Vlri@ﬁt?ﬁnﬁ%ﬁ
cottenseed oil, pmeeandaubfoaﬁymtnﬁﬁmqg@emters in bhe, cohpoends | , Idasit=or oil
and sesane oil, %ﬁa%ghted t:hat éﬁt sg:%i%r %ane'éﬂb %Eﬂ%%ﬁ the

polyethyleneglycols a esters sorbitan or m xtures
of these 55 COMESLRfRSc8s ﬂﬁ&#t?ﬁaqﬁﬂﬁyres thereof, IpeNI such i nert
diluents, the comesiiti atxtenes, form gset iofckhde adyemeids, such as
wetting agents, Theegukﬁgié(é %&HP b%li%gﬁﬁgiﬁgtggegtéaréﬂ@ﬂﬁ“ ng,

flavoring, and perfumng a tionto
the active corrp@l',f\]i’él’éh“‘ents of ke c’dme&*tr?@ns@é‘ﬁeﬁaﬁnﬁ"égé‘iﬂ‘f%nd% 5r

exanpl e, hﬂmmnxyhatsﬂecSEEnazmqﬂ, dnedinding pheyekybhdy|anany
sorbitol gpd sorhitan esters, mcrocrystalline cel l ul ose, al um num
nmet ahydr ox1 de, eﬁ&onlte agar-agar 35 and tragacanth, or m xtures of

:._these subst ances, and the |ike. WO 97/ 45419

PCT/ US97/ 08524 -14-
Conpositions for rectal admnistrations are preferably suppositories
whi ch can be prepared by



m xi ng t he cbnpounds of the present invention with sui tabl e

nonirritating excipients or carriers such as 5 cocoa bhutter,

pol yet hyl enegl ycol, or a suppository wax, which are solid at ordinary
t enper at ur es wWydrdsi@ui d at body tenperature and therefore nmelt in
the rectum or vagi nal cavity and rel ease the active cBﬁ{fHﬁ’E’W"
Dosage forns for topical admnistration of a 10 conpound of this

i nvention include ointnments, powders, sprays and i nhal ants. The
active conmponent is adm xed under Steril e conditions with a

physi ol ogi cal |y accept adrfeyGAr Slyglq:h gﬁ h&ﬁg er vatives, buffers,

or propellants as may be requiré %p th for rrul ations,

eye oi ntnents, powders, and solutions are aleo contenpl ated as being
within the scope of t OH i nventi gy The ccglrrpounds of the .

present invention can adm ni $ gd to am’paly at” dosage | evel s
in the ragge 20 - t 0.7 La g ) OOO'Wpe For a nor nal
human adult havi ng fla body w&zght{ of ¥ "Nog 5.0 n the
range of about 0.0b to about 100yl body wei ght br daY s

preferable. The specific dosage used, however, can vary For

exanpl e, the dosage can 25 depend®t én a nunbers ofxfactors including
t he requi renents of the patient, the severity of the
condition being treated, and the pharnmacol ogi cal : activity of the
conpoundibei ng used. g b{er m nat i o&r, QL | ppn dosages for a
particul ar patient i§ known n the art.
In addition, thefsoapdy --\ pr'esen can exist in
unsol vated as wel I las sol vat ed forms with p eutecal ly
accept abl e sol vent® such as water, ethanol, and The like. In
general, the solvated&35 3 forms are consi ggr epagg]lg valent to the
unsol vated forns for the purposes of the present invention.
WD 97/ 4549 PCT/ US97/ 08524
~OH A
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NO, K/N
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o
Ex. 6
20
Ar o
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N o
25 H
Ex. 7 and 8
o3 C\O
30 a OH o

Ex. 9
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35




-15- ' 1 The conpounds of the present invention can exi st
in different stereoisonetric fornms by virtue of the presence of
asynmetric centers in the conpounds. It is contenpl ated that all

st ereoi sonetriwo s of the 5 compounds as wel | as mixt of ,
i ncludi ng racenic nixtures, formpart of this inventi gﬁ_ﬁﬁs&%ﬁéﬁ

The exanpl es shown below illustrate particul ar enbodi nents of the
invention and are not intended to ligut the specification, including
the clains, in any 10 manner . WO 97/ 45419
PCT/ US97/ 08524 General Synthetic Sdfemes (continued)
Synt heti c Schenes

0 .
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35
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EXAMPLE 1

5

10

15

20

25
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35

A mixture of 4-hydroxy-3-nitro—behialdehyde
(5.0 g, 29.9 mmol), 1,3-propanediol_(3.4 g, 44.9 mmol)
and 0.1 g of p-toluene sulfonic acid inﬂloo mL of
toluene is warmed to reflux. The water generated is
removed by a Dean-Stark trap. After 2 hours, the
reaction mixture is cooled to room temperature and
extracted with 2 x 100 mL of saturated sodium
bicarbonate followed by 100 mL of bri@e.- Drying over
sodium sulfate and evaporation of theisolvent gives
5.6 g (83% yield) of 2-[4-hydroxy-3-nifro—phenyl]—
1,3-dioxane oil.

NMR, CDCl3: & 1.2(d,1H), 1.5(s,1H), 2;2Km;1H),

3.9(t,2H), 4.2(4,2H), 5.4(s,1H), ?7.05(d,1H), 7.6(4,1H),
8.2(s,1H).

EXAMPLE 2

henzaldehyde

2- [4-Hydroxy-3-nitro-phenyl] -1,3-dioxane (5.6 g,
24.9 mmol) is reduced in the presence of'Raney nickel
in 50 mL of tetrahydrofuran (THF) under a hydrogen
atmosphere. When the theoretical amount of hydrogen is
taken up, the catalyst is removed by filtration.
Chlorocacetyl chloride (2.5 g, 22.2 mmol) and sodium
bicarbonate (3.6 g, 42.3 mmol) are added to the
filtrate at room temperature and the.miﬁ?ure is stirred
for 1 hour under argon. The solvent ié:@vaporated and
the remaining solid is taken up in So-ﬁ'i'f methanol.
The solution is acidified to a pH of:aﬁ Qt cne with
1.0N HCl and stirred at room temperature for 1 hour.

The precipitate is collected and driédfhﬁder vacuum to
give 2.5 g (65% yield) of 3-(chloroace;y;amino)—
4-hydroxy-benzaldehyde as a hydrate; mp 190-192°C.



-17-
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General Synthetic Schenes (continued) [err]

WO 97/45419 PCT/US97/08524

-19-

Analysis for CgHgCINO3°0.9 HyO:
C, 50.41; H, 4.18; N, 6.53.
Found: C, 50.60; H, 3.83; N, 6.41.

EXAMPLE 3

é-carbaldehyde
3-(Chloroacetylamino)-4-hydrox?fbenzaldehyde
(2.4 g, 13.2 mmol) and potassium carbonate (9.1 g,
66.1 mmol) are stirred at room temperature in 50 mL of
acetonitrile for 12 hours. The acetonitrile is
evaporated and the residue is taken up in 50 mL of
water. After standing at room temperature for
10 minutes, the precipitate is collected by filtration
and recrystallized from ethyl acetate. to give 1.4 g
(60% yield) of 3-oxo-3,4-dihydro-2H-benzo(l,4]oxazine-
6 -carbaldehyde; mp 220-222°C. |
Analysis for CgHyNO3:
c, 61.02; H, 3.98; N, 7.91.
Found: C, €0.67; H, 4.03; N, 7.74.

EXAMPLE 4

Sodium triacetoxyborohydride (l.i-g, 5.9 mmol) is
added to a solution of 3—oxo-3,4-dih§dxo-2H-benzo[1,4]-
oxazine-6-carbaldehyde (0.5 g, 2.8 m@Q}) and
4-(piperazin-1-yl)—benzenesulfonamidg;}0.17 g,

3.1 mmol) in 20 mL of THF. The mixtqgé is stirred at
room temperature overnight. The reaquon is quenched
by addition of 50 mL of water, and the THF is removed
under reduced pressure. The precipitate is collected

by filtration and recrystallized fromﬂhethanol to give
0.05 g (4% yield) of 4-({4-(3-0ox0-3,4-dihydro-
2H-benzo[1, 4]} oxazin-6-ylmethyl) -piperazin-1-yl] -
benzenesulfonamide; mp 150-153°C. o



35 ‘ ; WD 97/ 45419

PCT/ US97/ 08524 - 18-
EXAMPLE 1 Preparation of 2-[4-hydrogen-3-nitro-phenyl]-1, 3-di oxane
A m xture of 4-h droxy 3-nitro-benzal dehyde 5 (5.0 g, ﬁ%m s)
1, 3- propaneN QY89 4 44.9 mol) and 0.1 g of p-tBFHERE ST oni c
acid in 100 nL of toluene is warned to refl ux. The wat er generated
S renoved by a Dean-Stark trap. _After 2 hours, the reaction
m xture is cooled to roomtenperature and°10 extracted with 2 x 100 niL
of saturated s | foll owed by 100 nL of brine. EXylng
over so%m su:]sf zftog g: gﬁggﬁ égtlon of the soI vent gives 5.
g (83%yvyield) of 2-[% Bfdri®iyHs- A Fb Bhehyi92; S, 7.97: 3-di oxane oil. 15
NVR, CDCl [err] :roymdy] C,. 36dsh) H, 15586, I) ,12.62(;mslHyz,.. 80. 3.9(t, 2H),
4.2(d,2H), 5.4(s,1H, 7.05(d,1H), 7.6(d, 1H)

5 EXAMPLE 5

- -— - -~ X -

1-(3,4-Dimethylphenyl) -piperazine is converted to
6—[4—(3,4—dimethyl—phenyl)—piperazin-l-ylmethyl]-
10 4H-benzo([1l,4]loxazin-3-one in 10% yield according to the
procedure of Example 4; mp 148-153°C.
Analysis for Cp1HogN305:
¢, 71.77; H, 7.17; N, 11.96.
Found: C, 71.50; H, 7.18; N, 11.9%92.
15
EXAMPLE 6

Sodium triacetoxyborohydride (1.8 g, 8.4 mmol) is

20 added to a solution of 4-hydroxy-3-nitro-benzaldehyde
(1.3 g, 8.0 mmol) and 1-(4-methyl-phenyl) -piperazine
(2.8 g, 16.1 mmol) in 50 mL of THF at room temperature,
and the mixture is stirred overnight. The reaction is
quenched by pouring into 400 mL of watexr, and the

25 precipitate which forms is collected by filtration.
Yield = 1.7 g (33%) of 4—[4—(methylphéﬁ?l)-piperazin~1—
ylmethyl] -2-nitro-phenol oil. -
NMR, CDClsj: 5 2.2(s,3H), 2.5(m,4H), 3.05(m,4H)},
3.4(s,2H), 6.8(d,2H), 7.0(d,2H), 7.05(d,1H),

30 7.55(d,1H), 8.0(s,1H).

EXAMPLE 7

35 4—{4-(Methy1pheny1)—piperazin—l-ylmethyl]-2-nitro-
phenol (1.7 g, 5.2 mmol) is reduced with Raney nickel



8.2(s,1IH. - EXAMPLE 2 20 Preparati on of
3-(chl oroacet yl am no) - 4- hydr oxy- benzal dehyde

2- [ 4- Hydr oxy- 3-ni tro- phenyl ] -1, 3-di oxane (5.6 g, 24.9 mmol) is
reduced in the presence of Raney ni ckel in-50 nL of RPydgsRf ur an
(THF) under év‘?\g’é‘i’i‘den 25 at nosphere. \Wen the theoretlcgl arm%z%t of’
hydr ogen is taken up, the catalyst is renoved by filtration.

Chl oroacetyl chloride (2.5 g, 22.2 mol) an_(%ls_odi um bi carbonate (3.6
g, 42.3 mmol) are added to the filtrate at roomtenperature and the

mxture is stirred;j30o my ¥ ThrhQWEe¥NHPAr856RN. wHE G Hdoretical
evapor at ed and t he {g{r? ni ngf solid is take_n%.up i.n 50 nm, of nethanol.
The solution is acteP¥iePh MVEx9EeD: 15,5aKeB P i the catalyst 34§ HEMOYS,
stirred at room t ebpetiltratifcor. 1TheufHF is evafbrapedcigng athe iresdgiueect ed
and dried under vaguumyidh 3R in 59 W& S£>cH16E3EEYH ! Cahfgrhoacetyl
3-(chl oroacetyl am nol- ) 4- %droxy- be[i)zal dghzdg, as .a hydrate; np
190-192[ err] & ch orldeV@.g-F/ 4Pg 7 mmo an odium bicdrbonate
PCT/ US97/ 08524 (1.6 g, 19.1 mmol) are added, and-tl®e mixture idnal ysis for
Cerr]Herr]ANJe & & dnCt t fotf ond-4di 18, 6. 53.
Found: C, 50.60: r%“f’g%; ﬁ[ ,6.°1T1. smpgrature foiome: fw“’&’ th “XANVPLE
3 Pr epar at | SREFACERGW.Eh Mademy 80 x2B0 bBhY 0nd Apiee igner sodium
3- (Chl or oacet yl ani ga) £ty driney sedvaaldeBy deaporated( 2ard Ghel Fa2 i@l ) and
pOtaSSIun1C§6bonat§e£§EAiﬁb is treated with excess potassium carbonate in

20 ml of chloroform at reflux overnight. Extraction

with water, drying over sodium sulfate, and evaporation

of the solvent gives a yellow solid. Recrystallization

from ethyl acetate gives 0.27 g (16% yield) of 6-(4-

15 p-tolyl»piperazinol-ylmethyl)-4H—b¢nzo[1,4]oxazin-
3-one; mp 209-212°C.
Analysis for CpgH53N305:
Calculated C, 71.19; H, 6.87; N, 12.45.
Pound: C, 71.05; H, 6.97; N, 12.35.

20
EXAMPLE 8
4- (4-Phenyl-piperazine-1-ylmethyl) -2-nitro-phenol
25 is treated according to the proceante of Example 7 to
give 6- [4-phenyl-piperazin-1-ylmethyl) -
4H-benzo{1,4] -oxazin-3-one; mp 207-209°C.
EXAMPLE 9
30 =(3- =4-nij

3-Hydroxy-4-nitro -benzaldehyd :
is treated with 1,3—prqpanediolf

(7.5 g, 44.9 mmol)
-g, 67.3 mmol)
according to the procedure of Exéﬁﬁig 1 to give
2—(3-hydroxy-4-nitro—phény1)-1,3;dibxane (9.6 g, 95%
35 yield) oil.



10 66.1 mmol ) are stirred at roomtenperature in 50 nL of
acetonitrile for 12 hours. The acetonitrile is evaporated and the
residue is taken up in 50 nL of water. After standing at room
tenperature 10 minhutes, the precipitate is coll %ﬁgg?&!?'
filtration 1 8I;r”"’"};md recrystallrzed fromethyl acetate to give g -
(60% vyield) of 3-.oxo-3,4-dihydro-2H benzo[ 1, 4] oxazi ne-

6- car bal dehyde; np 220-222[err]C jvmuy5|s for JQerrJ]Herr]NdJerr]:

C, 61.02; H 3.98 N 7.91. 20 Fournd“~ C, 60.67; H, 4.03; N, 7.74.
BNPLE 4 | e RRLTEBELAL T @ 100 o iy ( 370801t rwcm 3hbenzo[ 1, 4] -

oxazi n- 6- yInethyI; azin enesul %onapr Sodi um

tri acet oxybor ohyd ?tﬁﬁsﬂ_%?%jd"§%§ nﬁoﬂ) SpiH), 7 ?ﬂﬂ&@d 8o %49z dfiti on of

3- oxo- 3, 4-di hydr o- 2H benzo[ 1, 4] - oxazi ne- 6- car bal dehyde (0.5 g, 2.8 - -
mmol ) and 4- (pi perazin- lyl)m@gwfonamde (0.17 g, 3.1
nmmol ) in_20 nlL_of THF The nrx ure | s stlrred at, 30 roomtenperature
overnlgh§ e RR S refréited Yer ISRE0 nl of water,

and the THF |shenznnﬂnh¥de under reduced pressure The precipitate is

e o SEe AL b o s 8
2H benzol 1, 4]oihz?rﬂmp%ﬁrﬁﬁlﬁﬂﬂygﬁtﬁéréﬁlz {ehloxcacetyl-agimednesul f onami de;

mp 150- 153[ er r 3 thydroxy-benzald®hyde454¢8rding to the procedure of
PCT/USg 0852

- - 20- Anal ysi s
f or C[err]H[er Eﬂ[‘%@ﬁerr’]eéd 3.7 9 {35%p okk- 0. "l 5.51: N, 13.92; S,
7.97. 056 &4 .44s,3H6, 7n3 (3318Y, L4 (.80,

8.2(d,1H), 9.7(s,1H), 9.8(s,1H), 10.7(s,1H).

EXAMPLE 11

15 i ~3=0x0-dj =2H= L ine-

Z-carbaldehyde

4 - (Chlorocacetyl-amino) -3-hydroxy-benzaldehyde

(3.7 g, 17.3 mmol) is converted to 3-o%0-3,4-dihydro-

2H-benzo[1, 4]oxazine-7- carbaldehyde (3.2 g, 100% yield)
20 according to the procedure of Example 3,

mp 178-180°C (Decomposes).

EXAMPLE 12

25 = azin=3-

2.8 mmol) and SOdium triacetoxyborohfdr;de (1.2 g,
30 5.9 mmol) in 20 mL of 1,2- dichloroethage is stirred at

room temperature for 3 hours. 'd? ion is quenched
with 50 mL of water, and the layers a separated. The
aqueous phase is extracted with ethyl etate
(3 x 50 mL). The organic phases are combined and dried
solvent gives
a solid which is recrystallized twice ﬁrom acetonitrile

35 over sodium sulfate. Evaporation of



EXAMPLE 5 Preparati on of

[4- (3, 4- D net hyl - phenyl ) - pi perazi n-
yl met hyl ] - 4H benzol[ 1, 4] oxazi n- 3- one
(3, 4- D met hyloRhgeys ) - Pi perazine is converted to PCT/US97/08524
[ 4- (3, 4-di net hyl - phenyl ) - pi perazin-1-ylnmethyl]- 10
H benzo[ 1, 4] oxazin-3-one in 10%yield according to the procedure of
Exanpl e 4; np 148-153C. Anal ysi s 1‘_95_C[ err]Herr]Nerr]derr]:
C 71.77; H 7.17; N, 11.96. Found: " C, 71.50; H 7.18; N, 11.92. 15
EXA:VPLtEhfSI -2 _tthrgﬁ.F)%r at.Bangotask [hdumpt g@ﬂ pzhtqayl (M;Pbaﬁ%wﬂgeraﬂ)d- (1.8

-yl met hyl ] - 2-ni_t.r o- pheno odi_u ri.acet ox r dride .8 g,
8.4 mmol) is ZOPlper%&égahfglrﬁe%kaJt}t'i%' ST24- 398W?§9%T?F§9%bnzal dehyde
(1.3-g, 8.0 mvlrp 208-2102Cket hyl - phenyl ) - pi per azi ne (2.8 g, 16.1

mrol ) in 50 nmL gf hNEiat £6206), L8 f.ure, and the mxture is
stirred overnight 'a lS‘!:I'ﬁe reac??érﬁ?g@z quenched by pouring into 400 nL

of water, 2and the 25 71ptaéi Bt tat® ll«cH%-Gms i's col | ected by

5
6
1
1
6
4

filtration. Found:el ¢,=71.3I0g ¥334073f M- [14&-.G@st hyl phenyl ) - pi per azi n- 1-
yl met hyl ] -2-ni tro-phenol oil. NVR, CDCl[err]: [err] 2.2(s,3H),
2.5(m 4H), 3.05(m 4H), 3.4(3,2%“ 6.8(d,2H), 7.0(d,2H), 7.05(d, 1H),
30 7.55(d, 1H), 8.0(s, 1H). PLE 13 EXAMPLE 7
Pr epar ation of Habaratdonl ofii pe zive vk N mieelnalzi :

4-[ 4- (Methyl phen ol N -2-nitro- - phenol (1.7 g,

5.2 mol) 1s reduced w aney Al ¢ € WD 97/ 45419

PCT/ US7/ 08524 1-Phenyl-piperazine (0.45, 2.8 mmol) is converted
to 7-{4-phenyl-piperazin-l1-ylmethyl)-4H-benzo(l,4]-
oxazine-3-one according to the procedure of Example 12

in 34% yield; mp 181-193°C.

15
EXAMPLE 14
According to the procedure of E:_i_:ample 12,

20 1-(3,4-dimethyl-phenyl) -piperazine (0.54 g, 2.8 wmmol)
is converted to 7-[4-(3,4-dimethyl-phenyl)-piperazin-
1-ylmethyl] -4H-benzo[1,4] oxazine-3-one in 28% yield;
mp 195-197°C. '

25 The compounds listed below can be prepared in

accordance with the above methods us-i_ng the appropriate
starting materials.




-21- ' ‘in 20 nL of THF under hydrogen. Wen the theoretical

anmount of hydrogen is taken up, the catalyst is renoved by
filtration. The THF is evaporated, and the residue is taken up in 50
mL of chl or ofy@ Fsily or oacetyl 5 chloride (0.65.9, 5.7 g lri"g” nd sodi um
bi car bonat e (1.6 g, 19.1 mvl) are added, and the ni Xt -
stirred at roomtenperature for one-half hour, then extracted with
water (3 x 50 nL) and dried over sodium sul fate. The solvent is
evaporated, and the solid 10 remai nt#4-is treated with excess potassium
carbonate in 2 mL of chloroformat reflux overnight. Extraction
with water, dryi rg e sodi um sul f@ate, and evagoration of the
sol vent gives a \ Wp$0||d Recry®tal lization® fromethyl acetate
gives 0.27 g (16c %Il of 6-(4- 15 '
p-tol yl - pi perazi zﬁq', it hyl) - 4H benzo[ 1, 4] oxazen- 3-one; np
209-212C. yS|s for C[err]H[err]N[errT'CIerr]
Calculated C, 71 , 6.87; N, 12.45. Found: C, 71.05; H, 6.97; N,
12.35. 20 EXAMPLE 8 Preparati on of
6- [ 4- phenyl - pi pefazi n-|1-yl met hyl ] - 4H benzo[ 1, 4] oxazi n- 3- one
4- (4- Phenyl - pi peyazj nd- 1-yl methyl ) - 2- ni tr ogphenol 25 & is treated
according to the pfmrocedure of ¥YExanple 7 ton gi vew
6- [ 4- phenyl - pi pe azp n-1- yg, met wyl ] - oy od H- benze{ 1, 4&- oxazi n- 3-one; np
207-209[err]C. o o . EXENPLE.g 30 Pr epar ati on
of 2-(3-hydroxy- §- & tdo- enyln‘)-l 3- disoxarfe w F
3- Hydr oxy-4-ni tr - benjal ehmdm(? 5 ¢ 4-,4,:9 mol )& 4 & is treated with
1,3-propanediol (581 ¢, &.& fltml) ¢ ™ Taccordi gg®omthe procedure of
Example 1 to givg & 2- T‘B{Jwydroxy 49°n|§ro phenyl®) -#, 3-di oxane (9.6 g,
95% 35 ield il . o
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- 22

NVR, CDCl[err]:

PCT/ US97/ 08524

[err] 1.4(d,1H), 7.05(d,1H), 2.2(m 1H),

3.9(t,2H), 4.2(d,2H), 5.4(s,1H), 7.2(s, 1H), 8.0(d, 1H).

EXAMPLE 10

. 2-(3- Hydroxy-4-nitro-phenyl) -1, 3- dhoTRISI?0EM 3 g,

. WO 97/45419 (
41.2 mmol ) is converted to 4-(chl oroacetyl -am no) -
3- hydr oxy- benzal dehyde according to the procedure of 10 Exanpl e 2.
Yield = 3.7 g (35% oil. [err] 4.4(s,1H), 7.3(s,1H),

7.4(d, 1H),
EXAMPLE 11 15
7- car bal dehyde
(3.7 g, 17.3 m
2H-benzol[ 1, 4] oX
t he procedure g
EXAMPLE 12
4H benzo[ 1, 4] oX
3- 0xo0- di hydr o- 2
mol ), 1-(4-net
acid (0.17 g,
5.9 mol ) .in 20
tenperature for

wat er, and the
with ethyl acet
dried

Example

m—
Elemental #niPsds
o =

_ NVR, Dl\/lsg5
8.2(d,1H), 9.7(s,1H), "978(s, 1H),. 10.7(s, 1H).
Prieparation of 3-oxo-di hydro-2H-benzo[ 1, 4] oxazi ne-

IR O - 4-(Chlmroacet yl - anino) - 3- hydrow- benzal dehyde
i )l Nconverted t& 3-oxo- 3, 4- hydr o- N
&imeld- carbal dehyde (3.2 g, 180%vyiel d) 2Q4 according to
2 Eaagl e 3; & Np 178- 180§ (Deconposegy.
Pr paration of 7-(4-p-Tolyl-piperazin-1-ylnethyl)- 25
azi n-pB-one A m xture of
H- bengzol 1, 4] oxazi ne- 7- car bal dehyde (0.5 g, 2.8
hyl - phenyl ) - pi perazine (0.5 g, 2.8 nmol ), acetic

2.8 mmok) and sodi ud triacet oXyldrohydride (X.2 g, 30
1, 2-di'®hl oroet hane™ s stirreg & r octh
rse THe reactijpn i ¥ quenchgd _ ¥ wi gh 50°nL of

rs arle separatedr The%; "aq{!iegﬁs phas® is gxtracted
R J3.Xx 50 mgp.  The orggpie phages ape conbined and
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35 over sodi um sul fate. Evaporation of the solvent gives a

solid which is recrystallized twice fromacetonitrile WO
97/ 45419 PCT/ US97/ 08524
- 23- woddsae 0.31 g (33%yield) of 7-[4-(4-irethyl-phen I%’-
pi perazi n-1-yl net hyl ] - 4H benzo[ 1, 4] oxazi ne- 3- one; : n'pp%%s ﬁf[z‘érr-}c.
Analysis for CJerr]Herr]Nerr]Jerr]: 5 C, 71.19; H 6.87; N,
12. 45. Found: C, 71.10; H, 6.73; N, 12.32.
EXAMPLE 13 Preparation of 7-(4-pRényl-piperazin-1-ylnmethyl)- 10
4H benzo[ 1, 4] gxazi ne- 3- one 1- Phenyl - pi perazine (0.45, 2.8 mol)
is converted |o ¥ |do 7-(4-phenyl -piperazinyl-yl methyl)-4H benzo[1, 4] -
oxazi ne- 3- one &c&r(ﬁ ng to the ghocedure of PBxanple 12 o in 34%vyield;
np 191- 193[ er (ECE 13, . T EXAaMALE 14
Preparati on 01[] 97-3 4 3, 4- di net hy§- phenyl) - pi per azi n- s
According to ﬁe rlocedure of EXanple 12, 207 N
1- (3,-4-di net hyl - phgnyl ) - pi perazine (0.54 g, 2.8 mmol) is converted
to 7- [4- (3, |4-dinethyl-phenyl)-pi perazin-
1-yl et hyl ] -4ITI- benZzo[ 1, 4] oxazi ne-3-one in 28%yi el d; np
195-197[err] C 25 o The conmpoypds |isted bgl ow can be pkepared in
accordance Wiﬂh-% hqd above mthods using~the approprirate sharting
mat eri al s. 5 S 0 ~ - - " ©
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Cell Lines Lines Expressing Dopanmi ne Receptor |soformns A cell

| i ne expressing hunan dopam ne D2 (Long 5 form receptors was purchased
from Oregon Health Sci ences University, Portland, Oegon. The D2
recept or wo ofhdiifs was subcl oned into an expr essi on vect opcTaiset/éushs

The plasm ds were transfected by el ectroporation into CHO K1 cel I's.
A single stable transfectant, resistant 10 to the antibiotic (418, was
i sol ated and sel ected for. use in_ﬁ?_e bi nding studies. For D4

bi ndi ng, CHO K1 cells stably transtected to express the hunman
reconbi nant dopam ne D4. 2 recephodLogbtNDMERBIODS descri bed by Shi h,
et al., "The expression and 15 functional characterization of human
dopamni ne D4. 2 recetor in CHO Kl ceI |'s," _Soc Neurosm
1995; 21(Part 1%elax! . ol HREF LEREREE  Cel |
Menbr anes 20 a cé:lt@ Kﬂne:e& &uﬁgnedbf]&ﬁlhurm Gbmnd D4. 2
receptor g wefg&wrgeeégafmg raﬂ@ﬂa%wdﬁf%as&eganF 1y medium

(G bco Laboratari.es ﬁgg errent ed with 10%
fetal bovine s§F&ﬁP(-’PBSU‘1W%¥%WeV Port an@eggﬁegl’ﬁ‘) i TREPHE of 5%
Cderr]/95% ai eDNRA @i&esul]:ﬂoﬁd intcCainl experessjoniwector) pﬂtn'vfdme.nt after

A ?acet E%“g' WeSe MIRUALANY byPLIEEEtpbtatidp by Sne
o e oopkdl k' geTad | M TP WBa 2 LrehShaqcant. , AR ddicantd)

fl asks 10The céd shﬂeﬂatmlotlc e, Magedsgl asbduandoselected doxl0 ni nutes
at 40[err]C  uyse 1ﬁnﬂhEhBﬂndﬁ$gJ$éi§iHi%§ | nFEEMDRUbi RIS ™ Tris-HA ,

T £ A LA el by o i 1S

"™ Nad ) and h@ﬁ@g@h@é&f dopanige D4.Z3eseRtes MEPEYPRI (a%ed by
centrifugati ondelsc2@b@d0by Shih, et &dt.,40[her b€pkessOnnamdit es. Then t he

pellets uere  eunce ibRIUSEREASC d ¥t AP JeahEmbH! G8pafind 4-/4 | ask and
receptor in: CHO K1 cells,® Sns..ﬂenrasclr,
1995,21(Par__;_; 1):621. E

Cel) Culture and Preparation of Cell Membranes
20 CHO Klyéells expressing either human D2 and D4.2
receptors were grown in 162 cm? culture flasks in F12
medium (beco Laboratories, Grand Island New York)
supplemented ‘with 10% fetal bovine serum (FBS, Hyclone,
Logan, UT) 1n an atmosphere of 5% CO,/95% air at 37°C.
25 Cells were grown until confluent, after which growth
medium was. removed and replaced with 0.02% ethylene
diamine tetracetate {EDTA) in a phosphate -buffered
saline solut;on (Sigma Chemical Co., St- Louis,
Missouri) aﬁd:scraped from the flasks' The cells were
30 centrifuged at about 1000 x g for 10° mlnutes at 40°C
and then resuspended in TEM buffer (25 mM Tris-HC1,
pH 7.4, 5 mM_EDTA, and 6 mM MgCl,) for D2 or the
D4.2 buffera(SO mM Tris-HCl, pHE 7.4, 5 mM EDTA, 1.5 mM
CaCl,, 5 mM KCl, and 120 mM NacCl) and-homogenlzed The
n at 20,000 x g
s were

35 membranes were pelleted by centrlfuga
at 40°C for 20 minutes. Then the p
resuspended 1n appropriate buffer at 1" mL/flask and
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- 32- stored at -70[err]C until used in the receptor binding

assay. Receptor Binding Assays: D2, D4.2 Dopami ne Receptors 5

A cell nmenbr Apdagpar ati on (400 [err]L) was incubated Ilcate
wi th 50 [err?ﬁg‘{?ydrr]l-l]spl .perone (0.2 nMfor D2, fcj‘l(’?s?-”ws :

50 [err]L buffer, or conpeting drugs mhere approprlate to give a
final volume of 0.5 nL. i After 60, i nutes incubation at 25[err]C, the
i ncubations 10 were term nated by r3p7 d filtration through What mann

GF/ B gl ass fiRegebll he" s7650akAd If Yseh %u's;henrgcép/&or bindin

pol yet hyl eni m ne on a -cell harvester, wth three - %ms of 1 nmL

i ce-col d buf f 8f%3Y rnd|V|duaI filter dISkS cont ai ni ng the bound

| i gand were placed in 15 _ countlng vials with 4 nL of scintillation
fluid rEeady : - it ; \
Califorpia) and t

n C

sci ntil Pation countef<at Ba" s‘[féurl?a[tce%l ndi ng
was defined i ﬂon§éE%@aﬁ¢-;‘1ﬂrﬁ/I5tﬁ #10 [%H] snapemw dbq 2 nM for D2,
Saturation and,eoametoti DAY NBOQIdBuEPERT, €or competditd YEAfggISi Ng an

[Lerative nonl,ear sbask: BUA'S Sive &%ﬁ taiat;\@%&'w%?rogram L

conpetition were cal cul ated from
| C[err] vaIue§f5?rn59hBHP%ﬁeQ}kﬂﬁ?Qﬂﬁqu » the inq@hanicnship between
t he i nhiobi ti owezenseamingtédrby )ragnid flltratuba thnowgth Mtdtamrn | nhlbltor

whi ch causes §@%3d1assi I 140 dddl @LalbaotoR: SRZHTAL & ract i on.

Bi ochem 973: 22 per ntal conpounds
were made up RELSEGRRIEGITIREROH & qifinJRIVAEBA] JEth Cireq DVBY  The
final concent washea of b ul;DMSTsbdufifer. Indivieduatubidiiem ni xture had
no effect on ahekspeenéasnﬁ‘ég the oA @ igahacheoBSSI¥®dd Gh Was carri ed out

n 15 Urig ’uﬁ@ﬁﬁg vI 180w L eo‘i""'s%‘ih@ﬁh?&éﬁax‘ﬂﬁﬂd values

wer e neasured er:actron of vari ous W th the
recept or. TheéBeﬂEYeGe}[eﬁ?Tkﬂ%&)Rﬂ§§ﬁH@eSFn&Pﬁg' Fullertonm,

California) and then counted in a Beckman - LS-6800
liquid sc1nt111atlon counter at an efficiency of 45%.
: Nonspecific blndlng was defined in presence of 1 mM of
20 haloperidol.

L calon] I"]
Saturatlon ‘and competition binding. data were
analyzed us;ng an iterative nonlinear 1east -square
25 curve- flttlng ngand program. In compet;tlon
experlments,,apparent K; values were calculated from
I1Csy values b ﬁethod of Cheng and Prusoff

.30 inhibition (1_50) of an enzymatlc reactlon " Riochem.
Pharmacal ., 1973 22:3099-3108. Experlmental compounds

(DMSO) . The” ‘nal concentration of 0. is DMSO used in

the incubatio ixture had no effect on.;he specific
35 binding. Each:bbservatlon was carried. odt in

triplicate. To allow these calculatlons, -K; values

were measured for the interaction of varlous ligands
with the receptpr These were: [3H]splparone binding,
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- 33- human D2, 0.116 + 0.01 and human D4.2, 0.093 + 0.005 nM
(n = 3). The test results are presented bel ow.
Bl NDI NG DATA wo 97/45419 Exanpl e D2 > pCERSP/0sEAL i 0
Number nM (Ki, nM 493
4. 36 3 1665
4 >5882 23. 56 249. 4410 5 2341
5.18 8 2196 18.3 120
é209 29832hugan D2, 1.8 + 0.01 aBd%d@man D4.2, 0.093 + gSggs nM 129
49-9 15 %n = %ﬁ? The gg§§8§e£ﬁlts are pég%%pted be1%¥20:4
16 .84 18.5 17 572
1.81 18 BRINDING DATA 125. 88
19 I3—~-30—26 26 5882 10. 77
546.1  ° Exgpple 4392 P4 83 p2/pecacto
22 3887 Numbex 49 (Ki, nM)o5o AKi, nM 23 2616
19. 01 1 49324 4436 - 113.8. 06
71.8 25 25 3 5592 1652. 34 453. 2
26 . 84 14. 4 2 2616
15. 61 4 >3882,4 23585 2450 66
228.7 10 295 2332 $2182 45118. 3 30
30 813.03 2196 5.5 18.3 12031
173 32 12 >58%de4 6304¢és 27%4 62
13 129 6.09 21.2
14 346 6.94 49.9
15 15 >5882 7.17 820.4
16 52.50 2.84 18.5
17 572 1.81 316
18 125.88
19 33.30
20 20 - >5882 10.77 546.1
21 4325 17.83 242.6
22 3887 15.41 252.2
23 2616 19.01 137.6
24 435 6.06 71.8
25 25 5592 12.34 453 .2
26 127 8.84 i4.4
27 2616 15.61 167.6
28 3582 15.66 228.7
29 1434 12.12 118.3
30 30 72 13.03 5.5
31 173
32 >5882.4 62.47 94.2
33 1753 1.66 1056
34 5882.40 5.0 1176.5
35 35 620 4.68 132.5
36 610 2.61 233.7
37 698 3.87 180.4



33 1753 1. 66 1056 34 5882. 40

5.0 1176.5 35 35 620 4.68
132 5 36 610 2.61 233. 7
3. 87 ©180. 4 | WO
PCT / US97/ 08%97/45419 34 P%Z';U%;ﬁ(i]sgl4
Bl NDI NG DATA (cont' d) Exanpl e D2 D4
Nunber (Ki, nM (Ki, nM D2/ D4 Ratio 38
1126 6.70 168.1 5 ~34- 39 68. 98
7.58 9.1 673.92 13. 85
48. 7 4] BI?@?ﬁginATA (conb'dp 110.5
WO 97/ 45419 Example D2 PO/ US97/ .
- 35. Number (RKi, nLAI MB(Ki, nM) 1. ggﬁ%%ﬁﬁﬁﬁﬁh havi ng t he
Formula I or Il 38 1126 .70 168.1
5 39 68.98 7.58 . 9.1
40 673.92 13.858% 48 .7

41 287.31 2.60 - 110.5




[err] =~ 10 wherein R[erL]_ and~R[e~r+} are i ndependent |y hydrogen or

Cerr]-Cerr] alkyl; R3 is phenyl,
napht hyl, heteroaryl, SUbS“mI‘m“““I“ M‘L !l phenyl substi tuted
napht hyl or swbs‘,tmg,,w ed 15 ryI PCT/US97/08524€r €i n
each substituent is [ ndependent |y selected from hal ogen,
Cerr]-Cerr] alkoxy, C[err] Cerr] alkyl, -CN, -CFlerr], or
sul phonami do, and the 20 pharnaceychally acceptable salts, esters,
am des, and prodrugs thereof. 2. A conmpound of Claim1l
wherein the group [err] cLaiMgs attached to the benzoxazi none
group at the 6 or 10 7 position. - WD 97/ 45419
PCT/ US97/ 08524
. 1. A compound having the Formula I or II
rR3 R3
x/ﬁ\j _
L\«/ 0 | o
5 SO, L
R 8 Yo S g ) Y
I, |
R R2
T 11
10 wherein R! and R? are independently hydrogen or
Cl-C6 alkyl,-
X is N or CH; and
RS is phenyl, naphthyl, heteroaryl,. substituted
phenyl, substituted naphthyl ior substituted
15 heteroaryl
wherein each substituernt is
independently selected from halogen,
Cl"Cs alkoxy, Cl—CG alk_y:_-l, -CN, -CF3, or
sulphonamido, and the
20 pharmaceutically acceptable salts, esters, amides,

and prodrugs thereof.

2. A compound of Claim 1 wherein the_group

is attached to the benzoxazinone group at the 6 or
10 7 position. 4




-36- 3. Acorrpound of Claiml whereim R err] and Rerr] are

hydr ogen. . Aco mhereln Rlerr] is phenyl,

met hyltolyl, tolyl or sulf$ﬂ ﬂlgﬂ A conmpound of Caiml
wher ei n X i woNwasa19 . eo ng t he Formul a ]
wherein X |SON70r CH; R[err] s hydrogen or nethyl; 10 *&iamﬂﬁﬁﬁﬂ

Rl err] is phenyl or substituted phenyl wherein each

substituent is independently sel ected fr%@ Cerr]-Cerr]

al kyl or sul phonam do, and the “““phar maceutical |y acceptabl e
salts, esterg, ampdgdmpdund of c1afﬁ"iINH@¥HEQ§RﬂhSﬁSO£2 are 7. A

conpound of J'aim6 mhereln t he group,

[err] hydregaght ached to the benzoxa2|none group at the 6 or
7 position.

4. A compound of Claim 1 wherein R3 1s phenyl
methyltolyl, tolyl or sulfonamldo

5. A compound of Claim 1 wherein X isfn.

6. A compound having the Formula III,

III

wherein X is N or CH; Rl is hydrogen or methyl;
10 and
R? is phenyl or substituted phenyl wherein each
substituent is independently selected from
C1-Cg alkyl or sulphonamido, and the
pharmaceutically acceptable salts, esters, amides,

15 and prodrugs thereof.
7. A compound of Claim 6 wherein the group,
.3
~\X/’\\7
5 L\\/,N\\/,/

is attached to the benzoxazinone. group at the 6 or
7 position. :

8. A compound of Claim 6 whereln R1 and R are
hydrogen.



8. A conpound of Claim6 wherein R[err] and R[err] are

hydr ogen. _ WO 97/45419 [

PCT/ US97/ 08524 . D -37-

conmpound of C erein R[ ‘) netpb_»yhfsﬁmgu
tolyl, or sul f‘g?g"&ém [ “ m mm of CI aim1 wherein the
conpound IS - oX0% 3, 4- dlhydro 2H benzo[ 1, 4] oxazi n-

6-yl met hyl ) - pi perazin-1-yl]- benzenesulfonan%ge
6- [ 4- (3, 4-di net hyl - phenyl ) - pi perazin- 5

1-yl methyl | - 4H penzof l,4R 3 afd B3 0238m 6 wherein RZ is phenyl

6- (4-p-tolyl-piperazin-1- t.hyl enzol 1, 4]oxa2|n 3-one;
6- [ 4- phenyi - pi per azi ReGl %¥ﬁ£ﬁﬂylféﬂﬂg- °r's“1f°nam¥é§mo[1 4] oxazi n- 3- one;

7 (4pto|y| pi perazin-1-yl nmet hyl ) - 4H
benzo[ 1, 4] - oxazi
(4 phenyl - plpera2|n ??E?$1 é%_ ﬁ}alm 1 wherein the Tomp g&a2|ne 3-one;
7-[ 4-( 3, 4- di met hyl - phenyl% -840 3, f5d1hydro-2H-lhgn%Ii %I]anzm‘
- 4H benzo[ 1, 4] oxazi ng-pimettiyl) “piperazin-1-yl] -benzenesulfonamide;

6- [ 4- (5-met hyl - pyri di n-2-y1 )c pigr i ) ]
yl net hyl ] - 4H benzol 1, 4]0%%2? QP%=%ih@t£¥1 phenyl) -piperazin

6- (4- p- toﬁyl-plper|diﬁYEmﬁﬁhﬁﬁﬂnﬂﬁrbenZ°[1 4] oxazim+ 1e@R® 1, 4] oxazi n- 3- one;
2? t hyl 4H—benzg £44(3 éLClJﬁﬂHEMyipbﬁﬁéhhzﬂnpB¥thétHyl) TAH
% ??1 t%l Lzol 2-yl - [[:)I pex]rl%&z(f‘% {j :%a%q?’h:% pnes
4H benzol 1, 4] oxazi n- 3- oneé- [4- phenyl DlperaZlB 1#ylmethyl] -4H-
- benzot hi azol - 2-yl - pbeﬁﬁanmloxdm-bybhe,%
4H—benzo[%,4]oxa2|n "ON&, (4- p tolyl-piperazin-1-ylmethyl) -4H-
benzo[1, 4]Qxa21n 3-one;
7- (4-phenyl-piperazin-1-ylmethyl) -4H-
benzo [1,4}oxazine-3-one; '
7—[4<%3,4-dimethy1—phenyl)-piperazin-
15 1—ylmethle;4H-benzd[1,4]oxazine—3-one;
' 6- [4-(5-methyl-pyridin-2-yl) -piperazin-1-
ylmethyl] -4H-benzo[1,4]o0xazin-3-one;
6- (4-p-toly1-p1per1d1n -1- ylmethyl)—
4H-~ benxo[l 4]loxazin-3-one;
20 6-[4- -(3,4-Dimethyl-phenyl) -piperidin-1-
ylmethyl] -4H-benzo[1,4] oxazin-3-one;
6- (4-th1azol 2- yl-plpera21n l-ylmethyl) -
4H-benzo [1; 4Joxazin 3- one,
6- (4-benzoth1azol 2-y1-p1pera21n 1-yimethyl) -
25 4H-benzol1, 4]oxa21n 3- -one;
6- [4 4,5+ dlmethyl thlazol 2~y1)-p1pera21n 1-
ylmethyl]) -4H- benzo[l 4]oxa21n -3- one,
6-(4- naphthalen 2-y1 p1peraz1n 1-ylmethyl) -
4H-benzo[1, 4]oxazin 3- one,:
30 6-[4~(3~ chloro,phenyl) plpera21n l1-ylmethyl] -
4H-benzo[1, 4]oxa21 3
6-14-(3, 4 d1ch1 71) =p
ylmethyl] 4H benzo[l 4]oxaz1nr3 -one;

.;pera21n—1—




6-[ 4 (4, 5-di met hyl - t hi azol - 2-yI ) -pieraz:,M
yl met hyl ] - 4H benzo[ 1, 4] oxazin=3-0ne; 6-

(4- napht hal en- 2-yl - pi per azi; ﬂ!\!“ “W “‘\l \“\

4H benzo[ 1, 4]wo eB4s8193- ONe; e

6- [ 4- (3- chl or o- phenyl ) - pi p -yt met hyl | - PCT/US97/08524
4H benzo[ 1, 4] oxazi n- 3- one;

6- [ 4- (3, 4-di chl or o- phenyl ) - pi perazi n- 1- 38

yl met hyl ] - 4H benzo[ 1, 4] oxazi n- 3- one; Il WD 97/ 45419

- B - 3 3
PCT/ US97/ 08524 2-[{4-(3-0x0- 34,] A dlhydro-gg benzo?l 4] oxazin-

2-[ 4- ( 3gg0x0- 3, 4- d| x 0- xazin
6- vyl neﬁlyl ) - pi per azi Hrl §FF fgeﬂg%‘?ﬁaﬁlrf’r‘é-‘yll -benzonitrile;
6- [ 4- (4- met hoxy- phenyl ) épilpelsmmettHoxy- phenyl)-plperaz;Ln 1-

yl met hyl ] - 4H benzojimét B]u.{nﬁo &}ﬁ[ § _
6- [ 4- (2- chl or o- 4- et hylwggnﬁ T erla% $*pzin-3-one; or
yl met hyl ] - 44 benzol[ 1, 4] 8x *® o- -methylimhenmtemmn{-ﬂ aim1l

wherein the conpouH@meshyll -4H- benzo[l 4) oxazin-3-one.

6- [ 4- (4- Fl uor o- phenyl ) - pi perazi n-1-yl net hyl ] - 4H benzo
1, 4] oxazi n- 3-

6- [ 4- ( 3- Triflggronétﬁ?mp?ﬁﬁﬂnﬂ§ GJiaday 3zwheteinSthe . compound is

yl net hyl ] - 4H benzo[ 1, 4]@%5&4hb4Pmma®o phenyl)-plpera21n-1-ylmethy1]-

6-[ 4- (3, 5- D net hyl
yl Eret glyl] 4H”Een§’0%ﬂih§‘f]§wianp'ﬁ§{ Ilﬂ % -one:

Z1n-
6- [ 4- (2- Chl or o- phenyl ) - %e %lTﬁlflypﬁemﬁyhyl-Phenyl)-p:.peraz:..n 1-
4H benz8[ 1, 4]0va|YﬂmB¢hKi]{HH -benzo (1, 4]oxaz1n 3-one;

6-[4- (4-Trifl uoronmet hylgphyerml n
yl met hyl ] - 4H benzo 44 ﬁ%ﬂr% § BERSEﬁ‘yi phenyl)-plperaz;|_n 1-

6- [ 4- (4- Chl or o- ph eﬁélzbﬁnioﬂnﬁlmqm -3-one;
4H- benzo[ 1, 4] oxazi n- 3 @hel4-(2-Chloro- phenyl)-p1peraz;n -1-ylmethyl] -

7-[4-(5- Met hyl | 15
yl Eret 51% ]- 4F|¥beg¥{)‘![%%r%oile? r?ﬁ)%gg‘r:% one

7-[ 4- (- Met hoxy- phenyl 4pé#a’z"Fhfl“°r°mEthyl'Phenyl)-plperaz:.n—l-
yI met hyl ] - 4H benza{imethydd z4H-Benge[1, 4] oxazin- -3-one;
7-[4-(4-Chl oro-phenyl) gig Rercﬂzbﬂﬂré’-ﬁ? ﬁ)]-plperaz:.n 1

4H-benzo (1, 4]oxazin-3-one;
7~ (4~ (5-Methyl-pyridin- 2—yl)-p1per321n 1-
15 ylmethyl)] -4H-benzo[1,4]oxazin-3- -one;:
7-[4- (4-Methoxy- phenyl)-plpera21n-1-
ylmethyl] -4H-benzo[1, 4] oxazin- 3-one,

7-{4-(4-Chloro- phenyl)—plpera21n -1-ylmethyl] -
4H-benzo[l, 4] oxazin-3- -one;

7-[4-(3,4-~ Dlmethyl-phenyl)-plperldln -1-
Ylmethyl] -4H-benzo [1, 4]oxa21n 3 on

-ylmethyl] -
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7-(4-Phenyl - plperldl
benzo[1,4]oxazin-3-one; . .
7- (4-Naphthalen-2-y1



4H benZo[ 1, 4] oxazi n- 3- one; - [ 4-
(3, 4- Di net hyl - phenyl ) - p|pﬁL+d+ﬁ~i"‘”

yl met hyl ] - 4H benzo[ 1, 4] oxazi n-
6-[ 4- (4- Met hqy 1)-p “ & ““\ ._ PCT/USIT/08524
yl met hyl ] - 4r+b23?%?%y4 oxin ‘ \‘“ - 7- [4-

(4- Met hoxy- phenyl ) - plper|d|n

yl net hyl ] - 4H benzo[ 1, 4] oxazin- 3 one _39- _

7- (4- Phenyl - pi peridi n-1-yl met hyl ) - 4H benzo[ 1, 4] oxazi n- 3- one;

7- (4- Naght hal en- 2-yI - pi p?r?&ﬁﬁﬂﬂi}hnﬁw&lmwﬁ%mygn -4H-

4H benzo[ 1, 4] oxazi n- 3- one

PCT/ US97/ 08524 benzo [1, 4}oxazin-3-one. -39- 130
7-(4-p-Tol yl - pi peridin-1- yl net hyl) - 44 benzo[ 1, 4] oxazi n- 3- one.
12. A method o atre t Wi e onpri sing

adm ni stering ?o a %a I ent cﬁ??&%ﬁtzh& pEFLQQQ;s, ?Fe WethOd:

t herapeutical |y eff@Q@PE%?%Hﬁnﬁﬂmléﬂsﬁerlng to a Pa%kﬁﬂﬁnﬁﬂfﬂGFleEaln1l
13. A nethod of trenérélgrdm;secftqa&h:spehbecamiao@lffecuve amoun®O&Er &Si Ng

adm nistering to a g therefroma
t herapeutically effg é%@&%ﬁ#in R 5 conpound of Claim®6

14. A nethod of treating sthzophren|a, t he met hod conpri si ng
adm ni stering 49.a RahéERdd SH ft&'ébﬁﬂng psychosis, {18 aidtba

therapeutical ly Eff88&§¥féfﬂg“é mlnls@erlng to a patlég¥) %fOElgga'"‘l
therefrom a therapeutically effective amount of a
compound of Claim 6.

14. A method

treating schizophrenia, the method
comprisin

dministering to a patient suffering
therefrom a therapeutically effective amount of a
compound ‘of “Claim 1.

15. A methcd-dﬁfgreating schizophrenia, the method
comprisinééooministering to a patient suffering
therefromég_Eherapeutically effective amount of a
compounducfmclaim 6.

16. A pharmaceutlcally acceptable composition that
comprlses a compound of Claim 1.

17. A pharmgc cally acceptable comp051tlon that
' compound of Claim 6.




15. '%t‘ho’d of treating schizophrenia, the nmethod
adm ni steri ng

to a patient suffering

t herapeuticatly effective anount of a

16. A pharnmaceutically accept abI e conposition that
conpound of d ai @@T '

t hat

ri ses-

ou nd E '?“"fﬁ"aﬁ |EgmEE 6.

therefroma
“conmpound of

Ua'\‘
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(57) Abstract '

Compounds having -
formulae (I) or (1) wherein
R! and R? are independently
hydrogen or Ci-Cs alkyl;
X is N or CH; and R3 is
phenyl, naphthyl, heteroaryl,
substituted phenyl, substituted
naphthyl or substituted
heteroaryl,  wherein  each
substituent is independently
selected from halogen, C1-Cs
alkoxy, C;-Cs alkyl, -CN,
-CF3, or sulphonamido,
and thc pharmaccutically
acceptable salts, esters, amides,
and prodrugs thereof, are
antagonists of dopamine D4
receptors.

AINE P4 RECEPTOR ANTAGONISTS
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