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BENZOxAzI~ONE DOPAMINE D4 RECEPTOR ANTAGONISTS 

FIELD OF THE INVENTION 

This invention relates to compounds that are 
antagonists a~ dopamine D4 receptors, to methods of 

10 treating psyqhosis and schizophrenia using a compound 
that is an antagonist at dopamine 04 receptors, and to 
pharmaceutically acceptable compositions that contain a 
dopamine 04 receptor antagonist. 

15 
BACKGROUND OF THE INVENTION 

Dopamine:is a neurotransmitter that is found in 
the brains of animals, including humans, and is 

20 essential for:proper nerve signal transmission. It is 
well-known that certain compounds block or inhibit the 
binding of dQpamine to dopamine receptors. Such 
compounds are:called dopamine receptor antagonists. It 
is also well-known that dopamine receptor antagonists 

25 are useful in the treatment of schizophrenia and 
psychosis. 

Recently,· it has been discovered that more than 
one type of ~opamine receptor exists, and that dopamine 
receptor anta~on:ists can preferentially inhibit one 

30 type of dopamiI1e:receptor over another. Two major 
families of·. dbpC.:mine receptors have been identified and 

.· .. ·. . . . . : -~ •: : '.. 

named the Dl ·,:and D2 families. In the D2 family, three 
distinct rec~~tor subtypes have been identified as D2, 
D3, and D4. 

35 The distribution and concentration of the subtypes 
of receptors-:~aries in different regions of the brain. 
D2 subtype l:'.eceptors are located in b_oth the limbic 
region of the:brain, which is associated with cognition 
and emotioncil ·-;unction, and in the striatum, which is 

··.· 
.· '· :·::. 
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associated with.motor effects. D4 receptors are found 
in higher con~eJ)trations in the frontal cortex and 
limbic regioll;~, which are associated with cognitive and 

emotional fun6tion. 
5 Antipsyc~~~ic drugs that are 02 subtype receptor 

antagonists hCl,v~.been used to treat psychosis and 
schizophrenia{ l:>U;t have undesirable extrapyramidal side 

effects and p¥oc1uce tardive dyskinesia. In contrast, 

D4 receptor antC!lgonists show a lack of extrapyramidal 

10· side effects anQ tardive dyskinesia. Moreover, it has 

been observed:' that the levels of dopamine D4 receptors 
are elevated in.schizophrenics. 

Thus, it ·would be useful to have compounds that 

are selective··I>4'. antagonists for the treatment of 

15 psychosis an&/Eichizophrenia . 

20 

25 

30 

. · .. SUMMARY OF THE INVENTION 

The presenti%lvention provides compounds of the 
Formulas I and .. II·. 

I 
~.. . II 

wherein R1 andJt2 are independently hydrogen or c1-c6 
alkyl; 

x is N or CH· -and , ' .::: . 

R3 is phenyl, :r}aphthyl,heteroaryl, substituted phenyl, 

35 substitut~d naphthyl or substitutediheteroaryl, 
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wherein each substituent is independently 

selected from halogen, C1-C6 alkoxy, C1-C6 
alkyl, -CN, -CF3 , or sulphonamide, and the 

pharmaceutically acceptable salts, esters, amides, and 

s prodrugs thereof. 

10 

15 

In a preferred embodiment of Formula I or II, the 
group 

or 

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

In another preferred embodiment, Rl and R2 are 

hydrogen. 

20 In another preferred embodiment, R3 is phenyl, 

25 

30 

methyltolyl, tolyl, or sulfonamide. 

In another preferred embodiment, X is N. 

The present invention also provides compounds of 
Formula III, 

R~O'-O:::to 
~ 

wherein X is N or CH; R1 is hydrogen or methyl; and 
R2 is phenyl or substituted phenyl wherein each 

III 

35 substituent is independently sele:cted from c1 -c6 
alkyl or sulphonamide, and the 
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pharmaceutically acceptable salts, esters, amides, and 

prodrugs ~fi.ere9£. 
In a .?pJ:'~ferred embodiment of Formula III, the 

:":<· 

group, 

-;;_ 

,_:-:_ 

is attach~~.:· to the benzoxazinone group at the 6 or 

7 posi tiozL' ·••· ; . 
In ati6'thef; preferred embodiment, R1 is hydrogen. 
In a:ribtheJ: preferred embodiment, R2 is phenyl, 

methyltol.yft:.tolyl, or sulfonamide. 

In a~(~bjSt .pref erred embodiment, the compounds of 
Formula •r;:,.:·±1, ·,and III are: 

4- [4~·:d:•o~o-3, 4-dihydro-2H-benzo [l, 4] oxazin-

6-ylmethyl)·2'pip,erazin-1-yl] -benzenesulfonamide; 
6- [4{'('j)4.:Jaimethyl-phenyl)-piperazin-l-ylmethyll-

4H-benzo [{::,4J'o~azin-3-one; 
. : : :~ . :-:. : . _.· . 

6-(4,;.p~tolyl-piperazin-l-ylmethyl)-4H-

benzo[l,4{6:X:~zin-3-one; 
6- [4-·~ii~n~l-piperazin-1-ylmethyl] -4H­

benzo[l,4lo~azin-3-one; 
25 7-(4~~'Wtplyl-piperazin-l-ylmethyl)-4H-

benzo[l,4l6i~zin-3-one; 
7- (4.~~h~:~~·l~piperazin-1-ylmethyl) -4H­

benzo [l,~Jhx~ziri'e-3-one; 
7- (4;..:(j,,4..;'d.imethyl-phenyl) -pipe·razin-1-ylmethylJ -

30 4H-benzo[1}4]oxazine-3-one; 
6- [4~ '('g!...~ethyl-pyridin-2-yl) -piperazin-l­

ylmethyl] -4H:,_benzo [1, 4) oxazin-3-one; 
6- (4-p:::hb1}'J.-piperidin-1-ylmethyl) -4H-

, ,. -: ·,., -

benxo[l.,4loxa:zin-3-one; 
35 6- [4-'i& .• 4-Dimethyl-phenyl) -pip~ridin-1-ylmethyl] -

.. . . . . . 

4H-benzo (li~.:4l9xazin-3-one; 
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6-(4-thiazol-2-yl-piperazin-1-ylmethyl)-4H­

benzo[l,4]oxazin-3-one; 

6-(4-benzothiazol-2-yl-piperazin-l-ylmethyl)-4H­

benzo[1,4]oxazin-3-one; 

s 6-[4-(4,S-dimethyl-thiazol-2-yl)-piperazin-1-

ylmethyl]-4H-benzo[l,4]oxazin-3-one; 

6-(4-naphthalen-2-yl-piperazin-l-ylmethyl)-4H­

benzo[l,4]oxazin-3-one; 

6-[4-(3-chloro-phenyl)-piperazin-l-ylmethyl]-4H-

10 benzo[l,4]oxazin-3-one; 

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

4H-benzo[l,4]oxazin-3-one; 

2-[4-(3-oxo-3,4-dihydro-2H-benzo(l,4]oxazin-6-

ylmethyl)-piperazin-1-yl]-benzonitrile; 

15 6-[4-{4-methoxy-phenyl)-piperazin-l-ylmethyl]-4H-

benzo[1,4)oxazin-3-one; 

6-[4-{2-chloro-4-methyl-phenyl)-piperazin-l­

ylmethyl]-4H-benzo[l,4]oxazin-3-one; 

6-[4-(4-Fluoro-phenyl)-piperazin-l-ylmethyll-4H-

20 benzo[l,4]oxazin-3-one; 

6-(4-(3-Trifluoromethyl-phenyl}-piperazin-l­

ylmethyl]-4H-benzo[l,4]oxazin-3-one; 

6-[4-(3,5-Dimethyl-phenyl)-piperazin-l-ylmethyl]-

4H-benzo[l,4]oxazin-3-one; 

25 6-[4-(2-CAloro-phenyl)-piperazin-1-ylmethyl]-4H-

benzo[l,4)oxazin-3-one; 

6-[4-(4-Trifluoromethyl-phenyll-piperazin-l.­

ylmethyl]-4H-benzo[l,4]oxazin-3-one; 

6-[4-(4-Chloro-phenyl}-piperazin-i-ylmethylJ-4H-

30 benzo[1,4]oxazin-3-one; 

7-[4-(5-Methyl-pyridin-2-yl)-piperazin-l­

ylmethyl]-4H-benzo[1,4]oxazin-3-one; 

7-[4-(4-Methoxy-phenyl)-piperazin-l-ylmethylJ-4H­

benzo{l,4]oxazin-3-one; 

35 7-[4-(4-Chloro-phenyl)-piperazin-l-ylmethyl]-4H-

benzo(l,4]oxazin-3-one; 
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7-[4-(3,4-Dimethyl-phenyl)-piperidin-1-ylmethyl]-
4H-benzo[l,4)oxazin-3-one; 

6-[4-(4-Methoxy-phenyl)-piperidin-1-ylmethyl]-4H­
benzo[l,4]oxazin-3-one; 

5 7-[4-(4-Methoxy-phenyl)-piperidin-1-ylmethyl]-4H-
benzo[l,4]oxazin-3-one; 

7-{4-Phenyl-piperidin-l-ylmethyl}-4H­
benzo[l,4]oxazin-3-one; 

7-(4-Naphthalen-2-yl-piperazin-l-ylmethyl)-4H-
10· benzo[l,4]oxazin-3-one; or 

7-(4-p-Tolyl-piperidin-1-ylmethyl)-4H­
benzo(l,4]oxazin-3-one. 

Also provided by the present invention is a method 
15 of treating psychosis, the method com.prising 

.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 method 
20 of treating schizophrenia, the method comprising 

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. 

30 

DETAILED DESCRIPTION OF THE·INVENTION 

The present invention provides compounds of the 

Formulas I and II 
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I II 

wherein R1 and R2 are independently hydrogen or 

C1-C6 alkyl; 
X is N or CH; and 
R3 is phenyl, naphthyl, heteroaryl, or substituted 

phenyl, substituted naphthyl or substituted 
hetero~ryl wherein each substituent is 

-,.1~ indepen(iently selected from halogen, c1 -c6 alkoxy, 

c1-cs.alkyl-CN, -cF3, or sulphonamide, and the 
' .. ·. 

pharmaceutically acceptable salts, esters, amides, and 
prodrugs thereof. The term substituted phenyl included 
phenyl substituted with one or more substituent. 

20 The present invention also provides compounds of 
Formula III, 

25 III 

wherein X is~ or CH; Rl is hydrogen or methyl; and 
30 R2 is phenyl or substituted phenyl, wherein each 

substitu~nt is independently selected from c1-c6 
alkyl or-sulphonamide, and the 

pharmaceutically acceptable salts, est.ers, amides, and 
prodrugs thereof. 

35 The term."alkyl" means a straight or·branched 
chain hydrocarbon. Representative examples of alkyl 
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groups are met:,hyl, ethyl, propyl, isopropyl, isobutyl, 

butyl, tert-):)\:ltyl, sec-butyi, pentyl, and hexyl . 

The terU:l;"aryl" means a cyclic aromatic 

hydrocarbon.· .;~~presentative examples of aryl groups 

5 include phenyl::~nd naphthyl, which can be substituted 

or unsubstit:ut~d. Examples of suitable substituents 

include halo9'~~. C1-C6 alkyl, hydroxy, c1-c6 alkoxy, 

-cF3 , and sulfonamides. 
The term · ''~eteroaryl" means a cyclic hydrocarbon 

10 that contain~ -}lrte or more heteroatom. Representative 

examples of hEi;~roaryl groups are thiazole, thiophene, 

and pyridine,: ,pyrimidine, quinoline, isoquinoline, and 

imidazole. TJ:i~heteroaryl group can be substituted or 
unsubstituted· .... :Examples of suitable substituents 

15 include c1 -c6_'·.~~kyl, C1-C6 alkoxy, or halogen. 
The term,'''h.eteroatom" means an atom other than 

carbon. Exampl~·s of heteroatoms include nitrogen, 

oxygen, sulfu:l;': •. :and phosphorus. 

The term ~}'ialogen" means chlorine, fluorine, 

20 bromine, and i·c=;dine. 
The term: '_!isuifonamido" means a group having the 

structure -so21'JiiaRb, where Ra and Rb are sulfonamide 
..... ·. 

substituents wetl known to those in the art such as 

hydrogen and c1-c6 alkyl. 

25 The symbo~< "- 11 means a bond. 

30 

The atoms: 'in the benzoxazinone group can be 

numbered as sh~\,m below: 
.. , 

The term ~patient" includes humans. 
· .. ··.·' 

.·. _·:-.-... 
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A "therapeutically effective amount" is an amount 
of a compound of the present invention that when 
administered to a patient ameliorates a symptom of 
psychosis or schizophrenia. A therapeutically 

5 effective amount of a compound of the present invention 
can be easily determined by one skilled in the art by 
administer~ng a quantity of a compound to a patient and 
observing the result. In addition, those skilled in 
the art are familiar with identifying patients having 

10 psychosis and s~hizophrenia and are readily able to 
identify patients who suffer from psychosis and 
schizophrenia. 

The term "pharmaceutically acceptable salts, 
esters, amides, and prodrugs 11 as used herein refers to 

· 15 those carboxylate salts, amino acid addition salts, 
esters, amipes, 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 ~atients 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, of the compounds of the invention. The term 
"salts" refers to the relatively nontoxic, inorganic 

25 and organic ·acid addition salts of compounds of the 
present inv~ntion. These salts can be prepared in situ 

during the final isolation 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. 
Representative salts include the hydrobromide, 
hydrochlorid~~ sulfate, bisulfate, nitrate, acetate, 
oxalate, val~rate, oleate, palmitate, stearate, 
laurate, borate, benzoate, lactate, phosphate, 

35 tosylate, citrate, maleate, fumarate, succinate, 
tartrate, naphthylate mesylate, glucoheptonate, 
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lactobionate _:Ci,nd laurylsulphonate salts, and the like. 

These may inqlµde cations based on the alkali and 
alkaline earth metals, such as sodium, lithium, 
potassium, ca:];cium, magnesium and the ]:.ike, as well as .. 

5 nontoxic amm()Il.~um, quaternary ammoniuin1 and amine 
cations inclu(iing, but not limited to ammonium, 
tetramethylaitltll9~ium, tetraethylammonium, methylamine, 

dimethylamine·~ · trimethylamine, triethylamine, 

ethylamine, a~d-the like. (See, for example, .. . 

10 Berge S.M., et.: al., trPharmaceutical Salts," J Phann 

s.c.L., 1977;66~,i-19 which is incorporated herein by 

reference) . 
·· ... :< 

Examples>,()f pharmaceutically acceptable, nontoxic 

esters of tJ;i~/COll\pOunds of this invention include 

15 c1-c6 alkyl.e~t::~rs wherein the alkyl group is a 

straight or i:>:fCl.J:lched chain. Acceptable esters also· 

include c5-c_7.0"~<=!1oalkyl esters as well as arylalkyl 
esters such a~,-but not limited to benzyl. c1-c4 alkyl 

esters are p;t~f.~·rred. Esters of the compounds of the 

2 O present inv~~~·:i.cm may be prepared according to 

conventional,~thods. 
Example is. ·of pharmaceutically acceptable, 

nontoxic amide~of the compounds of this invention 

include amide~Lderived from ammonia, primary 
25 c1-c6 alkyl ~;+ries and secondary c1-c6 dialkyl amines 

wherein the aiki:l:groups are straight or branched 
chain. In th,;e'_/~ase of secondary amines: -the amine may 

also be in th~-: .f~~ of a s- or 6-membered heterocycle 

containing one:~nitrogen atom. Amides derived from 

ammonia, c1 -c~_:_-~lkyl primary amines ~Iid>c1 -C2 dialkyl 

secondary amiri;.~- are pref erred. Amides e>f the 
compounds of t::~~-.-invention may be prepared according to 

30 

conventional ti\ii;!thods. 

The term/1;prodrug 11 refers to comp.oµnds that are 

35 rapidly trans:f~:i;1rled in vivo to yield the parent 

compound of th~/-~ve formulae, for example, by 

···: ::;.· 
. : ,. . : . ~ . 
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hydrolysis in blood. A thorough discussion is provided 
in T. Higuchi and V. Stella, "Pro-drugs as Novel 
Delivery Systems," Vol 14 of the A.C.S. Symposium 
Series, and in Biareyersihle carriers jn Dnig Desjgn, 

5 ed. Edward B. Roche, American Pharmaceutical 
Association and Pergamon Press, 1987, both of which are 
incorporated herein by reference. 

The compounds of the present invention can be 
administered to a patient alone or as part of a 

10 composition that contains other components such as 
excipients, diluents, and carriers, all of which are 
well-known in the art. The compositions can be 

administered to humans and animals either orally, 
rectally, parenterally (intravenously, intramuscularly 

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 dispersions. 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 mCl,y also contain adjuvants such 
as preserving, wetting, emulsifying, and dispensing 
agents. Prevention of the ac,tion of microorganisms can 

35 be ensured by various antib,acterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, 
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sorbic acid, and.the like. It may also be desirable to 

include isotonic agents, for example sugars, sodium 

chloride, and the like. Prolonged absorption of the 

injectable pharmaceutical form can be brought about by 

5 the use of agents delaying absorption, for example, 

aluminum monostea~ate an~ gelatin. 
Solid dosage forms for oral administration include 

capsules, tablets, pills, powders, and granules. In 

such solid dosage 'forms, the active compound is admixed 

10 with at least one inert customary excipient (or 

carrier) such as sodium citrate or dicalcium phosphate 

or (a) fillers or extenders, as for example, starches, 

lactose, sucrose, glucose, mannitol, and silicic acid; 

(b) binders, as _for example, carboxymethylcellulose, 

15 alignates·, gelatin., polyvinylpyrrolidone, sucrose, and 

acacia; (c) ·humec.tants, as for example, glycerol; 

(d) disintegrating agents, as for example, agar-agar, 

calcium carbonate, potato or tapioca starch, alginic 

acid, certain co~plex silicates, and sodium carbonate; 

20 (e) solution ret~rders, as for example paraffin; 

(f) absorption accelerators, as for example, quaternary 

ammonium compounds; (g) wetting agents, as for example, 

cetyl alcohol and glycerol monostearate; 

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

25 and {i) lubricants, as for example, talc, calcium 
stearate, magnes';j.um stearate, ·· solid polyethylene 

glycols, sodium ~auryl sulfate, or mixtures thereof. 

In the case of c~psules, tablets, and pills, the dosage 

forms may also co~prise buffering agents. 

30 Solid compositions of a ':Similar type may also be 

35 

employed as fillers in soft- .and hard-filled gelatin 

capsules using such excipients as lactose or milk sugar 

as well as high molecular weight polyethyleneglycols, 

and the like. 
Solid dosage forms such .:as tablets, dragees, 

capsules, pills, and granules( can be prepared with 
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coatings anc~ _shells, such as enteric coatings and 

others well~known in the art. They mc:1.y contain 
.·· ·:··.:.:,:·.· 

opacifying :~g¢nts and can also be of such composition 

that they r~lease the active compound or compounds in a 

5 certain paX;t/pf the intestinal tract in a delayed 

manner. E~a:uiples of embedding compositions which can 

be used ar4!! :':P~lymeric substances and waxes. The active 

compounds ¢?Iii also be in micro-encapsulated form, if 

appropriate;:::~ith one or more of the above-mentioned 
. · .... · ... · 

10 excipients. - -· 

Liquid·dosage forms for oral administration 

include phaiitiaceutically acceptable emulsions, 
. . ~ . .'·. 

solutions, suspensions, syrups, and elixirs. In 
:· .. 

addition to:the active compounds, the liquid dosage 

_15 forms may' ,c!tj:rltain inert diluents commonly used in the 

art, such· ~~:J..;il.ter or other solvents, solubilizing 

agents and'.:~ll\µJ'.:sifiers, as for example, ethyl alcohol, 

isopropyl ai¢.c:>hol, ethyl carbonate, ethyl acetate, 

benzyl alco.hol, benzyl benzoate, propyleneglycol, 

20 1,3-butylenesiycol, dimethylformamide, oils, in 

particular, :dci_ttonseed oil, groundnut oil, corn germ 

oil, olive 9.i.:{/ .castor oil and sesame oil, glycerol, 

tetrahydrof~~~ti.~1 alcohol, polyethyleneglycols and 

fatty acid:e~te~s of sorbitan or mixtures of these 
. : :.·., 

25 substances, :al,1'.d the like. 

30 

Beside,,s·- ·~'11ch inert diluents, the composition can 

also include:-a.djuvants, such as wetting agents, 
·.·. : . . . . 

emulsifying ~nc( suspending. agents, sweetening, 

flavoring, ahd'·~erfuming agents. 

Suspens_i$J:i~, in addition to the active compounds, 

may contain>.-~J~pending agents, as for example, 

ethoxylated"_'~.~ostearyl alcohols, polyo~yethylene 
sorbitol anci_:~orbitan esters, microcry.stalline 

cellulose, ai-\itlli.num metahydroxide, bentc::mite, agar-agar 

35 and tragacant:K> or mixtures of these substances, and 
the like. 

··:<·:.:> . 
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Compositions for rectal administrations are 
preferably suppositories which can be prepared by 
mixing the compounds of the present invention with 
suitable nonirritating excipients or carriers such as 

5 cocoa butter, polyethyleneglycol, or a suppository wax, 
which are solid at ordinary temperatures but liquid at 
body temperature and therefore, melt in the rectum or 
vaginal cavity and release the active component. 

Dosage forms for topical administration of a 
10 compound of this invention include ointments, powders, 

sprays, and inhalants. The active component is admixed 
under sterile conditions with a physiologically 
acceptable carrier and any preservatives, buffers, or 
propellants:as may be required. Ophthalmic 

15 formulations, ·eye ointments, powders, and solutions are· 
also ·contemplated as·being:w.ithin 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 per day is preferable. The specific dosage 
used, however, can vary. For example, the dosage can 

25 depended on a numbers of factors including the 
requirement$ of the patient, the severity of the 
condition being treated, and the phaZ111acological 
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 tp.e present 

invention can exist in unsolvated as well as solvated 
·~ . (. 

forms with pharmaceutically acceptable solvents such as 
water, ethanol, and the·like. In general, the solvated 

35 forms are considered eql.iivalent to ti-.he unsolvated forms 
for the purposes of the present invention. 
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The compounds of the present invention can exist 
in different stereoisometric forms by virtue of the 
presence of asymmetric centers in the compounds. It is 
contemplated that all stereoisometric forms of the 

s compounds as well as mixtures thereof, including 
racemic mixtures, form part of this invention. 

The examples shown below illustrate particular 
embodiments of the invention and are not intended to 
limit the specification, including the claims, in any 

10 manner. 
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General Synthetic Sch~mes 

Ex. l Ex. 2 

Ar,~l ~0'1 
~N~~ 

N 0 
H 

Ex. 4 and s 

Ex. 6 

Ex. 7 and 8 

0 c~O OH cnO ....... · Ol! H OH 0 7 0 ·<.; 7 I 
--+ ::::... I __., . :'>~ NH'(' NO N02 .. ':_,.;- . Cl 2 

::.:: · ... · 

Ex. 9 ~.x. 10 o 
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General Synthetic Schemes (continued) 

::Lo ruo:L ---+ ~xJ ;,.... I 
Ar N 0 

H H 

11 Ex. l.2-14 

::Lo 
l. MethylMgBr 

::Lo 2. Mno2 

H3c 

H 
0 

Ar,~l 

~N ::Lo 
H 

CH3 
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EXAMPLE 1 

preparation of 2-[4-h¥droxy-3-njtro-pbeJ):yll-1 3-djoxane 

A mixture of 4-hydroxy-3-nitro-benzaldehyde 
5 (5.0 g, 29.9 mmol}, 1,3-propanediol (3.4 g, 44.9 mmol) 

and O .1 g of p-toluene sulfonic acid in 100 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 

10 extracted with 2 x 100 mL of saturated sodium 
bicarbonate followed by 100 mL of briI'.le. Drying over 
sodium sulfate and evaporation of the solvent gives 
5.6 g (83% yield) of 2-[4-hydroxy-3-nitro-phenyl]-
1,3-dioxane oil. 

15 NMR, CDCl3 : 6 1.2(d,1H), 1.S(s,1H), 2.2-(m;1H), 

3.9(t,2H), 4.2(d,2H), 5.4(s,1H), 7.0S(d.,-:lH), -7.6(d,1H), 

8 ~ 2 (s, lH) • 

EXAMPLE 2 
20 preparation of 3-(cblproacetylamjnpl-4-bydrpxy­

benza)dehyde 

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 

25 atmosphere. When the theoretical amount of hydrogen is 
taken up, the catalyst is removed by filtration. 
Chloroacet yl chloride ( 2 • 5 g, 22 • 2 mmol )- . and sodium 
bicarbonate (3.6 g, 42.3 mrnol) are added to the 
filtrate at room temperature and the m~~ture is stirred 

30 

35 

for 1 hour under argon. The solvent is ,:+v:aporated and 

the remaining solid is taken up in 50 tf,'l,i;Of methanol. 
The solution is acidified to a pH of.a:b,?:ut one with 
l . ON HCl and stirred at room temper at u~e; : for 1 hour. 

. ..-·· .·· 

The precipitate is collected and dried :u~der vacuum to 
give 2.5 g (65% yield) of 3-(chloroacetylamino)-
4.-hydroxy-benzaldehyde as a hydrate; m~'--l90-:l92°C. 
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Analysis for C9H9ClN03•0.9 H20: 

C, 50.41; H, 4.18; N, 6.53. 

Found: C, 50.60; H, 3.83; N, 6.41. 

5 EXAMPLE 3 
preparatjpn of 3-oxo-3 4-dibydro-2H-benzp[1,4lpxazjne-

6-carhaldehyde 

3-(Chloroacetylamino)-4-hydroxy~benzaldehyde 

{2.4 g, 13.2 mmol) and potassium carbonate (9.1 g, 

10 66.1 mmol) are stirred at room temperature in so 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 

15 and recrystallized from ethyl acetate, to give 1.4 g 
(60% yield) of 3-,oxo-3 ,4-dihydro-2H-'benzo (1,4] oxazine-

6-carbaldehyde; mp 220-222°c. 

Analysis for CgH7N03: 

C, 61.02; H, 3.98; N1 7.91. 

20 Found: C, 60.67; H, 4.03; N, 7.74. 

EXAMPLE 4 
Preparation pf 4-C4-C3-oxo-3,4-djhydr9-2H-henzo[J,41-

rurazjn-6-ylmethyl> -piperazjn-1-yJJ -hf;mzenesulfonamjde 

25 Sodium triacetoxyborohydride (l.2 g, 5.9 mmol) is 

added to a solution of 3-oxo-3,4-dihydro-2H-benzo[l,4]­
oxazine-6 -carbaldehyde ( 0 . 5 g, 2 . 8 mmo.l) and 

4- Cpiperazin-1-yl) -benzenesulfonarnide, (0 .17 g, 

3. l mmol) in 20 mL of THF. The mixt~~~ is stirred at 
30 room temperature overnight. The reac_t:,ion is quenched 

by addition of SO mL of water, and th~~·THF is removed 
··::<:· 

under reduced pressure. The precipit'.at.e is collected 
by filtration and recrystallized from '•methanol to give 
0.05 g (4% yield} of 4-(4-(3-oxo-3,4-dihydro-

35 2H-benzo[l,4)oxazin-6-ylmethyl}-piperCl,Zin-l-yl]-
benzenesulfonamide; mp 150-153°C. 



.. 
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Analysis for c 19H2zN404S: 
C, 56.70; H, 5.51; N, 13.92; S, 7.97. 

Found: C, 56.57; H, 5.56, N, 13.67; S, 7.80. 

5 EXAMPLE 5 
Preparatjqn pf 6-[4-(J.4-0imeth:yl-phenyll-piperazin-

J-ylmethyl)-4H-henzofl,4loxazjn-3-nne 

1-(3,4-Dimetbylphenyl)-piperazine is converted to 

6-[4-(3,4-dimethyl-phenyl)-piperazin-1-ylmethyl]-
lO 4H-benzo[l,4]oxazin-3-one in 10% yield according to the 

procedure of Example 4; mp l48-153°C. 

15 

Analysis for c 21H25N302: 
C, 71.77; H, 7.17; N, 11.96. 

Found: C, 71 .. 50; H, 7.18; N, 11.92. 

EXAMPLE 6 
preparatjon pf 4-[4-<methylphenyJl-pjperazin­

l-ylmethyll-2-njtro-phepoJ 

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.l mmol) in so mL of THF at room temperature, 

and the mixture is stirred overnight. The reaction is 
quenched by pouring into 400 mL of water, and the 

25 precipitate which forms is collected by filtration. 

Yield= 1.7 g (33%} of 4-[4-(methylpheriyl)-piperazin-1-
ylmethyl]-2-nitro-phenol oil. 
NMR, CDC1 3 : & 2.2(s,3H}, 2.S(m,4H), 3.0S(m,4H), 

3.4{s,2H), 6.8(d,2H), 7.0(d,2H), 7.0S(d,.lH), 

30 7.SS(d,lB), 8.0(s,lH). 

35 

EXAMPLE 7 
preparation pf 6-C4-p-toJyl'."Pjperazjn.:l-ylmethyJl-

4H-henzofJ .4loxazin-3-nne 

4-[4-(Methylphenyl)-piperazin-l-ylmethyl)-2-nitro­
phenol (1.7 g, 5.2 mmol) is reduced with Raney nickel 
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in 20 mL of THF under hydrogen. When the theoretical 
amount of hydrogen is taken up, the.catalyst is removed 
by filtration. The THF is ev~porated, and the residue 
is taken up in 50 mL of chloroform. Chloroacetyl 

s chloride (0.65 g, 5.7 mmol) and so~ium bicarbonate 
(1.6 g, 19.1 mmol) are added, and the mixture is 
stirred at room temperature for· one-half hour, then 
extracted with water (3 x so mL) and dried over sodium 
sulfate . The sol vent is evaporat:eci.. and the solid 

10 remaining is treated with excess potassium carbonate in 
20 mL of chloroform at reflux overnight. Extraction 
with water, d:rying over sodium SU;lfate, 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-piperazin-1-ylmethyl)-4H-benzo[l,4]oxazin-

20 

3-one; mp 209-212°C. 
Analysis for C20H23N302: 

Calculated C, 71.19; H, 6.87; N, 12.45. 
Found: C, 71.05; H, 6.97; N, 12.35. 

EXAMPLE 8 
preparation of 6-f4-phenyl-piperazjn-J-ylmethyll-

4H-benzo[l,4loxazin-3-one 

4-{4-Phenyl-piperazine-l-ylmethyl)-2-nitro-phenol 
25 is treated according to the procedure of Example 7 to 

give 6-[4-phenyl-piperazin-1-ylmethyll-
4H-benzo[l,4]-oxazin-3-one; mp 207-209°C. 

EXAMPLE 9 
30 preparation of 2-C3-hydroxy-4-nitro-phenyll-J,3-djoxane 

3-Hydroxy-4-nitro-benzaldehyd~ ... \(7. 5 g, 44. 9 mmol} 
. . ~ .. : . . ·-

is treated with 1, 3-propanediol · :fS'.::::i.: g, 67. 3 mmol) 
according to· the procedure of Ex~trt~i~ 1 to give 
2-(3-hydroxy-4-nitro-phenyl)-l,3~dioxane {9.6 g, 95% 

35 yield) oil. 
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NMR, CDCl3: 6 l.4{d,1H}, 7.0S{d,lH), i.2(m,1H), 

3.9(t,2H), 4.2{d,2H), S.4(s,1H), 7.2{S,l.H), B.O{d,lH}. 

EXAMPLE 10 

5 Preparatjon of 4-(chloroacetyl-amjnol-3-hydroxy-

2-(3-Hydroxy-4-nitro-phenyl)-l,3-dioxane (9.3 g, 

41.2 mmol} is converted to 4-(chloroacetyl-amino)-

3-hydroxy-benzaldehyde according to the procedure of 

10 Example 2. Yield = 3.7 g {35%) oil. 

NMR, DMSO: 6 4.4(s,l.H), 7.3(s,1H), 7.4(d,1H), 
8.2(d,l.H), 9.7(s,l.H), 9.B(s,1H), 10.7(s,lH). 

EXAMPLE 1.1 

15 Preparatjon of 3-oxo-djbydrn-2H-benzoCJ,4loxazjne-

7-carbaldehyde 

4-{Chloroacetyl-amino)-3-hydroxy-benzaldehyde 
(3.7 g, 17.3 mmol} is converted to 3-oxo-3,4-dihydro-
2H-benzo[l,4]oxazine-7-carbaldehyde (3.2 g, 100% yield) 

20 according to the procedure of Example 3; 

mp 178-180°C (Decomposes). 

EXAMPLE 12 
Preparation of7-C4-p-Tolyl-pjperazin-J-ylmethyll-

25 4H-henzo(J 4lpxazin-3-one 

A mixture iof 3-oxo-dihydro-2H-ben~o[l,4]oxazine-
. . ·::~=.: 

7-carbaldehyde ·(0.5 g, 2.8 mmol), l-(4:_~M,ethyl-phenyl) -

piperazine ( Q. 5 g, 2. 8 mmol) , acetic :-~bid ( O . 1 7 g, 

2.8 mmol) and sodium triacetoxyborohyd~;de (1.2 g, 

30 5.9 mmol) in 20 mL of 1,2-dichloroethane is stirred at 

room temperature for 3 hours. The r~a~~ion is quenched 

with 50 mL of water, and the layers al:7e) separated. The 

aqueous phase is.extracted with ethy{;~Jetate 
(3 >< 50 mL). The organic phases are '~~rtIDined and dried 

35 over sodium sulfate. Evaporation of \h$ solvent gives 
a solid which is recrystallized twice :ffom acetonitrile . ;:· 
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to give 0.31 g (33% yield) of 7-[4-(4-methyl-phenyl)­

piperazin-1-ylmethyl]-4H-benzo[1,4]oxazine-3-one; 

mp 2oa-210°c. 

Analysis for C20H23N302: 
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-C4-phenyl-piperazjn-1-ylmethyll-

10 4H-henzo[1,41pxazine-3-one 

15 

1-Phenyl-piperazine (0.45, 2.8 mmol) is converted 

to 7-{4-phenyl-piperazin-l-ylmethyl)-4H-benzo[l,4]­
oxazine-3-one according to the procedure of Example 12 

in 34% yield; mp 191-193°C. 

EXAMPLE 14 
preparation of 7-C4-C3 4-djmethyl-phenyl>-piperazjp-

1-ylmethyl]-4H-henzo[J 4]oxazjne-3-one 

According to the procedure of Example 12, 

20 1-(3,4-dimethyl-phenyl)-piperazine (0.54 g, 2.8 mmol) 

is converted to 7-[4-(3,4-dimethyl-phenyl)-piperazin­
l-ylmethyl]-4H-benzo[l,4]oxazine-3-o~e in 28% yield; 

mp 195-197°C. 

25 The compounds listed below can be prepared in 
accordance with the above methods using the appropriate 

starting materials. 



5 

Example 
Number 

15 

16 

17 

EXAMPLES 15 - 26 

Compound Name Elemental Analysis 

6-[4-(5-Methyl-pyridin-2-yl)­
piperazin-1-ylmethyl]-
4H-benzo[1,4]oxazin-3-one 

C19H22N402 
Calculated: C, 67.44; 
H, 6.55; N, 16.56 
Found: C, 67.35; H, 6.53; 
N, 16.58 

6-(4-p-Tolyl-piperidin-1-ylmethyl)- C21H24N202 
4H-benxo[l,4]oxazin-3-one 

6-(4-(3,4-Dimethyl-phenyl)­
piperidin-l-ylrnethyll-
4H:..benzo[l,4loxazin-3-one 

Calculated: C, 74.96; 
H, 7.20; N, 8.33 
Found: C, 74.73; H, 7.30; 
N, 8.36 

C22H26N202 
Calculated: C, 75.40; 

H, 7.48; N, 7.99 

Found: C, 75.39; H, 7.62; 
N, 8 .10 

Melting 
Point °C 

207-208 

178-180 

165-169 

I 

"' .i:o. 
I 

~ 
'D 
;! 

! .... 
\0 

~ s 
! 
I 



Example 
Number 

Compound Name 

18 

19 

20 

21 

6-{4-thiazol-2-yl-piperazin­

l-ylmethyl)-4H-benzo[l,4]oxazin-

3-one : : .. ·. ::· ~ ·: . . 
•" 

6-(4-Benzothiazol-2-yl-piperazin­

l-ylmethyl)-4H-benzo[l,4]oxazin-

3-one 

6-(4-(4,5-dimethyl­

thiazol-2-yl)-piperazin-. 

· l~y;lmethy;l1-:4H-benzo [l, 4] oxazin-
. . . . :· . .-~.:; . ' ~-:.: . . . ":. : . . . . . ·. . . 

3-one 

6-(4-Naphthalen-2-yl-piperazin-
· l-ylmethyl)-4H-benzo[l,4]oxazin-
3-one 

Elemental Analysis 

C16H15N402S 
Cal9ulated: C, 58.16; 

Jl:1 O'S ~:4~j\j~, : J,6·. 96 
:FButia: · 6:; sEl.32; H, s.s9; 

N, 17.03 

C20H20N402S 
Calculated: c, 63.14; 

H, 5.30; N, 14.73 

Found: C, 62.72; H, 5.24; 

N, 14.45 

C19H22N402S 
Calculated: C, 60.31; 

H, 1~19; N, 15.63~ S, 8.94 

Found: C, 60.31; H, 6.11; 

N, 15.56; S, 9.21 

C23H23N302 
Calculated: C, 73.97; 

H, 6.21; N, 11.25 

Found: C, 73.70; H, 6.21; 

N, 10.90 

Melting 
Point 0 c 
210-212 

240-243 

210-212 

215-216 

I 
t\) 

01 
I 

~ 
~· 

~ ... 
'O 

; 
rs 
~ 

m 



Example 
Number 

22 

23 

24 

25 

Compound Name 

6-[4-(3-Chloro-phenyl)-piperazin-
1-ylmethyl]-4H-benzo[l,4]oxazin-
3-one 

6-[4-(3,4-Dichloro-phenyl)­
piperazin-1-ylmethyl]-4H­
benzo(l,4]oxazin-3-one 

2-[4-(3-0xo-3,4-dihydro-2H­
benzo[l,4]oxazin-6-ylmethyl)­
piperazin-1•yl]-benzonitrile 

Elemental Analysis 

C1gli20ClN302 
Calculated: C, 63.77; 
H, 5.63; N, 11.74 
Found: C, 63.78; H, 5.50; 
N, 11. 54 

C19H19Cl2N302 
Calculated: c, 58.17; 

H, 4.88; N, 10.71 

Found: c, 58.30; H, 4.77; 
N, 10.43 

C20H20N402 
Calculated: c, 68.95; 
H, 5.79; N, 16.08 

Fol.ind: C, 68.91; H, 5.78; 

N, 15.93 

6-[4-(4-Methoxy-phenyl)-piperazin-l- C20H23N303 
ylmethyl]-4H-benzo[l,4]oxazin-3-one Calculated: C, 67.97; 

H, 6.56; N, 11.80 

Found: C, 67.87; H, 6.56, 
N, 11. 72 

Melting 

Point °C 

199-200 

174-175 

195-196 

202-203 

I 
I\) 

CJ\ 
I 

~ 
~ .... 
! 
\0 

"'Cl 

~ 
1:1) 

~ 
i 
t 

.. ~· .. 



~ 
C) 
\0 

Example 
Melting ~ Compound Name Elemental Analysis ... Number 
Point °C ! 

\0 26 6-[4-(2-Chloro-4-methyl-phenyl)- C2off22ClN302 188-189 piperazin-1-ylmethyl]-4H- Calculated: C, 64.60; 
beJ:lzoJl14Joxazin:3~one H, 5.96; N, 11.30; Cl, 9.53 

Found: C, 64.21; H, 5.79; 
N, 11.01; Cl, 9.47 

27 6-[4-(4-Fluoro-phenyl)-piperazin-1- C1gff20FN302 226-227 ylmethy1J-4H-benzo[l,4]oxazin-3-one Calculated: c, 66.85; 
H, 5.91; N, 12.31 
Found: C, 66.56; H, 5.88; I 

N 
o,,J N, 12.12 I 

28 6-[4-(3-Trifluoromethyl-phenyl}- C20H20F3N302 191-192 piperazin-1-ylmethyl]-4H- Calculated: C, 61.38; 
benzo[l,4Joxazin-3-one H, 5.15; N, 10.74 

Found: c, 61.29; H, 5.12; 
N, 10. 64 

29 6-[4-(3,S-Dimethyl-phenyl)- C21H25N302 164-165 
"Cl piperazin-1-ylmethy1J-4H- Calculated: C, 71. 77; ~-benzo[l,4]oxazin-3-one H, 7.17; N, 11.96 ~ 

Found: C, 71.53; H, 7.03; ~ 
N, 11.84 ! ... 



Example 
Melting 8 Compound Name Elemental Analysis ~ Number 
Point 0 c ! .... 30 6-[4-(2-Chloro-phenyl)-piperazin-1- C19H20ClN30z 188-189 \Cl 

ylmethyl]-4H-benzo[l,4]oxazin-3-one Calculated: C, 63.77; 
H, 5.63; N, 11.74 
Found: C, 63.45; H, 5.59; 
N, 11.67 

31 6-(4-(4-Trifluoromethyl-phenyl)- C20H20F3N302 220 
piperazin-1-ylmethyl]-4H- Calculated: c, 61.38; 
benzo[l,4]oxazin-3-one H, 5.15; N, 10.74 

Found: C, 61.31; H, 5.31, I 
llJ 
m N, 10.64 I 

32 6-(4-(4-Chloro-phenyl)-piperazin-l- C19H20ClN302·0.SH20 250-251.5 
ylmethyl]-4H-benzo[l,4]oxazin-3-one Calculated: c, 62.20; 

H, 5.77; N, 11.46 
Found: C, 62.50; H, 5.81; 
N, 11.29 

33 7-(4-(5-Methyl-pyridin-2-yl)- C19H22N402 215 
piperazin-l-ylrnethyl]-4H- Calculated: C, 67.44; "I 
benzo[l,4]oxazin-3-one H, 6.55; N, 16.56 g 

Found: C, 67.35; H, 6.60; C'l.l 

~ N, 16.40 CllD 

~ • 



Example 
NUmber 

34 

35 

36 

37 

Compound Name Elemental Analysis 

7-[4-(4-Methoxy-phenyl)-piperazin-l- C20H23N303 
ylmethy1J-4H-benzo[1,4]oxazin-3-one Calculated: c, 67.97; 

H, 6.56; N, 11.89 
Found: C, 67.72; H, 6.46; 
N, 11.7 

7-[4-(4-Chloro-phenyl)-piperazin-l- C1gH20ClN302 
ylmethyl]-4H-benzo[l,4]oxazin-3-one Calculated: C, 63.77; 

H, 5.63; N, 11.74 

7-[4-(3,4-Dimethyl-phenyl)­
piperidin-l-ylmethyl]-4H­
ben~'6Ji ~ 4loxazin- 3 - one 

Found: c, 62.55; H, 5.54; 
N, 11.42 

C22H26N202 
Calculated: c, 75.40; 

H, 7.48; N, 7.99 

Found: C, 75.17; H, 7.25; 

N, ?.84 

6-(4-(4-Methoxy-phenyl)-piperidin-l- C21H24N203 
ylmethyl]-4H-benzo[l,4)oxazin-3-one Calculated: C, 71.50; 

H, 6.86; N, 7.95 

Found: C, 71.14; H, 6.62; 

N, 7.60 

Melting 
Point °C 

235 

232-233 

192-194 

177-178 

I 
N 
\P 
I 

! 
\0 
;! 

! 
"' \0 

~ 

~ 
fa 
a: 
I ... 
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Example 

Number 
Compound Name Elemental Analysis 

38 7-[4-(4-Methoxy-phenyl)-piperidin-l- C21H24N203 
ylmethyl]-4H-benzo[l,4]oxazin-3-one Calculated: C, 71.57; 

39 

40 

41 

7-(4-Phenyl-piperidin-l-ylmethyl)-
4H-benzo[l,4]oxazin-3-one 

7-(4-Naphthalen-2-yl-piperazin-l­
ylmethyl)-4H-benzo[l,4]oxazin-3-one 

H, 6.86; N, 7.95 
Found: c, 71.29; H, 6.83; 
N, 7. 75 

C20H22N202 
Calculated: c, 74.51; 
H, 6.88; N, 8.62 

Found: C, 74.59; H, 6.74; 
N, 8.69 

C23H23N302 
Calculated: c, 73.97; 
H, 6.21; N, 11.25 

Fo~r:cJ..:' C, 73~62; H;,,6,07; 
N, 11.40 

7-(4-p-Tolyl-piperidin-l-ylmethyl)- C21H24N202 
4H-benzo[l,4]oxazin-3-one Calculated: c, 74.97; 

H, 7.19; N, 8.33 
Found: c, 74.61; H, 7.00; 

N, 8.55 

Melting 
Point oc 
198-199 

184-186 

247-249 

186-188 

I 
w 
0 
I 

~ 
~ 
ii:: 
~ ... 
'° 

I'd 

~ 
i 
~ 

I 
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BIOLOGICAL METHODS 

PCT/US97/08524 

Cell I,j nes EICPressi ng Dapami ne Rec;:f-Ptor Isofprms 

A cell'.line expressing human dopamine D2 (Long 
s form) recep~ors was purchased from Oregon Health 

Sciences Un:lversity, Portland, Oregon. The D2 receptor 
cDNA was s~b,cloned into an expression·:vector, pRc/CMV. 
The plasmids: were transfected by elect:roporation into 
CHO K1 cells

0

• A single stable transf ectant, resistant 
10 to the anti}:jJotic G418, was isqlated and selected for 

use in the ):)j,.nding studies. For D4})inding, 
CHO K1 cell~·. stably trans£ ected to express the human 
recombinant jiopamine D4 • 2 receptor subtype, as 
described by·:shih, et al., 11 The expression and 

15 functional·· ·:c~aracterization of hum~~.:,4opamine D4. 2 ·. <: ·:.· ·. .. . 
receptor i1t:':c::Ho .Kl cells, 11 soc Nenroscj , 

1995;2J.(Part;l) :621. 

Cell Culture.and preparatjon of Cell Membranes 
.. :·. 

20 CHO K1 cells expressing either human D2 and D4.2 
receptors we;~ grown in 162 cm2 cultµr~ flasks in Fl2 
medium (GibC:b-Laboratories, Grand Island, New York) 
supplemented'.with 10% fetal bovine serum (FBS, Hyclone, 
Logan, UT) i~ an atmosphere of 5% co2/95% air at 37°C. 

25 Cells were giown until confluent, after which growth 
medium was r,~moved and replaced with 0:02% ethylene 
diamine tet±~~etate {EDTA} in a phosph~te-buf fered 

. . . 

saline solution (Sigma Chemical Co. ,>St. Louis, 
Missouri) arid scraped from the flasks,.<: .The cells were ., . . ; . : ' 

30 centrifuged a't about 1000 x g for lO·m~·nutes at 40°C 
and then res\ispended in TEM buffer (2? ~ Tris-HCl, 
pH 7. 4, s mM-_)DTA, and 6 mM MgC12 ) for :D2 or the 
D4 . 2 buffer >cso mM Tris-HCl, pH 7 . 4 ~ s <niM EDTA, l. s mM 

CaC12 , 5 mM KCl, and 120 mM NaCl) anc:thomogenized. The 
35 membranes were pelleted by centrifugat:i'on at .20, ooo 

at 40°C for 20 minutes. Then the pell;~'~s were 
resuspended in appropriate buffer at·l''riir.;flask and 

·. :,' 

x g 
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stored at -70~C until used in the receptor binding 
assay. 

Receptor Bi ndj pg Assays· p2, D4 2 Papap,; ne Receptors 

5 A cell tr\E!~rane preparation (400 µL) was incubated 
in triplicate/\ • .Jith 50 µL [3H] spiperone . (O. 2 nM for D2, 

0.2 nM for D~·~.,2>, 50 µ.L buffer, or competing drugs 
where appropri'ate to give a final volume of o.s mL. 

, ..... ~ 

After 60 minu~.es incubation at 2s 0 c, the incubations 
10 were termina~~d by rapid filtration through Whatmann 

GF /B glass fi~~e filters (soaked for 1 h.our in o. 5% 
polyethylenimitie) on a -cell harvester, with three 
washes of 1 mL·ice-cold buffer. Individ:ual filter 
disks contai~i,n9 the bound ligand were placed in 

15 counting vial~<with 4 mL of scintillation fluid 
(Ready Gel, ·~e~kman Instrument Inc., Fullerton, 
California) and· then counted in a Beckman,LS-6800 
liquid scintillation counter at an efficiency of 45%. 

Nonspecific bl~ding was defined in presence of 1 mM of 
... 

20 haloperidol. 

pata CalcnJatjOT] 

Saturation and competition binding ciata were 
analyzed using ·an iterative nonlinear lea·st-square 

25 curve-fitting<.~igand program. In competition 

experiments, aPJ>arent Ki values were calculated from 
IC50 values by, iJi~thod of Cheng and Pruso~f, 
"Relationshipib¢:~ween the inhibition constant (Ki) and 
the concentrati?n of inhibitor which ca\lses 50% 

. 30 inhibition ( r.C50) of an enzymatic react:i~n, " Bi ochern 

Pharmacpl , 19.j3;22:3099-310B. ExperilJJ~:lj~al compounds 

were made up :afl stock solutions in dimetJ'lyl sulfoxide 
(DMSO) • The f'i:nal concentration of o .i%/oMSO used in 

35 

. . 

the incubatioll.?:inixture had no effect on the specific 
binding. Each· observation was carried out in 
triplicate. 'l:,6 allow these c~lculations{ K1 values 
were measured ~or the interaction of vari~us ligands 
with the recet)'Bo:r. These were: [3H] spiperone binding, 

•. ·,,:·~; 

· .. ·.; 

.·.···. 
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human D2, 0.116 + 0.01 and human D4.2, 0.093 + 0.005 nM 

{n = 3) • The test results are presented below. 

BINDING DATA 

5 Example D2 04 
02/04 Ratio 

Number (Ki, nM) (Ki, nM) 

l. 493 4.36 113.1 
3 1665 

4 >5882 23.56 249.7 

10 5 2341 5.18 451.9 

8 2196 18.3 120 

12 2983 10.66 279.8 

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 14.4 
27 261.6 l.5. 61. l.67.6 

28 3582 15.66 228.7 
29 1434 12.12 118.3 

30 30 72 13.03 5.5 

31 173 

32 >5882.4 6.2.47 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 
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BINDING DATA (cont• d) 

Example 02 D4 
D2/D4 Ratio Number (Ki, nM) (Ki, nM) 

38 1126 6.70 168.1 
5 39 68.98 7.58 9.1 

40 673.92 13.85 48.7 
41 287.31 2.60 110.5 
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1. 

-3s-· 

CLAIMS 

A compound having the Formula I or II 

II 

wherein R1 and R2 are independently hydrogen or 

C1-C6 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 f.rom halogen, 
c 1-c6 alkoxy, c 1-c6 alkyl, -CN, -CF3 , or 
sulphonamide, and the 

pharmaceutically acceptable salts, esters, amides, 
and prodrugs thereof. 

2 . A compound of Claim 1 wherein the group 

or 

is attached to the benzoxazinone g+oup at the 6 or 
7 position. 

:·.;;;· 
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3. A compound of Claim 1 wherein R1 a~d R2 are 
hydrogen. 

4. A compound of Claim 1 wherein R3 . is phenyl, 
methyltolyl, tolyl or sulfonamido. 

S. A compound of Claim 1 wherein X is N. 

6. A compound having the Formula ~II, 

wherein X is N or CH; Rl is hydrogen or methyl; 
and 

III 

R2 is phenyl or substituted phenyl wherein each 

substituent is independently selected from 
C1-C6 alkyl or sulphonamide, and the 

pharmaceutically acceptable salts, esters, amides, 

7. 

and prodrugs thereof. 

A compound of Claim 6 wherein the group, 

is attached to the .benzoxazinone.gr~tip at the 6 or 

7 position. 

8. A compound of Claim 6 wherein R 1 and R2 are 
hydrogen. 
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9. A compound,·of Claim 6 wherein R2 is phenyl, 
methyltolyl, tolyl, or sulfonainido. 

10. A compou:p.d of Claim l wherein the compound is 
4-[4-{3-oxo-3,4-dihydro-~H.;.:qenzo[1,4]oxazin-

6-ylmethyl)..::piperazin-l-yl]-benzenesulfonamide; 
6-[4-(3,4-dimethyl-phenyl)-piperazin-

1-ylmethyl]-4H-benzo[l,4]oxazin-3-one; 
6-(4-p:-tolyl-piperazin-1-ylmethyl)-4H­

benzo[1,4]oJ.Cazin-3-one; 
6-[4-:phenyl-piperazin-l-ylmethyl]-4H­

benzo[l,4]o~azin-3-one; 

7-(4-p-tolyl-piperazin-l-ylmethyl}-4H­
benzo[1,4loxazin-3-one; 

7- (4-:phenyl-piperazin-1-ylmethyl) -4H­
benzo [1,:4Joxazine-3-one; 

7- [4 -d'3, 4-dimethyl-phenyl) -piperazin-
1-ylmethyl] -4H-benzo [1, 4] oxazine- 3-one; 

6-[4-J!)-methyl-pyridin-2-yl)-piperazin-l­
ylmethyl]-4H-benzo[1,4]oxazin-3-one; 

6-(4-p-tolyl-piperidin-l-yl1tlethyl)-
4H-benxo (1,4] oxazin-3-one; 

6-[4-(3,4-Dimethyl-phenyl)-piperidin-1-
ylmethyl]-4H-benzo[1,4]oxazin-3-one; 

6-(4-~hiazol-2-yl-piperazin.:.l-ylmethyl)-

4H-benzoll;4JoXC\zin-3-one; . 
6- (4-behzothiazpl.-2-yl-pipeJ:'~zin-l-ylmethyl) -

4H-benzo[l, 4] oxazin-3-one; . . . 
6-I4- (4., 5•.dimeth:y:J.-.thia'zql""2~yl) -piperazin-1-

ylmethyl] -4H-beuizp [l),4Joxa~in:.3-c>ne; 
6- (4-.naphtl'ia,1en~2-yl.,.pipera~.in-l-ylmethyl) -. .. . .; . . .. 

4H-benzo [l, 4) oxazin ... 3-one:i · 
6- [4- (3-chl.pro...'.pheny;l)-pipSJ:"azin-1-ylmethyll -

4H-benzo [l, 4] 6xa'.zin~~·-one; ·. :· ·. 

6- [4- (3',:4·_:dich:L.brbJph$nyl> ~p';iperazin-1-
:. ' .. ~ . '· .. : ... ':. . . . . '. . ' ..... · .. 
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2-[4-(3-oxo-3,4-dihy~o-2H-be~zo[l,4Joxazin-. ' · .. ~ 

6-ylmethyl)-piperazin-1-yl]-benzonitrile; 
6-(4-(4-methoxy-phenyl)-pipe~~zin-1-

ylmethyl] -4H-benzo [1, 4] oxazin-3 '.""one;; or 
6-(4-(2-chloro-4-methyl-pµeriyll-piperazin-l­

ylmethyl] -4H-benzo [1, 4) oxazin-3-one:. 

11. A compound of Claim 1 wherein the .• 9ompound is 
6- [4- (4-Fluoro-phenyl) -piperaz.in-1-ylmethyl] -

4H-benzo[l,4]oxazin-3-one; 
6-[4-{3-Trifluoromethyl-p~enylJ-piperazin-1-

ylmethyl] -4H-benzo [1,4] oxazin-3-one'; 
6-[4-(3,5-Dimethyl-pµenyl)'.""p.iperazin-l­

ylmethyll-4H-benzo [1, 4] oxazin-3-one,; 
6- [4-':(2-Chloro-phenyT) -piperaz~n-1-ylmethylJ -

·4H-benzo [l, 4) oxazin-3-one; 
6-(4-(4-Trifluoromethyl-phenylJ-piperazin-1-

ylmethyl] -4H-benzo [l, 4] oxazin-3-one ;. 
6-(4-(4-Chloro-phenyl}-piperazin-l-ylmethyl]-

4H-benzo[l,4]oxazin-3-one; 
7-(4-(S-Methyl-pyridin-2-yl}-piperazin-1-

ylmethyl] -4·H-l;>enzo [l, 4) oxazin-3-onei 
7-[4-(4-Methoxy-phenyl)-piperaz.in-1-

ylmethyl] -4H-benzo (1, 4] oxazin-3-onE::·;; 
7-[4-(4-Chloro-pheriyl)-:-piperaz+n-1-ylmethyl]-

4H-benzo [1, 4] oxazin-3-one; .. 
7- [4- (3, 4-Dimethyl-p~~nylf-pip_~;ridin-l­

ylmethyl] -4H-benzo [l, 4) ox~zin-3'.""ori~f 
6- [4-(4-Methoxy-phenii> ~pl,.per$.4in-1-, .•.. . . . . .... •.,.-·-· 

ylmethylJ -4H-benzo [l, 4) oxa
0

zin:..'3'2on~J: 
1- c 4- c 4-Methoxy-phe~~i1' :2:pil;>eb¥ain-1-

ylmet~~~~ =::~:~::~~:~~~~~~~~ti~f > -4H-
benzo [1,4) oxazin-3-one; ..... ~ · 

: ··, ·• :: .. : :: : . . ~ .. ·.~ ·. •. 

7- (4-Naphthalen-2-yl~.p;J>.~;a2d#7-~-ylmethyl) -
4H-benzo[l,4Joxazin-3-one; ·arl'.d ;. · " 
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7- (·4-p-Tolyl-piperidin-1-ylmethyl) -4H-
benzo [1, 4loxazin-3-one. 

12. A method of ·.treating psychosis, the method 
; 

compri0sing administering to a. patient suffering 
therefrqm:a therapeutically effective amount of a 

compound of Claim 1. 

13. A method of treating psychosis, the method 
compris~ng~dministering to a patient suffering 
therefro11:1(a therapeutically effective amount of a 
compound,·. ~of. claim 6 • 

14. A metho.dt(>f>.treating schizophrenia, the method 
comprisi11g'.~'ad:irtinistering to a patient suffering 
therefr~~·::~---~herapeutically effective· amount of a 
compound of:claim 1. 

15. A methodof•t;reating schizophrenia, the method 
comprising~c:iministering to a patient suffering 
therefrom.:~ therapeutically effective amount of a 
compound of Claim 6. 

J.6. A pharmaceut:i,cally acceptable composition that . ·. ~ . . 

comprises a c.ompound of Claim 1. 

:;., .. 

17. A pharmaceutically acceptable composition that 
comprise$ ~-: ~ompound of Claim 6 . 

. . -'.; 

.. ~ ·." 


