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Synthesis and Biological Activities of(4-Pheny1-1-piperaziny1)-

propoxy-2(1H)-quinolinone Derivatives
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With the aim of developing a novel neuroleptic drug,a series of ƒÖ-(4-phenyl-1-piperazinyl)-

alkoxy-2(1H)-quinolinone derivatives have been synthesized and tested for anti-methamphetamine

and anti-epinephrine activities.Most of the derivatives were found to possess a potent anti-

methamphetamine activity in the jumping behavior test on mice treated with 343,4-

dihydroxyphenyl)-L-alanine(L-DOPA)and methamphetamine,or in the lethality test with

methamphetamine-treated mice.They also showed relatively high anti-epinephrine potency

depending on the nature or number of substituents on the phenyl group in the 4-phenyl-1-

piperazinyl moiety;some of these compounds induced only weak catalepsy in mice.Among them,

7-1344-(2,3-dimethylphenyl)-1-piperazinyl]propoxy}-2(1H)-quinolinone(OPC-4392),which was

suggested to be a dopamine autoreceptor agonist,was selected for further investigations.The

structure-activity relationships are also discussed.
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Although central dopamine(DA)receptor blockers are effectively used in the treatment

of symptoms of schizophrenia,their use frequently leads to the development of serious

extrapyramidal side effects.Furthermore,phenothiazine neuroleptics such as chlorpromazine

possess unwanted autonomic side effects associated with their ƒ¿-adrenoceptor blocking

activity.Therefore,it is desirable to find drugs which would retain a great efficacy but have

minimal undesirable side effects.1-4)

We have been investigating the 2(1H)-quinolinone derivatives,and we have succeeded

in developing some clinically useful drugs.5-7)In the course of the development of the

2(1H)-quinolinone derivatives as anti-histamine agents without central nervous side effects ,

we found that 7-(4-phenyl-1-piperazinyppropoxy-3,4-dihydro-2(1H)-quinolinone (Vc-1) had

neuroleptic-like activity,causing an increase in the potency of halothane anesthesia in rats.8)

We also found that the compound inhibited the stereotypic behavior induced by methamphe-

tamine in rats,but not that by apomorphine.9)In addition,the compound did not exert

extrapyramidal side effects such as induction of catalepsy in rats.We synthesized a series of co-

(4-phenyl-1-piperazinyl)alkoxy-2(1H)-quinolinone derivatives in order to find a novel type of

neuroleptic with fewer side effects.We describe in this paper the synthesis and preliminary

pharmacological examination of the  ƒÖ-(4-phenyl-1-piperazinyl) alkoxy-2(1H)-quinolinone
derivatives.

Synthesis

The ƒÖ-(4-phenvl-1-DiDerazinvl)alkoxv- 2(1H)-quinolinone derivatives  (Va-1-VIc-4) lis-
ted in Table II were prepared from the corresponding hydroxy-2 -(1H)-quinolinone  derivatives
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Ia-d IIIa-d Va-d Vc-5

IIb,c IVb,c VIb,c

position:a=5,b=6,c=7 and d=8

Chart 1

as shown in Chart 1.

The 5,7-and 8-(ƒÖ-haloalkoxy)-3,4-dihydro-2-(1H)-quinolinone derivatives(IIIa-1-IIId)

were prepared in a manner similar to that reported for the preparation of the 6-(ƒÖ-

haloalkoxy)-3,4-dihydro-2(1H)-quinolinones.7) Treatment of Ia with 1-bromo-3-chloro-pro-

pane in the presence of KOH in iso-PrOH at reflux temperature gave 5-(3-chloro-

propoxy)3,4-dihydro-2(1H)-quinolinone(IIIa-1) in 79% yield.7-(3-Chloropropoxy)-2(1H)-

quinolinone (IVc) was obtained in 39% yield from IIc (Table I and Experimental section).

Condensation of the ƒÖ-haloalkoxy-3,4-dihydro-2(1H)-quinolinones(IIIa-d)with an

excess of the4-phenyl-1-piperazine derivatives in the presence ofNal in CH3CN atreflux

temperature gave the corresponding ƒÖ-(4-phenyl-1-piperazinyl)alkoxy-3,4-dihydro-2(1H)-

quinolinone derivatives(Va-d).Similarly,the 6- or7-[3-(4-phenyl-1-piperazinyl)propoxy]-2-

(1H)-quinolinone derivatives(VIb and VIc)were obtained from the corresponding 3-

chloropropoxy-2(1H)-quinolinones(IVb and IVc).N-Methylation of Vc-1 with methyl iodide

and sodium hydride gave the N-methyl derivative(Vc-5).

Pharmacology

Typical neuroleptic drugs which possess potent DA receptor blocking activity also

produce extrapyramidal side effects.For the purpose of the development of a novel

neuroleptic drug with less extrapyramidal side effects,we wished to synthesize novel com-

pounds that would exhibit weak or no DA receptor blocking activity but that would depress

the release of DA from the presynaptic DA neuron or inhibit synthesis of DA at the DA neu-

ron.As a primary screening method for finding compounds with such properties,we used the

anti-jumping behavior test,in which the jumping behavior of mice was produced byinjection

of DA precursor3-(3,4-dihydroxyphenyl)-L-alanine(L-DOPA)and DA releaser metham-

phentamine.10)The neuroleptic activity of the compounds which exhibited relatively high

potency in the anti-jumping behavior test was confirmed by measuring their ability to inhibit

the lethal effects of methamphetamine onmice.11)Also,their extrapyramidal side effects were

examined by measuring the induction of catalepsy in mice.Furthermore,the ƒ¿-adrenoceptor

blocking activity of a series of2(1H)-quinolinone derivatives was measured in terms of the

ability to provide protection against a lethal dose of epinephrine on mice.These results are
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TABLE III.　 Pharmacology of 2(IH)-Quinolinone Derivatives

nt means not tested.All experiments in this table were carried out using mice .

summarized in Table III.
Typical neuroleptic drugs such as chlorpromazine and haloperidol are known to increase

the level of the major metabolite of DA,3,4-dihydroxyphenylacetic acid(DOPAC)in the rat
brain,and this increase in the DOPAC level was suggested to be due to an increase in DA
release resulted from blocking the DA receptor by a negative feedback mechanism.12)The
DA agonist apomorphine12)or DA autoreceptor stimulant 3-(3-hydroxyphenyl)-N-n-

propylpiperidene(3-PPP)13)was reported to inhibit the haloperidol-induced increase in the
DOPAC level in the rat brain.We examined several compounds which exhibited relatively
high potency in the anti-jumping bahavior test for their effects on the haloperidol-induced
increase in the DOPAC level in the rat brain region.The results are summarized in Table IV.
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Structure-ctivity Relationship

First,anti-methamphetamine activity in the jumping behavior test of the positional

isomers of the 3,4-dihydro-2-(1H)-quinolinone series was investigated.The results(Table III)

showed that the 5-isomer (Va-1)exhibited the highest potency when side chain substitution

was maintained as the 3-(4-phenyl-1-piperazinyl)propoxy moiety,and the 6-and 7-isomers

were less active(Vb-1 and Vc-1),while the 8-isomer(Vd-1)was inactive in this test.

Next,the ƒ¿-adrenoceptor blocking activity of these positional isomers was examined.It

was found that the 5-isomer was most potent,the 6-isomer was a little less active,and the 7-

isomer was much less active.The 8-isomer did not show any activity in this test.Lack of a-

adrenoceptor blocking activity is considered advantageous for neuroleptic drugs because this

activity is associated with undesirable autonomic side effects.Therefore,we selected the 7-

isomer,which exhibited anti-methamphetamine activity and only weak a-adrenoceptor

blocking activity.Further comparison of the activity of various substituents was made within

the 7-isomer series.

The effects of the number of methylene groups(n)in the side chain(4-pheny1-1-

piperaziny1)-(CH2)n-O-moiety attached to the 7-position in the 3,4-dihydro-2(1H)-quino-

linone were examined.It was found that potency order of anti-methamphetamine activity

was n=3(Vc-1)•†4(Vc-3)•t2(Vc-2)and 5(Vc-4).

The N1 substitution effect was examined and it was found that the nonsubstituted
derivative(Vc-1)was more active than the N1-methyl derivative(Vc-5)in the jumping
behavior test.Next,the effect of substitution on the phenyl group of 7-[3-(4-pheny1-1-

piperazinyl)propoxy-3,4-dihydro-2(1H)-quinolinone was examined.In general,the mono-
or disubstituion on the phenyl group was found to enhance the potency of anti-
methamphetamine activity in the jumping behavior test.However,the introduction of
dichloro substitution at the 2 and 3 positions on the phenyl ring in the phenylpiperazinyl
moiety significantly reduced the activity(Vc-17).In this test,several compounds were found
to be more potent than haloperidol,and the order of potency of the substituents of these
compounds is 2-CH3(Vc-14)>2,3-(CH3),(Vc-23)>2-F(Vc-8).With respect to the a-
adrenoceptor blocking activity,it was found that the introduction of substituents in the

phenyl group enhanced the potency.Generally,the potency of the monosubstituted de-
rivatives was much higher than that of disubstituted derivatives.

As regards the nucleus,we found that the 2-(1H)-quinohnone derivatives were a little
less active in the jumping behavior test than the 3,4-dihydro-2(1H)-quinolinone derivatives
(Vc-7>VIc-3,Vc-23>VIc-4 and Vc-8>VIc-2).

Typical neuroleptic drugs inhibit the lethal effects of methamphetamine on  mice.10)The

compounds examined were active in this test.Several compounds exhibited much higher

potency than that of chlorpromazine.
Typical neuroleptic drugs also exhibit cataleptogenic activity.It was found that several of

the compounds examined were active in the induction of catalepsy in mice.However,no clear-

cut correlation between the potency of cataleptogenic activity and the anti-methamphetamine

activities could be found.The potency of the compounds examined was much less than that of
chlorpromazine or haloperidol.

It was reported that short-term change in the brain level of DOPAC may be a useful

index of alteration in the functional activity of central dopaminergic neurons,12)and

chlorpromazine and haloperidol increased the DOPAC level in the rat brain while the DA

agonist apomorphine or DA autoreceptor stimulant 3-PPP decreased the DOPAC level.

Several compounds were examined for effects on the haloperidol-induced increase in the

DOPAC level in the rat brain region.As shown in Table IV,compounds Vc-7,Vc-15 and VIc-

4 were found to block the increase in the DOPAC level induced by haloperidol in the frontal

cortex(FC),stratum(ST)and limbic forebrain(LF)region.Compound Vc-6 did not affect
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TABLE IV.Effects of 2(1H)-Quinolinone Derivatives on the Increase in Concentration
of 3,4-Dihydroxphenylacetic acid(DOPAC)Induced by Haloperidol

in Discrete Brain Region of the Rat

Each value represents the percentage concentration upon treatment with the compound and haloperidol
with respect to that upon treatment with haloperidol alone(control).

the increase in the DOPAC level,but compounds Va-4,Vc-14 and Vc-23 enhanced the
increase in the DOPAC level induced by haloperidol at the FC and the ST region.
Compounds Vc-7,Vc-15 and VIc-4 blocked the methamphetamine toxicity in mice,in
contrast with apomorphine.11)These results suggest that these compounds possess DA
autoreceptor agonistic activity.

Among these three compounds,Vc-7(OPC-4139)and VIc-4(OPC-4392)were selected
for further preclinical investigations because the compounds exhibited relatively high potency
in the anti-methamphetamine activity and reduced side effects such as oc-adrenoceptor
blocking and cataleptogenic activities.In the preclinical study,the compounds were con-
firmed to be DA autoreceptor agonists,14-16)and Vic-4(OPC-4392)was selected for clinical
trial because of its higher safety margin in the toxicological study.

Experimental

All melting points are uncorrected.Nuclear magnetic resonance(NMR)spectra were recorded on a Varian EM-
390 NMR spectrometer using tetramethylsilane(TMS)or 3-(trimethylsilyl)propionic acid-d5(TSP)as an internal
standard.

Preparation of ω-Haloalkoxy-3,4-dihydro-2(1H)-quinolinone Derivatiyes(IIIa-1-IIId)7-(3-Chloropropoxy)-3,4-

dihydro-2(1H)-quinolinone(IIIc-1)―Amixture of Ic(32.6g),KOH(16.8g)amd 1-bromo-3-chloropropane(80ml)

in 500ml of iso-PrOH was refluxed for 4h,and the hot reaction mixture was filtered.The filtrate was cooied,amd the

precipitated crystals were collected by filtration.Recrystallization from EtOH gave IIIc-1(24.4g,51%)as colorless

nm118-119℃.

Compounds IIIa-1,IIIa-2,IIIc-2-IIIc-4 and IIId were obtained in the samemanner as described for IIIc-1.The

yieids,melting points,elementary analysis data,and NMR data are given in Tab1e I.

Preparation of 6 or 7-(3-Chloropropoxy)-2(1H)-quinolinone(IVb or IVc).7-(3-Chloropropoxy)-2(1H)-quinolinone

(IVc)―1-Bromo-3-chloropropane(20ml)was added to a boiling solution of IIc(8.49)and KOH(4.59)in 150ml

of iso-PrOH,and the mixture was renuxed for 20h.The hot reaction mixture was diluted with 150ml of EtOH,and

the precipitated materials were filtered off.The filtrate was cooled and the precipitated crystals were coliected by

filtration.RecrystaUization from EtOH gave IVc(5.0g,40%)as coiorless needles,mp130-133℃.

Similarly,compound IVb was obtained from Ilb.The elementary analysis data,melting points,yield amd NMR

data are given in Table II.

Preparation of ω-(4-Phenyl-1-piperazinyl)alkoxy-3,4-dihydro-2(1H)-quinolinone Derivatives(Va-1--Vd)7-【3-(4-

Pheny1-1-piperazinyl)propoxy]-3,4,-dihydro-2(1H)-quinolinone Hydrochloride(Vc-1)―A suspension of IIIc-1(1.8g)

and NaI(1.8g)in 50ml of CH3CN was reauxed for 4h,then 4-phenylpiperazine(3.2g)was added to the suspemsiom,

ahd the mixture was refluxeda further 10h.The residue was extracted with 200ml of CHCl3,and the extracts were

washed with water,dried over anhydrous MgSO4,and again evaporated to drymess.The residue was dissoived im

200ml of EtOH,and acidified with HCI gas.saturated EtOH solution,then evaporated under reduced pressure.

Recrystallization from EtOH gave Vc-1(3.85g,92%)as a white powder,mp 216-219℃.
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Compoumds Va-1 and Vb-2 were obtained by the same method as described for Vc-1.The NMR data,

elementary analysis data,melting points and yields are given in Table II.

7-{3-[4-(2-Methylphenyl)-I-piperazinyl]propoxy}-3,4-dihydro-2(1H)-quinolinone(Vc-14)―A suspension of

IIIc-1(2.5g)and NaI(i.8g)in 50ml of CH3CN was refluxed for 4h,and then 4-(2-methyi-phenyl)piperazine(3.52g)

was added to the mixture.After being refiuxed for 10h,the reaction mixture was evaporated to drymess under

reduced pressure,and the residue was extracted with 200ml of CHCl3.The extracts were washed with water,dried

over anhydrous MgSO4,and evaporated to dryness.Recrystallization of the residue from EtOH gave Vc-14(L97g,

52%)as coloriess needles mp 152-153℃.

Compoumds Va-2―Va-10,Vb-1,Vb-3,Vc-2―Vc-4,Vc-7―Vc-27 amd Vd-1―Vd-3 were obtaimed by the same

procedure as described for Vc-14.The NMR data,elementary analysis data,melting points and yieids are given in

Table II.

Preparation of ω-(4-Phenyl-1-piperazinyl)alkoxy-2(1H)-quinolinone Derivatives(Vlb-l,and VIc-1 VIc-4).7-[3-(4-

Phenyl-1-piperazinyl)propoxy]-2(1H)-quinolinone(VIc-1)―A suspension of IVc(1.3g)and NaI(1.1g)in 50ml of

CH3CN was refluxed fbr 5h,then 4-phemylpiperazine(2.5g)was added to the suspemsiom.After beimg refluxed for

5h,the reaction mixture was evaporated under reduced pressure.The residue was extracted with 200ml of CHCl3,

and the extracts were washed with water,dried over anhydrous MgSO4,and evaporated to dryness under reduced

pressure.Recrystaiiization of theresidue from EtOH gave Vlc-1(1.27g,68%)as pale yellow needles,mp237-238℃.

Compoumds Vlb-1 and VIc-2 were obtaimed in the same mammer as described for VIc-1,and the yields,melting

points,eiememtary analysis data and NMR data are listed in Table II.

7-{3-[4-(2-Methoxyphemyl)-1-piperazinyl]propoxy}-2(1H)-quinolinone Dihydrochloride(Vlc-3)―A suspension

of IVc(2.37g)and Nal(2.2g)in 100ml of CH3CN was refluxed for 5h,and cooled to room temperature.To this

suspemsion was added 4-(2-methoxyphenyl)piperazine(3.86g),and the mixture was refluxed for 22h.The reaction

mixture was evaporated umder reduced pressure,and the residue was extracted with 200ml of CHCl3.The extracts

were washed with water,dried over anhydrous MgSO4,and again evaporated to dryness under reduced pressure.The

residue was dissolved in 100ml of EtOH,and acidified with HCI gas-saturated EtOH solution,and evaporated to

(iryness-Recrystaiiization of the residue from EtOH gave VIc-3(2.51g,54%)as a white powder,mp229-232℃.

7-{3-[4-(293-Dimethylphenyl)-1-piperazinyl]propoxy}-2(1H)-quinolinone(VIc4)―A suspension of IVc(500g)

and Nal(540g)in 51 of CH3CN was refluxed for 4h,then triethyiamine(500ml)and 4-(2,3-dimethyi-

pheny1)piperazine(400g)were added.After being refluxed for 4h,the reaction mixture was poured into 101 0f

10% uaHCO3 solution with vigorous stirring,and extracted with 121 of CHCl3-MeOH(10:1).The extracts were

washed with water,and evaporated under reduced pressure,and the oily residue was crystaliized with the addition of

11 of iso-propyl ether The crude crystais were collected by filtration and dissolved in 120ml of CHCl3.This solution

was acidified with concentrated HC1,and evaporated under reduced pressure.The residue was suspemded in 11 of

acetone and stirred for 1h,and then fiitered off,washed with acetone,and dried.After being recrystaiiized from an

aqueous MeOH,Vic-4 hydrochloride was dissolved in 101 of 80% EtOH.The solution was poured into 0.25 N NaOH

solutiom(251)with vigorous stirrimg,and the precipitated crystals were collected by filtration,washed with water and

dried.Thus,VIc-4 was obtained as amorphous crystals(230g,76%),mp222.0-223℃.

Preparation of 1-Methyl-7-[3-(4-phenyl-1-piperazinyl)propoxy]-3,4-dibydro-2-(1H)-qninolinone(Vc-5)―uaH

60%,(0.6g)was added to a solution of Vc-1(3.65g)in 100ml of dimethylformamide(DMF)with stirring at room

temperature,and the suspension was stirred for 30min.Mel(1.40g)was then added,and the mixture was stirred for

2h.It poured into 300ml of water,and extracted with 200m1 of AcOEt.The extracts were washed with water,dried

over anhydrous MgSO4 and evaporated under reduced pressure.The residue was dissolved in 100ml of EtOH,

acidified with concentrated HC1,and evaporated to dryness under reduced pressure.Recrystallization of the residue

from EtOH gave Vc-5(1,71g,38%)as a white powder,mp204-207℃.

Bioloical Methods and Materials

Anilnals―,Male ICR mice(18.3g)purchased from Ciea Japan Inc.were fasted overnight(18-20h)and used

for experiments.

Chemicals―L-DOPA was obtained from Nakarai Chemical Co.,Ltd.Methamphetamine HCl and halo-

peridol were purchased from Dai-uippon Pharmaceutical Co.,Ltd.Chioropromazine HCl and epinephrine were

obtaimed from Yoshitomi Pharmaceutical Co.,Ltd.and Daiichi Pharmaceutical Co.,Ltd.respectively.

Anti-jumping Behayior Test―The experiment was performed according to the method of Lal et al.10)The test

compounds and reference drugs were orally administered to groups of 10mice.Methamphetamine HCl was injected

(4mg/kgi.p.)at 45 min after administration of the test compounds followed by L-DOPA injection of 400mg/kgi.p.

The mice were placed in 21 beakers,and jumping was counted for 50min starting 10min after the L-DOPA injection.

When the jumping count was less than 10 times during the 50min observation period,the animal was judged to be a

positive responder,and the ED50 value was calculated using Lichfield-Wilcoxon's method.17)

Anti-epinephrine Test―The test compounds and reference drugs were orally administered to groups of

10mice.Epinephrine was injected at 40mg/kgi.p.60min after administration of the test compounds or reference

drugs.The mice were immediately placed in animal cages(18×24×12cm)in groups of 10,and the 24h survival rate

was obtained in a soundproof room.Survivals were considered to be positive responders to the anti-epimephrine test,
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and the ED50 value was calculated uslng the Lichfieid-Wilcoxon method.

Anti-methamphetamine Group Toxicity Test―The experiment was performed according to the method of

Lagerspetz and Lagerspetz.18)The test compounds and reference drugs were administered to groups of 10mice.

Methamphetamine HCl was injected at 20mg/kgi.p.60min after administration of the test compounds and referemce

drugs.The mice were immediately placed in animal cages(16×i2×12cm)in groups of 10,and the 24h survival rate

was obtained in a soumd-proof room at 26-28℃.Survivors were considered to be positive responders to this test,

and the ED50 value was calculated using the Lichfield-Wilcoxon method.

Cataleptogenic Test―The test compounds and reference drugs were administered to groups of 10mice,and

induction of catalepsy was observed at 0,1,2,4,6 and 8h after administration.The animals were put in an unnatural

posture with their forelimbs on a vertical 6.5×10×0.2cm plate.When this posture was maintained for over 30

seconds,the amimal was judged to have catalepsy.The observation was repeated three times after each

administration.Animals that remained in the posture for less than 30sec in all three test were not considered to be

cataleptic.The ED50 value was calculated by the Lichfield-Wilcoxon method.

Assay of DOPAC Level in the Rat Bmin―Male Wistar rats weighing 170-200g(purchased from Clea Japan

Imc.)were fasted overmight(16-18h)and used in the experlmemt.The test compounds were administered to groups

of 3-5 rats at a dose indicated in Table IV befbre haloperidol treatmemt(0.1mg/kgi.p.).The rat head was exposed to

microwaves in a microwave oven(Toshiba TMW-6402 Type,3.5kW,i.5s)1h after haloperidol treatmemt and

immediately cooled in ice.The whole brain was removed and separated into the frontal cortex(FC),limbic forebrain

(LF)and striatum(ST)according to the methods of Glowiniski and Iversen19)and Blumberg et al.20)The tissue

weight were determimed,and the tissue was homogemized with 1N HCOOH comtaiming dihydroxy benzoic acid as the

intermal standard.The homogenate was centrifuged for 20min at 4℃(14000rpm),and 1ml of the supernatant was

extracted with 5ml of AcOEt.The extract was evaporated to dryness,and used for the DOPAC assay.The DOPAC

assay was carried out according to the method reported by Yasuda et al.21)The results are summarized in Table IV.
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