-1- NOVEL 3-(4-O0XO 4H CHROVEN 2-YL)-(111 QUI NOLI NE- 4- ONE DERI VATI VES,
METHOD FOR PREPARI NG SAME AND PHARMACEUTI CAL COVPGCSI TI ONS CONTAI NI NG SAME
The present invention relates to new

3- (4- oxo-4H chronmen-2-yl)-(1H)-qui nol i n-4-one conpounds, to a process for
their preparation, to pharmaceutical conpositions containing themand to
their use as anti-cancer agents. Anti-calcer therapeutic requirements call
for the condPdRt3-GEOXOHSIBRAMERL- Yhe(W eQTIINOLINFHONE DERINAEVES METHID ROR@RERARDNIS
obt ai ni ng nedi canent s S¢HEANE PEARNARHUTKAE 6QMPOSTHIONS CATAINIBGAAME bet t er

tol erated. Besides the fact that the conpounds of the invention are new,

t hey haveTherpreseat uayndiogntglates derorgw pt-Gpe¥e-fEschromen-Beylbhd haaolin-fropehave

a pro-apopt of i ffec j € i: i S . 1. ..
ccpr ose) o B, o3Ebroc] it HeSAREMAAL o BuiBRSTAe Rl BositR coliyiming |
on the othem arnd thdiheye Navd-cagceagyntof action with a | arge nunber of

cytostatic therapeutic agents wthout there being any additional
haemat ot oxi city or, in general, any signs of intolerance. As a result of

those propepti, e éﬁ&%)%ﬂ@&ﬂﬁ%ﬁxg%st(ﬁhqo} e Bhit d%caoﬁhgm o Rl AR RS

wel | - tolerated adjuvants t eraplies and, at the sane tine, agents
t hat sar e agepssbivithahe Bimnei ohitainivigngpediogmpmts |that gara girhhleaneb sy trgorefactihe and
chenot her api es when the latter are discontinued for various reasons:

i ntol er anl&égferfql?ﬁa?ﬂi ng a course of treatnent, discontinuation for reasons
of surgery etc.. By virtue of their properties, the conpounds of the
invention can be advantageously associated with all cytotoxic treatnents
cur r ent | yBesidasghe fast thet thepompotnds efthe iventagn s new, they thaveveryrvehehlsiang- t he
toxicity tuheoru%;g eg{gg t he various hornonal therapies ainmed at conbatting
cancers (tbPleas an prostate).

On the one hand, they have a pro-apoptotic effect, an efficacy which is independent of the
10 expression of p53, pRb and Bcl-2 and a marked anti-angiogenic effect and, on the other
hand, they have synergy of action with a large number of cytostatic therapeutic agents

without there being any additional haematotoxicity or, in general, any signs of intolerance.

As aresult of those properties, the compounds of the invention are highly efficacious, well-
tolerated adjuvants to chemotherapies and, at the same time, agents that are capable of
15 maintaining and prolonging the effects of those chemotherapies when the latter are
discontinued for‘ various reasons: intolerance, finishing a course of treatment,

discontinuation for reasons of surgery etc..

By virtue of their properties, the compounds of the invention can be advantageously
associated with all cytotoxic treatments currently in use as well as with radiotherapies
20 (without increasing the toxicity thereof) and the various hormonal therapies aimed at

combatting cancers (breast and prostate).

More specifically, the present invention relates to compounds of formula (I) :



More specifically, the present invention relates to conmpounds of fornula
(1) : wherein: Rl, R, R3, R4, R6, Rs, RO and R o, which may be the sane
or different, each represent a group selected from hydrogen, hydroxy,

| i near or branched 5 (Cc-(C6)al koxy, l|inear or branched (G -C6)al kyl,
-aryl al koxy in which the alkoxy group is linear or branched (Cl-C6),

al koxycar bonyl al koxy in which each of the al koxy groups is linear or
branched (Cl-C6), and OR wherein R represents an ionised or ionisable
group such as, for exanplerga pgpsphate group -PQ(OH) 2, a sulfate group
- S@BH, carboxyal kyl car bonyl'|¥n ich the alkyl group is linear or 10
branched (C1-C6), di aRky! | carbonyl in which each of the alkyl
groups is linear or bra ‘ akboxyal kyl am nocar bonyl in

whi ch the al kyl group ), @ represents a
p ; E%?, ary? and heteroaryl,

15 R7 represents a group en, hydroxy, |inear or
branched (Ct-C6)al koxy, |iTv Ok D £ )al kyl and
(C3-C7)cycloal kyl, or R7 represents a pnitrqgen-céntaining or
oxygen-containing heterocycle, to optiddl isyners thereof when they exist,
to addition salts thereof with a pharmaceutically acceptable acid and to
hydrat es and sol vates thereof. 20 Anong the pharnaceutically acceptable
acids there may be nentioned, without inplying any limtation,

hydr ochl 9eitici d, hydrobronic acid, sul phuric acid, phosphoric acid,
acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, nmalonic
acid, succinic acid, glutaric -3 acid, fumaric acid, tartaric acid, maleic
acid, citric Rgj ®;, BsCRy,hR¢ R iR), amok &ljg, owlaich dpay be the same or different, each

represent a group selected from hydrogen, hydroxy, linear or branched

5 (C1-Cg)alkoxy, linear or branched (C;-Cg)alkyl, arylalkoxy in which the alkoxy
group is linear or branched (C;-Cs), alkoxycarbonylalkoxy in which each of the
alkoxy groups is linear or branched (C;-Cs), and OR' wherein R' represents an
ionised or ionisable group such as, for example, a phosphate group —PO(OH),, a
sulfate group —SOsH, carboxyalkylcarbonyl in which the alkyl group is linear or

10 branched (C;-Cs), dialkylaminoalkylcarbonyl in which each of the alkyl groups is
linear or branched (C;-Cs), or carboxyalkylaminocarbonyl in which the alkyl group
is linear or branched (C;-Cg),

e Rs represents a group selected from linear or branched (C;-Ce)alkyl, aryl and
heteroaryl,

15 e R; represents a group selected from hydrogen, hydroxy, linear or branched
(Ci-Cg)alkoxy, linear or branched (C;-Cs)alkyl and (Cs-C7)cycloalkyl, or Rj

represents a nitrogen-containing or oxygen-containing heterocycle,

to optical isomers thereof when they exist, to addition salts thereof with a pharmaceutically

acceptable acid and to hydrates and solvates thereof.

20 Among the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid, acetic

acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid, glutaric



met hanesul phoni ¢ aci d, benzenesul phonic acid, canphoric acid. An aryl group
is understood to be phenyl, biphenylyl, naphthyl or tetrahydronaphthyl,
each of those groups being optionally substituted by one or nore identical
or different atons or 5 groups selected from hal ogen atons and | i near or
-branched (d -C6)al kyl groups, hydroxy groups, linear or branched

(G -Co6)al koxy groups, linear or branched-(d -C6)pol yhal oal kyl groups,

am no groups (optionally substituted by one or two |linear or branched

(G -Co)al p - U =2) y o] g S

het er oar a:éydgr%lg{a%#sgc)&crlfder s[" l(g)’ogﬁcla&g%'gfd(’:{%tg% Qélgn%%?e J:g;irgé{)(}j 6%0?1‘”@ t her
is 10 mnmahyosulpharid acidpbaizenesalphbsiclicily campghotictaoidat | east one of the
rings being of aromatic character and which contains one, two or three
hetero atons sel ected from oxygen, nitrogen and sul phur, it being

under st 0?%1 5{;@%, qu Gﬁde? t0&d ¥ begl%l%‘#gl,o e}?ﬁypHEIB}RHQUrYeJraTl?’H%h}E}T{Bﬁd ey one

mor e erent groups ‘selecte ogen atons
and | i neaf tlmsetgrwpslbedmg(@tioﬁ&l)l)ablﬁgstiumbhjpene bty:domaylergroahprsdlﬂferameauonmror

S A o B R R PR

branched ge&ipsClihér k¥ lbricREPEQ - cé)mmg{ tohups NipteRF Qﬁbﬂéhcl%d%éﬂscﬁf)ﬁtﬁ?ﬁﬂmylbe

menti one W|thout inplying a limtation, thi enéIll pg
pyrrolyl grmudeazmowoumAapmr;aﬂly Silbsmatzélbylone phiveey bispr or @@@hﬁda@miqﬁ alkyl

qui nol ylI , ro¥1| ﬁ{éy%gfkgie%&lg%xgl%eﬁs 020 A ni trogen-contai ni ng

heterocytﬁre | unsaturated, 5- to
7- menber ed m)nocycl | c group containing a nitrogen atom and opti onal |y
substituted by one or pore groe(ﬁ)s sel ected from hydroxy, |inear or

br anched 4 dyetergary] geoup, 15 ppdeastogy tohesActretp (lémeﬂi’ﬁl)e&?‘kﬂoul—"amd’( eifhargisal kyl
IChIltl k€+1Kyhnerfoﬂ{ach'g§1E'H?@}%ﬁlc%lﬂp meqm OoelgI dglofRbdldty! 10

WhIC the a nolety I1s |inear or brancﬁed an in whic e 25 am no
group i s chptactenaindywhichstantaine dnby tweeorothreenbeteion atomsoselentedh dhvanl oxygen,
(c-06) a|n|1(1¥c|)gen and sulphur, it being understood that the heteroaryl group may be optionally
substituted by one or more identical or different atoms or groups selected from halogen
atoms and linear or branched (C;-C¢)alkyl groups, hydroxy groups, linear or branched
15 (C1-Ceg)alkoxy groups, linear or branched (C;-Cg)polyhaloalkyl groups and amino groups
(optionally substituted by one or two linear or branched (C;-Cg)alkyl groups). Among the
heteroaryl groups there may be mentioned, without implying any limitation, thienyl,
pyridyl, furyl, pyrrolyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl, isothiazolyl, quinolyl,

isoquinolyl and pyrimidinyl groups.

20 A nitrogen-containing heterocycle is understood to mean a saturated or unsaturated, 5- to
7-membered monocyclic group containing a nitrogen atom and optionally substituted by
one or more groups selected from hydroxy, linear or branched (C,-Cg)alkoxy, linear or
branched (C;-Ce)alkyl, aryl-(C;-Ce)alkyl in which the alkyl moiety is linear or branched
and amino-(C;-Cg)alkyl in which the alkyl moiety is linear or branched and in which the

25 amino group is optionally substituted by one or two linear or branched (C;-Cg)alkyl
groups.

Nitrogen-containing heterocycles to which preference is given are optionally substituted

piperidyl and tetrahydropyridyl groups.

et et e et eom——— e




groups. Nitrogen-containing heterocycles to which preference is given are
"optionally substituted piperidyl and tetrahydropyridyl groups. An
oxygen-cont ai ni ng heterocycle is understood to nean a saturated or
unsaturated, 5- to 7-nenbered nonocyclic group containing an oxygen atom
-and optionally substituted by one or nore groups sel ected from hydroxy,

| i near or branched (d -C6)al koxy, linear- or branched (G -C6)al kyl,
aryl-(Cr-C6)al kyl in which the alkyl nmoiety is linear or branched 5 and

am no- ( CJAn #&&%nthlﬂlﬁgﬁ&é}g%%% g% {fry dettoyméa% Jl Eeﬂﬁl%'fedoér Mﬁtﬂ&{?&f’ Sa%i AL

whi ch t he rou stltuted one or two [iAear or
br anched7{ntémlsb¢donbe yalic agrpep céﬂitamm@m a@%MSatmmdtopDibnaltgesﬂbsu&md by
rel ates to conpounds of fornu wherei n RS epresen n aryl group.
to Anot h&Re gH{aie ﬁ‘é‘tﬁﬁsselﬁ Jffmaf hydsg, ipet PEhranghest g ?Eéa@@‘ﬁboltﬂ?d% opf
formil a @321% ce'@ alRy1, LRANES! @l?aiky:‘l lhwlag% akglor r?ui%’t‘gﬁshﬁﬁea?%\‘%‘i‘é&ﬂ@@us

aspect o ven Ion relates to ‘conpounds of wherei n
r episesenarsd anmmp(l(i 160aalkyl mukichttik elltyhimorety enlineanoa brannged"l atcbnnwyrchehe

Preference.is ven to. coppounds of formula wher ei r
pheny! gFOlY gD RSPl SUBSREEL D GF sh et hibor Breogped FeoEaats! °
, 2, 3, 6- Rghydro 4-pyridyl group. Anong the preferred conpounds of the

|nvent|on there may be nentioned, nore especially : -
3- (5- hydr oxy- 4- oxo- 4H 1- benzopyr an-2-yl ) - - phenyl -1 H qui nol i n- 4-one, -

3[57d|rreth 1- hyl,- L . O- hy. { didne=4-yl)~4-0x0o- 1- 20
0oL AT T e L BBt ol i
3- (5, 7- dicdpysdemy yin 4rydxfouptt | - benzopyr an- 2-yl ) - 1- phenyl - | H 1, 4- di hydr oqui nol
n_

10 Another advantageous aspect of the invention relates to compounds of formula (I) wherein

R; represents a hydrogen atom.

Another advantageous aspect of the invention relates to compounds of formula (I) wherein

R represents an optionally substituted nitrogen-containing heterocycle.

Preference is given to compounds of formula (I) wherein Rs represents a phenyl group and

15 R; represents a hydrogen atom or a substituted 1,2,3,6-tetrahydro-4-pyridyl group.

Among the preferred compounds of the invention there may be mentioned, more

especially :

- 3-(5-hydroxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-1H-quinolin-4-one,
- 3-[5,7-dimethoxy-8-(1-methyl-1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-4 H-1-
20 benzopyran-2-yl]-1-phenyl-1H-1,4-dihydroquinolin-4-one,
- 3-(5,7-dihydroxy-4-oxo0-4H-1-benzopyran-2-yl)-1-phenyl-1H-1,4-dihydroquinolin-
4-one
- and 3-[5,7-dihydroxy-8-(1-methyl-1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-4H-1-
benzopyran-2-yl}-1-phenyl-1H-1,4-dihydroquinolin-4-one.




4-one - and
"3-[5, 7-di hydroxy-8-(1-nethyl -1, 2,5, 6-tetrahydropyridin-4-yl)-4-o0xo0-4H 1-
benzopyran-2-yl]-1-phenyl -1 H 1, 4-di hydr oqui nol i n-4-one. The invention
relates also to a process for the preparation of conpounds of forrmula (I),
~which process is characterised in that a conpound of forrmula (I1) : RS5HN
wherein R, R2, R3, R4 and R5 are as def-ined for formula (1), 5 is reacted
wi t h diethyl ethoxynethyl enenal onate to yield the conpound of formula (111)
R Et Q2C wherej.-n. R : def i [ nd Et
represen seg§m§P%§Fé§$§%§?R§ﬁ}gécggdggikfégﬁ u% ePkggﬁﬁgg%ﬁ |tﬁ%ﬁgﬁég’yield
t he conpatiitth PbcekOTsrohbmmcterivgd in thit@@donippuni of GormuRI(I)R2, R3, R4 and R5 and
Et are as defined hereinbefore, which is hydrolysed to yield the conpound
of fornmula (V) : HO2C wherein RI, R2, R3, R4 and R5 are as defined
herei nbefore, which is converted bygthe action of thionyl chloride into an
acid chloride, which is then 5 rea¢fed with the conpound of fornula (V) :
M, wherein R7, R3, RO and Ri o are jned for formula (1), to yield the
conmpound of fornmula (VI1) )

R;HN R,
R4

wherein Ry, R, R3, R4 and R; are as defined for formula (1),

5 1s reacted with diethyl ethoxymethylenemalonate to yield the compound of formula (III) :

COo,
EtOzC\Q
N
|

R

R,
Et
R,
(I,
R;
5 R,

wherein Ry, R, R3, R4 and Rj are as defined hereinbefore and Et represents an ethyl

group,

which is cyclised under acid conditions to yield the compound of formula (IV) :

0 R,
EtO,C R,
| (IV),
VYR
10 R5 R4

wherein R;, Ry, R3, R4 and Rs and Et are as defined hereinbefore,




10 wherein R, R2, R3, R4, R5, R6, R7, Rg, RO and Rio are as defined
“hereinbefore, -7 which is subjected to the action of a base to yield the
conmpound of formula (VIIl) : (VIIl), wherein Rl, R2, R3, R4, R5, R6, R7,
R8, RO and RIO are as defined hereinbefore, O and J indicates that the
-conmpound i s obtained, depending on the nolecules 5 involved, in the form of
a keto-enol mxture, which is then subjeécted to acid conditions to yield

t he conpound of fornula (1), which is purified, if necessary, according to

2 conventnalk iDHlolidka s 1180 heChAbOS: o ikille (), separated. 1T necessary,

into its optical 1soners’accor to a conve onal separation technique
and which is converted, if desired, intoits addition salts with a
pharnmaceutically 10 acceptable acid. Conmpounds of formula (1) wherein one
or more of the substituents R tJdR4 dhd R6 to Rio represent(s) a hydroxy
group may al so be obtai nggobg_cl gavi ng.conpounds of formula (1) wherein
the correspondi ng substi tueﬁt( ¥ eSe t(§) a linear or branched

(G -0C6)al koxy group. 15 Conpo |f fofmula (1) wlgrein one or nore of
the substitutents R to R4 and Rgt0™~RFO “gepresent(s) an

al koxycar bonyl al koxy, aryl al koxy jor OR grodp nmay al so be obtai ned
starting from conpounds of fornulRy (I Rwherein the correspondi ng
substituent(s) represent(s) a hydroxy group. Besides the fact that they
are new, the conpounds of the present invention have very 20 val uable

antl-tunourw?lgl%r?f{tl 2?R3’%k£ngq{5tarrleeg; éﬁn%a%e}e?nbtego?e’treat nment of cancers. -8

which is converted by the action of thionyl chloride into an acid chloride, which is then

5 reacted with the compound of formula (VI) :
Ro ©O
R
° CH,
V1),
R; OH
R

wherein R, Rg, Ry and R are as defined for formula (1),

to yield the compound of formula (VII) :

0 R,
I:\)2
(v,
YR
R, R,

10 wherein Ry, Ry, R3, R4, Rs, R, R7, Rg, Rg and Ry are as defined hereinbefore,




Anong the types of cancer that may be treated by the conpounds of the
"present invention, there may be nentioned, w thout inplying any
limtation, adenocarci nonas, carcinomas, sarcomas, gliomas and | eukaeni as.
They may al so be used in therapeutic association with another anti-cancer
.agent such as, for exanple, paclitaxel, tanoxifen and its derivatives,
cisplatin and its anal ogues, irinotecan and its netabolites, the various
al kyl ati ng agents, the | eading exanple of which is cyclophospham de,
et oposi de, the vinca al kal oi ds, doxorubicin and ot her anthracyclines, 5
and the nitrosoureas. The invention relates also to pharnaceuti cal
conposi t vaikh i SitREdted phasctistt o fuebdse gy gdidahé corpodndaifommnga ¢vlipaund of
formula (1) together with one or nore appropriate, inert, non- toxic
exci pi ents. Anong the pharmaceutical conpositions according to the
invention there my bngentkpnedcﬁDreoequQiaIIy those that are suitable
for oral, parenteral (int'Pavenous,] 10 [jntrapuscul ar or sub-cutaneous) or
nasal adm ni strat ify 2 S | iyual tablets, capsules,
| ozenges, suppositori ¢ ¢rmal gels, injectable
preparations, drinkab usef ul dos@ii),can be adapt ed
€ ftheRadm ni stration route, the
age and wei ght of the patient and any Aassoclated treatnents and 15 ranges
from0.5 ng to 2 g per hours in one™er Mdre adm nistrations. The
followi ng Exanples illustrate the invention but do not Iimt it in any way.
The starting materials used are known products or are prepared according to
known p qP%e hey, shr ugct wr f Yaes ol in the
Exanples&a%%e B?%F%%ﬁgdkagg%ﬁaﬁﬁbﬁ'Sﬁ@gﬁﬁ?ﬁgpusuaﬂqggggkgggbtric
techni ques (infmared, NMR mass spectronmetry). EXAVPLE |

3-(7- et 21(1)&( y-_f/ipx%(ﬁ!:ttg's: t?xgtntﬁg F():XII;I%QI-IIIZJ %lo%)t-ai[rfeﬁ,h gerfj\éll&ilnlg_L orji ’tléxle- molecules

J ODH he di SoNd

5 involved, in the form of a keto-enol mixture,

which is then subjected to acid conditions to yield the compound of formula (I), which is
purified, if necessary, according to a conventional purification technique, which is
separated, if necessary, into its optical isomers according to a conventional separation
technique and which is converted, if desired, into its addition salts with a pharmaceutically

10 acceptable acid.

Compounds of formula (I) wherein one or more of the substituents R; to Ry and R to Ry
represent(s) a hydroxy group may also be obtained by cleaving compounds of formula (I)

wherein the corresponding substituent(s) represent(s) a linear or branched (C;-C¢)alkoxy

group.

15 Compounds of formula (I) wherein one or more of the substitutents R; to R4 and Rg to Ry
represent(s) an alkoxycarbonylalkoxy, arylalkoxy or OR' group may also be obtained
starting from compounds of formula (I) wherein the corresponding substituent(s)

represent(s) a hydroxy group.

Besides the fact that they are new, the compounds of the present invention have very

20 valuable anti-tumour properties, making them of use in the treatment of cancers.




di hydroqui nol i n-4-one : StepAA : Diethyl N Ndiphenyl am nonet hyl enenal onat e
: 10 mmol of diethyl ethoxynethyl enemal onate are added to 10 mmol of

di phenyl amne and 5 the mixture is then heated at 140-150C for 5 hours.
After returning to anbient tenperature, the solid that is fornmed is rinsed
with 100 nL of diethyl ether and recrystallised fromhexane to yield the
expect ed product in the formof a browagsolid. Melting point :146-148C. M5
(BEl', mMz) :339.9(Mt+"). 10 Sl-e_" : Ethyl

4- oxo- 1pheny|-|H—1 4- di hydr oqui nol i ne- 3- carboxyl ate : 13.3 g of

pol yphosphoric acid are added to 10 mml of the conmpound obtained in the
previ ous Aﬁheﬂ% thERGpes oftddheer (Mdiinedy gy @elite by tHeawaipoands ¢fithél presént ifnvdntibeat ed
at 150-160C for 45 mnutes and is then cogled to 90C. After hydrolysis,

t he ni xt dhereimaybe meafipaedy withouh gmplying, agydimyation, jagenacarojaspas, Cyrmgmas,

isolatio 15 IR (NaCl plates, cm) : 1733 (vC=0,
1610 (vcr}ﬁﬁc%n'%%’gi%ﬁ/égﬁj?&'g‘gg‘ﬁ%v'c- H(ar)). MS (ElI, miz) : 293.3 (M). to :
4- Oxo- | phenyl -] H 1, 4-di hydr oqui nol i ne-3-carboxylic acid : To 10 mmol of the

conpound gbtained in the previous Step,. dissalved in nethanol, there are
added 38 THeYGRaY, MSReISed iy sttt asPRialon SHUAOURE anfisantrs FEpRi-Eh 25¢

reflux ofg I% léf‘gﬁ%"l’i'i'ﬁlel I 2imokiefl OMI i r‘ﬁeﬂ'nh.@ivé@I 81@%!%1'1 Sarfd¢8 & xgﬂp%ﬁg In

vacuo. vater to the residue obtained aind the mixture is then
neutral i sndommmrﬁl\tltd—mbtabolhtas itbe varidus ajjrydatingodgeuts, thiotleddimegieiasnphashiwtiioi t h

t d then dried t | d, t t ed duct . .Mel ti int .
0 b1 e pisTonisspimios) osbsbis. I iAo Rl Bpd o BRhlbustines, .45
(VC), ada 1eO8itrovSurédsar ) ) .

The invention relates also to pharmaceutical compositions comprising as active ingredient
at least one compound of formula (I) together with one or more appropriate, inert, non-
toxic excipients. Among the pharmaceutical compositions according to the invention there
may be mentioned more especially those that are suitable for oral, parenteral (intravenous,
10 intramuscular or sub-cutaneous) or nasal administration, tablets or dragées, sublingual
tablets, capsules, lozenges, suppositories, creams, ointments, dermal gels, injectable

preparations, drinkable suspensions etc..

The useful dosage can be adapted to the nature and severity of the disorder, the

administration route, the age and weight of the patient and any associated treatments and
15 ranges from 0.5 mg to 2 g per 24 hours in one or more administrations.

The following Examples illustrate the invention but do not limit it in any way.

The starting materials used are known products or are prepared according to known

procedures.

The structures of the compounds described in the Examples were determined according to

20 the usual spectrometric techniques (infrared, NMR, mass spectrometry).



M (BEI, mz) : 265.3 (M). -10 to D : (2-Acetyl-5-nmethoxy)phenyl

“4- oxo- 1phenyl -1 H 1, 4- di hydr oqui nol i ne- 3- carboxylate: 10 mmol of the
conpound obtained in the previous Step are added to 20 mmol of thionyl
chloride dissolved in dichloroethane. The reaction m xture is heated at
.reflux of the solvent 5 for 2 hours and is then concentrated in vacuo, and
the excess thionyl chloride is renoved-9by distillation in vacuo with
entrai nment with dichl oroet hane, repeat ed several tinmes. The acid chloride

t her eby Whi,t i Pﬂq mol  of
COMMET Ci m—é 3Zﬁm&* #1 é’é“éé eﬂgﬁgz‘ﬁ]r;’?“ P%i p‘?ﬂﬁ r & Af ter
stirring for 12 houushyﬂidqmmnnmené at nosphere at anbl ent terrperat ur e,

the reaction mxture is purified 10 by chronmat ography on a silica colum
(el uant : CHZCI 2/ MeCH : 95/5) to yield the expected product in the form of

?JCIXIgl)l,O\%gg 0 éi%%@%@%ﬁ””‘%’ééﬁ@é’%”ﬁ%%@’ Cm)(éa| i???oéﬁyc’fmz)

413.4 (M+ ). 15 SteDP2:

é 3-(2 dr ox t ho henyl ) -1, 3- di oxopr. 1 -1 enyl -

i hyas oqubABetA TR Sl 3 BATREP S o Lo b Amint dha

te”%erat \‘ff]eermx:{-@reWen(%atQ@Blamm°%¥5hgﬁ%aﬂﬁéﬁ%&rﬁhg tcﬂnﬁlﬁeﬁt added to 10
of the conmpound obtained in the previous Step, issolved in a mxture

of d| met mpematnmmoaddhatea foamyd rsofinged with3)078Y. of Tigthyl ether ansh 20 i xt ure

d f d f f
at oc | conpariieg Ton hefieo Tt dER APMET bt SR o bRl o

obt ai nedMest,,fgégszefed105.f148°@| nsed wi th copi ous anmounts of water and then

dried. The solid _obtai ned i,s purified by
MS (EI,m/z) . 339.9 (M").

10 Step B :  Ethyl 4-oxo-1-phenyl-1H-1,4-dihydroquinoline-3-carboxylate :

13.3 g of polyphosphoric acid are added to 10 mmol of the compound obtained in the
previous Step. The mixture (which gradually becomes liquid) is then heated at 150-160°C
for 45 minutes and is then cooled to 90°C. After hydrolysis, the mixture is neutralised
using 10 % NaOH solution to yield, after isolation, the expected product.

15 IR (NaCl plates, cm'l) : 1733 (vC=0), 1610 (vC=C), 1645 (vC=0), 690 (vC-H(ar)).
MS (EI, m/z) : 293.3 (M™).

Step C : 4-Oxo-1-phenyl-1H-1,4-dihydrogquinoline-3-carboxylic acid :

To 10 mmol of the compound obtained in the previous Step, dissolved in methanol, there
are added 38 mL of 2M NaOH solution. The reaction mixture is then heated at reflux of the
20 methanol for 10 hours and the solvent is then removed in vacuo. Water is added to the
residue obtained and the mixture is then neutralised with 4M HCI solution. The grey solid
obtained is washed with water and then dried to yield the expected product.
Melting point :  210-213°C.
IR (KBr,cm™) : 3320 (vOH(acid)), 1733 (vC=0), 1610 (vC=C), 1645 (vC=0),
25 690 (vC-H(ar)).
MS (EI, m/z) : 2653 (M").




chromat ography on a silica colum (eluant : CH2Cl12) to yield the expected
‘product in the formof a keto-enol mxture, 25 Melting point : 228-230C
-11 to F. 3-(7-Methoxy-4-oxo-4H 1- benzopyran-2yl)-1 phenyl-I1H1,

4-di hydroqui nolin- 4-one : To 10 mml of the conmpound obtained in the
previous Step, dissolved in 25 nL of glacial acetic acid, there are slowy
added 25 nL of a solution of acetic aciid-containing 20 %5 sul phuric acid.
A yellow precipitate is formed. After 2 hours 30 m nutes at anbient
tenperature, the mxture is poured into iced water (4C). The insoluble
material is filtered off and rinsed with copious anbunts of water to yield
t he expect ed spoguct (2-nicklye simarhogiphenyhbie 1 pheser H-Neldibydsopansline-3-297C.
10 IR (cm 1) : 2825 (vOCH3), 1750 (vC=0O, 1675 (vC=0O, 1570-1590 (vCGO).

M5 (el ectrospray, ni £rboxggez1 (M+' ). El enental mnicroanalysis @ % %1 %\
Cal culated : 72.63 4.63 3.39 15 Found 72.46 4.57 3.27 EXAVPLE 2:
3-(7-Hydroxy- 4- oxo- 4H 1- benzopyran-2-yl)-1-phenyl -1 H qui nolin-4 one : 10
mmol  of tibenmehpbibedonfpoimdinplamed intle prddeds Stept dre addadrtorty, mured ef tldonylner t

at nosphere, and protected from.li , to 500 mmol . of enol dissolved in 214
L of 20 Chlpade ghmmelvat vmglegl?r%@aggth&regﬁmmw@ ishralodcHl Es tferlaBrEO v ect | on
m xtyre it 3 B6fksHati€then concentrated in vacuo, and the excess thionyl chloride is removed

by distillation in vacuo with entrainment with dichloroethane, repeated several times.

The acid chloride thereby obtained (white solid) is added in small portions to 6.7 mmol of

commercial 2-hydroxy-4-methoxyacetophenone dissolved in pyridine. After stirring for

12 hours under an inert atmosphere at ambient temperature, the reaction mixture is purified
10 by chromatography on a silica column (eluant: CH,Cl,/MeOH : 95/5) to yield the

expected product in the form of a yellow powder.

Melting point : 137-139°C.

IR (KBr, cm™) : 2865 (vCH of OCHs), 1740 (vC=0), 1655 (vC=0), 1590-1575 (vC=C).

MS (electrospray, m/z ) : 413.4 (M™).

15 Step E :  3-[3-(2-Hydroxy-4-methoxyphenyl)-1,3-dioxoprop-1-yl]-1H-1-phenyl-1,4-

dihydroquinolin-4-one :

Under an inert atmosphere and at ambient temperature, 12 mmol of potassium tert-
butanolate are slowly added to 10 mmol of the compound obtained in the previous Step,
dissolved in a mixture of dimethylformamide and tetrahydrofuran (35/75). The reaction

20 mixture is stirred for 2 hours and is then poured into a solution of 55 mL of water at 0°C
containing 1.3 mL of 10 % hydrochloric acid. The precipitate obtained is filtered off,
rinsed with copious amounts of water and then dried. The solid obtained is purified by
chromatography on a silica column (eluant : CH,Cl,) to yield the expected product in the
form of a keto-enol mixture.

25 Melting point : 228-230°C.




at 160C for 15 hours. The initially yellow solution turns orange. After
‘returning to anbient tenperature, the solution is poured onto ice, and the
precipitate obtained is rinsed with water and then with diethyl ether in
order to renove the residual phenol, yielding, after recrystallisation,

t he expected product in the formof a yellow powder. 25 Melting point

295- 300C (acetone) IR (cm 1) : 3280 (vQ@i), 1770 (vC=O, 1655 (vC=0O,
1570-1590 (vC=C). Ms (electrospray, nmz) : 381.1 (M). - 12 El enental

5 55 5 DRELE 31 AR B Y Sizop S S Foqdanl, )

di hydr oqui nol i n-#eomenre : The expected product is obtained according to the
procedure described in Exanple 1 but replacing, in Step D, the
2- hydr oxy- 4- met hoxyacet ophenone by 2-hydroxy-5-nmet hoxy- acet ophenone. 10

1570- 1960 (BN O i tcithn SRR E Bievioh epl it od i fidoial
m cr oanalayaticsacid,GhweHaro Sibwikbaddetl AN atledf a 33lubidn bfG8etic 3&dFamtadning 20.%4
4. 465 3. 3%ulphuric acid. A yellow precipitate is formed. After 2 hours 30 minutes at ambient
temperature, the mixture is poured into iced water (4°C). The insoluble material is filtered
off and rinsed with copious amounts of water to yield the expected product in the form of a
white powder.
Melting point : 297°C.
10 IR (cm™) : 2825 (vOCH3), 1750 (vC=0), 1675 (vC=0), 1570-1590 (vC=C).
MS (electrospray, m/z ) : 396.1 (M™).

Elemental microanalysis :

% C % H %N
Calculated : 72.63 4.63 3.39
15 Found 72.46 4.57 3.27

EXAMPLE 2 : 3-(7-Hydroxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-1H-quinolin-4-

one :

10 mmol of the compound of Example 1 are added, with stirring, under an inert
atmosphere and protected from light, to 500 mmol of phenol dissolved in 214 mL of
20 hydriodic acid (57 % aqueous solution). The heterogeneous reaction mixture is then heated
at 160°C for 15 hours. The initially yellow solution turns orange. After returning to
ambient temperature, the solution is poured onto ice, and the precipitate obtained is rinsed
with water and then with diethyl ether in order to remove the residual phenol, yielding,
after recrystallisation, the expected product in the form of a yellow powder.
25 Melting point : 295-300°C (acetone)
IR (cm™) : 3280 (VvOH), 1770 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).
MS (electrospray, m/z ) : 381.1 (M™).




EXAMPLE 4 : 3-(5- Met boxy- 4-o0xo0-4H-1-benzopyran-2-yl)-i-phenyl-1H-1,4-

“di hydroqui noli n-4-one : The expected product is obtained according to the
procedure described in Exanple 1 but 20 replacing, in Step D, the

2- hydr oxy- 4- met hoxyacet ophenone by 2-hydroxy- 6- net hoxy- acet ophenone.

Mel tingpoint :271C. IR (cm) : 2830 (vOCH3), 1744 (vC=0O, 1655 (vC=0O,
1570- 1590 (vC=C). M5 (electrospray, miz) : 3961 (Mt). 25 El enental
mcroanalysis : % %1 %9 Calculated : 72.63 4.63 3.39 Found : 72.46 4.57

3.27 -13 EXAMPLE 5: Tusis. -
3-(5, 7- AL "1- benzopyr an- 2-yl ) - 1- phenyl - 1H 1, 4-

di hydroqui notin-4-one : Step A4C2, 4- Dioggy hoxy- 84hydr oxyacet ophenone : 14.5
mol of K2CO3 are added, all at once, to 10 nmol of phl oroacet ophenone 5
nonohydr at e diCedwlared: i n acet dR€.” Under#4h inert3 &t nosphere, 20 mmol of

di met hyl sul phate.are then ad ver a,period 0 mnutes and the
reaction m xt E{rggmli‘s heat ed at %r%gﬁ ux o'?fhe ac?’g%ﬁe for 12 hours. After
returning to anbient tenperature, the mxture is poured into water to

yield a white suspension which is then filtered. The mhitehpomder obt ai ned
i s Washe E&MB!@_S e A-(GMethoxy4-pxaAHr 1-benzopyRamd Y- brphey il Hided-e xpect ed

B (5. 7 i mot hoxy- 4- ot abpuisaHacebne 0= oIy 1 phenyl -1 b1, 4-
The expected product is obtained according to the procedure described in Example 1 but
replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by 2-hydroxy-5-methoxy-
acetophenone.
10 Melting point : 265°C.
IR (cm™) : 2830 (vVOCH3), 1740 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).
MS (electrospray, m/z ) : 396.1 (M™).

Elemental microanalysis :

% C % H %N
15 Calculated : 72.63 4.63 3.39
Found : 72.74 4.46 3.36

EXAMPLE 4: 3-(5-Methoxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-14-1,4-
dihydroquinolin-4-one :

The expected product is obtained according to the procedure described in Example 1 but
20 replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by 2-hydroxy-6-methoxy-

acetophenone.

Melting point : 271°C.

IR (cm™) : 2830 (VOCH3), 1744 (VC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 3961 (M™).

25 Elemental microanalysis :

% C % H %N
Calculated : 72.63 4.63 3.39
Found : 72.46 4.57 3.27




di hydroqui nol i n-4-one: The expected product is obtained according to the
procedure described in Exanple 1 but replacing, in Step D, the

2- hydr oxy- 4- net hoxyacet ophenone by the conpound obtained in 15 Step A
above. Melting point : 282C. IR (cm) : 2825 (vOCH3), 1744 (vC0), 1655
(vC=0O, 1570-1590 (vC=C). WMs (electrospray, mz) : 425.45 (Mm+). El enental
m croanal ysis : 20 % %1 %\ Cal cul ated3: 70.42 4.77 3.16 Found : 70.33
4.76 3.26 EXAVPLE 6:

3- (5- Hydr oxy- 4- oxo- 4H 1- benzopyr an- 2-yl ) - 1- phenyl -1 H quinolin-4 one : 25
The expected product is obtained according to the procedure described in
Exanpl e EXABIFIE 519 3f(69ﬂth@th©QY4ﬂmd4ﬂ-fl—Eempbﬁnﬂz-yl)lﬂpﬁed‘ﬁllﬂ-ﬂg-pOi nt :
>300C (acetone) TR (cm1): 3200 (vOH), 1770 (vC=0), 1635 (vC=0), 1570-1590
(vC=C). M5 (el ectrodihydroquinslin-4-ae1: 1 (W. Elenental microanalysis : %C
%1 %N Calculated : 72.17 4.29 3.51

Step A : 2,4-Dimethoxy-6-hydroxyacetophenone :

14.5 mmol of K,CO; are added, all at once, to 10 mmol of phloroacetophenone
5 monohydrate dissolved in acetone. Under an inert atmosphere, 20 mmol of dimethyl
sulphate are then added over a period of 30 minutes and the reaction mixture is heated at
reflux of the acetone for 12 hours. After returning to ambient temperature, the mixture is
poured into water to yield a white suspension which is then filtered. The white powder
obtained is washed and is then recrystallised from methanol to yield the expected product.

10 Melting point : 80-81°C (methanol).

Step B : 3-(5,7-Dimethoxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-1H-1,4-
dihydroquinolin-4-one :

The expected product is obtained according to the procedure described in Example 1 but

replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by the compound obtained in
15 Step A above.

Melting point : 282°C.

IR (cm™) : 2825 (vOCH3), 1744 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 425.45 (M").

Elemental microanalysis :

20 % C % H %N
Calculated : 70.42 4.77 3.16
Found : 70.33 4.76 3.26

EXAMPLE 6: 3-(5-Hydroxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-1 H-quinolin-4-

one :

25 The expected product is obtained according to the procedure described in Example 2,

starting from the compound of Example 4.




Found : 72.33 4.40 3.65 EXAMPLE 7:

"3- (5- Hydr oxy- 7- met hoxy- 4- oxo- 4H 1- benzopyr an- 2-yl ) - 1- phenyl - | H

qui nolin-4-one : 10 11 nmol of BBr3 (as a 1M solution in dichloronethane)
are added over 15 minutes, under an inert atnosphere and protected from
Jlight, to 10 mmol of the conpound of Exanple 5 as a suspension in

di chl oronet hane, resulting in the formagion of a yellow precipitate. The
reaction mxture is stirred vigorously at ambient tenperature for 6 hours
and is t .cool.e oQC, Fthanol is then added and the solution is
concent r €44 mnﬂéﬁ%g(gﬁ%mgggfdue 15 obtained is then poured into an

aqueous M&Qﬂg' 13208 9V OH) 01770%0C34D) ared 5 {(HE=0),X15004 58 (vdHap). Vi gorously
stirred for 10 mnutes. The precipitate obtained is filtered off and rinsed
with wats (elegttosprayy mizDh 381 8tV et her to yield, after recrystallisation,

t he expected ‘{oqug} L Sthe formof a beige powder. Melting point :
295- 296 —%%ggzéﬁ%$—§éi&§—(cn}l) : 3224 (vOH), 1780 (vC=0O, 1655 (vC=0,
157@- 1590 (vC=Q M5 (electrosgr@ay, mzyH 411. 44N W). El enental
m croanalysis : % %1 %\ Calculated : 72.99 4.16 3.40 25 Found : 72.70
4.10 3. 45 EXAfp{amlaged : 72.17 4.29 3.51
3-(4- Oxo-4H 1 opyran- 2-yl phenyl qui nal ¢n-4-one : The expected
product is ob al%pn‘é'd accordi ng)7%'§3t he pr%{:de_tjure 'edsjgri bed in Exanple 1 but
replacing, in Step D, the 2-hydroxy-4-nethoxyacet ophenone by acet ophenone.
-1 It % ;2 i : .327-328C.

> M EBI d CI)JEnII: 3-?(5-H3§dr%gy-7-methoxy-4-oxo—4H-1-benzopyran-z-yl)-l-phenyl—lH-

quinolin-4-one :

10 11 mmol of BBr; (as a 1M solution in dichloromethane) are added over 15 minutes, under
an inert atmosphere and protected from light, to 10 mmol of the compound of Example 5
as a suspension in dichloromethane, resulting in the formation of a yellow precipitate. The
reaction mixture is stirred vigorously at ambient temperature for 6 hours and is then cooled
to 0°C. Ethanol is then added and the solution is concentrated in vacuo. The residue

15 obtained is then poured into an aqueous alcoholic solution (50 %) and the mixture is then
vigorously stirred for 10 minutes. The precipitate obtained is filtered off and rinsed with
water and then with diethyl ether to yield, after recrystallisation, the expected product in
the form of a beige powder.

Melting point : 295-296°C (acetone)

20 IR (cm™) : 3224 (VOH), 1780 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 411.41 (M™).

Elemental microanalysis :

% C % H % N
Calculated : 72.99 4.16 3.40
25 Found : 72.70 4.10 345

EXAMPLE 8 : 3-(4-Oxo-4H-1-benzopyran-2-yl)-1-phenyl-1 H-quinolin-4-one :

The expected product is obtained according to the procedure described in Example 1 but

replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by acetophenone.




(el ectrospray, mz) : 365.4 (M+). Elenental mcroanalysis : % %1 % 5
| cul ated: 78.89 4.14 3.83 Found : 78.60 4.10 3. 60 EXAMPLE 9. -
3-[5, 7-Di met hoxy-8-(1-nmethyl -1, 2,5, 6-tetrahydropyridi ny4-yl)-4- oxo-
4f - 1- benzopyr an-2-yi ] -1 - phenyl - 1H 1, 4- di hydroqui nol i n-4-one : StA A :
4- (2, 4- Di met hoxy- 6- hydr oxy- 5- net hyl car bonyl phenyl )-1-nmethyl -1, 2,5, 6- 10
tetrahydropyridine: To 10 nmol of the -aéapound obtained in Step A of
Exanpl e 5, dissolved in glacial acetic acid, there are added, slowy so as
not to e d 2 of 1-nethyl pi peridin-4- one. Wen the addition
is conpl Meam ?%ﬁggdrogen chloride gas is bubbled through for 1
hour 40 MSiRsos@ag, hire) :136aet@N). mi xture is then heated at a tenperature
bet ween 95 15 and 100C for 5 hours. The acetic acid is renoved by
di sti | | atlesmental nigraggalysisg the residual oil is then taken up in water and
extracted with diethyl ether. o aqueo%g_lphase d,9y made basic by adding 40
% NaOH sol uti on. The preci pi tate obtained is filtered off, rinsed with
copisous amouniCaloflatedt er and 78d9yst al |4.6€d from.§trol eum ether to yield
t he expected uct. 20 Mel poi nt 43-144C, IR (KBr, cm) :
3400- 3200 (vo@”” 843 (vOCH3) t7|8f§80 (vc‘:ééjL 1655- 4 c=c). M (EI, m2z)
291(MH). Ste B :
3-[5, 7-Di net hoxy- 8-(1l-nethyl-1,2,5,6-tetrahydropyridi nyl)-4-oxo-4H 1-
benzopyr EXAMBLE 9pharipi7-Dirmethoxy-8ell tipethytrli2ifob-tetrahysirepyridin-4-yb-eapect ed

product i's obiai ned qgAprd:ng, &2, b\ R ARGIHE A LRSI REuluRABRL ¢ 1 but

V5
Ca

Step A :  4-(2,4-Dimethoxy-6-hydroxy-5-methylcarbonylphenyl)-1-methyl-1,2,5,6-
10 tetrahydropyridine:

To 10 mmol of the compound obtained in Step A of Example 5, dissolved in glacial acetic
acid, there are added, slowly so as not to exceed 25°C, 11.5 mmol of 1-methylpiperidin-4-
one. When the addition is complete, a stream of hydrogen chloride gas is bubbled through
for 1 hour 40 minutes, and the reaction mixture is then heated at a temperature between 95
15 and 100°C for 5 hours. The acetic acid is removed by distillation in vacuo, and the residual
oil is then taken up in water and extracted with diethyl ether. The aqueous phase is made
basic by adding 40 % NaOH solution. The precipitate obtained is filtered off, rinsed with
copious amounts of water and recrystallised from petroleum ether to yield the expected
product.
20 Melting point :  143-144°C.
IR (KBr,cm™) :  3400-3200 (vOH), 2843 (vVOCH3), 1680 (vC=0), 1655 (vC=C).
MSELm/z): 291 (M").

Step B : 3-[5,7-Dimethoxy-8-(1-methyl-1,2,5, 6-tetrahydropyridinyl)-4-oxo-4H-1-
benzopyran-2-yl]-1-phenyl-1H-1,4-dihydroquinolin-4-one :

25 The expected product is obtained according to the procedure described in Example 1 but
replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by the compound obtained in
Step A above.




replacing, in Step D, the 2-hydroxy-4-nethoxyacet ophenone by the conpound
"obtained in Step A above. - 16 5 Melting point : 248-250C (acetone). IR
(cm1) : 2835 (vOCH3), 1755 (vC=0O, 1675 (vC=0O, 1570-1590 (vC=C). M5
(el ectrospray, mz) : 520.6 (M). Elenmental mcroanalysis : % %1 %N
Calculated : 73.28 5.10 5.22 Found : 73.83 5.42 5.38 EXAMPLE 10:

3-(5, 7- D hydr oxy- 4- oxo- 4H- 1- benzopyr an42-yl ) - 1- phenyl - 1H 1, 4-

di hydroqui nol i n-4-one : 10 The expected product is obtained according to

t he proc descr o starting fromthe conmpound of

Exanpl e M—%’-ﬁ% j‘&%d ﬁggéqugégc (acetone) IR (cm1) : 3224 (vOH), 1780
(vC=0O, 11@56511@’02835 (vtﬁm3)15933 (VCSE) 1675NBCES) eSO RYC=0).2) : 397. 4
(M) . 15 El enental m croanal ysis : % %1 % Calculated: 72.54 3.80 3.52

Found : M@@CHOMaBM)EﬁAWL(E’IJM . Et hyl

[ 2- (4- 0oxQsl - heZn l-1H 1 4-di bydroquinolin-3-yl)-4H1- 20
benzopyrwﬂ%&ﬁ—gg@é:

5 % C % H %N
Calculated : 73.28 5.10 5.22
Found : 73.83 5.42 5.38

EXAMPLE 10 : 3-(5,7-Dihydroxy-4-oxo-4H-1-benzopyran-2-yl)-1-phenyl-1 H-1,4-

dihydroquinolin-4-one :

10 The expected product is obtained according to the procedure described in Example 2,
starting from the compound of Example 5.
Melting point : 365-368°C (acetone).
IR (cm™) : 3224 (VOH), 1780 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).
MS (electrospray, m/z ) : 397.4 (M").

15 Elemental microanalysis :
% C % H %N
Calculated : 72.54 3.80 3.52
Found : 72.20 4.01 3.33

EXAMPLE 11 : Ethyl [2-(4-0x0-1-phenyl-1H-1,4-dihydroquinolin-3-yl)-4 H-1-

20 benzopyran-7-yloxylacetate :

To 10 mmol of the compound of Example 2, suspended in acetone, there are slowly added

20 mmol of potassium carbonate and then 20 mmol of ethyl bromoacetate. The mixture is

heated at reflux of the solvent for 2 hours 30 minutes and then, after returning to ambient

temperature, is poured into water. The insoluble material obtained is filtered off and rinsed
25 with copious amounts of water to yield the expected product in the form of a white solid.

Melting point : 330°C.
IR (cm'l) : 1744 (vC=0), 1680 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).




To 10 ninol of the conpound of Exanple 2, suspended in acetone, there are
slowy added 20 mmol of potassium carbonate and then 20 mmol of et hyl
brompacetate. The m xture is heated at reflux of the solvent for 2 hours
30 mnutes and then, after returning to anbient tenperature, is poured
into water. The insoluble material obtained is filtered off and rinsed 25
W th copious anmobunts of water to yield-t/he expected product in the form of
a white solid. Melting point : 330C. IR (cni): 1744 (vC=0O, 1680 (vC=0O,
1655 (vCs 1570- 1590 (vCe ~} M5 (el ectrospray, mz) : 467.48 (M ).
El ement alﬁﬁr{eé?‘g’é?ﬁgfa%fné).%@%%h&ﬂ\?' Cal culated : 71.94 4.53 3.00 5 Found :
71. 70 4. THleRedtBl mINODAE s12:

3-[5,7-Dimethoxy-8-(1-nmethyl-1,2, 5, 6-tet rahydropyri di n-4-yl) - 4- oxo-

4H 1- benzopyran-2-yl ]-1-met hyl 24 € 1, 4- d¥4¥dr oqui Vi n-4-one : to A :

Di et hyl N phenyl.am nonmet hyl en nate ; -fhe expeghped product is obtained
according to %aelc@?%gédure de?(??ﬁl){;ed in4'§§ep A o’?%blo Exanpl e 1, but
replaci ng t he khyalenyl am ne by7jard i ne. 48l ti ng pgont : 46-48C (hexane).
M5 (EI, mz) : 263 (M'). to B : Diethyl

N- net hyl - N- phenyl am nonet hyl enenmal onate : To 10 mmol of the conpound

obt ai ned ¢ V.l Q6 P LSeal. W I - al ihere are
cdded - SIEEAMELENS Y OIS DR Ay B KRN 3 S el Ay idin 4l 40567 B7 0
95 % Nal |l and then, difgvwenzopBanpl]-lomeilnddddldadibydiidiprindicdiome :m xt ur e
is then

Step A : Diethyl N-phenylaminomethylenemalonate :

The expected product is obtained according to the procedure described in Step A of
10 Example 1, but replacing the diphenylamine by aniline.

Melting point : 46-48°C (hexane).

MS (EL m/z) : 263 (M").

Step B : Diethyl N-methy!-N-phenylaminomethylenemalonate :

To 10 mmol of the compound obtained in the previous Step, dissolved in tetrahydrofuran,

15 there are added, slowly (in small portions) and under an inert atmosphere, 12 mmol of
95 % NaH and then, dropwise, 30 mmol of iodomethane. The reaction mixture is then
stirred, at ambient temperature and under an inert atmosphere, for 12 hours. 1 mL of
methanol is added in order to neutralise the excess of sodium hydride. The solution is then
concentrated in vacuo, and then water is added to the residual oil obtained. After extraction

20 with dichloromethane, the combined organic phases are dried, filtered and concentrated
under reduced pressure to yield the expected product in the form of a colourless oil.

MS (EI,m/z ) : 276 (M").




stirred, at anbient tenperature and under an inert atnosphere, for 12
hours. 1 nL of nethanol is added in order to neutralise the excess of

sodi um hydri de. The solution is then concentrated in vacuo, and then water
is added to the residual oil obtained. After extraction 20 with

di chl oronet hane, the conbi ned organi c phases are dried, filtered and
concentrated under reduced pressure t-d8yield the expected product in the
formof a colourless oil. Ms (EI, mz) : 276 (M+'). -18 Ste 3-[5,

7- Di met hoxy rrethl X0 a

1- benzopyran-§ < [)5 é%et&%ﬁ(}?wy?ggﬁ%\ ?rr\()%ﬁ)ylgneé?@%g@]gect ed
product is obtai ned]dmampj/rmgzgﬂ fh&tlgddﬁédurckhmaqmmddedﬂone& eps Bto F of
Exanple 1 but replacing, in Step B, the conpound obtained in Step A of
Exanple 1 by the 5 conpound obtained in Step B above and replacing, in Step
D, the 2 ep A
of Exanpl e G o BRI e BRIt SR IS

1755 ( vCEQunplecl7but(reflating, ibS1€p BSO@ comPo@)d obthiBed @l Step rA)gf)Eagmplnﬂjjy the 458 5

! 0,
O e S S b ' o OSB! 4l B, ‘B8 LRt oo
3-15,7- Hehod sy $hd RbRPBIAY bBtaiked irPS B WESBIYHIOPYT i di n- 4-
y]]-4- oxo- 4H -beér?zopyran}f - I?49 1- phenyl - | I—I—lt@p di hydroqui nol i n- 4-one :
Melting point : 289-291°C (acetone)
IR (cm™) : 2835 (VOCH3), 1755 (vC=0), 1675 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 458.5 (M™).

10 Elemental microanalysis :
% C % H %N
Calculated : 70.73 3.72 6.11
Found : 70.25 5.48 5.78

EXAMPLE 13: 3-[5,7-Dimethoxy-8-[1-(4-fluorobenzyl)-1,2,5,6-tetrahydropyridin-4-
15 yl}-4-oxo-4H-1-benzopyran-2-yl}-1-phenyl-1H-1,4-dihydroquinolin-

4-one :

Step A : 1-(4-Fluorobenzyl)piperidin-4-one :

To 10 mmol of piperidin-4-one hydrochloride monohydrate and 20 mmol of triethylamine,
dissolved in dichloromethane, there are slowly added 10 mmol of 4-fluorobenzyl chloride;

20 the reaction mixture is then heated at reflux of the solvent for 48 hours, with vigorous
stirring. After returning to ambient temperature, water is added and then, after separation
of the phases, the organic phase is dried, filtered and concentrated in vacuo to yield the
expected product in the form of an orange oil.

MS (EL, m/z ) : 207.2 (M*).




Step A : 1-(4-Fluorobenzyl)piperidin-4-one: To 10 mol of piperidin-4-one
hydr ochl ori de nonohydrate and 20 nmol of triethylamne, dissolved in

di chl oronet hane, there are slowy added 10 nmol of 4-fl uorobenzyl chloride;
20 the reaction mxture is then heated at reflux of the solvent for 48
hours, with vigorous stirring. After returning to anmbient tenperature,

wat er is added and then, after separation of the phases, the organic phase
is dried, filtered and concentrated in vacuo to yield the expected product

in the form ofgan,ara ' . ; 7 - X
47 (3 Acetyl - 4, MO e oREE ALY e Wb b o tien i A i) 320 6
t et rahydropyridi ne: Tetrdkydromiridike t he conpound obtained in Step A of

Exanpl e 5, dissolved in glacial acetic acid, there are added, slowy so as
not to exceed 25C, 11 mmol of the conmpound obtained 5 in Step A above. Wen

the addi t}fy b n AYREL Simp il dHRAR LA SUIAUISRAOS! dlscol RanARRE! abdiough

t he sol ution 2 hours, and the reaction mxture Is then heate
t enper at uicé, tipe¢ wrecxniddd showlyS0CE nboto &eemizEC, Theaalatfitite copbund obtameded by

distillatiaon in vacuo, and then water is added to.the residual oil

obt af ned M ARG SRVF JBHEB P SRbER B SRPPPIEE e Frearh Bt hUTaEBLEBRtE B RS Hade
basi ¢ usipghugf t8e Natdibs fRirul héllks, ahlanPr@eHt hak@roORtBeNRehéBat PenlgerfniRd

off, rinsed wth copi ous amounts of water and recrystallised froma m xture

of et herbetwesnifif anslcKX0S€for Hhonrs] Dhe acstigpeiflds remeoved by shissidlapem tetcuprandhe
form of s, 864 S0y i LRty AHRO Sl ) qu A8 220
M5 (El, rigagous pidRe 4s (Ade) basic using 40 % NaOH solution. The precipitate obtained is
10 filtered off, rinsed with copious amounts of water and recrystallised from a mixture of
ether / ethyl acetate (90 / 10) to yield the expected product in the form of a beige solid.
Melting point : 147-150°C.
IR (KBr, cm™) : 3400-3200 (vOH), 2871 (vCH of OCH3;), 1633 (vC=0), 1655 (vC=C),
1350-1100 (vC-F).
15 MS (EL, m/z) : 385.4 (M™).

Step C: 3-[5,7-Dimethoxy-8-[1-(4-fluorobenzyl)-1,2,5,6-tetrahydropyridin-4-yl]-4-
oxo-4H-1-benzopyran-2-yl]-1-phenyl-1H-1,4-dihydroquinolin-4-one :

The expected product is obtained according to the procedure described in Example 1, but

replacing, in Step D, the 2-hydroxy-4-methoxyacetophenone by the compound obtained in
20 Step B above.

Melting point : 218-219°C (acetone).

IR (cm™) : 2835 (VOCHa3), 1755 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 614.66 (M").

EXAMPLE 14 : 3-[5,7-Dihydroxy-8-(1-methyl-1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-
25 4H-1-benzopyran-2-yl]-1-phenyl-1H-1,4-dihydroquinolin-4-one :

10 mmol of the compound of Example 9 are dispersed in pyridinium chloride; the mixture

is then heated at 180°C, in a sealed tube, for 12 hours. After cooling to 100°C, the reaction




to C 3-[5,7-Di nethoxy-8-[]-(4 fluorobenzyl)-1,2,5,6-tetrahydropyridin-4
'yl J-4- oxo-4H | -benzopyran-2-yl1lJ-1 phenyl -1 H 1, 4-di hydr oqui nol i n-4-one :
The expected product is obtained according to the procedure described in
Exanple 1, but replacing, in Step D, the 2-hydroxy-4-mnmethoxyacet ophenone
by the conpound obtained in 20 Step B above. Melting Point : 218-219C
(acetone). IR (cm1l): 2835 (vOCH3), 1786-(vC=0O, 1655 (vC=0O, 1570-1590
(vC=CQ). M5 (el ectrospray, rﬂz) : 614.66 (M+). EXAMPLE 14 :

3-[5,7-D f,et [

4H 1- ben?gpéé?é;)rflyggenl ;’ 1?1353 hen T]V'l%f-l-%?ﬁ g.‘ﬁﬁz qﬁlgt}\égltg A eg 16 QOd”%g f

t he conpaydidged cicbhanzk eolﬁtlani ethel msbsrlﬁnﬂlly n) Phhel 1dso1uh1mmdtéx®erlns1 eepardnai off xt ur e
is then heated. at 180C, .in_a seal edt for 12 hours. After cooling to

100C, t h&Y fidtaatiangnd rinsedwith yater tg Wﬂ@%‘%@?@ﬁdpﬁﬁ‘@l’?t\/\at er and the pHis
adj ust edM%ng %1%1%01@ % sodi um hydrogen carbonate solution (the pHis

initiall ol uble material is separated off by filtration and
ri nged V\AIR tbm%l)eBB»}(D(\gOIé) d785h6/E(Pe t6&I(vir=ahy t370- Mdot(vagoi nt : >250C. 5
IR (cm) (voH), 1785 vC-O) 1665 (vC=0), 1570-1590 (vC=C). M5
(el ect roéﬁég(fkmﬁf%‘y’ :m/297 48265M ) El enent al ni croanal ysis : %C % 9N

Cal cul at V) 125887 10 Found : 73.16 4.91 5.69 EXAWPLE 15 :
3- (5, 7-%% | -1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-

% o % H %N
Calculated : 72.94 5.12 3.87
10 Found : 73.16 4.91 5.69

EXAMPLE 15: 3-[5,7-Dimethoxy-8-(1-benzyl-1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-
4H-1-benzopyran-2-yl}-1-phenyl-1H-1,4-dihydroquinolin-4-one :

The expected product is obtained according to the procedure described in Examples B to C

of Example 13 but replacing, in Step B, the compound obtained in Step A of Example 13
15 by 1-benzylpiperidin-4-one.

Melting point : 248-249°C (acetone).

IR (cm™) : 2830 (vCH of OCH3), 1765 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 596.9 (M™).

Elemental microanalysis :

20 % C % H %N
Calculated : 76.49 541 4.69
Found : 76.06 5.03 4.93

EXAMPLE 16 : 3-[5,7-Dihydroxy-8-(1-benzyl-1,2,5,6-tetrahydropyridin-4-yl)-4-oxo-
4H-1-benzopyran-2-yl}-1-phenyl-1H-1,4-dihydroquinelin-4-one :

25 The expected product is obtained according to the procedure described in Example 14,
starting from the compound of Example 15.
Melting point : 230-231°C (acetone).
IR (em™) : 3340 (vOH), 1752 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).




4H 1- benzopyran-2-yl | - 1- phenyl -1 H 1, 4- di hydr oqui nol i n-4-one : The expected
product is obtained according to the procedure described in Exanples Bto C
of Exanple 13 but replacing, in Step B, the conpound obtained in Step A of
Exanpl e 13 15 by 1-benzyl pi peridin-4-one. Melting point : 248-249C
(acetone). IR (cm) : 2830 (vCH of OCH3), 1765 (vC=0O, 1655 (vC=0O),

1570- 1590 (vC=C). M5 (electrospray, mZ) : 596.9 (M). El enental

m croanal ysis : 20 % %1 %\ Calculated : 76.49 5.41 4.69 Found : 76.06

.03 4.9 Eg/fé\é‘%}lo @ m/z ) : 568.6 (M").
3-[5,7- Dri/;ry roxy-g%-?’l- bze)nzyl - 1(, 2,%, 6-tetrahydropyri di n-4-yl) - 4-oxo-
4H 1- benzZibpyeraam-rdicyddralysishenyl -1 H - 1, 4- di hydr oqui nol i n-4-one : 25 The

expected product is obtained a rdi ng t he pr dure described in
Exanpl e 14, starting fromtheg/"cc(grrpoundg/‘%( Exanp% 15. Melting point

1 230- 231" C (ageyangdd :' R (cm )7508340 (y6k), 17529§vC=0), 1655 (vVC=0),
1570- 1590 (vC=C). -21- MS (electrospray, mz) : 568.6 (M-). Elenental
m crsoanal ysi s Fou@dl cul at ed : %Z6949 5.41 5.22

EXAMPLE 17: 3-[5,7-Dihydroxy-8-[1-(4-fluorobenzyl)-1,2,5,6-tetrahydropyridin-4-
yl]-4-oxo0-4H-1-benzopyran-2-ylj-1-phenyl-1H-1,4-dihydroquinolin-

4-one :

The expected product is obtained according to the procedure described in Example 14,
10 starting from the compound of Example 13.

Melting point : 197-198°C (acetone).

IR (cm™) : 3245 (vOH), 1775 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).

MS (electrospray, m/z ) : 586.6 (M").

Elemental microanalysis :

15 % C % H %N
Calculated : 73.71 4.64 4.78
Found : 73.20 4.28 4.34

EXAMPLE 18 : 3-[5,7-Dimethoxy-8-[1-(4-methoxybenzyl)-1,2,5,6-tetrahydropyridin-
4-yl}-4-ox0-4H-1-benzopyran-2-yl]-1-phenyl-1H-1,4-dihydro-

20 guinolin-4-one :

The expected product is obtained according to the procedure described in Example 13 but
replacing, in Step A, the 4-fluorobenzyl chloride by 4-methoxybenzyl chloride.
Melting point : 232-235°C (acetone).
IR (cm™) : 2845 (vOCH3), 1750 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).
25 MS (electrospray, m/z ) : 626.7 (M™).




O8N 76.044.964. 93 5Found : 76. 395. 415. 22 EXAMPLE 17:

"3-[5, 7-Di hydroxy-8-[1-(4-fluorobenzyl)-1, 2,5, 6-tetrahydropyridin-4-
yl]-4-oxo-4H 1- benzopyran-2-yl]-1-phenyl -| H -1, 4-di hydroqui nol i n- 4-one :
The expected product is obtained according to the procedure described in
Exanmple 14, 10 starting fromthe conmpound of Exanple 13. Melting point
197-198C (acetone). IR (cni ') : 3245 -(2ecH), 1775 (vC=0O, 1655 (vC=0),
1570-1590 (vC=C). Ms (electrospray, mz) : 586.6 (M). El enental

mi cr Oa“aw@?ﬂ?&h%& 412 8- tetfahydrdpf Adin S-yI400-4 11

: 73. 204
3- [ 5, 7- D met hoxy- 8- [ 1bedzomiran-2yy-dzphienyl] - B4-@ihypiroghindlinplronei n-
4-y]]-4-oxo-4H1| - benzopyran-2-yl]-1-phenyl -1 H 1, 4-di hydro- qui noli n-4-one :
The expected product is obtained according to the procedure described in

Exanpl e 13 fyinméIept ffe! fn duﬂd%fe@xaﬁaplé he 5413 drided P Myl a@sdl@aéldemé}x is )

4- met hoxybenzyl chl ori de. |ve ting point : -235C (acetone). IR (cm-1
2845 (vOaiHd, utdgGn(inGt@mospbes, 0-9@Dpf Pd./§37((101’5910 weightlr) The reactlon mixture

is heated at 70°C and stirred under an atmosphere of hydrogen at atmospheric pressure for
5 hours. The reaction mixture is then filtered over Celite and then washed with methanol.
The solvents are removed by distillation in vacuo. Water pH-adjusted to 8-9 is added to the
residue obtained. Extraction with the mixture CH,Cl, / MeOH (90/10) yields the expected
10 product in the form of a white solid.

Melting point : 251-253°C (diethyl ether / acetone).

IR (cm™) : 3387 (VN-H), 2880 (VOCH3), 1780 (vC=0), 1655 (vC=0), 1570-1590 (vC=C).
MS (electrospray, m/z ) : 506.5 (M").

Elemental microanalysis :

15 % C % H %N
Calculated : 73.50 5.17 5.53
Found : 73.12 5.58 4.98

EXAMPLE 20: 3-[5,7-Dimethoxy-8-(1-isopropyl-1,2,5,6-tetrahydropyridinyl)-4-oxo-
4H-1-henzopyran-2-yl]-1-phenyl-1H-1,4-dihydroquinelin-4-one :

20 The expected product is obtained according to the procedure described in Examples B to C
of Example 13 but replacing, in Step B, the compound obtained in Step A of Example 13
by N-isopropylpiperidin-4-one.

Melting point : 248-249°C (acetone).
IR (cm™): 2850 (vOCH3), 1755 (vC=0), 1650 (vC=0), 1570-1590 (vC=C).

25 MS (electrospray, m/z ) : 548.6 (M™").

Elemental microanalysis :

% C % H %N
Calculated : 74.43 5.88 5.11
Found : 73.78 5.23 5.78

30




25 M5 (electrospray, mz) : 626.7 (M+'). 22 EXAMPLE 19:

3-[5, 7- Di met hoxy- 8- (1, 2, 5, 6-t et rahydropyri di n-4-yl ) - 4- oxo- 4H 1-
benzopyran-2-yl]-I -phenyl -1 H 1, 4-di hydroqui nolin-4-one : To 10 nmol of the
conpound of Exanple 18 suspended in glacial acetic acid there is 5 added,
under an inert atnosphere, 0.9 ng of Pd/C (10 % by weight). The reaction
m xture is heated at 70C and stirred unzer an at nosphere of hydrogen at

at nospheric pressure for 5 hours. The reaction mxture is then filtered

over 03|I§!iilpl n ashe 1ql 9 _SalLYent s frg Y
distill atém%o%ﬂrmw %‘J}?Zg oxo'48ﬁg ﬁéﬂzﬁﬂgg ?gﬂtLE r’gglbgue
obt ai ned. Extraction qumhlm-kla)ma xture CH2C12 / MeCH (90/10) yields the
expected 10 product in the formof a white solid. Melting point : 251-253C
(diethyl ether / acetone). IR (cm) : 3387 (vN-H), 2880 (vOCH3), 1780
(vC=0), 1’16(%5@( \égé@)proaﬂ&z QS %ﬁ&(ﬁleﬁvﬁg])dm% b@tﬁe%ﬁ@écfu?é BERY¥ibedif JExanpO1 P
(m'). E errenta mcroanal ysis : 15 % %1 9%\ Cal cul ated: 73.50 5.17 5.53
Found : Thariifg Srdnd the @8mpxutvPbE Ex@mple 2 but replacing the ethyl bromoacetate by 4-
3-[5, 7- Di,met hpx sopropyl -1, 2,5, 6-tetrahydropyridi nyl)-4-oxo-

4H 13 benthWPg?‘I{Zﬁ?Wlﬁn ©phenyl -1 H 1, 4- di hydr oqui nol i n-4-one : 20 The
expect ed preggt 1|7g4 q@wg,g@;@ N978-956he qudcedur e described in
Exanpl es ‘B(t9 2‘, ggé e 13 )rep | aci ngg;}v I nG)St ep B, the conpound

obt ai ned Mﬂ(ﬁe@mspragfmﬁz(hrﬁﬂ%(]l\a ) by N-isopropyl pi peridi n-4-one.

Elemental microanalysis :

% C % H %N
10 Calculated : 67.65 3.66 2.54
Found : 66.95 4.21 2.44

EXAMPLE 22 : 3-[5,7-Dimethoxy-8-[1-(2-dimethylaminoethyl)-1,2,5,6-tetrahydro-
pyridin-4-yl]-4-oxo-4H-1-benzopyran-2-yl}-1-phenyl-1H-1 4-

dihydroquinolin-4-one :

15 The expected product is obtained according to the procedure described in Example 13 but

replacing, in Step A, the 4-fluorobenzyl chloride by 2-chloro-N,N-dimethylethylamine.

EXAMPLE 23 : 3-[5,7-Dihydroxy-8-[1-(2-dimethylaminoethyl)-1,2,5,6-tetrahydro-
pyridin-4-yl]-4-oxo-4H-1-benzopyran-2-yl}-1-phenyl-1H-1 ,4-
dihydroquinolin-4-one :

20 The expected product is obtained according to the procedure described in Example 2,

starting from the compound of Example 22.



Mel ting point : 248-249C (acetone). IR (cm) : 2850 (vOCH3), 1755 (vC=0,
1650 (vC=0, 1570-1590 (vC=C). 25 MS (electrospray, mz) : 548.6 (M

El emental mcroanalysis : % %1 %N Calculated: 74.43 5.88 5.11 Found :
73.78 5.23 5.78 30 -23 EXAMPLE 21 :

3-[7-(4-Bronobenzyl oxy) - 4- oxo- 4H- 1- benzopyr an- 2-yl ] - 1- phenyl - | H

qui nol i n-4-one : The expected product -28-obt ai ned according to the
procedure described in Exanple 11, starting fromthe conpound of Exanple 2
but replacing the ethyl bronoacetate by 4- 5 bronobenzyl chloride. IR (cm)
: 1744 (vC=0), 1655 (vC=0), 1570-1590 (vC=C). MsS (electrospray, nmz) :
549.4 (M') PHARMACOLOGICAINSTYDY OF COMPOUNDS OICEHRINVENTION . 65 3. 66
2.54 Found : 66.95 4.21 2.44 EXAVPLE 22:

3-[5, 7- Di met hoxy-8-[ 1- (2-di net byl am noet hyl )-1, 2,5, 6-tetrahydro-

pyri di n-4-yl]-4-o0xo-4H 1- benzopyran-2-yl]-1-phenyl-lH1,4-

dl hydroqui noli n-4-one : 15 The expected product is obtained according to

t he proc ENAMRILS 24 i: Brditrastidpopile cydotoxicity due to compounds of the invention

Eleven cell lines from cancers of different origins and sites (lung, breast, prostate, colon,
blood, bladder, skin, ovary, brain) are cultured in order to study the various compounds in
5 comparison to the reference substance.

The cells are incubated for 96 hours with various concentrations of compounds of the

invention.

The in vitro cytotoxic activity is determined by the MTT [3-(4,5-dimethylthiazol-2-y1)-2,5-

diphenyltetrazolium bromide] test as described by Carmichael in Cancer Res. - 1987 ; 47
10 (4) : 936-942.

The activity is expressed in terms of the ICsy, that is to say the concentration which inhibits

proliferation of the tumour cells by 50 %.

In this model, the compounds of the invention have an intrinsic cytotoxic activity with
respect to one or more tumour cell lines.

15 By way of example, the compound of Example 9 has cytotoxic activity with respect to 8 of
the 11 lines tested (ICso values of from 2 to 10 uM depending on the cell line used).
The compound of Example 14 has ICs, values of from 0.05 to 0.25 uM with respect to 5 of

the 11 lines tested.

EXAMPLE 25 : Synergistic effect, in vitro, of compounds of the invention in

20 combination with known anti-cancer agents

Three cell lines which are sensitive to three anti-cancer agents are used : breast cancer cells
in association with treatment with paclitaxel, lung cancer cells in association with
treatment with cisplatin (CDDP), and colon cancer cells in association with treatment with

SN38, a metabolite of CPT-11 (irinotecan).




replacing, in Step A the 4-fluorobenzyl chloride by

2-chl oro- N, N-di net hyl et hyl am ne. EXAMPLE 23:

3-[5, 7- D hydroxy-8-[ 1- (2-di net hyl am noet hyl )-1, 2,5, 6-tetrahydro-

pyri di n-4-yl]-4-oxo-4H 1- benzopyran-2-yl]-1-phenyl -l H1,4-

.di hydroqui nolin-4-one : 20 The expected product is obtained according to
the procedure described in Exanple 2, -2starting fromthe conpound of
Exampl e 22. -24- PHARMACOLOG CAL STUDY OF CC]VPCIJNDS OF THE | NVENTI ON

EXAMPLE 't | umQur’ J:ell{ Oar? n%qgat?r f(;ljbaﬁ 9 Eocgé h(é er i %lﬁ@%@&%@%%?gm ol?e

i nvent i on EIEVERT €& omcancers o ori'gins and sites
(lung, bredasbf thercogipatieds afdthe ipventibwank fibé a@id:ent,ratainls of ewﬁdiﬁ/t,he nhdicapcedr e
cultured in order to study the various conpounds in 5 conparison to the
r ef er enc@2NiHE 2WHRUANIOMe cel | s are incubated for 96 hours with various

ot vi ty e 2R e ARSADRTLEN (il (Thd FAET E RO Sxeb R ©

di pheny| tAatatysisod fitherddtn dncatha¢d bmstccta:dnrgae(tlne inethoth pf Chowanh#elabay) pGalished Res.
- 1987 ; .47 0. (4) : 936- ctivity is expressed in terns of the

| 50, thét Tren ngél)ﬂﬁc??{@akgﬂce a’t‘?o Yhich inhibits proliferation of the
tunour cells by 50 % In this nodel, the conpounds of the invention have an

intrinsic CytOtOXI c activi ty wth respect to one or nore tunour cell
| i nes. 19hBycomppunds e&ﬁxmhéenttohesfr@MGMgléﬁc Eﬁfmfpv@ thehdisferant @ntmmcer

activity W|thr p t he llkﬁne val.ues of fr
fo 10 M AEREnAeRa 3R il Saf ey i raiEe i Stk T el at v Bk aeias
| C50 val yemiritefed @th@tddoolsdy.0. 25 M with respect to 5 of

10 By way of example, the compounds of Examples 14 and 16 show a synergistic effect both

with paclitaxel and with cisplatin.

EXAMPLE 26 : Apoptotic effect of compounds of the invention

Apoptosis is a natural mechanism which allows the human body to rid itself of abnormal

cells such as cancerous cells.

15 Study of the pro-apoptotic effects of compounds of the invention is carried out on a
prostate cancer line (LN CaP). The cells were incubated for periods ranging from 8 to

96 hours at the ICsg concentration.

The TUNEL test was then carried out according to the method described by Sgonc in
Trends Genetics - 1994 ; 10 : 41.

20 The compounds of the invention are capable of bringing about apoptosis, the maximum

intensity of which occurs at different times depending on the compounds.




the 11 lines tested. EXAMPLE 25: Synergistic effect, in vitro, of conpounds
of the invention in 20 conbination with known anti-cancer agents Three
cell lines which are sensitive to three anti-cancer agents are used :
breast cancer cells in association with treatnent with paclitaxel, |ung
cancer cells in association with treatnment with cisplatin (CDDP), and
colon cancer cells in association with-2reatnment with SN38, a netabolite
of CPT-11 (irinotecan). -25 The tunour cells are incubated for 96 hours

toget her et Brfiotfiadlioh 6 Sl efRACETEE Al Febus) P e ribled |85 GATRONHASirO"

t he i nvention Ive concentrations o ch of” the anti-cancer agents in
associ at iability Tdieringaboiut apoptydiotakeC Bycway of sxkantple) &esy igh apoftysis ebrdiightt est
described in Exanple 24. 5 Analysis of the data is carried out according to
t he met heHowfeadyi§s hewrd) hathgisempopodpf Exgsaple 6n Trends Phar maceutical Sci. -
1983 ; 4 : 450. The conpounds of the invention show a synergistic effect
with the different anti-cancer agents tested, that is to say they
reinforce the cytotoxic activity of the anti-cancer agent admi nistered
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96 hours at the I C50 concentration. The TUNEL test was then carried out
according to the nethod described by Sgonc in Trends CGenetics - 1994 ; 10

41. 20 The conpounds of the invention are capabl e of bringi ng about
apoptosis, the maximum intensity of which occurs at different tines
dependi ng on the conpounds. -26 The conpounds of the invention differ from
previ ously descri bed substances in thei2zn- ability to bring about apoptosis
earlier. By way of exanple, very high apoptosis is brought about early (8
hours) by the conpound of Exanple 6. EXAMPLE 27 : Pharnmaceuti cal
conposition 5 Preparation formula for 1000 tablets each containing 10 ng of
active ingredient Conpound of ExanpCEAIMS

.................... 2 g Weat starch
........ 1.. Compoundof farmula () = . . . . .. ... ...
..................................... | og Lactose

Ry 3(y 27 CLAIMS 1.
R3, R4, R6, R8, RO and R o
sent a group selected from

Conpound of formula (RY :
whi ch may be the sane or dig ,

hydr ogen, hydroxy, l|inear or? brangh€éd “NC -§6) a Rgxy, | i near or branched
(C1-Co6) al kyl, arylal koxy in which the %£kox
5 4
wherein :
5 e Ry, Ry, R3, Ry, R, Rg, Ry and Rjg, which may be the same or different, each

represent a group selected from hydrogen, hydroxy, linear or branched
(C1-Ce)alkoxy, linear or branched (C;-C¢)alkyl, arylalkoxy in which the alkoxy
group is linear or branched (C,-C¢), alkoxycarbonylalkoxy in which each of the
alkoxy groups is linear or branched (C;-C¢), and OR' wherein R' represents an
10 ionised or ionisable group,

e R; represents a group selected from linear or branched (C;-Ce¢)alkyl, aryl and
heteroaryl,

e R; represents a group selected from hydrogen, hydroxy, linear or branched
(Ci-Cg)alkoxy, linear or branched (C;-Cq)alkyl and (C;-Cs)cycloalkyl, or Ry

15 represents a nitrogen-containing or oxygen-containing heterocycle,

optical isomers thereof when they exist, addition salts thereof with a pharmaceutically

acceptable acid and hydrates and solvates thereof,

an aryl group being understood to be phenyl, biphenylyl, naphthyl or tetrahydronaphthyl,

each of those groups being optionally substituted by one or more identical or different




group is linear or branched (Cl-C6),

‘the al
represe

koxy groups is linear or branched (Cl-C6), and OR wherein R
nts an 10 ionised or ionisable group, R5 represents a group

selected fromlinear or branched (G -C6)al kyl, aryl and heteroaryl,

represe

nts a group selected from hydrogen, hydroxy, linear or branched

(Cr-C6)al koxy, linear or branched (G -@g)al kyl and (C3-C7)cycl oal kyl
15 represents a nitrogen- containing or oxygen- containing heterocycle

opti cal

h
phar maceﬁf ?rgsgérls%;gu}gs&e:g%{%ggﬁ ma@?%geﬁ)r(%os ’i%%,ﬁ‘? E%éar gggra&i ¢ ‘5%%?’ S up
aryl groypd m%n@rmerﬁﬁmd of 0 bR@cRAENKE, -CHAIRGBNY Evlips, naineiuhycir Cb’ranched

t et rahydr onap

one or
hal ogen
| i near

(C1- Co6)

rrffaecs)@e ploalkyb grogps.fasmian graups (eptinmsllp substisiigsby eneer e finesmor

R7

or

each of those groups being optionally substituted by

al koxyear bonyl al koxy in which each of

R7

o P Bsed édéé()%geyar ?Qié@@g?&gﬁﬁa RRLELIHLIALBLRS oY T Xy 9T OUPs,

pol yhal oal kyl groups, am no groups (optionally substituted by one or
two |linear or branched (C -C6)al kyl groups), nitro groups and

(o 5C2) apiégwﬁ@oi 6WPg?%ﬁ%§nd§S@°HéPé?eo&r5yItog]rzo‘EiEJmB@‘F Frevigthithosithards be a

- to 12' rzﬂ‘UHani@'o? hs %L&%@ﬁé V&}lﬁl %ldf(\thé”mgg':bgﬁr%t ofcargfnahé
bicyclic mnt east one of t rings eing of aromatic aracter and
whi ch conlhaiacnsr ianda whish c@ntaiie ese,hbreoo thteenbetsre!l atomsdselactath doopgemygen,

opt | onal POroset el ety iSRS UEIerRGPS Tt Telogy] BupoRak oot ealy

gr oups
gr oups,

braﬁbheda%ID&QEQ

15

20

25

sehahRed by el ReRNdéRicat Gﬂﬂlfﬁeﬁiéht'dtd}ﬁﬁbr Pf& asched fﬁc@i h@l@g&i ky!l
oxy groups, |inear or

hydr oxy groups, |inear or branched (Cl
gm:ajhfgl @'&Dﬂ}ﬂd g} cﬁq)glkﬁ]ngrogm ni@/dgcpxyuggoups linear or branched

(C1-Cs)alkoxy groups, linear or branched (C;-Ce)polyhaloalkyl groups and amino groups
(optionally substituted by one or two linear or branched (C;-Ce)alkyl groups),

a nitrogen-containing heterocycle being understood to mean a saturated or unsaturated, 5-
to 7-membered monocyclic group containing a nitrogen atom and optionally substituted by
one or more groups selected from hydroxy, linear or branched (C;-Cg)alkoxy, linear or
branched (C;-C¢)alkyl, aryl-(C;-C¢)alkyl in which the alkyl moiety is linear or branched
and amino-(C;-Ce)alkyl in which the alkyl moiety is linear or branched and in which the

amino group is optionally substituted by one or two linear or branched (C;-Cg)alkyl

groups,

an oxygen-containing heterocycle being understood to mean a saturated or unsaturated, 5-
to 7-membered monocyclic group containing an oxygen atom and optionally substituted by
one or more groups selected from hydroxy, linear or branched (C;-Ce)alkoxy, linear or
branched (C;-Ce)alkyl, aryl-(C;-Ce)alkyl in which the alkyl moiety is linear or branched
and amino-(C;-Cg)alkyl in which the alkyl moiety is linear or branched and in which the

amino group is optionally substituted by one or two linear or branched (C,-Cg)alkyl
groups.

2. Compound of formula (I) according to claim 1, wherein R;, Rj, R3, R4, R¢, Rs, Rg and

Rio, which may be the same or different, each represent a group selected from



(optionally substituted by one or two |inear or branched (G -C6)al kyl
groups), a nitrogen-containing heterocycle being understood to nean a
saturated or unsaturated, 5- to 7-nenbered nonocyclic group containing a
nitrogen atom and optionally substituted by 15 one or nore groups sel ected
from hydroxy, linear or branched (C -C6)al koxy, |linear or branched

(G -Co)alkyl, aryl-(G-C6)al kyl in which-the alkyl noiety is |inear or
branched and ami no-(Cl-C6)al kyl in which the alkyl noiety is |inear or

branched and i.n whi,ch the,. amn roup. s ional Ly substit d one or
two |1 near G e peingsE R BegfeReE (G o cORGEN Hpedr & e GG ST

het er ocycl e apghiRExy NHET WhieRd thed dTBGHY agrbayp UlsatliB@aOr orUunaichedt 60,-Cor dnd

7- menber ed nonocyclic glroup _contai ning an oxyEen atom and _optionally

subst i t ut ed abspxyesrbonylalker e ig rwhiph eft g AIKSKH ByNPs iy, lingap 4y brgnched
branched (C}CQ?% | koxy, linear or branched (C -GC6)al kyl, aryl-(Cr-C6)al kyl
in which thé ) gl noiety is linear or branched and am no-(C-C6)al kyl in
whi ch the alkyl noiety is |inear or branched and in which the 25 am no
group is optionally substituted by one or two_linear or_branched

(O - C6) aPky Comgpaying of formute (h aerording to sl |la VheruR o KedRaRe KscRaiknand

wherein Ri, , k O ' y

di fferent, é{;?thwﬁg%‘r 53‘11 n@éhég?rg%mués%ggﬁq%%{% ﬁcgme?g% y%%g%ﬁ n?elﬁgtg?ot%}?

| i near or bhydwigen, Kydtex36 Jintdr ox prancherbd?-Cg)alkoxay dineat of Girarchyd( Ry Ce)alkyl,
br anched

21 Koxycar borAKRERy 1 n WHFEN SaCRIRBEY 1RO By Pbuge. (et hbarCors:
\% gtgihﬁdm ( Qﬂéo@%r?énag?lk%m%wggfegﬁlg rgtuing 41kdxy2gfouipdli 8 dirtelr Gr Abrahdhed
(C,-Cg), and OR' in which R' represents a group selected from phosphate ~PO(OH),,
sulfate —SOs;H, carboxyalkylcarbonyl in which the alkyl group is linear or branched
(C:-Ce), dialkylaminoalkylcarbonyl in which each of the alkyl groups is linear or
branched (C;-Cs), and carboxyalkylaminocarbonyl in which the alkyl group is linear

15 or branched (C;-Cs).

4. Compound of formula (I) according to any one of claims 1 to 3, wherein Rs represents

an aryl group.

5. Compound of formula (I) according to any one of claims 1 to 4, wherein R; represents

a hydrogen atom.

20 6. Compound of formula (I) according to any one of claims 1 to 4, wherein R; represents

an optionally substituted nitrogen-containing heterocycle.

7. Compound of formula (I) according to any one of claims 1 to 6, wherein Rs represents

a phenyl group and Ry represents a hydrogen atom or a substituted 1,2,3,6-tetrahydro-
4-pyridyl group.

25 8. Compound of formula (I) according to claim 1, which is 3-(5-hydroxy-4-oxo-4H-1-
benzopyran-2-yl)-1-phenyl-1H-quinolin-4-one.




Ri o, which may be the sane or different, each represent a group sel ected
from hydrogen, hydroxy, linear or branched (G -C6)al koxy, |inear or
branched (G -C6)al kyl, arylal koxy in which the al koxy group is |linear or
branched (Cl-C6), 10 al koxycarbonyl al koxy in which each of the al koxy
groups is linear or branched (d-C6), and OR in which R represents a
group sel ected from phosphate -PQ(OH) 2,30-sul fate - SG3H,

car boxyal kyl carbonyl in which the alkyl group is |inear or branched

(C1-CB), odi N argonyl . [ eac - he_@l-Ky: 5 1_S

| i near or9 ) gjrogﬁ(#coﬁgg ‘?acji"-k‘&fa, (Qn%)éggdrllg%\)?@éﬁqﬁ% gmqv#g%:haﬁgggr{?/l%%nbe%o%&%s{lhe

al kyl gr oup nmehyli NBaj6-tetebhyirofyrring-Aed)-4 Gxo@d)-1-bénzdpyrehyt]- Bphdngt-weEtk-a (1)
according to any one of claims 1 to 3, wherein R5 represents an aryl

group. 5. Cdsfb@%‘ﬁéfoﬁPmPBPﬁD‘P%-(l) according to any one of clains 1 to 4,
wherein R7 represents a hydrogen atom 20 6. Conpound of fornula (I)
according to any one of clains 1 to 4, wherein R7 represents an optionally
subst i t utted Gonipomgé rf damiwda i) rgcdrdingrto clarinel, whiclConp6Rdilgidrdxyr4roka-4H-)

A T R
1,2,3,6-tetrahydro- 4-pyridyl group. 25 S. Conpound of formula (I)
according to claim1, which is 3-(5-hydroxy-4-oxo-4H1I - _

benzopyr dh- Zophpound pifeformula K)gadeaudingtd-adnm 1, Ithich 1CEASelrdidhydfoxfy¢i-0hal a

G R T TRy, e —"

- benzopyr an1-yihjdibgpieliyld-dne+ 1, 4- di hydr oqui nol i n- 4-one.

12. Process for the preparation of compounds of formula (I) according to claim 1,

10 characterised in that a compound of formula (II) :
N
R,
(1,
R,HN R,
R

wherein R, R;, R3, R4 and R; are as defined for formula (),

is reacted with diethyl ethoxymethylenemalonate to yield the compound of formula (III) :
R,
CO,Et
EtO.C R,
\ (nn,
VYR,
R, R,

15 wherein Ry, Rz, R, Ry and Rs are as defined hereinbefore and Et represents an ethyl

group,




10. Compound of formula (1) according to claim1, which is

3-(5, 7-di hydr oxy-4-oxo-4H 5

1- benzopyran-2-yl)-1-phenyl -1 H 1, 4-di hydr oqui nol i n-4-one. 11. Conpound of
formula (1) according to claim1, which is 3-[5, 7-di hydroxy- 8- (1-

met hyl -1, 2,5, 6-tetrahydropyridi n-4-yl)-4-o0xo0-4H- 1- benzopyran-2-yl ] -1
-phenyl -1 H 1, 4-di hydr oqui nol i n-4-one.-312. Process for the preparation of
conmpounds of formula (1) according to claim1, 10 characterised in that a
conmpound of forrmula (I1) : R5HN wherein RI, R2, R3, R4 and R5 are as
defined for forrmula (1), is reacted with diethyl ethoxymethyl enenmal onate to
yi el d t he/hiuhnipoudlibedtindaracid @nditioh to yiEldGRECdhpahdroiforniila (IK),: R3, R4 and
R5 are as defined hereinbefore and Et represents an ethyl group, -31 which
is cyclised under acid conditions to yield the conpound of fornula (W:

Et ®2C wherein Rl, R2, R3, R4 and dp5 apgd Et are as defined hereinbefore,
which is hydrolysed to yield the ‘onpodnd of formula (V) : H®R2C 5 wherein
Rl, R2, R3, R4 and R5 ar &tQsCdefi‘ned HereifMpefore, which is converted by
the action of thionyl chloridelj |d chloride, which is then

reacted with the conpound of fd H3 (V),

wherein Ry, R;, R3, R4 and Rs and Et are as defined hereinbefore,

which is hydrolysed to yield the compound of formula (V) :

0 R,
HO,C R,
| V)
VYR,
. R, R,

wherein R, R, R3, R4 and Rs are as defined hereinbefore,

which is converted by the action of thionyl chloride into an acid chloride, which is then

reacted with the compound of formula (VI) :

Ro ©O

V1),

10 wherein R7, Rg, Rg and Ry are as defined for formula (1),




10 wherein R7, R8, RO and Rio are as defined for formula (1), -32 to yield
the conmpound of formula (M) : (VII), wherein R, R2, R3, R4, R5, R6, R7,
R8, RO and Rio are as defined hereinbefore, which is subjected to the
action of a base to yield the conpound of fornmula (MI1I) Ro (MII), 5
wherein RI, R2, R3, R4, R5, R6, R7, R8, RO and Rio are as defined

herei nbefore, O and indicates that the3xonpound is obtained, dependi ng on
the nol ecul es involved, in the formof a keto-enol mxture, which is then
subj ect ed, t dﬁ?ﬁé%o€§HUn'd?%§nﬁﬁh d the conmpound of formula (1), which is
10 purified, If necessary, accor g to a conventional purification

t echni que, mhich is separated, if necessary, into its optical isoners
according to a conventional separation technique and which is converted,
if desired, into their addnf Qn salts with a pharmaceutically acceptable
acid. -33 13. Pharnma eut|c= v d4tion conprising as active ingredient a

conpound according t .@- ofoclaigs 1go0 11, in combination with one
CH C

or nore inert, non-toxi aIIy1acce table carriers. 14.
Phar maceuti cal conposi ti j 2 for use as an anti-cancer

5 medi canent . Rg Vi)

wherein Ry, Ry, R, Ry, Rs, Rg, Ry, Rg, Rg and Ry are as defined hereinbefore,

which is subjected to the action of a base to yield the compound of formula (VIII) :

(Viin,
5
wherein Ry, Ry, R3, Ry, Rs, Rg, R7, Rg, Rg and Ry are as defined hereinbefore,
and indicates that the compound is obtained, depending on the molecules
involved, in the form of a keto-enol mixture,
which is then subjected to acid conditions to yield the compound of formula (I), which is
10 purified, if necessary, according to a conventional purification technique, which is

separated, if necessary, into its optical isomers according to a conventional separation
technique and which is converted, if desired, into their addition salts with a

pharmaceutically acceptable acid.




-33-

13. Pharmaceutical composition comprising as active ingredient a compound according to
any one of claims 1 to 11, in combination with one or more inert, non-toxic,

pharmaceutically acceptable carriers.

14. Pharmaceutical composition according to claim 13, for use as an anti-cancer

medicament.




