-1- NOVEL 3- ARYL-5, 5- DI HYDROXY- 1, 4- BENZOQUI NONE DERI VATI VES, THEI R PREPARATI ON
METHOD AND PHARMACEUTI CAL COVPCOSI TI ONS CONTAI NI NG SAME The present invention
relates to new 3-aryl -2, 5-di hydroxy-1, 4- benzoqui none conpounds, to a process
for their preparation, to pharnaceutical conpositions containing themand to
the use thereof as anti-diabetics. A

3-aryl -2, 5-di hydr oxy- 6- (2- phenyl et henyl ) =1 4- benzoqui none has been descri bed
in the |ounealeLkiabigss-ArvDEdvem 4-B3RGEOQURBNEBERNNTIVES THBREAREPARAEION - t unour
activity angETED AND PEAXMABPUTEGLICOMPDSITTONS CONPYONRIYESAME t he pr esent
invention exhibit insulinommnetic properties, such as an increase in the

aut ophosphdhy| Eedeoh ieniore ralasutd new Scapt-a6-didraxy - bf-deriqquiiong sempoundssul i n
resi stance | V. conpl r exhi bi-fi J:-cienci.e if ent
avers of - 1 AGTPORES rcRRR PR R R el U SFR Gl AR i W'
decr ease i fhd dise thersbPds safi-didbesivs.i N receptors (Kahn et al., Mechani smof action
of hornones that act at the cell surface, 8t' edition, WB 91-134, Saunders,
Phi | adel phia, 1992), there is clearly an alteration in the Kkinase activity of
the insuli [ 4 fHaGd § nd in
tho phosphar o1l Bm PP BB B e e e | Rs
1/ P13 ki nageimalntiebigstAmn (hem. UO8RA 1 2ROk f@r it patentidbapti-t@nion: agnily canidnitd .

D abetes, 1999,.107, 126- 132), thus limting the activation of protein kinase
B, key enzdW& oMK PHEUY1isation of glucose (Burgering et al., Nature, 1995,
376 (6541), 599-602) and in apoptosis (Franke T.F., Cell, 1997, 88 435-437).

The properties of the conpounds of the present invention in relation to the
insulin reggﬁtcgfnpounds of the present invention exhibit insulinomimetic properties, such as an

increase in the autophosphorylation of the insulin receptor and of protein kinase B.

Insulin resistance is a very complex syndrome exhibiting deficiencies at different levels of
the intracellular signaling cascade of insulin. In addition to a decrease in the number of
insulin receptors (Kahn et al., Mechanism of action of hormones that act at the cell surface,
8" edition, WB 91-134, Saunders, Philadelphia, 1992), there is clearly an alteration in the
kinase activity of the insulin receptor. That post-receptor deﬁcier;cy occurs on the one hand
in the phosphorylation of the tyrosine of IRS1 and on the other hand in the IRS1/PI3 kinase
interaction (Y. Le Marchand-Brustel, Exp. Clin. Endocrinol. Diabetes, 1999, 107, 126-
132), thus limiting the activation of protein kinase B, key enzyme in the utilisation of
glucose (Burgering ‘et al., Nature, 1995, 376 (6541), 599-602) and  in apoptosis
(Franke T.F., Cell, 1997, 88, 435-437).

The properties of the compounds of the present invention in relation to the insulin receptor
and protein kinase B thus makes them of great interest for the treatment of diseases

associated with a deregulation of glycaemia.

It will be possible for them to be used especially in the treatment of diabetes (type I or
type II diabetes).



and protein kinase B thus nmakes them of great interest for the treatnent of

di seases associated with a deregulation of glycaema. It will be possible for
themto be used especially in the treatnment of diabetes (type | or type Il

di abetes). More specifically, the present invention relates to conpounds of
formula (1) : RZ wherein : m> R and R2, which nmay be identical or different,
each represents a hydrogen atomor a |inear or branched (O -C6)acyl or linear
or branched (C, -C6)al kyl group, Ar represents an aryl or heteroaryl group, >
A represents a group selected from: CC, -CRFCRS R4 substitutes the carbon
atom bonded to the benzoqui none ring and represents a hydrogen atom or a

| i near or %@‘@%%‘q%@y%tg@}’?&%'m%ﬁ“ﬁﬁa&% %&g&sfohﬂﬁaggr: bon at om bonded

to the radical presents a rogen atom or a group selected from

| i near or branched (C,-C6)al kyl, aryl and heteroaryl, > R3 represents an
aryl, heteroaryl, dicyclopropylnmethyl or benzhydryl group, or A-R3 represents
an optionally substituted naphthyl grgup, and in that case Ar represents an

aryl group, R,0 Ar
@

wherein :

> R, and R;, which may be identical or different, each represents a hydrogen atom or a
linear or branched (C;-Cg)acyl or linear or branched (C;-Cg)alkyl group,
> Arrepresents an aryl or heteroaryl group,

> A represents a group selected from :

¢ R4 substitutes the carbon atom bonded to the benzoquinone ring and represents

a hydrogen atom or a linear or branched (C;-Ce)alkyl group,

. Rs substitutes the carbon atom bonded to the radical R; and represents a
hydrogen atom or a group selected from linear or branched (C;-C¢)alkyl, aryl
and heteroaryl, ' o

» R;represents an aryl, hete'roaiyl, dicyclopropylmethyl or benzhydryl group,
or A-R; represents an optionally substituted naphthyl group, and in that case Ar represents
an aryl group, '

and to their stereoisomers, where they exist, and also to addition salts thereof with a

pharmaceutically acceptable acid or base,




and to their stereoi soners, where they exist, and also to addition salts
thereof with a pharnaceutically acceptable acid or base, -3 wth the

excl usion of 2,5-di hydroxy- 3-(4-net hoxyphenyl)-6-(2-phenyl et henyl)-1, 4-
benzoqui none,

2, 5-di hydr oxy- 3- (4- met hoxyphenyl ) - 6- ( 2- napht hyl ) - 1, 4- benzoqui none and

2, 5-di hydr oxy- 3- (2- napht hyl ) - 6- phenyl -1, 4- benzoqui none. An aryl group is to be
under st ood as phenyl, biphenylyl, naphthyl or tetrahydronaphthyl, each of

t hose groups optlonally bei ng substltuted by one or nore identical or

di fferent vathontheorexghwsiges efel éétd?ﬂd’dmxyﬁ'ﬁ{ﬁmdﬂmxmlmmyatﬁaﬁspmdlmwﬂ@‘hps

[ near or BPARGHEAn P B aryKareionyPrems hEE papp bR atobior? g oy
one or norej- dlﬂ?@bx?‘m} -QrapsheD-d-fhentB) aldedtoquiioasps) , nitro, |inear or

branched (CI C6) acy (4 -C2)al kyl enedi oxy and phenyl oxy. An optionally
substituted naphthyl group is to be understood as a naphthyl group that is

unsubsti t ut,g daérgf g@ﬂ@?ﬂg ![tc?]%%g o ODEs engfprbgpﬂegg EII& hth9 Op{etéﬁﬁ%a Aty ?Ezdor

groups sel ect o en atons dn |near or
(C - CB) al kyach by thos groupis rtqoﬂonajly bding sethsticht¢dCby @&): ajrkmmy: identioahor drffdycra;nc hed

Cl- C6) pol | oal k i M bstit yt ed |
b anchen ( HoTesnENPs GRisad) B0 PP draldeencatims oty P8 ity e o) Bifpited e’ ©"
(G-C2)al kY¢FC®dlk9K)&1yﬂftQ<yPhﬁéh‘x‘|09>E>Yanc}?ed”'@19€9§1'k}6ky,gﬁfékipoﬂ SrahéhedqCHTRost-00d as

an aromatic nono- or bi-cyclic %§ having from5 to 12 ring members and
cont ai ni ng heJaalkyk, ienine (@MrO@éHY]é‘E Fiftesk b}’r@ngt@lr arqre dinfaIoph b@%"{fgrﬂclrﬁfmﬁ%”@den and

R T Y R o S e T A 3 S S A

An optionally substituted naphthyl group is to be understood as a naphthyl group that is
unsubstituted or substituted by one or more identical or different atoms or groups selected
from the halogen atoms and the groups linear or branched (C;-C¢)alkyl, hydroxy, linear or
branched (C;-Cg)alkoxy, linear or branched (C1-C6)polyhaloalky1, amino (optionally
substituted by one or more linear or branched (C;-Cg)alkyl groups), nitro, linear or

branched (C;-Ce)acyl, (C,-C)alkylenedioxy and phenyloxy.

A heteroaryl group is to be understood as an aromatic mono- or bi-cyclic group having
from 5 to 12 ring members and containing one, two or three hetero atoms selected from
oxygen, nitrogen and sulphur, wherein the heteroaryl may optionally be substituted by one
or more identical or different atoms or groups selected from the halogen atoms and the

_ groups linear or branched (C-Ce)alkyl, hydroxy, linear or branched (C;-Ce)alkoxy, linear
or branched (C;-Cs)polyhaloalkyl, amino (optionally substituted by one or more linear or
branched (C;-Ce)alkyl groups), nitro, linear or branched (C;-Ce)acyl, (C;-Cz)alkylenedioxy
and phenyloxy. Among the heteroaryl groups there may be mentioned, without implying ‘
any limitation, the groups thienyl, pyridyl; furyl, pyrrolyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl, isothigzolyl, quinolyl, isoquinolyl, pyrimidinyl.

A stereoisomer is to be understood as a double-bond geometric. isomer or an optical

isomer.



groups linear or branched (G -C6)al kyl, hydroxy, |inear or branched

(G -Co6)al koxy, linear or branched (G -C6)pol yhal oal kyl, am no (optionally
substituted by one or nore linear or branched (G -C6)al kyl groups), nitro,

| i near or branched (G -C6)acyl, (Cl-C2)alkylenedioxy and phenyl oxy. Among the
het eroaryl groups there may be nentioned, without inplying any limtation,
the groups thienyl, pyridyl, furyl, pyrralyl, imdazolyl, oxazolyl,

i soxazolyl, thiazolyl, isothiazolyl, qui'nolyl, isoquinolyl, pyrimdinyl. A
stereoi sonmer is to be understood as a doubl e-bond geonetric isomer or an
optical i donsivantageotis vadam ntegdiog $o tharinaentiomcwsents cgmpoundsefiforvada (Ibn
concerns conpounds of formula (1) : mwherein : > Rl and R2, which may be
identical or different, each represents a hydrogen atomor a |inear or
branched (G -C6)acyl or linear or bramgghed (Cl-C6)al kyl group, > R3 represents
an aryl, heteroaryl, dicycloprogglnet vyl or benzhydryl group, > Ar represents
an aryl or heteroaryl group, > Pepréseptara group selected from: , -CRFCRS-
, R4 substitutes the carbon aton1buPdeq to the ben@bqui none ring and
represents a hydrogen atomor a |iAgar 8y branched (Cl-C6)al kyl group, RS
substitutes the carbon atom bBaaeX tol he VPBdi cal R3 and represents a

hydrogen atomor a group selected frogglinear or branched (Cl-C6)al kyl, aryl

wherein :

> Rjand R,, which may be identical or different, each represents a hydrogen atom or a
linear or branched (C;-Cg)acyl or linear or branched (C;-C¢)alkyl group,
» Rjrepresents an aryl, heteroaryl, dicyclopropylmethyl or benzhydryl group,

v

Ar represents an aryl or heteroaryl group,

» Arepresents a group selected from :

—C=C— /A\ , —CR=CR— ,

¢ R, substitutes the carbon atom bonded to the benzoquinone ring and represents

a hydrogen atom or a linear or branched (C;-Cg)alkyl group,
¢ R suBstitutes the carbon atom bonded to the radical R3 and represenfs a
hydrogen atom or a group selected from linear or branched (C;-Ce)alkyl, aryl .

and heteroaryl,

and to their stereoisomers, where they exist, and also to addition salts thereof with a

pharmaceutically acceptable acid or base,

- with the exclusion of 2,5-dihydroxy-3-(4-methoxyphenyl)-6-(2-phenylethenyl)-1,4-

benzoquinone.

Another variant according to the invention concerns compounds of formula (J) :




and heteroaryl, and to their st'ereoi sonmers, where they exist, and also to
addition salts thereof with a pharnaceutically acceptable acid or base, with
t he exclusion of 2,5-di hydroxy- 3-(4-net hoxyphenyl)-6-(2-phenyl et henyl)-1, 4-
benzoqui none. Anot her variant according to the inventi-on concerns conpounds of
formula (1) : -5 mwherein: - ' R and R2, which maybe identical or

different, each represents a hydrogen atgmor a |inear or branched

(G -C6)acyl or linear or branched (G -C6)yal kyl group, > Ar represents an aryl
group, > A-R3 represents an optionally substituted naphthyl group, and to
their stereoisoners, where they existQand also to addition salts thereof with
a pharnmaceutically acceptable qbd or %{ with the excl usion of

2, 5-di hydr oxy- 3- (4- met hoxyphenyl 3-8 pht hyl ) -1, 4- benzo- qui none and

2, 5-di hydr oxy- 3- (2- napht hyl ) - 6- phen 1- benzoqui nohe. Preferred R and R2
groups are the hydrogen atom _Ar ¢ ﬁ sly represents an aryl group and
nore especially an unsubst i t uRed : ted phenyl or naphthyl group.
Even nore especially, Ar represents ahenyl or naphthyl group, each of those
groups being unsubstituted or substituted by a hal ogen atom such as chlorine
or br om ne vwherein :

» ' R; and R, which may be identical or different, each represents a hydrogen atom or a
linear or branched (C;-Ce)acyl or linear or branched (C,-C¢)alkyl group,

» Arrepresents an aryl group,

> A-Rjrepresents an optionally substituted naphthyl group,

and to their stereoisomers, where they exist, and also to addition salts thereof with a

pharmaceutically acceptable acid or base,

with the exclusion of 2,5-dihydroxy-3-(4-methoxyphenyl)-6-(2-naphthyl)-1,4-benzo-
quinone and 2,5-dihydroxy-3-(2-naphthy1)—6-phenyl-1,4-berizoquinon,e.

Preferred R; and R, groups are the hydrogen atom.

Ar advantageously represents an aryl group and more especially an unsubstituted or

substituted phenyl or naphthyl group.

Even more especially, Ar represents a phenyl or naphthyl group, each of those groups
being unsubstituted or substituted by a halogen atom, such as chlorine or bromine for

example.

Preferred A-R3 groups are the unsubstituted or substituted naphthyl group and the
arylethenyl group, and more especially the unsubstituted or substituted phénylethenyl
group. Substituents of the naphthyl and phenylethenyl groups are preferably halogen

atoms, such as chlorine, bromine or fluorine.




exanple. Preferred A-R3 groups are the unsubstituted or substituted naphthyl
group and the arylethenyl group, and nore especially the unsubstituted or
substituted phenyl ethenyl group. Substituents of the naphthyl and
phenyl et henyl groups are preferably hal ogen atons, such as chlorine, bromne
or fluorine. -6 Even nore especially, the invention relates to the follow ng
conpounds of formula (I) Do

2- (4-chl or ophenyl) - 3, 6- di hydr oxy- 5- ( 2- naﬁhthyl) 1, 4- benzoqui none, -

2- (4- bronophenyl ) - 3, 6-di hydr oxy- 5- (2- napht hyl ) - 1, 4- benzoqui none, -

2-[(E)-2- (ZEVEhumropSpemyllly ehhmvymtlor&e&tailthﬂdrfouwﬁﬂphmmyimds Oif@amiéoth none, -
2- (4-chl or ophenyl) - 3, 6-di hydroxy-5-[ (E) - 2- phenyl et henyl ] - 1, 4- benzoqui none, -
2, 5- di hydr oxy- 3- phenyl - 6-[ (E) - 2- phenyl et henyl ] - 1, 4- benzoqui none, -

2- (4- br onopheny D) @3Hordpipn ﬁry[df onﬁ@ﬁm L h&bghdoqlibnbenzoqui none, -
2, 5-di hydr oxy- 3- (E 1- %et D pheny et%enyl ﬁhen N?H 4- benzoqui none, -

and 2-(3-chloro rRFPEU-OBthLY r%@'dﬂb’fdym@' -(@apiﬁlp’ﬂﬁa $thSPERAWAORE:1, 4- benzoqui none.

The stereoi soneks t t ceptabl e

acid or base of qﬁggé @@eggg%hgoﬁgﬁgﬂﬁgig%&@ﬁ D@gﬁ?Pgﬁl%g?##aﬁﬁ?ntggra

Eart oI_ t hediﬂv@F(Mrabldnroﬂranygsi6-ﬂﬂgdnixamﬁ6?m1jhemylémemd}:ﬁ,ﬁg‘t&lukm(;immstthere may
e mentione i.on um roxi de, potassi um
hydr oxi de, trlegﬁg&gwwﬁgy3f gy%%ié@éﬁ? Eyegﬁﬁﬂéjt %ﬂ@oﬁﬁﬂ?ﬁﬁceutlgally

accept abl e aci d2-¢hgeRopRnayhes, saMHydR§ - [(m.tztmh lbﬂFiEJnML NA-beaByqlindhe! at i on,

hydrochloric acid, hy drobronlc aci'd, Sul phuric acid osphoni ¢ acid, acetic
acid, trifluor oa%étdlh‘yda@i)’d?’ -[(Edt methab? hemsglethensd]- @r@h@ﬂyl -berizequiBeRe; succinic

aci d’ - and 2-(3-chlorophenyl)-3,6-dihydroxy-5-[(£)-2-phenylethenyl]-1,4-benzoquinone.

The stereoisomers and the addition salts with a pharmaceutically acceptable acid or base of

the preferred compounds of the invention form an integral part of the invention.

Amongst the pharmaceutically acceptable bases there may be mentioned, without implying

any limitation, sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine.

Amohgst the pharmaceutically acceptable acids there may be mentioned, without implying
any limitation, hydrochloric acid, hydrobromic acid, sulphuric acid, phosphonic acid,
acetic acid, trifluoroacetic acid, lactic acid, pyruvic acid, malonic acid, succinic acid,
glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic acid,

methanesulphonic acid, camphoric acid, oxalic acid.

The invention relates also to a new 3-aryl-2,5-dihydroxy-1,4-benzoquinone compound,
which is 2-(4-bromophenyl)-3,6-dihydroxy-5-phenyl-1,4-benzoquinone, and to addition

salts thereof with a pharmaceutically acceptable base.

The invention relates also to a process for the preparation of compounds of formula (I),

which process is characeterised in that a compound of formula (II) :

Ar/\”/\OH (ID),

O..



glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid, ascorbic
acid, nethanesui phonic acid, canphoric acid, oxalic acid. The invention
relates also to a new 3-aryl -2, 5-di hydroxy-1, 4- benzoqui none conpound, which

i s 2-(4-bronophenyl) -3, 6-di hydr oxy-5-phenyl -1, 4- benzoqui none, and to addition
salts thereof with a pharmaceutically acceptable base. The invention rel ates
al so to a process for the preparation of _.conpounds of forrmula (1), which
process is characeterised in that a conﬁgund of formula (Il1) : Ar' SOH (I1),
wherein Ar is as defined for formula (1), is reacted with a conpound of
formula (111) : 0 CL OR O wherein Rrepresents a |inear or branched

G - Co) al kyl, gr. . Leld d of . f I I e A OR wher ei
A and R aneBSS R anchiofed 57 B0 Kiedho b2 Lot oh68HTRAR Cona t 1 ons

then, if desired, with an acylation or alkylation reagent, to yield a conpound
of formula (V) : (V) wherein Ar isoas defined hereinbefore and R1 is as

defined for formula (1), - (1)
OR ’
Cl)j\ﬂ/

)

wherein R represents a linear or branched (C;-Ce)alkyl group,

to yield a compound of formula (IV) :

0
OR av)
Y
DA

wherein Ar and R are as defined hereinbefore, which is cyclised under basic conditions

then, if desired, with an- acylation or alkylation reagent, to yield a compound of
formula (V) :

V)

wherein Aris as defined hereinbefore and R;is as_deﬁn’ed for formula (I),

which is reacted with a compound of formula (V) :



which is reacted with a conpound of formula (VM) : (VI) -8 wherein A and R3
are as defined for formula (1), to yield a conmpound of formula (VI1) : (M)
wherein A, Ar, Rl and R3 are as defined hereinbefore, which is subjected to
basic conditions and then, if desired, to the action of an acylation or

al kyl ation reagent, to yield a conmpound of fornmula (1), which is purified
according to a conventional purification technique and is optionally
separated into the stereoisoners accordrﬁg to a conventional separation

techni que. The conpounds of forrmula (I1) can be obtained either by reaction of
a conmpound of formula (M1I1) @ (MI11), wherein Ar is as defined for formula

(1), with tris(tri hyl sil yl.oxy)lethylene in the presence of a Lewis acid, or
by reactidW£ﬁ?“bA€B GHeRS ﬁPﬁ¥%ﬁh§%ﬁﬁyﬁx: -9 Ar----~ '-CH2 (I X), wherein Ar
is as defined for formula (1), with peracetic acid in the presence of osm um

trichloride.
to yield a compound of formula (VII) :

R—A7 X
? (VID)

OR

wherein A, Ar, R, and Rj are as defined hereinbefore,

which is subjected to basic conditions and then, if desired, to the action of an acylation or

alkylation reagent, to yield a compound of formula (I),

which is purified according to a conventional purification technique and is optionally

separated into the stereoisomers according to a conventional separation technique.

The compounds of formula (II) can be obtained either by reaction of a compound of

formula (VIII) :

Cl

0

wherein Ar is as defined fbr formula (I), .
with tris(trimethylsilyloxy)ethylene in the presence of a Lewis acid,

or by reaction of a compound of formula (IX) :



In addition to being new, the conpounds of the present invention exhibit

val uabl e pharnacol ogi cal properties. They have insulinom netic properties
whi ch render them wuseful in the treatnent of di seases associated with a
deregul ati on of glycaem a, such as type | or type Il diabetes. The invention
relates also to pharmaceutical conpositions conprising as active ingredient
at | east one conpound of fornmula (1) with one or nore appropriate inert,
non-toxi c excipients. Anongst the pharmgceutical conpositions according to
the invention there may be nentioned nore especially those which are suitable
for oral, parenteral (intravenous,/\LgLﬁﬁﬁuscul@%Dor subcut aneous) or nasal
adm ni stration, tablets or dragéés, suﬁ]ingual tabl ets, gelatin capsules,

| ozenges, suppositories, creans, ointnments, dermal gels, injectable
preparations, drinkable suspensions, etc.. The useful dosage is adaptable in

accor dance whetdin tA18s RatdefiRe Rt foAMETRI (1Y with phfetlt S01dGAIthe pkdien@USH d¥hflrhat | on
route and al so the age a nd wei ght of 'the patient and any associ at ed

t r eat nent s ridheridfosage ranges from0.5 ng to 2 g per 24 hours in one or nore
adm ni strations. The Exanples which followillustrate the invention but do not
limt it in any way. The starting nmaterials used are known products or

product s pie paigibnamc beii ngew,0then compoupde pet ik presqmr daechtioasexhibie vatuablet ur es

of the co unds described |n e aml es, were determ ned according,to
cust omar y%ﬁ%‘&%"%‘ﬁﬁ% ETPERIHi E{ﬂs& %V‘?]fl{l%\iﬁl%’&}mﬁm?r%ﬁ%‘?ss gﬂc‘r%‘i‘fiﬁ‘ %9??“
EXAMPLE 1 wysedubPmDiheeHafsin JrRIQAYs fsdcidrdd withP) 8a¥bahiaN Bt bivbadniaefieRGdi uone :

Step A : 1-Hydroxy-3 phenyl acetone
type I or type II diabetes.

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

preparations, drinkable suspensions, etc..

The useful dosage is adaptable in accordance with the nature and severity of the disorder,
the administration route and also the age and weight of the patient and any associated
treatments. The dosage ranges from 0.5 mg to 2 g per 24 hours in one or more

administrations.

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

The starting materials used are known products or products pfepared according to known
preparation procedures.

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

customary spectrometric techniques (infra-red, NMR, mass spectrometry).
EXAMPLE 1 : 2,5-Dihydroxy-3-phenyl-6-[(E)- 2-phenylethenyl]-1,4-benzoquinone :

Step A : I-Hydroxy—.?-phenylacetone



-10 0.3 mmol of hydrated osmumtrichloride and then slowy, dropw se, 20 nmol
of a 30 % peracetic acid solution in ethyl acetate, are added to 10 mmol of
al |yl beazene dissolved in a mxture of acetonitrile, dichloronethane and
water. After the addition, stirring is carried out for 3 hours at anbient
tenperature and then the reaction mxture is poured into an aqueous 5 %

sodi um bi sul phite solution. After extractjon w th dichl oronethane, the

organi ¢ phases are conbi ned, washed, dri ¥d and evapor at ed. The resi due
obtained is purified by chromat ography on silica (eluant : hexane/ et hyl
acetate 7/3) to yield the expected product Melting point: 42-43 C. Step B :

ol of et gt Bk o) Pk i SR 4 B8 £ AR oT) PR QDRI

obt ai ned i RefbQiARAY Sl SPin élhy‘il%é&t'eoz[}e laAdddeior Wﬁﬁﬁ{cﬂ’foﬁﬁﬁi}ﬂber&fsﬁ@ﬂlsso%édflhl ng for
3 hours, the mxture is extracted with ethyl acetate, and then the organic

phase is wasixade Oﬂaqeéfunaﬂd Cb@lécprgmaﬁlenb tnsl watgrt. &ﬁwéh@a@tb@@dtlgnm@med t he

formof an Q e r di o t.he
COITpOUﬂd OBP{a#‘Oﬁegh? nstalile abDOVE eéa | n So{hegltgg rezal%g ?%%?0% %I a'gr e
sl owl y addaguedue FBNI% &odAim -tﬂﬁﬂ.bhﬁeosollﬁhcﬁ fdr eftraction with dlchloromethane the

1, 8-di azabi cyc| o[ 5. 4. 0] undec- 7- ene solution in di me;_ixh yl f. de After
stirring fGFEad, RHeASPS akg combipedy Wéslxeéaéf%ﬁnd iVRPeratedi dhejtg t%& Bnto a

1M hydr ochlggfigs 861 Ghrs@hts gagﬁyaén Gffca (182" SRERIERLR acetrafsed/s') stofylémefhed of f,
washed and then diied to d the expected product. lting point: 175-1 6C

expected product.
Melting point: 42-43°C.
Step B : (2—0xo-3—phenﬂpropyl) ethyl oxalate

11.6 mmol of triethylamine and then 10.4 mmol of ethyl oxalyl choride are added at 0°C to
10 mmol of the compound obtained in the above Step in solution in tetrahydrofuran. After
stirring for 3 hours, the mixture is extracted with ethyl acetate, and then the organic phase

is washed, dried and evaporated to yield the expeéted product in the form of an oil.

Step C : 3-Hydroxy-4-phenylpyran-2,5-dione

10 mmol of the compound obtained in the above Step in solution in dimethylformamide
are slowly added dropwise, at —20°C, to 20.5 mmol of 1,8-diazabicyclo[5.4.0Jundec-7-ene
in solution in dimethylformamide. After stirring for 2! hours at —15°C, the reaction

mixture is slowly poured into a 1M hydrochloric acid solution at 0°C. The precipitate
formed is filtered off, washed and then dried to yield the expected product.

 Melting point: 175-176°C.

Step D : 3-Hydroxy-6-phenylpropenylidene-4-phenylpyran-2,5-dione



Step D : 3-Hydroxy-6 phenyl propenylidene-4 phenyl pyran-2,5-dione -11 10 nmol
of ci nnanal dehyde are added to 10 mmol of the conpound obai ned in the above
Step in glacial acetic acid. The reaction mxture is then heated at 60C until
di ssolved, and then a few drops of concentrated hydrochloric acid are added
and the tenperature is brought to 90C. After stirring for 2 hours, the

m xture is cooled to 0.C and a 1/1 mxture of ether and hexane is added. The
precipitate obtained is filtered off andlt-hen dried to yield the expected
product. Melting point: 231-232C. Step E: 2,5-Di hydroxy-3 phenyl-6-[(E)-2
phenyl et henylnjmadl f-ddeatdiehn@d gre:addéDion 0 BmoboBile YoRpouel ghiineiddithirabove

met hanol ate¢ sol ution in nmethanol are added at anbient tenperature é}o 10 mol
of the conplEns asiapskie acil- tlhe reasor mrtars s theahsped at 6WG wntl gissplypdiand af t er
stirring f 1 ] [ ' re.:d Vi i 1M
hydr ochl or ?%na%ifélm;ﬁ#ﬁf iogtr?ggcte%gr%HT e (E)%ﬁé{:#p%%t%reé%gdq‘di ?Jtmgkdléeg%g%q‘% }%ﬁl‘g lt% hen
washed andbonuigbtto 05Cy Aétedstirtiag doribbawes] the miktate.is Madled ng0iidamt 2 11591x260C. Mass

375- b nyar B/ Ry tas et 3he mrsiare bty SPka Al Fistiat S84 o0k none

The expectg{gdgﬁga&plgroh&tpbt ai ned in accordance with the procedure described in
Exanple 1 wth the replacenent of cinnamal dehyde wi th 4-chl oro-ci nnanal dehyde

in Step D. Melting point: 244-245C.
Melting point: 231-232°C.

Step E ; 2,5-Dihydroxy-3-plzenyl-6-[(E)-2-phenylethenyl]-1,4-benzoquinone:

100 ml of a 30 % by weight sodium methanolate solution in methano! are added at ambient
temperature to 10 mmol of the compound obtained in the above Step in suspension in
methanol. After stirring for 15 minutes, the reaction mixture is slowly poured into a 1M
hydrochloric acid solution at 0°C. The precipitate is filtered off and then washed and dried

to yield the expected product.

Melting point: 259-260°C,
Mass spectometry : MS m/z (%) = 318.20 (100), 199.15 (40), 115.10 (36).

EXAMPLE 2: 2,5-Dihydroxy-3-phenyl-6-{(E)-2-(4-chlorophenyl)-ethenyl}-1,4-

benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with 4-chloro-cinnamaldehyde in Step D.

Melting point: 244-245°C.
Mass spectometry : MS m/z (%) = 325.7 (22), 351.7 (100), 235.86 (8), 323.87 (32).

EXAMPLE 3: 2,5-Dihydroxy-3-phenyl-6-[(E)-2~(4-bromophenyl)-ethenyl}-1,4-

benzoquinone :



Mass spectonetry : MSmz (%9 = 325.7 (22), 351.7 (100), 235.86 (8), 323.87
(32). EXAMPLE 3: 2,5-D hydroxy-3-phenyl -6-[(E)-2-(4-bronophenyl)-ethenyl]-1, 4-
benzoqui none : -12 The expected product is obtained in accordance with the
procedure described in Exanple 1 with the replacenent of cinnanal dehyde with
4- br ono- ci nnamal dehyde in Step D. Melting point: 240-241 C. Mass spectonetry :
Ms mz (%9 = 397.35 (100), 396.95 (46) EXAWVPLE 4:

2,'5- Di hydr oxy- 3- phenyl - 6- ( phenyl et hynyl y12I-, 4- benzoqui none: The expect ed
product is obtained in accordance with the procedure described in Exanple 1
with the r amleaﬁpamtpr@duceisrtrbaﬁﬁécﬂﬂmd@fdmdemarmb@mcbd@emea@me@in Exunfilep D.
EXAMPLE 5 (1E¥ 3,3-Dicycl oprog -1- propenyl ] -3, 6- d@gédroxy S- phenyl -

1, 4- benzoqorfl ereplappiaetaf semammalsie Pecwith 4-bopmercmaamaldehydedrGsRde with t he
procedure described in Exanple 1 wth the replacenent of cinnamal dehyde with
(2E) -4, 4-di cycl opropyl -2-butenal in Step D. EXAMPLE 6 :

2- (2, 2- Di plidaiyngpaiml 43267 . hydroxy- 5- phenyl - 1, 4- benzoqui none : The expected

product is gbtained in ord it £ e described in Exanple 1
with the ré&—éé%@#@mi—’% aﬁé’ eﬁ%‘cfg (z\ébs'hﬁg?é-%g’[)henyl acryl al dehyde in Step
D. Melting point: 212-213 C. EXAMPLE 7 :

2, 5-Di hydroxy-3-[ (E)-2-(2-napht hyl) -et henyl ] -6-phenyl - - benzoqui none: The
expect ed pm&'}_ﬂbbt ai hédDihydeaxyct-phenyd- évﬁpllhnlllh@lym’l)de‘&bmlodémnﬁbed in
Exampl e | :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with 3-phenyl-2-propynal in Step D.

EXAMPLES: 2-[(1E)-3,3-Dicyclopropyl-1-propenyl}-3,6-dihydroxy-5-phenyl-

1,4-benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with (2E)-4,4-dicyclopropyl-2-butenal in Step D.
EXAMPLE 6 : 2—(2,2-Diphenylvinyl)-3,6-dihydroxy-5—phenyl-1,4-benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with 3,3-diphenylacrylaldehyde in Step D.
Melting point: 212-213°C.

 EXAMPLE 7: 2,5-Dibydroxy-3-[(E)-2-(2-naphthyl)-ethenyl}-6-phenyl-1,4-

benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with (2E)-3-(2-naphthyl)-2-propenal in Step D.

Melting point: 263-264°C.



with the repl acenment of cinnamal dehyde with (2E)-3-(2-naphthyl)-2-propenal in
Step D. Melting point: 263-264C. -13 EXAVPLES :

2, 5- Di hydr oxy- 3- phenyl - 6- ( 2- phenyl cycl opropyl )-1, 4- benzoqui none : The
expected product is obtained in accordance with the procedure described in
Exanple I wth the replacenent of cinnanmal dehyde wi th 2-phenyl cycl opropane
car bal dehyde in Step D. EXAMPLE 9

2,'5- Di hydr oxy- 3- phenyl - 6-[ (Z) - 2- phenyl et Benyl ] - 1, 4- benzoqui none: The expected
product is obtained in accordance with the procedure described in Exanple |
with the renooPrg :of ¢sORAYRFASTY PRy 2(FAkenFich8pYdpyd)-puopenal in Step D.
EXAMPLE 107 Z, 5-Di hydr oxy- 3- [ ?E) -1- rrgt h'y I6t2)( plﬁ%ngl Zt hgnyply]x): 6- phenyl - 1, 4-
benzoqui none: The expect benzoguiheoe:i s obtai ned i n accordance with the
procedure described in Exanple 1 wth the replacenent of cinnamal dehyde with
(2E) - 2- met hyl - 3- phenyl - 2-propenal in Step D Melti-ng point: 205-206C. EXAMPLE
11 : 2, 5- Drhy dxpesied prohienisl obbeidddlimac2orpiirn with the pepedurt destribed heBzaplé hone:
The expected, product is obtained in accordance wth the procedure described in:
Exanpl e | it thet W@lqcéfﬁFf&c@ﬂéHPa@ﬁldéhﬁffa%qhd%ﬂﬁé’lw qpr?pfey-%ﬂ?ﬂ%&w € 38 pyt enal

in Step D. geepD.

EXAMPLE 9 : 2,5-Dihydroxy-3-phenyl-6-[(Z)-2-phenylethenyl]-1,4-

benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with (22)-3-phenyl-2-propenal in Step D.

EXAMPLE 10: 2,5-Dihydroxy-3-[(E)-1-methyl-2-phenylethenyl]-6-phenyl-1,4-

benzoquinone :
The expected product is obtained in accordance with the procedure described in Example 1
with the replacement of cinnamaldehyde with (2E)-2-methyl-3-phenyl-2-propenal in

StepD

Melting point: 205-206°C.

EXAMPLE 11: 2,5-Dihydroxy—3—phenyl-6-[(1E')-2—phenyl-1-propenyl]-1,4-

benzoquinone :

The expected product is obtained in accordance with the procedure described in Example 1

with the replacement of cinnamaldehyde with (2E)-3-phenyl-2-butenal in Step D.
Melting point: 227-228°C.

EXAMPLE 12: 2,5-Diacetoxy-3-phenyl-6-[(E)-2-phenylethenyl]-1,4-

benzoquinone :




Mel ting point: 227-228C. EXAVPLE 12:

2, 5-Di acet oxy- 3- phenyl -6-[ (E) - 2- phenyl et henyl ] -1, 4- benzoqui none : -14 100
mrol of acetic anhydride are added dropwi se, at 0C, to 10 nmml of the conpound
of Example 1 in solution in pyridine, and then the reaction mxture is
brought to anbient tenperature. After stirring for one hour, the reaction

m xture is poured onto ice and then extracted with dichloromethane. The
organi ¢ phase is washed, dried, filtered%nd then evaporated, and the residue
obtained is purified by chronatography on silica (dichloromethane/ethanol
98/2) to yield the expected product. EXAMPLE 13:

2-(4-Chloro henyl) 3, dlhydroxy 5-1(E) - 2- phen | et henyl | - - benzoqui none:
Step A : B 0 mzpe I @peticraphy dideire ag) em\@ﬁea‘r éF,etOdPémaabeﬂthepevchpflo mol

of (4-ch|or l; O t I t hyl ene
and t hen aE?Ql\%s%yoé@% Yl‘fn gﬁ]f%%?l[ger S rﬂllen¥e {1&{ ?%oué:gs g&%éh‘g}gn%i agl?\%{érﬁ

t enper at ur esmpefatbremAfef sdrridiz forrond o, t.hfe r@acﬁINh hm(inmelid péoured aniodicannd dieaxane
are added. The nlxture t hen heat ed at 0 n,

subsequent Iei‘/r‘}ﬁ%{l%‘g ‘k%ﬁo lt'rgﬁr%gaélﬂ‘h?gase,&ﬂ"éﬁs & t‘{iréet,db]fﬂ dt?féfﬁ't‘}ﬁbl ned
organi ¢ phasgarAte WAgheg I‘éi§1ﬁ€éj SMstned NRN pEMARET BY egh.roﬁﬁ_ﬂ)gtrﬁﬁlﬁ'r nl AHRa

obtained is purified by chromatography on Silica (el uant er/ petrol eum

et her 6/ 4) (deldoromethanesthasob?8/2)ste didld theiempetrtedmrodugpect ed product. Step B :

2- (4- Chl orophenyl ) -3, 6-di hydroxy-5-[(E)-2 phenyl et henyl J-1, 4- benzoqui none The
expected product is obtained in accordance with the procedure described in
Steps B t OEXAMPLE 13: 2-(4-Chlorophenyl)-3,6-dihydroxy-5-[(E)-2-phenylethenyl}-1,4-

benzoquinone :
Step A : 1-(4-Chlorophenyl)-3-hydroxyacetone

There are added slowly to 10 mmol of (4-chlorophenyl)acetyl chloride 25 mmol of
tris(trimethylsilyloxy)ethylene and then a few drops of TiCly. After stirring for 3 hours at
ambient temperature, 14.5 ml of a 3/7 mixture of 0.6M hydrochloric acid and dioxane are
added. The reaction mixture is then heated at 90°C for 10 min, and subsequently brought to
ambient temperature. After extraction, the combined organic phases are washed, dried and
then evaporated, and the residue obtained is purified by chromatography on silica (eluant :
ether/petroleum ether 6/4) and then recrystallised to yield the expected product.

Step B : 2—(4—Chlorophenyl)—3, 6-dihydroxy-5-[(E)-2-phenylethenyl]-1,4-benzoquinone

The expected product is obtained in accordance with the procedure described in Steps B to

D of Example 1, starting from the compound obtained in the above Step.

Melting point: 258-259°C.

EXAMPIE 14 : 2,5-Dihydroxy-3-(4-phénoxyphenyl)-6-[(E)-2-phenylethenyl]-1,4-

benzoquinone:




D of Exanple 1, starting fromthe conpound obtained in the above Step. Melting
poi nt: 258-259C. EXAMPLE 14:

2, 5- Di hydr oxy- 3- (4- phenoxyphenyl ) -6-[ (E) - 2- phenyl et henyl ] - 1, 4- benzoqui none:
-15 The expected product is obtained in accordance with the procedure
described in Exanple 13 with the replacenent of (4-chlorophenyl)acetyl
chloride with (4-phenoxy- phenyl)acetyl chloride in Step A EXAWPLE 15:

2, 5- Di hydr oxy- 3-[ (E) - 2- phenyl et henyl ] - 6'-1(52- pyridyl)-1,4- benzoqui none: The
expected product is obtained in accordance with the procedure described in
Exanpl e 13Ti¢ tdxpedied rmplect eivenbtadfed ( & ahtwdaphenith) teepydcedirk odésdebad tifn

2-pyridyl aget yl loride in Step A LE.. 16 . .

- (e ci or ARRIg T3 9108 1 HORIRGEFTS of T saloRmlg A arew! cBlSFl Hith dAherey: o

4- (4-Chl or ON¥detyl 3hibyde QX $tepyA.an- 2, 5- di one The procedure is as in Steps B
and C of anple I, using as Starting material the conpound obtained in Step

A of Exanple 13. Step B : 4-(4-Chl orophenyl)-3-hydroxy-6-(2-napht hyl net hyl ene)

Dha0. 022 IAGMEERNR 0 CRsdlinderad B2 duchearRRA AR % &P

heated at 60C until| di ssobesizogiinopecurs. A few drops of concentrated
hydrochloric acid are added, the tenperature is

The expected product is obtained in accordance with the procedure described in
Example 13 with the replacement of (4-chlorophenyl)acetyl chloride with 2-pyridylacetyl
chloride in Step A.

EXAMPLE 16 : 2-(4-Chlorophenyl)-3,6-dihydroxy-5-(2-naphthyl)-1,4-

benzoquinone
Step A : 4-(4-Chlorophenyl)-3-hydroxy-pyran-2,5-dione

The procedure is as in Steps B and C of Example 1, using as starting material the

compound obtained in Step A of Example 13.
Step B : 4-(4-Chlorophenyl)-3-hydroxy-6-(2-naphthylmethylene)-pyran-2,5-dione

A solution of 0.922 mmol of the compound obtained in Step A and 0.922 mmol of
. 2-naphthaldehyde in 2.45 ml of glacial acetic acid is heated at 60°C until dissolution
occurs. A few drops of concentrated hydrochloric acid are added, the temperature is
brought to 90°C and the reaction mixture is stirred for 6 hours. After cooling to ambient
temperature, the flask is plunged into an ice bath and 10 ml of a mixture of diethyl ether
and hexane (1/1) are added. The title product is obtained in the form of a yellow powder

| after filtration.
Melting point: 274-275°C.

Step C : 2-(4-Chlorophenyl)-3,6-dihydroxy-5-(2-naphthyl)-1,4-benzoquinone



brought to 90C and the reaction mxture is stirred for 6 hours. After cooling
to anbient tenperature, the flask is plunged into an ice bath and 10 ml of a
m xture of diethyl ether and hexane (1/1) are added. The title product is
obtained in the formof a yellow powder after filtration. Melting point:

1 274-275C. Step C

2- (4- Chl or ophenyl ) - 3, 6- di hydr oxy- 5- ( 2- nag{:t hyl ) -1, 4- benzoqui none -16 6 m of a
30 % by wei ght sodi um nmet hanol ate solutioh in nmethanol are added at anbient
tenperature to a suspension of 0.66 mmol of the conpound obtained in Step B in
a m ni nruméohl ehd3areby weghtandium Akthenolsteisolutiog if aretiianhbane ,adt¢rbatragehitrit on

m xture is, sl ow oured into 40 of a hydr ochl. ori ¢ idgolyion cooled
beforehandtetnbpeéé‘/“eT e? SHIREET'HT ¢ t%g%)%?ln%éjmes‘?/qnm%?eo&’%%fl %ﬁ%? Wt £h wat er
and dried QufiiirgF abisidishisanet il SREOH irridNfortl kAR, e QeHitibn nfixRkd Bishedyi n the
formof a chestnut-brown fpowcler after recrystallisation from

X @

a
t et r ahydr oPawsd/inex4henlnotxe UM hyNedchlonig asid aeluor cgolgd befoxatnnd o 107C. The
2, 5-Di hydr . -di-(2-nap ) -, 4- benz [ t X -2
yl)acetyl gﬁﬁ‘%’?ﬁ“%e%“‘rn@t B gﬁg}%hs ’m%%?“e@f %ﬁpﬁ?ﬁ?ﬁél g‘@%@i‘)ge‘g‘%q‘gh%ﬁlé B m of
t hi onyl chldessicderr Théeile gaodict is @blaipeduindge fafin afgo ohatnmbpiver powder dferhour s.
After cooling the reaction m xture and evaporation, the residue obtained is
taken up i FEChYYRIBSAHAR ﬁB%?‘lVFéM@ﬁ‘Fﬁpli‘e&én%Wf’mmt he excess of thionyl chloride
has been elimnated, to yield the title product in the formof a yellow oil.

Melting point: 302-303°C.

EXAMPLE 17 : 2,5-Dihydroxy-3,6-di-(2-naphthyl)-1,4-benzoquinone

Step A : (Naphth-2-yl)acetyl chloride

A mixture of 30 mmol of naphth-2-ylacetic acid and 5 ml of thionyl chloride is heated at
reflux under an argon atmosphere for 12 hours. After cooling the reaction mixture and
evaporation, the residue obtained is taken up in anhydrous methylene chloride until the
excess of thionyl chloride has been eliminated, to yield the title product in the form of a

yellow oil.
Step B : 1-Hydroxy-3-(2-naphthyl)acetone

At ambient temperature, under a stream of argon, 71.45 mmol of
tris(trimethylsilyloxy)ethylene are slowly added to 28.58 mmol of (naphth-2-yl)acetyl
chloride (obtained in Step A). After stirring for 5 hours at 90°C, the mixture is cooled and
then a mixture of 12 ml of 0.6M hydrochloric acid and 30 ml of dioxane is slowly added.
The reaction mixture is heated at 90°C for 10 minutes and then cooled and extracted
several times with diethyl ether. The organic phases are combined and washed in
succession with a saturated aqueous solution of sodium hydrogen carbonate And a saturated
aqueous solution of sodium chloride. The organic phase is dried over sodium sulphate,

filtered and concentrated using a rotary evaporator. The residue obtained is chromato-



Step B : 1-Hydroxy-3-(2-naphthyl)acetone At anbi ent tenperature, under a
stream of argon, 71.45 mol of tris(trimethylsilyloxy)ethylene are slowy
added to 28.58 mml of (naphth-2-yl)acetyl chloride (obtained in Step A).
After stirring for 5 hours at 90C, the m xture is cooled and then a m xture
of 12 m of 0.6M hydrochloric acid and 30 ml of dioxane is slowy added. The
reaction mxture is heated at 90C for 10_m nutes and then cool ed and extracted
several tinmes with diethyl ether. The o'rlajéni ¢ phases are conbi ned and washed
in succession with a saturated aqueous sol ution of sodi um hydrogen carbonate
and a sat ugrapks oncsjlieacget usiog a¢ elomtah ethyltlacetate’héxane dextuithia the pwppdiophéde i s
dried over._sodium sul phate, .filtered and caoncentrated using a rotary
evaporatorr.rﬁeﬁﬂtéepr8§?‘ab%&6ﬂflﬁq ﬁ%ﬂr?gy%ﬂﬁf?g’ﬁf‘ OFigeX&P%rphed on silica gel using
as eluant an ethyl acetate/ hexane mi xture in the proportions 6/4. The title
product is obtained after recrystallisation fromhexane. Mlting

poi nt : 109- Mebling peirdpl @9-1 BBy dr oxy- 4- (2- napht hyl ) pyran- 2, 5-di one The procedure
is as in Steps B and C of Exanple 1, starting fromthe conpound obtained in
Step B. The title conpound is obtained in the formof a yell ow powder after

recryst al | S@pd 3 Hydeuxy-42( X kirfBtRy I pyrane, Sidiondr .  Mel ting point: 196-197C. Step
D : 2,5-D hydroxy-3, 6-di (2-napht hyl)-1, 4- benzoqui none The procedure is as in
Steps B and C of Exanple 16, starting fromthe conpound obtai ned

The procedure is as in Steps B and C of Example 1, starting from the compound obtained

in Step B.

The title compound is obtained in the form of a yellow powder after recrystallisation from

a CH,Cly/hexane mixture.

Melting point: 196-197°C.

Step D : 2,5-Dihkydroxy-3,6-di(2-naphthyl)-1,4-benzoquinone

The procedure is as in Steps B and C of Example 16, starting from the compound obtained
in Step C.

The title compound is obtained in the form of a deep-pink powder after recrystallisation
from a tetrahydrofuran/hexane mixture.

Melting point: 328-329°C,

EXAMPLE 18: 2-(4-Fluorophenyl)-3,6-dihydroxy-5-(2-naphthyl)-1,4-

benzoquinone
The procedure is as in Example 13 starting from (4-fluorophenyl)acetyl chloride and
naphthaldehyde.

Chestnut-brown powder.

Melting point: 300-301°C.




in Step C. The title conpound is obtained in the formof a deep-pink powder
after recrystallisation froma tetrahydrofuran/hexane m xture. Melting point:
328-329C. EXAMPLE 18: 2-(4-Fluorophenyl) -3, 6-di hydroxy-5-(2-naphthyl)-1, 4-
benzoqui none The procedure is as in Exanple 13 starting from
(4-fluorophenyl)acetyl chloride and naphthal dehyde. Chestnut-brown powder.
Mel ting point:300-3010C. EXAMPLE 19:

2- (4- Bronophenyl ) - 3, 6-di hydr oxy-5-( 2- na'dﬁf hyl)-1, 4- benzoqui none The procedure
is as in Exanple 13 starting from (4-bronophenyl)acetyl chloride and

napht hal dBEXAMPERA9t:nut -2s(deBromapittay])-Nediliydgoxysd-R-naplithyDiB4-C. EXAVPLE 20:
2- (2- Chl or ophenyl ) - 3, 6-di hydr oxy- 5- ( 2- napht hyl ) -1, 4- benzoqui none The
procedure is as in Exanplb§¥‘1%q'§¥%9eti ng from (2-chl orophenyl)acetyl chloride
and napht hal dehyde. Chestnut-brown powder. Melting point: 242-243C.

The procedure is as in Example 13 starting from (4-bromophenyl)acetyl chloride and
naphthaldehyde.

Chestnut-brown powder.
Melting point: 312-313°C.

EXAMPLE 20 : 2-(2-Chlorophenyl)-3,6-dihydroxy-5-(2-naphthyl)-1,4-

benzoquinone

The procedure is as in Example 13 starting from (2-chlorophenyl)acetyl chloride and
naphthaldehyde.

Chestnut-brown powder.

Melting point: 242-243°C.

EXAMPLE 21 : 2-(6-Bromo-2-naphthyl)-3,6-dihydroxy-S-phenyl-1,4-

benzoquinone

The procedure is as in Example 1 starting from allylbenzene and (6-bromo)-2-
naphthaldehyde.

EXAMPLE 22 : 2,5-Dihydroxy-3-(2-naphthyl)-6-[3-(trifluoromethyl)phenyl]-1,4-

benzoquinone

The procedure is as in Example 13 starting from (3-trifluoromethylphenyl)acetyl chloride
and naphthaldehyde. '

EXAMPLE 23: 2,5-Dihydroxy-3-(2-naphthyl)-6-(4-nitrophenyl)-1,4-benzoquinone




EXAMPLE 21 : 2-(6-Brono-2-naphthyl)-3, 6-di hydr oxy-5-phenyl -1, 4- benzoqui none
The procedure is as in Exanple 1 starting fromallyl benzene and (6-brono)-2-
napht hal dehyde. EXAMPLE 22:

2, 5- Di hydr oxy-3-(2-naphthyl)-6-[3-(trifluoronethyl)phenyl]-1,4- benzoqui none
The procedure is as in Exanple 13 starting from

(3-trifluoronethyl phenyl)acetyl chlorid% and napht hal dehyde. EXAMPLE 23:
2,5-Di hydroxy-3-(2-naphthy|)-6-(4-nitrdbﬁényl)-1,4-benzoquinone - 19 The
procedure is as in Exanple 13 starting from (4-nitrophenyl)acetyl chloride and
napht hal deByal@rocEarPisFas24n Example 13 starting from (4-nitrophenyl)acetyl chloride and
2-(4-Brong@$§ﬁ¥gg-%16-dihydroxy-5-(6-nethoxy-2-naphthy|)- benzo- 1, 4- qui none
The proce eggf?n Exanpl e 13 starting from (4-bronophenyl)acetyl ‘chloride
and (6-nethoxy)-2-napht hal dehyde. EXAVPLE 25:

2,5-Di acet oxy- 3- (4- Bronophenyl ) - 6- (2-napbt hyl )-1, 4- benzoqui none The procedure
is as in @M@iﬁgt ar-{4-Bramephenyb-H exyyB(Gimetoxyr2 maphpnyd)-19. .
EXAMPLE 26: 2-(3-Chloro s -di hydr oxy- 5- (2- napht hyl )-1, 4- benzoqui none
The procedure is as in E&%ﬁ%ﬂé‘i@ﬁgggrting from (3-chl orophenyl ) acet yl

chl ori de and

The procedure is as in Example 13 starting from (4-bromophenyl)acetyl chloride and
(6-methoxy)-2-naphthaldehyde.

EXAMPLE 25: 2,5-Diacetoxy-3-(4-Bromophenyl)-6-(2-naphthyl)-1,4-

benzoquinone
The procedure is as in Example 12 starting from the compound obtained in Example 19.

EXAMPLE 26 : 2-(3-Chlorophenyl)-3,6-dihydroxy-5-(2-naphthyl)-1,4-

benzoquinone

The procedure is as in Example 13 starting from (3-chlorophenyl)acetyl chloride and
naphthaldehyde. '

Melting point: 258-259°C.

EXAMPLE 27 : 2-[(E)-2-(4-Fluorophenyl)ethenyl]-3,6-dihydroxy-5-phenyl-1,4-

benzoquinone

The procedure is as in Example 1 with the replacement of cinnamaldehyde with 4-fluoro-

cinnamaldehyde in Step D.
Melting point: 250-251°C.

EXAMPLE 28 : 2-(4-Bromophenyl)-3,6-dihydroxy-5-[(E)-2-phenylethenyl]-1,4-

benzoquinone




napht hal dehyde. Melting yoint: 258-259C. EXAMPLE 27:

2-[ (E)-2-(4-Fl uorophenyl) et henyl ] -3, 6-di hydr oxy-5- phenyl -1, 4- benzoqui nhone The
procedure is as in Exanple | with the replacenent of cinnanal dehyde with
4-fluoro- cinnanmal dehyde in Step D. Melting point: 250-251 C. EXAMPLE 28:

2- (4- Bronophenyl ) - 3, 6-di hydr oxy-5-[ (E) - 2- phenyl et henyl ] -1, 4- benzoqui none -20
The procedure is as in Exanple 13 using gfs starting materi al

(4-bronmophenyl )acetyl chloride. Melting point: 262-263 C. EXAVPLE 29:

2- (2- Cnhl orophenyl ) - 3, 6-di hydroxy-5-[ (E) - 2- phenyl et henyl | -1, 4- benzoqui none The
procedure is as in Exanple 13 using as starting nmateri al

(2-chl orop Y. j | 4 Lok : % 0:
2-(3-Chl or (k)rgﬁ ﬁ%/‘?e)(aﬁ%y!f éﬁ%%@@ﬁ? I[Y?E'%h%g[%ﬁglﬁﬁ%gt ﬁ’%@fﬁ??{%bj@g@%ﬁu. one The
procedur e khlofide.in Exanpl e 13 using as starting nmateria
(3-chl orophenyl )acetyl chlori de.

Melting point: 262-263°C.

EXAMPLE 29 : 2-(2-Chlorophenyl)-3,6-dihydroxy-5-[(E)-2-phenylethenyl}-1,4-

benzoquinone

The procedure is as in Example 13 using as starting material (2-chlorophenyl)acetyl

chloride.

Melting point: 266-268°C.

EXAMPLE 30: 2-(3-Chlorophenyl)-3,6-d'ihydroxy-5-[(E)—Z-phenyiethenyl]-1,4-

benzoquinone

The procedure is as in Example 13 using as starting material (3-chlorophenyl)acetyl

chloride.
Melting point: 210-211°C.

EXAMPLE 31 : 2,5-Dihydroxy-3-[(E)-1-methyl-2-phenylethenyl]-6-(2-naphthyl)-

- 1,4-benzoquinone .

The procedure is as in Steps D and E of Example 1 starting from the compound obtained in
Step C of Example 17 and with the replacement of cinnamaldehyde with (2E)-2-methyl-3-
phenyl-2-propenal in Step D.

Melting point: 217-218°C.

EXAMPLE 32 : 2,5-Dihydroxy-3-(2-naphthyl)-6-[(E)-2-phenylethenyl]-1,4-
benzoquinone




Melting point: 210-211 C. EXAMPLE 31:

2, 5-Di hydroxy-3-[(E) - 1-net hyl - 2- phenyl et henyl | - 6- (2- napht hyl ) -

1, 4- benzoqui none The procedure is as in Steps D and E of Exanple | starting
fromthe conpound obtained in Step C of Exanple 17 and with the repl acenent

of cinnamal dehyde wi th (2E)-2-nethyl-3- phenyl-2-propenal in Step D. Melting
point: 217-218C. EXAMPLE 32;

2, 5- D hydr oxy- 3- (2- napht hyI) 6=[ (E) - 2- phenyl et henyl | -1, 4- benzoqui none -21 The
procedure is as in Steps D and E -of Exarrpl e 1 starting fromthe conpound
obtained in Step C of Exanple 17. tine point: 247-248 C. EXAMPLE 33:

2- (4-Chl or e The
procedure ?gpg%gamgxs(a% %Sgéfgtﬁ@d]?l ﬂ]ék%m@eq(s%xpu?vﬁ o?%‘*hen%‘?%@gtzc’%&%@ﬁgn de
and 3, 3- dS&Ip@nyﬁemyﬂlalldehyde Mel ting point: 253-254C. EXAMPLE 34:

2- (4- Fl uor.ophenyl ) - 3, 6-di hydr oxy-5-[ (E) - 2- phenyl et henyl -1, 4- benzoqui none The
procedure is as in Exanple 13 using as starting materi al

(4-f1 uor opheiwleRemt Y7 288dcor i de.

EXAMPLE 33: 2-(4-Chlorophenyl)-5-(2,2-diphenylvinyl)-3,6-dihydroxy-1,4-
. benzoquinone

The procedure is as in Example 13 starting from (4-chlorophenyl)acetyl chloride and 3,3-
dlphenylacrylaldehyde

Melting point: 253-254°C.

EXAMPLE 34: 2-(4-Fluorophenyl)-3,6-dihydroxy-5-[(E)-2-phenylethenyl-1,4-

henzoquinone

The procedure is as in Example 13 using as starting material (4-fluorophenyl)acetyl

chloride.
Melting point: 259-260°C.

EXAMPLE 35: 2,5-Dihydroxy-3-(3-methylphenyl)-6-[(E)-2-phenylethenyl]-1,4-

benzoquinone

The procedure is as in Example 13 using as starting material (3-methylphenyl)acetyl

chloride.

EXAMPLE 36: 2-(4-Ethylphenyl)-5-[(E)-2-(4-fluorophenyl)ethenyl]-3,6-
A dihydroxy-1,4-benzoquinone




Mel ting point: 259-260C. EXAMPLE 35:

2, 5- D hydr oxy- 3- (3- net hyl phenyl )-6-[ (E) - 2- phenyl et henyl | -1, 4- benzoqui none The
procedure is as in Exanple 13 using as starting materi al

(3-met hyl phenyl )acetyl chloride. EXAMPLE 36: 2-(4-Ethyl phenyl)-5-[(E
-2-(4-fluorophenyl)ethenyll-3,6- dihydroxy-1, 4-benzoqui none -22 The procedure
is as in Exanple 13 starting from (4-et t'%l phenyl)acetyl chloride and

4-fl uor o- ci nnamal dehyde. EXAMPLE 37: I

2, 5- Di hydroxy-3-[ (E) - 2- (4- net hyl phenyl ) et henyl ]-6-(4-nitro-

phenyl ) - 1,'Ehdo@mz:©émierﬁ@n@ ith@xmlpﬁedl&r@artisg deom r{4eduiphieayaetil aghlonidg Andm
(4-nitroph | ) acet vl | gride and 4-nethyl -ci nnamal dehyde. EXAMPLE 38:
2-(4-Fl uor%@é%ﬁﬁlﬂ%?aé&egﬂyﬁﬁidr oxy-5-[ (E) - 243- pr opoxyphenyl ) -

et henyl ] -1, 4- benzoqui none The procedure is as in Exanple 13 starting from
(4-fluorophenyl )acetyl chloride and_ 3-propoxy-ci nnanal dehyde. EXAMPLE 309:

2, 5-Di hydr&ﬁi&&ﬁw - el{é-ﬂ}hyzlrpxy@t[m-merlenbmﬂ}? ]-6-(4-nitro-

et henyl } - 1, 4- benzoqui non rp re.jg as in Exanple 1 with the

repl acenent of cinnamal d&?}gg)%’fﬁg%gpﬁoﬁruor onet hyl - ci nnamal dehyde in Step
D.

The procedure is as in Example 13 starting from (4-nitrophenyl)acetyl chloride and
4-methyl-cinnamaldehyde.

EXAMPLE 38 : 2-(4-Fluorophenyl)-3,6-dihydroxy-5-{(E)-2-(3-propoxyphenyl)-

ethenyl]-1,4-benzoquinone

The procedure is as in Example 13 starting from (4-fluorophenyl)acetyl chloride and

3-propoxy-cinnamaldehyde.

EXAMPLE 39: 2,5-Dihydroxy-3-phenyl-6-{(E)-2-[4-(trifluoromethyl)phenyl]-

ethenyl}-1,4-benzoquinone

The procedure is as in Example 1 with the replacement of cinnamaldehyde with

4-trifluoromethyl-cinnamaldehyde in Step D.

EXAMPLE 40 : 2-[4-Bromophenyl}]-3,6-dihydroxy-S-phenyl-1,4-benzoquinone

The procedure is as in Example 1 with the replacement of cinnamaldehyde with .

| ‘4-bromobenzaldehyde in Step D.

Melting point: 250-251°C.



EXAMPLE 40: 2-[4-Bronophenyl]-3, 6-di hydr oxy-5-phenyl -1, 4- benzoqui none The
procedure is as in Exanple I with the replacenent of cinnanmal dehyde with

4- br onobenzal dehyde in Step D. Melting point: 250-251 C. -23 PHARVACOLOG CAL
STUDY OF THE COVPOUNDS OF THE | NVENTI ON EXAMPLE A : Activation of insulin
receptors (IR) and protein kinase B (PKB): The pharnacol ogi cal effect of the
conpounds of the invention on cellular kgnallng Is evaluated in vitro using
hanmster ovary cells transfected with human insulin receptors (CHO-H R). The
techni ques enpl oyed are from TAVARE and DENTON (1988, BIOCCHEM J., 250,
509-519) and TAVARE et al. (1988 Bi ochem J., 253, 783- 788) nDdlfled by

| SSAD et al PHARMACOLOCHEAL STU FNQ UCDMBOT :

(1997, Di abetol ogia, 40, 533-540). The products are studied at 10- 5N|under

i ncubati o hours at 37C_w CHO H R cul ture e contro
(sol vent) Mt i vift ’EBH??BF‘“(SPREIH?Q"H“B@W*‘"S' Riofein FMB?@K@S are used
in parallel in the sane test: At the end of the incubation periods, the

enzymatic reactions are inmediately stopped by a mxture ofBgLotease )
i nhi bi t or sTheaphaonaenlegical pdfest af ithe cqnpqnp)émét ¢ éuNeapen o0 wHBBF)sicaaling e

sampl e 318 RLUASEA ! SO Badlicf GunrNERNOSAROIN A el hIE PaLALN

receptors ein Kinase B are eval uated by

i munobl ot(cmgmg) f O“hé otshnidins leﬁipai)edem"erﬁ@tredl‘mVARB/\/rmdt DENTON C(198S, t he
sanpl es a t j.ect ophoresis on 7.5 9 poly cryl am gel and
sub) ect ed i 401 R5E SPos 00y e SIRRR" 5%0r° (s Bhocte 'Y 355 HBIES

modlﬁed by ISSAD er al (1991, Biochem. J., 275, 15-21) and COMBETTES-
SOUVERAIN et al. (1997, Diabetologia, 40, 533-540).

The products are studied at 10°M under incubation for two hours at 37°C with CHO-HIR
in culture. A negative control (solvent) and a positive control (insulin 50 nM, 5 min
incubation) are used in parallel in the same test. At the end of the incubation periods, the
enzymatic reactions are immediately stopped by a mixture of protease inhibitors (aprotinin,

. pepstatin; antipaine, leuleptin, AEBSF) and the samples are plunged into ice at 4°C.

The phosphorylation of the insulin receptors (IR) and the phosphorylation of protein
kinase B are evaluated by immunoblotting as follows. |

The IR are extracted over wheatgerm lectin; the samples are then subjected to
electrophoresis on 7.5 % polyacrylamide gel and subjected to an electric transfer onto
PDVF membrane in a semi-dry system. After blocking, the membranes are incubated with
an antiphosphotyrosine antibody (p-tyr(PY99), ref SC7020, Santa Cruz) and the
chemiluminescence associated with a conjugated antibody is detetected by a LAS1000
camera (Fujifilm). After dehydridisation and then rehydridisation with an anit-insulin
receptor  subunit antibddy (Bsubunit, ref 06492, Upstate Biotechnology), the total IR
quantity deposited on blot is evaluated by chemiluminescence and the phosphorylation rate
of the receptors is related to the total receptor quantity deposited.

Similarly, the state of phosphorylation of protein kinase B following electrophoresis of the
samples on 10 % polyacrylamide gel is determined by chemiluminescence after

immunoblotting with anti-phospho protein kinase B antibodies (phospho Akt(Ser473)



PDVF nmenbrane in a sem -dry system After blocking, the nenbranes are

i ncubated with an anti phosphotyrosi ne anti body (p-tyr(PY99), ref SC7020, Santa
Cruz) and the chenm | um nescence associated with a conjugated antibody is
detetected by a LAS1000 canera (Fujifilm. After dehydridisation and then
rehydridisation with an anit-insulin receptor G3 subunit antibody (Psubunit,
ref 06492, Upstate Biotechnology), the tgtal IR quantity deposited on blot is
eval uated by chem | um nescence and the ﬁkosphorylation rate of the receptors
is related tQ the total receptor quantity deposited. Sim|arly, the state of

phosphor y| #tbeAY.ort 820k &ell Rigmaling) end ienaolated te I%E%;ﬂﬁ%tﬁ@sk@a%fB gR&titg anpl es
on 10 %DO{AYI@‘PEX dpefg_gb%loésseuﬁsgéngr‘_ﬁ%)ned by chem | um nescence after

i mrunobl ot anti ei n ki nase B anti bodi es (phospho

Akt ( Ser 473) -24 antlbody, ref 9271, Cell Signaling) and then related to the
total prot ef. 9272, Cel | allng) The

i i ( AKT tib .
phosphoryl§%$éﬁ!n Uﬂ@ ‘%ﬂ%yéﬁnﬁﬁuﬁggxbpgiﬁé VBYEHSR 15 e@%ﬁ?@@éﬁd as a

per cent agepdréentfledh tQMidoF0 nMWinsOBM fixdd af 10086 ad@tva#iBR% acti vation. The
conpounds of the invention activate either nmostly insulin receptors or nostly

protein kinase B, or activate both sinultaneously, denonstrating their

POt ent | a1 JFELLhicteSor LISHLLPBIIR S RAIRRNAL T Y U oPHRUN Bpufl®,
1) for inskihase BeoephaivateamdthokindBtaBeaslyn dembhsﬁrﬂ[ngptlﬁ:ert ipotektinlaaetinBty ahe

conmpound of anpl e . 10, at 10"5M has an activation percentage of 91% (n = 3)
for. proﬂ@ﬂﬁgﬁgﬁ%§EFﬁ?mﬂﬂﬁl%onpound of Exanple 30, at 10-5M has an

activat i onBpagIFeRABpR! the compound of Example 27, at 10°°M, has an activation percentage
of 87.7 % (n = 1) for insulin receptors and of 48.9 % (n = 1) for proetin kinase B.
The compound of Example 10, at 10°M, has an activation percentage of 91% (n = 3) for
protein kinase B. The compound of Example 30, at 10°M, has an activation percentage of

134.4% (n = 2) for insulin receptors.

EXAMPLE B : Chronic in vivo study

11-week-old female ob/ob C57BL/6 mice randomly selected in terms of basal glycaemia
from animals that have been fed are treated for 9 days with the test compound at 10 or
20 mg/kg po and compared with a control group receiving 1 % HEC. Biological balance
(glycaemia, insulinaemia, triglyceridaemia) is reached on the 10th day with the animals
that have been fed, the final treatment having taken place the day before. The results are
expressed as percentage variations in relation to DO'(glycaemia, body weight) compared
with the control group. | |

The results obtained demonstrate that the body weight is appreciably reduced after
treatment with the compounds of the invention. In particular, the compound of Example 16
exhibits a decrease of —26.9% whereas the result obtained for the control group is +4.9%. It
is to be noted that the effect observed is dose-dependent.

The glycaemia and the insulinaemia are likewise appreciably reduced on treatment with the
compounds of the invention. For example, for the compound of Example 16 a result of
-60.7% was recorded compared with +4.5% for the controls for glycaemla and -84.2%

compared with the controls for insulinaemia.



134.4% (n = 2) for insulin receptors. EXAMPLE B : Chronic in vivo study
11-week-ol d femal e ob/ob C57BL/6 m ce randomy selected in terns of basal
glycaemia fromanimls that have been fed are treated for 9 days with the
test conmpound at 10 or 20 ng/kg po and conpared with a control group
receiving 1 % HEC. Biol ogi cal bal ance (glycaem a, insulinaem a,
triglyceridaema) is reached on the 10th_day with the animals that have been
fed, the final treatnent having taken pl ace the day before. The results are
expressed as percentage variations in relation to DO (gl ycaem a, body wei ght)
conpar ed Wheh resudts colrigined ajswsbowThedgcessss tin iglvwerides danbpaimesnt evitthdke t he
body wei ght _is appregiably reduced after treatnment wiih e c s. of the
Tvont ;o copptyRE PE e e ek otk S5 PERba B PREP BT AR e. o

- 26. 9% whekgagion s -BR8U tompbédwik thefntrélhe control group is +4.9% It is to
be noted that the effect observed is dose-dependent. The glycaem a and the

i nsulinaem a are |'i kewi se appreciably reduced on treatnent with the 'conpounds
of the invgl he: resuld ., of

-60. 7% was re!égr étg%@gﬁpxg@é%ﬁcélﬁ%%g’%%g{rmpﬁgfg%ntr S sb%écg f%gzbr;lt%e and
-84. 2% canpattied agiitshlindreinmictagehts fdrase inntbat dapavétyiiathe t2tmdieof dedetes.s obt ai ned
al so show a decrease in triglycerides on treatnent wth the conpounds of the
invention : by way of exanple, the conmpound of Exanple 1 shows a reduction of

- 37. 8% copRAMPLE(: Pherffdutiehl coldjdsRionesul ts attest to the excellent in
vivo activity of the conpounds according to the

Formulation for the preparation of 1000 tablets each comprising a dose of 10 mg

compound of EXample 1 ...cooumiiiiiiieiieceneeeeeeet s ce e s ra e a e s e sanas 10g
hydroxXypropyl CEIIULOSE .......coovimieiieirtieeecieeee et ene s e e e eee e 2g
wheat starch ..................................................... 10g
JACTOSE ..ttt sttt sttt e e e ae s e n e aa e e e st e e e men e e e anen 100 g
INAZNESIUIN STEATALE. . ..ecveeireeeerreeitereraetreeeeaeenessesssasssassaassessassasssarsaesassssesstessaneesoseeseessees 3g



invention as insulinomnetic agents for use in that capacity in the treatnent
of diabetes. EXAMPLE C : Pharmaceutical conposition Formulation for the
preparation of 1000 tablets each conprising a dose of 10 ng conpound of
Exanple 1

............. 3 g -26 CLAIMS 1. Conpound
RPAr whi ch may be identical or

[jlomor a |i{@ear or branched

al kyl group, > Ar represents an aryl

or heteroaryl .group, > Are o gr 0OR, selected from: -GG , -CRFCRS

R4 substitutes the carbon atom bondedjito the benzoqui none ring and represents
a hydrogen atomor a linear or brancth (G -Co6)al kyl group, R5 substitutes

t he carbon atom bonded to the radical R3 and represents a

of formula (1) : (1) wherein : BR
different, each represents a hydrogf
(Cl-C6)acyl or linear or branched

wherein :

> R, and Ry, which may be identical or different, each represents a hydrogen atom or a
linear or branched (C;-Cg)acyl or linear or branched (C;-Cg)alkyl group,
> Arrepresents an aryl or heteroaryl group,

> A represents a group selected from :

—C=C— /A\ ,  —CR=CR— |,

¢ Ry substitutes the carbon atom bonded to the benzoquinone ring and represents

a hydrogen atom or a linear or branched (C;-Cg)alkyl group,

¢ R; substitutes the carbon atom bonded to the radical R; and représents a
~hydrogen atom or a group selected from linear or branched (C;-Ce)alkyl, aryl
and hetéroal;yl,

> Rjrepresents an aryl, heteroaryl, dicyclopropylmethyl or benzhydryl group,
or A-Rj represents an optionally substituted naphthyl group, and in that case Ar represents

an aryl group,

and its stereoisomers, where they exist, and also its addition salts with a pharmaceutically

acceptable acid or base,




hydrogen atom or a group selected fromlinear or branched (C -C6)al kyl, aryl
and heteroaryl, > R3 represents an aryl, heteroaryl, dicyclopropyl nethyl or
benzhydryl group, or A-R3 represents an optionally substituted naphthyl group,
and in that case Ar represents an aryl group, and its stereoi sonmers, where
they exist, and also its addition salts wth a pharmaceutically acceptable
acid or base, -27 with the exclusion of

2, 5-di hydr oxy- 3- (4- met hoxyphenyl ) - 6- ( 2-'6ﬂény| et henyl ) -1, 4- benzoqui none,

2, 5- di hydr oxy- 3- (4- met hoxyphenyl ) - 6- (2- napht hyl ) - 1, 4- benzoqui none and

2, 5-di hydr oxwitB- (h2- aaghditny | Of- @; pHibpgrox$-344becthogphemyipo-(GipbeweylethenyDah4ar y|

group is to be understoo henygg bi phenyl yl.. _napht hyl ..or .
t et r ahydr onaPREAYHINoNE s hfjé)%ﬁ’tyﬁffg‘é( '?45%510683%%}4316@'%8Pﬁ’él)glu‘b?t“%"ﬂ{“élan%y one
or nore i depfd Caldilytrdkiyld-er eiphtta)Epheyl-9/4obsofisAdet ed from the hal ogen
atons and the groups - Iinear or branched (Cl-C6)al kyl, hydroxy, linear or
branched (Cl -C6)al koxy, linear or branched (Cl-C6)pol yhal oal kyl, am no
(optionally \%Hé%%i}xi tuted by one or nore linear or branched (Cl -C6)al kyl
groups), nitro, Tinear or branched (Cl-C6)acyl, (C-C2)alkylenedioxy and
phenyl oxy, an amptirghagiovp Sidsti thét atdeptinys ghenyp, | iphanybd, umgbthyt ood as a
napht hyl group that, is unsubstituted or substityted by one or nore identical
or different efFB?r‘}ﬁ'd()‘?na ]Ptgﬁ]pgac |thQSE EOUPF QRTLP Yﬁa}%@@ﬁ“&?@ﬂg’wﬂa Ot H€™Gr oups
linear or brangfffal & diffékal ddihs or groups selected from the halogen atoms and the groups

linear or branched (C,-Cg)alkyl, hydroxy, linear or branched (C;-Cs)alkoxy, linear or

branched (C;-C¢)polyhaloalkyl, amino (optionally substituted by one or more linear

or branched (C;-Cg)alkyl groups), nitro, linear or branched (C;-Ce)acyl,

(C-Cy)alkylenedioxy and phenyloxy,

- an optionally substituted naphthyl group is to be understood as a naphthyl group that
is unsubstituted or substituted by one or more identical or different atoms or groups
selected from the halogen atoms and the groups linear or branched (C;-Ce)alkyl,
hydroxy, linear or branched (C,-Cg)alkoxy, linear or branched (C;-Cs)polyhaloalkyl,
amino (optionally substituted by one or more linear or branched (C;-Cg)alkyl

groups), nitro, linear or branched (C;-Ce)acyl, (C,-C,)alkylenedioxy and phenyloxy,

- a heteroaryl group is to be understood as an aromatic mono- or bi-cyclic group
having from 5 to 12 ring members and containing one, two or three hetero atoms
selected from oxygen, nitrogen and sulphur, wherein the heteroaryl may optionally
be substituted by one or more identical or different atoms or groups selected from the
halogen atoms and the groups linear or branched (C;-Ce)alkyl, hydroxy, linear or '
branched (C;-Ce)alkoxy, linear or branched (C;-C¢)polyhaloalkyl, amino (optionally
substituted by.one or more linear or branched (C,-Ce)alkyl groups), nitro, linear or

branched (C;-Cg¢)acyl, (C;-C,)alkylenedioxy and phenyloxy.



hydroxy, |inear or branched (Cl-C6)al koxy, linear or branched

(C -C6) pol yhal oal kyl, am no (optionally substituted by one or nore |linear or
branched (Cl-C6)al kyl groups), nitro, linear or branched (Cl-C6)acyl,
(Cl-C2)al kyl enedi oxy and phenyl oxy, a heteroaryl group is to be understood as
an aromati c nono- or bi-cyclic group having from5 to 12 ring nenbers and
containing one, two or three hetero ato sel ected from oxygen, nitrogen and
sul phur, wherein the heteroaryl may opti‘dnally be substituted by one or nore
identical or different atons or groups selected fromthe hal ogen atons and

t he groups2| iGempound of famateed) gcobrd@@)talckyn,l :hydr oxy, |inear or branched
(C-Co6)al koxy, linear or branched (Cl -C6)pol yhal oal kyl, am no (optionally
substituted by one or nore linear or branched (Cl -C6)al kyl groups), nitro,

| i near or branched (Cl -C6)acyl, (Cl-@2)alkyl enedi oxy andphenyl oxy. -28 2.
Conpound of formula (1) according to glaiml : (I) wherein: > R and R2,

whi ch may be identical or di f f %P aclr‘Fepresents a-hydrogen atomor a

| i near or branched (Cl-C6)acyl or | or branchéd (Cl-C6)al kyl group, R3
represents an aryl, heteroaryl, dieycl opropyl nethyl or benzhydryl group, > Ar
represents an aryl or heterodkyrAgroufy, >Myrepresents a group selected from:
-C=C CRFCRS R4 substitutes the carbgn atom bonded to the benzoqui none ring
and represents

Q

wherein :

> R; and R,, which may be identical or different, each represents a hydrogen atom or
a linear or branched (C,-Cg¢)acyl or linear or brmcﬁed (C4-Ce)alkyl group,

> Rjrepresents an aryl, heteroaryl, dicyclopropylmethyl or benzhydryl group,

> Ar represents an aryl or heteroaryl group,

> A represents a group selected from :

¢ Ry substitutes the carbon atom bonded to the benzoquinone ring and represents

a hydrogen atom or a linear or branched (C;-Cg)alkyl group,

¢ R substitutes the carbon atom bonded to the radical R; and represents a
hydrogen atom or a group selected from linear or branched (C;-Cg)alkyl, aryl
and heteroaryl, '

and its stereoisomers, where they exist, and also its addition salts with a pharma- -

ceutically-acceptable acid or base,

with the exclusion of 2,5-dihydroxy-3-(4-methoxyphenyl)-6-(2-phenylethenyl)-1,4-

benzoquinone.




a hydrogen atomor a linear or branched (Cl-C6)al kyl group, R5 substitutes
the carbon atom bonded to the radical R3 and represents a hydrogen atomor a
group selected fromlinear or branched (Cl-C6)al kyl, aryl and heteroaryl, and
its stereoisonmers, where they exist, and also its addition salts with a
pharma- ceutically acceptable acid or base, with the exclusion of
2,5-dihydroXy-3-(4-nEthoxyphenyl)-6-(2-Qgenylethenyl)-1,4- benzoqui none. -29
3. Conpound of formula (1) according to claim1 : 0 (1) wherein : > R and
R2, which may_ be identical or different, each represents a hydrogen atomor a
linear or Br Arrarnound of fasmula()) asprdingf@#laigrl branched (G -C8)al I cyl group, > Ar
represents an aryl group, > A-R3 reprgsents an optionally substituted naphthyl
group, and its stereoisoners, where tley exist, and also its addition salts
with a pharma- ceutically acce®,fB| e acid Ar base, with the exclusion of

2, 5-di hydr oxy- 3- (4- et hoxyphenyl ) -6 apht hyl ) - 1,(B- benzo- qui none and

2, 5-di hydr oxy- 3- ( 2- napht hyl ) - 6- phepj 4- benzoqui none. . 4. Conpound of
formula (1) according to claiRgyfAvhergin R)Rand R2 represent a. hydrogen

wherein ;

» R; and R;, which may be identical or different, each represents a hydrogen atom or
a linear or branched (C;-Cg)acyl or linear or branched (C;-Cg)alkyl group,
> Arrepresents an aryl group,
» A-R; represents an optionally substituted naphthyl group,

and its stereoisomers, where they exist, and also its addition salts with a pharma-

ceutically acceptable acid or base,

with the exclusion of 2,5-dihydroxy-3-(4-methoxyphenyl)-6-(2-naphthyl)-1,4-benzo-
quinone and 2,5-dihydroxy-3-(2-naphthy1)-6-phenyl-1,4-benzoquinone. -

4. Compound of formula (I) according to claim 1 wherein R; and R, represent a hydrogen
atom, its stéreoisomers and also its addition salts with a pharmaceutically acceptable

acid or base.

5. Compound of formula (I) according to claim 1 wherein Ar represents an aryl group, its
stereoisomers -and also its addition salts with a pharmaceutically acceptable acid or

base.

6. Compound of formula (I) according to claim 1 wherein A-R3 represents an arylethenyl
group, its stereoisomers and also its addition salts with a pharmaceutically acceptable

acid or base.




atom its stereoisoners and also its addition salts with a pharmaceutically
acceptable acid or base. 5. Conpound of fornmula (I) according to claim1l
wherein Ar represents an aryl group, its stereoisoners and also its addition
salts with a pharmaceutically acceptable acid or base. 6. Conpound of formula
(1) according to claim| wherein A-R3 represents an arylethenyl group, its
stereoi soners and also its addition saltg with a pharmaceutically acceptable
acid or base. -30 7. Conpound of fornula (1) according to claiml1l which is

2- (4-chl orgphenyl) -3, 6- _di hydr oxy-5-(2-napht hyl ) -1, 4- benzoqui none, and al so
its addi tig'n Royn 'qfhfoamulvﬁ*hélr)n%e@{&iﬁ@gcéq IdpRc L e ﬁlﬁbllé %‘&ﬁ&mﬂof’l@%‘@'&l@‘.
Compound of f 4} i - Al i i; -1f14:-.br l)-3, 6-

di hydr oxy- 5- (dgfwr%g[ﬁtélg ?%ﬁ%ngueﬁ%ggg? orir?él,g’] ;arlll\ghgﬁsao 1|ét ?dgiglgigt ?%T%pggp%/sg with a
phar maceut i c phhynagedteplinbteepablecicot otdmse. 9. Conpound of fornmula (1) according
toclaim1 whichis 2-[(E)-2-(4-

fl uor ophenyl ) et henyl ] - 3, 6-di hydr oxy- 5- phenyl -1, 4- benzoqui none, and also its

addi tion galdompbuhd & RRALRRCE Wcesdlidgy taekant ablEicRGE 2-4-biafpherhd)-3,60npound
of formula (1) according to claiml| which is 2-(4-chlorophenyl)-3,6-

di hydr oxy- 5- [FftexyphehparhthydniAihenzopuinonso pudnalse, inadditien” salts 398l t3 on

salts with a_ ,nhar I e acid or base. 11. Conpound of
formula (1) ggcor8§ﬁgﬁ¥%h§%g%%k%&&ﬁﬁﬂﬁggs 2, 5-di hydr oxy- 3- phenyl - 6-

9. Compound of formula (I) according to claim 1 which is 2-[(E)-2-(4-
fluorophenyl)ethenyl]-3,6-dihydroxy-5-phenyl-1,4-benzoquinone, and also its addition

salts with a pharmaceutically acceptable acid or base.

10. Compound of formula (I) according to claim 1 which is 2-(4-chlorophenyl)-3,6-
dihydroxy-5-[(E)-2-phenylethenyl]-1,4-benzoquinone, and also its addition salts with a

pharmaceutically acceptable acid or base.

11. Compound of formula (I) according to claim 1 which is 2,5-dihydroxy-3-phenyl-6-
[(E)-2-phenylethenyl]-1,4-benzoquinone, and also its addition salts with a

pharmaceutically acceptable acid or base.

12. Compound of formula (I) according to claim 1 which is 2-(4-bromophenyl)-3,6-
dihydroxy-5-[(E)-2-phenylethenyl]-1,4-benzoquinone, and also its addition salts with a

pharmaceutically acceptable acid or base.

13. Compound of formula (I) according to claim 1 which is 2,5-dihydroxy-3-[(E)-1-
methyl-2-phenylethenyl]-6-phenyl-1,4-benzoquinone, and also its addition salts with a

pharmaceutically acceptable acid or base.

14. Compound of formula (I) according to claim 1 which is 2-(3-chlorophenyl)-3,6-
dihydroxy-5-[(E)-2-phenylethenyl]-1,4-benzoquinone, and also its addition salts with a

pharmaceutically acceptable acid or base.



[ (E) - 2- phenyl et henyl ] - 1, 4- benzoqui none, and also its addition salts with. a
phar maceutical ly acceptable acid or base. 12. Conpound of fornula (I)
according to claim|l which is 2-(4-bronophenyl)-3, 6-

di hydr oxy-5-[ (E) - 2- phenyl et henyl ] - 1, 4- benzoqui none, and also its addition
salts with a pharmaceutically acceptable acid or base. 13. Conmpound of
formula (1) according to claim1 which ig 2,5-di hydroxy-3-[(E)-1-

met hyl - 2- phenyl et henyl ] - 6- phenyl - 1, 4- benzoqui none, and also its addition salts
with a pharnaceutlcall acceptabl e acid or base, Conpound of formula (1)

accor di ng 18- ePEPeyd MP%}h iss 2(4(b3016¢91’61356bﬁén§1hyd133xg“5-pheny1 1,4-benzoquinone,
i hydroxy- 5- [ (B2 RheNH BLURDKkl budinBROARAN, BENBYLse] so [ s addition

salts with a pharmaceutic y acc e aC| ase -31 15. Conpound which
is 2-(4-bronnpheny|) 3, 6-di hydr oxy- 5 phenyl -1, 4- benzqu|none and also its

addition s wi th.a pharnmaceutically accept as 16. .Process.for the
preparat i 036 TOESHPIOnNAE RFFPATBHORICL cOmpouR of’gl}lﬂﬁmlfjl @} AFeRrding 'if’h&'tsa tL'ri sed
in that a congyamfbrdéd fAhsH rifduhd of Ambika' (@ (11), O wherein Ar is as

defined for forrmula (1), is reacted with a conpound of formula (I111) : 0 OR

wherein R represents a linear or branched (Cl-C6)al kyl group,

Ar/\“/\ OH (1D,
O .
wherein Ar is as defined for formula (I), is reacted with a compound of formula (III) :
0 am,
OR ’
Cl)f\”/

0)

wherein R represents a linear or branched (C;-Cg)alkyl group,

to yield a compound of formula (IV) :
- : 0]
OR av)
0 0)

wherein Ar et R are as defined hereinbefore, which is cyclised under basic conditions
then, if desired, with an acylation or alkylation reagent, to yield a compound of

formula (V) :



to yield a conpound of formula (I1V) : ArO O wherein Ar et R are as defined
her ei nbefore, which is cyclised under basic conditions then, if desired, with
an. acyl ation or alkylation reagent, to yield a conpound of fornmula (V) : -32
(V) 0O wherein Ar is as defined hereinbefore and R is as defined for formul a
(I'), which is reacted with a conpound of formula (VI) : R3 wherein A and R3
are as defined for formula (1), to yield a compound of fornula (VII) :
wherein A, Ar, Rl et R3 are as defined hereinbefore, (VII) which is subjected
to basic conditions and then, if desired, to the action of an acylation or

al kyl ati on reagent, to yield a co und of formula (1), which is purified
according to a conventional purifigationartechnique and is optionally

separated into the stereoisoners faccoyding to a cgviyenti onal separation

techni que. -33 17. Pharnaceuticab composi tion conprising as active ingredient
a conmpound according to

wherein Aris as defined hereinbefore and R, is as defined for formula (I),

which is reacted with a compound of formula (VI) :

wherein A and Rj are as defined for formula (I),

to yield a compound of formula (VII) :

R—AT X
3 (VID)

OR
0

whérein A, Ar, R, et Rj are as defined hereinbefore,

which is subjected to basic conditions and then, if desired, to the action of an acylation

or alkylation reagent, to yield a compound of formula (I),

which is purified according to a conventional purification technique and is optionally

separated into the stereoisomers according to a conventional separation technique.



any one of clains | to 15 in conbination with one or nore pharnmaceutically
acceptable, inert, non-toxic carriers. 18. Pharnmaceutical conposition
according to claim17 for use as a nedicanent in the treatnent of diseases
associated with a deregul ation of glycaem a. 19. Pharnmaceutical conposition
according to claim18 for use as an antidi abetic nedi canent.

-33-

17. Pharmaceutical composition comprising as active ingredient a compound according to

any one of claims 1 to 15 in combination with one or more pharmaceutically

acceptable, inert, non-toxic carriers.

18. Pharmaceutical composition according to claim 17 for use as a medicament in the

treatment of diseases associated with a deregulation of glycaemia.

19. Pharmaceutical composition according to claim 18 for use as an antidiabetic

medicament.



