-1 1 mdazopyridine derivatives, preparation nmethod and pharmaceuti cal
conpositions containing sane The invention relates to new i m dazopyri di ne
conmpounds, to a process for their prepatation and to pharnaceuti cal

"CONPOSi t i onmidagdpyAding degivates prephtion h&thdtt dnd phatiabeuldl Eémﬁgsmyﬁs%@!ntah‘nﬁlby many
exanpl es of im dazopyridi ne conpounds same known in the literature,

especially for their therapeutic qualities. By way of exanple sone 5

et on (b BBt Pt SO e hARURG Rt B Vs LA
144101) @nd & plaanaessical(CMMPILibiddSEntaikihpileni.i vat ed protein ki nase (AWPK) is

a protein kinase which is involved in the cell response of energy stress.
The protein is activated by an increase in the intracellular 10
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(FAS), which controls the synthesis of triglycerides. In addition, AWK

al so red&B@%O%ﬁ@5ékpreSS|on of one of the key enzymes of neoglucogene5|s
(PEPCK), which manifests itself in inhibition of the hepatic production of
glucose. 20 Finally, AMPK increases the utilisation of glucose by

facilitatAMB-atiheatéd prosginrkingé (AMRIOS® a protdim&inass ®hich Blihvélhes i fieomdlr ti es
conbine to make AMPK a target of choi.ce in the treatnent of dlabetf? and
of the mETSRERE Y EHea®Y &&rP%s adsoRpisieds AHERLST Py an; lereass, i they gytracellular
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to the treatment of those
exercise, for example.

AMPK phosphorylates and modifies the activity of key enzymes of the glucido-lipidic
metabolism. In fact, AMPK plays an important part in lipogenesis, because it inhibits the
synthesis of fatty acids and of cholesterol by inactivating acetyl-CoA carboxylase and
15 HMG coreductase. AMPK reduces the expression of fatty acid synthase (FAS), which
controls the synthesis of triglycerides.
In addition, AMPK also reduces the expression of one of the key enzymes of
neoglucogenesis (PEPCK), which manifests itself in inhibition of the hepatic production of
glucose.
20 Finally, AMPK increases the utilisation of glucose by facilitating the transport of glucose
in the muscle.
All those properties combine to make AMPK a target of choice in the treatment of diabetes
and of the metabolic disorders associated therewith, the search for pharmacological
activators of AMPK accordingly being of fundamental value to the treatment of those
25 pathologies [see Winder WW and Hardie DG: AMP-activated protein kinase, a metabolic
master switch: possible roles in type 2 diabetes, Am. J. Physiol., 40: E1-E10, (1999) and

cited references].

The Applicant has now found new imidazopyridine compounds having a novel cycloalkyl-

imidazopyridine structure, conferring thereon AMPK-activating properties and, more



25 pat hol ogi es [see Wnder WV and Hardi e DG AMP-activated protein kinase,
a netabolic mnmaster switch: possible roles in type 2 diabetes; Am J.
Physiol., 40: EI-EIO (1999) and cited references]. The Applicant has now
found new i m dazopyri di ne conmpounds havi ng a novel cycl oal kyl -

i m dazopyridine structure, conferring thereon AVPK-activating properties
and, nore -2 precisely, anti-diabetic @d anti-hyperlipidaem c properties.
The present invention relates nore especially to conpounds of fornmula (I):
m (CH 2)" prrasedy, antigliabgiic prpadskyneslipdaepe pywertigsom a hal ogen atom or an
al kyl , pol yhal oal kyl, cyano, nitro, hydroxycarbonyl, al koxycarbonyl,

am nocarb |, al kyl am nocay bonyl or .djal kyl - am.nocarbonyl. group, R2
repr esent 2{% pﬁ?ﬂ?ﬁé&??t'gpéaa{eéﬁl%‘? WFCléb%kaé,/on%WuBBst ?fgfﬁgp%)@u bstituted aryl
group, an optionally substituted het eroaryIRgroup, or a group R2-C(X)-
wherein: 10 - R2D represents ar Ky oup,/-an al koxy group, an am no
group, an al kylam no grou;];t,1 AN group, agoptionally
substituted aryl group or an ¢gpt sub?bituted het eroaryl group, - X
represents an oxygen atom a sulyhur om of a group NR21 wherein R21
represents a hydrogen atomor an al kylygroup, 15 R3 represents a hydrogen
atomor an al kyl group, n represents teger from1l to 6 inclusive,
the representation R1 n 1 neans: R (CHR),

wherein:

5 + R!represents a hydrogen atom, a halogen atom or an alkyl, polyhaloalkyl, cyano, nitro,
hydroxycarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl or dialkyl-

aminocarbonyl group,

+ R’ represents a hydrogen atom, an alkyl group, an optionally substituted aryl group, an
optionally substituted heteroaryl group, or a group R¥_C(X)- wherein:

10 » R?® represents an alkyl group, an alkoxy group, an amino group, an alkylamino
group, a dialkylamino group, an optionally substituted aryl group or an optionally
substituted heteroaryl group,

> X represents an oxygen atom, a sulphur atom, or a group NR?! wherein R*' represents

a hydrogen atom or an alkyl group,
15 + R’ represents a hydrogen atom or an alkyl group,
+ nrepresents an integer from 1 to 6 inclusive,

1 1 1 1 !
' Vi VP N7 2 /N
+ the representation R means: R | , R | , R I or R l
3 3 \N JN N 3 \ 3 \ ’

to their enantiomers, diastereoisomers and also to addition salts thereof with a pharma-

ceutically acceptable acid or base,
20 it being understood that:

- the term "alkyl" denotes a linear or branched hydrocarbon chain containing from 1 to 6



, NJ, Nto their enantioners, diastereoisonmers and also to addition
salts thereof with a pharnma- ceutically acceptable acid or base, 20 it
bei ng understood that: - the term"al kyl" denotes a |linear or branched
hydr ocarbon chain containing froml to 6 -3 carbon atons, - the term

"al koxy" denotes an al kyl -oxy group in m@ich t he al kyl chain, which is

| inear or branched, contains from1l to 6 carbon atons, - the term"aryl"
denotes a phenyl or biphenyl group, 5 - the term "pol yhal oal kyl" denotes a
| i near or beaaparhatems.ar bon chain containing froml to 3 carbon atons and

f h ' ! "
from s to 1 A Memdeneraiin U SRl B AR e HE)HED, SnihikRady 0

| east one qfraﬁ&]ﬂdrwﬁ%ng ﬁoyﬁrlqmﬂdaﬂ)onajf@ny\hl ch cont ains in the nonocyclic
ring systemor in the bICyC|IC rin ystem1l, 2 or 3 hetero atons 10
sel ected fribmienm ange Aenabssrre z’s*.I?J} WEouRNd - the term "optional | y

subst ?t ut edy, mog)l gih f&al’M ihdetnt]%s SIS P egr%B&f é/eirbcﬂi‘éiiaﬁieéo‘?ﬁagﬁlhg lfro

that the groups i SEIon are substitut y one or two I ica
different cuihsidtdmenhd froml lemtkhhlégenmtdmi ogen atons and the groups aI kyI,

al koxy, poI hal oal dro cyano, nitr i ona

Subot ] t ub ety teBne Mo I RIES g SE) haling T o &) H ke hetgvhich i
represents @,88QbR: §EbieGdIRd i WRkh Ay fh&ohe o@hife%gsa@slroﬁmleoandl WhiclP €6iidins
under stood that "t he heteroaryl group may al so be substituted by an oxo

group on tinethagnermcyehia riog mstemyorom theebipyaliermrg yystemntp?gor Rehetero atoms

phar prceuti ¢ ccen table aci ds be nmentioned, w thout inplying
any Irfﬁm tatsieﬂec e\éi{g gSIrlioé(y 58 %Pd Srw)dm(r)’ﬁém c acid, sul phuri c acid,

phosphoni c- gei térsz)pﬁﬁﬂﬁllstﬂﬁmﬂltedt'rasﬁddm)écbaﬁfht the a@reismhagtymarﬁlcmero@xyyn uvi c
acid, malonic acid, succinic acid,
means that the groups in question are substituted by one or two identical or different
substituents selected from halogen atoms and the groups alkyl, alkoxy, polyhaloalkyl,
hydroxy, cyano, nitro, amino (optionally substituted by one or two alkyl groups) and
15 -C(O)Ry wherein Ry represents a group selected from hydroxy, alkoxy and amino, it
being understood that the heteroaryl group may also be substituted by an oxo group on

the non-aromatic moiety of the heteroaryl.

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

sulphonic acid, camphoric acid etc..

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

any limitation, sodium hydroxide, potassium hydroxide, triethylamine etc..

2 Py /
The preferred group represented by R' is R l
3 s AN
N

4

25 )

An advantageous embodiment of the invention relates to compounds wherein R' represents



glutaric acid, fumaric acid, tartaric acid, maleic acid, citric acid,
ascorbi c acid, nethane- sul phonic acid, canphoric acid etc.. Anong the
pharmaceutically acceptabl e bases there nay be nentioned, w thout inplying
any limtation, sodium hydroxide, potassium hydroxide, triethylamne etc..
The preferred group represented by R %i s R C N 25 An advant ageous
enbodi nent of the invention relates to conpounds wherein R represents -4 a
hydrogen atom Preferred conpounds of the invention are those wherein R2
repr esent s lydipggnatpem at om or a group R20-C(O -. Anot her advant ageous
enbodi ment relates to conpounds of fornmula (1) wherein R3 5 represents a
hydr ogen atom The group R20 to which preference is given in accordance
with the ipp¥eAtd 8Smpsurds of tHeinyent WhQud thass wiBreth RS Rpedsaht ¥ hytrapeh @y ar oup.
In preferred conpounds of the invention, n represents an integer 4, 5 or 6
and nore aggpetRaHC(OB. 10 An especial |y advantageous enbodi nent of the
invention relates to conpounds of forrmula (1) wherein R represents a
hydrogen atom R2 represents a hydrogen atomor a group R20-C(O - wherein
R20 r epr eaivtiser asdvahtageons gémbigalimantd relates té @mppundsofi fotringla pelp fvettereid R’
conmpounds of the invention there may be nentioned nore especially

3- cyd) ohepeERrFsents 3 kydgegesakom. ) pyri di ne- 2- ani ne and

3-cycl ooctyl -3H i m dazo[ 4,5-b]- 15 pyridine-2-am ne. The invention rel ates
also to a process for the preparation of conpounds of forrmula (I),

char act er iBedroup Ri4p whidr prefarencsdd gixengn artardapeerati dr thalinentor sngroalkeley of

formula ( lglrglip #nd more especially an ethoxy group.

In preferred compounds of the invention, n represents an integer 4, 5 or 6 and more

especially 5.

10 An especially advantageous embodiment of the invention relates to compounds of
formula (I) wherein R' represents a hydrogen atom, R? represents a hydrogen atom or a

group R%°-C(O)- wherein R? represents an alkoxy group, and n is 4 or 5.

Among the preferred compounds of the-invention there may be mentioned more especially
3-cycloheptyl-3H-imidazo[4,5-b]pyridine-2-amine and 3-cyclooctyl-3H-imidazo[4,5-b]-
15 pyridine-2-amine.

The invention relates also to a process for the preparation of compounds of formula (1),

characterised in that there is used as starting material the compounds of formula (II):

NH2
RL{III[: (ID)
N>H>

(CH),
wherein R' and n are as defined for formula (I), which compounds of formula (II) are
20 condensed with isothiocyanate compounds (I1I):

S=C=N-C(X)-R* (111



R O'-,~NH (CHA wherein R1L and n are as defined for fornula (1), which
conpounds of formula (Il) are 20 condensed wi th isothiocyanate conpounds
(rrr)y: S=C=N-C(X)-R2 (111) -5 wherein X and R20 are as defined for formula
(l), toyield the internediates of formula (I1V): S X 11 11 20 -
-NHCGCNHCRR (CH)" wherein RL, n, X and R20 are as defined for fornula
(1), 5 which conmpounds of formula (IV) ‘én'dergo i ntranol ecul ar cyclisation
in a basic medium and in the presence of a suitable catalyst to yield the
conpounds Wheteaid : XNandRIR RiCare >a\ide@n e (for | foeula NIY, Ce2)yield vithie c intexmediatest pLul ar
cases of the co unds of fornmula (1) wherein R, n, X and R20 are as

defi ned fé?mi"g?m:i (1), 10 which conpounds of formula (Pa) are optionally
converted, in an acid medium into cogpoundsxof formula (I/b): N RL

Q>-NH 2 (I/b) NH|C|3NH ICR20
R‘—‘: (IV)
N>H>

(CH,),

wherein R, n, X and R? are as defined for formula O,

5 which compounds of formula (IV) undergo intramolecular cyclisation in a basic medium

and in the presence of a suitable catalyst to yield the compounds (I/a):

N X
Rl N I | 20
NH—C—R (I/a)
N

(CH,),

which are particular cases of the compounds of formula (I) wherein R', n, X and R® are as

defined for formula (I),

10 which compounds of formula (I/a) are optionally converted, in an acid medium, into

compounds of formula (I/b):
N
1
R \>‘NH2 (Ub)
N

(CH,),
which are particular cases of the compounds of formula (I) wherein R' and n are as defined

for formula (I),

15 in which compounds of formula (I/b) the amine function can be functionalised in a basic

medium, with the aid of an alkyl halide Alk—Z (wherein Alk represents an alkyl group and



N (CHA which are particular cases of the conpounds of fornmula (I) wherein

R and n are as defined for formula (1), 15 in which conpounds of formula

(I/b) the am ne function can be functionalised in a basic mnedium wth the
aid of an alkyl halide Alk-Z (wherein Ak represents an al kyl group and -6-
Z represents a hal ogen atom, to yield the conpounds of fornmula (I/c): NH

(I'/fc) R\>N/ NAKkK (CH?2). which are a particular case of the conpounds

of formula (1) wherein R1L and n are as defined for formula (1) and Alk is

as def i ned tepresemtbethelogen Btonhi ohyidd tpoeenthounds ¢idormulaél/ol / b) and (1/c) may,
in a basic nmedium optionally in_the giresence of suitable catalysts, be

reacted wth R2 - Z' (wherei n R S deftﬁéd for fornmula (1) and Z
represents a nucl eof ugal 's aNjal ogen atgpy or a trihal oal kyl
group) to yield the conpounds a (f)ammhich conpounds (1/a), (1/b)
and (1/c) constitute the totalil e conmpounds of 10 formula (1) and:

- which may, where necessary, be purified according to a conventi onal
purification technique, - which are sepaPated, where necessary, into the
stereoi soners according to a conventi ¢0dl) separation technique, 15 - which

are converted, if desired, int heir addjti salts with.ap
phar mac eut‘?’}&lglll] |a§e a_particular, Gase é’git SPmBg%rgfs Sfd a) wherein R* and n are as
defined for formula (I) and Alk is as defined hereinbefore,

5 which compounds of formulae (I/b) and (I/c) may, in a basic medium, optionally in the
presence of suitable catalysts, be reacted with R? — Z' (wherein R? is as defined for
formula (I) and Z' represents a nucleofugal group, such as a halogen atom or a trihaloalkyl

group) to yield the compounds of formula (I),

which compounds (I/a), (I/b) and (I/c) constitute the totality of the compounds of
10 formula (I) and:
- which may, where necessary, be purified according to a conventional purification
technique,
- which are separated, where necessary, into the stereoisomers according to a conventional
separation technique,
15 - which are converted, if desired, into their addition salts with a pharmaceutically
acceptable acid or base,
it being understood that:
- at any time considered to be appropriate in the course of the process described above, for
the requirements of synthesis the carbonyl, amino or alkylamino group(s) of the starting
20 reagents (II) and (III) may be protected and then, after condensation, deprotected,
- the reagents (II) and (III) are prepared according to known procedures described in the

literature.

The compounds exhibit especially an excellent activity in reducing triglyceride and blood
glucose levels. Those properties justify their use therapeutically in the treatment and/or

25 prophylaxis of hyperglycaemia, dyslipidaemia and, more especially, in the treatment of



it being understood that: - at any tine considered to be appropriate in the
course of the process described above, for the requirenents of synthesis

t he carbonyl, am no or al kylam no group(s) of the starting 20 reagents
(11) and (111) may be protected and then, after condensation, deprotected,

- the reagents (11) and (111) are preparﬁd according to known procedures
described in the |literature. The conpouhds exhibit especially an excell ent
activity in reducing triglyceride and blood glucose |evels. Those

properti emqlltissdlﬁlyddphedemt ubpet Iﬂerdéz}i@tﬂSi cdl bBesity, oiieglucesst mioleranoel/amd 26

prophyIaX|s of.. hype em a, dys d nore especially, in the
treat nent fPlisa (g’ﬁ ?ﬂga%aﬁeﬁei?gﬁlg Hélh{?’e c?@bovafcl Akt es, of obesity, of
gl ucose intol erance and of conplications of diabetes especially in the

cardi ovascul ar area. The activity of those conpounds is al so reconmrended
for the trEwtastrity ahidoss cq.mmlﬁw walsp reeqmipended fon e drsatnanhandier Rigphypes |

i avet es, IBRL GLALACHAIASTHAS 1 ATRAROhY - XN AR R, IR SRTRRANCE,

dysllpldaenla in erlipl yperc roI em a.’ The

present i rugiliniredistidead wbipRlasmid ia qmmncmhypﬁrhplaherﬁmrﬁnohyﬁeromﬂemm[aémm. ng as
active ingredient at |east one conpound of forrmula (1), alone or in
conbination with one or nore inert, non-toxic, pharnmaceutically acceptable

exci pi ent spir presnt '1§Jeﬁtlo£\'?8%s e @hﬁms&%w%ﬂ%@%ﬁg chﬂBﬁsxﬁgCaQra‘éhﬂg to
t he |nvent|on there may be 10 nentioned nore especially those That are

sui t abl e fingredient 3t lgpat emt eamapouad @f derswila ) laviesir imtombinatieibiveh ©ne or thoag ees,
subllngual bl ets | atin ca ules l,ozen gsitories, creans,
oi ntnent s, ﬂgWWHﬁ ﬁ%ﬁ’aEP%?Pﬁﬁﬁ zﬁ§%¥aleﬁﬁ§ mngfggggécordlng to the age

and meight of the patient, the nature and severity of the disorder and the
adm ni stration route, which may be oral, nasal, rectal or 15 arenteral
Gener al | y,Ampgg (1h¢ tPhagsacentish) e SOMPRSHIANS 124cording taythseinvention there may b

tr eai(ﬁmnt mérﬂlo;'néd) nf'ngiref[ Qs cﬁ@l?‘h rfﬁo%& r ﬁlta{ Ofpe - suﬂaﬁleE%d’@Pm)lrﬁs )}; b%%glo'ahg%asal

illustrate the Inventio out lirmting 1t In any
administration, tablets or dragées, sublingual tablets, gelatm capsules, lozenges,

suppositories, creams, ointments, dermal gels etc..

The useful dose varies according to the age and weight of the patient, the nature and
severity of the disorder and the administration route, which may be oral, nasal, rectal or
15 parenteral. Generally, the unit dose ranges from 0.1 to 500 mg per 24 hours, for treatment

in from 1 to 3 administrations.

The Examples that follow illustrate the invention, without limiting it in any way. The
structures of the compounds described have been confirmed by customary spectroscopic

and spectrometric techniques.

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

procedures.



structures of the conmpounds descri bed have been confirned by customary
spectroscopic and spectronetric techniques. 20 The starting materials used
are known products or are prepared according to known procedures. -8
PREPARATI ON 1 : N2- Cycl ohexyl -2, 3-pyri di nediam ne Step a :

N- Cycl ohexyl -3-nitro-2-pyridi neam ne A rg xture conposed of 0.1 nol (15.85
g) of 2-chloro-3-nitropyridine and 0.1 bl (11.50 m): of cycl ohexyl am ne
is heated at 120C for 4 hqurs in 250 m of DVMF in the 5 presence of

pot assi umRREBARNTION B : 3f-Gyclolmyyl-33tpiridinedigminen extracted with 200 ni
of ether and the organic phase is washed three tinmes with water. After
dryi ng over nmagnesium sul phate, the ether is evaporated off. Step b :

N2- Cycl ohesta a 2V eiohiesylne ditar? perididearnineof et hanol, 0.05 nol (11.06 g) of
the nitrated conpound prepared in the preceding 10 Step and 3.5 g of

pal | adi um on-carbon are introduced into an autoclave. The m xture is

heat ed at 0 VY, i

hori zont alﬁFaﬁ(ﬁ&é %&ﬂé‘iﬁ%&’;ozsn%gp%?{”(?%% %)33%25?’2&?2“8?%@;&?]?ﬁgﬁo%gﬁlﬁgle t he
sol ution. (Af.5@ml} batydléherylatrire isShdatidi 11n12iO§Cffbi # droars in5Ough of DBAE limelie and
then a double filter in order to renove the final residues, of

pal | adi umpéwe%qfdwtasawal fHBorAte Aot ! Bk Té‘\?éﬁb’rtla{l dyithspexiraded With £90anl of
pressure. 1}% PRA Pﬁ‘BA-g ghm% Q’%a@ﬁ'&ptﬂyﬂee 2tn§eso3(&rlﬂfj'\~r}ﬁéi“ %é?edrplﬂ'% over
experinmental protocol entical wth that used in Preparation

starting ﬁmammﬂwmwomhmemmyhﬁnrnEﬂmngn@d@ﬂbf cycl ohexylanmine in Step a.
PREPARATI ON 3: N2- Cycl ooctyl -2, 3-pyri di nedi am ne The experinental protocol
is identical with that used in Preparation 1, starting fromcyclo- 20

oct yl am n&tégist RACvObhewtR B ewidingdisginen Step a. -9 EXAMPLE 1 : Ethyl

3-cycl ohexyl - 3Hi m dazo[ 4, 5- bl pyri d- 2-yl car banmat e
800 ml of ethanol, 0.05 mol (11 06 g) of the nitrated compound prepared in the preceding

10 Step and 3.5 g of palladium-on-carbon are introduced into an autoclave. The mixture is
heated at 60°C for 30 minutes under 50 kg of hydrogen and then stirred horizontally at
ambient temperature for 3 hours in order to homogenise the solution. After that time, the
solution is filtered through a Biichner and then a double filter in order to remove the final

residues of palladium-on-carbon, and the ethanol is evaporated off under reduced pressure.

15 PREPARATION 2 : N*-Cycloheptyl-2,3-pyridinediamine

The experimental protocol is identical with that used in Preparation 1, starting from cyclo-

heptylamine instead of cyclohexylamine in Step a.

PREPARATION 3 : N*-Cyclooctyl-2,3-pyridinediamine

The experimental protocol is identical with that used in Preparation 1, starting from cyclo-

20 octylamine instead of cyclohexylamine in Step a.



Step a : Ethyl {[2-(cyclohexylam no)-3-p
r~i dyl | i m no}(di et hyl am no) net hyl carbamate A m xture of 0.02 nol (3.82 g)

of 3-am no-2-cycl ohexyl am nopyridine fromPreparation | and 0.02 nol of
et hoxycar bonyl isothiocyanate is stirred in 50 nl of DVF at anbient 5
tenperature for 3 hours. The solution ig, then cooled to 0C, and 0.05 nol of

di propyl amine and then 0.02 nol of mercuric chloride are added in
succession. After 15 mnutes, the ice bath is renoved and the solution is
stirred atEXAMBLE 1t:&thel 3cyslehexyl-34-midazol4Ashlpyridd-ylgarhagnatee sol uti on
with 100 ml of ethyl acetate, filtration is carried out over Celite and
the solvents are evaporated off under reduced pressure. The resulting crude
product i Stégen  ElRylr{ET(opsichkk yismehol)3eppralydimmot (didtkeylarbinepméthylcirbambte
3-cycl ohexyl - 3H-i mi dazo[ 4, 5- bl pyri d-2-yl carbamate 0. 0048 nol of the
conmpound prepared in the preceding Step is dissolved in 100 ml of a

sol ution of n{mh&am 0RRR &ﬁﬁ@. gp&'wmnmedz eyagﬁex@mn%b}%dﬁéﬂfréﬁ)prep%w% 1
heating the solution at refltux for 3 hours, the netHanol 1s evaporated
of f. The pnddl.(? el eof svhadtycaboryl 1scsthlo§;5ar@wc15| gnredi int 50 ed, Oﬁ/@Mfedt winbientvat er
and recrystallised onitrile., Melt LE 2 . Ethyl
3y onegterais fir dpuroa be Bripgen § e fosliifla Bt car E0E bRt darppyfmind
protocol g4 'tha%r@ 0 alo]wfmrémtchw dr® aEXRTR! sBcckssioh. A drNG Ihﬂm@semeacé rom
3-am no- 2-cycl oheptyl am nopyri dine from Preparation 2 instead of

3-am no- 2-b@§1Cisot‘ﬁ@)QVIed and thei sebpieni ldlsﬁeredI\MIambIgntptsmwrahW?foJr EXiagups.EA Ber

3- Cycl ohex 3H-.im ri he cQ lis
addud o fhuiing vsreolRRsm a0d B T ok AP Pl iR o SR O Slep AR L
the sol ut lthdlsenltbe@beda;ﬁiratédet)ffupndélqreddc%dfp@&ssﬁre Phé RKUlEAE chudg prdiRicsBIthién on,
the precipitate is suction filtered, washed wth sodi um bi carbonate and

t henl® ecr yearystaliisedfrom agetpnigdleoni tril e. Mel ting point: 210C

Step b : Ethyl 3-cyclohexyl-3H-imidazo[4.,5-b]pvyrid-2-ylcarbamate

0.0048 mol of the compound prepared in the preceding Step is dissolved in 100 ml of a
solution of methanol and 15% sodium hydroxide solution (50/50). After heating the
solution at reflux for 3 hours, the methanol is evaporated off. The precipitate so obtained is

15 suction filtered, washed with water and recrystallised from acetonitrile.

Melting point: 264°C
EXAMPLE 2 : Ethyl 3-cycloheptyl-3H-imidazo[4,5-b]pyrid-2-ylcarbamate
The experimental protocol is identical with that used in Example 1, starting in Step a from

3-amino-2-cycloheptylaminopyridine from Preparation 2 instead of 3-amino-2-cyclohexyl-

20 aminopyridine.

Melting point: 177°C

EXAMPLE 3 : 3-Cyclohexyl-3H-imidazo|[4,5-b]pyridine-2-amine

The compound of Example 1 is added to 100 ml of a dioxane solution saturated with



5 EXAMPLE 4: 3-Cycl oheptyl -3H i m dazo[ 4, 5-b] pyri di ne-2-am ne The
experinmental protocol is identical with that used in Exanple 3, using the
conmpound of Exanple 2 as starting material. Melting point: 210C EXAMPLE 5
3-Cycl ooctyl -3H i m dazo[ 4, 5-b] pyri di ne-2-am ne 10 The experi nent al
protocol is identical wth that used in gxarrple 1, starting in Step a from
3-am no- 2-cycl ooctyl am nopyri di ne of = paration 3 instead of
3- am no- 2- cycl ohexyl - am nopyridine. Melting point: 198C PHARVACOLOG CAL
STUDY 15 Exivrs HQL, andMyPisobitionvs heat¢dhatareBex fornidledurs. Afdgyaooling e sobuioat ed

and Fr 1 end BreCRRAr rtston ire G uRhSb T SREM SekBohalPad R G fisE

measur ed gEHRhEHGGLl® t he net hod described by Davies et al. [Eur. J.
Bi ochem, 186, 123-128 (1989)]. The latter involves phosphorylation
starting from[y-32P]-ATP of a peptide substrate (SAMS), based on the 20

sequence . 1 site phosphoryl ated by the AMPK of the ACC. The
;g&hﬂgg&hﬂ%b*@

reaction ng the AMPK activity ends with the deposition of an

al iquot of the reaction -11 nmedium on a phosphocel |l ul ose paper (Wat man
P81), on which the SAMS pelrl)ti de_is fixed _and the radiopactivity of which is
measut ed XAMBLE 4;: 3Cydoheptyl-3H-imidazol4,5-bipyridigenioAmiress Exanpl e 4
activates AMPK, after 30 mnutes at a concentration of 500 M by 312 %
(conpared with the base val ue), whereas the same 5 concentration of AlICA

ri bosi de, Thsedpersmenddlaqretoce, is idedtical with thatmsed omBkampla s, using theapawoind oby

178 % LE X olipaem c activity The products of the invention were

tested WWBI‘?B%]EI%%B%E%@CF%/ ob nmouse, used as a nodel of

obesity-associated insulin resistance. By way of exanple, the conmpound of
Melting point: 210°C

EXAMPLE 5 : 3-Cyclooctyl-3H-imidazo[4,5-b]pyridine-2-amine

10 The experimental protocol is identical with that used in Example 1, starting in Step a from
3-amino-2-cyclooctylaminopyridine of Preparation 3 instead of 3-amino-2-cyclohexyl-

aminopyridine.

Melting point: 198°C

PHARMACQOLOGICAL STUDY

15 EXAMPLE A : AMPK activity in a cell model : hepatocytes isolated from rats

The hepatocytes are isolated according to the technique of Berry and Friend [J. Cell Biol,
43, 506-520 (1969)]. The AMPK activity was measured according to the method described
by Davies et al. [Eur. J. Biochem., 186, 123-128 (1989)]. The latter involves
phosphorylation starting from [y-"P]-ATP of a peptide substrate (SAMS), based on the
20 sequence surrounding the site phosphorylated by the AMPK of the ACC. The reaction for

measuring the AMPK activity ends with the deposition of an aliquot of the reaction



10 Exanple 4 significantly reduces the triglycerides at 125 ng/ kg per os
whereas, with netformn, the sanme reduction is obtained at 250 ng/ kg per
0s. In this nodel, the conpounds of the invention have thus been shown to
be powerful hypolipaem c agents. EXAMPLE C : Pharmaceutical conposition 15
Formul ati on for the preparation of 1000 tablets each containing 5 ny:
Conmpound of Exanple 4 -11-

""""" concéntration 'o'f'SOO'ul\:JIPnglg QA) Y@%gasrlec'lj n\;l/lﬁlt ﬁl%rb%%g value), whereas the same

----- 5. .. .con6entratidn GEAIVR AbostRMmadnd Seetenkeindeathe!shine R3ndidohd, Betivates-it ON
)-N \ (I) " NR3 4 (CH 2)" wherein: 5 Rl represents a hydrogen atom a
hal ogen att¥m7§”an al kyl, pol yhal oal kyl, cyano, nitro, hydroxycarbonyl,

al koxycar bonyl , am nocarbonyl, al kyl am nocarbonyl or dial kyl - am nocar bonyl
group, R2 represents a hydrogen atom an al kyl group, an optionally

subst i t ut EXAMPLEBUHypealipaeagit acoieity y substituted heteroaryl group, or a
group R20-C(X)- wherein: 10 - R20 represents an al kyl group, an al koxy
group, an am no group, an al kyl am no

The products of the invention were tested in vivo in the obese ob/ob mouse, used as a

model of obesity-associated insulin resistance. By way of example, the compound of
10 Example 4 significantly reduces the triglycerides at 125 mg/kg per os whereas, with

metformin, the same reduction is obtained at 250 mg/kg per os.

In this model, the compounds of the invention have thus been shown to be powerful

hypolipaemic agents.

EXAMPLE C : Pharmaceutical composition

15 Formulation for the preparation of 1000 tablets each containing 5 mg:
Compound of Example 4.......ccccoiiiiiiiiiieeeeieee ettt 5g
Hydroxypropylmethylcellulose ..........ccovirvemiinceiniiereneee e 2g
Wheat Starch ..o 10g
LACTOSE..ciniiiieieeeee ettt ettt b e e et eeane s 100 g

20 Magnesium STEATALE ......c..eeoueriririiiieieeicte ettt et et a e 3g



group, a dial kylam no group, an optionally substituted aryl group or an
optionally substituted heteroaryl group, - X represents an oxygen atom a
sul phur atom or a group NR 21 wherein R21 represents a hydrogen atom or
an al kyl group, 15 R3 represents a hydrogen atomor an al kyl group, n
represents an integer froml to 6 incluzkve, the representation R1 neans:
RLJRI a e NN} their enantioners, "dfastereoi soners and al so addition
salts thereof with a pharnaceutically acceptable acid or base, 20 it being
understood that: -13 - the term"alkyl" denotes a |linear or branched

hydr ocarbon chain containing from1 t 31 rbon atonms, - the term "al koxy"
denotes an al kyl -oxy group in which tg%—a¥§§I chain, which is linear or
branched, contains from1l1l to 6 carbon atons, 5 - the term"aryl" denotes a
phenyl or bi phenyl group, - the term "polyhal oal kyl" denotes a |inear or
branched da ognds of feBn¢laili ng from1 to 3 carbon atons and from1 to 7
hal ogen atons, - the term"hetergaryl" denoteg a group having from5 to 11
ring menbers which is nonocygltT™¢ alcyclk , in which at | east one of the

rings is aromatic, and whi ¢ ;%Q_N t he nnnafyclic ring systemor
n tercRgtons

in the bicyclic ring systen113'

(CH,),

wherein:

5 + R represents a hydrogen atom, a halogen atom or an alkyl, polyhaloalkyl, cyano, nitro,
hydroxycarbonyl, alkoxycarbonyl, aminocarbonyl, alkylaminocarbonyl or dialkyl-

aminocarbonyl group,

+ R’ represents a hydrogen atom, an alkyl group, an optionally substituted aryl group, an
optionally substituted heteroaryl group, or a group RZO—C(X)— wherein:

10 > R% represents an alkyl group, an alkoxy group, an amino group, an alkylamino
group, a dialkylamino group, an optionally substituted aryl group or an opﬁonally
substituted heteroaryl group,

» X represents an oxygen atom, a sulphur atom, or a group NR*' wherein R*' represents

a hydrogen atom or an alkyl group,
15 « R’ represents a hydrogen atom or an alkyl group,

+ nrepresents an integer from 1 to 6 inclusive,

1 1 1 i !
IO G RGN g Y
+ the representation R - R , R R or R
P , means: ; \N N IS @,

their enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically

acceptable acid or base,

20 it being understood that:



selected fromnitrogen, oxygen and sul phur, and - the expression
"optionally substituted" associated with the expressions aryl and hetero-
aryl nmeans that the groups in question are substituted by one or two

#j dentical or different substituents selected from hal ogen atons and the

groups al kyl, al koxy, polyhal oal kyl, 15 1Eydr oXy, cyano, nitro, am no
(optionally substituted by one or two al'kKyl groups) and -C(OR wherein Rd
represents a group sel ected from hydroxy, al koxy and ami no, it being
understood that the heteroaryl group may al so be substituted by an oxo
group on -tthe tamon“adirydhderiotesnalintay opfrangbedhbydroeraban chain cagammgniiiemdtf to 6
formula (1) gccording to claim1l wherein the representation R corresponds
to R 20 tﬁéﬁ}on@ﬁ%{ﬂ‘f’i omers, diastereoisomers and al so addition salts

t her eof W tihe GerhAlKIRGEHotR! AnYalldd CrPptgadlLinaghich the AMaT @haid; whitHROLAES opf
formula (1) according to either claim1 or claim2 wherein R represents a
hydr ogen attaanchegeioptagsiam die psarbgp44ames; eoi soners and al so addition salts
therepf wit phak: i.cal C b cid or base. 25 4- Conmpounds
of fo?rrul étF?fengcc #g?%g%g%%ﬁw&%%%gghgléﬁu 1 to 3 wherein R2 represents
a hydr ogenhatepiii "pblyhhloakpEtrdehoe® s $Sinedtioadbtackal comr hamndnadisiag &dei T tooh
salts thereof with a har maceut i cal I¥ acceptabl e acid or base. -14 5-
Conpounds cﬂarﬁoér%ﬂp%lar(qo@m&ééeﬂch%epé% one of claims | to 3 wherein R2

represents ge @RAYRRAAH Denotet Qegfouﬁr}mirigofi%ﬁxss g ﬁshﬂg%&ﬁﬁé@f@hi@l‘i‘% al so
addition salts thereof with a pharmaceutically acceptable acid or base. 6-

Conpounds achoragyetid er li¢ycliacioorhicmgt keast any ob the rofgs ¢4 arometid, and vehiglheontdins R3
B IEN i R RIRTBh S BT AP SSRGS L
Conpounds aklet@d fdndnitloked @& 9fdh 44d sufphar)un@ne of clains 1 to 3, 5 or 6
wherein I:\)z-othe expression "optionally substituted” associated with the expressions aryl and hetero-
aryl means that the groups in question are substituted by one or two identical or different
substituents selected from halogen atoms and the groups alkyl, alkoxy, polyhaloalkyl,
15 hydroxy, cyano, nitro, amino (optionally substituted by one or two alkyl groups) and
-C(O)R4 wherein Ry represents a group selected from hydroxy, alkoxy and amino, it

being understood that the heteroaryl group may also be substituted by an oxo group on

the non-aromatic moiety of the heteroaryl.

2- Compounds of formula (I) according to claim 1 wherein the representation R' ‘@

4
1

ucd . . . . ..
corresponds to R' {j, their enantiomers, diastereoisomers and also addition salts
N

20 ‘
thereof with a pharmaceutically acceptable acid or base.
3- Compounds of formula (I) according to either claim 1 or claim 2 wherein R' represents

a hydrogen atom, their enantiomers, diastereoisomers and also addition salts thereof with a

pharmaceutically acceptable acid or base.

25 4- Compounds of formula (I) according to any one of claims 1 to 3 wherein R? represents a
hydrogen atom, their enantiomers, diastereoisomers and also addition salts thereof with a

pharmaceutically acceptable acid or base.



represents an al koxy group, their enantioners, diastereoisoners and al so
addition salts thereof with a pharmaceutically acceptable acid or base. 10
8- Conpounds of formula (1) according to any one of clains 1 to 7 wherein n
represents an integer from4 to 6 inclusive, their enantioners,

di ast ereoi soners and al so addition saltg_ thereof with a pharnmaceutically
acceptabl e acid or base. 9- Conpounds of fornula (1) according to any one
of clainse 1 to 8 wherein z represents R -4 - R represents a hydrogen
atom R2 represents a hydrogen 15 atomor a group R20-C(O - wherein R20

repr esent £ @smpdusaX Bf HrRMR (1PRLoRliASton9lond of EIARAY 1 tENMRbIBNRT fepresents a
di ast ereor SOmer s and al so addition salts thereof with a pharmaceutically

accept abl gone R -6(Obadheir arpntiawessodingicrspiseermand alsp pdditien saltsihereof Wity 2 one
of clainms_ 1 to 4. 8.or whi.ch,is 3-
cyc|ohepﬂ%PP§ﬁﬁ“%F§2%%f%?§@%f89fF ffe- 2- ani ne. 20 11- Conpound of formul a
(1) according to any one of clains 1 to 4, 6 or 8 which is 3-

cycl ooctyl -3H i m dazo 4,5-b¥pyridlne-2-anine. 12- Process for,the

pr epar at | &rCcgnpeBdp ofifaaulsr (Dr aeending toany gee ot elpmy & 19 Theteim R represents a

char act ery J a ¥ S . i t.ei4k
Forml a (Do u By Vagftiqgier o 0B Al i Sng R AuES
defi ned fplrarhacamicaly dcpeptadle atidoobpseunds of fornmula (1 T) are condensed
wi th isothiocyanate conmpounds (I11): S=C=N- CX) RO (Ill) 5 wherein X
and R20 are as defined for formula (1), to yield the internedi ates of
7- Compounds of formula (I) according to any one of claims 1 to 3, 5 or 6 wherein R*

represents an alkoxy group, their enantiomers, diastereoisomers and also addition salts

thereof with a pharmaceutically acceptable acid or base.

10 8- Compounds of formula (I) according to any one of claims 1 to 7 wherein n represents an
integer from 4 to 6 inclusive, their enantiomers, diastereoisomers and also addition salts

thereof with a pharmaceutically acceptable acid or base.

9- Compounds of formula (I) according to any one of claims 1 to 8 wherein

1
2 iz
R' represents R’ —30 , Rlrepresents a hydrogen atom, R? represents a hydrogen
3

N

4 4
15 atom or a group R**~C(O)~ wherein R? represents an alkoxy group, and n is 4 or 5, their
enantiomers, diastereoisomers and also addition salts thereof with a pharmaceutically

acceptable acid or base.

10- Compound of formula (I) according to any one of claims 1 to 4, 6, 8 or 9 which is 3-

cycloheptyl-3H-imidazo[4,5-b]pyridine-2-amine.

20 11- Compound of formula (I) according to any one of claims 1 to 4, 6 or 8 which is 3-

cyclooctyl-3H-imidazo[4,5-b]pyridine-2-amine.

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

characterised in that there is used as starting material a compound of formula (II):



formula (IV): SX I 11 2 ,,-",,NHCGCNH+CRR NH (CHA wherein R, n, X
and R20 are as defined for fornmula (1), which conpounds of formula (IV)
undergo intranol ecular cyclisation in a basic nmedium 10 and in the
presence of a suitable catalyst to yield the conpounds (1/a): NIl R NO
\> NHCR20 (Pa) N (CH2)" which are grticul ar cases of the conpounds of
formula (1) wherein R, n, X and R20 are“as defined for formula (1), which
conpounds of formula (1/a) are optionally converted, in an acid medi um
into 15 conpounds of fornmula (1/Ly" NR, (CHA which are particul ar
cases of the conpounds of forgula wherein R E:Id n are as defined for
formula (1), in which conpounds e am ne function can be
functionalised in a basic 5 nediom~w t®WNHhe aid of an al kyl halide A k-Z
(wherein Alk represents an al kyl group an Z represents a hal ogen atom,
to yield the conpounds of fornula (Uc):

(CH)),
wherein R' and n are as defined for formula (I), which compounds of formula (II) are

condensed with isothiocyanate compounds (III):
S=C=N-C(X)-R® (110)

5 wherein X and R%¥ are as defined for formula (I), to yield the intermediates of
formula (IV):
S X
NH—C—NH—C—R
R' )
N>H>
(CH,),

wherein R', n, X and R? are as defined for formula D,

which compounds of formula (IV) undergo intramolecular cyclisation in a basic medium

10 and in the presence of a suitable catalyst to yield the compounds (I/a):
N X
] A\ I 20
R NH—C—R (I/a)
N
(CH,),

which are particular cases of the compounds of formula (I) wherein R', n, X and R? are as

defined for formula (I),

which compounds of formula (I/a) are optionally converted, in an acid medium, into

15 compounds of formula (I/b):



RO NH \>N' NAk (CH2)~ which are a particular case of the conpounds
of formula (1) wherein R and n are as defined for fornmula (1) and Ak is
as defined hereinbefore, 10 which conpounds of fornulae (Ub) and (1/c) may,
in a basic nmedium optionally in the presence of suitable catalysts, be
reacted wth R2 - Z' (wherein R2 is as qgflned for fornmula (1) and Z
represents a nucl eofugal group, such as hal ogen atom or a tri hal oal kyl
group) to yield the conmpounds of fornula (1), which compounds (1/a), (Ub)
and (1/c) constitute the totall ¢ conpounds of 15 formula (1) and:
- which may, where necessar fi ordln o a conventiona
purification technique, |oh e sep ateé mh necessary, into the
st ereoi sonmers accordi ng to a conwerttio separatlon techni que, 20 - which
are converted, if desired, into their a d|t|on salts with a
pharnaceutically acceptable acid or base.~ 17 it being understood that: -
at any tinme considered to be appropri at the course of the process
descri bed above, for the requirenents of Synthesis the ¢arbonyl, am no or
al kyl am nowlgiclmarp(mytiquiartch@s thetdompoundseaffamenly (1) wheredn Rl pnd n ggyastslefined
protectedfa g after condensation, deprotected, 5 - the reagents (I1)
and (I11) EBE%ed according to knomn procedures described in the
Ilterature 13 Phar maceuti cal conposition conprising as active ingredient

at | east aone conpound
in which compounds of formula (I/b) the amine function can be functionalised in a basic

5 medium, with the aid of an alkyl halide Alk—Z (wherein Alk represents an alkyl group and

Z represents a halogen atom), to yield the compounds of formula (I/c):

R \>—N (we)

Alk

(CH,),
which are a particular case of the compounds of formula (I) wherein R' and n are as

defined for formula (I) and Alk is as defined hereinbefore,

10 which compounds of formulae (I/b) and (I/c) may, in a basic medium, optionally in the
presence of suitable catalysts, be reacted with R? — Z' (wherein R? is as defined for
formula (I) and Z' represents a nucleofugal group, such as a halogen atom or a trihaloalkyl

group) to yield the compounds of formula (1),

which compounds (I/a), (I/b) and (I/c) constitute the totality of the compounds of
15 formula (I) and:
- which may, where necessary, be purified according to a conventional purification
technique,
- which are separated, where necessary, into the stereoisomers according to a conventional
separation technique,
20 - which are converted, if desired, into their addition salts with a pharmaceutically

acceptable acid or base,



according to any one of clainms 1 to 11, alone or in conbination with one or
nore inert, non-toxic, pharmaceutically acceptable excipients or carriers.
10 14- Pharnaceutical conposition according to claim 13 conprising at |east
one active ingredient according to any one of clains | to Il for use in

t he manufacture of nedicanents for use . gs an AWPK activator. 15-

Phar maceuti cal conposition according to claim 13 conprising at | east one
active ingredient according to any one of clains 1 to 11 for use in the
manuf act uriebehg uklensieddcthatent s t hat treat non-insul i n-dependent, type |

i anet es. _Opesl e coifirba AP SSSorarl HPGELLBALRER: hroupREheLeabsL dhpe o

and their ~ vas conp ons |ca oSIt

accordi ng tiheGé 1ﬂ%h1b8ts(ﬁfr§pﬁﬂh8$mﬁleadarﬁcﬁ@litanﬁﬁl@oﬁé}llkyMﬁnnd noup@) eﬂtheascamngil ng
to any one of claims | to Il for use _in the manufacture of medi canents

that treat tepgraty (Iar@ad 1111)@%%&5%6 apg éheea?%ﬁrs%if'@aatm LorYIFstedt i ons. 20
17- Poar maggutl @% éﬁil)gﬂ g ‘a{eﬁi' d28orldtheCt rBQéHaEésSdeQ%H% ihqAst
|en 1to 11 tor

one active |ng 0 any one o cl ai use in
t he manuf aclitaraturef nedlcanents that treat type | and |1 di abetes.

13- Pharmaceutical composition comprising as active ingredient at least one compound
according to any one of claims 1 to 11, alone or in combination with one or more inert,

non-toxic, pharmaceutically acceptable excipients or carriers.

10 14- Pharmaceutical composition according to claim 13 comprising at least one active
ingredient according to any one of claims 1 to 11 for use in the manufacture of

medicaments for use as an AMPK activator.

15- Pharmaceutical composition according to claim 13 comprising at least one active
ingredient according to any one of claims 1 to 11 for use in the manufacture of
15 medicaments that treat non-insulin-dependent, type II diabetes, obesity, type 1 diabetes,

hyperlipidaemia, hypercholesterolaemia and their cardiovascular complications.

16- Pharmaceutical composition according to claim 13 comprising at least one active
ingredient according to any one of claims 1 to 11 for use in the manufacture of

medicaments that treat type I and II diabetes and its cardiovascular complications.

20 17- Pharmaceutical composition according to claim 13 comprising at least one active
ingredient according to any one of claims 1 to 11 for use in the manufacture of

medicaments that treat type I and II diabetes.



