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melatonin analogues that are metabolically more stable, have an agonist or antagonist
10 character and may be expected to have a therapeutic effect that is superior to that of the

hormone itself.

In addition to their beneficial action on circadian rhythm disorders (J. Neurosurg. 1985, 63,
pp. 321-341) and sleep disorders (Psychopharmacology, 1990; 100, pp. 222-226), ligands
of the melatoninergic system have valuable pharmacological properties in respect of the
15 central nervous system, especially anxiolytic and antipsychotic  properties
(Neuropharmacology of Pineal Secretions, 1990, 8 (3-4), pp. 264-272) and analgesic
properties (Pharmacopsychiat., 1987, 20, pp. 222-223) as well as for the treatment of
Parkinson’s disease (J. Neurosurg. 1985, 63, pp. 321-341) and Alzheimer’s disease (Brain
Research, 1990, 528, pp. 170-174). Those compounds have also demonstrated activity in
20  respect of certain cancers (Melatonin - Clinical Perspectives, Oxford University Press,
1988, pp. 164-165), ovulation (Science 1987, 227, pp. 714-720), diabetes (Clinical
Endocrinology, 1986, 24, pp. 359-364), and in the treatment of obesity (International
Journal of Eating Disorders, 1996, 20 (4), pp. 443-440).
Those various effects are exerted via the intermediary of specific melatonin receptors.
25 Molecular biology studies have demonstrated the existence of a number of receptor sub-
types that are capable of binding that hormone (Trends Pharmacol. Sci., 1995, 16, p. 50;
WO 97.04094). For various species, including mammals, it has been possible for some of
those receptors to be located and characterised. In order to be able to understand the

physiological functions of those receptors better, it is of great advantage to have available
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10  More specifically, the present invention relates to the compound of formula (I) :

OH O

)
NH

- (D,

Me

to enantiomers thereof, and to addition salts thereof with a pharmaceutically acceptable

base.

Among the pharmaceutically acceptable bases there may be mentioned by way of non-
15 limiting example sodium hydroxide, potassium hydroxide, triethylamine, tert-butylamine

etc..

The invention even more specifically relates to the compounds which are 2-fluoro-N-[3-

hydroxy-2-(7-methoxy-1-naphthyl)propyljacetamide,  2-fluoro-N-[(25)-3-hydroxy-2-(7-

methoxy-1-naphthyl)propyl]acetamide and 2-fluoro-N-[(2R)-3-hydroxy-2-(7-methoxy-1-
20  naphthyl)propyljacetamide.
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with which ethyl fluoroacetate is condensed to yield the compound of formula (I),
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5 Pharmacological study of the compounds of the invention has shown them to be atoxic, to
have strong selective affinity for melatonin receptors and to have significant activities in
respect of the central nervous system; and, in particular, therapeutic properties in respect of
sleep disorders, antidepressive, anxiolytic, antipsychotic and analgesic properties and
properties in respect of microcirculation have been found, enabling it to be established that
10 the compounds of the invention are useful in the treatment of stress, sleep disorders,
anxiety, seasonal affective disorder or major depression, cardiovascular pathologies,
pathologies of the digestive system, insomnia and fatigue due to jetlag, schizophrenia,
panic attacks, melancholia, appetite disorders, obesity, insomnia, psychotic disorders,
epilepsy, diabetes, Parkinson’s disease, senile dementia, various disorders associated with
15 normal or pathological ageing, migraine, memory loss and Alzheimer’s disease, and in
cerebral circulation disorders. In another field of activity, it appears that, in treatment, the
compounds of the invention can be used in sexual dysfunctions, that they have ovulation-
inhibiting and immunomodulating properties and that they may potentially be used in the

treatment of cancers.

20  The compounds will preferably be used in the treatment of major depression, seasonal
affective disorder, sleep disorders, cardiovascular pathologies, pathologies of the digestive

system, insomnia and fatigue due to jetlag, appetite disorders and obesity.

For example, the compounds will be used in the treatment of major depression, seasonal

affective disorder and sleep disorders.

25  The present invention relates also to pharmaceutical compositions comprising at least one
compound of formula (I) on its own or in combination with one or more pharmaceutically

acceptable excipients.
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10  Example 1 : 2-Fluere-N-[3-hydroexy-2-(7-methoxy-1-naphthyl)propyljacetamide
Step A : Methyl cyano(7-methoxy-1-naphthyl)acetate

(7-Methoxy-naphth-1-yl)acetonitrile (20 g) is dissolved in 150 ml of anhydrous
tetrahydrofuran. Sodium hydride (202.8 mmol) is added at ambient temperature, and the
mixture is refluxed for 30 minutes. Dimethyl carbonate (12 ml) is added with caution, and
15  the reaction mixture is refluxed for 30 minutes. The mixture is poured into ice-cold water,
and the aqueous phase is acidified with 21 ml of 37 % hydrochloric acid solution and then
extracted twice with 100 ml of ether. The organic phase is washed with water, dried,
decoloured and evaporated. The oil obtained is precipitated from ether, and the precipitate
formed is filtered off under suction and then recrystallised to yield the title product in the
20  form of a white solid.

Melting point - 80-82°C

Step B: 3-Amino-2-(7-methoxy-1-naphthyl)-1-propanol hydrochloride

Aluminium chloride (80 mmol), dissolved in 200 ml of anhydrous ether, is added to a

suspension of lithium aluminium hydride at 0°C in 300 ml of anhydrous ether. After
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The compound obtained in Step B (5.6 mmol), in the form of the base, is dissolved in
40 ml of 2,2,2-trifluoroethanol; ethyl fluoroacetate (10.3 mmol) is added and the mixture is
refluxed for 12 hours. When the reaction is complete, the mixture is poured into water and

15 the aqueous phase is extracted twice with 60 ml of ether; the organic phase is washed with
water, dried and evaporated. The oil obtained is dissolved in 30 ml of methanol and 10 ml
of water; sodium hydroxide (8.25 mmol) is added and the mixture is heated at 40°C for
30 minutes. The mixture is then poured into water; the aqueous phase is neutralised with
15 ml of hydrochloric acid solution (1M) and is then extracted twice with 60 ml of ether.

20  The organic phase is washed with water, dried and evaporated. The oil obtained is
precipitated from a mixture of ether and petroleum ether (40/60); the precipitate formed is
filtered off under suction and then recrystallised from toluene to yield the title compound
in the form of a white solid. |

Melting point : 110-112°C

25  Elemental microanalysis :

% C H N
Calculated : 65.97 6.23 4.81
Found : 66.10 6.29 4.63



Melting point : 80-82C Step B

3- Am no- 2- ( 7- met hoxy- | - napht hyl ) - 1- propanol hydrochl oride Al um ni um
chloride (80 mmol), dissolved in 200 mM of anhydrous ether, is added
to a suspension of lithium alum niumhydride at OCin 300 m of
anhydrous ether. After -6 stirring for, 10 m nutes, the conpound
obtained in Step A (20 nmmol ), dlssolveJ| n 200 mM  of anhydrous
ether, is_added. After 30 m nutes, the mxture is hydrol ysed,

caution 48 copouRg obigingd< FXamplEs] AyPEHRLAA hyrehdades SR BRI 0-1
9; 40 m ).nThe RIEH Hg&fp%e@ﬁwﬁ aﬁe?dlcﬁlgﬁﬂnétk aﬂwﬂ 209, V8sh&edn at
er ue obt ai

Wi th copi ous anounts e resi ed after 5

evapor at 2éf nirs td¢ gkeBhExgmples vaide? : and t he aqueous phase is extracted
wi t h di chl oronet hane. The organi c phase is then washed with water,
dried and decoloured, and is then treated w th gaseous hydrogen

chl ori de ] Lned

ohl o | EAauarar Al NS PSS GLAFHA b AL Sl
t hen recrystalllsed to vyield the title product in the formof a
white solid. 10 Meltin. point : 164-166C Step C :

2- Fl uor o- N-[ 3- hydr oxy- 2- ( 7- net hoxy- | - napht hyl ) propyl ] aeet am de The
conpoynd IRALRIOSE 2L Rlugk 2R P3Gy dFBty-2-(7d A6 xy-9 f

di ssolved Tn InloS %WZRZ f[flrSI uor%et(han‘%)hs )fet ﬁm;pﬁflf)fjloroaeet a%delﬁlde
(10.3 mml ) is added and the nlxture is refluxed for 12 hours. Wen
the reaction is conplete, the mxture is poured into water and 15 the
aqueous phase is extracted twice with 60 m of ether; the organic
phase is washed with water, dried and evaporated. The oil obtained
is dissolved in 30 M of nethanol and 10 ni



of water; sodium hydroxide (8.25 mmol) is added and the m xture is
heated at 40C for 30 mnutes. The mxture is then poured into water;
t he aqueous phase is neutralised with 15 m of hydrochloric acid
solution (1M and is then extracted twice with 60 mM of ether. 20 The
organi ¢ phase is washed with water, driged and evaporated. The oil
obtained is precipitated froma m xture of ether and petrol eum et her
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2-Fluoro-N-[(2S)-3-hydroxy 2-(7-nmethoxy-I|-napht hyl)propyljacet am de
5 Exanpl EXAMPLEA orAeutytoxicity study
[ (2R) - 3- hydr oxy- 2- ( 7- met hoxy- | - napht hyl ) propyl j aeet am de 8
PHARMACOLOG CAL STUDY EXAMPLE A @ Acute toxicity study

The acute toxicity was evaluated after oral administration to groups each comprising 8 mice

(26 + 2 g). The animals were observed at regular intervals during the course of the first
5  day, and daily for the two weeks following treatment. The LDsq (dose that causes the death
of 50 % of the animals) was evaluated and demonstrated the low toxicity of the compounds

of the invention.

EXAMPLE B : Forced swimming test

The compounds of the invention are tested in a behavioural model, the forced swimming

10 test.

The apparatus is composed of a plexiglass cylinder filled with water. The animals are
tested individually for a session of 6 minutes. At the start of each test, the animal is placed
in the centre of the cylinder. The time spent immobile is recorded. The animal is
considered to be immobile when it stops struggling and remains immobile on the surface of

15 the water, making only those movements which allow it to keep its head above water.

Following administration 40 minutes before the start of the test, the compounds of the
invention significantly reduce the time spent immobile, which indicates their

antidepressive activity.
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radi oactivity retained is determned using a liquid scintillation

counter.

By way of example, the compound obtained in Example 1 has a K;(MT;) of 4.7nM and a
Ki(MTz) of 0.5nM.

10 EXAMPLE D : Serotoninergic 5S-HT,c receptor binding studv

The affinity of the compounds for the human 5-HT,¢ receptor is evaluated on membrane
preparations from CHO cells stably expressing that receptor.

Incubation is carried out in 50mM TRIS buffer, pH 7.4 containing 10mM MgCl, and 0.1 %
BSA, in the presence of "H]-mesulergine (1nM) and 25 fmol/ml of receptor. Non-specific

15 binding is determined in the presence of 10uM mianserin.

The reaction is stopped by the addition of 50mM TRIS buffer, pH 7.4 followed by a
filtration step and 3 successive rinses: the radioactivity bound to the membranes remaining
on the filters (GF/B pretreated with 0.1 % PEI) is determined by liquid scintillation

counting.

20  The results obtained show that the compounds of the invention have affinity for the 5-HT»c

receptor, with K; values < 10uM.



5 Conpetitive binding experinents are then carried out in triplicate
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In this study, the effects of such compounds on a particular experimental model, namely

10 the rat placed in temporal isolation (permanent darkness), is evaluated.

Experimental protocol

One-month-old male rats are subjected, as soon as they arrive at the laboratory, to a light

cycle of 12 hours' light per 24 hours (LD 12 : 12).

After 2 to 3 weeks' adaptation, they are placed in cages fitted with a wheel connected to a
15 recording system, in order to detect the phases of locomotive activity and thus monitor the

nychthemeral rhythms (LD) or circadian rhythms (DD).

As soon as the rhythms recorded show a stable pattern during the light cycle LD 12 : 12,

the rats are placed in permanent darkness (DD).
Two to three weeks later, when the free course (thythm reflecting that of the endogenous
20  clock) is clearly established, the rats are given a daily administration of the compound to

be tested.

The observations are made by means of visualisation of the rhythms of activity :



5 establish a pharmacol ogi cal nodel for use in the search for

mel atoni nergic ligands. The effects of the conpounds are tested on
numer ous paraneters and, in particular, on the «circadian rhythns of
| oconptive activity, which constitute a reliable indicator of the
activity of the endogenous circadian cfpck. In this study, the
effects of such conpounds on a particul ar experinental nodel, nanely

10 the rat. aced i or nent darkness), is
eval uat ed.™ ﬁ@?@ﬁéﬂ?%PHE?%%%%BYS%ﬁ%hﬁgﬁéﬁ8%%% e rats are
subj ect ed, giappeaafceast thdBYludideion@h@ihytihis inghematear Yarkid@s,a | i ght
cycle of 12 hours | i ght per 24 hours After 2 to 3

L : .
weeks' adapflagicoron thregctivity iy sheedai] ynaérag?é%rarlptlt dhoiicompgurgh eggnsitory or
connect ed &1 3 ﬁS recordi ng system in order to detect the phases of
| oconot i v&"RF §1¥§ and thus nonitor the nychtheneral rhythns (LD)
or circadian rhythnms (DD). As soon as the rhythns recorded show a
stable pattern during the light cycle LD 12 : 12, the rats are
pl aced i pErvanentkagamekesi§PePIe: Two to three weeks |ater, when the
free course (rhythmreflecting that of the endogenous 20 clock) is
clearly established, the rats are given a daily adm nistration of the
conpound - Ho1na&uke&haﬁumihem&bﬁmﬁmﬁykﬁnbeamﬁﬁnadﬁ:bykﬂadﬂ@eahwhnlofﬂw
vi sual i sation of the rhythnms activit -11- - influence on the
rhyt hns of Ayl up9g§§efﬁ@3?? Yripgriiea e, - disappearance of the

i nfluence QsibREo dMIdATBat By @ﬁéc%f‘é‘r&tlys%aﬂhg RE®&nce of circadian and non-circadian

(for example ultradian) components.
10 Results
The compounds of the invention clearly appear to allow powerful action on the circadian

rhythm via the melatoninergic system.

EXAMPLE F : Light/dark cages test

The compounds of the invention are tested in a behavioural model, the light/dark cages

15 test, which allows the anxiolytic activity of the compounds to be demonstrated.

The apparatus consists of two polyvinyl boxes covered with plexiglass. One of the boxes is
in darkness. A lamp is placed above the other box, yielding a light intensity of
approximately 4000 lux in the centre of the box. An opaque plastic tunnel separates the
light box from the dark box. The animals are tested individually for a session of 5 minutes.
20  The floor of each box is cleaned between each session. At the start of each test, the mouse
is placed in the tunnel, facing the dark box. The time spent by the mouse in the illuminated
box and the number of passages through the tunnel are recorded after the first entry into the

dark box.



- influence on the activity by the daily adm nistration of the
conpound; transitory or durable effect. 5 A software package nakes

it possible : - to neasure the duration and intensity of the
activity, the period of the rhythmof the animals during free course
and during treatnent, - possibly to deppnstrate by spectral analysis

t he existence of circadian and non-circadian (for exanple ultradian)

conponents.. 10 Results The ounds qf .the.invention, clearly appear
to allow BBQ\)@WIgu"I‘ds’%‘E‘lSF Horbﬁ%tt ec?:‘PP%‘ﬁ‘gF a m%ﬁ?ﬁfﬁeath? ﬁg‘m of theeS the
el at oni Q@ﬁl?b&lc@,YQ?ttﬁénin@m kfsnfficantly dtdadite ©:a8Qperitas tthel NRiminated cage
conpounds of the invention are tested in a behavioural nodel, the

| i ght / damkd 8wgesnbet Bf passages\thiouh did oweelt Whichdrinonsttdtes the pixiphyjic getivity
t he conpoyg%s to be dgﬁgnstrq;ed. The apparatus consists of two

pol yvi nyPf BE Q8 PRUds Yd WA exi gl ass. One of the boxes is in
darkness. A lamp is placed above the other box, yielding a |ight
intensity of approximately 4000 lux in the centre of the box. An

opaque plastic tunnel separates the 1light box fromthe dark box. The

ani mals gheoeaLed: Ll aual o (96 A BSR S TaIGY 5 minutes. 20 The

fl oor ~ of At the start of
each test, the nouse is placed in the tunnel, facing the dark box.
The tine s&fnt by the nmouse in the illumnated box and tge nunber of
passages 109 8blgh cegheopigming 5 me et ¢-dugroglid 3 ey rhe - methexydnt ry into
the dar lﬁaqg’xmfyl)propyl]acetamide (EXAMPIE 1) civririeiiiereieeeeeieteer et 5¢g
WHheat STATCR ....veiiiieee et 20¢g
MEIZE STATCH. ..ottt 20¢g
TO  LaCT0SE o itiieieee et ettt e ettt et ettt et e a e s s e ar e ea 30g
MagNESTUM STEATALE .....eoveriiririretiirectiii ittt et en e s e ssenns 2g
SHIIC ettt etiee et ettt ettt e et e e e e e et e r e e bt e et et e st e st e ena s r e e na e eraes lg



-12- Follow ng adm nistration of the conpounds 30 m nutes before the
start of the test, the conpounds of the invention significantly

I ncrease the tine spent in the illum nated cage and the nunber of
passages through the tunnel, which denonstrates the anxiolytic
activity of the conpounds of the ingemnhson. 5 EXAMPLE G
Pharmaceuti cal conposition : Tablets 1000 tablets each containing 5°
mg of 2-fluoro-N-[3-hydroxy-2-(7-nethopgy-1 -

.napht hyl ) propyl ] acet am de (Exanple 1)

enantiomers; thereof,. and2adpitnasatts therkdf with aCpnamanslitiodily’ SicBpthBle -

(1): p Mease.\ \ enantioners thereof, and addition salts thereof with
a pharmaceutically acceptable base. :

2. Compound of formula (1) according to claim 1, which is 2-fluoro-N-[3-hydroxy-2-(7-
“methoxy-1-naphthyl)propyljacetamide, enantiomers thereof, and addition salis thereof
with a pharmaceutically acceptable base. '

3. Compound of formula (1) according to claim 1, which is 2-flucro-N -[(28)- 3—hydroxy--

2-(7-methoxy-1-naphthyl)propyljacetamide, and addition salts thereof with a :
_. pharmacsutically acceptable base.

4. Compound of formula () according to claim 1, which is 2-fiuoro-N -[(2R)-3-hydroxy-

2-(7-methoxy-1-naphthyl)propyljacetamide, and addition salts thereof with a |

pharmaceutically acceptable base.

5. Process for the preparation of compound of formula () according to claim 1,
. characterised in that there is used as starting material the compound of formula (i):

TN

‘which is subjected to the action of dimethyl carbonate in a basic medium to yield-the |



2. Conpound of fornula (1) according to claim1, which is
~2-fluoro-N-[3-hydroxy-2-(7- methoxy-I|-naphthyl)propyljacetam de,
enantionmers thereof, and addition salts thereof wth a
pharmaceutically acceptabl e base. 3. Conpound of forrmula (I)
according to claim1l1, which is 2-fluoro-N -[(2S)-3-hydroxy

2-(7- met hoxy- 1- napht hyf) propyl j acet am de, and addition salts thereof
‘with a ‘pharmaceutically acceptable bd4e. 4. Conpound of fornula (1)
accor di ng cb@p&drd dfokmumhtinigh is 2-fluoro-N -f(2R) - 3- hydr oxy-

- 2-(7-met hoxy-| - napht hyl ) propyl ] acet am de, and addition salts thereof
with a pharnmaceutically acceptable base. 5. Process for the
-preparation of conpound of formula (@) according to claiml,
characterised in that there is,ysed gs starting material the conpound
of formula (I1): CN Me1~0 whi bi-&®t ed to the action of .
.dinmethyl carbonate in a ba5|c nedlun1tn yield the -14- conpound of
formula (I111): 0O Me,"' ' ) | S subjected to reduction in
.the presence of a hydride ¥6 y| pnpound  of

o ()

f

which is subjected to reduction in the presence of a hydride to yield the compound of -
formula (IV): '

OH

NH,
Me/o
SO

with which ethyl fluoroacetate is condensed to yield the compound of formuta (i),

. which may be purified according to a conventional separation technigue, may be -
converted into its addition salts with a pharmaceutically acceptable base and the "
enantiomers of which may be separated on a chiral column according to a conventional . -
separation technique. '

8. Pharmaceutical compositions comprising at least one compound of formula ()]

according to any one of claims 1 10 4 or an addition salt thereof with a pharmaceutically :
acceptable base in combination with one or more phamaceutically acceptabie -
excipients, for use in the manufacture of medicaments for the treatment of sleep -
disorders, sfress, anxiety, major depression or seasonal affective disorder .
cardiovascular pathologies, insomnia and fatigue due to jetiag, schizophrenia, panic
attacks, melancholia, appetite disorders, obesity, insomnia, psychotnc disorders,
epnlepsy, diabetes, Parkinson's disease, senile dementia, migraine, memory loss, :
Alzheimer's disease, cerebral circulation disorders or sexual dysfunctions, as 0vulat:on-' :



formula (1V): H Meno / \ with which ethyl fluoroacetate is condensed
to yield the conpound of fornula (1), which may be purified according
to a conventional separation technique, may be converted into its
addition salts with a pharmaceutically acceptabl e base and the
enantionmers of which may be separated on a chiral colum according to
a conventional. separation technique. 6. Pharmaceutical conpositions
conprising at |east one conpound of forswla (1) according to any one
- of cTainB.%.Bo 4 or an %ﬁd'iionﬁfah$ thFre?f with a pharmaceutically
“accept abl BNBAYE Of ReRIoLiRtosh SOl fredieatmnnt LTANCYRar maceut i cal |y
‘acceptable excipients, for use in the manufacture of medi canents for
the treatnment of sleep disorders, stress, anxiety, mgajor depression
~or seasonal affective disorder, cardiovascular pathol ogies, insomia
~and fatigue due to jetlag, schizophrenia, panic attacks,

-mel anchol i a, appetite disorders, obesity, insomia, psychotic

- di'sorders, epilepsy, diabetes, Parkinson's disease, senile denentia,
'm-graine, nmenory |loss, Alzheinmer's disease, cerebral circulation

‘di sorders or sexual dysfunctions, as ovulation -15- inhibitors or
.immunonodul ators, or for the treatment of cancers.



