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SUMMARY OF THE INVENTION

The invention relates to the use in mammalian patients and especially in human
patients, of certain imidazolylalkyl-pyridines as wakefulness compounds to treat or
prevent excessive sleepiness associated with narcolepsy, obstructive sleep
apnea/hypopnea syndrome, shift work sleep disorder, desynchronization disorders,
ovulation disorders, seasonal metancholia, jet lag (time zone syndrome) or wakefulness
disiufbances as a consequence of jet lag, or diseases of the nervous system and to
assist, alone or in conjunction with certain sleep inducing agents, in modulating
circadian rhythmicity dysfunctions due to shift work, aging, blindness, jet-lag, exposure
to sub-arctic days and nights, or other environmental circumstances.
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imidazolylmethyl-pyridine. The imidazolylmethyl-pyridine may be administered alone or
co-administered with an effective amount of a sleep-inducing agent, or, alternatively,
co-administered with an effective amount of an additional wakefulness promoting agent.
Exemplary sleep-inducing agents include melatonin agonists.

Another aspect of the invention provides a method of treating or preventing
excessive sleepiness associated with narcolepsy, obstructive sleep apnea/hypopnea
syndrome, jet lag or wakefulness disturbances as a consequence of jet lag, or diseases
of the nervous system, that comprises administering to the patient an effective amount
of an imidazolylmethyl-pyridine.

Theforegoing and other features of the invention will be apparent from the
following more particutar description of embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, “lower,” in the context of alkyl and alkoxy groups, denotes a
radical having up to 7 carbon atoms, preferably up to 4 carbon atoms and more
preferably up to 2 carbon atoms. Conseguently, lower alkyl has especially up to 7
carbon atoms, preferably up to 4 carbon atoms, and in particular up to 2 carbon atoms
and is, for example, methyl, ethyl, propyl, isopropyl, butyl, tert-butyl, pentyl, or hexyl.
Accordingly, lower alkoxy has up to 7 carbon atoms, pfeferably up to 4 carbon atoms,

~ and in particular up to 2 carbon atoms and is, for exaimp_le, methoxy, ethoxy, propoxy, ’

butoxy, tert-butoxy or hexyloxy.l



DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, "lower,"
in the context of al kyl and al koxy groups, denotes a radical having
up to 7 carbon atons, preferably up to 4 carbon atons and nore

pr ef er abl vy I

especi al | ylng&at g %bcar Egﬂhﬁ 86#@6 Emr%gf%gr @ tdl%xy dwﬁﬁscgflrég%ﬁt lgﬁgerrs and
i tnhp?mmpwrais af ol (|¢alfbfﬁﬁaldt/cbﬁfs’e &n8 oF §w0 paw@@ﬁw@ndrﬁnwaaﬂy

ethy

nccor R SR bEARTRY, Triinidashiinbrh iationt RETSKabigln B8Son 2l the
4 caroidire.oRsis fefdrably pm’dnyl@uleéhy! upoteaorefesably grethylo e a¥bRs afe f or

exanpl. e y

oot 4 ErerdBlyh nyBIdURhY . CRAERED| Y pULELE bt @%Li@é‘@r"ﬁ%’ém
in thmeﬁmirpohydi‘sgem a‘rmirlmnﬁthule)r hmhr@lem abg/coraneUnishd o Exampie dithon
at orrs%l%@%?e%pem ally signify nmethyl or nethoxy. The im dazol yl nmet hyl

r adi cial referably in position 2 of the pyridine. RL is preferably
met hyl or latanpérticuiar grqmoe:rf@oamopndepﬁiqrmum{) e m@w@w SraptbRy

each h ro
ot of PSR! obB bS8 Y BE e torfir My Mnd AT RoadfRiher
corrpoalkgl dkita‘io@ramﬁi en Htoralcpnmﬁlwrrcé@ to 35 In a part i cul ar group of
of "one anofRT L Py afdus 51 i oo B RS ARPPRABRT
al k%/l 1rﬂfepbﬂdi@r@5rmfw:1§tanaﬂ1mtamhgdmgnb@r rmﬁthg and BB Is hydrogem rmethilett her
particul ar I I
i ndep ﬂlﬂgﬁf'%ﬂ}t?‘o&fn %‘R@'%ﬁ@@ﬁgfg gi ﬁg{j;n(;ggn(oz meR'éLthIS m;mylm Fg and k8
hydr ogen, ltqiﬁtd@yeh wtﬂm dradipgeo nuirtder ah9 & 8Fidennignb erariguld a tugke and
Wi an atomc

' uor peTan SR ie heatd il & roBahB e H0EE o Fy & ol or i ne 1 esi due,
IEZ ](c:o;rpou;[rﬁ? c@ﬁwpbondmbﬁfofmmam)ymtag bprpessant i fleé base faseot iprthe i of

m o N t
hydr ofieV sciskardiien 3afie At ool Bepls, bR Tmatite B8 Mainfrate sal
pr oduggehd A bAeitibn eaitdargbd prokinowe fromrthe freedrabesiit Enewn seanner, and

The conmpounds of fornula (I) are known, e.g., from U S. Patent Nos.
5, 856 YB&3CAPR 5, 635,521, which are |ncorporat ed herein by reference,

or may be gheduaRBuhds BERPMURNGEaN Kriowkn e, fromd &8s Patent Nos, 5,856,343
anal o%%gsél gSé g21k rl«?ﬁ’“k gt[eof%ggrsporated herein by reference, or may be produced in
accordance with known processes, i.e., analogously to known processes.
U.S. Patent No. 5,856,343 describes synthesis of Compound A, [2-(2-
methylimidazol-1-yl)methyljpyridine, as follows: ‘
9.7 g (75 mM) of 2~(chioromethyhpyridine and 42 g (512 mM) of 2- methyl-
imidazole are suspended in 40 mi dimethylformamide, then stirred for 3 hours at 105
°C. The dimethylformamide is distiled off and the crystalline residue is diluted with
ethyl acetate and a little hexane. Following filiration, the mother solution is
concentrated by evaporation and the dimethylformamide distilled off, and then shaken
out several times between water and methylene chloride, 10.3 g of the oily title
compound are obtained.
The compounds of formula (1) and their physiologically acceptable salts exhibnt
interesting effects on the wakefulness of a subject and may therefore be used in
accordance thereto. The compounds according to the invention are therefore useful to

treat excessive sleepiness associated with narcolepsy, abstructive sleep
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or other suitable vehicle before use. L[quld preparations may contain conventional
additives such as suspending agents, emulsifying agents, wetting agents, non-aqueous
vehicle (including edible cils), preservatives, as well as flavoring and/or coloring agents.
For parenteral administration, a vehicle normally will comprise sterile water, at least in
large part, although saline solutions, glucose solutions and like may be utilized.
Injectable suspensions also may be used, in which case conventional suspending
agents may be employed. Conventional preservatives, buffering agents and the like
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In a first set of experinents, the oral (p.o.) and subcutaneous
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di fferent g
ingredient aﬁer administration to the patient.

The compositions are preferably formulated in a unit dosage form, each dosage
containing from about 0.1 to 800 mg of the active ingredient. The term "unit dosage
form" refers to physically discrete units suitable as unitary dosages for human subjects
and other mammals, each unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in association with the required
pharmaceutical carrier. For co-administration, a unit dosage form of a sleep-inducing
agent would contain from about 10 to about 200 mg of the acfive ingredient.

Several experiments, described below, demonstrate the ability of various salt
forms and various doses of an imidazolylmethyl-pyridine such as Compound A at
altering sleep cycle and wakefulness.



Al: 6 |lesioned animals, which had received 35 days after lesion 3
ng/ kg p.o. of Conpound A during 5 days. inplenmentation of el ectrodes
5 nonths later. Recording of ECoG on the 22d and 23d days after

i mpl ant.at v -as-Al but treated with vehicle instead of
Oorrpounﬁ1 W%ﬁ@égﬁh%‘% Al but with Shamrats instead of |esioned
ani mal s 1 A8ompalikdas AS but treated wth vehicle instead of Conpound

A. 2 Results 2. 1Non-lesioned rats 3, 10 and 30 ng/ kg (nfu)
p.o., 3, andh adirshget gt exparimends, thaeeal{p.ca) ansheubrotangong (¢-a4) @ptiensof

di d i ndzeBoSuranA i ' %gj@ [
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waking time during the first 6 hours, decreased classical sleep

duri ng 32 hod\imalsiudies gni fi cant |y reduced REM sl eep duration for

sever al u . -11 hours after adm nistration, Conpound A
still s1i'%?1'i g\lﬁ)galggwgﬁ?ﬁ%trgeased waki ng tinme and decreased SWS durati on.

For the sand#heiaxperiments were carried out in nonanesthetized unrestrained male Wistar
rats prepared with chronically implanted electrodes for the recording of the
electrocorticogram (ECoG). The animals were caged in a room, maintained at a
constant temperature of 22 °C and artificially lighted for 12 hours daily, Before
beginning of the experiment, the animals were given a 1 to 3 day period of
acclimatization in the recording cages and had complete freedom of movement even
when the recording cables were attached. The ECoG recordings were made
continuously during 22 to 23-hours period, 15 min after drug administration. Each
animal served as its own control. In one experiment, recordings of EcoG were also
obtained after administration of distilled water (vehicle used with Compound A) for
comparison with no administration, or administration of Compound A.

1.2.2 Lesioned rats

Male rats were used. They were anesthetized with pentobarbital (50 mg/kg i.p.)
and positioned in a stereotaxic apparatus with the upper incisor bar set 5 mm (locus
coeruleus, LC) or 3.3 mm (Nucleus basalis of Meynert, NBM) below the interaural line.
The lesions were carried out with a radio frequency lesion generator at 60 °C in 10 sec.
A corresponding group of sham lesioned rats was cartied out. The animals were
individually kept in single cage during' 6 months after the lesions. Five months after
lesion, cortical electrodes were implanted. The animals were caged in a room,
maintained at a constant temperature of 22 °C and artificially lighted for 12 hours daily.
Before beginning of the experiment, the animais were given a 1 day pefiod of
acclimatization in the recording cages. These were tall plastic cylinders within the
animals had cdmplete freedom of movement even when the recording cables were



interval, REM sleep also tended to be increased. Active waking was
significantly increased between 0-4 hours after adm nistration.
Furt hernore, Conpound A strongly del ayed REM sl eep onset, and tended
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2. 2LeS|oned wakef ul ness
cycl e of rat%aév\ggm\?ears Al %UME%%F%%HS?@%%?S@%@ S. Lesioned
ani mal s wer/&d:faree awﬁ’laebxartteah@d/whe@brcta lasteiad@f Comgepind A. In

| esioned rats, treatnent of Conpound A induced an inportant reduction
in theyalpgnabi ons due to the lesions; both effects induced by the
IeS|ons increase of wakeful ness and decrease of cl assi cal sl eep are
partlyzpremqsﬁ-wmdmdﬁam)ound A, and this during all the recording

non- | esi ond TOATHERA PRUBHEED A% £natd ADRISAIONP el Aol R CICLBg e

and SWenfu) Bdugiddndudecsigsificant chanbEMretheept nytiverteret imthmfin aldassi cal
sl eep, ,and an i ncrease of wakeful ness. The effect availability in
this tHdependeny®8aNesince the action i nduced by Conpound A is quite

simlar by & Zmgaicp.B., Cordpdird Atre@lidedrREM sleep duration during the first 4
hours. The classical sieep was also reduced. An increase in waksfulness was
observed during this period. Compound A significantly delayed slow-wave sleep (SWS)
sleep onset. Active waking tended to be increased between 0-4 and 7-11 hours and
was significantly increased during the last recording interval, 18.75-23 hours.

At 10 mg/kg p.o., Compound A tended to increase waking time during the first 6
hours, decreased classical sleep during 3 hours, and significantly reduced REM sleep
duration for several hours. Between 7-11 hours afier administration, Compound A still
significantly increased waking time and decreased SWS duration. For the same time
interval, REM sleep also tended to be increased. Active waking was significantly
increased between 0-4 hours after administration. Furthermore, Compound A strongly
delayed REM sieep onset, and tended to also delay SWS onset. At 30 mg/kg p.o., '
Compound A strongly delayed both SWS and REM sleep onset. Furthermore, it
increased waking time and decreased SWS and REM sleep duration during the first 4
hours of recording and in addition REM sleep duration between 4-7 hours after
administration. All of the effects were very strong; the decrease of REM sleep lasted
for about 11 hours, the increase of wakefulness about 9 hours.

At 1 mg/kg s.c., Compound A reduced REM sleep duration during the first 2
hours, and enhanced wakefulness during the first 4 hours,
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The results of the experiment with | esioned ani mals denonstrate that
Compound A can reduce nyctheneral cycle abnormalities induced by
neuronal | esions such as the sinmultaneous LC + NBM | esi ons, and
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arti ol iRnin Shifrafs. AR SRl Fole AR ke Bl nSfE Rl ldsSical
i ncorpdeap.ed in their entirety for the substance of their

[2° (2" met hyesaiesl s, trabymERoAYampound A indepd ap ipertapt reduction i the
physi chlteyaticaisl quedodpieasire; othdefieids tridoned by the lesions| inctdese of

G cor dpksifingSs And BRASOBE S LlpE3icaf GERESIC haHly biyehlafrN flnothd R and
[ 2- ( 2-thist diyrinignalidhe obedidiyig)preiokgl | pyridine is in free base, hydrogen
fumarate, or fumarate salt form 10 3.The use of claim11 or claim 2,

whereiq t | is human. 4. The use of any one of clains 1 to 3,
vvhereié]n' t@s‘éq%?eaﬁ di sorder is selected froma group consisting of:

exces /si ve stieefRis leaéf tﬁ&mbiﬁgﬁt With h\opaégahﬁigmmaﬂ@?é@ﬁgﬂrm tRateep
apnea opnea,syndr onge . ag or efu
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bl i nd sdbh@®irtsiratiBd. @ sl eep disorder induced by neurol ogical

injuries, abnormalities, Iesions,_and_ZOsurgerY.
The results of the experiment with lesioned animals demonstrate that Compound

A can reduce nycthemeral cycle abnormalities induced by neuronal lesions such as the
simultaneous LC + NBM lesions, and indicate that Compound A can exhibit a corrective
effect several months after its last administration.

While this invention has been described in conjunction with the specific
embodiments illustrated above, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art or are otherwise intended to be
embraced. Accordingly, the embodiments of the invention as set forth above are
intended to be illustrative, not limiting. Various changes may be made without
departing from the spirit and scope of the invention as defined in the following claims.
All patents, patent application, scientific articles and other published documents cited
herein are hereby incorporated in their entirety for the substance of their disciosures.
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5. The use of any one of clains 1 to 4, wherein the sleep disorder is
associated wth at |east one disease of the nervous system sel ected
froma group consisting of: nultiple sclerosis and post-traumatic
stress disorder. 25 6. The use of claim3, wherein the sleep disorder
I s associated wi th &t | east one psychiatric disorder selected froma
group consi sti n&ld"‘f'. ni a, seasonal affective disorder, bipolar

di sorder, and schi zophrenia. 307. The use of claim 3, wherein the

sl eep disorder is excessive sleepiness. 8. The use of claim3, wherein
the sl eep dibordddsq sob| &&P-meiatignidazobn gbmethAlpyliding dubjfeast sbase or

physiologically acceptable acid addition salt form, in the preparation of a
5 pharmaceutical composition for treating a sleep disorder in a mammal.

2. The use of claim 1, wherein the [2-(2-methylimidazol-1-yl)methyl]pyridine
is in free base, hydrogen fumarate, or fumarate salt form.

10 3. The use of claim 1 or claim 2, wherein the mammal is human.

4, The use of any one of claims 1 to 3, wherein the sleep disorder is
selected from a group consisting of: excessive sleepiness associated with
narcolepsy, obstructive sleep apnea/hypopnea syndrome (OSAHS), jet lag or
15 wakefulness disturbances as a consequence of jet lag, hypersomnia, REM
behavior disorder, insomnia, parasomnia, sleep-related diagnostic dilemma,
sleep apnea associated with neurological disorders, shift worker sleep disorder
(SWSD), Kleine-Levin syndrome, sleep/wake disorders in blind subjects, and a
sleep disorder induced by neurological injuries, abnormalities, lesions, and
20 surgery.

b, The use of any one of claims 1 to 4, wherein the sleep disorder is
associated with at least one disease of the nervous system selected from a
group consisting of: multiple sclerosis and post-traumatic stress disorder.

25
6. The use of claim 3, wherein the sleep disorder is associated with at least
one psychiatric disorder selected from a group consisting of: mania, seasonal
affective disorder, bipolar disorder, and schizophrenia.

30 7. The use of claim 3, wherein the sleep disorder is excessive sleepiness.

8. The use of claim 3, wherein the sleep disorder is sleep / wake disorders

in blind subjects.
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