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Adenosine modulates a wide range of physiological functions by interacting with
specific cell surface receptors. The potential of adenosine receptors as drug targets was
first reviewed in 1982. Adenosine is related both structurally and metabolically to the
bioactive nucleotides adenosine triphosphate (ATP), adenosine diphosphate (ADP),
‘adenosine monophosphate (AMP) and cyclic adenosine monophosphate (cAMP); to the
biochemical methylating agent S-adenosyl-L-methioné (SAM); and structurally to the
coenzymes NAD, FAD and coenzyme A; and to RNA. Together adenosine and these
related compounds are important in the regulation of many aspects of cellular

metabolism and in the modulation of different central nervous system activities.

The adenosine receptors have been classified as A, Azs, Asp and Aj; receptors,
belonging to the family of G protein-coupled receptors. Activation of adenosine receptors
by adenosine initiates signal transduction mechanisms. These mechanisms are dependent

on the receptor associated G protein. Each of the adenosine receptor subtypes has been
Pop/09.02.2005
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Furthermore, it is known that the binding of the adenosine receptor agonist to mast
cells expressing the rat Az receptor resulted in increased inositol triphosphate and
intracellular calcium concentrations, which potentiated antigen induced secretion of
inflammatory mediators. Therefore, the Az receptor plays a role in mediating asthmatic

attacks and other allergic responses.

Adenosine is a neurotransmitter able to modulate many aspects of physiological
brain function. Endogenous adenosine, a central link between energy metabolism and
neuronal activity, varies according to behavioural state and (patho)physiological
conditions. Under conditions of increased demand and decreased availability of energy
(such as hypoxia, hypoglycemia, and/or excessive neuronal activity), adenosine provides a
powerful protective feedback mechanism. Interacting with adenosine receptors represents
a promising target for therapeutic intervention in a number of neurological and

psychiatric diseases such as epilepsy, sleep, movement disorders (Parkinson or
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g(?renerglc function may have imp 1cat10ns for a variety of disorders such as coronary

artery disease and heart failure. A, antagonists may be of therapeutic benefit in
situations in which an enhanced anti-adrenergic response is desirable, such as during
acute myocardial ischemia. Selective antagonists at Apsreceptors may also enhance the

effectiveness of adenosine in terminating supraventricula arrhytmias.

Adenosine modulates many aspects of renal function, including renin release,
glomerular filtration rate and renal blood flow. Compounds which antagonize the renal
affects of adenosine have potential as renal protective agents. Furthermore, adenosine As
and/or Ajp antagonists may be useful in the treatment of asthma and other allergic
responses or and in the treatment of diabetes mellitus and obesity.

Numerous documents describe the current knowledge on adenosine receptors, for
example the following publications:
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(s1RB8§ coréQary At@ry disease and heart failure. The most preferred indications in

accordance with the present invention are those which are based on the A, receptor
antagonistic activity and which include disorders of the central nervous system, for
example the treatment or prevention of Alzheimer’s disease, depressive disorders, drug

addiction, neuroprotection and Parkinson’s disease as well as ADHD.

As used herein, the term "lower alkyl" denotes a saturated straight- or branched-
chain alkyl group containing from 1 to 6 carbon atoms, for example, methyl, ethyl,
propyl, isopropyl, n-butyl, i-butyl, 2-butyl, t-butyl and the like. Preferred lower alkyl

groups are groups with 1 - 4 carbon atoms.
The term "halogen" denotes chlorine, iodine, fluorine and bromine.

The term "pharmaceutically acceptable acid addition salts" embraces salts with

inorganic and organic acids, such as hydrochloric acid, nitric acid, sulfuric acid,
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exanpl e, methyl, ethyl, propyl, isopropyl, n-butyl,
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| oner al kyl groups are groups with 1 - 4 carbon atons.
The term "hal ogen" denotes chlorine, iodine, fluorine
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acid addition salts" e cesmalts with inorganic and
organi c acids, such as hydrochloric acVd, nitric acid,
sul furic acid, phosphoric acid, citric acid, formc
aﬁjikoﬁ@@ﬁﬁad;ﬁﬁghga mal ei ¢ acid, acetic acid, succinic
acid, tartaric acid, nethane-sulfonic acid,

p-tol uenesul fonic acid and the |ike. The present
conpound of formula | &hdsits pharnaceutically
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L T

if desired, converting the compounds obtained into pharmaceutically acceptable
acid addition salts.

The compounds of formula I may be prepared in accordance with process variants

a) and b).

Furthermore, in examples 1 — 7 and in the following schemes 1, 2 and 3 the preparation

of compound of formula I is described in more detail.

The starting materials are known compounds or may be prepared according to methods

known in the art.

Preparation of compounds of formula I

One method of preparation of the compound of formula (I) in accordance with the
following scheme 1 is as follows: To a solution of the intermediate 7-(morpholin-4-yl)-4-
methoxy-benzothiazol-2-ylamine (II), which may be prepared according to scheme 3, in
dichloromethane is subsequently added a base, e.g. pyridine or diisopropyl-ethylamine
and the compound of formula (IIT), and the resulting solution is stirred for about 45 min
at ambient temperature. Saturated aqueous sodium hydrogen carbonate is added, the

organic phase is separated and dried.
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wherein L is a leaving group, such as halogen, -O-phenyl, -O-nitro-phenyl or O-lower
alkyl.
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procedures can be obtatped by referen o the

preparations and exanples hereln bel ow. However, other
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i 6npl Psh@d by tredtpent wi Ieast @ s
stoi cRj onetric anount of an app oprlate aci d, suchpas
hydrfoch]l ori c acid, hydrobron1cg :h sulfurlc aci

nitri cid, phosphorlc aci d g he i ke, and or c I
acids such as acetic acid, propionic acid, glycolic

aci d, pyruvic acid, oxal i ¢ acid, malic aC|d mal oni c
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The1dRInEadiRadch fRNOLALPStRe! veen 0 OC and 50 0C
esuftirng salt prectpitates spontaneously or maybe

brou ht
Is%latlon and purification of the compound and intermediates described herein can be

effected, if desired, by any suitable separation or purification procedure such as, for
example, filtration, extraction, crystallization, column chromatography, thin-layer
chromatography, thick-layer chromatography, preparative low or high-pressure liquid
chromatography or a combination of these procedures. Specific illustrations of suitable
separation and isolation procedures can be obtained by reference to the preparations and
examples herein below. However, other equivalent separation or isolation procedures

could of course also be used.

Salts of compounds of formula I

The conversion to a corresponding acid addition salt is accomplished by treatment with
at least a stoichiometric amount of an appropriate acid, such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic
acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, oxalic acid, malic
acid, malonic acid, succinic acid, maleic acid, fumaric acid, tartaric acid, citric acid,

benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-
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Phar macol 121, 353; 1 nM binding assay was carried

out i 'f'h%?}'rfﬁ@érébﬁcﬂ Iv@réaﬁlv.és@ig&tgg gpﬁsﬁégﬁgl?e With We&i‘ lgi@'@ﬁ ﬁér%inafter.

2.5 ng rane protern i

Ysi - pol y-1-1ysine SPAbé&él’s‘iféﬂ&t&El U adenosi ne

deami nase in a final volune of 200 m of buffer. Non
sPeSiffihity bf DA xpaISmdeyl-pRrilEieNg carBBiic REidA T A&hoxy-7-
congener . 2 ou re tested at 1
g T DR BT0k S RIS 1ar Hioy A ebOE 58 eiibpged at human
cApducdpedts revoehhihdntiyterpresdd ie Qhateachahstéramvaty (GHO) cells using the
LB £dP8S Wub E@r?&io‘ﬁ%ﬁr&eﬁ?&éﬂﬁ%‘?? heflr%stéld, %gﬁedatgvicre%?fm

centrifugation, homogenized and again washed by centrifugation. The final washed

membrane pellet was suspended in a Tris (50 mM) buffer containing 120 mM NaCl, 5
mM CaCl, and 10 mM MgCl, (pH 7.4) (buffer A). The *H SCH-58261 (Dionisotti et al.,

| 1997, Br ] Pharmacol 121, 353; 1 nM) binding assay was carried out in 96-well-plates in
the presence of approximately 2.5 pg of membrane protein, 0.5 mg of Ysi-poly-l-lysine
'SPA beads and 0.1 U adenosine deaminase in a final volume of 200 pl of buffer. Non-
specific binding was defined using xanthine amine congener (XAC; 2 pM). Compounds
were tested at 10 concentrations from 10 pM - 0.3 nM. All assays were conducted in
duplicate and repeated at least two times. Assay plates were incubated for 1 hour at room
temperature before centrifugation and then bound ligand determined using a Packard
Topcount scintillation counter. ICsy values were calculated using a non-linear curve
fitting program and Ki values calculated using the Cheng-Prussoff equation.
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In vivo 4-hydroxy-4-methyl-piperidine-1-carboxylic acid (4-methoxy-7-morpholin-4-yl-
benzothiazol-2-y1)-amide was found to be a potent, long-acting, orally-active antagonist.
It antagonizes hypolocomotion induced in rats with subcutaneous injections of 0.01
mg/kg of APEC, an adenosine Az, receptor agonist. The dose for this compound
calculated to inhibit 50 % of the APEC-induced hypolocomotion following oral
administration was 0.5 mg/kg. A plasma concentration of 290 ng/ml is required to
completely antagonize this APEC-induced hypolocomotion. This antagonism persisted
for a number of hours and had a functional half-life of about 8 hours in this model.

The pharmacokinetic parameters have been evaluated in both rats and dogs. In rats, after
intravenous dosing, the compound has a half-life of 4 hours, a clearance of 11 ml/min/kg,
a volume of distribution of 1.4 1/kg; the oral bioavailability after administration of 5
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example, natural or hardened oils, waxes, fats, semi-liquid or liquid polyols and the like.

The pharmaceutical preparations can, moreover, contain preservatives, solubilizers,
stabilizers, wetting agents, emulsifiers, sweeteners, colorants, flavorants, salts for varying
the osmotic pressure, buffers, masking agents or antioxidants. They can also contain still

other therapeutically valuable substances.

Medicaments containing a compound of formula I or a pharmaceutically
acceptable salt thereof and a therapeutically inert carrier are also an object of the present
invention, as is a process for their production, which comprises bringing one or more
compounds of formula I and/or pharmaceutically acceptable acid addition salts and, if
desired, one or more other therapeutically valuable substances into a galenical

administration form together with one or more therapeutically inert carriers.
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aden ne A2A receptor, ant istic.activit
ASRa g PrPatos snharRTREC g iF U bsngeR fthsh Tatended to
diliggiagescopeur opr ot ecti on, schi zophreni a, anxiety,
pain, respiration deficits, depression, ADHD
(attention deficit hyper-actExanipledi sorder), drug
addi ction to anphetamni nes, cocaine, opioids, ethanol,
m4C191t oxy 5005 Ip{]p%rl Iie-f)-Ear{)&Eylfcggid (4-methoxy-7-morpholin-4-yl-

benzothiazol-2-yl)-amide (I)

To a solution of (4-methoxy-7-morpholin-4-yl-benzothiazol-2-yl)-carbamic acid phenyl
ester (3.2 g, 8.3 mmol) and N—ethyl-diis‘opropyl—amine (4.4 ml, 25 mmol) in
trichloromethane (50 ml) is added a solution of 4-hydroxy-4-methyl-piperidine in
trichloromethane (3 ml) and tetrahydrofurane (3 ml) and the resulting mixture heated to
reflux for 1 h. The reaction mixture is then cooled to ambient temperature and extracted
with saturated aqueous sodium carbonate (15 ml) and water (2 x 5 ml). Final drying with
magnesium sulphate and evaporation of the solvent and recrystallization from ethanol
afforded the title compound as white crystals (78 % yield), mp 236 °C. MS: m/e=
407(M+H™).
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(2-Methoxy-5-morpholin-4-yl-phenyl)-thiourea

1-Benzoyl-3-(2-methoxy-5-morpholin-4-yl-phenyl)-thiourea (8.0 g, 21 mmol),
suspended in methanol (260 ml), are treated with 6 ml sodium methanolate (5.4M in
methanol) and the mixture stirred until a white precipitate forms. The mixture is
concentrated in vacuo, the crystals are isolated by filtration and washed with methanol
and hexane (5.0 g 86 %). MS: m/e= 268 (M").

Example 5
1-Benzoyl-3-(2-methoxy-5-morpholin-4-yl-phenyl)-thiourea

To a solution of 2-methoxy-5-morpholin-4-yl-phenylamine (4.6 g, 22 mmol) in acetone
(140 ml) is added a solution of benzoyl isothiocyanate (3.4 ml, 25 mmol) in acetone (80
ml) and the reaction mixture is stirred for further 30 min at ambient temperature. After

removal of the volatile components in vacuo, the product is isolated by flash
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eth acetate é250 m ). and 2VHCL (125 m) were added
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obtained as whité solid 166- 168 OC.
ME00 mplp and gwthanol § 600 @Jgﬁﬁpgp ad1um on carbon (10 %, 600 mg) for 12 hours.
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10 57 % . MS: nmfe= 266 (M. BElapple?

(2- Met hoxy- 5- nor phol i n- 4-yl - phenyl ) -t hi our ea

I-Benz I -3-( phol i n-4-yl - phenyl ) -t hi our
edr (a1 @XTéiuﬁﬁﬁ% i&gﬁgﬁ AF i n net hanol (260 nl),
are treated with sodlu neth at
fﬁxam%—ngms%%ﬁ St BN FOBTE 8 b FighoD, potassiumn
p[)E&dpﬁhfeE(‘l Bg ﬂrﬂﬁﬁol)Tﬁfbllﬁﬂe)ﬁVllJﬂﬁy%&E@(?ll lﬂfb@pllhﬁb €gh0i rﬁg, 2.7 mmol) and
C crystals are isolate ati.on
WSl Drc e KEHaP Bxbmieal o ity g oA ang (60 ) and
15 268680 °C for 96 hours. The mixture is then cooled to room temperature, diluted
with ethyl acetate (50 ml) and filtrated through dicalite. Flash chromatography on silica
(eluent dichloromethane/methanol 99:1) affords the product as red solid (6.0 g, 69 %).
MS: m/e= 238 (M").

Tablet Formulation (Wet Granulation)

20 Item Ingredients mg/tablet
5mg 25 mg 100 mg 500 mg
1.  Compound of formula I 5 25 100 500
2. Lactose Anhydrous DTG 125 105 30 150
3.  Sta-Rx 1500 6 6 6 30
25 4.  Microcrystalline Cellulose 30 30 30 150
5.  Magnesium Stearate 1 1 1 1

Total 167 167 167 831
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acetat e/ n hexane 1:4, then 1:2) as a yellow solid (8.0
g3- 97 Pags theganpiepthroggh S(umlyle nEleamqélp@lent

24 Met .

44( 4- %&ﬁ %%)%gr%ﬁ(ﬁ?% %O[P p eny lmng)ré%ﬁlgr <%ﬁce)n fl éu%bl? gress.
hydr ogenat ed in di chl oronet hane (100 m) and net hanol
(600 m) using pal | adi unCepsualesarlatim o5 600 nmg) for
12 hours. The catalyst is renoved by filtration and

t @S phdtbdiehksevapor ated in va%g/caﬁéﬂgfi cation by
flash chromat ogr aphy (silica, eluent ethyl

acet at e/ n-hexane 1:1) affords I®& prodiicgas H¥Fmghi t $00 mg
solid (4.6 g, 88 %. Ms: nmfie= 209 (MrH+). Exanple 7

441(4- R d%ﬂ’drh{&aphenyl) npr phol i ng; 500
4- Bronp-2Z-ni_troani sol (8.5 , 36 m’mILZ, m)rphollne

10 (3.8 HydrowsIgatosg , pot assi umlphosphat 311 g, ---
mMBDIl ) Cofn BiapheNy! - di cycl ohexybs phosphiqze (960 g@ 2.7 79

mol ) and pal | adi un(11) acetate (411 , 1.8 mmol ) are

dit ssofr\?]éd i n di met hoxyet hane {80 ) g‘r%d stirrd at 8025
06 f OB RearBE M Xt ure |§ then cooled to §oom 5
tenperature, diluted with ethyl acetate (50 m) and
filtrdo®d through dicalite. BP@sh chr¥¥atograpghby on 600
silica (eluent dichloronethane/ methanol 99:1) affords

15 tﬂfaﬁyfm Pockffesolid (6.0 g, 69 %9. M5 me= 238

Iablé% Fornul ati on (Wet G anul ati on)

1. Mixitems 1, 2 and 3 in a suitable mixer for 30 minutes.
2. Add items 4 and 5 and mix for 3 minutes.

3.  Fillinto a suitable capsule.



ItemlIngredients ng/tablet 5 ng 25 ng 100 ng 500 1.
Conmpound of formula | 5 25 100 500 2. Lactose

wandgdie@as DTG 125 105 30 150 3. Sta- Rx 1500 6PGI/EPB05/005329

10

15

20

4. Mcrocrystalline Cellul ose 39,30 30 150 5.
Magnesi um Stearate 1 1 1 1 Total 167 167 167
831Manuf acturing Procedure 1.cMx itenms 1, 2, 3 and 4
and granulate with purified water. 2. Dry the granul es
at 500C. 3. Pass the granules through suitable mlling
equi prent. 4. Add item5 and m x for three m nutes;
conpr ebsTherrompavindgfarnpiless. Capsul e Fornul ation |tem
I ngredients ng/capsule 5pg 25 ng 100 ng 500 1.
Conpound of formula | 525 100 500 2. Hydrous Lactose
159 123 148 - 3. Corn Star 25 35 40 70 4. Talc 10 15
10 25 5. Magnesi um St t e\>]._H 2 tal 200 200 300
600 Manufacturing Pr obedereay1. ?ﬁ@oﬁ, 2 and 3 in
a suitable m xer for 30 m'nuteg. 2) dMa&enms 4 and 5
and mix for 3 mnut es[Nj
0]

which is 4-hydroxy-4-methyl-piperidine-1-carboxylic acid (4-methoxy-7-morpholin-4-
yl-benzothiazol-2-yl)-amide, and pharmaceutically acceptable acid addition salts thereof.

2. A medicament containing the compound as claimed in claim 1 and

pharmaceutically acceptable excipients.

3. A medicament according to claim 2 for the treatment or prevention of diseases

related to adenosine receptors.

4. A medicament according to claim 3 for the treatment or prevention of diseases

related to the adenosine Az receptor.

5. A medicament according to claim 4 for the treatment or prevention of
Alzheimer’s disease, Parkinson’s disease, Huntington’s disease, neuroprotection,
schizophrenia, anxiety, pain, respiration deficits, depression, ADHD (attention deficit
hyper-activity disorder), drug addiction to amphetamines, cocaine, opioids, ethanol,
nicotine, cannabinoids, or for the treatment of asthma, allergic responses, hypoxia,
ischemia, seizure, substance abuse, or for use as muscle relaxants, antipsychotics,.

antiepileptics, anticonvulsants and cardioprotective agents.

6. A medicament according to claims 5 for the treatment or prevention of
Parkinson’s disease, ADHD (attention deficit hyper-activity disorder), depressive

disorders and drug addiction.

7. A process for preparing a compound of formula I as defined in claim 1, which

processes comprise

a) reacting the compound of formula



3. Fill into a suitable capsule.Cains 1. The conpound

of formula which is
wd200di@ze/ - 4- met hyl - pi peri di ne-1-carboxyl i c acPdI/EP2005/005329
(4- met hoxy- 7~nor phol i n-4- vyl - befzot hi azol - 2-yl ) - am de,
and pharmaceutically acceptable acid addition salts
thereof. 2. A nedi canent con@gﬁping t he conpound as
claimed in claim1 and pharjaceutically acceptabl e
exci pients. 3. A nedi cane rd&gg to claim2 for
the treatnment or preventi | seases related to
adenosi ne receptors. 4. A ngdi canent according to
claim3 for the treatnment oN prevention of diseases
related to the adenosi ne {%é]receptor. 5. A nedi canent
according to claim4 for t treatne or prevention
of Al zheimer's disease, Parkinson's sease,
Hunti ngton's di sease, neuroprotection, schizophrenia,
awithehy corppiund sfefsphulat i on deficits, depression, ADHD
(attention deficit hyper-activity disorder), drug
addi ction to anphetam nes, cocai ne, opioids, ethanol,
ni cotine, cannabi noi & fyrOthe treatment of
asthma, allergic respghse WROXIi a, iscﬁﬁgia,
sei zure, substance abuse, or for use as cle
rel axants, antipsychotics, antiepileptics,
atd 4 compoursiotifermaild car di oprotective agents. 6. A
medi cament according to clainms 5 for the treatnent or
prevention of Parkinsoqkaidisease, ADHD (attention
deficit hyper- activity] di*’sorder), depressive
di sorders and drug adgh H. A process for
prepari ng a conpound N}l_ S OHned in claim
1, which processes co i s a) edct i mehe conpound
of formulall with the[?fﬁpoundoof formul a

0o

|

or
b) reacting a compound of formula

OCH,

O IV

with the compound of formula

to a compound of formula



to a conmpound of formula or b) reacting a conpound of
formula with the conpound of formula to a conpound of

wo ecvosulia@esherein L is a | eaving group such as he¢DgR005/005329

10

15

20

25

-O phenyl, -Onitro-phenyl or -@glLower alkyl, and if
desired, converting the conpounds obtained into
pharmaceutical |y accept@bhe acid addition salts. 8.

The conpound accordi ng gja|n11 whenever prepared
by a process as cl ai n h alaim?7 an equi val ent
met hod. 9. The use of onpqynm ac & |ng to claim
1 for the treatnent or preventpon i Meases rel at ed
to the adenosi ne A2A ptor. 10. The use of the

conmpound according tolclgim21 for the manufacture of
correspondi ng nedi caner®s for the treatment or

prevention of Al zheiner's disease, Parkinson's

di sease, Huntington's di sease, neuroprotection,

s c\rhemp hnsem]eawngamuetsych aicialogen, Qe pbenvht-Coniteepherivl et -O-lower
gﬁg 3 jon, ADHD (attention deficit hyper-activity
di'sorder), drug addiction to anphetam nes, cocaine,

o p i oi didesizechapmerting detcbmpoundiotdtinadinte phanmdcenticalp acceptable

g@kﬂﬁﬂ&mgﬁk@sthna al l ergic responses, hypoxi a,
S€l Zzure, substance abuse, or for use as

nuscle relaxants anti psychotics, antiepileptics,

ant i canwyl t
O R A AT s et

e (R HR ¢ 9 bY 81 egwvalentyBeidrdg nedi canents for the
treat nrent of Parkinson's disease. 12. The use of the

c o rrp oyntheeeafdhd@nisoutldaicoardthgftoclaiha fonthefteatment o@fprevention of
%ﬁ%%%&: di,canments for .the treatnent of ADHD

EPHHRy s AL FRIPy
10. The use of the compound according to claim 1 for the manufacture of

corresponding medicaments for the treatment or prevention of Alzheimer’s disease,
Parkinson’s disease, Huntington’s disease, neuroprotection, schizophrenia, anxiety, pain,
. respiration deficits, depression, ADHD (attention deficit hyper-activity disorder), drug
addiction to amphetamines, cocaine, opioids, ethanol, nicotine, cannabinoids, or for the
treatment of asthma, allergic responses, hypoxia, ischemia, seizure, substance abuse, or
for use as muscle relaxants, antipsychotics, antiepileptics, anticonvulsants and

cardioprotective agents.

11. The use of the compound according to claim 10 for the manufacture of

corresponding medicaments for the treatment of Parkinson’s disease.

12. The use of the compound according to claim 10 for the manufacture of
corresponding medicaments for the treatment of ADHD (attention deficit hyper-activity
disorder).

13. The use of the compound according to claim 10 for the manufacture of

corresponding medicaments for the treatment of depression.

14. The use of the compound according to claim 10 for the manufacture of
corresponding medicaments for the treatment of drug addiction to amphetamines,

cocaine, opioids, ethanol, nicotine and cannabinoids.



di sorder). 13. The use of the conpound according to

claim 10 for the manufacture of correspondi ng
wore@saament s for the treatnent of depression. RAT/EF065/005329

use of the conpound accordi ng tqgclaim 10 for the

manuf acture of correspondi ng nedi canents for the

treatnment of drug addiction to anphetam nes, cocai ne,

opi oi ds, ethanol, nicotine and cannabi noi ds. 15. The

| nvents of}, AR AR d RelRliResdeacilpet.

%%



