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01_“- alkoxy, 01_6-u1konyl, 01-6 alkynyl, halegen or

amino.

The new compounds are useful in improving the cognitive
funotions of the forebrain and hippooampus of mammals,

are useful in the treatment of Alsheimer's disease, xxxx
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ABSTRACT

MNovel azacyclic compounde having the formula

wherein
.-

Rl 18 H or ¢|_g-alkyl, and



wherein R1 is hydrogen, Cl_s-alkyl,
cycloalkyl, 01_4—alkoxy, Cl;s—alkenyl,

alkynyl, halogen or amino.

The new compounds are ugeful in improving
cognitive functione of +the forebrain
hippocampus of mammsale, and are useful in

treatment of Alzheimer e digease.

C3-g-
Ci-6-

the
and

the



AZACYCLIC COMPOUNDS AND THEIR PREPARATION AND
USE

The present invention relates to
therapeutically active azacyclic compounds, a
method of preparing the same and to
pharmaceutical compogitions comprising the
compounds . The novel compounde are useful as
stimulantse of the cognitive function of the
forebrain and hippocampus of mammals ahd

v

egpecially 1In the treatment of alzheimer'e

disease. )

N g
Due to the 1n general  improved health
situiation in the western world, elderly-

related dieeases are much more common now than
12
in the past and are likely to Dbe \even more

common in the future.

One of the elderly-related eymptome 1ie a
reduction of the cognitive functions. This
symptom is eepecially pronounced in the

patophysiological disease known as Alzheimer’'s
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digease. This disease 1s combined _wlth, and
aleo moet 1likely caused by, & up to 80%
degeneration of the muscarinic cholinergic
neurons in nucleus basalis, which is part of
substantia 1innominata. These neurcns project
to the prefrontal c;rtex and hippocampus &and
have & general etimulatory effect on the
cognitive functions of the forebrain &ae well &s
of hlppocampus, namely learning, &associatlion,
consolidation, and recognition.

It 1i& & characteristic of Alzhelmer’'s disease
that although the cholinergic neurons
degenerate, then the postsynaptic muscarinic
receptors 1in the foreb?ain and hippocampus
6t111 exiet. Therefore muscarinic cholinerglc
agonists. are uﬁeﬂui. in the treatment of
Alzhelmer’'s diseaege and 1in lmproving the

cognitive functiones of elderly people.

It 1s well known that arecoline (methyl 1-
methyl-1,2,5,6-tetrahydropyridine-3-

carboxylate) 1s such a cholinergic agoniset.
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Areooline' ﬁowever hae & very short biologlcal
half 1ife &and & emall separation between .
central and peripheral muscarinic effects.
Furthermore arecoline 1is a rather toxic

compound .

Accordingly it is an object of the invention to

provide new muscarinic cholinergic compounds .

The novel compounds of the invention have the

general formula I:

(1)

wherein

R1 is H or Clue—alkyl, and
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wherein KR~ 18 hydrogen, Cl_s~alkyl, 03—8_
cycloalkyl, 01,4—a1koxy, 01_6—alkeny1, 01—6"

alkynyl, halogen or amino.

Examples of such salte include 1inorganic and

organic acid addition salts such an
S

hydrochloride, hydrobromide, sulphate,

phosphate, acetate, fumaratem maleate, citrate,

lactate, = tartrate, i_bxalate, or gimilar

2

pharmaceutically-acceptable inorganic or

\

organic acld addition sal?.

The 1invention also relates to a method of
preparing the above mentioned compounds. This

method bomprisea



a) reacting a reagtive derivative of  a

compound having the formula II

Cﬂﬂ%

q ) )

wherelin R1 hae the meaning defined above, with

a compound having the formula 111

R'—C(OCHB)ZN(CH3)2 (I1I1)
wherein R° has the meaning defined above to
form a compound of the general formula I,

wherein R3 ie
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wherein R has the mesmning defined above, or

b) =alkylating a compound having the formmla IV

(1v)
OJ N,

with an alkyl halide and reducing the compound
thue formed with hydride ione to form Aa

compound having the formmala V

I
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wherein Rl has the meaning defined above.

The pharmacological properties of the compounds
of the invention can be i1lluetrated by
determining their capability to inhibit the

specific binding of 3H-Oxotremorine-M (3H-0xo).

3H—Oxo labels muscarinic receptor in the CNS
(with a preference for agonist domaines of the
receptors. Three different sites are labelled
by ‘BH—Oxo. These sites have affinity of 1.8,
20 and 3WYO nM, respectively. Using the
present experimental conditions only the high

and medium affinity sites are determined.

The 1nh161tory effecte of compounde on 3H—Oxo

binding reflecte the affinity for muscarinic

acetylcholin receptors.

All preparations are performed st @-4°C unless
otherwlese 1indicated. Fresh cortex (©P.1-1 g)
from male Hietar rats (159-261 g) ig

homogenized for 5-19 & in 18 wl 29 mM Hepes pH:
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7.4, with an Ultra-Turraz homogenizer. The
homogen;zer is rinsed with 1@ ml of buffer and
the combined suspension centrifuged for 15 min
at 40,000 x g. The pellet 1s washed three
times with buffer. In each step the pellet. is .
homogenized &6 before in 2 x 1@ ml of buffer

and centrifuged for 19 min at 49,900 x g.

The final pallet is homogenized in 20 mM
Hepes pH: 7.4 (16@ ml per g of original
tissue) and used for binding assay. Allquots
of 8.5 ml 1e added 25 ul of test solution &and
25 ul, of 3H—Oxotremorine (1.0 nM, final
concentration) mixed and incubated for 3@ min
at 26°C. Non-specific binding is determined in
triplicate using Arecholin (1 ug/ml, final
conoent;ation) as‘ﬁhe test substabce. After
incubation samples are added 5 ml of lce-cold
buffer and pouyed directly onto Whatman GEF/C
&lass fiber filters under suction and
immedlately washed 2 times with 5 ml of ice-
cold buffer. The amount of radioactivity on

the fillterg are determined by conventional
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ligquid scintillation acounting. Specific
binding 1& total binding minus non specific

binding.

Test substances are dissolved in 104 ml water
(if necessary heated on a steambath for lees
than & minutes) at a concentration of 2.2
mg/ml. 25-75% inhlbition of epecific binding

mist be obtained before calculation of 1050'

The test value will be given ae ICgp (the
concentration (ng/ml) of the test substances
which 1inhibites the specific binding of 3H—Oxo

by b5¢0%) .

1050 = (applied test substance concentration)

-

where CO ie specific binding in control asesays
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and C ies the ﬁpecifio binding 1in the test

X
HHRAMY . (The calculations assume normal mass-

action kinetics).

The test results obtained by testing some
compounds of the invention will appear from the

following table:

table 1
Compound of Inhiblition

invention in vitro
oxo-binding
(ug/ml)

Example 1. 2.4

Example 2 11

Example 3 1.6

The compound of the inventlon, together with =&
conventional adjuvant, carrier, or diluent, and

1f desired in the form of &a pharmacentical ly-
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acceptable acid addition salt thereof, may be
plaoad Int the  forn of pharmaceutical
compotitione and wnit dossages thereof, and  1in
such  form may be employed a8 solide, euch as
tablets or filled capsules, or liguids, such as
golutdons, suspensions, ewnleions, elixires, or
capeules filled with the same, all for oral
use, in the form of esuppositories for rectal
administration; or 1in the form of sterile
injectable solutions for parentersal (including
subcutaneous) NEE . Such pharmaceutical
compositlions and unit dossge forms thereof may
comprise conventional ingrediente in
conventlional proportions, with or Without
additional active compounds or principles, and
guch unit dosage forme may contain any suitable
effective migcarinic cholinergic agonletic
amount of the sctive ingredient commensurate
with the intended daily dosage range to be
employed. Tablets contalining ten (19)
millgrame of +the active ingredlent or, more
broadly, one 91) to hundred 9193) milligrams,

per tablet, are accordingly suitable
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representative unit dosage forms.

The aompounds of this invention can  thus be
ugald o the formulatien of pharsacentical
preparations, e.g. for oral and parenteral
administration to mammale iancluding humans, 1in
accordance with conventional methods of

galenic ,pharmacy.

sonventional excipients are such
pharmaceutically acceptable organic or
inorganic carrier substances suitable for

rarenteral or enteral application which do not

deleteriously react with the active compounds.

Examples of such carriers are water, salt
solutions, alcohols,' polyethylene Blycols,
polyhydroxyethoxylaed castor oil.\ gelatine,
lactose, amylose, magnesium stearate, tals,
seiliecic acld, fatty acid monoglycerides and
diglycerides, pentaerythritol fatty aclid

eglers, hydroxymethylcelluose and

polyvinylpyrrolidone.
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The pharmaceuticsal preparations can be
eterilized and  mixed, 1f  deslredm with
auxiliary agente, emaleifiers, salt for
Inflnencing osmotic preseure, buffers &and/or
coloring substances and the like, which do not

deleteriously resct with the sctive compounds .

For parenteral application, particularly
sultable Are injectable solutions or
suspencslons, preferably aqueons solutions with
the active componnd dissolved in

polyhydroxylated castor oil.

Ampoules are convenient unlt dosage forms.

Tablets, drageee, or capgules having tale
and/or a carbohydrate carrier or binder or the
like, +the carrier préferab]y being lactose
and/or corn starch and/or potato etarch, are
particularly suitable for oral application. A
syrup, elixir of the like can be used in cases
where & esweetened vehicle can be emplayed,

Generally, the compounds of this invention are

dispensed in unit form compricing 1-190 mg in a
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pharmacentically acceptable carrier per uanit

dosage .

Tha dosage of the compounds according to this
invention is 1-10@ mg/day, preferably 192-79
mg/day, when administered to patients, e.g.

humans, as a drug.

A typlical tablet which may be prepared by

conventional tabletting technigques contains:

Actlive compound 5.0 mg

Lactosum , 67.8 mg Ph ERur.

Avicel 31.4 mg

amberlite O1re 88 1.0 ma

Magnesli stearas . .25 mg Ph. Eur.
Due to the hilgh muscarinic oholinergic receptor
agonistic activity, the compounds of the
invention are extremely useful in the treatment
symptoms related to a reduction of the
cognitive functions of the brain of mammals,

when administered in an amount effective for
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“stimulating the cognitive functions of the

forsbrain and  hippocampus . The lmportant
stimilating activity of the compounds of tha
Invention includee hoth activity againet the
patophyeiological disesse, Alzheimer g
discase a6 well as sgainst normal degeneration
of brain function. The compoundes of the
invention may accordingly be administered to a
subject, e.g., & living animalbody, including a
human,’in neesd of gtimilating of the cognitive
functions of the forebrain and hippocampus, and
1f desired in the form of & pharmaceutiéally~
acceptable acid addition salt thereof (such as
the hydrobromide, hydrochloride, or sulfate, 1in
any event prepared in the ugual or conventional
manner, e.g., evaporation to dryness of Lhe
free base in golution together with the acid),
ordinariyl concurrently, eimultgneously, or
together with g pharmacentically-sceceptable
carrier or diluent, especially and preferably
inthe form of & pharmacentical cowmposition
thereof, whether by oral, rectal,or parenteral

(including subcutaneons) route, In an effective
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forebrain sand hippocampus stimulatipg amonnt ,
and 1in any event an amount which is effective
for improving the cognitive tunction of mammals
due to their muscarinic cholinergic receptor
agonistic activity. Sultable dosage ‘ranges
are 1-190 milligrame daily, 19-100 milligrame
dally, &nd especially 30-7@ milligrame dailly,
depending &as ussl upon the exact mode of
administration, form 1in which administered,
theindication towsard which the adminletration
Is directed, the subject involved and the body
welght of the subject Involved, and the
preference and experience of the physician or

veterinarian in charge .

The invention will now be described in  further
detall = with refgrénoe Lo the following

examples:



EXAMPLE 1

- "1,2¢ﬁ¢ﬁ:T§LEﬁh¥ﬂrQ:l;mﬁlh!l:ﬁ;

epyridinecarbothioamide

A solution of 1,2,5,6—tetrahydro~l—methy1-3*
5 pyridinecarboxamide (4:2 €, 3.2 wmol) and ‘
Lawesson's reagent (6.1 £, 15.1 mmol) in HMPA
(89 ml) was stirred at 80°C for 2.5 h. After
cooling to  room temperature, a saturated
potassium carbonsate solution (108 ml) was added
10 to the reaction mixture. The water/HMPA
solution was extracted Wwith ether (3 x 5@ ml)
and the combined ether phases were dried,
filtered &and evaporated, The residue Has
chromatographed on &llica gel using CHZCIZ:MeOH
18 (9:1) as eluent. The tower spot was the wanted
product, which oould-ba lgolated ag & vellow
solidin 419 wg yield. MS:M' = 166 (190%), 123

(80%) .

b¢m_7“~142¢ﬁ¢ﬁ:I§Lrﬁhyer;1:mﬁthl;ﬁ:LQ;mﬁLhul;

Zﬂ__wl¢2¢ﬂ;LhiﬁdiﬁZQl;ﬁ:lll:Eltldlnﬁ_QXﬁlﬁLﬁ

A solution of 1,2,5.6—tetrahydro—1—methy1—3—




pyridinecarbothicamide (364 mg, 2.3 umo 1) in
N,N-dimethylacetamide dimethyl acetate (2.5 ml,
17mmol) waes etirred at room temperatures for 3

h. The resaction mixture was evaporated in

D vacuo forming & black-brown oil. After

10

15

20

dissolving the residue in EtOH (7 ml, 99.9%)
and pyridine (V.18 ml) a solution of
hydroxylamine-@-gulphonic sacid (283 mg, 2.5
mmol) in MeOH (3 nl) was added. The reachion
mixture was stirred al room temperature for 1 h
and evaporated. The reesidue was dissolved 1in a

saturated potassium carbonate solution (5 ml)

and extracted with ether (5 x 20 wl). TYhe
combined organic phases were dried and
evaporated. Chromatographlic purification of

the resldue on sllica gel (elution with CH2012:

-

MeOH (9:1) gavve 13@;mg of the wanlted product.

\

Mg (680 MH;, CDClg): 6.656 (1H, m), 3.35 (2H,
pert. &), 2.60 (3H, s), 2.42 (31, s), 2.8-2.2
(41, m). Crystallization with oxa;lic acid
from acetone gave 13@ mg of the title compound .
M.p. 175-177°C.

GC/MS: MY 195 (100%).
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EXAMELE 2
a.. _3-(1.2,4-thiadlazol-5-vllpyridine

A solution of thionicotinamide (19.8 g, 72.5
mmol) in  N,N-dimethylformaide dimethylacetal
(51 w1, 359 mmol) was estlrred at gp°Cc for 3 h,
follaowed by 16 h abt room temperatare. After
evaporation, the brown oil residue WAB
digsolved in ethanol (200 wl) and pyridine (6.7
ml). A solution of hydroxylamine-#-sulfonic
acid (9.75 &, B6 mmol) 1in methanold (99 wl) was
added &t room temperature and the reactlion
mixture was stirred for 3 h. The reaction was

evaporatedm and the residne disscolved in water.

The water phase was extracted with ether
after addition of potsseium carbonate to rH
19. The comﬂined ether phases were dried and

- "

pyrified by column chromatography using ethyl
acetate a& eluent., Yield: 1.0 #£. ”M+:‘ 163

(100%) .

21 -
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b. 1.2.5,6-Tetrahydro-1-methyl-3-(1,2,4-

thiadiazol-b-v1)pyridine oxalate

To & solution of 3-(1,2,4-thiadiazol-5-
y1) pyridine (1.5 g, 9.2 mmol) in acetone (50
ml) was added methyliodide (6 ml, 198 mmol).
"The reaction mixture was stirred at room
temperature for 16 h and the precipitate
collected by filtration, 1.98 g, The
precipitate wae diseolved in methanol (50 ml)
and cooled to @°C. Sodium borohydrate (448 mg,
11.8 mmol) was added to the reaction mixture:
After 15 min. at ©°C the reaction was
evaporated. The residue was diseolved 1in water
and extracted with ether, dried and evaporated.
Crystallization as £he oxalate sglt from
acetone gave the ti£le compound in 372 mg

vield. M.p. 166 - 179°C dec. M': 181.

EXAMPLE 3
a._ _Ethyl thionicotinate
A mixture of ethyl nicotinate (49 g, XXXX) and

Lawesson s reagent 9145 g, XXX) In toluene (320

o
42
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ml) was refluxed for 16 h. The reaction
mixture was transferred to a SiOZ co lamn and
eluated with toluene, vyilelding 9.9 g of pure

title compound.

b, 3-(3-amino-1,2.4-thiadiazol-5-yl)pyridine

To a suspension of acetylguandine (5.45 g, 54
mmol) in dry tetrahydrofuran (122 ml) was added
sodiumhydride (2.74 g oil euspension, 57 mmol)
at 0°C. A solution of ethyl thionicotinate
(9.9 g, 53.9 mmol) in tetrahydrofuran was added
to the above mentioned suspension at room
temperature. After the gas evolution was ended
the reaot;on mixture was filtered. Petroleum
ether (11) waes added to the filtrate causing
spontaneous precipitagion. The precipvitate wae
dissolved 1in ethanol (99 ml) and acetic acid
(2.95 ml). At 30°C a solution of Bry, (3.2 ml)
in chloroform 916 ml) was added dropwise. The
reaction mixture was stirrgd for 39 min. at
room tempersture,filtered and evaporated. The

residue was dissolved in &squeouns potassium
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carbonate and extracted with methylene

chloride. The combined organic phases were
-dried and evaporated. The title compound
cryetallized from ethyl mcetate. Yield: 3.2
g. M*: 178,

o} d-(3-amino-1.2.4-thiadlazel-6-v1)-1.2.5,.6-

tetrahydro-l-methylpyidine oxalate

Methyl iodide (1.8 ml, 30 mmol) was added to =a
solution of 3-(3-amino-1,2,4-thiadiazol-5-
vl)pyridine (1.8 g, 1@.1 mm9l) in acetone (88
ml). The reaction mixture was etirred at 45°
for 16 h, cooled to B° &and the precipitate
collected by filtration. Yield: 1.17 g. The
preclpitate was diseolved in methanol 9120 ml)
and watér (25 ml).’&£ 0°C  godium borohydrate
(278 mg, 7.3 mmol) wse added to the esolution.
After gtirring the reaction hixture for 15 min.
water was added and extracted with ether. The
combined ether phases were dried,, evaporsated
and purified by column chromatography useing

ethyl acetate/methancl (2:1) as eluent .



Crystallization with oxalic acld from acetone

gave the title acompound in 350 mg yvield. M.p.

194°C dec. M': 196,

- 25 -
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1. Azacyclic compounds having the
formula
R}
~
\“1
R
wherein
gl s 1l or Gy g-alkyl, and
\ 1
AN
wherein R° is hydrosgen, Clﬂs—alkyl,
10 2. A componnd of claim 1 which is

general

(1)

or amino.

1,2, b.6-

......
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tetrahydro—l—methyl—S—(3—methy1~1,2,4—
thiadiazol—5"yl)pyridine or a salt thereof with

a pharmaceutically acceptable acid.

3. A compound of claim 1 which is 1, 2,5,6-
tetrahydro—l—methyl~3—(1,2,4~th1ad1azol~5~
y1l)pyridine or a salt thereof with a

pharmaoeutically acoeptable acld.

4. A compound of claim 1 which ig8 3-(3-amino-
1,3,4—thiadiazol—5—yl)—1,3,5,6—tetrahydro—1~
methylpyridine or #& 6&alt thereof with a

pharmaoeutically pcceptable acid.

5. A pharmacentical composition gnitable for
use In gtimalating the cognitive functions of
the forebrain and hippocampis of mammsale,
jncluding humant, and in treating Alzhelmere
digense, oomprising.an amount of a componnd of
claim 1 which 16 effaective for the etimalatlion
of the forebrain and hippocampus of mammals Or

treating Alzhelimer’ 6 disease together with &

pharmaceutical1y—acceptable carrier or diluent.
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6. A pharcheutical composition according -to
claim 5 wherein it ie in the form of an orsl
dosage unit containing 1-1929 mg of the active

compound ., v

‘7. A method of stimulating the cognitive

functions of the forebrain and hippocampus of
mammals and in treating Alzheimer s disease in
A subject 1in need of such stimulation or
treatment comprising administering to said
subject an effec@ive amount of a compound of
claim 1 or claim 2, together with a
pharmaceutically acceptable carrier or diluent.
8. The method ;f claim 6, wherein sald
compound 1& administered in the form of =&
pharmaceutical composition together with &

pharmaceutically acceptable carrier or diluent.

AR e ——
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