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M (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane wherein

e fumarate, maleate, chloride, phosphate, succinate or malonate salt of (R)-3-
(6-(4-methyl@enyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane.

2. The salt accordWg to claim 1, wherein the salt is the mono-fumarate salt of (R)-3-(6-(4-
methylphenyl)-pyridigg-yloxy)-1-aza-bicyclo[2.2. 2]octane in crystalline form.

3. The salt according to c@gn 2, wherein the salt is characterized by an XRPD pattern

substantially the same as th&&RPD pattern shown in Figure 1.

4. The salt according to claim 1, Wiggrein the salt is the mono-fumarate salt of (R)-3-(6-(4-
methylphenyl)-pyridin-3-yloxy)-1-azaN@icyclo[2.2.2)octane in crystalline form, wherein the
mean particle size of the crystals is at |8@st 15 um.

5. The salt according to any one of claims 2 8@, wherein the salt is the mono-fumarate salt
of (R)-3-{6-(4-methylphenyi)-pyridin-3-yloxy)-1-2a-bicyclo[2.2.2]octane in crystalline form,
and wherein the salt is in substantially pure form.

6. The salt according to any one of claims 2 to 4, whereq@the salt is the mono-fumarate salt
of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-bicycloR2. 2]octane in crystalline form,
and wherein the salt has a purity greater than 90 weight %.

7. A pharmaceuticail composition, which comprises a salt as defind@in any one of claims 1 to
6 as active ingredient and at least one pharmaceutically acceptable Qyier.

8. A pharmaceutical composition, which comprises a salt as defined in an\@ne of claims 1 to
6 in combination with one or more further therapeutic agent as active ingredi®@ts and at least

one pharmaceutically acceptable carrier.

9. A pharmaceutical composition comprising mono-fumarate of (R)-3-(6-(4-methylph®@w|)-
pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane according to any one of claims 2 to 6 as achi
ingredient and at least one pharmaceutically acceptable carrier, wherein the composition i

in the form of a tablet.
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(d) a lubricant; anQ

{e) a gliding agent;

wherein the only lubricaVapresent is a lubricant selected from sodium stearyl fumarate,
sodium lauryl sulfate, glyc®l behenates, hydrogenated vegetable oils, wax cetyl esters and

talc.

11. A pharmaceutical compositionY\the form of a tablet comprising

{a) up to 10% by weight mono-fumarsge of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-
bicyclo[2.2.2]octane according to any oM@of claims 2 to 6 as active ingredient;

{b} from 1 to 20% by weight maize starch; @m 15 to 35% by weight microcrystalline
cellulose; and from 40 to 75% by weight sprafd lactose;

(c} from 0.5 to 5% by weight sodium carboxymeR@lcellulose XL,

(d) from 0.5 to 3% by weight sodium stearyl fumardge;

{e) from 0.1 to 1% by weight Aerosil.

12. A pharmaceutical composition in the form of a tablet cOprising from 1 to 10% by weight
mono-fumarate of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-X@@za-bicyclo[2.2.2]octane
accerding to any one of claims 2 to 8 as active ingredient and alNgast one pharmaceutically
acceptable carrier;

wherein the composition comprises an active ingredient layer compris@g the mono-fumarate
and an auxialiary layer being devoid of the mono-fumarate;

wherein the weight ratio of the active ingredient layer to the auxialiary layeNg from 10 : 80 to
90 : 10.

13. A pharmaceutical composition in the form of a tablet comprising from 1 to 10% X weight
mono-fumarate of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)- 1-aza-bicyclo[2.2.2]octa
according to any one of claims 2 to 6 as active;

wherein the composition comprises an active ingredient layer comprising the mono-fumara¥

and an auxialiary layer being devoid of the mono-fumarate;
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ein the weight ratio of the active ingredient layer to the auxialiary layer is from 10: 90 to

from 40 to 70% b
(1c) from 1 to 5% by
(1d) from 1 to 5% by we
(1e) from 0.1 to 1% by we
wherein the auxiliary layer cd
(2a) from 10 to 35% by weight 8
75% by weight of the auxiliary laySgs
(2b) from 1 to 3% by weight of the a
(2c) from 1 to 5% by weight of the auxi
(2d) from 0.1 to 1% by weight of the auxilis

eight of the active ingredient layer sprayed lactose;

pight of the active ingredient layer sodium carboxymethylcellulose XL;
t of the active ingredient layer sodium stearyl fumarate; and

bt of the active ingredient layer Aerosil; and

brises

the auxiliary layer microcrystalline cellulose; and from 50 to
prayed lactose;

Niary layer sodium carboxymethyilceliulose XL,

y layer sodium stearyl fumarate; and

layer Aerosil.

14. A method for the prevention, treatment and@er delay of progression of a disease or
condition, in which nAChR a7 activation plays a roNgor is implicated, in a subject in need of
such treatment, which comprises administering to suS@\subject a therapeutically effective
amount of a salt as defined in any one of claims 1 to 6.
15. A method for the prevention, treatment and / or delay of gression of of psychiatric or
neurodegenerative disorders in a subject in need of such treatnRgt, which comprises
administering to such subject a therapeutically effective amount of\@salt as defined in any

one of claims 1 to 6.

16. A composition comprising at least 90 weight % of salt according to anyQpe of claims 1 to

4, based on the weight of the composition.

17. A method of preparing a mono-fumarate salt of (R)-3-(6-(4-methylphenyl)-pyrid
yloxy)-1-aza-bicyclo[2.2.2]octane in crystalline form comprising the steps of

(a) preparing a solution of a mono-fumarate salt of (R)-3-(6-(4-methylphenyl)-pyridin-3-
yloxy)-1-aza-bicyclo[2.2.2]Joctane in a solvent mixture of a primary alcohol, a secondary
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alc@ol and water, wherein the primary alcohol : secondary alcohol volume ratio is from 9 : 1

perature to §5°C until a primary alcohol : ether antisclvent volume ratio
from 5: 1to 1 : Qs reached; wherein after an amount of the solution of step (b) from 10% to
40% of the total a nt is added, the resulting solution is seeded with seed crystals of a

comprising
a) reacting a compound of formula il
o

with a compound of formula IV

CHs (v, andor
with a compound of formula IVA
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CH;, | n

(IVA);
wherein M, is alkaX@and n is 1 or M, is earth alkali and n is 2;
in the presence of a W@lladium catalyst; a base selected from a carbonate base, a phosphate
base, a hydroxide basegod an alcoholate base; water and an inert solvent;
to form the compound of ulall; and
b) optionally converting the Ogpound of formula Il to a salt thereof.
19. The process according to claigd 8, wherein the reaction is carried out at a pH from 10.5

to 13.

20. The process according to claim 18 or
wherein the inert solvent is a partly water solS@le solvent;
wherein cysteine is added to the biphasic react®M@y mixture after formation of the compound
of formula II; the phases are separated; and the c8pound of formula Il is isolated from the

non-aqueous phase,

21. A process for the production of a compound of formul
o]
| X
Sh®

or a salt thereof comprising

c) reacting a compound of formula Il

C
AN

=
N

Sy,

or a salt thereof;
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or a salt there¥

ature in the presence of a base and an inert dipolar aprotic solvent;
2)JOC(R)3, wherein M, is sodium or potassium and each R
| or two R together with the carbon atom they are bound to form C,.

at elevated tem
wherein the base i
independently is C,5a
sCycloalkyl, or the base i3 hydroxide base;
to form the compound of foNgula I; and

d) optionally converting the cofgoound of formula | to a salt thereof.
22. The process according to claim\@, wherein the base is gradually added to the reaction
mixture. ‘
23. The process according to claim 21 or 2ZXwherein the base is sedium tert-butanolate or
potassium ferf-butanolate.
24. The process according to any one of claims 21 823, wherein the inert dipolar aprotic
solvent is dimethylsulfoxide.
25. The process according to claim 24, wherein the reactiorggixture further comprises

toluene,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A salt of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-
bicyclo[2.2.2]octane wherein said salt is the fumarate, maleate, chloride,
phosphate, succinate or malonate salt of (R)-3-(6-(4-methylphenyl)-pyridin-3-
yloxy)-1-aza-bicyclo[2.2.2]octane.

2. A salt of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-
bicyclo[2.2.2]octane, wherein the salt is the mono-fumarate salt of (R)-3-(6-(4-
methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane in crystalline form.

3. The salt according to claim 2, wherein the mono-fumarate salt is
characterized by an XRPD pattern including the following peaks:
No. 2 theta | Intensity ‘ No. 2 theta | Intensity
(deg®) | (deg®)
1 17.4 75.2 13 29.3 18.5
2 15.2 49.8 14 20.9 16.7
3 3.8 46.3 15 26.5 15.8
4 20.1 45.2 16 21.8 15.7
5 19.8 35.7 17 30.8 9.1
6 13.7 33.8 18 27.5 8.4
7 22.8 31.2 19 7.6 8.3
8 19.2 25.9 20 25.1 8
9 26.7 24 21 23.2 7.6
10 18.5 22.5 22 36.4 7.6
11 25.9 22.2 23 23.9 7.4
12 11.3 21.5 24 38.9 6.5
4. The salt according to claim 2, wherein the mean patrticle size of the mono-

fumarate salt crystals is at least 15 pm.
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5. The salt according to any one of claims 2 to 4, wherein the mono-fumarate

salt is in substantially pure form.

6. The salt according to any one of claims 2 to 4, wherein the mono-fumarate

salt has a purity greater than 90 weight %.

7. A pharmaceutical composition comprising a salt as defined in any one of
claims 1 to 6 as active ingredient and at least one pharmaceutically acceptable

carrier.

8. The pharmaceutical composition according to claim 7, further comprising

one or more further therapeutic agent as active ingredients.

9. A pharmaceutical composition comprising mono-fumarate of (R)-3-(6-(4-
methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane according to any one of
claims 2 to 6 as active ingredient, and at least one pharmaceutically acceptable

carrier, wherein the composition is in the form of a tablet.

10.  The pharmaceutical composition according to claim 9, further comprising:
(@) afiller;
(b)  adisintegrant;
(c)  alubricant; and
(d) agliding agent;
wherein the only lubricant present is a lubricant selected from sodium
stearyl fumarate, sodium lauryl sulfate, glyceryl behenates, hydrogenated

vegetable oils, wax cetyl esters and talc.

11.  The pharmaceutical composition according to claim 9, comprising:

(@)  upto 10% by weight mono-fumarate of (R)-3-(6-(4-methylphenyl)-
pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane as active ingredient;

(b)  from 1 to 20% by weight maize starch; from 15 to 35% by weight
microcrystalline cellulose; and from 40 to 75% by weight sprayed lactose;
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(c)  from 0.5 to 5% by weight sodium carboxymethylcellulose XL;
(d)  from 0.5 to 3% by weight sodium stearyl fumarate; and
(e)  from 0.1 to 1% by weight Aerosil.

12.  The pharmaceutical composition according to claim 9, comprising from 1 to
10% by weight mono-fumarate of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-
bicyclo[2.2.2]octane as active ingredient;
wherein the composition comprises an active ingredient layer comprising
the mono-fumarate and an auxiliary layer being devoid of the mono-fumarate; and
wherein the weight ratio of the active ingredient layer to the auxiliary layer is
from 10 : 90 to 90 : 10.

13.  The pharmaceutical composition according to claim 12,
wherein the active ingredient layer comprises

(1a) from 11 to 25% by weight of the active ingredient layer the mono-
fumarate of (R)-3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane;

(1b) from 15 to 35% by weight of the active ingredient layer microcrystalline
cellulose; and from 40 to 70% by weight of the active ingredient layer sprayed
lactose;

(1c) from 1 to 5% by weight of the active ingredient layer sodium
carboxymethylcellulose XL;

(1d) from 1 to 5% by weight of the active ingredient layer sodium stearyl
fumarate; and

(1e) from 0.1 to 1% by weight of the active ingredient layer Aerosil; and
wherein the auxiliary layer comprises

(2a) from 10 to 35% by weight of the auxiliary layer microcrystalline
cellulose; and from 50 to 75% by weight of the auxiliary layer sprayed lactose;

(2b) from 1 to 3% by weight of the auxiliary layer sodium
carboxymethylcellulose XL;

(2c) from 1 to 5% by weight of the auxiliary layer sodium stearyl fumarate;
and

(2d) from 0.1 to 1% by weight of the auxiliary layer Aerosil.
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14.  Use of a salt as defined in any one of claims 1 to 6 in the manufacture of a
medicament for the prevention, treatment, or delay of progression of a disease or

condition, in which nAChR a7 activation plays a role or is implicated.

15.  Use of a salt as defined in any one of claims 1 to 6 in the manufacture of a
medicament for the prevention, treatment, or delay of progression of psychiatric or
neurodegenerative disorders in a subject in need of such treatment.

16. A composition comprising:

at least 90 weight % of active ingredient, wherein the active ingredient is a
salt according to any one of claims 1 to 4, and

10 weight % or less of inactive ingredient, wherein the inactive ingredient is
at least one of: water, a glycol, an oil, an alcohol, a filler, a granulating agent, a
lubricant, a binder, a disintegrant, or a gliding agent,

wherein the weight % is based on the weight of the composition.

17. A method of preparing a mono-fumarate salt of (R)-3-(6-(4-methylphenyl)-
pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane in crystalline form comprising the steps
of

(@)  preparing a solution of a mono-fumarate salt of (R)-3-(6-(4-
methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane in a solvent mixture of a
primary alcohol, a segondary alcohol and water, wherein the primary alcohol :
secondary alcohol volume ratio is from 9 : 1 to 1 : 1, and wherein the primary
alcohol : water volume ratiois from 17 : 1t0o 7 : 1;

(b)  heating the solution of step (a) to elevated temperature;

(c)  addingthe s\olution of step (b) gradually to an ether antisolvent at a
temperature ranging from ’ambient temperature to 55°C until a primary alcohol :
ether antisolvent volume ratio from 5 : 1 to 1 : 1 is reached; wherein after an
amount of the solution of step (b) from 10% to 40% of the total amount is added,
the resulting solution is seeded with seed crystals of a mono-fumarate salt of (R)-
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3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane in crystalline
form, wherein the seed crystals are suspended in a secondary alcohol,
(d)  cooling the seeded solution of step (c) gradually to a temperature

below ambient; and
(e) isolate the solids by filtration to obtain the mono-fumarate salt of (R)-

3-(6-(4-methylphenyl)-pyridin-3-yloxy)-1-aza-bicyclo[2.2.2]octane in crystalline

form.

18. A process for the production of a fumarate salt of a compound of formula |

comprising
reacting a compound of formula Il
cl

\

CH; (”)
or a salt thereof,
with a compound of formula V

@’OH
N (V)
or a salt thereof,
at elevated temperature in the presence of a base and an inert dipolar aprotic
solvent, to form the compound of formula |;
wherein the base is (M2)OC(R)s, wherein My is sodium or potassium and
each R independently is Cysalkyl or two R together with the carbon atom they are
bound to form C4.scycloalkyl, or the base is a hydroxide base; and

converting the compound of formula | to a salt thereof.
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19.  The process according to claim 18, wherein the base is gradually added to

the reaction mixture.

20.  The process according to claim 18 or 19, wherein the base is sodium tert-

butanolate or potassium tert-butanolate.

21.  The process according to any one of claims 18 to 19, wherein the inert

dipolar aprotic solvent is dimethylsulfoxide.

22.  The process according to claim 18, wherein the reaction mixture further

comprises toluene.

23.  The process according to any of claims 18-22, wherein prior to reacting the
Compound of formula Il with the compound of formula V, the compound of formula
Il or the salt thereof is produced according to a process comprising:

reacting a compound of formula fll

NT o (H1);

with a compound of formula IV

?H

_B

HO
CHs (1v); and/or

with a compound of formula IVA

—

OH
HO~ !

B N
My | o™ l ~:
A
CH, n

B T (VA
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wherein My is alkali and n is 1 or M is earth alkali and nis 2;

in the presence of a palladium catalyst; a base selected from a carbonate
base, a phosphate base, a hydroxide base and an alcoholate base; water and an
inert solvent;

to form the compound of formula II; and

converting the compound of formula If to a salt thereof.

24.  The process according to claim 23, wherein the reaction between the
compound of formula Il and the compound of formula IV and/or formula IVA is

carried out at a pH from 10.5 to 13.

25.  The process according to claim 23 or 24,

wherein the inert solvent is a partly water soluble solvent;

wherein cysteine is added to the biphasic reaction mixture after formation of
the compound of formula Il; the phases are separated; and the compound of

formula Il is isolated from the non-aqueous phase.




