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In US-4,888,426 there is described and claimed the compound 3-[(5-methyl-2-furanyl)-
methyl]-N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amine as an intermediate useful
in the preparation of antiallergic compounds. The pharmacological properties, in
particular the antiallergic activity of said intermediate as well as comj:osiﬁons and the use
thereof are descyibed in US-4,835,161. The presently claimed novel salt form has’
improved physicochemical stability’over the prior known baseand salt forms.

The present invention is concerned with the novel salt 3-[(5-methyl-2-furanyl)-
methyl]-N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amine 2-hydroxy-1,2,3-
propanetricarboxylate (1:1) which can be represented by the formula

The free base corresponding to the salt of formula (I) is generically known as
noberastine and accordingly the novel salt form of formula (I) will hereinafter be referred
to as noberastine citrate.

Said free base as well as the dinitrate, the dihydrochloride hemihydrate and the
(Z)-2-butenedioate (1:2) salts are described in US-4,835,161. Unfortunately these prior
known salts and base all suffer from the disadvantage of not having truly satisfactorily
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there i's described and cl ai med the conpound 3- [(5‘met hyl- - -2- furanyl)r3

met hyl ] - N-(4-pi peridinyl)-3Himdazo[ 4, 5-b] pyridin-2-anm ne as: an’ .
internediate useful in the preparation of antiall ergl C corrpounds Tﬁe

phar macol ogi cal properties, in particul the antiallergic activity of said
I nternmedi ate as well as corrpositions andthe use thereof are described in
US-4, 835, 161. The presently clai med novel salt form has inproved -

physi cochem cal stability over the prior known base and salt forns. The

present invention is concerned wth the novel salt 3-[(5-nethyl-2-furanyl)-
physicochemical stability. Upon storage or formulation of said pnior known salts and

base, progressive decomposition and concomittantly an increase in the amount and
number of impurities is observed. Obviously, this problem is further aggravated under

5 demanding environmental conditions such as light, heat, humidity, acidity, basicity and
oxygen.

The free base of noberastine is light-sensitive and degrades significantly when _
illuminated. Upon storing this yeilow compound at 60% or 90% relative humidity, its -
10  color changes to dark yellow and water is absorbed. As a consequence the compound
partly deliquesces and forms a sticky, solid mass. i
The dinitrate and dihydrochloride hemihydrate salts have the drawback of decomposing
significantly in aqueous media and consequently are not amenable to standard
formmlation, especially in substantially liquid compositions. The dihydrochloride
15 hemihydrate salt is hygroscopic and turns from light yellow to dark yellow and
eventually to brown. :
The (Z)-2-butcnedmate (1:2)or dxmaleate salt decomposes even at room temperature and
the degradation is significantly accelerated by light or enhanced temperatures. A telling
observation in this context is the finding that it proves impossible to store samples of this
20  salt for future use as references since invariably at least two impurities are formed.

From the above it follows that none of the prior known salts and base is readily
suitable for conventional formulation nor for pharmaceutical use.

25 Unexpectedly, it has now been found that the above mentioned problems can be
circumvented altogether or reduced to negligable proportions by using the citrate salt
form of noberastine. This novel salt is not light-sensitive and is far more stable than the

prior known salts and base at room temperature, enhanced temperatures, at high relative
humidities and in aqueous media.

30
’ Noberastine citrate can generally be prepared by dissolving noberastine in a suitable
solvent, heating the solution, adding a sufficient quantity of citric acid, cooling the
reaction mixture and collecting the crystalline material. The thus obtained noberastine
35 citrate may be further refined by recrystallization.

The free base noberastine ds mentioned herein, more particularly when referred to as a

starting material for the preparation of the citrate salt, can conveniently be prepared as
described in US-4,888,426.

is Sheet Has Been Reﬁaced

i




met hyt=N<(4-pi perl_d*ny"l) 3H-i m dazo[ 4, 5-b] pyri di n-2-am ne 2- hydroxy,-1, 2, 3-
pr opangt lﬁﬁ_ﬁﬁ@g&l £ed 11 1) which can be represent ed. by the formka’ [err]

The fré onding to the salt of fornmula (1) is generigal]?y known
as nobe tcordingly the novel salt formof formula (1) wll
her ei na ed to as noberastipme citrate.

The term suitable solvent as used herein in relation to the preparation of noberastine
citrate defines any lower alkanol or ketone solvent in which noberastine is soluble and
includes primary, secondary and tertiary alcohols and the corresponding ketones of from

~ 1to 6 carbon atoms. Suitable lower alkanol solvents include methanol, ethanol,

5  1-propanol, 2-propanol,- 1-butanol, 2-butanol, 2-methyl-1-propanol, 1,1-dimethyl-
ethanol and cyclohexanol. Suitable ketone solvents are acetone, butanone, 4-methyl-2-
pentanone and cyclohexanone. Mixtures of two or more of the abovementioned solvents
may also effectively be employed in the preparation of noberastine citrate, as well as
solutions of said solvents or mixtures thereof with water. In particular, the water may

10  comprise up to about 25% to 35% by volume of said solution. Preferably the solvent

used is a lower alkanol, particularly methanol or ethanol. Methanol is thc most preferrcd
solvent. .

The solutions of noberastine in the abovementioned solvents are highly concentrated ;

15  typically the amount to volume ratio of noberastine to solvent can range from 0.3
mole/ito 1.2 mole/l preferably from 0.5 mole/l to 1 mole/l. Said solutions are prepared
conventionally by stirring the ingredients at ambient temperature. Itis generally
appropriate to treat the solution at this point with activated carbon 5% weight by weight
of noberastine. Both types of solutions, those comprising activated carbon and also

20 those not, can be stirred for any moment of time up to an hour, preferably for about half
an hour and then filtered over diatomaceous earth, which is preferably moistened
beforehand with the solvent. In some instances said filtration may prove difficult and
can be facilitated considerably by adding an extra amount of diatomaceous earth to the
solution. The residue may be washed with small amounts of solvent, generally up to

25  about 25% of the initial volume of solvent used. The combined filtrates are heated at
temperatures up to about the reflux temperature of the solution, preferably at tempera-
tures ranging from 45°C to 65°C, particularly temperatures from about 50°C to about .
60°C. Citric acid is added portionwise to the heated, concentrated solutions either as a
solid or dissolved in a small amount of water. The acid is added at such a rate that the

30 temperature of the solution can easily be maintained constant. The citric acid used may
equally well be the anhydrous form or the monohydrate. The molar ratio of citric acid to
noberastine can range from about 0.9 to about 2, preferably from about 0.95 to about
1.5 and in particular from about 1.0 to about 1.1. Stirring of the solution is continued at
temperatures ranging from 55 to 65°C for any time up to about an hour, preferably for

35 half an hour. The solution is then allowed to cool slowly to ambient temperature. This
slow cooling can effectively be accomplished by turning off the heat source and
optionally removing said heat source thus facilitating heat exchange with the environ-
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ment. In case a very large volume to area ratio of the reaction vessel would delay
spontaneous cooling too long, the cooling may be accelerated by any cooling means
. known in the art. After the reaction mixture has cooled the precipitated crystals may
~ optionally be allowed to digest before collection by filtration. Crystal digestion of
5  noberastine citrate may be accomplished by continuing to stir the mixture after room
~ temperature has been reached. Digestion can proceed for any moment of time up to
" about a day, preferably for about 0 to 4 hours, and in many instances may be left out
altogether. The precipitated noberastine citrate is filtered and may be washed with..
additional solvent, preferably a small amount of cold solvent. The product is then dried
3 by conventional means such as under vacuum and at an enhanced temperature; in
particular at about 40°C to about 60°C, preferably at about 50°C. The yield of the thus
obtained noberastine citrate ranges from 80% to 95% and is particularly high in
methanol, reproducibly giving about 93% to about 94%. The quality of the citrate salt
appears not to be influenced by the choice of the solvent.

4-

The thus obtained poberastine citrate may be further refined by recrystallization in a
suitable solvent. The term a suitable solvent as used herein in relation to the
recrysmlhzanon of noberastine citrate defines a lower alkanol solvent as described
hereinbefore and also a mixture of such a lower alkanol solvent with water. Particularly
mixtures wherein the water comprises up to 30% of the solution by volume may be
employed. Particular lower alkanol solvents for reczystalliiation include methanol,
ethanol, 1-propanol and 2-propanol. Solutions of noberastine citrate for recrystallization
are highly concentrated, near the saturation point of solute in the solvent and are prepared
conventionally from supersaturated solutions of the salt in an aforementioned lower
alkanol solvent. Preferably methanol or ethanol is used as lower alkanol solvent and a
sufficient amount of water is added, for example, ata later stage of the procedure.
Methanol being such a solvent for example, the welght to volume ratio of noberastine
citrate to methanol can range from 0.3 g/ml to 0.7 g/ml, particularly from 0.4 g/ml to 0.6
g/ml, preferably from 0.45 to 0.55 g/ml. Said solution in a lower alkanol solvent is
stirred and heated up to about the reflux temperature. Water is added dropwise to the
heated, heterogenous mixture in order to dissolve the citrate salt completely. Preferably
the water is added at such a rate that the temperature of the reaction mixture can be
maintained at its reflux temperature. Maintaining a constant temperature of the heated
noberastine citrate solution can more easily be accomplished by adding preheated water,
preferably having a temperature of about the reflux temperature of the salt solution.
After complete addition of the water, the resulting solution is stirred and heated at reflux
temperature for any moment of time up to an hour, preferably for about haif an hour.
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60°C. '

In some instances it may be advantageous to incorporate an additional refinement step. N

10  using activated carbon in the recrystallization procedure. For example, after complete
addition of water in the above procedure, activated carbon 5% weight by weight of the
citrate salt may be added and further stirred and heated for any time up | tan hour, in
pamcular for about half an hour. The heated solution can be filtered over diatomaceous
earth, which is preferably moistened beforehand with a preheated mixture of the solvent.

15 The residue may be washed with a similar preheated mixture of the solvent and the
combined ﬁltran?s are allowed to cool spontaneously further to room temperature. The
resulting crystals are then collected and dried as described hereinbefore.

The compound noberastine citrate is an antihistaminic and antiserotoninergic
20 compound useful as an antiallergic agent. Said novel salt, besides the abovementioned
physico-chemical stability, further unites in itself the qualities of having good solubility
and of being bioequivalent to the (Z)-2-butenedioate (1:2) salt. As the prior known free
base and salts, so the citrate salt has a favourable pharmacokinetical profile by uniting a
rapid onset and a suitable duration of action.

Noberastine citrate is preferably administered formulated in appropriate pharma-
ceutical compositions such as, for example, oral solid preparations, e.g. pills, tablets,
powders and capsules; oral liquid forms, e.g. solutions, suspensions, syrups and
elixirs. Said and similar art-known compositions can be prepared by intimately mixing

30 the active ingredient noberastine citrate with one or more suitable carriers and/or
adjuvants and converting the thus obtained mixture in a form suitable for administration.

For ease of administration and uniformity of dosage, it is particularly advantageous to
formulate the aforementioned pharmaceutical compositions in dosage unit form.
35 Examples of such dosage unit forms are tablets, capsules, pills, powder packets, wafers,

mjectable solutions, suspensions, teaspoonfuls, tablespoonfuls and segregated mulnples
thereof.
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) In a further aspect of the invention there is provided the use of noberastine citrate for
the manufacture of a medicament for treating individuals suffering from allergic diseases
or disorders such as, for example, allergic rhinitis, allergic conjuctivitis, chronic urticaria
and allergic asthma.

Yet another aspect of the invention relates to a method of treating mdmduals suffering

from allergic diseases or disorders, by administering an effective antiallergic amount of
noberastine cm'ate to said individuals.

In the following examples, unless otherwise stated, all parts are by weight.

Example 1 :

To a mixture of 60.73 parts of 3-[(S-methyl-2-furanyl)methyl}-N-(4-piperidiny})-3H-
imidazo[4,5-b]pyridin-2-amine (noberastine) in 195 ml of methanol there were added
3.3 parts of activated charcoal (Norit A Supra®) and 9.1 parts of diatomaceous earth.
The reaction mixture was stirred for 1/2 hour af 20°C and filtered over diatomaceous
earth, which was then rinsed with 40 ml of methanol. The combined filtrates were heated
at 50°C and 41 parts of citric acid monchydrate were added. The mixture was stirred for
1/2 hour at about 60°C to 65°C and was then allowed to cool spontaneously to room
temperature. The mixture was stirred overnight and filtered off. The precipitate was
washed with 80 ml of methanol and dried in vacuo at 50°C, yielding 91.2 parts (92.9%)
of 3-[(5-methyl-2-furanyl)methyl]-N-(4-piperidinyl)-3H-imidazo[4,5-b)-pyridin-2-
amine 2-hydroxy-1,2,3-propanetricarboxylate (1:1) (noberastine citrate); mp. 192.0°C.

Example2

A stirred mixture of 40 parts of noberastine citrate (as prepared in Example 1) in 80 ml of
methanol was heated at reflux temperature. About 25 ml of water was added and stirring
at reflux temperature was continued for 1/2 hour. The solution was allowed to cool
spontaneously to room temperature (20°C) and was further stirred overnight. The

crystalline precipitate was filtered off, washed with methanol and dried in vacuo at 50°C,
yielding 37.4 parts (94%) of noberastine citrate.
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Example3 _
A stirred mixture of 40 parts of noberastine citrate (as prepared in Example 1) in 80 ml of
methanol was heated at reflux temperature. About 25 ml of water and 2 parts of activated
_ charcoal were added and stirring at reflux temperature was continued for 1/2 hour. The
5 solution was filtered over diatomaceous earth, which was rinsed with a preheated
mixture of 16 ml of methanol and 5 ml of water. The combined filtrates were allowed to -
cool spontaneously to room temperature and were further stirred overnight. The
crystalline product was collected, washed with methanol and dried in vacuo at 50°C,
yielding 34.7 parts (87%) of noberastine citrate; mp. 191.8°C.
Example 4 : Light stability
150 mg portions of noberastine base, noberastme dimaleate and noberasnne citrate were
weighed into glass containers. The containers were irradiated for 7 days in a light cabinet
by 16 cool white fluorescent tubes (Sylvania F 20 T 12/D Daylight - 6500 K). The light
S intensity was 17000 lux and the mean temperature in the cabinet was approximately 40°C.
After 3 and 7 days of illumination a 50 mg portion of each sample was dissolved in 10
ml of methanol-water (2:3, v/v) and was analyzed by HPLC.

. column : 12.5 cm Superspher RP Select-B (4um)

) flow rate : 1.5 ml/min.
elution solvents : A : 0.75% ammonium acetate in water
B : acetonitrile
C : tetrahydrofuran
elution mode : linear gradient
time (min.) 0 4 12 15
%A 91 85 60 30
% B 9 15 20 45
% C 0 0 20 25

detection : U.V. (220 nm)

The following table shows the relative retention time (RRT; versus noberastine) and
concentration (%) of each decomposition product detected at a concentration 20.1% in -
the analyzed samples.
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Whereas the base and the dirnaleate of noberastine decomposed significantly under
irradiation by daylight, noberastine citrate remained stable when stored at the investigated

ia'

conditions and no discoloration nor degradation could be observed n

Composition Examples

The following formulations exemplify typical pharmaceutical compositions in dosage
unit form smtable for systemic or topical administration to warm-blooded animals in
accordance w1thlthe present invention.

"Active ingredient” (A.L) as used throughout these examples relates to noberastine

citrate.

15

20

Example
500 g of the AL is dissolved in 0.5 1 of 2-hydroxypropanoic acid and 1.5 1 of the

polyethylene glycol at 60~80°C. After cooling to 30~40°C there are added 351 of

polyethylene glycol and the mixture is stirred well. Then there is added a solution of
1750 g of sodium saccharin in 2.5 1 of purified water and while stirring there are added
2.5 1 of cocoa flavor and polyethylene glycol g.s. to a volume of 50 1, providing an oral

drop solution comprising 10 mg/ml of the A.I The resulting solution is filled into
suitable containers.

1 solution

Example :
9gof methyl 4-hydroxybenzoate and 1 gof propyl 4-hydroxybenzoate are dissolved

- in 4 1 of boiling purified water. In 3 1 of this solution are dissolved first 10 g of

25

2,3-dihydroxybutanedioic acid and thereafter 20 g of the A.L The latter solution is
combined with the remaining part of the former solution and 12 1 of 1,2,3-propanetriol
and 3 1 of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are
dissolved in 0.5 1 of water and 2 ml of raspberry and 2 ml of gooseberry essence are
added. The latter solution is combined with the former, water is added q.s. to 2 volume
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resulting mixture is subsequently filled into 1000 suxtable hardened gelatin capsules,
each comprising 20 mg of the A.L.

10  Example8 : Film-coated tablets
A mixture of 100 g of the AL, 570 g lactose and 200 g starch is mured well and
thereafter humidified with a solution of 5 g sodium dodecyl sulfate and 10 g polyvinyl-
pyrrolidone (Kollidon-K 90®) in about 200 ml of water. The wet powder mixture is
15 sieved, dried and sieved again. Then there are added 100 g microcrystalline cellulose
(Avicel®) and 15 g hydrogenated vegetable oil (Sterotex ®). The whole-is mixed well
and compressed into tablets, giving 10.000 tablets, each comprising 10 mg of the active
ingredient.
~ Coating
20 To a solution of 10 g methy] cellulose (Methocel 60 HG®) in 75 ml of denaturated
ethanol there is added a solution of 5 g of ethyl cellulose (Ethocel 22 cps ®) in 150 ml of
dichloromethane. Then there are added 75 ml of dichloromethane and 2.5 ml
1,2,3-propanetriol. 10 g of polyethylene glycol is molten and dissolved in 75 ml of
dichloromethane. The latter solution is added to the former and then there are added
25 2.5 gof magnesium octadecanoate, 5 g of polyvinylpyrrolidone and 30 ml of concen-
trated colour suspension (Opaspray K-1-2109®) and the whole is homogenated. The
tablet cores are coated with the thus obtained mixture in a coating apparatus.
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2. A pharmaceutical composition comprising an inert carrier and as an active ingredient
an effective antiallergic amount of the compound noberastine citrate.

3. A process for preparing 2 pharmaceutical composition according to claim 2
10 characterized in that a therapeuucally effective amount of noberastine citrate is
intimately mixed with a pharmaceutically acceptable carrier. . i ‘_'
4. A process for preparing noberastine citrate which comprises dissolving noberastine
in a solvent, heating the solution up to about the reflux temperature, adding a
15 sufficient quantity of citric acid, cooling the reaction mixture and collecting the
crystalline goberastine citrate; and, if desired, further refining the thus obtained
noberastine citrate by recrystallization.

5. Noberastine citrate for use as a medicament.
20
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The product is then dried by conventlonal means such as under vacuum and at
an enhanced tenperatur, in

ABSTRACT

3-[(5-METHYL-2-FURANYL)METHYL}-N-(4-PIPERIDINYL)-3H-IMIDAZO[4,5-b}-
PYRIDIN-2-AMINE 2-HYDROXY-1,2,3-PROPANETRICARBOXYLATE

3-[(5-methyl-2-furanyl)methyl}-N-(4-piperidiny1)-3H-imidazo[4,5-b]pyridin-2-amine
2-hydro_xy—i,2,3-propanetricarboxylate, a novel salt having satisfactory physicochemical
stability and useful antiallergic activity. Compositions comprising said novel salt,
processes for preparing and purifying said salt and a process for preparing said
compositions.



par-tlcul ar at about 40[err] C to about 60[err]C, preferably at aboufEt™
The lebS heetfHas Reen edbt ai ned noberastine citrate ranges from 80%to 95%
and.is m |gh in met hanol, reproducibly giving about 93%to

o}

about y of the-citrate salt appears not to be influenced by
t he choice e so vent . The thus obtained poberastine citrate may be
further refl ned by recrstl | I'ization :n a sui tat;lhe g@bﬁg@h _ S%Eﬁénﬁgaf SG
sujit-abt H—as—tsed—h erei-n-in relation to t on o

no gﬁ%@ SHEETRf i neG a | quer al kanol sol g’pe&l; ﬁé@ jé%gi © paged
hef lﬁﬁé’f‘b‘?%‘ dfgedt-bo tapsgedibire [of such a | ower a{wk HEwt R Wgr’
Pafldi Caip) y rhegedislbs tobegedi.n..t.he water conpri s ‘fgesr‘(e' QoPagetl on-
by mdP@WElgﬁﬁiy tsgebnpl. oy paged Rar.t.ifcul ar | ower al k noI AFent Spchg """ to paged ..,
reiﬁy@bsalattl z atpaged ithclkapgedet.hafol , et hanol, 1- ro anol and 2- propanol .

So|DATBENSF G{ECmiPer.astine. citrat, f or recrystall 15 O RERIEIRT y.alts... ...,

concentrat ed, near the—saturatTon poi nt of sol ute I n the 'sol vent and are
prepared conventionally from supersaturated solutions of the salt in an

af or ement i oned3{[(SAMETEYL-2FRIRANYL)METH YL N-(4-PEERIDINFL R 3HIMIDAZG[# [Sablble| i S
used as |over al kaRRimiRh YINE 2 A% POROXY-1,2,3-PROPANETRICARBOXYLATE

In US-4,888,426 there is described and claimed the compound 3-[(5-methyl-2-furanyl)-
methyl]-N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amine as an intermediate useful
in the preparation of antiallergic compounds. The pharmacological properties, in
particular the antiallergic activity of said intermediate as well as compositions and the use
thereof are descyibed in US-4,835,161. The presently claimed novel salt form has
improved physicochemical stability over the prior known base and salt forms.

The present invention is concerned with the novel salt 3-[(5-methyl-2-furanyl)-
methyl}-N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amine 2-hydroxy-1,2,3-
propanetricarboxylate (1:1) which can be represented by the formula

THZ_U-CH3

0 .
. N N\ : (|:H2—COOH
HND—N—<\ | .  HO—C——COOH .
B NP |
CH,—COOH

The free base corresponding to the salt of formula (I) is generically known as
noberastine and accordingly the novel salt form of formula (I) will hereinafter be referred
to as noberastine citrate.

\ Q . .

Said free base as well as the dinitrate, the dihydrochloride hemihydrate and the

(Z)-2-butenedioate (1:2) salts are described in US-4,835,161. Unfortunately these prior

known salts and base all suffer from the disadvantage of not having truly satisfactorily
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sufficient anount of water is added, for exanple, at a later stage of the
procedumssﬂh@t}i&s’iﬂé& bﬁ* such a solvent for exanple, the weight to vol une

ratio of trate to nethanol can range from0.3 g/m to 0.7

g/ m, pa mﬂ 0.4 g/mM to 0.6 g/m, preferably fromO0.45 to 0.55
g/ m . Sa| a | ower al kanol gvent Is stirred and heated up to
about the reflux tenperature. Water is a ded dropwi se to the heated,

het erogenous mixture in order to dissolve the citrate salt conpl etely
Preferably the water is added at such a rate that the tenperature of the

reaction mxture can be maintained at its reflux tenperature. Maintaining a
constant t erﬂb&ﬂﬁﬁh‘@l@ﬂ stability, Lipoa stomes oF fermulasiopiaf said priop knewmsalis and nor e

easi |y be aqpesprdgrésivedec siiﬁnl%ﬁ& ?%Pr%&eag%ﬁma'amohaﬂdnag a

tenperature of abo.t the re t erat ur salt solution, After
conpl et e addt¥® °§\th§’?° ?‘ﬁ&”l—%‘&b’ roblem is fyrthes aggrayatedjundeq
heated atr efdemandfugmvmrumxtzﬂ%ncﬁﬁansrmdﬁﬁ light, Heat)RumidityDacidicy) Guasicity and
preferably for gx?out hal f an hour.

The free base of noberastine is light-sensitive and degrades significantly when _
illuminated. Upon storing this yellow compound at 60% or 90% relative humidity, its -
color changes to dark yellow and water is absorbed. As a consequence the compound
partly deliquesces and forms a sticky, solid mass. |
The dinitrate and dihydrochloride hemihydrate salts have the drawback of decomposmg
significantly in aqueous media and consequently are not amenable to standard
formulation, especially in substantially liquid compositions. The dihydrochloride
hemihydrate salt is hygroscopic and turns from light yellow to dark yellow and
eventually to brown.

The (Z)-2-butehed10ate (1:2) or dimaleate salt decomposes even at room temperature and

 the degradation is significantly accelerated by light or enhanced temperatures. A telling
observation in this context is the finding that it proves impossible to store samples of this
salt for future use as references since invariably at least two impurities are formed.

From the above it follows that none of the prior known salts and base is readily
suitable for conventional formulation nor for pharmaceutical use.

Unexpectedly, it has now been found that the above mentioned problems can be
circumvented altogether or reduced to negligable proportions by using the citrate salt
form of noberastine. This novel salt is not light-sensitive and is far more stable than the
prior known salts and base at room temperature, enhanced temperatures, at high relative
humidities and in aqueous media.

Noberastine citrate can generally be prepared by dissolving noberastine in a suitable
solvent, heating the solution, adding a sufficient quantity of citric acid, cooling the
reaction mixture and collecting the crystalline material. The thus obtained noberastine
citrate may be further refined by recrystallization.

The free base noberastine as mentioned herein, more particularly when referred to as a

starting material for the preparation of the citrate salt, can conveniently be prepared as
described in US-4,388,426. |
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-5-: The reaction mixture is allowed to cool spontaneously to room
t enper at ur fhiedhdet b/ BebiRdpladadt | On begi ns at about 45[err]C. The crystals are

allowed to tenperature for any nonent of tine up to a day,
preferably IIEE@M about 10 hours. The precipitate is filtered off
and washed I unt of--t.he | oyer al kanol solvent, typically

about 1 m/g. The crystals are dried in the conventional manner under
vacuum and at an enhanced tenperature, preferably about 40[err]C to about

60[err] C The term suitable solvent as used herein in relation to the preparation of noberastine
citrate defines any lower alkanol or ketone solvent in which noberastine is soluble and
includes primary, secondary and tertiary alcohols and the corresponding ketones of from
1 to 6 carbon atoms. Suitable lower alkanol solvents include methanol, ethanol,
1-propanol, 2-propanol,-1-butanol, 2-butanol, 2-methyl-1-propanol, 1,1-dimethyl-
ethanol and cyclohexanol. Suitable ketone solvents are acetone, butanone, 4-methyl-2-
pentanone and cyclohexanone. Mixtures of two or more of the abovementioned solvents
may also effectively be employed in the preparation of noberastine citrate, as well as
solutions of said solvents or mixtures thereof with water. In particular, the water may
comprise up to about 25% to 35% by volume of said solution. Preferably the solvent

used is a lower alkanol, particularly methanol or ethanol. Methanol is thc most preferred
solvent. - . . :

The solutions of noberastine in the abovementioned solvents are highly concentrated ;
typically the amount to volume ratio of noberastine to solvent can range from 0.3
mole/l to 1.2 mole/l, preferably from 0.5 mole/l to 1 mole/l. Said solutions are prepared
conventionallyéy stirring the ingredients at ambient temperature. It is generally
appropriate to treat the solution at this point with activated carbon 5% weight by weight
of noberastine. Both types of solutions, those comprising activated carbon and also
"those not, can be stirred for any moment of time up to an hour, preferably for about half
an hour and then filtered over diatomaceous earth, which is preferably moistened
beforehand with the solvent. In some instances said filtration may prove difficult and
can be facilitated considerably by adding an extra amount of diatomaceous earth to the
solution. The residue may be washed with small amounts of solvent, generally up to
about 25% of the initial volume of solvent used. The combined filtrates are heated at
temperatures up to about the reflux temperature of the solution, preferably at tempera-
tures ranging from 45°C to 65°C, particularly temperatures from about 50°C to about
60°C. Citric acid is added portionwise to the heated, concentrated solutions either as a
solid or dissolved in a small amount of water. The acid is added at such a rate that the
temperature of the solution can easily be maintained constant. The citric acid used may
equally well be the anhydrous form or the monohydrate. The molé.r ratio of citric acid to
noberastine can range from about 0.9 to about 2, preferably from about 0.95 to about
1.5 and in particular from about 1.0 to about 1.1. Stirring of the solution is continued at
temperatures ranging from 55 to 65°C for any time up to about an hour, preferably for
half an hour. The solution is then allowed to cool slowly to ambient temperature. This
slow cooling can effectively be accomplished by turning off the heat source and
optionally removing said heat source thus facilitating heat exchange with the environ-
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In some instances it may be advant ageous to incorporate an additional
refi nenentmgtsg&tnyaglg@g@mdeyat ed carbon in the recrystallization procedure.

For exanpl e te addition of water in the above procedure,
activated c m&mm t by weight of the citrate salt may be added .and
further sti d for any tinme-4p to an hour, in particular for
about half an hour. The heat ed solution can be filtered-over diatonaceous
earth, which is preferabl t ened bef grehand wiith a preheated m xture of
the sol vent me*f’helgrc@%"'iad‘ff@' @%@mmﬁnﬂf@emaﬁwrsvesmlm&wm xture of

the sol vent spomtinbiaes opolitg 1o dorfg) iheicoslony xﬁi)eb@édc%ﬁ%dtt@r BYRooBiOREAREOUS| yX

further to resul ti cr |s are en oI | ected and
dried as defsq?é ;})eﬁﬁgerel no %%Eg& m#ﬁ%g% @ﬁ% J‘%f?{] ¢Mate is an
anti hi st am npttpnaﬂﬂbahlﬂt’rwrtgqustrbefoyc colhommhyﬂmaneﬂ Lﬂryamldlgemomoﬁl lergic

agent. Sai d o nli}fys’de
?urt ¥ftin® Glrhee s el?%h Tes o?{%aw n %&Bol ubility

stability, her unites’in Its
and of bei nMRCEASEE hasbesh reached: Rigesipn anmrpméciprowenqmergp mztup 1®s t he

prior k nomaﬁduea dbﬁ féﬁdly&ai dtut § B 4 héurs,ahd M MadPidsthess day BMeH baP! ©

phar macoki naelt I %er pf'i?g ﬂrlegpna\{ nolbell'astgle citrate is filtered and may be washed with
additional solvent, preferably a small amount of cold solvent. The product is then dried
by conventional means such as under vacuum and at an enhanced temperature, in
particular at about 40°C to about 60°C, preferably at about 50°C. The yield of the thus
obtained noberastine citrate ranges from 80% to 95% and is particularly high in
methanol, reproducibly giving about 93% to about 94%. The quality of the citrate salt
appears not to be influenced by the choice of the solvent.

E

ll

—

52‘5

The thus obtained poberastine citrate may be further refined by recrystallization in a
suitable solvent. The term a suitable solvent as used herein in relation to the
recrystallization of noberastine citrate defines a lower alkanol solvent as described
hereinbefore and also a mixture of such a lower alkanol solvent with water. Particularly
mixtures wherein the water comprises up to 30% of the solution by volume may be
employed. Particular lower alkanol solvents for recrystalliiaﬁon include methanol,
ethanol, 1-propanol and 2-propanol. Solutions of noberastine citrate for recrystallization
are highly concentrated, near the saturation point of solute in the solvent and are prepared
conventionally from supersaturated solutions of the salt in an aforementioned lower
alkanol solvent. Preferably methanol or ethanol is used as lower alkanol solvent and a
sufficient amount of water is added, for example, at a later stage of the procedure.
Methanol being such a solvent for example, the weight to volume ratio of noberastine
citrate to methanol can range from 0.3 g/ml to 0.7 g/ml, particularly from 0.4 g/ml to 0.6
g/ml, preferably from 0.45 to 0.55 g/ml. Said solution in a lower alkanol solvent is
stirred and heated up to about the reflux temperature. Water is added dropwise to the
heated, heterogenous mixture in order to dissolve the citrate salt completely. Preferably
the water is added at such a rate that the temperature of the reaction mixture can be
maintained at its reflux temperature. Maintaining a constant temperature of the heated
noberastine citrate solution can more easily be accomplished by adding preheated water,
preferably having a temperature of about the reflux temperature of the salt solution.
After complete addition of the water, the resulting solution is stirred and heated at reflux
temperature for any moment of time up to an hour, preferably for about half an hour.
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rapi d onset and a suitable duration of action. Noberastine citrate is
pr eferabrmsam}las&@ee cehrnul ated i n appropriate pharma- ceutical

conposi ti r exanpl®e, oral solid preparations, e.g. pills,
tablets, psul es; oral liquid forns, e.g. solutions,
suspensions, syrups and elixirs. Said ggd simlar art-known conpositions
can be prepared by intimately m xing > active ingredi ent noberastine
citrate with one or nore suitable carriers and/or adjuvants and converting

tegget Q?Saglronﬁﬁ? Strat |ﬁc§$1ﬁg§é“nr?lalea%68t&kﬁc??‘&§%@§f l;i)art | cuI ar| y ot
advant ageou‘.%1'3'9'Bfl‘7‘1“6?"‘(1‘?5333’1s Lt??é‘ %ﬁ M‘H’é@ eSO mposi ti ons
in dosage utvni ordﬁyaﬂmhmoﬁﬁm&hlpho ﬁlﬂﬁﬁ@ﬁfttﬁb féﬁmt @tccaboabl et s,

Cuepens onchotS, THEMFRAR K Hee i mheé%%a it bt B Tove

t her eof . alkanol solvent, typically about 1 ml/g. The crystals are dned in the conventional

manner under vacuum and at an enhanced temperature, preferably about 40°C to about
60°C.

In some instances it may be advantageous to incorporate an additional refinement step. |
using activatéd carbon in the recrystallization procedure. For example, after complete
addition of water in the above procedure, activated carbon 5% weight by sweight of the
citrate salt may be added and further stirred and heated for any time up | o an hour, in
particular for about half an hour. The heated solution can be filtered over diatomaceous
earth, which is preferably moistened beforehand with a preheated mixture of the solvent.
The residue may be washed with a similar preheated mixture of the solvent and the
combined ﬁluatc‘zs are allowed to cool spontaneously further to room temperature. The
resulting crystals are then collected and dried as described hereinbefore.

The compound noberastine citrate is an antihistaminic and antiserotoninergic
compound useful as an antiallergic agent. Said novel salt, besides the abovementioned
physico-chemical stability, further unites in itself the qualities of having good solubility
and of being bioequivalent to the (Z)-2-butenedioate (1:2) salt. As the prior known free
base and salts, so the citrate salt has a favourable pharmacokinetical profile by uniting a
rapid onset and a suitable duration of action.

Noberastine citrate is preferably administered formulated in appropriate pharma-
ceutical compositions such as, for example, oral solid preparations, e.g. pills, tablets,
powders and capsules; oral liquid forms, e.g. solutions, suspensions, syrups and
elixirs. Said and similar art-known compositions can be prepared by intimately mixing
the active ingredient noberastine citrate with one or more suitable carriers and/or
adjuvants and converting the thus obtained mixture in a form suitable for administration.

For ease of administration and uniformity of dosage, it is particularly advantageous to
formulate the aforementioned pharmaceutical compositions in dosage unit form.
Examples of such dosage unit forms are tablets, capsules, pills, powder packets, wafers,

injectable solutions, suspensions, teaspoonfuls, tablespoonfuls and segregated multiples
thereof. '
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-6-- An—&pﬁﬁﬁﬁﬁ—at—e—da*i‘l'y dose of noberastine citrate is contenplated to

range betvvee 0 1 ng/ kg to about 10 ng/ kg body weight, in particular
bet ween rrg/ kg body wei ght preferably between 0.1 and 2
my/ kg body

-6-

An appropriate daily dose of noberastine citrate is contemplated to range between
about 0.01 mg/kg to about 10 mg/kg body weight, in particular between 0.05 mg/kg and
5 mg/kg body weight, preferably between 0.1 and 2 mg/kg body weight.

In a further aspect of the invention there is provided the use of noberastine citrate for
the manufacture of a medicament for treating individuals suffering from allergic diseases
or disorders such as, for example, allergic rhinitis, allergic conjuctivids, chronic urticaria
and allergic asthma.

Yet another aspect of the invention relates to a method of treating individua.ﬁs'suffeﬁng
from allergic diseases or disorders, by administering an effective antiallergic amount of
noberastine citrate to said individuals.

Iq the following examples, unless otherwise stated, all parts are by weight.

Experimental part

Example

To a mixture of 60.73 parts of 3-[(5-methyl-2-furanyl)methyl]-N-(4-piperidinyl)-3H-
imidazo[4,5-b]pyridin-2-amine (noberastine) in 195 ml of methanol there were added
3.3 parts of activated charcoal (Norit A Supra®) and 9.1 parts of diatomaceous earth.
The reaction mixture was stirred for 1/2 hour ai 20°C and filtered over diatomaceous
earth, which was then rinsed with 40 ml of methanol. The combined filtrates were heated
at 50°C and 41 parts of citric acid monohydrate were added. The mixture was stirred for
1/2 hour at about 60°C to 65°C and was then allowed to cool spontaneously to room
temperature. The mixture was stirred overnight and filtered off. The precipitate was
washed with 80 ml of methanol and dried in vacuo at 50°C, yielding 91.2 parts (92.9%)
of 3-[(5-methyl-2-furanyl)methyl]-N-(4-piperidinyl)-3H-imidazo[4,5-b]-pyridin-2-
amine 2-hydroxy-1,2,3-propanetricarboxylate (1:1) (noberastine citrate); mp. 192.0°C.

xample 2
A stirred mixture of 40 parts of noberastine citrate (as prepared in Example 1) in 80 m] of
methanol was heated at reflux temperature. About 25 ml of water was added and stirring
at reflux temperature was continued for 1/2 hour. The solution was allowed to cool
spontaneously to room temperature (20°C) and was further stirred overnight. The
crystalline precipitate was filtered off, washed with methanol and dried in vacuo at 50°C,

yielding 37.4 parts (94%) of noberastine citrate.
| This is the replacement sheet
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In a further -aspect™of the invention there is provided the use of

nober ast i ne. |trl_ﬁg§eei,§ tpidcée manufacture of a nedi canent for treating :
i ndi vi dual m al | ergi ¢ di seases or disorders such as, for
exanpl e, \ “‘“\m‘“ allergic conjuctivitis, chronic urti cari a and
aIIerglc as another aspect, of the invention relates to a

met hod of treating individuals suffering fromallergic diseases or
di sorders, by adm nistering an effective antiallergic amount of noberastine

citrate togaldidqndi vi dual s. In the-followi ng exanpl es, unless
ot herw se c all parts are by wejght. Experi nment al art IEX%HpI el
A stirred mixture of 40 parts of noberasting citrate (as pn:paredexamp ¢ 1) in 80 ml'of

methanol was heated at reflux temperature. About 25 ml of water and 2 parts of activated
charcoal were added and stirring at reflux temperature was continued for 1/2 hour. The
solution was filtered over diatomaceous earth, which was rinsed with a preheated

mixture of 16 ml of methanol and 5 ml of water. The combined filtrates were allowed to -
cool spontanegusly to room temperature and were further stirred overnight. The
crystalline product was collected, washed with methanol and dried in vacuo at 50°C,
yielding 34.7 parts (87%) of noberastine citrate; mp. 191.8°C.

m;)_e_ Light stability

150 mg portions of noberastine base, nobcrasunc dimaleate and noberastme citrate were
weighed into glass containers. The containers were irradiated for 7 days in a light cabinet
by 16 cool white fluorescent tubes (Sylvania F 20 T 12/D Daylight - 6500 K). The light
intenﬁty was 17000 lux and the mean temperature in the cabinet was approximately 40°C.
After 3 and 7 days of illumination a 50 mg portion of each sample was dissolved in 10
ml of mcthanol—wa;cr (2:3, v/v) and was analyzed by HPLC.

. column : 12.5 cm Superspher RP Select-B (4um)
flow rate : 1.5 ml/min.
elution solvents : A : 0.75% ammonium acetate in water
B : acetonitrile
C : tetrahydrofuran
elution mode : linear gradient

time (min.) 0 4 12 15
%A 91 85 60 30
% B .9 15 20 45

% C 0 -0 20 .25

detection : U.V. (220 nm)

The following table shows the relative retention time (RRT; versus noberastine) and
concentration (%) of each decomposition product detected at a concentration 20.1% in -
the analyzed samples. '
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To a mxture of 6073‘“parts of

3-[(5-neth )ﬂelgggahyl] N- (4- pi peridinyl)-3H

|mdazo[[lrn am ne (noberastine) in 195 nl of methanol there
wer e added actlvat ed charcoal (Norit A Supra) and 9.1 parts of
di at omaceo reaction m xturegwas stirred for 1/2 hour at

20[err] C and flltered over di atonmaceous earth, which was then rinsed with
40 m of t hanol . The conbined filtrates were hpa'r ed at 50[err]C and 41

parts of ci [ ¢.45951.591|r1.%0 f1973

1/2 hour af t o—good
spont aneoud 21 f rge® lover 1fi ght
filtered of

PR (269 ¢ 6‘id

dazo|[4, 5-|b] - pyri di p-
hoberlpstine cifdrate);

ik £ actlar. oadt 1~
| agre) rrgocroJytcr e

in vacuo at [ 1 g A
3- (5- et hyldirRaléase a;fylsans
2- am ne 2-thydr oxy- 21&

np. 192. 0] g+ Goaasam

citrate (adcjmagpared i 3dB

‘Whereas the base and the dimaleate of noberastine decomposed significantly under
irradiation by daylight, noberastine citrate remained stable when stored at the investigated
conditions and no discoloration nor degradation could be observed. ‘

Composition Examples

The following formulations exemphfy typical pharmaceutical compositions in dosage
unit form smtablg for systemic or topical administration to warm-blooded animals in
accordance withrthe present invention.

"Active ingredient” (A.L) as used throughout these examples relates to noberastine
citrate.

Example 5 : Oral drops

500 g of the AL is dissolved in 0.5 1 of 2-hydroxypropanoic acid and 1.51 of the
polyethylene glycol at 60~80°C. After cooling to 30~40°C there are added 351 of
polyethylene glycol and the mixture is stirred well. Then there is added a solution of
1750 g of sodium saccharin in 2.5 1 of purified water and while stirring there are added
2.5 1 of cocoa flavor and polyethylene glycol q.s. to a volume of 50 1, providing an oral

drop solution comprising 10 mg/ml of the AL The resulting solution is filled into
suitable containers.

Example 6 : Oral solution
9 g of methyl 4-hydroxybenzoate and 1 g of propyl 4-hydroxybenzoate are dissolved

. in 41 of boiling purified water. In 3 1 of this solution are dissolved first 10 g of

2,3-dihydroxybutanedioic acid and thereafter 20 g of the AL The latter solution is

combined with the remaining part of the former solution and 12 1 of 1,2,3-propanetriol

and 3 1 of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are

dissolved in 0.5 1 of water and 2 ml of raspberry and 2 ml of gooseberry essence are

added. The latter solution is combined with the former, water is added g.s. to a volume
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met hanol__was. heated at-reflux tenperature. About 25 m of water was added
~and stirring at reflux tenperature was continued for 1/2 hour. The sol ution

was al | OWMHW aneously to roomtenperature (20[err]C) and was
t
d

further s . The crystalline precipitate was filtered off,
washed wi dried in vacuo at 50C, yielding 37.4 parts (94%

of noberastine citrate. -9-

-7-
of 20 1 providing an oral solution comprising 5 mg of the A.L per teaspoonful (5 ml).
The resulting solution is filled in suitable containers.

Example 7 : Capsules

20 g of the AL, 6 g sodium lauryl suifate, 56 g starch, 56 g lactose, 0.8 g colloidal
silicon dioxide, and 1.2 g magnesium stearate are vigorously stirred together. The
resulting mixture is subsequently filled into 1000 suitable hardened gelatin capsules,
each comprising 20 mg of the A.L.

Example 8 ; Film-coated tablets :

A mikmure of 100 g of the AL, 570 g lactose and 200 g starch is mixed well and
thereafter humidified with a solution of 5 g sodium dodecyl sulfate and 10 g polyvinyl-
pyrrolidone (Kollidon-K 90®) in about 200 ml of water. The wet powder mixture is
sieved, dried and sieved again. Then there are added 100 g microcrystalline cellulose
(Avicel®) and 1 § g hydrogenated vegetable oil (Sterotex ®). The whole is mixed well
and compresseg into tablets, giving 10.000 tablets, each comprising 10 mg of the active
ingredient.

 Coating

To a solution of 10 g methyl cellulose (Methocel 60 HG®) in 75 ml of denaturated
ethanol there is added a solution of 5 g of ethyl cellulose (Ethocel 22 cps ®) in 150 ml of
dichloromethane. Then there are added 75 ml of dichloromethane and 2.5 ml
1,2,3-propanetriol. 10 g of polyethylene glycol is molten and dissolved in 75 ml of
dichloromethane. The latter solution is added to the former and then there are added
2.5 g of magnesium octadecanoate, 5 g of polyvinylpyrrolidone and 30 ml of concen-
trated colour suspension (Opaspray K-1-2109®) and the whole is homogenated. The
tablet cores are coated with the thus obtained mixture in a coating apparatus.
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Exarpl €3 A stirred mxture of 40 parts of noberastine citrate (as prepared
in Exa”pl'[ﬁlséﬂeeﬂl-ﬂsﬁgnmgmil@d met hanol was heated at reflux tenperature About

25 m of ts of activated charcoal were added and stirring
atrefl ux mdﬂmﬂﬂl continued for 1/2 hour. The solution was filtered
over diato which-was rinseggw th a preheated m xture of 16 ni
of methanol and 5 m of water. The conbined filtrates were allowed to cool
spont aneously to roomtenperature and were further stirred overnight. The
crystal li ne Qlaighict was col | ected, washed with nethanol and dried in vacuo

at 50[err]C, yielding 34.7 parts (87% of noberastine citrate; np.
191. 8[err]C Exanpl e 4: Light stability 150 ng portions of noberastine

base, nober aht ﬂhecokhpwnda& E(S-mmhyldafnmgl)hnﬂxyﬁqﬂ{aipﬁmﬁﬂhgl)@-@hmﬂzd-nt o gl ass

cont ai ners. gﬁé;m S i ght cabi net by
16 cool whi te cen?satdﬁﬁ ‘P@’W gkgdquﬂ’e%cf‘%jﬂgeyﬁl - 6500 K).
The |ight
2. A pharmaceutical composition comprising an inert carrier and as an active ingredient
an effeqtive antiallergic amount of the compound noberastine citrate.

3. Aprocess for preparing a pharmaceutical composition according to claim 2
characterized in thata therapeuucally effective amount of noberasnne citrate is
intimately mixed with a pharmaceutically acceptable carrier. i

4. A process for preparing noberastine citrate which comprises dissolving noberastine
in a solvent, heating the solution up to about the reflux temperature, adding a
sufficient quantity of citric acid, cooling the reaction mixture and collecting the
crystalline goberastine citrate; and, if desired, further refining the thus obtained
noberastine citrate by recrystallization.

5. Noberastine citrate for use as a medicament.

_—
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intensity. was 17000 | ux and the mean tenperature in the cabinet- was
approxnmtvl—y—Zt@{—eﬁ—]—e——ﬁrHer 3 and 7:days of illumnation a 50 ng portion

of each ksgoea/ed in 10 m of methanol -water (2:3, v/v) and was
anal yzed colum: 12.5 cm Superspher RP Select-B (4[err]m
flow rate: mlmlll el ut I on solvents: A 0.75% anmoni um acetate in

wat er acetonitile C
tet rahydrof uran el ution .m)de: | i near gradi ent time (mn.)
12 ' 15 o
ABSTRACT

3-[(5-METHYL-2-FURANYL)METHYL]-N-(4-PIPERIDINYL)-3H-IMIDAZO[4,5-b]-
‘PYRIDIN-2-AMINE 2-HYDROXY-1 ,2,3-PR0PANETRICARBEOXYLATE

3-[(5-mcthxl—Z—ﬁn'myl)methyl]-H-(4-pipetidinyl)-3H-imidazo[4,5-b]pyﬁdin-2—amm¢
2-hydroxy-1,2,3-propanetricarboxylate, a novel salt having satisfactory physicochemical
stability and useful antiallergic activity. Compositions comprising said novel salt,
pi'ocesses for preparing and purifying said salt and a process for preparing said
compositions.

SR TTRA L .
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% A 91 85 60 30 %B

9 15 20 - 45 %C o Temerms

0 S 20 25 detection: U V. (220 nm The foll ow ng
tabl’@ shows the relative retention tine (RRT; versus noberastine) and

concentration (% of each deconposition groduct detected at a concentration
> 0.1%in the anal yzed sanpl es.
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3-[(5-METHYL-2- PURANYL)METHYL]—N—(4-PH’ERDH*IYL)-3H—IMIDAZO[4 5-b]-
PYRIDIN-2-AMINE 2-HYDROXY-1,2,3-PROPANETRICARBOXYLATE

In US-4,888,426 there is described and claimed the compound 3-[(5-methyl-2-furanyD)-
methyl]-N-(4-piperidinyl)-3H-imidazo{4,5-b]pyridin-2-amine as an intermediate useful
in the preparation of antiallergic compounds. The pharmacological properties, in

. particular the antiallergic activity of said intermediate as well as compositions and the use
thereof are described in US-4,835,161. The presently claimed novel salt form has
improved physicochemical stability over the prior known base and salt forms.

The present invention is concerned with the novel salt 3-[(5-methyl-2-furanyl)-
methyl}-N-(4-piperidinyl)-3H-imidazo[4,5-b]pyridin-2-amine 2-hydroxy-1,2,3-
propanewricarboxylate (1:1) which can be represented by the formula |

CHz—@—Cﬁs
- ?Hz—-COOH
HN\/::>—N—<\ Ij BO—C——COOH .

CH,—COOH

The free base corresponding to the salt of formula (I) is generically known as

noberastine and accordingly the novel salt form of formula (I) will hereinafter be referred
to as noberastine citrate.

Said free base as well as the dinitrate, the dihydrochloride hemihydrate and the
(Z)-2-butenedioate (1:2) salts are described in US-4,835,161. Unforunately these prior
known salts and base all suffer from the disadvantage of not having truly satisfactorily
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noberastine RRT 0.25 0.61 0.72 1.23 1.26 1.43 .1.45 1.59 1.70 1.73

base _ 3d 0.2 0.2 . 0.3 0.1 0.2 0.2

0.1 7d 0.3 0.3 0.4 0.2 0.3 0.2 0.2 0.1
0.1 di mal eate 3d 0.8 0.5 7d 1.2 0.8
citrate 3d 2-

physicochemical stability. Upon storage or formulation of said prior known salts and
base, progressive decomposition and concomittantly an increase in the amount and
number of impurities is observed. Obviously, this problem is further aggravated under
demanding environmental conditions such as light, heat, humidity, acidity, basicity and
oxygen.

The free base of noberastine is light-sensitive and degrades significantly when _
illuminated. Upon storing this yellow compound at 60% or 90% relative humidity, its -
color changes to dark yellow and water is absorbed. As a consequence the compound
partly deliquesces and forms a sticky, solid mass. _

The dinitrate and dihydrochloride hemihydrate salts have the drawback of decomposing
significantly in aqueous media and consequently are not amenable to standard
formulation, especially in substantially liquid compositions. The dihydrochloride
hemihydrate salt is hygroscopic and turns from light yellow to dark yellow and
eventually to brown. '

The (Z)-2-butehedioate (1:2) or dimaleate salt decomposes even at room temperature and
the degradation is significantly accelerated by light or enhanced temperatures. A telling
observation in this context is the finding that it proves impassible to store samples of this
salt for future use as references since invariably at least two impurities are formed.

From the above it follows that none of the prior known salts and base is readily
suitable for conventional formulation nor for pharmaceutical use.

Unexpectedly, it has now been found that the above mentioned problems can be
circumvented altogether or reduced to negligable proportions by using the citrate salt
form of noberastine. This novel salt is not light-sensitive and is far more stable than the

prior known salts and base at room temperature, enhanced temperatures, at high relative
humidities and in aqueous media.

Noberastine citrate can generally be prepared by dissolving noberastine in a suitable
solvent, heating the solution, adding a sufficient quantity of citric acid, cooling the
reaction mixture and collecting the crystalline material. The thus obtained noberastine
citrate may be further refined by recrystallization.

The free base noberastine as mentioned herein, more particularly when referred toas a

starting material for the preparation of the citrate salt, can conveniently be prepared as
described in US-4,388,426.
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Whereas the base and the di nmal eate of noberastine deconposed significantly
under irradiation by daylight, noberastine citrate remained stable when
stored at the investigated conditions and no discol orati on nor degradation
could be observed. Composi ti on Exanpl es The follow ng fornul ati ons
exenplify typical pharmaeutical conpositiens in dosage unit formsuitable
for systemc or topical admnistration to warm bl ooded animals in

accordance with _the present invention. _ "Active ingredient" (A l.). as
used t hr oughout Theteera suiseblgolvent as|usedherein inwslation so the@reparatgp of no e 5:

Oral drops  cigOf defifs dnGower'alicanéi GHikefoRE ¥iiverk th Whizh neberdstieds wivtilé ol ¢
acid and 1.5 écﬁ]::lcst Pr?maxy, secondary and tertiary alcohols and the corresponding ketones of from
-1 to 6 carbon atoms. Suitable lower alkanol solvents include methanol, ethanol,
; 1-propanol, 2-propanol, 1-butanol, 2-butanol, 2-methyl-1-propanol, 1,1-dimethyl-
ethanol and cyclohexanol. Suitable ketone solvents are acetone, butanone, 4-methyl-2-
pentanone and cyclohexanone. Mixtures of two or more of the abovementioned solvents
may also effectively be employed in the preparation of noberastine citrate, as well as
solutions of said solvents or mixtures thereof with water. In particular, the water may
comprise up to about 25% to 35% by volume of said solution. Preferably the solvent
used is a lower alkanol, particularly methanol or ethanol. Methanol is the 'most preferred
solvent. - . '

The solutions of noberastine in the abovementioned solvents are highly concentrated ;

typically the amount to volume ratio of noberastine to solvent can range from 0.3

~ mole/l to 1.2 mole/l, preferably from 0.5 mole/l to 1 mole/l. Said solutions are prepared
conventionally l;y stirring the ingredients at ambient temperature. It is generally
appropriate to treat the solution at this point with activated carbon 5% weight by weight
of noberastine. Both types of solutions, those comprising activated carbon and also

" those not, can be stirred for any moment of time up to an hour, preferably for about half

an hour and then filtered over diatomaceous earth, which is preferably moistened
beforehand with the solvent. In some instances said filtration may prove difficult and -
can be facilitated considerably by adding an extra amount of diatomaceous earth to the
solution. The residue may be washed with small amounts of solvent, generally upto
about 25% of the initial volume of solvent used. The combined filtrates are heated at
temperatures up to about the reflux temperature of the solution, preferably at tempera-
tures ranging from 45°C to 65°C, particularly temperatures from about 50°C to about
60°C. Citric acid is added portionwise to the heated, concentrated solutions either as a
solid or dissolved in a small amount of water. The acid is added at such a rate that the
temperature of the solution can easily be maintained constant. The citric acid used may
equally well be the anhydrous form or the monohydrate. The molar ratio of citric acid to
noberastine can range from about 0.9 to about 2, preferably from about 0.95 to about
1.5 and in particular from about 1.0 to about 1.1. Stirring of the solution is continued at
temperatures ranging from 55 to 65°C for any time up to about an hour, preferably for
half an hour. The solution is then allowed to cool slowly to ambient temperature. This
slow cooling can effectively be accomplished by turning off the heat source and
optionally removing said heat source thu§ facilitating heat exchange with the environ-
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pol yet hyl ene gl ycol at 60-80[err]C. After cooling to 30-40[err]C there are
added 351 of polyethylene glycol and the m xture is stirred well. Then
there is*added a solution of 1750 g of sodium saccharin in 2,51 of purified
water and while stirring there are added 2.5 1 of cocoa flavor and

pol yet hyl ene glycol g.s. to a vol une of 501 providing an oral drop

sol ution conprising 10 ng/m of the A l. The resulting solution is filled

into suitabl eme&nmeasera&exy 1Efgevsﬂuﬁ:e€io a&?&uo%f'th@fcﬁéﬂbn vesstl Gro@IB deRiyhy!
4- hydr oxybenzoat e an ydr oxyben oa ar.e solved in 41

of bol |1 mg. p PRSP &Palths 10,1008 ke FoqRE Gy S BETIe Y P CORERPF st 10 g
of 2, 3-di hydrwmmmﬂmdmhmﬁ%beme&me@raﬁplmm{ﬁay | atter

of 1. 2.3- pr opSHePRRGhe Uieiel 15 e S i aneaich o mlrifon, CrVRLAGbA BE, 21C 105
g of sodium mmammmmvbsmwhshedmywnmmmmmmnmmmafwmmerry
and 2 m of OEARERRIL HastRek garmggmm}bﬁeb&%&%y&%&m&uﬁw' ned

with the fornmer,; water is a
about a day, preferably for about0t04hours, and in many instances may be left out

altogether. The precipitated noberastine citrate is filtered and may be washed with
additional solvent, preferably a small amount of cold solvent. The product is then dried
by conventional means such as under vacuum and at an enhanced temperature; in
particular at about 40°C to about 60°C, preferably at about 50°C. The yield of the thus
obtained noberastine citrate ranges from 80% to 95% and is particularly high in
methanol, reproducibly giving about 93% to about 94%. The quality of the citrate salt
appears not to be influenced by the choice of the solvent.

The thus obtained poberastine citrate may be further refined by recrystallization in a
suitable solvent. The term a suitable solvent as used herein in relation to the
recrystallization of noberastine citrate defines a lower alkanol solvent as described
hereinbefore and also 2 mixture of such a lower alkanol solvent with water. Particularly
mixtures wherein the water comprises up to 30% of the solution by volume may be
employed. Particular lower alkanol solvents for recrystalliéation_ include methanol,
ethanol, 1-propanol and 2-propanol. Solutions of noberastine citrate for recrystallization
are highly concentrated, near the saturation point of solute in the solvent and are prepared
conventionally from supersaturated solutions of the salt in an aforementioned lower
alkanol solvent. Preferably methanol or ethanol is used as lower alkanol solvent and a
sufficient amount of water is added, for example, at a later stage of the procedure.
Methanol being such a solvent for example, the weight to volume ratio of noberastine
citrate to methanol can range from 0.3 g/ml to 0.7 g/ml, particularly from 0.4 g/ml to 0.6

- g/ml, preferably from 0.45 to 0.55 g/ml. Said solution in a lower alkanol solvent is
stirred and heated up to about the reflux temperature. Water is added dropwise to the
heated, heterogenous mixmre in order to dissolve the citrate salt completely. Preferably
the water is added at such a rate that the temperature of the reaction mixture can be
maintained at its reflux temperature. Maintaining a constant temperature of the heated
noberastine citrate solution can more easily be accouiplishcd by adding preheated water,

- preferably having a temperature of about the reflux temperature of the salt solution. _
After complete addition of the water, the resulting solution is stirred and heated atreflux
temperature for any moment of time up to an hour, preferably for about half an hour.
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-9- of 20 1 providing an oral solution conprising 5 ng of the A l. per
teaspoonful (5 m). The resulting solution is filled in suitable
containets. Exanple 7 : Capsules

-5-

The reaction mixture is allowed to cool spontaneously 1o room temperature and

" crystallization begins at about 45°C. The crystals are allowed to digest at room
temperature for any moment of time up to a day, preferably for about O to about 10
hours. The precipitate is filtered off and washed with a small amount of the lower
alkanol solvent, typically about 1 ml/g. The crystals are dried in the conventional

manner under vacuum and at an enhanced temperature, preferably about 40°C to about
60°C.

In some instances it may be advantageous to incorporate an additional refinement step .
using activated carbon in the recrystallization procedure. For example, after complete
addition of water in the above procedure, activated carbon 5% weight by weight of the
citrate saltmay be added and further stirred and heated for any time up | 5 an hour, in
pamcular for about half an hour. The heated solution can be filtered over diatomaceous

‘earth, which is preferably moistened beforehand with a preheated mixtire of the solvent.
The residue may be washed with a similar preheated mixture of the solvent and the
combined filtrates are allowed to cool spontaneously further to room temperature. The
resulting crystals are then collected and dried as described hereinbefore.

The compound noberastine citrate is an antihistaminic and antiserotoninergic -

. compound useful as an antiallergic agent. Said novel salt, besides the abovementioned
physico-chemical stability, further unites in itself the qualities of having good solubility
and of being bioequivalent to the (Z)-2-butenedioate (1:2) salt. As the prior known free
base and salts, so the citrate salt has a favourable pharmacokinetical profile by uniting a

rapid onset and a suitable duration of action. |

Noberastine citrate is preferably administered formulated in appropriate pharma-
ceutical compositions such as, for example, oral solid preparations, ¢.g. pills, tablets,
powders and capsules; oral liquid forms, e.g. solutions, suspensions, syrups and
elixirs. Said and similar art-known compositions can be prepared by intimately mixing
the active ingredient noberastine citrate with one or more suitable carriers and/or
adjuvants and converting the thus obtained mixture in a form suitable for administration.

For ease of administration and uniformity of dosage, it is particularly advantageous to
formulate the aforementioned pharmaceutical compositions in dosage unit form.
Examples of such dosage unit forms are tablets, capsules, pills, powder packets, wafers,

injectable solutions, suspensions, teaspoonfuls, tablespoonfuls and segregated multiples
thereof. '
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20 g of the Al., 6 g sodiumlauryl sulfate, 56 g starch, 56 g | actose, 0.8
g colloidal silicon dioxide, and 1.2 g nmagnesi um stearate are vi gorously
stirred together. The resulting m xture is subsequently filled into 1000

sui t'abl e hardened gel atin capsul es, each conprising 20 ng of the A .
Exanple 8: Filmcoated tablets- Preparation of tablet core - A mxture

of 100 g of the A l., 570 g lactose and 200 g starch is md well and .
thereafter humdified with a solution ot6§ g sodi um dodecyl sulfate and 10
g polyvinyl- pyrrolidone (Kollidon-K 90[err]) in about 200 m of water. The
. wet powder mxture is sieved, dried and sieved again. Then there are added

ol (Ster of ey iRty dogSet dofitadtie LinKls LonEmPtIoBNGE BOwEEDT A0, <
gi ving 10. o#@%@@t@%é@%&ﬁﬁ%ﬁﬁ%ﬂ gra L S r@]‘g‘éﬂ‘éﬁ‘?‘.& ’

5 mg/kg body weight, preferably between 0.1 and 2 mg/kg body weight.

In a further aspect of the invention there is provided the use of noberastine citrate for
the manufacture of a medicament for treating individuals suffering from allergic diseases
or disorders such as, for example, allergic rhinitis, allergic conjuctivitis, chronic urticaria
and allergic asthma.

Yet another aspect of the invention relates to a method of treating individuals'suffering
from allergic diseases or disorders, by administering an effective antiallergic amount of
noberastine citrate to said individuals.

In_ the following examples, unless otherwise stated, all parts are by weight.

Experimental part

Example 1

To a mixture of 60.73 parts of 3-[(5-methyl-2-furanyl)methyl]-N-(4-piperidinyl)-3H-
imidazo[4,5-b}pyridin-2-amine (noberastine) in 195 ml of methanol there were added
3.3 parts of activated charcoal (Norit A Supra®) and 9.1 parts of diatomaceous earth.
The reaction mixture was stirred for 1/2 hour ai 20°C and filtered over diatomaceous
earth, which was then rinsed with 40 ml of methanol. The combined filtrates were heated
at 50°C and 41 parts of citric acid monohydrate were added. The mixture was stirred for
172 hour at about 60°C to 65°C and was then allowed to cool spontaneously to room
temperature. The mixture was stirred overnight and filtered off. The precipitate was
washed with 80 ml of methanol and dried in vacuo at 50°C, yielding 91.2 parts (92.9%)
of 3-[(5-methyl-2-furanyl)methyl}-N-(4-piperidinyl)-3H-imidazo[4,5-b]-pyridin-2-
amine 2-hydroxy-1,2,3-propanetricarboxylate (1:1) (noberastine citrate); mp. 192.0°C.

xample 2
A stirred mixture of 40 parts of noberastine citrate (as prepared in Example 1) in 80 ml of
methanol was heated at reflux temperature. About 25 ml of water was added and stirring
at reflux temperature was continued for 1/2 hour. The solution was allowed to cool
spontaneously to room temperature (20°C) and was further stirred ov.crhight. The
' crystalline precipitate was filtered off, washed with methanol and dried in vacuo at 50°C,

yielding 37.4 parts (94%) of noberastine c_iu'ntc. This is the replacement sheet
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To a solution of 10 g nethyl cellul ose (Methocel 60 HG in 75 m of
denaturated ethanol there is added a solution of 5 g of ethyl cellul ose

(Et hgcel "22 cps ) in 150 nml of dichloronethane. Then there are added 75 m
of dichloromethane and 2.5 nl 1,2, 3-propanetriol. 10 g of polyethyl ene
glycol is nolten and dissolved in 75 m ofy.di chl oromet hane. The latter
solution is added to the fornmer and then there are added 2.5 g of magnesi um
oct adecanoate, 5 g of polyvinylpyrrolidone and 30 mM of concen- trated

col our susperixappld Ppaspray K-1-2109[err]) and the whol e i s honbgenat ed.

The ¢ abl et ook g 80040 Phkd b ddferlt RLALL FLoliha Wi Cudie T HH01YE
methanol was heated at reflux temperature. About 25 ml of water and 2 parts of activated
charcoal were added and stirring at reflux temperature was continued for 1/2 hour. The
solution was filtered over diatomaceous earth, which was rinsed with a preheated
mixture of 16 ml of methanol and 5 ml of water. The combined filtrates were allowed to -
cool spontaneously to room temperature and were further stirred overnight. The
crystalline product was collected, washed with methanol and dried in vacuo at 50°C,
yielding 34.7 parts (87%) of noberastine citrate; mp. 191.8°C.

Example 4 : Light stability
- 150 mg portions of noberastine base, noberasnne dimaleate and nobcrasunc citrate were
weighed into glass containers. The containers were irradiated for 7 days in a light cabinet
by 16 cool white fluorescent tubes (Sylvania F 20 T 12/D Daylight - 6500 K). The light
intensity was 17000 lux and the mean temperature in the cabinet was approximately 40°C.
After 3 and 7 days of illumination a 50 mg portion of each sample was dissolved in 10
ml of mcthanol—wa;er (2:3, v/v) and was analyzed by HPLC.

column : 12.5 cm Superspher RP Select-B (4um)

flow rate : 1.5 ml/min.

elution solvents : A : 0.75% ammonium acetate in water
B : acetonitrile
C : tetrahydrofuran

elution mode : linear gradient

time (min.) 0 4 12 15

% A 91 85 60 30
% B 9 15 20 45
% C 0 0 20 25

detection : U.V. (220 nm)

The following table shows the relative retention time (RRT; versus noberastine) and
concentraton (%) of each decomposition product detected at a concentration 2 0.1% i in_
- the analyzed samples.
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10 . . CLAI M5 1.. The conpound
3-[ (5-net hyl -2-furanyl ) net hyl ] - N-( 4-pi peridinyl)-3Himdazo-[4,5-

b] pyr.i di h-2- ami ne 2- hydroxy- 1, 2, 3- propanetri carboxyl ate(1:1). 2. A
“pharmaceutical conposition conprising an i nert carrier as an active
I ngredi ent an effective antiallerdgi 8¢ amount of the conmpound as

clainmed in claiml.

noberastine | RRT | 0.25[0.61 | 0.72| 1.23 | 1.26 | 1.43 | 1.45| 1.59 | 1.70 | 1.73
base 3d | 02 02 03]|01]02]02 0.1
7d_| 03] 03 04]02}/03]02}02}01]01
dimaleate | 3d 0.8 | 0.5
74 | 12108
citrate 3d
7d

Whereas the base and the dimaleate of noberastine decomposed significantly under
irradiation by daylight, noberastine citrate remained stable when stored at the investigated
conditions and no discoloration nor degradation could be observed.

Composition Examples :

The following formulations exemplify typical pharmaccuncal compositions in dosage
unit form sultabk; for systemic or topical administration to warm-blooded animals in
accordance withethe present invention.

~ "Active ingredient” (A.L) as used throughout these examples relates to noberastine
citrate.

500 g of the AL is dissolved in 0.5 1 of 2-hydroxypropanoic acid and 1.5 1 of the
polyethylene glycol at 60~80°C. After cooling to 30~40°C there are added 351 of
polyethylene glycol and the mixture is stirred well. Then' there is added a solution of
1750 g of sodium saccharin in 2.5 1 of purified water and while stirring there are added
2.5 1 of cocoa flavor and polyethylene glycol q.s. to a volume of 50 1, providing an oral

drop solution compnsmg 10 mg/mi of the A.L The resulting solution is filled into
suitable containers.

Example 6 : Oral solution

9 g of methyl 4-hydroxybenzoate and 1 g of propyl 4-hydroxybenzoate are dissolved
in 4 1 of boiling purified water. In 3 | of this solution are dissolved first 10 g of
2,3-dihydroxybutanedioic acid and thereafter 20 g of the AL The latter solution is
combined with the remaining part of the former solution and 12 | of 1,2,3-propanetriol
and 3 1 of sorbitol 70% solution are added thereto. 40 g of sodium saccharin are
dissolved in 0.5 I of water and 2 ml of raspberry and 2 ml of gooseberry essence are
added. The latter solution is combined with the former, water is added q.s. to a volume

This is the replacement sheet
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3. A process for preparing a pharnmaceutical conposition according to claim
2 characterized in that a therapeutically effective anount of the
conmpound as cl ai ned inclaimlis intinately mxed with a
pharmaceutically acceptable carrier. . A process for preparing the
compound as claimed in claim 1 which co rlses di ssl ovi ng
noberastine in a solvent, heating the solUlion up to about the refl ux
tenperature, adding a sufficient quantity of citric acid, cooling the

reacti on m xt and,c ectin t.he t a| nmed
inclaimi; a‘?%r&% llm‘ﬂg’é’grﬂ@&mf@?‘{’% o smgS:qg)éq%d% %‘J gaggus 0 Dﬁ

nober asti ne cTheresultitgysolutionyis fiiéd inzaitablecontainers.5. The conpound as cI ai med
in claiml1l for use as a nedi cament .

Example 7 ; Capsules

20 g of the A.L, 6 g sodium lauryl sulfate, 56 g starch, 56 g lactose, 0.8 g colloidal
silicon dioxide, and 1.2 g magnesium stearate are vigbrously stirred together. The |
resulting mixture is subsequently filled into 1000 suitable hardened gelatin capsules,
each comprising 20 mg of the A.L.

Example 8 : Film-coated tablets

Preparation of tabletcore -

A mixture of 100 g of the AL, 570 g lactose and 200 g starch is mixed well and
thereafter humidified with a solution of 5 g sodium dodecy! sulfate and 10 g polyvinyl-
pyrrolidone (Kollidon-K 90®) in about 200 ml of water. The wet powder mixture is
sieved, dried and sieved again. Then there are added 100 g microcrystalline cellulose
(Avicel®) and 15 g hydrogenated vegetable oil (Sterotex ®). The whole is mixed well
and compresseg into tablets, giving 10.000 tablets, each comprising 10 mg of the active
ingredient.

~ Coating

To a solution of 10 g methyl cellulose (Methocel 60 HG®) in 75 ml of denaturated
ethanol there is added a solution of 5 g of ethyl cellulose (Ethocel 22 cps ®) in 150 ml of
dichloromethane. Then there are added 75 ml of dichloromethane and 2.5 ml
1,2,3-propanetriol. 10 g of polyethylene glycol is molten and dissolved in 75 ml of
dichloromethane. The latter solution is added to the former and then there are added
2.5 g of magnesium octadecanoate, 5 g of polyvinylpyrrolidone and 30 ml of concen-
trated colour suspension (Opaspray K-1-2109®) and the whole is homogenated. The
tablet cores are coated with the thus obtained mixture in a coating apparatus.
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CLAIMS

1. The compound 3-[(5-methyl-2-furanyl)methyl]-N-(-4-piperidinyl)-3H-imidazo-[4,5-
blpyridin-2-amine 2-hydroxy-1,2,3-propanetricarboxylate(1:1).

2. A pharmaceutical composition comprising an inert carrier as an active ingredient an

effective antiallergic amount of the compound as claimed in claim 1.

3. A process for preparing a pharmaceutical composition according to claim 2
characterized in that a therapeutically effective amount of the compound as claimed
in claim 1 is intimately mixed with a pharmaceutically acceptable carrier.

4. A process for preparing the compound as claimed in claim 1 which comprises
dissloving noberastine in a solvent, heating the solution up to about the reflux
temperature, adding a sufficient quantity of citric acid, cooling the reaction mixture
and collecting the crystalline product as claimed in claim 1; and, if desired, further
refining the thus obtained noberastine citrate by recrystallization.

5. The compound as claimed in claim 1 for use as a medicament.
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3-{(5-METHYL-2-FURANYL)METHYL}-N-(4-PIPERIDINYL)-3H-IMIDAZO[4,5-b}-
PYRIDIN-2-AMINE  2-HYDROXY-1,2,3-PROPANETRICARBOXYLATE

3-[(5-methyl-2-furanylmethyl}-N-(4-piperidinyl)- 3H-imidazo[4,5-blpyridin-2-amine
2-hydroxy-1,2,3-propanetricarboxylate, a novel salt having satisfactory physicochemical
stability and useful antiallergic activity. Compositions comprising said novel salt,
processes for preparing and purifying said salt and a process for preparing said
compdsitions.
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