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PROCESS FOR THE PREPARATION OF PALIPERIDONE
Technical Field of the invention
The present invention relates to an improved process for the preparation of

paliperidone:

Background of the invention

- Paliperidone is chemically known as 3-[2-[4-(6- Fluoro 1,2-benzisoxazol-3-yl)-1-

p:pendmyl]ethyl] -6,7.8,9- -tetrahydro-9-hydroxy-2- methyi-4H—pyndo[1 2-a]pynmndm~4 one

and represented as follows

OH ‘
AN _-CH;
.. F
O
| o N-0

US5158352 describes various processes for the synthesis of paliperidone in which one

~route involves condensation of 3-(2-chloroethyl)-6,7,8,9-tetrahydro-8-hydroxy-2-methyl-

4H-pyrido[1,2-a)pyrimidin-4-one  with 6-fluoro-3-(4-piperidinyl)-1,2-benzisoxazole

hydrochloride in the presence of a base ftollowed by purification using column

chromatography and recrystallization in a suitable solvent. Disadvantages of this
process are low yields and purification by column chromatography.

It is known that a drug substance prepared by chemical synthesis usually contains
impurities resulting from its synthesis or degradation. These impurities inciude
unreacted starting materials, reagents, by-products of the reaction, products of the side

reactions or degradatjon products.

3-oxo-risperidone (I) is one of the impurities which is formed during the synthesis of
paliperidone and which affects the purity of the final product.
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This impurity is also known as PLP-ceto or keto impurity. The structure of this impurity

8:3:@0\(@

Keto impurity ()

is as follows:

The undesired impurities reduce the purlty of the Active Pharmacedutical Ingredient
(API) in the pharmaceutical product and often decrease the stability and shelf life of the -
pharmaceutical\pr‘oduct. Thus, reducing or limiting these undesired impurities becomes

very crucial.

The normal techniques of reducing such impurities are known to the skilled person,

such as fractional crystallization or preferably by optimizing reaction conditions whereby
impurity formation is reduced or avoided. Alternatives, in cases where a product (s
obtained having relatéd impurities generated in the process of preparation, is to resort
to expensive column chromatography or the preparation of derivatives such as salts,

esters in order to purify and regenerate the final product in a pure form.

WO2008140641 describes purification of paliperidone by crystallization or by slurrying

paliperidone in an organic solvent.

- W02011006638 describes preparation of paliperidone in an organic solvent and in the

presence of water wherein the pH of the reaction medium is between 6 and 14. Further,
purification of paliperidone is achieved by crystallization in the presence of active
charcoal having neutral pH value and the content of individual metal cations less than

200 ppm.

Several attempts have been made to reduce the level of keto impurity, and various
patent applications have been filed which describe purification methods to reduce the
level of keto impurity in paliperidone. However, these methods are lengthy and tedious,

requiring dissolution in a solvent, refluxing for several hours, further isolation and
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crystallization. The methods are also costly as they involve the use of additionat

solvents.

WQ02009118655 describes purification of crude paliperidone by contacting it with
reducing agent. The reducing agents include metal hydrides, specifically sodium
borohydride. However, this application. involves purification of crude paliperidone by a
s'éries of dissolution, filtration and washing steps. The prbcess also requires treatment

with activated carbon or silica gel.
W0O2010003703 describes 'p'reparati.on, isolation of keto impurity and its further use In
the preparation of p.éliperidone. Keto impurity is converted into paliperidone by

reduction using hydride, specifically sodium borohydride. |

WO0O2010004578 discloses various processes for preparation of paliperidone. On page

10, step b), it describes that the paliperidone obtained in the earlier step Is treated with

sodium bofohydride to convert any amount of keto impurity that is formed and present
as an impurity, into paliperidone. The process disclosed on page 11 describes that keto
impurity is first prepared and then.treated with suitable reducing agent, which is sodium

borohydride.

Both processes require further stirring of 1 hour after addition of reducing agent, and.

then an additional one and a halif hours for purification and isolation, which is again

time consuming.

All the pfocesses described in these prior art applications involve preparation and
isolation of paliperidone and/or keto impurity and then treatment with reducing agent, or
treating paliperidone and/or keto impurity formed in the reaction with 'reducing agent,

which makes the process lengthy, costly and also affects the yield of fhe final product.

Since it is difficult to remove the impurities by the above techniques, and the methods
known In the art are cumbersome and involve additional steps causing yield loss, there

is a need to provide an improved process that is industrially favorable, provides
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substantially pure paliperidone or a pharmaceutically acceptable salt thereof, and which

also provides a better yield of paliperidone.

Summary of the Invention

5
- According to the first aspect of the present invention, there is provided an improved
process for the preparation of paliperidone or a pharmaceutically acceptable salt
thereof, in which the formation of keto impurity is inhibited.
10

c‘rg;u C%O

Paliperidone

| In an embodiment, the process involves condensing 3-(2-chloroethyl)-9-hydroxy-2-
15  methyl-6,7,8,9-tetrahydro-4H-pyrido-[1,2-a]-pyrimidin-4-one of formula‘ (11A)
OH

HEC\Y‘/ "ﬁ/L\
| |
c1/\/\rr?~’\/’

O
Formmula (lIA)

with 6-fluoro-3-(4-piperidinyl)-1,2-benzisoxazole hydrochloride of formula (1))

NH
O HCl
ﬁ;rmula (1) -

20



CA 02837251 2013-11-25
WO 2012/164242 PCT/GB2012/000480

S

in a suitable solvent and a base, in the presence of a catalyst and a catalytic amount of

inhibiting agent to obtain paliperidone or a pharmaceutically acceptable salt thereof.

- According to a second aspect of the present invention, there is provided a process for
5 the preparation of paliperidone or a pharmaceutically acceptable salt thereof, wherein

the process comprises condensing a compound of formula (1)

Formula (II) .

10 with a compound of formula (Ill) or a salt thereof,

Formula (IIT)

in a suitable solvent and a base, in the presence of a catalyst and an inhibiting agent,
wherein the inhibiting agent is added to the reaction system before the compound of
formula (Il) and compound of formula (lil) have reacted or as the reaction of the
15 compound of formula (lI) and compound of formula (1) is initiated, ahd optionally

converting the paliperidone to a salt thereof, wherein X is a suitable leaving group.

As noted abové, the inhibiting agent is added to the reaction system before the
compound of formula (I1) and compound of formula (lll) have reacted or as the reaction

20 of the compound of formula (li) and compoimd of formula (lll) is initiated. In other ‘
~ words, the prbcess avoids a reaction sequence in.which inhibiting agent is added after
compound of forfnuia (11) and compound of formula ()ll) have reécted and keto impurity

has formed.
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Preferably, the compound of formula (1) is in the form of a salt. Preferably, the salt of

the compound of formula (ilt) is the HCI salt or the HBr salt. More preferably the salt of
the compound of formula (i) is the HCI salit.

X is preferably a halide selected from fluoride, chloride, bromide or iodide. Most

preferably X is chloride.
Preferably the inhibiting agent is present in a catalytic amount. -

Preferably the inhibiting agent is present.in an amount of 0.0 to 0.2 rholes per 1 mole
of compound of formula (). More preferébly' the inhibiting agent is present in an

~ amount of 0.01 to 0.1 moles per 1 mole of compound of formula (if).

Preferably the inhibiting agent is selected from the group .consiéting of sodium
borohydride, potassium borohydride, sodium triécetoxy borohydride, hydrazine hydrate,
aluminiun;l Isopropoxide, lithium borohydride, diisobutylaluminium hydride, butylated
hydroxytoluene, propylgaliate, butylhydroxy anisole, tertiary butyl hydro quinine, sodiurﬁ
hydride, sodium meta bisulphite, scdium thid sulphate, and mixtures thereof.

Most preférably. the inhibiting agent is selected from sodium b_orohydride or butylaied

hydroxytoiuene.

Preferably the inhibiting agent comprises sodium borohydride in an amount of 0.01 to
0.2 moles per 1 mole of compound of formula (11), more preferably the inhibiting agent -
comprises sodium borohydride in an amount of 0.06 moles per 1 mole of compound of

formula (11).

Alternatively the inhibiting agent'comprises butylated hydroxytoluene in an amount of
0.01 to 0.06 moles of per 1 mole of compound of formufa (i1}, more preferably the
inhibitin'g,agent comprises butylated hydroxytoluene in an amount of 0.011 moles per 1

mole of compound of formula (I}).
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Preferably the catalyst is selected from the group consisting of potassium iodide,
sodium iodide, lithium iodide, and mixtures thereof.

More preferably the catalyst is potassium iodide.

Preferably the base is selected from the group consisting of' potassium carbonate,
sodium carbonate, cesium carbonate, potassmm blcarbonate sodlum blcarbonate *
sodium hydroxide, potassium hydrox:de and mnxtures thereof

More preferably the base is potassium carb‘onate;

Preferably the solvent is selected from the group consisting of methanol, toluene. ethyi
acetate, acetonitrile, cyclohexane, dimethyl formamide (DMF), dimethylamine (DMA),
dimethyl sulfoxide (DMSQ), and mixtures thereof.

More preferably the solvent is acetonitrile.
Preferably the reaction mixture is heated to a temperature range of from 40-80°C, more
preferably a temperature range of from 50-70°C, more preferably a temperature range

of from 62-68°C.

In an embodiment, the process of the second aspect of the present invention results in

~ paliperidone in free base form. The free base may be converted to a pharmaceutically

acceptable salt thereof.

in all aspects of .the present invention in which paliperidone is optionally converted to a
salt thereof, the salt is an acid addiﬁon salt formed by treatment with an appropriate
acid, such as a hydrohalic acid, for example hydrochloric or hydrobromic acid, sulfuric
acid, nitric acid, phosphoric acid, acetic acid, propanoic acid, hydroxyacetlc acid, 2-
hydroxypropanoic acud 2-oxopropanoic acid, ethanedioic acid, propanedxolc acid,
butanedioic acid, (Z)-2-butenedioic acid, (E)-2-butenedioic acid, 2-hydroxybutanedioic

acid, 2,3-dihydroxybutanedioic ecid, 2-hydroxy-1,2,3-pr0panetricarb0xylic acid,

methanesulfonic  acid,  ethanesulfonic  acid, benzenesuffonic  acid  4-
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methylbenzenesulfonic acid, cyclohexanesuliamic acid, 2-hydroxybenzoic acid or 4-

amino-2-hydroxybenzoic acid.

Preterably the pal‘iperidone prepared by the process according to the second aspect of

- the invention is converted to a salt, most preferably the HCI salt.

-According to a third aspect of the present invention there is provided paliperidone or a

pharmaceutically acceptable salt thereof prepared according to the - process of the

-second aspect of the invention.
10

Optionally, the paliperidone prepared according to the process of the sécond aspect of

‘the invention may be further purified.

The purification may corhprise:
(1) dissolving the paliperidone prepared according to the process of the second
aspect of the inven_tion in a chlorinated solvent;

(i) concentrating the solution: and

(1n) 1Isolating the paliperidone using a sui'fable solvent.
Preferabiy step (i) comprises heating the reaction mixture.
Preferably step (i) compri.se§ hea.ting, distillatidn and cooling.
Preferably step (i) comprises:ﬂltéring, washing and drying under vacuum.

Preferably the chiorinated solvent used in step (i) is selected from the group consisting

of methylene chloride, ethylene chioride, chloroform, or mixtures thereof.
More preferably the chlorinated solvent is methylene chioride.

Preferably the chlorinated solvent in stelp (i) is mixed with a second solvent.
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Preferably the second solvent is selected from the group consisting of methanol,
isopropyl alcohol, acetone, methyl isobutyl ketone, ethyl acetate, isopropyl acetate,
toluene and acetonitrile, or mixtures thereof. Most preferably the second solvent is

methanol.

Preferably the suitable solvent used in step (iii) is selected from the group consisting of
acetohe, methanol. ethyl acetate, isopropyl alcohol, methyl isobutyl ketone (MIBK),
acetonitrile, isopropy'l acetate, toluene or mixtures thereof. '

More preferably the suitable solvent used in step (iil) is methano).

Prefe_rably the second soivent used in step (i) is the same as the suitable solvent used

in step ().

15 - According to a fourth aspect of the present invention, there is provided substantially

20

25

30

pure paliperidone or a pharmaceutically acceptable salt thereof.

Preferably the substantially pure paliperidone or a pharmaceutically acceptablé salt
thereof has a keto impurity of 0.06% or less, preferably 0.05% or less, more preferably

0.04% or less, more preferably 0.03% or less, most preferably 0.02% or less.

Preferably the substantially pure paliperidone or a pharmaceuticaily acceptable salt

thereof has a keto impurity of 0.06% or less observed at 25°C after 12 months.

Preferably the substantially pure.paliperidone or a pharmaceutically acceptable sait
thereof has a total impurity level of 0.22% or less, more preferably 0.2% or less, more

preferably 0.18% or less.

Preferably the substantially pure paliperidone or a pharmaceutically acceptable salt

thereof has a total impurity level of 0.22% or less observed at 40°C after 6 months.

According to a fifth aspect of the present invention, there is provided a pharmaceutical

- composition comprising paliperidone or a pharmaceutically ‘acceptable salt thereof
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prepared as described above, together with one or more pharmaceutically acceptable
excipients. Such excipients will be well known to those skilied in the art. Further,
processes for formulating the pharmaceutical compositions will be well known to those
skilled in the art. | '

In an embodimeht, the paliperidone or salt thereof is present in the pharmaceutica)

composition in combination with another active pharmaceutical ingredient. Suitable

active pharmaceutical ingredients for combination with paliperidone would be known to

those of skill in the art.

According to a sixth aspect of the present invention, there is provided a pharmaceutical
composition comprising substantially pure paliperidone or a phafmaceutlcally’
acceptable salt thereof as described above in the fourth aspect, together with one or
more pharmaceutically acceptable excipienfs. Such excipients will be well known to
those skilled In the art. Further, processes for formulating the pharmaCeutical
compositions will be Wel| known to those skilled in the art_.'

In an embodiment, the substantially pure paliperidone or salt thereof is present in the
pharmaceutical composition in combination with another active pharmaceutical
ingredient. Suitable active pharmaceutical ingredients for combination with substantially

pure palipefidone would be known to those of skill in the art.

According to a seventh aspect of the present invention, there is -provided the use of
paliperidone or a sait thereof prepared according to any one of the p'rocesses
described above in medicine. According to an eighth aspect of the present invention,
there is provided the use of paliperidone or a salt thereof prepared according te any
one of the pr'oc'essest described above in the treatment of schizophrenia or bipolar
dfsorder. According to a ninth aspect of the present invention, there is provided a
method of treating schizophrenia or bipolar disorder comprising administering to a
patient in need thereof a therapeutically effective amount of paliperidone or a sait

thereof prepared according to any one of the processes described above.
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Detailed Description of the Invention

The present invention relates to an improved process for' the preparation of
substantially pure paliperidone or a pharmaceutically acceptable salt thereof, in which

the formation of keto impurity is inhibited.

The prior art processes involve .treatment of paliperidone with reducing agent after
completion of the reaction and formation of keto impurity. However, it has been found
that if an 1nh|b|t|ng agent is added at the begmnlng along with the reactants before the
formatlon of paliperidone, that is at the stage of condensation of the reactants the

formation of keto impurity Is inhibited.

An “inhibiting agent” for the purposes of this app\ication may be defined as a chemical
reagent that inhibits the for‘mation. of keto impurity in a process for the preparation of

paliperidone. Suitably, the inhibiting agent is a reducing agent or an antioxidant.

In a preferred embodiment the process for preparation of paliperidone involves the step
of condensing 3-(Z- chloroethyl) -9- hydroxy-2 -methyl-6,7,8 9-tetrahydro-4H pyrido-[1,2-

al-pyrimidin-4-one of formula (I1A)

OH
H,C \\’A
-t l '\\
Cl/\v\’g.‘/ X\)
| O

Fomula (IfA)

with 6-fluoro-3-(4-piperidinyl)-1 ,2-benzisoxazole hydrochloride of formula (1)

N NH
O \ O HCI

Formula (111)
F

in a suitable solvent and a base, in the presence of a catalyst.
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In an embodiment a catalytic amount of inhibiting ageht is added at the same time as

the reaction is initiated.

According to an aspect of the present invention, there is provided a process for the
preparation of paliperidone or a pharmaceutically acceptable salt thereof, wherein the

process comprises condensing a compound of formula (11)

Formula (1)

with-a compound of formula (it} or a salt thereof,

o ~N O‘é—

Formula (11T}

gy

preferably in a catalytic amount, wherein the inhibiting agent is added to the reaction

system before the compound of formula (Il) and compound of formula (1) have reacted

or as the reaction of the compound of formula (lI) and compound of formula (lll) is
initiated, and optionally converting the paliperidone to a salt thereof, wherein X is a
suitable leaving group, such as a halide selected from fluoride, chloride, bromide or

iodide. It is most preferred that X is chloride.

The compound of formula (lil) is preferably in salt form, such as the HCI salt or the HBr

salt.

'The process of the present invention prevents the oxidation of secondary alcohol and
formation of keto impurity. This is achieved by adding the inhibiting agent along with the

reactants before the formation of paliperidone, wherein it was observed that the

~formation of keto impurity was inhibited.
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Inhibition of the formation of keto impurity in accordance with the process for preparing
paliperidone of the present invention gives rise to numerous advantages. Such
advantages may include reducing reaction time, reducing the number of steps of the
process, improved industrial feésibility, increasing the yteld of ’paliberidone Increasing
the purity of palnpendone obtamed by the process and thereby avondmg the requirement

~for further punf\catlon avoiding the requirement for treatment woth activated carbon or

silica gel.

Smtable solvents that may be used for the reaction include methanol toluene, ethyl
acetate, acetonitrile, cyclohexane, d:methyi formamlde (DMF), dlmethylamme (DMA),
dimethyl sulfoxide (DMSO), and mixtures thereof, preferably acetonitrile.

The base may be selected from potassium carbonate, sodium carbonate, cesium

carbonate, potassium bicarbonate, sodium bicarbonate, sodium hydrOXIde potassium
hydroxide, and mixtures thereof preferably potassium carbonate.

The catalyst may be selected from potassium iodide, sodium iodide, lithium iodide. and

mixtures thereof, preferably potassium iodide.

The inhibiting agent may be selected from sodium borohydride, potassium borohydride,

sodium. triacetoxy - borohydride, hydrazine hydrate, aluminium isopropoxide, lithium

borohydride, diisobutylaluminium hydride, butylated hydroxytoluene, propylgallate,
butylhydroxy anisole, tertiary butyl hydro quinine, sodium hydride, sodium meta
bisulphite, sodium thio sulphate, preferably sodium borohydride or butylated
hydroxytoluene, m.ost preferably sodium borohydride.

~ The catalytic amount may be achieved by using, for example,- 0.01 to 0.2 moles of

sodium borchydride per 1 mole of compound of formula (11), preferably 0.06 moles of
sodium borohydride per 1 mole of compound of formula (ll)o'r by using, for example,
0.01 to 0.06 moles of butyiated hydroxytoluene per 1 mole of compound of formula (i),
preferably 0.011 moles of butylated hydroxytoluene per 1 mole of compound of formuia

(”)
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The reaction mixture rhay be heated to a ‘temperature range of from 40-80°C,
preferably a temperature range of from 50-70°C, more preferably a temperature range
of from 62-68°C.

The starting materials are known and can be prepared according to processes

described in the prior art.

The process desc'ribed above resuits in paliperidone in free basé form. The free base
may be converted to a pharmaceutically acceptable salt thereof. Where paliperidone is
converted to a salt thereof, the salt is an acid addition salt formed by treatmént with an
appropriate acid, such as a hydrohalic acid, for example hydrochloric or hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, acetic acid, propanoic acid,
hydroxyacetic acid, 2-hydroxypropanoic acid, 2-oxopropanoic acid, ethanedioic acld,
propanedioic acid, butanedioic acid, (Z)-Z-butehedioic acid, (E)-2-butenedioic acid, 2-
hydroxybutanediOic acid, 2,3-dihydroxybutanedioic écid, 2-hydroxy-1,2,3-
prop_anetricarboxylic acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid, 4—methylbenz’enesulfon‘ic acid, cyclohexanesulfamic acid, 2-hydroxybenzoic acid
or 4-amino-2-hydroxybenzoic acid. It is preferred that the paliperidone i1s converted to
the HCI salt. |

The product obtained may optionally be further purified, if required.
The paliperidone obtained by the pro,ceés of the pre_éent invention may be purified by

dissolving the paliperidone in a chlofinated solvent, such as methylene chloride,
ethylene chloride, chloroform, preferably methylene chloride, and heating the reaction

- mixture. The chlorinated solvent may be mixed with a second solvent, such as

methanol. The solution of palipefidone may then be concentrated by heating, distilling
and the then cooling the reaction mixture. The pure paliperidone is then isolated using
a suitable solvent, such as acetone, methanol, ethyl acetate, isopropyl alcohol, methyl
isobuty! ketone (MIBK), acetohitrile, isopropyl acetate, toluene, preferably methanol.
The isolation step comprises filtering the product, washing thé p'roduct in the suitable

solvent, and then drying under vacuum.
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Preferably the second solvent with which the chlorinated solvent is mixed is the same

as the suitable solvent used in the isolation step.

In another aspect of the present invention, there is provided substantially pure

~ paliperidone or a pharmaceutically acceptable salt thereof.

“Substantially pure paliperidone or a pharmaceutically acceptable salt thereof’ may be
defined as paliperidone or a pharmaceutically acceptable salt thereof having keto
impurity of 0.06% or less, preferably 0.05% or less, more preferably 0.04% or less,

more preferably 0.03% or less, most preferably 0.02% or less.

Preferably the substantially pure paliperidonebr a pharmaceutically acceptable salt

thereof has a keto impurity of 0.06% or less observed at 25°C after 12 months.

In a preferred ‘embodiment the substantially paliperidone or a pharmaceut'icaily'

acceptable salt thereof has a total impurity of 0.22% or less, more preferably 0.2% or

less, more preferably 0.18% or less.

Preferably the substantially pure paliperidone or a pharmaceutically acceptable salt

thereof has a total impurity level of 0.22% or less observed at 4Q°C after 6 months.

The substantially pure paliperidone or a pharmaceutically acceptable salt thereof may
be in crude form, or alternatively may be further purified. When in crude form, the
substantially pure paliperidone may have a keto impurity of 0.06% or less, preferably

0.05% or less, more preferably 0.04% or less, more preferably 0.03% or less, most

preferably 0.02% or less. However, in order to have a total impurity of 0.22% or less,

more preferably 0.2% or less, or more preferably 0.18% or less, further purification of
the crude form of the substantially pure paliperidone or a pharmaceutically acceptable

salt thereof may be required.

Paliperidone prepared in accordance with the present invention as described above

may be used in the preparation of a pharmaceutical composition comprising
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paliperidone or a pharmaceutically acceptable salt thereof, together with one or more
pharmaceutically acceptable excipients. Such excipients will be well known to those

skilled in the art. Further, processes for formulating the pharmaceutical compositions

will be well known to those skilled inthe art.

The paliperidone or salt thereof may be present in the pharmaceutical composition In
combination with another active pharmaceutical Ingredient. Suitable active.
pharmaceutical ingiedients_for combination with paliperidone would be known to those
of skill in the art. ‘

Paliperidone or a salt thereof preparéd a-ccqrding to any one of the processes
described above may be used in medicine. In particular, paliperidone or a salt thereof
prepared according to any one of the 'processés described above may be used in the
treatment of schizophrenia or bipolar dis'.order. Acéording to an aspect of the present
invention, there is provided a method "o'f treating schizophrenia or bipolar disorder
comprising administering to a patient in need thereof a therapeutically effective amount
of paliperidone or a salt thereof prepared ac¢ording to any one of the processes

described above.

The details of the invention are. given in the examples which are provided below for

illustration orﬂy and therefore these examples should not be construed to limit the

scope of the invention.

EXAMPLES :

Comparative Example 1:

The example 6 of WO 2010/004578 was repeated.

To a solution of 6-fluoro-3-(piperidin-4-yh)benzo[djisoxazole (10.0 grams) in methanol
(50 mi), 3-(2-chloroethyl)-9-hydroxy-¥2-methyl-6,7,8,9-tetrahydro-4H-pyrido 11,2-
alpyrimidin-4-one (11 grams) and diisopropyt e'th_yl amine (9 grams) were added. The

- reaction mixture heated to 65-70°C and stirred for 24 hours at the same temperature.
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The reaction mixture was cooled. Dichloromethane (100 mi) and sodium borohydride

(0.086 grams) were added to it and stirred for 60 minutes at the same temperature. The

-~ solvent was distilled off under reduced temperature. Methano) was added to the residue

and heated to reflux for 30 minutes. - The reaction mixture was cooled to 20 °C and
stirred for 1 hour. Filtered the solid and precipitated. Washed the solid with chilled
methanol and dried the compound.

The reducing agent, sodium borohydride, was added to the reaction mass after
formation of paliperidone but without isolation of"paliperidone, and the formation of keto
impurity was monitored at 5 hour intervals. |

It was observed that the keto impurity was 1.04% at the end of the reaction before
addition of reducing agent. After addition of reducing agent the keto impurity of the
reaction mass was reduced to 0.09%, and after isolation of crude paliperidone from the

reaction mass the paliperidone contained 0.07% of the keto impurity.

~ This process requires.fbrther stirring of 1 hour after addition of reducing agent and then

an additional one and half hours for purification and (solation.

The process of the present invention, on the other hand, avoids the additional steps of

(1) i1solation of paliperidone or keto impurity and (ii) further treatment with reducing

agent, since the inhibiting agent is added initially along with the reactants. Thus,

‘making the process industrially more feasible and also providing better yield.

(Comgarative Example 2:

The process for preparing paliperidone was carried out in accordance with below

Example 2, but without the aadition of an inhibiting agent and the formation of keto

‘impurity was monitored at $ hour intervals. It was observed that at the end of the

reaction the keto impunty was present in an amount of 1.06%.

Example 1: Preparation of Paliperidone
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The process was then carried out with the addition of a catalytic amount of inhibiting
agent along with the reactants in accordance with the present invention. The process
was carried out in accordance with below Example 2. The formation of keto impurity
was monitored at 5 hour intervals. The keto impurity was found to be 0.01% at the end

of the reaction.

All impurity measurements in Comparative Example 1, Corﬁparative Example 2 and

- Example 1 were measured by HPLC.

These results indicate that when an inhibiting agent is added Initially along with the
reactants before preparation of paliperidone, the formation of keto impurity is hindered
and thus impurity is limited to a much lower level than where the addition of the

inhibiting agent occurs after the formation of paliperidone.

The results of the above experiments are given in Table 1:

example 6 of

—

W02010004578, process of the present invention without addition of inhibiting agent &
the Qrocess of the present invention

Table 1: Pahendone Keto |mur|t levels monitored by following

T

. (—_ ] Process of | Process of the Example 6 of |
Hours the present | present invention | WQ02010004578 Remarks
| invention | without addition of | (Comparative | |
| | (Example 1) | inhibiting agent Example 1) | |
(%) (Comparative | (%)
! H | Example 2) | |
r f (0/0) ’ | u |
8" Hour _ o002 | o5 | _ o012 i ]
10™ ¢ Hour 0.03 . 0 67 0.16.
15" Hour ~0.03 #_Jr‘t 10.§2 L i, - 0.43 | o __::
20"Hour | 003 [ = 094 0.65 |
25" Hour 003 | 1.06 ’ ~1.04 -
26" Hour | - | - | 0.09 Added sodium |
| | | ) borohydride
) | and maintained
, | | | | for 1 hour (for |
comp. example
| | | | 1)
“Afterisolation | 001 | 05 _ 007 j ]
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Further, the vyield of the crude product obtained by following example 6 of the
WO02010004578 is 111% w/w while the yield obtained by the process of the present

invention is 150% w/w.

The above results indicate that the process of the present invention is lmproved over

the prior art and well suited for industrial scale up.

Example 2: Prégaration of Paliperidone .

300 ml of acetonitrile was chérged followed by 20.0 g of 3-(2-chioroethyl)-géhydroxy-z-
methyl-6,7,8,9-tetrahydro-4H-pyrido-[1,2-a]-pyrimidin-4-one and 21.0 g of 6-f|uoro;3-(4-
piperidihyl)~1,2-benzisoxazole' hydrochioride at room temperature. Thé reaction mass
was stirred at room temperature for 5 minutes and 20.0 g of potassium carbonate and
0.7 g of potassium iodide were charged. Further, 0.2 g of sodium borohydride was
charged and the temperature was raised to 65+2 C. The reaction mass was malntalned'
at 65+2°C for 25 hours. After reaction completlon the reaction mass was slowly cooled
to room temperature. The solids were filtered, washed with 50 ml of acetonitirle and
then diséo!ved in 800 ml of methylene chloride at room temperature. The contents were
heated to 30-35°C, maintained for 10 minutes. filtered and washed with 20 ml of
methylene chloride. The clear filtrate was distilled completely under vacuum below
35°C and replaced with 50 mi of acetone. Further, 300 ml of acetone was. charged,
heated to 45°C and stirred for 30 minutes. The reaction mass was cooled to room
temperature and stirred for 1 hour. The product was filtered, washed with 20 mli of
acetone and dried under vacuum at 50-55°C to. y|eld paliperidone (30 g, yield : 150%
w/w, eff&cnency 85.11%, keto impurity by HPLC 0. 01% total nmpunty level by HPLC:

1.0 %)

- Example 3; Preparation of Paliperidone

300 ml of acetonitrile was charged followed by 20.0 g of 3-(2-chloroethyl)-9-hydroxy-2~
methyl-6,7,8,9-tetrahydro-4H-pyrido-[1,2-a}-pyrimidin-4-one and 21.0 g of 6-fluoro-3-(4-

piperidinyl)-1,2-benzisoxazole hydrochloride at"room’temperature. The reaction mass
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was stirred for 5 minutes and 20.0 g of potassium carbonate and 0.7 g of potassium |
iodide were charged. Further, 0.2 g of bufylated hydroxytoluene was charged and the
température was raised to 65+2°C. The reaction mass was maintained at 65+2°C for
25 hours. After reaction completion, the reaction mass was slowly cooled to room
temperature. The solids were filtered, washed with 50 ml of acetonitirle and then
dissolved in 800 ml of methylene chloride at room temperature. The contents were
heated to 30-35°C, maintained for 10 minutes at 30-35°C, filtered and washed with 20
mi of methylene chioride. The clear filtrate was distiled completely under vacuum
below 35°C and'repl'aced with 50 ml of acetone. Further, 300 ml of acetone -was
charged, heated to 45°C and stirred for 30 minutes. The reaction mass was cooled to
room temperature and stirred for 1 hour. The ‘pr‘oduct was filtered, washed with 20 mi of

~acetone ana dried under vacuum at 50-55°C to yield paliperidone (27 g, yield : 135%

wiw, efficiency : 76.6%, keto impurity by HPLC : 0.03%, total impurity level by HPLC:
1.0 %)

Example 4: Purification of Paliperidone

30 9 of crude paliperidone was charged in a reaction flask along with 240 mi of
methyléne“ chloride and 360 ml of methanol at room temperéture. The reaction mixture
was heated to 35 to 40°C and stirred for 20 minutes. Methylene chloride was distilled
off completely by 55°C, the conients were cooled to room temperature and stirred for 1
hour. The obtained product was filtered and washed with methanol and dried under
vacuum io obtain 26 g of pure paliperidone. Total impurity level by HPLC: 0.17%.

Examgle 5 Preparation of salt of Paliperidone

125.0 ml methanol and 25.0 grams g of paliperidone were charged into round bdttom
flask. The pH of the reaction mixture was adjusted to 2.0 to 3.0 with IPA.HCI. The

reaction mixture was stirred, cooled, filtered and dried under vacuum to obtain

' paliperidone hydrochloride.:

Dry wt 25.0 grams
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Example 6: Stability of Paliperidone

Paliperidone was prepared as in above Example 2 in accordance with the present
invention. The stability of the paliperidone prepared in accordance with the present
invention was tested and the results obtained are set out in Table 2. The impurity levels

were measured by HPLC.

Table 2: )

Impuritydata _ [Batch1 [ Batch2 | Batch 3 |

Keto impurity | 25°C | 30°C [ 40°C | 25°C | 30°C [ 40°C | 25°C | 30°C [ 40°C

Time interval - 0.02 {0.02 {0.02 {0.03 [{0.03 [0.03 |0.04 [0.04 |0.04

Initial | 3 ~

Tmonth - --= 0.03 [0.03 0.03 |0.03

2months |-~ 10.03

3 months 0.02 1003 }0.03

6 months 0.06 |[0.04 {0.05 {0

12 months 004 |— |- ]005

Total impurities | 25°C | 30°C | 40°C | 25°C | 30°C | 40°C | 25°C | 30°C T40°C |

| Time interval — 0.17 ] 0.17 |0.17 [0.17 |0.17 |0.17 [0.20 [ 0.20 [ 0.20

Initial | o | |

imonth |- |019 | 020 |— (019 |020 |— (020 1021
R |- {0 2

"2 months N 018 1020 j—- 1020 10.20 | --- 0.21 | 0.21

3 months 0.15

6 months

12 months

The above data shows that paliperidone prepared in accordance with the present
invention remains substantially pure over time and elevated temperature and so is

highly advantageous in terms of shelf life.

It will be appreciated that the invention may be mcaodified within the scope of the

appended claims.
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CLAIMS
1. A process for the preparation of paliperidoné or a pharmaceutica.l)y acceptable

salt thereof, wherein the process comprises condensing a compound of formula (ll)

5 . - Formula (I{)

with a compou.nd of formula (I11) or a salt thereof,

Formula (II)

in a suitable solvent and a base, in the presence of a catalyst and an inhibiting agent,
10  wherein the inhibiting agent is added to the reaction system before the compound of
formula (ll) and compound of formula (lll) have reacted or as ‘the reaction of the

compound of formula (lI) and compound of formula (III) is initiated, and optionally

‘convertmg the paliperidone to a salt thereof, wherein X is a suitable leaving group.

15 2. - A process according to claim 1 wherein the compound of formula (1) is in the

form of a salt.

3. A process according to claim 2 wherein the salt of the compound of formuia (lii)
is the HCI salt or the HBr salt.

20 . _
4. A process according to claim 2 or claim 3 wherein the salt of the compound of

formula (111) is the HC) sait.

5. A process according to any one of the preceding claims wherein X is a halide

25 'seliected from fluoride, chloride, bromide or lodide.
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6. A process according to any one of the preceding claims wherein X is chloride.
7. A.process according to any one of the preceding claims wherein the inhibiting

agent is present in a catalytic amount.

8. A pfocess according to any one of the preceding claims wherein the inhibiting

agent is present in an amount of 0.01 to 0.2 moles per 1 mole of compound of formula

-

9. A process according to any one of the preceding claims wherein the inhibiting

agent is present in an amount of 0.01 to 0.1 moles per 1 mole of compound of formula

().

10. A probess abcording to any one of the preceding claims wherein the inhibiting

'agent is selected from the group consisting of sodium borohydride, potassium

borohydride, sodium triacetoxy borohydride, hydrazine hydrate, aluminium

| isopropoXide, lithium  borohydride, diisobutylaluminium  hydride,  butylated
hydroxytoluene, propylgallate, butylhydroxy anisole, tertiary buty! hydro quinine, sodium
hydride, sodium meta bisulphite, sodium thio sulphate, and mixtures thereof.

11. A process according to any one of the preceding claims wherein the inhibiting

agent is selected from sodium borohydride or butylated hydroxytoluene.

12. A process according to any one of claims 1 to 11 wherein the inhibiting agent

comprises sodium borohydride in an amount of 0.01 to 0.2 moles per 1 mole of

'cdmpound of formula (l1).

13. A process according to any one of the preceding claims wherein the inhibiting
agent compriées sodium borohydride in an amount of 0.06 moles per 1 mole of

compound of formula (11).
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14. A process according to any one of claims 1 to 11 wherein the inhibiting agent -
comprises butylated hydroxytoluene in an amount of 0.01 to 0.06 moles of per 1 mole

of compound of formula (11).

15. A process according to any one of claims 1 to 11 or 14 wherein the inhibiting
agent compﬁses butylated hydroxytoluene in an amount of 0.011 moles per 1 mole of -

compound of formula (i)

16. A process according to any one of the preceding claims wherein the Catalyst £
selected from the group consisting of potassium iodide, sodium iodide, lithium iodide,

and mixtures thereof.

17. A prbcess according to any one of the preceding claims wherein the catalyst Is

potassium iodide.

18. A process according to any one of the preceding claims wherein the base is
selected from.the'groLIp..consisting of potassium carbonate, sodium carbonate, cesium
carbonate, potassium bicarbonate, sodium bicarbonate, sodium hydroxide, .potassium

hydroxide, and mixtures thereof.

19. A process according to any one of the preceding claims wherein the base is

potassium carbonate.

20. A process accaording to any one of the preceding claims wherein the solvent is
selected from the group c_onsistihg of methanol, toluene, ethy! acetate, acetonitrile,

cyclohexane, dimethyl formamide (DMF), dimethylamine (DMA), dimethy sulfoxide

(DMSQ), and mixtures thereof.

~ 21. A process according to any one of the preceding claims wherein the solvent is

acetonitrile.

22. A process acbording to any one of the preceding claims wherein the reaction

mixture is heated to a temperature range of from 40-80°C.
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23. A process according to any one of the preceding claims wherein the reaction

mixture is heated to a temperature range of from 50-7Q0°C.

24. A process according to any one of the preceding claims wherein the reaction

mixture is heated to a temperature range of from 62-68°C.

25. A process according to any one of the preceding claims wherein the process

results in paliperidone. in free base form.

™ *
*
e ’

26. A process accordi'n‘g to claim 25 wherein the free base is converted to a

pharmaceutically acceptable salt thereof.

27. A process according to claim 26 wherein the salt is an acid addition salt formed

by treatment with a hydrohalic acid.

28. A process according to claim 26 wherein the salt is an acid addition salt formed
by treatment with an acid selected from the group consisting of hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, acetic acid, propanoic acid,
hydroxyacetic acid, 2-hydroxypropanoic acid, 2-oxopropanoic -acid, ethanediolc acid,
propanedioic acid, butanedioic acid, (Z)-2-butenedioic acid, (E)-2-butenedioic acid, 2-
hydroxybutanedioic acid, 2,3-dihydro$<ybutanédidic acid, 2-hydroxy-1,2,3-
propanetricarboxylic acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic
acid. 4-methylbenzenesulfonic acid, cyclohexanesulfamic acid, 2-hydroxybenzoic acid

or 4-amino-2-hydroxybenzoic acid.

29. A process according to claim 26 wherein the salt is the HCl salt.

- 30. A process according to any one of claims 1 to 25 comprising further purification.

' 31. A process acco:rding to claim 30 wherein the purification comprises:

(i) dissolving the paliperidone prepared according to any one of claims 1 to ' 25 Ina -
chlorinated solvent;
(i) concentrating the solution; and

(iii) isolating the paliperidone using a suitable solvent.
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32. A process according to claim 31 wherein step (i) comprises heating the reaction

mixture.

33. A process according to claim 31 or claim 32 wherein step (ii) comprises heating,

distillation and cooling.

34. A process according to any one of claims 31 to 33 wherein step (iii)) comprises

filtering, washing and drying under vacuum.

- 35. A process according to any one of claims 31 to 34 wherein the chlorinated

solvent used in step‘ (i) is selected from the group consisting of methylene chioride,

ethylene chloride, chloroform, or mixtures thereof.

36. A process according to any one of claims 31 to 35 wherein the chiorinated

solvent is methylene chloride.

37. A process according to any one of claims 31 to 36 wherein the chlorinated

solvent In step (1) is mixed with a second solvent.

38. A process according to claim 37 wherein the secondo'solvent Is selected from the

group consisting of methanol, isopropyl alcohol, acetone, methyl isobutyl ketone, ethyl

‘acetate, isopropyl acetate, toluene and acetonitﬁ(e, or mixtures thereof. Most preferably

the second solvent is methanol.

~ 39. A process according to any one of claims 31 'to 38 wherein the suitable solvent

used (n step (lii) s selected from the group consisting of acetone, methanol, ethyl
acetate, isopropyl alcohol, methyl isobutyl ketone (MIBK), ‘acetonitrile, isopropy!

‘acetate, toluene or mixtures thereof.

40. A process' according to any one of claims 31 to 39 wherein the suitable solvent

used in step ‘(iii) Is methanol.
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41. A process according to claim 37 or claim 38 wherein the second solvent used in

Step (1) Is the same as the suitable solvent used in step (iii).

42. A process according to any preceding claim, wherein the paliperidone or
pharmaceutically acceptable sait thereof has keto impurity of 0.06% or less.

43. A process according to claim 42, wherein the paliperidone or pharmaceutically -

acceptable salt thereof has a keto impurity of 0.05% or less.

44. A process according to claim 43, wherein the paliperidone or pharmaceutically
acceptable salt thereof has a keto impdrity of 0.04% or less.

45. A process according to clanm 44, wherein the palupendone or pharmaceuttcally
acceptable salt thereof has a keto impurity of 0. 03% or less.

46. A process according to claim 45, wherein the paliperidone or pharmaceutically
acceptable salt thereof has a keto impurity of 0.02% or less.

47. A process according to any one of claims 1 to 41, wherein the paliperidone or
pharmaceutically acceptable salt thereof has a keto impurity of 0.06% or less observed
at 25°C after 12 months.

48. A p'roces's according to any preceding claim, wherein the paliperidone or
pharmaceutically acceptable salt thereof has a total impurity level of 0.22% or less.

49. A process according to claim 48, wherein the paliperidone or pharmace‘utically
acceptable salt thereof has a total impurity level of 0.2% or Jess. . ’

50. A process according to claim 49, wherein the paliperidone or pharmaceutically

acceptable salt thereof has a total impurity level of 0.18% or less.

51. A process according to any one of claims 1 to 40, wherein the paliperidone or
pharmace.utically acceptable salt thereof has a total impurity level of 0.22% or less
observed at 40°C after 6 months. -
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52. Paliperidone or a pharmaceutically acceptable salt thereof prepared according to

any one of the preceding claims.

- 583, ‘Suobstantiaﬂy pure paliperidone or a pharmaceutically acceptable sait thereof.

54.  Substantially pure paliperidone or a pharmaceutically acceptable salt thereof
according to ctaim 53 having keto impurity of 0.06% or Jess.

55. Subs_tantiélly pure paliperidone 'Qr a pharmaceutically acceptable salt thereof
according to claim 53 or claim 54 having keto impurity of 0.05% or less.

56. Substahfiaﬂy.pure paliperidone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 55 having keto impurity of 0.04% or less.

S57. Substantially pure 'pa\iperido.ne or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 56 having keto impurity of 0.03% or less.

58. Substantially pure paliperidone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 57 having keto impurity of 0.02% or less.

99.  Substantially pure paliperidone or a pharmaceutically acceptable salt thereof
according to claim 53 having a keto impurity of 0.06% or less observed at 25°C after 12

months.

60. Substantially pure ipalipe‘ridone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 59 having a total impurity level of 0.22% or less.

61.  Substantially pure paliperidone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 60 having a total impurity level of 0.2% or less.

. 62. Substantially pure paliperidone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 61 having a total impurity level of 0.18% or less.
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63. Substantially pure paliperidone or a pharmaceutically acceptable salt thereof

according to any one of claims 53 to 59 having a total impurity level of 0.22% or less

observed at 40°C after 6 months.

64. A pharmaceutical composition comprising paliperidone or a pharmaceutically
acceptable salt thereof prepared according to any one of claims 1 to 51, together with

one or more pharmaceutically acceptable excipients.

65. A pharméceutical composition according to claim 64 wherein the paliperidone or

salt thereof is present in the pharmaceutical composition in combination with another -

- active pharmaceutical ingredient.

66. A pharmaceutical composition comprising substantially pure paliperidone or a
pharmaceutically acceptable salt thereof according to any of claims 53 to 63, together

with one or more pharmaceutically acceptable excipients.

67. A pharmaceutical composition according to claim 66 wherein the substantially
pure paliperidone or salt thereof is present in the pharmaceutical composition in

combination with another active pharmaceutical ingredient.

68. A process for preparing paliperidone or salt thereof substantially as herein
described with particular reference to Examples 1 to 6.
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