wO 2009/089076 A2 |10 00 OO0 O

(19) World Intellectual Property Organization Vd”Ij

) IO O T O OO O

International Bureau

(43) International Publication Date
16 July 2009 (16.07.2009)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2009/089076 A2

(51)

21

(22)
(25)
(26)

(30)

(1)

(1)

(72)
(75)

International Patent Classification:
CO7D 471/04 (2006.01) GOIN 30/86 (2006.01)

International Application Number:
PCT/US2009/000205

International Filing Date: 12 January 2009 (12.01.2009)

Filing Language: English
Publication Language: English
Priority Data:

61/020,222 10 January 2008 (10.01.2008) US
61/037,586 18 March 2008 (18.03.2008) US
61/055,690 23 May 2008 (23.05.2008) US
61/085,503 1 August 2008 (01.08.2008) US
61/091,808 26 August 2008 (26.08.2008) US

Applicant (for all designated States except BB, US):
TEVA PHARMACEUTICAL INDUSTRIES LTD.
[IL/IL]; 5 Basel Street, P.O. Box 3190, 49131 Petah Tigva
(IL).

Applicant (for BB only): TEVA PHARMACEUTICALS
USA, INC. [US/US]; 1090 Horsham Road, P.O. Box 1090,
North Wales, PA 19454-1090 (US).

Inventors; and

Inventors/Applicants (for US ornly): INI, Santiago
[IL/AL]; 51 Ruth Street, 34404 Haifa (IL.). SHMUELY,
Yaron [IL/IL]; 7 Baruch Boran Road, 38303 Hedera
(IL). PORTER-KLEKS, Osnat [IL/IL]; Zichron Yaakov

(74)

(81)

(34)

35, Petach-Tikva (IL). CHEN, Kobi [IL/IL]; 55 Moshe
Dayan Street, Kfar-Saba (IL). LANCRY, Eli [TL/L]; 34
Haneviim Street, Modiin (IL.). SINGER, Claude [11./IL];
8/8 David Elazar, 44358 Kfar Saba (IL).

Agents: WONG, King, L. et al.; Kenyon & Kenyon LLP,
One Broadway, New York, NY 10004-1050 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MK,
MT, NL, NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BE, BJ,
CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN,
TD, TG).

Published:

without international search report and to be republished
upon receipt of that report

(54) Title: PROCESSES FOR THE PREPARATION AND PURIFICATION OF PALIPERIDONE PALMITATE

(57) Abstract: The present invention encompasses processes for the preparation and purification of paliperidone palmitate.



10

15

20

25

30

WO 2009/089076 PCT/US2009/000205

PROCESSES FOR THE PREPARATION AND PURIFICATION OF
PALIPERIDONE PALMITATE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Application Nos.
61/020,222, filed January 10, 2008; 61/037,586, filed March 18, 2008; 61/055,690, filed
May 23, 2008; 61/085,503, filed August 1, 2008; and 61/091,808, filed August 26, 2008,

the disclosures of which are hereby incorporated by reference.

FIELD OF INVENTION

The present invention encompasses processes for the preparation and purification

of paliperidone palmitate.

BACKGROUND OF THE INVENTION
Paliperidone, 3-[2-[4-(6-fluorobenzo[d]isoxazol-3-yl)-1-piperidyl]ethyl]-7-

hydroxy-4-methyl-1,5-diazabicyclo[4.4.0]deca-3,5-dien-2-one, is a 5-HT antagonist
belonging to the chemical class of benzisoxazole derivatives and is a racemic mixture

having the following structural formula:

OH

Paliperidone

Paliperidone (“PLP”) is a metabolite of risperidone. Marketed under the trade
name Invega®, paliperidone is an anti-psychotropic agent approved in the United States for
the treatment of schizophrenia.

Processes for the synthesis of paliperidone are purportedly described in U.S. Patent
No. 5,158,952 (“US ’952”’) and PCT Publication No. WO 96/23784 (“WO *784”). US
’952 and WO ’784 also describe a process for the synthesis of (3-(2-chloroethyl)-2-
methyl-9-benzyloxy-4H-pyrido[1,2-a]- pyrimidine-4-one), a precursor of paliperidone and

are hereby incorporated by reference.
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The palmitate salt of paliperidone can be chemically named as 3-[2-[4-(6-fluoro-
1,2-benzoisoxazol-3-yl)-1-pipenidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one palmitate ester and has the following formula:

@)
0" “(CH2)14CH3

Paliperidone Palmitate

Paliperidone palmitate (“PLP-P”) is described in U.S. Patent Nos. 5,158,952 and
5,254,556 (“US ’556”). US ’556 purportedly discloses processes for the preparation of
both the decanoyl and the acetyl derivatives of paliperidone palmitate.

Other processes for the preparation of PLP-P are purportedly described in U.S.
Patent No. 6,077,843 (“US ’843”) and PCT Publication No. WO 99/25354 (“WO ’354”).

Like any synthetic compound, paliperidone palmitate can contain extraneous
compounds or impurities. These impurities may include unreacted starting materials, by-
products of the reaction, products of side reactions, and/or degradation products.

Impurities in paliperidone palmitate or any active pharmaceutical ingredient
(“APTI”) are undesirable and, in extreme cases, might even be harmful to a patient being
treated with a dosage form of the API.

Identifying impurities of an API produced in a manufacturing process is crucial
for commercialization. The U.S. Food and Drug Administration (“FDA”) requires that the
impurtties which arise from the production process be maintained within set limits. For
example, in its ICH Q7A guidance for API manufacturers, the FDA specifies the quality
of raw materials that may be used and acceptable process conditions, such as temperature,
pressure, time, and stoichiometric ratios. The FDA also sets conditions for purification
steps, such as crystallization, distillation, and liquid-liquid extraction. See ICH Good
Manufacturing Practice Guide for Active Pharmaceutical Ingredients, Q7A, Current Step 4
Version (November 10, 2000).

The product of a chemical reaction is rarely a single compound free of impurities

which complies with pharmaceutical standards. Side products and by-products of the
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reaction and adjunct reagents used in the reaction will, in most cases, also be present in the
product. At certain stages during processing of an API, such as paliperidone palmitate, the
API must be analyzed for purity, preferably, by using high performance liquid
chromatography (“HPLC”) or thin-layer chromatography (“TLC”) to determine if the
product is suitable for continued processing and, ultimately, for use in a pharmaceutical
product. The FDA requires that an API is as free as possible of impurities, so that the
product is as safe as possible for clinical use. For example, the FDA recommends that the
amounts of some impurities be limited to less than 0.1 percent. See ICH Good
Manufacturing Practice Guide for Active Pharmaceutical Ingredients, Q7A, Current Step 4
Version (November 10, 2000).

The pure API may give rise to thermal behavior different from that of the non-pure
API. Thermal behavior originating from melting points, change in weight in relation to
change in temperature and phase transition can be measured in the laboratory by such
techniques as capillary melting point, thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC). As a result, thermal behavior of a product can be used to
distinguish the pure API from non-pure APIL

Generally, side products, by-products, and adjunct reagents (collectively
“impurities”) are identified spectroscopically, or in combination with another physical
method. The identity of the impurity can be associated with a peak position in a
chromatogram, or a spot on a TLC plate (Strobel, p. 953, Strobel, H.A.; Heineman, W.R.,
Chemical Instrumentation: A Systematic Approach, 3rd ed. (Wiley & Sons: New York
1989)). Thereafter, the impurity can be identified, e.g., by its relative position in the
chromatogram, where the position in a chromatogram is conventionally measured in
minutes between injection of the sample on the column and elution of the particular
component through the detector. The relative position in the chromatogram is known as
the “retention time.” The retention time varies daily or even over the course of a day
based upon the condition of the instrumentation, as well as many other factors. To
mitigate the effects such variations have upon accurate identification of an impurity,
practitioners use the “relative retention time” (“RRT”) to identify impurities (Strobel, p.
922). The RRT of an impurity is its retention time divided by the retention time of a
reference marker. In theory, paliperidone palmitate itself could be used as the reference
marker, but as a practical matter it is present in such a large proportion in the mixture that
it can saturate the column, leading to irreproducible retention times as the maximum of the

peak can wander (Strobel, Fig. 24.8(b), p. 8§79) illustrating an asymmetric peak observed
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when a column is overloaded. Thus, it may be advantageous to select a compound other
than the API to add to the mixture in a sufficiently large amount to be detectable and a
sufficiently low amount as not to saturate the column, and to use that compound as the
reference marker.

Those skilled in the art of drug manufacturing research and development
understand that a compound in a relatively pure state can be used as a “reference
standard.” A reference standard is similar to a reference marker, which is used for
qualitative analysis only, but is used to quantify the amount of the compound of the
reference standard in an unknown mixture, as well. - A reference standard is an “external
standard,” when a solution of a known concentration of the reference standard and an
unknown mixture are analyzed using the same technique (Strobel, p. 924; Snyder, p. 549,
Snyder, L.R.; Kirkland, J.J. Introduction to Modern Liquid Chromatography, 2nd ed.
(John Wiley & Sons: New York 1979)). The amount of the compound in the mixture can
be determined by comparing the magnitudes of the detector responses. See also U.S.
Patent No. 6,333,198, incorporated herein by reference.

The reference standard can also be used to quantify the amount of another
compound in the mixture if a “response factor,” which compensates for differences in the
sensitivity of the detector to the two compounds, has been predetermined (Strobel, p. 894).
For this purpose, the reference standard is added directly to the mixture and is known as an
“internal standard” (Strobel, p. 925; Snyder, p. 552).

The reference standard can even be used as an internal standard when, without the
addition of the reference standard, an unknown mixture contains a detectable amount of
the reference standard compound using a technique known as “standard addition”. Ina
“standard addition,” at least two samples are prepared by adding known and differing
amounts of the internal standard (Strobel, pp. 391-393; Snyder, pp. 571, 572). The
proportion of the detector response due to the reference standard present in the mixture
without the addition can be determined by plotting the detector response against the
amount of the reference standard added to each of the samples, and extrapolating the plot
to zero (See, e.g., Strobel, Fig. 11.4, p. 392).

There 1s a need in the art for processes for preparing paliperidone palmitate and
processes for preparing purified paliperidone palmitate. There is also a need for methods
of determining the amount of impurity in paliperidone palmitate comprising performing
HPLC analysis with paliperidone myristate or paliperidone stearate as a reference marker

and a reference standard.
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Further, there is a need in the art for additional processes for the purification of

paliperidone palmitate via a simple recovery process.

SUMMARY OF THE INVENTION

In one embodiment, the invention encompasses 3-[2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one, sodium salt (“paliperidone alkoxide”) represented by the

following formula:

PLP-alkoxide

In another embodiment, the invention encompasses a process for preparing
paliperidone alkoxide comprising the steps of: a) combining paliperidone with at least one
organic solvent to obtain a suspension; b) adding at least one base to the suspension to
obtain a reaction mixture; and c¢) maintaining the mixture for a length of time sufficient to
obtain paliperidone alkoxide.

In another embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising: combining paliperidone alkoxide and palmitoyl
chloride to obtain a reaction mixture; and maintaining the mixture for a length of time
sufficient to obtain paliperidone palmitate.

In another embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising combining paliperidone, at least one organic solvent,
and at least one base to obtain a reaction mixture, adding palmitoyl chloride to the reaction
mixture; and maintaining the mixture for a length of time sufficient to obtain paliperidone
palmitate.

In another embodiment, the present invention encompasses paliperidone palmitate
containing less than about 0.2% by HPLC of any other ester with a fatty acid.

In another embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising combining paliperidone, symmetric or asymmetric

palmitic anhydride, a pyridine derivative, and an organic solvent to obtain a suspension
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and maintaining the suspension for a length of time sufficient to obtain paliperidone
palmitate.

In another embodiment, the invention encompasses a process for preparing
paliperidone palmitate comprising: combining paliperidone, palmitic acid, 4-
dimethylamino pyridine (“DMAP”) and an organic solvent to obtain a reaction mixture,
adding an acid chloride selected from the group consisting of acetyl chloride, pivaloyl
chloride, benzoyl chloride and thionyl chloride to the reaction mixture and maintaining the
mixture for a length of time sufficient to obtain paliperidone palmitate.

In another embodiment, the present invention encompasses a process for purifying
palmitic acid comprising dissolving palmitic acid in a solvent selected from the group
consisting of saturated or unsaturated, linear or branched, cyclic or acyclic Cs to Cg
hydrocarbons, C; to Cs ketones, Cg to C;, aromatic hydrocarbons, C; to Cg alkyl acetates
and acetonitrile to obtain a suspension, maintaining the suspension for a length of time
sufficient to obtain crystalline palmitic acid.

In one embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising the steps of: combining paliperidone, palmitic acid,
N,N'-dicyclohexylcarbodiimide (“DCC”), 4-dimethylamino pyridine and N,N-
dimethylformamide to obtain a suspension and maintaining the suspension for a length of
time sufficient to obtain paliperidone palmitate.

In another embodiment, the present invention encompasses paliperidone palmitate,’
substantially free of palmitic acid

In another embodiment, the present invention encompasses a process for preparing
paliperidone palmitate substantially free of palmitic acid comprising precipitating
paliperidone palmitate from a mixture of paliperidone palmitate and a solvent selected
from the group consisting of: C; to Cs alcohols, Cs to C;; cyclic or acyclic hydrocarbons,
Cs to Cy; aromatic hydrocarbons, C, to Cs alkyl acetates, C4 to Cy cyclic or acyclic ethers,
acetonitrile, C, to C, diols, dimethyl carbonate, diethyl carbonate, C; to Cg ketones and C;
to Cs amides. Preferably, the obtained paliperidone palmitate is substantially free of
palmitic acid.

In another embodiment, the present invention encompasses pure paliperidone
palmitate containing less than about 0.2% of any other ester with a fatty acid as
determined by percentage area HPLC, and may be substantially free of palmitic acid.

In another embodiment, the present invention encompasses a process for preparing

pure paliperidone palmitate comprising the steps of: a) combining paliperidone, symmetric
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or asymmetric palmitic anhydride, a pyridine derivative, and an organic solvent to obtain a
suspension; b) maintaining the suspension for a length of time sufficient to obtain
paliperidone palmitate and c) precipitating the obtained paliperidone palmitate from a
mixture of paliperidone palmitate and a solvent selected from the group consisting of: C,
to Cs alcohols, Cs to Cy; cyclic or acyclic hydrocarbons, Cg to C,; aromatic hydrocarbons,
C; to Cg alkyl acetates, C4 to Cjo cyclic or acyclic ethers, acetonitrile, C, to C,4 diols,
dimethyl carbonate, diethyl carbonate, C3 to Cs ketones and Cs to Cg amides to obtain pure
paliperidone palmitate. Preferably, the pure paliperidone palmitate contains less than about
0.2% by HPLC of any other ester with a fatty'acid and is substantially free of palmitic
acid.

The present invention further encompasses 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-
yl)-1-piperidyl]ethyl]}-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-
4-one tetradecanoate ester (“paliperidone myristate) and 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester (“paliperidone stearate’), and processes
for their preparation thereof and their use as reference markers and reference standards to
analyze the purity of paliperidone palmitate.

In another embodiment, the invention encompasses analytical methods for

determining the impurity profile of paliperidone palmitate.

BRIEF DESCRIPTION OF FIGURES
Figure 1 illustrates the "H NMR spectrum of paliperidone alkoxide in the low ppm

region.

Figure 2 illustrates the '"H NMR spectrum of paliperidone alkoxide in the high ppm
region.

Figure 3 illustrates the FAB-mass spectrum of paliperidone alkoxide.

Figure 4 illustartes the 'H NMR spectrum of paliperidone myristate.

Figure 5 illustartes the '*C NMR spectrum of paliperidone myristate.

Figure 6 illustartes the "H NMR spectrum of paliperidone stearate.

Figure 7 illustartes the >°C NMR spectrum of paliperidone stearate.
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DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “room temperature” refers to a temperature of about 15°C
to about 35°C. Preferably, the room temperature may be at a temperature of about 20°C to
about 25°C.

As used herein, the term “overnight” refers to about 10 hours to about 14 hours.
Preferably, overnight refers to about 12 hours.

As used herein, the term "any other ester with a fatty acid” refers to any ester of an
aliphatic monocarboxilic acid, other than palmitic acid, with C, to C,g carbon atoms.

As used herein, the term "paliperidone palmitate substantially free of palmitic acid"
refers to paliperidone palmitate having less than about 0.1% by HPLC of palmitic acid.

The present invention encompasses pure paliperidone palmitate and processes for
the purification of paliperidone palmitate. These processes do not require chromatographic
separation, as described in US *952 or US *556 for the preparation of its derivatives, they
undergo a simple recovery process and therefore are more suitable for use on an industrial
scale.

The present invention encompasses paliperidone alkoxide and a process for its
preparation. Paliperidone alkoxide is an intermediate in the process for preparing
paliperidone palmitate. The alkoxide intermediate can be isolated prior to preparing
paliperidone palmitate. Not to be limited by theory, it is believed that isolating the.
alkoxide intermediate from the reaction avoids the formation of undesired by-products,
such as dimers obtained in an intermolecular reaction of paliperidone. Alternatively, since
dimers do not form under basic conditions, the paliperidone palmitate can be prepared via
a one-pot process without isolating the alkoxide intermediate. This enables one to avoid
operations relating to the alkoxide separation.

Embodiments for the process of preparing paliperidone alkoxide and process for
preparing paliperidone palmitate using paliperidone alkoxide as the intermediate can be

summarized in the following scheme:
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9
OH ONa
o
S NaH/DMF
F
PLP PLP-alkoxide
o
(CH2)14CH3
\'(\(/\ (CH2)14CH3 T/\(/\
DMF
PLP-alkoxide PLP-P F

In one embodiment, the present invention encompasses paliperidone alkoxide of

the following formula:

PLP-alkoxide

Paliperidone alkoxide can be characterized by 'H NMR, it is observed by the
absence of hydrogen corresponding to an alcohol at 5.66 ppm as depicted in Figures 1 and
2; and by FAB-MS showing a peak at m/e 425 [M-Na] as depicted in Figure 3.

The invention encompasses a process for preparing paliperidone alkoxide
comprising the steps of: a) combining paliperidone with at least one organic solvent to
obtain a suspension; b) adding at least one base to the suspension to obtain a reaction
mixture; and ¢) maintaining the mixture for a length of time sufficient to obtain
paliperidone alkoxide.

Preferably, the length of time sufficient to obtain paliperidone alkoxide is about 2
to about 48 hours. More preferably, the length of time sufficient to obtain paliperidone
alkoxide is about 15 hours to about 20 hours.

Paliperidone can be prepared according to any method known in the art, for

example, according to US '952.
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Preferably, the process for preparing paliperidone alkoxide may be performed
under nitrogen atmosphere.

Preferably, after combining paliperidone and the organic solvent, the suspension
may be maintained for about 10 minutes to 20 minutes at about room temperature. The
base may then be added to the suspension slowly and a reaction mixture is obtained. The
reaction mixture may be maintained for about 2 hours to about 48 hours. Preferably, the
reaction mixture may be maintained for about 15 hours to about 20 hours. More
preferably, it may be maintained for about 18 hours.

Preferably, the organic solvent may be selected from the group consisting of
acetonitrile, dichloromethane, dimethyl sulfoxide (“DMSQO”), dimethylamine (“DMA”),
Cs.¢ amides, C; ketones, Cg.12 aromatic hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.
Preferred C;.¢ amides are dimethylacetamide and dimethylformamide. Preferred Cs.6
ketones are acetone, methyl ethyl ketone (“MEK”) and methyl iso-butyl ketone (“MIBK™).
Preferred Cs.12 aromatic hydrocarbons are benzene, toluene, o-xylene, p-xylene and m-
xylene. Preferred C,.¢ alkyl acetates are ethyl acetate and isobutyl acetate. Preferably, the
C,.g ethers are Cy.g ethers. Preferred Cy.g ethers are tetrahydrofuran (“THF”),
diethoxymethane (“DEM”), isobutyl methyl ether, dibutyl ether, and polyethylene glycol
methyl ether (“PGME”). Preferably, the organic solvent used may be acetonitrile,
dichloromethane, toluene, DMF, DMA or DMSO. More preferably, the organic solvent
may be dichloromethane, toluene, DMF, DMA or DMSO. Most preferably, the organic
solvent may be DMF.

The base may be selected from the group consisting of alkali metal hydroxide,
metal alkoxides (e.g., alkoxides of sodium, lithium or potassium) and sodium hydride
(“NaH”). Preferably, the base may be sodium hydroxide, NaH or sodium tert-butoxide,
and most preferably, it may be NaH. The base may also serve as a sodium source to afford
a paliperidome alkoxide salt that may be isolated from the reaction.

Paliperidone and the base are present in the reaction mixture at a molar ratio that
will provide the formation of paliperidone alkoxide. A person skilled in the art will know
to optimize the components ratios according to the base which is used. For example, when
using NaH as the base, the paliperidone and the base are present in the reaction mixture at
a molar ratio of about 1:0.9 to about 1:2 of paliperidone to base. Preferably, at a molar
ratio of about 1:1 to about 1:1.2, more preferably, they are present in the reaction mixture

at a molar ratio of about 1:1 of paliperidone to base.
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Optionally, a phase transfer catalyst (“PTC’’) may be added to the paliperidone and
the organic solvent. Preferably, the PTC may be selected from the group consisting of
tetra alkyl ammonium halide, tetra aryl ammonium halide, tetra (alkyl)m(aryl)s.m
ammonium halide, wherein m is between 1 and 3, tetra alkyl ammonium hydroxide, tetra
aryl ammonium hydroxide and tetra (alkyl)(aryl) ammonium hydroxide, wherein the alkyl
can be the same or different in tetra alkyl ammonium halide/hydroxide and tetra
(alkyl)(aryl) ammonium halide/hydroxide, and the aryl can be the same or different in tetra
aryl ammonium halide/hydroxide and tetra (alkyl)(aryl) ammonium halide/hydroxide.
Preferably, the alkyl may be C;. alkyl. Preferably, the aryl may be Cq.19 aryl. Preferably,
the halide may be chloride, bromide or iodide. Preferably, the PTC may be tetra butyl
ammonium hydroxide or tricaprylmethylammonium chloride. More preferably, the PTC
may be tricaprylmethylammonium chloride.

Preferably, about 0.02 to about 1 molar equivalents of the PTC to paliperidone may
added to the reaction mixture, more preferably, about 0.03 to about 0.5 molar equivalents
of the PTC to paliperidone may be added. Most preferably, about 0.04 to 0.10 molar
equivalents of the PTC to paliperidone may be added to the reaction mixture. Preferably,
about 0.05 to 0.08 molar equivalents of the PTC may be added to the reaction mixture.
More preferably, about 0.06 molar equivalents of the PTC may be added to the reaction
mixture.

Paliperidone alkoxide may be recovered from the reaction mixture by any
conventional method known in the art, for example, by filtering under reduced pressure.

In another embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising: combining paliperidone alkoxide and palmitoyl
chloride to obtain a reaction mixture; and maintaining the mixture for a length of time
sufficient to obtain paliperidone palmitate. The paliperidone alkoxide which is introduced
into the mixture may be dissolved in an organic solvent. Optionally, the palmitoyl chloride
may be dissolved in an organic solvent. The organic solvent in this process can be the
same as those of the process previously described for preparing paliperidone alkoxide.

The reaction mixture may be maintained for about 30 minutes to about 30 hours.
Preferably, it is maintained for about 1 hour to about 24 hours, and more preferably, it is
maintained for about 2 to about 10 hours.

Paliperidone alkoxide and palmitoyl chloride can be present in the reaction mixture
at a molar ratio of about 1:1 to about 2:1. Preferably, they are present in the reaction

mixture at a molar ratio of about 1.5:1.
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Paliperidone palmitate can be recovered from the reaction mixture by any
conventional method known in the art, for example, by filtering.

Alternatively, paliperidone palmitate may be prepared by a one-pot process
comprising the steps of: a) combining paliperidone, at least one organic solvent, and at
least one base to obtain a reaction mixture; b) adding palmitoyl chloride to the reaction
mixture; and ¢) maintaining the mixture for a length of time sufficient to obtain
paliperidone palmitate. In this process, the paliperidone alkoxide is not isolated.

Preferably, the length of time sufficient to obtain paliperidone palmitate is about 2
to about 10 hours. More preferably, the length of time sufficient to obtain paliperidone
palmitate is about 2 to about 5 hours.

Optionally, paimitoyl chloride may be dissolved in an organic solvent to form a
solution. The solution of palmitoyl chloride is then added to the reaction mixture of
paliperidone, the organic solvent and the base at room temperature over a period of about
10 minutes to about 1 hour. The amount of the palmitoyl chloride present in the reaction
mixture may be the same as the amount described for preparing paliperidone palmitate
using the alkoxide intermediate.

The base and the organic solvent in steps (a) and (b) may be the same as those of
the process previously described for preparing paliperidone alkoxide. Except when the
base is sodium hydroxide, the amount of the base present in the reaction mixture may be
about 5 to 15 molar equivalents of the sodium hydroxide to paliperidone, preferably, about
7 to 12 molar equivalents of the sodium hydroxide to paliperidone, more preferably, about
10 molar equivalents of the sodium hydroxide to paliperidone may be added to the
reaction mixture.

Optionally, a phase transfer catalyst may be added to the paliperidone, the organic
solvent and the base. The PTC may be the same as those of the process previously
described for preparing paliperidone alkoxide.

Optionally, when the base is sodium hydride, the reaction mixture may be cooled
to a temperature of about -5°C to about 10°C prior to adding the solution of palmitoyl
chloride. More preferably, it may be cooled to a temperature of about 0°C.

Optionally, the process further comprises a recovery step after the reaction mixture
is maintained for about 30 minutes to about 30 hours. Preferably, it is maintained for
about 1 hour to about 24 hours, and more preferably, it is maintained for about 2 to about

10 hours.
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The recovery step may comprise adding water and the organic solvent to the
reaction mixture to form a two-phase system. After the two phases are separated, water
may be added to the organic phase and adjusted to pH 2 with an acid, such as hydrochloric
acid. Paliperidone palmitate is isolated from the organic phase using any method known
in the art, for example, by evaporating the organic phase to dryness, spray drying or
lyophilization.

In one specific embodiment, sodium hydride méy be added to a cooled mixture of
paliperidone and DMF. Preferably, the reaction mixture may be cooled to a temperature of
about -5°C to about 10°C. More preferably, it may be cooled to a temperature of about
0°C. Palmitoyl chloride may be then added to the cooled reaction mixture to obtain
paliperidone palmitate. Preferably, the reaction mixture may be maintained for about 5
hours. Optionally, the paliperidone palmitate may be recovered or isolated using a
conventional method known in the art.

The present invention encompasses paliperidone palmitate containing less than
about 0.2% by HPLC of any other ester with a fatty acid.

The purity of the obtained paliperidone palmitate may be measured using HPLC.
HPLC analysis of paliperidone palmitate may be preferably performed using a Zorbax®
SB-Phenyl (150 x 4.6mm, 5, Part No.:883975-912) column having an ultraviolet detector
set at 238 nm. According to the maker, Agilent Technologies (Santa Clara, CA, USA), a
Zorbax® SB-Phenyl column is made by chemically bonding a sterically-protected
phenethyl stationary phase to a specially prepared, ultra-highly-purified Zorbax® porous-
silica microsphere with a pore size of 80 A and a particle size of S um. The sample to be
analyzed may be first dissolved in 10 mL diluent (70% water to pH 2.0 with TFA: 30%
acetonitrile), sonicated, further dissolved in 2mL THF, sonicated, further dissolved in 2
mL acetonitrile, sonicated and further diluted to volume with dituent. The gradient may be
prepared from a mixture of (99.5% aqueous TFA, pH 2.0 : 0.5% acetonitrile) : acetonitrile
(70:30, v/v) followed by a mixture of (99.5% aqueous TFA, pH 2.0 : 0.5% acetonitrile) :
acetonitrile (30:70, v/v) over 40 minutes.

The present invention also encompasses a process for preparing paliperidone
palmitate comprising the steps of: a) combining paliperidone, symmetric or asymmetric
palmitic anhydride, a pyridine derivative, and an organic solvent to obtain a suspension;

and b) maintaining the suspension for a length of time sufficient to obtain paliperidone
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palmitate. The obtained paliperidone palmitate preferably contains less than about 0.2%
of any other ester with a fatty acid as determined by percentage area HPLC.

Preferably, the length of time sufficient to obtain paliperidone palmitate is about 1
to about 48 hours. More preferably, the length of time is about 3 to about 24 hours

Preferably, the pyridine derivative may be a dialkylamino pyridine. More
preferably, the pyridine derivative may be DMAP. Preferably, about 0.1 to 3 molar
equivalents of the pyridine to paliperidone may be added to the suspension. Preferably,
about 0.1 to 2 molar equivalents of the pyridine to paliperidone may be added to the
suspension. More preferably, about 0.25 molar to 2 equivalents of the pyridine to
paliperidone may be added.

The organic solvent used in this process can be the same as those of the process
previously described for preparing paliperidone alkoxide.

Paliperidone palmitate may be recovered from the reaction mixture by any
conventional method known in the art, for example, by filtering the mixture under reduced
pressure, washing the product with the solvent and drying the product under vacuum.

As used herein, the term “symmetric palmitic anhydride” refers to an acid
anhydride having the following formula: (RCO)O(OCR), wherein the R may be
CH3(CH)4.

As used herein, the term “asymmetric palmitic anhydride” refers to an acid
anhydride having the following formula: (R;CO)O(OCR;) or (R;CO)O(O,SR3), wherein
the R; may be CH3(CH3), and R, and R3 may be the alkyl group of an acyl halide or
sulfonic acid chloride. Preferably, R, may be CH3(CH;),, wherein n=0-28, or Ph(CH3)m,
wherein m=1-5. Preferably, R; may be (CH,),CH3, (CH),Ph or Ph (CH,),CH3, wherein
m=0-5.

Preferably, the acyl halide is benzoyl chloride or pivaloyl chloride. Preferably, the
sulfonic acid chloride is methane sulphonyl chloride.

The palmitic anhydride can be either purchased (e.g. from Sigma-Aldrich) or
prepared in situ during the process of paliperidone palmitate preparation.

For example, the commercially available symmetric palmitic anhydride can be

used for the preparation of paliperidone palmitate as is exemplified in the following
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scheme:
0
OH O'JK(CHz)uCH:
O,/N | 0) DMAP @,’N
N% PJ‘O + O%HCH:)",CH;) jJ:/\N PLO
(0] 2 (o]
PLP Palmitic anhydride PLPP

After 'obtaining the suspension in step (a) of the process, the suspension may be
heated to about 50°C to 80°C and maintained for about 2 hours to about 4 hours.
Preferably, the suspension may be heated to about 70°C and maintained for about 2 hours.
The suspension may then be cooled to room temperature and further maintained for about
1 hour to about 36 hours. Preferably, the suspension is maintained for about 1 hour to
about 30 hours, more preferably, it is maintained for about 2 hours to about 24 hours to
obtain paliperidone palmitate. Preferably, the suspension may be further maintained for
about 5 hours to about 18 hours. More preferably, it may be further maintained for about
5 hours. Methyl tert-butyl ether may be added to the mixture prior to the cooling.

Preferably, the molar ratio of paliperidone to symmetric palmitic anhydride present
in the suspension may be at about 1:0.5 to about 1: 3, preferably, the molar ratio of
paliperidone to symmetric palmitic anhydride present may be at about 1:0.8 to 1:2.
Preferably, the molar ratio of paliperidone to palmitic anhydride present in the suspension
may be at about 1:0.9 to about 1:1.2. More preferably, the molar ratio of paliperidone to
palmitic anhydride present in the suspension may be at about 1:1.

In one specific embodiment, the invention encompasses a process for preparing
paliperidone palmitate comprising: combining paliperidone, symmetric palmitic
anhydride, DMAP, and an organic solvent to obtain a suspension; and maintaining the
suspension for a length of time sufficient to obtain paliperidone palmitate. Preferably, the
length of time sufficient to obtain paliperidone palmitate is about 5 to about 24, more
preferably, the length of time is about S to about 18 hours.

Optionally, the asymmetric palmitic anhydride may be prepared in situ according

to the Yamagucht esterification which is exemplified in the following scheme:
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0 0 O

0 ~I =_¢

O

(@]
(CHZ)MCHB

)l\(CH2)14CH3

_NQL/OH VL D‘b
WL D—b
(I. Dhimitruka, J. Santa Lucia, Org. Lett., 2006, 8, 47-50, hereby incorporated by
reference).

Optionally, the palmitic anhydride can be prepared in situ by reacting palmitic acid
with acyl halides selected from the group consisting of R{COX and R,SOX, wherein R is
CH3(CHa), or Ph(CH;)m; Rz is O(CH;),CH3 or Ph(CH,),,CH3; and X is a halide.
Preferably, R is CH3(CH,),, wherein n=0-28, or Ph(CH;),,wherein m=1-5; and R, is
O(CH3)mCH3, (CH,)mPh or Ph(CH,)mCH; wherein m=0-5. Preferably, the acyl halides are
selected from the group consisting of: acetyl chloride, pivaloyl chloride, benzoyl chloride
and thionyl chloride.

Preferably, the palmitic acid and the acid chloride are present in the reaction at a
molar ratio of about 0.5:1 to about 1:1.5. Preferably, the molar ratio of palmitic acid to
acid chloride may be at about 0.6:1 to about 0.9:1.2. More preferably, the molar ratio of
palmitic acid to acid chloride present in the reaction may be at about 1:1.

Optionally, triethylamine may be added to the reaction mixture.

Preferably, after obtaining the reaction mixture in step (a), the mixture may be
maintained for about 10 minutes to 20 minutes at room temperature. The acid chloride
may be then added to the reaction mixture in a drop-wise fashion and the mixture may be
maintained for about 5 hours to about 48 hours to obtain paliperidone palmitate.
Preferably, the mixture may be maintained for about 3 hours to about 24 hours.

In one specific embodiment, the invention encompasses a process for preparing
paliperidone palmitate comprising: a) combining paliperidone, palmitic acid, DMAP and
an organic solvent to obtain a reaction mixture; b) adding an acid chloride selected from
the group consisting of acetyl chloride, pivaloyl chloride, benzoyl chloride and thionyl
chloride to the reaction mixture, and ¢) maintaining the mixture for a length of time

sufficient to obtain paliperidone palmitate. In this process, the palmitic anhydride is
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prepared in situ. Preferably, the length of time sufficient to obtain paliperidone palmitate is
about 2 to about 48 hours. . Preferably, the mixture may be maintained for about 2 hours
to about 24 hours.

Palmitic acid can often be contaminated with other fatty acids. Optionally, the
palmitic acid may be purified first before adding it to the reaction mixture. Preferably, the
palmitic acid after the purification process contains less than about 0.2% of any other fatty
acids, e.g., palmitic acid free of any other fatty acids, as determined by percentage area
HPLC and consequently, the obtained paliperidone palmitate contains less than about
0.2% of any other ester with a fatty acid as determined by percentage area HPLC.

The present invention further encompasses a process for purifying palmitic acid
comprising the steps of: a) dissolving palmitic acid in a solvent selected from the group
consisting of: saturated or unsaturated, linear or branched, cyclic or acyclic Cs to Cg
hydrocarbons, Cs to Cg ketones, Cq to Cy2 aromatic hydrocarbons, C, to C¢ alkyl acetates
and acetonitrile to obtain a suspension; and b) maintaining the suspension for a length of
time sufficient to obtain crystalline palmitic acid.

Preferably, the length of time sufficient to obtain crystalline palmitic acid may be
about 2 hours to about 48 hours.

Preferred saturated or unsaturated, linear or branched, cyclic or acyclic Cs to Cg
hydrocarbons are cyclohexane, hexane, octane and heptane. Preferred C;.¢ ketones are
acetone, methyl ethyl ketone and methyl iso-butyl ketone. Preferred Cs.;, aromatic
hydrocarbons are benzene, toluene, o-xylene, p-xylene and m-xylene. Preferred C,.¢ alkyl
acetates are ethyl acetate and isobutyl acetate. Preferably the solvent is cyclohexane,
toluene, hexane, octane or heptane. More preferably, the solvent is heptane.

Preferably, a solution of palmitic acid and the solvent may be combined at the
reflux temperature of the solvent to complete dissolution, and further cooled to facilitate
crystallization. Preferably, the suspension may be cooled to a temperature of about 20°C
to 24°C. More preferably, the suspension may be cooled to a temperature of about 22°C.
The suspension is then preferably maintained for about 1 hr.

The palmitic acid may be further re-crystallized, as described above in order to
remove substantially all other impurities.

Preferably, about 5 to 10 molar equivalents of the solvent to paliperidone may be
added to the suspension containing palmitic acid. Preferably, about 7 to 9 molar

equivalents of the solvent to paliperidone may be added to the suspension. More
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preferably, about 8.5 molar equivalents of the solvent to paliperidone may be added to the
suspension.

In a most preferred embodiment, the present invention encompasses a process for
preparing paliperidone palmitate comprising the steps of: crystallizing palmitic acid from
heptane; combining the crystalline palmitic acid thus obtained with paliperidone, DMAP,
an organic solvent and an acid chloride selected from the group consisting of: acetyl
chloride, pivaloyl chloride, benzoyl chloride and thionyl chloride to obtain a reaction
mixture; and maintaining the mixture for a length of time sufficient to obtain paliperidone
palmitate. The obtained paliperidone palmitate preferably contains less than about 0.2% of
any other ester with a fatty acid as determined by percentage area HPLC.

Preferably, the length of time sufficient to obtain paliperidone palmitate is about 2
to about 48 hours.

The present invention further encompasses a process for preparing paliperidone
palmitate in the presence of DCC and a catalytic amount of DMAP. This process can be

summarized in the following scheme:

o
OH O"’JK(CH,)“CH,
N% No + Ho )\CHQuCH, —— \(\(/\N No
o] 0
PLP palmitic acid PLR-P

In one embodiment, the present invention encompasses a process for preparing
paliperidone palmitate comprising the steps of: combining paliperidone, palmitic acid,
N,N'-dicyclohexylcarbodiimide, 4-dimethylamino pyridine and N,N-dimethylformamide
to obtain a suspension and maintaining the suspension for a length of time sufficient to
obtain paliperidone palmitate.

Preferably, the length of time sufficient to obtain paliperidone pafmitate is about 2
hours to about 24 hours.

Preferably, the molar ratio of the paliperidone to DCC present in the suspension
may be at about 1: 0.9 to about 1: 2. Preferably, they are present in the suspension at a
molar ratio of about 1: 1 to about 1:1.2. More preferably, the molar ratio of paliperidone

to DCC may be at about 1:1
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Preferably, about 0.1 to 0.5 molar equivalents of the DMARP to paliperidone may
be added to the suspension. Preferably, about 0.1 to 0.3 molar equivalents of the DMAP
to paliperidone may be added to the suspension. More preferably, about 0.2 molar
equivalents of the DMAP to paliperidone may be added.

Paliperidone palmitate can be recovered from the suspension by any conventional
method known in the art, for example, by filtering the obtained product, washing the
product with the solvent and drying the product under vacuum.

The present invention further encompasses paliperidone palmitate, substantially
free of palmitic acid and processes for preparing paliperidone palmitate, substantially free
of palmitic acid. The paliperidone palmitate substantially free of palmitic acid can be
characterized by a DSC thermogram showing an endothermic peak at about 117-118°C.

The purity of the obtained paliperidone palmitate (from any other ester with a fatty
acid and/or from palmitic acid) may be measured using HPLC. HPLC analysis of
paliperidone palmitate may be preferably performed using a Zorbax® SB-Phenyl (250 x
4.6mm, 5p, Part No.:880975-912) column having a Corona®"™ CAD® Detector.
According to the maker, Agilent Technologies (Santa Clara, CA, USA), a Zorbax® SB-
Phenyl column is made by chemically bonding a sterically-protected phenethyl stationary
phase to a specially prepared, ultra-highly-purified Zorbax® porous-silica microsphere
with a pore size of 80 A and a particle size of 5 pm. The sample to be analyzed may be
first dissolved in 4mL THF. The column is eluted with isocratic mixture of aqueous TFA,
pH 2.0 and acetonitrile (50:50, v/v) followed by a gradient elution with acetonitriole.

The present invention encompasses a process for preparing paliperidone palmitate
substantially free of palmitic acid comprising precipitating paliperidone palmitate from a
mixture of paliperidone palmitate and a solvent selected from the group consisting of: C;
to Cs alcohols, Cs to C; cyclic or acyclic hydrocarbons, Cg to C;; aromatic hydrocarbons,
C, to Cs alkyl acetates, C4 to Cyg cyclic or acyclic ethers, acetonitrile, C; to C4 diols,
dimethyl carbonate, diethyl carbonate, C3 to Cg ketones and C; to Cg amides. Preferably,
the obtained paliperidone palmitate is substantially free of palmitic acid.

Preferably the C, to Cs alcohols are methanol, ethanol, n-propanol, isopropyl
alcohol, n-butanol, and n-pentanol. Preferably, the Cs to Cy; cyclic or acyclic
hydrocarbons are cyclohexane, hexane, octane and heptane. Preferably, the Cg to Cy,
aromatic hydrocarbons are benzene, toluene, o-xylene, p-xylene and m-xylene. Preferably,

the C,.¢ alkyl acetates are ethyl acetate and isobutyl acetate. Preferably, the C, to Cyo
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cyclic or acyclic ethers are diethyl ether, methyl tert-butyl ether (“MTBE”), and THF.
Preferably, the C, to C,4 diols are ethylene glycol and diethylene glycol (“DEG”).
Preferably, the C;.¢ ketones are acetone, methyl ethyl ketone and methyl iso-butyl ketone.
Preferably, the C;¢ amides are dimethylacetamide and dimethylformamide. Preferably the
solvent may be toluene, methyl tert-butyl ether or ethanol.

Preferably, a mixture of paliperidone palmitate and the solvent may be combined at
the reflux temperature of the solvent to complete dissolution, and further cooled to
facilitate crystallization. Preferably, the suspension may be cooled to room temperature.

In a specific embodiment, the present invention encompasses a process for
preparing paliperidone palmitate substantially free of palmitic acid comprising slurrying
paliperidone palmitate in MTBE. Preferably, a suspension of paliperidone palmitate in
MTBE may be maintained overnight at room temperature.

Yet in another specific embodiment, the present invention encompasses a process
for preparing paliperidone palmitate substantially free of palmitic acid comprising
crystallizing paliperidone palmitate from ethanol. Preferably, a suspension of the
paliperidone palmitate and the ethanol may be obtained at the reflux temperature of the
solvent, and cooled to facilitate crystallization.

Preferably, the suspension may be cooled to a temperature of about 20°C to 24°C.
More preferably, the suspension may be cooled to a temperature of about 22°C. The
suspension may be then preferably maintained for about 1 hr.

Preferably, in the processes for preparing paliperidone palmitate substantially free
of palmitic acid, the amount of the solvent may be present at about 10 ml to 30 ml per
gram of paliperidone palmitate. More preferably, the amount of the solvent may be
present at about 15 ml to 25 ml per gram of paliperidone palmitate.

Preferably, in the processes for preparing paliperidone palmitate substantially free
of palmitic acid, paliperidone palmitate may be recovered from the suspension or mixture
by any conventional method known in the art, for example, by filtering and drying.

The present invention further encompasses pure paliperidone palmitate containing
less than about 0.2% of any other ester with a fatty acid as determined by percentage area
HPLC, and may be substantially free of palmitic acid.

The present invention also encompasses a process for preparing pure paliperidone
palmitate comprising the steps of: a) combining paliperidone, symmetric or asymmetric

palmitic anhydride, a pyridine derivative, and an organic solvent to obtain a suspension; b)
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maintaining the suspension for a length of time sufficient to obtain paliperidone palmitate
and c) precipitating the obtained paliperidone palmitate from a mixture of paliperidone
palmitate and a solvent selected from the group consisting of: C, to Cs alcohols, Cs to Cy;
cyclic or acyclic hydrocarbons, Cs to C,, aromatic hydrocarbons, C; to C¢ alkyl acetates,
C4 to Cy cyclic or acyclic ethers, acetonitrile, C; to C4 diols, dimethyl carbonate, diethyl
carbonate, C; to Cg ketones and C; to Cg amides. Preferably, the precipitated paliperidone
palmitate contains less than about 0.2% by HPLC of any other ester with a fatty acid and
1s substantially free of palmitic acid.

The present invention further encompasses 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-
yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-
4-one tetradecanoate ester (“paliperidone myristate”) represented by the following

formula:

OCO(CH,)12CH3
N

Paliperidone myristate

and 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]}-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester (“paliperidone

stearate”) represented by the following formula:

OCO(CH)15CH3
N

Paliperidone stearate

The present invention further encompasses isolated paliperidone myristate

characterized by "H NMR as depicted in figure 4 and by °C NMR as depicted in figure S.
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The present invemtion further encompasses isolated paliperidone stearate
characterized by "H NMR as depicted in figure 6 and by BC NMR as depicted in figure 7.

The present invention encompasses a process for preparing paliperidone myristate
(or stearate) comprising: combining paliperidone, symmetric or asymmetric myristic (or
stearic) anhydride, a pyridine derivative, and an organic solvent to obtain a reaction
mixture; and maintaining the mixture for a length of time sufficient to obtain paliperidone
myristate (or stearate).

Preferably, the length of time sufficient to obtain paliperidone myristate (or
stearate) is about 3 hours to about 24 hours.

As used herein, the term “symmetric myristic (or stearic) anhydride™ refers to an
acid anhydride having the following formula: (RCO)O(OCR), wherein the R may be
CH3(CHz)i2 [or CH3(CHz)16))-

As used herein, the term “asymmetric myristic (or stearic) anhydride” refers to an
acid anhydride having the following formula: (R;CO)O(OCR;) or (R;CO)O(0;SR3),
wherein the R; may be CH3(CH,);2 (or CH3(CH);6) and R, may be the alkyl group of an
acyl halide or sulfonic acid chloride and wherein when the “asymmetric myristic (or
stearic) anhydride” is an acid anhydride having the formula of (R;CO)O(OCR3), R; and R;
are not the same.

Preferably, the myristic (or stearic) anhydride may be prepared in situ using
myristic (or stearic) acid and an acyl chloride as detailed above for the preparation of
asymmetric palmitic anhydride.

The reaction conditions and ratios in the process for preparing paliperidone
myristate (or stearate) can be the same as those of the process previously described for the
preparation of paliperidone palmitate using palmitic anhydride.

As used herein, the term “reference standard” refers to a compound that may be
used both for quantitative and qualitative analysis of an active pharmaceutical ingredient.
For example, the HPLC retention time of the reference standard compound allows a
relative retention time with respect to the active pharmaceutical ingredient to be
determined, thus making qualitative analyéis possible. Furthermore, the concentration of
the compound in solution before injection into an HPLC column allows the areas under
the HPLC peaks to be compared, thus making quantitative analysis possible.

A “reference marker” is used in qualitative analysis to identify components of a
mixture based upon their position, €.g., in a chromatogram or on a Thin Layer

Chromatography (TLC) plate (Strobel, pp. 921, 922, 953). For this purpose, the
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compound does not necessarily have to be added to the mixture if it is present in the
mixture. A “reference marker” is used only for qualitative analysis, while a reference
standard may be used for quantitative or qualitative analysis, or both. Hence, a reference
marker is a subset of a reference standard, and is included within the definition of a
reference standard.

The paliperidone myristate and paliperidone stearate of the present invention are
useful as a reference markers for paliperidone palmitate. As such, they may be used in
order to detect the paliperidone myristate and/or paliperidone stearate impurity in a
paliperidone palmitate sample. The present invention also encompasses a method for
detecting the paliperidone myristate and/or paliperidone stearate impurity in a paliperidone
palmitate sample comprising: a) providing a reference sample containing paliperidone
palmitate and paliperidone myristate or paliperidone stearate; b) performing HPLC
analysis on the reference sample to determine the relative retention time of paliperidone
palmitate compared to paliperidone myristate or paliperidone stearate; c) performing
HPLC analysis on the paliperidone palmitate sample to determine the relative retention
time of paliperidone palmitate compared to paliperidone myristate or paliperidone
stearate; and d) comparing the relative retention times determined in steps b) and c);
wherein, if the relative retention times determined in steps b) and c) are the same, then
paliperidone myristate or paliperidone stearate are identified as being the same as the
reference marker. '

The paliperidone myristate or paliperidone stearate of the present invention can
also be used as reference standards for paliperidone palmitate. Paliperidone myristate or
paliperidone stearate may be used to quantify impurities in a paliperidone palmitate
sample. A sample of paliperidone palmitate may be spiked with a known amount of
paliperidone myristate or paliperidone stearate and analyzed by HPLC to identify peaks
associated with the impurities. Impurity levels in paliperidone palmitate can be
determined by comparing the area percent of the impurities by HPLC with the area percent
of the paliperidone myristate or paliperidone stearate injected in a known amount within
linearity ranges. A control sample without added paliperidone myristate or paliperidone
stearate can be run to determine the area percent of the paliperidone myristate or
paliperidone stearate peak associated with the added amount of paliperidone myristate or
paliperidone stearate. Alternatively, at least two samples can be prepared by adding
known and differing amounts of paliperidone myristate or paliperidone stearate to the

samples. The proportion of the HPLC peak due to the paliperidone palmitate present in the
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mixture without the addition of paliperidone myristate or paliperidone stearate can be
determined by plotting the HPLC peak area against the amount of paliperidone myristate
or paliperidone stearate added to each of the samples, and extrapolating the plot to zero.

The present invention further encompasses a method of determining the amount of
the paliperidone myristate or paliperidone stearate impurity in a paliperidone palmitate
sample comprising: a) measuring by HPLC the area under a peak corresponding to
paliperidone myristate or paliperidone stearate in a reference standard comprising a known
amount of paliperidone myristate or paliperidone stearate; b) measuring by HPLC the area
under a peak corresponding to paliperidone myristate or paliperidone stearate in-a
paliperidone palmitate sample containing paliperidone myristate or paliperidone stearate;
and c) determining the amount of paliperidone myristate or paliperidone stearate in the
paliperidone palmitate sample by comparing the area of step a) to the area of step b).

The present invention encompasses an HPLC method for the determination of the
impurity profile of paliperidone palmitate.

Having thus described the invention with reference to particular preferred
embodiments and illustrative examples, those in the art can appreciate modifications to the
invention as described and illustrated that do not depart from the spirit and scope of the
invention as disclosed in the specification. The examples are set forth to aid in
understanding the invention but are not intended to, and should not be construed to, limit
its scope in any way. Absent statement to the contrary, any combination of the specific
embodiments described above are consistent with and encompassed by the present
invention.

EXAMPLES

Example 1 — Preparation of Paliperidone Palmitate using Dichloromethane and Tetra-
Butyl Ammonium Hydroxide

A 250 ml three-neck flask with a magnetic stirrer and dropping funnel was charged
with 5 g of paliperidone (11.7 mmol, 1 eq), 105 ml dichloromethane, 2 ml of tetra butyl
ammonium hydroxide (7 mmol, 0.6 eq), and 10 ml (115 mmol, 10 eq) of a solution of
sodium hydroxide (22%). A solution of palmitoyl chloride (3.9 ml, 13 mmol, 1 eq, in 10
ml dichloromethane) was added over 10 minutes and stirred at room temperature. After 5
hours, 50 ml of water and 50 ml of methanol were added and the resulting phases were

separated. After phase separation, water was added to the organic phase and adjusted to
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pH 2 with HCI. The organic phase was evaporated to dryness resulting in the crude

paliperidone palmitate

Example 2 - Preparation of Paliperidone Palmitate using Toluene with
tricaprylmethylammonium chloride

A 250 ml three neck flask with a magnetic stirrer and dropping funnel was charged
with 5 g of paliperidone (11.7 mmol, 1 eq), 50 ml toluene and 0.25 ml (0.546 mmol, 0.05
eq) of tricaprylmethylammonium chloride followed by 10 ml (115 mmol, 10 eq) of a
solution of sodium hydroxide (22%). A solution of palmitoyl chloride (3.9 ml, .13 mmol, 1
eq, in 10 ml toluene) was added over 1 hour and stirred at room temperature for an
additional hour. After 5 hours, 50 ml of water and 50 m! of methanol were added and the
resulting phases were separated. After phase separation, water was added to the organic
phase and adjusted to pH 2 with HCI. The organic phase was evaporated to dryness

resulting in the crude paliperidone palmitate.

Example 3 - Preparation of Paliperidone Palmitate using NaH

A 100 ml three neck flask equipped with a magnetic stirrer was charged with 75 ml
of N,N-dimethylformamide and sodium hydride 60% (0.47 g, 11.7 mmol, 1 eq). The
suspension was stirred at 22 + 2°C for 10 minutes; and S g of paliperidone (11.7 mmol, 1
eq) were added in portions to obtain a dark clear solution. After 1 hour stirring, 3.94 ml of
palmitoyl chloride (12.9 mmol, 1.1 eq) were added drop-wise to obtain a slurry and further
stirred at the same temperature for 2 hours. The reaction mixture was put into 150 ml
water and the obtained heavy precipitate, was stirred for 30 minutes, filtered under
reduced pressure, rinsed with water and dried at 55°C under reduced pressure for

overnight.

Example 4- Preparation of Paliperidone Palmitate using NaH and at Low Temperature

A 100 ml reactor equipped with a mechanical stirrer was charged with 75 ml of
N,N-dimethylformamide and 5 g paliperidone (11.7 mmol, 1 eq) under nitrogen. The
mixture was cooled to 0°C and 0.58 g (14.5 mmol, 1.2 eq) of sodium hydride (60%) was
added slowly. The suspension was stirred at 0°C and 4 ml (13 mmol, 1 eq) of palmitoyl
chloride were added drop-wise and the mixture was kept at the same temperature for an
additional 5 hours. The reaction mixture was put into 75 ml water and the obtained heavy

precipitate, was stirred at room temperature, filtered and washed with water (2 x 20 ml).
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The solid was dried at 50°C under reduced pressure for overnight resulting in 6.9 g of a

solid. Yield: 53.1 by wt.

Example S - Preparation of Paliperidone Palmitate using Sodium tert-butoxide

A 100 ml 3-neck flask equipped with a magnetic stirrer was charged with 75 ml of
toluene, 5 g of paliperidone (11.7 mmol, 1 eq) and 1.24 g (12.9 mmol, 1 eq) of sodium
tert-butoxide, and the suspension stirred at 22 + 2°C. After 15 minutes, 3.94 ml (13 mmol,
1 eq) of palmitoyl chloride were added drop-wise slowly and the resulting mixture was

stirred at the same temperature for 24 hours.

Example 6 - Preparation of Paliperidone Palmitate by Isolation of Paliperidone
Alkoxide

a) Preparation of Paliperidone Alkoxide

A 50 ml flask equipped with a magnetic stirrer was charged under nitrogen
atmosphere with paliperidone (2 g, 4.69 mmol, 1 eq) and N,N-dimethylformamide (30
ml), and the suspension was stirred at room temperature for 10 minutes. Sodium hydride
(0.18 g, 4.69 mmol, 1 eq) was added slowly, the reaction mixture was further stirred for 18
hours, filtered under reduced pressure and nitrogen atmosphere to obtain paliperidone

alkoxide as a yellow solid.

b) Preparation of Paliperidone Palmitate from Paliperidone Alkoxide

To a mixture of 1.85 g of paliperidone alkoxide (obtained according to example
6a) in 30 ml DMF was added 1.85 ml of palmitoyl chloride and stirred for 2 hours at room
temperature. The resulting solid was filtrated to give paliperidone palmitate. Yield: 10%
by HPLC.

Example 7 - Purification of Paliperidone Palmitate by Slurrying

A 50 ml flask equipped with a magnetic stirrer was charged with 20 ml of MTBE
and 1 g of paliperidone palmitate and stirred at room temperature for overnight. The
mixture was filtrated and dried in a vacuum oven at 50°C resulting in paliperidone

palmitate free of palmitic acid.

Example 8 - Crystallization of Paliperidone Palmitate
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A 100 ml flask equipped with a magnetic stirrer was charged with 90 ml of IPA
and 6 g of paliperidone palmitate. The mixture was heated to reflux till dissolution, and
cooled to room temperature. The resulting solid was filtrated, washed with 6 ml IPA and
dried in a vacuum oven at 50 C resulting in 4.67 g of paliperidone palmitate. Yield:

77.8% by wt.

Example 9 - Preparation of Paliperidone Palmitate in the Presence of DCC

A 20 ml vial equipped with a magnetic stirrer was charged with paliperidone (0.5
g, 1.17 mmol, 1 eq), palmitic acid (0.3 g, 1.17 mmol, 1 eq), N,N'-
dicyclohexylcarbodiimide (0.27 g, 1.31 mmol, 1 eq), dimethylamino pyridine (0.015 g,
0.122 mmol, 0.10 eq) and N,N-dimethylformamide (5 ml). The suspension was stirred
overnight at room temperature. Deionized water (10 ml) was then added and stirred for 30
minutes, filtered under reduced pressure, rinsed with water and dried at 55°C under

vacuum. Yield: 39.2% by weight.

Example 10 - Preparation of Paliperidone Palmitate using Palmitic Anhydride

A 20 ml vial equipped with a magnetic stirrer was charged with paliperidone (0.5
g, 1.17 mmol, 1 eq), palmitic anhydride (0.58 g, 1.17 mmol, 1 eq), 4-dimethylamino
pyridine (0.03 g, 0.245 mmol, 0.2 eq) and toluene (5 ml). The suspension was heated to
70°C and was stirred for 2 hours, then cooled to room temperature and was left stirring
overnight. Then, methyl t-butyl ether (5 ml) was added and the suspension was further
stirred overnight at room temperature, filtered under reduced pressure, rinsed with methyl
t-butyl ether (0.5 ml) and dried at 50°C under vacuum. The resulting solid was
paliperidone palmitate. Yield: 46.2% by weight.

Example 11 - Preparation of Paliperidone Palmitate using Benzoyl Chloride

A 100 ml flask equipped with a magnetic stirrer was charged with paliperidone
(5g, 11.7 mmol, 1 eq), palmitic acid (3 g, 11.7 mmol, 1 eq), 4-dimethylaminopyridine
(0.36 g, 2.95 mmol, 0.25 eq), triethylamine (3.25 ml, 23.3 mmol, 2 eq) and
tetrahydrofuran (50 ml). The suspension was stirred at room temperature for 15 minutes.
Benzoyl chloride (0.95 ml, 8.17 mmol, 0.7 eq) was added drop-wise and the suspension
was further stirred at room temperature for 3-24 hours. Water (50 ml) was then added and

the suspension was further stirred for 1 hour then filtered off under vacuum, washed with
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water and dried at 50°C under vacuum. The resulting solid was paliperidone palmitate -

(purity: 95.0% area by HPLC, yield: 6.25 g, 80.0%).

Example 12 - Preparation of Paliperidone Palmitate using Pivaloyl Chloride

A 100 ml flask equipped with a magnetic stirrer was charged with 5 g of
paliperidone (11.7 mmol, 1 eq), 3 g of palmitic acid, 0.36 g (2.95 mmol, 0.25 eq) of 4-
dimethylaminopyridine, 3.25 ml (23.3 mmol, 2 eq) of triethylamine and 50 ml of
tetrahydrofuran. The suspension was stirred at room temperature for 15 minutes and 1.44
ml (7.96 mmol, 0.7 eq) pivaloyl chloride was added drop-wise and the suspension was
further stirred at room temperature for 24 hours. After this time 50 ml of water were
added and the suspension was further stirred for 1 hour, filtered off under vacuum, washed
with water and dried at 50°C under vacuum. The resulting solid was paliperidone

palmitate (purity: 97.5% area by HPLC, yield: 6.25 g, 80.0%).

Example 13 - Preparation of Paliperidone Palmitate using Acetyl Chloride

A 100 ml flask equipped with a magnetic stirrer was charged with 5 g of
paliperidone (11.7 mmol, 1 eq), 3 g of palmitic acid, 0.36 g (2.95 mmol, 0.25 eq) of 4-
dimethylaminopyridine, 3.25 ml (23.3 mmol, 2 eq) of triethylamine and 50 ml of
tetrahydrofuran. The suspension was stirred at room temperature for 15 minutes and 0.70
ml (9.89 mmol, 0.8 eq) acetyl chloride was added drop-wise and the suspension was
further stirred at room temperature for 24 hours. After this time 50 ml of water were
added and the suspension was further stirred for 1 hour, filtered off under vacuum, washed
with water and dried at 50°C under vacuum. The resulting solid was paliperidone

palmitate (purity: 29.2% area by HPLC).

Example 14 - Preparation of Paliperidone Palmitate using Thionyl Chloride

A 100 ml flask equipped with a magnetic stirrer was charged with 5 g of
paliperidone (11.7 mmol, 1 eq), 6 g of palmitic acid, 0.36 g (2.95 mmol, 0.25 eq) of 4-
dimethylaminopyridine, 3.25 ml (23.3 mmol, 2 eq) of triethylamine and 50 ml of
tetrahydrofuran. The suspension was stirred at room temperature for 15 minutes and 0.85
ml (11.65 mmol, 1 eq) thionyl chloride was added drop-wise and the suspension was
further stirred at room temperature for 24 hours. After this time 50 ml of water were added

and the suspension was further stirred for 1 hour, filtered off under vacuum, washed with
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water and dried at 50°C under vacuum. The resulting solid was paliperidone palmitate

(purity: 44.1% area by HPLC).

Example 15 — Preparation of Paliperidone Palmitate using Palmitic Anhydride

A 250 ml reactor equipped with a mechanical stirrer and a reflux condenser was
charged under N, with paliperidone (10 g, 23.45 mmol, 1 eq), palmitic anhydride (14.2 g,
28.7 mmol, 1.2 eq), 4-dimethylaminopyridine (0.72 g, 5.9 mmol, 0.25 eq) and toluene
(100 ml). The suspension was heated to 70°C and was stirred for 2 hours, then cooled to
22° £ 2°C. The suspension was stirred at the same temperature for 1 hour. methyl t-butyl
ether (100 ml) was added and the suspension was cooled to 10°C and was stirred for 1
hour at the same temperature. The suspension was then filtered under reduced pressure,
rinsed with methyl t-butyl ether (40 ml) and dried at 50°C under vacuum. The resulting
solid was paliperidone palmitate crude (yield: 29.35 g, purity: 99.7% area by HPLC,
compounds related to palmitic acid were less then 0.15%). Yield: 88.5% by wt.

Example 16 - Purification of Palmitic Acid

A 500 ml reactor equipped with a mechanical stirrer and a reflux condenser was
charged with palmitic acid (100.0 g, 0.39 mol) and heptane (500 ml, 3.4 mol, 8.5 eq). The
suspension was stirred and heated to reflux temperature to complete dissolution then was
cooled to 22°+ 2°C. The suspension was stirred at the same temperature for 1 héur and
was filtered off under reduced pressure. The wet solid was recrystallized in the same way
as above, collected by filtration under reduced pressure and was dried at 50°C under

reduced pressure to obtain pure palmitic acid. Yield: 64.7% by wt.

Example 17 - Purification of Paliperidone Palmitate with ethanol

A 250 ml reactor equipped with a mechanical stirrer and a reflux condenser was
charged with paliperidone palmitate crude (29.0 g) and ethanol absolute (435 ml). The
suspension was stirred and heated to reflux temperature to complete dissolution then was
cooled off to 22° + 2°C. The suspension was stirred at the same temperature for 1 hour,
filtered under reduced pressure, rinsed with ethanol absolute and dried at 50°C under
vacuum over night. The resulting solid was pure paliperidone palmitate (purity: 99.8%
area by HPLC, other fatty acid esters mainly myristate and stearate were less then 0.1%).

Yield: 90.0% by wt.
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Example 18 - Preparation of Paliperidone Myristate

A 100 ml flask equipped with a magnetic stirrer was charged with paliperidone (5
g, 11.7 mmol, 1 eq), myristic acid (2.67 g, 11.7 mmol, 1 eq), 4-dimethylaminopyridine
(0.36 g, 2.95 mmol, 0.25 eq), triethylamine (3.25 ml, 23.3 mmol, 2 eq) and
tetrahydrofuran (50 ml). The suspension was stirred at room temperature for 15 minutes.
Benzoyl chloride (1.55 ml, 13.34 mmol, 1.1 eq) was added drop-wise and the suspension
was further stirred at room temperature for 6 hours. Water (50 ml) was then added and the
suspension was further stirred for 1 hour then filtered off under vacuum, washed with
water and dried at 50°C under vacuum. The resulting solid was paliperidone myristate

(purity: 97.5% area by HPLC, yield: 6.25 g, 95%).

Example 19 — Preparation of Paliperidone Stearate

A 100 ml flask equipped with a magnetic stirrer is charged with paliperidone (5 g,
11.7 mmol, 1 eq), stearic acid (3.33 g, 11.7 mmol, 1 eq), 4-dimethylaminopyridine (0.36 g,
2.95 mmol, 0.25 eq), triethylamine (3.25 ml, 23.3 mmol, 2 eq) and tetrahydrofuran (50
ml). The suspension is stirred at room temperature for 15 minutes. Benzoyl chloride (1.55
ml, 13.34 mmol, 1.1 eq) is added drop-wise and the suspension is further stirred at room
temperature for 24 hours. Water (50 ml) is then added and the suspension is further stirred
for 1 hour then filtered off under vacuum, washed with water and dried at 50°C under

vacuum. The resulting solid is paliperidone stearate. Yield: 96% by wt.

Example 20 —Determining the impurity profile of Paliperidone Palmitate by HPLC
The product was analyzed by HPLC using Zorbax® SB-Phenyl (150 x 4.6mm, Sy,
Part No.: 883975-912) as the column. The mobile phase was a mixture of solutions A and

B as a gradient shown in the table below:

Time (min) Solution A (%) Solution B (%)
0 70 30
40 30 70

50 30 70
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Solution A was prepared from 99.5% H,O to pH 2.0 with TFA : 0.5 % acetonitrile.
Solution B was prepared from acetonitrile. The flow-rate was 1.3 ml/min and UV detector

was set to 238 nm.

Example 21 - Determining the content of palmitic acid in Paliperidone Palmitate by HPLC
The product was analyzed by HPLC using Zorbax® SB-Phenyl (250 x 4.6mm, Sy,
Part No.: 880975-912) as the column. The mobile phase was a mixture of solutions A and

B as a gradient shown in the table below:

Time (min) Solution A (%) Solution B (%)
0 50 50
30 50 50
30.1 0 100
40 0 100

Solution A was prepared from H,O to pH 2.0 with TFA. Solution B was prepared
from acetonitrile. The flow-rate was 1.4 ml/min and the detector used was Corona® ™

CAD® Detector.

Example 22 — DSC measurement

3-5 mg of material was weighed into an aluminum crucible that was sealed and
pierced 3 times. The crucible was heated between the range of 25 to 250°C at a rate of

10°C per min. The DSC furnace was purged with 40 ml per min of N,.
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Invention Claimed

1. A paliperidone palmitate containing less than about 0.2% by HPLC of any other
ester with a fatty acid as determined by percentage area HPLC.
2. A process for preparing paliperidone palmitate comprising the steps of:

a) combining paliperidone, symmetric or asymmetric palmitic anhydride, a
pyridine derivative, and an organic solvent to obtain a suspension; and

b) maintaining the suspension for a sufficient time to obtain paliperidone palmitate.
3. The process of claim 2, wherein the obtained paliperidone palmitate contains less
than about 0.2% by HPLC of any other ester with a fatty acid as determined by percentage
area HPLC.
4. The process of claim 2 or 3, wherein the pyridine derivative is a dialkylamino
pyridine.
5. The process according to any one of claims 2-4, wherein the pyridine derivative is
a dimethylamino pyridine.
6. The process according to any one of claims 2 to 5, wherein the organic solvent is
selected from the group consisting of acetonitrile, dichloromethane, dimethyl sulfoxide,
Cs.¢ amides, Cj.6 ketones, Cg.1 aromatic hydrocarbons, C;_¢ alkyl acetates and Cy_g ethers.
7. The process of claim 6, wherein the organic solvent is toluene.
8. The process according to any one of claims 2 to 9, wherein the mixture is
maintained for about 1 hour to about 48 hours.
9. The process of claim 8, wherein the mixture is maintained for about 3 to about 24
hours.
10. The process according to any one of claims 2 to 9, wherein the palmitic anhydride
is prepared in-situ by a process of reacting palmitic acid with acyl halides selected from
the group consisting of R;COX and R,SOX, wherein R, is CH3(CH,), with n=0-28 or Ph
(CHy)m with m=1-5; R, is O(CH;)mCH3, (CH;),,Ph or Ph (CH;)mCHj; with m=0-5; and X
is a halide.
11. The process of claim 10, wherein the acyl halides are selected from the group
consisting of: acetyl chloride, pivaloyl chloride, benzoyl chloride and thionyl chloride.
12. A process for purifying palmitic acid comprising the steps of:

a) dissolving palmitic acid in a solvent selected from the group consisting of:

saturated or unsaturated, linear or branched, cyclic or acyclic Cs to Cg hydrocarbons, C; to
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Cs ketones, Cg to C), aromatic hydrocarbons, C; to Cg alkyl acetates and acetonitrile to
obtain a suspension; and

b) maintaining the suspension to obtain crystalline palmitic acid,
wherein the obtained palmitic acid contains less than 0.2% by HPLC of any other ester
with a fatty acid.
13. The process of claim 12, wherein the solvent is cyclohexane, toluene, hexane,
octane or heptane.
14. The process of claim 12 or claim 13, wherein the process further comprises heating
the suspension at the reflux temperature of the solvent and cooling the suspension to a
temperature of about 20°C to 24°C.
15. The process according to any one of claims 12 to 14 wherein the mixture is
maintained for about 5 to about 48 hours.
16. A paliperidone palmitate containing less than 0.1% by HPLC of palmitic acid.
17. A process for preparing paliperidone palmitate containing less than 0.1% by HPLC
of palmitic acid comprising precipitating paliperidone palmitate from a mixture of
paliperidone palmitate and a solvent selected from the group consisting of C; to Cs
algohols, Cs to Cy2 cyclic or acyclic hydrocarbons, Cg to C; aromatic hydrocarbons, C, to
Cs alkyl acetates, C,4 to Cy cyclic or acyclic ethers, acetonitrile, C; to C4 diols, dimethyl
carbonate, diethyl carbonate, C; to Cg ketones and Cs to Cg amides to obtain paliperidone

palmitate containing less than 0.1% by HPLC of palmitic acid.

18. The process of claim 17 wherein the solvent is toluene, methyl tert-butyl ether or
ethanol.
19.  The process of claim 17 or claim 18, wherein the process further comprises heating

the suspension at the reflux temperature of the solvent and cooling the suspension to a
temperature of about room temperature.

20. The paliperidone palmitae of claim 1 further having less than about 0.1% by HPLC
of palmitic acid.

21. A process for preparing paliperidone palmitate comprising the steps of:

a) crystallizing palmitic acid from a solvent selected from the group consisting of:
saturated or unsaturated, linear or branched, cyclic or acyclic Cs to Cg hydrocarbons, C; to
Cs ketones, Ce to C,, aromatic hydrocarbons, C, to C¢ alkyl acetates and acetonitrile to
obtain palmitic acid containing less than 0.2% by HPLC of any other ester with a fatty

acid;
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b) combining palmific acid containing less than 0.2% by HPLC of any other ester
with a fatty acid with paliperidone,4-dimethylamino pyridine, an organic solvent and an
acyl halide selected from the group consisting of R{COX and R,SOX, wherein R is
CH;3(CHy;),, with n=0-28, or Ph(CH3)m, with m=1-5; R, is O(CH;)mCH3, (CH,)Phor
Ph(CH;),CH3, with m=0-5; and X is a halide; and

c¢) maintaining the mixture for about 1 to about 48 hours to obtain paliperidone
palmitate,

wherein the obtained paliperidone palmitate preferably contains less than about
0.2% of any other ester with a fatty acid as determined by percentage area HPLC.

22. The process of claim 21 further comprising precipitating paliperidone palmitate
from a mixture of paliperidone palmitate and a solvent selected from the group consisting
of C; to Cs alcohols, Cs to C,; cyclic or acyclic hydrocarbons, Cg to C,; aromatic
hydrocarbons, C, to Cg alkyl acetates, C,4 to C;g cyclic or acyclic ethers, acetonitrile, C; to
C,4 diols, dimethyl carbonate, diethyl carbonate, C; to Cg ketones and C; to Cg amides to
obtain paliperidone palmitate having less than about 0.2% by HPLC of any other ester
with a fatty acid and less than about 0.1% by HPLC of palmitic acid.

23. A process for preparing paliperidone palmitate comprising the steps of:

a) crystallizing palmitic acid from heptane to obtain palmitic acid containing less

than 0.2% by HPLC of any other ester with a fatty acid ;

b) combining palmitic acid containing less than 0.2% by HPLC of any other ester
with a fatty acid with paliperidone, 4-dimethylamino pyridine, an organic solvent and an
acid chloride selected from the group consisting of: acetyl chloride, pivaloyl chloride,
benzoyl chloride and thiony! chloride to obtain a reaction mixture; and

¢) maintaining the mixture for about 1 to about 48 hours to obtain paliperidone
palmitate,

wherein the obtained paliperidone palmitate preferably contains less than about
0.2% of any other ester with a fatty acid as determined by percentage area HPLC.

24, The process of claim 23 further comprising precipitating paliperidone palmitate
from a mixture of paliperidone palmitate and a solvent selected from the group consisting
of C; to Cs alcohols, Cs to Cy; cyclic or acyclic hydrocarbons, Cg to C;, aromatic
hydrocarbons, C, to C¢ alkyl acetates, C4 to Cy cyclic or acyclic ethers, acetonitrile, C; to
C, diols, dimethyl carbonate, diethyl carbonate, C; to C¢ ketones and Cs to C¢ amides.

25. A 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-
9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one, sodium salt.
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26. The sodium salt of claim 25 characterized by "H NMR which shows an absence of
hydrogen corresponding to an alcohol at 5.66 ppm as depicted in Figures 1 and 2; and by
FAB-MS showing a peak at m/e 425 [M-Na] as depicted in Figure 3.
27. A process for preparing 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-
pipenidinyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-
one, sodium salt comprising the steps of:

a) combining paliperidone with at least one organic solvent to obtain a suspension;

b) adding at least one base to the suspension to obtain a reaction mixture; and

¢) maintaining the mixture for a sufficient time to obtain 3-[2-[4-(6-fluoro-1,2-
benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one, sodium salt.
28.  The process of claim 27, wherein the organic solvent is selected from the group
consisting of acetonitrile, dichloromethane, dimethyl sulfoxide, C3_¢ amides, Cs.¢ ketones,
Ce-12 aromatic hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.
29.  The process of claim 28, wherein the organic solvent is dimethylacetamide,
dimethylformamide, acetone, methyl ethyl ketone, methyl iso-butyl ketone, benzene,
toluene, o-xylene, p-xylene, m-xylene, ethyl acetate, isobutyl acetate, tetrahydrofuran,
diethoxymethane, isobutyl methyl ether, dibutyl ether, polyethylene glycol methyl ether,
acetonitrile, dichloromethane, toluene, dimethyl sulfoxide, or dimethylamine.
30. The process of claim 29, wherein the organic solvent is dichloromethane, toluene,
dimethylformamide, dimethylacetamide or dimethyl sulfoxide.
31.  The process according to any one of claims 27 to 30, wherein the base is selected
from the group consisting of alkali metal hydroxide, metal alkoxides and sodium hydride.
32. The process of claim 31, wherein the base is sodium hydroxide, sodium hydride or
sodium tert-butoxide.
33.  The process according to any one of claims 27 to 32, wherein the mixture is
maintained for about 2 hours to about 48 hours and the process is performed under
nitrogen atmosphere.
34. The process according to any one of claims 27 to 33, wherein the process further
comprises adding a phase transfer catalyst selected from the group consisting of tetra alkyl
ammonium halide, tetra aryl ammonium halide, tetra (alkylym(aryl)s.,, ammonium halide,
wherein m is between 1 and 3, tetra alkyl ammonium hydroxide, tetra aryl ammonium
hydroxide and tetra (alkyl)(aryl) ammonium hydroxide, and wherein the alkyl can be the

same or different in tetra alkyl ammonium halide/hydroxide and tetra (alkyl)(aryl)
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ammonium halide/hydroxide, and the aryl can be the same or different in tetra aryl
ammonium halide/hydroxide and tetra (alkyl)(aryl) ammonium halide/hydroxide, the alkyl
is Cy.6 alkyl, the aryl is Cq.10 aryl and the halide is chloride, bromide or iodide.

35.  The process of claim 34, wherein the phase transfer catalyst is tetra butyl
ammonium hydroxide or tricaprylmethylammonium chloride.

36. A 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-
9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one, sodium salt produced according to
the process of any one of claims 27 to 35.

37. A process for preparing paliperidone palmitate comprising the steps of:

a) combining 3-[2-[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyljethyl}-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one, sodium salt and
palmitoyl chloride to obtain a reaction mixture; and

b) maintaining the mixture for a sufficient time to obtain paliperidone palmitate.
38.  The process of claim 37, wherein the mixture is maintained for about 30 minutes to
about 30 hours.

39.  The process of claim 38, wherein the mixture is maintained for about 2 hours to
about 10 hours.

40. The process according to any one of claims 37 to 39, wherein the process further
comprises dissolving palmitoyl chloride in an organic solvent selected from the group
consisting of acetonitrile, dichloromethane, dimethyl sulfoxide, C;.¢ amides, Cs.¢ ketones,
Ce.12 aromatic hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.

41. A process for preparing paliperidone palmitate comprising the steps of:

a) combining paliperidone, at least one organic solvent, and at least one base to
obtain a reaction mixture;

b) adding palmitoyl chloride to the reaction mixture; and

¢) maintaining the mixture for a sufficient time to obtain paliperidone palmitate.
42. The process of claim 41, wherein the organic solvent is selected from the group
consisting of acetonitrile, dichloromethane, dimethyl sulfoxide, Cs.¢ amides, C;.¢ ketones,
Ce.12 aromatic hydrocarbons, C,.¢ alkyl acetates and C,.g ethers and the base is selected
from the group consisting of alkali metal hydroxide, metal alkoxides and sodium hydride.
43. The process of claim 41 or claim 42, wherein the process further comprises
dissolving palmitoyl chloride in an organic solvent selected from the group consisting of
acetonitrile, dichloromethane, dimethyl sulfoxide, C;.¢ amides, C; ketones, C¢._j; aromatic

hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.
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44.  The process according to any one of claims 41 to 43, wherein the process further
comprises adding a phase transfer catalyst selected from the group consisting of tetra alkyl
ammonium halide, tetra aryl ammonium halide, tetra (alkyl)m(aryl),.,, ammonium halide,
wherein m is between 1 and 3, tetra alkyl ammonium hydroxide, tetra aryl ammonium
hydroxide and tetra (alkyl)(aryl) ammonium hydroxide, and wherein the alkyl can be the
same or different in tetra alkyl ammonium halide/hydroxide and tetra (alkyl)(aryl)
ammonium halide/hydroxide, and the aryl can be the same or different in tetra aryl
ammonium halide/hydroxide and tetra (alkyl)(aryl) ammonium halide/hydroxide, the alkyl
is Cy6 alkyl, the aryl is C¢.19 aryl and the halide is chloride, bromide or iodide. -
45.  The process according to any one of claims 41 to 44, wherein the mixture is
maintained for about 30 minutes to about 30 hours.
46.  The process of claim 45, wherein the mixture is maintained for about 2 hours to
about 10 hours.
47. A process for preparing paliperidone palmitate comprising the steps of:

a) combining paliperidone, palmitic acid, N,N'-dicyclohexylcarbodiimide, 4-
dimethylamino pyridine and N,N-dimethylformamide to obtain a suspension; and

b) maintaining the suspension for a sufficient time to obtain paliperidone palmitate.
48.  The process of claim 47, wherein the suspension is maintained for about 2 to about
24 hours at room temperature.
49.  An 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester.
50.  Anisolated -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyljethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester.
51.  The isolated 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester of
claim 50 characterized by 'H NMR as depicted in figure 4 and by '*C NMR as depicted in
figure 5.
52. A process for preparing 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl] ethyl]-6,7,8,9-tetrahydro-9-hydroxy—2-methy1—4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester comprising: combining 3-[2-[4-(6-fluorobenzo[d]isoxazol-3-yl)-1-
piperidyl]ethyl]-7-hydroxy-4-methyl-1,5-diazabicyclo[4.4.0]deca-3,5-dien-2-one,
symmetric or asymmetric myristic anhydride, a pyridine derivative, and an organic solvent

to obtain a suspension; and maintaining the suspension for a length of time sufficient to
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obtain 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester.

53.  The process of claim 52, wherein the pyridine derivative is a dialkylamino pyridine
and the organic solvent is selected from the group consisting of acetonitrile,
dichloromethane, dimethyl sulfoxide, Cs.¢ amides, Cs.¢ ketones, Cg.12 aromatic
hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.

54.  The process of claim 52 or claim 53, wherein the mixture is maintined for about 1
hour to about 48 hours.

55.  The process of any one of claims 52-54, wherein the mixture is maintined for about
3 hours to about 48 hours.

56.  The process of claim 52, wherein the myristic anhydride is prepared in-situ by a
process of reacting myristic acid with acyl halides selected from the group consisting of
R;COX or R,SOX wherein R; 1s CH3(CH;)n n=0-28, or Ph (CH2),, m=1-5, R, is
O(CH;)mCH3;, Ph (CH2)mCH3; m=0-5 and X is a halide.

57. The process of claim 56, wherein the acyl halides are selected from the group
consisting of: acetyl chloride, pivaloyl chloride, benzoyl chloride and thionyl chloride.

58.  An 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate ester.

59.  Anisolated 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester.

60.  The isolated 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester of
claim 59 characterized by 'H NMR as depicted in figure 6 and by >C NMR as depicted in
figure 7.

61. A process for preparing 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one
octadecanoate ester comprising: combining paliperidone, symmetric or asymmetric stearic
anhydride, a pyridine derivative, and an organic solvent to obtain a suspension; and
maintaining the suspension for a length of time sufficient to obtain 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester.

62.  The process of claim 61, wherein the pyridine derivative is a dialkylamino pyridine

and the organic solvent is selected from the group consisting of acetonitrile,
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dichloromethane, dimethyl sulfoxide, C;¢ amides, C;_¢ ketones, Cg.12 aromatic
hydrocarbons, C,.¢ alkyl acetates and C,.g ethers.

63. The process of claim 61, wherein the mixture is maintained for about 1 hour to
about 48 hours.

64. The process of claim 63, wherein the mixture is maintained for about 3 to about 24
hours.

65.  The process of claim 61, wherein the stearic anhydride is prepared in-situ by a
process of reacting stearic acid with acyl halides selected from the group consisting of
R;COX and R,SOX, wherein R, is CH3(CHb), with n=0-28, or Ph (CH,), with m=1-5; R,
is O(CH;),CH3, (CHz)Ph or Ph (CH;),CH3 with m=0-5; and X is a halide.

66. The process of claim 65, wherein the acyl halides are selected from the group
consisting of: acetyl chloride, pivaloyl chloride, benzoyl chloride and thionyl chloride.

67. A method of using 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one tetradecanoate
ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester as a reference
marker to analyze the purity of paliperidone palmitate comprising:

a) providing a reference sample comprising paliperidone palmitate and 3-[2-
[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2- -
methyl-4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester;

b) analyzing the reference sample by HPLC and determining the relative
retention time of 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl}-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one tetradecanoate ester or
3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate ester compared to
paliperidone palmitate;

c) analyzing a sample of paliperidone palmitate by HPLC and determining the
relative retention times of the contents of the sample as compared to paliperidone
palmitate; and

d) comparing the relative retention times calculated in step c) to the relative
retention time calculated in step b) for 3—[2-[4-(6-ﬂuor0-1,2‘-benzoisoxazol-3-yl)-1-

piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
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tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate
ester, wherein if any of the relative retention times calculated in step c) are substantially
the same as the relative retention time of 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester then -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-
9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-
fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-
4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester is present in the sample of

paliperidone palmitate.

68. A method of using -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one tetradecanoate
ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyljethyl]-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester as a reference
standard for determining the amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester in a paliperidone palmitate sample comprising:

a) measuring by HPLC the area under the peak corresponding to -[2-[4-(6-
fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-
4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyliethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester in a sample of paliperidone palmitate
having an unknown amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester;

b) measuring by HPLC the area under a peak corresponding to -[2-[4-(6-
fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydrox y-2-methyl-
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4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester in a reference standard comprising a
known amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl}-6,7,8,9-
tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one tetradecanoate ester or
3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyllethyl]-6,7,8,9-tetrahydro-9-
hydroxy-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one octadecanoate ester; and

c) determining the amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester in the paliperidone palmitate sample by comparing the area calculated in step a) to

the area calculated in step b).

69. A quantification method for determining the amount of -[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-
3-yl)-1-piperidyljethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-
ajpyrimidin-4-one octadecanoate ester in a paliperidone palmitate sample comprising:

a) measuring by HPLC the area under the peak corresponding to -[2-[4-(6-
fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-
4H-pyrido[1,2-a]pyrimidin-4-one tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-
benzoisoxazol-3-yl)-1-piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-
pyrido[1,2-a]pyrimidin-4-one octadecanoate ester in a sample of paliperidone palmitate
having an unknown amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester;

b) measuring by HPLC the area under a peak corresponding to paliperidone
palmitate in a reference standard having a known amount of paliperidone palmitate; and

c) determining the amount of -[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-
piperidyl]ethyl]-6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one
tetradecanoate ester or 3-[2-[4-(6-fluoro-1,2-benzoisoxazol-3-yl)-1-piperidyl]ethyl]-
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6,7,8,9-tetrahydro-9-hydroxy-2-methyl-4H-pyrido[ 1,2-a]pyrimidin-4-one octadecanoate
ester in the paliperidone palmitate sample by comparing the area calculated in step a) to

the area calculated in step b).
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