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CRYSTALLINE FORMS OF QUETIAPINE HEMIFUMARATE

FIELD OF THE INVENTION

The present invention relates to novel crystalline forms of quetiapine

hemifumarate and methods of making them.
|

BACKGROUND OF THE INVENTION

Many pharmaceutically active organic compounds can crystallize with more than
one type of molecular packing with more than one type of internal crystal lattice. The
respective resulting crystal structures can have, for example, different unit cells. This
phenomenon — identical chemical structure but different internal structure — is referred to
as polymorphisim and the species having different molecular structures are referred to as

polymorphs.

Many pharmacologically active organic compounds can also crystallize such that
a second, foreign molecules, especially solvent molecules, are regularly incorporated into
the crystal structure of the principal pharmacologically active compound. This
phenomenon is referred to as pseudopolymorphism and the resulting structures as
pseudopolymorphs. When the second molecule is a solvent molecule, the

pseudoploymorphs can be referred to as solvates.

The discovery of a new polymorph or pseudopolymorph of a pharmaceutically
useful compound provides an opportunity to improve the performance characteristics of a
pharmaceutical product. It enlarges the repertoire of materials that a formulation scientist
has available for designing, for example, a pharmaceutical dosage form of a drug with a
targeted release profile or other desired characteristic. It is clearly advantageous when
this repertoire is enlarged by the discovery of new polymorphs or pseudopolymorphs of a
useful compound. For a general review of polymorphs and the pharmaceutical
applications of polymorphs see G.M. Wall, Pharm Manuf. 3, 33 (1986); J.K. Haleblian
and W. McCrone, J. Pharm. Sci., 58, 911 (1969); and J.K. Haleblian, J. Pharm. Sci., 64,
1269 (1975), all of which are incorporated herein by reference.

Polymorphs and pseudopolymorphs can be influenced by conirolling the
conditions under which the compound is obtained in solid form. Solid state physical
properties that can differ from one polymorph to the next include, for example, the
flowability of the milled solid. Flowability affects the ease with which the material is

handled during processing into a pharmaceutical product. When particles of the
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powdered compound do not flow past each other easily, a formulation specialist must take

that fact into account in developing a tablet or capsule formulation, which may necessitate
the use of glidants such as colloidal silicon dioxide, talc, starch or tribasic calcium

phosphate.

Another important solid state property of a pharmaceutical compound that can
vary from one polymorph or pseudopolymorph to the next is its rate of dissolution in
aqueous media, e.g., gastric fluid. The rate of dissolution of an active ingredient in a
patient’s stomach fluid can have therapeutic consequences since it imposes an upper limit
on the rate at which an orally-administered active ingredient can reach the patient’s
bloodstream. The rate of dissolution is also a consideration in formulating syrups, elixirs
and other liquid medicaments. The solid state form of a compound may also affect its

behavior on compaction and its storage stability.

These practical physical characteristics are influenced by the conformation and
orientation of molecules in the unit cell, which characterize a particular polymorphic or
pseudopolymorphic form of a substance. The polymorphic form may give rise to
thermodynamic properties different from those of the amorphous material or another
polymorphic form. Thermodynamic properties can be used to distinguish between
polymorphs and pseudopolymorphs. Thermodynamic properties that can be used to
distinguish between polymorphs and pseudopolymorphs can be measured in the
Jaboratory by such techniques as capillary melting point, thermogravimetric analysis

(TGA), differential scanning calorimetry (DSC), and differential thermal analysis (DTA).

A particular polymorph or pseudopolymorph can also possess distinct
spectroscopic properties that may be detectable by, for example, solid state BC NMR
spectroscopy and infrared (IR) spectroscopy. This is particularly so in the case of
pseudopolymorphs that are solvates because of the presence of absorptions or

resonanaces due to the second, foreign molecule.

X-ray crystallography on powders (powder diffractometry) can be used to obtain
x-ray diffraction diagrams that reveal information on the crystal structure of different

polymorphs and pseudopolymorphs.

Quetiapine hemifumarate is a psychoactive organic compound that is an
antagonist for multiple neurotransmitter receptors in the brain. Quetiapine hemifumarate
is useful for treating, among other things, schizophrenia. Quetiapine hemifumarate can

be made, for example, as taught in United States Patent 4,879,288, incorporated in its
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entirety herein by reference. X-ray diffraction data and Fourier transform IR data for |

quetiapine hemifumarate obtained by the procedure therein taught are presented below.

The structure of quetiapine, 2-[2-(4-dibenzo/b,f]1[1,4]thiazepin-11-yl-1-
piperazinyl)ethoxy]-ethanol fumarate (2:1), is shown below (I).
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Applicants have discovered that quetiapine hemifumarate is an example of an
10  organic compound that can exist in different crystal forms, different from the material
obtained according to the teachings of the ‘288 patent and having useful properties. In
particular, Applicants have discovered that treatment of quetiapine hemifumarate with a

treating solvent can produce novel pseudopolymorphic forms of quetiapine hemifumarate.

In Applicants’ hands, the methods of the 288 patent yield a crystalline form,
15  which Applicants denote as form I, different from the crystal forms of the present

invention.
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SUMMARY OF THE INVENTION

In one aspect, the present invention relates to a novel crystalline form of
quetiapine hemifumarate that can be characterized by any one of: x-ray reflections at
7.8°,11.9°, 12.5°, 15.7°,23.0°, and 23.4°, + 0.2° 26; absorption bands in FTIR
spectroscopy at 639, 1112, 1395, 1616, 1711, and 3423 cm’l; or a differential scanning
calorimetric thermogra\m with endothermic peaks at about 130°C and at about 166°C.

This crystalline form is denominated II.

This crystal form can exist as a solvate, especially a chloroform or methylene
chloride (dichloromethane) solvate. Thus, in another aspect, the present invention relates
to a crystalline dichloromethane solvate. characterized by x-ray reflections at 7.8°, 11.9°,
12.5°, 15.7°, 23.0°, and 23.4°, + 0.2° 26, absorption bands in FTIR at 639, 1112, 1395,
1616, 1711, and 3423 cm™, and a thermogram in differential scanning calorimetry having

endothermic peaks at about 130°C and about 166°C.

In another aspect, the present invention relates a solvate with chloroform
characterized by x-ray reflections at 7.8°, 11.9°, 12.5°, 15.7°, 23.0°, and 23.4°, = 0.2° 20,
absorption bands in FTIR at 639, 1112, 1395, 1616, 1711, and 3423 cm™, and a
thermogram in differential scanning calorimetry having endothermic peaks at about

130°C and about 166°C.

In another embodiment, the present invention relates to a method of making
crystalline quetiapine hemifumarate having at least one characteristic of form II including
the steps of: combining quetiapine hemifumarate and a treating solvent selected from
chloroform and methylene chloride; refluxing the combination; cooling the combination
after reflux, especially to a temperature of about room temperature; and isolating the

crystalline form of quetiapine hemifumarate.

In a further aspect, the present invention relates to a method of making crystalline
quetiapine hemifumarate having at least one characteristic of form II including the steps
of: treating quetiapine hemifumarate with a treating solvent selected from chloroform
and methylene chloride, and isolating the crystalline quetiapine hemifumarate having at
least one characteristic of form II. The treating can be by a reflux method that includes
the steps of: combining quetiapine hemifumarate and treating solvent; refluxing the
combination; cooling the combination after reflux; and isolating the crystalline quetiapine
hemifumarate having at least one characteristic of form II. The treating can also be by a

solution method that includes the steps of: providing a solution of quetiapine
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hemifumarate in a dipolar aprotic solvent at a dissolution temperature, especially about
80°C; combining the solution with a treating solvent selected from chloroform and

methylene chloride; cooling the combination to a temperature of about 20° C or less.

In yet another embodiment, the present invention relates to a novel crystalline
form of quetiapine hemifumarate, which we denominate form 111, that can be
characterized by any one of: x-ray reflections at about 8.9°,11.8°, 15.3°, 19.4°, 23.0°,
and 23.4°, + 0.2° 20, absorption bands in FTIR spectroscopy at 748, 758, 1402, 1607,
1715, and 2883 cm'l, or a DSC thermogram with endothermic peaks at about 111°C,
about 142°C, and about 167°C.

This crystal form can also exist as a solvate, especially a chloroform solvate.
Thus, in another aspect, the present invention relates to quetiapine hemifumarate as a
chloroform solvate characterized by x-ray reflections at about 8.9°, 11.8°, 15.3°, 19.4°,
23.0°, and 23.4°, + 0.2° 20, and absorption bands in FTIR at 748, 758, 1402, 1607, 1715,
and 2883 cm™.

In another aspect, the present invention relates to a method of making a crystalline
form of quetiapine hemifumarate having one characteristic of form III, especially as its
chlorofom solvate which method includes the steps of: providing a combination of
quetiapine hemifumarate and a dipolar aprotic solvent at a temperature of about 80° C;
mixing the combination with chloroform; optionally holding the mixture for a holding
time, especially a holding time of about 14 hours; cooling the resulting mixture; and

isolating the quetiapine hemifumarate form III chloroform solvate from the mixture.

In still a further aspect, the present invention relates to a method of making prior art
crystalline form I of quetiapine hemifumarate, which method includes the steps of:
providing a solution at about 80° C of quetiapine hemifumarate in a solvent selected from
the group consisting of water, alkanol, especially isopropyl alcohol or methanol, and
dipolar aprotic solvents, especially dimethylsulfoxide, dimethylformamide,
dimethylacetamide and 1-methyl-2-pyrrolidone and the anti-solvent is selected from the
group consisting of water, ethylacetate, dichloromethane, toluene, acetone, acetonitrile,
isobutanol, ethylacetate, isopropylacetate or methyl zerz-butyl ether; combining the
solution with an anti-solvent whereby a suspension is obtained; and isolating quetiapine

hemifumarate form I from the suspension.

In still a further aspect, the present invention relates to a method of making

quetiapine hemifumarate form I including the steps of: providing a solution at about 80°
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C of quetiapine hemifumarate in a solvent selected from the group consisting of alkanols,

and a combination of a dipolar aprotic solvent and water; cooling the solution to a
temperature of about 20° C or less; and isolating the quetiapine hemifumarate form I from

the mixture.

In another aspect, the present invention relates to micronized quetiapine
hemifumarate in form iI, form III, or any solvate, especially a methylene chloride or

chloroform solvate, of either of them.

In yet a further aspect, the present invention relates to a pharmaceutical
composition that includes quetiapine hemifumarate having at least one characteristic of
form II, form III, or a methylene chloride or chloroform solvate thereof, and at least one

pharmaceutically acceptable excipient.

In yet still a further aspect, the present invention relates to a method of treating a
mammal in need of treatment with quetiapine hemifumarate including the step of
administering to such mammal a therapeutically effective amount of a pharmaceutical
composition including quetiapine hemifumarate having at least one characteristic of form
II, form III, or a methylene chloride or chloroform solvate thereof, and at least one

pharmaceutically acceptable excipient.

In yet a further aspect, the present invention relates to a method of post-treating a
crystalline form of quetiapine hemifumarate, especiaily form I, selected from a post-

suspension method and a post-crystallization method.

The post-suspension method includes the steps of combining the isolated
quetiapine hemifumarate form I with a post-suspending solvent selected from dialkyl
ketones, aromatic hydrocarbons, cyanoalkanes, dialkyl ethers, and methylene chloride;
refluxing the combination for a reflux time; cooling the combination to ambient
temperature; optionally agitating the suspension for an agitating time; and isolating
quetiapine hemifumarate form I. Examples of post-suspension solvents include acetone,

toluene, acetonitrile, dichloromethane, and methyl 7-butyl ether.

The post-crystallization method includes the steps of: a) refluxing a solution of
the isolated quetiapine hemifumarate form I in a post-crystallization solvent selected from
lower alkanols, cyclic ethers, ethyl acetate, and water for a reflux time; cooling the
solution to ambient temperature whereby a suspension is formed, optionally agitating the

suspension for an agitation time; and isolating the quetiapine hemifumarate form L
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Examples of post-crystallization solvents include water, ethanol, isopropanol, 1-propanol,

1-butanol, 2-butanol, ethyl acetate, tetrahydrofuran, and 1,4-dioxane.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the x-ray diffraction diagram of quetiapine hemifumarate form II

as its chloroform solvate.

Figure 2 shows the FTIR spectrum of quetiapine hemifumarate form II as its

chloroform solvate,

Figure 3 shows the DSC thermogram of quetiapine hemifumarate as its form II

chloroform solvate.

Figure 4 shows the TGA trace of quetiapine hemifumarate as its form II

chloroform solvate.

Figure 5 shows the x-ray diffraction diagram of quetiapine hemifumarate as its

form II dichloromethane solvate.

Figure 6 shows the x-ray diffraction diagram of quetiapine hemifumarate form III

as its chloroform solvate.

Figure 7 shows the FTIR spectrum of quetiapine hemifumarate form III as its

chloroform solvate.
Figure 8 shows the DSC thermogram of form IIL

Figure 9 shows the x-ray diffraction diagram of quetiapine hemifumarate form I as

taught by the ‘288 patent.

Figure 10 shows the FTIR spectrum of quetiapine hemifumarate form I as taught

by the ‘288 patent.

Figure 11 shows the TGA trace of quetiapine hemifumarate form I as taught by
the ‘288 patent.
Figure 12 shows the DSC thermogram of quetiapine hemifumarate form I as

taught by the ‘288 patent.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides novel crystalline forms of quétiapine

hemifumarate (“QTP”) and methods for making them. As used herein and unless
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otherwise indicated, quetiapine hemifumarate and QTP refer to 2-[2-(4-
dibenzo[b,f1[1,4]thiazepin-11-yl-1-piperazinyl)ethoxy]-ethanol fumarate (2:1) salt.

The novel crystalline forms of quetiapine hemifumarate of the present invention
can be characterized by any one of x-ray diffraction (XRD) or FTIR spectroscopy or
differential scanning calorimetry (DSC). The novel crystalline forms of the present
invention can exist as solvates, especially solvates with chlorinated hydrocarbons. Upon
heating, the solvates lose solvating solvent. Release (loss) of the solvating solvent can be
detected by thermogravimetric analysis (TGA).

As used herein, quetiapine hemifumarate refers to quetiapine hemifumarate in any
crystalline form (polymorph or pseudopolymorph), or in an amorphous form, or any
combination of these. One of skill in the art would appreciate that the polymorphs and
pseudopolymorphs of the present invention can be selectively obtained generally through
crystallization with different recrystallization solvent systems. The starting material can
be quetiapine, quetiapine hemifumarate or any quetiapine hemifumarate hydrate or lower
alcohol solvate. The starting quetiapine hemifumarate can also be in an amorphous or
any crystalline crystal form.

A method for the synthesis of quetiapine, 11-piperazinyl dibenzo[,f][1,4]
thiazepinehydrochloride, is discussed, inter alia, in United States Patent No. 4,879,288,
(the 288 patent) which is incorporated herein in its entirety by reference. In the
preparation of quetiapine as described, 2-(2-chloroethoxy)ethanol is reacted with 11-
piperazinyl dibenzo[b,f][1,4] thiazepinehydrochloride to form 2-(2-(4-
dibenzo[b,f][1,4]thiazepin-11-yl-1-piperazinyl)ethoxy)ethanol. Reaction time as long as
50 hours can be required. (See, e.g., 288 patent.) In Applicants’ hands, the methods of
the 288 patent yield a crystalline form, which Applicants denote as form I, different from
the crystal forms of the present invention.

As used in connection with the present invention, x-ray diffraction (XRD) refers
to x-ray diffraction by the powder diffraction technique. X-ray powder diffraction
analysis was performed using a Scintag powder diffractometer with variable goniometer,
a Cu source, and a solid state detector. A standard round aluminum sample holder with
zero background quartz plate was used. All powder X-ray diffraction patterns were
obtained by methods known in the art using 0.05 degree step size over the scanning range
from 4° to 30°, or from 2° to 40° 20 at 3° per minute. Copper radiation of A =1.5418 A
was used. Reflections are reported as peak maxima in the intensity vs. 28 plots, and are
subject to the normal experimental error (uncertainty). Wet samples were promptly
analyzed “as is,” i.e., without drying or grinding prior to the analysis.
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In the present invention, infrared (IR) spectra were obtained by the diffuse

reflectance technique of Fourier transform IR spectroscopy (FTIR) using a Perkin-Elmer
One FTIR Spectrometer.

Differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA)
thermograms presented herein were obtained by methods known in the art. Differential
scanning calorimetric (DSC) analysis was performed with a Mettler Toledo DSC 821°
calorimeter. Samples of about 3 to about 5 milligrams, held in a vented (3-hole) crucible,
were analyzed at a heating rate of 10° per minute.

Thermogravimetric analysis (TGA) was performed using a Mettler TG50
thermobalance. TGA traces reflect transitions that involve either a loss or gain of mass.
Samples of 7 to 15 milligrams were analyzed at a heating rate of 10°C per minute in
nitrogen atmosphere.

As used herein, LOD refers to loss on drying as determined by TGA.

As used herein, ambient temperature means a temperature from about 20°C to
about 25°C.

As used herein, alkanol refers to compounds of the general formula ROH, where

R is a linear or branched alkyl group having up to 6 carbon atoms.

As used herein in connection with a measured quantity, the term, “about,” refers
to the normal variation in that quantity as expected by the skilled artisan making the
measurement and exercising a level of care commensurate with the objective of the
measurement and the precision of the measuring equipment.

As used herein, the phrase, “having at least one characteristic of quetiapine
hemifumarate form ‘#,”” refers to a crystalline form of quetiapine hemifumarate that
exhibits at least the characteristic powder x-ray diffraction (XRD) reflections (peaks) or
the characteristic absorption bands in FTIR spectroscopy or the DSC thermograms of
form “#.”

Some processes of the present invention involve crystallization out of a particular
solvent. One skilled in the art knows that some of the conditions concerning
crystallization can be modified without affecting the form of the polymorph obtained.
For example, when mixing quetiapine hemifumarate in a solvent to form a solution,
warming of the mixture can be necessary to completely dissolve the starting material. If
warming does not clarify the mixture, the mixture can be diluted or filtered.

The conditions can also be changed to induce precipitation. A preferred way of
inducing precipitation from solution is to reduce the solubility of the solute in the solvent

by, for example, cooling the solution.



