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CRYSTALLINE MYCOPHENOLATE SODIUM
CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefits of U.S. Provisional Patent Application Nos.
60/589,909, filed July 20, 2004, and 60/631,849 filed November 29, 2004, the contents of all

of which are incorporated herein by reference.
FIELD OF THE INVENTION

The present invention relates to the solid state chemistry of mycophenolate sodium.
BACKGROUND OF THE INVENTION

At the end of 1960’s, Eli Lilly disclosed the inhibiting effect of mycophenolate

sodium salt (MPS) on the growth of malignant tumor cells in warm-blooded mammals.
Nowadays Novartis has introduced an enteric-coated formulation of mycophenolate sodium,
referred to as Myfortic®. Mycophenolic acid can be formed either as mono- or disodium salt.
South African patent No. 6804959 describes the preparation of mono- and disodium
mycophenolate. Monosodium mycophenolate can be isolated after reaction of one molar
equivalent of sodium methoxide with mycophenolic acid in a mixture of methanol and
chloroform by precipitation with n-pentane. Preparation of the corresponding disodium salt is
also described. In this case two molar equivalents of sodium methoxide were added to a
solution of mycophenolic acid in 2:1 benzene-chloroform mixture. The evaporated material
was crystallized from aqueous acetone.

The synthetic route of WO 97/38689 is identical to the one described in South African
patent No. 6804959. The compound may be obtained in crystalline form by recrystallization
from acetone/ethanol if necessary with water (m.p.189-191°C).

The present invention relates to the solid state physical properties of mycophenolate

sodium. These properties may be influenced by controlling the conditions under which

mycophenolate sodium is obtained in solid form. Solid state physical properties 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

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 is its rate of

dissolution in aqueous fluid. The rate of dissolution of an active ingredient in a patienf’s

stomach fluid may have therapeutic consequences since it imposes an upper limit on the rate
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at which an orally-administered active ingredient may reach the patient’s bloodstream. The
rate of dissolution is also a comsideration 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 defines a particular polymorphic Form of a
substance. The polymorphic form may give rise to thermal behavior different from that of
the amorphous material or another polymorphic form. Thermal behavior is measured in the
laboratory by such techniques as capillary melting point, thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC) and may be used to distinguish some
polymorphic forms from others. A particular polymorphic form may also give rise to distinct
spectroscopic properties that may be detectable by powder X-ray crystallography, solid state
C NMR spectrometry and infrared spectrometry.

W02004/020426 discloses preparation of sodium mycophenolate by reacting
mycophenolic acid or its ammonium or dibenzyl-amine salt with a sodium salt of C; to Cy
carboxylic acid. Mycophenolic acid is converted to its ammonium salt by reacting with
ammonia. This compound is reacted with sodium acetate to obtain the sodium salt of
mycophenolic acid.

WO 2004/064806 discloses additional polymorphic forms of mycophenolate sodium
and acid.

Monosodium Salt

South African patent No. 68/4,959 provides an example for preparing monosodium
mycophenolate salt (Example 3). Sodium methylate in anhydrous methanol was added to
mycophenolic acid in chloroform, then the monosodium salt was precipitated by adding n-
pentane and collected by filtration and vacuum dried.

Acta Chrtystallographica Sect. C, (2000), C56, 432-433 describes another process for
producing monosodium mycophenolate. A methanolic solution of the commercially
available mycophenolic acid was treated with one equivalent of sodium methanolate. After
stirring for 1 hour at room temperature, the solvent was evaporated to dryness in vacuum.
The melting point of the product was 463 K (190°C). Single crystals were grown by
evaporation and cooling of a water/ethyl acetate solution from about 323K to room
temperature. The crystal structure of the produced sodium mycophenolate measured by

single crystal diffractometer is also described.
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Based on the given crystal parameters, the calculated powder diffractogram done by
the inventors of the present invention show that the crystal form obtained is the crystal form
denominated Form M2. Form M2 is an anhydrous form. Form M2 is characterized by a
powder XRD pattern with peaks at 5.3, 8.0, 9.8, 10.7, and 21.9 £0.2 degrees 2 theta (Fig. 3)
and FTIR peaks at 1719, 1571, 1317, 1266, 1134 and 927 cm-1 (Fig. 4). Form M2 may be
further characterized by XRD peaks at 13.6 and 19.0 +£0.2 degrees 2 theta. Form M2 may be
further characterized by IR peaks at 1194, 1108, 1075, 1034, 971, 875, 826, 794 and 722 cm-
1. Form M2 may be further characterized by a DSC curve (Fig. 43).

PCT 97/38689 describes sodium mycophenolate salts as known from South African
Patent. It also describes the process for obtaining monosodium salt in crystalline form by
recrystallization from acetone/ethanol if necessary with water. The melting point provided is
189-191°C.

J. Med. Chem. (1996), 39, 1236-1242 describes treating a solution of mycophenolic
acid in ethanol with equimolar sodium ethylate at room temperature and stirring for 30
minutes. The solvent was evaporated in vacuum.

J. Pharm. Sciences (1970), 59(8), 1157-1159 asserts that monosodium mycophenolate
may be formed by adjusting the slurry of mycophenolic acid to pH 7-8 with sodium
hydroxide. No physical data is provided.

Disodium Salt

South African patent No. 68/4,959 provides an example for producing disodium
mycophenolate (Example 2). Mycophenolic acid was dissolved in benzene:chloroform 2:1
solvent mixture and sodium methoxide dissolved in anhydrous methanol was added to it.
The solution was stirred for 15-20 minutes, evaporated to dryness and redissolved in water.
Crystallization was effected by the addition of acetone to the hot water solution and chilling
overnight. No physical data was given.

The discovery of new polymorphic forms of a pharmaceutically useful compound
provides a new 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.

SUMMARY OF THE INVENTION
The invention encompasses crystalline forms of monosodium mycophenolate
denominated forms M1, M3, M4, M5, M6, M7, M8, M9, M10, M11, M15, M16, M17, M18,
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M19, M20, M21, M22, M26, M27 and M28, amorphous mycophenolate monosodium M12,
crystalline disodium mycophenolate forms D1 and D2, and preparations thereof. The
invention also encompasses pharmaceutical compositions comprising any one of the
mycophenolate forms of the invention.

The present invention provides for mycophenolate sodium hydrates.  The
mycophenolate sodium hydrates of this invention may be mycophenolate sodium
monohydrates. The mycophenolate sodium monohydrates of this invention may be further
characterized by water content of about 3.5% to about 5%. Mycophenolate sodium Forms
M1 and M9 discussed below are mycophenolate sodium monohydrates. Mycophenolate
sodium M16, M17, M18 and M22 discussed below are mycophenolate sodium hydrates.

The present invention provides for anhydrous mycophenolate sodium. The anhydrous
mycophenolate sodium of this invention may be further characterized by having not more
than 1% weight loss. Mycophenolate sodium Forms M3 and M5 discussed below are
anhydrous mycophenolate sodium.

The present invention provides for mycophenolate sodium solvates.  The
mycophenolate sodium solvates of this invention may be mycophenolate sodium
monosolvates. Mycophenolate sodium Forms M4, M6, M7, M10, M11, M8, M15, M19,
M20, M21, M26, M27 and M28 discussed below are mycophenolate sodium solvates.

The present invention provides for mycophenolate sodium acetone solvate. The
mycophenolate sodium acetone solvate of this invention may be mycophenolate sodium
monoacetone solvate of 1:1 ratio. The mycophenolate sodium acetone solvate 1:1 of this
invention may be further characterized by acetone content of about 14% to about 18%.
Mycophenolate sodium Form M6 discussed below is a acetone solvated form of 1:1 ratio.

The present invention provides for mycophenolate sodium acetonitrile solovate. The
mycophenolate sodium acetonitrile solvate of this invention may be mycophenolate sodium
acetonitrile solvate of 1:1 ratio. The mycophenolate sodium acetonitrile solvate of this
invention may be further characterized by acetonitrile content of about 9.5% to about 11.5%.
Mycophenolate sodium Form M10 discussed below is a acetonitrile solvated form of 1:1
ratio.

The present invention provides for amorphous mycophenolate sodium.
Mycophenolate sodium Form M12 discussed below is an amorphous form.

In one embodiment, the present invention encompasses a crystalline mycophenolate
sodium, denominated Form M1, characterized by a powder XRD pattern with peaks at 4.7,
6.6, 11.2 and 15.6 + 0.2 degrees 2 theta (Fig. 1). Form M1 may be further characterized by
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XRD peaks at 8.2, 21.5 and 23.4 + 0.2 degrees 2 theta. Form M1 may also be characterized
by FTIR peaks at 3450, 1723, 1619, 1578, 1268 and 1132 cm-1 (Fig. 2). In addition, Form
M1 may be characterized by DSC peaks as shown in Fig. 42.

One process for preparing crystalline mycophenolate sodium M1 comprises preparing
a solution of mycophenolic acid in a C;-C; alcohol; combining a base and a source of sodium
with the solution to form a mixture; cooling the mixture to precipitate the crystalline form
and recovering the crystalline form before transition to another crystalline form. Stirring is
preferably carried out for about 1 to about 5 hours.

Another process for preparing crystalline mycophenolate sodium M1 comprises
dissolving sodium mycophenolate in water; crystallizing the crystalline form; and recovering
the crystalline form.

Another process for preparing crystalline mycophenolate sodium M1 comprises
preparing a solution of sodium mycophenolate in ethanol; crystallizing the crystalline form
from the solution; and recovering the crystalline form.

Another process for preparing crystalline mycophenolate sodium M1 comprises
contacting crystalline mycophenolate sodium with water vapor.

The present invention encompasses crystalline mycophenolate sodium, denominated
Form M3, characterized by a powder XRD pattern with peaks at 6.0, 9.3, 15.5, and 18.4 +0.2
degrees 2 theta (Fig. 5) and FTIR peaks at 3414, 1713, 1618, 1567, 1264 and 1134 cm-1 (Fig.
6). Form M3 may be further characterized by a powder XRD pattern with peaks at 7.2, 10.8,
13.8, and 24.0 +£0.2 degrees 2 theta. In addition, Form M3 may be characterized by DSC
peaks as shown in Fig. 44.

The process for preparing crystalline mycophenolate sodium M3 corhprises the steps
of: preparing a solution of mycophenolic acid in a C; to C4 alcohol, preferably methanol;
combining a base and a source of sodium with the solution to form a mixture; cooling the
mixture to crystallize the crystalline form and recovering the crystalline form. The crystalline
form is preferably dried.

The present invention is a crystalline mycophenolate sodium, denominated Form M4,
characterized by a powder XRD pattern with peaks at 7.1, 7.6, 10.7, 14.0 and 16.3 £0.2
degrees 2 theta (Fig. 7). Form M4 may be further characterized by XRD peaks at 5.4, 19.7
and 20.2+0.2 degrees 2 theta. In addition, Form M4 may be characterized by DSC peaks as
shown in Fig, 45.

The process for preparing crystalline mycophenolate sodium M4 comprises the steps

of: preparing a solution of mycophenolic acid in methanol; combining a base and a source of
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sodium with the solution to form a mixture; cooling the mixture to crystallize the crystalline
form; and recovering the crystalline form.

The present invention is a crystalline mycophenolate sodium, denominated Form M5,
characterized by a powder XRD pattern with peaks at 9.8, 17.4, 22.2, 27.1, and 31.7 £0.2
degrees 2 theta (Fig. 8). Form M5 may be further characterized by XRD peaks at 21.0, 26.3
and 31.4+0.2 degrees 2 theta. In addition, Form M5 may be characterized by DSC peaks as
shown in Fig. 46.

The process for preparing crystalline mycophenolate sodium M5 comprises the steps
of: preparing a mixture of sodium mycophenolate and 1,4-dioxane; crystallizing the
crystalline form from the mixture; and recovering the crystalline form.

The present invention is a crystalline mycophenolate sodium, denominated Form M6,
characterized by a powder XRD pattern with peaks at 6.1, 7.9, 14.6, 18.2 and 18.5 +£0.2
degrees 2 theta (Fig. 9). Form M6 may be further characterized by XRD peaks at 21.0 and
22.5+0.2 degrees 2 theta. In addition, Form M6 may be characterized by DSC peaks as
shown in Fig. 47.

The process for preparing crystalline mycophenolate sodium M6 comprises the steps
of: preparing a solution of sodium mycophenolate in water; combining a Cs to C; ketone with
the solution to precipitate the crystalline form; and recovering the crystalline form.

The present invention is a crystalline mycophenolate sodium, denominated Form M7,
characterized by a powder XRD pattern with peaks at 13.0, 13.7, 17.6, 22.6, and 23.6 +0.2
degrees 2 theta (Fig. 10). Form M7 may be further characterized by XRD peaks at 9.6, 12.6,
19.2, 23.2 and 27.4+0.2 degrees 2 theta. In addition, Form M7 may be characterized by DSC
peaks as shown in Fig. 48.

The process for preparing crystalline mycophenolate sodium M7 comprises the steps
of: preparing a solution of sodium mycophenolate in dimethylformamide; combining a C; to
C7 ketone with the solution to precipitate the crystalline form; and recovering the crystalline
form.

The present invention is a crystalline mycophenolate sodium, denominated Form MS,
characterized by a powder XRD pattern with peaks at 5.4, 7.5, 9.8, 10.6, 18.2 and 20.9+0.2
degrees 2 theta (Fig. 11). Form M8 may be further characterized by XRD peaks at 8.1, 11.7
and 15.9+0.2 degrees 2 theta. In addition, Form M8 may be characterized by DSC peaks as
shown in Fig. 49.
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The process for preparing crystalline mycophenolate sodium M8 comprises the steps
of: preparing a solution of sodium mycophenolate in ethyl lactate; combining ethyl acetate
with the solution to precipitate the crystalline form; and recovering the crystalline form.

The present invention is a crystalline mycophenolate sodium, denominated M9,
characterized by a powder XRD pattern with peaks at 5.6, 6.0, 7.5 and 9.9+0.2 degrees 2
theta (Fig. 12). Form M9 may be further characterized by XRD peaks at 5.1, 11.9, 13.7, 16.4
and 19.1 £0.2 degrees 2 theta. In addition, Form M9 may be characterized by DSC peaks as
shown in Fig. 50.

The process for preparing crystalline mycophenolate sodium M9 comprises the steps
of: preparing a solution of sodium mycophenolate in a C; to C4 alcohol; combining
methylene chloride with the solution to precipitate the crystalline form; and recovering the
crystalline form. ’

The present invention is a crystalline mycophenolate sodium, denominated Form
M10, characterized by a powder XRD pattern with peaks at 5.8, 9.0, 9.3, and 19.7£0.2
degrees 2 theta (Fig. 13). Form M10 may be further characterized by XRD peaks at 5.1,
11.8, 15.5 17.3, and 18.6 +0.2 degrees 2 theta. In addition, Form M10 may be characterized
by DSC peaks as shown in Fig. 51.

The process for preparing crystalline mycophenolate sodium M10 comprises the steps
of: preparing a solution of mycophenolic acid in acetonitrile; combining a base and a source
of sodium with the solution to precipitate the crystalline form; and recovering the crystalline
form.

The present invention is a crystalline mycophenolate sodium, denominated Form
M11, characterized by a powder XRD pattern with a peak 10.3 +0.2 degrees 2 theta (Fig. 14).
Form M11 may be further characterized by XRD peaks at 4.7, 5.3, 6.5, 8.2, 9.9, 15.5 and 19.1
+0.2 degrees 2 theta. In addition, Form M11 may be characterized by DSC peaks as shown in
Fig. 52.

The process for preparing crystalline mycophenolate sodium M11 comprises the steps
of: preparing a solution of mycophenolic acid in acetonitrile; combining a base and a source
of sodium with the solution to form a precipitate; recovering the precipitate; and drying the
crystalline form.

The present invention is amorphous mycophenolate sodium, denominated M12,
characterized by FTIR peaks at 1735, 1560 and 1133 cm-1 (Fig. 16). Form M12 may be
further characterized by FTIR peaks at 1192, 1164, 1074, 1031, 969 and 722 cm-1. In
addition, Form M12 may be characterized by DSC peaks as shown in Fig. 53.
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The process for preparing amorphous mycophenolate sodium M12 comprises the
steps of: preparing a solution of sodium mycophenolate in water; and lyophilizing the
solution to obtain the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M135, characterized by data selected from at least one of a powder XRD pattern (Fig. 20) with
peaks at 9.9, 13.1, 14.1, 16.1, 17.7, 18.5, 19.6, and 23.8 * 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 31) with peaks at 3434, 1727, 1650, 1609, 1561, 1326, 1277, 1194, 1139, 965,
858, 830, 799, 763, 723, 666 and 1132 cm™.. In addition, Form M15 may be characterized by
DSC peaks as shown in Fig. 54.

The invention also provides a process for preparing crystalline mycophenolate sodium
M15 comprising the steps of: preparing a mixture of sodium mycophenolate in 1,4-dioxane;
heating the mixture; cooling the mixture to precipitate the crystalline form; and recovering
the crystalline form. Preferably, the ratio of 1,4-dioxane to sodium mycophenolate is less
than about 100 ml/g. More preferably, the ratio of 1,4-dioxane to sodium mycophenolate is
less than about 50 ml/g.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M16, characterized by data selected from at least one of a powder XRD pattern (Fig. 21) with
peaks at 5.2, 5.5, 8.1, 11.0, 16.1, 16.6, 17.3, and 22.0 + 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 32) with peaks at 3436, 1721, 1685, 1654, 1614, 1552, 1320, 1275, 1253,
1219, 1133, 1111, 1080, 1038, 975, 878, 807, 778, and 722 cm™. In addition, Form M16 may
be characterized by DSC peaks as shown in Fig. 55.

The invention also provides a process for preparing crystalline mycophenolate sodium
M16 comprising the steps of: preparing a mixture of sodium mycophenolate in 4-methyl-2-
pentanone; heating the mixture; cooling the mixture to precipitate the crystalline form; and
recovering the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M17, characterized by data selected from at least one of a powder XRD pattern (Fig. 22) with
peaks at 5.5, 7.7, 8.1, 9.8, 10.7, 11.0, 16.5, 22.0, and 26.0 + 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 56) with peaks at 3470, 1722, 1650, 1608, 1560, 1254, 1083, 1040, 974, and
772 cm’. In addition, Form M17 may be characterized by DSC peaks as shown in Fig. 56.

The invention also provides a process for preparing crystalline mycophenolate sodium
M17 comprising the steps of: preparing a mixture of sodium mycophenolate in
dimethylcarbonate; heating the mixture; cooling the mixture to precipitate the crystalline

form; and recovering the crystalline form.
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The invention encompasses a crystalline mycophenolate sodium, denominated Form
M18, characterized by data selected from at least one of a powder XRD pattern (Fig. 23) with
peaks at 5.6, 8.1, 9.9, 10.8, 13.7, 16.6, 19.1, and 22.1 + 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 34) with peaks at 3449, 1723, 1686, 1614, 1552, 1320, 1253, 1134, 1110,1
078, 1036, 974, 879, 856, 831, 808, 764, and 722 cm™. In addition, Form M18 may be
characterized by DSC peaks as shown in Fig. 57.

The invention also provides a process for preparing crystalline mycophenolate sodium
M18 comprising the steps of: preparing a mixture of sodium mycophenolate in 2-methyl-2-
propanol; heating the mixture; cooling the mixture to precipitate the crystalline form; and
recovering the crystalline form.

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M19, characterized by data selected from at least one of a powder XRD
pattern (Fig. 24) with peaks at 7.6, 8.3, 10.7, 11.7, 15.9, 18.2, 21.0, and 21.6 + 0.2 degrees 2-
theta or an FTIR spectrum (Fig. 35) with peaks at 3422, 1710, 1569, 1264, 1190, 1133, 1111,
1074, 1032, 971, 943, 918, 864, 829, 796, and 722 ecm™. In addition, Form M19 may be
characterized by DSC peaks as shown in Fig. 58.

The invention also provides a process for preparing crystalline mycophenolate sodium
M19 comprising the steps of: preparing a solution of sodium mycophenolate in a C; to Cy4
alcohol, preferably methanol; combining carbon tetrachloride with the solution to precipitate
the crystalline form; and recovering the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M20, characterized by data selected from at least one of a powder XRD pattern (Fig. 25) with
peaks at 5.1, 5.5, 6.7, 10.0, 10.9, 13.1, 14.6, 17.3, and 24.8 + 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 36) with peaks at 1731, 1694, 1618, 1588, 1568, 1405, 1262, 1204, 1164,
1136, 1111, 1081, 1033, 974, 948, 922, 870, 790, 764, and 722cm™. In addition, Form M20
may be characterized by DSC peaks as shown in Fig. 59.

The invention also provides a process for preparing crystalline mycophenolate sodium
M20 comprising the steps of: preparing a solution of sodium mycophenolate in N,N-
dimethyl-acetamide; combining acetonitrile with the solution to precipitate the crystalline
form; and recovering the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M21, characterized by data selected from at least one of a powder XRD pattern (Fig. 26) with
peaks at 5.4, 6.2, 7.9, 8.7, 8.9, 16.8, 20.0, and 25.2 =+ 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 37) with peaks at 3488, 1720, 1615, 1550, 1403, 1323, 1288, 1260, 1208,
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1137, 1114, 1084, 979, 927, 869, 812, and 722 em™. In addition, Form M21 may be
characterized by DSC peaks as shown in Fig. 60.

The invention also provides a process for preparing crystalline mycophenolate sodium
M21 comprising the steps of: preparing a mixture of sodium mycophenolate in a mixture of
1,4-dioxane and water to obtain a solution; combining 1,4-dioxane with the solution to
precipitate the crystalline form; and recovering the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M22, characterized by data selected from at least one of a powder XRD pattern (Fig. 27) with
peaks at 3.8, 4.7, 5.3, 6.6, 8.1, 9.8, 10.6, 11.1, 15.5, and 23.3 % 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 38) with peaks at 3432, 1748, 1720, 1618, 1564, 1414, 1268, 1192, 1134,
1107, 1077, 1031, 971, 949, 875, 824, 794, and 723 cm™’. In addition, Form M22 may be
characterized by DSC peaks as shown in Fig. 61.

The invention also provides a process for preparing crystalline mycophenolate sodium
M22 comprising the steps of: preparing a solution of mycophenolic acid in dichloromethane;
combining a base and a source of sodium with the solution to precipitate the crystalline form;
and recovering the crystalline form. A second portion of dichloromethane may be added
after addition of the base.

The base and the source of sodium as used in this invention can be different, or they
can be the same. For example, sodium methoxide, sodium ethoxide, or sodium hydroxide
can be used as both the base and the source of sodium.

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M26, characterized by data selected from at least one of a powder XRD
pattern (Fig. 28) with peaks at 5.8, 9.2, 9.5, 10.0, 13.4, 13.7, 15.8, 17.6, 23.6, and 24.1 + 0.2
degrees 2-theta or an FTIR spectrum (Fig. 39) with peaks at 1741, 1612, 1584, 1316, 1272,
1256, 1219, 1195, 1134, 1122, 1104, 1083, 1032, 966, 874, 794, 722, and 679 cm™. In
addition, Form M26 may be characterized by DSC peaks as shown in Fig. 62.

The invention also provides a process for preparing crystalline mycophenolate sodium
M26 comprising the steps of: preparing a solution of mycophenolic acid in 1,4-dioxane;
combining a base and a source of sodium with the solution to form a mixture to precipitate
the crystalline form; and recovering the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M27, characterized by data selected from at least one of a powder XRD pattern (Fig. 29) with
peaks at 6.2, 9.4, 12.6, 13.1, 13.7, 14.0, 15.9, 17.5, and 24.1 + 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 40) with peaks at 1727, 1593, 1327, 1275, 1221, 1195, 1139, 1114, 1082,
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1031, 965, 874, 798, 763, 723, and 666 cm™. In addition, Form M27 may be characterized
by DSC peaks as shown in Fig. 63.

The invention also provides a process for preparing crystalline mycophenolate sodium
M27 comprising the steps of: preparing a solution of mycophenolic acid in 1,4-dioxane;
combining a base and a source of sodium with the solution to precipitate the crystalline form;
recovering the precipitate; and drying the precipitate to obtain the crystalline form.

The invention encompasses a crystalline mycophenolate sodium, denominated Form
M28, characterized by data selected from at least one of a powder XRD pattern (Fig. 30) with
peaks at 7.7, 8.5, 9.9, 12.3, 16.0, 21.4, 23.2, and 26.0 = 0.2 degrees 2-theta or an FTIR
spectrum (Fig. 41) with peaks at 1730, 1696, 1612, 1588, 1570, 1403, 1301, 1263, 1194,
1165, 1135, 1109, 1079, 1033, 973, 948, 869, 832, 791, 763, and 723 cm™. In addition, Form
M28 may be characterized by DSC peaks as shown in Fig. 64.

The invention also provides a process for preparing crystalline mycophenolate sodium
M28 comprising the steps of: preparing a solution of mycophenolic acid in carbon-
tetrachloride; combining a base and a source of sodium with the solution to preciptiate the
crystalline form; and recovering the crystalline form.

The present invention is a crystalline disodium mycophenolate, denominated Form
D1, characterized by a powder XRD pattern with peaks at 5.5, 8.1, 11.0, 16.5, and 26.0 0.2
degrees 2 theta (Fig. 17) and FTIR peaks at 3344 and 1552 cm-1 (Fig. 18). Form D1 may be
further characterized by an XRD peak at 22.1+0.2 degrees 2 theta. Form D1 may be even
further characterized by FTIR peaks at 1723, 1614, 1254 and 1133 cm-1.

The process for preparing crystalline mycophenolate disodium D1 comprising the
steps of: preparing a solution of sodium carbonate in mycophenolic acid and methanol;
concentrating the solution; precipitating the crystalline form; and recovering the crystalline
form.

The present invention is a crystalline disodium mycophenolate, denominated Form
D2, characterized by a powder XRD pattern with peaks at 6.2, 8.0, 18.3, 18.5 and 25.3+0.2
degrees 2 theta (Fig. 19). Form D2 may be further characterized by XRD peaks at 22.6 and
23.3 £0.2 degrees 2 theta.

The process for preparing crystalline mycophenolate disodium D2 comprising the
steps of: preparing a solution of mycophenolic acid in dichloromethane and toluene;
combining a base and a source of sodium with the solution to form a mixture; concentrating
the mixture into a residue; combining acetone and water with the residue to form a

precipitate; and recovering the crystalline mycophenolate disodium from the precipitate.
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The process for preparing crystalline mycophenolate disodium D2 comprising
contacting crystalline mycophenolate sodium with water vapor.

The present invention encompasses pharmaceutical compositions comprising
therapeutically effective amounts of any one of the mycophenolate sodium Form M1, M3
M4, M5, M6, M7, M8, M9, M10, M11, M12, M15, M16, M17, M18, M19, M20, M21, M22,
M26, M27 or M28, or disodium mycophenolate Form D1 or D2, and at least one

pharmaceutically acceptable carrier.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form M1.

Figure 2 is a characteristic FT-IR spectrum of Monosodium Mycophenolate form MI.
Figure 3 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form M2.

Figure 4 is a characteristic FT-IR spectrum of Monosodium Mycophenolate form M2.
Figure 5 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form M3.

Figure 6 is a characteristic FT-IR spectrum of Monosodium Mycophenolate form M3.
Figure 7 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form M4.

Figure 8 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form MS5.

Figure 9 is a characteristic X-ray powder diffraction pattern for monosodium mycophenolate
form M6.

Figure 10 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M7.

Figure 11 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form MS.

Figure 12 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M9.

Figure 13 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M10.

Figure 14 is a characteristic X-ray powder diffraction pattern for monosodium

mycophenolate form M11.
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Figure 15 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M12.

Figure 16 is a characteristic FT-IR spectrum for monosodium mycophenolate form M12.
Figure 17 is a characteristic X-ray powder diffraction pattern for disodium mycophenolate
form D1.

Figure 18 is a characteristic FT-IR spectrum for disodium mycophenolate form D1.
Figure 19 is a characteristic X-ray powder diffraction pattern for disodium mycophenolate
form D2.

Figure 20 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M15.

Figure 21 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M16.

Figure 22 is a characteristic X-ray Powder Diffraction pattern for monosodium
mycophenolate form M17.

Figure 23 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M18.

Figure 24 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M19.

Figure 25 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M20.

Figure 26 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M21.

Figure 27 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M22.

Figure 28 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M26.

Figure 29 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M27.

Figure 30 is a characteristic X-ray powder diffraction pattern for monosodium
mycophenolate form M28. ‘
Figure 31 is a characteristic FTIR spectrum for monosodium mycophenolate form M15.
Figure 32 is a characteristic FTIR spectrum for monosodium mycophenolate form M16.
Figure 33 is a characteristic FTIR spectrum for monosodium mycophenolate form M17.
Figure 34 is a characteristic FTIR spectrum for monosodium mycophenolate form M18.

1
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Figure 35 is a characteristic FTIR spectrum for monosodium mycophenolate form M19.
Figure 36 is a characteristic FTIR spectrum for monosodium mycophenolate form M20.
Figure 37 is a characteristic FTIR spectrum for monosodium mycophenolate form M21.
Figure 38 is a characteristic FTIR spectrum for monosodium mycophenolate form M22.
Figure 39 is a characteristic FTIR spectrum for monosodium mycophenolate form M26.
Figure 40 is a characteristic FTIR spectrum for monosodium mycophenolate form M27.
Figure 41 is a characteristic FTIR spectrum for monosodium mycophenolate form M28.
Figure 42 is a characteristic DSC curve for monosodium mycophenolate form M1.
Figure 43 is a characteristic DSC curve for monosodium mycophenolate form M2.
Figure 44 is a characteristic DSC curve for monosodium mycophenolate form M3.
Figure 45 is a characteristic DSC curve for monosodium mycophenolate form M4.
Figure 46 is a characteristic DSC curve for monosodium mycophenolate form M5.
Figure 47 is a characteristic DSC curve for monosodium mycophenolate form M6.
Figure 48 is a characteristic DSC curve for monosodium mycophenolate form M7.
Figure 49 is a characteristic DSC curve for monosodium mycophenolate form MS.
Figure 50 is a characteristic DSC curve for monosodium mycophenolate form M9.
Figure 51 is a characteristic DSC curve for monosodium mycophenolate form M10.
Figure 52 is a characteristic DSC curve for monosodium mycophenolate form M11.
Figure 53 is a characteristic DSC curve for monosodium mycophenolate amorphous M12.
Figure 54 is a characteristic DSC curve for monosodium mycophenolate form M15.
Figure 55 is a characteristic DSC curve for monosodium mycophenolate form M16.
Figure 56 is a characteristic DSC curve for monosodium mycophenolate form M17.
Figure 57 is a characteristic DSC curve for monosodium mycophenolate form M18.
Figure 58 is a characteristic DSC curve for monosodium mycophenolate form M19.
Figure 59 is a characteristic DSC curve for monosodium mycophenolate form M20.
Figure 60 is a characteristic DSC curve for monosodium mycophenolate form M21.
Figure 61 is a characteristic DSC curve for monosodium mycophenolate form M22.
Figure 62 is a characteristic DSC curve for monosodium mycophenolate form M26.
Figure 63 is a characteristic DSC curve for monosodium mycophenolate form M27.
Figure 64 is a characteristic DSC curve for monosodium mycophenolate form M28.
Figure 65 is a calculated XRD pattern of a single crystal data of Article Acta
Crystallographica Sect. C, (2000), C56, 432-434.

Figure 66 is a characteristic TGA curve for monosodium mycophenolate form M15.

Figure 67 is a characteristic TGA curve for monosodium mycophenolate form M16.
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Figure 68 is a characteristic TGA curve for monosodium mycophenolate form M17.
Figure 69 is a characteristic TGA curve for monosodium mycophenolate form M18.
Figure 70 is a characteristic TGA curve for monosodium mycophenolate form M19.
Figure 71 is a characteristic TGA curve for monosodium mycophenolate form M20.
Figure 72 is a characteristic TGA curve for monosodium mycophenolate form M21.
Figure 73 is a characteristic TGA curve for monosodium mycophenolate form M22.
Figure 74 is a characteristic TGA curve for monosodium mycophenolate form M26.
Figure 75 is a characteristic TGA curve for monosodium mycophenolate form M27.

Figure 76 is a characteristic TGA curve for monosodium mycophenolate form M28.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides polymorphic forms of mycophenolate monosodium,

including hydrates, anhydrates and solvates. More specifically, the invention encompasses
crystalline forms of monosodium mycophenolate denominated forms M1, M3, M4, M5 , M6,
M7, M8, M9, M10, M11, M15, M16, M17, M18, M19, M20, M21, M22, M26, M27 and
M28, amorphous mycophenolate monosodium M12, crystalline disodium mycophenolate
forms D1 and D2, and preparations thereof. The invention also encompasses pharmaceutical
compositions comprising any one of the mycophenolate forms of the invention.

The mycophenolate sodium monohydrates of this invention may be characterized by
water content of about 3.5% to about 5% by weight. Mycophenolate sodium Forms M1 and
M9 discussed below are mycophenolate sodium monohydrates. Mycophenolate sodium M16,
M17, M18 and M22 discussed below are mycophenolate sodium hydrates.

The anhydrous mycophenolate sodium of this invention may be characterized by
having not more than 1% weight loss. Mycophenolate sodium Forms M3 and M5 discussed
below are anhydrous mycophenolate sodium.

The mycophenolate sodium solvates of this invention may be mycophenolate sodium
monosolvates. Mycophenolate sodium Forms M4, M6, M7, M10, M11, M8, M15, M19,
M20, M21, M26, M27 and M28 discussed below are mycophenolate sodium solvates.

The mycophenolate sodium of this invention may be mycophenolate sodium acetone
solvate of 1:1 ratio. The mycophenolate sodium acetone solvate of this invention may be
further characterized by acetone content of about 14% to about 18%. Mycophenolate sodium
Form M6 discussed below is a acetone solvated form of 1:1 ratio.

The mycophenolate sodium of this invention may be mycophenolate sodium

acetonitrile solvate of 1:1 ratio. The mycophenolate sodium acetonitrile solvate of this
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invention may be further characterized by acetonitrile content of about 9.5% to about 11.5%.
Mycophenolate sodium Form M10 discussed below is a acetonitrile solvated form of 1:1

ratio.

Form M1

In one aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M1, characterized by at least one of a powder XRD pattern with peaks at
4.7,6.6, 11.2 and 15.6 +0.2 degrees 2 theta (Fig. 1) or FTIR peaks at 3450, 1723, 1619, 1578,
1268 and 1132 cm-1 (Fig. 2). Form M1 may be further characterized by XRD peaks at 8.2,
21.5 and 23.4+0.2 degrees 2 theta. Form M1 may be further characterized by IR peaks at
1192, 1106, 1077, 1030, 971, 950, 921, 875, 794, 761, 723, and 666 cm-1. Form M1 is a
hydrate having about 3.5 to about 5.0% water measured by TGA and Karl-Fischer. The DSC
melting peak of form M1 is at about 190-191°C (Fig. 42). Form M1 may be substantially
free of other crystalline forms of mycophenolate sodium. The phrase “substantially free of
other crystalline forms”, as used herein, means that other crystalline forms make up less than
or equal to about 10% by weight of the sample. Form M1 is a monohydrate.

One process for preparing crystalline mycophenolate sodium M1 includes preparing a
solution of mycophenolic acid in a C;-C4 alcohol; combining a base and a source of sodium
with the solution; cooling the mixture; and recovering the crystalline form. Recovery is
preferably carried out within about 1 to 5 hours in that additional time may cause a
transformation to another form. In one embodiment, the process for preparing
mycophenolate sodium Form M1 includes dissolving MPA in an alcohol, preferably
methanol, preferably with stirring; adding a base and a source of sodium to the stirred
reaction mixture dropwise at about room temperature; cooling the reactidn mixture to about -
15°C; letting the reaction mixture stand at about -15°C, preferably for about 3 hours; and
drying the isolated product, preferably at about 40-45°C in a vacuum oven.

As exemplified, to a stirred solution of MPA in methanol, preferably at a
concentration of about 5 to about 10 ml/g, a source of sodium is added. Preferably, a 30%
solution of sodium methoxide in methanol is added, more preferably dropwise at room
temperature. The reaction mixture is then preferably cooled, more preferably to a
temperature below about 0°C, most preferably to about — 15°C. In one embodiment, the
cooling is carried out rapidly, within about 1 hour and then stirred for about 1-3 hours or until
complete precipitation. The precipitated product is recovered and may be dried at about 40 to

about 45°C in a vacuum oven.
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Form M1 may also be prepared by drying a solution of mycophenolate sodium in
water. In a preferred embodiment, the process for preparing mycophenolate sodium Form
M1 includes dissolving sodium mycophenolate in water at elevated temperature, preferably
about 60°C, preferably with stirring; allowing the solution to cool to about room temperature;
and evaporating the solution to dryness. Drying may be carried out under ambient or reduced
pressure.

Another process for preparing crystalline mycophenolate sodium Form M1 comprises
preparing a solution of mycophenolic acid if a C3-C8 ketone; combining a base and a source
of sodium with the solution to form a mixture; crystallizing the crystalline form from the
mixture; and recovering the crystalline form. In one embodiment, Form M1 is prepared by
crystallization from acetone, in presence of sodium ions, by addition of methanol.

Another process for preparing crystalline mycophenolate sodium M1 comprises
preparing a solution of sodium mycophenolate in ethanol, preferably absolute ethanol;
crystallizing the crystalline form from the solution; and recovering the crystalline form. In a
preferred embodiment, the solution of step is heated, preferably to a temperature of at least
about 60°C, and more preferably at to about reflux temperature. The solution is preferably
cooled, more preferably at about room temperature, and allowed to crystallize over night.

Another process for preparing crystalline mycophenolate sodium M1 comprises
contacting crystalline mycophenolate sodium with water vapor.  The crystalline
mycophenolate sodium forms is preferably Form M3. In a preferred embodiment, the
crystalline mycophenolate sodium is placed in a hygroscopic chamber at about 100% relative
humidity, preferably at about room temperature, and preferably for about one week or until
Form M1 is obtained.

Form M3

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M3, characterized by a powder XRD pattern with peaks at 6.0, 9.3, 15.5,
and 18.4 +£0.2 degrees 2 theta (Fig. 5) and FTIR peaks at 3414, 1713, 1618, 1567, 1264 and
1134 cm-1 (Fig. 6). Form M3 may be further characterized by XRD peaks at 7.2, 10.8, 13.8,
and 24.0 £0.2 degrees 2 theta. Form M3 may be further characterized by IR peaks at 1415,
1312, 1202, 1108, 1078, 1034, 972, 947, 922, 877, 827, 809, 793, and 722 cm™. Form M3
may be substantially free of other crystalline forms of Mycophenolate sodium. Form M3 has
a melting point at about 157 to about 158°C followed by an exothermic solid-solid transition,

caused by the transformation of form M3 to form M2, which shows a DSC melting peak at
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about 188 to about 190 °C (Fig. 44). Weight loss of mass of heating up to melting is 0.7 % as
measured by TGA. (0.8% by KF). Form M3 is anhydrous.

Form M3 is generally obtained by crystallization from a C; to C4 alcohol, preferably
methanol, followed by extended stirring. Form M3 has been obtained after leaving the
crystals for extended, more than about 15 hours, more preferably about 20 to about 25 hours
in the reaction mixture without stirring, or with presence of sodium hydroxide or sodium
ethoxide in the absence of cooling. The extended stirring in the reaction mixture points to a
transition of other forms to Form M3 in methanol overtime. As exemplified, the process
includes (a) dissolving MPA in methanol with stirring, (b) adding a base and a source of
sodium to the stirred reaction mixture dropwise at room temperature, (c) cooling the reaction
mixture to -15°C over a period of 1 hour, (d) stirring the reaction mixture at -15°C for an
additional 20-24 hours, (¢) filtering off the precipitated product, (f) washing the isolated
product with methanol, and (g) drying the isolated product at 40-45°C in a vacuum oven.
Form M4

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M4, characterized by a powder XRD pattern with peaks at 7.1, 7.6, 10.7,
14.0 and 16.3 £0.2 degrees 2 theta (Fig. 7). Form M4 may be further characterized by XRD
peaks at 5.4, 19.7 and 20.2+0.2 degrees 2 theta. Form M4 may be substantially free of other
crystalline forms of mycophenolate sodium. The DSC curve of Form M4 has three
endothermic peaks, two due to desolvation in a low temperature range and one due to melting
at about 194°C (Fig. 45). Weight loss is about 32.1 % as measured by TGA. Form M4 is a
solvated form.

The invention provides a process for preparing mycophenolate sodium Form M4.
The process involves dissolving MPA in methanol. Then, adding a base and a source of
sodium. The resulting reaction mixture is then cooled, preferably to about -20°C and about -
10°C, more preferably about -15°C. Preferably the cooling is carried out over a period of
more than 3 hours. Afterwards, the resulting reaction mixture is stirred, preferably in this
temperature range, preferably for more than 3 hours, more preferably at least about 15 hours.
This delay in recovery causes a transition to Form M4. Finally, the crystalline form is

recovered from the mixture.

Form M5
In another aspect, the present invention is a crystalline fnycophenolate sodium,

denominated Form M5, characterized by a powder XRD pattern with peaks at 9.8, 17.4, 22.2,
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27.1, and 31.7 +£0.2 degrees 2 theta (Fig. 8). Form M5 may be further characterized by XRD
peaks at 21.0, 26.3 and 31.4+0.2 degrees 2 theta. Form M5 may be substantially free of other
crystalline forms of Mycophenolate sodium. Form MS5 is an anhydrous form showing one
DSC small endothermic peak in the range of 169-171 °C and a DSC melting peak in the
temperature range of about 205 to about 221°C (Fig. 49). Weight loss is 0.8 % as measured
by TGA. Form M5 is anhydrous.

The invention provides a process for preparing mycophenolate sodium Form MS5.
Form MS may be obtained by from 1,4-dioxane. The process involves heating a mixture of
sodium mycophenolate and 1,4-dioxane to obtain a solution, preferably to about 80°C or at
reflux temperature, followed by crystallization of the crystalline form from the mixture,
preferably by cooling the solution to room temperature. Finally, the crystalline form is
recovered.

Preferably, the ratio of 1,4-dioxane to sodium mycophenolate is more than about 100

ml/g.

Form M6

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M6, characterized by a powder XRD pattern with peaks at 6.1, 7.9, 14.6,
18.2 and 18.5 +0.2 degrees 2 theta (Fig. 9). Form M6 may be further characterized by XRD
peaks at 21.0 and 22.5+0.2 degrees 2 theta. Form M6 may be substantially free of other
crystalline forms of mycophenolate sodium. Form M6 is a solvated crystal form, an
acetonate solvate of 1:1 ratio. The DSC curves of both the wet and dried sample indicate a
big endothermic peak due to desolvation (Fig. 47). The weight loss measured by TGA is
17.6 %, which value fits to one molecule of acetone. Form M6 has a small DSC endothermic
melting peak in the range of 199-202 °C.

The invention provides a process for preparing mycophenolate sodium Form M6 by
precipitation from water with use of acetone as an antisolvent. As exemplified, sodium
mycophenolate is dissolved in water. This solution is combined with acetone to precipitate
the crystalline form. After addition of the acetone, the solution may be allowed to stand for

optimal crystallization. Finally, the crystalline form is recovered.

Form M7
In another aspect, the present invention is a crystalline mycophenolate sodium,

denominated Form M7, characterized by a powder XRD pattern with peaks at 13.0, 13.7,
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17.6, 22.6, and 23.6 +0.2 degrees 2 theta (Fig. 10). Form M7 may be further characterized by
XRD peaks at 9.6, 12.6, 19.2, 23.2 and 27.4+0.2 degrees 2 theta. Form M7 may be
substantially free of other crystalline forms of mycophenolate sodium. The DSC curve of M7
shows several endothermic peaks, the first peak due to water loss the second due to
desolvation and four other peaks due to melting (Fig. 48). Weight loss is 12.8% as measured
by TGA, (results of Karl Fischer: 2.1%). Form M7 is a solvated form.

Form M7 of mycophenolate sodium may be prepared by precipitation from
dimethylformamide. As exemplified, sodium mycophenolate is dissolved in
dimethylformamide, followed by addition of a C; to C; ketone, preferably acetone, and
cooling for optimal crystallization. The crystalline form is then recovered by conventional

techniques, such as filtration.

Form M8

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form MS, characterized by a powder XRD pattern with peaks at 5.4, 7.5, 9.8,
10.6, 18.2 and 20.9+0.2 degrees 2 theta (Fig. 11). Form M8 may be further characterized by
XRD peaks at 8.1, 11.7 and 15.9+0.2 degrees 2 theta. Form M8 may be substantially free of
other crystalline forms of mycophenolate sodium. Form M8 has one or two DSC
endothermic peaks due to dehydration depending on the wetness of the sample (Fig. 49). It
indicates also one small and two big endothermic peaks due to melting. Weight loss is about
0.4-1.7 % as measured by TGA. Form M8 is a solvated form.

The invention provides a process for preparing mycophenolate sodium Form MS.
Form M8 may be obtained by dissolving sodium mycophenolate in a mixture of ethyl lactate,
and adding ethyl acetate as an antisolvent. In one embodiment, ethyl acetate is added to a
solution of sodium mycophenolate in ethyl lactate, followed by cooling for optimal

precipitation. The crystalline form may be recovered by conventional techniques.

Form M9

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated M9, characterized by a powder XRD pattern with peaks at 5.6, 6.0, 7.5 and
9.9£0.2 degrees 2 theta (Fig. 12). Form M9 may be further characterized by XRD peaks at
5.1, 11.9, 13.7, 16.4 and 19.1 £0.2 degrees 2 theta. Form M9 may be substantially free of
other crystalline forms of Mycophenolate sodium. The DSC curve of form M9 shows several

endothermic peaks that are accompanied by weight loss and a last melting peak at 188°C
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(Fig. 50). Weight loss is 3.9% as measured by TGA. (KF = 4.5%). Form M9 is a
monohydrate.

The invention provides a process for preparing mycophenolate sodium Form MO.
Sodium mycophenolate Form M9 is obtained by precipitation from a C; to C,; alcohol,
preferably methanol, with use of methylene chloride as an antisolvent. Preferably,
methylene chloride is added to a solution of mycophenolate sodium in methanol. The

crystalline form may be recovered by conventional techniques.

Form M10

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M10, characterized by a powder XRD pattern with peaks at 5.8, 9.0, 9.3,
and 19.7+0.2 degrees 2 theta (Fig. 13). Form M10 may be further characterized by XRD
peaks at 5.1, 11.8, 15.5 17.3, and 18.6 0.2 degrees 2 theta. Form M10 may be substantially
free of other crystalline forms of mycophenolate sodium. The DSC curve of Form M10,
which is a wet sample, has an endothermic peak caused by the evaporation of the acetonitrile,
has an endothermic peak due to water loss, and two melting peaks in the range of about 152-
153°C and about 189-192°C (Fig. 51). Weight loss is about 9.8 % as measured by TGA. (KF
=1.6 %). Form M10 is an acetonitrile monosolvate.

Mycophenolate sodium Form M10 may be prepared by precipitation from
acetonitrile. In one embodiment, mycophenolic acid is dissolved in acetonitrile, and a base
and a source of sodium is added to the solution to precipitate the crystalline form. Finally,

the crystalline form is recovered.

Form M11

In another aspect, the present invention is a crystalline mycophenolate sodium,
denominated Form M11, characterized by a powder XRD pattern with a peak 10.3 +0.2
degrees 2 theta (Fig. 14). Form M11 may be further characterized by XRD peaks at 4.7, 5.3,
6.5,8.2,9.9, 15.5 and 19.1 0.2 degrees 2 theta. Form M11 may be substantially free of other
crystalline forms of mycophenolate sodium. The DSC curve of Form MI11 has an
endothermic peak due to water loss, and two melting peaks in the range of 152-153 °C and
189-192°C (Fig. 52). Weight loss is 1.5 % as measured by TGA. Form M11 is a solvated

form.
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Form M11 may be obtained by drying the precipitate obtained from the process of
Form M10. The precipitate may be dried, preferably at 30°C to about 50°C, more preferably
about 40°C to about 45°C, most preferably at a pressure below about 100mmHg,.

Form M12

In another aspect, the present invention is amorphous mycophenolate sodium,
denominated M12, characterized by FTIR peaks at 1735, 1560 and 1133 cm-1 (Fig. 16).
Form M12 may be further characterized by FTIR peaks at 1192, 1164, 1074, 1031, 969 and
722 cm-1. The XRD of Form M12 is substantially halo-like which is characteristic of
amorphous form. Form MI12 may be substantially free of other crystalline forms of
mycophenolate sodium. Form M12 is an amorphous form of monosodium mycophenolate.
Its DSC curve indicates a small endothermic peak caused by evaporation of solvent, a wide
exothermic peak due to recrystallization and the melting peak of the crystalline material at
189°C (Fig. 53).

The invention provides a process for preparing mycophenolate sodium Form M12 by
lyophilization (freeze drying) from water. Sodium mycophenolate is dissolved in water and

the solution is lyophilized to obtain the amorphous form.

Form M15

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M15, characterized by data selected from at least one of a powder XRD
pattern with peaks at 9.9, 13.1, 14.1, 16.1, 17.7, 18.5, 19.6, and 23.8 + 0.2 degrees 2-theta or
an FTIR spectrum with peaks at 3434, 1727, 1650, 1609, 1561, 1326, 1277, 1194, 1139, 965,
858, 830, 799, 763, 723, 666 and 1132 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M15 by precipitation from 1,4-dioxane. Precipitation may be carried out by preparing a
mixture of sodium mycophenolate in 1,4-dioxane; heating the mixture; cooling the mixture;
and recovering the crystalline form. Preferably, the ratio of 1,4-dioxane to sodium

mycophenolate is less than about 100 ml/g, more preferably less than about 50 ml/g.

Form M16

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M16, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.2, 5.5, 8.1, 11.0, 16.1, 16.6, 17.3, and 22.0 & 0.2 degrees 2-theta or an
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FTIR spectrum with peaks at 3436, 1721, 1685, 1654, 1614, 1552, 1320, 1275, 1253, 1219,
1133, 1111, 1080, 1038, 975, 878, 807, 778, and 722 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
MI16 by precipitation from 4-methyl—2-pentanone. Precipitation may be carried out by
preparing a mixture of sodium mycophenolate in 4-methyl—2-pentanone; heating the

mixture; cooling the mixture; and recovering the crystalline form.

Form M17

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M17, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.5, 7.7, 8.1, 9.8, 10.7, 11.0, 16.5, 22.0, and 26.0 + 0.2 degrees 2-theta
or an FTIR spectrum with peaks at 3470, 1722, 1650, 1608, 1560, 1254, 1083, 1040, 974, and
772 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M17 by precipitation from dimethylcarbonate. Precipitation may be carried out by preparing
a mixture of sodium mycophenolate in dimethylcarbonate; heating the mixture; cooling the

mixture; and recovering the crystalline form.

Form M18

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M18, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.6, 8.1, 9.9, 10.8, 13.7, 16.6, 19.1, and 22.1 =+ 0.2 degrees 2-theta or an
FTIR spectrum with peaks at 3449, 1723, 1686, 1614, 1552, 1320, 1253, 1134, 1110,1 078,
1036, 974, 879, 856, 831, 808, 764, and 722 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M18 by precipitation from 2-methyl-2-propanol. Precipitation may be carried out by
preparing a mixture of sodium mycophenolate in 2-methyl-2-propanol; heating the mixture;

cooling the mixture; and recovering the crystalline form.

Form M19
One embodiment of the invention encompasses a crystalline mycophenolate sodium,

denominated Form M19, characterized by data selected from at least one of a powder XRD
pattern with peaks at 7.6, 8.3, 10.7, 11.7, 15.9, 18.2, 21.0, and 21.6 + 0.2 degrees 2-theta or
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an FTIR spectrum with peaks at 3422, 1710, 1569, 1264, 1190, 1133, 1111, 1074, 1032, 971,
943, 918, 864, 829, 796, and 722 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M19 by precipitation from methanol, with use of carbon tetrachloride as an antisolvent. As
exemplified, carbon tetrachloride is combined with a solution of sodium mycophenolate in
methanol, followed by cooling to optimize crystallization. The crystals are then recovered by

conventional techniques.

Form M20

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M20, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.1, 5.5, 6.7, 10.0, 10.9, 13.1, 14.6, 17.3, and 24.8 + 0.2 degrees 2-theta
or an FTIR spectrum with peaks at 1731, 1694, 1618, 1588, 1568, 1405, 1262, 1204, 1164,
1136, 1111, 1081, 1033, 974, 948, 922, 870, 790, 764, and 722cm’.

The invention also provides a process for preparing crystalline mycophenolate sodium
M20 by precipitation from N,N-dimethyl-acetamide, with use of acetonitrile as an
antisolvent.  As exemplified, acetonitrile is combined with a solution of sodium
mycophenolate in N,N-dimethyl-acetamide, followed by cooling to optimize crystallization.

The crystals are then recovered by conventional techniques.

Form M21

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M21, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.4, 6.2, 7.9, 8.7, 8.9, 16.8, 20.0, and 25.2 + 0.2 degrees 2-theta or an
FTIR spectrum with peaks at 3488, 1720, 1615, 1550, 1403, 1323, 1288, 1260, 1208, 1137,
1114, 1084, 979, 927, 869, 812, and 722 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M21 by crystallization from a mixture of water and 1,4-dioxane. As exemplified, the
crystallization is carried out by preparing a mixture of sodium mycophenolate in a first
portion of 1,4-dioxane and a first portion of water; combining a second portion of water with
the mixture to dissolve the sodium mycophenolate; combining a second portion of 1,4-
dioxane with the mixture to precipitating the crystalline form; and recovering the crystalline
form. The solution may be cooled to optimize precipitation. The process may be modified so

that all of the water is added on one portion.
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Form M22

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M22, characterized by data selected from at least one of a powder XRD
pattern with peaks at 3.8, 4.7, 5.3, 6.6, 8.1, 9.8, 10.6, 11.1, 15.5, and 23.3 + 0.2 degrees 2-
theta or an FTIR spectrum with peaks at 3432, 1748, 1720, 1618, 1564, 1414, 1268, 1192,
1134, 1107, 1077, 1031, 971, 949, 875, 824, 794, and 723 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M22 by crystallization from dichloromethane. As exemplified, the process includes
preparing a solution of mycophenolic acid in a first portion of dichloromethane; combining a
base and a source of sodium with the solution to precipitate the crystalline form; and
recovering the crystalline form. A second portion of dichloromethane may be added to dilute

the reaction mixture after addition of the base.

Form M26

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M26, characterized by data selected from at least one of a powder XRD
pattern with peaks at 5.8, 9.2, 9.5, 10.0, 13.4, 13.7, 15.8, 17.6, 23.6, and 24.1 + 0.2 degrees 2-
theta or an FTIR spectrum with peaks at 1741, 1612, 1584, 1316, 1272, 1256, 1219, 1195,
1134, 1122, 1104, 1083, 1032, 966, 874, 794, 722, and 679 cm’".

The invention also provides a process for preparing crystalline mycophenolate sodium
M26 by crystallization from 1,4 dioxane. As exemplified, this process includes preparing a
solution of mycophenolic acid in 1,4-dioxane; combining a base and a source of sodium with

the solution to precipitate the crystalline form; and recovering the crystalline form.

Form M27

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M27, characterized by data selected from at least one of a powder XRD
pattern with peaks at 6.2, 9.4, 12.6, 13.1, 13.7, 14.0, 15.9, 17.5, and 24.1 % 0.2 degrees 2-
theta or an FTIR spectrum with peaks at 1727, 1593, 1327, 1275, 1221, 1195, 1139, 1114,
1082, 1031, 965, 874, 798, 763, 723, and 666 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M27 by crystallization from 1,4 dioxane followed by drying. Drying of wet Form 26 results

in Form M27. Drying may be carried out under ambient conditions.
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Form M28

One embodiment of the invention encompasses a crystalline mycophenolate sodium,
denominated Form M28, characterized by data selected from at least one of a powder XRD
pattern with peaks at 7.7, 8.5, 9.9, 12.3, 16.0, 21.4, 23.2, and 26.0 + 0.2 degrees 2-theta or an
FTIR spectrum with peaks at 1730, 1696, 1612, 1588, 1570, 1403, 1301, 1263, 1194, 1165,
1135, 1109, 1079, 1033, 973, 948, 869, 832, 791, 763, and 723 cm™.

The invention also provides a process for preparing crystalline mycophenolate sodium
M28 by precipitation from carbon-tetrachloride. As exemplified, this process includes
preparing a solution of mycophenolic acid in carbon-tetrachloride; combining a base and a
source of sodium with the solution to precipitate the crystalline form; and recovering the

crystalline form. Preferably the base is sodium methoxide.

Form D1

In another aspect, the present invention is a crystalline disodium mycophenolate,
denominated Form D1, characterized by a powder XRD pattern with peaks at 5.5, 8.1, 11.0,
16.5, and 26.0 +0.2 degrees 2 theta (Fig. 17) and FTIR peaks at 3344 and 1552 cm™ (Fig. 18).
Form D1 may be further characterized by an XRD peak at 22.1+0.2 degrees 2 theta. Form
D1 may be even further characterized by FTIR peaks at 1723, 1614, 1254 and 1133 cm™.
Form D1 may be substantially free of other crystalline forms of mycophenolate sodium.

The invention provides a process for preparing mycophenolate disodium Form D1.
First, sodium carbonate is added to solution of mycophenolate acid in methanol. Second, the
solution is concentrated, preferably by rotary evaporation. The solution is preferably
concentrated to about 1/3 volume to about half volume. Third, the crystalline form is
precipitated from the mixture, preferably by cooling the solution to about -10°C to -20°C.

Finally, the crystalline form is recovered.

Form D2

In another aspect, the present invention is a crystalline disodium mycophenolate,
denominated Form D2, characterized by a powder XRD pattern with peaks at 6.2, 8.0, 18.3,
18.5 and 25.3+0.2 degrees 2 theta (Fig. 19). Form D2 may be further characterized by XRD
peaks at 22.6 and 23.3 +0.2 degrees 2 theta. Form D2 may be further characterized by IR
peaks at 1320, 1306, 1210, 1158, 1109, 1037, 976, 937, 922, 880, 838, 808, 760, 722 and 657
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cm™. Form D2 may be substantially free of other crystalline forms of mycophenolate
sodium.

The invention provides a process for preparing mycophenolate disodium Form D2.
First, mycophenolic acid is dissolved in a mixture of dichloromethane and toluene . Second,
a base and source of sodium is combined with the solution, preferably sodium methoxide .
Third, the crystalline form is concentrated into a residue, preferably by evaporating to
dryness. Fourth, acetone and water are combined, preferably in a ratio of about 10:1 to about

30:1 by volume, with the residue to form a precipitate.

Preparation of polymorphs by formation of sodium mycophenolate

0 OH fo) OH

OH " NaOMe/MeoH _0

- © Solvent ©

ONa

o] P fo)

0

Sodium mycophenolate was obtained when MPA was reacted with methanolic
NaOMe in different solvents and the product was crystallized. Form M1 or M2 or M3 were
obtained. However, the same reaction resulted in form M4 (in wet form) when the

crystallization was performed in methanol at -15°C for 16-20 hours.

Preparation of polymorphs by recrystallization of sodium mycophenolate

Polymorphic purity: The crystal forms in the patent contain no more than about 5% of
any other crystal forms.

The single particle size measured by polarizing light microscope of crystal forms
described in the invention is less than about 100 micrometers.

The hygroscopicity of monosodium mycophenolate crystal forms M1, M2, M3 and
disodium mycophenolate crystal forms D1 and D1+D2 were also investigated. Form M1, M2,
M3, D1 and D1+D2 were exposed to different level of humidity for one week and after
equilibrium they were analysed by TGA and XRD for water content and crystal structure.

Table 5 summarizes the results:

Table 5.

‘Results -

Crystal forms . e e RO R
“%RH . - o . JLOD(%) . .. .| Form: -

M1 (example 8) 20 14,5 T M
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40 4,9 M1

60 5,1 M1

80 52 M1

100 31,2 M1

40 0,1 M2

60 0,2 M2
M2 (example 3)

80 0,4 M2

100 45,2 M1

40 1,5 M3>>M1

60 2,3 M3+M1
M3 (example 13 dry)

80 4,9 M1

100 34,3 Ml

40 2,17 D1

60 11,64 DI+D2
D1 (example 44)

80 17,20 D2

100 31,87 D2

20 10,2 D1+D2

40 10,3 D1+D2
D1+D2 (example 45)

80 16,9 D2

100 42,1 D2

It can be established from the results that among the forms of monosodium salts, the
most stable form at room temperature, at high relative humidity is the monohydrate form M1.
Among the disodium salts, form D2 is the most stable form at room temperature, at high
relative humidity.

The equilibrium water content of M1 is about 5%. All tested monosodium crystal
forms transform to M1 when achieving this water content.

In case of all tested samples, a very high level of water content were measured at
100% relative humidity.

The equilibrium water content of disodium mycophenolate is about 17%. All tested
disodium forms transform to crystal form D2 when reaching 17 % water content.

Representatives of all monosodium and disodium mycophenolate crystal forms, M1,

M2, M1+M3, D1 and D1+D2 were heated in an oven at atmospheric pressure at 130°C and
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170°C for 30 minutes. The samples were analyzed by XRD before and after heating. Results

are summarized in Table 6.

Table 6: Crystal forms transformation by heating

Crystal forai hefore Heating (XRD) [Crystal (rm after hedting GRD) .
R R N R :,130 oC 30 mm. iy 170 °C 30mm. :;.:‘

v N3oSM1 f No data |

— D M2

M1+M3 M3>MI1 M2

— B D1

YER D1 No data

It can be seen in the table that heating of the sodium mycophenolate samples causes
mostly change in the crystal form, except for form M2 of Monosodium salt and form D1 of

Disodium salt. These forms are the most stable forms at high temperature.

Forms M15-M28 were studies by DSC, TGA and KF. The DSC curves of the forms
of mycophenolate monosodium indicates endothermic peaks due to dehydration, desolvation
and melting.

Table 7. Thermal analysis and KF data of mycophenolate monosodinm forms

XRD form DSC TGA KF
°C) lg) CC) | LOD(%) | LOD(%)
96.9 60 26-96 22.5
M15 191.4 63 135-191 7.8 1,0
197.8 70
71.3 13 26-95 0.3
M15 189.6 60 144-190 10.2 0,8
197.7 77
100.0 28 28-108 3.2
M16 209.3 75 107-171 2,2
172-209 1,2
777 16 2891 3.8
92.0 23 92-172 2.7
M16 101.4 49 7,6
208.6 105 172-210 1.1
212.1 84
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953 13 28-80 76
M17 91-170 1.4
186.9 68 170202 | 0.5
71.0 2 28-88 23
90.7 40 90-174 1.5
M17 183.5 46 4,2
200.1 7 175203 | 0.4
54.0 4 2404 19.0
Mi8 94-165 12
189.8 92 165200 | 0.4
81. 5 2792 0.8
M18 92-169 1.6 33
185.9 102 | 169206 | 08
100.8 g 27122 | 102
M19 145.6 86 122161 | 98
189.4 5 162189 | 0.7
72.6 2 24-128 76
M20 1272 3
178.5 78 132202 | 14
044 4 25-167 24
111.1 207 67-118 12.9
M21 118179 | 12
2214 49
103.2 53 3853 01
M22 100.7 29 53-133 3.7 3.1
190.9 104
98.6 65 2601 198
103.1 49 91-144 | 10.0
M26 189.3 44 150-191 | 45
199.6 64 192220 | 2.8
786 25 26-126 5.0
126185 | 73 0.5
M27 190.5 83 185230 | 3.1
196.4 78
112.4 59
131.4 6 27152 | 188 1.8
M28 154.3 15
184.9 46
$6.7 15 28-89 14 “
105.9 46 89-150 | 14.0 1.4
M28 154.1 2
184.4 54

Based on the TGA and Karl Fischer results, forms M15, M19, M20, M21, M26, M27, and
M28 are solvates. Forms M16, M17, M18, and M22 are hydrates.
The present invention polymorphic forms preferably contains less than 30%, more

preferably less than 20%, more preferably less than 10% of other polymorphic forms by
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weight. The single particle size for the polymorphs of the present invention is less than about
100 micrometers, as measured by polarizing light microscope of crystal described in the
invention

The starting material used for the processes of the present invention, unless otherwise
specified, may be any crystalline or amorphous form of mycophenolate sodium or acid,
including various solvates and hydrates.

The processes of the present invention may also be practiced as the last step of prior
art processes that synthesize mycophenolate sodium.

The base and the source of sodium as used throughout this invention can be different,
or they can be the same. For example, sodium methoxide, sodium ethoxide, or sodium
hydroxide can be used as both the base and the source of sodium. The preferred base and
source of sodium is sodium methoxide.

Many processes of the present invention involve crystallization out of a particular
solvent. One skilled in the art would appreciate that the conditioné concerning crystallization
may be modified without affecting the form of the polymorph obtained. For example, when
mixing mycophenolate sodium in a solvent to form a solution, warming of the mixture may be
necessary to completely dissolve the starting material. If warming does not clarify the mixture,
the mixture may be diluted or filtered. To filter, the hot mixture may be passed through paper,
glass fiber or other membrane material, or a clarifying agent such as celite. Depending upon
the equipment used and the concentration and temperature of the solution, the filtration
apparatus may need to be preheated to avoid premature crystallization.

The conditions may also be changed to induce precipitation. A preferred way of
inducing precipitation is to reduce the solubility of the solvent. The solubility of the solvent
may be reduced, for example, by cooling the solvent or adding an anti-solvent.

In one embodiment, an anti-solvent is added to a solution to decrease its solubility for
a particular compound, thus resulting in precipitation. Another way of accelerating
crystallization is by seeding with a crystal of the product or scratching the inner surface of the
crystallization vessel with a glass rod.

Pharmaceutical compositions of the present invention contain mycophenolate sodium
Form M2. In addition to the active ingredient(s), the pharmaceutical compositions of the
present invention may contain one or more excipients. Excipients are added to the
composition for a variety of purposes.

Diluents increase the bulk of a solid pharmaceutical composition and may make a

pharmaceutical dosage form containing the composition easier for the patient and care giver
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to handle. Diluents for solid compositions include, for example, microcrystalline cellulose
(e.g. Avicel®), microfine cellulose, lactose, starch, pregelitinized starch, calcium carbonate,
calcium sulfate, sugar, dextrates, dextrin, dextrose, dibasic calcium phosphate dihydrate,
tribasic calcium phosphate, kaolin, magnesium carbonate, magnesium oxide, maltodextrin,
mannitol, polymethacrylates (e.g. Eudragit®), potassium chloride, powdered cellulose,
sodium chloride, sorbitol and talc.

Solid pharmaceutical compositions that are compacted into a dosage Form like a
tablet may include excipients whose functions include helping to bind the active ingredient
and other excipients together after compression. Binders for solid pharmaceutical
compositions include acacia, alginic acid, carbomer (e.g. carbopol), carboxymethylcellulose
sodium, dextrin, ethyl cellulose, gelatin, guar gum, hydrogenated vegetable oil, hydroxyethyl
cellulose, hydroxypropyl cellulose (e.g. Klucel®), hydroxypropyl methyl cellulose (e.g.
Methocel®), liquid glucose, magnesium aluminum silicate, maltodextrin, methylcellulose,
polymethacrylates, povidone (e.g. Kollidon®, Plasdone®), pregelatinized starch, sodium
alginate and starch.

The dissolution rate of a compacted solid pharmaceutical composition in the patient's
stomach may be increased by the addition of a disintegrant to the composition. Disintegrants
include alginic acid, carboxymethylcellulose calcium, carboxymethylcellulose sodium (e.g.
Ac-Di-Sol®, Primellose®), colloidal silicon dioxide, croscarmellose sodium, crospovidone
(e.g. Kollidon®, Polyplasdone®), guar gum, magnesium aluminum silicate, methyl cellulose,
microcrystalline cellulose, polacrilin potassium, powdered cellulose, pregelatinized starch,
sodium alginate, sodium starch glycolate (e.g. Explotab®) and starch.

Glidants can be added to improve the flowability of non-compacted solid composition
and improve the accuracy of dosing. Excipients that may function as glidants include
colloidal silicon dixoide, magnesium trisilicate, powdered cellulose, starch, talc and tribasic
calcium phosphate.

When a dosage Form such as a tablet is made by compaction of a powdered
composition, the composition is subjected to pressure from a punch and dye. Some
excipients and active ingredients have a tendency to adhere to the surfaces of the punch and
dye, which can cause the product to have pitting and other surface irregularities. A lubricant
can be added to the composition to reduce adhesion and ease release of the product Form the
dye. Lubricants include magnesium stearate, calcium stearate, glyceryl monostearate,

glyceryl palmitostearate, hydrogenated castor oil, hydrogenated vegetable oil, mineral oil,
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polyethylene glycol, sodium benzoate, sodium lauryl sulfate, sodium stearyl fumarate, stearic
acid, talc and zinc stearate.

Flavoring agents and flavor enhancers make the dosage Form more palatable to the
patient. Common flavoring agents and flavor enhancers for pharmaceutical products that
may be included in the composition of the present invention include maltol, vanillin, ethyl
vanillin, menthol, citric acid, fumaric acid, ethyl maltol, and tartaric acid.

Solid and liquid compositions may also be dyed using any pharmaceutically
acceptable colorant to improve their appearance and/or facilitate patient identification of the
product and unit dosage level.

In liquid pharmaceutical compositions of the present invention hydrochloride Forms
and any other solid excipients are dissolved or suspended in a liquid carrier such as water,
vegetable oil, alcohol, polyethylene glycol, propylene glycol or glycerin.

Liquid pharmaceutical compositions may contain emulsifying agents to disperse
uniformly throughout the composition an active ingredient or other excipient that is not
soluble in the liquid carrier. Emulsifying agents that may be useful in liquid compositions of
the present invention include, for example, gelatin, egg yolk, casein, cholesterol, acacia,
tragacanth, chondrus, pectin, methyl cellulose, carbomer, cetostearyl alcohol and cetyl
alcohol.

Liquid pharmaceutical compositions of the present invention may also contain a
viscosity enhancing agent to improve the mouth-feel of the product and/or coat the lining of
the gastrointestinal tract. Such agents include acacia, alginic acid bentonite, carbomer,
carboxymethylcellulose calcium or sodium, cetostearyl alcohol, methyl cellulose,
ethylcellulose, gelatin guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose,
hydroxypropyl methyl cellulose, maltodextrin, polyvinyl alcohol, povidone, propylene
carbonate, propylene glycol alginate, sodium alginate, sodium starch glycolate, starch
tragacanth and xanthan gum.

Sweetening agents such as sorbitol, saccharin, sodium saccharin, sucrose, aspartame,
fructose, mannitol and invert sugar may be added to improve the taste.

Preservatives and chelating agents such as alcohol, sodium benzoate, butylated hydroxy
toluene, butylated hydroxyanisole and ethylenediamine tetraacetic acid may be added at
levels safe for ingestion to improve storage stability.

A liquid composition according to the present invention may also contain a buffer
such as guconic acid, lactic acid, citric acid or acetic acid, sodium guconate, sodium lactate,

sodium citrate or sodium acetate.
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Selection of excipients and the amounts to use may be readily determined by the
Formulation scientist based upon experience and consideration of standard procedures and
reference works in the field.

The solid compositions of the present invention include powders, granulates,
aggregates and compacted compositions. The dosages include dosages suitable for oral,
buccal, rectal, parenteral (including subcutaneous, intramuscular, and intravenous), inhalant
and ophthalmic administration. Although the most suitable route in any given case will
depend on the nature and severity of the condition being treated, the most preferred route of
the present invention is oral. The dosages may be conveniently presented in unit dosage
Form and prepared by any of the methods well-known in the pharmaceutical arts.

Dosage Forms include solid dosage Forms like tablets, powders, capsules,
suppositories, sachets, troches and losenges as well as liquid syrups, suspensions and elixirs.

A dosage Form of the present invention is a capsule containing the composition,
preferably a powdered or granulated solid composition of the invention, within either a hard
or soft shell. The shell may be made from gelatin and optionally contain a plasticizer such as
glycerin and sorbitol, and an opacifying agent or colorant.

The active ingredient and excipients may be Formulated into compositions and dosage
Forms according to methods known in the art.

A composition for tableting or capsule filing may be prepared by wet granulation. In
wet granulation some or all of the active ingredients and excipients in powder Form are
blended and then further mixed in the presence of a liquid, typically water, that causes the
powders to clump up into granules. The granulate is screened and/or milled, dried and then
screened and/or milled to the desired particle size. The granulate may then be tableted or
other excipients may be added prior to tableting such as a glidant and or lubricant.

A tableting composition may be prepared conventionally by dry blending. For
instance, the blended composition of the actives and excipients may be compacted into a slug
or a sheet and then comminuted into compacted granules. The compacted granules may be
compressed subsequently into a tablet.

As an alternative to dry granulation, a blended composition may be compressed
directly into a compacted dosage Form using direct compression techniques. Direct
compression produces a more uniform tablet without granules. Excipients that are
particularly well suited to direct compression tableting include microcrystalline cellulose,

spray dried lactose, dicalcium phosphate dihydrate and colloidal silica. The proper use of
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these and other excipients in direct compression tableting is known to those in the art with
experience and skill in particular Formulation challenges of direct compression tableting.

A capsule filling of the present invention may comprise any of the aforementioned
blends and granulates that were described with reference to tableting, only they are not

subjected to a final tableting step.

Experimental methodology (physical)

XRD

ARL X-ray powder diffractometer model X'TRA-030, Peltier detector, round
standard aluminum sample holder with round zero background quartz plate was used.
Scanning parameters: Range: 2-40 deg. 2 0, continuous Scan, Rate: 3 deg./min. The accuracy
of peak positions is defined as +/- 0.2 degrees due to experimental differences like

instrumentations, sample preparations etc.

FTIR Spectroscopy
Perkin-Elmer Spectrum 1000 Spectrometer, at 4 cm™ resolution with 16 scans, in the

range of 4000-400 cm™ was used. The samples were analyzed in Nujol mull. The spectra

were recorded using an empty cell as a background.

Differential Scanning Calorimetry (DSC)
DSC 822°/700, Mettler Toledo, Sample weight: 3-5 mg.

Heating rate: 10 °C/min., Number of holes of the crucible: 3
In N, stream: flow rate = 40 ml/min
Scan range: 30-250°C, 10°C/ minutes heating rate.
The DSC curves of the novel forms of mycophenolate monosodium indicates only
endothermic peaks due to dehydration, desolvation and melting.
Thermal Gravimetric Analysis (TGA)
TGA/SDTA 851°, Mettler Toledo , Sample weight 7-15 mg.

Heating rate: 10 °C/ min., In N; stream: flow rate = 50 ml/min

Scan range: 30-250°C.

Microscope
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The particle size of single crystals was observed by a polarizing light Microscope,
Type : Zeiss TOPIC-B. Sample preparation was done by dispersing a sample in one drop of

mineral oil. The magnification was 200.

Abbreviations

MPA = Mycophenolic acid
NaOMe = Sodium methoxide
DMF = Dimethyl formamide

Preparation of mycophenolate monosodium crystal forms

Example 1
To a stirred solution of MPA (6.4 g) in methanol (32 ml), 30% sodium methoxide in

methano] (3.8 ml) was added dropwise at room temperature. The reaction mixture was stored
at —15 °C. After 3 hours, the precipitated product was filtered and then washed with cold
methanol. The solid material was dried at 40-45 °C in a vacuum oven. Form M1 of

mycophenolate sodium was obtained in 48% yield.

Example 2
To a stirred solution of MPA (6.4 g) in methanol (64 ml), 30% sodium methoxide in

methanol (3.8 ml) was added dropwise at room temperature. The reaction mixture was cooled
to —15 °C within 1 hour and stirred at this temperature for an additional 2 hours. The
precipitated product was filtered and then washed with cold methanol. The solid material was
dried at 40-45°C in a vacuum oven. Form M1 of mycophenolate sodium was obtained in
54% yield.

Example 3
To a stirred solution of MPA (6.4 g) in methanol (32 ml), 30% sodium methoxide in

methanol (4.5 ml) was added dropwise at room temperature. After stirring at room
temperature for 0.5 h, the reaction mixture was stored at -15°C. After 1.5 hours, the
precipitated product was filtered off and washed with cold methanol. The solid material was
dried at 40-45°C in a vacuum oven. Form M1 of mycophenolate sodium was obtained in 43%

yield.
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Examples of mixtures

Example 4

To a stirred solution of MPA (6.4 g) in methanol (64 ml) 30% of sodium methoxide in
methanol (3.8 ml) was added dropwise at room temperature. The reaction mixture was cooled
to -15 °C within 1 hour and stirred at this temperature for additional 20 hours. The
precipitated product was filtered, then washed with cold methanol. A part of the solid
material was dried at 40-45 °C in vacuum oven. The yield was 40%. Forms M4>>M1 of
mycophenolate sodium were obtained from the wet sample. Form M3 of mycophenolate

sodium was obtained from the dry sample.

Example 5
To a stirred solution of MPA (6.4 g) in methanol (64 ml) 30% of sodium methoxide in

methanol (3.8 ml) was added dropwise at room temperature. The reaction mixture was stored
at -15 °C. After 24 hours the precipitated product was filtered off and washed with cold
methanol. The solid material was dried at 40-45°C in vacuum oven. The yield was 60%.

Forms M1+M3 of mycophenolate sodium were obtained.

Example 6
To a stirred solution of MPA (6.4 g) in methanol (32 ml) 30% of sodium methoxide in

methanol (3.8 ml) was added dropwise at room temperature. The reaction mixture was stored
at -15 °C. After 24 hours the precipitated product was filtered off and washed with cold
methanol. The solid material was dried at 40-45 °C in vacuum oven. The yield was 72%.

Forms M1+M3 of mycophenolate sodium were obtained.

Example 7
To a stirred solution of MPA (6.4 g) in methanol (32 ml) sodium hydroxide (0.8g) in water (2

ml) was added dropwise at room temperature. The stirring was continued at this temperature
for 0.5 hours. The precipitated product was filtered off and washed with cold methanol. The
solid material was dried at 40-45°C in vacuum oven. The yield was 43%. Forms M1+M3 of

mycophenolate sodium were obtained.

Example 8
To a stirred solution of MPA (12.8 g) in methanol (64 ml) 30% of sodium methoxide in ‘

methanol (7.4 ml) was added dropwise at room temperature. The reaction mixture was cooled
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to -15°C within 5 hours and stirred at this temperature for additional 17 hours. The
precipitated product was filtered, then washed with cold methanol. A part of the solid
material was dried at 40-45°C in vacuum oven. The yield was 65%. Form M4 of
mycophenolate sodium was obtained from the wet sample. Forms MI1+M2+M3 of

mycophenolate sodium were obtained from the dry sample.

Example 9
To a stirred solution of MPA (12.8 g) in methanol (128 ml) 30% of sodium methoxide in

methanol (7.4 ml) was added dropwise at room temperature. The reaction mixture was cooled
to -15°C within 5 hours and stirred at this temperature for additional 17 hours. The
precipitated product was filtered, then washed with cold methanol. A part of the solid
material was dried at 40-45°C in vacuum oven. The yield was 37%. Form M4 of
mycophenolate sodium was obtained from the wet sample. Forms MI1+M2+M3 of

mycophenolate sodium were obtained from the dry sample.

Example 10
To a stirred solution of MPA (16 g) in acetonitrile (500 ml) 30% of sodium methoxide in

methanol (9.3 ml) was added dropwise at 40 °C. The reaction mixture was cooled to room
temperature, then stirred for additional 30 minutes at this temperature The precipitated
product was filtered off and washed with acetonitrile. A part of the solid material was dried at
40-45 °C in vacuum oven. The yield was 86%. Form M10 of mycophenolate sodium was

obtained from the wet sample. Form M11 of mycophenolate sodium was obtained from the
dry sample.

Example 11
To a stirred solution of MPA (16 g) in acetonitrile (500 ml), 30% sodium methoxide

in methanol (9.3 ml) was added dropwise at 40 °C. The reaction mixture was cooled to room
temperature and then stirred for an additional 30 minutes at this temperature. The
precipitated product was filtered off and washed with acetonitrile. A part of the solid material
was dried at 40-45 °C in a vacuum oven. The yield was 86%. Form M10 of mycophenolate
sodium was obtained from the wet sample. Form MI11 of mycophenolate sodium was

obtained from the dry sample.
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Example 12
Sodium mycophenolate (1 g) was heated to reflux temperature in 1,4-dioxane (400

ml). The salt was not dissolved completely. The mixture was allowed to cool to room
temperature, and crystallized at this temperature overnight. The solid was filtered off, and a
part of the wet material was dried at normal pressure at room temperature. Form M5 of
mycophenolate sodium was obtained from both the wet sample and the dry sample. Water

content of the dry sample was 1.8 % measured by KF.

Example 13
Sodium mycophenolate (1 g) was dissolved at reflux temperature in absolute ethanol

(165 ml). The solution was allowed to cool to room temperature, and crystallized at this
temperature overnight. The solid was filtered off, and a part of the wet material was dried at
normal pressure at room temperature. Form M1 of mycophenolate sodium was obtained from

the wet sample. Form M2 of mycophenolate sodium was obtained from the dry sample.

Example 14
Sodium mycophenolate (1 g) was dissolved at reflux temperature in 1-butanol (175

ml). The solution was allowed to cool to room temperature, and crystallized at this
temperature overnight. The solid was filtered off, and a part of the wet material was dried at
normal pressure at room temperature. Form M2 of mycophenolate sodium was obtained from

both the dry and the wet sample.

Example 15
Sodium mycophenolate (1 g) was dissolved at about 60 °C in water (5 ml). The

solution was allowed to cool to room temperature. The solution was then allowed to
evaporate to dryness at room temperature in an open dish. Form M1 of mycophenolate

sodium was obtained

Example 16
Sodium mycophenolate (1 g) was dissolved at about 60 °C in water (5 ml). The

solution was allowed to cool to room temperature, then acetone (55 ml) was added to the
solution. The product was precipitated, and the mixture was allowed to crystallize at room
temperature overnight. The solid was filtered off, and a part of the wet material was dried at

normal pressure at room temperature. Form M6 of mycophenolate sodium was obtained
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from both the dry and the wet sample. Water content of the wet sample was 21.0, and of the
dry sample was 20.0 % by KF.

Example 17
Sodium mycophenolate (0.5 g) was dissolved at about 60°C in ethyl lactate (5 ml).

The solution was allowed to cool to room temperature, then ethyl acetate (300 ml) was added
to the solution. The solution was stored at +4°C overnight. The solid was filtered off and a
part of the wet material was dried at normal pressure at room temperature. Form M8 of
mycophenolate sodium was obtained from both the dry and the wet sample. Water content of
the dry sample was 2.1 % by KF.

Example 18
- Sodium mycophenolate (0.5 g) was dissolved at about 60°C in DMF (5 ml). The

solution was allowed to cool to room temperature, then acetone (300 ml) was added to the
solution. The solution was stored at +4°C overnight. The solid was filtered off, and a part of
the wet material was dried at normal pressure at room temperature. Form M7 of
mycophenolate sodium was obtained from both the dry and the wet sample. Water content of
the dry sample was 2.1% by KF.

Example‘ 19

Sodium mycophenolate (1 g) was dissolved at room temperature in methanol (15 ml),
then methylene chloride (280 ml) was added to the solution. The solution was allowed to
stand at room temperature overnight to promote crystallization of the product. The solid was
then filtered off, and a part of the wet material was dried at normal pressure at room
temperature. Form M9 of mycophenolate sodium was obtained from both the wet and the dry
sample. Water content of the dry sample was 4.5% by KF.

Example 20
Sodium mycophenolate (1 g, example 5) was dissolved at about 60°C in water (5 ml). The

solution was allowed to cool to room temperature, then 2-propanol (80 ml) was added to the
solution. The product was precipitated, and the mixture was allowed to crystallize at room
temperature overnight. The solid was filtered off, and a part of the wet material was dried at

normal pressure at room temperature. Forms M1+M6 of mycophenolate sodium were
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obtained from the wet sample. Forms M1>M2 of mycophenolate sodium were obtained from
the dry sample.

Example 21
Sodium mycophenolate (1 g) was dissolved at room temperature in water (100 ml), then the

solution was filtered. The filtrate was lyophilized overnight. Form M12 of mycophenolate

sodium was obtained

Example 22
Sodium mycophenolate (12 g,) was refluxed in 1,4-dioxane (240 ml). The salt did not

dissolve totally. The mixture was allowed to cool to room temperature, and crystallized at
this temperature for 3 days. The solid was filtered off, and the polymorphism was
determined by X-ray diffraction from this wet sample. The obtained material was form M15.
A part of the wet sample was dried at normal pressure at room temperature. Polymorphism

was determined by X-ray diffraction. The obtained material was form M15.

Example 23
Sodium mycophenolate (1 g,) was heated to reflux temperature in 4-methyl-2-pentanone

(400 ml). The salt did not dissolve totally. The mixture was allowed to cool to room
temperature, and crystallized at this temperature for 16 hours. The solid was filtered off, and
the polymorphism was determined by X-ray diffraction from this wet sample. The obtained
material was form M16. A part of the wet sample was dried at normal pressure at room
temperature. Polymorphism was determined by X-ray diffraction. The obtained material was
form M16.

Example 24
Sodium mycophenolate (0.5 g, example 5) was dissolved at about 60°C in DMF (5

ml). The solution was allowed to cool to room temperature, then 2-propanol (300 ml) was
added to the solution. The solution was stored at +4°C overnight. The solid was filtered off,
and a part of the wet material was dried at normal pressure at room temperature. Forms
MI+M2 of mycophenolate sodium were obtained from the wet sample. Form M2 of

mycophenolate sodium was obtained from the dry sample.

Example 25
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Sodium mycophenolate (1 g,) was heated to reflux temperature in dimethylcarbonate (400
ml). The salt did not dissolve totally. The mixture was allowed to cool to room temperature,
and crystallized at this temperature for 16 hours. The solid was filtered off, and the
polymorphism was determined by X-ray diffraction from this wet sample. The obtained
material was form M17. A part of the wet sample was dried at normal pressure at room
temperature. Polymorphism was determined by X-ray diffraction. The obtained material was
form M17.

Example 26
Sodium mycophenolate (1 g,) was heated to reflux temperature in 2-methyl-2-

propanol (400 ml). The salt did not dissolve totally. The mixture was allowed to cool to
room temperature, and crystallized at this temperature for 16 hours. The solid was filtered
off, and the polymorphism was determined by X-ray diffraction from this wet sample. The
obtained material was form M18. A part of the wet sample was dried at normal pressure at
room temperature. Polymorphism was determined by X-ray diffraction. The obtained

material was form M18.

Example 27
Sodium mycophenolate (1 g,) was dissolved at room temperature in methanol (15 ml).

Carbon tetrachloride (250 ml) was added to the solution. After some minutes separation of
crystals started. The solution was put into fridge for 16 hours. The formed crystals were
filtered off, and the polymorphism was determined by X-ray diffraction from this wet sample.

The obtained material was form M19.

Example 28
Sodium mycophenolate (1 g,) was dissolved in N,N-dimethyl-acetamide (19 ml).

Acetonitrile (400 ml) was added to the solution. The solution was put into the fridge for 16
hours. The formed crystals were filtered off, and the polymorphism was determined by X-ray

diffraction from this wet sample. The obtained material was form M20.

Example 29

Sodium mycophenolate (1 g,) was heated to reflux temperature in a mixture of water
(20 ml) and 1,4-dioxane (380 ml). Water (10 ml) was added, the salt dissolved totally. The

solution was allowed to cool to room temperature, dioxane (150 ml) was added, then put into
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fridge for 16 hours. The solid was filtered off, dried at normal pressure at room temperature.

Polymorphism was determined by X-ray diffraction. The obtained material was form M21.

Example 30
Mycophenolic acid (3.20 g, 10 mmol) was dissolved in dichloromethane (64 ml). To

this solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic solution) was added
under stirring. The formed suspension was diluted with 256 ml of dichloromethane. After 2
hours stirring at room temperature the solid was filtered off, dried at normal pressure at room
temperature. Polymorphism was determined by X-ray diffraction. The obtained material was
form M22.

Example 31
Mycophenolic acid (3.20 g, 10 mmol) was dissolved in 1,4-dioxane (64 ml). To this

solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic solution) was added
under stirring. After 1 hour stirring at room temperature the solid was filtered off. The
polymorphism was determined by X-ray diffraction from this wet sample. The obtained

material was form M26.

Example 32
A part of the wet sample obtained by method described in Example 35 was dried at

normal pressure at room temperature. Polymorphism was determined by X-ray diffraction.

The obtained material was form M27.

Example 33
Mycophenolic acid (3.20 g , 10 mmol) was dissolved in carbon-tetrachloride (180

ml). To this slightly opal solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic
solution) was added under stirring. After 3 hour stirring at room temperature the mixture was
put into fridge for 16 hours. The solid was filtered off, and the polymorphism was
determined by X-ray diffraction from this wet sample. The obtained material was form M28.
A part of the wet sample was dried at normal pressure at room temperature. Polymorphism

was determined by X-ray diffraction. The obtained material was form M28.

Preparation of mycophenolate disodinm crystal forms

Example 34
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To a stirred solution of MPA (6.4 g) in methanol (128 ml), sodium carbonate
(4.24 g) was added at room temperature. The mixture was stirred at room temperature for 4
hours, then it was filtered. The filtrate was evaporated on a rotary evaporator to about 50 ml
and the concentrated solution was stored at -15°C for overnight. The precipitated product was
filtered off and washed with methanol. The solid material was dried at 40-45°C in a vacuum
oven. The yield was 20%. Polymorphism was determined by X-ray diffraction. The

obtained material was form D1

Example 35
To a stirred solution of MPA (5 g) in dichloromethane (90 ml) and toluene (180 ml),

methanolic sodium methoxide (5.9 ml 30% sodium methoxide in methanol diluted with 78 ml
of methanol) was added at room temperature. The mixture was stirred at room temperature
for 20 minutes and evaporated to dryness. The residue was suspended in 95:5 acetone:water,
then the precipitated product was filtered off and washed with cold acetone. The solid
material was dried at 40-45°C in a vacuum oven. The yield was 85%. Polymorphism was

determined by X-ray diffraction. The obtained material was form D2

Preparation of mycophenolate monosodium crystal forms

Example 36: Preparation of form M15 of sodium mycophenolate
Sodium mycophenolate (12 g, 533-90) was refluxed in 1,4-dioxane (240 ml). The salt

did not dissolve totally. The mixture was allowed to cool to room temperature, and
crystallized at this temperature for 3 days. The solid was filtered off, and the polymorphism
was determined by X-ray diffraction from this wet sample. The obtained material was form
M15. A part of the wet sample was dried at normal pressure at room temperature.

Polymorphism was determined by X-ray diffraction. The obtained material was form M15.

Example 37: Preparation of form M16 of sodium mycophenolate
Sodium mycophenolate (1 g, 533-69) was heated to reflux temperature in 4-methyl-2-

pentanone (400 ml). The salt did not dissolve totally. The mixture was allowed to cool to
room temperature, and crystallized at this temperature for 16 hours. The solid was filtered
off, and the polymorphism was determined by X-ray diffraction from this wet sample. The
obtained material was form M16. A part of the wet sample was dried at normal pressure at
room temperature. Polymorphism was determined by X-ray diffraction. The obtained

material was form M16.
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Example 38: Preparation of form M17 of sodium mycophenolate
Sodium mycophenolate (1 g, 533-69) was heated to reflux temperature in

dimethylcarbonate (400 ml). The salt did not dissolve totally. The mixture was allowed to
cool to room temperature, and crystallized at this temperature for 16 hours. The solid was
filtered off, and the polymorphism was determined by X-ray diffraction from this wet sample.
The obtained material was form M17. A part of the wet sample was dried at normal pressure
at room temperature. Polymorphism was determined by X-ray diffraction. The obtained

material was form M17.

Example 39: Preparation of form M18 of sodium mycophenolate
Sodium mycophenolate (1 g, 533-69) was heated to reflux temperature in 2-methyl-2-

propanol (400 ml). The salt did not dissolve totally. The mixture was allowed to cool to
room temperature, and crystallized at this temperature for 16 hours. The solid was filtered
off, and the polymorphism was determined by X-ray diffraction from this wet sample. The
obtained material was form M18. A part of the wet sample was dried at normal pressure at
room temperature. Polymorphism was determined by X-ray diffraction. The obtained

material was form M18.

Example 40: Preparation of form M19 of sodium mycophenolate

Sodium mycophenolate (1 g, 533-69) was dissolved at room temperature in methanol
(15 ml). Carbon tetrachloride (250 ml) was added to the solution. After some minutes
separation of crystals started. The solution was put into fridge for 16 hours. The formed
crystals were filtered off, and the polymorphism was determined by X-ray diffraction from

this wet sample. The obtained material was form M19.

Example 41: Preparation of form M20 of sodium mycophenolate
Sodium mycophenolate (1 g, 533-69) was dissolved in N,N-dimethyl-acetamide (19

ml). Acetonitrile (400 ml) was added to the solution. The solution was put into the fridge for
16 hours. The formed crystals were filtered off, and the polymorphism was determined by X-

ray diffraction from this wet sample. The obtained material was form M20.

Example 42: Preparation of form M21 of sodium mycophenolate
Sodium mycophenolate (1 g, 533-69) was heated to reflux temperature in a mixture of

water (20 ml) and 1,4-dioxane (380 ml). Water (10 ml) was added, the salt dissolved totally.
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The solution was allowed to cool to room temperature, dioxane (150 ml) was added, then put
into fridge for 16 hours. The solid was filtered off, dried at normal pressure at room
temperature. Polymorphism was determined by X-ray diffraction. The obtained material was

form M21.

Example 43: Preparation of form M22 of sodium mycophenolate
Mycophenolic acid (3.20 g, 10 mmol) was dissolved in dichloromethane (64 ml). To

this solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic solution) was added
under stirring. The formed suspension was diluted with 256 ml of dichloromethane. After 2
hours stirring at room temperature the solid was filtered off, dried at normal pressure at room
temperature. Polymorphism was determined by X-ray diffraction. The obtained material was

form M22.

Example 44: Preparation of form M26 of sodium mycophenolate
Mycophenolic acid (3.20 g, 10 mmol) was dissolved in 1,4-dioxane (64 ml). To this

solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic solution) was added
under stirring. After 1 hour stirring at room temperature the solid was filtered off. The
polymorphism was determined by X-ray diffraction from this wet sample. The obtained

material was form M26.

Example 45: Preparation of form M27 of sodium mycophenolate

A part of the wet sample obtained by method described in Example 9 was dried at
normal pressure at room temperature. Polymorphism was determined by X-ray diffraction.

The obtained material was form M27.

Example 46: Preparation of form M28 of sodium mycophenolate ‘
Mycophenolic acid (3.20 g, 10 mmol) was dissolved in carbon-tetrachloride (180

ml). To this slightly opal solution sodium methoxide (9 mmol, 1.67 ml of its 30% methanolic
solution) was added under stirring. After 3 hour stirring at room temperature the mixture was
put into fridge for 16 hours. The solid was filtered off, and the polymorphism was
determined by X-ray diffraction from this wet sample. The obtained material was form M28.
A part of the wet sample was dried at normal pressure at room temperature. Polymorphism

was determined by X-ray diffraction. The obtained material was form M28.

Transformation of M1+ M3 to M2 by heating
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Example 47
200 mg of a mixture of Forms M1+M3 as identified by XRD, was put into an oven in

a glass weighing bottle at 170°C for 0.5 h. Then it was put into a desiccator and allowed to
cool to room temperature. Upon XRD analysis, its crystal form was found to be Form M2.
Transformation of M2 to M1, M3 to M1 and D1 to D2 by water vapors absorption
Example 48

200 mg of each of the following samples: crystal Form M2, crystal Form M3 and crystal
Form D1 were put at room temperature into a hygroscopicity chamber containing 100%
relative humidity for one week. After one week they were measured again by XRD to
determine their crystal forms. Crystal forms M2 and M3 transformed to M1 and crystal Form
D1 transformed to Form D2.

Reproduction of literature methods
Example 49 (Acta Cryst. Sect. C, C56 (2000) 432-433)

To a stirred solution of MPA (9.6 g) in methanol (300 ml), 30% sodium methoxide in
methanol (5.6 ml) was added dropwise at room temperature. The reaction mixture was stirred
for an additional 60 minutes, then the solvent was evaporated on a rotary evaporator at 40-
45°C under vacuum. The wet material was dried at 40-45°C in a vacuum oven and proved to

be a mixture of Forms M2 and M3.

Example 50 (J. Med. Chem., 39 (1996) 1236-1242)

To a stirred solution of MPA (9.6 g) in absolute ethanol (360 ml), 21% sodium
ethoxide in ethanol (8.6 ml) was added dropwise at room temperature. The reaction mixture
was stirred for an additional 60 minutes, then the solvent was evaporated on a rotary
evaporator at 40-45°C under vacuum. The wet material was dried at 40-45°C in a vacuum
oven and proved to be Form M2.

Example 51 (Z4 68/4,959)

To a stirred solution of MPA (13 g) in chloroform (650 ml), sodium methoxide
solution (2.3 g NaOMe dissolved in 130 ml of methanol) was added dropwise at room
temperature. The reaction mixture was stirred for an additional 30 minutes, then n-pentane
(2.34 L) was added to the solution. After 30 minutes, the reaction mixture was filtered and a
part of the wet material was dried at 40-45°C in a vacuum oven. Both the wet sample and the

dried material proved to be Form M2.
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What is claimed is:

1. A crystalline mycophenolate sodium selected from the group consisting of a
crystalline mycophenolate sodium form (M4) characterized by a powder XRD pattern with
peaks at 7.1, 7.6, 10.7, 14.0 and 16.3 + 0.2 degrees 2-theta; a crystalline mycophenolate
sodium form (Form M5) characterized by a powder XRD pattern with peaks at 9.8, 17.4,
22.2,27.1, and 31.7 + 0.2 degrees 2-theta; a crystalline mycophenolate sodium form (Form
M6) characterized by a powder XRD pattern with peaks at 6.1, 7.9, 14.6, 18.2 and 18.5 + 0.2
degrees 2-theta; a crystalline mycophenolate sodium form (Form M7) characterized by a
powder XRD pattern with peaks at 13.0, 13.7, 17.6, 22.6, and 23.6 + 0.2 degrees 2-theta; a
crystalline mycophenolate sodium form (Form MS8) characterized by a powder XRD pattern
with peaks at 5.4, 7.5, 9.8, 10.6, 18.2 and 20.9 * 0.2 degrees 2-theta; a crystalline
mycophenolate sodium form (Form M9) characterized by a powder XRD pattern with peaks
at 5.6, 6.0, 7.5 and 9.9+ 0.2 degrees 2-theta; a crystalline mycophenolate sodium form (Form
M10) characterized by a powder XRD pattern with peaks at 5.8, 9.0, 9.3, and 19.7+ 0.2
degrees 2-theta; a crystalline mycophenolate sodium form (Form M11) characterized by a
powder XRD pattern with a peak at 10.3 + 0.2 degrees 2-theta and amorphous mycophenolate
sodium form (Form M12) characterized by an FTIR spectrum with peaks at 1735, 1560 and
1133 cm™.

2. Mycophenolate sodium acetone solvate.

3. Mycophenolate sodium acetonitrile solvate.
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