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10 crystalline anhydrous salt form. .

The invention also relates. to intravenous fornmla.tions for the
administration of MM, and a process for preparing the :.ntravenous
formulations using MM salt in its crystalline anhydrous form, where the
salt is formed in-situ and lyophilized. The invention also relates to the

15 use of such formulations in treating autoimmune disorders, psoriasis,
inflammatory diseases (including in particular rheumatoid arthritis),
tumors and viruses, and for immunosuppression, particularly for treatment
of allograft rejection, especially including cardiac allograft rejection,’
pancreatic allograft rejeétion and renal allograft rejection, and for

20 treating autoimmune diseases, including diabetes.

RELATED U.S. PATENTS

U.S. Patent No. 4, 753 935, issued June 28, 1988, entitled

sMorpholincethyl Esters of Mycophenolic: Acid and Pharmaceutical
- Compositions® discloses mycopheriolate mofetil, the morpholinocethyl ester of

25 mycophenolic acid, and certain simple ester derivatives thereof. )

U.S. Patent No. 4,808,592, issued February 28, 1989, entitled "Method
of Treating Diseases by Administering Morpholinoethyl Ester of Mycophenolic-
Acid and Derivatives Thereof" discloses a method of treating inflammatory
and psoriatic diseases in mammals by administering a therapeutically

30 . effective amount of mycophenolai:e mofetil, the morpholinoethyl ester of

" mycophenolic acid, or certain simple ester derivative thereof.

" U.S. Patent No. 4,952,579, issued August 28, 1990, entitled "Method
of Treating Diseases by Administering Morpholinoethyl Ester of Mycophenolic
Acid and-Derivativgs Thereof"® discloses a method of treating malignant

35 diseases in mammals by administering a therapeutically effective amount of
myccphenolate mofetil,. the morpholinoethyl ester of mycophenolxc acid, or
certain simple ester derivatives thereof. ]

U.S. Patent No. 4,786,637, issued November 22, 1988, entitled
sTreatment of Allograft Rejection with Mycophenolic Acid Morpholinoethyl

40 Ester and Derivatives Thereof" discloses a method of treatment of allograft

' rejection in mammals by administering a therapeutically effective amount of
mycophenolate mofetil, ‘the morpholinocethyl ester of mycophenolic' a.cid, or
certain simple ester derivatives thereof.

U.S. Patent No. 4,948,793, issued August 14, 1990, entitled |
45 "Ti‘eatment of Autoimmune Diseases With The Morpholinoethyl Ester of
’ Mycophenolic Acid, and Derivatives Thereof" discloses a method of treating
autoimmune diseases by administering a therapeutically effective amount of
mycophenoclate mofetil, the morpholinoethyl ester of mycophenolic acid, or
certain simple ester derivatives thereof.
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BACKGROUND INFORMATION .
Mycophenolic acid is a weakly- active antibiotic found in the

10 fermentation broth of Penicillium 'brevi-compactum. Derivatives of ‘
mycophénolic acid, in particular, the morpholinoethyl ester thexeof [i.e.,
2- (4-morpholino) ethyl- (E) -6~ (1, 3-dihydro-4-hydroxy-6-methoxy-7-methyl-
3-oxo-5-iaobenzofufa.ny1) -4-methy1-4-hexenoate hydrochloride] and certain
simple ester derivatives of the phenolic hydroxyl group have been found to

is be effective in the treatment autoimmune disorders, psoriasis, inflammatory
diseases (including in particular rheumatoid arthritis), tumors, viruses,
allograft rejection, especially inc;luding' cardiac allograft rejectionm,
pancreatic allograft rejection and renal allograft rejection, and
autoimmune diseases, including diabetes. When compared with mycophenolic

20 _  acid, these ester derivatives show advantageous pharmacokinetic properties
which enhance the systemic introduction of mycophenolic acid, for example,
solubility in the delivery environment (e.g., the stomach), peak plasma
concentration, maximum plasma concentra.f.ion, and improved activity, e.g.,
anti-inflammatory activity. '

25 Administration of therapeutic agents by intravenous formulation is
well known in the pharmaceutical industry. An intravenous formulation
should possess certain qualities aside from being just a composition in
which the therapeutic. agent is soluble. For example, the formulation
should promote the overall étability of the active ingredient(s), also, the

30 manufacture of the formulation should be cost effective. All of these '
factors ultimately determine the overall success and usefulness of an
intravenous formulation. :

MM in its monohydrate salt form is more stable than MM in its
amorphous salt form, however the amorphous salt form has better solubility

35 characterigtics. It has been surprisingly found that a newly discovered
crystalline anhydrous salt form of MM possesses about a two-fold increase
in solubility over the monchydrate salt form, while possessing the same
stability characteristics of the monohydrate salt form.

' SUMMARY OF THE INVENTION

40 One aspect of the invention relates to the crystalline anhydrous

compound of the formula,
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(i.e., MM ) wherein MM is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate and acetate.

10 . " Another aspect of the invention relates to the crystalline anhydrous
form of MM HCl, i.e., 2- (4-morpholino)ethyl- (E)-6-(1,3-dihydro-4-hydroxy-
6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl) -4-methyl-4-hexenoate
hydrochloride. ' :

' Another aspect of the invention relates to a composition suitable for

15 preparing an aqueous intravenous formulation which comprises MM, i.e.,
Formula I, '

o OH CHy

20
OCHq4

CHy -

Formula I

25 . .
whgreiri MM is complexed as a pharmaceutically acceptable salt with an anion
selected from the group consisting of chloride, sulfate, phosphate and
acetate and the pharmaceutically acceptable.sa.lt is in its crystalline
anhydrous form and pharmaceutically acceptable excipients.

30 : Yet another aspect of the invention relates to a procéss of
manufacturing the composition, where the solution from which the _
con@osition is derived.is adjusted to a pH in the range of 3.2 to 3.6, the
salt is formed in situ, and the solution lyophilized, resulting in the
compound of Formula I in its crystalline anhydrous form. ’ '

3s Another aspect of the invention is the use of a compound of Formula I
above for the treatment of disease, such as autoimmune disorders,
psoriasis, inflammatory diseases (including in particular rheumatoid
arthritis), tumors, viral diseases, autoimmune diseases including diabetes,
allograft rejection, especially including cardiac allograft rejecticn,

40 pancreatic allograft rejection and renal allograft rejection.

Another aspect_ of this invention is a kit useful for preparing an
intravenous formulation comprising a) a composition suitable for preparing
an aqueous intravenous formulation which comprises a compound of Formula I
_ above wherein the compound is complexed as a salt with an anion selected
45 from the group consisting of chloride, sulfate, phosphate and acetate, and
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BRIEF DESCRIPTION OF THE FIGURES

Figure IA shows the X-ray diffraction patterns of the crystalline
5 monohydrate form of MM HCl. .
Figure IB shows the X-ray diffraction patterns of the crystall;ne
anhydrous form of MM HCl. -
Figqure IIA shows the X-ray diffraction.patﬁerns of the compogition
containing the amorphous form of MM HCIL. .
10 Figure IIB shows the X-ray diffraction patterns of the composition
containing the crystalline anhydrous form of MM HCl with polysorbate 80.
Figure IIC shows the X-ray diffraction patterns of the composition
containing the crystalline anhydrous form of MM HC1 without' polysorbate 80.
Figure IIIA showa the Differential Scanning Calorxmetry (hereinafter
15 *DSC") thermogram for the amorphous form of MM HCl.
Figure ITIB shows the DSC thermogram for the crystalline anhydrous
form of MM HC1l after the lyophilization process.
DETAILED DESCRIPTION OF THE INVENTION

Definitions i

20 The following definitions are set forth to illustrate and define the
meaning and scope of the various terms used to describe the invention
herein. '

. As used herein, the term "phaxmaceutically acceptable salt" refers to

a compound that is ionically complexed to an anion, such as, chloride,

2s sulfate, citrate, acétate, phosphate, maleate and/or megylate. Within the
present disclosuré, the compounds of Formula I can be complexed with
various anions to form the corresponding pharmaceutically acceptablé salt,
e.d., hydrochloric acid and the - morpholinocethyl ester of mycophenolic acid
can form the pharmaceutically acceptable salt, 2- (4-morpholino) ethyl- (E) -

30 6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl) -
4-methyl-4-hexenocate hydrochloride.

As used herein, the term "crystalline form" or "crystal form" means
that a certain material has definite shape and an orderly arrangement of
structural units, which are arranged in fixed geometric patterns or

35 lattices. ' .

As used herein, the term "crystalline monchydrate" or "monchydrate
crystalline" means that the crystalline form of a certain material includes
a single molecule of water.

As used herein, the term “"crystalline anhydrous" or "anhydrous

40 crystalline" means that the crystal form of a certain material contains no
molecule of water.

2s used herein, the term "amorphous'foim"'means that a certain
material_has no definite shape and no orderly arrangement of structural
units. : -

45 As used herein, the term "pharmaceutically acceptable excipients"
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dec'ompos:i.'tion of the therapeutic agent.

As used herein, the term "clarifying agent" refers to surfactant ‘type

10 compounds, such as polysorbate 80, which are used to reduce the haziness of
a solution. . )

As used herein, the-term "buffering agent" refers to compounds which
resist change in pH when H' or OH is'a_.dded. A buffering agent is most
resistive to change at the pH of the exact midpoint of its titration curve,

15 i.e., where the concentration of the proton acceptor equais that of the
protdn donor' and the pH - is equal to the pK'. ‘A buffering agent can be a
single compound, e€.g., citric acid, or a combination of compounds.

" As used herein, the term "g.s." means adding a quantity sufficient to

achieve a certain state (e.g., volume, i.e., to bring a solution to a

20 desired volume) . ' )

As used herein, the term "q.s. to pH" means the addition of acid or
base in a quantity sufficient to bring a solution to a desired pH (e.g.,
g.8. to pH 3.4 means the addition of acid or base to bring the solution to
a pH of 3.4). . _ )

25 . As used herein, the term "WFI" refers to Water for Injection that
meets specifications set forth in the U.S. Phérmacopeia (U.s.P.).

As used herein, the term "ramp rate" refers to the rate at which the
temperature is-changed (i.e., increased or decreased) over a temperature
range. _ -

30 The term "reconstitute" refers to ‘the process where a composition is
combined with an appropriate liquid medium, e.g., water (WFI), 5% dextrose
solution, or saline to- yield an intravenous solution.

As used herein, the Een_n "treatment" or "treating" means any
treatment of a disease in a mammal, and includes:

35 (i) preventing the disease, i.e., causing the clinical symptoms of
the disease not to develop; ' . '

{(ii) 4inhibiting the disease, i.e., arresting the development of
clinical syulptofns; and/or

(iid) reliev:i.ng the disease, i.e., causing the regression of clinical

40 symptoms. '

’ As used herein, the term "therapeutically effective amount® refers to
that amount of MM, which when adnministered to a mammal in need thereof, is
sufficient to effect the stated treatment. The amount that constitutes a
*therapeutically effective amourit" will vary depending on the compound, the

45 condi_tion or disease and its severity, and the mammal to be treated, but

@
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crystalline anﬁ dr
y y s used herein, the term "%v/v" means the percentage volume of a

s:Lngle ingredient relative to the total volume of the entire formulation,
for example, 1.17 ml of an ingredient in a total volume of 8 ml is 14.6 %
10 . . v/v, or 1.17 ml of an J.ngred:.ent in a total volume of 5 ml is 23.4 %v/v.
Nomenclature
The structure and numbering convention for mycophenolate mofetil
"MM", also known as the morpholinocethylester of mycophenolic acid [i.e.,
2- (4-morpholino) ethyl-E-6- (1, 3-dihydro-4-hydroxy-6-methoxy-7-methyl-
15 3-ox0-5-igobenzofuranyl) -4-methyl-4-hexenoate], is as follows:

20 OCH,

Formula I

25 STARTING MATERIALS , _

The morpholinoethyl ester of mycophenolic acid and certain simple
ester derivatives thereof are prepared according to U.S. Patent No.
4,753,935, issued June 28, 1988, entitled "Morpholinocethyl Esters of
Mycophenolic Acid and Pharmaceutical Compositions", previously incorporated

30 by reference, or described in co-pending Serial No. 07/993,146, filed,
December 18, 1992, now U.S. Patent No. 5,247,083, incorporated herein by
reference. .

Polysorbate 80 is sold under the tradename of "Tween 80°" and is
obtained from ICI Americas, Inc., Wilmington, Delaware. -

35 ' Citric acid, sodium hydroxide (NaOH) and hydrochloride acid (HC1) of
suitable purity are obtained from the Aldrich Chemical Company.

Water for injection (WFI) indicates water meeting the purity
standards set forth in the U.S. Pharmacopeia for injectable solutions.
OVERVIEW OF THE PREPARATION OF THE FORKU’LATIOKS

40 The process by which the ingredients of a formulation are comb:med is
known as "compounding", which yields the bulking solution. The bulking
solution is lyophilized [i.e., the process where water and/or solvent
(e.g., methanol, ethanol, or isopropanol) are removed with decreased
pressure and varied temperature conditions] yielding a "composition". The

45 intravenous formulation is reconstituted at the time of use from the.
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PREPARATION OF A COMPOSITION WHERE MM HC1 IS IN ITS CRYSTALLINE ANHYDROUS
FORM

11 " Compounding Process
About 23 to 25.3 $w/v of an acid, preferably about 24.4 %w/v of 1N
HC1 (if concentrated HCl is used, a proporticnally smaller % is used), and
about 0.05 to 0.5 $w/v, preferably about 0.1 tw/v, of citric acid is added
to a volume of water suitable for injection (WFI) approximating 50% of the
10 final volume of the bulking solution [e.g., for a final bulking solution
volume of 10 liters; S.0 liters of water (WFi) is used]. To this solution
is dissolved about 0.01 to 2 ¥ w/v, preferably about 0.5 %w/v, of a
clarifying agent, such as, polysorbate 80, and about 10 %w/v of MM; and
about 0.10 to 10 %$v/v, preferably about 3.2 %v/v, of ethanol. The pH of
15 the solution is adjusted to a pH of about 3.4 using 1N HCl or 2N NaOH, as
' appropriate. A sufficient amount of water suitable for injection (WFI) is
added to bring. the volume of the bulking solution to the desired final
volume (e.g., for a 2000 - 20 cc vial batch with S cc of solution per vial,
the final volume of the bulking solution is 10 liters). The pH of the
20 solution is again adjusted to a pH of about 3.4. Under aseptic conditions,
the solution is filtered (e.g., using a 0.2 um membrane filter).
' The bulking solution is loaded into individual vials, where the
volume of solution loaded is about 25% of the volume of the vial (e.g., for
a 20 cc vial, about S ml of bulking solution is loaded), and the vials are
25 partially stoppered with a lyo-stopper (i.e., a stopper suitable for
lyophilization) to allow for lyophilization of the solutionm.
Lyophilization Cycle For Crystalline Anhydrous Form
The lyo-gtoppered. v:La.ls containing the bullung solution are
lyophilized according to the following procedure (the temperature is

30 measured from the shelf where the wvials are placed within the
lyophilization chamber) : B .
a. ' The temperature is equilibrated to a range of about 22°C to

.about 28°C, preferably about 25°C, prior to the introduction of the vials.
The temperature is maintain during the loading of the vials. After loading
35 is completed, the temperature is maintained for a period of about 10 to 30
minutes, preferably about 20 minutes. )
b. The tempera.ture is decreased to a range of about 5°C to -15°c,

. preferably about -10°C, in a period of about 1 to 3 hours, preferably about.

2 hour 20 minutes (i.e., at a ramp rate of about -0.25°C/min).

40 c. The temperature is maintained in a range of about S°C to -15°C,
preferably about -10°C, for a period of about 1 hour 30 minutes to 3 hours
and 30 minutes, preferably for a period of about 2 hours 30 minutes.

d. The temperature is decreased to a range of about -37°C to
-43°C, preferably about -40°C, over a period of 1 to 3% hours, preferably
45 about 2 hours, (i.e., at a ramp rate of about -0.25°C/min).

-
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the temperature is maintained at a-range of about -20 to -60°C, preferably
about -40°C, for a period of about 3 to 7 hours, preferably about 5§ hours.
' h. The temperature ig increased to a range of about -13° to -19°C,
10 preferably about -16°C, over a period of about 6 to 10 hours, preferably
about 8 hours (i.e., at a ramp rate of about 0.05°C/min) and :ﬁaintained at
this temperature for an additional period of about 8 to 12 hours,
prefefably about 10 hours.
i. The temperature is increased to a range of about 50°C to 78°C,
15 preferably about 70°C, over a period of about 5 to 9 hours, preferably
about 7 hours and 10 minutes (i.e., at a rai:tp rate of about 0.20°C/min) and
maintained at this temperature until Step k. is completed. '
j. The temperature is maintained until all the product
thermocouples (i.e., temperature sensors attached to the vials) are at a
20 temperature in t_:he.range of about §7°C to 63°C for a period of at least 7
' to 13 hours.
k. The temperature is ‘decreased to a range of about 22°C to 28°C,
préfera_bly about 25°C, over a period of about 2 to 4 hours, preferably
about 3 hours (i.e., at a ramp rate of about -0.25°C/min) and maintained at

25 this temperature for a period of about 1 to 3 hours, preferably about*®
2 hours. ]
1. The lyophilization chambér pressure is slowly increased to a

preésure in a range of about 3 to 12 psi, preferably about 4 to 8 psi, more
preferably about 4 psi, using nitrogen (NF) over a pericd of no less than
30 about 15 minutes. The vials are stoppered under partial pressure.

m. The lyophilization chamber pressure is increased to atmospheric ’
pressure. If it is not practical to unlcad the chamber after seating the
stoppers, the vials may be kept at a temperature in the range of 23 to
27°C, preferably ‘about 25°C, for a maximum of up to 24 hours. The vials

35 are crimped sealed. i

The compoéition is stored in the sealed vials until reconstitution at

time of use. . :
PREPARATION OF THE INTRAVENOUS FORMULATION FOR ADMINISTRATION
The intravenous formulation is prepared by reconstituting the

40 composition described previously with an appropriate iiquid medium, such
as, water for injection (WFI) or S¥% dextrose solution. A desired
concentration of the intravenous formulation can be obtained by _
reconstituting an appropriate amount of the composition with an a.ppropiiate
volume of liquid medium. A desired cdncentration of the intravenous

45 formulation provides a therapeutically effective amount of MM to the animal
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conpl exed as aaisall.t The [doae wiricbnis dhexrpedt foadly tefifeqpiveprill depend on the
rate at which the intravenous formulation is delivered to the animal and
5 the concentration of the intravenocus formulation. For example, two vials
containing a composition [e.g., 500 mg of MM per vial (which is equivalent
to 542 mg of MM HCl)] are recomstituted with a 5% dextrose solution (14 ml
of 5% dextrose solution per vial) yielding a total of 28 ml of solution.
_ The. reconstituted solution is incorporated into dextrose solution in an

10 infusion bag and g.s. to 166 mL, resulting in a solution containing 6 mg/ml
of MM, suitable for intravenous infusion administration. The preferred
concentration of MM in the liquid medium, in the infusion bag, is about 3
to about 10 mg/ml, preferably about 5 to about 6 mg/ml.

Solutions show no significant logs of label strength (%LS)} over

1s 24 hours after being prepared _and stored at 25°C. It should be noted that
good pharmacy practice dictates that the reconstituted solution should be
administered immediately upon reconstitution, however, the stability of the
reconstituted solution is not adversely affected if administration is
delayed. .

20 The composition of this invention can be provided to the dispensing
person, e.g., a pharmacy or hospital, in the form of a vial containing the:
compos:.t:.on, or in the form of a kit compr:.s:.ng a vial or vials conta:.m.ng
the composition and an appropriate amount of a liquid medium.

PREFERRED EMBODIMENTS '

2s Most preferred is the crystalline anhydrous form of the hydrochloride
salt of the morpholinoethyl ester of mycophenolié acid, i.e., 2-(4-
morpholino) ethyl-E-6- (1,3 -dihydro-4-hydroxy-6-methoxy-7-methyl-
3-ox0-5-isobenzofuranyl) -4-methyl-4-hexenoate hydrochloride.

Also most preferred is the composition which comprises MM HCl in a

30 crystalline anhydrous form and pharmaceutically accept:able excipients.

PREFERRED PROCESSES

A preferred process of compounding (i.e., preparation of the bulking
solution) is where the temperature is maintained at about 21°C to 33ecC.

An especially preferred process of compounding is where the

- 38 temperature is maintained at about 25°C 3 2°C.

A preferred process of compound:.ng is where the pH of the bulking
solution is adjusted to 3.4  0.S.

An especially preferred process of compounding is where the pH of the
bulking solution is adjusted to 3.4 % 0.2.

40 Preferred is a lyophilization cycle for the preparation of a -
pharmaceutical composition with the crystalline anhydrous form of MM HC1
where the temperature is decreased from 25°C to a temperature in the range
of § to -15°C, where a 'ramp rate of -0.25°C/min i 0.1°C.

_ Most preferred for the temperature range of 25°C to -10°C is where

45 the ramp rate is -0.25°C/min ¢ 0.05°C.
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(hereinafter Most preferred for the temperature range of -10°C to -40°C where the
raﬁp rate is -0.25°C/min i+ 0.05°C.
~ Preferred is a lyophilization cycle for the preparation of a
pharmaceutical composition with the crystalline anhydrous form of MM HC1
10 where the temperature is increased over a range of -16°C to 70°C where the
- ramp rate is 0.20°C/min + 0.1°C.
Most preferred for the temperature range of 16°C to 70°C where the
ramp rate is 0.20°C/min + 0.05°C.
UTILITY
15 The present invention is useful for the treatment of disease, such as
autoimmune disorders, psoriasis, inflammatory diseases (including in
particular rheumatoid arthritis), tumors, viral diseases, autoimmune
diseases including diabetes, allograft rejection, especially including
cardiac allograft rejection, pancreatic allograft rejection and renal
20 allograft rejectiom.

consi sti ng of chloride, sutfate, phosphate and acetate, and sai d@kg#ﬁs I n
s

EXAMPLES
The following examples are given to enable those skilled in the art
to more elearly understand and to practice the present invention. They
should not be considered as limiting the scope of the invention, but merely
25 as being illustrative and representative thereof. -

EXAMPLE 1

- .. PREPARATION OF THE
_ MYCOPHENOLATE MOFETIL HYDROCHLORIDE
30 IN ITS CRYSTALLINE ANHYDROUS FORM

1a. Preparation of Crystalline Anhydzous MM COmplexed With Chloride
Mycophenolate mofetil hydrochloride is prepared as described in U.S.
Patent No. 4,753,935. "E-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-
5-isobenzofuranyl) -4 -methyl-4-hexencate (38.0 g) was dissolved in
35 isopropanol (200 ml) and the solution was added to a solution of hydrogen
chloride (10.0 g) in isopropanol (150 ml). The hydrochloride salt was
collected by filtration and dried under vacuum (m.p. 154-155°C).
The crystalline anhydrous form of mycophenolate mofetil hydrochloride
is prepared by heating the crystalline monchydrate hydrochloride form of MM
40 HC1 at 60°C for 30 minutes. The crystalline anhydrous form of the compound
. was confirmed by X-ray crystallography as shown in Figure IB.
The crystalline anhydrous form of mycophenolate mofetil hydrochloride
was found to have a solubility (when viewed over 3 days) of approximately
84 mg/ml in typical intravenous formulation solutions (e.g., 5% dextrose
45 solution or water suitable for injection) versus approximately 40 mg/ml for
the crystalline monohydrate form.
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EXAMPLE 2

PREPARATION OF MANUFACTURING BATCH OF
: COMPOSITION OF MYCOPHENOLATE MOFETIL HCl
1s ' IR ITS CRYSTALLINE ANHYDROUS FORM

2A. Preparation of Manufacturing Batch of 2000 - 20 cc vials using 1N HC1
Ingredient quantity/irial
) Mycophenolate Mofetil 500.0 mg
20 1 N HCl . . 1220.0 mg
Citric Acid Anhydrous ' : 5.0 mg
Polysorbate 80 25.0 mg
Ethanol (95%)° - ~ 0.16 ml
WFI® gs . ' 5.0 ml
25 1N HC1/NaOH gs to pH 3.4

"Removed during lyophilization

A batch (manufacturing scale, 2000 - 20 cc vials) of the composition
30 containing 542 mg of MM HCl1 (i.e., 500 mg of MM) in its crystalline
' anhydrous form per vial was prepared.
The ingredients were combined according to the following procedure.

1. - 2440 gm of 1 N HCl and 10 gm of citric acid were combined with a
' sufficient amount of water suitable for injection (WFI) to obtain a
35 volume of 7.5 liters.
2. S0 gm of Tween 80 was dissolved in the solution from step 1.
3. 1000 gm of MM was dissolved in the solution £rom Step 2.
4. 320 ml of ethyl alcohol was added to the solution of Step 3.
5. The pH of the solution from Step 4 was adjust:ed to pH 3.4 (+ 0.2).
40 6. Sufficient water (WFI) was added to bring the volume of the solution
to 10 liters.
7. Under aseptic conditions, the solution was filtered using two 10"
_ Millipore Durapore 0.2 um filter (CVGL).
8. 5 ml of the filtrate from Step 7 was loaded into 2000 - 20cc multi-
45 doge vials (i.e., 5 ml of filtrate per 20cc vial) and partially

stoppered with lyo stoppers.
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5 vials were placed, and thermocouples were fitted to various vials to

measure their temperature. ' '

b.’ The lyophilization chamber temperature was equilibrated at
25°C. The loaded vials were introduced into the lyophilization
chamber and the temperature was maintained at 25°C for 20 minutes..

10 c. The shelf temperature was, decreased from 25°C to -10°C over a

' period of 2 hours 20 minutes (Ramp rate: -0.25°C/min).
d. The temperature was maintained at -10°C for 2.5 hours.
e. . The temperature was decreased to -40°C over 2 hours l(Ra.mp rate:
-0.25°C/min) . '

15 £. The temperature was maintained at -40°C for 5.0 hours. '
g. The lycphilization chamber pressure was reduced to 100 mTorr.
h. After the pressure reached 100 mTorr (approximately

30 minutes), the temperature was maintained at -40°C for an
additional 5 hours. '

20 i. The temperature was increased to -16°C over 8 hours (Ramp rate:
) 0.05°C/min.) and maintained at -16°C for an additional 10 hours.
j. The temperature was increased to 70°C over 7 hours 10 minutes

(Ramp rate: . 0.20°C/min) and maintained at 65°C until all the

thermocouples indicated a temperature of 60°C for at least 7 hours
25 (total time of appfoxima.tely 11 hours).

k. The temperature was decreased to .25°C over 3 hours '(Ramp rate:

-0.25°C/min) and maintained at 25°C for 2 hours. T

. The lyophilization chamber pressure was gradually increased to

7.5 psi using Nitrogen (NF) over a period of no less than 15 minutes.
30 m. The vials were stoppered under partial pressure.

‘n. The '1yopl_1iiization chamber pressure was _inéreased to

atmospheric pressure using filtered air.

11. The vials were then sealed.

35 Characteristic analytical data confirms that the resulting
composition contains MM HCl in a crystalline anhydrous form (having X-ray
crystallography data as shown in Fig IIB).
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is A batch (manufacturing scale, 2000 - 20 cc vials) of the composition
containing 542 mg of MM HC1 (i.e., S00 mg of MM) in its crystalline
anhydrous form per vial was prepared.
The ingredients were combined according to the follow'ing procedure.

1. ° 119.25 gm of concentrated HCl were combined with a sufficient amount
20 of water suitable for injection (WFI) to obtain a volume of
7.2 liters. 10 gm gf citric acid were dissolved in the HCl solution.
2. 50 gm of Tween 80 was dissolved in the. solution from step 1.
3. 1000 gm of MM was dissolved in the solution from Step 2.
4. 320 ml of ethyl alcohol was added to the solution of Step 3.
25 5. The pH of the solution from Step 4 was adjusted to pH 3.4 (+ 0.2).
6. Sufficient water (WFI) was added to bring the volume of the solution
to 10 liters.
7.  Under aseptic conditions, the solution was filtered using two 10"
Millipore Durapore 0.2 pm filter (CVGL).
30 8. 5 ml of the filtrate from Step 7 was loaded into 2000 - 20cc multi-

dose vials (i.e., S ml of filtrate per 20cc vial) and partially
stoppered with lyo stoppers. )

9. The vials were loaded into a lyophilizer where ﬁhe temperature was

o stabilized to 25°C (Dura-Stop MP Freeze Dryer, FTS system).

35 10. Lyoph:.l:.zat:.on Cycle '
- a. The température was measured from the shelf where the loaded

vials were placed, and thermocouples were fitted to various vials to
measure their temperature. ) .
b.  The lyophilization chamber temperature was equilibrated at

40 25°C. . The loaded vials were introduced into the lyophilization
chamber and the temperature was maintained at 25°C for 20 minutes.
c. The shelf temperature was decreased from 25°C to -10°C over a
period of 2 hours 20 minutes (Ramp rate: -0.25°C/min) .
d. The temperature was maintained at -10°C for 2.5 hours.

45 : e. The temperature was decreased to -40°C over 2 hours (Ramp rate:
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i. The temperature was increased to -16°C over 8 hours (Ramp rate:
0.05°C/min.) and maintained at -16°C for an additional 10 hours.

j. The .ter-nperature was increased to 70°C over 7 hours 10 minutes
(Ramp rate: 0.20°C/min) and maintained at 65°C until all the
thermocouples .indiéa.ted a temperature of 60°C for at least 10 hours.

k. The temperature was decreased to 25°C over 3 hours (Ramp rate:
-0.25°C/min) and maintained at 25°C for 2 hours.

1. The lyophilization chamber pressure was gradually increased to
4 psi using Nitrogen (NF) over a_éeriod of no less than 15 minutes.

m. The vials were stoppered under partial pressure.

n. The lyophilization chamber pressure was increased to

atmospheric pressure using filtered air.
11. The vials were then sealed.

Characteristic analytical data confirms ‘that the resulting
composition contains MM HCl in a crystalline anhydrous form (having X-ray
crystallography data as shown in Fig IIB).
2c. Other Intravenous Formulation Batch Sizes

Similarly, batches for 4000 - 20cc.vials, 6000 - 20cc vials or 8000 -
20cc vials can be manufactured for the formulations described in Examples
2A or 2B by increasing the quantity of the ingredients, proportionally.
2D, Other Intravenous Formulations Varying the Crystalline Anhydrous Salt

of MM '

By following the procedures described in Examples 2A or 2B and
substituting the crystalline anhydrous form of nqréophénolate mofetil
hydrochloride with the- other crystalline anhyrous forms of mycophenolate
mofetil (e.g., the sulfate, 'phosphate and sulfate salts prepared as
described in Example 1B) there are obtained the corresponding intravenous
formulations.

EXAMPLE 3

L ALTERNATE FORMULATION OF

. "MYCOPHENOLATE MOFETIL HYDROCELORIDE
Manufacturing batches of the following formulations containing MM HC1
in its crystalline anhydrous forms can be prepared following the procedures
described in Example 2.
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to be treat¢d, Muophenolate Mofetil (gm) 0.5 : 0.5
1 N HC1 (gm) 1.22. 1.22
Polysorbate 80 (mg) 0.07 : ---
5 Ethanol, 95% (mL)* 0.16 : ---
' WFI*, qé to volume ' - 5 . 4 )
1 N HCl/1 N NaOH® to pH 3.4 to pPH 3.4
* removed during lyophilization-
10° b added for pH adjustment
. EXAMPLE 4

DETERMINATION OF FORM .
: OF MYCOPHENOLATE MOFETIL HYDROCHLORIDE
15 ' : BY X-RAY POWDER DIFFRACTION

The crystalline form of MM HCl was determined by X-ray
crystallography. The X-ray crystallography data were obtained on a Nicolet
X-ray diffractometer equipped with a fine focus tube and a diffracted beam
monochrometer. X-ray powder diffraction patterns of the compound MM HCl in

20 its crystalline monohydrate and crystalline anhydrous forms were obtained
and are presented in Figures IA and IB, respectively.

X-ray powder diffraction patterns of compositions containing MM HCL
in its amorphous form, MM HCl in its crystalline anhydrous form (with
polysorbate 80, Example 3, Formulation A), and MM HCl in its crystalline

25 anhydrous form (without polysorbate 80, Example 3, Formulation B) were
obtained and are presented in Figﬁres IIA, IIB and IIC, respectively.

The X-ray crystallography data shown in Figure IIB and Figure IIC
shows that the formation of the crystalline form of MM HCl in two
compositions is not effected by the pressence of polysorbate 80, i.e.,

30 formation of czyst:a.llxne anhydrous MM HC1 is not impaired by polysorbate
80.

The X-ray crystallography data shown in Figures IIB, IIC and IB,
shows that the MM HCI in compositions with and without polysorbate 80 are
in their crystalline anhydrous form.

35 o :
EXAMPLE 5

DETERMINATION OF
AMORPHOUS AND CRYSTALLINE ANHYDROUS FORMS OF
MYCOPHENOLATE MOFETIL HYDROCHLORIDE
40 BY DIFFERENTIAL SCANNING CALORIMETRY

This example describes a method for dist:i'.nguishing the various
crystal forms of MM HCl {e.g., amorphorous, monohydrate and anhydrous)
using differential scanning calorimetry (DSC). The DSC thermograms were
recorded on a Perking Elmer DSC-7 System. A DSC thermogram represents heat
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form of MM HCI1, after the lyophilization process, (Fig IIIB) shows no phase
transitions until melting at 145.41°C to 155.0°C. _

The melting point; of MM HCl monchydrate is 154-155°C (as disclosed in

10 U.S. Patent No. 4,753,935, issugd June 28, 1988 (Example 3).

Therefore the amorphous, crystalline monchydrate and crystalline,
anhydrous forms of MM HCl were reé.dily distinguished by their DSC
thefmograms. )

While the present invention has been described with reference to the-

15 specific embodiments thereof, it should be understood by those skilled in

" the art that various changes may be made and eéuivalents‘ may be substituted

without departing from the true spirit and scope of the invention. In
addition, many mod:.f:.cal:xons may be made to adapt a particular situation,
material, composition of matter, process, process step or steps, to the

20 objective, spirit and scope of the present invention. All such

' modifications are intended to be within the scope of the claims appended

hereto.



3- Ox0- 5-i sobenzofuranyt)=4- net hyl - 4- hexenoate], is as foll ow@ss;,@ﬁmgggm
mor phol i noet hyl ester of nycophenolic acid and certain sinple egmfACED

deri vatlmmmw ﬂgglm ﬂm}repar ed according.to U S.- Patent No 753
i ssued J itled “Morpholinoethyl Esters of mmﬂuiam
and Phar nhcelt i'cal Conposi tions", previousin incorporated bjﬂ

descri bed in co-pending Serial No 07/ 993, 146, filed, Decenber 18, 1992,
now U S. Patent No. 7,083, incorporated herein by r ef er ence.

Pol ysor bat e I'S SO under the tradenane of "Tween [err 'and i s obtai ned

fromIC Anmericas | nd SYFHa ﬁﬁ? DY gRaus ferround Pf e at e i % adi um

hydr oxi de (NaCH) and hydroghl ori @& aC| d CHegl) of sui tabl e purlt are Iaced
obtai ned fromthe Al drich Gjenica . \Wterg for | o"lﬁ %ﬁr rﬂSBeenRepace
et Sy et Sy D

i ndi cag es wat er rreetlngth f th
Phar macopei a for injectabl

10 wherein'_the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate.

2. The compound of Claim 1 wherein the anion is chloride.

15 3. The crystalline anhydrous compound of Claim 2 characterized by
. a melting point of about 145 to about 155°C.

4. The crystalline anhydrous compound of Claim 3 further

characterized by a Differential Scanning Calorimetry thermogram shéwn in
20 Figure IIIB. :

S. The crystalline anhydrous éompound of Claim 4 further
characterized by the powder X-ray diffraction pattern shown in Figure IB.

25 ' 6. Crystalline anhydrous 2- (4-morpholing) ethyl-E-G-(l,:i-dihydro-

4-hydroxy-6-methoxy-7-methyl-3-ox0-5-isobenzofuranyl) -4-methyl-4-hexenoate
hydrochloride.
7. A compos it:_'.qn suité.ble for preparing an agueous intravenous
" 30 formulation which. comprises a compound of the formula
o OH CHq '

0
o
35S
CHy
wherein: .
the cdutpound is complexed as a salt with an anion selected from the
40 group consisting of chloride, sulfate, phosphate and acetate,

and
said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients.

4S 8..  The compqsit_ioﬁ of Claim 7 wherein the only pharmaceutically



i ngredi-ents of a formul ation are conmbined is known as " conpotht® BﬁEN
yi el ds the bul I l“pe bul ki ng solution is |yophili zed t he
process where| ﬂ' “]ﬁ mHml' ent (e.g., methanol, ethanol, 1o ﬁ““l
| sopropanol ) ars=e rcerrevel'd wi t . decr eased pre§§_ure and varied tey Mﬁi‘uul
condi tions] yielding a "conpbsition". The intravenous formul ation |
reconstituted at the time of use fromthe -7- conp05|t|on W th a
sui t abl e | i quaetentatilgnexciRientnipf RANEYPHBr#l ation is then adm ni stered.
PREPARATI ON OF A COVPCSI TION WHERE .MM HOl IS IN | TS CRYSTALLI NE ANHYDROUS
FORM 9. The composition of Claim 8 characterized by the powder X-ray
diffraction pattern shown in Figure IIB. :

OVERVI EW OF THE PREPARATI ON OF THE FORMJLATI ONS The process b V\:hl Ch @5

5
10. The composition of Claim 7 wherein the pharmaceutically
acceptable excipients are polysorbate 80 and citric acid.
11. A process for preparing a composition suitable for preparing an
10 intravenous formulation which comprises a compound of the formula
o OH CHg4 _
°\/\N/\
0
e
1S
CH3
wherein: .
' the compound is complexed with an énion selected from the group
20 consisting of chloride, sulfate, phosphate and acetate;
and . .
said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable exc;pxents,
said process comprising:
25 : - a) compounding said compound and pharméceutically acceptable
excipients to form a_bﬁlking solution where the pH of said bulking solution
is adjusted to abéut 3.2 to 3.6, .
' b) loading said bulking solution into vials, and
c) lyophilizing said loaded vials to form said composition.
30 f
12. The process of Claim 11 wherein said lyophilizing step
comprises o
a) decreasing the temperature over a range of about 25°C to -40°C;
b) decreasing the pressure to about 100 mTorr;
35 c) increasing the temperature over a range of about -40°C to 70°C;
and '
d) decreasing the temperature over a range of about 70°C to 25°C.
13, - The process of Claim-11 wherein said lyophilizing step
40 comprises ' .
a) decreasing the temperature over a range of about 25°C to -10°C
at a ramp rate of about -.25°C/min;
b} maintaining temperaﬁure at about -10°C for about 2 hours and 30
minutes; '
45 c) decreasing the temperature over a range of about -10°C to -40°C
This Sheet Has Been Rep
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Conpounding—PFgeess_AQggL_gS to 25.3 %/ v of an acid, preferabl about'24.4
o/ v of IN HO (if concentrated HO is used, a proportlon§NSﬁ Bﬁ%ﬂs
used), and aymummﬂml %\ v, preferabl y about .0.1 %W v, REP %‘1:

acid is adde mnwater sui table for |nject|on ”“I
appr oxi mating 50% df t"e Sfl nal vol ume of thgybul ki ng. sol u aﬁ“ ““gum

final bul king solution volunme of 10 liters, 5.0 liters of mater S
used]. To.this solution is dlssolved about 0.01 to. 2 %wWv, preferably

about 0.5 %W v, of a cl&¥i¥ §rpR) TafemEt, 2Rch- %r§5°cp{5'f“§/sor bate 80, and about
10 % v of MM andllaboudedq¥reading the %#Wrept%falw&bll%%mi 3.2 %W/v, of

et hanol. The pH of) t heimaledsimnthe tasipersirerk beemr aptinge @ﬂ)cabbuts.-4otrsiu¢g-1$\?c
HCO or 2N NaH, as appr og¢ iaatsmp Aabdlidei shit o AFBEMindf Water suitable for

i nj ectipn (VFI) Isf,addeg,gr@agmgngh;zn%g@% T fu%,glwaﬁm@t L9 18 46

desired final volu :? . ¢ vial wth 5 cc of
sol.ution per vial, the ¥t faF*trake %5 tzﬁ)e MRi #0915l &PFon is 10 liters).
The pH of the g) decreasing the termperature over a range of about 70°C to °C.
14. Use of a compound of the formula o
10

15

wherein: .
the compound is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate and
20 acetate, ‘and
said salt is in its crystalline anhydrous form;
for the treatment of allograft rejection, especially including card:Lac
allograft rejection, pancreatic allograft rejection and renal allograft
rejection, and autoimmune disorders, psoriasis, inflammatory diseases,

28 including in particular rheumatoid arthritis, diabetes, tumors and viral
diseases. ‘
_ 5. An .intravenous formulation prepared by combining a liquid
' medium and a composition which comprises a compound of the formula
30 : o OH CH,

W\

35 CHg

vherein: . .
the compound is complexed as a salt with an anion selected from
. .the group consisting of chl‘oride_, sulfate, phosphate and
40 : acetate, and :
said salt is in its crystalline anhydrous form; and
pharmaceutically acceptable excipients. ' ‘

1s. A process for preparing an intravenous formulation comprising

45 mixing —
et Has Been Replaced

i I o



.sol‘ution is agai n_adj usted-to—a pH of about 3.4. Under aseptic conditions,
the solutionis filtered using a 0.2 [err] nenbrantHISISHEET HASIBEEN
bul ki ng sol uti mm ﬁ “/ME) i ndi vi dual vials, where the vBERKASCEDX

sol ution Ioad m\“\ the vol une of the vial c
vial, about 5 M of BulKi ng solution is Iaaded) and thejwu “‘ﬁgﬂmmr
partially stoppered with a |yo- stopper (i.e., a stop abl'e ftor

| yophilization) tg all Q n of the solutlon Lyophili zation
Cycl e For Crystaﬁglne %ﬁ%gﬁrous orn1%ﬁmh?yo stoppered vials containing the
bul ki ng solution are Iyoph|¢|zed Hccordirfffsto the fol l owi ng procedure (the
tenperature i s neasured froﬁw : he wj al s._ar | aced within

the |l yophilization chanber per atfire 1's equiliprated to a
pref erabl ygabout [egr],eprior to the

range of about [err] to aboyt
introduction of the vials. The tgnpeP&ture is maintain durfng the |oading
of the vials. After | oading CH,

wherein: _ ‘

10 ' the compound is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate and
acetate, and

said salt is in its crystalline anhydrous form;
b) pharmaceutically acceptable excipients; and
1s - c) a liquid medium.
i7. A kit useful for preparing an intravenous formulation
comprising K
a) a composition which comprises a compound of the formula
20 0 - OH CHg4 |
0\/\ N/\
0
e
25 CH3

wherein:
- the compound is complexed as a salt with an anion selected from the
_ group consisting of chloride, sulfate, phosphate and acetai:e,
30 . and '
said salt 'is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients; and
b} = an appropriate amount of a liquid medium.

———

. This Sheet 4.

HIIII i im



S 5onpleted, the tenperature is maintained for a period of about 10 to 30

m nutes, preferably about 20 mnutes. b.’ The tenperature I.rﬁ él‘:‘?ﬂ
a range of about [err] to [err], preferably about [err], in Ee
about 1 to 3 hours, preferably about 2 hour 20 minutes (i.e., at a ranp

rate of about [err]). c. The tenperatungq i_s mai nt ai ned |3flwm3mwﬁmjll
about [err] to [err], preferably about [err], for a period
30 mnutes to 3 hours and 30 m nutes, preferably for a period of about 2.

hours 30 m nutes. d. The tenperature is decreased to a range of about
[err] to [egdpraAveferably about [err], over a period of 1 to [err] hour s,
preferably about 2 hours, (i.e., at a ranp rate of about [err]. -8-

CRYSTALLINE ANHYDROUS MYCOPHENOLATE MOFETIL AND INTRAVENOUS
FORMULATION THEREOF

The crystalline anhydrous compound of the formula

o  OH CHy

CHy , B}

wherein the compound is com;}lexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate, in particu_lar
the hydrochloride salt, and compositions, intravenous formulations, and a
kit. thereof. '

R
e
————

Has Been Re‘Iach
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e. The tenperature is maintained in a range of about [ l '
preferably about [err], for about 3 to 7 hours, preferablfﬁ
about 70

f. - The Iyoph|I|zat|on chanber pressure is reduced to a range
to 130 niforr, preferably about 100 nior rL/ Af t er thmﬂ mmm‘lm“le
Iyophlllzatlon chanmber pressure is reach t he tenper at dii d

at a range of about -20 to [err referabl about [err], for a period of
about 3 to 7 hour 30Q0 dT8TabTy about 5 hours. B, The tenperature]i s

i ncreased to a range offabout [err] to [err], preferably about [err], over
a period of about 6 to [0 hours, preferably about 8 hours (i.e., at|a ranp
rate of about’ [enggogné mai ntai ned at this tenperaturq for an addi i onal
period of about 8 to 12 hours, preferably about 10 hourfs. i. The
tenperature is |ncrease to a range of about [err] to [ferr], preferably

gl

about [err], gverébderhod of about 5 to 9 hours, prefgrably
. ® - .
\ »
F .
% 1500 [ H
1000 [ |
500 [ V]
-11.- 3 e AT e WY PSS BYNra I . 4 9
% s 10 18 20 25 30 35
| 20
Figure 1A
3000 ~ _
C
2500 [
2000 [
3 :
a4 1s00 |
c N
§. 1000
500 |-
o:llLlLAl_lLlLl.LlllLlllLl'LlllLl.Jlll.ll
0 S 10 18 20 28 30 35

| Figur (] lB _ .This Sheet Has Been RTlaced




dbout 7 hours and 10 ninutes (i.e., at a rarp rate of aquﬁs§ﬁgg'ﬂmaﬂEN
mai ntai ned at this tenperature until Step k. is conpleted. | .RepPLAGED

tenperature is maintained until all the prOdqzyéthernDcou | es
r

tenperature sensors attached to the vials) a t a terrp ggajga‘UﬂEHﬂj
range of about [err] to [err] for a period of at |east 7
The tenperature is e Llta lerr]l  preferably

about [err], over a peri@d of about 2 to 4 hours, preferably about 3 hours
(i.e., at a ranp rate of fabout [err]) and naintained at this tenperatjure
for a period of ab 3 hours, preferably about 2 hours. 1. The
| yophi | i zati on chanber pgessure is slowy increased to a pressure inja
range of about 3 to 12 ppi, preferably about 4 to 8 psi, nore preferdgbly
about 4 psi, usinglzi ofjfen (NF) over a period of no | ess than about {15
m nutes. The vgfls : sfoppered under partial pressure.
)
4 1300
[
g
¢ 900
500
lm LnLnlllJlllLlJl]llLanxn
0 5 10 15 20 25 30 35
- 20
Figure 2A
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1
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- 20

Figure 2B
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m* The Iyophlllzatlon chanber pressure is increased to at ASBEEN
pressure. If it is not practical to unload the chanber afterﬂmg% Eﬁ*ﬁ

‘stoppers, the vials may be kept at a tenperature in the range of 23 to
[err], preferably about [err], for a maxi mumof up to 24 ho umuﬂﬂ““‘
are crlnped seal ed. The conposition is stored in the sealed

reconstitution at time of use. PREPARATI ON OF THE | NTRAVENOUS FORMULATI ON
FOR ADM NI STRATI ON The i ntravenous formul ati is prepared by -
reconstituting the conposition described préiiﬁusly W th an appropriate
liquid nedium such as, water for injection (W) or 5% dextrose sol ution.
A desired concentration of the intravenous formul ation can be obtained by
reconstituting an appropriate anount of the conposition with an appropriate
volume of liquid nedium A desired concentration of the intravenous

formul ation provides a therapeutically effective amount of M to the aninal

2500 |
2000 A
8 1500 [
\ b
2 -
g -
] 1000 E;
500 |-
0bljll'nljll‘llllLlLlllllll‘l.lll‘lllL

0 5 10 15 20 25 30 3
| 20 |

| Figure 2C
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<9 - in need of the intravenous pharmaceutical formlati

‘invention and nmaintains a therapeutically effective | evef)"ﬂtejg'l his BF\%'
ingredient in the animal. The dose which is therapeutically e fectl Wi | |
depend on the rate at which the intravenous fornul ation ‘wm‘f ﬂm t he
ani mal and the concentration of the intravenous formnul at‘

two vials containing a conposition [e. g 00 ng of MM per vial (which |s
equi valent to 542 ng of MM HC )] are r stituted with a 5% dextrose
solution (14 m of 5% dextrose solution per vial) yielding a total of 28 m
of solution. The reconstituted solution is incorporated into dextrose
solution in an infusion bag.and gq.s. to 166 ni, resultlng in a s8lution

containing 6 ng/mM of MM suitable for |ntravenous i nfusi'on adnmi i stration.
The preferred : 3

44.77°C
Genersl V4.1C DuPont

20

Temperature (°C)
Figure 3A

-8.33°C

‘-8.88°C
0.4222J/g
. 0

0.4
0.2+
0.0

(MU MOTH 08
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toncentration of MMin the liquid nedium in the infusion bag, is about 3

to about 10 ng/m, preferably about 5 to about 6 ng/m . TIN5 SHERT HAS HRENTO
significant | oss of |abel strength (%.S) over 24 hours afterrimiatgEppr epar ed

and stored at [err]. It should be noted that good phar
dictates that the reconstituted solution should be ad ?mﬂﬂmﬂuﬂmuﬂatel y
upon reconstitution, however, the stability of the reco i on

is not adversely affected if adnlnlstrﬁu n is delayed. The canposition of

~this invention can be provided to the dispensing person, e.g., a pharmacy

or hospital, in the formof a vial containing the conposition, or in the
formof a klt conprising a vial or vials containing the conposition and an
appropriate amount of a |iquid nmedium PREFERRED EMBODIMENTS Mbst preferred
is the-crystalline anhydrous form of the hydrochloride salt of the

nmor phol i npet hyl ~ester .of mycophenolic acid, i.e., 2-(4-

v

W Pack= 151
150,00

110.00 130.00

Temparature (C)
Figure 3B

a0

toe 162.00

Padk from 731.27
Oneat~ 3145. 4}
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REPLACEMENT SHEETS
RE_EECE@ =~E=8=7( 1, 3- di hydr o- 4- hydr oxy- 6 dsontich negbd 1.4, to pagae
: quEETI) 4- met hyl - 4- hexenoat e hyRIIClaint(sy i ctqmg#ﬁéﬂmqrigw 20
rjed i s the conposgition which conprises MM raiving@s)Crnegbal Linepeged 5.

CAtRtst S : RREFERREazed .
e., preparatron of the

EippUEder et o

pogengencosac iawas

L er

5 1orp
3- X
“'ﬁref
}énhy r oust OBER gud phafnaceutically acceptable
SPES A preferreJI pbr ocess of corrpou]ndr ng (|-
buI k{f ng SOTUTTON TS Wersrathene SneredsUinfobtad
[errf—_An _especially p'ef el IrBHRERSS W ] o
tenperature is maintarned at about [err preferred process of
-corrpoundr ng Is where the pH of the bulking solution is adjusted to 3.4
[err] I gs'ﬁﬁl ’g‘?‘eferred process of conpounding is where the pH
of the buI ki ngh8oPIRSHH {yealifer relptes @, 2- (Fe?‘?rPhel’Zm’PF%f]erred is a

| yophi | i Zaét Gn 3c§ithaizbot - iidaopy dpaetivipT -ufthal Pharxedcdapbanab- conposi ti on
Wit h theearargtiald ineahghhy-dietdtodter (Re@bidybtdiChMur), particularly MM in its

crysf:alline anhydrous salt form.

The invention also relates to intravenous formulatiions for the
administration of MM, and a process for preparing the :.ntravenous
formulations using MM salt in J.ti; rcrystalline anhydrous form, where the
salt is formed inm-situ and lyopha.l:’zed. ‘The 1nvent:.on also relates to the
uge of such formulations in trea.t:.ng au’to:.mmune d:.sorders, psoriasis,
inflammatory diseases (J.ncludz.ng in part:.cular rheumatoid arthritis),
tumors and viruses, and for nmnunosuppreasxon, part:zcularly for treatment
of allograft rejection, especiall“y :anlud:.ng cardwc allograft rejection,
pancreatic allograft rejection and rena.l allograft rejection, and for
treating autoimmune diseases, including diabetes.

RELATED U.S. PATENTS

U.S. Patent No. 4,753,935, issued June 28, 1988, entitled
"Morpholinoethyl Esters of Mycophenolic Acid and Pharmaceutical
Compositions" discloses mycophenolate mofetil, the morpholincethyl ester of
mycophenolic acid, and certain simple ester derivatives thereof.

U.S. Patent No. 4,808,592, issued February 28, 1989, entitled "Method
of Treating Diseases by Administering Morpholinoethyl Ester of Mycophenolic
Acid and Derivatives Thereof" discloses a method of treating inflammatory
and psoriatic diseases in mammals by administering a therapeutically
effective amount of mycophenolate mofetil, the morphol:.noethyl ester of
mycophenolic acid, or certain simple egster dexrivative thereof.

) U.S. Patent No. 4,952,579, issued August 28, 1990, entitled "Method
of Treating Diseases by Administering Morpholinocethyl Estexr of Mycopheno'lic
Acid and Derivatives Thereof" discloses a method of treating malignant
diseases in mammals by administering a therapeutically effective amount of
mycophenolate mofetil,. the morpholinoethyl ester of myccphenolxc acid, or
certain simple ester derivatives thereof.

U.S. Patent No. 4,786,637, issued November 22, 1988, entitled
"Treatment of .Allograft Rejection with Mycophenolic Acid Morpholinoethyl
Ester and Derivatives Thereof" discloses a method of treatment of allograft
rejection in mammals by a.dminis.tering a therapeutically effective amount of
mycophenolate mofetil, the morpholincethyl ester of mycophenolic acid, or
certain simple ester derivatives thereof.

U.S. Patent No. 4,948,793, issued hugust 14, 1990, entitled
"Treatment of Autoimmune Diseases With The Morpholinocethyl Ester of
Mycophenolic Acid, and Derivatives Thereof® discloses a method of treating
autoimmune diseases by administering a therapeutically effeétive amount of
mycophenolate mofetil, the morpholinoethyl ‘;e_ster of mycophenc_:ilic acid, or

certain’ s:.mple ester derlvatxves thereog )
"n’h‘ 1-



wher e the tenperature is decreased from[err] RE?LAMTMm t he range

at 5 to [err], where a ranp rate of [err]. t} preferred fon tihe
tenperature range of [err] to [err] is where e qa;Tngqg%|§ [err].

-10- Preferred is a lyophilization cycle for
pharmaceutical conposition with the crystallijn

preparationjoff a
'mjof a MM HC

where the tenperature is decreased froma tenperature in the rgnge of [err]
to a tenperature in the range of [err] to [err], where the ranp rate is
Most pr efies r egednar N6 het (S8RPS7at isged Fegeuagl f2or L39%.0efitdpdwher e t he
ranp rate inSrdRhédt of Autoimmune Diseases With Mycophenolic Acid, and Derivatives

and Formulations Thereof”, which discloses a method of treating autoimmune
diseases in mammals by administering a therapeutically effective amount of
certain simple phenolic esters of mycophenolic acid.

All of the aforementioned U.S. patents are hereby incorporated by
reference. )

BACKGROUND INFORMATION

Mycophenolic acid is a weakly-active antibiotic found in the
fermentation broth of Penicillium brevi-compactum. Derivatives of
mycophénolic acid, in particular, the morpholinocethyl ester thereof [i.e.,
2- (4-morpholino) ethyl- (E) -6- {1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-
3-oxo-5-isobenzofuranyl) -4 -methyl-4-hexencate hydrochloride] and certain
" simple ester derivatives of the phenolic hydroxyl group have been found to
be effective in the treatment autoimmune disorders, psoriasis, inflammatory
diseases (including in particular rheumatoid arthritis), tumors, viruses,
allograft rejection, especially including cardiac allograft rejection,
pancreatic allograft rejecti‘.on and renal allograft rejection, and
autoimmune diseases, including diabetes. When compared with mycophenolic
acid, these ester derivatives show advantageous pharmacokinetic properties
which enhance the systemic ‘introduction of mycophenolic acid, for example,
solubility in the delivery environment {(e.g., the stomach}), peak plasma
concentration, maximum plasma concentration, and improved activity, e.g..
anti-inflammatory activity.

Administration of therapeutic agents by intravenous formulation is
well known in the pharmaceutical industry. An intravenous formulation
should possess certain qualities aside from being just a composition in
which the therapeutic agent is soluble. For example, the formulation
should promote the overall stability of the active ingredient(s), also, the
manufacture of the formulation should be cost effective. All of these
factors ultimately determine the overall success and usefulness of an
intravenous formulation. _

MM in its monohydrate salt form is more stable than MM in its
ainorphous, salt form, however the amoxphous salt form has better solubility
characteristics. It has been surprisingly found that a newly discovered
crystalline anhydrous salt form of MM possesses about a two-fold increase
in solubility; over the monohydrate salt fom,. while possessing the same

stability characteristics of the monchydrate salt form.
| | SUMMARY OF THE INVENTION

One aspect of the invention relates to the ézystalline anhydrous
compound of the formula,



Preferred |« EMENITZ cycle for the preparation of a pharnmaceuti cal
conpositionwvx, LIIFA(?..C £¥ ystapp ne anhydrous formof MM HO where the

temperaturefis |n§ sed overja range of [err] to [err] V\/H@ﬂ‘ésf' ? EEN
rate is [erf] SES @9 rkd| for the tenperature range of [err

err
where the ranprate 15 [err UTILITY The_jpresent inventio mm‘mm\
the treatmefit of disease, such as autoi nmine disorders, ar“mm
i nf | ammat or y—eh-seases—{+retded Ng i n particul ar r heurat oi d arthritis),
tunors, Vvi ral di seases, ayy oi fie di seasgs including diabetes, allograft

rejection, especially mcl‘\dln cardi ac aIIoraf@ rejection,’ pam
all ograft rejection and rena pQr att” re VE&A -thSfl&Hl{aQ

b o3 ar& 1 ven o endi(s Logskos 1123 17 T

OCH,
{i.e., MM ) wherein MM is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate ahd acetate.

" Another aspect of the invention relates to the crystalline anhydrous
form of MM HCl, i.e., 2-(4-morpholino)ethyl- (E)-6-(1,3-dihydro-4-hydroxy-
6-methoxy-7-methyl -3 -oxo-5-iscbenzofuranyl) -4-methyl-4-hexenoate
hydrochloride.

Another aspect of the invention relates to a composition suitable for
preparing an aqueous intravenous formulation which comprises MM, i.e.,
Formula I,

L

he art

CHy

o OH CHy

OCH,

CH,

Formula I

wherein MM is complexed as a pharmaceutically acéeptable salt with an anion
selected from the group consisting of chloride, sulfate, phosphate and
acetate and the pharmaceutically acceptable salt is in its crystalline
anhydrous form and pharmaceutically acceptable excipients.

Yet another aspect of the invention relates to a process of
manufacturing the composition, where the solution from which the
composition is derived.is adjusted to a pH in the range of 3.2 to 3.6, the
salt ig formed in situ, and the solution lyophilized, resulting in the
compound of Formula I in its crystalline anhydrous form.

Another aspect of the invention is the use of a compound of Formula I
above for the treatment of diséase, such as autocimmune disorders,
psoriasis, inflammatory diseases (including in particular rheumatoid
arthritis), tumors, viral diseases, autoimmune diseases including diabetes,
allograft rejection, especially including cardiac allograft rejection,
pancreatic allograft rejection and renal allograft rejection.

Another aspect of thisg invention is a kit useful for preparing an
intravenous formulation comprising a) a composition suitable for preparing
an aqueous intravenocus formulation which comprises.a compound of Formula I
above wherein the compound is complexed as a salt with an anion selected
from the group consisting of chloride, sulfate, phosphate and acetate, and



o ; Eha— '
to more cl earlg‘E MET 0 practice the present i|nMeRHERRHASHREN
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Figure IIA shows the X-ray diffraction patterns of the composition
containing the amorphous form of MM HC1.
Flgure IIB shows the X-ray diffraction patterns of the composxtlon
containing the crystalline anhydrous form of MM HCl with polysorbate 80.
Figure IIC shows the X-ray diffraction patterns of the composition
contiining the crystalline anhydrous form of MM HCl without polysorbate 80.
Figure IIIA shows the Differential Scanning Calorimetry (hereinafter
"DSC") thermogram for the amorphous form of MM HCl. '
Figure IIIB shows the DSC thermogram for the crystalline anhydrous
form of MM HCl after the lyophilization process.
DETAILED DESCRIPTION OF THE INVENTION

Daefinitions

The following definitions are set forth to illustrate and define the
meaning and scope of the various terms used to describe the invention
herein.

As used herein, the term "pharmaceutically acceptable salt" refers to
a compound that is ionically complexed to an anion, such as, chloride,
sulfate, citrate, acétate, phosphate, maleate and/or mesylate. Within the
present disclosure, the compounds of Formula I can be complexed with
various anions to form the corrasponding pharmaceutically acceptable salt,
e.g., hydrochloric acid and the. morpholinoethyl ester of mycophenolic acid
can form the pharmaceutically acceptable salt, 2-{4-morpholino)ethyl- (E)-
6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl -3-oxo-5-isobenzofuranyl) -
4-methyl-4-hexencate hydrochloride.

As used hgrein, the term "crystalline form" or "crystal form" means
that a certain material hag definite shape and an orderly arrangement of
structural units, which are arranged in fixed geometric pattemms or
lattices. ' .

As used herein, the term "crystalline monohydrate" or "monohydrate
crystalline" means that the crystalline form of a certain material includes
a single molecule of water. .

As used herein, the term ﬁcrystalline anhydrous" or "anhydrous
crystalline" means that the crystal form of a certain material contains no
molecule of water. '

As used herein, the term "amorphous form" means that a certain '
material has no definite shape and no orderly arrangement of structural
units. )

As used herein, the term "pharmaceutically acceptable excipients"
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As used herein, the term "bulking agent" referxrs to compounds, such
as, dextrose, mannitol and/or sucrose that are used to act as bulk, provide
the matrix structure and stabilize a formulation, i.e., to slow or prevent
decdmposition of the therapeutic agent.

As used herein, the term *"clarifying agent" refers to surfactant ‘type
compounds, such as polysorbate 80, which are used to reduce the haziness of
a solution. .

As used herein, the term *buffering agent" refers to compounds which
resist change in pH when HY or OH is added. A buffering agent is most
resistive to change at the pH of the exact midpoint of its titration curve,
i.e., where the concentration of the proton acceptor equals that of the
proton donor and the pH is equal to the pK'. A buffering agent can be a
single compound, e.g., citric acid, or a combination of compounds.

As used herein, the temm "g.s." means adding a quantity sufficient to
achieve a certain state (e.g., volume, i.e., to bring a solution to a
desired volume) . ' _

As used herein, the term "g.s. to pH" means the addition of acid or
base in a quantity sufficient to bring a solution to a desired pH (e.q.,
g.s. to pH 3.4 means the addition of acid or base to bring the solution to
a pH of 3.4).

As used herein, the term "WFI" refers to Water for Injection that
meets specifications set forth in the U.S. Phérmacopeia (U.8.P.).

As used herein, the term "ramp rate" refers to the rate at which the
temperature is-changed (i.e., increased or decreased) over a temperature
range.

The term "reconstitute" referg to the process where a composition is
combined with an appropriate liquid medium, e.g., water (WFI), 5% dextrose
solution, or saline to-yield an intravenous solution.

As used herein, the term "treatment" or "treating” means any
treatment of a disease in a mammal, and includes: '

(1) preventing the disease, i.e., causing the clinical symptoms of
the disease not to develop;

(ii) inhibiting the disease, i.e., arresting the development of
clinical symptoms; and/or :

(iii) relieving the disease, i.e., causing the regression of clinical
symptoms.

As used herein, the term "therapeutically effective amount" refers to
that amount of MM, which when administered to a mammal in need thereof, is
sufficient to effect the stated treatment. The amount that constitutes a
"therapeutically effective amount" will vary depending on the compound, the
condition or diseage and its severity, and the mammal to be treated, but
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for eiample, 500 mg of an ingredient in a total volume of 8 ml is
6.25 %w/v, or 500 mg of an ingredient in a total volume of 5 ml is 10 %$w/v.
As used herein, the term "$v/v* means the percentage volume of a
single ingredient relative to the total volume of the entire formulation,
for example, 1.17 ml of an ingredient in a total volume of 8 ml is 14.5 ¥
v/v, or 1.17 ml of an ingredient in a total volume of 5 ml is 23.4 %v/v.
Nomenclature .
The structure and numbering convention for mycophenclate mofetil
*MM", also known as the morpholinocethylester of mycophenolic acid {i.e.,
2- (4 -morpholino)ethyl-E-6- (1, 3-dihydro-4-hydroxy-6-methoxy-7-methyl -
3-0x0-5-isobenzofuranyl) -4-methyl-4-hexenocate]l, is as follows: '

Formula I

STARTING MATERIALS .

The morpholinoethyl ester of mycophenolic acid and certain simple
ester deriva_tives thereof are prepared according to US Patent No.
4,753,935, issued June 28, 1988, entitled "Morpholinoethyl Esters of
Mycophenolic Acid and Pharmaceutical Compositions%, previously incorporated
by reference, or described in co-pending Serial No. 07/993,146, filed,
December 18, 1992, now U.S. Patent No. 5,247,083, incorporated herein by
reference. . .

Polysorbate 80 is sold under the tradename of "Tween 80°* and is
obtained from ICI Americas, Inc., Wilmington, Delaware.

Citric acid, sodium hydroxide (NaOH) and hydrochloride acid (HCl} of
suitable purity are obtained from the Aldrich Chemical Company.

Water for injection (WFI) indicates water meeting the purity
standards set forth in the U.S. Pharmacopeia for injectable solutions.
OVERVIEW OF THE PREPARATION OF THE FORMULATIONS

The process by which the ingredients of a formulation are combined is
known as "compounding®, which yields the bulking solution. The bulking
solution is lyocphilized {i.e., the process where water and/or solvent
{e.g., methanol, ethanocl, or isopropanocl) are removed with decreased
pressure and varied temperature conditions] yielding a "composition". The
intravenous formulation is reconstituted at the time of use from the
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Compounding Process

About 23 to 25.3 %w/v of an acid, preferably about 24.4 %w/v of 1N
HC1 (if concentrated HCl is used, a proportionally smaller % is used), and
about 0.05 to 0.5 %w/v, preferably about 0.1 %w/v, of citric acid is added
to a volume of water suitable for injection (WFI) approximating 50% of;the'
final volume of the.bulking solution [e.g., for a final’bulking solution
volume of 10 liters, 5.0 liters of water (WFI) is used]l. To this solution
ig dissolved about 0.01 to 2 ¥ w/v, preferably about 0.5 %w/v, of a
clarifying agent, such as, polysorbate 80, and about 10 %w/v of MM; and
about 0.10 to 10 %v/v, preferably about 3.2 %v/v, of ethanol. The pH of
the solution is adjusted to a pH of about 3.4 using 1IN HCl or 2N NaOH, as
appropriate. A sufficient amount of water suitable for injection (WFI) is
added to bring the volume of the bulking solution to the degired final
volume {e.g., for a 2000 - 20 cc vial batch with 5 cc of solution per vial,
the final volume of the bulking solution is 10 liters). The pH of the
solution is again adjusted to a pH of about 3.4. Under aseptic conditions,
the solution is filtered (e.g., using a 0.2 pm membrane filter).

The bulking solution is loaded into individual vials, where the
volume of solution loaded is about 25% of the volume of the wvial (e.g., for
a 20 cc vial, about 5 ml of bulking solution is loaded), and the vials are
partially stoppered with a lyo-stopper (i.e., a stopper suitable for
lyophilization) to allow for lyophilization of the solution.

Lyophilization Cycle For Crystalline Anhydrous Form

The lyo-stoppered vials containing the bulking solution are
lyophilized according to the following procedure (the temperature is
measured from the shelf where the vials are placed within the
lyophilization chamber):

a. ' The temperature is eguilibrated to a range of about 22°C to
about 28°C, preferably about 25°C, prior to the introduction of the vials.
The temperature is maintain during the loading of the vials. After loading
is completed, the temperature is maintained for a period of about 10 to 30
minutes, preferably about 20 minutes. )

b. The temperature is decreased to a range of about 5°C to -15°C,
preferably about -10°C, in a period of about 1 to 3 hoﬁrs, prgfgggbly abbut
2 hour 20 minutes (i.e., at a ramp rate of about -0.25°C/min).

c. The temperature is maintained in a range of about 5°C to -15°C,
preferably about -10°C, for a period of about 1 hour 30 minutes to 3 hours
and 30 minutes, préferably for a period of about 2 hours 30 minutes.

d. The temperature is decreased to a range of about -37°C to
-43°C, preferably about -40°C, over a period of 1 to 3¥ hours, preferably
about 2 hours, (i.e., at a ramp rate of about -0.25°C/min).
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£. The lyophilizatign chamber pressuré is reduced to a range of
about 70 to 130 mTorr, preferably about 100 mTorr.
g. After the desired lyophilization chamber pressure is reached,

the temperature is maintained at a range of about -20 to -60°C, preferably
about -40°C, for a period of about 3 to 7 hours, preferably about S5 hours.

h. The temperature is increased to a range of about -13° to -19°C,
preferably about -16°C, over a period of about 6 to 10 hours, preferably
about 8 hours (i.e., at a ramp rate of about 0.05°C/min) and maintained at
this temperature for an additional period of about 8 to 12 hours,
preferably about 10 hours.

i.  The temperature is increased to a range of about 50°C to 78°C,
preferably about 70°C, over a period of about 5 to 9 hours, preferably
about 7 hours and 10 minutes (i.e., at a raﬁp rate of about 0.20°C/min) .and
maintained at this temperature until Step k. is completed.

j. The temperature is maintained until all the product
thermocouples (i.e., temperature sensors attached to the vials) are at a
temperature in the range of about 57°C to 63°C for a period of at least 7
to 13 hours.

k. The temperature is decreased to a range of about 22°C to 28°C,
preferably about 25°C, over a period of about 2 to 4 hours, preferably
about 3 hours (i.e., at a ramp rate of about -0.25°C/min) and maintained at
this temperature for a period of about 1 to 3 hours, preferably about
2 hours.

o L. The lyophilization chambér pressure is slowly increased to a
pressure in a range of about 3 to 12 psi, preferably about 4 to 8 psi, more
preferably about 4 psi, using nitrogen (NF) over a period of no less than
about 15 minutes. The vials are stoppered under partial pressure.

m. The lyophilization chamber pressure is increased to atmospheric
pressure. If it is not practical to unload the chamber after seating the
stoppers, the vials may be kept at a temperature in the range of 23 to
27°C, preferably about 25°C, for a maximum of up to 24 hours. The vials
are crimped sealed.

The composition is stored in the sealed vials until reconstitution at
time of use.

PREPARATION OF THE INTRAVENOUS FORMULATION FOR ADMINISTRATION

The intravenous formulation is prepared by recomstituting the
compositioq described previously with an appropriate liquid medium, such
as, water for injection (WFI) or 5% dextrose solution. A desired
concentration of the intravenous formulation can be obtained by
reconstituting an appropriate amount of the composition with an appropriate
volume of liquid medium. A desired concentration of the intravenous
formulation provides a therapeutically effective amount of MM to the animal
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containing a composition [e.g., 500 mg of MM per vial (which is equivalez_ut
to 542 mg of MM HCl)] are reconstituted with a 5% dextrose solution (14 ml
of 5% dextrose solution pexr vial) yielding a total of 28 ml of solution.
The reconstituted solution is incorporated into dextrose solution in an
infusion bag and g.s. to 166 mL, resulting in a solution containing 6 mg/ml
of MM, suitable for intravenous infugion administration. The preferred
concentration of MM in the liquid medium, in the infusion bag, is about 3
to about 10 mg/ml, preferably about 5 to about 6 mg/ml.

Solutions show no significant loss of label strength ($¥LS) over
24 hours after being prepared and stored at 25°C. It should be noted that
good pharmacy practice dictates that the reconstituted solution should be
administered immediately upon reconstitution, however, the stability of the
reconstituted solution is not adversely affected if administration is
delayed.

The composition of this invention can be prévided to the dispensing
person, e.g., a pharmacy or hospital, in the form of a vial containing the
composition, or in the form of a kit comprising a vial or vials containing
the composition and an appropriate amount of a liquid medium.

PREFERRED EMBODIMENTS

Most preferred is the crystalline anhydrous form of the hydrochloride
salt of the morpholinoethyl ester of mycophenolic acid, i.e., 2-(4-
morpholino)ethyl-E-6- (1,3 -dihydro-4-hydroxy-6 -methoxy-7-methyl-
3-oxo-5-isobenzofuranyl) -4-methyl-4-hexenoate hydrochloride.

Also most preferred is the composit:ion which comprises MM HCl in a
crystalline anhydrous form and pharmaceutically acceptable excipients.
PREFERRED PROCESSES .

A preferred process of compounding (i.e., preparation of the bulking
solution) is where the témperature is maintained at about 21°C to 33°C.

An especially preferred process of compounding is where the
temperature is maintained at about 25°C + 2°C.

A preferred process of compounding is where the pH of the bulking
solution is adjusted to 3.4 ¢+ 0.5.

' An especially preferred process of compounding is where the pH of the
bulking solution is adjusted to 3.4 + 0.2.

Preferred is a lyophilization cycle for the preparation of a -
pharmaceutical composition with the crystalline anhydrous form of MM HCl
where the temperature is decreased from 25°C to a temperature in the range
of 5 to -15°C, where a ramp rate of -0.25°C/min t 0.1°C.

Most preferred for the temperature range of 25°C to -10°C is where
the ramp rate is -0.25°C/min ¢+ 0.05°C.
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Most preferred for the temperature range of -10°C to -40°C where the
ramp rate is -0.25°C/min % 0.05°C.

Preferred is a lyophilization cycle for the preparation of a
pharmaceutical composition with the crystalline anhydrous form of MM HCl
where the temperature is increased over a range of -16°C to 70°C where the
ramp rate is 0.20°C/min ¢ 0.1°C.

Most preferred for the temperature range of -16°C to 70°C where the
ramp rate is 0.20°C/min + 0.05°C.

UTILITY

The present invention is useful for the treatment of disease, such as
autoimmune disorders, psoriasis, inflammatory diseases (including in
particular rheumatoid arthritis), tumors, viral diseases, autoimmune
diseages including diabetes, allograft rejection, especially including
cardiac allograft rejectioﬂ, pancreatic allograft rejection and renal
allograft rejection.

' EXAMPLES

The following examples are given to enable those skilled in the art
to more clearly understand and to practice the present invention. They
should not be considered as limiting the scope of the invention, but merely
as being illustrative and representative thereof.

EXAMPLE 1

- . PREPARATION OF THE
MYCOPHENOLATE MOFETIL HYDROCHLORIDE
IN ITS CRYSTALLINE ANHYDROUS FORM

1A. Preparation of Crystalline Anhydrous MM Complexed With Chloride

Mycophenolate mofetil hydrochloride is prepared as described in U.S.

~ Patent No. 4,753,935. "E-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl - 3-oxo-
5-isobenzofuranyl) -4 -methyl-4-hexenoate (38.0 g) was dissolved in
isopropanol (200 ml) and the solution was added to a solution of hydrogen
chloride (10.0 g) in isopropanol (150 ml). The hydrochloride salt was
collected by filtration and dried under vacuum (m.p. 154-155°C).

The crystalline anhydrous form of mycophenolate mofetil hydrochloride
is prepared by heating the crystalline monohydrate hydrochloride form of MM
HCl at 60°C for 30 minutes. The crystalline anhydrous form of the compound
was confirmed by X-ray crystallography as shown in Figure IB.

The crystalline anhydrous form of mycophenclate mofetil hydrochloride
was found to have a solubility (when viewed over 3 days) of approximately
84 mg/ml in typ;cal intravenous formulation solutions (e.g., S¥ dextrose
solution or water suitable for injection) versus approximately 40 mg/ml for
the crystalline monchydrate form.
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Manuf acturi ng Batch of 2000 - 20 cc vials usilnd concentrated I ngr edi ent
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concentrated HC 119 25+ Htric Acid
Anhydr ous 5.0 ng Pol ysorbate 80

25.0 ngy Euhanopr(ggﬁ@@:ion of Crystalline Anhydrous Salt of MM Varying €he] @nigdn

By following the procedures described in Example 1A and varying the

anion of the starting material with the following compounds,
crystalline monohydrate form of mycophenolate mofetil sulfate,
crYstalline monochydrate form of mycophenolate mofetil phosphate, and
crystalline monohydrate form of mycophenolate mofetil acetate,

there are obtained the following compounds,
crystalline anhydrous form of mycophenolate mofetil sulfate,
crystalline anhydrous form of mycophenolate mofetil phosphate, and
crystalline anhydrous form mycophenolate mofetil acetate.

EXAMPLE 2

PREPARATION OF MANUFACTURING BATCH OF
COMPOSITION OF MYCOPHENOLATE MOFETIL HCl
IN ITS CRYSTALLINE ANHYDROUS FORM

2A. Preparation of Manufacturing Batch of 2000 - 20 cc vials using 1N HC1

Ingredient quantity/vial
Mycophenolate Mofetil 500.0 mg
1 N HCl . 1220.0 mg
Citric Acid Anhydrous : ' 5.0 mg
Polysorbate 80 25.0 mg
Ethanol (95%)° 0.16 ml
WFI® gs 5.0 ml

1N HC1/NaOH gs to pH 3.4

"Removed during lyophilization

A batch Kmanufécturing scale, 2000 - 20 cc vials) of the composition
containing 542 mg of MM HCl1 (i.e., 500 mg of MM) in its crystalline
anhydrous form per vial was prepared.

The ingredients were combined according to the following procedure.
1. 2440 gm of 1 N HCl and 10 gm of citric acid were combined with a
. sufficient amount of water suitable for injection (WFI) to obtain a

volume of 7.5 liters.

2. 50 gm of Tween 80 was dissolved in the solution from step 1.

3. 1000 gm of MM was dissolved in the solution from Step 2.

4. 320 ml of ethyl alcohol was added to the solution of Step 3.

5. The pH of the solution from Step 4 was adjusted to PH 3.4 (£ 0.2).

6. Sufficient water (WFI) was added to bring the volume of the solution
to 10 liters.

7. Under aseptic conditions, the solution was filtered using two 10"
Millipore Durapore 0.2 pum £filtex (CVGL).

8. 5 ml of the filtrate from Step 7 was loaded into 2000 - 20cc multi-

dose vials (i.e., 5 ml of filtrate per 20cc vial) and partially
stoppered with lyo stoppers.
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of citricsaci dThereialisseerteyddaded ihte pClyopbiliizeorwhe2e the SirpgratofreTwasen 80
was di ssol ved isgabiteizeal td i26nc f (popa sdtep Mb. Fdeeze DARBD KPS ofsthh) Was

di ssol vedpn tﬂ,?oﬁﬁlqtzgg_{bnf EpRieStep 2. 4. 320 m of ethyl al cohol was

added to the sqfutigg.o feggt%e flos meadiSq AT 8nS0 WELANGL QS LD 4

oW ng procedure.

. Q.
\tNgsb?idJn;SE ﬁg J\[/glllgﬁia%'&éet %I‘cl‘g i Lﬁ'rﬁ%z)ﬂ'teﬁnocoup es wlegeI efqutg?ttgrva 1ous vials %gded

measure their temperature.

b. The lyophilization chamber temperature was equilibrated at
25°C. The loaded vials were introduced into the lyophilization
chamber and the temperature was maintained at 25°C for 20 minutes.

c. The shelf temperature was decreased from 25°C to -10°C over a
period of 2 hours 20 minutes (Ramp rate: -0.25°C/min).

d. The temperature was maintained at -10°C for 2.5 hours.

e. The temperature was decreased to -40°C over 2 hours (Ramp rate:
~0.25°C/min) .

£. The temperature was maintained at -40°C for 5.0 hours.

g. The lyophilization chamber pressure was reduced to 100 mTorr.
h. After the pressure reached 100 mTorr (approximately

30 minutes), the temperature wasg maintained at -40°C for an
additional S hours.

i. The temperature was increased to -16°C over 8 hours (Ramp rate:
0.05°C/min.) and maintained at -16°C for an additional 10 hours.
. The temperature was increased to 70°C over 7 hours 10 minutes

(Ramp rate: 0.20°C/min) and maintained at 65°C until all the
thermocouples indicated a temperature of 60°C for at least 7 hours
(total time of approximately 11 hours).

k. The temperature was decreased to 25°C over 3 hours (Ramp rate:

-0.25°C/min) and maintained at 25°C for 2 hours.

k. The lyophilization chamber pressure was gradually increased to
7.5 psi using Nitrogen (NF) over a period of no less than 15 minutes.
m. - The vials were stoppered under partial pressure.

‘n. The lyophilization chamber pressure was increased to

atmospheric pressure using filtered air.
11, The vials were then sealed.

Characteristic analytical data confirms that the resulting
composition contains MM HCl in a crystalline anhydrous form (having X-ray
crystallography data as shown in Fig IIB).
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susing two 10" MIlipore Durapore 0.2 [err] filtey (CVQA). 8. b M of the
filtrate from Step 7 was | oaded into 2000 - 20¢c mA 9iSERIe®e vials (i.e., 5
mM of filtrate per 20cc vial) and partially stgppered with |yofsfoppers.- 9.
The vials were-loaded into a |yophilize[; wherejthe tenperature was
stabilized to [err] (Dura-Stop MP Freeze Dryer |l _EIS systen). 10.
Lyophili zation Cycle a. The tenperature was neasured fromthe shelf
wher e t hezs.oadebparatisnvef dephirdyringnBatcherfBeoUpl 88 Hitas MY to
various vorrer¥3tAgdre their tenperature. b. The | yophilization
chanber t®wpedirntre was equilibrated at [err]. THRRREL YR al s were
i nt r oduc 8g—nt-e—the—tyophi-tzatton—chanber—and—thetenper at ure was
mai nt ai Negcabndd1bte M¥zeel M nut es. - 500.0 mg

concentrated HCl 119.25 mg
Citric Acid Anhydrous 5.0 mg
Polysorbate 80 ., 25.0 mg
Ethanol (95%)° : .0.16 ml
WFI®” gs ' 5.0 ml

1N HCl/NaOH gs to pH 3.4

*Removed during lyophilization

A batch (manufacturing scale, 2000 - 20 cc vials) of the composition
containing 542 mg of MM HC1 (i.e., 500 mg of MM) in its crystalline
anhydrous form per vial was prepared.

The ingredients were combined according to the following procedure.
1. 119.25 gm of concentrated HCl were combined with a sufficient amount

of water suitable for injection (WFI) to obtain a volume of

7.2 liters. 10 gm of citric acid were dissolved in the HCl solution.

50 gm of Tween 80 was dissolved in thé solution from step 1.

3. 1000 gm of MM was dissolved in the solution from Step 2.
4. 320 ml of ethyl alcohol was added to the solution of Step 3.

The pH of the solution from Step 4 was adjusted to pH 3.4 (£ 0.2).

Sufficient water (WFI) was added to bring the volume of the solution

to 10 liters. ) '

7.  Under aseptic conditions, the solution was filtered using two 10"
Millipore Durapore 0.2 um filter (CVGL).
8. 5 ml of the filtrate from Step 7 was loaded into 2000 - 20cc multi-

dose vials (i.e., 5 ml of filtrate per 20cc vial) and partially
stoppered with lyo stoppefs. )

9. The vials were loaded into a lyophilizer where the temperature was
stabilized to 25°C (Dura-Stop MP Freeze Dryer, FTS system).

10. Lyophilization Cycle
a. The tempéréture was measured from the shelf where the loaded
vials were placed, and thermocouples were fitted to various vials to
measure their temperature.
b. The lyophilization chamber temperature was equilibrated at
25°C. The loaded vials were introduced into the lyophilization
chamber and the temperature was maintained at 25°C for 20 .minutes.

c. The shelf temperature was decreased from 25°C to -10°C over a
period of 2 hours 20 minutes (Ramp rate: -0.25°C/min).
d. The temperature was maintained at -10°C for 2.5 hours.

e. The temperature was decreased to -40°C over 2 hours (Ramp rate:



c.  The shelf tenperature was decreased from [ +J-..Quer, a period

s0f 2 hours 20 minutes (Ranmp rate: [err]). d. hﬁﬂﬁﬁéﬁﬁ@@ﬁﬁﬁﬁpk
mai ntai ned at [err] for 2.5 hours. e. The tenpe rgased to
[err] over 2 hours (Ranp rate: -14- [err]. f. rie was
mai ntained at [err] for 5.0 hours. g. The | yoph qr
pressure was reduced to 100 nmTorr. h. “Arter the hdgd 100
mrorr (approximately 30 mnutes), the tenperaturle was maintained gt [err]
for an additionad.zobmming. i. The tenperature S TTncreased—to—terr] over
8 hours (Rarrp I‘@.t €. The temperature was maintained at -40°C for 5.0 hours.

g. The lyophilization chamber pressure was reduced to 100 mTort.

h. After the pressure reached 100 mTorr (approximately

30 minutes), the temperature was maintained at -40°C for an
additional 5 hours.

i. The temperature was increased to -16°C over 8 hours {(Ramp rate:
0.05°C/min.) and maintained at -16°C for an additional 10 hours.
j. The temperature was increased to 70°C over 7 hours 10 minutes

(Ramp rate: 0.20°C/min) and maintained at 65°C until all the
thermocouples indicated a temperature of 60°C for at least 10 hours.
k. The temperature was decreased to 25°C over 3 hours (Ramp rate:
-0.25°C/min) and maintained at 25°C for 2 hours.
1. The lycphilization chamber pressure was gradually increased to
4 psi using Nitrogen (NF) over a period of no less than 15 minutes.
m. The vials were stoppered under partial pressure.
n. The lyophilization chambar pressure was increased to
atmospheric pressure uging filtered air.

11. The vials were then sealed.

Characteristic analytical data confirms that the resulting
composition contains MM HCl in a crystalline anhydrous form (having X-ray
crystallography data as shown in Fig IIB). ’
2C. Other Intravenous Formulation Batch Sizes

Similarly, batches for 4000 - 20cc-vials, 6000 - 20cc vials or 8000 -
20cc vials can be manufactured for the formulations described in Examples
2A or 2B by increasing the quantity of the ingredients, proportionally.
2D. Other Intravenous Formulations Varying the Crystalline Anhydrous Salt

of MM

By following the procedures described in Examples 2A or 2B and
substituting the crystalline anhydrous form of mycophénola.te mofetil
hydrochloride with the- other crystalline anhyrous forms of mycophenolate
mofetil (e.g.', the sulfate, phosphate and sulfate salts prepared as
described in Example 1B) there are obtained the corresponding intravenous
formulations.

EXAMPLE 3

L J ALTERMATE FORMULATION OF
MYCOPHENOLATE MOFETIL HYDROCHLORIDE

Manufacturing batches of the following formulations containing MM HCL
in its crystalline anhydrous forms can be prepared following the procedures
described in Example 2.
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[err] and naintained at [err] for an additional @}%GE&“N:{ SﬁEETwe
{enperature was increased to [err] over 7 hours]|l m'nutes (Rarr fat e
[err]) and maintained at [err] until all the thergocpgmy § ifajed a
tenperature of [err] for at |east 10 hours. Kk. The terrper ur e] was
decreased to [err] over 3 hours (Ranp rate: [erf] d pt [err]
for 2 hours. 1. The | yophilization chanber pfessure was gradually
i ncreased to 4 psi usi ng Ni trogen (NF) over a period of. no TeésS Than 15
m nut es. Ie. stoppe reg under artl aI 858 The
| yophi | i zaEt i on (ﬂfﬁ%aetrmﬁr TP Was i npreadBfitts n%s—%#@-r—?%re—usi ng
filtered air. 11. The vials were then seaPedxulﬁmnaPcteri sFomudaeiont Bcal
data confirns c_Q, hedd1S el GRlFLE NG prrp08| tion gantains. HO pnga .
crystallil ? in
Fig IIB). 1 N HCl (gm) 1.22 1.22

Polysorbate 80 (mg) 0.07 ---

Ethanol, 95% (mL)* 0.16 : ---

WFI*, gs to volume 5 4

1 N HC1l/1 N NaOwW to pH 3.4 to pH 3.4

* removed during lyophilization
* added for pH adjustment

EXAMPLE 4

DETERMINATION OF FORM
OF MYCOPHENOLATE MOFETIL HYDROCHLORIDE
BY X-RAY POWDER DIFFRACTION

The crystalline form of MM HCl was determined by X-ray
'crystallography. The X-ray crystallography data were obtained on a Nicolet
X-ray diffractometer equipped with a fine focus tube and a diffracted beam
monochrometer. X-ray powder diffraction patterns of the compound MM HCl in
its crystalline monohydrate and crystalline anhydrous forms were obtained
and are presented in Figures IA and IB, respectively..

X-ray powder diffraction patterns of compositions containing MM HCl
in its amorphous form, MM HCl in its crystalline anhydrous form (with
polysorbate 80, Example 3, Formulation A), and MM HCl in its crystalline
anhydrous form (without polysorbate 80, Example 3, Formulation B) were
obtained and are presented in Figures IIA, IIB and IIC, respectively.

The X-ray crystallography data shown in Figqure IIB and Figure IIC
shows that the formation of the crystalline form of MM HCl in two
compositions is not effected by the pressence of polysorbate 80, i.e.,
formation: of crystalline anhydrous MM HCl is not impaired by polysorbate
80. . :
The X-ray crystallography data shown in Figures IIB, IIC and IB,
shows that the MM HCl in compositions with and without polysorbate 80 are
in their crystalline anhydrous form.

EXAMPLE 5

DETERMINATION OF
AMORPHOUS AND CRYSTALLINE ANHYDROUS FORMS OF
MYCOPHENOLATE MOFETIL HYDROCHLORIDR
BY DIFFERENTIAL SCANNING CALORIMETRY

This example describes a method for dist‘nguishing the various
crystal forms of MM HCl (e.g., amorphorous, monchydrate and anhydrous)
using differential scanning calorimetry (DSC). The DSC thermograms were
recorded on a Perkins Elmer DSC-7 System. A DSC thermogram represents heat
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20cc vials, 6000 - 20cc vials or 8000 - 20cc vials gan be manufactyrgd for
the fornul ati ons described in Exanples 2A or 2B by § ncr 485888 9% dugntity
of the ingredients, proportionally. 2D. O her Intrfavienous For nul atfi gns
Varying the Crystalline Anhydrous Salt afigMM By fol|l om ng the procedyres
descri bed in Exanples 2A or 2B and substituting th rystalline anhydrous
form of nycophenol ate npfetil hydrochl oride with_the-other cr%stal i ne

anhyrous f &+9¥6 2812 rAPEEHH 6F HeFPRTATULT| thes ProviigdsyMeapwe f

s PHRCE A

sul f at e sakelripgerimgd as described in Exanple 1B) there are obtained the
correéspondi ng i mhe dsentiussmbgranuifat ithaSamokpiddvEl Forth £ MM HC1 (Fig IIIA) shows
ALTERNATE EORMIAnONE 3+ i WY GPHEND A TamdVihhehltbndTéhBS R ddt ing at 38.50°C

that levels at 44.77°C.

On the other hand, the DSC thermogram for the crystalline anhydrous
form of MM HC1, after the lyophilization process, (Fig IIIB) shows no phase
transitions until melting at 145.41°C to 155.0°C.

The melting point of MM HCl monohydrate is 154-155°C (as disclosed in
U.S. Patent No. 4,753,935, issued June 28, 1988 (Example 3).

Therefore the amorphous, crystalline monohydrate and c¢rystalline
anhydrous forms of MM HCl were readily distinguished by their DSC
thermograms.

While the present invention has been described with reference to the-
specific embodiments thereof, it should be understood bylthose skilled in
the art that various changes may be made and equivalents may be substituted
without departing from the true spirit and scope of the invention. 1In
addition, many modifications may be made to adapt a particular situation,
material, composition of matter, process, process step or steps, to the
obhjective, spirit and scope of the present invention. All such
modifications are intended to be within the scope of the claims appended
hereto.
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wherein the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate.

2. The compound of Claim 1 wherein the anion is chloride.

3. The crystalline anhydrous compound of Claim 2 characterized by
a melting point of about 145 to about 155°C,

4. The crystalline anhydrous compound of Claim 3 further
characterized by a Differential Scanning Calorimetry thermogram shown in
Figure ITIB.

S. The crystalline anhydrous compound of Claim 4 further
characterized by the powder X-ray diffraction pattern shown in Figure IB.

6. Crystalline anhydrous 2- (4-morpholinoc)ethyl-E-6-(1,3-dihydro-
4 -hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl) -4-methyl -4 -hexenocate
hydrochloride.

7. A composition suitable for preparing an agueous intravenous
formulation which comprises a compound of the formula

o OH CHq

wherein:
the compound is complexed as a salt with an anion selected from the
group consisting of chlofide, sulfate, phosphate and aéetate,
and
said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients.

8. The composition of Claim 7 wherein the only pharmaceutically

e

A



anhydr ous form (V\REBI)M‘FM@]\MSSHEET, 80, Exanple 3, Formulation B) were
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crystal |l ography data snown rmFrgures IIB, I1C and IB, shows that the MM

HCl i n conposeptabhs excibpiemndisidodvedarbped \é9or bate 80 are in their
crystalline anhydrous form EXAMPLE 5 DETERM NATI ON OF AMORPHOUS AND

CRYSTALLI NE AN"%DROU%EQ%ME E&;MM@PHE&Q—N&MEE&H&WD&&XY
DI FFERENTI A  SCAKNLNG, CALORIVETRY., pigure 115

10. The composition of Claim 7 wherein the pharmaceutically
acceptable excipients are polysorbate 80 and citric acid.

11, A process for preparing a composition suitable for preparing an
intravenous formulation which comprises a compound of the formula
o OH CHy

o This Sheet Has Been Repl
OCH,

L (AR

the compound is complexed with an énion selected from the group
consisting of chloride, sulfate, phosphate and acetate;
and '

I

wherein:

said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients;
said process comprising:

a) compoﬁnding said compound and pharméceutically acceptable
excipients to form a bulking solution where the pH of said bulking solution
is adjusted to about 3.2 to 3.6,

b) loading said bulking solution into vials, and

c) lyophilizing‘said loaded vials to form said composition.

12. The process of Claim 11 wherein said lyophilizing step

comprises
a) decreasing the temperature over a range of about 25°C to -40°C;
b) decreasing the pressure to about 100 mTorr;
) increasing the temperature over a range of about -40°C to 70°C;
. and
d) decreasing the temperature over a range of about 70°C to 25°C.

13. The process of Claim 11 wherein said lyophilizing step

comprises
a) decreasing the temperature over a range of about 25°C to -10°C
" at a ramp rate of about -.25°C/min;
b) maintaining temperaﬁure at about -10°C for about 2 hours and 30
minutes;
c) dedreasing the temperature over a range of about -10°C to -40°C

* [ L ] S *
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at a ramp rate of about 0.05°C/min;

£) increasing the termperature over a range of about -16°C to 70°C
at a ramp rate of 0.20 °C/min $0.1°C; and

a) decreasing the termperature over a range of about 70°C to 25°C.

14. Use of a compound of the formula

wherein:

the compound is complexed as a salt with an anion selected from '
the group consisting of chloride, sulfate, phosphate and
acetate, and

said salt is in its crystalline anhydrous form;

for the treatment of allograft rejection, especially including cardiac
allograft rejection, pancreatic allograft rejection and renal allograft
rejection, and autoimmune disorders, psoriasis, inflammatory diseases,
including in particular rheumatoid arthritis, diabetes, tumors and viral
diseases.

1s. An intravenous formulation prepared by combining a liquid
medium and a composition which comprises a compound of the formula
0\ OH CHy
\ ey o
\/\N/ﬁ
9)
o] 0
OCH, . :
CHy
wherein:

the compound is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate and
acetate, and
said salt is in its crystalline anhydrous form; and
pharmaceutically acceptable excipients.

16. A'process for preparing an intravenous formulation comprising

mixing
This Sheet Has Been Replaced
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0CH,

CH,

wherein: :
the .compound is complexed as a salt with an anion selected from
the group congisting of chloride, sulfate, phosphate and
acetate, and
said salt is in its crystalline anhydrous form;
b} pharmaceutically acceptable excipients; and
¢)  a liquid medium.
17. A kit useful for preparing an intravenous formulation
comprising
al a composition which comprises a compound of the formula
wherein:

the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate,
and
said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients; and
b) an appropriate amount of a liquid medium.

——
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-17-° WHAT | S CLAI MED: 1. A crystal line anhydrous conpound of the fornula
[err] wherein the conpound is conpleted as a salt with an anion selected
fromthe group consisting of chloride, sulfate, phosphate and acetate. 2.

The conpound of Claim1l wherein the anion is chloride. 3. - The crystalline
anhydrous conpound of Caim2 characterizgd by a nelting point of about 145
.to about [err]. 4. The crystalline anhydrous conpound of Claim3 further

~characterized by a Differential Scanning Calorinetry thernogram shown in
Figure 3B. 5. The crystal line anhydrous conpound of Claim4 further

ABSTRACT

CRYSTALLINE ANHYDROUS MYCOPHENOLATE MOFETIL AND INTRAVENOUS
FORMULATION THEREQF

The crystalline anhydrous compound of the formula

o OH CHy

CHy

wherein the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate, in particular
the hydrochloride salt, and compositions, intravenous formulations, and a
kit thereof. '
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a)' conmpoundi ng sai d compound and pharmaceutically acceptabl e excipients
.to forma bul king solution where the pH of said bulking solutionis
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I ncreasing the ternperature over a ran f faboot—{err] to [efr] at a ranp
~rate of 0.20 [err]; and Q) decreasi%@ hqg ternperature ov a range of
about [err] to [err]. '
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13 An intravenous formnul ation prepared by conmbining a |iquid nmedi um and
“a conposition which conprises a conpound of the.formula [err] wherein: the
conpound is conplexed as a salt with an anion selected fromthe group
consisting of chloride, sulfate, phosphate and acet at ¢ . _ $ in
its crystalline anhydrous form and pharnaceutically agﬁ Eﬁgﬁﬂﬁﬁﬂﬁs ths.
14. A process for preparing an intravenous fornmul atijop conpri si ng nm{x{ng

a) a conpound of the fornmula [err] \@ései n: the cofpqunti9iSER WY eked as
asalt with an anion selected from :
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(i.e., MM ) wherein MM is complexed as a salt with an anion selected from
~ the group consisting of chloiide, sulfate, phosphate éhd acetate.

"Another aspect of the invention relates to the crystalline anhydrous
form of MM HCl, i.e., 2- (4 -morpholino) ethyl- (E) -6- (1,3 -dihydro-4 -hydroxy-
6-methoky-7-qethy1-3-oxo-S-isobenzofuranyl)-&-methy1-4-hexenoate
hydrochloride. .

: Another aspect of the invention relates to a composgition suitable for
preparing an aqueous intravenous formulation which comprises M, i.e.,

Formula I,

0 OH CH,
\ — ) .
\/\N/ﬁ

o
0 . 0
OCH,
CH,
Formula I

wherein MM is complexed as a pharmaceutically acceptable salt with an anion
selected from the group consisting of chloride, sulfate, phosphate and
acetate and the pharmaceutically acceptable salt is in its crystalline
anhydrous form and pharmaceutically acceptable excipients.

Yet another aspect of the invention relates to a process of
manufacturing the composition, where the solution from which the
composition is derived.is adjuéted to a pH in the range of 3.2 to 3.6, the
salt is formed in situ, and the solution lyophilized,'resulting in the

compound of Formula I in its crystalline anhydrous form.

Another aspect of the invention relates to the 1lyophilization step
wherein the temperature is decreased ovér a range of about -25°C to -40°C,
the pressure 1is decreased to about 100 mTorr, the temperture then increased
over a range of about -40°C to 70°C and decreased over a range of about 70°C to
25°C.

Another aspect of the invention is the use of a compound of Formula I above
for the treatment of disease, such as autoimmune disorders, proriasis,
inflammatory diseases (including in particular rheumatoid arthritis), Eumors,

viral diseases, autoimmune diseases including diabetes, allograft rejection,

especially including cardiac allograft rejection, pancreatic allograft

rejection and renal allograft rejection.
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Another aspect of this invention is a kit useful for preparing an intravenous
formulation comprising a) a composition suitable for preparing an aqueous
intravenous formulation which comprises a compound of Formula I above wherein
the compound is complexed as a salt with an anion selected from the group
consisting of chloride, sulfate, phosphate and acetate, and said salt is in a
crystalline anhydrous form; and pharmaceutically acceptable excipients; and b)
an appropriate amount of a liquid medium.

BRIEF DESCRIPTION OF THE FIGURES

Figure IA shows the X-ray diffraction patterns of the crystalline
monchydrate form of MM HC1.

Figure IB shows the X-ray diffraction patterns of the crystalline
anhydrous form of MM HCl.

Figure IIA shows the X-ray diffraction patterns of the composition
containing the amorphous form of MM HCl.

Figure IIB shows the X-ray diffraction patterns of the composition
containing the c¢rystalline anhydrous form of MM HCl with polysorbate 80.

Figure IIC shows the X~ray diffraction patterns of the composition
containing the crystalline anhydrous form of MM HCl without polysorbate 80.

Figure IIIA shows the Differential Scanning Calorimetry (hereinafter
“ DSC ™ ) thermogram for the amorphous form of MM HCl.

Figure IIIB shows the DSC thermogram for the crystalline anhydrous form of
MM HCl after the lyophilization process.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

The following definitions are set forth to illustrate and define the
meaning and scope of the various terms used to describe the invention herein.

As used herein, the term "pharmaceutically acceptable salt" refers to a
compound that is ionically complexed to :an anion, such as, chloride, sulfate,
citrate, acetate, phosphate, maleate and/or mesylate within the present
disclosure, the compounds of Formula I can be complexed with various anions to
form the corresponding pharmaceutically acceptable salt, e.g., hydrochloric
acid and the morpholincethyl ester of mycophenolic acid can . form the
pharmaceutically acceptable salt, 2-(4 -morpholino) ethyl-(E)-6-{(1,3-dihydro-4-
hydroxy-6-methoxy-7-methyl~3-oxo-5- lsobenzofuranyl) -4-methyl-4-hexenocate
hydrochloride.

As used herein, the term "crystalline form" or "crystal form" means that
a certain material has definite shape and an orderly arrangement of structural
units, which are arranged in fixed geometric patterns or lattices.

As used herein, the term “ crystalline monchydrate “ or ™ monohydrate
crystalline “, means that the crystalline form of a certain material includes
a single molecule of water. '
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As used herein, the term "crystalline anhydrous™ or "anhydrous crystalline”
means that the crystal form of a certain material contains no molecule of water.

As used herein, the term "amorphous form" means that a certain material
has no definite shape and no orderly arrangement of structural units.

As used herein, the term “ pharmaceutically acceptable excipients * refers
to those materials that are acceptable for use in pharmaceutical formulations,
and are added to the formulation to promote the stability and viability the
formulation (e.g., bulking agents, clarifying agents and buffering agents).

As used herein, the term "bulking agent" refers to compounds, such as
dextrose, mannitol and/or sucrose that are used to act as bulk, provide the
matrix structure and stabilize a formulation. i.e., to slow or prevent
decomposition of the therapeutic agent.

As used herein, the term "clarifying agent" refers to surfactant type
compounds, such as polysorbate 80, which are used to reduce the haziness of a

solution.
As used herein, the term "buffering agent" refers to compounds which
resist change in pH when H* or OH- is added. A buffering agent is most

resistive to change at the pH of the exact midpoint of its titration curve, -
i.e., where the concentration of the proton acceptor equals that of the proton
donor and the pH is equal to the pK' . A buffering agent can be a single
compound, e.g., citric acid, or a combination of compounds. .

As used herein, the term ™ g.s.” means adding a quantity sufficient to
achieve a certain state (e.g., volume, i.e., to bring a solution to a desired
volume) .

As used herein, the term * g.s. to pH * means the addition of acid or
base in a quantity sufficient to bring a solution to a desired pH (e.g., q.s.
to pH 3.4 means the addition of acid or base to bring the solution to a pH of
3.4).

As used herein, the term ™ WFI “ refers to water for Injection that meets
specifications set forth in the U.S. Pharmacopeia (U.S.P.)

As used herein, the term "ramp rate,' refers to the rate at which the
temperature is changed (i.e., increased or decreased) over a temperature range.

The term "reconstitute" refers to the process where a composition is
combined with an appropriate liquid medium, e.g., water (WFI), 5% dextrose
solution, or saline to yield an intravenous solution.

As used herein, the term "treatment" or "treating” means any treatment of
a disease in a mammal, and includes:

(1) preventing the disease, i.e., causing the clinical symptoms of the
disease not to develop; _

(ii) inhibiting the disease, i.e., arresting the development of clinical
symptoms; and/or

(iii) relieving the disease, i.e., causing the regression of clinical
symptoms.

As used herein, the term ™ therapeutically effective amount “ refers to
that amount of MM, which when administered to a mammal in need thereof, is
sufficient to effect the stated treatment. The amount that constitutes a
“ therapeutically effective amount “ will vary depending on the compound, the
condition or disease and its severity, and the mammal to be treated, but

REPLACEMENT SHEET

18 SEP 1998




e AR 57

LTI | 1o5tr o | J
o . -17-

WHAT IS CLAIMED:
1. A crystalline anhydrous compound of the formula

OH CH,

o -

\\

CHy

wherein the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate.

2. The compound of Claim 1 wherein the anion is chloride.

3. The crystalline anhydrous compound of Claim 2 characterized by
- a melting point of about 145 to about 155°C.

4, The crystalline anhydrous compound of Claim 3 further
characterized by a Differential Scanning Calorimetry thermogram shown in

Figure 3B.

5. The crystalline anhydrous co:ixpound of Claim 4 further
characterized by the powder X-ray diffraction pattern shown in Figure 1B.

6. A composition suitable for preparing an aqueous intravenous
formulation which comprises a compound of the formula
o OH CH,4

wherein:
the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate,

and )
said salt is in a crystalline anhydrous form; and

pharmaceutically acceptable excipients.

7. The composition of Claim & wherein the only pharmaceutically
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acceptable excipient is polysorbate 80.

8.  The composition of Claim 7 characterized by the powder X-ray
diffraction pattern shown in Figure 2B

9. The composition of .Claim 7 wherein the pharmaceutically
acceptable excipients are polysorbate 80 and citric acid.

10. A process for preparing a composition suitable for preparing an
intravenous formulation which comprises a compound of the formula

o OH CH,

wherein: . .
the compound is complexed with an énion selected from the group
consisting of chloride, sulfate, phosphate and acetate;
and
said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable excipients;
said process comprising:

a) compounding said compound and pharm&ceutically acceptable
excipients to form a- bulking solution where the pH of said bulking solution
is adjusted to about 3.2 to 3.6,

b) loading said bulking solution into vials, and

c) lyophilizing.said loaded vials to form said composition.

11. The process of Claim 10 wherein said lyophilizing step
comprises ) '

a) decreasing the temperature over a range of about 25°C to -40°C;

b} decreasing the pressure to about 100 mTorr;

c) increasing the temperature over a range of about -40°C to 70°C;
and ..

d) decreasing the temperature over a range of about 70°C to 25°C.

12. The process of Claim 10 wherein said lyophilizing step
comprises

a) decreasing the temperature over a range of about 25°C to -10°C
at a ramp rate of about -.25°C/min;

b) maintaining Cemperaéure at about -10°C for about 2 hours and 30
minutes;

c) decreasing the temperature over a range of about -10°C to -40°C
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at a ramp rate of about -0.25°C/min;

a) decreasing the pressure to about 100mTorr;

e) increasing the temperature over a range of about -40°C to -l16°C
at a ramp rate of about 0.05°C/min;

£) increasing the termpericure over a range of about -16°C to 70°C
at a ramp rate of 0.20 °C/min $0.1°C; and

g) . decreasing the termperature over a range of about 70°C to 25°C.

13. An .intravenous formulation prepared by combining a liquid
medium and a composition which comprises a compound of the formula

0 OH . CH,

wherein:
the compound is complexed as a salt with an anion selected from

the group consisting of chloride, sulfate, phosphate and

acétate, and
said salt ig in its crystalline anhydrous form; and

pharmaceutically acceptable excipients.

14, A process for preparing an intravenous formulation comprising
mixing
a) a compound of the formula
o OH CH,
o]
\/\N/\|
o .
o
CHy
wherein: '
the compound is complexed as a salt with an anion selected from
the group consisting of chloride, sulfate, phosphate and
acetate, and
said salt is in its crystalline anhydrous form;
b) pharmaceutically acceptable excipients;- and

c) a liquid medium.
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15. A kit useful for preparing an intravenous formulation

comprising
a) a composition which comprises a compound of the formula

0 OH CH4
0
\/\N/ﬁ

o

k/o
CHy

. wherein:

' the compound is complexed as a salt with an anion selected from the
group consisting of chloride, sulfate, phosphate and acetate,
and '

said salt is in a crystalline anhydrous form; and
pharmaceutically acceptable extipients; and
b) ° an appropriate amount of & liquid medium.



