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CR.YSTALL:CNE ANHYDROUS .MYCOPHENOLA'l'E MOPET:tL 

AND :IH'l'RAVENOUS 110RMiJLA'l':COH 'l'BERB011 

P:CELD OF 'l'EB :CHVEN'l':COH . . . 
The present invention relates to 2-(4-morphOlino)ethyl-

E-6-(l,3-dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzo­

furanyl)-4-m~thyl-4-hexenoate (hereinafter "MM"), particulariy MM in its 

10 crystalline anhydrous salt form. 

The invention also relates to intravenous formulations for the 
. . . . . 

administration of MM, and a process for preparing the intravenous 

formulations using MM salt in its crystalline anhydrous form, where the 
a • .• 

salt is formed in-sit:u and lyophilized. The invention also relates to the 

15 use of such formillations in treating autoi~e 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 rejection and renal allograft re)ection, and for 

20 treating autoinnune diseases, including diabetes. 

RELA'l'ED U.S. PATENTS 

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

nMorpholinoethyl Esters of Mycophenolic·Acid and Pharmaceutical 

· Compositions" discloses mycophenolate mofetil, the morpholinoethyl 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 niseases by Administering Morpholinoethyl Ester of MycophenoliC· 

Acid and Derivatives Thereof• discloses a method of t~ating inflammatory 

and psoriatic diseases in mammals by administering a therapeutic~lly 

30 effective amount of mycophenolate mofetil, the mo:rpholinoethyl ester of 

mycophenolic acid, or certain simple ester derivative thereof. 
. . 

U.S. Pat~nt No. 4,952,579~ issued August 28, 1990, entitled •Method 

of Treat~ng Diseases by Administering ~rpholinoethyl Ester of Mycophenolic 

Acid and Derivati~s Thereof~ discloses a method of treating malignant 

35 diseases.in manunals by administering a therapeutically ~ffective amount of 

mycophenolat~ mofetil,. the morpholinoet,hyl ester of mycophenolic acid, or 

.certain simple ester deri irati ves thereof. 

U.S. Patent No. 4,786,637, issued NoveJnber 22, 1988, entitled 

"Treatment of A1lograft Rejection with Mycophenolic Acid Morpholinoethyl 

40 Ester and Derivati.ves Thereofft discloses a method of treatment of allograft 

rejection in mammals by administering a therapeutically effective amount of 

mycophenolate mofetil, the morpholinoethyl ester of mycophenolic. acid, or 

certain simple ester derivatives thereof. 

U.S. Patent No. 4·,948,793, issued August 14, 1990, entitled 

45 •Treatment of Autobmune Diseases With The Horpholinoethyl Ester of 

Mycophenolic Acid, and Derivatives Thereof• discloses a method of treating 

autoimmune diseases by administering a therapeutically ef~ective amount of 

mycophenolate mofetil, the morpholinoethyl ester of myc0phen~lic acid, or 

certain simple ester derivatives thereof. 
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U.S. Patent No. 4,992,467, issued February l.2, l.991., entitled 

"Treatment of Autoimmune Disease.a 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 

5 certain simple phenolic esters of mycophe~olic acid. 

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

ref.erence . 
BACKGROUND INPORMATION 

Mycophenolic acid is a weakly-active antibiotic found in the 

l.O fermentation broth of Penicillium
0

brevi-compactum. Derivatives of 

mycophenolic acid, in particular, the morpholinoethyl 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-hexenoate hydrochloride] and certain 

simple ester derivatives of the phenolic hydroxyl group have been found to 

l.5 be effective in the treatment autoimmune disorders, psoriasis, inflanunatory 

diseases (including in particular rhe~toid arthritis), tumors, viruses, 

allograft rejection, especially including cardiac allograft rejection, 

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 delivecy enviromnen~ (e.g., the stomach), peak plasma 

concentration, maximum plasma concentration, and improved activity, e.g., 

anti-inflammatory act_i vity. 

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 stability 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 fo:rm, however the amorphous salt form has better solubility 

35 Qharacteristics. It has been surprisingly found that a newly discovered 

crystalline anhydrous salt fprm of MM possesses about a two-fold increase 

in solubility over the inonohydrate salt form, while possessing the same 

stability characteristics of the monohydrate salt foxm. 

40 

45 

StJMMARY OP TBB IHVJDr.rIOR 

One aspect of the invention relates to the crystalline anhydrOU.s 

compound of the formula, 

· lii~i1i11i11r 
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(i.e., MM ) wherein ~ 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 o~ MM HCl, i.e., 2-(4-morpholino)ethyl-(B)-6-(1,3-dihydro-4-hydroxy-

6-methoxy-7-methyl-3-oxo-S-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, 

20 

25 

Formula I 

wh~rein 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 crys.talline 

anhydrous form and pharmaceutically acceptable excipients. 

30 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 is fo:rmed in situ, and the solution lyophilized, resulting in the 

compound of Formula I in its crystalline anhydrous· form. 

35 Another aspect of the invention is the use of a compound of Formula I 

above for the treatment of disease, such as autoimmune disor4ers, 

psoriasis, inflammatory diseases (including in particular rheumatoid 

arthritis), tumors, viral diseases, .autoimmune diseases including diabetes, 

allograft rejection, especially including cardiac allograft rejection, 

40 pancreatic allograft rejection and renal allograft rejection. 

Another aspect of this invention is a kit useful for preparing an 

~ntravenous formulation comprising a) a composition suitable for preparing 

an aqueous intravenous formulation which comprise~ 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 



-------· ---

-4-

THIS SHEET HAS BEEN 
REPLACED 

11111!111111111111111 IHI 

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

BRIEP DESCRIPTION OP THE FIGURES 
Figure IA shows the X-ray diffraction patterns of the crysta~line 

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

anhydrous ;orm of MM HCl. 
Figure ±IA shows the X-ray diffraction patterns of the composition 

containing the amorphous form of MM HCl. 
10 Figure IIB shows the X-ra~ 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 HCl without"polysorbate 80. 
Figure IIIA shows the Differential Scanning Calorimetry (hereinafter 

15 11 DSC") thermogram for the amorphous form of MM HCl. · 

20 

Figure IIIB shows the_ DSC thermo~ram for the crystalline anhydrous 
form of MM HCl after the lyophilization.process. 

DETAILED DESCRIPTION OP 'rBB IHVEN'l'ION 
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 us~d herein, the term "pharmaceutically acceptable salt" refers to 
a compound that is ionically complexed to an anion, such as, chloride, 

25 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., hydrochlpric acid and the-morpholinoethyl ester of mycophenolic acid 
can form the pharmaceutically acceptable salt, 2-{4-morpholino)ethyl-(E)-

30 6-(l,3~dihydro-4-hydroxy-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-

4-methyl-4-hexenoate hydrochloride. 
As used herein, the term "crystalline _form" or "crystal form" means 

.that a certain material has definite shape and 8:%1 orderly arrangement of 
structural units, which are arranged in fixed· geometric patterns or 

35 lattices. 
As used herein, the term "crystalline monohydrate" or "monohydrate 

crystalline• means that the crystalline form of a certain material inclu~s 
a single molecule of water. 

As used herein, the te:z:m "crystalline anhydrous" or "anh~ous 
40 crystalline" means that the crystal form of a certa~n material contains no 

molecule of water. 

45 

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 te:z:m "pharmaceutically acceptable excipients" 
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refers to those materials that are acceptable for ~se 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) . 

5 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 
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 added. 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 equals that of the 

proton don~r:and ·the pH· is equal to the pK'. ·A buffering agent can be a 
single cempound, e.g., citric acid, or a combination of compounds. 

As used herein, the term "q.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., 
q.s. 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, t~e 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 ·ci.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), st dextrose 
solution, or saline to· yield an intravenous solution. 

As used herein, the te~ "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) inhibiting the disease, i.e., arresting the devel0pment of 

clinic~! sympt~s; and/ or 
(iii) relieving the disease, ·i.e. , causing the ·regression of clinical 

4 O symptoms . 
As used herein, the teJ:m "therapeutically effective amount" refers to 

that amount of MM, which when administered to a mammal in need thereof, is 
suffi.cient to effect the stated treatment. The amount that constitutes a 
"therapeutically effective amourit" will vary de!pending on thecompound, the 

45 condition or disease and its severity, and the mammal to be treated, but 
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may be determined routinely by one of ordinary skill in the art with regard 
to contemporary.knowledge and to this disclosure. 

As used herein, the term 11 'ow/v 11 means the percentage weight (gm) of a 
single ingredient relative to the total volume of the entire formulation, 

5 for example, 500 mg of an ingredient in a to~al volume of 8 ml is 
6.25 tw/v, or 500 mg of an ingredient in a total volume of 5 ml is 10 tw/v . 

. As used herein, the term 11 'ov/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.p % 

10 v/v, .or 1.17 ml of an ingredient in a total volume of 5 ml is 23.4 tv/v. 
Nomenclature 

The structure and numbering convention for mycophenolata mofetil 
"MM", also known as the morpholinoethylester of mycophenolic acid Ci . e. , 
2-{4-morpholino)ethyl-E-6-(1,3-dihydro-4-hydroxy-6-methoxy-7-methyl-

15 3-oxo-5-isobenzofuranyl) -4-methyl-4·-hexenoate], is as follows: 

OH CH 3 

2 

O~N~ 
o ~o 

20 

Formula I 

25 STARTING MA'l'ERllLS 
The morpholinoethyl ester of mycophenolic acid and certain simple 

ester derivatives thereof are prepared according to U.S. Patent No .. 
4,753,935, iss~ed June 28, 1988) entitled "Morpholinoethyl Esters of 
Mycophenolic Acid and Pharmaceutical Compositions", previously incorporated 

30 by reference, or described in ~o-pending Serial No. 07/993,146, filed, 
December 18, 1992, now U.S. Patent N9. ·5,247,083, incorporated herein by 
reference. 

Polysorbate 80 is sold under the tradename of "Tween 0o•n and is 

obtained from ICI Americas, Inc., Wilmington, Delaware. 
35 Citric acid, sodium hydroxide (NaOH) and hydrochloride acid (HCl) of 

suitable purity are obtained from the Aldrich Chemical Company. 
Water for injection (WP'~) indicates water meeting the purity 

standards set forth in the U.S. Pharmacopeia for injectable ~olutions. 
OVERVXEW OP "l'BB PRBPARAT:IOR OP "rHB l'ORMULAT:IOHS 

40 The process by which the ingredients of a foJ:D\Ulation are combined 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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composition with a suitable liquid medium. The intravenous formulation is 
then administered. 
PREPARATION OP A COMPOSITION·WHERE MM HCl. IS IN ITS CRYSTAL~INE ANHYDROUS 
FORM 

Compounding Process 
About 23 to 25.3 tw/v of an acid, preferably about 24.4 tw/v of lN 

HCl (if concentrated HCl is used, a proportionally smaller% is u~ed), and 
about 0.05 to 0.5 tw/v, preferably about 0.1 tw/v, of citri~ 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, 5.0 liters of water (WFI) is used]. To this solution 
is dissolved about 0.01 to 2 % w/v, preferably about 0.5 tw/v, of a 
clarifying agent, such as, polysorbate 80, and about 10 tw/v of MM; and 
about 0.10 to 10 tv/v, preferably about 3.2 tv/v, of ethanol. The pH of 

15 the solution is adjusted to a pH of about 3.4 using lN 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 withs 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 µ.m membrane filter). 

The bulking solution is loaded into individual vials, where the 
volume of sol~tion loaded is about 25% of the volume of the vial (e.g., for 
a 20 cc vial, about 5 ml of bulking solution is loaded), and the vials are 

25 partially stoppered with a lyo-stopp~r (i.e., a stopper suitable for 
lyophilization} to allow for lyophilization of the solution. 

Lyophilization.Cycle For Crystalline Anhydrous Form 
't'.he_lyo-~topper~d vials containing the bulking solution are 

lyophilized according to the following procedure (the temperature is 
30 measured from the shelf where the vials are placed within the 

lyophilization chamber} : 
a. The temper~ture is equilibrated to a range of about 22°C to 

.~out 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 temperature is decreased to a range of about s 0 c to -15°C, 
preferably abOut -10°c, i~ a period of ~out 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, 
pre~erably 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, pr~ferably about -40°C, over a period of l to 3~ hours_, preferably 

45 about 2 hours, (i.e., at a ramp rate of about -0.25°C/min). 
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e. The temperature is maintained in a range of about -37°C to 

-43°C, preferably about -40°C, for about 3 to 7 hours, preferably abou~ 

5 hours. 
f. The lyophilization chamber pressure is ~educed to a range of 

5 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 iibout·3 to 7 hours, preferably abouts hours. 

h. The temperature is increased to a range of about -13° to -1a 0 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 maintained at 

this temperat~re for an additional period of about 8 to 12 hours, 

preferably about 10 hours~ 

i. The temperature is increased to a range of about so 0 c to 78°C, 

15 preferably about 70°C, over ~ period of about 5 to 9 hours, preferably 

about 7 hours and 10 minutes (i.e., at a ramp rate of about 0.2.0°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 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 2s 0c, 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 ~intained at 

25 this temperature for a period of about 1 to 3 hours, preferably about' 

2 hours. 

1. The lyophilization chamber pressure is slowly increased to a 

pressur,e in a ~ange of about 3 to 12 psi, preferably about 4 to 8 psi, more 

preferably· about 4 psi, using nitrogen (NJ!') over a period 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 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 2s 0 c, _for a maximum of up to 24 hours. The vial,s 

35 are crimped sealed. 
The composition is stored in the sealed vials until reconstitution at 

time of use. 
PRBPllATIOH OP' TBB Drl'RAvmtOtrS P'ORKULATIOH POR ADJIDTIS'rRATIOH 

The intravenous formulation is prepared by reconstituting the 

40 compositio~ described previously with an appropriate liquid medium, such 

as, water for injection {WFI) or St dextrose solution. A desired 

concentration of the intravenous formulation can be obtained by 

reconstituting an apprppriate amount of the com;>osition with an appropriate 

volume of liquid medium. A desired cPllcentration of the intravenous 

45 formulation provides ~ therapeutically effective amount of MM to the animal 
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in need of the intravenous pharmaceutical formulation of this invention and 
maintains a therapeutically effective level of the active ingredient in the 
animal. The dose which is therapeutically effective will depend on the 
rate at which the intravenous formulation is delivered to the animal and 

5 the concentration of the intravenous formulation. For example·, two vials 
containing a comp~sition [e.g., 500 mg of MM per vial (which is equivalent 
to 542 mg of MM HCl) J are reconstituted with a St dextrose solution .(14 ml 
of St dextrose solution per vial) yielding a total of 28 ml of solution. 
The-reconstitut~d solution is inco~orated into dextrose solution in Cl?\ 

10 infusion bag and q.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 loss of label strength (tLS) over 
15 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 pharinacy 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 EMBODIMBHTS 

25 Most preferred is the crystalline anhydrous form of the hydrochloride 
salt of the morpholinoethyl ester of mycophenolic acid, i.e., 2-(4-
mo:z::Pholino) ethyl-E-6- (1, 3-dihydro-4-hydroxy-6-methoxy-7-methyl-
3 - oxo- 5 - isobenzofuran.yl ). - 4 -methyl-4 -hexenoate hydrochloride • 

Also most preferred is the composition whiCh comprises MM HCl in a 
30 crystalline anhydrous form and pharmaceutically acceptable excipients. 

PREl'ERRBD PROCESSES 

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

An especially preferred process of compounding is where the 
35 temperature is maintained at about 2s 0 c ± 2°c. 

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

An especially preferred process of compounding is where the pH of the 

bulking solution is adjusted to 3.4 t 0.2. 
40 Preferred is a lyophilization cycle for the preparation of a · 

pharmaceutical composition with the crystalli~e anhydrous form of MM HCl 
where the temperature is decreased from 25°C to a temperature in the range 
of 5 to -1s 0 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 
45 the ramp rate .is -o.2s°C/min t 0.05°C. 
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Preferred is a lyophilization cycle for the preparation of a 
pharmaceutical composition with the crystalline anhydrous form of a MM HCl 
where the temperature is decreased from a temperature in the range of 5°C 
to a temperature in the range of -l5°C to -4o 0 c, where the ramp rate is 

5 -0.25°C/min ± O.l°C. 
Most preferred for the temperature range of -l0°C to -40°C where the 

ramp rate is -0.25°C/min ± o.o5°C. 
Preferred is a lyophilization cycle for the preparation of a 

pharmaceutical composition with the crystalline anhydrous form of MM HCl 
10 where the temperature is increased over a range of -l6°C to 70°C where the 

ramp rate. is 0.20~C/min ± o.1°c. 
Most preferred for the temperature 

ramp rate is·o.20°c/min ± o.o5°C. · 
UTILITY 

range of -l6°C to 70°C where the 
• 

15 The present invention is useful for the treatment of disease, such as 
autoimmune diso~ders, 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 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 

25 as being illustrative and representative thereof. 

30 

EXAMPLE l 
PRBPARA'l'ION OP' 

0

'l'BB 
MYCOPHEHOLATB MOP'B'l'IL HYDROCBLORIDB 

IN I'l'S CR.YS'l'ALLIHB ANHYDROUS FORM 
lA. Preparation of Crystalline Anhydrous MM Compl.ezed 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
S-isobenzofuranyl)-4-methyl-4-hexenoate (38.0 g) was dissolved_ in 

35 isopr()panol ·c200 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 myc0phenolate mofetil hydrochloride 
is prepared by heating the crystalline monohydrate hydrochloride form of MM 

40 HCl at 60°C for 30 minutes. The crystalline ·anhydrous fo%11l of. th~ compound 
was cbnfirmed 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., st dextrose 

45 solution or ~ater suitable for injection) versus.approximately 40 mg/ml for 
the crystalline monohydrate form. 
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lB. Preparation of Crystalline Anhydrous Salt of MK Varying the Anion 

By fo~lowing the procedures descr~bed in Example lA and varying the 
·anion of the starting material with the following compounds, 

crystalline monohyclrate form of mycophenolate mofetil sulfate, 
5 crystalline monohydrate form of mycophenolate mofetil phosphate, and 

crystalline monohydrate form of myco~henolate mofetil acetate, 

15 

20 

25 

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 OP MAN'CJPACTmlIHG BATCH OP' 
COMPOSITION OP MrCOPHEHOLA'l'B MOFETIL HCl 

Ill ITS CRYSTALLIHB ANBYDROUS PORK 
2A. Preparation of Manufacturing Batch of 2000 - 20 cc vials using lN HCl 
Ingredient 

Mycophenolate Mofetil 
1 N HCl 
Citric Acid Anhydr~us 
Polysorbate 80 
Ethanol (95%) • 
WFJ:• qs 

lN HCl/NaOH qs to pH 3.4 

'"Removed during lyophilization 

quantity/vial 

500.0 mg 
1220.0 mg 

5.0 mg 
25.0 mg 

0.16 ml 

5.0 ml 

A batch -(manufacturing scale, 2000 - 20 cc vials) of the composition 
30 containing 542 mg of MM HCl (i~e., 500 mg of MM) in its crystalline 

anhyd:i;ous form per vial was prepared. 

l.. 

35 

2. 

3. 

4. 

5. 

40 6. 

7. 

8. 
45 

· The ingredients were combined according to the following procedure. 
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. 
50 gm of Tween 80 was dissolved in the solution from step 1. 
1000 gm of MM was dissolved in the solution from Step 2. 
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. 
under aseptic conditions, the solution was filtered using two lOft 
Millipore Durapore 0.2 µm filter (CVGL). 
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. 
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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 temperature was measured from the shelf where the loaded 

s vials were placed, and thermocouples were fitted to .various vials to 

measure their temperature. 

10 

15 

20 

25 

30 

b. · The lyophilization chamber temperature was equi~ibrated 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 -l0°C over a 

period of 2 hours 20 minutes (Ramp rate: -0.25°C/min). 

d. The temperature was maintained at -l0°C for 2.5 hours. 

e. The tempe:r:::ature was decreased to -40°C over 2 hours .<Ramp rate: 

-o.2s 0 c/min). 

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

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

n. 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: 

O.OS°C/min.) and maintained at -l6°C for an additional 10 hours. 

j. The temperature ~as increased t~ 70°C over 7 ~ours 10 minutes 

(Ramp rate: o.20°c/min) and maintained at 6s 0 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. 

1. The lyophilization chamber pressure was gradually increased to 

7.5 psi using Nitrogen (NF) over a ~eriod of no less than 15 minutes. 

m. The vials were stoppered under partial pressure. 

·n. ir;tie lyophilization chamber pressure was increased 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 

C%Y&tallography data as shown in Fig IIB) . 
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2B. Preparation of Manufacturing Batch of 2000 - 20 cc vials using 
concentrated HCl · 
Ingredient. 

Mycophenolate Mofetil 
concentrated HCl 
Citric Acid Anhydrous 
Polysorbate 80 
Ethanol (95\'} • 
WFI• qs 

lN HCl/NaOH qs to pH 3.4 

'"Removed during lyophilization 

quantity/vial 

500.0 mg 
119.25 mg 

5.0 mg 
25.0 mg 
. O .16 ml 

5.0 ml 

15 A batch (manufacturing scale, 2000 - 20 cc vials) of the composition 

20 

25 

30 

35 

40 

45 

containing 542 mg of MM HCl (i.e., 500 mg of MM) in its crystalline 
anhydrous form per vial was prepared. 

1. 

2. 

3. 

4. 

5-. 

6. 

7. 

8. 

~-

10. 

The ingredients were combined according to the following procedure. 
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 the solution from step 1. 
1000 gm of MM was dissolved in the solution from Step 2. 
320 ml of ethyl alcohol was added to the solution of Step 3. 
The pH of the solut_ion from Step 4 was adjusted to pH 3. 4 ( ± O. 2) . 
Sufficient water (WFI) was added to bring the volume of the solution 
to 10 liters. 
Under aseptic cc;>nditions, .the solution was filtered using two 1.0" 

Millipore Durapore 0.2 µ.m. filter (CVGL). 
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. 
The vials were loaded into a lyophilizer where the temperature was 
stabilized to 25°C (Dura-Stop MP Freeze Dryer, FTS system} • 
Lyophilization Cycle 
a. The temperature was measured from the shelf where the lo~ded 
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 h9urs (Ramp rate: 
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f. 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 was maintai~ed 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 lll:Aintained at -16°C for an additional 10 hours. 
j. The temperature was increased to 70°C'over 7 hours 10 minu~es 

(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 w~s 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.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. 
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 -

20~c 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 28 and 
substituting the crystalline anhydrous form of mycophenolate mofetil 

hydrochloride with the· other cry~talline anhyrous forms of mycophenolate 

mofetil (e.g., the sulfate, phosphate and sulfate salts prepared as 
described in Example lB) there are obtained the corresponding intravenous 

35 formulations. 

• 
40 

EDMPLB 3 
.ALTBRHA'?Z l'ORMULATIOH 011' 

'MYCOPBENOLATB MOl'B'rIL HYDROCHLORIDE 
Manufacturing batdles of the following formulations containing MM HCl 

in its crystalline anhydrous forms can be prepared following the procedures 

descr~bed in Example 2. 



-----------------

Formulation Components 

Mycophenolate Mofetil (gm) 

1 N HCl (am) 

Polvsorbate so (mq) 

5 Ethanol, 95% (mL)• 

WFI•, qs to volume 

1 N HCl/1 N NaOH" 

• removed during lyophilization 
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Amount of Ingredient Per Vial 

Formulation A Formulation B 

0.5 0.5 

1.22- 1.22 

0.07 - --
0.16 ---

5 4 . 
to pH 3.4 to pH 3.4 

10 11 added for pH adjustment 

15 

EXAMPLE 4 
DE'l'ERMIHATION OP FORM 

OP MYCOPHEHOLA'l'E MOPETIL HYDROCHLORIDE 
BY X-RAY POWDER DIFFRACTION 

The crystalline form of MM HCl was ~termined 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 

m0nochrometer. 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 conta~ning MM ~Cl 

in its ~orphous form, MM"HCl in its crystalline aiihydrous 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 

obtaine~ and ar~ presented in Figures IIA, IIB and IIC, respectively. 

The X-ray crystallography data shown in Figure IIB and Figure IIC 

shows that the -f orma~ion of the crystalline form of MM HCl in two 
compositions is not effected by the pressence of polysorbate 80, i.e., 

30 formation of crystalliI].e anhydrous MM_ HCl is not impaired by polysorbate 
8_0. 

35 

40 

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 foxm. 

BDKPLB 5 

DBTBRHXHATION OP 
AMORPHOUS ARD CR'YSTALLIRB ANHYDROUS PORKS OP 

MYCOPllEHOLA'l'B MOPETIL !DraROCHLORIDB 
BY DJ:J'PBRBRTZAL SCARHJ:RG CALORDIB'l'RY 

This example describes a method for distinguishing the various 

crystal forms of MM HCl (e.g. , amorphorous, monohydrate and anhydrous) 

using differential s~anning calorimetry (DSC). The DSC thermograms were 

recorded on a Perkins Elmer DSC-7 System. A DSC thermogram represents heat 
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flow as a function of teinperature., thus providing a measure of a compound's 
mel_ting point .. 

The DSC the~ogram for the amorphous form of MM HCl (Fig IIIA) shows 
an exotherm starting at -8.65°C and a melting endotherm starting at 38.S0°C 

5 that levels at 44.77°C. 
on the other hand, the DSC thermogram for the crystalline anhydrous 

fonn of MM HCl, after the lyophilization process, (Fig IIIB) shows no phase 
transitions until melting at 145.41°C to 155.0°C. 

The melting poin~ of MM HCl monohydrate is 154-1SS°C (as disclos~d in 
10 U.S. Patent No. 4,753,935, issu~d June 28, 1988 (Example 3). 

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

While the present invention has been described with reference to the· 
15 specific embodiments thereof, it should be understood by those skilled in 

the ar~ that various changes may be made and equivalents may be substituted 
without departing from the true spirit and scope of the invention. In 
addition, many modifications 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. 
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l. A crystalline anhydrous compound of the formula -·---------------
OH 

0 

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 l wherein the anion is chloride. 

15 3 • The crystalline anhydrous compound of Claim 2 characterized by 

. a melting point of about 145 to about lSS°C. 

4. The crystalline anhydrous compound of Claim 3 further 
characterized by a Differential Scanning Calorimetry thermo.gram shown in 

_20 Figure IIIB. 

25 

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

6. Crystalline anhydrous 2-(4-mo:rpholino)ethyl-E-6-(1,3-dihydro-
4-hyclro~-6-methoxy-7-methyl-3-oxo-5-isobenzofuranyl)-4-methyl-4-hexenoate 

hydrochloride. 

7. A compositio~ suitable for preparipg an aqueous intravenous 
30 formulation which. comprises a compound of the formula 

35 

40 

45 

o~~ . N 

o ~o 

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. 

8 .. The composition of Claim 7 wherein the only pharmaceutically 
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9. The composition of Claim 8 characterized by the powder X-ray 

diffraction pattern shown in Figure IIB. 

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 

15 

20 

wherein: 

OH 

0 
O~Nl 

o ~o 

the compound is complexed 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; 

said process comprising: 

25 a) compounding said compound and pharmaceutically acceptable 

30 

35 

40 

45 

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) 

b) 
c) . 

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

decreasing the pressure to about 100 mTorr; 

increasing the temperature over a range of about -~0°C to 70°C; 

and 
d) decreasing the temperature over a range of about 10°C to 25°C. 

13 • The process of Claim 11 wherein said lyophilizing step 

comprises 
a) 

b) 

C) 

decreasing the temperature over a range of about 25°C to -10°c 

at a ramp rate of about -.25°C/min; 

maintaining temperature at about -10°C for about 2 hours and 30 

minutes;· 
decreasing the temperature over a range of about -10°c to -40°C 

----·---·---------------
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at a ramp rate 
d) decreasing the 
e) increasing the 

at a ramp rate 
f) increasing the 

at a ramp rate 
g) decreasing the 
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of about -o.2s 0 c/min; 
pressure to about lOOmTorr; 
temperature over a range of about -40°C to -16°C 
of about o.os°C/min; 
termperature over a range of about -16°C to 70°C 

of 0.20 °C/min ±0.1°C; and 
termperature over a range of about 70°C to 25°C. 

J.,4. Use of a compound of the formula 

OH 

0 
O~N~ 

0 ~b 

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 cardiac 

allograft rejection, pancreatic allograft rejection and renal allograft 
rejection, and autoimmune disorders, psoriasis, inflammatory diseases, 

25 including in particular rheumatoid arthritis, diabetes, tumors and viral 

diseases. 

30 

35 

~5. An .intravenous formulation prepared by combining a liquid 

medium and a compositioJ;l which comprises a compbund of the formula 

wherein: 

OH 

0 
O~N1 

~o 

the compo\lnd is coml?lexed as a salt with an anion selected from 

.the group consisting of chlori~, sulfate, phosphate and 

40 acetate, ~d 
said salt is in its crystalline anhydrous f_o:rm; and 

pharmaceutically acceptable excipients. 

16. A process for preparing an intravenous formulation comprising 

45 mixing 

/ 
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a) a compound of the formula 

wherein: 

OH 

the compo\J.nd 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. 

l.7. A kit useful for preparing an intravenous formulation 
comprising 

a) a composition which comprises a compound of the formula 
20 OH 

25 

30 

0 

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

group consi~ting of chloride, sulfate, phosphate and acetate, 
and 

said salt ·i·s in a crystalline anhydrous fo:rm; and 
pharmaceutically acceptable excipien~s; and 

b) · an appropriate amount of a liquid medium. 

---~--------


