
STABLEFORMULATIONSOF THIADIAZOLE DERIVATIVE The
present invention provides formulation parameters and
manufacturing conditions for stable pharmaceutical
compositions comprising a thiadiazole derivative. In
particular, the present invention provides chirally
stable pharmaceutical compositions comprising
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-eth
anesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide. Stable manufacturing
conditions for this compound and intermediates are
also provided. Background of the Invention The
compound
-{4-(2,2-dimethyl-propionyl)-5-[(2-ethylaminoethanesul
fonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2- dimethyl-propionamide was first described in PCT
International Publication Number WO 03/05 1854. A
formulation containing the compound
N-{4-(2,2-dimethyl-propionyl)-5-
[(2-ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4
,5-dihydro-[ 1,3,4]thiadiazol-2-
yl}-2,2-dimethyl-propionamide is described in PCT
International Publication Number WO 2004/092147. A
formulation containing the compound
iV-{4-(2,2-dimethylpropionyl)-(
5R)-5-[(2-ethylamino-ethanesulfonylamino)-methyl]-5-ph
enyl-4,5-dihydro-
[1,3,4]thiadiazol-2-yl}-2,2-dimethyl-propionamide is
described in PCT International Publication Number WO
2006/101 102. This compound is useful, for example,
for therapeutic treatment of a human malignant tumor.
Stable formulations of the compound
iV-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-
ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4,5-d
ihydro-[1,3,4]thiadiazol-2-yl}-
2,2-dimethyl-propionamide which minimize chiral
conversion to the less active S enantiomeric form are
desired for reproducible and efficient manufacturing
and commercial scale preparation, long-term storage of
a lyophilized form, and stability when the lyophilized
form is reconstituted and delivered to a patient.
Surprisingly, formulation parameters and manufacturing
conditions were discovered that provide stable 



pharmaceutical compositions comprising
N-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-
ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4,5-d
ihydro-[1,3,4]thiadiazol-2-yl}-
2,2-dimethyl-propionamide that minimize undesirable
chiral conversion to the less active S enantiomeric
form.Summary of the Invention The present invention
provides a pharmaceutical composition comprising
7V-{4-
(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-ethanes
ulfonylamino)-methyl]-5-phenyl-
4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2,2-dimethyl-propi
onamide, and a pharmaceutically acceptable carrier,
diluent, or excipient in solution wherein the pH of
said composition is less than 6.4 and greater than
2.0, less than 6.2 and greater than 2.0, less than 5.4
and greater than 2.0, or less than 4.2 and greater
than 2.0. The present invention further provides a
lyophilized pharmaceutical composition comprising N-
(4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-etha
nesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide, and a pharmaceutically
acceptable carrier, diluent, or excipient wherein the
pH of said composition when diluted with aqueous
diluent is less than 6.4 and greater than 2.0, less
than 6.2 and greater than 2.0, less than 5.4 and
greater than 2.0, or less than 4.2 and greater than
2.0. The present invention also provides a lyophilized
pharmaceutical composition comprising
JV-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-e
thanesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide, and a pharmaceutically
acceptable carrier, diluent, or excipient wherein the
pH of said composition is less than 6.4 and greater
than 2.0, less than 6.2 and greater than 2.0, less
than 5.4 and greater than 2.0, or less than 4.2 and
greater than 2.0. The present invention provides a
pharmaceutical composition comprising -{4-
(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-ethanes
ulfonylamino)-methyl]-5-phenyl-
4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2,2-dimethyl-propi
onamide, and a pharmaceutically 



acceptable carrier, diluent, or excipient in solution
wherein the pH of said composition is less than 6.2
and greater than 2.0, less than 5.4 and greater than
2.0, or less than 4.2 and greater than 2.0 and the
temperature of said composition is less than 40 C and
greater than 25 C. The present invention also provides
a pharmaceutical composition comprising N-
(4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-etha
nesulfonylamino)-methyl]-5-
phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2,2-dimethy
l-propionamide, and apharmaceutically acceptable
carrier, diluent, or excipient in solution wherein the
pH of said composition is less than 8.4 and greater
than 2.0 and the temperature of said composition is
less than 25C and greater than 5C or equal to 5C. The
present invention further provides a lyophilized
pharmaceutical composition comprising
N-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-et
hanesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide, and a pharmaceutically
acceptable carrier, diluent, or excipient wherein the
pH of said composition when diluted with aqueous
diluent is less than 6.2 and greater than 2.0, less
than 5.4 and greater than 2.0, or less than 4.2 and
greater than 2.0 and the temperature of said
composition is less than 40 C and greater than 25 C.
Detailed Description of the Invention The present
invention provides a chirally stable pharmaceutical
composition comprising
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-eth
anesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide, and a pharmaceutically
acceptable carrier, diluent, or excipient that has
reduced or no conversion to the S enantiomeric form.
Pharmaceutical compositions for the present invention
include both lyophilized forms and solution forms.
Examples of solution forms include a solution form
ready for lyophilization and a solution form
reconstituted after lyophilization and ready for
administration to a patient. A "pharmaceutically
acceptable carrier, diluent or excipient" used herein
is a 



medium generally accepted in the art for the delivery
of biologically active agents to patients. Such
carriers, diluents, or excipients are generally
formulated according to a number of factors well
within the purview of those of ordinary skill in the
art to determine. One skilled in the art of preparing
formulations can readily select the proper processes
for preparing the pharmaceutical compositions provided
in the present invention. See, e.g., Remington: The
Science and Practice of Pharmacy (A. Gennaro, et. Al.,
eds., 19th ed., Mack Publishing Co., 1995). As used
herein, the term "patient" refers to a mammal that is
afflicted with, for example, a malignant tumor. The
most preferred patient is a human.As used herein, the
term "stable" refers to a pharmaceutical formulation
containing
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-eth
anesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide that has reduced or no
conversion to the S-enantiomeric form and meets
defined, regulatory shelf life specifications for this
compound as a marketed product. Compounds of the
present invention may be administered systemically,
such as intravenously. In order to improve the chiral
stability of LT-{4-(2,2-dimethyl-propionyl)-(5R)-5-
[(2-ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4
,5-dihydro-[1,3,4]thiadiazol-2-
yl}-2,2-dimethyl-propionamide, preferred
pharmaceutical compositions involve particular
formulation parameters, including particular pH and/or
temperature conditions. Preferably, one embodiment of
the present invention involves a pH range from less
than about 6.4 to greater than about 2.0. More
preferably, the pH range is from less than about from
less than about 6.2 to greater than about 2.0. Even
more preferably, the pH range is from less than about
5.4 to greater than about 2.0. Still more preferably,
the pH range is from less than about 4.2 to greater
than about 2.0. Various buffers and/or salts are
available to maintain or control the pH range. Such
buffers and/or salts are preferably tartrate,
phosphate, citrate, mesylate, sodium sulfate, sodium
chloride, and the like. One 



such preferable buffer and/or salt is phosphate. More
preferably, the buffers and/or salts are sodium
phosphate, tartrate, and citrate. Even more
preferably, the buffer and/or salt is sodium
phosphate. Still more preferably, the buffer and/or
salt is tartrate. When using these pH ranges, buffers,
and/or salts, the temperature preferably is less than
40 C and greater than 25 C. Preferably, when the pH
range for a pharmaceutical composition of the present
invention is from less than about 8.4 to greater than
about 2.0, the temperature is from less than about 25
C to greater than about 5 C. More preferably, the
temperature of a pharmaceutical composition with a pH
range of less than about 8.4 to greater than about 2.0
is about 5 C. Pharmaceutical compositions that are in
solution prior to lyophilization, lyophilized, and/or
diluted with aqueous diluent after lyophilization
containing -{4-(2,2-
dimethyl-propionyl)-(5R)-5-[(2-ethylamino-ethanesulfon
ylamino)-methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazo
l-2-yl}-2,2-dimethyl-propionamide preferably contain
no more than 2.0% of the less active S enantiomer.
More preferably, the pharmaceutical composition
contains no more than 1.5% of the S enantiomer. Even
more preferably, the pharmaceutical composition
contains no more than 1.0% of the S enantiomer. Still
more preferably, the pharmaceutical composition
contains no more than 0.5% of the S enantiomer. Even
still more preferably, the pharmaceutical composition
contains no more than 0.3% of the S enantiomer. Most
preferably, the pharmaceutical composition contains no
more than 0.2% of the S enantiomer. Formulation
Example The following formulation example is
illustrative and is not intended to limit the scope of
the present invention. In one vial, combine 10 mg
JV-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-
ethylamino-ethanesulfonylamino)-methyl]-5-phenyl-4,5-d
ihydro-[1,3,4]thiadiazol-2-yl}-
2,2-dimethyl-propionamide, 6.0 mg tartaric acid, and
30 mg mannitol. Using water for 



injection, q.s. to 5.0 mL. Lyophilize the formulation.
When ready for use, reconstitute the vial's contents
with 5.0 mL water for injection. For this formulation,
the concentration of N-
{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylaminoethan
esulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2- dimethyl-propionamide is 2 mg/mL. The pH of the
formulation is about 3.0 prior to lyophilization and
about 3.1 to 3.2 after reconstitution. Pharmaceutical
Composition and Manufacturing
Studies-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylam
ino-ethanesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide is isolated, for example, as
provided in PCT International Publication Number WO
2006/101 102 or by utilizing the chiral HPLC assay
noted infra. Stability for
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylaminoetha
nesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2- dimethyl-propionamide (the compound) is assessed
at 0.1 mg/mL in various buffers adjusted from pH 2
through 8 with various pH adjusting agents (e.g. 0.1
and 1N HCl; 0.1, 1, and 5 N NaOH) and at different
storage conditions (e.g. 5 C, 25 C, and 40 C at 75%
relative humidity). Hereinafter, the 40 C at 75%
relative humidity storage condition will be referred
to as 40 C. These buffers include 10 mM and 50 mM
tartrate (40 C), 10 mM phosphate (25 and 40 C), 50 mM
phosphate (40C), and 10 mM citrate (25 and 40 C).
Additional solution stability studies include 10 mM
citrate (pH 8; 5 C, 25 C, and 40 C) and 10 mM NaCl, 10
mM sodium sulfate, 10 mM mesylate, 10 mM tartrate, 10
mM phosphate, and 10 mM citrate (pH 8, 40 C).
Lyophilized stability studies for
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-eth
anesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide involve solutions containing
10 mM tartrate buffer at pH 3 which are lyophilized
and subjected to storage at 5C, 25 C, and 40 C for 1,
3, and 6 months. Finally, the enantiomeric stability
for
-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylamino-eth
anesulfonylamino)- 



methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2-dimethyl-propionamide is assessed when dissolved in
various organic solvents and aqueous/solvent mixtures,
including methanol, ethanol, acetonitrile, acetone,
ethyl acetate, and 50% ethanol / 50% water (all at 25
C and 40 C) and in 1-octanol (25 C). The achiral
stability of the compound is measured using standard
reversed-phase HPLC assays. The analytical operating
conditions for achiral stability analyses are as
follows: Column: Waters XTerra C18 column, 150 x 4.6
mm, 3.5 micron; Detector: UV, 290 nm; Flow: 0.75
mL/min.; Injection: 10 mL; Column Temperature: 5OC;
Mobile Phase: 50% water with 0. 1% TFA / 50%
acetonitrile with 0.1% TFA.The enantiomeric stability
is measured with a chiral HPLC assay employing polar
ionic separation conditions. Those conditions include
Column: Chirobiotic T, ISO x 4.6 mm; Detector: UV,
290nm; Flow: 0.225 - 0.35mL/min., adjust to optimize
chiral separation; Injection: 2mL - lOmL; Column
Temperature: 45C; Mobile Phase: 0.01% TEA, 1.0% HOAc,
1.0% water (DIW) in methanol. Enantioselectivity is
very sensitive to mobile phase composition,
specifically the acid:base ratio. For this reason, the
TEA and HOAc additives are accurately measured and
then delivered by pipette into the mobile phase while
stirring. In 10 mM and 50 mM tartrate buffers, no
chiral conversion of the compound is observed at pH
4.1, 3.1, and 2.1 for at least 96 hours at 40 C and at
pH 3.9, 2.9, and 2.0 for at least 120 hours at 40 C,
respectively. Furthermore, for this study in 10 mM
tartrate buffer, 97.5% of the compound remains after
pH 6.2 at 96 hours at 40 C and 60.3% of the compound
remains after pH 8.7 at 96 hours at 40 C. In 10 mM
sodium phosphate buffer, no chiral conversion of the
compound is observed at pH 5.4, 3.4, and 2.3 for at
least 120 hours at 40 C and at pH 5.4, 3.4, and 2.3
for at least 120 hours at 25 C. In 50 mM phosphate
buffer, no chiral conversion of the compound is
observed at pH 5.0, 3.3, and 2.2 for at least 96 hours
at 40 C. In 10 mM citrate buffer, no chiral conversion
of the compound is observed at pH 



4.2, 3.3, and 2.1 for at least 96 hours at 40 C and
for at least 120 hours at 25 C. In citrate buffer at
pH 6.2, 98.2% of the compound remains after 96 hours
at 40 C and 99.9% of the compound remains after 120
hours at 25 C. In 10 mM citrate buffer at pH 8.4, 95.8
% of the compound remains after 24 hours at 25 C and
99.3% of the compound remains after 120 hours at 5 C.
For lyophilized formulations at pH 3.0, no chiral
conversion of the compound is observed at 1, 3, and 6
months for 5 C, 25 C, or 40 C storage conditions. In
general,
N-{4-(2,2-dimethyl-propionyl)-(5R)-5-[(2-ethylaminoeth
anesulfonylamino)-
methyl]-5-phenyl-4,5-dihydro-[1,3,4]thiadiazol-2-yl}-2
,2- dimethyl-propionamide is less stable and, thus,
converts more readily to the S enantiomeric form in
acetonitrile, ethyl acetate, and 50% ethanol / 50%
water than in the other solvents that are tested.We
claim: 1. A pharmaceutical composition comprising
-{4-(2,2-dimethyl-propionyl)-
(5R)-5-[(2-ethylaniino-ethanesulfonylamino)-methyl]-5-
phenyl-4,5-dihydro- [1,3,4]thiadiazol-2-yl
}-2,2-dimethyl-propionamide, and a pharmaceutically
acceptable carrier, diluent, or excipient in solution
wherein the pH of said composition is less than 6.4
and greater than 2.0. 2. The pharmaceutical
composition of Claim 1 wherein the pH of said
composition is less than 6.2 and greater than 2.0. 3.
The pharmaceutical composition of Claim 2 wherein the
pH of said composition is less than 5.4 and greater
than 2.0. 4. The pharmaceutical composition of Claim 3
wherein the pH of said composition is less than 4.2
and greater than 2.0. 5. A lyophilized pharmaceutical
composition comprising N-{4-(2,2-
dimethyl-propionyl)-(5R)-5-[(2-ethylamino-ethanesulfon
ylamino)-methyl]-5-phenyl-4,5- dihydro-[l
,3,4]thiadiazol-2-yl }-2,2-dimethyl-propionamide, and
a pharmaceutically 



acceptable carrier, diluent, or excipient wherein the
pH of said composition when diluted with aqueous
diluent is less than 6.4 and greater than 2.0. 6. The
lyophilized pharmaceutical composition of Claim 5
wherein the pH of said composition when diluted with
aqueous diluent is less than 6.2 and greater than 2.0.
7. The lyophilized pharmaceutical composition of Claim
6 wherein the pH of said composition when diluted with
aqueous diluent is less than 5.4 and greater than 2.0.
8. The lyophilized pharmaceutical composition of Claim
6 wherein the pH of said composition when diluted with
aqueous diluent is less than 4.2 and greater than
2.0.9. A lyophilized pharmaceutical composition
comprising -{4-(2,2-
dimethyl-propionyl)-(5R)-5-[(2-ethylamino-ethanesulfon
ylamino)-methyl]-5-phenyl-4,5-
dihydro-[1,3,4]thiadiazol-2-yl}-2,2-dimethyl-propionam
ide, and a pharmaceutically acceptable carrier,
diluent, or excipient wherein the pH of said
composition is less than 6.4 and greater than 2.0. 10.
The lyophilized pharmaceutical composition of Claim 9
wherein the pH of said composition is less than 6.2
and greater than 2.0. 11. The lyophilized
pharmaceutical composition of Claim 10 wherein the pH
of said composition is less than 5.4 and greater than
2.0. 12. The lyophilized pharmaceutical composition of
Claim 11 wherein the pH of said composition is less
than 4.2 and greater than 2.0. 


