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The present invention relates to a novel parenteral pharmaceutical composition comprising N-(2-pyrazine)
carbonyl-L-phenylalanine-L-leucine boronic acid and tromethamine. Such composition in lyophilized dry
form is stable at room temperature and upon reconstitution forms aqueous solutions that are stable for at

least 12 hours.

BACKGROUND OF THE INVENTION

Bortezomib is N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid.

Solid bortezomib is not soluble at a concentration of 1mg/ml in 0.9 % w/v of sodium chloride. It is
commercially available under the trade name of Velcade® for injection. It is given intravenously only and
contains mannitol ester of bortezomib. It is available in a lyophilized form which when reconstituted forms
a solution consisting of the mannitol ester in equilibrium with bortezomib. Velcade® is reconstituted with
0.9 % sodium chloride to a final concentration of 1 mg/m! of bortezomib. The use of mannitol provides the
desired solubility. The prescribing information (Physician Desk Reference, published by Thomson
Healthcare, 62 edition, 2008, pp. 2151-2157) provides that the reconstituted product should be clear and
colorless and should be visually inspected for particulate matter and discoloration and only clear solution
which is not discolored should be used within eight hours after preparation. This guidance is in view of the
extreme precautions required in administering drugs directly into the intravenous system. Formation of'

particles is undesirable and preparations should meet high purity requirements.

. United States patent US 6,713,446 describes that bortezomib is known to be stable for more than 2 years
when stored at -2 °C to - 20 °C, as determined by HPLC analysis (purity > 97 %). But when stored at 2°C -
8°C, the product is not stable for longer than 3-6 months. United States Patent US 6,713,446 (hereinafter
referred to ‘446) provides a stable, pharmaceutically acceptable composition comprising bortezomib. The
claims of the patent encompass the commercially available Velcade® for injection. The inventors of the
‘446 patent have discovered that lyophilization of an aqueous mixture comprising a boronic acid compound
and a compound having at least two hydroxyl groups provides a stable composition. The lyophilized

material was readily soluble at concentration upto 6 mg/ml.
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United States patent US 6,617,317 (hereinafier referred to as patent ‘317) discloses a method for reducing
the rate of degradation of proteins in én animal comprising contacting cells of the animal with certain
boronic ester and acid compounds. Also disclosed are novel boronic ester and acid compounds, their
synthesis and uses. The patent further discloses that the novel boronic ester and acid compounds can be
converted to their basic salts by mixing a solution of a boronic acid (Z ' and Z * are both OH) of the
invention with a solution of a pharmaceutically acceptable non-toxic base, such as, sodium hydroxide,
potassium hydroxide, sodium bicarbonate, sodium carbonate, or an amino compound, such as choline
hydroxide, Tris, bis-Tris, N-methylglucamine or arginine. Water-soluble salts are preferable. The suitable
salts that have been listed include: alkaline metal salts (sodium, potassium etc.), alkaline earth metal salts
(magnesium, calcium etc.), ammonium salts and salts of pharmaceutically acceptable amines
(tetramethylammonium, triethylamine, methylamine, dimethylamine, cyclopentylamine, benzylamine,
phenethylamine, piperidine monoethanolamine, diethanolamine, tris(hydroxymethyl)amine, lysine, arginine

and N-methyl-D-glucamine).

The chemical stability and stabiﬁty problem of the parenteral formulation of Bortezomib has been reported
in Sara Wu et al J.Pharm. Sci 89; 758-765, 2000 pp. 759-765). The reference indicates that the bortezomib
showed erratic behaviour and was quite unstable in certain solvents, The authors also reported some
observations on the effect of ascorbic acid and EDTA on its stability. Under acidic and basic conditions, it
was observed that impurity D-an oxidative impurity was a major degradant. The article mentions that the

degradation and pre-formulation studies of bortezomib was found to be quite complicated.

In attempts to prepare stable parenteral composition of bortezomib, the inventors of the present invention
prepared solutions using various solubilizing agents. At a concentration of 1 mg bortezomib per ml, clear
solution was obtained with certain solubilizing agents. Although a clear solution was obtained, it was
observed that particles were rapidly formed in such solutions. In instances where the inventors had success
in preventing particle formation, it was found that when the solutions were lyophilized, the lyophilized
preparation was difficult to reconstitute into a ready clear aqueous solution. The inventors of the present
invention have surprisingly discovered that these problems are resolved by.preparing a composition
comprising bortezomib and tromethamine with the pH adjusted in the range of 6.8 to 8.4. The inventors
" also identified that the problems of instability of the pharmaceutical composition in dry form as well asina
reconstituted form was connected to the impurity levels present in the bulk of the bortezomib. For instance,
when bortezomib' bulk with total impurity levels of about 3 %, was used for preparing the injectable
composition, the pH when adjusted to 7.6-8.4, the composition remained stable for desired period whereas
when the bulk of bortezomib having total impurity levels less than 0.51 % was utilized, the pH of the

composition when adjusted to a pH of about 6.8 - 8.2, the composition remained stable for desired period.
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SUMMARY OF THE INVENTION
The present invention provides a parenteral pharmaceutical composition comprising therapeutically
effective amount of N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its salts or its

derivative and tromethamine wherein the composition is stable.

The present invention also provides a method for formulating a therapeutically effective amount of N-(2-
pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its salts or its derivatives, said the method

comprising steps of:
(a) preparing an aqueous mixture comprising

(i) N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its salts or its

derivatives,

(ii) tromethamine and a optionally a bulking agent and
(b) adjusting the pH of the solution to a pH of about 6.8 to 8.2 and
(c) lyophilizing the solution of (b).

The present invention particularly, provides a pharmaceutical composition comprising therapeutically
effective amounts of bortezomib or its salt or its derivatives and tromethamine wherein the pH of the said”

composition is in the range of 6.8 to 8.4, preferably 7.0 to 8.2.

The present invention still further provides a lyophilized pharmaceutical composition comprising
therapeutically effective amounts of bortezomib and tromethamine wherein the pH of the said composition

is in the range of 6.8 to 8.4, preferably 7.0 to 8.2.

DESCRIPTION OF THE DRAWINGS AND FIGURES

The IR spectrum of the lyophilized composition according to Example 1 and Example 2 of the present

invention were recorded and is given in Figure 1 and Figure 2, respectively.

. DETAILED DESCRIPTION OF THE INVENTION

The term "lyophilized composition" as used herein refers to any solid material obtained by lyophilization or

freeze drying of an aqueous mixture, It may be also referred to as freeze dried mass.

By "stable composition" is meant any composition having sufficient stability to have utility as a
pharmaceutical agent. Preferably, the formulation has sufficient stability to allow storage at a convenient
temperature, preferably between 0°C and 40°C, for a reasonable period of time, preferably longer than one
month, more preferably longer than three months, even more preferably longer than six months, and most
preferably longer than one year. Also, the term ‘stable composition’ as used herein means that the

pharmaceutical composition when in the form of a lyophilized cake or powder that is the composition is not
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reconstituted, remains unaltered in terms of physical and chemical parameters for ‘a prolonged period of

time when pécked in container which are either protected or unprotected against light, under various |
storage conditions. For instance, when the containers such as vials are not opened and are stored at
controlled room temperature 25°C (77°F) with variation to a range of about 15 to 30°C (59 °F to 86°F) the
pharmaceutical composition of the present invention remains stable for 6 months. The pharmaceutical
composition when reconstituted with a suitable reconstitution medium such as water for injection, the
reconstituted solution is said to be stable when there is no significant chemical degradation for at least 12
hours, preferably 24 hours and there are no signs of precipitation or appearance of particles in the clear -

solution on storage at room temperature for the said time.

In one embodiment of the present invention, the parenteral pharmaceutical composition upon reconstitution
remains stable for at least 12 hours, preferably 24 hours and the total impurities in the clear solution are

found to be less than 0.68 at 1 month when stored at 40°C and 75 % relative humidity.

In preferred embodiments, the pharmaceutical composition of the present invention is free of any added
preservatives. It was surprisingly found that the composition in either dry form or after reconstitution, in-
spite of being preservative free, the composition remained stable for longer period of time i.e if in the dry
form, the composition remained stable for 6 months at ambient temperature or if reconstituted with a
suitable reconstitution media, for at least 24 hours, preferably 12 hours. It is very important that the
reconstituted composition remains physically and chemically stable during the period of administration.
Usually, this reconstituted composition may be administered to the patients along with other active
ingredients either intravenously or by oral administration. Generally, the reconstituted composition of the
present invention is administered as a bolus intravenous injection. Sometimes, it may be required to
monitor the complete blood count (CBC) during the administration of the parenteral composition. The
present invention provides a stable pharmaceutical composition comprising therapeutically effective
amounts of N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its salis or its derivatives

and tromethamine wherein the pH of the said composition is in the range of 6.8 to 8.4, preferably 7.0 to 8.2.
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The present invention provides‘ a lyophilized pharmaceutical composition comprising therapeuticaily
effective amount of N-(2'-pyrazine) carbonyl-L-phenylalanine-L~leucine boronic acid or its salts or its
derivatives and tromethamine wherein the pH of the said composition is in the range of 6.8 to 8.4,
preferably 7.0 to 8.2,

The present invention also provides a pharmaceutical composition comprising therapeutically effective
amounts of N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its salts or its detivatives

and tromethamine wherein the pH of the composition is in the range of 7.6 to 8.4, preferably 7.9 to 8.1.

In one embodiment, the present invention provides a lyophilized pharmaceutical composition comprising
therapeutically effective amounts of N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid or its
salts or its derivatives and tromethamine wherein the pH of the composition is in the range of 7.6 to 8.4,

preferably 7.9 to 8.1.

The inventors further identified that the stability problefns and the solution to this problem is associated
with the source of the bortezomib that is employed in the preparation of the parenteral pharmaceutical
composition of the present invention. For instance, when one source of bortezomib was used for preparing
the injectable composition, when its pH was adjusted to 7.6-8.4, the composition remained stable for
desired period whereas when another source of the bulk of bortezomib . was utilized, the pH of the
composition was adjusted to a pH of about 6.8-8.2, the composition remained stable for desired period.
Therefore, not only the active pharmaceutical ingredient, but the type and amount of the impurities present

in it, seemed to play a role in the achieving the stability of the dry as well as reconstituted composition.

The bortezomib bulk (APY) used in the present invention can be synthesized by various synthetic ways. In
one embodiment, the inventors found that when the bortezomib having a specific optical rotation of about -
53.4° residual solvent content of less than 100 ppm and total impurities less than 0.51% and known
identified impurity such as impurity B were less than about 0.1 % and impurity H weré is less than about
0.04 % and any single maximum unknown impurity was less than 0.11 %, an injectable composition
. comprising such a source of bortezomib could be prepared by adjusting the pH of the solution in the range
of about 7.0 to about 7.5. However, when bortezomib of any other grade which does not satisfy these limits
of impurities was employed, it was found that a stable injectable composition could be prepared by

adjusting the pH in the range of about 7,9 to about 8.4.
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[ (pyrazinylcarbonyl) amino] propyl Jamino]butyl] boronic acid
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Impurity H: 3-phenyl-2-{(pyrazine-2-carbomy) amino]-propionionamide

Impurity B: L-phenylalanine-L-leucine boronic acid

Impurity I: 3-phenyl-2-{ (pyrazine-2-carbomyl)amino]-propionic acid

The pharmaceutical composition comprises therapeutically effective amounts of N-(2-pyrazine) carbonyl-
L-phenylalanine-L-leucine boronic acid or its salts or its derivatives. The amount of bortezomib in the
pharmaceutical composition of the present invention ranges from about 0.1mg/ml to about 5 mg/ml,

preferably about 0.5 mg/ml to about 2 mg/ml and most preferably, about 1 mg/ml.

The pharmaceutical composition comprises tromethamine which is chemically known as 2-amino-2-
(hydroxymethyl) propane-1, 3-diol. Particularly, a parenteral grade or a USP complying grade of

tromethamine is suitable for the pharmaceutical composition. The amount of tromethamine in the
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pharmaceutical composition of the present invention ranges from about 0.1 mg/ ml to about 5 mg/ml,
preferably about 0.5 mg/m] to about 2 mg/ml and most preferably, about 1 mg/ml. It was observed that for .

one mole of bortezomib about 3 moles of tromethamine gave satisfactory solubility to bortezomib.

In one embodiment of the present invention, apart from tromethamine and water for injection, the solution
may additionally comprise‘ of acid, such as for example, hydrochloric acid to adjust to pH of the
composition to a desirable range. It is critical that the pH of the solution is adjusted in the range of 7.6 to
8.4. It was found that when the pH of the composition was adjusted beyond the specified range, there was
presence of particles indicating precipitation of bortezomib and/or there was difficulty on the reconstitution
of the lyophilized cake. Quick and complete reconstitution of the lyophilized cake was found when the pH
of the composition was adjusted in the range of 6.8 1o 8.2, preferably in the range of 7.0 to 8.1. The IR
spectrum of the lyophilized composition according to Example 1 and Example 2 of the present invention
were recorded and is given in Figure 1 and Figure 2. The IR spectroscopy of the composition shows a
strong B-N bond indicating formation of tromethamine salt of bortezomib. Tt may be said without wishing
to be bound by any theory, that the completion of salt formation may be important in the quicker
reconstitution of the Iyophilized cake. The preferred pharmaceutical composition may be readily
reconstituted in about 30 seconds. By the term readily means without the application of any external energy
such as sonication. Simple swirling or movement of the container in which the composition is stored for

reconstituting the cake or powdery mass is also meant to be readily reconstituted.

Additionally, the composition may include, tonicity adjusting agents, bulking agents and the like and
mixtures thereof. Examples of tonicity adjusting agents include, but are not limited to, sodium chloride,
mannitol, lactose, sucrose, maltose, {rehalose and the like and mixtures thereof. In one embodiment,
sodium chloride is used as a tonicity adjusting agent and/or bulking agent. The amount of sodium chloride
that may be used in the pharmaceutical composition of the present invention includes, but is not limited to,
0 mg to about 100 mg per ml of the solution, preferably about 15 mg to 45 mg of the solution. Any other

suitable tonicity agent such as sugar, sugar alcohols may also be employed.

In one embodiment, the present invention provides a lyophilized pharmaceutical composition comprising
therapeutically effective amounts of bortezomib wherein the source of bortezomib used has total impurities
of about 2.5 % and tromethamine, wherein the pH of the composition is in the range of 7.6 io 8.4,
preferably 7.9 to 8.1,

In another embodiment, the present invention provides lyophilized pharmaceutical composition comprising
therapeutically effective amounts of bortezomib wherein the bortezomib source used has total impurities of
about 0.5 % and tromethamine, wherein the pH of the composition is in the range of 6.8 to 8.4, preferably
7.0108.1, ‘
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In an embodiment, when the composition of the present invention is iﬁ a lyophilized form, a bulking agent
may be added in the composition. As used herein, the term "bulking agent" is intended to mean a
compound used to add bulk to the lyophilized product and/or assist in the control of the properties of the
formulation during lyophilization, Examples of bulking agents that may be used include, but are not limited
to, dextran, trehalose, sucrose, polyvinylpyrrolidone, sodium chloride, lactose, inositol, sorbitol, albumin,

. calcium lactobionate and others known to those of ordinary skill in the art.

When the pharmaceutical composition is in the form of a [yophilized product, the composition may include
apart from tonicity adjusting agents, bulking agent, cryoprotectants. The term ‘cryoprotectant’ used is
intended to mean a compound used to protect an active therapeutic agent from physical or chemical
degradation during lyophilization. Examples of cryoprotectants that may be used include, but are not
limited to, carbohydrates such as monosaccharides, disaccharides and sugar alcohols. Examples of the
carbohydrates that may be used include, but are not limited to, mannitol, sucrose and others known to those

of ordinary skill in the art.

The pharmaceutical composition of the present invention may be prepared by simply mixing the required
amounts of N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid and tromethamine and adding
water for injection with continuous stirring. The solution may be warmed at 45 °C to 50 °C to form a clear
solution. The solution may then be filtered through 0.2 to 0.8 micron syringe filter, preferably 0.45 micron
filter and then the pH is determined. The pH of the clear solution is further adjusted with hydrochloric acid
in the range of 7.6 to §.4, preferably in the range of 7.9 to 8.1. According to one embodiment, the pH

" adjusted clear solution may be subjected to lyophilization or freeze drying.

Generally, the lyophilization involves two steps namely, thermal treatment step wherein no vacuum is
applied and the actval primary drying step wherein vacuum is applied. The solution subjected to
lyophilization is filled into vials with specialized stoppers. The vials filled with the solution to be dried are
placed in the lyophilizer. In the thermal treatment step, temperature of shelf of lyophilizer where the vials
of solution filled is stored, is gradually decreased from 20 °C to - 40 °C. Then the frozen solution is
subjected to drying step. For example, in this instance, the temperature is set from — 40 ° C to — 15 ° C for
the time cycle of about 5 to 6 hours at a vacuum of about 100 to 200 mTorr. At this time and temperature,
the ice is dried. Then the temperature of the material is raised to + 10 ° C to about + 25 ° C at a vacuum of
about 50 mTorr in which the residual solvent if any is removed. The Iyophilized composition or commonly
referred to as lyophilized cake in the vials may then be subjected to reconstitution at the time of

administration.

It was found that the reconstitution of the lyophilized cake of the pharmaceutical composition of the present

- invention takes less than 90 seconds without any need of bath-sonication. Also, the reconstituted solution
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was found to be stable in terms of particle formation for at least 12 hours i.e no particulates were observed

and also was chemically stable.

It will be understood by those of skill in the art that numerous modifications can be made without departing
from the spirit of the present invention, Therefore, it should be clearly understood that the following

examples are illustrative only and should not to be construed to limit the scope of the present invention.
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Table 1: Comparative examples I-IX
Comparative Ingredients per vial Observation conclusion
Example
1 Bortezomib (1mg) + polysorbate (100 mg) The | Solution was stored at | Not soluble in

solution was stirred at 50 to 60 °C. , water for
injection quantity sufficient to 0.5 ml

RT Precipitation was
observed within 2
hours

polysorbate 80

Bortezomib (1 mg) + polysorbate (100 mg),

1 Fibrous particles Not soluble in
water for injection quantity sufficientto 1 ml- { observed polysorbate 80
sonication applied

m Bortezomib (1mg) + ethanol (0.1 mi) + Fibrous particles Not soluble in
polysorbate (100 mg) water for injection observed when stored | polysorbate 80
quantity sufficient to 1 ml at 20°C-8°C and ethanol

v Bortezomib (1mg) + polyethylene glycol 400 | Clear solution initially | Not soluble on
(600 mg), water for injection gquantity but fibrous particles storage
sufficient to 5 ml observed on storage

\Y Bortezomib (5 mg) + polyethylene glycol 400 | Hazy solution particles | Not soluble on
(600 mg) +polysorbate 80 water for injection observed on storage at | storage
quantity sufficient to 5 ml RT after 2 hours

Vi Bortezomib (3.5 mg) + n-butano! 0.3 ml, 30 Bortezomib Not soluble on
mg sodium chloride water for injection solubilizers in 30 % t- | storage
sufficient to 0.7 ml butanol, after

: reconstitution with
water for injection,
particles observed
Vil Bortezomib (3.5 mg) + n-butanol 0.4 ml + L- Clear solution on bath | Reconstitution of
Cysteine hydrochloride hydrate 4.78 mg + sonication cake not easy and
sodium chloride 30 mg, water for injection Reconstitution of takes long time
sufficient to 0.6 ml —final solution filtered lyophilized cake takes
using 0.45 micron filter and lyophilized more than 2 minutes
VIII Bortezomib (3.5 mg) +polyethylene glycol 400 | Particulate matter Drug not
(420 mg)+ hydroxypropyl beta cyclodextrin observed solubilized
175 mg, water for injection sufficient to make
3.5 ml
X Bortezomib (3.5 mg) + sodium hydroxide (2.4 | Clear solution was Reconstitution of

mg) + L-Cysteine Hydrochloride.hydrate (478
mg) + sodium chloride (2.4 mg) water for
injection sufficient to make 1.0 ml- final
solution filtered using 0.45 micron filter and
lyophilized

obtained
Reconstitution of
lyophilized cake took
long time (more than 2
minutes)

cake not easy and
takes long time

10
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Comparative Example X

Bortezomib (3.5 mg) having total impurity of about 2.75 % with substantial residual solvent content was
used. The bulk of the bortezomib was accurately weighed and taken in a 5 ml vial. Tromethamine (3.31
mg) was weighed and mixed in the vial. Water for injection (quantity sufficient to make 1 ml) was added
with continuous stirring. The solution was warmed at 45 °C to 50 °C to form a clear solution. The solution
was cooled and 30 mg of sodium chloride was added to the cooled solution. The solution was filtered
through 0.45 micron syringe filter and the pH was determined. The pH of the clear solution was found to be
8.51. The clear solution was lyophilized. The solid mass when subjected to reconstitution it was found that
it took more than 120 seconds. A bath sonication was required to break the Iyophilized cake to get a
solution. After reconstitution, the solution was found to be stable in terms of particle formation for 24

hours.

Comparative Example XI

Bortezomib (3.5 mg) having total impurity of about 2.75 % was used in this composition. The bulk of
bortezomib was accurately weighed and taken in a 5 ml vial. Tromethamine (3.31 mg) was weighed and
mixed in the vial. Water for injection (quantity sufficient to make 1 ml) was added with continuous stirring.
The solution was warmed at 45 °C to 50 °C to form a clear solution. The solution was cooled and 30 mg of
sodium chloride was added to the cooled solution. The solution was filtered through 0.45 micron syringe
filter and the pH was determined. The pH of the clear solution was 8.63 which was adjusted with 1 %
hydrochloric acid to 7.28. The clear solution was lyophilized. The reconstitution of the lyophilized cake
took more than 120 seconds. After reconstitution, the solution was found to be unstable in terms of particle

formation for 24 hours i.e particulates were observed.

Comparative Example X

Bortezomib (3.5 mg) having total impurity of about 2,75 % was used to formulate the composition. The
bortezomib was accurately weighed and taken in a 5 ml vial. Tromethamine (3.31 mg) was weighed and
mixed in the vial. Water for injection (quantity sufficient to make 1 ml) was added with continuous stirring.
The solution was warmed at 45 °C to 50 °C to form a clear solution. The solution was filtered through 0.45
micron syringe filter and the pH was determined. The pH of the clear solution was 8.63 which was further
adjusted with 1 % hydrochloric acid to 7.5. The clear solution was lyophilized. The reconstitution of the
Iyophilized cake took more than 120 seconds. After reconstitution, the solution was found to be unstable in

terms of particle formation for 24 houwrs i.e particulates were observed.

11
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Exainple I

3.5 mg of Bortezomib having a total impurity of about 2.75 % was taken. Tromethamine (3.31 mg) was
weighed and mixed in the vial. Water for injection (quantity sufficient to make 1 ml) was added with
continuous stirring. The solution was warmed af 45 to 50 °C to form a clear solution. The solution was
cooled and 30 mg of sodium chloride was added to the cooled solution. The solution was filtered through
0.45 micron syringe filter and the pH was determined. The pH of the clear solution was 8.68 which was
adjusted with 5 % hydrochloric acid to 8.01, The clear solution was lyophilized. The reconstitution of the
Iyophilized cake took less than 30 seconds without any need of bath sonication. After reconstitution, the
solution was found to be stable in terms of partiéle formation for 24 hours i.e no particulates were
observed. The IR spectrum of the lyophilized cqmp‘ositibn was recorded. The IR spectrum is given in
Figure 1. The IR spectroscopy of the formula indicates formation of tromethamine salt having a strong B-N
bond.

Example IT

3.5 mg of Bortezomib having a total impurity of about 2.75 % was taken. Tromethamine (3.31 mg) was
weighed total impurity less than 0.51 %, with optical rotation of -53.4 ° and impurity A was accurately
weighed and taken in a 5 ml vial. Tromethamine (3.31 mg) was weighed and mixed in the vial, Water for
injection (quantity sufficient to make 1 ml) was added with continuous stirring. The solution was warmed
at 45 °C to 50°C to form a clear solution. The solution was cooled and 30 mg of sodium chloride was added
to the cooled solution. The solution was filtered through 0.45 micron syringe filter and the pH was
determined. The pH of the clear solution was 8.68 which was adjusted with 5 % hydrochloric acid to 8.01.
The clear solution was lyophilized. The reconstitution of the lyophilized cake took less than 30 seconds .
without any need of bath sonication. After reconstitution, the solution was found to be stable in terms of
particle formation for 24 hours i.e 1o particulates were observed. The IR spectrum of the lyophilized
composition was recorded. The IR spectrum is given in Figure 1. The IR spectroscopy of the formula

indicates formation of fromethamine salt having a strong B-N bond,

Example 111
3.5 mg of Bortezomib having a total impurity of about 2.75 % was taken. Bortezomib (3.5 mg) was
accurately weighed and taken in a 5 ml vial. Tromethamine (3.31 mg) was Weighed and mixed in the vial.
Water for injection (quantity sufficient to make 1 ml) was added with continuous stirring. The solution was
warmed at 45 °C to 50 °C to form a clear solution. The solution was filtered through 0.45 micron syringe
filter and the pH was determined. The pH of the clear solution was 8.75 which was adjusted with 5 %
hydrachloric acid to 7.89. The clear solution was lyophilized. The reconstitution of the lyophilized cake
took less than 30 seconds without any need of bath sonication. After reconstitution, the solution was found

to be stable in terms of particle formation for 24 hours i.e no particulates were observed. The IR spectrum

12



WO 2010/089768 PCT/IN2010/000015

of the lyophilized composition was recorded: The IR spectrum is given in Figure 2. The IR spectroscopy of

* the formula indicates formation of tromethamine salt having a strong B-N bond.

Example IV

3.5 mg of Bortezomib having a total impurity of about 0.51 %, single maximum unknown impurity of
about 0.11 %, specific optical rotation of about -53.4°, residual solvent content of less than 100 ppm was
taken in a 5 m! vial. Tromethamine (3.31 mg) was weighed and mixed in the vial. Water for injection was
added with continuous stirring. The mixture was warmed at 35 °C to 40 °C. The mixture was stirred and
subjected to bath sonication till clear solution was obtained. Accurately weighed quantity of sodium
chloride (30 mg) was added in the vial and dissolved in the solution. The pH of the clear solution was
adjusted with 5 % hydrochloric acid to 8.0. The volume was made up and then the solution was filtered
through 0.2-0.8 micron syringe filter. The clear solution was lyophilized in the vials. The lyophilized cake
was stored in vials at various stability conditions and was subjected to the chemical and physical stability.

The results of the stability are tabulated below.

Table 2: Chemical stability of the lyophilized cake of composition of example IV

Stability condition Water Assay known and unknown impurities
Temp/humidity | Time in content by A | B |D|H I $ $$
months KF
Initial 1.17 103.5 004 | ND | ND | 0.78 '| 0.06 | 0.49 2.05
2 9C -3°%C 1 0.93 1054 003 | ND | ND |024 | 002 | 025 0.88
2 012 102.9 002 | ND | ND | 023 | 003 | 008 0.56
25°C/ 60 % RH 1 1.33 103.7 019 | ND | ND | 079 | 034 | 013 1.66
2 0.77 103.8 004 {ND [ ND {054 {015 | 0.06 0.93
40°C/ 75 % RH 1 176 102.5 005 | ND | ND } 046 | 009 | 025 1.17
2 119 100.8 035 {ND | ND {151 | 058 | 024 2.98

$; Single unknown impurity; $8 total impurity
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Table 3a: Physical stability of the reconstituted solution of the lyophilized cake of example IV

Stability condition Reconstitution { pH Abs. at 420 % tran. * | Osmolality |
Temp/humidity Time in Time in Secs ‘ nm
months
Initial 48 7.8 0.042 99.719 296
28°C 1 20 7.9 0.13 98.123 290
2 22 7.8 1 0.017 97.992 290
25°C160 % 1 25 79 0.011 98.895 288
2 24 7.8 0.061 97.794 285
. 40°CTT5 % ‘ 1 30 7.9 0.018 97.48 284
2 28 7.8 0.018 97.925 27
Example V

3.5 mg of Bortezomib having a total impurity of about 0.51 %, single maximum unknown impurity of

about 0.11 %, specific optical rotation of about -53.4% residual solvent content of less than 100 ppm was

taken in a 5 ml vial. Tromethamine (3.31 mg) was weighed and mixed in the vial. Water for injection was

added with continuous stirring. The mixture was warmed at 35 °C to 40 °C. The mixture was stirred and

subjected to bath sonication till clear solution was obtained. Accurately weighed quantity of sodium

chloride (30 mg) was added in the vial and dissolved in the solution. The pH of the clear solution was

adjusted with 5 % hydrochloric acid to 7.0. The volume was made up and then the solution was filtered

through 0.2-0.8 micron syringe filter. The clear solution was lyophilized in the vials. The Iyophilized cake

was stored in vials at various stability conditions and was subjected to the chemical and physical stability.

The results of the stability are tabulated below.

Table 4: Chemical stability of the lyophilized cake of composition of example V

Stability condition Water content (KF) | Assay | Degradation-known and unknown impurities
Temp/humidity Time in months A ([B{D| H I $ $$
Initial 0.80 102.1 | 0.02 nd 0.08 | 002 |} 023 | 0.57
2-8°C 1 0.43 101.8 | 0.03 Nd | 006 ]007 | 018 ) 057
25%C/ 60 % RH 1 0.36 100.7 | 0.03 Nd 0.07 | 007 | 0.16 | 0.56
E?OC/ 75 % RH 1 0.13 98.60 | 0.04 Nd 0.12 ] 0.11 | 0.16 | 0.68

-$; Single unknown impurity; $3 total impurity; nd: not detectable
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The lyophilized cake in the vials was reconstituted with 3.5 ml of water for injection. The reconstitution
was quick and took less than 90 seconds. The final reconstituted solution was clear. This reconstituted
* solution was stored at 2 °C to 8 °C for a periodAof 438 hours. The reconstituted solution was also subjected to
storage temperatures of 20 °C to 25°C. The stored solution was analyzed for related substances i.e .

unknown impurities and total impurities and the bortezomib content.

Table 5a: Physical stability of the reconstituted solution of the lyophilized cake of example V

. Condition Period Reconstitution 7 PH | Abs.at420 | %tran*| Osmolality
Temp/RH In month Time in nm
Seconds ‘
Initial 0 ‘ 25 6.8 0.014 98.53 289
2-8°C 1 22 6.8 0.013 97.72 283
25°C/ 60 % 1 29 6.6 0.014 97.65 291
40°C/ 75 % 1 36 6.7 0.010 97.2 291

s % Transmission ; abs = absorbance
The assay and the impurities were determined by HPLC. The solutions were found to be stable over a

period of 48 hours.

Table 5b: Chemical stability of the reconstituted solution of the lyophilized cake of example IV
filled in vials (V) and syringe (8)

Time { % Assay ' % total % single
in Related substances (Impurity)-Known impurity impurities maximum
hours unknown
' impurity
vis v S \'% S \Y% S
A|BIDIHI|I AlBy D| H I

0 99.3 | 993 | 0.03 007 | 607 | 003 |, 0.07 | 607 | 06 0.6 0.19 0.19

4 985 | 988 [ 0.03 | ND [007 | 008 003 ND 0.07 | 0.08 | 033 | 0.4 0.16 0.5

8 979 | 967 | 0.03 008 | 0.08 | .03 008 | 008 | 053 | 0.4 0.16 0.19

12 983 | 96.4 | 0.04 009 | 0.09 [ 0.03 009 [ 009 | 055 | 0.57 0.17 D.19

ND: not detectable

15




WO 2010/089768 PCT/IN2010/000015

Claims;

1. A parenteral pharmaceutical composition comprising therapeutically effective amounts of N-(2-pyrazine)
carbonyl-L—phenyIaIanine-L-leucine boronic acid or its salts or its derivatives and tromethamine wherein
the composition is stable. )

2. A parenteral pharmaceutical composition c?aimed in claim 1 wherein the pH of the composition is
adjusted in the range of 6.8 to 8.2.

3. A parenteral pharmaceutical composition claimed in claim 2 wherein the pH of the composition is
adjusted to a pH of about 7.0.

4. A parenteral pharmaceutical compositibn claimed in claim 3 wherein composition when in dry form
shows the total impurities less than 0.68 at 1 month storage at 40°C and 75 % relative humidity and upon
reconstitution, the composition in solution form remains stable for at least 12 hours.

5. A parenteral pharmaceutical composition claimed in claim 2 wherein composition is in the dry form.

6. A parenteral pharmaceutical composition as claimed in claim 5 wherein composition is in the freeze
dried form and remains stable at ambient conditions for six months.

7. A parenteral composition claimed in claim 1 wherein the molar ratio of N-(2-pyrazine) carbonyl-L-
phenylalanine-L-leucine boronic acid and tromethamine is about 1: 3.

8. A parenteral composition claimed in claim 1 wherein the composition comprises a bulking agent selected
from the group consisting of potassium chioride, sodium chloride, ménnitol, lactose, sucrose, maltose,

trehalose and mixtures thereof.

9. A method for formulating a N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid, said the

method comprising:

(a) preparing an aqueous mixture comprising

(i) a N-(2-pyrazine) carbonyl-L-phenylalanine-L-leucine boronic acid
(ii) tromethamine and a optionally a bulking agent and

(b) adjusting the pH of the soiution to a pH of about 6.8 to 8.2 and

(c) lyophilizing the solution of (b).

10. A method claimed in claim 9 wherein the aqueous mixture further comprises water-miscible co-

solvents,

11. A method claimed in claim 10 wherein the pH is adjusted in the range of about 6.9 to 7.2 by addition of

an acid.
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