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Example 12:
Zoledronic acid crystal form I (2.0g) was stirred in Toluene (20ml) at reflux temperature

for 14 hours. Then the suspension was cooled to room temperature, filtered, washed with
Toluene (1x15ml) and dried in a vacuum oven at 50°C for 24 hours to obtain 1.6g of

Zoledronic acid crystal form IL.

Preparation of ZLD-Ac crystal form XII

Example 13:
Zoledronic acid crystal form XVIII (10.0g) was dissolved in water (260ml) at reflux

temperature. The obtained solution was stirred at reflux temperature for about 20 minutes
to obtain a clear solution. Then it was cooled to 75°C during 2 hours and stirred at this
temperature for 1 hour. The turbid solution was further cooled to 25°C during 4.5 hours
and stirred at this temperature for 1 hour. After cooling to 0°C during 2 hours and stirring
at this temperature for 16 houfs, the white precipitate was filtered and dried in a vacuum

oven at 50°C for 24 hours to obtain 7.8g of Zoledronic acid crystal form XIIL

Example 14:
Zoledronic acid crystal form I (2.0g) was stirred in Acetic acid (20ml) at room temperature

for 15.5 hours. Then it was filtered, washed with Acetic acid (2x5ml) and dried in a
vacuum oven at 50°C for 24 hours to obtain 2.0g of Zoledronic acid crystal form XIL.

Preparation of ZLD-Ac crystal form XV

Example 15:
A 250ml flask was loaded with Zoledronic acid form I (4.8g), Sodium hydroxide (0.7g)

and absolute Ethanol (10 volumes per grams of ZLD-Ac) (48ml). The reaction mixture
was heated to reflux temperature for 16 hours. Then it was cooled to room temperature.
Further cooling was performed using an ice-bath. The precipitate was then filtered,
washed with absolute Ethanol (2x20ml) and dried in a vacuum oven at 50°C for 23 hours
to give 4.9g (96%) of Zoledronate monosodium crystal form XV in a mixture with
Zoledronic acid crystal form I (LOD by TGA=5.8%).
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Example 16: ' ,
A 250ml flask was loaded with Zoledronic acid form I (4.8g), Sodium hydroxide (0.7g)

and Methanol (10 volumes per grams of ZLD-Ac) (48ml). The reaction mixture was
heated to reflux temperature for 16 hours. Then it was cooled to room temperature.
Further cooling was performed using an ice-bath. The precipitate was then filtered,
washed with Methanol (2x10ml) and dried in a vacuum oven at 50°C for 22 hours to give
4.8g (99%) of Zoledronate monosodium crystal form XV (LOD by TGA=0.8%). Purity
by HPLC 99.9%.

Example 17:
Zoledronic acid crystal form XIT (2.0g) was stirred in Methanol (20ml) at reflux

temperature for 19 hours. Then the suspension was cooled to room temperature, filtered,
washed with Methanol (1x5ml) and dried in a vacuum oven at 50°C for 24 hours to obtain

1.8g of a mixture of Zoledronic acid crystal forms XV and XVIIL.

Preparation of ZLD-Ac crystal form XVIIL

Example 18:
A 3L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and a

dropping funnel, was loaded with 1-Imidazoleacetic acid (70.0g, 0.56mole), Phosphorous
acid (136.7g, 1.67mole) and Silicon oil (M-350) (490ml). The suspension was heated to
80°C and Phosphorous oxychloride (194.4ml, 2.08mole) was added drop-wise during 4
hours. The reaction mixture was stirred at 80°C for 22 hours. Then water (490ml) was
added slowly at 80°C. The mixture was stirred vigorously for about 30 minutes. Then the
silicon oil phase and the aqueous phase were separated. The aqueous phase was put in a
clean reactor and heated to 97°C for 17.5 hours. Then absolute Ethanol (490ml) was
added and the solution was stirred at reflux (87°C) for 2 hours. The solution was then
cooled to 70°C-72°C during about 1 hour and was kept at this temperature for 1 hour.
After cooling to 25°C during 2.5 hours and stirring at this temperature for 1 hour, half of
the product was filtered, washed with small amount of cold water and dried in a vacuum
oven at 50°C for 20 hours to obtain 50.8g of Zoledronic acid crystal form XVIII (MS-
507-crop I, LOD by TGA=1.9%). The rest of the suspension was cooled to 0°C during 2
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hours and was stirred at this temperature for about 16 hours. Then the product was filtered -
and dried in a vacuum oven at 50°C for 24 hours to obtain 26g of Zoledronic acid crystal
form XVIII (MS-507-crop II, LOD by TGA=1.0%). The overall yield of the process is
50% purity by HPLC 97.7%.

Example 19:
Zoledronic acid crystal form I (2.0g) was stirred in Methanol (20ml) at room temperature

for 14.5 hours. Then it was filtered, washed with Methanol (2x10ml) and dried in a

vacuum oven at 50°C for 25 hours to obtain 1.9g of Zoledronic acid crystal form XVIIL

Example 20:
Zoledronic acid crystal form I (2.0g) was stirred in Methanol (20ml) at reflux temperature

for 16 hours. Then the suspension was cooled to room temperature and the white solid was
filtered, washed with Methanol (2x5ml) and dried in a vacuum oven at 50°C for 24 hours
to obtain 1.7g of Zoledronic acid crystal form XVIII.

Example 21:

Zoledronic acid crystal form I (2.0g) was stirred in 1-Butanol (20ml) at reflux temperature
for 15.5 hours. Then the suspension was cooled to room temperature and the white solid
was filtered, washed with 1-Butanol (1x5ml) and dried in a vacuum oven at 50°C for 24

hours to obtain 1.8g of Zoledronic acid crystal form XVIIL

Example 22:

Zoledronic acid crystal form I (2.0g) was stirred in MTBE (20ml) at reflux temperature for
15 hours. Then the suspension was cooled to room temperature and the white solid was
filtered, washed with MTBE (1x10ml) and dried in a vacuum oven at 50°C for 25 hours to
obtain 1.4g of Zoledronic acid crystal form XVIIL

Example 23:

Zoledronic acid crystal form I (2.0g) was stirred in Acetonitrile (20ml) at room

temperature for 22 hours. Then the suspension was filtered, washed with Acetonitrile
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(2x5ml) and dried in a vacuum oven at 50°C for 23 hours to obtain 2.0g of Zoledronic acid
crystal form XVIIL |

Example 24:

Zoledronic acid crystal form I (2.0g) was stirred in a mixture of Methanol/water (1:1 v/v)
(20ml) at reflux temperature for 18 hours. Then the suspension was cooled to 0°C, filtered
and dried in a vacuum oven at 50°C for 22 hours to obtain 1.8g of Zoledronic acid crystal

form XVIIL.
Example 25:

Zoledronic acid crystal form I (2.0g) was stirred in a mixture of Ethanol/water (1:1 v/v)
(20ml) at reflux temperature for 18 hours. Then the suspension was cooled to 0°C, filtered
and dried in a vacuum oven at 50°C for 22 hours to obtain 1.8g of Zoledronic acid crystal

form XVIIL.

Preparation of ZLD-Ac crystal form XX

Example 26:
Zoledronic acid crystal form I (2.0g) was stirred in absolute Ethanol (20ml) at reflux

temperature for 16 hours. The suspension was then cooled to room temperature and the
white solid was filtered, washed with absolute Ethanol (2x5ml) and dried in a vacuum
oven at 50°C for 22.5 hours to obtain 1.9g of Zoledronic acid crystal form XX in a mixture
with crystal form I.

Example 27:
Zoledronic acid crystal form I (2.0g) was stirred in 1-Propanol (20ml) at reflux

temperature for 11.5 hours. The suspension was then cooled to room temperature and the
white solid was filtered, washed with 1-Propanol (2x5ml) and dried in a vacuum oven at

50°C for 24 hours to obtain 1.9g of Zoledronic acid crystal form XX.

Example 28:
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Zoledronic acid crystal form I (2.0g) was stirred in 2-Propanol (IPA) (20ml) at reflux
temperature for 14 hours. The suspension was then cooled to room temperature and the
white solid was filtered, washed with IPA (2x5ml) and dried in a vacuum oven at 50°C for
24 hours to obtain 1.9g of Zoledronic acid crystal form XX. Purity by HPLC 99.8%.

Preparation_of ZI.D-Ac crystal form XXV1

Example 29:
Zoledronic acid crystal form I (2.0g) was stirred in 2-Butanol (20ml) at reflux temperature

for about 15 hours. The suspension was then cooled to room temperature and the white
solid was filtered, washed with 2-Butanol (2x5ml) and dried in a vacuum oven at 50°C for
24 hours to obtain 1.9g of Zoledronic acid crystal form XXVI.

CRYSTAL FORMS OF ZOLEDRONATE MONOSODIUM (ZI.D-Na)
Preparation of ZLD-Na crystal form VI

Example 30:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer and a reflux condenser

was loaded with Zoledronic acid form I (10.0g) and water (247ml). The suspension was
heated to 94°C to obtain a clear solution. Sodium hydroxide (pearls, 1.42g) was added. A
pH test of the sodium salt showed pH=4.54. The solution was cooled to 60°C and IPA
(10.5ml) was added. The reaction mixture was cooled to room temperature during 2 hours
and was stirred at this temperature for about 64 hours. After cooling to 5°C and stirring at
this temperature for 1 hour, the white precipitate was filtered, washed with cold water
(1x10ml) and dried in a vacuum oven at 50°C for 23.5 hours to obtain 7.0g of Zoledronate
monosodium crystal form VIII (pH=4.32). Purity by HPLC 100.0%.

Example 31:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (10.0g) and water (247ml).
The suspension was heated to 94°C to obtain a clear solution. A 40% aqueous solution of

Sodium hydroxide (3.45g) was added drop-wise. The solution was then cooled to 4°C
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during 2 hours and was stirred at this temperature for about 64 hours to obtain a massive
precipitate. The white precipitate was filtered, washed with cold water (1x10ml) and dried
in a vacuum oven at 50°C for 26 hours to obtain 7.6g (64%) of Zoledronate monosodium

crystal form VIII (LOD by TGA=15.1%).

Example 32—>:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (10.0g) and water (247ml).
The suspension was heated to 94°C to obtain a clear solution. A 40% aqueous solution of
Sodium hydroxide (3.45g) was added drop-wise. The solution was then cooled to room
temperature and stirred at this temperature for 16 hours. After cooling to 3°C and stirring
at this temperature for 1.5 hour, the white precipitate was filtered, washed with Methanol
(2x15m1) and dried in a vacuum oven at 50°C for 25 hours to obtain 5.8g (49%) of
Zoledronate monosodium crystal form VIII (LOD by TGA=15.1%). The obtained Form
VIII (2g) was recrystallized form water (34ml) to give 1.4g (72%) of Zoledronic acid
crystal form VIII (LOD by TGA=11.3%). Purity by HPLC 100.0%.

[Remark:

Regarding the next examples: the composition of the reflux media is expressed on a
volume per volume basis (abbreviated v/v). The amount of water that should be added to
the reflux media is calculated according to the following formula:

(10 volumes of alcohol per grams of ZLD-Ac x 100) / X% of alcohol =Y

when Y is the total amount of alcohol and water together =

25

30

Y x (100-X)% of water /100 = Z

when Z is the volume of water that should be added].

Example 33:
A solution of sodium hydroxide (0.7g) in a mixture of water (80% v/v) / Ethanol (20%

v/v, 10 volumes per grams of ZLD-Ac) (36ml) was added drop-wise to a suspension of
Zoledronic acid form I (4.8g) in a mixture of water (80% v/v) / Ethanol (20% v/v, 10
volumes per grams of ZLD-Ac) (202ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The

precipitate was then filtered, washed with absolute Ethanol (2x20ml) and dried in a
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vacuum oven at 50°C for 22 hours to give 4.7g (83%) of Zoledronate monosodium crystal

form VIIT (LOD by TGA=15.5%). Purity by HPLC 99.9%.

Example 34:
A solution of sodium hydroxide (0.7g) in a mixture of water (80% v/v) / Methanol (20%

v/v, 10 volumes per grams of ZLD-Ac fprm I) (36ml) was added drop-wise to a
suspension of Zoledronic acid (4.8g) in a mixture of water (80% v/v) / Methanol (20%
v/v, 10 volumes per grams of ZLD-Ac form I) (202ml) at reflux temperature. The
reaction mixture was heated at reflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Further cooling was performed using
an ice-bath. The precipitate was then filtered, washed with Methanol (1x20ml) and dried
in a vacuum oven at 50°C for 22 hours to give 4.7g (81%) of Zoledronate monosodium
crystal form VIII (LOD by TGA=16.03%). Purity by HPLC 99.9%.

Example 35:

A solution of sodium hydroxide (0.7g) in a mixture of water (80% v/v) / IPA (20% v/v,
10 volumes per grams of ZLD-Ac form I) (38ml) was added drop-wise to a suspension of
Zoledronic acid (5.0g) in a mixture of water (80% v/v) / IPA (20% v/v, 10 volumes per
grams of ZLD-Ac form I) (212ml) at reflux temperature. The reaction mixture was heated
at reflux temperature for additional 16 hours. Then the reaction mixture was cooled to
room temperature. Further cooling was performed using an ice-bath. The precipitate was
then filtered, washed with IPA (2x20ml) and dried in a vacuum oven at 50°C for 24 hours
to give 4.7g (79%) of Zoledronate monosodium crystal form VIII (LOD by
TGA=15.40%). Purity by HPLC 99.95%.

Example 36:

A solution of sodium hydroxide (0.7g) in a mixture of water (60% v/v) / IPA (40% v/v,
10 volumes per grams of ZLD-Ac form I) (19ml) was added drop-wise to a suspension of
Zoledronic acid (5.0g) in a mixture of water (60% v/v) / IPA (40% v/v, 10 volumes per
grams of ZLD-Ac form I) (106ml) at reflux temperature. The reaction mixture was heated
at reflux temperature for additional 16 hours. Then the reaction mixture was cooled to

room temperature. Further cooling was performed using an ice-bath. The precipitate was
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then filtered, washed with IPA (1x20r1;11)' and dried in a vacuum oven at 50°C for 27 hours
to give 0.6g (10%) of Zoledronate monosodium crystal form VIII (LOD by
TGA=15.0%).

Preparation of ZLD-Na crystal form XVI

Example 37:
A solution of sodium hydroxide (0.7g) in a mixture of water (50% v/v) / Ethanol (50%

v/v, 10 volumes per grams of ZLD-Ac form I) (14ml) was added drop-wise to a
suspension of Zoledronic acid (4.8g) in a mixture of water (50% v/v) / Ethanol (50% v/v,
10 volumes per grams of ZLD-Ac form I) (81ml) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 16 hours. Then the reaction
mixture was cooled to room temperature. Further cooling was performed using an ice-
bath. The precipitate was then filtered, washed with absolute Ethanol (2x20ml) and dried
in a vacuum oven at 50°C for 18 hours to give 5.2g (98%) of Zoledironate monosodium
crystal form XVI (LOD by TGA=9.9%). Purity by HPLC 99.95%.

Example 38:

A solution of sodium hydroxide (0.7g) in a mixture of water (50% v/v) / IPA (50% v/v,
10 volumes per grams of ZLD-Ac form I) (15ml) was added drop-wise to a suspension of
Zoledronic acid (5.0g) in a mixture of water (50% v/v) / IPA (50% v/v, 10 volumes per
grams of ZLD-Ac form I) (85ml) at reflux temperature. The reaction mixture was heated
at reflux temperature for additional 16 hours. Then the reaction mixture was cooled to
room temperature. Further cooling was performed using an ice-bath. The precipitate was
then filtered, washed with TPA (2x20ml) and dried in a vacuum oven at 50°C for 24 hours
to give 5.2g (94%) of Zoledronate monosodium crystal form XVI (LOD by TGA=9.8%).
Purity by HPLC 99.9%. '

Example 39:

A solution of sodium hydroxide (0.7g) in a mixture of water (50% v/v) / Methanol (50%
v/v, 10 volumes per grams of ZLD-Ac form I) (14ml) was added drop-wise to a

suspension of Zoledronic acid form I (4.8g) in a mixture of water (50% v/v) / Ethanol
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(50% v/v, 10 volumes per grams of ZLD-Ac form T) (81ml) at reflux temperature. The
reaction mixture was heated at reflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Further cooling was performed using
an ice-bath. The precipitate was then filtered, washed with Methanol (1x25ml) and dried
in a vacuum oven at 50°C for 25.5 hours to give 4.8g (89%) of Zoledronate monosodium
crystal form XVI (LOD by TGA=11.1%). Purity by HPLC 99.9%.

Preparation of ZLD-Na crystal form XVII

Example 40:

_ A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (10.0g) and water (247ml).
The suspension was heated to 94°C to obtain a clear solution. A 29% aqueous solution of
Sodium hydroxide (3.45g) was added drop-wise. The solution was then cooled to room
tempera,turé and stirred at this temperature for 16 hours. After cooling to 3°C the product
was isolated by filtration. Further cooling of the mother-liquid led to the formation of a
white precipitate. The precipitate was filtered and dried in a vacuum oven at 50°C for 24
hours to obtain 0.6g of Zoledronate monosodium crystal form XVII (LOD by
TGA=10.3%).

CRYSTAL FORMS OF ZOLEDRONATE DISODIUM (ZLID-Na,)
Preparation of ZLD-Na; crystal form V

.Example 41:

A solution of sodium hydroxide (0.7g) in a mixture of water (X% v/v) / Ethanol (Y% v/v,
10 volumes per grams of ZLD-Ac form XII) (10-15ml) was added drop-wise to a
suspension of Zoledronic acid form XII (4.98g) in a mixture of water (X% v/v) / Ethanol
(Y% v/v, 10 volumes per grams of ZLD-Ac) (53-85ml) at reflux temperature. The
reaction mixture was heated at reflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Further cooling was performed using
an ice-bath. The precipitate was then filtered, washed and dried in a vacuum oven at 5 0°c

for 24 hours to give Zoledronate disodium crystal form V.
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20% “ ” [ 4.9/89%

(13ml) | (50ml)

2 40% 60% 83ml 5.0g/90% 10.3%
(33ml) | (50ml)

3 50% 50% 100ml 5.1g/91% 10.7%

(50ml) | (50ml)

Example 42:

A solution of sodium hydroxide (0.7g) in a mixture of water (X% v/v) / Methaﬁol Y%

5  v/v, 10 volumes per grams of ZLD-Ac form XII) (13-15ml) was added drop-wise to a
suspension of Zoledronic acid form XII (4.98g) in a mixture of water (X% v/v) /
Methanol (Y% v/v, 10 volumes per grams of ZLD-Ac) (70-85ml) at reflux temperature.
The reaction mixture was heated at reflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Further cooling was performed using

10  anice-bath. The precipitate was then filtered, washed and dried in a vacuum oven at 50°C

for 24 hours to give Zoledronate disodium crystal form V.

20% 83ml 479/85%

(33ml) | (50ml)
2 50% | 50% 100ml 49g/88% | 10.8%

(50ml) | (50ml)

Example 43:
15
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‘A solution of sodium hydroxide (0.7g) in a mixture of water (X% v/v) / IPA (Y% v/v, 10
volumes per grams of ZLD-Ac form XII) (13-15ml) was added drop-wise to a suspension
of Zoledronic acid (4.98g) in a mixture of water (X% v/v) / IPA (Y% v/v, 10 volumes per
grams of ZLD-Ac form XII) (70-85ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed and dried in a vacuum oven at 50°C for 24 hours to

give Zoledronate disodium crystal form V.

40%

(33ml) | (50ml)
2 50% | 50% 100ml 4.8¢/385% | 11.2%

(50ml) | (50ml)

Example 44:

A solution of sodium hydroxidé (1.4g) in a mixture of water (X% v/v) / Ethanol (Y% v/v,
10 volumes per grams of ZLD-Ac form I) (10-15ml) was added drop-wise to a suspension
of Zoledronic acid fomr I (5.0g) in a mixture of water (X% v/v) / Ethanol (Y% v/v, 10
volumes per grams of ZLD-Ac) (53-85ml) at reflux temperature. The reaction mixture
was heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed and dried in a vacuum oven at 50°C for 24 hours to

give Zoledronate disodium crystal form V. Purity by HPLC 99.9%.
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1 20%  180% | 63ml 6.02/96% | 9.7%

(13ml) | (50ml)
2 50% 50% 100ml 6.0g/94% 10.9%

(50m1) | (50ml)

Example 45:

A solution of sodium hydroxide (1.4g) in a mixture of water (X% v/v) / Methanol (Y%
v/v, 10 volumes per grams of ZLD-Ac form I) (15ml) was added drop-wise to a
suspension of Zoledronic acid form I (5.0g) in a mixture of water (X% v/v) / Methanol
(Y% v/v, 10 volumes per grams of ZLD-Ac) (85ml) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 16 hours. Then the reaction
mix"cure was cooled to room temperature. Further cooling was performed using an ice-
bath. The precipitate was theﬁ filtered, washed and dried in a vacuum oven at 50°C for 24

hours to give Zoledronate disodium crystal form V. Purity by HPLC 99.95%.

| Taal volume | Vield .

.| solution
| (E:0/Me0H)
100ml

16.02/94%

(50ml)

Example 46:

A solution of sodium hydroxide (1.4g) in a mixture of water (X% v/v) / IPA (Y% v/v, 10
volumes per grams of ZLD-Ac form I) (10-15ml) was added drop-wise to a suspension of
Zoledronic acid (5.0g) in a mixture of water (X% v/v) / IPA (Y% v/v, 10 volumes per
grams of ZLD-Ac) (53-85ml) at reflux temperature. The reaction mixture was heated at
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reflux temperature for additional 16 hours. Then the reaction mixture was cooled to room
temperature. Further cooling was performed using an ice-bath. The precipitate was then
filtered, washed and dried in a vacuum oven at 50°C for 24 hours to give Zoledronate

disodium crystal form V. Purity by HPLC 99.95%.

‘Sample | X% | Y%IPA |

T20% | 80%
(13ml) | (50mI)
2 50% | 50% 100m1 57g/90% | 10.6%
(50ml) | (50mi)

57g91% | 10.3%

Preparation of ZL.D-Na; crystal form VI
Example 47:

A solution of sodium hydroxide (0.7g) in a mixture of water (60% v/v) / Ethanol or
Methanol (40% v/v, 10 volumes per grams of ZLD-Ac form XII) (19ml) was added drop-
wise to a suspension of Zoledronic acid form XII (4.98g) in a mixture of water (60% v/v)
/ Ethanol or Methanol (40% v/v, 10 volumes per grams of ZLD-Ac) (106ml) at reflux
temperature. The reaction mixture was heated at reflux temperature for additional 16
hours. Then the reaction mixture was cooled to room temperature. Further cooling was
performed using an ice-bath. The precipitate was then filtered, washed and dried in a

vacuum oven at 50°C for 24 hours to give Zoledronate disodium crystal form VL.

X% . |¥% - |Total volumeof . | Yicld-
Y MeoH ' | @OMmOHOr |
1 60% | 40% 125ml 105/86%
(75ml) | EtOH
(50ml)
2 60% | 40% 125mi 459/78% | 13.0%
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(75ml) | MeOH
(50mI)

Example 48:

A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) / IPA (20% v/v,
10 volumes per grams of ZLD-Ac form I) (38ml) was added drop-wise to a suspension of
Zoledronic acid form I (5.0g) in a mixture of water (80% v/v) / IPA (20% v/v, 10
volumes per grams of ZLD-Ac) (212ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature and the solution was evaporated to dryness. The obtained
solid was dried in a vacuum oven at 50°C for 5 hours to give 5.2g (78%) of Zoledronate
disodium crystal form VI (LOD by TGA=15.4%).Purity by HPLC 99.9%.

Example 49:

Zoledronate disodium crystal form XIX (4.0g) was dissolved in water (10ml) at reflux
temperature. After about 30 minutes at reflux temperature a precipitate was obtained. The
suspension was then cooled to 0°C using an ice-bath. The solid was isolated by filtration
and dried in a vacuum oven at 50°C for 17 hours to give 2.0g (50%) of Zoledronate
disodium crystal form VL.

Preparation of ZLD-Na; crystal form VII

Example 50:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer and a reflux condenser

was loaded with Zoledronic acid form I (10.0g) and water (260ml). The suspension was
heated to 80°C to obtain a clear solution. Sodium hydroxide (pearls, 2.84g) was added. A
pH test of the sodium salt showed pH=7.35. The solution was cooled to 60°C and IPA
(10.5ml) was added. The reaction mixture was cooled to room temperature during 2 hours
and was stirred at this temperature for about 16 hours. After cooling to 5°C and stirring at
this temperature for 2 hours, the solution was evaporated to dryness to obtain a white

solid. The obtained solid was reslurred in water (50ml) and cooled to 4°C. The product
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" was then isolated by filtration and dried in a vacuum oven at 50°C for 24 houts to obtain

3.2g of Zoledronate disodium crystal form VII (24%) (pH=7.27). Purity by HPLC
100.0%.

Example 51:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (10.0g) and water (130ml).
The suspension was heated to reflux temperature to obtain a clear solution. A 40%
aque’ous solution of Sodium hydroxide (6.9g) was added drop-wise. The solution was
then cooled to 4°C during 2 hours and was stirred at this temperature for about 1.5 hours.
The solution was concentrated to half of its volume to obtain a precipitate. The white
precipitate was filtered and dried in a vacuum oven at 50°C for 22 hours to obtain 2.7g

(22%) of Zoledronate disodium crystal form VII (LOD by TGA=10.7%).

Example 52:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (10.0g) and water (130ml).
The suspension was heated to reflux temperature (92°C) to obtain a clear solution. A 40%
aqueous solution of Sodium hydroxide (6.9g) was added drop-wise. The solution was
then cooled to 25°C was stirred at this temperature for about 16 hours. The solution was
then concentrated to half of its volume to obtain a precipitate. The white precipitate was
filtered and dried in a vacuum oven at 50°C for 18.5 hours to obtain 2.8 g(23%) of
Zoledronate disodium crystal form VII (LOD by TGA=10.2%). Purity by HPLC 100.0%.

Example 53:
A solution of sodium hydroxide (0.7g) in a mixture of water (80% v/v) / Ethanol or

Methanol or TIPA (20% v/v, 10 volumes per grams of ZLD-Ac form XII) (38ml) was
added drop-wise to a suspension of Zoledronic acid form XII (4.98g) in a mixture of
water (80% v/v) / Ethanol or Methanol or IPA (20% v/v, 10 volumes per grams of ZLD-
Ac) (212ml) at reflux temperature. The reaction mixture was heated at reflux temperature
for additional 16 hours. Then the reaction mixture was cooled to room temperature.

Further cooling was performed using an ice-bath. The precipitate was then filtered,
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washed and dried in a vacuum oven at 50°C for 24 hours to give Zoledronate disodium

crystal form VIL

| Total volume of -
‘solution
| 30/ 08 o
| , IPA | MeOHortpA) | |0 o
1 0% |20% | 250ml T498/80% | 92%
(200ml) | BtOH
(50ml)
2 80% | 20% 250mi 45g/83% | 7.6%
| @oomD) | MeOH
(50ml)
3 80% | 20%PA | 250ml 47g/35% | 103%
(200ml) | (50ml)

Example 54:

A solution of sodium hydroxide (0.7g) in a mixture of water (60% v/v) / IPA (40% v/v,
10 volumes per grams of ZLD-Ac form XIT) (19ml) was added drop-wise to a suspension
of Zoledronic acid form XII (4.98g) in a mixture of water (60% v/v) / IPA (40% v/v, 10

volumes per grams of ZLD-Ac) (106ml) at reflux temperature. The reaction mixture was

heated at reflux temperature for additional 16 hours. Then the reaction mixture was

cooled to room temperature. Further cooling was performed using an ice-bath. The

precipitate was then filtered, washed with IPA (1x20ml) and dried in a vacuum oven at

50°C for 24 hours to give Zoledronate monosodium crystal form VIII (crop I). Then the

precipitate from the mother-liquid was isolated by filtration as well, and dried in a

vacuum oven at 50°C for 24 hours to give 2.8g (13%) of Zoledronate disodium crystal

form VII (crop II).

Example 55:
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A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) / Ethanol (20% -
v/v, 10 volumes per grams of ZLD-Ac form I) (38ml) was added drop-wise to a
suspension of Zoledronic acid form I (5.0g) in a mixture of water (80% v/v) / Ethanol
(20% v/v, 10 volumes per grams of ZLD-Ac) (212ml) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 18.5 hours. Then the reaction
mixture was cooled to room temperature and the solution was evaporated to dryness to
obtain 6.7g (98%) of Zoledronate disodium crystal form VII (LOD by TGA=16.8%).
Purity by HPLC 99.9%.

Preparation of ZLD-Na; crystal form X

Example 56:
A solution of sodium hydroxide (0.7g) in a mixture of water (20% v/v) / IPA (80% v/v,

10 volumes per grams of ZLD-Ac form XII) (10ml) was added drop-wise to a suspension
6f Zoledronic acid form XII (4.98¢g) in a mixture of water (20% v/v) / IPA (80% v/v, 10
volumes per grams of ZLD-Ac) (53ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed with IPA (1x25ml) and dried in a vacuum oven at
50°C for 24 hours to give 4.7g (91%) of Zoledronate disodium crystal form X (LOD by
TGA=2.6%).

Preparation of ZLD-Na, crystal form XIII

Example 57:
A solution of sodium hydroxide (1.4g) in a mixture of water (5% v/v) / Ethanol (95% v/v,

10 volumes per grams of ZLD-Ac form I) (8ml) was added drop-wise to a suspension of
Zoledronic acid form I (5.0g) in a mixture of water (5% v/v) / Ethanol (95% v/v, 10
volumes per grams of ZLD-Ac) (45ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 19.5 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The

precipitate was then filtered, washed with Ethanol (1x10ml) and dried in a vacuum oven
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at 50°C for 20 hours to give 4'.9g'(84%) of Zoledronate disodium crystal form XIIT (LOD
by TGA=3.4%). Purity by HPLC 99.9%. '

Preparation of ZL.D-Na; crystal form XIV

Example 58
A solution of sodium hydroxide (0.7g) in a mixture of water (20% v/v) / DMF (80% v/v,

10 volumes per grams of ZLD-Ac form XII) (10ml) was added drop-wise to a suspension
of Zoledronic acid form XII (4.98g) in a mixture of water (20% v/v) / DMF (80% v/v, 10
volumes per grams of ZLD-Ac) (53ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed with DMF (2x10ml) and dried in a vacuum oven at
50°C for 24 hours to give 4.8g (92%) of Zoledronate disodium crystal form XIV (LOD by
TGA=1.9%).

Example 59:
A solution of sodium hydroxide (1.4g) in a mixture of water (20% v/v) / Methanol (80%

v/v, 10 volumes per grams of ZLD-Ac form I) (10ml) was added drop-wise to a
suspension of Zoledronic acid form I (5.0g) in a mixture of water (20% v/v) / Methanol
(80% v/v, 10 volumes per grams of ZLD-Ac) (53ml) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 17 hours. Then the reaction
mixture was cooled to room temperature. Further cooling was performed using an ice-
bath. The precipitate was then filtered, washed with Methanol (1x10ml) and dried in a
vacuum oven at 50°C for 26 hours to give 5.6g (97%) of Zoledronate disodium crystal
form XXV (LOD by TGA=1.4%). Purity by HPLC 99.9%.

Preparation of ZLD-Na, crystal form XIX

Example 60:
Zoledronate disodium crystal form VII (1.0g) was dissolved in water (19ml) at reflux

temperature. After about 30 minutes at reflux temperature a light precipitate was

obtained. The suspension was then cooled to 0°C using an ice-bath and was concentrated
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under vacuum to obtain a massive precipitation.- The solid was isolated by filtration after -
further stirring at 0°C, and dried in a vacuum oven at 50°C for 27 hours to give 0.4g v
(40%) of Zoledronate disodium crystal form XIX.

Example 61:
A 0.5L reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and

a dropping funnel, was loaded with Zoledronic acid form I (20.0g) and water (260ml).
The suspension was heated to reflux temperature (92°C) to obtain a clear solution. A 40%
aqueous solution of Sodium hydroxide (13.8g) was added drop-wise. The solution was

then cooled to 25°C and was stirred at this temperature for about 16 hours. The solution

- was then concentrated to half of its volume to obtain a precipitate. After stirring at 0°C for

72 hours, the white precipitate was filtered and dried in a vacuum oven at 50°C for 23

hours to obtain 10.4g of Zoledronate disodium crystal form XIX.

Preparation of ZLID-Na, erystal form XXV

Example 62:

A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) / Methanol (20%
v/v, 10 volumes per grams of ZLD-Ac form I) (38ml) was added drop-wise to a
suspension of Zoledronic acid form I (5.0g) in a mixture of water (80% v/v) / Methanol
(20% v/v, 10 volumes per grams of ZLD-Ac) (212ml) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 19 hours. Then the reaction
mixture was cooled to room temperature. Further cooling was performed using an ice-
bath. The solution was then evaporated to dryness to obtain 6.1g (99%) of Zoledronate
disodium crystal form XXV (LOD by TGA=7.4%). Purity by HPLC 99.9%.

Preparation of ZL.D-Na; crystal form XXVII

Example 63:
A 100ml flask was loaded with Zoledronic acid form I (4.9g), Sodium hydroxide (1.4g),

Methanol (50ml) and water (2.5ml) [= 5% v/v water in Methanol]. The reaction mixture
was heated to reflux temperature for 21 hours. Then the reaction mixture was cooled to
room temperature. Further cooling was performed using an ice-bath. The precipitate was

then filtered, washed with absolute Ethanol (2x75ml) and dried in a vacuum oven at 50°C
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for 27.5 hours to give 5.7g (93%) of Zoledronate disodium crystal form XXVII (LOD by
TGA=5.3%). Purity by HPLC 99.9%.

Example 64:
A solution of sodium hydroxide (0.7g) in a mixture of water (20% v/v) / Methanol (80%

v/v, 10 volumes per grams of ZLD-Ac form XII) (10ml) was added drop-wise to a
suspension of Zoledronic acid form X1I (4.98g) in a mixture of water (20% v/v) /
Methanol (80% v/v, 10 volumes per grams of ZLD-Ac) (53ml) at reflux temperature. The
reaction mixture was heated at reflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Further cooling was performed using
an ice-bath. The precipitate was theﬁ filtered, washed with Methanol (2x15ml) and dried
in a vacuum oven at 50°C for 24 hours to give 4.85g (90%) of Zoledronate disodium

crystal form XXVII (LOD by TGA=7.5%).

CRYSTAL FORMS OF ZOLEDRONATE TR
Preparation of ZLID-Na; crystal form IX

VL (ZL.ID-Naj)

Example 65:
A solution of sodium hydroxide (1.4g) in a mixture of water (20% v/v) / Ethanol or

Methanol or IPA. (80% v/v, 10 volumes per grams of ZLD-Ac form XII) (10ml) was
added drop-wise to a suspension of Zoledronic acid form XTI (5.0g) in a mixture of water
(20% v/v) / Ethanol or Methanol or IPA (80% v/v, 10 volumes per grams of ZLD-Ac)
(53ml) at reflux temperature. The reaction mixture was heated at reflux temperature for
additional 16 hours. Then the reaction mixture was cooled to room temperature. Further
cooling was performed using an ice-bath. The precipitate was then filtered, washed and
dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form
X.

‘Sample | X% | Y% ‘Total volume of - | Yield . ‘LOD by
No. ~~ |H,0 -|EtOHor |soltion - |@%) - |TGA
T 0| McOHor | (H;O/E(OHOr - O A
|IPA - | MeOH or IPA)
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1 20% | 80% 63ml 5.62/84% | 13.6%
(13ml) | BtOH
(50ml)
2 20% | 80% 63ml 5.9g/88% | 13.7%
(13ml) | MeOH
(50ml)
3 20% | 80% IPA | 63ml 5.6g/85% | 13.5%
(13ml) | (50ml)

Example 66:

A solution of sodium hydroxide (1.4g) in a mixture of water (40% v/v) / Ethanol or
Methanol or IPA (60% v/v, 10 volumes per grams of ZLD-Ac form XII) (13ml) was
added drop-wise to a suspension of Zoledronic acid form XII (5.0g) in a mixture of water
(40% v/v) / Ethanol or Methanol or IPA (60% v/v, 10 volumes per grams of ZLD-Ac)

(71ml) at reflux temperature. The reaction mixture was heated at reflux temperature for

additional 16 hours. Then the reaction mixture was cooled to room temperature. Further

cooling was performed using an ice-bath. The precipitate was then filtered, washed and

dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form

Ix.

tal volume of - | Vield:

(33ml) | BtOH

T5.79/68%

(33ml) | (50ml)

(50ml)
2 20% | 60% 83ml 55g -
(33ml) | MeOH
(50ml)
3 20% | 60% IPA | 83ml 5.7g/85% | 14.3%
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‘Example 67:
A solution of sodium hydroxide (1.4g) in a mixture of water (50% v/v) / Ethanol or

Methanol or IPA (50% v/v, 10 volumes per grams of ZLD-Ac form XII) (15ml) was
added drop-wise to a suspension of Zoledronic acid form XII (5.0g) in a mixture of water
(50% v/v) / Ethanol or Methanol or IPA (50% v/v, 10 volumes per grams of ZLD-Ac)
(85ml) at reflux temperature. The reaction mixture was heated at reflux temperature for
additional 16 hours. Then the reaction mixture was cooled to room temperature. Further
cooling was performed using an ice-bath. The precipitate was then filtered, washed and
dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form

IX.

1 50% 5.59/84%
(50ml) | EtOH
(50ml)
50% 50% 100mi 5.2g/77% 14.6%
(50ml) | MeOH
(50ml)
50% 50% IPA 100ml 5.3g/85% 8.6%
(50ml) | (50mi)
‘Example 68:

A solution of sodium hydroxide (1.4g) in a mixture of water (60% v/v) / Ethanol or
Methanol or IPA (40% v/v, 10 volumes per grams of ZLD-Ac form XII) (19ml) was
added drop-wise to a suspension of Zoledronic acid form XII (5.0g) in a mixture of water
(60% v/v) / Ethanol or Methanol or IPA (40% v/v, 10 volumes per grams of ZLD-Ac)
(106ml) at reflux temperature. The reaction mixture was heated at reflux temperature for
additional 16 hours. Then the reaction mixture was cooled to room temperature. Further

cooling was performed using an ice-bath. The precipitate was then filtered, washed and
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dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form

60% 5.1/58%

(75ml) | EtOH
(50ml)
2 60% 40% 125ml 4.1g/64% 11.8%
(75ml) | MeOH
(50ml)
3 60% 40% IPA | 125ml 5.3g/79% 14.1%
(75ml) (50ml)

Example 69:
A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) / Ethanol or

Methanol or IPA (20% v/v, 10 volumes per grams of ZLD-Ac form XII) (38ml) was
added drop-wise to a suspension of Zoledronic acid form XII (5.0g) in a mixture of water
(80% v/v) / Ethanol or Methanol or TPA (20% v/v, 10 volumes per grams of ZLD-Ac)
(212ml) at reflux temperature. The reaction mixture was heated at reflux temperature for
additional 16 hours. Then the reaction mixture was cooled to room temperature. Further
cooling was performed using an ice-bath. The precipitate was then filtered, washed and

dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form

IX.
Sample | X% | Y% . Total Voiujigae of - Yield -~ [LODby
‘No. -~ |H,0 © |EtOHor |solution - ©%) . | TGA
I RN 'I\’IéGH,‘Or: (HzO/EtOHol‘ i " S
1 80% 20% 250ml 5.7g/84% | 15.1%
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(200ml) | EtOH
(50m1)
2 80% 20% 250ml 5.6g/86% 12.4%
(200ml) | MeOH
(50ml)
3 80% 20% IPA | 250ml 5.6g/83% 14.5%
(200m1) | (50ml)

Preparation of ZL.D-Naj crystal form X1

Example 70:

A 250ml flask was loaded with Zoledronic acid form XII (5.0g), Sodium hydroxide
(1.4g), absolute Ethanol (50ml) and water (2.5ml) [= 5% v/v water in Ethanol]. The
reaction mixture was heated to reflux temperature for 20 hours. Then the reaction mixture
was cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed with absolute Ethanol (2x25ml) and dried in a
vacuum oven at 50°C for 24 hours to give 5.4g (86%) of Zoledronate trisodium crystal
form XTI (LOD by TGA=8.9%).

Example 71:
A 250ml flask was loaded with Zoledronic acid form XII (5.0g), Sodium hydroxide

(1.4g), Methanol (50ml) and water (2.5ml) [= 5% v/v water in Methanol]. The reaction
mixture was heated to reflux temperature for 22 hours. Then the reaction mixture was
cooled to room temperature. Further cooling was performed using an ice-bath. The
precipitate was then filtered, washed with Methanol (2x50ml) and dried in a vacuum oven
at 50°C for 24 hours to give 5.4g (84%) of Zoledronate trisodium crystal form XIin a
mixture with crystal form IX (LOD by TGA=10.5%).

General procedure for the preparation of amorphous Zoledronate sodium
Example 72:
A 100ml flask was loaded with Zoledronic acid crystal form XII (2.0g), Sodium

hydroxide (0.57g) and water (10ml). The reaction mixture was stirred at room
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temperature to obtain a clear solution. Then the solution was concentrated under vacuum
to obtain a precipitate. Further cooling was performed using an ice-bath. The precipitate
was then filtered, washed with water (2x10ml) and dried in a vacuum oven at 50°C for 24

hours to give 0.76g of amorphous Zoledronate sodium.

Summarizing tables — crystals forms of Zoledronate sodium salts

1. Preparation of Zoledronate monosodiuin salt:

EtOH MeOH IPA
0% v/iv H;O I @LD-Ac)+ XV (ZLD- XV(ZLD-Ac) |reaction
Ac)
20% v/v H;0 XII (ZLD-Ac) >1V

50% viv H,O No reaction

VII>>XII (ZLD-
Ac)

80% v/iv H,O

e Using ZLD-Ac (assay 100%, Form 1) as a stariing marervigl

2. Preparation of Zoledronate disodium salt:

EtOH MeOH ‘ IPA
5% viv H,O No reaction
20% v/iv H,O
50% v/v H,O V>VIHIX
80% v/v H,0 Vi R

e Using ZLD-Ac (assay 100%, Form I) as a starting materia
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EtOH MeOH 1 IPA l DMF 1
20% v/v H,0
40% v/v H,0
50% v/iv H,O V>VIII V>VIII z
60% v/v H,O VI+11.3 VIII (crop ) -

VII+8.2 (crop

m
80% v/v HyO o VIT8.2,9.1 -
100% v/iv Amorphous
H,0

Using ZLD-Ac (assay 90%, Form XII) as a starting material

3. Preparation of Zoledronate trisodinm salt:

EtOH MeOH IPA
5% viv B0 IX+XI -
20% v/v H;0 XV IX>TV+H9.9 IX+6.4,6.7
40% v/v H,O IX X4V IX4IV
50% v/iv H O IX+IV T IX+V>>IV IX+IV-+amorph.+7.1
60% v/v H,O IX+IV IX>IV X
80% v/v H;0 XX X
100% v/v H;O Amorphéus | B B

e Using ZLD-Ac (assay 90%, Form XII) as a starting material
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‘What is claimed is:

10.

11.

12.

Crystalline solid zoledronic acid (Form I) characterized by a powder X-ray
diffraction pattern having peaks at 12.1, 12.8, 15.7, and 18.9 £ 0.2 °20.

The crystalline solid zoledronic acid of claim 1 further characterized by a powder
X-ray diffraction pattern with peaks at 20.9, 21.3, 21.8, 22.2, 25.8, 27.6, 29.2,
32.5, and 32.9 £0.2 °20.

The crystalline solid zoledronic acid of claim 1, which contains less than about
5% of other polymorphic forms of zoledronic acid.

The crystalline solid zoledronic acid of claim 1, of which no more than about 5%
transforms to zoledronic acid Form II upon exposure to 100% relative humidity
(RH) for 7 days.

The crystalline solid zoledronic acid of claim 4, of which no more than about 5%
transforms to other polymorphic forms of zoledronic acid upon exposure to 100%
relative humidity (RH) for 7 days.

The crystalline solid zoledronic acid of claim 1, which, upon exposure to 100%
relative humidity (RH) for 7 days, absorbs less than about 0.2% water.

The crystalline solid zoledronic acid of claim 1, which, upon exposure to 100%
relative humidity (RH) for 7 days, retains its X-ray diffraction pattern
substantially as shown in figure no.1.

The crystalline solid zoledroniclz acid of claim 1, of which no more than about 5%
transforms to zoledronic acid form II upon exposure to 75% relative humidity
(RH) at 40°C for 3 months.

The crystalline solid zoledronic acid of claim 8, of which no more than about 5%
transforms to other polymorphic forms of zoledronic acid upon exposure to 75%
relative humidity (RH) at 40°C for 3 months.

The crystalline solid zoledronic acid of claim 1, which, upon exposure to 75%
relative humidity (RH) at 40°C for 3 months, absorbs less than about 0.2% water.
The crystalline solid zoledronic acid of claim 1, which, upon exposure to 75%
relative humidity (RH) at 40°C for 3 months, retains(its X-ray diffraction pattern
substantially as shown in figure no.1. '/

A pharmaceutical composition comprising the crystalline zoledronic acid of claim

1.
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13.°
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

The crystalline solid zoledronic acid of claim 1, which is a monohydrate.
Crystalline solid zoledronic acid (Form II) characterized by a powder X-ray
diffraction pattern having peaks at 14.6, 15.4, 19.1, 22.9, and 23.9 + 0.2 °26.

The crystalline zoledronic acid of claim 14, further characterized by a powder X-
ray diffraction pattern with peaks at 20.8, 21.7, 25.1, 26.7, 29.5, 29.9, and +0.2
°260.

The crystalline solid zoledronic acid of claim 14, which is a monohydrate.
Crystalline solid zoledronic acid (Form XII) characterized by a powder X-ray
pattern having peaks at 9.0, 13.9, 14.8, 21.5, 24.7, and 29.8 + 0.2 °26.

The crystalline zoledronic acid of claim 17, further characterized by a powder X-
ray diffraction pattern with peaks at 17.0, 20.6, 20.8, 22.4, 25.8, 27.7, 28.4, 28.7,
29.1, 30.8, 3.19, 32.3, and 32.9 +0.2 °20.

The crystalline solid zoledronic acid of claim 17, which is a monohydrate.
Crystalline solid zoledronic acid (Form XV) characterized by a powder X-ray
diffraction pattern having peaks at 10.1, 17.3, 19.3, and 23.2 + 0.2 °26.

The crystalline zoledronic acid of claim 20, further characterized by a powder X-
ray diffraction pattern with peaks at 14.5, 16.7, 18.1, 24.5, 25.1, 25.7, 28.5, 29.1,
29.6, and 30.4 £0.2 °26.

The crystalline solid zoledronic acid of claim 20, which is anhydrous.
Crystalline solid zoledronic acid (Form XVIII) characterized by a powder X-ray
diffraction pattern having peaks at 10.7, 13.0, 16.4, 17.4, and 28.5 £ 0.2 °26.

The crystalline zoledronic acid of claim 23, further characterized by a powder X-
ray diffraction pattern with peaks at 13.3, 18.1, 19.3, 21.3, 23.7, 25.9, 31.5, and
34.5 £0.2 °26.

The crystalline solid zoledronic acid of claim 23, which is a monohydrate.

Crystalline solid zoledronic acid (Form XX) characterized by a powder X-ray
diffraction pattern having peaks at 12.2, 19.3, 20.2, 21.3, 25.1, and 27.25 £ 0.2
°26.

The crystalline zoledronic acid of claim 26, further characterized by a powder
XRD pattern with peaks at 11.4, 14.9, 15.5, 17.2, 18.2 and 30.5 £0.2 °20.
The crystalline solid zoledronic acid of claim 26, which is anhydrous.
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29.

30.

31.
32.

33.
34.
35.

36.
37.
38.

39.

40.
41.

42.

43.
44.

Crystalline solid zoledronic acid (Form XXVI) characterized by a powder X-ray - -
diffraction pattern having peaks at 9.8, 14.5, 17.1, 17.6, and 18.3 + 0.2 °26.

The crystalline zoledronic acid of claim 29, further characterized by a powder X-
ray diffraction pattern with peaks at 18.8, 19.7, 21.4, 25.7, 26.6, and 28.1 £0.2

.°20.

The crystalline solid zoledronic acid of claim 29, which is anhydrous.

A pharmaceutical composition comprising the crystalline solid zoledronic acid of
claim 14.

Crystalline solid zoledronate monosodium.

Crystalline solid zoledronate monosodium hydrate.

The crystalline solid zoledronate monosodium of claim 33, characterized by a
powder X-ray diffraction pattern having peaks at 8.2, 15.5, 18.6, 23.6, and 26.8 +
0.2 °26 (Form VIII).

The crystalline solid zoledronate monosodium of claim 35, further cha—racterized
by a powder X-ray diffraction pattern with peaks at 11.8, 17.6, 20.1, 24.7, 25.0,
28.4,31.7, and 32.8 £ 0.2 °20.

The crystalline solid zoledronate monosodium of claim 35, which is a trihydrate.
The crystalline solid zoledronate monosodium of claim 33, charaéterized bya
powder X-ray diffraction pattern having peaks at 7.3, 8.8, 14.7, 21.8, and 29.6 +
0.2 220 (form XVT1).

The crystalline solid zoledronate monosodium of claim 38, further characterized
by a powder X-ray diffraction pattern with peaks at 13.8, 16.8, 20.4, 21.4, 24.4,
25.6,27.5,28.2,and 31.7 £ 0.2 °20.

The crystalline solid zoledronate monosodium of claim 38, which is a dihydrate.
The crystalline solid zoledronate monosodium of claim 33, characterized by a
powder X-ray diffraction pattern having peaks at 8.2, 9.0, 14.5, 21.4, 24.5, and
29.2 +0.2 °20 (Form XVII).

The crystalline solid zoledronate monosodium of claim 41, further characterized
by a powder X-ray diffraction pattern with peaks at 13.9, 15.5, 16.8, 18.6, 22.3,
23.6, 26.7,27.7, and 32.3 + 0.2 °26.

The crystalline solid zoledronate monosodium of claim 41, which is a dihydrate.

Crystalline solid zoledronate disodium.
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45.
46.
47.

48.

49,
50.

51.

52.
53.

54.

55.
56.

57.

58.

Crystalline solid zoledronate disodium hydrate.

Crystalline solid zoledronate disodium anhydrous.

The crystalline solid zoledronate disodium of claim 44, characterized by a powder
X-ray diffraction pattern having at 11.3, 14.8, 15.5, 17.4, and 19.9 £ 0.2 °20
(Form V).
The crystalline solid zoledronate disodium of claim 47, further characterized by a
powder X-ray diffraction pattern with peaks at 18.0, 18.9, 19.7, 22.7, 25.0, 26.7,
30.9, and 34.5 + 0.2 °26.

The crystalline solid zoledronate disodium of claim 47, which is a dihydrate.

{

The crystalline solid zoledronate disodium of claim 44, characterized by a powder

X-ray diffraction pattern having peaks at 7.2, 13.3, 13.7, 14.5, and 21.7 £ 0.2 °20

(Form VI).

The crystalline solid zoledronate disodium of claim 50, further characterized by a

powder X-ray diffraction pattern with peaks at 8.2, 16.6, 16.9, 17.3, 25.9, 26.6,

30.7, 31.9, and 32.9+ 0.2 °26.

The crystalline solid zoledronate disodium of claim 50, which is a trihydrate.

The crystalline solid zoledronate disodium of claim 44, characterized by a powder

X-ray diffraction pattern having peaks at 6.2 11.6, 12.6, 13.7 + 0.2 °20 (Form
VD).

The crystalline solid zoledronate disodium of claim 53, further characterized by a

powder X-ray diffraction pattern with peaks at 22.0, 23.2, 26.4, 27.1, 28.6, 28.8,

34.2+ 0.2 °26.

The crystalline solid zoledronate disodium of claim 53, which is a tetrahydrate.

The crystalline solid zoledronate disodium of claim 44, characterized by a powder

X-ray diffraction pattern having peaks at 6.7, 14.4, 18.2, 20.4, and 20.7 £ 0.2 °26

(Form X).

The crystalline solid zoledronate disodium of claim 56, further characterized by a

powder X-ray diffraction pattern with peaks at 8.8, 13.7, 17.0, 19.8, 21.3, 24.4,

27.5,27.9, 30.9, and 33.4:: 0.2 °20.

The crystalline solid zoledronate disodium of claim 56, which is a hemihydrate.
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- 59.

60.

61.
62.

63.

64.
. 65.

66.

67.
68.

69.

70.
71.

1

The crystalline solid zoledronate disodium of claim 44, characterized by a powder -
X-ray diffraction pattern having peaks at 6.5, 13.0, 16.1, 17.2, and 30.7 + 0.2 °20
(Form XITII).

The crystalline solid zoledronate disodium of claim 59, further characterized by a
powder X-ray diffraction pattern with peaks at 10.2, 19.0, 20.0, 20.6, 22.3, 27 .4,
28.6, 28.9, and 34.8% 0.2 °26.

The crystalline solid zoledronate disodium of claim 59, which is a hemihydrate:
The crystalline solid zoledronate disodium of claim 44, characterized by a powder
X-ray diffraction pattern having peaks at 6.6, 19.9, 28.5, and 34.8 + 0.2 °20 (Form
X1V).

The crystalline solid zoledronate disodium of claim 62, further characterized by a
powder X-ray diffraction pattern with peaks at 13.0, 15.1, 17.1, 20.5, 27.7, 29.6,
30.7, and 33.5+ 0.2 °20.

The crystalline solid zoledronate disodium of claim 62, which is anhydrous.

The crystalline solid zoledronate disodium of claim 44, characterized by a powder
X-ray diffraction pattern having peaks at 11.6, 12.5, 13.7, 22.0, and 23.1 0.2 °20
(Form XIX).

The crystalline solid zoledronate disodium of claim 65, further characterized by a
powder X-ray diffraction pattern with peaks at 6.2, 14.3, 15.3, 16.0, 18.5, 24.3,
and 28.6 + 0.2 °20.

The crystalline solid zoledronate disodium of claim 65, which is a pentahydrate.
The crystalline solid zoledronate disodium of claim 44, characterized by a powder
X-ray diffraction pattern having peaks at 7.4, 13.7, 17.6, and 21.9 £ 0.2 °20 (Form
XXV).

The crystalline solid zoledronate disodium of claim 68, further characterized by a
powder X-ray diffraction pattern with peaks at 6.3, 9.5, 12.6, 14.6, 26.2, 27.1, and
28.6 £ 0.2 °26.

The crystalline solid zoledronate disodium of claim 68, which is a sesquihydrate.
The crystalline solid zoledronate disodium of claim 44, which is a monohydrate
characterized by a powder X-ray diffraction pattern having peaks at 6.4, 8.2, 16.0,
17.4, 19.0, and 28.8 £+ 0.2 °20 (Form XXVII).
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72.

73.
74.
75.

76.

77.
78.

79.

80.
81.

82.

83.

84.

85.

The crystalline solid zoledronate disodium of claim 71, further characterized by a
powder X-ray diffraction pattern with peaks at 7.7, 10.2, 17.2, 18.1, 21.6, 25.7,
and 25.9 £ 0.2 °20.

The crystalline solid zoledronate disodium of claim 71, which is a monohydrate.
Crystalline solid zoledronate trisodium.

The crystalline solid zoledronate trisodium of claim 74, characterized by a powder
X-ray diffraction pattern having peaks at 8.3, 10.9, 15.0, 16.6, and 22.8 = 0.2 °20
(Form IX).

The crystalline solid zoledronate trisodium of claim 75, further characterized by a
powder X-ray diffraction pattern with peaks at 13.1, 20.2, 20.6, 20.9, 25.0, 27.8,
and 29.0 £+ 0.2 °206.

The crystalline solid zoledronate trisodium of claim 75, which is a trihydrate.

The crystalline solid zoledronate trisodium of claim 74, characterized by a powder
X-ray diffractlion pattern having peaks at 6.2, 7.9, 8.8, 10.6, and 12.2 + 0.2 °26
(Form XI).

The crystalline solid zoledronate trisodium of claim 78, further characterized by a
powder X-ray diffraction pattern with peaks at 15.0, 15.4, 17.5, 18.8, 19.6, 20.5,
22.3,23.7,25.7,29.6, and 31.7 0.2 °26.

The crystalline solid zoledronate trisodium of claim 78, which is a dihydrate.

A process for preparing a solid crystalline zoledronate sodium salt comprising:

a) dissolving zoledronic acid in water to form a solution;

b) adding a base to the solution; and

c) cooling the solution to precipitate crystalline zoledronate sodium.

The process of claim 81, wherein the crystalline solid zoledronate sodium salt is
the monosodium salt.

The process of claim 82, wherein the crystalline solid zoledronate monosodium is
selected from the group consisting of Form VIII, Form XVI and Form XVIIL

The process of claim 81, wherein the crystalline solid zoledronate sodium salt is
the disodium salt.

The process of claim 84, wherein the crystalline solid zoledronate disodium is
selected from the group consisting of Form V, Form VI, Form VII, Form X, Form
XTI, Form XIV, Form XIX, Form XXV, and Form XXVIL
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86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

The process of claim 81, wherein the crystalline solid zoledronate sodium salt 1s -

the trisodium salt. -

The process of claim 86, wherein the crystalline solid zoledronate trisodium is

selected from the group consisting of Form IX and Form XI.

A process for preparing a crystalline solid zoledronate sodium salt comprising:

a) suspending zoledronic acid in a mixture of alcohol/water

b) adding to the suspension of a) a solution of a base, in an equivalent mixture of
alcohol/water as that used in the suspension of a), to form a reaction mixture;
and

c) stirring the reaction mixture for a time sufficient to precipitate a crystalline
solid zoledronate sodium salt.

The process of claim 88, wherein the reaction mixture is stirred at reflux for about

10 to about 20 hours.

The process of claim 88, wherein the volume ratio of alcohol/water to zoledronic

acid in a) and b) is 6-14 volumes.

The process of claim 88, wherein the alcohol in a) and b) is selected from the

group consisting of methanol, ethanol, isopropanol and dimethylformamide.

The process of claim 88, wherein the zoledronic acid is zoledronic acid Form I

and the ratio of acid to base is 1:1.

The process of claim 88, wherein the zoledronic acid is zoledronic acid Form I

and the ratio of acid to base is 1:2.

The process of claim 88, wherein the zoledronic acid is zoledronic acid Form XII

and the ratio of acid to base is 1:1.1.

The process of claim 92, wherein the crystalline solid zoledronate sodium salt is

the monosodium salt.

The process of claim 95, wherein the crystalline solid zoledronate monosodium is

selected from the group consisting of Form VIII, Form XVI and Form XVIL

The process of claim 93 or claim 94, wherein the crystalline solid zoledronate

sodium salt is the disodium salt.

The process of claim 97, wherein the crystalline solid zoledronate disodium is

selected from the group consisting of Form V, Form VI, Form VII, Form X, Form

XIII, Form XIV, Form XIX, Form XXV, and Form XXVII.
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99.”

100.

101.

102.

103.

104.

105.

106.

107.

108.

The process of claim 88, wherein the zoledronic acid is zoledronic acid Form XII

and the ratio of acid to base is 1:2.1.

The process of claim 99, wherein the crystalline solid zoledronate sodium salt is

the trisodium salt.

The process of claim 100, wherein the crystalline solid zoledronate trisodium is

selected from the group consisting of Form IX and Form XI.

A process for preparing a solid crystalline zoledronate sodium salt comprising:

a) dissolving a crystal form of zoledronate sodium in water to form a solution;
and

b) cooling the solution to precipitate a crystal form of zoledronate sodium which
is different from the starting form in a).

The process of claim 102, wherein the water is added in an amount of between 20-

30 volumes per volume of zoledronate sodium.

A process for preparing crystalline solid zoledronate monosodium Form VIII

comprising:

a) adding a solution of a base in an 80%/20% v/v mixture of water/ethanol to a
suspension of zoledronic acid form I in an 80%/20% v/v mixture of
water/ethanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

c) precipitating zoledronate monosodium Form VIIL

The process of claim 104, wherein the base is sodium hydroxide, which is added

in an amount of a 1:1 molar ratio to the zoledronic acid.

The process of claim 104, wherein the volume ratio of water/ethanol to zoledronic

acid form I in the suspension and the solution is between 6-14.

A process for preparing crystalline solid zoledronate monosodium Form VIII

comprising:

a) adding a solution of a base in an 80%/20% v/v mixture of water/methanol to a
suspension of zoledronic acid form I in an 80%/20% v/v mixture of
water/methanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

c) precipitating zoledronate monosodium Form VIIL

The process of claim 107, wherein the base is sodium hydroxide, which is added

in an amount of a 1:1 molar ratio to the zoledronic acid.
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109.

110.

111.

112.

113.

114.

115.

116.

117.

The process of claim 107, wherein the volume ratio of water/methanol to

zoledronic acid form I in the suspension and the solution is between 6-14.

A process for preparing crystalline solid zoledronate monosodium Form VIII

comprising:

a) adding a solution of a base in an 60%/40% v/v mixture of water/isopropanol to
a suspension of zoledronic acid form I in an 60%/40% v/v mixture of
water/isopropanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

c) precipitating zoledronate monosodium Form VIIL

The process of claim 110, wherein the base is sodium hydroxide, which is added

in an amount of a 1:1 molar ratio to the zoledronic acid.

The process of claim 110, wherein the volume ratio of water/isopropanol to

zoledronic acid form I in the suspension and the solution is between 6-14.

A process for preparing crystalline solid zoledronate monosodium Form XVI

comprising:

a) adding a solution of a base in a 50%/50% v/v mixture of water/ethanol to a
suspension of zoledronic acid form Iin a 50%/50% v/v mixture of
water/ethanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

¢) precipitating zoledronate monosodium Form XVI.

The process of claim 113, wherein the base is sodium hydroxide, which is added

in an amount of a 1:1 molar ratio to the zoledronic acid.

The process of claim 113, wherein the volume ratio of water/ethanol to zoledronic

acid form I in the suspension and the solution is between 6-14.

A process for preparing crystalline solid zoledronate monosodium Form XVI

comprising:

a) adding a solution of a base in a 50%/50% v/v mixture of water/isopropanol to
a suspension of zoledronic acid Form I in a 50%/50% v/v mixture of
water/isopropanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

c) precipitating zoledronate monosodium Form XVI.

The process of claim 116, wherein the base is sodium hydroxide, which is added

in an amount of a 1:1 molar ratio to the zoledronic acid.
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118. The process of claim 116 wherein the volume ratio of water/isopropanol to
zoledronic acid form I in the suspension and the solution is between 6-14.

119. A process for preparing crystalline solid zoledronate monosodium Form XVI
comprising:

a) adding a solution of a base in a 50%/50% v/v mixture of water/methanol to a
suspension of zoledronic acid form I in a 50%/50% v/v mixture of
water/ethanol at elevated temperature;

b) stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

¢) precipitating zoledronate monosodium Form XVI.

120. The process of claim 119, wherein the base is sodium hydroxide, which is added
in an amount of a 1:1 molar ratio to the zoledronic acid.

121. The process of claim 119, wherein the volume ratio of water/methanol to
zoledronic acid form I in the solution is between 6-14 and the volume ratio of
water/ethanol in the suspension is between 6-14.

122. A process for preparing solid crystalline zoledronate sodium Form XVII
comprising:

a) dissolving zoledronic acid Form I in water to form a solution;

b) adding a base to the solution; and

c) cooling the solution, optionally with the addition of an organic solvent, to
precipitate crystalline zoledronate sodium Form XVIL

123. A pharmaceutical composition comprising the crystalline solid zoledronate
monosodium of claim 33.

124. A pharmaceutical composition comprising the crystalline solid zoledronate
disodium of claim 44.

125. A pharmaceutical composition comprising the crystalline solid zoledronate
trisodium of claim 74.

126. Amorphous monosodium zoledronate.

127. Amorphous disodium zoledronate.

128. Amorphous trisodium zoledronate.

129. A pharmaceutical composition comprising the amorphous solid zoledronate of
claim 126.

130. A process for preparing zoledronate amorphous sodium comprising:
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treating zoledronic acid and a base, in water at room temperature and precipitating
zoledronate amorphous sodium.
131.  The process of claim 130, wherein the ratio of acid:base is 1:1.1.

132.  The process of claim 130, wherein the ratio of acid:base is 1:2.1.
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EAST Search History

EAST Search History

EAST Search History (Prior Art)

Ref {Hits Search Query DBs Default {Plurals {iTime
# Operator Stamp
L1 384 ((zoledronic adj acid) or US-PGPUB; OR ON 2014/07/03
zolendronate).cim. USPAT; EPO; JPO; 14:56
DERWENT
L2 591067 Horal US-PGPUB; OR ON 2014/07/03
USPAT; EPO; JPO; 14:56
DERWENT
L3 18 1 same 2 US-PGPUB; OR ON 2014/07/03
USPAT; EPO; JPO; 14:56
DERWENT
St 4 ("20040063670" | US-PGPUB OR ON 2013/07/12
"20100215743" | "20110028435" 17:16
| "20120190647").PN.
2 "1127573" US-PGPUB; EPO  #OR ON 2013/07/12
17:29
3196 (zoledronic adj acid) or US-PGPUB; OR ON 2013/11/25
zolendronate USPAT; EPO; JPO 17:29
4 §357 ((zoledronic adj acid) or US-PGPUB; OR ON 2013/11/25
zolendronate).cim. USPAT; EPO; JPC; 17:29
DERWENT
S5 1563501 jjoral US-PGPUB; OR ON 2013/11/25
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REAL PARTY IN INTEREST

Antecip Bioventures II LLC is the assignee of record and the real party in interest in this

appeal.
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RELATED APPEALS, INTERFERENCES, AND TRAILS

Appeals have been or are being filed in the following related cases, all of which are

before Examiner Ivanova:
— U.S. Application No. 13/894,262 (Atty No. 1958603.00009)
— U.S. Application No. 13/894,252 (Atty No. 1958603.00019)

— U.S. Application No. 13/894,274 (Atty No. 1958603.00015)
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SUMMARY OF CLAIMED SUBJECT MATTER

Two independent claims and 18 dependent claims are presented on appeal.

Claim 40 is an independent claim drawn to an oral dosage form comprising about 30 mg
to about 250 mg of zoledronic acid, wherein the dosage form contains no bioavailability
enhancing agents, and wherein the oral bioavailability of zoledronic acid in the dosage form is

about 1.2% to about 3% in a human being.

Claim 60 is an independent claim drawn to an oral dosage form comprising about 30 mg
to about 250 mg of zoledronic acid and an excipient, wherein the dosage form contains no
bioavailability enhancing agents, and wherein the oral bioavailability of zoledronic acid in the

dosage form is about 1.2% to about 3% in a human being.

Support for the pending claims can be found in the specification as filed, for example, at

least at the following:

An oral dosage form comprising Abstract

about 30 mg to about 250 mg of

zoledronic acid, Paragraph [049]

wherein the dosage form contains no
bioavailability enhancing agents, and

wherein the oral bioavailability of
zoledronic acid in the dosage form is about Paragraphs [055]-[060]
1.2% to about 3% in a human being,.

Abstract and paragraph [055]

An oral dosage form comprising Abstract

about 30 mg to about 250 mg of
zoledronic acid

and an excipient, Paragraph [072]

wherein the dosage form contains no
bioavailability enhancing agents, and

Paragraph [049]

Abstract and paragraph [055]

wherein the oral bioavailability of
zoledronic acid in the dosage form is about Paragraphs [055]-[060]
1.2% to about 3% in a human being,
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ARGUMENTS

L Introduction

The claimed oral dosage forms and the claimed pharmaceutical product are useful for
providing an effective amount of zoledronic acid in an oral form. According to the Office,
Claims 40, 42, 44-57, 60, 61, 120, and 121 are obvious over U.S. Publication No. 2004/0063670
(“Fox”) in view of Labeling of Unit Dose Packages of Drugs, Policy No. PH-04-06, Department
of Pharmacy Policy, Univ. of Kentucky Hospital, Chandler Medical Center (Nov. 2009)
(“Chandler”), Leonard et al., MER-101 Tablets: A pilot bioavailability study of a novel oral
formulation of zoledronic acid, Poster presentation at AACR-NCI-EORTC: Molecular Targets
and Cancer Therapeutics October 2007 (“Leonard”), International Publication No. WO
2005/005447 (“Aronhime”), and/or L.A. Sorbera et al., Zolendronate Disodium, 25(3) DRUGS OF
THE FUTURE 259 (2000) (“Sorbera”), and/or Fosamax® (alendronate sodium) tablets, for oral use,
approved 1995, revised Feb. 2012, auvailable at http://www.accessdata.fda.gov/drugsatfda_docs
/1abel/2012/021575s0171bl.pdf (“Fosamax label”) and/or Bonefos Product Monograph, Part I1I:
Consumer Information Bonefos® clodronate disodium, pages 25-28, revised September 22, 2011,
available at http://www .bayer.ca/filessBONEFOS-PM-ENG-PT3-22SEP2011-147998.pdf (“Bonefos

monograph”). Appellant appeals this rejection.

II. Cited References
A. Fox

The Fox publication relates to the use of bisphosphonates for pain treatment. Fox
discloses various dosage forms but states that “[intravenous] administration is considered to be
of particular importance.” Fox at para. [0072]. As for frequency of administration, Fox prefers a
single dose. See id. at para. [0077]. Fox also discloses a number of studies intending to show an
effect of bisphosphonates in rat models of inflammatory and neuropathic pain. See id. at

Example 5.
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B. Chandler

The Chandler publication outlines the policies and procedures used by the pharmacy
facilities of the University of Kentucky Hospital, Chandler Medical Center. Chandler outlines
the information to be included on pharmaceutical labels and how that information is to be
displayed.

C. Leonard

The Leonard reference presents the results of a study of the bioavailability of zoledronic
acid in bioavailability enhanced oral dosage forms of zoledronic acid as compared to

intravenous zoledronic acid.

D. Aronhime
The Aronhime reference discloses polymorphs of zoledronic acid and zoledronate
sodium salts, amorphous zoledronate sodium salt, and methods of making them. See Aronhime

at Abstract.

E. Sorbera
The Sorbera reference discloses a number of studies analyzing the tolerability and

efficacy of zoledronate administered intravenously.

F. Fosamax Label
The Fosamax label is a standard label providing safety and dosing information for

alendronate sodium.

G. Bonefos Monograph
The Bonefos monograph is a standard label providing safety and dosing information for

clodronate disodium.

III. Legal Standard for Obviousness under 35 U.S.C. §103

In order to make a prima facie case of obviousness, the Office must establish: (1) that
there is an apparent reason to combine the known elements in the manner claimed (KSR Int’]

Co. v. Teleflex Inc., 127 S. Ct. 1727, 1740-41 (U.S. 2007)), (2) that all elements of the claims are
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taught or suggested in the prior art (id.; In re Vaeck, 20 U.S.P.Q.2d 1438, 1442 (Fed. Cir. 1991)),
and (3) that the result is predictable (KSR, 127 S. Ct. at 1740-41.). In making this determination
the Patent Office must examine the prior art, design demands, marketplace demands, and the
background knowledge of a person of ordinary skill in the art. Id. These factors must be
considered as a whole, including those portions that teach away from the claimed invention.

See W.L. Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d 1540 (Fed. Cir. 1983); MPEP 2140.02(VI).

II. Arguments in Response to the Most Recent Office Action

A. The most recent Office Action does not “create a stronger record and reduce further issues for
appeal”

The most recent action by Appellant was to file a brief on appeal on August 5, 2014.
According to the most recent Office Action, “a decision was made . . . to re-open prosecution in
the 13/894,244 . . . application[] in order to create a stronger record and reduce further issues for

appeal.” Office Action at p. 2.

Appellant respectfully disagrees that the Office Action creates a stronger record for
appeal and disagrees that the Office Action reduces further issues for appeal. Appellant will
show that the new references introduced —Aronhime, Sorbera, the Fosamax Label, and the
Bonefos monograph—are either cumulative or weaken the Office’s alleged prima facie case of

obviousness.

Furthermore, Appellant will demonstrate that the theories of unpatentability presented
in the most recent Office Action were addressed in the last brief on appeal. Finally, Appellant
will demonstrate that many of the arguments made in the last brief on appeal were ignored in
the most recent Office Action.

B. The combination of references does not teach or suggest an oral dosage form of zoledronic acid

“wherein the bioavailability of zoledronic acid in the dosage form is about 1.2% to about 3% in a human
being.”

The combination of Fox, Chandler, Leonard, Aronhime, Sorbera, the Fosamax label, and

the Bonefos monograph does not teach or suggest the bioavailability range recited by the
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claims. In fact, the only information provided by the combination of references with respect to
bioavailability is that “[a]ll bisphosphonates, including zoledronic acid, have poor oral
bioavailability” (Leonard at background section'), and that “[t]he current marketed dosage form
of zoledronic acid is given as an infusion to overcome the limitations of oral dosing of
bisphosphonates” (Id. at p. 1, Introduction section). Leonard further states that MER-101, which
was developed by Merrion Pharmaceuticals, “can improve the oral bicavailability of zoledronic

acid and thereby enable the development of an oral dosage form.” Id. at p. 1, Introduction

section (emphasis added); see also Leonard et al., Safety Profile of Zoledronic acid in a novel oral
formulation, Poster presentation at AACR-NCI-EORTC Molecular Targets & Cancer
Therapeutics Conference, p. 2 (November 2009) (“Leonard 2009”) and Cullen et. al, MER-101 A
bioavailability study of various GIPET formulations in beagle dogs with intraduodenal cannulae, Poster
presentation at AAPS, Background section (November 2007) (“Cullen”). Thus, according to
Leonard, the low bioavailability of zoledronic acid prevents an oral dosage form from being
effective, but Leonard has improved the bioavailability in order to “enable the development of
an oral dosage form.” Leonard states that “[t]he dose administered via a 20 mg tablet equals
that of a 1 mg intravenous infusion.” Leonard at p. 1, Conclusions section. Thus, Leonard
reports a 5% bioavailability of its oral dosage form, which is well outside of the range of the

claims.

What the Office has never explained is why the references suggest a bioavailability of
“about 1.2% to 3% in a human being” when Leonard reports a 5% bioavailability, and states that

it is this higher bioavailability that “enable[s] the development of an oral dosage form.” The

range of the claims is in the opposite direction to that suggested by Leonard. Therefore, the
combination of references does not teach or suggest this bioavailability range, and the appealed

claims are not obvious. (Appellant points out that the arquments made in the previous two paragraphs

1 See also Sorbera and p. 260 ("However, all the available compounds [bisphosphonates] are poorly absorbed from
the gastrointestinal tract.")
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were presented in section A(8) of the previous brief entitled “Leonard teaches away from ‘the oral

bioavailability of zoledronic acid in the dosage form is about 1.2% to about 3% in a human being.””)

Instead of addressing the express teachings of Leonard, the Office Action incorrectly
relies on inherency.

Stated differently, as detailed below, as Fox discloses an oral dosage form, which

possesses Applicant’s claimed ingredient zoledronic acid (and an excipient),

including in the disclosed mg, with no bioavailability enhancing agents, the mere

discovery of a previously unappreciated property of it, namely, % oral

bioavailability . . . this discovery by Applicant does not render the old dosage
form patently new to the discoverers. Office Action at p. 4.

This passage contains several factual and legal errors. First, inherency cannot be the
basis of showing that cited references teach or suggest a claim element in an obviousness
rejection. See In re Rijckaert, 9 F.3d 1531, 1534 (Fed. Cir. 1993) (“That which may be inherent is
not necessarily known. Obviousness cannot be predicated on what is unknown.”) (Appellant
points out that this legal principle was argued in the previous brief in section A(8)(a) entitled “Leonard
teaches away from ‘the oral bioavailability of zoledronic acid in the dosage form is about 1.2% to about

3% in a human being.””)

Second, Fox does not actually describe any particular oral dosage form that contains
zoledronic acid to a level of detail to render the bioavailability range of the appealed claims
inherent. In order for a bioavailability range to be inherent, there must be an embodiment
identified in Fox that would always have a bioavailability within the allegedly inherent range.
There is no such embodiment identified in Fox. Therefore, the bioavailability range of the
appealed claims is not inherent.

The Office Action also alleges that:

[Fox] explicitly teaches in an example oral administration [sic] solid dosage forms, such

as tablets and dragees applicable to an active ingredient of any of the bisphosphonates
taught, and their method of specific making with any of the bisphosphonates taught,

10
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and with a specific illustration with disodium pamidronate ([0081], [0087-8]). Office
Action at p. 5.

As shown by Leonard, there are “tablets and dragees” containing zoledronic acid that
have a bioavailability of 5%, which is outside of the range recited by the appealed claims.

Therefore the range of the claims is not inherent in this disclosure.

Immediately following this quote, page 6 of the Office Action contains a reproduction of
paragraphs [0086]-[0087] of Fox, and the table following those paragraphs. This section is

reproduced below, except that it is formatted for easier reading.

[0086] In the following Examples the term "active ingredient” is to be understood as
being any one of the bisphosphonic acid derivatives mentioned above as being useful
according to the present invention.

EXAMPLES

Example 1

[0087] Capsules containing coated pellets of active ingredient, for example, disodium
pamidronate pentahydrate, as active ingredient:

Core pellet:

active ingredient (ground) 197.3 mg
Microcrystalline cellulose 52.7 mg
(Avicel ® PH 105)
250.0 mg
+ Inner coating:
Cellulose HP-M 603 10.0 mg
Polyethylene glycol 2.0 mg
Talc 8.0 mg
270.0 mg

+ Gastric juice-resistant outer coating:

11
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Eudragit ® L 30 D (solid) 90.0 mg

Triethyl citrate 21.0 mg

Antifoam ® AF 2.0mg

Water

Talc 7.0mg
390.0 mg

Appellant first points out that, because this dosage form does not contain zoledronic
acid, this dosage form does not have any inherent bioavailability for zoledronic acid. Therefore,
the range of the claims cannot be inherent. (Appellant highlighted this dosage form in the previous
brief in section A (5) entitled “The European Medicines Agency and Novartis teach away from an “oral

dosage form comprising...zoledronic acid.”)

Furthermore, this dosage form contains polyethylene glycol, which is well known in the
art to be a bioavailability enhancing agent. Thus, the dosage form is not unenhanced, and any

allegedly inherent bioavailability of this dosage form is irrelevant to the pending claims.

The following quotations from the prior art show that polyethylene glycol can be a

bioavailability enhancing agent.

A mean 2-fold increase in plasma concentrations (Table I) occurred when PEG 400 was
co-administered with fexofenadine. U.S. Patent No. 6,451,815, col. 10, lines 64.

A mean 2-fold increase in plasma concentrations [AUC(0-24h) values calculated from
the concentrations shown in Table 1V] occurred when PEG 1000 was co-administered
with fexofenadine. Id. at col. 13, lines 1-4.

The bioavailability of ranitidine in male subjects is improved by the administration of
low dose — 1% PEG 400. Diane A.l. Ashiru-Oredope et al., The effect of polyoxyethylene
polymers on the transport of ranitidine in Caco-2 cell monolayers, 409 INT'L ] PHARM. 164, 167
(2011).

“From the results presented it can be concluded that — when formulating a drug with a
low aqueous solubility — microcrystalline cellulose pellets loaded with polyethylene
glycol 400 yielded a higher bioavailability compared to pellets without PEG 400.” Chris
Vervaet et al., Bioavailability of hydrochlorothiazide from pellets, made by extrusion/

12
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spheronisation, containing polyethylene glycol 400 as a dissolution enhancer, 14(11) PHARM.
RESEARCH 1644, 1646 (1997).

“However, solid dispersions with PEG enhance bioavailability but slightly reduce their
gastric ulceration.” Ramadan et al., 9(1) BULL. PHARM. SCI. ASSIUT UNIV. 30, 30 (1986).

Finally, the Supreme Court has emphasized the importance of an “apparent reason to

combine” elements of the prior art:

Often, it will be necessary for [the Patent Office] to look to interrelated teachings
of multiple patents; the effects of demands known to the design community or
present in the marketplace; and the background knowledge possessed by a
person having ordinary skill in the art, all in order to determine whether there
was an apparent reason to combine the known elements in the fashion claimed
by the patent at issue. To facilitate review, this analysis should be made explicit.
KSR, 127 S. Ct. at 1740-1741 (emphasis added).

The Office Action alleges that the bioavailability range of the claims is inherent to a
dosage form that does not contain bioavailability enhancing agents.? But the Office Action has
not provided an apparent reason to combine zoledronic acid with an unenhanced oral dosage
form. The Office Action relies upon the following assertion:

Most important, Leonard is significant in that it provides direct further evidence from

other art that the oral dosage form of Fox is enabled. Leonard explicitly teaches an oral

dosage form of zoledronic acid which is well tolerated and has no serious side effects
associated with its administration, and which is with proprietary penetration enhancers

i.e. bioavailability enhancing agents), which improved the absorption of the drug in

small intestine. Office Action at p. 11 (emphasis added).

Thus, the alleged enablement of Fox’s oral dosage forms is provided by a dosage form
containing a bioavailability enhancing agent. Leonard explicitly states that improved
bioavailability of zoledronic acid “enable[d] the development of an oral dosage form.” Leonard
at p. 1, Introduction section (emphasis added). If, as the Office Action and Leonard assert, the

oral dosage form of zoledronic acid is enabled by the bioavailability enhancing agent, there is

2 As explained in section A(8)(a) below, the bioavailability range recited in the appealed claims is not inherent to a
dosage form that contains no bioavailability enhancing agents.
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no apparent reason to use an oral dosage form that contains no bioavailability enhancing agent.
Since there is no apparent reason to use an oral dosage form that contains no bioavailability
enhancing agent, there is no apparent reason to use the bioavailability range in the appealed
claims. (Appellant points out that the arguments made in this paragraph are similar to arguments
presented in section A(8) of the previous brief entitled “Leonard teaches away from ‘the oral

bioavailability of zoledronic acid in the dosage form is about 1.2% to about 3% in a human being.”)

For at least these reasons, the combination of cited references does not teach or suggest
the bioavailability range recited in the appealed claims, and the claims are not prima facie

obvious.

B. Leonard and Sorbera teach away from an unenhanced oral dosage form of zoledronic acid

As explained above, Leonard reports a 5% bioavailability for MER-101, and states that it
is the higher bioavailability of MER-101 that “enable[s] the development of an oral dosage
form.” Sorbera reinforces statements made by Leonard and at least seven other references
(explained in sections A(1)-(7) of the previous brief) that show that oral zoledronic acid is unlikely to
work without bioavailability enhancing agents. Like the other references, Sorbera states that
“all the available compounds [bisphosphonates] are poorly absorbed from the gastrointestinal

tract.” Sorbera at p. 260.

Sorbera further provides data showing that oral zoledronic acid has greatly inferior
potency in at least one animal model, as compared to subcutaneous and intravenous zoledronic
acid. The Office Action alleges that “Sorbera similarly discloses zoledronate sodium, its method
of making, and its clinical utility in the treatment of tumor-induced hypercalcemia.” Office
Action at p. 8. However, Sorbera only shows the clinical utility of intravenous zoledronate in
the treatment of tumor induced hypercalcemia. Sorbera at p. 266, Box 9. In fact, Sorbera
strongly suggests that oral zoledronic acid is unlikely to be useful in treating hypercalcemia in
human beings. For example, Sorbera provides data showing that for reducing hypercalcemia in

rats, oral zoledronic acid was over three orders of magnitude less potent than intravenous and

14
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subcutaneous zoledronic acid. Id. at p. 260 (see quote below). The significantly lower potency

of oral zoledronic acid reported in Sorbera is depicted in Figures A and B below.

POTENCY OF ZOLEDRONATE USING
ORAL, INTRAVENOUS, AND

SUBCUTANEOUS ADMINISTRATION
i 13.8%

{3008

3 intravenous  suboulaneous
roledronate aledranste odedronate

Figure A. Data from potency values reported in Sorbera.

Figure A shows that the potency of oral zoledronic acid is over 1000 times lower than
that of intravenous zoledronic acid, and the potency of oral zoledronic acid is over 2000 times
lower than that of subcutaneous zoledronic acid. Based on this result, a person of ordinary skill
in the art would have expected that, for example, 277 mg/kg of zoledronic acid would need to
be given orally to a rat in order to obtain less than three hours of pain relief as reported for the
0.1 mg/kg subcutaneous dose administered in example 5, paragraph [0102] of Fox. Sorbera
states that “zoledronate (0.02 and 0.04 mg/kg) administered as a short-time infusion effectively
treated patients with tumor-induced hypercalcemia and were well-tolerated...” Id. at p. 266,
Box 9. Based upon the result shown in Figure A, oral doses of 25 mg/kg (e.g. 1500 mg for a 60
kg patient) and 50 mg/kg (e.g. 3000 mg for a 60 kg patient) would have been expected in order

to achieve the same result. These doses are too high to be considered reasonable for human
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administration when bisphosphonates were known for gastrointestinal toxicity. See Conte et
al., Safety of intravenous and oral bisphosphonates and compliance with dosing regimens,  9(4)
ONCOLOGIST 28, 29 (2004), and section A(1) of the previous brief. This demonstrates that a
person of ordinary skill in the art would not have considered an oral dosage form of zoledronic

acid to be feasible in the methods disclosed in Fox or Sorbera.

Furthermore, as illustrated in Figure B below, the data in Sorbera shows that the relative
potency of oral zoledronic acid is over 6 times less than the relative potency of oral pamidronic
acid. This demonstrates that an oral dosage form of pamidronate would be expected to be a far
better candidate for oral administration than an oral dosage form of zoledronate. Thus, even
though Fox includes an oral dosage form containing pamidronate, a person of ordinary skill in

the art would not have expected oral zoledronic acid to be effective.

% POTENCY OF ORAL ZOLEDRONATE
AND ORAL PAMIDRONATE COMPARED
TO SUBCUTANEOUS
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oral zoledronate oral pamidronate

Figure B. Relative potencies for oral zoledronate and oral pamidronate based upon data
reported in Sorbera
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In Figure B, the percent potency of oral zoledronate is the potency of oral zoledronate
divided by the potency of subcutaneous zoledronate (and multiplied by 100). Similarly, the
percent potency of oral pamidronate is the potency of oral pamidronate divided by the potency

of subcutaneous pamidronate (and multiplied by 100).

The data from Figures A and B were derived from the following passage from Sorbera,
in which the bolded and underlined values in the quote were used to obtain the values in
Figure A.

An EDs value for zoledronate to reduce hypercalcemia in 1,25-(OH):Ds-treated

thyroparathyroidectomized rats in vive of 0.072 + 0.018 pg/kg s.c. was reported, which

was 850 times more potent than values obtained for pamidronate (61 + 7.5 pg/kg s.c.).

Zoledronate treatment resulted in dose-dependent inhibition of 1,25-(OH):Ds-induced

hypercalcemia with maximum effects (100%) observed with a dose of 1.4 ug/kg.

Zoledronate showed a low oral bioavailability when administered orally for 4 days in

the same model but remained 120-fold more potent than pamidronate (EDso = 0.19 + 0.06

vs. 23 + 2.9 mg/kg p.o.). Following i.v. administration, zoledronate was 690 times more

active than pamidronate (EDso = 0.16 vs. 110 ug/kg i.v.) (5). Id. at p. 260 (emphasis
added).

Furthermore, at least twelve human clinical studies described in Sorbera were done
using intravenous administration of zoledronic acid, and no clinical studies described in

Sorbera used oral administration of zoledronic acid. Id. at pp. 261-67, esp. Boxes 1-12.

Thus, the low bioavailability of oral zoledronic acid reported in Leonard and Sorbera,
and even lower relative potency of oral zoledronic acid reported in Sorbera teach away from an
unenhanced oral dosage form of zoledronic acid. For at least this reason, the appealed claims
are not prima facie obvious.

The Office Action argues:

Most important, Aronhime and/or Sorbera render Fox alone fully enabled for an oral

dosage of zoledronic acid as both the base compound (the diacid), as well as for its

pharmaceutically acceptable salts thereof, and are thus only employed as cumulative in
their nature. Office Action at p. 8.
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First, Appellant does not agree that adding references to a rejection that are “cumulative
in their nature” justifies reopening prosecution after filing a brief on appeal. Second, Aronhime
and Sorbera contain no experiments showing that an unenhanced oral dosage form containing
zoledronic acid is enabled. Additionally, it was known in the art that the inventors of the Fox

reference failed to develop an oral dosage form of zoledronic acid.

A person of ordinary skill in the art would have known that Novartis is the assignee of
the patent application that published as the Fox reference (see Fox, Correspondence Address)
and that, according to the European Medicines Agency, Novartis developed its intravenous
product “[d]ue to the poor absorption of zoledronic acid after oral administration.” European
Medicines Agency Scientific Assessment Report-Aclasta® (zoledronic acid, Novartis) Injection,
p- 2 (Mar. 4, 2006) (“EMA Scientific Assessment”). Thus, a person of ordinary skill in the art
would have known that the inventors of the Fox publication (which never issued as a patent) or
their colleagues, failed to develop an oral dosage form of zoledronic acid. (This argument was
made in section A(5) of the previous brief, entitled “The European Medicines Agency and Novartis teach

away from an “oral dosage form comprising...zoledronic acid.”)

Furthermore, Leonard and at least six other references (explained in sections A(1)-(7) of the
previous brief) teach that oral zoledronic acid is unlikely to work without bioavailability

enhancing agents.

The Office Action alleges that, because pamidronate, alendronate and clodronate are
commercially available oral dosage forms, this shows that unenhanced zoledronic acid should
also be effective as an oral dosage form. Office Action at pp. 13-15. But, as explained above,
others have tried and failed to prepare a therapeutically effective unenhanced dosage form

containing zoledronic acid.

C. Arquments ignored in the most recent Office Action
The Office Action failed to address the sections listed below from the previous brief on

appeal (identified by section numbers as they appear in the brief).
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C. The favorable bioavailability results achieved using an oral dosage form were unexpected

(1) The safety and efficacy of an oral dosage form for inflammatory pain was
unexpected

(2) The efficacy of the oral dosage form is unexpectedly long lasting as compared to the

results reported in Fox for the subcutaneous dosage form

(3) The Total Pain Relief of a claimed dosage form was unexpected as compared to
morphine

(4) The Total Pain Relief of a claimed dosage form was unexpected as compared to Fox

(5) The Total Pain Relief of a dosage form of the claimed method was unexpected as

compared to an oral dosage form of Fox

(6) The results of an oral dosage form of the claims in a CRPS rat study were unexpected

as compared to Fox

(7) The dosage range of the claims corresponds reasonably well with the unexpected

resulis

D. The unexpected results when compared to morphine satisfy a long-felt need
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V. Arguments from Previous Brief on Appeal

The appealed claims are not prima facie obvious at least because the prior art as a whole
teaches away from the claims, the references do not teach or suggest all of the claim elements,
the result is not predictable, the claimed oral dosage form and pharmaceutical product exhibit
unexpected results, and because the claimed oral dosage form and pharmaceutical product

satisfy a long-felt need.

A. The prior art as a whole teaches away from the claims

“When the prior art teaches away from combining certain known elements, discovery of
a successful means of combining them is more likely to be nonobvious.” KSR, 127 S. Ct. at 1740.
“A reference may be said to teach away when a person of ordinary skill, upon reading the
reference, would be discouraged from following the path set out in the reference, or would be
led in a direction divergent from the path that was taken by the applicant.” In re ICON Health &
Fitness, Inc., 496 F.3d 1374, 1381 (Fed. Cir. 2007). Moreover,

“Teaching away” does not require that the prior art foresaw the specific

invention that was later made, and warned against taking that path. It is indeed

of interest if the prior art warned against the very modification made by the

patentee, but it is not the sole basis on which a trier of fact could find that the

prior art led away from the direction taken by the patentee. Spectralytics, Inc. v.
Cordis Corp., 649 F.3d 1336, 1343 (Fed. Cir. 2011).

(1) The prior art teaches away from oral bisphosphonates

It was generally believed in the art at the time of filing the present application that oral
zoledronic acid had significant disadvantages, as compared to intravenous administration, that

would make its use unsuitable for treatment of medical conditions.
For example, one paper states:

Although daily oral bisphosphonate therapy can be administered at home and
may seem more convenient than iv. administration for the patient, oral
bisphosphonate therapy appears to be less effective and may not be any more
convenient than monthly infusions [16-18]. Oral bisphosphonates are less

effective for the treatment of HCM [hypercalcemia of malignancy] (i.e., less rapid
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and sustained normalization of serum calcium) and appear to have limited
activity in patients with bone metastases compared with i.v. therapy [16, 17]
(reviewed by Coleman [19]). Furthermore, the oral administration of
bisphosphonates is limited by poor bioavailability (<5%) and gastrointestinal (GI)
toxicities (primarily esophagitis and diarrhea) [16, 18, 20]. Because of poor GI
tolerability, compliance with oral bisphosphonate therapy is also an issue, and
many patients require dose adjustments or discontinue therapy as a result, which
can adversely affect efficacy. Therefore, in line with the updated ASCO
guidelines on bisphosphonate therapy in breast cancer and multiple myeloma
[2], as well as consensus guidelines and recommendations for bisphosphonate
therapy in prostate cancer [21-23] and lung cancer [24], most physicians prefer
i.v. bisphosphonates for the treatment of malignant bone disease, wherein strict
compliance with the regimen is critical to achieve maximum therapeutic benefit.
Conte et al., Safety of intravenous and oral bisphosphonates and compliance with dosing
regimens, 9(4) ONCOLOGIST 28, 29 (2004) (emphasis added) (“Conte”).

Thus, this reference explicitly states that oral bisphosphonates are less effective than
intravenous administration for at least one condition and appear to be less effective in general.
The reference also mentions poor bioavailability, gastrointestinal toxicity, problems with
compliance for bisphosphonates, and that physicians prefer intravenous bisphosphonates.
These problems with respect to bisphosphonates are also mentioned in other references. For
example, Reid states that “[oral bisphosphonates] do have limitations related to long-term
compliance, gastrointestinal intolerance, and poor and variable absorption from the
gastrointestinal tract. Intermittent intravenous administration of bisphosphonates might

7

address some of these problems . . ..” lan R. Reid, et al., Intravenous Zoledronic Acid in

Postmenopausal Women with Low Bone Mineral Density, 346(9) N ENGL ] MED 653, 653 (2002).

(2) The prior art also ties problems with oral bisphosphonates to zoledronic acid

Not only are problems with oral bisphosphonates in general emphasized in the prior art,
but a number of references specifically state that zoledronic acid suffers from these problems as
well. For example, Leonard, which was cited by the Office in the most recent rejection, states

that “[t]he current marketed dosage form of zoledronic acid is given as an infusion to overcome
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the limitations of oral dosing of bisphosphonates, including low bioavailability, gastric

irritation, and gastric reflux.” Leonard at p. 1, Introduction section.
Cullen, which was cited in a related application, states:

All bisphosphonates, including zoledronic acid, have poor oral bioavailability.
The current marketed dosage form of zoledronic acid is given as an intravenous
infusion to overcome the issues with oral dosing of bisphosphonates, including:
Low bioavailability, Gastric irritation, Gastric reflux. The gastric reflux induced
by bisphosphonates can result in esophageal erosions. Cullen, Background
section.

Similarly, another Leonard reference, also cited in a related application, states:

All bisphosphonates, including zoledronic acid, have poor oral bioavailability.
This has limited their use in oncological therapies to intravenous infusion to
achieve the doses required for efficacy. The local gastric irritation that occurs
with existing oral bisphosphonates is also an important consideration in
oncological indications, as it can result in esophageal erosions and ulceration.
Leonard 2009, Background section.

And still another reference states:

The low oral bioavailability of zoledronic acid, which is <1% of the oral dose, can
be attributed to poor permeability in the gastrointestinal (GI) tract. It was also
noted that insoluble metal complexes were formed in the upper intestines, most
commonly with calcium. Zoledronic acid has also been shown to cause severe GI
irritation both in the stomach and in the intestines. In some cases the irritation
was so severe that medical treatment was required. U.S. Publication No.
2012/0190647 at para. [0006] (emphasis added).

In addition, the following passage from the prior art demonstrates that those of skill in
the art believed that the low oral absorption of zoledronic acid precluded development of an
oral dosage form at the time of filing: “Due to the poor absorption of zoledronic acid after oral
administration the pharmaceutical development was aimed at developing a parenteral

formulation.” EMA Scientific Assessment, p. 2.

In fact, a comparison between intravenous zoledronic acid and oral risedronate (another

bisphosphonate) concluded that the intravenous formulation was superior to the oral
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formulation for a number a reasons. Johann D. Ringe, Development of Clinical Utility of Zoledronic
Acid and Patient Considerations in the Treatment of Osteoporosis, 4 ]. PATIENT PREFERENCE &
ADHERENCE 231, 238 (2010) (“Ringe”) (citing D. M. Reid, et al., Zoledronic acid and risedronate in
the prevention and treatment of glucocorticoid-induced osteoporosis (HORIZON): a multicenter, double-
blind, double-dummy, randomized controlled trial, 373 LANCET 1253 (2009)). The intravenous
formulation demonstrated superior bone mass density increase at 12 months compared to the
oral formulation. Ringe at p. 238. The intravenous formulation significantly decreased levels of
-CTx and PINP compared to the oral formulation. Id. Additionally, 84% of all patients in the

study preferred annual intravenous administration over daily oral pills. Id.

These passages illustrate that a significant number of prior art references clearly teach

away from using an oral dosage form.

(3) Patients and physicians preferred intravenous zoledronic acid to oral
bisphosphonates

Ringe states that intravenous zoledronic acid was developed to improve compliance

over oral bisphosphonates:

Currently, bisphosphonates are the mainstay of treatment for osteoporosis
though long-term persistence and adherence to bisphosphonates, especially
those taken orally, remain low. This medication noncompliance has serious
consequences on osteoporotic patients as it is associated with a significantly
higher fracture risk. Intravenous (IV) zoledronic acid (ZOL), [was] developed to
increase compliance by overcoming the frequent and burdensome dosing
requirements of oral bisphosphonates . ... Id. at Abstract.

Ringe further explains that most patients prefer intravenous zoledronic acid to oral

alendronate.

A once-yearly IV ZOL [zoledronic acid] has been preferred by a majority of trial
outpatients in 2 separate trials, who switched to ZOL from weekly oral ALN
[alendronate]. McClung et al reported that 79% of patients preferred an annual
infusion of ZOL vs weekly oral ALN. Similarly, Saag et al reported that a
majority of patients (66%) preferred for annual ZOL vs weekly ALN. Moreover,
patients who cannot tolerate or do not prefer oral dosing may opt for yearly IV
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infusion of ZOL. Intravenous regimens may also be particularly advantageous
for elderly patients residing in long-term care facilities or those with
impairments affecting self management of medication. Id. at p. 241 (internal
citations omitted).

(4) The efficacy of intravenous zoledronic acid for treating medical conditions is far

better established than for oral zoledronic acid.

The prior art contains a number of studies that demonstrate the clinical efficacy of
intravenous zoledronic acid in a variety of conditions. For example, Ringe describes a number
of human clinical trials demonstrating the efficacy of zoledronic acid in osteoporosis (id. at pp.
234-36), hip fractures (id. at p. 234), Paget’s disease (id. at p. 236), breast cancer (id.), multiple
myeloma (id.), prostate cancer (id.), and other conditions. According to Ringe “[t]his article

traces the development of ZOL’s [zoledronic acid’s] clinical utility and evaluates its patient

preference by collating data from all major clinical trials, studying the efficacy and safety of
ZOL in the treatment of osteoporosis and other benign bone disorders.” Id. at Abstract
(emphasis added). All of the clinical trials reported by Ringe were intravenous, and none were
oral. Furthermore, none of the cited references include any clinical trials that demonstrate the

effectiveness of oral zoledronic acid for the treatment of any particular condition.

Thus, the weight of the prior art evidence would have led a person of ordinary skill in
the art toward intravenous zoledronic acid —the commercially available dosage form with a
well established history of clinical efficacy —and not oral zoledronic acid, for which significantly
less experimental evidence existed related to effectiveness for any medical condition.

Therefore, the weight of the prior art evidence teaches away from the claims.

(5) The European Medicines Agency and Novartis teach away from an “oral dosage

form comprising...zoledronic acid”

The European Medicines Agency (EMA) and Novartis Pharmaceuticals teach away from
the claim element “an oral dosage form comprising...zoledronic acid” because, according to the

EMA, Novartis developed zoledronic acid as an intravenous formulation because of the low
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oral bioavailability of zoledronic acid. The EMA’s scientific assessment of Novartis” intravenous

zoledronic acid product states the following:

Due to the poor absorption of zoledronic acid after oral administration the
pharmaceutical development was aimed at developing a parenteral formulation.
EMA Scientific Assessment at p. 2.

Thus, according to the EMA and Novartis, the low oral bioavailability of zoledronic acid
prevented development of an oral dosage form. Thus, the EMA and Novartis teach away from
this claim element.

7

The Final Office Action states that “Fox expressly teaches an oral dosage form . . . .
Final Office Action issued July 15, 2014, p. 5 (“Final Office Action”). Fox states the following
with respect to various routes of administration of bisphosphonates.

The pharmaceutical compositions may be, for example, compositions for enteral,

such as oral, rectal, aerosol inhalation or nasal administration, compositions for

parenteral, such as intravenous or subcutaneous administration, or compositions
for transdermal administration (e.g. passive or iontophoretic).

Preferably, the pharmaceutical compositions are adapted to oral or parenteral
(especially  intravenous, intra-arterial or transdermal) administration.
Intravenous and oral, first and foremost intravenous, administration is
considered to be of particular importance. Preferably the bisphosphonate active
ingredient is in the form of a parenteral, most preferably an intravenous form.

The particular mode of administration and the dosage may be selected by the
attending physician taking into account the particulars of the patient, especially
age, weight, life style, activity level, hormonal status (e.g. post-menopausal) and
bone mineral density as appropriate. Most preferably, however, the
bisphosphonate is administered intravenously. Fox at para. [0071]-[0073].

Appellant points out that these passages refer to “pharmaceutical compositions” or
“bisphosphonate,” and do not specify zoledronic acid. A person of ordinary skill in the art
would have known that, for example, “alendronate..., risedronate..., and ibandronate are oral
bisphosphonate,” but that “zoledronic acid...[is] available as an IV formulation...” Ringe at p.

232. Furthermore, Fox describes an example of an oral dosage form of pamidronate (Fox at
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para. [0087]-[0088], Example 1), but contains no example of an oral dosage form of zoledronic

acid.

A person of ordinary skill in the art would further know that Novartis is the assignee of
the patent application that published as the Fox reference (see Fox, Correspondence Address)
and that, according to the European Medicines Agency, Novartis developed its intravenous
product “[d]ue to the poor absorption of zoledronic acid after oral administration.” EMA
Scientific Assessment, p. 2 (Mar. 4, 2006). Thus, a person of ordinary skill in the art would have
known that the inventors of the Fox publication (which never issued as a patent) failed to
develop an oral dosage form of zoledronic acid. Based upon this, a person of ordinary skill in
the art would have understood references to oral bisphosphonate as referring to alendronate,
risedronate, ibandronate, or other bisphosphonates that are actually administered orally, but
would not have expected an oral zoledronic acid to be feasible based upon the disclosure of Fox.

Thus, in view of the prior art as a whole, Fox does not suggest oral zoledronic acid.

(6) Leonard, the EMA, and Novartis, teach away from a “dosage form contain[ing] no
bioavailability enhancing agents”

Leonard teaches away from the claim element “the dosage form contains no

bioavailability enhancing agents” because, according to Leonard, a bioavailability enhancing

agent is necessary for an oral dosage form containing zoledronic acid to be effective.

As explained above, Leonard asserts that “[t]he current marketed dosage form of
zoledronic acid is given as an infusion to overcome the limitations of oral dosing of

bisphosphonates, including low bioavailability, gastric irritation, and gastric reflux.” Leonard

at p. 1, Introduction section (emphasis added). The EMA’s statement that Novartis developed
its intravenous product “[dJue to the poor absorption of zoledronic acid after oral
administration” (EMA Scientific Assessment, p. 2 (Mar. 4, 2006)) further supports Leonard’s

assertion.
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Leonard further states that MER-101, which was developed by Merrion Pharmaceuticals,
“can improve the oral bioavailability of zoledronic acid and thereby enable the development of
an oral dosage form.” Leonard at p. 1, Introduction section (emphasis added); see also Leonard
2009 at p. 2 and Cullen at p. 2, Background section. Thus, according to Leonard, the low
bioavailability of zoledronic acid prevents an oral dosage form from being effective, but
Leonard has improved the bioavailability enough to “enable the development of an oral dosage
form.” Based on this, a person of ordinary skill in the art would not have believed that an oral
dosage form that “contains no bioavailability enhancing agents” would be effective. Thus,
Leonard, in the context of teachings by the EMA and Novartis, teaches away from this claim

element.

(7) Use of an oral zoledronic acid was unpredictable prior to the development of the
claimed dosage form

“The combination of familiar elements according to known methods is likely to be
obvious when it does no more than yield predictable results.” KSR, 127 S. Ct. at 1739. It follows
that the combination of familiar elements according to known methods is not obvious when it
does not yield predictable results. As explained above, the inventors of the Fox publication
failed to develop an oral dosage form containing zoledronic acid. Furthermore, there is no
document on the record that shows that the inventors of the Fox publication ever published any
results demonstrating a therapeutic effect of an oral dosage form comprising zoledronic acid.
This clearly establishes that Fox does not predictably lead to a therapeutically effective oral

dosage form of zoledronic acid.

The lack of FDA approval for the oral dosage form of zoledronic acid further
demonstrates that the use of an oral dosage form of zoledronic acid is unpredictable. Appellant
points out that failure of others to obtain FDA approval can be objective evidence of
nonobviousness. For example, the Federal Circuit has stated that “evidence of the failure of
others [includes] abandonment of certain FDA registration applications. The so-called

‘objective’ criteria must always be considered, Graham v. John Deere Co., 383 U.S. 1, 17-18, 86
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S.Ct. 684, 15 L.Ed.2d 545 (1966), and given whatever weight is warranted by the evidence
presented.” Knoll Pharm. Co., Inc. v. Teva Pharm. USA, Inc., 367 F.3d 1381, 1385 (Fed. Cir. 2004)

(citations present in published opinion).

There is currently no oral dosage form of zoledronic acid available in the United States,
or anywhere else in the world. According to the Orange Book, there are 19 zoledronic acid
products available in the United States, all of them are intravenous, and none are oral. Orange
Book listings from “OB_Rx” table for query on “zoledronic acid” performed on Feb. 28, 2014.

"[T]he Orange Book...identifies drug products approved on the basis of safety and effectiveness

by the Food and Drug Administration (FDA) . ...” Orange Book Preface (emphasis added).
Thus, the lack of a listing of oral zoledronic acid in the Orange Book demonstrates that oral

zoledronic acid is not approved by the FDA.

The prior art strongly suggests that the reason that no oral zoledronic acid is approved
by the FDA is due to failure of the oral dosage form. As pointed out above, the European
Medicines Agency has stated that “due to the poor absorption of zoledronic acid after oral
administration the pharmaceutical development was aimed at developing a parenteral
formulation.” EMA Scientific Assessment at p. 2. Furthermore, Leonard states that “[t]he
current marketed dosage form of zoledronic acid is given as an intravenous infusion to
overcome the issues with oral dosing of bisphosphonates.” Leonard at p. 1, Introduction
section. Additionally, Cullen states that “[t]he current marketed dosage form of zoledronic acid
is given as an intravenous infusion to overcome the issues with oral dosing of bisphosphonates .

..” Cullen at p. 2, Background section. Thus, despite apparent attempts to develop an oral
zoledronic acid, the fact that oral zoledronic acid is not approved by the FDA is significant

evidence of the nonobviousness of the claimed method.

In summary, there were multiple reasons that would have led a person of ordinary skill
in the art away from oral dosage forms of zoledronic acid for treatment of any medical

condition. First, several references cited by the Office describe significant problems associated
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with oral zoledronic acid. Second, for at least some conditions, oral bisphosphonates are less
effective than intravenous bisphosphonates. Third, several references establish that intravenous
zoledronic acid was developed and used because of failure of oral zoledronic acid. Fourth, all
nineteen zoledronic acid products available in the U.S. are intravenous, and none are oral.
Fifth, the oral zoledronic acid allegedly referred to in Fox has not been approved by the FDA.
Therefore, the prior art as a whole teaches away from “[aln oral dosage form
comprising...zoledronic acid, wherein the dosage form contains no bioavailability enhancing

agents.”

(8) Leonard teaches away from “the oral bioavailability of zoledronic acid in the dosage
form is about 1.2% to about 3% in a human being”

Leonard teaches away from the claim element “the oral bioavailability of zoledronic acid
in the dosage form is about 1.2% to about 3% in a human being” because Leonard implies that a

bioavailability of about 5% or higher would be needed for effective oral dosing.

As explained above, Leonard alleges that “[tlhe current marketed dosage form of
zoledronic acid is given as an infusion to overcome the limitations of oral dosing of
bisphosphonates, including low bioavailability, gastric irritation, and gastric reflux.” Leonard
at p. 1, Introduction section (emphasis added). Thus, Leonard asserts that low bioavailability
prevents oral zoledronic acid from being effective. Leonard further states that MER-101, which
was developed by Merrion Pharmaceuticals, “can improve the oral bicavailability of zoledronic
acid and thereby enable the development of an oral dosage form.” Leonard at p. 1, Introduction
section, emphasis added; see also Leonard 2009 at p. 2 and Cullen at p. 2, Background section.
Thus, according to Leonard, MER-101 has a bioavailability sufficiently high enough to “enable

the development of an oral dosage form.”

Leonard states that “[t]he dose administered via a 20 mg tablet equals that of a 1 mg
intravenous infusion.” Leonard at p. 1, Conclusions section. Leonard reports a 5%

bioavailability of its oral dosage form and makes it clear that an even higher bioavailability
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would have been desirable. Leonard tested a 10 mg tablet as well as a 20 mg tablet (Leonard at
p.- 1, data summary section), undoubtedly hoping that 10% bioavailability would be achievable.
Based on this and on assertions by Leonard and other references that low bioavailability of
zoledronic acid limits its effectiveness, a person of ordinary skill in the art would be motivated
to prepare a dosage form with a bioavailability of 5% or higher. Because Leonard’s dosage form
is reported to have a bioavailability of 5%, the potential effectiveness of a dosage form having a
lower bioavailability would have been uncertain. Thus, Leonard would have clearly pointed a
person of ordinary skill in the art to a bioavailability of at least 5%, and Leonard teaches away
from a dosage form that has an oral bioavailability that “is about 1.2% to about 3% in a human

being.”

The Office alleges that a formulation of Fox “will inherently possess the
bioavailability...of Applicant’s claims.” Final Office Action at p. 4. However, inherency cannot
be the basis of showing that cited references teach or suggest a claim element in an obviousness
rejection. See In re Rijckaert, 9 F.3d at 1534 (“That which may be inherent is not necessarily

known. Obviousness cannot be predicated on what is unknown.”)
Furthermore,

[t]o establish inherency, the extrinsic evidence must make clear that the missing
descriptive matter is necessarily present in the thing described in the reference,
and that it would be so recognized by persons of ordinary skill. Inherency,
however, may not be established by probabilities or possibilities. The mere fact
that a certain thing may result from a given set of circumstances is not sufficient.
In re Robertson, 169 F.3d 743, 745 (Fed. Cir. 1999) (internal quotations and
citations omitted).

The extrinsic evidence makes it clear that the bioavailability range of the claims is not
necessarily present. As shown in Table 1, the Cma (maximum plasma concentration of
zoledronic acid) of dosage forms encompassed by, but not taught or suggested by, Fox can vary

significantly even without bioavailability enhancing agents. For example, even when the Crmax is
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dose-adjusted to 5 mg/kg, the dosage form identified as “Tablet Acid” has a Cmax that is twice

that of the dosage forms identified as “Fox” and “Fox-enteric coated.”

According to U.S. Publication No. 2011/0028435 (“Hanna”), the oral bioavailability of
zoledronic acid is “approximately 1%.” Hanna at para. [0007]. Thus, it is possible that the
zoledronic acid in the dosage forms identified as “Fox” and “Fox-enteric coated” have an oral
bioavailability that is about 1%. By contrast, consistent with the signficantly higher Cmax in
Table 2, the dosage form identified as “Tablet Acid” could have a bioavailability within the
range of the claims. Thus, it cannot be said that the bioavailability range is “necessarily
present” in the disclosure of Fox. For at least this reason, this claim element is not inherent in

Fox.
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Patent

Dosage Description Crnax Relevant disclosure of Fox
form
Fox 5 mg/kg zoledronic acid® in the | 110.73 ng/mL ¢ “Other orally administrable
form of zoledronic acid pharmaceutical preparations
monohydrate* in a gelatin are dry-filled capsules made of
capsule’ gelatin.””
Fox 5 mg/kg zoledronic acid® in the | 109.37 ng/mL “Other orally administrable
Enteric- form of zoledronic acid pharmaceutical preparations
Coated monohydrate in an enteric are dry-filled capsules made of
coated gelatin capsule® gelatin.”!!
“Dragee cores are provided
with suitable coatings that may
be resistant to gastric juices.”1
Tablet 3 tablets of 50 mg zoledronic 846 ng/mL 15
Acid acid plus excipients for 6-10 kg Scaled to 5 mg/kg by
dogs® (average 19 mg/kg) multiplying by 5/19 to
Free of bioavailability obtain a scaled Cmax of
enhancing agents'4 222 ng/mL
Table1

Table 1 demonstrates that “Fox” and “Fox Enteric-Coated” are within the description

provided by Fox. The composition of these dosage forms, as compared to the relevant

disclosure of Fox, is shown in Table 1 below. The Cmax values are shown in Table 1 with a

reference to where the values are found in the relevant document.

The Cmax values for the

“Tablet Acid” were scaled down because a larger amount of zoledronic acid was given to the

dogs receiving those dosage forms. The dosage forms labeled “Fox” and “Fox Enteric-Coated”

®Hanna at para. [0133] and [0147]

d. at Table 3, Leg #2.

51d. at para. [0147].

61d. at Table 3, Leg #2 at 0.5 hours.

7 Fox at para. [0082].

8 Hanna at para. [0147]

9 Id. at para. [0148].

10]d. at Table 4, Leg #7, p. 15, at 2 hours.
11 Fox at para. [0082].

12 Id. at para. [0081].

13 U.S. Publication No. 2014/0051669 at para. [0142] (“Tabuteau”).
1 Id. at para. [0113]. Asis clear from this paragraph, a salt form is not a bioavailability enhancing agent.
15 Jd. at Table 1, Group 2 at 0.5 hours.
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are described in Hanna. The dosage form labeled “Tablet Acid” is described in U.S. Publication
No. 2014/0051669 (“Tabuteau”), a related application filed by Appellant. Thus, Table 1 clearly
shows that the bioavailability range of the claims is not necessarily present in dosage forms
within the description provided by Fox. For at least this reason, the rejected claims are not

obvious.

Furthermore, the Office stated that “[t]hat the Cmax shows some differences therefore
may simply reflect different ingredients . . . .” Final Office Action at p. 2. If the Cmax or the
bioavailability depends upon the ingredients within the scope of Fox, it cannot be said that the
range recited in the claims is necessarily present. Therefore, the element is not inherent, and the

claims are not obvious.
B. The cited references do not teach or suggest every limitation of the claims

“Obviousness requires a suggestion of all limitations of a claim.” CFMT, Inc. v. Yieldup
Intern. Corp., 349 F.3d 1333, 1342 (Fed. Cir. 2003) (citing In re Royka, 490 F.2d 981, 985 (CCPA
1974)). The Office has not established that the cited references teach or suggest the element
“la]n oral dosage form comprising about 30 mg to about 250 mg of zoledronic acid” as recited

in the appealed claims.

(1) The cited references do not teach or suggest “about 30 mg to about 250 mg of

zoledronic acid”

The Office alleges that “Applicant’s claims, as amended, recite that the oral dosage
form comprised about 30 mg to about 400 mg of zoledronic acid. For a 75 kg man, this
corresponds to about 0.4 mg/kg to about 5.3 mg/kg of zoledronic acid.” Appellant first notes
that the claim actually recites the range “about 30 mg to about 250 mg,” and not “about 30 mg
to about 400 mg.” This line of reasoning is a classic example of the Office substituting a rigid
application of some legal principle for actually considering what the prior art as a whole teaches
or suggests. The implication of the statement above is that the Office is taking the position that

"a prior art reference that discloses a range encompassing a somewhat narrower claimed range
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is sufficient to establish a prima facie case of obviousness,” (In re Peterson, 315 F.3d 1325, 1330, 65
USPQ2d 1379, 1382-83 (Fed. Cir. 2003)), and because the range of the claims allegedly falls

within the range of Fox, the reference suggests the range.

However, the courts have never intended such a bright line rule to be a substitute for
looking at all of the available facts of a particular situation. The Supreme Court stated:“[W]hen
a court transforms the general principle into a rigid rule that limits the obviousness inquiry, as
the Court of Appeals did here, it errs.” KSR, 127 S. Ct. at 1741. The facts of the present case

clearly show that the prior art does not suggest the range of the rejected claims.

A person of ordinary skill in the art, upon reading the disclosure in Fox referred to
above, would also have noticed the following aspects of Fox. First, Fox only actually tested
zoledronic acid in amounts of 0.003-0.1 mg/kg, administered subcutaneously. Fox at paras. [0102]
and [0108]. Second, Fox further states that “for the preferred nitrogen-containing
bisphosphonates, e.g. zoledronic acid and salts thereof, doses of bisphosphonate in the range
from about 0.5 to about 20 mg, preferably from about 1 to about 10 mg, may be used for
treatment of human patients.” Id. at para. [0078]. Thus, the range that Fox identifies for
treatment of humans is less than that of the claims, and the preferred range is even further from

the claims.

More importantly, a person of ordinary skill in the art would have been aware that
typical use of zoledronic acid is well outside of the range of the appealed claim. For example,
the highest dosage of zoledronic acid reported in one comprehensive review is “4 mg via 15-
minute IV infusion, every 3-4 weeks” (Ringe at p. 236), and for some indications, such as
prevention of fractures in patients who have had hip fractures, the dosage reported is “5 mg . . .
once-yearly” (id. at p. 234). Furthermore, the Zometa label states that in clinical trials, 8 mg IV
zoledronic acid was found to be toxic: “The studies were amended twice because of renal
toxicity. The Zometa infusion duration was increased from 5 minutes to 15 minutes. After all

patients had been accrued, but while dosing and follow-up continued, patients in the 8 mg
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Zometa treatment arm were switched to 4 mg due to toxicity.” Zometa product label, section

14.2, second paragraph.

Furthermore, Leonard reports that its “20 mg tablet equals that of a 1 mg intravenous
infusion.” Leonard at p. 1, Conclusions section. Because Leonard also tested a 10 mg tablet
(Leonard at p. 1, Data Summary section), the authors of Leonard were undoubtedly hoping that
a dosage form containing less than 20 mg of zoledronic acid could be used. This is consistent
with the knowledge in the art that, as explained above, bisphosphonates have oral toxicity. For
at least these reasons, a person of ordinary skill in the art would have been motivated to further
reduce, rather than increase, the amount of zoledronic acid administered orally. Thus, the prior
art as a whole would suggest seeking a dosage form that has even less than 20 mg of zoledronic

acid, which is a trend in the opposite direction of the range of the appealed claims.

(2) The cited references do not teach or suggest “about 30 mg to about 50 mg of

zoledronic acid”

For similar reasons, the cited references do not teach or suggest “about 30 mg to about

50 mg” as recited in claim 42. Therefore, this claim is not prima facie obvious.

(3) The cited references do not teach or suggest “about 10 mg to about 50 mg of

zoledronic acid”

For similar reasons, the cited references do not teach or suggest “about 10 mg to about

50 mg” as recited in claim 45. Therefore, this claim is not prima facie obvious.

C. The favorable bioavailability results achieved using an oral dosage form were unexpected

The claims are not obvious at least because an oral dosage form made in accordance
with the present specification has an unexpectedly high Cmax (peak plasma concentration of
zoledronic acid) as compared to some dosage forms of Fox. “Usually, a showing of unexpected
results is sufficient to overcome a prima facie case of obviousness.” MPEP 2145 (citing In re
Albrecht, 514 F.2d 1389, 1396, 185 USPQ 585, 590 (CCPA 1975)). There is nothing in Fox, or any

of the cited references, that would suggest to a person of ordinary skill in the art that any oral
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dosage form that is free of bioavailability enhancing agents would have a significantly higher

Cumax than any of Fox’s oral dosage forms.

Figure 1 illustrates that a dosage form made in accordance with the specification
(labeled “Tablet Acid”) clearly has an unexpectedly higher Cmax (about twice) than two dosage

forms of Fox.’* Therefore, the claimed dosage form is not obvious over Fox.

C... per 5 mg/mL Dose

max

250

200

150

100 -~

C.nax (ng/mL) of zoledronic acid

N N SRR\
Fox-Enteric Coated Tablet Acid

Figure 1
The dosage forms of Figure 1 are those described in Table 1 above.

The Office alleges that:

The issue with the data presented by Applicant is how can there possibly be a
showing of unexpected results when all tablets compared fall within the scope of
Applicant's claims? Specifically, with reference to the names given on

16 Appellant merely asserts that these dosage forms fall within the broad disclosure of Fox. Appellant does not admit
that these dosage forms, or any others, are anticipated or obvious over the disclosure of Fox.
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Applicant’s chart (Response at p.6) Fox, Fox enteric-coated and Tablet Acid are
all oral dosage forms of comprising about 30 mg to about 250 mg of zoledronic
acid, wherein the dosage form contain no bioavailability enhancing agents.
Final Office Action at p. 2 (emphasis present in Office Action).

Appellant respectfully points out that all dosage forms compared do not fall within the
scope of Applicant’s claims. Specifically, not all of the dosage forms have an “oral
bioavailability of zoledronic acid” of “about 1.2% to about 3% in a human being.” The two
dosage forms with the lower Crmax values (110.73 ng/mL and 109.37 ng/mL) do not have an oral
bioavailability within the range of the claims. By contrast, the third dosage form, with a scaled
Cmax value of 222 ng/mL, could have an oral bioavailability within the range of the claims.
According to Hanna, zoledronic acid has an oral bioavailability of “approximately 1%.” Thus,
based upon Cmax, “Fox” and “Fox-Enteric Coated” would have an oral bioavailability of about
1% or less, while “Tablet Acid” would fall within the range of the claims. This shows that the
dosage form prepared by Appellant, notwithstanding the fact that it does not have any
bioavailability enhancing agent, has a bioavailability that is unexpectedly greater than other

unenhanced dosage forms that are within the broad disclosure of Fox.

The Office further alleges “[t]hat the Cmax shows some differences therefore may simply
reflect different ingredients (e.g. gel for the Fox tablets, versus the ingredients of paragraph
[142] for Applicant) different fasting state of the animals (e.g. fed versus fasting), different

weight of the animals, etc. Final Office Action at pp. 2-3.

Appellant has adjusted the data in Table 2 and Figure 1 to reflect Cmax scaled to 5 mg/kg.
So the difference in Cmax does not reflect a difference in weight of the animals. Furthermore, in
both experiments the animals were fasted (Hanna at para. [0125]; Tabuteau at para. [0142]), so
the Cmax does not reflect a difference in fasting state of the animals. Thus, the only remaining
difference is the “different ingredients.” There is nothing in any of the cited references that

suggests that dosage forms having “different ingredients” that are not bioavailability enhancing
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agents should result in significantly different Cmax values. Therefore, this result is unexpected,

and the claims are not obvious.

The Office further states that “[nJone of Applicant’s data is based upon direct
comparison, it is only comparing results from different sources.” Final Office Action at p. 3.
However, there does not appear to be any significant difference between the experiments
carried out in Hanna and those carried out in Tabuteau that would justify a belief that the

experiments could not be directly compared.

The description of the determination of Cmax in Hanna is as follows:

After initial administration of zoledronic acid or its complexes, blood (approx.
2.5 mL per sample) was withdrawn from each of 5 animals in Group A (IV
administration) at 15 time points: Pre-dose (0), 2, 5, 10, 15, 30, 45 min, 1, 1.5, 2, 4,
6, 8, 24 and 48 hrs and at 13 time points for Group B (oral administration): Pre-
dose (0), 5, 10, 15, 30, 45 min, 1, 1.5, 2, 4, 6, 8, and 24 hrs. Blood samples were
placed without the use of an anticoagulant and allowed to sit at room
temperature for approximately 30 minutes. Samples were then centrifuged at a
temperature of 4° C, at a speed of 13,000 rpm, for 5 minutes. Serum was collected
and split into two aliquots and stored frozen (-80° C) till analysis. Samples were
thawed on the day of analysis and processed using analytical procedures for
zoledronic acid containing an LC/MS/MS analysis method. Hanna at para.
[0152].

By comparison, the determination of Cmax in Tabuteau does not appear to be different in
any way that would affect the results obtained.

Serial blood samples were collected from each animal by venipuncture of the

jugular vein at various points after dosing for measurement of plasma

concentrations of zoledronic acid. Blood samples were collected into chilled

tubes containing K2EDTA as the anticoagulant. Samples were then centrifuged

at approximately 3000 rpm at +4°C for 10 minutes for plasma derivation. Plasma

concentrations of zoledronic acid were measured using an LC/MS/MS method.
Tabuteau at para. [0143].

Therefore, the results obtained are in fact unexpected, and the appealed claims are not

obvious.

38

01336



Appl. No.: 13/894,244 Patent
Art Unit: 1627

(1) The safety and efficacy of an oral dosage form for inflammatory pain was
unexpected

As explained above, the prior art as a whole would have led a person of ordinary skill in
the art away from oral dosage forms of zoledronic acid for the treatment of any medical
condition. Thus, it is unexpected that oral dosage forms related to the doses recited in the

claims would be safe and effective in a rat model of inflammatory pain.

Example 1 of the specification describes a test of oral zoledronic acid in a rat model of
inflammatory pain. According to paragraph [090] of the specification, “[o]rally administered
zoledronic acid produced a 29% reversal of inflammatory pain at the 18 mg/m? . . . dose”
administered “on days 1-3.” Specification at para. [085]. As stated at paragraph 6 of the
Declaration of Herriot Tabuteau submitted in U.S. Application No. 13/894,252 on March 28,
2014, “zoledronic acid 54 mg/m? (or 9 mg/kg), divided in three equal daily [18 mg/m?] doses,
was tolerated.” Thus, for this group of rats, oral zoledronic acid was unexpectedly proven to be

safe and effective in a rat model of inflammatory pain.

(2) The efficacy of the oral dosage form is unexpectedly long lasting as compared to the
results reported in Fox for the subcutaneous dosage form

Because Fox states that “[ijn a rat model of inflammatory hyperalgesia...[there was] no
significant activity 3 hours following administration,” a person of ordinary skill in the art would
not have expected an oral dosage form comprising zoledronic to provide extended relief of
inflammatory pain. Thus, it is surprising that some embodiments of the claimed composition

provided extended pain relief that continued for days.
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Figure 2 is a compilation of the data from Examples 1 and 2 of the specification and the
Fox reference.” This figure clearly demonstrates that at the 18 mg/m? dosage level, significant
pain relief was observed 24 hours after the first (Day 2 BL) and second (Day 3 BL) doses.
Furthermore, at both the 18 mg/m? and 120 mg/m? dosage levels, the oral zoledronic acid had a
significant reversal of hyperalgesia 14 days after the first administration and 11 days after
administration of the final oral dose (which occurred on day 3).1® Therefore, the rejected claims
are also not obvious because of these unexpected results, and the rejection should be

withdrawn.

17 The experiment of Examples 1 and 2 were actually carried out on the same animals, with the effect of the oral
administration being a model for either inflammatory pain or arthritis pain, depending upon the time between
injection of the CFA and the measurement of paw compression threshold. The values at one hour and 3 hours for the
Fox reference are not actual values reported in Fox, but are added to provide a visual approximation based upon the
statement “maximal reversal of 100% within 30 minutes, and a short duration with no significant activity 3 hours
following administration.” Fox at para. [0102].

18 A higher oral dose was also administered, but the animals were euthanized after 3 days due to the high toxicity
level of this dose, so these results are not included in the figure.
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LANCET 2229, Abstract and 2229 (1999). In addition, several prior art references indicate that
oral bisphosphonates were believed to be less effective than intravenous bisphosphonates at the
time of filing. Therefore it was unexpected that oral zoledronic acid could provide similar or

greater TOTPAR than morphine in the rat inflammatory pain model.

As explained at paragraph 6 of the Declaration of Herriot Tabuteau submitted in U.S.
Application. No. 13/894,262 on June 6, 2014, TOTPAR for the 24 hours following drug
administration was calculated as the area under the pain relief versus time curve, as described
in U.S. Publication No. 2014/0107210, using the linear trapezoidal rule. TOTPAR values were
quantified as %-hr, or the product of reversal of hyperalgesia (%) and time (hr). Values for
morphine are calculated based on results reported in Whiteside. Id. at para. 7 (citing Garth T.
Whiteside et al, DiPOA ([8-(3,3-Diphenyl-propyl)-4-oxo-1-phenyl-1,3,8-triazaspiro[4.5]dec-3-yl]-
acetic Acid), a Novel, Systemically Available, and Peripherally Restricted Mu Opioid Agonist with
Antihyperalgesic Activity: II. In Vivo Pharmacological Characterization in the Rat, 310 . PHARMACOL.

& EXP. THER. 793 (2004)).

(4) The Total Pain Relief of a claimed dosage form was unexpected as compared to Fox

As shown in Figure 4 below, the average 24-hour TOTPAR observed in the rat
inflammatory pain model of Example 1 of the specification is unexpectedly greater than the
TOTPAR calculated based on the results reported in Fox for the same rat model of

inflammatory pain.
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Figure 4
As previously discussed, Fox contains no suggestion that oral administration of
zoledronic acid is materially different than subcutaneous administration in terms of pain relief

or any other therapeutic effect. Therefore it was unexpected that oral administration could

provide greater TOTPAR than subcutaneous administration.

(5) The Total Pain Relief of a dosage form of the claimed method was unexpected as
compared to an oral dosage form of Fox

As shown in Figure 5 below, the average dose-normalized 24-hour TOTPAR for days 1-
3, observed in the rat inflammatory pain model of Example 1 of the specification is
unexpectedly greater than what would be expected for an oral dosage form of Fox based upon

the results described in Fox for the same rat model of inflammatory pain.
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The dose normalized TOTPAR was arrived at by dividing the observed TOTPAR by oral
doses expressed in mg/kg. As explained in the Final Office Action, Leonard “teaches that for
oral tablets of zoledronic acid, the dose administered via a 20 mg tablet is equivalent to 1 mg
intravenous infusion . . . .” Final Office Action at p. 7. Thus, for a bioavailability enhanced
dosage form, the subcutaneous dose reported in Fox of 0.1 mg/kg is multiplied by 20 to obtain

the oral dose that would have been expected.”” As a result, the 0.1 mg/kg subcutaneous dose

YAs explained previously, 0.1 mg/kg administered subcutaneously in a rat is equivalent to 5 mg administered
intravenously to a person. Guidance for Industry, Estimating the Maximum Safe Starting Dose in Initial Clinical
Trials for Therapeutics in Adult Healthy Volunteers, FDA, p. 19 (July 2005). The FDA recommended reference body
weight for a human being is 60 kg, so this corresponds to 0.083 mg/kg. Id. In this case, the value of TOTPAR for Fox
would be 90 %hr, which is still much lower than the TOTPAR from Example 1.
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reported in Fox is equivalent to 2 mg/kg for a bioavailability enhanced dosage form. The dose

in Example 1 of the specification is 3 mg/kg.

Figure 5 illustrates that the TOTPAR of an embodiment of the claimed invention is
significantly higher than what would be expected from Fox. An unenhanced dosage form
applied to Fox’s results would require an even larger oral dose, which would further increase
the difference between Fox and the claimed invention. Therefore, the claimed invention is not
obvious because it unexpectedly provides a significantly greater TOTPAR as compared to what

would have been expected from oral administration according to Fox.

(6) The results of an oral dosage form of the claims in a CRPS rat study were unexpected
as compared to Fox

Additionally, an oral dosage form of the rejected claims performed significantly better in
a CRPS rat study than what would have been expected based upon the studies presented in
Fox. According to Sebastin (cited in a related application), “the International Association for the
Study of Pain (IASP) in 1994 introduced the term CRPS to describe a wide variety of post

traumatic neuropathic pain conditions of the limbs.” S.J. Sebastin, Complex Regional Pain

Syndrome, 44(2) INDIAN J. PLAST. SURG. 298, 298 (2011) (emphasis added). Based upon this, a
person of ordinary skill in the art would have expected the chronic neuropathic pain model of
paragraph 104 of Fox to be relevant to CRPS. At best, a person of ordinary skill in the art might
have expected the pain relieving effect for CRPS to be similar to that shown in the rat model of
neuropathic pain. Furthermore, a person of ordinary skill in the art would likely have expected
the pain relieving effect to be lower for oral administration than for subcutaneous

administration due to problems with oral zoledronic acid such as low oral bioavailability.

Thus, it is surprising that, as shown in Figure 6 below, the pain relieving effect after oral
administration in the rat model of CRPS is significantly higher than the pain relieving effect
reported after subcutaneous administration in the rat model of neuropathic pain. It is also

surprising that the pain relieving effect of oral zoledronic acid in treating CRPS is significantly
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longer lasting than the pain relieving effect of subcutaneous zoledronic acid in treating

neuropathic pain.

Pain Relieving Effect Duration of effect (h)

. \ ~~~~~~~~~~~~

15

1

100
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80
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60
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40
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% Reversal of Hyperalgesia

o A

Neuropathic Pain- CRPS oral Neuropathic Pain- CRPS oral
Fox subcutaneous Fox subcutaneous

Figure 6

In the neuropathic pain model of Fox, the rats were injured two weeks before the
zoledronic acid was administered. In the first rat study, administration of zoledronic acid
began one day after injury, but in the second rat study, administration of zoledronic acid began
29 days after injury. Thus, the second rat study was deemed to be the appropriate comparison
because, like the neuropathic pain model, administration of the zoledronic acid was several
weeks after the injury. Declaration of Herriot Tabuteau at para. 24 submitted in U.S.

Application No. 13/894,274 on March 10, 2014 (“the “274 Declaration).

(7) The dosage range of the claims corresponds reasonably well with the unexpected

results
The doses shown to be effective in the rat models of inflammatory pain and CRPS are

reasonably related to the doses recited in the rejected claims.

In the rat models of inflammatory pain, “[a]Jnimals were orally administered vehicle
(control), zoledronic acid 18 mg/m? (or 3 mg/kg) [or] zoledronic acid 120 mg/m? (or 20 mg/kg) . .
.ondays 1-3 ....” Specification at para. [085]. In the second study of the rat model of CRPS,
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animals were “orally administered either vehicle (n=6), or zoledronic acid (n=6) for 3 weeks.
Drug treated animals received zoledronic acid at a dose of 126 mg/m? (21 mg/kg) on the first
day (day 29), followed by 18 mg/m?day (3 mg/kg/day) thereafter.” ‘274 Declaration, Exhibit 3.
As explained in paragraph [0109] of the present specification, while individual human surface
areas can vary, “under current FDA guidelines, the reference body surface area of a human
adult is 1.62 m.” Thus, an 18 mg/m? dose would correspond to about 29 mg, 120 mg/m? would
correspond to about 194 mg, and 126 mg/m? would correspond to about 204 mg for a human
adult having the reference body surface area. These doses are reasonably related to the amount

of zoledronic acid in the dosage forms of the claims.

D. The unexpected results when compared to morphine satisfy a long-felt need

In addition to the reasons given above, the claimed oral dosage forms are not obvious
because they satisfy a long-felt need for orally administered non-opioid pain medications.
MPEP 716.04. “Secondary considerations [such as long-felt but unsolved needs and failure of
others] “can be the most probative evidence of non-obviousness in the record, and enables the . .
. court to avert the trap of hindsight" (Crocs, Inc. v. Int'l Trade Com’n, 598 F.3d 1294, 1310 (Fed.
Cir. 2010) (quoting Custom Accessories, Inc. v. Jeffrey-Allan Indus., Inc., 807 F.2d 955, 960 (Fed. Cir.
1986))) and may often establish that an invention appearing to have been obvious in light of the
prior art was not” (Stratoflex, Inc. v. Aeroquip Corp., 713 F.2d 1530, 1538 (Fed. Cir. 1983)). “The
claimed invention must satisfy a long-felt need which was recognized, persistent, and not

solved by others.”

As explained in the Examiner Interview of May 29, 2014, there has existed and continues
to exist an urgent need for orally administered non-opioid pain medications. FDA
Commissioner Margaret A. Hamburg has stated, “Tragically, the most recent data shows that
more than 16,000 lives are lost each year due to opioid-related overdoses. In fact, drug
overdose deaths, driven largely by prescription drug overdose deaths, are now the leading

cause of injury death in the United States — surpassing motor vehicle crashes...” FDA
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Commissioner Margaret A. Hamburg Statement on Prescription Opioid Abuse (April 3, 2014),

available at www.fda.gov/NewsEvents /Newsroom/PressAnnouncements/ucm391590.htm.

Hamburg further explained that this has been a long-felt need since at least 2001. For
example, she stated that “[s]ince 2001 the FDA has taken a number of actions designed to help
address prescription opioid abuse and to encourage the development of new drug treatments
for pain . . . and to advance the development of new non-opioid medications to treat pain with
the goal of bringing new non- or less abusable products to the market.” Id. It is well known

that many the prescription opioids that are abused are administered orally.

The fact that zoledronic acid provided more TOTPAR on day three than morphine
demonstrates that zoledronic acid could satisfy this long felt need and could be a viable

alternative to orally administered opioid pain medications.

The above evidence establishes that (1) there was a long-felt need that was recognized
by the FDA as early as 2001, (2) the need has been continuous since 2001, and (3) the need
clearly has not been solved by others as the FDA commissioner’s comments were issued only
three months ago. Accordingly, this long-felt need and the fact that zoledronic acid can satisfy
this long-felt need serves as “probative evidence of non-obviousness in the record, and enables

the [board] to avert the trap of hindsight [bias].” Crocs, 598 F.3d at 1310.

CONCLUSION
For at least the reasons given above, the claimed method is not obvious over the art of
record. Therefore, Appellant submits that the claims are patentable and respectfully requests

that the Board reverse the obviousness rejection.

The Commissioner is authorized to charge any fee which may be required in connection

with this Amendment to deposit account No. 021818.
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CLAIMS APPENDIX

1.-39. (Canceled)

40. An oral dosage form comprising about 30 mg to about 250 mg of zoledronic acid,
wherein the dosage form contains no bioavailability enhancing agents, and wherein the oral
bioavailability of zoledronic acid in the dosage form is about 1.2% to about 3% in a human
being.

41. (Canceled)

42. The oral dosage form of claim 40, wherein the oral dosage form contains about 30 mg to
about 50 mg of zoledronic acid.

43. (Canceled)

44. A pharmaceutical product comprising more than one unit of the oral dosage form of
claim 40, wherein the amount of zoledronic to be administered in one month is about 40 mg to
about 800 mg.

45. The pharmaceutical product of claim 44, wherein each unit of the oral dosage form
contains about 10 mg to about 50 mg of zoledronic acid.

46. The pharmaceutical product of claim 44, comprising 28, 29, 30, or 31 units of the oral
dosage form, for a total of about 40 mg to about 600 mg of zoledronic acid of zoledronic acid to
be administered in about 1 month.

47. The pharmaceutical product of claim 45, comprising 85 to 95 units of the oral dosage
form to be administered in about 3 months.

48. The pharmaceutical product of claim 45, comprising 170 to 200 units of the oral dosage
form to be administered in about 6 months.

49. The pharmaceutical product of claim 45, comprising 350 to 380 units of the oral dosage
form to be administered in about 1 year.

50. The pharmaceutical product of claim 44, wherein each unit of the oral dosage form

contains about 10 mg to about 300 mg.
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51. The pharmaceutical product of claim 50, comprising 4 or 5 units of the oral dosage form
to be administered within a period of about 1 month.

52. The pharmaceutical product of claim 50, comprising 8 or 9 units of the oral dosage form
to be administered in about 2 months.

53. The pharmaceutical product of claim 50, comprising 12, 13 or 14 units of the oral dosage
form be administered in about 3 months.

54. The pharmaceutical product of claim 50, comprising 22 to 30 units of the oral dosage
form to be administered in about 6 months.

55. The pharmaceutical product of claim 50, comprising 45 to 60 units of the oral dosage
form to be administered in about 1 year.

56. The pharmaceutical product of claim 44, comprising 1 to 10 units of the oral dosage
form, wherein the product contains about 200 mg to about 2000 mg of zoledronic acid.

57. The oral dosage form of claim 40, wherein the zoledronic acid is in the form of a sodium
salt.

58.-59. (Canceled)

60. An oral dosage form comprising about 30 mg to about 250 mg of zoledronic acid and an
excipient, wherein the dosage form contains no bioavailability enhancing agents, and wherein
the oral bioavailability of zoledronic acid in the dosage form is about 1.2% to about 3% in a
human being.

61. The oral dosage form of claim 60, wherein the zoledronic acid is in a form that has an
aqueous solubility of about 5% (w/v) to about 50% (w/v).

62.-119. (Canceled)

120. The oral dosage form of claim 40, wherein the zoledronic acid is present in an amount that
provides relief of an inflammatory pain at least 6 hours after administration of the dosage form.
121. The oral dosage form of claim 40, wherein the oral bioavailability of zoledronic acid in the

dosage form is about 1% to about 3% in a human being.
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of MM in oomhmauon with qogventlonal chemo-

hQSpbenai&
treatmem

ality of life of paticnis (Laklmcn et al.
1052; McCloé[(cy etdl B. J. Hae-
matsl., 1998, 100 31 325 and Berenson et al. N, Eng. 1.
Med. 1996 Vol. 334, No. &; 488- 4-93) Stmilar éffects have,
been reported m breast cancer panem.s trealed vmh blspho-

skeletal comphcahons m paiients ‘with breast canc :band
Iytic bone. melastases. Projocol 19 Aredia Breast Canmoer
Study Group., N Engl ¥ Med.1996;335:1785-91; Kanis 1.4,
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Powles: T, Paterson A-H G, McCloskey E V, Asbley S
Clod:onale decreases the frequeticy of Skeletal metastasesin
‘women with_breast cancer: Bone 1996;:19; 6637.)

[0005] It hiis ‘mow been found swprsingly that certaiin
blsphosphonaies exert, pmfou.nd and apparently direct pal-
Tiative: effects on pafn in in, vive' amimal models. For
ttxamp[c zoledronic acid has been fo 10 TEVElSe
‘mechianical hyperilgesia dn. rat models of chi
‘mitory and néuropathic-pain, With a fastonset of action an
.eﬂica t_o about 100% Addmonally

hind hmb syanng in 2 rat: model ofbone caneer pa'
tesylts fndicate that zoledronic acid and similar bisp
Thites: may have. direet, fast aclmg, anti-nociceptive “and
anu-allod}mlc achuty on pain.

IIcafmcm, whl;;h l;cmpr' s 4
amount of:  bisphosphorrate;

[0907] The mmvention further provides.use of: 2 bisphos-
‘phonate in.the preparafion of & mi¢dicament for the treafment
-of pain.

sphionite to tiedt pain associated with diseases arpathologi:
‘&4l conditions. in mamimals.

[0009] The present invention is particularly applicable. fo
‘the palliative treafment of pain, ix. the direef relefof pain
/in additionto the relicf of pain as the xesult of- amelioration
-of the underlymg disease or medicil condition, which is the
:cause of the :pain. Thus; advantage the invenfion pro-
‘vides, methods and uses for the apalgesie or acute
‘treatment f pain:.

T0010] Pieferably the :invention is vsed for the: direct

which. b;sphogt)honatcs are vsed 1o inhibit osteoclast Fsfiv-
‘ity. For example, fhe Jinvention may be used for direct
‘r.reaunem of pam o d)seases and condifions whlch involve

and condltmn inchui

as osteoporosis of vario genesns Pagets chsr:ase oslcoar—

thnlls, RA, penodantal isease; and especially mallgnam
-as MM and TIH and BM assocxatcd w1th

.spbon‘atzs are, used and paiii s enmuntere&, £.8. when
‘bisptiospbonates are use in bone fracture healing, ‘ostear-
‘ctosis ot treatment. of peosthiesis loasening.

:[0011] The uses and methods of fhe presem mvemwn

miatory.
siich 4s Theutmatoid arthritis and 6§ itis, 4s-well-as for

4ll forms of osteoporésis: and ostespenia.

[0012] Thus @ tbe present. description the terms “treat-
‘ment” or *Ireat” refer to both. prophylactic or preventative
freatment: as ‘well as curative. or palbiative treatment of
‘paigyin particular apti-pociceptive and anfi- -allodymic treat-
‘ment of pain,. especially ireatment of bone pail
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f0013] Thus it particalar embodiments.the:invention pro=
vides:

[0014] a riethiod for the tredtment of botie paia ina
pauenl in need of such treatment which comprises.
adm1mslenng an cﬁecuve amouit of a bispliospho-

[0015] use of a blsphnsphouatc #1i e preparation of
amedicainent £oi the iréatmeist -of bene paih; or

{0016] useofa” bisphosghonate asiari agent for treat-
ment of bone: pain..

[0017] The bisphosphonates used in the: pre
are typlcally these which relieve pam m p
whiich have 4o arifi-necicéptive or atiti-a
erably rapid osisét, activity dn paii.

[00,18] Thus, for example, suitable bisphosphonates for
use in the invention may inctude ftic following componnds
ora pharmaceuhcall) aoceptablasxli thereof, orany hydrarc:

thyl N—n»p entyfa.mmo) ]
nic acld, pcmyl APD (—BM Zi. 0935)

-yi)ethanﬁ-l,l-dxphosphamc acid,

dlphosphomc acud (nscdromc dc:d), e g risedronafe, includ-

jnig, N-miethy] pyridiniwm salts thereof, for examplé; N-me-
fhyl ‘pyridinmm md:dcs such. as NE-l 244 or NE 10446

droxy-z-(mdazo[l 2-a)pytidin-3-yljeth
nic acid, ¢.g; YM. 529; and 1, 1-d1ch10mmethanc-1 1~
diphosphonic, acid (clodronic acnd) €, g clodronate.

[0019]  Preferably. the bisphosphomnes for use in the
invention -are the nitrogen: containing bxsrhospbonatcs For

the purposes of the presem descxriphi

compnses anitrogeri cani
of formula I

[06026] Thus in one embodiment
‘bisphiesphoriale for use in fhe investion. comiprises.a com-
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10020] -whirein

[0021] X is hydrogen, hydroxyl, afmino, alkanaylor

an amine growp substituted by €-C, alkyl or
- alkanoy;

[0022] R is'hydrogen ar C,-C, alkyl ard:

[0023] Rxis a side cheiii which contains an gption-
ally substituted: aming: group, or. a nitrogen contain-
‘ing hgteroeyele (including, acomatic. nitrogen-con-
“faining heferooycles),.

[0024) apd pharmaceutically acceptable salis; thereof ar

iy hydrate thersot.

T0025] Partionlacly.preferred nilorogex confainir bispho-

:sphonates are those having side dhains confaining nifrogen-
Coittaining heterocycie

most especxally comammg afo-
mafic mitrogen-confaining heterogycles.

: parficularly preferred

~pound of Formula I
r
li
P{ORY;
Hét——A 0= X!
P(OR)
[0027] wheicin

[0028] Het is an imidazole, vxazole, oxazole, oxa-
‘diazole, fhiazole,-thiag le, pyridige, 1,2,3triaz-
-ole, 1,24-triazole orbenzimidizole radical, which i
‘optionally. substituted b alkyl a]kﬂ'XV, haloven
hydmxyl catboxyl an aming group opfionally sub-
&tinited by alkyl or alkanoyl radicals of a benzyl
radical optionally substitujed by alkyl, vitro, amine
or aminoalkyl; )

[0029] A is a straight-chained or branched, saturated
.or inisaturated hytirocitbon moiety containing from
1 to 8.carbbn atoris;

[0030] X is.a. hvdmgen atomm, optionally substituted
by dlkinoyl, or ad amine. group optichally: substis
tuted by alky!, o alkanoy} radicals; and

[003i] R is.a hydiogen atoin o¢ 4 C;-C, alkyl radical,
0032]  and the pharmdcologically accepiable salts thereof.
P il ep

10033} In a furiher embodimen( a particularly preferred
‘bisphosphonite for use in the 1avention coinprises a com-
pound of Foidiula I
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Y POR)

R ——
TR «

PRy,

[0034] whezein
o0y T

S
tnazol&l, oxadiazolyl and ﬂnadxa_zolyl whcrem sald'
nng -can be partly hydrogeriated Wnd whetein gaid
substituerits aré selected from at ledst ofe. of ‘the
group consisting of C,-C, alkyl, 'C,-C, alkoxy, phe-
nyl, cyclnhaxyl cyclohexylmcthyl halogcn and

Hét can together form a scoond i g;
[0036] Y is hydrogen ur C-C, alkyl;
[0037] X" is hydrogen, hydroxyl; ammo, OF an' aymino

group substituted by C,-Cyalkyl, an
[0038] Reis bycrogen or C; alky},

[0039]  as well as the pharmicolopically acceprible. suits
P

and isomers thereof;

[0040] Iniayetfurtherembodimeri a p:irticiﬂai-lyprcferrcd

bisphosphonate. for vse. in ihe invention; cornpnses 3-com-

pound of Borpmla 11X

o
Il
P(OH),
Hetr—C—C—RZ
Hj

ﬁ (0802

[0041] wherein

[0042] - Hef? s an imidazolyl, 2H-1;2,3+, 1H-1,2,4- or
4H-1,2, il i oxazolyl, isoxazolyl,
oxadiazolyl, thizzolyl: o thiad Zolyl radicalwhichiis.
unstbstitiited of G-mone- 6 di-sibsiituted by lower
alkyl, by lower alkoxy, bx phenyl whichrmay in tumn
be mnop- -or. disubstituted by Tower alkyl lower
alkoxy and/or halogen, by hydroxy, by dizlower
a]ky]ammo by lower alkylthio and/or. by haloger
and is. N-snbstimted at a ‘substitutable N-atoin by
lower alkyl or by phenyl-lower. alkyl which may in
turn'be. meno- or di-substituted in the phenyl:moicty
by lower alkyl, lower alkoxy andfor halogen, and

[0043] R is hydrogen, hydroxy, amino, lower alky-

" lthio' or halogen, lower radicals having up te: and

including 7 Clatoms;.
[0044] ®r a phanmacologically acceptable salt thereof.

[0062] - and pharmacologically acceptabl

J0063] The most preferte
JAnvention is 2+(imic

[00 1] Phs:mncoiog;\ually eeplable salts arg preferably i

-crably ¢
‘salis with arpmonia ‘or omamc ‘amines.

xeplaced
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T0045) Examiplés-of particularly prcferred bisplisphonates !
‘Yo use in. the mmvention are:

[0046] 2-(1-Methylimidazol-2-yl)-1-hydroxyethane- '
i,1-diphosphonic 4cid; '

[0047] 2(1-Benzylimidazel:
* 1,1-diphosphonic’ acid;

[0048] 2—(1 Metliylimidazol- 4~y1) 1-hydroxyethane-
1,1~ dlphosphamc acid;. :

[0049]  1-Amitio2-(1-methylimidazo l-4-yljethiane-1,.
1-diphosphonit dcid;:

[0050]  1-Aminve:2-(1-benzylimidazol-4-yl)ethane-1,
1-diphosphonie acid;,

[0051] 2A{1-Methylimidazol-2-yljethane-1,1-diphos--
phonic acid;

[0052] 2- (1~Bcnzyhm1dazolv yl)cthauc -1,1:diphos-
_phonic acid;

[0053] 2-(Iniidazol-1-yl)-1-hydroxyetirane-1,1-
:diphosphonig a¢

[0054]  2-(Iniidazol-1-yl)ethaie-1,1- dlphDSPthc !
acid;

[0055] 2 (4H' 1,,2,4-triazol-4-y)-1-hrydroxyethane-1,
{-diphosphionic acid;

[0056] 2-(Thiazoli2-yletbans-L,1-diphosphonic

-y)-1-hydroxyethane- i

[0057] Z(lmldazo‘l-Z-yl)clhma-] 1-diphcsphotiic
acid;

[0058] Methylimidazol-4(5)-y)ethane-1,1-
dlphosphomc acid;

_[0059] 2{2-Phonylimidazol4(5)-yl)elhane-1,1-
diphosphoriic acid; i

[0060] 2-(4,5-Dimethylimidazol-1:yl)-1-hydroxy-
cthane-1,1-diphosphionic: acid, and

[0061] 2-(>-Methylimidazol- «4(5) Y- Thiydioy-
«ethane-1,1-diphosphonic-acid;

salts thereof:
sphosphiviate: for use. i fhe
az01-1y1)-1-hydroxyethane-1,1-diphos-
phonic acid {zoledronit: acid) or 2 pharmacologicallyaccept-
able; salt thereof or any-hydrate thereof. )

nvenienily etal salts denved from

groups T, b, Tla and ib of the Periodic Table. of the
Elements, ineluding afkali metal salts, .g, potassiitm and

* soditiiii salts, or alkaline earthi.ietal salts, pref~
cinm, or magnesium salfs; and also. ammonium

;[0065] Especially prcferrcd pharmaceutically acceptable I
salts axe those where one, two, three or four,in parficular omie : i

or-two, of the-acidic hyd.rogens of Lhebnsphosp homic acid are
; a pharmaocuﬂca.lly acceptable cation, i par-
ticular, sodim, potassiint 6t afrnonivm, in. ficst fostance
sodium,
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[0066] Avery preferied groupof pharmaoeuhca]ly dccept-
able salts is characterived by- Having, o acidic .hydrogen
and ome pharmaceutically accepfable cation, especially
sodium, in, sach, of the phosphpnic acid graups,

[0067) All the bisphosphonic acid derivatives mentioned
iabove:aré well knowx from the literatre, This includes their
manifscture (se¢ e.g. EP-A:513760, pp. 13-48). For
cxample, 3-amino~1-hydroxypropane-1 l-dlphosphomc
acid is prepary described e. £ i c

No. 4939 130 See also IS, Pat. Nos. 4777163 and
4,687,767

[0068] The bisphosphonates (h:remaﬂen referred to.as the.
Ag

its. of the Iuventlon) may bie used in, (he forn of an
isomer or of 4 mixtire ofisomears wlere appropriate, Typi-
cally as eptical isomers such as enantiomers: or diasterepi-
somers, 01 ‘geomelric-isomers tvpxca.lly cis-rans ispmers.
The: opiical isomers are obidined in the form of the pure:
‘dutipodes. and/or 4s racemales.
[0069] The Ageats of the Inve! i
form of thmrhydratcs orinclude gthe
crystallisation.

[0670] The Agents of the Invention (the’ bxsphosp]:nn ates)
‘agé preferably used 1. i fomn of pharifacentical compo-
sitions that contain & therapentically eﬁecﬁve amonn[ of
active ingredient optu)ually together
with' 1 morgamc [ OXgANIC, S0

an also be used in the
rsolventsused for theix

niStration:.

[0071] 'The phirmacéutical eorapositions may be, for
exa.mplc compositions for eaferal; such as oan rectal;
aerosol inhalation er nasal administration, compo : f6r
etiferal, sich as intt éﬁ!,mso‘rzsubcut‘
tion, ot composmt)us i
passivé or iontophoréticy.

[0072] Preferably, the pha:maceunca] composmons are

first and foré most intravendiis, ;

fo be of particular lmportance Preferably the bisp!
nate.gctive ingredient is inthe form. of a-parsateral; oSt
preferably an infravenous form.

[0873] The patticnlar miode of administration and the
dosagg iitay be selected by thie atténdiug, physician taking
into accoust the: parficulars of the: patient, sspeciall
welght, sl}le, ity level, hormonal statns (e.g: post-
menopausal) and bone mineral depsity as approp
pieferably, however, the Bisphosphionate is admiinistered
intzavenously.

[0074] ‘The dosage. of the: Agents of the Invention may
dcpend o various faetors, such.as effectiveness and duration
of action of ‘the active ingredient, mode of adminisiration,
warmn| blocded speqes, and/ot SEX, 48¢, nghr and indi-

mg;kg, 0specxa11y 0.01100 m,,/k,, is. adminisk
wart-bleoded animal wenzhmg appmmmat‘ely
desited, this dose may also be taken in-severl, optxom’lly
equal, partial doses,

or liquid; harm, _ceuncally .
 ‘atgeptable carriers which: € suitable i

~if desired-ornecessary afterth
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[0076] “migfke” means my drig per kg body-weight £ the
ameil—including min—o- be treated:

[0077] The dose mentioned above—cither administered as
# single dose (which, is preferred) or in several partial
dosesr—may be repeated, for example onge daily, once
ths,: onge
evgrv six. mmnhs o onca a year Yn othsr wo 5, the
phatmiaceutical comipositions may be. administered in 1egi-
mens, rang;mg from continusus daily therapy to intermittent

[0078] Prcfenbly, the bisphosphonates re admimstered
0 «doses wiiich are i the same ofderof magniude as those
‘vsed in the treatment of the diseases classically trcated with
blSphDSpthﬂc acid :derivatives, such as. Pat,et's disease,
‘tumourinduced hypercalcemia or osteoporosis. In ofher
words, prcfcrabl) the bispliosphotic. acid derivatives ate
adriiimstered in-déses which woilld lHkéwise be tidiapeutiz
<cally effective in the treatment, of Paget’s:disease, tumour-
induced hypercalcacmiz or osteoporosis, i.c. preferably they
are adumimistered in deses which would likewise ¢ffectively
‘inhibif bong resorptivn, For example; for thé -prefetied
Aitrogen-containing bisphosphionates, e.g. zoledranic acid
f:.doses of | b]sPhosphnnatc in the range from
1

10' g, may be used for jreatm;altllt of humah patients.

[0079] Formulations in single dose unit form conlain
preterably from abouf 1%. 1o-about '90%, and formuiations
‘oot ‘in single doge uait form contai pmferably from dbeiit
O 19%.16 dbout 20%, -of the actn)e mgred]cnt bmgle dose it

[0080] Pharmaceuncal prcpaxatlons for enteral and
paremenal ad,mmjsirauon are, for example, lhose in dosage

ag
atnpoules. They dre:piepared it a-tianuet ki per se, for
-example by means of convedtional mixing, ‘granulating,
-confectioning, dissolving or lyophlising processes.

'[0081] For-exainple, phartacsutical-preparalions for.oral
admifnstration can be: obtainéd by combining tie: active
ingredictit Wifhi solid carriers; where approptiate, granilating
2 rzsultmg mixture, and processing fhe mixture-or granulate,

on of:- su1tablead3uncts,.
table-catriers are especially
aiiple lac.tose, saceﬁamsc

‘nlo tablets or drage cores:
ﬁ]Iu's, such as. igats, [0‘

pho phdiES, for example analcmm phosphate of Lalcmm
hvd 3 'an phosphate, and also binders; ,m:h as starch paslcs

.entipried starches, also <arboxyiéthy starch, tossliiiked
pulyvlnvlpyr:oh - agar or alg‘lmc acidior a salt 1hcrcuf

salts thf.reof, ‘such as. magri it or
nd /61 polyeitiyletic-glycol. Dragée éortes
are-provided - with suitable coatings that may be resistant to
gaslnc l.uces, there‘bemg used mtex aha, ucemmed sugar

yrt e, poly:thylen: glycol md{or tltanh.l_m dxo)udc
ot lacquer <$olutiods i suitable organic solvents er solvent
mixfures oF, to-produce coafings thatare tesistant 1o gastric
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juices, solutions of suitable eellulose prepearitions, such ds.
acetylcelhilose phifialite or hydroxypropyimethyleellulose.
phihalate, Colouring substances or pigmenls may be added
tothe'tablets or dragee coatings, for example for the purpose
of identification or. fo indicate different doses of aclive
ingredient.

[0082] Other orally adiministeable pharmacentical prepa-
Tations are dry-filled:capsules-made-of gelatin, and alsg soff;

sealed capsules:made of gelatin and . plasticiser, such as
egcerol oEsorbifol, The dry-filled Lapsu.les may contain the
active; Jingredien

1 the form of a:granulate, for example in
as. lactese, binders, such as

pri 1V
smtable hqmds such a8 ia‘ltv oils, parafﬁn oﬂ oF hquld
polyethylene glycols, it being possable als6 for stabilisers to
be added.

[0083] 'Parcmcral formulations. are. espccially ihjedtable-

siigpensions’ ‘whithi can be prépared
from lyophilised préparations which. éon
mgjedlent alotie or togéthier. with.a; pharmaceuuca]ly acee”
able Carrier The phisrmacsitical preperations may be st

ers, Wetting agents and/or emulsifiers, solubilisers,
salfs for tegulatmg 1he -osmotic pressiire and/or buffers,

[0084] Suitable formlations for trapsdermal application
include an effective amount of the active ingredient with,
cagrier. Advantageous icarriers include absorbable pharma-
cologically #cceptable solvents o assist passage tlirough.the
skin of the host. Charéctensnca.ll' transdermal devicés are
in the form of 2 bandage comprising: a.backing member;a
reservoir conlaiping the mmpmmd wplmnallv ‘with carriers,
optionally .a rate contrelling barrier to deliver fhe active
ingredient of the skin of the host at 4 controlled and
predetermined. rate over. & prolonged period of time, anid
means to.secure the device to the. skin

[0085] The following Examples illustraté: the mventmn
described hereinbefore,

Inthe. following Examples the term “dctive itigre-
to-be understood ‘as being. any. one of the bispho=
sphomc acid den,vatwes mennoncd above as ‘being. useful
according to the preseqt invention,

Example:1

active mgredmu t

dient (gronndy
3 uvs}a.llmc celluloss-

{Avicel ® PH.105)

.of exliulose HP:-M 603, polyethylene glycol (PEG) 8000 and
‘tale; and the gqueous gastric juics-resistantcoat, consisting
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-continued
10.0mg
Pe]yclhylmc gl)col 20 mg
Tale: . £.0 mg
290.0 nig:

+ Gristieic juicg-esistait guter cpating;

Budigit® 130 O (o)

Water
Tale _ Fomg

200 mg

[0088] A:mixuire 6f disodim pamidtomate. with Avicel®

‘PH 105 is'moistened with waterznd kneaded, extruded and
inlo spheres. The. dried pellets are then suecessively
fuid ting

of Eudragi'@L 30D, triethyl-citrate

cvited pelléts dre powdéred with talc and filled i into capsilés

(capsule size 0) by means -of ‘a commercial capsule Alling
‘machipe, for example Hofliger and Karg:

‘Example 2

[0089] Monolith adhesive fransdermal:system, containing

as dctive igredient, for example, Ihydroxy-’?“(mndaml -
-yl)-ethane:-1 1 -diphosphonic. acid:

508
: 30¢g
(OppunLl B10, BASE):
PIB 120000 i 9.0.g
(O‘ppinﬁl BI10O; BASF)
hy' ngtc.d it 4308
(Escorez 5320, )] )
1-dadecylszax:y:loh:plzn Z-one: 200 g
(Azrmc ‘Nelson Res,, Irvine/CA)
attive ingredient 200.g
“Totsl 1o g

T0090] The sboveé ediiponents ice togethier. dissolved 1o

150 g of speeial boiling point pétroleum fraction 100-125 by,

xolling on a roliér gear bed. The solution is. applied to a
:polyestel: film (Hostaphan, Kalle) by means-of 2 spread.mg
device usiog a 300 rom doctor -blﬁdé, giving & coa

about 75 g/m®. After diying (I5 ounutes at 60° i€), a

ssilicone-freated polyester film (thxckness ’75 mm, Eaufen-
bergis applied asithe pecl-off film.T
‘punched but it sizes:

3 thie wanted farin of froms 1030/
vusing a punching tool. The complete systems. are scaled
individually in sachets of aluminised paper.
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Exariiple. 3.
[0091] Vidl coxtaining 1.0 mig dry; lyophilized 1-tiydroxy-
2-(imidazol-1-yDethane-1,I:diphosphonic  acid  (mixed
sodium silts thereof). After dilution. with T ml of water, 2

solution {eoncentration 1. mg/ml) for iv. infusion is
obtaired.

Composition; .

active ingredient {freé diphiosphonig acid). 10 mg,
mannitol. 460 mg:
Trisoditm citrate x 2 FL,O : ca 30 mg -
water imk
wiitet fr injection 1wk

f00692] In1 ml of water, the. active ingredient is titrafed
with trisodium citratex2 H,Q to pH 6,0 Ther
i d and the solufion is Tyophilized :
filled 1516 & 'vidl

Exampl'e: 4

[0093] Ampoule. conlaining active ingredient, for ins
disedium pamidronate pentahydrate dissolved:in
solution (concentration 3 mg/ml) is for Lv.. infusion after
diluition.

Composition:

ingrediést 19.73 mg-
(2 s mg of:anhydrous aclive:ingredi-

Y E
ad

water | fn_x Anjction

Examplé 5
“The Effect of Bisphosphonates in Rat Models of
Inflammiatory and Neuropathic Pain
_[0094] Methods
[0095] Inflasimatory: hyperalgesia

[0098) Mechanical hyperalgesia -
model of mﬂammaiory pain. Paw -
an mcre.asmg pressiire stimulis. wer€ tieasured by the Ran-
dalSelfilo téchnigue using: an: aualgcsyme(er (Ugo ‘Basile,

-exarhined in 4. rai

complete Freund’s cemplele ad]nva.nt CFCA) 1
hind paw. 24 h Ialerpaw withdrawal thiesholds wer¢ mea-
ured agan peid and thien from 10 mid 16 6k
followmg dg of vehicle adfinisttation. Réveisal of: typie-
ralgesia in‘the- ipsilateral paw was caleulated according to
the formula:

. di ‘predose thresh
eV == ()
% wvergl :mvathresmld~p1eu'ase v:ttcshnld leU

»[0100] Statistical analvsxs was carried out-on. withdrawal

“Taximal feyersdl fhiyjeralg
f0101) Resulis

‘duced dose-dependant reversal of echam
-su The ei‘t"ect was. tapid id onsel, i g riiad

rawal thresholds 1o

[0105] 4 Pamidronate (0.03-1 mgkp™ s.c) Was ;

weakly active in lhe model uf ne.uropathm pai

0.3 10 mgkg sy
duced some reduchons i coutraleral paw withdrawal -
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[0097] Nenropathic byperalgesia
[0098] Meehanical hyperalgesia was. exainined it 4 rat

model.of neuropathic pain induced by partial ligation of the

Jelt sciatic.nerve. Approximately 14 days: fo]lowmg SuEgery
‘mechanical withdrawa] thresholds.of both the hgated (ipsiz
Jlateral) -and non-ligafed (wntralateral) paw were measurcd

% reve

eral thieshiold ¢ -
Oommlalm'alﬂlmshwld prqdmc—upsﬂateml threshiold: p;:dosé *

*:100

[0099]  All experiments were cartied.cut usmg groups of 6

ammals Stock coucam: Emns of

j.tnlkg" All dnigs were: mzde up i plasiic vials anid kept in
the: dark.

[0102] 1. In a model of iiflammatoty hyperalpesia
‘induced by unitateral hindpaw 1n1ecuon of complete Fm~

und’s adjuvant Zoledronat: (0

mﬂamnﬁatory ‘aiechanical by eralgesm, buiLrather produced
:slight reductions:of paw withdrawal thresholds af the highest
deses tested:

:(0 003-0.1 mz,kg“l 5 c:) produced a moder;ate 40% rév s}x

'of mcchamc,a] hyperalvcma wh;tcb was ma;

roducmg

th drugs agam PpIO-
‘thirésholds.

01061 5. These data. show that Zoledronate. reverses
‘mechagical hvperalgesxa in models:of chroric inflamriatory

and neuropathic pain in the rat.
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Examplé 6
[0107] The Effect: of Bisphosphonates in. a Rat Model of
Bope Cancer Paiti

[0108] Adulf female rats given infra-tibial injections

of MRMZ1 rat mammary gldod. earcinoma cells (3 pl, 107

cells/mi). ‘These doimals gradually «developed mechanieal

hypcra]gesm, mechamcal allodyma {(skin scnsmvuy to non-
: b '

by day’ 19 ‘rafs gwen fhe h1ghcr ZOL dose ¢idl oot
ef hmd hmb span.ug over 19 days fqllomng

singlé injection (100 ;tgkg, s c) ot day 19, ZOL had m)
acufe effect, By conlrast; acute treatment with morphine
(1-10 mgikg, s.c))-produced 2 dose dependent rednction in
miechanical allodynia-and, at the. highest dose.otlly, alsora

significant reduction Tn hind liinb sparing.

1..Ameibod for. the tresiment of § pain in 4 patient in need
of such Ircatment Wh.u:h compnscs admmi’smrmg an effec-

.2. Use of a blSPhQSPhQHaic in the p.r@_pax_atinu of a
medicament for the freatment pf pain.

3. Use of 4 bisphosphionale io treaf pain associated with
discases: or pathological conditions i fammals,

4. A methiod for the anti-iociceptive OF afti-allodynic.
treatment of pain i a patmul in peed of such treatment.

which comprises admi ing an effective amouni of a
bisphosphonate io the patiént;

‘use of a bisphosphonate in the preparatmn f & medica-
‘mefit for the anti-riociceptive 61 anti-allodynit treat-
fignt of pain; of

use of a bisphosphopate as .an anfi-nocieeptive or dnti-
alladynic agent.

5. A methiod for the treatinent of booe pa

need «of such treatment which oompnses 1 ]
cffective amouat of a bisphosphonate: to ihe patient;,

iti.a patient.in

use of a bisphosphonaie in the pl;parauon of 2 medica:
‘ment for the treatment. of bone' pain; or

use of'a bxsphnsphOnate as an agent: 'for,treatment ‘of‘bope

pain.

6. A method according to <laim 1 or 3 use. according to:
claiit 2. or ¥ for the treatment of pain associated with
osteoperosis, rheurtoid arihiitis, ostegarthritis aid timotr
{ormation, e:g. t'umqur growith, invasion or metastasis.

- hydmxy-ethidene-bxsphos ic i
e.g. etidronate; 1-hydroxy-3-(methylpentylamine)- pmpy-
lidene-bisphosphionic: acid, ibandronic acid, e.g. Mbandr-

Apr. 1, 2004

diphosphonic  4cid,
n-pent)lamme) 1- ’hy-

:dlphnspﬁémc agid (
:mciudmg Nemethyl pysi

dides such as NE~10744 or
1 rophenylthio)methave-1,1-diphespho-
d,(hludmmc acid), <.g: tiludronafe; 3-[N—(’7-phcny1ﬂ1-

yhpropa
&g BB ids3 (Lea) 14D
nyDmethane-1,1-dipbosphonic zc1d

:dxphosphomé acid,
phenylaminothiocal

e.g. PR 78844 (Fuj dwa); 5 benzoyl 3 4dxhydro-2H pym-

ordinig to claim 1 oF aisé dccording fo

P(OH);

P(OH],

‘wherein

substitutable N- a(om by jower: .ﬂkvl orl by phenvl Iower
alkyl which may in turn be tmono= or dizsibstituted in,
the pheny! miofely by 1ower alkyl lower alkoxy andfor
halogen, and

Rﬁ is hydrog@u, hydroxy, amino, Jower a]ky](hxo or hale+
3 i ‘having up o and including 7

or & phatmacslégically acceptablé. salt thereof.

9. A method agording to: c]aunl or a use agcording to
«cYaiin 2.or 3, in whicli the bisphe naté i§ Zoledicriic acid,
ord pharmaceuncallv aceptable sait theteof; or any hydrate
thereof.

10. All hovel. campouids, ‘processes;, methads: and uses
substanitially 4s hereitibefore described with patticulir ref:
‘erence fo the Examples:-

o+ R E ¥
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2. Labeling of Unit Dose Packages of Drugs, Policy No. PH-04-06, Department of Pharmacy
Policy, Univ. of Kentucky Hospital, Chandler Medical Center (Nov. 2009) (“Chandler”).
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UNIVERSITY OF KENTUCKY HOSPITAL _ POLICY NUMBER: PH-04-06
CHANDLER MEDICAL CENTER FIRST ISSUED: 2/82

Department of Pharmacy Policy CURRENT AS OF: 11/09

SUBJECT: Labeling of Unit Dose Packages of Drugs
SEE ALSO: Pharmacy Policy P-04-7, Expiration dating and labeling

PURPOSE: The following guidelines should be used for labeling of unit dose
packages of oral solids, oral liquids, and injectable syringe dosage
forms. Labels should not be written by hand, unless emergency
situations warrant.

INFORMATION:

Name

The generic (nonproprietary) name, strength and dosage form should be the most
prominent part of the package label. Itis NOT necessary to include the brand

(proprietary) name.

Dosage Form
Special characteristics of the'dosage form should be a part of the label (e.g. extended

release). Medication packages should be labeled as to the route of admlmsh'atlon if
other than oral (e.g. topical use)

Strength

Strength should be;stated in accordance with terminology in the American Hospital
Formulary Service. The metric system should be used, with dosage forms
formulated to provide the rounded off figures in the USP table of approximate
equivalents and expressed in the smallest whole number. Micrograms should-be-
used through 999, then-milligrams threugh 999, then grams. Thus,

*  300mg (not 5gr, nor 325mg, nor 0.3gm)
. 60mg (not 1gr, nor 0.6gm, nor 64.5mg. nor 65mg)
. 400mcg (not 1/150gr, nor 0.4mg. nor 0.0004gm)

For milliliters, use ml instead of cc (cubic centimeters) as “cc ”is not an approved
abbreviation.
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Strength of Dose and Total Contents Delivered
The total contents and total dose of the package should be indicated. Thus,

. A unit dose package containing a 600mg dose as two 300mg tablets should be
a labeled "600mg (2 x 300mg)". '

. A 500mg dose of a liquid or injections containing 100mg/mL should be
labeled "delivers 500mg per 5mil".

Special Notes

Special notes such as. condmons of storage (e.g. refrigerate), preparation (e.g. shake
well), and administration (e.g. not to be chewed) that are not obvious from the
dosage form designation are to be included on the label.

Labeling of multi-release rate drugs should include the trade name of the drug the

generic equivalent is mimicking, and the drug's marketed schedule frequency (e.g.
12hr, or 24hr)

Beyond-Use Date (UK Packaged Products)

The beyond-use date is the date after which a product must not be used by the
patient is placed on the label by the dispenser to limit the patient’s use of the
medication. Beyond-Use dates should appear on all packages prepared by the
University of Kentucky Hospital Pharmacy. Beyond-Use date for nonsterile solid
and liquid dosage forms packaged in single unit and unit dose containers shall be
one year or less, unless the stability data or manufacturer’s labeling or
manufacturer’s product indicates otherwise. The date should be assigned according
to the USP guidelines or the manufacturer’s expiration date, whichever isless. If the
drug must be reconstituted, the expiration time shall be that of the final product at
refrigerated temperature. o

» Oral solids 12 months (unless product expires before the 12
month date)

s Oral liquids 12 months (unless product expires before the 12
month date)

e Reconstituted liquids See manufacturer’s labeling

e Sterile products See P-04-7 policy

For very short dated products, i.e., less than four days, the date and time should be
noted together.
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Control Number for Bulk Packaging Only:

The UK hospital Pharmacy Control Number shall appear on the label which provides

a means of complete product identification and packaging history of batch products.

This number consists of six digits: the first two digits represent the month, the third
digit the year the product was manufactured and/or packaged. The remaining digits
represent the product batch number.

Month Date Year Count for Day
05 21 00 01
Plus area descriptor: M=manufacturing area; P=pediatric satellite; [V=IV room.

The control number 05210001 represents the first product batch prepared on May 21,

2000.

Examples

. Oral solid:
Sodium Bicarbonate tablet
648mg

UK: M063001001

. Oral Liquid:
Phenytoin Suspension 50mg/ml
Delivers 125mg per bml
Shake well; Store at Room Temp
UK: M022801001

. Reconstituted Oral Liquid:
Ampicillin Suspension 50mg/ml
Delivers 125mg per 2.5ml
Shake well; refrigerate
Exp: 7-20-01

(14-day expiration is based on reconstitution and storage at refrigerated temperature.)

Approved: Authorized:
Rebecca Reagan, PharmD John Armitstead, MS, RPh
Associate Director, Pharmacy Services Director, Pharmacy Services
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3. Leonard et al, MER-101 Tablets: A Pilot Bioavailability Study of a Novel Oral Formulation
of Zoledronic Acid, Poster presentation at AACR-NCI-EORTC: Molecular Targets and
Cancer Therapeutics October 2007 (“Leonard”).
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MER-101: A Pilot Bioavailability Study of a Novel Oral Formulation of
’ Zoledronic Acid

Thomas W. Leonard, Catherine McHugh, Bozena Adamczyk, Angela Walsh
AACR-NCI-EORTC: Molecular Targets and Cancer Therapeutics October 2007 i
o
P
Lok
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N
[
P
L
-
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To compare the absorption from two strengths, 10mg and. 20mg MER-101 enteric coated tablets to the
parenteral reference product, ' commercially-available zoledronic actd intravenous infusion, (Zometa®
Injection, Novartis).

STUDY DESIGN

Single-dose, three-way crossover bioavailability.
7 day washout between each of the three periods.

Y VvV ¥

12 postmenopausal women with osteoporosis (13 enrolied).
Mean age 60.4 years, range 49 to 69.

» Mean height 63.9 inches.
‘ > Mean weight 182.1 pounds.

Treatments were administered:

v

> After an overnight fast.
> With a full glass of water.
» Patients remained fasted and upright for 4 hours post-dose.
Treatment arms:
» MER-101A enteric coated tablet (10mg zoledronic acid).
> MER-101B enteric coated tablet (20mg zoledronic acid).
» Zometa® Injection 1mg 15 minute infusion in 100mL norimal saline.
Pharmacokinetic samples:
.» Cumulative urinary excretion-of zoledronic acid.
> Urine collections pre-dose and 0-12, 12—24" 24-36, ahd 36-48 hours post-dose.
»  All urine ouiput from each patlent was collected and measured.
>

Urine assay HPLC with tandem mass spectrometry (LOQ of zoledronic acid wrinary assay 4 99ng/ml;
assay range 4.99-4989.60ng/mL).
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MER-101-01 Results Zoledronic Acid in Urine(mg)

Arithmetic Means
0.700
+-31.4%
0.600 - - TITT%
0.500

+-46.1%

0.300 -
0200 -
0.100 -
0.000 1
MER-101A 10mg n =12 MER-101B 20mg n=12  Zometa® img NV n=11
5
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4. International Publication No. WO 2005/005447 (“ Aronhime”).
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ZOLEDRONIC ACID CRYSTAL FORMS, ZOLEDRONATE SODIUM SALT
CRYSTAL FORMS; AMORPHOUS ZOLEDRONATE SODIUM SALT; AND
PROCESSES FOR THEIR PREPARATION

CROSS REFERENCE TO RELATED APPLICATIONS'

This application claims the benefit of U.S. provisional application Serial, No,

60/484,876, filed July'3, 2003, the contents of all of which s incorporated herein:

FIELD OF THE INVENTION

The invention relates to polymorphs of zoledronic acid and zoledropate sodium
" salts, amorphous zeledronate sedium salf, progesses for making the polymorphs and.
amorphious zoledronate sodinm salt and pharmaéeiitical conipositions containing the
polymorphs and am&phoué gbledronate sodium salt.

BACKGROUND OF THE INVENTION

Zoledronic acid is a bisphosphonic acid, which is an inhibitor of osteoclastic bone:
resorption. Zoledronic dcid, designited chemically as (1-Hydroxy-2-imidazol-1+yl-
phosphonoethyl) phosphonic-acid is marketed in-the U:S. under the name Zometa®
(zoledronic acid for injection). Zometa®:isavailablein vials as asferile powder for
reconstitution for mfravcnous infusion. The prescribing iﬁfofméﬁbn.vfor"ZOEnﬁta,@" states
that each vial of Zomf:{g'a@: contains 4.264 mg of zoledronic acid monohydrate
{corresponding to 4 mg zoledtonic acid on an anhydrous basis).

U.S. patent 4,939,130 discloses amethod for making substituted
alkariediphosphonic acids. Example 10 describes a method for making zoledronic acid.

I this example, at the. end of the redction, the product, which is recrystallized from water,

has a melfing point of 239°C with decomposition. However, repetition of the procedure
described in Example 10 (which requires stitring uoder reflux imidazol-1-ylacetic acid,
hydrochloride and phosphori¢ acid in chlorobenzene) did not lead to zoledronic acid;
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instead, the starting matérial was collected at the end of the reaction. Moreover, the last - - .

step of crystaflization could not be :e;;eated.qx_acﬂy since the detaiied expetimental
‘paramters are-not given (different:cooling regiies, for instance, can produce diffetent.
polymorphs: when crystallized in the same Solvent). |

In the paper Drugs of the fitire 2000; 25(3): 259-268 the following forms of
Zoledronate ars listed:

1) Zoledronic acid disodium salt tetrahydrate: CAS No. 165800-07-7

2) Zoledronic acid magnesium salt CAS No, 157432-59-2

3) Zoledroriic acid zinc salt CAS No. 157432-58-1

4y Zoledroric 46id disodium salt anhydrous CAS No. 131654-46-1

5) Zoledronic acid anhydrous CAS No. 118072-93-8

6) Zoledronic acid monchydrate CAS No. 165800-06-6
Itis-also disclosed in'the paper that the free acid has a melting point of 239°C with
decomposition, and the disodivin salt difiydrate has a melting point of 291:293°C with
decamposition. IiIowgvﬁr, ﬂxg::pa'p,er doss not desoribe any procedure to abtain the forms
mentioned thetein, nor does it give anyradditional data by which they can be identified,
Moieover, there Is nofhing i the literafure that discloses polymorphs or different crystal
forms of zoledronic acid. |

“The solid state physical properties of a compound ¢an be infliienced by conirolling
the conditions under which the compounds are obtained in solid fotrn. Solid state physical
propértieé includs, for example; the flowability of the milled solid. Flowability affects
the ease with which the material is handled during processing info 2 pharmaceutical
‘product. When particles-of the powdered.compound do.not flow past eagh cftier €asily, 4
“formulation specialist must take that fact into-accovint i developing-a tablet or capsule.
formulation, which may necessitate the uisé of glidants such as colloidal silicon dioxide,
+tale, starch.of fiibasic calcivrn phosphiate. \»

Another important solid state-property.of a pharmaceutical compomnd is its rate of
dissolutien in agueous fluid. -T,l_le rate of dissolution of an activeingredient in a patient’s

_ stomach fluid can have therapeutic corsequences since it imposes an upper limit.onthe

rate at which an orally-administered active ingredient can reach the patieit’s bloodstreaiii.
The rate of dissclutien is also a considetation in formulating syrups, elixirs and other
liquid medicaments. Thie $olid state form of a compoirnd fay also affect its behavior on
compaction and its storage stability.
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These practical physical characteristics are determinied by the-conformation and
orientation of molecules in the:mmit cell, which defines.a particulat polymorphic form of a
substance: The polymotphic formumay give tise to thermal behavior different fron that
of the amorphous material or another polymorphic form. Thermal behavior is measured
in the laboratory by such techinigues as capillary melting point, thermogravimetric
analysis E'(TGA) and differetitial scanning catorimetry (DSC)and can be used to
- distirigiish some polymorphic forms from others: A pgr{ﬁculaé_-polymmphic‘ fotin niay
also give tise to distinct spectroscopic properties that may be detectable by powder X-ray
diffraction (PXRD), solid state *C NMR spectrometry and infrared spectrometry.

The discovery of riew polymorphic forms of a pharmiaceutically usefil compourd
provides 2 new opportunity 1o improve the performance characteristics of &
"Plianwcautical'prodm’:f,, Tt enlarges the repertoire of matérials thiat a formiulatiori scientist
has available for designing, fot example; 4 pharmaceutical dosage form of 2.drug with a
targeted release profile or other desired chatacteristic. The invention provides for new
polymorphic forms of zoledronic acid and zoledronate-sodium, and for amorphous
zoledrenate sodium. )

' BRIEF DESCRIPTION OF THE FIGURES:
Fig, 1 is asepresentative PXRD patiern of Zoledronic acid Form L

Fig. 2.i¢ a reptesentative DSC ourve of zoledronic acid Form L.

Fig: 3 is a tepresentative PXRD pattem of zoledronic acid Form IL

Fig. 4 is arepresentative:PXRD patterti of zolédiwnic acid Forrn X1I:

Fig. 5 is a representafive PXRD pattern of zoledronic avid Form XV.

Fig, 6 is & representative PXRD pattern ef zoledrofiic acid Form XVIIL

Fig. 7 is & representative PXRD pattern of zoledronic acid Form XX.

Fig &isa representaﬁvePXéD pattem of zoledronic acid. Form XX VL.

Fig. 9 is & representative PXRD pattern 6f zolédronate-motiohydtate Form VIIL
Fig. 10is arepresentative PXRD patterit of zoledroriate monosodiuin Form XVI.
Fig. 11 is a representative PXRD pattern 6f Zolédronate monosodium Form XVIL.
Fig. 12isa Iepfes:antaﬁ\’fc PXRD pattern of zoledronate-disodtum Form V,

Fig. 13is a fepresentative PXRD pattern of zoledronate disodium Form V1.

“Fig. 141 4 representative PXRD) pattern of zoledronate disodium Form VIL

Fig, 15 is a-representative PXRD pattern of zoledronate disodium Form X.
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" Fig 16'is a representative PXRD pattern.of zoledronate disodinm Form XIIL

TFig. 17 is arepresentative EXRD pattaij of zoledronate disoditm Forth XTIV,
TFig, 18 is a representative PXRD paiterni of zoledronate disodiint Form XIX.
Fig. 19 is arepresentafive PXRD-pattern of zoledronate disodinm Form XXV,
Fig.201s »afepresentative PXRI} pattern of zoledronate disodium Form XXVIL,
Fig. 21 is arepresentative PXRD patterti of Zoledronste disodimm Form TX,

Fig. 24 is a representative TGA ctrve of zoledronic: acid Form 1.

Fig. 25 is a representative TGA ourve of zoledronic acid Form I1.

Fig. 26 is a répresentative TGA ourve of Zoledronic acid Form XIT,

Fig. 27 is arepresentative TGA curve of zoledronic acid Form XV.

Fig. 28 is.arepresentative TGA curve of zoledronic acid Form XVIIL

Fig. 291s arepresentative TGA curve of zoledronic acid Form XX.

Fig. 30 is arcpresentative TGA curve of zoledronic acid Form XXVL

Fig. 31 is arepresentative TGA. curve of zoledronate mongsodinm Form VIII.
Fig. 32 is arepresentative TGA curve of zoledronate: monosediutii Form XVI.
Fig, 33 is arepresentative TGA ciirve of Zoledronate monesodium Form XVIL
Fig. 35 is a.representative TGA curye of zoledronate disodium Form VI.

Fig. 36 is atepresentative TGA curve of zoledronate disoditin Form VIL

Fig. 37 is arepresentative TGA curve of zoledrofate Qisbdimn Form X,

Fig.38:is axepresentative TGA curve of zoledtonate disodiumi Form XIIL,
Fig. 39 is a representative TGA curve-of zoledronate disodium Form XIV. -
Fig. 40 is arepresentative TGA curve of zoledronate disodium Form XTX.
Fig 41 is axcpresentative TGA curve of zoledronate disodium Form XXV.
Fig. 42 is arepresentative TGA curve of zoledronate disodium Form XXVIL
Fig. 43 is atepresentative TGA cutye of Zoledronate disodiutn Form IX.

Fig. 44 is arepresentativé TGA curve of zoledronate disodium Form XI.

SUMMARY OF THE INVENTION

‘The invention relates to polymotphs of zoledronic acid and zoledronate sodium

salts, amorphous zoledronate sodium salt, processes for making the polymorphs.and

4
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‘amorphous zoledronate sodium sali and pharmacentical compositions containing the
polymorphs and amerphous zolédronate sodiuim salt. The invention can b understood by
reference to the followitig riumbered eibodiments.

5 1. Crystallinie solid zoledronie acid (Formi I) characterized by 2 powder
Xeray diffraction pattern having peaks af 12.1, 12.8, 15.7, aid 189+
0.2 °26. | .

3. The ctystalline solid zoledronic acid of embodiment 1 further

tharacterized by = powder XRD pattern with peaks at 20.9; 21.3, 21,8,
10 | 222,258,776,292, 30,5, md 329402 °20, |

3. The 'C:YStHlIiné solid zoledronic acid of embodiment 1, which contains less
than about 5% of vther polymorphic forms of zoledronic acid.

4. The crystalline sofid zoledroric acid ‘of embodiment 1, of which.no ‘mere
than about 5% transforms to. zoledronic acid Form II upon exposure to

15 100% relative humidity (RH) for 7 days.

5. The ctystalline salid zoledronic acid of-embodiment 4, .of which no more
thati about 5% trarsforms to othier polymorphic forms of zoledronic acid
upon exposure to 100% relative humidity (RH) for 7 days.

6.  The erystalline solid zoledronic acid of emibediment I, which, wpon

20 exposure to 100% relative humidity (RH) for 7 days, absorbs Tess than

’ about 0.2% water.

7. The crystalline solid zoledronic acid of embodiment 1, which, upon
exposure to £00% relative humidity (RH) for 7 ddys, retains. its X-ray
diffraction pattémi sibstantially as-shown in-figareno-1. .

25 V B. The érystalline solid ;al'edro‘tﬁc; acid of embodindent 1, -of which no more
thati about 5% transforms to zoledronie acid form I upon exposure to 75%
relative humidity (RH) at 40°C for 3 months.

9. The crystalline solid zoledronic acid of embodiment 8, of which no more
than about 5% transforms to ofhier polymorphic formis of Zoledronie acid

30 upon exposure to 75% relative humlchty(RH) at 40°C foi 3 months.

10,  The crystalline solid zoledronic acid of émbodiment 1, which, upon
exposure to 75% relative humnidity (RH)-at40°C for 3 motiths; absorbs less
than about 0.2% water:
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The crystalline solid szoledionic acid of .embodiment 1, which, upod ~
exposute to 75% relative humidity (RH) at 40°C for 3 nl.oﬁtbs—,_ retains its
X-ray diffraction pattern substantially as shown in figure no.1.

A pharmaceutical composition comprising; the erystaltine zoledronie acid
of auy of embodiments {-11.

The crystalline solid zoledronic acid of cnib’odih‘lent*vl, whichiisa
monohydrate.

K-ray diffraction pattern having peaks at 14.6, 15.4,19.1, 22.9, and.
23940.2°20. '

The éiystalliné zolédsonic: acid of entbodinient 14; fither
characterized by a powder X-ray diffraction pattern with peaks at 208,
217,25.1,26.7,29.5, 29.9, and +0.2220.

The orystalline solid zoledrotic acid of smbodiment 14, whichiis a

monohydrate,
Crystalline solid zoledronic acid (Form XII) characterized by a powder
X-ray paften having peaks at 9.0, 13.9, 14:8,21.5, 24.7, and 29.8 0.2

)

18.

19

20,

21

The crystalling zoledroni¢ acid of embodimert. 17, further
charactetized by a powdei X-tay diffraction patfern with peaks at 17,0,
20:6, 20.8; 22.4,25.8, 27.7, 284, 28.7, 29.1, 30.8, 3.19, 32.3, and. 32.9
+0,2,°20.

"The crystalline solid zoledeoiiic acid. of embodiment. 17, whick isa:

niohohydrate.

Crystatline solid zoledronic acid (Form X V) characterized bya powder
X-ray diffractior patiern havifig'peaks at 10.1, 17.3,.19.3, and 23.2 &
0.2 °26.

The:crystalling zoledronic acid of embodiment 20, further
characterized by a powder X-ray diffraction pattern with peaks at 14.5,
16.7,18.1,24.5,25.1,25.7,28 5, 29.1, 29.6, and 30.4 40,229,

The crystalline solid zoledronic acid of embadiment 20, which is
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33.
34.

25.

26-

27.

28,

29.

30.

3L

32.

35.

Crystalline solid zoledronic acid (Form XVIIIy characterized by a
powder X-ray diffraction pattern having peaks at 10:7, 13.0, 16,4, 17.4,
and 28.5 £ 0:2°20.

The arystalling zoledronic acid of embodiment 23, furthier
characterized by a powdsr X-iay diffraction pattetn with peaks at 13.3,
18.1,19.3,21.3, 23.7, 35.9, 31.5, and 34.5 0,220,

The ¢rystalfine solid zoledronic acid of embodiment 23, which is a
monohydrate, . |
Crystalline sofid zoledrori¢ acid (Forin XX) chiatacterized by a powder

X-ray diffraction pattern having peaks at 12:2, 19.3,20.2,21.3,25.1, .

and 2725+ 0.2 °20.

‘The crystalline Zoledronic acid of embodiment 26, further
chatacterized by & powder X-ray diffraction pattern with peaks at 114,
14.9,15.5,17.2, 18.2 and 30.5 +0.2 °20.

The crystalline solid zoledronic dcid of embodinicnt 26, whichis
énhydmus‘. . o
Crystalline solid zoledronic acid (Form XXVT) characterized by a.
powder X-ray diffraction patiern having pedks at 9.8, 14,5, 17.1, 17.6,
and 183 £0.2 °26. '

The crystalline zoledronic acid of embodiment 29, fxrther
characterized by a powder X-ray diffraction pattern with pedks at 18.8,
19.7, 21.4,25.7,26,6, and.28.1 0.2 °20.

"The erystalline solid zoledronic acid of embodiment 29; which is -
anhydrous. ( »

A pharmacentical composition comprising the crystalline solid
zoledronio acid of any of embodirents 12-31.

Chrystallinie solid zolsdronate moridsodivm.

Crystalline sohd Zoledrotiate monosodium hiydtate.

‘Thi crystallirié solid zoledronate monosodiutn of emibodiment 33,
‘characterized by a powder X-ray diffraction pattem having peaks at
8.2, 15.5, 18.6, 23.6, and 26.8 + 0:2 °26. (Form VIII). '
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37,

- 38,

39.

44.

4,

42,

43,

47.

48,

49,

PCTEATS2004/021626

The crystalline solid zoledronate monosedium of embediment 35, : i
farthorchracterived by-a powder X-ray diffraction pattemn with peaks
at11.8, 17.6,20.1, 24.7, 25.0, 28.4, 31.7, and 32.8 £ 0.2 °20,

The crystalline selid zoledronate monosodiui of embodiment 35,
which is a trihydrate,

The crystalline solid zoledronate monosediu of embediment 33,
characterized by a powdet Xeray diffraction pattern having peaks af
73,88, 14.7, 21.8, and 29.6 + 0.2 *20 (form XVI).

The crystalline solid zoledronate fionosedivm of embodiment 38,
at13.8, 16.8, 204, 21.4, 744, 75.6, 27.5, 28.2, and 31.7 £ 0.2°20.
The crystalline solid zoledronate monosoditim of embediment 38,
which is a dihydrate. ' »

The crystalline sofid zoledronate monosodium of embodiment 33,
characterized by a powder X-ray diffraction patteth having peaks at ,
82,90, T4.5, 214, 24.5, and 29.2 £0.3 °20 (Form XVII), |
The crystalline solid zoledronate monosodium of smbediment 41,
further characterized by a powder X-ray diffraction pattein with peaks
at 139, 15.5, 16.8, 18.6, 22.3, 23.6, 26.7,27.7, and 32.3 £ 0.2 °20.
The ctystalline solid zoledronate monosodmm of embodiment 41,
wihich is a dihydrate. _ '
Crystalline solid zoledronate disodium.

Crystalline solid zoledionate-disodiuin hydtate.

Crystalline solid zoledronate disodiunm arhydrous,

The crystalline solid zoledronate disodium of embodiment 44,
charactetized by a powder X-ray diffraction patternhaving 2. 11.3,
14:8,15.5, 174, and 199 02 °20 {(Form V).

The crystalline solid zoledronate disodium of embodiment 47, further
'cI{araGteﬁzéd'byéa powder X:ray diffraction pattern with peaks at 18.0,
18.9, 19.7,,22.7,25.0, 26.7, 30.9, and 34.5 £ 0.2 °20.

The crystalline solid zoledronate disodium of émbodiment 47, which is
a dihydrate,
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50.

51,

S5z

53,

54.

55.

56.

57

58.

59,

60.

61.

The crystalling solid zoledronate-disodium of embodiment 44,
characterized by a powder X-ray diffraction pattern having peaks at:
72,133, 137, 14.5, and 21.7 % 0.2 °28 (Form VI).

The erystalline solid zoledronate disodium. of embodiment 50, further
characterized by a powder X-tay diffraction: patiern with peaks at 8.2,
16.8, 16.9, 17.3, 25.9, 26.6, 307, 31.9, and 32.9+ 0.2.°26.

The crystalline solid zoledronaté: disodinm of émbodiment 50, which is
a trihydrate. .

The crystalline solid zoledronate disodinm of embodiment 44,
characterized by a powder Koray diffraction pattern having peaks at 6.2
11.6, 12.6, 13.7+ 0.2 °20 (Form VII). . ‘
The erystallin s6lid zoledronate disodinm of embodiment 53, farther
characterized by a powder X-ray diffraction pattern with peaks at
22.0,23.2,26.4,27.1,28.6,28.8, 342+ 0.2 °26,

The crystalline solid zoledronate disodium of emibodiment 53, which is
d tetraliydrate. ‘

The erystalling solid zoledronate disodium.of emibodiment 44,
characterized by a powder X:-ray diffraction pattein having peaks at
6.7, 14.4,18:2, 20.4, and 20.7 £ 0.2 °26 (Form X).

The crystalling solid zoledronate:disodivum of embodiment 56, further
characterized by a powder X-ray diffraction pattern'with peaks at 8.8,
13.7, 1.0, 19.8,21.3, 24.4, 27.5, 27.9, 30.9, and 33:4% 0.2 °26.

The crystalling solid zoledronate disodinm. of embodiment 56, which is.
2 hemihydrate,

The crystalline solid Zoledronate disodiiiri of eibodiineit 44,
characterized by & powder X-ray diffraction paiters having peaks at
6.5, 13.0, 161, 17.2, and 30.7 £0.2 °28 (Form.X1II).

The erystalline solid zoledrenate disodium of entbodiment 39, further
characterized by a powder X-ray diffraction pattern with peaks at 10.2,
19.0, 20.0, 20.6, 22.3, 27.4, 28.6,28.9, and 34,8+ 0.2 °26.

The erystallinie solid zoledronate disodium of embodiment 59, which s
4 hemiliydrate. ’
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62.  Thecrystalline solid zoledroniate disodium of embodiment 44,
characterized by a powder X-ray diffraction pattern having 1peéks at
6,6,19.9, 28.5, and 34.8 + 0.2 °20 (Form XIV),
63.  'Thecrystalline solid zoledronate disodium of eribodiment 62, further
5 characterized by a powder X-ray diffraction pattern with peaks at 13:0, {
' 15.1,17.1, 20,5, 27.7, 29.6, 30.7, and 33.5+ 0.2 °20. !
64,  Thecrystalline sofid zoledronate disodiurii of émbodiment 62, which is
anhydrous. :
65.  Theorystalline solid zoledronate disodium of embodiment 4, | ‘ |
0 characterized by apowder X-ray diffiaction pattem having peaks at |
11.6,12.5, 137, 22.0, and 23.1 £ 0.2 °28 (Form XIX).
66.  Thecrystalline solid zoledronate disodium of embodiment 65, further |
chiaracterized by a powder X-ray diffraction pattern with peaks at.6.2, A
143,153, 16.0, 18.5,24.3, and 28,6 £ 0.2 °20. _
15 - 67.  The crystalling solid Zoledronafe disodium of embodiment 65, which is
a pentahydrate.
68. - The crystalling solid zoledronate disodium of embodimeit 44,
chiaracterized by a powder X-ray diffraction pattern having peaks at
» 7.4,13.7,17.6, and 21,9202 20 (Form XXV).
20 9.  Theerystalline solid zoledronate disedinm of embodiment 68, further
' characterized by a powder X-ray difftaction paﬁerh".wiﬂlpeaks at6.3,
95,12.6, 14.6,26.2, 27,1, and 28,6 £ 0.2°20. '
70  Thecrystalling solid zoledronate disodium. of embodiment 68, which is
a sesquihydrate. ) _
25 71,  The erystalline solid zoledronate disodium of embodiment 44, which is i
amonchydrate characterized by a powder X-ray diffraction pattern :
having peaks at 6.4, 8.2, 16.0, 17.4, 19.0, anid 28,8+ 0.2 20 (Fotm B
72.  The crystalline sofid zoledronate disodium of embodiment 71, further
30 characterized by a powder X-ray difffaction paitérn with peaks at 7.7,
102,172, 18.1,216,25.7, and 25.9 £ 0.2 °20.

10
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7.
74,

75

76.

78,

79.

80.

&1,

82.

83.

Thie erystalline sofid zoledronate disodinm of embodimerit 71, which is
4 mionphydrate.

Cirystalline solid zoledronate trisodiumm.

The crystalling solid zoledronate irisodium of enibodiment 74,
characterizéd by a powder X-ray diffractiori patiern having peaks at:
8.3, 10.9,.15.0, 16.6, and 22,8 £ 0.2-°20 (Forimn IX).

The crystalline solid zoledronate trisodiinm of emibodinient 75, futhier
characterized by a powder X-ray diffraction pattern with peaks at 13.1,
20.2,20.6, 20.9,25.0,27.8, and 29.03 0:2 °20.

The crystalline solid zoledronate trisodium of embodiment 75, whichis
a trihydrate.

The ciystalline solid.zoledfonate trisodium of enibodiment 74,
characterized by apowder X-ray diffraction paitern having pegls at
6.2,7.9,8.8,10.6, and 12.2 + 0.2 °26 (Form X1). ’

The crystalling solid zoledtonate trisodium ofembodunent 78, fmther
characterized gy'ap:owder X-ray diffraction pattern with peaks at 15.0,
The crystalline solid zoledronate trisodium of entbodiment 78, which is
a dikydrafe. 7

A process for prepating a solid crystalline zoledronate sodium salt
comprising:

) dissolving zoledronic acid in water to forin 4 solution;

) addivg abase, preferably sodium hydroxide, o fhesolution; and
¢)  cooling the solution, optionally-with the-addition of an-organic-
solvent such as isopropyl alcohol, to precipitate crystalline zoledronate
The process of embodiment 81, whesein the. erystallirie solid zoledronate

sodinm, salt is the monosodium salt,

monosodiutti is selécted. from the group consisting of Form VI, Form
XV and Form XVIL '

11
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84.

85,

86.

87.

88,

comprising:

89,

90.

91.

92.

93.

94.

The process of embodiment §1, wheisin thie. srystalline solid zoledronate
sodium salt is the disodium salt.

The process of embodlment 84, wherein the crystalline solid zoledzonate -
disodinin is selécted from the group consisting of Form V, Form V1, Form
VI, Fortn X, Form XIIL, Form X1V, Form XIX, Forim XXV, and Ferm
XXVIL

The proeess of embodiment §1, wherein the crystalline solid zoledronate
sodium salt is the trigodinin salt.

‘The process of embodiment 86, wherein the crystalline solid zoledronate
trisodiim is selected from the group consisting of Formi IX and Form XI.
Aprocess for preparing a crystalline solid zeledronate sodiumsalt

a)  suspending zoledronic acid in 4 mixture of alcoholfwater,

preferably at reflux temperature

b) adding to the suspension of a) a sohition vf'a base, preferably

sodium hydroxide, in an equivalent mixture of alcohol/water as that used in
the suspension of a), to fori & reaction mixture; and

©) stirring; the reaction mixture for a time sufficient fo-precifiitate a

erystalline solid zoledronate sodjum salt.

The process of embediment 88, wherein the réaction mixture is stitred at
reflux for about 10 to about 20 hoiirs, prefarably about. 14-16:

The process of eimbodiment 88, wherejn the volume ratio of alechol/water
to Zoledtonic acid ity a) and b) 1s. 6-14 volumes, preferably 10 voutnes.
Theprocess of embodiment 88, wherein the alcohol Inf aj-and b) is selected
from the group consisting of methatiol, ethanl, isopropanol and
dimethylformamide.

The process of eribodiment 88, whetein the zoledronic acid is zoledronic
acid Form I and the ratio of acid to base is 1:1. ‘

The process of embodiment 88, wherein the zoledronic acid is zoledronie
acid Form I and the ratio of acid to base is 1:2. |
The process of embodlment 88, wherein the zoledronic acid is zoledronic
acid Form XII and the ratio. of acid to base is 141.1.

12
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95, The process of embodiment 92, wherein, the érystalline solid Zoledtonate
sodium salt is the monosedium salt.
96,  The process of emboditment 95, wherein the erystalline solid zoledronate
monosoditit is selected fiom the group. consisting of Form VI, Form
5 XVI atid Form XVIL
97, The process of embodiment 93 or embodifient 94, wherein the crystalline ;
~ solid zoledronate sodiurm salt is the disodium salt, I
98.  The process of embodiment 97, wherein the crystalline solid zoledronate 1
' | disodium s selected from the group consisting of Form V, Form VI, Form : |
10 VI, Fotm X, Form XIII, Form X1V, Form XIX, Form XXV, and Ferm
99. The process of embodiment 0, wherein the zoledronic acidis zoJedronic
acid Forrn XIT and thie ratié of acid tobase is 1:2.1.
) 100.  The process of embodiment 99, wherein the crystalling solid zoledronate ;
15 sodivm salt is the trisodium salt. ‘
101, The process of embodiment 100, wherein the crystalline solid zoledronate |
trisodfum is selected from the gronp consisting of Form TX and Form XI.
102. A process for preparing a solid crystalline zoledronate sodium salt
comprising:
20 4  dissolving a erystal form. of zoledronate sodium in water,
preferably at reflux, to form a solition; and ‘
by cooling the solution toprecipitate a crystal form of zoledronate
sodium which is different from the starting form'in a).
103.  ‘Theprocess of embodiment 102, wherein the water is added in an amount
25  of between 20-30 volumes, preferably 25 volumes, pe'rVolﬁ‘x.ne of Zoledronate sodium.
104. A process for preparing erystallinie solid zoledronate monosodiun Form
VIII comprising:
) addinga solution of a base inan 80%/20% v/v mixtue of
watet/ethiitiol t6 a suspension of zoledronic acid form I in an’80%/20% viv
30 iniiturs of water/ethano] at elevated temperafu;g5 preferably reflux
temperature;
b)  stirring themixture of 4) at reflux tetperature for about: 10to 20
hours; preferably 14-16 hours; dnd

13
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¢} precipitatingzoledronate monogediim Fotm VIIL
105. The progess of embodiment 104, wherein the base is sodium hydroxide, which is .
added in an amount of a 1:1 molar ratio to the zoledronic acid.

106.  The progess of embodiment 104, wherein the. volume ratio 6f
water/ethariol io. zoledronic 4acid form I in the:suspension and the sohition is between 6-
14, preferably 10.

107. . A process for preparing crystalline solid zoledronate monosodium Form:
VII¥ comprising: _
‘ a) adding a solition of a base in an 80%/20% v/v-mixture of

water/methanol to asuspension of zoledronic acid form I'in an §0%/20% viv
‘mixture of water/methano] at elevated temperatire, preferably reflux:
‘b))  stitringthe mixture of 4) at Tefhux; temperature for about 10 to 20
houiss, préferably 14-16 hours; and )
€)  precipitating zoledronate monosodiuri Form VIIE.

108. 'Theprocess of embodiment 107, wherein fhe base s sodium hydroxide,
which is added in an amount of @ 1:1 molar ratio to the zoledronc acid.

109. Theprocess of embodiment 107, wherein the volume ratio of
Wa{er/méthanol.fo zoledronic acld form Tin the suspension and the solution is betwese
14, preferably 10:

110. A process for preparing crystallifie $6lid zoledronate monosodinm Form VIIT
comprising;
2)  adding a solution of a base in an 60%/40%. v/v mixtute-of
Water/isopropanol to a'suspension of zojedronic acid form I in an 60%/40%.
v/v mixture o f water/isopropanoel at elevated tetpetature; preferably reflux
temperature;.
b)  stimingthe mixture of 4) at reflux temperafure for about 10-to 30
hours, preferably14-16 houis;and
€) precipitating zeledronate monosedium. Form VIIL
111.  Theprocess of embodiment 110, wherein the base is sodium hydroxide,
which is added i ‘an amount of a 1:1 molar ratio to the zoledronic acid. |

14
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112. Theprocess of embodiment 110, wherein ffie volume ratio of
water/isopropanol to zoledronic acid fort 1 in the suspetision and the solution isbetween.
6-14; preferably 10.

1 13 A process for preparing crystalline solid zoledronate monosodiim Fortn
XVI comprising: '

a)  addingasolution of & base it -a 50%/50% vy miixture of
water/ethancl] to-a suspension ofzolédroni¢ acid form Tim a 50%/50% v/iv
mixtore of water/ethariol at elevated temperature, preferably reflux v
tempetature;

b) stitring the mixture of 4) af refiux température for about 10 to-20
hours, preferablyl4-16 hours; and

¢)  precipitating zoledronate monosodium Form XVI.

114,  The process of embodiment 113, wherein the base is sodiiuii hydroxide;
which is added in ‘an smoint of a 151 nivlar ratio to the:zoledronic acid.

115. The process of emhodiment 113, whetein the volume ratio of
water/ethianol o zcledronic acid form I in'the suspension and the solution is between 6-
14, preferably 10,

116, A process for preparing crystalline solid zoledr DI;L-a’te .mono$odiuii Foim
XVI comprising: , ,
4) adding a solution of ahage.in a 50%/50% v/v mixture of water/isopropang] to
a suspension.of zaledronic acid Form I it & 50%/50% w/v mixture of
waterfisopropinol at elevated temiperature, preferably reflux temperature;
b) -stiring the miixtue of 4) at teftux temperature for about 10to 20 hours,
preferably 1416 hours; and A

¢) precipitating zoledronate monosodiium Form XVI.

117.  The process.of embodiitient 116, wherein the base is sodium hydroxide,
which. is added in an amount ofa 131 melartatio to the zoledronic acid,

118,  The process of embodiment 116, wherein the volume ratio of
water/isopropanol 1 zoledronic acid form I in the suspension and the solution is between
6-14, preferably 10, _

119. A process for preparing erystalline solid zoledronate monosodium Form
XVI comprising: '

15
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a) addinga solution of a base in a/50%/50% v/ mixture of water/ethanolto a
susperision of zoledronic acid form 1in a 50%/50% viv mixture of
water/ethanol at elevated temperature, preferably reflux temperature;

by stirring the mixture of a) at reflux temperature for about 10t 20 hours,
preferably 14-16 tiouts; and

) precipitating zoledronate monosodium Form XVI.

120. The process of embodiment 119, wheréin the base is sodinm hydroxide, which s
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added in an amount of a 1:1 molar ratis to the Zoledronic acid.
121. The process of embodirient 119, wherein the volume ratio of water/misthano] to
zoledronic acid form Lin the solution is between:6-14, preferably 10, ard the volume ratio
of water/ethanol in the suspension is between 6-14, pteferably 10,
122. A process for preparing solid crystalline zoledronate sodium Form XVIL
comprising: ,

a) dissolving zoledronic-acid Form Tin water to forin & solution;

b) adding a base; preferably sodium hydrexide to the sclution; and

¢) cooling the solution, opfionally with the addition of an-arganic solvent, to

precipitate crystalline zoledronate sodium Form XVII,

123. A pharmacentical composition comprising the crystalline solid zoledronate.
monosodium of any of erbodiments 35-43.
124. A phammaceutical composition.comprising the-ctystalline solid zoledronate
disodium of any of embodiments 47-73.. -
125. A pharmaceutical compositiori comprising the crystalline solid zoledroniate
irisodium of any of embodittients 75-80.
126, Amorphous monosodium zoledronate:
127.  Amorphous disodium zoledronate.
128, Amorphous trisodium zoledronate.
129. A pharmaceutical composition comiprising the amorphous solid zoledronate of any
of embodiments 126, 127 and 128.
130.  Aprocess for préparing zoledronate amorphous sodium comprising:
treating zoledronic acid and 2 base, preferably sodium hydfoxide, in water, at room
tempetature and precipitating zoledronate amorphous sodium.
131.  Theprocess of embodiment 130, wherein the ratio of acid:baseis 1:1.1.
132.  The process of embodiment 130, wherein the ratio of acid:base is 1:2.1.
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BETAILED DESCRIPTION OF THE INVENTION

Powdes X-ray diffraction (“PXRD”) analysis was performed on a Scintag X-
Raypowdeér diffractometer- model X*TRA equipped - with a solid state detecior.
Coppet radiation of 1.5418 A was used. A.round aluminium satfiple hiolder with
round zero background quartz plate, with a cavity of 25 munt diameter:and 0.5 mm
depth, was used, .
Loss on drying (“LOD”) was ineasured by Thermal Gravimetric Analysis
(“TGA”)using a Mettler TG50. The sample size was about 9-15 mg. The samples
were scanned at arate of 10°C/min from 25°C to 250°C. ‘The oven-was constantly
purged with nitrogen: gas 4f 4 flow rate of 40 mmin. Standard alumina crucibles
cos;ercd by lids with onelivle were used.
DSC analysis was done using & Mettler 821 Star®. The weight of the samples
was about 3 ing. The samples were sganued at-a rate of 10°C/min from 30°C to 300°C.
The oven was constatiflypurged with nitrogen gas ata flow rate of 40 ml/min,
Standaid 40 inl ahiminum cricibles covered by Tids with three holes were vised.
‘Applicants have discovered that different crystal forms: of Zoledranic-acid may be
Ghiained, Different forms of the zoledrenic asid may have improved properties-with,
regards to dissolution (since the dosage fortn is for injection, the material needs to'be ‘
reconstituted in water; faster dissolution rate wonld mean faster reconstitition). The
tecrystallization of Zoledronic acid leads to a material with a purity of at least 99.5%. atea
by HPLC.
The novel forms of zoledtoriic. acid are hydrated, The level of water in Zoledronic
acid is estimated by TGA the (thermogravimetric analysis) weight loss.
Zolédtonis acid can-be found in the anhydrous state (weight Ioss up to 2%),
mornohydrate-(weight loss 5-8%), sesquihydrate (weightloss 9-11%).
A typical DSC sedn of zeledronic acid shews an sndothermic peak below about
160-170°C due mamlyto water desorption, and a subsequent endotherin-at about 200°C
concomitant to an:éxotheri reaction {see fig.2). From this DSC scan there {sno ¢lear

detection of a melting point. .
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Zoledronic Acid Form.1 ' . ' - '
In afirst aspect, the invention provides 4 niovel erystalline solid form.of ) |
" Zoledronic acid thathas heen denominated Forn I. Zoledronic acid Form Tidentified by
its PXRD pattern, a representative example of which is provided in the diffractoram of
5  Fig. 1. Particular characteristic peaks occur at 12.1, 12.8, 15.7, and 18.9:30.2 °20,
Additional peaks occur at 20.9; 21.3, 21.8, 22.2, 25.8, 27.6, 29.2, 32,5, and 32.9 40.2 °20.
The hydrafion level of Zoledronic acid Form I is indicated by aLOD of 5% 10 8%
(monohydrate) on heating from about 25-220°C.
Zoledronic acid Form, 1 is substantially-fréeof Zoledmmc acid Form 1. Tn
10 add1tlon, Zoledronic acid Form 1is substanﬁally free.of other polymorphic forms of
Zoledronic acid. Substantially free:means less than about 5%. A suitablemethod for
detecting other phases and mixtutes of pelymorphs is the X-Ray powder diffraction
method (see “Polymorphism in molecular crystals”, Joel Bernstein, Oxford Science

.Publications, or “Polymorphism in phatiriacetical solids” edited by Hatry G.Briftain),

15 Zol‘edroﬁic acid :an Lis physically stable and does not substantially transform to
any other orystal form when exposed to 100% relative humidity (RE) or less, for orie
week, or stored 4t 40°C.and 75% RH for 3 months. After exposure to 100% RH or less,
for. one week; there is no significant gain of moisture ih Form T (1ot significant means that
it ‘absorbs less than about 0.2% water). “Siibstantially transforms to any other crystal :
20  form™means that ﬁloreﬂnan abouit. 5%-of thi etystal form converts or reammanges to-Fotin ’
1T or any-other crystal forui. .
Accordmgly in orie embodiment; the invention promdes aphatmaceutical
éomposmon comprising zoledronic. acid Form I substantially free of otherpolymorphic:
forms of zoledronic acid and at least one pharmaceutically aceeptable excipient.
25 Preferably the pharmaceittical cofiposition is in the form of an oral solid dosage formi.
IIn anether embodiment, the invention provides a pharmaceutical composition
comprising zeledronic acid Form I which is physically stable and-does not substantially
transformi to any other crystal form when stored at 40°€ and 75%RH for 3 months, and at
léast oné pharmacentically acceptable excipient. Preferably the pharmaceutical
30  composition is in the form of an oral solid do‘sagé»fénm
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The'novel erystal forms of Zoledronic acid preferably have a particle size
distdbution such that 100 % of the particles have a sizé below 100 milorons, preferably
below 50 microms,

Accordingly, another aspect of the inventionis 1a'phaﬁnﬁcﬁutical composition
comprising a novel crystal form of zZoledronie acid, which has a particle size distribution
such that 100 % igbelow 100 microns, preferably below .50 microns, and at least one
phaimacentically acceptable excipient. t

Zoledroric acid Form I can be prepared by a phosphorylation reaction of 1-
Imidazoleacetic acid (TAA) in the presence of Phosphorous acid and Phosphorous
oxychloride in a diluent, such as, Toluene, Chlorobenzene, PEG-400 and:Silicon oil.
Phosphorous oxychloride is added to a mixture of Phosphorous acid and IAA at 75°C-
80°C. The reaction mixture is then stirred at 80°C-100°C, preferably-at 80°C'for 1-34
hiors; preferably 5-25 hours. Thenwater is added at 80°C-100°C. and the aqueous phase
1s separated, Hydrolysis ogours in aboiit 10-20 firs, preferably 14-16 hours. At theend
of hydrolysis, a solvest like ethano] or acetone may be added to obtain precipitate of
ZLD-Ag after stitring at 5°C for 1-6 hours, preferably 2.5-4 hours.

Zolédr'dnicﬁcz'd Form IT . ;

In a second aspect, the frivention provides a novel crystailine solid forur of
Zoledronic acid fhat has been denominated Form 1L Zoledronic acid Form TI can be
identified by its PXRI) pattern, a representative example of which is provided in the
diffractogram of Fig. 3. Particular characteristic:peaks oééur at 14.6, 154,19.1,22:9, and.
23.930.2 °20. Additional peaks oconrat 20.8,21.7, 251, 26.7, 29.5, 29.9, and +0.2 %20,
The hydration level of Zoledronic acid Form I is indicated by-a LOD ofabout 5%
(monchydrate) on heating froth about 25-220°C. '

Form 11 can be prepared by a phosphorylation teaction of 1-Imidazoleacetic-acid

" (TAA, leq.yin the presence 6t Phosphorois acid (Zeq.) and Phosphorous oxychloride

(3.7eq.) 11 silicon vl as a‘diluent, Phospherous oxyehloride is added to 4 mixture of

 phosphorous acid and IAA at 75°C. The feaction mixture is then heated to 80°C for about

usually occurs within about 10-20 brs, preferably 14-16 hours. At the end of hydrolysis,
ethariol is added to obtain a precipitate of ZLD-Ac aftet stirring at 5°C for 1-6 hours,
preferably 2.5-4 hours.
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Zoledrenic-acid Form IT can also be prepared by treating Zoledronic agid form Tin- -
Toluene, preferdbly af reflux temperature, for a duration of 5-20 hours, most prefecsbly
10-16 hours. - :

Zoledronic.diid Form XTI

In a third aspeet, the-juvention provides a novel crystalline solid form of:
Zoledronie acid that has been denominated Form XTI Zoledronic acid Form XTI ¢an be
idenfitied by its PXRD pai'tem, a representative example of which is provided in the
diffractogram of Fig. 4. Particular charactetistic peaks occtir at9.0, 13.9, 14.8, 21.5, 247,
and 29.8 +0.2 °20. Additional peaks occur at 17.0, 20.6, 20.8, 22.4, 25.8,27.7,28.4,
287, 29.1,30:8, 3.19,32.3, and 32.9 +0.2'°20. The hydration level of Zoledronic acid
form XTI js indicated by a LOD of about 6-10%, preferably 6% (monchydrate) on heating
from about 25:220°C. |

Zoledronic acid Form XTI can be prepared by ireafing Zoledronic acid form XVIIL,
in water at reflux temperaturé; the dilugnt/solid ratio being 10-30 ﬁlm%; preferably 24-
26 volumes, and cooling the solution to room temperature or less.

Zoledrenic Fotm XTT can be aiso be prepared by:stitring Form 1 in acelic acid.

Zoledronic Acid Form XV

Tn. a-fourth aspect; the invenfion provides a nevel crystalling solid form of
Zoledrotic acid denominzted Form XV. Zoledronic acid Form XV cati be idetitified by
its PXRID pattern, 2 representative example of which s provided in Fig. 5. Particular

characteristic-peaks oceur at 10:1, 17.3,19.3;and 232 £0.2.°20. Additionat peaks oceur

at 14.5, 1677, 181,245, 35.1, 25.7,28.5, 29.1, 29.6; anid 30.4 20.2 °20.  The TGA-of
form XV shows a LOD of 1 % (anhydrous) within the temperature range 25-220°C.

Zoledronic acid Form XV can be prepared by treating any form of Zoledioriic acid
(preferably form I and sodium hydroxide (1:1 mole ratio) in absolute ethanol (10
yolumes per grans of ZLD-Ac) at reflux temperature for a duration of 5-20 hours, most
preferably 10-16 hours,

Zoledronic acid Form XV can also'be prepared by treating any form of Zoledronic
acid (preferably form I or form XIT) and sodium tydroxide (1:1 mole ratio) in methanol
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" (10-volumes per grams of ZLD-Ag) at refhux temperature for'a duration of5-20 hiours, -
‘most preferably 1016 hours. '

.sze_dmnié Acid Form XVIT

Tn 4 fifih aspect, the invenition provides a novel erystalline solid form of
Zoledronic acid denominated Form XVIIL. Zoledronic acid Form XVIII can be identified
by its PXRD patiern, a representative example of which is provided in Fig. 6. Particular
characteristic peaks ocour at 10.7, 13.0, 16.4, 17.4; and 28.5 £0.2 °20. Additional peaks -
occit af 133, 18.1, 19.3,21.3,23.7, 25.9,:31.5, and 34,5 +0.2 ®20. The TGA weight loss
curve of Zoledronic acid form XVITI shows a LOD between 0.3% and about 6%
preferably 6% (nionohydrate) within the temperature range: 25-220°C.

Zoledronic acid Forit X VI can be prepared by a reaction of 1-Jmidazoleacetic
acid, Phosphorous:acid and Silicon. ol Phosphdrpu.s oxyehloride is added to the redction
nifxture at 80°C and the reaction mixture is stirred at fhis temperature for22 hours, The
aqueous phase is separated after addition ofwater and heated to refhix temperature for a
16:hours. Then absolute ethanol s added and the solution is kept at reflux temperature for
2 hours. Then the solution is cooled graduaily to 25°C to obtain a precipitate of ZLD-Ac.

Zoledronic acid Form XVIII can be also prepared by treating Zoledronic acid
form Tt methanol, }-butanol, MTBE, acetonitrile; niethanoliwater 1¢1 or-ethanol water
1:1 {10 volumes per grams of ZLD-Ac), at room temperature or reflux temperature; for a
duration of 5-20 hours, most preferably 10-16 hours.

- Zoledronic Acid Form XX . .

Tn & sixth aspect, the invention provides andvel crystalline solid. form:of
Zoledronic acid denominated Form XX. Zolediotiic acid Form XX can be identified by
its PXRD pattern, a répresentative example of which is provided in Fig, 7. Particular
characteristic peaks occur at12.2,19.3, 20.2,21.3,25.1, and 27.2 £0,2 °20, Additional

peaks oceur at 11.4, 14.9, 15.5, 17.2; 18.2, and 30.5 0.2 °20. The TGA weight loss curve:

of Zoledronic acid form XX shows 2 LOD of about 0.5%: (anhydrous)-within the

Zoledronic acid Form XX can be prepared by treating Zoledronic acid formT in
gthanol, (preferably absolute), 1-propanol, 2-propanol (IPA), preferably at reflux
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femperature; the diluent/solid ratio being: 15-25 volurmes, preferably 10 volumes; for a
durationof 5-20 hours, most preferably 10-16 hours.

Zoledronic Acid Farm}ﬂfﬁ

n al seventh aspect, the Invention provides & novel crystalline solid form of
Zoledroitic 4cid, deniominated Form ¥XVI. Zoledronic acid Form XXV can be
identified by its PXRD pattern, a tepresentative example of which is provided in'Fig: 8.
Particular characteristic peaks occur at 9.8, 14:5, 17.1, 17.6, and 18.3 £0.2 °26.
Additional peaks occur at 18.8, 19.7, 21.4, 257, 26.6, and 28.1 0.2 °26, The TGA

weight loss curve of Zoledronic acid form XXVI shows typically a LOD ofabout 1.3%

Zoledronie acid Form XXVI cait be prepared by treating Zoledronit acid form I in

2-butano], preferably at reflux temperature. The diluent/solid ratio being 15-25 volumes,
preferably 10 volumes, for a duration of 5-20:hours, most preferably 10-16 houts.

“Crystal fornis of Zoledronic acid sodinmm salt

In addition, it was als discovered that Zoledronic acid sodium salt in a erystalline

form could be obtained. Use of salts inr dmgs is very diffused, due to ﬂl@‘ improved
vhysico-chiemical properties over the free acid or free base; mainly solubility-or
crystallinity properties. The crystallitie state of.a.drug, in general, has an advaritage over
the amorphous state in that the physical (and chemigal) properties ire fully controlled and

-reproduced; and the ¢ apabﬂlty ofa material to crystallizein a solid form makes this.

‘material fasible for pharmaceutical uses. Herive, the novel crystalline Zoledropate
sodiim salt may have improved sohibility. In addition; it was found that the sodiumm salts
obtaingd have:a purity of at least 99.9% ar¢a by HPLC..
Surprisingly, it was alse discovered that Zoledronate sodium. salt ¢an crystallize in
different crystal forms.
' The level of sodium is measured by methods knowr in the art; like afomic
absorption. '

Zoledroriate sodium can be found in a monosodium salt, disodium salt, trisodium
salt, each of them in various hydration statés. The Zoledronate monosodium salt has &
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sodiuf contesit in the-tange of 6-8% w/'w Zoledronate disodiuini has a sodium content in —
the range of 11:13% w/w, and Zoledronate trisodium has a sodim Gontent in the range of
17-19% wiw.

- The level of water in Zoledronate sodium is estimated by TGA
{thermogravimetric analysis) weight loss. The Zoledronate sodinm salt can be anhydrous
(weight loss up to 2%), a hemikiydrate (weight loss 3-4% w/w), a monohydrate-(weight |
Toss 5-6%), a sesquihydrate (wWeight loss 7-8%), a dihydrate (weighit Toss 9-12% w/w), a
tribydrate (13-16% weight loss); or a tetrahydrate (weighit Toss 17-19% wiw).

Tn general, sodium salts of Zoledtonic: acid may beprepared by treating
Zoledronic acid with a base, preferably NaOH, in organic solvents, like lower alechols ot
DME, and water ii different proportions relative to the organic solyent. “The reaction is
preférably carried out at reflux temperature. In these procedures a sohition of a base ina.
‘mixture' of alcohol/water is added to a susperision of Zoledronie acid in an equivalent
mixture of alcchol/water at reflux temperatire. The volume ratio of diluent/Zoledronic
acid is 6-14, preferably 10 volumes. The reaction mixture is stired at reflux temperature
for 10-20 hours, preforably 14-16 hours. The reaction mixture can be cooled to room
temperatics or less, and filtered, or. filtered at 't;ighef ;téﬁ;gerat_u:es.-»

Altornatively, sodium salts.of Zoledronic scid may be prepared by dissolving

Zpledronie acid in water, 4dding a bass, preferably NaOH, and precipitating it by

cooling, optionally with the aid of an organic selvent such as isopropol alcohol.

Alternatively, sodium salts, of Zoledronic acid may be recrystallized by treating
reflux tempesature and then cooling the selufion 1 less than roons-temperature to obtain a
ipmcipitatﬁiqfﬂDNa.

Zoledronate Monosodium Crystal Forms

Zoledronate monosodium can be found ini-crystal Form VIII, charactenzed by
typical PXRDpeaks at 8.2, 15.5, 18.6,23.6, 268 deg. 2-theta, and additjonal peaks-at
11.8, 17:6,20.1, 24.7, 25.0,28.4, 31.7, 32.8 deg, 2-theta, The TGA of form VIII shows a
weight loss 0f 15-16% (trihydrate) within the femperature range 25-220°C.

Zoledronate monosodinm can be found in crystal form XVI, characterized by
typical XRD peaks at 7.3, 8:8,.14.7, 21.8, 29.6 deg. 2-theta, and additional peaks at 13.8,
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16.8, 20.4, 21.4, 24.4, 25:6,21.5, 28.2,"31.7 deg, 2-thetd. The TGA curve of form X VI
shows aweight loss 0f9-10 % (dihydrate) within the tempetatire range 25-220°C.

Zoledronate monosodium can be found in ‘crystal form XVII, characterized by
typical XRD peaks at 8.2, 9.0, 14,5, 21.4, 24:5,29.2 deg 2-theta, and additional peaks at
13.9, 155, 16.8, 18.6, 22.3; 23.6,26.7, 27.7,32.3 deg. 2-theta. The TGA of form XVIL
shows aweight loss of abont 10% (dihydrate) within the temperatitre fanigs 25-:220°C.

Zoledronate monosodivm form VIIE may be prepared by dissolving Zoledronic
acid in water, adding NaOH in pellets or in aquous solution (40%). TPA may be added to
mprove the yield of crystallization. This solutiorl is cooled fo get form VIIL

Zoledronate monosodium formm VITI may be als6 obtained by treating Zoledronic
acid, preferably form T, and sodium hydroxide (ratio of acid/base 1:1) in water /ethanol
80%:20% v/v, witer/miethiatol 80%:20% v/v, water, /isopropanol 80%:20% v/v ot
60%:40% viv. ' .

Zoledronate monosodium form XVI may beobtained by treating Zoledronic acid,
preferably form I and sodium hydroxide (ratio of acid/base 1:1) in water /ethanol
50%:50% viv or water fisopropanol 50%:50% viv, or water /methanol 50%:50% vAv.

Zoledronate frionosodivm form XVIL may be obtained by dissolving Zoledronic
acid in waiter, adding NaQH in aqueous solution (29%) dtop-wise (ratio of acid/base
1.0.7)

Zoledronate Bisodium Crystal Forms,

Zoledronate disodinm car be fonnd: inform:-V, charactetized by typical peaks at
11.3, 14.8, 15:5, 17:4, 19.9 deg, 2-thets, and additional peaks.at 18.0,18.9; 19.7,22.7,
25.0, 26.7,30.9, 34.5 deg, 2-theta. The TGA ourve of form 'V shows a weight loss of
about 10-11% (dihydrate) within the temperature range 25-220°C. ‘

Zoledtonate disodivm form V'may be prepared by treating Zoledronic acid,
preferably- form XTI, and sedium bydroxide (ratio of acid/base 1:1.1) in water /ethanol
‘ratios between 20%-50% v/v-watet in ethaziol, water /methana] ratios between 40%-50%
/v water in methanol, water /IPA tatios between 40%-50% v/v water in IPA.

Zoledronate disodium form V may also be prepared by tredting Zoledrotic acid,

preferably forin I, and sedinm hydroxide (ratio of acid/basel:2)in water /ethanol ratios.
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hetween 20%-50% v/v water in ethatiol, water /methanol 50%:50% /v water in -
methianol, water /isopropanol fatios between 20%-50% v/v water in TPA. ‘,

’ ’Zn:lbd.l‘or_!ate« disodium ferm 'V may also be prepared by tréating Zoledronic acid,
preferably form XTI, and sodium hydroxide (ratio of acid/base 1:1.1) in water ethancl
ratios between 20%-50%.v/v-water in ethanol, water /methatiol ratios between 40%-50%
viv water in iethatiol, water/IPA rafios between 40%-<50%.v/v'water in IPA, '

Zoledronate disodium can befound in forsa VI, characterized by typical peaks at '

72,133, 137, 145, 2177 deg. 2-theta, and additional peaks at 8.2, 16.6, 16.9, 17.3,25.9,
26.6, 3?0:7,,-,: 319, 32.:9:-deg; 2-hetd. The TGA curve of form VI shows a 'weight loss of 13-
16% (tribydrate) within the temperatire range 25—22'05(:- :

Zoledronate disodium form: VI may be prepared by freating Zoledroni¢ acid,

- preferably form XIL, and sodivm hydroxide (ratio of acid/base 1:1.1) in water /ethanol o

water/methanol 60% v/v waterin ethanol or methanol, or watet/ isopropanol 80% viv
‘wafer in PA. )
Zoledronate disodium form VImay also be obtained also by recrystallizing,

Zoledronate disodinm, preferably form XIX; in water.

* Zoledvonate disodivin can be found in ferm VIE, characterized by typical peaks at
6.2 11.6, 12:6, 13.7 deg. 2-theta, and additional peaks at 22.9,23.2,26.4, 27.1,

content of 7-10% within the tempetature range 25-220°C,

Zoledronate sodinm form VIX may be obtained by dissolving Zoledronicacid in
water, adding a base, preferaby NaOH .'(aql_lfou,s"sqh;tion ‘or pearls) until the pH-0£5.5-
7,5; preferably 5.7-7:0. The solution is cooled and optionally an organic solvent
(preforably isopropanol) is added. Optionally the solution may be concentrated to obtain

‘the solid maferial. The mixtare may be firther stirred for a period of 1,5 hours,
preferably 2 Hours.
Zoledronate disodium form VII may be dlso prepared by treating Zoledronic acid,

preferably form XTI, and sodium hydroxide (ratio-of acid/base 1:1.1)in water /ethanol or
water/methanol or water/isoptopanol 80%:20% v/v of water in this alcohol.
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Zoledronate disodiuza form VII may be-also prepared by trefing Zoledronic acid,
preferably form XL, and sodium hydroxide {tatio of acid/base 1:1.1) in water/
isopropanol 60%:40% /v water-ii PA.

Zpledronate disodium form VII may be also prepared by teeating Zoledronic acid,
preférably form [ and sodium hydroxide (zatio of acid/bas¢ 1:2) in water/ ethanol
80%4:20% Vv water in ethanol, |

Zoledronate disodinm can bé found inform'X, characterized by typical peaks-at. |
6.7, 14.4, 18.2, 20.4, 20.7-deg: 2-theta, and addifional pedks:at 8,8, 13.7, 17.0, 19.8, 21.3, ’

about 3% (hemihydrate) within the femiperature tange 25-220°C. *
Zoledronate disodinin form X may be obtained b}"i_teaﬁng; Zoledronit aéid, |

preferably form XII, and sodium hydroxide (tatio of acid/base 1:1.1) in water/

isopropanol 20%:80% viv water in TPA. :
Zoledronate disodium can be found in form XTI, characterized by typical peaks
8£6.5, 13.0, 16.1,17.2, 30.7 degs. 2-thels, and additional peaks at 10.2,19.0, 20.0; 20:6, :
22.3,27:4,28.6, 28.9, 34.8 dog! 2-theta, The TGA curve of form XIIT shows a weight loss |
of va‘bou’t 3% (hemihydrate) within the temiperature tange 25-220°C. '
Zoledronate disodium formi XM may be obtained by treating Zoledronic acid,
preferably form I, and sodium hydroxide (tatio of acid/base 1:2) in water! ethatiol o
5%:95% v/ water in sthanol. »
Zoledronate disodivm can be found in form XTV, characterized by typical peaks
at 6.6, 19.9; 28.5, 34.8 deg. 2-theta, and additiorial peaks at 13,0, 15.1, 17.1,20.5,27.7, j
29:6; 30.7,33:5 deg. 2-theta:- The TGA-eurve ofiform XIV shows a weight loss of 1-2%
(anhydrons) within the temperature range 25:220°C. - !
Zoledtonate disodium form XTIV may bé obidined by treating ZOlcdromc acid, |
preferably form I and sodium hydroxide (zatio of acid/base 1:2) in water/methanol .

20%:80%. v/v water in methanol.

Zoledropate disodium form XTIV may be also obtained by treatinig Zoledronic
acid, preferably form XTI, and sodium hydroxide (rafie of acid/base 1:1) in wate/DMF
20%:80% /v water in DMF.

* Zoledronate disodiuni can be found inform XIX, characterized by typical X-Ray

peaksat 11.6, 12.5, 13,7, 22.0,23,1 deg. 2-theta, and additional peaks at 6.2, 143, 153,

26

01395



10

15

20

25

30

‘WO 2005/005447 PCY/US20047021626

‘16.0, 18:5,24.3, 28.6 deg: 2-thefa. The'TGA curve-of form XIX shows a weight loss of
b out 22% (pentahydrate) within the temperature range 25-220°C,

Zoledronate disodiym form XIX may bg obtained by ireating Zoledronate
disodium, preferably form VII, it swater and precipitating the material, preferably by
cooling. g

Zoledronate disoditim form XIX may be lso obtained by dissolving Zoledronic
acid in watet, adding 4 base, preferably NaOH {(aqueous solition ot pearls) (ratio of
-acid/base 1:2), in reflux.. ’
at 7.4, 13.7, 17.6,21.9 deg, 2-theta, and additional peaks at6.3, 9.5, 126, 14.6, 26.2,
27.1, 28.6 deg. 2-theta. The TGA curve of form XXV shows a weight Toss oF7-8%
(sesquihydrate) within the temperature range 25-220°C:

Zoledronate disodiuri forin XXV imay be obtained by treating Zoledroxit acid,
preferably form I, and sodium hydroxide (ratio of acid/base 1:2) iri water/methanol
80%:20% v/v watet in methanoL

Zoledronate disodium can be found in form XXVIY, characterized by typical
pedks.at 6.4, 8.2, 160, 17.4, 19.0, 28.8 deg. 2-theta, and additional peaks at7.7, 10.2,
172, 18.1,21.6, 25.7,25.9 deg;: 2-theta. The TGA eurve of form XK VII shows a weight
loss of about 5-6% {monohydrate) withini the temperature range 25-220°C.

Zoledronate disodium form XX VI may be prepared by treating Zoledronic acid,
preferably form ¥, and sodiiim hydroxide (fatio of acid/base 1:2) in water /uethanol
5%:95% v/v water in methanol and by treating Zoledronic acid, preferably forr X1, and
sodium hydroxide (ratio.of acid/base 1:1)in water/taethanol 20%:80% viv water in
mefhanol, " )

Zoledronate Trisodium Crystal Forms

Zoledronate trisodium can be found in form XX, characterized by fypical peaks.at
8.3, 10.9,15.0, 16.6,22.8 deg. 2-theta, and additional peaks at 13.1, 20.2,20.6, 20.9,
25.0,27.8, 29.0 deg. 2-theta. The TGA curvé of Torn IX shiows 4 weight loss-of about 13-

' 14% (trihydrate) within the femperature range 25-220°C,
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Zoledronate trisodium form X may be prepared by treating Zoledronic acid,
preferably form XTI, and sodium hydroxide (ratio of acid/base 1:2.1) in water /ethanol or
water/methanol-or water/isopropanol in ratios between 20%-80% viv. of water in the-
alcohol. .

Zoledronate trisodium can be found in form X1, characterized by fypical peaks at
62,7.9,3.8, 10.6, 12.2 deg. 2-theta, and additional peaks 4t 15.0, 154, 17.5, 18.8, 19.6,
30.5, 223,237,257, 29.6, 31.7 deg, 2-theta, The TGA curve of form X1 shows a weight
Toss of about 9% (dihydrate). within the temperature range 25-220°C.

Zoledronate disodium form XI may be prepared by treating Zolédronic acid,
preferably form X1, and sodium hydroxide (ratio of acid/basé 1:2.1) in water /ethariol or
water /tiiethanol 5%:95% viv of water in ethanol orimiethanol

Zoledronate sodinm amorplious

 Zoledronate sodiumy amorphous ig prepared by ‘tfeaﬁng Zoledronicactd and
sodinr: hydroxide (ratio .of acid/base 1:1.1 or 1:2.1 or 1:3.1) in water atroom.
temperature; and precipitating the material by conicentrating the solution by any mearis
Tnown, in.the. art like evaporation of the solvent. Evaporation may be done using a

vacuuim.

Examples

CRYSTAL FORMS OF ZOLEDRONIC ACED(ZLD-Ac)-

,’Pr‘eparaﬁon of ZLD-Ac ‘cry'stzﬂ forin ‘I'

Irmdazoleaceﬁc acid ([AA), Phosphorous aCId (H3P03) and Phosphorous oxychlonde
(POCIs) Examples 1-9, see Table 1)

A cylindrical feactor equipped with a mechanical stirrer, a thermometer, a reflux
condenset and a dropping fimnel, is loaded with [-Imidazoleacetic acid (TAA),
Phosphorots gcid and a dilient (Toluene/ Chlorobenzene/ PEG-400/ Silicon oil). The
obtained suspénsion is heated fo 75°C-80°C and Phosphorous oxychloride is added drop-
wise. The redction mixture is then heated to 75°C-100°C for 1-34 hours. Then water is.
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added at'80°C-100°C’ The rmxture isStirred vigorousky for about 15 minutes. [In'some
improve the separation between the oily pliase and the aqueous phase]. Then the phases
are separated. The aqueous phase is put jn a clear reactor and heated to 95°C-100°C for

13.5-19 houirs. ‘Then it is cooled fo 5°C and absolute Ethanolis added to obtain a

precipitate.afier stirving at:5°C for 2.5-4 hours [In some cases a precipitaté of Zoledronic
acid is obtained without adding absolute Ethanol as an anti-solvent]. The whité product is
then filtered, washed with absolute Bthanol and dried in a'vacoum oven at 50°C for 17-24
hours to obtain Zoledronic acid crystal form T (LOD by TGA=63%-9:3%).
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Example 10: .

Sodinm hydroxide (pearls, 91.1g) was added to a suspension of Zoledronic acid
crystal form XTI (200.0) in water (2000ml) at rosm femperature (pH=14) to obtaina
clear solution, Then the pH of the solution was adjusted fo pH 1 by addition of 32%
aqueous HCL (300ml). The solution was then cooled gradually to 5°C and the white
precipitate was filtered, washed: with cold water (2x150ml) and dried int 4 vacuimi oven af
50°C for 24 hours to obiain 161.7¢ (84%) of Zoledronic acid erystal form I (LOD by
TGA=6.7%). Purity by HPLC 99.9%.

Preparation of ZLD-Ac erystal form 10

Example 11: -

A250mI three-necked flask equipped with amechariical stirrer, a reflux cotidenser
and a dropping funnel, was loaded with 1-fmidazeleacetic acid hydrochloride (4:9g,
0.03mole), phosphorous acid (4:9g, 0.06mole) and Silicon eil (Merck) (27ml). The
suspension was heated t6 75°C ad phosphiorous oxychloride (10.5ml, 0 11mole) was
added drop-wise:during 30 minutes, The reaction mixture was then heated to 80°C for 27
hours: Then water (27ml) and toluene (30m1) were added at 80°C. The mixture was
stitred vigorously for about 15 minutes. Thénthe folugie phase (containing the silicon
oilyand the aqueous phase were separated. The aquepus phase-was put i a clean flask
and heated to 90°C for 1 6 hours: Then it was-cooled fo room temperature and absolitte
Ettianol (27m1) was added during the cooling process to obtain a white precipitate

immediately. The mixtire was stirred at 5°C for 4 hiours. The whife product was then

filtered, washed with absolute Bthanol (2x15ml) and dried in'a vacuum oven at 50°C for
24 hours to obtain 4.9g (58%) of Zoledronic acid crystal form IT (LOD by TGA=52%).
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Example 12:

Zoledronic acid crystal form I '_(2:0‘g)f was stirred in Toluene (20ral)at refiux temperature
for 14 hours. Then the suspension was cooled to room temperature, filtered, washed with
Tolugne (1x15ml)-and dried in a vacimn oven af 50°C for 24 hours to obtain 1.6g of
Zoledronic acid crystal forri IL

Preparation of ZLD-Ac ¢rystal form XTI

Example 13: _
Zoledronic acid erystal form XVIIL '(_10.’ng was dissolved in water (260ml) at reflix
temperatute. The obtainied solution was stirred. at reflux temperature. fot about 20 minutes
to obtain  clear solution. Then it was cooled to 75°C during 2 hours and stirred at this
temperature for 1 hour. The turbid solution was Farther cooled to 25°C during:4.5 hours
and stirred at this temperature for 1 hour. After cooling to 0°C during 2 hours and stirring
at-this temperature for 1?6»’110‘11%5*;, the'white precipitate was filtered and dried in a vacuin
oven at: 50°C for 24 hours to obtain 7.8 of Zaledronie acid crystal form XTI,

Example 14: ) ,
Zoledronic acid orystal form T (2.0g) was stirred in Acetic acid (20ml) at rooii termperature
for 15.5 hous. Then it-was filtered, washed with Acetic acid (2x56uf) and dred in a
vacuum oven 4t 50°C for 24 hours to obtain 2.0g of Zoledronic acid-crystal form XIT,

Preparation of ZLD-A¢ crystal forin XV’

Example 15:

A 250 flask was loaded with Zoledronic-acid form I (4.8g), Sodiam hydtoxide (0.7g)
and-absolufe Bthanol (10:volumes per grams of ZLD-Ac) (48:ml). The reaetion mixture
was heated to reflux temperature for 16 hours. Then it was cooled to-Toom temperature,
Further cooling was performed using an ice-bath. The precipitate was then filtered,
washed with absolute Ethanol (2x207il) aind dried in 4 vacuum.oven at 50°C:far 23 hours.
to give 4.9 (96%) of Zoledronate monosodium crystal form XV in a mixtiire with
Zoledronic acid crystal form I (LOD by TGA=5.8%).
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Example 16: ;
A’250m flask was loaded with Zoledronic acid form T (4.8g), Sodium hydroxide (0.7g)
and Methanol 10 voluines per grams of ZLD-Ac) (48ml). The reaction mixture ws
heated to refluk temperature for 16 hours, Then it was cooled to roor femperatire.
Further cooliig was performed using an ice-bath, The precipitate was then filisred,
washed with Methanol (2x10m1) and dried in a vacuimm oven at 50°C for 22 hours to give
4.8 (99%) of Zoledronate monosodium crystal fortn XV (LOD by TGA=0,8%), Pusity
by HPLC 99.9%. ‘

Example 17:
Zoledronic acid crystal form XIF(2.0g) was stirred in Methianol (20ml) at reflux
temperature for 19’hours. Then the susperision was-cobled to room temperature, filtered,

‘washed with Methanol ( {x5ml) and dried 1.3 vaouum oven.at 50°C for 24 hours to obiain
- 1:8g of amixture of Zoledronic acid crystal forms XV and XVIIL

Préeparation of ZLD-Ac erystal form XVIIT

Ezample 18:
A 3L reactor eqiipped with,a mechanical stirrer, a thermotyeteér, & reflux condenser and 4.
dropping funnel, was loaded with, 1-Tmidazoleacetic acid (70.0g, 0.56mole), Phosphorous

. aeid (136.7g, 1.67mole) and Silicon oil (M-350) (490mI), The suspension was heated to

80°C and Phosphorous oxyehiloride (194:4ml, 2.08mole) was added drop-wise during 4
“hours. The reastion mixture was stirred at 80°C for 22 hours. Then water (490ml) was'
added slowly at 80°C. The mixture was stirred vigorously for about 30 minutes. Then the.
silicon oil phase and the aqueous phase were sepirated. The afjiigous phase was put in a
clean reactor and heated to 97°C for 17.5 houis. Then absolute Ethanol (490ml) was
added and the solution was stirred at reflix (87°C) for 2 hours. The solution was then
cooled to 70°C-72°C during about 1 hour and was kept 4t this femperature for 1 hour,
After cooling to: 25°C duting 2.5 hours and stirting 4t this temperature for 1 hout; half of

the product was filtered, washed with small amount of cold water and dried in avacuim

oven 4t 50°C for 20 hours to obtain 50.8g of Zoledronic.acid crystal form XVIIX MS-
507-crop I, LOD by TGA=1.9%). The rest.of the suspension was cooled to-0°C during 2
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hours and was stirred at this temperaturé-for about 16 hours. Then the:product was filtered
and dried in a yacuum oven at 50°C for:24 hovrs.to obtain 26g of Zoledronic acid crystal

form: XVIIE (MS-507-ctop T, LOD by TGA=1.6%). The averall vield of theprocéss is

500% purity by HPLC 97.7%.

Example 19:

Zoledronic acid crystal form I (2.0g) was stirred i Methanol (20ml) at room temperature -
for 14.5 hours, Then it was filtered, washed with Methanol (2x10m1) and dried in a
vacnum oven at 50°C for 25 hours to obtain 1.9g of Zoledronic acid crystal form XVIIIL.

Exaniple 20; _
Zoledronic acid erystal form I (2.0g) was stitred in Methanol (20ml) at reflux temperature
for 16 hours. Then the suspension wis cooled to room temperature and the white solid was.
filtered, washed with Methanol (2x5tl) and dried in a vacuum oven at 50°C for 24 hours
to.obtain 1.7gof Zoledronic acid crystal form XVIU. ‘

Example 21:

Zoledrotic amd crystal form 1(2:0g) was stirred in 1-Butanol (20ml) at reflux temperatire
for 15.5 hours. Then the suspension. was cooled toroom temperafure and the white solid
was filtered, washed with 1-Butanol (1x5ml) and dried in a-vacuum oven at 50°C for.24
hours to obtain 1,8g of Zoledronic acid orystal form XVIIL

Example 22:

Zoledronic acid crystal formn I (2.0g) was stitred in MTBE.(20m1) at roflux temperature:for

15 hours. Then the suspension was cooled ta room temperature and the:white solid was
filtered, washed with MTBE (1x10ml) and dried in a vacuum oven at 50°C for 25 hours to

.obtain 1.4g of Zoledronic acid crystal form XVIIL,

Example 23;
Zoledronic acid crystal form T (2.0g) Was stirred in Acetonitrile (20m) at room
temperature for22 hours: Then the suspension was filtered; washed with. Acetonitrile
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" (2x5ml)y and dried in & vacuum oven at 50°C for 23 hiours to 6btain 2:0g of Zoledronic deid

crystal form XV

Zoledronic acid crystal form T (2:0g) was stirred in a mixture of Methatol/water (1:1 v/v)

(20miy at reflux temperature for 18 hours: Then the suspension was cooled to 0°C, filtered
and dried in a-vacuum oven 4t 50°C: for 22 houts to-obtain 1.8 of Zoledronic acid crystal
form XVIIL. '

Zoledronic 4cid exystal form I (2.0g) was stizred in a mixtire: of Bthanolwater (1:1 v/4)
(20mil) at reflux temperature for 18 hours. Thén the susperisior was.cooled to 0°C, filtered
and dried fn'a vacuum: oven 4t 50°C for 22 hours o obtain 1.8g of Zoledronic acid crystal

Preparation of ZLD-Ac crystal form XX

Example 26: ‘ v
Zoledronie acid erystal form I (2.0g) was stirred in absolute Ethariol (20m1) at reflux
temperature for 16 houts. The suspension was then-cooled fo mo}_ﬁ temperature and the
white solid was filtered, washed with sbsolute Bthanol (2x5ml) aud dried in avacuurm
ovieén_at 50°C for 22.5 hours fo ob,taiih 1.9g of Zoledrotic acid crystal-forni XX in a mixfure
with erystal foom L. '

Example27:
Zoledronic acid crystal form X(2.0g) was stirred in 1-Propanol (20ml) at reflux
temperaturé for 11.5 hours. The suspension was then cooled to room temperature and the
white solid was filtered, washed with 1-Propanol (2x5ml) and dried in a vasuuii oven at
50°C for 24 houts to obtain 1.9gof Zoiﬁdroﬂifc’ acid crystal form XX

Example 28:
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Zoledtonic acid crystal form I (2.0g)'was stirted in 2-Propanol (TPA) (20ml) at reflux
temperature: for 14 hours. The suspension. was then coeled to room tqmbe‘rature. and the
white:solid was filtered, washed with IPA (2x5m1) and dried in a vacunitii oven at 50°C for
24 hours to obtain 1.9g of Zoledronic acid crystal. form XX. Purity by HPLC.99.8%.

Preparation of ZLD-Ac cxystal form XXVI

Exaniple 29: ‘ »
Zoledronic-acid crystal forin 1(2:0g) was stirred in2-Butanol (20ml) at reflux temperatire
fq:ia?boui 15 houits. The suspension was then cooled fo rooi temperature and the white
solid was filtered, washed with 2-Butanol (2x5inl) and dtied in a vacwum oven at.50°C for
24 hours to ebtain 1.9g of Zoledronic acid crystal form XXVI.

CRYSTAL FORMS OF ZOLEDRONATE MONOSODIUM (ZL.D-Na)
Preparation of ZLD-Na cxystal form v

Example 30: »

A 051 reactor equipped with a mechanical stiiter, 2 thermometer snd a reflux condenser
was loaded with Zoledronic acid form I (10.0g) and water (247ml). The suspension was
heated to 94°C o obtain a clear solution. Sodium, hydroxide (pearls, 1.42g) was added. A
pH test of the sodiuin salf showed pEi=4,54. The solution was cooled t6 60°C and IPA.
{10.5m1) was added, The reaction mixture was ceoled to oo temperature during 2 hours
and was stitred at this temperature for dbout 64 houss: After coeling to 5°C and stirring at
this temperatare:for 1 hour, the-white precipitate was filtered, washed with cold water
(1%10ml) and driedin a vacuum oven at 50°C for23.5 hours to:obtain 7.0g of Zoledronate:

monosodium erystal forth VIII (pH=4.32). Purity by HPLC 100.0%.

Example 31:

A O.5L reactor equipped with a mechanical stirzer, 4 thenmioteter; a reflux condenser and
a dropping firnel, was loaded with Zoledranic aeid form 1(10.0g) and water (247ml).
The suspension was heated to:94°C fo obtain a clear solution. A 40% aqugous solution of
Sodium hydroxide (3.45g) was added drop-wise. The solution was then cooled te 4°C
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during 2 hc)ur"sf apd was stirred at this temperature for'about 64 hours to obtain a massive:
precipitate. The white precipitate was filtered, washied with cold water (Ix10mly and dried
in & vaguum oven at 50°C for 26 hoursto obtain 7.6g (64%) of Zoledronate monosodium

erystal form VI (LOD by TGA=15.1%).

Example 32-¥:

A 0.5L feactor equipped with a mechanical stirrer, a thermotmeter; areflux condenser and

10

15

a dropping funnel, was loaded with Zoledronic acid form T(10.0g) and water (247mi),
The suspension was heated to 94°C o obtaii 4 ¢lear'solution.. A 40% agneous solution of
Sodium hydroxide (3.45g) was added drop-wise, The solution-was then cooled to toorn
temperature and stirted at this temperature for 16 hours. Aftet éooling to.3°C and stirting,
at this témperature for 1.5 hour, the white precipitaté-was filtered, washed with Methanol
(2x15m) and dried in a vacuum ovén at 50°C for 25 hoiws to obtain 5.8 (49%)-of
Zoledronate .mgr,;osod_iumfcrys‘tai forin VIIX (LOD by TGA=15.1%). The obtained Form

VI (2g) was recrystallized form water (34ml) to give 1.4g (72%) of Zoledronic acid

orystal form VITL{LOD by TGA=11.3%). Putity by HPLC 100.0%.

einark:

Regarding the next examples: the composition.of the reflux media is expressed or a.
volume pervolume basis {abbreviated vfy). The amount of water that should be-added to
the reflux media is calculated according to the following forinla;

(10 volumes of alcoliol per grams of ZLD-Ac x 100} / X% of alcohol = ¥

. ‘when. Y is:the total amount of alcohol and water together

25

{100-X)% of water/ 100=Z
wher Z1is the volume of water that should be added].

Example 33;
A solution of sodium hydroxide (0.7g) in amixiure of water (80% v/v) / Ethatiol (20%.

v/v, 10 volitnes per grams of ZLD-A¢) (36ml) was added drop-wise fo a sispension-of

30

Zoledronic acid form T (4.8g) in a mixture of water (80% V/v) / Eihanol (20% v/v, 10

volumes pet grams of ZLD-Ac) (202ml) at reflux temperature. The reaction mixture was
heated at reflux temperature for additional 16 hours. Then, the reaction mixture was
cooled to room temperature. .Eufﬂicr cooling was performed using an ice-bath. The:
precipitate was then filtered, washed with absolute Etharol (2x20ml) and dijed in 4
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pa

vacum oven at 50°C for 22 hours to give4.7g (83%) of Zoledrohate monosodiuri crystal
form VI (LOD by TGA=15.5%). Pirrity by HPLC 99:6%.

Examp le 34:
A solutipn of sodium hydroxide(0.7g) in .amixture of water (80% v/v) { Methanol {20%
/¥, 10 volumes per grams of ZLD-Ac fprin 1) (36ml) was added drop-wise to a "
suspension of Zoledronic acid {4.8g) in a mixture of water (80% v/v) / Methanol (20%
v/v; 10-vofures per gratis of ZLD-Ac form X) (202m]) at reflux tﬁmpemtﬂfé The
reaction inixture was hieated at reflux femperature for additional 16 hours. Then the

reaction mixture-was cooled to room temperature. Furthier cooling was performed using

an ice-bath. The precipitate was then filtered, washed with Methanol (1x20ml) and dried ,

n a'vacuum oven at 50°C for 22 hours {o give 4:7g (81%) of Zoledronate monosodinm
crystal form VIIT (LOD by TGA=16,03%). Purity by HPLC99.9%.

Example 35:

A solution of sodiom hydroxide (0.7g) in a mixture of watet (80% v/¥) / IPA (20% v/,
10 volunes pet grams of ZLD-A¢ form 1)(38mi) was added drop-wise 1o 4 suspension:of
Zoledronic acid (5.0g) in a mixture of water (80% viv) / IPA. (20% v/v, 10 volumes per

grams of ZLD-Ac form I) (212ml) at reflux temperature, The reaction mixtre was heated -

at teflmx tefiperature for additional 16 hours, Then the reaction mixture was cooled to
roori temperature. Further cooling was performed using an ice-bath. The precipitate was
then filtered, washed with TPA (2x20ml) and dried in'a vacuurm oven at 50°C for 24 hours
to gived.Te (79%)of Zoledronate moriosoditm crystal form VIT(LOD-by
TGA=1540%). Purity by HPLC 99.95%.

Example 36:

A solution-of sodium hydroxide (0.7g) in a mixture of water (60% v/} } IPA (40% /v,
10 volumes per grams of ZLD-Ac foroy ) (19ml) was ddded drop-wise to a suspension. of
Zoledronic acid (5.0g) in a mixture of water (60% V/v) 1 IPA (40% v/y, 10 volumes per
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then filtered, washed with IPA. (1x20ml)y and dried i a vacuum oven at 50°C for 27 hours
to give 0.6g (10%) of Zoledronate monesodivmm crystal form VI (LOD by
TGA=15.0%): '

Preparation of ZLD-Na crystal form XVI

Example 37: : » :
A solution of sodium hydroxide (0.7g) in a mixture of watet (50% v/v) / Ethanol (50%.
viv, 10:-volumes per grams of ZLD-Ac forin T) ( 14nil) was added drop-wise fo a.
suspension of Zoledronic acid (4.8¢) in a mixture of-water (50% v/v) / Ethanol (50% v/,
10 volumes per grams of ZLD-Az form T) (81mi) at reflux temperature. The rezction
tnixture was heated at yeflux temperature.for additional 16 hours. Thefi the reaction
titbeture was cooled to soom temperature. Further cooling was performed using an fce-
bath. The precipitate was thén filtered, washed with absolute Ethanol (2x20ml) and.dried
in.a vacuum overi at 56°C for 18 howss to: give 5.2g (98%) <

Zoledronaté thonosodiuii
crystal form XVI(LOD by TGA=9.9%). Purity by HPLC 99.95%.

Example 38:

A solution of soditim hydroxide (0.7g) i a mixture of water (50% v/v) / IPA{(50%.v/v,,
10 voluines per grams of ZLD-Ac form T} (15ml)-was added drop-wise fo a suspension of
Zoledionie:acid (5.0g) in. a mixtyre of wate#:(50% v/v)./IPA (50% viv, 10 volumes per
-Ac form 1) (85mil) atreflux temperature, The reaction mixture was heated
at reflux-temperature for additionsl 16 hours. Then the reacfion mixture was cooled to

room temperature. Further cooling was performed using an ice-bath. The precipitate was

 then filtered, washed with TPA (2x20ml) and dried in a vacium oven at 50°C for 24 Hours

to give 5.2g (94%) of Zoledronate monosodium ctystal forii XVI(LOD by TGA=9.8%).
Purity by HPLC 99.9%. '

Example 39:

A solution of soditmi hydioxide (0.7g) in 4 mixtute of water (5(]% v/v) F Methanol. (50%
/v, 10 volumes pet grams of ZLD-Ac form Ij (14ml) was added drop-wis¢ to a
suspension of Zoledronic acid form I (4.8g) in a mixture of watet (50% w/v) / Ethanol
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(50% /v, 10-volumes per grams of ZED-Ac form Tj (81ml) at reflux temperature, The
reaction mixture was heated at reflix temperature: for additional 16 hours. Then the
reaction mixture was cooled to toon temperature. Forther cooling was performed using
an ice-bath. Theprecipitate was then filtered, washed with Methaniol (1x25mly and dried
in.a vacuum oven at 50°C for 25.5 hours to give 4.8g (89%) of Zoledronate monosodinm
erystal form XVI (LOD by TGA=11,1%}. Purity by HPLC 99.9%. ‘

Preparation of Z1.D-Na crystal form XVII

Exaniple 40:

. A 0.5L teactor equipped with 4 mechanical stirret, athemiometer; a reflux condenser and

a dropping funmel, was loaded with Zoledronic acid form I (10.0g) and water (247ml),
The suspension was heated to 94°C t6 obtain a cleat solition. A 29% aqueous solution of

~

Sodiun hydroxide (3.45g) Wwas added drap-wise, The. solution-'was fhen cooled f6 room
te,mperatiiré and stirréd at this temperature for 16 hours. After cooling to-3°C the product
was isolated by filtration. Further cooling of the mother-liquid led to the formation of a.
white precipitate. Theprecipitate was filtered and dried in a-vacuum oven at 50°C for 24
hiours to obtain 0.6g of Zoledronate mondsodium crystal. form X¥II (LOD by
TGA=103%). |

CRYSTAL FORMS OF ZOLEDRONATE DISOBIUM (Z10-Nas)
Preparation of ZL1-Na; crystal formi V

Exampledl:

A solution of sodium hydroxide (0.7g) in a mixture of water (X% v/v)/ Ethanol (Y% viv,
10 volumes per grams of ZLD-Ac form XI) (10-15ml)y was added drop-wise to.a
suspension of Zoledronic acid form XTI (4:98g) in 2 mixture of water (X% viv} / Ethanol
(Y% vlv, 10 volumes per grams of ZLD-Ac)(53-85ml) at reflux teniperature: The
reaction mixture was higated 4t reflux temperature for additional 16 houts. Therithe
reaction mixtire wis cooled to roem temperature, Further coolitig was performed using
an ice-bath. The precipitate was then filtered, washed and dried in a vacuum oven at 50°C
for24 hours to. give Zoledlonatc’.di§odium crystal form V.
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49g¢/89% | 10.3%

83l 50g90% | 103% |

"100m1 51g/91% | 107%

Exampled?:

A solution of sodium hydroxide (0.7g) in.a mixture of water (X% v/v)/ Msthianol Y%

5 viv, 10 volumes per grams of ZLD-Ac form XTT) (13-15m1) was added drop-wise to a
suspension of Zoledronic. acid form XI1 (4:98g) in a mixtore of water (X% v/v) /
Methiatiol (Y% wv, 10vohimes per gedms of ZID-Ac) (70-85ml)at reflux temperature.
The reaction mixture was heated at roflux temperature for additional 16 hours. Then the
reaction mixture was cooled to room temperature. Furthet coolirig-was performed using

10 anice-bath. The precipitate was then filtered, washed and dned i 2 vacunm oven 4t 50°C
for'24 hours to givée: Zoledronate disodinm crystal form V.

1 [40% [60% | Bmi L7Ef85%
‘ | G3mD) | Gomy | :
2 50% | 50% | 100ml T T 4.9g/38%  [10.8%
1 (50ml) | (S0mi) '

Example 43:
15
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A solution of soditim hydroxide (0:7g) in a mixture of water (X% v/v) 1 TPA (Y% v/v, 0
* volumes per grams onIDAcform XI0) (13:151iil) was added drop-wise to a suspension
of Zoledronic-acid (4.98g) in a mixture of water (X% v/v) / TPA (Y% vfv, 10 volumes per
grams of ZLD-Acform XII) {70-85ml) at reflux temperature. The reaction mixture was
Heated at reflux temiperature for additional 16 hours. Then the reaction mixiute was
cooled to room iemperature. Further cooling was performed using én ice-bath. The

" precipitatewas then filfered, washed and dried in a vaciufo ovén at 50°C: for 24 hours fo

10

15

20

25

give Zoledronate disodium crystal formi V..

1 a0% |60%  |sml 478 |-
| (33ml) | (50ml) |
2 |50% |50% | 100mb . |48g85% |M2%

| S0 | (50 |

Example 44:

A solution.of sodinm hydrm"ddé (1.4g)in 4 mixture of water (X% v/v)./ Ethanol (Y% v/v,
10 voluities peér srams of ZLD-At form Iy (10—15ml) was added drop-wise to & suspenision
of Zoledronic-acid:-fomr I (5,0g) in-a mixture-of water (X% v/v)./ Ethianol (¥%.v/v, 10
volumes per grams of ZLD-Ac) (53-85ml)-at reflix temperature, The teaction mixture:
‘was heated at reﬂume_mpmautre for addifional 16 howrs. Thexi the reaction mixture was
cooled fo rooin teinperature. Further cooling was performed using an ice-bath. The
precipitatéwas ther filfered, washed and dried in a vacyum oven at 50°C for 24 hours to
give Zoledronate disodium crystal form V.. Purity by HPLC 99.9%.
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20% ;
(A3ml) | (50mly
2 50% | 50% | 100ml  6.0g/94% | 10.0%
(Somi) | (S0md) | : ‘
' ,ExaggleAS;
$ A solution of sodium hydroxide (1.4g) in a mixfure of water (X% v/v) / Methanol €Y%

vIv, 10 volumes per grams of ZLD-Ac form I) (1 5ml) was added drop-wisetoa !
suspension of Zoledronic acid form 1 (5.0g) it mixture of water (X% v/v)/ Methanol L
(Y% v/v, 10 volurnes per grams.of ZLD-Ac) (85xul) af reflux temperature. The reaction
mixture was heated at reflux temperature for additional 16 hours. Then the reaction

10 nuxﬁn'e was cooled to room temperature. Further cooling was peiformed using an ice-
bath. ‘The precipitate was then filtered, washed and dried in 4 vacuum oven at 50°C for.24

hours to give Zoledronate digodium crystal form V. Purity by HPLC. 99.95%.

15 Example46:
A solution of sodium hydroxide (.4g).in @ mixture of water (X% v/v) / IPA (Y% v/v; 10
volumes per grams of ZLD-Ac form I) (10-15ml) was added drop-wise to a suspension of

Zoledronic acid (5:0g) in a mixture of water (X% v/v) /TPA (Y% v/v, 10 volumes per
20  grams of ZLD-Ac) (53-85ml) at reflux temperature. Thie reaction mixture was heated at

45 .

01414




10

15

WO 2005/005447 PCT/US2004/021626

reflux temperatute for additional 16:hours. Theri the reaction niixtirs:was cosled to room -

‘tomperature, Further cooling was performed using an ice-bath. The precipitate was then
filtered, washed and dried in a vacuum oven at 50°C For 24 hours to give Zoledronate
disodium crystal form V. Purity by HPLC 99.95%.

20% | 80%
| (13ml) | (50mD) |
7 [50% |50%  [100ml STg90% | 106%
soml) | soml) | |

Preparation of ZID-Na, crystal form VI

Example 47:

A solution of sodium hydroxide (0.7g) in: a friiktire 6f watgr (60% viv) / Ethanol or

Methandl (40% v/v, 10 vohmes pet grams of ZLD-Ac form XT1) (19mi) was added drep-

wise to a suspensiori 6f Zoledronic acid form XTI (4.98g) i a'mixture of water (60% v/v)
{'Ethanol 6t Methanol (40% viv, 10°volumes per grams of ZLD-Ac) (1061m1) 4t reflux
iémperature: The reaction mixture was heated at reflux temperature for additional 16
Hicuts, Then the reaction mixture was cooled to room temperature. Further cooling was
performed using an ice-bath, The precipitate was then filtered, washed and dried ina
vacupm: gvenyat: 50°C. for 24 hours-to give Zoledronate disodinm ctystal-form VE

60% | 40%  |iosml | |49gRe% [129%

7 60% | 40%  |125ml 45gT8% |[130%
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(75ml) | MeOH
' (50ml)

A solution of sodium hydroxide (1.4g) in. a mixture of water (80%.v/v) / TPA.(20% v#v,
1.0 volumes per grams of ZLD-Ac form T) (38iil) was added drop-wise to a suspension of
Zoledronic acid form I (5.0g) in a mixture of water (80% vAv) / IPA 20% /v, 10
yolumes per grams of ZLD-Ac)(212ml) at reflux temperature. The reaction mixture: was
lieated at reflux temiperature for additional 16'hours. Then the reaction mixture was
cooled to roon: temperature and the solution was evapoiated to dryness. The obtaitied
solid was dried in a vacuum oven at 50°C. for 5 hous fo give 5.2g (78%) of Zoledronate
disodinm crystal form VI (LOD by TGA=154%). Purity by HPLC 99.9%.

' Example49:

Zoledretiate (\hgod_u]m crystdl form XEX (4.0g) was dissolved i water (10ml) at reflok.
temperature. After about 30 minutes at reflix: tempetature a precipitate was: obtained. The
suspensionwas then cooled to 0°C uising an jce-bath. The solid was isplated by filtration
and dried ift 4 vacuum overi at 50°C for 17 hours'to give:2.0g {50%) of Zoledronate
disodium crystal form VL. |

Preparation of ZLD-Naj erystal form VII

Example 50:

A 0,51 teactor equipped with a mechanical stirrer, athérmometer and a reflux condenser
was loaded with Zoledronic acid form I'{10.0g)-and water(260ml). The suspension was
heated ta 80°C to obtain a clear solufion. Sodiam hydroxide (pearls, 2,84g) was.added. A
pH test of the sodium salt showed pH=7.35. The solution was cooled to 60°C and TPA
(10:5mly was added. The teaction mixtire was cooled to-room temperature during 2 hours
and was stirred at:this femperature for-about 16 hours. Aftercooling to 5°C and stirring at
this temperatiite for 2 hours, the solution was evaporated fo dryness to obtain a white

solid. The obtained solid was resturred in water (S0ml) and cooled to-4°C. The prodiict
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" was then isolated by, filtwation and dried ifi-a vacuurm oven at 50°C for, 24 houts to obtain

3.2 of Zoledronate disodium erystal form VIL (24%) (pH=727) Purity by HPLC
100.0%. v

Example 51:

A 0.5L reactor equipped with a mechanical stirrer, 4 theimometer; a reflux cotidenser-and

a dropping funnel, was loaded with Zoledronic acid form E.(10.0g) and water:(1 30ml).
The suspension was heated to; refluc temperature to obtain a clear solution. A 40%
aqué%us solution of Sodium hydroxide«(6.9g) was added drop-wise. The solution was
then cooled to 4°C during 2 hours and was stirred at this temperaturé: for about 1.5 hours.
The: solution was concentrated to half 6f its volumé to-obtain a precipitate. The white
Precipitate was filtéred and dried in a vacuum oven at 50°C for 22 hours to obtain 2.7¢g
(229%) of Zoledronate disodium crystal form VI (LOD by TGA=10.7%).

Example 52:
A 0.5L reactor equipped with 4 mechanical stirrer, 2 thermometer, dreflux condenser and
a dropping fusiriel, was loaded with Zoledronic acid form 1(10.0g) and wafer (130mi).

The suspension was heatéd o reflux temperature (92°C) to obtain a clear solution. A 40%

aquieous salution of Sodium hydroxide (6:9g) was added drop-wise. The solution was
then cooled to 25°C was stirred at this temperature for about 16 hours. The solution was
then concetitrated fo halfof its velumeto obtain a precipitate. The white precipitate was
filtered and dried in a vacuusm oven at $0°C. for 18.5 hours to obiain 2.8g 23%) of
Zoledroniate disodium crystal form VIL (LOD by TGA=10.2%). Patity by HPLC 100.0%.

Example 53:: .

A solution of so‘dimnhyd'roxide (0.7g) in a mixtire of water (80% v/v) / Bthanol:or
Methanol o IPA (20% v/v, 10 velumes per grams of ZLD=Ac form XII).(38ml) was
added drop-wise to a suspension of Zoledronic acid form XIT (4.98g) in a mixture-of
water (80% v/v)  Ethanol or Methanol or IPA {20% v/v, 10 volumes per grats: of ZLD-
Ad) (212m)) at teflux femperature. The reaction mixture was heated at-reflux temperatuie
for additional 16 hours. Then the reaction mixture was cooled to room temperature.
Further cooling was performed using an ice-bath, The precipitate was then filtered,
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‘washed and dried it a vacimm oven at 50°C for 24 hours to give Zolédronate disodium
ctystal form VIL

[80%  [20% |23 [ 49g8%
| oomy) {BIOH
| ", | o)
5 [%  |20%  |2soml | 45gss%  |16%

| (200ml) | McOH. |
Gomd)
3 80%  |[20%TPA |250ml  147g/8% |103%

| oom) | s0mp) |

Exainple 54:
A solution of sodium hydroxide (0.7g) in a mixture of water (60% v/v) / TPA.(40% /¥,
10 volumes per grams of ZLD-A¢ form XII) (19ml) was added drop-wise to a suspension
of Zoledronie acid formn XT1-(4.98g) in a mixture of water (60%:v/v) /TPA.(40% v/v, 10
10.  volumies per grams of ZLD-Ac) (106mil) at reflux temperature. The reaction mixtite Was
heated-at feﬂux temperature-foradditional-1 6 héurs. Thensthe reactionzmixture was
cooled to room temperature: Furthet cooling was petformed using an ice-bath. The
precipitate was then filtered, washed with IPA (1x20ml)and dried in.a vacuum. oven at
50°C for 24 hours to give Zoledronate monosodium crystal form VIII (crop 1). Then the

15  precipitate from the mother-liquid was isolated by filiration.as well, and dried ina
vacuum over at:50°C for 24 hours to give 2.8g (13%) of Zoledronate disodium crystal
form VII (erop I,

Example 55:
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A solution of sodinm hydroidide (1.4g) in a tixfute of water (80% v/v} / Ethanol (20% -
viv, 10-volumes per grams of ZLD-Ac form I) (38ml) was a&_ded- drop-wiseto a '
suspension of Zoledronic acid form 1.(5.02) in a mixture of water (80% v/v)/ Ethanol
(20% viv; 10 volumes per grams of ZLD-Aec) (212mi) at reflux temperature. The reaction
mixture was heated at reflux temperature for additional 18.5 hours. Thei the reaction
mixture was ¢ooled torgom tcmperatuie and the solition was evaporated to dryniess to:
obtain 6.7g(98%) of Zoledronate disodium crystal form VIL(LOD by TGA=16:8%).
Purity by HPLC 99.9%. C

Preparation of ZL.D-Na, erystal form X

Example 56:, _
A solution-of sodium hydroxide (0:7g) in a mixture ofwater (20% v/v)/ IPA (80% viv,

10 volumes per grams of ZLD-Ag form XIT) (10ml) was added drop-wisé to.a suspension

“of Zoledronic acid form XTI (4.98g) in 4 mixtite of water (20% v/v) /IPA.(80% v/v, 10
volumes per grams of ZLD-A¢) (53ml) at reffux teniperature. The reaction niixture was
heated at reflux temperatire for additional 16 houss: Then the reaction mixture: was
cooled to rooin femperafire. Further cooling was performed using an ice-bath. The
precipitate-was then filtered, washed with IPA. (1x25ml).and dried ini a vicuuni oven at
50°C for 24 hours 1o give.4.7g (91%) of Zoledronate disodium erystal form X (LOD by
TGA=2.6%). ‘

Preparation-of ZLD-Na; crystal form XTI

Example 57;

A solution of sodium hydroxide (1.4g) in a mixture of water (5% v/v) / Ethanol (95% v/,

10 volumes per grams of ZLD-Ac form I (8ml); was added drop-wise to a suspension of
Zoledronic.acid form I (5.0g) ina mixture of water (5% v/V) / Ethanol (95%:v/v, 10
‘volumes per grams of ZLD-Ac) (45ml) at reffux temperature. The reaction mixture was
THeated at reflux temperature for additional 19.5 hours. Then the reaction mixtire was
cooled to room temperature. Further cooling was perfoitied using an ice-bath. The
‘precipitate was then filtered, washed with Ethanol (Ix1 Oml) and dried in a vacuum oven
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at 50°C for 20 hours to give '4.9gi {84%) of Zoledronate disodium crystal form X1 (LOD
by TGA=3.4%), Purity by HPLC 99.9%. : '

Preparation of ZLD-Na, crystal form XTIV

Exainiple 58:

A solirtion of sodiun hydroxide (0.7g) in a mixture of water (20% v/v) / DMF (80% v/,
16 volumes per grams of ZLD-Ac form X1T) (10ml)-was added drop-wise to a suspension
of Zoledronit acid form. XIT (4.98g) ina mixture of water (20% v/v)./ DMF (80%; Vv, 10
volumes per grams of ZLD-Ac) (53mnl) at reflix temperature. The reaction mixture was
heated at reflux teinperature for additional 16 hours. Then the reaction mixture was
cooled to toom temperaturs. Further cooling was performed using.an ice-bath. The
precipitate was then filtered, washed with DMF (2x10ml) and dred in a vacuuin oven at
50°C for 24 howrs to give 4.8g (02%) of Zolédronate disodium crystal form XIV (LOD by
TGA=1.9%). | ’

Examiple 59:

A solutionrof sodium hydroxide (1.4g) ina mixture of water (20% v/v) / Methanol (80%
Vv, 10-volumes per gtams of ZLD-Ac form I) (10m) was added drop-wise fo a
suspension of Zoledronic acid form I (5.0g) in & mixture of water (20% v/v) / Methanol
(80% vi¥, 10 volumes per grams of ZLD-Ac) (53ml) at reflux temperature. The reaction
miixture was Heated at Teflux 'tﬁmpexétute for additional 17 Hours. Then the reaction
mixture-was coeled toroom temperature. Furitier cooling was performed using an fce-
bath, The precipitate:was then filfered, washed with Methanot (1x10ml) and-dried in a
vacuurt oven at 50°C for 26 hoursto give 5:6g (97%) of Zoledronate disodium crystal
form XIV (LOD by TGA=1.4%). Purity by HPT.C 99.9%.

Preparation of ZLD-Na, crystal form XIX

Example 60:

Zoledronate disodivm crystal form VI (1.0g) was dissolved i water (19mi) i reflux
temperatiire. After about 30 minutes at reflux temperature a light precipitate was
cbtained. The suspension was then cooled to 0°C using an ice-bath and was concertrated
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under vacuum to obtain a massive precipitation. The solid was isolated by filtration after -
further stirring at 0°C, and dried ini 2 vacuam oven at 50°C for27 houss to give 0.4¢ .
(40%) of Zoledronate. disodiiim orystal form XIX.

Example 61

A 051 redctor eqiipped with amechanical stirrer, a therhometer, a reflux condenser and
a-dropping furinel, was loaded with Zoledronic atid formi T (20.0g) and water (260ml).
The suspension was heated to reflux temjieraﬁlr.e (92°C) to obtain a-clearsolution. A 40%
agueous solution of Sodiumi liydroxide (13.8g) was added drop-wise. The solutiort was
then cooled to 25°C and'was stlrred at this'temperature for about 16 heirrs. The solition

~ was thien concentrated to half of its volume to obtain a preocipitate. After stirring at 0°C for

72 hours, the whiteprecipitate was filtered anid-dried in 2 vacuum oven at 50°C for 23
Houzs: to obtain 10:4g of Zoledroite disodium crystal form XIX.

Preparation of ZLD-Na crystal form XXV

Example 62:

A solution of sodium hydroxide (1 4g)in amixture of water (80% v/v) / Methanol (20%
v/v; 10-volumes per grains of ZLD-Ac form T) (38ml) was added drop-wise to a
suspension of Zoledronic acid form I (5.0g) in amixture 6f water (80% v/v) / Methanol

+(20%.viv, 10 volumes per grams of ZLD-Ac) (212ful) at reflivk femperature, The reaction.

‘misture was heated, at reflix temperature for additional 19 hours. Then the reaction
‘miture was cooled fo room teémperairé. Further cooling was performed using an joe-
‘bath. The solution was then evaporated to dryness to obtain 6.1 (99%) of Zoledronate .
disodium crystal form XXV (LOD by TGA=T7.4%). Purity by HPLC 99.5%:

Preparation of ZLD-Na, crystal form XXVII

Example 63:

A 100m1 flask was loaded with Zoledronic acid form I (4.9g), Sodiuri hydroxide (1.4g),
Methapol (50nil) and watet (2.5ml) [=:5% v/v water in. Methanol]. The reaction mixture
was heated to-reflux fenperature fbf 21 hours. Then the reaction mifxture was cooled to
rootn temperature. Further cooling was performed using an ice-bath. The precipitate was
then filtered, washed with absolute Ethaniol (2x75ml) and dried in é, yvacuum oven at S.O?C
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for 27.5 hours to give 5.7g (93%) of Zoledronte disodinm crystal form XXVII (LOD by
TGA=5.3%), Purity by HPL.C 99.9%.

Example 64:

A soliytion of soditmi hydroxide (0.7g) in 8 mixiture of water (20% v/v)  Methianol (80%.
/v, 10 vohisiies per grams of ZLD-Ac form XII):(10ml)was added drop-wise to-a
suspension.of Zoledronic acid form X1 (4.98g) in & mixtire of water (20% vV} /
Methanol (80% v/v, 10 volumes per grams of ZLD-Ac):(53ml) at reflux temperature, The
reaction mixtnre was heated af reflux témpetature for adﬂiﬁ‘ﬁﬁal 16 hours, Then the
reaction mixture Was ¢ooled to room temperature. Further cooling was performied using
#n ice-bath. The precipitate was fhen filtered, washed with Methanol (2x15ml) and drisd
in & vacuum.oven at 50°C for 34 hours to give 4.85g (90%) of Zoledronate disodium
crystal form XXVII{LOD by TGA=7.5%).

‘QR‘ESTAL FGRMS GF ZOLEDRONATE TRISODI UM ( EZEJB—Naq)
Preparation of ZLD-Nas erystal form LX

Example 65:

A solution of sodium hydroxide (1.4g) in a mixturs of water (20% v/v) / Bthanol or
Methanol o TPA (80% /v, 10 volumes per gramis of ZLD-Ac form XIT). (10ml) was
added drop-wise to a:suspension of Foledronic acid form XIL (5.02) in a mixiure of water
(20% viv) Bihanol o Methanol or IPA. (80% v/y, 10 volumes per grams of ZLD-Ac)
(53ml)yatrefli temperatnze. The reaction mixture was heated at reflux temperaturs for
additional 16 hours. Then the reaction mixture was cooled to room temperaturs. Further
cooling was performed using an ice-bath. The pretipitate was then filtered, washed and
dried in a vacuum oven at 50°C for 24 hours to give Zoledronate trisodium crystal form
X
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1 [20% |80%  fe&sml- 5.69/84% | 136%

(Uml) |EtOH | ‘
(50ml) .
2 120% |80%  |63ml 5.9e/88% | 13.7%
(13ml) | MeOH :
: (50mi)
3 |20% |S0%IPA | 63ml T |see% | 135%

(13ml) | (50ml) ' ‘

Example 66:

A solution of sodiuin hydroxide.(1.4g) in a mixture of water,(40% v/v) / Ethanol or : |

Methanol or TPA (60% v/v, 10 volumes per grams of ZED-Ac forin XII) (13ml) was ’

5 added drop-wise toa suspension of Zoledronic acid form XTI (5.0g) in a rixture of water - k

{40% v#v) / Bthanol or Methanol of TPA (60% /v, 10 volumes per grams of ZLD-Ac) ]

(711ml) at reflux tempetature, The reaction mixture was heated at reflux temperature for '

additional 16 hours. Then the reaction mixture was Gooiéd fo room temperature. Further

~ cooling was performed using an ice-bath. The precipitate was theti filtered, washed and

10.  dried in a vacuum oven at 50°¢ for 24 hoiirs to give Zoledronate trisodium crystal form
%

60%
(33ml) | BtOH ‘
‘ (50ml) -
2 T20% [60%  |&ml 558 O |
(33ml) | MeOH
| (50ml) :

3 [20% | 60%PA |&ml 57g85% [143%
| (33ml) | (50m)
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‘Example 67: '

A solution of sodiom hydroxide (1,4g) in amixture of water (50% -v}v).l Ethatiol or
Methanol or TPA (50% v/v, 10 volumes per gramns of ZLD-Ac form XTIy (15ml) was
added drop-wise to a suspension of Zoledronic acid form XM (5.0g) in a mixture of water
(50% /) [ Bthanol or Methanol or IPA (50% v/v, 10 volumes per grams of ZLD-Ac)
(85m]) at reflux-temperatiire. The reaction mixture was heated at refhux temperature for
addifional 16 fiours. Then the reaction mixture was cooled to-toom terperatire. Further
cooling was perforied using an ice-bath. The precipitate was-then filtered, washed and

dried in a vacuum oven at 50°C for 24 hours t. give Zoledronate trisodmum crystal form

50%
| (s0my | BeORE
j (501a1) |
T [s0% [so% | io0ml T |
'  (50mi) *

| 5.5¢/84%

¢50ml) | (50ml)

; Example 68:

A solution of sodium, hydroxide (1.4g) In a mixture of water (60% v/v) / Ethanol ot
Meithanol or IPA (40% v/v, 10 volumes per grats. of ZLD-A¢ form X1I) (I9ml) was

added drop-wise to a'susp ensionof Zoledronic acid form XTI (5.0g) in a mixture of water,

(60% viv) I Bihanol or Methanol or IPA (40% v#v, 10 volumes per grams of ZLD-Ac)
(106mi) at reflux temperature. The reaction mixtare was heated at reflux temperature for
additional 16 houts. Then the reaction:mixture was cooled to room temperature. Fuither
cooling was performed using an ice-bath. The precipitate was then filtered, washed and
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dried in a vacuum ovent at 50°C for 24 hours to give Zoledronate trisodium crystal form

Ta0% |1
(75ml) | BtOH
. o) | |
2 |60%  |40% | 1z5ml T [alged% | 118%
3 (75ml) | MeOH :
| {50ml) ; : ;
3 [60% @ |40%IPA | 125ml 53e0% |141% |

(75ml) | (50mi) - "

51g/58% | 16.8%

A solution of sodium hydroxide (1.4g) in & mixtare of water (80% v/v) / Ethanol ox
Methanol or IPA (20%v/v, 10 volumes per grams of ZLD-Ac fotm XIT) (38ml). was
added drop-wise to 2 sus,i)ension_ of Zoledronic acid form X (5.0g) in amixture of water
(80% w/v) Ethanol or Methanol .ot TPA. (20% v/v, 10 volumes per grams of ZLD-Ac)

10 ‘ (2121ml) 'zif;r‘éﬂui feimperature. The reaction mixtire was heated at reflux temperature for
additional 16 hours, Then the reaction mixture was cooled to roori teniperature: Further
cooling was performed using an ice-bath. Thé precipitate was then filtered; washed and
dried in 2 vacuum oven at 50°C fot 24 hotirs to give Zoledronate trisodium crystal form : i

15
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(200ml) | EtOH
| (50m1)

T2s0mi | S6@s6% | 12A% |

3 80%  |20%IPA |z50ml | 56/83% | 145%
(200ml) {(S0mD)

Preparation of ZLD-Naj crystal form X1

Example 76:

A 250m! flask was loaded with Zoledronic 2cid form XTI (5.02), Sodium hydroxide
(1.4g), absolute Bthanol (50m1) and water (2.5ml) [=5% v/v water iri Ethanol]. The
reaction mixture ‘was heated to reflux temperature for 20 hours. Then the teaction mixture
was cooled toToom temperature. Further cooling was performed nsing an jee-bath. The
precipitate was thei filtered, washed with absolute Ethanol (2x25ml) and dried n a
vaoimum ovetiat 50°C for 24 houts. to give 5.4g (86%) of Zoledronate trisodium crystal
form XT (LOD:- by TGA=8.9%);

Example 71:

A 250ml flask was loaded with Zeledroric acid form XIT {5.0g), Sodium hydroxide.
{1.4g), Methanol (50mly and water (2.5ml) {=5% v/v water in Methanol]. The réaction
miixture was heated to reflux, temperature for 22 hours. THen théeaetion mixtrire was
cooled to room temperature. Further cooling was performed using an-ice-bath. The-
precipitate was then filtéréd, washed with Methianol (2x50ml) and dried in a vacuum oven
at 50°C fof 24 hotirs to give 5.4g (84%)-of Zoledronate trisodium erystal form XIina
mixture with erystal form IX (LOD by TGA=10.5%),

General procedure for thep reparafion of amorphons Zoledronate sedium
Example 72;

A 100ml flask was lodded with Zoledronic acid crystal form XII (2.0g), Sodium
hydroxide (0.57g) and water (10ml). The reaction' mixture was stirred atToom
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température to. obtain:a ¢lear solution. Then the soltifion. was conceiitrated under vacuum
to obtain 2 precipitate. Further cooling was performed using an ice-bath. The precipitate
was then filtered, washed with water (2x10m1) and dried fn a vacuum oven at 50°C for 24
hours to give 0.76g of amorphous Zoledronate sodiura.

Summarizing tables — erystals forms of Zoledronate sodiwm salts

1. Preparaﬁuﬁ of Zoledronate monosodium salt:

3

EtOH McOH IPA

1 0% vivIL,0 1 @o-astXViip- | XV(ZLD-Ac) reaction
- Ac) '

20% vivH,0 XTI (ZLD-Ac) >IV

50% vivH0 No reaction

80% vivHO  VIE>>XII (ZLD-
i Ac)
»  Using ZED-Ac (assay 100%, Form I).as a starting ninterial

10

15% vivH;0 No reaction

1 20% v B0

50%.vilv H,O. | VEVRIX

80%. viv H,O

" Using ZLD-Ac (assay 100%, Form I) as a starting materia.
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“|EtoH | MeOH

1 20% vivH,O

DMF

50% v/iv H,O

] 80% vivH,OC

| VaVIIE

0% viv H;O

{1

VIL Grop) | =

| VIE8.2 (crop

1vmszor |-

1 100% viv Amorphous

R0

3. Preparation.of Zoledronate trisodinm sali:

BoH | MeCH

(IPA

5% vivIL0 XK1

| 20% vivHO XV XTIV

| D467

40% viv H:O- [ XY

50% vivHzOr IXHV IXHV>IV

X+ IV+amorph.+7.1

1 60% vivEO. IXHv IV

| 80% vivE,0

100% vivH,0 | Amorphous

e Usitng ZLD:-Ac (assay 90%, Form XID). as a starting material
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‘What is claimed is;

10.

12.

Crystallitie solid zoledtotiic acid (Form I) characterized by a powder X-ray
diffraction pattein having peaks at 121, 12.8, 15.7, and 18.9 £0.2°20.

The erystalline solid zoledronic acid of claim 1 firrther characterized by a-powder
Xray diffraction pattern with peaks at 20.9, 21.3, 218, 222, 25.8, 27.6, 29.2,
32.5, and 32.9 $02 °20,

The crystalline solid zoledronic acid -of :clajm. 1, which containg less than about
%% of other polymorphic forms.of zoledronic acid. '

The crystaliiric solid Zoledronic acid of claim 1, of which no more than about 5%
transforms to zoledronic acid Form, IT upon exposure-to 100% félative Humidity
(RH) for 7 days.

The crystalline solid zoledronic acid of claita 4, of which no-more-than about 5%
transforms to othier polymerphic forms of zoledronic acid upon exposure to- 100%
velative himidity (RE) for 7 days. ' :

The ciystalline solid. zoledronic acid chlaJm 1, which, iipon exposure to 100%
relafive humidity (RH) far 7 days, absotbs less than about 0.2% water.

The crystalline solid zoledronic acid of claim 1, which, upon exposure fo 100%
relative humidity (RH) for 7 days, retains its X-ray diffraction pattern

_ ‘ubstantially-as shown in figure no.1.

The.crystalline solid zoledronic acid of claim 1, of which no mere fhan about 5%
transforms to zoledronic. acid ’mel Il upon expesure to. 75% relative: humidity
(RH) at. 40°C for 3 months. '
This-crystalline sofid zoledronic-acid of elaim 8, of which no more than about 5%
tranisforms fo other polymorphic forms of zoledranic acid upon exposure to 75%
telative humidity (RH) at 40°C for:3 months.

The crystalline solid zoledronic acid of elaim: 1, which, upon. exposnre to 75%

 relative humidity (RH) at 40°C foi3 menthé, dhsorbs. less than about 0.2% water,

The crystalline solid zoledronic acid of claim 1, which, upon exposure fo 75%
relative humidity (RH) at 40°C For 3 months, retains its X-ray difftaction pattern
sibstaiitially'as shiown in figore no:1. ’

A pharmaceutical composition comprising the crystalline zoledronic a¢id of claim
1.
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13.°
14..

15,

16.
17.

18.

19.
20.

21.

22.
23,

24,

25.
26,

27.

28.

The crystalline salid zoledronic acid of claim 1, which is 2 monohydrate,
Crystalline solid zoledronic acid (Form II) characterized by a powder X-ray
difftaction pattern having peaks at 14.6, 15.4, 19.1, 22.9, and 23.9 £ 0.2 °28.

The crystalline zoledronic acid f claim 14, further charactenized by apowder X-
ray diffraction pattern with peaks at 20.8,21.7, 25.1, 26.’:7»,--29,5‘-,; 29.9, and 0.2
2. '

The arystalline solid zoledronic acid of claim 14, which-is a monchydrate.

Crystalline solid zoledronic aeid (Form XIT) characterized by a powdet X-ray
pattern havirig peaks at 9.0, 13.9, 14:8, 21.5,24.7, and 29.8 £ 0.2 °20.

The crystallinie zoledroriic acid of claim 17, further characterized by-a powder X-
ray diffraction pattern with peaks at 17.0,20.6, 20.8, 22.4, 25.8, 27.7, 28 4, 28.7,
29.1,30.8,3.19, 32.3, and 32:940.2 °26.

The crystallitie solid zoledronic acid of claim 17, which is a monohydrate.
Crystalline solid zoledronic acid (Form XV) characterized by: a powder X-tay
diffraction pattern having peﬁksﬁ at 19:1, 17.3, 19.3,;:and 23.2.4.0.2 °26.

The erystalline zoledronic acid of ¢laitn 20, further characterized bya powder X-
ray diffraction pattern with peaks at 14.5, 16.7,18.1, 24.5,25.1,25.7, 28.5, 29.1,
29.6; and 30.4 +0.2. °20.

The crystalline solid Zoledronic acid of claim 20, which is anhydrous,

Crystalline solid zoledronic acid (Form XVIII) characterized by a powder X-ray

diffraction patiem haviiig peaks at 10,7, 13.0; 16.4; 17.4, and 28.5+0.2.°26.
The crystalling zoledronic acidof ¢laim 23, further characterized by a powder X-

Tay diffraction pattern with peaks. at 13.3, 18.1, 19.3,21.3,23.7, 25.9, 315, and.

345302928,

The crystalline solid zoledronié acid of elairh 23, which is a monohydrate.
Crystalline solid zoledronic acid (Form XX) chatacterized by a powder X-ray
diffraction pattern having peaks at 122, 19.3, 202, 21.3,25.1, and 27,25 £ 0.2
°38, |

The crystalline zoledronic acid of claim 26, further characterized by a powder
XRD pattern with peaks at 114, 14.9; 15.5, 17.2, 18.2 and 30,5 £0.2 °26.

The crystalline solid zoledronic aeid of claim 26, which is anhiydrous.
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29..
30.
31.
32.
33,

34.
35.

36.

37
38,

39.,

40,
af,

42.

43,

Crystalline solid zoledronic acid (Form XX VI) chéracterized by a powder X-ray «
diffraction pattern having peaks at 9.8, 14.5, 17.1, 17.6; and 18.3 £ 0.2 °26.

The crystalline zoledronic.acid of claim 29, fifrther characterized by a powder X~
ray diffraction patternt with peaks at 18.8, 19.7, 21.4,25.7, 26.6, and 28.1 402

228,

The srystalline solid zoledsonie asid of elaim 29, which is anhydrous,

A pharmaceutical composition compiising the crystalline solid zoledronic-acid of

claim 14,

CfYSt&uﬂle solid zoledronate monosodinm.

Crystalline solid zoledronate monosodium hydrate.

The crystalline solid zoledronate monesedium of claim 33, characterized by a
powder X-ray diffraction pattern having peaks at 8.2, 15.5; 18.6; 23.6, and 26.8 +
0228 (Form VI,

The crystalline solid zoledronate monosodiu of claim 35, firther charactérized
by a powder X-ray diffraction pattern with peaks at 11,8, 17.6,20.1, 24.7, 25.0,
28.4, 31.7, and 32.8 £ 0.2 °26. ' |

The-crystalline solid zoledronate mionosodinth of claim 35, which is a-trihydrate.
The crystalline solid zoledronate thonosodium of claim 33, charasterized .y
powder X-ray diffraction pattem having peaks at 73,88, 14.7,91.8, md 296 +
0.2 220 (form XVI).

The erystallirie solid zoledronats monosodium of clain, 38, firther characterized
by apowder X-tay diffractien pattern-with peaks at 13,8, 16.8, 2014, 21.4, 24.4,
25:6,275,28.2, and 31.7 £ 0.2°260.

The crystallitie solid zoledronate monosodium of claim 38, which is.a diliydrate.
The erystalline solid zoledronate monosodium of claim 33, characterized by a
powder X-ray diffraction pattern having peaks.at 8.2, 9.0, 14.5, 21.4, 24.5, and
202 +0.2°20 (Foim XVID. .

The crystalline solid zoledronate monosodium of claim 41, further chracterized
bya powdor X-tay difffaction patiem with pesks at 13.9, 15.5, 168, 18.6, 223,
23.6,26.7, 2.7, and 32.3 £ 0.2 °26.

The orystaliine solid zoledronate monosodium of olaim 41, which is a dihydrate.
Chystalline solid zoledronate disodiurm.
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T45,
- 46
47.

48.

49,
50.

51.

53.

5.

55.
56.

57,

58;

Crystalline solid zoledronaté disodium hydrate.

Crystalline solid zoledronate disodium arthydrous.

The ciystalline solid zoledronate disodiumn ofzciéﬁn 44; characterized by a powder
K-ray difffaction pattern having at 11.3, 14.8, 15:5, 17.4, and 19.9£:0.2°20 '
(Form V) v .

The erystalline solid zoledronate disodium of claim 47, further characterized by a.
powder X-ray diffractiofi pattern with peaks af 18.0, 18.9, 19.7, 22.7,25.0, 26.7,
30.9, and 34.5:.0.2°26.

The crystalline solid zoledronate disodium of claif 47, which is a dihydrate.

The >cr§stalljﬁ@ solid zoledronate disodium ofclaim 44, characterized by:a powder
X-ray diffraction pattern.having peaks at 7.2, 13.3, 13,7, 14.5, and 21.7 £:0.2.°28
(Form VI).

The crystalline solid zoledronate disodiur of claim 50, further characterized by a
powder X-ray diffraction pattern with peaks at 8.2, 16.6, 16.9, 17.3; 25.9, 26.6,
30,7, 31.9, and 32.9% 0.2 °%6. |

The erystalline solid zoledronate disodiam of claim 50; Whi’éﬁfiS atihiydeate.

The erystallinie solid zoledrotiate disodium of claim 44, chatacterized by a powder
X-ray diffraction paitern having peaks at 6.2 11.6, 12.6, 13.7 £ 0.2 *20 (Form

The crystalline solid zoledronate digodiurm of ¢laim 53, further chatacterized bya -
powder X-ay diffraction patter with peaks at. 22.0, 23.2,26.4, 27.1, 28,6, 28.8,
34,24 0.2 °20. '

The crystalline solid zoledronate disodina of claim 53, whichris a tetrahydrate,
The erystalline solid zoledronate disodium of claim 44; characterized by a powder
X-ray diffraction pafter baving pedks at 6.7, 14.4, 182, 0.4, and 207 + 0.2 °29
(Form X).

The crystalline solid zoledronate disodium of claim 56, further characterized by a
powder X-ray diffraction pattetn with peaks at 8:8; 13.7, 17.0, 198, 21.3, 24.4,
275,279, 309, and 33.4+ 0.2926.

The erystalline solid zoledronate disodium of claim 56, which is a hemitydrate.
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" 59,

60..

61.
62.

£3.

64.
.65,

66.

67.
68.

69.

70.

i

| “The crystalline solid zoledrotiate disodiurn of claiin 44, characterized by a powdsr -

X-ray diffraction pattern having peaks at6.5, 13.0, 16.1, 1’7-;72; and 30.7 £ 0.2 °28
(Form X1). _ ’

The crystalline solid zoledronate disodiuni of claim 59, firther characterized by a
286, 28.9, and 34.8:0.2 °26.

The erystalline solid zoledronate disodium of claim 59, which.is 'a'hemihydiréte’j
The crystalling solid zoledronate disodium of claim 44, ¢haracterized by.a powder
X-ray diffraction pattern having'peaks at 6.6, 19.9, 28.5, and 34.8 +0.2 °26.(Form
XIV).

The crystalline solid zoledronate disodiumu 6f &laim 62, further charactetized by a
powder ¥-ray diffraction pattersi with peaks at 13:0,15.1, 171, 20,5, 27.7, 29.6,
30.7, and 33.5% 0,228,

The crystalline solid zoledronate. disodium of claim 62, which is anhydrous.
The-erystalline solid zoledronate disadium of claim 44, chatacferized by-a powder
Xeaay diffraction-patfern having peaks.at 11.6, 12.5, 13.7, 22.0; and 23.1 + 0.2 920
The crystalline solid zoledronste disodiumm. of ¢laim 65, further charasterized by a
powder X-tay diffraction pattern with peaks at:6.2, 14.3, 15.3, 16,0, 18.5, 24.3,
and 28.6 £0.2 °28, '

The crystalline solid zoledronate disodivum of claim 65, which is-a pentahydrate.
The crystalline solid zoledronate disodiim of claim 44, charactetized by a powder

X-ray difftaction pattern having peaks at 7.4, 13.7, 17.6,and 21.9 £ 0.2 °26 (Form.

‘The:crystdlline solid zoledroniate: disodiviit of €laim 68, further characterized by a
28.6 + 0.2 °28,

The crystalline solid zoledronate. disodinm of claim 68, which is d Sesquiliydrate.
The crystalline solid zoledronate disodium of claith 44, which i§ amenohydrate
characterized by a powder X-ay diffraction ?ﬁﬂerﬁ having'peaksat-6.4, 8.2, 16.0;

17.4, 19.0, and 28.8 0.2 °20 (Form XX VII),

64

01433




WO-2005/005447 PCT/US2004/021626

72,

73.
74.
75.

76.

77
“78.

79.

80:
81.

82.
83.
84.

85.

The érystalline solid zoledronate disodium of claim 71, firther chatactérized by a
powder X-ray diffraction pattern with peaks 2t 7.7, 10.2, 17.2, 18:1, 216, 25.7,
and 25.9+£ 0,2 970,

The crystalline solid zoledronate disodium of claim 71, which is a monohydrate.
{Crystalline solid zoledronate trsodium.

‘The orystallisie §61id zoledronafe trisodiuti of clairn 74, characterized by a powder
Xeray diffraction patternhaving peaks at'8.3, 10.9, 15.0, 166, and 22.8 +.0.2 220
‘The crystalline solid zoledtonate trisodium of claim 75, further charasterized by a.
powdar X-ray diffracfion pattern with peaks at 13.1, 20,2, 20.6, 20.9,25:0, 27.8,
ang"}‘-:zi};o +0.220.

‘The crystalling solid zoledronate trisadium of claim 75, which is a trihydrate.

The ciystalling solid zoledronate trisodium of claim 74, characterized by-a powder.
: i3

X-ray diffraction patterm having peaks at 6.2,7.9; 8.8, 10.6, and 12.2:0.2°20

The crystalling solid zoledronate frisodium of claim. 78, further characterized by a
powder X-ray diffraction pattern with peaks at:15.0, 154, 17.5, 18.8, 19.6, 20.5, |
22.3,93.7, 25.7,29.6, and 31.70.2'920. _

The crystalline sofid zoledronate trisodium of claim 78, which is a dihydrate.

A process for preparing a solid crystalline zoledronate sodium salt-comprising:

a)  dissolving zoledronic acid.in water to form a solution;

b)  adding abase to the solution; and

¢} cooling the solutiomto precipitate crystalline-zoledronate sodium,

The process of claim 81, wherein the crystalline solid zoledronate sodium saltis

‘the soriosodium salt:

The process of claim 82, whersin the crystalline solid zoledronaté monosodium is
selected from the group consisting of Formy VIIL, Form X VI atid Foin XVIL
The process of claim 81, wherein the crystalline solid zoledrohate sodium salt is

‘the disodimm: salt.

The process of claim 84, whetein the erystalline solid zolsdronate disodium is
selected from the group-consisting:of Form V, Form VT, Form VII, Form X, Form.
XTI, Form XTIV, Form XIX, Form XXV, and Form XXVIL
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86.  The process of claim 81, wherein the crystalline solid zoledronate Sodiugh galt ,1s -
the trisodinm salf: ‘
87.  The process of claim 86, wherein the crystaliine solid zoledronate trisodium is
selested: from the group consisting of Form IX and Form XT.
88,  Apiocess for preparing a crystalline solid zoledroniate sodium salt comprising:
a) suspending zoledronic acid in 4 mixtire of alcohol/water
b) ‘adding to the suspension of a) a solution of abage, in an equivalent mixiure of
alcokiol/vater as that used in the suspension of 2), to: form a reaction mixture;
©) stirring the reaction mixture for a tire sufficient ‘to:precipitate a crystalling
solid zoledronate soditir salt. X
89.  ‘The process of claim 88, wherein the reaction mixture is stirred at reflux for about l
o - , |
106 about 20 hours; o |
|

90.  The process of claim 88, wherein the voliinie ratier of alcohol/water fo.zoledionic
acid in a) and b) is 6-14 volumes, .

91,  The process of claii 88, whetein the alcohol in &) and b) is selected from the ,

» group consisting of metharol, ethariol, isopropanol and dimethylformamide. ’ |

92.  The process of claim 88, wherein the zoledronic acid is zoledronic acid Form T
and the ratio of acid to base is 1:1.

93.  The process of claim 88, wherein the zoledronic acid is zoledronie acid Form I

and the tatio of acid to base is 1:2,

94.  The process of claim 88, whergin the zoledronic acid is zoledromic acid Form: XI{
;and the ratio of acid to base’s.1:1.1.

95  Theprocessof claim 92, wherein the crystallirie solid zoledronate sodium salt 1s
the monosodium salt. 4

96, The Pfoqe.‘ss of claim 95, wherein the erystalline solid zoledronate monosedivm is.
selected from. the group consisting of Form. VIIL, Form XVI and Form XVIL

97.  Theprocess of claim 93 or ¢laim 94, wherem the crystelline solid zoledroiiate
-sodium saltis the disodium saft.

98.  'Theprocess of €laim 97, wherein the: ;;ry_sta'ﬂine solid zoledronate disodiumis
selected from the group consisting of Form V, Fotm VI, Foim VI, Form X, Form
XTI, Form X1V, Form XTX, Fortn XXV, and Form XXVIL
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99."
100.
101,

Ioz,

103.

104.

105.
106

107,

108,

Thie process of claim 88, wherein the zeledronic acid is zoJedronic-acid Form XIT

aridthe ratio of acid to baseis 1:2:1,

The process of claim 99, wherein the erystalline solid zoledronate sodium salt is

the trisodinm salt.

The process of claim 100, wherein the crystalline solid zoledtonate-trisodium is

selected fromi the g‘duij congisting 6f Form IX andFormXI

A process for preparing a solid crystalline zoledronate sodium salt comprising:

a) dissolving a crystal form of zZoledronate sodium in water o form a-solution;;
and

b) cooling the solution to precipitate a crystal form of zoledronate sodium which
is different from thié starfing form in 2).

The-process of claim 102; wherein: the water is added i an amount of between 20+

30 volumes per volunre of zoledronate sodiimm.

A process for preparing erystalline solid zoledronate monosodium Form VII

comprising: a

) éddiﬁg,a solution of'a base in an'80%/20% Vv mixture-of water/cthanol 6 a
water/ethanol at elevated temperature;

b) stirring the mixturs of a)at teflux temperatire for about 10 to-20 hors; and

¢) precipitating zoledronatemonosodium Form: VL.

The process of claim 104, wherein the base is sodium hydroxide, which, is added

in a0 aniount of a 1:1 melar ratio to. the zoledronic aciid: ’

The process of claim 104, wheréin'the volime atic of water/ethano] to zoledronic

acid form I in the suspension.and the solutioriis between-6-14.

A process for. preparing ¢tystalline solid zoledronate monosodium Form: VIH

comprising;

a’)‘ addixig & solition of a base in an 80%/20% viv mixture of watér/methanol toa
suspension of zoledronic acid form I in an 80%/20% viv miktire of
water/methanol at elevated temperaturs;

b). stirring the mixturs of ) at refhiy: témperature for about 10 to 20 houts; and

¢) precipitating zoledronate monosodium Form VIII.

The process of claim 107, whitein the base is sodium hydroxide, which is added

in an amiount 6f'a 1;1 molarratio to the zoledronic acid..
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109.

110.

111,

112.

113,

114.

5.

116

117.

The process of claim 107, whertein the voliing ratio 'of water/methanol to
zoledronic acid form 1 in the suspension and the solution is between 6-14.
A process for preparinjz crystalline solid zoledronate monosodiuiit Forin VITE

compiisirig:

4) addiiig a solufion of abase in an 60%/40%-v/v nitxfure of water/isopropanol to

a suspension of zoledronic acid form L it an 60%/40% v/v mixture of
water/isopropano] at elevated temperatiire;
b) stirring thie mixture of ). at reflux temperature for about 10 to 26-hours; and
¢} preeipitating Zoledronate monosodium Form VIIL. »
Theprocess of claim 110, whergin the base is sodiuim hyidroxide, which is added

in an amoynt of a 131 molar ratio to the zoledronit acid.

The process of ‘claim 110, whereit the volume ratio-of water/ isopropanol to
zoledronic acid forrm T ifi the suspension and the solution ig betweet, 6-14.

A process for preparing orystalline solid zoledronate monosodium Fori XVI

“cotnprising:

a) adding a solution of a base-in a 50%/50% v/v mixfure of water/ethanol toa,
suspension of zoledronic.acid form T in a.50%/50% v/v mixture of
water/ethanol at elevated temperature;

b) stirring the mixture of a) af reflux tempexatufe for abgiit 10 fo 20 hours; and.

¢) precipitating zoledronate monosodinm Form XVI.
The process-of claim 113, whereiti the base is sodium hydroxide, which is added
in ag amountof a 1:1 moldr ¥4t o to the zoledronic acid,

The process-of claim 113, whetein the volume ratio. of water/ethanol to zoledranic

- acid-formi T in the suspension and. the solution is'betwesn 6-14.

A process for preparing crystalline solid zoledrenate monosodium Ferm XVI

comprising: ‘

a) addingasolution of a base in a 50%/50% vy mixture of water/isopropanol to
a suspension of zoledronic acid Form T ina 50%/50% v/ mixture of
watet/isopiopanol at elevated temperature;

b) stiming the mixture of 4 at reflux temperature for dbout 10 to 20 hours; and

&€) precipitating zoledronate monosodium Form XVL
‘The process of claim 116, wherein the base is:sodium hydroxide, which is added

i an amount of a 141 molar:ratio to the zoledronic-acid.
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118,

119.

120.

121.

127,

123.

124.

125.

126.
127.
128.

129.

130.

‘The process. of ¢laim 116 wherein the volume ratioof Water/isopropanol to

zoledronic acid form I in the suspension and the solution is between 6-14.

A process for preparing ¢rystalline solid zoledronate monosodium Form XVI

‘comprising: - ,

a) addifig 4 solution of a base in a 50%/50% v/ mixture of watermethanol to a
suspension of zoledronic acid form Iina 50%/50% v/v mixture of
waterfethianol af elevated temperature;

by stirring the mixture of a) at reflux temperature for about 10 to 20 hours; and

©) precipitating zoledronate monosodium Form X VI _ .

The process. of claim 119, whetein the base is sodium hydroxide, whichis added

in an amount-of a 1:1 miolar ratio to the zoledronic acid,

The process. of claim 119, wherein the volume ratio of water/methanol to

zoledronic acid form I in the solution is between 6-14 and the volume ratio of

water/ethanol inthe suspension is befween 6-14-

A piacess for preparing solid crystalline zoledronate sodium Form X VIL

comprising: '

a) dissolving zoledronic acid Form I in water to forri a solution;

b) adding a base to the solution; ad

©) cooling thé solutioi, optionally with the addition of an organic solvent, to
precipitate erystalline zoledronate sodinm Form XVH.

A pharimaceutical composition comprising the crystalline solid zoledronate

‘A phasmaceutical compositiorn-cofprising the erystalline solid zoledionate

disodium of ¢idim 44.

A phamiaceutical composition comprising the crystalline solid 2oledr,onatef
trisodiunr ofclaim 74.

Alﬁmphéns monosodium zoledronate.

Amorphous disodium zoledronate.

Amorphous trisodium zoledronate.

A pharmaceutical composition comprising the-amorphous solid zoledronate of
claim 126

A process. for preparing zoledroriate amorphous sodium comprising:
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treatinig zoledronic acid and a base, i water at room tetiiperature and precipitating,
zoledronate amorphous sodium. ) '
131. Theprocess of claim 130, wherein thefatio of acidibase is 1:1.1.

132. Theprocess of claim 130, wherein the ratio of acid:base is 1:2.1,
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Drugs of the Future 2000, 25(3): 253-268
Copyright ® 2000 PROUS SCIENCE
CCC: 0377-8282/2000

- Zoledronate Disodlum

usan

Treatment of Tumor-Induced Hypercalcemia

Angiogenesis Inhibitor

Zoledronic Acid Disodium Salt Hydrate Rec INNM)

CGP-42446A
ZOL-4486 ’
- Zometa™

1-Hydroxy-2-(1-imidazolyl)ethylene-1,1-diphosphonic acid disodium salt tetrahydrate

) 1,0 Na
PN
N TN “OH
N/ OH AH,0
O/ 1 ~a” Na’
H

CoHgN,Na,0,P,.4H,0 Mol wt: 388.1124

CAS: 165800-07-7

CAS: 157432-59-2 (as Mg salt)

CAS: 157432-58-1 (as Zn salt)

CAS: 131654-46-1 (anhydrous)

CAS: 118072-93-8 (as anhydrous free acld)
CAS: 165800-06-6 (as free acid monohydrate)

EN: 144428

Synthesis

Zoledronate sodium can be prepared by reaction of
2-(1-imidazolyl)acetic acid hydrochloride () with PCI,,
with optional presence of phosphoric acid, in refluxing
chiorobenzene, followed by hydrolysis ‘with refluxing 9N
hydrochloric acid and final formation of the sodium salt by
treatment with aqueous NaOH (1). Scheme 1.

Description

Free acid, m.p. 239 °C {decomp.); disodium salt dihy;
drate, m.p. 291-3 °C (decomp.).

Scheme 1: Synthesis of Zoledronate Sodium
AN OH
N7 °N
-HCI
E./ /\r.(
®
1) PCl;/H,PO,

2)Hel
3)NaOH

Introduction

Metastatic bone disease is a common complication of
several cancer types, particularly breast, prostate and

. lung carcinomas, and bone destruction is an integral part -

of other malignancies, notably myeloma. Frequently, the

. first sign of disseminated disease in cancer patients is

bone metastasis, which results in bone pain, spinal cord
compression, fractures and hypercalcemia, which in tum
may be the cause of renal insufficiency. All of these
events dramatically reduce the quality of life for patients.

L.A, Sorbera, X. Rabasseda, J. Caslafier. Prous Science, P.O.
Box 540, 08080 Barcelona Spain.
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Bone lysis and sclerosis rely on a disruption of the
bafance between the actions of bone-resorbing cells
{osteoclasts) and bone-forming cells (osteoblasts).
Cancer-associated lytic bone destruction depends on sol-
uble factors synthesized and released by tumor cells that
stimulate osteoclasts to resorb bone. Osteoclasis are
specialized cells that erode mineralized bone via acids
-and lysosomal enzymes, Factors that activate osteoclasts
include parathyroid hormone-related peptide, growth fac-
tors, interjeukins-1 and -6, Wumor necrosls facor-J, lym-
photoxins, colony-stimulating factors and prostaglandins.
Osteoclast activation results in disruption of bone remod-
eling, unbalancing the equilibrium to increased resorp-
tion. Bisphosphonates stop bone destruction directly by

_inhibiting the recruitment and function of osteoclasts and

indirectly by stimulating osteoblasts to produce an
inhibitor of osteoclast formation. Their exact mechanism

is not fully understood, but may include direct toxic effects -

on malure osteoclasts; inhibition of osteoclast differentia-
tion and/or impaired osteoclast chemotaxis (2, 3).

. Bisphosphonates are analogs of simpie phosphates
used to treat osteoporosis, Paget's disease, hypercal-
cemia and osteolytlc bone metastases. However, recent
findings have shown that these drugs also reduce the
incidence and the number of bone and soff tissue metas-
tases in patients with breast and other cancers and, thus,
may repreSent an important advance in the management
of cancer. Bisphosphonates. are useful as adjuvant thera-
py in patients with bone metastases to reduce hypercal-
cemia, bone pain and the risk of fractures, and may even
be useful in delaying the occurrence of bone metastases
(4). Bisphosphonates vary markedly in potency and are
concentrated in bone, where ihey remain until the bone is
resorbed. However, all the available compounds are

. poortily absorbed from the gastrointestinai tract.

Bisphosphonates are indicated for the treatment of a'

variety of metabolic bone diseases characterized by .
increased bone resorption, which is a prominent feature -

of bone disease in cancer patients. Therefore, they are
used to inhibit osteoclast activity in cancer-related hyper-
calcemia in patients with multiple myeloma, breast, kid-
ney, lung or prostate cancer or any other malignancy

associated- with hypercaleemia -and/or. .osteolytic -bone ..

melastases. The use of these compounds has been
shown to decrease bone pain and the risk of fractures
and to delay the occurrence of skeletal complications.
Similarly, bisphosphonates have been shown to slow the
progression or inhibit the development of bone metas-
tases in cancer patients, probably by inhibiting the resorp-
tion of bone, which would reduce the release of growth

“factors stored in the bone matrix. or by inhibiting the.

adhesion of cancer cells to bone matrix.

Zoledronate is a third-generation bisphosphonate
characterized by a side chain that includes an imidazole
nng.

Pharrhacological Actions

Zoledronate was found o be extremely potent in

inhibiting 1,25-(OH),D,-induced  calclum release from.

Zoledronate Disedium

mouse calvarial cultures. in vitro; 1C  values of 0.002 and
0.2 uM were obtained for zoledronate and pamidronate,
respectively. Zoledronate aso markedly and dose-depen-
dently inhibited parathyroid, parathyroid-related protein
and recombinant human interleukin-1B-induced calcium

" release with IC,, values ranging from 2-7 M, which was

40-100 times more potent than pamidronate (5). Another
in vitro study showed that the IC,, values for zoledronate
‘to inhibit squalene synthesls in rat liver microsomes and
sterol synthesis in a mouse osteoblast-ike cell kne
(MC37T3) were 11.1 and 17 pM, respectively (6).

An ED,, value for zoledronate to reduce hypercal-
cemia in 1,25-(0OH),D-reated thyroparathyroidec-
fornized rats in vivo of 6.072 x 0.018 pglkg S.c. was
reported, which was 850 times more potent than values
obtained for pamidronate (61 = 7.5 pg/kg s.c.).
Zoledronate treatment resulted in dose-dependent inhibi-
tion of 1,25-(0OH),D induced hypercalcemia with
maximum effects (100%) observed with a dose of
1.4 pgrkg. Zoledronate showed a low oral bioavailability
when administered orally for 4 days in the same model
but remained 120-fold more potent than pamidronate
(ED,, = 0.19 + 0.06 vs. 23 + 2.9 mg/kg p.o.). Following
i.v. administration, zoledronate was 690 times more
active than pamidronate (EDg, = 0.16 vs. 110 pg/kg
i.v.) (5).

Short-term zoledronate treatment (0.028, 0.28 and 28
pg/kg s.c. for 10 days) of growing rats (7 weeks old) was
shown to dose-dependently suppress cancellous bone
turnover and resorption, resulting in an increase in-can-
cellous bone. An increase in radiographic density of the
tibial proximal metaphysis (ED,, = 1.7 pg/kg) was
oheerved ag well ac increasas in femaorai frahecular cal-
cium {ED,, = 0.17 pgrkg) and hydroxyproline (EDg = 1.1
-ngrkg) content and decreases in the mineral apposition
rate (37-39%); no changes were observed in cortical
bone. Shori-term zoledronate treatment was concluded to
be 100 times more potent than freatment with
pamidronate (3.7-370 pg/kg) in this model (5,7).

© A study using female Balb/c mice implanted with

- mouse mammary.tumor cells.(4T1) demonstrated the effi-

‘cacy of zoledronate {0.1-1 mg/kg l:v- bolus-at weelc 1-with
primary tumor formation and betore detection of metas-
tases) when combined with anticancer agents (tegafur
and uracil; 5-20 mg/kg/day p-o. for 3 weeks) against bone

- and non-bone metasiases. Osfeolytic bone metasiases

were significantly reduced and a decrease in tumor bur-
den was observed through histomorphometrical analysis
in mice treated with zoledronate alone; soft organ (Jung
and liver) metastases were unaffected by zoledronate
treatment. Although zoledronate treaiment alone had no
effects on survival, when combined with the anitcancer
agents, survival was markedly extended (8).

The effect of zoledronate on ovariectomized arimals
has also been assessed. Long-term zoledronate treat-
ment (0.3, 1.5 or 1.7 pg/kg s.c. oncefweek for 1 year} in
ovariectomized mature rats (4 months) was effective and
resulted in significant, . dose-dependent prevention of
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bone loss. The agent was shown to inhibit augmented
bone remodeling due to estrogen deficiency (9).

Results from studies using adult ovariectomized rhe-
sus monkeys showed that long-term zoledronaie treat-
ment (0.5, 2.5 or 125 pg/kg s.c. once weekly for 69
weeks) was well tolerated and prevented development of
absolute osteopenia. Afier 13 weeks of treatmerit, total
body and lumbar spinal bone mass and skeletal turnover
were decreased in a dose-dependent manner.
Histological analysis of biopsies from the 7ih rib at 6
months after treatment showed that the mineralizing
Haversian systems and formation rates of animals treat-
ed with 2.5 and 12.5 mg/kg zoledronate were significanily
less than untreated animals and those treated with 0.5
mg/kg; only the 12.5 ma/kg dose was found to signifi-
cantly decrease the mineral apposition rate (10, 11).

Arthritic bene destruction could be another usage for
zoledronate. A study using an experimental inflammatory
arthritis model in which the right tibiofemoral joint of rab-
bits was repeatedly (over 49 days) injected with car-
rageenan, showed that zoledronate (3 pg/kagrday s.c.
from day 1, 14 or 28 after arthiitis induction for 49 days)
significantly decreased metaphyseal intracortical defects.
Rabbits treated with zoledronate 14 days after arthritis
induction showed the greatest reduction in defect area
which was not significantly different from normal rabbits.

Moreover, analysis of cellular pathology showed a signif- .

icant difference in fibroblast and adipocyte populations in
zoledronate-treated as compared to untreated arthritic
animals. These alterations suggest that zoledronate may
affect other cell types In addition to osteoblast/osteoblast
fineages (12, 13). ’
Another study using carrageenan intraarticular injec-
tion in the right knee (for 4 weeks) to induce arthriis in
rabbits, showed partial chondroprotective effects of zole-
dronate (10 pg/kg s.c. 3 times/week-for 4 weeks).
Although zoledronate treatment had no effect on car-
rageenan-induced synovitis, indicating that the agent had
no antiinflammatory effects, treatment resulted in only 1
animal exhibiting extensive cartllage erosion and 3 and 1
animals showing focal .carlilage_erosion. and . cartilage

fibrillation, respectively. In coritrast, 6/7 untreated animals.

displayed extensive cartitage erosion. Zoledronate main-
tained subchondral bone thickness and hardness and
cancellous bone volume, In addition to preventing focal
breaks in the osteochondral barrier. The eftects of the
drug were concluded to be due to prevention of bone
resorption (14). A similar study showed that zoledronate
treatment (3 pg/kg/day s.c. for 49 days during arthritis
induction) resulted in a reduction in type Il collagen loss
and a decrease in the percentage of denatured collagen
present in tibia samples (15).

The intestinal iolerability of zoledronate was exam-
ined both in an acute i viva model in rats involving lumi-
nal perfusion of ileal loops and /7 vitro using monolayers
of intestinal epithelial cells (Caco-2). Although zole-
dronate (1-100 mM) inhibited bone resorption 2- to 3-fold
more potently than pamidronate, it was 2- to 4-fold less
effective in disrupting the permeability barrier of monolay-
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ers. Moreover, zoledronate only at concentrations of 30.
mi disrupted the intestinai permeabiiity barrier within 1 h
in vivo, while 1 and 10 mM had no effect. Thus, zole-
dronate’s ability to inhibit bone resorption while having
low potential fo increase damage to intestinal mucosal
may result in a higher therapeutic ratio in humans as
compared to pamidronate (18).

Pharmacckinetics and Metabolism
Zoledronate.showed a fow oral bioavailability when

administered orally in 1,25-dihydroxyvitamin D,-treated,
thyroparathyroidectomized rats (5).

Clinical Studies

The tolerability and. efficacy of a single infusion of ‘

zoledronate (24, 72, 216 and 400 pg i.v. over 1 h) was
demonstrated in an open-label, ascending dose, 2-week
trial in 16 patients with active Paget's disease of the bone.
No significant changes in bone resorption markers were
observed with doses of 24 and 72 ug. However, with
doses of 216 and 400 pg, urinary hydroxyproline/creati-
nine excretion decreased by 16-19% on postinfusion
days 3, 7, 10 and 14 and by 33-4B% ondays 1, 7 and 10,
respectively; urinary calcium/creatinine was reduced by

15-40% on days 1, 3, 7, 10 and 14 and by 55-71% on -

days 3,.7, 10 and 14, respectively. No acute phase reac-
tions, leukopenia or renal or hepatic toxicities were

observed (17} (Box 1).

A randomized, double-blind nlaceho-controlled, dosa
ranging study in 176 patients with active Paget’s disease
of the bone showed the tolerability and efficacy of single
i.v. infusion of zoledronate (50, 100, 200 or 400 pg for
2 h). A rapid decrease in median fasting urinary hydroxy-
proline/creatinine excretion was observed (nadir at day
10} with significant differences from placebo noted with
the 200 and 400 pg doses. In addition, all dose groups

displayed-asignlficant: reduction in serum_alkaline phos-

phatase activity by day 5°(nadir on'day 60) as compared
to placebo; activity continued to decrease by day 90 post-

treatment for the group receiving 400 pg. Dose-depen-

dent tesponses were observed in the number of thera-
peutic responders for serum alkaline phosphatase
aciivity. In the group receiving 400 pg, 46% had a 50%
decrease in alkaline phosphatase from baseline and 20%
showed normalized values. Dose-dependent increases in
serum calcium and phosphate were observed within the
first 3 weeks following zoledronate infusion, The inci-
dence of drug-related adverse events was similar in both

treated and placebo groups with fever, back pain and .

skeletal pain the most common. Asymptomatic hypocal-
cemia (< 8 pg/dl} developed 5-10 days posttreatment in
3 patients given 400 pg and was resolved without treat-
ment, No drug-related alterations in hematological para-
meters were seen (18) (Box 2). :
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Zoledronate Disodium

Box 1: Antiresorptive eflect of zoledronate in Paget's disease of bone (17) [Prous Science CSline database].

*Zoledronate was administered as a single 1-h infusion

Box 2: Zoledronate in the treatment of Paget’s disease of bone (18} [Prous Science CSline database].

*Zoledronate was adminislered as a single 5-min infusion in 60 mi dextrose in water

Two further, dose-finding, placebo-controlled trials in

176 and 180 patients with Paget's disease confirmed .

zoledronate to be safe and effective in Paget's disease,
with doses of 200 or 400 ug as single i.v. infusion being
optimal (19, 20) (Boxes 3 and 4).

A subpopulation (28 patienis) from this same study .
was used to monitor the urinary excretion of nonisomer-
ized and B-isomerized forms of type | collagen breakdown
products to determine the efficacy of single i.v, injections
of zoledronate (200 or 400 pg). Serum type | collagen
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Box 3: A double-blind placebo~cont}olled triaf of zoledronate in Paget’s disease {19) [Prous Science CSline daiabase].

+Zoledronate was adminisfered as a 60-min infusion

Box 4: Zoledronate in the treatment of Paget's disease (20) [Prous Science CSline daiabase].

263

+Zoledronate was administered as a single 60-min infusion
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Zoledronate Disodium

Box 5: Monitoring the effects of zoledronate trealmenf in Paget's disease of bone (21} [Prous Science CSline database].

+Zoledronate was administered as a 5-30 min infusion once monthly for 3 months

C-terminal extension propeptide (PICP) and urinary
excreted N-telopeptide breakdown products (NTX) and
C-telopeptide products (aCTX and BCTX), which were
increased in patients at baseline, were decreased within
5 days of zoledronate treatment (200 or 400 pg); serum
bone alkaline phosphatase (BAP) and urinary excreted
free deoxypyridinoline (free D-Pyr) were reduced on day
10. Although NTX and aCTX reductions in urinary excre-
' tion were sustained for 60 days, BCTX excretion
increased between days 10-30 and reached preireatment
values by 2 months. The significant reduction in the uri-

ntrolled clif

nary ratio of aCTX / BCTX seen between days 10 and 60

and later reaching normal values within 2 months, may

indicate the restoration of bone guality-in these patiens.
Therefore, monitoring of this ratic may be helpful in
assessing the efficacy of zoledronate treatment (21)

(Box 5).

A phase | trial in 59 patients with osteolytic bone

. metastases {e.g., multiple myefoma, breast cancer)

showed that zoledronate may be safely administered as
short monthly i.v. infusions (0.1,0.2,0.4, 0.8, 1.5, 2, 4 and
8 mg for 3 months). Thirty-minute infusions of the low
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Box 7: Zoledronate versus pamidronate in patients with osteolytic bone metastases (24) [Prous Science CSline database].

+Zoledronate was administered as a §-min infusion and pamidronate as a 2-h infusion, both once monthiy for 8 months

Box 8: Phase Il study of zoledronate in patients with osteolytic lesions (25} [Prous Science CSline database].

“Zoledronate was administered as a 5-min infusion and pamidronate as a 2-h infusion, both once daily for 8 months

doses {0.1-0.2 mg) were well tolerated although higher
doses were well tolerated when given as 5-min infusions.
Adverse events were mild except 1 case of severe bone
pain reporfed after 3 weeks with the 0.1 mg dose and 1
case of moderate conjunctivitis. The most common
adverae effects, most of which were not.concluded to be
drug-related, were bone pain, eye iritation, flu-like. symp-
toms and fever. Significant decreases in bone resorption
markers were observed in zoledronate-treated patients
with marked decreases in the urine calciumv/creatinine
ratio (with doses of 0.2-2 mg) and decreases in hydrox-
yprolinefcreatining and deoxypyridinoline/creatinine
ratios. Moreover, pain scores of treated patients were
reported fo decrease and an analgesic effect was seen at
12 weeks in 7 patients given 8 mg indicated by a median
percent change of 50% (22, 23) (Box 6).

Results from a randomized, double-blind, parallei
phasge |l trial in 285 patients with osteolytic bone metas-
tases showed that zoledronate infusion (0.4-4.0 mg iv.
over 5 min every 4 weeks for 9 months) was well tolerat-
ed in combination with standard chemotherapy for breast
cancer and multipie myeloma. No significant hematologic
or biechemical changes were seen. The efficacy of zole-

dronate was also compared to pamidronate (90 mg i.v.
infusion over 2 h every 4 weeks}. Prefiminary analysis of
results indicate equivalent efficacies and safety profiles
for both agents. The most common adverse effects were
skeletal pain, low-grade fever and mild flu-like symptoms
from.24-49 h postinfusion. Tho 8-min.zoledronate.infusion.-
was concluded to be more advantageous than the longer
pamidronate infusion since it requires less nursing time,
use of office space and time spent by the patient at the
clinic (24) (Box 7).

Results from.another randomized trial in 280 patients
{171 with breast cancer and 109 with multiple myeloma)
with osleolytic lesions confirmed the safety and efficacy
of zoledronate, which at doses of 4 mg i.v. monthly was
comparable to pamidronate 90 mg iv. monthly (25)
(Box 8).

The clinical efficacy of zoledronate in hypercalcemic

" cancer patients has been fully confimed in a number of -

additional clinical trials (26-29) (Boxes 9-12).

Novartis has filed for marketing approval for zole-
dronate (Zometa®) for tumor-induced hypercalcemia in
the U.S., Canada, the EU, Switzerland and Australia
(30). The FDA has granted priofity review status and is
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268 . ) Zoledronate Disodium

Box 9: Dose-finding study of zoledronate in patients with tumor-induced hypercalcemia (26} [Prous Science CSline database]. )

*+Zoledronate was administered as a single 30-min infusion

Box 10: Phase ! study of zoledronate in patients with osteolytic bone metastases (27) [Prous Science CSline database]. o

+Zoledronate was administered as a 5-min infusion ence monthly

Bbx 11: Zoledronaie in the treatment of osteolytic bone metastases (28) [Prous.Science CSline dafabase]

*Zoledronate was administered as a 5-min infusion once monthly
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Box 12: Phase | trial of zoledronate in patients with osteolytic bone lesions (28) [Prous Science CSline database].

Zoledronate was administered as a 530 min infusion once monthly for 3 months

expected to rule on the appmvablllty of zoledronate by
June 21, 2000 (31).

Manufacturer

Novartis AG (CH).
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do net include all the information needed to use
FOSAMAX safely and effectively. See full prescribing information
for FOSAMAX.

Fosamax® {alendronate sodium) tablets, for oral use
FOSAMAX {alendronate sodium} oral solution
initial U.S, Approval: 1885

----------------------- INDICATIONS AND USAGE me-rvmmrsmuemmnissamisnin

FOSAMAX is a bisphosphonaie indicated for:

»

Treatment and prevention of ostecporosis in postmenopausal
women (1.1, 1.2}

Treatment to increase bene mass in men with osteoparosis (1.3)
Treatment of glucacorticoid-induced osteoporosis (1.4)

Traatment of Paget's dissase of bone (1.5)

important limitations of use: The opfimal duration of use has not been
delermined. The need for continued therapy should be re-evaluated on
a periodic basis. (1.8)

~rmmmrmaamncsmmanenes BOSAGE AND ADMINISTRATION »<arnax-mmsncmasanasons

®

Must be taken with 6-8 oz plain water at ieast 30 minuies before the
first foed, drink, or medication of the day; do nat lie down for 2t least
30 minutes aiter taking FOSAMAX and until-after food. (2.8)
Oral solution: Shouid be followed by at least Z oz of water. (2.8}
Treatment of asteoporosis in postmenopausal women and in men:
10 mg daily or 70 mg {iablet or oral solution) once weekly. (2.1, 2.3)
Prevention of osieoperosis in postmenopausat women: § mg daily
or 35 mg ance weekly. (2.2}
Glucocorticoid-induced oqtmpomsis 5 mg f‘aiiy or 10
postmencpausal women not reseiving estrogen. {2.4)
Paget's disease: 40 mg daily for six months. (2. ‘5\

mg daily in

------------- DOSAGE FORMS AND STRENGTHS ~e-cmomenmonvanacens

Tabiets: 5 mg, 10 mg, 35 mg, 40 mg and 70 mg (3}
Oral Solution: 7C mg (3)

@

mnmnne CONTRAINDICATIONS sommmemmom o asmmns cnassasinsne -~
Abnormaiities of the esophagus which delay emplying such as

Inability to slanid/sit upright for at least 30 minutes (2, 4, 5.1)

Do not administer FOSAMAX oral solution to patients at increased
risk of aspiration. (4}

Hypacalcemia (4, 5.2)

Hypersensitivity to any component of this product (4, 6.2)

s e WARNINGS AND PRECAUTIONS ~vmermnevcmma s

Ll

Severe imitation of upper gastrointestinal (Gi) mucosa can ocour.
Follow dosing instructions. Use caution in patients with active upper
Gi disease. Discontinue if new or worsening symptoms ocour. (5.1}
Hypacalcernia can worsen and must be corrected prior to use. (5.2)
Severs bone, joint, muscie pain mav occur. Discontinie use ¥
severe symptoms develap. (5.3}

s Osteonecrosis of the jaw has been reported. (5.4)
» Aiypical femur fractures have been reported. Evaluate new thigh or

groir pain o rule out

....................... - ADVERSE REACTIONS

an incomplete femaral fracture. (5.5)

Most comimon adverse reactions {23%) are abdominal pain, acid
regurgitation, constipation, diardea, dyspepsia, musculoskeletal pain,

na

usea. (6.1)

‘To report SUSPECTED ADVERSE REACTIONS, contact Merck

Sharp & Dohme Corp., a subsidiary of Merck & Co,, Inc., at 1-877-

88

»

3-4231 or FDA at 1-800-FDA-1688 or www.fda.govimedwatch.

------------------------- DRUG INTERACTIONS -~ o ssmsimm e xmcon
Calcium supplements, antacids, or oral medications containing
multivalent cations interfere with absorption of alendronate. (2.8,
7.1}

rer

Aspirin and nonsteroidal anti-inflammatory drug use may worsen Gi
irritation; use caution. (7.2, 7.3)

memmnonuemsnnnnsese YSE [N SPECIFIC POPULATIONS vomeancavecsvemvane. -
FOSAMAX is not indicated for use in pediatic patients. (8.4)
FOSAMAX is ndt recommended in patienis with renal irnpairment
{creatinine dearance <35 mL/min}. (2.8, 5.6, 8.6)

See 17 for PATIENT COUNSELING INFORMATION and Medication

stricture or achslasia (4, 5.1) Guide.
' Revised: 0272012

FULL PRESCRIBING INFORMATION: CONTENTS® 7.2 Aspirin

INDICATIONS AND USAGE 7.3 Nonsteroidal Anti-inflammatory Drugs

1.1 Treatment of Osteoporesis in Postmenapausal Women 8§ USE IN SPECIFIC POPULATIONS

1.2 Prevention of Osteoporosis in Postmenopausai Women 8.1 Pregnancy

1.3 Treatment to increase Bone Mass in Men with Osteoperosis 8.3 Nursing Mothers

1.4  Treatment of Glucocorticoid-Induced Ostaoporosis 8.4 Pedialrc Use

1.5 Treatmeni of Pagel's Disease of Bone 8.5 Qeriatric Use

1.6 Important Limitations of Use 8.6 Renai impairment
2 DOSAGE AND ADMINISTRATION 8.7 Hepatic impairment

21 Treatment of Osteoporasis in Postmenapausal Women 10 OVERDOSAGE

2.2 Preveniion of Ostecparosis in Postmenopausai Women 11 DESCRIPTION

2.3 Treatment to increase Bone bass in Men with Osteoporosis 12 CLINICAL PHARMACOLOGY

24  Treatment of Glucocorticoid-Induced Osteaporosis 12,1 Mechanism of Action

2.5 Treatment of Paget's Disease of Bone 12.2 Pharmacodynamics

2.6 Deosing Instructions 12.3 Pharmacokinsatics

2.7 Recommendations for Calcium and  Vilamin D 13 NONCLINICAL TOXICOLOGY

Supplementation 13.1 Carcinogenesis, Mulagenesis, impairment of Fertliity

2.8 Dasing in Severe Renal Impairment 13.2  Animal Toxicology andfor Pharmacology
3 DOSAGE FORMS AND STRENGTHS 14 CLINICAL STUDIES
4 CONTRAINDICATIONS 14.1 Treatment of Ostenporcsis in Postmenopausai Women
5 WARNINGS AND PRECAUTIONS 14.2  Prevention of Osteoparosis in Postmenapausat Women

5.1 Upper Gastrointestinal Adverse Reactions 14.3 Treaiment to increase Bone Mass in Men with Osteoporosis

52 Mineral Metabolism 14.4 Treatmeni of Glucocorticoid-Induced Osieaporosis

5.3 Musculoskeletal Pain 14.5 Treatment of Paget's Disease of Bone

54  Osteonecrosis of the Jaw 16 HOW SUPPLIED/STORAGE AND HANDLING

55 Atypical Subtrochanteric and Diaphyseal Femoral Fractures 17 PATIENT COUNSELING INFORMATION

5.6 Renal Impairment 17.1 Osteoporosis Recommendations, Induding Caicium and

5.7 Glucocorticcid-induced Osteoporosis Vitamin D Supplementation
6 ADVERSE REACTIONS 17.2 Dosing Instructions

6.1  Clinical Trials Experience

6.2 Post-Marketing Experience *Sections or subseciicns omitted from the full prescribing infarmation
7 DRUG INTERACTIONS are not fisted.

7.1 Caiclum SupplementsiAniacids

Reference 1D: 3083184
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FULL PRESCRIBING INFORMATION

1 INDICATIONS AND USAGE

1.1 Treatment of Osteoporosis in Posimenopausal Women

FOSAMAX is indicated for the treatment of osteoporosis in postmencpausal women. In
postmenocpausal women, FOSAMAX increases bone mass and reduces the incidence of fractures,
including those of the hip and spine {vertebral compression fractures). [See Clinical Studies (14.1).]
1.2 Prevention of Ostecporosis in Postmenopausal Women

FOSAMAX is indicated for the prevention of postmencpausal osteoporosis [see Clinical Studies
(14.2)].
1.3 Treatment to Increase Bone Mass in Men with Osteoporosis

FOSAMAX is indicated for freatment o increass bone mass in men with ostecporosis {see Clinical
Studies {14.3)].
1.4 Treatment of Glucocorticoid-induced Osteoporosis

FOSAMAX is indicated for the treatment of giucocorticoid-induced osteoporosis in men and women
receiving giucocorticoids in a daily dosage equivalent to 7.5 mg or greater of prednisone and who have
low bone minsral density fsee Clinical Studies (14.4)].
1.5 Treatment of Paget's Disease of Bone

FOSAMAX is indicated for the treatment of Paget's disease of bone in men and women. Treatment is
indicated in patients with Paget's disease of bone who have aikaline phosphatase at least iwo times the
upper iimit of normal, or those who are symptomatic, or those at risk for future complications from their
disease. [See Ciinical Studies (14.5).]
1.8 Important Limifations of Use

The safety and effectiveness of FOSAMAX for the treatment of osteoporosis are based on clinical
data of four years duration. The optimal duration of use has not been determined. All patients on
bisphosphonate therapy should have the need for continued therapy re-evaiuated on a periodic basis.

2 DOSAGE AND ADMINISTRATION

2.1 Treatment of Osteoporosis in Postmenopausal Women
The recommended dosage is:
« one 70 mg tabiet once weekly
or
« one bottie of 70 mg oral solution once weekly
or
+ one 10 mg tablet once daily
2.2 Prevention of Osteoporosis in Postmenopausal Women
The recommended dosage-is:
e ong 35 mg tablet once weekly
or
¢ one 5 mg tablet once daily
2.3 Treatment o Increase Bone Mass in Men with Osteoporosis
The recommended dosage is:
« one 70 mg tablet once weekly
or
« one botile of 70 mg oral solution once weekly
or
+ one 10 mg tablet once daily
2.4 Treatment of Glucocorticoid-induced Osteoporosis
The recommended dosage is one 5 mg tablet once daily, except for postmenopausal women not
receiving estrogen, for whom the recommended dosage is one 10 mg tablet once daily.
2.5 Treatment of Paget's Disease of Bone
The recommended treatment regimen is 4¢ mg once a day for six months.

Reference 1D: 3083184
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Re-treatment of Faget’s Disease

Re-treatment with FOSAMAX may be considered, following a six-month post-ireaiment evaluation
period in patients who have relapsed, based on increases in serum alkaline phosphatase, which should
be measured periodically. Re-treatment may also be considered in those who failed to normalize their
serum alkaline phosphatase.

2.6 Dosing Instructions

FOSAMAX must be taken at Jeast one-half hour before the first food, beverage, or medication of the
day with plain water only fsee Patient Counseding information (17.2)]. Other beverages (including mineral
water), focd, and some medications are likely to reduce the absorption of FOSAMAX fsee Drug
Interactions (7.1)]. Waiting less than 30 minutes, or taking FOSAMAX with food, beverages (other than
plain water) or other medications will iessen the effect of FOSAMAX by decreasing its absorption into the
body.

FOSAMAX shouid only be taken upon arising for the day. To faciiitate delfivery to the stomach and
thus reduce the potential for esophageal irritation, a FOSAMAX tablet should be swaliowed with a full
glass of water {6-8 0z). To facilitate gastric emptying FOSAMAX oral solution shouid be followed by at
least 2 oz (a guarter of a cup) of water. Patients should not lie down for at least 30 minutes and until after
their first food of the day. FOSAMAX should not be taken at bedtime or before arising for the day. Failure
to follow these instructions may increase the risk of esophageal adverse experiences fsee Warnings and
Precautions (5.1) and Patient Counseling Information (17.2}]. ‘
2.7 Recommendations for Caicigm and Vitamin D Supplementation \

Patients shouid receive supplemental calcium if distary inteke is inadsauate [see Warnings and
Precautions (5.2)]. Patienis at increased risk for vitamin D insufficiency {e.g., over the age of 70 years, |
nursing home-bound, or chronically M} may need vitamin D supplementation. Patients with
gastrointestinal malabsorption syndromes may require higher doses of vitamin D suppiementation and
measurement of 25-hydroxyvitamin D should be considered.

Patients treated with glucocorticoids should receive adequate amounts of calcium and vitamin D.

2.8 Dosing in Severe Renal impairment

FOSAMAX is not recommended for patients with creatinine clearance <35 mb/min due io lack of

experience in this population [see Use in Specific Populations (8.6 and Clinical Pharmacology (12.3)].

3 DOSAGE FORMS AND STRENGTHS

e 5 g tablets are white, round, uncoated tablets with an outline of a bone image on one side and code
MRK 825 on the other.

» 10 mg tablets are white, oval, wax-polished tablets with code MRK on one side and 936 on the other.

‘e 35 mg tablets are white, oval, uncoated tablets with code 77 on one side and a bone image on the

other. ’

s 40 mg tablets are white, triangular-shaped, uncoated tablets with code MSD 212 on one side and
FOSAMAX an'the other.

= 70 mg tablets are white, oval, uncoated tabiets with code 31 on one side and an outiine of a bone
image on the other.

e 70 mg oral solution is a clear, colorless solution with a raspberry flavor.

4 CONTRAINDICATIONS

e Abnormalities of the esophagus which delay esophageal emptying such as siricture or achalasia [see
Warnings and Precautions {8.1}]

s Inability to stand or sit upright for at I2ast 30 minutes [see Dosage and Administration (2.6); Wamings
and Precautions (5.7)]

= Do not administer FOSAMAX oral solution {o patienis at increased risk of aspiration.

e Hypocalcamia [see Warnings and Precautions {5.2}]

s Hypersensitivity to any component of this product. Hypersensitivity reactions including urticaria and
angioedema have been reported [see Adverse Reactions (6.2)].

Reference ID: 3083184
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§ WARNINGS AND PRECAUTIONS

51 Upper Gastrointestinal Adverse Reactions

FOSAMAX, like other bisphosphonates administered orally, may cause local irritation of the upper
gastrointestinal mucosa. Because of these possible irritant effects and a potential for worsening of the
underlying disease, caution shouid be used when FOSAMAX is given fo patlients with active upper
gastrointestinal probiems (such as known Barretl's esophague. dysphagia, other esophageal diseases,
gastritis, ducdenitis, or ulcers}.

Esophageai adverse experiences, such as esophagitis, esophageal ulcers and esophageal erosions,
occasionally with bleeding and rarely foliowed by esophageal stricture or perforation, have been reported
in patients receiving treatment with oral bisphosphonates including FOSAMAX. In some cases these
have been severe and required hospitalization. Physicians shouid therefore be alert to any signs or
symptoms signaling a possible esophageal reaction and patients should be instructed t¢ discontinue
FOSAMAX and seek medical attention if they develop dysphagia, odynophagia, retrosternai pain or new
or worsening heartburn.

The risk of severe esophageal adverse experiences appears o be greater in patients who lie down
after taking orai hisphosphonates including FOSAMAX andfor who fail to swallow oral bisphosphonates
including FOSAMAX with the recommended full glass (6-8 oz) of water, and/or who continue to take oral
bisphosphonates including FOSAMAX after developing symptoms suggestive of esophageal imitation.
Therefore, it is very important that the fuil dosing instructions are provided to, and understood by, the
patient [see Dosage and Administration {2.6}]. In patients who cannot comply with dosing instructions due
to mental disability, therapy with FOSAMAX should be used under appropriate supervision.

There have been post-marketing reports of gastric and duodenal uicers with oral bisphosphonate
use, some severe and with compilications, although no increased risk was observed in controfied clinical
trials [see Adverse Reactions (6.2)].

5.2 Mineral Metabolism

Hypocalcemia must be corrected before initiating therapy with FOSAMAX fsee Contraindications (4)].
Other disorders affecting mineral metabolism {such as vitamin D deficiency) should also be effectively
treated. In patients with these conditions, serum- caicium and symptoms of hypocalcemia should be
monitored during therapy with FOSAMAX.

Presumably due to the effects of FOSAMAX on increasing bone minerai, smail, asymptomatic
decreases in.serum caicium and phosphate may occur, especially in patienis with Paget’s disease, in
whom the pretreatment rate of bone turnover may be greatly elevated, and in patients receiving
glucocorticoids, in whom calcium absarption may be decreased.

Ensuring adequate calcium and vitamin D intake is especially important in patients with Paget's
disease of bone and in patients receiving glucocorticoids.

5.3 Musculoskeletal Pain »

in post-marketing experience, severe and occasionally incapacitating bone, joint, and/or muscle pain
has been raported in patients taking bisphosphonates that are approved for the prevention and treatment
of ostecporosis [see Adverse Reactions (6:2)]: This category of drugs includes FOSAMAX (alendronate).
Most of the patients wers postmenopausal women. Tha time to onset of symptoms varied from one day
to several months after starting the drug. Discontinue use if severe symptoms develop. Most patients had
reliaf .of symptoms after stopping. A subset had recurrence of symptoms when rechalisnged with the
same drug or another disphosphonate.

in placebo-controlled clinical studies of FOSAMAX, the percentages of patients with these symptoms
were similar in the FOSAMAX and placebo groups.

54 Osteonecrosis of the Jaw i

Osteonecrosis of the jaw (ONJ), which can occur spontaneously, is generally assosiated with tooth
extraction and/or local infection with delayed healing, and has been reported in patients taking
bisphosphonates, including FOSAMAX. Known risk factors for osteonecrosis of the jaw include invasive
dental procedures (e.g., tooth exiraction, dental implants, boney surgery), diagnosis of cangcer,
concomitant therapies {e.g., chemotherapy, corticostercids), poor oral hygiens, and co-morbid discrders
{e.g., pericdontal andior other pre-existing dental disease, anemia, coagulopathy, infection, ili-fitting
dentures).
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For patients requiring invasive dantal procedures, discontinuation of bisphosphonate treatment may
reduce the risk for ONJ. Clinical judgment of the treating physician and/or oral surgesn should guide the
management plan of each patient based on individual benefit/risk assessment.

Patianis who develop osteonecrosis of the jaw whiie on bisphosphonate therapy should receive care
by an oral surgeon. In these patients, extensive dental surgery to treat ONJ may exacerbate the
condition. Discontinuation of bisphosphonate therapy shouid be considered based on individual
benefit/risk assessment.

5.5 Atypical Subtrochanteric and Diaphyseal Femoral Fractures

Alypical, low-energy, or iow trauma fractures of the femora! shaft have been reported in
bisphosphonate-treated patients. These fractures can occur anywhere in the femoral shaft from just
below the lesser trochanter to above the supracondylar flare and are transverse or short oblique in
orientation without evidence of comminution. Causality has not been established as these fractures also
ocour in osteoporotic patients who have not been freated with bisphosphonates.

Atypical femur fractures most commonly occur with minimal or no trauma to the affected arsa. They
may be bilataral and many patients report prodromal pain in the affected area, usually presenting as dull,
aching thigh pain, wesks to months before a complete fracture occurs. A number of reports note that
patients were also receiving treatment with glucocorticoids (e.g. prednisone) at the time of fraciure.

Any patient with a history of bisphosphonate exposure who presents with thigh or groin pain should
be suspected of having an atypical fracture and should be evaluated to rule out an incomplete femur
fracture. Patients presenting with an atypical fracture should also be assessed for symptoms and signs of
fraciure in the contraiaterai limb. interruption of bisphosphonate therapy shouid be considered, pending a
risk/benefit assessment, on an individual basis.

5.6 Renal impairment

FOSAMAX is not recommended for patients with creatinine clearance <35 ml/min [see Dosage and
Administration (2.8}].

5.7 Glucocorticoid-induced Osteoporosis i

The risk versus benefit of FOSAMAX for treatment at daily dosages of glucocorticoids iess than
7.5 mg of prednisone or equivalent has not been established [see Indications and Usage (1.4)]. Before
initiating treatment, the gonadal hormonal status of both men and women should be ascertained and
appropriate replacement considered.

A bone mineral density measurement should be made at the initiation of therapy and repeated after
6 to 12 months of combined FOSAMAX and giucocorticoid treatment.

3 ADVERSE REACTIONS

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
obsaerved in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another
drug and may not reflect the rates ohserved in practice.

Treatment of Osteoporosis in Paostmenopausal Women-
Baily Bosing

The safety of FOSAMAX in the traatment of postmenopausal osteoporesis was assessed in four
clinical frials that enrolled 7453 women aged 44-84 years. Study 1 and Study 2 were identically designed,
three-year, placebo-conirolled, doubie-blind, multicenter studies {United States and Multinational n=094};
Study 3 was the three year vertebral fracture cohort of the Fracture Intervention Trial [FiT] (n=2027) and
Study 4 was the four-year clinical fracture cohort of FIT (n=4432). Overall, 3620 patients were exposec {0
placebo and 3432 patients exposed o FOSAMAX. Patients with pre-existing gastrointestinai disease and
concomitant use of non-staroidal anti-inflammatory drugs were inciuded in thase clinical trials. In Study 1
and Study 2 all women received 500 mg elemental calcium as carbonate. In Study 3 and Study 4 zll
women with dietary calcium intake iass than 1000 mg per day recelved 500 mg calcium and 250 1U
Vitamin D per day.

Among patients treated with atendronate 10 mg or placebo in Study 1 and Study 2, and aff patisnts in
Study 3 and Study 4, the incidence of all-cause mortality was 1.8% in the placebo group and 1.8% in the
FOSAMAX group. The incidence of sarious adverse event was 30.7% in the placebo group and 30.8% in
the FOSAMAX group. The percentage of patients who discontinued the study due to any clinical adverse
avent was 9.5% in the placebo group and 8.9% in the FOSAMAX group. Adverse reactions from these
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