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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 (lxl5ml) and dried in a vacuum oven at 50°C for 24 hours to obtain 1.6g of 

5 Zoledronic acid crystal form II. 

Preparation of ZLD-Ac crystal form XII 

Example 13: 

10 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 

15 at this temperature for 16 hours, 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 XII. 

Example 14: 

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

20 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 }ill. 

Preparation of ZLD-Ac crystal form XV 

25 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, 

30 washed with absolute Ethanol (2x20ml) and dried in a vacuum oven at so0c 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=S.8%). 
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Example 16: 

A. 250ml flask was loaded with Zoledronic acid form I ( 4.8g), Sodium hydroxide (0. 7 g) 

and Methanol (10 volumes per grams of ZLD-Ac) ( 48ml). The reaction mixture was 

5 heated to reflux temperature for 16 hours. Then it was cooled to room temperature. 

10 

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%) ofZoledronate monosodium crystal form XV (LOD by TGA=0.8%). Purity 

by HPLC 99.9%. 

Example 17: 

Zoledronic acid crystal form XII (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 (lx5ml) and dried in a vacuum oven at 50°C for 24 hours to obtain 

15 1.8g of a mixture ofZoledronic acid crystal fom1s XV and XVID. 

Preparation of ZLD-Ac crystal form XVIII 

Example 18: 

20 A 3L reactor equipped with a mechanical stirrer, a them1ometer, a reflux condenser and a 

dropping funnel, was loaded v1ith 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 

25 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. 

30 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.Sg 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=l.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 XVIII. 

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 

15 to obtain 1. 7 g of Zoledronic acid crystal form XVIIl. 

:Example 21: 

Zoledronic acid crystal form I (2.0g) was stirred in 1-Butanol (20ml) at reflux temperature 

20 for 15.5 hours. Then the suspension was cooled to room temperature and the white solid 

was filtered, washed with 1-Butanol (lx5ml) and dried in a vacuum oven at 50°C for 24 

hours to obtain 1.8g ofZoledronic acid crystal form XVIII. 

25 

30 

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 (lxlOml) and dried in a vacuum oven at 50°C for 25 hours to 

obtain 1 .4g of Zoledronic acid crystal form XVIII. 

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 XVIII. 

Example 24: 

Zoledronic acid crystal form I (2.0g) was stirred in a mixture of Methanol/water (1:1 v/v) 

10 (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 ofZoledronic acid crystal 

form XVIII. 

Example 25: 

15 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 ofZoledronic acid crystal 

formXVIIJL 

20 Preparation of ZLD-Ac crystal form XX 

Example 26: 

Zoledronic acid crystal fom1 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 

25 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: 

30 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. 

35 Example 28: 
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Zoledronic acid crystal form I (2.0g) was stirred in 2:..Propanof (IP A) (20ml) afreflux 

temperature for 14 hours. The suspension was then cooled to room temperature and the 

white solid was filtered, washed with IP A (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 ZLD-Ac crystal form XXVI 

Example 29: 

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

10 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 {ZLD-Na) 

15 Preparation of ZLD-Na crystal form VIII 

Example 30: 

A O.SL 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 

20 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 IP A 

(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 

25 (lxlOml) 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: 

AO.SL reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and 

30 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 (lxl0ml) and dried 

in a vacuum oven at 50°C for 26 hours to obtain 7.6g (64%) ofZoledronate monosodium 

crystal form VIII (LOD by TGA=l5.1%). 

Example 32~: 

A 0.5L reactor equipped with a mechanical stirrer, a them1ometer, 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 

10 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 

(2x15~1) 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=lS.l %). The obtained Form 

15 VIII (2g) was recrystallized form water (34ml) to give 1.4g (72%) of Zoledronic acid 

crystal form VIIl (LOD byTGA=ll.3%). PuritybyHPLC 100.0%. 

{Remark: 

Regarding the next examples: the composition of the reflux media is expressed on a 

20 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 fonnula: 

(10 volumes of alcohol per grams of ZLD-Ac x 100) I XV/a of alcohol = Y 

when Y is the total amount of alcohol and water together~ 
Yx (100-X)% of water I 100 = Z 

25 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 ofZLD-Ac) (36ml) was added drop-wise to a suspension of 

30 Zoledronic acid form I (4.8g) in a mixture of water (80% v/v) / Ethanol (20% v/v, 10 

volumes per grams ofZLD-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 Vill (LOD by TGA=15.5%). Purity by HPLC 99.9%. 

Example 34: 

5 A solution of sodium hydroxide (0.7g) in a mixture of water (80% v/v) I Methanol (20% 

v/v, 10 volumes per grams ofZLD-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 

10 reaction mixture was cooled to room temperature. Further cooling was performed using 

an ice-bath. The precipitate was then :filtered, washed with Methanol (lx20ml) and dried 

in a vacuum oven at so0c for 22 hours to give 4. 7 g (81 % ) of Zoledronate monosodium 

crystal form VIII (LOD by TGA=l6.03%). Purity by HPLC 99.9%. 

15 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 

20 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 IP A (2x20ml) and dried in a vacuum oven at so0c for 24 hours 

to give 4.7g (79%) ofZoledronate monosodium crystal form VIII (LOD by 

25 TGA=lS.40%). PuritybyHPLC 99.95%. 

Example 36: 

A solution of sodium hydroxide (0.7g) in a mixture of water (60% v/v) /IPA (40% v/v, 

30 10 volumes per grams ofZLD-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 IP A (lx20n;il} and dried in a vacuum oven at 50°C for 27 hours 

to give 0.6g (10%) ofZoledronate monosodium crystal form VIII (LOD by 

TGA=l5.0%). 

5 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 

10 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 

15 in a vacuum oven at so0c for 18 hours to give 5.2g (98%) of Zoledronate monosodium 

crystal form XVI (LOD by TGA=9.9%). Purity by HPLC 99.95%. 

Example 38: 

20 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 

25 room temperature. Further cooling was performed using an ice-bath. The precipitate was 

then filtered, washed with IP A (2x20ml) and dried in a vacuum oven at so0c for 24 hours 

to give 5.2g (94%) of Zoledronate monosodium crystal form XVI (LOD by TGA=9.8%). 

Purity by HPLC 99 .9%. 

30 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 ofZoledronic 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 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 Methanol (lx25ml) and dried 

5 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=l 1.1 %). Purity by HPLC 99 .9%. 

Preparation of ZLD-Na crystal form XVII 

10 Example 40: 

. AO.SL 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 

15 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 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 

20 TGA=l0.3%). 

CRYSTAJL 1FOR1\1S OF ZOLEDRONATE DISODIUTVI (ZLD-Na~ 

Preparation of ZLD-Na2 crystal form V 

. Example 41: 

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

10 volumes per grams ofZLD-Ac form XII) (10-15ml) was added drop-wise to a 

suspension ofZoledronic acid form XII (4.98g) in a mixture of water (X% v/v) / Ethanol 

(Y% v/v, 10 volumes per grams ofZLD-Ac) (53-85ml) at reflux temperature. The 

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

30 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 so0c 
for 24 hours to give Zoledronate disodium crystal form V. 
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1 20% 80% 63ml 4.9g/89% 10.3% 

(13ml) (50ml) 

2 40% 60% 83ml 5.0g/90% 10.3% 

(33ml) (50ml) 

3 50% 50% 100ml 5.lg/91% 10.7% 

(50ml) (50ml) 

Examnle42: 

A solution of sodium hydroxide (0. 7 g) in a mixture of water (X% v/v) / Methanol (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 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. 

;.Totaflfolume of., 

:~riiJ~!~t·~?./,: .. 
(H;C>/MiOH)~·;: 

1 40% 60% 83ml 4.7g/85% 10.0% 

(33ml) (50ml) 

2 50% 50% 100ml 4.9g/88% 10.8% 

(50ml) (50ml) 

ExamJ;!le 43: 

15 
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A solution of sodium hydroxide (0:7g) in aniixture of water {X% v/v) / IPA (Y% v/v, IO 

volumes per gram.s of ZLD-Ac form XII) (13-15ml) was added drop-wise to a suspension 

ofZoledronic acid (4.98g) in a mixture of water (X% v/v) / IPA (Y% v/v, 10 vplumes per 

grams ofZLD-Ac form XII) (70-85ml) at reflux temperature. The reaction mixture was 

5 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 so0c for 24 hours to 

give Zoledronate disodium crystal form V. 

10 

1 40% 60% 83ml 4.7g 

(33ml) (50ml) 

2 50% 50% 100ml 4.8g/85% 11.2% 

(50ml) (50ml) 

Example 44: 

15 A solution of sodium hydroxide (1.4g) in a mixture of water (X% v/v) / Ethanol (Y% v/v, 

10 volumes per grams ofZLD-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 

20 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 so0c for 24 hours to 

give Zoledronate disodium crystal form V. Purity by HPLC 99.9%. 

25 
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1 20% 80% 63ml 6.0g/96% 9.7% 

(13ml) (50ml) 

2 50% 50% 100ml 6.0g/94% 10.9% 

(50ml) (50ml) 

Example 45: 

5 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 ofZoledronic acid form I (5.0g) in a mixture of water (X% v/v) /Methanol 

(Y% v/v, 10 volumes per grams ofZLD-Ac) (85ml) at reflux temperature. The reaction 

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

10 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 so0c for 24 

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

1 50% 50% 100ml 6.0g/94% 11.1% 

(50ml) (50ml) 

15 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 ofZLD-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 

20 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. Theri 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 so0c for 24 hours to give Zoledronate 

disodium crystal form V. PuritybyHPLC 99.95%. 

·_ 'Totai:vo1u;nit$ .,,r: 
:.·~~iui~ij~::o/20/IPAf1i 

1 20% 80% 63ml 5.7g/91 % 

(13ml) (50ml) 

2 50% 50% 100ml 

(50ml) (50ml) 

Preparation of ZLD-Na2 crystal form VI 

Example 47: 

5.7g/90% 

10.3% 

10.6% 

10 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 

15 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 S0°C for 24 hours to give Zoledronate disodium crystal form VI. 

SanipJ~ · :X%· . 
,No~·:,,;. 

1 60% 40% 

(75ml) EtOH 

(50ml) 

2 60% 40% 

Total volunie:of-
• C ·~ - • "". • 

·sQIUtlffil -

(H20/~t0H or · .. 
,, .. :.: 0 

MeOU) 

125ml 

125ml 

46 

.~ ' ""' 

·_(g/%) 

4.9g/86% 

4.Sg/78% 

-.~OD_~y­

TGA 

12.9% 

13.0% 
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I (75ml) I MeOH 
(50ml) 

Example 48: 

PCT/US2004/021626 

I 

A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) /IPA (20% v/v, 

5 10 volumes per grams ofZLD-Ac form I) (38ml) was added drop-wise to a suspension of 

Zoledronic acid fonn 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 

10 solid was dried in a vacuum oven at so0c for 5 hours to give 5.2g (78%) ofZoledronate 

disodium crystal form VI (LOD by TGA=15.4%).Purity by HPLC 99.9%. 

Example 49: 

15 Zoledronate disodium crystal form XIX (4.0g) was dissolved in water (10ml) at reflux 
\. 

20 

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 so0c for 17 hours to give 2.0g (50%) ofZoledronate 

disodium crystal form VI. 

Preparation of ZLD-Na2 crystal form VIl 

Example 50: 

A 0.SL reactor equipped with a mechanical stirrer, a thermometer and a reflux condenser 

25 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 

30 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 hours to obtain 

3.2g ofZoledronate disodium crystal form VII (24%) (pH=7.27). PuritybyHPLC 

100.0%. 

5 Example 51: 

AO.SL reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and 

a dropping funnel, was loaded with Zoledronic acid form I (1 0.0g) and water (130ml). 

The suspension was heated to reflux temperature to obtain a clear solution. A 40% 
f 

aqueous solution of Sodium hydroxide (6.9g) was added drop-wise. The solution was 

10 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%) ofZoledronate disodium crystal form VII (LOD by TGA=l0.7%). 

15 Example 52: 

AO.SL reactor equipped with a mechanical stirrer, a thermometer, a reflux condenser and 

a dropping funnel, was loaded with Zoledronic acid form I (1 0.0g) 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 

20 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 2.8g (23%) of 

Zoledronate disodium crystal form VII (LOD by TGA=l0.2%). Purity by HPLC 100.0%. 

25 Example 53: 

A solution of sodium hydroxide (0. 7 g) 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 (4.98g) in a mixture of 

water (80% v/v) / Ethanol or Methanol or IP A (20% v/v, 10 volumes per grams of ZLD-

30 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 so0c for 24 hours to give Zoledronate disodium 

crystal form VII. 

"X~tal 'voliimeot;.: 
~ --,_ , '' 

';S~futfon 'r;,:·. 
· (B201itolt:~1-, . \ 

' .. - :', '_.,_--:- , 

~feOJoil}?~; . ' 

1 80% 20% 250ml 4.9g/89% 9.2% 

(200ml) EtOH 

(50ml) 

2 80% 20% 250ml 4.5g/83% 7.6% 

(200ml) MeOH 

(50ml) 

3 80% 20%IPA 250ml 4.7g/85% 10.3% 

(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 ofZLD-Ac form XII) (19ml) was added drop-wise to a suspension 

ofZoledronic acid fom1 XII (4.98g) in a mixture of water (60% v/v)/ IPA (40% v/v, 10 

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-b~th. The 

precipitate was then filtered, washed with IP A (lx20ml) and dried in a vacuum oven at 

so0c for 24 hours to give Zoledronate monosodium crystal form VIII ( crop I). Then the 

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

vacuum oven at so0c 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 ofZLD-Ac) (212ml) at reflux temperature. The reaction 

5 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=l6.8%). 

Purity by HPLC 99.9%. 

10 Preparation of ZLD-Na2 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 

15 ofZoledronic acid form XII (4.98g) 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 IP A (lx25ml) and dried in a vacuum oven at 

20 50°C for 24 hours to give 4. 7 g (91 % ) of Zoledronate disodium crystal form X (LOD by 

TGA=2.6%). 

Preparation of ZLD-Na2 crystal form XIII 

25 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 

30 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 (lxlOml) and dried in a vacuum oven 
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at so0c for 20 hours to give 4.9g (84%) ofZoledronate disodium crystal form XID (LOD 

byTGA=3.4%). PuritybyHPLC 99.9%. 

Preparation of ZLD-Na2 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 

ofZoledronic acid form XII (4.98g) in a mixture of water (20% v/v) /DMF (80% v/v, 10 

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 icy-bath. The 

precipitate was then filtered, washed with DMF (2x 10ml) and dried in a vacuum oven at 

so0c for 24 hours to give 4.8g (92%) of Zoledronate disodimn crystal form XIV (LOD by 

, 15 TGA=l.9%). 

Example 59: 

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

v/v, 10 volumes per grams of ZLD-Ac form I) (10ml) was added drop-wise to a 

20 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 (lxl 0ml) and dried in a 

25 vacuum oven at 50°C for 26 hours to give 5.6g (97%) of Zoledronate disodium crystal 

form XIV (LOD by TGA=l.4%). Purity by HPLC 99.9%. 

Preparation of ZLD-Na2 crystal form XIX 

30 Example 60: 

Zoledronate disodium crystal form VII (l.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 

( 40%) of Zoledronate disodium crystal form XIX. 

5 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 

10 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 ofZoledronate disodium crystal form XIX. 

15 Preparation of ZLD-Na2 crystal 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 ofZLD-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 (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.lg (99%) ofZoledronate 

disodium crystal form XXV (LOD by TGA=7.4%). Purity by HPLC 99.9%. 

25 

Preparation of ZLD-Na2 crystal form XX.VII 

Example 63: 

A 100ml flask was loaded with Zoledronic acid form I ( 4.9g), Sodium hydroxide (1 .4g), 

30 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 so0c 
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for 27 .5 hours to give 5. 7g (93%) of Zoledronate disodium crystal form XXVII (LOD by 

TGA=5.3%). PuritybyHPLC 99.9%. 

Example 64: 

5 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 XII (4.98g) in a mixture of water (20% v/v) / 

Methanol (80% v/v, 10 volumes per grams ofZLD-Ac) (53ml) at reflux temperature. The 

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

10 reaction mixture was cooled to room temperature. Further cooling was performed using 

an ice-bath. The precipitate was then filtered, washed with Methanol (2x15ml) and dried 

in a vacuum oven at 50°C for 24 hours to give 4.85g (90%) ofZoledronate disodium 

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

15 CRYSTAL FORMS OF ZOLEDRONATE TRISODIUI.VI (ZLD-Na}} 

Prepmration of ZLD-Na3 cry§tal form IX 

Example 65: 

A solution of sodium hydroxide (1 .4g) in a mixture of water (20% v/v) / Ethanol or 

20 Methanol or IP A (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 (5.0g) in a mixture of water 

(20% v/v) / Ethanol or Methanol or IP A (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 

25 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. 

·sa~P,le _· · · X% 

·No~ H20 

. Y% TofafvQlu.me ·or 
' EtOH or solUtfon _ 

MeOB or (H20/Et0H; o:r ' 

IPA " 

53 

Yield• 

(g/%) 

·LODby, 

.TGA. 
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1 20% 80% ·63ml 5.6g/84% 13.6% 

(13ml) EtOH 

(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 IP A (60% v/v, 10 volumes per grams of ZLD-Ac form XII) (13ml) was 

5 added drop-wise to a suspension ofZoledronic acid form XIl (5.0g) in a mixture of water 

(40% v/v) / Ethanol or Methanol or IPA (60% v/v, 10 volumes per grams ofZLD-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 perfonned using an ice-bath. The precipitate was then filtered, washed and 

10 dried in a vacuum oven at so0c for 24 hours to give Zoledronate trisodium crystal form 

IX. 

1 40% 60% 83ml 5.7g/68% 13.9% 

(33ml) EtOH 

(50ml) 

2 20% 60% 83ml 5.5g 

(33ml) MeOH 

(50ml) 

3 20% 60%IPA 83ml 5.7g/85% 14.3% 

(33ml) (50ml) 
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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 IP A (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 

5 (50% v/v) / Ethanol or Methanol or lP A (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 

10 IX. 

1 50% 50% 100ml 5.5g/84% 11.6% 

(50ml) EtOH 

(50ml) 

2 50% 50% 100ml 5.2g/77% 14.6% 

(50ml) MeOH 

(50ml) 

3 50% 50%IPA 100ml 5.3g/85% 8.6% 

(50ml) (50ml) 

· Example 68: 

A solution of sodium hydroxide (1.4g) in a mixture of water (60% v/v) / Ethanol or 

15 Methanol or lPA (40% v/v, 10 volumes per grams ofZLD-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 lPA (40% v/v, 10 volumes per grams ofZLD-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 

20 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 

IX. 

1 60% 40% 

(75ml) EtOH 

(50ml) 

2 60% 40% 

(75ml) MeOH 

(50ml) 

3 60% 40%IPA 

(75ml) (50ml) 

<1t;'o1E;oHQr · · 
MeOlf gr '.IPA), 

, '' ·-··:-- ·:"'< ,., ... 0 

125ml 

125ml 

125ml 

5.lg/58% 16.8% 

4.lg/64% 11.8% 

5.3g/79% 14.1% 

5 Example 69: 

1 
A solution of sodium hydroxide (1.4g) in a mixture of water (80% v/v) / Ethanol or 

Methanol or IP A (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 IP A (20% v/v, 10 volumes per grams of ZLD-Ac) 

10 (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 so0c for 24 hours to give Zoledronate trisodium crystal form 

IX. 

15 

Sample X% 

;No. :H20 

1 80% 

Y% Total yoiwne of : Yield . 

Et01l or· solution · (g/%) 

MeOH or (1120/EtOH or, 
: ,",-, 

IPA MeOHorIPA} 

20% 250ml 5.7g/84% 

56 

.L()l)by. 

'TGA 

15.1% 
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(200ml) EtOH 

(50ml) 

2 80% 20% 250ml 

(200ml) MeOH 

(50ml) 

3 80% 20%IPA 250ml 

(200ml) (50ml) 

Preparation of ZLD-Na3 crystal form XI 

Example 70: 

PCT/US2004/021626 

5.6g/86% 12.4% 

5.6g/83% 14.5% 

5 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 

10 vacuum oven at so0c for 24 hours to give 5.4g (86%) of Zoledronate trisodium crystal 

form XI {LOD by TGA=8.9%). 

Example 71: 

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

15 (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%) ofZoledronate trisodium crystal form XI in a 

20 mixture with crystal form IX (LOD by TGA=l0.5%). 

General procedure for the preparation of amorphous Zoledronate sodium 

Example 72: 

25 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 (2xl0ml) 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 monosodium salt: 

EtOH 

I (ZLD-Ac)+.XV(ZLD­

Ac) 

XIl (ZLD-Ac) >IV 

VID>> XII (ZLD­

Ac) 

MeOH 

XV(ZLD-Ac) 

IPA 

reaction 

® Using ZLD-Ac (assay 100%, Fomi I) as a starting material 

2. Preparation of Zoledronate disodium salt: 

5% v/vH20 

20% v/vH20 

50% v/vH20 

80% v/vH20 

~ Using ZLD-Ac (assay 100%, Form I) as a starting materia 
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20% v/vH2O 

40% v/vH2O 

100% v/v Amorphous 

H2O 

VIII ( crop I) 

VII+8.2 (crop 

II) 

PCT /US2004/021626 

= 

= 

@ Using ZLD-Ac (assay 90%,, Fm·m XII) as a st,u·ting material 

3. Preparation of Zoledronate trisodium salt: 

EtOH MeOH IPA 

5% v/vH20 IX+XI 

20% v/vH2O IX+N IX>N+9.9 IX+6.4,6.7 

40% v/vH2O IX+V IX+N 

50% v/vH2O IX+N IX+V>>N IX +N+amorph.+7 .1 

60% v/vH2O IX+N IX>N 

80% v/vH2O IX IX IX 

100% v/vH2O Amorphous 

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

1. Crystalline solid zoledronic acid (Forni I) characterized by a powder X-ray 

diffraction pattern having peaks at 12.1, 12.8, 15.7, and 18.9 ± 0.2 °20. 

2. 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. 

3. The crystalline solid zoledronic acid of claim 1, which contains less than about 

5% of other polymorphic forms of zoledronic acid. 

4. 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. 

5. 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. 

6. 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. 

7. 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. l. 

8. The crystalline solid zoledronic acid of claim 1, of which no more than about 5% 
I 

transfonns to zoledronic acid form II upon exposure to 75% relative humidity 

(RH) at 40°C for 3 months. 

9. The crystalline solid zoledronic acid of claim 8, of which no more than about 5% 

transforms to other polymorphic fonns of zoledronic acid upon exposure to 75% 

relative humidity (RH) at 40°C for 3 months. 

10. 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. 

11. 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.l. 

12. A pharmaceutical composition comprising the crystalline zoledronic acid of claim 

1. 
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13. The crystalline solid zoledronic acid of claim 1, which is a monohydrate. · 

14. 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 °20. 

15. 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 

0 20. 

16. The crystalline solid zoledronic acid of claim 14, which is a monohydrate. 

17. 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 °20. 

18. 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. 

19. The crystalline solid zoledronic acid of claim 17, which is a monohydrate. 

20. Cry$talline 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 °20. 

21. 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 °20. 

22. The crystalline solid zoledronic acid of claim 20, which is anhydrous. 

23. 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 °20. 

24. 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 °20. 

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

26. 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 

0 20. 

27. 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. 

28. The crystalline solid zoledronic acid of claim 26, which is anhydrous. 
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29. 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 °20. 

30. 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, and28.1 ±0.2 

.
0 20. 

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

32. A pharmaceutical composition comprising the crystalline solid zoledronic acid of 

claim 14. 

33. Crystalline solid zoledronate monosodium. 

34. Crystalline solid zoledronate monosodium hydrate. 

35. 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 °20 (Form VIII). 

36. The crystalline solid zoledronate monosodium of claim 35, further characterized 

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. 

37. The crystalline solid zoledronate monosodium of clain1. 35, which is a trihydrate. 

38. The crystalline solid zoledronate monosodium of claim 33, characterized by a 

powder X-ray diffraction pattern having peaks at 7.3, 8.8, 14.7, 21.8, and 29.6 ± 

0.2 °20 (form XVI). 

39. 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. 

40. The crystalline solid zoledronate monosodium of claim 38, which is a dihydrate. 

41. 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). 

42. 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 °20. 

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

44. Crystalline solid zoledronate disodium. 
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45. Crystalline solid zoledronate disodium hydrate. 

46. Crystalline solid zoledronate disodium anhydrous. 

47. 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). 

48. 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 °20. 

49. The crystalline solid zoledronate disodium of claim 4 7, which is a dihydrate. 

50. 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). 

51. The crystalline solid zoledronate disodium of claim 5 0, 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 °20. 

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

53. 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 

lVII). 

54. 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 °20. 

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

56. 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 °20 

(FormX). 

57. 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. 

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

(Fonn XIII). 

60. 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 °20. 

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

62. 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 

XN). 

63. 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. 

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

65. 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). 

66. 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. 

67. The crystalline solid zoledronate disodium of claim 65, which is a pentahydrate. 

68. 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). 

69. 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 °20. 

70. The crystalline solid zoledronate disodium of claim 68, which is a sesquihydrate. 

71. 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. The crystalline solid zoledronate disodium of claim 71~ furthercharacterized 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. 

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

74. Crystalline solid zoledronate trisodium. 

75. 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 

(Forn1IX). 

76. 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 °20. 

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

·18. The crystallinp solid zoledronate trisodium of claim 74, characterized by a powder 

X-ray diffraction pattern having peaks at 6.2, 7.9, 8.8, 10.6, and 12.2 ± 0.2 °20 

(Form XI). 

79. 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 °20. 

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

81. 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. 

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

the monosodium salt. 

83. The process of claim 82, wherein the crystalline solid zoledronate monosodium is 

selected from the group consisting of Form VIII, Form XVI and ForJ?l XVII. 

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

the disodium salt. 

85. 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 

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

65 



01233

WO 2005/005447 PCT/US2004/021626 

86. The process of claim 81, wherein the crystallirie solid zoledronate sodium salt is 

the trisodium salt. 

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

selected from the groul? consisting of Form IX and Form XI. 

88. 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. 

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

10 to about 20 hours. 

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

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

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

group consisting of methanol, ethanol, isopropanol and dimethylformamide. 

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

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

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

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

94. 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. 

95. The process of claim 92, wherein the crystalline solid zoledronate so~um salt is 

the monosodium salt. 

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

selected from the group consisting of Form VIII, Form XVI and Form XVII. 

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

sodium salt is the disodium salt. 

98. 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.· The process of claim 88, wherein the zoledronic·acid is zoledronicacid Form XII 

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

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

the trisodium salt. 

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

selected from the group consisting of Form IX and Form XL 

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

a) dissolving a crystal form ofzoledronate 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). 

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

30 volumes per volume of zoledronate sodium. 

104. A process for preparing crystalline solid zoledronate monosodium Form Vill 

comprising: 

a) adding a solution of a base in an 80%/20% v/v mixture of water/ethanol to a 

suspension of zoledronic acid fonn 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 VIII. 

105. 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. 

106. 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. 

107. A process for preparing crystalline solid zoledronate monosodiun1 Form Vill 

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 VIII. 

108. 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. 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. 

110. 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 VIII. 

111. 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. 

112. 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. 

113. 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 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 

c) precipitating zoledronate monosodium Form XVI. 

114. 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. 

115. 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. 

116. 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 ofwater/isopropanol to 

a suspension ofzoledronic 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. 

11 7. 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 

c) 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 XVII. 

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 7 4. 

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, iii 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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FILE: FORM XX ZLD LB-365 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME: 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONIC ACID FORM XX 
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FILE: FORM XXVI ZLD LB-368 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME: 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONIC ACID FORM XXVI 
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FILE: FORM VI I I LB-305 CROP I SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME ·1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. S_CAN RATE : 3.00 DEG/MIN. 
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FIG.9 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE MONOSODIUM FORM VI I I 
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FILE: FORM XVI ZLD LB-339 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME: 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONATE MONOSODIUM FORM XVI 
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FILE: FORM XVI I ZLD LB-348-CROP- I I SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME: 1.000 SEC. 

RANGE: 2.00-40.00 {DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONATE MONOSODIUM FORM XVI I 
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FILE: FORM V LB-298 SHQ, ID: AMALYST: ERAN. 
STEP : 0.0.50 ° Cnt TIME: 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.12 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM V 
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FILE: FORM VI ZLD MS-541 SHQ •. ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN. RATE : 3.00 DEG/MIN. 
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· X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM VI 
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FILE: FORM VI I ZLD MS-501 SH(\ ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN .RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM VI I 
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FILE: FORM X . LB-302 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 

7000 
6600 
6200 
5800 
5400 
5000 
4600 

V) 4200 
~ 3800 

3400 
3000 
2600 
2200 
1800 
1400 
1000 

600 
200 

I I I I 
2.0 5.0 8.0 11.0 14.0 17.0 20.0 23.0 26.0 29.0 32.0 35.0 38.0 

FIG.15 
DEG. 

X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM X 
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FILE: FORM XI I I ZLD MS-482 SHQ. 'ID: ANALYST: ERAN 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN .RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM XI I I 
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FILE: FORM XIV ZLD MS-484 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.17 DEG. 
X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM XIV 

...... 
'-J 

~ 
~ 

~ 
0 
N 
0 
0 
Ul 
¢ 
0 
Ul ... ... 
-..:i 

-i, 
n 
~ 
rJl 
N 
0 
0 ... 
¢ 
N .... 
Q'I 
N 
Q'I 



01255

(/) 
C 
OJ 
(/) 
-I 
-I 
C 
-I m 
(/) 
::r: 
m V) 

m a.. 
-I (.) 

,,,-..., 
;a 
C 
r m 
I\) 
O') ...._.,. 

FILE: FORM XIX ZLD MS-513 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CO~ITo SCAN RATE : 3.00 DEG/MIN. 
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X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM XIX 
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FILE: FORM XXV ZLD MS-486 SHQ, JD: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.19 DEG. 
X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM XXV 
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FILE: FORM XXVI I ZLD MS-487 SHQ, ID: ANALYST: ERAN. 
STEP : 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.20 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISOOIUM FORM XXVI I 
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FILE: FORM IX MS-444 SHQ, ID: ANALYST: ERAN. 
~ STEP : 0.'050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.21 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM IX 
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FILE: FORM XI MS-436 SHQ, ID: ANALYST: ERAN. 
STEP :· 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. :SCAN RATE : 3.00 DEG/MIN. 
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FIG.22 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE DISODIUM FORM XI 
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FILE: AMORPHOUS ZLD MS-433 SHQ, ID: ANALYST: EINAT 
STEP • 0.050 ° Cnt TIME 1.000 SEC. 

RANGE: 2.00-40.00 (DEG) CONT. SCAN RATE : 3.00 DEG/MIN. 
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FIG.23 X-RAY POWDER DIFFRACTION OF ZOLEDRONATE SODIUM AMORPHOUS 
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REAL PARTY IN INTEREST 

Patent 

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 

Patent 

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. 

Patent 

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: 

zoledronic acid, 

wherein the dosage form contains no 
bioavailabili enhancin a ents, and 

wherein the oral bioavailability of 
zoledronic acid in the dosage form is about 
1.2% to about 3% in a human bein 

about 30 mg to about 250 mg of 
zoledronic acid 

and an exci ient, 

wherein the dosage form contains no 
bioavailabili enhancin a ents, and 

wherein the oral bioavailability of 
zoledronic acid in the dosage form is about 
1.2% to about 3% in a human bein . 

Paragraph [049] 

Abstract and paragraph [055] 

Paragraphs [055]-[060] 

Paragraph [049] 

Para ra h [072] 

Abstract and paragraph [055] 

Paragraphs [055]-[060] 

5 



01304

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

ARGUMENTS 

I. Introduction 

Patent 

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, available at http://www.accessdata.fda.gov/drugsatfda_docs 

/label/2012/021575s017lbl.pdf ("Fosamax label") and/or Bonefos Product Monograph, Part III: 

Consumer Information Bonefos® clodronate disodium, pages 25-28, revised September 22, 2011, 

available at http://www.bayer.ca/files/BONEFOS-PM-ENG-PT3-22SEP2011-147998. pd£ ("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 

Patent 

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'l 

Co. v. Teleflex Inc., 127 S. Ct. 1727, 1740-41 (U.S. 2007)), (2) that all elements of the claims are 

7 
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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, 11 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 section1), 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, 11 can improve the oral bioavailability 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 GIP ET 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 

11 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 arguments 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(S) 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(S)(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, 
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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) 
Microcrystalline cellulose 

(Avicel ® PH 105) 

+ Inner coating: 
Cellulose HP-M 603 
Polyethylene glycol 
Talc 

+ Gastric juice-resistant outer coating: 

11 

197.3 mg 
52.7mg 

250.0 mg 

10.0 mg 
2.0mg 
8.0mg 

270.0 mg 
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Eudragit ® L 30 D (solid) 
Triethyl citrate 
Antifoam ® AF 
Water 
Talc 

90.0 mg 
21.0 mg 
2.0mg 

7.0mg 
390.0 mg 

Patent 

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 IV] 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.I. Ashiru-Oredope et al., The effect of polyoxyethylene 
polymers on the transport of ranitidine in Caco-2 cell monolayers, 409 INT'L J 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/ 
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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 UNN. 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.2 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 enhancin~ a~ents), which improved the absorption of the dru~ 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(S) 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 II 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(l)-(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 
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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. 

16 
'1 
0 :l.4 
~ 
" 12 -

POTENCY OF ZOLEDRONATE USING 
ORAL, INTRAVENOUS, AND 

SUBCUTANEOUS ADMINISTRATION 
Lt89 

0,005 

oral 
zo!edronate 

-I 
intravenous subcutaneous 
zo!edronate zo!edronate 

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(l) 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 

e 0.3 
0.27 

0 
µ. 

0.25 QJ 
on 
"" er:, 
0 0.2 Cl -"" I-. 0.15 0 .... 
0 
>, 0.1 
\.J 
i::: 

+---~ 
QJ .... 

0.05 0 
i::i.. 
-;;?._ 
0 
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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 balded and underlined values in the quote were used to obtain the values in 

Figure A. 

An EDso value for zoledronate to reduce hypercalcemia in 1,25-(OH)2D3-treated 
thyroparathyroidectomized rats in vivo of 0.072 ± 0.018 µg/kg s.c. was reported, which 
was 850 times more potent than values obtained for pamidronate (61 ± 7.5 µg/kg s.c.). 
Zoledronate treatment resulted in dose-dependent inhibition of 1,25-(OH)2D3-induced 
hypercalcemia with maximum effects (100%) observed with a dose of 1.4 µg/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 µg/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 II 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(S) 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(l)-(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. Arguments 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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Patent 

(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 

results 

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

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. 

11 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 i.v. 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 bioavailabilit_y (<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"). 

Patent 

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 

address some of these problems . . . ." Ian R. Reid, et al., Intravenous Zoledronic Acid m 

Postmenopausal Women with Low Bone Mineral Density, 346(9) N ENGL J 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 

21 



01320

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

Patent 

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 J. 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). 

Patent 

(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 II 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. 

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 
bioavailabilit_y 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 bioavailabilit_y, gastric irritation, and gastric reflux." Leonard 

at p. 1, Introduction section (emphasis added). The EMA's statement that 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)) further supports Leonard's 

assertion. 
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Leonard further states that MER-101, which was developed by Merrion Pharmaceuticals, 

11 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 II 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 II 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 "[a]n 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 dosa~e 
form is about 1.2% to about 3% in a human bein~" 

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 "[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). 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, 11 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, 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 Cmax (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 Cmax 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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Dosage 
Description 

form 
Fox 5 mg/kg zoledronic acid3 in the 

form of zoledronic acid 
monohydrate4 in a gelatin 
capsule5 

Fox 5 mg/kg zoledronic acid8 in the 
Enteric- form of zoledronic acid 
Coated monohydrate in an enteric 

coated gelatin capsule9 

Tablet 3 tablets of 50 mg zoledronic 
Acid acid plus excipients for 6-10 kg 

dogs13 (average 19 mg/kg) 

Free of bioavailability 
enhancing agents14 

Table 1 

Patent 

Cmax Relevant disclosure of Fox 

110.73 ng/mL 6 "Other orally administrable 
pharmaceutical preparations 
are dry-filled capsules made of 
gelatin."7 

109 .37 ng/mL 10 "Other orally administrable 
pharmaceutical preparations 
are dry-filled capsules made of 
gelatin." 11 

"Dragee cores are provided 
with suitable coatings that may 
be resistant to gastric juices."12 

846 ng/mL 15 

Scaled to 5 mg/kg by 
multiplying by 5/19 to 
obtain a scaled Cmax of 
222 ng/mL 

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" 

3Hanna at para. [0133] and [0147] 
4Id. at Table 3, Leg #2. 
5 Id. at para. [0147]. 
6 Id. 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 Id. 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"). 
14 Id. at para. [0113]. As is clear from this paragraph, a salt form is not a bioavailability enhancing agent. 
15 Id. 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 

"[a]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 II 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 II 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 II 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 II 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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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). 

Patent 

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 II oral 

bioavailability of zoledronic acid" of II about 1.2% to about 3% in a human being." The two 

dosage forms with the lower Cmax 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 "[n]one 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. 
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(1) The safety and efficacy of an oral dosage form for inflammatory pain was 
unexpected 

Patent 

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/m2 ••• 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/m2 (or 9 mg/kg), divided in three equal daily [18 mg/m2] 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 "[i]n 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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Patent 

Day14 

Figure 2 is a compilation of the data from Examples 1 and 2 of the specification and the 

Fox reference.17 This figure clearly demonstrates that at the 18 mg/m2 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/m2 and 120 mg/m2 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).18 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 TOTP AR 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 J. 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 TOTP AR observed in the rat 

inflammatory pain model of Example 1 of the specification is unexpectedly greater than the 

TOTP AR calculated based on the results reported in Fox for the same rat model of 

inflammatory pain. 
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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 TOTP AR 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 TOTP AR as compared to what 

would have been expected from oral administration according to Fox. 

(6) The results of an oral dosa~e 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. 
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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 dosa~e ran~e 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 ]nimals were orally administered vehicle 

(control), zoledronic acid 18 mg/m2 ( or 3 mg/kg) [or] zoledronic acid 120 mg/m2 ( or 20 mg/kg) .. 

. on days 1-3 .... " Specification at para. [085]. In the second study of the rat model of CRPS, 
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animals were II 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/m2 (21 mg/kg) on the first 

day (day 29), followed by 18 mg/m2/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/m2 dose would correspond to about 29 mg, 120 mg/m2 would 

correspond to about 194 mg, and 126 mg/m2 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" (Croes, 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 

47 



01346

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

Patent 

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 TOTP AR 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]." Croes, 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 

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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USEOF BISPHOSPHONATES FOR! PAIN 
TREATME1''T 

[0001] Thi:; inveotioil relates io: p]ja:J1111fceu1ical comprn,i­
fi:o~ ,aml 11ses, in parli@lar lo phiITT!laceutic;tl c<nllpositions 
comprisinis-,,bisphQsphqna~s anµ to new therap_eµtk uses .qf 
pisphQ.SpJ:i.l'l:na~~-· 

[0002] Bisphosphmiales arc widely nsed iQ' fohi&it osteo­
clast activiti iil ,a variety .of b.o.th .heii\gn .and .malignant 
diseases· wh/t!h; ipyolve e;i:cessive ot iii.appn;ipriate bone 
resorp1i9:n. Thesepyrqphospha.t« a.I1alogs n,;,t only reduce th.e 
O~lJITenee.ofsk:eleii!I.relatel,l ~ents but they a:lso'prpvide­
patie11~ ,yith.-giqic~l l)eyieft(, and ii;npi;ove suryiyal. ;Bii;pho-· 
sp]jqrra(e.s. ar.~ ijble .f9. p~1;,vent bOI)C j;;:'!9rplioµ in vjv:o; the 
the[llpeµtje efficacy of bi5p!io~phoI;1ale.s has been \i,D;Joil• 
sfJ:ated b:_i,: th~ tu;at,qi.@J o.f o~t!X)pq,osrs; psteopeni;i,, .P.aget',s 
dJi;ease. <if bone, tumoiir0 ihduced hy.percaiceiniii (TIH} and,. 
more recently, belie iiietasla.~es (BM) and multiple iriyeloma 
(MM) . (for <1eview .se~ Fleisch H 1997 Bispbosphonates 
dihical. fo :Bisphosptxinates' in Bone Disease. From the 
Laboratory to the Patient Eds:. The Parthenon Publishing 
Group, New Yolk/London pp 68°.163). The :mechanisms by 
which bispho.sphouates inhibit bone resoqitiOil,;rre st.ill not 
:cmnpleiely un:c!etstood ,and seem to t:aty accorinng to the 
bispliosplionates s~ed. Bisphosphonateshave been shoWD' 
lo biild -strongly to (he byµroxyapati~ crysi~ ofbone, co 
:i;ed11P? bpne l:ur!!::l);,c;r apll, r,;$orption, ~ degease ttre .leyels 
o:fl;\yd.Nxyproline or al\caline phosphaiase-'.m, ihe blood;~µ 
j:a; a,lditiQil t<:i j.ajiib_it the fqnnatioi:J, reeruitwent, ac;tiv;i.tipn 
,and tli,e actiyity, of' osteClC!.,i,:,1$. R!>CetjtJy .f,a:m!!syl wp,h95~ 
pliate. syptba~, ,all 10I1eyme, of the aieya'JollM.e p~':tllway o( 
cholesterol biosy,;ithesis, bas been 14entftfod.as theo moiccu0 

iar target of_ mtr6geri-conr.Jiiiilgti~~~6sp~omies {rt~eie'a' 
in Rogers NI J, Gordon S, B~iiford HL, f';oxon F P,Luckrnan 
S P,, Mt:mkkonen-J, Frith JC 2000, Cellular and-rrioledilir· 
mechanisms of actfon of b~hosphoiiates. Canter 
88(sµppl):29.61-197$) 

[00(13] ;Bqm; paill rc.sul!ii:m :frOIIl slnictu:(aj .damage, peri~ 
oste,IJ irritation; and, nene e1;1trapm.enl is Jbe most c.ommon 
GODlplicatiQJ;I of bol,h' bepign, :allµ qief3$)ic; ~J;IC ,;lii;ea;;e,, 
.and presto1;1~ a. si~caIJ\ prob.Jew j.n bpfu: lic,sp{tal, au.d 
ccmi;nJ1Dity practice (wlei:qllJ;l, lQ9?; (;31:,_C<;r 80; 1588-
1594). , . . 

[0004] MMisa p)l!Sllfa.-<;eU mallg!la~y . .ch;l.tacie~dby 
(he.pi0li£er~tion and ih¢. acc..1JI!]))lationofw"iignaut plasma 
eel)$ wi!hin .ibe bonit IIlaITO'W, The IiJain clinical. conse­
quences. .a:rc; lytic bone l~QliS ,'l~i,a:tecl \Viih paiho)ogic 
fr~d!!(es an<;! bQDe p"'in. To~ Jes.ions i:esult fmrp. an .exces:­
sive. bqn« resqqili!>n,, frequeptly leacliI/./5' tq hypercaJc..-eiilia. 
~~hP!lpbqp,afey l:pi,ye ~en foirod~ed ;for fhe, long-le@ 
tr~atipent pf MM iµ cqµlhina,tion witb ~yentioIIal ;c~IJ:!O, 
therapy.-11 has b~ ~hown. ~e~i:iny iii.at bis~hQspbon11,tes 
such as clodtonate and pamidronate can i:educe· the occur~: 
re rice ofskeletat i:eiateci e\>ents siich as Iytic bcirieJeslons aud 
pathcilogfo fractlireS ~mi can re1.teve associated bO'ile p-ii:in 
and' improve lhe qualify oflife of patients (Laktineu et al 
Lancet i992, 340,1049;1052; McCidsk:eyet al. R J. Hae­
matt>l., 1998, 100; 3ff32.5; an:dBerenronet;a:I. N, 'Eng. J. 
Med.1996, Vol. 334;.Nci. 8; 488-493). Similar effects have 
b~n :reported in breast caI1c;er:P<1tienL~, ireated. v.:ith bispbO· 
sphooat,es '(Hotioba:gy.i G 'N, 11ieria\llt. R L, J:lorrer L, 
Blayney P, Liptoni\,. Sino.ff c, Wheeler ~ SiD;Jeo~ J F, 
Seruna:~ J, Ki:ngl;itR D; Efficacy t>fpa:rnidr9.1wte i:ir rnt;Jucing 
skeletal ;cqroplic;itiqns: in paijents with brea!lt. cancer and 
lytic l;,qge .. met~~i;tlS. Pro\ocol .19 A,edja ;Brea:;l t;;aI1~r 
Study, Groi+p,;N En~ lMed.1996;335:.171!5°91; K3I!is JA; 

i 
Apt.l, 2004 

Rowles 1; P.aterson AH G, McC!oskey E V, Asbley s. 
Cloc:ironateadei:rei!Ses. tbe fteqlieticy ohi:keletal ttietastases in: 
'.,"Orneµ vvir.h bre;ast cancer, B,;me ~9~6;, 19: ()_63°'7,c) 

[0005] It has now been found surprisingly that certain 
b1sp]jgsphona!es exert profound ,;Jl4 ;tpp,ireµl:ly diri;c! p;!t­
liat~ efl'eql:s .01;1 paii;l in' i.n. viyo ;µin:µal mm:lek;. Fqr 
exaa;Ip!e;, zoleclronk acid has peel) fo11nd fo I,evef$e 
·mech.amcal hyperlilgcsia ;in. rat mo.dei.s of cbtonlc. inflame 
rriatory and neurtipatbicpaih, \v:ith a:fastonsetof action and 
.effi~ac;yof~p t9 abo11t).ClO%c.Mcliti~~lly ?P!~roni¢ a,;1cl 
'has h~n fmµid l:q ·rell,ul'e mech.:ri;ricaj .nodyriia. 'a.Qd ~educe 
.hind limb sparing in a r;i.tmodel.o:1;-1,i:,ne cancer pain;. These 
iesclts iirdieate_that@ledtonic acid Mi:fsirliilal' bisphosphoc 
nat~s may bave direct,, fast acting, anti-nociceptit>e and 
al)µ-;1JI9µyµfc actiyity ()ll paiil. 

tiJ006) Accordingly the. present lrivemibb 'pmv-ldes a 
method for the, trea'.tr1191Lofpain :(q apatieµt in ne_,d oi)uch 
treafn!ellt; .which com.pri$<,s ~dil)jQistedli;g an e{(~tiye 
amount of a bisphospbonai<Uo Ute patient;. 

[0~7] The i1wention further provid~, use of ;i bisphos­
'pmliate ln.the prepatai.ibn of a medicament forthe t,eatment 
o'f pain. 

'[0008] The irivtrttiotiyet furthci: provides U..'ie of a bispfuo 
sphoilate to treat Jialil associated with diseases'or pathologic 
cal coiidititins.fo manimitfa. 

[0009] the prei;eni inve;ntion .is particularly applicabk iQ 
the p.illiativ.e:treatmenr of pain, i.e .. the. dir.e;tt re]ii;,fof pain 
ill ai:Iilitibil to the ~Jiefof pain as t~ µ,~ult .ofameliQratiqn 
·of the ))Ildedying .di&ease or !Iledic:iJ conditipn; wb:it:h is the 
,cau,;e qf lbe p;µn. Thus; adyant.age911.,;lnhe inyerition p(o­
vi'des. meth()~ aQII uses .for 1he ·di,tei;;t aµalge!lic or acute 
µ:ealillent of pa,in, , , 

[.ooil)) Piefera.bly the· foventiori cis used, for the 8irect 
ireatm~ of pain in :diseases and .medical q:mditions jn 
which. bisphosphonaies ar.e use.d to inhibit osreocla.~t a:div­
ity. For example, ·ih<; h!ve.rition may be ui;e.d for direct 
·trealmeill of p;i_iil.in dise~s and. cqndiiioos which involve 
·excessive or ipappropriate; J:,Qile. lo~ e.g. as tl!e r~slilt pf 
inappropriate Qs~oq)~t acti\>ity, -1!::i:ampley,of sw:1) diSl!ases 
and ·cm,idiqons in~brde l;Jep~gn: di),e.'l-,<;e1>-·an,1_ CQnciitions _such 
as ~teqporosis: of yaiio11:; geI1es.is, Pa.gets dise.~,· oslcQar~ 
tl;u:itis, 'RA; peJio.doQlat djsea,;e;: and especially Il14i_gµant 
~!I~ sµch as l',.fM: aI)d 11H ar-1 BM :as.5()tjllt~d )','.Ith 
V:irious cancers, e.g: cancer of flie breast, prostate, liUig, 
kidi:ley,_civat;y,oiiostoosarcorila. GenetaHytbt inventi.onm~y 
be used to, treat. pam in ,other cin.,-u.msrances: v;1iere· bispbo­
.spbtiilates. are, used aiiil. pain is, encountered, c,g. when 
bisphospbonares· are ·use ·in bone fracture healing; osteone­
crpsis' or treatment of ptosthesis loosening. 

[0011] J;be uses and. 1+1etliods of .the ·pr~nt inve:µtion 
:represent al). _:i.niprovelilel)( tQ e_;,µ~ing :therapy of i;nalignap( 
di~e3¥ll1 in- v,iµi:J:i 'bi,;p_b.osphonati::s are µsed io, v~evtopt. or 
inhibit d,eve~opnwnt 9f ,boi!e met~~~ OJ.: ClfCf§Siv°' bope 
resorption., a\\d also for: th.e therapyof inflammatory, diSeastS 
,such-as -rheumatoid arthritis- and osteoarthritis, -as well·a.sJor 
ail forms of osteoporosis· ·aoo osteopenia. 

[0012] 'I'hu,s in .tbe pre:;;ent. aescrip.tion the tenrn; "tre,atc 
)ne1;1t',. or "tr.ear refer· to. both prophyb:i::ii~ or pre,:entat~ve 
treatment. as well .as .,:ugtive PI palliatjye ti:eatmeot of 
paii;t,in ga.rti,;iiJa,r ;i,.nticoo_rj,;ep.tive apd auti-allQµYW" tr<,at~ 
me11i of ()a[n, especially trtoatmen( of bo.ne pail 
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[0013] Thus. in'particular einbcidiments.-theinvention:pro. 
vides: 

[0014] a method fur the treatriiem of hone paiii. iii a 
patient_ in need -Of such frea\meni which &rrnprises 
acji)iinistering an effe<:tive ;j)iloµtd of a l;rispliospho­
na~ lo ihe patiem; 

[!!O~ -~- qfa b:ispho;;pl;iolli',te :in l!ie prep;iratiCJp. 0£ 
a medicament -for. the treatment of bone .pain; ·Dr, 

[O.Qlo] use of ab.ispho_sphrinafe as;an agent fot tteai-
. ment 0-f boDe- pain.. · 

[0017] . Ille li"ispbo;;phm:ra~s m;eJ J.!1 lpe pre~~nt i.o,yeuti"Q11 
;ire jypk;ally tlmse which reUeve pafo, jn pai;tiQuJ.ar those· 
whicli have ao: anti.nociceptive or .aiiti-al1odyilic, and prefr 
era.bly rapid onset, activity on paiii. 

[0018] Thus, fot example, suitable bisphospbonat~ for 
p_se iii th¢ iiiv,tintion may .i¢!:ude: ih_e follbwing_ eom:po)lllds 
or a_pb.iu:m!\.:eutica;lly· acc;eptab les;ili thereof,_or any hydqte· 
iher~of: 3-ap:nno-f~hydroxypropal)e-1;1-dipho~pbonjc acid_ 
(pa.n,:iidrnµi,; ;,cid); e;,.g, pai;i:\idrpµate (-:N?P); Y(N.N:-dim­
e_tli.yl~mio,o)-l-hydmxypropane~~,l-dipho:,;p]:IQnic·_ac,id; e_g_ 
#:ntthy,L..;<\J:'D; _ 4'.<jp]IIlO'lc~y<;)):Q~ybuf..!o,e,l;l-\lipl!Pspbo0 

ajq acig (iµe1llkonic, ;1c;ici); f,~- #enp.ronate1, 'l-b}'!i!:0XY" 
ethidene-bisphosphonili acia,. e.g. etidroiiate; 1-hydroxy.3· 
(methYlpeilty~nitll.O)•pri:lpyndene-Pisphos_pl:iDaic ... .. acid, 
ibaiidrooic acid, e.g., iliandronate; ,6-.aininci-1-hydroxyhex­
anecl, 1-dipiiosphoiiie acid,,c.g, aminO:-hexyt-Bl?; _3{N.-mt· 
thyl-N-n-pentyfaroino)-1-hydroxypropane,1,1-diphospho, 
nic add,, e,g. _ rneiiiy1'.pemyl.APD _ (=BM_ il.0955); 
l·liydroxy-2:-{irpida:whl-yl)etbane-1,1-<;lipb~lioni<:: a_<;id, 
e.g. Z:i:lledroruc. acid; 1-bydroxy:2°(;3°pyridY,l)eth~:-1J­
,Jlpl:to:,-plionicJicid {~dronicacid), e,.g .. ti1,ed:J:onafo, inc)l!d­
_mg N,m:ethyl pyridini1J1n salts thereof, for e:X:atnple, N-me­
fl).yl pytjc!in,il,lill il')!lidei; &ut;h as ~W2# or NE-1Q44_6; 
1{4-cW.0~oplirnyltlri.q)me.th~e;J,1'.dip~hor;ic _ _. acid 
(tjludronip acid), e.g, lilndrnilate;·'.¼{N-(2-pbenyli,liioej!Jrl)­
N-)ll~tliy!amip.0]+hy\lroxyproJ!'l,I\e",l;Hlipliosph01!ic­
acj_d; 1-hdro:zy~3-(pyn:oh,;liµ~1-y))prQp_@~· .I,Hip"l:1_pi;pho0 

nlc, a()id, e.g, E13 :1053 (Leo); l,-(Ncpb,f:11y~mfuotlµo9ai-bo, 
n:yl)oietha:rii:-1,VdiJihospbonic _ acid,. e,g. _ FR 78844 
(Fujisawa)~ 5abenzoyr-3,4dihydro,2H:p~azole-$,3~diphos­
phonic .acid 1etraethy1 ester, e.g. u.:srnn CUiiiobn); 1-hy­
droxy-2-{mndaw{1,2-a:]pyridfu,3.yl)ethane-l.;1-diplfospho­
nic :acid, q;: YM .529; and 1,l·dli:ihlciroinefbane--l,1-
diphosphi:lruc. acid (dodtonic acid), e.g. ,clodroiiate. 

[00191 l'ref¢r:il:>ly the Jii&J).bosphona_te:s_ for ·)!St; in the 
iqveoiion 'll!C the nitrogen_ COJ)taihil)g J;,i~phospbonates. for 
the purpo_si:s of:t\Ie presem ct,,s.;:p:ip).i_on p; aj1rpg_trrr contain-: 
lll,!l; b:i,spli9:sp_j101;1a(e is l',' qiOJpoll)IP: ~.birli ip; ;,dc)iti9n_ !Q t~ 
characteristic _ gemiml bisj)liospbate (P~C=-P) moiet;}' 
comprises lu:uttogeii containing side chain; e. g: a compound 
ofform:llla i 

Apr.11 2004 

,I0020] -Wherein 

[00211 X is hydrogen, :hydto-X):1, amino, alkanoyl,oc 
1;11. ,;rnrip_p j¥Ollp sul:>\;!il;u.ted ·by t;\-C4 alkyl or 
alkanoyl; · ·· 

[0022] R is 'hydrogen: o.t c,,c. alkyi and 

[0023) Rx is a side chain wliich: cO'n:tafus aii oplibils 
ally sut>stiJ:µ~d, ~m:jpq, groµp, w: a .nitrogen q:,11,tain-. 
'iiig h:eterocycle (including aromatic 01tro_genccoii.­
tainiog l)etero9y<;)ts), 

[0024] a:nd, pµ;i,n;n3P"titiqi.lly ag<;eptat/l1c< i;a!IJ;• tliereo.f qr 
any hydrate thereof. 

[0.025] Parli.cu!arly:preferted rulorogerr containiiig bispho­
sphonat!'l> ar!!-.lho_se,havm:g,side i,i)la'ins ~:r1ui:iningni(rogcrr­
·mlltainiog heterotycies;; 'tnost especially contaicing aro­
matic .rritrogcnc.::oniain,in_g lietero,:;wles:. 

J0026J Tuns iii one emoodu:ne1i"\ a: parficufarly prefe:ned 
bispi:\:0s_phOiiale for use .in the fovebtion.cbmptise,s -a• c_orilc 
.POl!nd of Fo.rrmlla l' 

[OQ27J wherein 

[0028] I-iet is. an irtt'idazoie; nxa20Ie, IS6xawfe, oxa 0 

~le, thi~ole,-thiai;l,i¥,o1e,- pyridfue, 1,2,3°triaz,-­
·ole; 1,2;4-tril!zqle odienzimidazole tadic,1, whlch is 
<>piiollfilly stibs_titu,i.ed l:iy-ajkyl~ ~ll!:oxy; iiaioge_n, 
hyd(OXJlcatboxyi an amioo group pptii;in~ll:y su;b­
stihited by alicyl ot alkalloyi radicals or a berrzyl 
radical optiona:lly snbstitu(eo by ;iUcyl, nitrp,. ;µnino 
or amiiioalkyl; 

[0029} Ai'> ,a straight-chained Or 1:irancbe.a, saturated 
, or tiriSalurated hydrocaibon moiety" contaiiiiog, fro in 
1 to, 8 carbon a.to~; 

[003'0} __ X is a, byd[Qgen atom:, optionally substituted 
by' alkanoyl, or ari amino. group .r;plionaily su.bst,, 
tured l:iy a&yl, or !'-lkanqy_l r~dic;afs, a119-

[li03i] R is.a hydrogen atom or a C;sC4 alky1 tadicaf, 

[0032) and the. p hatinacologi.cally acceptable saJts,thereof. 

[0033] In a further emoociimeci a particufai:ly prefetted 
"bi~phospbonat~for use m the.itiveiifuii comprises a com­
pound of Fonimla II 

... : > : : ~~-·~" 
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[®34] w,hwi.ii 
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II r tR)2 
Elet'--C:-c-'Xr 

H ~] 

rQR)z 

0 

ll 

[0185] Her is a substituted or, uoSU:bstituted het" 
eitlarotiiittIC nveefu'erribered ring selected fi:Ofu the, 
g~oµp com;isting of µµjda;zplyl; jmida;zpTu;tyl, isg~­
:azolyf, o~a:z.olyl: oxazolinfl,. ,!hia,zol)!l, ):hia:zolinyl, 
triaz.oJyl, .o]!:,l.djazo[yl ;i.nd thiadi40lyl \\'.m;tein saic'! 
mfg .can be §attly hy&-Ogeriated and wherein: . said' 
su:bstituerits ate selected fuiro it ieast one of the 
gi:Qup i:onsisting o.f C1°C4 alkyl, C1°C4 :alko:xy, phe-. 
nyl;. i:;y¢lohexyl; cyclohexylwethyl halogen ~nc'! 
amm:o iutdwheiim: twuadjacenlalkyLSU:bsiiiuentsof 
Het can together form a: .seciin,'f ring; 

[0036] Y is hydrogen tJr c,-c4 alkYJ; 
[003]'.] x• \s. Jiy(ir()gen,hyr:Ji:OX}'[ '\I@!O; Q~ an a .. mino 
. group substituted by C1-C4alkyl, and 

to~~] R is bydi;ogen 9r r:cG .. a!Ryl; 
[®Ml as wdi as lhe phatmacofogically. acc:Gpiibie salts 
and ~mer,, \her~£ 

[0040] lb.a yetfurtbMemboifunent a parrlciifadypreforrfd 
bi1iphP$J?honate for use fu Jhe iw!)11lion, cpmpri~s a •com­
pqupd, of l,<'.prmµ.la: TU 

m; 

[004l] wherem 

[0042] Jfot• .i/l. an imiflazoJ'yl, 2H~1;2;3°, .J:.H-1,2,4;- or 
. 4H~1,2,4,triazoJy1, ti;tJ:aroJyl, o:xazol Y+; !SQX~Qlyl, 

oxadiazolyl, thiazolyl or t:hiadiaiolyl radical which is, 
nnstibstittited oi: C-n'IOn0° 6io dl~substiilitedby fmver 
alkyl byJower alicoxy; 1:ixphenyl wh1d;rrqayin h!m 
he wno.o- 9[ d,i~upi;tiiuteil hy lower alkyl, lower 
ail;:pxy Andi'.ot halogen, 1;,y byd,pxy, :by di;Jower 
ilkylarnino,. by tower alkylthio and/or. by haloge1t 
and is N:0substituted at II 'substitntable N-atoi:ii: by 
kwer :a!ky~ or by p~ny)-lower all<:y[ ,winch m,ay jn 
fWQ.1?(; mono- or <li,~ulJstil!lted i;l_th!'.' phepyl:fll<:>iety 
:by 1ower ,alkyl, lower alko~ ap.d[or \:talogen, an4 

[0043] '!tt ~ ;hydi)Jgen, hydl\'..l,»', 11II1WO, lower alk:y'" 
' lthio or halogen, lower radic;als having up to: .and 

indu.ding 7 '(J·at(m\s; 

[0044) ~r- a pha:rrriaqolpgii::a:ll.y ac;cq,table salt ihereof. 
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[0045] . Exaniples•of partiru!aily preferred bisphophonates 
fot·use :iri the invention are: 

[0046] 2;.c1°Metbyliriiid~ol-2,yl)-l-hydroxyethane. 
i,1.diphosp.honic acid; 

t0047J 2-( 1-Benzy).imiga:zoJ;2~ylj.l-hy<!ro:cyeth'\Ile-
1,1 ed\phP~phon i;i acid; ·· · , 

[0048]. 2{i-,Metbylii:nidazob4,,yl)s1,hydroxyethane, 
1,1-dipboi;p ho* acid; · 

[00.f9J 1-An-iiil:o~2c(1-methylimidazolA-yl)etiiane-1, 
1-diphosphohic acid; 

[OQS(l] . 1-AmifJtH.l-(),-\:,e.rizyli,inid!IZ(ll-4-yl)ethan.e-1, 
14ipbo1,1'ihorrk add;, 

[0051] . 2c(:L-Mi;thylimjdazol-2,-yl')t.,thane-t,lc<liphos0 

J>homc acid; ' 

[@52] 2-(1<Bepzylin).j'1a,c:o.1<2°y!)e)h~Il<;"l,bliphos0 

, phonic: acid; · · , 

[0053} 1-(lmidazol-f-yl)-i ~hydroxyetlrane0 l,_t-
tµphosp):ioµk acid; 

[0054 J '.?>-(Iriiida1..ol-l-yl)ethaiie"i,l-dipho$Iihonic 
acid; 

[0055] ,?.c(4H~1 ;2;4-tria:zol-4-Jlf Hrydroxye.(hane.-1, 
'i.-diphosphonic acid;' 

t@5!>] 2-(TI:ri;,zoi~,2-;Yl)eth'\Ilca:1,l'<lipbosphonk 
aci(j; 

[0057] 2'c(lriiidazo1-2,yl)etiiane-{l--diphosphoriicr 
aci~;. 

[OOS&J i:(2iMethy!imidazol-4(5)-y!)ethanecU" 
·diphosplionic acid; 

[OOSY] 2:(2-Phenfl:imidazol-4{5,)cyl)ethane-1,l­
diphosphoiiic aciil; 

[00@) -ZC-(4;5-Dim.elbylimidazolcl,yl)-1-hydwxy:­
ethanecU--{ljphosphPnieo ru::idJ <lilc'! 

[.0061] i-(2A'1'ethylim:idazol,4(.s).-yl)cisl:iydro'xy. 
ethi!Ile01;1-diphosp;hqnic ;tcid; · · 

t006iJ - aQ\i p])_arm~col%ka,ily ai;:i:ept~6[e saits tb~reOf; 

[0063] The .most preferted h:lsphosphonate for. iiSe in 1he 
invention: is 2'(iµJidazoH yi)0 l~ hyd!:0xye1hane0 1,1 °dipb,o~, 
phonic-. .i:;id (zoledrQnicacid) pr apbaq:riacoJogically ~\::Cep(-
a,ble ~t therepfor. 'illY'.hydrate tl:\eteof, · · 

(00~4) Phai::l)]llc(lipgicaJly acc.eptagle ~alts ~r~ prefer;ibly 
,salts with b~s, 'c,-oiweni,tj),Uy metal salts d_eiived frpm 
groups Ia;,_ lb,, Jla and .lib .of the Periodic Table of ihe 
Elemen!s, fucluding alkali tnetal salts,. e'.g;, pota:$i\i:m and 
,espci:'ia.lly sodiiliii salt<;, .or alkaline ,earth,rnetalsalts, p"tef, 
erably ,c:!!;kiu!)l, qr magn~u:q1 salts, ,rqd also amfllo!Ji'!m 
:sails -with animo.nia or Organic ·amines. 

[0065] El;pecially preferred pl:iar~ceuµcally ll~ptable 
:Si!lts a{ethose Where Qne,\WO, ()lree O[ four;:iD, particulm:ioe 
odwo; of the a.ddic hydroge.I1S pf thebisphosp.bornc acid ;m: 
:re:p°Jaced bf a pharrriaceiiticalty ac:ce,Ptable cation, iJi par­
tieula:r". sodii1m,. ·potassium or· ammoniu·m, in. first instance 
spdiw:o .. 



01356

-----1 

US 2004/00636'70 Al 

[0066] Avery preforted grou:pofpbannaceu.licalb' accept" 
·abie salts is characterized by having. tfne. acidic hydrogen 
a;ncl oi:ie p\larn:J.lll!eUtica'Uy accept/ilil~ ca;tion, ~~y 
&Qd)um, in_. eac!t of we phosph!)11ic :icicl g.oup;, 

[006'1] All tht1 bisphosphonk acid .. derivatives wen:tioned 
,above .ate we11.knovirt from tlfe: literature. Th:isiii.chides their 
maiiufacture (see e.g. EP-A:.513760; pp. 13-48). for 
e~ample, 3•ilI!lIDP-~ 0:lzycliu.xyp,qpan.,..l,lc<lipbosphoDic 
acil;I ~prepa@ias c!e;;,;:rib.ed e.g,. in U$. :,Pat:,No;:3;96'.2,43.2. 
Jtf; well as the disoclium saft as in l.)'..S .. Pat. Nos. 4}i39,33$' 
and 4,7i1 ,880, :and i-hydroxy·2:(imioazol01cyl)ethane:r,.1c 
di'phosphonrc acid is precpared as destribede:g, in D.S. Pat 
No., "l-,939;130. St>~ a_lso l,l,$. J?~t. Nos,. 4;777,J;63 and 
4;687;']67. 

[0068] The oIBpho:;phonates (hereioaftet refutr.ed to aS the 
Agents :of the invention) rnay be used ·m. the l'ortn of an 
IBoiner or of a tnlxtiire ofistrrliers where. appropda:re, typi­
c/\lly as opticyl .isoi:ners $Uch- as e11.autiomers or diaste.~_oi­
sqmer:s. 9.r ·g<;omtlJ".ic isqm~, typic-a;!ly ciS"fi:~!IS ~mers. 
The optical ~m0:0r$ affl obtained in the form •of .the pure 
antipodes. and/or 'as rac¢tna:tes. 

[Q069J The Agen(s of the I nventio i;11;a11- also l,e JU,ecl in the 
:furm _of thc.ir hydi:3-tes,or me!11de qther~lyeqtsusedJor tbel,r 
ci:ys}allisaiion. 

[0070] The Agents ofthe Inventibn (the b~bospbonate;s) 
are preforabiy used iii the fonil o(pliarilfaceutical colfipo­
siti.011-~ that GQµtain a th"rJl-jleuticAil:Y e~ecti~,e -amoimt -of 
activ.e ingreoient optiQually together ,vith. or: in a~tµre 
with mQrgank or wganii;-,wlii! or]jqnid; phllPI1-acellti.eally 
acceptable carricxs which: ate sliitabk fur adrriii:ristration: 

[.0071] . 'The pharmaceutical oompositiciiis may be, for 
examplt1; CO!IlposjtioQS fur eu!,eral,- such as oral, Iflctal; 
aerqso'l inhalatiop. or 11asal admli,istr:\liqn, composttiQ:i:w f6r 
pare:t1foral, such as intt.avenoll£ or subcuhii1eous atlmirii$t~ 
tion,, _or tOinpositi0ns ,fur tra:nsd:erm:a.1 adtnihlsttat1on (e.g .. 
passive or iontophoretic}. 
[11(172] 1"n,forabJy, the pf:lai:maGe11tical GQmpositiom ar-e 
_adapte,;l ~ waj or pWcnteral(espec:ially:in.traxeno1J$, intra-

. me.rial Ottri1.!1$dermal) :a~itlltion. lntravcnotts.ill\d oral, 
1irst :ind foreillOst intriiveliO:iis, adtindistr'alion-is roru;idered 
ro be .of part16il.irr iiilportancei Prderably the bispbospho, 
p.;1fe .. !1Cti:V<1 jngreqient i§ 1Jl, ti).e foi;m gf a-pare.J;J.lerai; JJ;LQ.St 

preferably an intravenous form- · 

[0073 l '.the partkuJar mode of Ji,dniiiiistration and the 
dosage may 'be selected by the auendlng. pliysici'an takii:fg 
fatq accoUJ;ft t\ie· pa,:tic)]JaJS of tl!e· 1,1atieut, ,espe~-i:allY age, 
weight, )jfe stxl.e, actiyi,ty level, hon;nqnal .~ta~ ~e-~,po:;tc 
menopausal) .and bone.mineral density as appropnate, Mo~t 
preferably; how,Ner, tbe lisphosplionate 1.~ ·ai/m]lll$tered 
m.ttavenously. 

[(1!!74] Tue dqsitge, ot tJief,gep.ts of the .InveI\tJ0-\1 JJ;Iay 
depen.d on y:.,-rioll§ factorS, sucb,D,S dfectiveness and. do:ratioii 
of actiqn of the actiW .ingredient, mode of admurlstraiion, 
wartn-blooded species, artdjot s;:x, age, \Yeight and .indi­
vidual cr.,riilitinri bf the Warm0blooded im.imaL 

[007!ij J':l'qpmtlly the dosage is such, that a i;inme :dose of 
the bispbqsphona:tec a·ctive ing(ecli~nt ;from Q'.00-2°2():.,0 
mg;kg, especially Mi-10.O mg/kg, is. administe15d to a. 
warrn-hlooded animal ·weig]nng: approximately 75 kg. It: 
desitecl, this dose may also be taken. in several, optionii!y 
equal, partial .dosei;, 
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[0076] "mgtk;g' means mgdrug pet kg'lroilyweightottbe 
tnamma.1-mcluding man-to. be treated'. 

too·m The close mentioned. .ab()v~ither adlliiriister¢,d as 
~ sihgle <lose, (which, is prefertecl) 01'. in severill partial 
4oses--'may be; r~atei fpr example once daily.,· once 
\\~mclY; oµce- every p;rq_µtl:J.,. OILC<;, eyery ili~.e. D;l(!n~,, qnqe 
we.ry six t((onihs Qr once .a year,. tr olher Wotdsi the 
pharmaceutical composilioos may be. adininistered in. regi­
mens. ranging, from continuous daily- therapy to 'iritemiittent 
cyclical thtlfaP,Y-. 

[0078] _ Ptdetah.Jy, the bisphosphona:tes are adrrilmsteml 
,in Mses which are in the same otdeto0f magnirude, as tlibse 
~d in.the ~atIµeni qf:.tl:J.e. di/,e'ISl}S cla~ically tr;eate,;l 'With 
bIBpho!>phonic acid :derivatives, such .s. l>ag;~t's ·cliseas,e, 
wmou,-induwd m,:~rcalce.rofa or oi,teqpo(Osjs. fa ·oih<'r 
words, preferably the bisphbsphonic acid derivatives are 
administered fa doses ·whlth woilld-nke,;,,'lSe. be thetapeuti~ 
:cally :eJfe.ctive inJµe freatmt1nt_ of Paget's' dise:ase, h1mo:u;r­
'_inducecl hyl>!'rcakaemi11 or oste.:opqtosis, i;e. preferably ihey 
are administered :in doseS which° woilld likewise .effectively 
'Jn.b:ibir :boo¢: resorptiOn. For, exatnpl¢, for thi; preferred 
nitrogen-coritaining b11;pho:splitiiiates, e.g. zoledroilic acid 
and_ ~all/! tpereof; dosefi qfht~pµo_sphonatc .in the iaµgr; from 
abonfOS to· a,bc:iut':20 :mg; prefe~aJJly fro!Il a~:iin tci,abo11t 
10: m_g, ill'a}' :be used for. -.treatment of hlim'aJJ' patients. 

[0079] fonn11fations in sin$le close unit form c?niain 
:prefotably from ahout 1 %. io· about '90%, and formulations 
·not ·in sfogie tlo.~--Uni(furm contain prde:rably from .about 
.tn% to about20%,oftli.e active ttigtedierit. Sing/.e dose'iibit 
form5. such as capsules, tabl!'IS or dr~gees'conl:ajn e.g., fro.m 
;il>ou.t 1 mi :t.o :,;bout _500 Il!g ,qf the: a.,;;tive iJJ,g:rei;lient 

[0080] Phatmae¢utic,il prepa,atioM for enforal and 
pare.n.fr;!'.l\l admWstratiou 0a,e, for exatnple, ihose m do;;age 
unit forrliii;. such' as dragees;, tabiets ,cit ca;psu.ies and :Use 
:i.iripouJcs-. 'Iae!f are.j>repa'red .in II niartiJer kiiciwii per se, for 
example _by meaos Q{ ~on:ve.1:it.ional mixi1!g, graµ11lating, 
-<;Q])fei;::lioP.in:g, di~lvmg or lyQJ?h1ising_prQJ:~~~-

[0081] for example, pbarmace;utical-_pftpataiiOos for .Qral 
adtnitnstratimi can be- obtafu.ed by rombinin.g· the active 
ingredient wiih sol.ii:l.cartiers; where appropriate gi:anulati:Ii.g 
.rr",<;Ul/iilg;mixt\LJ!', lJ.I!.4 pf()c,;,~µig $e mix,'turt;'9rgranuia:~, 
if,(l~ii;ed'ornecessa:ry afterthe-.addition 9{-suitableadjunc~, 
intq tablets :or di;agee co(es,. Suitable ¢:nxie~s are ~1ally 
fillers, such as.. 'sti.ga:rs, for .example lactose, ·satcliarose, 
mannitol ocsorbirol, teilulose ptepararli'iru; andiot calbitliil 
pho'?pllali;s; for exa.mple tjqi,}.dUJD pbi,sphate or ·caJc:ium 
hydr~en-1:'hospbati;;; an_d al~o binde~ s11Cli ./l-S stai;ch pastes, 
·using, .for e.xaIT\p)e, corn, whe.at, rice m: . potaio sta~cb., 
gelatin;frag~canth, '/Jlethylcelliilose and/c:itpoiyvinylpyn-oli.­
:;:1one -and,, if desired, disintegi:ators, such .as the abo.ve­
,illerttioned: starcheS, also cirboxyinethy1 starch,,crossliiiked 
poly,.iinylpynqlidQµe, aisar or alginii: a_cjd ,or a ,;;alt thereof, 
such as so!Jium: algIDJ1te. Mjuocts I\Ie e\lPetjalJ.y tiqw­
tegulating agenJs 'and lubti<;a:rtts, for examp.le sili.cic acid, 
tak; steatic 'acrd bi .. salts thereof; 'such as. inagriesim:ri or 
cakiUin steatate, .. and/or 'polyeiliy,lene gi.ycol. Dtagee rotes 
:ireprqvideilv-itiJ.suitable .coatings tb,af may .be resi$l;lt to 
gastricjuic~, there being ~d; inl!:r ali.i, cqµcentrated sugar 
-~lutioi!S thO:t: optionally contain g)ltn, .arabic, talc, po[yyi.­
nylpyrrolidone,Jicilyethyleiieg;lycoiand/ortita.iirurri dioxide, 
bl Jacquer -sollifioiis iJi suitable orgaiJic solvenl,; or solvent 
mixtures qr; .to pro.dm;e coaiwgs that -are ·resist.anti() gastri.c 

----------1 



01357

-_·1 _ 

US 2004/0063670 Al 
5 

juices, solutions of suitable cellulose preparations/s11ch 'as 
'acetylceilu1ose philialate or hydrozj:pwpy1methyitel1uiose 
phth alate, O;il91ning _substances 9r piJ?;llleilts n;iay be adcjed 
fo_ the_t;ii;>lets QT dragee coatings, for e:mr1ple for the p:urpo1,e 
of ipen\ifi_i;,atiori. oi .to mdicate c;Jifferei:it doses_ of ac_tjve 
:ingredient. 

[0082] Other oraJ.ly -adi:iimistrabll\ phatmaceutical pt!;pa­
rationi; are il.ry-Jill~ci!Psu1~ Illa(le:qfgeJatin,,and·aw,_ ;,oft; 
sealed -capsules:;µ:iade ()!, gel;t~ ail(l a· plastic;isei; ~,<:;h .as 
glycerotw::sorbiiol. 1'he dry-fl.Ue.d capsules rpay corilliiil the 
actiye :ingr\!-die,!ll jn the for:w of a,:grcanu.la!e, f9r exawple jn, 
ai)D1ilqure wit(i; "fillers, such -as _lac;t9se, bin_ders, .s1ic;h a.s 
,~t:arc~s,,ancl(org)i,d,pllS;SUcl:i: ll§: ajiior D1agJJ.eSill)I! sfearate, 
and,_ whefo appropriate, stabilise~s- In -soft capsule"s the­
active ingredient is prefer'abiy .dissolved or suspended ,n. 
suitabfo liquids, sucn as fatty oils, paraffin oil or·_ liquid 
po1yethylene glycols, it being possible .also for stabilisers 'to 
be:added. 

[Q!l8;3] hrenteral foi;D:).u1ationi;: are- especially iiijectaple 
Jligds that :are ejfectiye in yai;'.ous Illllilllers, such ill;- ii,tfll­
arteri~lly, !htrllllll,IS<lUlarly, ;intrapedtone_a1ly; ._iiittanasally, 
intrae;\epn;!lly; subcuta-11i;9~lY or-p~ferably µitravei,ously. 
Such f!uicls -'!re: pr,eferably 'isotqilic- aqueQ~ _siJlutjq!lS -or 
~pensions· whidi c·an be J,repared bef6re use,:fotexample 
from lyophil:ised pi-qjaratii:nis which, contain the active. 
fogtedient a:ione or together With .a.pha=areucica"lly atcept­
able tarrier-. The pli'am1areliticill.prepatatioui;may be .. steri~ 
lised andJor contain ad111iicts, for exa.mpJe,, preservative'>", 
stabilisers, welting ageiits and/or emulsifiers, sclubilise:rs, 
salts for tegulating the osmotic pressure -and/or birlfors, 

[@84) Suitable forrpulatiqn~ f9r triipliciermal appllcatiqn 
indu,de an ct;ffoclive amou n:t of tile; active ingredient with 
:c;arrier: Mvanta,,"!lous :carriers iqc;lu4e absQJ:ba.):,l'-' -phiU1l:J:a" 
cofogicaJiy acceptable soivents -~- :assisfpaSsage through the 
skin of ilie host. C&atacteristicatly, transderti:Jal dev:ices are 
ip the fo@ -Of a baqdage qJfI!p.ri:s(ng a:b~c);Jr)g ~!ll~{,,a 
resi,,;voir ;;:onlaiping th~ con;ipo(lrJd. .optipl)a_U:ymtb carriers, 
option ally ,a rate: control.ling· barrier to deliver Jhe :active 
ingredient _ of the s-ltin of tlie. host; .at il contrcilled and 
'p"~determined rille over a- 'J?rolonged period of- time, and 
II!eans to. seClJ.!1, _the i\eyipe ti> the. i;.id11, 
[0085] The following Examples illustrate the mverition 
desLTibe-4 ·ber,einb1efl':re, 

[0086] in the follow-ing Jfuimples thetetm ''acme iligte­
i)ieot" is- to be un~er,;\9od -<!&- being aIJ'.f.-OD!"' of the- bispliQ­
sphonic ilcid_ deri.vatives D1entiqned a;boye as befag .. µse:J'µJ, 
.according IQ the pt\;seiit iINention. 

Exwp1e::1 

[0087) Capsules cohtiririingcoiifed ptiliets of active iogre•, 
cli~n;t; for e]!:aD1ple, dlSoclium pa;i:rti,dr911ate penlaliy<)i:,ate, as 
a¢live i.ogrediei;it; · · · 

Core:pellet:,_ 

~ciixe higtedieot (liroµtjd} 
}1iq!Qcrysta.Ili.n:c Ce1lµl9·~, 

(Avit:<:l®)'H 105) 
250.0 m_g 

r;:!'llu10,eJI.!'~¥ ®3 
Polyelliylene giycol 
Tak 

--'C()ntinuaj 

e~"drag(t~- 1;)_0 p r~ild) 
Triethyi-citrate -
.An.tifoa;n®·AF 
Wd~r 
T-ak 

Apr.1~ 2004 

IO.Ol)lg_ 
2.bmg­
Z:pmg 

i7Q.Cimg 

~o_.9:;µg 
21.0mg­
l)j Dig 

__ .1.0mg 

396.iJmg 

:[0088] Amixtlfre of disodium pamidtonafu. with Avicel® 
PH 1.05 js•m.ojstejJed With wat~nmd kneaded, extruded and 
for/De/I_ into spheres. 1'h<> drjed peUet, are tbe~_ succe~:;;ively 
coated in the fluidized bed "with an innet coating, cdnsisting 
.oi-:ce:Utirose fffi0M 603, polyethylene glycol (PEG) 8000 and 
talc, and the aqueous g11S,lri¢Jui~-.r~isial)( -coat, cpmjl\~g 
9f ~lli'.lrag1t® L 3 0 D, aj.e\~yl •citrnt_, and Ao-tifqa1nj,F, Toe 
ctnited pellets are powdered wit&-ta!c. and filled .into capsules 
(i;apsule size &) by me.an$ of "a, commet¢ial <;apsule filling 
D1acbii1,e·, _(or ~xawple Hof!:iger and J(arg, 

Exampie 2 

[()0$9] M0-qolilli adhes'ive tramdennal. system, cqntaining 
as active 10greditnt:,.fotexatnple:, l 0"h:ydroity,2,(imidaZ(!l~is 
yl)-_e.lli.ane;01,Hlipl.1Qspllonjc ac;i_d: 

('..b-mposition.; 

JX)ly!sobmyieiu; (Pm) 30Q 
(Oppano1 Bl, BASF}" 
i'IB,35000 . 
(Opp•norn1b, IiAsF) 
PlB 1200000 
(Opp,no): BiOO;. BA,sF) 
liygiog~te,'l iiyifriicii!],oli (esm 
(Esc<iiez.s:no, EµQ°n) 
1:-d.odecylaza.c.yclohf;pl::an-2'-one: 
(~on~!. ".NdSan Res·, . .: lrvine;'.CA) 
attive· ingredienl-

9.0g, 

[0090] _ The above ccimpoilents are together, d\ssolved ih 
150g ofsp,eci.lil boilingpoint pttt:oleu:m fraction 100--125 by 
:colling on a roller- ge·ad1ed. '!'he -soh1ii0Il is_ applied. ·to a 
p_olyes_te( _fUn:! .(I{ostap)lan, .K:a.:Qe) by Illeani;. 0-f -~ sprea<li,ng 
device using a 3'()(i rilili ,doctor blade, giving a coil.ting df 
ahont 75 ghn". After· di::}!mg (15 minutes at .60" "CJ; a. 
s.ilicon_e-f(eated polyester film_ (thickness 75 _ll)Ill, La:u/,'en-
1,erg)js app~edastlle peel-0ff:filµ:t.Toefinis~edsysteflls ag: 
-pui:iched ou:tin size sin tbe wa.nied foitli cifftom5 w30X:ri:i2 
li.\;iilg a, punc;bing ioo:l-. 1'.he complete ~yste= are; ,,;ea1:ei) 
indj,~idually in sacbew of aluillillised :pape,r. 
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Exam_ple3. 

[0091] Viii cootaining LO mg dry, ly-0phihzed .i;hydroxy-
1-(imida;:o\-'l ~rl)ethane;l,14:J)hosphouii:: acid, (mixed 
sodium siil.ts tb;;i<'o:Q. Afte. ,dilution. with i ml of wat¢T, a 
solutlon (1J9nc~ntratiol) 1. 01.giiµl) for Ly. infu.sion · is 
obtaiuid. 

C.ompns1ti0n~ 

active inpedient (free rllpb·o.srhoni¢. acid) 
manni.tol. 
Tri~odilmu:itrate )( 2. ~o-
watel" 

~te-r f;,r We~H?~ 

.LO ir,g 
4fr0 mg" 

3.il ,,:.g· 
i mi: 
1 u;i; 

[ll01J2) in f ml.. of w~tet, \.he, active ingi;edient ls. titrated 
witlittjsq<µuJJl c;i\ra,tex2 H2Q to pH q.(l Tfae,n, thei;na,rµµ:t~l 
is:added aud the ~lu/ion js lyo:pbiliz\id and the Jyophili'\aie. 
nfied.' foto a \tial 

E!x3IlJ.JJ)eA 

[0093J Ampoule. containing aqtive i~dient, for fu~(a,nce 
disodiUJii pamidro:nate pentahydrate ills$olved;mwaler, 'the 
solution (con~eµtration Jmg/mIJ js for i.v. iijfusi9n afi~r 
:dilution. 

Composil:ioa: 

act;[V(?. ~eif~·6Jt 
( • s:o m~ of.anhydrous aciive.in~odi-

:ii;,\t<,i . 
:W~~r .fuJ.".in~~~oi:i. 

Exarqple 5 

2501/1¥ 
S.mi 

'Jbe Effect ofBispbospbonares in Rat ii;,fodels of 
liifimmiator:Y :and Nenropatbic P·ai:n 

_[0094] Method& 

[OQIJ~) Inflammatory 11.y-peralgei;ia 

[0096] Mectra'Irl¢al hypetalgesia Was·~lrar:ttined iu a,. r;i.t 
model ofiµIJai;nmaiory pa:in. Paw willidrawal thre.shoids. to 
an increasi:ng pressure ,stimulus. were measured by the Ran­
dal-'Sellito tecbb.ique :usilig an aiialgeSj-:meter (Ug6 Basile, 
Millin), i)l n;uv~ a,ni.Illals prior to 21). intrapJan(ar inj~ti.on of 
complete Freund's complete adj11v;,.nr (FC:i\)· h;tio:..fue left 
bind paw. 24 h. laierpaw v.itbdrawal thresholds weri; mea­
sured agam prior to (predose} and theiifrom 10 mii:i to 6ib 
foliowirig diug:or veiride arlfuihisfra.tion. Reversal of :hypes 
ralge,sia :in ·the ipsijaferal paw "'.as calcajat~ii ac.co.rdi.i]g to 
tb,e. :fomrula.:. 
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[0097] Neuropathic hyperalgesia: 

[-0098] Mechanical hyperalg<>sia was examined in a tat 
model of new-opatbi(; pain ind:uc;ed by,pirlial)ig;rtion oOhe 
Jeft sciatic nerve. Approximately 14 days following su~gery 
:mechankal witb<Jrawal tro:eshold&.of path fue. ligate,;1 (ipsi, 
la~ral) and non-ligafud (contralateral) pil.w wer<i me.aSured 
prior.to (l,_repo!>f')aud tl!(}Il £rpm :LO mi]l. to 6)1 fai!owmg 
drug or vebic1e ;i:dministr:itiou. Reversal cif hyper.dgesia .at 
each. fi:i:ilil points was calcuiated a<icoriiing to the .furtnuM·: 

% r;yrn;a;(= 

·. ip,ilatet;,l tli,."¢l\;Qi4 po~t~se-ip<i)a16.J thre,;iioia:ptedost . xIOO 
«in""1a.tci:ol.'!l\resbq(d pri;doie;-ipj>J*r,il ~bold p;edo~ 

[1)0IJIJ] Ail h-penrileilts were catded .. out tisiriggroups tif6 
an:i.m'*"' Stotj{. c,:,nce.n\.r;itjqns P\f ql)\,o-ss y,ye µi~lved .. in 
distilled water and subsequent' dilutioris.were' made m 0.9% 
:sa'fu.ie. for sub,:1.lt~us aqmin:i$.tration iu a volulJlc af:4 
tnlkg-1. All. diugs v.'i:l.re' made up ih plastic vials' irod kepi in 
the4~~-

[0l!)(i] Statistic;al ;;.Jalysis wai; ~aajed 01!,l: <;m w.itl#ra,wa\ 
threshold, readings (g;) llSIIig :ANOVA with repeated me'a­
S1!£C.,S (oll9wed' ~Y Tllkeoy',s Jl~.D ti:,;t, E'.ffif:acy refer.~ to rlie 
'maxiwal.revei:s,rr'of hY,petil.lgesia.observed ar:the Uo$es used. 

[0101] Results 

[0102] L In a model of iiillammatoiy liypetalgesia 
induceii by unilateral bi!ldpaw injeption qf @IllJJk,te Fre­
und's alljuvant Z.Oledronati(Oc<lfil-0.1 mgkr1 s.c): pro­
duced ,a dm;ecdppeJJ.qant mzei:sal of rpei::b;1,nic.µ hype,1Jlge0 

siat Tile. dfed was. rapi!l in Oilsl:i, witb. a lriaj{.irn'a[ rev.eisa.l 
qf l00% w,ithiQ 30 Il;!W, aµd of short ~ur~t{qn w:i1li I!O 
$ignlficant activity3 h fo!Jo:wii:ig administration. Some con­
trilateral activity wa:s observed at the highest. dose. 

[0.10;5] 2,fa,qij!4qi;i~~ (O.Q3~1mgkg-1 s.c;} aµd Cfodrqwt~ 
(0.3-10. mgkg-1 s.c:) W<tre both· ineffective in r,:,versing 
iii:ilamma:tocy: 'iiieehwical hy'pei:algesra, lnil-tather produced 
,sljght ri;dn;ctions of paw v.ithdr:awa['1hresholds.!11:the·h~h,;st 
dos·es tested'. 

[Oii:14] '.Lin a model ofc:hro:nfo neuropatbic palii fuduced 
by u.nibteral Ji,irfial sciatic nerve ligillion .. Zoledto@.te 
(0.003-0.i ,mgkg;1 ,s:;c:).prt>duci:d a: moderate 40% reversal 
of mechanical hyperalgesia wJtich was uiaxim~l wilbin; '.)() 
m'iti of admlliistrafion. However; there ,Vas ii.so a 51griilltant 
.re$<:fion i.n: coutr*reral p:iW withdrawal tbresholcll; '.attb,e 
·hig'hestdose. 

[!iiOSJ 4; Pamidtonate (b.03·1 Iilgkif·' s.c;) -was ,oriiy 
weakJy a,ctive in. ihe rnqdel pf neuropathic ]lain, l'rqducing 
a maximal' 20% revetsal of'hycperalgesfa, whilst Clodronate 
-(0,3-10 mg1%-1 :s;~.) wa!? il!ai:;tiv~. :i:!qt)i di:u,gs. again prq­
duced. some reduc.tit,ns in coQtralerd paw withdrawal 
thresho)ds. 

[0106]. 5. These data. show ~at Zolefuonate reveises 
mechanfoal hyperalgesia in modeJs,or chronic intlama:ialory: 
ai,1 µe)l\"opathic: paj):i iu the; i;;,,t, 
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Example6 

[Ol07l The Elw;t: of BispboSpbona!~ in a .Rat Model 'of 
Bciue Cauce-r Pain 

[QlOll] Adult feu:iale r.ati; were given µiva-t\bial ljljections 
ofMRMZl rat mammary' gland carcinoma cells: (3 µl, 1(17 
cells/ml}. these animals gradually devel0i'.1ed mi:chatrical 
h~ra~es{a, wecliapical allqdYWa(skiu )>!'nsitivity to non° 
no~fous stim,u)i) a_i;td bind, limb SJ)aring, qeginpiµg 9p: day 
1:Z:14 follo:wir)g ,cell ipjection. Zo!edi;oo(c acid (ZOL) (10 
~nd ·aoµglkgs,c.}arnmafstered 3 iinres:a ~ekfro!Il th<;<\ay 
ofrell inj¢ction; produced a profound inlu'b itiort.of bitid linib 
sparing and mechanita:Lailodymafo comparisbri to vehicle" 
tJ:ea'ted oouti;ols; yvlii,;:b showed maxirruµ l;iind Jinib. :Sparing 
by day· 19,·ntis given the hfglier ZOL dose did noldevefop 
any :sigp of hind lll11b .splipl)g over 19' days following' 
mtta-t1bfa1 cell injection. However, when admitiistete,f as .a 
siligie wjectioil (lOO µg/kg, scJ oli day 19,. ZOL had no 
acute e.tfecit J)y·oo!lfo•.st, aCllte lreatmi;n:t :wilh. m,;,whµie 
()AO mgi'kg, :,;,c;);proouced a dose-depmd,;nt, reduction in 
m:echanic;il .allodynia .lll:id, at ibe highest dose only;. also,:a 
s1gmticant reduction in .bind limb ·sparing. · 

1. A method for ihe b:;eatllient of pain in a patient tn need 
of such tr-eatment whidi comprises admimsteriilg an eliet-· 
tive amo'iiril of a b1sphbspboiiale t.o the patfonL 

2, U,;,:: o,f a bisphqspbona:fi; 111 the. pri,par,a;tioQ .qf :a 
medicament Jar the ·ir!'a(ment tifpain. 

3. Use of a bisphrn,Jibonafe lo treat pain associated. With 
diseases, or pathologic'al conditions Ill. ihammalse 

4. A method for: the ariti-iioci&ptive· of aiiti0'all.6dyriic 
ti:eatment of pain 'in: a patient in, need of su.ch (re.t,trnen\ 
Wll(ch COmprise.s adm~i1)$(!,rio!r ail. effei::tive i!IllO®i '0~ .a 
pispbosphonate to: the. patient; 

us,; of a. l,isphospho¥te 111 the. pri;J;laration ,of ,a m.edica­
ment for the anti-noo(ceptiye or anti~ailodynfo .treit­
@int ·of pam; .or 

use t,f a bfaphosphonate. as .. an: anli0 nociceptive. or anti­
allodynic agent 

s. A method for the treatment of bone pilii.m.a.pati'entm, 
oei;d •of such ire'!-t!l:l"lll \\ibii;:h i;:<,>~r;ises a\imwstei:'ing a.n 
effediy!,l amount of a .bispl:\ospborra;te to .the patjent;. 

~e .qf a bispµ()SphqnaJe JD. the pr~pa~a:µQi;i of.a; i:n~fat 
ment for the treal:mel).( of booe· p·;tin; m; 

use oh faspiiosphonate '!S i\11 ageQtfor treatment of'b<J'!" 
pair!:, 

6, A m"t)Jod acco.di,ug to claim 1 or ·a use according to. 

claim 2. or 3 for the treatment .of pam associated i,,.,ith 
osteoporosis, rheuii:ia:toid arthritis, osteoarllintis and tumour 
:fonp.atiorr, e;g. hunQllf grov.!!h, j:w;isi:on o.r roetasfasisa 

1, A·m.ethod. accorflhi&' to claim .l or a u;;e .l!;!'.'COrdfog to 
claim 2· oi: ~. in which the b~hospho.nate fs ~electei:l ftolI\ 
.ihc fol"lowing c@pottnds or a p!iatmaceutiGiliy acceptable 
sai.t thereof, or any hydrate thereof: 3°a'rrima-1°hydroxypro" 
P"Aff"l,l'-4iph11~p'1Qnii::3cig(parnfi:Jrqpic aci4), .. e.g;.pai;nidr• 
o,i:iate (AP])); :3c(N,1>l:-diD)ethylamiuo )l0hydroxwropa,ne--l, 
1-diphcisphonic -~¢:i(l; e.g, · dimethyl-APD; 4.0amino~1" 
hydmXybutllli~ 1,1-<lipho,poonic; .acid. (ilendr9nic a:dcl),, 
e:g. alettdronate:. :1 ~hydrofy-'t:tbidehe-bisphospbocic acid, 
.,,g. .eticfr.onate; l •hydroxy-;3-(methyJpeni;ylarnino)-prppy­
Ji\lene-bispbosp.honic; ').cid, ib:in.dronic .acid,. e.g. jpaodr-

7 

- -- --:-:-_--; · .. -. ~ . . . 
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on:ate; 6,amfuo.-1 ,1rydro:x:ybexane;t,l-d/pMsphomc add, 
e.g., amino-kxyf0Bt'; 3'-{N°metbyI~N-n-pentyfanililo),i-hy­
dwxYJ?ropane-J;,leclip60.sphonic a99,, .e.g: IDC(}lyi,penJy} 
.APD ( =':BM '.i1;0955); :t,hrdroxy'2,(in:tida.zQlc l-y)}ethan~-
1,1,dip~pbo.nic ,zjd; l-h}~oxy02,(;i~j?Jr:idyl)eth,u;ie-l,l­
,diphosphonie acid (r.ise.dtbllic acid), c:g. ;~dron:ate, 
lncfo.ding N:.m:ethyl pyridl.\rimn saits: .thereof, i'ot ex-a:mpfo 
:N-methyl pyri,J,miwn iod;l'de~ S1J.9h l!S· J'ffi-1()2;44. o~ 
NE-1044!'.i; · !-{4-iihloropbenyithic,)metha.ue-1,1,dipbospho­
pic,1,cid (tiludro!iic acid), e.g; tiludron,l.fe; 3{N'(2-pbenyltb­
iat>t,hyi)-N-mefuylaminoJ1-hJ<¥1'.ixy-ffOPi¢~1,;t 0 dipb%~ 
phonk. add:; 1•hydrcixy-3{pyirolidiii-1-yl)prbp~e4,l­
dipoo~phonic acid, e.g. EB ici53 (Le6); h(Ni 
pheeyl.a:rninothiQca¢0nyl)Jllctbane-1,L-!l.ipoci~pll{inic acid-, 
e .. g, PR 78844 (Filjisawa);_ 5-benzoyl-3,4diliydro-2H~pJra­
zP1C"3,'.,0dipbosphonio acid tt,iraethyl ester, e-:g. U-!{1581 
.(ifpJoliu:); . U,yii:roxy-i0 (miict37b(1,2-a]pyriilinc'3:yi)e0 

thai1ed,l,d1ph0$]:iooi1ic acicl;_ e.g. YM,529; and 1;1-<lichlos 
1:0methaQe0l;'.l-i:fipbosphonji; acid (\:l,;,cJrqni,:i acid), e:.g •. Qlo-
.drwate-. · .. 

8. A method according to daiinl or a use a:ccotdili.g to 

<,:i:aip;i?, c,d,.-i11 wliit:h :i~e \>Isphosp)ioqal,; J~ a compq11nd c;if 
E0rmula ill · 

!IL 

Whereiji 

Hcf" is. an -\IIllifazoLyb 2i:n,2,3c, 1H~i;i,4- -or 4tH,1,4-
triawlyl, tettazolyl, oxazolyl, isoxazolyl,. oxadiatolyI, 
tliiazolyi oi:: lhiadi.t:folyl ,faclicai whfoli ts unstlbstltiiti:tl 
OJ CcITl\lDOcW cli:,5J1bstjl;11,~d by lpwer afkyi, by l9wcr 
,Moxy, PX phe!!yI wbi:c_b. may llJ. tum. Pe :n:inon- or 
disubstitut\:d by lower aTh;yl,.Ibwer alk:axy andior lialo0 

gen, by liydroxy,. by dUower alkylammo, by lowet 
alkjitbio anriior by.:halc,gen and ls N-substitnted at a: 
SUQ~fitm;\ble:N:-at9[\l by J_cnyeplkyl orby pliei,yFfower 
alkyl w:hiq}l rnay .in tum be monos or qh,tj.m;tituted ih, 
the phenyl moi~iy liy lower alkyl, loW~t alkoxy and/or 
halogen, and 

R~i~ hyd~ogeu, hydroxy; amino, 1ow:er all<.yllhµi ur Aa10, 
· g~; Jo\ver- rad~i;ah; h~v.illg up .to. an,! illc:ludiog 7 
C-atorns, · · 

or a pbatmacolOgically acceptable salt theteof. 
.9 .. A Die:tlx).d a®rding to:t;laiuil O( a use ae:cording Jp 

,claim 1or3, in·whlchthe bispoosphouateiswledtonit acid, 
ot a pharm·aceutically acceptable salt thereof; or any hydrate 
lbere:o:t 

10 . . All novel compounds, processes,, methods and ilses 
substanttalfy as hereinbefure descnbed with patticuliil' ref 
cre~ce :to the E:ii;a:JI!p\es, 

---------------! 
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2. Labeling of Unit Dose Packages of Drugs, Policy No. PH-04-06, Deparlment of Pharmacy 
Policy, Univ. of Kentucky Hospital, Otandler Medical Center (Nov. 2009) ("Otandler"). 
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UNIVERSITY OF KENTUCKY HOSPITAL 
CHANDLER MEDICAL CENTER 

Department of Pharmacy Policy 

---___ --------, - --------

POLICY NUMBER: PH-04-06 
FIRST ISSUED: 2/82 

CURRENT AS OF: 11/09 

SUBJECT: Labeling of Unit Dose Packages of Drugs 

----->---- -'·->-1 

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. It is NOT necessary to include the brand 
(proprietary) name. 

Dosage Form 
Special characteristics of the 1 dosage form should be a part of the label ( e.g. extended 
release). Medication packages should be labeled as to the route of administration 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 smallestwhole number. Micrograms should-be -
used through 999, thenmilligrams through 999, then grams. Thus, 

300mg (not Sgr, nor 325mg, nor 0.3gm) 

60mg (not lgr, 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 11600mg (2 x 300mg)". -

A 500mg dose of a liquid or injections containing lO0mg/ mL should be 
labeled "delivers 500mg per Sml". 

Special Notes 
Special notes such as conditions 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 fornonsterile solid 

and liquid dosage forms packaged in single unit and unit dose containers shall be 
one year or less, unless th~ 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 is less. If the 
drug must be reconstituted, the expiration time shall be that of the final product at 

refrigerated temperature. 

• Oral solids 
month date) 

• Oral liquids 
month date) 

• Reconstituted liquids 
• Sterile products 

12 months (unless product expires before the 12 

12 months (unless product expires before the 12 

See manufacturer's labeling 
See P-04-7 policy 

For very short dated products, i.e., less than four days, the date and time should be 
noted together. 



01363

- -- r 

I -

. : :-:- ~-:-·-·.·. ·.-.· :- . - .. - ·1 -.-.·_.-.·-·.·.···.·-.-... --·1 
••• ." •• __ _:____ I 

Control Number for Bulk Packaging Only: 
The UK hospital Pharmacy Conh·ol 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 
05 

Date 
21 

Year 
00 

Count for Day 
01 

Plus area descriptor: M=manufacturing area; P=pediatric satellite; IV=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 5ml 
Shake well; Store at Room Temp 
UK: M022801001 

Reconstituted Oral Liquid: 
Ampicillin Suspension 50mg/ ml 
Delivers 12-Smg per Z5ml 
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-NO-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, BozenaAdamczyk,Angela Walsh 
AACR-NCI-EORTC: Molecular Targets and Cancer Therapeutics October 2007 
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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 acid intravenous infusion, (Zometa® 
Injection, Novartis). 

> Single-dose, three-way crossover bioavailability. 

}- 7 day washout between each of the three perfods. 

> 12 postmenopausal women with osteoporosis (13 enrolled). 

>- Mean age 60-4 years, range 49 to 69. 

>- Mean height 63.9 inches . 

. ~. Mean weight 182.1 pounds. 

Treatments were administered: 

> After an overnight fast. 

r 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-101 B enteric coated tablet (20mg zoledronic acid). 

> Zometa® Injection 1_mg 15 minute infusion in 100ml normal saline. 

Pbarmacokinetic samples: 

. > Cumulative urinary excretion of zoledronic acid: 

> Urine collections pre-dose and 0-12, 12-24, 24-36, and 36-48 hours post-dose. 

> All urine.output from each patient was collected and measured. 

» Urine assay HPLC with tandem mass spectrometry (LOO of zoledronic acid urinary assay 4.99ng/ml; 
assay range 4.99-4989.60ng/ml). 

3 
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MER~101-01 Results Zoledronic Acid in Urine{mg} 
Arithmetic Means 

0.700 

0.500 +--------~----

0.4 00 -t-----, 

0.300 +---

; 

0200 +---

0.100 -+---

+/-46.1% 

MER-101A 10mg n=12 MER-101820mg n=12 

5 

Zometa® 1mg IV h = 11 

! 

I 
! 

I 
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4. International Publication No. WO 2005/005447 ("Aronhirn.e"). 
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0 ZOLEPRONATE SODIUM SAl:f; AND PROCESSES FO:R THEilU'REPARATION 
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0 (ST) A:bsttad: The invention relates topolymorphs of zoledronit acid and zolidrori,;.te sodium ialt~. artioljjhcius:toledtonate. sodium 

.
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ZOLEDRONICACID CRYSTAL FORMS:rZOLEDRONAl'.E SODJOM $ALT 
:C~Y;Sl'ALFQRM'.S~AMORPI£OUS ZOLEDRONATESOOJlJ.M SALT, AND 

5 'fHOCE.SSES FOR 'l1IEiRPREPAllA'tiON 

CROSS REFERENCE TORELATEl> APPUCA'IlONS" 

l 0 This application claims the benefit of US. provi:;;fonal · applfoatiqn $~. Nq, 

15 

60/484,876, filed Jtily:3:,2003., the contents of all ofwhichis iricprporatedhercin; 

FiELD OF THE INVENTION 

The. inventiQn tela.tes to J~olyn:i,orphs qf zo1e4rCIDic ;ic~cl ap:d :z;oledronate sodium 

salts, amorpb.oµs zokdronate sodiuni salt1 pro17~ses ;(or making.the po lytnotphs .and 

iW:].orphous zoledwmlfe:sodi1,UJ+.salt and phartnaceutical:eompositions containing the 

polyi:n9rpb,s and amorphous .zoledr6nate sooiilih salt 

BACKGROUND' OF THE JINVENTION 

25 Zoledronic a.cid is ;i bispho~honic acid, which is an inhloitor of;oste0clasticbone 

resqrption. Zoledronic acid, designatedchefuicall:y·as (l~Hydroxy~2~uni4a:z9H,,)11-

J>hosphono:eth1I}1Jhosphonkacidis ~et¢ io-the U:.-S- under th~ p.a:meZ<,ln;ieta® 

(zoledtoni¢ acid, for :i;njeetion}; Zom:etaqpi:, ~vl'lllable.;in viajs as asterifopowder for 
' . ' ' i 

:rec:onstitu:1iop for intr::w.enous infusion, The prescribingiiifotmatitmforZometa® states 

30 that el:!th vial of Zomefl:iqD c01;1tains 4.264mJ?; ofzolerlronic acid monohydrate 

(cQJTespon~g;to 4 mgzoiecli:ohicacid on an anhydrous basis), 

U.S. patent 4,939,130 discloses amethod :fur malting su11stitut~ 

alka:tiedi~hosphonic acids, E:l-ampfo 10 d~cribes a.Ille'1;4o<i .for lll?king zoledrcmic acid. 

1rt this exatnple, at the end ofthe rea.¢:io~ thep:rodug;, wbich is :recrystallized from water, 

3.,5 has a.rnelfing pointoJ2J9Q{:: with .deto~position, Ilqwev~ i:epetiti,qn 9f the prq~ure 

described in '&.ample lO {which requires stitringllllderte:Om: im,ida:zol~J,..yiace:tlc: aci?, 

hydrocb.lqride an.d pJios:phQric acidfo chlorobetizene) did notlt>,a4 to zQlegroaj.c ,aci~~ 
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iru;~ad. the sJarti:ng mitteria:1 W3$ 1,01lected. at:the ·ep:4 of the reaction. Moreover, the last­

step ofcrystallizationpouldMtbe repeate<l exactly sin.Ge the detailed experimental 

p~eters are not _given (di:fferentooolmgte$fuies-, for :instance, can produce-different 

polymorphs when crystallized in t1w same solvent}. 

5 Jn the paper lJiugs oftlu:fatureZOOO, 25(3}: 259~268 the fo.1.lowiµg fqrrm;;_ of 

Zoledronate are listed: 

1} Zoledroruc ac.id, disodium s;i:lt tetrah~te CA.S- No~ lo5800-01-7 

2) Zol¢<lronic ac;i:u magne~iurn sa;LtC.AS: No, ~57432-$9;.2' 

3}Zoled,ronip acid Zinc saltCAS No. 157432,-58-1 

10 4} Zoledrotric acid disodimn salt anhydrous CAS No. 131654-4601 

5) Zoledronic acid anhydrous CAS'No.118072-~93'"-8 

6) Zole.dro:nio acid nionqhydrate CAS)fo. 165800-06-9 

It is also disclose.cl m·the paper th:~ 1he ~ aGidhru: amet.fulg·pofu.t of 239°C with 

decomposttL011; and tlJ_e di sodium salt dili.ydtate has· a m.elting point of' 2%-293-oC with 

l~ . d,ecor.p.po~i:tion, If.owev~ :t,bJJcpap:er does.not describe anyprocedu.re tel obtain the-forn:is­

mentioned therein, nor does it give any:addifional data by which fuey,can "be identifi;ed 

Moreover. there is notbing in the literature tlrnt disclq$es polymq.rphs or di:ff~.1,1t crystal. 
fo.tniS' ofzoledJ'onic acid. 

Tue soHcl. $:ta.te ph%ic~ipr9_pertj,~ ofa compound .can be fuflue:iiced by cb.tl.Wllmg 

ZO tlle conditlqns under which the co.ttipolllids ate ohtained:in solid fbtln.~- Solid state physical, 
\ . . . '· 

properties include, for example, the. flowabilify of the nrilledso)jd Flowahility !)ffects: 

the ease Wtth which the material is handled duringproc~si:ng Wo 'Ropbatmaoe:uti~al 

-product. '\¥hen plldi<;l~'of]:he pow-deraj.compound..do.not flow vast eatilu':!thet eas:ify, a 

fQ011ula,ti,011 specialist musti;ak,e·th.at (act inter accotttrtfu develcpmg :Habletot capsule 

25 fb:i:mulation, wbidh m~y .necessitate the use of glidants such as colloidal silieoh dJ.oxide; 

talG; statchot ttib.asic calcium phosphate. 

Another :important solid state p~p-erty ofa phannacei:itical compolltld,is it$ rat_e of 

dissohrti on m actueous fluid. The ratt of dissolution of an. active 'ingregieJ}.t in, a patie:11.ts 

stomach fluid can have therapeutic co;nsequc:;noe;s since it impos~ 3.ll, upper limit.on the 

30 rate at. which an o11Uly~admi\ri.stered active ipgredient can re~ch the patient's bloodstream. 

The rate of.dissoh1tion is also a Co~idetation inf ormuiating syrups., elixirs and .other 

liquict IIlediql.!ll_ep_ts. 1'Jie solid state f9rin of a c001potmd may also affect its. behavior on 
compaction and its storage· stability. 

2 
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These pni:ctica1 physical <.haracteristics a:re detennined by the confoi:mation and 

onent;itiqo: of molt;:emes in the unit cen, which de.fines a particular polytn.orpbi.c form of a 

substance; T_Il:e polymorphic furmrriay give rise to l:hennalbcllavior Q.iff(;lrentfrnm that 

of the amowp.ous material or ruiother polymorphic- form. Thettnal behaviods. :measured 

5· iri. the laboratory by such tiichiiiques as capillary melting point; thennogravim:etric 
. ' - . 

analysis (TGA) and diffetential scanning calorimetry (DSG) m;i,4 CllU be used to 

. distinguish some polyinO:t:PhlC fonns from oth~c A p:J.rt:icwat' polymorphic fo:rm ili:a.J. 

also give·nse to distinct- spectr.osc9pic properties that may be detectable by powder X-ray 

cJiffraction (P:XRD), sol.id swte 13C 1-UvIR spectrometry and i:nfrated spec.tr:cxm:etcy. 

10 the discovetyofJiew polymorphic fotm.s of a pharmaceutically useful CQmpoUJid 

provides a new oppo:rli.mity to imptove·t®-p~fonwtQ.c:e chatacwr.isti~ of a 

phi'l.IlUatentic:tlproduct It ~arges tl;re repertqire of n:m.terials that a funrtulatfon -Scientist 

.bas available f Qr desi!iiring, fqt ~ample; a IJhannaceutical dosage f011Ii. of adr:ug with a 

t_:p:getixi release profile ot 0th.et desired characteristic. Th.e invention provides lorntm 

15 pol~orphic fortrui of zoledronic acid and zplecb:onate sodi.wn.1 llP-4 fo:r l!QIQtphcms 

zoledtonate sodium, 

. BRIEF DESCRIPTION OF THE FIGURES­

Fi15,, 1 is a representative PXRD pattern of zoledronic add Fonn. L 

10 Fi~; 2. is a tq:,tesentative· DSC curve ofzoiedronic 11Cid,FQilll t 
Fig; 3 is· a representative .PXRD pafufill, o.fzolfilionic acidForn1 11 

Figi4is arepxe.sentativePXIU)patter;rl. ofzoledronic acidFomi XIL 

Fig. 5 fo a representative PXRD pattern ofZoled:ronic acid Fonn XV. 

Fig, 6is a r:ep:resentative.PXIID pattern ofzoledronicacid'.Eort)'.l :XVI)I. 

15 Fig: 7 is a: reptesentative PXRD pattern of zoi~onic iu;id Forni XX., 

Fig: :K is a representatlvePXRD patt:em of zofodrOIJic acid:Form XXVi. 

Fig)9 rs a: repres®.tatlye PXRD pattern: ofzoledronate-inono.hydrate Fmn1vm . 
.Eig. 10 .is a:re11resentattve BXRD pattern ofzoledtonatetn.011osodiw:n '.Foilll XVl. 

Fig. lLis a r@resentafive 'PXRD pattern ofzoledronatemot1osodiUIIi Forn:r .xvu. 
30 Fig. 12 ii,, a representative PXRD pattern ofzoledronate dfo_odiwu FaPU V, 

F:i_g. 1Jis a representative PXRD pattern of zoledronate disodiwn Forni Vi. 

':Fig. 14 is a r:ep.tesetltatj:ve PXRD pi¢tern ofzol!;Xirona,te dis9diµm Fo@ vn. 
Fig~ 15 is a. reprcesemative PXRD pattern of' zoledronate dis odium Form x, 

3 

------ -----,i 

I 

I 

I 

I 
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- Fig. 16 is a representa#1:; PXRD pattern of zoiedr9nate ,<fisqdfam Form XIIT: 

Fig., 17 is a representative PXRD pattern ofZoledtoitate disodiurii Form XIV. 

Fig, J8 is a rq,:resen(a,tive P-XRD pattepi of zoledtonate disodium: Form XIX. 

Fig;.19 is~ re1rresenta,ti,Ve l>XRD-pattetn ofzoledtonafi:'! disodiutil Fot.tii XXV,_ 

5 Fig 20 i's a tepresen:tative PXRD pattern ofzoledronate disodimn Form XXVI[;. 

Fis-. 21 is a-representative PXRD pattern ofZoledronate disodiuni Form JX. 

Fig. 22'is a representative PXRD pa/iemofzoleor:Qllfl.te disodiWQ Form XL 

Eig .. 23 is a representative P~J)patfer,nofzol~ona,te sodiiµ:n amorphous. 

Fig. Z4 is a, represent:a#ve tGA curve ofzoledronic acid Fohn r. 
10' Fig. 25' is, a representative TGA curve ofzoledronic acid F ottn II. 

Fig. 26 is a representative TGA curve of zokdro.nic acid Fopn xu: 
Fig. 27 i,s a:represi;:nfative TOA curve <if iqle.dnmic aci4 Form :'.X--V. 

Fig. 28 js a:representative TGA curve ofzolech:omc acid Fbi::m.XVIII. 

Fi'.g. 29 is arepi:esentafrve TGA c:utve ofzoledronic acid Form XX. 

i5 Fig. 30 is atepresehfutive TGA ~urve ofzolednmic; acid }lQ:r,m:xxYI. 

Fig. 31 is a'represenfatiw TGA curve ofzoXedronate m;9119s0Qi1Jll1 Fo:o;Q, VII!. 

Fig. 3'.Zis .aJepresentativ:e TG~ c1ITT7e qf'zol~onatemonosoclium Form XVI. 

:Fig, 33 is a:i;epresentative TGA curve ofzoledronatemonoSCldium FortiiXVIl. 

F\g, 34 is a representative TGA curve of zoledronate disodium Fotill V. 

20 Fig. 55 is a,tepresentativ¢ TGA Gutve of zoledronate disodium F9P,11 VT. 

Fi_g. 36 is a:repi;esentative TGA i:;ux:ve of io1ajron;iµe iiisodillip, :F omi vn. 
Fig. 37 is a representative TGJ\. tt.trve of zoledronate ~sodium Frum X. 

EigSltis,.lliepiesentative TGA cuctte_ofzoledronate disodium Form xm, 
Fig. 39 is a representati've TGA t:utveofzoledtonate. disoclhun F{}!)').1. XIV. 

25 Fig. 40 is a represenfative TGA clltVe oholedronate ciisqdhun FollIJ, XJX, 
Fig. 41 is arepresentative TOA curvepfzol~onat,e di's9dium FQ1II1X){V. 

Fig.. 42 is arepn;sentativ1;: TOA curve ofzoleth:onate disodium Form XXVIL 

Fig .. 43 fo a)J:p:rese:uti!,tive TGA curve ofzoledronate disodiutil Form IX. 

Fig. 44 is 11:representative TGA curve of zoledronate disodiimi:Form. XX. 

30 

SUMMARY OF THE INVENTION 

The inventiont!:llates to polymo:tphs of zoiedroniG ai::id an4 zol~o~te sodium 

salts; amorpho11.s zoledronate sodium salt, processes for maktng the"polymorphs.afid 

4 

----------1 
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am.orphoµs_zplooronaie ~Odilllll salt andphaJ1IlaCeutical CotripositiQns _contairui:i:gthe 

ppJymq:rphs and ainor:phous zoledronafu sodiuiri salt The invention_ can be undemtood by 

refer:!':nce to the followin,g numbered embodinients: 

J. 

:2. 

Crystaj.line solidzoledrob.ic acid (Form I} chm:a.ctetizeq by a powder 

X-_~y dif;fraction Pai:WW having p~ at 12.1, 12. 8~ 15. 7. and 18:9 ± 

0.2 °20. 

The ctystallliie solid zoledronic acid of embodiment l further 

characterized by a powder XRD :pattern with pe$:S at 20.9, 2U, 2.L&; 

22.2, 25.8, i7;6, 2.9.2, 3'2.5, .and SL9 ±0,2 °20, 

J. The crystalline solid zoledroiiic acid of embodiment l, which contains: less 

than a.bout 5% ofother polymorphic forms. ohoJeclrQ:nic acid. 
4. The crysfalljne solid zoledi:on:ic !l,Cid ofern&odiment l, ofwl:ucl}. no 1:np1;-e 

than about 5% transforms to zoledronfo acid Fortn II upon exposure to 

100% relative.humidity(RfI} for7 days. 

5. The crystalline- solid mk:dtonic acid ofembodiment 4, of w:hich no mo.rt:; 

tbati about 5% transfortlis to: other p·olytn:orpbic f<?tms of ?;oJct;iromc fl-~id 

11:pou exposure to 100% reiative humjd1ty ·(EB). for 1 days. 

The crysta11in~ -solid zoledronic acid of embodiment: t which:, upon 

etposure to t 00% tefai.ive humidity (RE) for 7 days; absorbs less. than 

ilhout0.2% water. 

7. The ciystalline solid, zqtedrOIUc acid of @bodin:tept l, which, upgn 

exposwe to tOO¾ ri::Iative nUJJlidity, (RH) fgr 1 days, retains its X-,tay 

ditfractionpa:ttem SJ.ibstantially as.shown infigure:no:l. 

8. the crystalline solid zoledtottlc acid o:f ero:bodiment 1, of which no more 

than about 5%transfotn'1S to zoledronic add fomi II upon ™'9sure w 75% 

relati.\l'e humidity CRH) l!-t 40°c tor 3 :months. 

9. The crystalline spud zolech:onic: acid. o:fem.bQ()illlent 8; of which Il() Ill()J;e 

than aboµt 5% 1:1.:@sfonn~-to oth~ polrm.o:rphi9 forms ofzoledtcinic acid 

.30 upon !%po~e to 7 >% relative l).upij_ru;ty .. (Ra) at 40°C fot 3 months. 

JO, Tue crystalline solid zoledro:rric acid or embodiment l; which, upon 

e}lllosu_reto 75% relative hufuidity (RH) at 40°C for 3' mo:tttbS; absorbs less 

than about 0.2% water: 

5 



01375

WOZOOS/005447 PCT/US2004/0216'26 

u. The crystallilie' solid ,zoledtomc atid .of embPdu:Pent t which, upon 

exposure to 7$% relative humidity (RH) at 40.°C for 3 J:UC>nths, te(cUllS ifs 

X-ray diffractio:ttpattetn s:u.bstan.tfafiy as .. shq:wuin .fi'gwe noJ.. 

12'. A phannaceutfoal Composition comprism.i tlie: -crystalline zoledronic a.¢:id 

5 of anyo:fein:hodunentsJ-11. 

n. Toe cry:stiillme solid, zoledronic acid of: ei:ribodiment 1, whichis a 

monohydrate. 

14. Crystalline- solid zoledro:ttlc acid (Fo:n:n II) tbatacterjzed hy a powder 

X-ray diffraction pattern baving p,eaks at 14,6, 15.4, 19 .,1, 22,91 and 

1 () 23.9 ± 0.2 °20., 

15'. The orystaltine zciledi:onic add of embodini®.t 14, funhet 

characieri.zed by a powder X-ray di£fca.otiqnpattei;n wjth p~s a,t: z:o;$, 

21.1, 25, 11 26. 7; 295, 29.9', and ;l:().2 °28, 

l 6~ The crystalline solid zoledtoiric acid of embodiment· 14, wbich:is: a 

15 monohydtate, 

17. Crystalline solid zofodro:ofo acid (!i'otn:( XII) chap1cterizedby a powder 

X-raypattemha-virtgpeaks at9.0, 13.9,J:4J~,.21.5,24.7; 11n.d29.8 ;± 0.2 

~213 .. 

18:. The. czy$11ine zolecfuonic: ai,id of emhod:lriient 17,, further 

'20 charac,te:dzed by a powder X-ray diffracti01:rpattemwith peaks at no, 

20,6, 20.&, 22.4, 2s.&, 2rl', 28:4,, 2&.c1,. 29.1; ~o"g; 3J9,. 32J, .and: 32:9 

±o.i[/20. 
19, ·Tile crystalline solidzoledtoiiicju:aitof einbodmientl 7, wJridtisa 

monohydrak 

25 20. Crystalline solid zoledronfo acid (F onn: XV) ehamcterized bya powder 

x~ray diffractiort pattern having peaks at, rn1, 17.3,.19;3, and·z3;z ± 

0.2°2-e. 

11. Thecrystalline zoledto)lic acid ofen;ibod,inient2P, fw::ther 

chatacterized by a powder X-ray di.ffr::ictiqnplltteJ::rt with pe@S ·::rt.14.5, 

30 16:7, 18.1, 14.5, 2·5.1., .15i7; 2ll5, 29.}, 29.6, and 30.4 ±0.2 °20. 

22. The crystitfiine solid :toled:ronic acid of embodiment 20, which-is 

ai:Jhydrotis. 
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23. Crystalline solid zo1edronic acid (Eonn XVUI) ch$;acterized by a 

powder X-ray diffraction pattern having peaks at 1Q3; 13..0, 16:4, 17A, 

and28.5.± 0:2"20. 

24.. Tb,e: qrystalfip,e zoledrqaj.c acid of embodiment 2:l, further 

5 characterize<! bya powder .XC.ray diffraction pattern with peaks at 13.3, 

l8.l, l9.t2t.3, 23.7,-25.9,.31-S,>and 34.5±0.i•020. 

25.. The crystalline solid zolili:oJUc iwid <;iiembodlllei+t i3, whichis a 

monohyqrate. 

2.6. Czystalline solid'zoledromc acid (Fottn XX) characterized by a powder 

10 x~ray diffraction pattern having peaks at 12.2, 19.3~20.2,.z:u, 25. l; . 

and 21.25 ± o.i 020. 

27,. ·rhe q:ystclline-z6led:ronic acid of embt>diment 26, further 

¢ha:racterized by a powder X-ray diffraction part® witb pea!ics at 11 .4, 
I . 

14.9, l5.5~lT2,}8.2 and 305±();2 °20~ 

i,5 28,. Tlle crystalline solfd zoledtonic acid of' enfbodinient 26, which is 

anhydrous. 

29. Crystalline solid zoledronfo acid (F onn :XXVI) characterizect b.¥ a. 

powder X ~.ray di:ffraction pattern hamng peaks a:t ~-8, 14,5, 17.l, l7 .6, 

and 18.'3 ±0.2 °20. 

20 30. The:. crystalline z()ltadronic atjd of embod,im~ 29, filrther 

chata<)tenzed by a powder X-ray diffraction pattern with peaks at 18.8, 

19.1 ~ 21.4f 25. 7;:26Ji. and,28.J ±0.2 i>ze. 
3.1. The. crystalline sqlid zoledronic acid of emboifun®t 29, which ,is 

a.nhydroiis. 

2s 32. Aph~ac®cal co:mpqsition comprismg the crystalline solid 

,zoledroniq 11Cid of 1111yof ei:1;t'l?odimerits 12-31. 

33. (;i:yst;1:tlirie scilid zoledro:tiafo moliosdllium. 

34. Crrstalline solid zoledronate monos°:dium hydrate. 

35. The crystalline solid zoledronate monosoclium. of embodiment 33, 

30 cba:racterizedb:yaJJ.OWder X,ray cliffi:a:c;{ion,pat:ttmhavmg·peaks a,t 

8..2, 155, 18.6, 23;6, and 26.S. ± 0,2 920 (Form VIll). 

7 
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36. The q:yi;rtalline solid :zoledtonate monosodim:n of.emb~erit :35, 

further.characterized by a :powder X-ray diliraction patteyn with pe;tlcs 

atli.8, t1·,6;20,1. 24.7,25.0, 28'.4, 31.7; and32.'8± Q.2 "20, 

37, The ·crysra.lline solid zoledr<:>nate mot1.0sodiui:n ofem.bodiment 35, 

5 which is a trihy<:lw.te; 

38, Tn,e c;cystalline solid :Zoledronate monoscidium. ofembod:unent33, 

characterized by a po,vdet:X..tay diffraction pattern.having p~a:ks ai: 

7'.3; 8.S, 14.1, 21.8, and 29..6 ±0 ... 2 l>2fl{form: XVI), 

39. The crystallfne soUd zolecfroiiilte mcmosodium. of em.bodiment 38; 

lQ further characterized by-a p"owde:r X-ray <li:ffi:.wtion p11ttero with pl'liucy 

~ 1),$, 1~-8~ 20A, 21.4, 14A, 1.5,6, 275, 28,.2;, andJtJ :t.0:2'0 20·. 

4Q... 'The crystalline solid zo1edronate monosodium ofembodiment.38, 

which is a dihydrate ... 

41. the crystalline solid :zoledronate m:o:nosodium of t;;!J!Qo4u:P.ent33, 

15 characterized by a powderX-:ray diffu.ction ])atterii bavfu$ peaks af 

8.2,,9,0714.5, 21,4, 245, and29.2 :1;0.2 °20'~0Imxvn), 

42. The:crystalline solid zoledrQiiate,m:ono~odiUill ofembodim.eut 41, 

further cha:r::icterizExfby a: p.owder )C::-r:ay wfl,rac;tj.oupatl;em With peaks 

at 13'.Q, 15.5; 16.8, 18.6, 22.3, 23,6,26.7,27i7,aµ4$2;;$ ±0.~ 02e. 

2!) 43'. The ctysfalline solid zole.di:onatt;} 11.1.cm:os9Qium ofembod:ime.n,t 41, 

which is a. dihydrate. 

-44. CrystaJH11~ i;qlid zQlegrCJI@:e cij.~9diuni. 

45. {.zy$lliJ1e solid_~9ledtomrte-d±soma:tiihydtate. 

-46: Crystalline solid zoledtonate: disJJ<lillill arihyoro-µs. 

25 47. The crystalline solid zoledronate disodiu.m pf embocll;rn:ent 44, 

characteriZ¢d by :a pow<for X~I'liy cµ:ffi'ac:ti9n patter:n havm.g at l 1:3,, 

14.8, 15.5, 17.4, and 19,9 ± 0.2 9 20 (F:orm V). 

48, The crystalli:he: solid zoledronate disodi:oon of embodhnent 4 7, further 

characterized by,apowder. 'X.:ra,y diffraction. pattern with peaks at JS;(\ 

30 1s.9, 193, 22.1, 25.o, 20~1. 30.9,,ood g4.5 ± 0.2 °2@_ 

49. Tb.e cmtallip.e solid zoledrtm.a.t:e cfii;odit1.n:J of embodinlent 47, which is 

a ifihydrate. 

8 
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50.. The crystaIBrte solidzoledronate·disodium cifembodim@t44, ·· 

chatacterized by a powderx~r:ay diflhi.ctlon pattern. havi;n.gpealcs at 

72, l3 .3, 13.'7, 14:5; ~d 21. 7 ±. 0.2 °20 (Fottn VJ} 

iS-L The crystalline solid zoledr-0natediSodium-ofembodiment50! further 

5 characterized by ·a powder-X~:ray diffractio:n: pattern. with peaks at ~.21 

lq.6, 16.$, 17J,25.9, 26.6, 30;7, JL9, and 32.9.± 0.2 °20: . 

.52. The crystallfue soild zo1i::dronatb di.sodium. of embodiment 50, '\Vhich is 
a trihydrate. 

53. The crystalline solid zoled.tonate d):sodilliil of embodiment 44,, 

10 characterized. by a powder·:X.,ray dif:ft;actionp1:1Jtem,.having p~ at 6,j 

i 1.6, 12.6, 13.7 ± 0.2 °20 (For:til VII). 

54. The crystalline solid zoledronate diso~um .of e;cnbodimi::nt 53, further 

characterized by a powcferX:-t:ay diffraction patwmwith ~alcs at 

22.0,.23.2, 26.4,27.1, '.l&.6, 28.ff; 34.2:!:: 0.2 "'20, 

15 '5.5. The c:rystallme solid zol edronate, dis odium. .ofewbo:dinrent S3, wliich.is. 

aterrahydrate. 

56,. The crysfalline soiid zol~o~fo disQ<ii~9fenibodiment 44, 

chatactenze4by a p,owc!erX~ray diffractionpatternhavin~ peaks at 

6..7, 14.4, lKZ, '.lOA; •and 20. 7 ;t 02 °20 (FormX). 

ZO: · 57. The ctysta.lliil~ so:iidz.oiedronate,disodium o( embo~mentM, further 

character:ize<I: by~ p,owdex<K-ray diffracti.on;pattetnwith peaks at 8.8, 

13.7,: l"tO; 19-.8~ .21.ai 24A, 27.$, '21,,9, 3!l.9, 1:1,nd 33A± 0.2 °1ll 

58'. the crystalline solid zoiedt'.onate di&Qdjup1.of".-@boditrient;5(J; wlµchis. 

a hemihyd:r)lte, 

25 59, The o-ysJhlim.~ solid zoled:tonate disoditirii of embodifuent44, 

c:h;:rracteyi_zed b)' a powdetX-ray difli'action p:itiem having pe::i.k:s ~t 

6:5, U. 0; l6J, 17.2, and 30. 7 ± 0.2 °2e (FormJtUI) .. 

60.. The .ctys'talline solid zofo~nate disodiWIL of enibodirnenJ 59; further 

:characterized.by a powd~ X::-:rll-Y 4ifli,-a~ti.onp~em:with peaks at 10.2, 

30 19.0, 20.0, 10:6,. 22.3, 27.fh2K6, 2lt9, and 34,8± Q.2 °'.Zl1. 

61.. The crystalline solid zoledronate disodiuni.ofembodiment 59, which.is 

a ·hemiliydrate. 

9 
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62. The crystallirie solid zolc,droriate disodfom of embodiment 44. · 

characterized by a powder X-ray diffraction pattl':ffi ha,~ peaks at 

6.6, 19.9, 28.5, and 34.8 ± 0,2 °20 :(FonnXIV), 

63. tlxe crystalline solid zoledronate disodii.nn -of erribodinient 621 .:fimher 

5 characterized by a p9wdet X~tay diffraction pattern: with p~ at tKO, 

15.1, 17 .i, 20~5, 2r1, i.fto\ 30:7, and 3J.5± .().2 °1ft 

64, The crys~ solid zo1edronate disodium. of embodiment 62, wbich:is 

anhydrous. 

6$~ the crystalline solid zoledronate disodiUIIi ofembodunent 44, 

10 characterized by a pow4erX-ray dit$:~w piµtep:1.h::tyfug peaks at 

:l 1.6, 12.5, 13'7, 22.0, a:nd 23,l ± 0.2 °20 (FormJOX). 

66. The crystalline solid zoledronate disod:hun. Qfep:ibodiment 65, :tw,iher 

chatacwrized by a powd-er X-ray diffi:;:ictj.on. p::i,ttein with peaks at 6.2, 

'14.3, 15.3, ~6.0, lM~24,3, and28,6±0:2 °20. 

15 67. The ctystallfue solid zoledrobate dfoqdium of~boou;ne:ut 6,5, whlpi,ig: 

a ,pen.tahydrateo 

68, - 'The crysWline solid zoledr.Qruµe dlsoQium ofembodiment 44, 

,char@~ed "by a-powder X-ray di:ffradionpattern having peaks-at 

7.4:, 13.7. 17.Q, and 21,9± 6.2 °2e (FormXXV). 

20 69, The<,tystailine, s.olici zplt::dronate disodiutµ of embodiment :68, further 

cbaract~ed by ap(;)vy(j.er X-ray diffraction pattern with peaks atc!'i.3, 

9.5, 12.6~ 14,6~ 26.2, 27, l, and 28,6 ± 0;2 °20. 

70; The czy$Uilline solid zoledr(Wate disodiU1JJ. 01:en1j:)oilim,ent6'8, which is 

a sos:qllihydrate. 

25 7L The crys4!}1ip.e solid zoledrofutte disodiufu ofombodiment 44,.wbichis 

a lilOnoh'ydtate chara¢terized, by :a powdet Xstay di!:fr.acµoll patteyn 

havingpeak,s at6A, 8.2, lfr0, 11.4, 19.0; and 28.8± 0.2 <)20 (Form 

::XXVJJ). 

72. The ~allin~ soli4 zoledron_ate disodium of embodiment 71, further 

30 chil!acwrlze4 by a poy<.rd,er :X:~ray diffi:aclionpaitem with peaks at 7,7; 

10::21 17.2, 1s.1, 2l6, 25. 7; and 25.9 ± 0.2 °20~ 

10 
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73. The cerystaliine i;oud zoled;tonate dis odium of embodiment 71, which is · 

a monohydi:ate, 

74. CrystaUine s<>],id zoled.Jopate trisodium. 

75. the cry$Ulin!'.! solid zoledrortate itisodililliof eiribo:diment 74i 

5 cn:a:tacterized by a powder X--tay diffracti:cni pattern having peaks at 

,8.3, 10.9,,15.o, 16.6. a11d 22,8 ± 0:2 °20 (Forro.IX). 

76. The crysW]fue i;on9 zol®o:p.a,te 1:1,is9di,'um ofenibodirnent 75,':furlher 

characterized by a powdet X-ray diffraction pattern with peaks at 13..l; 

:202,20.6, 2,Q.9,25,01 27.87 and 29,0± 0.2 °20. 

10 n The qrystallj.ne solld ZoJf:drew,ate trisodium ofem.bocllinent 15, which is 

15 

·a trihy4fate, 

78, The ctyStalline solidwledronatetdsodium: of embodi:rnmt 74, 

characterized bya·powdet X ~ray di:ffr~u~tion patte:rp having pe~ .at 

(,.2, 7J),. 8'.8, l0.6, and 12.2 ± 0'.2 °20 (Fom;1.X.l). 

79. the crystalline sofid zo1edronate trisodiutn: ofem:bodimep.t 78; further 

chatacteri2ed by a powder X~ray diffra:ctlo11.patte.Ql wi.tli peaks at 15.Q? 

15.4"17.S, 18'8; 19,6, 20.S, 223123.7, 25 .• 7, 29.6, and.31.70.-2 °20. 

80. The ccyst~e solid·zole&onafo trisodium ofemuodiment78, wh:idl is 

,a dihydraf.e. 

20 81, A process for preparing a solid ccystaj_une zole4rowite, sodiµm salt 

con:rprising; 

25 

a) ciis~Qiving z()ledronic acid in water to form a solu:tion~ 

b) adding a base, pteferablysodium hydroxide, to ·the:solutfon; ;;i.n.4 

c) . cooling th~ solution! optkm.al1ywitb.,tht::additirm ofail.~organicc 

solvent such as isopmpyl alcohol,: to pr~ipitat~ ~tal~e zqleru;onare 

sodium. 

84. Tue proc~s ofeJ:11bodim,m.t$lr wherein the ciystalli:tie solid :zciledtonate 

sodiUII), salt is the llJQil()SOillUlll salt 

SK The pi;pcess ofembod:i:n:i.ent 82, wherein the crystalline solid zoledronate 

30, mofiosodilfrtiis selected from the group· consisting ofFonu vru, Fonn 

XVI and Fo:tm: xvn. 

11 
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84, The process ofembodim~t $1, wheremfuej;tystal.line sdlidzoledronate 

sodimn $alt is the dis odium salt 

85~ The _process of emboditnet1.t 84, wherein the c;:rystalline i;;olid zo fedronate 

disodilllD. is se1ected from the grou,p consisting of Form V~ Forni VI, Fomt 

VII, Fortii. ~ Form XIII, Fonn XIV, :FonnJGX, Forin XXV, and Fo:r:r11 

xxvn. 
86. The process ofvmboiii1mmt 81, wherein :the crystalline se>iid zqledronajt; 

.sodium salt i's the trisodium salt. 

87, 

$8. 

comprising: 

1'.he process ofe.tilbodimet:i.t 86, wherein, the crystalline solid zoledronate 

trisoditrni. is selected from. the group consisting ofFonn IX and .Form XI. 

AJ?roeess for preplltlllg a crystalline solidzoledtOnate sodi:um s~t 

90_ 

91. 

a) susJ?ertdi:ng zofodrt>nic .acid ui a mixtm:e qfalcol).oi/water~ 

preferably at reflux temperatm;:e 

b) addirtg tQ th¢ ~ension of a) a soltttib:ii ofa base, preferably 

so.diu.m hydte>xiii~, in an eqllivafentrhixture of alcehol/wafer as that us~ m 
the ~ensi<m of a), t<Y fortrt a reaction fi:lixfu.re; and, 

c) silirinwthe reaction:rnixture for a tin:t~ 81).ffi.gyllt to precipitate a 

crystalline·solid zoledro:nate sodtllill salt., 

The process of embodiment 88, whenilii.the reactionm.ixtuteis. stin:ed ,i,t 

reflux for about l.0 to about 20 hours, preferably about 14-16. 

1Jw process of efnbodmtent s·s, wherein tbevoluxne ra:fiq ofalcqhol/water 

to zoledtonioJ,cidhra) andb)is6·Hvofomes.,pr:e.~ably10Yo:umei;. 

The pr~; of emb9.dhnent S8, whereip: the alcohol in a)°and b} is selected 

from the group consi~g 9f,methaiiol,, ethanol, isoptopanol and 

d.inlefuylforniamide. 

92. the proc:ess ofembodi:met1.t 88, Whetcin'the zPledtQnic acid is ztiledronic 

~id,Fonrt I andthe'ratio of acid to base i.s l:i. 

The process ofembc:>clim:ent 88; wherein thezoledronic acid is zoledronic 

acidFonn I andtheratlo of acid to base is 1:2. 

94. The process of emboclimy11,t 88, wh~ein the,zoledronic acid, i1, zoledr<mi<; 

acid Fonn)(Il andthe:~#o:ofacid to baSe is ldJ-

12 
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95. Toe ptocess of e:mbqdµn:eiit 92, wherein.the ctystalfuie solid_zolefuonat~ 

sodium salt 1s the 111onosodiuti1 salt 

96. The process of emboditrtent 95,wherdn the crystalline solidzolearonate 

monosodiurii is selected from the group. consisting ofFonn vm, Form 

5 :XVi and Fotm.XVU. 

97'. The process of embodii:nc:nt ·93 or embodiriient 94, Wbetcmt the crystallin,e 

solid zoledronate sodium salt is the dis odium salL 

98~ The: process of emhodirnei:J.t 97, wherein the .crystalline sofof zoledronate 

disodium is selected from the gtoUp c~isting of}'orm V, Form VI, Form 

10 VU, Fofui: X;. Form :xm, Form XXV, FoJ111 XIX, Fotm.XXV;. and Fottn 

XXVII. 

15 

20 

99. The process pf c:mbodiment 0, wherein the zoleqrpnic, acicl.;iszoJedronic 

,achJ. Forni xrr arid the ratio of acid to base is l:2. i. 

100; The :i:,rocess of eytJ.bQditn.ent 99, wh~rennl;te crystalfine,so1id zoledro:nate 

sodimn salt is the. :tnsoc:li:µm, s ~lt, 

101. Th¢ process ofemboqi:ruent 100, wherein the crystalline solid zolecf:ro:nate 

lrl$odill!l1 is selected from the group consrstingoffonn IK and Form XL 

102, A proc;.ess for prerarlng a solid crys:t~ne zoi:ajronati:; sodium salt 

comprising: 

a) dissolving & crystal form of zoledtonate sodium in water, 

preferably at refl).).X, to- fonn a soliitiori~ ai1d 

:h) woling the· solution toprecipitate a cryst[l.l fonrr ofzoledronate 

sodium which is different from the staJ±h:ig fo:r:rn fo a). 

103. The1'rt)cess .ofetnbodtln:ent 102> wherem the water is added in an amount 

25 of between 20-30 volun;res, preferably iS volumes,. per vohitne of zoledronate· sodium. 

30 

104. A prpg:;!;s :lprpr~atjng:crystalline s6lid zoledronate mOJJ:ospdiµm Fonn 

VJU Cpmpi;ising: 

a) adding a solution of a base in an 80%/20% v/y mixture or 

water/etbatiolto a suspension ofzolednmi~ ~id funn.1 in an:8Q%/20% vlv 

fuix.fute ofwater/etluwol at elevat~ t~perat\,l:I:"e, preferably reflux. 

temperature; 

b) .stirring the·;rnixture ofa) at reflux tert1p.er~e for abQut: 10 to 20 

hours, preferably 14-16 hours; and 

l3 
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-c) pr:ei:;:ipitatiJig.zole@lnate mono.sodium Fott.n VIlL 

1 Q5; The process ofembodin:t~t 104, wherein the base: is sodium hydro:iddet which is 

added in. an ~qu;oJ of a 1 :lmofa.r ratio. to the zoledromc acid. 

106'. The process of embodiment 104, wherzjn 1h~.vqlµ:rneratio of 

5 wate~/ethanol to zoledronic acid fotrn l in thesuspem,ion and the solution is between G~ 

14, preferably lO: 

10 

107; A process forpr!'!_Parin~ cr:ystallirte solid .zoledr.on\lte monosodiUJn :Fonn, 

vm comprlsiug: 

a) adding a solution of a base in-;:m: 80%/:20% v:/v mixture of 

water/methanol to a suspension qfzole4onic acid form fin an 80%120% v/v 

mixture of water/metlum:o'l at :elevated fempetafure, p~ferablyrefll.P( 

:temperatm;e;. 

· b) st:itrl1ig the mixture of a) atre:flux, tempera:tu,re for about 10 to 20 

l,iotiis, prefeya;bly l4-J6 hoil:t$;,and 

15 c) precipjt!J:i;µ:igzol@onatemonosodium Forni VIIL 

108. Tue proce::;s of embodimentl07, ,vhereih the base is sodiimi hy&:px\de, 

whichfa addedmanamount of.al:! molarratiotothezoledronicacid, 

169. Toe process oferribodim¢nt 107, wh~m the vollllJl.e ratio of 

water/metha:ilcilfo zoledromc acid fonn rm tl,1e susp@l?IOU and the soiution is between 6~ 

20 14, preferably 10, 

25 

110'. A process for preparing crysta.l.line solid.zaledronate mon:osodium:Fonn VIi{ 

co:i:nprisip.g: 

a) adding a Solutiot:tPfa b~in ;1n 603/o/40%,v-Nnrixtuteof 

Wafur/isopto,pmol to a, suspension of zoledronic acid form I in an 60°1.i/40% 

v/v mixture o fwater/isoprqpanol at elevated temperature, prefu;:a:bly reflux 

tempeprt.un,; 

h) stirringthe mixture of a) "at refl1lX temperature for about 10. to 20 

hours, prefetablyl4-'l 6 hou.ts;'and 

c) precipitating @ledronate monosodium,Form V1Il 

30 111. Theproc,ess:of embodiment llO •. whe,::em the base isso_diurrihydroxidei 

Whichis added irnm,am,ount ofa 1:l IIIoJa:r; ratio to the zoledronic :acid, 

14 

- - ------------ - • I 
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112. Theprqcess of eijlpodiment Uo, wh:ereinthe volUllle.ratio of " 

water/isopropa:nol lP zoiedrqnfo acid form] m the suspension and the soiution ii:; between. 

6~14~.pr!:!ferab}y 1_0. 

Jl).. A process for preparing crystalline soljd, zo1edronate iiibriosoditmi Fow 

5 XVI con1prising: 

10 

a) addhtg a: solution ofa: base iti a 50%/;50% vJv m:ixmrt:: of 

water/t::th@ol to a suspension of:zoledronic acid fonn'I in. a 50%/50¾ v./v 

mixture ofwater/etlni:riol at elevated temperature, preferably reflux 

temperature~ 

b) stii;ring thenti;xture of a) llf·refluxtemperatute: for about 10 to-2,Q 

hour"? prefera.bl yl4~ 16 hours; and 

c) pr~ipitatiligzoledronate monosodium Fm:m XVI. 
J 14, The process ofenibodiment 113, wheremJhe 'base is sodiuiiihydro:xide; 

which is added in an ain.Ollllt of a l:l JJ.19lat r;rtto to th.e zciledronic acid. 

15 115. Th;e proc~s ofembodim@t 113, wherein the volUme ratio of 

water/ethanol :to zoledroni~ acid form I in the suspension and the solution is betwee:i;t 6~ 

14; prlifetab}y id, 

i 16, A _process forpteparmg crystiill.ine soi,ii zol!monate .monosodiufu Foin1 

XVI comprising: 

20 a) adding a solution ofabase in a 50o/o.lSO%v/v mixture ofwater/i$opropat1olto 

.a s~ensio:nofzoledronio acidFo.rai I in.a 50%/50% y/vmbtt_trre o:t; 

water/isopropanol at .elevated tei.npetature, preferably refluxtemperature; 

b) -1itirring th:e. :n:rixtute· of ii) at reflux t®peratµre ;for about 10 fo 20 hours; 

preferably 14-16 hours; an.cl 

25 c) precipita.tingzolaji:01111te_ monosodium Fbrril XVL 

117. The process-of embodiment 11"6; wherein the base is sodi.UII1hydroxide, 

wbki:ds adccl~ in. .an ~ount ofa 1':1 molanatio to" thezol~onic a,ci<i. 

11$. Tlw process of embodiment 116, wherew the volume ratio o,f 

water/isoprbpanol to zt:iledroni.c acid fom:i I in.the $11SpeJ;1.S10n: and the solution. is betwt:e:11 

JO 6-14, preferably 10, 

11!}. A process for preparing c~tiµline solidzoledronate mo.:nosodiµmForni, 

-XVt comprisi.llg: 

15 
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a) adding a solution.Qfa i;iase jn_ a '$0'¼150¾ v/v :tn:ixture of WJ!ter/ti:t~thapq}to a 

suspension of z9ledronic apid fonh I iii a 50%/50% viv llllXtuI:e of 

water/ ethanol at eliwated temperature; preferably refi~ t@lperature; 

b) $tin::i+igthe mixture ofa) afreflux temperature for about 10 to 20 lioll,ti:;, 

.5 p_refenibly 14~16 houts; and 

i,) precipitatfug ·zoledronate :m9nos0Qium Form XVI~ 

120. l'lie process of emQQ(U]]lent H9, wherein the base is sodill.rtl hydi:oxide,which is 

.added in an mn:Ol.lD.t ot a l :1 mqlcl.I' ratio to the zoledronic acid. 

121. The proce&s qfepibodirtien:t 119,wherein the yohn,ne ratio of water/methanol to 

10' ;z;oied:i:onic 11ckt forni lm the Solutio11 is betwe_en 6-l4,. preferably 10, l:1lld thevplurn:e :i;atio 

ofwater/ethanol in the ~ens10n is between 6-14, preferably JO; 

15 

122.. A process fotpreparing; ~lid crystalline zofodrouate sqdipm Fo:rm XVII. 

comprising: 

,a) pissgfvin~zofodtortic acicl Fotm I in wa1:el: 19 :(brfu a solution; 

b) adding a ba:®, preferably sodil}lll h,ydroxide; to the solution; and 

c). coolliig the sqlutiop, c;ptjon:aj,lyw,ith. the addition 9£ an,prganic ·solvent; to 

:precipitate crystaiJin~ zofodronate sOdiUfll Fonn XVIf, 
123. Aphatmaceutica1 c01;n:tJositi0:t1 ·CQtnpm;ing the -cryswJline solid zoledronate 

lllc,no:sodi)llU ptany of embodiments 35 43. 

20 124. A pharmaceutical compositi@.CQlllprising fue,crystalline soM zoll'A(onate 

disodium of any of eni)Jodin;terits 47 ~73 .. 

125:. A phat:n:laceuti;caj. 90mpositiori com_prisi:n:g the c~talliil~ 1>0Hd, zoledronate 

b.'isodium of any of emhodiments. 75-80, 

12(5, .Am9rphous mondsodiurn zoledro:ri,ate, 

25 i21. Amorphous disqdium zoledronate. 

12 8. .Am()q)hous msodium :zo1edronate. 

129. Aphatr:p,~eutipal cq:mposition comprising the attLOiphotiS so.lid zoledronate of any 
of·embodiments 126; 127 and 128. 

130. A propess for preparing zoledto:nate arnoiphous sodium comprising: 

30 trea1:ing z9lecirp1'.ric acid and a base~ pr¢ferably sodiw:n hydroxide, in water, at roQUl 

temperature and precipitatmg,zQlajronate amorp]lous sodiutn. 

131. The process of ernbodbnent 130. wherrin the ratio: .of agi<;l:base is J.:J .t. 

132. The process of eml:;,odimertt 130,, wherein the ratio .o.f acid:base is 1;2. l. 

16 
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DETAitED DESCRIPTION OFTHE'JNVEN'I'ION 

,Powder X~ray diffiactirni ("PXRD"J analysts was p¢qrmed on a ScintagX-

5 Raypowdet diffi:actom~et:t:nodel X'TRA equipped:with a,solid state detector. 
Co]'.ipetradiatlon of 1.5418 A was: use(}.. A:toJJnd :i:lim;iinlmn sample holdenvith 

round zero back:grotmd quartz plate:; with, a cavity of25 tiitfi diameter and 0.5 nm;I. 

depth, was used; 

LQ~ qtt dzying; ("LOD1;)was measured by Thennal Gravinl,emc Ami:Jyis 

to (''TGN') using a Mettler TG50. The sample size W:¼S about 9:.J5 mg. Toe sruniJles 

were SCllPlleQ, a.ta rate ofl0°C/tnin :ftom 25°C to 250°C. The OYett.was cop.stmtl:y 

purged with nitrogen, gas ,ata flow tafe of 40 ml/min. Standard alwnfua cnr.crt>les 

covered by lids with one hole were us®:. 

DSC analysis was done using- aMettler 8Zl Sta{. The weightofthesamples 

15 was about 3 mg. the. sampl~ were ~a,nned, ata rate of H?C/n:tin from :3 0°C to 300°C 

The oven was consta:ti.tlyJiutged 'with nitrogen gas at a flow rate ·o:f 40 m]Jmin. 

$tandatd 40 :iiil aluminuni CrU.Cibles, coyere,d by Uqs with tbree holes were used. 

-Applican.1:$ hliye &svovered tl;iat d,ifrerentcfySl:al 'fotms 'of ZQl~onic ;icidmay be,, 

obtained; Different forms ofthe.zoledronic acidtnay have :improved proPertieswith, 

20 :reg<\.fds to ctissoiµtion (sface the dosage furm is for injectlo:n. the material needs to.be 

;r~onstituted in Water;· fuster dissolution ratewoµld w~ fas:terreconstituti.oh)~ The 

tecrystallizatiort ofZoledmnic acid le:i,cls to a material with a purify ofat least 99>5% area 

byHPLC. 

The novelfurms ofzoledroriic acid are hydrated. The. Ie_vel of:wat~ iilz,i:,:ledrt?nic 

25 acidi is estfrnated by TGA the(theqnogravim.1itfo an~ysis)weightl9ss. 

Z.Oledro:trio acid can· bl\ found in :1$.e imb:ydnrns $.te (weight loss up to 1%), 

monohydrate{'weight loss .5-8%), s~qu.ihycfr,ate (weight loss 9-H%). 

A typiqal DSC S¢an. o{z9ledi;onic acld shows an endothemiic peak below about 

l6CH70°C due i:riainly to water desotpi:io~ and a i>:u:bsequent endothetin at about 200°C 

3Q.: concoroi~antto anexothettn reaP:tion{seefig,2). Fro1J1 t:µis OS¢ sciµ:i.there:isno clear 

cl.~tection of a melting point 

17 
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Zoledronu:AcidEorm·J 

In a first aspect the i.i:tventii:!n: provides .a novel trystalline solid fonn of 

Zolech:o:nic acicl that hl!S. b~ clenofiiifiated Fotm L . Zoledronic acid Fol1Tl Lid@tiJied by 

itsl>)CRD pattern,. a riwreg~ative example of which is provided in the diffractoram.of 

5 Fig. l. :Particular charaCtet$tic-pe~s occur at nt, f2.8, 15. I, lind 18.!h!:0.2 °20, 

Add.itiQnal p~ occur at 20.9, 21.3, 21.8; 22,2,.25.81 27,6; 29;2, 3,2,$,. and 32.9' ±0.2 °1H •. 

The hydration leveJofZoledrocic acid Fotm I is indi®ted by aLOD of 5% to 8% 

(monohydtate) on heating from about25-220,;,C_ 

Zoledrocic acici'.lfomi J is suJ:istantiallyfree00fZoledtocic acid:Fonn U.. In 

10 addition, Zoledtomc aci\!FonniiS substantially free.ofotherpoiy,morphicforms of 

ZpledrQDic !]cid. Substantially free.m:eans less thanahoµt $%. A suitable method for 

detecting other phases and mixtutes o:f polymm:phs is the X-RayJ?OWder diffracti\)n 

method ( See ''Polyrnm-phism in:rpolecµlirr crystaht, Joel Bernstein:, Oxford· ScienGe 

. Pilblicatio~, or ''Ppb1morphism in phatmaceiitical solids" editc:ci by Ha.tty CtBritt.aii:t), ,, 

15 Zofo!fronic ;:ipidform Iis physically stable. and does not substantillllytransfQnn to 

any.91;lit:t; c.i;ystal fortn when exposed to 100%. telativ~ hwm<hty (IU:I): or 1e$, for orte 

week, or stored at 40°C ,and 75% RH for 3 ;inpntJi&. A,fter ex:riosure t.o 100% RH or l¢$s,, 

fot one week~ there. is no s1gnificapt g\iffi q(mofuture ill Fonn I (not significant n1~s tbat 

it absorbs less tbanc, a'\Jout O -~% watet). ''Substantially tran:sfortns to any ~er crystal 

20 form" means thatnwrethan abouf5% oftb:e czystal form cgqve.rts o:r:;n;arran$es toFotm 

]I or ar;i.yotherctystalform. 

Atcottlingly ill one.embodiment. ;the 'invention provides a pha:nnaceutical 

composition comprising zoledron:ic acid FonnI substantially free ofothe:rpoiymorpbic 

fortns of zoly(iro:rric acid and at least one pha:tmaceutically·acctptable exci:pjent. 

25 Prefer;:i,hly the,phi:µ:ro:a,cetitical t.otnposition ism theJoM of.lJ(l 9ra1 soH4 dqsage: form. 

ln another emhodunent) :the invenlio.n provides a ph;µ:;niaceutical com,positi.on 

coni1J,risiii:g zokdrocic a:cid FOillJ, I, wbichfa physic~ly stable and tloes not. substantially 

1:ran:sfoilii fo filiY other crystal form when stored at 4gl?(i and 7:S%RH fot 3 months, and at 

least one pharrn:acenti<33UY a.ccepm,hle ~cipient Preferably thephannaceutical 

30 compasition is in the form of an oral solid dosage fornt. 

18 
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The n:ovel crystal forms of Zoledrol).ic; ac{q. pn:::forably have ;a particle size 

distrihuti.on. such that 100 % Qttbe. p~cles have a size: below' l 00 microns, preferably 

below 50 rnicroJ1S, 

;A.ccordjngly, anothe:r 1;15pect ofthe invention is a phannace:utic(IJ. composition 

5 cPmprising a ni;>ve1 crystaLfom ,o_f zoledrotric acid, which has a particle size distribµtjo:t;l 

suc:b, ~at i(:)O ¾ is below 100 :tnicrons~ prefet$ly below 50 migups1 llll4 aj:Jea;:;t p:t;te 

phrumaceutically acc~table· excipient. 

Zoledtonic acid Fonn l can, be prepared by a phosphozylafiofi reaction t;f 1-

Imidazoleacetic acid (IA.A) in :the pr~ence of Phosphorous acid andPhoi,phtl'rous 

ro oxychlm:i4e :iri a clilu,e;nt, such as, Toluene, Chlo:robenzene, PEG-400 and:Silicon oil 

PhCJ§photous oxycbloride is added to a mixture o(Phosphorolli! [!.cid m1,d IAAat759C-

800C. the reactioli 1nixb.tr~ is then stin:ed at 80°C-100°C, prefe:rably at 80"Cfor 1a.:34 

hours, preferably 5-'25 hours. Then water is added at so0c~100°c and the aquepus pruµ,e 

ts i=;epf!.tlltaj.. IIy{b,:oJyi:;is,i;>ccurs in abi:Jut 10c..20 hts, preferably 14-16 hour,,. At J:he,end 

iS of hy1;l;ri:il:ysi,s, asOlvent like ethanol or acetone maybe adci~ to obtaj:i:i. a rrecipitate of 

ZLD-Ac a::fter stitrJng· at 5°C for 1-6 hours, preferably 2.1-4 J:10urs. 

Zoledron.ic-1/.cid Form 11 

In a: seconi;i ~ect, the :invention provides a novel cry$1:!tliin.~ solid.. fqp;n; of 

20 Zolajronic add tb.at has been.denonrinated Fonnll. Zoledronic; add,. Form tr can.be 

identified by its :P-XRD pattern, .a representative exi@.pl e of which is provided in :the 

illf:fractogram:ofFig: 3. P)lrtkttlf!.t cbaracteristi.c,peaks occur at R6; 15A, 19..1;'22,9, and 

23.9 ::1;0.2 °2lr AdQition:aJJ,eak:$ occ:µrat20.~;Z.L7, 2s; 1, 26. 7; 29.s~ 29.9, md ±0.2 '!20. 

thehydrati.cinlevel ofZoledronic acidForn;diis miicate,;tbyal,01) ofabout5% 

25 (inonohydmte} on heating from about zs-220°0. 

F p.pn,; Jt c.µ:i. be-ptepa:red qy aphosphorylationreactfo11 of 1 ~Toric:4.wie;icetic ,l!cid 

ff}1..A., 1 eq.) in the presence of Phospho:ro:us add (2eq.) and Phospb.orow; pxyqhforid.e 

(3.7eq.) iri silicon ail as a'diluent. PhosphoroUll oxycl;ilo:cide is added to amixtureof 

phosphorous acid and.IAA at 75°C, The i.eaction lIUXt:trre is then heated to 80°C for abo.ut 

30 2 7 horn's. Then.water is .adde4 at $1>°C and the aq11~:ms phase is separated. Ilydrolys~s 

usually occurs Witbm .u)Ollt 10-ZO bn,, p;i;t:fewly 14-16: hours, AU:he end of hydrolysis, 

ethanol is ~ded to obtam a precipitate ofZLD-Ac after stinfu.g'af 5°G fur J-6 bolll;"S, 

preferably 2, 5-41:Iouw. 

l9 
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Zoledronfoacld Fotn:l IT:can also·be pn~paredbytreatingZoledtonic'atid fur:rri I iii· 

toluene, preferably at wfl).]J( tei;pperatur1:,, mr a duration of 5~20 hours, most preferably 

10--lhhours. 

5 ~J?liron._icA.ctdFoJ.m Xl1 

l1i ·i:t ilw:4 a,spect, tb.EH.nvention provides a no.ve;i qys:t<!iJ:ine soUd form. of 

Zoledro:i:rl.c, acid that has been d~on:unated F9J:lll.:xI):~ :Zoledronic acid Form XII can be 

idenfitied by its PXRD pattetn;. a repre;sentative example ofwhlch is provided in the 

diffractogra111 ofFig, 4, f;irticul~ characteristic peaks occur at9,0;; 13.9; 14.8, 21.5,24;:7, 

10 and29.8 ±0.Z 0 2.e. Additional pe~ occur at.I 7.'0, 2(U5, '10.8, 22.41 25/1,,:27.7,. 28A, 

28'7i 29;. i1 .3 Q;;S~ 3.19, 32.3, and 31.9 .:!:0.2°20. Tiw hydraticm Jevel ofZoledronic acid 

fonn XIl :is indicated by a LO'.D of about 640%, p:referably 6% (monohydrate:) on heating 

:frbtli about 25-:Z20°C: 

Zoledtonic,a.ddFon:n..XII can bepr~~ooby trea'lmg ZoI~dto;oic apid form: XVlll•, 
15 in water at.ri::fl~ tempeniliite; the diluent/solid ratio b1::fu.g 10~3,0 voh1llles, pi:efyrahly24-

2$ volmnes; and coofuigthe solution to m(ij:n t¢m:per~·.o:r les;,. 

ZoledronicFomtXIl Cllllbems9 bi;: p:r13pat;ed'bystitring Fonnl in acetic acia 

ZoledrQ1iicAcid F{)r1fJ xv· 
20 In a fourth aspect; the invention provides a novel crystalline; _solid form of 

:Zqled:romc acid deno:n:riiiated Fonn xv. Zolt,dronic a,cid 'E orm XV c:ati be identified by 

its P.x:ltD pattem ,a repl'es¢11tative ex,~ple o.f which is provided in Fig. 5, :Pa.ttfoula:r 

-Cha+acteristicpeaks occur at l Q:l, 17 :3,.19:st and 2~,z ±(),i 021t .Additional peaks occut 

at 145, lft7, lat 24.S'i 25.l, 25.7,:28.5, 25H, 29,6, andSQ.4 :J:Q.2 °21J, The TGA-:of 

25- t qr:m :XV shows a LOD of I % (a.nhydi:ou.s) within $1, te:p;1pei;auµ-erli:i1te 15..,220°C~ 

Zoledfopib acid Fonn XV can be prep1:1Ted b.y frJ:!atl:!112; @Y f'oD11 ofZoledtotiic acid 

(prefe;rably fomil} and sodium hych;oxid.e (l:l ,mole:ratio} in absolute ethanol(lO 

vohunes per grams of ZLD~Ac) at reflux teI11pe:rah:Q:e for a duration of 5~ 20 hours; 'JJlbst 

preferably lo~ 16 hQu:rs; 

30 Zoledronfo acid f OI.Ill XV C<lil also be _prqiated by treatiri.g any :form of Zoledi-Qnfo, 

acid (pr¢fi:;rabiy form I or fQnn. XII) attd sodium hydroxide ( l: 1 mole: rati!)) in rnetham:>l 

20 
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" (1 0 vohm1es per grams of ZLD~Ac} a,t reflUJC tempemtuie fur ·a duratiOJi ofS-20 hours, · 

most preferably 1046hours . 

. Zbledro1tic A(;'idFlYrni XVIII 

5 Ia: a fifth aspect, the inve.11tfon provides a.novel crystallihe soli4 form of 

Zolechmric aqid dtlP-9:inmated .Fotrri. XVllL Zbledtonic aci.d F onn XVlU ·c!ln be:idemified 

1,yits P;xRD pattern,. a tqiresentati:ve example of which is pr9vided in Fig: '6. Particular 

chatacferistfopeaks occur at 10.7, 13.Q, 16.4~ 17'.4; and28.5tl;0.2 °28. Allditio11~l peal<:s 

occiitat 13.3, 18.1, 193, 21.3\ 23.7, 25 . .9,.:JLS, 11ml. q4,5 ±02 °20. ThetGAweightloss 

10 curve ofZoledionic ·acid':lorm xvm shows <\LOP between: 0.3% and about 6%; 

prerei:ably6% (trtonohydrafe) witbm theteroper:aturerllllge25.:J.:zo~c. 

Zole.droIJic acid.Form XVIlI can be prepared by a reaction ofHmidazoleacetic 

l}cid, Phosphorous acid and Silicon oii Phosphoroqs oxyebloride is addoo to fue reaction 

tn:ixtute at 80°C and the r~tfon :rnixturi:: is i;tirred at this tetn_peratµre fo.fZ2 holltS.- The 

f 5 aqueous phase fo separateci. <lfter addition ofwaier Md heatc:4 to .re:l;lwi; temperatute for a 

1 frhours. Th~ ab®lute ethariolis added and the solntiQrt 1$ kept at reflux temperature fot 

2,hom:s. Then the solution is :oooloo gradually to 25°C lo obtai]1 a precipitate ofZLO-Ac, 

Zoledronic.acidFomtXVill ca.n be aiso p:reparedbytreatfugZoledronic.acid 

form Iiii methanol, t~butanot lv.lJ13E; acetonitril~ :riiethano1fwater l(l or,etha:Q:oi water 

20 1:1 (10 volumes p_er grams of ZLD-Ac), at room tempei'ab,tre or :re:flux temperatrrre; :fur a 

dura,t1on o;f $-20hours, mosfpteferably 10~16 hours, 

_ ZoledronicAc~dFonnXX 

In irsfath cl.SP~ the 111yep.t:ion provides a:ndvelctysJallio:eso:tid :furm:of' 
25 Zoledro:oic acid dJ;:nomwatea Forni XX. Zoledromc -a Cid Form XX can~ iden.Med by 

jts· Px:RQ pa,ttem, a representative exam:ple ofwhlch fa, pmvided in 'Fig, 7. Particulat 

characteristic peaks occur atl2.2, 19.3, 10,2,21.3, 25.T, and 27.2 ±0 .. 2 -0 20, Acictitlon,a1 

p~ oCC\lr atll.4, 14.9, 15. 5, 17.2; 182, and 30.5 ±Q;2 ·028. The TGAweight loss :curve 

ofZoledromc ~id form XX shows a LOD ofabont 0,5°Xr (anhydrous) within the 

30 temperatui:e r;inge:2s~220°c. 

Z'oledronic ,add Fonn XX can be p:repated by treating Zoledronfo acid fonnI in 

·ethanol, {preferably absolute), l-propanol, 2~propanol (IP A)~ prefera'bly at reflux 

21 
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:temperature, t):re i;tili;i.ent/soli.dtati.o bem.g 1sc..25 volmi:tes,pJJ')terably 10 volumes, fut a 
duration ofS-20 hours, most -preferably tQ-16 hows, 

Zqleiinmic: ;1.cidFotmXXVI 

5 ma seventh aspect;. the Jffi'enti.o:p. provides a novel crystalline SQUd form of 

Zo1edronic acid, den.o•tedFonn mt. Zoledromc acid Fonrr.XXVI qµi- be 

identified by its EXRP p;i.ttei:n. atep:tesentati.ve ex31;i1.ple of:whipb. i$ provided in Fig: &. 

Particulatchatacterlsticpeak& occu;r at9".8, 145; lU;.17Jj, q:nd. 1$,3 ±:p,J 02(j. 

Additi.w.al pe~ occur at 18.8, 19.7, 21 A, :Z'S:7, -26.61 Md 28.1 ±0:2 °29 .. The TGA 

'10 weight loss-cQnTe of Zoledronic acid furm XXVI shows typically a LOO ofli.bout 1.3% 

(anhydrous) within the temperature range 25-'2200C. 

15 

Zoledronic acid.Fi:>:rm XXVI can be prepan,d by treating Zoledronic acid. form I iu 

2-buta.noj, p~fera:hly .at re.flux temperature. The di.Iuent/soli4 ratio being 15"25 volumes, 

p:n::f'ei;a.bly 1:0 volu:mes; fot a duration: of 5c..20,_hou:rs, most preferably 10~16 hours. 

· Ij:ystalfo:miS of Zolcilronic -acid' soclinm §alt 

In ll.dclitj.q:11, it was also disco\l"ered that Zoieqropic acid sod.iunt salt in a c:rystajline 

fi:JJ;m: c01i1dbe obtailied Use of:s!ilts :m dru~ is very diffused, due. to fut::' fm:proved 

20· physi co-chemical properties ov~the free acid ot free base; I;l'.lainly ,s(Jh1bility or 

crystallinify ptoperties. The crystalline state c;:Ea drug, in gent,nll,, :has an ad.vantage over 

the am.OJ,1Jholl$ ~te 'in that the physigi:l (and chem.ii::l!-iJ properties are :fully¢0ntt0Uaj and 

· ri::R_rodu<:;ecl;<111aihe capability of Ji niatl:l:qal tc, c:rysta.Uize in. a stilid form niakes this 

material feasible for pha.rm:a~utica.i uses .. '.Hence, the nov.ei GI}'Stallme Zolecko~te 

25 ~ium. salbnay have improved .solllbility, hi addition;itwas fol.llld tAAt thi:; sodium salts 

ob fained have :a p:t1rttY- pf ;:itleast 99 .9% area by HPLC. 

Sm:prisingly, it w;:is also ,discovered thatZoledronate,somwn Sil.It ciili crystallize in 

different crystal fomu;. 

The level of'sodium :is measured. byrnetliodskn.ownm. the art; like atomic 

30 absorption. 

Zo1edtonate sodium pan, be 19~d in _a monosodium salt, Qisodil.UI\ smt tri_sodi_um 

salt, each of them m various hydration states. The Zoled1:oruJ,te monosodium salt has a 

22 
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scioiutaconteiit in.the range of 6~8% w/w: Zol~nate disoditirii has a sodium content in ·. 

the range of 11 ~ 1J% w/w, anclZoJei;lroriatti trisodium has a sodium content in the range of 

17'--19%w/w. 

The leveLof w:at~ ;in Zoledro:i:l.ate sodiutn is esfunat¢d by 1:G-A 

5 (thetm,og;rayim'*1.~ analysis) weight loss. The Zolecl,:onale sodium, salt·can be anhydrous 

(w!,1ght foss :up to 2¾),. a hetnihydrate (weight loss 3-4% w/w); a monohydmte{\.vei~t 

loss 5-6%), a sesquihydrate (weight loss 7~13%), a. clihydrate (wci~t loss 9-12% w/w)~ a 

trihydtate (B-16% weight loss), or a, tett:<!hydrate (weight: loss 1749% w/wJ 

In gene:i:ai sodiW!l sal~ ap:f Zoiedtonic a.bid may'be;prepate4 hytreating 

10 Zol~oP,ic a:c;i4 witli abase"preforably NaOH, in btgattic solv!3Iltst lik!:l 1pwer alcohols or 

Piv.l'.:f, and water indifferent proportions rd!ltive to the organicsolyent. The:reactionis 

preferably catried Oi.It at reflux teD1pera:ture. In these proeedures a sofotkm. of a base ma. 
. I 

mixture. of akohollwater is addwto a susp.ensioil ofZoledroni¢ acid fu ·lW :equivalent 

mixture of aic.ohol/waj:er _at reflux teriiperafitre. The YOlum:e ratio of dilueµt/,Zoledronic 

15 .ac,dis (l'-14, :preferably 10 'volmnes. The:re;i¢ticm,:rp.pt~~i:i~ stu;ryd ~reflux tempe:ra:hite 

tor l0-20 hours, ptef.etablyl4-l6 hours: 1'her~tio;n~e can be coo1edfo tootn 

temperiiliiriHir less; and filt~ecl, qi; filtered ~t higher temperatures, 

Alternatively, soclillllJ, sal.ts, of'Zoledronie acid may be prepared by dissolving 

Zokdronic ~id.m Wi!ter. adrung a base, preferably Na OJI~ ~d pre¢ipi:t;a.1iug {t 'by 

20 cqo')ing, optiorudly\vffh the aid of l'l.Il organic s.o\v@.t such •;is· jsopropol alcohol. 

25 

Alternatively, s:odilllll salts, of ZoJeqr()nic aci;cl may be teczystalli.zed by treating 

the sodiiim salt ofZQiedronlc acid in water (20-30 volillii.es, pteferab ly 25 vohnnl;:ll) ::i.t 

ref1¢(~ tem.peyaturea @dtpen:..c901ilig the soltrtion td foss thl'l.Il room temp~e ,tQ oWajn a 

precipitat!');Clf-z.i..,t}-N a. 

-4Qlajxon,ate Monosodiu:m Crystal F9tll)S 

ZoledronatemonQsodium. <>l'l.Il be found in crystal Form VIII, ehar.aq:¢!ize4 'i;,y· 

typical.PXRP~aksat 8/2, 1$.5, 18.6,23.6, 26;8 deg. Uhefa, and aciditidnalpealcsat 

30 11-8, lT.6120.l, 243,, 25,0, 28.4, 3L7, 32,8 deg. 2-theta, TheTGA of fQrt:P:'lm shows a 

weight loss oflS~.16% (trihy4,rateJwithin the :temperature :range 25-220°C. 

Zolecltonate,monosodiµn:u:;ml:ie found jn cryfrtal formXVI~ characterized. by 

typical XRD peaks at 1.31 K8',. J4. 7, 21.8, 29 :6 deg. 2-theta, and additional peiks at 13.81 

23 
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16.8, 20-41 2L4; 24.4/25,6,:275, 28.:2:j '3J,1;deg. z;;theta. TheTGA curveoffonriXVI 

shows a.weight loss,of 9:.10 % (diliydrate) wilhm the temperahtre rtlilge 15"220°C, 

Z91¢4ron;ite monosodium can be (0JU1d fu cry:;;tal fornfXV1I, characterized. by 

fypicaix:RD peaks at8;2, 9~0, 14.5, 2l.4, 24.5, 29.Z cle~ 2-theta, and additional peaks aj; 

5 lJ.9; 15:S, 16.8., 18.6,l2Jj 23,6,26~7, 2:7,7,.32,Jdei.2,.theta. The IGA-Offotm:XYII 

show::; aweight loss of abtrut l0%{dih:ydtat'e). within !:he wm.perafili:"e range 25~2w0c. 
Zoledro;ruit,e 111onosodium forfilVIIJ maybe prepared by diS?olying Zoledtonic 

acidinw!lter,. addiri?;NaOII in pellets ot in aquous ,solution{40¾). IPA maybe.added to 

improve the yield of qystallizatioTL 'l'hi~ ::;ohiti:on'. is. cooled to get form VIIL 

10 Zokdro11ate D1onoso!iium f9-rm 'Vil ma'ybe also ootafued by treatin,g :Zolegropic 

~id, pi;:eferably form I, and sodiuni hydroxi~ (rati.o of aciciib~ U) in water/ethanol 

80%:20% v/v, water/methari.ol 80%:20% v/v, water. /isopropano1800/o:20o/o v/v or 

$00/2:40¾ V/v. 

Zoledronate mono::;odium (orm ~ may be,o btainedby 1:J:ea.fj:n,g Zo\edro;ui:q aci¢i.. 

15 preferaoly fo:rJI1 I; an.4 sodillDl hydroxide(ratio ofacid/b;:ise 1:1) 111 wa,tl':.f /etl:ianoi 

50%:50% vfv or water /isopropanol 50%:50% v/y, or water im,etbanol S0°/4:50% v/v. 

20 

Zoledronate tiiono.sodi.Util fonn XVII may be 9 l:!tained by dissolving:Zoledronic 

.acid ii:t water, adding NaOH in i;l.qneoll$ so lufom (29%) dro:[}"wise {ratio of ai,id/ba,sc; 

1:0.7) 

Zoledr'(l.nate di sodium, carr be :found.in-form-¥, characterized-by typi<;al peaks at 

11.3, 14,&~ 15;5; 17A, ilt9 deg. 2-thefu:, andadditi:on:al peafuu1t lK0,.18.9; 19~'7~2J,.7; 

25 25.0; :Z6.%J0;9, 34,5 .\leg.. 2-theta. the'tG-Ao1,ItVe offormV shows a '>Veigl:tt loss of 

about. lO~ll % {<lih.ydrate) wiJ;bin the temperature t.nige,z5.;22qoc. 

Zoledtonate disodimn. Io.rm. V' 111ay be prg:,ared by treating Zo ledromc acid, 

preferably furn:i XII,: and SOQllllll hydroxide (tatio of acjd{b-i¼Se 1:1. f) in wal;el: / ethanol 

ratios between 20%-50% y/y water m efhan.ol, watet /methanolratios:betw~ 40%-50% 

30 v/vwaterinmetl:tan.ol, water/JPAratiosbetween:40o/<i,,50%y/vw,;rt,tlfc:inlPA. 

Zoledronate cliso.dimn :(or:m Y may also be pr~ared by treating Zoledronic acid; 

pi:c;fenJ,bly fortn I, and sodium hydroxide (rafo of aqidfbase1 :2.}in water/efuanql ratios 

24 

I : 



01394

WO 20051005447 PCT/US20047021626 

between 20%~ 50% v /v wate:r in ethaiiol, water /methano,l $0%:50% ·vlv water in · 

meth~ol, wa:t~/isppropano1 ratios between 2Qo/o-,50% y/y ;watyr in IPA. 

Zol!'!dronate: disodium form V may also be·pre:pared. by treating Zoledronic acicl. 

preferably f onn XI!, and sodium.hydroxide (ratio of acid/base 1:1. l) in wate:r i eth:m.ol 

5 p:1.t:fos bet:wepn 20%-50% v/vwa;terin. ethanol~ water /methanol ratios between 40%~50% 

y_/v wated.n fuei:hatit.il,, water/IPA rajio ~ h$veeh 40o/0"5 0% v /v water m lP A.. 

Zoledronate disoilium can be found in torm VI, chm:act~ed: b:Y fypicalpeaks at 

7.2, 13.3,, 13;7, 145, 21;1 deg. 2.~theta, and.additional pe~ at 8,2, 16,6, 16.~, 17.1, 25.9, 

26.6, J0,7,. 31,9; 32.9,deg; 2-theta. the TGAClJJV!:! offonn VI shows a. weight loss of 13~ 

10 16% ftrihydrate) wt@! t]:i;i;. temp.eratureJ;ange 25-220°C. · 

Zofodronate di.sod.i11I1+ fotni: VI may he prepare4 PY trea!ing $:,1edronic acid, 

preferably form XIL andsodi'Li:lli hydroxide (p;i.tio of~id/base 1: Ll) in Water/ethanol ot 

wate.r7.inethano1600/2 vNwater·in ethanolorm.ethanol, or wiater/ isop:ropanol80% viv 

~ate,r_inIPA 

15 Zoledron~e diso~umform VImay also be obtained,al1io ~y recrystalliz~ 

Zoledtortaw disodiuw,_ prefetably fot.tn .:xrx. in water. 

Zoiedrona_te disodium can he foilnd in form VII, characterized hy typical peaks at 

6,2 1i.6, 12,6, tt7 deg, 2-tbeta.; andadwtio11.al pea.ks at 22.0, 23 . .2; 26A;:27J, .28Ji, t~,8, 

34,'.l:deg. 2-thefa.. the TG:AtJIJ.rv:~ offop:n: vn shows a weight loss of 17~i:9 % within the. 

2 0 temp~aturetaiige 25-220°C {te:trab.ydrate ), LeSs ctystall:ine. form VU ,s fou,n:q with. water 

content .of74 00/4 wi:thm the temperature range: 25~220"C, 

Zoledt:owti;i soclillIIJ, ;(!}mi '\Ill may be obta5.ne4. by dis1?olV:ing Zoledtatiic acid in 

water; adding abase, preferahyNaOH (aql):eoqs sqluti.on or pearls) liDiilthe:pHof:5 .5~ 

?Sj preferably 5.1.., 7:0. The soluti.Qn}s cooled mid optionally an organic solyeyit 

25 (pre:(erab ly isopropmibl) fa ad:de&, Option~lly the solution may bi;; concentrated to obtain 

th,~ solid :i:riateriaL The tnixuµ::e :ma. y he further stirred for a pc:r:iod o(i §limµ:s; 

preferably 2 hours. 

Zoledronate !lisodium form VII may be also pi:.ei:iared by treating Zoledronic aci~ 

preferably fonn ~ and sodium hydroxide {rati.o of lJ.cid/base 1:1.1) in water/ethanolor 

.30 Wafet/methanolor watet/isoptopanotE0%:2Q% v/y of wafor i1i tire alcohol. 

25 
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Zoledronate i:ljsodiurn form VIl may be also: prepared by trea,tingZoledronic acid, 

prefe:i:a,blyfo:nn:XU. and sodiumhyclro:xide{ra:tfo ofl:J.Ciq/b~e l:1.l) in wa~/ 

is9propanoJ6(}%:40% v/v :w:atet'in IPA 

Zpledrbnate disodiumfo:rn1 VII may l;>i:i a}~o .Prepared by treatingZoled:i:onic acid" 

5 prefera.blyfb:ful t,.and so:dimn hydmx.ide {t:a,tio ofacid/base 1:2) m waterl ethanol 

80o/o,-:20% v/v water in ethf!.tl9i. 

Zoled±onate Qisodi;\lDl cl;lll Be foW:i.d in fonn~ characterized by typic~1'veak::t at. 

6,7, 14A, 18.2, 2,0.4) 20. 7 deg: 2..,theta, and additional peaks: llt 8,, 8, ,13..7, 17: 0, '19. 8,.11.3, 

'24.4, :z:t.5;~ 27.9, 31).9, 33A deg/2-theta The TGAC\ln'e ofform.X shows a weight loss of 

10 about 3 % (liera.ihydrate) within the temperature tilllge 25-.220:"G. 

Zoledro.nate disodium form Xmay beobtaiuea hy fr~ting Zoledtomc acid, 

pi;ef ~bly form XR and sodium hydroxide (ta,:do of :J.Cidlbase I: 1.1) :in wmer/ 

isopropail.6120%:80% vkvwater inlP .A. 

Zo1edrcm.ate diso.9iWII van lm found in fotlh :x:m) ch:aracterized by typicai peaks 

15 at 6.5, 13,01 16.1, l n, 3Q.7deg, Z.theta, andad@tio'.rlal peak..s l;l,t iO.i,; 19.o, 20.0; 20:6~ 

22.3; 27At28 .. 6, 28,9, 34.8 deg:' 24heta. TheTGA curve ,o(fonn X01 shows ·a weight, loss 

of about 3% (h•ydr:rt~) witnin the -temperature range 25-220°C, 

ZoledroQ* disaj{um fotm mi may'be .obtained.by tre~ Zoledronic acid, 

prefei:ablyfori:n,J. m:i-4 sodiurithydto:xide(:tatio ofirddlb~e 1:2) in waie:tl etllimol 

;20: 5'¼,:9;$% v/v water in etmm.til. 
_;_ 

Zoledronate disodiu:m. can be found.informxrv, characterw!:ld bytypiq;i.l~ 

at 6.6, f9;9; :ZK5, 34.8 deg, 1,-tlwta, and additio:tial peaks at 13. 0, 15. l; 17,VZO,$, 27.7, 

29:6;: 30.7, 3-3,5 <i!;)g. 2--tlieta/rhe-TGA-clll'V~ offor.tli XIV' shows ;r weight loss ofl ~2% 

(anhydroU$)within the terpp~ature :tan~_e25.o.220"C, -

25 :Zoledtonate disodium.fonnXIVmaybe obtained by treating Zoledtonic ll.Cid, 

preferably form I1 a,nd 59Qi.1fili hydroxide (ratio of acid/base 1-:2) in watei;,lmethanol 

20%:80% viv water iQ methanol. 

Zoledroµ;:i,te disoiliUJh formXIV may be also o htajned ~y treating Zo ledi:omc 

acid, preferably fonil XII~ and ~oditttn: hydroxide (ratio of acid/base l: 1} in water/DJVfF 

30, 2Q%:&0%v/v'waterm DMF\ 

Zoledrti'nate disOditttU Cl:lll be f,;:n.mc;l w.lhrm XIX, characteriz1::dbytypiGa1:X·Ray 

peaks atl 1.6, 12.~, 13,7 f 22.b, 2:J. l. deg; 2-thefa., and .additional pe~s llf. 6,21 14,3, 15 .3, 

2.6 
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· 16:Q, 18;5, 2.4.3, 28 .. 6 deg: 2~theta. TheTGA curve-uf :(Qrm XIX-shows a weight loss of 

about 22 ¾ (pen,tahydni.te) W'l:thin the tempetatun: range• 2.5--22()0 <;\ 
Zoledronate disodillDl form. 'X)J{ may- b.e obtained by treati:pg Zolajro.1,1ate 

disodi.um, preferably form VII, i.i:I water and prt:cipitatw.:g the waterial1 preferably by 

5 cooling . 

.Zolt::fuomtte ,disodiutn form}(IXtrtay be aJsq optaii:ied by dissolving Zoledro.riic 

acid in water, adding a base, preferably Na.OH { aqueous solutfon ot pearls J (ta.tio of 

·add/base 1 :2)~ .in reflu:ic 

Zoledton:;:ite ilisqdim:n G3-ll be fotind m..fotm.XXY, character:i.zed by typic;tl peaks 

10 at 7A, 13.7, 11.6,:21.9 deg. 2-theta, and additi.oAa1pealcs at·(>.-3, 9.5, li.S~ 14.6, 26.2, 

27. l, 28.ti deg. 2-theta. TheTGA. co.we :of f'o:o:n :X:X.V sllows a. weight loss of7-8% 

(sesquihydraui) within the temperature pl.ngy25,.22,0"C~ 

Zo:fedrp:Q.a.te di$odium form XXV may be :obtained hy trea:tin_g Zoledronic acid, 

preferably form I, !fild sodium fiyd.ro;xide (rntiP pf aqd/bas~ 1 :2) m wa.ter/mei:hanol 

t5 80.%:20¾ v/:vwafotin metl®'JPL. 

Zoledtonat~ dii;od,ium can'bc, fqund n1 fonn XXVlI; <;harru:terized bytypic;tl 

peak:s,at 6A, 8.2, i6~ti; 17A, l9.0,2B.8deg.1-theta,.andadilitipn:alp~a,t?.1, 10.2, 

17 .2, I-8.1, :2l,.6, 15.1, 25J) 9£g. '.2-tbeta.. The TGAGUI:YP q.f:form.XXVII shows a. weight 
, ·. ~ 

loss of about S,.6% (tnonqbydrate}wil:bm the temper;ttu.renmge:2$ .. ~20°(;. 

20 Zoledtonate: Q.isodiwn form ·:xxvn may be prep!!red bytr~ating Zol~Qni,c.a.cid, 

15 

preferablY form I,. and sodium hycfroxide (ratio ofa.cid/base 1:2) _in water /inethanol 

5:%:95¾ v/v water in inetbanolat:i.d, by treating Zoledrmµc acid, preferably fotto:. x:q, and 

so<;liurnb.ydtoxide.{.ra.tio,of aqid/hase t;.i)1n waterlinethan:ol20%:SO%vLv-water m 
methanol. 

Zoledro:p.ate 1):\ii~tum Crystal Forms 

.Zoledtonatetrisodiurn: C!lll. bdound ihfQrm'IX; characterized by typical peaks.at 

8..S; 10.9; 15.0, 16.6/22.8 deg. 2·theta, and ;wditionalpeaksat Hl;2Wl;20.6; Z0.9, 

30 25 .. 0,, 17 .8, 29.Q deg. 24het.l4 'fhe·:IQA. ci:µ;ve offotm IX slmws a weight loss·ofabout 13:-

14%. (frihydrafo) within the lemper;rtpre t:811.ge 2.S--'22:0"G, 



01397

WO 2005/00544 7 PCT/US2004/021626 

Zoledronat~ trisodimn formlX may he prepared by treating Zolecb::onlcc acid1 

preferably fom:(XII, and s_O<liµm hydroxide (ratio of acid/base 1:2.l) in wactyt /ethanol or 

wai:et/:me'tl:@io1 or W\lt.er/isoproptmc:il in ratios; betvteen 20%-SO% v/v of' water m the 

alcohol. 

:S Zoleclronate trisodium can be fo:und infprm XI,. c~acterized by t,wicalpeaks at 

(i2? 7.9; t&; 10.6~ 12.2 deg. 2'-thet1¼ and additional p~ at 15.Q, 15.4, lH, 18.8,.19.6, 

10.5, 12.3., 23. 1; 15.7, 29.6; 31.7 deg. :i-the:ta. The TGA curve offonnXI sb.o,wra weight 

fos.s of about 9% (dihydrafo)withintheternperaturerange25.,220°C. 

Z!:>l~onate disodium.form Xl may be prepared by treating Zoledronic acid, 

10 preferably fortil XII; and sodium. hydrQ'.K\de { rl:!-t_i9 of acid/base 1 :2.1) in water /iJthari.Ql or 

water linethanol $%:9.5% v/v o:fwaterin ethtmol ormethalioL 

15 Zole&onate sPdi:um aru:oi:phcma. i$ prq_Jatedby tteating Zoledrotiic acl\i an:4 

20 

sodiun::rhydi:oxt1@ {ratio of acid/base 1 :;l.1 or 1 :2J or l;:3.l)in water at:r:oom 

te:mperature; .and precipitating the material by concentrating tl:ie solution by anymeatis 

JcpJ>w.n, in, the art like ev~poration of the solv1.:;nt. Evap,qratfoumay be done using a 

yamum.1. 

CRYSTAL FORMS OFZOLE))'.RYNICACJil{ZTu:O~Ac)· 

25 Preparation of ztb~~(,! <;tystal form I 

General procedure forthe preparati<:>n of ZLP~Ac crystal. form I stattio:g from 1-
Jmidazoleaeytj~ acic:1 (IAA), PhosPhotous acid (1hPQ3) ·aw Plu:>spbprop~ oxych1oride 
(FOCI:;) (E:xatnples 1..,9~ see tabl!, 1): . 

30 A cylindrical :reactor equippedwith a mechaniGat stirrer.- a thermometer, a reflux 

conileJ),se,r and a dropping funnel; is foatfod whh l-Imidazoleacetic acid (IAA.), 

Phosphorous acid and a dilumt (f ol11enel C1:i1Qrobenzene/ PBG-400/ Silicon oil), The 

obtained suspension is h~ted to 75QC-80'l; and Phosphorous o:,cycltloride ii;; ~4e,d drop­

wise. The reaction rufx.t)lre is thim himted to 75°C-l 00°C for 1.134 hour;;;. Then water: is 
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added at so0c-100°C: Th1,nrlx:~e i? ?tined vigorouslyforabout 1s :inrrnites, IIirsome 

~as~,. wb.en Silicon .gil is used as adilueri.t, there is a need to add Toluene in on:let tp 

jm proye tl:i.e s_eparation between the oilyphase:artd the aqueous pb.~). 'I'he;nthe phas~ 

are sepa:rated. The aqueous pb.a:se is put in a cleanrea<;tor and h~ed to iwc~lQ(l°C for 

5 13 .5-19 hours. then it is cooled to 59C and i'!bsolute J3tluuiqlis a4decl to obtain a 

ptecipitateafter stir:tmg at SC fur :Z.5A hQurs [:rn some qas~ a rreo:ipitate ot":Zoledrotric 

acid is obtained withoµt aMfu.g absol:i,rte Ethanol a,s ari anti-solvent). The white ptoducfis 

then :fi1tt::;re4 washed wj.th flbsoluteEthanol and dried in a vacuum oven at 50°0 for 17-2,4 

hoµrs to obtain Zoledronfo acid ocysfalfortti. I (LOD byTGA=63%-93%); 

29 
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:· 7· 

: 1}3:713,7 · Chloro- tOoPp · · lhr· 
b .. enzeM/ 
i8:.'.8v6L 

113/3: :P;J1G~4001 : 75°C. .. Abra· '.2:7tnl 
:5:Syot. 

'21ml 

113'/G.;75 . SfttG®:,9iV M~o··.. 22hi :.'5:4ml .. Si1ftrl , 

:S.5v6L 

. l/l713J' 'Tolri~nel L00.°C %rs . • 44ml 
'l8vdL 

1/2/3 ..... : Silicon oW :s'Q0c :z31ll:s : 33ml 
·'{5vo[ 

114/4 .. , 'Siffcon.df~ 8.d°C ilbrs· : 33ml 
5.5vol. 

.30 

% 

lS.:Shts • .sOmI(EtOHJ ·• 

. lJ.5bts , . lQOrttl(Acifo ·· 
· "ne) {l.'1$} 

• l9bi:s : 54nt1(EtQ~} · 6..'8. 76% 
% (6.:7,,g). 

1'6h.ts. 2obnu$tOHf.: 9.3:' -69% 
,.% (6i;2g) 

I6hrs 200ml(EtOR) ; W · :• 38:% 
.. % (4:Qg) 

: :. I.6brs 33ml(EtQH) 9.3' 

% 
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{6.Qg) 
8 :JM : 1/3/175 .. '.SWPPA oiV" .. . ·so~c: . f7:lnis 72ml 

·Ms~ : (1Mg) .· 6:rOydL . 

427 
9 IAA. . l/313)5 smo.on,qfV M~C. 34hts 490ml 490ml 

(70g) :7.Qyql;' 

• ZLDHPLGmetho:d;. 

16hr& 

~ 
~ 

'7). 72% ·~ 
% (20. Og) 

1

, ~ 
Q 
Q 

l6hrs 490tttl$tOm M 
(addition of · % 

EtOHaf 
reflux temp.) ·: 

'$:9% 
:(9:5.:lg) 
PtJtity 

hy 
HRLG 
9.$J% I 

lJ) 

t 
..;i 

Qolum1f: Phenome~ex.PhenyI~Hexyl. 5iun,:·.250x4.6~. 
}/49bi_l~ phas:e.: 40mM Q9tansu1f onic acid sodiums-alt-in. I% UCI041, Q.0%Rs~Ot.:: Metnarl;ol:(8:S.;l5) 

Detectio~:'.220nm. 

··Stability was .measured ·vets.us· the pres.enc.~ of Fann 'IL 

Tli~ $ijbllity dataJor exa,inpl~,'4 m.th~Jaot~ above is: 

~-- ., ...... -.,: ... :,,:·.:· .. ·, ....... ,, ... --···- .,, ........................... , 
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Example 10: 

Sodiu,in:hydroxi~ (p~ls, 91. lg) Was.added to a suspension of Zokdroni:c aci:d. 

qysta1 formXil (200.Og) iri water Gl0OOml) at robm temperature (pH= f 4) to obta,m-a, 

<qlear solutipn. Then the pH ofthe solution was adjusted: to pH l qy !ldgition, oOi% 

5 aqueous HCl (300ml). The. solution was then c-0oled gra.dullllyto 5°G and tli:e white 

preci'pifa.te was filtered, washed with cqld water (1xl$0t:ul) and dried in a vacuuni. oveturl:' 

50"C Jor:t4 hours to obf.am 1(113 g (84%) c,if Zoled:i:Onic acid crystal fotm I (LOD by 

TGN=6,7%). Pwiiy byaPLC 99,9%, 

Example 11: 

A250inl thtee0neckedflask eqmpp~ with: a,m:echafiical stirrer" areflwt COfuien:ser 

and ,a dropping :{imnel, w::is loaded with Hmidazoleacetic acid hydtochlonde ( 4;9g,_. 

15 0.03molv), .pho~liol1)lls add (48g, 0.06.rnole).atui Silicon.oil (M:erck) (27ml). The 

~pem;ionwas heated to 75'.C ·a:nd phosphorous oxycbloride (10,5ml. O, 1lwole) was 

added :dtop~wise during30 minutes, The reaction JUix1:µre W!IS then heated to S.0°C for 27 

hours, Then water{27m,l) and tol~ne (3Qntl) were added at 80°C, the :miiture was 
.stirred vigo:rously forabou,t 15 minutes. Thettthe. kilumephase {containing the silic:on 

20 oil} tt.nd-theaqueo1JS-phasewere separated~ The aq_l.J,e(juspha&ew:a:sput fo adt::an:tlask 

;i.tid: lieated to 90°C for 16 Murs: Thett it was cpq\¢&: tp :t:C?Q:W. t~e:ra1:l.)re and.absolute 

Ethanol {27ml)\vas added duru1g fue C'OO®~pn;ice$l to obtain a White precipitate 

immediateiy. Toe Il1itiure was stin::ed l;!.t 5°C tor 4 hours. the white product was then 

filtered, washed with absolute Ethatiol (2xl5mJ,} and dried in a: vacuum oven at 50°C for 

25 24 hows to obtain 4.9g (58¾) ofZoledton:ic ~ciA ~1:al fo!'.m. II (POD byiGA=:5,J%), 

33 

"-_- __ [ 

!, 
i 

i. 

' 
' 

. ! 



01403

WO 2005/005447 PCT/US2004/021626 

'Example 12: 

Zoledrpnic acid, crystal foro:i l (2.'0g) WR$ stirred in Toluene (Wml) at refi.~ temperawre 

for 14 hours. Then the suspen{lon was cooled to room temperawre, filtered, wll$hec1 with 

Toluene (l:xJ 5,m:l) · ap.d d:r;ied :in a vacuum .oven at 50°<:: for 2.4 hours tg obt.a;il;t Log of 

5 Z<Jledronic a,cid cry~ fon:n,n. 

Preparation of ZLU-Ac crystal fonn XII 

Example13: 

lo Zole4rortic aci4 i,ryst;i,l funµ xvm (1 0.Og) was dj_ssolved in water {2<>0µtl) artefiux 

ttW1-p~filte. The obtaified solution was stitte4, a,treflu,x te:n:iperatute fut about 20 ttrinutes. 

to obtaitui clear solution. Then it was ~09lwto 7'5°C during 2 hourund, J';t:irred ii.ttbis 

temperature for I hour. The tur;t,id solution was mrther co.01¢4 to 2$°C during,45 hours. 

and :stirred at this t~perature for 1 hour. After cooling to o()c during 2 hours· and stirring 

15 at 1:his te,mperatute fot 16 hours, i:hewbite pr~ipitatewa;s p.l:t:ei:ed and dried in a vacumri 

oven at 50°C for 24 hours to obtain 7$g of ZoleclrQnic acid crystal fortn Xrt 

~xample 14:. 

Zole&o:ofo acid ccystl)l .form I (2.0g) was sfu'tedfo A(;etic 1¥li4 (2Qwl) at room rem:tJetahire 

20 for 15,:S· hall.IS. Thei1 it was filtered, washed with Acetic acid (7x5ml) and dried in a 

vacllli111 oven al 5Q°C fut 24 h()Q]'S to o litain i,Og of Zbfodro:rric, acid crystal fu:nn.m. 

25 Example 15: 

A 250ml flask wMloaded with 'Zoledrt:inic acid :f<;>rm I ( 4. 8g), Soditrril hydro xi.de (0;7 g) 

and ·absolute, Ethanol (lO•volwnes J?W- .gr31.U$ ofZLD~Ac) (48ml). The~on :QU'xtµre 

was heated to refh,1x tempera.ti.rre fo;r 16 holµ:s. Theni t was coo led to rooui temperature. 

Further cooling was per:fi?n:ne&using an ice-bath., The precip1tat~ w~ 1:b:en fµt~ed, 

30 washed with absoMeEfhanol (2x20ml) and dried in a v:acuumoven at 50°Cfo:23 hours, 

tP gJVe 4;9g; (96%) Of 'Zo leatonate l.UODOSO.dimn. crystal form ){1/· in amixtfite with 

Zq\edi:onic acid crystal furin T (LOD by TGA=;5.8%). 

34 
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Example 16: 

i.."2~0,UJ flask was loaded with Zoledto.nicacid form l ( 4.'8g), Sodiiw hydroxide (0, 7'i{J 

:an<i Metl).aiiol (10 voltuiles per gr-ams of ZLD~Ac). (48:tll).),. The re~tin;n mixture was 

5 ~ated t() reflux lempe.rature for l 6 hmtts; Thfm it was cool~d to room tetntfurafute •. 

10 

Futther cooling was perforored using .mi ice-hath. the precipitate was then iiltere~ 

Washed with Methanol(~lQrpJ) :agd d.11.eq m a vactiu.:rii oven at 50°C fur 22 hours to give 

4,8g (9.9%) ofZQle<:Ironate ,rnqnosodiutn crystal for:til XV (LOD byTGA=0,8%). Purity 

byl:I'PLC 99.:9%. 

Exam.pk 17, 

ZoJedronit acid ccystalfo:rm '.Xll(2.0i) was stirred ittMefhauol (20ml) atteflmc: 

t~per;iture for l9l;Lo:urs.J'hen the suspensionwas,tooled to rooIQ ttanp.erature, filtered, 

washed with Methahol (1x5iril) itild.&ied in a vacuum oven, at 5(J°C fqr 24hours to obtain 

15 . L8g of a: :mixfute of Zoledro1'.iic: acid qystaj foPl).S .¥V @d XVllI. 

Preparation of ZLD"-Ac ,crystalfonnXVHI 

Example 18:. 

20 A 3 L reaclor equipped with a mecbMi¢iu 'l>tirrei::, a thermometer, a reflux condenserand a 

ch;opping funnel, was loaded ,yith, 1-Iini,dazoleaceti:c add (70.0g, 0.56moleJ;Pho11phoro11s 

ac1d (1;36.7g, L67inole) ancl'Silicon oil (M:-:350) (490ml). The suspensio11 was heated tq 

$()0 C: .lilldfhqsphotoliS bX¥chloride ;(194AII14 2.Q8IIlole) W~ ajded w:op~wiseduriri:g 4 

· hours. The;:reaction. n::uxfute was stirred at89°C for i2 no µr:s .. 'then.water (490iii.l) was 

2'5: added slowly at $0°C. The Jlll:!(:ture was stii:red vigorously for about 30 mim:Jfes. Then the 

silicon oil phase and the aqueo,us phase were separated. The aqueous ph$ie waS put in a 

cle~reactor ;'qtdheated to 91'C fot 11.5. hoilis. ThehabSolute Ethan.ol(490n1i) wa& 

ad,.ted filld the solutiCln waJ> stirred at reflux (87°C) for 2 hours. lhe soJµti:on was fue)l 

coqled tCl 7(Ja°'O-Jl,9C during about l hour and waS kept at this teznpeyal:µre for J hollf. 

30 Aije:i; cooling to, 25°C during 2.5 hours and,stirt:illg at :this twpera,tµre for, 1 hour; half of 

the product was filtered, washed with imiali !MOPllt ofcold water and dried in a vacuum 

oven: at 50°C for 20 hottrsto obtain Sa.K8g o.fZapledronic acid crystal form.XVIII '(1fS., 

507-crop I, LOD by TGA= 1 ;9%). The rest of thes11spension was cooled to, 0°C during 2 
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hours and was stirred at tliisternperaturefot about 16 hcntrs, Then the'proifuct was filtered 

,and dried in a vacmrm oven at 50°C fot24 hours, to obtain'26g of Zo\eclrqpic aci.cl ~t:a,l 

Jann ){Vl]l (MS-c5b1~~top Il, LOD by TGA== 1-Q% ). The oveJ;l:l.11 yield oftheprocessis 

- 5-o'¼ purity by IIPLG 97. 7%. 

Example19: 

Zoledronic acid crystal fonn I (2.0g) was: !ltirred in Methanol (20m1) at·roorn temperature 

for 14,5 hours. Then it was tilt~ed. washed with Mefha:nol {2xl(b:nl) and: clried :in a 

vacUUlii pven ~t 5b"C for 25' hours to obtain 1.9g ofZoiedronfo acid ccysta1 form XVIIt 

Exam:Qie 20: 

Zofodrouic acid crystalform J: (2.bg) was stirred in Methanol (20ml) at reflw.: ternpera,ture 

for 16 hour~. then fue suspension was cooled to room temperatm;-e and the w:hite solid was 

,filtered., washed with Methatiol (2x5rril) and dtiecHn a vacu.UII1 oven aj: 50°0 fur 24 hours 

15 to obtain 1. 7:g:,of Zoledtotiic acid crystal foIID :xvlll. 

Example 21: 

Zbled:ro:tric ~ crystal fonn l {2,0g) :was iitin:ed iu i-Butanol (20ml;) at tefltlX tetnp¢taitlte 

20 for 155 ho-uts. Then the suspension,was cooled to.room.temperafur:e and the white sq]id 

was filteted,_ W®lw.i v1;1:th 1-Butanol (1x5nil) and driedfa a.vacuU111 oven at 50°C for ,24 

haws to optain:l,8g ofZoledroni<:; acid,c;rysqtl fqn:n; XVIII. 

25 

30 

Example 22: 

ZoXecli:onic a,cid crystal foti:ii I (2.0g) ·was stirred ill MTBE (20ml) at reflwi: temperaturdot 

1$ hours. Then the sffi\peiision was cooled tQ room te:01perature and the wbite'solio was 

filtered, washed with MTBE (h::lOmi) and Qtied in a vacumn oven at 50°C for 25 hours to 

.obtain' i.4go:fZOledropic acid crysm! fo:rm)(VTIL 

Exa:nrple 23: 

Zoledronic acid crystal form I (2 .. 0~) was sti:rr:ed in Acetonitrile (2Qml) J1t rO()JU 

ternperatiu:e for22 hounLTuen the suspension: was filtered; washed w:ith .A.cetonitrile 
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· (2x5mt) and dried in a vacuum ()Ven at 5C>9C for 23 ·ho~ to obti.iin.2;0g of Zolootonic acid 

crystal form A'Vlll. 

~xample .24: 

.Zoledtonic add crystal fonn.J (2;0g) was sti,rred in a mixture ofMethanoJfa,ater (1: 1 v/y) 

10 {20.rul:) at reflux temperll,tuni for 18 hpwsa Then the suspensicin was coo1edto 0°0, filter,ed 
anch:iiied 111 :iY@Ulll;rJ, oven at 50°C for 22 hours to,obtain L8g ofZoledro,tlc 11'.ci:d crystal 

furmxvm. 
ExaniJ'ile 25: 

15 Zci ledronic acid crystal fonn.J (2.0g) was: stir.reii in a mixture ofEtban.01/water (1:1 v/v) 

(20ml) abetllPt texnp~ture f01; i $ 4()urs. Then the suspe:rtsidti was cooled to o?c, :6.lterec:I. 

and dried, w ·a yacl.l.u.111 oven at 50'!.C for 22 hoilts 'tQ obtmi l.:Bg of Zple(ll(ll;llc acid, 1:Q'.~4tl 

foun•~-

20 Preparation of ZJLD~At crystal f'orm XX 

Exam.ple.26: 

Zoledronfo acid crysta,l fqo:i,11 (2.0g) was stirred in abaoluteEili:m,ol (20ml) at refl:iµ. 

temperature .. for 16houts. The suspension was then,cooled tomo111 temperatureandthe 

2.'5 white solid was filtered, washed with abaolute Ethanol (~Sml) and dried in a ,vacuura. 

oven_ at 50°C for22Shom:s to obtain l.9gof:Zofoqi;onic aoid crystal furm:XX in a Diixfute 

with trySta:1 fon:n L 

Exampie27~ 

30 ZQle,drQ_nii;.: @id crystal fotnil (2.0g)w:as stirred in 1~P:ropa:~191(20inJ}atre;Uux 

twip~ture for U.5 hours. The su:spen:sion was th,en cooled, t9 lJXlnx~emperatute and the 

white solidwas filtered, wasb.ed.with 1--iPrgpap,pl (2:x:$m1) and driedin. aVaeumti, oven at 

50°C fbr24l\outs to- obtain I'9gofZo1edrm:rl_c,a,ci_d crystal form.tt 

35 Exan:mle 28: 

37 
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Zoted:toili-0 acid crystal foi:n1 l (2.0g) was·stirted in 2~P:ropauof (IPA) (20ml) afreflux 

temperature fur 14:hom:$. The suspensionwas·tJten cooled to rQqm, ttmlJ:letature and the 

wbite:solid wiis filtered, washed with IPA (2x5ml) and drie4in a vacilli:i'ii overt at 50°C for 

Z4 lw11I$·\oobtain l.9g ofZol®onic aeid crystalfortnXX. 'PliritybyHPLC.99.8%. 

Preparation of ZLD-Ae crystal form XXVI 

Example 29: 

Zoledroi:iic, a,tjd crystal :fo:ttri.I {2:0g) was. Efirr~ in :t:l3utauol (20ml) at reflux tempera.bite 

iO fm; :;ibout 15 hmrrK 'Toe SliSp.ension was tlien g.:ml¢(1 to room tempetatute and the wbitfi 

solid·was fil@red, washed wi:th 4-~J.ltanol (2:xSinl) and dried in a vaC"\ll.IDi oven at50°Q fm; 

24 hours to obtll'in 1,9:g of ZoJedronie acid crystal fottu XXVI. 

CRYS'l,.'AL FOR.1'1S OF ZOLEDRONATEIVIONOSODlUM {ZLD-Na) 

15 ~reparation of ZLD;..:Na. ~ry!lt!ll funn VIII 

Example30~ 

A0.5Lteactor equipped With am@ha:nical stittet, athermometerand a.refll.!J\, P.Ond!'>PSer 

was loaded with Zoledronic: aqid funn I (HtOg) and water. (247ml): Th,e s~pension was 

20 heated to 94°C·to <>])fain.a clear solutibn.. Sodirun. hydroxidl'J (p~ls; 1.42g) was added. A 

pH testof the sodiuril salf shov.t'.ed pf[='=4,.S4. '.['h1;: .s9lutiq11 was, cooled to 60°C and IPA 
' (l0.5n:tl) was added,. Tue r:ea.c::tltm tillXt:we was :cooied to room temppr:ature dunng·Z hour$ 

and was .stiired at tlrlstem~twe tor apout 64 hours, After ,cooli\lg tQ src and stinjn_g at, 

j;bjs ten:tperaturefur 1 h9w,.thewhite-ptecipitate was filtered, wllShedwith cold water 

25 (ltlQo:tl) ~µ, drieclin a, vacuum oven at 50°C for2J,5 how.s t.o :qb~ 7 ,Og ofZoledto11ate 

;no11oi.;9(lii,un e~ fortn 'VIU (pH,=432~ .Puri.ty by ltPLC i00.0%. 

Example3i: 

A o~sL reactor equipped with a m,echani~al stj;ri;er~ a thenrtomefot, a reflux CQnd!:Jn.Ser and 

30 a: cfroppingfunnel, was: loaded wi:th Zolajronic acid.futtn !{1 O,Og) and. wate.r (247ml). 

The suspensfon was heated to 94°C.fo obtain a clear solution:.. A 40% aq®Qus sqlution :of 

Sodium hydroxide (3.45g) was added drop-,vise. The solution w::is then cooled to 4 ~C 
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durin$ 2 hours and was ·stirred at this tempt:rature for'about.64 hours to obtain ic1uassive: · 

predipitate. The whlte pr~iplmte w;:is :filtered, washed-with ctild-Wat!!t (bclOml) l:llld dried 

:in a vacuunl oven at $0'~C:. fo.r 26 hours to obtain. 7. 6g ( 64o/dJ of Zoledrona,te mono sodium 

crystal form VUI (LOD hy TGA=15.1%), · 

Example 327': 

A O:SL reactor equipped With: a mechan1cal strrrer, a tliennometet; a reflux condenser and 

a dropping funnel. was lO<i.ded with Zoledronic acid fon11 I (10. Og) and water (247mi), 

The suspension was heat¢4 to 94°G to obfuirt a clearsoh1ti:on.,A 40% aqu~us solution of 

to Sodim:p, hyq,r~:rrjcle (3A5g) was added drop--wise. The solutj,9n was then cooled. to room 

tt;mperature mid stirred .at this temperature for 16 pours. A.fret cooling fb. 3"C and slirntig 
at this temperature for L5 hour; the wbi~ precipitate was filtered, washedwith Methanql 

(2Xl5ttp) and dritXl fu .·l:l vacuum oveii at 50°C forJ5 ho:i,Jrs fo Obtam 5:.8g (4,"/2) of 

Zoledron;ue mo@so4i,um crystal fortn VDI (LOD"by TGA=l5.i ¾). The obtained Fonn 

15 VitI {2i) was tecrysfallized f<:>nn:water (;34:tnl) tn giy~ J.4g (7i¾) of Zoledtooic acid 

c;rystal fonii VlII{LODbyTGA=Il.3%). Pui;ityhyHPLC 100.0%. 

f71.eJnark: 

Regardfllgfhe nex:t examples: the, composiifon Qj(/iereflu;r./mef:lia 13 expressed oii a 

20 val'u;,J:lepervolume basis (ahbt@iaied vlv). Vie am9unfofwater that s]i:ould be added kl 

the reflux media is. calculated accQrdirlg to t/lefoltowingfotmulat 

(10 volumes ofalc<Jha/p(!t.grams ofZLlJ-Ac x 100) IXU/4 of atco.hol = 1' 

when.J;i:rJlie tot{ll tprµ:nmt of alcohol a,td Water to.get her~ 
Yx (1 ()CfX)% of wo,tetd iOO ·= Z 

25 whiflt Zis the vohtm:e ofwater tba,t should be added]. 

Example 33;. 

A i;ol;u:tiQn ofsoditun hydroxide(0.7g) in a mixture ()f water (80% v/v) l Ethanol (20% 

v/v. lo volli:fues per grarr1s of ZLD~AcJ (3,6ml) was added drop-,vise fo a suspension. of 

30 Zo1edronic acid form l (4;8g} in a :µ;iprtur~. of w~te:r (80% v/v) f Ethan'Ol (20% v/y? to 
volunie~ pet gratI1S: ofZLIJ-A-y)(~QZtp.1) at reffux .temperature. The tellCti<m. ~e was 

heated ·at reflux te111perature for additional i 6 hours. Then. the reactfon ~ was 

cooled to mom temperaturec .. further cooling was perform¢d using an ice-'.bath. The 

ptetj,pita,te. was thenJi1tered, washed with absolu¼ Ethanol (2x20i:nl) and dried in a 
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Vi!CUI.UJl oven at ~(J°C for 22 hours to give4.7g (83%) ofZoledro:il.aie monosodium. crystal 

form vrrr (LOD by 'tGA=l5S%). Purity by HP LC 99,9%. 

Example 34: 

5 Asolutionofsodium,hydro:id4e(0.7g)inamixture ofwater(80% vlv)/Methanol{20% 

v/v, 10. vo1um:~ pei- :gtaAl~ 9fZJ::;P-Ac fpmi 1) {36:ntl) was added droty-'wise to a 

suspension of:Zol®onic acid (4.8&) in a mixture of water (80% v/v) / 1[e1:hlR1,Dl (20% 
v/v; lQ volnm~ per gtatriS of ZLD-Ac fortn I) (20:2m1) at reflux twperatilte. The 

reactiontrrixturewas:heated atreflµx t!mlptlratwecfor additional 16 hours, Thenthe 

10 reactlon:m:ixmrew:!lS cooled :to room tempey-amre. Further cooling was pEttfottned using 

l:l,i1 fo~hat4. The prY9ipitl!f:e was then filtered, washed with MethanQl(lx2dml) :pid; dried 

:inavacµUII1, qv~ at 5o0c for 22 oours fo ~ve 4;7g (81 %) ofZol~onatemonosodiiim 

qrystal iorm VIJ1 (t,ODbyTGA~l6.03%). Puntyby$'.LQ9.9.9%. 

15 Example 35: 

A solution of sodium hydrox:ide (O.Jg) 'in a mbr,ttn;e of water(&O% v/vj lTJ!A (20% v/v~ 

10 volUllles' pet ,gra,tns pf ZLP~AY W® 9(J8m.1) was'add:ed rltop,-wise to 1i: $J,1Spension: of 

Zoledronfo avid (5.Qg) fu a ~e ofwatef (80% vlv) l D?A (20%viv, lO voiµrnt:;; per 

20 grams ofZI,D-,Acfurml) (212m.Oat reflux temperature" Tht:: reaction mixt;urewas heated · 

l:if reflux temperature fot additional 16 .hours. Then the reacti9n mixture was cooled to 

room: t~perature. Eutther coQli,ng was perJiJ.Illl,eci 11siftg an ire~bath. The precipitate was 

.thmfilU;J;ed, W;:1$11.ed: wi.tli WA (2:;40nµ) and dried ma vacutun. oven atS0°C fQI: 24 li,Qurs 

to gjyeA7g(79¾)~QfZoledtonate monosodill1ll crystal fo:cm, VI1I (i:,OD·by 

':.ZS TGA=15AO%): PuritybyHPLC99;95%, 

Example36~ 

Asolutionofsoditunhyd:rox~de{O}g) inamixtureofwat:et(60% v/v) /IPA(40% viv; 

30 lOvoltunes per·grams ofZLD-Acfo:rnrI) (19ml) was addeddrop,,wise to:asuspensionof: 

ZokdmJ!ic add ( 5,(Jg) lll a IOixture ofwatet (60% v/v) {JJ!A (40% v/v, 10 vofomes per 

grams of:ZJ:,P,i\,c fpl'Il,1 I) (106ml) at reflux temperature. The reaoticm:rni:xture was h~ted 

a;trt::flu:x tempeni:ture for additional l 6h:outs. Then the :r:eactio1;nnbcmre was ()Qoled to 

room temperature, Filrthet cooliilgwasperformed using anic~llatb. The precipitate was 
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then· filtered,. washed with IP A (lx20np.f@ddried ii:I a. vacuu.tn oven at so0c for 27 hours 

to give 0,6g (10%) 0£ Zol~c;mll,tfl lllogosodium crystal fotm vm (LOD by 

TGA=l5,0%), 

Example 37: 

A Solution ofsodi.lllll. .. hyproxide (0.7 g) .in a mj.xtu:re ofwatet (50% v(v) I Ethanol (.50% 

v/v, 10vohJ.mes.per gr;up:s of~Ac fortn I) (14ml) w.as-added drop-wise to a. 

lO sµspeu,sip:n 9:f:Zo!eclronic: acid (4.8g) in a mix:tme of-water @06/it y/v) i Ethanol (50o/o v.N, 
l.0 vohunes p.et grams of ZLD~Ac fonn J) (8hni) at re:llux· temperature. The reaction 
mixture was heated at reflm: ti::mperatureJor additional Hi hours. Then ther~¢tit>n 

mixture was •cpo1ed to room teniperature. Further tooling was performed llSi:ng an. ice­

ba:th. The p:1;ecipHate was then :filtered, washed with abi;olute Ed1attol (2.,2():n]1) ~a dried 

1 s ma vacµµm oyen .at sotlc for 1s ho:utS.to giv:e s.ig (98%) ·ofZo1edtonate monosodium: 

crystal fortn XVI(LOD byTGA=9.9%).Purity by HPLC99.95%. 

Example 38: 

2_0 Asolution ofsodititn hydto:Jl'.ide (Oag} m Al11;ixtJ.Ire of water (50o/o v/v) / IPA:(50%v/v, 

10 volumes pi;:r gram.s of ZL:P-A<: f911ll J} (l5ntl)was added drop-wise to a suspension of 

Zoledronicacid{5.0g) in, amixtg:re ufwater{50% Wv)/:IPA.(500/4 vlY, 10 volumes per 

.,gr;µ:jlJ; of ZLP'-4dorm 1) (85ml) atreflux tenwerature, The .r~ctioti ~tore w.a.s hea.ted 

at :reflux~ternperafure :fur additional -16 hour$. Then the i:~ctiqp.n:ux.tµre W!JS' cooled to 

25 1"1?0111 temperature .. Further cooling wa& perfonued using an ice-bath. The precipitafe was 

then filtered, washed with IP A (2x2Qn:il) mid drj,aj in a v aciiuni oven. at 50°C fur 24 :hours 

to give 5.2g (94%) ofZole9:rC>1W,te n;ipnqsodium ctystalforii:i XVJ{LOD by TGA==9;8%). 

:PiliitybyHPLC 99.9%; 

30 Example39t ' 

A spluticlt1 of sodiurn'.hydtoxide (0;7g)'.in a mi.xtute of wati::r(5(l¾ y/y) /Methanol (50% 

v/v, to vqlumes per grams of ZLD,Ac form I) (14ml) Wa$ addeµ drop,.;wiseto a 

suspension ofZoledronic acid form l (4.8g) in wrnix:t:ure ofwatet (50"/o vfv-) l Ethanol 
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(50%v/v,10-volum:~per griµns ofZLD-Ac fo:rni 1){81ml) atrefh.1x temperature. The 

reaction mixfute wasJi~te\f at relhix tetlll,lerature fur additionru. t6 how;s; Then the 

x~tion :tnixture w~·cooled to toom temperature. Further ~olingwasperformed using 

anjce-,bath. :rliep:reoipitate was then :filtereq, washed; v;,itb: Methanol (lx25ml} and dried 

:5'. ina ya:ouµm oven at so°C for 25.5 hours to give4.8g {89%) of Zoledronate monosodit1tn 

mysta1 fortn XVI (LOD by TGA=UJ%) .. J:'liriJ)ipy HFLC 99,9%. 

Preparation ofZLD-,Na crystal form XVII 

10 Exmnpfo40: 

, A 0.5L teactor ·equipped with a mechru;rical :;tirrer, Rthetmo:meter; a.renux cqndepsey a11d 

a droppingfunn:el, W<IS loadedwlth:Zoledroni:c acid fonn. I{lO;Og}and watt::r (247ml), 

The suspension was heated to 94°C to obtain a clear sofotion. A '.29% imueoussolution of 

15 Soc;limn hyclroiide (3A5g) was added drop'-wise. The solµtiopwas then rooted. fo room 

tetnperattite liiid.stirred at ilii.s tetrtpercJ..wrefqr }6 bouts. After cctofing to 3°G t:be:product 

Was isolated by filtration, Further coolini ofthe tnothet~liquidled to thq f~ati:on ofa 

white preeipiut(e, Theprecipi~te was filtered and dried in a vacuum oven l!-t 50"C for 24 

hours to obtain 0,Pg: of Zoledro1iate monosodium cry~al for:r;n XVIl {LOD by-
20 TGA=ldJ¾} 

C~Y§TAL FORlYlS OF ZOLEDR~~Al'E'. DISODFl!JM. (ZIJJ--Nai) 

Pr~paxatiQn of ZLO-Nai crysfal form V 

,Example41: 

25 A solution ofsodium hydrQxi!ie (0~7 g) in a mixture of water (:x:% v/v}I Et1$iof(Y°/4 vlv, 
10 volumes per p;r~s o(ZLD-Ac fortrt XII) (1045ntl}Wa$ added drop-wise t9 a 

@sp~II$ion9fZ:olefupnic acid foi:mXU {4;98g) m ali:ri~ture of:water{X¾ y/v) / Ethanol 

(Y% vlv, JO vollun:esper grams ofZLD~Ac)(53-85ml) at reflux teniperature, The 

Je;i.ction :omcturewas heated at reflux: temperature for additional 16 hours. Then::the 

30 :reaction p:ri,Uttre was oooled to room. tewpepi.ttrre, Fµrj:her codliti:gW$ perfu:rmed usip.g 

ail. ice-bath. Theptecipitatew~ the:ofifte:ted, v,r;izhed and dried in a.vacttwnove:µat 50°C 

fur'24 hours to give Zoledro:t;lllte di&odiu:tn crystal form V. 
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(13ml) (50ml) 

:2 40% 60% 83'm1 5.0g/90% toY¼. 

(33ml) (50ml) 

3 50% 50% 100ml 10.7% 

(50ml) {50ml) 

Example: 41: 

A solution of.so4iunihy<lrpx:i<:lvW 7g}ii;lamjxttrrir of water (X% v/v)/Metharrol (Y% 

5 v/v, 1 Q voh,i111~ per grams ofZLP-.Ac formXIl) (13-i5nil) was added drop,-wise to a 

suspe~on of Zoledronic acid form :XlI ( 4:9Sg) in a n:tbcture of water (X% v/v) / 

Metmiilcil {Y% v/v, 1O.vo:lumes per grams of ZLD~Ac) (70~8Sml) at reflux: temperatm:e. 
" 

The tea:cti:onmi'l:hire was heated at reflux tenipi:;:r».ture JiJ:c: a4Qiti9pa:l l 6 hours. Then the 

reaction m:bl:tlittYWas cqoled .ti;i mPm tympefllture; Furtliet cnolitig·was performed using 

JO an i~~b!illL To!=l p,;ecipitate was thoo filtered, Washed and dried in a vacuum oven: at 5O°G 

for:14 ·hours to give,Zciledronate disodiu:m ctysfa:lfonn: Y. 

40% 60% 83:mi 

(33tnl) (50ml) 

50% 50% lQ()ml . 4.9g/88% 10.8% 

(50ml) (50ml) 

Example 43:· 

15 

43 
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A solutlon of sodium hyclroxide (<Hg) in a niixtute ofwatet (X% v/v) l IP A (Y% vlv; I 0 

-vo1't!mes per gi;3.IT!-s ofZLb-AcJonn XU) (1345ml} was added dtCip-wise to A suspension 

orZoleclrQP.ic,·acid{4.9Sg)in a:rnixture ofwafor (X% v/v) / IPA.(Y¾v/v, Jo 1191:um.es per 

_gnuns ofZCD-Adonn XII) {70--&5rnl) at reflux tem,peraJµre, The reaqtion mi:xhrre W!U! 

5 .heated :rl reflux temperature for additioru1l 16hours, Then 1;he n:ac;ti,on mixture was 

ct:1oledfo room te1;I1peraturcl,, Further cQolmg was pei;:fofllled miin~ an ic»cbath. the 

precipitate was then filter!Xi. washed auil' di:i~ in a -vacuum oven at 50°C for 24, hottrs fo 

giye Zoled:r:ona~ disodi1,1D1 ccysta,l fotni v: 

io 

(33DJ.l) (5Qml) 

2 50% 10omr ll.2% 

(50ml) (Sllinl) 

Exampfo44t 

.. 
15 lt solutfonofsodium h)'lll'o:xide{l .4g}in a mixture of water (X'¼ v/v.) I E~ol {Y% v/v1 

lO volumes per gr~ tlfZLD~Ac form I} (10,.{5mi). Wl:18 addc:4· drop-wise 1:9 a suspension 

ofZoledronic,addfottrr J (5,0g) ing Jllixturfl of. water (X¾ vN)J Ethanol (¥%. v/v; lO 

volumes per gr_ams (lf.ZLD-:A,c) (53~85ml) atretluxiemperature. 11:i:eteaetion mixtute 

was h1,_ated at refl,u:x. temperature for additional f 6 homs. 'Then, the rel'1-Ctio:n mixture was 

20 coqled.tQ JOQill temperature: Further co.oling W:l.sperfon:ut::d us:(ng a,njce:-:ba.th. 'I;Jifl' 

precipitate'was theii,:filtemd, :washed aticl dried in, a vaclllllll 'QYi:iA l.Jt 5Q°C for 24 ppurs to 

give Zoledronate disociitnn crystal form V. Plllity by J:IP.LC 99.9%. 

25 
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2 50% 50% 100ml .· 6;0g/94% , 10.9% 

(5tJin\) {50nil) 

.ExampleA5: 

5 A solutionofsodi:um.hydroxide (l.4g) in amix:ture ofwater (X% v/v) l Methimol CY% 

v/y; 10 VO:hlilles per~ of~D-Ac Jortn I) (15hil) was added dtOJH¥iseto a 

suspensiop. ofZol~onic acid forrnJ (5J)g} in a.mixture of water {X% v/v) / Meih;;ro.01 

(Y¾ y/v, lO vo1urties per gran:iS-0f ZLD-Ac) (85ml) at re:ffUJc t!j:lnpe:tature. 'The reaction 

mixture was .heated at reflux temperature for additiqnal 16 houra. Then the reaction 
' 

:10 mixhtre. was cooled to ro.on1 teroper:a'tw;e. Fi.µ:tb.er cooling was p.etfotrried using an ice--

bafu. The·ptedpita\e was thm filtered, washed and dried .in a vacuum ov!;:Il at so0c for '.24 

hours to give :Zoledronate disoditun Crystal fom V. Purity-byJIPLC 9/t95%, 

~r;,,cr;~'.[·~g;~ i~t1liliili~~;Ii 
l 30% 50% lOOrnl 6:0V94% Jl.1% 

(50mi) ( som,1) 

15 ExampleA6: 

A solutidd of.sodiutn . .hydrc,xide {l.4g)jn arnixtu:re pf water (X% v/v) / IPA (Y% v/v" lO 

volumes per grams ofZLD~Ac form l). (tQ~l5ml)'was added drop~wise to a suspension of 

Zoledronic acid (5.0g) in aDll)l:ture of water (X% v/v) /IPA {Y¾ v/vi 10 yollllnes pei: 

20 grams ofZLD:.A,c;) (53-85n;uJ ~treflux: tem:perafure. The reaction mi~ W<!S he~ted 11.t 
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reflux temperature fotadditional l6hol,1J:'S. Theri.:thereactibti. m:iifure:was cooled to room · 

!einperature. Fnrtbetc:ooling\Ya.<!~erfo@.~ usili:g an ice--hath.. The precipitate was. then 

filtered, washed and dclecl il;t <!- yacuum oven: at 50°C for 24 hows to give ZofedromiJe 

di.sodium crysW f'o:r.ru V. Fµrity by Hl>'.LC 99B5%. 

20% 80¾ 63ml 

(13ml) (50ml) 

2 $Q% ·50% 100ml 

. ($0ml) (50ml) 

:erepa.r;,JiQQ.. <>f Zt,));.::N?-2 crystal form Vl 

Example 47: 

5.7g/91% 

10 A solution of sodium hydroxide (0.7 g) in a mix-tu.re of.Wat¢r (60% v/v) I Ethanol or 

Methanol (400/4 v/vi JQvoh:Lmes per $fatris ofZLJJ-Ac fo,tm XJ:I.) (i9rril}wi1S ru;kled drop­

w:i";;e to ?- p:usJ?y11Sioii ofZoiedro:ilic acid form XII (4.98g) in amix;ture of water (60% vlv) 

/Ethanol or Methanol (40% Ylv" lOvolum.es per grams ofZLD:,Ac) (Hl6rnl) atreflmt 

.temperature, The reaction.mixture was heated at reflux temperature for additionai 1.6 

15 hours, Then the r~ction mi;x.tµrewas cooled to. room temperature. Further coofrng was 

perf onn!it µsing an ice:-bath. The precipitat:e wa.s: then filte:o:;d. wash~ and dried m a 

Vl:I.C.l.WID QV:en°at5D°Cfor24J1ours·1:o giy~ Zoledro:t;iate disooium cfystal-fortil vr . 

. ,~1:ij~:;:ri~:~i1i11r~t~I~!~~1tl. 
·· 1 60% 10% i2s.1r-ir 4.9g/86% 12.9% 

(75ml) EtOH 

. (?Oml) 

2 60% Mi¾ 12siri:1 4,5g/78% 13.0% 
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Example 48: 

A solution :ofspdhun hyd,n,)xicle (L4g) in ll .imjctl,rre of water (80%v/v) l IP A (20% vlv, 

5 lo voh:unes per gnuns ofZLIJ~Ao fQrm I) (3 8ml) was added drop'.~wise to a suspension of 

Zo1edro:nic aciii fonn I (5.0g) in a. mixture ofwater-(8Q%v/v) /TJ!A (20% v/v? to 
volumes per grams ofZLD~Ac)(212:tnl) atteflux:temperature. The reactfonmixturewas 

heated at reflux tmnpeta1:m:e fot addltiona:116 ho1.m,. '.I:hen the reaction mixture was 

.cooled fo toonl ternperature an.d ihe solutj:onwas evaporated to dtyness. The ribtained 

10 sQlid wa:s dried in, a v;;1cuum: o'ven at 50°Gfor 5 hows to give $:2g (7&%) ofZol~llr(:,ffilte: 

wsodiinn crystal form VI (:LOD by TGAc=i15A %).J>uri1:y by HPLC 99,9%. 

Example 42: 

15 Zole.dtonate disod:hlIIl crystal form x:rx, (4, bg .. ) was dissolved i:ii water (10ml) :at t1,tlux 
\. . 

20 

temperatur.e. Mer about 3QUUIJ,utes at r.eflux:temp.etature a·precipitate was.: obtained. The 

_s1,1spensionwas then cooled to O~C' using m. ice~bath. Toe $Qµdwas is.Plated by :filtwtjpn 

and dried in a vacuum overt.at 50°G for 17 hows to give 2J):g {50%) ofZoledrnnate 

disodiu.t:n ctystal fa$ vr. 

Exantple 50: 

A 0.5L teacto:r equipped_with ami::cli.aniq;µ stixrer, a thertriometerand a teflux condenser 

25 was loaded with Zoledronic acid form I{l 0.0g)and water (260ml). The siu,i>ensio:n was 

heated.Jo 80°C to ohWA a dear. so111tfon. Sodium hydroxide (pearls, 2,84g) was added. A 

pH ~!itoftht'l ~odium ~altshow.edpH;;;:'.1-35. the solution wascoolecito 60°GaudJPA. 

(1 0Sinl) was aclded, The teactioh :tnixtilr'e was ~kd to room. t1;:mpetatwe dWUJ.g 2 hours 

and was stirred attbis temperature for about 16 hows, Aftercoolingto .5°C and stupng at 

30 this temperatute for 2 ho:u:rs, the solution was e:vap_oratedfo dryness tp. obtajp. a whit<, 

solid. The o b.tailwd solidwas i:eslurred in water ( 5Qrr1)) at1d cpq1ed. to 4.,C. Tue product 
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. WM th.eh isolated by filtration and dried iaa VliCl.lUDl. oven at $Q°C for, 24 hows tg obta,in 

3.2g of Zoledtonate disodfom crystal f o),Ul VJI (:Z4o/o') (p:S:==7:21), ;Plµi_ty'by mt LC 

fO0J)%. 

5. Example 51: 

. A. 0.51;., react9;r f:gaj.pped,wjtJi a mechanical stirrer, a the:ttt:idmeter~ atdlux condenser and 

a drqpping :1:unnei, was· loaded with Zoledtonfo acidfoilll l:(1 Q.'Og)and wat.er(l 30ml). 

The suspension: was heated to; refh.tx: tentperatu:re' t.o obtam a ci"eM ~ohitl,pn. A 40% 

aqueous solution of SomllIIl hydroxide{6;Qg) was added drop-wise. The solution was 

10 then cooledto 4Pc c:lupng; 2 J,iours anci w~ sfured: atihisteinperature: for about 1.5 hours. 
J'he :;,qlµtipn WilS conc:entrated to half of it's Volume to obtain a precipitate. The white 

precipitate was .liltered and dried m: a vacuum oven at 50°C for- 22 hours to obtain 2!Jg 

{22%) of Zotedtonate disodiunt cryfil;al fo1m VU (LOI) 1:iy TGA=l0:7'¼,J. 

15 Example52r 

A Q.5L reactor equipped with .a mechanic:al stirrer, a thennometer; a. reflux cond~er and 

a dropping fufuiel, was loaded with Zoledm:tric acid form I {l0.0g) ao,dwate;i: (l 30r:nl). 

Toe SiiSpension was heated to reflux fo111perat\nJi(9t'C) to obt:rll:i a c:lear solution. A40o/f 

a.queol!S solution of SodiUD1 hydrox:icle (6:9~) w:ai,; added drop-wis.e. 'The solution was 

20 then cooled to· 25"C WilS -~ at thli:; temperature for abo:ut 16 hours; The; solti;tioJ1.W:W 

then concentrated to halfofits,volitrnfoto obtain ap:i;ecipit;ite. The wllitep:repipitatewas 

fi:lteredati.d dried ii1 avacuilrii oven: a.t$Q0C.forJ8.$hm1rS to Obmtn Z,,8g (2Jo/~) of 

Zoledrouate disomwn ~rystal f(m:n,, VU (LOP. 1->y tGA~ 10.2¾). Pbii1.yby HPLC 100.0%. 

25 Example 53:-

A solution of soo:iumhydro:xide (0-7.g) in a mixtute ofwater (80% v/v) I Ethanolor 

MethanolorlPA ('.ZO%v/v; JO voliMespergr;:,.ms ofZLD~AcJonn )Q]}08ml) W(!S 

adde'd drop-wise fo a suspension of;Zoledroni~ acid form XII ( 4,98g) in a mixturt': of 

water (80% v/v) /'Ethanol or 1Ylethanol or IPA {20% vfy, 10 yolµm1::s per grams, of ZLD-

3 O Ac) (212ml) at reflux fomperaiw:e", 'Jhe reaction mixtwe was heated atreflux temperature 

for zjdftfon,µ 16 hours. Th~ the reactio1:qnix:tµrf: was cooled totoom t.emperatttre. 

Fm:J:her i;:oofui.g was pe1;f0Illledusing :an ice-bath, the ptetipitatewas then filtered; 
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wcJ,Shed.- p:p.d dried ill a vacuum oven at so0c for 24 ho.urs to give Zol!Xironate disodium 

ccysta1.iorm VII. 

~p:J['ii~Btt~···· 
. • 256.fu.1 4,9g/89% 9.2% 

• {200ml) ·. EtOH 

' (50inl) 

2 . 2'0% 250ml 4.5g/83% 7:6.% 

(2-00ntl) M:eO:S:: 

(5QroJ) 

3 80% 20%Il?A 250mi :. 4.7g/85% 10.3% 

· (200ml) •, (50ml) 

Example 54: 

A !!Olution of sodi:un:i hydroxide (0.7g) in a mixture of water (60% v/v) I J:P A (40% v/v, 

10 volum,t::ll per grams of ZLD-Ac fonil. XU) (19:tnl) was a:dded drot,-'wi:,e to a llusp:ension 

ofZoledroiric acidJotm XII{4.9gg) inJ1 n:iixtute ofwate:i; (60%v/v)/:IPA(40% vlv, 10 

1 O ·volumes per grainS of ZLD"Ac;}(l06:tnl) at reflwc ternp.ei;atute; The reaction m~:tute-w:a:s 

heated at. reflux tem,p(!(litureJbFadcli@nala6nours .. :Then:Jhe ~actiorrmixtru:ewas 

c:oofodto roomt@lJJeq1.ture, Further cooliii,gwas p¢ifon:ned using an i:Cl¢:-bF1,th; 'IJie 

JJI-ec:ipitate Wcl,S then. filtered, washed with IPA (1:x20ml) and dried m, a vacuum .. oven at 

56°C for 24 hours :to give Zbledronah; monosodiw CD'$tal fonn. vtrr (cn;ip I). Then the 

15 precipitate from the mother ~liquid was iSoJated by filtration all well, and dried in a 

vacuum oven at 50°Cfor 24 hows to giye 2,8g (13%) of .Zoledtonate disodiur11 crystal 

form VII (crop II), 

Example 55: 
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A solution of sodiumb.ydto:idde {1 Ag) in a ri;uxfure of water (80% v/vJ I Ethanol (200/4 · 

vlv,, IO volumes per grams, of.ZLU-Ac, fonn I) {38D;l;l.) W1'S acii:led d:rop-wisl'l t!) :'!-. 

suspensionofZoledronic.acidfonnl(5.Q_g}in~.1IllXtQreofwater(.80%v/v}/·Bthanol 

(20% y/v; 10 vQltllrles:pei:: gt:aQ'.18 ofZLP-Ac) (212ml), at reflux temperature. The reaction 

5 );l:l.ixturewl'l$ heated at re~ tem:per$Jre for ao.ditional 18.5 hours. Thettthe reaction 

mixrnrewas ~ogled t<, :t;QQlll ~mperature and the ·solution was evaporated.to dryness to 

obtain 6.7g(98%) ofZoledronate &.sodium crysfal. f'otm VU{LOD by TGA=Jfi'.8%) • 

.Purity by HPLC 99.9%. 

10 Preparatfon of Zl,I)-Na2 crystal fq,::an X. 

Example 56': 

A solutlon,qfs:odiwn: hydrQxide(0.7g)in a mixture of water (2(1% v/y}/ WA{80%v/v, 

,10 volumes pf,f: gr<ltnS ofZLD..,.A'i fonn. XIX) '(t 0ml) was added dtop-wise to a susp'ensiort 

15 .9fZoie1:b:cmJP aci4fOI1J1Xll(4._98~)irt amixtureofwater{20% v/v) /JPA{80%v/v, l9 

yp{llDles per ~ams of ZLb-Ac) (53:tnl) at reflux temperature. The .reactionn:tlxture was 

heated at reflux fotiq1etatin'e for additional 16 hours:. Theil tbe i;:eaction mixt\J11:Je was 

cooled to room temperafure. Further. -cooling w~ peyt:o,im~d µsin,g ai;i, i~bath. the 

p:r:ecipitateWJlS' then :6,lter~ waslied wit}} IPA (1x25:rhl},and dried :in a vacuum {l\" en; at 

2Q 5Q°C fiJ.r 24 hours tQ give4,7 g (91 %) .of Zoledronate.disodium ctystal fcmn X {LOD by 

tGA=2.6%J. 

25 'Example 57: 

A !lolutioh of sodiumhydtoxide.(l.4~) in a mixture ofwater (5% vN} I Ethanol (95% v/v, 

lb volumes p,er grams of ZLD~Ac foo:n 1) (8rril):was ft(:ld~,drQp~wisey to a sw;pensiQn of 

Zoledronic acid fonnI (5.0g)in,atnixtm:e ofwater (5% v!v) / ~th:illlpl (95%.v/v, 1 () 

volumes per gi;ams of ZLD~Ac} (45ml) at rn;tlux t@W~e; The reaction mixture was 

30 he.ated at.reflµJ(tei;nperatureforaddifional 19 .. 51iours, Then thereaci:iohmixtw:ewas 

cooli:Xl to room tempm-ature. J<'lllther co<;>]jpg was Perfotri:ied using rut i.te:-bath, The 

pr@ipjJatt';was then filtered, Washed witl:t Ethanol (l:xl 0ml) and dried in a WClllJIIl oven 
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at 50°C fot 20 hours to give4.9g,(S4¾) ofZoledrollllte di.sodium c:cystal fortu X1Il (LOD 

byTGA""3.4%). Purity by a:PLC 99.9%. 

Example 58.-

Asolution ofsodium hydroxide(Q.7g) ill-aw.i:xJure ofwate;r: (20%vlv) / blVtF (80% vN, 

10 volumes per gr:aru:s ofZLD-AP fonu Jtr:Q. Ct Orn,l):was added dtop,-,wise to a sliSpensiOil 

ofZoledronic:acidfor;n:tXU:(4.98g) in aniixtur'eofwater (20%v/vJIDMF (80%vlv;; rn 

10 ygli,n;ru~s per gra,ms of'Zl.Jj-Ac) (53ml) atteflux temp~ature. The. reaction mixtwew~ 

heated at tefl.ux temp.eratiite for addit:i.onal 16 hours; ·Tlien; the r~c;µqn m:ix.ture was 

cooled:to roon:rtemperafure. FlJrtb.er c:ooling w~ pei;formed usfogan i<:r.:bath. The 

pt.ecipitate was th!lli filt~d, wacshtil, with DMF (2:idOml} and ilci:ed ma vacu.ont oven ;:it 

so°C for24-bow~.to&ive4.8g(92¾) ofZoledrorrate·disodii.uicrystaIJonnXIV(LOD by 

· 15 TGA=L9%). 

Examrile 59: 

A solµtioil of sodillill hydroxi:de (IA&} ma mixture of water (1.0% v/v) / Methanol (80% 

v/v; 10 volumes per gra:tns of ZLbsAc 'fotm)) (10ml) was ;'idded. clrop~wi~ to a 
10 suspension of:Zoledto:riicacidfonnl (5.Qg) in a; mjxtµre ofwater (20% vrv) /;M:¢1:han_ol 

(80% v/v; 10 volumes p,er gr'lU\1S ofZLl},Ac} (53ml) ~. reflux temperature. The·teaclion 

Diixture was heated atreflux:tempeprtwe for additional 17 hours. then the reaction 

mixMe'Vl'l!-R QOo[tif to-,Toom temperature. Furlb:et.coc:iling wa&:;petfo:i:;m,ed using an fo~ 

bath,'):'heptecipitatew:as.:ib:enfiltere~:washeilwith.Methanol(l~lQnrlhn.dc!ried:in,l!-

25 vacumti oven at50°Cfot26 hoursfo gi:ve 5.6g(97%) ofZo:tec4'onate. ~odium crystal 

form XIV (LODby'TGA=L4%} PuritybyHBtc .99-9%. 

30 Example 60:. 

Z91~onate disodium.crystal form Vil (LOg) was diSSQlved fu Wl!-ter (19ml} aJ refl\!X 

ten:rperafute. After about 30 IlliriUtes a:t teflwc tentperat:ru:e l!- li~i:itpwpipit;i.te was 

obtained. The su:spensionwas then cooled to 0°C llSing anice~batb. and was concentrated 
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under vacuum to obtain a mru.sive ptecipitatioa-The soliciwas }:;;olated .by filtrajion aj'ter· 

furtht:n" ~gal; ·(Y'Q, iipd.dried fu a Vacuili:ii oven at 5QOC fo:rc27 ho-qrs to give 0.4g 

(40.1/o) pfZc,ledron:ate disodhim crystalfoI11J, XIX, 

5 Example 61: 

A 0.5L reactor equipped with, .,1 rn~®lllQal stirrer, a thermometei:, a refltlX cond\':JlSer an4 

a dropping :ftmn.el~ was loadec:l with Zoledto:n.ic acid futni I (.WOg) im:d water (2'60:ml). 

The $Uspell.Sionwas be;:rtedto reflttx: temperature (92~C) to obtain acl~:00lutfon. A 4Q.<l/4 

aqueom; :;;oluti.Qn of Sodii.nn hydroxide (13.Bg) was ru:lded drop-wrse. The solution was 

l O tl;reyi pooled to 251)C artd'was stirred¢ tl:tls temp~awre fot about 16 houts. Th¢: s_oltttion 

·· was:tb:en concentrated to hilt Qfits vofome to obtain a prebipitate. Afterstjiri:ilg aj: o?c; fq:r 

72 hours, the whitepr:ecipit1te was-filtered and dried in 11,vapill,1IJl oye,a. at 5tf G £pr 23 

hours: to obtain 10.4~ 9fZoledroti.i\.te disodiuin. cty$W fQ1ll1;$IX,. 

15 ,Pi;:epa:ration ofZLJ),.N~z crysw.l forlllc nv 
-E:xainple 62: 

A solution of s_odium: hcydroxide(L4g)irt a.mixture of wat~ (80% vlv) / Methanol (20% 

v/v, 1 o 'vo1:umes per wains of ZlJ).c Ac form .l) {3 s,n1) was aclded drop~wise to a 

suspf!l:lskm ofZoledronfo: ac.idfortn I (S,Qg) in alll1J(]lll:e ofwatet (80'¼ vfv) I Mfrt:hanol 

20 , (20% v!v,. to volume:;; p_er grams of tt,:o~,Aq) (212ml) at reflux temperature:, The ;r~tl.Q:i;i. 
' -· . ' .. ,• 

25 

mixtun; was heated, at reflux ~empetatute for additional 19 hours. Then the re,actip:p: 

tnixtm:ewas ®l?<lto room ternpetatute. Furthi:Jtcooling was perf9rrnedl!S:ing an foe­

l:>atll. The solution.was then evaporated:todi:ynes_s-to ol!t$.6.1& (99%) of:Zoledronate . 

disodium crystal fo.rm. XXY(LOD byTQJ\.=7.4¾), Purity by EPLC 99.9%. 

:Preparation ofZLD-Na2 cryllWfori:n.XXVII 

Example 63: 

,A I 00ml flasl,c was loaded withZoledronic acid form I (4,9g)~ Sodium hydroxide (l.4g), 

30 Methanol (50ml) atidWatet'(2~5ml). [= :5% v/v Watef fu Met.har):pl]. The.reaction mixture 

was-heated to reflux tehipetature {or 21 how:s. then the reactioil mixture was cooled. to 

:room temperature. Further cooling was perforn;ie4 1.1Smg an ice~ba:th. The pr~p1.tatewas 

then :filtered, washed with ab:,olute '.Ethanol (2x75rril) and dried ma vac11um ove:i;i. at 50~C 
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fo:r 27~5 hours fo give 5, 7g (93%) of Zoledroruite disodiuin: crystalfonn XXVII (LOI1 by 

TGA=5.3°/4), Pmi.tybyl:IPLC 9.9~9%. 

Example 64: 

5 A solution of'sodium hydroxide (0.7g) in a nuxture of water (20% v/v) /Methanol (80% 

v/v, 10 VolJ.itri_e.qpet grams. ofZLD:,. At, form XIJj (f.Q:m1) was :added drop~vnse to a 

suspension ofZoledronic add fonu x:rr (4 ,9$g) ma :mix:titre of water (20% v/v)' / 

M ethap.ol (80% v/v~ l O vofom.es per gnµns ofZLD-Ac}(53m1) at refi\1Xc ~mpW<tttn:e, The 

reaction JJJJXture WM h,eated at refh.1x tempetatu:te for :additional 16 hours. then the 

10 refl():tio:n. mixb:fre was cooled to room temperature. Fwth:er coo1in~w~peifoi:med using 

an ice-batli. The precipitate w~ tl:t~ :iilte:re,$.l, wash~ with Methanol (:Zx15:lril) at1dclried 

in a vatuUiil oven at 50°C for 24 ho11Is to give4Jf5g {90%) uJZoledrQmtte diso<lilJill' 

crystal form XXVII (LOD byTGAac:7.5%) . 

. 1.5 CRYSTAL FOllMS O:F ZOLEDRONATE TRISO])Itnv.{ (z;lD,.Naii 
hepa:ratitin of ZLD-Na3 i;ryst~l form IX 

E;ram11te 65: 

A solution:ofsodiutn hydroxide (1 .4g) ip. a m.brtnre Qf water (20% v/v)/-El:hanolor 

20 Mc;i'thanol or IP,A (80% y/v,, lOvolwnes per grams of ZW~Ac fonn XIl) (1 Oinl) was 

i:idded ~op~wise to a:su,sp~ion ofZoiedtonic atidfotm XII (5,0g) in,a:mprture ofwater 

(20% y /v) l Ethanol or Methanol or Il':A (8 QD/4 v/v; 10 volum.~s .Per. gram.s of ZLD-Ac} 

(53ml)atrdlux ten.1pe:tatute. the t~Qll_llllxtur~ was heated at refimt tempera.fore fut 

additional 16 hours, Then th~ reacti.()J). nrixtui-1:: was cooled to room temperature. Further 

25 coolin.gwas pm:formed using an, ice:-b.at:h., '.fhe J?:teeipitate was then :filte~ washed an:d 

drii:;d in a yac;ullp:l ovc:m, at 50-00 fQr 24 hours to give Zoledronate tris<Jdium ctystfil :limn 

IX. 
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io¾ 

(ljml) EtOH 

(50ml) 

"20¾' 80% 

. (13ml) MeOH 

(50ntl) 

PCT/US2004/021626 

5.6g/84% . 13.6% 

63ml 5.9g/8~% 

20% SO% IPA _ 63ml 5.6g/85% -1H¾ 

· (13ml) (50Utl) 

Example 66: 

A solution ofsodi'ilttl hydroxide (1.4g) ln. a nnxture ofwllter. (40% v!v) /Ethanol or 

Methanol or IJ.>A. {60% v/v, l O volµm.es per .grJ:llll$ of ZLD-Ac :fortu Xll). (13tnl)wa:s 
• • .. - - - - - - I 

added qrop-c-wi_se tq a su.sp~9n of Zoledio:iJic acid furm XII ( 5;Qg) in a _mixture of water 

{4Q%v:lv) /'.Ethin101 orM'.ethanol otlPA (6O%-v/v, 10 voll)rri.espergramsof'ZLD-,Ac). 

(11:J;n:l) at reflux ten:rpetature, 'lb.ereactlonlllJXture Wa$ h~t1::d,atreflw t@lI>eraturefor 

additional 16 hours. Then the reac1:io;n.:m.ixture was cooled to room temperatute. Further 

coo ling was performed using an ic1:;~ba.th. Ute precipitate was thert :filtered, washed and 

10 dri~ in a va:c:u.um. oveq -at !i o0c for 24 hours to give ZoledrOJiate trisodium. crJsfal fonn 

1 40% 60% 83nil 5:?g/68% 13.9% 

(3~m1) EtQH 
(50ml) 

2 20% 60% 83ml 5,5g 

(33ml) MeOH 

(50ml) 

3 20%" 60%IPA .83tnl 5.7g/85% "14.3%" 

(33ml) (50ml) 
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-:ll~xarople 67! 

A solution of sodium liydrqri.de {i,4g) m :pnilcture-0fwate:r (50% v/v} / Ethanol ,or 

Methanol or IPA (5{)% vfy, 10 volumes per g;rams of ZLD-Ac fotm XII) (15:tnij was 

added d1.))p-wi$e to a sut;pen~.on qfZoledronic acid form: XII (5,0g) in a :ntlxture of wittix 

5 (50% v/v) /Ethanol or Methanol or IPA (50% v/v, 10 volumes per grams u( ZLD-A¢) 

(85r:nl) at :reflux-temperature. the reaction n:rixture was h§led at refh1¥ temperature for 

additional t6 liours., Then thereaction:tnixturewas copl~ to rooi:nternperature. Fitr1:het 

cooling was per:fonned using an ice-bath. The pp:,cipitate was,then filtered-i washed arid 

dtied ID a vacuum oven ai so0c for 24 )iours to ~ve Zoledtonate trisodillDl; ctystaUonn 

lO IX, 

2 

3 

.• (sOn:IlJ Etoa: 
(50ml) 

50% 50%-

(50ml) •· M¢0H 

: (50m1) , 

lOOtnl 

50% 50% IPA l 00!:nl. 

(50r:nl) -(5Qinl) 

Exam)!le68: 

14.68/4 

5.3gl&5% 8.6% 

A soluti611 ofsodi:u:ill hydr<txitle {i .4g)fa a:rµixttµ-e of water (!50% v/v) l Ethanol ot 

15 Mel:hanol or JP A(40% v/v, IO volumes per gi:ams, of ZLD-Ac form.XII) {l9ml)was 

added drop-a-wise to a suspensfon of'Zoledtonic acid form XII (5,0g} J'n. a mi:l(Illn;: of w11t¢r, 

(60% v/v) !Etlilll;tol or Metha110l or JPA (40% v/v, 10 volumes per granis ofZLb--4\:c) 

(106:ml) at.refltJX, tem.perauµ-e. The reaction mixture was heate4 'at reflw tem.p~tute for 

lld!litional 16 )Jol)!S. Then: the reaction lllixture was C()Q}e(i toJoq:m t~peratufei Further 

20· eoolil].gwas performed using anjce-bath. Th~ pr~ipitate was then filteted, washed and 
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dried in a vacuum oven at 50°C for 24 hc>ursJo give Zoledronafe trisodiUlll crystltl f'ortrt 

n.. 

1 60% 40% 125ml 5.lg/58¾ 

(75ml) EtOH 

(50ml) 

t.2 60% 40¾ ·125:nil • 4Jg/64% 

(75ml) M~R 

(5lfutl) 

60% 4Q%IPA 125ml 

(75J:nl) (50ml) 

5 Examp~~§~: 

, A solution ofsodium hydroxide {L4g~ fo a t:nixtPre of, wi:tter (so¾ v/v) / Ethanol ot 

Methanol or JPA {2Q%·v/v, lO: voluniesper grams ofztD-Ac· :fon:n XII) ,(38ml} was 

$.dded drops wise tQ a ~pension ofZoledronic acid form XII (5.0g) in a,m;iR:ture of watt;;t 

(130% v/v)/ Etbailcil or Methanol or IP A {10% v/v, l O vQfom~ per ,wms ofZW-:1\c) 

t O (212ml) aftefluxteinperatute" Th1;J t~tion ~tµre W:11$ 'J1eatt:ci at:reflvx temperature for 

acidibonal 16 ho:nrs. '11iei:l the rellctioµ mprtm:e WiiS cooled ht roomteni:pe:rafu:te: Flirtb:er 

cooling wa.sv.¢'Qrmed, ~ing fill ioo,;hath. The preeipitatewas then filtered; washed and 

dried.in ii vacm1~oven at56°¢.fot 24 houi:Mo ~veZoledron~ tris.Qdium crystal form 

iX, 
15 

'SapiRI~ -, .:x%,; · tzr::~'i::::::'. .r1~Y?~~1~::ff,::,; -~~i~t:.:-\_ :•·'ff!)??~ 
:r~:}/·~\ ;_~tO , ,;; i~);1:f,~t ·, so11;t:o~ ~·\ · /;·_·)~!~).< ~\·?:GA·.:·. 
~,l?,',, ;i;~s,i~;~~i,,:t,;/;t:;~:, .. , i ,· 
. l 80% 20% 5,7g/84% 15.1%, . 
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{200ml) - Ei-Oll 
. ($0i,n,l) 

80% • 20% 
. (200ml) • ·• )'YieQH 

(50ml) 

80% 20%JP A _ 250ml 

(2,00ml) (50ml) 

Pteparatim. of ZLTh-N;i3 ~rystal ;foru;t XI; 

Example 70: 

PC-TfUS2004/021626 

5.6g/8'6% 12.4% 

5;6g/83% 14.5% 

5 A 250ml flask was loaded with Zoledronic acid form XII {~,Og), $-odium.hydroxide 

(L4g)~ absolute E:tbanol (50ml) mid water (2,5ml) L= 5¾ v/v watermEthanol]. The 

reaction i;rri:xfu.rc: w11s heati::d to n:;fljg temperatqre for 20 :hours. Then the r~tti on mix:tute 

w:i:is cpoled to :,;001I1 ~perature. Further coolingwas perfonned µ,sing an iee0b:ath. The 
precipitate was their filtered, washed with absolute Ethanol (2,:xZ5m.f} and dried 'in ;i, 

10· vacuum ovenaf 50°C for 24 hours: to ,give 5.4g; (86%) of Zc!ledrqpate fi¼9dium crystal 

form XI (LQDbyTGA=:8-9%}. 

Example -7i: _ 

A 250ml flask was loaded with Zoledtomc acid form XII (5 .Og), Soclium b,yµroxide 

15 (1.4g), Metrumol (50m:J)and water (2,5m'l-) [=5% y/v watermN.(ethanol). 'Ibe :reaction 

mixture was b,eated:to reflux tempeyatpre for 21 hours. Tfien -thereaetion m:ixttite was 
cooh:d to tQoIIl tempt:ral;tl.re,. Furt;her cooling was perfi::irtnedusinga:n-ice~bath--:-Toe 

ptpeipitate wµ_s then filtered, washed with Methanol (2x50ml) and dried in a vacmil;rl oven 

at $0°C for 24 .hoiits. to give 5.4g {84%) ofZoledrona,te tr;isodium c:rystal fQrni XI in a 

20 mixture with crystal fortn IX {LOD by TGA=l0,5%), 

General procedure for the preparation 'of amorphous Zoledronate sodium 

Example, 72! _ 

25 A 100ml flask waS loaded witb:Zoledronfo acid crystal form_ XI10,0g)~ Sodium 

hr:choride (0.57g) .and water(10ml). the reactionxQixture w:,i.s. stir:red attoom 
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temperature to. obtain ackar solution; Then the solution.was concentrated·undervactunn 

tQ pl>tam aprecip~tate; Further coolin~ was petfot.o:ted using an ice-sbatb:. The precipitate 

was tl;:ten filtered, washed with water (2xl0ml) and dried in a vacuum oven, at :50°c .for .24 

hours to give 0.76~ of amorphous Zoledrona.te- soditll11. 

Summarizing fables """." crystals forms :of ZOledronate sodium salts 

1. Preparation of Zoledronate monosodium salt: 

Oo/ov/vII;il 

5£i%v/vH20 

·EtOH 

• t (ZLD•Au)+XVczm­

A.c) 

lV[e()R 

i. Preparation otZofodronate msodinm salt. 

1 20% v/v :a~o 

58 
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iQO% v/v 

H20 

VIll(ttopI) 

VII+8.2 (crop 

Il) 

PCT!US2004/021626 

3. Preparation ,of Zoledronate trisodium salt: 

lX+X! 

• 20% v/v-H20 

IXtIV 

;,0% v/vl:hQ IX+IV IX+V>>IV IX+IV+ilmoi:ph.+7.1 

60% V/vlltO- IX>IV ·IX; 

J,OO%vNH20 

• Using ZLIJ-Ac ( assajt 90%,, Fo.r,tt XII)• as a startiiW material 
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What is claimed is: 

1. :Crysta)]iue solidzoledtonic acid{F9!Ill I) chatll.~ed by a powder X-ray 

d1;ffracfion_pattem having peaks atl2; li 1:2.8; 15.7, and i&.9 ±:0.2 °2B. 

2.. The crysi:fil1ine solid zoledronic acid of claim l further characterized by a powder 

X>ray diffraction pattern with peaks at 20.9; 2L3, 21.8~ 22:2, 25.~1 2t6, 29.2~ 

3Z.5; aud-32.9 ±(),:2 °2e, 

3. The grysfall.uie. s<>li.d zoleclro1µc' acid of claim 1, wl):ich contains• less than about 

5% of other polymorphic fortils ofzoledrcmic acid. 

4. The crystalline solid zoleilionic acid of cW:m 1, of which no,more ilifm ap1;mt 5% 

ttansfottrts to zoledronfo acid Form. IT upqn exposure to 100'¾, relative hm:riidity 

(RH) for 7 days. 

S:. The crysta:l:lfue solid zc:iledrcmic acid of claim. 4, ,of which no more than about 5 % 

transforms tri othertfolymorphic furms of zoledtonic add upon exposure. to 100% 

relative litintidity (RH) fot 7 -days. 

6. The crystalline solid- zoledronjc add o:fd!l]III 1, which, upon exposure to 100% 

rdative hwnidity (Rll) for 7 days'" absorbs less than abQUt 0.2% water. 

7. The cry1,taJline sol;id zoledronicacid .o:fdaim 1, which, upon expo$11:e fo 100% 

relative hili:nidity (Rll) for 7 days;; retains its X-ray d®acti9,11; pattem 

substantially as shown iii figure noJ. 

K The. c;rystallip,e :;;oltd, zoledrocic a,cid of drum 1, of which no mote than about 5% 
. i 

transfQims to.zoledr;onic acid form 11 :upon exposure ·to: 15% relative hunn~ty 

(RB) at 40°c for 3 months. 

9. The-crystalline solidzolefuonic-acidof.qlaim $~ qfwhiqh noworej:haIJ.: about :S% 

transfottns to other polym.Ptpbic :l;onill:> of zoleclrq1:iic acid upon exposure to 15% 

relative humicllty(RH) at40°CJor.3 m.onths. 

10. The crystalline solid ioledromc acid of dairn 1, which; 'upon expostrre to 75% 

LL 

12. 

:refaiive :ii1Jliriw.ty (.'RS), at 40°C fbt3 months, absorbs less than ;mo11f0.2% water, 

The cry$lline solid zoledronic acid of claim l, · wluc:h, upon expoS1J.W to 75% 

.relative hmnidity (RH) at 40°C for '.3 monthsf retains
1 

its X,;;ray diffiaction p~ern 

substantially as shown in figure ncd. 

A phanuaceutical cmnposition comprising the cry:;;tallige ~l!m'OPic acid of claim. 

1. 
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13. · The crystalliJie solid zoledronic acid ofcllli;rp_ l, which is a monoliyd:i:~e. · 

14. Crystalline ,solid zoiedronic add (Bonn Il) characterized by a powderX~ra y 

diffractio.ti. pattern having peiiki, at: 14.6, 15 A, .19. L, 22.!J., and 23.5' ± .0.2 "28. 

15, The crystalline zoledronic acid of claim 14, further charac~rized l>yapowder X­

ray ditfi'.act;iqn pattern with peaks at 20.8; 2L7, 2S.L 26. 7, 29 ,5,, 29.9, an.d:±0,2 

020. 

16. The ciystallirte.solidzoledronic acid of da101 l-4., which ii; ampnohydrate. 

17. Crystalline solidzoledronic acid (Fonn AA) characterized b;y'itpowdet X-ray 

patternhavingpeaksat9.0, 13,9, 14;8, 21.51 24.7, an.d.29:8;¼ Q.2 °20. 

18. The c~alliri.e zoledroiiic acid of claim 17, :further characterized bya powder X­

m:y diffraction pattern with peaks at 11,(), 20.6,20,8, 22.4, 25.8, 27.7, 28.4; 28..7, 

29. l~ 30. 8, 3.19',32..3,. and.32;9 ±02 °20. 

19. J:'lu: cryi;talli:tie solidzoledtonic acid of clann 17, wl:Jich is a mpnohrdrate. 

W. Cfy~e solid zole&:onic adg. (F:on;n XV) cha;i:acteijzed by a powder X-tay 

diffractionpatfeni having peaks: at 10:li 1 n, 19,J,ian,d, 23.2 .:i; 0.2 <120. 

,21. The crystall.fue zoledtonic• acid of claim 20, furlhi';f characterized by a powder X-

ray diffraction pattern with peaks at: 14.5, 16.,J" l$J, 24.), 25J, 25.7, 2R5~ 29.1, 

29.$; and 30.4 ±Q;2. 0211 

22.. 'The crystalline· solid z:oiedroilic acid of claim 20, which is anhydrou,~. 

2{ Crystalline, solid zOledronic acid (Fonn)(Vlll) cha:ri:lf:terized by a powder )t .,ray 

diffi-action pattemhaving peaks atlO. 7; 13 .O~ 16.A; 17.41 !lnci 28.5 ;:f: 0.2 °20. 

24. the c;rysta1Iine zoledrmric add·Of claim 23., further .chm'.:tcteriz;ec;i,by a p9wder 'K· 
ray diffractionpattemwithpeaks at 13$, 18..1, 19.3, 21J,i'3,7, 25.9, 31.5, and 

34.5 :t0.2 °20. 

25, The crysta111Ile rioiid z9l{X}ro:ri.ic .acid :of claim 23,. which is a m:onohydrate. 

26. Crystalline r,;olid zoledronic acid (FonnXX:) charactetized by a powderX...,i-;ay 

ruifractionpattern b.avmgpeaks at 12.2, 19.3, 20.Z,21.3,.25J, and27,25 ±02 

"20. 

n The crystalliile z9ledto:ri.ic acid of claim 26, futthet chl;lfl!Cterizecl' °Qy a powder 

Jffi.Dpattem with peaks at 11.4, 14,9, 1.5,5, 17.:Z:, 18.2 :and30a5 ±0.2 °20. 

28~ The crystalline solid zoledrQnic ac:'i:d ofdaitn. 2::ti, whlch is arihydrollS. 
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29. C:cystallilie-solid zoledtonic ·acid (Form XXVI) characterized by a powder X-ray , , , 

diffra.ctipnp_attemmi,Y:i1+g peaks at 9.8~ 14.5, 17.lj l7.6; $Uc{ lM ± 0.2 "ifl. 

3'0. The crystalline z9ledropic, acid q{1,laµn29, further chara:cfotized by a powder X­

ray diffraction pattern with peaks at lKR, J9. 7, 21 .4, 25.. 7, 26.6, and. 28.1 ±02 

,920', 

31. The i:\rystalline soUd zoie&:onic apjd of claim 29', Which. is anbydrous, 

32. AphannaceuticaJ coillposi:tion ro~ptisihgthe crystalline solid zoledronic acii;l of 

claitn 14, 

33. ¢rysj:aJ1ig,e solid.zo1edronafo monosodim.n, 

34, Crystalline solid zoledtonafo nionosodiUill hydrate. 

35. The crystalline sciti,dzoledromµ:e lllonosodium of claim 3,3, i,har!lct{zjzetl 1:>y a 

powder X-ray diffraction pa,tteni hayin1rpeaks at 8.2, 155; fS:(5;, 23.6, and 26,.8:t 

Q.'.2 °20 {:FQnn Vfii) . 

. 36_. The c,ry$11ip,e solid zoledroµa;te mottosodhm:i, ofda:irn. 35~ f!Jrthe:i; characterized 

pyapowderX:.ray diffractionpattemwith pelJ,k:sat lt&, 1'f6, 20.1, 24.7;25.0_, 

28.4, 3 l.1, and 32.8 ± G.2 928. 

37. The-crystalline sqlid zoledronate monosodium of t;laim 35', which.is a tp]'iyc'lrate. 

3 8. Thegystalline solid zoledrt>nate monosod,lQJ:ll qf plajm .33, characterized bya 

po:vrdetX~ray 4ufractionvattern having peaks :at 7.3; '8,8, 14. 7, 21.S, and 29.6 ± 
0.2 "20 (fortn }..'VI} 

39.-. The crystalline solid zoledronai:\':l'1'n,on:oso91Ulll of daii:n:'.38, further chata:Gtmzed 

h_y,a powder X-ray di:ffr@tiC>Il pattemwith peaks at 13,.8, 16,S', 20;4, 21-4, 24.4, 

25;6, 275, 2&.2~ and 31, 7 ± 0.2 '0 2,Q. 

40~ the ccystallme solid zoledronate monosowu;m, of claim:38', which is a dihydtate, 

4 f ., the crystalline solid zoledronate Ill@osodilU]J, ,of claun 33,. charact<::rizedl;,y a 

,powder x.,ray difiraction pattern havfu,.gpeaks.af 8.2, 9.0; 14,?, 21:4; 24.5? ari.d 

2$1:2 ± b.2 °20 (Fotm XVII) .. 

42. trhe urysµµ)ine solid zoledronate monosodium,,of chµm, 41, further characterized 

byapowdet:X:-raydif:ftactionp;:i.tt~witl:ipeaksat13,9, 15S, 16.8, 18.6, 223, 

23,6, 2<i 7, 27. 7, and 32.3 ± 0.2 "28, 

43. The crystalline solit'Lzoledronate niohosodium o'fclaim 4J; which.is a dihydrate. 

44. CrystaJline soh4zo1edronate disodimrt. 

(i2 
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45. Crystatline·solid zoledronate disodiuni hydrate. 

4~. ·Cryst;illine solid zoleilionate disodium liJ:ihydtamL 

47, Thectysthlline s'olid zoledrortate disodium ofcia.im 44~ oharacterized by a powder 

JGraydiffra:ction pattern having at 11.3, 14.R, 155, 17A, and 19.9 !: 02 °20 

(Form VJ; 

48, J11e cirys4tllme s9Jid Z{)lyQronate disodium Of claim 47, :fhrtb:er.chata:cte:rizcd by a 

powder X-ray diffraction pattern with peaks at 18;0, 18.9; 19.7, 22. 7, 25.0;: 26. 7i 

30.9, and34.5±,o.2°20. 

49. The crystiltine solid zoledronat:i;: disodium Of claim 41~ which is a dihydrate; 

50. The crystalline s~lid zoledto:nate dis odium ofclairo 44; charact~d l>y a p,owder 

X"ray <iif:fraction pattemhaying peaks at 7.2, 13.3, 13.. 1, 14.5,and 21.7 ± 0,2 °28 

(E?ormVI). 

5 L The c;rysW1ine solid zo iedronate disodium ofclaini :50Jurlher characterized by a 

powdetX-ta·ydif:fractionpatteinWithpeaks at8-;2, 16.6:, 16.9~ l}.3, ~.9,,26;6, 

30,7. 31.9, and 32.9± 0.2 i:!2et 

52. The c:ry1;talline solid zoledr'onate disodiurh of claim :SQ, which is a:triliydrate. 

53. The crystalline solid zoledt'onate di sodium ofc1aini 44, chatactei;ized l>y a powdi;:r 

X-wyd:i:fn;a¢on pattern having peaks af6'.2 11.6, 12:6~ 13.7 ± 02 "920 (Form 

lyll), 

54. The Cll"Ystalline solid zoledronate disadilIDl ofcfa.im 53! further characterized hy a 

powder X-taY diffraction pattern 'With p~s at 22.0, 23.2; 26.4; 27, 1, .28.6, 28,s.., 

34.2± 0~2 °20. 

5~. The,cryst;alline..solidzoledtonate disodirun of.claim 53, wmchiS: a fetnthydmte. 

56. The crystalline-s'Olid zoledtonate disodium ofclaim 44i :characterized hy a powder 

X-ray \lif_fraCltiqn.pa:ttem having peaks a:t6. 7,, 14A,, 18.2,, 20.4, and 20.'J ± 0,2 °20 

(Fqn;nX). 

$7. 'The 1:11)'$llin~ ~olid zoledrtmate disodi:um of clitirh- 56; further cb:aracteriZed by a 

pqwderX:.ray diffraction pattern With peaks at 8Js, 13,7; 17.0~. I9i8, 21.3,, 24.4,. 
/ ' 

27.$, 27.9, 3Qj, an;gJJ.4± 0.2 928. 

SK The crystalline solid zql~nate djsodi:um of c1aim: S6, which is. a hemihydtate. 
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· 59. The c.cysta1line solid zoled.roriate dis odium of cl attn 44; ·char;mte.ti.Zeif by a powi;Lef 

X-raydi':ffi::action,patternhavingpeaks.at.6.5, l3.Q, 16,1, 17.2; and30.7 ± 0,2°20 

(FonnXIII). 

60. The czysta}Jin,e s.o1id :Zolydronate disodiilni of dlaim 5:9~ further <:haracterized by a 

pow4erX~11iy diffractiolipattetii with peaks at 1.0.2; 19..0t 20.0, 20.6, 22.3, 2704, 

28.6, 28,9, and 34.&± Q,2 °20. 

61, The crystalline solid zoled.ronate disodiutn of ~}aim 59, whichis a hefuihydrate:· 

62. The gysta1line; solid zoled.ronat e disodium of claim 44, characterized by a powder 

:X-ray diffraction pattern having·pealal at. (i,6, l.~t9, 28'.5, and 34.8 ± 0.2 Q20 (Forni 

XIV), 

.63. Th!'l c:rysj:alli.n:e :sqlid zo~edrpm,te: disodium 6f clahn 62~ ntrthercharactetized by a 

poWde(,X-ray diffraction pattern with peaks at 13':0, 15. l; l7J, 20.5, 27; 7,, 29.6; 

30.71 arid 33.5± 0.2 °20, 

64. ThecrystaJiw:e solid zoiedr0111l-te. dii;oclitµn of claim 62, which is anhydrous • 

. 65. 11i,e:,c:rystailme solid zofedr6tiate. dis odium of claim 44, characterize;<J by::1¼powder 

X~raydiffractio:i;t pattem having peaks at ll.6, 12.5, 13.7; 22;0; and23.1 ±, 0.2 °20 

(Form XDQ. 

66. The cry~ruljne solici zolec;lronate disodiurn of dam.165, further characterized by a 

powderX,.tay dufrattion pattern with peaks ;lt6.'2; 14.3, 15.3, l(:i.0, 185, 24.3,, 

an{:128.6 ± 0.2 92!f, 

67. The cryst.utin:e s9:lid zoledro11ate. disoclitim of claim 65, which is a pentahydtafo; 

.68. The crystalline solid zoledronate disodi:um ofclaini 44, ch;uaJ:t~zed by <l;_powd.et 

X-r!l.y dilftactionp[lftemhav:ing peaks at 7:4, 13. 7, 17 .6, and '2L9 ± 0,2 °20 (Forw 

XXV), 

69. the crystiilUne ~olid zo1edroriate disodium. of claim 68.~ futther characterized by a 

pov,rderX,.ray diffraction pattern withpe;aks at6.3h 9:.5, 12;6, 14.6; 26.2,.27.11.and 

28'6 ± .0:2 °20. 

7it The crystalline solid zoledronate. disoclium of claim 168, which is a sesquihydiate. 

7.1; Th:« .cfYSfa!Jme soli:d zo ledronate d;i:sodium of claim 44, Which is a monohydtate 

characterized by <lpowder X-ray dif,fr!l.Ctionvattemhavifig·peaksat6A-, 82, 16.0; 

17A, Eto, ancl:28.& ±0;,2 °28 (Form XX\111), 
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n, The crystalline solid zoledroni!le disodilini of clli.!J]l 71; fur:thercli.atacte.rize:d "by.a 

p<>Wdet X-ray diffraction pattern with.pe.\ksat 7-7; 10.2117.2, 18J, 21.~. 25.7,, 

@<i25;~ :t 0,2 °10. 

73. The c.rystaillne solid zqly(l!onate disodium ofrlai:m. 71,whicli is a monohydrate. 

14. Crystal]jne sqUdzoledrona1e trisodium. 

75. Th<l qystalfuie solidzoledronafo trisodium ofdaitti 74;; characterized.byapowcier 

X-ray di::ffractio:p, paj;tt:;pina.virrg peaks .at 8.3, 10.9, 15. 0, 16:6, and 22.8 ± .0.2 'l2ij 

(FonuIX), 

76. the crystalline solidzoledroriate trisodium of claim 75, further characterized by a 

powder :X-ray diffraction pattert:t with.peaks at UJ,.20;2, 20.91 20;97 2:i.b,_ 21:8, 

atl~ 29:0 ± b.1 Q28•. 

n Th.e crystal.uni"' solid zoledronate trisodiUtn of claim 75, which is aJrihydrafo. 

'78. The c:rystallih~ solid zoledronate trisodium of olan:n 74, characterized by a powder. 
\. 

·x:~ray diffraction pattern havili.g peaks at 62, 1.9, .8 .:s,, 10.6, 1;1I1d 12,2 ± 0.2°28 

(Fof.01:xl). 

79. '.The crystalline solid-zoledronate trisodimn of claim 78, :further ch:aractep.z<lci by a 

powder x..,raydiffiadionpattertr'¼ithpeaks at:15.0,l5A,t7.5, 18.$i L9,6~ '.t0.5; 
22.3, 23.7, 25.7,29,6, and3L70,2 "'20. 

80, The crystallhie: solid zoledronate .trisodium of cla:un 78, which is a dihydra,te. 

81. A l?rocess for preparing a sofol crysta,lline zoledJ;onate sodium .s.a:lt ,comprisfu:g; · 

a) dissolving zoledrQlric acid. in water to fonn. a,_ solution; 

b) a:4c!4tg a..bas~ t.o the scilµtion; anq 

c) co9¼i.g :fue sohrtiorrto-pretiJ)itlte crystalln:te·zoledrona:tes·O<l.iurn:. 

82. The process of claim 81, wherein the: crystalline solid zoledro:natesodium salds 

the mooosodiUiri. salt 

83. The process of claini 82; wherei:o,the: crystlllljnc; s91id io,ledro11ate inonosodium is 

selected from tb:t;, grq11p co;nsistiiig ofJ;lonu VIIl; J?o:rm XV1 and Foi:m: XVR 

84. The process of claim 81.? wh,erein 1:b.e crystalline solid zoledronate sodiUIIi. :salt is 

the disodi:Qm salt. 

85. '.l'h~ prqqes1, of cl.aim 84, wherein the crystalline solid zoledronate di sodium is 

selected from the group consisting ofForin V, Form VI. Fo@ vu,. Fonn X, Fqrm 

XIII, Form XIV; FonnXIX, Form XXV, 'and Form XXVII. 
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86~ Toe ptocess of claim 81, where~ the crystallirie sq lid zoledronate sodiw:n.· salt is 

the :i.tisodiu:rn salt 

87. 'I'he process ofclajm 8<5. wlle:i;em thtl' crysta.llihe solid zoledronate trisodium is 

self;Cted from the grou1;1 con,sisfutg ofFo:tm.IX and FonnXL 

88, A ptQce:,.s .for prep<U'.in~ ;i crystalline solid zoledronat:e sodium salt comprising; 

a) s~en<;UIIg zoledroirlc acid in a mixture of alcoho1/water 

b) adding to the suspension of a) a solution of a ba,g~. i:n. 311 t:;quiy~ent rnpctuJ:e of 

alcohol/water as that used in the suspen;;;ioii of.!!), tQ. tqrm a reactiorunixtute; 

and 

c) stunngthe :i;E;aCtionrni'xture for a time sufnciertt.toprecipitate a crystalline 

,sq}icl zoiedrona±e sodihrtl salt 

89,. The process of clahn SS, wherein the reaction ntlxturn is stirred at re;fiux for ab put 

lOto about 20 ho:urs, 

90. Th:e process ofclaun 88, wht:re,i,ri: the yciltinie ratlo of akohol/w:atet fo zciledtomc 

acicl Ill ~} and b). is 6-14 volufues, 

9 L The process of-claim 88, wherein the alcohol m a) and. b) is select~ from the 

group consisting of methanol, ethari.ol; isopropa:uol and dimethylformamide. 

92. Th:e process df cl~ :88, wherein the: zqledromc acid is zofodromc acid Forni 1 

and the ratroofacidto basi::: is l:L 

93. The proge,ss of claim ~8, wherein the zoledtortlc a,cid.is zoledronic acid :FOIIIl l 
and the ratio ofacidto base is 1:2. 

94. The ytocess, of claim ES, Wher¢in the zoledromQ ac:iclis zoiedronic acid Forni Xli 

0Md the J:;tlio of aci4 to 'base j.s t:L L 

95. - Th eprocess-of clllim:92:, wherein :the crysta.llitte sttlidzoledtonate s~nm salt ts 

the monosodium salt. 

96. I'li_eprocess of claim 95, whereirt the crys~e solid zofodronatemonosodium is 

selected from. the gtoup ct1nsisting 9fForm VlII, Form; XVI <Pl.9. FoxmXVII. 

97. The.process of claim 93 or clann 94, whef!=lm 1:he orysrol]jne solid zoledrot:iate 

sodium salt is thedlsoPi:um salt 

9K The process of claim 97, wlle:1;1;;in ih~,crystalline solid zoledronate disodiumis 

sel~feci :frpm the grmip con,sistmgofFon:ii V, F:Ottn VI, Fo:tm.VII, FormX, Forrn 

XIIt, Fonn :x:fv,':Forn:i, XIX, FortnXXV, andForm:XXVU. 
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99: The process of claim 88, wherein- the zoledrQJ:Jic-acid iir zofodto:mc'ac:id FoimXII 

ati.di:he ratio of@id to ba$ds 1:2;1,. 

lOO-; Toe process ofciain::l 99, w:b,e;r:ein the crystalline solid zoledtonate sodium salt is 

the trisodium salt. 

lQl. Th.eprpcei;;s ofol.wm 100, v,ihereinthe:crysta.lline solidzoledronate:bisodfum is 

s.elected :fi;oriithe group consisfu1gofF.onn IX andc'Form:xJ . 

.102, A process foi:'preparing a solid crystalline zoledro~e sodium salt comprisini: 

a) dissolving a crystal form of zoliedronate sodium in water to fortil a solution;· 

aa:d 

b) cooling the solution_ to precipitate a crystal fo:rm.ofzoledronatewoium which 

is different from the s:ta:rti:ng fonu in a) .. 

103. The p:toeess of claun 102,, wherem the v,,pl:£,r ii;: aq.ded in an amount of b etweell 20~ 

30 volwnes pervoh1me ofzoledr1;,nate sodimn. 

104. Aprocess furpr:eparing ci;ysta11irte. so1id zoledronate. monosodi11m Forn:t vn:t 
c;qmp:rising; 

a} adding a solution: of a base in, M $0%/20% y/y ~ ofwater/etha.no l to a 

suspension ofzoled:ro»ic acid fo.rm I in ·:;in 8b%/10% vNmixture of 

water/ethanol ~t elevatet;ltemperature; 

b) sfu-mig th.e PW(tu:re of a) atreflu:x temperature for about 1 Oto 20 hows;. and 
c) precipitating zo ledronaf e mOriOsodiJlDl Form VJtt, 

105. the process ofolairii 104, whe:rdn the base is Bodi.um hyt;h-oxide, which is added 

in an amount ofa 1:1 molarrado to the zoly{)ronic acid. 

106, 'fb:eptocesf: ofclaim 104/-Vherein: the volili:rie tatio ofwater/ethano1 to ZQl¢({:ronic 

acid fonn:I µi the SllSJ):ensfOn:ahd the solutionis betw:eena6,l4. 

1.07. A.1,:rocessforpreparin:g crystalline solid zoledrcmate:m:pn,osocliumE'orm VII1 

comprising: 

a) adding a soln:tion of abas\'i m ao. 80%/Z0%v/v mixture of wafer/methanol to ·a 

·suspension ofzoleciro:r;ric api<i form. I in. an 80%/20% v 1v 'i:n:ixtilre of 

water/met,hanpl at eievatedtempe:rll'ture; 

b) stirring the m:ixturl;J of a)at reflux tempei:afute for: about lO to 20hours;: attcl 

c) pi:eci'piJw:ing oZOlej:lronate monosodium.FprmVm: 

l 08.. 'The process of claim l 07, wherein the base: is S(l'qitt:in )iydrox1der Wbich is add~ 

in an amount ofa '1: 1 molar ratio to, the z0Jedr9nic acid. 
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109. The process o{clairn 107, wherein thevdlmne ratio 'ofwater/l;!:l.ethan.plto 

zoiedr,owc acid for:tnlin the suspension. and the solutioq fo-Qetween 6'.;14. 

fl(t A pro~essforpteparin~trystalline 'S9lid zoltld.i;orultt: monosodium Form VIII 

comprisi:rig: 

a) adding a soluti.oo ofal;r1J;se.in m 6Qo/o/4b%v/vmi."{ofufo ofwater/isopropau.ol to 

a suspen:sio);[ ofzolajromc apid fopn I.hi: an 60%140% -v/v ·mixtµre of 

water/isopropanol at elevated tetnperattite; 

b) st;i:mng the 111ixture ofa} at reflux temperafute for about 10 to 20:hpµrs; and 

1;) pri;cipitailirg zo1ed.ronafo monosodium Fann ym, 
11 t TheJ?roces~ ofcla:im: 110, where.m the '.base is ::;Qdiuin hydroxide, which is added 

in an amo-unt of a l:1 molarr11ti_o {Q. the .zofodroliic acid. 

112. The process of claim 1 lO, wherein the volume' ratio ofw~:r/isqpropanol to 

zok,dronfo at}id. fbtm l in the sil.Spension and the solutionjs -between, 6:-l 4. 

ll3, A.process forpreparib,gcrysfalline ,solid zokdrona,ternonosodfoiri Fo:tii:i XVI 

. comprisio.g~-

a) adding a soltrtiqn ofa base:UJ. a 50o/J50% v/v mixture of waterlethanoi w a 

suspens_idn ofzol~onic acid fortil lih a.50%/50%;v/v )lll){ture of 

watf?r/etha,nol at elevated temperattii:e; 

b) stimfig'the mixture of a) -at teflux: tem.pe:ratwe for about 10 fo 20 hoJtrs; and 

c) precipitating zoiedronaj:_e monosodium Fottn XV!. 

114. The process of claim l l;>, whereili the base is sodiutr:i hyd:ro.xi4~, which is qi:Ide4 

fu. ap: an;i:oµntofa.1:1 riiolar:ratio to the zoledrotnc ac_id, 

115. 1,:heprocess--ofclaim 113, whet.em.th'¢ vplume l;lil:i9, o.:fwa;ter/ethanolto zoledrotri:c 

· acid fo:rntI irt 'the suspension anci the sofotiorris between 6-l-4. 

116. A process for prepating crystalline solid zoledron:ate monosodium :Form XVI 

compriSlJ.'J.g: 

a) a'ddb:ig a solutfon 9fii. base iii a 50%/50% y/y PJlxti:Jl:i;; QfW,ater/.isopropanol to: 

a suspension of zo ledti:niit acid Fon:n I in: a 50%150% v /y prixture of' 

wa.ter/isop:ropanol at elevated temperatuxe; 

b) stirring the m:ixfute of a} at reflux temp~e fQr iiliout 10 to 20 hours__; and 

.c) prec:ipitii:ting; zplet:lmnate rnqnosodium Fonn X\rt 

117. TueprocesS of claim 116, wh,erein tb,e base fo,sodium hydtoxide, which is a.d,d.~d 

in. an amountof a. l:1 molar r_atio to the zoledronic-acid. 
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· 118, The process of \llzjrn H6 wherein the volmp,e ratio ofwat.e:disopropanolfo 

zoledronic ac,id fom:i. Tin the sµspens:j_on: and the solution is between 6-14. 

l 19. Aproc~s forpreparing crystalline solid zoledronate monosodiurn Form XVI 

~priswg: 

a) add:iri$ a solution .of a base in a 50%/50% v/v Jnixture qf watetlmethani::il to a 

suspension ofzoledtonic acid form rm a. ~0%/50% v/v mi,'x.tllW of 

water/ethanol .at .elevate,d temperature; 

h) stirring the nuxt:ure of a) at reflux temperature for about 10 to 20 hours; and 

c} precipi~g z:9fodn;mate monos.Odium Fotm XVI 

12.0. The J,lr(){)ess. ofcfaim 119, wherein: the baSe is so.dium: hydrqxide, which is add'e:d 

in an amount of a. I :l mofar r:atiq to tli.e zql~pnk acid, 

12L The procy3s of claini J 19, wherein ihevolUill,e rati9 ofwatet/methan61 to 

zotedr.omc acid fonn Jin the sofotionishetween 6-14 and the volume ratio· of 

water/e(l!anol jnthe susperuiibnishefween 6~14: 

121. A process rot preparing solid ctystalli:o:e-zoleclronafy; sOdillill Ji'orm.xvn: 
comprising: . 

a) dissotvmg zoledtonic acid fon;n; I in winer to form a solution; 

b) a_ddwg a b;i,se:to thei:;olut,iott; arid 

c) cooling the solutio:rt, optioruillywilli the addition ofan orgamc; soivei:it, to 

precipitate crysfulline zoledtonate sodium:Fbrm XVII'.; 

123. Apbartn~eutita1 com:position comprisu;ig the cry!lUllline solid zoledr.onate 

mon:osodiUID.ofol:i,im 3J, 

l24. Ap:ruinn~ceu;ticii.1 composition comprising the crystalline:soli(l...z9ledrQ1;!1,{te 

disodium .of'cifaim 44. 

125. A phatmaceutic·al composition comprising the cryst:illine .solid zoledwnate 

trisodium ofclaini 7 4. 

126, Amorphous monosodium zole<;Iron::ite, 

127. AmorphotlS diso,diUIU zoledron~te. 

12&. Amorphous tri!?Dclillill zoledronate. 

i29.. ,!\pbarm;ice11tical t;on;tposition comprising the amorphous solid zoledronate of 

claim 126: 

130. A protesHorpteparing zoledton:a'te. amorphous sodium compriswg: 

69 
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. I 
I. 

WO 2005/005447 PCT/US2004/02l626 

treating zoledronic add a,nd a b.~e, iii water at room temperature, and precipitating 

z.oled:ronate am.orph.o~ sodi:um. 

131. The process ofc1;rim .13Q1 wh~cin the:tatio of acid:baseis l: 1.l-

132" The process ofcJaim, t3(), wherein the ratio ofacid:base is 1 :2. 1, 

70 
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ZOLEDRONAtE: LB-272, OS.Ot.2005 J4;:2M52 
ZQLEDRONATE'. Ls!-272;. 314200 mg 

~:3:of ;4°if oo!f /!~· ~mi~tl\nifmin 

INTEGRAL · :-:20~134 mJ: · 
NORMALIZED -:6Ji2l Jf-1 

'P&iK :202Ji O G 
LEFT · LIMIT 1 :83:i05 °· c 
'RIGHT LIMIT 205.23 °: C.· . 

,; ' ',.. • I 

4.C 100 :so: 10.0 120' 140 1l0 180 200. 220 240.. 260 :2a:o QC 

~- ' l r I I I I 1
1 't J, J .J .I J I I I r l t J l I J ' l J !. \. 

0 2· :4 B 8 lO 1Z 14 1.:6 ta ·20· 22 24 min 

DSC, CURVE: o.r .WlEDRONIC~ ACID. FORM I 
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Flm FORM 11 l.8-274 :$HO, lD-: ANALYST: ERAN. 
. STEP· :: 0.050 °· Cnt ].Mfa t:QOO :-SEC.i 

MNGE: ·2.00~40.:oo: .(UEQ) CONl SCAN .~TE :: l~O D'~G/MINt 

' "' '"'''","'"·-'-'·--·-"""·'·,· ....... ' ,' '' ' ' : -'.- .... '·, ,' ', . ' '·:' ',':: '' .. --,-.. .,.....,....,, _.,--, ,,,· -. ',-,.., '-:--, . ......,.....,,.--...,.,;-,. ' ' ' ' ' ... ·;--. '' 
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'FILE: FORM XI I. AmL, Sa SHQ, ID: ANALYST:· E.RA~. 
STEP !. 0;0:5:0° Cnt TIME: 1.000 SEC; 

RANGE: wo~4o~no {DEG)~ coNI :SCAN: RATE ;:: Ioo oiWM1N. 
,. ,' '"' ',·:." ·::, .,,:·>··."::;·,.,·;,·, 

1:0 M a..o tta1 tto · t?.o :20.:0. 23_.o: :w;o: zs·iO ,3.2,0 J.s,0 :I8;o, 
:DEGi 

Pl G .4 x ... ~y Powo~ 01 F:FRAono» oy zaLEoRo~e ACJD F~l!M xn 
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FILE:. FORM XV: ZLD: LB.-337 :SHQt ID: ANALYST: ERAN .. 
.STEP :: :0.0:50·~ Cnt TIME: ·LOOD' $EC~ 

RANGE.; 2.0q-4MO "(DEG} GO~. 'SCAN .AAIE: :: 3.00 DEG/MIN. 

1:0500· 
'99'0o: 

:9.300 

8700 · 
8f00 . 
7500·. 
:p900 · 
6300 

:en . 
--~ sw.o··· 

FIG' ... 5 

5l00 · 
45mO:: 

390:0 
3300 , . 
2100· . 
. 2;10:0· . 
lSOO · 

900; 
300 

tlO l4~0 110 20.,0 2:3;0 ZoiO 2.9:,.0 32:.0 35.:.0 38.ib 

DEG.. 

x~AAY POWDER DlFFRAC.TI'ON OF WLEDRONIO .ACID EORM XV 

' O,: x 
-i 
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FlG.6 

FILE: FORM XVlll :ZLO :M$-/5~7 CROP ll SHQ, lD: ANALYST: ERAN, 
STEP,' :: 0.05f :cnt TIME~ tQOU s~c,, 

f½NGE; :2.oo:~40.,0:0 (DEG} .CONf/ SCAN RATE'. : .o.00 DEG/Ml,N. 

2.0 5;:Q 1tn 17.;0' <20,.0 2~.o 2ijJ :29:,0: 3:2::0 35.0 38.o 
omf' 

X~RAY POWDER :.DlFf RAC1.ION OF ZOLEDRbNlC ACID: :FORM XV.llil 
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:FILE: :FORM XX: ZLD fl-~Oo5 SHQ:; JD:, ANALYST: ERAN, 

STEP :: U . .0500 cnt TIMf: tDOO <SEC, 
AANGE: tP'0~'40:.DO; (DEG) CONT. :scAN; :RATE; : 3;00 DEG/MIN. 

--.....--··· · .. ,·:- .. "".';•.•,.,•.,.,.,•.,.·, .. · .. ·.·.,"·"·-··· .. ···.·-. 
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FILE:JORM XXVI: ZLO LB-S6a $H0.i lD: ANALYST;. 'ERAN, . 

STEP. ; Q;05_ij:'
0 

:Cnt TIM~:. tOOO, SEC. 

RANGE:· tU0-40.iOO ,(DEG) :G:O'NTi.::§~~tAAT~:J 4tOOJEO,/M/N. 

.CXJ 

' '","· ' ~ ' 
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FILE::_ FORM VIJI LB~:305 'CROP I SHQ., ID~ ANALYST: ERAN. 
STEP::: OiOoO~ ·tnt TIM[ LOOO :SEC, 

RANGE; 2.0~~40.00 (DEG~; CONt~ S.~AN . RATE ,: 3i0~: :OEG/MIN:, 

1295'0 
12250 
11550 ·, · 

.~· l0850 ': 
~. to·rno ·•. 
~ 9450: : 
2' 8750 : 
.~ 8050: 
m '"' 
(JJ C.: 73SQ·. 
ffi Q 6650 
m. s9so 

. ,.,... 5250. • 
·~ 4550 
r 3850· m 
N. . 3t5Q 

·~: 2450 
175'0 
l050 ,, 

350·.,, 
•,' . 

to '5.o to 11.0 lto t7.0 zo.io 210: 2s.o 2e.o 32.0: 35;o 3M 
:D.EG1 

FlG .. 9. X~RAY POWDER DIFFRACTION OF ZOlEDR0NATE MON.OSODIUM FORM VIU 
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:Fllt: ~ORM :xvr ZlD lB--~J:9 . SHO:i: ID: AN~LYST;: ERAN. 
STEP ::· 0.050 ~ '.Cnt TIME: 1 :OD"O SEC. 

:RANGE: ,2 .. :o~·-4ojOO: (DSG) :C:ONL SCAN . ~I~ : 3:.00 DEG/MIN. 

FI.G .. 10 

-
I 
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FILE: EORM XVU tW LB-348:·CROP:-'Jl SHQ, l"D.: ANALYST: EAAN. 
STEP :· :0,05Q° Cnl TIME: t.OQQ: 'SEC • 

. RANGE: 2.oa ... 40]0 t~£G1 CONT. ·$CAN. RATE 1 J,ao DEG/MW, 

'3t71· 
3000,'' 
:2828:, 

:~: · :2657 ·.· 
·~ 2486- · 
.g '2314 . 
§ 2142 
-~ ,· l97l , 
o, .~: l800 
:c v 1628 m ... ·· 
··~· l457 
j 11~85 
.c · .. 1·1:4 

'~ .942' .·· 

,t\) 77l 
,$ 600 

428 
267 · 
85 ., :· 

,.,,_~..,......,_..,.------~_.._.._---.,.:;....___,___,.-.,.._~_............,_~....,..-.4 

2.0 510 a:.o tto 14.:.n n.o 20.0 :23:,-d .20.0 2s.:o 32.0 35..0
1 ZM 

. DEG., 

.. FIG J 1 X~!IAYPOWUER OIFFFACTilON:, ofzo~DRONATE MONOSODIUUORM mu 
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·~··· ...... ::, ...... :.,·:·· ....... ,':,,:,,, ......... , .. ,': ..... :: .. : ...... :~·,,. .. .": 
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Fl~~: FORM VI .ZLD MS-Mi. SHQt JD:~ ANALYST:.E~N:,:. . . .. 
STEP : 0.050° Cmt 'TIME 1 fooo 'SEt 

RANGE: 2.po~40.00 (DEG} GONl. :SCAN:' ·RA~E : MO DEG/MIN. 

2;0, 5.0 8.0 110 14.0 ttO 20,0 ZJ.O 26.0 29.'.0 ·32.n 35.0 38i0 

F·· .. ······l·G·.• .. · ...•. ·1:· ·.3·,· .. : ·.··• DEG; ·:. x~AA¥
1 

POWDEe · DlffRACtfON OF ZOLEDRONATE OISODIUM FORM VI 
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::ALE: FORM VII ZLD MS-50\t SHQt ID: ANALYST: ERAN. 
STEP ,; 0.05.0 9 Cnt: TIME tOOO· SEC. 

RANGE: Z.00-40 .. 00 (PEG} CQ~IT. SCAN 
1

RATE. : 3.00 DEG/MIN, 

2J 5;0 :e!,o 11 .n 14,0: t1.o 2:0.u 2.3,o; 2eio 29;0 32,0 . 35~:o !B'..o. 

DEGt 

FIG) 14 ·. X-RAY POWDER rnFFRACTION OF Z0LEDRONATE a1sornoM FORM vu 
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(Jj 
C 
O"J 
r:n :, 
~-

7000 · 
6600: 
6200,''' 
5800' 
5400 
5,000 .. 

FlLE: FO~M X ,.18;·$02, SHQ:, ID: ANALYST: ERAN,, 

STEP t 0:@5Q 
0

' Cnt TIME tO~O SECi 
;RANGE: 2.:00~40;00 (DEG) 'CONt S¼AN RAJE t ioa 'DEG/MIN,, 

~ 4000 , 
m_,._ 

f/): 4:200 
~- -~ 3800' 

~ 3,400, 
.j 

3000 
26M • 
2200 
1800 . 
1400. I 

toQO, . 
. 60'0, 
200, 

M s.o ·s.o nio 10: n.o 20:0' 2sto :26.n 2e:io 3ta 3.s.u, 38'.'0 
DEP; 

FIG.15 x.-&1v rowoER 01~cnow ct zmoRoNAiE 01s001uM FOR~ x 

,-·······- ,· ,,_ -~. ___ ._.,_,,,.,,,, _ _..,_.,.___:; ... ,,-'·-''••• ..... - ', ... ',"' ,,,.-....... ,,.. .... ,.' 

-· 
I 
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FILE: IORM XIIJ ZLO Ms·~482 :SHQ', JQ:· ANA~YST! :,RA~ 
·· .. · .... STtP :; :0,05~:Q Cnt TIME LOOQ' SEC! 

RANG[!: t00:4MO (DEG} CONT. SCAN .. RATi ·: ,3:,00 DEG/MIN:· · 

(/l 
t 
a,: 
. ~ 
~ 
C 
~ 
m 

4440 
42.00 . 

· ~aeo. 
3720 '' 
j480 .· . 
32:40 
:3000:. 
·2760 . 

C/J' . (/l 2520. ! 0.. .·. ,', . 

rn ° ·22:BO · . 

-~ :2040. 
-~· 1800 
~ }560 . . 
m ,,320 ·· 
N 1:QijQ : 

:$ frtQ. ·. 

·soo 
360· 
120 

2.0· s.!o a,.0 rte 1Ao 110 :2M 23.o 2u 20.0 · 32:.0 35:;o 3.B.o 
'D•.EG. 

~lG · 16 NAY POWD~ OIFOO.CnO.N Of :zo~RONATE. UISODIUM: FORM Xlfl 
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etLE: FORM XIV ZlD MS-484 SHQ, JD::. ANALYST: -ERAN, 

STEP : 0,.050 b.: :Cnt TIME LO.D~ . SEC~ 
-!f~ANGE: t00~4MD :(D.EGl ·CPNl :SCAN RATE;: .MO eEG/M!Nl 

1:6500: 
ts5on ·. 

-.~ t4500 ... 

:ffi · t3500' 
~ .. ' 

:;:j · moo 
,c 11500: 
~ m 10500 .· 
.~ 9.500 
m ·&: :8500 
m G-1· •· .. ··:o··. ~ 75 .0 / 

........ ;o 6500 
~ 550.0 . 
m 4500· · . 
N 
~- 3500: ·, 

25Q~·. 
1,500 · 

500·. 
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flL(: FORM XIX ~l~ M:S-51$: SHQ, I.Dr .ANALYSJt E&A.N •. 

SI~P : ~.·.050:d C.nf TIM:E l.'000 SEC.: 

MNG.Er Z-00-401~0 {D~~} :C\)_Mlo ·SCAN: RATE } '3.0Q btG/MIN. 

\ 

2.0 :Sia a,.o 1 to· 14-0 11.0. 20.0- 210 26:.0 29:o: 32 .• 0 3510 3a.o, 

F
·1·G·. 1·a· ~ : ; .: · · ·· •. · · : · · x~R.AY POWDER 01FF1cr10N :oF WLEDRONATE 01s.0DMM foeM: xix 

··--·-·"···-~·-·· ........ - .............. ,.;,;:-·-''"··"·-····'· ·,.·,,,,.·.· ·~-·····-·.·····""""••• ·-"····· 
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' ' 

:FllE: 'FORM :XXV ZtD; .MS-486 SH~); JP{ ANAlYSJ:: ERAN:,; 

. :SWP· ·~ JJ~OS~1
Q :Cnt Tl.ME 1 i000 SEC.. 

RANGE-: 2,:oo:~40 .. 00: {OEG}QONT.. SC~N RATE : ioa.· DEG/M!Ni 

2466 
:233.3 : 

2200 
2066 . 
,19.33· •: 

108.00 

1656> 
153.3 : 
1AOO; · · 
1266: 
1133· · 
10.00 
8'66' 
733· 
:soo· 
466 . 
. 333: 
:20.0 · 

66: . 
~~~~,......,_...,_~~___,_..._.,_.,_,...~~~....,--,.....ii~"r""""""\ 

2.0 ,s.o a.o 11,0 14.o m 20.o 2z.~ · ~a.o '29.0 az.o 35.o ae.o 

F· .... f :f' .. t .. ··.•.• .·· ~.· .. ,.·.· ..• ,g .. ·.·. DEG. 
' ,· \J' '' X-RAY Powo,R DJFFRAOIJQNi iQF WlEDRO'.NATE DISODlUM FORM :xxv 

. I 
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Ritt~ :FORM XXVTI :zLD MS.~487 SHQ, JD: ANALYST: E~Ni 
~TtP :: 0:,~'~0:° Cnt TIME tOOO sm 

RANG:Et t00~4MQ (OcG} to,~: :SCA.N- RAlI :: 3;00 DEG/MIN:. 

12950 ., 
l.2250 
1.1550. 
10850 ': 
'101'.5Q . 

9A50 
8750.:- · 

80.50 
715.o· .. ,:· (() tJ 

5 66501 

5:9.50 
5250, . 
4oso- · 
3850. · 
:lt&O. 
24~0 
't75f, . 
'1050 . 

350- .. 
~~~~~,--i~.....-,,-..,yo~~..,.___....,._.,..,.,.~__,.~,,....,.,.i 

2.0· s.o a,.o , to 14.Q 17.0: 20:,0 2s.:o 2e;o 2e·.o .32,·,o ss.o ,38,o 
. DEG,. 

Fl G .. 20 x~AAY PoWo(e .o:iFFMot10N. ot zoLEDRbNATE 01soo1uM mRM xxvi 1 
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FlLE'.: FORM· IX MS~:444 :SHQ, ID: .ANA~YST:. ERAN. 
: } , :STEP ;:- .Oi050°' C.ht TIME tOOO :StC.-

RANGE: too~.4:~,-~,o'. (DEG.) CONJ: ~CAN f(ATE ; MO :DEG/MIN. 

14000:,:· 
1$200 . 

'(J) '12400 
~· 11500 . 
~ '1.0800 · 
~ ·10000 
;~ 9200: · 
m 

:840.0.··· 
(./) V1 

Im•·.•.·. '5 7600 
m 6800 : 
_,· 600.0 

·ii""'-. 

·;u 5200 · 

~ 4400 · 
~. 360:0 
$ 2.800 

2000 
t20.0·· 
400 

w s.0: a.a 11 .. 0 t4,o ·rte· 20.-0: 210 :2e:o: ·29:_o 32.0 35.o .3a\·o 
DEG; 

FJG .. 21 x~:RAV POWDER Ol~CTI'PN O:F ZOlED:RONATE O.ISQDIUM tORM lX 
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FILE: :FORM Xl 'M~.~43:6: SHQ:, lD:: AN~LY:~T:· 'ERAN~ 
STEP :-: o:.050° Oat: ilME 1.0~0: :~ECt: 

RANGE: tO:Q ... 40~0~ {D:EG} .C,QNT,.:.S:QAN RAl: :31 .. ~·o: PEG/MIN..., ... 

M: 5~0 8.o lt.O t'(O 17;0· 2M 2.3.-0 2M Z9,0 32:ff 35·,o· ·3M: 
DEG, 

FIG. 22 'XQ·.RAY POWDER DIFFRACTION OF ZOLEDR.ONATE DISO:DIUM. 'FO.RM XI 
I 

, __ ,,..,, ,. __ ,.. __ .. ·--, .. ,_ . .:.-.: _;,_,,_,,__.;;,__;;:,_,,,,:;;;.~;,,,,_~~ .......... · · ....... ,, .. ,..-....... ·, .. ___ ... -· 



01462

FllE: AMORPHOUS. zm MS--433·: SHQ, }D} ANALYSJ: EINAI 
Sj[~ } .~moo:0 

Ont TIME t000 SEC. 
RANGE: 2.00-40.0d (DEG) GONt SCAN RATE' :: ;3.,0.a,. DEG/MIN. 

2775: 
· 2625- ', 

247$ ,, 
2325: . 
,2175: 
2025 , 
1875 : 
l725 •' 
1575 

ct,; : __ · ... ' 

&:H.:25 
1275 
025 .. 
9.75 
a:zs · 
675- . 
. 5.25: 
3n· 
225. 
75 

' ' 

Z-0 :5 .. D 8.!0· 1t0 1.4.0: .17.0 20;,g 23.iO '2$,0: 2~~0: J2.!.0' 3S:.O :38 .. 0 
DEG1 

F1G. 23 ·*·~Y POWDER >D:IFFRACTION Of ZOlEDRONATE SODIUM: .AMORPHOUS 
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STEP ~t8M% 
.. ~,PJf 9: mg 

LEFT UMIT 25.009C 
RIGHT UMIT t,0:11 t 
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fl) 
.c 
~ 
~OJmg 
C 
"1 
rn 
en 
:t 
m 
m ,,, 
~ 

:;u 
:c 
r 
lJ7 

ZOLEDRON[C AClD~rORM· n : ',,, I"'",",' ",, :': 'i ' 

80: N 
0) 

V / I' l I T , f ) 1 f I Y '1 l I I . I I' · · L · · I . · I ·, · J , ,, , I ) J" , I I ,,,, I 1. I l ':i: · ·· ! · ··I, 1 ,, r, · '1 · 1. .t ·· J I i · , J · , I 

:Q: 2 4 s :a .ro ·t2 1A rn ta: 20: tnin 
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2.0LED~ONIC ACID F~RM~XlI 

(f) 
:c 
'OJ 
'(/) ,-,· 
.:=i .0 :5 m_g_ .. · C .... , STEP· ,-5,:9-64%: ,.., 
:m 
:OJ. 
I 
rn 
~· 

.~ 

7J 
C 
f 
m 
N 
0, 
-~ 

70.~57~ mg 
LE,Fr ~IMIT 25:00 °C 
RfGHT LIMIT 1 :&OJ.3 ~.c 

40 so ap too rn~: HO tao ,so· 200. 220 240 t 
1 . 1 .. r 1 . . 1.. .. , . r . . 1 . 1 .. . 1 . r . . " .. 1 . ,, . 1 1 . , ·· , r r :1 1 ... , . s 

·· ·· J · 1, · , 1 · J · 1: · 1 1 · r·· "'1" · r · 1 t 1. 1 .! · r · .r r ' ,i 1 1 

·Q. 2 4 6 6 10 12 '14 t6 1.:8 20 ml'n 

TGA CURVE Of ZOLEORONIC !ACID· fORMXII 

~"~~,.,.'/, . ..,.,,,.,..,~:•"}"I",,,,', .. ,---•-•, .. ,·.,, , ","'"'•,'',:-1~,~~~_....,,\•..,-~-··-",.,-,,.w ___ ,.,,.-,..,-~-·"""-"_.,".'"'•••--"'-·"''""''"'--
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en 
'C 
,O'J 
(/) 
~ 
::ro :1 · ···· 
CL .:mg: 
-{ '' 

m 
(/) 
I 
m 
:m .., 
~ 

iO . 
C 
p 
rn 
N, 
Ol 

:ZOLEDRONIC ACIO FOR~~xv 

.. :~: ' ' 

'' 
', ·.: .. <,,,. 

~ 

STEP' ~o:}o3% 
-~·o.JOl. mg 

LEFT LIMIT 25::0Q°C . 
RIGHT U,MIT :202i.3.3· °C 

y: 20 ,'. AO 6,0 ·, SQ . 100 ·,:. 1.~0 · H01 l60 ,, tao 200 · 220 .·, 240 JC 
/ I I ' I ,, ,. '' I, I ·1· T :1 ,:1 'I ' l ' I I 1: ,•. I ' l. ,,,',', J VI 'j' ' I I, ' I . 11 t · .1 1 , ·· · 1 . 1 1 ( 1 · · k "I· · · J · · · J · , r , r .1. 1 · · J · ::1: ·· .,. r .. 

:o :2 4 . .6 ·e m t2 l4 16·. 18· 20 :22 min 
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:(/) 
C m 
(JJ, 
~ 
=i.·, .·''· ,c: 1 mg. 
~. ' 

m 
(/j 
I 
m 
111 .., 
~ 
C r ·m 
N 
0). 

Vo 

STEP ·-5)37%: 
,~oian 1:tn.~: 

.~~ Ll,M.IJ. 25,Q0,
0

0: 
RlGHT LIMIT t801QJ '·0p 

4,0 60, 80 1001 120. ' 14,0, 160 180 ·20.0 220': 240, 
0
C' 

/ I .. I I j I f .L ' l ·I·. l I . ;I. f' I l · .f I ·r: I '' I . ') ... · 1 :~ l 1 1, 1 · I · 1 I · r · J ! , .. r , . 1 · · r 1 · hr r \. 1, ,I. :I; t I · 1 ,,, r 
0 :2 .4. 6 8 1 O 12 14 M fB: .20· min . 

rr::lt1 ;ZQ.· .. ·.; r1uL ... o 
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40· 

:Q 

. STEP· -d:.484% . 
~51:~925e~Q:3 rog . 

LEFF LIMIT' 25:JOD ~c · 
:RIGHT llMII .:$0M9 q C: . 

'80 

6: a·· · 10: 12 1'4 l8 
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,J $TEP '•l.,29:8% 
-01:1:aJm9 

LEfT LIMIT 28:.Bt ·00 
RlGHf LIMIT; ·1 M.53:t 

·TOA CURV[ .OF ZOI~DRONI.C ACID F.QRM XXY:1 

FlQ.30 
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ZW F0RM·V:Hl 

SJ~P ~15.59,01 
-o,e·7:6 mg, 

LEFr UMIT 25(:009:c . 
RIGHT LIMIT 210.'65 ~c 

TGA 'CURVE QF "ZOLEDRQNATE MONOSODIUM :FORM Vll! 
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Cf) 

:C 
OJ o, 
~-5 mg • 
C I 

STEP ~s~s:a:3% .,. 
m 
;(f) 
I 
m rn ., 
.,...,.., 

lJ 
C 

. r. 
rn 

~D,:75Qm~ 
ttFr UMIT 25:.o.o °C 
:RJGHT LIMIT 20Mo 0'C: 

~ ,40 60 so- too J 20. t4o t.60 i:ao 200 220 ,240 Qc 
~ t.. I I' J' I f . l I l I I . 'I I 'I I I I . 'I ,, . l ' J . I .. ' ) I ~ 

i ·' .. i .... ' .... Ii. ' . ' , .... J ·· l I , . ' .i i i.. · 1- . ·J . ·1 . ·. + i . i A ·.r' 
Q 2· 4 6 8 lO t2 H l6 1'8 '20 min; 
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(J) 
·c 
OJ 
r.n 
~: 
~·· 

•.~•·. ·1 mg 

STfJ ·,..1 OA30% 
~t,032 mg. 

LEFr LIMIT :25iUO °C . m 
cn. 
:c 
rn 
m 
·~ 

/1"'!:-i 
·:;u 
C r m· 
K). a, 

'"""' 

R:IGHT LIMIT WW1 OC 

·4U 60 80 fOO: '120 140 l60" 180 200 220' ~,0-
1 r 1· , I , 

1 
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Zoledronate Disodium 
USAN 

-- .-:-~--· __ .:-

Treatment of Tumor-Induced Hypercalcemia 
Angiogenesis Inhibitor 

Zoledronic Acid Disodium Salt Hydrate (Rec INNM) 

CGP-42446A 
ZOL-446 
Zometa™ 

1-Hydroxy-2-(1-imidazolyl)ethylene-1, 1-dip ho:;;phonic acid disodium salt tetrahydrate 

CAS: 165800-07-7 
CAS: 157432-59-2 (as Mg salt) 
CAS: 157432-58-1 (as Zn salt)· 
CAS: 131654-46-1 (anhydrous) 

Mol wt: 388-1124 

CAS: 118072-93-8 (as anhydrous free acid) 
CAS: 165800-06-6 (as free acid monohydrate) 

EN: 144428 

Synthesis 

Zoledronate sodium can be prepared by reaction ot 
2-(1-imidazolyl)acetic acid hydrochloride (I) with PCl

3
, 

with optional presence of phosphoric acid, in refluxing 
chlorobenzene, 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.j:>. 239 °C (decomp.); disodium salt dihy~ 
drate, m-P- 291-3 °C (decomp.). 

Scheme 1: Synthesis of Zoledronate Sodium 

Introduction 

~ ~OH · 
NC/ II .HCI 

0 

(1) 

1) PCI; / H3PO4 

2)HCI 
Jjrla.DH 

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. 

LA. Sorbera, x_ Rabasseda. J. Castaner. Preus 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. Osteoclasts are 
specialized cells that erode mineralized bone via acids 
-ahd lysosomal enzymes. Factors that activate osteoclasts 
include parathyroid hormone-related peptide, growth fac~ 
tors, interleul<ins-1 and -6, tumor necrosis faC!Or-tl, !ym­
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 fon:nation. Their exact mechanism 
is not fully understood, but may include direct toxic effects 
on mature osteoclasts; inhibition of osteoclast differentia­
tion and/or impaired osteoclast chemotaxis (2, 3). 

Bisphosphonates are analogs of simple 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 soft 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 they remain until the bone is 
resorbed. However, all the available compounds are 
poorly absorbed from the gastrointestinal 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 hypercalcemia . .and/or osteolytlc -- bone. 
metastases.· The use of these compounds has: been 
shown to decrease bone pain and the risk of fractures 
and to delay the occurrence of skeletal comp_lications. 
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 blsphosphonate 
characterized by a side chain that includes an imidazole 
ring. 

Pharmacological Actions 

Zoledronate was found to be extremely potent in 
inhibiting 1,25-(OH}p

3
-induced calcium release from 

Zoledronate Disodium 

mouse calvarial cultures. in vitro; IC50 values of 0.002 and 
0.2 µM were obtained for zoledronate and pamidronate, 
respectively. Zoledronate also markedly and dose-depen­
dently inhibited parathyroid, parathyroid-related protein 
and recombinant human interleukin-1 ~-induced calcium 
release with IC50 values ranging from 2-7 nM, which was 
40-100 times more potent than pamidronate (5). Another 
·;n vitro study showed that the IC50 values for zoledronate 
to inhibit squalene synthesis in rat liver microsomes and 
sterol synthesis in a mouse osteoblast-like cell line 
(MC3T3) were 11.1 and 17 µM, respectively (6). · 

An ED50 value for zoledronate to reduce hypercal­
cemia in 1,25-(OH)2D3-treated thyroparathyroidec­
tomized rats in ·vivo of 0.072 ± 0.018 µg/kg s.c. was 
reported, which was 850 times more potent than values 
obtained for pamidronate (61 ± 7.5 ~Lg/kg s.c.). 
Zoledronate treatment resulted in dose-dependent inhibi­
tion of 1,25-(OH)2D3-induced hypercalcemia with 
maximum effects (100%) observed with a dose of 
1 .4 µg/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 
(ED

50 
~ 0.19 :±: 0.06 vs. 23 ± 2.9 mg/kg p.o.). Following 

i.v. administration, zoledronate was 690 times more 
active than pamidronate (ED50 = 0.1 6 vs. 11 o µg/kg 
i.v.) (5). 

Short-term zoledronate treatment (0.028, 0-.28 and 28 
µg/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 (ED50 = 1.7 µg/kg) was 
nhcon,arl ~c:::: .vi,eall ::I<: inr;roac.o.c in f~mnr!:11 fr::ihor.11l~r ~1-

ciUm (ED
50 

= 0.17 µg/kg) and hydroxy pro line (ED
50 

= 1.1 
µg/kg) content and decreases in the mineral apposition 
rate (37-39%); nci changes were observed in cortical 
bone. Short-term zoledronate treatment was concluded to 
be 100 times more potent than treatment with 
pamidronate (3.7-370 µg/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-week·1-with 
primary tumor formation and before· 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 metastases. Osteolytic bone metastases 
were significantly reduced and a decrease in tumor bur­
den was observed through histomorphometrical analysis 
in mice treated with zoledronate alone:; soft organ (lung 
and liver) metastases were unaffected by zoledronate 
treatment. Although zoledronate treatment alone had no 
effects on survival, wh.en combined with the anitcancer 
agents, survival was markedly extended (8). 

The effect of zoledronate on ovariectomized animals 
has also been assessed. Long-term ·ZOledronate treat­
ment (0.3, 1.5 or 1.7 µg/kg s.c. once/week for 1 year) in 
ovarlectomized mature rats (4 months) was effective and 
resulted in significant,_ dose-dependent prevention of 



01487

. I 

Drugs Fut 2000, 25(3) 

bone loss. The agent was shown to inhibit augmented 
bone remodeling due to estrogen deficiency (9j. 

Results from studies using adult ovariectomized rhe­
sus monkeys showed that long-term zoledronate treat­
ment (0.5, 2.5 or 12.5 'µg/kg s.c. once weekly for 69 
weeks) was we[! tolerated and prevented development of 
absolute osteopenia. After 13 weeks of treatment, total 
body and lumbar spinal bone mass and skeletal turnover 
were decreased in a dose-dependent manner. 
Histological analysis of biopsies from the 7th 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 mgikg zoledronate were significantly 
less than untreated animals and those treated with 0.5 
mg/kg; only the 12.5 mg/kg dose was found to signifi­
cantly decrease the mineral apposition rate (10, 11). 

Arthritic bone 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 µfl/kg/day s.c. 
from day 1, 14 or 28 after arthritis 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 al_terations suggest that zoledronate may 
affect other cell types ln addition to osteoblastfosteoblast 
lineages (12, 13). · 

Another study using carrageenan intraarticular injec­
tion in the right krwe (for 4 weeks) to induce arthritis in 
rabbits, showed partial chondroprotective effects of zole­
dronate (10 µg/kg s.c. 3 times/week -for 4 weeks). 
Although zoledronale 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 cartilage erosion and 3 and 1 
a nima Is showing focal . cartilage-erosion and. cartilage 
fibrillation, respectively. In contrast, 6/Tuntreated animals 
displayed extensive cartilage.erosion. Zoledronate main­
tained subchondral bone thickness and hardness and 
cancellous bone volume, In addition to preventing focal 
breaks in the osteochondral barrier. The effects of the 
drug were concluded to be due to prevention of bone 
resorption (14). A similar study showed that zoledronate 
treatment (3 µg/kg/day s.c. for 49 days during arthritis 
induction) resulted in a reduction in type II collagen loss 
and a decrease in the percentage of denatured collagen 
present in tibia samples (15). 

The intestinal tolerability of zoledronate was exam­
ined both in an acute in vivo model in rats involving lumi­
nal perfusion of ilea! loops and In 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_ 
mM disrupted the intestinai permeabiiity barrier within i h 
in vivo, while 1 and 10 _mM had no effect. Thus, zole­
dronate's ability to inhibit bone resorption while having 
low potential to increase damage to intestinal mucosa! 
may result in a higher therapeutic ratio in humans as' 
compared to pamidronate (16). 

Pharmacokinetics and Metabolism 

Zoledronate showed a low oral bioavailability when 
administered orally in 1,25-dihydroxyvitamin D3-treated, 
thyroparathyroidectomized rats (5). 

Clinical Studies 

The tolerability and efficacy of a single infusion of 
zoledronate (24, 72, 216 and 400 fLg 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 µg. However, with 
doses of 216 and 400 µg, urinary hydroxyproline/creati­
nine excretion decreased by 1 S-19% on postinfusion 
days 3, 7. 1 0 and 14 and by 33-48% on days 1, 7 and 1 o, 
respectively; urinary calcium/creatinine was reduced by 
15-40% on days 1, 3, 7, 10 and-14 and by 55-71% o_n 
days 3,.7, 10 and 14, respectively. No acute phase reac­
tions, leukopenia or renal or hepatic toxicities were 
observed (17) (Box 1). 

A r~nrlnmi-:rorlJ no11hla...hlin,\ pbrc.ho.rnntrnll.o.n, rlnc.c. 

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 µg for 
2 h). A rapid decrease in median fasting- urinary hyd-roxy­
proline/creatinine excretion was observed (nadir at day 
10) With significant differences from placebo noted With 
the 200 and 400 µg doses. ln addition, all dose groups 
displayed---a,signlficant:.teduction 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 µg. Dose-depen- · 
dent responses were observed In the number of thera­
peutic responders for serum alkaline phosphatase 
activity. In the group receiving 400 µg, 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 µg/dl) developed 5-10 days posttreatment in 
3 patients given 400 µg and was resolved Vl'ithoui treat­
ment. No drug-related alterations in hematological para­
meters were seen (18) (Box 2). 
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Box 1: Antiresorptive effect of zoledronate in Paget's disease of bone (17) {Prous Science CS/ine database]. 

+zoledronale was administered as a single 1-h infusion 

Box 2: Zoledronate in the treatment of Paget's disease of bone (18) {Prous Science CS/ine database]. 

•Zoledronate was adminislered as a single 5-rnin infusion in 60 ml ciextrose 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 µg as single i.v. infusion being 
optimal (19, 20) (Boxes 3 and 4). 

A subpopulation (28 patients) from this same study 
was used to monitor the urinary excretion of nonisomer­
ized and ~-isomerized forms of type I collagen breakdown 
products to determine the efficacy of single i.v. injections 
of zoledronate (200 or 400 µg). Serum type I collagen 
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•zotedronate was administered as a 60-min infusion 

Box 4: Zaledronate in the treatment of Paget's disea_se (20) [Prous Science CS/ine database]. 

•Zoledronate was administered as a single 60-min infusion 
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Box 5: Monitoring the effects of zoledronate treahnent in Paget's disease of bone (21) [Prous Science CS/ine database}. 

Box 6: Phase I trial of zo/edronate in patients with osteolytic bone metastases (22) [Prous Science CS/ine database]. 

+zoledronate was administered as a 5-30 min infusion once monthly for 3 months 

C-termlnal extension propeptide (PICP) and urinary 
excreted N-telopeptide breakdown products (NTX) and 
G--telopeptide products (aCTX and l3CTX}, which were 
increased in patients at baseline, were decreased within 
5 days of zoledronate treatment (200 or 400 µg); serum 
bone alkaline phosphatase (BAP) and urinary excreted 
free deoxypyridinoline (free O-Pyr) were reduced on day 
10. Although NTX and o:CTX reductions in urinary excre­
tion were sustained for 60 days, ~CTX excretion 
increased between days 10-30 and reached pretreatment 
values by 2 months. The significant reduction in the uri-

nary ratio of o:CTX I ~CTX seen between days 1 o and 60 
and later reaching normal values within 2 months, may 
indicate the re_storation of bone quality·in these patients. 
Therefore, monitoring of this ratio may be helpful in 
assessing the efficacy of zoledrona1e treatment (21) 
(Box5). 

A phase I trial in 59 patients with osteolytic bohe 
metastases (e.g., multiple myeloma, 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 

L 
!' 
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Box 7: Zo/edronate versus pamidronate in patients with osteolylic bone metastases {24) [Prous Science CS/ine database]. · 

+zoledronate was administered as a 5-min infusion and pamidronate as a 2-h infusion, both once monthly for 9 months 

Box 8: Phase JI study of zofedronate in patients with osteolytfc lesions {25) [Prous Science CS!ine databa"sej. 

+zoledronate was administered as a 5-min infusion and pamidronate as a 2-h infusion, both once daily for 9 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 reported after 3 weeks with the 0.1 mg dose and 1 
case of moderate conjunctivitis. The most common 
adverse effects, most of which were noLconcludedio be 
drug-related, were bone pain, eye irritation, flu-like symp­
toms and fever. Significant decreases in bone resorption 
markers were observed in zoledronate-treated patients 
with marked dec~eases in the urine calcium/creatinine 
ratio (with doses of 0.2-2 mg) and decreases in hydrox­
yproline/creatinine and deoxypyridinoline/creatinine 
ratios. Moreover, pain scores of treated patients were 
reported to 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, parallel 
phase II trial in 285 patients with osteolytic bone metas­
tases showed that zoledronate infusion (0.4-4.0 mg i.v. 
over 5 min every 4 weeks for 9 months) was well tolerat­
ed in combination with standard chemotherapy for breast 
cancer and multiple myeloma. No significant hematologic 
or biochemical changes were seen. The efficacy of zole-

dronate was also compared to pamidronate (90 mg Lv. 
infusion over 2 h every 4 weeks). Preliminary 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.24-48 h postinfusion. Tho 5-min.zol<>dronat<>-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 myeloina) 
with osteolytic lesions confirmed the safety and efficacy 
of zoledronate, which at doses of 4 mg Lv. monthly was 
comparable to pamidronate 90 mg i.v. monthly {25) 
(Box8). 

The clinical efficacy of zoledronate in hy~rcalcemic 
cancer patients has been fully confirmed 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 priority review status and is 
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266 Zoledronate Disodium 

I 

t 

I 

+zoledronate was a.dministered as a single 30-min infusion 

+zoledronate was administered as a 5-min infusion once monthly 

+zoledronate was administered as a 5-min infusion once monthly 
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Box 12: Phase I trial of zofedronate in patients with osteolytic bone lesions (29) [Prous Science CSline database]. 

•Zoledronate was administered as a 5-30 min infusion once monthly for 3 _months 

expected to rule on the approvability of zoledronate by _ 
June 21, 2000 (31 ). 

Manufacturer 

Novartis AG (CH). 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 
These highlights do not include ail 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: 1995 

-------INDICATIONS AND USAGE------­
FOSAMAX is a bisphosphonaie indicated for: 
o Treatment and prevention of osteoporosis in postmenopausal 

women (1.1, 1.2) 
o Treatment to increase bone mass in men with osteoporosis {1.3) 
o Treatment of glucocorticoid-induced osteoporosis (1.4) 
• Tmatment of Paget's disease of bone (1 .5) 
important limitations of use: The optimal duration of use has not been 
determined. The need for continued therapy should be re-evaluated on 
a periodic basis. (1.6) 

------DOSAGE AND ADMINISTRATION~----­
* Must be taken with 6-8 oz plain water at i,1ast 30 minutes before the 

first food, drink, or medication of the day; do not lie down for at least 
30 minutes after taking FOSAMAX and until-after food. (2.6) 

• Orai soiution: Shouid be foliowed by at least 2 oz of water. (2.6) 
• Treatment of osteoporosis in postrnenopausal women and in men: 

·; 0 mg daily or 70 mg (tablet or oral solution} once weekiy. (2. 1, 2.3) 
• Prevention of osteoporosis in postmenopausai women: 5 mg daily 

or 35 mg once weekiy. (2.2} 
• Glucocorticoid-induced osteoporosis: 5 mg daily; or 10 mg daily in 

postmenopausal women not receiving estrogen. (2.4) 
• Paget's disease; 40 mg daily for six months. (2.5) 

-----DOSAGEFORMSANDSTRENGTHS----­
Tab!ets: 5 mg. 10 mg. 35 mg, 40 rng and 70 mg (_3} 
Oral Soiution: 70 mg (3) 

--------CONTRAINDiCATIONS--------
o Abnorr.iaiities of !lie esophagus which deiay emptying such as 

stricture or achs.lasia (4, 5.1) 

FULL PRESCRIBING INFORMATION: CONTENTS' 
INDICATIONS AND USA.GE 
1.1 Treatment of Osteoporosis in Postmenopausai Women 
1.2 Prevention of Osteoporosis in Postmenopaussi Womer: 
1.3 Treatment to increase Bone Mass in Men with Osteoporosis 
1.4 T reatmer:t of Glucocorticoid-lnduc-,ed OsteopGrosis 
1.5 Treatment of Paget's Disease of Bone 
1.6 Important Limitations of Use 

2 DOSAGE AND ADMINISTRATION 
2.1 Treatment of Osteoporosis in Postmenopausai Women 
2.2 Prevention of Osteoporosis in Postmenopausai Women 
2.3 Treatment to increase Bone Mass in Men witti Osteoporosis 
2.4 Treatment of Glucocorticoid-lnduced Osteoporosis 
2.5 Treatment of Paget's Disease of Bone 
2.6 Dosing Instructions 
2.7 Recommendations for Calcium and Vitamin D 

Supplementation 
2.8 Dosing in Severe Rena.I Impairment 

3 DOSAGE FORMS AND STRENGTHS 
4 CONTRAINDICATIONS 
5 WARNINGS AND PRECAUTIONS 

5.1 Upper Gastrointestinal Adverse Reactions 
5.2 Mineral Metabolism 
5.3 Musculoskeletal Pain 
5.4 Osteonecrosis of !lie Jaw 
~i.5 Atypical Subtrochanteric and Diaphyseal Femoral Fractures 
5.6 Renal Impairment 
5.7 Glucocorticoid-induced Osteoporosis 

6 ADVERSE REACTIONS 
6.1 Clinical Trials Experience 
6.2 Post-Marketing Experience 

7 DRUG INTERACTIONS 
7.1 Caiciurn SupplementsiAntacids 

Reference ID: 3083184 

o Inability to slandisit upright for at least 30 minutes (2, 4, 5.1) 
• Do not administer FOSAMAX oral solution to patients at increased 

risk of aspiration. (4) 
• Hypocalcemia (4, 5.2) 
• Hypersensitlv!ty to any component of this product (4, 6.2) 

------WARNINGS AND PRECAUTIONS------
• Severe irritation of upper gastrointestinal (Gi) mucosa can occur. 

Follow dosing instructions. Use caution in patients with active upper 
Gi disease. Discontinue if new or worsening symptoms occur. (5.1) 

• Hypocalcernia can worsen and must be corrected prior to use. (5.2) 
• Severe bone, joint, muscle pain may occur. Discontinue use if 

severe symptoms develop. (5.3) 
o Osteonecrosis of the jaw has been reported. (5.4) 
• Atypical femur fractures have been reported. Evaluate new thigh or 

groin pain lo rule out an incomplete femoral fradure. (5.5} 

-------ADVERSE REACTiONS-~---~­
Most common adverse reactions (e>:3%) are abdominal pain, acid 
regurgitation, constipation, diarrhea, dyspepsia, muscuioskeleta! pain, 
nausea. (6.1) 

To report SUSPECTED ADVERSE REACTIONS, contact Merck 
Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., at 1-877· 
888-4231 or FDA at 1-800-FDA-1088 or www.fda.govimedwatch. 

--------DRUG INTERACTIONS--------
• Calcium supp!nments, antadds 1 or oral medications containing 

multivalent cations interfere with absorption of alendro11aie. (2.6, 
7 i\ ... , 

• Aspirin and nonsteroidal anti-intlammatory drug use may worsen Gi 
irritation; use caution. (7.2, 7.3) 

-----USE IN SPECIFIC POPULATIONS-----
• FOSAMAX is no! indicated for use in pediatric patients. (8.4) 
• FOSAMAX is not recommended in patients ·with renal impairment 

(Grea1ir.ine dearance <35 mL!min). (2.8, 5.6, 8.6) 

See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide. 

7.2 Aspirin 
7.3 Nonsteroidai Anti-lnflarnmatory Drugs 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
8.3 Nursing Mothers 
8.4 Pediatric Use 
8.5 Geriatric Use 
8.6 Renal Impairment 
8.7 Hepatic impairment 

10 O\IERDOSAGE 
11 DESCRIPTION 
12 CLINICA.L PHARMACOLOGY 

12.1 Mechanism of Action 
12.2 PharmacodynamiGs 
12.3 Pha;macokinetics 

13 NONCLINICAL TOXICOLOGY 

Revised: 02/2012 

13. ·1 Carcinogenesis, Mutagenesis, Impairment of Ferti!iiy 
13.2 Animal Toxicology and/or Pharmacology 

14 CLINICAL STUDIES 
14.1 Treatmer.t of Osteoporosis in Postmenopausai Worner: 
14.2 Prevention of Osteoporosis in Postmenopausai Women 
14.3 Treatment to !ncresse Bone Mass in Men with Osteoporosis 
14.4 Treatment of Glucocmiicoid-lnduced Osteoporosis 
14.5 Treatment of Paget's Disease of Bone 

16 HOW SUPPLIED/STORAGE AND HANDLING 
17 PATIENT COUNSELING INFORMATION 

17.1 Osteoporosis Recommendations, Including Calcium and 
Vitamin D Supp!,1mentation 

17.2 Dosing Instructions 

•sections or subsections omitted from the full prescribing information 
are not iisted. 
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FULL PRESCRIBING INFORMATION 

1 INDICATIONS AND USAGE 

1.1 Treatment of Osteoporosis in Postmenopausal Women 
FOSAMAX is indicated for the treatment of osteoporosis in postmenopausal women. In 

postmenopausal women, FOSAMAX increases bone mass and reduces tl1e incidence of fractures, 
including those of the hip and spine {vertebral compression fractures). [See Clinical Studies (14:1 }.] 
1.2 Prevention of Osteoporosis in Postmenopausal Women 

FOSAMAX is indicated for the prevention of postmenopausal osteoporosis [see Clinical Studies 
("14.2)]. 
1.3 Treatment to Increase Bone Mass in Men with Osteoporosis 

FOSAMAX is indicated for treatment to increase bone mass in men with osteoporosis [see Clinical 
Studies (14.3)]. 
1.4 Treatment of Glucocorticoid-lnduced Osteoporosis 

FOSAMAX is indicated for the treatment of giucocorticoid-induced osteoporosis in rnen and women 
receiving giucocorticoids in a daily dosage equivalent to 7.5 mg or greater of prednisone and who have 
low bone mineral density [see Clinical Studies (14.4j]. 
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 two times the 
upper iimit of normal, or those who are symptomatic, or those at risk for future complications from their 
disease. [See Clinical Studies (14.5).] 
1.6 Important limitations 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. Ail patients on 
bisphosphonate therapy should have the need for continued therapy re-evaluated on a periodic basis. 

2 DOSAGE AND ADMINISTRATION 

2.1 Treatment of Osteoporosis in Postmenopausal Women 
The recommended dosage is: 

.. one 70 mg tablet once weekly 
or 

• one bottie of 70 mg oral solution once weekly 
or 

• one 1 O mg tablet once daily 
2.2 Prevention of Osteoporosis in Postmenopausa! Women 

The recommended dosageis, 
" one 35 mg tab!et once weekly 

or 
" one 5 mg tablet once daily 

2,3 Treatment to Increase Bone Mass in Men with Osteoporosis 
The recommended dosage is: 

" one 70 mg tabiet once weekly 
or 

" one bott!e of 70 mg oral solution once weekly 
or 

.. one 10 mg tablet once daily 
2.4 Treatment of Glucocorticoid-lnduced Osteoporosis 

The recommended dosage is one 5 mg tablet once daiiy, except for postrnenopausal 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 40 mg once a day for six months. 

2 

Reference ID: 3083184 
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Re-treatment of Paget's Disease 
Re-treatment with FOSAMAX may be considered, following a six-month post-treatment evaluation 

period in patients who l1ave relapsed, based on increases in serum aikaline 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 !east one-half hour before the first food, beverage, or medication of the 
day with plain water oniy [see Patient Counseling information (17.2)1. Other beverages (including mineral 
water), food, and some medications are likely to reduce the absorption of FOSAMAX [see Drug 
fnteractions (7.1)]. Waiting less than 30 minutes, or taking FOSAMAX with food, beverages (other than 
plain water) or other medications will lessen the effect of FOSAMAX by decreasing its absorption into the 
body. 

FOSAMAX shou;d only be taken upon arising for tl,e day. To faciiitate delivery to the stomach and 
thus reduce the potential for esophageal irritation, a FOSAM.A.X tablet should be swallowed with a full 
glass of water (6-8 oz). To facilitate gastric emptying FOSAMAX oral solution should. be followed by at 
least 2 oz (a qua1ter of a cup) of water. Patients should not lie down for at least 30 minutes and until after 
their first food of tl1e 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 [see Warnings and 
Precautions (5.1) and Patient Counseling !nformation (17.2)]. 
2.7 Recommendations for Calcium and Vitamin D Supplementation 

Patients shou1d receive supplemental calcium if dietary intake is inadequate [see Warnings and 

Precautions (5.2)1. Patients at increased risk for vitamin D insufficiency (e.g., over the age of 70 years, 
nw·sing ilome-bound, or chronically ill) may need vitamin D suppiernentation. Patients witil 
gastrointestinal malabsorption syndromes may require higher doses of vitamin D suppiementation and 
measurement of 25-hydroxyvitamin D si,ould be considered. 

Patients treated witi1 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 ml/min due to lack of 
experience in this population [see Use in Specific Populations (8.6j and Clinical Pharmacology (12.3)1. 

3 DOSAGE FORMS AND STRENGTHS 

" 5 mg tabiets are white, round, uncoated tablets with an outline of a bone image on one side and code 
MRK 925 on the ot!1er. 

,. 10 mg tablets are white, oval, wax-polisl1ed tablets with code MRK on one side and 936 on the other. 

" 35 mg tablets are wh:te, oval, uncoated tablets with code 77 on one side and a bone image on the 
other. 

,. 40 mg tablets are white, triangular-shaped, uncoated tablets with code MSD 212 on one side and 
FOSAMAX on the other. 

• 70 rng tablets are w~1ite, oval, uncoated tablets w!th code 31 on one side and an outiine of a bone 
image on the other. 

" 70 mg oral solution is a clear, colorless solution with a raspberiy flavor. 

4 CONTRAINDICATIONS 

• Abnormalities of the esophagus which delay esophageal emptying such as stricture or achalasia [see 
Warnings and Precautions (5.1 )] 

t1 Inability to stand or sit upright for at least 30 minutes [see Dosage and Administration (2.6); Warnings 
and Precautions (5. 1)] 

• Do not administer FOSAMAX oral solution to patients at increased risk of aspiration. 

t1 Hypocalcemia [see Warnings and Precautions (5.2)] 
• Hypersensitivity to any component of this product. Hypersensitivity reactions including urticaria and 

angioedema have been reported [see Adverse Reactions (6.2)]. 

3 

Reference ID: 3083184 
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5 WARNINGS AND PRECAUTIONS 

5.1 Upper Gastrointestinal Adverse Reactions 
FOSAMAX, like other bisphosphonates administered orally, may cause locai irritation of the upper 

gastrointestinal mucosa. Because of these possible irritant effects and a potential for worsening of the 
underlying disease, c-aution should be used when FOSAMAX is given to patients with active upper 
gastrointestinal probiems (such as known Barrett's esophagus, dysphagia, other esophageal diseases, 
gastritis, duodenltis, or ulcers). 

Esophagea! adverse experiences, such as esophagitis, esophageal ulcers and esophageai 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 should therefore be alert to any signs or 
symptoms signaiing a possible esophageal reaction and patients should be instructed to 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 to be greater in patients who lie down 
after taking orai bisphosphonates including FOSAMAX and/or who fail to swallow oral bisphosphonates 
including FOSAMAX with the recommended fu!I glass (6-8 oz) of water, and/or who continue to take oral 
bisphosphonates including FOSAMAX after developing symptoms suggestive of esophageal irritation. 
Therefore, it is very important that the fuil dosing instructions are provided to, and understood by, the 
patient [see Dosage and Administration (2.6j]. 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 complications, although no increased risk was observed in controlled cl!nical 
trials [see Adverse Reactions (6.2)1. 
5.2 Mineral Metabolism 

Hypocalcemia must be corrected before initiating therapy with FOSAMAX [see 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 shouid be 
monitored during therapy with FOSAMAX. 

Presumably due to the effects of FOSAMAX on increasing bone minerai, smail, asymptomatic 
decreases in serum calcium and phosphate may occur, especially in patients with Paget's disease, in 
whom the pretreatment rate of bone turnover may be greatly elevated, and in patients receiving 
glucocorticoids, in whom calcium absorption 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 glucocorttcoids. 
5.3 Musculoskeleta! Pain 

In post-marketing experience, severe and occasionally incapacitating bone, joint, ar.d/or muscle pain , 
has been reported in patients taking bisphosphonates that are approved for the prevention and treatment 
of osteoporosis [see Adverse Reactions (6. 2)1. Th is category of drugs includes FOSAMAX ( aiendronate). 
Most of the patients were postmenopausai women. The 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 
relief .of symptoms after stopping. A subset had recurrence of symptoms when rechalienged with the 
same drug or ar.other bisphosphor.ate. 

In placebo-controlled c!inical studies of FOSAMAX, the percentages of patients with these symptoms 
were similar in the FOSAMAX and placebo groups. 
5.4 Osteonecrosis of the Jaw 

Osteonecrosis of the jaw (ONJ), which can occur spontaneousiy, is generally associated 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 extraction, dental implants, boney surgery), diagnosis of cancer, 
concomitant therapies (e.g., chemotherapy, corticosteroids), poor oral hygiene, and co-morbid disorders 
(e.g., periodontal andior other pre-existing dental disease, anemia, coagulopathy, infection, ill-fitting 
dentures). 
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For patients requiring invasive dental procedures, discontinuation of bisphosphonate treatment may 
reduce the risk for ONJ. Ciinical judgment of the treating physician and/or oral surgeon should guide the 
management pian of each patient based on individual benefit/risk assessment. 

Patients who develop osteonecrosis of the jaw whiie on bisphosphonate therapy st1ould receive care 
by an oral surgeon. In these patients. extensive denta! 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 

Atypical, low-energy, or iow trauma fractures of the femoral 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 fiare and are transverse or short oblique in 
orientation without evidence of comminution. Causality has not been established as these fractures also 
occur in osteoporotic patients who have not been treated with bisphosphonates. 

Atypical femur fractures most commonly occur with minimal or no trauma to the affected area. They 
may be bilateral and many patients report prodromal pain in the affected area, usually presenting as dull, 
aching thigh pain, weeks 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 fracture. 

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 incomp!ete femur 
fracture. Patients presenting with an atypicai fracture should also be assessed for symptoms and signs of 
fracture in the contraiateral limb. Interruption of bisphosphonate therapy should be considered, pending a 
risk/benefit assessment. on an individual basis. 
5.6 Renal Impairment 

FOSAMAX is not recommended for patients witl1 creatinine clearance <35 mUmin [see Dosage and 
Administration (2.8)]. 
5.7 Glucocorticoid-lnduc:ed Osteoporosis 

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 g!ucocorticoid treatment. 

6 ADVERSE REACTIONS 

6.1 Clinical Trials Experience 
Because ciinical trials are conducted under widely varying conditions, adverse reaction rates 

observed 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 observed in practice. 
Treatment ofOsteoporosjs in Pastmenopausaf Women 
Daily Dosing 

The safet)l of FOSAMAX in the treatment of postrnenopausal osteoporosis was assessed in four 
clinical trials that enrolled 7453 women aged 44-84 years. Study 1 and Study 2 were identically designed, 
three-year, piacebo-controlled, doubie-blind, rnulticenter studies (United States and Multinational n=994); 
Study 3 was the three year vertebra! fracture cohort of the Fracture Intervention Trial [FIT] (n=2027) and 
Study 4 was tt1e four-year clinii;:;al fracture cohort of FIT (n=4432). Overall, 3620 patients were exposed to 
placebo and 3432 patients exposed to FOSAMAX. Patients with µre-existing gastrointestinai disease and 
concomitant use of non-steroidal anti-inflammatory drugs were included 1n these clinical trials. In Study 1 
and Study 2 all women received 500 rng elemental caicium as carbonate. In Study 3 and Study 4 all 
women with dietary calcium intake iess than 1000 rng per day received 500 mg calcium and 250 IU 
Vitamin D per day. 

Among patients treated with aiendronate 10 mg or placebo in Study 1 and Study 2, and ali patients in 
Study 3 and Study 4, the incidence of a!l-cause mortality was 1.8% in the placebo group and 1.8%> in the 
FOSAl\r1AX group. Tt1e incidence of serious adverse event was 30.7% in the placebo group and 30.9% in 
the FOSAMAX group. The percentage of patients who dlscontinued the study due to any clinical adverse 
event was 9.5% in the placebo group and 8.9% in the FOSAMAX group. Adverse reactions from these 
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