; NOe3eb52<(d. 6dT%+! *@00001 * NOVEL PROCESS FOR PREPARLING ALENDRONI C ACI D
FIELD OF THE INVENTION 5 The present invention relates to new chenical

processes f acturing bisphos and in partrcular for
manuf act ur iﬁgogl?ﬂg%%r oni ¢ aci d. BACKWW“W“M | NVENTI RFHBSOROBBGr onat e
sodi um 4-ami no- 1- hydr oxybutyl i dene- 1, dcoldbsphosphoni ¢ aci d nonosodi um

having the formula Ol | OHP-ONa i NH2 GOH OHP-OH O 15 is an agent for
conbating bone resorptron i n bone di seases including osteoporosis and
Paget ' s di sease. Vari dNQViE PRA OR BREPARING ALENDRONIC ACID

4- am no- 1- hydr oxybutyl i dene-1,1 brsphosphonrc acid, ur alendronic acid, are
known in the art and have bean di sclosed 20 in M1. Kabachnik et al.

Synt hesi s and Aci d-Base and Conpl exi ng Properties of Am no-Substitut ed

al pha- hydr oxyl akyl i dene- drphosphqﬂ@igfﬁgﬁgg;big_géiégé Nauk USSR, Ser.
Khim 2,433 (1978) and in U S. Pa 1, 4,621,077,

4I 70g 651 S, 03:9 819 a][ldl $h&§xgs(ei:0ﬁver|215nﬁelwtbnkﬂ@lmniaﬁlqmmsb‘eiﬁrr preparr ng
alendronic acid is as fo see also e (B 2118042 0l 49026
PCT/ US00/ 03586 (4" a“’éﬂ“bl’@\q‘s Qsphopic qﬁéfeﬂ"ﬁmgae@gﬂﬂllﬁjf g a r%‘
OHP-OHOIlI O GARA Alendronic Acid It has been reported that a

solidification problemoccurs when this process is perfornmed on a |arge
scal e. The abbreviation GABA is defined hereinafter as

4(gamma) - am nobutyri c aci d. UBﬁcfég@ﬁ}Nﬁ@ ?ﬂ%%ﬁ%ﬂﬁ\sc“ bes the
preparation of alendronate 10 sodium i n y orm wherein
4-amid@butyric acid is reél,ﬁtﬂé@nvwEW!pho%phmpddwdmuutamrnphbbphorous
trichloride in t f id foll owed by the
addi ti on of sodrﬁﬁrﬁﬁgégggﬁdgl mg@ggﬁéﬁﬁgég ggn reported that

met hanesul fonic acid reacts with the phosphorus trichloride and under

adi abatic conditions the reaction becones self heating at 85 C, and an
uncontrol | ed exot herm occurs at >l 40C. WO 98| 3@940 descri bes a process for
preparing al endronic acid, which conprises a t| 4-am nobutyric acid
wi t h phosphorous acid and phosphorous tric ' t he presence of

pol yal kyl ene(gl ycol ). However, d%ﬁ Lh yilarge quantities of
pol yal kyl ene(gl ycol) as well as t ene partrcupate in this reaction, which
renders it inefficient on a large scale. OH— ﬁ——Cﬂi

O

15 is an agent for combating bone resorption in bone diseases including osteoporosis and

Paget's disease.

Various methods for preparing 4-amino-1-hydroxybutylidene-1,1-
bisphosphonic acid, or alendronic acid, are known in the art and have been disclosed
20 in M.1. Kabachnik et al., Synthesis and Acid-Base and Complexing Properties of
Amino-Substituted alpha-hydroxylakylidene-diphosphonic Acids, [zu. Akad. Nauk
USSR, Ser. Khim, 2,433 (1978) and in U.S. Patent numbers 4,407,761, 4,621,077,
4,705,651, 5,039,819 and 5,159,108.

25 A well known process for preparing alendronic acid is as follows (see
also e.g. GB 2118042):
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20 Thus, there remains a need for a honbgeneous, safe and efficient process
for preparing alendronic acid. SUMMARY OF THE | NVENTI ON 25 The present
invention relates to a novel process for preparing of al endronic acid,

whi ch conp™QW4%2he steps of : 2 WO 00/ 49026 a) reacti n§CaUsSOWpssand of the
formula | with HBPO3 R1L R O I PCT/US00/ 03586 5 wherein Ris an imdo group;
and R is selected fromthe group which consists of chloro, brono) iodo,
fluoro, hydroxy, amno, -OR or -OC(OR', wherein RZis C -C, 2 alkyl,

C -C Z cycloalkyl, or C-C,, aryl; b) reacting the product of gtep (a) with
a deprotecting agent; and 10 c) recovering alendronic acid. R [js preferably
sel ected fromthe group which consists of Nphthalimdo andON-~rR+eDHI do. 15

R is preferably selected fromthe 915, @@? conS|sts of hl bro br onp
and hydr oxy. q)thgﬁé e4ttio Si sﬁ:eoo% th one
or nore of 20 t orrpounds el ect ed, f HotRIjGhe gr oup V\:hl ch 6pspstgyof
H3P04, PCd 3, PC 15 and PCC The deprot ectl ng agent of step ((b) nay be a

non- oxi di zi ng aci d, preferabl y sel ected fromthe group which cOnsists of

HC1 and HBr; or selected from25 the group that consists of HBr together

wi th acetic acid, H3PU3 and H3P04. The present invention also relates to
the product nmade from Ghpaprocess. 3 WO 001 49026 PCT/ 4Bu0rame86idETAI LED
DESCRI PTI ON OF PREFERRED EMBODI MENTS N- pht hal i m do- GABA and

N- pht hal i m do- GABA chl ori re kno ee 2..248 l2e 8- 10,
i ncorporated herein by reI?E?S ﬁE’éSepo 6"3?&?1@-@%1’103%51 (28 Eﬁ"g\%‘,}, %5ee J.
Med. Chem , 18, pfddéss (s pePfohmed dnclarge Qcaid. eTheabbrevietioh GXBAEH defirad adreindfeor di ng

to the_present |n ention in ste t he conmpound of fornul a
5 P s 4(gamma)-aminobutyric a(cl%). P

U.S. Patent No. 4,922,007 describes the preparation of alendronate
sodium in trihydrate form, wherein 4-aminobutyric acid is reacted with phosphorous
acid and phosphorous trichloride in the presence of methanesulfonic acid followed by

10 the addition of sodium hydroxide. However, it has been reported that
methanesulfonic acid rcacts with the phosphorus trichloride and under adiabatic
conditions the reaction becomes self-heating at 85°C, and an uncontrolled exotherm

occurs at >140°C.

15 WO 98/34940 describes a process for preparing alendronic acid, which
comprises reacting 4-aminobutyric acid with phosphorous acid and phosphorous
trichloride in the presence of polyalkylene(glycol). However, it was reported that
large quantities of polyalkylene(glycol) as well as toluene participate in this reaction,

which renders it inefficient on a large scale.

20
Thus, there remains a need for a homogeneous, safe and efficient
process for preparing alendronic acid.
SUMMARY OF THE INVENTION
25 The present invention relates to a novel process for preparing of

alendronic acid, which comprises the steps of:



| is reacted with H3P0O3 10 R ROl wherein: Ris an imdo group; and 15 R
is selected fromthe group which consists of chloro, brono, iodo, fluoro,
hydr oxy, ami & -ORz or -OC(O Rz, wherein Rz is C -C,z alkyl, C-C z

cycl oal kyl ,W‘g BP2%c-z ~ yI~ In some cases, typically wherPGRUSO03ss6 ogen, it
is sufficient to react the 20 conpound of formula I with H3P0O3 w thout the
need to use an assisting agent. In other cases it is necessary to use one
or nore activating agents selected fromthe group which consists of PC 13,
PC 1 s and POC 1 ~. #s i treagting alsempeund af thetfhemuwx bwith BsPOsaccor di ng t o sone
enbodi ments of 25 the present invention, the reaction of step (a) may be
performed by using H3PO3 as a solvent. According to other enbodi nents, when
a solidification problemoccurs, a further sol vet&tl such as H-P04 nay be
used in order to solve this problemp4n p .- the product of step (a)
is reacted with a deprotecting agent. 4 WD 00l 49026 PCT/ US0O0/ 03586 The
conpound resulting fromthis step is al endroni@ acid. The process of the
present invention nay be perforned as a "one_pot" process. 5 EXAMPLES The
foll ow ng exanpl es are given for the pur poselof illustrating the present
invention and shall not be construed as being limtations on the scope or
spiritsof the i i RE : @%%{IP A 100nL nitrogen flushed flask fitted
W th asmachani cg‘?ﬁggﬁgﬁkearnﬁg}lef uﬁg?)&ndenser and a thernoneter, was charged
wi th N-pht hal i mRdds seikBied dilomothe group whish chusistnoftblon, aravyd, iagdel Budraidyd®xy,

0.0318 nol , . | dot5.2 g, 06 " Th
T xture vas neatBitt 830G ARG R G Cuatbd G BBl GG o i

(40 M) were added dropwi se and the reaction mxture was refluxed for 18

hours. After cooling, fo 5 C th&éohwlglt%ér: aci)g‘?,i\ﬂggs r enoved gé/mfiltrati on and

the reaction m xturePhas YrEPE Yrpda % APRAPCPgasEnt 8 m ) was

added,joand al endronic acid was precipitated. The reaction m xture was
refluxed for 1 hour and 20 coaled to 25 C. Alendronic acid was col |l ected by
filtration, washed W%( h 2BeoNerips algsdponit Aitkol and dried in a vacuum oven to
gwe | .53 g (19.4%). EXAWMPLE 2 A 100mL nitrogen flushed flask fitted with
a mechanical stirrer, a 25 reflux condenser, a dropgj ng funnel and a

t her nonet er, was charged Riitprefraplytsslsriedfran-timngauy whishconsistyafdbbut anoi ¢

acid, 8 g, 0.0343maBhidobnE M mALsh;@hosphorous acid (14.06 G, 0.1715 nmol, 5
eq.). The m xt u?e Wasl ﬁegt edmto 7IGC and phosphorous trichloride (6 m,

0.06885mol, 2 eq.) were added dropwi se during 15 ninutes. The reaction

mixture was heated to 80 pGand. kaPLeated fs e SPRS AN Snbidh ofchioro,

bromo and hydroxy.

Optionally, the reaction of step (a) may be assisted with one or more of
20 the compounds selected from the group which consists of H,PO,, PCl;, PC1; and
POCI,,

The deprotecting agent of step (b) may be a non-oxidizing acid,
preferably selected from the group which consists of HCl and HBr; or selected from

25 the group that consists of HBr together with acetic acid, H,PO, and H;PO,.

The present invention also relates to the product made from this

process.



30 hours. 48% aqueous solution of HBr (40 m) were added dropw se and the
reaction mxture was refluxed for 18 hours. After cooling to 5 C the
phthalic acid was renoved by filtration and the reaction m xture was
distilled t BOPHYMNEEs. Ethanol 5 WD 00/ 49026 PCT/ USO0/ 03BESBUSeNES86 100 ni )
was added, and al endronic acid was precipitated. The reaction m xture was
refl uxed for 1 hour and cooled to 25 C. Alendronic acid was coll ected by
filtration, washed with 25 m of 95% ethanol and dried in a vacuum oven to

give 3.25 g (38%. 5 MME@&ESGHMON@FGMM@MBGEMMSM with a
mechani cal stirrer, a ref 0 n

t her noneter, was char ged \Hkﬁiﬁhaﬁl ﬁ? ?fg‘hﬁﬁndﬁg Eﬁ%ﬂr% Ogﬂt‘t%f’@ﬂf"éfo%ﬁ{"é% c
aci)d éo g, h0 Oﬂ(zee ﬂB|2,24|8 oemgagcmnramﬂpgmg??ﬁewefkn(?@f@enc%h(}fﬂ mol, 1.5
eq) and ortho-phosphori Ci no e e mxture was
heated to 76C an‘Halg‘ é\x’é a{ngﬁ‘l‘W‘bﬁs‘ieﬁé Ned- §h?ﬁ1-,=1%>.1%3279m|m°°2f><§%}e§ wer e
added dropw se m&duﬁ\gyge‘ﬁergﬂceyt es. The reaction m xture was heated to 80C
and kept at this tenperature for 3 hours. A solution (70 m) of 6N HO was
added dropwi se and the and the reaction m xture was refluxed for 24 hours.

1 S After cooling to 5 C nd
the reaction m xture was ;&Qgﬁrﬁiﬁ%@h '% r%%éé@%néf%o?t};(%ég%bbﬁl{d%lrﬁ}ghupd
added) and al endripreaetediwith Ho@; preci pitated. The reaction m xture was
refluxed for 1 hour and cooled to 25 C. Alendronic acid was collected by
filtration, washed with 25 m of 95% ethanol and dried in a vacuum oven to
give 601 1 g (57%. 20 EXAMPLE 4 A 100ml nltrogeﬁg flushed flask fitted
with a mechanical stirrer, a retlux roppi ng funnel and a

t hermoneter, was charged with N mal el ni do GABA/| (4- mal ei mi dobut anoic acid, 5
g, 0.0273 nol, 1 eq) and 25 phosphorous acid (@1.2 g, 0.136 nmol, 5 eq.).
The m xture was heated to 76C and phosphoroui trichloride (4.8 nm, 0.0546
nol, 2 eq.) were added dropwi se during 15 mnutes. The reaction m xture was
heated to 80C and kept at this tenperature for 16 hours. A mxture of 15 ni
48% aqueous sol uypepdin:of HBr and 15nil gl acial acetic acid was added dropw se
and the reaction mxture was refluxed for 18 hours. After 30 cooling to 5 C
the mal efic acid was Kigapimidogtpupidndr ati on and the reaction mxture was
distilled to dryness. Ethanol (95% 100 m) was added, and al endronic acid
was precipitated. The reaction m xture was refl uxed for 1 hour and cool ed
to 2516 6 WO 00/ 4%2@6@@@1ﬂS@ﬂh@@@BﬁWNChnmmmafcabrcdbmm odb] fbored by
filtration, 5 th noI oyen to
give 1.43 g (21(%? 0 ’t%ﬁ%h%e?'{ é]%icﬁ)l?es erf”fly pr e‘f e‘FreEﬁf Eh@&cfg&%&l of the
i nvention haveC bgemrytlescri bed herein) it will be apparent to those
skilled in the art to which the invention pertains that variations and

nodi fications of the described enbodi rent nay be nade wi thout departing
fromthe spirit and SCOpelrﬂs‘on{eftese'lsﬁyﬁﬂdliyﬁﬁhenmm’fawgeghbﬁs sufficiest tb pdacnbed

that the invention be | only to t ext ent red. by the appended
cl ai me anij ;/he :sFBBHPP‘E’é‘tf;fg] rfrwfaelsm& h&wutxthe need to lgslé“an a551stmg agent. [ pp

other cases it is nccessary to use one or more activating agents selected from the
group which consists of PC1,, PC1, and POCI,.

As it will be seen in the examples, according to some embodiments of
25 the present invention, the reaction of step (a) may be performed by using H,PO, as a
solvent. According to othet embodiments, when a solidification problem occurs, a

further solvent such as H,PO, may be used in order to solve this problem.

In step (b), the product of step (a) is reacted with a deprotecting agent.



7 WO 00/ 49026 WE CLAIM PCT/ USO0/ 03586 1, A process for the preparation
of al endronic acid, which conprises the steps of: a) reacting a conpound of
t he formul %Jo%ﬂ} H3PO3 RL R Ol wherein Ris an imdo group; and R is
sel ected fromthe group which consists of chloro, brono, 0083580 o,

hydr oxy, amno, -ORZ or -OC(O R2, wherein R is C-C,, alkyl, C-C,,
cycloalkyl, or C -C,, aryl; b) reacting the product of step (a) with a
deprotecting agent; and c) recovering alendronic acid. 2. A process

accordi ng to cl alhncpmppendgpsultig; frons tiisetendg alerdspnie Add.gr oup whi ch consi sts of
N-phthal i mdo and N-nmal ei mdo. 3. A process according to claim1l wherein R
is selected fromthe group which consists of chloro, brono and hydroxy. 4.
A process accordi ng to cl aherprocesk ef the pres¢ng mvemtionfroayt Heqrerfoomeulras sdenet " use
of one or nore of the conpounds selected fromthe group which 8 WO

00/ 49026 PCT/ UsdB763586 consists of H3P04, PC 13, PC 15 and POC 13. 5. A
process according to claim1 wherein step (b) conprises using one or nore

deprotecting agents selected fromthe i ch consists of HCI, HBr,
acetic acid, H3P03, and H3PO4. 6. A pr%@%ﬁ‘—ﬂ%" rding to claim1, wherein

steps (a) and (b) take pl agefdlBwgSixREibles #8EHeh for fhe phrpis0 GEBRstAa I Ng t O
claiml1l in which step (a). is perforned at the tenperature of between_about

25 C and about IRSeENt Igvenpomp 3l nefhesppstHed tsemnedinpifarionson e BIPPS PEPIIta) i s
perfornmed at thegyRemabyre of between about 80 and about 140C. 9. A
process according to claiml in which step (b) is perfornmed at the

t enperl@t ure of between about 25C and about 130C. 10. A process according to
claim9 in V\hicfr%%%@,%gﬁ is perforned at the tenperature of between about
100C and about y . A process according to claim®6 which is perforned
at the tenperature of betwedimhbitoge2BiGhehibskiiiged witB@@ectidhicalstprenaefis

according to claiml11l which is perforned at t. t er at f, be en
Sbout B0C and. atserrged § berfaRts Yl AN RIERR R G AR R BRIRET

nol ar ratio bet vghenlitnidboanmd vhidridd, 8f0 01081 Sambl, haq) ahd pB&EPBoross dvid (feeg) 1: 1
IR 172 M (AT R RN R RN TS,
00/ 49026 4 hours. 6N HCI (40 ml) were added dropwise and the reaction mixture was refluxed
for 18 hours. After cooling to 5°C the phthalic acid was removed by filtration and the
reaction mixture was distilled to dryness, ethanol (95%, 100 ml) was added, and
alendronic acid was precipitatcd. The reaction mixture was refluxed for 1 hour and
20 cooled to 25°C. Alendronic acid was collected by filtration, washed with 25 ml of

95% ethanol and dried in a vacuum oven to give 1.53 g (19.4%).

EXAMPLE 2
A 100ml nitrogen flushed flask fitted with a mechanical stirrer, a
25 reflux condenser, a dropping funnel and a thermometer, was charged with N-
phthalimido-GABA (4-phthalimidobutanoic acid, 8 g, 0.0343 mol, 1 eq) and
phosphorous acid (14.06 Cr, 0.1715 mol, 5 eq.). The mixture was heated to 76°C and
phosphorous trichloride (6 ml, 0.0688 mol, 2 eq.) were added dropwise during 15
minutes. The reaction mixture was heated to 80°C and kept at this temperature for 3
30 hours. 48% aqueous solution of HBr (40 ml) were added dropwise and the reaction
mixture was refluxed for 18 hours. After cooling to 5°C the phthalic acid was

removed by filtration and the reaction mixture was distilled to dryness. Ethanol



PCT/ USO0/ 03586 1 S. A process according to claim4 wherein the nolar ratio
bet ween the conpound of formula | and PC 13 is between 1:1 and 1:6. 16. A
process accordi ng to claim15 wherein the nolar ratio between the conpound
of formula WORUHYC 13 is between 1:2 and 1:3. 17. A prodsgasewessssdi ng t o
claim4 wherein the nolar ratio between the conpound of forrmula |I and H3PO~
is between 1:1 and 1:6. 18. A process according to claim 17 wherein the
nolar ratio between the conpound of formula | and H3P04 is between | :2 and
| 4. 19. A prode¥s, Hooal) diangdded, anl alendrdnivheid @iar ptebipitared. aTherredction misttween

the conpound of formul a PC.,IS. t, n 1ad 1:6.,2 A process
according to cl a73" %‘%tﬂfjf}w Eﬂ‘gcﬂﬁlle‘z}ob%%a&egkﬁ’éf %'d[‘ﬁ%f CBFEEYG of
formula 1 and PGitfionswhshedv@en 23 md 0895Y% thanol 2hd drfedih @ ¥ESIIMASER foclitg3.LD
claim4 wherein the polar ratio between the conpound of forrmula I and POC
13 i s between lzgl(3§ﬁ :6. 22. A process according to claim 21 wherein the
nol ar wati o between the corrpound of formula | and POC13 is between 1:2 and

1: 3. 23. Alendronic acid prepared according to the process of claiml. 10
CA{? A AAA A BXAMRLE 3\ A 7NOknT;
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and dried in a vacuum oven to give 6.11 g (57%).

20
EXAMPLE 4

A 100ml nitrogen flushed flask fitted with a mechanical stirrer, a

reflux condenser, a dropping funnel and a thermometer, was charged with N-
maleimido-GABA (4-maleimidobutanoic acid, 5 g, 0.0273 mol, 1 eq) and

25 phosphorous acid (11.2 g, 0.136 mol, 5 eq.). The mixturc was heated to 76°C and
phosphorous trichloride (4.8 ml, 0.0546 mol, 2 eq.) were added dropwise during 15
minutes. The reaction mixture was heated to 80°C and kept at this temperature for 16
hours. A mixturc of 15 ml 48% aqueous solution of HBr and 15ml glacial acetic acid
was added dropwise and the reaction mixture was refluxed for 18 hours. After

30 cooling to 5°C the maleic acid was removed by filtration and the reaction mixture
was distilled to dryness. Ethanol (95%, 100 ml) was added, and alendronic acid was

precipitated. The reaction mixture was refluxed for 1 hour and cooled to 25°C.,
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Although certain presently preferred embodiments of the invention
5 have been described herein, it will be apparent to those skilled in the art to which the
invention pertains that variations and modifications of the described embodiment may
be made without departing from the spirit and scope of the invention. Accordingly, it
is intended that the invention be limited only to the extent required by the appended

claims and the applicable rules of law.
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1. A process for the preparation of alendronic acid, which
comprises the steps of:
a) reacting a compound of the formula I with H;PO,

RI
R/\/\n/

O

wherein R is an imido group; and
R! s selected from the group which consists of chloro, bromo, iodo,
fluoro, hydroxy, amino, -OR? or -OC(O)R?, wherein R* is C,-C,, alkyl, C,-C,,

cycloalkyl, or C,-C,, aryl;

b) reacting the product of step (a) with a deprotecting agent; and

¢) recovering alendronic acid.

2. A process according to claim 1 wherein R is selected from the

group which consists of N-phthalimido and N-maleimido.

3. A process according to claim 1 wherein R' is selected from the

group which consists of chloro, bromo and hydroxy.

4. A process according to claim 1 wherein step (a) further

comprises the use of one or more of the compounds selected from the group which
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10%4X& ()-yY"10%4| & () -1 f10%4| & ()-zP"""##v#$%EDC 10 h4"10%}| & ()-Y
| . 10%4| & () -z, "10%4| & () -1 Y+-10%4| & () -1

) 10%4| & () & () - Y99880886888HC 10 h! gl0%&' ()-Z10%&' ()- 104| 104
104| F: s10%# TVE("?"%?A 7410%1| & ()-1 &610%| & ()- % &V&&&( (( ( /PSOj!’@l‘%
10: s109%& () -1 s109%& ()-, z#10%&' ()- 109%& ()-1 L 10%&' ()-Y 109%& ()-
(V(-(7(F((((xY:/ 10S-10%r& ()-Y @O%r& ()- 10%& ()-s! 10%rE& ()- F

0%T& Y10%r& 09%4.0%r& ()-!SY
glO%n‘n(&)() 10‘V<rrt§2(°%“)13t§/kﬁ(1]&§’k&)l%‘-})le,l%%?%‘R?QQWIOlO%rm& () - M *~** ~+++++z[ PE:

10m 10m 10nF: " 10%& ()-!SY 6S10%}Im & ()-f!SY 2: 10%m& ()-!SY
S-10%m® ()-y * 10%r& ()-+++,,, X-a?PE: 10 10'fl 10%t| 4| & ()- gl
g910%4| & ()-10%4 & ()-!kl 5.10%pr&egs)actording to claim 1 wherein step (b) comprises

1109 & () - 10(y&'|u§‘ing)ohg<6r' %re:c{e()ro%\é%gpfg:ents selected from the group which consists of HCI,

HBr, acetic acid, H,PO,, and H,P0,.

6. A process according to claim 1, wherein steps (a) and (b) take

place in a single vessel.

7. A process according to claim 1 in which step (a) is performed

at the temperature of between about 25°C and about 180°C.

8. A process according to claim 7 in which step (a) is performed

at the temperature of between about 80° and about 140°C.

9. A process according to claim 1 in which step (b) is performed

at the temperature of between about 25°C and about 130°C.

10. A process according to claim 9 in which step (b) is performed

at the temperature of between about 100°C and about 130°C.

I1. A process according to claim 6 which is performed at the

temperature of between about 25°C and about 180°C.

12. A process according to claim 11 which is performed at the

temperature of between about 80°C and about 140°C.

13. A process according to claim | wherein the molar ratio

between the compound of formula 1 and H;PO; 1s between 1:1 and 1:6.

14. A process according to claim 13 wherein the molar ratio

between the compound of formula I and H,PO, is between 1:2 and 1:5.

10



11yl Y1109%| 4| & ()-z'yl ,10%4| 4| & ()-y!'tl (Z109%4| 4| & ()-f!~

y#10%4| 4| & ()-z'al 10%4| 4| & ()-f!fl @O0%| 4| & ()-f,00000000L1~ = 1!yl ~
109ZZ& ()-f)f10%& ()-F109Z& ()- 104| 104| 104| : 10%| & ()-'yl 6

10%4| 4] & ()YPLYPRS 33vawWU3~ =" 1!'S #109@Z& ()-f! X 109&ZZ& RGT/A800/03586

f109ZZ& ()-f!p 109%Z& ()-fly @O0%Z& ()-f!~ 109&ZZ& ()-zMA455WU3~ = "1! S
#1092Z& ()-f!X 109&2Z& ()-z!'t f109%&Z& ()-f!13:10%Z& ()-,s10%& ()-!S
3(10%ZZ& ()-y Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c" "Headi ng
43] c" "Headi ng 53] c" "Headbng B3facess'deeadingtp daincd whideiadhargold3atd " Headi ng

93] c"A "Default Paragraph Font, ":!. % -268: DEHO6g% 5%&' (1), *0"  &AnsN>pP" %o
(() +X-, OL1MA5+, - ‘?.')Tg Qundgigwiﬁgﬂgﬁﬁv%ﬁ%?&ﬂs SanAri al Cour i er
New'h Root EntryWrdDocunent I #$UR' () *+,-./0123456789: ;

<=>? @A\BCDEFGHI JKLM
2 Gl 16. A process according to claim 15 wherein the molar ratio

between the compound of formula I and PC1, is between 1:2 and 1:3.

17. A process according to claim 4 wherein the molar ratio

between the compound of formula I and H;PO, is between 1:1 and 1:6.

18. A process according to claim 17 wherein the molar ratio

between the compound of formula I and H;PO, is between 1:2 and 1:4.

19. A process according to claim 4 wherein the molar ratio

between the compound of formula I and PC1; is between 1:1 and 1:6.

20. A process according to claim 19 wherein the molar ratio

between the compound of formula I and PC1; is between 1:2 and 1:3.

21. A process according to claim 4 wherein the molar ratio

between the compound of formula I and POC1, is between 1:1 and 1:6.

22. A process according to claim 21 wherein the molar ratio

between the compound of formula I and POCI, is between 1:2 and 1:3.

23.  Alendronic acid prepared according to the process of claim 1.
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