_

EP 0 462 663 Bl Descrl ptlon Thi s |nvent|on reI ates to an |rrproved process
for maki ng 4-am no- 1- hydroxybut yl |$8 621 :IB ‘bi sphosphoni ¢ acid (ABP)or
salts thereof, where the end product 'S 0 tal ned in pure formand high

“yield, 5 and which avoids .the use of a strongly-acidic hydrolysis nmedium

It is knoweseédptiondi ng to U.S. Patent 4,407,761 to Henkel
Kommandi t gesel | schaft "to prepare 4-am no- 1-
hydr oXxYy- but ythisd éwentitn Irellstess (16 omhp imameved aedcessh for bhakpbos-wnm-hyugoxahmtyhdeneq 1-
- am nocar bdisptiosphoaic iaeld WABPIvr jséile stpivot) ahere the reedirbdudt ' obtrided: in @nrecforeviandihig ytskie
reagcti on Ankwhicheaveigs theluietof @ sirongly-acidiq hydwtysinoediupxi di zi ng aci d, preferably
conent r at edt BkervoEatarfingdo eS. Raterhit (Y. 7[%&% Hankp! Kerpmangitgesalischadt peepprg Hramino-1-
phosphor ol¥dreptbatyidess-hi- E'§PhP§Ph?'1'°na&|d by®is ing an-gspigogarpoxyligrasi withrghosehopating
“from t hi s "9actpt Reghthen, auenching %?P&t"?’b?f 3 givopg P?S’I’P"I‘PIZS@S @Fid RIfRrabhn ot
renai n hor‘?ﬂfg %Sﬁﬁé‘y‘é{ﬂ‘a‘b[‘bé%ﬂ "ﬁ Ih ofred p"\°ﬁ'?'§"°§%f"FeHT‘?dfaE9étt‘? Bt
causes VaPl%

atIOIf OCCHl’ t

the reacti "g r@aln%?%moglf ebusﬁand ?cal SO|I eacuon uet solfd$|patlo 8?:%? t)g? %q}gtrh
ake Hh

vel
sodi um sal

R 5 A e .ﬁes.go 'ol% %tnﬁq ﬁ'e fone:
4-ar no. 1ke e st b ldad %"dep SR it ol of o] 5&% sﬁep

to conv,grtco,;c trate E%y&rb&loﬂ@@&é the [Hueri twhoﬁ“fu?n preseht'&n biwfro Liat ed
hydr ochl ordgiredCi d N the quench, whose funes present an enV| ronrrent aI

probl em is ralfdmér8aUS Bslent Flod,6o2T T8 6R. KibctykovdR] BIN4L (edishdd @ KrefcR 8GCo.Rinc)

Ki eczykowsilétlosesthealse of methar@auiohid acidVidr dvlrcdineCGiie nonktidMogenéitySantl QSIRIFicAtBe pldblem® f
met hanesulaésociated aith e bisphdsphbiadEphatde bin OtilizésCNivgPH &bitipliclnehted qldncth Whichalbads o

pr Obl ene  awswesoateat anstibtiglyt haidid reipdoaeshie dudrblystnmigla@swhich breduirest thb iugeeef eXpensine pH
cont r ol | e@lassremtioncuesselsivitivinieic inhérend dessue ligh@atiotshe presence of a strongly

aci di c and cloermesenteinyaptionobajos Shase xorablems vityi i use ghiinretinastitenio sasidote alkpethesi ve
gl ass r eadisphepphoratiencieaction tojternaiefiuid and fhomeneneops: angiuging a pHqepritraliad @aupousTgpench in
present i Mipdengp st 9dPellgweiydwdrglveis Whigkslipinates e pred fos coneentraied bydmchlgid asiddr i d
to al | v HecugncBpihe Lrsaenh verngen ‘%'%aﬁ'!’[“‘i“ﬂ?ﬁ thenqeg tahapdie p Gerepsivgeridicorreryetivegsis and
using a F!‘-"E‘!S‘htsl‘ I"P%d‘rta&‘g:%&% “ qu&"Pf“‘i”h@‘hP'a‘ eg"ﬁf e‘lt’"’t"l?“tl‘@" be'F"iZB‘b\é;{fs

hydr of ngwmﬁ% t DERSRES §rRNGGRE Al PPsgpsS efraow Ptage iy
2 [ﬁeya'u e e (ko Pagion %{F%?'st'ﬂ P, eV o |

, corrosiye %af?ﬁas% i ICS{L ﬁuexc%' abxovwo%ad§ WSk %ﬁ{%ﬁue% ?or,ﬁesds mért eesates

hydr ol ySi g %‘%k-&h'lz Bdr
equi pment yipged ﬁat?ﬁﬁ%gdééﬁ ds thé’.%&m eQ%S rofy Messa& b Bﬁé
steel . Th ' S BySthR iNerticRd M@t @q#ovldgd odeELSfoﬁ% ﬂ?&ﬁaﬁﬁ'&lsofsé @Q?oﬂ k aifS 1

f ound thatybutﬁye,@qncu,gg nic 26 Wiie @mpiides Under pressure, the hydrol ysis

rate cag be@p téaalnblcamﬁ bftyrid16dice @ d. mikle of phdsphbasys RG1B Nanft GrONdint i@ lpresénide tohe
quench, a pibethdmest@onldacideads to | ower yields due to fornmed internedi ates

whi-ch resi sib) tupteth yei resultingdix@rediomisadpqsy with breg@éous Bydrayes mianger hydr ol ysi s
tizmes. Furthempdit has been found that ABP is unstable at a pH above 8,

t R 1 i ti @eretiveringesaidtsalbof 4-aminesi-tarihobytlidatieyisiasphispesic atid lehaydvterisauhils thatBie
thi s i meent phbg,thet dgaecus hdrglysismixdeelisanafptaimedis dhefrange ¢ kel Opludnuestept(Plon of a sal t '
of 4-am no- 1Thhy<iiiﬁﬁ9k-ca'yf§[§'! bp cendected cootyg|ii Bipiusing the geyegus\gypreh incorgyey sasge 35
(a) react iF-H MaiREREE dwpmeef%? getwpantP-29° i apd thea hegting, the dydiely Sruideei ) SArd-
[err] in o9& B‘r‘@g%frﬂi%s‘ﬁ? fop syfficiepidimerte,sute compigte hggss'vsefdmha&ﬂqdrpgodﬂﬂe resul ting

mxture fr Orﬁh "é,rE tcaznvwlv?s th a alt p osphonating’
recover‘lane ysus mi r m |m egltﬁ?%w 6%: re cua—n p] eo %I d
ﬁg?;?gf ﬁ;l éél & E'r an r ov % amino bIS omc acuéjl glrgn
' ll ntr l S}
be Conductr&q% N e g’@mp &stast §J§u Q&M.h

. VRS PufHciioR Hedeiaryt €NMper at ure Jet ween err and then eat| ng t
hydr 0| ySI S n‘ihétalﬁneal%e 5Qb lic abif fubdds 4-BhindbUGAY ackl B YispRospithatidn Sdabioh GbrRrily
time to i Rdkbl slace @iBhBdrRurbysltohWst & 126+ 4. prbidrblyl s8sboleBegCt . The i nvention
i nvol ves t hegdneralpion Bhrefatablp 0.0 @loled 3f RLFOL Al gérdidhy & &' 50 pydidrdblyodio Mol¥Vofl FTI; are
phos phonatusddgedinolrot atihataibsxylitacid Smibesuteof @famibbuleit asditdn®aivsedamhict Jimits the
guenchisag farhation ebABR dimersi ant deateasast the satesaary byindysis tichos | Hydaisigadinart organjc diluents,
mai nt ai ni wick lde noHsclubilide the reéstiorh prddust, yoaiticidarly helpgeharsehlvdnatesl hydtoearbameli autte 85
f ormed i n chibrebanzrap.deiraphiesestipng. dotrachintpethidens\and trichiorepthyiahe capfbe used in the reaction with
4- ami no- 1 Melharesyiprie esid-i dene- 1, 1- bi sphosphoni c acid. Such salts can be
crystallized directly fromthe reaction m xture in about 90%vyield after
the pH controlled hydrolysis, for exanpte for the sodiumsalt the pH may be
adj usted to about 4.3 and said sodiumsalt obtained with no 50 further
purification necessary



The am noal kane car boxylic acid used.is 4-anminobutyric acid. The :

bi sphosphonat I on reaction generall yﬁé‘ﬁlﬁs% %@ie at tenperatures of from
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Other pharmaceutically acceptable salts, such as for example the calcium , potassium salts, can be
prepared according to the processes of the present invention and such processes are included within the
scope thereof.
The following Description is illustrative of the prior art and the Examples are illustrative of the practice
55 of the invention.
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QG her .pharmaceutically acceptable salts, such as for exanple the calcium,
pot assium salts, can be prepared aeﬁ,c‘?)“%e%g&o the processes of the present

i hvention and such processes are i W thin the scope thereof. The
fol | owing Descriptionis illustrative of the prior art and the Exanples are
I 1l ustrat pescrpTiolae practice 55 of the invention. 3 EP O 462 663 Bl '
DESCRI PTI ON' 1T Non-pH-Control | ed Hydrolysis: Preparation of
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reacti on p&dméswihétting Advd 85 -Goand unddnshisbaiR GoitiodstRY tefnfeid@s MlicRadddteadl). At
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reéa i @ heiedrihat taelefctibreind immgdiatbl Yéenfhed injo calddvatenitine teperald@tréaches@8ag.t | ons
the tenperature will increase steadily. At about 150 degrees an. exotherm
acconpani Suenily Hpdrblgsisge pressure rel ease occurs. It is therefore recom 20
nmended -t hat the reaction be imedi ately quenched into cold water if the

t enper at ur e Thepeties WF%V“P'] coofed dn 8¥1',C gl aridadyte PEO i ef deispizad; water wees Strhieytese Bl ed
to 25 @ afk Werpinged withxmcadgitiongk 108 Lot waleicntldhe cpmijiesi stranghyragidisalition tatblesssthan ask
was i nseEF’%aﬁ‘?ﬁ’ aaﬁs éﬂ?d?tf‘?’én‘at"s 1'he reagtioppas gepled to 20, %’Hé“aﬁ‘@f?ﬁﬁ’ flerg-25° C while the

strongly f° j(;? g §§L ek '\?QF'O he @H‘géﬁ’“ s"l”b"f‘asﬁ‘eﬂ&?ﬂ'%d o &he
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4.3 if neggaii and the suspenS|on aged at ‘[err] for an add|t|onal 2
hour s. he—p'rcrsuct was collected by filtration, then washed with 2 x 50 niL

of cold ({(&/di ph-CaftroneddyBloly@ftd 100 nL of 95% EtOH. The yield after air
dryingsat 40 CT0 constant wei ght was 56.4 g (90% . EXAMPLE 1 Use of
pH Control | ed Hydrol ysis 35 4 am nobutyr| c acid 20 g net hanesul fonic acid
160 m phosphorous acid pHros ||U| osTtTIThhori de 80 m
\'ghosphonatlon Reacti on Pha< %‘S&i’ﬂ c“%{ r E‘ ts were m xed and heated
5 C for 5 hours anal ogously .‘oru ac‘§ o t E ocedure of Description
1. Quench; Hydrolysis 50 The rt{ag Wepy quenched over 35 minutes
by addi ng -dropwi se to a solut.cnc +0—¢ }—+rA—one liter of water, at pH
= 7.0. The pH of the quench was maintai ned between 6.0 and 7.0 by ;
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Bisphosphonation Reaction Phase

45
The above reagents were mixed and heated at 65°C for 5 hours analogously according to the
procedure of Description 1.

Quench; Hydrolysis

The reaction mixture was quenched over 35 minutes by adding dropwise to a solution of 10 g NaHPO,
in one liter of water, at pH=7.0. The pH of the quench was maintained between 6.0 and 7.0 by
simultaneously adding 25% sodium hydroxide and maintained below 25°C by cooling with ice. Once the
quench was complete, the pH was adjusted to 7.0 and the solution concentrated to 1080 ml by atmospheric
55 distillation (100-104° C) over 3 hours. At this point, the reaction was subdivided into 2 parts, A and B.

A, being 630 ml, was concentrated further to 450 ml after adjusting the pH to 4.3. The solution was
aged overnight at ambient temperature during which time the product crystallized. The suspension was
aged at 0°C for 2 hours then filtered, washed with 100 ml of cold water, 100 ml of 1:1 water/ethanol, and

4
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si mul t aneousl y addi ng 25% sodi um hydr oxi de and nai nt ai ned bel ow 25 C by

caoling with ice. Once the quench was _co eé , the pH was adjusted to 7.0
and the solution concentrated to 10%%01492”8%7 fm)spheri c 55 distillation (1
00-1 04 C) over 3 hours. At this point, the reaction was subdivided into 2

parts, A angoh oiooRinBti £3%dl, yieliRpo0s Y \EeRYeR).€d further to 450 m after
adj usting t heppidiigsd ms. wad meat&plw&ah&iﬂg WRddABR4 16 \WeUr§bgibte adilistiAgThb BAtio 4.3 and
t enper at ur ecofdshirdlifly 16130EHI. ThelProdudl HaPiedisleicds above ploibihg 76:51g. (EBLyiAd) SPABISI ON Was
aged at [ err] THi® ExainghO Ultstrated) ehat fhie | dbeveetisphugpBdnetibn Weddkion] G0 conjundibn avith & puRbed |
10Q ml of Ilquéncharmieimized the @GP dingfstand phosptoRatés whHich a6iBorB BiffitADwWhyddlyzb6d$ redubiag O
and™dri ed, the whued bydRysE tigeg. 56% yi el d). B. being 450 m, was treated by
refl uxing an additional 16 hours before adjusting the pHto 4.3 and
concentrat i BMPBE300 nl. The product was isol ated as above providing 16.5
g. (63%yield) of ABP. This Exanple illustrates that the above
bi sphospHonati on reaction, in conjunction with a buffered 5 quench,
m ni m zed the ABP dimers and phiosphnsatygsacthi dh erge frore difficult to.
hydrol yze, thus reduci ng the r ejqmbth&dsuiyt aldysji g4dtminps. EXAMPLE 2 10
4-am nobutyric acid 60 g met haplesphofoandcel acild 48g@4D m  phosphor ous aci-d
48 g 15 . phosphorus pidldaidbgr 420 rblr | chl ori de 120 m
Bi sphosphonati on 20 The reaction was run anal ogously using the
procedure described in Description 1 (65 C overnight) with the above
quantity ofgigRegRdabton The total reaction volunme was 430 m. The reaction
S subdivided 1nto aliquots prior to quenching. Quench; Hydrolysis 25
\Aﬁsq‘uot Szoner eTrpUealibdlasi rid enalb@dbsilusing thetoesduhdds&ibed Ll desdipionst (Bs5 axiéliemghiy 020
sodi um hydrvatitibeabbve goamitity tobicapests.[Thb @ial Bactioh volie watl43gasl. hajressliod thaé subdiiifiddadte nt
val ues bet vaiquatsdridrGo quedchinge reaction refl uxed for an appropriate anmount of
time to produce and isol ate product (see below). The pH was then adjusted
to 7 and t Hevenchl biydraiwsisfi | tered. The pH was then adjusted to 4.3 and the
sol uti on®aged overni ght during which tinme 30 the product crystallized. The
suspensi on waAliapete werg qienchad inta1pq mi efywater whiler similiarpopsly edding 0% Tadiure Akdsoxigg Jo
washed wit HNaiEAIR? PHREF1® (Theypib asadiystes focsfifferepy yalyeoetwagpy4-10 andytae pRaqtip, sefiepe fof |
I b cxtmbeim oo oped :eihopdonte A el 1 T
‘10 an : . . uri e
: (543/()9 ?ggfggthez %Zg ct cryst l:lzeegg%fesp s%spﬂdﬁ‘y v?%;ftth%nog%eiﬁgga ggtﬂo oS ?‘r\s filtere'd7 Thezv cﬂe%s
vgls wit yitg eﬂ(?t anol and dried. , y
BTG 2% -

days 21 .m -7 10 days.
7.2 g (78%2 21 n 7 5—days 0-—g(75%3 21 ni 7 - 42
hrs[err] 2.4 g (65% pWighot | pHs| Time Reflgxedhiys Yield 6|8 g (74% i
5 gays 0 fonmf) | 48 1 day 9.6 g (44%) U 4
days g (99 M| 46m P10 DAdys 114g@e%) |9 (9 1
Tenperature between [err] ptagkmial mespher @.daye Us¢d sy @@l vol une of
et\\hﬁnol in the crystallizafizm 8 6 days 6.8 g (66%)
' : 21 ml 7 10 days 6.6 g (72%)
40 ' 21 ml 7 " 10 days 7.2 g (78%)2
' 21 mi 7 5 days 7.0 g (75%)
21 ml 7 42 hrs* 2.4 g (65%)
21 mi 6 11 days 6.8 g (74%)
. mi 5 days® g (%)
45 : ‘mi 4 days’® . g (%)
ml 3 days® g (%)

' Temperature between 105-110°C at 1 atmosphere.

2 Used an equal volume of ethanol in the crystallization.

3 Partially concentrated by atmospheric distillation to about half the
volume, diluted with an equal volume of water and then refluxed.

% After quenching, refluxed at 140° C in a closed pressure vessel.

S After 12 days, the hydrolysis mixture was analyzed by phosphorus
NMR. The pH=5 and pH =4 reactions indicated incomplete hydrolysis
mixtures. The pH =3 reaction indicated incomplete hydrolysis mixture
and significantly longer hydrolysis times projected for its con')pletion.

50
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3 Partially concentrated by at rmspheri c di sti |lation to about half the 50
volune, diluted with an equal vol gug 4b gr and then refluxed. 4 After
guenching, refluxed at [err] in a cl ose(? pressure vessel. 5 After 12 days,
the hydrolysis m xture was anal yzed by phosphorus NVMR The pH = 5 and pH =
4 react i onghisrfempié didstiates dmap tet produgtl capl yssduenatibk b igygirolyZéteuralbt AeuBalrAd Ghdi© N

i ndi cat eepnfifiensnip| gop@ yvivdi rogt Yret st tHexbighvee . phinvilues. gthe fyielareré yoweodgeeto leyralsetihg/Si S
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Step (b) i$0tGi thebrifieg peint] err] to the boiling point. 20 4. The process of
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boiling point. 35 Patentansprlche 1. Ein Verfahren zur Herstellung eines
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SAur e und Pait®ting)folowsd b hérting the casulfiigt hiztne at Hoding painte; (b) [ nkont akt bri ngen
des efft st andenen Gem schs aus Schritt (a) mt einemwa3rigen Hydrol ysege-
m sch, (RatentangPRicB®, des besagten Sal zes der
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ent st andenen au

(c) Gewinnen des besagten Salzes der 4-Amino-1-hydroxybutyliden-1,1-bisphosphonsiure; dadurch
45 gekennzeichnet, daB der pH-Wert des wéBrigen Hydrolysegemischs wihrend Schritt (b) im Bereich
von 4 bis 10 gehalten wird.

2. Das Verfahren nach Anspruch 1, bei dem der pH-Wert in Schritt (b) im Bereich von 6-8 gehalten wird.

50 3. Das Verfahren nach Anspruch 1, das weiter das Erhitzen des entstandenen Gemischs aus Schritt (b) im
Bereich von 50 C bis zum Siedepunkt umfaBt.

4. Das Verfahren nach Anspruch 1, bei dem besagter Schritt (b) bei siner Temperatur von 0°*C bis 90°C
durchgeflhrt wird.
85
5. Das Verfahren nach Anspruch 4, bei dem besagte Temperatur 0-20 * C betrégt.
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trihydrate is recovered. 9. The process of any of clains 6 to 8 wherein
step (ag Prs Thg propess offejtim J twherein spih aquapys hudrelysispgwre ingBtepch) inimhosrhalg buty. | s
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" Sdure und PCl "g I'n Anwesenhelt von Met hansul fonsaure; (b) Inkontaktbringen

des ent st gNARE BRcIsE Bl H BFcIAHSE t%WHeFe‘n st ) B darribd &ﬁgpa"{@rﬁﬁelragﬁ@ofux&ﬁ 8 ¥§§rﬁ|e
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4- Ami no- i - hyeortabiing) lioWet B Reatinglth® ioSuMing HidRE & BB poadur ch

gekennzei chnet, daB der pH\Vert des wilBrigen Hydrol ysegem schs wahr end
Schritt (batentMSBarcaech von 4 bis 10 gehalten wrd. 2. Das Verfahren nach
Anspruch 1, bei demder pH-Wert in Schritt (b) imBereich von 6-8 gehalten
wiird. so & [BinsVedetwéradwr derstalvodn emo!ssﬁalzas:diar 3-Amtha g -hydroxymutylidkmst , IEbidphdspiionsdilbes das
ent’st andenenm@8ti schs aus Schritt (b) imBereich von 50 * C bis zum

Si edepdhkt unfehiimsetzen yop st-Apeingopiterséipve ait kingm Semigehhaus  phgsphoridem$dv@sangt RGIs in.
Schritt (b) bénwesenheilvorMefransyifonsduieon 0 * C bis 90* C

(b) Inkontaktbringen des entstandenen Gemischs aus Schritt (a) mit einem -wiBrigen Hydrolysege-

misch,

(c) Gewinnen des besagten Salzes der 4-Amino-1-hydroxybutyliden-1 1-b|sphosphonsaure dadurch
45 gekennzeichnet, daB der pH-Wert des wéBrigen Hydrolysegemischs wihrend Schritt (b) im Bereich

von 4 bis 10 gehalten wird.

2. Das Verfahren nach Anspruch 1, bei dem der pH-Wert in Schritt (b) im Bereich von 6-8 gehalten wird.

50 3. Das Verfahren nach Anspruch 1, das weiter das Erhitzen des entstandenen Gemischs aus Schritt (b) im
Bereich von 50° C bis zum Siedepunkt umfaBt.

4. Das Verfahren nach Anspruch 1, bei dem besagter Schritt (b) bei einer Temperatur von 0°*C bis 90°*C
durchgeflihrt wird. :
55
§. Das Verfahren nach Anspruch 4, bei dem besagte Temperatur 0-20 ° G betrigt.
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Hydr ol ysegem sch in, Schritt (b) ei'n Phosphatpuffer ist. 7. Das Verfahren
nach Anspr ughbés Vireshred ewch hepagt €rbePdérh eosdytas ovdsriges Higadtolspgentssd rip ISositt )t einind
5 Di nat r Ponsphipotier ét.ogenphosphat unfaBt. 8. Das Verfahren nach Anspruch
1, bei dem Mononatri um 4-am no- 1- hydr oxybutyl i den-1, 1- bi sphosphon-
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Si edepunkt 1 d ications Proc oyr r
et ] “‘“Ja | °"t9’:t s B 5@"2%3 DD o8 e et o
compor tant | e eaInEL E o iBHANogho eﬁgaﬁagém g fppiue
avec un nel ang nagg 2 senc acl de
n6t hane- sul f oni que on rret au cont act Ie n6l ange provenant de 1 6t ape
(a) avec,surnevg,{mgngj' hydrol yse aqueux. (c) on recueille ledit sel de
| " aci de 4-am no-1-hydroxybutylidene-1, 1-bi sphosphoni que; | e proc6d6 etant
car act 6ri S61. e Rroc&ié (Hdar 1h Préparhtidil d'Gre beh 6 Eaciig Weiminod -HyyraxybltylRienseiSt-bisphdsphoRiqué, dens
| e domai ne de prbcéalé tompoatars le€l points Givage; (b) . 25 2. Procede selon la

vendi cati on 1(a) oOfHtaéagir I'edide 4amimbetpriquel aves Un' redlange dlabidle diznsphoteex eodralPCle etle
6-87 3. #r ocederréehm'dcide méthamdutosigieon 1, qui conporte en outre le :
chauf f age du melbhengest pesanfactdmmélange promnape!e [d83pe da) avec jue mélenasi d'rurdralvdecageeude - 50
* C au point d'€owirequpiieiadit sgiyle] aciderdrmingd -hydmowihutyligenechihisgphesghanigne 51,  oi
ladite etape (bF PESEdédiagt saasiirisg op se Avedppl o4 méleagecraugyx dibydrolgggast majntenpidansdele
sel on | a revendiEaie gp 4 2 10 lors dedtprecdl errperature est de 0 a 20 - C. 35 6.

2
" 6tape (b2 ogPoh es%*ﬁw?%ls%%h%@gtaﬁﬂi%w PGB B () e AT £ 6.
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§-c

m)nohydrog ? h; AT e ion
oO |'on jecue e ate rmnoso gue de 1'acide 4-am no-1-

* hydr oxybut Y4, | BB&% Lelortia ré%rﬁﬁ?ﬁ!i\ﬂﬁ l?*'b‘é]”aldﬁéléape%) eE’tr i RE lAeltuld e 098 8leg AB1qUE

des revendications 6 a etape (A) est rb6alisee a une.tenperature 45

d environ & pfacéd@tseubn tmad(cbﬁonesta IdfiéHenBéiRurd otidg 02OPEr ature de 0 a 20 C

et ba un pH nmaintenu entre 6 et 8 pendant le contact, puis en chauffant le -

n6l ange #se%.l Pdbddé aslopRirévenditaiiul i Ibdhﬂﬁélanﬁ@adﬁl’éuﬂd'hydrolyse dans I'étape (b) est un tampon
phosphate.

\/ 7. Procédé selon la revendication 6, ol ledit tampon comporte du dihydrogénosphosphate monosodique
et du monohydrogénophosphate disodique.
40
8. Procédé selon la revendication 1, ol I'on recusille le sel tnhydrate monosodlque de I'acide 4-amino-1-
hydroxybutylidéne-1,1-bisphosphonique.

9. Procédé selon I'une quelconque des revendications 6 4 8, od I'étape (3) est réalisée 3 une température
45  d'environ 685°C ; et I'étape (b) est réalisée & une température de 0 4 20°*C et & un pH maintenu entre
6 ot 8 pendant le contact, puis en chauffant le mélange résultant au point d'ébullition.
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