WD 01/ 57052 PCT/ USOL/ 03309 PROCESS FOR MAKI NG GEM NAL BI SPHOSPHONATES 5
TECHNI CAL FI ELD 10 The present invention relates to a novel process for
maki ng gewbnak7dst sphosphonates. The process provi des for PCT/US01/03309

bi sphosphoryl ati on usi ng phosphorus trihalide, nolten phosphorous acid as
a reactant/solvent, and a base as an acid acceptor/solvent. CROSS REFERENCE
This application clainms priority under Title 35, United States Code 119(e)
from 15 Provisional Application Serial No. 60/179,506, filed February 1,
2000. BACKGROUND OF THE | NVENPROCERS FORWMAKENGoNi ¢ acids and their

pharnaceuticalIy-acceptablqsﬁﬁﬁﬁqu§¥§HQﬁ@@“ﬁﬁgp@§ed for wuse in the
c

treatnment of di seases of boné ‘an al cium met aboli sm Such di seases incl ude
ost eopor osi s, hyperparat hyroidism hypercal cem a of malignancy, ostolytic
bone netastases, 20 nyosistis ossifcans progressiva, calcinoisis
universalis, arthritis, neuritis, bursitis, tendonitis and other

i nfl agmmat ory conditions. In particul ar bisphosphonates, |ike ethane-

- hydroxy-1, 1- di phosphonic acid (EHDP),

pr opane- 3- am no- | - hydr oxy- 1, 1- di phosphoni ¢ acid (APD), dichl oronet hane

di phosphoni ¢ acid (Cl12MDP), 3-am no-|-hydroxy-propyli dene-di phosphonic
acid. (PAM DRONATE), 4-am no-I|-hydroxybutylidene-1, 1-bi sphosphonic acid 25
(ALENDRONATE) and 1- hydroxy-2-(3-pyridinyl)ethylidene-1,1- bisphosphonic
acid (RI SEDRONATE) have been t iEGENICadtFIBEDconsi derabl e research efforts

inthis area._Paget's. disease and_ heter ot ropi ILfd [ wetently
succd®sful |y TheeBressat WIVEHORADR®S 1ha "o ﬁﬁ%%cf%h%gé]% gggtégnd af[l g%%ﬁ?%ﬁt t he
resor pt iR RécegnevilidsIoitasphudpharylaiion idmpeftiogthatus tibapide. imolies phospHor@isiaflg f r om
excessi ve bone | oss. Fqﬁever in épi&;ugjdggﬁtain anal ogies in activity, 30
bi sphos pligngcEaY HVHLENEE PASHIT A SERE 4807 6e of activity and some have
serious drawbacks with respect CROSBIREKERENEEOf toxicity in animls and

the tolerability or the negative side effects. if . hu : Ve weihods
for maki ng biE%hd%ﬁhﬁﬁ&?é§§W5J€mB§bH“%?siﬁgs%%.ﬂES% g@%ﬁﬁﬁ%@ éﬁ?opean
Pat eqt  ARplisieadl i ApplicatidR derid Mo, 0NSDiS0GLfdeTsbtaky 1,2A00. PCT appl i cati on

W96/ 33199 1 WO 01/ 57052@%#8ﬁ8§é\ﬁ§899r%mﬁmm hods for making
> as

ani no- bi sphosphonat es. Ho there are differences in
8. Polyphosphonic acids and their pharmaceutically-acceptable salts have been proposed for.

use in the treatment of diseases of bone and calcium metabolism. Such diseases include
osteoporosis, hyperparathyroidism, hypercalcemia of malignancy, ostolytic bone metastases,
20 myosistis ossifcans progressiva, calcinoisis universalis, arthritis, neuritis, bursitis, tendonitis and
other inflammatory conditions. In particular bisphosphonates, like ethane-1-hydroxy-1,1-
diphosphonic acid ~ (EHDP), propane-3-amimo-1-hydroxy-l,1-diphosphonic acid (APD),
dichloromethane diphosphonic acid (CI2MDP), 3-amino-1-hydroxy-propylidene-diphosphonic
acid. (PAMIDRONATE), 4-amino-1-hydroxybutylidene-1,1-bisphosphonic acid
25 (ALENDRONATE) and 1-hydroxy-2-(3-pyridinyl)ethylidene-1,1- bisphosphonic  acid
(RISEDRONATE) have been the subject of considerable research efforts in this area. Paget's
disease and heterotropic ossification are currently successfully treated with EHDP. The
diphosphonates tend to inhibit the resorption of bone tissue, which is beneficial to patients
suffering from excessive bone loss. However, in spite of certain analogies in activity,
30 bisphosphonates do not exhibit the same degree of activity and some have serious drawbacks with
respect to the degree of toxicity in animals and the tolerability or the negative side effects in
humans.
Several methods for making bisphosphonates have been disclosed. For example,

European Patent Application 0 494 644, Instituto Gentili and PCT application WO96/33199
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the activities of the different bisphosphonates, so too are there
differences in the nethod of naking these conpounds. Dependi ng on the
reacti on worudistasens, the viscosity of the reaction m xtur8Cafdrue33the
formati on of |arge anmounts of el enental phosphorus by- products limt the
5 scal e on which the bi sphosphorylation reaction can be readily carried
out. It is therefore desirable to use a scal eabl e process to produce

gem nal bi sphosphonates that achieves high yields with little residua

el enent al dgiphes pleetoas Sor Byakpigaatiad-Bisgebhohats. Caswdver, jisaisthyrepraditieceds an t he

comercial scale. SU OF THE I NVENTI ON 10 The pr.esent i.nvention
di rect ed @6a§“ﬂWﬁd§§gy$§%“Wéwﬁﬁ SPRRIGI SO PR Bfo ﬁd%ﬁ%&%xaﬁn %bnmﬁg%gfa
formul a: REENPIEIRIompBEIdd. DeRr@ing dMOBRIcaciRA donBRBoR] thahegeedity Qf its reacyigen,

-NR4-, sul fur, selenium or single bond; mtn is an integer fromQ to
about | 15mstrgardoraty et &Bisd Srbunts eheeGratesterEFagrsk b,
py[) i dagi n@?jle Y Wh[ﬂ]dlitl)d'lﬁsphadﬁﬂorpbﬂﬁ@ﬂeﬁ’@ibn ciR, beirﬁadiijmdzﬁﬁahdfe.nt |l y hydrogen,
substituted or_unsubstituted am no, am do, roxy,, al koxy. .. hal ogen

car boxyl ate, shipst Fﬁ?%ﬂ“ﬁ?ﬁﬁﬁ%ﬁﬁ§iV?E%@ﬁpﬁf%VfoFégPﬁ?%?g%ﬂ3Pp%ﬁ§%PﬁF%ted)
havi ng f r@mathieted haddousldHwRIR N reaitiBlemsitbisthotphbeds by-ptodsabatd thattcedbar yl |
or substituted or unsubstituted benzyl; each R2 is independently,

hydr ogen, Sa&#Y lgﬁ‘ﬁ’éf?‘??rh BEOHPEALHE i tut ed al kyl (saturated or 20
unsaturated) having from 1l t SUMMOARYHOKBEMDONVENDIN R3 is one or nore
substituents selected from the group consisti of h ogen, substjituted
or und®bst it ut Bt RIPKYH ‘m(eé‘ﬁ?‘h‘rsgtrfe‘ge P APREATS Pra’i“gg‘)‘g g%&ﬂqﬁ?ﬁgﬁf‘s@ﬂnﬁtef ® Bbout 6
carbon atgQfeal oHREs:i tuted and unsubstituted aryl, substituted and
unsubstituted benzyl, hydroxy, hal ogen, carbonyl, al koxy, nitro, am do,

am no, substituted am no, carboxylate, and conbinations thereof; R4 is
hydr ogen, substituted al kyl §9turated or ungaturateolR,25 having from1 to
about 4 carbon atons, or acyl; i f r om by sphosphoryl ati on of an

am nocar boxylic acid in thed pr $riha|ide, nol ten
phosphorous aci d ang-base oCH-a— ey, nal

bi sphosphonat e. DETAI LED HE/PRE,ENT | NVENTION 2 WO

01/ 57052 PCT/ USOL/ 03309 The i nveptijon i/s dijrected to a novel
process for maki ng gem nal ki Q i[d prBcess involves the use
of nolten phosphorg acl ‘ i g nbasaborous

E)L![ h:![ ! ge\é/}ée%%g Qg%i a)feyéglelgrlt\l g’ stt)llliﬁ ) Qe eS 1ur}r(1),r la%itn!gl(e) rt])or%; ?‘r&n i;r ;pnem egez:af(\ﬁtolmoé1 toI a%o&tar ried

15 5, Zis aring selected from the group consisting of pyridine, pyridazine, pyrimidine, and pyrazine;

esence of

R, is independently hydrogen, substituted or unsubstituted amino, amido, hydroxy, alkoxy.
halogen, carboxylate, substituted or unsubstituted alkyl (saturated or unsaturated) having from 1
to about 6 carbon atoms, substituted or unsubstituted aryl, or substituted or unsubstituted benzyl,
each R, is independently, hydrogen, or substituted or unsubstituted alkyl (saturated or

20 unsaturated) having from 1 to about 4 carbon atoms; R; is one or more substituents selected from
the group consisting of hydrogen, substituted or unsubstituted alkyl (saturated or unsaturated)
having from 1 to about 6 carbon atoms, substituted and unsubstituted aryl, substituted and
unsubstituted benzyl, hydroxy, halogen, carbonyl, alkoxy, nitro, amido, amino, substituted amino,
carboxylate, and combinations thereof; R, is hydrogen, substituted alkyl (saturated or unsaturated)

25 having from 1 to about 4 carbon atoms, or acyl; resulting from bisphosphorylation of an
aminocarboxylic acid in the presence of phosphorus trihalide, molten phosphorous acid and base
such as morpholine to form a geminal bisphosphonate.

DETAILED DESCRIPTION OF THE PRESENT INVENTION



from about 45C to about 90C, preferably from about 55C to about 85C. nore
preferably from 5 about 60C to about 75C. The presence of an additional

sol vent i syo@is7oszal . Particularly preferred gem nal bi sphodsid/fei8%0%made by
this process are 1-hydroxy-2-(3- pyridinyl)ethylidine bisphosphonic acid,
4-am no-1 -hydroxybutylidene- 1, 1 -bisphonic acid, and 3-

am no- 1- hydr oxypr opyl i dene- di phosphoni ¢ acid. Mst preferred is

ri sedronate, 1-hydroxy-2-(3- pyridinyl)ethylidene- 1, 1 -bisphosphonicacid.
10 Definitions ﬁa@gre%@gﬁfeﬁfon-[ﬁ&%étedT(hﬁncfv‘éi hrodsN@r makiag Qtrﬁﬁla]dflspdes‘phdsnatels ons
for terns used herein: As used herein, "alendronate" deno .es

_ hydr oxybSeidl Areresteinvolves the usg afgRelish @hagpheyous agg, ﬂ’saélan%%a}ﬂé(i\ﬁ icacyy, IPg?ﬂ?PWO freans
a hydr ocar d§ URS bidk We b%ﬁ&lpl%?ﬁaﬁlfn S erhd adabdi is bﬁﬂétsout&'t b &ngplatatupg of
branched c n, unsubstituted or substituted. 15 As used herein, "al koxy"
means a s tﬂmt atouedtC h&awhong% ﬁeprsﬁrathb’tfmﬂea@u@5°c\ﬁm§?0ét B Csmareaferajy from

al kenyl . As used herein, " ? %’sat qt (%9 qarbon substituent.
strai ght @PmﬁpQHEﬁ@GmngﬁéFﬁnwdﬁ?ﬁ%ﬁP Fh?gHmB?S% ®d. As used herein,

"al kyl thi @aﬁﬁﬁﬁﬂ? ﬁfc@h‘&ﬁgkﬁlﬁﬁmblslﬂﬁdéblﬂﬁlattehﬁnﬁbrbbcttluﬁ pr&eSs aramhdiyérogy-2€3- 20
al kyl or al keny use

her ei n, "am nocar box Ci i.S.a sat d or
unsaturateﬁﬂémb@$W@@F@G“E@”NEW§UE§¥ﬁ?ﬁ?@& @N%vﬁL ‘%”%?ﬁé?%%ﬁvf? ac%g
group att aa%ﬁfjl %?dr@iﬁrc%?ﬂde@@@pﬁ@spﬂ@ﬂ@@cl&r NMopr @bfehet is retdracdied-iydroape-(df t he
carbons of th chain or as a heteroatomin a saturated or unsaturated

substltut&Uﬂ@@ﬂ%ﬂ®@§§?ﬂthP@ﬂ“ﬁ@F@FHE?CI|c ring. 25 As used herein, "base"
nmeans @Jba5|c reagent which ISD@QQQQBh&j@g@eaCT@ﬂ@ m xture to faC|Iitate
bi sphosphoryl ati on. Bases include organic and inorgani c bases. Preferred
bases |ncVﬂ@ébWW%@%@ahﬁﬂéﬁdH@V@séﬁé???u??lF@thle or otherw se renovabl e

salts. Specifically h&élﬁf %feﬁ@rgnzi?@%ﬁoted Nghidele- Wdﬂ&xﬁhuk;ﬂﬂﬁrﬂe@ﬂ%b&blﬁt}nﬁc&u’(ndne
triethyl am ne, trlnethylanlne di met hyl am nopyri di ne,

potaSS|un1carboﬁhﬂ@d}§6ﬁ1uﬁﬁ@&ﬂbﬁﬁ@?é‘h%%?ﬁé@F&HVﬁP@Q%BB%é%%Orggﬁ?S%Pk
bi car bonate and,30 BOSRRAL] din, TREbsMRAR REEkeRed bases are triethyl anine,

tri met hyl am né. potaSS|un1carbonate ridine and nor n
pr ef er fied base $$wﬁ®hﬁﬁ64aH@XYT%@mbé§€“%EV”B@”ﬁﬂ@8§“§§r ﬁ@b nggqggggyor
its salt fg ﬁﬁ used herein, "biohydrolyzable ester” is an ester noiety

t hat does not Phterfere with the t herapeutic activity of thehcong_ﬁﬁ or
that is readil yAmesedbering sdkopy msans dnaiiraied RidFRsprORm MisItuent 3stAghh 9y Bropas

PCT/ USO1/ Oe%gq unsubstituted or substituted.

As used herein, "alkylthio” means a substituent having the structure Q-S-, where Q is

20 alkyl or alkenyl.

As used herein, “aminocarboxylic acid” is a saturated or unsaturated substituted or
unsubstituted alkyl with a carboxylic acid group attached to one end and an amine group either
attached to one of the carbons of the alkyl chain or as a heteroatom in a saturated or unsaturated
substituted or unsubstituted heterocyclic ring.

25 As used herein, "base" means a basic reagent which is added to a reaction mixture to
facilitate bisphosphorylation. Bases include organic and inorganic bases. Preferred bases include
those which have easily filterable or otherwise removable salts. Specifically, preferred bases
include N,N-diisopropylethylamine, triethylamine, trimethylamine, 4-dimethylaminopyridine,
pyridine, potassium carbonate, sodium carbonate, potassium bicarbonate, sodium bicarbonate and

30 morpholine. The more preferred bases are triethylamine, trimethylamine. potassium carbonate,
pyridine and morpholine. The most preferred base is morpholine. The base may be added as the
free base or in its salt form.

As used herein, "biohydrolyzable ester” is an ester moiety that does not interfere with the

therapeutic activity of the compound, or that is readily metabolized by a human or other mammal.
3



As used herein, "bisphosphorylation" is the chem cal reaction resulting in
the production of a product containing two phosphoryl groups on the sane
carbon. Awoumedosaerei n, "carbocyclic ring" is a saturated, PGTSRUPEORd, or
aromatic, hydrocarbon ring radical. Carbocyclic rings are nonocyclic or
are fused, bridged, or Spiro polycyclic ring 5 systens. Mnocyclic rings
contain from3 to 9 atons, preferably 4 to 7 atons, and nost preferably 5
or 6 atons. Polycyclic rings contain from?7 to 17 atons, preferably from?7

to 14 atons, ANGkeODslidaiRbpabylalo0ris #H cBtmioH. rea%ﬁommdtuhmmehmproddwabrogen"
is a chloro, brono, fluoro, or iodo atom.radi cal Bronmo and chloro are the

most  pr ef FrRPEURACBEEIRE o ahosehenxlegors PRI SAmR e W ocyclic ring” is a
saturated, unsgl udeatiRebin, ObarBIcOMRLing! 1sra m@lrma@llLmedturatedzrmrarcsmﬂlcpﬁydwmbom

atoms and one or nore heteroatons in the ri g terocyclic r(')lnf.grchc I
monocycl iingoidistle EHBRYCIpFRGFEYMOBICYEH P0™ D Tsf/!gﬁ’cﬂ BE T RS PSY

Monocysl :c@stéhggwmpﬁlcnrlngsr&ma& remSB & onBom{ rpeérerablyl ﬁ/ t(él 7t znon_rfs adndrTBQSt and
nost prerer

5 or atons. Polycyclic rin anf t ons,
pr ef er abl Igfefﬁab%/h 5701 © aTHlSatPGH%yCl‘éﬂH‘ggﬁ%‘?a"brf@ gfé“nm)at@mf‘jrpr fmm ’ %?5 15
used her edtg}ns ﬁ@ﬁgg@;\gf&a}ggggr 10 §oms.M neral acid such as sul fur| c, ni tr| c

hydrochloric, phosphoric, and phosphorous. used herein
a -CH2- radi cafs uxd hgeeay ' haé?gépnls anghlare, é)ﬁorB(l)'l H)OPf)U)élo élg; naradh%InEéroXlo

phosphor oy$,:8Gledhaad: gt rdrRd hiie ng;lbout 45C to 95C, pr ef erably from about
55C to about 85C, nore preferably from about 60C to used

her ei A0 "organf*‘icu%f‘élfti”’e“?’ h%f?f"%{j‘éﬁf‘% 18 Ar A 8“%8‘(%6 é’ﬁélﬁmﬁg “f9) nr‘la e d,

acetic 1s&th)pEé?l§’&1€5tblﬁs akd Hne 64 ﬁlblle(l{eﬂaaéhﬁimscmaﬁhb ding pridgpérodyiciic eagsdare
benzoi c aC| , maleic acid, fumaric . acid, succinic amﬂ tartanrnl c.ac a|mc11I and
met hane suPtasHsls Acirel fuspd hidasd. KB FRIORPOYYHES OIS P r iMAIoCHS Tines §

tri-hal oggL, SUBSt b, @ebrahas nh@m&msTb}m Bt Prefe?blp S ek @ratenk. mulb&pﬁ@rmgs
trihalide is phosphorus oxychl oride, z phor us oxy bro gﬁ Hg horus
tri broni deongin f5er@dpnbf %f@mﬁ’rﬁr?fﬁfﬂﬂ}’ fra@ OB'&SE"P&I‘? SLPrrisT (?s(g FUs!

trichlygride. AgsysQthehey eifdrganicaiiddionafifral deict&sas sulfuric, n1tr1c, hydrochloric,
3-am no-| - hydroxyprogyl i dene-di phosphonic acid. The term"risedronate", as
used her ephpsphveipcid $heFRBPTUShy dr oxy- 2- ( 3- pyri di nyl ) et hyl i dene- 30

1, 1- bi sphosphoRi g@glhgreﬁlnqﬁé}aﬁeﬁehg af-oHhoMtiag. structure: 4 WO 01/57052
PCTI USOI / 03309~ OH OH

As used herem "molten phosphorous acid" means phosphorous acid heated to from about

45°C to 95°C, preferably from about 55°C to about 85°C, more preferably from about 60°C to

20 about 75°C.

As used herein, "organic acid" is an organic carboxylic acid, such as formic acid, acetic
acid, chloroacetic acid, dichloroacetic acid, propionic acid, benzoic acid, maleic acid, fumaric
acid, succinic acid, tartaric acid, and methane sulfonic acid.

As used herein, “phosphorus trihalide” is a tri-halogen substituted phosphorus. The more

25 preferred phosphorus trihalide is phosphorus oxychloride, phosphorus oxybromide, phosphorus
tribromide or phosphorus trichloride. Most preferred is phosphorus trichloride.

As used herein, “Pamidronate” denotes 3-amino-1-hydroxypropylidene-diphosphonic
acid.

The term "risedronate”, as used herein, denotes and 1-hydroxy-2-(3-pyridinyl)ethylidene-

30 1,1-bisphosphonicacid and has the following structure:



O=P -GP=O OHCH2 OH N 6~1 The conpound risedronate is further described
in US Patent 5,583,122, Benedict et al., assigned to the Procter &
Ganbl e Cowo osxoged Decenber 10, 1996, and "An Anerican CorfiCIyesetie3309
Bi sphosphonates: Current Status and future Prospects,” The Royal College of
S Physicians, London, England, My 21-22, 1990, organized by |BC Techni cal
Services, both references hereby are incorporated by reference. The term
" bi sphosphonat e active ingredient” includes the bisphosphonate free acid,
bi sphosphonate salts, and bi sphosphopat eoesters, or any m xture thereof.
Any pharnaceutical l y- acceptable|] nop-toxic salt or ester of bisphosphonate
may be used as the risedronat e aet+ve-30Pkngredi ent in the novel oral
dosage forns of the present inventiop. The salts of bisphosphonate may be
acid addition salts, in particul @4 tehgdrochl oride, but any
pharmaceutical | y-acceptable, non-toxic organic or inorganic acid salt may
be used. In addition, salts forned % the phosphonic acid group may be
used, including, but not linmted toxalkali metal salts (K, Na) and
al kaline earth metal salts (Ca, M) the Ca and Na salts being preferred. 15
Particul arly, dhhesmpsinérisedodnateiis firhspdeorréted imbisc Ratawted, $dilL2Bamedigretase as
the active |nrede rgip are stralght {Laln nched .ghai C1
8 al kyl ef¥lEsd ¥ ntc'f l%?crtled,g B'flml?ll%t |lsrs?1%%e ol 2 li)%g% F ﬁ ﬁqpﬁglgyfajn
i sopropyl Cobﬁttejﬁbe, Blmbs;ihyxhatesarrﬂhx;rem@(gms amia;mtyﬂe Prosptgtis,’,’ Trin@nlycbyal CdBegyl of
| auryl, -yl y ai ran
al kenyl® n%éi(sé?%‘,s’ L dtc?%uﬁ?ﬁﬂ‘%b?\{ ﬁ%lt 1% ntl)ze\g/lh) ]I%,CO F‘% ﬁ:alcgﬁrglé:%ky and
| i nol enyl ;ef@n@BhﬂW@@ﬂnk@borde&&raﬁel ncI udi ng, but not limted to,
cycl opropyl, Iobuty | o ent | ohex cloh | ,..a
cycl ooct yi arij% tg%ré thﬁ%q% t}/ve 1tng1¥581tent| 1néi%1dea t{e b1s {/)?{onaEe Fge |acld
xylyl, andispmbmdmwle salasl axmympmsphemteeesexs nna:dmdlxnge; thbmbf n@ﬂly bhanmacedthakby-
nenthyl and ers nel u t_no e yl
phenet hyl accﬁgta@éﬂ‘ P?Pe%xxébsgt/ ae’ﬁtﬁr gbls cfgwenra %éél " 3h toe rH %ug]r?t r%ed[%g% amvf
t hensem/esngb&h@u bsthe hoted drat d@sEgeSf(bﬁhs sfuths presert nrtynntrmy Tﬂne smhstdf b@SDBOS(DhOHWI‘ e
substituents bst | tuent i.nc ted in A
Leo, Subs 1%y P8 ﬁfl%égaglf’%ﬁa[hé P& 1861 tth a?'(lir8£r}l?%hd§1 b SIS th&%ceutlcl_??%&tgwgﬂg
Bi ol ogy (dfiRc, otgﬁmﬁ)r(ﬁ)()h(ﬁﬁgﬁﬁlc hyid raftengnoe vat. elhm ad@tied, aahedorsubswmlt tlent s
|nclude(f %T al kyl al kenyl | koxy,. hydroxy,. 0xo, N
ani noal kylpg‘lség?j“ ng‘ilr‘f SHR f’ﬁ?j’ pe u%etdcl.nfl?éd@%:?]ug ,m%lgfl%%égﬂ ,aﬁ(xglnf&t)agﬁl%g}(kg%%ngyl
(e.qg., carameﬁftefwxymeat @lt) (Cat kigpthe Canyd Na satslbeiak kieferrethet er oar yl
het er ocsycl oal k3f>
articularly, other esters of bisphosphonate which are suitable for use as the active
ingredient herein are straight chain or branched chain C{-Cg alkyl esters, including, but not
limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl, hexyl, heptyl, octyl, nonyl,
decyl, lauryl, myristyl, cetyl, and stearyl; straight chain or branched C-C;g alkenyl, esters,
including but not limited to vinyl, alkyl, undecenyl, and linolenyl; C3-Cg cycloalkyl esters,

20 including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, and
cyclooctyl; aryl ester, including, but not limited to phenyl, toluyl, xylyl, and naphthyl; alicyclic
esters, including, but not limited to, menthyl; and arylalkyl esters, including, but not limited to
benzyl, and phenethyl.

As defined above and as used herein, substituent groups may themselves be substituted.

25  Such substitution may be with one or more substituents. Such substituents include those listed in

C. Hansch and A. Leo, Substituent Constants for Correlation Analysis in Chemistry and Biology

(1979), incorporated by reference herein. Preferred substituents include (for example) alkyl,
alkenyl, alkoxy, hydroxy, oxo, amino, aminoalkyl (e.g. aminomethyl, etc.), cyano, halogen,

alkoxy, alkoxyacyl (e.g., carboethoxy, etc.), thiol, aryl, cycloalkyl, heteroaryl, heterocycloalkyl
5



WO 01/ 57052 PCT/ USOL/ 03309 (e.g., piperidinyl, norpholinyl, pyrrolidinyl,
etc.), imno, thioxo, hydroxyal kyl, aryloxy, arylalkyl, and conbinations

t hereof . Wweousmdz herein, "solvent”, is a substance capabl ePGT/USIEEIVi ng
anot her substance to form a uniform solution. The solvent may either be
pol ar or non-polar. Solvents for the 5 bisphosphorylation reaction include
but are not limted to inorganic acids, organic acids, and organic bases.
The Process The bi sphosphoryl ation step of the present process invention is
conduct ed gUGkhetilfiall, inta?hol oo PRl ngk . aiiAQ cas RO XyroxeaRel, dryisydirgsieylyed i n
nol ten phosphorous acid and reacted with 10 phosphorus trihalide in the
presence o1 campigaiions WKEE t he base is preferably norpholine or pyridine.
The reaction i gsGRHhE@RH, Qdlveitn it HEubbERResRbIILE dkande: detheransateut fodbC t o
about 90C, preferably bet ween about 55C to aboyt 90C, re preferably

bet ween abwiiforgseiuten. s gelves mayeithe ge %rtorﬂ?rﬁ?‘g?ra PVGIHgF n about 60C to
about Z5COisJJa§phB 88 Seal@GRIRRGUNGE BbtNintikd td iagdhliyacdiaploadc tadd adust ri al
production. 1 ‘thout a solvent, such as excess phosphorous acid, and a
base the ¢%@aH¢PBe ni xture would be very viscous. The phosphorous acid and
bases added in the process act as a ERlpy®pis to give a uniformreaction

m xture or solution. The anpunt of_ phosphorus trihalide %gded in .relation
to the am nocarTB‘é%VP]ilQ?PI&EYIﬂ“qnsStq‘PerﬁgeaHSﬁPt RrOGESHIRYENIAT Ahgonfctedhigh Mot e

equi val en&%espo?ﬁﬁﬁé ARl Yrb&RBH acid 18 tidsyiRbe it Bolteho@Notns acill apheapbdwabs
acid and phosphorus trihalide should 20 be conH}gl | ed t‘%e%\)/ i

d the.
f or matPonplspisyisotsthaidecinethe PEGIERF $PHoSPRoM e BhoEHEH MY lgcrH?IB{?cﬁlé‘% of

reacts with. pho U5 1@CAHe ARG tht REpEBAGE 2R weedh hbdHN 35 CORSBE DEPCS ONE
of the phB r|lo %ﬁ ﬁQQ{a?%ngrrﬁee andt I bé)r ati ns ydrochloric acid gas.

Gener al | ypreteh® ] abBamdth abbut Bhas phooaus°@ahde atttedbly baweaplaabitdi°€ o dbaet 85°

am ocarboxylic acid is fromabout 1.5 to about 6 equivalents, preferably
from aboGt aRl mostabrefatebly tetpukey abewit@°C riprboys78Fer JBHF Procesnieadgt heretio's about
5.5 equival ents, t. 25 preferably 5 equivalents. The base is added in an
armount apb‘?"%ﬁ'r‘?dﬁ?tg&)@dmﬁléﬁa{ vr%g“%n'desi red viscosity. The anount of base
added f5n r el at Withotitoa séieenphmsiphormisss plesphoras facidnazthd (prseQthg reastign guxture

equi val ent s re preferably fr : W the Qr& &MU Y2l et 1o TE
process deSHdPEEY WEPS ﬁeéh?sé’gégoﬁgg&ggd?gtbgscfgtgc(i)&??ldus??)gi al’ product | on. This
process i giveld wsforatreatibry ntixteref @l dobwong The ne@maintsy dpgphorug grilgidraddyd; ip

| LPO3R, lr_!zla]ﬁoh t(l;l%ﬁgminl?)ga:.lﬂ?ox@ligj a%idClS Qrogh gb(-)'-ut bla'§ %qtgigalé%% 6 dold &5 Q‘qﬁllgiggts,
preferably about 2 equivalents. The amount of phosphorous acid and phosphorus trihalide should
20 be controlled to avoid the formation of pyrophoric elemental phosphorus. Phosphorus trichloride
reacts with phosphorous acid under the reaction conditions consuming some of the phosphorus
trichloride and liberating hydrochloric acid gas. Generally, the amount of phosphorous acid added
in relation to the amiocarboxylic acid is from about 1.5 to about 6 equivalents, preferably from
about 2 to about 6 equivalents, more preferably from about 2 to about 5.5 equivalents, most
25 preferably 5 equivalents. The base is added in an amount appropriate to achieve the desired
viscosity. The amount of base added in relation to the phosphorous acid is from about 0.2 to 0.8
equivalents, more preferably from about 0.4 to about 0.6 equivalents. The process described
herein is readily adapted to industrial production.
This process is illustrated by the following general scheme:
30
) Ro\ POsRy
(}:j.—ck':~P03R1
Rz

Ry Ra O

I | Il 1. H3PO3, PCl3
Ry—Z+-C——Q c C_ *base ———— 9 Ry—Z

| [ OH 2. Acid

Ra/, Ra /.
E

D—O—70
9]
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OH2 Acid RR Rz mR2 R2), R 6 WO 01/57052 PCT/US01/ 03309 wherein Qis
oxygen, -NR4-, sulfur, selenium or a single bond; mtn is an integer fromO
to about W®01A70®2 a ring selected fromthe group consi sti nd@C3fUS9yP3I3E? ne,
pyridazine, pyrimdine, and pyrazine; R is independently hydrogen,
substituted or unsubstituted am no, am do, hydroxy, al koxy, hal ogen,
carboxyl ate, substituted or unsubstituted al kyl (saturated or unsaturated)
having from1 5 to about 6 carbon atons, substituted or unsubstituted aryl,
or substi tykedn Oris Sigt StRE- Ut @fhr REBFYh, or a sB@Rbof® ni-s: is Ad@peademt D yo, about

hydr ogen, or substituted or unsubstit Utg%g al.(§<%l )(Isc%t.urat ed.(ﬁr unsat ur at ed)

havi ng fr ohnZ1s @ Bn&gsgied AORLPHERUREBHEUNERS PY LIt BY P i P MEDIST fiUants™

sel ected fgORindep@dEtRHYdGRES bifsiitd@d 6f ukysitiaganmisy baidof hyidedy mkoxy,

unsubstituted al kyl (lsaturat ed or uns_at%{@%ﬁg%l had\sn ng iron%gtjjh t.o gboqt 6

carbon at o082 GHEPTHAE SEPSHMER h ST R AR Y Ea 10

unsubst bt uhgeoR8RZBbn atbisl s@®eH tdadk agaBstingar DANY substibleaat unsubttitated Bz,

am no, substituted am no car boxyl a%efu&%nd conbi na |or?% thef\r of; R4 is

hydrogen, @gbRE isttdeaendantiey hydragen Arapsiiuge or prbstigied A (AR rom 1 to

about 4 caiRARraRt PR ingHonALYlabolt@sEibbh Bgmb IR bhs@hesphosyhatd siecod froan

am nocar boxylic acid. in the presence ‘ﬁ)f L@F%r%‘ghoru& H‘?‘Ii‘ hal i,de ntglratte%p

phosphor outée &epRicopsigtingnf dudrepenn subsitnisd BHIFTIIEMEES 2P SHUrt5d o ASF

bi sphosphog@ing frokdl 8o @lh®vh BEmBANbdikiRddnd gnexanptesly, blbushieatel t he

processes of the pr esenth |nvent1| on. Exarr&#(e 1 iIt3r| s;@{gllgsghoroyl tt"oréd%fmn‘g" PAA

HC t o 18i viensubstifurd bggzyh hydropy hprlagsy 1Ky FREEn BIUD, H2idgyalits SPREREE “5E8Pd o

HO or phor s BN 010 30 Sy dr ony 3 pyr AL oLyl L dene: 1. 1o
nmor phol i ne E- - roxy-2-(3-pyridinyl)ethylidene-1, 1~

bi sphosphotiseiuraigd] jpvingdropehrabay 4carbey ﬁ‘)‘/’B‘ﬁ’ ‘§ ﬁ@%@“ﬂ‘&g f%%’b‘i“@‘x‘i" ?qugry%élo?:; 8

reactor. ThenithochbeyiRfaci i the PROGROOT $hdsphakis tihaBikd mdtEAMdEdhorans bhdid and

nmor pholineHCl, is nelted together until conplete solution is obtained at
about 70- 7Bsgsuch pemp@Aline dhoF iesmEe| SRt 0 68C and 2 eq of PCI3 is

neteredsi n overrig f’él‘lé‘wing non-limiting examples illustrate the processes of the present invention.

Example 1
Bisphosphorylation of 3-PAA HCl to give 1-Hvdroxvy-2-(3-pyridinyl)ethylidene-1.1-

bisphosphonic acid

o /OH
0 ~P—OH
| AN O"i[ j 1) HPO3, PCly | N OH
= O N 2.) aq. HCI = Oﬁp\_OH
N N HCI N OH
3-PAA HCI morpholine HCI NE-58019
20 1-Hydroxy-2-(3-pyridinyl)ethylidene-1,1-  bisphosphonic

acid
The reaction is run on the 65 mol scale in a 30 gal reactor. The mixture of 5 eq phosphorous acid

and 3-PAA-HCI, with morpholine-HCl, is melted together until complete solution is obtained at

“about 70-75 °C. The reaction mixture is cooled to 68°C and 2 eq of PCl3 is metered in over 2.5-4

25 hours while maintaining the temperature at 68°C. The reaction is allowed to continue 15-30 min.

after the addition is complete. Then the reaction mixture is hydrolyzed in aqueous hydrochloric



25 hours while maintaining the tenperature at 68C. The reaction is all owed
to continue 15-30 mn. after the addition is conplete. Then the reaction
m xture i wohwa@r@kyzed i n aqueous hydrochloric 7 WO 01/57082TRESV1/03803 / 03309
acid at 80C for 0.5 hr to yield, after crystallization from aqueous

acid/ I PA, 14.2 Kg of NE-58019 in a 77.6%isolated yield. Exanple 2

Bi sphosphorvl ati on of 3-PAA HCL to give

1- Hydr oxv- 2- ( 3- pyri di nyl)et hyl i dene-1, 1- 5 bi sphosphonic acid OH QAP CH
OH1 1.) H3P03,,PC13 I

Pyri di ne 196 2RE GHOPS P B @%ﬁh%ﬁ“@quaﬁ&%eaﬁo%dlspgﬁb G KQO#%“ESSSW
pyri di neHgl; A, Boldyiesl. mel ted together until a wuniformnelt is for med
(80-90C). Then 2.1 eq. of pyridine aEe agggd The reaction is cooled to
about 70C and 2 eq. O PCl3 are slo d. The mxture is heat ed at
about 70C f or B@pisgdrNaibh%f 3 AN Can @ivelQLHadrex adl ridi

hydr ol yzed for about 30 to about 45 utes at 75 Cto y| eld ri sedronate
after €rystallization from aqueousm%@sg?%%anpl e 3 Bisphosphorvl ation
of B-alanine to give pam dronate: OH dz~ ,OH+ O1.) POBH PC13 H2N

POOH H2N, ~C 10- ~i ~ 101N2)aq HJO O P- OHH OH rmmpﬁl_' 15 The
m xture of 5 eq. 0s and, )Ry abapcne | Elorm a nelt.
Morpholine (1 e.) s s ovvhy add —'ahg—pea-et-u» is ooI e (t) about 70C
and 2 eq. of PCl3 are adged. ﬁl xtmy@l Hrs heatled ) O#15 hours.

Then the reacti onN's hydrol yzed pgqueous acid at Nabout 75@fHor about 0.5
hours. Crystallization from aqueous acid/ I PA, affords pam dronate.

3-PAA Pyridine HCI NE-58019

The mixture of 5 eq. phosphorous acid, 1.5 eq. pyridineHCl and 3-PAA is melted together until a
uniform melt is formed (80-90°C). Then 2.1 eq. of pyridine are added. The reaction is cooled to
about 70°C and 2 eq. of PCl, are slowly added. The mixture is heated at about 70°C for 3.5

10  hours. Water and HCI are added, the reaction hydrolyzed for about 30 to about 45 minutes at 75°

C to yield risedronate after crystallization from aqueous acid/IPA.

Example 3
Bisphosphorylation of B-alanine to give pamidronate:
OH
O« /
@] Sp—
2.) aq. HCI _Pp—
)aq o=R—OH

OH

morpholine
—

15  The mixture of 5 eq. phosphorous acid and B-alanine is heated to form a melt. Morpholine (1 eq.)
is slowly added. The reaction is cooled to about 70°C and 2 eq. of PCl, are added. The mixture

is heated for about 3.5 hours. Then the reaction is hydrolyzed in aqueous acid at about 75°C for

about 0.5 hours. Crystallization from aqueous acid/IPA, affords pamidronate.

20 Example 4
Bisphosphorylation of 4-amino butyric acid to form 4-amino-1-hvdroxybutylidene-1,1-

bisphosphonic acid

8



20 Exanpl e 4 Bi sphosphorvl ation of 4-am no butyric acid to form

4- am no- 1- hydr oxybutyl i dene- 1, 1- bi sphosphonic acid 8 WD 01/ 57052

PCT/ USO / 883095708H 1.) HP03, PC13 ,,P-CH H2N ~C, OH + - HACTHHO1{03309) 2.)
ag. HO ONGQP\ OH H OH norpholine The m xture of 5 eq. phosphorous
acid, 4-am nobutyric acid and norpholine HCO is nelted together until

uni formsolution is formed. The reaction mxture is cooled to about 70C and
2 eq. of PCI3 are carefully added. The mixture is heated for about 5.5
hours before the reaction mxture 5 is hydrolyzed in aqu USOEH)I d at about
80C. and al endronate is isol d )2151 a(?ﬁ gﬁganol ic solu cfqnposi ti ons

The corrpound el N, tions. The
term "thnIﬂaceutl C conp Slt %geﬂﬁ_g?a %sa&@ﬁméﬁd of a safe

and effective armunt of 10 amNacti kdient and

pharmaceutical |l y- accept abl e dkcipi ents. The pharnaceuti cal ©<HTpOsi tions
descri bed herein are conprised of fromabout, 0.1%to about 99% preferably
from about 0.5%to about n@sghobfic an active |ngred| ent and from about 1%to
about 99.

phar rraceurheomktuye—démqpmmmmroequbﬂemnsobuﬁmnc acldse@mommlmet‘ﬁéﬂ lt:mnipiﬂm tion

corrprlses preferablfgr& 5% to 40%._ preferably froma bout 30%

of a 15 riPERF JRELE o7 HdPEtfite < edion P rs&&a?‘egb% Y 73 4 5o
pr ef er abl 3 pl,0n2 @pguily 20024, t1he ndoMtis BRiea¥aboR 3y HPR G CRE }e)ﬁctaﬁeﬂpﬁlaebl e
exci pi ents. The phrase "safe and effective anount”, as used herein neans an
anmount 5 ofis hydrolypolindqueoys acdrapamiut 056 dnidglendienaig is igodptesi fepmi 11 ethawoliy
p05|t|vels\él dlfy the synptons and/or condition to be treated, but |ow
enough to av8| 'd serious side effects (at a reasonabl e beneflt/rl sk ratio),
within 20 the scope of sound nedi ca(l:_gmgﬂgmmt The safe and effective
anount of active in red ent. f.or use n L; nt4 rein
will vary wt hﬁ%ehe"% |cuefde he{:etl)nn i |bgﬁls 1?1“%8 H;%a n(eg%‘, éo?ﬁgélg%ng' th%(r}em
physi cal "pbardhatdudral obmpdsgiopateanta dogigadorhr @atpeided dfheakeme effeofiveohmoims of

condi l]bO dn tagt?vedl'llgg'rteélgnq %Ild pharmaceutically-acceptable excipients. The pharmaceutical

compositions described herein are comprised of from about, 0.1% to about 99%, preferably from
about 0.5% to about 95% of an active ingredient, and from about 1% to about 99.9%, preferably
from 5.00% to about 99.90% of pharmaceutically-acceptable excipients. For risedronate the
composition comprises, preferably 0.25% to 40%, preferably from about 0.5% to about 30% of a

15 risedronate active ingredient and from about 60% to about 97%, preferably from about 70% to
about 99.5% of pharmaceutically-acceptable excipients.

The phrase "safe and effective amount", as used herein means an amount of a compound
or composition high enough to significantly positively modify the symptoms and/or condition to
be treated, but low enough to avoid serious side effects (at a reasonable benefit/risk ratio), within

20 the scope of sound medical judgment. The safe and effective amount of active ingredient for use
in the method of the invention herein will vary with the particular condition being treated, the age
and physical condition of the patient being treated, the severity of the condition, the duration of
the treatment, the nature of concurrent therapy, the particular active ingredient being employed,
the particular pharmaceutically-acceptable excipients utilized, and like factors within the

25 knowledge and expertise of the attending physician.

The term "pharmaceutically-acceptable excipients” as used herein includes any
physiologically inert, pharmacologically inactive material known to one skilled in the art, which
is compatible with the physical and chemical characteristics of the particular active ingredient

selected for use. Pharmaceutically-acceptable excipients include, but are not limited to, polymers,

9



the treatnent, the nature of concurrent therapy, the particular active

i ngredi ent bei ng enployed, the particular pharmaceutically-acceptable

exci pi ent wautisreszed, and |ike factors within the 25 know @6F&ISAHER309
expertise of the attendi ng physician. The term "pharmaceutical |l y-acceptabl e
exci pients" as used herein includes any physiologically inert,

phar macol ogically inactive material known to one skilled in the art, which
is conpatible with the physical and chem cal characteristics of the

par ti cul afag thdeilngads ailricane| ke ddibitkgaas soRhas, raceutits alify-sacaept abl e
exci pients include, but are not limted to, pol %/rrer s, 9 V\qb01/ 55()52 d
PCTI USOL/ ©8309nts. RieeRatives| saeieping cagents. jayprifigsage tpphiafmaepwical  grade, fiyes an
di si ntegr Qi@ﬁr%mts.S()lMﬁrHrsparE QS HeV BRdrSacebtidallgbecsiytable ndxcipicuy feamthiaat Sp  the

preservatives, sweetening agents, flavoring, agents ar naceut.i.cal ade
dyes and Phrgeashical C%IROS%PnSpdafrs‘f“lei heyrn Bﬁ‘égdrw‘ﬁg‘@%]iei tE%Brr?-c%B’@p"Y}ﬁ% & 58

exci pi ent §1cRMAhOEH el dtaltddgge PIAK ABCAbEdINeRIn. cONposi ti ons descri bed herein
is used to make the filmcoating which is to be 5 utili

i \ zed. in the novel
oral dosage fofhs 8s il KO PE nas ¥ifd Heé‘?“?nm’eﬁ‘?sa?“yd?)léaél@%“?tb‘iaEforﬁ%osﬁ@%d
herei N MEaRS I bR AN TRESM foGR steRIARS L indfviduliie e esbutiDothieidddividistaed ed t o
the stomach of an individual via the pouth of said intgi ili dugl . Ozagd f?r

pur poses & pripeseppEde piesshpEsRcBhe ?‘ﬁ@”ﬁ‘i datigery &My i Defrmed A RoCL e 8V he
form of apRMiptdrgsh1pP¥ah coatcaPbBkaifing ShaN&: yartitibsofacmicatrediant ai ni ng

granul es or particles of active ingredient. state rei nabq:

) ﬁ%o As F h t;Ivet
phar nel@eut i cal Py sated Brempoxe.PRampraiiealyrasespigle X HRENS s e buf FRPPTEEe o
pol ymers, ?(ﬁi/rﬂés, R4S blaGh RS fillkds| luBficants| bibddrs; AMirBegranitd) delents, co-solvents,
di sintegrants, solvents, co-solvents, _surfactants, _preservatives, . .
sweet ener SHHERR, PEICRFBYSSn §Vestiaat agenBuflp@rng pe¢ }’ffg’hﬁ/ﬁm’emﬁn@%ﬁegmﬁ f ade

dyes and @}agg%;gggndﬁmge@geferred sol vent for the pharnmaceutical conposition
is water. “15 Fl avori ng a?ents anmong those useful. herein include those

descri bed i n REhs Prgterd solvephisr e PBUTRERICASEIRRPSIEEN SI¥YH: Edi ti on, Mack

Publ i shi ng Conpal¥ingl 22fks dMong 1AER- d3R0 herein fRIupO titdse dickyibed fie rRemogron&r ei n.

Dyes, or pignments anong those useful herein include thos descr/ in
Handbook ShaPaswededtinser 1B iEGitoRt Macls,e"é@}ﬁim@dﬁPF‘B?PYpp@‘i’z%P-l?z??S%B‘& by

the —Amer Exﬁ%oﬁ%@gﬁﬁ%b& ﬁézraiﬁ.ﬁ 9k adrl 9Pméatd AforBhassrasent haaih iftiessthose

i ncorporated by reference erein. Preferred co-solve L ncl , .ut
are not | idedcriked in dlandhask b Phargrgeusq! fxcigiegisyYesond lwp%ééf’@e‘t"%ﬁ%%

glycol . Preferreshbuidlicab hsiRMol BE thédBharBitbutRbEPREY, ihdoffickAel b rak@ssi um
acetate, boric carbonic, phosphoric, succinic, malic, tartaric, citric,

aceti 20 béergwi c, |lactic, glyceric, gluconic, glutaric and
Preferred co-solvents include, but are not limited to, ethanol, glycerin, propylene glycol,

polyethylene glycol.
Preferred buffer systems include, but are not limited to potassium acetate, boric carbonic,
phosphoric, succinic, malic, tartaric, citric, acetic, benzoic, lactic, glyceric, gluconic, glutaric and
25 glutamic. Particularly preferred are phosphoric, tartaric, citric, and potassium acetate.
Preferred surfactants include, but are not limited to, polyoxyethylene sorbitan fatty acid
esters, polyoxyethylene monoalkyl ethers, sucrose monoesters and lanolin esters and ethers.
Preferred preservatives include, but are not limited to, phenol, alkyl esters of
parahydroxybenzoic acid, benzoic acid and the salts thereof, boric acid and the thereof. sorbic
30 acid and the salts thereof, chorbutanol, benzyl alcohol, thimerosal, phenylmercuric acetate and
nitrate, nitromersol, benzalkonium chloride, cetylpyridinium chloride, methyl paraben, and propy!

paraben. Particularly preferred are the salts of benzoic acid, cetylpyridinium chloride. methyl

paraben and propyl paraben.
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25 glutamc. Particularly preferred are phosphoric, tartaric, citric, and
potassi um acetate. Preferred surfactants include, but are not limted to,
pol yoxyet WO erggosorbitan fatty acid esters, pol yoxyethhyl enRCTBHIABRY

et hers, sucrose nonoesters and lanolin esters and ethers. Preferred
preservatives include, but are not limted to, phenol, alkyl esters of

par ahydr oxybenzoi ¢ acid, benzoic acid and the salts thereof, boric acid and
the thereof. sorbic 30 acid and the salts thereof, chorbutanol, benzyl

al cohol , thi nmermesfatred pherybani@ue] butagetnat @maad to, utroat @Juchdet spieris ohnd

benzal koni um chl of i de1 EEt%JrE%i” di ni um hI oride, methyl paraben, and propyl
par aben. BIHFPOE BFHPIBPHFErT I SPHE R HE §%ﬁ° IMof benzoic acid,

cetyl pyri di ni umrebihréd | Biadersretdeydde, par ahen wnd 1mmpy|to palﬂealbee’ilulo']sa WBdium

01/ 57052 PCT/US ]%/ ?99 Ereferre swe glgners |Qc ud e $ Eganqﬁrllnlted
to, sucros@oogmtycalulesse bylaeiyROPER Y SH LI EnE OBt PEUTCRF 3 rFed are
sucroses an:dntﬁacghﬁﬁmmnragaéa&ﬁerlmtd:utzrmqufawdm@d mdﬁycebmlbsear::&bmmr ianmam gdant o
met hycel | ul ose, sodi um carbox Iose

hydroxypréﬁ?ﬂﬁ@fﬁ?“é%?ﬁﬁ? éﬁ%ﬁ%ﬁ%ﬁwﬁ Yodone, acacia, guar gum 5
xant han gum ancréfeRgnaides hlcluH’aI’Hut eidlnar ligitpd ef lectoedswara@e, medlivdealil, mhapsig,

car boner, xanth uar povi done and sodi um
carboxyneﬁﬁ?@e?%U?ggﬁgmﬁﬁ@?g?& d“fillers include, but are not limted to

| act ose, sucroSgeferr@d ba@lexiefsl Mclug@ bk taéd pot Bhaedm palyethpiews @iyrols papllieme
cellul ose. Preferred asti |zers i ncl ud but are not. lLim.ted to

pol yet K1 e‘%‘lﬁ@"bf@t‘@f Phtgﬂ"%‘ft)ﬁ‘ pRStor 9t a@ff%%ﬁ?h°8?8£¥¥f€9$“p%‘f‘ﬁ%‘”t°§?‘é and cast or

oi |, acetyl at ecbrefeR@UlyERRisdRSudeahid aterdoatigitedito, Magfesiimetkataid) sear@ndcsl, and

i nclude, but are not limted to, magnesium stearate, stearic acid, and

tal c. Preﬂ@?red di sintegrants include, but are not limted to,

crospovi done, sgGgkendd &afb@xyteinbyle, Sbar ey wodlintiedt @f cd"ro@byidmieatse)diusodi um
car boxynet hyl and.ion e re |ns

cel | ul os |n|c aci d, cl ays
Preferred CﬁEyWWfEfiﬂ%Y Sfaﬁfg‘k lﬁﬁ% Butarcl gyefite: Isiofiﬁufr]e%ﬂrl?od(ymethyl Lafito SO ARG
hydroxmprQmwgmganmkgahhghegﬁ;(HPN{D al one and/ or in conb|nat|on with

hydroxypropylcellulose HPC)., car boxynet.hyl cel | ose such
as Eudragit(r) HEISHeS PARERRID HiSTUSF Bef 3 n%ﬁiﬁgﬁ‘gﬁ d ?‘}éll @Oé%l@m%st
Ger many, nEdnRYardelor Uh Osnbiekiby | i ﬁlyﬂrﬁﬁ)@rop&l&élhp&bymml pytbohiedyivelldosept her
commercially 20 available fil mcoating pre aratlﬁniﬂgﬂch a Q@E\Nﬁh&%mﬁ

manuf act ura@lipyesa st snEwireigWRESOD.aBpy ac
manuf act unggl: bRl OheRPIceNERE, IR uloR Aandﬁhﬂ?yv*illy%ﬂ@ﬁﬁﬂ]ﬁrb@-b&ﬁr &fmrﬁé’iaally

present invention are generally nor e bi ol ogi cal | ot ent
20 available film-coating preparations such as Dri-Kléar, manufactured by Crompton & Knowles

Corp., Mahwah, NJ or Opadry manufactured by Colorcon, West Point, PA.

The bisphosphonates of the present invention are generally more biologically potent in
inhibiting bone resorption. Thus, the compositions of the present invention allow for greater
flexibility in dosage administration and dosing intervals. For example, the compositions of the

25 present invention, including oral compositions, may be dosed, daily, weekly, biweekly or

monthly.
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i nhi biting bone resorption. Thus, the conpositions of the present invention
allow for greater flexibility in dosage adm nistration and dosing

i nt er val swarars7eseanpl e, the conpositions of the 25 present PCAQ&/IBA?

i ncluding oral conpositions, nay be dosed, daily, weekly, biweekly or
nonthly. 11 WO 01/57052 PCT/US01/03309 What is claimed is: 1. A process
for maki ng a gem nal bi sphosphonate of the formula: (12( (12 PBBR, R3 Z C
O CCP@BR, RR nRR RL )rM characterized in that Qis oxygen, -NR4-,

sul fur, S&hﬁpkUﬁhg@$sa siRgIe bond; mtn is an integer fromO to about 5, Z
is aring selecte r the grou |st|n i ne, ri dazi ne,

pyri ni di né, &4§?F§% amﬁgggﬁmﬁﬂﬁ %f?hw Hgﬁéh suggtituted or
unsubstltuted am no, am do, hydroxy, alkoxy, hal ogen, carboxyl ate,
substituted or unsubstituted al kyl (saturated or unsaturated) having from
1 to about 6 carbon atons, /stbst\tuted or gn$ubstit ut @:Rryl, or
substituted or unsubstltut d Fen yl ; each RZJis indepEndentIy, hydr ogen, or
substituted or unsubstityted al kyl (saturated or turated) having from
1 to about 4 carbBs—atods;
the group consisting of h droEen,
(saturated or unsaturated)\ having from1 tio about/ 6 carbon atons,
substituted and unsubstitutediear L, substi uRed And uRsubstituted benzyl,

hydroxy, hal ogen, carbonyl} al ox%, nitro, ani OP anino.__substituted

am no, carboxyl at er eo rogen, substituted
al k?/l (sat urd@edteoxedumé)atmmwagn Re&RA- gl o éﬁrﬁnlu”tl d“él%&% bgnd; gEmBbHHR '88%Hs, or
acy conpr i o) vV

G i ving RS Mol £E2 Ol Bl BAQUH Tk BO0uS EVRAGRL BORMI, ﬁf‘“e%é‘{‘?)ng

t he solut|omnmmnénepnbpymmmhIbhbsﬁh@néwﬂvmvﬁﬁgﬁﬁéﬂﬁwﬂﬁﬁ@rBW@E%WB%i%?m%
base. 2. The a8 gﬁ/ﬁn%x falkgx@'hmo%I rKP% &L 'sgtﬁgtute'a ot hﬁsrubgnlﬂﬁecpﬁﬁ (éaﬁlraﬁ&i &ct ed

fromthe group consi's opropyl ethyl am ne, triet am ne,
tri met hyl ami wsaturhted) h@tulrg/framn h@pybqudﬁ rr@tbon Eanise F%tlmfﬁét%é@ﬁwtéé? Bbatre,

sodi um car boggl g P! RSP GAELONALCK, SOTMRDLGATHINALE or B8uica or

nDrphollne ocess accor to any of the preéce q)c ai s
characteri ze@subshtultmltall{}hésaphajgbbr@mgurated) havmg from 1 to about 4 carbon atoms; Ry is

one or more substituents selected from the group consisting of hydrogen, substituted or

uns

_ entsP&eRected from
substit te# or [unsubstituted al kyl

unsubstituted alkyl (saturated or unsaturated) having from 1 to about 6 carbon atoms,
substituted and unsubstituted aryl, substituted and unsubstituted benzyl, hydroxy, halogen,
carbonyl, alkoxy, nitro, amido, amino, substituted amino, carboxylate, and combinations
thereof: R, is hydrogen, substituted alky! (saturated or unsaturated) having from 1 to about 4
carbon atoms, or acyl; comprising the steps of:

a) providing an aminocarboxylic acid;

b) dissolving the aminocarboxylic acid in phosphorous acid; and

¢) reacting the solution of step b) with phosphorus trihalide in the presence of a base.

2. The process of Claim 1 characterized in that the base is selected from the group consisting of
N,N-diisopropylethylamine, triethylamine, - trimethylamine, 4-dimethylaminopyridine,
pyridine, potassium carbonate, sodium carbonate, potassium bicarbonate, sodium bicarbonate,
and morpholine.

3. The process according to any of the preceding claims characterized in that the phosphorus
trihalide is selected from the group comprising phosphorus oxychloride, phosphorus
oxybromide, phosphorus tribromide or phosphorus trichloride.

4. The process according to any of the preceding claims characterized in that the phosphorous

acid is heated from 45°C to 95 °C until molten.
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trihalide is selected fromthe group conprising phosphorus oxychl ori de,
phosphorus oxybrom de, phosphorus tribrom de or phosphorus trichloride. 4.
The proce¥® @i¢i7652di ng to any of the preceding clains char ad@ry$0ed330n t hat
t he phosphorous acid is heated from45C to 95 C until nolten. 12 WO
01/57052 PCT/ USOL/ 03309 5. The process according to any of the preceding
clains characterized in that the ratio of phosphorus trihalide to

am nocarboxylic acid is from1l.7 to 3 equivalents. 6. The process accordi ng
to any of 51 hgepeesd iaf@rdite@toTenyCHRathaGiredetiag dtidims tchaictdrized i tiad tef ratio of
phosphorous acid to am.nocarboxylic acid is f{gm .5.tp 6 equivalents. 7.
The process PREHHPHS HEPatidy i apingrarbgrylingad sdiony! - £ foxd V@K act eri zed in t hat

the ratiog0fTRaREcLO acd@h@t%ofboﬁr?/u& el Hede8ink 'Y cRark@ered i€ @ik i@ B Sof 8.
The process according to any of the preceding clains characterized in that

the phosphorrbawhomes erid © andzacEoRieATS5E D | 850 TP Sol ten. 9. The
process a990ﬁ1§g,?&e£s%@d?amgto atnP%f91'%%Fe%gdix@clﬁh@'cﬁ@ac@é?ﬁ&ﬁﬁttﬁa&!t}?qutid Srdaftah the

gem nal bl sphosphonate IS selected fromthe group conprising

1- hydr oxy- 2-gh8sphgrougipad/is Yot 3 fodl- hedauivglesishosphoni ¢ aci d,

4-am no- | gh Lk 5 TyLofthS PROMS Aild chARekrdr AhAAnd shosph

hydr oxy- p?béﬁ{e%iﬁe %g‘?rg‘ﬁgg%%“ n?fghggllrég. r%o. Th(ca pr oéess accor d? nogSp tocrjouz;ny of
t he precedi mgiddb bdatrd frolmadBE tets ‘Cadtii moltehat t he phosphorus trihalide is

phosphor us, tlr}jeclprl)c%gsi Caicecoracf?lgg %ohf?nybgfs {%eip%ecrggxlﬁg r2:?alir.{1£'%l’largc"t}’erized in that the geminal

bisphosphonate is selected from the group comprising 1-hydroxy-2-(3-pyridinyl)ethylidine

bisphosphonic acid, 4-amino-1-hydroxybutylidene-1,1-bisphonic acid, and (3-amino-1-
hydroxy-propylidene)-diphosphonic acid.

10. The process according to any of the preceding claims characterized in that the phosphorus

trihalide is phosphorus trichloride and the base is morpholine.

13



