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met hyl enebi sphosphoni c acidi (}E\rl \@%2 ves of the general formula | 30 [err]
35 40 err] in which forrmula [err]independently
are [err]al kyl, [err]al kenyIF [err]al kynyl, [err]C)IcI oal kyl, [err] 45
[err]cycl oal kenyl aryl, q’a kyl ; | yl or hydrogen, vvhereby in the formul a
|- at | east one of the groups hepr] [err] is hydrogen and at |east one of
the groups [err] is different Hrom hydrogen, [err] is hydrogen, fluorine,
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i ncludi ng the stereoi soners, such as the geonetrical isomers and the
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al so pegt eny rCz£-§|%?IrHa@rB|’ do: boStr&lGH: BY U, brRNY brefolBiasWst alkdnyln@gateed ¥ G-atoms,
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‘preferably three of the groups [errdg 6.&%% gen. Hi gher alkenyl is
preferably a straight or branched [er f group. The said al kenyl
groups may be either in E- or Z-form or they may be conjugated or
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I ndanyl, tetrahydronaphtyl, biphenyl, di- and tri phenyl met hyl etc. Aral kyl
may be illustrated by the foll ow RQ\mula 25 [err] 30 wherein the groups
A mean iaadependently [err]al kyl, A\koxy, halogen or nitro, g is an
integer fromO to 3, nis an intege gm B(6HP), end B is a straight or
‘branched [err]al kyl group or a.€0 ed or unconjugated [err]al kenyl or
-al kynyl group. In the sil )(IMg;oup errJthe group R s I ower al kyl
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2, 2- di me®hyandAimedut #enbl-s 12nendpRddimatidenipagthanlst Rimoner #id.N-sislsylaminggthanols, N-
(hydr oxy rret"r¥91°"y<§‘ﬁ8‘y‘5ﬂ"ﬂy?t iy Wﬁ'@i"ﬁ%{meﬁsaﬁ? ritell as, aming | qrowns ethers and - Crypiplese B s
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advant ageolyging &Wﬂ:hﬁam&ér&!ﬁﬁrot fﬂ%nﬁa{m&% %ubB I anb hinic ¥4I i N

[ err] chlgri neapégdecilf adbntigébustbmpdifid ErtﬁHJIBSno[nSﬁfl-]aﬁd Y Ynoefijlester ok@I%HIBromethylene)
Especi al | y prghespHomgasdls conpounds according to the invention are the

nononet hyl - amg indeftion @BAdeint ARb @I ocess forihs pkephration of rieCdomBEUNas oF the formula 1. The
br omochl or @haractefislicdéedhiraarobiiie ploydsess@jddissliobsadpine appendad icklins. 55 An
especi al | y advant ageous conpound i s the nononet hyl -and nonoet hyl est er of
(di chl or onet hyl ene) - 3



bi sphosphoni ¢ acid. The invention concerns also a process for the
‘preparation of the conpounds of tEFof&rgryég 1. The characteristic features
of: the processes are disclosed inthe appenéed clainms. 3 EP 0 479 813 B1
According to one process the conpounds are prepared by sel ective hydrol ysis
of the tetraesidigSo ®aé PREONEE BEndotnds e bropdidd By LeleckitH BydfblysBtdf 3RS fofsestbrs | S
used as tdomesporaiingitoithe Mahas i. hus anbRBLAbrI i DRdGE @6 RErthg MateridRivhbramlhd Wrelpe G&N)
and [ er r | R*haotehydivgers ant QYead i QA chaes thie rsaind éncaiiigTald @ the #oidluld Niakd R fef@shels | S
hydr ol yz ewdwlyzedvstepwisa acerdifignig thep folldwingf Sdhbrosviintg titsctieswe I, diestet Nearddr V @Ad @ie
111, difesnepestoyVhithe reactiondakes plads inthealrertia of tHe uppdi @rrov) At tecessary, akeqsartial sl N

t he diredPiVber isfsalt may bgiselatechand pujfied by exiraction.Jeactipnal ciystallizaion ioathrersaiagraphitally,t O
VI or it <andKdesiragh? free aqidmpvaheccanvaried into pisel asd stftinte fherfige adicon, fr act i onal
crystallization or chromatographically, and if desired, a free acid may be
converted s¢hémé& salt or a salt into the free acid. 10 Schenme 1 [err] 20
[err] f’err} 25 35 [err] [err] 40 The hydrolysis of the tetraesters of
the formula Il may be carried out by treating with both an acid and a base,
using thermal cleaving, and in certain cases also using water, an al cohol,
an am de or other neutral or non-neutral transal kylation, -silylation and

-aryl ajgi on reag@qts o®e hydrol ysis takes plgdce advant ageouBly 30 RA
t enperature rangbptﬁ" 20 to 150 [ERR]ls ¥pfferal ly from aboug érr] to the
boi | i ng poi ntef /t NEOR?xt ur e—Jhe 4 >a%| dSoa?e aduanipageSss! y Cvowdnti onal

i norgani ¢ aci such as hydgechl origcXacid, sul phugic.acig hos- phoric
acid, and Lev@s 2gie@r3such as borogfi f uePirte etherate, ¢ eOH
tet-&é;acdol oride, efc™\ as well as a nu \Qf organic acids, as oxalic
achg formc acPd, a@&fic acid and ot Rer c@mboxylic acids, ®etha®Bsul phonic
acid and d@her sul phonic acids, sl as P-tol uene sul pI’iBni c acid, further
chlorine and fluorine substituted carboxylic and sul phonic acids, such as
trichloroacetic acid and trifluoronethane 50 sul phonic acid, and their
aqueou® sol utions. The bases are advantageously al kali and
ammoni umhydr oxi des and ammoni a and t he aqueous sol utions thereof, as well
as a nunber of am nes, such as primary, secondary and tertiary am nes, such
as diethyl, triethyl, di-isopropyl and-tributyl amne, aniline, and N and
NN al kyl substituted anilines and heterocyclic am nes, 'such as pyridine,
mor phol’i ne, pi %Qri PR, piperazine et®, dh&#thydrazines, sugh asghy N 55
di nmet hyl hydgaz . I'n addition, aciids d bases bound to a.¥ Ld substrate
may be used, h a@HAnber |4-te®, ei i i@ #ihe presemce o ary Orgai c
sol vent or wa or vgri ous<setvent tures, or e—he ab‘?gce thereof. 4
EP 0 449 81RBl1‘fwar?Rer by treati n'wi tgrt2Htain al kali | as
sodiumand |itifamN\or with suitable ifryanic salts, such am sodi um
i odi de, Kiti un?bron?éle, ammoni um gl ori de QH8d NaBr/ PTC {he st eo roup nmay
be converted directly to its corresponding salt, such gé to the sodi um
a nium and |itium phosphonates. Thermal cleaving usually takes place at a
tgr;’er"ature of about 100 to 400 [err], wusually, however, at a 5
t enper at Jhehysolysistof the eiraesiris of 2B fofrmilar ) mayl be capied ahinEtreafingawith iothaa lagid and a
cat al yst basg using dherreah clgaving, apd incnertaiit tages also using water, an alcohol, an amide or other neutral or
non-neutral transalkylation, -silylation and -arylation reagents. The hydrolysis takes place advantageously at
a temperature range of 20 to 150 °C, generally from about 50 *C to the boiling point of the mixture. The
45 acids are advantageously conventional inorganic acids, such as hydrochloric acid, sulphuric acid, phos-
phoric acid, and Lewis acids, such as borotrifluoride etherate, titanium tetrachloride, etc., as well as a
number of organic acids, such as oxalic acid, formic acid, acetic acid and other carboxylic acids,
methanesulphonic acid and other sulphonic acids, such as P-toluene sulphonic acid, further chiorine and
fluorine substituted carboxylic and sulphonic acids, such as trichloroacetic acid and trifluoromethane
50 sulphonic acid, and their aqueous solutions.

The bases are advantageously alkali and ammoniumhydroxides and ammonia and the aqueous
solutions thereof, as well as a number of amines, such as primary, secondary and tertiary amines, such as
diethyl, triethyl, di-isopropyl and tributyl amine, aniline, and N- and N,N-alkyl substituted anilines and
heterocyclic amines, such as pyridine, morpholine, piperidine, piperazine etc., and hydrazines, such as N,N-

55 dimethyl hydrazine.

In addition, acids and bases bound to a solid substrate may be used, such as Amberiites, either in the

presence of an organic solvent or water or various solvent mixtures, or in the absence thereof.



sol Ution, or a quaternary ammoni um salt, nakes it possible to performthe
reaction faster and at a | ower terrperature Some active substituents, such
as penzyl and allyl, may be rem)ved%’ ﬂ%ﬁ%ﬁﬁ\ c reduction or

el ectrolytically. To i nprove solubility and to control the reaction
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tetraest ef @fpoiatited noOmbr @hah @EOTCATHepradeRce! 1@ SifdbR, catalyst, BucA ra®lal Skig of ak eéd
pl ace st epwsaigion e @rdlatagary @mnbsiunPeie kel it posiblé to pefformNthe Feattioh &stek\brainat tahdaver
concent r at i empeiatuteh Sontkeactivecsiibglimubiits, alichas therzyli add allyl, imag be) readtea by .catdiptic reduktion or
order to prepamobti@lyspeci fic partial ester structure, it is advantageous to
use a tetraesterimpfove [sgutfility and fo tdntrolithe edantion Hempesatwe dgingLihe reections) organkacinert
sanme (ni xed selentsaswch as bowerpipohalpendssitable kgtopaspand whipreHalybhatides, siich aeehlamfergp oxilizh
respect to MigkleredtRane, sthers; supipas, d'OP‘@Pr dipethomypthane,glighimegete opaydiediged as£p-selypats.
hydrol ysi s ratWhepfallgihg Pterasraupgu ﬁ“ ipdhe aq$§’ aepwing dntheolermulee!! orer the tsame the
fol | ows: 20hdrqlypis takes plage 35995’@% acﬁ°f 1"9 tA the s‘F"@'“Bés%‘F’ btl '%'"PES"H‘?drY@e’E the goncpptration of

st epwi se F r’e igd pariig! pite react | on ﬁ means of the §th eo and
shape of hﬁ ?”%H'ap‘g?r oc ‘EJ e A ° "“"a
factors °§ﬁ' pexelife! ° aj:s '°” k¥
i s I her erdqu %ﬂ r:r?‘f% oLr# rQ s|s , o exam la ee d evet d Bdro Sfs. %tﬁ 0 5
a ichel ate. g‘ ten antageous ope mare esterrfrcatron i n order

to changgooglyr g%gv§c;rbe|mst epw se hydrol ysi s of the different ester sites.
Espegial I'y tne met hyl ester may be converted to the cor respondi ng acid over
a silyl est @ pd3uibi6 1Pfieltird! th&SbWisd prodvess bitkfie RRIdA/BRGHCRA als b ineditkVdl o8 QHE
manner by  Pehapd bitthd) SlkyR afedilf GlibstiBend ¥shidhl a¥ BY Slectiohicdl REBRSIA BYMShRENdbSRvanBihe fay
m xed tetragst®én Afa palial obier WAdhas thdrmodhasidallp asbrdoedired, rieraRintlb, d6e 18 gheXOrmatidh X
gr oups Whus Cla chdlate. atdy efteh adv@ntageoiis 10 Perioh® a pdéstfificationun erderad cHapghr o linysove theGltepwise
correspondi hgdralysisadf drgedifskedt] estan rspasu Bspocialipiier eétyyldstee may be genarted do) thamyrresponding
carried out acid bwr asilyeestendr ol ysi s. Al so sel ective hydrol ysis reacti ons known
especially fr g%mhaere mydthm)béh@pm?;MGnat gﬁ@mmmlgt Egnmmwa esglh@lve
prQgr ess of hydwlysisy il nedegestysstepwise.lnd afmjkad eteadster B Oy RIprsred assin
or by medfs oer raipy Vhicksarargvaniaagqoustiiemy taepaint g viewsaf hyssolysis; @ @WP@H‘“Q\/H@H'%Q‘FE‘G

| evel of t hé‘°'U29§"qse‘ﬂ‘°f98¥ the 51"°9§§§"@’t miysbe-garripq qut gites the dudrolysisy t hi s may

i sol ated f rom‘t’r?ese‘P@‘é(?:f‘Yd&ﬂVsﬁt’ igng knowp iperecially fomePhpsnbale arq 'B°'I9Ph°§'§‘°%ﬁt%‘éﬂ°t“'s'63§/
precipitati Hﬁy fact i n or

t f
converted tQ 8Pf°P'@A%heqhv g’flrorra Een %' C%Ba p!ec?.n a{ogra rfgrmna ,1?_,
%

d t e Y6 0 mter ts great%st and
omil

vel o he a r |s a
accordin t(ﬂus E" Pbe, it} i L%, reci |tat|on extraction
esterificati)D atoB ﬁq‘?‘é % bb chb f?ee"éﬂc lts salt.
menti oned r ea rding G tﬁ.?%{ﬁtﬂﬁ‘ e a?&oear réefe %ﬂéﬁtﬁ&toﬁ?rbf
of the |owe 'i)lsﬁ{o§ﬂi\9énc adie iR acbrdbrich Qﬂh elaSdve ?tlenl%n Y tﬁéqf‘e ction takes place
bi sr&b.esph,gnr,,pm@@;;eg.,oagmg gwg}g"t,ﬁ) the formula VII, or an unhal ogenat ed
bi sphosphoni ¢ &Ca ehartiNg) mat8riad Et(hélﬁganﬂ\éjhyleﬁe)lﬂ‘bpﬁd%ﬂtoﬁre 2Bt Gbcordingatb tthe. kil A6 ofan
met al or anikHalogéha@a bisphosphoriicl xoid) Whigtecpiionally i ethe R oSt Cbutitasd et ve Bmaoraeh d
t et rachl ori daits oaddeantsgedisly atectotiesparnaihy phospifonic laeid devachioridescand] used,Santl depetdifigdonithe
equi val ent s dedired i et 1t aal 4 @quigHentsi of therdesired ralighiatic el apapiatic alcawl, bhthe corresponding
cor respordi rgivetéd alfation sityditian doglaptationreagents,ysuctt asoortoarinidarapd sinylesters; etgrervcsials
such as ort @nd otheri syitablegtrarisferi nagdents tfesraliyl- kailyleand and arqubss sughdasodidre rcompiundsh aetive
transfer r eagbcm'le geidrestgiskpiiosphates. [plgsphogsiep. pltopphites: suiphstes. and pulrhgnatiisg The reaction is
conpounds, &tferably ReHermek yrdetankvdreps cendifions, pig @Qbhfathe@mﬂﬁ%%epﬁﬂﬂ?aﬁf @§° 150 *C, or
phosphi t es, W’é‘%ﬂ ﬁaf"é@e“ %ﬂ'ﬁ?“’g‘ﬁlabﬁ‘ H%W’@é’m"“l'r‘l%eqf -eact i on | s pr ef

for med® und 259 hasprenarads i éP%?t' B

B 0t 5 Yoot %ﬁ?mﬂsﬂ“ﬁ t ﬁ"‘ﬁ;‘?ﬂé‘!s"t o e?'@t?rvfgégc it ap "trs Gl

thereof. so zr nz:\sa océlo} i0 betwe hos homc ac1 oup and_alcohols or a Is ¢ r I
substi Lt 1 OB R i 1 sl |-u§ f’i}é"
salt of RH&B\&& i a[(bg

ag reg! o

I'l chaas
reaction Of es, fOI’ exa

acet am dat e, fnaret ;Slﬁfal ésibrsa as&nrismsaéré %y rtrsaafat beaaraﬁt.\@ﬁea,aaamsssrnmml 5;, sasaﬁe

group and aleseHiiedion, af niedslg ipiiss; O ThEISGRAREH BiSphbSHhSrE adfRSdf RS fothuRI DR, dr &F obr-
using a reagent for cleaving off water, such as carbodi-imdes and

carbonyl - and 55 sul phonyl azol es, al kyI o aryl sul phonyl chlorides, such
as TPS, or oxidative esterfication, such "as phosphi ne + azodi car boxyl I C
ester. Pure partial esters, also mxed esters, nay thus be prepared in an
advant ageous manner by sel ective esterification, i f necessary stepw se, of
hal ogenat ed bi sphosphonic acids of the fornula VII, or of cor-



5 ; EP 0 479 813 Bl r espéndi ng unhal ogenat ed, whereby the hal ogenati on may
be carried out after the esterificatjon. 0 ot her selective
esterification reactions may be u%o‘s %&)‘?/ﬁl%rl marily from phosphate and
non- ophosphonate chem stry. The progress of the esterification reactions

may be f oldsoieiRly urinDbgeRic Whereby G HABEUnEHOR AP bé Bred o atbtthd Whtentidafigh! ] NMR and

the react i OfydoSotdel b&tckivePdsmidlfih redctidhs TRy LR Used knolwh Brifi&HlY fréht! phtRbHatePdnd GidnE !
s at itsqogHogbfichanisini his is isolated fromthe reaction mxture by

preci pi tati oe pRYiessist tie@Btoficatioh Featidh< B TbIbRE, Yor SXafhple] dhroftRifbbragHiballyfor udhd

f or m obd ap'RMA shdaryvésdtibred idteruptBE whentifio Evhtet 0P theldbsired paital 8ktérGs atSts gRAES lahed
to its salhis.is iS6latbd fedm 06 te@dtidn Mixtubl PR DRdlion) iextradtivh Gr chectrafogiapticallyoant)iBdesired, a

I nvent i onsatetymalb@bedis converted teitie tiyo aidrog the fred aditjs tdneerled G-iR@ shit ame fromits
parts 10 15 Haeialreste3(of bisphosphonic acid according to the invédtion may also be prepared by constructing X
wher ei n i thetPHRP framaridnaits\paits hydr ogen or hal ogen or ot her |eaving group, Z

I s hal agen, aryl oxy, sul phonyl oxy or al koxy, and [err] have the neaning

gi ven above, whereby 2 may al so have the nmeani ng 25 of hydrogen. The base
is for exanple NaH, BuLi© oOREDA. V\henR@ i ® hydrogen, the hal ogenation is
carried out after preparHtifon of the frarm\. !In t he s,targﬂ mat eri al
optionally present fie cid sites [err] :l—i) have to b tralized, by
using &°suffici eRtCRRBUNP of base, prior toPr-fe couplinrg+eackion. The
coupling reaction and the\hal ogenati on may,be carried out in the sane
vessel as consecutive steps taking advant a/ge of the al eady existing anionic
s{te at the carbon. 30 OR20 the M ®fael i s- Arbuzov reactions may be
used, wpereby the conpou ﬁ of the formula X above is replaced by the
corgespondi ng phosphite, “or the M chaelis-Bécker reaction, whereby Z is
hydrogen (cf. below). The partial esters of bisphosphonic acids according
to the i nwR&éin MingBimuRl Y5ie hiogek Bftlogsh dr bfen IGaving Brour; 2ngIRI006H arffoxydsuiphvdoxy

oxi dat i onol @#R6RY, alyROXR*CE IC,r02 (hawar theededipg Qivéredbbye, Wierdbe 102 mely @lso havp thbndaking

1/ [err$ oRgdiogsen TheXlasd is fob exdmplocNald, Buli, biDAl Wherudis hydenger], tHedmlegenktion iseamibdg
gi ven abova aftaripeaparbtion ohibe fyémos nttbanstértingstatasielt optiapallyspyesent ifrged acidnsitesn(Ré dRdi AiobRT um
wi th the HyHy bayenphe selelized. dydising @t yfficient Gmount EPb@eJifdr ®1tBe Bdupling reaction. The
[err] Al cavplingeerctianrantl thextialdganation may &a carriedut inike 3ame ypsgeliap gansecylivgsteps taking
hydr ogen p@m@agewét,hpgleﬂxakweﬁni@{wetﬁb%qar Br aci ds, permanganate etc., cone
into quéesti dYpo thegMichaelisprpuzp\fepgtigns raaykerused, whesphy fhryeamipeid of Heifmule Xabewersy t o
t he i nvenfsPBFpdnky,the carpsprading ahesphite: 45ythe, MichaplisBackes geacing. woarsbe & istyprRepn (F

unhal ogen8?®¥ partial esters,. al so stepw se,. or the hal ogen(s
9 The gartial ostors ofs bisp osphon!c acids accg'\c/l\{lng to'the inventnm may alsgJ ge Sregareqﬂ}(l)mblgc-P-
compounds at a lower oxidation level by oxidation (for example P"' -> PY).
85
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55 whereby in the formulas R' - R* and Q', Q? have the meaning given above, whereby the phosphonite
structure may exist in an equilibrium with the hydrogenphosphonate structure.



repl’aced by others, or one out of two nay be renoved. 15 [err] [err] 20
[err] In the formulas [err] have the gﬁaag'ég?%g%ven above, whereby in the
exchange reactions [err] 25 may al sB° R4 meani ng of fluorine. The

hal ogenati on takes place as will be described bel ow. When one or nore of
the groups [err] is hydrogen, base has to be added in an amount sufficient
to neutralize the free acid sites, asghas been gescri bed above. The parti al
esters of bisphosphonic acids accordfng_tosthe jnvention may be prepared

al so using stepwi se the above nmentT®pedcprecess known primarily from
phosphat esand nonophosphonate chem é@g I stry. so ot her selective
reactions known primarily from phosphate and nonophosphonate chem stry may
be used. The partial esters | of bisphosphonic acid according to the

i nventi on neAll cehveptiondl ogidation egettst prothsisdiutionspsuch as hydeagere peroxide] peritajogereedmpoyndag
an intra- orper afidsrpeshangankigeice gemrintgquestionet i on 35 40 C [err] 45 [err] 50 in
whi ch forteul a Thel piriakmstersagicbisnhasphenion peidy agrording b dnvention gnayhalson Be \espared by
ment i oned r BlgINEHG thrgoriperonding yhslaoesgted pREiY PRleSg Alah ApRviter ¢ Bie halopei) may be
[ ERR] - NVR arf8Piacae By 95t acongiqerof tRdnay bR fam¥edsf t he desired product is at its
greatest, this product being isolated fromthe reaction m xture as the free
acid or as its salt by precipitation, extraction or chromatographically,
and if de¥ired, tlBe sal®@formis comvertedgo the freeg@cid or @ he free

acid to its salj U o Tha te 2l cor inp tt ragcids 1V
used as startlﬁngr r?ggg alﬁgklan t he ai%éﬁre' ctyons r%}ﬁ%' %’r%ﬁéiﬁ
prQcesses known a®RSuch OR/ construc g th®OR>™ C-P fram®ORTom i t@RParts.

| rrespectjve of the fgynal partial esten, (idl IS ﬁ))ften advant ageous to first
prepake the tetraester according to the formula 11 using estér structures
whi ch are advantageous wth respect to the preparation of the desired
partial ester. In sonme 7 EP0479813B1 cases, when preparing the

bi phosphonatie tHerfarnelas Py RY aid GisOEhase the speenngadivey abyvaveiereby il thelexelsings regaibris0?
may be f ozsnedaydise hine tiemeaning di fiwbrine JEe thalagendtipnl takdsypiace ag wilk bendpspribad belawa When ¢riee
reacti on comuimoreoidhe gidues Bl ot dsstpydwoaent basé hasrte beraddedhin aprampunt eulficishtdp neytralizp the,
usi ng t he f dteb@eifl pitys.lea berbepredascribgthaboves) The M chael i s- Becker reaction 5
[ery] [err] 10The partial esters of bisphosphonic acids P@prﬁ!p_g e ﬁl}e] invpgtion magy ke preparpd,@l$oqusing
[exw] have tSrRewise inej abgvegnentioned pepgesses e pimagiyspmophosripte ad mparphefeRpnaly sieny
i s hal oge®®, #®y| oxy or sul Fho_n | oxy. The base is Na, NaH, Bulj, LDA or
KO-t-Bu/ PTC. Db s:grﬂ er\SPieFNR ﬂa§‘l°%§ 1999 Prirlyctamphoskiiate and monophosphonate chemisty gy

[err] [err] The partial esters | of bisphosphonic acid according to the invention may also be prepared from other
partial esters VIl by performing an intra- or intermolecular exchange reaction

35
o N /onl
O . ot / O og?
» c\ , T
Q N /OR
“ 07  ort
VIII (VIII # I)

50 in which formula VIl R' - R* and Q', Q2 have the meaning given above.

Also the above mentioned reactions may be followed eg. chromatographically or using *'P-NMR and
interrupted when the content of the desired product is at its greatest, this product being isolated from the
reaction mixiure as the free acid or as its salt by precipitation, exiraction or chromatographically, and if
desired, the salt form is converted to the free acid or the free acid to its salt. )

55 The tetraesters Il and corresponding tetraacids IV used as starting materials in the above reactions may
be prepared by processes known as such by constructing the P-C-P frame from its parts. Irrespective of the
final partial ester, it is often advantageous to first prepare the tetraester according to the formula Il using
ester structures which are advantageous with respect to the preparation of the desired partial ester. In some

7



25° [err] In the formulas [err] have the same neani ng as above,
whereby also [err] may be hydrogeg ‘#9?; | ogen, acyl oxy or sul phonyl oxy,
and Z' is al koxy, silyloxy, acylo 90 0 gﬂonyl oxy. 30 c) The carbani on
reaction [err] [err] [err] [err] 40 In the formulas [er] have the sane

meani Ng agasdswiieh Preb&Hing WHobiphdsphoais 'HaY, pakisi @stSed, PiEi04 Sfdster Caits) i
hydr ogen f@ﬁn:b el éﬁ m?%w:teénamg Inp@&{sis ﬂm%%fuﬁséi%g%& coﬁgﬂlda@ontg’r (a)lxy he

base is Bulirhe idpfesphinktd/Biiad m&Y bel gdpaded, fordkdniplb, LisHgQne¥6iloRinG knowh fealtiofar at i on
of the desiaj uid Nuchablis@Bockesiesttion he above prepared tetraesters 11 may, if 45

_necessary, be converted to other suitable tetraesters using exchange
reactions. Thereby the groups [err] OR4 may be exchanged directly or over
the correspondi ng phosphonoghl orige (cf. above) or by appl yi ng ot her
processes known pri rrargl)/oﬁr om pﬁo?p@ate arhi’%noﬁh@eﬁhonate-g} stry (cf.
above). Hal ogep-apbotsp ‘my be+subst|pt ued farst he hyge t he carbon
bet weef? t he phosphorous\abg in t4 & bi sphosphonat q a{dvant ageousl also in
the formof the tetraeste eby t he react|5n advant a- 500 l%2eously is
performed using aXIypohalite. Al so otXMIr conventional halgggenation
reactions come into question, such as t he reactions of

bi sphospho %ar bar] ORS¢ PLE a Str.on bas 3’: ?g
nt as v ive oV 0
hal ogeffs, g}, 58088 aécy. 05@&. F.o Rl o Rt ytdi
pol yhal ogera)ﬁg ﬁ rbu ra on owever: T8 °be’ no at con rary to what
has been state |n the ub Ication Zh. Qoshch. Kh| m 39 (1969) 845 - 8, the

q@‘orl nation of the int er medl ate carbon wi th phosphorous pentachl ori de does

not sugceed (cf. eg. J 55 3500 (1966) 757,3Kf.al so Ex e 14). In
tha,£irst nentione t|on s Ranely stated ghé{ t he tre%( t of

met hyl enebi sph¥%<@@ q:l d te#r acy::/PeIZexyI—-est er wt -gceeﬁhvr ous

pentachl ori de resul ts in

? 2 syngapfic (di chl oronglaﬂl ene) bi sp anhonl C
acid dicycl ohexyl ester. seem; however that Thif's is a wong concl usion

‘based sn an i nmpur®Xconposition. 8 XEH 0 479 813 Bl TheIEal ogen
substituents of the carbon may al so be introduced into the bisphosphonate
structure as the hal ogenat ed nonophosphonate | X, whereby [err] and/or [err]
ar e hal ogeffsthe fpreulas ' o epd @ OF have tha sppmmpaning lg% alfove, wherply2lsg| G2 anay be hydrogen,
subst i t ut ed ¥ oosry apispesr sulghapdpryyand ¢ i akPYGHHPYI EYigetoa PoRIeMRY-on, or for a
di f f er®nt ﬁbTrﬁgéfﬁa'U’é‘lf??Q“%nom reactions: The mixed hal ogen compounds | may
al so be prepared by the stepwise 5 use of the above nment i oned hal ogenati on
or exchange reactions (cf hosph us and Sul fur, (1988) 1). tll cally
active partial esters Dyxﬁﬂ]be prlb&rq;d besBagg usR nown opf OR™ y
acti vesscorrpougdscos}@?h.pas optically \3‘9 1gwe_alcghol s, & ﬂ[_ aration of
t he above nenti oned Stal"{\l ng, materj at's, internediat s,an end product s, or
in the exchange reacti ons OB sph&[ﬂ]onat es i nhi bi tRoGt eocl astic B&le
resorption. Theyig'e characterized byxgnon-hydrolyzable 3 10 G P bond
whi ch targets the conmpounds onto bone. They inhibit both formation and
di s&sol »ti on of the bone nmineral (Fleisch, H In: Peck WA, ed. Bone and
M neral Regetas fmulAIRB{Re aathQY, QEKWe tatsamé/R@ari, as 1rPBa foddda i, Vhereisy alsb)§2.may be
However, coydpagends isvtytiogenar dalepen,dz"iishdldgbn, @lkexy Cdcylog ot isulphopisxg.Jina bese is Buli,
crystal | i z&bA.dMkMgHelyr AlkaPsld. as a si de-effect an inhibition of
m ner al i sat Taking inkaaceeidi thé praparaion ¢fdher degited partia esterrthecablova prepared datiaesters nby, if
cal ci ufh pleesspanabe cenveriod 4¢ atherispitabla defisertanntsing extharge Iractions.| Thenebethe globnsl Q' -
met abol i SO ("Yi hecrrehapgedcdireqily or ovep the cprreppanding: phagphonashigrideJef: abpye) o by arplvingt
nmechani srﬂ"@f PIPGoRitep kAoWD H”'B?"'Vd@mephf’%ﬁ? Ad mgrophasphenste cheristyyeleinabiever i f i ed.

Mor eover , gé'i' F@'Etsémg‘e'é?ﬁ“?ﬁ“w t?er WH'PSW@ °B|"§p?ﬁ'8§'b?ﬂ5‘?’f’3t‘§“ etRjosRARsRYS @foms
Bi sphospHd E,és h plegqous ng@ﬁ“ﬂd'al”t‘eé?bé!dhe "PRRION VR nal
absor p?o cﬂeort!s e t:pléq |t .fAIsto \fent&a alo %] ngﬁqiquseﬂo:f he
absor bed Is& aﬁhe raﬁcé) bispho: Oél% s p ep sin sé(ong base wi eme alogens, or
fo Ee‘?. %ﬁ tal%art\ pol gen compounds. It is, however, to be
noted that contrary to what has been stated in the publlcatlon Zh. Obshch. Khim. 39 (1969) 845 - 8, the
chlorination of the intermediate carbon with phosphorous pentachloride does not succeed (cf. eg. J. Chem.
55 Soc. (1966) 757, cf also Example 14). In the first mentioned publication is namely stated that the treatment
of methylenebisphosphonic acid tetracyclohexyl ester with phosphorous pentachloride results in the
symmetric (dichloromethylene)bisphosphonic acid dicyclohexy! ester. It seems, however, that this is a
wrong conclusion based on an impure composition.



20: rem nder being rap;l dl y. excreted in the urine. The half-life of
circul ati ng bi sphosphonates is shor of entry into bone being
fast. On the other hand, the half- éﬁ‘%a&eﬂﬁfskel etal retention is |ong.
One ai mof the present invention is to introduce new bi sphosphonate

derivatives Whb floger ¥bsktanRlof Mé Edrbintnay faRb b®RIMIUA ifY Rb glsﬁioﬁhﬁbrﬁfefs%ﬁ&lﬁe as the

wi t hout | oesibgegtetCrhdrdpro¥phbtite IXORIRIELS T faRd/dr QR ake WaioGéris] THe -haldhdlon R \@fJeR nVihe

i ncreasi ng M imay 236 Wbt substitueli i hydfogén, aslilily)by hiickioptilia deRaldgdndtierR Gr ifdh taOdilRPént €1
t her apeut i taleyge nsisg krdwn rdactiohs. TRé MdBE haldgen lcoryimdsdinsey ks e pldparedd by khe Grepaise
acti vi t ys olisecad e @biove eaiivoar loganation ot éehange/eadtiorarictf Rnosphores/ sndtSulhg, 37¢19es) 1).
resor ption i roplicaly activenphrtiahestersiondyde plspaed bestisusing knawvs opiizhlly agtiveichrepounds, such

i nt eract i ors ofticallj ective alpahals.ds theipteparktion of the pove meatioubdt stagting matstials, integmediates and

bi oavai | abietd prgdugts.topin ther exchaggespastionsd t was found t hat they exhi bited | ower
af finity for Birphesphanaies inhilit ostepelasiic, bane sesatptinnn Bhoy [achheraciarieed pesspsinthydreliyiable Phey
have red® ofCefband #hieh t3rasts dhgi comPoungs oniq fpope-Jhey 'ﬁ'@i'i"b%?ﬁ"efﬂf"gvonl gnd digsolutiery of therkene n
vivo resor H’E'P@h(':!%%'h - In) Ppck ¥édy pq- ane qng Mi Astardgipt bxeerpta Yogics 8BS er
oral adninf 3%%? 6'H‘” VR fP"tH°UIﬂ'P HH' #o 9°PHé"hL'} f?fa?P'c'E'gth‘fsE“%°’¥ﬁﬁﬁba“°'bf"aV cause

fe
glhg-?lrrgggz?lnﬁ uIar me ;bo sr:\co ?nocf? (g aa‘?%a Cl cf‘ls tﬁégga\% eﬁe%r?c Zc ar:§§'s<;
such as E‘lhl i ﬁe %ﬁ t oern lg thiod atmréov é

f
reacting t '%g corresp ondi I ng I’lb an| c OI’ O rorggne

bases. Depen nLt ar%%%rﬂae%”stﬁ.@&‘%& lofifReted H}ﬁeré‘os tﬁé intdlirlaP a&Br%anOE Weshity
d~L/ pectly i Bel&vh%% ®EoraEdakd. ‘Aﬂ%ﬁla&mﬁmw%e%&ﬁﬁeatd&%&s%ﬁ&é RNodaiad i béhBSthe
used f Orap PreRiiiH Bihg ribRiCEBRY e Gine.TTAE hiiAKd 81 lcRcuibting BRBhd3EWNAE D SHSRRe fate of
acéor di NG brytint Bonb BYIRGHabtO0h FEYhE ParitcHiNb RISt 819 sRuldtf Fetdntidh i9nddar ent eral | y.
Al l convent i mmalain@nthe! @ésbitinvemioh & WBintrodldne@SbispAdtbiingte deMARAES @hich BavadweES,
SYrups, SohfiiityGorSbondth voi6 Riaersffeotd withatdosingt 2otivityl @8 boretesodtiGnoiniabition aSlinUitaAdduisy
for manuf abicressing tissirl abisrtion bifer aratadaihistratios teouldt lbaalinto bettehtherppeaticagaits onthe asatrddit
wel | as 2st athohe dismasgs. vi scosity regul ati ng and di spersion agents and buffers
may be used. TBablelogicdl aetiitit &f compdundseactauding i theripvention fiad prsiventied leonb wdsbretics, in vitro
al cohol s, ENTIA viva dasobder mepsyredoss well @8 sl interiagtign aftee campoungs iwith beng mineseljagd their
‘pol ynmer s affiptive biegvailgbility jaftes osglidasinga it avgs foupg thahthey exhjbiledolowsreaffinity for bone than the
net hyl cel | tafesense cmapopnd clqdrgnatp.Degpite Jais *hﬁhhac‘@ rea@reeéhe' jogicsl r?@t“"t!agsa'f‘d'%?&&rby in
cal ci um"bh&'g H’éﬁ 'E ""’?rﬁ&j?f@*é?f‘ &Fﬁ%t'@éﬁ"'&% fhea??mw"d%\ﬂa gé‘tsem?%aﬂiea?@' a&ﬂt&'s"?"f’"

desired, f g and svveetenl n ent T e dos e de e'r:hds 0‘51
several f aC pa I U rm allet en aIt 3&) or a 3’§
and I ndl VI g Iﬁa?s?nja?)@e c:i;ﬁgr ﬁél re Ctlgﬁg %il e pon 1 OI'O

10 t 2 ,
10 1o 2% y: gtﬁge %%fn the d.. %ng

"
\4@&. é‘f wh hﬁgﬁe R TR,
capsul & an ool %sm@oruﬁds%esamm m.Jn 8 ﬁng"méi %l‘snterally Al

q

g/ caps. AgdrvitRodalSministratioh ﬁﬁl&? capsules, granules? QydipsTSoid¥ieskNa sions
1.0 ng Tablghe Netdudstion. AGH -all adjuﬁﬂgfog n’ﬁ'&lfMu?d’ e8libsind and('aﬂlr‘-imstratlon?gf tQa on, as
Lasiose 40 woll as stabifizord)visadsiPlrégulating and dispersion adéhtsGindBufbRnfay be used. 4.0 ny

Magn. stear. Such adjivarfds higgudsSia. tartraib-@iid chedé bufles| alcthéls, HDTA aAd plsratdhtetiatdmplexing
adm ni st er egbnisr sjihareltiiqg potyyerdand wihekesterifecubstratasyptareh, dattobe) frasnite,methylcslmivbe, oo
or injecti eilicic 4cdst fhity acidb, gelatine, Zperagemn taichine phogphatet magnésium\sidagate, agiing spdheeigetable
buf fer, Na®ts anflidiasited, flagiuringrand swestenisgipgea®! e known phar maceuti cal adj uvants

-may be uSed, Thpdesags @WP’E'@ ©n sayerakineiess. a1 exagiplecon Meanannes of edminigrgfion, species, age and
preservat i mggldual condition. The daily doses are about 1 to 1000 mg, usually 10 to 200 mg per person, and they

may be adminstered as a single dose or may be divided into several doses.
In the following, examples of a typical capsule and a tablet are given:
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It i's also possible to formulate a topical formulation adnministered in a
sui tabl e vehicle. The conpounds in -acid formare liquid or waxy
substances, usually soluble in orgaﬁéﬁz%sﬁeﬂls and in some instances in
water. The ester salts are solid, crystalline or typically powdery
substances whi ch usual ly dissolv | Sone i nstances in
organi c solvents, and only a few S#Rs¥et ures b'@Q’PR?s porly soluble in all

sol vents. The conpounds are very| a&Rbing. al $o0b.0mghpir neutral solutions at
roomtenperature. 25 The strusfahe of thez2gomgolnds may easily be
verifiedswith [err]spectroscopy pmdgrbsteahB- mhssnpeeaigr arret ry or when silylated
with El -masspectronetry. For con %rlrat Rm and inmpufity deter- mnations
[err]-NWVR-spectroscopy is very s polar—fonmpounds as such ion
exchange and excl usi on- HPLC may péctus ogr- and f490.0met [ aesters and sil yl at ed
ester acid derivatives G.C or Mirogerst- ¢oll. (Is@0mBr bm t he conpounds sodi um
and ot he® netals were determnm ned| 5%98¢ at el y|a$70891 | as t he possi bl e crystal
wat er content Fromthe anmine sal} St rogen W8 ™get er i ned. The fol | owi ng
exanpl es il lustrate the inventioph #thout |{m #f he sane. Exanple 1:

Tri hexyl (dichl oronethyl ene)bisp sodiumsalt 29.1 g (0.05
ol es) of t et rahexyl (dichl oronethyl ene)bi sphosphonate [err] and 290 m of
pyri di ne’ Sar e Faeireviioal u$enaisocdopandnteialiyn edninigtérbab pregsgation may besmbde| foowxaohpleian infusion
31P- NMR) armdnceiiteterdr jrfegtion. in shecnfagionrcatcetrateragiesteriie waierLrhasphath duffes NaGi §aOH or HCI
(tri hexyl (odl pibér| suiteblaknampl Rbarpesutingl reiiARES TRRY Do serl foythe ipigatipadi alfo wwiable Phaymposuti-
di S\s/ol ved icAl PBBOVaivesof tol uene and the solution is washed with 2 x 100 ni
of 1 N NgOH alhig ale posgiple informylate\ g-teigal farmylatign adgini 3049 sulighlp wepiele-er ed. The
filthate is elharomaquade i eates-acid i e fauidrerawaygs Ed’f*‘éﬂ"! griubledis |°@é’é° padvents
di ssol ved i3 inGOMafnstarceTinNsiar- Qe 0514 Salts 5ye folidy Ay ‘%""PP Y PRy &‘Tséfﬂi“c"

carbon and uP‘fam mjé lae wﬁuﬂl FtPr rgé’;gg;% g;g :Pc g @gg Eﬂ:% %‘tlh neutra| sé %ons si’%o tempera ure Ha
%gﬂ -nk verifie
l le

vacuum whé P'

ound e |th - ‘30- and 31P R—s ect and
(dichl orzsrTEFtA " % w, t%?g},ﬁgﬂh ty gg,_
obt ai ned [ Lt sw ;ﬁ) ch Hon exchange and
concentr at o) % E?P acud de jvatives GLC or GC/MS may be
Iororret yl ee.@g; .loﬁ.pe Eh’a %odma e.avfe a&Jr arktbIf @b wanas the BossibiB©
f okl.owi ng Sitend PRMANOsHife R, tr&deh%é&ie‘im C correspon ing sodium

salts nmay be ﬂfee&raw.ﬁ@exampmu@ﬁaé 8 PVSHIGRRMAGUL limiMigRd amfel abut v
(di chl or onet hyl ene) bi sphosphonate: tributyl

(di chl or onExéiene) bi sphosphonate fromtetrapentyl

(di chl or onet hyl ene) bi sphosphonate: 50 tri pentyl

(di chl or gnatihexylddiendnnsiylegibisphespiontie end mebseivaysely |

(di chl oronet hyl ene) bi sphosphonate: tri heptyl

(di chl or orret h3A-1em@B msjopios johialme @lchlpfemtt‘!éqnﬁbplﬂ@mhpnate ('P-NMR (CDCls): 5 8.85) and 260
(di chl or Om;@lw;,pg mres @(g fiRs rehoud 1 rppr 837:pon is followed with 3'P-NMR) and the mixture is

(i chi or onﬂ"f??!a@ﬁ ‘Eﬂ’§ hES'I‘Pa'P@d‘fer @ﬁwb %l?rg'ezw @pisphosphonate N-hexyl pyridinium
(dIC 'OI'JD esand;the; d with"2 x 100 mi of 1 N NaOH and 100 ml

(i chor o] %gt '5?‘8 i .E Lo D2 frotod o

11.87 (P)’ rels tant d}aravcu wer% t2 f the theor.) of

gﬁ;gﬂgggg”g ﬁx&; y o m' g ﬁ"' %&ssea & Hor el eL édrmmmf 10N
= 1% %r&?&hy‘ PFi:1ph 1 @?ﬁ?&é&y&ﬁ@&gtﬁ:ﬂﬂﬁ sphonat e mgnoso I ( e

Salt) (31 AR d R WELAE o ool b Zfsomshg. Rl )eahe P} o

tetraki s(1 propiiedinl 2R dhaidgbus ﬁé‘p-l or onet hyl ene) bi sphosphonat e:

tris(1-met rydnbietabulyl (GiohisbrhemyRnBbilphbsReneli sphosphonate from

t et raki s 1-wetulyydionicrpimétiyldnelbigphosphonats fidyh tetraPentyl {dithlorombthyiéheybisPhoSphdndtet

bi sphosptiondgdeatyl (dichisdnietiyishe)bigphasplidnate frow itetrdaiheptyDiaeliibrythatin@hBbisghosphpianat e

from t et rdneptgl(dighdandnydthyletelbisphbsphanate firow tetva@dpy! (dichiphastintana)bispriosphonate:

t ri cycl operippdpy (dichidvbraatiylene)bisthesphoniaie Snoin detrplsenneplydithiaomethateng)bisdhysphonate:

(di chl or ondtiseptopyl dyichlaspratityjsh@lbisphesphdate t (mprolsddjum salt) ('P-NMR(D20): 5 11.87 (P), 5.19 (P)

(dichl orggrréﬂvh Fe rié}’b Haplremp keypathve (Hickiorproathylongibienhosphonate: (triethyl (dichloromethylene)-

(di chl or Om?fsﬁ eeadte) N?HW@!’HWHB?EE |so[a}ep§ﬁép, ermedlate G'P-NMR (D20): & 12.47 (P), 1.30 (P'),

(di chl or onetm é?ré)"m E’_’ﬁﬁﬂs‘ﬁ!ﬂ&?ﬁ%{‘ﬁ%"yfef'@?fﬂh%‘tp osodium sait) (*'P-NMR (D;0): & 13.47

( dl chl or Onéf ak; )(dlCth methylene)blsphosphonate
FRERR e s s i g SN
(di chl or omet hyl ene) bi sphosphonate: trimethyl

(di chl or onet hyl ene) bi sphosphonat e e[rr] MR[err] 16.46 (P), 3.42 (P

")
= 19.6 Hz), (nmonosodiumsalt)[err]15.74 (P), 6.58 (P), 2Jpp = 17.0 Hz),
(tributylammoniumsalt)[err]

2Jpp



10 "NMVR [err]15.50 (P), 4.25 (P'), 16.6 Hz) fromtetra-(Z)-3-hexenyl

(di chl or onet hyl ene) bi sphosphonate: t ( xenyl

(di ehl or onet hyl ene) bi sphosphonat e (I\F‘(’Q)éésh%ginyl pyridiniumsalt) [err]:
a 12.53 (P), 4.70 (p'),[err] = 17.5 Hz) fromP,P-diethyl P ,P -diisopropyl
(di chl or onetduphspdhate:0i sphosphonat e:  PP-di i sopropyl P' - et hyl

(di chl or ometthg( aﬂmr@yﬁph@ﬁﬂ&eﬁahﬁbnGNSﬁ%Eﬁf\bnaﬁyr ifrhin i tefracyabgentyll € kdidhtoPdiBinlieres-]
15 11.81 (uegphosphdibte:(p' ), [err] = 16.6 Hz) from P, P-diisopropyl

P, P -dinmet h;léyclopﬁaﬂtycfﬂicﬁrmhﬁlajlb)ﬁmbsphhia&phmhdwa@bhIor&n&]aytt&né)ﬁiﬂ:pbsmyﬂate:

P' - met hyl s( diiaipll (dichtanaeithyleaslisigphodphanptia drem Itetraptiory! (dichiolombtiyienelbisphiosghomatai um

sal t) [ err] -tipeny @ichiprbmethyleneRisphodpt@taty Fn) tetrab@nzgl (HiehiordreghyleRy)bisptipsphanpteopy |

P, P' - di hexytribshziil siehioometbylénglbisphsphotsitesiisimoteksmstivit (dichi@@netiylepe)bisrhosp yl
P' - hexyl (ditimetar ddiehiorometurienaii ﬁert‘éw MCH@aOyN (Pdhwm)s trt § 196rHiz.a
8.67 (P), 6.@pn mzqit P-NMROCOClY, 1#%@?“6 r('é ébcm P 'ammomum salt)C'P-

(di chl or Oﬁet%ﬁ)é ;lé (gb ﬁ@?lglglﬁ%ﬁ) 0}81%? i p}it yngnrom ﬁz;e)blsxgo(sgggr;a)te
di chl t¥# ini 5
Ed: ghl giggtan N%’ rﬂ’tg Iotrt’onatk75 fﬁzt (emy %’Ey

p1P6cB| loromethylene)
(dichl ororret : ate tetra di 51P-NM c|
(di chl orone t py rorsngbgng}és &:EFEFZ yE " t 1&1 ';L_)
bi sphosphon Pethe é rfrrtg hyl er'tl )E ()sp J'c(?' |§ ¥
(di br ormrret gﬁ Bhﬂw ?d?é?tio?onfefh%ﬁet) eﬁtép%sﬁﬁﬂﬁtg RMLutylmethyl ammonium sait) ¢'P-NMR
(dibrononet r&f Eie '1$ PHAPPNORYS), {79 [HeP oMP K p-diisopropyl P',P'-dihexyl (dichloromethylene)-
(dipr ononet hotdp Mghtgphosphonate fromtetracycl open{)

(di br omongst h?’i’-@i‘éﬁbrbﬁys PLRSD ik oetnliBhefisphRPIRA&LY [N-hexyl pyridinium salt) ¢'P-NMR (CDCls): 5
(di bsegironet hydzapes.br en*0s Phe0wEs fbh eFaBLhibragiehW) (dichloromethylene)bisphosphonate:

( monobr onoeti@y:hiedshehy)SEibiac erharyhebisphbsphdnattflopl tetra(3-phenyl 2-propenyl) (dichioromethylene)-
( monobr ononetisphidspidatll Sphosphonate fromtetrahexyl

( ronobr ononeti@yphagie 2kreppiyi)s Kdim)loa!methylene)biwhwbhonate from tetra(2-butunyl) (dichloromethylene)-
(monobr onesretisphésemeatei sphosphonate from tetrai sopropyl

( monobr ononeti@phigmd (dichiormetlan) Aisehospheriatesopy teffa)éxyl (dibromomethylene)bisphosphonate:

( nonobr oo eititgy ddksgmamalty smtﬂh%ﬁp@natﬁ freymtetraigqpromy\(éibremerpatiyyjene)bisphosphonate:

( nonobr ono netf"ﬁ‘gPF‘@M'é |br0159rg?ypy ?‘)Hgﬁmpgona'{erﬂp@;gqa%@mqm dibromomethylene)bisphosphonate:

( menobr onomef Gi ehopqhaxmte( mtatra% Jl ({Jnnnhromomethylene)blsphosphonate

oggh bbromomethylene)bisphosph
Eg: : gggxmﬂ' ? 5 ng}h l;fhes s lqgﬁ% o(g;[?rzmor(:cr:l‘a?'::nne\:)r:eet:::ensep)b?ss;?h:::I:Znate
(di i odonet hy‘f"&‘ﬁ’é S etnklenqisp ‘F? e (di°

IS

odgﬁ%ﬁyﬂ?ﬂee e) gr?on%l“% [5']*78’ Manek

fromtetrai Sxﬁ.gl y 3 J&)ﬁ'i f&%%@héi@g@ﬂ%@é? gyl (dibdohSRPERDiebhosphonate:
(onoi odogge ( 0 ﬂt;g m f Iene)blsphosphonate
(monochl or Omﬁﬁ Xy ' ne {(l ﬁét@front ﬂéiréls%ﬂ'gﬁﬁ W nouodomethylene)blsphosphonate
(monochl or ortﬁ.stbvops;un e)(%.sdtﬂaefﬁ @biSphodphSiste t SofP.C Vit a@s@sfe W!  (monochloromethylene)-
(monochl oro fagy- 40 bi sphosphonate: tricycl opentyl

(monochl or ongiedpydp@in € inkunSdhldRFithABRIphoshioRdd  flofl I ®B4dYMbpentyl  (monochioromethylene)-
( mone€hl okonméphysoRcaey- bi sphosphonate: tri et hyl

(monochl or onetyolgpentyk) binppdvbispmetngéne)bispi@sphiondis. ahézrmi|  tetrasthyl  (monochloromethylene)-
(monochl or onsphgspaonetp:bi sphosphonat e: tri hexyl

( monochl or onteethy (nneshioromethplensitisnbasphonaté franmtstrahexy (noogablowimethylbne)bisphosphonate:
(monochl or ontghenyl| e rf@pnochi@omydiyinpeibispiinephereats: tfroﬂbyciemwlty‘lsxvl (monochloromethylene)-
( monochl of%n‘ﬁﬁphgl’@'?@?bl sphosphonat e Tet r ahex

(di chl or omretH !99@“%@%‘@“%*95 éhsewt @ﬁgor%equap's%W@mew

preﬁalr o Ibn q b et Fé’é 8 'P‘?' % 21, frin é

t 0 re

T e tt w;é ! %?ﬁt ftt n%« ot %44 *’3&”

t errper at ur e lsbﬁb%n r lf t m rla 1 on nﬁ of wh I'gsl: jﬁéﬁsﬁag
& ti

(100 A) th leng

[e”] 20. 04d ﬁ%‘s fo Patﬁ: G 16 em ﬂte
is 90 % 25. .ﬁ.xﬂre(.peﬁ.‘éctaa) aghXQO u@ghaeé b 8 S e s h s i ttoaitile Th
added Whi ke ROH dnld ¥k 6PmPsivatdh a drﬁdm NeHeearad ITHS hﬂﬁe & ovhdbdidd nbedr!aN@cuum
about 30 ni nwieRBy abWIEIEREE & of Hel tﬁdormtar&emmmnumdmﬁafe)bkp%s@toﬁﬁ &b oEIRbd 1B
at room t enpPRMRICDOR): 5 BlB6), Raviig b Eehceriradbf g50ked With 2 x 100 mM of tol uene
and the conbined extracts are washed with 50 ml of 1 N 55 NaOH and 2 x 50
m of water and dried (MJSO) and filtered. The filtrate is evaporated
under a vacuum whereby about 25 g (85 % of, the theor.) of tetrahexyl

(di chl or onet hyl ene) bi sphosphonate are obtained [err] NMR [err]having a
concentration of 95 % 11




EP 0 479 813 Bl L.a. the follow ng (dichloronethyl ene)bi sphosphoni c aci d
tetraesters may be prepared in an nner: Fromtetrabutyl

met hyl enebi sphosphonate [err] 20. 30%@#&4&#&

(di chl or onet hyl ene) bi sphosphonate [err]NVMR [err] 8.86) from
tetrapentyl 3a HRloloniNEBNGRRAMNOBNEsphsid dcidt 1BFe2618 May lbe prepared in an analogous
(di chl or onpkdhgk ene) bi sphosphonate J[err] from tetraheptyl-

met hyl enebFsmhamapitg AdthgleheBisposphbfite’ @ RNMRY(CDCIs): 5 20.30):

(di chl or onetrébatye nadithilogpietiylohaisisphasphdnete r | ¢'PEINMAN  (CBCI)APBE OP8486) from  tetrapentyl
met hyl erebmspylaspisghogphenate XP-NMBH(CRGI)Rplos di chl or onet hyl ene) bi sphosphonat e
from t et r aletragentglpy ldichiedomgthenelbisphpismhonsizo n $tRNIB T r (CRINE: [ ér r§.85) etfomi Stejsahegiyit
(di chl or onmethylenebiephbspbertatedIPrONELH(EDGlEr&30.07): 21) from t et r anet hyl

met hyl enebtetghieptylp hisichioompibyigrie)biEghosaiipnate o (Y RINMRNyICDCL): & 886) from tetrapropyl
(di chl or on®e X‘?’@E‘%%?Pémﬁ'sphonate [err]10.88) from tetraet hxl 15

met hyl er@ bied: lp ;g{og\e[hélpr]e)blsgho‘.gg)opatq é{oma@pﬂmpropﬂ methylenebisphosphonate (¢'P-NMR

met hyl eneb 3

. b b
(di_chl or ongf ks ufyy fena)tiidph spﬁi@ik‘ﬁ-ﬁﬂﬁk&@éﬂ)?ﬂkw lirom tetrakis(1-ethyl-
me{by| enebLsp/hQsdt}RRdbisphdsBriohdte #@-1H (CDCE: B a8dA.Y |
(di chl onp MRtk 1Ca)RpFIP RRPIBIRABIRYIShebRbhdsShorate TRLIMMR (CB0IR-5(Z89) forh @& tlopehly!
met Mk enebmshfieenimosphsnaloq® P-NMRACHCH): 5 faeiek a- ( Z) - 3- hexeny! _
(di chl or oneitritytignRaybi @ehioonstyiabBisptosphbiite’ 2CPMINR T (CDTI):etsr aks13 ( Fome tibtraallyl
yl - 2- pr opemighylerabisghgépacratel BIP-NORIODCIHIseoeex r ] 20. 31):
t et r aki s( 2tehraiyly l(dichiopmeheland)bisphabpiainator GIReNMR | ¢EDEDi $pl8@s)p Homat tetrd-@F-3-hé3erb)
f rom t etes aphbylgrisbisphbsphdretedP-HMRAEDCIONR042): 30 t et r aphenyl
(di chl or ontstrén(Z)-8herpil didhioromiatyeneibisbhasphonate PR GRCIHStEF2 (@) dbin JealdsBmetat e
[err] 20. 68)2-pronsey)amsthylepebisphpisehonate GIFeNMR/(CBRLY HR&HMosphonat e.  Tet r ahexyl
(di:br onpneteligiséragtil-2piegmmid n Kicklorgmathyleneibisphosehonate | HF-NMR e (GDMs): ndy 998) ~ from
prigpar ed i [trerhenyt 'BP{PW’PI%’"PREM@’P’. 35 Into a sodi um hypobronite sl ution,
B B s A A S
in 50 M of° ei-ér%. T ?@rﬂﬁyge %Ftégp ;)SE while stirring 10.2 g (0.02 nol es) of
t et r ahexyl \REA Fin r . m nut.es at, 0 e NE
oYy el o o o, el ) o i

g

i n? ner. . . .
t enper atyr & @r&? b G ol TN G5 gk b7 by EXL b e
Wi th vater  aRuai & 0ol f] b wabi abel bddEd Ghbopyibd i binkrd! 0.2 § (e Rl Bhabihds
vacuum  Whgesh¥neBitghosphdritedulingibpr. 46 thinteRTat 6 BE5 8L mixtdd ist BhdcBENS lhour while
(di br ompeL4dlingeAne bk AP ATEIM RAb&atde AndPR et 0B it ibthyiéhe SRioB Whe Bfitradt is washed
col our | esswit waterdhd arisdqMESOLY bitf AltGdd.Ofhe Rifradilis dvagbratdd \idérduain Wbreby appr. 105 g
(di DeOrmasretdoyh 6me) théos Pé Gstiiva i(@brérhintbity Bhé)AhbspRdhats B dBRING ©PaMF(CDOI, 11618.98
anal ogous pmrae i coldelbssauinedt b yoncérakation oharmet hyl ene) bi sphosphonat e 45
tetraet hyl (dabhefvtowrigHgibremendihyispbibisphbsphariccacidotbiraasters prag (b |prepared in an analogous
(di br ononetmayeene) bi sphosphonate tetracycl opentyl
(di br ononeTé¢isaethy Ydibropemethyisasikisrbogphenete 7. 26) t et r abut yl
(‘di br onotretehigatyhieiprmsppibdenalbisalogphonate
tetraisopropyl (dibromomethylene)bisphosphonate
tetracyclopentyl (dibromomethylene)bisphosphonate
(¢'P-NMR (CDCls): 5 7.26)
tetrabutyl (dibromomethylene)bisphosphonate
s0 tetrapentyl {(dibromomethylene)bisphosphonate.
Tetrahexyl (monobromomethylene)bisphosphonate useful as a starting material may be prepared in the
following manner:
Into a solution containing 6.7 g (0.01 moles) of tetrahexyl (dibromomethylene)bisphosphonate in 70 ml of
abs. ethanol, 2.5 g of SnClz x 2H20 in 100 mi of water are added while stirring at 0 °C. After the addition,
55 the mixture is stired for 15 minutes and extracted with chloroform and the extract is dried (MgSO:) and
filtered. The filirate is evaporated under a vacuum, whereby about 4.1 g (70 % of the theor.) of tetrahexyl
(monobromomethylene)bisphosponate (3'P-NMR (CDCls): 5 13.83 ppm) are obtained as a colourless oil, at
a concentration of 80 %.
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50 ‘tetrapentyl (dibronmonethylene)bi sphosphonate Tetrahexyl

(monobr onoret hyl ene) bi sphosphonat e ugf@n gq% %1starti ng material nmay be
prepared in the followi ng rmanner: 9M88%n cont ai ni ng 6.7 g (0.01
nol es) of tetrahexyl (dibrononet hyI ene) bi sphosphonate in 70 nl of abs.

ethanol, 2.5 g Ith{:éefoﬁc]wuigrlmgrQ)grom)m&f'rylé’?@)%ﬁﬁho?d’h@m@%ﬂtr%nlsQnaztﬂerlﬁ'épaﬂd @ an analo-
[err]. Afterggubq\amgltlon 55 the mxture is stirred for m nut es and

extracted W trambh (AdnbromaRgthylehé)bishhbspAsnbiel S dri ed [err] and filtered. The
filtrate i s wvsaEgr @osdrotahehyléhe)bBphbgphonather eby about 4.1 g (70 % of the

t heor.) ofs t etraisbopy kmdnororodichyan@bisphdbsphargtei sphosponate [err] 13.83 ppm

ar e obt ai nedtetayelopsotyldmoriobsamomsthylenabisghogphvatent r at i on of 90 % 12 EP O
479 813 Bl LTelaisernepyf (piohaiadomeihyienelbisihospinomatst dsplubascs Sadinghwatpriab may bepregered in the
t et raest ers feligwingangpraspar ed i n an anal o- gous nmanner: Tetranet hyl :

( monobr onomeThyi- %g, @q;, @ngpp;@ﬁmr@y[ ggth)d@pngqhosphonate in 300 mi of a 10 % K2COs-solution, is
( monobr ondhed grﬂlg(gihmg@bgn 29 winpigs ggﬂmgpymrch contains 6.35 g of |2 and 20 g of Ki
( monobr om)rrel" n'éﬁ% aéqr b@%?ﬂgﬁlalf @e f'@?"l’%.’éﬁ’!feﬂﬁ@ﬁt nd the solution is exiracted with x 150 mi

( monobr om)rre 2 v'caa eg rated NaCI-squtron and dried (MgSOQ.) and
( nonoi odonet ﬂ gn| |t"§ "éd‘h§é(1"‘ bgg gﬁ,?f ut 20 9 |5 gbtained
prepared in l ‘:’:' t° tt?t'?l biRer-
met hyl eneb sp?l ome ik ' '8 §s° T q:'"z matg"ab% d

dropwi se whi |, °° ' e) nu es al So "% 2R % g)?ep et &

m X,UJI’G IS Shyj 6freﬁﬂn 1,00 of 0 P50 il B Walter afe’sbilicdCinid! stiffin umles
[err]. Theg, eplisad, WndédherafTidiRds stivdd WAS RETheWiktite R exidctét Iite N 3 bl et

and M ed [ efslahidd (MGEOL) ahd 1588l Thd MEatd isloldparia®a umeemraarnaw@aewraéaﬁ 7.8 g\(fU0 44! BR the
wher eby a evps) at tetrisdpRpyiCitendehioraiaéthilenglBisghosphorfaidt @PAMMR ECOCREN 5 a0V Hpm) are ob-
col our | ess otained #coadiodrilaagoil, &t of Bfidehtratidheof P8 dluct cont ai ns 44 % of

tetrai sopropyl Lénmnfolickingqmotbolimorhatibytsnelbikphesphadpéviritatraestpre midy barptepadd 4 m‘aﬁalbe
starting emtgausalameiet r ai sopropyl (nonochl oronet hyl ene) bi sphosphonat e

useful as a %etampthyl dmonathipramethyleee)bisphosphangtar ed in t he fol l owi ng manner. Into
a sol uti on ctsteettivhimagpcBlorpmethylamelbisphesrthersle of t et rai sopr opyl

(di chl or onet Weyacyeierpnlyidmenesiimemativienslpisphosphenatgf et hanol , 9.0 g of sodi um
sukphite in BEGYsiehest (Mesecslorometbyienaiisahagpiona®-st i rri ng during 15 minutes at
10 20 to ¥ Lerr ~Wwhereafter the mxture is stirred for 1 h. The m xture
IS extracted 2ehl or of orm and t he extract Is dried (MgSO4) and filtered.
Theflltrate .S erleb..a Qu ..693 100 % of

t he theor. ) YA Tate[err]2.04

e n ; l QIS JL
ppn') are blilEdj ﬁlolg l{ Jaﬁ icLl rorﬁé ng)BiQ&lggbéE ' Qr{?i 550 l%ﬁ % !d are
the fol | o ngﬂ? ﬁs 0% ;rf% ‘hx{’ é’f s %E,saﬁa@!iﬁe r 3% fr?t\&rﬁfeﬁ} RS i
prepared in gy rﬂ: ac ﬂ-%h'lﬁxyn@stiﬁ? %fs&ﬁh QNyAMREMYalt is obtained. This is dissolved in 180 ml of
(monochl or onpfubnel &6 hes BNASH RORRLE lo" SHfting Ytfectively - 125 ml of 2N NaOH. The gelatinous
( monochl or onphéipilBNe sdphried 85 RRratdA afy feWakiidg wah QEMRINb ¥hd othyl acetate and dried in a vacuum
( moneehl oL Madsleydic nihslaby BRSPS aise ot oF HrRCHE.P BE Kithioromethylene)bisphosphonic acid P,P'-
( monochl or onwitdxylbssradidotism fsais (FrronmeR qD.0x0 Es@ rap ebtaiied Pit' a fanbeditation of 96%. The P,P'-
(di chl or onet Hiydxgin@iptieremétindspbibispibsphivial( hbyhiss epadi febrmitsusgit yniebatiepowithuan &l tn
35 29. 1 pjagqe(of Pyridine| alse)otref armiaesr minebey ised,diucthasohetaneydiy [aminey masghine péee rEat 2,
and 290 m  obipqudine.dipatazied. eto) of Blipkatid, drigwry.] sederyary o tertiaey amiines di-isoprapyb emipe rtiethetl
under a vacuamie areectts). (di chl or onet hyl ene) - bi sphosphoni ¢ aci d
P, P' - di hexyl edt-dhe follaning symmptries) K‘F'Q!‘Fqﬂmﬂy'e%%rp'ﬁpwhm aich digptersy pdsthpie diamine and
di ssol ved i ndi “‘rﬂa' ay, ll?l ?féd %Er?ﬂa‘ﬂat‘?g?‘ﬁé“agﬂﬂ’ut ion is added - while

o O i O e el B
separ at ed by gr%‘ rom yIOQ?chlorometh n?k%l rc]:sphor;[a’t a el
ief

dried in & v (dlchloromethylene)blsphosphonate @'P-NMR (D:0): & 9.22) (disodium salt), 8.86
(d|p|per|d|n|um salt), 7.04 (bis(N-ethyl pyridinium) salt) from tetrapropyl (dichloromethylene)bisphosphonate:
P,P'-dipropyl(dichloromethylene)bisphosphonate from tetraisopropyl {(dichloromethylene)bisphosphonate:
P,P'-diisopropy! (dichloromethylene)bisphosphonate (¥'P-NMR(D20): 5 7.93 (acid) 8.26 (disodium salt), 7.83

65 (diammonium salf), 8.23 (dilitium salt)) from tetrabutyl (dichloromethylene)bisphosphonate:
P,P'-dibuty! (dichloromethylene)bisphosphonate from tetrapentyl (dichloromethylene)bisphosphonate:
P,P'-dipentyl (dichloromethylene)bisphosphonate from tetraheptyl (dichloromethylene)bisphosphonate:
P.P'-dihepty! (dichloromethylene)bisphosphonate from tetracyclopentyl (dichloromethylene)bisphosphonate:

6.35 g of 12 al Iﬂuon‘? ont(gi if\ge% n%ies)v@tté?rﬁrsopﬁg Iq&rcﬁlé?tﬁnéﬂ@fz'f)&%% ncﬁ\atel
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40; desi ccat or whereby about 11.5 g (50 %of the theor.) of
(di chl or onet hyl ene) bi sphosphoni c i‘f’idj 13 B1d| hexyl est er di sodi um salt
[err] 8.97) are obtained, at a concen P8 of 96% The P, P - di hexyl

‘(di chl or onet hyl ene) bi sphosphonat e may be liberated fromits salt by

t r eat nent Pmdidycl&fbn@quﬁIorbrﬁett@ieﬁé)&isﬂf)spﬁ&faiedrbﬁ%tﬁ&l@ﬂdﬂlé?&ﬁet% BiSphbEYoraR: used,
such as het exduiyiC {dichlofibififiénebEPopshohdtd drom S BRakisie-mefhlyl-2-Bropsmyi) gdlé}ﬁn’omethylene)

pi per azi neisphedpbonpteor al i phatic, primary, secondary or tertiary am nes

(di - i sopr BpyHis(Zametmg-2-ptopéryt) Hyibhlaﬁnmyiem)bispmuphonme ('BINMR) (D20: &.8.60 h@ipibérdinii Ng
symmet rsi csalt) f(odh tetracynicbemyt ddighlgroresthiene)pisehesphematec aci d di esters and their

di am ne abg*-dikyslowixyl fdiohlatomethiene)bisehgsphopaie fain tetiaphenybidiahiorgroatiylame)bisghosphénatem

t et ranet hg@ RDP@h(d@hlerﬁmlhm)h@mm S teabenzylRdlqiﬂlormethylem)tblsphosphonate :

(di chl or ofBtdipnayh clfiishley e)bisrhesphefiateo dpm P £4dimpthyl o dlqgluyl Oighloromethylene)
(di pi per i MisPPSRARNSYY P-raethv Ch'9'°'f'9‘j‘y'?'l°19ﬁP'!°éﬁ’\°aaéﬁl R (CDCls): 5 10.03 (P), 8.74

(di chl & offet’ ey iR iz Cit %Wbﬂ@&f%zmwm Pt di et hyl

(di chl oro%t hlél ene) bi sphosphonate [err]9.22) (disodiumsalt), 8.86

(di pi peri sal t) 7.04 (b| s(N—et hyI pyri dinium salt) fromtetrapropyl

alt :
om tetrai sopr opyl

|1 i
(d| chl orone t

(etortay sy ﬂ%}%ﬁf" ; s GORSSBMpgen sty
7.83 55 kiGN TEOMel Whlfb%& g aftt eg) hMFBIy%i@ AR wgd’ WA SRR AWel 'the reaction

(\d¥ chl or oxEB rdaiied Q@Jﬂbﬁ%&@@ m&&@ 'is €dofed td¥obth te¥perature and the lower phass is separated.

(di chl ey oTFattbldne PRIsB IS RABASOWIINRL M1 df watst bk dria@@ﬁﬁs!i) and evaporated to constant weight
(d#@hl or ourigérny | vatsuh | vty Ripp &g (80 PY%- 6 BReNthedr) of P,P-dihexyl (dichloromethyiene)-

(di chl or ostephésphanate )BP-sipiROECPLBRAL(ER) 11.88Npdne t(P'RBLDPprh, 2Jpp, 21.0 Hz), are obtained, at a

(di chl or csveteniydtionef)9Bisphosphonat e: P, P' - di hept yl

(di chl or onegdy b ¢0@5 matashal Stshaboeet isphespivonic eitid dCyizécowithrASyml of water and the pH of the

(di chl & onistuieyi$ adiusleditesH h 3G pithoh& NNaOli 3The mixtipe & eyZ@ra@ti3o Bynees Midetia vagcwinoareint |
(di chl or ohesvsperetiee islsproptnd affoh thn addition pbiaprapenoh dhe rpsidue is mixed with acetone-isopropanol

(di chl or ot B9 ErcperiRigieos pilleirdtasd dred. pTheyigld |ig/|about 1.8 g (80 % of the theor) of

(di chl or oHERPMeLRene)bisRirRh PeP fl P%’?%tdtssﬂmtaysqﬁétcwﬁnt@ﬂoapb?ie% 1)

Qﬁl cm %r 0 ltl hyf \;'eefpg wnngo}‘@gg%y ronpthrgenemsg ogpq%;fz g _desigranpdn %r,?spond.,;g
{21 eyl el Dbrepahitntphobiing Wk Qb pBEl 7 O
Eg: gm 8: g%’ :tﬁ '§J° {l}%ﬁ%%&]oﬁ%o @.Oltneﬁ’ F’%E)Qrﬁ{/]y" P'-diisopropyl (dichloromethylene)-

by

(di chl r '
(di chl or | &gglﬁrmﬁg%@%%hé P%"g?:benz B?V" P'-diisopropyl (dichloromethylene)-

(dichlor mﬂéﬂtﬁ' n@%lﬁlér&ﬁ&%@ﬁi%@ph&ﬁaﬁm‘@m F]’ P-Giemﬁt b‘)ﬂ -ditertiButyd i dnibYdmethylene)-
(d| chl or osigphdghenae) bi sphosphonate P-nethyl P -et

Lg«hl Or OB istlIE ARGt RAL)BISHAbDhdna’ Jirom0. @ﬂdu(ﬁ}.ethﬁbhzrfbl 16 H-Bltett-buigV) Pich=

Heo (iométhideme)bisptosghonats: azi ni um salt)). Exanple 3: P, P- D hexyl

( di chl or ofRtiyhetindphbiys [idichiopinethaibms)dapbosphiopatel ifomdP-denyk Biptopili 5P B!-@ted-b(td. @ith-
nol es) of loremethylnalbiegtosonal: - di - i sopr opyl (di chl or onet hyl ene) bi sphosphonat e
i s di ssol Rréegyli Bpragyd(dighloromethyignedbisghosphonateo t he sol ution 6.7 g (0.07 nol es) of
met hane sul Bhsitecansaauepus selutioe) gleiiie agidithe fiellowieg eampoynds may bé prepatedyin jah @ndirgeusi ng
and th#& p'P%’Q;’ess of hydrolysis is followed wth [err] NVR. When the reaction
has reacHER BP-gigihyld,Pdsogtop) @"Chpf?é‘e?'ﬁ" jsghqs Eh° led to roomtenperature and

the | ower g §° { met? Hm((?'%c'a?/\dsﬁéﬁ( 12 €0 e of
et e Sl e,

wher eby agpy
(Z\C]“p;?l (Z)E.OEF};E,L IﬁQﬁ'}J P lahs% mﬂlgﬁﬁlgtg%%gyﬁgﬁogéqo%a#% d n%}ar(:r? %’a’eSna?%:a\%

mol es) ofydf ma@m sthtﬁ:ﬂ g\mns:d.@&;rgbyi aﬁn.au)m& mntata % faf oY@to?[DAagrq the
pH of t headdeu vt bitfiry (N§atﬁ\ pH& ﬁonQPe rg
evapor gt edl ahtydrdiisyrMFS &h arsuan%.aewmeamhs hﬁ.uteé/&a%atm&aarb%daea%ﬁts%ﬂm te

t he addi t-7®nc oL gi(6.098mRRY@ ldiisofrosyl EiRsidpHoEBhdSin 1D W6k abydRuS TR, Qﬂ@adﬁ%%ﬁﬁ@%m'
(1: 1) anccohtmeedofoiets mindtes 4 -78se & anldttiey miduid MlaliBwddas! warfie -gpi <. tlo the nbl@s!ls added O
(80 % of & NeiCl toeeopH Pf Sotb 6( elficedatted timnmiktivg liscsve)daitainnas phatuu®. Bl rekidue is extracted

P, P-di hexyl ester disodiumsalt, at a concentration of 97 % L.a. the
followi ng unsymetrical (dichloromethy]ene)bi sphosphonic acid diesters and
correspondi ng



30 sodr um saI ts may be prepared i n an anal ogous manner : from P, P-di but yl
P, P -diisopropyl (dichloronethylene)- b| o‘§ﬁ)€onate [err] 9.02 (P), 7.17
(p' %, [err] =23.0 Hz)): P, P-dibutyl (%’Q: BH3RY hyl ene) bi sphosphonat e from
P, P-di pentyl P ,P -diisopropyl (dr chl oronet hyl ene) - bi sphosphonat e: 35

P, P- di pent yl w(trgﬁ ?I?:Z%I H&Y'a Qb:ﬁt%ﬂ %ptrégtg %reewgsﬁéarurtﬁ a 1'0d% *Né‘ Us solution and water
P, P -dii SOpErQPVs @J)% MoRBR) Th Fe%ﬂm)fsogﬁ’r@@tuﬁo effeafd fRRIY Irhe filtrate |s
(di chl or oret Bybg#ed i3S nh&nat@c&,ﬁrom&b?- bt1BYd (ob" % Bt t‘nd'tﬁééf)t of Bupb-ihexyl P',P
(di chl or onet bysbgites) mebrlyré RpHobsNoRte CTHRMR (GDTINYd 2013 (P), 17.84 (P), 2Jpp = 7.6 Hz) are
(di chl or ongt bthifsdcatial coRI3MFaAGHO 8D &. friddsiimk pfddabit isbbambdWyithR@IRYdf about 80 % in the above
P, P -ditert wlabdsy but( shbstifuting! fhe | dilegyaisthyl gHasphbriatpRitSHs @NEOBE moles) of dihexyl hydrogen
P, P- di - 4- met pidsphoveaty land the chidopropyirebibrgbresphith iwith TGS [00AE mpleé)r of riiideprdeyt Ydhioromethyl)
P- propyl P, Phosphonate.t - but yl (di ch- | oromet hyl ene) bi sphosphonat e: P-decyl
P-propyl ( di ¢ hIT@ramutvﬂe;cbm-ur)dﬁzsamrdngmaheao BYoflasi %adNa@Rl salyticmoars added whilectirring
the acid t'hevidespushvit g CHHo (A28 meieg) db & Rxdikepe (PORT-diispprapy! m&wle@ﬁb@mowomrrwng
from PP- di et A§minptes. P\fter §@ 6’ th‘( i isr et fey R &t 01 & gt rﬂt)r"ﬂﬁ’t"etempefatu"e and

P, P- di et hyl P“@F‘%}S'F ‘B'P‘br‘rﬁf’t mbepréywe #BY ‘i'ﬂé( I@‘%H‘d(q“?d
5.12 (p'), 2 _)a_[r f| r heff}lt@;ﬂrpe NBPIRpd; 1: ps w reb 15 % of the theor.) of
(i ohl or oret Fyidge] rreronrswe rra PCls): 5 898 (), 472 (P
(di chl or onet ,
Hz). P, P-Di hgxy)! "’° o'I“ ‘%ﬁ? pre am"e fg T’“ e yT 3?8%" T
as)a starti ng n‘é?e’ ‘"°‘PV'°“8£"°J’ Bs Brsse are thrBT%%\n ngBﬁrranner To a

THR_hexane sgteyqr on of LDA (i t| um d| | sopropyl am de) whi ch cont ai ns appr.
0. 072 nol LDA, are added while stirring (N2-atnosphere) at [err] 9.0 g

(0. 034/ ol & es) Ol 13k R %! MBRisP Y meMRAS ARG R ddbedlhildlstimny &T1661RBY(RS- Qh’l@spﬁﬁ 66 g
whereaft er S{d#1rmdis) bftriesrépyNBHRISphitd urthg 301 rMIAlRRS simliRndol&ly Bistliing 'of 1BEBod

whi l e stirri pgidalAfter/fBe addition st i§ Gorimiad ¥92146 tin Af166110l 189 BLAUAY khe mixture is frachonated
chl or ophosphahdar vaduuld) The yieM isapdtys2rgoes % ldithe thabrg loBdlisdpadpyifotidnietiyphbspherai b.g uesl
for 15 m rest es10at Camin CHEAIMR (GDGK): X 118164, at 8 cancdtatiamdf 9H%warmto -50 [err]. To
the mxture is added 5 NHCI to a pHof 5 to 6, whereafter the mxture is
evapor ated uB@#erR: a vacuum The residue is extracted 14 EP 0 479 813 Bl
with 3 x 50 ml of[err] and the conbined extracts are washed with a 10 %
NaREO3 sol ut i orfoA§ an8fd enoleakd dilseprepyt Gagloethyliphogpignate, arp added grpduaih while stirien @ 18%
stirred irffotct08eiC Qatnioprheisl 8Hg (O @oles) [trisfhy @°$P§'t€ew'a'9&°altbeate€ ethﬂr'%%g% distilled
under a vacuf ion, 5fikying is cong “?‘9@’ W gip at 0 g th m'Hf"ePS f{actionated

a;;sgr@rmré ot o el 5 o

b d z) at cg

ootained o s r% e e
phosphonat e Qﬁ ? 'l 'ef?Ji% it @PMMAYchCE); 923, 8),, &
di i SOIor opyl hBrﬂI&FgéM I)P }’ b %ﬁg é)b.ﬁp d&fn%((e; G )Nﬁiz &@igif%;gp)% 45
[e”g in 130(#‘512.15}1‘ 23.9 WP HIREB-dim tP"rﬁ’llmso l&bﬂ Sate’ 11 NG 1

Vi gomeus| o apE iR cbcilyp -5/ 2800d Qb)OZ 43T Sl F}n H Hﬁxar.lnetﬁ’yr IPP’Ehsbp?&JW Qienl

net hyl enebi s phadpheighetpionite CFoNMR [QUCRS 3 1%6@; el eyddi £ bognkhe m xture
is stirred f aom2,FDiehyl 01 @iisoprogyn thetRyléhebitphbsphthale GHP-RIMRL(CDE; )5 Zh.20 XR) FrCA7qrh, 2005
with 2 x 100 =n¥.4 ok): PrDiethye P',Plditsoprapyb (ditkidromuthylene bisptasghonstes @NNMR {GDCR): % 948 (Pl
of water and7deé (PPN SBIHz)and filtered. The filtrate is evaporated under a
vacuum wher &by Phsgiethyl PP'-di-ter8butfonsthyleiebisphosponaty CHHFNNIR [E0QIsh&)2pi88 (P), 10.68 (P'), 2Jpp
P',P -diisop Foﬂ)zﬂ i)d P(ﬂ'ﬂlqywbﬁb‘t-ldlyfhlehégl tidiehigmaofiirienaiisphgsehanitP-(R/RMRECPEIR: ©80.38
(P) 4.72 (P(P}’ I5(PDSErr]= 1802)9 Hz) are obtained as a colourless oil at a
concent r at i offBF: PQPP*@BV' i -gibenzy! {eathvipaebispiqsphenate, £ AR (RGA P AR P)I8- 2P, 2Jer
unsynmet ri caIﬁ %i; (;L ’g W Befsvippnzviddighierpragtirylpnelpisohpsphongie; EBHMS(PC): & 0.43 (P),
i

met hyl enefff s -dusor?ropy? Dhyichebitbhoaafonsis @ 2XRdonCk): 5 20.22 (P). 17.90 (P, 20pe

= 7.9 Hz). P,P- drbutyl P',P*-diisopropy! (dichloromethylens)bisphosphonate (3'P-NMR (CDCls): 5 9.02 (P),
717 (P"), Wpp = 23.0 Hz)
from P,P-dipentyl P*,P*-diisopropy! methylenebisphosphonate:

ss P,P-dipentyl P',P'-diisopropyl (dichloromethylene)bisphosphonate
from P,P-dihepty! P*,P-diisopropyl methylenebisphosphonate:
P,P-diheptyl P*,P'-diisopropyl (dichloromethylene)bisphosphonate '
from P,P,P'-frimethyl P'-isopropyl methylenebisphosphonate (3'P-NMR (CDCls): 5 22.82 (P), 17.64 (P) 2Jpp
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Step 1: 20 To 134 g (0.5 noles) of nethylene iodide are added while
stirring at 160 [err] -atnobsphere) %@ gzég 3% nol es) of triisopropyl
phosphite during 30 mnutes, simult a 1); 1stilling of f |iberated
I sopr opyl iodi de After the addition stirring is continued for 40 mn at

160 to 165 g .and the mxture is fractionated under vacuum The yield is
appr. 62 gp(pﬁﬁ-u | B0SdploP QiienlordMetrilehejsisphsiPiidnat [REIRNRLONER)PH PERN@) Blo? (P
b.p. 100 2%3k@ixl Osg;y[errf Bﬁq Y. o,r athqa conc%?rgtlén of 9(5 o) Step 251 o( t . 6

g (0.1 nol e pt» POirimS@Ar mw*y: Gﬂa@@@mtshwbamm R PArfotil &' a&ﬂealca&adua}uény)-
whi | e stk r mispebsptonats5 30 to 205 [err] (Na-atnosphere) 83 g (0.5 noles) _
triethyl phoesph,kP-tistiye Phreetatidchic rmdtigytbnetidphdsphonate:d e, R.B-tilnetityi | P'ediaddcyl. (déh: er
t he addi t i daoradthylene)bigphbsphanatet i nued for 10 min at 210 [err] and the m xture
i's cool ed dma R.Pdisbpropyhs PeattadenttPtert-tuiyt isthylerdisphpsphonkts €'PaliiiR (CDGE)XS 85-7640). %
of the thedB3§ (Roi*ie, Po&iHax hyl P, P' -dii sopropyl methyl enebi sphosphonate

b. p. 140r0- FRlisdregpygl Wg@mﬂ]"twbw (C(ithrO"@@)ylm) ﬂoﬁl&@u = Hz), at a
concent r at ifigm Rf-digsthyl,P',Bglipheny] mgthylenqlisghasphengie {HP-f Uk 5 (P), 12.84 (P'), 2Jpe
(di chl or onet IWI"Ebé’)"oﬁ"@g‘hﬂ§p'?1t?'f?f‘%‘yb@F’él°’P’“?ﬂ‘VIb“°)P’sP“P§PP?’E@s(f1El”é’"*ﬂ‘ﬁ?c'ﬂe“ p-FE ed
In an anal &) HemniéP2 Hek om PP-di net hyl P, P' -di et hyl

nmet hyl enebi g)hqs honate [err] 22.65 (P), 19 55 (P')2Jpp = 6.00 Hz)
P, P- di me? hm -diethyl (dichloronethyl ene)bi sphosphonate [err]11.17

(P), 8.45 (I\Jl:c)mih%gﬁ Rimhlo%ﬁnetljy]%)@s&ﬂo a§’ gﬁ'ltgﬁ'{smﬂm ;ﬂ. P"-diisopropyl

met hyl enEblapllUb}JllUlldLC A0 ¢ S. 00 P, I &0 (r 2Jpp = 7.1 Hz):

P, Rdi methyl B Uﬁj'rﬂofbg)oéfoipﬂé l( ﬁl{eﬁlﬂutyll WF“’EEEBJ?&HE\E? %ﬁ&hﬂéﬂiﬂ Prdkshohdtd fpke-
11.56 (Fh. fiod?t SDIo}mnn%. &odrding & E% -te ol 1FSPRABbyi
met hwenebln%% SdbitpRbRhdRat ebr@%are%o fréfa 615) Xy t&eru?y? édrdphospd and 7 diftogrBpyi methyl-
P, P- Di et hylphé2pndnate tH dcesHRn6dWith thél Exalroia3p 8 lstitbed Ve B0 in$ ¥ rRBYiE ablfl ¥or i 192 A6
(P, 7.16 (p aPabout 80) PP (fhe Progfesdisr) hydPlysik iRl wih EPINUR).FAttePthe Géactichrthe Mixtuyd is
nmet hyl enebiesgpbanp anéednstardt aeight udder @8radukin, whktb® EhogdRely) (ditdipPmathylidheBisplibsphonate is
P, P- di etdsylobfginedPas ah eitycresiduaLiThel evighiratinl essiduee s hijdselved )it iwateh arsiphi® i ok a [2ei NaOH
10. 38 (P), selOtiod Are( &dyd arlqypporatetido Goristzit eighturier wiicyime Tyé sdlld rdviduel ishresieg| with
met hyl enebietheimd spshdriad teecongiant eigiit. Thg yied) is aliddt 27 g(($0 %, of thg theor) of (dizhiptoinethylene)-
P, P- di phenydispisptpnic @tithevanoppxy| efter Fﬂs@ﬂﬂmmﬂﬂlﬂ’ EMBX%%GHM% KO P8 dP). Bler ]=015ZF3"Z)
(P 50 8. 8'73%‘}_;‘39""3@0 fP8%.22. 9 Hz) from P, P-di butyl P, P -diisoprop X
met hyl en¥®bi s %’T’@Y '2‘\‘}' '22‘ eP?’ the) tort-Dfy! 'F°PI°PV'2°3°p$°@ 315055’9??2'}'9‘ vi 9’°“P
P, P- di but yIWhPh thP" may pey "?,'Y] 6?’8??8‘??? " & Vb?%?l% ARG
n"gsp
I

P), 7.17 (P a o 'F noqgt spandcﬁor du]m salts
I(Te% hyl ene?ﬁfﬁ ‘ﬁﬁ g |réan gnoabpp t i gS g?estsvluseda gdléﬁ materials
(dichlorg ] 1 Q’h lor

Shop 5 ho ate'E g

gk -

dllsopropyl
nmet hyl engbi

(di chl or omgg fyTuER %Egp‘i\gfbf&%ﬁ

' P'-duso {dich-
met hyl eneblpsp. %e %S&?Eﬁé*at torh ? rt-guws

Bl = 6.3 Hzonogen d;cﬁl&rbrﬂaﬁl Ja)bu phoépﬁaﬂ{eoﬂ%ln frhel - Portoutyl P P'-dnsoprop (gt
(di cWor@na&,&ygt@m; kphbdpasdaRonate [err] 11.2 Ig .91 (P), l!|z
P, P, P' -t ri riednbnsbtyP’ (diama!ryﬁnetﬁmﬁnb)wsﬁﬁqinbr&wﬂq&ahona&o@t IPteF?-;bE’(yl- twpm&’e&pydpyl (d!ch-
P' - hexyl ( dererdtipfcaeiBisphgéphorade: 5 bi sphosphonate from P, P, P' -tri net hyl
P' - oct adec yhonodstyy (dichiplreihilesjdispiabtenaté, fRyn' Ptodepydt Rytdri-tatyl OP’{Padiisaprépy ddich -
| or onet hyl dererhdsiryispéibisghbsphertate: f r om P, P- di i sopropyl P' -oct adecyl
P' - t er t - 45utmdnodededyl, l(dishisimsihiiensisphesplndte rirom  PocdcyIPR-terid@ty3 5.7 wisopdpyh (dicts. 2
Hz) : loromethylene)bisphosphonate:
mono-octadecyl (dichloromethylene)bisphosphonate from P-allyl P-tert-butyl P',P'-diisopropyl (dich-
loromethylene)bisphosphonate: )
monoallyl (dichloromethylene)bisphosphonate from P-phenyl P-tert-butyl P',P-diisopropyl (dich-
so loromethylene)bisphosphonate:
monophenyl (dichloromethylene)bisphosphonate from P-benzyl P-tert-butyl P',P'-diisopropyl (dich-
loromethylene)bisphosphonate:
monobenzyl {(dichloromethylene}bisphosphonate from P-cyclohexyl P-tert-butyl P',P’-diisopropyl (dich-
loromethylene)bisphosphonate:
55 monocyclohexyl (dichloromsthylene)bisphosphonate from P-phenyl-P-tert-butyl P',P*-diisopropyl (monoch-
loromethylene)bisphosphonate:
monophenyl (monochloromethylene)bisphosphonate from P-4-bromo-phenyl P-tert-butyl P*,P'-diisopropyl
(dichloromethylene)bisphosphonate:

om
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10 P, P-diisopropyl P -octadecyl P -tert- butyI

(di chl or onet hyl ene) bi sphosphonate fra q ?t hyl P, P -di phenyl

met hyl enebi sphosphonate [err] 20.95 Fg f28§ 1( P), 2Jpp = 7.9 Hz):

P, P-di met hyl P, P -di phenyl (dichloromnet hyI ene) bi sphosphonate [err] 10. 37

(P), 0.17 (PR, brot%t]-%envl (&ﬁl&%ls@btspﬁﬁa 4: NMonohexyl

(di chl or onet hyl ené) bi sphosphonaté and 1ts trisodiumsalt 4.7 g (0.01 nol es)

of P-hexyl Pglablesbutyl P, P -diisopropyl (dichloronethylene) bi sphosphonat e
(pre- 20 pa'r‘ge bk by chl ori nating according to the Exanple 1 P-hexyl
P-tert - butsyl Tri-Boprdgyt (dichiGieristiamné)bisphbsphdra ahd mprivesmnsate prepared from hexyl
tert-butyl chlorophosphate and dii1sopropyl nethyl- phosphonate in
accordance w t 313 1 mlayw ltaraiSoprapyic(dishioromeaioylend)bisphdsphoriatecre @Medhwithr €T hbforvater and
acid for 1 ttheblurats stilpsiuind@Oeffue for 1 € W dnHés qyappeatedids a gdlurhey ofrapbry #H0gnlj Fhe solution is
foll owed wi t ma@ldikalideMhile golingrwith laS0 feblaQH sphutiortand isi Ift \arstand & reopnigperatwrd far gppr. 3
const ant wei ddys anghid éiteres. Thedillate,is diluted g[jlysmm@glyqnol and stirred for 16 h at room temperature.
(di chl or omet el miieis itsrrssand deditteats) is 9‘299°faf81)i°aﬁpﬁed4°a§‘ ¥ lefi oyplapd o § fays afpieom
evapor at i on Tepgpratia- The pescipdaln iy ditpredand wesbed Wit x25miqf methanel @drqr%eqo'ssenmgah

are added an# \'iR/a OF@H@ 4 1%, 26Rin é’f &n(t” \R@dgrff"c’t'ﬂ‘i ihylene) d%? 'dsm'sPF”V"’St:;
residue is

about 3. 5’@1 }'/ab °‘E"ﬁ t’?tf?gq\g% 'F'?:PHE Ia&?& P8 SN SR MisoRnvy
monohexyl lopptayene %rr] 11 50 (P), 9 36 (P), 2Jpp 15.7 Hz),
at a concent b of 98 % The group to be renobved may in place of
the tert- but%—m-opropyl etc group also be a nethyl group, which then may
be @r ol y5ep pasilsérdpyl @icifors L -aaa lil)!ddufﬁrseiaﬁf opQf. MoheiRPIbyR (dich-
10). t NRBrohfaint e 0B ndsPhonale MMt acl d nmonoesters
and correspoﬁﬁ‘ 0 S may prepared |n an anal ogous manner (al so

the correspoggpmg tetraesters used as starting materials have been prepared
i n an anal ogous manner, of. Exanples 1 and 3): 35 from P-propyl
P-tert-butyl P418g-(0mbois)nenaisbpripyi iohlavrostipidng)bieshesphorsishans mixed aritte4.1 | of water and
nmonopr opyl ( the eikitoe Brstirtddyundsn e3flip: foph b sphayaptatediio @ MolWPaebai aprr. 820 b rThe Balitigr is made
P', P' - di i sopslgiind whilel carling Withracdvsé NgOHesnbifitn ang iefidpétandzet womtempleratuye for appr. 3 days and
(di.chl or onret fiteredrithy fikrate Fromofisted atses steroPh Plﬂpmﬁpjme 5-stiggct for 2, b With 180 ml of a 5 N NaOH
P\ P -diisops '(ddh‘tm‘@fedﬁﬂtem‘l Ehedresiria f it 30 mbef Gihatel gnd is thereatter stired
(di chl or ofet Wy1l9 '1% Pbebsp gttg@ r;m?avieurp r'%frﬁepd HE‘g P’eF’P'fa?r'F W( 'th 70 ml of absofetgjjgz'
i -
P -dii sopi’1 9’! *ﬂl?f’ﬁ ﬁd’ gf‘toFoFP@th | BiRe) ?é " ; 23(';1 ‘ﬁ;‘y FAB-MS

P,
(d| chl or onet

tr t ay be converted to
(i ohi or 'O?}SF y| %ﬁg ng “%Y“ ﬁﬁ? gygg%% “nggg'u? e s my
P ,P -dii sop re'far ng eqtl)"v °fl ene) |sp osp ho'Htg S m)nododecyl

(d| chl or onmet gy ne) bi sphosphonate from P-oct adecyl P-tert-butyl
, P -diisopr opy1 (di ch- | oronet hyl ene) bi sphosphonat e: nono- oct adecy!l

( di chl or onet hy 88 firle SRARARN MO FtLritkAtioHTh - Féviors stEp is QUdpolaiehi Yd a volume of appr. 410 ml
P, Pardi | 9P et loft( 19 1s6hid of 6 MEthgayshups1R) Bips. PIBAS e pradigate 1O AIRAdd! ol and the pH of the
(d| chl or oret fayite Regduised B BEORBNBh@ntrategddiydrothidat @6y land £-sdi@ioh isbadkdyd containing 95 mi of
P, P' -di i sopmetatiol arlddB3cil of midter e thadiblayd &nstijréd P B eiayEha nédne temperatopER)thixture is
(di chl or onet hiplearand itesypéuipita vasibe: with 8@ mi offndlkanalyand Briddeto teolitant/ weight at 100 °C. The
P, P' -di i sopvieigys agpdi 38ng (11 % ofittehipdoshef) Bickiqéraatipteos)ctisphospinio eeid zwdnoisopropyl ester
( d| chl or omet higddirmedalli(eRyNVB (PO bt 18.95 (R)rR.54RP'y érk Gh86/Hz FAB-MS:tm/h BG(BH5/357 (M +H)) at
, P' - di i sopemegdentatiorc bt 97 3¢ @nd: tvhigh ewite )abid Stsisimephoaabe COE@ﬂSGT@n@QqP@PQSmkW'Ch'
(d| chl or oret lePMstigpaabispheseliR®Pat e from P- phenyl - P-tert - butyl
P ,P -dii sopropyl (monoch- | oronet hyl ene) bi sphosphonat e: nobnophenyl
(m)nochl oro e) bi sphosphonat e from P- 4- br ono- phenyl P-tert-butyl

P-di $b pH;szasop ocg!‘nglc(gl cﬁgrgmrﬁhym&ggp%zsph ngtggg ctl]lr(r)vg ahoﬁ‘lmum salt EP 0 479 813 Bl

12.4 g (0.03 moles) of tetraisopropyl (dichloromethylene) bisphosphonate, 120 ml of morpholine and 60

ml of chioroform are sfirred under reflux for 3 h and left fo stand at appr. 4 *C for 1 day. The mixture is

55 filtered and the precipitate is washed with 60 ml of chloroform and dried. The yield is appr. 12.5 g (83 % of
the theor.) (dichloromethylene) bisphosphonic acid diisopropyl ester dimorpholinium salt $'P-NMR (D20): &
7.88), at a concentration of 94 % and from which P,P'-diisopropy! (dichloromethylene)bisphosphonate may

be liberated with acid treatment. When instead of morpholine other secondary amines are used, such as
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4- br ono- p'henyl (di chl o‘rorretl hyl ene) bi sphosphonate. Exanple 5: 5
Tri-isopropyl (dichloronethylene)bi gﬁg%ﬁgpgﬂge and nonosodi um salt 413 g
(1 pole) of tetraisopropyl (dichlor bi sphosphonate are m xed with
4.1 1 of water and the mxture is stirred under reflux for 1.5 h and is

evapor at ed ,J.dan@nevesb% oD e corYe'éponahg diditiRe S 1. biBRBerdiuiPdng abifiBhinbtuny &t €
cool i Ng Wi tdh (dichRRormidn onieNacid (P kifsoprBdyl odtdd i bistiiiba aét. BRI 2R NG lrebbtioh €
for appr. 3ndyQisoBaysriearit .h&eabéehw&deHMntfl Itrate is diluted with 315 m

of met hanol angwstelowisglsynmietitd (dichfoned9iBhd) BisFHospRbriE &id didser Bimsiphdlifiuth Salts may
filteredsans prdpered inlah madicgonsimadnapor ated to appr. 140 ml and left to stand
for 5 days Fmém tebaethyt @kiievmétopene)bisphespboratst pitate is filtered and washed with
3 x 25 m dfPriisthyla idichiozamethglieneddisphaspimoaie t @RINMRi (B40): 4t 888 frad Biraisoproryt ddichs
appr. 44 g \¢romethjjengbisghdenbpriater onet hyl ene) bi sphosphoni c_aci d

trii sopr opyhRdisenronyb (dishlormethylensibispijosphoate §'P-NIM (D20):1297.8) fomy teiracyclopertyl. (dichz
FAB- MV5: mz'OVS'QGV'Y“PQS)P@F!'PSPI'?Pat H)), at a concentration of 90 % and which
by treat nerﬁPWW?PpaﬁV'éﬁ'?’ﬂP’W%;Bée)'&m‘&s@P‘t“é‘G (Y ENMR; (P20 9, &538), from tetrakis(1-methyibutyl)

(dlchloro

;
(di chl orone’%fﬁ A e Sl 'ﬁmga.égawﬁn&%w%Pfréoa%rak-su-ethw-
R '°'" A R Db SROGBRR" 356, HlakbhrsioW. Bl 65k

o BT e o st g

I chlioro Bidbthyiénb)bis W -8 icHidh

i xtur ¢ .s@p i f‘gﬂ e o ﬂ%&m o= Shol @‘E" eing
87U The dl étlﬂrﬂané)s b b lﬁni’}pq |bﬁ?<90ﬁ"ﬂtﬂ %p m P,P-
sol uti Onzoarl'ﬂsdpﬁ) bl P ﬂd.cm&ro.ﬁm )&%ﬁ@ipﬁ&dd{ee or appr. days and

filthsed ( tABoprdpyit rraiemyu S(dﬁmérbrﬁaﬁme)bls&]e@h&kep fron A, PRiisAprEdl PPLRBuS (dich-
stirred foriordméthylénb)bisgridébhbatedf a S N NaOH sol ution and the m xture is
filtered. ThicoppsppCi bl e(dicoromatiyide)disghbspBéhatel i e Praisopromh d PIR-dihdiglr e@iti-er
stirred 30 loromethyde)ksphoéphedate: et hanol. The m xture is filtered and the
preci pi t st eP-isspropgisPithexyhidichlodMethylerefbisplimsphoadtd) $HOINMB 1CDGL): 26187 (P).cTRTSIPAAIe =
wei ght at 1203 Hzgiran} P.P;Phidethyl &l-kicyclol22( fheptani2¥ (dicho®inedtylerfe)kispbosphondte:. ) of

(di ch- | or divbievsipl22Adpptan-2ph B'stityb idichlogpmiethyipnefbispiiisphonite drep E&4REtrietyisBcrapasayl
salt [err] (dich@gmeatiyiene)sisphagphonste3/ 375/ 377 (M + H)), at a concentration of
995 % and Wpaarﬂvaf ﬂh\éc@'a'ﬂ(tr?%&v!?eﬂ?'smiph%tecme"p'% Ryietyl B’ bmefawe'@p!f' dfigh
(di chl ori?mé?" RSsRYSIH®ONat e from which t he corr%quI di ng .monosodi um
salt may 35 Eﬁy ) i%}f)j tg?'pgﬂ @B‘mfwtwlegﬂﬂmpgquwtedpm,\% 1P ed@atﬂg Jtmanoch-

SOl ution Ofl rP on rome IS FIO qlen 1 lum al ’tllhﬁ 59 on
o hteopr%tewaagg S e '5 rop el
filtered of§ gﬁﬁhﬁg jlﬁipﬁ Laﬁ d rht%t b's po gtgnt rat ed
hydrochl or 'ﬁp'%ﬁ\b 1 roﬁ.oﬁn@t n!efBQpHo§p P! memd

63 M of wajsRmomBflyibrafisBRosSHohRe bF'-Sihdxil (@ ownm% )bﬁﬁho&ﬂl@ﬁﬁlet @*m@wb? 3
The m Xt ur eg d4§rdnh {olr Ry Q6hbeAALMbrdBroMbiRGthyRinb)BisSholh n of methanol
and W¥i egb t P RSBy mh@b&moaiemﬂu%)&seﬁdsbhonéwQd.pi.beesh.ﬁkumssaa»p(awp NMEB (10:0f: 151 8 %) Of
t he t heor . )froaf tettdingiidiicroraormdtiyich@bigphodphsnaeos phoni ¢ aci d nonoi sopropyl ester
45 t ri sodiRjphdisthiyt (dip@mbrhettylanE)bisgiephorieSrom( tetrapytyl 2dlirpmemetifylete)biphbspibnbE: M z
353/ 355/ 357" idibuty) (ibamomsthyienelbisphosthomate fom te&paitth (dibrantomathylene)tispbasplibnate:

t r eat ment nRK-direntyddibremeneathylene)bisnhosphanpte dpmtetraciiclopentyl (dibromomethylene)bisphosphonate:
| or omet hypl ffiB %(B#@WBP@ICYERMI (dibrpmomethyienpibisplioppbonsiteo py |

(di chl or onet hyreised fiplegenme Mrisehosphianiel paichimined) tpird aglersshaye Pepp piopgied Frogrding to
nmol es) of tiB ;etheds diseigrpd inten BRMPPSHhEYRY| ene) bi sphosphonate, 120 nml of

nor phol i ne fg_g‘nd 6Q mM of chloroformare stirred under reflux for 3 h and
left to st 8. ppr. 4 [err] for 1 day.  The m xture is 55 filtered and

the pr ecf pl'lte’i71 %@[ i Iyi/ édlﬁcﬁaqﬂegth_ytvl\n_e.fneib:|sp§t}00séﬁ|8na9ﬁfﬁné mmoeielﬂ ggiﬁhmrc? ne ene iSp oTne teld is

appr. 12.5 acid

di 1 S0P OpY! €55 61l ARk Bk} ol oneBepfbspE 505 4315 11
0% and 1 rom it et il it Qhﬁmé ‘fﬁf&; °°'Zwi Y e oy e
l'i berat egh w bh%a&hé]i doluficht Sfeﬁlﬁzommfﬁ@ s iR dcﬂfon rgﬂfn%" eHanueh & 3(?‘?&990%%
am nes are yfdkturs B théMixthré is evaporated to constant weight under a vacuum. The yield is appr. 1.5 g (100

% of the theor.) of tetramethyl (dichloromsethylene)bisphosphonate (3'P-NMR (CDCl;): & 10.88), at a
concentration of 98 %.
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EP 0 479 813 Bl piperidine, dibutyl anmine etc., the corresponding di am ne
salt, e.g. dipiperidiniumand di butyl(& |%51 alt of

(di ehl or onet hyl ene) bi sphosphoni c aci isopropyl ester is obtained
(of . Exanpl e 2). The reaction may al so be carried out in the absence of a

co-sol vent. | . gyneh MxidClotraNdtHYD (RUBISRbh)16rR]bisptbsSHohdY ﬂ”&h&b\b& QB for 3 h under refiux,

bi sphosphoni sur@ﬁinfithw (GiHIGEMEMyIBRE)REAbIpRoNEIR i SHidirdd WY a Field REoldF BRI @ELNMR (BOC):
anal ogous nepieds (P);8.931PH YL 2L idWHz)( di chI or orret hyl ene) bi sphosphonat e:

P, P -di et hyl (dichl oronethyl ene)bi sphosphonate [err] 8.88) from

tetrai sopropgkanpiech- | or onet hyl ene) bi sphosphonate: P, P-dii sopropyl .
(di chl or onet hyl'ene) bi sphosphonate [err]7.86) fromtet racycl opentyl (dich-
10 | or oret hivlcashedybidelidrarngidenalbisphosphétiatedind trisddivpesait y |

(di chl or onet hyl ene) bi sphosphonate [err] 8.38) fromtetrakis(1l-nethyl butyI )
(di chl or onet hyI3¢A ) ©0% pielss)o deichiopomethylipne)tisiphgsphomdttetabhiaridy Kdjstilled, b.p. 105 to 110 *CA
(di chl or ortet ) eieedjssel Hb%op'ntﬂﬁaﬁfafd?@rtlal]lene apditp ey sglyiiqneare: W?%QVQDWWNQ stirring at 0

propyl) (di cm mm pmshin . arwqmusmlgem g oA
(dl chlor Omst v § HBﬁatcea"F'ﬂd}ﬁt tlo s oom temperature eratrt.:a t::
E (C:Ii: gﬂl- 0:’ g:rg'?g‘f §ﬁ’ﬂ Bffﬂ TVgQI{IJaE nder a vacuum. The residue

di chl or o ou 8"83?{? |sp th er trisodium salt which can be
Ed: ghl or orret ° a 's ’?"" "e" BL) 89 (18,7 f the theor) and
(dichl or oret h ene | sp sp Y 157 )

( digghl or onet an!nﬁ,[éq},phosphonat e from P P- 20 d| | sopropyl P, P -diethyl

(di chl or oggt Nyt ene)bi sphosphonate: P-isopropyl P -ethyl :

(di chibr onet pylaapbbi SrMORRRAPNBIeRisbhcPRoRats i diss@ah ey P, P' - di butyl (dich-
| or onet hyl en€) bi Sphosphonat e: P-1sopr opyl P -butyl

(di chl or onet hylzengploz seiss)p b @riasopropy1-eTR Hinfdthell (HistigdénigiylendTbispRosphdnal ey didsolieaiin
| or onet hyl enes b sfAnIRdIS BEstoaitrile’ind 18:0 ¢ ofsodijry liodide -afecadyidd as well as 22.4 g of chlorotrimethyl
(di chl or ot kitahee ritdg ity ds plined ddret 5] minrdndd. r8ilx (aY) ,evaporéféd (URjer a2vboyuni2 Gvhérethyz IP,P-
from P, P, P' - tissomodyl P'.ARbislinethglkily]) dichlofojristhpibmelbisphgsbhonate ('P-NMR (CDCls): & 7.50 (P), -9.61,
(di chl or onet R) Wee¥ (248 flabis pbiginagt Ehis iPhydralyzed by aiding 25 b pftwater of-a/temperaiure pf appr. 50
(di chl or orret NG wheeopfigr e eniylibro isamaste fafkalinp @it aFt0-% fNaPH pplution’ ang iy pygpesaied to constant
( dizhl or onmet Weight ,ngebp gfgqgg he §elidgesidoe Er'@fﬁg mFef_aeq jand is left standing in |ce water for
(di chl or ot g§ | B %‘rlp Fé'aﬁh%mpriom angd rdr'%&fﬂgnsw %Sh*eacf ﬁ% i dls dlﬁu':

Py et e _)
(di ohl or oret i I %’{éﬁﬁm%g %*3"%?3%3 At el g PR
I tﬁ hosp onic émd silyl and rtial esters ma Ee by
(monochl orgn?:?)&{%% ?)ﬁona e p peri dn saat) err]" ul 8‘5”?’
ﬁ

| or onet hyl en

13.05 (P) Ft.g'% PJs gtglyl ene)b| sphosphonat e:

P,P -diallylp ||:0[> tof I Htekrih " P@-bidthyl (dich-
(di br onomnet h)b -N R coéié)aé l| 7 @) 720 (P) 2Jpp = 155 (sodium salt) from
(di br ononet hWPQ-‘n- th mh fyl3R3)bisphbsphidh ﬁé

(di b nome} hP]Mﬁl}@Iﬂ%ﬂb@iﬁ/ﬂhQQ@Rﬁ (dhBromBth16h8Y | bisphosphonate, wherefrom monohexyl ({dich-
( di br ononet hystoafeeybrcpdphcspivana BeP-NVR (D:.Df 3 1969 (Pf, 986YP) W4 816.7% Hz (¥6dium salf) from
obr ononet hy| erdr-bisspbuys Phetet @ickorbhetilildne)siyphosphonate:

( monobr onone PIRA-giserinyt Pidragiipising (dichjommeinyi8nelt liyphbspbomatectiresatrgm | FORR!Mtisobropyl (dlch
( ronobr ono e torppiethwiendiiisphdspimpite (FIR-NVMR JEPCLPR'11.87 (P). GO (R tdyd = 17.2 Hz (monosodium salt))
( monobr onedre freny PERErimsthiibiseprapwiddichioramethivieralbisbhespbanateial t ) [err] 8.47) from

t et r aet hyl (Bipd’r"c?r?ﬂmﬂrﬂﬁi'@n@' Sppr @th@ﬁﬁt"é'e"emwm&z?h@@hﬁ‘P'NMR (CDCl3): 5 -1.18 (P),

(di br ononet h;ﬂ .7d n‘?j)bl Jg ﬂo it W qrefr@m mgqo;sammyy |(dichloromethylene)bisphosphonate from P,P-

(di brormret h 'fsé?f @g H g?ﬁﬂ?;)%l’ﬁﬂf? ate ;sphosphonate (3'P-NMR (CDCl;): 5 7.81 (P),
= 3

( di br omomet h ‘ @16'3 ¥§Qg -gu ethyl {dichloromethylene)bisphosphonats, from

(di br ononéf h¥1 ,§ @' o lo '(%
(di br onomet hyly nm 0 hor (%%ﬁb. RN dnat o decyl (dich-
(di brormrreth 3 Pe%' Nl {dic
(di bronorreth gs Iﬂ%ﬁgtagdt e used ?Ie er‘?thl %é‘,:? grﬁ'}s 'F'I mm?jl'gle"e
acid (m xegg) Ptp%sr(tﬁméiﬁﬁs‘ﬂ&l)spfﬁ&.ﬁheﬁ%ﬁ&ctﬁ&r&%yﬁﬂe)%ﬁ&sﬂﬁoﬂ&et(@P R (EB&IL}OQ% 26 (P),
di scl osed 1 nabfgnEXRR EpaipRbyl @ichistbmetRlidn@BEina¥dhonate (¢'P-NMR (D0): 5
(di chl or onet Bys @9)e) 1815 PhoSIRN eNed. 2 Ha Rdlsclili TBIIm P.P,P-trimethyl P'-(3-methyl-2-cyclohexenyl)
(di chl or onet Mhﬁ%ﬁ\bh!{lé@bﬁbﬁﬁﬂ%ﬂﬁﬁét@ P,P,P*-tris(trimethylsilyl)  P'-(3-methyl-2-cyclohexenyl)  (dich-
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.2 g (0.05 nol es) of anhydrous finely divided

(di chl or onet hyl ene) bi sphosphoni c acEd &rge i‘}?b”ed in 100 mM of anhydrous
chloroformand into the mixture arcEa84288 bvvr se while stirring at 15 to
20 [err] 53 m of 55 a 2 %ether solution of diazonethane. After the

addi tion st ; e Eﬁ% n
mxture is lg%étmtét)ﬁ; ?&2%%\3 Slhérgpo\i\"gga that‘('w rﬁﬁa \4"2;(53@‘{;% ﬁﬁ%ﬁﬂﬁfh mﬁhfa."ﬁtﬁr
)b

1.5 g (100 |8{b,g;th‘;| @ﬁg{ho )i tet r amet h

(di chl or ones ppis@infomyisimh P SrhGHRA! Qd.&lﬂdrértet%nﬁﬂapho@honatec GRS RIP-@bheRy) (@ih-%0
18 EP50 1érdfetiddene)bisphdkphonatid o TOP, b'afiteiie P'Harhesy) (dichloromsthylene)bisphosphonate:

(di chl or oner,pplissianéthysdaip Pplamest qdichivraipthgientdbisphdsplionéia, whbrdiromnoierofafr@byl Udich-
pur e tri metibrghetiytbine)bisghospiiariatey | asom) biPsRFREiepthy naPel-leBahgdrorapitgd  Wwichlorometiyieriel
of over 90 Bkphasphohate: err] 5 Exanple 9: Mnohexyl

(di chl or onet.hEHeatanéethydsiyi s Phbtetrehydraneghtylr | distilolometbyiéne)bBphiosphgnats). Odherefibras)1-of
(di ehl or wndetrahydeanenhiil s (dicignimentyyleneleisnheashingtei dleony diPdt-distined, P'.B-qimetind5 (menoght0
[err] C/1 dgomeimjenalpiephgsnbansioyed in 30 m of anhydrous toluene and to the
sol uti on arfeP-digthd &-Briifumetayisipl (menaghipromptis "atb'SEimFRS‘m!?fE’CWESW Loty (Wﬁl%'t)
of 1-hex and?m'f‘?fhvi%e)HFP'BfPh%ﬂ? WU P rtdmatiah B'-1-osfagecy! <9'ermgraﬂhwq" H's%ht’?ﬂ“?'laﬁ
cont i nued f Péﬂf"a 'V' W%cr'r] (dmogreﬁylg{p)bgﬁ?ﬂsp oBale, | gyhprefram, o 1-pgta ylof

water is’ ers strrred vigorously for 1 h at 30

to 40 [err]fro ag.ﬁ% ar:@ te | i gbls:g?t g}u @Fat ure and the pHis

ad ust ed tq; .‘E s Phckfhofa ShiiBhort  2Bmp e
|or sp.

a gacuum (CDCIs) 8 9.70 (P), -1.06 (P'), 2Jpp = 23.7
(di chl orgr‘rq.ti yne{y; yp(g 95, W,&e)g,g,; ester ‘trisodi um sal vvh ch
can be’ purip pegi piP-gs-tul/ithetifisihl gtchrbrsasthﬁshefbrser&mﬁaer WHBHGM P aiblAR P-t-
yield i s anyidirettisy (dt’o'éro%m%yr&rta?m& honhte FNPLNMRINCOGL ) £F.050(P), 0.68 () /0ued £128k:

8 11.50 (P)Hz) %o Qotiamethy! (dichiRRniethiiene)bisplgsphomat@npl € 10: 20 P, P-di i sopropyl

(di chl or onmer-hgthy nep Pr-siphosydhesisiy)ididtlotbrehgbnsjbispidsphorfatsl IP-NMROZDOR): &8s ).18f-

P, P- di i ssspryapg kR P}, 359 Hgi net hyl (di chl oronet hyl ene) bi sphosphonate are

di ssolved in 75 m of anhydrous acetonitrile and 6,0 g of sodiumiodide are
added as wdbampig1R2. 4 g of chlorotrinethyl 25 silane. The mxture is
stirred for_15 min under reflux and evaporated under a vacuum whereby P, P-
di ksopr opy | P.B-di-isoprapyisdichlpramethylane)bisphoyphonic asid mopebariugy |reaReoaleiusy F9Rd, 4Rt shpatas-
[err] 7.%0 Supy mono apgdilitipnyagd mg“‘l’hﬂ‘dd'aﬂ‘émm“’ﬂlfaltsr s obt ar ned Thi s | S

hydr ol yzed by addi eratu P r%j,
wher eaf t er th%z%%f"t“ﬂr"t?f?s\‘gpr?ag v b' d "‘%%f
S0 hi of egc %8. e% %ava“ Ef"m b
— eor me dnsog g (_jdrc loromdatriylen%b gc{mc acid
pr eci pi t Bt emdn gtrae gﬁtr acet
wei ght at ? afhel Pa. Eﬁm)rrnono Iéi)’ungs t?ﬁe 4&&3 ér{aed ﬁoggéﬁme Itoi ] mono- nd
(4 ol or oregan e S em J&dafd R 9K ks G0 oSt 50} KRS B
[err] 14. 5Zrdpaded. 7 P), 2Jdpp = , at a concentration of 98 % and
I C vm Joh aci d treat ment may be converted to the corresponding acid. 1|.a.

the fol | owisgmgiélizhl or omet hyl ene) bi sphosphonic acid silyl and parti al

esters nmay be prepared by 35 anal ogous nethods: from PP-di net hyl

P, P' - di et RP-diisdpropyl gnanoadtolopisthpiendibisphdspanpia amdbdiorpififutosat( t ri et hyl sil yl)

P, P -diethyl (dichloronethylene)bisphosphonate, wherefrom P , P -di et hyl
(dich- | 6rometAyd 6@8)msleshbotepiroprapyd (fiehtorgmelhgledsbispRysphonatd (preparey, asipp heen 4&. 5
(sodi um sal qcylaedﬂry therPrample}) inigp ml(gitrpgmhoﬂne.af@ee,twed under reflux for 24 h and the solution is cooled.
(di chl or onethRyer@ad BF‘B‘EF?d§ SPR3feed end egrystgllizad fromiqities (The Nﬁ@t'ﬁ?ﬂpé|Q$/9 S0p% of ghey |
(di chl or onét"z')? o “’BF"S ﬁ&t’atﬁeopwbmweﬁromﬁtbﬂm 08 ’BT‘%G - MR (020) &

| or onet hy! €&} BPE m % d? {TEG@E}'Othf) appg 8% :23 oducz 195 the
98 leso |§°"f!P°U g acid mmay berated by treatrng an

Eéféﬁfgloﬁﬁvr%ﬁ SR s o

(di chl or one lioin: h%'a’f: nh élen%%a osPll‘;o&(f‘1 tane %985 Ip 8B§;?&/ Laﬁalo-
o onet ! LA 5{5 SRef i b 18 Eod ot Bl -
)

(monosodgu rﬂnﬁl@ﬂoﬁ noc IBBHE b.sbﬁo!sﬁﬁ%ﬁ RMES BRSO 87 ppm (dipiperidinium salt).
(di chl or onet hyl ene) bi sphosphonat e:
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P,P,Ptris(trimethylsilyl) P-isopropyl (dichloromethylene bi sphosphonat e
[err] -1.18 (P), -9.71 (P), 2Jpp = %é.quq_)gz& V,Yneref r om nonoi sopr opyl

(di chl or onet hyl ene) bi sphosphonate fr di sopropyl P, P -dinmethyl

(di chl or onet hyl ene) bi sphosphonat e: P, P-di i sopropyl P -net hyI

P -trimethyl g,la},,)ghédl chl or onet hyl ene)b| sphosphonate [err] 7.81 (P), 50
1.12 (P), 2IJpp = 23.3 Hz), wherefrom P, P-diisopropyl P -nethyl

(di chl or onet fylesika kdinfrivdhpbRdpRosphdn&s ariditodibmisaet hyl P' - oct adecyl

(di chl or onet hyT ene) bi sphosphonate: P, P, P -tris(trinethylsilyl) P -octadecyl
(di chl or oreet hyls@repbisnsies phieruaing, (distivesethyBne)bsphasgisonstb afdis.T 8 (0.045 moles) of Nal are
| or onet hyl endigdoivedih 68 pih ofraabyeiroas GHION hd ehhilestigiad 12.3 g @1 PRolds) wtttitngthylsilyl chloride are
P, P -di phengddec(. chfterhthe additioh Istirringnis )contipiesipdt osophtompdrature Siotected from moisture, for appr. 4
P, P- bi s(t ri ndayh\ehd is sMaporgied @pderda pdeeyny| To(thé oiiktune obteinddyaseatepidusi eritainsAsdhen mejor
[err]-11. 26 Qq")ponezt mg\oew is(tirgqtyisilyliAdichdoremethylongieiprpsphenaie) ‘Fﬂ-'dll Malgsgre added and
(di chl or onet g M isimegh glealinorittact O % NAQH eolutign. (Thy mbxiyrp iggilutebwith %'ﬁﬁ)c“s%a"‘i‘ is
Hz (di sodi unmel&i2nding sty Hfn "6 Tpr h_andisflierpd| (the pracipitaie. | ﬂﬂ'ﬁh"? SRbAsphgnic acid
(d| chi or omet ¢ |”@n~°§ 'S 6‘5 (?ﬁé't'é’f e‘ha"ﬂ gto pdo Fﬁ‘%‘,{itsr

f at +4 “C and is
(3 met hyI ree 6 é é§1 orated m and Efigy a%i’o e and filtered. The
tan appr urless crystalline
oromet 1 3 g fﬁf ,P Sl
|o

D2D): 5 11.86
(di chl or ot 33’5 t?t b b
P, P' - di pheny} © dw't lﬁ - orfrrz thﬁne A cabp
P, P b's(”'”E Jn b&lﬁ‘ﬁ h Qe%ﬁi‘: oﬂ AP SRt @p-
wheref rom P, ﬁMR d e'fé (P' %érﬁi gdwrf i: OB Jﬂairﬁ'mRBP‘i?ﬂethyl (dich-
P, P, P' -t r iyrejoRWeth eneb%f:ﬁtﬁ'ﬁﬁb |ch or onet hyl ene)b| sphosphonat e:
P,P,R/tri S(tdrsb RO ﬁi)dn}i mBal branMesl o) Hizeh @ o b.eag) bi sphosphonat e,
wheref rom nonof ar nesyl di ch- ororret hyl ene) bi sphosphonate from

P; P, P-tri met BysmpleR4:- 1 -tet rahydronaphtyl (dichl oronet hyl ene) -

bi sphosphonate: P,P, P -tris(trinmethylsilyl) P -1-tetrahydronaphtyl
(di chl or onet Mrphtmes obistgidopropih amwwbne)bisphapm‘nate_mith phbsphdQug pentactitoyide onapht yl
(di'chl or onet hyl ene) bi sphosphonate from P, P-diethyl P, P -dinethyl
(rmonoch- | or on-gt«tnyugmgr)typsj hletsgisaproryl @tet@leph)lzhp{;@spgqnate were treated while stirring, in portions
P' - P - bi s(tr Wit 4.92m %e s) Ao Mherelyntbe ropduesnwnpeds19rAeRp P 11 Gt After Hip addition Hiying
P, R-di et hy| YV#fcaeeiHed fpid ?@t‘%@h@}‘ﬂ?@fﬂﬁ@!ﬂﬁ%ﬁ%@eﬁﬁﬁt‘@ PP -trinethyl

P' - 1- oct ad&cyl T dheogegﬁqynﬁrﬁ er and after the termination of the exothermic
P,P,P -tris( femeti ga‘i st|r d_ Td g gqo min and evaporated under a vacuum. The clear oil
(di brononet h :@Wg)ﬁﬁl%i‘?ﬁ'g ropiysed uging. " Ex PSimH-NMR goq 1hg sepposifien was found to be the
(di br ononet h °é‘m9) bi sphosphonat e. In an anal ogous manner the foll ow ng
conpounds ey be d—fromP R.diethyl P P .dippthyl
(di chl or onet hyl engl; bi sphosphonate: P, P-di et hyl 33'P-NMR (NaOD) mole %

P, P -bis(t-butyl o%,]eg,glrggo,{;glcmoronet yl enﬁtﬁsp;tgsphoratgs
S

wher ef rom P, P-di et hmbn operyl Jﬂbtwénd'bﬁatoébﬁbﬁatd &|t9941474 2Jop=8.2 Hz
(di chl or onet hyl ene)) bipsdasprdpiansayRndbipiespivhatd $OCI a) - 220 (P), 201 06 (P),
2Jpp\—z 23.4 20 Hz prﬁcrsgmgt etraet hyl (di chl orqrret hyl ene);bssspho<phmat ¢

P, P' -di ethyl P, P -biMsidsoftisyyphesiphatd hyl si |yl ) 3.62 25
(di chl or onet hyl eneybrsphosphonatre,  wierefrom P, P-dretnyl P-T-

l;u}%l ((j::;ret Byl SIT% vfe%Jr%hJ@% %g?ﬁngﬁ%?gb%%r on t ?t}? %ﬁ‘éﬁ%&%&fbé&%&%@chlcﬂne

(di chl ororﬁst ene) bi sphosphonat e: P-nethyl

PP ,P-tri sé;ahgutw di phenyl silyl) (di chl or omet hyl ene) bi sphosphonat e

(3 P—NIVR(CDCI_)—‘ 18 - 25 12.08 (P,P'), 35.9 Hz) Exanple 11:

P, P -di-i SOpn'&ﬁWclobditﬁ hibrehstRBiomethRéHe)bidbiopthondid 1 el B,PedidydiopantyD rdiviodildromethylene)-
nonocal ci um bisghasphoratCend itPdipipesidiniaa sals1 um nono- and diTitium and nono- and

di ammoni uffsalts 3.29 g (0.01 noles) of P, P -diisopropyl

(di chl or onet hyl4éng)®os mbs)pbfohtrapytanpemla(mnudhleembtlw@e)btaplﬁﬂohnﬂateotvwmm HCROW): &
whi | e sti rri h443ppirs 2lgn E017071Harplealispolvefl irB20( rilHdf abanjetranhiorideckrid §.58 g &f bansyitriétindamins
conti nued f omogiury chigride and 2Q O ef a 9% soium rgppbremile sdiusion arp added avhilescoglingand stirming at
to constany MG Cuhganixtye isptimasaorpusly JT 0 rin Ptsab&ﬁﬁi’ C &g the/pragnig pliage issppsrated,
t he theor.) UPS“%W@\M%%I% {N3230s) gy fillerqsl. fbhe. fifatesis pyapesgtpd in a vacuum, whereby about 5.0 g
(di chl or onet ﬁ%?m’er?& itPHY gﬁ' arycereat| (!P’%HB%%{W’UWP@%{? osphonate (SPIMR: (FOERIoh 763

> 98% } is o tamed as a colourless oil at a concentration of > 80 %
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I n an anal ogous manner i.a. the nonocal ciumsalt, the nono- and di potassium
salt, the nono- and dilitiumsalt asep®l47gad3zBie nono- and di ammoni um sal t
(yi€ld > 95 9% concentration > 98 % have been prepared. 40 Exanple 12:

P,P -dii sopr opyl (nonochl or onet hyl ene) bi sphosponate and di nor phol i ni um sal t

45 @8 oo qqgmga;) qutheta@p\feagbg:gpql otred yclopentyl (bromochloromethylene)bisphosphonate are
(di chl or ometj jvadhis %mbﬁm@ﬁmmawd(npraeweemws ishgfisreth e 4 hcha-an i bpth @fjatiopt 11REC
Exanpl e 1) eporﬁteddﬂ ayagumorhe falidrpadustis mixedwithhthapl of etherard thedregipitale Bisrpdand

sol ution e% sf’ﬁ‘iﬁ‘of’éﬁﬁ%‘ﬁgﬁb‘r%g ;S j &cofdhe E%F‘E)P‘Sc%‘é' ?Faﬁ@%"%%?‘r;%%g {%gg%%@s
frometh ofgme

crystal | i ne s wer HP’P%'I?&P’ES "dt"%ﬁge%?wﬁ?ﬁwﬁ%‘m vEh AL shonat e [err]

11. 31 ppm ¢ |m)ep1r%ol infumsalt)) at a concentration of appr. 85 % (the
product con ppr. 15 % of the 50 correspondi ng dichloro conpound) and

wher ef romt ql@l:gw @@9@%(&% %ﬁéﬂs%&)&ﬁ an lert@;nesg“ by treating an aqueous

sol uti on of chloric acid. L.a. the

fol I owi ng (monRaahy Qs 9 Hehdws) %p%bﬁlﬁji%%&mréh%oﬁi%\dsaﬂ'c?stﬁrﬁgtlﬁfl bt iIohbRBhosphonate
prepar ed i NGdpadh 3k QrsceSddSin TR BRimple™ Fom [htRBMYI methylenebisphosphonate and tributyl amine
(monochl or oEetimR @O sH0IB0 DN §9)20.84 dpAil ) WIVR= (68299 ard @iBsolvedLid 46 thi B#Ahydrous THF -
(di pi perisli awo ﬁ@-lnﬁ)&t)re i3, ddoled D-70} © ¥kd WG Btithg 4.0 ml (5.0 mmoles) of a 2.5 M hexane solution of
(monochl or osetli lyddaede xitkbey RToe [Chant atiting 3’ dontiibéed 1oDR Girther| 1@rmihutds] T8 theikture is added
(di pi peri di whilerstigiag &t)aboud 650 * C 0BP@45.0 GibdBE) dEbemiiedn 2B mi dflznine@tony THF within 10 minutes,
(dimil or onmewheréattere Stipingpia copiitoed fee 8N ohintites b Gboutn -8 add the mbxtu® i KedteO 1td room
ol & )__ of t temperalutey The( wixigiel i fileragtang itherfiials is pYaperplad ince wcaund whergbynabp@. 0B (80 %
mol eg) )ofzﬂ Naf thear. odirimetbyl(mdndbrem@methylensibisphdsphinaiaisliti@piBalCle ebteihedii'P-BMBL (CPERNG
12.2 ¢ (0. 12903eae 4R 5% PnernT| 4 2). whichoby Heatragns withi @e @cid Afay e qonyerted to the
addi t| on st FeMepregdingacidont i nued at' room tenperature, protected from _
noi sture, faor appr. 4 days and is evaporated under a vacuum To the m xture
obt ai ned as%®M%si due (contains as the major conponent nonoet hyl

tris(trif@tpylsil i chl qrone bi s hosphonate) 10 M of water are
bded ana 16 N Hsptbetpte ‘é“‘ﬁr%[‘d%""%ﬁﬁqle?f il h a 10 % NacH sol ution. The
mxture is diluted with 50 ml of [err] and is left standing at +4 [err] for
2 h™and is filtered (the precipitate is (dichloronethyl ene)bi sphosphonic
acid sodiggmsalt). To the filtrateg25 grlof ethanol are added and it is

|l eft standing for 1 day at + 4 [erf\ . &dnd is filtered. The filtrate is
evapor at ed under a vacuum and the r |due is washed with acetone and
filtered. The precipitate is Q i ed tant wei ght whereby appr. 2.0 g
(50 % of the theor.) of col ourlésg crystal line 15

(di chl or esret hyl ene) bi sphosphonl ¢-dci d.nonoet hyl ester trifodiumsalt are
obtained [err] (P), 9.40 (P )Q Jpp _,P%R(B Hz) at a concentration of > 90 %
and wherefromthe correspondi ng aci y be liberated with acid treatnent.
In an anal ogous -manner nononet hyl (& chl or omet hyl ene) bi sphosphonate and its
trisggumsalt [err] NVR [err] 10058 %idr4 8.58 (p'), 2Jpp = 16.7 Hz) has
been prepghred fromtetranethyl (dich- 20 | oronethyl ene)bi sphosphonat e;

(di sodi urrm)noplngrlrgln um salt) [err]12 97 (P), 9.17 (P'), 15.1 Hz)

Example 14: 2 a| s ,en )pi s h8 i
e -cycoakyl
phosphor ous pe(ﬂt@o-c i?,g ?fl dra g(%éf %m the o%'\ufJ£ ﬁ one ofthe ups
8rb

(et hyl egg) bi sfi f
4.16 g ( lj.%g%)n is h9 ¥hl @ n%%eu&rq |9c 8‘915 br%gn & |5 ne,
Al ter “the addirbiae sh sts.leagonv@ss s Wttt .s?amae n Hob08 o

iive
was evapor at ecompsiés, as W@I(Hdlﬂ{@ph%aceuhca-ryoa&&ﬁab‘eesﬁl %e%hﬁo&\£
cooling 20 m of water and after the termnation of the exot herm c reactl on
t he m xt 66 e2waBisphdsphonRdacindeivativel bfltie fiamhuld 0 datonding b BY Rk af *Reréi @Rrand Q2 are
vacuum The cloblarineoi | obt ai ned as a residue was anal ysed using [err]and the
conposition was found to be the foll ow ng: 35
[ err] NMR ( N&OSlempoundsrofl the #gmula | according to'the claim 1 or‘Z‘Whereln one of the groups R'-R* is different
from hydrogen and the others are hydrogen.
55
4. Compounds of the formula | according to the claim 2, wherein one of the groups R'-R* is hydrogen,
one of the groups R'-R* is lower alky! with 1 {0 7 C-atoms and the others are hydrogen or lower alkyl
with 1 to 7 C-atoms, preferably methy! or ethyl.
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thﬁylenebisphosphonate 17.17 21.5

Monoi sopropyl net hyl ene bi sphosphon 14.74, 2Jpp = 8.2 Hz 41
P, P--di i sopropyl methylenebisphosphgﬁgtagg%%saé'1 17. 24 20 40
Phosphat e 3.33 15

Monoi sopr opy| pBg@suBtRoles) of the above obtained tetracyclopentyl (bromodhidromethylene)bispRosphohiis &id

were no si tiisolvedan 6t r dhipdréle ipSridiia dndl thel ks MRSHHeY for T Ak @R oilGHth QB4 110°C

exchanged tdad eWdporatod @ a¥atuti. THEsoiKRsMleas hired Withl 10aR WEtREP @t 81 precipitate filtered and

( br onochl ordvisetThy lyiic abap e B mabiahetheor ofFtolotiflesy elystalimat B'-dicyclohexyl (bromoch-

( br onoc hls oriernméttipdnelbisphosdohay) iperfinumasat CAMNEMR (Be Ojti 5[8.47 pin}] atd conteRBdtibn & >8900%

(0. 01 nol esind ehersinr thegorrbspomdirigyacid (rap he istatad byrdredipg witteanlecidphosphonat e [err]

12. 44 ppm 2JPH = 17.7 Hz) are dissolved in 20 nl of carbontetrachloride

and 0.55 g Bxpmple&y|triet hyl amm- noni um chloride and 20 M of a 10% sodi um

hypobrom te solutlon are added mhlle coollng and stirring at about [err].

The m xt Wr elrimethyh( Zh 2 Bisghosnhpnate : -cout [err] and the organlc
1 )

I S obtaine 3

phase is separated vva'%hled | eml b| phonate
S zﬂ%?ﬁ%w af s ,
813 B1 2{58 35'] EOF%'% QSII’?%L&&?%I I%sgézg‘g‘ ’;ygo%E n
i df

t heor.) of

filtrate is eV% 8r

(bronochl or ep wYﬂffn glg s adf::
pi peridi ne gad Hﬁbd(ruéjﬁﬁmﬁuﬁd r' 1’5[ Qrat ]ab ¢ O -@ardl tho meqé a)u o
[ent] and qyaRRM. GHs kuie KFiftdil And it Bvab&iatbdlid @ vaSuufl wiRkFbbWabdut 8. «saf
ether angh tdheneB)a ekl GrohbtrdniitlyiBRbishhdsBifbnatd, Burl s@i 1§ obBin@PEWINMR &:rﬂ:na( 60
% of “he t hsog .pbmQP), A0EP ()| RS =C1y/S Ha| WhiebyPirddtmait @ite biDBdiK by 6O CoHvBIRR o the

| or omet hyl edopgsporimg@c@onat e, di peridiniumsalt [err] 8.47 ppm), at a
concentration of > 90 % and wherefromthe correspondi ng acid nay be

| i ber at ed btaimseati ng with an acid. Exanple 16 10 Tri net hyl

(monobr omonet hyl ene) bi sphosphonate and its litiumsalt 1.04 g (2.5 mmol es)
of the tri bt HWbvehkisphgsphenieraoididerivetiyas of thefformulaet hyl et hyl enebi sphosphonat e
(prepared as described in the Exanple 1 fromtetranethyl

nmet hyl enebi sphosphonat e and tributyl anine [err] 30.51 ppm (P), 9.54 ppm
(PN, 2Jpp = 6.9 Hz)) are dissolve @ nl of anhydrous THF 15 and the
m xture s cooled to [err] and whi rring 4.0 M (5.0 nmmoles) of a 2.5
M hexane sol ution of BulLi |s addedrat about [err] and stirfing is continued
for a further 10 m nutes. cg,he ) Iga is added while stirring at about
[err] 0.80 g (5.0 mmol es) of n1ne in 20 mM of anhydrous THF within 10

m nutes, ;whereafter stirring is @bntlnued for 15 mnutest at about [err] and
the mxture is heated to roogz/’ eratU@p The m xture is filtered and the
filtrate is evaporated in a vacuu eby about 0.6 g (80 % 20 of
theor.) of trimethyl (nnnobronnnethylene)blsphosphonate litiumsalt is
obtgined [err] 25.03 ppm (P), 11. g 2Jpp = 15.4 Hz), which by '
trea N With an acid may be coﬁbert to the corresponding acid. dains

25 1. Novel bisphosphonic acid derivatives of the formula | 30 1 [err] 40
i n whi ch for mnlwhichémhulai ndependently are [err]al kyl, [err]al kenyl,
[ err]al kynyl , R[.é¥Pr fcand|Rscihdepéndently are Ci-Czz-alkyl, C2-Cz2-alkenyl, C2-Cz2-alkynyl, Cs-Cio-cycloalkyl,
Cs-C1o-cycloalkenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formula | at least one of the groups
45 R', R, R® and R* is hydrogen and at least one of the groups R', R2, R® and R* is different from
hydrogen, Q' is hydrogen, fluorine, chlorine, bromine or iodine, and Q2 is chlorine, bromine or iodine,
including the sterecisomers, such as the gesometrical isomers and optically active isomers, of the
compounds, as well as the pharmaceutically acceptable salts of the compounds.

50 2. Bisphosphonic acid derivatives of the formula | according to the claim 1, wherein Q' and Q2 are
chlorine.

3. Compounds of the formula | according to the claim 1 or 2, whersin one of the groups R'-R* is different
from hydrogen and the others are hydrogen.

4. Compounds of the formula | according to the claim 2, wherein one of the groups R'-R* is hydrogen,

one of the groups R'-R* is lower alkyl with 1 to 7 C-atoms and the others are hydrogen or lower alkyl
with 1 to 7 C-atoms, preferably methyl or ethyl.
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[erf]cyclbalkenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formla
| at | east one of the groups 45 [ é i rogen and at | east one of
the.groups [err] is different fron1h9§{%'§%ﬁspéfr] i s hydrogen, fluorine,
chlorine, bromne or iodine, and [err]-ischlorine, brom ne or iodine,

i ncluding the, SédfpBENGS BTRS Rrmufl aEcorfing 1 Re BIGRANE WhdrdiPéneloP WSBF e §aGhbsHIRk Gl idwér
active isoner S,au@fpwiﬁwh% @ CLaRM4SHSteralihy méiYi lor @yl.t he pharmaceutical l'y
acceptabl e salts of the conmpounds. 50 2. Bi sphosphonic acid derivatives of
the fornul a . aCopoehds gf the fomila CacabriingLto thé)El5iIMI 5) whieh is]thedéhombthyl ok MBnoefhylester of
Conmpounds o©f t hichlaomatihydend)bisghosphehicegidt 0 the claim 1 or 2 wherein one of the
groups [err] is different from hydrogen and the others are hydrogen. 55 4.
Conpounds of 7t h@nfpounds: bithé fopnmuteol acandjng to thehadairg Rawherefh onaioetweiofithe gwupsf R'tRids Cia-
groups [err] i sCikpliyloyeltenyband thefothetsarechydiages. [err] is lower alkyl with 1 to
7 Catons and the others are hydrogen or lower alkyl with 1 to 7 G atons,

pr ef er abl yo mBt hijie (fyorochiergy bromochioro- Epd ibropymgthgens)bisphogphgnic Geid (mpnamstiyd) ang fmon-
the above obt ai &Yl astetsroh by dmaietacsardingdp 8”stiM br onet hyl ene) bi sphosphonat e
are dissolved in 6 nj of anhydraqus igeridine,and the_njxture_is_s irred
for 1 h on af di ’?cefi%lfP:ﬁh‘?)'?re. ?ﬁff '@FF'L‘ %Hg aﬁﬁ?ﬁ%}gﬁ% ha glaimy, 1. haAstelizefhin ®¥e sol i d
resi due is_ni xed 2§ PRIMIgreRPPIGIPhIG RS el Pt ate filtered and
dried. Thésyield is about 1.8 g (60 % of the theor.) of colourless
crystalline P, P -dicycl ohexyl (broopch-OR* | oronethyl ene) bi sphosponat e,

di peridiniumsalt [err] 8.47 ppm, a concentration of > 90 % and
whepefrom the correspondi ng acigd na {§;é%berated by treating with an acid.
Exanpl e 16,10 Tri met hyl (nonob@ qfth e) bi sphosphonate and its litium
sal t ™. 04 g (2.5 mol es) of the t ébutyl nmet hyl annnniun1iilt of trinmethyl
met hyl enebi sphosphonat e (prepargd” described in the Exaiple 1 from

t et ramet hyl net hyl enebi sphosph@ atgiando§3ibutyl amne [er] 30.51 ppm (P),
9.54 ppm (P ),2Jpp = 6.9 Hz)) are di's®olved in 40 ml of anhydrous THF 15
and the maxture is cooled to -70 [e ?1 and while stirring 4.0 M (5.0

mmol es) of a 2.5 M hexane sol uti onpof 4 is added at about -70 C and
stirring is continued for a further 10 mnutes. To the m xture is added
while stirring at about [err] 0.80 g (5.0 mmpl es) of bromne in 20 m of
anky'dr ous THF wi t¥ierein £ a0 & flegssthe gsamerraesning s i8 theclajm { anddhegrpps R, &6 F° gpd Rishave
m nut es at® about theggmemaaningas in the claim 1 cexpept hydragen, 'ﬁsﬂb’?‘ﬁﬁ? Imﬂ"‘éﬂ’w@ to faym
mxture is filtered tﬁr‘?go@"te nqing trigster Q); wherein 058 PLihegroyRg Ry - FaBuei ' irpapsipygrogen,

bout 0.6 g (80 % 20 "} 4 " of trimethyl .  r B e
{ ronobr ororet hyl ont) it S % o a5 R ren o f o e s 289 65 g

(P), 11.59 (p'), 2J A4t they by, L1 £ s agi d b
converted%?o t he cor,{ygrgo Ep |tf|I épﬁ,{: ofp gi m&égﬁgﬁ&\?gg‘ﬂ@?ﬂghﬁb OEF%Ra??en
derivatives of the,§igh Bhid aciif the #mila i N Whi ch fornula [err] independently
are [err]alkyl, [err]alkenyl, [err]alkynyl, [err]cycloal kyl,
[err]cycl oal kenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formla
I atWeast«;one of the groups 45 derr& is hydrogen and at | east one of
the groups [err]is different from hyqlrpge%, [er] is hydrogen, fluorine,
chlorine, bromne or iodine, and Q i®& chlorine, brom ne or iodine,

i ncludi ng the stereoisoners, s?h. a??\h?}georret rical isonmers and optically
active isoners, of the conpounds,\ad we as the pharnmaceutically

acceptabl e8salts of the corrpounds/c Vil

0? OH

P
V.
50 o’ Nom

or a metal or ammonium salt thereof, or the corresponding acid tetrachloride, in which formula Q!
and Q2 have the same meaning as in the claim 1, is subjected to a selective esterification by
55 reacting the same with an esterification reagent corresponding to the desired groups R! - R*, to form
- the corresponding monoester (VI), wherein three of the groups R, R?, R® and R* mean
hydrogen, or '
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50 2. Bi sphosphonic acid derivatives of the fornula |I according to the
claim1, wherein [err]and [err] ar el 3. Conpounds of the fornula I
according to the claim1l or 2, VWef%&H“g#]éﬁe?"the groups [err] is different
from hydrogen and the others are hydrogen. 55 4. Conpounds of the formula |
according to the. Cihé“céﬂe%pon&ﬁ@ﬂn@ét& (NGB V)l BRordil B8IH tHoSréubs RS FRYRY PG, mdane
of the groups [errgydioged aver alkyl with 1 to 7 Catons and the others are
hydrogen or | ower @b kdttespuindify tiedted (1), #herdirDdH®,of e @foBpsol| 52, REEAAYR* rdanehydiytgen, 22
EP O 479 813 Bl 5. or@®tp ostreesondihg dstee sdite binhe partlal esesqiide Wiy oi 0 t he cl aim 4,
wherein one or d)wphasphohdiehayingthesorhasr | are | ower alkyl with 1 to 7 G atoms,
preferably nmethyl or ethyl. 6. Conpounds of the fornmula | according to the
claim5, which is the nononethyl or nonoethyl ester of 5

(di chl or onet hyl ene) bi sphosphoni ¢ aci d. O?OEéorrpounds of the formula I
according to the claim2, wherg Q:gagja two of the grqups [err] [err]alkyl
or -al kelyl and the ot hers ar e "hydr dgenx 7 8. The (fIUorochl oro-,

br onochl oro- and dlbronDnetherne)blspho oni ¢ aci d nononet hyl - and mon-
oethyl esters of the formula | according to the claim1l. 9. Process for the

preparation of .the conpounds accor o the c C a ed in
that a) a net hyt SA%H WHRD apkwed phe g %f @F@%thfp%?)@etdﬁ%w 'l?rt?nﬁ‘leg é 01l
[err] whér ei n [err] have the same neaning as in the claim1 and the groups
[err] have 30 . t he sane mg@rbg as in the claiml1, except hydrogen, is
subjected to selective hydroly form- the correspondi ng triester
(1), wherein one of the groups [@r—r‘Z] means hydrogenX or to a salt

t hereof ,,0r - the correspondi ngi ester (I'V and/or V), wherein two of the
grou¥é [err] mean hydrogen, O a salt thereof, or 35 - the
correspondi ng nonoester (VlI), wherein three of the groups [err] mean

hydr ogen, or t an ahistedoimulal aTie Bfdroged orhalogenporsienis@ing igrobp, i tlydpdgeb, helodens ayldody
40 sulphonyloxi, or alkoxi, and R'-R* a@i Q', @t+have the|sarkd nid@nimgy asain it tmular |, or is
anmoni unessal t  trbaeted odth a phospliite carespoedipin derigmale Xcbrt et r achl ori de, in which
fornmula Q and d) ebisphospberitetchopasnthef thedfermilag as in the claim 1, is subjected
to a selective esterification by 55 reacting the sane vmth an
esterification reagent corres% nding to the desired groups [err] to form -
tHe/correspondl ng nonoester . Wher ein t)qpee of the groups [err] mean

hydr ogen®® or 23 EP 0 479 813 BJP-CQIQZ-p X1
N
r20” OR4
36 wherein R-R*, and Q', Q2 have the same meaning as in the formula |, or the corresponding

hydrogen phosphonate compound, is oxidized to the compound of the formula |, or
o) a methylenebisphosphonate of the formuia

40 0 o
1 1l i 4
R10- P-CH,-P-OR XV
OR? OR3

45
wherein R'-R* have the same meaning as in the claim 1, is halogenated, and, if desired, the partial
ester acids obtained above in the methods a) to e) are converted to the partial ester salts, or the
partial ester salts are converted to the partial ester acids, and/or, if desired, a compound obtained
according to the formula | is converted to another compound according to the formula I, for example

50 by hydrolysis, esterification, reesterification, halogenating the methylene hydrogen, mono-de-
halogenating a dihalogen substituted methylene group, or exchanging the halogen(s) tor another
halogen within the scope of the definition.

10. Pharmaceutical composition, characterized in that it as the pharmaceutically active agent comprises a
55 compound of the general formula | according to the claim 1.

11. Compound of the formula I according to the claim 1 for use as a therapeutically active agent.
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- the corresponding diester (1V and/or V), wherein two of the groups [err]
mean hydrogen, or - the correspondi EE t@' ﬁﬁé (111), wherein one of the
groups [err] means hydrogen, or to & 48 gﬂondi ng ester salts of the
partial esters (IlIl to VlI), or 5 c) a phosphonate having the formul a
10 Patentansprliche [err] [er] Is reacted with an activated
phosphat e, or hydrogen phosphonate according to the fornula X 15 R30 0 X 20
[er] in whith Neaw BisphesphohsiutedBivete @ercroriit | hal ogen, or other |eaving group, Z
i s hydrogen, hal ogen, aryloxi, sulphonyloxi, or alkoxi, and [err] have the

sane neaing as in the formula 1, 51 s 25 reacted with a phosphite
corresponding to the formul a d oOR ) a bi sphosphonite conpound of the
formula 30 [err]-[err] 35 wherein

[err], and [err]have the sane ﬁaqe 29 as in the formula 1, or the
correspondlng hydr ogen Q@bsph atdRConmpound, is oxidized to the conmpound of
the formfla 1, or e) a nthyI nebi sphosphonat e .of the formula 40 [err]

[err] 45 wherein [err] havg, e same nmeaning as in the claimi1l is

hal ogenat ed, and, if desgﬂed \{h tial ester acids obtained above in the
met hods a) to e) are converted*t@ the partial ester salts;.or the partial
ester salgts are converted to tIR partial ester acids, and/or, if desired, a
conpound obt ai ned according tg thgggornmula | is converted to another
conpound according to the forimula 1, for exanple 50 by hydrolysis,
esterification, reesterification, halogenatlng t he met hyl ene hydrogen,

”59-”0 de- hal ogenflbmg, &2 dkshéﬂd%eﬁhashﬁhﬁ ivbréinitier Bih Y LSRG, @LRs,-Akonyl-, Co-Cao-
angi ng t hekigl, S-CyclobIRy-, e;totot@rcuogmmﬂge\nﬂ-wwamym Sifi8stSRBPEin astehRoffatom

def n| tion. 18ind,kobsi Medee Brineid lwemgeign® Siéri deNRests R AE RE (raZr® Chir wagsaatbﬁdtam @funlihe

phar maceut i calénigswos biu@ dagBeste ROIRBIAME RA kBib WassorstdaiHm il 0Q'0din WasseSRAS FRbr-,

formul a | accGhldt, RBypent-@dérhlodatdnaistiudd Q2 din Chla B @dérfJodditen &1 irikdésand diaSt@Qbiéd-ng

to the cl ai m mefepgwisudie gaemekrischesr isquexs wah bptigcha elttivencisengpes) tder Xérbindunfdéh Eawied Gid 3

Bl Pat entsans ppPhgmhazeutischNertréglishes [Sales ¢en Yerbindungaber i vat e der Fornel | 0 ORl p

10 Q'K / \oR2 Cz 3@ \ JoR3 P 15

0'to0 OR % nBigrtysangnséyrgderiyate q9h6prrml I afmﬁyrﬁnwcg Ty wabeii ¢l andi67 Chigratome sind.

Ci - C22- Al kyl C2 022- Alken | - Al ki nyl -,

&3.d o- C%CISOaV‘?{ /pdung é\“? h £ °qQF 1 “’°'°°'RF"S'I dey Reste BI-RY feinglassesiefi-

ein Wass®r st O?t? fst{’ eanderen asserstoffato e sind.

4. Verbindungen der Formel | gemdB Anspruch 2, wobei einer der Reste R'-R* ein Wasserstoffatom ist,
einer der Reste R'-R* ein Niederalkylrest mit 1 bis 7 Kohlenstoffatomen ist, und die anderen
Wasserstoffatome oder Niederalkylreste mit 1 bis 7 Kohlenstoffatomen, bevorzugt eine Methyl- oder

85 Ethylgruppe, sind.

5. Verbindungen der Formel | gem#B Anspruch 4, wobei einer oder zwei der Reste R!-R* Niederalkylreste
mit 1 bis 7 Kohlenstoffatomen, bevorzugt eine Methyl- oder Ethylgruppe, sind.

40 6. Verbindungen der Formel | gem#B Anspruch 5, die der Monomethyl- oder Monoethylester der
(Dichlormethylen)bisphosphons&ure sind.

7. Verbindungen der Formel | gem#8 Anspruch 2, wobei einer oder zwei der Reste R™-R* C14-C1g-Alkyl-
oder -Alkenylreste sind, und die anderen Wasserstoffatome sind.

8. (Fluorchlor-, Bromchlor- und Dibrommethylen)bisphosphons&uremonomethyl- und -monoethylester der
Formel | gem#B Anspruch 1.

8. Verfahren zur Herstellung der Verbindungen gemi#B Anspruch 1, dadurch gekennzeichnet, daB
50

85
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sind, wobei in der Fornol | wenigstens einer der Reste R, R2, R3 und R4
ein Wasserstoffatomist und weni gst jher_der Reste RI, R2, R3 und R4
kei*n Wasserstoffatomist, QL ein Vﬁ@?&%ﬁfq, Fluor-, Chlor-, Brom odor
Jodatomist, und Q ein Chlor-, Brom odor Jodatomist, unfassend die

St er eoi so- ET §) eif\MEthfldrdisSRSIIBsEirsE R er BPFgRh& und optisch aktiven |somnere,
der Ver bi ndungen sowie die 25 phar mazeuti sch vertraglichen Sal ze der
Ver bi ndungen. 2. Bi sphosphonsaurederivate der Fornmel | gemaB Anspruch 1,
wobei QL und Q2 Chloratone signd. driVer bi ndungen der Fornel | gemaS
Anspruchs 1 odor 2, wobei einelN d¢r Reste R1-R4 kein Wasserstoff- 30
atomist, und di e anderen Wassdrstof fatone sind. 4. Verbindungen der Fornel
| gemaB Anspruch 2, wobeiplei n?( rReste R1-R4 ein Wasserstoffatomist,
einer der Reste R-R4 ein Nhederal kylrest nmit 1 bis 7 Kohl enstof fatonen
ist, und di e anderen V\ﬂsser;i%ffatorre oder Nioderalkylreste kit 1 bis 7
Kohl enst’®f f at onen, bevor t e ne hyl - oder 35 Et hyl gruppe, si nd.
5. Ver bi ndungen der Fornel | g nspruch 4, wobel einer oder zwei der
Reste RB-B4 Niederal kylreste mg_1 bis 7 Kohl enstoffatonen, bevorzugt eine
Met hyl - oder Ethyl gruppe, sin 7% $. Verbindungen der Formel | gemAB
Ansprucr}55, die der Monomethy?- od®® Monoet hyl est er der

(Di chl orrret hyl en) bi sphosphonsaure sind. 7. Verbindungen der Fornol | genaB

Anspruch 2, wo lﬂle&er % W6d P giggelb% fheuﬁ:ﬁwlgﬁﬁ y\ﬁspﬁf R‘i‘lalgm,d'ﬁng y ngsJéy IJ!'I R‘QQ@ fund R*

- Al kenyl reste glolifbe Bbdslnfih Wichh ArdpRitn Yhseh! aabdahdnithdd T WasSiistotfarmiselektlv hydroly-
(Fworchlor-, BeeWkdllwebsi Und Di brommet hyl en)bi sphosphonsaur enononet hyl - “und

- nonoet Byl est er  deder bidprdehentio TIRIBAIG Wobsi by dor REste NS RE, BB [RINR*Zi WHRESofdidnt N
der “ér bi ndungen gRE&kdE cfére Siltiavbn, sdiadur ch gekennzei chnet, daB 50 55 25

| 11111j 11111] d1ded bntdpkdchénkid Didstel IV und/iodePQ4 ABdi3Rbi agr Feiste R', R2, R® und R* ein
Met hyl enbi sphosphonssasrsiefiatbn basienl oddesin Sat daedn, ader OR1L p QV/ NOR2 10

Il p// \ 04 O - deRertépréchende Mofidestan¥1),obeli drai eleBesidschic B, 1R gndvReein Waésesstafftic h
1 haben,ssund di e Reésn bedRBen, BRIy eikSale davorRdebildebwial, bder Bedeut ung wi e i n Anspruch
1 haben, ausgebeineRisphpsphorsisecdes Festlat om  sel ektiv hydroly- siert wrd,
wobei 20 - der entsprechende Triester (I1l), wobei einer der Rests-
RB, R2, R3 und R4 ein Wasserstoffatom bedeutet, oder sin Salz davon, oder -
dew ent sprechende Diester (Ig/ urggoder V), wobei zwei der Rests RB, R2, R3
und R4 $Pn Wasser st of f at om bWdelit en, oder ein Sal z davon,_ odor - der

ent sprechende Monoester (VI), bei drei der Rests R,-R2, R3 und RB ein
Wasserstoff- 25 1 t onpRedeut en, oder ein Sal z davon gebi | det
wird, oder b) sine Bi sp%(%-p onsaiure der Formel 0 OH p ‘1/N %

36 Qz/ \
e OH
P/
//
0/ \OH

oder ein Metall- oder Ammoniumsalz davon oder das entsprechende SZuretetrachlorid, wobei in der
Formel Q' und Q2 dieselbe Bedeutung wie in Anspruch 1 haben, durch die Umsetzung dessslben
mit einem Veresterungsreagens, entsprechend den erwlinschten Resten R'-R*, selekiiv verestert
45 wird, wobei
- der entsprechende Monoester (V1), wobsi drei der Reste R!, R?, R® und R* ein Wasserstofi-
atom bedeuten, oder
- der entsprechende Diester (IV und/oder V), wobei zwei der Reste R', R?, R® und R* ein
Wasserstoffatom bedeuten, oder
50 - der entsprechende Triester (lll), wobei einer der Reste R', R2, R® und R* ein Wasserstoffatom
bedeutet, oder die enisprechenden Estersalze der teilweisen Ester (Il bis VI) gebildet werden,
oder

66
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, C Vil 35

2z 9 \OxOH 0 OH 40 odor ein Metall- i unmsal z davon oder das
entisprechende Sl uretetrachlorid, V\Dbg?qﬁ?s@e{y%ornel 0' und @ diesel be
Bedeutung wi e in Anspruch 1 haben, durch die Unsetzung dessel ben mt ei nem
Ver est er ungsr eaggyiin PHashSiRE@ELRNEb: #eheEr W | Nscht en Resten RB-R4, sel ektiv
verestert 45 w rd, wobei - der entsprechende Monoester (VI), wobei
drei der Rests RB, R2, R3 und R4 ein,Wasserstoff- atom bedeuten, oder - der
ent sprechende Diester (1V und/ od® 9%, wobei zwei der Rests RB, R2, R3 und
R4 ein Wasser st of fat om bgdeut 12,_“ der 50 : - der entsprecignde
Triester (111), wobei ei AEM2der st s RB, R2, R3 und R4 ein Wasserstoffatom
bedeut et, oder die entsprechenden ©R'er sal ze der teilwei sen Ester (rrr bis
VI) gebil det werden, oder 55 EP0479813B1 c) ein Phosphonsgureester der
Formol O OR1 OR 10 | . mt_einemaktivierten Phosphorsaureester oder

Hy dr ogenplifbs phon®¥ ginem aktuierten Ehpsphorsputeestes odey Hygrogenphogphensdureester gemaB der Formel X
P-z X R40 20 ungeset zt
wird, wobel in den Forneln Y,ein Wasserstoff- oder Hal ogenatom oder eine
ander e Abgangsgruppe i st, Zﬂ@ Wasserstoff-, Hal ogenatom ein Aryl oxy-,
Sul f onyl oxy- oder Al koxyr est A ~zund R1-R4 und Q und Q2 di eselbe

Bedeutung W e in Formal | hapo, oder mt einemder Fornol X entsprechenden
Phosphit ungesetzt wird, od®rOd) eine Bi sphosphonitverbindung der Formal 25
Ri o OR3 R10~ oRP 2 N. 4 .P-CQLQ2-PX[ 30

R1RO OR in der R1-R4 und 01 und 02 diesel be Bedeutung w e

in F%Wm 20 habepmgdesiar wikll, ¥k tirs BSCERMBASY ein Wasserstof- oder Halogenatom oder sine andere

Hy dr ®genphos phonabgahgsgbser iteZ BinIWhsS@staife] HaRGenk6#h Ddin Aktyi0Ly-, BaifonkioxyBder Wikoxyrest ist,
oxidiert wird, oderR'sH und Q' und @) diezblbe Bislityngewid inSolness phebars ader edisdirem dde Formel X
Formal o entspidehonBerCriospRiB umgesetzt wird, oder

XV 40 d) eine Bisphosphonitverbindihg der FoRR! 3 i n der R1- R4 di esel be

Bedeutung2sm e in Anspruch 1 haben, hal ogoniert wird, und, falls erwlnscht,
di e vorstehend in den Veg]_@r en a) bis %er hal tenen teliweisen Estersauren
in die teilweisen 45 Estersal ze, tngewandel t warden, odor die

tail wei sen Estersalze in di en-E{IQ]t@?-len Est er saur en ungewandel t \3dr den,
urd¥oder, falls er WUnSChE(Z\iT ne genaB q4Formal | erhal tene Verbindung zum
Bei spi el &urch Hydrol yse, resterung, sterung, Hal ogeni erung des

Met hyl enwasser st of f es, Monodehal ogeni erung einer nmit zwei Hal ogenat onmen

substituierten I\/Q‘t‘m{ lRe-Rg LH:P Bﬁu,%d&r digswbg r%ecqje%{?mg wie in Formel | haben, oder die entsprechende
Hydrogenphosphonsiureesterverbindung zu der Verbindung der Formel | oxidiert wird, oder

35 e) ein Methylenbisphosphons@ureester der Formel
2 3
,_ r'0- P-CH,-P-OR* XV
S, orZ  OR3 |

in der R'-R* dieselbe Bedeutung wie in Anspruch 1 haben, halogeniert wird, und, falls erwlinscht,

die vorstehend in den Verfahren a) bis s) erhaltenen teilweisen Estersduren in die teilweisen
45 Estersalze umgewandelt werden, oder die teilweisen Estersalze in die teilweisen Estersduren

umgewandelt werden, und/oder, falls erwlinscht, eine gem&B der Formel | erhaltene Verbindung zum

Beispiel durch Hydrolyse, Veresterung, Umesterung, Halogenierung des Methylenwasserstoffes,

Monodehalogenierung einer mit zwei Halogenatomen substituierten Methylengruppe oder durch den

Austausch -des (der) Halogenatome(s) durch andere Halogenatome in eine weitere Verbindung
50 gom&B der Formel | innerhalb des Umfanges der Definition umgewandelt wird.

10. Arzneimittel, dadurch gekennzeichnet, daB es als Wirkstoff eine Verbindung der aligemeinen Formel |
gem#B Anspruch 1 umfaBt.

55 11. Verbindung der Formel | gem3B Anspruch 1 zur Verwendung als Arzneistoff.
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Aust ausch des (der) Hal ogenatone(s) durch andere Hal ogenat one in ei ne

wei tere Verbi ndung so gom f 'Elﬂt% d: i nner hal b des Unfanges der
Definition ungewandelt wird. 10. Arznerm t dadurch gekennzei chnet, daB
es als Wrkstoff eine Verbindung der all genei nen Formel | ger mAB Anspr uch 1

unf aBt . 55Révendidadnsndung der Formal | genr AB Anspruch 1 zur Verwendung al s
Arzneistoff. 27 * C L M S * EP 0 479 813 Bl Revendl catlons 1.
Nouveaux dér i Nougeadx détivédel'abidgbiptopthonigu@we faa@uié brmule | O OR1 p 10

0<Q \O, 275 p \ 0o4- 76
O~~~~~~ ~-N0 OR 4. dans | aquelle 20 , R2, R3 et R4 reprdsentent

i ndependamment un al kyle en G acg unl al c6ny| e en C2 a C22, un alcynyle
en C2 & C22 , un cycl oal kyle en A B, un cycl oal cnyle en' Ce Clo, un
aryle, un aralkyle, un silyle ou urp ydrogbne, obc dans la forrmule | au

nmoi ns un des groupes R, R2, rf?'%é un hydrogbne et au noins un des
groupes 'R1, R42, R3 et R4 est ffere d' un hydrogbne, QL represente un
hydr ogbne, un fluor, un chlore, Lﬁ.'n brome ou un lode, et {2 est un chlore,
un bronme ou un |lode, y 25 2c6 ris Ie_f st ereoi sonbres, conme |es

i soneres géondtriques et |es |sone e i quenment actifs, des conposes,

al i nsi ge | es sel s pharmaceuti querpent accept abl es des conposes. 2. Derives
d' aci de bi phosphoni que de formnul gz nla revendication 1, ob QL et @
representent un chlore. 30 3. Co ose e formule | selon la revendication
1 ou 2, ob |"un des groupes R -R4 est different d un hydrogbne et |es

altr es represfrd gqienen hydrogene. 4. Conposes de formula | solon |a

revendi Gat i OMI2R2, @B ef AN ref@SonBhOikgEPendShmeHd ul YRYIOGIE BE 2 024 in @RSnySen C, 2 GXOUPES
R1l- R¥Y est un adyhyd en Cnfaetk €uh gtiodilylean(@h 2T, @6 chdidalc@fylel PCOS @8 €0k akyld, un
hydr ogbne ou amiky®| boydilge binirekydegénecst dahs la fdovule | alemgis-unG@ee grogpesi RY, IRE TR vt B* @t
un et hyl e. 5.unGydrpgese st alandins undbsegroupseR'0 R?, R etrRé \eetrtiiffémat d"uwrhydrogéni, Qi mepaiserde UX
des groupes Rb-higdrogéne, wriluerl iny¢hiore, o Brone Yy ue fpdE et & 65T un didorprusfbBameramiauniiode, y
n6t hyl e 20u urrompiisylee stéufois@néreSoequreies isemros ademétritues it iy isomeres welingeroent adifs, 5,
qui est |'estdsp WM‘W%@@@'@B“WHW%@P@@% dag EpRosés.
(dlchloroneth | ene) bi phosphoni que. nposes de fornmule | solon |a
revendi cat PorPéSvéssiacign biphosphrniaue) de f‘ﬁf‘%‘hbé@"r«’a Teyandicgtion s 9} (Q' of @* saprEsendent
Ob=-{in al cenyl°€°@n Cl 4 ACL s et Ies autres sont des hydrogenes 8. Esters

b oronb e S dfggj‘gavér&%& A ot T MOl

60 Q Procé6 prep ara 1 on es co €S solon la revendication 1,

caracteri Sﬂ eébm%@seg% farl;’nu%BI selonEtE r&:eﬁh?cgﬂoﬁlzg o@ll 'un des groupes st un hydrogéne, I'un des

35 groupes R'-R* est un alkyle inférieur en Ci & C; et les autres représentent un hydrogéne ou un alkyle
inférieur en C1 & C7 , de préférence un méthyle ou un éthyle.

5. Composés do formule 1 selon la revendication 4, oli un ou deux des groupes R™R* est un alkyle
KJ inférieur en Cy & Cy7, de préférence un méthyle ou un éthyle.

6. Composés de formule I selon la revendication 5, qui est I'ester monométhylique ou monoéthylique de
I'acide (dichlorométhylene)biphosphonique.

7. Composés de formule | selon la revendication 2, oll un ou deux des groupes R'-R* est (sont) un alkyle
45 ou un alcényle en G114 & Ci3 et les autres sont des hydrogénes.

8. Esters monométhylique et monoéthylique d'acide (fluorochloro-, bromochloro- et dibromométhyléne)-
bisphosphonique de formule 1 selon la revendication 1.

50 9. Procédé de préparation des composés selon la revendication 1, caractérisé en ce que
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a). on soumet un tetraaster d' acide met hyl bnebi sphosphoni que de fornula O
OR1 5

152/ -~ R 10 EP 0 4761581 JOR3 p 15 od @ at @
ont la mme signification qua dans |la revendication 1 at |es groupes Ri1,

R2, Rs et R4 ont)dnIouistitn Birahtel d's:ii inSthyRinbBisplasshotiquelde Yorhdé cat i on 1, sauf

| ' hydr ogbne, a une hydrol yse sel ective pour fornmer 20 - le
triester (I1l) correspondant, oa |'un des groupes Rl, R2, R3 et R4
repr6sente un hydrogene, ou un d® ses s, ou - le diester (I1V eVou V)

corresporsdent, od deux des groupe§\er, R2, R3 et R4 reprb6sentent un
hydr ogene, ou un de laurs sels, ou | e noester (VI) correspondant, oa
trois des groupes R, R2, RS(Elt\R reﬁrﬁ%rsne)ntent un 25
hydrogene, ou un de laurs sels, "qu b) on sounet un aci dexpi phosphoni que de
formula O OH 30 2/ p ONICH VIl 36

10 OH 40 ou un de $¥% se\s rod &l | i ques ou d' anmonium ou |le
t~trachl orure d' aci de correspondent./formul e dans laqualle QL et @ ont la
meme signification qua dans |a revgndication 1, a une esté6rification
salective en le faisant reagir avec uroR®actif d' esterification
correspopdent aux groupes R1-R4 desires, pour former 45 - le
nonoester (VI) correspondent, oD trois des groupes R, R2, R3 et R4

representent ungBdeO@ERNeIa e signfictbrEqleCdand th YevBniRidiion)1 & Ms'FRPENEICRL Rs QTR

deux des groupegnt@mémé Sighifichidhg8s ddnklid dovén@icties PG ARy drogama a lund! RydiiiGe SEIRMIRES
R R2, R3 et Réouk RReseNt e un hydrogene, ou |les sels c? asters

coryespoaglent s des Ie6ibRdrPekrbspoadant( od lluh das Yfbgpss BY RBGR® et R* repfssen@urf Bidiogéne,
readfr un phosphonauendesdsasigoba 011 o 55

Y- CQ 029 - le diester (IV et/ou V) correspbridaiOolr deGx des grouplis RS R2, R? ot AP t:HiES8edBin
avec un phosphat e dgdrogtes. coun dnlewhealpbwnat e aci de selon la formule X R30 0
5 - le monosster (VI) correspondant, ¢l Rois des groupes R', R, R® et R* repriseReal/ un

f or nul es2dans | esquidrpgsge, pu grge laws pAjlripbgbne ou un hal ogbne, ou un autre
groupe sort ant , blPneggymelHn 3qide biphosphasade dryfefle un hal ogene, un aryl oxy, un
sul'fonyl oxy ou un alcoxy, et R-R4 et QL, @ ont |la nene signification quo
gans la formule 1, ou on le fait reagi or2Vec un phosphi te correspondent a
e f or rrulsoe X, ou d) on oxyde un corxgos‘e bi sphosphoni.te de fornmul e

ol / Non
¢
. “\ o

P
7
o \OH

VIi

ou un de ses sels métalliques ou d'ammonium, ou le tétrachlorure d'acide correspondant, formule
dans laquelle Q' et Q2 ont la méme signification que dans la revendication 1, & une estérification
sélective en le faisant réagir avec un réactif d'estérification correspondant aux groupes R!-R*
désirés, pour former
45 - le monoester (VI) cowrespondant, oli trois des groupes R', R2, R® et R* représentent un
hydrogéne, ou
- le diester (IV et/ou V) correspondant, oli deux des groupes ou
- le triester (lll) correspondarit, ol I'un des groupes R!, R2, R® et R* représente un hydrogéne,
ou les sels d'esters correspondants des esters partiels (lll & Vi), ou

50 c) on fait réagir un phosphonate de formule
o/onl .
o M
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QOR4 Q 20 dans | aquelle R -R4, etEpé"‘ Qg ﬂpgi | a menme signification que dans
Ia formule |,ou | e conposd phosphdn tg L e correspondant, pour obtenir le
conpose de fornule 1, ou e) on hal ogbne un net hyl bnebi sphosphonat e de
formul e 25 1'avbdun phBsphats &ctivdou un phbsphonald a3ide selon la formule X

S ( dans laquelle R1-R4 ont la nmene signification quo dans |a
revendication 1, et, si on le desire, on transforme |es ester-acides
partiels obtenus ci-dessus dafs cké% proc6édes a) & e) -on les sels d'esters
35 5 partiels, ou on transforit-4 es sels d ester$ partiels en |es
ester-acides partiels, eVou, '4d{n | e desire, on transforno un conpose
obtenu selon la fornmule | on un autre conpose selon la fornule 1, par

exenpl e par hydrol yse, esterification, roesté6rification, halogenation de

| * hydr ogbne dermHigt Asps tasauellesoiest BisBYSEORNSAY A1 ihglposae. 9 U AR AEoURD EYiaRtef @st un

di hal o§eno- sUBgPFaNBEN halggkag1a YNGRy Tomgxy Y ) glsee 8 R'HES o Bk G gty mPee

hal ogbne dan%ﬂ“ﬂ“ﬁ?ﬂ quedagga formyie.k puypnt Ip S reagly avpg Un E'EP%%G% FRrfegRendAtE RdeBHei que

caract 6ri soe D%co qu' el | e .conprend. c agent pharnmaceuti quenent actif un
conpose de fd H’ﬂl?’gdﬁli'hﬂ“g?sg%fsg%éﬁ'(?wteldg%%ndi cation 1. 11. Conpose de

for rrul1 | selon la revendication | aux fins d'application cormme agent
t her apout i quenent 46 acti { . 50 65 3
R*0O /OR
N .
- p.—coloz-P\ ‘ 3
~ nzo/ oRr*4
“

dans laquelle R'-R*, et Q', Q2 ont la méme signification que dans la formule l,ou le composé
phosphonate acide correspondant, pour obtenir le composé de formule |, ou '
e) on halogéne un méthylénebisphosphonate de formule

25

0 G

w . 1 n 4 .
L rlo  P-Cit, P-ORT AV
W ] . B | 1
30 : O SO
dans laquelle R-R* ont la méme signification que dans la revendication 1, et, si on le désire, on
transforme les ester-acides partiels obtenus ci-dessus dans les procédés a) 2 e) en les sels d'esters
85 partiels, ou on transforme les sels d'esters partiels en les ester-acides partiels, et/ou, si on le désire,
on transforme un composé obtenu selon la formule | en un autre composé selon la formule |, par
exemple par hydrolyse, estérification, réestérification, halogénation de I'hydrogéne du méthyiéns,
_ mono-déshalogénation d'un groupe méthylene dihalogéno-substitué, ou échange du ou des
\) halogéne(s) conire un autre halogéne dans la portée de la définition. '
40
10. Composition pharmaceutique caractérisée en ce qu'elle comprend comme agent pharmaceutiqguement
actif un composé de formule générale | selon la revendication 1.
11. Composé de formule | selon la revendication 1 aux fins d'application comme agent thérapeutiquement
45 actif.
50
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