
EP 0 479 813 B1 Description The invention concerns novel
methylenebisphosphonic acid derivatives, in particular novel halogen
substituted methylenebisphosphonic ester acids and ester salts, as well as
processes for the preparation of 5 these novel compounds as well as
pharmaceutical compositions comprising such novel compounds. Several
publications disclose methylenebisphosphonic acids, their salts or some
tetraesters, but there are only a few disclosures of corresponding halogen
substituted tri-, di- and monoesters (partial esters). The US patent
4,478,763 (1984) discloses a new process for the preparation of
unsymmetrical isopropyl esters of (mono-and difluoromethylene)bisphosphonic
acids. As further publications disclosing fluorine substituted 10
compounds, the following may be mentioned: J. Org. Chem., 51, (1986), 4788,
J. Am. Chem. Soc., (1987) 5542, and Bioorg. Chem., (1988) 111. Thus the
properties of the novel partial esters of (halogenmethylene)- bisphosphonic
acids and their salts according to the invention nor their use as
medicaments, have not earlier been investigated. According to the invention
it has now been discovered that the novel partial esters of 15
methylenebisphosphonic acids and their salts in many cases exhibit more
favourable properties than the corresponding bisphosphonic acids and their
salts due to their better kinetics and availability, their ability to
participate as complex formers in the regulation of the metabolism of the
organism being maintained. In addition they are well suited for the
treatment of disorders relating to the metabolism of calcium and of other,
especially bivalent metals. They may be used for the treatment of diseases
in the skeletal system, 20 especially of bone formation and resorption
disorders, such as of osteoporosis and Paget's disease, as well as for the
treatment of diseases in the soft tissues, such as of deposition and
mineralisation conditions and bone formation disorders. The novel
bisphosphonates regulate either directly or over an indirect mechanism the
level of cations freely present in the body fluids as well as of that
binding to, active in and liberated from the tissues. Thus 25 they are able
to regulate the cellular metabolism, growth and destruction. Consequently
they are useful for the treatment of e.g. cancer of the bone and metastases
thereof, ectopic calcifications, urolithiasis, rheumatoid arthritis, bone
infections and bone degradation. The invention concerns novel
methylenebisphosphonic acid derivatives of the general formula I 30 [err]
35 40                             [err] in which formula [err]independently
are [err]alkyl, [err]alkenyl, [err]alkynyl, [err]cycloalkyl, [err] 45
[err]cycloalkenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formula
I at least one of the groups [err] [err] is hydrogen and at least one of
the groups [err] is different from hydrogen, [err] is hydrogen, fluorine,
chlorine, bromine or iodine, and Q2 is chlorine, bromine or iodine,
including the stereoisomers, such as the geometrical isomers and the
optically active isomers, of the compounds, as well as the pharmaceutically
acceptable salts of the compounds. 50     [err]alkyl is straight or
branched, preferably lower alkyl with 1 to 7 C-atoms, preferably 1 to 4 C-
atoms, such as methyl, ethyl, propyl, isopropyl, or butyl, i-butyl, s-butyl
or t-butyl, or pentyl, hexyl or heptyl, whereby preferably at least two,
but more preferably three of the groups [err] are hydrogen, or it is
[err]alkyl, whereby preferably at least two, but more preferably three of
the groups [err] and [err] are hydrogen. Long chain is preferably a
straight or branched [err]alkyl group. 55     C2-C22-alkenyl may also be
straight or branched, and is preferably lower alkenyl with 2 to 7 C-atoms,
preferably 2 to 4 C-atoms, and has the meaning of ethenyl,
1-methyl-ethenyl, 1-propenyl, allyl or butenyl, 2- methyl-2-propenyl or
also pentenyl, isopentenyl, 3-methyl-2-butenyl, hexenyl or heptenyl,
whereby prefer- ably at least two, but more preferably three of the groups
[err] are hydrogen, or it is [err] 2   



EP 0 479 813 B1 alkenyl, whereby preferably at least two, but more
preferably three of the groups [err] are hydrogen. Higher alkenyl is
preferably a straight or branched [err]alkenyl group. The said alkenyl
groups may be either in E- or Z-form, or they may be conjugated or
unconjugated dienyls, such as 3,7- dimethyl-2,6-octadiene, trienyls, such
as famesyl or polyenyls. 5     [err]alkynyl may also be straight or
branched, and is preferably lower alkynyl with 2 to 7 C-atoms, preferably 2
to 4 C-atoms, and means ethynyl, 1-propynyl, propargyl, or butynyl, or also
pentynyl, hexynyl or heptynyl, whereby preferably at least two, but more
preferably three of the groups [err] are hydrogen, or it is also
[err]alkynyl, whereby preferably at least two, but more preferably three of
the groups [err] are hydrogen. Higher alkynyl is preferably a straight or
branched [err]alkynyl 10  group. Also conjugated or unconjugated di-, tri-
and poly-ynyl and alkenynyl groups come into question. Cycloalkyl and
-alkenyl contain 3 to 10 C-atoms and they may be substituted or
unsubstituted, especially mono- or bicyclic, being preferably unsubstituted
cyclopropyl, -butyl, -pentyl, -hexyl or -heptyl or bicyclo[3.2.0]- or
-[2.2.1]heptyl, -[4.2.0]- or [3.2.1]octyl, -[3.3.1]nonyl, or the
corresponding spiro-hydrocar- bon residue, as well as the corresponding
cycloalkenyl group or unsaturated spiro structure, or it may be is
polycyclic, such as adamantyl. As possible substituents, both in cis- and
transisomers, for example [err]-alkyl and -alkenyl come into question. Aryl
means a substituted or unsubstituted carbocyclic aromatic ring, such as
phenyl, or a poly-, especially bicyclic, conjugated or bridged unsaturated
or partly saturated ring system, such as naphtyl, 20  phenanthryl, indenyl,
indanyl, tetrahydronaphtyl, biphenyl, di- and triphenylmethyl etc. Aralkyl
may be illustrated by the following formula 25 [err] 30 wherein the groups
A mean independently [err]alkyl, [err]alkoxy, halogen or nitro, q is an
integer from 0 to 3, n is an integer from 0 to 6, and B is a straight or
branched [err]alkyl group or a conjugated or unconjugated [err]alkenyl or
-alkynyl group. In the silyl group [err]the group R is lower alkyl
containing 1 to 4 C-atoms, and is especially methyl, 35  ethyl, isopropyl,
butyl, t-butyl, or it is phenyl or R-substituted phenyl, whereby also
different combinations of lower alkyl and phenyl groups come into question,
such as in dimethyl t-butyl-, methyl di-isopropyl-, dimethyl- and diethyl
phenyl-, methyl t-butyl phenyl-, di-isopropyl-(2,6-dimethyl phenyl)-,
dimethyl-(2,4,6-tri- isopropyl phenyl)silyl. The salts of the compounds of
the formula I are especially their salts with pharmaceutically acceptable
40 bases, such as metal salts, for example alkalimetal salts, especially
litium, sodium and potassium salts, alkaline earth metal salts, such as
calcium or magnesium salts, copper, aluminium or zinc salts, as well as
ammonium salts with ammonia or with primary, secondary and tertiary, both
aliphatic and alicyclic and aromatic amines, as well as quaternary ammonium
salts, such as halides, sulphates and hydroxides, salts with aminoalcohols,
such as ethanol-, diethanol- and triethanolamines,
tris(hydroxymethyl)aminomethane, 1- 45  and 2-methyl and 1,1-, 1,2- and
2,2-dimethylaminoethanols, N-mono- and N,N-dialkylaminoethanols, N-
(hydroxymethyl-and ethyl)-N,N-ethanediamines, as well as amino crown ethers
and cryptates, and heterocyclic ammonium salts, such as azetidinium,
pyrrolidinium, piperidinium, piperazinium, morpholinium, pyrrolium,
imidazolium, pyridinium, pyrimidinium, quinolinium, etc., salts. An
advantageous subgroup of the compounds of the formula I comprises the
mono-, di- and triesters of 50  the formula 1, wherein [err] = chlorine,
and [err] are lower alkyl, especially methyl and ethyl. Another
advantageous subgroup comprises the compounds of the formula 1, wherein
[err]chlorine and one or two of the groups [err]alkyl or -alkenyl.
Especially advantageous compounds according to the invention are the
monomethyl- and mon- oethylesters of (dichloro-, fluorochloro-,
bromochloro-, and dibromomethylene)bisphosphonic acids. 55     An
especially advantageous compound is the monomethyl-and monoethylester of
(dichloromethylene)- 



bisphosphonic acid. The invention concerns also a process for the
preparation of the compounds of the formula 1. The characteristic features
of the processes are disclosed in the appended claims. 3    EP 0 479 813 B1
According to one process the compounds are prepared by selective hydrolysis
of the tetraesters corresponding to the formula 1. Thus a tetraester 11 is
used as the starting material, wherein the groups [err] R4 (not hydrogen)
and [err] have the same meaning as in the formula I and this tetraester is
hydrolyzed stepwise according to the following Scheme 1 to the triester
III, diester IV and V and the 5 monoester VI (the reaction takes place in
the direction of the upper arrow). If necessary, the partial ester III to
VI or its salt may be isolated and purified by extraction, fractional
crystallization or chromatographically, and if desired, a free acid may be
converted into a salt or a salt into the free acid. 10   Scheme  1 [err] 20
[err] [err] 25 35      [err] [err] 40 The hydrolysis of the tetraesters of
the formula II may be carried out by treating with both an acid and a base,
using thermal cleaving, and in certain cases 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 [ERR], generally from about 50 [err] 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
chlorine 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 Amberlites, either in the presence of an organic
solvent or water or various solvent mixtures, or in the absence thereof. 4
EP 0 479 813 B1 Further by treating with certain alkalimetals, such as
sodium and litium, or with suitable inorganic salts, such as with sodium
iodide, litium bromide, ammonium chloride and NaBr/PTC, the ester group may
be converted directly to its corresponding salt, such as to the sodium,
ammonium and litium phosphonates. Thermal cleaving usually takes place at a
temperature of about 100 to 400 [err], usually, however, at a 5
temperature of not more than 250 [err]. The presence of a suitable
catalyst, such as an acid or an acid 



solution, or a quaternary ammonium salt, makes it possible to perform the
reaction faster and at a lower temperature. Some active substituents, such
as benzyl and allyl, may be removed by catalytic reduction or
electrolytically. To improve solubility and to control the reaction
temperature during the reactions, organic, inert 10 solvents, such as lower
alcohols and stable ketones and esters, alkyl halides, such as chloroform
or 1,2- dichloroethane, ethers, such as dioxan, dimethoxyethane, diglyme,
etc., may be used as co-solvents. When all the ester groups [err] in the
tetraester according to the formula 11 are the same, the hydrolysis takes
place stepwise according to the Scheme 1, and it is interrupted when the
concentration of the desired partial ester is at its greatest. 15    In
order to prepare a specific partial ester structure, it is advantageous to
use a tetraester of the formula II wherein the ester groups are not the
same (mixed tetraester), but contains groups which behave differently with
respect to hydrolysis. It has, for example, been discovered that the
hydrolysis rate of alkyl and silyl esters is dependant on the structure as
follows: 20 silyl > tert > sec > prim It is possible to fine tune the
stepwise progress of the hydrolysis reaction also by means of the size and
shape of the alkyl and silyl substituent as well as by electronical
factors. In some instances advantage may be taken of a partial ester which
is thermodynamically more favoured, for example, due to the formation of 25
a chelate. It is often advantageous to perform a re-esterification in order
to change or improve the stepwise hydrolysis of the different ester sites.
Especially the methylester may be converted to the corresponding acid over
a silyl ester. Pure partial esters may thus be prepared in an advantageous
manner by performing a selective hydrolysis, if necessary stepwise, of a
mixed tetraester of the formula 11, which has been prepared using 30 ester
groups which are advantageous from the point of view of hydrolysis, or
corresponding unhalogenated compounds, whereby the halogenation may be
carried out after the hydrolysis. Also selective hydrolysis reactions known
especially from phosphate and monophosphonate chemistry may be used. The
progress of the hydrolysis may be followed for example chromatographically
or by means of [err] 35 NMR and the reaction may be interrupted when the
level of the desired partial ester is at its greatest and this may be
isolated from the reaction mixture either as the free acid or as a salt by
precipitation, extraction or chromatographically, and the salt form may be
converted to the free acid or the free acid to its salt. The compounds
according to this invention may be prepared also by selective
esterification of bisphosphonic acids in accordance with the above
mentioned reaction Scheme 1 (the reaction takes place 40 in the direction
of the lower arrow). As a starting material a (halogenmethylene)
bisphosphonic acid according to the formula VII, or an unhalogenated
bisphosphonic acid, which optionally is in the form of a salt, such as a
metal or ammonium salt, or advantageously the corresponding phosphonic acid
tetrachlorides are used, and depending on the desired end result, 1 to 4
equivalents of the desired aliphatic or aromatic alcohol, or the
corresponding 45 activated alkylation, silylation and arylation reagents,
such as orto-, imido- and vinylesters, ketene acetals and other suitable
transfer reagents for alkyl-, silyl- and aryl groups, such as diazo
compounds, active carboxylic acid esters, phosphates, phosphonates,
phosphites, sulphates, and sulphonates. The reaction is preferably
performed under anhydrous conditions, preferably in the temperature range
of 0 to 150 C, or when using an inert co-solvent, at the boiling point
thereof. so     The esters 11 to IV may also be prepared in a nucleophilic
substitution reaction between the bisphosphonate anion, often the ammonium
salt of bisphosphonic acid, and an organic halide or sulphonate, or in a
reaction of an other reagent, such as of amidates, for example halogen
acetamidate, further in a condensation reaction between a phosphonic acid
group and alcohols or a phenols corresponding to the desired groups [err],
using a reagent for cleaving off water, such as carbodi-imides and
carbonyl- and 55 sulphonylazoles, alkyl- or arylsulphonyl chlorides, such
as TPS, or oxidative esterfication, such as phosphine + azodicarboxylic
ester. Pure partial esters, also mixed esters, may thus be prepared in an
advantageous manner by selective esterification, if necessary stepwise, of
halogenated bisphosphonic acids of the formula VII, or of cor- 



5    EP 0 479 813 B1 responding unhalogenated, whereby the halogenation may
be carried out after the esterification. Also other selective
esterification reactions may be used known primarily from phosphate and
mon- ophosphonate chemistry. The progress of the esterification reactions
may be followed, for example, chromatographically or using 5 [err]NMR and
the reaction is interrupted when the content of the desired partial ester
is at its greatest and this is isolated from the reaction mixture by
precipitation, extraction or chromatographically and, if desired, a salt
form obtained is converted to the free acid or the free acid is converted
to its salt. Partial esters of bisphosphonic acid according to the
invention may also be prepared by constructing the P-C-P frame from its
parts 10 15 [err] 20                        IX                          X
wherein in the formula Y is hydrogen or halogen or other leaving group, Z
is halogen, aryloxy, sulphonyloxy or alkoxy, and [err] have the meaning
given above, whereby Q2 may also have the meaning 25 of hydrogen. The base
is for example NaH, BuLi, or LDA. When Q2 is hydrogen, the halogenation is
carried out after preparation of the frame. In the starting material
optionally present free acid sites [err] = H) have to be neutralized, by
using a sufficient amount of base, prior to the coupling reaction. The
coupling reaction and the halogenation may be carried out in the same
vessel as consecutive steps taking advantage of the aleady existing anionic
site at the carbon. 30     Also the Michaelis-Arbuzov reactions may be
used, whereby the compound of the formula X above is replaced by the
corresponding phosphite, or the Michaelis-Becker reaction, whereby Z is
hydrogen (cf. below). The partial esters of bisphosphonic acids according
to the invention may also be prepared from P-C-P- compounds at a lower
oxidation level by oxidation (for example [err] 35 [err] [err] { 40 Bk
1/ [err] oR4 [err] XIII 55 whereby in the formulas [err] have the meaning
given above, whereby the phosphonite structure may exist in an equilibrium
with the hydrogenphosphonate structure. 6    EP 0 479 813 B1 5
[err] All conventional oxidation agents, or their solutions, such as
hydrogen peroxide, perhalogen compounds, per acids, permanganate etc., come
into question. 10     The partial esters of bisphosphonic acid according to
the invention may also be prepared by halogenating the corresponding
unhalogenated partial esters, also stepwise, or the halogen(s) may be 



replaced by others, or one out of two may be removed. 15 [err] [err] 20
[err] In the formulas [err] have the meaning given above, whereby in the
exchange reactions [err] 25  may also have the meaning of fluorine. The
halogenation takes place as will be described below. When one or more of
the groups [err] is hydrogen, base has to be added in an amount sufficient
to neutralize the free acid sites, as has been described above. The partial
esters of bisphosphonic acids according to the invention may be prepared
also using stepwise the above mentioned processes known primarily from
phosphate and monophosphonate chem- 30  istry. Also other selective
reactions known primarily from phosphate and monophosphonate chemistry may
be used. The partial esters I of bisphosphonic acid according to the
invention may also be prepared from other partial esters VIII by performing
an intra- or intermolecular exchange reaction 35 40 C [err] 45 [err] 50  in
which formula VIII[ERR] have the meaning given above. Also the above
mentioned reactions may be followed eg. chromatographically or using
[ERR]-NMR and interrupted when the content of the desired product is at its
greatest, this product being isolated from the reaction mixture as the free
acid or as its salt by precipitation, extraction or chromatographically,
and if desired, the salt form is converted to the free acid or the free
acid to its salt. 55     The tetraesters 11 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 11 using ester structures
which are advantageous with respect to the preparation of the desired
partial ester. In some 7    EP0479813B1 cases, when preparing the
biphosphonate frame, partial esters, especially symmetrical diester salts
may be formed due to an immediate partial hydrolysis taking place under the
reaction conditions. The bisphosphonate frame may be prepared, for example,
using the following known reactions: a) The Michaelis-Becker reaction 5
[err] [err] 10                          [err] [err] 16   In the formulas
[err] have the meaning given above, whereby also Q2 may be hydrogen, and Y
is halogen, acyloxy or sulphonyloxy. The base is Na, NaH, BuLi, LDA or
KO-t-Bu/PTC. b) The Michaelis-Arbuzov reaction 20                     [err]
[err] [err] 



25             [err] In the formulas [err] have the same meaning as above,
whereby also [err] may be hydrogen, Y is halogen, acyloxy or sulphonyloxy,
and Z' is alkoxy, silyloxy, acyloxy or sulphonyloxy. 30    c) The carbanion
reaction [err] [err] [err] [err] 40 In the formulas [er] have the same
meaning as in the formula 11, whereby also Q2 may be hydrogen, Y' is
hydrogen or halogen, Z" is halogen, alkoxy, acyloxy or sulphonyloxy. The
base is BuLi, LDA, AlkMgHal or [err]. Taking into account the preparation
of the desired partial ester the 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 corresponding phosphonochloride (cf. above) or by applying other
processes known primarily from phosphate and monophosphonate chemistry (cf.
above). Halogen atom(s) may be substituted for the hydrogens on the carbon
between the phosphorous atoms in the bisphosphonate advantageously also in
the form of the tetraester 11, whereby the reaction advanta- 50  geously is
performed using a hypohalite. Also other conventional halogenation
reactions come into question, such as the reactions of
bisphosphonocarbanions prepared using a strong base, with elemental
halogens, or halogenation with N-haloamines and other active halides or
polyhalogen compounds. It is, however, to be noted that contrary to what
has been stated in the publication 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 dicyclohexyl ester. It seems, however, that this is a wrong conclusion
based on an impure composition. 8    EP 0 479 813 B1 The halogen
substituents of the carbon may also be introduced into the bisphosphonate
structure as the halogenated monophosphonate IX, whereby [err] and/or [err]
are halogens. The halogen on the carbon in the frame may also be
substituted for hydrogen, usually by nucleophilic dehalogenation, or for a
different halogen using known reactions. The mixed halogen compounds I may
also be prepared by the stepwise 5  use of the above mentioned halogenation
or exchange reactions (cf. Phosphorus and Sulfur, 37 (1988) 1). Optically
active partial esters I may be prepared best by using known optically
active compounds, such as optically active alcohols, in the preparation of
the above mentioned starting materials, intermediates and end products, or
in the exchange reactions. Bisphosphonates inhibit osteoclastic bone
resorption. They are characterized by a non-hydrolyzable P- 10 C-P bond
which targets the compounds onto bone. They inhibit both formation and
dissolution of the bone mineral (Fleisch, H. In: Peck WA, ed. Bone and
Mineral Research, Amsterdam: Excerpta Medica, 1983:319 (Annual 1)).
However, compounds which are good inhibitors of calcium phosphate
crystallization, may cause as a side-effect an inhibition of
mineralisation. In addition to their physicochemical interaction with
calcium phosphate crystals, bisphosphonates also 15 influence cellular
metabolism (Shinoda H. et al., Calcif Tissue Int 1983; 35:87). The exact
mechanism of inhibition of bone resorption has not yet been clarified.
Moreover, the effects seem to vary from one bisphosphonate to another.
Bisphosphonates are absorbed, stored and excreted unaltered. The intestinal
absorption is usually below 5% of the oral dose. A remarkable part of the
absorbed bisphosphonate is localised in bone, the 



20 reminder being rapidly excreted in the urine. The half-life of
circulating bisphosphonates is short, the rate of entry into bone being
fast. On the other hand, the half-life of the skeletal retention is long.
One aim of the present invention is to introduce new bisphosphonate
derivatives which have lower affinity for bone to avoid side-effects
without loosing activity for bone resorption inhibition. Simultaneously
increasing their absortion after oral administration could lead into better
therapeutic agents for the treatment 25 of bone diseases. The biological
activity of compounds according to the invention for preventing bone
resorption in vitro and in vivo has been measured, as well as the
interaction of the compounds with bone mineral and their relative
bioavailability after oral dosing. It was found that they exhibited lower
affinity for bone than the reference compound clodronate. Despite this they
have restored their biological activity as indicated by in 30 vitro and in
vivo resorption assay. In addition, the compounds are better absorbed after
oral administration than clodronate. The partial esters of mono- or
dihalogenated methylenebisphopshonic acids may thus be used as
pharmaceuticals as such, or as their pharmacologically acceptable salts,
such as the alkali or ammonium salts. Such salts may be prepared by
reacting the ester acids with the corresponding inorganic or organic 35
bases. Depending on the reaction conditions, the ester salts are formed
directly in the above mentioned reactions under the reaction conditions
used for preparing the compounds of the formula 1. The new compounds I
according to this invention may be administered enterally or parenterally.
All conventional administration forms, such as tablets, capsules, granules,
syrups, solutions and suspensions come into question. Also all adjuvants
for manufacture, solubility and administration of the preparation, as 40
well as stabilizers, viscosity regulating and dispersion agents and buffers
may be used. Such adjuvants include ia. tartrate and citrate buffers,
alcohols, EDTA and other nontoxic complexing agents, solid and liquid
polymers and other sterile substrates, starch, lactose, mannite,
methylcellulose, talc, silicic acids, fatty acids, gelatine, agar-agar,
calcium phosphate, magnesium stearate, animal and vegetable fats and, if
desired, flavouring and sweetening agents. 45     The dosage depends on
several factors, for example on the manner of administration, species, age
and individual 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: 50 55 9    EP 0 479 813 B1 Capsule
mg/caps. Active ingr.    100.0 mg Starch           20.0 mg Magn. stear.
1.0 mg Tablet Active ingr.    400.0 mg Microcryst. cell.   20.0 mg 10
Lactose          67.0 mg Starch           10.0 mg Talc              4.0 mg
Magn. stear.      1.0 mg 15     For medicinal use also a parenterally
administered preparation may be made, for example an infusion concentrate
or injection. In the infusion concentrate eg. sterile water, phosphate
buffer, NaCI, NaOH or HCI or other suitable known pharmaceutical adjuvants
may be used, in the injections also suitable pharmaceuti- cal
preservatives. 



It is also possible to formulate a topical formulation administered in a
suitable vehicle. The compounds in ester-acid form are liquid or waxy
substances, usually soluble in organic solvents and in some instances in
water. The ester salts are solid, crystalline or typically powdery
substances which usually dissolve well in water, in some instances in
organic solvents, and only a few structures being poorly soluble in all
solvents. The compounds are very stable, also in their neutral solutions at
room temperature. 25     The structure of the compounds may easily be
verified with [err]spectroscopy and 5 FAB-masspectrometry or when silylated
with El-masspectrometry. For concentration and impurity deter- minations
[err]-NMR-spectroscopy is very suitable. For polar compounds as such ion
exchange and exclusion-HPLC may be used and for tetraesters and silylated
ester acid derivatives GLC or GC/MS may be used. From the compounds sodium
and other metals were determined separately as well as the possible crystal
water content From the amine salts, nitrogen was determined. The following
examples illustrate the invention without limiting the same. Example 1:
Trihexyl (dichloromethylene)bisphosphonate and monosodium salt 29.1 g (0.05
moles) of tetrahexyl (dichloromethylene)bisphosphonate [err] and 290 ml of
pyridine are refluxed for about 1 hour (the reaction is followed with
31P-NMR) and the mixture is evaporated under a vacuum. The residue
(trihexyl (dichloromethylene)bisphosphonate N-hexyl pyridinium salt) is
dissolved in 300 ml of toluene and the solution is washed with 2 x 100 ml
of 1 N NaOH and 100 ml 40  of water and dried (MgSO4) and filtered. The
filtrate is evaporated under a vacuum. The waxy evaporation residue is
dissolved in 100 ml of CH30H and the solution is treated with activated
carbon and filtered. The filtrate is evaporated to constant weight under a
vacuum, whereby about 21 g (80 % of the theor.) of
(dichloromethylene)bisphosphonic acid trihexyl ester monosodium salt are
obtained [err] 45 13.06 (P), 5.18 (err), 2Jpp = 18.0 Hz), at a
concentration of 95 % and wherefrom trihexyl (dich-
loromethylene)bisphosphonate may be liberated with acid treatment. .a. the
following methylenebisphosphonic acid triesters and corresponding sodium
salts may be prepared in an analogous manner: From tetrabutyl
(dichloromethylene)bisphosphonate: tributyl
(dichloromethylene)bisphosphonate from tetrapentyl
(dichloromethylene)bisphosphonate: 50 tripentyl
(dichloromethylene)bisphosphonate from tetraheptyl
(dichloromethylene)bisphosphonate: triheptyl
(dichloromethylene)bisphosphonate from tetrapropyl
(dichloromethylene)bisphosphonate: tripropyl
(dichloromethylene)bisphosphonate from tetraisopropyl
(dichloromethylene)bisphosphonate: triisopropyl
(dichloromethylene)bisphosphonate (monosodium salt) [err]-NMR(D20): [er]
11.87 (P), 5.19 (P') [err] =  17.3 Hz) from  tetraethyl
(dichloromethylene)bisphosphonate: (triethyl (dichloromethylene)-
bisphosphonate N-ethylpyridinium salt isolated as an intermediate [err]
2Jpp = 17.5 Hz) triethyl (dichloromethylene)bisphosphonate (monosodium
salt) (31P-NMR (D20): [err] 13.47 (P), 5.58 (P'), 2Jpp = 17.0 Hz) from
tetrakis(1 -methylbutyl) (dichloromethylene)bisphosphonate:
tris(1-methylbutyl) (dichloromethylene)bisphosphonate from
tetrakis(1-ethylpropyl) (dichloromethylene)- 10    EP 0 479 813 B1
bisphosphonate: tris(1-ethylpropyl)  (dichloromethylene)bisphosphonate
from   tetracyclopentyl  (dichloromethylene)- bisphosphonate:
tricyclopentyl (dichloromethylene)bisphosphonate from tetraallyl
(dichloromethylene)bisphosphonate: 5  triallyl
(dichloromethylene)bisphosphonate from tetraphenyl
(dichloromethylene)bisphosphonate: triphenyl
(dichloromethylene)bisphosphonate from tetrabenzyl
(dichloromethylene)bisphosphonate: tribenzyl
(dichloromethylene)bisphosphonate from tetramethyl
(dichloromethylene)bisphosphonate: trimethyl
(dichloromethylene)bisphosphonate e[rr]-NMR[err] 16.46 (P), 3.42 (P'), 2Jpp
= 19.6 Hz), (monosodium salt)[err]15.74 (P), 6.58 (P), 2Jpp = 17.0 Hz),
(tributylammonium salt)[err] 



10  NMR [err]15.50 (P), 4.25 (P'), 16.6 Hz) from tetra-(Z)-3-hexenyl
(dichloromethylene)bisphosphonate: tri-(Z)-3-hexenyl
(dichloromethylene)bisphosphonate (N-(Z)-3-hexenyl pyridinium salt) [err]:
a 12.53 (P), 4.70 (p'),[err] = 17.5 Hz) from P,P-diethyl P',P'-diisopropyl
(dichloromethylene)- bisphosphonate: PP-diisopropyl P'-ethyl
(dichloromethylene)bisphosphonate (N-ethyl pyridinium salt) [err]-NMR [err]
15  11.81  (p). 5.95 (p'), [err] =  16.6 Hz) from  P,P-diisopropyl
P',P'-dimethyl. (dichloromethylene)- bisphosphonate: P,P-diisopropyl
P'-methyl (dichloromethylene)- bisphosphonate (tributylmethyl ammonium
salt) [err]-NMR [err]11.12 (P), 4.85 (P'), 17.3 Hz) from P,P-diisopropyl
P',P'-dihexyl (dichloromethylene)- bisphosphonate: 20  P,P-diisopropyl
P'-hexyl (dichloromethylene)bisphosphonate (N-hexyl pyridinium salt) [err]a
8.67 (P), 6.57 (P), 2Jpp = 20.9 Hz) from tetra(3-chlorophenyl)
(dichloromethylene)bisphosphonate: tri(3-chlorophenyl)
(dichloromethylene)bisphosphonate from tetra(3-phenyl 2-propenyl)
(dichloromethylene)- bisphosphonate: tri(3-phenyl 2-propenyl)
(dichloromethylene)bisphosphonate from tetra(2-butunyl)
(dichloromethylene)- 25  bisphosphonate: tri(2-butynyl) (dichloromethylene)
bisphosphonate from tetrahexyl (dibromomethylene)bisphosphonate: trihexyl
(dibromomethylene)bisphosphonate from tetraisopropyl
(dibromomethylene)bisphosphonate: trilsopropyl
(dibromomethylene)bisphosphonate from tetracyclopentyl
(dibromomethylene)bisphosphonate: tricyclopentyl
(dibromomethylene)bisphosphonate from tetraethyl
(monobromomethylene)bisphosphonate: 30 triethyl
(monobromomethylene)bisphosphonate from tetrahexyl
(monobromomethylene)bisphosphonate: trihexyl
(monobromomethylene)bisphosphonate from tetraisopropyl
(monobromomethylene)bisphosphonate: triisopropyl
(monobromomethylene)bisphosphonate  from  tetracyclopentyl
(monobromomethylene)- bisphosphonate: tricyclopentyl
(monobromomethylene)bisphosphonate from tetraisopropyl
(diiodomethylene)bisphosphonate: 35  triisopropyl
(diiodomethylene)bisphosphonate from tetraphenyl
(diiodomethylene)bisphosphonate: triphenyl (diiodomethylene)bisphosphonate
from tetraisopropyl (monolodomethylene)bisphosphonate: triisopropyl
(monoiodomethylene)bisphosphonate  from   tetraisopropyl
(monochloromethylene)- bisphosphonate: triisopropyl
(monochloromethylene)bisphosphonate  from  tetracyclopentyl
(monochloromethylene)- 40 bisphosphonate: tricyclopentyl
(monochloromethylene)bisphosphonate.  from   tetraethyl
(monochloromethylene)- bisphosphonate: triethyl
(monochloromethylene)bisphosphonate from tetrahexyl
(monochloromethylene)bisphosphonate: trihexyl
(monochloromethylene)bisphosphonate   from   tetracyclohexyl
(monochloromethylene)- 45  bisphosphonate: tricyclohexyl
(monochloromethylene)bisphosphonate Tetrahexyl
(dichloromethylene)bisphosphonate used as a starting material above may be
prepared in the following manner: 17.6 g (0.1 moles) of
methylenebisphosphonic acid and 253 g (0.8 moles) of trihexyl ortoformate
are refluxed for 3 h and then distilled under a vacuum until the inner
temperature is about 170 [err] mmHg. As 50 the distillation residue, about
51 g (100 % of theor.) of tetrahexyl methylenebisphosphonate [err]P-NMR
[err] 20.04) are obtained as a colourless oil, the concentration of which
is 90 %. 25.6 g (0.05 moles) of tetrahexyl methylenebisphosphonate are
added while stirring to 250 ml of a 10 % NaOCI-solution at [err] during
about 30 minutes, whereafter stirring is continued for 1 h at[err] and 2 h
at room temperature. The mixture is extracted with 2 x 100 ml of toluene
and the combined extracts are washed with 50 ml of 1 N 55  NaOH and 2 x 50
ml of water and dried (MgSO4) and filtered. The filtrate is evaporated
under a vacuum whereby about 25 g (85 % of the theor.) of tetrahexyl
(dichloromethylene)bisphosphonate are obtained [err] NMR [err]having a
concentration of 95 %. 11   



EP 0 479 813 B1 L.a. the following (dichloromethylene)bisphosphonic acid
tetraesters may be prepared in an analogous manner: From tetrabutyl
methylenebisphosphonate [err]20.30): tetrabutyl
(dichloromethylene)bisphosphonate  [err]NMR   [err] 8.86)  from
tetrapentyl 5  methylenebisphosphonate [err] tetrapentyl
(dichloromethylene)bisphosphonate  [err] from  tetraheptyl-
methylenebisphosphonate [err]: tetraheptyl
(dichloromethylene)bisphosphonate  [err]  from  tetrapropyl
methylenebisphosphonate: 1O  tetrapropyl (dichloromethylene)bisphosphonate
from tetraisopropyl methylenebisphosphonate [err]NMR [err] tetraisopropyl
(dichloromethylene)bisphosphonate [err] 7.21) from tetramethyl
methylenebisphosphonate [err] 23.27): tetramethyl
(dichloromethylene)bisphosphonate  [err]10.88)  from  tetraethyl 15
methylenebisphosphonate [er] 19.92): tetraethyl
(dichloromethylene)bisphosphonate [err] 8.82) from tetrakis(1-methylbutyl)
methylenebisphosphonate [err] 18.10 (m)): tetrakis(1 -methylbutyl)
(dichloromethylene)bisphosphonate [err] 7.69) from tetrakis(1 -ethyl-
propyl) methylenebisphosphonate [err] 18.37): 20 tetrakis(1 -ethylpropyl)
(dichloromethylene)bisphosphonate [err] 7.89) from tetracyclopentyl
methylenebisphosphonate [err] 18.74): tetracyclopentyl
(dichloromethylene)bisphosphonate [err] 7.51) from tetraallyl
methylenebisphosphonate [err] 20.60): tetraallyl
(dichloromethylene)bisphosphonate [err]9.21) from tetra-(Z)-3-hexenyl 25
methylenebisphosphonate [err] 20.12): tetra-(Z)-3-hexenyl
(dichloromethylene)bisphosphonate [err]8.72 (m)) from tetrakis(2-meth-
yl-2-propenyl) methylenebisphosphonate [err] 20.31):
tetrakis(2-methyl-2-propenyl) (dichloromethylene)bisphosphonate [err]9.06)
from tetraphenyl methylenebisphosphonate: 30 tetraphenyl
(dichloromethylene)bisphosphonate from  tetrabenzyl methylenebisphosphonate
[err] 20.66): tetrabenzyl (dichloromethylene)bisphosphonate. Tetrahexyl
(dibromomethylene)bisphophonate useful as a starting material may be
prepared in the following manner. 35    Into a sodium hypobromite solution,
which has been prepared by introducing 8.4 g of bromine into 4.6 g of NaOH
in 50 ml of water, are added dropwise while stirring 10.2 g (0.02 moles) of
tetrahexyl methylenebisphosphonate during appr. 10 minutes at 0 to 5 C. The
mixture is stirred for one hour while cooling and one hour at room
temperature and Is extracted with methylene chloride. The extract is washed
with water and dried (err) and filtered. The filtrate is evaporated under
vacuum, whereby appr. 10.5 g 40  (80 % of the theor.) of tetrahexyl
(dibromomethylene)bisphosphonate are obtained [err] 8.98 ppm) as a
colourless oil, at a concentration of 97 %. L.a. the following
(dibromomethylene)bisphosphonic acid tetraesters may be prepared in an
analogous manner: Tetramethyl (dibromomethylene)bisphosphonate 45
tetraethyl (dibromomethylene)bisphosphonate tetraisopropyl
(dibromomethylene)bisphosphonate tetracyclopentyl
(dibromomethylene)bisphosphonate [err]7.26) tetrabutyl
(dibromomethylene)bisphosphonate 



50  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[err] in 100 ml of water are added while stirring at
[err]. After the addition, 55 the mixture is stirred for 15 minutes and
extracted with chloroform and the extract is dried [err] and filtered. The
filtrate is evaporated under a vacuum, whereby about 4.1 g (70 % of the
theor.) of tetrahexyl (monobromomethylene)bisphosponate [err] 13.83 ppm)
are obtained as a colourless oil, at a concentration of 90 %. 12    EP 0
479 813 B1 L.a. the following (monobromomethylene)bisphosphonic acid
tetraesters may be prepared in an analo- gous manner: Tetramethyl
(monobromomethylene)bisphosphonate tetraethyl
(monobromomethylene)bisphosphonate 5  tetraisopropyl
(monobromomethylene)bisphosphonate tetracyclopentyl
(monobromomethylene)bisphosphonate Tetraisopropyl
(monoiodomethylene)bisphosphonate useful as a starting material may be
prepared in the following manner: To 17.2 g (0.05 moles) of tetraisopropyl
methylenebisphosphonate in 300 ml of a 10 % [err]-solution, is io added
dropwise while stirring during about 20 minutes a solution, which contains
6.35 g of 12 and 20 g of KI in 50 ml of water. After the addition the
mixture is stirred for 2 h and the solution is extracted with x 150 ml of
[err]. The extracts are combined and washed with a saturated NaCI-solution
and dried [err]) and filtered. The filtrate is evaporated under a vacuum,
whereby a evaporation residue of about 20 g is obtained as an almost
colourless oil. According to [err] the product contains 44 % of
tetraisopropyl (mon- 15 oiodomethylene)bisphosphonate [err] and 56 % of the
starting material. Tetraisopropyl (monochloromethylene)bisphosphonate
useful as a starting material may be prepared in the following manner. Into
a solution containing 8.2 g (0.02 moles) of tetraisopropyl
(dichloromethylene)bisphosphonate in 70 ml of ethanol, 9.0 g of sodium
sulphite in 250 ml of water are added while stirring during 15 minutes at
10 20 to 15 [err], whereafter the mixture is stirred for 1 h. The mixture
is extracted with chloroform and the extract is dried (MgSO4) and filtered.
The filtrate is evaporated under a vacuum, whereby about 7.6 g (100 % of
the theor.) of tetraisopropyl (monochloromethylene)bisphosphonate[err]2.04
ppm) are ob- tained as a colourless oil, at a concentration of 98 %. L.a.
the following (monochloromethylene)bisphosphonic acid tetraesters may be
prepared in an analo- 25 gous manner. Tetramethyl
(monochloromethylene)bisphosphonate tetraethyl
(monochloromethylene)bisphosphonate tetracyclopentyl
(monochloromethylene)bisphosphonate tetracyclohexyl
(monochloromethylene)bisphosphonate. 30 Example 2: PP'-Dihexyl
(dichloromethylene)bisphosphonate bis(N-hexylpyridinium) and disodium salt
35     29.1 g (0.05 moles) of tetrahexyl (dichloromethylene)bisphosphonate
and 290 ml of pyridine are refluxed for 1 day and the mixture is evaporated
under a vacuum, whereby (dichloromethylene)- bisphosphonic acid
P,P'-dihexyl ester bis(N-hexylpyridinium) salt is obtained. This is
dissolved in 180 ml of toluene and to the solution is added - while
stirring effectively - 125 ml of 2N NaOH. The gelatinous precipitate is
separated by filtration and is washed with acetone and ethyl acetate and
dried in a vacuum 



40 desiccator whereby about 11.5 g (50 % of the theor.) of
(dichloromethylene)bisphosphonic acid P,P'- dihexylester disodium salt
[err] 8.97) are obtained, at a concentration of 96%. The P,P'- dihexyl
(dichloromethylene)bisphosphonate may be liberated from its salt by
treatment with an acid. In place of pyridine also other amines may be used,
such as heterocyclic amines (morpholine, see Ex. 7), piperidine,
piperazine, etc.) or aliphatic, primary, secondary or tertiary amines
(di-isopropyl amine, triethyl 45 amine, aniline, etc.). L.a. the following
symmetrical (dichloromethylene)-bisphosphonic acid diesters and their
diamine and disodium salts may be prepared in an analogous manner: From
tetramethyl (dichloromethylene)bisphosphonate: P,P'-dimethyl
(dichloromethylene)bisphosphonate (disodium salt) [err] 10.00)
(dipiperidinium 50  salt) [err] 9.70) from tetraethyl
(dichloromethylene)bisphosphonate: P,P'-diethyl
(dichloromethylene)bisphosphonate [err]9.22) (disodium salt), 8.86
(dipiperidinium salt), 7.04 (bis(N-ethyl pyridinium) salt) from tetrapropyl
(dichloromethylene)bisphosphonate:
P,P'-dipropyl(dichloromethylene)bisphosphonate from tetraisopropyl
(dichloromethylene)bisphosphonate: P,P'-diisopropyl
(dichloromethylene)bisphosphonate [err] 7.93 (acid) 8.26 (disodium salt),
7.83 55  (diammonium salt), 8.23 (dilitium salt)) from tetrabutyl
(dichloromethylene)bisphosphonate: P,P'-dibutyl
(dichloromethylene)bisphosphonate from tetrapentyl
(dichloromethylene)bisphosphonate: P,P'-dipentyl
(dichloromethylene)bisphosphonate from tetraheptyl
(dichloromethylene)bisphosphonate: P,P'-diheptyl
(dichloromethylene)bisphosphonate from tetracyclopentyl
(dichloromethylene)bisphosphonate: 13    EP 0 479 813 B1 P,P'-dicyclopentyl
(dichloromethylene)bisphosphonate from tetraallyl
(dichloromethylene)bisphosphonate: P. P'-diallyl
(dichloromethylene)bisphosphonate from tetrakis(2-methyl-2-propenyl)
(dichloromethylene)- bisphosphonate: P,P'-bis(2-methyl-2-propenyl)
(dichloromethylene)bisphosphonate [err] 8.60 (dipiperidinium 5  salt) from
tetracyclohexyl (dichloromethylene)bisphosphonate: P,P'-dicyclohexyl
(dichloromethylene)bisphosphonate from tetraphenyl
(dichloromethylene)bisphosphonate: P,P'-diphenyl
(dichloromethylene)bisphosphonate from tetrabenzyl
(dichloromethylene)bisphosphonate: P,P'-dibenzyl
(dichloromethylene)bisphosphonate from P,P'-dimethyl P,P'-diethyl
(dichloromethylene) bisphosphonate P-methyl P'-ethyl
(dichloromethylene)bisphosphonate [err] 10.03 (P), 8.74 10 (P'), 2Jpp =
15.5 Hz (bis(N-methyl piperazinium salt)). Example 3: P,P-Dihexyl
(dichloromethylene)bisphosphonate and its disodium salt 15 5.0 g (0.01
moles) of P,P-dihexyl P',P'-di-isopropyl (dichloromethylene)bisphosphonate
is dissolved in 100 ml of toluene and to the solution 6.7 g (0.07 moles) of
methane sulphonic acid are added and the solution is stirred while heating
and the progress of hydrolysis is followed with [err]NMR. When the reaction
has reached a suitable stage, the mixture is cooled to room temperature and
the lower phase is separated. 20 The toluene phase is washed with 10 ml of
water and dried [err] and evaporated to constant weight under a vacuum,
whereby appr. 3.3 g (80 % of the theor.) of P,P-dihexyl
(dichloromethylene)- bisphosphonate [err] (P) 11.89 ppm, (P') 5.27 ppm,
2Jpp, 21.0 Hz), are obtained, at a concentration of 95 %. 2.07 g (0.005
moles) of the above bisphosphonic acid is mixed with 25 ml of water and the
pH of the 25 mixture is adjusted to 9 - 10 with 1.0 N NaOH. The mixture is
evaporated to dryness under a vacuum and the evaporation is repeated after
the addition of isopropanol. The residue is mixed with acetone-isopropanol
(1:1) and the precipitate is filtered and dried. The yield is about 1.8 g
(80 % of the theor.) of (dichloromethylene)bisphosphonic acid
P,P-dihexylester disodium salt, at a concentration of 97 %. L.a. the
following unsymmetrical (dichloromethylene)bisphosphonic acid diesters and
corresponding 



30 sodium salts may be prepared in an analogous manner: from P,P-dibutyl
P',P'-diisopropyl (dichloromethylene)-bisphosphonate [err] 9.02 (P), 7.17
(p'),[err] = 23.0 Hz)): P,P-dibutyl (dichloromethylene)bisphosphonate from
P,P-dipentyl P',P'-diisopropyl (dichloromethylene)- bisphosphonate: 35
P,P-dipentyl (dichloromethylene)bisphosphonate from P,P-diheptyl
P',P'-diisopropyl (dichloromethylene)- bisphosphonate: P,P-diheptyl
(dichloromethylene)bisphosphonate from P,P-diethyl P',P'-ditert-butyl
(dichloromethylene)- bisphosphonate: P,P-diethyl
(dichloromethylene)bisphosphonate from P,P-di-4-methylphenyl
P',P'-ditert-butyl (dich- 40 loromethylene)bisphosphonate:
P,P-di-4-methylphenyl (dichloromethylene)bisphosphonate from P-decyl
P-propyl P',P'-ditert-butyl (dich- loromethylene)bisphosphonate: P-decyl
P-propyl (dichloromethylene)bisphosphonate. By using an aqueous solution of
the acid the following compounds may be prepared in an analogous 45 manner:
from PP-diethyl P',P'-isopropyl (dichloromethylene)bisphosphonate:
P,P-diethyl P'-isopropyl (dichloromethylene)bisphosphonate [err] 13.86 (P),
5.12 (p'), 2Jpp = 17.0 Hz) from P,P-diisopropyl P',P'-dihexyl
(dichloromethylene)bisphosphonate: P,P-dihexyl P'-isopropyl
(dichloromethylene) bisphosphonate [err]10.41 (P), 5.71 (P), 2Jpp 50 = 21.0
Hz). P,P-Dihexyl P',P'-diisopropyl (dichloromethylene)bisphosphonate used
as a starting material above may be prepared in the following manner: To a
THF-hexane solution of LDA (litium diisopropyl amide) which contains appr.
0.072 moles of LDA, are added while stirring (N2-atmosphere) at [err] 9.0 g
(0.034 moles) of dihexylmethyl phosphonate in 10 ml 55 of anhydrous TMF,
whereafter stirring is continued for 15 minutes. To the mixture are added
while stirring at -78 * C 7.2 g (0.036 moles) of diisopropyl
chlorophosphate in 10 ml of anhydrous TMF, whereafter stirring is continued
for 15 minutes at[err] and the mixture is allowed to warm to -50 [err]. To
the mixture is added 5 N HCI to a pH of 5 to 6, whereafter the mixture is
evaporated under a vacuum. The residue is extracted 14    EP 0 479 813 B1
with 3 x 50 ml of[err] and the combined extracts are washed with a 10 %
NaHCO3 solution and water and is dried [err] and evaporated. The residue is
stirred into ether and filtered. The filtrate is evaporated to dryness
under a vacuum, whereby about 13 g (90 % of the theor.) of P,P-dihexyl
P',P' diisopropyl methylenebisphosphonate [err] 20.13 (P), 17.84 (P'), 2Jpp
= 7.6 Hz) are 5  obtained, at a concentration of 90 %. The same product is
obtained with a yield of about 80 % in the above manner but substituting
the dihexyl methyl phosphonate with 8.5 g (0.034 moles) of dihexyl hydrogen
phosphonate and the diisopropyl chlorophosphate with 7.7 g (0.036 moles) of
diisopropyl (chloromethyl) phosphonate. To a mixture containing 32.8 g of
[err] in 130 ml of a 5 % NaOCI solution, are added while stirring 10
vigorously at 0[err]C 10.7 g (0.025 moles) of P,P-dihexyl P',P'-diisopropyl
methylenebisphosphonate during 15 minutes. After the addition the mixture
is stirred for 2 h at 0 [err] and 2 h at room temperature and extracted
with 2 x 100 ml of toluene. The combined extracts are washed with 2 x 75 ml
of water and dried (MgSO4) and filtered. The filtrate is evaporated under a
vacuum, whereby appr. 10 g (80 % of the theor.) of P,P-dihexyl
P',P'-diisopropyl (dichloromethylene)bisphosphonate [err]P-NMR [err]8.98
(P), 4.72 (P'), 15 [err] = 22.9 Hz) are obtained as a colourless oil at a
concentration of 90 %. An alternative method for the preparation of an
unsymmetrical starting tetraester, P,P-diethyl P',P'- diisopropyl
methylenebisphosphonate, is presented in the following. 



Step 1: 20 To 134 g (0.5 moles) of methylene iodide are added while
stirring at 160 [err] -atmosphere) 66 g (0.31 moles) of triisopropyl
phosphite during 30 minutes, simultaneously distilling off liberated
isopropyl iodide. After the addition stirring is continued for 40 min at
160 to 165 [err] and the mixture is fractionated under vacuum. The yield is
appr. 62 g (65 % of the theor.) of diisopropyl (iodomethyl)phosphonate,
b.p. 100 25 to 103 [err] 18.54), at a concetration of 95 %. Step 2: To 30.6
g (0.1 moles) of diisopropyl (iodomethyl)phosphonate are added gradually
while stirring at 185 30 to 205 [err] (Na-atmosphere) 83 g (0.5 moles)
triethyl phosphite while the liberated ethyl iodide is distilled off. After
the addition stirring Is continued for 10 min at 210 [err] and the mixture
is cooled and fractionated under a vacuum. The yield is appr. 12.5 g (40 %
of the theor.) of P,P-diethyl P',P'-diisopropyl methylenebisphosphonate,
b.p. 140 - [err]C/2 mm [err] 17.77 (P), 20.20 (P') 2Jpp = 7.4 Hz), at a
concentration of 95 %. 35    l.a. the following unsymmetrical
(dichloromethylene)bisphosphonic acid P,P,P',P'-tetraesters may be prepared
In an analogous manner: from PP-dimethyl P',P'-diethyl
methylenebisphosphonate [err] 22.65 (P), 19.55 (P')2Jpp = 6.00 Hz)
P,P-dimethyl P',P'-diethyl (dichloromethylene)bisphosphonate [err]11.17
(P), 8.45 (P')2Jpp = 23.1 Hz) from P,P-dimethyl P',P'-diisopropyl
methylenebisphosphonate 40 [err]3.00 (P), 17.43 (P'), 2Jpp = 7.1 Hz):
P,P-dimethyl P',P'-diisopropyl (dich- loromethylene)bisphosphonate [err]
11.56 (P), 6.79 (PI), 2Jpp = 22.8 Hz) from P,P-Diethyl P',P'-diisopropyl
methylenebisphosphonate [err] 20.20 (P), 17.77 (P'), 2Jpp = 7.4 Hz):
P,P-Diethyl P',P'-diisopropyl (dichloromethylene)bisphosphonate e[rr] 9.16
(P), 7.16 (P'), 2Jpp = 22.8 Hz) 45  from P,P-diethyl P',P'-di-tert-butyl
methylenebisphosponate [err] 20.88 (P), 10.68 (P'), 2Jpp = 13.3 Hz):
P,P-diethyl P',P'-di-tert-butyl (dichloromethylene)bisphosphonate [err]
10.38 (P), -0.37 (P'), 2Jpp = 19.0 Hz) from P,P-diphenyl P',P'-dibenzyl
methylenebisphosphonate [err] 12.77 (P), 19.27 (P'), 2Jpp = 9.0 Hz):
P,P-diphenyl P',P'-dibenzyl (dichloromethylene)bisphosphonate [err]0.43
(P), 50 8.87 (P'), 2Jpp = 22.9 Hz) from P,P-dibutyl P',P'-diisopropyl
methylenebisphosphonate [err]20.22 (P), 17.90 (P'), 2Jpp = 7.9 Hz):
P,P-dibutyl P',P'-diisopropyl (dichloromethylene)bisphosphonate [err]9.02
(P), 7.17 (P'), 2Jpp = 23.0 Hz) from P,P-dipentyl P',P'-diisopropyl
methylenebisphosphonate: 55 P,P-dipentyl P',P'-diisopropyl
(dichloromethylene)bisphosphonate from P,P-diheptyl P',P'-diisopropyl
methylenebisphosphonate: PP-diheptyl P',P'-diisopropyl
(dichloromethylene)bisphosphonate from P,P,P'-trimethyl P'-isopropyl
methylenebisphosphonate [err] 22.82 (P), 17.64 (P'), 2Jpp    EP 0 479 813
B1 = 6.3 Hz): P,P,P'-trimethyl P'-isopropyl
(dichloromethylene)bisphosphonate [err] 11.24 (P), 8.91 (P'), 23.1 Hz) from
P,P,P'-trimethyl P'-hexyl methylenebisphosphonate: P,P,P'-trimethyl
P'-hexyl (dichloromethylene)- 5  bisphosphonate from P,P,P'-trimethyl
P'-octadecyl methylenebisphosphonate: P,P,P'-trimethyl P'-octadecyl (dich-
loromethylene)bisphosphonate from P,P-diisopropyl P'-octadecyl
P'-tert-butyl methylenebisphosphonate [err] 15.76 (P), 18.35 (p')2Jpp = 9.2
Hz): 



10 P,P-diisopropyl P'-octadecyl P'-tert-butyl
(dichloromethylene)bisphosphonate from P,P-dimethyl P',P'-diphenyl
methylenebisphosphonate [err] 20.95 (P), 12.84 (P), 2Jpp = 7.9 Hz):
P,P-dimethyl P',P'-diphenyl (dichloromethylene)bisphosphonate [err] 10.37
(P), 0.17 (P), 2Jpp = 23.2 Hz) 15  Example 4: Monohexyl
(dichloromethylene)bisphosphonate and its trisodium salt 4.7 g (0.01 moles)
of P-hexyl P-tert-butyl P',P'-diisopropyl (dichloromethylene)bisphosphonate
(pre- 20  pared  by  chlorinating  according  to  the  Example  1  P-hexyl
P-tert-butyl  P',P'-diisopropyl methylenebisphosponate prepared from hexyl
tert-butyl chlorophosphate and diisopropyl methyl- phosphonate in
accordance with the Example 3) are stirred with 30 ml of 2N hydrochloric
acid for 1 to 2 h at about 80 [err]C (the progress of hydrolysis is
followed with 31P-NMR). After the reaction the mixture is evaporated to
constant weight under a vacuum, whereby monohexyl
(dichloromethylene)bisphosphonate is 25  obtained as an oily residue. The
evaporation residue is dissolved in water and 5.0 ml of a 2 N NaOH solution
are added and evaporated to constant weight under a vacuum. The solid
residue is washed with ethanol and dried to constant weight. The yield is
about 3.5 g (90 % of the theor.) of (dichloromethylene)- bisphosphonic acid
monohexyl ester trisodium salt [err] 11.50 (P), 9.36 (P), 2Jpp = 15.7 Hz),
at a concentration of 98 %. 30     The group to be removed may in place of
the tert-butyl, isopropyl etc group also be a methyl group, which then may
be hydrolysed selectively for example over the silyl ester (of. Example
10). L.a. the following (dichloromethylene)bisphosphonic acid monoesters
and corresponding sodium salts may be prepared in an analogous manner (also
the corresponding tetraesters used as starting materials have been prepared
in an analogous manner, of. Examples 1 and 3): 35  from P-propyl
P-tert-butyl P',P'-diisopropyl (dichloromethylene)bisphosphonate:
monopropyl (dichloromethylene)bisphosphonate from P-butyl P-tert-butyl
P',P'-diisopropyl (dich- loromethylene)bisphosphonate monobutyl
(dichloromethylene)bisphosphonate from P-pentyl P-tert-butyl
P',P'-diisopropyl (dichloromethylene)bisphosphonate: monopentyl
(dichloromethylene)bisphosphonate from P-heptyl P-tert-butyl
P',P'-diisopropyl (dich- 40  loromethylene)bisphosphonate: monoheptyl
(dichloromethylene)bisphosphonate from P-decyl P-tert-butyl
P',P'-diisopropyl (dich- loromethylene)bisphosphonate: monodecyl
(dichloromethylene)bisphosphonate  from  P-dodecyl P-tert-butyl
P',P'-diisopropyl (dich- loromethylene)bisphosphonate: 45  monododecyl
(dichloromethylene)bisphosphonate from  P-octadecyl P-tert-butyl
P',P'-diisopropyl (dich- 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- 50  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
(dichloromethylene)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: 16    EP 0 479 813 B1 



4-bromo-phenyl (dichloromethylene)bisphosphonate. Example 5: 5
Tri-isopropyl (dichloromethylene)bisphosphonate and monosodium salt 413 g
(1 mole) of tetraisopropyl (dichloromethylene)bisphosphonate are mixed with
4.1 1 of water and the mixture is stirred under reflux for 1.5 h and is
evaporated to a volume of appr. 750 ml. The solution is made alkaline while
cooling with a 50 % NaOH solution and is left to stand at room temperature
for appr. 3 io  days and is filtered. The filtrate is diluted with 315 ml
of methanol and stirred for 16 h at room temperature. The mixture is
filtered and the filtrate is evaporated to appr. 140 ml and left to stand
for 5 days at room temperature. The precipitate is filtered and washed with
3 x 25 ml of methanol and dried to constant weight at 50 *C. The yield is
appr. 44 g (11 %) of (dichloromethylene)bisphosphonic acid
triisopropylester monosodium salt [err]1.87 (P), 5.19 (p') [err] = 17.3 Hz
FAB-MS: m/z 393/395/397 15  (M + H)), at a concentration of 90 % and which
by treatment with an acid may be converted to triisopropyl
(dichloromethylene)bisphosphonate. Example 6: 20  P,P'-Diisopropyl
(dichloromethylene)bisphosphonate, mono-and disodium salt (step 1).
Monoisopropyl (dich- loromethylene)bisphosphonate and tri-sodium salt (step
2) Step 1: 25     413 g (1 mole) of tetraisopropyl
(dichloromethylene)bisphosphonate are mixed with 4.1 1 of water and the
mixture is stirred under reflux for 4 h and evaporated to a volume of appr.
870 ml. The solution is made alkaline while cooling with a 30 % NaOH
solution and left to stand at room temperature for appr. 3 days and
filtered (the filtrate is collected - see step 2). The precipitate is
stirred for 2 h with 190 ml of a 5 N NaOH solution and the mixture is
filtered. The precipitate is washed with 30 ml of ethanol and is thereafter
stirred 3o  in 190 ml of abs. ethanol. The mixture is filtered and the
precipitate is washed with 70 ml of abs. ethanol and dried to constant
weight at 100 [err]. The yield is appr. 115 g (31 % of the theor.) of
(dich- loromethylene) bisphosphonic acid P,P'-diisopropylester disodium
salt [err] 8.26) FAB-MS: m/z 373/375/377 (M + H)), at a concentration of
99.5 % and which with acid treatment may be converted to P,P'-diisopropyl
(dichloromethylene)bisphosphonate from which the corresponding monosodium
salt may 35  be prepared by adding 1 equivalent of NaOH to the aqueous
solution of the acid. Step 2: The filtrate obtained in the first filtration
in the previous step is evaporated to a volume of appr. 410 ml 40 and is
left to stand at room temperature for appr. 16 h. The precipitate is
filtered off and the pH of the filtrate is adjusted a 8.5 with concentrated
hydrochloric acid and a solution is added containing 95 ml of methanol and
63 ml of water and the mixture is stirred for 3 days at room temperature.
The mixture is filtered and the precipitate washed with 30 ml of methanol
and dried to constant weight at 100 [err]. The yield is appr. 38 g (11 % of
the theor.) of (dichloromethylene) bisphosphonic acid monoisopropyl ester
45  trisodium salt [err] 10.95 (P), 9.54 (P'), 2Jpp = 16.6 Hz FAB-MS: m/z
353/355/357 (M+ H)) at a concentration of 97 % and which with acid
treatment may be converted to monoisopropyl (dich-
loromethylene)bisphosphonate. Example 7: 50 P,P'-diisopropyl
(dichloromethylene)bisphosphonate and dimorpholinium salt 12.4 g (0.03
moles) of tetraisopropyl (dichloromethylene) bisphosphonate, 120 ml of
morpholine and 60 ml of chloroform are stirred under reflux for 3 h and
left to stand at appr. 4 [err] 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 [err] 7.86), at a concentration of 94
% and from which P,P'-diisopropyl (dichloromethylene)bisphosphonate may be
liberated with acid treatment. When instead of morpholine other secondary
amines are used, such as 17    



EP 0 479 813 B1 piperidine, dibutyl amine etc., the corresponding diamine
salt, e.g. dipiperidinium and dibutylammonium salt of
(dichloromethylene)bisphosphonic acid P,P'-diisopropyl ester is obtained
(of. Example 2). The reaction may also be carried out in the absence of a
co-solvent. I.a. the following symmetrical (dichloromethylene)
bisphosphonic acid diester dimorpholinium salts may 5  be prepared in an
analogous manner: From tetraethyl (dichloromethylene)bisphosphonate:
P,P'-diethyl (dichloromethylene)bisphosphonate [err] 8.88) from
tetraisopropyl (dich- loromethylene)bisphosphonate: P,P-diisopropyl
(dichloromethylene)bisphosphonate [err]7.86) from tetracyclopentyl (dich-
10  loromethylene)bisphosphonate: P,P'-dicyclopentyl
(dichloromethylene)bisphosphonate [err] 8.38) from tetrakis(1-methylbutyl)
(dichloromethylene)bisphosphonate: P,P'-Bis(1-methylbutyl)
(dichloromethylene)bisphosphonate [err] 8.24) from tetrakis(1-ethyl-
propyl) (dichloromethylene)bisphosphonate: 15  P,P'-bis(1-ethylpropyl)
(dichloromethylene)bisphosphonate from  P,P-diisopropyl P',P'-dimethyl
(dich- loromethylene)bisphosphonate: P-isopropyl P'-methyl
(dichloromethylene)bisphosphonate from tetra-(Z)-3-hexenyl
(dichloromethylene) bisphosphonate P,P'-di-(Z)-3-hexenyl
(dichloromethylene)bisphosphonate from P,P-diphenyl P',P'-dibenzyl
(dichloromethylene) bisphosphonate P-phenyl P'-benzyl
(dichloromethylene)phosphonate from P,P- 20 diisopropyl P',P'-diethyl
(dichloromethylene)bisphosphonate: P-isopropyl P'-ethyl
(dichloromethylene)bisphosphonate from P,P-diisopropyl P',P'-dibutyl (dich-
loromethylene)bisphosphonate: P-isopropyl P'-butyl
(dichloromethylene)bisphosphonate from P,P-diisopropyl P',P'-dihexyl (dich-
loromethylene)bisphosphonate: 25 P-isopropyl P'-hexyl
(dichloromethylene)bisphosphonate [err] 6.87 (P), 7.67 (P), 2Jpp 20.4 Hz)
from P,P,P'-triethyl P'-bicyclo[2.2.1]heptan-2-yl
(dichloromethylene)bisphosphonate: P-bicyclo[2.2.1]heptan-2-yl P-ethyl
(dichloromethylene)bisphosphonate from P,P,P'-triethyl P'-propargyl
(dichloromethylene)bisphosphonate: P-propargyl P'-ethyl
(dichloromethylene)bisphosphonate from P,P,P'-triethyl P'-4-methoxyphenyl
(dich- 30  loromethylene)bisphosphonate: P-4-methoxyphenyl P'-ethyl
(dichloromethylene)bisphosphonate from P,P-diethyl P',P'-dimethyl (monoch-
loromethylene)bisphosphonate: P-ethyl P'-methyl
(monochloromethylene)bisphosphonate (dipiperidinium salt) [err] 12.05 (P),
13.05 (P'), 2.7 Hz) from tetraallyl (monochloromethylene)bisphosphonate:
P,P'-diallyl (monoch- 35 loromethylene)bisphosphonate from tetraallyl
(dibromomethylene)bisphosphonate: P,P'-diallyl
(dibromomethylene)bisphosphonate from tetrahexyl
(dibromomethylene)bisphosphonate: P,P'-dihexyl
(dibromomethylene)bisphosphonate  [err]11.92) from  tetrahexyl (mon-
obromomethylene)bisphosphonate P,P'-dihexyl
(monobromomethylene)bisphosphonate [err] 8.44) from tetracyclopentyl
(monobromomethylene)bisphosphonate: 40  PP'-dicyclopentyl
(monobromomethylene)bisphosphonate (dipiperidinium salt) [err] 8.47) from
tetraethyl (dibromomethylene)bisphosphonate: P,P'-diethyl
(dibromomethylene)bisphosphonate from tetrabutyl
(dibromomethylene)bisphosphonate: P,P'-dibutyl
(dibromomethylene)bisphosphonate from tetrapentyl
(dibromomethylene)bisphosphonate: P,P'-dipentyl
(dibromomethylene)bisphosphonate from tetracyclopentyl
(dibromomethylene)bisphosphonate: 45 [err]7.26) P,P'-dicyclopentyl
(dibromomethylene)bisphosphonate. The used (halogenmethylene)bisphosphonic
acid (mixed) tetra esters have been prepared according to the methods
disclosed in the Examples 1 and 3. Example 8: 50 Tetramethyl
(dichloromethylene)bisphosphonate and trimethyl
(dichloromethylene)bisphosphonate 



1.2 g (0.05 moles) of anhydrous finely divided
(dichloromethylene)bisphosphonic acid are stirred in 100 ml of anhydrous
chloroform and into the mixture are added dropwise while stirring at 15 to
20 [err] 53 ml of 55  a 2 % ether solution of diazomethane. After the
addition stirring is continued for 30 min at room temperature and the
mixture is evaporated to constant weight under a vacuum. The yield is appr.
1.5 g (100 % of the theor.) of tetramethyl
(dichloromethylene)bisphosphonate [err] 10.88), at a concentration of 98 %.
18    EP 0 479 813 B1 When mixing tetramethyl
(dichloromethylene)bisphosphonate in aqueous ether for 3 h under reflux,
pure trimethyl (dichloromethylene)bisphosphonate is obtained with a yield
of over 90 % [err]: [err] 5  Example 9: Monohexyl
(dichloromethylene)bisphosphonate and trisodium salt 3.19 g (0.01 moles) of
(dichloromethylene)bisphosphonyl tetrachloride (distilled, b.p. 105 to 110
[err] C/1 10  mm) are dissolved in 30 ml of anhydrous toluene and to the
solution are added dropwise while stirring at 0 to 5 C 1.02 g (0.01 moles)
of 1-hexanol in 10 ml of anhydrous toluene. After the addition stirring is
continued for 30 min at 0 to 5 [err] and 1 h at appr. 25 [err] and 10 ml of
water is added dropwise and the mixture is stirred vigorously for 1 h at 30
to 40 [err] C. The solution is cooled to room temperature and the pH is
adjusted to 10 to 11 with 2 N NaOH and evaporated to constant weight under
a vacuum. The residue 15  contains about 60 % of
(dichloromethylene)bisphosphonic acid monohexyl ester trisodium salt which
can be purified by fractional crystallisation from water-methanol. The
yield is appr. 1.8 g (45 % of the theor.) and concentration > 90 %. [err]:
8 11.50 (P), 9.36 (P'), 2Jpp = 15.7 Hz). Example 10: 20 P,P-diisopropyl
(dichloromethylene)bisphosphonate and disodium salt 7.4 g (0.02 moles) of
P,P-diisopropyl-P',P'-dimethyl (dichloromethylene)bisphosphonate are
dissolved in 75 ml of anhydrous acetonitrile and 6,0 g of sodium iodide are
added as well as 22.4 g of chlorotrimethyl 25  silane. The mixture is
stirred for 15 min under reflux and evaporated under a vacuum, whereby P,P-
diisopropyl P',P'-bis(trimethylsilyl) (dichloromethylene)bisphosphonate
[err] 7.50 (P), -9.61, (P'), 2Jpp = 24.3 Hz) is obtained. This is
hydrolyzed by adding 25 ml of water of a temperature of appr. 50 [err],
whereafter the solution is made alkaline with a 10 % NaOH solution and is
evaporated to constant weight under a vacuum. The solid residue is mixed in
50 ml of acetone and is left standing in ice water for 30  4 h. The
precipitate is filtered and washed with acetone and dried to constant
weight at [err]. The yield is appr. 6.8 g (88 % of the theor.) of
(dichloromethylene)bisphosphonic acid P,P-diisopropyl ester disodium salt
[err] 14.52 (P), 7.20 (P'), 2Jpp = 16.0 Hz), at a concentration of 98 % and
which with acid treatment may be converted to the corresponding acid. I.a.
the following (dichloromethylene)bisphosphonic acid silyl and partial
esters may be prepared by 35  analogous methods: from PP-dimethyl
P',P'-diethyl (dichloromethylene)bisphosphonate: P,P-bis(trimethylsilyl)
P',P'-diethyl (dichloromethylene)bisphosphonate, wherefrom P',P'-diethyl
(dich- loromethylene)bisphosphonate [err] 16.67 (P), 7.20 (P'), 2Jpp = 15.5
(sodium salt)) from P,P,P'-trimethyl P'-hexyl
(dichloromethylene)bisphosphonate: 40  P,P,P'-tris(trimethylsilyl) P'-hexyl
(dichloromethylene) bisphosphonate, wherefrom  monohexyl (dich-
loromethylene)bisphosphonate [err]11.50 (P), 9.36 (P'), 2Jpp = 15.74 Hz
(trisodium salt) from P,P,P'-triisopropyl P'-methyl
(dichloromethylene)bisphosphonate: P,P,P'-trilsopropyl P'-trimethylsilyl
(dichloromethylene) bisphosphonate, wherefrom P,P,P'-triisopropyl (dich-
loromethylene)bisphosphonate [err] 11.87 (P), 5.19 (P'), 2Jpp = 17.2 Hz
(monosodium salt)) 45  from PP,P'-trimethyl P-isopropyl
(dichloromethylene)bisphosphonate: 



P,P,P'tris(trimethylsilyl) P-isopropyl (dichloromethylene bisphosphonate
[err] -1.18 (P), -9.71 (P'), 2Jpp = 27.1 Hz), wherefrom monoisopropyl
(dichloromethylene)bisphosphonate from P,P- diisopropyl P',P'-dimethyl
(dichloromethylene)bisphosphonate: P,P-diisopropyl P'-methyl
P'-trimethylsilyl (dichloromethylene)bisphosphonate [err] 7.81 (P), 50
1.12 (P'), 2Jpp = 23.3 Hz), wherefrom P,P-diisopropyl P'-methyl
(dichloromethylene)bisphosphonate, from PPP'-trimethyl P'-octadecyl
(dichloromethylene)bisphosphonate: P,P,P'-tris(trimethylsilyl) P'-octadecyl
(dichloromethylene)bisphosphonate, wherefrom octadecyl (dich-
loromethylene)bisphosphonate and trisodium salt from PP-dimethyl
P',P'-diphenyl (dichloromethylene)- bisphosphonate: 55
P,P-bis(trimethylsilyl) P',P'-diphenyl (dichloromethylene) bisphosphonate
[err]-11.26 (P), 2.03 (P'), 2Jpp = 26.6 Hz), wherefrom P,P-diphenyl
(dichloromethylene)bisphosphonate [err] 6.48 (P), 11.01 (P'), 2Jpp = 14.7
Hz (disodium salt)) from P,P,P'-trimethyl P'-(3-methyl-2-cyclohexenyl)
(dichloromethylene)bisphosphonate    P,P,P'-tris(trimethylsilyl)
P'-(3-methyl-2-cyclohexenyl)   (dich- 19    EP 0 479 813 B1
loromethylene)bisphosphonate, wherefrom (3-methyl-2-cyclohexenyl)
(dichloromethylene) bisphosphonate (31P-NMR (err): trisodium salt)) from
P,P'-diphenyl P,P'-dimethyl (dich- loromethylene)bisphosphonate:
P,P'-bis(trimethylsilyl) P,P'-triphenyl (dichloromethylene)bisphosphonate,
wherefrom P,P'-diphenyl (dich- 5  loromethylene)bisphosphonate from
P,P,P'-trimethyl P'-farnesyl (dichloromethylene)bisphosphonate:
P,P,P'-tris(trimethylsilyl) P'-farnesyl (dichloromethylene)bisphosphonate,
wherefrom monofarnesyl (dich- loromethylene)bisphosphonate  from
P,P,P-trimethyl  P'-1 -tetrahydronaphtyl  (dichloromethylene)-
bisphosphonate: P,P,P'-tris(trimethylsilyl)  P'-1-tetrahydronaphtyl
(dichloromethylene)bisphosphonate,  wherefrom   1- 10 tetrahydronaphtyl
(dichloromethylene)bisphosphonate  from   P,P-diethyl  P',P'-dimethyl
(monoch- loromethylene)bisphosphonate: P,P-diethyl
P'-P'-bis(trimethylsilyl) (monochloromethylene)bisphosphonate, wherefrom
P,P-diethyl (monoch- loromethylene)bisphosphonate from P,PP'-trimethyl
P'-1-octadecyl (dibromomethylene)bisphosphonate:
P,P,P'-tris(trimethylsilyl)  P'-1-octadecyl
(dibromomethylene)bisphosphonate,  wherefrom   1-octadecyl 15
(dibromomethylene)bisphosphonate. In an analogous manner the following
compounds may be prepared: from P,P-diethyl P',P'-dimethyl
(dichloromethylene)bisphosphonate: P,P-diethyl
P',P'-bis(t-butyldimethylsilyl) (dichloromethylene)bisphosphonate,
wherefrom P,P-diethyl P'-t- butyidimethylsilyl)
(dichloromethylene)bisphosphonate (31P-NMR (CDCIa): a 9.70 (P), -1.06 (P),
2Jpp = 23.7 20  Hz) from tetraethyl (dichloromethylene)bisphosphonate:
P,P'-diethyl P,P'-bis(t-butyIdimethylsilyl)
(dichloromethylene)bisphosphonate, wherefrom P,P'-diethyl P-t-
butyidimethylsilyl (dichloromethylene) bisphosphonate (31P-NMR (CDCls): a
7.05 (P), 0.68 (P), 2Jpp = 23.4 Hz). from tetramethyl
(dichloromethylene)bisphosphonate: P-methyl
P,P',P'-tris(t-butyidiphenylsilyl)(dichloromethylene)bisphosphonate
(3'P-NMR (CDCls): a 1.18 - 25  12.08 (P,P'), 35.9 Hz) Example 11:
P,P'-di-isopropyl (dichloromethylene)bisphosphonic acid monobarium,
monocalcium, mono- and dipotas- 3o  sium, mono- and dilitium and mono- and
diammonium salts 3.29 g (0.01 moles) of P,P'-diisopropyl
(dichloromethylene)bisphosphonic acid are dissolved in 22 ml of water and
while stirring 3.15 g (0.01 moles) of Ba(OH)[err] are added and stirring is
continued for 2 h. The mixture is filtered and the filtrate is evaporated
to constant weight under a vacuum. The yield is appr. 35  4.5 g (96 % of
the theor.) of colourless crystalline P,P'-diisopropyl
(dichloromethylene)bisphosphonic acid monobarium salt at a concentration of
> 98%. 



In an analogous manner i.a. the monocalcium salt, the mono- and dipotassium
salt, the mono- and dilitium salt as well as the mono- and diammonium salt
(yield > 95 %, concentration > 98 %) have been prepared. 40 Example 12:
P,P'-diisopropyl (monochloromethylene)bisphosponate and dimorpholinium salt
45     8.2 g (0.02 moles) of tetraisopropyl
(dichloromethylene)bisphosphonate (prepared as has been de- scribed in the
Example 1) in 80 ml of morpholine are stirred under reflux for 24 h and the
solution is cooled. The formed precipitate is separated and recrystallized
from ether. The yield is appr. 8.5 g (90 % of the theor.) of colourless
crystalline P,P'-diisopropyl (monochloromethylene)bisphosphonate [err]
11.31 ppm (dimorpholinium salt)) at a concentration of appr. 85 % (the
product contains appr. 15 % of the 50  corresponding dichloro compound) and
wherefrom the corresponding acid mmay be liberated by treating an aqueous
solution of the product with two equivalents of hydrochloric acid. L.a. the
following (monochloromethylene)bisphosphonic acid diesters have been
prepared in an analo- gous manner: P,P'-Diethyl
(monochloromethylene)bisphosphonate (31P-NMR (D20): [err] 12.40 ppm
(dipiperidium salt)) P,P'- 55 Dicyclopentyl
(monochloromethylene)bisphosphonate (3'P-NMR (D20): [err] 11.87 ppm
(dipiperidinium salt). 20    EP0479813B1 Example 13: Monoethyl
(dichloromethylene)bisphosphonate and trisodium salt 5     5.0 g (0.014
moles) of tetraethyl (dichloromethylene)bisphosphonate and 6.7 g (0.045
moles) of Nal are dissolved in 50 ml of anhydrous CH3 CN and while stirring
12.2 g (0.112 moles) of trimethylsilyl chloride are added. After the
addition stirring is continued at room temperature, protected from
moisture, for appr. 4 days and is evaporated under a vacuum. To the mixture
obtained as a residue (contains as the major component monoethyl
tris(trimethylsilyl) (dichloromethylene)bisphosphonate) 10 ml of water are
added and 10  the mixture is made alkaline with a 10 % NaOH solution. The
mixture is diluted with 50 ml of [err] and is left standing at +4 [err] for
2 h and is filtered (the precipitate is (dichloromethylene)bisphosphonic
acid sodium salt). To the filtrate 25 ml of ethanol are added and it is
left standing for 1 day at + 4 [err] and is filtered. The filtrate is
evaporated under a vacuum and the residue is washed with acetone and
filtered. The precipitate is dried to constant weight whereby appr. 2.0 g
(50 % of the theor.) of colourless crystalline 15
(dichloromethylene)bisphosphonic acid monoethyl ester trisodium salt are
obtained [err] (P), 9.40 (P') 2Jpp = 15.4 Hz) at a concentration of > 90 %
and wherefrom the corresponding acid may be liberated with acid treatment.
In an analogous manner monomethyl (dichloromethylene)bisphosphonate and its
trisodium salt [err] NMR [err] 10.58 (P), 8.58 (p'), 2Jpp = 16.7 Hz) has
been prepared from tetramethyl (dich- 20  loromethylene)bisphosphonate;
(disodiummonopiperidinium salt) [err]12.97 (P), 9.17 (P'), 15.1 Hz).
Example 14: 25  Treatment of tetraisopropyl (methylene)bisphosphonate with
phosphorous pentachloride 3.44 g (0.01 moles) of tetraisopropyl
(methylene)bisphosphonate were treated, while stirring, in portions with
4.16 g (0.02 moles) of [err] whereby the mixture warmed to appr. 50 [err].
After the addition stirring was continued for 2 h and the clear solution
was evaporated under a vacuum. 30     To the residue were added while
cooling 20 ml of water and after the termination of the exothermic reaction
the mixture was stirred under reflux for 30 min and evaporated under a
vacuum. The clear oil obtained as a residue was analysed using [err]and the
composition was found to be the following: 35
[err]NMR (NaOD)     mole % 



Methylenebisphosphonate                          17.17         21.5
Monoisopropyl methylene bisphosphonate   19.94,14.74, 2Jpp = 8.2 Hz    41
P,P'-diisopropyl methylenebisphosphonate         17.24         20 40
Phosphate                                          3.33        15
Monoisopropylphosphate                            3.62          2.5 There
were no signs that the hydrogens on the intermediate carbon had been
exchanged to chlorine atoms. 45 Example 15: Tetracyclopentyl
(bromochloromethylene)bisphosphonate and P,P'-dicyclopentyl
(bromochloromethylene)- bisphosphonate and its dipiperidinium salt 4.8 g
(0.01 moles) of tetracyclopentyl (monochloromethylene)bisphosphonate [err]
12.44 ppm, 2JPH = 17.7 Hz) are dissolved in 20 ml of carbontetrachloride
and 0.55 g of bensyltriethylamn- monium chloride and 20 ml of a 10% sodium
hypobromite solution are added while cooling and stirring at about [err].
The mixture is stirred vigorously for 30 min at about [err] and the organic
phase is separated, washed with water, dried (Na2SO4) and filtered. The
filtrate is evaporated in a vacuum, whereby about 5.0 g (90 % of the
theor.) of tetracyclopentyl (bromochloromethylene)bisphosphonate [err] ppm)
is obtained as a colourless oil at a concentration of > 80 %. 21    EP0479
813 B1 2.8 g (0.005 moles) of the above obtained tetracyclopentyl
(bromochloromethylene)bisphosphonate are dissolved in 6 ml of anhydrous
piperidine and the mixture is stirred for 1 h on an oil bath of about 110
[err] and evaporated in a vacuum. The solid residue is mixed with 10 ml of
ether and the precipitate filtered and dried. The yield is about 1.8 g (60
% of the theor.) of colourless crystalline P,P'-dicyclohexyl (bromoch- 5
loromethylene)bisphosponate, diperidinium salt [err] 8.47 ppm), at a
concentration of > 90 % and wherefrom the corresponding acid may be
liberated by treating with an acid. Example 16 10  Trimethyl
(monobromomethylene)bisphosphonate and its litium salt 1.04 g (2.5 mmoles)
of the tributyl methyl ammonium salt of trimethyl methylenebisphosphonate
(prepared as described in the Example 1 from tetramethyl
methylenebisphosphonate and tributyl amine [err] 30.51 ppm (P), 9.54 ppm
(P'),2Jpp = 6.9 Hz)) are dissolved In 40 ml of anhydrous THF 15  and the
mixture is cooled to [err] and while stirring 4.0 ml (5.0 mmoles) of a 2.5
M hexane solution of BuLi is added at about [err] and stirring is continued
for a further 10 minutes. To the mixture is added while stirring at about
[err] 0.80 g (5.0 mmoles) of bromine in 20 ml of anhydrous THF within 10
minutes, whereafter stirring is continued for 15 minutes at about [err] and
the mixture is heated to room temperature. The mixture is filtered and the
filtrate is evaporated in a vacuum, whereby about 0.6 g (80 % 20  of
theor.) of trimethyl (monobromomethylene)bisphosphonate, litium salt is
obtained [err] 25.03 ppm (P), 11.59 (p'), 2Jpp = 15.4 Hz), which by
treatment with an acid may be converted to the corresponding acid. Claims
25 1. Novel bisphosphonic acid derivatives of the formula I 30 I [err] 40
in which formula [er]r independently are [err]alkyl, [err]alkenyl,
[err]alkynyl, [err]cycloalkyl, 



[err]cycloalkenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formula
I at least one of the groups 45     [err] is hydrogen and at least one of
the groups [err] is different from hydrogen, [err] is hydrogen, fluorine,
chlorine, bromine or iodine, and [err] ischlorine, bromine or iodine,
including the stereoisomers, such as the geometrical isomers and optically
active isomers, of the compounds, as well as the pharmaceutically
acceptable salts of the compounds. 5o  2. Bisphosphonic acid derivatives of
the formula I according to the claim 1, wherein [err] are chlorine. 3.
Compounds of the formula I according to the claim 1 or 2 wherein one of the
groups [err] is different from hydrogen and the others are hydrogen. 55 4.
Compounds of the formula I according to the claim 2, wherein one of the
groups [err] is hydrogen, one of the groups [err] 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. 22    EP 0 479 813 B1 2.8 g (0.005 moles) of
the above obtained tetracyclopentyl (bromochloromethylene)bisphosphonate
are dissolved in 6 ml of anhydrous piperidine and the mixture is stirred
for 1 h on an oil bath of about [err] and evaporated in a vacuum. The solid
residue is mixed with 10 ml of ether and the precipitate filtered and
dried. The yield is about 1.8 g (60 % of the theor.) of colourless
crystalline P,P'-dicyclohexyl (bromoch- 5  loromethylene)bisphosponate,
diperidinium salt [err] 8.47 ppm), at a concentration of > 90 % and
wherefrom the corresponding acid may be liberated by treating with an acid.
Example 16 10 Trimethyl (monobromomethylene)bisphosphonate and its litium
salt 1.04 g (2.5 mmoles) of the tributyl methyl ammonium salt of trimethyl
methylenebisphosphonate (prepared as described in the Example 1 from
tetramethyl methylenebisphosphonate and tributyl amine [er] 30.51 ppm (P),
9.54 ppm (P ),2Jpp = 6.9 Hz)) are dissolved in 40 ml of anhydrous THF 15
and the mixture is cooled to -70 [err] and while stirring 4.0 ml (5.0
mmoles) of a 2.5 M hexane solution of BuLi is added at about -70 C and
stirring is continued for a further 10 minutes. To the mixture is added
while stirring at about [err] 0.80 g (5.0 mmoles) of bromine in 20 ml of
anhydrous THF within 10 minutes, whereafter stirring is continued for 15
minutes at about -60 C and the mixture is heated to room temperature. The
mixture is filtered and the filtrate is evaporated in a vacuum, whereby
about 0.6 g (80 % 20  of theor.) of trimethyl
(monobromomethylene)bisphosphonate, litium salt is obtained [err] 25.03 ppm
(P), 11.59 (p'), 2Jpp = 15.4 Hz), which by treatment with an acid may be
converted to the corresponding acid. Claims 25 1. Novel bisphosphonic acid
derivatives of the formula I 30 I 35 p in which formula [err] independently
are [err]alkyl, [err]alkenyl, [err]alkynyl, [err]cycloalkyl,
[err]cycloalkenyl, aryl, aralkyl, silyl or hydrogen, whereby in the formula
I at least one of the groups 45     [err] is hydrogen and at least one of
the groups [err]is different from hydrogen, [er] is hydrogen, fluorine,
chlorine, bromine or iodine, and Q2 is chlorine, bromine or iodine,
including the stereoisomers, such as the geometrical 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 I according to the
claim 1, wherein [err]and [err] are chlorine. 3. Compounds of the formula I
according to the claim 1 or 2, wherein one of the groups [err] is different
from hydrogen and the others are hydrogen. 55 4. Compounds of the formula I
according to the claim 2, wherein one of the groups [err] is hydrogen, one
of the groups [err] 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. 22
EP 0 479 813 B1 5. Compounds of the formula I according to the claim 4,
wherein one or two of the groups [err] are lower alkyl with 1 to 7 C-atoms,
preferably methyl or ethyl. 6. Compounds of the formula I according to the
claim 5, which is the monomethyl or monoethylester of 5
(dichloromethylene)bisphosphonic acid. 7. Compounds of the formula I
according to the claim 2, wherein one or two of the groups [err] [err]alkyl
or -alkenyl and the others are hydrogen. 70  8. The (fluorochloro-,
bromochloro- and dibromomethylene)bisphosphonic acid monomethyl- and mon-
oethyl esters of the formula I according to the claim 1. 9. Process for the
preparation of the compounds according to the claim 1, characterized in
that a) a methylenebisphosphonic acid tetraester of the formula 15 20 II 25
[err] wherein [err] have the same meaning as in the claim 1 and the groups
[err] have 30       the same meaning as in the claim 1, except hydrogen, is
subjected to selective hydrolysis to form - the corresponding triester
(III), wherein one of the groups [err] means hydrogen, or to a salt
thereof, or - the corresponding diester (IV and/or V), wherein two of the
groups [err] mean hydrogen, or to a salt thereof, or 35          - the
corresponding monoester (VI), wherein three of the groups [err] mean
hydrogen, or to a salt thereof, or b) a bisphosphonic acid of the formula
40                                  O    OH [err] 45 80 or a metal or
ammonium salt thereof, or the corresponding acid tetrachloride, in which
formula Q' and [err] 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 [err] to form -
the corresponding monoester (VI), wherein three of the groups [err] mean
hydrogen, or 23    EP 0 479 813 B1 



- the corresponding diester (IV and/or V), wherein two of the groups [err]
mean hydrogen, or - the corresponding triester (111), wherein one of the
groups [err] means hydrogen, or to the corresponding ester salts of the
partial esters (III to VI), or 5        c) a phosphonate having the formula
10                              [err] [er] Is reacted with an activated
phosphate, or hydrogen phosphonate according to the formula X 15 R30 0 X 20
[er] in which formulas Y is hydrogen or halogen, or other leaving group, Z
is hydrogen, halogen, aryloxi, sulphonyloxi, or alkoxi, and [err] have the
same meaning as in the formula 1, or is 25       reacted with a phosphite
corresponding to the formula X, or d) a bisphosphonite compound of the
formula 30                                [err] [err] 35       wherein
[err], and [err]have the same meaning as in the formula 1, or the
corresponding hydrogen phosphonate compound, is oxidized to the compound of
the formula 1, or e) a methylenebisphosphonate of the formula 40 [err]
[err] 45 wherein [err] 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 I is converted to another
compound according to the formula 1, 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 I according to the claim 1. 11. Compound of the formula I according
to the claim 1 for use as a therapeutically active agent. 24    EP 0479813
B1 PatentansprUche 1. Neue Bisphosphonsaurederivate der Formel I 0   OR1 p
10                     Q1'K  / \oR2 Cz           3 Q2  \ JoR3 P 15
o't0    OR in der R1, R2, R3 und R4 unabhingig voneinander ein
Ci-C22-Alkyl-, C2-022-Alkenyl-, C2-C22- 20     Alkinyl-,
C3-Clo-Cycloalkyl-, C3-C1o-Cycloalkenyl-, Aryl-, Aralkyl-, Silylrest oder
ein Wasserstoffatom 



sind, wobei in der Formol I wenigstens einer der Reste RI, R2, R3 und R4
ein Wasserstoffatom ist und wenigstens einer der Reste RI, R2, R3 und R4
kein Wasserstoffatom ist, Q1 ein Wasserstoff-, Fluor-, Chlor-, Brom- odor
Jodatom ist, und Q2 ein Chlor-, Brom- odor Jodatom ist, umfassend die
Stereoiso- mere, wie die geometrischen Isomere und optisch aktiven Isomere,
der Verbindungen sowie die 25     pharmazeutisch vertraglichen Salze der
Verbindungen. 2. Bisphosphonsaurederivate der Formel I gemaB Anspruch 1,
wobei Q1 und Q2 Chloratome sind. 3  Verbindungen der Formel I gemaS
Anspruch 1 odor 2, wobei einer der Reste R1-R4 kein Wasserstoff- 30
atom ist, und die anderen Wasserstoffatome sind. 4. Verbindungen der Formel
I gemaB Anspruch 2, wobei einer der Reste R1-R4 ein Wasserstoffatom ist,
einer der Reste R'-R4 ein Niederalkylrest mit 1 bis 7 Kohlenstoffatomen
ist, und die anderen Wasserstoffatome oder Nioderalkylreste mit 1 bis 7
Kohlenstoffatomen, bevorzugt eine Methyl- oder 35      Ethylgruppe, sind.
5. Verbindungen der Formel I gemaR Anspruch 4, wobel einer oder zwei der
Reste RB-B4 Niederalkylreste mit 1 bis 7 Kohlenstoffatomen, bevorzugt eine
Methyl- oder Ethylgruppe, sind. 4o  6. Verbindungen der Formel I gemWB
Anspruch 5, die der Monomethyl- odor Monoethylester der
(Dichlormethylen)bisphosphonsaure sind. 7. Verbindungen der Formol I gemaB
Anspruch 2, wobei einer oder zwei der Reste R'-R4 C14-C18-Alkyl- odor
-Alkenylreste sind, und die anderen Wasserstoffatome sind. 45 &
(Fluorchlor-, Bromchlor- und Dibrommethylen)bisphosphonsauremonomethyl- und
-monoethylester der Formol I gemaB Anspruch 1. 9. Verfahren zur Herstellung
der Verbindungen gemafB Anspruch 1, dadurch gekennzeichnet, daB 50 55 25
I 11111j 11111] 11111 1111611 III!II    EP0479813B1 a) ein
Methylenbisphosphonsauretetraester der Formel o    OR1 p QW / NOR2 10
II p // \ o4 O    OR 15 in der Q' und Q2 dieselbe Bedeutung wie in Anspruch
1 haben, und die Rests RB, R2, R3 und R4 dieselbe Bedeutung wie in Anspruch
1 haben, ausgenommen ein Wasserstoffatom, selektiv hydroly- siert wird,
wobei 20          - der entsprechende Triester (III), wobei einer der Rests
RB, R2, R3 und R4 ein Wasserstoffatom bedeutet, oder sin SaIz davon, oder -
der entsprechende Diester (IV und/oder V), wobei zwei der Rests RB, R2, R3
und R4 sin Wasserstoffatom bedeuten, oder ein Salz davon, odor - der
entsprechende Monoester (VI), wobei drei der Rests R', R2, R3 und RB ein
Wasserstoff- 25             atom bedeuten, oder ein Salz davon gebildet
wird, oder b) sine Bisphosphonsaiure der Formel 0  OH p 1/N  OH 



,C                                                  VII 35
2z 9 \OxOH 0  OH 40 odor ein Metall- odor Ammoniumsalz davon oder das
entsprechende Sluretetrachlorid, wobei in der Formel 0' und Q2 dieselbe
Bedeutung wie in Anspruch 1 haben, durch die Umsetzung desselben mit einem
Veresterungsreagens, entsprechend den erwtlnschten Resten RB-R4, selektiv
verestert 45        wird, wobei - der entsprechende Monoester (VI), wobei
drei der Rests RB, R2, R3 und R4 ein Wasserstoff- atom bedeuten, oder - der
entsprechende Diester (IV und/oder V), wobei zwei der Rests RB, R2, R3 und
R4 ein Wasserstoffatom bedeuten, oder 50          - der entsprechende
Triester (III), wobei einer der Rests RB, R2, R3 und R4 ein Wasserstoffatom
bedeutet, oder die entsprechenden Estersalze der teilweisen Ester (III bis
VI) gebildet werden, oder 55    EP0479813B1 c) ein Phosphonsgureester der
Formol O OR1 OR 10        mit einem aktivierten Phosphorsaureester oder
Hydrogenphosphonsaureester gemiaB der Formal X R 0 0 15
P-z                                            X R40 20        umgesetzt
wird, wobel in den Formeln Y ein Wasserstoff- oder Halogenatom oder eine
andere Abgangsgruppe ist, Z Gin Wasserstoff-, Halogenatom, ein Aryloxy-,
Sulfonyloxy- oder Alkoxyrest lst, und R1-R4 und Qi und Q2 dieselbe
Bedeutung wie in Formal I habon, oder mit einem der Formol X entsprechenden
Phosphit umgesetzt wird, odor d) eine Bisphosphonitverbindung der Formal 25
Rio                  0R3 R10~ oRP 2               N.  4 .P-CQ1Q2-PX[ 30
R120                  OR in der R1-R4 und 01 und 02 dieselbe Bedeutung wie
in Formol I haben, oder die entsprechende
Hydrogenphosphonsiureesterverbindung zu der Verbindung der Formal I
oxidiert wird, odor s5        e) ein Methylenbisphosphonsaureester der
Formal o        0 R10- P-CH-OR3
xv 40                          1 2    ORP  3 in der R1-R4 dieselbe
Bedeutung wie in Anspruch 1 haben, halogoniert wird, und, falls erwUnscht,
die vorstehend in den Verfahren a) bis a) erhaltenen teliweisen Estersauren
in die teilweisen 45        Estersalze umgewandelt warden, odor die
tailweisen Estersalze in die teilweisen Estersauren umgewandelt warden,
und/oder, falls erwUnscht, eine gemaB der Formal I erhaltene Verbindung zum
Beispiel durch Hydrolyse, Veresterung, Umesterung, Halogenierung des
Methylenwasserstoffes, Monodehalogenierung einer mit zwei Halogenatomen
substituierten Mothylengruppe oder durch den 



Austausch des (der) Halogenatome(s) durch andere Halogenatome in eine
weitere Verbindung so        gomifi der Formel I innerhalb des Umfanges der
Definition umgewandelt wird. 10. Arzneimittel, dadurch gekennzeichnet, daB
es als Wirkstoff eine Verbindung der allgemeinen Formel I germAB Anspruch 1
umfaBt. 55 11. Verbindung der Formal I gemrAB Anspruch 1 zur Verwendung als
Arzneistoff. 27 * C   L   M   S *    EP 0 479 813 B1 Revendlcatlons 1.
Nouveaux d6riv6s d'acide biphosphonique de formule I 0    OR1 p 10
o<Q         \O , 2 75                                   p  \ 0o4- 76
O~~~~~~~~N0 OR 4. dans laquelle 20     R', R2, R3 et R4 reprdsentent
independamment un alkyle en Ci a C22, un alc6nyle en C2 a C22, un alcynyle
en C2 & C22 , un cycloalkyle en C3 A Cio, un cycloalcnyle en' Ce   C1o, un
aryle, un aralkyle, un silyle ou un hydrogbne, obc dans la formule I au
moins un des groupes RI, R2, R3 et R4 est un hydrogbne et au moins un des
groupes R1, R42, R3 et R4 est different d'un hydrogbne, Q1 represente un
hydrogbne, un fluor, un chlore, un brome ou un lode, et Q2 est un chlore,
un brome ou un lode, y 25     compris les stereoisombres, comme les
isomeres g6omdtriques et les isomeres optiquement actifs, des composes,
alinsi que les sels pharmaceutiquement acceptables des composes. 2. Derives
d'acide biphosphonique de formulo I selon la revendication 1, ob Q1 et Q2
representent un chlore. 30 3. Composes de formule I selon la revendication
1 ou 2, ob l'un des groupes R'-R4 est different d'un hydrogbne et les
autres representent un hydrogene. 4. Composes de formula I solon la
revendication 2, ob lun des groupes st un hydrogene, Pun des 35     groupes
R1-R4 est un alkyle inferieur en Ci a C7 et les autres reprdsentent un
hydrogbne ou un alkyle inferieur en Ci I C7 , de pr~f6rence un methyle ou
un ethyle. 5. Composes de formule I selon la revendication 4, ob un ou deux
des groupes R1-R4 est un alkyle inf6rieur en C, a 07, de pref6rence un
m6thyle ou un ethyle. 40 6. Composes de formulo I salon la revendication 5,
qui est l'ester monom6thylique ou monoethylique de l'acide
(dichloromethylene)biphosphonique. 7. Composes de formule I solon la
revendication 2, ob un ou deux des groupes R'-R4 est (sont) un alkyle 45
OU un alcenyle en C1 4 A C1 s et les autres sont des hydrogenes. 8. Esters
monomethylique et monoethylique d'acide (fluorochloro-, bromochloro- et
dibromom6thylbne)- bisphosphonique de formule I solon la revendication 1.
60  Q  Proc6de de preparation des composes solon la revendication 1,
caracteris4 en ce que s5 28    EP 0 479 813 B1 



a) on soumet un tetraaster d'acide methylbnebisphosphonique de formula O
OR1 5                                   zp C
I 2 /    R 10                                      7OR 3 p 15 od Q' at Q2
ont la mime signification qua dans la revendication 1 at les groupes R1,
R2, Rs et R4 ont la mame signification qua dans la revendication 1, sauf
l'hydrogbne, a une hydrolyse selective pour former 20          - le
triester (III) correspondant, oa I'un des groupes R1, R2, R3 et R4
repr6sente un hydrogene, ou un de ses sels, ou - le diester (IV eVou V)
correspondent, od deux des groupes R1, R2, R3 et R4 repr6sentent un
hydrogene, ou un de laurs sels, ou - le monoester (VI) correspondant, oa
trois des groupes RI, R2, R3 et R4 reprdsentent un 25
hydrogene, ou un de laurs sels, ou b) on soumet un acide biphosphonique de
formula 0   OH 30                                     p 0N IOH VII 36
Q            OH 40 ou un de ses sels metalliques ou d'ammonium, ou le
t~trachlorure d'acide correspondent, formule dans laqualle Q1 et Q2 ont la
meme signification qua dans la revendication 1, a une est6rification
salective en le faisant reagir avec un reactif d'esterification
correspondent aux groupes R1-R4 desires, pour former 45          - le
monoester (VI) correspondent, oD trois des groupes R', R2, R3 et R4
representent un hydrogene, ou - le diester (IV eVou V) correspondent, od
deux des groupes ou - le triester (Ill) correspondarit, oa I'un des groupes
RI, R2, R3 et R4 represente un hydrogene, ou les sels d'asters
correspondents des esters partiels (IlIl a VI), ou 50       c) on fait
reagir un phosphonate de formula 011 o 55
Y-CQlo29                            Il 29 * C   L  M4  S *    EP0479813B1
avec un phosphate active, ou un phosphonate acide selon la formule X R30 0
5                                      P-Z                        X R40/
formules dans lesquelles Y est un hydrogbne ou un halogbne, ou un autre
groupe sortant, Z est un 10       hydrogene, un halogene, un aryloxy, un
sulfonyloxy ou un alcoxy, et R'-R4 et Q1, Q2 ont la meme signification quo
dans la formule 1, ou on le fait reagir avec un phosphite correspondent a
la formule X, ou d) on oxyde un compose bisphosphonite de formule 



75 R10                 OR XP CQo2p 0                       1 R  0
O0R4 Q.20 dans laquelle R'-R4, et Q1, Q2 ont la meme signification que dans
la formule l,ou le composd phosphonate acide correspondant, pour obtenir le
compose de formule 1, ou e) on halogbne un methylbnebisphosphonate de
formule 25 1' i)   p.. -(? P. ' *()i  H 30
s     ( dans laquelle R1-R4 ont la meme signification quo dans la
revendication 1, et, si on le desire, on transforme les ester-acides
partiels obtenus ci-dessus dans les proc6des a) & e) on les sels d'esters
35       partiels, ou on transformo les sels d'esters partiels en les
ester-acides partiels, eVou, si on le desire, on transformo un compose
obtenu selon la formule I on un autre compose selon la formule 1, par
exemple par hydrolyse, esterification, roest6rification, halogenation de
l'hydrogbne du m6thylbne, mono-d6shalogdnation d'un groupe m6thylene
dihalogeno-substitu6, ou echange du ou des halogbne(s) contre un autre
halogbne dans la port~e de la definition. 40 10. Composition pharmaceutique
caract6risoe on co qu'elle comprend comme agent pharmaceutiquement actif un
compose de formule g~nerale I selon la revendication 1. 11. Compose de
formule I selon la revendication I aux fins d'application comme agent
therapoutiquement 46     actif. 50 65    


