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(57) Abstract

The object of the invention is a process for the preparation of optionally mono- or dihalogen substituted methylenebisphos-
phonic acids, whereby the corresponding lower alkyl tetraester is hydrolyzed in an aqueous solution of the tetraester and hydroch-

loric acid, which solution contains 1 to

5 % by weight of HCI, calculated on the mixture.

* See back of page




DESIGNATIONS OF “DE”

Until further notice, any designation of “DE” in any international application
whose international filing date is prior to October 3, 1990, shall have effect in the
territory of the Federal Republic of Germany with the exception of the territory of the
former German Democratic Republic.

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States 'party to the PCT on the front pages of pamphlets publishing international

applications under the PCT.

AT  Austria

AU Australia

BB  Barbados

BE  Belgium

BF Burkina Fasso
BG  Bulgaria

BJ Benin

BR  Brazil

CA  Canada

CF  Central African Republic
CG  Congo

CH  Switzerland
CM  Cameroon
DE  Germany
DK  Denmark

Spain

Finland

France

Gabon

United Kingdom
Greece

Hungary

Haly

Japan

Democratic People’s Republic
of Korea
Republic of Korca
Liechtenstein

Sri Lanka
Luxembourg

Monaco
Madagascar
Mali
Mauritania
Malawi
Netherlands
Norway
Poland
Romania
Sudan
Sweden
Sencgal
Soviet Union
Chad

Togo

United States of America




WO 91/03480 PCT/F190/00197

1

Process for the preparation of methylenebisphosphonic acids

The present invention concerns a novel process for the
preparation of methylenebisphosphonic acids of the formula
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wherein 0! and 02 are independently hydrogen or halogen, by

hydrolyzing the corresponding methylenebisphosphonic acid
tetraester of the formula
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wherein R has the meaning of a straight or branched alkyl

group containing 1 to 4 carbon atoms, and Q! and 02 have
the same meaning as above.

Prior known processes for the preparation of bisphosphonic
acids by hydrolyzing the corresponding tetraesters have been
based on the use of strong acids, such as halogen acids.
Thus tetraesters, e.g. the isopropyl tetraester, have been
boiled for several hours with concentrated hydrochloric
acid (c.f. BE-patent 672205, example VI (B)). In the publi-
cation Houben-Weyl, Methoden der Organischen Chemie, XII, 1
352-356, the hydrolysis of tetraesters with half-concen-
trated hydrochloric acid under elevated pressure and at
130-145°C is described. A disadvantage with these known pro-

r
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cesses is the impurity of the proaucts obtained and the nu-
merous purification steps needed to remove byproducts and
excess acid. In additioh, the processes are connected with
substantial corrosion problems. From the EP-patent applica-
tion 0200980 is known a process according to which methylene-
bisphosphonic acids have been prepared by hydrolysing tetra-
esters with plain water, by boiling at reflux temperature of
the reaction mixture. In this case the above mentioned
problems of impurities and corrosion are largely overcome,
but another ‘problem is the very long reaction time, which
may be as.long as 16 hours, which is disadvantageous, i.a.
from the viewpoint of production economics.

Now a process has been invented for the preparation of the
above mentioned methylenebisphosphonic acids and their

salts according to the formula I, with a good yield and in
a very pure form, whereby the corrosion problems caused by
the use of a strong acid are avoided. By means of the pro-
cess according to the invention it has also been possible to
shorten the reaction time even up to one quarter or more as

compared to the process known from the EP-patent application
0200980.

The process according to the invention is thus character-
ized in that the hydrolysis is performed in an aqueous so-
lution of the tetraester and hydrochloric acid, which so-
lution contains from 1.0 to 5 % by weight of HCl, based on
the whole mixture. Below the said limit the hydrolysis
proceeds too slowly from a practical viewpoint and above
the said limit no substantial rate increase is achieved

. in relation to the amount of chloride ions added to the
mixture.

The hydrolysis is advantageously performed by boiling the
aqueous solution of the tetraester and hydrochloric acid
at reflux temperature. Thus the reaction mixture contains




WO 91/03480 PCT/F190/00197

an excess of water with regard to the stochiometric amount
of water necessary for the complete hydrolysis of the tetra-
ester. This excess of water is not critical and thus a mul-
tiple excess with regard to the stochiometric amount may be
used. A practical volumetric amount of aqueous hydrochloric
acid solution from the viewpoint of carrying out the hydro-
lysis is approximately 6 to 7 times the weight of the tetra-
ester, whereby, on the one hand, a sufficient degree of
dissolution of the tetraester in the aqueous medium is ob-
tained, but at the same time the difficulties caused by the

increase in volume in the subsequent hydrolysis stage are
avoided. ’

According to one advantageous embodiment the amount of
hydrochloric acid in the mixture is approximately 2.5 to 5

% by weight, whereby an optimal result from the viewpoint of
byproduct formation and reaction time is achieved.

The free tetraacid obtained as a result of the hydrolysis
may, if desired, be converted to its salt, also its
partial salt, in a per se known manner by using a suitable
organic or inorganic base, for example alkali or alkaline
earth metal hydroxides, carbonates or hydrogen carbonates.
The salt formation may take place either after the isola-
tion of the acid or by adding the desired base directly to

the reaction mixture after the hydrolysis, without isola-
ting the free acidg.

The following example illustrates the invention.

Example 1

Dichloromethylenebisphosphonic acig disodiumtetrahydrate

Into a three-necked flask equipped with a thermometer, a
stirrer and a reflux condenser, 420 ml of a 3 % hydrochlo-
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ric acid solution and 65 g of tetraisopropyl dichloro-
methylenebisphosphonate are added. The HCl-concentration of
the reaction mixture is then approximately 2.6 % by weight
of HCl. The mixture is boiled under reflux and the progress
of the hydrolysis is followed by determining the concentra-
tion of the acid formed in the solution by 3!P-NMR. The so-
lution is cooled to 20 to 25°C and is treated with activated
carbon. To the solution a calculated amount of a sodium hyd-
roxide solution is added until the pH is 3.2. The solution
is concentrated and cooled, whereby the disodiumtetrahydrate
salt of dichloromethylenebisphosphonic acid crystallizes.
The crystals are filtered and dried, whereby appr. 50 g of
the product is obtainéd, purity >99%.

By performing the hydrolysis as described above but by
using instead of the 3% hydrochloric acid solution,

aqueous hydrochloric acid solutions of varying strength,
the hydrolysis results shown in the appended drawing were
obtained. Next to each curve on the one hand the acid
strength of the hydrolysis mixture, and on the other hand,
in paranthesis, the acid strength of the aqueous hydrochlo-
ric acid solution used, are indicated. In the drawing the
yield of hydrolysis (mol-% free acid) are indicated as a
function of reaction time, and as comparison, hydrolysis
with plain water according to the EP-patent application
0200980 is used. As is seen from the drawing, complete
yields are obtained with the process according to the in-
vention, by using catalytic amounts of hydrochloric acid,
in a substantially shorter reaction time as compared to the
process according to the said EP-patent application.




WO 91/03480 "PCT/F190/00197

Claims

1. Process for the preparation of methylenebisphosphonic
acids of the formula I .

wherein Q! and 02 are independently hydrogen or halogen,
by hydrolyzing the corresponding methylenebisphosphonic
acid tetraester having the formula II
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ol

wherein R means a straight or branched alkyl group of 1 to

4 carbon atoms and Q1 and Q2 have the same meaning as above,
characterized in that the hydrolysis is per-
formed in an aqueous solution of the tetraester and hydro-
chloric acid, which solution contains 1.0 to 5 % by weight
of HCl, calculated from the whole mixture, and optionally
the free tetraacid obtained is converted to a salt with a
base.

2. Process according to the claim 1, character -
ized in that a 6 to 7-fold volumetric amount of an
aqueous hydrochloric acid solution is used compared to the
weight of the tetraester.
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3. Process according to the claiml,, c haracter =
i z e d in that the hydrolysis is performed by boiling at
the reflux temperature of the mixture.

4, Process according to any one of the claims 1 to 3,
characterized in that the hydrolysis mixture
contains 2.5 to 5 % by weight of HCIl.

5. Process according to the claim 1, character -
i z ed in that as the starting material the tetraiso-
propylester of dichloromethylenebisphosphonic acid is
used.
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