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“Process for the preparation of sevelamer”
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Technical background
Sevelamer, or poly(allylamine-co-N,N'-diallyl-1,3-diamino-2-hydroxypropane), is a

polymer compound having the formula

oo ’j///
NH, NH
a
OH
NH, NH
™ [ e _JeT=
_im

whereina+b =9;c=1; and m 1; variable,

Sevelamer is marketed as the hydrochloride salt under the trade name Renagel® for
controlling hyperphosphatemia (increase in the level of phosphates in the blood) in
adult patients undergoing dialysis or hemodialysis. Recently, the sevelamer
carbonate/bicarbonate salt, under the trade name Renvela®, has also been placed on
the market.

Different types of the synthesis of sevelamer are known, all substantially deriving
from cross-linking with high molecular weight polyallylamine epichlorohydrih.
Polyallylamine is a polymer compound known in the art with the CAS RN 71550-12-
4 and is obtained by allylamine polymerization.

One of the major problems encountered during the synthesis of sevelamer is the
production of a highly congealed and viscous reaction mass, which must be
adequately stirred and crumbled in order to obtain a final product in solid form.

Some patent documents describe the synthesis of sevelamer by reaction between an
aqueous solution of polyallylamine and epichlorohydrin in an organic solvent, such
as toluene or acetonitrile. The use of the organic solvent is necessary in order to

process the congealed and difficult to process mass, as seen above.
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US patent 6180754 in the name of The Dow Chemical Company, describes a process
for the synthesis of sevelamer that provides for the use of a LIST reactor to perform
the cross-linking step. This reactor, produced by the company LIST Inc., is a reactor
specifically designed for processing high viscosity materials. It is easily understood
that this reactor is not commonly used and that its use requires specific and
economically important investments, unjustified for the preparation of a single active
ingredient.

The patent application WO01/18072 describes a process for the preparation of
sevelamer hydrochloride comprising partial salification of a solution of
polyallylamine hydrochloride, removal of salts through ion exchange or
electrodeionization and by means of subsequent optional nanofiltration or
ultrafiltration of the partially desalified polyallylamine, and then causing it to react
with epichlorohydrin. As stated in the text of WO01/18072 (for example pages 4 and
5), during desalification of the polyallylamine hydrochloride with metal hydroxides a
substantial quantity of salts is produced. The steps of removing salts and of
nanofiltration or ultrafiltration are therefore necessary, as otherwise a very viscous
and non-stirrable mixture is obtained during the subsequent cross-linking reaction
with epichlorohydrin. This mass would require the use of a LIST reactor as seen
above or, alternatively, the addition of substantial quantities of organic solvents.

It is evident that these further reaction steps are laborious and entail substantial costs
at industrial level.

Description of the invention ‘

The aim of the present invention is to provide a process for the preparation of
sevelamer which overcomes the drawbacks of the prior art.

It has now been found that it is possible to avoid the use of reactors to process high
viscosity materials and also the use of organic solvents, starting from polyallylamine
aqueous solutions, at specific concentrations.

In particular, it has been noted that a particular concentration interval of the
polyallylamine aqueous solution which must be subjected to cross-linking, leads to a
reaction mass easily workable and processable even in conventional reactors,

commonly present in chemical production plants and does not require the addition of
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organic solvents.

Therefore, according to one of its aspects, the invention relates to a process for the
preparation of sevelamer which comprises partially salifying, preferably with
hydrochloric acid, a polyallylamine aqueous solution having a concentration between
10% and 14.5% (w/w) and reacting it with epichlorohydrin, in the absence of any
organic solvents.

In particular, the invention relates to a process comprising the steps of:

(a) partially salifying a polyallylamine aqueous solution having a
concentration between 10% and 14.5% (w/w), preferably to a degree of
salification of 25-40%;

(b) adding epichlorohydrin, preferably in an “allylamine
unit”/”’epichlorohydrin” molar ratio of around 8-11/1;

(c) maintaining the reaction mixture under stirring, preferably at 65 to 85°C
for a few hours;

(d) isolating the sevelamer thus obtained.

According to a preferred aspect of the invention, the polyallylamine is partially
salified with hydrochloric acid and the sevelamer obtained in step (d) is sevelamer
hydrochloride.

The initial polyallylamine aqueous solution is commercially available. This
polyallylamine can be suitably diluted with water to the desired concentration.
According to a preferred embodiment, the concentration of the polyallylamine
aqueous solution is between 11% and 14.5%, preferably between 12.5 and 14.5%,
advantageously this concentration is around 13-14%.

Concentrations below 10% could in theory be used, but the copious quantity of water
would lead to a more laborious process to isolate the sevelamer from the reaction
mixture.

The epichlorohydrin used according to the present invention is also commercially
available.

In practice, for the preparation of sevelamer according to the invention, the
polyallylamine aqueous solution is loaded into a common reactor, hydrochloric acid

is added to reach the degree of salification required and epichlorohydrin is dosed,
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preferably controlling the temperature as the reaction is exothermic.

According to a preferred embodiment, the temperature of the reaction mixture is
maintained around 20-25°C during the step of acid addition.

The quantity of acid to add to the polyallylamine depends on the degree of
salification required. According to an advantageous embodiment, the polyallylamine
is salified to 25-40%, for example around 30-35%. Therefore, by way of example,
salification can be achieved using a “allylamine unit”/”hydrochloric acid” molar ratio
of around 3-3.5/1.

The hydrochloric acid is preferably added in an aqueous solution.

Epichlorohydrin is then added to the partially salified polyallylamine solution.

The “allylamine unit”/”’epichlorohydrin™ ratio is advantageously around 8-11/1,
preferably around 9/1.

After epichlorohydrin has been added, the mixture is maintained under stirring for
some time, for example a few hours, and the reaction mixture is then heated to a
temperature between 65 and 85°C, preferably between 75 and 83°C.

The cross-linking reaction is normally complete in a few hours.

Therefore, with the process of the invention, which involves the use of specific
concentrations of initial polyallylamine, it is possible to obtain a final reaction
mixture that is easy to work and filter. On the contrary, as will be shown by the
comparative tests in the experimental section of the present description, greater
concentrations lead to an extremely dense and congealed reaction mixture, which can
only be processed in special equipment, such as the LIST reactor, or by adding
organic solvents.

Moreover, it will also be understood that, contrary to the process described in
WO01/18072 in which salt is removed from the polyallylamine hydrochloride with
metal hydroxides, in the process of the invention that starts from a polyallylamine
which is salified by adding an acid, no salts are produced and therefore no further
and laborious reaction steps are required, such as removal of salts and nanofiltration
or ultrafiltration. This aspect of the invention, together with the specific percentages
of polyallylamine used in the initial aqueous solution, provides a the synthesis of

sevelamer that is industrially simple and inexpensive.
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The sevelamer obtained according to the process of the invention can be directly
filtered and dried according to methods known in the art.

Alternatively, at the end of the reaction with epichlorohydrin, a water miscible
solvent, advantageously isopropanol, can be added to the reaction mass and
maintained under stirring for some time, and the sevelamer thus obtained can then be
filtered and dried.

This last experimental solution is not necessary but can be used to facilitate obtaining
a sevelamer that is easier to filter, or which can even be separated by decantation of
the liquid part of the mixture.

According to a further embodiment of the invention, the sevelamer obtained with the
process described above can be converted into sevelamer carbonate/bicarbonate
according to known techniques, for example by reaction with gaseous carbon dioxide
or other carbonating agents, such as carbonates of alkaline or alkaline-earth metals.

If carbon dioxide is used, the reaction can be conducted in a basic aqueous solvent,
such as in a sodium hydroxide solution or also in solid phase, i.e. without using
solvents.

Details of the process of the invention are provided in the experimental section of the
description.

As will be apparent to those skilled in the art, by suitably varying the reaction
conditions it is possible to obtain a mixture of sevelamer hydrochloride and
sevelamer carbonate/bicarbonate. said mixture, obtained with the process described
here, represents a further aspect of the present invention.

The sevelamer hydrochloride obtained with the process of the invention, having the
properties indicated below, and more specifically in the experimental section

hereunder, forms a further object of the invention:

- Chlorides % (weight/weight) 17-19

- Swell index 12-13

- Phosphate binding capacity (mmol/g) 5.5-6.4

- Epichlorohydrin not detectable (<5 ppm)

Experimental section

Example 1
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Sevelamer preparation
Loads
PAA .
Solution PAA PAA (rpol epichlorohydrin | epichlorohydrin HCI HC . washing
14.0% 100% allylamine (mol) (@ (mol) 38.2% isopropanol
@ |® units) £ ) (@)
16650 | 2344 41.1 4.6 426.5 11.9 1137 14630

A conventional reactor, with blade stirrer, is used. HCI is added to the polyallylamine
5 loaded into the reactor in two batches dosed at a distance of 15 minutes. When the
temperature reaches around 25°C, dosing of epichlorohydrin begins and continues
for around 10 minutes. After 45 minutes, heating to 78°C — 83°C begins and
continues for 3 hours, at the end of which the product, after cooling to room
temperature, is washed with isopropanol. Washing is performed by maintaining the
10  product under stirring with isopropanol for 1 hour, then the product is centrifuged
and vacuum dried at 60°C for 3 hours, finally obtaining 2.94 kg of product in the

form of a whitish solid.

Example 2

Sevelamer preparation

15 The same procedure as described in example 1 is followed, but isopropanol is not
" added and the reaction mixture is instead maintained at 20-25°C for three hours. The
final product is isolated by filtration.

Properties of the sevelamer obtained

- Swell index 12.5
20 - Phosphate binding capacity (mmol/g) 5.8
- Chloride content (weight/weight) 18.5%
- Epichlorohydrin not detectable (<5 ppm)

The analytical evaluations are performed according to methods known in the art and
conventionally used for sevelamer.

25  Comparative example

Sevelamer preparation starting from a 30% solution of polyallylamine

Loads:
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PAA |PAA | PAA(mol | . ] . HCI
Solution | 100% | allylamine ?gggl"“’hyd““ ?P)‘Chhmhyd“n (23) 38.2%
30% (2) | (2) units) £ (g

4835 | 145 2.54 0.28 26 0.79 |77

The process of example 1 is repeated. After adding one part of epichlorohydrin a
vitreous and intractable gel is obtained, which blocked stirring.

Example 3

Sevelamer carbonate/bicarbonate preparation

1.4 kg of water is loaded into a 2 litre glass reactor. The temperature is set to 35°C
and 100 g of sevelamer hydrochloride is added in portions, stirring the mixture. A
solution of 30% sodium hydroxide is then added until pH 12 is reached (around 71 g)
and gaseous carbon dioxide is bubbled through. The temperaqture is maintained at 35-
37°C until pH 7.2 is reached. The mixture is maintained at 35°C under stirring for 2
hours and if necessary further carbon dioxide is bubbled through until the pH is
stabilized at 7.2. The suspension is filtered, the solid washed repeatedly with water to
eliminate as much of the residual chlorine as possible. The solid thus obtained is
dried and ground.

Example 4

Sevelamer carbonate/bicarbonate preparation in solid phase

1.4 kg of water is loaded into a 2 litre glass reactor. The temperature is set to 35°C
and 100

g of sevelamer hydrochloride is added in portions, stirring the mixture. A solution of
30% sodium hydroxide is then added until pH 12 is reached (around 71 g). The
suspension is maintained at 35-37°C under stirring for 40 minutes and then filtered,
the wet solid is resuspended in 800 ml of distilled water and stirred for two hours at
room temperature. The solid is then filtered and washed with distilled water. The
solid is loaded into a fluid bed dryer at 50°C for three hours, after which a carbon
dioxide stream is passed through the solid until obtaining an internal pressure of
around 40000Pa. The flow is maintained until the pressure decreases. Finally, the
drier is maintainéd under vacuum and the temperature is raised to 60°C for 72 hours.

Sevelamer carbonate/bicarbonate is thus obtained.
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Claims

1. A process for the preparation of sevelamer characterized in that it
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comprises the following steps:

(a) partially salifying a polyallylamine aqueous solution having a
concentration between 10% and 14.5% (w/w);

(b) adding epichlbrohydrin;

(c) maintaining the reaction mixture under stirring;

(d) isolating the sevelamer thus obtained;

and also characterized in that the steps from (a) to (c) are carried out in

the absence of any organic solvents.

. The process according to claim 1, characterized in that the polyallylamine is

salified up to a degree of salification of 25-40%.

. The process according to claim 1 or 2, characterized in that the “allylamine

unit”/’epichlorohydrin” molar ratio is around 8-11/1.

. The ‘process according to any one of claims 1 to 3, characterized in that in

the step (c) it is maintained under stirring at 65 and 85 °C for a few hours.

. The process according to any one of the preceding claims, characterized in

that said polyallylamine aqueous solution has a concentration between

12.5 and 14.5%.

. The process according to claim 5, characterized in that said polyallylamine

aqueous solution has a concentration between 13 and 14%.

. The process according to any one of the preceding claims, characterized in

that polyallylamine is partially salified with hydrochloric acid.

. Sevelamer obtained with the process of claim 6 characterized in that it has

the following properties:

Chlorides % (weight/weight) 17-19
Swell index 12-13
Phosphate binding capacity (mmol/g) 5.5-6.4
Epichlorohydrin <5 ppm
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9. The process according to any one of the preceding claims, characterized in
that the sevelamer thus obtained is converted into sevelamer
carbonate/bicarbonate.

10. The process according to claim 8, characterized in that the sevelamer thus-

5 obtained is converted into sevelamer carbonate/bicarbonate by reaction
with gaseous CO2.

11. The process according to claim 9, characterized in that the conversion into
sevelamer carbonate/bicarbonate with gaseous CO2 is carried out in solid
phase.

10
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