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Preparation of high-purity gadobutrol

The invention relates to a process for preparing high-purity gadobutrol, to gadobutrol
in a purity of more than 99.7 or 99.8 or 99.9% and to the use for preparing a
pharmaceutical formulation for parenteral application.

The more recent developments in the field of the gadolinium-containing MR contrast
agents (EP 0448191 B1, US Patent 5,980,864, EP 0643705 B1, EP 0986548 B1, EP
0596586 B1) include the MRT contrast agent gadobutrol (Gadovist® 1.0) which has
been approved for a relatively long time in Europe and more recently also in the USA
under the name Gadavist®.

The contrast action is based on gadobutrol, a non-ionic complex consisting of
gadolinium(lll) and the macrocyclic ligand dihydroxyhydroxymethylpropyl-
tetraazacyclododecanetriacetic acid (butrol), which leads inter alia at the clinically

recommended dosages to shorter relaxation times of protons of the tissue water.

00N /TN
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Owing to their importance as imaging diagnostics, in particular as MRI diagnostics,
metal complexes, in particular the gadolinium complex N-(1 -hydroxymethyl-2,3-
dihydroxypropyl)-1 ,4,7-triscarboxymethyl-1 ,4,7,1 O-tetraazacyclododecane
"gadobutrol" (DE 40091 19) can be prepared by various routes. In spite of progress
made compared to the original processes, there is still a need for syntheses which
are more environmentally friendly and cost-effective, and are suitable for
implementation especially on an industrial scale. In particular, there is a high demand
for high product throughput and high quality. In more recent years, there has been a
trend to replace some or all of the open-chain contrast agents by cyclic contrast
agents. Here, there is the requirement to produce particularly pure products, which
should additionally also be cost-effective. In general, these are requirements which
are mutually exclusive, since high-quality products are expensive to produce owing to

specific purification measures. For optimum quality control, it is necessary to have
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available a highly reliable method for analytical determination which allows detection
and quantification of all minor components present.

Accordingly, there is a need for an economically favourable process for producing
gadobutrol, and also for an analytical method which allows the selective detection

and quantification of minimal amounts of minor components (production monitoring).

Very important aspects in the preparation of gadobutrol are quality and production
costs of the end product. Owing to regulatory requirements, high quality standards
have to be met. Of interest in this context are purity and content of the active
compound. Coupled to purity, it is in particular the spectrum of byproducts which
needs to be monitored. Minor components have to be toxicologically qualified and
assessed. Accordingly, they are listed in specifications and the maximum occurrence
in the product is defined. For reasons of product safety and for the good of the
patient, the byproduct spectrum and/or the presence of individual contaminants are

kept as low as possible.

In this context, the polymorphism of the active compound is of importance, since this
is closely related to the solubility in water and the shelf-life. Accordingly, it is desirable
for the process according to the invention to produce the polymorphous form which

has the best solubility in water and is most storage-stable.

The prior art describes the high-yield preparation of gadobutrol starting with cyclen
(1,4,7,1 O-tetraazacyclododecane) of the formula 1, which is known from the literature

(DE1 9608307).
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The closest prior art (Inorg. Chem. 1997, 36, 6086-6093 and DE 19724186 A,
DE1 9608307 A) and EP 1343770 B1 describes processes where the butrol ligand is

isolated as a lithium complex and converted further into the end product.
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It is an object of the present invention to provide a process which allows gadobutrol
to be produced in high yield and in the highest purity (conforming to the

specification).

This object is achieved by the invention, a process for producing high-purity
gadobutrol (= the gadolinium complex of N-(1 -hydroxymethyl-2,3-dihydroxypropyl)-
1,4,7-triscarboxymethyl-1 ,4,7,1 O-tetraazacyclododecane) which comprises the
reaction of the starting material cyclen (1,4,7,1 O-tetraazacyclododecane) with 4,4-
dimethyl-3,5,8-trioxabicyclo[5,1 ,0]Joctane and lithium chloride in alcohol at elevated
temperatures, alkylation with sodium monochloroacetate in alkaline medium, work-up
under acidic conditions, removal of the salts and addition of gadolinium oxide, then
the adjustment of the pH with lithium hydroxide to a neutral to slightly basic value,
concentration of the solution and addition of alcohol, then heating under reflux and,
after cooling, isolation and drying of the crude product, dissolution of the crude
product in water and purification on an ion exchanger, then treatment with activated
carbon followed by sterile filtration, then boiling under reflux, cooling and isolation

and drying of the product.

This is in particular a process where the starting material cyclen (1,4,7,10-
tetraazacyclododecane) is reacted with 4,4-dimethyl-3,5,8-trioxabicyclo[5,1 ,0OJoctane
and lithium chloride in isopropanol at elevated temperatures, then distilled on water
and alkylated with sodium monochloroacetate in alkaline medium, worked up under
hydrochloric conditions, the salts are removed by addition of methanol and the crude
ligand is reacted with gadolinium oxide in water at elevated temperatures, the pH is
then adjusted with lithium hydroxide to 7.1 -7.4, the solution is concentrated and
ethanol is added in such an amount that a water content of 7 - 17%, preferably 8.0-
9.0%, is reached, the mixture is then heated under reflux for at least 60 minutes and
the crude product is, after cooling, isolated and dried, preferably dried at 46°-48°C,
the crude product is then dissolved in water and purified on an ion exchanger
cascade, where the solution is passed first through the acidic and then through the
basic ion exchanger, the purified solution, which has a conductance of <40 pS/cm, is
then concentrated, treated with activated carbon, subjected to sterile filtration and, by

metered addition of ethanol, adjusted to a water content in the range 7 - 17%,



WO 2012/143355 4 PCT/EP2012/057013

preferably of about 11%, then boiled under reflux and cooled, and the product is

isolated and dried.

This is in particular a process where the starting material cyclen (1,4,7,10-
tetraazacyclododecane) is reacted with 4,4-dimethyl-3,5,8-trioxabicyclo[5,1 ,0O]Joctane
and lithium chloride in isopropanol at elevated temperatures, then distilled on water
and alkylated with sodium monochloroacetate in alkaline medium and worked up
under hydrochloric conditions, the salts are removed by addition of methanol and the
crude ligand is reacted with gadolinium oxide in water at elevated temperatures, the
pH is then adjusted with lithium hydroxide to 7.1-7.4, the solution is concentrated and
ethanol is added in such an amount that a water content of particularly preferably
8.5% is reached, the mixture is then heated under reflux for at least 60 minutes and
the crude product is, after cooling, isolated and dried at 46°-48°C, the crude product
is then dissolved in water and purified on an ion exchanger cascade, where the
solution is passed first through the acidic and then through the basic ion exchanger,
the purified solution, which has a conductance of <20 pS/cm, is then concentrated,
treated with activated carbon, then subjected to sterile filtration and, by metered
addition of ethanol over a period of 120 minutes, adjusted to a water content of 10 -
12%, preferably 11%, then boiled under reflux and cooled, and the product is isolated
and dried, preferably dried at 53-55°C.

For the ion exchanger cascades, the following exchangers are employed in the
process:

Suitable exchangers are the customary commercial ion exchangers.

Advantageously, the acidic ion exchanger used is Amberlite IRC 50, and the basic
exchanger used is IRA 67. After this purification by an ion exchanger cascade, where
the solution is passed first through the acidic and then through the basic ion
exchanger, the thus purified solution, which has a conductance of <20 pS/cm, is
then concentrated, treated with activated carbon, such as Norit SX Plus activated
carbon, then subjected to sterile filtration and, by metered addition of ethanol over a
period of 120 minutes, adjusted to a water content of preferably 11%, then boiled

under reflux and cooled, and the product is isolated and dried at 53-55°C.
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A detailed description of the novel process according to the invention is given in

detail:

After complexation of the butrol ligand, present in aqueous solution, with
gadolinium oxide (120 minutes, 90°C) and adjustment of the pH with lithium
hydroxide monohydrate to pH 7.1 - 7.4, the mixture is substantially
concentrated under reduced pressure. Ethanol is added to the solution that
remains. Here, it is ensured that the final water content reached is 7.0 - 9.5%,
preferably 8.0 - 9.0%, and particularly preferably 8.5% (this is achieved by
further addition of ethanol or alternatively water). The mixture is heated under
reflux (60 minutes), and stirring is continued at a jacket temperature of 100°C
for 480 minutes. The mixture is cooled to 20°C. The crude product is isolated
using a centrifuge or pressure nutsch, and the filter cake is washed with
ethanol and then dried at 58°C (jacket) under reduced pressure until an

internal temperature of 48°C is reached.

The crude product (gadobutrol, crude) is dissolved in water. Further
purification is effected via an ion exchanger cascade in the manner below: the
agueous solution is initially added to an acidic ion exchanger AMBERLITE IRC
50. The eluate is then added directly to the basic exchanger IRA 67. The
eluate is pumped back onto the acidic exchanger etc. The solution is recycled
until the conductivity of the solution has reached a value of <20 uS/cm. On a
thin-layer evaporator, the solution is then concentrated carefully and gently at
50 mbar. The ion exchanger treatment affords a product which is already of
very high quality. Analysis shows that very small amounts of the following

components are still present:

See Fig. 14, formula 11

Owing to its negative charge, Gd-DOTA is adsorbed completely on the anion
exchanger. Gd-DO3A is an electrically neutral compound and is therefore not
absorbed on the ion exchanger. In contrast to the other two impurities (di-
TOBO ligands and butrol ligand), Gd-DO3A has a more lipophilic nature.
However, surprisingly, analysis detects the diastereomeric di-TOBO ligands

(the potential Gd complexes, which are not very stable, may lose gadolinium
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on the cation exchanger). Moreover, the occurrence of free butrol ligand is
observed (here, too, the acidic ion exchanger may remove Gd from the
complex). For the person skilled in the art, the occurrence of the di-TOBO
ligands and the butrol ligand after this purification step is surprising, since it
would be expected that potentially substances containing amine and acid

groups would be absorbed quantitatively on the ion exchanger.

Since the 3 byproducts mentioned are the critical impurities which in all cases
are to be kept as low as possible, a further purification step is required. Here,
the conditions have to be chosen such that maximum yield with optimum

quality is achieved.

By addition of water, the concentrated product-containing fraction from the ion
exchange purification is adjusted to a concentration of from 19.1 to 20.9% (w/w).
This is followed by treatment with activated carbon, the purpose of which is the
greatest possible reduction of the endotoxin value of the product (preparation for
parenteral administration). To this end, the product is stirred with NORIT SX Plus
(conductivity 20 uS) at 20°C for 60 minutes and then separated from the carbon
by filtration, and the filtrate is filtered through a sterile filtration candle and
concentrated gently under reduced pressure (jacket temperature at most 80°C).
The jacket temperature is lowered to 75°C and a first partial amount of ethanol is
added, a second partial amount of ethanol is then added over a period of 120
minutes such that the (internal) temperature does not drop below 72°C. The water
content of the solution is determined according to Karl-Fischer. The value should
be from 10.0 to 12.0, preferably 10.5-1 1.5%, particularly preferably 11%. If the
target value is not reached, it may be set accurately by further addition of water or
ethanol. The mixture is then boiled under reflux for 120 minutes. The mixture is
allowed to cool to 20°C and the product is isolated using a centrifuge or a

pressure nutsch, the filter cake being washed with ethanol.

Drying of gadobutrol, pure is carried out under reduced pressure at an internal
temperature of >53°C and a jacket temperature of 55°C. The end product is filled into
PE pouches coated with aluminium. By appropriate selection of the drying

parameters, it is possible to reduce the residual amount of ethanol to <202 ppm.
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The invention also relates to gadobutrol of a purity (according to HPLC) of more than
99.7 or 99.8 or 99.9% and

to gadobutrol of a purity of more than 99.7 or 99.8 or 99.9%, comprising free
gadolinium(lll) ions in an amount of less than 0.01 %,

having a residual ethanol solvent content of less than 200 ppm and comprising the
butrol ligand (= N-(1 -hydroxymethyl-2,3-dihydroxypropyl)-1 ,4,7-triscarboxymethyl-

1,4,7,1 O-tetraazacyclododecane) in a proportion of less than 0.03%.

One requirement is to keep the content of free complex former (butrol ligand, formula
3) as low as possible.

During the preparation of the pharmaceutical GADOVIST ® a slight excess of
complex former (of the order of about 0.1 %) in the form of the calcium/butrol complex
(Inorg. Chem. 1997, 36, 6086-6093) is added to the formulation. Calcobutrol is an
additive in the pharmaceutical formulations of gadobutrol and has the task of
preventing a release of free gadolinium in the formulation (solutions)(see EP 0 270
483 B2) .

HO,C j /_\ /— CO,-

N N
N N _OH
_och __/
(+) HO  HO  calcobutrol

This approach ensures maximum stability of the aqueous solutions and allows
storage over a relatively long period of time. The problem encountered during storage
of gadolinium-comprising contrast agents in aqueous solution is the trans-chelation of
gadolinium from the complex with metal ions from the glass of the vials (for example
Zn, Cr, etc.), which also form stable complexes and would result in the formation of
toxic free gadolinium ions. If no excess of complex former is added to the formulation,
free gadolinium is formed. In contrast, the thermodynamically less stable calcium
complex of the butrol ligand readily exchanges the calcium. Since calcium is an
element which occurs naturally in the body, it is toxicologically acceptable and thus
ensures absolute patient safety (the formation of free gadolinium can be excluded

with absolute certainty).

The excess of complex former (in form of the calcium complex) in the formulation is

limited by a very narrow specification (0.08 - 0.14%), and the use of high-purity



WO 2012/143355 8 PCT/EP2012/057013

gadobutrol in which the proportion of butrol ligand is as low as possible is therefore a
pre-condition since otherwise the total complex former excess would be > 0.14 mol%
(sum of calcium/butrol complex and butrol ligand). This leads to "out of spec"

batches, i.e. batches that do not meet the specification, in the pharmaceutical
production, which would result in considerable economical losses. This represented a
serious problem in the initial preparation of gadobutrol, and there was therefore a
pressing need to control this minor component (butrol ligand) by a stable production

process and by a sensitive analytical method.

An essential pre-condition for the preparation of high-purity gadobutrol is a special
analytical method which allows detection and quantification of main products and
byproducts (impurities). For a long time, the main problem specifically in gadobutrol
analysis was this quantification of the proportion of free butrol ligand. Since detection
was only by a non-selective titration method (see examples), the di-TOBO ligands
(see formula scheme below) were also measured and the sum was displayed. All
gadobutrol batches prepared in accordance with the prior art were characterized by
this "sum method". With regard to the above-described critical limit based on the
content of free complex former (butrol ligand), this was an absolutely unsatisfactory
situation, which needed to be resolved. In addition to the object of providing an
optimum preparation process affording a product of excellent quality, it was therefore
another object to provide an analytical process for selective monitoring of the main
impurities allowing the determination of the content of butrol ligand and di-TOBO
ligand with an accuracy of < 0.01 %. Only by combining analysis and preparation
process, it is possible to produce gadobutrol of > 99.7% (=> 99.9% one spot/peak
quality).

The novel process according to the invention makes it possible, by combination of
specifically controlled crystallization conditions, along with a highly selective
analytical method, to detect byproducts < 0.01 %, and thus to provide very good
control over the purity of the active compound gadobutrol, and to keep the impurity

level as low as possible.

The preparation scheme below serves to illustrate the origin of the main impurities of

gadobutrol:

See Fig. 12, formulas 11
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Starting with cyclen (1,4,7,1 O-tetraazacyclododecane), which is known from the
literature, in a first step the bicyclotrioxaoctane ring (TOBO) is fused on as described
in EP 0986548 B1 (Schering AG) (opening of the epoxide with lithium chloride in
isopropanol under reflux leads to the N-(6-hydroxy-2,2-dimethyl-1 ,3-dioxepan-5-yl)-
1,4,7,1 O-tetraazacyclododecane/LiCl complex). In addition to the desired mono-
substituted compound, two further compounds are obtained as byproducts. These
are the doubly alkylated products (Di-TOBO = 1,7- and 1,4-bis(N-(6-hydroxy-2,2-
dimethyl-1 ,3-dioxepan-5-yl)-1 ,4,7,1 O-tetraazacyclododecan/LiCl complex), which are
likewise obtained in the form of the Li complexes (4 diastereomers of 1,4- and 1,7-
substituted compounds in racemic form, i.e. a total of 8 species). After the reaction,
the products are not isolated but the mixture is directly processed further. The crude
product of this reaction step still comprises residual unreacted cyclen (1) which is
carried over into the next step (by distillation, the isopropanol solvent is replaced with

water).

In the next step, using the sodium salt of chloroacetic acid, the products are alkylated
under basic-controlled conditions to give the corresponding acetic acids (butrol
stage). It is important to keep the pH > 12 at all times. In this process step, the
impurities contained in the main product are are alkylated, too, giving a characteristic
impurity spectrum at this stage. In addition to the diastereomeric DI-TOBO ligands,
DOTA and DO3A (by incomplete alkylation) are formed from the cyclen. Following
acidic work-up with hydrochloric acid, the salts (mainly NaCl) are filtered off after
addition of methanol and the butrol ligand is prepared as an aqueous solution for

complexation with gadolinium oxide.

Complexation with gadolinium oxide in water gives a corresponding crude product
which, as main component, comprises essentially gadobutrol. However, the
byproducts described above are likewise gadolinium-complexing ligands, and they
afford the corresponding Gd complexes (4 diastereomeric Gd-di-TOBO complexes,
Gd-DOTA, Gd-DO3A).

In these respects, the process is analogous to the prior art procedure. The prior art
describes the use of ethanol for crystallization of crude and pure gadobutrol, and
agueous ethanol is also mentioned.

Surprisingly, it has now been found that, by appropriate selection of the crystallization

parameters both at the gadobutrol crude and pure stages, it is possible to achieve
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excellent yields and superior product qualities.
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What is novel is the specific procedure described below which allows the preparation

of high-purity gadobutrol having purities (according to HPLC) of > 99.7 or 99.8 or

99.9% in 4 process steps:

Process step

Process

Critical limits

1. crystallization from ethanol having a water content
defined water content affords a crude | 7 g_.g 59,
product. gadobutrol, crude oreferably 8.0-9.0%

particularly preferably
8.5%

2. ion exchanger purification gives an conductivity < 20 uS/cm
aqueous solution of gadobutrol which | it s important that the
is already highly purified solution is passed

through the acidic
exchanger first.

3. crystallization from ethanol having a water content
defined water content affords a crude | 10— 129
product: gadobutrol, pure oreferably 10.5-11.5%

particularly preferably
11%
4. drying under reduced pressure > 53°C and < 55°C

An important factor in the novel process according to the invention is, surprisingly,

the exact adjustment to a particular water content in the crystallization of both the

crude and the pure product. Suprisingly, the limits are very narrow and yield optimum

results only in this range. Surprisingly, by selecting a specific water content, it is

possible to decrease the amount of both lipophilic impurities (for example DO3A) and

also strongly hydrophilic impurities (Di-TOBO ligands, butrol ligand), with an optimum

total yield of gadobutrol. For the person skilled in the art, this was not obvious, and it

was therefore surprising for all.
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The total yields obtained in the novel process according to the invention (starting with

cyclen) are excellent and are shown in the table below:

Process step Yield

cyclen to gadobutrol, crude almost quantitative (> 96%)
ion exchanger purification 74.1%

final crystallization 96.9%

total yield (starting from cyclen) 70%

In combination with the very high purity, such a high total yield leads to a significant

improvement in economic terms of the production process.

The schematic representation below summarizes how total yield and purity are
related to water content in the final crystallization (the principle also applies to the first

crystallization):
See Fig. 4 Yield, purity and water contents after final crystallisation

With increasing water content (left side), a decrease in yield and at the same time an
increase of lipophilic impurities is observed. With decreasing water content (right
side), the yield increases; however, at the same time the proportion of hydrophilic
impurities increases. Accordingly, it was very surprising that such a high total yield

(compared to the prior art) can be achieved combined with excellent quality.

A further important point of the process according to the invention is based on the
fact that virtually only one main polymorph is obtained in the preparation (a second
unwanted polymorph is also observed, but only in insignificant amounts). The
physical properties are of high interest and very important because they are related
to storage stability and solubility of the product. With a long shelf-life, it is possible to
manufacture stocks of product which can then be used to produce the
pharmaceutical preparation, in the present case GADOVIST®, on demand. This

allows optimum flexibility in the preparation process.

It is found that 2 polymorphs are present in the form of the monohydrates (water
content 3-3.5%):

Monohydrate I and monohydrate 11 (see examples in the later part)
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It has been found that, when a very high purity, preferably > 99.7 or 99.8 or 99.9%, is
reached, what is present is substantially polymorph 1. This is important since this
polymorph also has more favourable properties compared to polymorph 1, in
particular with regard to the solubility of the polymorphs in water. The better solubility
of polymorph | ensures optimum preparation of the pharmaceutical formulations
(solutions for parenteral administration in water). Of particular interest here is the 1
molar GADOVIST® solution which is based specifically on the high solubility of
gadobutrol. The better the solubility of the material in the pharmaceutical production,
the better and the more reproducible the process. This ensures high safety and

reproducibility in the preparation.

Solubility of polymorphs land 11 in water
The table below shows the solubility of the two polymorphs | and 11 of gadobutrol at

20°C in water

Polymorph Solubility in water (g/l)
monohydrate | 1081 £2
monohydrate |l 922 +9

The values determined for the solubility of gadobutrol show that it is soluble in water
in almost any ratio. Surprisingly, polymorph | monohydrate |is more soluble than
monohydrate 1. This is favourable with respect to the preparation process of the
formulation, but has no effect on the safety of the preparation (in the case of
polymorph 11, longer stirring is required / in general, batches comprising a proportion

of polymorph 11 are not used for the sake of a standardized preparation process).

Stability on storage

Three batches of monohydrate | and one batch of monohydrate 11 were stored under
ICH conditions. Both forms remained unchanged for 6 months at 40°C / 75% relative
atmospheric humidity and for 36 months at 25°C / 60% relative atmospheric humidity
and 30°C / 75% relative atmospheric humidity. No decomposition products were
observed, and no other parameters of the specification were changed substantially.

On storage, the batches maintained their solid state.
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Behaviour of the monohydrates during the preparation of the pharmaceutical

Differences between the two monohydrates |and 11 were observed during dissolution

of the active compound. In general, the time required to get monohydrate | into

solution is 45 minutes at 40-50°C. During this time, monohydrate 11 was incompletely

dissolved. For dissolution, significantly longer periods of time were required.

Analytical characterization of gadobutrol

As already mentioned, the main problem in the analysis was the analysis of the

differentiation and quantification of butrol ligand and di-TOBO ligand. Surprisingly,

conditions were found which allow the determination of these main impurities with an

analytical accuracy of < 0.01 %, which represents a major breakthrough in the entire

production chain. With this process, for the first time, it was possible to differentiate

the crystallization processes with respect to their efficiency and productivity. The

tables below show the essential parameters of this method (see also the examples).

HPL C conditions
column length:;
internal diameter:

stationary phase:

250 mm
4.6 mm

Luna Phenyl-Hexyl 3 pn

column temperature: 50°C
autosampler temperature: 10°C

flow rate: 1.0 ml/min
Corona detector: 100 pA
UV detector: 195 nm
flow rate: 1.0 ml/min

Gradient parameters:

mobile phase A :

0.0025% strength formic acid + 0.5% acetonitrile

mobile phase B: acetonitrile
Step Time A [%] B [%] Gradient profile
[min]
1 0.0 100 0 .-
2 15.0 100 0 isocratic
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3 30.0 75 25 linear
4 30.1 100 0 linear
5 40.0 100 0 equilibration

The quality of the gadobutrol batches prepared by the novel process according to the

invention for the specific crystallization can be summerized as follows:

Analytical parameter Measurement values found
purity (HPLC) >99.7 or 99.8 or 99.9%
free Gd3+ <0.01%

butrol ligand < 0.03%

di-TOBO ligand < 0.03%

Gd-DO3A < 0.03%

unspecified impurities < 0.03%

content 98 - 102%

endotoxins <05EU

residual amount of ethanol solvent < 200 ppm

The process according to the invention allows the cost-efficient production of

gadobutrol in individual batches on a 100 kg scale. Here, by selecting the

crystallization parameters, it was possible to achieve optimum yield combined with

optimum purity. Owing to the high purity, it is possible to produce polymorph Iin a

reproducible manner, which means firstly great flexibility with respect to the storage

of the active compound and secondly a good dissolution rate in the pharmaceutical

production of the formulation.

The invention further comprises the use of the high-purity gadobutrol for producing a

pharmaceutical formulation for parenteral administration. The conditions of such a

preparation are known from the prior art and are familiar to the person skilled in the
art (EP 0448191 B1, CA Patent 1341 176, EP 0643705 B1, EP 0986548 B1, EP

0596586 B1).
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The invention is illustrated by the examples below, where the following analytical

methods were used:

Methods:

1)) Methods used for determining the purity:
The method described below was used first and also served to determine the purities

of the preparation processes described in the prior art.
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1.1. Method: Non-selective photometric titration of free complex formers

Principle of the method

The active compound is quantified by titration. The colour change is monitored
photometrically.

Reagents
sodium hydroxide solution 1N

hydrochloric acid 1% [m/V]

water

Rg 0688, indicator/buffer solution i

gadolinium sulphate solution 0.00025N standard solution
sodium edetate solution 0.00025M standard solution

Test procedure
For laboratories comprising robots for automated analysis, the work procedure below
does not apply; it is replaced by the corresponding laboratory work procedure.

Test solution

In a 50 ml beaker, 0.2250 - 0.2750 g of test substance, m, is dissolved in a 50 ml
beaker in 5.00 ml of gadolinium sulphate solution, V[1]. The solution is then heated in
a boiling water bath for 15 min. After cooling, 10.0 ml of Rg 0688 indicator/buffer
solution 11l are added, and the pH is adjusted to 5.0 0.1 using 1% hydrochloric acid
[wiv] or 1IN sodium hydroxide solution. The pH is measured potentiometrically using a
combination glass electrode.

Practice

With magnetic stirring, sodium edetate solution, V[2], is titrated into the test solution
until the electronically determined end point is reached. The change of colour from
violet-red via yellow-orange to yellow is monitored photometrically. Evaluation is
carried out by plotting the curve or using the instrument software. The equivalence
point is determined by extending the start line and the turning tangent; the titration
volumne read off corresponds to the standard solution, V[2], consumed.

Test conditions

instrument: e.g. Titroprocessor 682, from Metrohm

photometer: e.g. fibre-optic photometer 662

wavelength: 570 nm

transmission starting value: 15%

burette: e.g. Dosimat 665; metering accuracy 10 ml 0.005 ml

titration rate: high
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stirrer:

Calculation
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intensive stirring

free complex former in%, calc. as butrol (ZK
001 50307), calc. for anhydrous and solvent-free
substance

(V[ xT[ -V[2] x T[2]) x 0.00025 x 450.49 x 10

- m x (100 - (W + LM))

V[1] = consumption of gadolinium sulphate solution in ml
V[2] = consumption of sodium edetate standard solution in ml
T[1] = titre of gadolinium sulphate solution

T[2] = titre of sodium edetate solution

m = test substance weighed out, in g

w = measurement result of test method water in%

LM = measurement result of test method ethanol in%
450.49 = molar mass of ZK 001 50307 in g/mol

1 ml of sodium edetate standard solution corresponds to 450.49 mg of ZK 001 50307.

2.) Novel selective method for the determination of butrol and di-TOBO ligand

In the context of the development of the novel preparation process according to the

invention for gadobutrol, a very specific HPLC method for differentiation of butrol

ligand from other impurities (e.g.: di-TOBO ligand) was developed:

Method parameters

HPLC conditions
column length:
internal diameter:

stationary phasel:

250 mm
4.6 mm

Luna Phenyl-Hexyl 3 unt

column temperature: 50°C
autosampler temperature: 10°C

flow rate: 1.0 ml/min
Corona detector: 100 pA
UV detector: 195 nm

flow rate:

1.0 ml/min
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Gradient parameters:

mobile phase A:

0.0025% strength formic acid + 0.5% acetonitrile

mobile phase B: acetonitrile
Step Time A [%] B [%] Gradient profile
[min]
1 0.0 100 0 ---
2 15.0 100 0 isocratic
3 30.0 75 25 linear
4 301 100 0 linear
5 40.0 100 0 equilibration

mobile Phase A:

test solution:

injection volume:

notes:

50 u1 of 50% strength formic acid in 995 g of water + 5 m| of
ACN pipetted in using a transfer pipette
formic acid quality: for HPLC or LC-MS

acetonitrile quality: Hypergrade

in 10 ml flasks, the samples are dissolved in mobile phase
A, and the flask filled to the mark.

20 pi
weighed out: 25.0 mg/10 ml

The samples have to be filled into polypropylene vials.

The table below shows the retention times of gadobutrol and the relevant main

impurities:

Retention times and relative retention times

No. Name RT RRT
[min]
1 di-TOBO ligand 29 0.22
1b Gd-di-TOBO 3.3 0.25
2 butrol ligand 4.85 0.36
3 gadobutrol 13.3 1.00
4 Gd-DO3A 15.3 1.15
5 GD-DOTA 30.2 2.27

Synthesis of Gd-di-TOBO (No.1b, the counterion used was acetate instead of

chloride):
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For an unambiguous determination method for the gadolinium complex of the di-
TOBO ligand, this was specially prepared (EP 0985548 B1, Example 1). However, it
was found in the investigations that there is no Gd complex of the di-TOBO ligand
present in the end product (the complex is not sufficiently stable and probably

decomposes on the acidic ion exchanger)

See Fig. 13, formulas 1l
See Fig. 5 MS-Spectra

Example 1
Preparation of gadobutrol (Gd complex of N-(1 -hydroxymethyl-2,3-dihydroxypropyl)-

1,4,7-triscarboxymethyl-1 ,4,7, 10-tetraazacyclododecane)

Similarly to Example 1 and Example 5 of the laid-open publication EP 0986548 B1,
starting with cyclen, gadobutrol, crude is prepared in a one-pot reaction and then
purified on ion exchangers and finally converted by crystallization into gadobutrol,

pure.

A. Preparation of gadobutrol, crude

160 kg of cyclen (1,4,7,1 O-tetraazacyclododecane), 154 kg of 4,4-dimethyl-3,5,8-
trioxabicyclo[5,1 ,0]octane and 34.7 kg of lithium chloride are initially charged in 325
kg of isopropanol and heated under reflux for 1320 minutes.

1250 | of water are added, and the mixture is distilled until an internal temperature of
78°C is reached. The mixture is then made up with 805 | of water, and 375 kg of
sodium monochloroacetate are added at 35°C, followed by 120 kg of 50% strength
agqueous sodium hydroxide solution. The mixture is heated to an internal temperature
of 65°C, and a further 85 kg of 50% strength aqueous sodium hydroxide solution are
added. If the pH drops below 12, it is re-adjusted with 10 kg of 50% strength aqueous
sodium hydroxide solution (step-wise). The mixture is stirred at an internal
temperature of 65°C for 90 minutes. After cooling to 50°C, 240 kg of 36% aqueous
hydrochloric acid are added such that the pH is now 3.1 - 4.9 (if appropriate,

additional hydrochloric acid has to be added; it is important that the target pH is
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reached). At ajacket temperature of 95°C and under reduced pressure, solvent
(isopropanol/water mixture) is then distilled off to a total amount of 1200 kg.

At 40°C, 2554 kg of methanol are added and the pH is adjusted to 1.4 or less (1.1 -
1.3, optimum 1.2) using 282 kg of 36% aqueous hydrochloric acid. The mixture is
stirred at 40°C for 35 minutes. The mixture is then cooled to 20°C and the
precipitated sodium chloride (NacCl) is separated off using a centrifuge or a pressure
nutsche filter (the filter cake is washed with methanol since the product is in solution).
996 (this is still being examined) | of water are added, and the methanol is
substantially distilled off at a jacket temperature of 90°C (250 mbar), with water, the
mixture is concentrated to a mass of 966 kg, and a further 1200 | of water are then
added. 155 kg of gadolinium oxide are added to this solution, and the mixture is
heated at 95°C for 120 minutes. The mixture is allowed to cool to 50°C and adjusted
to pH 7.1 - 7.4 using lithium hydroxide monohydrate (this requires about 85 kg of
lithium hydroxide monohydrate). At a jacket temperature of 120°C and under reduced
pressure, 895 kg of water are then distilled off. The mixture is allowed to cool to
73°C, 5286 kg of alcohol (MEK = methyl ethyl ketone denaturized) are added and the
water content is checked using the Karl-Fischer method. The water content is
adjusted to 8.5%. (If the value is less than 7.0, an appropriately calculated amount of
water is added. If the value is greater than 9.5%, an appropriate amount of ethanol is
added. For the process, it is important that the value is in the range from 7.0 to 9.5).
The mixture is then heated under reflux (78°C) for 60 minutes. Eventually,
spontaneous crystallization occurs. The mixture is stirred at a jacket temperature of
100°C for 480 minutes and then allowed to cool to 20°C.

The product is isolated using a centrifuge or pressure nutsche, the filter cake twice
being washed with ethanol. In a paddle drier, the crude product is dried at ajacket
temperature of 58°C for 90 minutes under reduced pressure (until a pressure of <62
mbar and a temperature of >46°C are reached) or washed with ethanol three times
and dried at < 34°C. The product is then dried at an internal temperature of 48°C for
60 minutes. The crude product is cooled to 20°C and filled into containers. This gives

540 kg of a colourless crystalline powder (yield > 96%).

B. lon exchanger purification of gadobutrol, crude

Part of the batch prepared above is purified as follows:
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120 kg of gadobutrol, crude are dissolved in 1200 kg of water and initially pumped
onto a column which contains acidic ion exchanger (AMBERLITE IRC 50). The eluate
is pumped directly onto a column which basic ion exchanger (IRA 67) and the eluate
is then pumped back onto the acidic ion exchanger (and so forth). The solution is
recirculated until a conductivity limit value of <20 uS/cm is reached.

The solution is transferred to a thin-layer evaporator and carefully concentrated at 50
mbar (89 kg in about 585 | of water, yield 74.1 %)

C. Final crystallization to gadobutrol, crude

16 kg of activated carbon NORIT SX PLUS are added to 324 kg of gadobutrol, crude
(19.1 - 20.9% strength solution in water) (conductivity 20 uS), and the mixture is
stirred at 20°C for 60 minutes. The activated carbon is filtered off and washed twice
with water. The product-containing filtrate solution is then filtered through a sterile
filter candle and concentrated at a jacket temperature of 80°C under reduced
pressure (amount of distillate about 1600 1). The jacket temperature is then raised to
75°C and, in afirst step, 100 kg of alcohol are metered in, the jacket temperature is
then increased to 98°C (> 75°C internal temperature), and a further 1360 kg of
alcohol are added such that the internal temperature does not drop below 72°C (total
time for the metered addition about 120 minutes). At this point in time, the water
content of the solution is determined according to Karl-Fischer. Ideally, the value
should be 10 - 12%. If the value is higher or lower, it is adjusted to 11% exactly by
addition of water or alcohol (in small portions). Once the desired water content is
achieved, the mixture is heated under reflux for 120 minutes. The mixture is allowed
to cool to 20°C, the product is isolated using a centrifuge or pressure nutsche and the
filter cake is washed with ethanol. The product is then dried under reduced pressure
(jacket temperature 55°C) until an internal temperature of > 53°C is reached. The

product is then filled into aluminium-coated PE bags.

Yield: 314 kg (96.9% of theory) of a colourless crystalline powder, polymorph |

water content (Karl-Fischer): 3.1%
amount of residual ethanol solvent: <200 ppm
content: 100.4% (compared to external reference)

HPLC (100% method): > 99.7% (99.8 or 99.9%)
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free Gd3+: < 0.01 %
butrol ligand: < 0.03%

di-TOBO ligand generally < 0.03%
Gd-D03A: not detectable < 0.03%
endotoxin: <0.5 EU

unspecified impurities: < 0.03%

The table below shows the analytical data of 6 batches taken during the course of the

gadobutrol production and produced by the process described above:

1 2 3 4 5 6
Batch No.
Specification
338.1 2542 446.6 209.6 241.9 289.
Batch size [kg]
ethanol: (GC) <2000 ppm <LOQ <LOQ <LOQ <LOQ <LOQ <LC
impurities: (HPLC) butrol < 0.05% <0.03%* | <0.03%%* | <0.03%* | <0.03%* | <0.03%* | <0.03
impurities: (HPLC) any unspecified < 0.05% | <0.03%* | <0.03%* | <0.03%* | <0.03%* | <0.03%* | <0.03
Impurities: (HPLC) total € 0.30% <0.03% | <0.03% | <0.03% | <0.03% | <0.03% | <0.0
free gadolinium: <0.01% ** <0.01% | <0.01% | <0.01% | <0.01% | <0.01% | <00
(photometric titration)
water: (Karl Fischer) <7.0% 3.1% 3.1% 3.1% 3.4% 3.2% 3.1°
gadolinium content: (ICP) |255t0265mg/g 260mg/g|259mg/g|255mg/g|259 mg/g|263 mg/g|261 m;
98.0 to 102.0%, 99.9% 99.7% 99.7% 99.7% 101.0% 100.2
calculated as gadobutrol **
test for gadobutrol: (HPLC) (98.0 to 102.0% ** 100.2% 100.4% 100.2% 100.3% 100.9% 100.C
Example 2

Characterization of polymorphs I and i

1. X-ray diffraction

The graphical illustrations below show the X-ray diffraction spectra of the two

polymorphs compared to the amorphous material.

Method

X-ray powder diffraction (XRPD)

The measurement was carried out in transmission mode using the STOE Powder
Diffractometer STADI P.
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Detector: linear position sensitive detector

radiation: germanium-monochromatized CuKal -radiation (A = 1.5406 A)
Mode: transmission

Scan range: 3°<20<40° 0r3°<20 < 35°

Stepwidth: 0.5° or 1.0°

Measuring time: t > 60 s/step
Sample preparation: thin layer

See Fig. 6 X-Ray diffractogram of polymorph | monohydrate | (above) compared to
the calculated theoretical diffractogram of the monohydrate (below)

See Fig. 7, X-Ray diffractogram of polymorph 11 monohydrate 1
See Fig.8, X-ray diffractogram of amorphous gadobutrol

2. IR spectra

See Fig. 9, IR spectrum of monohydrate | (nujol preparation)
See Fig. 10, IR spectrum of monohydrate 11 (nujol preparation)

Fig. 11, IP spectrum of amorphous material (nujol preparation)
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3. Differential thermal analysis (DTA) and thermogravimetry (TG)

Method

Simultaneous DTA/TG measurements are recorded on a Seteram DSC 111.

Heating rates: 5 K/min

Temperature range: 25°C - 250°C (partly up to 500°C)
Purge gas: dry nitrogen

Sample holder: aluminium crucibles

See Fig. 1, DTA/TG traces of monohydrate |
See Fig. 2, DTA/TG traces of monohydrate 11
See Fig. 3, DTA/TG traces of the amorphous phase
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Description of the figures and formula

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1 DTA/TG traces of monohydrat |

2 DTA/TG traces of monohydrat 11

3 DTA/ TG traces of amorphons Phase

4 Yield, purity and water contents after final crystallisation
5 MS-Spectra

6 X-ray diffractogram of polymorph monohydrate (above) compared to the

calculated theoretical diffractogram of the monohydrate (below)

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

7 X-ray diffractogram of polymorph 11 monohydrat 1

8 X-ray diffractogram of amorphons gadobutrol

9 JR Spectrum of monohydrate, (nnjol preparation)

11 JR Spectrum of amorphons material (nnjol preparation)
12 formulas |

13 formulas 11

14 formulas I
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Patent Claims

1. Process for producing high-purity gadobutrol (= the gadolinium complex of N-
(1-hydroxymethyl-2,3-dihydroxypropyl)-1 ,4,7-triscarboxymethyl-1 ,4,7, 10-
tetraazacyclododecane) which comprises the reaction of cyclen (1,4,7,10-
tetraazacyclododecane) with 4,4-dimethyl-3,5,8-trioxabicyclo[5,1 ,0]octane and
lithium chloride in alcohol at elevated temperatures, alkylation with sodium
monochloroacetate in alkaline medium, work-up under acidic conditions,
removal of the salts and addition of gadolinium oxide, then the adjustment of
the pH with lithium hydroxide to a neutral to slightly basic value, concentration
of the solution and addition of alcohol, heating under reflux and, after cooling,
isolation and drying of the crude product, dissolution of the crude product in
water and purification on an ion exchanger cascade, then treatment with
activated carbon followed by sterile filtration, then boiling under reflux, cooling

and isolation of the product.

2. Process according to Claim 1, characterized in that the starting material cyclen
(1,4,7,1 O-tetraazacyclododecane) is reacted with 4,4-dimethyl-3,5,8-
trioxabicyclo[5,1 ,0]Joctane and lithium chloride in isopropanol at elevated
temperatures, then distilled on water and alkylated with sodium
monochloroacetate in alkaline medium, worked up under hydrochloric
conditions, the salts are removed by addition of methanol and the crude ligand
is reacted with gadolinium oxide in water at elevated temperatures, the pH is
then adjusted with lithium hydroxide to 7.1-7.4, the solution is concentrated
and ethanol is added in such an amount that a water content of preferably 7.0
- 17.0%, is reached, the mixture is then heated under reflux for at least 60
minutes and the crude product is, after cooling, isolated and dried at 46°-48°C,
the crude product is then dissolved in water and purified on an ion exchanger
cascade, where the solution is passed first through the acidic and then through
the basic ion exchanger, the purified solution, which has a conductance of <
40 pS/cm, is then concentrated, treated with activated carbon, subjected to

sterile filtration and, by metered addition of ethanol, adjusted to a water
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content in the range 7 - 17%, then boiled under reflux and cooled, and the

product is isolated and dried.

3. Process according to Claim 1 or 2, characterized in that the starting material
cyclen (1,4,7,1 O-tetraazacyclododecane) is reacted with 4,4-dimethyl-3,5,8-
trioxabicyclo[5,1 ,0]loctane and LiCl in isopropanol at elevated temperatures,
then distilled on water and alkylated with sodium monochloroacetate in
alkaline medium and worked up under hydrochloric conditions, the salts are
removed by addition of methanol and the crude ligand is reacted with
gadolinium oxide in water at elevated temperatures, the pH is then adjusted
with lithium hydroxide to 7.1-7.4, the solution is concentrated and ethanol is
added in such an amount that a water content of preferably 8.5% is reached,
the mixture is then heated under reflux for at least 60 minutes and the crude
product is, after cooling, isolated and dried at 46°-48°C, the crude product is
dissolved in water and purified on an ion exchanger cascade, where the
solution is passed first through the acidic ion exchanger, the purified solution,
which has a conductance of <20 pS/cm, is concentrated, treated with
activated carbon, then subjected to sterile filtration and, by metered addition of
ethanol over a period of 120 minutes, adjusted to a water content preferably in
the range 10 - 12%, then boiled under reflux and cooled, and the product is
isolated and dried at 53-55°C.

4. Process according to any of Claims 1 to 3, characterized in that acidic ion

exchanger and basic exchanger are used.

5. Process according to any of Claims 1to 3, characterized in that activated

carbon is used.

6. Gadobutrol of a purity (according to HPLC) of more than 99.7%.

7. Gadobutrol of a purity (according to HPLC) of more than 99.8%.

8. Gadobutrol of a purity (according to HPLC) of more than 99.9%.
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9. Gadobutrol according to Claim 6 or 7 or 8, comprising polymorph |

monohydrate 1.

10.Gadobutrol according to any of Claims 6 - 9, comprising less than

0.01 % of free gadolinium(lll) ions.

11.Gadobutrol according to any of Claims 6 - 9, comprising a residual ethanol

solvent content of less than 200 ppm.

12. Gadobutrol according to any of Claims 6, 7 and 8, comprising a proportion of
butrol ligand (= N-(1 -hydroxymethyl-2,3-dihydroxypropyl)-1 ,4,7-

triscarboxymethyl-l ,4,7,1 O-tetraazacyclododecane) of less than 0.03%.

13. Gadobutrol in a purity (according to HPLC) of more than 99.7 or 99.8 or
99.9%, comprising less than 0.01 % of free gadolinium(lll) ions,
comprising a residual ethanol solvent content of less than 200 ppm and
comprising a proportion of butrol ligand (= N-(1 -hydroxymethyl-2,3-
dihydroxypropyl)-1 ,4,7-triscarboxymethyl-1 ,4,7,1 O-tetraazacyclododecane) of
less than 0.03%.

14. Gadobutrol according to any of Claims 6, 7, 8, 9 and 10 having a water

content of from 3.0 to 3.5%.

15.Use of high-purity gadobutrol according to any of Claims 1 to 3 for producing a

pharmaceutical formulation for parenteral administration (Gadovist®).
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Fig. 4 Yield, purity and water contents after final crystallisation
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Fig.6
X-ray diffractogram of polymorph | monohydrate | (above) compared to the calculated
theoretical diffractogram of the monohydrate (below)
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X-ray diffractogram of polymorph [| monohydrate i
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X-ray diffractogram of amorphous gadobutrol*

PCT/EP2012/057013
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*obtained by freeze-drying of a 20% aqu. solution

Fig.9

IR spectrum of monohydrate | (nujol preparation)
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Fig. 10

IR spectrum of monohydrate Il (nujol preparation)
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Fig. 11

IR spectrum of amorphous material (nujol preparation)
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