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Abstract
Disclosed is a method for producing calcobutrol used as an MRI contrast agent.
The method comprises the steps of: obtaining butrol represented by chemical
formula 2 in the specification by reacting a gadobutrol represented by chemical
formula 1 in the specification and a decomplexing agent; and obtaining a
calcobutrol represented by chemical Formula 3 in the specification by reacting

butrol with calcium ions.
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METHOD FOR PRODUCING CALCOBUTROL

Field of Invention

[0001] The present invention relates to a method for producing calcobutrol, and
more particularly, to a method for producing calcobutrol used in an MRI contrast

agent.

Background of Invention
[0002] Gadobutrol is marketed worldwide under the trade name Gadovist or

Gadavist in the field of gadolinium-containing contrast agents).

[0003] It has been found that for gadolinium-containing contrast agents it is
advantage to apply an excess of the complex-forming ligand in the form of the
calcium complex. The role of the calcium complex is to prevent the release of
free gadolinium in the formulation from gadobutrol after the preparation, thereby
solving the safety issue against nephrogenic systemic fibrosis (NSF) caused by
the toxicity of gadolinium cations.

[0004]

[0005] The synthesis method of calcobutrol is described in detail in the literature
(Inorg. Chem. 1997, 36, 6086~6093). A material having a purity of 90 ~ 95% is
obtained by the method of the document, but it does not reach the purity required
for preparation.

[0006] For further purification of 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-1,4,7,10-
tetraazacyclododecane-1,4,7-triyl)triacetic acid(hereinafter referred to as 'butrol'),
it is not easy to purify with ion exchange resin due to zwitterionic of butrol and
also crystallization through pH adjustment is not made so purification by
crystallization is also not possible.

[0007] Gadobutrol, a neutral gadolinium complex, can be obtained with high
purity (>99.6%) through purification and crystallization after reaction with an ion
exchange column, but calcobutrol has a problem that it is not easy to purify due
to the remaining acid functional groups. Therefore, it is known that a method for

manufacturing calcobutrol directly from butrol is not suitable in terms of purity.
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[0008]

[0009] According to Korean Patent No. 10-1057939 owned by Bayer pharma
aktiengesellschaft, a method for manufacturing high purity calcobutrol is known
as follows: the previously obtained gadobutrol is selected as a starting material
and decomplexed, and free gadolinium is removed to prepare high purity butrol
and then the butrol is complexed with calcium to prepare calcobutrol. However,
the oxalic acid used for decomplexation in the above method is toxic and has
limitations in use. Also, other impurities are removed through the process of
adsorbing and desorbing butrol to the cation exchange resin to produce high
purity butrol, which then is reacted with calcium ions to obtain calcobutrol. But,
these series of processes are not economical and the processes are also
complicated.

[0010]

[0011] According to the Korean Patent No. 10-1693400 owned by ST Pharm

Co., Ltd., a method for manufacturing calcobutrol is known as follows: 3-
(1,4,7,10-tetraazacyclododecan-1-yl)butane-1,2,4-triol 4 hydrochloride, an
intermediate of gadobutrol is the starting material, and tert-butylboromoacetate is
introduced, then which is subject to the deprotection process; then high purity
butrol is obtained through resin purification and it is reacted with calcium ions to
obtain calcobutrol. However, the tert-butylbromoacetate used in the above
method is harmful to the human body, and has a disadvantage in that the price is
very expensive. Also, the deprotection process is not economical, and the
process is complicated.

[0012] Accordingly, there is a need to develop a method for manufacturing a
high purity calcobutrol less harmful to the human body, eco-friendly, economical

and simple by excluding the resin purification and deprotection process.

Summary of the Invention

[0013] Accordingly, it is an object of the present invention to provide a method
for producing calcobutrol having a higher purity than a process using butrol, an

intermediate of gadobutrol.

Date Regue/Date Received 2020-07-17



CA 03088955 2020-07-17

PCT/KR2019/000484

[0014] It is another object of the present invention to provide a method for
producing a calcobutrol which is simpler and more economical than a method for

producing a known high purity gadobutrol as a starting material.

[0015] To achieve these objects, this invention provides a method for producing
calcobutrol comprising the steps of: obtaining butrol represented by the following
Chemical Formula 2 by reacting a gadobutrol represented by the following
Chemical Formula 1 and a decomplexing agent; and reacting calcium ions with
the butrol to obtain a calcobutrol represented by the following Chemical Formula
3.

[0016]As described above, the method for producing calcobutrol according to the
present invention is simpler and more economical than the conventional method

for producing calcobutrol using a high purity gadobutrol as a starting material.

Detailed Description of Invention
[0017] Hereinafter, the present invention will be described in more detail.

[0018] In order to prepare butrol according to the present invention, first, the
gadolinium complex of 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-1,4,7,10-
tetraazacyclododecane-1,4,7-triyl)acetic acid (hereinafter, gadobutrol)
represented by the following Chemical Formula 1, a starting material is reacted
with a decomplexing agent to obtain 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-

1,4,7 ,10-tetraazacyclododecane-1,4,7-triyl)triacetic acid(hereinafter referred to as
butrol) represented by the following Chemical Formula 2.

[0019][Chemical Formula 1]
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[0021] [Chemical Formula 2]
0

OH
— OH
N N
o [, J°
N N— OH
o
OH

[0022] OH

[0023] The decomplexing agent de-complexes gadolinium of gadobutrol to form a
gadolinium salt that is poorly soluble in water, so that butrol can be isolated
through a filtration process. The decomplexing agent includes tartaric acid,
succinic acid, citric acid, fumaric acid, and so on, preferably tartaric acid is
preferred. The content of the decomplexing agent is 2.0 to 6.0 equivalents,
preferably is 3.0 to 4.0 equivalents, with respect to 1.0 equivalent of gadobutrol. If
the content of the decomplexing agent is too less, not only the reactivity is poor
and the reaction time is long, but also it may be a problem in yield and quality
due to the generation of a related substance by heat. If the content of the
decomplexing agent is too high, the cost of removing the decomplexing agent
remaining after the reaction is further incurred, causing a cost increase.

[0024]

[0025] The reaction can be carried out in purified water, and the reaction
temperature is generally 80 to 90°C. If the reaction temperature is too low, it
causes a rise in cost due to a time delay, and if it is too high, a quality problem
may occur. The reaction time is 3 to 5 hours. If the reaction time is too short, the
yield due to unreacted products may decrease, and if it is too long, there is no
economical benefit from working time increasing.

[0026]

[0027] The salt prepared from the reaction is filtering and separated and the
filtrate is again filtered, so that the remaining decomplexing agent and by-
products may be removed. Concentrating the purified filtrate removes gadolinium
from gadobutrol to obtain a butrol.

[0028] Specifically, it is filtered using a nano filter. The nano-filter system has a
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spiral shape of an organic film and a reverse osmosis device designed to filter or
concentrate substances with a molar mass of 200 to 300 Daltons or more, so that
water-soluble organic or inorganic materials with salts and other low molecular
weights can be separated and purified through the organic film to recover only
the desired material.

[0029]

[0030] 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-1,4,7 10-tetraazacyclododecane-
1,4,7-triyl) triacetate calcium complex(hereinafter, calcobutrol) represented by the
following Chemical Formula 3 is obtained by reacting the butrol represented by
the following Chemical Formula 2 with a calcium ions, and crystallizing the
same.

[0031] [Chemical Formula 3]

©
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[0032] OH
[0033] The reaction can be carried out in purified water. The source of calcium

ions includes calcium carbonate, calcium hydroxide, calcium chloride, and so on,
and calcium carbonate is preferred. The content of the calcium ion source is 0.9
to 1.1 equivalents, preferably is 1.0 equivalent, with respect to 1.0 equivalent of
butrol. Here, if the content of the calcium source is too less, the complex is less
formed, yield reduction occurs, and if too large, there is a problem in that the
filtering of the remaining calcium carbonate is difficult.

[0034] The reaction temperature is generally 85 to 95°C. If the reaction
temperature is too low, there is a decrease in yield due to unreacted substances,
and if it is too high, related substances can occur and product quality problems
can occur. Also, the reaction time of the butrol and calcium ion is 2 to 3 hours. If
the reaction time is too short, a problem may occur in yield reduction and

crystallization due to unreacted materials. If the reaction time is too long, a
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problem may occur in the quality of the product.

[0035]

[0036] The reactants can be filtered on an activated carbon pad and the filtrate is
concentrated, dissolved in purified water, crystallized and isolated with
anhydrous ethanol. As the crystallization solvent an organic solvent such as
anhydrous ethanol, methanol, isopropanol, acetone and so on can be used, and
anhydrous ethanol is preferred. Specifically, the filtrate can be crystallized under
purified water-anhydrous ethanol conditions at generally 60 to 80°C. Therefore,

when the crystallized mixture is dried, calcobutrol can be obtained.

EXAMPLES
[0037]Hereinafter, the present invention is described in more detail through
examples, but the present invention is not limited by the following examples.
[0038]
[0039] [Example 1] Preparation of Butrol represented by Formula 2
[0040] Gadolinium complex of 2,2,2-(10-1,3,4-trihydroxybutan-2-yl1)-1,4,7,10-

tetraazacyclododecane-1,4,7-triyl)triacetic acid(hereinafter, gadobutrol) of 200.0

g, tartaric acid of 241.02 g and purified water of 600 m| were put into a reactor,
and heated to 85 to 95°C to carry out reaction. After the end of reaction, the
mixture was cooled to 20 to 30°C, and the produced solid was removed by
filtration. The filtrate was subjected to a nano-filter and concentrated under
reduced pressure, so that 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-1,4,7,10-
tetraazacyclododecane-1,4,7-triyl)triacetic acid(butrol) of 105.4g (yield 72.9%,
purity 98% (HPLC)) was obtained.

[0041]

[0042] [Example 2] Preparation of Calcobutrol represented by Formula 3
[0043] 2,2,2-(10-1,3,4-trihydroxybutan-2-yl)-1,4,7,10-tetraazacyclododecane-
1,4,7-triyltriacetic acid(butrol) of 50.0g, calcium carbonate of 15.0g and purified

water of 200 ml were put into the reactor, and then heated to 85 to 95°C to
terminate the reaction, and cooled to 20 to 30°C. The filtrate was subjected to an

activated carbon pad and concentrated under reduced pressure. 75 ml of purified
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water was added, heated to 85 to 95° C., maintained, and crystallized by adding
888.7g of anhydrous Ethanol. This was refluxed for 1 hour, cooled to 0 to 10°C,
and the producing crystals were filtered and washed with 177.7g of anhydrous
ethanol, and then dried, so that calcium complex of 2,2,2-(10-1,3 4-
trihydroxybutane-2-yl)-1,4,7 10-tetraazacyclododecane-1,4,7-triyl) triacetic acid
(hereafter, calcobutrol) of 44.4g (yield 39.4%, purity 99.5% (HPLC)) was

obtained.
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Claims

1. A method for producing calcobutrol comprising the steps of:
obtaining butrol represented by following Chemical Formula 2 by
reacting a gadobutrol represented by following Chemical Formula 1 and
a decomplexing agent; and
reacting calcium ions with the butrol to obtain a calcobutrol represented
by following Chemical Formula 3.
[Chemical Formula 1]
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2. The method as claimed in claim 1, wherein the decomplexing agent is
selected from the group consisting of tartaric acid, succinic acid, citric acid,
fumaric acid and mixtures thereof, and the content of the decomplexing agent is
3.0 to 6.0 equivalents with respect to the gadobutrol.

8
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3. The method as claimed in claim 1, wherein the butrol is to be filtered

and purified using a nanofilter.

4. The method as claimed in claim 1, wherein the calcium ion is selected
from the group consisting of calcium carbonate, calcium hydroxide, calcium
chloride and mixtures thereof, and the content of the calcium ion is 0.9 to

1.1 equivalents with respect to the gadobutrol.

5. The method as claimed in claim 1,wherein the calcobutrol is

crystallized with ethanol anhydrous.
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