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Description
Title of Invention: A METHOD FOR PREPARING

GADOBUTROL
Technical Field

The present disclosure relates to a novel method for preparing gadobutrol.
Specifically, the present disclosure relates to the method for preparing high-purity
gadobutrol by managing purity of intermediate unlike the conventional synthetic

methods.
Background Art

In field of contrast agents containing gadolinium, gadobutrol is commercially
available in the world under brand name of Gadovist or Gadavist.

Gadobutrol represented by Formula 1 below is nonionic complex of microcyclic
ligand
10-(2,3-dihidroxy- 1-(hydroxymethyl)propyl)-1.,4,7,10-tetraazacyclodecane-1,4,7-triace
tic acid(butrol) and gadolinium(Ill), and specifically, it induces shortening of proton
relaxation time of tissue fluid in a clinically recommended dose.

[Formula 1]

0L\ /T /0

N
(o)
osc— "\ OH
e
HO

Three routes (schemes 1 to 3) for synthesizing gadobutrol are specifically disclosed
in Inorg. Chem. 1997, 36, 6086-6093. The above reference discloses that the route of
Scheme 3 is inadequate for a large scale production because of its low yield. Therefore,
it is widely known to those skilled in the art that the route of Scheme 3 is only con-
siderable for laboratory scale and it should be avoided for a large scale production.
Meanwhile, the Scheme 1 requires large amount of resins for purification and it is dis-
advantageous because special facilities such as towers and the like should be provided
for the purification. Therefore, the method of Scheme 1 is not applicable to large scale
production due to increase of unit cost. In addition, the Scheme 2 has problems of low
yield and poor purity.

International standards such as ICH Guidelines and the like recommend impurities

content to be 0.1% or less, thus it is preferred to prepare ultra high-purity gadobutrol

having purity of 99.9% or more for its sales as pharmaceuticals. However, the methods
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disclosed in the cited reference are complicated and high-purity gadobutrol cannot be

prepared therefrom.
Therefore, a novel preparation method, therethrough high- purity gadobutrol can be

prepared in high yield with simple preparation process unlike the conventional com-
plicated process, has been required.

The above information disclosed in this Background section is only for enhancement
of understanding of the background of the present disclosure and it may therefore
contain information that does not form the prior art that is already known to a person of

ordinary skill in the art.
Disclosure of Invention

Technical Problem
An object of the present disclosure is to provide a method for preparing high-purity

gadobutrol in high yield by a simple and mild process.
Solution to Problem

In order to accomplish the object of the present disclosure, the present disclosure
provides a novel method for preparing gadobutrol.

The method of the present disclosure comprises: (S1) preparing a compound of
Formula 3 below by using a compound of Formula 2 below or its salt; (S2) preparing a
compound of Formula 4 below by using the compound of Formula 3; and (S3)
preparing a compound of Formula 1 below by using the compound of Formula 4.

[Formula 1]

Ci)zCﬂ / \ /_—C(Sz
N N
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{Wherein, R is linear or branched-chain alkyl of C-C,}
Each step will be described more fully hereinafter.

(S1): Carboxymethylation

Apropos of the preparation method of the present disclosure, the (S1) step relates to a
preparation of the compound of Formula 3 by reacting (i.e. carboxymethylating) the
compound of Formula 2 or its salt with a compound of Formula 5 below.

[Formula 5]

O

X
OR
{Wherein, R is linear or branched-chain alkyl of C;-C,and X is halogen,TsO-or MsO
'}
In some embodiment of the present disclosure, the compound of Formula 2 or its salt
in the (S1) step can be 4 hydrochloride of Formula 2-1 below.
[Formula 2-1]

NH HN 4HCI
[NH N
N OH
OH
HO

Also, in some embodiment of the present disclosure, the compound of Formula 3 in
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the (S1) step can be a compound of Formula 3-1 below wherein R is t-Butyl.
[Formula 3-1]

t-BUOQCj S\ /_—COZt-BU
CD
N N
t-BuO.C—" \__/ OH
OH
HO

Also, in some embodiment of the present disclosure, the compound of Formula 5 can
be a compound of Formula 5-1 below wherein X is Br and R is t-Butyl.
[Formula 5-1]

O

Br
O-t-Bu

In the (S1) step, the reaction can be performed under the existence of an organic
solvent which is commonly used for alkylation (i.e. carboxymethylation) reaction.
Preferably, the organic solvent can be a mixed solvent of water and C,-C,, ether, and
more preferably the organic solvent can be a mixed solvent of water and tetrahy-
drofuran (THF), but not limited to the above.

Also, the reaction can be performed under the existence of a base, specifically under
the existence of an inorganic base. Preferably, the base can be a weak base such as
potassium carbonate (K,COs;), sodium bicarbonate (NaHCO;), potassium bicarbonate
(KHCO;,) or of mixtures thereof, and more preferably the base can be potassium
carbonate but not limited to the above.

The reaction in the (S1) step can be performed at 50 to 80 °C, preferably at 65 to 70
°C and more preferably at 63 to 68 °C but not limited to the above.

According to some embodiment of the present disclosure, the (S1) step can further
comprise a crystallization process of the compound of Formula 3.

A crystallization solvent used in the crystallization process can be methylene
chloride, C4-Cy,ether,C4-Cg alkane or mixtures thereof, and it is preferable to use a
mixture of methylene chloride and n-Hexane.

The compound of Formula 3 can be yielded in high-purity of 99% or more,
preferably 99.5% or more, and more preferably 99.7% or more through (S1).

(582): Acid Hydrolysis

Apropos of the preparation method of the present disclosure, the (S2) step relates to a
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preparation of the compound of Formula 4 (butrol) in high-purity by performing an
acid hydrolysis of the compound of Formula 3 which is yielded in high-purity in the
(S1) step.

The acid hydrolysis can be performed by using common reaction condition for acid
hydrolysis of ester compound. Preferably, the acid hydrolysis can be performed by
adding dilute hydrochloric acid solution or dilute sulfuric acid solution to the
compound of Formula 3.

Also, the acid hydrolysis can be performed at 50 to 70 °C, preferably at 55 to 65 °C,
and more preferably at 57 to 63 °C, but not limited to the above.

In some embodiment of the present disclosure, the (S2) step can comprises a pu-
rification process of the compound of Formula 4 by using resin. Apropos of the present
disclosure, amount of the resin is preferably to be about 4 to 8 v/w, and most
preferably to be about 5 v/w. Therefore, the preparation method of the present
disclosure is advantageous because no additional facilities are required and due to low
usage of resin.

Additionally, according to the some embodiment of the present disclosure, the (S2)
step can further comprise a crystallization process.

A solvent used in the crystallization process can be methanol, acetone or mixtures
thereof, and it is preferable to use a mixed solvent of methanol and acetone.

The compound of Formula 4 (butrol) can be yielded in high-purity of 90% or more,
preferably 95% or more, and more preferably 98% or more through (S2).

(S3): Formation of a Gadolinium Complex

Apropos of the preparation method of the present disclosure, the (S3) step relates to a
preparation of gadobutrol that is a gadolinium complex by reacting the compound
(butrol) of Formula 4 prepared in high-purity in the (S2) step with a gadolinium ion
source.

The gadolinium ion source can be any compounds that can supply gadolinium ion. It
can be gadolinium oxide, gadolinium acetate or gadolinium chloride. Preferably, the
gadolinium ion source can be gadolinium oxide but not limited to the above.

The reaction in the (S3) step can be performed at 80 to 100 °C, preferably at 85 to 95
°C, and more preferably at 87 to 93 °C, but not limited to the above.

The (S3) step can further comprise a crystallization process of gadobutrol.

The compound of Formula 1 (gadobutrol) can be yielded in high-purity of 99% or
more, preferably 99.5% or more, and more preferably 99.9% or more through the (S3)
step.

In some embodiment of the present disclosure, gadobutrol can be prepared through a
method represented by Scheme 1 below.

[Scheme 1]
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Advantageous Effects of Invention

The preparation method of the present disclosure enables high yield production of
high-purity gadobutrol by only a simple and mild process.
Brief Description of Drawings

The present disclosure will be described more fully hereinafter with reference to the
accompanying examples. However, the present disclosure may be embodied in many
different forms, and should not be construed as being limited to the examples set forth
herein.

In addition, reagents and solvents disclosed hereinafter were purchased from Sigma-
Aldrich Korea unless otherwise said, IR was measured by using Jasco's FT-IR 4100
series; HPLC was measured by using Agilent Technoliges 1200 Series; and 1H NMR
was measured by using Varian Mercury Instrument's oxford NMR 300MHz Spec-

trometer. Purity was calculated as area % of HPLC.

Example 1

Step 1: Preparation of tert-
butyl-2.2'.2"-(10-(1.3.4-trihydroxybutan-2-y1)-1.4.7.10-tetraazacyclododecan-1.4.7-triy
Dtriacetate

3-(1,4,7,10-tetraazacyclododecan-1-yl)butan-1,2,4-triol 4 hydrochloride (100 g,
0.2368 mol) was dissolved under stirring in 500 ml of purified water and 1500 ml of

tetrahydrofuran. Potassium carbonate (327 g, 2.3684 mol) was added thereto at room
temperature and tert-butylbromoacetate(143.2g,0.434mmol)wasslowlyaddedthereto.
Upon completion of the addition, a reaction was performed at 63 to 68 °C. When the

reaction was terminated, 1000 ml of purified water was added thereto and stirred, and
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then an aqueous layer was separated. The solvent of separated organic layer was
removed by concentrating under reduced pressure and then an organic layer was
separated by using 1500 ml of purified water and 1000 ml of toluene. An aqueous layer
was separated by adding 550 ml of hydrochloric acid to the organic layer. 500 ml of
methylene chloride was added to the separated aqueous layer and pH was adjusted to
9.3 to 9.8 by using 100 g of sodium carbonate, and then an organic layer was separated
therefrom. The separated organic layer was washed with 10% salt water to separate the
organic layer and dehydration was performed, and then the solvent was concentrated
under reduced pressure. 400 ml of methylene chloride and 1600 ml of n-hexane were
added to the concentrated residue and the resulting solid therefrom was filtered and
dried to prepare 117.3 g of tert-
butyl-2,2",2"-(10-(1,3,4-trihydroxybutan-2-yl)-1,4,7,10-tetraazacyclododecan- 1,4, 7-triy
Dtriacetate.

Yield: 80%, Purity: 99.7%

'H-NMR(CDCl;,300MHz): 6(ppm) 1.46(s, 9H), 1.90~3.10(m, 11H), 3.20~3.80(m,
17H)

Infrared spectrum(KBr, cm™): 3350, 2980, 2960, 2860, 2820, 1730, 1455

Step 2: Preparation of

etic acid (butrol)

Internal temperature was raised to 57 ~ 63 °C while tert-
butyl-2,2",2"-(10-(1,3,4-trihydroxybutan-2-yl)-1,4,7,10-tetraazacyclododecan- 1,4, 7-triy
Dtriacetate (30 g, 0.048 mol) prepared in Step 1 was dissolved under stirring in 60 ml
of purified water. After elevating the temperature, a mixed solution of 60 ml of
purified water and 6 ml of sulfuric acid prepared in advance was added drop-wise. A
reaction was performed for 4 hours at the same temperature and cooled to room tem-
perature (20 to 25 °C) upon confirming termination of the reaction. When the cooling
was completed, the same was treated with resin (5 v/w) and concentrated. 90 ml of
methanol and 300 ml of acetone were added to the concentrated residue and resulting
crystal was washed with acetone. The filtered crystal was dried in vacuo at internal
temperature of 50 °C to prepare 20.1 g of
2,2'.2"-(10-(1,3,4-trihydroxybutan-2-yl)-1,4,7,10-tetraazacyclododecan- 1,4, 7-triyl)triac
etic acid.

Yield: 92%, Purity: 98%

'H-NMR(CDCl; 300MHz): 6(ppm) 1.92~3.15(m, 11H), 3.23~3.88(m, 17H)

Infrared spectrum(KBr, cm™): 3350, 2980, 2960, 2860, 2820, 1730, 1455

Step 3: Preparation of gadolinium complex (gadobutrol) of
10-(2.3-dihydroxy-1-(hydroxymethyl)propyl)-1.4.7.10-tetraazacyclododecan-1.4.7-tria
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acetic acid (15.4 g, 0.0342 mol) prepared in Step 2 was dissolved under stirring in 77
ml of purified water, and gadolinium oxide (8.67 g, 0.0240 mol) was added thereto.
Internal temperature was raised to 87 ~ 93 °C and the same was stirred for 1 hour at the
same temperature. After confirming termination of the reaction, the reaction solution
was filtered by using diatomite. Resin was added to the filtrate and stirred, then
filtered. The same was decolorated and concentrated under reduced pressure. 7.7 ml of
purified water was added to the concentrated residue and the same was stirred for 2
hours at internal temperature of 70 to 75 °C. After termination of the dissolution, 121.5
ml of ethanol was added thereto and refluxed under stirring for 3 hours. The same was
cooled to room temperature (20 to 25 °C), stirred for 1 hour at the same temperature
and filtered under nitrogen atmosphere. The filtered crystal was dried in vacuo at
internal temperature of 50 °C or less to prepare 16.2 g of gadolinium of
10-(2,3-dihydroxy-1-(hydroxymethyl)propyl)-1,4,7,10-tetraazacyclododecan- 1,4,7-tria
cetic acid.

Yield: 78.3%, Purity: 99.99%

Infrared spectrum (KBr, cm!): 3560, 3280, 2980, 2975, 2940, 2920, 2880, 2870,
1650, 1600, 1380

Comparative Example 1

Gadobutrol was prepared according to Scheme 1 disclosed in the conventional art
(Inorg. Chem. 1997, 36, 6086-6093).

Yield: 65%, Purity: 95.98%

Infrared spectrum(KBr, cm!): identical to Examplel.

Comparative Example 2

Gadobutrol was prepared according to Scheme 2 disclosed in the conventional art
(Inorg. Chem. 1997, 36, 6086-6093).

Yield: 63%, Purity: 93.57%

Infrared spectrum(KBr, cm'):identicaltoExamplel.

Those skilled in the art will appreciate that the conceptions and specific embodiments
disclosed in the foregoing description may be readily utilized as a basis for modifying
or designing other embodiments for carrying out the same purposes of the present
disclosure. Those skilled in the art will also appreciate that such equivalent em-
bodiments do not depart from the spirit and scope of the disclosure as set forth in the

appended Claims.
Industrial Applicability

The preparation process of the present disclosure is very adequate for a large scale
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production because the process is very mild and high-purity gadobutrol can be

prepared in high yield by simple process.
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Claims
[Claim 1] A method for preparing gadobutrol comprising:

(S1) preparing a compound of Formula 3 below by using a compound
of Formula 2 below or its salt;

(S2) preparing a compound of Formula 4 below by using the compound
of Formula 3; and

(S3) preparing a compound of Formula 1 below by using the compound
of Formula 4.

[Formula 1]

(732Cj S\ /——C(Sz
N N
Gd®*
ogc—/ \_/
H
[Formula 2]
.-".Il_""-
HHN,
TNH N e
L S
L
Ir’ oH
H
[Formula 3]
RC:C —. ,— ,—CC:R
M M.
W [
RC-C—" S T OH
Ir"' oM
HO

[Formula 4]
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[Claim 2]

[Claim 3]
[Claim 4]

[Claim 5]

[Claim 6]

[Claim 7]

[Claim 8]
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HO,C— , —\ ,— COgH
N Nj
H
0

N N
HO-C— \_/ e
H

HO
{Wherein, R is linear or branched-chain alkyl of C;-C,}
The method according to claim 1, the (S1) step comprises reacting the
compound of Formula 2 with a compound of Formula 5 below under
existence of a mixed solvent of water and C,-C;; ether and an inorganic
base.
[Formula 5]

OR

{Wherein, R is identical with claim 1 and X is halogen, TsO-or MsO-}
The method according to claim 2, the ether is tetrahydrofuran (THF).
The method according to claim 2, the inorganic base is potassium
carbonate (K,COs;),sodium bicarbonate (NaHCO;), potassium bi-
carbonate (KHCO;) or mixtures thereof.

The method according to claim 2, the (S1) step further comprises a
crystallization process.

The method according to claim 5, a crystallization solvent used in the
crystallization process is methylene chloride, C,-C,; ether, C,-Cy alkane
or mixtures thereof.

The method according to claim 6, the crystallization solvent is a
mixture of methylene chloride and n-Hexane.

The method according to any one of claims 1 to 7, the salt of the
compound of Formula 2 in the (S1) step is 4 hydrochloride of Formula
2-1 below.

[Formula 2-1]

NH HN4HCI

.

NH N
N OH
OH

HO
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[Claim 9]

[Claim 10]

[Claim 11]

[Claim 12]

[Claim 13]

[Claim 14]
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The method according to any one of claims 1 to 7, the compound of
Formula 3 in the (S1) step is a compound of Formula 3-1 below.
[Formula 3-1]

t-BUOZCﬂN/_\N/—COZt-BU

L
t-BuO,C—" \__/ OH
OH
HO

The method according to claim 1, the (S2) step is performed by an acid
hydrolysis.

The method according to claim 10, the (S2) step comprises a pu-
rification process of the compound of Formula 4 by using resin.

The method according to claim 11, the (S2) step further comprises the
crystallization process.

The method according to claim 12, wherein a solvent used in the crys-
tallization process is methanol, acetone or mixture thereof.

The method according to claim 1, the gadolinium ion source is

gadolinium oxide, gadolinium acetate or gadolinium chloride.
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