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acid of the formulal for producing the gadolinium complex of 3,6,9-triaza-3,6,9-
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3,6,9—Triaza-3,6,9~tris(carboxymethyl)—4-(4-ethoxybenzyI)undecanedioic acid (EOB-DTPA) is
a complexing agent or chelator, the complexes of which with lanthanoids are used for
producing agents for NMR and X-ray diagnosis, and also in radiation therapy. (EP 405 704
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Primovist® is offered and used as a 0.25 molar solution as a contrast agent for parenteral
use. The synthesis of the pure substance in a quality which can be used in injections
(intravenous) formulations, in the known prior art, is very complex, expensive and requires
chromatographic purification of the penta-tert-butyl ester of the formula i and subsequent
saponification of the ester with trifluoroacetic acid and acidification of the reaction mixture
with ion exchanger. The resultant monosodium salt is not crystalline and can only be
obtained in solid form by freeze drying. The synthesis is described in EP 0 405 704 B1
(Example 8) and in Schmitt-Willich H., Brehm M., Ewers C.L., Michl G., Muller-Fahrnow A.,
Petrov 0., Platzek J., Raduchel B. Sulzle D. Synthesis and Physicochemical
Characterization of a New Gadolinium Chelate: The Liver-Specific Magnetic Resonance
Imaging Contrast Agent Gd-EOB-DTPA. Inorg Chem. 1999, 38(6): 1134—1144. This method,
however, is unsuitable for production.

The actual production of Primovist® formulation (commercial product) consisted at the start
in dissolving the previously freeze-dried gadolinium complex as a disodium salt in water, with
addition of commercially conventional buffers, and also with addition of excess EOB-DTPA,
generally in the form of the calcium complex of 3,6,9-triaza-3,6,9-tris(carboxymethyl)—4-(4-
ethoxybenzyl)undecanedioic acid. The use of this excess of complexing agent (excess
ligand) of or calcium(Ca) salt is discussed in detail in the patent EP 0 270 483 B2.

Since the gadolinium complex as a disodium salt has very hygroscopic properties, a so-
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The invention relates to a method for producing crystalline  3,6,9-triaza-3,6,9-
tris{(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic acid of the formula 1, in which

3,6,9—triaza-3,6,9-tris-(tert—butoxy-carbonyimethyl)-4-(4—ethoxybenzyl)undecanedioic acid-di-
tert-butyl ester of the formula 1
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recrystallization from 4-8 times the amount of boiling water by means of crystallization,
wherein it should be ensured that the cooling rate of the solution does not exceed a

maximum of 10°C per hour.
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Reagents acetonitrile for chromatography sul phuric acid, greater
than 97% tetrabutyl anmoni um hydrogen sul phate

The ligand (EOB-DTPA) thus produced by means of the method according to the invention is
not hygroscopic and is distinguished by very high purities (> 98.75%, > 99.0%) according to
HPLC (100% method). The residual methanol solvent content of a product prepared by the
process according to the invention, at < 0.01%, is well below the specification limit (0.1%). It
is likewise found that, as a result of the crystaliizations, the enantiomeric excess is improved,
thereby giving enantiomeric excesses of > 99% e.e. The substance is very storage stable
and can be processed further at a later time as required. The overall process has thus been
greatly simplified, which is demonstrated by a reduction in cost since expensive
chromatographic steps and also ion exchange desalting steps are no longer reguired. The
technically difficult handling of freeze-dried material is also dispensed with.

The use of 3,6,9—triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzy!)undecanedioié acid for
producing the gadolinium complex of 3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-
ethoxybenzyl)undecanedioic acid (Gd-EOB-DTPA) proceeds by reacting digadolinium
trioxide in water and subsequent freeze drying, as described in DE 39 22 005 A1 and using
crystalline 3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic acid of the
formula | for producing a galenical formulation of the gadolinium complex of 3,6,9-triaza-
3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic  acid (Gd-EOB-DTPA) for
diagnostic purposes, particularly for MR tomography.

Examples

Example 1

Crystaliine 3,6,9-triaza-3,6,9-tris(carboxymethyl}-4-(4-ethoxybenzyl)undecanedioic acid:

2001 of a methanolic solution of 3,6,9-triaza-3,6,9-tris(tert-butoxycarbonylmethyl)-4-(4-
ethoxybenzyljundecanedioic acid-di-tert-butyt ester (195 mol of crude ester from preliminary
stage, without chromatographic purification, produced according to: Schmitt-Willich H.,
Brehm M., Ewers C.L., Michl G., Muller-Fahrmow A., Petrov O., Platzek J., Raduchel B.,
Sulzle D. Synthesis and Physicochemical Characterization of a New Gadolinium Chelate:
The Liver-Specific Magnefic Resonance Imaging Contrast Agent Gd-EOB-DTPA. Inorg
Chem. 1999; 38(6)) are admixed with 280 | of methanol. The resultant solution is added fo a
solution of 45.1 kg (1130 mol) of sodium hydroxide and 121 | of water. The reaction mixture
is heated for 2.5 hours under reflux and thereafter concentrated by evaporation to
approximately 200 | under reduced pressure. The remaining oil is diluted with water to a
weight of 397 kg. To the solution are added slowly dropwise 1821 of a 25% strength
sulphuric acid {(pH of the solution: 2.63). After the start of crystallization, the mixture is again
adjusted to a pH of 2.6 by further addition of sulphuric acid. The reaction mixture is stirred for
a further 12 hours at 20°C. The resultant crystals are filtered off and recrystaliized from
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Purity (100% method, HPLC): > 99%

Description of method (HPLC, 100% method)

Reagents

. acetonitrile for chromatography

. sulphuric acid, greater than 97%

. tetrabutylammonium hydrogen sulphate
. water

. EOB-DTPA, working standard

Test method

The test method Related Substances/Degradation Products is combined with the test
method Content. The test and control solutions must be prepared and aliquoted at the same
femperature.

Test solutions P1 and P2

A solution with 1.00 mg/m! (0.95 - 1.05 mg/mi) of test substance is prepared by dissolving
test substance in mobile phase A without heating, cP1/P2.

Exampie:

10.00 mg of test substance are dissolved without heating in mobile phase A in a 10 ml
volumetric flask, and made up to the mark.
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Example

10.00 mg of EOB-DTPA, working standard are dissolved without heating in mobile phase A
in a 10 mi volumetric flask, and made up to the mark.

Test conditions

Injection of test solution P: 10 pl

Injection of control solution V: 10 ul

Injection scheme: eg.V,max.3-P1and P2,V

Detector: UV detector

Detector wavelength: 225 nm

Column: steel, length 12.5 cm, intermnal d = 4.6 mm

Stationary phase: Hypersil ODS, 3 um or equivaient

Mobile Phase A: 2 g of tetrabutylammonium hydrogen sulphate are

dissolved in 900 ml of water for chromatography. Added
to this solution are 100ml of acetonitrile for
chromatography. The pH is adjusted to 1.4 using 97%
sulphuric acid. The mobile phase can be adapted with
5% of water or 2% of acetonitrile for chromatography.
Different volumes of the mobile phase can be prepared,
with a consistent concentration.

Mobile Phase B: : acetonitrile for chromatography



B %(viv) 0 1.0 100 0 10 1. 0 100 0 38 1. 0 75 25 39 1. 0 100
WO 2011/154333 8 PCT/EP2011/059243

Gradient programme:

Timepoint | Flowrate | A% (viv) | B % (viv)
[min] [ml/min]
0 1.0 100 0
10 1.0 100 0
38 1.0 75 25
39 1.0 100 0
50 1.0 100
Temperature: recom temperature
Data recording time: 50 minutes
System suitability fest: The variation coefficient (VC) from at least 6 injections of

the control solution V must be < 1.0%.

All peaks must be capable of integration.

Example 2

Production of a 0.25M Primovist formulation using crystalline 3,6,9-triaza-3,6,2-
tris(carboxymethyl)-4-(4-ethoxybenzyl Jundecanedioic acid (Tris-HCI buffer plus Ca complex
excess)

56.0 g of calcium carbonate are dissolved in 1.344 kg of 3.6% strength aqueous hydrochloric
acid and this solution is added to a suspension charged in advance consisting of 33.06 kg of
crystalline 3,8,9-triaza-3,6,9-tris(carboxymethyl}-4-(4-ethoxybenzyl)undecanedioic  acid,
14.944 kg of a 25% strength aqueous sodium hydroxide solution and 11.26 kg of gadolinium
oxide and added to 160 | of water. The mixture is heated to 90°C for approximately 2 h; in the
course of this the gadolinium oxide dissolves until a clear solution is formed. Then, 301.66 g
of Trometamol (Tris buffer) are added and the mixture is aliowed to cool to 30°C. The pH is
adjusted to pH 7.2 (selecting either a 5% aqueous HCI or a 5% aqueous sodium hydroxide -
solution). The total volume of the solution is adjusted to 250.8 | by adding water. The solution
is filtered through a membrane (nitrogen p'ressure) and can then be charged into
commercially conventional vials and sterilized.



0501 1 Tenperature:roomtenperature Data recording tinme:50
i nut eW%@S@ﬂgg%ﬁ% ability test: The vdriation coefficieRET 111058243
at least 6 injections of the control solution V nust be 1.0% Al

peaks nust be capable of integration. Exanple 2 Production of a 0.25
M Pri m@aiggs fornul ati on using crystalline 3,6,9-triaza-3, 6, 9-
tris(carboxynet hyl)-4-(4-ethoxybenzyl)undecanedi oic acid (Tris-HC
buffer plus Ca conplex excess) 56.0 g of cal cium carbonate are

di ssol Jgd M@tmd34gi%kg Brodycing, scrsialing actiedusazeydie Seiris(oniboxyroettyRde 4-
this selrdkisehzySuriddastdidic aci8 Be RIS £harged in advance consi sting
of 33.06 kg of crystalline

3,6,9-triaza-3,6,9-tris(carboxynet hyl)-4-(4-ethoxybenzyl)undecanedi oi
c acid, 14.944 kg of a 25965tr&ﬂ§?h aqueous sodi um hydr oxi de sol ution
and 11.26 kg of gadolinium oxi de and added to 160 |I of water. The

m xture is heated to 90C for @pproximately 2 8; in the course of this
t he gadol i ni um oxi de di ssol ve til a clear golution is forned.

Then, 301.66 g of Tronetanol s buffer) e~added and the m xture
is allowed to cool to 30C. The pHis adjusted to pH 7.2 (selecting

ei ther a 5% aqueous HCl or gd% agliev hydr oxi de sol ution).
The total volune of the soL;%Egﬁf s a jusbed:ié 250.8 | by adding
water. The solution is fil e ug ngfibrane (nitrogen
pressure) and can then be charged ipto mrerci al ly conventi onal
vials and sterilized. WD 2011/1 / EP2011/ 059243

characterized in that 3,6,9-triaza-3,6,9-tr]s—(tert—butoxy—cérbonylmethyl)—4—(4—ethoxy—
benzyl)undecanedioic acid di-tert-butyl ester of the formula li

is hydroiysed with an aqueous alkali mefal hydroxide solution, concentrated, the residue is
dissolved in water and the resultant solution is acidified and filtered from the precipitate.

2} Method for preparing crystaline  3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-
ethoxybenzyl)undecanediocic acid of the formula 1.



Cl ai nms
1) Met h¥¥P3PHHAaHIgeryst al | i ne3, 6, 9-19 aza- 3, 6, 9- t ri s(CETAB2PAL0FHLI3
-4-(4- ethoxybenzypundecanedi oi ¢ aci d of the formula I,

characterizedinthat3,6,9-triaza-3,6,9-tris-(tert-but oxy-carbonyl net hy
| ) - 4- (4- et hoxy- benzyOJndecaneGbﬁ\o acid di-tert-butyl ester of the
formula Il 11 is hydrolysed wijfh an aqueous al kali netal hydroxide

solution, concentrated, the rgsidue is dissolged in water and the
resultant solution is acidifile nd filtered filromthe precipitate.
characterizedinthat3,6,9-triaza-3, 6, 9-tri s(t€rtpRQut oxycar bonyl net hyl)
-4-(4- ethoxybenzyQundecanedi oi aC| d d| -tert-butyl ester of the

formula Il 11 is dissolveddm a a ol, hydrolysed with an
esul tant reaction

aqueous al kali netal hydrOX|dk S

m xture i s concentrated, bA water and the

resul tant solution aC|d|f|ed by slo ad |t|on of an aqueous i norganic
acid and filtered fromthe preci m

Utl

characterized in that 3,8,9-triaza-3,6,9-fris(tert-butoxycarbonylmethyi)-4-(4-
ethoxybenzyl)undecanedioic acid di-tert-butyl ester of the formuta II
o
O

is dissolved in a lower alcohol, hydrolysed with an aqueous alkali metal hydroxide solution,
the resultant reaction mixture is concentrated, the residue dissolved in water and the
resultant solution acidified by slow addition of an aqueous inorganic acid and filtered from the
precipitate.

3) Method for producing crystaline  3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-
ethoxybenzyl)undecanedioic acid according to Ciaim 1 or 2, characterized in that the
resultant crude crystals are dissolved in 4- to 6-times the amount of boiling water and this is
allowed to cool with a cooling rate of a maximum of 10°C per hour.

4) Use of 3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic acid of
the formula |1 for producing the gadolinium complex of 3,8,9-triaza-3,6,9-tris(carboxymethyl)-
4-(4-ethoxybenzyl)undecanedioic acid (Gd-EOB-DTPA).



i

3)

Met hodMBPEPdHAB#3RCr yst al | i ne3, 6, 9-trilhza- 3, 6, 9-t ri s( caPOTERMEH P43
-(4- ethoxybenzypundecanedi oic acid according to Claim1l or 2,
characterized in that the resultant crude crystals are dissolved in

4- t th 0 Gyti er_EJ%et hect)faWDUrI?btamﬁe bOl3,G,B]griéi%fé&&gatﬁﬁ(cbmoﬁydiéth%g-hqhﬁ%%éx?b&%h-
Wi a cooling rate of a maxi 0 er_ hour e 0 L
5 6 o pipeasdol sy B 1R ARNURY Rt hipRyend e aakiisk fsEhie st drsnsadaliole
aci d ofomplexfodi3h9-dridzafas, Ssnsicarboxyoneting)-gattethorybenzg umpk eanedloic acid (Gd-
3,6, 9- Hd@BapRy 6, 9-tris(carboxynet hyl) -

4- (4-et oxyben%yl ) undecanedi oi ¢ aci d ( Gd- EOB- DTPA) . 5)
Useofcrystalline3, 6,9-triaza-3,6,9-tris(carboxynethyl)-4-(4-ethoxyben

zyl) - B?dec@!Begifrﬂéfa-g,gEQFtriQ(fcan'Bﬁyrﬁchﬂgl?(’Mg?létﬁd?&bﬁz?ﬁ%e@gnéadi(ﬂ@laaeiir?gl

formul ation of the gadglini um conp

3, 6, 9- PHIYPAISELrdNaN 9L car boxynet hyl ) - 4- (4- et hoxybenzyQundecanedi oi ¢
acid (GJEOB-DTPA). 6)

3,6,9-Triaza-3,6,9-tris(carboxymnet hyl)-4-(4-ethoxybenzynundecanedi oi c
acid in a purity of greater than 99%



