*159159* Method for producing crystalline ..

3, 6, 9- BHGI03086-6oRidr Cofntdesdooxymet hyl )| 4- (4- et hoxybenzyl Yu acid
and the use for producing PrinovistO The invention rel at esrﬁﬂ mu“mumfor
producing crystalline 3,6,9-triaza-3,6, 9- 15
tris(carboxynethyl)-4-(4-ethoxybenzyQundecanedi oic acid of the 8Pl a I
bysaponi fyi ng3, 6,9-tri aza- | r bonyT et hyl) - 4- (4- et hoxy
benzyl) - undecanedi oi ¢ amgl g‘ﬁfg{rﬁl&&ﬂ*gg@%m the formula I'l, and to

t he use 3$,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic acid and the

3,6,9-triaza-3, 6, 9-tri s(car asxyorgroduging-Hrimetiseaxybenzypundecanedi oi ¢ acid
of the formula | for producing the gadolinium conpl ex of

3,6,9-triaza-3,6,9- tris(carboxynethyl)-4-(4-ethoxybenzypundecanedi oi ¢ acid
( &d- EOB- DTPA=Pri novi st O).
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also in radiation therapy. (EP 405 704
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by saponifying 3,6,9-triaza-3,6,9-tris(tert-butoxycarbonylmethyl)-4-(4-ethoxybenzyl)-

undecanedioic acid di-tert-butyl ester of the formula Il, -
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and to the use of 3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic
acid of the formulal for producing the gadolinium complex of 3,6,9-triaza-3,6,9-
tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic acid (Gd-EOB-DTPA=Primovist®).

3,6,9-Triaza-3,6,9-tris(carboxymethyl)-4-(4-ethoxybenzyl)Jundecanedioic 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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Bl). The gadol i ni um conpl ex of

3,6, 9- tmicamoasﬁo%ig,{ calasdoxynet hyl ) 4- (4- et hoxybenzyl) - undecanedi oi c
acid (G&d-EOB-DTPA) 1s known in the literature as a disodiumsalt under the
nanes Eovi st and PrinovistO (gadoxetic acid) O O Na+ NaO-NN1 ONoc) 0 O -0
Gd 3+ @ﬂ)ECB-DTPA and has been permtted since 2004 as a liver-contrast
agent as’a contrast agent for nuclear spin tonmography. PrinmovistO is

of f er ed hgnd9dpdiBiugs somples S| a3.6&dTiaza-ak. Slsisiga yma@vl 4dérathaxybenzyl)-

par ent enhdécatedioicTaed $GHEITEDIPAS ist rvowplin ehs leedtarecss 4 Qisadignasdit yndshith can
be used, [ v%?&hc?ﬁﬁm(:b@t’@@‘ég&%‘ﬁé)ac.dgr”“' ations, in the known prior art,

is very conplex, expensive requi res chromatographic purification of the
penta-tert-butyl ester of the fornmula Il and subsequent saponification of
the ester with trifluoroacetic~asid and acidification of the reaction

m xture with ion exchanger. e resultant nonosodiumsalt is not
crystalline and can only be ghtained in solid formby freeze drying. The
synthesis is described in EP 405 704 Bl (Exarple 8) and in
Schmtt-Wllich H, Brehm ers C.L., Mchl||G, Miller-Fahrnow A
Petrov 0., Platzek J., Rad B., Sulzle D. hesi s, and Physi cocheni cal
Characterization of a New Gadplini um Chel ate TheXLi wes'- Speci fic Magnetic
Resonance | nmagi ng Cont rast Agent GJ- EOB: DTP | norg Chem 1999; 38(6):
1134-1144. This net hd¥ hogevernyi s w{w\t\a’b or production. The actual
production of PrinovistO f rrrul t| on (cormerm a product) consisted at the

start in dissolvingthe(alI dol i ni um conpl ex as a
di sodiumsalt in water ith addl t!on o] cor‘rﬁ)erm | y conventional buffers,

and also with addition of excess - DTRA, generally in the formof the

cal cium conpl ex of 3,6,9-triazag3 6, @ tris(carboxynethyl)-4-(4-

et hoxybenzyl ) undecanedi oi ¢ aci d. The uge of this excess of conplexing agent
(excess ligand) of or cal ciunm(Ca) saGw is discussed in detail in the patent
EP 0 270 483 B2. Since the gadoliniumconplex as a disodiumsalt has very
hygroscopi c properties, a so- BiddlemLeTHEyxei gn Countries3 called
"upscaling"” of this process is very difficult. Large-scale freeze dryers
wer e u@@ﬂg‘!‘ﬁé rbe?ﬂip§"b'§?<?)é@ée P HS@eHVPKI%?’BG’SE Agenb P LEaNtraRt agent foaruciens

var i ablspintamegrapbyt ent qual ity. Furthernore, the subsequent step of
packaging and storing the drug substance is also very difficult. It would
be nore advantageous if a process were available in which the gadolinium
conpl eXriEwlyist® e ofiered #he sk i @ Re2d melan solpimBaDRERNtrasicpagat &I inarentereki de

di rect lyge. 'fﬁé styhthas.etwfpmepuré%y@hce nm auaity aidn tah ok lbueqhmpwécwns

charge? P gal la or =

triazal8! r%"@oi"? ?E%AF Mgy oW Rf@f@ﬂh&mr‘f?mpj%naé%%ﬁa&%d reguifed) is a
pr er equehsiniaogrhphib gairificatob ext dhe ppotaSteh)-lbetyﬂ @siebloitie fd”mnula! Ipand siubsequent
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the in Nit r d i ch the
gadol | %?%“nﬁé?oggj’e'@ R Bt e aduta T e Spifegi e CRSCHEA Ay i B0 oAt

gadol i AFXAMRIR Bdandiin sehmijt: Iﬂlﬂ‘ 'ﬂhﬁéem#\/bo'éwemh&ke\}\éwhl @hé/lUéi@anﬂabpwﬁy of
hi gh- pyetrby 0. QaPIdfze(( 31 6,Raduchéza.3, SulBle D. Synthesis and P 'l:'ysmochemlcal

LRI by N R 862 150 L g o R Bl "

i nvent ﬂmagmgl@hﬁasttﬁq;eat G tHBDITHA. [lrravglmtwengm@gfsa_{a(aﬁ)l nm—anm.%ﬁqmamads, 6, 9-

tr| S(C%g@%&f‘ﬁtmma‘bﬁ%(o?'bﬁotdt](?ﬁ%benzyp“ndecaned' oic acid of the forrmula I,
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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3, 6, 9- BHGWB036-6okkidr Courlttiey t - but oxy- @ar bonyl met hyl ) - 4- (4- et hoxybenzypundec
anedioic acid-ditert-butyl ester of the fornula Il BHC103046- Forei gn
Countries4 Il is hydrolysed with an aqueous al kali netal hydroxide

sol uti ' nt
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sol uti mrtaémﬁﬂg the s@QgéqubHﬁstéﬁ%ﬂbé@d&bm@%@@tét&fhg%étddﬁg?sub%taﬁﬁBQ§stb%ﬁ)d t he
re5|duefh sso ter an the resul t ant s? utton is acid to a

I N
pH of 3 d 'B%f“%‘? mﬁwmeyuaf HPRCess were gydilalie,n whigh thegadaiiniym
aqUﬁ03$omlpmxgmnldCbeipnoduceimﬂorﬁItlhé tgad EOBDTRA) Eh@ghﬁblhmomb@d&écttyhﬁ‘or
net ho

i S nat _necessary.to,.pburify th enta-tert-.butyl ter
for moi 47k puteBs® HosERE 35 by BB S, biovlf RERAGH aihs JedbeRERET 50 Bos
producttnazaeiﬂ@@tns(cmbyx,wmmylhd.»(4—eﬂmy5ﬁmeylbmﬁhmedm &ed)danmprerdquaisite. i n such a
manner that the ester of the formula Il is di ssolved in a | ower al cohol,
such as ethanol, n-propanol, isopropanol, Preferably met hanol , is
adni xedt Kas movs begpnye @a%ﬁ'b)alt@ﬁbba"bﬂﬂedwaed ﬂ'b°’1/2 aftipp dermairkeary hight aualiandoxi de

E ol :Jt i Qrétlc( imbet ﬂbédﬂn? Qi uya hm?@w @Iﬁomt@iogtapm) aa@dorlnyél%?éag%ed;e%{tﬂbm

oiling te react.ion i xtur conpletion o e
I‘eaCtlng ’W@ﬁ“@jﬁaﬁ'oﬁ@ﬂ?r RfzefngRg @r‘ﬂ%%@ﬁeqewméh‘?é er known per se by
thin-layer chromatography (TLC) or gas chromatographic (GC) analysis. After
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prefera N vacuum'd he T esidue I'n"wat er
and t héhe eadalinignt canepiex ¢anberpredueed ﬁt@nd@hg@déﬂo&%%)e@lm@oﬁmgmw in

wat er %necttyhﬁomwareage %Q\lvé'\f/éroﬁ‘ne'a'i/aﬁ’é‘ﬂnﬁ;'/ bt ﬁgh 1o8rif 1IBEh& (=3.6lotR23-35 gbut

preferably of sl ow addi ti on of “an aguéeous |nor anic ac
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per f or rRd in & fe&molhien BBdtage-b1able i Bssendidi tion is interrupted at the start of
turbidity and then continued with advancing crystallization. Wen the

adj usted pH remains constant at 2.1 to 2.8, preferably at 2.5-2.7 after 12
hour s, Thke iovenéibml selates ftol taer ewthufd . foThipsoducingt adrystalinde 3f68-triaza-38184 f i ed
by rect ;ﬁﬁﬁ n [ggqp g by means of
cryst altrﬁéég% Jl”l '\”Rﬁ oF LI nit fy‘b%HHIrﬁﬁ%eJﬁgg@ur e ?fﬁg? R)?ﬁglagolg}%'fg{ rate of the
sol ution does not exceed a maxi mum of 10C per hour. BHC103046- Forei gn
Countries5 The |igand (EOB- DTPA~thus produced by neans of the nethod
according to the invention is not hygroscopi ¢ and is distinguished by very
high purities (>98.75% > 99. ccording togHPLC (100% net hod). The

resi dual net hanol sol vent con of a productl prepared by the process
according to the invention, 0.01% is bal ow t he specification
limt (0.19%. It is i kewi se found t hat, as a result of the
crystallizations, the enantiuge e ﬁé“s«r i nproved, thereby giving
enantioneri c excesses of >Qﬁggiqu. $bst nce i s very storage stable
and can be processed furth asopopequi red. The overal
process has thus been greatly sinpl fle by mhlch is denpnstrated by a
reduction in cost since expensiveg tographlc steps and al so ion
exchange desalting steps are no longer required. The technically difficult
handl i ng of freeze-dried material islalso dispensed with. The use of
3,6,9-triaza-3,6,9-tris(carboxynet hyl)-4-(4-ethoxybenzyl)undecanedi oi ¢ acid
for producing the gadolinium conpl ex of

3,6,9-triaza-3, 6, 9- tris(carboxynethyl) 4- (4- et hoxybenzypundecanedi oic acid

(- E |_iqr ter. _and
Subscaqii P r2erss SR o Pbu R LB aR I b G cafle Bl S

cryst altgrt- hutyl ester of the formula I

3,6,9-triaza-3,6,9-tris(carboxynet hyl)-4-(4-ethoxybenzyl)undecanedi oic acid
of the formula | for producing a galenical forrulation of the gadolinium
conpl ex of
3,6,9-triaza3,6,9-tris(carboxynethyl)-4-(4-ethoxybenzypundecanedi oi ¢ aci d
(CGd- EOB- DTPA) for diagnostic purposes, particularly for MR tonography.
Exanpl es




Exanple 1 Crystalline

9- BHGIDR036- 60&,grf@@(mﬁgsboxyrret hyl - 4- ( 4- et hoxybenzypundecanedi oi ¢ aci d:
2001 of a nethanolic solution of
3,6,9-triaza-3,6,9-tris(tert-butoxycarbonyl net hyl)-4-(4-
et hoxybenzypundecanedi oi ¢ aci dpei™tert-butyl ester (195 nol of crude ester
fromprelimnary stage, wt hou chromat ographi c purification, produced
according to: Schmtt-Wllic Brehm M , rs C. L., Mchl G,
Mul | er - Fahrnow A., Petrov O. | at zek J., Ra B., SuIzIe D. Synthesis
and Physi cochem cal Characterigation of a | i ni um Chel ate: The
Li ver-Specific Magnetic %séna ce | magl ng nt rast® Agent Gd- EOB- DTPA. | norg

Chem 1999; 38(6)) are ad

. t hanol . The resul tant
solution is added to a sofution of 4 .1 kg ( 130 I) of sodi um hydr oxi de
and 121 | of water. The re mJN\O/QN for 2.5 hours under

reflux and thereafter concentrated vaporat I'on Yo approxi mately 200 |

under reduced pressure. The remm] is diluted with water to a wei ght
of 397 kg. To the solution are added sI o) dropwi se 1821 of a 25% strength
sul phuric acid (pH of the sol ution: ). After the start of

crystallization, the mxture is agai adj usted to a pH of 2.6 by further
addi tion of sul phuric acid. The reaction mxture is stirred for a further
12 hours at 20C. The resultant crystalls are filtered off and recrystallized
from BHC103046- Foreign Countries6 water. It is necessary in this case to
mai ntain a cooling rate of a maxi num of 10C/ h. After drying in a vacuum
(50C), 74.7 kg of the 3,6,9-triaza-3,6,9-tris(carboxynethyl)-4-(4-

et hOXY@HWBNQ@EWH% ahGedsl Slkar ﬁneimtr@umel oIttt fceﬁéermfateqplt@é"résﬁ?&fe

crysta lv Oé)nof t heor solttll ng é” 4\| 12 | gltlon Lal)rDZO: +
g el At o cBSe B, o A Shacted S b 1bGhes
alcohol, hydrolysed with 5 to 7 equivalents of an aqueous alkali metal hydroxide solution at
50°C to 90°C, the resultant reaction mixture is concentrated, the residue is dissolved in water
and the resultant solution is acidified to a pH of 2.1 to 2.8, but preferably of 2.5 to 2.7 by slow
addition of an aqueous inorganic acid, and filtered from the precipitate.
Under the method, it is not necessary to purify the penta-tert-butyl ester of the formula Il; in
addition, this method has the advantage that the process product occurs in crystalline form.
The method can be carried out in such a manner that the ester of the formula 1l is dissolved
in a lower alcohol, such as ethanol, n-propanol, isopropanol, or preferably methanol, is
admixed with 5 to 7 equivalents of an 8 to 12 molar alkali metal hydroxide solution
(preferably sodium hydroxide solution) and hydrolysed at the boiling temperature of the
reaction mixture until completion of the reaction, which can be readily determined in a
manner known per se by thin-layer chromatography (TLC) or gas chromatographic (GC)
analysis.
After hydrolysis has been performed, the solvent is substantially removed, preferably by
means of vacuum distillation, the residue dissolved in water and the resultant reaction
mixture concentrated, the residue dissolved in water and the resultant solution is acidified to
a pH of 2.1 to 2.8, but preferably of 2.5 to 2.7 by slow addition of an aqueous inorganic acid,
preferably 12 to 25% strength sulphuric acid. The metered addition is performed in such a
manner that the addition is interrupted at the start of turbidity and then continued with
advancing crystallization. When the adjusted pH remains constant at 2.1 to 2.8, preferably at
2.5-2.7 after 12 hours, the crystals are filtered off. This crystal can be further purified by
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.



Found 45.89 6.75 6.78 Purity (100% nmet hod, HPLC): > 99% Descri ption of

met hod BHdRIOB044-P0PsigreChntdiesReagent s &cetonitrile for chromat ography
sul phuric acid, greater than 97% tetrabutyl anmoni um hydrogen sul phate

wat er EOB- DTPA, worki ng standard Test nethod The test nethod Rel ated
Subst ances/ Degradation Products-is conbined with the test nethod Content.
The test and control solutions nust be prepared and aliquoted at the sane

t enper dharigandrdzQB-BIPAY thisreducad by meanssb the methodiageerdingdo Fsyinvention &5 -
1. 05 mybithy)grecopRSdndsSiy ki lﬁ%é@bﬁﬁ@gﬁg@‘ﬂ&@bﬁeg (s88l78%19 99@@)4@«%%@@?& in
ggln![ ?iFng_%saOéVym mteph%lcjjg. Tm%arelsig al rﬁept:rl'\éncﬁ'solveﬁt olan‘e'nt ol?lgcplrg L(J)cl’%?)_repcélrreedI g{,\ 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 crystallizations, 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 required. 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-ethoxybenzyl)undecanedioic 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

Crystalline 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-
ethoxybenzyl)undecanedioic acid-di-tert-butyl ester (195 mol of crude ester from preliminary
stage, without chromatographic purification, produced according to: Schmitt-Willich H.,
Brenm M., Ewers C.L., Michl G., Muller-Fahrnow A., Petrov O., 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. I/norg
Chem. 1999; 38(6)) are admixed with 280 | of methanol. The resultant solution is added to 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 recrystallized from



Control solution V A solution with 1.00 ng/m (corresponding to 0.95 - 1.05
ng/ m ) m{c15@4@”ﬁ8{§|grscmm,p@g ed by di sspl ving at |east 10 ng of EOB- DTPA,
wor ki ng standard, m in nobile phase Ain a volunetric flask with the

vol ume V[ V]. Exarrpl e 10.00 ng of EOB-DTPA, working standard are dissol ved
Wi t hou a I L [ t ) d AfRde up
o tne el Habs e BIESD Aol a'coolfie K WP thanimbu ) 10- I ABFC,
cont r oldngrg uni anvacuumj(e@iGlon’4tkenef the 3p$ 91034ﬂ3§9gfl3(vafbn’metﬁylm (&nd P2,
vV W @ﬂ%&%éﬂzy%@e@éﬂeﬁ&@hmd|a‘?élgbf& ned-iR tdortnBr @bRAHe < cwéal@ TRdBey Si |
obsS, 3 gm or equivalent 2 g of tetrabutyl amoni um hydrogeh sul phate are

di ssol weHepry 900 m of water for chromatography. Added to this solution are
100 m Msitirgoetidii26tC [decbmpositivrgmat ogr aphylalpiye p#2i(BtGH) usted to 1.4 using
97% sul phuric acid. The nobil e phase can be adapted with 5% of water or 2%
of acetonitrile for chromatography. D fferent volunes of the nobile phase
can be Apalpiar ea3H3dNIP = HsPst ent concentration. Mbile Phase

B: acetonitrile for chromatography BHC103046-Foreign Countries8

C N H
Reported 46.07 7.01 6.89
Found 45.89 6.75 6.78

Purity (100% method, HPLC): > 99%

Description of method (HPLC, 100% method)

Reagents

o acetonitrile for chromatography

. sulphuric acid, greater than 97%

) tetrabutylammonium hydrogen sulphate
o 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
temperature.

Test solutions P1 and P2

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

Example:

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.



Time point [mn] Flowrate [mM/mn] A %(v/v) B %(v/v) 0 1.0 100 0 10 1. O
100 0 BHA103046-Foixign Countries 7

Control solution V

A solution with 1.00 mg/ml (corresponding to 0.95 — 1.05 mg/ml) of EOB-DTPA is prepared
by dissolving at least 10 mg of EOB-DTPA, working standard, m, in mobile phase A in a
volumetric flask with the volume V[V].

Example

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

Test conditions

Injection of test solution P: 10 pl

Injection of control solution V: 10 pl

Injection scheme: e.g.V,max.3-P1and P2,V

Detector: UV detector

Detector wavelength: 225 nm

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

Stationary phase: Hypersil ODS, 3 pm or equivalent

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



39 1. 0100 0 50 1. O 100 O roomtenperature 50 mnutes The variation
coef f i @GHIMO30¥E-FofdigmTaintligast 6 injea@ions of the control solution V nust
be 1.0% Al peaks nust be capable of integration. Exanple 2 Production of
a 0.25 MPrinovist formulation using crystalline 3,6,9-triaza-3, 6, 9-
tris(carboxynet hyl)-4-(4-ethoxybenzyl)undecanedi oic acid (Tris-HC buffer

pl us Ca conpl ex excess) 56.0 g of calciumcarbonate are dissolved in 1.344
kg of Xrediestpregrgitneiqueous hydrochloric acid and this solution is added to
a suspension charged in advance 6aa%bst | NI FRfw e 08 KQuofungT YSBa(LOF
3,6,9-triaza-3,6,9-tris(carboxynet hyl)-4- (4-et hoxybenzypundecanedi oi ¢ jaci d,
14.944 kg of a 25% strength aq 1ol odj ||m[m}/m”(ﬂxi e solution and 11.26 kg
of gadolinium oxi de and added to 160 | of watigg. The mgpure|is hgated| to
90C for approximately 2 h; in fhe c8urse of yps the ggd8| i nifum oxi de
di ssolves until a clear solutipnid%ormed. Then,—301.68 g—of Tron DI
(Tris buffer) are added and thg m 8Bure |i s altbwed [to cowl t¢ 30@5 The pH
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Temperature: room temperature
Data recording time: 50 minutes
System suitability test: 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-3,6,9-
tris(carboxymethyl)-4-(4-ethoxybenzyl)undecanedioic 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  3,6,9-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 allowed 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 pressure) and can then be charged into

commercially conventional vials and sterilized.
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4- et hoxy- benzypundecanedioic acid di-tert-butyl ester of the fornula

1) Met hodf or produci ngcrystalline3,6,9-triaza-3,6,9-tris(carboxynethyl)-4-(4-
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1) Method for producing crystalline  3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-

ethoxybenzyl)undecanedioic acid of the formula |,

o

characterized in that 3,6,9-triaza-3,6,9-tris-(tert-butoxy-carbonylmethyl)-4-(4-ethoxy-

benzyl)undecanedioic acid di-tert-butyl ester of the formula Il

is hydrolysed with an aqueous alkali metal 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)undecanedioic acid of the formula I.



Il is hydrolysed with an aqueous al kali netal hydroxide sol ution,
concenBHT Wd046-FeraigsColuridss di ssol vedoin water and the resultant solution
is acidified and filtered fromthe precipitate. BHCL03046- Foreign
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characterizedinthat3,6,9-tri azgjfg\ﬁ O-tris(tert-butoxycarbonyl net hyl)-4-(4-
et hoxybenzyl ) undecanedi oi ¢ acid di-tert-butyl ester of the formula Il o O
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characterized in that 3,6,9-triaza-3,6,9-tris(tert-butoxycarbonylmethyl)-4-(4-
ethoxybenzyl)undecanedioic acid di-tert-butyl ester of the formula Il

M
x
kf

+x

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 crystalline 3,6,9-triaza-3,6,9-tris(carboxymethyl)-4-(4-
ethoxybenzyl)undecanedioic acid according to Claim 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 | for producing the gadolinium complex of 3,6,9-triaza-3,6,9-tris(carboxymethyi)-
4-(4-ethoxybenzyl)undecanedioic acid (Gd-EOB-DTPA).



OO01Il is dissolved in a | ower alcohol, hydrolysed with an aqueous al kal

met al  IBHT 10804 Fe@ight Cauntrigshe resultant reaction mxture is concentrat ed,
the residue dissolved in water and the resultant solution acidified by slow
addi tion of an aqueous inorganic acid and filtered fromthe precipitate.
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Useof crystal line3,6,9-triaza-3,6,9-tris(carboxynethyl)-4-(4-ethoxybenzyl)-
undecanedi oic acid of the forrmula | for producing a gal enical fornulation
of the gadol i nium conpl ex of

3,6,9-triaza-3,6,9-tris(carboxynet hyl) -4-(4-ethoxybenzypundecanedi oic acid
(G&JEOB- DTPA) .  6)

3,6,9-Triaza-3,6,9-tris(carboxynet hyl)-4-(4-et hoxybenzypundecanedi oic acid
ina purity of greater than 99%



