WO 98/ 47856 PCT/ GB98/ 01019 Contr ast
. Agent Pr This invention relates to a process for the netallation
of conple ﬁghéggnts wi t h | ant hani des, e.g. gadolinium anHCTﬁnﬁgpyﬂ%ular
to the preparati on of |anthanide chelates such as those suitable for use as
-contrast agents in diagnostic inmaging nmpdgl i_ties such as magnetic resonance
(MR) imaging. In MR imagi ng, the use of | anthani de chel ates as contrast
agents has becone well established. Several such agents (eg. Gd DTPA &
‘DTPA- BMA and Gd HP- DO3A, avail abl e under the trade marks Magnevi st,
Omi scan and Pro-Hance) are al ready conner0|ally avail able, while stil
others are in early, mddle afg 4 : gRENt . Such contrast
agents are conpl exes of |anthani de ons W th various different conpl exi ng
agent s (1igands) and a key stage of their production is the netallation of
the ligand with a frhishdmvention geletas tto s l;ﬁrdd@sé agér stiege of prinary

lbsequent |y FEFRITAEARH it SonB eouiineh AR M olf SRREdos oo clict f on
phase. Bet weegadeflaniamm,o@nshdns geantdaud g dxtumhe)rpztepatatﬂ;dmrmﬂe conpl ex
must be thorob!ﬂﬁ'tlﬁaﬁgﬂef 'c‘?x‘élta%erse'gﬁ‘t‘il WanarH el | PHEAR §<¥V' %g any

commercial dru esl s, i nportant to opt|n1ze desired
product , redu@@nFﬁéSFe@9Q§Qﬁ ﬁﬁnﬂkﬁgﬂQ§$%ﬂ(iﬁﬁﬁ&ﬁﬁhﬂqﬁﬁﬂ¥¢m£$a$m©hsas

synt heti c steps gﬁqch@g@@a@kaqMR(M§ Qi (and so optimze the

efficiency of reac or usa Vet a atlon th | .gnt hapi des js normally
performed by react i HgM&h %ﬁ) \E%u:fqé#t e}Q es as

Gdlerr]Jerr] ):onnraslteathllmlsbemhelmell]f ééuaiblfsl@édon S@*@ﬁaloo | ong,

decormos | onghert BBl ETRA 7 AL i 64" 055K, ° @ o
available under the trade marks Magnevist, Omniscan and
Pro-Hance) are already commercially available, while
still others are in early, middle and late stages of
development. Such contrast agents are complexes of
lanthanide ions with various different complexing agents
(ligands) and a key stage of their production is the
metallation of the ligand with a lanthanide. In general
this is the last stage of primary production, ie. the
production of the chemical drug substance that is
subsequently formulated into the drug product in the
secondary production phase.

Between metallation and secondary production the
lanthanide complex must be thoroughly purified to remove
unwanted impurities. As with any commercial drug
synthesis, it is important to optimize yield of the
desired product, reduce the levels of impurities
produced during the various synthetic steps, and reduce
process duration (and so. optimize the efficiency of
reactor usage).

Metallation with lanthanides is normally performed
by reacting the ligand with a lanthanide oxide (e.g.
Gd,0;) in a heated agueous medium. If thie reaction
takes too long, decomposition of the ligand can occur,
resulting in reduction in yield and increased levels of
impurities in the end product.
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WD 98/ 47856 PCT/ GB98/ 01019 2 Thus for
exanple in the nmetallation of DITPA-BMA (diethyl ene- tri am nepent aacetic,

aci d- N, N WOPBM7P836t hy| armi de) with gadol i ni um oxi de, where t REHERISOLHS| on
proceeds too slowly sone breakdown of the |igand to the nono-net hyl am de
DTPA- MVA occurs. The reaction product thqp I ncl udes both Gd DTPA-BMA and a
salt, eg. the sodiumsalt, of Gd DTPA-MVA“ As a result NaGd DTPA- MVA nust

be renoved by a reghyst glolrl 23 P19E GG %ﬁﬁ%@f&ﬁa&d TRAL gﬁAused in

the nmetal lation process I's produced conmercja erna econposi tion
of a | anthani (@iekhyaeae- MIﬂﬁﬂ%ﬂﬁﬂ#ﬂﬁﬁ%ﬂﬂ%ﬂ¢mﬁ§d@mEhNfound that the rate

of the Ilgan%ﬂmﬁétﬁwamﬁ%acw% 'g%ddl(‘:{r?ﬁﬁﬁdo:tidéhewﬁéﬁét tag medi um
i ncludes oxalic acid Qr der|vat|ves‘¥a : g!ts t her eof Thus vi ewed from

one aspect tHBeFALLALLOR BrOReRds & ¥ GFone breakdewn; gf hey
| ant hani de coppg&rdbyor ehet ma;fme’tﬂyarmﬁm dETRRC MieA Vo &bus Conphexi ng

St or deri VoERRELPROPEGHURY Fash Sl YdR MK o ERAr B "o, S he '
ligand is subgalt,tegththenlscdboay, sat]lte prfo d3d SDTPA +MIMA | nvAataonesullt

represent an ﬁ%@&Oﬁ?l OnMM?I\n“hgtrr% mg¥ L&éaﬁcéé%é\% #ﬂ:i‘é reducti on

I n by-product owever, even where erna?ly stabl e
an i nprovenerprogedpsed of reaction will still be achleved The | ant hani de

used_according to {He 13&5%%&%&%&1% 3Bed 3 hate dfetiilREebgrably is Eu,
Tb, Tm Yb, Er or Ho, ,nore preferab E% and nDst referably Gd. In this

process wher DERGEEE &§|Hr8ﬂu§3§al is used as a
reaction accefi@eanpbsithivn of ata&ﬂﬁhdnﬂdéleixﬂ@&ec acid and not sinply to

the oxalate resi duft ﬂatsh%olwarétuh 'yldse:.n%)i %eeeﬁ/ ef'o&xrfc?utghat the rate of
the ligand metallation reaction is increased if the _
reaction medium includes oxalic acid or derivatives (eg.
salts thereof).

Thus viewed from one aspect the invention provides
a process for the preparation of a lanthanide complex by
reaction of a lanthanide oxide with a complexing agent
in an aqueous reaction medium, characterised in that
oxalic acid or a salt or derivative thereof is used as a
reaction accelerator.

When the ligand is subject to thermal decay, the
process of the invention will represent an improvement
in terms of speed of reaction as well as reduction in
by-product formation; however, even where the ligand is
thermally stable an improvement in speed of reaction
will still be achieved.

' The lanthanide used according to the invention may
be any lanthanide but preferably is Eu, Tb, Tm, Yb, Er
or Ho, more preferably Dy, and most preferably Gd.

In this process where oxalic acid or a salt or
derivative thereof is used as a reaction accelerator,
this relates to further oxalic acid and not simply to
the oxalate residue in the lanthanide oxide, even though
this residue will of course contribute to the .
acceleration of the reaction.

The total amount of oxalic acid (or salt or
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this residue will of course contribute to the acceleration of the reaction.
. The toLaIB%gﬁént of" oxalic acid (or salt or WO 98/ 47856

PCT/ GB98/ 47886 derivative) added as a reaction accel er RCH/GBS/I01019
conveniently at least 10 [err]g oxalic acid/g L203 (where L is the

tant hanide, e.g.  Gd), preferably at least 50 [err]g/g, especially at |east
100 [err]g/g, particularly at least 200 [efrJg/g and nore particularly at

| east 400 [erq+£g %a éOQTg$r£Lgég%oﬁh§cggagﬁét%gde Wil

preferably be less t err particu SS*t i&n 1000
[err]glg, preffé?f&tﬁl}l?@‘slsy t&nleAOE [ £Pr g/ gxatne @)@aldl/g 3604 (vhete di

.accel erator cafs hehadgsehsanide, netgl |ea90n E&%&&hﬁﬂf‘a{t Ye@as?S 53 Separate

reagent. Fbwever in alternai ve as ects of the inventign some or all of the
oxal i ¢ aci d/ o#d/He FREECHR ?Fo %’i%l 308 EafeEr| P?rtﬁcﬂlﬂérllé[ntaﬁam de
oxi de. Thus vuhamstfzmmngglgraﬁ&rmaseepartheu&arﬂpta@nleé%tlQ@% JCESS

f th d I | ant n| e OXIde
n B ol o, Sl 500 hORg L TR BEEnR ahERR 11 et

t hat said prmﬁaﬁs(ﬁhﬁﬂl%@QOtMngteparbicuaarlyeﬂesslnhag uheolggmg;ﬁ

I mpurity in t%% eremnt gd&@glgﬁ%n go(géégn xi ng | ant hani de oxi de from

batches with etermned | ev npurity and/or including in
the reaction nedlwﬂhﬁrﬁ%ﬁﬁ%@w%?h@drﬁéﬁﬁ%Pnyagﬁeéﬁxatgracan be adidd or

derivative thaieahe wﬁ@wpya@yoﬁlféaet%n%ﬂtﬁ% taQe saganbt used in the

netall ation reactio aln oxalic atrve) or oxal ate

at a total |e/S2IHH t %ﬁv%ﬁ T%r?? eERéFFKeaEPHeEEF Qﬁa#h@[err]C{err]
preferably at :lmtéﬁt:‘ldw geme |of calhooe phef exabliy abla%s;hl&% hﬁ 19/9,

Cer T o, eg. Vs o e fadle AMBRREEL 4hoLht BRBERRRR0E Brigey ™
Thus viewed from a further aspect the 1nvent10n
provides a process for the preparation of a lanthanide
complex by reaction of lanthanide oxide with a
complexing agent in an agueous reaction medium,
characterised in that said process comprises the steps -
of: (a) determining the level of impurity in the
lanthanide oxide; and (b) mixing lanthanide oxide from
batches with different determined levels of impurity
and/or including in the reaction medium a predetermined
quantity of oxalic acid or a salt or derivative thereof;
whereby by virtue of step (b) the reagents used in the
metallation reaction contain oxalic acid (or salt or
derivative) or oxalaté at a total level of at least 50
pg oxalic acid per gram 1,0,, preferably at least 100
pg/g, wore preferably at least 200 ug/g, especially-at
least 250 ug/g and particularly preferably at least 400
prg/g, eg. up to 1750 pg/g, particularly 700 to 900 ug/g.
Viewed from a yet further aspect the invention
provides a process for the preparation of a lanthanide
complex by reaction of a lanthanide oxide with a
complexing égent in an aqueous reaction medium,
characterised in that for use as said lanthanide oxide
is selected a lanthanide oxide having (eg. pre-analysed
to contain) an oxalate impurity level of at least 100 1g
oxalic acid/g lanthanide oxide, preferably at least 200




Viewed froma yet further aspect the invention provides a process for the
preparation of a |lanthani de conplex by reaction of a | anthanide oxide with
a conpl exVRPB47RSEt in an aqueous reaction medi um char act erpcracBIgRdipat f or
use as said | anthanide oxide is selected a | anthani de oxi de havi ng (eg.
pre-anal ysed to'contain) an oxal ate |npur|ty | evel of at least 100 [err]g
oxalic acid/ g | ant hani de oxi de, preferabl at |least 200 WO 98/ 47856

PCT/GBQ8/010 4 r r abl Iea t 250 [err]lgl/g,

especial ly pr farﬁ%gé l’gjﬁgggtai’j@fpa?rjﬁ % q“lffb &pe%? LF&aﬁYl east 700
[err]glg. Thepmﬁenablynpur lensite w0 pdig/id)e ncE8 eBpedtallfestelehgpmits
resi due on i gy the higher the residue the higher the oxal ate
content. AIternat e? it _can be determ ned by suitable analytical nethods.

Where oxalic acid Tbeaqu@élai:g fmpurdsyt ileveledifihenik40,omayi beout
pr edet er m natiipreffe@Xfl-aine e | a [ it may
i e@ 1t§p%s&uute 6%} %gh[( :{ﬂﬁ; rmﬁ ”ggnﬁ% gﬁ?)

be added as a ig%&%éegg ap,al kali netal I ne eart an
ester or e Righezrthei exaéaﬁmmnr@mm Aermaptveeles nay
be used. Home'ngrcaxprmé edebémﬁ_hgdf b9t saditah1d W%lg’gp 6’<§s oxalic
acid (or salts or ﬁhrlvai ﬁi t her, of% %ggpreduce tthe netaJlation reaction
time by a factor Fahireacs FﬂelRF§QF¥Pn1m@d4¢@and
which is netatith et rwytheu'anprédghem‘mdna&tibn Of predsiadinpEihyy stable
| ant hani de ¢ e S tiQn content | east '
10[err]. Pr e?era%% 8? tﬁ€ l%%{:iala'ﬁf'ﬁéa?&gg ¢l & BRY b&’a?nafi%ecir?e?aﬁ‘l ng
agent, eg. aSalteafegoren atkadiyeetainor alkadn@cyaanrhﬂuéﬁai sHlte) ,
branched pol h@h%éﬁ&r(&ﬂ - 4A8dei 6B ho BARY EhekABlohd P §f e |igand
will be a polo%/{arg no oI i ée %ya%bnggge oxyl%fag{aﬂxy éél
at ve Y be used. owever, preferably
the free acids are used.
The use of oxalic acid (or salts or derivatives
thereof) can reduce the metallation reaction time by a
factor of two or more, eg. by a factor of up to 6.
The ligand which is metallated may be any ligand
capable of producing a highly stable lanthanide complex,
eg. one with a dissociation content of at least 10%.

Preferably it will be a linear, cyclic or branched

chelating agent, eg. a linear mono- or polychelant, a
macrocyclic chelant or a branched polychelant (eg. a
dendrimeric polychelant). Preferably the ligand will be
a polyaminopolyoxyacid (eg. polyaminopolycarboxylic
acid), such as one of the mono and polychelants
suggested for lanthanide chelation in the patent
;iterature relating to MR contrast agents, eg. the
patent publications of Nycomed (including Nycomed
Imaging and Nycomed Salutar), Sterling Winthrop,
Schering, Bracco, Squibb, Mallinckrodt, Guerbet and
Metasyn, eg. US-A-4647447, EP-A-71564, W096/03154,
WOS6/01655, EP-A-430863, W096/41830, and W093/10824.
Thus'by way of example the ligand may be of formula
(Y) (X)N(CHR), (N(X) (CHR) ) N(X) (Y)

where m is 0, 1, 2, or 3; .
n is 2 or 3;
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acid)’, such as one of the nono and pol ychel ants suggested for | anthanide
~chelation in the patent literature relating to MR contrast agents, eg. the
pat ent pUM¥P?418%6ns of Nycomed (i ncludi ng Nyconed | magi ng B @%ME%
Salutar), Sterling Wnthrop, Schering, Bracco, Squibb, Mallinckrodt,

-Guer bet and Metasyn, eg. US-A-4647447, EP-A-71564, W96/ 03154, W96/ 01655,
EP- A- 430863, W96/ 41830, and W93/ 10824~ Phas by way of exanple the |igand

oy e, FOrGghA ) QG b ) b B kgl 0 (7

PCT/ GB98/ 0101€aeh-YedshaXgroup Kydrogbe dwon Ys groninsutiagetiher ] al kyl

group; each Y.l u t Y groups together represent a (CHR)
[err] bridge;r%éﬁé%g%ﬁ ﬁ'?gﬁ &HPEE%%Q%? a substituted C[eragaglkyl group or
a CHR- N(X) - cHmdoeael Rajsr Bydeegen £F gpsubshitptadGhi¢ @yl gnaumt ed or

unsat ur.ated 5o 0z 7cHRUNEXGACHR! Rlodes Ry ireprésentCHRECHP bR V1 yay
represent an qgtlonallé subs%ltu ed, saturated or qfa%yr ted 5 to_ 7
mermber ed honoSURPLHERERHey ERTRIALSRE OFhaMs 1%33‘7%‘* Jrgthrrete al kyl

groups subst ihetedobyciibplring phroap CRRCHR modztyo max yaepick et s OF

am des or est . f . re al I | | ' referably
by oxyacid orgé%']égsélige?ngg%\\gteﬁgsﬁdu#%%%%r%wég%%%%&%? g%?i'gnal |y
substituted phembergdobpmo-oprohiefieresyiolist Bimgrect|y attached pol yner

bol yal Kyl ene EReEBchl it e e e T o, it "B e AueRT =
speci fic peptP¥i 8uiPBups PBSPHOIYSHOF ISR MRHRGHH iIFEQUPRIQRE Parti cul ar
exanpl es of agpigesi akcekbitexgdthereof]e and where alkyl group
substitution is preferably by oxyacid or oxyacid
derivative groups, by hydroxyl groups, by optionally
substituted phenyl groups, or by directly or indirectly
attached polymer forming or biotargeting groups, eq.
polyaminoacids, dendrimeric polymers, polyalkylene oxide
groups, antibodies, antibody fragments, drugs, site
specific peptidic groups (eg. oligopeptide binding
motifs), etec.

.Particular'examples of appropriate ligands include
DTPA, DTPA-BMA, DOTA, DO3A, HP-DO3A, BOPTA, PAMAM-
polyDTPA, and PAMAM-polyDOTA. Espgcially preferfed
ligands include DTPA, DTPA-BMA, DOTA, and HP-DO3A.

The metallation reaction is preferably performed in
aqueous solution, eg. in distilled water optionally
containing a miscible cosaolvent, at an elevated
temperature, eg. 70 to 95°C, preferably 80-90°C. During
the reaction the pH is preferably 3 to 6. The pH wmay be
controlled by addition of an acid or base, preferably an
acid or base which produces pharmaceutically acceptable
neutralisation products, such as hydrochloric acid and
sodium hydroxide.

.The progress of the metallation reaction will
generally be monitored to determine the residual
guantities of unreacted lanthanide oxide or ligand, with
extra portions of oxide or ligand optionally being added
until the reaction is deemed to be complete, eg. when a



DTPA, DTPA-BMA, DOTA, DO3A, HP-DO3A, BOPTA, PAMAM pol yDTPA, and

PAVAM pol yDOTA. Especially preferred |igands include DTPA, * DTPA- BVA, DOTA,
and HP- ) 98(47856et al | ati on reaction is preferably perfor mCE/GBOSAIOBOUS -
solution, eg. in distilled water optionally containing a m scible
cosolvent, at an elevated tenperature, eg. 70 to 95[err]C, preferably
80-90[err]C. During the reaction the pH"|§ preferably 3 to 6. The pH may be

control | ed by ition of an acid.ar base,. preferably an. acid. or base which
pr oduces phar?‘ggg%i ggf"'l ?ogl&%'%tr%rﬁl@%@? %Qﬁi#ﬂ%ﬂﬁﬁgég]@ugﬁe&s

hydr ochl ori ¢ hanthanddeodsudeitgtted.de THEhereaogios snbktahe wilal Eakihon
reaction wlly, ge y ' oflet ergy sidual_guaptities
of unreacted gn?ﬁé%%éé % i':jfg%lo?)%lrl%gva%, %tﬁe%%ég%%%ﬁo < o‘REde or

| i gand opt i orfdiieyrearkdondmiFtyre is kheneadjusted, degneaboutbé, cHopl et e,

eg. when a e ¥n9BE4483Ag sodium hydroxide. Th lution it
PCT/ G3B98/ 01019, - 6E séabl $g| gw onc r¥t ration of_ | i%_a%% lz’in%jorrl]ggfi tg-jlll%?e free
¢ h& le€9-eby to

| ant hani de i stikEeERE an Peo &80 de GEREeF kheleptatk
bel ow 25[ err ]¢xystabisasaon.t he pH of the reaction mxture is then

adj usted, eg. abo 6. fpr.exanpl e .using,sodiu drooxi de. The,solution is
then filtered and%ﬁénﬁaﬁ{‘ﬁﬁnﬁgc@%&xﬁ? i“%%ylﬁfl%.r%ctlon time
crystallisatifor aslihganti suphoaed DTPA-BNA mehalHeatreducedcEron 2i g8 Bor a

| i gand such %ﬂg&gw\ﬁgﬁmﬁbsﬁﬂﬁe’d felrgg(raan% gﬁn:i}é%)%rs to 1 hour or

bel ow, eg. 30 mnutes. dfroma_fur aspect” the invention provides
the use of oxalic GteWedoframsa fuykthgsr agpecke the riavention provides

anthani de OWKE Jgdl 68 SxAXLLALLIAONOENh Fald or°Mr VLI [iReDdBE) ©
acid /g | ant han 'gfgromfe, ﬁretﬁrsabl)li at _legst 200 [err|g/g, as a reaction
accel erat or iaﬁl‘i& | antAahbaBide: QKRS BAVeNdG, A iqRadate content of at

least 100 pg oxalic acid /g lanthanide oxide, preferably
at least 200 pg/g, as a reaction accelerator in the
lanthanide metallatidn of a ligand.

The invention will now be described further with
reference to the following non-limiting Examples.

EXAMPLE 1

A reactor vessel is charged with 180 mL of
distilled water. After cooling to below 50°C, 43.2 g
(119.17mmoles) gadolinium oxide and 30.2 mg oxalic acid
dihydrate are added. (The oxalic acid represents 500
ppm relative to the gadolinium oxide). During stirring,
100 g (238.42 wmoles) DTPA-BMA is added in one portion
and the mixture is heated to 80-90°C. After 0.5 hours,
a sample of the reaction mixture is taken and analysed
for the content of unreacted DTPA-BMA. If DTPA-BMA
content is below 1% (w/v) a new samplé is taken and
analysed to confirm that the DTPA-BMA content is low and
stable. If the DTPA-BMA content is above 1% w/v, the
reaction mixture is stirred until sampling and analysis
shows DTPA-BMA content to have stabilized below 1% w/w.
(Optionally further DTPA-BMA or gadolinium oxide may be
added to complete the reaction).



The invention will now be described further with reference to the follow ng
.hon-limti Exanples. EXAMPLE 1 A reactor vessel is charged with 180 ni of
distill ed”%gf'é?“‘After cooling to below 50[err]C, 43.2 g (ROUGBIMI8I%S)
gadol i ni um oxi de and 30.2 ng oxalic acid dihydrate are added. (The oxalic
-aci d represents 500 ppmrelative to the gzdollnlun1OX|de) Buring stirring,
100 g (238.42 mmol es) DTPA- BVA |s added” i h one portion and the m xture is

heat dt 80- 90 t t
Caken and analysed-FeeT FOipIAxaciBl 35 BoBTRCe Topd bddtiiaRy TN e 1S
content is benmtu%(mﬁvpoalﬁdwt@ahpﬂem §5f’§ken1§naesﬁ=§rswydtt1@ ®3hfis m
that the DTPA&&?;@sEQat €8t abdut0¥.andoS62! 8y khel %ad@?/énﬁl\é‘f %z@i

above 1% w' v reaction mxture is st|rred unti |l sanpling. an an57y5|s
shows DTPA- BMCEEwReRYdrexidee sTHSi FPiuGind 4% fdlkered GRd GARTRAT urt her
DTPA- BVA or geMnl i 8i gpysxhleiged batadded to conplete the reactlon) WO
98/ 47856 PCT[ GB98/ 01019 -7- After.
conpl exation is conplete, the reaction mxture is cooled to bel ow 25[err]C.
I f necessary EXaMPEE| 2 adjusted to about 6.1 to 6.4 by the addition of
aqueous sodi um hydroxi de. The solution is filtered and GIDTPA- BMA i s
crystallized out. EXAMPLE 2 An oxal at e-contani nated batch of gadollnlum

oxi de was anal ysedAnoﬂxéSl-ath coptamdvated: bagah ofagasdeldinium xids um

per manganat e yygSEhRYERA 86kdoxke cCaRl AN LoMBrtO did i LAD kBIK | 0

oxal ic acid per gram E err A nE hi § batch was heated to
1100[err] C foP°QaF|§%|P§‘ & tlﬁeSH Mréccaﬁlém nafe iFontanie

metal | ation rgast feﬁﬁd\/\cbebearzvnegdgoukauilcn@c(:Jd) peasigrane @0, cont ani nat ed
gadol i ni um oxi de, mele of this batch was heated to 1100°C for 2
hours to decompose the oxalate contamination.

Three metallation reactions were carried out using
(i) heat treated contaminated gadolinium oxide, (ii)
contaminated gadolinium oxide and (iii) contaminated
gadolinium oxide with the further addition of 230 pg/g -
Gd,0, of oxalic acid. The ligand was DTPA-BMA and the
metallation reaction was carried out in aqueous solution
at 80°C. The times required for the reactions to go to
completion were respectively 2.5 hours, 1 hour and less
than % hour.



cont am nat ed gadol i ni um oxide and (iii) contam nated gadol i ni um oxi de wi'th
the further addition of 230 [err]g/g Gdlerr](ferr] of oxal ic acid.. The

| i gand waWOPBMAA8SSMA and the netal | ation reaction was carri mt:’m:l%momqueous
solution at 80[err]C. The tinmes required for the reactions to go to

conpl etion were respectively 2.5 hours, 1 hour and—+e55‘rﬁ_—'T€TTT—ﬁahr

X\Dpfgééezgi?or ihe Erepar ation of a lant k:ar?l d-e corrpl e mﬂﬂgmumﬂmﬂ .

| ant hani de ox¥ th a conpl exi ng agent in an aqueous reacti oh nedi*um
characterised in that oxalic acid or a salt or derivative thereof is used

as a reaction acc r | mhereln

said | ant hanln'lde [ gﬂgég&?éssu%orséh% %&%i’o%é%}&%ég JCECL} Mﬁéﬁ"%ﬂ

cl ai ns 1'amjQDmpkexthOxaaCCIQul@f'a-daathanndﬁaox&dﬂ|wmthauelerator 4.

A process as &+ 11%@ ngnofancl ﬁg’é%ujs tr%a% Vmﬁ{ ﬁgg to 1000 [err] g
g ani

oxalic acid/ e are used as the reactlon acce1erator 5.

process for t%@‘é%?hﬁ?@nlﬁf thatamRddicd@cdshnamed BakeX i on of a

| ant hani de oxjetei vhtive €REREOX 18 AGRW als) a2 AIVHS d@AcTd LRI UM
characterised in that said process conprises the steps of: (a) determ ning

the level of inpurity in the | anthani de oxide; and (b) m xing a | ant hani de
oxi de from ba.chesavwtrbcdssf asecladmed dnoneddisva wheirdaimpusaig and/ or

. including in4h e | op_ U a.predeterm ned quantity of oxalic acid or
a salt or deﬁ%ﬁ%ﬁ%@fé%eﬁggggh§zg?%§ by virtue of step (b) the reagents
used in the netallation reaction contain oxalic acid (or salt or

derivative) amgka%fogése 48" Bhalikel 10 ctrieRatie Wity 1o A4 C ocld

per gram | ant rocess as C in c arm ereln sai d
wherein oxalic acid 1s used as the reaction accelerator.

4. A process as claimed in any one of claims 1 to 3
wherein 200 to 1000 pg oxalic acid/g lanthanide oxide
are used as the reaction accelerator.

5. A process for the preparation of a lanthanide
complex by reaction of a lanthanide oxide with a
complexing agent in an aqueous reaction medium,
characterised in that said process comprises the steps
of: (a) determining the level of impurity in the
lanthanide oxide; and (b) mixing a lanthanide oxide from
batches with different determined levels of impurity
and/or including in the reaction medium a predetermined
quantity of oxalic.acid or a salt or derivative thereof;
whereby by virtue of step (b) the reagents used in the
metallation reaction contain oxalic acid (or salt or
derivative) or oxalate at a total level of at least 50
pg oxalic acid per gram lanthanide oxide.

6. A process as claimed in claim 5 wherein said
lanthanide is gadolinium.

7. A process as claimed in either one of claims 5 and
6 wherein a predetermined amount of oxalic acid or a
salt or derivative thereof is included in the reaction



I'ant hani de i s gadolinium 7. A process as clained in either one of clains

.5 and 6 Sggéﬁgaﬁgfbredeternined anount of oxalic acid or ?@%@Hﬁﬁ%#“9

derivati is included in the reaction WD 98/ 4
PCT/ GB98/ 01019 nedi um . 8. A process as clained in claim?7

-pr edet erm ned anount of oxalic acid is i.ngl uded in the reaction ' 9.
A process for the preparation of a | anthanide conplean““u WEﬁﬁﬂﬂﬂ:

I ant hani de oxjd@iMkth a conpl exi ng agent in an aqueou ik

characterised In that for use as said | ant hani de oxide is selected a

| ant hani de oxi de having an oxal ate inmpurity |evel of at l|east 100 [err]g
oxal i ¢ aci d/ ggl ant hapirdeees de clAimédorieredaias Tlwligmslin acl aim 9 wherein

said | anthanide i.s, gadolinium 11. process _as. £l.ai ned j.n,any, ong of
claims 1 to 1Brﬁﬂ@FgFﬁ”‘§5 aB‘SHBI%e?;%né)xfé@Tﬁ qcsug lﬁolml}ﬂﬁglv} Fboxylic
acid. 12. A preaesioasmelddumed in claim 11l wherein said conpl exi ng agent is
sel ected from DTPA, DTPA-BMA and HP- DOBA. 13. A process as clained in

claim 11 wherein said conplexing agent is DTPA-BVMA. 14. The use of oxalic
acid and/ or a9kant Raprecess forhdlienpreparatdan hi®rtanthanideast 100

[err]g oxali Ccéﬁ?ie&&b&a%ﬁ%@i@ﬁ Of Ge 1A HadRRC d.AuaGeRlgrator in the
. lanthanide netalTatign”of a |igand. . .
complexing agent in an aqueous reaction medium,
characterised in that for use as said lanthanide oxide
is selected a lanthanide oxide having an oxalate
impurity level of at least 100 pug oxalic acid/g

lanthanide oxide.

10. A process as claimed in claim 9 wherein said
lanthanide is gadolinium.

11. A process as claimed in any one of claims 1 to 10
wherein said complexing agent is a polyaminopoly-
carboxylic acid.

12. A process as claimed in claim 11 wherein said
complexing agent is selected from DTPA, DTPA-BMA and HP-
DO3A.

13. A process as claimed in claini 11 wherein said
complexing agent is DTPA-BMA. '

14. The use of oxalic acid and/or a lanthanide oxide
having a oxalate content of at least 100 ug oxalic acid
/g lanthanide oxide, as a reaction accelerator in the
lanthanide metallation of a ligand.



