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regional concentrations of the radioactive tracer molecule.

Commonly used radionuclides in PET tracers are e, ¥F, 150 N or "Br. Recently,
new PET tracers were produced that are based on radiolabelled metal complexes
comprising a bifunctional chelating agent and a radiometal. Bifunctional chelating
agents are chelating agents that coordinate to a metal ion and are linked to a targeting
vector that will bind to a target site in the patient’s body. Such a targeting vector may
be a peptide that binds to a certain receptor, probably associated with a certain area
in the body or with a certain disease. A targeting vector may also be an
oligonucleotide specific for e.g. an activated oncogene and thus aimed for tumour

localisation. The advantage of such complexes is that the bifunctional chelating
PZ0334/FI/11.04.2003
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reaction.

WO0-A-99/56791 discloses the reaction of 68GaCl; obtained from a %Ge/**Ga
generator with the tetradentate amine trithiolate chelating agent tris(2-
mercaptobenzyl)amine (S;N). The complex formation is carried out at room
temperature for 10 min. A disadvantage of the method described is that the
radiolabelled complex had to be purified by liquid chromatography before it could be
used for in vivo studies. A further disadvantage of the method is the relatively long

reaction time

0. Ugur et al., Nucl. Med. Biol. 29, 2002, 147-157 describe the synthests of the %Ga
labelled somatostatin analogue DOTA-DPhe'-Tyr*-octreotide (DOTATOC). The

compound is prepared by reacting %8GaCl; obtained from a ®*Ge/*®Ga generator with
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f dk has now been found that the use of microwave activation substantially improves -

the efficiency and reproducibility of the ®®Ga-chelating agent complex formation.
Due to microwave activation, chemical reaction times could be shortened
substantially; i.e. the reaction is completed within 2 min and less. This is a clear
improvement as a 10 minutes shortage of the reaction time saves about 10% of the
8Ga activity. Furthermore, microwave activation also leads to fewer side reactions
and to an increased radiochemical yield, which is due to increased selectivity.
Solutions of %Ga**, ’Ga®" and *®Ga®" radioisotopes, which have been obtained by
cyclotron productibn or from a generator contain so-called pseudo carriers, i.e. other
metal cations like for instance Fe’*, APY, Cu®*, Zn** and In®*. As these pseudo
carriers compete with Ga>* in the complex formation reaction, it is important to

increase the selectivity of the radiolabelling reaction. Hence, microwave activation
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maintained such that the degraded proton energy is above 8 MeV, and irradiation

time is kept short, e.g. <4 hrs. The chemical separation may be achieved using
solvent-solvent extraction techniqueés using isopropy! ether and HCI as described in
25 L.C. Brown, Int. J. Appl. Radiat. Isot. 22, 1971, 710-713. *Ga has a relatively long
~ half-life of 9.5 h and the most abundant positron emitted has a uniquely high energy

of 4.2 MeV.

Ga* is obtainable by cyclotron production and ¥GaCl; obtained by cyclotron

30  production is a commercially available compound. The half-life of *’Ga is 78 h.

%Ga is obtainable from a %Ge/**Ga generator. Such generators are known in the art
and for instance described by C. Loc’h et al, J. Nucl. Med. 21, 1980, 171-173.

Generally, ®Ge is loaded onto a column consisting of an organic resin or an
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WO-A-88/01178, WO-A-86/02841 and WO-A-86/02005.

Suitable chelating agents include macrocyclic chelating agents .e.g. porphyrin-like
molecules and pentaaza-macrocycles as described by Zhang et al., Inorg. Chem.

30 37(5), 1998, 956-963, phthalocyanines, crown ethers, e.g. nitrogen crown ethers such
as the sepulchrates, cryptates etc., hemin (protoporphyrin IX chloride), heme and
chelating agents having a square-planar symmetry.
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peptides, glycopeptides, lipopeptides, carbohydrates, nucleic acids e.g. DNA, RNA,
oligonucleotides like antisense oligonucleotides or a part, a fragment, a derivative or
a complex of the aforesaid compounds, or any other chemical compound of interest
like relatively small organic molecules, particularly small organic molecules of less

than 2000 Da.

In a particularly preferred embodiment, macrocyclic bifunctional chelating agents
are used in the method according to the invention. Preferred macrocyclic
bifunctional chelating agents- comprise DOTA, TRITA or HETA linked to a
targeting vector, preferably to a targeting vector selected from the group consisting
of proteins, glycoproteins, lipoproteins, polypeptides, glycopolypeptides,
lipopolypeptides, peptides, glycopéptides, lipopeptides carbohydrates, nucleic acids,
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gr&@up consisting of proteins, glycoproteins,

| i poproteins, polypeptides, glycopolypeptides,

|i popol ypepti des, peptides, glycopeptides,

0 | ROREDIiAeR EGRRVMANR! RSictiGh! G &b

0 2004 BB e P CB200d 00 Taad > }sggﬁg‘?heen\gﬁné%esm%’re gensitive

pmﬂelatlagfagatgﬁselﬂte foa inktanice bifunetical ahexwmgl @emsfcotripelsmg peptides

ot Pl o BRRHES st o caded i Deciigpod Sbcording to the

invention. Duration of the microwave activation should be adjusted in such a way,

that the temperature of the reaction mixture does not lead to the decomposition of the
chelating agent and/or the targeting vector. If chelating agents used in the method
according to the invention comprise peptides or proteins, higher temperatures
applied for a shorter time are generally more favourable than lower temperatures

applied for a longer time period.

Microwave activation can be carried out continuously or in several microwave

activation cycles during the course of the reaction.

In a preferred embodiment, the invention provides a method of producing a %Ga

radiolabelled PET imaging tracer by reacting $Ga®* with a macrocyclic bifunctional



sel ected fromthe group consisting of peptides and
ol i gonucl eotides. 5 The targeting vector can be |inked
wo ooothgo4ehel ati ng agent via a |inker group or RCEGB2004/001550
spacer nol ecul e. Exanples of |inker groups are
di sul fides, ester or am des, exanples of spacer
D cRElatingS agdn€ cBRpHEME! Held th@lcéik)ﬁ-%; cfarfbteris¥d i} tdt the reactioon is
hexyl ami ne or short ~peptide-based spacers. In a
pr E¥Eied oyt wsipmicrewave adtivatiomkage bet ween t he
targeting vector and the chelating agent part of
radi ol abel l ed gal lium conplex is as such that 10 the
t alige paniguMelytppéfesad einBb@nRat ofiHenéth i i
body vi thout he ng bl ocked or  hi nderi“d&%?g‘?éﬁe‘h%é Rt precesding
3 pr pdiagiaghdhe mHeroMaYe ayteEoR iscaraed ouifiont 3rpteeR s at 90 to 110 W.
M crowave activation according to the invention is
sui,t6abl A carried out by using a mcrowave oven,
pr & BGabliy ussd irsihegnethod acusrdial toitks MBI VIRSES is preferably
Suiéabl 15 m cr.owaye aictivati on | grried out at 80 i
t 00918 eévb%r@P@FH{ﬂ 0g ¢ elugfe  form1 @ \X}%e%a(ﬁft igeneratorywith an amnion
pr 48 2O j s 1L.GL oAy .
B o oF i R e W fretenca gppodionent,
10 f r B 2B nexcharg@r is,anpaian exghangey cemprfisngHOP;T aswoudterions.
to 60s. 20 A tenperature control of the reaction is
advi sabl e when tenperature sensitive chelating
ag¥hé Gise ofi dnforf AXichariper-ABeRaPI GaRAlHORhined BbAL 4 #6e/®Ga generator
agents conprising peptides or-proteins- as targeting
vebstdssaibed by Je fighubmagher et mhdntardi appll Redistrlsitopesti2, 1981, 31-36. A

. o - ; i vat
e RSy Pk S bR SEnddbr g LR wPina B W TREH Ca eluae
15 t hebtainad tfioana AGe/TGa genastonat otdenth d@rdab@the amount of #Ge present

deconposition of the 25 chel ati ng agent and/or the
tan‘ggF'rS\‘@tevector. If chelating agents used in the

met hod according to the invention conprise peptides
or proteins, higher tenperatures applied for a
shbrhasrnew reear found rkatathe yuseno £ ahiav oenchimgers banphisingrHCO;™ as

t enper at ures ied for a _longer tine period. 30
Vi ERBURIFES 8 eirsly suifpole Rua i B RioB G sisamiFgion of the
20 Of gdmRratéiveéhhat. NGtCOPYBSmdimt b @Ge%es%gﬁnetﬁe gfﬁﬁferlt%ui?ﬁee reduced

course of the reaction. In a preferred enbodi nent,

i nbwralsoothe mnasving of sercalladhpstudé cpristiudiengther 88 cations like Fe™,
e A Sl AR A TR —
PCAS G20 &ud Lahibrs compete with %Ga® in the subsequent complex formation
reaction, it is especially favourable to reduce the amount of those cations as much as

25  possible before the labelling reaction. A further advantage of the anion-exchange
purification step is that the concentration of ®*Ga®", which is in the picomolar to
nanomolar range after the elution, can be increased up to a nanomolar to micromolar

level. Hence, it is possible to reduce the amount of chelating agent in a subsequent
complex formation reaction, which considerably increases the specific radioactivity.

30  This result is important for the production of *®Ga-radiolabelled PET tracers that
comprise a bifunctional chelating agent; i.e. a chelating agent linked to a targeting
vector, as the increase in specific radioactivity enables the reduction in amount of

such tracers when used in a patient.



8 chel ati ng agent conprising hard donor atons,
characterised in that the reaction is carried out

W@ sioagswRTr owave activation. In a particul arl yPCT/GB2004/001550

preferred enbodi nent of the nethod described in the

| ast preceding 5 paragraph, the nicrowave activation

is carried out from30 s to 90 s at 90 to 110\%,” . )
6dBaige, anothgs preferred; erabodimenipolthe geghadpacerdingeto the inventiorm is a

I nvent i on, e.08Cad# i taj hy 68,3 o=

c ottt B oprbdil o S BbELEARL FimpRt ‘%éﬁgjigf%r e
anhenti extClising enicfowhve| adtivatior Shaein thent Gal disanbtainecd by
exchar:g%ra.g In a relfcqsg geﬁ, enmbodi ment.. 10.t he anion p
oxcontaeies the elale R G @S R SFFTaL0s Hith &) 0T ishanges, profer-ably
cQu ' . S - AN . Leat. o6 +
Y B8 o el e s PO SRR D Bl fifng SGHT Arom

d ey dn@texolianger. Schuhmacher et al. Int. J. appl.
Radi at. |sotopes 32, 1981, 31-36. A Bio-Rad AG 1l x 8
ani on exchanger was used for treating the 4.5 N HCO

6&%eﬂdﬁa%@elja§)r9 Q}eaiﬁélﬁ’g'x {d R @@@%reiﬁgﬁn&@.ef,@é’ﬁzeﬁ igf] J. Nucl.

order to Crease t mount of 68Ge present in

~ elMad.e21,11986,aK71n073 beénSdhubmdchdrat at.Het. Js epplf Radiabisotopes 32,
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exchangers g ri sing,HC03; , as unterions. i S .. ..

oo dFap SR e pe duriped hE SyeReR ol Bfin by madiation of; for
C ORgeRte’ @A A S0, lvith o MY BRRGIsattdE aRboldhfimerbiatly @Rhifable, e.g. as
thGSGanDunt of "68Ge presept in the eluate could he

re

et OuM HIGL oGenssallityo Upe isoloadet entp|aceplyan ggasisting of organic

carr.ier i.e. ot | -] OIS, :h i 03+ . AL3+ . .
Gl S ngfgeft 6l LGP 26 RIS, SBubfiln QORER oy ttamaiom
6 858 53te [P Oaistdhted) GOAT the 0olumnAsith haseupHEU gizlding FiGaCE;.

conpete with 68Ga3+ in the subsequent conpl ex
formation reaction, it is especially favourable to

t
r t u (013 ,baqﬁe j 4 : id .
pgggl&gfeemgleé or erf{)%e ?élbe igﬁg&ffgg%tﬁﬁgy%f f %ﬁrﬁé}lc ox_l e like
adyamirga dibxidaetianivm-diccdangdin dioxide ombiganics tespnsi ke resins
that the concenfrati Qqn of 68Ga3+, ich_ is d.n the
pi CORRIISHIE t BOerR ﬁoh’gﬁ{ﬂ"yﬁ aFBPaf t@ﬂ%‘h@%ﬁ?ﬁ)i o Rypeallel .
beginGhaanedt Yp, IR & APIORRAIA. EdopBsCI20MORAN 31-86)/ Gh-a preferred

Hence, 1t iIs possjble to reduce the ampunt of . L
c hehbadimgntage itGé/1iGa  gensraton spmprisingph esolumn neamprising titanium

reaction; ..ch considerabl.y | ncrease he specific
ra@'%‘é‘&ﬁ '@ﬁ\gﬁ)’/n n‘ﬁ@#ﬁ?cgacrcggiﬁ%{q @e fnﬁﬁgr?éant for the
production of 68Ga-radi ol abelled PET tracers that
conprise a bifunctional chel atig(g agent ; i

: 62 2 63Ge/08
chBhexconpgnisgfion; of thekaayeews HGI psgdte slpte the “Ga from the ~Ge/""Ga
generator column depends on the column material. Suitably 0.05 to 5 M HCl is used

for elution of ®®Ga. In a preferred embodiment, the eluate is obtained from a
8Ge/%8Ga generator comprising a column comprising titanium dioxide and %Ga is

eluted using 0.05 to 0.1 M HC], preferably about 0.1 M HCL.

In a preferred embodiment of the method according to the invention, a strong anion
exchanger comprising HCOj3™ as counterions, preferably a strong anion exchanger
comprising HCO;™ as counterions, is used. In a further preferred embodiment, this
anion exchanger comprises quaternary amine functional groups. In another further
preferred embodiment, this anion exchanger is a strong anion exchange resin based

on polystyrene-divinylbenzene. In a particularly preferred embodiment, the anion



vector, as the increase in specific radioactivity
enabl es the reduction in anmount of such tracers when
wa@ismd/oge2a patient. WO 2004/ 089425 PCT/ GB2004/ PO1/686004901550

Hence, another preferred enbodi nent of the nethod
according to the inventiormisgaa method of producing
a 68Ga radi ol abel | ed conpl ex %y reacting 68G3+ with

a exchanasr usrg inghe fne&sqdnaggcaﬁdmo\ﬂdb% InyeptiQrhis; H¥irongaias; gxch ange
t

2 RS PEREsieR JACDT SRR ACHRAIhIE Bhitfhl BOURR anc! the
presiansabisgd on polylstyaeneadivmylberzdnanger conpri si ng HCO3
as counterions, and eluting 68G3+ from said anion
exchanger. 68CGe/ 68Ga generators are known in the art,

5 S€Syitady 1y IWhérai GRed to lefifte he @Rl from- thé\“éﬁion exXvBshge? Jm the me-thod
1980, 171-173 or J. Schuhnacher et al. Int. J. appl
Raaticanding todhopaentdm. 10 1981, 31-36. 68Ge nmmy be
obt ai ned by cyclotron production by irradiation of,
for instance Ga2(S04)3 wth 20 MeV protons. It is also
comercially available, e.g. as 68CG in-0.5 M HCl.
CGenerally, 68CGe is |oaded onto a columm consi sting of
organic resin or an inorganic netal oxide like tin
di oxi de, al um nium di oxide or titanium dioxide. 68Ga
is eluted fromthe colum w th agqueous HCl vyi el ding
68GCl3. 15 Suitable columms for 68CGe/ 68Ga generators
consi st of inorganic oxides |ike -alum nium dioxide,
titani umdioxide or tin dioxide or organic resins |ike
resins conprising phenolic hydroxyl groups
(US- A-4264468) or pyrogallol Q Schuhmacher et al.

Int. J. appl. Radiat. Isotopes 32, 1981, 31-36). In a
preferred 20 enbodi nent, a 68Ge/ 68Ga gener at or
conprising a colum conprising titanium dioxide is
used in the nmethod according to the invention. The
concentration of the aqueous HC used to elute the
68Ga fromthe 68Ge/ 68Ga generator columm depends on
the colum nmaterial. Suitably 0.05 to 5 MHO is used
25 for elution of 68Ga. In a preferred enbodi nent, the
eluate is obtained froma 68Ge/ 68Ga generat or
conprising a columm conprising titani um di oxi de and
68Ga is



eluted using 0.05 to 0.1 MHCO, preferably about 0.1 M
HCl. In a preferred enbodi nent of the nmethod according
WO eootlogo4efivent i on, a strong anion 30 exchangePCT/GB2004/001550

conpri sing HCO3- as counterions, preferably a strong
ani on exchanger conpri sing 3- as counterions, is
used. In a further preferred enbodinent, this anion
‘exchanger conpri ses quaternary am ne functiona

9" RYRSIpIs anot her further preferred embodinment, this

rUn—Bxchanger s a strong ani on exchange resin based
on pol ystyrene-di vi nyl benzene. In a particularly
preferred enbodi nent, the ani on WO 2004/ 089425

5PCE&§§§QQ§/001550 10 exchanger used in the nethod
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TATRD O RS caiventiti®al hfeﬁﬁiég‘ ah& nfi&%hveActivation:

po ystyrene- d|V|nbeenzene uitably, water is used
to elute the 68Ga fromthe anion exchanger in the

A 5B SR SEVSH RO Y HO400 g

10 Cogpdinmsaetans wiSidiled t6 dibi cdhab ot n¥Gel* Ga-generator (36 mg to 1 mL)
DOTA- D- Phel - }%ra - Cctreotide . (DQTA-TOC) using
colvadivstdhepHhehtherguaiado r?PE’iOESM%lYa%f ja tth%ﬁnxtyée was vortexed
68 m?; 01915&1?&%'
hegt@}l ng ?Q@S%ﬂ mhrgg ?{'Ialatscteﬁi\i\g%% etg(gu tﬁh e ua"9 leated at 96 '
f r ¥infer BBl dheaeatioamaixture (a6 cogled to moanemnecatmiJ andtapplied to

t he (ﬁ&gé\ﬁégﬁ‘&?"( @g}@%&@ﬁ‘t‘i %ﬂ};{nﬁl’r&;/ thsp "Yfﬁg %W%EQ mL H,O and |

15 adfiﬁq)r@duét WhE eIuRAGK P BthBhAL! Whter 3850 [eAtgd m 96 C for
25 min. The reaction mxture was cool ed to room

terrperature and applied to a G 18 SPE-col unm

& a5 Garmupiits s Vo BrofiRs AR hERRAF iy AL fsiflg VR R and

50F£s@n(e§,a1ﬂtg HRT10710 BBECIgéDﬁmalﬁbﬂb@luﬁﬁhd t he product

wer e anal ysed by HPLC usi \Qz)dac RP and
The analytical radlochemlcal yield (%C was 67%.

20 . The isolated RCY was 34%.

Electrospray jonization mass spectrometry, ESI-MS, was performed on Fisons

Platform (Micromass, Manchester, UK), using positive mode scanning and detecting

[M+2HJ**. DOTATOC was detected at m/z =711.26 and authentic Ga-DOTATOC
25  was detected at m/z = 746.0 (calculated m/z = 746.5).

1b)  *Ga - radiolabelling of DOTA-TOC using microwave activation
30 The reaction mixture was prepared identically as deseribed under 1a) and transferred
into a Pyrex glass vial for microwave activation for 1 min at 100 W. The reaction
mixture was cooled to rodm temperature and applied to a C-18 SPE-column
(HyperSEP S C18), which was then washed with 2 mL H;O and the product was -
eluted with ethanol: water 50:50 (1 mL).
35



Fast Desalting HR 10/10 FPLC gel filtration col ums.
The anal ytical radiochemcal 3jeld (RCY) was 67% 20.

wabm4iogsabat ed RCY was 34% El ectrospray ioni zap¢DGBRESH01550
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spectronetry, ESI-MS, was perforned on Fisons
Platform (M cromass, Mncheste UK), using positive
node -scanni ng and detecting H/&ZH] 2+. DOTATOC was
detected at mz =711. 26 and aut henti c Ga- DOTATOC 25
was detected at. nmlz = 746.0 (calculated nfz = 746.5).
I b) 68CGa - radiolabelling of DOTA- TOC using m crowave

acThy edateéh ﬁ@xﬁﬁbeaﬂ@m@tpr@dhcmwéiwrmy&@@ b 'HAECT @6ing Vydac RP and
identically as described- under la) and transferre

i nFast Pepglting HR HY$0 FPRC gebfiltratien 6 sactivation for 1
m n mxture was cooled to room
telf'}lé‘glna"l ca&ﬁ?\zﬁ{ﬁ?eggls? 0 a C 18 SPE-col um

( H¥heisSRRIRCY8¥as M%h.ch was t hen washed with 2 nL H20

and the product was eluted with ethanol: water 50:50

(1 m). 35 WD 2004/089425 PCT/ GB2004/ 001550 12 The

re o) ensan P
B s
f i Platfatm (QMmromam;Maxﬁtha'smr HK3) Wﬂg:pﬂsitﬁ(é\ﬁnmsoanmng aBdetecting

@Mﬁfﬁ? ﬁ&%&a s et %L 96 wl bR GEBoTATOC

Pl%éeaemé&h&m%m.ok@@médﬁh lm. .using positive
node scanni ng and detecting 10 [ M2H| 2+. DOTATCC was

detected at mz =711.26 and aut hentic Ga- DOTATOC was
detected at mz = 746.0 (calculated mz = 746.5). 15
ic) Results of the conparison In the case of mcrowave
activation, the anmount of radioactive nmaterial and the
pr oduct speC|f| c activity was increased by 21% The
|s@>13)at eResults of the gpmparigd| d  was i ncreased 2 fol d

h f&’ﬂ{eegaskgoftlﬂfcr&gm Baw%&?,' m@dm‘f&fnb o?qgalggétiv%nﬁhterial and the
eati ng.

product specific activity was increased by 21%. The isolated radiochemical yield

was increased 2 fold compared to the results obtained with conventional heating. As
the radiochemical yield of the reaction mixture in case of microwave activation was
over 98%, a further purification would not have been necessary and the crude

reaction mixture could have been used for in vivo application.

Example 2:
8Ga radiolabelling of DOTA linked to oligonucleotides

In a first step, four different antisense oligonucleotides specific for activated human
K-ras oncogene were linked to DOTA:

e 17-mer phosphodiester oligonucleotide with hexylaminolinker at 5’ end;

¢ 17-mer phosphodiester oligonucleotide with hexylaminolinker at 3’ end;

e 17-mer phosphorothioate oligonucleotide with hexylaminolinker at 5’ end; and

e 2"-O-methyl phosphodiester with hexylaminolinker at 5’ end.



the radi ochem cal yield of the reaction mxture in
case of mcrowave activation was 20 over 98% a
wao eoothgxs2puri ficati on woul d not have been neceBSEGB2@AM01550
the crude reaction mxture could have been used for
in vivo application. Exanple 2:1325 68Ga radi ol abel I'i ng
of RPTA EonpustisoPDOIN U bERILRIGNR:2 first step,
four different antisense ol i gonucleotides specific for
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10s olapplicsh tavasCHAEdSRE dobww §Supetro),hthe oddlynn wedsewhshdd with 50 mM

Cod iR b st e AER Gy Bia el L) and e poTA.
t emgbAididtide Ofvad 16T with Thtef:8a%ddiflle BOSOTE@ WAD. The water-
first purified by gel filtration wth NAP 5 col urmms,

el @eetemiiilehfragtipnawgs 1dyed| using | avvasm (centrifupe:| Therprodunts were

ac 20 & niof th oduct . .
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2b)  %Ga - radiolabelling
Sodium acetate was added to the eluate from a 68Ge:/‘ssGa-generator (36 mg to 1 mL)
to adjust the pH of the eluate to approximately 5.5 and the mixture was vortexed
25 well. DOTA-oligonucleotide (10-100 nmol) was added and the mixture was
transferred into a Pyrex glass vial for microwave activation for 1 min at 100 W. The
reaction mixture was cooled to room temperature then 1 mL of 150 mM TEAA in
H,O was added. The mixture was applied to a C-18 SPE-column (Supelco), which
was then washed with 50 mM TEAA (1 mL), 50mM TEAA containing 5%
30  acetonitrile (ImL). The product was eluted with ethanol: water 50:50 (1 mL) or
water:acetonitrile 50:50 (1 mL). The reaction mixture was analysed by HPLC using
Vydac RP and Fast Desalting HR 10/10 FPLC gel filtration columns. The analytical
RCY ranged from 50% to 70%, the isolated RCY ranged from 30 to 52%. Larger

amounts of stronger eluents might improve the isolated RCY.



(ESI") nmlz: 662.27 [M8H] 8 756.36 [M7H] 7 882.91

[M6H 6'. Reconstitution of the data gave M=
wWo303/039%25 2. DOTA- phosphorotioate: M5 (EST-) nmP@T/GB2004/001550

656.58 [M 8H] 9-; 738.56 [ M 7H] 8 Reconstitution of the

data gave M = 5917.35; 3. DOTA-12' - 0- net hyl

phosphodi ester: M5 (ESI-) mz: 674.02 [M6H 9-; 770.19

[M8H 8-; 20 885.00 [M7H] 7 Reconstitution of the

data gave M = 6148.84 2b) 68CGa - radiol abelling Sodium

acm added to the eluate froma

68 =generator (36 ngy to 1 nL) to adjust the pH

of ‘iGeradivhbelling oI DO DA livilied ty popfidénd the nixture was

vortexed 25 well. DOTA-oligonucleotide (10-100 nnol)

was added and the m xture was transferred into a Pyrex

gl j f ' - Tod M i mn at 100
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t ewpeVadoactive Inesstidal Peptie (VAP); 28 abkifd atid rediBfdsyvas

added. The m xture was applied to a G 18 SPE-col um
( SApeNeyppreriide dhFragment @Eemm Jdmeino soidrrgiduesA (1
m),, [ Al R | %0 oritrile (l.m).
g S R R S
10ML)» OAngieRhsin:IREE); 8nindind heid p&idRs(1 L) . The reaction
m xture was anal ysed by HPLC using Vydac RP and Fast
Desalting HR 10/10 FPLC gel filtration colums. The
anal ytical RCY ranged from50%to 70% the isolated
RCY ranged from 30 to 52% Larger anounts of stronger
el Gant s CungingatiomufdO@TAN® peptides:ed RCY. WO 2004/ 089425
PCI{ GB200Q4/ 001550, ,14 ampl e 3. .68Ga radi ol abel ling_ .
of CORERRYION Wag caisiep oyt Pgégsrcr%efi i 8a6)r ysing peptidgs (4.3dpmol) instead
15 di tf shigsucReRddsdes were |inked to DOTA:  Vasoactive
Intestinal Peptide (VMIP); 28 am no acid residues;
Ne rhe peqstion anixtuFesagnrb prodadts 3ger¢ MRMysed1y HPLEbusing Vydac RP and

o 5Shuga RO L AR o P e Bafon mas

ac gkctrBfileBY EBSI-MS, was performed on Fisons Platform (Micromass, Manchester,

UK), using positive mode scanning and detecting [M+2H]2+, [M+4H]* and

20 [M+SHJ™" . VIP was detected ‘at m/z = 832.07 [M+4H]*. (DOTA),-VIP was

detected at m/z = 1025.00 [M+4H]4+. (DOTA);-VIP was detepted at m/z = 1122,0

[M+4H]". (DOTA)4-VIP was detected at m/z = 1218.00 [M+4H]"*. NPY was

detected at m/z = 819.31 [M+3H]**. DOTA-NPY was detected at m/z = 948.18

[M+3HJ*. P was detected at m/z = 909.55 [M+2H]*". DOTA-P was detected at m/z

25  =1103.02 [M+2H)*". A was detected at m/z = 524.1 [M+2H}** and DOTA-A was
detected at m/z = 717.20 [M+2H}*".

3b) %Ga- radiolabelling

%Ga - radiolabelling was carried out as described in 2b) using 10-20 nmol DOTA-
30  peptide.

The reaction mixture was analysed by HPLC using Vydac RP and Fast Desalting HR

10/10 FPLC gel filtration columns. The analyfica] RCY ranged from 80% to 90%,



3a) Conjugation of DOTA to peptides: Conjugation was
carried out as described in 2a) using peptides

w@ 0003083 ) i nstead 15 of ol i gonucl eoti des. TPeT/GB2004/001550
reaction m xtures and products were anal ysed by HPLC
usi ng Wdac RP and Fast Desalting HR 10/10 FPLC ge
filtration colums. El ectrospitay ionization nass

sﬁeosalmw rE@bd Bm 6830 POV LarmRe amouihts %@@ﬁorPgeabﬁ@ﬂtmmlght
Mcro ﬁggfter UK), using positive no

sE%WﬂVﬁ eamlata% ing [ M2H 2+, [M-4H 4+ and 20

[ Mt5H] 5+ . VIP was detected at mz = 832. 07 [ M+4H] 4+.

(DOTA) 2-VIP was detected at niz = 1025. 00 [ M+4H] 4+.

(DOTA) 3-VIP was detected at niz 1122.0 [ M+4H] 4+,

(DOTA) 4-VIP was detected at m z 1218. 00 [ M+4H)| 4+.

NPY was detected at nmiz = 819.31 [ Mt3H 3. DOTA- NPY

was detected at mz = 948.18 [M3H 3+. P was detected

at mz = 909.55 [ Mt2H] 2+. DOTA-P was detected at niz

25 = 1103.02 [M2H 2+. A was detected at mz = 524.1

[ M-2H] 2+ and DOTA- A was detected at mlz = 717. 20

[ MF2H] 2+. 3b) 68Ga - radiol abelling 68Ga -

radi ol abel ling was carried out as described in 2b)

usi ng 10-20 nnol DOTA- 30 peptide. The reaction

m xture was anal ysed by HPLC using Wdac RP and Fast

Desalting HR 10/10 FPLC gel filtration colums. The

anal ytical RCY ranged from 80%to 90% WD 2004/ 089425

PCT/ GB2004/ 001550 15 the isolated RCY ranged from 60

to 70% Larger anounts of stronger eluents m ght

i nprove the isolated RCY. WD 2004/ 089425

PCT/ GB2004/ 001550 16 dainms: 1. Method of producing

a radiol abelled galliumconplex by reacting a Ga3+

radi oi sotope with a chel ati ng agent characterised in

that the reaction is carried



5 out using mcrowave activation. 2. Method according
to claim1 wherein the Ga3+ radi oi sotope is sel ected

wo eawagdaes group consisting of 66Ga3+, 67Ga3+ BEMGB2004/001550

5

10

15

20

25

30

68Ga3+ 10 3. Method according to clainms 1 and 2

wherein the Ga3+ radioi sotope js 68Ga3+. 4. Method

according to clains 1 to 3 wherein the chel ati ng agent

i sClaimserocyclic chelating agent. 15 5. Met hod

according to clains 1 to 4 wherein the chel ati ng agent
conprises hard donor atons, preferably O and N atons.

6. 1VaVethod ack pratiucipgt 8 mimlabelldd tgalllimwhengilex tbyereacting a Ga**
chel atin ent.is i.functional  che|ating agent. 20 .
e NeeiokBEridh o heBling Hrat hatastefogh g ] tipaction S carried
chel ajijt RGin@ FBBowade actiiafipfiCt i Onal  chel ating agent
conprising a targeting vector seles-fromthe

group-consi sting of proteins, glycoproteins,

: : g.g g@?{pglg %??oaglgmlg%gg trlpglggfhergix%//@gg’.gag%/ F%@@%&Sﬁe is selected from the
| i popgpip easistiig obBEaT H#GRY, anaftG#Tc 25 aci ds,

ol i gonucl eotides or a part, a fragnent, a derivative
or a conplex of the aforesaid conmpounds and smal

or 32 B b o Bl IREs ARBRNR Sl e s G
ol i gonucl eotide. 30 9. Method according to clains 1 to

8 wherein. the microwave activafion |s carried out at .
804t Methed W°°63],‘é‘£é? g’ﬁaﬂys atto éonlgelffbe ghelogne pesa o magrocyclic

PCT/ GRefds Q8kp50 17 10. Method according to clains 1
to 9 wherefrn"the mcrowave activation is carried out
for 20 s to 2 min, preferably for 30 s to 90 s. 11.

Met h ccor di to cl.ai 3,to 10 er.eln. the 68Ga3+.

S onfteRd Gofyiihe 8 s I ol biherean e idlip Spent Cotaprises hard
68Ge_/cﬁ>%€ﬁateﬁ1@,§vrafe%blmﬁdqma@fﬁ's.on exchanger and

el uti ng 68CG3+

6. Method according to claims 1 to 5 wherein the chelating agent is a bifunctional

chelating agent.

7. Method according to claims 1 to 6 wherein the chelating agent is a bifunctional
chelating agent comprising a targeting vector selected-from the group-consisting
of proteins, glycoproteins, lipoproteins, polypeptides, glycopolypeptides,
lipopolypeptides, 'peptides, glycopeptides, lipopeptides, carbohydrates, nucleic
acids, oligonucleotides or a part, a fragment, a derivative or a complex of the

aforesaid compounds and small organic molecules.

8. Method according to claim 7 wherein the target vector is a peptide or

oligonucleotide.

9. Method according to claims 1 to 8 wherein the microwave activation is carried

out at 80 to 120 W, preferably at 90 to 110 W.



fromsaid ani on exchanger. 12. Method according to
claim 1l wherein the 68CGe/ 68Ga generator conprises a

w@ edouosp4edNpri si ng titani um di oxide. 10 13. Mep¢IDEB2004/001550
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according to clains 11 to 12 wherein the anion
exchanger conprises HC03- as unterions. 14. Mt hod
according to clains 11 to 13 erein the anion

exthdietbed pecoxding te glpima 3 ta 9 whetsitcthgrgisoways actatiogds caxried
accordi j f roducti on of
6 Co oHL B 203,46 P ity for s b3 70
11. Method according to claims 3 to 10 wherein the ®Ga®" is obtained by contacting
the eluate from a *®Ge/*®Ga generator with an anion exchanger and eluting ®BGa’

from said anion exchanger.

12. Method according to claim 11 wherein the *®Ge/*®Ga generator comprises a

column comprising titanium dioxide.

13. Method according to claims 11 to 12 wherein the anion exchanger comprises

HCOj™ as counterions.

14. Method according to claims 11 to 13 wherein the anion exchanger is a strong

anion exchanger.

15. Method according to claims 6 to 14 for the production of ®Ga-radiolabelled PET

tracers.



