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WO 2006/054098 PCT/GB2005/004451 Fluoridation Process The
&%%%%ggention relates to a process for the fluoridation of si,lg
|

. : . . HeB2003/004451
erivatives 5 and in particular, the invention relates to the productioh 6

fluoridated glucose. The process is especially useful for the production of
radiofluoridated sugar derivatives for use in procedures such as positron

emission tomography (PET).. In EéOﬁessgs for groducing [18F]-labelled

tracer compounds for use i ; ost important factors is

the overall non-corrected yield of the synthesis. This is dictated not just

by the overall chemical vield of the process, but aJso by the synthesis, . .
TRROAGRRH [EVFIROR R BRI e 5 DR ALY Ohpragerivatives
AVHGR isaHiSuTamitiepSriidTHdluasisdedandsymicriiioabiainedrRmen glucose.

agueous solution produced by cyclotron irradiation of an [180]-water
TR RIIoRSS Lo TRTD ISP ML abd 1S PTG RO ated sugar

QedoHgeeee $8hHlueddartiaadragive siucaephilisiceageiigughy (PET).

that it is suitable for use in nucleophilic radiolabelling reactions. As with
non-radioactive fluoridations, these steps include the elimination of water

i pFoR0shesisfirBuataeiDransbibiRarevisionofmouliabifoe 0B Er BT, one of
%}Handbook of Radiopharmaceuticals 2003 Welch & Red eds.

§ T OTROT AT SRR FEAaRAG W erietgis. This

idsingaBRYEEe YSsEBY entsdAdelirbiveatiahi A8k Lifthwhichess, Bubaiso by the
279-87). The remaqval of water from the fluoride ion is.referred to as_ . 18
SHaS o HARE MLIGR B TOROTAB RS GRS RS B G SRth RS of [FL
wigtel is petievasitotesult in solvation of the fluoride ions, which shields

the fluoride from nucleophilic attack on the protected sugar precursor.

The removal of water is therefore regarded in the art as a step which is

Q&g}eﬂ@@m@i&mr@ag@t&mpe_aptme@fatb%ﬂugddemvwmm ghstldeed by the
o o e e e AR S tice to
carry out various steps in order to convert ['°F-fluoride into a reactive nucleophilic
reagent such that it is suitable for use in nucleophilic radiolabelling reactions. As
with non-radioactive fluotidations, these steps include the elimination of water from
the ["®Fl-fluoride ion and the provision of a suitable counter-ion (Handbook of
Radiopharmaceuticals 2003 Welch & Redvanly eds. ch. 6 pp 195-227).
Nucleophilic radiofluoridation reactions are then carried out using anhydrous
solvents (Aigbirhio ef al, 1995 J. Fluor. Chem. 70 pp 279-87). The removal of
water from the fluoride ion is referred to as making “naked” fluoride ion. The
presence of significant quantities of water is believed to result in solvation of the
fluoride ions, which shields the fluoride from nacieophilic attack on the protected
sugar precursor. The removal of water is therefore regarded in the art as a step
which is necessary to increase the reactivity of the fluoride as well as to avoid
hydroxylated by-products arising from the presence of water (Moughamir ef al,
1998 Tett. Letts. 39 pp 7305-6).

US 6,172,207, which relates to a method for synthesising ['°F]-labelled
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US 6,172,207, which relates to a method for synthesising [18F]-labelled
-1 WO _2006/054098 PCT/GB2005/004451 compounds such as

Wo[i%(ﬁgﬁﬁ%ﬁodeoxyglucose ([18F]-FDG), teaches that the quoﬂﬁytﬁ%z%{EéWMﬁ

must be made totally anhydrous by additions of acetonitrile to the

AsrpeUaEoIgtions %Iwmﬁéaeaﬁgﬁmraﬁmmnq%&@@emat the

most commonly used process for synthesis of [18F]-FDG, is that of

a4t NRichavRAdS Josaly mabyLhBEs RN ARditipRsehagstpaitrile to
the duPdslia-narsiy divelusyamethrnasubionyindd Bepuasose

with [18F]fluoride is performed in anhydrous solvent. i 0 There are certain
problems which arise from the processes currently used for the

TRRIHEUPERhSH BbsteduBarrd rHyAIMES T3 O tIrese issthadt of Hamacher

removing all of the residual water from the fluoride ion and the solvent

ehiedstieien i erkredbréSarsdd 198OV Eraeh- Lorréeasignerf ddib 6-tetra-O-
. SYBNSSIS- TG RAHEIRG SYELTE HGI-B0G Messliceh RSP Gl ir[‘é}ﬁl luoride s

automated synthesiser is increased if it is 15 necessary to remove all the
pesiaed fian kydiRggEeY M synthesis may require more drying
cycles, whereas a more powerful heater may be required on the
f,%thesiser to effect the synthesis. Furthermore, it is difficult to ensure that

RISt RRRRRIC RIEBH DB s ERIBANS RIpFETEBIRL TRTEhsused for the
hecrrss e E IPpLaiasber sl AmAY; Aintesiduabwaianiin Benoving all of

solvent (for example up to about 1000ppm) and the overall non-correcte

e tpsidir wWalgreRrdhedlesrdriraripddbs ariyant dekasibngtapd therefore
afsidualwaieswiisbisdysesricdiidng dhenahs/inggactinse ResthBayRihetic

established that it is possible to maintain the water content at 1500 ppm

andoeshapiaal SRR  £59%. AeBFiRsnsythesieapds ineTrated |f it is
EERSR bRl ek iR Shaudewiation Fo PRABAIRAR SIS may require

present inventors have made the surprising discovery that itis not
meradipg cycles, whereas a more powerful heater may be required on the

synthesiser to effect the synthesis.

Furthermore, it is difficult to ensure that the radiofluoridation reaction is
consistently reproducible. This is because there may often be a small amount of
residual water in the solvent (for example up to about 1600ppm) and the overall
non-corrected yield of the synthesis varies considerably according to the amount
of residual water which is present during the labelling reaction. Results have
established that it is possible fo maintain the water content at 1500 ppm +/- 200
ppm, a deviation of 15%. At 750 ppm such an absolute water variation would

have double the deviation in percentage terms.

The present invenitors have made the surprising discovery that it is not necessary
to carry out the fluoridation of sugar derivatives under anhydrous conditions.
Indeed, if the amount of water in the reaction mixture is carefully controlled, the
radiochemical purity (and thus the overall yield) of the process is actually

improved.



to carry out the fluoridation of sugar derivatives under anhydrous
conditions. 30 Indeed, if the amount of water in the reaction mixture is
carefully controlled, the radiochemical purity (and thus the overall yield) of
the process is actually improved. -2 This is particularly surprising in view
Thif teepamighrsiy isuhrisner mtwedher iesessibhabrROMIYRENGHHE art on the
ne(r:eacﬂoré#mder anhydrous conditions. In a first aspect, there is provided a
BrOCESS &Pﬂgeuﬁ?géat iFPGH AN YORR BN EriR e iR e derivative,
the process comprising reacting a tetraacetyl mannose derivative with a
ugrj acterised in that the reaction is_copducted in a solvent
In %oﬁ%ﬁ%ﬁ Q\;%vgtgﬁ%lﬁea’rsi Anount gradier s %58@%8?&%&“%%ﬂl‘%rﬁmteded
flugideterippiuchse seconthaspbet, thexmis poovigeisiagnesact for sedueingetyl

tef SRR of asut adj i ticulayly [18F]fluoride, .
matv@ﬁi(ﬁélc%gmprisersgc&@c%gtms%%ébl&%%gv%ﬁ%g% s%‘(iaE\Per?éért ré%lan. TRGAEN 18

coRgHBERfireAs el RonteVial wates de o5 famitnpgrpatatithmof €000 ppm and

lesHUREHAE dGYYRhderivative, the process comprising reacting a
non-fluoridated sugar derivative with a fluoride, characterised in that the

reaction is conducted in a solvent containing water in an amount greater
In shesacdRQippsrtankless thani09 BB FBE /AGiRRE QRN INEntan i of

h?s,cons derable advantages over prior art methods. Firstly, it has been
a %Hﬂa%%}t ?ai?'ﬁ HPBEfh Paaisuiacal thdfieiiier wRick seioRiBescRATIIRCting

saithetdatsed witthe suesengerobihese controlled amounts of water.
Secondly, because the reaction mixture contains water in an amount of

greater than 1000ppm, it is much easier to ensure that a consistent
in ampuembiodiatents threrseris irptbeideactiorprobdgte (for thetapes Biation of a

ﬂu&%g}gﬁatﬁ%gpﬁt&w/gm}g]gtrt]geprocess comprising reacting a non-fluoridated
sugar derivative with a fluoride, characterised in that the reaction is conducted in
a solvent containing water in an amount greater than 1000 ppm and less than
50,000 ppm.

The method of the invention has considerable advantages over prior art
methods. Firstly, it has been found that far from being decreased, the yield of the
reaction is actually increased in the presence of these controlled amounts of

water.

Secondly, because the reaction mixture contains water in an amount of greater
than 1000ppm, it is much easier to ensure that a consistent amount of water is
present in the reaction mixture (for instance by deliberately contaminating the
labelling soivent with water) and this means that the reaction conditions are

consisiently reproducible.



labelling solvent with water) and this means that the reaction conditions
are consistently reproducible. 3 Thirdly, it may be possible to eliminate
some of the drying steps used in prior art processes and this would
reduce the overall cost of the process in terms of both reagent cost and
Thitiey miameadiennmg Kbkt of tasyatbesiser.df thexperigdtisd assumplerior art
rocess wquld als sitively impact on.the averall reliability of the
Pr B e R R T Bl e R e e of ot
reagernt asd 'arefdhe toran pligs aigh andepbiiypsaotinesider. disicexpadedrthat a
: 0, fi ' i : Q is.rep -
S L e P boe ) S AR 1 tne
Progg&mple as taught in WO-A-03/002157. The process of the invention is
particularly suitable for fluoridating monosaccharides such as glucose,
fructose, ribose, arabinose, mannose or galactose. 3a WO 20061054098
In be presspOSBRYILIP R RSt claerrBiPtidaiRfh R 3L gaF RiNRtRRIe $HE 2

polQ&ReE RN A OURSREHI sHEar dREadIIAaEe e \WYHBrR SHEHERIRiECIAEHRSh which
gro £ 5 The term "fluoridated sugar derivative" refers to a
on%(ﬂ{f Q

& cHAHGEOURR S ABRIRERE DY S 2 RYNE e BP HRoABLaticide epfjgpally
bosuehtaszgldensesfipstoseforibosenarabiroseumannossor gaaciosesn. The

which of the OH groups.is  replaced flyoro..lo In a "protecte ,
PO R i B e R HE B o L AL G gccharides
sugivae gledosithfaustota) elprede atiagigrea pranitaiske @rotdatituggroups for

the protected sugar derivatives used in the invention are well known in

the art and are described, for example, in "Protecting Groups in 15

Organic Synthesis”, Theodora W. Greene and Peter G. M. Wuts,

published by
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depend upon the intended use of the fluoridated product but, for example,
OFUHIHR,

John Wiley & Sons Inc. The particular protecting group chosen will

groups may be protected by conversion to alkyl o HfoRidtii004451

esters, for example by reaction with an alkanoyl chloride such as acetyl
chloride. Alternatively, hydroxy 20 groups may be converted to ethers, for

example alkyl or benzyl ethers. It is preferred that both the starting
Inaierrlagiadrerdhiiipipcineaneeivatved tRagiPaciagredps s the sugar

R RBISRAYRSITEOLPE-MIE BRadvehkvyn the art and include toluene

sulfonate and methane sulfonate. It is'particularly preferred, however, that
the leaving group is a trifluoromethane sulfonate (triflate) group. The

Tioridatian Fepeiopwl ogngely heraaudecrbligsutistityion isagtiacharide,
and 30 replacement of the leaving group by fluoro may cause an

oligessrrharigh dssrsbaisinRiinenarastiRidpsHIRYGhas HHmgse. fructose,

rbBYS; He-RIRERg NAnfHeH gted AuerideTAMRWIbAEEBII®& OH groups is
derivative of a different sugar from the -4 WO 2006/054098

retaveBPYEHMMR51 product. A preferred product is a protected
fluoridated glucose derivative, which can be prepared from the
correspondir;#gétmannose derivative, for example a tetraacetyl 5 mannose

Iyerivstecterdpesidmbad SugpE Aany atliveb b fortiner S Ejaraush @fthe sugar are
pPoREIOa At 8- Seitart gﬁﬁ@/&ﬁ??ﬁgﬁg (tetraacetylfluoroglucose or

pFDG) from 1,3,4,6-tetra-O-acety
trifluoromethanesulfonyl-(3-D-mannopyranose (tetraacetyl mannose

diiftatg AR Rktap! r%ﬂ'ﬁ!@%?{Hél‘rb‘?'@té‘@t'éd?Eﬁ%%%@ﬂﬁ&t%%@%%ﬁéﬁvention

acetonitrile, dimethylformamide, dimethylsulfoxide, tetrahydrofuran,

adfowsl knowairdheorlicnsrestfsriked: RuRsampIFsBlidietreiaGroups in
ORygHIE SlAaMEISTePheodora W. Greene and Peter G. M. Wuts, published by
John Wiley & Sons Inc. The particular protecting group chosen will depend upon
the intended use of the fluoridated product but, for example, the hydroxy groups
may be protected by conversion to alkyl or aromatic esters, for example by
reaction with an alkanoyl chloride such as acety! chloride. Alternatively, hydroxy

groups may be converted to ethers, for example alkyl or benzyl ethers.

Itis preferred that both the starting material and the reaction product are protected

sugar derivatives.

Suitable leaving groups are also well known in the art and include toluene
sulfonate and methane suifonate. It is particularly preferred, however, that the

leaving group is a trifluoromethane sulfonate (triflate) group.

The fiuoridation reaction will generally be a nucleophilic substitution reaction and
replacement of the leaving group by fluoro may cause an inversion of the
stereochemistry of the sugar via an SN2 mechanism. Thus, the starting non-
fluoridated sugar derivative will often be a derivative of a different sugar from the

R



10

15

20

25

30

However, acetonitrile has been found to be a particularly suitable solvent

f% 4i|,§8reaction. Although the improved reaction yield is "il. 044
Oincﬁgfng at least 1000 ppm but less than 50,000 ppm Wate:i;iﬁ tk?é%(ggm o

solvent, even greater improvements have been achieved when the water
pesitent is from about 1000 to 15,000 ppm. The 20 best results were

obtained using a solvent with a water content of from about 2000 to 7000

ppm, suitably 2500 to 5000 ppm. In one embodiment, the preferred water
Acprieairisdimonaded @ppnptot6oRepfinvriintessk dibersin, dbevetive, pphith can be

when describing water content of a given sglvent,.. 25 means,adr
DRBHET AT ARG B A S ey Sy » tetraacety
naghieedduridaging a wet solvent until the desired water content is

reached or by adding a suitable amount of water to a dry solvent. The

fluoride may be produced in agueous solution and, 30 in this case, a

Tieoristesaohtiopshaviaghriteisicsid miate poepieationay i faltaines bp-tetra-O-

d additi f th t followed b tion of t
B SR e IR T Betureor>
tRgaRieRAvenssUVley!-15 WOR00RHIAR: RETHZB200 abhesE triflate).

content of the solvent may also be reduced by using a scavenger resin,
such as a functionalised polystyrene resin, for example an epoxide,

Sueilisearsnaie, intiasl ashygidedupaimmaliseivesis teurtmase satemitrile,
from the fluoride solution. Suit?bI? resins ar%?va}éla le commercéall for
B '

AR HORBRNS abiotHBRINE BdR Afince QU reflviRy 12
dRAdIRREKEH ey SNt s Gbie- eritlyRiyrfoliékampler a mixture of any thereof.

HRAPYRT pERITLE By A o CAMEHSR - R WA S BT Ui the
réhatiepntainer and then separating the scavenger lo resin by filtration.
Alternatively, and particularly suitably when the scavenger resin

Although the improved reaction yield is obtained by including at least 1000 ppm
but less than 50,000 ppm water in the solvent, even greater improvements have
been achieved when the water content is from about 1000 to 15,000 ppm. The
best results were obtained using a solvent with a water content of from about 2000
to 7000 ppm, suitably 2500 to 5000 ppm. In one embodiment, the preferred water
content is from 3000ppm to 6000ppm.

As used herein, the term “ppm” , when describing water content of a given solvent,

means pgram water/gram.

The correct level of water in the solvent may either be achieved by drying a wet
solvent until the desired water content is reached or by adding a suitable amount
of water to a dry solvent. The fluoride may be produced in agueous solution and,
in this case, a fluoride solution having the desired water content may be obtained
by repeated additions of the solvent followed by evaporation of the solventiwater

mix, or by dilution of the agueous fluoride with the desired organic solvent. Water

5B
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is used within an automated synthesis apparatus, the scavenger resin
ontained in a vessel through which the fluoride solution is
Wogg%sgé’gsgf) e fluoride solution may be passed through the sc"af{?%’ﬁé*é?‘}%%? 51
as a continuous flow, for example at a flow rate of from 0.1m1/min to

cHBOERY BTt OEINVBAMChRSy e DErdSupenmiiaudlicicatiesidegesetiain, aich as a

the scavenger resin for the drying to occur., This aEEIic tion of scaven

N er
BEHRNEIREUeP ANSIERE GRS EX8 AR n SR FEHVLREHANate, or

dharesspiadidedrcmsiipskiorsstuainghevaiearoriont B mebyiden iution.
radiofluoride, particularly [18F]fluoride, which comprises contactiré%ﬁo

SfadsIEsHit e SRR TRYMasHRAy At SERMBIP BRIFHSkyabiochem.

FLESIAeARCR JTARPERUL OFgRAIGSAIYE S RUIBhRE RS INISIGy a suitable catalyst,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, dioxan,

far sxpmeisskydmaliyiamiemeidng @‘%Mﬁryrrolidinone, more suitably
the solvent is acetonitrile. 25 The reaction may be conducted in solution
phase or alternatively, the non- fluoridated sugar derivative may be bound

Indhiserabasimsittoths Aniingsien R R RF TRV S ProFRIIRY Y& ergrsenger
redtPRARMNKERXShiess iedenhilipedaied (Han3:puesnsie tad@venger

wherein the solid support is any suitable support; the protected )
reiR-RydHtRten - shysrRivRlvvend BarbeHiEty SHIRR!V-8hetbBEsRIS ISR resin
iPGHHG RABIP A4 RS mEie P YAt NIsh pueamoiesusleaRtiler resin may be

substitution at a specific site on the protected non-fluoridated suga

[
caBtiRedngr warbiBrosebovhipk fdrRIds seliBiDRAs e Grollie fluoride
sWIRIEHSRMP DI 5RISEINBIERGH RSt avelfigientasirpas theceplithabnRMbw, for

structure so as to maximise reactivity; for 5 example zero to four aryl
egmnege(ﬁsrseﬁgmm@tﬁ@n%rar%mﬁr@ﬁ-@e%mém%&5|W@Eﬂdﬁa@? as to
pliiriRalipridiehdinaribaedamdyonnadostrvergfiilieash for the drying to occur.

This application of scavenger resins is novel, therefore according to a further
aspect of the invention, there is provided a method for reducing the water content
of a solution of radiofluoride, particutarly ['°Flflucride, which comprises contacting
said solution with a scavenger resin. Suitably the solution comprises fluoride in a
non protic organic solvents such as acetonitrile, dimethylformamide,
dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-dimethoxyethane, sulfolane and N-

methylpyrrolidinone, more suitably the solvent is acetonitrile.

The reaction may be conducted in solution phase or alternatively, the non-~
fluoridated sugar derivative may be bound to a solid support to form a resin-
finker-vector (RLV) of formula (1):

SOLID SUPPORT-LINKER-X-Protected non-flugridated i
sugar derivative

wherein the solid support is any suitable support;
the protected non-fluoridated sugar derivative is as defined above;

-6
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functional groups such as amide or sulfonamide groups. RLV systems are
dlscussgd at length in WO-A-03/002157, which also gives details 10 o
W litshi ifkers. The RLV of formula () is contacted with a soﬂﬁr’gﬁ%"fﬂﬂ?émﬁml

fluoride, resulting in the displacement of the sugar from the solid support

jo give gaiiptesieshiveridaied mugasslerivaiivesititablg solisbMiBRE DN the
are also discussed in WO-A-03/002157 and include %ﬁ)olymers such as

Hlrd o A B S IHGEIEGrYREYe [P E XRIR Gvitr Balathylene
ﬂhécmlr)«drqyaerylenngeaer@gaﬂmgm@e\m@a&eﬂe@It@ogp%rwqﬁew@acnve site

such a polymer Alternatrvely a resin may be used for example as detailed

MBS AleE 28 550Hh S YRS RAPBIFSaIR 7% tHe FBvBrERsRactivity; for
distigir Patieles BHANASI RRBIBPIBINSRIMBIa ¢PRINY AMETBHRNE),-C;y alkyl or

surface of a cartrrdﬁf or on a_microfabricated vessel. Carryrn% out the

halaadey of e aaial ofHorea i Caah oEn Bl pRot dPrd B additional
RiaiRedIEBuisseBmIS e the sleatiifAR @grlipaal separation step.

This is especially advantageous when the fluoridation 25 is a
radiofluoridation as any time saved in the process results in a higher non-

R‘Em%ﬁ@m%@ﬁ l HeRQUONAS ISRy gl ERBbYives details
temperature of from 5C to 180C, but particularly 75C to 125C. 30 The

pfsedablsrliRksSResent invention may be carried out as part of an
automated synthesis. This is the case whether the reaction takes place in

solution or whether -7 WO 2006/054098 PCT/GB2005/004451 the
hBA-Rir R ulgdlidsramated wkesrivdond i Huetdscreruiting in the

magedwERte frNHUIdRRE BlOSCIREEYBIHRINRYIDE arprotected fluoridated

sugar derivative.

Suitabie solid supporis are also discussed in WO-A-03/002157 and include
polymers such as polystyrene (which may be block grafted, for example with
polyethylene glycol), polyacrylamide or polypropyiene or glass or silicon coated
with such a polymer. Alternatively a resin may be used for example as detailed in
WO-A-03/002157. The solid support may be in the form of small discrete particles
such as beads or pins or as a ¢oating on the inner surface of a carfridge oron a
microfabricated vessel. Carrying out the method of the invention on a solid
support enables the product to be obtained in pure form without the need for any
additional separation step. This is especially advaniageous when the fluoridation
is a radiofluoridation as any time saved in the process results in a higher non-

corrected radiochemical yield.

The reaction is usually carried out at a temperature of from 5°C to 180°C, but
particularly 75°C to 125°C.

The process of the present invention may be carried out as part of an automated
synthesis. This is the case whether the reaction takes place in solution or whether

7-
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ionic compound and may be provided with any suitable counter-ion. Itis 5
6/855‘83% solvent to maintain the solubility of the fluoride. Q@&P@‘?/ 004451
suitable counter ions include large but soft metal ions such as rubidium or
HHE RO Qb ridiiRsapS g b RO BoD ARt ansigstheas tetraalkylammonium
and tetraalkylphosphonium. Potassium ions may also be used as counter
ions, in 10 which case, in order to increase the reactivity of the fluoride, a
TRRaRRHABBicRatAEIcBE VAR the non-fluoridated sugar derivative may be an
14,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-[8,8,8]-hexacosane (sold )
QitigcramPaand Mmark mﬁtb&ﬂw%ﬁg WHY R cReRIR ofIerTes- It Is
iRpEREHEMeAbPraRBIC 1 VEsiPtdO i HeshagesE dhaisas®isoluble in the

invention is well suited to the production of radiofluoridated derivatives,

reagtienIsHVRFaamalat i the Ry bl REibve Buarisdaiuotagraigage. suitable

c6aRmeriRsanhtRdS uadderon <68 brisly dirsussed aBavaidem or cesium, or
&18F]-f|uor|de ion may be prepared by the 20 irradiation of an [180]-water
a

gl thisRy HiaHGnitiPR%ep iAUAR prtess ErarkHsRmaTiHRe  and

tRFASRSHRIIEEHRSERR! iMverRtanis RenicHalyuse b fakBEpddchinter ions, in
radiofluoridated sugar derivatives such as [18F]-pFDG, which can then be

wWhichepistecit @tdaiVe dprpremdlesiraciivity s tre dugriden-ridiasptgnsier
cHefRs: J&@%O&?ﬁ%e;@%mmeméé%ﬂ@Uﬁb%@é@mmgs&gp%@aosane
or

the protecting group in the product flyoridated sugar is an ester,

(0l ripresnt AR At AaR & YRiS e ciof Mal B Benridahicagrlwiise the

pBBSSTYATOAEIR. g sfesageifignal steps include removal of excess
[18F]-fluoride from the solution and removal of the organic solvent. The

excess [18F]-fluoride may be removed by any standard method, for
Tg%aﬁﬂiéé%i%%@%%émom@éﬁﬁtﬂphy akeplignitByVEd 2006/8pd888ion of

GB2005/004451, ' " o
radiofluoridated derivatives, particularly [ Fl-labelled derivatives and therefore, the

WOimé)ortant however, that the counter ion should be sufficiently soluble in

fluoride may comprise an ["*F]-fluoride ion.

As briefly discussed above, the ['®F]-flucride ion may be prepared by the
irradiation of an [180]~water target and this may be an initial step in the process of

the invention.

The process of the present invention is particularly useful for producing
radiofluoridated sugar derivatives such as ["°F]-pFDG, which can then be
deprotected to give compounds such as ["°F]-FDG, a well-known PET tracer. The
deprotection may be an additional step in the process. When the protecting group
in the product fluoridated sugar is an ester, for example an acetyl derivative,

deprotection may be achieved by acid or base hydrolysis.

Other additional steps include removai of excess ['°F]-fluoride from the solution
and removal of the organic solvent. The excess ['*F]-fluoride may be removed by

any standard method, for example by ion-exchange chromatography or solid-

8-
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phase absorbents. Suitable ion exchange resins include BIO-RAD AG
1-X8TM and Waters QMATM and suitable solid-phase absorbents

WORYSa dMmina. The organic solvent may be removed by evd§oraiflaft04451
elevated temperature in 5 vacuo or by passing a stream of inert gas such

(2 BEr8E5rBE AIFOB Wyt e nseketiemdEhediihtiacerRiompamA®/ixs ™ and
is the final prgduct of these ste ay be formulated for administration to
1308 NS R BREIE S LB SO RS U ioR i D B e
by dissolving the ['8F]-labelled tracer in sterile isotonic saline which may
contain up to 10% of a suitable organic solvent such as ethanol,, or

TR ATSANR SR%Cimae Bt iV es bR ERH EOBHakpIsYR B Aemperature in
Vathiey ardgitives sy Aestisash fof mennglesasesiibis attdoyénchrredysesver the

radiolysis. 15 As already mentioned, a particularly preferred compound
sphiBAan be prepared by the process of the invention is [18F]-pFDG and
therefore, in a second aspect of the invention there is provided a process

for the preparation of [18F!-pFDG, the process comprising reactin

Fbﬁaladghfr Ar&hngyd Wivch dithsohog! Rivgdeterkisiareifemay be

HHAtdads dissARirR ReSRIMER SOPENBIY MRS MBR 29saaroHRLIBRRISbIution
than 1000 ppm and less than 50,000 pﬁhr%.,,lg@jone,embodiment of this

veRiGBCEBPIREIMTERRAER (Y izslY R de FriaRe(PE ARk Slerie isotonic
dandssh wiHAShAuard® b theRresaremabIK oRIBAIT M Reh2dlch B ethanol,

1.1 molar equivalent, suitably 0,98 to 0.99 molar equivalent), potassi

GEAEERAEYEN 1 8 Bullele BellRad ROLlIRb R STserPheRPhRG bUTIer. Other

RAMINAIE M) BEQISBH! B COREMING Aatabid 2l vATRLBHaRM e thaDsis,
1000 ppm and less than 50,000 ppm. Preferred features of the invention

are as detailed above for the first aspect. In particular, the process may

AOBIRsE\ el sicn phrTedieINp FaeHSE LiRgsislendwitied @ind&prepared
[180]-water target and a further stgp of converting the %\/E\BﬁFl—pFDG 30 to
by 879 RESEASF 2EiDSINRIHRES r@arﬁwg%@m%ms it RGyeEEond aspect of

tHBSAVbAtR greatersdsiaiinat zefrtrres iERe preparation of ['°Fl-pFDG, the
process comprising reacting tetraacetyl mannose triflate with [18F]-ﬂuoride,
characterised in that the fluoride is dissolved in a solvent containing water in an
amount greater than 1000 ppm and less than 50,000 ppm. In one embodiment of
this aspect of the invention, tetraacetyl mannose triflate (1 equivalent) is reacted
with [ "®F]-fluoride in the presence of Kryptofix™ 2.2.2 ( 0.9 to 1.1molar equivalent,
suitably 0.98 to 0.99 molar equivalent), potassium carbonate ( 0.4 to 0.6 molar
equivalent, suitably 0.50 to 0.60 molar equivalent) in acetonitrile containing water

in an amount greater than 1000 ppm and less than 50,000 ppm.

Preferred features of the invention are as detailed above for the first aspect. In
particular, the process may comprise the initial step of producing the [18F]-ﬂuon’de
by irradiating an ['°O]-water target and a further step of converting the ['°F]-pFDG
to ['®F]-FDG by acid or alkaline hydrolysis.

The invention will now be described in greater detail with reference to the
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-9 WO 2006/054098 PCT/GB2005/004451 examples and to the drawings
in which: FIGURE 1 is a plot which shows the correlation of radiochemic

: al
WO&B?W%@%S[BF]- pFDG product with the water content of the ol EHg0E> /004451
FIGURE 2 is a graph showing the correlation between the formation of

exARieE BEd anthe@liepngsluningioe: labelling process with
resin-linker-vector. FIGURE 3 is a plot which shows the correlation of
radiochemical purity of a [18 F]- lo pFDG product in an automated

FRYUIRESHS (With ibewrater sanienihef daerspiuentofrsapleehnidaiieatiof of a ['°F)-
varying water content on 18F-Iabe||in%5)f suggfrs In this example, three

Plgiferenpitisthuit Hre Maith G SBBLPIWRE 8F/S0Ere used 15 and the

effect of varying the water content of the reaction mixture was assessed.

a) Resin-linker vector (RLV) Labelling The 18F- was introduced to t
bR mﬁﬁm%afmf\@amﬁgcméeﬁaﬂaa%%%% Bl fkeFDG

amiodeRienf daHRFIHE0spHRPNYSHERSRItR FS HRIOKETVE2 82/

potassium carbonate were used to solubilise the fluoride in acetonitrile.
On completion of the drying process, followed by dissolution of the
Fityorige inigeairnitiife ssnlary taeiabASH ridrssienitls patyaken['°F1-
for water content analysis and measured on a Karl Fisher titration meter .
PRREBIoMeisER, AICHALRRBHIBRNS IR RS HRRILCRATR LAY greolvent.
water content 25 above that normally obtained by the drying process. A 1
HIi T cked with[ aroud,§F7 I_of solidhase

!A' .T-. : M ?’ai CX2

&
A Weal e L0

One end of the cartridge was connected via a loop to a syringe driver.
The other end of 30 the cartridge was then connected to a N2 fill

vial
Inyithidg mrapﬂﬁ@m%ﬁEf@{@*b@?ﬁ?h@ﬂaloéila@%‘%aétﬁaﬂﬁrs‘elé’}f%e&f%“Sed
af@THEGSRLRBIVERIRGIBRIWARE content of the reaction mixture was assessed.

a) Resin-linker vector (RLV) Labelling

The "®F was introduced to the Tracerlab MX™ and dried using the standard
drying process used in the production of 2-[18F}fluoro-2-deoxyglucose.
Kryptofix ™ 2.2.2/ potassium carbonate were used to solubilise the fluoride in
acetonitrile. On completion of the drying process, followed by dissolution of the
fluoride in acetonitrile, a sample of the dried °F in acetonitrile was taken for
water content analysis and measured on a Karl Fisher titration meter. Where
necessary, exira additions of water were introduced to bring the water content
above that normally obtained by the drying process.

A 1 mi Hi Trap® cartridge was packed with around 370 mg of a solid-phase
bound protected mannose precursor at a substitution of 0.003 mmol/g. One end
of the cartridge was connected via a loop to a syringe driver. The other end of
the cartridge was then connected to a N; filled vial fitted with a molecular sieve
vent. A hot air gun was then used to heat the cariridge at an external cartridge

temperature of 80°C.

-10-
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temperature of 80C. -10 WO 2006/054098 PCT/GB2005/004451 6x0.5ml
of dry acetonitrile was then injected through the system to wash out an
2%%04451

Woi%%% ties and water (naturally present on the resin due for il e

incomplete drying) and the acetonitrile was then discarded. The auto
sampler 5 vial containing the dried 18F- solution (450 pl) was fitted to the

apparatus in its place. The syringe driver then moved, the dried fluoride
bBAR I EAGRRRBLTR &’ﬂ%&ﬁ%ﬁé%?%ﬁ%%ﬁ%ﬂﬂ&h&rﬁﬁ?&@ ¥Reh out

deigg flueridassarigdvuitt thetsalil-phasernanneserpEme dise de iifesaiee from
a protected [18F]-2-deox§bgglucose erivative (which post deprotection

givsomplaie| BYiRBER R Ac LN HE Was e R LS TR R RraHdRampler
aytaisniftivipliferdhiy Bersshitsnatpanaph ywdd- Gl anadysie apgaratus in its

spotted onto a silica gel 60 F254 plate and then run in a

. n
aBkashiTIBREN G RYRMRRR DR & I6HdbI2Ede Rackimpnantdgrvards
PUkty {¥ee eskabtishedienia iRFskighE BesI s apd Baae Rk Tedided with the

acetyl mannose triflate labelling A solution of 32mgs of K2C0O3 dissolved

irsetgpbrsiPRe yIasR RISeSrisio BBRgLER s RTiR N2 T-2-gRA8K Elycose
IR BmLRl AGRIRIDHS: WabRIRRAIgAEs PIftTHIS wasgdrrdse R

glassy carbon reactor together with around 40 MBq of 20 18F- in 180

enriched water. The heater controller was set to 95C, and the reaction
vesselvashpried i aighakokshmipmiokly Hiadlugsideicrheisvater add-layer

acetonitrile were evaporated in a flow of nitrogen. 1 m| of acetonitrile was

iffeeRIAIPEERRMLE R o BRAlY S RiRdER R asdieggrbel F254 plate and
ageeH anis ieneyvaketyvaiseiomahadliveridentrfits agdditinnibesi®n@R0. The

minutes into the drying process. At 35 minutes the heaterwas turned off
afdiochemical purity was established on a Perkin Elmer Instant Imager.

b) Tetra acetyl mannose triflate labelling

A solution of 32mgs of K,CO; dissolved in 600pl of HPL.C grade H;0, plus
150mgs of Kryptofix V2.2.2 dissolved in 2.5mi of acetonitrile was prepared. 0.6
mi of this was added to a glassy carbon reactor together with around 40 MBq of
e in %0 enriched water. The heater controller was set to 95°C, and the
reaction vessel was heated for a total of 35mins to dry the fluoride. The water

and acetonitrile were evaporated in a flow of nitrogen.

1mi of acetonitrile was injected three times in total at 2 minute intervals, to
facilitate azeotropic removal of water from the fluoride, the first addition being
20 minutes into the drying process. At 35 minutes the heater was turned off and
the reaction vessel cooled by compressed air flow external to the reaction

vessel to around 45°C.

25mgs of mannose triflate in 2.0mi of CHzCN was then added to the dried
fluoride, followed by mixing. The heater controller was set to 85°C. 2 minutes
after reaching the set temperature a sample for TLC analysis was obtained.

41-



the reaction vessel cooled by compressed air flow external to the reaction

Wo\é%g%iggground 45C. 30 25mgs of mannose triflate in 2.0m| (Qh CH3CN

f
Was/t en added to the dried fluoride, followed by mixing. The Tég%2r995fﬂﬂ4451

controller was set to 85C. 2 minutes after reaching the set temperature a

sarppledatelhiaanalysis wissabtaire hadtib MV 2006:06#08y compressed air
PCT/GB2005/004451 The heater was turned off and the reaction vessel
cONIDFOMNBrEsEd air flow to around 45C. The sample for TLC

analysis was spotted onto a silica gel strip and then run in 5 an
acetonltrllelw%atcgrr solvent made up to a ratio of 95/5.,The rflochengﬁen unin

purity SARRIEHdiEhEuRIRY BRNAS ERALEMHSIIR 5458 9Fhe 50

5 reastipsbtyaasiemasdheoiemonesiandntoOdxdatienpledtkenterradiechemical
content analysis, gn a Karl Fisher Titration meter, 10 c) Autpmated i
AR SRR RE R BEREH r%ﬁféﬁ&%ﬁﬁa@ ol a& of the reaction
syibesisvalatiosm reptopesingh BUgesaayplalisswitbransoaboantent analysis
heated reactor vessel and a disPosabIe polypropylene cassette. The

c&LBHEALIdSNRRVATRERR B8RS for SPE purification of intermediates or

the final product. 15 Fluoride was initially trapped on a QMA cartridge and
eluted with a solytion of 20mg KryptofixTM 2.2.2, 4.1 mg K2CO3, 320pL
10 ) ALEIRIHOLRPHOThis was then dried at 105C/ 120C for around 6

MirgeR BeRisy 9ot Pertopaea and Jqshiststived wulomatef asoihes?d platform

T e R e el 2

regicii e palyBOSYIA O LA ecOis cAfisstialitlin g stiewi§ 8fdo allows for
SPE purification of intermediates or the final product.

15

Fluoride was initially trapped on a QMA cartridge and eluted with a solution of
20mg Kryptofix™ 2.2.2, 4.1mg K2C O3, 320uL CH3CN, 80pL HoO. This was then
dried at 105°C/ 120°C for around 6 minutes in a stream of nitrogen and
redissolved in 1.5 mi of around 20 mg/ml tetraacetyl mannose triflate in

20 acetonitrile.

The labelling reaction was performed at a labelling temperature of either 105 or
125°C with reaction times at either 90 or 270 seconds. After labelling the 2['®F]-
2-deoxyglucose was analysed by TLC. The TLC plate was a silica gel 60 F254
25 employing 95% acetonitrite, 5% water as the developing solvent. The

radiochemical purity was established on a Perkin Elmer Instant Imager.

The results of the three experiments of Example 1 are shown in Figure 1, from
which it can be seen that the radiochemical purity of the product was relatively low
30 when the water content of the reaction mixture was below 1000ppm but that it
improve greatly when the water content was between 1000 and 5000ppm. The
plot shows that optimum levels of water in the solvent were between about 2000

12-
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2-deoxyglucose was analysed by TLC. The TLC plate was a silica gel 60

9esmploying 95% acetonitrile, 5% water as the develct)}pin solvent.
e radiochemical purity was established on a Perkin ElIme frEEaRg005/004451

Imager. The results of the three experiments of Example | are shown in

driguobplsam which it can be seen that the radiochemical purity of the

product was relatively low 30 when the water content of the reaction

mixture was below 1000ppm but that it improve greatly when the water

oenige was briwernidPoRerskhOpepRImmZhen pioEsHOmSIhRIORIMWGIucose

levels of water In the solvent were between about 2000 -12 WO

HHEIOEA C8EREY/RIBZ87E/004451 and 7000ppm. Example 2 -

Correlation between the formation of a [18F]-pFDG and pGlucose during

the labelling process, 5 The 18-fluoride labelling of RLV was achjeved in

The it nateRsbae kR KARARTRY 9% b qreieuitily B bsrRigsence of

}@Qgtﬁﬁf&mﬁi.%JQPtﬁiﬁ%ﬁiM\‘ﬁtha@@ﬁbﬂé%‘i@@éﬁﬁw@%&@mﬁ@%ﬂ@f@v\\w&: Post
subject to reversed phase HPLC, running a gradient of 90% solv

ntA. |
ISl bR 15 YHBRBNTRLATE YA RUHEEE L0 2RI S HIRER b nning 2
grabient Br sheledofuproacaimaesivatitndalesatoninlapiorfifttofoeMe acid

B over 10 minutes at | ml/min, and using a Phenomenex Luna 5pm C18 |
SOURIRTR 1 YBRARR X SRR el fad B HRSRSRNG Sad cOMif T qsetonitrile) to

guyptecied;, Wusasers mimingtestretemtiam imriangey atetied siBénak 6ha 5um
minutes (due primarily to the presence of&?gngDG which will be

oSSBT ETYBR M s (NG dniRasimne HitRaafs saipipg o protected

iensialiytbelieveditntdhsneasanse eharpecisestts DBVates e Weutes (due
reaction mixture results in_the formation of Iarbﬁg%i mounts of ro}ect

TREIE Ko RFEROEBr T A B LG TSl SHTH B DB Aa! 10 [1BF1-FDG)
vilisplasasnemad theddhatelgieyp. Thus

It is generally believed that the presence of large amounts of water in the reaction
mixture results in the formation of large amounts of protected glucose (ratherthan
['®F]-pFDG) as a result of the nucleophilic displacement at the triflate group. Thus
it would be expected that a graph piotting concentration of ["®F]-pFDG against
concentration of the protected glucose derivative in the product mixture would
have a negative slope, with high water content yielding high levels of protected
glucose and low levels of ['*F}-pFDG.

However, from labelling studies on tetraacetyl mannose triflate linked to a resin, it
was established that there is a good positive correlation (see Figure 2) between
the two peaksron HPLC. This indicates that where a high concentration of water
is present, this inhibits the formation of both products.

Example 3: Automated Synthesis of 1,3.4,6,-tetra-O-acetyl-2-fluoro-g-D-

mannopyranese

Sampling the radioactive reaction mixture at the beginning of the labelling

13-
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20 it would be expected that a graph plotting concentration of [18F]-pFDG
WO%%ainst concentration of the protected glucose derivative in the product

xtrEW8uld have a negative slope, with high water contert yIEfHALS/004451
high levels of protected glucose and low levels of [18F]-pFDG. 25

pl’&\é’&!ﬁ%vﬂwb@g}?&&ﬁﬁ‘éﬁiﬁ m&ﬁmwﬁﬁwJ& mhReRse mf%@t@di@lﬁ@d fioetend of

resin, it was established that there is od positive correlation

GRS S RASURMIRIGHG BIAE Bl R TS B w5 content

ahigb sepnemtgtismal WBEling preseatrinsdphiuis dhr-ivaeationiatiethg in the
products. 30 Example 3: Automated Synthesis of

watenSe A slretinRaas RGORE® 151 Mannopyranose Sampling the

radioactive reaction mixture at the beginning of the labelling -13 WO

Snaethgs with (B RCR (Mt by-MUdi-HRiaiaaentaaode was achieved
beginning of the labelling procedure was then calculated by factoring in

ofhanpafenigESRiheRse dRIARed FYisfeshmrib iR Ay eyRsitishpsable
cRyEihesiTRlY Ghdhiieitarabrcely2 M5uafDdRpaRapaERsS e Somprising

achieved on an automated synthesiser designed for attachmentofa = .
valiRiie (RRUGEFGORMN ngedaiftoasthendiRyEnaRFiand SBacGRsolid-phase

cSHPRORAPle-paREgHE comprising to various reagent-containing vials
together with syringes and space for solid-phase extraction cartridges. A

synthesis sequence was executed which trapped around 50 MBq of

Al fiine sl anoy ek Uxieatddaieie eappef ksQMPCOAMBLas (@sfitforide
_carbonate form) 15 and then eluted the cartridge W;’Hbg folu_tion 0

‘W(%/HP@)W@E%%FB&W@?WS Access PlusQMA cartr as its car[)onate form)
and then eluted the cartridge with a solution of kryptofix and carbonate in

acetonitrile/ water ( kryptofix 222 - 20.3 mg, potassium carbonate ~ 4.3
mg, acetonitrile - 320 pl, water - 80 pl) into a heated reactor. This was dried by
heating in a stream of dry nitrogen and then a mannose triflate solution in

acetonitrile at defined water contents was added to the reactor.

The reaction was allowed to proceed for a further 80 seconds with an external
heater temperature of 125°C, then 0.6 mi withdrawn and discarded to waste (to
remove any residual water from the lines) and the remainder was fransferred to
the product vial. The water content of the product vial was determined by Karl
Fisher titration using 50 pl of solution and the RCP measured by instant thin-layer
chromatography (ITLC). TL.C was performed on a silica TLC piates, eluting the
spot with 95%acetonitrile, 5% water and then rheasuring the relative proportion of
18-fluoride and 1,3,4,6,-tetra-O-acetyl-2-fluoro § -D-mannopyranose (in all cases

the sole two components) using ITLC.

Water Sequestration Measurement

4.
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acetonitrile/ water (kryptofix 222 - 20.3 mg, potassium carbonate - 4.3
%eé%litrile - 320 I, water - 80 I) into a heated reactor. This was dried
eating in a stream of dry nitrogen and then a mannose thfr G BRI 8451

in acetonitrile at defined water contents was added to the reactor. 20 The
TreastieslMen aliwne g éeforonesdifbe e fadedngd sehomdsoit: aveextetitalid was
heater temperature of 125C, then (.6 ml withdrawn and discarded to
SATRBIE ol P A D PR Br SH IOV kD H16 el g dropped
tmmmcmmnth&apm@wmeme; W aterdeoit ienssiblb¢oferduicirvibk water
was determined by Karl 25 Fisher t'ktration usigg 50 pl of solution and the

SRS HHAHSR S DY h SESASH R IV LR  raphy (ITLC). TLC was

performed on a silica TLC plates, eluting the spot with 95%acetonitrile,

A@@M&@é@i@%ﬁh@mm?aaf:@mt?w@ﬁimmmtm?x;i%nﬂu@ﬁmf@xecuted

1,3,4,6,-tetra-O-acetyl-2-fluoro /3 -D-mannopyranose (in a es the .

W BRI MR SSRG T TR AR T Ras L A A B (as s

catBoNR2RNRIPRAQ MPGR RO WA uThtesitvld Sunsiavese kryptofix and
performed, where a defined vo{gme of the reac ()9:1 gq%id was sam

RO AR A (Bt a7 o thd kP aS b aponate —

s Brpghaeartiomwiterrannosetdfiateo Tsrmad i pessible-tarackes Was dried
the water sequestration into the measured water contents. 5 A synthesis

bydipaiing ihasisamehdnagitiasempeihsihrianrassliffate solution in
adierad N by@dansas Passash g a YVRIBEIABGRES IBHISRMA

cartridge (as its carbonate form) and then the cartridge was eluted with a
solution of kryptofix and carbonate in acetonitrile/ water (kryptofix 222 -

A%%3 R0 @ HRSHHAhEAD @i solution had been added to the reactor, 0.6 ml
was withdrawn and injected in to a product vial. The labelling reaction was then

g

allowed to proceed for a further 80 seconds at an external heater temperature of
125°C, then the remainder of the solution withdrawn and transferred to a separate
product vial. The water content for each vial was measured using a Karl Fisher

titrator using 50 ut of solution.

The results of the water sequestration runs are shown in Table 1 which shows
the water levels present in the acetonitrile solvent:

Table 1
Pre labelling/ P .
ost labelling/ ppm
ppm g/ pp
786 802
2603 25627
8433 7880

At low and medium levels of water there was no significant sequestration of water
by reaction with mannose triflate. However, at higher levels of water there was

about a 7% drop in water content.

15-
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4.3 mg, acetonitrile _ 320 [, :rater - 80 |; into a heated reactor. This was
Wo% qugaxglgeatlng ina stream.of dry nitrogen and then a man EI&;[
solution in acetonitrile at defined water contents was added %ﬁﬁ(égreage{%oﬁmﬂ
As soon as the mannose triflate solution had been added to the reactor,
RaGiobElim@Reatntdsawn and injected in to a product vial. The labelling
reaction was then allowed to proceed for a further 80 seconds at an

VEXErAeter temResiialiiineatiien ihay aneainder of taaisaldgnsted by

withdrawn and transferred to a separate product vial. The water content

faretosiih ividhavaptne sqstdasiisiriDX ANFnanse dFiese (RiRgayidg1Re-fabelling
wiRLHIEN AT hexiepulipafBe Waleh SSAVSEIFAEBARBMSAGEIPWD Thble 2 and

Table 1 which shows the water levels present in the acetonitrile solvent:
ilhpghriad 76 PgdI8elling/ Post labelling/ ppm ppm 786 802 2603 2527

8433 7860 At low and medium levels of water there was no significant
Taedpi@stration of water by reaction with mannose triflate. However, at

higher levels of water there was 30 about a 7% drop in water content. -15

pIVOVRED8/054098 H CT/GB_2 05/00{1451 Radiolabelling Results Water
LI the it Seduosurated by mannose witate to provide.
(qeitddteling

506 94.6%

707 91.4%

2803 97.6%

3855 95.9%

4114 06.7%

5779 08.4%

5943 94.1%

7980 85.6%

9206 73.6%

15382 85.0%

43375 85.5%

These results support a preferred water content of 3000 to 60(}0ppm, Ignoring the
spurious result at 73.6% RCP, the reaction tends fo asymptote to around 85%

RCP even when the reaction conditions are very wet.

-416-



Claim?®

water content. RCP obtained at each water content is given in Table 2 and
5 illustrated in Figure 3. Table 2 ppm Water Pre-labelling RCP%
(calculated) 506 94.6% 707 91.4% 2803 97.6% 3855 95.9% 4114

7% 5779 98.4% 5943 94.1% 7980 85.6% 9206 73.6% 15382 85.0%

43375 85.5% These results support a preferred water content of 3000 to

1.

4.

6000ppm. Ignoring the spurious result at 73.6% RCP, the reaction tends
10 BRYPBRIOIB RN %nt%ﬁ&BrSt@ﬂé/Mhﬁ@oﬁh@di%@CQ%G%‘(HBﬂ%twe

are very wet. -16 Claims 1. A process for the preparation ofaprotected
thuBTieess JloRMRESHGIVERRING c2pisteRcebthPRanbasadRgative with a

flgHaacetrdnannnseflerivaiive WiB ardbiarige. chasagtarised indhat thevent

reactlon Is conducted in a solvent containing water in an amount greater

CQREHNMDOOMGIRN HhaNedD el stesder Hin. 1000 ppm and less than 50,000
ppm.

A process as claimed in claim 1 for the preparation of 2-fluoro-1,3,4,6-tetra-
O-acetyl-D-glucose (tetraacetylfiuoroglucose or pFDG) from 1,3,4,6-tetra-O-
acetyl-2-trifluoromethanesulfonyl-3-D-mannopyranose (tetraacetyl mannose
triflate).

A process as claimed in any one of claims 1 or 2, wherein the solvent is
selected from  acetonitrile, dimethylformamide, dimethylsulfoxide,
tetrahydrofuran, dioxan, 1,2-dimethoxyethane, sulfolane and N-

methylpyrrolidinone.

A process as claimed in claim 3 wherein the solvent is acetonitrile.

17-



2. A process as claimed in claim 1 for the preparation of
2-fluoro-1,3,4,6-tetra- O-acetyl-D-glucose (tetraacetylfluoroglucose or
pFDG) from 1,3,4,6-tetra-O-

A MstiluigmeiianesiyigRi & BaRRENORY IRRRREERIRREGMer content

mannose triflate). 3. A proCess as claimed in any one of claims 1 or 2,
of\iiraaivery softemt abadId Rl tpoth 388teRIFile, dimethylformamide,
dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-dimethoxyethane,

sulfolane and N- methylpyrrolidinone. 4. A process as claimed in claim 3
6.  AvREpeasthasselesners incdaimtflierhees Renveadas cantpahiddhe salvenkis
frHhCRIBG 2d0d eI s, water content of the solvent is from about
1000 to 15,000 ppm. 6. A process as claimed in claim 5, wherein the
water content of the solvent is from about 2000 to 7000 ppm. 7. A
7. R 8561 mpeki Flaimim WhRHIRIRaAIRL e UE R IBE PR\ &t is
3000ppm to 6000ppm. 8. A process as claimed in any one of claims 1 to 7
3erns oRBURERMA solution phase. 9. A process as claimed in any one
of claims 1 to 8 which is automated. 10. A process as claimed in any one
of claims 1 to 9, wherein the fluoride is an ionic fluoride with a potassium = -
8. },}dqgfm@?sgna@ngialrﬁq@gs@t@mf@p@a@j%@g%m 48 7 which is conducted in
séhfid3 A2k 24-hexaoxa-1,10-diazabicyclo-[8,8,8]-hexacosane is added
to the fluoride. 11. A process as claimed in any one of claims 1 to 10 for
the preparation of a radiofluoridated sugar derivative. 12. A process as
0. Alpraessy &é%’l’ﬁi%‘ed"&heéﬁ?dhé dipfiveridaied wueeH iderivatiads an
[

[18F]-labelled sugar derivative.

on

10. A process as claimed in any one of claims 1 to 9, wherein the fluoride is an
ionic fluoride with a potassium counter ion and a phase transfer catalyst such
as 4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo-[8,8,8]-hexacosane is added

fo the fluoride.

11. A process as claimed in any one of claims 1 to 10 for the preparation of a

radiofluoridated sugar derivative.

- 12. A process as claimed in claim 11, wherein the radiofluoridated sugar

derivative is an ['°F]-labelled sugar derivative.

13. A process as claimed in any one of claims 1 to 12 for the preparation of
{18F]-pFDG, the process comprising reacting tetraacetyl mannose triflate with
['8FJ-fluoride.

14. A process as claimed in any one of claims 1 to 13 further comprising, in any

order, one or more additionat step of:

-18-



13. A process as claimed in any one of claims 1 to 12 for the preparation

of [18F]-pFDG, the process comprising reacting tetraacetyl mannose

triflate with [18F]-fluoride. 14. A process as claimed in any one of claims 1

to 13 further comprising, in any order, one or more additional step of: -18

i. removal of excess fluoride from the solution; ii. deprotecting the

profsoRelabadatss Sugadadiaileelilior; deprotected fluoridated

SRR Tne RN AL CrRISRIESP AP E N RTR R0 Gi e
eprotected fluGridated sugar derivative in agueous solution. 15. A

riepisieeiecetiueiidpiied wager senmtetivei.a solution of radiofluoride,
qﬂrtipéﬂ%vaﬁjgﬁ]{@gr' gmpggi&n(g@gmiges contacting said solution with a

scavenger resin. 16. A method according to claim 15 wherein the solution

cymplesaigtioadtm derintpriae dhvprratreiysnoss|saEYatym in aqueous
itrile, dimethylformamide, dimethylsulfoxide, tetrahydrofuran,

dioxan, 1,2- dimethoxyethane, sulfolane and N-methylpyrrolidinone. 17. A

method according to claim 15 or 16 wherein the solution comprises

flugride iAGBHRIIBdUkhg the water content of a solution of radiofluoride,
particularly ["®F]fluoride, which comprises contacting said solution with a

scavenger resin.

16. A method according to claim 15 wherein the soiution comprises
fluoride in a non protic organic solvent selected from acetonitrile,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-

dimethoxyethane, sulfolane and N-methylpyrrolidinone.

17. A method according to claim 15 or 16 wherein the solution comprises
fluoride in acetonitrile.
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