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Fl uoridati on Process The present invention relates to
a process for the fluoridation of sugar derivatives

wa@eaeioptoparti cul ar, the invention relates to tPEI/GB2005/004451

production of fluoridated glucose. The process is
especi ally useful for the production of
radi of l uori dated sugar derivatives for use in

procedures such as po Iitr. n.enkssi on tonography (PET).
In processes for prodﬁ@vQFM}s:g—?%ﬁel | ed tracer
conpounds for use in PET, one of the nobst inportant
factors is the overall non-corrected yield of the

JPetonessnt invEmitionirelatiexioa pwcess feribe flgridafiorogksugar derivatives

chem cal,.yield of th r S : :

&)t eerefinnd jplctfioR s8ERaT 1o B oRebdH cifirigeted glucose.
Tekablovesy isplechal fuddfbleforfthb 1grdductiohiot ratbfiliefiddted sugar
mnutes. [18F]-fluoride ion is typically obtained as
darivalivesfer ya¢ in pucegrmsai ay posiEropamigsiopiomography (PET).
irradiation of an [180 -water target. It has been

W despread practice to carry out various steps in

oF fRrcetsesonpesdudid@FiFIfihbellddeadertamnspousaistiovase in PET, one of
nucl eO{f)_hi lic reag{ent_ such that it is sujtable for u%e ) ,
the moel iemstiiant faciad is raryarah gopwaisckitkyieldofie gynthesis. This
opra84 Rt oLiHak ERBSicd R | helu

LIRS PSS 91 i 1698 7 RPpric e, s by e
shethpeietinsé omhich inirsportartilbecansebéthd mhativeinstmbkalbfife of [°F],
Radi ophar naceutj cal s 2003 Wel ch & Redvanly eds. ch. 6
Mﬁ"%'ﬁjﬁm'ﬂmﬂ%ophi lic radiofluoridation reactions

are then carried out using anhydrous sol vents

(Aigbirhio et al, 1995 J. Fluor. Chem 70 pp 279-87).
THiE]-fleorinienlorofs typtcatly fobtainedt@st an@queeus snlutionr progiuced by the
to as making."naked" sl uoride ion. The presence of .
SVgRNPR SRt ArleOTNataE BspSt Jt paF pEGEYVHEShEag Rractie to
'cBrrZ%b’t’@éﬁdm; bpé forderRy doteltqiF]-fubigdimbaakdstividuclieophilic
fludride fromnucl eophilic attack on the protected
seagant ek thatdtis stitabledabyes inonuclaerhilic rdiolabelling eeactions. As

EIERd a8 bl 88 i e BEERAF b et rom
WO [¥F]-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 nucleophilic 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 et al,
1998 Tett. Letts. 39 pp 7305-6).

US 6,172,207, which relates to a method for synthesising ['°F]Habelled
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hydr oxyl at ed by-products arising fromthe presence of
wat er (Moughamr et al, 1998 Tett. Letts. 39 pp

wQ 3@605H98 US 6, 172, 207, which relates to a nmetPOUGBRI05/004451
synt hesi si ng [ 18F] -1 abel | edconmpounds such as
[ 18F] - fl uorodeoxyg1l ucose ([ 18F]-FDG, geaches that the
tompoudds i suphagen{ ﬁh&:orbéem@uctml SFldrbGr tracheg that the

A0 i SE5SCOL e Sl PRI AL BF3gontve o
ke lan Bt ] 9

(1986) in which the reaction of 1,3,4,6-tetra-Cacetyl -

0 trifl th .

OBt GB Ty LB st VAR DL e et 4} S Hamacher
H‘@Y . AiRl.ageHapmy: 285021369(115986)% thiblh Siee fréalmohf@f 1,3,4,6-tetra-O-
processes currently used for the production o

apetyaa@ﬁtr@‘w@ggmth@msuvaﬂv#@ MANAoPYraNesse W'Eh ti%%‘i]ﬂuorlde is
dual water fromthe fluoride

P%ﬁg g@ qﬁ%h gcgr\(?égt%o"%ﬁ{es time and therefore affects

the overall non-corrected yield of the synthesis.

Al so, both the synthetic and mechani cal conpl exit
Jﬁ?r%awaé@ peghlemsveh arige frRat esaacessqs cureently u s for the

Bﬁ %f LQFL@nB%}Y;ISd AL hat §&iVHRELUGhe th%%e i€ ﬂ{at removmg all of

|ns nce t e€sis nmay require nore
Wﬂt&rm‘@a& wa:lnelefrpm/\theffhulontjead)re andﬁ_l;ae lselweeqtal«eedm@ anti éherefore

nt hesi ser to effect t sis. Furt no
Alsaitrine uPral BoarelPE et RIS ane SuBIeSor At Pl the synthetio

LRAChEORai §a1290r?|§fé3<'t?tlﬁr§ﬂ yaﬁt%?rﬁé’(@ki%ﬁitﬁes@éﬁ B ingreased if it is
because there ma

a smal | anount of residual
watessarmtd teenawe slétite resid uak:wahqnl I%ommstancaw@myntfte@adpﬁy require

and the overall non-corrected of .the s the

Fire oG Sickes aSreas iR P el eaibl it pe 188lifed on the
5ORhdYRkr WRAERECtREGYnthesky esent during the |abel ling
reaction. Results have established that it is possible

to maintain the water content at 1500 ppm +/- 200 5

mpﬁ’ogﬁvgﬁu o%ﬁy%%g’ eﬁ‘gunjca5thtp Hhe “Fa'&c?ffbo%aﬂw feaction is

consistently reproducible. This is because there may often be a small amount of
residual water in the solvent (for example up to about 1000ppm) 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 to 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 inventors 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.
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have doubl e the deviation in percentage ternms. The
present inventors have nmade the surprising discovery

WO b@b/054098 s not necessary to carry out the fl uPCT/dB20106/004451

of sugar derivatives under anhydrous conditions. 0
I ndeed, if the anmount of water in the reaction mxture
is carefully controlled, the radi ochemcal purity (and

Hﬁ@@%ﬂgﬁ@@ é”régg'b z:'ﬂl F’WSE%% ndgs?sl ﬂ?&#@\ér%{ art on the

'hB@e *bﬁ?doﬁduatm@menrea@nonmhd@nahhwmes@@s.uttmef
conducfing the reaction under anhydrous conditi ons.

Therefore, in a first aspect of the invention there is

Fﬁ‘% ?'ce?at"z @Dﬁ%g ;5%&0(5]: ﬁWI%Qn%ﬁt{?(ﬂ"L #Hdr8Ms Brodded a grocess for the

erivatlive process conp

esiHratigh af Bdludridatsd sag@dderigaive dihel prateye cmmdmsmg reacting a
Pluorl , characterised in that the reaction

@@ndlm@néatadqstegewewﬁvvetwﬁhﬁ fmw%h%nact%% iBdlibe reaction
FLEAEIws T BBl PAAGMok 558 e, 8270 5pRRe: 2 1000 oo

€ ‘Irnven vant ages
evdiledy than 50,000@phnds. Firstly, it has been found
that far from bei ng decreased, the yield of the
reaction is actually increased in the presence of

A8 $ethBa o Hd FdeABHRAS cOlsitBiple acﬁ?&ﬁé@éé’wéﬁﬁﬁ#ﬁﬁ methods.

the reaction mxture contains water 1 n an anount
glFumiItyelgt haé beeh @aOuptmat far ficen beily dexsdased, theeyisldref tInEhr@lactlon is

a consi st ent nt of water is present in th
Behall bt srsad motngispopic: ShineSelFoalpies ps of water
contanminating the |abelling solvent with water) and
this means that the reaction conditions are
Smesnhdlye betgusefheogaction enixtoie coniging watelyingn povy nbolkgreater

e @B C SR Pro oA 4 ThEPS STl el of water s

‘bfreéé?ﬂ? iPRINE @6Sctidh HridtiFe (or hedtnts dgeadylibeastblyasshtbimnating the
manuf acturing cost of the synthesiser. It is expected

takeiling solvpnewithr waiess apguifis anerns it tthealepctin condiiens are
tcgﬁsig‘?/e%rt@lrgprro%lldcﬂ)k?é.l 'ty of the

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 the manufacturing cost of the synthesiser. It is expected that a
simpler process would also positively impact on the overall reliability of the

process.

In the present specificatfon, the term “non fluoridated sugar derivative” refers to a
polysaccharide, oligosaccharide, disaccharide or monosaccharide sugar in which
one of the OH groups is replaced by a leaving group and which is optionally bound
to a solid support , for example 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.
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process. In the present specification, the term"non
fluoridated sugar derivative" refers to a

w@elogeswehar i de, ol i gosacchari de, di sacchari deP@F/GB2005/004451

nonosacchari de sugar in which one of the OH groups is
repl aced by a | eaving group and which is optionally
bound to a solid support , for exanple as taught in

/ . . '
5% Giroficted god fhorkBieB sBB8F foblathdt g SFsh SR el ups cfthe suger
§#@ﬁo@&t6&%@ﬁ@suﬁé&é@é@ctlhg@m ar abi nose, rrannose
or galactose.In a "protected non fluoridated sugar

derl vative", the other OH groups of the sugar are

P9 M Sl RORIREL DR o anc

ative” refers

Qﬁédé%@@ﬁé\@dé dracehariisaanbassateharis segdratchasatucose, fructose,
nonosacchari de sugar such as gl ucose, fructose

rib@ss earaingsion GeRN NQRen A6 GAIRIOFRIA ISR QN Whitbh @egroups is
%r?%{b &Iaqﬁaycps is replaced by a fluoro. In a
ec

uori dat ed sugar derivative", the other OH
groups of the sugar are protected with a suitabl e
r ot s for

bl
B‘r‘g:@gie{é‘g‘g @&ffea@%btg% ‘Z’r%é aﬁ%'@g?h%c)?ﬁ:g qq‘xsgmqsd}{tt@q?gugar are
pﬁdtégr o%}g} é%uﬁ@eﬁﬁgte@ﬁﬂ egguﬁlescn bed, for exanpl e,

s in ganl c Synt hesis”, Theodora
W G eene and Peter G M Wits, published by John

Shisse Tupttng Bl sdoRe preftif oo BB GR Y8 the invention
BreReil RRdRA ||Pfh%cﬁ+95n@'é?e dfagéntﬁébame&anﬁd'lé |hyp|f&é&‘tlng Groups in

groups may be protected by convérsion to alk
@rrgmmm&yrélsem”s Theodoex ¥YpGeedne ard ateGwM-hWaiks, published by

I kapYin/ﬁW %g o{r?lrs |I %ﬁe/dfﬁ%‘?a C&%etrﬁiaﬁ‘\ﬁﬁ@%@‘ﬂb%wse@ wil depend upon

Hé"iﬁ[&dé‘oousé?éﬁﬁ@'fmoﬁdﬂéd prodenByt, f&tdemaplel the isydroxy groups
preferred that both the startlng material and the
a

meycbe dqrrotsateiby eorvessioncta alkyk ggaromafic \eftersedor example by
reaction with an alkanoyl chloride such as acetyl chloride. Alternatively, hydroxy

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

It is 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 sulfonate. It is particularly preferred, however, that the

leaving group is a trifluoromethane sulfonate (triflate) group.

The fluoridation 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
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Sui tabl e | eaving groups are also well known in the art
and i nclude tol uene sul fonate and net hane sul fonate.
WO 200654098 t i cul arly preferred, however, that tPEI/GB2005/004451
| eaving group is a trifluoronethane sul fonate
(triflate) group. The fluoridation reaction wll
edachl | y be a nucl eophilic substitution reaction and
repl acenent of the | eaving group by fluoro may cause
an inversion of the stereochem stry of the sugar via

KRHrSRRrdEpRANLER a Protectddfusidatéd nfudvsel dervatidat edich can be
sugar derivative wll often be a derivative of

. 0 a'
riieppegtkfionstigaoriaspendiiomaanese darpaibee feleeramplg i tetraacetyl
iS a praot fluoridated glucose derivative, which
'E‘QH”Bge@Fﬁg%{‘E’%d fromthe correspondi ng mannose
derivative, for exanple a tetraacetyl nmannose

derivative. The reactjon is especially suyitable for
The repctioaraespecially suitahle fey-the ,pg?m%réilpﬁp? &-ftQreyly$.4.6-tetra-O-

B4 5 TP BL BB 9920 BT 1080 Oty

feifl CoFRNBORYE QIR -fLBirhamesyhnose (tesaatatyf ihanedse triflate).
Sui tabl e sol vents include non protic organic solvents

such as acetonitrile, dinethylformam de,

i y Xi t a f i , - o
SRR b Kt FLFERIOC Ay, SH08R8, pdefas acstonivie
@inﬁéth?lfwrmemﬁidany diraetyisulioridey er teteatetdvoiuran,l e diasan,  1,2-
been found to be a particularly suitable solvent for
dimethaxyathaie, sifelenggr Nmetﬁwla%mn%%ef pawXpre pfany thereof.
@g&%ggre & RYorlithfd KL B@ﬁﬁtfoﬂlﬁ@{ﬂ bd Qb REMLAY sukaE sbR@mt for the

, 000 ’ppmwat er 1Tn the solvent, even greater
tenetionenent s have been achi eved when the water content
is fromabout 1000 to 15,000 ppm The best results
wer e obtained using a solvent with a water content of

ARSI m?&ﬁge& Pod AR VB is DtdiAtd Yy 3Ré0ding 220845t 1000 ppm
ppm T1n one enbodi nent, the preferred water content is

butdes8 t0pHe0O6 ppoOM@ben 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 ggram 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 aqueous 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 solvent/water

mix, or by dilution of the aqueous fluoride with the desired organic solvent. Water
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As used herein, the term"ppnt , when describi ng water
content of a given solvent, neans gram water/gram The

w@oo6es1098 evel of water in the solvent may eit PEr/GB2005/004451

achi eved by drying a wet solvent until the desired
water content is reached or by adding a suitable
eomtent otihewatvent oanalsppesedvesd by Thingrd seavetgentgpinpéuch asa

_ . LUt . .
RitopratLpadk SR airuy CR-ats 2 (S TR Aeonigpate. or
BeidoRhRjdnige faYicheRarkacdeamdiol ledhdve ivatdrefroml thenfluoride solution.
foll owed by evaporation of the solvent/water m x, or

Byitdbleutdsits @tre tanailablee somniaraigily d éornexampliee freas iNau@biochem.

R O B P 38,
faSlnana UL spb tAbMaoBRIEnd @SDMAPRT exanpl e an

epoxi de, nethylisocyanate, or acid anhydride
functionalised resin to renove water fromthe fluoride

PO B2 5h BB Xebb Ao BRI oanencer
PSS VBEthe TR®idesdyutiom innpeavathebandstheg sepatstingtthe scavenger
catal yst, for exanple 4-dinmethyl am ana?%} di ne

(esimkpbiiration- Ahﬁesn@iv@auaﬁéﬁﬁrtiqy%'ww whenptha:scaygnger resin
%e{lé&jj Wﬁﬂirp%{n @Lﬁbﬁ}%ﬁéd{j\@ﬁ‘tﬁé&’@%ﬂé | M ddy r resin may be

Uuori de solution ont al and then separating
toatatoaviargeessel tlesugh lwhi¢h therfatdrme. solti@r isgtaissetly ,The fluoride
and particularly sujtably when the scav.e%%ﬁé Cre [

SRLHIORITAY RepRIRedofERNaN NFresriangen (SSin 75 & Copfiatious flow, for

RS ' [ sl i
SAFHTAALo RS, e BT o 100 NERZ6f i RIS oo as o
petmitisofficiemt residpass tichet om thegscavenget sesim frthe elkyingde occur.

a continuous flow, for exanple at a flowrate of from
0.1m/mn to 100mM /mn, or in batches, so as to 5

ﬁ%ﬁ%b?ﬁd&iﬁh%ﬁ&a\f&@bﬁe@ﬁ@s id PBven tﬁ&‘éf@@%’@!@@@iﬁ? to a further
resin for the dryingto occur. This application o
sspeetiajdhe inventien, therfiggirovided panetheddecieduring the water content

further. aspect. of the i t i QI [,5: BRI OV] ;
bk isgipB R Fadiafiordt pelERb IC SHIdR g QP hgntacting
carki SSILtitH Wi a Seavbhget resiny Jui@bly theasoltibn odthshises fluoride in a
conpri ses contactin _

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-

linker-vector (RLV) of formula (1):

SOLID SUPPORT-LINKER-X-Protected non-fluoridated Q)
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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0 said solution with a scavenger resin. Suitably the
sol ution conprises fluoride in a non protic organic

W@ 0060088 such as acetonitrile, dinethylformanPceGB2005/004451

di met hyl sul f oxi de, tetrahydrofuran, dioxan,
1, 2-di met hoxyet hane, sul fol ane and
Nmst:hgrcpm whiighd premetesnriaiecphilicaBulstitutions ot wespedific site on the

R Ry M fuaiated s G Rl P RS S0 e

SHD ARk aS iangt duiRbI Yrdemid grou wWhich seveste spa@é thé @eactive site
forma resinlinker- vector (RLV) of formula (I): SOLID

sumcmﬂy LirorkirR: ol slupeeddStREiUTE §8radii éﬂa>('n)ls% reactivity; for

BRSSP 3 65 PR 6 SRARRISPRRNT ghSih™ G.-Ca alkyt or

ﬂ@rddﬂéyl i(eSpéSiap ﬂd@frd)mml)aih@irﬁ aNdi spﬁor@rlkyupnmhioc four additional
pronptes nucl eophilic substitution at a specific site
qutﬁéalpﬁr@t@@ts(é'@hlﬁﬁﬂaml%r YiosaMidRFOWRSr i vat i ve, for
exanmple, -SO 20; the linker is any suitable organic

group which serves to space the reactive site

RUM systens bye Hiseussdibatdengtil irs\WipA-03/002 15T, whdcts alsagives details
maxi m se reactivity; for exanple zero to four aryl

§f Suiabl figkersxanpl e phenyl) and/or a C&'C 6 al kyl ~or

hal oal kyl (especially fluoroal kyl) chain and

optionally one to four additional functional groups

JheRAs ofifdroeila(|) sucdrinctei ddthoa sakdionRif thesfrgordes rasalting in the

d 0021 57, .which al .
él S b an & ligar o e Sellaimor b @k agprofeifie fyoridated
éa}%rﬁ%béct ed with a solution of the fluoride,

ulting in the displacenent of the sugar fromthe
solid support to give a protected fluoridated sugar

SHigER0% GoipeoRS Ged fsncr SHIRES 3V - ARiGA 7 inalude

rp_@pr{férx R dostienebdhidoetayobafiieck gfaftedsXarmekample with
W

polyethylene glycol), polyacrylamide or polypropylene 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 coating on the inner surface of a cartridge or on 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 advantageous 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
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pol yet hyl ene gl ycol ), polyacrylam de or pol ypropyl ene
or glass or silicon coated with such a pol yner.

w@\doensavs vel y a resin may be used for exanpl ePE@EGB2005/004451

detailed in WO A-03/0021 57. The solid support may be

in the formof small discrete particles such as beads

tie pmiuoridatedzsugeaid beHnshta asolidpepseur f ace of a

cartridge or on a microfabricated vessel. Carrying out

the nethod of the invention on a solid support enables

trhe fIbAdY WhidiPisheapidaliiethe mbrrRneridAednsuybhesitivative may be an
need for any additional separation step. This is
m@pmpqur@daadt Bgyohe Miewidedhwith aaw%ab&m cognger-ion. 1t is
r adi fI u [ LO S

IR \A%%hr g{qﬁg?%né%uﬂé}e@géfrﬁgj dﬂi Bl BEer el(?ﬁl? sct?luble in the

oncorr ec em ca
Fé&tlbﬁ%‘dl‘l/ém toS mtalrl thec solubitity @lﬂtth@tﬂuarltlenpﬁheltelﬁmre suitable
of from50C to 18Q0C, but particularly 750C to 1250C.
TheNnteF ixssinchide lase b saft mﬂ%m%ﬁu%\;lsﬁé i Igeesium, - or
%Eér %a%a?rt n%f _Rae ks ompied syfahhesis. tg%ﬁlﬂly'%rﬁ%mum and
Q her e reacti on takes place in so

%tvﬂaﬂtw‘;ﬂ’idémmnnﬂf Ila@tessiatremmumay dlso beuwnskd asaosiokérdons, in
phase. The fluoride which s reacted

HOVEIY st IBadar S GeaRs: IhAaraarb Vi gf fie Buorde, 2 phase transfer
%8%%‘9990@% 4P Bbﬁi P{ QX'I%%OY&%HM@H%\Z%BK;@PJ E& 8,8]-hexacosane

ter-i rtant owever
¢sukhtueier clhestl’aﬂfl m:xre Pénypfofm "812.9) swyubkeadded ke solubilise the
reactjon solvent to maintain the solubility of the

Peiassiuge sa Ffépég%}“éso@ﬁ ¥abl e counter ions include

| arge but soft nmetal ions such as rubidiumor cesium
or alternatively non-netallic ions such as
fléer peddegbanfritheupresedt tisventioinky$ prelk shdatuta the production of

i eerBted e ges. eliqia At Ta MR Bkl ot g Rprstore. the
fubfde Hea @orﬁbﬁ§@ahr[ﬁ‘nﬁ|abn@@t@1 yst such as
4,7,13,16, 21 , 24- hexaoxa-1 |,

0- dlazablcyclo [8,8,8]- hexacosane (sol d under the

trade r of i 2 A2y

285 BT s isBHCe bl chec L T PIOTe, X 3REE Rt hrgpared by the
irradiation of an ['®OJ-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 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 example by ion-exchange chromatography or solid-
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The process of the present invention is well suited to
t he production of radiofluoridated derivatives,

w@a2oobioswbar |y [ 18F] -1 abel | ed derivati ves and tPer/eBow08/004451

the fluoride may conprise an [18F]-fluoride ion. As

briefly discussed above, the [18F]-fluoride ion may beq,
PhasgeatapIbgen & lepiEIp BEKONARS @RS IHOR QIAR ARSI X0 and

R s ARl BB RERREguRlnd e

particul arly useful for produm ng radi of | uori dat ed
sugar derivatives such as [ 18F]- DGH whi ch can th
blee geganic setveat ﬂ@YQtPQ/EerE@Y%QM@é’a@QF op ot eleyated Eﬁmp%rature in

Ui SERYPsel PR DFTAE RS TER A nMRiepCorigon over the

gslgtign.i N the product fluoridated sugar is an ester,
for exanple an acetyl derivative, deprotection may be
achi eved by acid or base hydrolysis. O her additional

fﬁgqup ‘P%c%?%o'i@&&\ﬁ@' fche;%C flhélsgﬂodfuc\%‘?ff'tﬂésé rs‘?ﬁbs may be

utton and renova e organi ¢ sol vent
foxeeited JfBF]adfﬁumetramim [e:))] Mlemmﬁwedamplamﬁ an aqdeods solution

GBS iR o BLFE TS LA 8 et st
éémeqf;ﬁgﬁln% E‘i é?%b‘gdzo o@ﬁ%u‘ﬁébl@b‘-‘rg%@bﬂerﬁ%cmas ethanol,

sul t abl bents 1 nclude al um na
or gldaasnnatlseiwera swrabmbufferﬁm\/e@ubgn eudp@saihqamhate buffer. Other

ke B YoEol SRS e 0Py Byt

solution. The [18F]-tracer conpound which is the final
product of these steps i{Mbe fornmul ated for
Ad@iready meentionedoa papiaulan pretf@rrretbsz@wpp@ndsvmw 6@ be pEepared

Y114 oS pEheTRedori FERLRF P PR Erd dn dBognd ggpect of

fRYinGeRtich tare ik prdfdedh Brosuss #t the prepaiationadEIF-pFDG, the
such as ethanol, or alternatively in a sujitable

PIGCEES eeoRmBrigNToFeasting kﬁire@ﬁ:@%h@@@n%@ff@ﬂat@wm ['°F]-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 ["®F]-fluoride

by irradiating an ['°0}-water target and a further step of converting the ['*FI-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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addi ti ves may be used, for exanple ascorbic acid,

whi ch reduces radiolysis. As already nentioned, a
w@20obioswbar |y preferred conmpound whi ch can be PCEEB2@E/004451

by the process of the invention is [18F]-pFDG and

therefore, in a second aspect of the invention there

axamples ianddodhe deawsgs irowhichs preparation of

[ 18F] - pFDG, the process conprising reacting

tetraacetyl mannose triflate with [18F]-fluori de,

F BAYRE el 588t ivPich bwistaefdonettidm dfsadioshemieal purityeof a ['°F]-
sol vent cont ai ni ng water in an anount ar eater than

PG prpeauaingith Q&Wﬂ’%@érﬁ?%tﬁrﬁmﬁﬂﬁ)ﬁﬁ)vﬁﬂ -one enbodi nent

of this aspect of the invention, tetraacetyl nannose

triflate ( 1 equivalent) is reacted with ;

Ftl@&FﬂaEfz 0d gi@@hlsvhov\mg reaseretatiopfbdivgeh tia fofmaior2of] ' °F]-pFDG
: nol ar Ival ent, suitably 0.98 to, 0.99

aﬂﬂ aelmwrmme l%mlkm PlRASAMSBRSI- (inkervecto. 6

nol ar equi valent, suitably 0.50 to 0.60 nol ar

equivalent) in acetonltr| | e containing water in an 18

FIBUWRE Jiseaplet whlmhmhbﬂ%hpmmrmtahdnem‘s*adtwheﬁﬂceﬂ@mntymﬁa [ “F]-

Preferred features of he nventloihare aso(nﬁa} gn: vent

RIFAGePTPEHCE iR aytemate s¥pthesis WY (N WRIAT confentl Jag sglvent.

may conprise the initial step of produ0|ng t he

[18F] -fluoride by irradiating an 1§8 -wat er target

Exehpld Ut Biéectsf epryirig watkaresdntert arhe FHabslling pibsugars

[ 18F] - FDG by acid or al kaline hydrolysis. " The

invention will now be described in greater detail wth

Ifﬁé%f Feo tﬁrB@%PfWéF@h?ﬁme@ﬁ@dé 6F laBellifgavkngsr with Wi elere used

ot which shows the correl ation of
amﬂtrm:eﬁmtcﬂlvapmg the wates cpniemt of ihepeaghen qixtuig Was prgessed.
wat er content of the solvent. FIGURE 2 is a graph
showi ng the correl ati on between the formation of

éﬂlﬂ&%mﬂﬁﬁ@r@e&om{wp@@b&um? ng the | abelling pr ocess
si n-linker-vector GURE 3 s a pl ot whi
shbhe 'thevapinteducedio 1o Trrasiehdic a|arﬁlﬁrlqcyusﬂg ahe standard

|55 STBERY 4 1) B AR e PR et g fucose
vakppiefixiiteD 2 potasiun kalifindtahere iuseddd selgslise 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, extra additions of water were introduced to bring the water content

above that normally obtained by the drying process.

A 1 ml 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 cartridge at an external cartridge

temperature of 80°C.
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In this exanple, three different nethods of |abelling
a sugar with 18F were used and the effect of varying

w0 bwenstoes content of the reacti on m xture wasPCT/GB2005/004451

assessed. a) Resin-linker vector (RLV) Labelling The
18F was introduced to the Tracerlab MX(tm) and dried
using the standard drying process used in the

GBS 1 b A o 3o o

MPirhh SRk d WaRti(ggturallyasreseni én tHeeresindgeo g laSﬂaone from
of t'he drying process, followed by dissolution of th

f | inooimpietesrgdae) and the a@etoaltrﬁgmﬂ&eth@n qdisearded ebha griq %mp'er

acetonitrile S [
e RSB Ui 40 RN e kS cofitus in s
negiage artye s;ﬁ*ﬁfg"e&irﬂ@ﬁtﬁérﬁrh@v@i theatrizd fluerieeibaickwartdsemdtforwards
bring the water content above that_nor nal

b.\/att afBowrgieny 18Ppker thraugh ficyslesTl Bp drigd é@éppq‘?@ @@?ﬁgg\nth the
P BN AdnANANEd o040, 80 0 ixfersl b rBRRRSY PBINdgoxy glucose

mannose ecursor at a substituti

mT@élf\gatlv@f(whEithcﬁs‘t debeoteatidr gidgs MEYF leddrerygacosed. a
| oop to a syringe driver. The other end of the

cartridge was then connected to a N2 filled vial

Fiats X h{bl@v@é Efﬁ h Aakeh efY(ﬁnVﬁ{E -aufo hﬁmﬁl‘ef BaNfoathin-layer

t hen heat t e cartridge at an external
cachnonnmb;tegrca@hrpee"r‘b@maealgélsamcspsﬁed Bimito afSIllamgel 60 F254 plate and

actonltrlle was ect dthro e m,t
nom " g Ssten eV TG et MR b §YRIE R 1o he
Herican ity Wals édtabianes dil Qmérnm@me&tlﬁstdhwnﬁm@er
an e acetonltrl |l e was then discarded. The auto

sanpl er vial containing the dried 18F solution (450

tedtoth a tus in its place. The
@'ﬂ'ﬁﬁagcg U@“WS&“&%@Q%@@@ dried fluoride backwards
angl $Q0ieH 65 32ingd & KYCO3dRsseivetBRNMBOOlINoft HPRGOgraBe HO, plus
cycles. The dried,fluoride reacted with the

soll Bamgs &% Krypioiivo & 8.2 dissolvedl in 8- 3mikfiagetonitriin was prapared. 0.6
8k e 0 Y

4o 8 815 ah 2o 158 BASl B ablthcdbsR@iiin around 40 MBq o
8- in 80 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.

1ml 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 2.0ml of CH3CN 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.

-11-
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A 5m sanple was then taken fromthe auto sanpler vial
for thin-layer chromatography (TLC) anal ysis and

wep@mboe®IHNt 0 a silica gel 60 F254 plate and tPENGBVS/004451

in an acetonitrile/water solvent nade up to a ratio of
90/ 10. The radi ochem cal g}lgi ty was established on a i
PeTke meBteravas hinedtofi anchthe repstipn veseehtoakemh hy sempressed air

tripflate labgelldng A solution of 32ngs of K2CO3

di %%ﬁgéaoqr}gejé%&?ﬂ of HPLC grade H20, plus 150ngs of
Kryptofix(tm2.2.2 dissolved in 2.5m of acetonitrile
was prepared. 0.6 m of this was added to a gl assy

carl besampigtasT LG gaeisis Was spafiesierio £osiliaaelStriand fen runin
180 enriche troll t -
955 AT R e R BGG U, S8 b 9913° TRE s ochemical

of p3BFWES dstalsiisheldhen 4 Perkin BtmeiTingtamiiraagem@he top of the reaction
acetonitrile were evaporated in a flow o} nitroge&. .
1nvessel wasttban remoredaadiapRidsamplrriaken faryatenCorjent analysis
at ] [ facilitate azeotropic
re?rﬁ\?a%&gfg\wg?gﬁa@orfnmteﬁ]eg' fluoride, the first addition
being 20 mnutes into the drying process. At 35

m nutes the heaterwas turned off and the reaction
cyAytomated 4208!INg conpressed air flow external to the

re i .
| TFPURERIS 3t PR SRS Bt sqangsr o

f | vomipdsingfad thoee dvayyvatves wijh anhenbosad deatashraasioreressel and a
was. set to 850C. m nut es, af.ter reachi t he set

t eéd?@P%?tPJ? é’oiyrgaﬂéfe@ef%?seslt‘f_ecfma?%ﬁﬁe e\XE@ B%f’&ﬁ?ea(!is. Rlows for
hegpgr h\Wcatidh Mt ShighhediBtbd bethesatd pesdgssel  cool ed

by con%ressed air flowto around 450C. The sanple for

TLC anal ysis was spotted onto a silica gel strip and

{0 e iBREH BBk Sk g, PR e B ftion o
esbahlg B IRM™ .22 kil Mg B0, BReLRBHONBONL HEMe Thispwas then

of the reéaction vessel was then renmoved and a 50m .
safpee atakei G/ ot 2Qv &or ammnen® miHtesig a stream of nitrogen and

redissolved in 1.5 ml of around 20 mg/ml tetraacetyl mannose ftriflate in

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
employing 95% acetonitrile, 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
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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on a Karl Fisher Titration neter. ) Autonated
Label ling The I abelling was perfornmed on a prototype

wa@icenstesl synt hesis platform conprising 25 t hP€EGBa005/004451

val ves with an onboard heated reactor vessel and a

di sposabl e pol ypropyl ene cassette. The cassette fluid

pad MAAYppMso al | ows for SPE purification of

internedi ates or the final product. Fluoride was

initially trapped on a QVA cartridge and eluted with a
EQbibleon OCoAEIN MetneidnxibienibrAalor of 4. [1°AIbAICEHd pGlucose
320mC CH3CN, 80nL H2O. This was then dried at 1050C
dodurttelabghipgrafoeess. nut es in a stream of nitrogen and
redissolved in 1.5 m of around 20 ng/m tetraacetyl
mannose triflate in acetonitrile. The |abelling
TRacg-Mibritks|apellingrofeRL atvas actiievéd mgadetopitilatinitiee pfesence of
ei ther 105 or 1250Cwith reaction tinmes at either ? or
Kryptefsc ondi2.2 ,ap@t@ssmgbgarbqq’@t@ @dzyqrypr]g quantities of water. Post

R G A

whddtsntast 9078 ststvenltofi Neessdivemtt B (SbleentalF0 e iithedroacetic acid

bli shed |
53&559'%/ l#aw%égrfngérﬁ 57 0¢1ve t H{Cg@agﬁq%eg&%q@lo&m acetonitrile) to
BYARPLBo iR SOOHAUICS B inh, aht 2Nt Phehbnidibxdiena sum

eraloc m cal purity product
Cat edlume (51 Brom xvMhEIMiHe Thatnehegmmrmﬂth@peak@eq@mﬂ@ protected

ture m but that Ve at.|
5% ot S BN R ERTORAE D e a4 T SR Hindtes (due
HRWPBsbh&E oPPIIFTFDGRMALE wWiif bea6 oﬂtIBnIaht@ 18FI-FDG
y‘ r?pbwergm%gtv\eeﬁ gltbout 2000and 700%%{%? Exanpl e [ F )
we@e)demraum@habétomelate@e formation of a 18F[ - pFDG and
pd ucose during the |labelling process. The 18-fluoride
| abel i ng of RLV was achieved in acetonitrile in the

Hi§§eRERlIPbelieved that the presence of large amounts of water in the reaction

mixture results in the formation of large amounts of protected glucose (rather than
["®F]-pFDG) as a result of the nucleophilic displacement at the triflate group. Thus
it would be expected that a graph plotting 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 peaks on 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-

mannopyranose

Sampling the radioactive reaction mixture at the beginning of the labelling

13-
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Kryptofix(tm 2.2.2, potassium carbonate and varying
guantities of water. Post |abelling, the resultant

WOorRRob05@98vas subj ect to reversed phase HPLC, rRCHGBO0&/004451
gradi ent of 90% sol vent A: 10% sol vent B (sol vent

A=0 1% trifluoroacetic acid solution in wat
;srobe@tme vgas problematic. fW@emﬁéench@%hh@r%f@r%me@surw at the end of

q{]l tgih%ae%@pﬁ@e/t%%\gﬁgﬁgﬁrg &méggme?izﬁflgL@(}[ {vater content

ét‘lh@'ﬂi@??ﬁn@ﬁfﬁwe IéHBSIlm@bwedbr@Wachém@lpmakécl qufmtomm in the
to protected glucose at m nutes retention tinme and

Waier sefeastriomnas ée@rljﬁ%tt’%lé?w(due primarily to the
presence of [19F]-FDG which will be proportional to
[18F] -FDG) were determ ned and correlated. It is

Eg@.@raﬁdllmcp@;kdefMtt hat the presence of large armunts
water in the reaction m xture rg)gults inth

Syrthasia DB GrigEadte- Hilipiof-SEMAIgPYEReSe Was achieved
{10 8 ] SRt P s g gosa
tdssette| 0 hixe casgetiet @imphises a 25 aalveptisposalge cassette comprising

concentrati on of F t .concentratiopn of..

Yﬂf@tﬁr@?@%’lﬂ%ﬁo'ﬁﬁ'ﬂ{f& ooty piRrFgES Sk aeps for Solid-phase
}%dﬁbﬁ d%?ﬁ‘iogegave a negative slope, with high water

con

ent yirelding high levels of protected glucose and
| ow | evel s of [18F]-pFDG However, from | abelling

tudj es. on tetraacetyl n etrlfl te lin

SHeSI S SRREnEE i arbiPd HRCh el ol 58aMBE of 8-fuoride
RO il WeRe £ 8h t6 lbalatsrs (AR sE RIUS@MA chelidke bs it@cér\b@nate form)
peaks on HPLC. This indicates that where a high
aMdbenr@lutem the ocadridgei withra s@htion: pf é«ymﬁflbuargi caonate in

%‘%{gﬁi \%er)ter og kWBtO?QUEEE _EX8P Ry SpofilsARt Ebonate ~ 4.3

ﬂr§3 a%e%n.irﬁé L 261 AC Hatbr 280 | WAk 4 ReB¥saRaBIoraTAsavas dried by
npling the radioactive reaction mxture at the

beafirthima streameof dbelriirogen @nedthes aagapnoese dii@tecsolution in

ReHIGN ARG RIOET S e uat Rare RS ROPFE <Gt RReir o by

| TLC). Water content at the beginning of the |abelling

procedure was then calculated by factoring in the
The reaction was allowed to proceed for a further 80 seconds WIth an external

heater temperature of 125°C, then 0.6 ml withdrawn and discarded to waste (to
removeAany residual water from the lines) and the remainder was transferred to
the product vial. The water content of the product vial was determined by Karl
Fisher titration using 50 ul of solution and the RCP measured by instant thin-layer
chromatography (ITLC). TLC was performed on a silica TLC plates, eluting the
spot with 95%acetonitrile, 5% water and then measuring the relative proportion of
18-fluoride and 1,3,4,6,-tetra-O-acetyl-2-fluoro 8 -D-mannopyranose (in all cases

the sole two components) using ITLC.

Water Sequestration Measurement

14-
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wat er sequestration as descri bed bel ow. Radi ol abel I'ing
experinment Synthesis of

WA 28545098 t et r a- O acet yl - 2-f | uor o-/ ?- D- mannopyPErGB2005/004451
was achi eved on an automated synt hesi ser designed for
attachnment of a single use disposable cassette. Thi ﬁ ,
'HH@S@D&H%\SW ¢ pesfosmed, yhpta2 d?ﬁ'ﬁ%&%‘”@%@%@@f@%ﬂor iquid was

T

tﬁﬂmgh @@eson Witk yhescstrif U Fhisanads itpossitietd fabior m the water

trapped around 50 MBg of 18-fluoride in 2 m water on
sasiugstration tp e EasURONVRIYGANEYHSe (as its carbonate

form) and then eluted the cartridge with a solution of

KBRS SRrCBR0R s B PESA AR bl tfthfor; wps gecuted

VAISE 0N iakdt was37ds sl thisiger a Waﬁ@r%dcésﬂ@u@@maimdge (asits

reactor. This was dried by heating in a streamof dry
oarboo@t@ﬁoanhammﬁwrahmwgéetwasmluteéi with atsodionef kryptofix and
t onji t.ri I te
qew bilehcBicinat el (S 2075020 3 1B pBRLS Carbgnate -
Qrmge%c%%rﬁtﬂ rr}zu t\haw’r\ S0t 8) e am@at@d rdaetareT hiswas dried
then 0.6 w t hdrawn and di scarded to waste
iyt beatn@vr sastrearasfdir nitlagen andoifente nnarww)e tiflate palution in
r emai .nder tra e The
Sertan g a Siined AR B0EIvT SrAE L Bl Mellore by
Karl Fisher titration using 50 mM of solution and the

RS 700y asTihe MaARNGRR ik BOBHOR 1Y heah AeegTaditeactor, 0.6 m
\&ﬂgw flﬂ@iré\nﬁ aﬁB%Jﬁ\@‘cetdqlln% EF‘&QQJ‘& blal I he Fé?@e bSeaditth was then

asuring the relative proportion o fluorlde

alitivéd & pProteed ﬁirrafuﬁimeaoﬁecbnﬂh aben dxternal heater temperature of
- D- mannopyr anose cases t

rgay qrﬂ e §RAplen ygggggn?rl} %@q& %%nsferred to a separate
;'%V@?ﬁﬂf GEFEREER, Tr%%'n@eﬁt%ls cYek %la@WJs%@ﬁguréMﬁg a Karl Fisher

ned vol ume of the reactor liquid
titrator using 50 ul 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/ .
Post labelling/ ppm
ppm g9/ pp
786 802
2603 2527
8433 7860

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.
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sanpl ed both before and after |abelling to see how
much the water had dropped through reaction with
worenos®9g rifl ate. This nmade it possible to faPtDGBRIVS/004451

the water sequestration into the neasured water

contents. A synt hesi s sequence anal ogous to the

Radiotabeiimio Resultsxper i ment was executed where 2 ni

wat er was passed through a Waters Access Pl usQVA
RARES écﬁ@@nt(cﬁ%a'c %a&%fé?ﬁ'ﬂﬁfg@eé&fdﬁwé‘@ﬁwéa@@ﬂédt &6d then adjusted by
cartridge was e a solution of kryptofix and
faatdrmgeinehenwaieetseniiesirated yamannpketritieipite moyide pre-lgbelling

pot assi u nat acetoni tri
Whter e, "B HoptARS o gt e QERIER MigihEn jpHble 2 and
ifluétesteBin RPRALrEMY 1N a streamof dry nitrogen and then
a mannose triflate solution in acetonitrile at defined

wat er contents was added to the reactor. As soon as
Crannose triflate solution had been added to the
reactor 0 6 nm _was withdrawn and injected in to a
perodlyetervi al . The | abel 1ing reacti on was then al | owed
for ¢t her 80 seconds at an external
Qﬁ—gg ét?&ﬁ er at ﬁ(féigé 125C, then the renmi nder of the
@@I(;mat@d)vmthdr awn and| transferred to a separate
product vial. The water content for each vial was
sured usi ng 4941@@ Fi sher titrator using 50 //1 of
ution. The “%15'%% of the water sequestration runs
are shown in Tablé 1 which shows the water |evels
p8@3ent in the ﬁ?e@%nl trile solvent: Table 1 Pre
| abel I'i ng/ ppm % 0902 2603 2527 8433 7860
3855 9

4114 96.7%
5779 08.4%
5943 04.1%
7980 85.6%
9206 73.6%
15382 85.0%
43375 85.5%

These results support a preferred water content of 3000 to 60Q0ppm. Ignoring the
spurious result at 73.6% RCP, the reaction tends to asymptote to around 85%

RCP even when the reaction conditions are very wet.
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At | ow and nediumlevels of water there was no
significant sequestration of water by reaction with

woreoveos®Ig ri fl ate. However, at higher |evel s oPCTEB2005/004451

there was about a 7% drop in water

content. Radi ol abel ing Results Water content of each

radi ol abel li ng reacti on was neasured and then adj usted

ltﬁzfé.factori ng in the water sequestrated by mannose
MEate to provi de pre-labelling water content. RCP

obt ai ned at each water content is given in Table 2 and

illustrated in Figure 3. Table 2 These results sup

a pr dfpspeess iaittbe p@@@ﬁramn 6F 2 Buotde 6 Eueap ARVt e %arocess

o oM D TR Ry 1R L o

condichb@iserider] inehat thete:ﬁtlanrﬁcdndwctpd msslvéntccmtalnlng water

preparation of a fluoridated sugar er| vat i
pr oc #58n seHrdreaiey tham POt grET Avs QQSJ-B?'P @X’t%‘f B0Gar

derivative with a fluoride, characterised in that the
reaction is conducted in a solvent containing water in

an2 amurotess astcimetamclabo0, whereinthd fssidateharknedguoridated
ppm 2. A process as clained in claim1l, wherein the

f | uoBHEAk @%”‘éﬁ*&’eﬁ@rﬁefm%a&ﬁ'?%rédec? sugar derivatives

are nonosaccharides. 3. A process as clained in any
one of claims 1 or 2 wherein both the fluoridated and
thﬁ o prddass: iadatlehinedjgrarard/eoneamﬁ vledmare qir dtwhersin beth the

ess, as in,claim3 wherein th
{1 uorbaafeacan freharsvelisied stedr G Ra8 A drrisgted
are protected with acetyl groups. 5. A process as
clainmed in any one of clainms 1 to 4 for th
pr épdy atdaessods Llaimsdeint elginm |3Jowher@ﬂraswgrﬂuea§eted and the non-

o YGbidg 5500, BBRAFRRT B BB 5 Oacomn croups

5. A process as claimed in any one of claims 1 to 4 for the preparation of a
protected fluoridated glucose derivative, wherein the non-fluoridated sugar

derivative is a protected mannose derivative.

6. A process as claimed in claim 5 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-acetyl-2-trifluoromethanesulfonyl-B-D-mannopyranose (tetraacetyl

mannose ftriflate).

7. A process as claimed in any one of claims 1 to 6, wherein the solvent is
selected from acetonitrile, dimethylformamide, dimethylsulfoxide,
tetrahydrofuran, dioxan, 1,2-dimethoxyethane, sulfolane and N-

methylpyrrolidinone.
8. A process as claimed in claim 7 wherein the solvent is acetonitrile.
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6. A process as clained in claim5 for the preparation
of 2-fluoro-1 ,3,4,6- tetra-0O acetyl-D gl ucose
w@ e@bosmeet vyl f 1 uor ogl ucose or pFDG from 1, 3, 4PGF/GB2005/004451
tetra-O acetyl -2-trifl uoronet hanesul f onyl -
b- D- mannopyr anose (tetraacetyl 5 mannose trif late).
7 A process as clained in any one of clains 1 to 6,

el,n t ) : e t |tr|

O Ao e, DY REGFY QR W i e weer
dl OX%BnténterdlhéfebN@m/@tﬂ‘tﬁn@,boauHDO(D &n¢5000 pom.
met hyl pyrrolidinone. 8. A process as claimed in claim

7 wherein the solvent is acetonitrile.9. A process as

c o ..ﬁp@?esﬁgs%ﬁ? afy uﬂ:lgi Jvhte ﬁthéi‘@%%é?'cﬂnfd?ﬁ@"@%%lvent is

€ SO vent to 15

ppm fidin abopt 2068 to aSO(OIp@rrmed i n claim9, wherein the
wat er content of the solvent is from about 2000 to
7000 ppm 11.A process as clainmed in claim9 wherein

t B b‘gg‘é&kfgg%k Minddd ih R % Mﬁ'\'é?%h?hé)’%@é’r%ﬁté’nt of the solvent is

rocess as in any one cl al ns
1 to3DDOwbhth)B@0@mmducted in solution phase. 13. A
process as clainmed in any one of clains 1 to 12 which
is automated. 14. A process as clained in any one of

cl gb Mg, érddés%%s YARR&] h AMEohd WRLIofAs 115t WidHEis conducted in

fluorid a potassium-counter ion and a phase

t r ansobrtiarapldisest such as 4,7, 13, 16, 21 , 24- hexaoxa- 1
,10-diazabicyclo-[8,8,8]-hexacosane S added to the
fluoride. 15. A process as clainmed in any one of

cl a3 Mp prd@sbhsf @aimdtRinRirPefiabf 6lained 1&o 12 which is automated.
radi of | uori dated sugar derivative. 16. A process as

claimed in claim?15, wherein the radi ofluoridated
sugal a process as claimed in any one of claims 1 to 13, 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 to the fluoride.

15. A process as claimed in any one of claims 1 to 14 for the preparation of a

radiofluoridated sugar derivative.

16. A process as claimed in claim 15, wherein the radiofluoridated sugar

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

17. A process as claimed in any one of claims 1 to 16 for the preparation of
['®F]-pFDG, the process comprising reacting tetraacetyl mannose triflate
with ["®F]-fluoride.

18. A process as claimed in any one of claims 1 to 17 further comprising, in

any order, one or more additional step of:
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derivative is an [18F]-I abell ed sugar derivative. 17.
A process as clained in any one of clains 1 to 16 for

w0 b@opsepar ati on of [ 18F] - pFDG the process coP@I/GBRIVG/004451

reacting tetraacetyl mannose triflate with
[18F])-fluoride. 18. A process as clainmed in any one of
cl ai hwemovel affexcess MEPride Mo HiengPlufioN.any or der, one

or nore additi I f i L Of

o7 GBS RAR R BEER flordred SIRH T RIBEH® adoprotected
pr ot gabedatetwRightaeshtiiegar derivative to give a
deprotected fluoridated sugar derivative; iii. renoval

of t ie rempyal ef kel reanic spientyangd or nul ating t he

deprgqt e - ' r ' [ '

ol Ul oo YU e R EURH AARIACNEY Bl HARHERT: aaueous
of asslitiphi on of radiof l uoride, particularly

[ 18F] fl uori de, which conprises contacting said

solution with a scavenger resin. 20. A nethod

accongl N9 nfdinGd RirFeddeil e Watd MR rRONUALLIEAGR b flfofluoride,
fluorrde 1n a non proti€ organic solvent selected from
acet partioularty, ['4]fimorige, fwhichniategristisneariigtting seidi sytion with a
tetrahydrof uran, dioxan, 1,2- dinmethoxyethane,

sul f 8FAYRNIH d®Nnet hyl pyrrolidinone. 2 1. A nethod
according to claim19 or 20 wherein the solution

conprises fluoride in acetonitrile. ] _ ,
20. A method according to claim 19 wherein the solution comprises fluoride

in a non protic organic solvent selected from acetonitrile,
dimethylformamide, dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-

dimethoxyethane, sulfolane and N-methylpyrrolidinone.

21. A method according to claim 19 or 20 wherein the solution comprises

fluoride in acetonitrile.
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