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STABI LI SATI ON OF RADI OPHARMACEUTI CAL  PRECURSORS The
present invention relates to a nethod for inproving
wae@blob136¢y of non fluoridated sugar derivati veBCT/@BA005/004448
particul ar glucose derivatives which are used as
precursors for production of radiofluoridated sugar
derivatives for use in in vivo i magi ng procedures such

as oG L [SAT N TF RADIOFARNACE BEIGAL FRECURSORSN
further Tncludes Tormulations of non fluoridated sugar
derivatives, and cassettes for automated synthesis

Tr%gtﬁgégt{\ﬁ(s}\é%cn(%%yﬁ?agggté Qﬁqeﬁﬁg@formflrg\hﬁ@éﬂaﬂﬁﬁﬁﬁ ntSfloridated
S”%?ﬁadﬁ‘?ﬁga_f}f%% ggﬁ}j ?iﬁebﬁhiclaiaﬁ(@mﬁbwrdﬁme' leee suhitlongre- 19ed as
e (conmmon '
pra«:lﬂgom&gmfo@u@imwﬁ @@ictfe;'@ﬁigg{ﬂpdagﬁ Ty nrg% V‘%%tﬁl}!éfst?eibrfﬂ vivo
. heed to star t Sub- ' i i
mgaberaOob SRR o LRIy LRIRFRBAMIPET) g pvention
fulth&einefudes o raudeonsBnnos lubridafest sugas derivatiess aad cBesettes
In the context of an automated .radi of | uoridation
fos getosmated SNHesis aeRABHS WP@HFH?W‘%HE@-
Technol ogi es), this nmeans that the mannose triflate

has to be stored separately fromthe other reagents
Némd fResidatdced sugho deevatheset sectby ashe 1 Grbbdetia-@recstyl-2-O-

tfweroEnalkAgeU Oy A GO TR dea B Ty GV 86 mannose
triﬂ%%ﬁ bkd ENrr@r?ﬁNﬁ.ibr{li'eH%WﬁéRﬁ’alﬁlm penidens An@aced thbastored

ose tri o i nprove shelf-life and prefer_agl
ataubeambtemt tayapetatanesite ansuremtrlly grer a fRAsoBR AIRMICEOT; the shelf

Lthe sane ck the ot
lif r‘gai'ye%‘ﬁaﬁr AThhnos e’t_rlﬁ%ﬁeeggé eljélgn %P%tf’/g%?.oﬁé tﬁg\r/%orﬁéxtaof an
aSRREST peliyidstingiohhaysteyn séuwh ng arraoerlfabuddXdéEeidcidence

Technologies), this means that the mannose triflate has to be stored separately

from the other reagents and assembled into the cassette by the operator prior to
running the radiofluoridation process. Therefore, there exists the need for a
method to improve stability of non fluoridated sugar derivatives such as mannose
triflate to improve shelf-life and preferably allow storage at ambient temperature,
for example, in the same package as the other reagents or as part of a

preassembled cassette.

The present inventors have surprisingly found that by storing a non fluoridated
sugar derivative, such as mannose triflate in an organic solvent rather than as a
dry powder, the stability is improved. This runs contrary to expectations as
normally degradation would be expected to occur more quickly in solution.
Presentation of a non fluoridated sugar derivative, such as mannose triflate in an
organic solvent has the further advantage that, being already in solution,
dissolution of the non fluoridated sugar derivative, such as mannose triflate prior

to performing radiofluoridation can be avoided which may be particularly
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sugar derivative, such as mannose triflate in an
organi c solvent rather than as a dry powder, the

W@ e@biobi3sey i s i mproved. This runs contrary to PCT/GB2005/004448
expectations as normally degradati on woul d be expected

Aot Bt ohir s RShl IRRE Tannose
triflate in an organic solvent has the further

advant age that, being already in solution, dissolution
Therefore, BeROMINGDIq epe éﬁp@,@g%frt%@ él?\(%@ﬁvﬁ]ef%%ﬁr%de(} a method

B

siotagé ofsdi@ mehddioriddicelcdizpair sieriyatiyeeinat saiventTh arsebbedecontainer.
according to one aspect of the invention, there is

provided a nmethod for inproving stability of a non

T&:e%%'i\}e%?hggd ﬁ‘ﬂ%r mgg'[ddv l‘?ﬁtag\é%ré{wdééfbti%%!mérlﬁ gésaéeﬁﬁéﬁ ﬁ?)‘?e fully

Of "said non uori ed's Ivative sol ven
below) seal pbticosdlwénter Sultablespiotiensolusmts includiee Caralholols, for
may be an apr.oti.c sogl vent (as, defi r][ ul |

enanig N GHTRICLgF oI anal SBENSh GEBloTE L agtagel. The
sb%hyg&%'a?ﬂeg%’@‘)h%anfﬁ h&iRGB\PatBEEHRRAL tlaf thh)@O‘b‘pm or less,

I SOpr opa ut anol,” acetone or octanol. The o
saithMgrit000sEmin malessemirg suitablyiens thani 600 apwaead preferably less
con t of 10000 ppm or |less, suitably 1000 m or
tm%’%iﬁgﬂ@?‘e suitably | ess than 600 ppm and pfgferabl y

| ess than 100ppm In one aspect of the invention, it

i s advantageous that the non fluoridated sugar 5 |
Inleniasipiegkof hiesinvertion, it is ingvaaingeous Jaak thaHiathilygridated sugar

sed,. subs ently [ ' i i .
LR I SBETT el HRY IO B SbsclieAuy in the
flubHaatisiatreastion heTlsit oavvidacarorediragstep af fanitemdrrenspet tbefore

of the invention, there is provjded a tEdfor : ,
fiummdg’mpl_hg Toesafore.taccefdigg e fqrmﬁria}%)@ggo ﬁlfaynventlon, there is
p‘?&'&ihzéé‘td ethod for improving stability of a non fluoridated sugar derivative
which comprises storage of said non fluoridated sugar derivative in an aprotic

solvent in a sealed container.

Suitable aprotic solvents for this purpose include acetonitrile, dimethylformamide,
dimethylsulfoxide, tetrahydrofuran, dioxan, 1,2-dimethoxyethane, sulfolane and N-
methylpyrrolidinone. However, acetonitrile has been found to be a particularly
suitable solvent for storage. The aprotic solvent used may be dry, meaning having
a water content of 1000 ppm or less, suitably less than 600 ppm, and preferably
less than 100ppm. In an alternative embodiment of the invention, the aprotic
solvent used may have a water content of between 1000 ppm and 50000ppm,
suitably a water content of 1000 ppm to 15000 ppm, more suitably 1500 ppm to
7000 ppm or 1800 ppm to 7000 ppm, and more suitably 1500 ppm to 7000 ppm or
1800 ppm to 2500 ppm. Using an aprotic solvent with such a controlled water

content has the added advantage that the non fluoridated sugar derivative may be
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whi ch conprises storage of said non fluoridated sugar
derivative in an aprotic o solvent in a seal ed

W@ovbae13es . Suitabl e aprotic solvents for thi SPEUGBRES/004448
i nclude acetonitrile, dinethylformam de,

P%%@%ﬁﬁ%&?}@ﬂiﬁ\}lﬁé{ﬁgggéﬁgﬂhﬁ&vmgf’ WRient for performing a

sOBBdDEnR YadiofilisHdA18. rebeNEY,ehus agsitingi theincediaaidiestthe water
found to be a particularly 5 suitable solvent for

centenader exasplgbvaidtyisgisiemer Dy eddiiep Adudher, watesor sglvent.
having a water content of 1000 ppmor |ess, suitably

| ess than 600 ppm and preferably I ess than 100ppm In
Aaluseldtitesreiat iheaeanbpgintewhenidesbigbing waitéri comteritiog a given solvent,
aprotic solvent used may have a water content of
NRANGeedrarnyetessieahd 50000ppm suitably a water

content of 1000 ppmto 15000 ppm nore suitably 1500
ppmto o 7000 ppm or 1800 ppmto 7000 ppm and nore
SuiitabBbthe AGOAuGITatEd sEgaddeprative isB@8eppimthe sabeat, spitably an

Usi ng an aprotic solvent with suc control |l ed water
APEHSROIVRIY e 5 SABHSRIRUNTT oAt J0T ¢ RETHGHNG. A Subsequent

rééiiﬁﬂ%l.bﬁ’@ét RUGAEN ABF LXAPYEHIRY0 RARY/SF &NE6fhgIRI, more suitably
solutron having the optinmmwater content for
anﬁg/frdrtm%mginﬁ,lmzmqmmne suaablyf10mg/md 40 i18mg/ehcin one particular
t hus avoi dj ng the need to adjust .th t . t ent .
cruuea oo Boh BoaPasiiy' el S dRb BB O ety
P So1ie'soRRhY 8P k- cofteHEafoMeF 8bg/inhelr afmthensinbodingent, the
descri bing water content of a given solvent, nean

r{jdrgﬂamidﬁ&é rsugeardersatives presery indher selvente éu'éablib@araproﬁc
riva i j | , suitabl
A R VAR ko A

Perfor m ng a subsequent radi of |l uoridation reaction,
or exanple fromO0.1 /Im to 50mg/m, nore i tabl
Siitpbie sewed saplaersare assrwhish dodist qubwiﬂ% the,Solvént or with

t%gr%MMOhHat%Hes@@théiérli\}aq‘ﬂ/e, optionally permit maintenance of sterile
integrity, plus optionally an inert headspace gas (e.g. nitrogen or argon), whilst
also optionally permitting addition and withdrawal of solutions by syringe. Such
containers include liquid-tight or gas-tight jars, flasks, ampoules and vials, the seal
being provided by a liquid-tight or gas-tight closure such as a lid, stopper, or
septum. A preferred such container is a septum-sealed vial, wherein the gas-tight
closure is crimped on with an overseal (typically of aluminium). Such containers
have the additional advantage that the closure can withstand vacuum if desired for
example to change the headspace gas or degas solutions and can withstand an

overpressure, for example to aid in the removal of the solution from the container.

Using the methods described herein, the non fluoridated sugar derivative may be
stored for extended periods of 2 days or more, for example up to 18 months,
suitably up to 6 months, more suitably for up to 8 weeks, at temperatures at or

below ambient, for example at-10°C to 35°C, suitably 10°C to 35°C. As mentioned
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enbodi nent, the non fluoridated sugar derivative is
present in the solvent, suitably an aprotic sol vent at

w@:2oenesBnd rati on of 15nmg/ M. In a further enboRPCTEBRG05/004448

the non fI uori dat ed sugar derivative is present in the

sol vent , n a tic. sol ve
aQQYﬁc@W?%&? ﬁmgfgni%@pg@qﬁrel'swl gr@é?{i\leﬂ]'%n%al ed
containers are those which do not interact with the
solvent or with the non fluoridated sugar derjvative
Inofhtsi alternbfiveyethere isnpronided i éorarulatian iof @ neneleridated sugar

o B P 3040 ORI 8, B

séHléd V‘&érﬂgfn@\”aés Qfes%ﬂbé'@' RERINHefSN. | NTRe Sblednt present in the
contalners include liquid-tight or gas-tight jars,

fornattion mapbalaesa@mac\‘&pbne@t Of ﬁ@r@,%ﬁohé%n’fr@s %anféioawe
a liquid-tight or gas-tight closure such as a lid,
stopper, or septum A preferred such container is a

IR BB RRRE Cferd Rlfu nm@ﬁpr@wmeﬂtaefogaaranogw aciovsilurceidiated sugar
crinped on with an overseal (typi caerlay of al

deitivesemrisingsaid pent |H@r'ﬂa@dtﬁ%lﬁ5 VRIS ﬁ@@ af‘r?ﬂgqcr%"’e”t
mg%gﬁélg% %3?%}9%%3953@% W ddersiesi red for exanple to

ace gas or egas sol utions and can
W t hstand an overpressure, for exanple to aid in the

e o T o e Bt A B
pggébgajiér}é% s%%cﬁér‘?di@ qjlsfé?fchgﬁéi@ BARbBSBE I s@ar |n which

s or nofe, or exanple up to 18 nonths, swtabll_)(
ohe 06 thne Ot-hgroups lie repiaceacbby aﬂ@&ivm@ gfqumamgg]@sothg[ OH groups of

enperatures at,.or bel oW 4 n
B B b S RIS B Wt
fiabAYALH s@?a?ﬂ@ﬂl\%ﬂ/eé QRSN erfiviativas of mdr@lsbychandes such as
conveni en he alternative, there is provi

glunase| Buctose gibosenarabinass: Mmanneae SLgalRCsPi Pash %fag'y glucose
rlgg e ﬂ%rﬁa' d- DO albiPLedRLGHr LSRN vVES Ls¥atnh U in@tion are

those of formula (1):

oP,
P,0 L )
P,0 OP,

wherein L is a leaving group and P4 to P, are each a suitable protecting group.

Suitable protecting groups which may be present in the non fluoridated sugar
derivatives used in the invention are well known in the art and are described, for
example, in “Protecting Groups in Organic Synthesis’, Theodora W. Greene and
Peter G. M. Wuts, published by John Wiley & Sons Inc. The particular protecting
group chosen will depend upon the intended process for preparation 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
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seal ed contai ner as described hereinbefore. The
sol vent present in the fornulation nmay be an aprotic

W@ 00606m360r a protic solvent as descri bed abovRECT/GB2G0R©04448
alternative, there is further provided a fornul ation

o BB AP RS e s ber
to%%é’r%nfor'e&amp‘ﬁ@al ?an%ﬁz?l gthersaPrafgablyb protecting groups P

her ei nbef ore. he present speC|f| cation, the term
to’ ﬁﬁparefeaabramacﬂcgrgu@ar derivative" refers to a

pol ysaccharide, oligosaccharide, disaccharide or
nonosacchari de sugar in which one of the OH groups is
Su%@fe%ﬂm’@/gr@ub@@‘v‘e a@og/l‘lélumoa\nﬁmtthe atttanerin GHd g royisigipbdnates

he sugar are each t t
Sl&h a3 iflaons seRFieg nBloaty SudatEh ATBv A dpretgspuch =
r
B UIPIGUE S0 PRI NERRE that helcaunoaroup o

trifuairnetencraiifonate @riflge) gaupse, nost sui tably glucose
derivatives. Particular non fluoridated sugar

derivatives used in the invention are those of fornul a

A‘edg)g@cdgé‘&ﬂeg%r:r%& oA flLiBAYARE sugatderRBtvEis 1,8,4Rkidtf0-acetyl-2-

_ protecting group. Sui t abl e rotectlng
Ogmuupmmauhaheanworb,wplaesamopwamme ndwmmasly digferged to as

ffllla u\%gﬁgggégrgh?%té%g c‘ogr\l(rﬁgid;éwl ﬂa?la% Lotk A8YRdated
%§ Pasﬁ&étﬂa \ﬂz‘hi@Hng usréd%@@npr@cavgurrfas eynme§lse@fd2rr[1§FWuoro-D-

eene Pet er ts ubl i shed by Jah
gfwose (HEIFDED yiathe pitestogiebnedate Sral-d Rberelig-aceti

depend n_the reparatlon of

rrbepre dRraat S yRLEIRPORRIEBSFSF PERGET &Pt he hyar oxy
groups may be protected by converS|on to al kyl or
aromatic esters, for exa

A@mqﬁd)heoaﬂwe@tetomsgg @gg 3{ tr{g%arg fggnm;tign%%cording to the
itV EHRALhYES! bptiBRERP X boRafH PRIFRY RfgrealdYes t 8dch as  buffers;
pharmaceutically acceptable solubilisers (e.g. cyclodextrins or surfactants such as
Pluronic, Tween or phospholipids); pharmaceutically acceptable stabilisers or
antioxidants (such as ascorbic acid, gentisic acid or para-aminobenzoic acid). And
such ingredients may be added as part of a method according to the invention.
However, presence of such ingredients is avoided where possible so that the
radiofluoridated sugar derivative may be produced in as pure a form as possible
for subsequent use in an in vivo imaging procedure. Therefore, formulations and
methods as described herein in which the non fluoridated sugar derivative and

solvent are present in the sealed container without further ingredients.

Radiotracers, such as ['°FIFDG are now often prepared on an automated
radiosynthesis apparatus using nucleophilic radiofluoridation chemistry with "°F,
based on the reagent Kryptofix™ 2.2.2. There are several examples of such

apparatus commercially available, including Tracerlab MX (Coincidence
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to ethers, for exanple al kyl or benzyl ethers.

Preferably, the protecting groups Pi to P4 are each an
wa@eob/ogmeap. Suitabl e | eavi ng groups are al so R&E/GB2005/004448

known in the art and include aryl sul phonates such as

T AR AT RPEER Gy, s ppares

c&%HdrﬂWb&hszé& chﬁééeﬁfb dieneligiosabhatin tinich tﬁa\rad@chemlstry is
group is a trifluoronethane sulfonate (triflate)

pgﬁ@nmed Aviyeh is fitiedito $herreparafusdinyAef fQBeifaEp aufagippypthesis.
erjvat)yv

A EBbbt FoboR RebRel Ay SoPE it soses, and o o

récfiBhg eshdent d5alS BBITSIEES tahyfsbacn@haswmmasaom cafttidges used in

a commercilally available non fluoridated sugar
pdel-iagiasyntheligiclean P $&RF-as a precursor for synthesis

of 2-[18F]fl uoro-Dglucose ([18F] FDG via the protected
internediate 2-fluoro-1 ,3,4,6-tetra-0O acetyl -

ABoghurging dftehoadeetidhfddusugztaeriygtive asalascribe®@preinsmay be
woul d be apparent to a person skilled jn, the

hpysed)| iat A odisBeL}NE| Ay r@@oyﬁ@le, RoetRitS HSgns éip?ci’roHﬁ?l‘y‘th the

ST MBS eRE R el frhor rovies

c@g@ét@@thamﬂ;omataﬂsyﬁﬂm@mappmms wnpnsmgmf@rmmgn of anon
phosphol i phar maceut i aI I

ﬂgpggaqeﬁ%lggr g?l’l\é“V?&leﬁ{rg s(aé écgaggga %ﬁéaréigngatlve anda
SBRNE 7 eré"é}é&i cSﬁtaﬁﬁr@s@@sBﬁ?&@ﬁﬁé’r’eﬁ%@) . AdiemsaHstated herein,

I'ngredi ents nmay be ad as part of a nethod according
the imheoviedvaabilinof Howwe fliopdedrigaBidosaiive when SIored as a

ients I.s avoided
ot BhoR rserebi g SRTUBRDS eding ba588le K2 b provided
@PnRbictrith BIPbMRSreB@BAtDlegquired f@ﬂh@&fm@ﬁdtan(ons eeaotloanexasept for
vivo i nmaging procedure. Therefore, formulations and
the radiofluoride, and the cassette can be stored at ambient temperature thus

avoiding the need for refrigeration.

The invention is illustrated by way of the examples below, in which the following

abbreviations are used:

MT or mannose triflate: 1,3,4,6-tetra-O-acetyl-2-O-trifluoromethanesulfonyl-g-D-
mannopyranose.

HPLC: high performance liquid chromatography

IR: infrared spectrometry

UV: ultraviolet

RCP: radiochemical purity

pFDG: 2-fluoro-1,3,4,6-tetra-O-acetyl-D-glucose

Example 1: Stability of Mannose Triflate in dry acetonitrile
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met hods as descri bed herein in which the non
fluoridated sugar derivative and sol vent are present

w0 poobhe73seal ed contai ner without further ingrePCEGB2005/004448
Radiotracers such as [ 18F] FDG are now often prepared

V\ﬁﬂ g ITEL radi osynt hesi s appar at us usi ng
B ?fﬁﬂf}?l% l’l“'aaﬁlgc!:llr‘f"%or| dation chenistry with 18F ,
Flased: HPLm@vr&ﬂ@ﬁﬁ&ogfémmamﬁém TRflRedror M@ (sdlid material)

several exanples of such apparatus comrercially
abstartl abl e, incl uding Tracerlab MX

Co ,
Floife ot LGNS ARG AR S I Ao FERR e Elsgived i
a6aRRflbPat Sfaven di sposable, in which the

radi ochem stry is performed, which_is fitte

Figipe Batiirs. G-H oCFhf@Fnatt@Qrﬁé} PUM#PQO%EF' rffch'Bg}B_?? (WQ material)
t cludes fluid pat hvvays a reaction
Sf?é%@g(% fg/%%lkg% LtSkS Fgr recei ving reagent vials as well
Fafurgmy HRL(BdJ\ID lehsemedgramt ofdiianaose Tdiate iemdABX (dissolved in
post-radi osynthetic clean up steps. A formulation of a

aﬁ@ﬁ”ﬂﬂ@%r$@§%¥@”s%@5ﬁ ka&tPPalG-ve as described herein
may be housed in a di sposable or renpvabl e cassette
designed for use with the automated synthesis

Metprs tus Therefore, the invention further provides a

cassette for. an d synt hesi s, appar

Acctaivis RGN0V RIS 4F el For i HbRodiately goovpm.

I\?ﬁdo‘é@tthﬁﬁtecmr 'lﬂtrﬁ%l.ﬁé'q@an@/fﬂ d lnigy,i dat ed sugar
erivative a solvent in a seal ed container as

\alscFiokedb heGlaad wials € 3mw) Murnessteedtedl herein, the

PRI M IR o 00

G41R: HatwEt iPtareans that the cassette can be provided
conplete with all of the reagents required for the
fluoridation reaction, except for the radiofl uoride,

@nd itmhe(?,\tglassette can be stored at anbient tenperature

Glass vials to be used are dried before use in a Lytzen heat sterilizer at 210°C for

5 hours. Stoppers are not treated in any way.

2.0 g Mannose triflate was weighed into an Erlenmeyer flask and dissolved in 133
mi dry acetonitrile to yield an acetonitrile solution in an extraction hood. Dissolution

was rapid, solid disappeared as soon as it came in contact with the acetonitrile.

Dispensing: i
This solution was dispensed using a 10 ml glass volumetric cylinder into vial

samples of approx. 4.2-4.4 ml.

Control samples of mannose triflate (without solvent) under air and under nitrogen

were also prepared.
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avoi ding the need for refrigeration. The invention is
illustrated by way of the exanples below, in which the

W"mf’f’mﬂ@ abbrevi ati ons are used: MI or naNNOBET/GB2005/004448
triflate:

1,3,4,6-tetra-O acetyl -2-O-trifl uoronethanesul fonyl -/?
- Dmannopyr anose. HPLC. high performance |iquid

% YudiR aldf el r o
PG TH SPEPCRAME, 2 LERLYY Apegt aroeis g 200, el
corftralied-dabineis Draetptiods of time stwichripulpaintsSeaial wagyemoved

of Mannose Triflate jin dry acetqpitrileWth f
19t aeae gon suoiepiagipdng Ky PRI PoRl ogr am of -
Mannose Triflate from ABX (solid material) at start.

Figure 2: HPLC- UV chromatogram of Mannose Triflate
TestometkRds(uleskol ved in 5 acetonitrile) at start.

Figure 3: HPLC- UV chronmatogram of Mannose Triflate
fromABX (solid material) stored for 2 weeks at 50 OC.

Non R abtiveTmhdihblNs chul@npéresiasd:of Mannose Triflate
from ABX (dissolved in acetonitrile) stored for 2

weeks Appsarance/ oradmolentigitest, aheeHl ARSI | e (MeCN)
VWIRMBRG Kty B HPIRL-BY, GRBuHoidtgPr oxi mat el y dOCppm
®E_NMR, all pull points

Water content analysis, at time zero.

HPLC Method: octadecylsilyl silica gel (5um) column (Hichrom Nucleosil 100-
5C18), temperature 25°C; injection volume 20ul; mobile phase of water :

acetonitrile gradient, 1mi/min. Detection by spectrophotometer at 220nm.

Radioactive methods (hot) performed : Radiolabelling with ¥ in a glassy carbon
reactor (all pull points). Each dry sample of mannose triflate (20mg) is dissolved
in dry acetonitrile (1.6ml). For the mannose triflate stored in acetonitrile, an aliquot
(3.3ml) was removed and diluted to 4.0ml with acetonitrile and 1.6ml of this
solution was used in the radiolabelling test. For the samples taken after 2 weeks
storage at 50°C, a 1.6ml sample of the mannose triflate solution was used directly
without further dilution. In all cases, the radiolabelling was performed after drying
an '8F solution of Kryptofix 2.2.2 (19.4mg), potassium carbonate (41.0mg),
“acetonitrile (0.32 ml) and water (0.04ml) for 4 minutes at 80°C before adding the
test solution of mannose triflate in acetonitrile. The labelling reaction was carried

out at 80°C for 4 minutes in a glassy carbon reactor.
Results:
HPLC-UV traces for the solid mannose triflate control experiment and the

_8-



Mannose triflate ABX: Utra-pure quality 1g units,

Vials: Fiolax 5 mM dass vials (13mm), Munner st a3dter.
wh28b0ePes s: West 4432/ 50 gray 13mm  Tefl on coB€EGB2005/004448

Caps: Hel voet Pharnma Experinental o G ass vials to be

e e RPN R Tl A g
l\‘g’af{no& Qmété\/am’@%t 35 bfhmugsvas wei ghed into an

enneyer flask and dissolved in 133 m dry
acetonitrile to yield an acetonitrile solution in an

xtraction hood
Ak o ioRa A GO S0 41 RIS BREse Pl giored s dry
5 QG\%QWéré'Blﬁck Qhé Pﬁ]ﬁ@léagstrd'd’gl)% of aketic amdNaBlomaslnﬂalls@mg was
u3| ng a gl ass volunetric cylinder into vial

adtanyyited, Id'R sapwedxthahthf— materigl was tenlonger sapiase tiflate.  The

IR ORE el e Shug M FRSHS 2aPpfFRipssiRaicivas Althatgser
are kept in storage at 25C and 50C in thermally
control |l ed cabinets for_set perio

Aftaal2 arp@ﬂn@%ek&astvraeqe ea0” pem%%iu?%m%% aa@f"ﬁmwe"ef were
10 sﬁﬁ%ﬁ%ﬁk\%g an &ﬁ(etdqﬁ{dhgggﬁ&’t h'e?ﬁgﬁ ﬁ?llanPL(Ee@V shBhadne peak

oactive nethods per fornmed:
iﬁ&@%@ﬁ@@egmdﬁiwl & MT ¢Figest 4).al | pul | points

Results from radiolabelling in the glassy carbon reactor at time zero and after

storage for different periods at 50°C are shown in table 1.

15

Table 1

Sample Storage Time | MT (mg) Acetonitrile pFDG
(weeks) (ml) RCP%

Control (air) 0 20 1.6 87

Control (air) 0 20 1.6 86

Control (N2) 0 20 1.6 82

Control (N2) 0 20 1.6 93

MT/acetonitrile | 0 20 1.6 91

(15mg/ml)

MT/acetonitrile | O 20 1.6 92

(15mg/ml)

MT/acetonitrile | 2 24 1.6 86

(15mg/m!i)

MT/acetonitrile | 2 24 1.6 85

(15mg/ml)
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experinment and theacetonitrile solution of nmannose
dandisiée are shown in Figures 1 and 2 respectively.

“Vannose triflate elutes at 32.5 m nutes.
Téeqameinatiomotgoed labslingiass asodenysal stabifity by

8awe%{<¥ at 50°C leads to the conclusion that a clear stabilisation has been

achieved by dissolving MT in acetonitrile.

Af ter

Example 2 : Stability of mannose triflate in acetonitrile/water

Using similar method to Example 1, the stability of mannose triflate in acetonitrile

with water at level of approximately 725, 1450, and 2500ppm was evaluated.

Results from radiolabelling in the glassy carbon reactor at time zero and after

storage for different periods at 50°C are shown in table 2.
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powder were black and snelled strongly of acetic acid.

No radi ol abel I'i ng was att enpt ed,
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trace is shown in Figure 3,

e

ions in acetonitrile however,

t he

I R showed that the
The MPL/GBRIFS/004448
no nmannose trifl ate was
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carbon reactt i efo and after [storage for
di fferent pe‘?froglg”la (T“E%%( 5are shown in table 1. Table
1Concl usi on[ gdifigors Obi nati on jof good |fabel I'ing and
good chem cal stability by HALC even after 8 weeks at
50C | eads to(pnom) concl usi on that a clear stabilisation
has—been— di-ssotvi MF—n onitrite
l\%ﬁﬁf e %%l | t?/ of mannoR2 trifl aTgl 90
(dseigpRitril e/ water Using sim|ar nmethod to Exan'pl e 1,
the stability of mapnose triflate in acetonitrilelwth
MBleeetanitrilecy43%f apdr oxi mat e] 90725, 1468, and 25008pm
S gv | uated. Resu|ts fromrgadiolabel]ling in the
@%@@W carbpn reactpr at tine|lzero andj after storage
NPfacetdrigileenti4@2r i ogdg at 50C ppe shown| 18 tabl e 93
2. Tabl e 2Copparitive Exanple Stability of dry powder
(hemeosb triflate Dry powder npnnose tr|flate was
tored—ax at—drfferent peratu and—for
“@Wf‘%ﬁ’éﬁ"“? ?T%Bperl pds. Radi of @abel I'i ng ﬁe%t hod A 89‘
($8higfinPn of | pot assi pm carbonate ( 4 1 pg of potasgium
carbonate j 40mM mgf er)
MT/acetonitrile | 725 0 20 1.6 92
(15mg/ml)
MT/acetonitrile | 2499 2 20 1.6 91
(15mg/ml)
MT/acetonitrile | 2499 2 20 1.6 76
(15mg/mil)
MT/acetonitrile | 1450 2 20 1.6 94
(15mg/mi)
MT/acetonitrile | 1450 2 20 1.6 91
(15mg/ml)
MT/acetonitrile | 2524 4 20 1.6 96
(15mg/mil)
MT/acetonitrile | 2524 4 20 1.6 87
(15mg/ml)
MT/acetonitrile | 1470 4 20 1.6 87
(15mg/ml)
MT/acetonitrile | 1470 4 20 1.6 87
(15mg/ml)

-1
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was added to a glassy carbon reactor and then a

sol ution of kryptofix 222 (19.4 ng in 320nm ) was added
w@epanetded y. Then a sol ution of 18-fluoride i NPEEGBR005/004448

(0.05 mM) was added and the solution dried by heating

to 80C for 4 mns with a flow of dry nitrogen (at 0.3

l[itres/mn). A solution of

1,3,4,6-tetra-O acetyl -2-Crifl uoronet hanesul f onyl -/ ?-
__ |fn 1. 6 m dry acetonltrlle) was

y A HOH [HOSH

E T T T ST
diffdrent viepesibagmat ography) on TLC aI um ni um sheet s

silica gel 60 F254 eluting with 95% acetonitrile, 5%
wat er. The radi ochem cal purity was cal culated from

g5 |'||R eh acetyl -2-fluoro-/?-D mannopyranose to

A dstution ef pcﬁt?sﬂbﬁh carganatan(dt f mgeoffootemsiute o(arlbmaie ire4®plovater)
conponents fr th t | t
WeRAGIGaD & Fi P TR RS R B sa spfion of knmighyaz, (194

n?g#‘ﬁ‘?%(%uéﬂg%'aﬁﬂé@% él%'iél?b"r'h'ehya %Iuﬁ&‘?of“ﬂ@-‘ﬂ%ﬁde in water (0.05

roomte erature which is nmuch worse when
i@ atas cadoed =00 th?éta@lutmnmmi by heatingtesddiC firdonins witsilow of

G LR TIOR8, GRTPYo! [P35 o0
tﬁ‘?ﬁfd?@%eftl%néswﬁbﬁyﬂ/?lﬂ) frlanbBbpltanoet (@onag |ﬁ|1u@fnhld@f§/%itetomtnle)

sugar derivative which conprises storage of said

waaﬁb\e'nok@dcm ang dre mradtipatheaded forga §wrth%rn4 mlﬁU@SsﬁéaB@cTC The
t
rfz:ﬁ al W%fslt[]%? c&g[gﬁg gug"g?%gedé ng'b?e Férﬂb%&f%aqyé?s by ITLC

rivatirve 1s
(Instant thin layer chromatography) on TLC aluminium sheets silica gel 60 F254

eluting with 95% acetonitrile, 5% water. The radiochemical purity was calculated
from the ratio of 1,3,4,6-tetra-O-acetyl-2-fluoro-g-D-mannopyranose to the total of
the sugar and free fluoride (the sole two components from the reaction). Results

of the radiolabelling are shown in Table 3.

Table 3.

Storage Conditions and time %RCP
0 days under air 87

0 days under air 36

1 day @ room temperature under dry N, | 82

1 day @ room temperature under dry N, | 93
127 days @ 25°C under air 1
5 days @ 50°C under air. 5

The data support significant instability of the mannose triflate at room temperature

which is much worse when heated to 50°C. The mannose triflate soon becomes
black at elevated temperatures and becomes increasingly difficult to dissolve in

acetonitrile.
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nonosacchari de sugar in which one of the OH groups is
replaced by a |l eaving group and the other OH groups of
W b@omenyes are each optionally protected w th BCT/GB2005/004448
suitabl e protecting group. 3. A nethod according to
Ia|m1 or 2 wherein the non fluoridated sugar
Svative is of formula (I): wherein L is a |eaving
group and Pi to P4 are each a suitable protecting

group. 4. A nethod accordi ng to any one of clains
13 Aametbod fondmperving glabilinota rsqrgﬁvordf&‘ted&yg%dﬁgvatlve “Which

c% rﬂ%}ﬁlgﬁg 8@%@%8%5}@ %ﬁ\lflrt%ép%%d' sU(gfé? ggﬂ?étp%qg %Léloﬁ\%l?% kr} 4 8ealed

c6h@ingy. 1 to 4 wherein the solvent is an aprotic
solvent. 6. A nmethod according to claim5 wherein the
aprotic solvent is acetonitrile. 7. A nethod according

2, BB oG TRl 5 o SE TR AP i bt
nﬁQ%s@@ﬁhameéagahhwhleb&mha‘rthﬂaa()blmjmuas |sf\rerma¢&£ti by a Ieavmg
according to any one of chal ns 1 to wher ei

th .
G5 ane Uhsther el BFouSIahe SUBebats e 00Ty Aralegied with a
?gg@g &Bﬁct,ﬁgpg&péy a water content of 1000 ppmto

sui tably 1500 ppmto 7000 ppm yet
nor e swtably 1500 ppmto 2500 ppm 9 A net hod

ac N &@gﬁgc@rﬁ@é tog ag%; e%tﬁws Qe &f r\1/c?r}jl oerk%técggugar derivative

.g effafllln@ﬁé ap of a non fluoridated sugar derivative as
defined 1n any one of clains 1 to 4 conprising said

non fluoridated sugar PPvative, and a solvent in a
PO " (1)
PO OFs

wherein L is a leaving group and P4 to P, are each a suitable protecting group.

4. A method according to any one of claims 1 to 3 wherein the non fluoridated
sugar derivative is 1,3,4,6-tetra-O-acetyl-2-O-trifluoromethanesulfonyl-5-D-

mannopyranose.

5. A method according to any one of claims 1 to 4 wherein the solvent is an

aprotic solvent.
6. A method according to claim 5 wherein the aprotic solvent is acetonitrile.

7. A method according to any one of claims 1 to 6 wherein the solvent has a
water content of 1000 ppm or less, suitably less than 600 ppm, preferably less

than 100ppm.

8. A method according to any one of claims 1 to 6 wherein the solvent has a

water content of between 1000 ppm and 50000 ppm, suitably a water content of
13-
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seal ed container. 0 11. A formulation according to

claim 10 wherein the solvent is an aprotic solvent,
waiobalisye acetonitrile. 12. A fornul ation accoPdT/Gg2Q06/00444s

claim10 or 11 vvhere| n the solvent has a water

BTSRRI A OB g
15})m9,5}nftblgydﬂ%rﬁd sugar derivative as defined in any

ne of clains 1 to 4 conprising said non fluoridated
sugar derivative, and a solvent in a o seal ed

ggmétbngfgggrcgﬁ gqﬁyh%&s) {)éfem Pgoﬁé? ?/Q%?@'ﬁrthéjggélga%oﬂfaineris
a SpieMsellfedd @0 ppmto 15000 ppm nore suitably 1500

ppmto 7000 ppm yet nore suitably 1500 ppmto 2500
ppm 14. A fornul ation according to claim 13 wherein

1808 P8 ey 3 ERa TSR el efl il chnpone o

cléﬁﬁ‘é QﬁbWédrﬁpns]iﬁ% s&idf sl @id=06d aagar dérvative, any acobvent in a
clains 10 to 15 wherein the sealed container is a
S%ﬁd@@nﬁmr@d vial. 0 17. A cassette for an autonated

synt hesi s apparatus conprising a fornulation of a non
fluoridated sugar derivative according to any one of
1¢] AlfeEmdRtibA atbording to claim 10 wherein the solvent is an aprotic solvent,

suitably acetonitrile.

12. A formulation according to claim 10 or 11 wherein the solvent has a water
content of 1000 ppm or less, suitably less than 600 ppm, preferably less than
100ppm.

13. A formulation of a non fluoridated sugar derivative as defined in any one of
claims 1 to 4 comprising said non fluoridated sugar derivative, and a solvent in a
sealed container, wherein the solvent has a water content of between 1000 ppm
and 50000 ppm, suitably a water content of 1000 ppm to 15000 ppm, more
suitably 1500 ppm to 7000 ppm, yet more suitably 1500 ppm to 2500 ppm.

14. A formulation according to claim 13 wherein the solvent is an aprotic solvent,
15. A formulation according to claim 13 or 14 wherein the solvent is acetonitrile.
16. A formulation according to any one of claims 10 to 15 wherein the sealed
container is a septum-sealed vial.

17. A cassette for an automated synthesis apparatus comprising a formulation of

a non fluoridated sugar derivative according to any one of claims 10 to 16.

-14-



