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which may be suitable for use as Positron Emission Tomography (PET)
radiotracers. The invention also comprises radiopharmaceutical kits using these

novel processes.

10 The favoured radioisotope for PET, ™F, has a relatively short half-life of 110
minutes. “F-labelled tracers for PET therefore have to be synthesised and
purified as rapidly as possible, and ideally within one hour of clinical use.
Standard synthetic methods for infroducing fluorine-18 are relatively slow and
require post-reaction purification (for example, by HPLC) which means that it is

15  difficult to obtain the ®F-abelled tracer for clinical use in good radiochemical yield.

- There is also .a need for automation fo protect the operator from radiafion
exposure.  Many radiofluorinations are ‘complicated procedures and it is

necessary to simplify them to facilitate automation.

20  The present invention provides solid-phase processes for producing *F-abelled
fracers quickly and with high specific activity yet avoiding fime-consuming.
purification éteps, such that the resultant *F-labelled tracer is suitable for use in
PET. The solid-phase metheds also lend themselves to automation with
advahtages of ease of production and greater throughput. The invention also

25  comprises radiopharmaceutical kits which use such processes and thus provide
the radiopharmacist or clinician with a convenient means of preparing an °F-
labelled tracer.

' The invention provides a process for the production of an '*F-labelled tracer

30 < .
T which comprises treatment of a resin-bound precursor of formula 0]
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SOLI D-PHASES NUCLEOPHI LI C FLUORI NATI ON O (57) Abstract: The present

I nvention relates to novel solid phase processes for the production of

radi ol abel | ed t 8GLEY SUPPORPAINKERIKaTRAGIEIR the gyoduction of *OF-1abelled
conmpounds whi ch may be suitable for use as Positron Em ssion Tonography

(PET) radiotracers. The invention also conprises radiopharmaceutical kits

usi ng these. nNOX@ *PrEGRIDES cenber 2005 PCT/ GPQ2/ 02505
SOLI D- PHASE NUCLEOPHI LI C FLL%%%%%/&% hiz%'?@é t invention relates to

novel solid-phase processes for the production 5 of radiol abelled tracers,

in particul ar 'f‘ﬁ]f-TR’HEERrO ction of '"IF-labelled conmpounds which may be
suitable for use as Positréon Em ssion Tonography (PET) radiotracers. The

i nvention al so conprises radi opharmaceutical kits using these novel
rocesses. 10 The,f d radi oi sotope for PET, 18F, has a relativel
P SOWe?%OOﬁB‘SIed tracer of ?ormua (1} is removed from the solid-phase into Y

short half-Iif
solution, all unreacted precursor remains bound fo the resin and can be
10 separated by simple filfration, thus obviating the need for complicated purification,
for example by HPLC. The "F-labelled fracer of formula (1) may be cleaned up
by removal of excess F, for example by ion-exchange chromatography and/or by
removal of any organic solvent. The resultant “F-abelled tracer of formula (i)
may then be further made-up into an agueous formulation for clinical use.
15
Examples of tracers which may be *F-labelled in the manner of the invention
include 2-fiucro-2-deoxy-D-glucose (FDG), 6-fluoro-L-DOPA (FDQOPA), 3'—deoxy-
flucrothymidine (FLT), 2-(1,1-dicyanopropen-2-yl)-6-(2-flucroethyl)-
methylamino)-naphthalene (FDDNP), 2-, 5, and 64luoro  (2(S)-
20  azefinylmethoxy)pyridines, N-succinimidyl-4-] 18Fjfluorobenzoate ([18F}-SFB) and
pepfides. In preferred aspects of the invehtion. the tracer produced is selected
from FDG, FDOPA, FLT, and FDDNP, and is most preferably FDG or FDOPA. -

In the compounds of formula (I}, X is a group which promotes nucleophilic

25  substitution at a specific site on the attached TRACER. Examples of X include
~S50,0- as in formula (la) below, I* as in formula (1d} below, or —-N(C,qalkyi),- as
in formula (if) below. |

In a first aspect, the invention provides a process for the production of an "°F-
3p labelled tracer which comprises treatment of a resin-bound precursor of formula

n




m nutes. 'OF-|labelled tracers for PET therefore have to be synthesi sed and
purified as rapidly as possible, and ideally within one 2 r of. cli.pkcal
use. Standard synthetic nethods for introducing fluorin §§§°%P%errdgﬁ§ti vel y
slow and require post-reaction purification (for exanple, by HPLC) which
means that it is 15 difficult to obtain the 18F | abelled tracer for

clinical use in good radiochemcal yield. There is also a need for
automation to protect the operator fromradi ati on exposure. Mny

radi of l uorinafons are conplicated procedures and it is necessary to

ol - phase. PPbReBorbANEEBR ARRAERTE el ol “Tracers qui cid y and w th

hi gh specific activity yet avoiding tinme-consunmng purification steps,

such that t . . . ed - ' in PET.
The solid- pﬂ‘gg%&rﬁre |%1gggou(él%\glghI%Eoﬁntotf%%dﬁgegﬁ@&cgé@gt?tﬁtﬁn%ﬁ%%ﬁ) %sﬁ{cvxsnu %ﬁn advant ages
of ease of phedtkeahedARAGERYr eat er throughput. The invention also 25

conpri ses radi opharmaceutical kits which use such processes and thus
provide the ragdiopharmacist or clinician with a conveni ent nmeans of
preparing anith B- 1 pigdhcedhe abelled tracemad fampvlait on provi des a process for the
production of an 18F-labelled tracer 3 0- which Conprises treatnent of a
resi n-bound ; ?%&E%r f formula (1) -1 29 Decenber 2005 5 WD 03/002157
PCT/ GB02/ 02505 ) $UPPORT LI NKER X - TRACER (1) wth 18F to produce the
| abel l ed tracer of fornmula (1) 'OF -TRACER (11) As the 18F | abelled

iy cact od prociiogst MUk AR BhOTIERIET I HRE gl g 11 O ST

treatment of a resin-bound precursor of formula {la)
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3.0 separated by sinple filtration, thus obviating the need for conplicated

purification, for exanple by HPLC. The 'OF-labelled tra of -for a (1)
may be cleaned up by renpval of excess F, for exanple bggbGH‘?'E "E'ﬂ?gﬁée
chromat ography and/or by renoval of any organic solvent. The resultant
"OF-labelled tracer of formula (11) may then be further nmade-up into an
aqueous fornulation for clinical use. 15 Exanples of tracers which nay be
18F- 1 abel | ed wowsibgsymanner of the invention include
2-fluoro-2-deoxy-D-glucose (FDG, 6 fluoro-L-DOPA (FDOggr{GB%m-zﬁgoxy
3'-fluorothym dine (FLT), 2-(1,1-dicyanopropen-2 yi)-6-(2 fluoroethyl)-

nmet hyl am no) - napht hal ene (FDDNP), 2-, 5-, and 6-fluoro (2(S) 20

azet i nyl met hox By SUPP@R:T-LWNRER—@GAidﬂwl fl uorobenzoat e ((18F]- SFB)
and peptides. In preferred aspects of the invéntion, the tracer produced

Is selected from FDG FDOPA, FLT, and FDDNP, and is nost preferably FDG or
FDOPA. I n the GARPPUR _ ¢ 1S .a.droup which pronotes
%ﬁmﬁﬁgg?élgd%&r'oﬁohn'gﬂlﬂ on the attached TRACER

nucl eophilic 25 substitution a speci
Exanpl es of 3X include --S020- as in formula (la) below, |I+as in fornula

(1d below,_ornﬂﬁﬂcgﬁ)bﬁl)% as in forrmula (If) below 30 In a first
ntion

aspect, the inve vides a process for the production of an 18F-
| abel | ed tracefollowdddly aptiopgliyses treat ment of a resin-bound precursor of
formula (1) -2 29 Decenber 1g,_Q_O SOLI D SUPPORT- LI NKER- X- TRACER (1) wherein
X is a group ir’E'Ho‘f%?BEﬁﬁc@%S uc [ 83wl by istrsxehregs ¢hsematograplyperd/él ¢ site on

the attached T@RAGHGYal of any protecting groups; and/or
' 10 (il removal of organic solvent: and/or

(iv) formulation of the resultant compound of formula {Il) as an aqueous solution,

In the compound of formula (la), the TRACER is suitably FDG, FLT, FDDNP or a
precursor thereof in which one or more functional groups have been protected, or

15 anactivated precursor of FDOPA. Most suitably, the TRACER in the compound
of formula (la) is FDG or a precursor thereof.

As shown in Scheme 1, the compound of formula (la) may be conveniently

prepared from any sulphonic acid functionalised commercially available resin,

20 such as  Menifield Resin, NovaSyn® TG Bromo  Resin,

{Bromomethyl)phenoxymethyl polystyrene, or Wang Resin which may be reacted

with a chlorinating agent to give the corresponding sulphonyl chloride resin. This

may be carried out by ftreating the resin with, for example, phosphorus

pentachloride, phosphorus trichloride, oxalyl chloride, or thionyl chloride, in an

25  appropriate inert solvent such as dichloromethane, chloroform, or acetonitrile, and

heating at elevated temperature for a period of time. The excess reagent may

then be removed from the resin by washing with further portions of the inert

soivent. The sulphonyl! chioride resin may then be reacted with the alcohol

- analogue of the tfracer to produce the resin-bound precursor of formula (Ia). This

30  may be carried out by treating the resin with a solution of the alcohol in an inert
solvent such as chloroform, dichloromethane, acetonitiile, or tetrahydrofuran

-3-




with 18F to produce the labelled tracer of formula (11) 18F TRACER (I1).

A process for the production of an 18F-1abelled tracer | ch rise
treatment of a resin-bound precursor of formula (la) 29%@8&%!%”% WO

03/002157 PCT/ GB02/ 02505 SCOLI D SUPPORT LI NKER- SO2- O - TRACER (1a) with 18F
to produce the |abelled tracer of formula (I1) 5 18F-TRACER (I11) followed
by optionally (1) renoval of excess "F, for exanple by ion-exchange

chromat ogr apMgemsfor (11) renoval of any protecting pgREBniseand/ or 3.0
(iii) renoval of organic solvent; and/or (iv) formulation of the resultant
compound of fo ueous solution. In the conpound of fornula

la (1]
(la), the TRA q'@"élﬁ%‘&ﬁ'ﬁwan %cFﬂ_oﬁb'erENDSmh as sndiwuhgdiidet bemeof i n

whi ch nitiafRylantine| f : : 2.5.
aclt inaggg g:ecu?gy'rmofé_?D%AT“%%W?W%W%@WWﬁ;‘?ﬁga?%ﬁpound of
fornula (1a) i'?a*%% Bfried Pttt stempematre of . 10060 SBGyroptimal§caieambidnt t he

d of f . ' d f | phoni
CoTa T uncet onay T HerBtd o oTetioR o G SR b Ya RS Bls Sordv e Rt 1 Dol d ¢

acid functionalised commercially ava
Resin, NovaSyrese@adr thep tReesmoyeq Bomrthersblivy $pplon Oy ywashing lwiholubtadry r ene, or

Wang Resin [oXa¥ e i1th .a chlorinating agent to give the
cor ?espolndi ﬁgl@ﬂiﬁﬁgﬁg%ﬁ@ iscql’g’e\ﬁféssiuﬂ? %i‘g'wr&ﬁvfl‘-bgﬁcbgmeé'@"@g{&by
treating the reighydmiwrén. f or exanpl e, phosphorus pentachl oride, phosphorus

trichloride, oxalyl chloride, or thionyl chloride, in an 25 appropriate
i nert solvent such as dichloronethane, chloroform or acetonitrile, and

Scheme 1

50,01

Linker -~

HO” N  Tracer

Tracer (1a)

10

In the compounds of formulae {}) and (Ia) and in the following more specific
aspecis of the invention, the “SOLID SUPPORT” may be any suitable solid-phase
support which is insoluble in any solvents to be used in the process but to which
15 the LINKER and/or TRACER can be covalently bound. Examples of suitable
SOLID SUPPORT include polymers such as polystyrene (which may be block
grafted, for example with polyethylene glycol), polyacrylamide, or polypropylene
or glass or silicon coated with such a polymer. The solid support may be in the
form of small discrete particles such as beads or pins, or as a coating on the inner

20  surface of a cartridge or on a miciofabricated vessel. |

In the compounds of formulae {I) and {la) and in the following more specific
aspects of the invention, the “LINKER" may be any suitable organic group which

..




heating at el evated tenperature for a period of time. The excess reagent
may then be renoved fromthe resin by washing with furt5§@8 rii \?ﬁ%ﬁ of the
inert solvent. The sul phonyl chloride resin may then be E I?Je R the
al cohol anal ogue of the tracer to produce the resin-bound precursor of
formula (1a). This 30 may be carried out by treating the resin with a
solution of the alcohol in an inert solvent such as chlorof orm

di chl or onet h¥@30@BEt onitrile, or tetrahydrofuran -3 28ciesediey 2005 WO
03/ 002157 PCT/ GB02/ 02505 contai ning a non-nucl eophilic sol uble base such as
sodi um hydri deg K or exanpl e triethylam ne or

di i sopropyl et hy achr’feéFg ﬁ?%@@%‘f‘?@ﬁ Hentydremdhe solid gupneit stucturesemser at ur e of
10 to 80C1 optiomedxinyiseteasiivity.cOiitably S BN around |
to 24 hours. T@ ﬂ%&ﬁ%ss al cohol aél(d 5 base (rgr)gi/pﬂté {ng&nﬁggd@r@omthe
solid support Gyt Ry} 20 Qﬁaﬁsw@'h!épl'Cgbalﬂal&fhfﬁtﬁﬁblﬁa,elﬂnwalkﬂpIandnt such as

iC Ih : or ET ﬁrkg} . d: (Iffi,t\‘gm?ﬂﬁi ﬂ&%ﬁ‘add?ﬁonaltf@ﬁcﬁm §off4uof Bs amial 8F sulphdndmias"<e" HOL O
5

groups. Examples of such lmkers are well known to those skilled in the art of solid-
- phase chemistry, but include:

O HOIT
1O *@
{OT,,

J{@\/;)q% O ﬁ'&%

10 OF F F F

. wherein at each occurrence, n is an integer of 0 to 3.




Tracer (l1la) In the conpounds of forrmulae (1) and (la) and in the follow ng

nore specific aspects of the invention, the "SOLI D SUPPORT' ny
sui tabl e solid-phase support which is insoluble in any é@ggﬁer?ﬁoge used

in the process but to which 15 the LINKER andfor TRACER can be coval ently
bound. Exanpl es of suitable SOLID SUPPORT include polymers such as

pol ystyrene (which may be block grafted, for exanple wi th polyethyl ene

gl ycol ), pol weessekami de, or pol ypropyl ene or gl ass orp&idis@sscoated with
such a polymer. The solid support may be in the formof snall discrete

particles such,as @ﬁ%ds or pins, or as a coating on the inner 20 surface
of a cartridgd oI P appapRirtahe perserskiledde fhe art ittrhay onemssalg tof f or mul ae

(1) and (la) omctetiFuicihal | | ects of the invention,
the "LINKER' nmy be any as%%@éwg% o@%@%&%‘ﬁ&ﬁ%@%ﬁeﬁ%dmgﬂ%er 2005 WO
031002157 PCT/"egieiphelingpmcessy \Buch protestoacmytbeachieadushigstahded mefibtsi ent | y

fromthe soli ORI N t.0 I i se activity. Suitably,

t he LI NKER cocr%\;rﬁl ses Qtzger?[y%%h‘k%rgr ﬁg?rﬁe '69'8‘3@"9&%“19392?@%!%@%5‘9 and/ or a
C ., al ][<yl Sor gmupsm@a:befémvbd b?uwrbbeﬂijreswﬁfchl%%b?ﬁnhard%ﬁlﬁe ha?tpt i Ogal ly
one to four. adgi.i _functional groups such as am de or su onam de 5
groups. - Exanp?%hs'{ag@%gﬁ%%oﬁ' ??ig?@tﬁ&@"ﬂ%hleﬁ%Wﬁbb‘% feund f@lﬁxﬂflgg& in the art
of 'sol i d- phasreProteetiigtBrops i Crgdryesis, heodota W, Sleen@ bk etePeoM0 |

Wits, published by John Wiley & Sons Inc.

10 Treatment of the compound of formula (I) or (la) with ™% may be effected by
treatment with any suitable source of F, such as Na®F, K'F, Cs*F,
tetraalkylammonium *F fiuoride, or fetraalkylphosphonium ™F fluoride. To

. increase the reactivity of the fluoride, a phase transfer catalyst such as
4,7,13,16,21,24 hexaoxa-1 . 10-diazabicyclo[8,8,8] hexacosane may be added and

15 the reaction performed in a non protic solvent. These conditions give reactive
fluoride ions. The treatment with ®F- is suitably effected in the presence of a
suitable organic solvent such as acetonitrile, dimethylformamide,
dimethylsulphoxide, tetrahydrofuran, dioxan, 1,2 dimethoxyethane, sulpholane, N-
methylpyrolidinineone, at a non-extreme temperature, for example, 15°C to

20 180°C, preferably at elevated temperature. On completion of the reaction, the *F-
[abelled tracer of formula (1) dissolved in the solvent is conveniently separated
from the solid-phase by filtration. The same fluorination technigues may be used
in the following more specific aspects of the invention.

25 Any excess *F may be removed from the solution of ®F-tracer by any ‘suitable
means, for example by ion-exchange chromatography or solid phase absorbents.
Suitable ion-exchange resins include BIO-RAD AG 1-X8 or Waters QMA and
suitable solid phase absorbents include alumina. The excess '°F may be
-removed using such solid phases at room temperature in aprotic solvents.
30
Any organic soivent may be removed by any standard method such as by




0 C-6alkylr FFFF N lo OF FF F wherein at each occurrence, n is an
integer of 0to 3. I OFF{ NF ~ -5 29 Decenber 2005 %&)03/0023#[7]

PCT/ GB02/ 02505 As woul d be apparent to the person skil | ef® PREFRRSTAPS | ¢
may be necessary to protect functional groups in the TRACER to avoid
unwant ed reactions during the radiolabelling process. Such protection may
be achi eved using standard nethods of protecting group chem stry. After

t he radi ol abe{vl iQ& is conplete, any protecting 5 groups may be renoved by
sinmpl e procedupg Wi ch are also standard in the art. BIVGRINI280Spr ot ect i on
and deprotection nethodol ogies may be found, for exanple, in Protecting

G oups in O ganrivaportd L e nd Peter .M, Wits,
publ i shed by John WI_E%EE %bgaé%{igﬁﬁgl%ﬁ%%{ﬁaggtoﬁgﬁPgsgfngt%%re@g%wﬁﬁga%f fornul a
(1) or (la) wi tSHCli@mMilRgenins asfoheverthe ylutiohr eat ment with any suitabl e source

of 18F, such as Nal8F, K18F, Cs18F, tetraal kylammoni um 18F fluoride, or
t et raal kyl phosphoni um 18F fluoride. To increase the reactivity of the

fluoride, a ph#shre usnefithe “Fatidiiys tracsiCibmag be 4ppropratd & Rimdidte it for
hexaoxa- 1, 1Q- die%@% %gcl o] 8é8 gltai' hexacosane may Qe added and i 5 the
reaction perforned T i &" oM Aisaiution By disaelving thies'eF-tebrliedtrasaringiterlie r eact i ve
isotonic saline which may contain up o 10% of a suitable organic solvent such as
ethanol, or a suitable buffered solution such as phosphate buffer. Other additives
may be added such as ascorbic acid to reduce radiolysis.

10
A process for the production of 2-"*F-fluoro-2-deoxy-D-glucose ('*F-FDG) which
may comprise -treatment of a solid support-bound precursor of formula (Ib):
(ib)
15

wherein P™, P%, P*, and P* are each independently hydrogen or a protecting
group; '

with F to produce the labelled tracer of formula (lib)
p*o

-
)

0

1BF

ey (Hb)
\op"’

-

pig op®
20

wherein P*, P®, P®, and P® are each independently hydrogen or a protecting
group;
optionally followed by

25 (i) removal of excess ™ , for example by jon-exchange chromatography; and/or

-7~



.fluoride ions. The treatnment with '8F is suitably effected in the presence
of a suitable organic solvent such as acetonitriie, gill fogmaﬂjoge,

di et hyl sul phoxi de, tetrahydrofuran, dioxan, 1,2 dinet hg% qFamesr

sul phol ane, N nethyl pyrolidinineone, at a non-extrene tenperature, for
exanple, 15C to 20 180C, preferably at elevated tenperature. On conpletion
of the reaction, the 1817- labelled tracer of fornmula (11) dissolved in the
solvent is convesspast |y separated fromthe solid-phasechyphlehds ation. The
same fluorination techniques may be used in the follow ng nore specific
aspects of thegs excess 78F may be renoved.fromthe
solution of "6 traé’é’r&ﬁ"eéﬁﬁ?% ans, for exanple by ion-exchange

chr omat ography(l«)n‘emmtddm@mﬁfsoabﬁ@émﬁﬁ s. Suitabl e ion-exchange resins

i ncl ude BI O 'E I V\at ers QVA and _suitable solid phase absorbents
i ncl ude al umin PR f%ﬁeﬂﬁﬁawpwdquweﬁlbhesﬁga@e@wswpm phases at
roomterrperature in aprotic solvents. 30 Any organic solvent may be renoved
by any standard thod such as by -6 29 Decenber 2005 WD 03/ 002157

PCT/ GB02/ 025051 t@%mﬂeﬁfowul@(imummmmw in vacuo or by passing

a streamof inert gas such as nitrogep Qliyl 9on over the solution. Before
use of the 18F-1abelled tracer naylb‘egppr;;eprlate to formulate it, for
5 exanpl e as an aqueous sol UBIQ )ng the 18F4abelled tracer in
sterile isotonic saline which cont ais 210% of a suitable organic
sol vent such as ethanol, or a swtabl eOb r sol ution such as phosphate
buffer. O her additives nmay be added suc S ascordrl c acid to reduce

radi ol ysis. 10 A process for the pr uc | of

fl uor o- 2- deoxy- D- gl ucose (18 1 r| se treatment of a solid

support-bound precursor o

OFF
wherein n is 0 to 3, and is more preferably

CH_CH.
I 20°F F EF
P

4
O
FFFF
?Q\/IMM
N
10 OF F

and the SOLID SUPPORT is suitably a polystyrene resin.

| Removal of any protecting groups from the compound of formula (llb) may be
effected by standard methods as referred to above. Ina preferred embodiment
15  of this aspect of the invention, the sugar hydroxyl groups are protected as esters,
suitably C,; alkanoic esters, preferably as acetate esters, oras ethers, preferably
Cyqalkoxy methyl ethers, or acetals. Ester, acetal, or ether protecting groups may
be corivenjently removed by hydrolysis, for example in the presence of acid or
- base. Such deprotection may be effected on using solid supported acid or base

20  catalysts that render the need for post deprotection neutralisation unnecessary




P' b0 SCOLI D SUPPORT - LINKER-~ S~ -Omm 0 15 POO op wherein Plb, P2e, P3i',
and P4' are each independently hydrogen or a protecting oup;:. W ""Fto
produce the | abelled tracer of formula (I1b) P1b0 p460 23&%??8&8"?[#9%8 Pxb,
P 3i% and 1341 are each independently hydrogen or a protecting group;
optionally followed by 25 (i) renoval of excess 18F- ; for exanple by

| on- exchange chromat ography;- and/ or -7 29 Decenber 2005 WD 03/002157

PCT/ GBQ2/ 02505 (ii) renoval of the protecting groups; and/or (iii) renoval
of organic solvent; and/or (iv) formulation of the resultant conmpound of
formul a (1ib) aa mbceas frahs poaldtbh %3’-&6&:\%@6’“%&&9&\%%@& (PIATY) nich D) the

LI NKER i s preferabl | - .alkyl FE OF
‘ P may cgmpo'nse treatr%nt ofa slc\ﬁld support-bound precursor of formula (ic):

SOLID SUPPORT - LINKER ——ﬁ —0
o

o] .
P‘°\N /Uj/
¢ l
900%;;‘ (Ic)

s
wherein P*® and P* are each independently hydrogen or a protecting group;
with ®F to produice the labelled tracer of formula (lic)

10

wherein P** and P** are each independently hydrogen or a protecting group;

optionalff followed by
1S (i)removal of excess "%, for example by ion-exchange chromatography: and/or
(ii) removal of the protecting groups; and/for
(i) removal of organic solvent; and/or
(i} formulation of the resultant compound of formula (lic) as an aqueous solution.

20 - The amine and hydroxy! functional groups in the thymidine precursor are
suitably protected using standard methods as referred to




OFFF F whereinnis Oto 3, and is nore preferably CH2CHJ F 0 10 OF F
and the SOLI D SUPPORT is suitably a polystyrene resin. 5 Epnnvg éﬁf any
protecting groups fromthe conpound of formula (Ilb) may Boecembey,

standard nmethods as referred to above. In a preferred enbodi nent 15 of thIS
aspect of the invention, the sugar hydroxyl groups are protected as esters,
suitably C .. alkanoic esters, preferably as acetate esters, as et hers,

preferably GyolsbhdsRyy nethyl ethers, or acetals. Esterrc%&g‘@m et her
ySi's

protecting groups nmay be conveniently renoved by hydro or exanpl e
in the presence of acid or base; Such deprot ection may be effected on
usi ng solid supi‘ﬂﬂ"?e%ﬂtafd%dlmmbaaad kgirogt grbypsiare mﬂactedeaéﬁérstm;\blyzed for

post deprotect |@n & | nnec ary cenber 2005 10 A
process for the pr o %%@%hi?%férgﬂy %30%?3"/'6%5%8@'8[58%" iRy rﬂr?ffﬂsrem"(‘le% FLT)
whi ch may corrmqnseametrrﬂgmm bphydaolsmw fdil eﬁammmn thelifestfcd bREII dTeasf fornul a
lc): PI° 0S K -0
(lc) %&Pde% on may ed | usmg a solid supported acld or base catalyst
5 that renders the need for post deprotect:on neutralisation unnecessary

in the compound of {Ic), the Linker is preferably:

whereinnis 0to 3.
10

The TRACER in the compound of formula (la) may be a peptide or protein such
as a peptide comprising from 2 to 1,000 amino acids.

15 Disclosed herein, there may be provided a process for the production of 6-L-"8F-

fluorodopa (‘BF-FDOPA). which comprises treatment of a solid suppori-bound
precursor of formula (Ig):

op'*
I
SOLID SUPPORT-LINKER"'—'ﬁ“O +—C(O)CF,
o (lg)
PP
NHpP

0
20  wherein P', P*%, and P* are each independently hydrogen or a protecting group
such as t-butexycarbonyl;
with F to-produce the labelled tracer of formuta (ilg)



0 wherein PIC and P~ are each independently hydrogen or a protecting group;
with 18F to produce the | abelled tracer of formula (lie) E.)co sat erein
P and P2c are each independently hydrogen or a prot ectiag Fener 20
optionally followed by is (i) renoval of excess 18F , for exanple by

| on- exchange chromat ography; and/or (ii) renoval of the protecting groups;
and/or (ii) renoval of organic solvent; and/or (iii) formulation of the
resultant co formula (I'l1c) as an aqueous sol ut he am ne
and hydr oxyl nﬁgnﬁallgial groups in the thym di ne precur s%&%“roé&m uitably
protected using standard nethods as referred to -9 29 Decenber 2005 WO
03/ 002157 PCT/ GBQ2/ 02505 above. Suitablgpe the am ne and hydroxyl groups are
protected as esters, suitably Cl4 all¢yl esters, preferably as acyl esters.
Ester protecting groups nmay besCO 'erg(@ rem)ved by hydrolysis, for
exanple in the presence of acid or % uch deprotection may be effected
using a solid supported acid or bage catalyst 5 tigt renders the need for
post deprotection neutralisation ynnecessary In the conpound of (lc), the

Li nker is preferably: 0 O tpg N.'

NHP*
o
wherein P, P%, and P* are each independently hydrogen or a protecting group
such as t-butoxycarbonyl;
optionally followed by
5 (i) removal of excess *F , for example by ion-exchange chromatography; and/or

(ii) conversion of the -C(O)CF, group to a hydroxyl group; and/or
(iif) removal of any protecting groups; andfor
(iv) removal of organic solvent: and/for
(V) formutlation of the resultant FDOPA as an aqueous solufion.

10

‘The hydroxyl functionality of the DOPA starting maferial may be
conveniently protected as esters, suitably C..¢ alkanoic esters, preferably
as acetate esters, or carbonate esters such as t-butoxycarbonyl esters.

_ The acid functionality may be protected as a C.s alkyl ester, preferably ethyl ester
15  and the amine functionality may be protected as an amide preferably formyl or as
a urethane, preferably as t-butoxycarbonyl urethane. Ester formyl and urethane
protecting groups may be conveniently removed by hydrolysis, for example in the
presence of acid or base. Such deprotection may be effected using a solid
supported acid or base catalysts that render the need for post deprotection
20  neutralisation unnecessary. Conversion of the -C(O)CF, group to a hydroxyl
group, may be effected by treatment with an oxidising agent such as meta-chloro

perbenzoic acid, followed by mild acidic hydrolysis. A particulardy suitable
- LINKER is '

13-




wherein nis 0 to 3. 10 The TRACER in the conpound of fornula (la) may be a
peptide or protein such as a peptide conprising from?2 1, 000 1.pO
acids. 15 Disclosed herein, there nay be provided a procégge?wb‘?rﬁ?@og
production of 6- 18F- fluorodopa (18F-FDOPA) which conprises treatnment of a
solid support-bound precursor of forrmula (Ig):-0 11 SCLI D SUPPORT- LI NKER
-= --0--{\ /}--C(OCF3 OPIGO O 20 wherein P9, P9, and P'" are each

i ndependent | yylawag@agen or a protecting group such as tr@‘;&ﬁ}%ﬁ @ bonyl ;

with 18F to produce the |abelled. tracer of fornula (I 29 Decenber
2005 WD 031002157 PCT/ CB02/ 02505 OFP'9 C(O CF3 P1190 wherein P'9, P ~ and
P49 are each independent!y hydpseggn orCHZ(f}iﬂacE ectp f_\g group such as

t - but oxycar bonyl ; optionall ¢ \E of excess 'IF , for
exanpl e by ion-exchange chro agy/ap y, conversion of the
-C(O CF3 group to a hydroxyl group; and/or ¥ FF

'z

and the solid support is suitably a polystyrene resin,

A process for the production of 2-(1,1-dicyanopropen-2-yi}-6-(2-fluoroethyl)-

5

methylamino)-naphthalene (FDDNP) which may comiprise treatment of a solid

support bound precursor of formula (Ih):
CN
i
SOLID St - s
D SUPPORT - LINKER ﬁ 0\/\14 OO (Ih)
Y I
with *F to produce the labelled tracer of formula (lih)
CN
l |
- O ()
\/\N
10 ' |

optionally followed by

() removal of unreacted *F- , for example by ion-exchange chromatography;
15 and/or
(ii) removal of organic solvent; and/or
(iii) formulation of the resultant compound of formula (Ilh) as an aqueous solution.
20 | A process for the production of an "F-labelled tracer which may comprise

- freatment of a solid suppert-bound precursor of formula (Id)
SOLID SUPPORT-LINKER-I* -TRACER  (Id)
: v-
12—




(tii) renmoval of any protecting groups; and/or (iv) renoval of organic

sol vent; and/or (v) fornulation of the resultant FDOPA ai ﬁn %gbjem@
sol ution. 10 The hydroxyl functionality of the DOPA st ar£? R§PHPErI%P nay

be conveniently protected as-esters, suitably C -r, al kanoic esters,
preferably as acetate esters, or carbonate esters such as t-butoxycarbonyl
esters. The acid functionality may be protected as a ., alkyl ester,
preferably etddsn@sser |'s and the amine functionality ppychfepePtected as
an am de preferably fornyl or as a urethane, preferably as

t - but oxycar bonyl urethane. Ester formyl and urethane protecting groups nmay
be conveniently renoved by hydrolysis, for exanple in the presence of acid
or base. Such deprotection nay be effected using a solid supported acid or
base catal ysts th%t render the need for post deprotection 20 neutralisation
unnecessary. CWitlyef siogrodute thedabeliédrategoiformwia (lid) a hydroxyl group, may be
effected by treatnent with an oxidi sing agent such as neta-chloro
perbenzoic acid, followed by mld acidic hydrolysis. A particularly

suitabl e LBENKERTRACER (Efenber 2005 5 WD 03/ 002157 and the solid support

Is suitably a st,yrene resin. PCT/ G2/ 02505 A process for the
producti on of %ﬁ%%edthyoqp@MBpr open- 2-y) - 6- (2-fi uoroet hyl ) -

met hyl ami no) - @bl enscéssPPNRor whingil Eﬁdn—é%ésg%rdh%étéﬁééﬂﬁﬁﬂdl&f a solid
support bound fecursor of fornmula (I'h):” with =8F to produce the | abelled
tracer of fornmd lgm@y@!ﬁrj any\protecting groups; and/or

(iiiy removal of organic solvent; and/or
10 (iv)formulation of the resultant compound of formula (lld) as an aqueous solution,

In the compound of formula (Id), the tracer is suitably an aryl containing compound
such as a phenyl containing compound, preferably a substituted pheny! ring. In
one such preferred aspect, the tracer prepared is FDOPA.
15
. “The compound of formula (Jd) may be conveniently prepared from a functionalised
- . -commercially available resin such as a Merifield Resin or Wang Resin. Suitably,
a hydroxyiodoaryl (such as an icdophencl) containing LINKER group is treated
with an inorganic base, such as cesium carbonate and then added to the resin,
20  pre-swollen with an inert solvent, such as N,N-dimethylformamide and aflowed to
react at elevated temperature, for example 30 to 80°C. Excess reagents may be
removed by washing the resin with further inert solvent.  The resuitant iodophenol
E functionalised resin may then be treated with a source of acetate anions (such as
E actetic acid, acetic anhydride, or acetyl chloride}) in the presence of an oxidising
r
|
|
|
|

25 agent, such as hydrogen peroxide to provide the corresponding diacetoxy-
fodophenyl functionalised resin. The diacetoxy-iodophenyl functionalised resin
may then be stirred in an inert solvent, such as dichloromethane, in the presence
of acid such as hydrochloric acid, trifluoromethane sulphonic acid, or acetic acid

- at alow temperature, suitably ~40°C to 10°C before addition of the tracer, suitably

30 functionalised as a boronic acid or trialkyl tin derivative which may be coupled to

the resin at a non-extreme temperature. As in previous steps, the desired

-13-




Il "~ ""N 00 SO.ID SUPPORT-LINKER -S' -0 t8F 10 optionally followed by
(i} renmoval - of unreacted 18F , for exanple by ion-exchaggﬁ chrgrrg,%graphy;
15 and/or (ii) renoval of organic solvent; and/or (iii) e f the
resul tant conpound of fornmula (I1h) as an aqueous solution. 2-0 A process
for the production of an 1817-1abelled tracer which may conprise treatnent
of a solid support-bound precursor of fornula (Id) SOLI D SUPPORT- LI NKER- [ +
- TRACER (1d) Decenber 2005 WD 03/002157 PCT/ G with 18F
to produce thg’oljoglgoez%ged tracer of formula (lid) 5 18F T% “ d)

foll owed by optional | renoval of excess 18P- , for exanple by

i on- exchange chF"BH&%“BéPéfBW'a@ﬂ)maymesewaratedlmﬂmmmdmsynngmmantmﬂg gr oups;
and/or (iii) regqyg of organic solvent; and/or 10 (iv) fornulation of the
resul tant conpound of fornmula (lid) as an aqueous solution. In the conpound
of formula (ld), the tracer is suitably an aryI cont ai ning conpound such

Sﬁeasf}?ﬁ”%'re? or TP CIRARIBT R e B gt B oo abive bll Sombnees "0 1

an aryl group (suitably phenyl) adjacent to the I* . Preferred examples include
0
MO O

0

!

In the compound of formula (Id), Y- is an anion, preferably
triﬂuoromethylsulphonate (triflate) anion.

10
A process for the production of 6-L-"®F-fluorodopa (*®F-FDOPA) which may
~ comprise treatment of a solid support-bound precursor of formula (le):
(te)
15

14~




15 The conpound of fornula (1d) nmay be conveniently prepared froma
functionalised -comercially available resin such as a hrifielg ﬁ?sin or
Wang Resin. Suitably, a hydroxyiodoaryl (such as an iod%% SFEWBer g ai ni ng
LINKER group is treated w th an inorganic base, such as cesium carbonate
and then added to the resin, 20 pre-swollen with an inert solvent, such as
N, N-di net hyl formam de and allowed to react at el evated tenperature, for
exanpl e 30 towqfikre@ycess reagents may be renoved, by ?gﬁagﬂgﬁ@ﬁe resin
with further inert solvent. The resultant iodophenol unctionalised resin
may then be treated with a source of acetate anions (such as actetic acid,
acetic anhydride, or acetyl chloride) in the presence of an oxidising 25

agent, such as ( 3 X | Q _proyi.de th orrespondi ng di acet oxy-
| odophenyl fun@%ﬁgiﬁi'sﬁ !‘ééllglﬁ. _ ?nge#d’&%f’gﬁpﬁ%hﬁﬁ?%ﬂﬂ ARt Enat i sed
resin may thengroup abd Yriedn amomsuchieitiiflagnl vent, such as di chl oronet hane, in

t he presence f..ael.d such as hydrochloric acid, trifluoronmethane sul phonic
acid, or aceti M-%‘qogo@c?ﬁw pefdormun (ligh) y -40C to 10C before

addition of ghe tracer, suitably 30 functionalised as a boronic acid or
trialkyl tin derivative which may be coupled to the resin at a non-extrene
tenperature. As in previous steps, theOBésired -13 29 Decenber 2005 WD

03/ 002157 PCT/ GB02/ 02505 conpound pgf={ornula (1d) may be separated by
filtration and washing wth arfs bp@ent. In the conpound of fornula
(Id), the LINKER i s as defined aboye But conpri sez, 5 an aryl group
(suitably phenyl) adjacent to theA+ . Preferred J&lrrpl es include In the
conmpound of forrmula (1d), Y is an{anion, preferably

trifluoronethyl sul phonate (#%d.flate) anion. 10
NHP*

0

wherein P, P*, P*, and P* are each independently hydrogen or a protecting
group; _
10 opfionally followed by

(i) removal of excess ¥F , for example by ion-exchange chromatography; and/or
(i) removal of any protecting groups; and/or
(i) removal of organic solvent; andfor
{iv) formulation of the resultant compound of formula (lle) as an aqueous solution.

15

The hydroxyl, amine, and acid functionality of the DOPA starting material
may be conveniently protected as esters, suitably Cqs alkyl esfers,
preferably as acyl esters such as t-butoxycarbonyl, or ethers, preferably as
Ci. alkyl ethers, or amides. These protecting groups may be conveniently
20 removed by hydrolysis, for example in the presence of acid or base. Such
deprotection may be effected using a solid supported acid or base catalysts that

~ render the need for post deprotection neutralisation unnecessary.

In the compounds of formula (le), preferred LINKER groups are as described for
25  the compounds of formula (Id) and the SOLID SUPPORT is suitably a polystyrene
- resin.

=15~




A process for the production of 6-L-18F fluorodopa (18F-FDOPA) which may
conprise treatnent of a solid support bound precursor of éﬁ{nura gkgg: 20
15 -14 29 Decenber 2005 WD 031002357 PCT/t B02102505 whef®PROBHRST , Pte,
and P'* are each independently hydrogen or a protecting group and r is an
anion such as triflate; with '"8F to produce the |abelled tracer of formula
(lie) 5 OP2e P4e0 wherein Ple, P, P, and Poe are each independently

hydr ogen or ayRQh ing group; 10 optionally followed_h renoval of
excess 'IF , ?@99@§§%p|e by i on-exchange chronatography?c%. aﬁms(ii)
removal of any protecting groups; and/or (W renoval of organic sol vent;
and/or (iv) fornulation of the resultant conpound of fornula (lie) as an
aqueous solution. 35 The hydroxyl, am ne, and acid functionality of the
DOPA starting niifdesed|hergimythdre icprovided arrbgesp fartire paduddn @6 LI5S or Sui t abl y

Cl. 6 al kyl est &lygio- . est such as t-hbutoxycarbonyl, or
et hers, prefer abhro %—gﬁfﬁé@m@ﬁx@?ﬁq@& g’bﬁém %Yegc.’mﬁrﬁgstéeaﬁ]’%ﬁe?ft? ng
groups may be cBHYPetbryndmequeenolfamiia tdr ol ysis, for exanple in the

presence of sgacid or base. Such deprotection my be effected using a solid
supported acid or base catal ysts that

HN

(0

-SOLID SUPPORT - LINKER —N"
Rf’ N

wherein the groups R' are each independently selected from C, alkyl;

with *F to produee the labelled tracer of formuta (Itf)
10

N , {n

optionally followed by
15 (i) removal of excess *F- , for example by ion-exchange chromatography; and/or
(ii} removal of organic solvent; and/for

(iti) formulation of the resuttant compound of formula (Iif) as an aqueous solution,

. Some of the compounds of formula (I) are nove! and thus form embodiments of
the present invention. Thus, for example, compounds of formula (1a), in particular
those of formula (Ib), (Ic), (lg) and (Ih), and compounds of fonnula (Id), in particular
those of fomula (le) all as defined above, form separate embodiments of the

20

~16-




render the need for post deprotection neutralisation unnecessary. In the
conpounds of formula (le), preferred LINKER groups are a escrijb or 25
t he conpounds of formula -(ld) and the SOLI D SUPPORT is é%gP&%P agﬂmg

pol ystyrene resin. -15 29 Decenber 2005 WO 031002157 PCT/ GBO2/ 02505

Di scl osed herein, there is provided a process for the production of 2-,
or 6- fluoro -3-(2(s)-azetidinyl nethoxy)pyridines which nay conprise
treatment of a l.f. support-bound precursor of fornmula (if): 5 Rf H}

SOLI D SUPPCRT-“P& 7_ Ri* 10 wherein the groups Rl arePéﬁﬁépﬁﬁﬁependently
selected fromCl .B alkyl; wth 18P to produce the |abelled tracer of
formula (lit) opPiesentlidventionl | oned by 15 (i) renoval of excess '8F , for
exanpl e by ion-exchange chromatography; andlor (ii) renoval of organic
solvent; andlor (iii) formulation of the resultant conpound of fornmula

(I'1f) as an aquebsisiesaibedi sibve2 theSalinlget NG Qﬁﬂp&&lﬂﬂnt?lagé pfr%%%&a olr) are

nts of the present invertion.

novel and thus form eé?ﬂOdf" >
exanpl e, conpourfdSPHRINR miT-zbelied)tracers ipriudei balrelative eesd aifthd proskss, (| b)

L] 5 onpdemgmng s B AL it ™

formula (le) all as defined a
processes are suitable for preparation of ®F-labelled tracers for use in PET.

Accordingly, the present invention provides the use of a process for the
manufacture of a *F-labelled tracer of formula (If) or (it to IIh) for use in PET.

5-

16 Conveniently, the solid support bound precursor of formula (!) could be provided
as part of a kit o a radiopharmacy. The kit may contain a cartridge which can be
plugged info a suifably adapted automated synthesiser. The cartridge may
contain, apart from the solid support-bound precursor, a column to remove
unwanted fluoride ion, and an appropriate vessel connected so as fo aliow the

15 reaction mixture to be evaporated and aliow the product to be formulated as
required. The reagents and solvents and othier consumables required for the
synthesis may also be included together with a compact disc canying the software
which allows the synthesiser to be operated in a way so as to meet the customers

requirements for radioactive concentration, volumes, time of delivery efc.

20 '
Conveniently, all components of the kit are disposable to minimise the possibiliies
of contamination between uns and may be sterile and quality assured.

A second aspect of the invention provides a process for the manufacture of a B
25 _ labelled tracer of formula (1I), as described above, for use in PET.

I Athird aspect of the invention provides a compound of formula (ib)

17~



-16 29 Decenber 2005 WO 031002157 PCT/ GBQ2/ 02505 present invention. As
de=bed above, the advantages of such solid-phase processgg for - %HBQ ration
of '8F-labelled tracers include the relative speed of th&” PEBYRRE 2
sinplified purification nmethods and ease of automation- all of which nean
that the processes are suitable for preparation of 18F-Iabelled tracers
for use in PET. Accordingly, the present invention provides the use of a
process for the manufacture of a "IF-labelled tracer of fornula (11) or
(Ilatollh) for use in PET. ].0 Convenigmgt!|y, the solid support bound
precursor of formula (1) could be prgvided part of a kit to a

radi ophar macy. The ki tain dl cartri/dga which can(b® plugged into a
sui t abl y adapted au&%%og%%—ﬁﬁ%w 't"l"‘i\d%g may contain, apart
fromthe solid support-bound. precur®or,, as r

um ? enove unwant ed
fluoride ion, and an appropriate vessel Fc®nnecort so as to allow the 3.5
reaction mxture to be evaporated and allow the product to be fornul ated as
required. Thehereing€htR?® ath and|R/®ateseaah dhdepéreientyomsiogebloes pretgetinged for t he
synt hesi s rragmﬁlgso be included together with a conpact disc carrying the
software whfch allows the synthesiser to be operated in a way so as to
neet the custoners requirenents for radioactive concentration, vol unes,

time of delixeduth@bfect 3ﬂhgﬁnvgfﬁi6¥§ﬂ:jvﬁl8$£¥mm6’ddnd%f)fmﬁ@§n&)? of the kit are

di sposable to minimse the possibilities of contam nation between runs and

may be sterile and quality assured. A second@aspect of the invention

provides a process for the manufacture gaf a [y8F- | abelled tracer of fornula
. . N . . .

(I'1), as described above, for use in PET. t d aspect of the invention

provides a conpound of formula (| bptg ©
>

4]

O

f
SOLID SUPPORT - LINKER —-*ﬁ —0
‘ ©

wherein P'® and P% are each independently hydrogen or a protecting group.

A fifth aspect of the invention provides a compound of formula (lh):

NG _CN

Q |
!
SOLID SUPPORT - LINKER ———ﬁ “0\/\:!4 O@ (th)

A sixth aspect of the invention provides a compound of formula (le):

' op'*

(te}

wherein P, P%, P*, and P* are each independently hydrogen or a protecting
group and Y is an anion such as triflate.

~17a-




plb, P2b, P3b, and p4b are each independently hydrogen or_a protecting
group. A fourth aspect of the invention provides a conpo@Reessmpe4iiPa
(lIc): (o) SWO SUPPORT - LINKER wherein Pt° and Plc are each independently
hydrogen or a protecting group. A fifth aspect of the invention provides a
conpound of forrmula (Eh): lan SOLID SUPPORT - LINKER - --5 ---0if a A

si xth aspect of the invention provides a conpound of fornmula (le): r -Ople
[ and Poe

SCLI D SUPP -LINKER---F--{. ,)-0oF | g Poo wherein Ple, Pee, Pieg,
are each ind psfﬁﬁ'gﬁtqu% &&Q?gg&[e@m é‘q'%‘f"gelse%tr?‘ﬁ@haﬁ?"??ﬁﬂt"ﬁhb‘t ¥rigean anion
such as tri f praparationlof an Z¢-ladtiedripaser 20 0se iA PETYwhithcagpiees: of the invention
provi des a pgadio ical Ki he repar aty 18F- | abel | ed
tracer for u@g i ngg%%,gpc\%ﬁéléﬂ?%%ocr?@rp%%i@&f&mu'a (H orﬂg), ﬁf)) 8‘5 8‘;) ﬁer} or
(ih) as defined above; and

()  means for eluting the vessel with a source of °F;

(iii) an fon-exchange cartridge for removal of excess ®F; and optionally

(iv) a cartridge for solid-phase deprotection of the resultant product of formula

(i1) or (lia), (1), (lic), (Iid), (ile), or (lih) as defined above.
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a vessel containing a conmpound of formula (I) or (la), (Ib), (lc),

), (le) or ON as defined above; and (ii) neans for i ng I he ssel
h a source of 18F; (iii) an ion-exchange cartridge fo#gbéﬁ%va? 2'(9¥Sgexcess

18F ; and optionally (iv) a cartridge for solid-phase deprotection of the
resul tant product of formula (11) or (lla), (fib), (1le), (Il1d), (tie), or
(I'lh) as defined above. 29 Decenber 2005 An eighth aspect of the invention
provides a cartridge for a radi ophar maceutical kit for the preparation of
an 18F-1abelled tracer for-use in PET which conprises: (i) a vessel

cont ai ning a conpound of forrrula (1) or (la), (Ib), (lc), (1d), (le) or
(I'h) as defined,abov ans, for eluting the vessel with a source

of 18F. A ninth ‘Asp&ight fastpﬁg i AUefis oftvERtindi Juevideshed hd@rifidge ofraiti ng a
di agnostic PET radiegarmbécaiticaldigior trepréftratidnedd ad MM rumbaiBdaracer for use in

radi ophar maceut i artridge for a radi opharmaceutical kit as
descri bed above. IS@Le Pﬁ]?/@ﬁ rfégr% wll now be. illustrated by way of the

foll Ex I RV
Fol | ous. ~ Dwé”ph‘.‘*ﬁ:’eﬁ%‘ﬁ%?ﬁy‘” R ooy R BBl (P EREML NG IO AR €= o
thin layer chr i, e andeE : tet rahydrof uran eq.: equival ents Exar

pi es Fxa~ npfe @)meSammtéIamQ&h@tes%eﬁm&Mwuﬁ:e%fﬂﬁ? -D lucose DG
[titernediate 1

A ninth aspect of the invention provides a method for obtaining a diagnostic PET
image which comprises the step of using a radiopharmaceutical kit or a cariridge
for a radiopharmaceutical kit as described above.

The invention will now be illustrated by way of the following Examples.
Throughout the Examples, abbreviations used are as follows:

DMF: N,N-dimethylformamide |

wiv : weightivolume

h : hour(s)

tic - thin layer chromatography

THF : tetrahydrofuran

€q. : equivalents -

Exampies

Example 1. Synthesis of 2[*F]-fluoro-2-deoxy-D-glucose (FDG)

| Intermediate 1

Preparation of Methyt 4,6-0- benzylidine-3-ethoxy methyl a-D-mannobyranoside

ep 1: Synthesis of Methyl 4,6-0- benzylidine-a-D-glucopyranoside

-18-




Pre aration of Methyl -4-6.0- ben idine-3-etfio rrethyl ~D-mann nosi de e 1:

nthesis of Meth | 46-0- ben idine-a-nU |uco ranosi né98D29 Decez%)gr 2005
WD 03/ 002157 F* PCT/ GBO2/ 02505 Fol | owi ng Ilterature Eva Rpergber
Car bohydr ate Research (1972),21(3),473-5, Methyl- a -D- glucopyranoside

(Aldrich, 257mmol) in DVF (200nl) was treated with 5 a, a-di net hoxy tol uene
39.0 g 251mvol) and tol uene sul phonic acid nonohydrate 100ng in a 11 round

bott oned fl| askoeshihs was attached to a Buchi and evacuq.gﬁl/gmﬁ?gﬁg r ot at ed.
The flask was |lowered into a water bath at 65C and t he allowed to

gently reflux ipfo the vapour duct but not to distil out. The tenperature

of the water bathpwgs then rai $@gkné Qiphéhiclacdd and_the DMF distilled fromthe
10 reaction. \Wkkp distillation of the reagfiyp-waspgconplete the
reacti on was co ~t0eated W th a sol ut of Sqdi tydr ogen
carbonate (59) ig wat ¢ (%On)) And dt hyl al cofiol (2 \reaction
was heated to 95C orfi"a water bat Ad stirred until p?roduct becane
finely dispersed. The reaction was tthen cooled to 4C andHt he product

filtered off washed well with watef™and dried in 15 vacuum mp. 207-208.5
Ste P 2 Pre. -- aration of Methyl D- ben idine-3- et o neth -a-D 20 g

| uco ranosi de Methyl -4, 6- O benzyl i d¥nhe-a-D-g | ueopyranosi de,
(19. 2g, 68nmmol e), et hoxymnet hyl chl oride (9. 7g, 81 6nnDI) and

tetrabutyl amMOR{ g ifrtiletSahs T £ Cmofyurats Kemosth (873, 21(3), 4735,

Methyl- o -D-gluoopyranoside {Aldrich, 257mmal) in DMF (200ml) was treated with

5 aa-dimethoxy foluene 39.0 g 257mmol) and toluene sulphonic acid monohydrate
100mg in a 11 round bottomed flask. This was attached to a Buchi and evacuated

and rotated. The flask was lowered into a water bath at 65°C and the DMF
allowed fo gently refiux into the vapour duct but not to distil out. The temperature

of the water bath was then raised to 100 °C and the DMF distilied from the

10  reaction. When the distillation of the reaction was complete the reaction was
cooled and treated with a solution of sodium hydrogen carbonate {bg) in water
{750ml) and ethy! alcohol {250ml). The reaction was heated to 95°C on a water

bath and stimed until the product became finely dispersed. The reaction was then
cooled to 4°C and the product filtered off washed well with water and dried in

15  vacuyum.

m.p. 207-208.5

- Step 2 Preparation of Methyl 4.6-O- benzylidine-3- ethoxymethyl-a-D-

20  glucopyranoside

'Methyl—4,6—0-benz’ylidine-a—D—quoopyranoside,(19.29.68mmole),
ethoxymethylichloride (9.7g, 81.6mmol) and tetrabutylammonium hydroxide (5mt

=19~




WO 03/ 002157 PCT/ GB02/ 02505 of a 40% w v sol ution) in dichloronethane
(150nl) was stirred vigorously with a 10% aqueous sol ut%&@ of - so%ﬁgl

hydr oxi de (200ml) at roomtenperature. After 5 hours th se was
replaced with a fresh solution of 10% aqueous sodi um hydroxide (200m) to
whi ch tetrabutyl anmoni um hydroxide. (5nml of a 40%s w v solution) was added,
and rapid stirring continued overnight. The organic phase was then

separ at ed dr @é& sodi um sul phate and evaporated in_vacuum Thin |ayer
chr omat ogr aphy 0 e residue (40-60 hexanes-ethyl acePGHEPREF on silica
devel oped by spraying with eerie ammoni um nol ybdate (see above) indicated
the presence Qfaﬂl}’%e‘évmoa)llkﬁicbleﬁeﬂfaodt(dﬁmDWWQQ6@BQ¥MaSi lica (1

kg, dry 7.0 we i.en 0 _hexanes-ethyl acetate 2:1 to 1:1
gave three frac@%ﬁu%\/\%o@ﬁ MWHF‘E‘H?’% (1280%' aﬁ?%!q'memiurem@ 2,3, -
di et hoxyrret hy! hwrﬁtr@} adueoay/phiade n,e.sae;ﬂa@umﬁwr@n%msn oH@/&tag&B?J

Met hyl - 2- et hoy - benzyli di ne- a- D- gl ucopyranosi d l!r action 3:

Met hy| 3- et ho§< Mm’ﬂf’%z@m')de%wf%ﬁhmmmogmﬁdwgvndﬁ@hld‘éa%%St ep 3
Pr epar at i ons of wiVisblitio ko8 [J?cPsn

gl ucr:)opyran05| d‘g 00 o-d-)}”as Met r?%fj% kaﬁ?%@%%mméﬂgwgﬁﬁsﬁyl a
-D- gl ucopyr ano‘gﬁ)‘@eﬁ Separated @?ﬁ@l\lgf sogigmalphateand euhpmatdsd meadwmsiﬂlhrh oxi de

(50nL) and acehyer chfdthat: Ly until the
reaction wll bjé adj Hﬁ gg‘ﬂj ﬁ%éﬁﬁg?és@ %ﬁ@%@%ﬁ?ﬁgﬁ grag'ﬂ Faacet ate
é_. I1) . gevel ﬁpé@\@m@d ra:,rmgmtimencwmmmiltmb y até'dﬁ@e %tgjﬁbﬂbdhéﬂfed/!ﬂé t hen
iluted wit an shed wit 6 aqueous potassi um
carbonat e sol dti onX% OF%&&"(?FVS@%%% 'B&'ffgg BQP@F‘V’@@R%%FE"%W@-
10  weighi} in a gradient of 40-60 hexanes-ethyl acetate 2:1 to 1:1 gave three fractions
which NMR indicated to be
Fraction 1: Methyl-2,3, - diethoxymethyi 4,6-O- benzylidine-a-D-glucopyranoside
Fraction 2: Methyl-2- ethoxymethyl 4,6-0- benzylidine-a-D-glucopyranoside
Fraction 3: Methyl 3- ethoxymethyl 4,6-O- benzylidine-a-D-glucopyranoside
is

Step 3 Preparation of Methyl 2 keto 3-ethoxvmethvl 4. 6-0 benzvhdme—a—D—

glucopyranoside
06%’_;/
o—/ 0O
- '

Methyl 4-,6-0- benzylidine-3- ethoxymethyl a -D-glucopyranoside (3g, 8.0mmol)

20 was treated with methylsuifoxide (50ml) and acetic anhydride (25mi) at room

- temperature for 24 h until the reaction will be adjudged completed by tic (Petrol

ether/ Ethyl acetate 1:1). developed with cerium ammonium molybdate. The

solution was then diluted with diethyl ether (200mi) and washed with 10%

aqueous potassium carbonate solution to hydrolyse the excess acetic anhydride.

25  The ether layer was separated and washed with water (100mi). The ether layer

- Was separated, dried over sodium sulphate and concentrated in vacuum to give

a crystalline solid. Reciystallization from ether/petrol gave 1.5 g of Methyl 2 keto-3-
ethoxymethyl 4,6-0- benzylidine- o -D-glucopyranoside.

-20-




25 The ether | ayer was separated.and washed with water (1 OOmM ). The ether

| ayer was separated, dried over sodium sul phate and concentrat-ed i n_vacuum
to give a crystalline solid. Reaystallization from et hef?peceppberZife 1.5 g
of Methyl 2 keto-3- ethoxynethyl 4,6-0- benzylidine- a -D glucopyranoside.
0 0 -20 29 Decenber 2005 WO 03/002157 PCT/ GBO2/ 02505 Step 4 Pre oration of
Mth 146-0- hen fidine- -e#ho neth i a-D nmannopyranoside 0- 0 0-' Methyl 2
ket o 3-et hox thyl 4,6. O benzylidi ne-a-D gl ucopyranoside (0.5g 5 1.3muol)
i n net hanol %PA&%ETHE (10m ) was treated with sodi um BeFek§0de (200ny,
5.3mmol ) at roomterrperature W th continuous stirring. The reaction was

t hen concent r abtep #n meﬁbﬁoofaw|amd.@hge&ymg_e%ﬁmétﬁﬁngq) bet ween
ethyl acetate éSOrﬂ% g 10% aqueous pot assium carbonate soluation (50 m).

The ethyl ac n was separated, dried over sodi um sul phate and
concentrated in 10 vacua to give nethyl 3- gphoxynethyl 4, 6-0- benzylidine-
Bl

a - D-mannopyr anosi de. Exanpl e on_of
ner f | uor obut ane- 1, 4- bi s-sul ph hl o 8 O ng the nethod of Wi m ng
Qu and Donald J. Burton 15 Jouriajlqe_} uorine chemstry, 60 (1993)

93-100.) 1, Aqueous Sodi um Dit hioni F , Sodi um Hydrogen carbonate F F F
F 2, Chlorine 0~1 :
Methyl 2 keto 3-ethoxymethyl 4,6-O-benzylidine-a-D-glucopyranoside (0.5g

5 1.3mmol) in methanol (50mi) THF (10ml) was treated with sodium borohydride

{200mg, 5.3mmol) at room temperature with continuous stitring. The reaction was

then concentrated in vacuum to a gum and the product pariitioned between ethyl
acetate (50mi) and 10% aqueous potassium carbonate solution (50 mf}. The ethyl
acetate solution was separated, dried over sodium sulphate and concentrated in
10  vacuo fo give methyl 3-ethoxymethyl 4,6-O- benzylidine- a -D-mannopyranoside.

Example 1() Preparation of perfluorobutane-1,4-bis-sulphonylchioride

(Following the method of Weiming Qiu and Donald J. Burton
15  Journal of fluorine chemistry, 60 (1993) 93-100.)

1, Aqueous Sodium Dithionite

O
F FE F | Sodium Hydrogen carbonate F S RF g,CI

G >
crd ©
o FFFF

l‘
F FF F 2 chiofine

The mixiure of 1,4 dilodoperfluorobutane (I(CF,),)) (24.14g, 53.2mmol}, sodium

20  dithionite Na,S,0, (24g, 117.2mmol) and sodium hydrogen sulphate NaHCO,
(12.8g, 152.4mmol) in water H,O (36ml) / Acetonitrile CH,CN (36ml) was sirred

at room temperature for 2 hours, It was filtered, and the filtrate was concentrated
under reduced pressure to remove the acetonitrile. To the residue was added H,O

‘ (10Gml). The so abtained sofution was \}igorously stirred and treated with chlorine

25  gas Cl, at 0°C until the cofour of I, disappeared. Dichloromethane CH,Cl, (100ml)
was added and the mixturg vigorously shaken. The organic phase was separated,
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FFF, FFOLG NZSOOdCd~II FFFF O The mxture of 1,4

di i odopert | uorobutane (1(CF2)41) (24.14g, 53.2mmol), sod] 20 dithionite
Na2S204 (24g, 117.2mmol) and sodi um hydrogen sul phate Na?fg%c?"l‘?e.r@%

152. 4mmol ) in water H20O (36ml) | Acetonitrile CH3CN (36nl) was stirred at
roomtenperature for 2 hours, It was filtered, and the filtrate was
concentrated wunder reduced pressure to renove the acetonitrile. -To the

resi due was added H20 (100m ). The. so obtained solution was vigorously
stirred and YP&ZF with chlorine 25 gas Cl2 at OC unt PFUERE%S our of 12
di sappeared. Dichl oronmet hane CH2Cl 2 (100m ) was added and the m xture

vi gorousl y shaRthihe tjeeous ghavieavasieatatatanith GHIBL Atebombikd 3RaRe pRadeer 2005 WO

03/ 002157 PCT/ and . ueous ase was extracted with GH2C 2.
The conbi ned o%%%%éﬁ@yaqﬁSM%e@d\ﬂﬁ wih seditmsypheleiNaSOa#W dri ed
with sodi um sutqroentmtdh 260N  GRRE SRlGA @Fbtalir §Bl]fd9rd(1'§.4§3',a’?¥%¥.‘3| | ow

crystalline sglizi d. I15 49, 749 . Recra/st al |1 zation from heXane-aff orded
of f-white nee %%Y%é' izgliony romhekaneafiatied off-whitpneediosiof Refiyorobitanei e, 19F NMVR
(CDA 3, CFQ 3 tiekapikonyRhlolide, - 104.4, -119.1. Exanple 1(R) Preparation of

erfluorobutane;l 4-bis sul honate di tassiumsalt 0 d aqueous F F F F 11
' F NMR (CDCI;, CFCI, reference) 8: -104.4, -119.1.

Example 1(i} Preparation of perfluorobutane-1.4-bis-sul honate_di tassium salt

0O
F FF ii aguecus 0 -
o F ST c Potassium Hydroxide F FF F 1o K
~ AN
-~ 0-.. (N
o FFFF K Ol £ FFF

10 .
To the solution of potassium hydroxide KOH (9.8g, 5eq) in water H;0 (19ml) was
added gradually perfluorobutane-1,4-bis-sulphonylchloride (14g, 35mmol) at 85°C-
80°C with stirring. After the addition, the reaction was continued for more 4 hours
at the same temperature, and then it was cooled overnight. It was filtered and the

15 solids was washed with a litfle of cooled water and dried in vacuum to give

perfluorobutane-1,4-bis-sulphonate dipotassium salt
"F NMR (CD,0D, CFCl, reference) &; -114.00, -120.11.

20  Example 1(iii) Preparation of perfluorobutane-1,4-bis-sulphonic acid

(Following the method described in US patent 4329,478, Fred E. Behr.)

| o _
F o
| FRUF LOT K Amberte IR 120 RS RF Lo H
0 > S,
. o3 0 0“8%( ©
K Ol FFrFF H Ol FFFF -

25
Perfluorabutane-1,4-bis-sulphonate dipotassium salt (15g, 34.2mmol} was
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100 d'~FFFFO OSAX X/ \ S PotassiumHydroxide 's FF ~. OK To the

sol ution of potassi um hydroxide KOH (9.8g, 5eq) in water %—%O@é Ini S
added gradual |y perfl uorobutane-1, 4- bi ssul phonyl chl or kde?\ P8 %%,#}BW at

85C- 90C with stirring. After the addition, the reaction was continued for
nore 4 hours at the sane tenperature, and then it was cool ed overnight It
was filtered and the 15 solids was washed with a little of cool ed water and

dried in vacwdmsmoeisgi ve perfluorobutane-1, 4-bis sul php&z‘g}ﬁ,ggjsgot assi um
salt 19F NWVR (CD30OD, CFCI 3 reference) b: -114.00, -120.11. exanpl e |
(Fol l owi ng the

et hod deser ; bREOUE SR Ui Jees mided e srsionrexphanoe caloem @ p K+ K
0 F F F F 25 Aninbedyist 5 feBin }(@kabmfwilicH hadl e ehprSiously Wadtledwith ekedss 6N
HCI and rinsed with distilled water. The column was then washed slowly with
distilied water, and the first 300ml of aqueous solution collected. The solution
5 was concenirated in vacuum and the residue was dried under reduced pressure
at 80°C to afford perfiuorobutane-1 4-bis-sulphonic acid. (11.0g, 30mmol, 88%)
'H NMR (CDCI,) 5: 8.00

F NMR (CDCl,, CFCl, reference) &: -114.7, -121.3.

10 Example 1(iv) Preparation of petfiuorobutane-1.4-bis-sulphonic acid anhydride

(Following the method described in US patent 4329,478, Fred E. Behr.)

o Phosphorus gF Fp
F FF E g/o" pentoxide E F
Oy > F F
=5 0 = o=
AT A" Distil 0T~ 0
) . 0 O

15  Perfluorobutane-1,4-bis-sulphonic acid (11.0g, ~30mmol) was mixed with P,O;
(40g, ~10eq) and sand. The mixture was heated to 140-180°C and distilled under
reduced pressure with dry-ice cooling coliector to afford crudée product (5.12g).
Redistilation gives pure perfiuorobutane-1 ,4-bis-sulphonic acid anhydride.

20 “FNMR (CDCI,, CFCH, reference) 5: -105.7, -121.8.
Example 1(v) Synthesis of PS — 4-{Benzyl-ethyl-sulfonamide)octaflucro-butane-1-

sulfonic acid
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Per f | uor obut ane- 1, 4- bi s- sul phonate di potassiumsalt (15g, 34.2mvol) was -22
29 Decenber 2005 WO 03/002157 PCTI GBO2/ 02505 di ssol ved iE §Ot tgg élOOrr).
It was added to an ion exchange col um of Anmberlyst 15 f& Fﬁ‘?r\“ﬁ%f Rem

whi ch had been previously washed with excess 6N HCl and rinsed with
distilled water. The col um was then washed slowy with distilled water,
and the first 300nl of aqueous solution collected. The solution 5 was

concentrat ed 'Or]mmfsyum and the residue was dried underféﬁ%&g?gressure at

80C to afford pertiuorobutane-1, 4-bi s-sul phonic acid. nmol ,
880/0) 'H NNRJ%%DCIQ,) b: 8.00 18F NMR (CDCl 3, CFGL3 reference) 6: -114.7,
-121.3. 1.0 Ex eoriiqn of theppelysivrene tsaindiNowatfiochermn oenasyre resing (202sgdui  honi ¢

acid an-hydri deichhad ' ) : | ' L ent 4329, 478,
Fred E. Behr.) Phos h%’?ﬁ%@ ﬁé@ﬁs@kﬁﬂﬂdn&ﬁ%ﬁ@ﬂﬁ&%ﬁ%ﬂp éj%' @%'t' Suspe nge%g --------
- 0: i” 1.0 F 13iupheg aliquokofididhioforibtbariel (Rmi) thePetfiubrButyPt,8-cyclic-sulfonic
Per f | uor obut angz = Di I nj.c i 11, = 30ml S, m w th P209
(40g, -1 Ceq) gﬂ%’”@%éﬁeﬁ‘ﬁegﬁﬁ%ﬁ ?@"Cﬁﬁgﬁs‘g“ﬁ‘&"&? J-50R198Y inR @fﬁf“st i1 ed
under redubedmireessadded and thediuypaneien ethvdd O@niight bERIAT tefrPeridrer Thecr ude
product (5. _129% Redistil achi)ofqha%i vVes &ure_ ertl uorobut ane-1, 4-bis
sul phoni ¢ aci d %h{l Y{7§ tgmoved by filfration and the resin washed with consecutive addition

and filtration of dichloromethane (5 mi), methanol (5ml), DMF (5ml), water (5 mi),

methanol (5 mi), and dichloromethane (5ml). The resulting resin was then treated

with NaOH (1M) in THFAvater (2 x 2mi) before washing with consecutive portions

10 of methanol (5mi), dichloromethane (5ml) and methanol (5 ml) again. The resin
was then dried under high vacuum.

Gel Phase *F NMR (referenced to CFC,,300K) : §-121.0, -114.8, -113.4

Example 1(vi) Synthesis of PS — 4-{Benzvl-ethyl-sulfonamide)octafluoro-butane-1-
15  sulfonyl chloride

A portion of the resin prepared in the manner of Example 1(v} above is swollen
with dichloromethane (2mf) and then washed consecutively with HCI (1M) in

20  THF/water (10 x 5 ml) to give the free sulphonic acid. The resin is washed
consecutively with dichloromethane, methanol and THF before drying under high
vacuum.

The resin is then suspended in dichloromethane and to it is added in excess a

25 common chlorinaiing agent such as phosphorous pentachloride, phosphorus
trichloride or thionyl chloride. The suspension is stitred for 2 hours before filtration
and then washing of the resin with dichleromethane and then THF.
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20 18F NWR (CDCI 3 , CFCI3 reference) 5: -105.7, -121.8. Exanple~f (vl (vl
-Synthesis of PS - Ben |-eth t-sutf nam dg octafluoro-bg%&g égag ni c
acid 11F FF OF 1=11 0 Nay F F 0 -23 29 Decenber 2005 PBbA P

PCTI GB02/ 025505 To a portion of the polystyrene resin (Novabi ochem Novasyn
resin) (202ng), which had previously been swollen in dichioronethane (2ml)
and then suspended in a further aliquot of dichioronethane (Znﬂ) the

per f uor obuty clic-sulfonic anyhydride (M, 5

Fol | owi ng thb"ﬂﬁﬁqlzopropyethyl amne (0.174 5 m) was adgg%’and t he
suspension stirred overnight at roomtenperature. The solvent was renoved
by filtration and the resin washed with consecutive addition and
filtration of gy FTalen DMF (5ml), water (5
m), nethanolé* #?;ﬂ@? "Elc(ﬁgg%%g%hanma 8% resulting resin was
then treated with NaOH (I M in THF/ water (2 x Znﬂ) bef/pra washing with
consecutive portions 10 of nethanol (5m ), dichl oronet h@

nmet hanol (5 m) again. The resin was then dried gnder
Phase i 9F NMR (referenced to CECI3,300K) @ 8 -¥2170,
1 v Synthesis of PS - 4413enn4|, t he |- siif f onangde o@
suf fonyl chloride 11F E t A0

o

vacuum GCet
] -113. 4 Exanpl e
uor o- but ane-1- 3.5

A solution of Intermediate 1 in THF was added to a portion of the resin prepared

5 asdescribed in Example 1(vi) above which has previously been swollen in THF.
To this is added a solution of potassium £butoxide in tetrahydrofuran and the
suspension is stitred overnight. After filtration the resin is washed consectufively
with dichloromethane and THF before drying under high vacuum.

.10 Example 1(viil) Radioflucrination to prepare ["*F}-FDG -

To a portion of the resin (prepared as described in Example 1(vii)) held in a
cariridge is added a solution in dry aceionitrile of kryptofix, potassium carbonate
and ["°F]-flucride. The suspension is heated to 85°C for 10 minutes and then the
15 solution is filtered off. The solution is then passed onfo a C,s solid phase extraction
cartridge and washed with water fo remove acetonitrile, kryptofix and potassium
carbonate. Addition of more acetonitrile washes the radiofluorinated product of the
cartridge into a solution of 0.1 M HCI. This solufion is heated for 5 minutes before
neutralization and analysis.
20
 Example 2 Synthesis of 2-(1.1-dicyanopronen-2-yl)-6-(2-{"F]-flucrogthyi)-

{methylamino)-napthalene (FDDNF)

Example 2() — Synthesis of PS — 4-{Benzyl-ethyl-sulfonamide)-butane-1 -sulfonyl
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FFI I A Aportion of the resin prepared in the manner of Exanple 1(v)
above is swllen wth dichloromethane (2m) and then maggﬁp consg&ggively
with HO (IM in 20 THE/water (10 x 5 nl) to give the fr&e SEFPrS aci d.
The resin is washed consecutively wi th dichforonethane, nethanol and THE
before drying under high vacuum The resin is then suspended in

di chl oronethane and to it is added in excess a 25 conmon chlorinating
agent such a pepdorous pentachl oride, phosphorus trighionjde or thionyl
chl ori de. Thgwgﬁspension is stirred for 2 hours beforeP?pF'égéﬁ%n and t hen
washi ng, -of the resin with, dichioronethane and then THF. -24 29 Decenber
2005 WO 031002&8lerdacanpl e 1(vii) Synthesis of protected mannopyranose resin
11 FFFO s.1-Li 1.0o0Nt AO 01FI BSFFO PCT/ GB02/ 02505 A sol ution
of Internediate | in THE was added to a pgortion of the resin prepared 5 as

descri bed i n Exanple 1(vi) abovsewhjek Vi 4P been swollen in THF.
@ i D ¥ but oxi d

To this is added a solution of TRgt et rahydrof uran and
the suspension is stirred ovey it . After filtrat®Gon the resin is washed

consecutively

To a suspension of the resin that has been swollen in dichloromethane {(5mli)
5 excess 1,4-butane-disulfonyl chloride in dichloromethane is added together with
an excess of friethylamine. The suspension is stired at room temperature
ovemight. After filtration the resin is washed consecutively with dichloromethane,
methanol, THF, water, methanol and anather portion of dichloromethane. After the

final washing the resin is dried under vacuum.

i0
Example 2(ii) — Synthesis of 2-(1,1-dicyanopropen-2- 2- ethyl-(methylamino)-
napthalene resin
0 NC. _CN
i Lo |
S NN :
T N 0
0] ‘ TN
I
: n
is

To a suspension of the resin above that has been swollen in dichioromethane (2
ml), excess  2-(1,1-dicyanopropen-2-y})-6-{2-hydroxyethyl)-methylamino)-
naphthalene in dichforomethane is added together with an excess of triethylamine.
The suspension is stirred at room temperature overnight. After filtration the resin

20 is washed consecutively with dichloromethane and THF. After the final washing
the resin is dried under vacuum.
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wi t h di chl oronet hane and THE before drying under high vacuum 10 Exanple. 1
viii Radiofluorination to prepare r_8F]-FDG To a portion E) the resin
(prepared as described in Exanple 1(vii)) held in a car?]g' 8@%’"‘?‘?23)85% a
solution in dry acetonitrile of kryptofix, potassium carbonate and

V' F]-fluoride. The suspension.is heated to 85C for 10 m nutes and then the
L5 solution is filtered off. The solution is then passed onto a Cog solid
phase extrach,io%}wzfsgrtri dge and washed with water to renpye acetonitrile,
kryptofi x_and potassi um carbonate. Addition of more alEUVGRYHMY e washes

t he radi of | uorjnat ed ridge into a solution of 0.1 M HCL
Thi s sol uti on ¥heREdl fadiotBornation e
20 Exanple 2 Synthesis of 2-(1., 1-dic ano ra en-2- | -6 2 '$ fluoroeth | -
(et hyl | am nk- napj hal ene( DDNP) Exanple 20 - S thesis of PS - Be -eth

| - sul f onani de T®@peiten of therdsinheldPih a2ArtReRes Beded2RENONRY Q2 aALCh! or i de
PCT/ GB02/ 02505?:9( bdfix. shtacik O 1O, 2 Slélé ension_of the resin that has been
swol len in di chi OFonstiiRraufesibonate apg feildiugride. Hhn susaensionds hesisd tochl or i de
in di chi or cimetd3%Gdori8 mitidesiaridisé the'solfids fitered off. The resin is washed with

acetonitrile (1ml) and all the contents coliected together before evaporation of the
solvent prior to formulation.

product of the cart

arple 2

Example 3 — synthesis of ['*F]-flucrobenzene

- 10

Example 3 ()} Synthesis of PS iodo-phen benzyl ether

To a suspension of Wang Resin pre-swollen in DMF (2mi) a solution of cesium

15 carbonate and iodophenol in DMF were added. The mixture was stirred for 3h at
60°C and then left at room temperature ovemight. After filtration the resin was
washed consecutively with methanol, dichloromethane, DMF and THF before
thorough drying under high vacuum.

20
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03/002157 PCT/ GBOR/ 02505 Exanpl e

an excess of triethylamne. The suspension is stirred at roomtenperature
overnight. After filtration the resin is washed consecut%%EJX m%tq@ 5

di chi oronet hane, nethanol; THF, water, nethanol and ano F’%B i 9 of

di chl oronet hane. After the final washing the resin is dried under vacuum
10 Exanple 2 ui - Sthesis of 2 1 1-di ano ro n-2- 2- eth meth amno na
thal ene resin 15 To a suspension of the resin above that has been swollen
in dichl orongighamgsi 2 n ), excess

2-(1, I-dlcyanopropen 2-yl)-6-(2-hydroxyethyl) - nethylanfﬂ%ﬁm”ﬂgﬁhthalene in
di chi oronet hane. is added together w th an excess of triethylamne. The
suspension is stirred.at roomtenperature guexhid@Ac)After filtration the
resin 20 is washed consecutively w th dichf nmet hane and THE After the
final washing the resin is drieg V2SY -26 29 December 2005 WO

krypt of t x, potassium carbonat efand’r8F]-fluoride. The suspension is heated
to s 8C for 10 mnutes and t ‘he solution is filtered off. The resin is
washed with acetonitrile Hfid all the contents collected together
bef ore evaporation of the solvent prior to formulation. Examle 3 --

Synt hesi s of Rﬂsﬁémdﬁm@éﬁ@aﬂ&e@é@%ﬁ@d%ﬂawﬁcg .éaﬁ ﬁ1d0‘ phenyl
benzvl ether To a. SLz ensi on of ?_ Resin pre- svvo i N a
sol utl on of c®E[%fe (see method of S. Flcht etrahedron, 57 (2001)4863) in a 4:1 ratio at

40°C overmgh_t. The resin was then filtered and washed thoroughly with methano!
5 and then dried under high vacuum untii dry.

Example 3 (jii) ~ §

10 To a suspension of the resin from above in dichloromethane, trifluoromethane
sulfonic acid Is added dropwise at a temperature of —30°C for 15 minutes. The
-mixture is then warmed to 0°C for a further 15 minutes before being stirred at room
temperature overnight. The suspension is then cooled to —30°C and phenyl
boronic acid is added, and the suspension is stirred for 1h before warming to room

15 temperature and further sfiring ovemnight The mixture is then filtered and washed
thoroughly with dichloromethane and diethyl ether before drying under vacuum.

Example 3(iv) - Radiofluorination fo prepare [

- 20 Toaportion.of the resin held in a cartridge is added a solution in dry acetonitrile
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‘above in dichloronethane, tr

1s carbonate and i odophenol in DVF were added. The m xture was stirred for

3h at 60C and then left at room tenperature overnight. ﬁ&ﬁr fi-é%@b'édon t he

resin was washed consecutively with nethanol, dichloro SR nd THE

before thorough drying under high vacuum 20 Exam- |le 3 ii S nthesis of

PS di aceto -iodo- hen | ben | ether 29 Decenber 2005 WO 03/ 002157

PCF/ GBQO2/ 02505 | (QAc) 2 A suspension of the resin above was treated with

aceti c anhydgi hydrogen peroxi de (see nethod of i

Tet r ahedr on,{v'g(%?’?%gl) 4863) in a 4:1 ratio at 40C ovré(r‘srr';lg%}%{;%s'rhe resin

was then filterﬁ%&d washed thoroughly with nethanol 5 and then dried

under hi gh vac8l % potgssium catbenatecand [I°Flfluorides Thénsuspensidn iPBedteditd  hen |

ben et heri odongg Fid i i - i of . the resin from
orol 10 s o el Biufch B SR SR Wh8hed O AIE ot opui se

at a t enper at upeetefitite (Holsandall thée conitentst eticotahiegetiwrbeforeevaporafirofter ned to 0C -

for a further } .e being stirred at room tenperature

over ni ght . The%ﬂ%ﬂé@ﬁ%ﬁ%ﬁo&ﬁéﬁﬁﬁ\én cooled to -30C and phenyl boronic acid

i s added, and the suspension is stirred for 1 h before warm ng to room 15

tenperature and further stirring overnight The m xture is then filtered and

washed thoroughly with dichioronethane and di-ethyl ether before drying

under vacuum F-xam.le 3 iv -- R diofiuorination to p[evare VCEI

fl uor obenzene 20 To a portion.of the resin held in a cartridge is added a

solution in dry acetonitrile -28 29 Decenber 2005 WO 03/002157

PCT/ GBO2/ 02505



of - kryptofix, potassium carbonate and V8F-fluoride. The suspension is
heated to 85C for 10 m nutes and then the solution is fi% er ed oqu. The
resin is washed with acetonitrile (I m) and all the cofl k4149981 ed
t oget her before evaporation of the solvent prior to fornulation. 29
Decenber 2005 WD 03/002157 PCT/ GB02/02505 dCains 1. A process for the
production of an 18F-|abelled tracer which conprises 5 treatnent of a

resi n-bound R¥@EBMERser of formula (1) SOLID SUPPORT LI NKERaRmnhBeCER (1)
wherein X is a group which pronotes nucl eophl lic substitution at a specific
site on 10 the attached TRACER, 15 20 with 'OP to produce the | abelled
tracer of formula (11) 18F TRACER (11). 2. A process for the production of
an ' 8F-1 abel | e§8itA%cer according to claim| which conprises treatnent of a
resi n-bound precursor of fornmula (la) SCLI D SUPPORT LI NKER- SO2- O - TRACER
(la) with 18F to produce the labelled tracer of fornmula (11) 18F- TRACER
(11) followed by optionally 25 (1) renoval of excess 'OF, for exanple by

i on- exchange chy ofviresgss he grodudion dfian) ‘frelabellell teicerawlictpreomprddasng gr oups;

and/ or (|||grﬁ% f oIvent and/ (iv) formulation of the

resul tant conmpoun gJﬁfd? gé’ér'gﬂﬁ "? PI§euRet Qafrt 'Hlﬁ'f?e@us solution. 30 3. A process

according to claiml1l or 2 for the production of 2-16F-fl uoro-2-deoxy-
SOLID SUPPORT-LINKER-X-TRACER (]

| wherein X is a group which promotes nucleophilic substitution at a specific site on
10 the attached TRACER;

with F" to produce the labelled tracer of formula (II)

®F-TRACER  (II).

15
2. A process for the production of an F-labelled tracer according to claim 1
which comprises treatment of a resin-bound precursor of formula {la)°

SOLID SUPPORT-LINKER-SO,-O -TRACER (1a)
20 ,
w!'th “F to produce the labelled tracer of formula (1)

BETRACER (1)
followed by optionally
25 (i) removal of excess "F, for example by ion-exchange chromatography; and/or
(it) removal of any protecting groups; and/or
- (iii) removal of organic solvent; and/or
(iv) formulation of the resultant compound of formula (Il) as an aqueous solution.

36 3. Aprocess according to claim 1 or 2 for the production of 2-"F-fluoro-2-deoxy-
D-glucose (“F-FDG) which comprises treatment of a sofid support-bound
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0-glucose (18F-FDG which conprises treatnment of a solid support bound - 30
29 Decenber 2005 WO 03/002157 precursor of fornula (Ib) CLE n:g)PPCRT -
UNKER--S 1J 0 PCT/GB02/02505 OP b S wherein Plb, & 4b are
each independently hydrogen or a protecting group; mﬁth BF to produce the
| abel l ed tracer of fornmula (fib) '"b0O 10 wherein Plb, P2b, P3b, and P4b are
each i ndependently hydrogen or a protecting group; optionally followed by
(i) renoval ovoeweess Up , for exanpl e by ion-exchange pehicgimibsngr aphy;
and/or 1s (ii) renoval of the protecting groups; and/or (iii) renoval of
organi ¢ sol vent preaReHr ¥ ol %(k rmul ation of the resultant conpound of
formula (fib), as an aqueous ‘sOlution. 4. A process according to claim1l or
2 for the production of 3'-deoxy-3'- 18F- 20 fluorothymdine ('8F--FLT)
whi ch conprises treatnment of a solid suppo;t bound precursor of formula
(lc): 29 Decenber 2005 o 1
—0

SOLID SUPPORT - LINKER——-Q ——Qmu vere (Ib)
I Nop

<
<

N

P*0 op

5  wherein P®, P®, P*® and P* are each independently hydrogen or a protecting
group;

with “F" to produce the labelled tracer of formula (IIb)

P‘le

-

18F

" (lb)

op*

PG op®

10
wherein P, P%, P® and P* are each mdependently hydrogen or a protecting
group,
optionally followed by
() removal of excess ®F , for example by ion-exchange chromatography; and/or
15 (i) removal of the protecting groups; and/or
(iif) removal of organic solvent: andlor

(iv) formulation of the resultant compound of formula (llb) as an agueous solution.
4. A process according to claim 1 or 2 for the production of 3-deoxy-3'-"°F-

20 fluorothymidine (™F-FLT) which comprises freatment of a solid support-bound
precursor of formula (ic):
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PiO O Il SOLID SUPPORT - LINKER "f,"-"""- O wherein Plc and Plc are each

I ndependently hydrogen or a protecting group; 5 with 18F _produ he
| abel | ed tracer of fornula (tic) PO (llc) lip wherein é@egﬂ'ﬂb%&@é\re
[ 16 optionally foll owed

each independently hydrogen or a protecting group;
by (i) renoval of excess 18F , for exanple by ion-exchange chronmat ography;

and/or (ii) renoval of the protecting groups; and/or (iii) renoval of
organi ¢ solvent; and/or (iv) fornulation of the resultant conpound of
formula (tic) as an aqueous solution. Z5 5. A process according to claim!|

or 2 for the production of 2-(1.1- dlcyanop open-2-yl)-6-(2

fl uor oet hyl ) - met hyl am noynapht hal ene (F h corrprl ses treatnent of
,CN O SOLI D SUPPORT

a solid support bound precursor of forrrul C,
- LINKER -S| -'---00 -1 20 with 18E"Q grid thelalggjledtracer of
0

formula (lih) -32
SOLID SUPPORT - LINKER "—ﬁ —0

wherein P'® and P% are each independently hydrogen or a protecting group;

5 with ™F to produce the labelled tracer of formula (llc)

o]
Ph\ /uj/
o
. l
o

“F

wherein P'° and P* are each independently hydrogen-or-a-protecting group;

10  optionally followed by
(i) removal of excess *F" , for example by ion-exchange chromatography; and/or

(ii) removal of the protecting groups; and/or
(i) removal of organic solvent; and/or
(iv) formulation of the resultant compound of formula (lic) as an agueous sofution.

. 18

5. A process according to claim 1 or 2 for the production of 2-(1,1-
dicyanopropen-2-yl)-6-(2-fluorcethyl)-methylamino)-naphthalene (FDDNP) which

comprises treatment of a solid support bound precursor of formuta (Ih):
CN

0 |
I (th)
SOLID SUPPORT - LINKER ~—8§ —0O,

- 20 with " to produce the labelied tracer of formula (Ith)
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29 Decenber - 2005 WD 031002157 PCT/ GB02/ 02505 'OF optionally foll owed by 5
(i) removal of unreacted '8F , for exanple by ion-excha chr raphy;
and/or (ii) renoval of organic solvent; and/or (iii) for%gﬁﬁF?Wﬁggiﬁghe
resul tant conpound of fornmula (Ilh) as an aqueous solution. 10 6. A
process according to claiml for the production of an "F -|abelled tracer
whi ch conprises treatnent of a solid support bound precursor of formula
(1d) SOLID Swierelrsk! NKER- 1- - TRACER (1d) Y. 7.5 Y ispaReafilotgs Preferably
trifluoronethyl sul phonate (triflate) anion. wth 'OF to produce the

| abel l ed tracer of fornmula (lid) '8F TRACER %hid) 20 foll owed by optionally
(i) removal of excess 'IF , for exanple Dy~yOh-exchange chromat ography;
and/or (ii) renoval of any protecting oups; and/or (iii) renoval of
organi c solvent; and/or (i v)seformnul he redlif)t ant conpound of
fornula (lid) as an aqueous SdUti-oRN 7. A process according to claim!]l
or 6 for the production of 6-L-1BF4uorodopa (' 8F- FDOPA) whi ch conpri ses
treatment of a solid support-bound precursor of formula. (le): I -33 29
Decenber 2005

optionaliy followed by

5 (i) removal of unreacted ¥F , for example by ion-exchange chromatography;
and/or

(ii) removali of organic solvent; andfor

(iii) formulation of the resultant compound of formula (Ith) as an aqueous solution.

10 6. A process according to claim 1 for the production of an **F-labelled tracer
which comprises treatment of a solid support-bound precursor of formula (Id)

SOLID SUPPORT-LINKER-I* -TRACER  (Id)
Y-
15
Y~ is an anion, preferably triflucromethylsulphonate (triflate) anion.
with *°F" to produce the labelled tracer of formula (fid)

18F-TRACER (lid)
20 followed by optionally
- (i) removal of excess "F , for example by ion-exchange chromatography: and/or
(ify removal of any protecting groups; and/or
(iii) removal of organic solvent; and/or

(iv) formulation of the resultant compound of formula (lld) as an aqueous solution.
25

- 7. Aprocess according to claim 1 or 6 for the production of 6-L-®F-fluorodopa |
("*F-FDOPA) which comprises treatment of a solid support-bound precursor of
formula. (le}: \
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wherein Pie, P2e, P3, and Poe are each independently hy en -or
protecting group and Y is an anion, preferably trifluog%ﬁ%FﬂpP dﬁpﬁonate
(trifate) anion.; wth 18F to produce the |labelled tracer of formula (I1le)

"1 10 wherein Ple, P2e, P', and P4$ are each independently hydrogen or a
protecting group; optionally followed by (i) renoval of excess , for
exanpl e by i swrwsRizange chromat ography; and/or is (ii) ? §%7of any
protecting groups; and/or (iii) renmoval of organic solven or (iv)
formul ati on of the resultant conpound of forrmula (Ile) as an aqueous
solution. 2.0 -34 29 Decenber 2005 10 15 8. A process for the manufacture
of a 'OF1labelled tracer of fornuIaY(ll) aCQﬁgding to any one of clains 1
to 7, for use in PET. 9. A conpound of for (Ib) 0 J -01,..

op®

SOLID SUPPORT-LINKER—I"
(le)

P*0

5 wherein P', P% P* and P* are each independently hydrogen or a protecting
group and Y~ is an anion, preferably trifluoromethylsulphonate (triflate) anion.;
with ®F" to produce the labelled tracer of formula (e}

op*

¥F opP*
{lle)

NHP*

10
whereiq P', P®, P* and P* are each independently hydrogen or a protecting
group;
- optionally followed by

(i) removal of excess 8F- | for example by ion-exchange chromatography; and/for
15 (i) removal of any protecting groups; and/or
(it} removal of organic salvent; and/or

(iy)' formulation of the resultant compound of formula (lle) as an aqueous solution.

20
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SCLI D SUPPORT - LINKER-3 11 O 5 wherein Plb, Pa', Ps', and P4' are each

I ndependent|ly hydrogen or a protecting group. 10. A co f | a
(1c): PICO O 11 SOLID SUPPORT - LINKER "S-0 O wherei r@%ﬁgg%rﬁgiglé@bg?e

each independently hydrogen or a protecting group. 11 - A conpound of
formula (lh): O SOLID SUPPORT - LINKER -SI -O 11 0 12. A conpound of
formula (le): -35 29 Decenber 2005 WO 03/002157 Y OPle SCLI D SUPPORT
LINKER---1*---(\ /f 0'20 PCT/ GBQ2/ 02505 wherein Ple, Pte, P98, and P4' are

each i ndependent|y &1y }reta8iTodhe RamiRhRE b - 1abelled tracer of formula (i), according
fo any one of claims 1 to 7, for use in PET.
9. A compound of formula (Ib)

P*o
(o} E o)
_ I} (ib}
SOLID SUPPORT - LINKER—S ~Qt1»« RN
il op®
) o
P*o op* :
5 .
wherein P™, P, P®, and P* are each independently hydrogen or a protecting
group.
10. A compound of fonnulé (le):
0
ch
\N |
r*o )\
o \0% ¥ (fc)
Il
SOLID SUPPORT - LINKER —ﬁ —o0
10 ' o
wherein P*° and P** are each independently hydrogen or a protecting group.
11. A compound of formula (Ih):
NC._ _CN
ﬁ Il
SOLID SUPPORT - LINKER —S —O
F o L ®
15 ° I

12. A compound of formula (le):
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5 group and Y is an anion such as triflate. 13. A radi ophar maceuti cal kit

for the preparation of an 18F-|abelled tracer for use E E)ET g\h@;}s
conprises: (I) a vessel containing a conpound of formula ? CembeI|

(Ib), (1lc), (1d), (le), or (Ih), 10 as defined. in any one of clains | to
7; and (ii) nmeans for eluting the vessel with a source of "BF ; (iii) an

| on-exchange cartridge for renoval of excess "F, and optionally (iv) a
cartridge forweaprsiphase deprotection of the resultangcﬂ&g%g%, of formula
(rr)y or (tla), (1tb), (1le), (lid), (lle), or (1lh) Ined in any
one of clains 1 to 7. 15 14. A cartridge fora radi opharmaceutlcal kit for
the preparation of an 18F-1abelled™ tracer ,08% use in PET which conprises:
(1) a vessel containing a conmpound of formafa (I) or ([a), (Ib), (lc),
(1d), (le), or (I h)SOLINESIPHET-IMEER—Aa ef*clains | to 7; and 2.0
(i1) means for eluting the vessel with aysdlrce of 'BF . 15. A nethod for
obt ai ning a diagnostic PET i mage whi ch gonprises the sted)of using a

radi ophar maceutical kit according to clhim 13 or a cartridge for a

radi opharmaceutical kit accordi ngPoQ ¢ |NrP{P14 25 - 36’

wherein P, P, P%* and P* are each independently hydrogen or a protecting
5 group and Y-is an anion such as triflate.

13. A radiopharmaceutical kit for the preparation of an "“F-labelled tracer for use
in PET, which comprises:
() a vessel containing a compound of formula (1) or {Ia), (Ib), (Ic}, (id), (te), or (ih),
10  as defined in any one of claims 1 to 7: and
(i) means for eluting the vessel with a source of *F- P
(iti) an ion-exchange cartridge for removal of excess *F, and optionally
(iv) a cartridge for sofid-phase deprotection of the resultant product of formula (If)
or (lla), (lib), (lic), (Iid), (lle), or (llh), as defined in any one of claims 1 fo 7.
15 .
14. A cartridge for a radiopharmaceutical kit for the preparation of an "*F-labelled
tracer for use in PET which comptises:
(l) a vessel containing a compound of formula () or (1a), (Ib}, (ic), (1d), (e}, or {th),
‘as defined in any one of claims 1 to 7: and
20 (i) means for eluting the vessel with a source of *F-

15. A method for obtaining a diagnostic PET image which comprises the step of
| using a ra_diopharmaoeutical kit according to claim 13 or a cartridge for a
radiopharmaceutical kit according to claim 14.
25
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