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present invention relates to novel solid-phase processes for the production
5 of radiwbabmbiied tracers, in particular for the product iPem/GH02/02505

18F- 1 abel | ed conpounds which may be suitable for use as Positron Em ssion
Tonmography (PET) radiotracers. The invention also conprises

r adi ophar maceuti cal kits using thes novel processes. 1o The favoured

radi oi sot ope for PET, VI~ | f=]ife of 110

m nut es. 18F-1| abel | ed e ‘ - et ero j be synt hesi sed and
purified as rapidly as possible, and ideally wi thin one hour of clinical
use. Standard synthetic nethods for introducing fluorine-18 are relatively
sl ow and rBegipresgnd stvensaorelatespior ndvet solidphase prevassps éor the iBHTtiowi ch
means that it is 15 difficult to, obtain the 18F-|ab ed tracer for
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require post-reaction purification (for example, by HPLC) which means that it is

15  difficult to obtain the *F-labelled tracer for clinical use in good radiochemical yield.
There is also a need for automation to protect the operator from radiation
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-labelled
tracers quickly and with high specific activity yet avoiding time-consuming
purification steps, such that the resultant "*F-labelled tracer is suitable for use in
PET. The solid-phase methods also lend themselves to automation with
advantages 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.

In a general aspect, the invention provides a process for the production of an "F-

30 labelled tracer which comprises treatment of a resin-bound precursor of formula

(



SOLI D SUPPORT- LI NKER- X -TRACER (1) with 18F- to produce the |abelled
tracer of formula (11) 5 18F TRACER (Il) As the 18F-|abelled tracer of
formul a (WD)osiog2isenmoved fromthe solid-phase into sol uti @cI/Glok/oeseseact ed
precursor remains bound to the resin and can be 1o separated by sinple
filtration, thus obviating the need for conplicated purification, for
exanpl e by HPLC. The 18F-|abelled tracer of fornmula (I1) may be cl eaned up

by renoval §§]J_%%€{§I§P5 rﬁ_gﬁ\g%f%aﬂplrﬁﬁ@etl%on-exc@ange chr omat ogr aphy and/ or

by renoval any” or g ent. esul ta 18F-1 abel l ed tracer of
formula (11) may then be further made-up into an aqueous fornulation for
clinical use. 15 Exanples of tracers which nay be 18F-labelled in the
manner of tWihi'{vdatoroduce thel labellezl facesraf formidaxl) D- gl ucose (FDG),

6-fl uor g- L- DOPA (FDOPA), 3'-deoxy- 3'-fluorothym dine (FLT), 2-(1, 1

- di cyanépr open-2-yl)-6-(2-fluoroethyl)- nethylam no)-napht hal ene ( FDDNP),

2-, 5-, and1a‘6-|f%?§§:](f2(‘q|ﬁ) 20 azeti nyl nmet hoxy) pyri di nes,

N-succi ni m dyl - orobenzoate ([18F]-SFB) and peptides. In
preferred aspects of the invention, the tracer produced is selected from
FDG FDOPA, FLT, .and FDDNP, and is nost pref erab]ﬁ% FDG or FDOPA. In the
conpounds ofs ftee miT-lakelled tsaces of fgrawa (il Keppyad e e sodgrhase ipkp

substitutio . [ L [ h . T : es

i nclude - S%ﬂg{m@saﬁﬁr%?%ﬁab%cgﬁqgeﬁg%hgmdi ;M%?nheggﬁ%ﬁg) B%'I% OBV% or
- N( C1_6al kysgphratedisby simpliedfilfration, thiis obahevg themerdffor h@ﬁgli@e&@@ rifiddtdn,

i nvention provides a process for_the production of an '817- 30 | abelled

tracer whi cier example by HRIG Fbat *otabglled agepelfermplecdlneay be Claanesum
(2 ~2 VO 571emaval o Skl ot example Ty lo-Skhange ontdhatdgRaghy andiEY sy~
removal of any organic solvent. The resultant **F-labelled tracer of formula (11)
may then be further made-up into an aqueous formulation for clinical use.
15
Examples of tracers which may be '*F-labelled in the manner of the invention
include 2-fluoro-2-deoxy-D-glucose (FDG), 6-fluoro-L-DOPA (FDOPA), 3'-deoxy-
3'-fluorothymidine (FLT), 2-(1,1-dicyanopropen-2-yl)-6-(2-fluoroethyl)-
methylamino)-naphthalene (FDDNP), 2-, 5-, and 6-flucro (2(S)-
20  azetinylmethoxy)pyridines, N-succinimidyl-4-[18FJfluorobenzoate ([18F]-SFB) and
peptides. In preferred aspects of the invention, 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
~S0,0- as in formula (Ia) below, I" as in formula (Id) below, or ~N(C, salkyl),"- as

in formula (If) below.

In a further aspect, the invention provides a process for the production of an "*F-

30 labelled tracer which comprises treatment of a resin-bound precursor of formula

(la)



with 18F to produce the labelled tracer of formula (11) 5 '8F TRACER (I1)
followed by optionally (i) renoval of excess "F, for exanple by

i on- exchawg@e3obrisTat ogr aphy; and/or (ii) renoval of any PCIGRIRIOZYSgr oups;
and/or to (iii) renmoval of organic solvent; and/or (iv) fornulation of the
resul tant conpound of fornula (11) as an aqueous solution. In the conpound
of fornmula (la), the TRACER is suitably FDG FLT, FDDNP or a precursor

t hereof in ve been protected, or i5
an activat eﬁﬁprgﬁgggRﬁE%R%%@i%@?gﬁy, he TRACER i n the conpound
of fornmula (la) is FDG or a precursor thereof. As shown in Schene 1, the
conmpound of forgru may be conveniently repared from any sul phon| C
acid functiwhal'iFsde Rf@ﬁﬁ@‘? m%lalb?"%d'ﬁﬁpﬁib@fefoﬂﬁy all) 20 such as Merrifield
Resi n, l}l}gva@n(r) TG Brono Resin, (Brononethyl)phenoxynet hyl polystyrene,
or V\ang esin which may be reacted with a chi orinating agent to give the
correspondi ng_pRAGREEY|) chloride resin. This may be carried out by
treating the resin vvlth for exanpl e, phosphorus pentachloride, phosphorus
tri chl ori defollowaidydy o;bnﬂm’rallde or thionyl chloride, in an 25 appropriate
inert solvept such as di chlgﬁogf%t hane, chI or of own or acetonitrile,

heating at ©) GO of EXpeIat F 8YamplshY 98-BChange chigiaategranty: Abd é’ént
may then b rtot&f-‘c ng with further portions of the
inert sol v@% Vé%ﬁ%ny tfn‘%;s% Q% ér{vgcg?}n may then be reacted with the
al cohol1o aneji)agtr&)\mﬂ ofbﬁgamcaselwentpapdlmluce t he resin-bound precursor of
formul a (Iaz This 30 ma¥ be carried out by treatlng the resin with a

sol uti on of (HEMEHEERBIO! Hhe Eeultaat omBeHELek foguk (1 ag ANoRQYRAUS solution.

di chl oronet hane, acetonitrile, or tetrahydrofuran -3 WD 03/002157
PCT/ GB02/ 02505 contai ning a non-nucl eophilic sol uble base such as sodi um

hydri de or m 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 an activated 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 Merrifield 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 treating the resin with, for example, phosphorus
pentachloride, phosphorus trichloride, oxalyl chloride, or thiony! 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
solvent. The sulphonyl! chloride resin may then be reacted with the alcohol
analogue of the tracer to produce the resin-bound precursor of formula (la). This
30 may be carried out by treating the resin with a solution of the alcohol in an inert

solvent such as chloroform, dichloromethane, acetonitrile, or tetrahydrofuran

-3-



trial kylam ne, for exanple triethylam ne or diisopropylethylam ne. The
reaction may be carried out at a tenperature of 10 to 80C, optimally at
anbi ent wempeoasure for a period of fromaround 1 to 24 RCOrGBO2IbWSexcess
al cohol and 5 base may then be renoved fromthe solid support by washing
with further portions of an inert solvent such as chloroform

di chl or omet FRAIHEINIRG 2 (RAN-BHGIGPBRIIE aspluldenbase 1susbp as| sarisim Hydridgc@r ao 11

- O] | d
o the fol | BRRHISRS W edndle ek BB fiReRR MRe R TR fahelieol "
SUPPORT"  nmaalyeb@roarfisd tah! & §oltbpehasrs of UPROLd mPBEtiﬁ]aiu sl ghbferitn any

solvents to be used in the process but to which 15 the LINKER and/or TRACER
can be covalesmperptuiedata ExEghoEkomfaround dbioe24 BawsDTEERRCRSs aleohotiand

pol ymers such as _pol ystyrene éwh' h be..hl ock rafted, .for ex le with
pol yet hyl en8?¥f y& )tl){erbéey%p Yeéin?rﬂ’éqwﬁ Sﬁgﬁgyﬁﬂptpﬁﬁe%w%ﬂ“@ e "'i con
coated W t Ny§Hi6Rsa dROlhMBhert TRBINVEAL | duSPRET ChidRYfoRf, | Bic'hnﬁomfeﬁ{éﬂé)f opmal |
di screte particles such as beads or pins, or as a coating on the irnner 20
surface of twhytrofdgem.or on a microfabricated vessel. In the conpounds of

formulae (I) and (la) and in the follow ng nore specific aspects of the
I nvention, the "LINKER' nay be any suitable organic group which -4 WO

03/ 002157 Pgly GRA2{ 02505
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In the compounds of formulae (I) and (la) and in the following more specific
aspects 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 microfabricated vessel.

In the compounds of formulae (l) and (la) and in the following more specific

aspects of the invention, the “LINKER” may be any suitable organic group which

-4 -



serves to space the reactive site sufficiently fromthe solid support
structure so as to nmaximse reactivity. Suitably, the LINKER conprises
zero to fworo3mezib7 groups (suitably phenyl) and/or a Cl_6 pParkGB0202505
Cl- 6hal oal kyl (suitably C1 6 fluoroal kyl), and optionally one to four
addi tional functional groups such as am de or sul phonam de 5 groups.
Exanpl es of S&jMehia spaes hedeactivel sitelaidiigiently fravo she slid $upparhstrunturarso a$

0, P50 R el SR IR s 1 o S e o -
F FFF Clssphbiy! ptenyl) ank/dy &4Yalk§fg01Q‘,thld5Il§) 8%&1211‘%[5)@/ g@@g@j{%lk%%d

occurrence, nis an integer of 0°to W0
optionally one to four additional functional groups such as amide or sulphonamide
5  groups. Examples of such linkers are well known to those skilled in the art of solid-
phase chemistry, but include:

ot *O~

C. salkyl
16 0
U

|
N
8
3 \©{

0L +0
FH N
J S F: H é @
G galkyl N
H AP
Py
FF
G, calkyl
T E 0 FF RF
N\ // N\C//
FREB "
F FFF FF
Cigalkyl F FFF
N
H Ao
L 0 FF FF

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



As woul d be apparent to the person skilled in the art, it may be necessary
to protect functional groups in the TRACER to avoi d unwanted reactions
during t hwo @16t abel | i ng process. Such protection my b@CaagBoewedsusi ng
standard nmet hods of protecting group chemistry. After the radiol abelling
I's conplete, any protecting 5 %roups may be renoved by sinple procedures
whi ch are aP§dveyldhepapaient fie the perscuskited i treadciti may dedneeessangdo i on

T Rl 00 0 T S B R SRR BT
Wley & So nﬁadidlébelﬂe@ g@&@&ﬁﬁ%cﬁ’br&‘?&ioﬁ% B8 %cﬁfegléﬂ’ h%gastérlnae*ra r{tgﬁ(}h@llss ‘l’J“CL h

18F- may be effect treatnent wth suitabl e solrce o

as Nal8F, Obf pross@ing groep chamisplyaAftenitheradidiabélling isceompiete, any protecting

t et raal kyl phosphoni ug 18F fligri de. To increase the reacti Vir}ql)e/i of the
fluoride aJiWRSANRY BRLEBPVES LY Siaplefiggedikes whichase pisogtapdakkpdbg arty, 1
0-di azabi cy Fc?ﬁ?%{bs . r ' f or med
in a non pro%itLlﬁtc%glseg?l\iﬂéen%i. esgé}grg%}ﬁ? P@é@%&’%&%@ @g%‘fﬁ%ﬁg@ﬁ %garﬁﬁ $. The

treat ment wintProtéiffingi Grotips timDryatic Syatredis, TheEboRNAS Seenhin@ Petat G all. e
organi ¢ solvent such as acetonitrile, dinethylformm de,

di met hy!l sul YABsi Riblished bynladndfilew & Sensobagn, 1, 2 di met hoxyet hane,

sul phol ane, N net hyl pyrolidini neone, at a non-extrene tenperature, for
exanple, 15C to 20 180C, preferably at el evated tenperature. On conpletion

of the reacTicdimehbof 4 colmpahl & foraAar(1)0br fIQ) With@°K-Ihdy Sb¥Rlcv&d pyn the

solvent is conveniently separated fromthe solid-phase by filtration. The
sane fl uor i tieg@imsntt aithniagye suitalyle beowrsedof i 'AFt kadhoIasoWaﬁé:,nﬁfaf,sﬁe(‘?Fti c
aspects of the inyention. 25 excess ,18E be ,renoveqd fromthe

sol ution oftei@lgiktﬂ%m@ronwnan';%”?jﬁbl ar tﬁfé%ﬂgﬁ%he%r’%m er{VJ?rtﬁﬁ-ex-E‘Plange
chr omat ogr apiee 39 | GaBHARE RPHR! REBde, aSPhbadd! Fadds: 9RuERSHES

i ncl ude BI O RAIl DeAG 1- X§ orﬁpV\af ers Q\/A(gerida Eh%?%btfaeﬁsg%l %ﬁ% asgug§5%$bent S
i ncl ude al ui7td, 1624, 2xveemxa 8- 0-diazabieyclof@i®) 8 pliexesbsane oy sohddedhades at
roomtenperature i.n aprotic solvents. 30 Ang organi ¢ solvent may be renoved
by any 18t antlsr '@ 9!&@@!‘@)&1@6@ gpon protic solvént. 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-
labelled tracer of formula (i) dissolved in the solvent is conveniently separated
from the solid-phase by filtration. The same fluorination techniques 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 solvent may be removed by any standard method such as by
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-6 WD 03/002157 PCT/ GB02/ 02505 evaporation at elevated tenperature in
vacuo or by passing a streamof inert gas such as nitrogen or argon over

t he sol utwors/oBafore use of the 18F-labelled tracer, it nRgTHGEBoPPISPri ate
to fornulate it, for 5 exanple as an aqueous sol ution by dissolving the
18F-1 abelled tracer in sterile isotonic saline which may contain up to 10%
of a sui tatﬂ\@p&r@ﬁpﬁ at @ewtedttewerata@ instcletin o by prasainga staddre diirferbgasl

sol ution such , as 8 hosphat e buffer. qr additives may be added such as
ascor bi ¢ aci4fht & PPgEs ‘?raﬁfQBT‘)?é’PEt PN pr esent i nvention provides, in a
further aspect, a process for the production of

2- 18F-f | uor o- 2- deoxy- D- gl ucose (18F-FDG which conprises treatnent of a
solid sup@eﬁoré)msacbfrihedﬁﬁ Sabeliet] ttamaryit my baa aﬂﬂrh}ﬁhatéltoﬁo(mbi)ate SELfob
SUPPORT - LINKER--S -0111 "N OP 2b P4bQOP3h rein Plb p2b_ p3b,  and
P4b ar e5eac$?‘4'”ﬂﬂlép%?1é8rﬁqL$ﬁ°r‘rS$o$Q5§mP By déﬁﬁﬂh@ﬂ@é*w ni labedes; tr%ﬁf il mﬂlet 0

roduce th t
Piboaesy' "SooRRE! eebiBen ) BBt el R e B R e ST s B e
or a prot ecéthBfol, BF 8Whitable buffered solution such as phosphate buffer. Other additives

may be added such as ascorbic acid to reduce radiolysis.

10 The present invention provides, in a further aspect, a process for the production
of 2-"®F-fluoro-2-deoxy-D-glucose (**F-FDG) which comprises treatment of a solid

support-bound precursor of formula (ib):

PO
8] K 0
I (Ib)
SOLID SUPPORT - LINKER—§ — Ot SN
I op?
o}
p*0 opst
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)
“““‘\ (lib)
oP*
op*
20

wherein P, P?, P* and P* are each independently hydrogen or a protecting

group;
optionally followed by

25 (i) removal of excess "®F |, for example by ion-exchange chromatography; and/or

-7 -



optionally followed by 25 (i) renoval of excess 18F- , for exanple by

| on- exchange chromat ography; and/or -7 WD 03/002157 PCT/ GB02/ 02505 (i1i)
renoval oWwotohmopsot ecti ng groups; and/or (iii) renoval of PorgaBwRO236] vent ;
and/or (iv) fornmul ation of the resultant conpound of fornula (IIb) as an

aqueous sol ution. ound of orrrul a (Ib) the LINKER is
preferably ( ﬁ 'OFéhe pwﬁeﬁ‘"@)@"fﬂ%ra /BRikyl FFNV-NeOI OF FFF

wherei n n i) Qet@vat h p ably CHRCHB FF NOF F I~ ii O
LR E R o () RefpByudh ofidah® SiehiPaRIEE a0V CCS EF MO T D Sopecrr 1s

sui tably a ((lfgstylatioreof iheirasul3stowaipoahd afiformute @bl ias angiqugosis fsotutionhe
conpound of fornula (lib) my be effected by standard nmethods as referred
to above. In a preferred enbodi nent 15 of this aspect of the invention,

the sugar HYARLHEBUNEPST BFrful ()35 EINREREE refrably

: C1 ealkyl

FFFF o
1.salkyl FF
Af©v Moyxhé
OF F FF
wherein n is 0 to 3, and is more preferably
CH ,CH,
§ < > o Fp RF
F FF F or
FF FF
é@v Mo)%é
OF F FF

10
and the SOLID SUPPORT is suitably a polystyrene resin.

Removal of any protecting groups from the compound of formula (Ilb) may be
effected by standard methods as referred to above. In a 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, or as ethers, preferably
C,salkoxy methyl ethers, or acetals. Ester, acetal, or ether protecting groups may
be conveniently 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



suitably C, _6 al kanoic esters, preferably as acetate esters, or as ethers,
preferably C, 6al koxy nethyl ethers, or acetals. Ester, acetal, or ether
prot ecti MyOgsm1s7 may be conveniently renoved by hydrol y®CT/GEm28Eanpl e
in the presence of acid or base. Such deprotection may be effected on
using solid Bup&orted acid or base 20 catal ysts that render the need for
post depr ot dBEIRSRSFEURYIMRrOYIdes in aduEhaF gspeds, precassdon e production

PCT/ GB02/ 02 , : i AL Qi ' L Urt :

process for 3 msdsogyRe T amoroYERINE CEFES) HERH rfpliti MR REPBF sl

whi ch conpr sagpoitbeaht®reéc@bobotlmdia @slpport - bound precursor of fornula
(lc): 0 Plc PO (lc) o INO SO.ID SUPPORT - LINKER -S -0 11 5 0 wherein
P' and P2 are each independently hydrogen or a protecting group; wth 18F-
to produce the |abelled tracer of formula{llc) 100 Plc PLLOO N (I 1C
1817 wherein P and PAC are each independently hydrogen or a protecting

group; optionally followed by P2°\N
P A | (Ic)
ﬁ o N
SOLID SUPPORT - LINKER —ﬁ —0
5
wherein P' and P* are each independently hydrogen or a protecting group;
with "*F to produce the labelled tracer of formula (llc)
10
9]
2c
"N\
|
PO oJ\'
oM (flc)
18F

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

optionally followed by

15 (i) removal of excess "®F , for example by ion-exchange chromatography; and/or
(ii) removal of the protecting groups; and/or
(iiy removal of organic solvent; and/or

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

20 In this aspect of the invention, the amine and hydroxyl functional groups in the

thymidine precursor are suitably protected using standard methods as referred to

-9~



15 (i) renoval of excess 18F- , for exanple by ion-exchange chromatography;
and/or (ii) renoval of the protecting groups; and/or (ii) renoval of
organi ¢ swbwanozisand/or (iii) forrulation of the resultanPCrmioOesdsof
formula (l1lc) as an aqueous solution. 20 In this aspect of the invention,

the am ne and h Q f uncti onal oups in the thym dine precursor are
sui tably pr%?%‘é%gi—' t?ia% %ﬁawa%aad%wmggr@gpﬁé\f%pf@acted as eptq, ouitagy157

PCT/ GB02/ 02505 S h an a

prot ect ed a§ %satl %,é?%rﬁr tﬂ a%‘fﬂipé%éés 8%13?} re“’\’st grs Eé/ ' %'%i‘%(étp‘%bgt;’%i’? 'éq%}'l be
esters. Est emn\mmmmnenm\@ﬂmwwdw@usubefor@szamm iBnhé préfimewest skl bysugd ysi s,
for exanple in the presence of acid or base. Such deprotection may be

effected us |S@hed%pte@tl§umﬁyrb@eff%@ie@ ugingbaselid suppartad acid eabase sdialystt he
(roy | e Liat SIS 68 rBPa i, b6 depRibRing NRRERERAOH urolsesr ™ 10 1 n a

further aspect of the invention, the TRACER in the conpound of formula (la)
may be a peptide or protein such as a peptide conprising from2 to 1, 000
am no aci di thescdmpauridiof ie); theesbieker isfprefezablgvent i on, there is provided a
process for the producti o of 6-L-18F-fl uorodopa (18F FDOPA) whi ch
conprises treatnent of a oI@d support- bound precursor of formula (1Q):

OPlg O _ 1;©ﬁ

wherein nis 0 to 3.

10
In a further aspect of the invention, 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 Inafurther aspect of the invention, there is provided a process for the production
of 6-L-"*F-fluorodopa ("®F-FDOPA) which comprises treatment of a solid support-

bound precursor of formula (Ig):

op'®
I
SOLID SUPPORT-LINKER— ﬁ 0 C(O)CF,
0 (19)
P*0
NHP*

o)

20  wherein P, P%, and P* are each independently hydrogen or a protecting group
such as t-butoxycarbonyl;

with "®F to produce the labelled tracer of formula (1lg)

~-10-



SCLI D SUPPORT-LINKER-S-0 C(O)CF3 11 O (Ig) P4g0 NHP3g O 20 wherein Pig,
Pig, and P4g are each independently hydrogen or a protecting group such as
t - but oxycaowanyiisTwith 18F to produce the | abell ed tracercafGEop05a (11 g)
-10 WO 03/002157 PCT/ GB02/ 02505 OPlg 18F C(OCF3 (11g) P490 NHP3g O
wherein Pig, Pig, and P49 are each independently hydrogen or a protecting
group such as t-butoxycarbonyl; optior@®fy followed by 5 (i) rempval of
excess 18F , for exanple by ion-exghakge chromat ography; and/or (ii)
conversion of the -C(O CF3 greyp dé@ﬁxk group; and/or (iii) renova
of any protecting groups; and/or rempoval® of organic solvent; and/or
(v) formulation of the resultant FDOPA as an aqueougligplution. 10 In this
aspect of the invention, the hydrpxyl functionality of the DOPA starting
material are conveniently protected as esters, suitably Cl_6 al kanoic
esters, preferably as acetate es KfipeeOr carbonate esters such as

t - but oxycar bonyl esters.

wherein P9, 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

(if) conversion of the -C(O)CF, group to a hydroxyl group; and/or
(iif) removal of any protecting groups; and/or
(iv) removal of organic solvent; and/or
(v) formulation of the resultant FDOPA as an aqueous solution.

10
In this aspect of the invention, the hydroxyl functionality of the DOPA starting
material are 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, 4 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. In this aspect of the invention,

a particularly suitable LINKER is

-11 -



The acid functionality may be protected as a C -, alkyl ester, preferably
ethyl ester 15 and the am ne functionality nay be protected as an am de

pr ef er ablwofoafomis7 or as a urethane, preferably as t-but orgrarsnengios

uret hane. Ester fornyl and urethane protecting groups nmay be conveniently
removed by hydrolysis, for exanple in the presence of acid or base. Such
deprotecti on may be effect ed A g a ser@s su pE ted acid or base

catal ysts that render the Hedd pos d/ﬂ)r tecthon neutralisation
unnecessary. Conversion of > roxyl group, may be
effected by treatnment with an oxidi sing agent sgch nmet a- chl oro
perbenzoic acid, followed by mld acidic hydroryH & Anthis aspect of the
invention, a particularly suitable LINKER is -11 WD 03/002157

PCT/ GB02/ 0280btheGticH31dpolR i sGiteblytaopolystirer@ feskh.F F and t he solid support
is suitably a polystyrene resin. The present invention provides in a
further aspect, a process for the production 5 of 2-(1, 1

- di cyanopr open- 2-yl ) - 6- (2-fl uoroet hyl) - met hyl am no) - napht hal ene  ( FDDNP)

whi ch f [
() NG G e T oo R PR ER TR 4Rt P pRICB SR EE s HrobBb R Ty o

| abel | ed trafcer oR-(flot-didyanépidpen-NG)-EN2tBudroetHyiymethiyldrhino)-naphthalene

(FDDNP) which comprises treatment of a solid support bound precursor of formula

(Ih):

NC CN

o |
Il
] —s§—0
SOLID SUPPORT - LINKER —5—0, (Ih)
o |

with ®F to produce the labelled tracer of formula (lih)
NC CN

|
o sl
\/\N
|

10

optionally followed by

(i) 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 (llh) as an aqueous solution.

In a further aspect, the invention provides a process for the production of an **F-
20 labelled tracer which comprises treatment of a solid support-bound precursor of
formula (Id)
SOLID SUPPORT-LINKER-I" -TRACER  (Id)
v

-12 -



10 optionally followed by (i) renoval of unreacted '$F- , for exanple by

| on- exchange chromat ography; 15 and/or (ii) renoval of organic sol vent;
and/ or (iwp)osfoexiful ati on of the resultant compound of for ®araGRRIobYsSas an
aqueous solution. In a further aspect, the invention provides a process
for the production of an '817- 20 | abelled tracer which conprises treatnent
of a solid support-bound precursor of fornula (1d) SOLI D SUPPORT- LI NKER- | +
-TRACER (1d) Y- -12 WD 03/002157 PCT/ GB02/02505 wth 18F to produce the
| abel | ed tracer of formula (lid) 5 '$F-TRACER (lid) followed by optionally

(i) renoval with "#degsodbte the labellexaapteoftfyrh@a-(BYFhange chromat ography;
and/or (ii) renoval of any protecting groups; and/or (iii) renoval of

organi c solvent; and/or 10 (iv) formulation of the resultant conpound of
formul a IidF_ A %ﬁqﬂgous solution. In the compound of formula (1d), the
tracer is su t@%l?f %/I cont ai ni ng conpound such as a phenyl containing
conpound, prcmb%gtgwoﬂi@gwtitut ed phenyl ring. In one such preferred
aspect, the tracer prepared is FDOPA. 15 The conpound of fornmula (1d) may

be conveni efi} teynqrad phexcedsr '8 dof exarnpleral ivaekchangerehwinaatoyramhgi hadlos
resin such a Merrifield lt:ze%ii n or Wang Resin. Suitably, a _
hydr oxyi odogiSWmPgﬂ'ccPfaJy RIRGYHE SHeWoF: )@t ai ni ng LI NKER group is treated

wth an inO{i ar@hfov%%?orﬁfd‘s@%lﬁe?hé%}rcar bonate and then added to the
¢

resin, 20 pre-swollen w an | net vent, such as N, N-di net hyl f or mam de
and al lnawed(iv)dormulation 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 phenyl ring. In
one such preferred aspect, the tracer prepared is FDOPA.
15
The compound of formula (Id) may be conveniently prepared from a functionalised
commercially available resin such as a Merrifield Resin or Wang Resin. Suitably,
a hydroxyiodoaryl (such as an iodophenol) 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 allowed 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 resultant iodophenol
functionalised resin may then be treated with a source of acetate anions (such as
actetic acid, acetic anhydride, or acetyl chioride) in the presence of an oxidising
25 agent, such as hydrogen peroxide to provide the corresponding diacetoxy-
iodophenyl 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, triffuoromethane sulphonic acid, or acetic acid
at a low 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-



react at elevated tenperature, for exanple 30 to 80C. Excess reagents may
be renoved by washing the resin with further inert solvent. The resultant
i odophenowo oBesT onal i sed resin may then be treated w t hPaTgGRIO2506f
acetate anions (such as actetic acid, acetic anhydride, or acetyl

chl ori de) |n t he pre ce, of an o d|5| ent, such as hydrogen

per oxi de t oY WB\C)PBQ O?ﬁ%"wéﬁ &@E'}B‘@M erﬁ?péfagﬁégwlﬁfatpﬁ@@ﬁﬁwmg witBtandnarti sed
resin. The dhgegtoxy-iodophenyl functionalised resin nmay then be stirred
in an inert solvent, such as dichloronethane, in the presence of acid such
as hydrochloric aC|d trlfluoronethane sul phonic acid, or acetic acid at a
Iom/tenperature suita -40C to 10C before addition of the tracer,

suitably 30l hhec@qraafamn% @Hf%@ué? de dhe EINISER I%ﬁsldaflaﬁdﬁboblﬁrbutﬂ@r)mmlS%e

o evi oue st SpETELR e oh fafsPoidB 168 T iiRia A Brabele<Chrbind of

formula (1d) may be separated by filtration and washing with an inert
solvent. In the conpound of forrmula (1d), the LINK%F_L§Aas defi ned above
but conprises 5 an aryl group (suitably phenyl) adyacent to the I+ .
Preferred exanples include O O lIn the conpound 00 formula (I1d), Y- is an
ani on, pref ly trifluqronethyl sul phonate ( {l ate) anion. 10 The
present inventign 0 n a further aspec pr,ocess for the
production of 6-L- grddopa (' $F- FDOPA) conpri ses treatnent of
a solid support- bound ‘precursor of fornula (l&~="Y- OP le SOLID
SUPPORT- LI NKER- I + OP 2e (le) P4e0

s

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

trifluoromethylsulphonate (triflate) anion.

10
The present invention provides in a further aspect, a process for the production
of 6-L-"*F-fluorodopa (**F-FDOPA) which comprises treatment of a solid support-
bound precursor of formula (le):
v OP1e
SOLID SUPPORT-LINKER—I- op*
(le)
P*0 ,
NHP™
15 o

-14-



NHP3e 15 0 -14 WD 03/002157 PCT/ GB02/ 02505 wherein pie P2e' Pie, and Pde
are each i ndependently hydrogen or a protecting group and r is an anion
such as twofidaoras7with '8F- to produce the | abell ed tracerCafGHon5a (11 e)
5 COPe 18F OP 2e (Ile) P4e0 NHP3e O wherein pie P2e Pie, and pde are
each independently hydrogen or a protecting group; 10 optionally foll owed
by (i) renoval of excesslSF- , for exanple by ion-exchange chromat ography;

and/ or i ctin i r emoval  of
or gani ¢ gol@@%{tﬂe%)?d/ or’ ?Hg? f%?gB'% Qi#lepﬁqﬁ'g ﬂ%ﬁygé}ﬂer‘)c%rn%&uﬁf&(‘tﬁ?g
formula (I '?f)ou %@Yagwgﬁloﬁcgu@hlé%qﬂﬂaﬁ%5 In this aspect of the invention,
t he hydroxy anm ne d acid functionality of the DOPA starting materlal

are conveni it '§F goqireduealtteslabsliet raceuofifathylaQliep al kyl esters,
preferably as acyl esters such as t-butoxycarbonyl, or ethers, preferably
as d ., aIkyI ethers, or anmides. These protecting groups may be
conveniently 20 renoved by hydrol ysis, Ear exanple in the presence of acid
or base. Such deprotection may be ef ected using a solid supported acid or
base catal ysts that render gﬁe n or post deprotection neutralisation
unnecessary. oP*

(lle)

P*0

wherein P'®, P**, 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
(i) removal of any protecting groups; and/or
(iif) removal of organic solvent; and/or
(iv) formulation of the resultant compound of formula (lle) as an aqueous solution.
15
In this aspect of the invention, the hydroxyl, amine, and acid functionality of the
DOPA starting material are conveniently protected as esters, suitably C, ; alkyl
esters, preferably as acyl esters such as t-butoxycarbonyl, or ethers, preferably
as C,, 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-



In the conpounds of formula (le), preferred LI NKER groups are as descri bed
for 25 the conpounds of formula (1d) and the SOLID SUPPORT is suitably a
pol yst yr ewe 03f0exsn. -15 WO 03/ 002157 PCT/ GB02/ 02505 The mpCagsaBw/023ogent i on
provides in a further aspect, a process for the production of 2-, 5- or
6-fl uoro-3-(2(s)-azetidinyl net hoxy) pyri di nes which conprises treatnment of
a solid support-bound precursor of fornmula (If): 5 HN O Rf bNX SOLID

from Q- alWs PR ioR i85t 5B e aRet A rotea ob e BAOREHOR |1 1)
10 N H O ¢ 2l fer or)a—flub%BNZQ)Idz@ﬁ&hillbhefﬂ%Wﬂlr@é f(b%m ﬁ Velatiie xcess

18P , for exarrpl e by ion-exchange chronat renova
organl ¢ sol eiemsolihadppert-bounyl precursbaof formoka (Ifite resul tant corrpound of
formula (I11f) as an aqueous solution. Sone of the conpounds of formula (1)
are novel and thus forma further aspect of 20 the present invention.
Thus, for exanple, conpounds of fornula (la), in particular those of
formula (Ib), (lIc), (lg) and (Ih), and unds of formula (1d), in

9]
R (If)

|,
SOLID SUPPORT - LINKER—N /
S

wherein the groups R" are each independently selected from C, , alkyl;
with **F to produce the labelled tracer of formula (IIf)

10

Iz

18~ SN (1)

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

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

Some of the compounds of formula (1) are novel and thus form a further aspect of
20  the presentinvention. Thus, for example, compounds of formula (fa), in particular
those of formula (Ib), (Ic), (Ig) and (th), and compounds of formula (Id), in

particular those of formula (le) all as defined above, form separate aspects of the
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particular those of formula (le) all as defined above, form separate
aspects of the -16 WO 03/002157 PCT/ GB02/ 02505 present invention. As
descri bedwelwe®wez151 he advant ages of such sol i d- phase proce®EFEGHR02505
preparation of 18F-labelled tracers include the relative speed of the
process, 5 Si r’épl Lfi e&i Buri fication nmethods and ease of automation- all of
whi ch mean PHY nEHB’eH '8desses are suitable for preparation of 18F-| abelled
tracers for use in PET. Accordingly, the present invention provides the
use of a process for the manufacture of a 18F-1abelled tracer of formula

(11) or (I Astdektiijed cabavee the BEWanﬂage@OOflésljcﬁnfstd—phageS?iddésﬁé'@pﬁfrt
bound precursor of for could be provided as part of a kit to a

la (1) ) :
r adi ophar naegﬁpafﬁﬁomiqfwrﬁiﬂ%ﬁﬂ dracess daglide dge rafative ereedef the pygeess,nto a

i tabl d i . i d . i
From the sort piee SLAREER HUBbOS Snd Base b ayRind 4 o i BeARadhe™
fluoride i oproceadegmréRpitapk R HrafHaEbn SINREHRNE Graers ForL§QW, tPIET 15

reaction mxture to be evaporated and allow the product to be fornulated as
requi red. TAecergingint $hexrdeseity nvestiamdprovides thensiseabf es precess dadr fthe t he

Soitvare. wRPCTRBGR 1 ke oasEErcator i i PRt Barts ihbforaipedt PR 1 o

neet the custonmers requirenents for radi oactive concentration, vol unes,
time of delivery etc. 20 Conveniently, all conponents of the kit are
di sposalil e Conuenientlydheseligp sappdit botine prea@frseosttfammuolat(i)apuebagesvideds and

may be sterile gn yal ity assured. The invention further, provides a
r adi ophar m@%ﬁ?ﬁ@glaqﬁ 03 Fvﬂd'q ragYsal B8 KEMay cantaing cagrdge Métigheean bacer

for use in B i s o I LQin
formi a (1) PoPopHonks & BRIy Sriepted Ruifiake sAANasEL "M CARRAE It .
sour ce of 1&kntain, (apar) fim ithe-solidhsmgsortBotiid qgecdiredr,” £ravi@hnofo 4HEFS
18F_; and optionally (iv) a cartridge for solid-phase deprotection of the
resul t ant y@waepdﬁuqr&%@naand an appropriate vessel connected so as to allow the
p
15 reaction mixture to be evaporated and allow the product to be formulated as
required. The reagents and solvents and other consumables required for the
synthesis may also be included together with a compact disc carrying 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 etc.
20
Conveniently, all components of the kit are disposable to minimise the possibilities

of contamination between runs and may be sterile and quality assured.

The invention further provides a radiopharmaceutical kit for the preparation of an
25  "®F-labelled tracer for use in PET, which comprises:

(M a vessel containing a compound of formula (l) or (la to Ih); and

(i) means for eluting the vessel with a source of "*F ;

(i)  anion-exchange cartridge for removal of excess "*F; and optionally

(iv)  a cartridge for solid-phase deprotection of the resultant product of formula
30 (1) or (lla to llh).
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30 (I1) or (I lato Ilh). -17 WO 03/002157 PCT/ GB02/ 02505 The invention
further provides a cartridge for a radi opharnaceutical kit for the

pr epar at iwp 03foorn7 ' $F-1 abel l ed tracer for use in PET whi cirCa@mpmios®s: (i) a
vessel containing a conmpound of formula (1) or (lato Ih); and (ii) means
for eluting vessel a squrce of E’bBF In a further aspect of the

he i, th - . 5
i nventi on, Th@r"é"? '%‘r%\\%h&é@r%‘” RoeRrrisigedior & Rdirpharmacaytiesl tkitcfopthei nage
whi ch conpr 1e@f i i i it.0r a cartridge
For o 1 ad oprbrrai B &8 ey et e B PP W Frmeflsbant i on w 11 now
be il ustr afipd mssehgonkirtimng afconsovnigofsanvlag®. or (Ehcolaghend t he Exanpl es,
abbrevi ations used are as follows: DVF: N, N-di rrpt hyl formam de w v :
wei ght / vol uti Meansifen efuingthe vessel with & souige ofciromat ogr aphy  THE
tetrahyqrofuran eq. : equivalents Exanples 20 Exanple 1. Synthesis of
2118F] - f1 uor o- 2- deoxy- D-gl ucose (FDG Internediate 1 Preparation of Methyl

-4, 6-0- bengyhifdithér 8spdd Of thamivanion; @ré?@'i@?ﬂ%ﬁ@é@éi iH8thotPfoPloBRaiking a
Synthesi s of Methyl 4,6-0- benzylidine-a-D-glucopyranoside -18 WO
03/ 002157 PdimgaBsiie BEF0Bage which comprises the step of using a radiopharmaceutical

kit or a cartridge for a radiopharmaceutical kit as described above.

10  The invention will now be illustrated by way of the following Examples.
Throughout the Examples, abbreviations used are as follows:
DMF: N,N-dimethylformamide
w/v : weight/volume
h : hour(s)
15  tic : thin layer chromatography
THF : tetrahydrofuran

eq. : equivalents

Examples
20

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

Intermediate 1

Preparation of Methyl -4,6-O- benzylidine-3-ethoxy methyl a-D-mannopyranoside
25

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

-18-



" O Tol uene sul phonic acid HOO0O OHOOCOOO H~OOHOI H Followng
literature Evans, M E. Carbohydrate Research (1972), 21(3), 473-5,

Met hyl - awoD3gbausopyr anosi de (Al drich, 257nmol) in DVF (20QrgBo2AsssSr eat ed
with 5 a, a-di net hoxy toluene 39.0 g 257nmmmol ) and tol uene sul phonic acid
nonohydrate 100ng in a 11 round bottoned flask. This was attached to a
Buchi and evacgated and rot attetlend fiiptohidsécivas | owered into a water bath
at 65C and Hhe el lowed to gently reflux in Ne—wapg duct but not
to distil out.O(%r pature of Theé water baf ised to 100 C
and the DVF digtillegd fromthe lo\reacfion. Wen j t he
reaction was (':'brrphefte the reacti o® cool ed and treat wigh a solution
of sodi um hydrogen carbonate (5g) in water (750m) and hyl | al cohol
(250m ). The reaction was heated t 5C on a water bath and Stirred until
t he product becane finely dispers he reaction was then cooled to 4C
and the product filtered off wash Il with water and dried in 15
vacuum mp. 207-208.5 Step 2 Preparation of Methyl 4,6-0- benzylidine-3-
et hoxynet hyl -a-D- 20 gl ucopyranoside O 0 0 O--1~c 0 O --1/ H

et hoxyrret hy! T RPBReteBed Vg, WA BRAER: Bor PR AT s e (sm

-19 Methyl- a -D-glucopyranoside (Aldrich, 257mmol) in DMF (200ml) was treated with

5 a,a-dimethoxy toluene 39.0 g 257mmol) and toluene sulphonic acid monohydrate
100mg in a 1l 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 to gently reflux into the vapour duct but not to distil out. The temperature
of the water bath was then raised to 100 °C and the DMF distilled 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 (5g) in water
(750ml) and ethyl alcohal (250ml). The reaction was heated to 95°C on a water
bath and stirred 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 vacuum.
m.p. 207-208.5

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

0
0
o/&r_x/o\
0

o—/ H/O

20 glucopyranoside

Methyl-4,6-O-benzylidine-a-D-glucopyranoside,(19.2g,68mmaole),
ethoxymethylchloride (9.7g, 81.6mmol) and tetrabutylammonium hydroxide (5mil
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WO 03/ 002157 PCT/ GB02/ 02505 of a 40% w v solution) in dichloronethane
(150nml) was stirred vigorously with a 10% aqueous sol uti on of sodi um
hydr oxi dew2000di57 at room t enperature. After 5 hours thePagiGRIM2PRase was
replaced with a fresh solution of 10% aqueous sodi um hydroxide (200m) to

i ch but y i um hydroxi de (5ml of a 40%5 wy Sol uti dded,
and rapi 0! P0G Wb RO AU rYeR RrReam o G0mlhweS shees v‘i’gééﬂ%ng&ﬁ?h a

d dnj » . . - 0 Laver
chtorrat ogr anhy B Taut O BT AR ERE) AP ol KBRS iy v7 s

devel oped biiosisr thei aguedlshpltedd wasraplaicedviEd ¥ iFeshesdlatien ¥A08) dqugbast ed
the presence of three new al kyl ated products. Chromat ogrgé on silica (1

|
kg, dry lo Seqiyat byqrﬁxiaeﬁ%na%@ whiichyletrgbutyiaramenius hydrox miofarl% 1:1

th ' ' i_ndi,cat to.b ti . Methyl -2, 3,
o et hoyiret M SGUEEH weadhe it a8l B RE sy ed & ibioRE i s ohass
Met hyl - 2- eivaexbemEEyarafePdfied BESZYddiGHh e 8hd GRBYHANES irf@acTinCERiRN 3:
Met hyl 3- et hoxymethyl 4,6-0- benzylidi ne-a-D gl ucopyranoside 15 Step 3

Pr epar at i onlayer peiomatographyofhe résictyerdd 0380 iﬂem-éjbyizadeitatbrﬁe?l )aerleilicer\] I
I el 0- 0 0-J Methyl 4,6-0- b | i di ne-3- ethoxyne a
Io o1 noopyr Anisdpeee pYgpray e whh FS0 Yyt ane RCAle (Feh 8bAYY SuRFaleRdEe h
50m d ' ' (aﬂﬁné f : tjil the
Eeact |) oﬁnwi Tﬁe%%geg??%g;ee‘dﬁ%%np ét%gﬁﬁgﬁl&&? (égg’tgvrﬂﬁtaé%? ﬁgrd/?{ Eﬁ ﬁaykmgj;eolrgt e
1:1). devel opighivin tahgradient of 40+60 exaneséihpadetate Theto $dl gdviedthrassisadtioas

diluted with diethyl ether (200m ) and washed with 10% aqueous potassium
car bonat e sWhlﬂhiN% E‘dl'ﬁ?é?%ici/% t he excess acetic anhydride. 25 The ether

layer was sepakighed Mgyl shediohdndhfl ' 6 B BEnyidiRE- EbNGlco M Shoside
Fraction 2: Methyl-2- ethoxymethyl 4,6-O- benzylidine-a-D-glucopyranoside
Fraction 3: Methyl 3- ethoxymethyl 4,6-O- benzylidine-a-D-glucopyranoside
15

Step 3 Preparation of Methyl 2 keto 3-ethoxymethyl 4,6-O- benzylidine-a-D-

glucopyranoside

o
o 00—
O
&]J
O——/ O
-7
Methyl 4,6-O- benzylidine-3- ethoxymethyl a -D-glucopyranoside (3g, 8.0mmol)
20 was treated with methylsulfoxide (50ml) and acetic anhydride (25ml) 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 (200ml) and washed with 10%
aqueous potassium carbonate solution to hydrolyse the excess acetic anhydride.
25  The ether layer was separated and washed with water (100ml). The ether layer
was separated, dried over sodium sulphate and concentrated in vacuum to give
a crystalline solid. Recrystallization from ether/petrol gave 1.5 g of Methyl 2 keto-3-
ethoxymethyl 4,6-O- benzylidine- a -D-glucopyranoside.
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was separated, dried over sodium sul phate and concentrated in vacuumto
give a crystalline solid. Recrystallization fromether/petrol gave 1.5 g
of Met hylwb okeo1158- et hoxynet hyl 4, 6-0- benzylidi ne- a - DPgTiGRIppeanosi de.
-20 WO 03/002157 PCT/ GB02/ 02505 Step 4 Preparation of Methyl 4,6-0-
benzyl i di nes;3- et hox th |. a- D~ ppnnopyr anosi de H .00 O 00 NEthyI 2 _keto
3- ethoxymetﬁllﬁfl—éﬁrI j 210y |g 19,084y DA pethexyeeiViesby jn
net hanol  (3048f\o n()éﬁ ) was treat ed vvlth SOdI um borohydr| de (200rrg,

5. 3nmol ) ‘r‘mm%nper‘at re with continuous stirring. The reaction was
then concentrated in vacuumto_a.gum and the i—pr oduct partitioned between
ethyl acetate (50m() and 10% off! p%t gym Barbonate solution (50 m).
The ethyl acetate solution we epar ab%é% i/ﬂi ed over sodi um sul phate and
concentrated in 1o vacuo to give nethyl 3=t hoxynet hyl 4, 6-0- benzyli di ne-
a -D-mannopyranosi de. Exanple 1(i) @re/par ation of

per fl uor obut ane- 1, 4- bi s- sul phonyl—crﬁori de (Follow ng the nmethod of Wi m ng

53100, ) 1, Maiiyl 2 MR R HERR) 28,0y BT gR oy g (Bl
car bonats_e_ A, Srrﬁ:ﬁol) @ fheth&holR5BnfXFHE! (10IFwhs Frefated withl sudinve Bbrdhgdridlet ur e
of 1,4 dii odoBerfI uor obut ane (1 (CF2)41) (24.14qg, 53.2nmmol %fhﬁSOdl um 20

di t hi oni t e (RA9EOS-Jog!) af 1FOD ABPraliE wtﬁm%mnwﬁ BigERg s Hhp egetionawess

Sor0dy o anglBRnbehBa B abigh 18 Belyp enEthS Riddud PaiBiPa EMen R ¢ o o

was concentggdtge (50ml) and 10% aqueous potassium carbonate solution (50 ml). The ethyl

acetate solution was separated, dried over sodium sulphate and concentrated in

10 vacuo to give methyl 3-ethoxymethyl 4,6-O- benzylidine- a -D-mannopyranoside.

Example 1(i) Preparation of perfluorobutane-1,4-bis-sulphonylchloride

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

1, Aqueous Sodium Dithionite O
FFFF F | Sodium Hydrogen carbonate F SRR g/CI
O\\S \\O

Il FFFF

l

F FF F 2 Chlorine

The mixture of 1,4 diiodoperfluorobutane (I(CF,),l) (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 stirred
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,0
(100ml). The so obtained solution was vigorously stirred and treated with chlorine
25 gas Cl, at 0°C until the colour of |, disappeared. Dichloromethane CH,CI, (100ml)

was added and the mixture vigorously shaken. The organic phase was separated,
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under reduced pressure to renove the acetonitrile. To the residue was added
H20O (100m ). The so obtained solution was vigorously stirred and treated
wi t h chl owore/o@85gas C 2 at OC until the col our of 12 di s@ppaaBe@2505

Di chl oromet hane CH2CI 2 (100m) was added and the m'xture vi gorously

2nd the aquebHaRBRGUBBAS BnasT wasRaY %afeldw&héézé“f’ Fhie Comhhastaroansaasahase
vas washed WaswaeHa wBQaitr 100, bAfel aHd alaith el B RO RStz and

concentrated to afford a waxy yel OW Crys

Recryst al | i zancenirdtedniheafford af f ovabed MIbvw\mrysialhﬂedk@m of (15.4g, 74%)

perfl uorobuE{ane 4- 5 bis- SH phony| chi ori de. 19F NWVR %CDCI3 CFCl 3

ref erence) "'ﬁatlonl frigm he frded offy Wh’?%ﬁﬁ?@?ﬁ@ peffluorobutane-1,4-
per f | uorbuhaney I-é éphonate di pot aSSI umsalt FFF F 1O d aqueous
0 Pot assi um B FFFISIOKO "0CA0 COSOFFFFK+O11 F
FFFO 1019Fd\lMﬁé(($DCm CoCl pleferehaspd.umobydroxg de KOH (9.8g, 5eq) in water
H20(19m ) was added gradual ly perfl uorobutane-1, 4-bi s-sul phonyl chl ori de
(149, 35mmol) at 85C 90C with stirring. After the addition, the reaction

was conti nug%bg @i’jq?r ang then |t \ﬁas

cool ed over
perfluorobutane 1, 4 bIS sulphonate di potassium salt 19F NWR (CDBOD CFCl 3

little of cooled water and dried in vacuumto gi ve

reference) b: - 0o, ?0 A1 esagpl e 1 (iii) PreEaratlon
per f | uor obut ane- - %honl CP@tad;sﬁhm HE@bleé\A ng the rod Fdeis@i hed in
US patent 4329:478; Eo Behr.) FFFO - 0- + o_ S‘\o
1 . _>8
Cl F FF F K ol £ % ¢ F
10 . O

To the solution of potassium hydroxide KOH (9.8g, 5eq) in water H,O (19ml) was
added gradually perfluorobutane-1,4-bis-sulphonylichloride (14g, 35mmol) at 85°C-
90°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 little of cooled water and dried in vacuum to give

perfluorobutane-1,4-bis-sulphonate dipotassium salt

F NMR (CD,OD, 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 - ., o -
SRR L0 K Amberitte IR 120 FFFF {0 H'

. XS 0 — Oss e

KEOUL FFFF H Ol F FF F

25

Perfluorobutane-1,4-bis-sulphonate dipotassium salt (15g, 34.2mmol) was

=22~



F 11,10 K+ Anberlite IR 120 FF FF 11,0 H S\\ 3P p~0\ S\. .S0 yxlI~/ O
.S xxll~ K+ 0101l FFFFH O11 FFFF 25

Per f | uor oWwotoane2137 4- bi s- sul phonat e di pot assi um salt (15g, P8Z/GBMORISWaS
-22- WD 03/002157 PCT/ GB02/ 02505 dissolved in hot water (100m ). It was

been pr ovi oty RS RE RO wERere KTk ot Watrtie i 4 den wehange GluEn e or
The col um Watodrlyen1sRedif(4dkashywhichhac e bHaAWA Rhsnafdih et 8

300m. of aqueous sol ution collec uti on s concentT
vacuum and Hed arskrinsed with disiilled watter Theslgolehrprassthes washeB08oivdy @fthor d

erfl uorobutane-1,4-bis-s onic acid. (11.0g, 30nmol, 88% _ 1H NWMR
E)CDCI 3,) b d@?‘@%&!@erwﬁﬁd( ret 3QYrehef aqueousRotion: collacted. Thep solitiono

| i ' ane-1 _4-hi.s- honi ¢ aci d
annydr i de VESITCReERLHEAAR vabBEY Sy Rhe RaAN s R it BERA g ue &
Behr.) PhoapsdiGit Efchrded?ﬂEoerEtaﬁ\d-Q4-l&s\%|gél1vﬁi@§ci5. F11.60S38mmol, 58%)
XXI'1~ O 101 Distill Q0 SDS=00 1

FEFEF
Per f | uor obut HIWMR (£IEE) §uBMoni ¢ acid (11.0g, '-30mmol) was m xed with

205 40g, T i [ e ted to 140-180C and
gi stil ﬂd%ﬁﬁi%é@@?&%%‘g&%ﬁ&eﬂﬁ% ﬁr H1WC'B§?§OI ing collector to afford

crude product (5.129).

10 Example 1(iv) Preparation of perfluorobutane-1.4-bis-sulphonic acid anhydride
(Following the method described in US patent 4329,478, Fred E. Behr.)

o Phosphorus FFE FEg
F FF Fl o pentoxide F F
8 - 0=S S=0
ol Distill 77707
I FFFF 4 i

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 collector to afford crudé product (5.12g).

Redistilation gives pure perfluorobutane-1,4-bis-sulphonic acid anhydride.

20 "F NMR (CDCl,, CFCl, reference) &: -105.7, -121.8.

Example 1(v) Synthesis of PS — 4-(Benzyl-ethyl-sulfonamide)octafluoro-butane-1-

sulfonic acid
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Redi stil ati on gives pure perfluorobutane-1, 4-bis-sul phonic acid anhydri de.
20 18F NMR (CDCI 3, CFCI3 reference) 6: -105.7, -121.8. Exanple 1(v) .
Synt hesi swofo3B®157 4- ( Benzyl - et hyl - sul f onam de) oct af | uor o- PaTraERH202508Ul f OnNi ¢
acid 101 FFFFNHS SO Na+ OFFIlI / JFFO nn-23 W 03/002157

oot m)(200m2 PRt B e, BONBLreE rStn RV RRBRNET NP REUHI a5 DN 2 oeme  ori )
and then SUWﬁrﬂdﬁﬁ'd pfé\/l@bé‘lydbé@%wéilérﬂMQ:hcr%rdMémér‘?é gégﬁlt) Eéa%ér?%a)é&fyb%d

perfluorobutyl - cyclic-sul fonic anyhydride (116
Fol I owing t 8 fdli’[hﬁirs@muopyédlnplortaneﬂrmneC(ZthE pdrﬂuunabu@ddﬁldcwnd—stuﬂfenlc

1T Bk SR IRl ot 0
) [
), et hanol Wa‘%ﬁﬁ”ﬁﬁ%‘?é&?ﬂ%‘*ﬁ%@ S PO At ol ey

t hen tr eat edolvent waslaidoyéad by flltrat'BHE(n(daﬂherreéﬂ vikashad) witle tofise s | laﬂﬁltht h

consecuti ve iopns to of nethano i chl or onet hane (5n

met hanol (53%) féi%j!%nnof Wom@than m‘hmthan@dgwl)g&l\/l?gnéwa r(ﬁ mﬁm
Phase 19F N 121

Exampl e 1 (N%tﬁ i&&@g%ﬁethggg lfl%ml) ?he restltinig resin was then reated

4- ( Bgnnél ﬁluqryd.l l‘l«i::S@Hf(QWBWm deIFpEhRk (2 RrenIPBERAE whshikg With EOMEcutitd BbitmsOF F
FFS-~
10  of methanol (5ml), dichloromethane (5ml) and methanol (5 ml) again. The resin

was then dried under high vacuum.

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

Example 1(vi) Synthesis of PS — 4-(Benzyl-ethyl-sulfonamide)octafluoro-butane-1-

15  sulfonyl chioride

A portion of the resin prepared in the manner of Example 1(v) above is swollen
with dichloromethane (2ml) 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 chlorinating agent such as phosphorous pentachloride, phosphorus
trichloride or thionyl chloride. The suspension is stirred for 2 hours before filtration
and then washing of the resin with dichloromethane and then THF.
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FFFISO~C A portion of the resin prepared in the manner of Exanple 1(v)
above is swollen wth dichioronethane (2nl) and then washed consecutively
with HCl WO osoiln7 20 THE/water (10 x 5 m) to give the fPea/GROEOARI C
acid. The resin is washed consecutively w th dichl oronmethane, 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 common chlorinating
agent such BgaiBespivil] Sintineds o€ BIREEs maiRspiaidse rekii chl oride or thionyl
chloride. The suspension is stirred for 2 hours before filtration and then
washi ng of the resin with dichl oronmethane and then THF. @! EOS/ 002157

PCT/ GB02/ 02505 Exanple 1(viii) Synthesis of protect man aNose resin
O OI1FFFFO'SSO OFFII OFFOO FnNO A sol of
Intermediate 1 in THF was added to a portion of t resm pf epared 5 as
described in Exanple 1 (vi) abOve V\plch l{nas previlousl yobeet swollen in THF.

To this is added a sol ution of'p': oxrde i@ tetpahydrofuran and
the suspension is 51 ed é?ﬁgﬁ%@g Iltrati the/rTesin is washed
consecutively wt | or ofret@ane Fand FHF bed under high

vacuum lo Exanpl e N(w#i i) Radi offl uorFnati@n to pr e ['8F]-FDG To a

portion of the rgsin (prepared as described in Ex le I (vii)) held in a
cartridge is adggd a;solution in dry acet oni t riTe%of kryptofix, potassium
car bonat e

A solution of Intermediate 1 in THF was added to a portion of the resin prepared
5 as described in Example 1(vi) above which has previously been swollen in THF.
To this is added a solution of potassium t-butoxide in tetrahydrofuran and the
suspension is stirred overnight. After filtration the resin is washed consecutively

with dichloromethane and THF before drying under high vacuum.

10 Example 1(viii) Radiofluorination to prepare ['"®F1-FDG

To a portion of the resin (prepared as described in Example 1(vii)) held in a
cartridge is added a solution in dry acetonitrile of kryptofix, potassium carbonate
and ["®F]-fluoride. The suspension is heated to 85°C for 10 minutes and then the

15  solution is filtered off. The solution is then passed onto a C,, solid phase extraction
cartridge and washed with water to 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 solution is heated for 5 minutes before
neutralization and analysis.

20

Example 2  Synthesis of 2-(1,1-dicyanopropen-2-y)-6-(2-['®F]-fluoroethyl)-

(methylamino)-napthalene (FDDNP)

Example 2(i) — Synthesis of PS — 4-(Benzyl-ethyl-sulfonamide)-butane-1-sulfonyl
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and ['$F]-fluoride. The suspension is heated to 85C for 10 m nutes and then
the 15 solution is filtered off. The solution is then passed onto a C 8
solid phawe oewoxiarti on cartridge and washed with water t®CTEGRNRO2505
acetonitrile, kryptofix and potassium carbonate. Addition of nore
acetonltrlle maahes t he radi ofl uori nated product of the cartridge into a
sol uti on of COH! HCl. This solution is heated for 5 m nutes before
neutral i zati on and anal ysis. 20 Exanple 2pSynt hesi s of

2- (1, 1-di cyanopr open- 2-yl)-6-( 2- [18FI flugroethyl)-

(et hy] am no) - napt hal ene ( FDDNE AR

4- (Benzyl - et hyl - sul f onam de) - b
PCT/ GB02/ 02505 chloride 0 1 a Suspension of the
resin that has been swollen } 5 excess

1, 4-but ane-di sul fonyl chlorijde in dichloronethane is added together with
an excess of triethyl am stspension is stirred at roomtenperature
overnight. After filtration theltesin is washed consecutively with

di chl oronet hane, nethanol, THF, water, nethanol and another portion of

di chl oromet hane. After the final washin e resin is dried under vacuum
10 Exanpl e 2ia puspsjmiemesitee gesin-tha maa&emmlmm dichlorommettmne (5ml)

ethyl)- (SHEtQ)\(ce%@ {' g)butgﬁg ¢ E]s%llf%nel cghefoncpe in dichloromethane is added together with

an excess of triethylamine. The suspension is stirred at room temperature

sOs of PS -
6P02157

overnight. After filtration the resin is washed consecutively with dichloromethane,
methanol, THF, water, methanol and another portion of dichloromethane. After the

final washing the resin is dried under vacuum.

10
Example 2(ii) — Synthesis of 2-(1,1-dicyanopropen-2-y|)-6-(2- ethyl)-(methylamino)-
napthalene resin
CN
i Lo |
\S/\/\/ N
7\
0" % O\/\N OO
l
n
15

To a suspension of the resin above that has been swollen in dichloromethane (2
mti), excess 2-(1,1-dicyanopropen-2-yl)-6-(2-hydroxyethyl)-methylamino)-
naphthalene in dichloromethane 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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O NCCN NSI%s n 15 To a suspension of the resin above that has been
swollen in dichloronethane (2 mnm), excess 2-(1, 1

- di cyanopwope/0edsy| ) - 6- ( 2- hydr oxyet hyl ) - net hyl am no) - naprCatBM©2508

di chl oronet hane is added together with an excess of triethylamne. The
suspensi on ES g ] ght . After filtration the
resin 20 i s=h&Estret S SR origpetaane and THF. After the
final washing the resinis dr| ed under vacuum -26 WO 03/002157

PCT/ GB02/ 02505 Exanple 2(iii)- Radiofluorination to prepare [18F1-FDDNP To
a portion ofotheontiosiaf theeresin hell inaxr taritritie sadaddedssluton i dgmadatomitiie
acetonitrile tofix, potassiumcarbonate and ['$F]-fluoride. The

suspensi on ?EKWBQ%dBP@SSE'”BSbeP@ﬁtel@n‘?T{ rﬁ]t@”éﬁdThﬁéhsmwl@bISuh¢€dﬁd|tQ

fil f zoT. d
cont ent & oot S RirlisE AN TGS el SIBSE Mkt O e Bsin Bitadiacomit o
f or mul at i onac&mlmueﬁﬂlﬁhl) aridyalt thesdontatits boﬁe%led {dw@m@%vaﬁgraﬁmrmﬁﬁe?’ (1)

Synt hesis of PS iodo-phenyl benzyl ether a suspensi on of Wang Resin
pr e- swol | enSelMemriqrigifyrraulgiomt i on of ceS| um 15 carbonate and i odophenol
in DMF were added. The m xture was stirred for 3h at 60C and then |eft at
roomtenperature overnight. After filtration the resin was washed

consecut i veEyambld3 teShaRakis dﬁlmpi_fpué}ggénfﬂee DVF and THE before thorough
dryi ng under high vacuum 20 Exanple 3 (i1) Synthesis of PS

di acet 8¥y-i odo- phenyl benzyl ether
Example 3 (i) Synthesis of PS iodo-phenyl benzyl ether

e

To a suspension of Wang Resin pre-swollen in DMF (2ml) 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 overnight. After filtration the resin was
washed consecutively with methanol, dichloromethane, DMF and THF before

thorough drying under high vacuum.

20  Example 3 (ii) Synthesis of PS diacetoxy-iodo-phenyl benzyl ether
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-27 WO 03/002157 PCT/ GB02/02505 1(QAc)2 O n A suspension of the resin
above was treated with acetic anhydri de and hydrogen peroxide (see nethod
of S. Fi chwp 03moxiahedron, 57 (2001) 4863) in a 4:1 ratio atPCTAXEDI20¥®SNI ght .
The resin was then filtered and washed thoroughly with nethanol 5 and then
dried under high vacuumuntil dry. Exanple 3 (iii) t hesis of PS
(phenyl) (4- phenyl benzyl ether)iodoniumtrif e 9 oO1\V\V 11/ 1o
To a suspension of the resin fromabove in d
trifluoronethane sulfonic acid is Lopw s€ at a terrperature of -30C
for 15 mnutes. The mxture is d to OC for a further 15 m nutes
before being stirred at room t F... ture overni ght. The suspension is then
cooled to -30C and phenyl borghic~acid is added, and the suspension is
stirred for 1 h before warmng|to room 15 tenperature and further stirring
overni ght The m xture is NJ tlerred and washed thoroughly with

di chl oromet hane and di et hyl ét her ‘before drying under vacuum Exanpl e
3(iv) - Radiofluorination to prepare ['$F1 fluorobenzene 20 To a portion of
the resin h8ISYSPRNSIOR & t”'l‘ﬁ’@én pRovRiwag tigatas Wt’fh@ﬁetlmadh)pdraiﬁeamwdnogen -28

[T6F]- 11 uor bHXer G oe ERRd & s Ficft BrdhedShgse ¢ PP et amtotten
the sol uti o80ICGofeérnidght E'Fhé)fésm whs tlﬁ@$ﬁlfbré§ aWﬁWeWthBrot@ﬁﬁé\&m? h{eéthgn i1 m)

and all the contents collected together before evaporati vent
prior td& foengithkan dred upder high vacuum until dry.

Example 3 (iii) — Synthesis of PS (phenyl)(4-phenyl benzyl etheniodonium triflate
CF,S0,-

OO

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 stirring overnight The mixture is then filtered and washed

thoroughly with dichloromethane and diethyl ether before drying under vacuum.

Example 3(iv) — Radiofluorination to prepare ['®F] fluorobenzene

20  To aportion of the resin held in a cartridge is added a solution in dry acetonitrile
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WO 03/ 002157 PCT/ GB02/ 02505 dCdainms 1. A process for the production of an

18F-1 abel | ed tracer which conprises 5 treatnent of a resin-bound precursor
of formulwo(OBPI[EL] D SUPPORT- LI NKER- X- TRACER (1) wherei n RCrsGR02g28p whi ch
pronot es nucl eophilic substitution at a specific site on 1 o the attached

1oF- TRAcER (1 Ptabé PRRHS cotfondi? Spy 3Gl AeEls divecttshingioh.i heetackie

tracer accomBgPOgort 10 & d
precursor of fornula (%%E&%b@%%%%ﬁ?ﬁNK grg%%ﬁegﬁe%%ﬁl%ﬂ?&)% W th
18F_ to pr o@@@@m’th@ (Ta¥pancdll theacentents dodlectati doddther béfoFe SRAKIFRYIGN bl the

foll owed by o naII g Q removal of excess 18F- , for exanple by

i on- exchangé Hﬂ?'b{?ré’ﬁ'ﬁéf‘ tiRd/ or (ii) renoval of any protecting groups;
and/or (iii) rermval of organic solvent; and/or (iv) formulation of the
resul tant conpound of formula (I1) as an aqueous solution. 30 3. A process
according to claiml1l or 2 for the production of 2-18F-fl uoro-2-deoxy-

D gl ucose (18F-FDG which conprises treatnment of a solid support-bound -30
WD 03/ 002157 PCT/ GB02/ 02505 precursor of formula (I1b): P1bO 11 ~ (Ib)

SCLI D SUPPORT - LINKER-S -0111 |
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~~ OP 2h P4b0OOP3b 5 wherein plb, p2b, P3b and p4b are each independently
hydrogen or a protecting group; with 18F to produce the |abelled tracer
of formulwo(Blomis7 Pl bO O 18F (11b) OPzb P4b00OP3b 10 wremraiBu2ppidns P2b
P3b and P4b are each i ndependently hydrogen or a protecting group;
optionally followed by (i) renoval of excess 18E , for exanple by
i on-exchange chromat ography; and/or 15 (ii) renoval of the protecting
groups; andCigimgiii) renoval of organic solvent; and/or (iv) formul ation of
the resultant compound of formula (lib) as an aqueous solution. 4. A
process according to claim1 or 2 for the production of 3'-deoxy-3'-18F 2
O fluorothym di ne (18F-FLT) which conprises treatnent of a solid
suppor t - Fguom.t(il éfbﬁfdé‘so 58 for the bdUbROA bEan - B 1 MMIRY RQCIPnRHTESHRRAE82505
5 treatment of a resin-bound precursor of formula (1)

SOLID SUPPORT-LINKER-X-TRACER (H

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 (I1)

E-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 (la)

20

with *F to produce the labelled tracer of formula (li)

"®F-TRACER (II)
followed by optionally
25 (i) removal of excess "°F, for example by ion-exchange chromatography; and/or
(if) 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.

30 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 solid support-bound
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O 11 SOLID SUPPORT - LINKER -S O O wherein PIC and P2C are each

i ndependent|y hydrogen or a protecting group; 5 with 18F- to produce the
| abel | ed woas®0216f formula (I1c) O P -. PICOO O N (IIc) pCI&Bozoziosin P C
and Plc are each independently hydrogen or a protecting group; 10

optionally foll i }_rewpoval of excess 18F- , for exanple by
ign-excha%géﬂgﬁﬁ%ﬁgpgéyéﬁﬁ§p%ggd/or (i1) renoval of the protecting groups;
and/or (iii) renoval of organic solvent; and/or (iv) formulation of the
resul tant conpound of fornmula (1lc) as an aqueous solution. 15 5. A
process according to claiml or 2 for the pfgduction of 2-(1,1- d _
icyanopropen-z-yl)-6-(2-f|uoroethyl)-qpthylantno%—naphthalene ( FDDNP) whi ch
conprises treatment of a solid support] bound precyrsor of forma (1h): NC
CN 011 (1 h) SCGPHPSYRBGRT -LINK =orol ~~)N'&1 20 with 18F_ to
produce the labelled tracer of formulg (l11h) ) op?

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 (lib)

PO

,
-~
»

SN (lib)

OoP
op*®

P4b05:

10

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

group;

optionally followed by

(i) removal of excess F , for example by ion-exchange chromatography; and/or
15 (i) removal of the protecting groups; and/or

(iii) removal of organic solvent; and/or

(iv) formulation of the resultant compound of formula (lib) as an aqueous solution.
4. A process according to claim 1 or 2 for the production of 3’-deoxy-3’-'8F-

20  fluorothymidine (*F-FLT) which comprises treatment of a solid support-bound

precursor of formula (Ic):
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WO 03/ 002157 PCT/ GB02/02505 NC CN 18F I \ (Il h) optionally followed by 5

(i) removal of unreacted 18F , for exanple by ion-exchange chronmat ography;
and/ or (iwpoeesal of organic solvent; and/or (iii) formecatGRm/oafost he
resul tant conpound of fornmula (11h) as an aqueous solution. 10 6. A

process according to claim1l for the production of an 18F-|abelled tracer
whi ch conprises treatnent of a solid suppo t - bound precursor of formula
(1d) SCOLI D SUPPORT- LI NKER- | +- TRACER é# - 15 Y- is an anion, preferably
trifluoronethyl sul phonate (triflate) aninh th 18F- to producethe

| abel l ed tracer of formula (Iidyiy18F- %@CER’(Hd) 20 foll owed by
optionally (i) renoval of excess ? xanpl e by(I¢)on- exchange

chromat ography; and/or (ii) re laI n protecting groups; and/or (iii)
removal of cgcg_qyﬁlggppgkyeﬂmm@ndj_ r—(b rmul ation of the resultant
conpound of forrmula (lid) as an §queo olution. 25 7. A process
according to claim1 or 6 for th® production of 6-L-18F-fl uorodopa

(18F- FDOPA) whi ch conprises treatnment of a solid support-bound precursor of
formula (le): -33 WO 03/002157 PCT/ GB02/ 02505 Y- OP le SOLID

SUPPORT- LI NERrdity 85 of8 P2 are each independently hydrogen or a protecting group;

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

\w (”C)

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
(if) removal of the protecting groups; and/or
(iii) removal of organic solvent; and/or

(iv) formulation of the resultant compound of formula (llc) as an aqueous solution.
15

5. A process according to claim 1 or 2 for the production of 2-(1,1-
dicyanopropen-2-yl)-6-(2-fluoroethyl)-methylamino)-naphthalene (FDDNP) which
comprises treatment of a solid support bound precursor of formula (1h):

NC CN

|
. (Ih)
0\/\N OO
|

20 with °F to produce the labelled tracer of formula (llh)

SOLID SUPPORT - LINKER —

O—0n—0
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(le) P4e0 NHP3e O 5 wherein pie, P2e Pie, and p4e are each independently
hydrogen or a protecting group and Y- is an anion, preferably

trifl uorowetodpbmat phonate (triflate) anion.; wth' 8F toPpPeTachRiem®2ioke

| abel l ed tracer of fornula (l1le) OP le 18F OP 2e (lle) P4eO NHP3e O 10
wherein pie, P2e, Pie, and P4e are each ipdepeggently hydrogen or a
protecting group; optionally followed by (Y renoval of excess 18F , for
exanpl e by ion-exchange chromat ography;
protecting groups; and/or (#di) renp
formul ati on of the resultant “\cenyg ormula (Il e) as an aqueous
solution. 20 -34 WO 03/002157 PCr. 02505 8. A process for the

manuf acture of a 18F-1abelled tracer of forrmula (I1), according to any one
of claimse 1 to 7, for use in PET. 9. A conpound of fornmula (Ib) PIbO Il O~

(1b)

‘ 15 (ii) renoval of any
or gani ¢ sdlltgnt ; and/ or (iv)

optionally followed by

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

(i) formulation of the resultant compound of formula (Ilh) 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 trifluoromethylsulphonate (triflate) anion.

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

"*F.TRACER (lld)
20 followed by optionally
(i) removal of excess "®F , for example by ion-exchange chromatography; and/or
(i) 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. A process 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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SOLI D SUPPORT - LINKER-i | -O'"" \OP 2b O 3b P4b0 OP 5 wherein Plb p2b
p3b and P4b are each i ndependently hydrogen or a protecting group. 10 10.
A conpoumndoaB/obasmul a (1c): O 2c 1C ON (lc) O SOLID SUPPTRB02/0LI0BIKER - S
-O 111 O wherein Plc and P2o are each independently hydrogen or a
protecting group. 15 11. A conpound of forrmula (Ih): NCCN O/ I \ SOLID
SUPPORT - LINKER -ill -O-~N (1h) 0 12. A conpound of fornu[a (le): -35 WO
03/ 002157 PCT/ GB02/ 02505 Y- OP le %C]_I D SUPPCB;[TeLI NKER-1+ * / OP 2e

SOLID SUPPORT-LINKER—I- opP®
(le)

P*0 \
NHP™®

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 (lle)

op™

18F OPZG
(Ile)

P*0 ,
NHP®*®

10

wherein P'®, P?*, P*, and P* are each independently hydrogen or a protecting

group;

optionally followed by

(i) removal of excess "°F , for example by ion-exchange chromatography; and/or
15  (ii) removal of any protecting groups; and/or

(iif) removal of organic solvent; and/or

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

20
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(le) We0 NHPae O wherein Pte Pee, Pie, and P4e are each independently
hydrogen or a protecting 5 group and Y- is an anion such as triflate. 13.
A radi ophaorsame2isi cal kit for the preparation of an 18F-| ®caldBad/orsoacer for
use in PET, which conprises: (i) a vessel containing a conpound of fornula
() or (la), (Ib), (lc), (1d), (le), or (Ih), to as defined in any one of
clains 1 to 7; and (ii) neans for eluting the vessel with a source of 18F_

; (iii) an ign ' r of . exce 18F-; and .

opt i onal 1y (1) Proeaey BELmphiE 2 r BPRBLIE] R St i SPeatdinant
product of ftoranyl end bf ¢laings 1(tbl7afer Udd R)RETI 1 €), (lid), (lle), or (Ilh), as
defined in any one of clains 1 to 7. 15 14. A cartridge for a

radi ophar mackufli GeanPQynd ellormpia ®®)epar ati on of an 18F-labelled tracer for
use in PET which conprises: (i) a vessel coptaining a conpound of fornula
(1) or (la), (Ib)y, (lc), (1d), (le), or (1R)2 as defined in any one of
clains 1 to 7; and 20 (ii) neans for luting Heovessel with g source of

18F- . 15. A net hosof prsypploR™i gkek-disagngst.i/c PEY i age whi cHR®onpri ses

the step of using a radiopharmaceuti¢fal kit Naccofdinyg . L8 claim13 or a
cartridge for a radiopharmaceutical it accQr i to 8Faim 14. 25 -36
P*0 ab
5 oP

wherein P™®, P, P*, and P* are each independently hydrogen or a protecting

group.
10 10. A compound of formula (lc):

P2c
~ N

O S [

Il
SOLID SUPPORT - LINKER _ﬁ —o0

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

15  11. A compound of formula (lh):
N

NC._C
0 |
SOLID SUPPORT - LINKER —§ —O
TR OO (Ih)
Y |

12. A compound of formula (le):
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Y- op™
SOLID SUPPORT-LINKER—'-l+ opP*
(le)

P*0
NHP*®

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

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:

(i) avessel containing a compound of formula (1) or (1a), (Ib), (Ic), (Id), (le), or (Ih),
as defined in any one of claims 1 to 7; and

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

(iii) an ion-exchange cartridge for removal of excess "°F"; and optionally

(iv) a cartridge for solid-phase deprotection of the resultant product of formula (1n

or (lia), (llb), (llc), (lid), (lie), or (lIh), as defined in any one of claims 1 to 7.

14. A cartridge for a radiopharmaceutical kit for the preparation of an "®F-labelled

tracer for use in PET which comprises:

(i) avessel containing a compound of formula (1) or (Ia), (Ib), (Ic), (Id), (le), or (Ih),
as defined in any one of claims 1 to 7; and

(if) 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 radiopharmaceutical kit according to claim 13 or a cartridge for a

radiopharmaceutical kit according to claim 14.

-36 -



