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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 metheds for infroducing fluorine-18 are relatively slow and
require post-reaction purification (for example, by HPLC) which means that it is

15 difficult fo obtain the *F-labelled 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 methdds 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-labelied tracer
30 < .
T which comprises treatment of a resin-bound precursor of formula 0]
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As the "F-labelled tracer of formula (ll} is removed from the solid-phase into
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
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treatment of a resin-bound precursor of formula (la)
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require post-reaction purification (for exanple, by HPLC) which neans that

it is 15 difficult to obtain the 18F | abelled tracer for?ébiﬁni cgl ﬁg I n
good radi ochenical yield. There is also a need for auto grm %'Qlé t ect

the operator fromradiation exposure. Many radiofl uorinafons are
conplicated procedures and it is necessary to sinplify themto facilitate
automation. 20 The present invention provides solid-phase processes for

produci ng ' | Fvbesedidred tracers quickly and with high %Qq&jnulﬁsoﬁlct ivity yet
avoi ding time-consum ng purification steps, such that the resultant

78F-1 abell ed tracer is suitable for use in PET. The solid-phase nethods
al so lend thenselves to automation with advantages of ease of production

and greater thiSQLENSUPPORTEINRERYA, ANTRATERZS ggPNPr i ses radi ophar maceut i cal
kits which use such processes and t*hus prmﬁzdgg)ot he radi ophar maci st or

clinician with a convenient neans of preparing an 'IF- labelled tracer. The

I nvention prov'\,‘,ﬁﬁypqoquﬁ;@%g @Bﬂwgg%gg%ﬁh%ggp of an 18F-1abel | ed traCfar1 3

0- which Conprises treatnment o ecursor of formula (1)
29 Decenber 32005 5 WD 03/ 002157 PCT/ GB02/ 02505 SCOLI D SUPPORT LI NKER X

- TRACER (1) . V\keﬁ_krﬁ;,\%%g%:a)produce the | abelled tracer of forrmula (I11) 'OF
- TRACER (11) As the labelled tracer of formula (11) is renoved fromthe

sol i d- phase i nfolowesiiyudptionallyal | unreact ed precursor renmains bound to the
inmple filtration, thus obviating the

resin and can ae 3.0 s&gﬁaratfg%i_ % sinpl e |

need for conpl WIEPRR! BRI 1 o exanple bisionristhengs chapmaography; amion abel | ed
tracer of fornil) @mboldibf ARYproRcEIFFORE: HtiioLy renoval of excess F, for
exanpl e by ion-exchange chromat ogr aphy and/or by renoval of any organic

sol vent. THe r@{amoxpkof ogranicaebventandioracer of forrmula (11)
(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-




may then be further nmade-up into an aqueous formnulation for clinical use.
15 Exanpl es of tracers which may be 18F-labelled in the ner -of t

i nvention include 2-fluoro-2-deoxy-D glucose (FDG, 6 fggﬁleg@f]}b%éﬁgg
(FDOPA), 3'-deoxy 3'-fluorothym dine (FLT), 2-(1,1-dicyanopropen-2
yi)-6-(2 fluoroethyl)- methylamn no)-naphthal ene (FDDNP), 2-, 5-, and
6-fluoro (2(S) 20 azeti nyl nmet hoxy) pyri di nes,

N-succi ni m dyMo-oddBFJf | uor obenzoate ((18F]-SFB) and pepiidBnsed N Preferred
aspects of the invention, the tracer produced is select eo{ rom FDG FDOPA,

FLT, and FDDNP narfd I s nost preferably FDG or FDOPA. In the conpounds of
formula (1), X9rarng &, nonpprieeph P&?B%@sb?ﬁﬁzﬁwpﬁslmdium&y@mesbﬂ fution at a
speci fic site walkyliainal forekarbid R ,-EX(Q | ' ude --SOP0- as in
formula (la) bel owé | +as in fornula ?‘I' ) L@%@vﬁ%ﬁt@@@%‘eaﬁw M as in
formula (If) DBRORP °8Fiadno atia stemperghier of t Heto BOWNtdptimaly alvardisisnta pr ocess

for the produchingdafifre #f alBki I@F&hl% Whi conpri ses treatmnent of
a resin-bound prgg?rsor gf "grdr‘r)u ane &E‘ggg%hfﬂﬁ'e eqx%(éc‘%@ﬂ

SUPPORT- LI NKEFRaRe Tweucihen (bie) reitoved: fromMthe solid sippoft Wi washidg At Rher
the attached TRACER, with

nucl eophilic¢ LtHEd . ecifi,c site o ]

18F- to produ?émtﬁ’h% Pfabé;{] |"§l‘%ft ta‘\‘r"Z‘%Ef PN 25 rFﬁl"éOan'fﬂi-) dichigromethener @71 1) . A
process for t lRirghydetizain.on of an 18F-1abell ed tracer which may conprise
treatment of a resin-bound precursor of fornmula (la) 29 Decenber 2005

HO” N  Tracer

Tracer (1a)

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

..




WO 03/ 002157 PCT/ GB02/ 02505 SOLI D SUPPORT LI NKER- SO2- O - TRACER (1a) with
18F to produce the |l abelled tracer of formula (Il) 5 185%1'5RACEbR (éob‘)s
foll owed by optionally (1) renoval of excess "F, for exa CGEW er
i on- exchange chromat ography; and/or (11) renoval of any protecting groups;
and/or 3.0 (iii) renoval of organic solvent; and/or (iv) formulation of the
resul tant conpound of forrmula (lI1) as an aqueous solution. In the conpound
of fornmula (M&ARKE TRACER is suitably FDG FLT, FDDNPCco&n@wo2spy ecur sor
thereof in which one or nore functional groups have been protected, or 2.5
an activated p I FDOPA. .Mbsi sujtably, the TRACER in the conpound
of formula (Ia§ |st§%°§§heafe%%ﬁe§ m?mﬁ@mfgem%mmmm@emm 1, the
conpound of f domeximiéed @acivity. HftabR e DINKER gso%r ul phoni c
acid functi on_ﬁ@%épgﬁlo%er cl al Icy Igvai | abl e ?6554&%1 6&&}%"?{%@%%?% field
Resi n, NovaSy YBR) 3asiior g C.¢ aliad pbbrahalgalioh (rafiebly Omitfiogroaliyl), watly r ene,  or
Vang Resi n whiapionaly oftSto] VK ard i na..agent ,to give the
correspondi ng ?Si ph%n';h/ftogﬁﬁgél gal‘r’ﬂéricp%r%l @ﬂpgéﬁn@% %’g’dﬁg?#pg'&“?fﬂpeby
treating tihe reYps. Eaimplesobsuchinkers ase welhowph to these shiled in @i @t dfdslid-phos phor us
trichloride, gk L .thionyl chloride, in an 25 appropriate
i nert sol vent q?ﬁ%:élhéhfgmc}%hﬁ?}cgﬁé’t hane, chloroform or acetonitrile, and
heati ng at el evated
may then be remmig ;
inert solvent. T phionyl chl or
al cohol anal ogue of "tThe tracer to produce thess s
formula (la). This 30 may be carried out by treat
solution of the alcohol in an inert solvent such as
di chl or onet hane, acet oni tFri le, or tet rahy);[rNQJfolr an

H

Lenperature for a

i od Of aliyime. The excess reagent
the resin

shi V}Dth further portions of the
) then he reacted with the
p@und precursor of

[he resin with a

chl orof orm

F F
C, galky! ?wa'gY’F e FF
N /0 F N #
~ \C
&SRB "
F FF
Ci31 oalkyt FF FF
N
HOM R
10 OF F F F

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




-3 29 Decenber 2005 WO 03/002157 PCT/ GB02/ 02505 contai ning a

non- nucl eophi li ¢ sol ubl e base such as sodi um hydri de or trial kylam ne,
for exanple triethylam ne or diisopropyl ethylam ne. The ?%QE?‘?‘@‘?F’%@‘ be

carried out at a tenperature of 10 to 80Cl optimally at anbi ent
tenperature for a period of fromaround | to 24 hours. The excess al cohol
and 5 base may then be renoved fromthe solid support by washing with
further porwoon®sf an inert solvent such as chl or of ogdfGEdigblsor onet hane,
or tetrahydrofuj-an. Scher | 3-0 Linker HOL O ill Linkers I1"Q O S02C

Tr acer Tracerg&%ﬁé ln the conpounds of fornulae (1) and (la) and in the
fol | owi ng mor € SR PP @pparepidethe persemeldlied e tisi st it dycbe BRcs@IBHPPORT'  may

be Used In {he or oemusal GoursiBROACR bl AR S G b an Do
coval ent | y bodRdiopsliagprosessoSughiproteblion mp®ielaEhiStsRRERY standrdifetpas yner s such
as pol ystyrenes bty JBp GEmi9C Kter the radiolabelling is complete, any protecting
'S groups may be removed by simple procedures which are also standard in the art.
Suitable p.rote;ction and deprotecﬁon methodologies may be found, for example,
in Protecting Groups in Organic Synthesis, Theodora W. Greene and Peter G. M.

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




grafted, for exanple with polyethylene glycol), polyacrylam de, or

pol ypropyl ene or glass or silicon coated with such a po el . I d
support may be in the formof snall discrete particlesé%g‘éc%{g %9@

pins, or as a coating on the inner 20 surface of a cartridge or on a

m crof abri cated vessel. In the conpounds of fornulae (1) and (la) and in
the followi ng nore specific aspects of the invention, the "LINKER' may be
any suitable g,rog%@%’c group which -4 29 Decenber 2005 WD 031002157

PCT/ GBO210250 25 to space the reactive site suffi cREHERIBISOom t he
solid support structure so as to nmaximse reactivity Suitably, t he LI NKER

conprises zer o dvapdrétia | nd/ or, al kyl
or C, .6 hal oal kyl (sufltag%l}“at%‘@%?iadﬁo‘?}gg?%pﬁ#bpg% (f'p eﬁ'iqé’lfin?’tgﬂ% to four
addi ti onal fun@t‘?*bﬁﬁeﬂftf@euma@u@herahemm or sul phonam de 5 groups.

Exanpl es of such linkers are well known to those skilled in the art of
solid- phase chem stry, but include: o- }:o CG-,alkyl N50i, O

G -6al kyl F F Before Nse ibfdhé)“F—lEbdﬂedthdS@riﬁirﬂy Bé aﬁﬁﬁbmﬂé I onRMG®: itYob S an
i nt eger of g t Qenold é "
ple as an aqu ous sotutxon by dissolving the “F-abelled tracer in sterile
isotonic saline which may contain up to 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):

~ SOLID SUPPORT - LINKER—S () :

15
wherein P™, P%, P*, and P* are each independently hydrogen or a protecting
group; '
with *F" fo produce the labelled fracer of formula (lib)
p**Q
5—0
1'F Wi ("b)
: \op"’
P4b0 OPSD,
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~



the person skilled in the art, it may be necessary to pr, ct fu i_onal
groups in the TRACER to avoid unwanted reactions during lzﬁterﬁ’cf"gg?r%gel l'ing

process. Such protection may be achi eved using standard nethods of
protecting group chem stry. After the radiolabelling is conplete, any
protecting 5 groups may be renoved by sinple procedures which are al so
standard in twaossmpdtsy Suitable protection and depr ot ectcppimbdodol ogi es
may be found, for exanple, in Protecting G oups in Oganic Synthesis,
Theodora W G ter M Wits. published by John Wley & Sons
Inc. 10 Treat @ﬁﬁ@%%ﬁ%@@%%@ﬂl a (1) or (la) with 18F nay be
effected by t(igaemevt ofwrgdnicsivedtmicidd € source of 18F, such as NalS8F,
K18F, Cs18F, bﬁ&r aa_bﬁglcﬁgvoni um 18F fluoride, or tetraal kyl phosphoni um 18F
fluoride. To Prgianon ¢ dne rgsidiant compousd of feamylz (1) asien aquepiinsolttion.ansf er
catal yst such as 4,7, 13,16, 21, 24 hexaoxa- 1, 10-di azabi cycl o(8, 8, 8]
hexacosane nay, be added and i5 the reaction performed in a non protic
sol vent . Theselnddgermenaynd offorraula dblihe UMKERs preferably i ons. The treatnent with
'8F is suitably effected in the presenge gf;a suitable organic solvent
such as acetonitriie, dinethyl m de ! ﬂéX. Fgt hyl sul phoxi de,
t et rahydrof uran, di oxan, 1, E't}qan V-sul phol ane, N
met hyl pyr ol i di ni neone, at a non=eXtrene ernaidure, for exanple, 15C to 20
180C, preferably at el evated tenper atur@.F | etion of the reaction,
the 1817- labelled tracer of fornula (11) dissolvedrin the solvent is
conveniently separated fromthe sol&d- ha bnyi |tration. The sane

|

fluorination techniques may pe wsed FisdYh ol | ng nore specific aspects
of the invention. 25 Any e .@ 3F e éomthe solution of "6F
tracer by any suitable 0 n

OF F FF
wherein n is 0 to 3, and is more preferably
CH.CH.
N #
P
O
| FEEF
éQV“M Kk
O _
10 OF F FF

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




means, for exanple by ion-exchange chromat ography or solid phase
absorbents. Suitable ion-exchange resins include Bl O RA gﬁg 7- Se@r 5V\aétters
QVA and suitable solid phase absorbents include al um na? EepRY Y95 1 gp
may be renoved using such solid phases at roomtenperature in aprotic
solvents. 30 Any organic solvent may be renoved by any standard nmet hod such
as by -6 29 Decenber 2005 WO 03/002157 PCT/ GB02/ 02505 evaporation at

el evated tenperature in vacuo or by passing a streamof inert gas such as
nitrogen or argon over the solution. Before use of the 18F-|abelled tracer,
it may be approprpredegs st the prdbclib® of B-ddcry-3- B Gl RidRe (BR-FRTYRAKE
solution by dissoglvin .t?e 18F4abel Hed tracer in sterile isotonic saline
whi ch may cont al'RY HERe158imsHt ol 2 sglid syppert-pynd Arecusser ofdermula (9 as et hanol |
or a suitable buffered solution such as phosphate buffer. Qther additives
may be added such as ascorbic acid to reduce radiolysis. 10 A process for

t he production of 2 '$F fluoro-2-deoxy-D glucose (18F-FDG which my
conprise treatnent of a solid support-bouhd precursor of formula (Ib): P bO
SOLI D SUPPORT - LINKER-~ S~ -Omm 0 }& P erein Plb, P2e, P3i', and
P4' are each independently hydrogen or prptecting group; with ""F to
produce the | abelled tracer of g nul zle P1b0

Ic
‘ 2 e
SOLID SUPPORT - LINKER ——ﬁ -0
. 0
wherein P*® and P* are each independently hydrogen or a protecting group;
with F to produce 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




p460 2a wherein P'b, Pxb, P 3i% and 1341 are each independently hydrogen or
a protecting group; optionally followed by 25 (i) renov of exc 18F-
for exanpl e by ion-exchange chronmatography; and/or -7 29 88%6?&;%5 WO
03/ 002157 PCT/ GBQ2/ 02505 (ii) renoval of the protecting groups; and/or
(iii) rermoval of organic solvent; and/or (iv) formulation of the resultant
conpound of fornmula (lib) as an aqueous solution. in the conpound of

formula (1b) {oRshh¥KER is preferably Ci-,alkyl F NO FFF
wherein nis O to 3, and is nore preferably CH 2CHJ F gcéigsegozglslz and the

SCLI D SUPPORT is suitably a polystyrene resin. or Renpval of any protecting
groups fromt heatt%ﬁ-'pﬁﬂ!tﬁfd%dhe groineratichhydrosty) groups aleeprotected as esters, suitably

Cs alkyl esters, preferably as acyl esters. Ester 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 adid or base catalyst
5 that renders the need for post deprotectidn 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)



effected by standard nethods as referred to above. In a preferred

enbodi nent 15 of this aspect of the invention, the sugar % droxgl gups
are protected as esters, suitably C,.. alkanoic esters, I%é
acetate esters, or as ethers, preferably Cl.6al koxy nethyl et hers,

acetals. Ester, acetal, or ether protecting groups may be convenlently
renmoved by hydrolysis, for exanple in the presence of acid or base; Such
deprotection ffected on using solid supported se 20
catalysts-théﬁa¥gﬁ e? the need for post deprotection ngﬁ#%§§%§% i on
unnecessary -a 29 Decenber 2005 5 10 A process for the production of

3' -deoxy-3'-18F-fl uorot hym di ne (18F- Flgpre whi ch nay conprise treatnent of
a solid support-bound precursor of fg la (l1c): PL"O 0 SOLID
SUPPORT-LINKER ' --~'r"-0 0 whergin Eﬂ§)~ are each independently
hydrogen or a protecting group; 0 produce the | abelled tracer of
formula (lie) Plco sat wherein P /and P2c are eacflg} ndependent|y hydrogen
or a protecting group; optionally ffollowed by is (i) renmoval of excess 18F
, for exanple by ion-exchangsgchrdpat ography; and/or (ii) renoval of the
protecting groups; and/or (ii) e wb* of organic solvent; and/or (iii)
formul ation of the resultant cofpound of formula (Ilc) as an aqueous
solution. 20 The am ne and hydroxyl functional groups in the thym dine

precursor are 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

(if) conversion of the ~C{O)CF, group to a hydroxyl group; and/or
(iit} removal of any protecting groups; and/or
(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-




suitably protected using standard nethods as referred to -9 29 Decenber
2005 WO 03/002157 PCT/ GBQ2/ 02505 above. Suitably, the amFQB and %yé gxyl
groups are protected as esters, suitably Cl4 al kyl este ,eﬁ?r@? 9 y as
acyl esters. Ester protecting groups may be conveniently renoved by

hydrol ysis, for exanple in the presence of acid or base. Such deprotection
may be effected using a solid supported acid or base catalyst 5 that
renders the ngedsh@fs;pPost deprotection neutralisation u SRy | n the
conmpound of (lc), the Linker is preferably: 0 O t S N iereltn nis 0 to
3. 10 The TRACER in the conpound of forrmula (la) nmay be a peptide or

protein such as a peptide conprtsi ng BHﬁHQFtoFlFOOO am no acids. 15
Di scl osed herein, there nay Be idef.lj\a,Ppr es¥y fop the production of 6-
18F- fl uorodopa (18F- FDOPA) corpr i €es t of a solid

support-bound precursor of formula (lQ): SO D SUPPORT- LI NKER - =
--0--{\ /}--C(OCF3 OPIGO O F F

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):
NC._ _CN
¢ |
SOLID St - s
D SUPPORT - LINKER ﬁ 0\/\14 OO (Ih)
Y I
with *F to produce the labelled tracer of formula (lih)
NC. _CN
I
- O T (i)
\/\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—




20 wherein P9, P9, and P" are each independently hydrogen or a protecting

group such as t-butoxycarbonyl; with 18F to produce th abel-] ed, tracer
of formula (I1g) -:0 29 Decenber 2005 WO 031002157 PCT/ CED PG%%%’ZO@' 9
C(O) CF3 P1190 wherein P9, P ~ and P49 are each independently hydrogen or a
protecting group such as t-butoxycarbonyl; optionally followed by 5 (1) -
renoval of excess 'IF , for exanple by ion-exchange chronmat ography; and/or
(i) conversivayypfaghe -C(O CF3 group to a hydroxyl oregpee@iser (iii)
removal of any protecting groups; and/or (iv) renoval of organic solvent;
and/or (v) fornmulation of the resultant FDOPA as an aqueous solution. 10
The hydroxyl functionality of the DOPA starting material may be

conveniently protected as esters, suitably C -r, al kanoic esters,
preferably as acetate esters, or carbonate esters such as t-butoxycarbonyl

esters. The a¥ith“Fuiedrodvoaihetsbeliedtrimer pifomett @d) as a O ., al kyl ester,

preferably ethyl ester Is and the am ne functionality may be protected as
an am de preferably fornyl or as a urethane, preferably as
t - but oxycar Bon{F-TRAEERafil) Ester fornyl and urethane protecting groups may

be conveni entl ved by hydrolysis, for exanple in the presence of acid
or base. Such %’)gé)v?egb quhg%llymy be effected using a solid supported acid or

base cat al yst s(itrmbval efukessstFe, o 8gbniRs byies-bxcHERJeLhRtdioflapty; A&t al i sation.
unnecessary. C‘() version of the -C(O CF3 group to a hydroxyl

u)nremoval of any protecting groups; andjor

(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-




group, may be effected by treatnment with an oxidi sing agent such as

nmet a-chloro perbenzoic acid, followed by mld acidic hy | ysi-s.
particularly suitable LINKER is 29 Decenber 2005 5 WO 0%@6%‘1@6”%38% he
solid support is suitably a polystyrene resin. PCT/ GBO2/ 02505 A process for
the production of 2-(1,1-dicyanopropen-2-y)-6-(2-fiuoroethyl)-

nmet hyl am no) - napht hal ene (FDDNP) which may corriprise treatnent of a solid
support boundygys fsgor of formula (Ih): with =8F to prg -9 | abel | ed
tracer of formula lh) NC_,CNIlI "~""N 00 SOID -LI NKER - S
-0 t8F 10 optionally followed by (i} renoval - of unreacted 18F , for
exanmpl e by i on- EXBPRAE ef fermulntid) sapy e ispparatadbyfiititian ard washing mifiy ah ineft or gani c
sol vent; and/or gf{dre) formulation of the resultant conpound of fornula
(I'l'h) as an aqueous solution. 2-0 A process for the production of an
1817-1 abel l ed tracer which may conprise treatnment of a solid support-bound

precur sor o 1 Oyl Brddtha 3ok T PETHDAER: bl b bhprisct?
5 an aryl group (suitably phenyl) adjacent fo the I* . Preferred examples include

‘0/—>('
OF Or

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-




29 Decenber 2005 WD 03/002157 PCT/ GB02/ 02505 with 18F to produce the

| abel l ed tracer of formula (lid) 5 18F TRACER (lid) fol onaIIy
(I') renoval of excess 18P- , for exanple by ion-exchangeﬁgnﬁgﬁaﬁaggg%
and/or (ii) renoval of any protecting groups; and/or (iii) renoval of
organi ¢ solvent; and/or 10 (iv) formulation of the resultant conpound of
formula (lid) as an aqueous solution. In the conpound of formula (ld), the
tracer is sui wajysdead? aryl containing conpound such aspampiBihs cont ai ni ng
compound, preferably a substituted phenyl ring. In one such preferred
aspect, the tracer prepared is FDOPA. 15 The conpound of fornula (1d) may
be conveniently prepared froma functionalised -commercially avail able

resin such as inl & Gl utably, a .

hydr oxyi odoar yI Esuch atg:l aﬁ%@}géﬁoﬁ&dgﬁfﬁ%ﬂﬁbhﬁ?@éﬁfarp&zfﬁcfiﬂg treated
wi th an inor gangroun»amtz‘/ is an bniassiwhdsWifiagnr bonat e and then added to the
resin, 20 pre-s k t sol vent, such as N, N-di net hyl f or mam de
and al l owed to a%'[{o J&P%@‘&t'%&'?@fﬁﬁf‘éftf ia {lg) exanpl e 30 to 80C.
Excess reagents may be renoved, by washing the resin with further inert

sol vent. The resultant iodophenol functionalised resin may then be
treated with a source of acetate anio ’Pfsuch as actetic acid, acetic
anhydride, or acetyl chloride) in e{ presence of an oxidising 25 agent,
such as hydrogen peroxide to [ hepp®r r espondi ng di acet oxy-

| odophenyl functionalised resin. "di acet oxy- |@g§phenyt functionati sed
resin my then be stirred in an i/nert solvent, as dichl oronet hane, in
the presence of acid such as hydyochloric acid trifluoromethane sul phonic
acid, or acetic acid at a #w exper at ur e, SU|tany -40C to 10C before
addition of the tracer, suitab HP*unct i onal i sed as a boronic acid or
trialkyl tin derivative which gy be coupled to

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 Cis alkyl esters,
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 thie 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-




the resin at a non-extrene tenperature. As in previous steps, the desired
-13 29 Decenber 2005 WO 03/002157 PCT/ GB02/ 02505 conpoung gf fOﬁanﬁ (1d)
may be separated by filtration and washing with an inert2? 5§P%BA¥ 2008 t he
conpound of forrmula (Id), the LINKER is as defined above but conprises 5
an aryl group (suitably phenyl) adjacent to the |+ . Preferred exanples
include In the conmpound of formula (1d), Y is an anion, preferably
trifluoronet ) nate (triflate) anion. 10 A process _for _the production
of 6-L-18F f%r%g%’g%g (18F- FDOPA) whi ch may conprise tFE&HE? ot a solid
support bound precursor of fornmula (le):- 20 15 -14 29 Decenber 2005 WO
031002357 PCT/t B02102505 wherein Ple, P2 , Pte, and P * are each

i ndependent |y hydrogen or a protecting group and r is an anion such as
triflate; with Digtosed herein tbere ihprovidied lal mrocess darahe pfodhciomer a-,(8-ice)p-5 OP2e

PAc0,uher o PRy SMATIRA A IIERSPCHSRRHEAA - (o

protecting grou&i 10 optionally
exanpl e by i on-34¢fHRRGE-LEMdARAUBSF affagnulatRl or
B .
HN
o)
R ()
SOLID SUPPORT - LINKER—At
R 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

20 the present invention. Thus, for example, compounds of formula (la), 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

~16-




(ii) renoval of any protecting groups; and/or (W renoval of organic

solvent; and/or (iv) fornulation of the resultant conpou of forrmula (lie)
as an aqueous sol ution. 35 The hydroxyl, amine, and aci dggﬁ’ﬁ&?m@?fgﬁf’gy of

the DOPA starting material nay be conveniently protected as esters,
suitably Cl1.6 al kyl esters, preferably as acyl esters such as

t - but oxycarbonyl, or ethers, preferably as C4.6 alkyl ethers, or am des.
lysis, for

These protecti s may be conveniently 20 renoved by hydro
exanple in theagvg@@#ge of acid or base. Such ‘deprotect¥6ﬂz e effected

using a solid supported acid or base catalysts that render the need for
post depr ot ect i Bigseidinvestionsat i on unnecessary. In the conpounds of fornula
(le), preferred LI NKER groups are as described for 25 the conpounds of
formula -(1d) and the SOLID SUPPORT is suitably a polystyrene resin. -15

29 Decenber 2005A8\@Ie8&bAA 24dtnhe PEE %@%{ag IcRC el here is

provi ded a process folﬁqqg& " rgduction 0 %Qﬁ gcﬁoéﬁg?pﬁita%ﬁ%&sse% fr

-3-(2(s) - azet i difiyPHE 53 pirbelled teasermstindludenthe relative spaedt ofdha prcess)f a

sol i d suppor ts basinghified ESBh égﬂ&ﬂ-i@ pf) s ] | D SUPPORT-

LI NKER-- Rf' 10 V\hgreiﬁmtﬁhe gpic%ﬁlggg areg{é%%%"a%ﬂﬁ%@m%mé?‘g@?ed from

ClL .B al kyl; wiH®cessss arg spitafde e prdperatiob of P thbbleaiCkscend fof asenl PET) i t)
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.

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~



optionally followed by 15 (i) renoval of excess '8F , for exanple by

i on- exchange chromat ography; andlor (ii) renoval of organic solv X
andlor (iii) fornulation of the resultant conpound of fo?ﬁtﬁﬁ@???ﬁ@bas an
aqueous solution. 20 Sonme of the compounds of formula (1) are novel and
thus form enbodi nrents of the present invention. Thus, for exanple,
conpounds of formula (la), in particular those of foomma (Ib), (lc), (l9g)
and (1h), and conpounds of formula (Id), in particular those of formula
(le) all as defined above, form separat gwgnbodi nents of the -16 29 Decenber
2005 WO 031002157 PCT/ GBQ2/ 02505 prgient‘ihve tion. As de=bed above, the
advant ages of such |l d- e cdbses for repar ati orftbdf ' 8F-1 abel | ed
tracers include theéégﬁg?#eﬁfé égé%?ﬁ theprogks8\ s, sinplified
purification methods and ease of autmatj o=l | of™whi ch mean that the
processes are suitable for preparation B9 18F-oribel | ed tracers for use in
PET. Accordingly, the present invention provides the use of a process for
the manuf actvhereind?™®, 2% |2, | a1 exd dach dreleparidehty hpadrageh br o pwotedtinga to 11 h)
for use in PEL 1.0 Conveniently, the solid support bound precursor of
formula (1) oul'd be provided as part of a kit to a radi opharmacy. The kit
may contain a cartridge which can be plugged into a suitably adapted
automat ed SyAtdRRIaSHdct ofthe intéibh bRRReSB ¥omSURl 3t rm@R Qe from the solid
support-bound. precursor, a colum to renove unwanted Tluoride ion, and an
appropriate vessel connected so as to allow@he 3.5 reaction mxture to be
evaporated and all ow the product to be geor m| as required. The
reagents and sol vents and ot her consunmabl &g gqUired for the synthesis may
al so be included together with a cargact d arrying the software which

all ows the synthesiser to be operatgad™\m a so as t@heet the custoners

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-




requi rements for radi oactive concentration, volunes, tine of delivery etc.
20 25 Conveniently, all conponents of the kit are disposable to mnimse
the possibilities of contamnation between runs and may<b&eceapena00zang
qual ity assured. A second aspect of the invention provides a process for
the manufacture of a 78F- | abelled tracer of formula (I1), as described
above, for use in PET. Athird aspect of the invention provides a conpound
of fornmula (Ib) 29 Decenmber 2005 PtbO O SOLID SUPPORT - [.INKED--S --0"-,
| OP2b wherein pl P2b, P3b, .and. p4b are each independently hydrogen or a
protecting Qr Bf)’fﬁhﬁs?’%ﬁﬁr"f ﬁ#eag‘ﬁf‘é‘lt'f’ﬁo‘?’o‘f@f'é ?rﬁ‘@?ﬂ"iaﬂ?;cﬁi‘tt?ﬂ E‘Eioraﬁxﬁorrpound of
formul a (I c)preparpticiDat(iPRaeTled tradeNSERah @ET| whibl congpiided?l ¢ are each
i ndependent |y hyd . pr ot i oup. A fif peat, qf the
| nvent 1 on privi des PR el RpblRb b ok 0 o 1) b B G MBeR T Liwer
- --5 ---0if a (hgsdefnedspetand the invention provides a conmpound of
formuila (1e)g)r -HBhr Qi FeRBCRTwht MsFRos oferd - ) -OF 19
(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.

~17b~



Poo wherein Ple, Pee, Pie, and Poe are each independently hydrogen or a
2005

protecting group and Y is an anion such as triflate. - 29 Dece r
A seventh aspect of the invention provides a radiophar négé’&??fea?f%g for

the preparation of an 18F-labelled tracer for use in PET, which conprises:
(1) a vessel containing a conpound of forrmula (1) or (la), (Ib), (lc),

(Id), (le) or ON as defined above; and (ii) nmeans for eluting the vessel
with a source of 18F; (iii) an ion-exchange cartridge for renoval of excess
18F ; and optionally (iv) a cartridge for solid-phase deprotection of the

resul tant product of formula (11) or (I1a), (fib), (Ile), (I1d), (tie), or
er, 2005 An ei ghth aspect of the invention

| 1 h) as defi ned, abov 29 Dece
.y ’?"bg&'gﬁﬁ‘r aspect A8 offifar PN JAPVISES R orCafiFidosr M5ardti on of

provides a cartr
an 18F- | abel | ed radiepearmbesutivatekit for theEpFepstatin of anPii-RBsled(traceR fores6 &
(lec), (1d), (le) or

containingacogiplu‘w Ja (1) or (la), (Ib),
(I'h) as define abo@gﬁg%r&%{s i) nmeans for eluting the vessel wth a source

of 18F. A ninth (eResk ' h@ ' t hod  f0 jning a
i agnost o PET T aaoc it ch ot SYRRhB BRE G%F (8, 15, 19} 04Pe e A
radi ophar maceut i ¢ ned ghover angdy ¢ v dge for a radiopharmaceutical kit as

descri bed above (i) ieans fov€itiigtfe Wedsbl vi@\4 Lftirceldf 1Bpstrat ed by way of the
foll owi ng Exanpl es. Throughout the Exanpl es, abbreviations used are as

follows: DWF:. N, Ndirnethylformamde wyv : weight/volume h : hour(s)
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
Step 1 Synthesis of Methyl 4,6-O- benzylidine-a-D-glucopyranoside

-18-




tic : thin layer chromatography THE : tetrahydrofuran eq.: equivalents

Exar pies Fxa~_npfe 1. -San-thesis of 2 8 tluoro-2-deo ucose
Ititernediate 1 Pre aration of Methyl -4-6.0- ben idine- gng?‘?ereﬁ%ﬂ@I

~D-mann noside e 1: nthesis of Meth | 46-0- ben idine-a-nU luco ranosi d e
-18 29 Decenber 2005 WO 03/002157 F' PCT/ GBQO2/ 02505 Followng literature
Evans, M E. Carbohydrate Research (1972),21(3),473-5, Methyl- a

- D gl ucopyr anasisz@erié7Al drich, 257mmol) in DMF (200mL) BRlsed wWith 5

a, a-di met hoxy toluene 39.0 g 251mmo1) and tol uene sulgﬁgﬁlh% acid
nonohydrate 10Qpg in a 11 round bottonmed flask. This was attached to a
Buchi and evacuatg and r ot at @6luend Wphdricasdd Was Iovvered into a water bath
at 65C and t he HQME bowed to gently reflux i Re—gapour duct but not

to distil out. TRg ure of ThE water K oai sed to 10.0 C
and the DVF distifled romYthe 10\readtion. W& the 8" n of the
reacti on was conpl etté the reactio 2 cooled and.tr gAted with sol ution
of sodi um hydrogen carbonate (5g) in water (750m) and egshyl al cohol
(250mL). The reaction was heated t Con a water bath and stirred until

t he product. becane finely dispers he reaction was then cooled to 4C
and the product filtered off washe Il with water and dried in 15

vacuum mp. 207-208.5 Ste P 2 Pre -- aration of Methyl 4.6-0- ben idine-3-
et o meth -a-Drofiowing fiterature Evans, M. E. Garbohydrate Research (1972), 21(3), 473-5,
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  vacuum.
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
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20 g luco ranosi de Methyl -4, 6- 0O benzylidi ne-a-D-g | ueopyranosi de,

(19. 2g,68muvol e), ethoxynethylchloride (9.7g, 81.6mmol) -
t et r abut yl anmoni um hydroxi de (5nml -19 29 Decenber 2005 2@6%‘?%?&95

PCT/ GB02/ 02505 of a 40% w v solution) in dichloronmethane (150m) was
stirred vigorously wwth a 10% aqueous sol ution of sodi um hydroxi de (200ml)
at roomtenperature. After 5 hours the aqueous phase was replaced with a
fresh sol utl%og ,1:0% aqueous sodi um hydr oxi de (ZOOmL} t o which

t et rabut yl anmoni urm hydr oxi de (5l of a 40%s w v sol ut POHTE¥E®added, and
rapid stirring continued overnight. The organic phase was then separated
dried over sodPimfi%Mpnsaldionyinl diehlaparictiand (1 50pREs Shirred RigBrousiAWes a

chr omat ogr aph n hyl acetate 2 on silica
devel opeg bs Zpgjafﬁggol{/é\n% IIHEI ﬁ%@%ﬁ%&%&éﬁw@aﬁ?@n(@w%ﬂkrﬁnm cat ed
the presence béurs Hreemqueoys mia&yhakeébléﬁéﬂmtasffesqyoﬁiﬁ@ﬁ%{ PR BfudsSi 11 ca (1

kg, dry 7.0 wej | radi ent of 40-60 hexanes-ethyl acetate 2:1 to 1:
gave three fra%ﬂq%%g dﬁf%'ﬂ ?!%ﬁqqr!ktoMﬁ%&m@eﬁyfﬁwm@mﬂw@w@m(ﬁmlomw -2,3, -

di et hoxynet iyl w Gluﬁbn el Wﬁ{

Met hyl - y_ et%o\‘g ﬁe%ﬁy pﬁ@@jﬁﬁaﬁﬁgﬁ ghat- 3 uc%rano@ de&%ﬁr action 3:
Met hyl 3- etho loverSptivai stlphate B Ieunpomjemnomwm BEinStep 3
Preparati on of

gl ugopyr anosi dlgﬁgfgﬁrgfﬂ_ }%ﬁﬁt&hﬁ? %E@ ﬁﬁ‘ggﬁ%%ngﬁl Pa\?eéagté;@)&?r?@}'f;ﬂyl a

- D- gl ucopyr andisivelepgddy, Sp&ym@wdtnbc}ncaﬁﬁnm fblybdatelsué dfoveEhdiddisdthé oxi de
(50ni) and ac%@n@ Hyﬂ’:eeq'l wa%kyﬁ%d uc?s nbhromatography on silica (1kg, dry

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-ethoxymethyl 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.
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tenperature for 24 h until the reaction wll be adjudged conpleted by tic
(Petrol ether/ Ethyl acetate 1:1). devel oped with cerium amopni um

nol ybdate. The solution was then diluted with diethyl egR&ecemberdd0Sang
washed with 10% aqueous potassium carbonate solution to hydrol yse the
excess acetic anhydride. 25 The ether |ayer was separated. and washed wth
water (1 OOM ). The ether layer was separated, dried over sodium sul phate
and concent rg%ed in_vacuumto give a crystalline solid. Reaystallization
from et her/ p&%8PHAve 1.5 g of Methyl 2 keto-3- et hoxPFHEBAHSES 6- O-

a- D- mannopyranoside 0- .0 O-' Methy y y _

4,6. O benzyl i &P?@—Bﬂ@%?iw opyranoside (0.5g 5 1.3mmol) in methanol (50m) §

THE (10m ) was treated with sodium borohydrjde (200ng, 5.3mol) at room
A4

tenperature with conti nuous st ' peaction was then concentrated
in vacuumto a gum and the pr palg bet ween ethyl acetate
(50mM ) and 10% aqueous pot assi um car bo € solution (50 m). The ethyl
acetate solution was separated, dri over sodi um sul phate and concentrat ed
in 10 vacua to gi ve nmethyl 3-ethoxymethyl 4,6-0- benzylidine- a
- D- mannopyr anddatiyd. 2 fetanBhathakghthir Qﬁ@-&ém@ﬁdi@a—p-gIucogyranoside 50.5? o
ner f | uor Oblét ages- 1rh - bi S'ﬁuﬂ%%lﬁ%?ddﬁ (Faoll owi ng the nmethod of Weim ng
Q u and Donal d™J" 'Pt"@ﬁ)} a ( B Tt (19mDrwasdrepied i horokysiride 993)
93-100.) 1, Aqroonidss.Samoly &t bihdrirdtGie with continuous stiing. The reaction was

then concentrated in vacuum to a gum and the product partitioned 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 NIV ngI

Os \\O

¥ S
o]
J FFFF

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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F , Sodi um Hydrogen carbonate F F F F 2, Chlorine O~1 FF F, FFOLG Nz S
OCI~Il FFFF O The mxture of 1,4 diiodopertl uorobuéqneﬁéﬁl}%@%ﬁﬂ
(24.14g, 53.2mml), sodium 20 dithionite Na2S204 (24g, c #2083 d
sodi um hydrogen sul phate NaHCO3 (12.8g, 152.4mmol) in water H20 (36nl) |
Acetonitrile CH3CN (36ml) was stirred at roomtenperature for 2 hours, It
was filtered, and the filtrate was concentrated under reduced pressure to
renmove the acetonitrile. To the residue was added H2O (100m ). The. so
obt ai ned sol WPM¥HfAs vi gorously stirred and treated HERRPi ne 25 gas
Cl2 at OC until the colour of 12 di sappeared. D chl oronethane CH2Cl 2
(100nm) was adaibile andeoub phasextasrertractegionitiCGH, g1, snfé@mbm&@(r)g@hia phage phase was
5

separated, - 21, 03/ 002157 PCT/ GB02/ 025 and t he agueous
phase was extrag$ %’%ﬁ%&ﬁ@&&gﬁovgf@ rfé'ﬁaé‘@f h spefumistiphatedNa.SQeandnas hed
with water HZO;orbemtmed a0 Caffdrd & Wiakf yefish Lﬁi@{swﬁdéh%ﬁ Naﬂ§@g Z1ek).

concentr at ed. o aff a_waxy yell owcr l'tne solid 749 .
Recrystal | i zat | %ﬁﬁ’ﬁ@ﬂﬁq‘%ﬁﬁ&@m %‘F\’hﬁ@mwl%ééﬂﬂl@ﬂombmaﬂe-1 4-

per ftuorobug aﬂﬁs—é—ulﬂho@ch!oﬁaém phonyl chl oride. 19F NWR (CDC 3, CFCl 3
reference) i1i:,_-104 . 1. Exanple 1(R) Preparation of erfluorobutane-|

4-bis sul honat%NMR@%bGﬁClsmel’eme 3: -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 S:C[ Potassium Hydroxide F FF F 1o K
o ° Y% o
o o FFFF K Ol ¢ F¢F

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 fo 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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d aqueous FFFF1110d'~FFFFO OSAX X/ \ S Potassium
Hydroxide "s F F ~.O K To the solution of potassium hydrg&bggem%b%gsSg,

5eq) in water HZO (19m ) was added gradually

per f | uor obut ane- 1, 4- bi ssul phonyl chl orkde (14g, 35mmpl) 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 swbioglesps Washed with a little of cool ed wWakGkpedhidesdried in
vacuumto give perfluorobutane-1,4-bis sul phonate di potassiumsalt 19F NWR
(CD30D, CFC 3 r enc b: -114 00, -120.11. 20 exanple | (iii)
- Preparation of 5§%§@r'8§%ﬁféﬂﬁé%f hlf)-oﬂﬂ)s Howps gddadcioaan ien exFhsinge wolupnt ofe met hod
descri bed i n USmbpatyetrs rédin Jadkdsm) Viii@hda v Eaoip Koy K+ O F F
F F 25 Amberlige | R 120 F_g R oeBf Brovtously abheitieRodsd on
I and rinsed with distilled water. The column was then washed slowly with
distilied water, and the first 300ml of aqueous solution collected. The solution
> Wwas concentrated 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 FE
F FF E g/o" pentoxide E F
O.. > F F
on © Distil A

FFFF ol

) . 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

23~
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0-11 F F F F Perfluorobutane-1, 4-bi s-sul phonate di potassium salt (15g,
34.2mmol ) was -22 29 Decenber 2005 WO 03/002157 PCTI GBOZ/%E)SOS—di ) bved in
hot water (100m). It was added to an ion exchange col um26Pe m@@ t 15
resin, (40x4cm which had been previously washed with excess 6N HCl and
rinsed with distilled water. The colum was then washed slowy with
distilled water, and the first 300nm of aqueous solution collected. The

solution 5 ntrated i n vacuum and t he resi due ' under
L5 Ry el

reduced pressure 80C to afford pertiuorobutane-1, 4-0i oni ¢ aci d.
(11. g, 30nmol ,.880/0) 'H NWR (CDC19,) b: 8.00 18F NWR (CDClI 3, CFGL3
ref erence)  6: -Jo@uportion of she polysiyrenasesime(NevatidchgmANeysaymtesin (202me) f

uor obut ane- | 4 yBich hadbreROih AR | 3 ‘%Sg'ﬁ % | £ h d
described in US pat en%re4§é@3{bﬁg%ggrgﬂﬂhﬁa{l e ?t!" é&%@@%ﬁ‘gﬁﬁﬁsﬁ%pgﬁ "FFFFF
O 0- pent oxi dein a further.aliquot of dichloremetharie’\2thl) therpeifiubrobul-Nd-cycli-shifdnicDi still 0
-S0~5=0 0 0 | |, bat ane- 1..4-.bis- sul phopi c_aci 11, - 30mol )
was m xed Wt hhmg{dfe((%é‘,& é%qe}&a?d%ﬁd# @‘8“'89 E'ﬁdgisﬁﬁ"? %‘E‘gﬁ%&“ed to
140- 180C and divdtvwas sidedinntbthe sugshinsied siireboushiightiat foofiT témpERIEE OTHaNY
collector to a%élorr crudeﬁ$ odyct, éS%&g) . Redistilation gives pure
per f | uor obut an&2 EHYEY €O CLW%{[%IO ghcithg resiywashed 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 CFCI, ,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 FEA 1.0 C

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

-25-




A portion of the resin prepared in the manner of Exanple 1(v) above is
swollen wth dichloronmethane (2m ) and then washed cons%?btivegyiﬁh h HC
(I'M in 20 THE/water (10 x 5 n) to give the free suipho © r resin
is washed consecutively w th dichforonethane, nethanol and THE before
drying under high vacuum The resin is then suspended in dichloronethane
and to it is added in excess a 25 common chlorinating agent such as
phosphor ous Rej:REIe;0r i de, phosphorus trichioride or thﬁeﬁh,%Q;orlde The
suspension is stirred for 2 hours before filtration en - washin of
the resin with, dichioronethane and then THF. -24 29 Decenber 2005 mo
031002157 Exanﬁhbﬂ¢1V||) Synt hesi s of protected mannopyranose resin 11 F FF
O s.1-Li 1 .0o0Nt AO O1F FSFFQPCT/G02/ 02505 A solution of
Intermediate | in THE was added to a porqpon of the resin prepared 5 as
described in Exanple 1(vi) abovsg - 4P been swollen in THF.
To this is added a solution of ThRcf etrahydrofuran and
the suspension is stirred ovefgight. After filtrat®Gon the resin is washed
[ [ - ne dnd THE before drying under high

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
NC CN
H,,o
OO
| \/’“N
15

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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To a portion of the resin (prepared as described in Exanple 1(vii)) held in
a cartridge is added a solution in dry acetonitrile of kgﬁPtOfép
pot assi um carbonate and V' F]-fluoride. The suspension i <2 RESBRER29085¢ f or
10 m nutes and then the L5 solution is filtered off. The solution is then
passed onto a Cog solid phase extraction cartridge and washed with water
to renpove acetonitrile, kryptofix and potassium carbonate. Addition. of

nor e acetonlﬁh;,ﬁ,ﬂ%shes t he radi of | uori nated product of the cartrldge
into a solution o? 1 MHCL This solution is heated f&FVSB'Mt es before
neutral i zation and analy5|s 20 Exanple 2 Synthe5|s of 2-(lI., 1-dic ano ra
en-2- | -6 2 'S80 1 ativmiol drep PDDNRl ene( DDNP) Exanple 20 - S
thesis of PS - Be -eth I-sulfonanlde -butane 1 sulfon -25 29 Decemnber 2005
WO 03/ 002157 chloride PCT/GB02/02505 0 Il s "0 1 0 To a suspension of

the resin thatTmaﬁoweenftthrmld in actafifidg® i9 BBddAa WIutinh dry SctorifRS
14butane d| hlorldel |ch| rorrethanels addedtoe her with an

excess of tri eth am tasfﬁg”?ﬂ%oﬁé F]Sﬂug‘ﬂqer?—@ﬁ%i?eﬂs&@nﬁh iOature

over ni ght . S (8 forlOmauteserd i mélsaluh&u WARNEFTE T RSHiL YElnkg
di chi or onet hane ¢ Fa ol ;. THF, water, nethanol and anot er por |on of
di chl or onet harfceRie (1 nd all the contents collected together before evaporation of the

solvent prior to formulation.

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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filtered off. The resinis vvash

final washing the resin is dried under vacuum 10 Exanple 2 ui -- S thesis
of 21 1-di ano ro n-2- 2- eth nmeth amino na thal ene re?%ﬁ)lew 'TO@
suspensi on of the resin above that has been swollen in d 5rBRE 4 4Re (2
m ), excess 2-(1,1-dicyanopropen-2-yl)-6-(2-hydroxyethyl)-nethylam no)-
napht hal ene in dichioronethane. is added together with an excess of
triethylamne. The suspension is stirred.at roomtenperature overnight.
After fi |”awlo(3ﬂ005{3‘? resin 20 is washed consecutively with dichloro nethane
and THE After the final washing the resin is dried unteYCRAEBPm - 26 29
Decenber 2005 WO 03/ 002157 PCT/ GBBQ2/ 02505 Exanple 2( Dare f' 8Fl-FDDNP To a
portion of the resin held in a cartridge is addedQOfckol ution in dry
acetonitrile of kryptoftx, potassium carbg ¢ and. r8F]-fluoride. The
suspension is heated to s 85C for4Q muuies ahd then the solution is

\ h @cetdnitrile (1 m) and all the
contents coll ected together bef elyaporation of the solvent prior to
formul ation. Examle 3 -- SyntHesi’s of 18F-fl uorobenzene 10 Examle 3 r. S
nt hesis of PS | odo- phenyl beng et her To a suspension of Wang Resin
pre-swollen in DVF (2m) ase i4fh° of cesium 1s carbonate and i odophenol
in DMVF were added. The mixture was stirred for 3h at 60C and then left at

room t enper at vk susparesioni of tie. redih bifdvelwds b3kl ofth & . : d
consecutively wt }& ZEt hanol , dichl or omsf:ﬂhane, %&Egﬁ;ﬁ%ﬁ%ﬁ t hor ough
dryi ng under  REHdg $egURethod of S.Ficht, Tetrahedron, 57 (2001) 4863) in a 4:1 ratio at
40°C ovemigh_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 To a portion.of the resin held in a cartridge Is added a solution in dry acetonitrile

28—




‘boronic acid is added, and tﬂe suspension is’s

20 Exam - le 3 ii S nthesis of PS diaceto -iodo- hen | ben | ether 29
Decenber 2005 WO 03/ 002157 PCF/ GBQO2/ 02505 | (OAc)2 A suspgg;iﬁon-of é,,éB resin
above was treated with acetic anhydride and hydrogen pe frmbey t hod
of S.Ficht, Tetrahedron, 57 (2001) 4863) in a 4:1 ratio at 40C overnight.
The resin was then filtered and washed thoroughly with nethanol 5 and then
dried under high vacuumuntil dry. Examle 3 iii -- S thesis of PS hen f
hen | ben et{ghk iumtriflate CF3SQ2 io To a suspepsi the resin
from above ?@O%L&gﬁ?or onet hane, trifluoronmethane sul fgﬁlgﬁggwcf i s added

dropwi se at a tf- erature of --30C for 15 minutes. The mxture is then
warmed to 0C f 8F<EPIPK Peiassiups carbonatecand BF lueridse Theysuspensiands heatediom
t enper at ure ovgsw i [-QA ke I = 30 d..phenyl
4@@#\10 mihtis 3HS BRA HeXiukisn fs}ﬁﬁ&eé; I&?r@g r%s(g is Tra%%g\qr@f e war i ng
to room 15 t enpesteniitiedTmihand all theeontesits colléate togetheribgfure aporiiontoftie i s then
filtered and V\@aﬂﬁ,ﬁl ; .y Wi th dichioronethane and di et hyl ether
before drying un erpgﬁgﬁﬁo%&g{'%am .le 3iv -- Rdiofiuorination to p[evare
VCEI fl uorobenzene 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/ B2/ 02505 of kryptofix, potassiumcarbonate and V8F-fluoride. The
suspension is heated to 85C for 10 mnutes and then the solution is
filtered off. The resin is washed with acetonitrile (I m) and all the
contents col |l ected together before evaporation of the solvent prior to
formul ati on. 29 Decenber 2005



WD 03/ 002157 PCT/ GB02/ 02505 dCainms 1. A process for the production of an

18F-1 abel | ed tracer which conprises 5 treatnent of a re%(re%- bougdg&r cursor
of formula (1) SOLI D SUPPORT LI NKER- X- TRACER (1) wher ei n“X*®583Pg SS whi ch

pronot es nucl eophilic substitution at a specific site on 10 the attached
TRACER; 15 20 with 'OP to produce the |l abelled tracer of formula (11) 18F
TRACER (11). 2. A process for the production of an '8F-|abelled tracer

according towvwijd@jidy Which conprises treatment of a rg .-Iﬂﬁaﬁ%@ precur sor
of formula (la) SOLID SUPPORT LI NKER- SO2- O - TRACER (| a?'*vvlt 18F to

produce the | abelled tracer of forrmula (11) 18F-TRACER (11) followed by
optionally 25 %}1 renoval of excess 'OF, for exanple by ion-exchange

chr omat ogr aphy &8iR8i/ or  (ii) rempval of any protecting groups; and/or (iii)
removal of organic solvent; and/or (iv) formulation of the resultant
conpound of forrmula (11) as an aqueous solution. 30 3. A process according
toclaiml or 2 for the production of 2-16F-fluoro-2-deoxy- 0-glucose
(18F- FDG whi ch cvpprcese orithe atadudtionodf an  St-labellsd fmoert whichi ndmpfds29

Decenber 2085 YOAHANEIEh BERaHESollbilihe (1D O
SOLID SUPPORT-LINKER-X-TRACER Q]

| 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

-30-




SCLI D SUPPORT - UNKER--S 1J 0 PCT/(GB02/02505 OP b S wherein Plb, P2b,
P3', and P4b are each independently hydrogen or a protect] ou W th
'BF to produce the labelled tracer of fornula (fib) "bOtzég)%\m&’E'i OB1b, 7
P2b, P3b, and P4b are each independently hydrogen or a protecting group;
optionally followed by (i) renoval of excess Up , for exanple by

i on- exchange chromat ography; and/or 1s (ii) renoval of the protecting
groups; and/ ovo@iay renoval of organic sol vent; and/ ofpciigedzhss Mul ation of
t he resul tant corrpound of formula (fib), as an aqueous solution. 4. A
process accordi pged Q"&ﬁ’ﬂ“}i‘% 2 for the production of 3'-deoxy-3'- 18F-
20 quorothymdlne{ - - ‘F)B\A/mch conprises treatnent of a solid
support-bound precursor of formula (lc): 29 December 2005 PiO O I |

SOLI D SUPPORT - LINKER "f,"-"""- O wherei n, Plc and Pl c are each
i ndependently hydrogen or a protecting grBlﬁ 5 wth 18F to produce the
| abel l ed tracer of formula (tic) 0 6]
SOLID SUPPORT - LINKER—S§ —Om.. et (1b)
I Nop
P‘“’O\ 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*0
%0
18,
F -.m\ ("b)
$ op*
(s op*®

1o

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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PO (llc)

lip wherein PO and Plc are each independently hydrogen or a

protecting group; 16 optionally followed by (i) renoval _exces F,
and/or  (ii )Zﬁs)@ﬁswer?@ghe

for exanpl e by ion-exchange chronat ography;
protecting groups;

and/or (iii) renmoval of organic solvent; and/or (iv)

formul ation of the resultant conpound of forrmula (tic) as an aqueous

solution. Z5 5. A process according to claim|l
2-(1.1- dicyanopropen-2-yl)-6-(2
(FDDNP) which conprises treatnment of a soli

formula (I1h): NC
18F to produce the | abelled tracer of f B

WD 031002157 PCT/ GB02/ 02505 ' OF optional |

unreacted '8F , for exanple by ion-BXhan

renoval of organic solvent; and/or (fii 0

conpound of formul %0L(D|s|umolﬁ$.|.ﬁqﬂs|§q“§°u§ sol
0

10

. 18

- 20

or 2 for the production of
fl uor oet hyl ) - met hyl am noynapht hal ene
support bound precursor of

,CN O SOLID SUPPORT - L{INKER -SI -'---0 0 -1 20 with
ih) -32 29 Decenber 2005

nyoI|ovved by 5 (i) renoval of
gA\c omat ogr gghy; and/or (ii)
| ation of the resultant

tion.

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

with ™" to produce the labelled tracer of formula (lic)

o]
Ph\ /uj/
o
. l
o

“F

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

optionally foliowed by
(i) removal of excess °F , for example by ion-exchange chromatography; andfor

(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.

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

NC.
o I
I (th)
SOLID SUPPORT - LINKER —S —0

with %" to produce the labelied tracer of formula (Ith)
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10 6. A process according to claiml for the production of an " Iabel | ed
tracer which conprises treatnent of a solid support bouggporecg @H
formula (1d) SCLI D SUPPORT- LI NKER-1- -TRACER (1d) Y. 7 Pon
preferably trifluoronethylsul phonate (triflate) anion. wth "OF to
produce the | abelled tracer of formula (lid) '8F TRACER (lid) 20 foll owed
by optionally (i) renoval of excess 'IF , for exanple by ion-exchange

chr omat ogr apwoesmiagisor (ii) renmoval of any protecti nng.ﬁ,eHmmﬁand/or (rii)
renmoval of organic solvent; and/or (iv) formulati.on of the resultant

25 7. A process according

conpound of forrmula (lid) as an aqueous ﬁgl Utb
e 4uorodopa (' 8F- FDOPA) whi ch

to claiml or 6 for the production of
conprises treatnment of a solid suppag houng precursor of fornmula. (le): |
-33 29 Decenber 2005 WD 03/ 092157 S ORT- LKINKER- (---"i ,)---Opp
P4aO PCT/ G a02/ 02505 S wher ei iPhee P2e~ P3, and Poe are each -

| ndependent|y hydrogen or a prot ebtl ng group and Y is an anion, preferably |

trifluoronethyl suiphonate (trifate) anion. with 18F to produce t he
| abel l ed tracer of fornula (1le) OCp"! 10

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 agueous 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. (!e)
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wherein Ple, P2e, P, and P4$ are each independently hydrogen or a
protecting group; optionally followed by (i) renpbval o xcess '8F _, for
exanpl e by ion-exchange chromatography; and/or is (ii) %%ﬁﬁ9%?b%ﬁ£39ﬁy
protecting groups; and/or (iii) renoval of organic solvent; and/or (iv)
formul ation 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 ' OF-I| absldesgbzissacer of formula (11), according tggﬁe%%ﬁgﬁsof claims 1
to 7, for use in PET. 9. A conpound of forrmula (Ib) O -01,.% SALID
SUPPORT - LINKER-3 11 0 5 wherein Plb, Pa', Ps', and P4' are each

I ndependent|ly hydrogen or a protecting group. 10. A conpound of formula
(1c): PICOO 11 v oP™

SOLID SUPPORT-LINKER—I* op>

(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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SOLI D SUPPORT - LINKER "S-0 O wherein P° and Plc are each independently
hydrogen or a protecting group. 11 - A conpound of forrm% Eé:ﬁ% 29 5SCJ_I D
SUPPORT - LINKER -SI -O 11 0 12. A conpound of fornula g)e: g 8
Decenber 2005 WO 03/002157 Y OPle SOLID SUPPORT LINKER---1*---(\ /f 0'20
PCT/ GBQ2/ 02505 wherein Ple, Pte, P98, and P4' are each independently
hydrogen or a protecting 5 group and Y is an anion such as triflate. 13. A
radi ophar naceutical kit for the preparation of an 18F-1abelled tracer for
use in PET, which 83@113?6:!6; [18 formul a
(1) or (la), (Ib), é % ﬁd?é&%ﬁ‘ cﬁﬁé&% ﬁ?én@a%gcg?oéﬁ'ﬁﬁﬁ@d%g?@ﬁ%ny one
of clains | to 7; dfa™¢nep! sleimsd ‘N’)-rfOfeHSGﬂﬂ f-the vessel with a source of
"BF ; (iii) an |on-%>mmmgﬁ1dﬁﬂ1fdnhuldgs for renoval of excess "F, and
optionally (iv) a cartridge for soli d phase deprotection of the resultant
product of formula (I1) or (Ila), (IIb) '(T‘le) (rid), (1te), or (Ilh),
as defined in any one of clainms 1 to 7. . /AQartridge f?!ég
radi ophar maceuti cal kit SO0ID SUPRDRY- BN eno:o-f an 18{: | abel |

op®

PP°  Yypt
5 .

wherein P™, P, P®, and P* are each independently hydrogen or a profecting
group.
10. A compound of fonnulé (le):

0

PZc
\N |
P*“0 )\
ﬁ o : N (Ic)
$OLID SUPPORT LINKER —ﬁ —0
10 o

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

11. A compound of formula (Ih):
CN

o .
i 98
SOLID SUPPORT - LINKER —§ —O,
i \/\T (Ih)

15

12. A compound of formula (le):
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tracer for use in PET which conprises: (1) a vessel containing a conpound
I n

of formula (1) or ([a), (Ib), (lc), (Id), (le), or (lh : d
any one of claims | to 7; and 2.0 (ii) nmeans for el utingk?lpf?%%reéoagnth a
source of 'BF . 15. A nethod for obtaining a diagnostic PET inmage which
conprises the step of wusing a radiopharmaceutical kit according to claim
13 or a cartridge for a radi ophar maceuti cal kit according to claim14. 25

- 36' WO 03/002157 PCT/GBU2/02505
Y- op*

SOLID SUPPORT-LINKER—1- op”
(Ie)

NHp?®

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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