WO 2006/136846 PCT/G&2006/002315 IMAGING 18F OR 11 C- LABELLED ALKYLTHIOPHENYL
GUANIDINES The present invention relates to the field of medical imaging, in particular to 5 positron
emission tomography (PET) and provides compounds and methods for imaging central nervous
system (CNSYPStEpidréThe N-methyl-D-aspartate (NMDA) receptor is oRETGFEREMAERF Kubtypes of
glutamatergic receptors and is widely accepted to play a pivotal role in long term 10 depression, long
term potentiation, and developmental neuronal plasticity. NMDA induced excitotoxicity that is due at
least partially to BARCHRIRABE 6 ldoretBEL SRR AloR G NNPHENX bt &Y ANEINES found in many
CNS diseases such as stroke, brain or spinal chord trauma, epilepsy, Alzheimer's disease, and
Huntington's disease. A number of compounds have been investigated as 15 potential radioligands for

studying the NMDA receptor. ion-channel site jn Mo, using PET.. he jari ese
compounds hah\fg %Lﬂ%?é%! he'd iggdvéeg?é%%g’%@%\%g}g}p?e?\%t_@%%ﬁﬁg %ﬁ:’)éd(? %n}:%rﬁ% %tgﬂr%{aﬁgc')r high
non-specific  bipolifeR 2O MESion/ Treodraeize (BES cerhpl QViBSStatsaRAMsIs RS et oS Ose for

therapy. WO %%ﬂ%?@ﬂ@@gg%ﬁr%@ﬁpgﬂﬁ@p%mgps_derivatives and their use for imaging

central nervous system (CNS) receptors, these derivatives have proved to require complicated high
performance liquid chromatography (HPLC) purification after synthesis and only provide low to
moderate yieldgydthvetativelyblerg A aprepavaian tioestof asound 45 thinutesn Hhergfere, dhere exists

e ISR Fep e ol e, SRR e sl
there is aTeeddepfeastien radigligemde fentihtiod MDA evedmore & Asnoiabiasgticirie M¥pEtt of the
present inventi%dgg&e&cﬂ&&g&gywr@w& %tatﬁrm%@:télover activation or prolonged

stimulation of NMDA receptors has been found in many CNS diseases such as

stroke, brain or spinal chord frauma, epilepsy, Aizheimer's disease, and

Huntington's disease. A number of compounds have been investigated as

15 potential radioligands for studying the NMDA receptor ion-channel site in vivo

using PET. However, the majority of these compounds have suffered the

disadvantages of poor penetration of the biood brain barrier or high non-specific

binding.

20 WO 94/27591 describes certain substituted guanidines and their use for therapy.
WO 2004/007440 describes radiolabelled guanidine derivatives and their use for
imaging central nervous system (CNS) receptors, these derivatives have proved to
require complicated high performance liguid chromatography (HPLC) purification
after synthesis and only provide low to moderate yields with relatively long

25  preparation times of around 45 minutes.  Therefore, there exists a need for
improved labeliing chemistry with respect to overall yields, preparation time and
simplicity of purification. Further, to enable longer scanning time and increase the
availability of such tracers there is a need for further radioligands for the NMDA
receptor.

30
Accordingly, in one aépect of the present invention, there is provided a compound
of formula (1)



WO 2006/136846 PCT/GB2006/002315 RHINNR 3-(1) NHRZ or a salt or solvate thereof,
wherein: R1 is hydrogen or C1_alkyl; 5 R2 and R4 are each independently selected from CI-4 alkyl,
['C]-C1_4alkyl, and [18F]-C1.4 fluoroalkyl provided that at least one of R2 and R4 is ['C]-C1,alkyl or
[1BF]-C1_4fltét4iki}Po8#d R3 is halo. 10 R' is preferably hydrogen or meBfA/@RavesHpaseFably methyl.
One of R2 or R4 is preferably -"CH3, -"CH2CH3, or -11CH2CH2CH3, -CH218F, -CH2CH218F, or
-CH2CH2CH218F and is more preferably - "CH3 or -CH218F; and the other group R2 or R4 is
preferably methyl. 15 R3 is preferably attached to the phenyl ring in the para-position relative to the
group - SR2, and in a preferred aspect, R3 is c oro. The group -SR4 is preferably attached to the
phenyl ring in the meta-position 20 relatl tot e guanidine bridge. Thus, in a preferred aspect of the

invention, there is prowded a co formula (lay. -2 WO 2006/136846 PCT/GB2006/002315
R311 N SR (la) NH \Wm 0

or a salt or solvate thereof, wherein:
R'is hydrogen or Ci.alkyl;
R? and R* are each independentiy selected from Cs alkyl, [''C}-Ciualkyl, and

()]

[®F)-C4... fluorcalkyl provided that at least one of R® and R* is [''C}-Cyalkyl or
["®F]-C1.4 fluoroalkyl; and
R® is halo.

10 R'is preferably hydrogen or methyl, more preferably methyl.

One of R? or R* is preferably -''CHa, -""CHaCHa, or -"'CH.CHyCHa, -CH,'°F,
-CH,CH,"®F. or -CH.CHoCH,"®F and is more preferably — "'CH; or -CH,'°F; and
the other group R? or R is preferably methyl.

15
R’ is preferably attached to the phenyl ring in the para-position relative to the
group — SR?, and in a preferred aspect, R’ is chloro.

The group -SR* is preferably attached to the phenyl ring in the meta-position
20 relative to the guanidine bridge.

Thus, in a preferred aspect of the invention, there is provided a compound of
formula (la):



Rz or a salt or solvate thereof, wherein R', R2, R3, and R" are as defined for the compounds of
formula (1). 5 Most preferred compounds of formula (1) include: N-(2-ch
loro-5-[18F]fluoromethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'- methylguanidine; N-(2-chloro-5-(2-[18
Flfluo roethyRfPid34sHerI-N'-(3-methylth io)-phenyl-N'- methylguanidine; BE/GB2006/002315
N-(2-chloro-5-methylthio)-phenyl-N'-(3-[18F]fluoromethylthio)-phenyl-N'- methylguanidine; N-(2-ch
loro-5-methylthio)-phenyl-N'-(3-(2-[t8F]fluo retlylthio))-phenyl-N'- methylguanidine; N-(2-chloro-5-[11
C]methylthio)-phenyl-N'-(3-methyk io)—phenyg '-methylguanidine; 15
N-(2-chloro-5-methyithio)-phenyl- M C]methylthio)-pheny)-N'-methylguanidine; N-(2-chloro-5-["
y ¢ “methig Ine; and N-(2-ch

-methylguanidingy)or a salt or solvate of any

9 ude physiologically acceptable acid addition
salts such as those derived from mingral acids, forexample hydrochloric, hydrobromic, phosphoric,
metaphosphoric, nitric and sulph 3 acids, and those derived from organic acids, for example tartaric,
trifluoroacetic, Gitric. Al Jalits ARJWBRTIMERNZSIE, BBCRMiCaglFSMNEe SHEaisiIRcAednangsulphonic,
and para- toluenesuiphonic acids. As demonstrated below, the compounds of formula (1) and (la) have
use as -3 WOSRIORPYB6848 IermitsED006/002315 radioligands for the NMDA receptor. Therefore,
according to a further aspect of the invention, there is provided a compound of formula (I) or ('a) as

defined absove’i\nost preferred compounds of formula (1) include:
N-(2-chloro-5-["*FIfluoromethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'-
methylguanidine,
N-(2-chloro-5-(2-[ °Flfiucroethylthio))-pheny-N'-(3-methylthic)-phenyl-N'-
methylguanidine;

10 N-(Z~chioro-5—methy!thio)~phenyl~l\i’u(3—[1BF}ﬁuoromethylthio)~phenyl-N’-
methyiguanidine;
N-(Z—chioro-S-methy!thEo)~pheny§—N’—(3-(2~[*8F}ﬂuoroethyl’thio))'-phenyi-N’—
methylguanidine;

N—(2—chtor0»5—[@ 'Clmethylthio)}-phenyl-N'-(3-methylthio)-phenyl-N-methylguanidine;
15 N-(z-chiorousmmethyitéao}-pheny;-N’-(3~[1‘C]methyfthio)-phenyz-Numethyiguanidina;
N-(2-chioro-5-''Clethylthio)-phenyl-N'-(3-methylthio)-phenyl-N -methylguanidine;
and
N-(2-chloro-5-methylthio)-phenyl-N'-(3-{'Clethylthio)-phenyl-N"-methylguanidine
or a salt or solvate of any thereof.
20
Suitable salfs according to the invention, include physiologically acceptable acid
addition salts such as those derived from mineral acids, for example hydrochloric,
hydrobromic, phosphoric, metaphosphoric, nitric and sulphuric acids, and those
derived from organic acids, for example tartaric, trifluoroacetic, citric, maiic, lactic,
25 fumaric, benzoic, glycollic, giuconic, succinic, methanesulphonic, and para-

toluenesuiphonic acids.

As demonstrated below, the compounds of formula (l) and (la) have use as

3.



or a salt or solvate thereof, for use in an in vivo diagnostic or imaging method such as PET. Suitably,
a compound of formula () or (la) as defined above, or a salt or 5 solvate thereof may be used to image
the NMDA receptor in healthy human volunteers. Suitably, the compounds of formula (1) or (Ia) or salt
or solvate thé¥@3era38&ful for in vivo imaging of NMDA receptors and t#gg faazeoatilisgin the
diagnosis of 10 NMDA- mediated disorders, such as stroke, brain orspinal chord trauma, epilepsy,

Alzheimer' disgashogr HupingloRnEiasaseBFoaindhihecedrduieraRaviseaee

compound of formula (1) or gla) or a salt or solvate thereof | the manufacture of a
radiopharmacelRdayek aRe HEVR/S BIQYINGSE GPIRRIYIG Yf BH“HFE/IE@,@H?@&%%@&%?Q@?@V?S In the
alternative, theéea%ﬂt@v@@daamwa@@lﬁmrth@lmwuma@ma@mtmagmgggmmmmmmted

disease in a subject, preferably a human, c Isin und_of formula (1) or
(la) or a salt Oﬁggf\}%{g %%@%l%ﬁ%o%?%g% Bje‘%?j rE e{rred %%Cfgr? ?/?Ivd cfd ag%%sg or imaging
of stroke, Brairsﬁ&&ieﬂbmalafhnaytmmm@pﬂépsgge&tﬂﬁeh&hé@é\dsm@,rdﬂ HeatthytbrSalisease. A
compound of fgrr[%@é&hor (la) or a salt thereof is preferably administered in a radiopharmaceutical

formulation comprising the compound of the invention and a pharmaceutically acceptable excipient. A
"radiopharmaceutical formulation"” is 25 defined in the present invention as a formulation comprising

compound of feyiulay (EdAp Sl Risalt tharees (i afoun sudable lasaninissatiartaduimans.
Administration is preferably carried out b ection oft form Iat ion % r%%u ous solutlgran Such a
formulation maf?‘bfﬁ’ulﬁ’r‘fﬁll‘i?“@&‘ﬂalr?m}lmg}l/ﬁHJﬁPgﬁté)ﬁ?s éﬂ"ffs el %h GHERaRceptable

solubilisers; (e. g&mwlod@dmmtsﬂmréaetmntasmbmstwaHmepmm@tmwmm;msy,
pharmaceutica ac table stabilis dsg é h aﬁ&s&%rp qﬁel%erglmp or para-
aminobenzoic é)él "}FD é?&@éﬁzfé%@%@ raé% gg% Gy,
prov:ded use of a compound of formula (1) or (la) or a salt or solvate thereof in the
manufacture of a radiopharmaceutical for the in vivo diagnosis or imaging of an
NMDA-mediated disease.

In the alternative, there is provided a method for the in vivo diagnosis or imaging of
NMDA- mediated disease in a subject, preferably a human, comprising
administration of a compound of formula (1) or (Ia) or a salt or solvate thereof. The
- method is especially preferred for the in' vivo diagnosis or imaging of stroke, brain

20 or spinal chord trauma, epilepsy, Alzheimer's disease, or Huntingion’s disease.

A compound of formula (1) or (ia) or a salf thereof is preferably administered ina
radiopharmaceutical formutation cornprising the compound of the invention and a
pharmaceutically acceptable excipient. A “radiopharmaceutical formulation” is
25 defined in the present invention as a formulation comprising compound of formula
(Iy or (1a) or a salt thereof in a form suitable for administration fo humans.
Administration is preferably carried out by injection of the formulation as an
aqueous solution. Such a formulation may optionally contain further ingredients
such as buffers; pharmaceutically acceptable solubilisers (e.g. cyclodextrins or
30 surfactants such as Pluronic, Tween or phospholipids); pharmaceutically
acceptable stabiiisers or antioxidants (such as ascorbic acid, gentisic acid or para-

aminobenzoic acid).



The dose of a compound of formula (1), (Ia) or a salt thereof will vary depending on the exact
compound to be administered, the weight of the patient, and other variables as would be apparent to
a physician skilled in the art. Generally, the dose would lie in the range 0.1nmol/kg to 50nmol/kg,
preferably 1nfdpkg/t668%Snmol/kg. A compound of formula (1), (ia), or a s8ftBEBNEtE2®1&reof may be
prepared from the corresponding compound of formula (11): H R NTN 10-SR 4 1I) NH R2 10 wherein

one of R2 or R4 | SRR @rQun sksk a8 thera vindaheQibediirdrogen,
C1_4 alkyl, onght .@%{%ﬁ%%ﬁé’g%% glﬁ%?‘l as b.églz%/@Rl is hydrogen or Cl&al%ﬁ,@aﬁd@‘gs Is halo; by

(i) removal of 4hy SHBFbRBEMEYriuES, AL SRWNAREN b6 pRalistikeHaraer
[11C]C1_4alkyl051dd 3R] woliliverastark)t whemipsiciandsXinse indepentedinbalty pteserably
chloro, 15 iodo, or bromo, or another suitable_leavi roup.such.as an aryl or alkyl sulphonate, for
example, tosyléféetrm%%@ Se i dhmd@neidrdl P%%@&Q@ﬁ%ﬁ%ﬁ%ﬁrgée@iw c ri%d outin a
suitable sglvergiguelkas N,N-dimethylformamide (DMF), acetone, dichloromethane, chloroform, 20
dimethylsulphoxide, methanol, ethanol, propanol, isopropanol, tetrahydrofuran, or acetonitrile and in

the presence ok sdapesditiiyyranmbrgdnicidseaduriraly gie thesrihreayshaier seadsiim
hydroxide, or spdiun}aydrde;oranRpgRRE Segenslehias a trialkylamine, for example triethylamine,

diisopropylethylamine, or dimethylaminopyridine. 25 The compounds of formula (Il) are useful

intermediates for preparation of PET tracers of formula (1) and, as such, form a further aspect of the
invention. -5 Ho R

N N
: T \©'SR4 an
NH

R2
10 wherein one of R? or R* is hydrogen or a thiol protecting group such as benzyl, and
the other is hydrogen, C.. alky!, or a thiol protecting group such as benzyl; Rlis
hydrogen or Gi.alkyl, and R%is halo; by (i) removal of any thiol protecting groups,
and (i) reaction with the appropriate alkylhalide [''C]Ciaalkyl-X or
["®F}-Cy4fluoroalkyl-Y, wherein X and Y are independentiy halo, preferably chloro,
15  jodo, or bromo, or another suitable leaving group _such as an aryl or alkyl

sulphonate, for example, tosylate, triflaie, or mesylate.

This reaction with the alkylhalide is preferably carried out in a suitable solvent such

| as N,N-dimethylformamide (DMF), acetone, dichloromethane, chioroform, |

20 éimethyisulphoxide, methanol, ethanol, propanol, isopropanol, tetrahydrofuran, or

acstonitrile and in the presence of a base, suitably an inorganic base such as

potassium carbonate, potassium hydroxide, or sedium hydride, or an organic base

such as a trialkylamine, for example triethylamine, diisopropyiethylamine, or
dimethylaminopyridine.

25
The compounds of formula (Il) are useful intermediates for preparation of PET

tracers of formula (1) and, as such, form a further aspect of the invention.



WO 2006/136846 PCT/GB2006/002315 According to a further aspect of the invention there is
provided a process for preparation of a compound of formula (I): R1 HNN R3 YR T 1/ SR4 or a salt
or solvate thereof, wherein: 5 R1 is hydrogen or C1.4alkyl; R2 and R4 are each independently
selected fronWOL2WPEIRG4§11C]-Cl.4alkyl, and [18F]-C1_4 fluoroalkyl prowded:thmbabdeast one of R2
and R4 is [11C]-C1:4alkyl or [1BF]-C1-4fluoroalkyl; and R3 is halo; 10 which comprises reaction of a
compound of fagRulR Y+ LM 3ehehRat (He RPN aNe BRtRin BAdmBidiogen or a thiol
protecting group such as benzyl, and the other is hydrogen, C1.4 alkyl, or a thiol protecting group
such as benzyPReAE RO GerPBIPCHALIR) fOAMEIR S )s halo; 15 by (i) removal of any thiol protecting
groups, and (ii) reaction with the appropriate alkylhalide [11C]C1.4alkyl-X or [18F]-ClAfiuoroalkyl-Y,
wherein X and Y are independently halo, prefejably chloro, iodo, or bromo, or another suitable leaving
group such as an aryl or alkyl sulphonatetifor example, tosylate, triflate, or mesylate; 20 in a suitable

solvent and in the presence Qf abase; O ther aspect of the invention there is provided
a kit for the preparation of Rra IQEh mace i@ RComprising a capound of formula (I1)

as defined above. In use of the kit;;the compigihd o la (11) would

or a salt or solvate thereof, wherein:

5  R'is hydrogen or Cqalkyl;
R? and R* are each independently selected from Ci.4 alkyl, [''C}-Cyaalkyl, and
[**F}-C .4 fluoroalkyl provided that at least one of R and R* is ['C}-Cyualkyl or
[**F]-C 14 fluorcalkyt; and
R%is halo;

10 which comprises reaction of a compound of formula (il):

H
= N N
3 i 4
SR fl

wherein one of R” or R" is hydrogen or a thiol protecting group such as benzyl, and
the other is hydrogen, Cs.. alkyl, or a thiol protecting group such as benzyi; R'is
hydrogen or Cqalkyl, and R? is halo;

15 by (i) removal of any thiol protecting groups, and (ii) reaction with the appropriate
alkylhalide ["'CICraalkyi-X or ["*Fl-Cisfluoroalkyl-Y, wherein X and Y are
independently haio, preferably chioro, iodo, or bromo, or another suitable leaving
group such as an ary! or alkyl sulphonate, for example, tosvlate, iriflate, or
mesylate;

20  in a suitable solvent and in the presence of a base.

According to a further aspect of the invention there is provided a kit for the
preparation of a radiopharmagceutical formulation comprising a compound of
formula (ll) as defined above. In use of the kit, the compound of formula (1) would

6



-6 WO 2006/136846 PCT/GB2006/002315 be converted to the corresponding compound of formula
(I) using the process described above. Compounds of formula (1) in which R2 is hydrogen or a thiol
protecting group may 5 be prepared from a compound of formula (IIl) or a salt thereof: NH2 R3 (lIl)
SID wherein R8 Rtsaigsadd P’ is a thiol protecting group as described bel®iyBmasticaimvith a
compound of formula (IV): 10 R' I NN SR4 (IV) wherein R1 is hydrogen or C1_4alkyl and R4 is as

e o1 e S iRtkramng nd Sl IBpua . SR il o8 RIFAIBPRYTLARG iETpiaddd with o
compound of formu a? may be performed without solvent, or in the presence of a high boiling 15
non-protic solvéessikgfabektorobenzene, toluene, or xylene. This reaction may be effected at

elevated temperature, for example 50 to 200C, suitably at around 160C. Following reaction, the
protecting group P1 may be removed as described . below. 20 Suitaple, thiol group protection and
deprotection m %HB%@%QW‘F};{TB@%\}%%‘F% AR RIS &t bok?rr&g%%s%}f] 8rganic Synthesis,
Theodora ¥V. Gygenepanst RetesGoMpiints optirishiad by dokrsittitegr@Bons Inc. Suitable thiol
protecting groups include arylalkyl groups such as benzyl orpara-methoxybenzyl which may be
removed before performing the radiolabelling step, for example by treatment 25 with an acid for

example a Lewis Acid such as AICI3. The syn is eMNalgompound of formula (1) from compounds of
formula (1) and R* -

sp’

wherein R® is halo and P'is a thiol protecting group as described below; by
reaction with a compound of formuia (V).
10

1 SR’ V)

wherein R'is hydrogen or Cy.salkyl and R is as defined for the desired compound
of formuia (I1). The coupling of compound of formuia (HI) with a compound of
formula (IV) may be performed without solvent, or in the presence of a high boiling
15  non-protic solvent such as chiorobenzene, toluene, or xylene. This reaction may
be effected at elevated temperature, for example 50 fo 200°C, suitably at around
160°C. Following reaction, the protecting group P may be removed as described

balow.

20  Suitable thiol group protection and deprotection methodologies may be found, for
example, in Protecting Groups in Organic Synthesis, Theodora W. Greene and
Peter G. M. Wuts, pubiished by John Wiley & Sons Inc. Suitable thiol protecting
groups include arylalkyl groups such as benzyl or para-methoxybenzyl which may
be removed before performing the radiolabelling step, for exampie by treatment

25  with an acid for exampie a Lewis Acid such as AlCls.

The synthesis of a compound of formuta (1) from compounds of formula (fily and
7



-7 WO 2006/136846 PCT/GB2006/002315 (IV) is illustrated in Scheme 1. R3NO /NH z OO0'CI SH |
,HC SnCli R4X R3NHZNH, ti SH SR4 | R4AX BOON R3 HN-CN NH2 SR4 SR zHCIR'X R3 R’

NH z.HCIN-CN/| SRz/SR4R3RR3R H1N~NSR4N~N .~SR4 ACT 3TolueneNH/SR 2 SR z
R 2 or R4 = B)ab &tz or R4 = H PCT/GB2006/002315

(1V) is illustrated in Scheme 1.
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R? or R* = 8n or other RZgrm?=p
protecting group
Schems 1

Compounds of formuia (i) and (IV) may be prepared from commercially available
starting materials using methods according to or analogous to those described in

Schems 1 and the Examples.

10 Compounds of formula (I} in which R*is hydrogen or a thio! protecting group
may be prepared from a compound of formula (V)



protecting group Scheme | Compounds of formula (Ill) and (IV) may be prepared from commercially
available starting materials using methods according to or analogous to those described in Scheme 1
and the Examples. to Compounds of formula (II) in which R4 is hydrogen or a thiol protecting group
may be prep8fed®oidodiéompound of formula (V): -8 WO 2006/136846 PESTEGBIH06#EA315 R N\_N
(\ Sp2 (V) wherein R" is hydrogen or C1_4alkyl and p2 is a thiol protecting group as described above;
by reaction with a compound of formula (}éh): \NH2 R3 (VI) SR2 5 wherein R3 is halo and R2 is as
defined for the desired compound of formula (I1). The coupling of a compound of formula (V) with a
compound of formula (VI) may be W‘N d by=methods analogous to those described for the
coupling of a compound of formula (lll) with & 2ouggof formul&{IV). Following reaction, 10 the
protecting group P2 may be removed as describedabove. This synthesis of a compound of formula (II)
from compounds of formula (V) and (V1) is illustrated_in Scheme 2. H H2N SH Base, BnBr H2N \
S\~Ph BrCN, BREION Slhydrhden tryisalkpirnbPl kalthsipeotesiing group as described

above; by reaction with a compound of formuia (V1):

o NH;

= VD)

wherein R® is halo and R? is as defined for the desired compound of formula (Il).
The coupling of a compound of formula (V) with a compound of formula (Vi) may
be performed by methods analogous {0 those described for the coupling of a
compound of formula (fl} with a compound of formuta (IV). Following reaction,

10 the protecting group P? may be removed as described above.

This synthesis of 2 compound of formula (1) from compounds of formula (V) and

V) is illustrated in Scheme 2.
H
N

Na S\/Ph
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15

Scheme 2



\NH2.HC{ N~ N\ SPh NYN\ SPh NH.HCI)/ S CI Cl NYN\ S PhAID Toluene \ NyN \ SH NH.HCI/
NH.HCIlI /B S Scheme 2 -9 WO 2006/136846 PCT/GB2006/002315 Compounds of formula (V) and
(V1) may be prepared from commercially available starting materials using methods according to or
analogous tofRo¥8cdestttbed in Scheme 2 and the Examples. 5 The invetftiga Bt HeRR3bT illustrated
by way of the Examples in which the following abbreviations are used: HPLC: high performance liquid
chromatography UV: ultraviolet 10 TLC: thin layer chromatography EtOAc: ethyl acetate IR: infrared
min(s): minute(s) 15 Example 1: Synthesis of N-(2-Chloro-5-fluorgmeth ‘Ithiog- hen I-N'-ﬁ-methylthio)-
BhenyiN-mer TR ETRHMIE ()55t YL SIE0FS SRR GGt CURHOE A AR Sh 20
To a cooled solgtiandPsarefitir(ll3ienlardrdds 260euibg . #0omanalbigole mithosrakxratestlydrochloric

acid was slowig s £-5hpie e henzenesulon

5

Tha invention will now be illustrated by way of the Examples in which the following
abbreviations are used:
HPLC: high performance liquid chromatography
UV: ultraviolst

10 TLC: thin layer chromatography
EtOAc: ethy! acetate
IR: infrared

min(s): minute(s)

15 Example 1 Synthesis of N-{2-Chloro-5-fluoromethvithio)-pheny-N'-(3-methyithio)-

phenvl-N'-methylguanidine

Example 1(i} Synthesis of 3-amino-4-chlorobenzene thiol
el

NH,

SH

20 To a cooled solution (0°C) of tin{ll) chloride (11.260g, 59.40 mmol) in 10 mi
concentrated hydrochloric acid was slowly added 4-chloro-3-nitro-benzenesuifonyl
chioride (1.690g, 6.60 mmol) portionwise. The resulting suspension was kept cool
and stirred for 15 minutes before the mixture was heated to reflux for Thour. After
cooling to room temperature the mixture was diluted with water (100 mi) and

25 carefully neutralised using NaHCOs;. The aqueous phase was exfracted with
chioroform {4 x 50 mi) and the organic phase separated and dried over NazS04.
Removal of solvent under vacuum afforded a bright yeliow solid. ~ Column
chromatography on silica gel using 1:1 chloroform/hexane as the mobile phase
afforded 3-amino-4-chlorobenzene thiol as a white solid (0.632g, 60%,.

30
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chloride (1.690g, 6.60 mmol) portionwise. The resulting suspension was kept cool and stirred for 15
minutes before the mixture was heated to reflux for 1 hour. After cooling to room temperature the
mixture was diluted with water (100 nil) and 25 carefully neutralised using NaHCO3. The aqueous
phase was eXttatedigh#s chloroform (4 x 50 ml) and the organic phase séfétaBathanetiified over
Na2S04. Removal of solvent under vacuum afforded a bright yellow solid. Column chromatography

on silica gel using, 1: / n e | f aminoy enzene thiol
as a white so.d&%‘%@&%@%?'?oa.gf@ﬁ@% iggl‘s%egg%ﬁ%lGGB%BB%%B&H%AS%R (CDC3)
7.08 (d, 1 H, =839 Hag atyh HY) 6.65(andd, 001z argl 2, 497 B, %.55' (872 14,3516 6 5:and 2.0 Hz,
aryl H), 4.03 (kr,s, 2H, NH2), 3.37 (s, 1 H, SH). 5 Example 1(11) Synthesis of
(5-Benzylthio-2-chloro)-aniline and (5-Benzylthio-2 chloro)-aniline HCI salt ci NH2 Pn 1/S To a cooled
solution (0C) of 3-Amino-4-chlorobenzene thiol (0.630g, 3.92 mmol) 10 in anhydrous tetrahydrofuran
(THF) (154nl) wasqsidedin-tirdlitiigmof 116 B invhexepes!@dbanilig92nd ffoBemky thoréaction
mixture stirred rapidly. Tg this _mixtyre was 'slowly added benzylbromide (0.47 ml, 3.92 mmol) and the
reaction mixture i ‘%ﬁé@%ﬁning to room temperature over circa. 1 hour. Removal of the
solvent under reduced pressure afforded a crude prduct which was purified 15 by column
chromatography on silica gel using 1:1 dichlorom f&xane as the mobile phase.
(5-Benzylthio-2-chloro)-aniline was isolated as a white solid (0.805g, 82%). 1H NMR 5(CDCI3)
7.26 (m, 3H, phenyl H), 7.22 (br m, 2H, phenyl H), 7{09 (d, 1 H, 2C {J(=8.3 Hz), 6.66 (d, 1 H, 1JJ =
1.9 Hz), 6.61 (dd, 1 H, jJl = 8.3 and 1.9 Hz), 4.62s®

To a cooled solution (0°C) of 3-Amino~4-chiorobenzene thiol (0.630g, 3.92 mmol)

10  in anhydrous tetrahydrofuran (THF) (15 ml) was added n-butyllithium (1.6 M In
hexanes, 2.45 mi, 3.92 mmol) and the reaction mixture stirred rapidly. To this
mixture was 'siowly added benzylbromide (0.47 ml, 3.92 mmaofi) and the reaction
mixiure stirréd rapidly, warming to room temperature over circa. thour. Removal of
the solvent under reduced pressure afforded a crude product which was purified

15 by column chromatography on silica gel using 1:1 dichioromethane/hexane as the
mobile phase. (5-Benzylthic-2-chloro)-aniline was isolated as a bright white solid
(0.805g, 82%).

" NMR 8(EDCls) 7.26 (m, 3H, phenyl M), 7.22 (br m, 2H, phenyl H), 7.08 (d, 1H,
20 i =8.3Hz2),6.66(d, 1H, |J| = 1.9 Hz), 6.51 (dd, 1H, |J| = 8.3 and 1.9 Hz), 4.04 (s,
2H, CHy), 4.03 (br s, 2H, NHy).

To a cooled solution (0°C) of (5-Benzylthio-2-chloro)-aniline (0.805g, 3.21 mimol)
in anhydrous diethylether (10 ml) was siowly added anhydrous hydrochloric acid in

25  diethylether (1M, 5.0 ml, 5 mmal). The resulting precipitate was isolated by
fitration, washed with diethylether (2 x 5 ml) and dried under vacuum.
(5-Benzylthio-2-chioro)-anifine HCI salt was isolated in near quantitative yieldasa
white solid (0.865g, 94%).

30 Example 1(ii) Synthesis of Methyl-(3-methvlthio-phenvl)-cyanamide
R




2H, CH2), 4.03 (or s, 2H, NH2). To a cooled solution (0C) of (5-Benzylthio-2-chloro)-aniline (0.805g,
3.21 mmol) in anhydrous diethylether (10 ml) was slowly added anhydrous hydrochloric acid in 25
diethylether (1M, 5.0 ml, 5 mmol). The resulting precipitate was isolated by filtration, washed with
diethylether ¥22Bovilpedel dried under vacuum. (5-Benzylthio-2-chloro)-abilkieB1@r/88is as isolated
in near quantitative yield as a white solid (0.865g, 94%). 30 Example 1(iiii) Synthesis of
Methyl-(3-methylthio-phenyl)-cyanamide -11 WQ 2006/136846 PCT/GB2006/002315 N\NyS\ To a
cooled solution (0C) of 3-Methylthio-aniline sg 3.3&pmol) in anhydrous diethylether (10 ml)
was added a diethylether solution (10 ml) of cyanoromide (0.7049, 6.65 mmol). CAUTION :
Cyanogen bromide is highly 5 toxic. The resulting sottrtion was allowed to stir at room temperature

over night. Theresuliing mixtirgoMasdfittered rasmeveithenmepitagsagd thesdiethyledher filtrate
was washed wit% I M HCI (20 ml) and brine (20 ml) before th sglve t was hrj%rgnov?e yﬂg%@vacuum to
yield an oily yélfﬁW‘?E%iéu‘é’?WﬁEﬁficm% e\’(‘fﬂﬁdgdﬁ?édacf?l%; ézé?gher S (Sgrap on silica gel

mn chromat
using 95:5 dichlpiesaetharstatyl il Omce BBSatiordRdi@uiedyitiGyptegey)cyamdenikieiciha near
colourless oil which _crystallised on standing ( 9 ' der a
nitrogen a?moé%grjxégegﬁ R C\)/Iv%ft Y500 .%%f%%?d%%%’t}/@iﬂ%jé%ﬁ%ﬁ%%%%?ﬁ%),

3-Methylsulfarijhphesylirtbroiduramide {iereddo3anavmip areciriiaiasie har ehwstimhe mixture

was stirred rapj ' NG IDEIORD thRNBPRERLIE
iodomethane ?é)ﬂ%@rﬁﬁag o%ﬂﬁ%’%ﬂ?ﬁgﬁg’gﬁg %%%%Wﬁ%ﬁﬁggs? 'irtreoLI? %’;\r&]}room é:mperature

over night. Thea@uieAd eV aeiomm 2 & i8I dioR W HE Nk EBRIT U B&terE water (30

ml) and diethyleihgndAs, 28 iminprendeesaphe argiiis gilasing as Sefiehtenndifen@wrNa2S04
and the diethylether Sobvent [ mOVeR WIS YASHHTLIgNRIE SLg R L6PIdlBuRLEYER AHTon
crystallised on standing (0.570g, 52%).
A flame-dried Schienk flask under a nitrogen atmosphere was charged with
sodium hyd-ride (60% in mineral oil, 0.14g, 3.5 mmol), 3-Methylsulfanyl-phenyl-
15  cyanamide (0.493g, 3.00 mmol) and anhydrous THF (5 mi). The mixture was
sfirred rapidly and heated fo 70°C for circa 0.5hours. On cooling to room
temperature, iodomsthane (0.37 ml, 6.00 mmol) was added‘ drop wise and the
mixture stirred at room temperature over night. The resulting clear, colouriess
solution was concentrated under vacuum before water (30 mi) and diethylether (40
20 mi) were added. The organic phase was separated, dried over Na,S0O4 and the
diethylether solvent removed under vacuum to yield a crude residue. Purification
by column chromatography on silica gel using dichioromethane as mobile phase
afforded the title compound as a pale yellow oil (0.388g, 73%).

25 'HNMR & (CDCls) 7.26 (m ,1H, aryt H), 6.96 (m, 2H, aryl H), 6.81 (m, 1H, aryl H),
3.31 (s, 3H, NCHa), 2.48 (s, 3H, SCHa).

Example 1(iv) Synthesis of N~(5—Ben2vlthio—2~chEoro)w:)henv!—N’~{3~methv%thio)—

phenvi-N'-methvlguanidine HCI salt

-2



by column chromatography on silica gel using dichloromethane as mobile phase afforded the title
compound as a pale yellow oil (0.388g, 73%). 25 'H NMR 6 (CDCI3) 7.26 (m ,1 H, aryl H), 6.96 (m, 2H,
aryl H), 6.81 (m, 1 H, aryl H), 3.31 (s, 3H, NCH3), 2.48 (s, 3H, SCH3). Example 1(iv) Synthesis of
N-(5-Benzy!th8-2iiée phenyl-N'-(3-methylthio)- ohenyi-N'-methylguanfdihéBREYEHIRIE2 WO
2006/136846 PCT/GP2006/002315 CINyNt S~ /NH.HCII Ph S To a flame-dried 10 ml round
bottomed flask equipped with a magnetic stitibar was, added methyl-(3-methylthio-phenyl)-cyanamide
(0.185g, 1.04 mmol) and (5- benzylthio-2-c qro)kaniline HCl alt (0.297g, 1.04 mmol). The flask was
evacuated 5 and refilled with nitrogen thre Xt FEEQIrC flask was sealed under nitrogen and
heated to 160C for 3hours. On cooling to roo € the pale orange residue was taken up in a

températ
minimum volume of dichloromethane (@:5;1 ml) and purified by column chromatography on silica gel
using a 0-10% gradient of methanol in dichioromethane. Removal %solvent nd &fé?%h vacuum

o -

afforded the IibtitBaseeriibmhlasldgasRPirNedng 6 BEREEY 4 2 AHIR'S M80) 9.70 (br
S, 1 H, N": 8.01 (B $. et NM:-Gre T3 nTo0shhy - binamiliel) (7. 0850, 1104, emyldl) ah@4(fs, 2H, CH2),

N (2-Chioro- SRR  SHAA P R EA Bt Ky QLB S oy s 1
NH.HCI'/5,  and refilled with nitrogen three times before the flask was sealed under nitrogen
and heated to 160°C for 3hours. On cooling to room temperature the pale crange
residue was taken up in a minimum volume of dichloromethane (0.5-1 ml} and
purified by column chromatography on silica gel using a 0-10% gradient of
methanol in dichloromethane. Remova! of solvent under high vacuum afforded the

10 title compound as a glassy white solid (0.357g, 74%).

'H NMR 8 (0s-DMS0) 9.70 (brs, 1H, NH), 8.01 (brs, 1H, NH), 7.39-7.08 {m, 11H,
aryl H), 7.09 (m, 1H, aryl H), 4.24 (s, 2H, CHa), 3.39 (s, 3H, N-CF), 2.45 (5, 3H, S~
CHa).

15
Example_1(v). Synthesis of N-(2-Chloro-5-mercapto)-phenyl-N'-(3-methvithig)-

phenvi-N-methyiguanidine HC! sait

PO
N YN 5.
NHHC!
SH

A flame-dried Schlenk flask under a nifrogen atmosphere was charged with

50 atuminium chloride {6.293g, 2.20 mmol) and anhydrous toluene (5 ml). To the
resuiting stired suspension was added a toluene solufion of N-(5-Benzylthio-2-
chloro)-phenyl-l\i’~(3-methylthio)-phenyi—N’—methyiguanidine HCl salt (0.250g, 0.54
mmol) and the reaction mixture stirred rapidly at room temperafure for 2hours. The
resulting mixture was diluted with methanol (5 ml) which resulted in a coiourless,

25 homogeneous solution. Removal of solvents under vacuum afforded a colourless
residue which was taken up into dichioromethane (3 mi), filtered and the filtrate
purified by column chromatography on silica gel using a 0-10% gradient of

13-



SH A flame-dried Schlenk flask under a nitrogen atmosphere was charged with 20 aluminium chloride
(0.293g, 2.20 mmol) and anhydrous toluene (5 ml). To the resulting stirred suspension was added a
toluene solution of N-(5-Benzylthio-2- chloro)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine HCI
salt (0.250g, WHBAGiMsand the reaction mixture stirred rapidly at room &rfefatiEdst 2hours. The

resulting mixture was diluted with methanol (5 ml) which resulted in a colourless, 25 homogeneous

solution. Remr%\éﬂgﬂ;&]qW@EﬁﬁaﬂﬁtﬁéﬁéméﬁﬂwwmMSMddamigla%asmﬂa'l@n up into
m

dichloromethane ), filtered and the filtrate purified by column chromatography on silica gel using
a 0-10% gradseiitdP 1BP9vEr ¥006/136846 PCT/GB2006/002315 methanol in dichloromethane. The
title compound was isolated as a glassy white solid (0.130g, 64%). A sample of the free-base was
prepared by heating the.HCI salt in the presenc IRAERIPOQ; ﬁqﬂqg\ﬁg@hb@@tion by
column chronfafSEPRIhG Shediifea @&el‘j‘%ﬁ %8%%&)%rﬁt%%ﬁgoﬁ methanol in dichloromethane. 'H NMR
6 (CDCI3) 7.22,(bDs il HeettyleHjoToR@ iy s laRarHyy ZaiBram ChFPra@iParBP 7y1an@ 2 99 aryl H),

7.06 (dd, | H, aryl H), 7.01.(d (1S ihBrhdtheSH), 3.36 (s, 3H, NCH3), 2.49 (s, 3H,
SCH3). Examﬂ%“f(\%‘i)g's%aﬁéw%g%gi%?ﬁé%ﬁﬁé%ﬁ%mﬁﬁynhio)-pheny|-N'-(3-

methylthio)-phenyl-N'-methylguanidine ci NYN' S NH S/ FVS 15 A flame-dried Schlenk flask under a
nitrogen atmosgheiRNaEENaIgechwitBiN,(2H, aryl H), 7.28 (m, 1H, aryl H), 7.13 (m, 2H, ary!

chloro-5-mercapto)-phenyl-N'-(3-methylthiq)-phenyl-N'-methylguanidi 0.10 mmol),
triethylamine (U)OQ)OG‘, G130 Gy Brés Zn%%&ggu dl%m@r ’r%?#adeﬁg%’?n aﬁlgl’ (g)g?)%ggj gir? an ice-bath
to OC. Fluprobyemgmethasgs, 3H, NCHa), 2.49 (s, 3H, SCHs). '

Example 1{vi) Synthesis of N-(2~ChEoro—S—ﬂuoromethvlthio}-phenv!uN’~(3~

methvithio)-phenviuN’—methviquanidine

Cl ¥ ;
YOS
NH ! v
F\/S

15 A flame-dried Schienk fiask under a nitrogen atmosphere was charged with N-{Z-

chioro-5~mercapt0)~pheny!~N’—(S-methylthio}—phenyE~N’—methyiguanidine HCI salt
{(0.037g, 0.10 mmol), tristhylamine (0.020g, 0.20 mmol) and anhydrous
dichloromethane (2-3 ml) and cooled in an ice-bath fo 0°C. Fluorocbromomethane
gas was bubbled through the dark coloured reaction mixture for 30 seconds before
20 the reaction was aliowed to slowly warm to room temperature. After 2hours, the
resulting pale yeltow solution was concentrated under vacuum fo vield a crude
residue which was re-dissolved in dichloromethane (1 mi} and purified by column
chromatography on silica gel using a 0-10% gradieni of methanol in
dichioromethane. Removal of solvent under high vacuum afforded the fitie

95 compound as a pale yellow oii (0.024g, 68%).

"H NMR & (CDCly) 7.32 (m, 2H, aryl H), 7.20 (m, 1H, aryl H), 7.17 (m, 1H, aryl H),
7.16—7.06 (m, 2H, aryl H), 7.04 (m, 1H, aryi H), 5.71 (d, 2H, |J| = 52.8 Hz, CHF),
341 (s, 3H, N-CHy), 2.50 (s, 3H, S-CHa).
30
b



gas was bubbled through the dark coloured reaction mixture for 30 seconds before 20 the reaction
was allowed to slowly warm to room temperature. After 2hours, the resulting pale yellow solution was
concentrated under vacuum to yield a crude residue which was re-dissolved in dichloromethane (1 ml)
and purified BY&HItAASEMromatography on silica gel using a 0-10% gradi&RT BFHAOEES1SN
dichloromethane. Removal of solvent under high vacuum afforded the title 25 compound as a pale

yellow oil (0.024g, 68 {1 i i 2R (R M@)g%%‘ﬁm’ 1H,
aryl H), 7.16 - 7.06 (m, ZH,aryr H), 7.C Caryi H), 5. d, ZH, TIT=52.8 HZ, ;" 3.41 (s,
3H, N-CH3), 2.5-raetiml 30 -14 WO 2006/136846 PCT/GB2006/002315 Example 2:

N-(2-Chloro-5-f48Elfluernaiyiinke prphia Gemgidthinispiemidysmetvieuatidinggiye title
compound was prepared using nethods analogous to those in Example. 1(vi) but using

[18F]fluorobromtiiANS B8 fhé YRR SheRe aRnarBaoa L ainm RaR hARRYEMYEnt and
cesium carbonaiesAasrihedasend belhaantityotdbi pradiings aoiErnesshy HPidentityaelfitian of

N-(2-Chloro-5-[18F]fluoromethylthio)- fllg =N'-(3:meth W{ 1% nyl-N'+ lguanidine. with an
authentic samp%roéﬁjec[?gvr%%ﬁﬁré&rg?n&p@ (E%Hl%) IE::[I{-{’}I%En Iéit %%d T&%Lﬁ%y Fgé]fhgyg}ﬁﬁ). ions
tested, it was fopimehiHay themeshyEfiigiante opkdinatetmdpuinstiparatidn detwotreptiscaesople
N-(2-chIoro-5-trgpg8g%ylﬁ{\lé)§éh(gggw§hio)-phenyl-N'-methylguanidine and reference standard
N-(2-Chloro-5 15 fluoromethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine was as
follows: 5-Luna C-18(2) column (250 X 4.6 mm), MP 55/45 acetonitrile /0.01M (NH4)2HPO04, flow rate
at Iml / ming UV2Sdomiskhedsretention time for N-(2-
chloro-5-thio)phenyi-N'-3'-(methylthio)-phenyl-N'-methylguanidine precursor was 20.0Ominutes, while

N'(Z'ChIoro's'ﬂ\%}fﬁW—FFEE@tgiggfﬁﬁ]c%myéﬂ'agﬁéwgt%@-E?,)'it was found that the most efficient

chromatographic separation between precursor N-(2-chloro-5-thio)phenyl-N'-3'-

(methylthio)-phenyi-N'-methylguanidine and reference standard N-(2-Chloro-5~
15 fiuoromethyithio)-phenyl-N'-(3-methylthio)-phenyt-N-methyiguanidine was as

follows: Sp~Luna C-18(2) column { 250 X 4.6 mm), MP 55/45 acetoniirile / 0.01M

(NH4)2HPOg, flow rate at 1mi/ min, UV 254nm.  The retention fime for N-(2-

chloro-5-thio)phenyl-N’-3’-(methylthic)-phenyl-N'-methylguanidine precursor was

20.0minutes, while N-{2-Chloro-5-flucromethylthio)-phenyi-N'-(3-methylthio}-
20  phenyl-N'-methylguanidine had a retention time of .70 minutes.

Exampie 3 Svnthesis  of N-(2-Chloro-5-(2-fluoro-ethylthioV)-ohenyl-N'-(3-

methyithiol-phenvi-N-methyiguanidine
cl
i

25 N
To a flame-dried Schlenk flask fitted with a reflux condenser was charged with N-
(2-Chloro-5-mercapto)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine HCI
salt (0.030g, 0.08 mmél), potassium carbonate (0.022g, 0.16 mmol) and
anhydrous acetone (2 mi). To the mixiure was added a solution of 2-
3¢ fluoroethyitosylate (0.017g, 0.080 mmol) in acetane (1 mi) and the reaction heated

-15-



20 phenyl-N'-methylguanidine had a retention time of 9.70 minutes. Example 3: Synthesis of
N-(2-Chloro-5-(2-fluoro-ethylthio))-phenyl-N'-(3- methylthio)-phenyl-N'-methylquanidine GHN Y N S
NH 25 ids To a flame-dried Schlenk flask fitted with a reflux condenser was charged with N-
(2-Chloro-5-Mérédst&iepttenyl-N'-(3-methylthio)-phenyl-N'-methylguanidinBIEB XM 4628509, 0.08
mmol), potassium carbonate (0.022g, 0.16 mmol) and anhydrous acetone (2 ml). To the mixture was
added a solutiog, ofchi30 ypraetlligndate 0dsfA-R040 mmal g aggigneddip) angdpgreaction
heated -15 WO 2006/136846 PCT/GB20061002315 to reflux under a nitrogen atmosphere for 3
days. After coofRigRE'RIBHE RenipleRENE BB BONRHHRARE MARYELROAdBE TRRidLRTmipesd/PEsidue

Be-lo(ljios/solvet;n! inzﬁlif@mﬁrﬁumtllsmgﬁmﬁs)Ppﬂfiﬁaéi@]gf@nbgyﬁ@biwl Bﬁ%ﬂaéS Qﬂjﬁﬂﬂw%%ﬂi@% %@h US_Iing a
-10% gradient of met in dichloromethane afforded the title 5 compound as pale yellow oi
(0.021g, 68%).“15'%&?3@ %”)a%%‘?}( e e 'E*tbf ?H?%f‘%@%rﬁf&’)[dsf’%ﬁcé Tﬁ?egH, aryl
H), 6.94 (n%, 1 Rloamybth)d4es P4, y2How bl 10608 Binb8%N Hz, CH2F), 3.41 (s, 3H, N- CH3), 3.12 (dt,
2H, [JI = 6.6 and 20.5 Hz), 2.51 (s, 3H, S-CH3). 10 Example 4: Synthesis of
N-(2-Ch|oro-5-(12-(18FIfIuoro-ethylthio))-phenyI-N'-(3- methylth io)-phenyl-N'-methylgua n id ine The
title compound WHfepdfeldelsingmbthads analdydustdomiasd ih @yxhmple 1B Bunusig aryl

2-[18F]fluoroethyltgsylats agiihghalnalkyiatingagant sl mbdyre of Fgenydiaus s, N-

acetontrile/ethanol as the solvent and cesium carbonate as the base, The identity o the product was
confirmed by HPEE co-Bredt \(Z-BRIBRSLED-5 Hz). 2.51 (s, 3H, S-CHy).

[18F]fiuorpethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine with an
Example 4: Synthesis of N-(2-Chloro-5-(2-[**Ffluoro-ethylthio))-phenyi-N'-(3-
methylthio)-phenyl-N'-methviguanidine

The title compound was prepared using methods anaiogous to those in Example 3
but using 2-{"*FIfluoroethyltosylate as the haloaikylating agent, a 1:2 mixture of

15  anhydrous acetontrile/ethanol as the solvent and cesium carbonate as the base.
The identity of the product was confirmed by HPLC co-elution of N-(2-Chloro-5-
["®FIfluoroethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine with an
authentic sample prepared in Example 3.

20 HPLC Meihod

With HPLC analytical conditions fested, it was found that the most efficient
chromatographic separation between precursor N-(2-chloro-5-thio)phenyl-N'-3'-
(methylthio)-phenyl-N'-methyiguanidine and reference standard N-(2-Chioro-5-(2-
25  fluoro-ethyithio))-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine was as
follows: Su~-Luna C-18(2) column { 25C X 4.6 mm), MP 55/45 acetonitrile / 0.01M
(NH4)2HP Oy, flow rate at 1ml / min, UV 254nm.  The retention time for N-(2-
chioro-5-thio)phenyl-N'-3’-(methylthio)-phenyl-N'-methylguanidine precursorwas
20.0 minutes, while N-(2-Chloro-5-fluorosthylthio}-phenyl-N'-(3-methylthio)-phenyl-
30 N'-methyiguanidine had a retention time of 9.40 minutes.

Example 5: Synthesis of N-(2-Chioro-5-(2-[" Clethvithio)-phenyl-N'-(3-methvithio)-

46-



authentic sample prepared in Example 3. 20 HPLC Method With HPLC analytical conditions tested, it
was found that the most efficient chromatographic separation between precursor
N-(2-chloro-5-thio)phenyl-N'-3'- (methylthio)-phenyl-N'-methylguanidine and reference standard
N-(2-Chloro-B{298/figfdds-ethylthio))-phenyl-N'-(3-methylthio)-phenyl-N'-nEefHABHEAREIHE Was as
follows: 5-Luna C-18(2) column ( 250 X 4.6 mm), MP 55/45 acetonitrile / 0.01 M (NH4)2HPO4, flow

rate at Imi / ming%\g:é%%%g@ kgtegtian time for N-(2-
chloro-5-thio)phenyl-N-3-(me i0)-phenyl-N'-methylguanidine precursorwas 20.0 minutes, while
N-(2-Chloro-5- fﬂj%@détmﬂm%ﬁéﬁ§|ﬁ<ﬁq@tﬁﬁ*éfﬁmmmﬁfﬁﬁéﬁﬁﬁ§@&fﬂlﬂﬁéﬂnm@aﬁmrna@& retention
time of 9.40 minytegsyamble i oymansiadtne haloalkylating agent.
N-(2-Chloro-5-(2-f11Clethylthio))-phenyl-N'-(3-methylthio)- -16 WO 2006/136846 PCT/GB2006/002315
phenyl-N'-methylquanidine The title compound is prepared using methods analogous to those in
Example 6 sbut Bginmole"€lictigetimie as the(hdlbddkylatime thgtnio bribxayidip- G-Bytithgsis)of
N-(2-Chloro-5- [thip) ethylthio)- phenyl-N'-methylquanidine CIHN S~ NH To a
round bottom fl %H’ F}\p Bl ulgﬁ{&;’]{Qetlc stirrer was added sodium methoxide (1.4mg, 26.6 umol),
N-(2-chloro-5-mercapto)-phenyl-N'-(3-methyithio); 10 phenyl-N'-methylguanidine HCI salt (5.0mg,

S Féﬁlg

h

13.3 umol) and anhydrous methanol (1 ml fe.was stirred rapidly under a nitrogen
atmosphere for 5 minutes before the mixt gas fut ted with iodomethane (1.8 ul, 30 umol).
After stirring at room temperature for 15 min tes the solvent was removed under vacuum and the
residue submitted for analysis by HPLC. 15°

To a round bottom flask equipped with a magnetic stirrer was added sodium
methoxide (1.4mg, 6.6 umol), N-(2-chloro-5-mercapto)-phenyl-N'-(3-methyithio)-
10 phenyl-N'-methylguanidine HCI salt (5.0mg, 13.3 umol) and anhydrous methanol
(1 ml). The reaction mixture was stirred rapidly under a nitrogen atmosphere for 5
minutes before the mixture was further treated with iodomethane (1.8 ul, 30 umol).
After stirring at room temperaiure for 15 minutes the solvent was removed under
vacuum and the residue submitted for analysis by HPLC.
15
Example 7: Synthesis of N-(2-Chloro-5-"'Cjmethylthio}-phenvi-N'-(3-methyithio)-
pheny!-N'-methviguanidine

The title compound is prepared using methods analogous to those in Example 6

but using ["'Cliodomethane as the methylating agent.

20
Example 8: Svnthesis of N-(2-Chloro-5-mathyithio)-phenvl-N'-(3-methyithio)-
phenvi-N'-methviguanidine
Example 8(1) Svnthesis of 2-chloro-5-(methyithio)aniline hvdrochloride

25

To a stirred solution of 2-chloro-5-(methylthio)benzoic acid (5g, 24.67 mmol} in {-
butanol (20mL) was added triethylamine (5.25 mL, 37.8 mmol). After stirring
briefly, diphenylphosphoryl azide (6mL, 27.60mmol) was added drop wise. The
reaction mixture was slowly heated {o reflux for Bhours and then cooled to room

30 temperature. The solvent was removed under reduced pressure and the crude

-17-



Example 7: Synthesis of N-(2-Chloro-5-["Clmethvlthio)-phenyl-N'-(3-methylthio)-
phenyl-N'-methylguanidine The title compound is prepared using methods analogous to those in
Example 6 but using ['Cliodomethane as the methylating agent. 20 Example 8: Synthesis of
N-(2-Chloro-$4rittieiiigatay-phenyl-N'-(3-methylthio)- p he nyl-N'-methylg u8GFit#ReEREH e 8(i)
Synthesis of 2-chloro-5-(methylthio aniline hydrochloride 25 To a stirred solution of
2-chloro-5-(methylthio)benzoic acid. (5¢, 24.67 ¢ In.tz byutanol ' lamine
(5.25 mL, 37.8 !r'ﬁeén%ﬁgA tge%rt%ﬁrivﬁfas b%r%éﬁ?j,lv Fpkﬁ%ﬁ)%%%%%%%gﬁggzﬁg %ﬁp?;;ﬁé@%&m%%s added
drop wise. The addiigorohfiRibrelvidBustovaigeticaed (3 Yofl Db foreadiars aiUiserasobRade® oom 30

temperature. ThemoIVRI WRSIEMAY§HIEL IRACRAPresais AR Baarubsoinld WORHP6/136846
PCT/GB2006/002315 reaction mixture was dissolved in tet%drofuram é12.5 ml-) followed by the

addition of 12.SREfRMEal 8RR TR Waa diRAHeHIvih MR eated e b rrditie fIF &hours and
the solventwasiougppsaiesiiafien epoliagietee@athieTheaiastiest The repetiesdmixitrecisasiiteated with

NaOH (25%) to bring the 2 while ling in an ice water bath. The prodyct was repeatedly
extracted into 554@388{3[%%%(5%%3 'iwtg %?1%9{%%%% cil?g%rvwggﬁécw \}\‘E/HHN\%‘}aet‘gqéH@ L)ﬁ%e
combined extractsniereddeidthoizewitg SiDdcandecdvigBiatad rouacutatedfforergetdovadibr®he product

was purified by SR EREIIARAIARN BN BOIETL Al ARXERERIEIAAG) and (e fallepiad samples

dissolved in ether and treate ether mL, 1 M) to provide als. The title

product was a WEKeesE Q3 \eBgnd e ieitectemh sepmries s snlechiexaines/ etd A ard) Wix0.51;: MS
(Cl) mle 184 (Nil/Ean&s (riBmINS AR sriQid@ i DA E-NM BiCHP6d 3 @Rt s 8iid (M, 3H,

Ar-H), 2.5 (s, 3H. S-CH3). 15 Example &(U) Synthesis of 3-(benzyithio)anili

H), 2.5 (s, 3, 5:CH3), 10 Bxample, B0 saihests of 3-enaNIAIINg _o 5+1. ms i)
mle 174 (M#1 for C;HsCINS) and m/e 191 (M+NH), "H-NMR (CDCly) 8 (ppm) 7.2-
6.7 (m, 3H, Ar-H), 2.5 (s, 3H, S-CHa).

15  Example 8(i) Synthesis of 3-(benzviihiolaniline

To a stirred solution of sodium hydroxide (2.1g, 52.5mmol) in water (4ml) cooled in

an ice bath, a solution of 3-aminothiophenol (4.8g, 38.4 mmol) in ethanol (20mi)
was added drop wise, followed by the addition of solufion of benzyi chioride (5g,
38.5mmol) in ethanol (5mi). After the addition, the reaction mixture was stirred at
20 room temperature for 4 hours and became a brown solution with white precipitate.
After filtering off the precipitate, the filtrate was concentrated and residue was
taken by dichloromethans (40ml). The dichloromsethane solution was washed with
agqueous sodium hydroxide solution three times (0.5 M, 3 X 40 ml) and water once
(40 ml}. After dried over MgSQ, and filtered, dichloromethane solution was then
25  concentrated in vacuo to afford thick yellow oil as crude product. 1t was further
purified by flash chromatography (SiO;, hexanes/CH,Cls 0-100%) to afford 3-
{benzylthicaniline (6.77g, 82% ) as a pale yellow oil, which solidified into white
solid after staying. at room temperature. Thin layer chromatography:
Dichloromethane, Rs = 0.37; "TH-NMR (CDCls) 6(ppm) 6.8-7.4(m, 9H, Ar-H), 4.15(s,
30  2H, 8-CH2).

Example 8(ii) Synthesis of 3-(benzvithio)phenvicvanamide.
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To a stirred solution of sodium hydroxide (2.1 g, 52.5mmol) in water (4ml) cooled in an ice bath, a
solution of 3-aminothiophenol (4.8g, 38.4 mmol) in ethanol (20ml) was added drop wise, followed by
the addition of solution of benzyl chloride (5g, 39.5mmol) in ethanol (5m1). After the addition, the
reaction mixtre s Sited at 20 room temperature for4 hours and becafeTAIRBRIEBILtIoN with
white precipitate. After filtering off the precipitate, the filtrate was concentrated and residue was taken

by dichl th 40ml). The dichl It ' ‘ '

ydronice solutto e R Tt R s B s an
filtered, dichlorampettaarddeidstnyds ariivreg seutenabiedranvdtiio)anitifnefd. Guck y&mowail as crude
product. It was et ulesbiy [ s losianty R4, beXRRRSICHE R 9NSA) o afor 3

(benzylthio)aniline (6.77g, 82% ) as ap low oil, which solidified into white solid after staying at

room temperatUieS PSR FePo FEBRFAHFR foDlcHIoHSMRILRRCFRRE 8 8D SAMEC[OBIER) b(ppm)
6-?67-4(”|Lh8|‘)|, gNhftBl,pﬁebﬁﬁKatéQﬁfé, Fﬁe@ﬂi?étd:;\)@ﬁm{@ré@ial;s&ﬁﬂmﬁﬁfimfate was W?shed with
3-(benzylthio)phenylcva [ -18 2006/136846 PCT/GB2006/002315 A splution of cyanogen
bromidey(1.423?5g.ef H?rﬁ%%hgﬁ?ﬂhlﬁﬁg‘ﬁ;ﬂﬁﬁ{ﬁ gfﬁ%WffO i WE gédalﬁd ﬁ%@ﬁgrg rlli](r%}"félaysolugtyion
of 3_—(_benzy|thioym_:=.iliam'ﬁe@fcﬁ@ngﬁmmélbeﬂadam;ddwouseeﬁEﬂiytfame&(@ﬁvﬁm)mtd-weﬁhwﬁéMe
additon. Ihe reqetian IR aE YidedakipoTriaman e oL daunand beremieprown

solution with a recipitate. The precipitate’was filter and the filtrate was washed with

aqueous HCI (19W:8X=0 M) &r?d follevsda By HapeZdb mpheRY M s (o8 2088 Hikaldver

by flash chromatontnts a0p, T oA 03076t o L e by aramide
y flash chromatograp | c, 0-20% ord 3-(benzylthio)phenylcyanamide

(2 850, 5% yiRFRAL & RAES AR ATUD: DA G aHe T LGSR (O L Lo IR

(CDC13) 6 (pphi)H}.23620(B083H;AT8)Hatantsfiz idirSidhi 2)2 2R )| @INB cm-'(secondary N-H),

3023-3085 cm-1 (C-H aromatic stretch), 2227 cm -1 (CN).

Example 8(iv) Svnihesis of 3-(benzvithio)phenvl-N-methylcyanamide

15  To a solution of 3-(benzylthio)phenyleyanamide (0.80g, 3.33 mmol) dissolved in
acetonitrile (8 mL) was added diisopropylethylamine (0.65g, 5.0 mmol), followed
by addition of methyliodide (0.94g, 6.66 mmol). The reaction mixture was refluxed
at 80-85°C for 3 hours. After removal of solvents the residue was taken by
dichioromethane (40ml) and the organic soiution was washed by water (40ml}.

20  After dried over MgSOs and filiered, dichloromethane solution was then
concentrated in vacuo to afford yellow oil as crude product. Purification by column
chromatography (SiO;, Hexane/CHCl, 50% fo 100%) to afford 3-
(benzytthEo)pheny%~N—methyicyanamide as a paie yellow oil (0.87, 80% yield):
CH.Ch Ry = 0.45; "H-NMR (CDCI3) 8 (ppm) 7.3-6.8 (m, 9H, Ar-H), 4.06(3, S-CHj,

25  2H), 3.57 (s, 3H, N-CHa).

Example 8(v} Synthesis of N-(2-chioro-5-methvithio)-pheny-N'-3'-(benzyithio)-

phenyi-N'-methviguanidine

To a dried 25m! flask assembled with waier condenser, 3-(benzylthio)phenyl-N-
30 methylcyanamide (0.85g, 2.56 mmol}, 2-chloro-5-(methylthio)aniline hydrochloride
(0.54g, 2.56 mmol) and 1ml of chiorobenzene were added. The flask was then
flushed through with niirogen gas and then heated at 150°C for 3 hours while

~10-



Example 8(iv) Synthesis of 3-(benzylthio)phenyl-N-methylcyanamide 15 To a solution of
3-(benzylthio)phenylcyanamide (0.80g, 3.33 mmol) dissolved in acetonitrile (8 mL) was added
diisopropylethylamine (0.65g, 5.0 mmol), followed by addition of methyl iodide (0.94g, 6.66 mmaol).
The reaction Widdbreifdi¢trefluxed at 80-85C for 3 hours. After removal ofP§giEEkrEeHe28a8idue was
taken by dichloromethane (40ml) and the organic solution was washed by water (40ml). 20 After dried

over MgSO4 angt%ﬁe eqhgleg%) @Rmem%e s‘%glg B o\f\é%shﬁh%bor% érlatt(;‘g ?;nf?éu% ég/% aff g yellow oll

as crude product flcatlon y column c romatograp ane 0%) to

afford 3- (benzyﬁhﬁ@)ﬁ?ﬁﬂiﬂ%ﬁ%ﬂ%@;ﬁﬁ%ﬁl@éﬁ@&%ﬁéﬁéﬁéﬂh@lD(@C&?pmylé’ld)ﬁlc{amm2 Rf =
0.45; 1H-NMR (EBPfFa%%) Eh(BRBG3 2(@;@2'," 488, G548, tg@%ﬂ? e GéSniN-CH3).

Example 8(v) Synthesis of N-(2-c Ioro- -meth thlo phenyl-N'-3'- (benzyt i0)-
Phony N meth RIS o Q RechAahn AR &SRBy WA AUSRARPEERatography:

ﬁ((;Jen?lllthg)p(r(eﬂywwbmqmybcwmde‘G@hniﬁm mm@'bp@rﬁh@mﬁeﬁmﬁthiﬁh'ﬂ)ﬂﬂwneﬂ o
ydrochloride enzeng were . The flask was then flushe
through with mt%éé&g%%?ﬁghﬁﬁggtgd ggl C r%%&sﬁﬁng%ﬁ? O 2006/136846
PCT/GB2006/002315 stlrrlng The reaction mlxture was cooled to room temperature. After removal of
chlorobenzene inXaieie R Qrds-(d - £330 (634 ffi i ad
chromatographﬁﬂM@HM@/MeOH 0- 20%) to y|eId the guanldlne hydrochlorlde (0. 9g 85% yield)
as a solid:thin Ia_Iyer chromatography: 5 CH2CI2/MeOH (9:1), Rf =0.34; 'H NMR (CDCI3) b (ppm)
6.8-7.3 (m, 12H] AREAPMAdsEd asksiauminum iicidoride ((REmg) OHsrmobives. asidss &dahple 8(vi)
Synthesis of N- @tﬁﬁ@rpp%t@eﬁa;\ﬁthmbomenwur@p i haamdN’ omtmllme%dmé{ﬂﬁ@@ 25ml dried

flask, aluminium HIChIP“dg %enzﬁfhlo?dr')@&?rpl\\fy dygegal#rr:] ine (100mg, 0.23mmol) in

toluene(Zmi). The mixture was stirred under nitrogen at room femperature

15 overnight. The reaction was quenched by using acetic acid (0.5ml) and then
concentrated in vacuo to afford thick oil as crude product. Purification by ftash
chromatography (SiO,, CH>Cl/MeQH, 0-20%) to yieid the title product (70mg, 96
% yield) as a glassy solid: TLC: CHyCl/MeOH (9:1), Ry =0.14: "H NMR (CDCls) &
{ppm) 6.8-7.3 (m, 7H, Ar-H), 3.35 (s, 3H, N-CHa), 2.4 (s, 3H, S-CHa).

20 ‘

Example 8(vil) Synthesis of N-(2-Chioro-5-methyithio)-phenvi-N'-(3-methyithio)-
phenvi-N'-methyiguanidine

HPLC Method

25  With HPLC analytical conditions tested, it was found that the most efficient
chromatographic separation between precursors N-(2-chloro-5-methyithio)-phenyl-
N’-3’-thiophenyl-N'-methylguanidine, N-{2-chioro-5-thio)phenyl-N'-3'-(methyithio)-
phenyl-N’-methylguanidine and reference standard N-{2-chloro-5-methyithio)-
phenyl-N-3’-(methylthio)-phenyl-N'-methylguanidine was as follow: y-Bondapak C-

30 18 column ( 300 X 7.8 mm), MP 60/40 acstonitrile / 0.05M (NHa).HP Oy, flow rate
at 2Zml / min, UV 254nm.  The retention times for 3'-desmethylthio- and 5-
desmethylthio precursors were 6.65min and 6.0 Tminutes, respectively, while N-(2-
chloro-5-methylthio)phenyl-N'-(3-methyithio)phenyl-N'-methylguanidine had =
retention time of 11.81minutes.

w3



nitrogen protection, followed by drop wise addition of N-(2-chloro-5-methylthio)-
phenyl-N'-3'-(benzylthio)-phenyl-N'-methylguanidine (100mg, 0.23mmol) in toluene(2ml). The mixture
was stirred under nitrogen at room temperature 15 overnight. The reaction was quenched by using
acetic acid (OMhvan@#hen concentrated in vacuo to afford thick oil as crReEReEhddPUrification by
flash chromatography (Si02, CH2CI2/MeOH, 0-20%) to yield the title product (70mg, 96 % vyield) as a
glassy solid: TLC: CH2CI2/MeOH (9:1), Rf =0.14;'H NMR (CDCI3) b (ppm) 6.8-7.3 (m, 7H, Ar-H), 3.35
(s, 3H, N-CH3), 2.4 (s, 3H, S-CH3). 20 Example 8(vii) Synthesis of
N-(2-Chloro-5-rié@tiiniegipsefyd-RSBan i/ lefuivaierss |1 iN prechisgtianidineddRiGritethed 25 With

HPLC analyticakgpp@itions tegieghitavas faupsl thatthe. icie Al J@Fmg qparation
between precursors N-(2-ch|ioro-5-!m%\£hylthio -phhenyI-SNﬁgﬁr@g%fﬁzl-N -;%mefﬁ?%uam&ﬁg@
[

N-(2-chloro-5-tHitENasARNEIBe et Bg) pRESAM MemgiR @ridihg BFa3<rersticianemitard
N-(2-chlor035-m’ébdﬁsi§r)ri@@ﬁnw~l\l;ﬂcﬁm@thylthiﬂaa@hﬁewﬁrmﬂiw}@uara?ﬁiaﬁd@/ﬁassﬁﬂlﬂwi
p-Bondapak C 30 18 column @320 X 7.8 m{n%yP 60140 acetonitrile / 0.0Z%%E‘N 4)2HPO4, flow rate
at 2ml / min, U ?4??%1‘1’%% RN el 1of $LdQSMRHTIBRER AR B! deSiREtRSIRRS SReCursors
were 6.65min afidsdidtignibyteddrieapedtiviiy) whitt’NS(2robile phase (0.05M (NH4).HPO4). An
chloro-5-methylthi =Ne-(3- ' N rmethyl 1di retention time of 11.81
minutes. -20 Wf]%?1 O%g%}%aggé ﬁ;@%ﬁ%‘%@%@%ﬁ%ﬁ‘{r’ﬁ%%ﬁ%%%%@?g"&'@% ﬁqﬁa&?&\%ﬁence to
precursor) was Ba8ad pitgeaEIsatb MEKiaaiAl Fe(K vrasrems e thokiig- v aydducs trdephenyl-N'-

methylguamiding (R SMA)yRRIARSHATHAROXEE (Pl Ma N2 SOy RIS G PEREMESPT) In
either N,N-dimethylformamide or,ingﬁnhydrous ethanol (250-350pl). The resulting mixture was stirred

at room temperdiie f5r NGRS BHITRERGEURENEY GBS o b P eonstifatohase
(0.05M (NH4)2ii20Agr Amd the separation between the title product and its desmethylthio-

precursor was efficient enough for a semi-preparative separation in hot chemistry.

Exampie 9 Synthesis of N-(2-chloro-5-methylithio)-phenvi-N'-(3-[* 'Clmethvithio)-
phenyvi-N'-methviguanidine

[t
811

['C] Methy! iodide, which was produced by reduction of [''C] CO; using lithium
aluminium hydride, followed by iodination using hydriodic acid and distillation, was
trapped into a vial containing N-(2-chloro-5-methylthio}-phenyl-N'-3-thiophenyi-N'-

20 methylguanidine (0.5mg), potassium butoxide (0.8 mg) in N,N-dimethyiformamide
(300ul). The iabelling chemistry was carried out at room temperature for 5 minutes
and reaction mixture was quenched by the addition of 100uf of HPLC mobile
phase (0.05M (NH4):HPO4). An aliquot sample was taken from the reaction
mixture and injected onto in a radioactive HPLC system. The analysis was carried

25 outatthe same chromatographic conditions as used in Example 8. The radioactive
peak, which eluted with retention time of 11.8Tminutes, was confirmed to be the
titte product by co-eluting with cold reference standard at the same analytical
condition. The decay corrected radiochemical yield for the title product, based on
[""Clmethyt iodide, was found to be higher than 80%. The total time for the

30  radiosynthesis, starting from [''C] CO,, was within 20 minutes after end of
cyclotron bombardment.

.



aliquot of reaction mixture was taken and injected onto HPLC column for analysis. Based on results
from HPLC analysis, it was shown that the title product was 10 produced in a yield higher than 75%
with either N,N-dimethylformamide or ethanol used as solvents in all test experiments, chemistry
worked well W@288¢(&38tdht manner and the separation between the title protGE2ged 1S
desmethylthio- precursor was efficient enough for a semi-preparative separation in hot chemistry. 15
Example 9 Syn@g@ai%l%@mp|g§o-5-methylthio)-phenyl-N'—(S-fl1C7methylthio)-
phenyl-N'-methylauanidine ethyl iodide, which was produced by reduction of [110] CO2 using
lithium aluminium hydride, followed by iodination using hydriodic acid and distillation, was trapped
into a vial contamagMNd@tieRlorassmethylthio)-pheny-NBiMopherykihARineEndgyanidipe (0.5mg),
potassium butoxid 8 Tﬂg?&e N- dlmethalllfgrmamlde (300pl). The labelling chemistry was carried
out at room tenﬁ%%ﬁ%‘&ﬁ% O1RReON AR EWICHARIRIN 1 ixture was guenched by the addition of 100p1 of
HPLC mobile phase (0.05M (NH4)2HPO04). An aliquot sample was taken from the reaction mixture

and injected on&fl)alt%i lg‘%\'ﬁéﬁﬂéﬁqéﬂc system. The analysis was carried 25 out at the same

chromatograp Example 8. The radioactive peak, which eluted with retention

time of 11.81 min(AshivEs-2dafl ﬁfféféilﬂ)"cbétthéthmé-ph@ﬂubl\bj?wﬂétbﬁﬁ@i@mh@ﬁld-Naference standard
at the same analuical CORAifeNy 6 diesay aorsrkisd acész@ icalypiAdes Rpliiemsaduct, based

on ['C]methyl iodide, was found to be higher than 9 0. The total time for the 30 radlosynthe5|s

starting from ['®} @@?”ﬁ}d@ %ﬁlg(ﬂ’?"ﬁfﬁﬂ‘l‘ﬁﬁt%%“&ff@}) éﬂﬁ’ &r%@ﬁﬂ%ﬁ’%'rﬁlﬂﬁ%ﬁieﬁtg IR
2006/136846 W@BE@&&!@M&&pﬁmfmea{zﬁxmngdﬁwwﬁﬁmmaqmdma‘ f@odistribution

N-(2-Chloro-5-(G- ok cliio ey -3 et Ma) phenteNams igyanidne. 5
269 t0 329 g, mean + S.E. =300£18g). N-«(2~Ch!or0~5~(2~{18F]ﬂu0ro~ethyithio))—

phenyi-N'-(3-methylthio)-phenyi-N-methylguanidine was injected directiy info the

tail vein of each rat whilst under isofiurane anaesthesia. Each animal was then
15  aliowed to recover from anaesthesia. At designated times after injection, rats were
sacrificed by cervical dislocation under anaesthesia and brain and body fissues

were rapidly sampied.

Biodistribution . -

20  The data were acguired using two syntheses. Rats were given an average of ~ 86
MBqg (85.3 MBqg for first experimental day and 87.3 MBqg for the second
experimental day), in a volume of 0.20 mi {(synthesis formulation ~2 % alcohol), via
direct intravenous injection through ihe tail vein. The mass of co-injected N-(2-
Chioro-5-(2-"*Ffiucro-ethylthio)-pheny-N'-(3-methylthio)-phenyl-N'-

25  methylguanidine ranged from 0.7- 2.9 nmol.kg™". Details of ths methodology,
together with processing and counting of the samples can be found in Hume et al.,
Nucl. Med. Biol. (1891) 18: 339-351. Data were normalised for injected
radioactivity and body weight, giving:

30 ‘uptake units’ = ({:;:)m.g’1 wet weight tissue).(injected Cpm.g~1 body w*eig:;ht)”1

P2



N-(2-Ch to ro-5-(2-[18F]flu oro-ethylth io))-phenyl-N'-(3-methylth io)-phenyl-N'- methylguanidine was
prepared according to Example 4 (synthesis formulation -3 % ethanol in 0.9% w/v saline solution) with
a radiochemical purity of -99% and, at 10 time of injection, the specific activity ranged from
4-16GBg/nmBA 28idthstiibution and blood data were from 11 adult male BpF4efrdfaWRY rats (body
weight range, 269 to 329 g; mean S.E. =300 18 g). N-(2-Chloro-5-(2-[18F]fluoro-ethylthio))-
phenyl-N'-(3-meghythio)-phenyl-N'-methylguanidine was injected directly into the tail vein of each rat
whilst under isoflurane anaesthesia. Each animal was then 15 allowed to recover from anaesthesia. At
designated times after injection, rats were sacrificed by cervical dislocation under anaesthesia and

brain and body HegiiescivRjectdehrsannieda Biedisidindtany, 28idiee datawieteagalipd Msing two
syntheses. Ratié)wereé |\:§%T?Bn avser e of{- 86, MBq%(85.3 MBq for first experimental day and 87.3
MBq for the secOTdt %5‘ UV Ry MIRARME RS W6 ' PR RHEI LI G AfidRer 8 hiconol),
via direct intravitieotahjecticactiviou gbfttitgj| leel. Jdworss obito-pieste NN2ZHENLFG25-(2-[18
F]fl uoro-ethylthi g n -}g - y, -B | % 25 qgl lanidine ranged from 0.7- 2.9
nmol.kg 1. Deta&l? ?Rf‘f@e%r%@ g ?)8%? Hy{]\ gﬁ%@r %v?f%x %éeiéﬂr%g n%coﬁ?h?ﬁ Ug{%ﬁg%é%g%ts can be
found in Hume éhawn Nieie MBaosiany riadya SapigsssveBaapliestechpasialisaterofinfadis
radioactivity and,bedy,aygight, giving: 30 "uptake units' = (com.g 1 wet weight tissue).(injected cpm.gl
body weight)-' -22 WO 2006/136846 PCT/GB2006/002315 Results Radioactivity concentration data
are additionally collated in Tables 1 (peripheral tissue) and 2 (brain). As metabolite studies were not
carried out,the preartisriafiidnthe total radioactivity reflecting label associated with parent
N-(2-Chloro-5-(2-[18F]fluoro-ethylthio))-phenyl:N'-(3-methylthio)-phenyl-N'-methylguanidine is not
own. Note, BIpBA e S8 S LA I S SR i e B

and testis showed low initial content of ~0.4 uptake units which was retained over

the course of the experiment. Bone showed an initial high uptake of 1.4 which
decreased to ~0.8 over the 80 minutes of the experiment suggesting no evidence

15  of de-fluorination. High initial upfake was seen in lung (~ 30 uptake units) which
reduced rapidiy to 2 uptake units, at 90 minutes. Similar profiles ware observed in
kidney and heart. A slower rate of loss of radioactivity was seen in liver, spieen
and intestine.

20 Table 1
Distribution of radioactivity in rat peripheral organs and body fluids as a function of
time after intravenous injection of N-(2-Chloro-5-(2-["°F]fluoro-ethylthio))-phenyi-N-
(3-methylthio}-pheny-N'-methylguanidine. No correction was made for biood
volume. Data are in ‘uptake units’. The key fo the fissues is as follows: 1 .bone, 2

25  skeletal muscie, 3 sKin, 4 urine, 5 fat, 6 testis, 7 small intestine, 8 small intestinal
content, 9 large intestine, 10 large intestinal content, 11 spleen, 12 liver, 13 kidney,
14 stomach, 15 lung, 16 heart (ventricle). Also shown for comparison are plasma

data (17) at the equivalent sample fimes.

30
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heart ventricle. 10 Body Distribution The data are summarised in Table 1. Of the tissues sampled,
skeletal muscle, skin and testis showed low initial content of -0.4 uptake units which was retained over
the course of the experiment. Bone showed an initial high uptake of 1.4 which decreased to -0.8 over
the 90 minut&OFPH8E Bsfferiment suggesting no evidence 15 of de-fluorin&&d = BHYR/#RIaT uptake was
seen in lung (- 30 uptake units) which reduced rapidly to 2 uptake units, at 90 minutes. Similar profiles

were observedrlﬁsh'édneﬁrﬁg%ﬁgrﬁné ﬁé‘?‘é{?&é‘?ﬁ%BfH%ﬁ? of radioactivity was seen in liver, spleen and

intestine. 20 Table | Distribution of radioactivity in rat peripheral organs and body fluids as a function of
time after intravenous iR8fdh of NLEZLhiot6-82E2) 7 SIS -ethyItiB)jomsenyl-N'-20 (n=7)
(3-methylthio)-phenyl-N'-methylguanidine. No correction was made for blood volume. Data are in
“uptake units'. The key to the tissues is as follows: | bone, 2 25 skeletal muscle, 3 skin, 4 urine, 5 fat, 6
testis, 7 small fhtestine, '88mall intedfnal cOint, 9 1ak§&intesthe, 108 MestindPEontent, 11

spleen, 12 livep, 13 kidngyzs14 stgypach, 15Jupg, 16 heast (veptdcle) sAlso-shewn fos gegmparison are
plasma data (%7) at the equivalent sample times. 30 -23 WO 2006/136846 PCT/GB2006/002315

Tissue Time mins. (n= o' ~6f dataep'sdi?’nts) 2 @r‘?—f‘i) 5 n=1f3 fr?‘—'oj)gSO r?‘—"?%@o(ﬁo—%) 9(?‘(3@;1) 11.355
1.440 0.793 1.914 0.01£16:944 0180500.889%:2£0288 Q@HAIRD3BIL0. 485760 2364 .440547.096 0.357 3

0.338 0.517 0.248 0.491 0,019 0.435 0.109 0.387 4 60 49.593 323.375
18.208 26.947§5 0.199861.334 0.2946.613 8 5 0.40@6159%5%896%548]1%30929[86? .528%85%%3 0.619

0.081 0.605 09150 0.559456 0.528 0.363 0.5619+0.081  0605+0.150  0.559
7 4537 3.845 1.618 2241+0617 18410678  1.942
8 1.390 1,449 1.162 6.002+3.338  10.518%£7.766 8.700
9 3.338 3.442 1,359 1619+0.494  7.291+10.308 0.775

10 0.113 0.148 0.108 0.445+0.035  1.176+1.108  0.764
11 3.985 3.676 3.008 2.713+£0.086  1.675x0.135  1.418
12 5,251 5.648 3.188 6.023+069%  3659:0.822  2.856
13 12.975 10113 3.931 3.287+0.208  2.429%0527 2127
14 0.843 1.245 0.532 1558 +0.443 12270351 1103
15 32475 25015 10.229 3786+ 0292 23870195  2.150
16 6.412 2,761 1.119 0.740£0.018 05050104 - 0.464
17 0.264 0.135 0.102 0.229£0.047 022240055  0.163

Brain Distribution

The data are summarised in Table 2. All tissues had a relatively high initial uptake
of ~ 4 uptake units at 2 minutes after 1V injection of the radioligand. This was

5 followed by a gradual decrease in activity reaching ~ 0.4 uptake units at 90
minutes after radioligand injection. A small signal relative o cerebelium was
obtained in hippocampus and coriex increasing from ~0.8 to 1.3 over the first 40
minutes, and falling thereafter to 1 by 90 minutes.

10 Peripherai clearance of N-(2-Chloro-5-(2-["*FIfiuoro-ethylthio))-phenyl-N'-(3-
methylthio)-phenyl-N'-methylguanidine was via kidney io urine and via the
intestine. Rat brain showed a high uptake of radioactivity at the earliest sample
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7 4,537 3.845 1.618 2.241 0.617 1.841 0.678 1,942 8 1.390 1.449 1.162 6.002 3.338 10.518 7,766
8.700 9 3.338 3.442 1.359 1.619 0.494 7.291 = 10.308 0.775 10 0.113 0.148 0.109 0.445 0.035
1.176 1.109 0.764 11 3.985 3.676 3.008 2.713 0.086 1.675 0.135 1.418 12 5.251 5.648 3.199
6.023 0.699V8HG6/3EHS 2 856 13 12.975 10.113 3.931 3.287 0.208 2.558/¢PE Y337 14 0.843
1.245 0.532 1.558 0.443 1.227 0.351 1.103 15 32.475 25.015 10.229 3.786 0.292 2.387 0.195

2150 16 641276144 LRG99 0,000 HR0BINAB 8464 1AM 9RNAA0- 0047

0.222 0.055 0.163 Brain Distribution The data are summarised in Table 2. All tissues had a relatively
high initial uptake-netthyihjareemidaretmiiradne P HRdRh seirgsaaiian d el Ras 5
followed by a gpdual deereasmin gelitioeashingsea: donptadengnissal 99 tinuees pites.radioligand
injection. A small signal relative tg cerebellum was obt ine%’ hi pocampus an cortex increasing
from -0.6 to 1 3SR TR At NGIEL Sh BT Rarbatior BT By 60 IIHUR 0 Bl pheral
clearance af N-{2sGdntaroph: 28 Ffk o wi-atiopehib)yip AN IgBeptor density; Bowery et al,
methylthio) pheneh ety BaIHInG Ivas viz Kidssy IaufingA0d e Bspliesling. Babrgin showed

a high uptake of r activity e earliest sample -24 WO 2006/136846 PCT/G&2006/002315 time
(2 min) after 1V dseswih B RAi2achio-5-(2-[18F]fluoro-ethylthio))-phenyl-N'-
(3-methylthio)-phenyl-N'-methylguanidine. Differential heterogeneity was difficult to detect due to the
physiological “closed' or resting state of the receptors. As cerebellum showed the lowest retention
after -60 min, a%l%ignal was seen in 5 hippocampus (an area of known high NMDA receptor

density; BoweryDastabutid988)ddiod ciRhigrimarn dl 93194254 uhetiotlaibiiwerafexpriessedoredative to
cerebellum radigacthty, ¢ \.(2-Chioro-5-(2-{'*F ffiuoro-ethylthio))-phenyl-N'-(3-methylthio)-pheny-
N'-methylguanidine. Data are in ‘uptake units’. Asterisks denote mean values from
2 or 3 rats per time point. Where n = 3; mean + SD values are shown. All other
values are from 1 rat per time point. The key to the tissues is as follows: 1 olfactory
15 tubercles, 2 entorhinal cortex, 3 hypothalamus, 4 thalamus, 5 prefronial cortex, 6
striata, 7 somatosensory coriex, 8 hippocampus, 9 occipital cortex, 10 inferior
colliculi, 11 superior cofiiculi, 12 pons with medulla and 13 cerebelium. Again,

plasma data (17) are shown for comparison with blood data (18).

Tissue Time mins. (b= no. of data points)

2(n=1) 5(n=1) 10{n=2) 30(n=3) 60 (n=3) 90 (n=1)
1 2.826 3.082 1.300 0.981+0.235  0504x0062  0.504
2 2.766 2.442 1,404 0.941+0.086  0.502+0.095  0.383
3 3.397 2.443 1.275 1.076+0.250  0.533+0.115  0.466
4 4.460 2.566 1.353 141540203  0553+0.108  0.551
5 3.808 3.099 1.649 1168 £0.042  0519+0.105  0.414
6 2.306 1.817 1.433 11010202  0481+0.138  0.485
7 3.531 2,772 1.588 1.037+0.103 051740107  0.378
8 2.864 2.250 1,396 1.088+0.142  0.548+0.119  0.391
9 4.008 2.883 1.651 1.041+0.067  0541+0124 0423
10 6.716 3.202 1,539 0.841+0.084  0.456+0079  0.306
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Table 2 10 Distribution of radioactivity in rat brain tissue as a function of time after intravenous
injection of N-(2-Chloro-5-(2-[18F]fluoro-ethylthio))-phenyl-N'-(3-methylthio)-phenyl-
N'-methylguanidine. Data are in "uptake units'. Asterisks denote mean values from 2 or 3 rats per time
point. WhereWP2%6ié#i¢ SD values are shown. All other values are frorBATfeByEp A& point. The
key to the tissues is as follows: 1 olfactory 15 tubercles, 2 entorhinal cortex, 3 hypothalamus, 4
thalamus, 5 prefrontalgontex, 6 sstiata, 7 sematosensey.COHEX, 8 bipROcAMAUS, %gggipital cortex, 10
inferior collicuji; 11's 6efr(qlior collécul% 12 pons with medulla and 13 cerebellum. Again, plasma data
(17) are shown for comparison With blood 4at4 (18). ridldeP e M {(HL-HB. of d=téBpoints) 2 (n=1)
5_(n=1) 10 (n2) 30_(ee28) 60 kaZel 90 (n=3) 1 2.82618.0621.300Q&81, 9335 0,5@4 = 0.062 0.504
2 2.766 2.4421.404 0.0 02 = 50.3 3,3972.443 1.275 1.076 0.250 0.533 0.115
0.466 4 4.460 2.566%%%3 1.4%%%5?203 0%@2 0.108%%6. 1%73.808%5058 ¥ 649 £:188 0.042 0.519
0.105 0.414 69.306 2467 1.438261101 (0262 0.48D.1BI86.0:285 TRHBL@GBT72 1.588 1.037 0.103
0.517 0.107 0.376 8 2.864 2.250 1.396 1.088 0.142 0.548 0.119 0.391 9 4.008 2.883 1.651 1.041
0.067 0.541 0.124 0.423 106.716 3.292 1.539 0.841 0.084 0.456 0.079 0.306 -25 WO
2006/136846 PCT/GB2006/002315 11 4.977 3.541 1.677 1.086 0.286 0.486 0.101 0.386 12 3.678
2.877 1.5301.110 0.129 0.551 =0.143 0.406 13 4.204 2.761 1.451 0.919 0.110 0.454 0.082 0,366
17 0.264 0.135 0.102 0.229 0.047 0.222 0.0550.163 18 0.288 0.261 0.146 0.269 0.042 0.229
0.068 0.180 -26
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WO 2006/136846 PCT/GB2006/002315 Claims 1. A compound of formula (I): R HR3 /N 1IN\ 4 \(
7SR (I) R2 5 or a salt or solvate thereof, wherein: R1 is hydrogen or Cl1.4alkyl; R2 and R4 are each
independently selected from C1.4 alkyl, ['C]-C1.4alkyl, and [18F]-C14 fluoroalkyl provided that at least
one of R2 an RANE3ESHC1-4alkyl or [18F]-C1.4fluoroalkyl; and 10 R3 isHai6-B20%6@8#Sound
according to claim 1 of formula (la) : R3 1 N 1N\ SR4 RZ or a salt or solvate thereof, wherein R1, R2,
R3, and R4 argsasglefined in claim 1. 15 3. A compound according to claim | or 2 selected from:
N-(2-oh loro-5-[98F]fl uoromethylth io)-phenyl-N'-(3-methylth i0)-phe nyi-N'- methylguanidine;
N-(2-chloro-5-(2-[18F]fluoroethylthio))-phenyl-N'-(3-methylth io)-phenyl-N'- 20 methylguanidine;
N-(2-ch loro-53-nfetioytibaa)hloé fiyisMNig34)18F]flu oromethylth io)-phenyl-N'- methylguanidine;
N-(2-ch|oro-5-methylthio)-phenyI-N'-(3-(2-[18F|§]|fluoroethylth i0))-phenyl-N'- -27

g
R Tf iy 0

NH =

RZ

5  or a salt or solvate thereof, wherein:
R'is hydrogen or Cr.salkyl;
R* and R* are each independently selected from Ci.4 alky!, [''C]-Cialkyl, and
[*®F]-C1 fluoroalkyl provided that at least one of R? and R* is ['"CJ-Cialkyl or
[MF]-CMﬂuoroaiky!; and
10 R’is halo.

2. A compound according fo claim 1 of formula (la) :

R3 R1
“ ao
NTN SR*
(ia
NH \©/ )
RZ

or a salt or solvate thereof, wherein R, R%, R®, and R* are as defined in claim 1.

15
3. A compound according to claim 1 or 2 selected from:
N-(Z-chlaro~5-f8F]ﬂuoromethyfthEo)—phenyl-—N’~(3~methy!thio)~pheny§-N’—
methylguanidine;
N~(2-chIoro~5~(2_{’BF}fluoroethy!thio))~phenyl—N’~(3-—methylthio)«pheny1~N’—

20  methylguanidine;
N-(2-chloro-5-methyithio)-phenyl-N'~(3-[*FJfluoromethylthio)-pheny-N’-
methylguanidine;

N-(2-chloro-5-methyithio)-phenyl-N'-(3-(2-] *Ffluoroethylthio))-pheny)-N'-
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methylguanidine; N-(2-chloro-5-[" C]methylth io)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine;
N-(2-chloro-5-methylth io)-phenyl-N'-(3-["C]methylthio)-phenyl-N'-methylguanidine; N-(2-chloro-5-[l
Clethylth io)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine; 5 and N-(2-ch
loro-5-methylthio)-phenyl-N'-(3-[* Clethylthio)-phenyl-N'-methylguanidine or a salt or solvate of any
thereof. 4. A coatpelgnaridooeding to any one of claims 1 to 3 for use in an in vivo 10 diagnostic or

imaging meth u h T qm ccor to a fcI 1 ta 3 in the
manufacture %fgrgbp (58 m% ?%ﬁ}'gl) eelﬁ Xivo agﬁ s}rﬁsﬁ1 6?)@ %rm; Fﬁeglated
disease. 15 GNA(Qamtmba’immibyﬂlbm:l)fphenw{M’P(ﬁQHfb]wmmgymmmmyhbi auedinqliggamcang one of
claims1to 3 e c c able ient Z. A com d of formula.(l): HR NN
-NH3N SRAR{]%§%I orIr)%fsa tﬁ m%rel %ﬂ‘g’ hﬁtﬂg)gﬁ gg&{‘gﬁn&té ﬁi’bzim‘rg '%Ctlng
group such asraenzyl, and the other is hydrogen, C1 alkyl, or a thiol protecting group such as benzyl,

R'is hydrogerﬂl (%8 4a| A anﬁﬁ%)sé %Iors%Sth rg P@&%?h %‘cgﬁ‘t]:(f)) mulq &I,) ?ﬁ)ﬁf u% r%%;%lglm 7

selected from: enzy Roro nyI guanidine;
N-(2-Chloro- &msﬁpm)qnﬂmpl@ﬂ ZByrtrethgtthio)- phenyl N'- methylguamdlne
N-(2-chloro-5-methylthio)-phenyl-N'-3'-(benzylthio)-phenyl-N'-methylguanidine; N-(2-chloro-5-methylth
i0)-phenyl-N'-3'-thlophenyl-N'-methylguanidine;

4. A compound according to any one of claims 1 to 3 for use in an in vivo

10  diagnostic or imaging method such as PET.

5. Use of a compound according to any one of claims 1 to 3 in the manufacture
of a radiopharmaceutical for the in vivo diagnosis or imaging of an NMDA-
mediated disease.

15
6. Aradiopharmaceutical formulation comprising the compound according fo any

one of claims 1 to 3 and a pharmaceutically acceptabie excipient.

20 7. A compound of formula (11}

H 1

= N N
S | T \@Sﬁ (In
NH

SR?
or a salt thereof, wherein one of R? or R* is hydrogen or a thiol protecting group
such as benzyl, and the other is hydrogen, Ci4 alkyl, or a thiol proiecting group
such as benzyl, R'is hydrogen or C1.4alkyl, and R® is halo.
25
8. A compound of formula (ll) according to claim 7 selected from:
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5 or a salt thereof. 9. A process for preparation of a compound of formula (I): R HN R3 T/ SR4 ()
R2 or a salt or solvate thereof, wherein: 10 R' is hydrogen or C1.4alkyl; R2 and R4 are each
independently selected from C1.4 alkyl, [11C]-C1.4alkyl, and [18F]-C1.4fluoroalkyl,provided that at
least one of R2 and R4 is [11C]-C1.4alkyl or [18F]-C14fluoroalkyl; and R3 is halo; 15 which comprises

reaction of a ¢¢iftpBencyofrior@vaial¢H))-prh&lyNNN-BaithGRAd)L bheBR2NUnesthyigoacitika or R4 is
hydrogen or 0l protecti roup, such as zyl, and the.other is hydrogen, C1.4 alkyl, or a thiol
protecting gr?ﬂ%@ﬂ%& f)g;ﬁ}%ﬁﬁiﬁf#;ﬂ?g%}g%%%@f ‘B?qa%%f?)éi%%&eﬁg"ﬁ hﬁ%@’&’b&? ﬂﬁcﬁ?noval of any
thiol protectiny-ggcupmrarih(igtredittiopphienhdaph(opratdtratiyiiraicd-N IntdMidatvyidqer
[18F]-C1.4fluQroalkyl; Y erej and Y. are i dently halo, preferably chloro, iodo, or bromo, or
another suitag{é@égbé%o- Ol {%ﬁ E%?épai[ﬁa 21¥3if Rﬁf%‘i&%ﬁ%’é’r@ﬁé, Pé{f%tfl%ﬁ\‘ NGsylate, triflate, or
mesylate? -29dn asalitéidessdlvent and in the presence of a base. 10. A kit for the preparation of a
radiopharmaceutical formulation comprising a compound of formula (Il) as defined in claim 7 or 8.

9. A process for preparation of a compound of formula (I):

H
N N
R% \[r \©8R4 0
NH

or a salt or solvate thereof, wherein:

10 R'is hydrogen or Cialkyl;
R? and R* are each independently selected from C14 alkyl, ["'CJ-Cyaalkyl, and
["®F1-C1.4 fluoroalky! provided that at least one of R? and R* is [''C}-Cy.alkyl or
[183’:}-014ﬂu0roalkyt; and
R’ is halo;

15  which comprises reaction of a compound of formula (if):

H R

N N
3
A T \@SR“ o
NH
SR’

wherein one of R or R is hydrogen or a thiol protecting group such as benzyl,
and the other is hydrogen, C14 alky!, or a thiol protecting group such as benzyl; R’
is hydrogen or Cy_salkyl, and R® is halo;

20 by (i) removal of any thiol protecting groups, and (ii) reaction with the appropriate
alkylhalide [''C]Ciaalkyl-X or ["®F-Cifiucroalkyl-Y, wherein X and Y are
independently halo, preferably chloro, iodo, or bromo, or another suitable leaving
group such as an aryl or alkyl sulphonate, for example, tosylate, triflate, or

mesylate;
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5-30

in a suitable solvent and in the presence of a base.

10. A kit for the preparation of a radiopharmaceutical formulation comprising

a compound of formula (Il) as defined in claim 7 or 8.

w30



