| MAG NG 18F OR 11 C LABELLED ALKYLTH OPHENYL GUANI DI NES The present

i nvention relates to the field of nedical imging, in particular to

posi tron woizsei/Gee4sonDgr aphy (PET) and provi des conpounesTarBossaibzds for

I magi ng central nervous system (CNS) receptors. The L/-nethyl-Daspartate

(NVDA) receptor is one of the main subtypes of glutamatergic receptors and
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excitotoxicity that is due at least partially to over activation or
prol onged stimul ati on of NVDA receptors has been found in many CNS di seases
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brain barrier or high non-specific binding. WO 94/ 27591 describes certain
substituted guanidines and their use for therapy. WO 2004/007440 descri bes
radi ol abel ethegpanicdhyieD-@epantatsd MeNIDR)draddeptor igsené asf fhengiany suehipes! of
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| ong préparattion around 45 mnutes. Therefore, there exists a need
for i npr ovdndledzbekditedoxitigninst isydue ahleastpartially to overragtivatiprpgprolonged
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stroke, brain or spinal chord trauma, epilepsy, Alzheimers 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 blood 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 liquid 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 labelling 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):



availability of such tracers there is a need for further radioligands for
the NVDA receptor. Accordingly, in one aspect of the present invention,

t here i s woaveadsassa conpound of forrmula (1):0 r a salt ecr/Gabesawesisher eof ,
wherein: R 1 is hydrogen or Ci -4 alkyl; R and R are each independently
selected fromCi -4 alkyl, [ 11 C, ]-G -4 alkyl, and [r18 F]-C 1-4
fluoroal kyl provided that at |east one of Rand Ris [ 11C]-C 1-4 alkyl o r
rfl18 F]-C 1-4 fluoroalkyl; and Ris_halo. R 1 is preferably hydrogen o r
met hyl, nore preferably nethyl. .4R11 one of Ror R4 is preferably - 11C
I—|3,-111C/H2CH3,or- 11CH2CH2CH3,-CI—|218Fr,--CCHH2

) {Er S

or a salt or solvate thereof, wherein:
R'is hydrogen or Ci4alkyl;

5 R2?and R* are each independently selected from Ci.4 alkyl, [''C]-Ci.alkyl, and
['8F]-C+.4 fluoroalkyl provided that at least one of R® and R* is [''C]-Cialkyl or
[18F]-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, -""CH,CHs, or -'"CH2CH,CHa, -CH'°F,
-CH,CH,"°F, or -CH,CH,CH,'®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):



2 1188 FF,, oorr --CCHH 2 CCHH 2 CCHH 2 1188 F aanndd iiss mmoorree
preferably - 1 1ICH3 O -CH 2 18F ; and the other group R or R4 is

pref er ablwyorzetdmpbsdcR3 is preferably attached t o the pheoyiGBemgporsist he
para-position relative t o the group - S R2

is chloro.

of the invention, there
sol vate t hereof, whereinIR1,

conpounds

N-(2-chloro-5-[ 18F]fl
met hyl guani di ne; N-(2-cCH

, and in a preferred aspect,

R3

0. The group -SR 4 is preferably attached to the phenyl ring in the
mef a-position relative tosthe guarFR1di ne bridge. Thus, in a preferred aspect

are as defined for the

, , and R4
of formula (I :

0-5-(

provi ded a conmpound of formula (la):or a salt or

‘ T'e oripounds of forrmula (1) include:
et hyl|t hi 0) yl -N - (3-net t'(yé)thi 0) - phenyl - N -

! [
18F] f | uor oet hyl t hi 0) ) - phgnyl - N - % met hyl t hi o) - phenyl - N - net hyl guani di ne;

N- (2- chl or o- 5- met hyl t hi o)gphenyl -N - (3-[ 18F]fl uor omet hyl t hi 0) - phenyl - N -

10

15

20

25

or a salt or solvate thereof, wherein R, Rz, R3, and R* are as defined for the

compounds of formula (I).

Most preferred compounds of formula (l) include:
N—(2—chIoro-5-[18F]fluoromethylthio)—phenyI—N’-(3-methylthio)—phenyl—N’~
methylguanidine;
N—(2—chIoro-5-(2—[18F]ﬂuoroethylthio))-phenyl-N’—(3-methylthio)-phenyI-N’—
methylguanidine;
N~(2-chIoro-5—methylthio)-phenyl—N’—(3—[18F]fluoromethylthio)—phenyI-N’-
methylguanidine;
N—(2—chIoro-5—methylthio)-phenyl—N’-(3-(2—[18F]fluoroethylthio))-phenyl-N’—
methylguanidine;
N-(2—chloro-5-[11C]methylthio)—phenyI—N’-(3-methylthio)-phenyI-N’-methylguanidine;
N-(2—chIoro—5—methylthio)—phenyI—N’—(S—[11C]methylthio)—phenyI-N’-methnguanidine;
N-(2—chloro—5—[“C]ethylthio)—phenyI-N’-(3—methyIthio)—phenyI-N’—methnguanidine;
and
N—(2—chIoro—5-methylthio)-phenyl—N’-(3—[11C]ethy|thio)—phenyl—N’-methylguanidine

or a salt or solvate of any thereof.

Suitable salts 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, malic, lactic,
fumaric, benzoic, glycollic, gluconic, succinic, methanesulphonic, and para-

toluenesulphonic acids.

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

-3-



met hyl guani di ne; N-(2-chl oro-5-nethylthio)-phenyl-N-(3-(2-]

18F] fl uor oet hyl t hi 0)) - phenyl - N - net hyl guani di ne; N-(2-chloro-5-[1
1C] et hylwbi2o)e/beany| - N - ( 3- met hyl t hi 0) - phenyl - N' - net hy lPguasB2déan®2315
N- (2-chl or o- 5- n'ethylthi o) phenyl N-(3-[1

1C] et hyl t hi 0) - phenyl - I d 5-
1q) et hyl t hraﬂyolwﬁéﬁlwfon\the('w F@gﬂuet%%fol)ﬂlﬁi%%% ﬁ\?coﬁ‘g'f‘HJP @Efaﬁha{ Aapech o
N- (2-chl or 81 tlr”(:)\ﬁ: {rﬁrQ ﬁ%@[&é&%ﬂ%ﬁo&né—offormula ) or(la) as defined above,

1C] et hyIth| 0 e or a salt or solvate of any
t her eof . Suraabllt er sacﬂv:ate thercamrfcfongse in arhie vivovdiagnestic arimpging rpeihedsushi cal |y

acceptable acid addition salts s I

for exanpl 8 mrdr Wiacpr]Y @ CWBPHB °6muﬁﬂ]§§%@?%r%§/8%%r[éﬁ%@ ngg ?CS aﬂ(rﬁr? fl c
and SU'@““Ebﬁ?ﬁctrﬁeoﬁﬁ% vt BOSRedefd ¥eshd HIRMNMDANeEeprird, hdalthyeanphe
tartaric, tritluoroaceti ¢, citric, malic, lactic, fumaric, benzoic,

glycollic, vgluotemi$.c, succinic, net hanesul phoni ¢, and par at ol uenesul phoni c
acids. As denonstrated bel ow, the conpounds of for mul a (1) and (la) have
use asradioligands for the NVDA receptor. Therefore, according to a further

aspect of SugablyyRtdampolinds ef fosmpraoy) @te(da)a)rcsaltmtmd/atbé tHeveofiara usefulor
(la) as defined above, or a salt or solvate th eof or_yse n an in vivo

di agnost i cformlW\ﬁblrﬂ@g'ﬁ@tqdﬁMQﬁ:FP‘%?@t@Eﬁndsmu? A Utzﬂ'tY: Ag9BPSB R ul a
(1) or%él aMAdﬁnfe'di‘%?Qd ARRY. ersoélhéh i@éﬁol@ b M?érﬁnél@ﬁbﬂplfradfﬁy étﬁlep§¢d to

i mge receptor I n healt man vol unteers. Suitably,
conpounds  éfizHeimanié ad|$¢e)searo( Il-h)ntmgtm tdiggaseol v“&tc@rfﬂlﬁﬁkyedher@ré? L}é‘@'ﬁﬂ f or

in vivo i m?o ovugeé) L NP cgﬁ\cp%n%ro%fgrrr]ndulé Iz'llj'grng)vgr LAk b Yol StelthEred fRRRST S Of

manufacture of a radiopharmaceutical for the in vivo diagnosis or imaging of an
NMDA-mediated disease.

15
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  orspinal chord trauma, epilepsy, Alzheimer’s disease, or Huntington’s disease.

A compound of formula (1) or (la) or a salt thereof is preferably administered in a
radiopharmaceutical formulation comprising the compound of the invention anda
pharmaceutically acceptable excipient. A “radiopharmaceutical formulation” is
25  defined in the present invention as a formulation comprising compound of formula
(1) or (la) or a salt thereof in a form suitable for administration to 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 stabilisers or antioxidants (such as ascorbic acid, gentisic acid or para-

aminobenzoic acid).



NVDA- nedi at ed di sorders, such as stroke, brain or spinal chord traung,

epi |l epsy, Al zheiner's disease, or Huntington's disease. Accordingly, there
i s furthewopoovisessd use of a conpound of formula (1) or pCiragB2066/@m2Hal t or
solvate thereof in the nmanufacture of a radi ophar maceuti cal for the in vivo

di agnosi s or imaging of an NVDA-nedi at ed di sea e alternative, there
i s provi defhadnee nbalcompouné Offpfm%(')jl(@96§|S§lt§?er?ﬁ{a‘ﬂi ﬁ’@%é W ﬂ%dl at ed

di sease in,a subj.ect I r f a
compound ofie: Sttt corppdUif] & BY) dafirltERy £8WELAL B8 v BalLH rlid SPL 8 1§

especi al | yyqigfies aedvdd deW@ppaTeni tooa qhhagma‘;n skited imthgi ag. @enﬁrauzkéhebr ain
or spinal chord trauna epi | epsy

ase u
di sease. AdesmnyeUid '@f'nf%‘&en{ﬂr‘@e(@)1nm° Qat)O gén ’tp'%elfl%rlagpf %@‘%g%@f erably
adm ni ster §Hm'. Mk 8 radi opharmaceutical fornulation conprising the conpound
of t he 3 nv8ntronand a pharmaceutically acceptable excipient. A

"radi ophar t MRtfréi as a
formul atio C&Fﬁ%‘f@l %%fBE:rﬁHn%g(Jhgg)dfdr?or nuqr%?/%té]tﬁé}%%gz;%@aprggl t thereof in
a form sui tiRbterésponaiig cormpoand ohfarmutai(iins. Adnministration is preferably
carried out by injection of the fornulation as an aqueous solution. Such a
formul ati on may optionally contain further ingredients such as buffers;
pharmaceutically acceptable soluybilisers (e.g. cyclodextrins or surfactants

such as Pluronic, Tween orEhos hol iypi ds) ;. pharmaceutical |y acceptable
|

stabilisers or antioxida suchyds a Bhc acjd, gentisic acid or
par aam nobenzoi ¢ aci di® T gse ofjj a cap d-9R formula({l)), (la) or a
salt thereof will vary depghdi ng dMHt he™~ex&Ct conpound to be adm ni stered,

the wei ght of the patient, |and other variables as would be apparent to a
physician skilled in the a3R™ Generally, the

10  wherein one of R? or R*is hydrogen or a thiol protecting group such as benzyl, and
the other is hydrogen, C1.4 alkyl, or a thiol protecting group such as benazyl; R'is
hydrogen or Cqalkyl, and R? is halo; by (i) removal of any thiol protecting groups,
and (i) reaction with the appropriate alkylhalide ['C]Cisalkyl-X or
[18F]-C1-4ﬂuoroalkyl—Y, wherein X and Y are independently halo, preferably chloro,

15  jodo, or bromo, or another suitable leaving group such as an aryl or alkyl

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

This reaction with the alkylhalide is preferably carried out in a suitable solvent such
as N,N-dimethylformamide (DMF), acetone, dichloromethane, chloroform, |,

20 dimethylsulphoxide, methanol, ethanol, propanol, isopropanol, tetrahydrofuran, or
acetonitrile and in the presence of a base, suitably an inorganic base such as
potassium carbonate, potassium hydroxide, or sodium hydride, or an organic base
such as a trialkylamine, for example triethylamine, diisopropylethylamine, or
dimethylaminopyridine.

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

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



dose would lie in the range 0.1 nnol/kg to 50nnol /kg, preferably 1nnol/kg
to 5nnol /kg. A conpound of formula (lI), (la), or a salt or solvate thereof
may be prwpan@dizts4eom t he correspondi ng conmpound of for meca/qH2b)6/0024181 €i n
one of R2 or R4 is hydrogen or a thiol protecting group such as benzyl, and

the other is hydrogen, Cl-4 alkyl, a thiol otectl ng group such as
benzyl ; R1Apeorajgy arfuahecasaﬁq{ty@f t%gnwvggt!(prgt FdS 959\”%?% 3 PIRGRRS I any

t hi ol prot yon with the appropriate al kyl halide
[11C] C1- 4a6%§ﬂa?%l(%{8ﬁ§w?ggn@fgl}%mﬁn -Y, wherein X and Y are

i ndependent |y hal o, preferably chlogb, i odo, or brono, or another suitable
| eaving group such as an aryl or al r|lk]yl sul phonate, for exanple, tosylate,
triflate, or nmesylate. This regction with the alkylhalide is preferably
carried out in a suitabl v N- di et hyl f or mam de ( DVF),

acet one, di chl or onetRane or of rm iy sul phoxi dem nmet hanol ,

g n-
et hanol , propanol, i sopraparol %r ah rile and in the

ran, or aceton
presence of a base, suitahly an i rgani C"base such as potassi um car bonat e,
pot assi um hydr oxi de, or saghuim hydride, or an organi c base such as a

trial kylam ne, for exanple triethylam ne, diisopropylethylamne, or

di met hyl anp,pgRgit sHedRratd eereeMieigm: of formula (11) are useful

i nt er nedi at es for preparation of PET tracers of fornmula (1) and, as such,
forma E‘nurﬂmha@pgen o6C1taBKYl nvent i on. According to a further aspect of the

Formil = (13 B B B iaPpdb S5isq BoeeR AT ARyeY Creqmmmynend’

-4al kyl;  ['®F]-Cy4 fluoroalkyl provided that at least one of R? and R* is [''C]-Calkyl or
[18F]-C1_4 fluoroalkyl; and
R® is halo;
10  which comprises reaction of a compound of formula (Il):
H R
N N
3 4
SR (i
NH

SR?

wherein one of R? or R* is hydrogen or a thiol protecting group such as benzyl, and
the other is hydrogen, C1.4 alkyl, or a thiol protecting group such as benzyl; R'is
hydrogen or Cy4alkyl, and R®is halo;

15 by (i) removal of any thiol protecting groups, and (ii) reaction with the appropriate
alkylhalide [''C]Ci4alkyl-X or ['®F]-Ciufiuoroalkyl-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;

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 radiopharmaceutical formulation comprising a compound of

formula (1) as defined above. In use of the kit, the compound of formula (ll) would

-6-



R and R are each independently selected fromGC 4 alkyl, [11 C]-G -4al kyl,
and r[18F]-C -4 fluoroal kyl provided that at |east one of Rand Ris [1"
1C, ]1-C wal2kgdi13es46[ r 11T8 |-G -4 fluoroal kyl; and R3 ipsThaH2006/002316 h
conpri ses reaction of a conmpound of formula (11): wherein one of R2 or R4
is hydrogen or a thiol protecting group such as_ben and the ot her is
hydr ogen, memnaent@d tO the QOErﬁSmn%F‘BtC@HﬂP%@ ?é f%ﬂ) ASNGNAPOCRTS| s
hydr ogen o a gi and R3 is halo; by (i) rem)val of any t hi ol
protecti ng ?%l? 8 (ii) reaction with the appropriate alkylhalide [1
1C] C1- 4al kyl - X or V\,her ein X and Y are independently hal o, preferably

chl oro, iodo, or brono, qQth [ ble | eavin r aryl
or al kyl s@pmmwéoff%m%&aﬂﬂ 'begyﬁ’ ydrogen (Prl%&é p?&%ﬁg'ﬁgcﬁ@”%gx

sui table s t IpSEa sAg isgrdofig to a further
aspect ng ph:eb??é\?/%ﬁgfdonqnat%’g&:ﬁ?gf%\ﬁgéﬁ( aﬁilt for the preparation of a
radi ophar maceuti cal formulation conprising a conpound of fornmula (Il) as
defined above. In use of the kit, the co und of forrmula (I1) woul dbe
converted to the corresponding Comothg "0 2formula (1) using the process
descri bed above. Conpounds of [1) in m] ch R2 is hydrogen or a
thiol protecting group nay be prepared froma #Tpound of formula (I11) or

a salt thereof: wherein R3 is halo and P1 is a thiol protecting group as
descri bed bel ow, by sp’

wherein R® is halo and P'is a thiol protecting group as described below; by
reaction with a compound of formula (IV):

10
I|?1
N

N
N ©8R4 (IV)

wherein R'is hydrogen or Cqalkyl and R* is as defined for the desired compound
of formula (Il). The coupling of compound of formula (li1) 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 chlorobenzene, toluene, or xylene. This reaction may
be effected at elevated temperature, for example 50 to 200°C, suitably at around
160°C. Following reaction, the protecting group =X may be removed as described

below.

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, published 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 example by treatment

25  with an acid for example a Lewis Acid such as AICls.

The synthesis of a compound of formula (1) from compounds of formula (!ll) and
-7-



reaction with a conpound of formula (IV): wherein Rl is hydrogen or

Cl-4al kyl and R4 is as defined for the desired conpound of forrmula (I11).
The couplwogo@fii3esarpound of forrmula (I11) with a conpoumrdTaB2h@vavedia (I V)
may be performed w thout solvent, or in the presence of a high boiling
non-protic solvent such as chl orobenzene, toluene, or xylene. This reaction
may be ef f 8¥) isdllestratedimBelemenber ature, for exanple 50 to 200 C, suitably
at around 160C. Followi ng reaction, the protecting group Pl may be renoved
as described below. Suitable thiol group protection and deprotection

met hodol ogi es may ke found, for exanple, in Protecting Goups in Organic

Synt hesi s, Theodo °2Greene and Peter G M Wits, published by John

Wley & Sons Inc. table thiol pr&tecting groups include arylal kyl groups
such as benzyl orpaca- met hoxybenzy ich may be renoved before performng
t he radi ol abel | i ngSS(f'ep, for exanp ntreatment wth an acid for exanple

a Lewis Acid such as AICI 3 . The synthesis of a conpound of fornmula (I1)
from conpounds of florMit°az (111) and(|®¥x is illustrated in Schenme 1. c¢c. HC
| 1SnCl 2 HCl R 1X 'zs" AICl 3, Tol uen e R2 or R4 = Bn or other protecting

grou p Schene 1 NH , H2
SH SR 4
lex l BrCN
R HN —CN
©/NH2
SR 4
SR 2
lHCl l R'X
R® R’
©/NH ,.HCI .
SR SR 4
N\ \1 J
1
RS R' R3 H R
N N SR* N\n/N SR 4
\l[l]; \©/ ACt 3, Toluen e NH \©/
SR ? aR 2
R2 or R* = Bn or other R2ZorR%=H

protecting group

Scheme 1

Compounds of formula (l1) 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.

10 Compounds of formula (i) in which R*is hydrogen or a thiol protecting group

may be prepared from a compound of formula (V):



Compounds of fornula (111) and (1V) may be prepared fromcomercially

avai l abl e starting materials using nethods according to or anal ogous to

t hose deswoizb@di3ssicSchene 1 and t he Exanpl es. Conpounds poft/dreoesuio2si§l 1) in
which R4 is hydrogen or a thiol protecting group nmay be prepared froma
conpound of forrmula (V):wherein Rl is hydrogen or C -4alkyl and P2 is a
thiol protecting group as descriRbed above; by reaction with a conpound of
formula (M): wherein R3 ig halp and R2 is as defined for the desired
conmpound of formula (I11). ¥g, of a conpound of formula (V) with a
conpound of forrmula (VI) may be pe ey et hot¥ anal ogous to those

i ynd of fornmula (I11) with a conpound
of formula (1V). Follow ng reaction, the?qprot ecting group P2 may be renoved
as describg IRy 8 BRRIsh Brodé ctingrgrolip aéldescfibedn
conpounds oﬂ %?Rﬁefsam\r/?géyamj?% ¥s illustrat eg in fSn[ghgcg‘urneﬁ2 Base, BnBr
Br CN, Et 2Calsoes oy regoimpowiia WWW%P&WW aIaﬁﬂ)(\/l) may be prepared from
comercially available starting materials using nmethods according to or
anal ogous to those described in Scheme 2 and the Exanples. The invention
will now be illustrated by way of xidhpl es in which the foll ow ng
abbrevi ati ons are used: HPLC. hgg ormance |iquid chromatography UV:
ultraviolet TLC. thin layer ch 3 phy Et GAqy ethyl acetate

SR?

wherein R® is halo and R? is as defined for the desired compound of formula (.
The coupling of a compound of formula (V) with a compound of formula (V1) may
be performed by methods analogous to those described for the coupling of a
compound of formula (1l1) with a compound of formula (IV). Following reaction,

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

This synthesis of a compound of formula (Il) from compounds of formula (V) and

(V1) is illustrated in Scheme 2.

Naw S._Ph
HoN SH HN SePh BroN. ELO
2 \O/ Base, BnBr \@/ ~~ r X
NS N S
NaH Mel
Cl

NH,.HCI S._-Ph
\©/ NH HC!

S
\/ AIC|3 Toluene
NH HC! NH HCI

15

Scheme 2



IR infrared mn(s): mnute(s) Exanple 1: Synthesis of

N- (2- Chl or o- 5-f | uor onet hyl t hi o) - phenyl - N - (3- net hyl t hi o) -

phenyl - N woabdwyisgesani di ne Exanple Ki) Synthesis of 3-ampoo/eB2oddmezibenzene

thiol To a cooled solution (QC) of tin(ll) chloride (1 1.26Qg, 59.40 mmol)

in 10 m concentrated hydrochloric acid was sl owl y added

4-chl oro-3-nitro-benzenesul fonyl chloride ( 1 .690g, 6.60 muol)

portionw s r e%‘?% 5

i nut oo ber S ES R e R ey B B R B o <o

room teﬁpeéﬁrmgemaft@nan;m&mrgensmddlalcuomhhg\totcbrmlegOL(sltodhmg deswiibegriaf ul |y

neutral i sed usin The aqueous phase was extracted with chl oroform

(4 x 50 m Pcha g%@”@r*@%ﬁx@”lm%%e separated and dried over Na2SO4. Renoval

of solvent under vacuum afforded a bright yellow solid. Colum

chromat ography on silica gel using 1:1 chl orof orm hexane as the nobj

phase af f ofitiedn\@rdionivaill aowriieoifladseaied i Ve fitheyExamptas iB Witgh ta'e(f@”%lﬁg

0% 1HN|\/Rg 13 7.08 (d, 1H, \J\ 8.5 Hz, aryl H), 6.67 (d, 1H, \J\ =
Hz, Pé%‘”el SEeUR§Y 14 \J\ = 8.5 and 2.0 Hz aryl H), 4.03 (br s,

2H NH2) , 3HEC: (rﬁ%h iblérfoﬁH)anceEK@uﬁwcﬁrd?hélo'@YmHQESI s of

(5-Benzyl t hi o- | oro)-aniline and (5-Benzylthio-2- chloroV-aniline HC

salt To a éBbILéRﬂa\Q@lﬁbtl on (Q0C) of 3-Ani no-4-chl orobenzene t hi ol

(0.63 ) trahydrofuran (THF) (15 m) was added
n- but%i}lthl I :hla%&lﬁ?gﬁﬁﬁﬁﬁgﬁf 2.45 m, 3.92 mmol) and the reaction
m xture sUEtOM etyl degtatdo -t his m xture was sl owly added benzyl brom de
(0.47 m ?fR mfrarecp and the reaction

min(s): minute(s)

15 Example 1: Synthesis of N-(2-Chloro-5-fluoromethylthio)-phenyl-N’-(3-methylthio)-

phenyl-N’-methylguanidine

Example 1(i) Synthesis of 3-amino-4-chlorobenzene thiol
cl

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-benzenesulfonyl
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 1hour. After
cooling to room temperature the mixture was diluted with water (100 ml) and

25 carefully neutralised using NaHCOs;. The aqueous phase was extracted with
chloroform (4 x 50 ml) and the organic phase separated and dried over Na;SO.a.
Removal of solvent under vacuum afforded a bright yellow 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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m xture stirred rapidly, warmng to roomtenperature over circa. 1lhour.
Renoval of the solvent under reduced pressure afforded a crude product

whi ch waswpunédizestcby col unm chromat ography on silica gecTies2ng/a2315

di chl or onet hane/ hexane as the nobil e phase. (5-Benzylthio-2-chloro)-aniline
was isolated as a bright white solid (0.805g, 829_. 1H NVR d | 3 . 26
(m 3H, phehyNMRIP(CDCEY 7(0% (cn1HHdlh8&yHz gy HD &- Zj,(d,mﬂ,hﬁhr &_%Dgzs%'MZ),

.66 (d, \J\ = 1 , VA 4% 7 4. ,
R L e i SR
(5-Benzyl t@j_,?- 2-chloro)-aniline (0.805g, 3.21 mml) in anhydrous

diethylether’( 10 M) was slowy added anhydrous hydrochloric acid in
diethylether ( 1ML 5.0 ml, 5 mmol). The resulting precipitate was isol ated

by filtration - ihdsid &t hio-Z-chicgro ) ThhiliR8 Grldf (RBeHAdRTio-pacuum
(5-Benzylt mi-,éa '% -ﬂt]&" i A Was | solated 1n near quantitative
yi el d as achbid)arsivlid HC( 828659, 94%) . Exanple 1(iii) Synthesis of
Met hyl - (3- et hyl t hi o- phenvQ cvananm deTq,a cool ed sol ution (Q0C) of

3-Methylthio-aniline (1 .850g 1 13.30 | )\, i N anhydrous diethylether (10
m ) was added a diethyl ether solution M) of cyanogen brom de (0.704g,
6. 65 mml ). CAUTION : Cyanogen bromd hi ghly toxic. The resulting

solution was allowed to stir at roomtepperature over night. The resulting
m xture was filtered to renove the fireet pitate and the diethyl et her
filtrate was washed with IMHCI (20 m) and brine (20 nl) before the

sol vent was renoved under vacuumto yield an oily yell ow residue.

usi ng 95: 5 GieArSRaLHER O SOR P AR ER AP BORATR 1 20880610 S el o
(3- met hy! t ki anpyEBYS telxaymotutan 4SHE) teamiy viasiaddesk ndiutylihiuen (1.6 M in
hexanes, 2.45 mi, 3.92 mmol) and the reaction mixture stirred rapidly. To this
mixture was ‘slowly added benzylbromide (0.47 ml, 3.92 mmol) and the reaction
mixture stirréd rapidly, warming to room temperature over circa. 1hour. Removal of
the solvent under reduced pressure afforded a crude product which was purified
15 by column chromatography on silica gel using 1:1 dichloromethane/hexane as the
mobile phase. (5-Benzylthio-2-chloro)-aniline was isolated as a bright white solid

(0.805g, 82%).

'"H NMR 8(CDCl3) 7.26 (m, 3H, phenyl H), 7.22 (br m, 2H, phenyl H), 7.09 (d, 1H,
20 |J|=8.3 Hi), 6.66 (d, 1H, |J| = 1.9 Hz), 6.61 (dd, 1H, |J| = 8.3 and 1.9 Hz), 4.04 (s,
2H, CHj), 4.03 (br s, 2H, NHy).

To a cooled solution (0°C) 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 mi, 5 mmol). The resulting precipitate was isolated by
filtration, washed with diethylether (2 x 5 ml) and dried under vacuum.
(5-Benzylthio-2-chloro)-aniline HClI salt was isolated in near quantitative yield as a
white solid (0.865g, 94%).

30 Example 1(iii) Synthesis of Methyl-(3-methylthio-phenyl)-cyanamide
-11-




crystallised on standing (0.570g, 52% . A flane-dried Schlenk flask under a
nitrogen atnosphere was charged with sodi um hydride (60%in mneral oil,
0.1 4g, 3wb 2w0m01358463- Met hyl sul f anyl - phenyl cyanam de (0. 203g;B2806d0023m01 ) and
anhydrous THF (5 m). The mixture was stirred rapidly and heated to 7Q0C
for circa O hours. On cooling to roomtenperature, iodonmethane (0.37 m,

6. 00 mmol) was added drop wi se and the m'xtgre stirred at roomtenperature

over night. The resulting clear, RSO i ol uti on was concentrated under
vacuum before water (30 m ) and di et hyl er (40 M) were added. The

organi ¢ phase was separated, dried over Na2SO4 and the diethyl ether sol vent
removed Unger , Vasisindolitne|PCy 6f BdmletigathiblaniliReir (118508, | 46130y muodlrim
chromat ography on silica gel using dichloronethane as nobile E){bas af.f orded
the title aommubons disthylepre(\Pemibwasi adderd sgdipthviehier splitiqir f3)
7.26 (m,1H, aryl . 6. 1 ; Jhi 1 (s,
3H NOH3) ,C@%&(‘sb%gﬁ?e @&é@ggé‘%%h %P#@yg’@gﬁbgnok?m'd% highiy L {

N- ( 5- BeNzy{dhdti. OFhr faLiRing)somlitiomyadl allo&ened leyit Bhranrhtemperature over night.

FI'2k equi Fpedeonliing mgmuesdigreq o emads g pitate Shd e Aot bt

met hyl - (3- 85 i . badre)thardlvebt was
benzyl t hi o%@%%?&%&?%ﬂp)e)l ﬂ%@%%?@%@g{é &Zborgﬁmml )? The \?Iaask was
evacuat ed esrdoved uhtedvasuum to yieddjen ailyrysdiow iesisluse PoriEicatien of texcrigs

seal ed under pitrogen and heated to 160 fon S | rroom

t enper at ur Qr‘?cﬂ{?tt b&ggmg?na 8”}%%9@853'\?/353%{%31%%u%ga:éﬁ'%dﬁﬂwﬁﬁuﬁﬁﬁle&ﬁ%ylof

di chl of 9neyRafge GBoRtel (gtmeﬂ?dhwphérﬁﬁﬂcﬁahmﬂam  heanedlogregshyil whicki | i ca
gel using a 0-10% gradi ent of nethanol in dichloronethane. Renoval of

sol vent unceystallisgs onastanding Qo g 33ve)-

A flame-dried Schlenk flask under a nitrogen atmosphere was charged with
sodium hydride (60% in mineral oil, 0.14g, 3.5 mmol), 3-Methylsulfanyl-phenyl-
15 cyanamide (0.493g, 3.00 mmol) and anhydrous THF (5 ml). The mixture was
stirred rapidly and heated to 70°C for circa 0.5hours. On cooling to room
temperature, iodomethane (0.37 ml, 6.00 mmol) was added drop wise and the
mixture stirred at room temperature over night. The resulting clear, colourless
solution was concentrated under vacuum before water (30 ml) and diethylether (40
20 ml) were added. The organic phase was separated, dried over Na;SO4 and the
diethylether solvent removed under vacuum to yield a crude residue. Purification
by column chromatography on silica gel using dichloromethane as mobile phase

afforded the title compound as a pale yellow oil (0.388g, 73%).

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

Example 1(iv) Synthesis of N—(5—Benzvlthio-2-chIoro)—phenvI-N’-(3—methvlthio)-

phenyi-N’-methylguanidine HCI salt

12-



title conpound as a glassy white solid (0.357g, 74% . 1H NVR d (d6- DVBO)
9.70 (brs, 1H, NH), 8.01 (brs, 1H, NH), 7.39-7.08 (m 11H, aryl H), 7.09
(m 1H, awgl200d)1B48484 (s, 2H, CH2) , 3.39 (s, 3H N CH3) PCTABRBOG(®23183H, SCH
3) . Exanple Kv): Synthesis of

N- (2- Chl or o- 5- ner capt o) - phenyl -N - (3-net hyl t hi 0) - phenyl -N - net hyl guani di ne
HCl salt A flame-dried Schlenk flgskyunder a nitrogen atnosphere was
charged with al um nium chl ori de ' | ) and anhydrous tol uene

(5 mM). To the resulting stirreq pefs; s added a tol uene sol ution of
N- (5- Benzyl t hi o- 2- '
chl oro) - phenyl - N - (3-net hyl t hﬁ:th)phenyl -N - et hyl guani di ne HCl salt
(0.250Qg, 0.54 mmol) and the reaction mixture stirred rapidly at room

t enper at urg, §aanhaiEs 10 Meoumsbbttomgd fiask aqepped with Bunagneticstir ket wWashol (5

m) which resulted I I , h t] .

sol)ven!ts Lﬂdib?::i mb{aﬂ@;mggwﬁg{P-gﬁ%w'bgﬁ%g@gggé'i%@l{whic@h rﬁgﬁ;/%b(%;{%hp into
di chl f Lt Kl b ik by egatusated

O o Oeh A finfe Bhiora)-4dfiRé A1 88 0g7f hldaraIDTNe Hadduia oo

on ‘si using a 0-10% gradi ent of 2315 nethanol in
di chl orsomeshdrsilledivatt hittbget dmeeutindesdkiefare shaflask was Segleds 4)deiiiraded i d

Sai t 0t e hedlsAds 15 iRl Ui SEa BRI RarPhTER R o B pakubie, [T

chr omat ogr apiy,Pasithk&Rugah iimenan Goklfe of dilhtorbrethams K@adel mihand
di chl or onet hane. 1H

NVR d (CDCI3) 7.29 (br.s, 1H, | H),...7.28 H,
aryl H, 7pt1®fie(dnby2wlumnyphnqmattpgnapby(egr%"'@,gegwﬁ‘rgyr&‘,5')%.0(/% g(raﬂfe?‘}lﬁ} aryl

'{Z’ gHO é&_&}e%anlomin AMlordhetana8reMovil of ddiverntthderhigl vasuurd Hidfddd)the 2. 49
10

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

"HNMR 5 (ds-DMS0) 9.70 (br s, 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, CHp), 3.39 (s, 3H, N-CHs), 2.45 (s, 3H, S-
CHs).

15
Example 1(v): Synthesis of N-(2-Chloro-5-mercapto)-phenyl-N'-(3-methylthio)-

phenyi-N'-methylguanidine HCI salt

Cl l
H
N \n/ N _S ~
NH.HCI
SH

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

50  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)-phenyI-N’-(3—methylthio)-phenyI—N’—methnguanidine HCl salt (0.2509, 0.54
mmol) and the reaction mixture stirred rapidly atroom temperature for 2hours. The
resulting mixture was diluted with methanol (5 ml) which resulted in a colourless,

25  homogeneous solution. Removal of solvents under vacuum afforded a colourless
residue which was taken up into dichloromethane (3 mi), filtered and the filtrate

purified by column chromatography on silica gel using a 0-10% gradient of

13-



Exanple 1(vi) Synthesis of N (2-Chloro-5-fluoroneth i '

: : Chl yl t hi 0) - phenyl -N - ( 3-
met hyl t hi o) - phenyl - N - net hyl guani dine A flanme-dried Schi eZ]kpf I agk undt(ar a
ni t rogen wWoroepises4e was charged with N-(2- PCT/GB2006/002315
chl or o- 5- mer capt 0) - phenyl - N - ( 3- net hyl t hi 0) - phenyl - N - net hyl guani di ne HCl

salt (0.037g, 0.10 mml), triethylamne (0.02

g : chl o ro metdthaeolin-dichivpmetane of haftitiec ppeﬁéﬁ’%ﬁécﬁ%e@% 3 oIy e ous
| uor obr onopet g s bubbl ed t hrough the dark col our ed ti

m xture fépﬁgé&ggﬁgn@é%\g%f ore the reaction was allowed to sl O\r/vlescvv:a(r)nm to

roomtenperature. After 2hours, the resulting pale yellow solution wa
concentrated under vacuumto yield a crude resi i = [ is

i gl di chl or/%ﬁ%mﬁl@g@f tbqfrﬁ?)baéﬁd"%imep%‘?f{ wﬁ%fﬁqwggﬂ&rﬁﬁéﬁ%{‘%ﬁ%‘%@%a%&é?l ;/gg
gel using s LVAanatt GBliopdd BRiaatn b i ohemeithgrzphyRemoiica gef

ol vent u r—hig vacdu_ma orded the title conpound as a pale yellow oil
(0.024g, 6GRHAg a1 0MRYrddieBDOf Bletirargdl in dichipometiangy) . 7.20 (m 1H, aryl H
7.17 (m 1H, aryl H, 7.1 6 - 7.06 (m 2H, aryl H, 7.04 (m 1H aryl H), ’

5.71 (d, 2H, \J\ = 52.8 Hz, CH2F), 3.41 (s, 3H NCH3) , 2.50 (s, 3

S-CG3) . EXRINR % (idﬁaélzyﬁbb%psﬁm, aryl H), 7.28 (m, 1H, aryl'H), 7.13 (m, 2H, ar'}"l

18F1f | uororret hyl t hi o) - phenyl - N - ( 3- net hyl t hi a) - |-, N. - i di

'{?\e/i '; i 'ltol te Hbﬁpbhfﬂm?b?@ﬂééﬁr%@Q@P‘n@"’n@ﬂ'ﬁug‘ég}gﬁﬁ%&% %‘%gg‘ieagfﬁﬁ%g%% e
u [ _ r e hal oal kyl at i

anhyd_rltgus ﬂ%egglﬁ’ %ggl(% %lg’ @?W@%ﬁ’g?f um car bo%at eI gg ?ﬂgngése. The

identity of the product was confirnmed by HPLC co-elution of N-(2-Chloro-5-]

18F] f | i 0).- N - (3 - . or ¢
wi t]h aﬁogﬁﬁ&%ﬁhml VL;@!\ICQE’NEQ—}@'I*I&#H—Q-}IthbﬁﬂeYtjhvﬁhib%ﬁQWIW@@Ld' ne

T CAAITPT © J_\VI

methylthio)-phenyl-N'-methylguanidine
cl
|

15 A flame-dried Schienk flask under a nitrogen atmosphere was charged with N-(2-
chIoro-5-mercapto)—phenyI—N’-(3-methylthio)—pheny|—N’—methy|guanidine HClI salt
(0.037g, 0.10 mmol), triethylamine (0.020g, 0.20 mmol) and anhydrous
dichloromethane (2-3 ml) and cooled in an ice-bath to 0°C. Fluorobromomethane
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 column
chromatography on silica gel using a 0-10% gradient of methanol in
dichloromethane. Removal of solvent under high vacuum afforded the title

25  compound as a pale yellow oil (0.024g, 68%).

"H NMR & (CDCls) 7.32 (m, 2H, aryl H), 7.20 (m, 1H, aryl H), 7.17 (m, 1H, aryi H),
7.16—7.06 (m, 2H, aryl H), 7.04 (m, 1H, aryl H), 5.71 (d, 2H, |J| = 52.8 Hz, CHF),
3.41 (s, 3H, N-CHz), 2.50 (s, 3H, S-CHy).
30
-14-



HPLC Met hod Wth HPLC anal ytical conditions tested, it was found that the
nost efficient chromatographi c separation between precursor

N- ( 2- chl owo-26eci 368y phenyl - N - 3' - (et hyl t hi o) - phenyl - N PogidB2bgummeiidi ne and
reference standard N-(2-Chl oro-5-

fl uor onet hyl t hi o) - phenyl -N - (3 Jret hyl t hi 0) - phenyl - N - net hyl guani di ne was as

fol l ows: Srtample@: N-@-2hlocai5Hiir [{lu@®methyiigopfgn wWAN' 4 8/methylikiobphenylt e /
0.01 M (NH4),2HP floywrate at 1m / mn, W 254nm The retention tinme for

N-(2- chl ors-B€ { | -N -3" - (n'ethylthi 0) - phenyl - N - et hyl guani di ne

precur sor v gk 65pBLES wastprégared usmg?\lmethods analogous to those in Example
N-(2- ChIoroSquororrqur'%lthlo) phen nmet hyl t hi o) -

phenyl - N - v youg wgingdi Imab@m@m@ﬁlar@m thﬁeh@ba&ymn@aﬂﬁr@san%we 3:
ot hyt i oy SNy Re EeRPaTant B AU S F s Bertlbe iy slibe e
o o B ool T e
Her Cealt (TR 6 R Phe LT s EI ! 3 gotkents” SABIE and
anhydr ous a&g@ P%tez?gg%ple-ﬁ vij.he m xture was added a sol ution of 2-

fluoroethylto 0.080 mml) in acetone ( 1 m) and the
reaction heat edto reflux under a nitrogen atnosphere for 3 days. After
cool i ng r e ature the solvent was renoved under vacuum and the
resi dué’re- n dichloromethane ( 1 m). Purification by colum
chromat ography on silica gel using a 0-1 0% gradi ent of nethanol in

di chl or onet\haine H# D Aa tl&dﬂecéﬁldlfl@né:m@unﬂ was ﬁahﬂd vtaht oe ohbst( Offioidht g,
68% . 1H NVR d (CDCl 3 30 (m 2H, ary 1H, ar%Ilg , .13

(br m 3H, %hrymaipgrae?\@zxse(nﬂratm batw@ewrewr% fM? C‘ﬂtqqofg-j]lo)ﬂhsn “47.0
Hz, CHZF), (%né%yﬁl?io)—ﬁhlemh'—% methylguanidine and reference standard N-(2-Chloro-5-
15  fluoromethylthio)-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine was as
follows: 5p-Luna C-18(2) column ( 250 X 4.6 mm), MP 55/45 acetonitrile / 0.01M
(NH4)2HPOy,, flow rate at 1ml / min, UV 254nm.  The retention time for N-(2-
chloro-5-thio)phenyl-N’-3’-(methylthio)-phenyl-N’-methylguanidine precursorwas
20.0minutes, while N-(2-Chloro-5-fluoromethyithio)-phenyl-N’-(3-methyithio)-
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-
methvlthio)-phenyl-N’-methylguanidine

Cl I
H
N\n/N S\
NH
/\/S

To a flame-dried Schlenk flask fitted with a reflux condenser was charged with N-

25

(2-Chloro-5-mercapto)-phenyl-N’-(3-methylthio)-phenyl-N'-methylguanidine HCI
salt (0.030g, 0.08 mmdl), potassium carbonate (0.022g, 0.16 mmol) and
anhydrous acetone (2 ml). To the mixture was added a solution of 2-

30 fluoroethyltosylate (0.017g, 0.080 mmol) in acetone (1 ml) and the reaction heated

-15-



3) , 3.12 (dt, 2H, \J\ =6.6 and 20.5 Hz), 2.51 (s, 3HLS-CH3) . Exanple 4:
Synthesis of N-(2-Chloro-5-(2-[ 18F1fl uoro-ethylthio))-phenyl-N -(3-

met hyl t hiwp-2péesydse N - net hyl guani di ne The titl e conpoun@CraGB2pecp23ied usi ng
met hods anal ogous to those in Exanple 3 but using

2-[ 18F] fl uoroet hyl tosyl ate as the hal oal kyl ati ng agent, a 1:2 m xture of
anhydr ous doetefhex undgetahanivdgears atm@sgbemarf@r é?mﬂayesﬂftarcam@mgatt@ raen he
RI??S C;Elhgrlgggn te'r:E\t)(Jre {he soefv l{t%%crgemvc\)%sed%% {/g&ﬂjm)éngl?ﬁec recs(ljdueeI rlétél(s)s?ol\(/)efd

[ 18F] f I uor Qﬁtcrwbmrﬁéthah@r(ylmm PlicERioAY bd)lQ)nrme%Yﬁlatbb rdpbly o sieaigei ne

W th an authentic sarrp prepared in Exarrpl e 3. HPLC Met hod Wth HPLC

anal ytical Usomdia i®i8% «sadignt iof methanalna ﬂw@ior@ﬁ@tm adforded dhe title

wzgnﬁ\ org&ghﬁ%aﬁfgig qoy%%e‘w@%&i% ﬁfo) phenyl - N - met hyl guani di ne and

reference standard N (2-Chloro-5-(2- .
as- ol 1 owe: BNV ALCBER g i 1o B0 SRS Tk . 548 BesbloRbl 1 1 o

/[ 0.01 M (N @tmlwﬂﬁhes@(dtlm anethrB aﬁ&/4?%4ﬁﬂ10ﬁ£lf) 8QheulaqmNt i e

for N-(2- chloro- hi 0) phenyl - N - | t hi 0) - phenyl - met hyl guani di ne
precur sor Welds)28. 12 (dthdtle[s/I \ﬁn@ Rad 20. 5 Hz), 2 51 (s, 3H, S-CHs).
N- ( 2- or 0- 5-fl uoroet hyl t hi o) - phenyl - N - (3- net hyl t hi o) - phenyl -

met Iguam dine had a retention time of 9.40 m nutes. Exanple 5:
Synt hesi s cExa{mm%r @hl SyiethBsis 20f N-(2-Chloro-5-(2-] “Flfluoro-ethylthio))-phenyl-N'-(3-
11C ethyl thio ) h I (3- rret hyl t hi o) - phenyl - N - met hyl guani di ne The
title conpdd -Heiadanidings anal ogous to those in Exanpl e 6

bt usind el el&*éh?%‘é’@& SR b AR oo e

but using 2- [ F]ﬂuoroethyltosylate as the haloalkylatlng agent a1tz mlxture 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-
[1BF]quoroethylthio)-phenyl—N’—(3-methylthio)—phenyl—N’—methnguanidine with an

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-5-(2-
25  fluoro-ethylthio))-phenyl-N'-(3-methylthio)-phenyl-N'-methylguanidine was as
follows: Sp-Luna C-18(2) column (250 X 4.6 mm), MP 55/45 acetonitrile / 0.01M
(NH4)2HPOy, flow rate at 1ml / min, UV 254nm.  The retention time for N-(2-
chloro-5-thio)phenyl-N'-3’-(methylthio)-phenyl-N’-methylguanidine precursorwas
20.0 minutes, while N-(2-Chloro-5-fluoroethyithio)-phenyl-N'-(3-methylthio)-phenyl-
30 N’-methylguanidine had a retention time of 9.40 minutes.

Example 5: Synthesis of N~(2-Ch|oro-5-(2—[11C]ethvlthio))—phenvI-N’—(3—methvlthio)—
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N - et hyl quani di ne To a round bottom fl ask equi pped with a nagnetic stirrer
was added sodi um net hoxide ( 1.4ng, 26.6 unol),

N- ( 2- chl owo-2BeamBss#apt 0) - phenyl - N - ( 3- et hyl t hi 0) - phenylPCINGBBEdDpRyaani di ne
HCl salt (5.0ng, 13.3 umol) and anhydrous nethanol ( 1 ml). The reaction

m xture was stirred rap| dly under a nitrogen atnosphere for 5 m nutes
before the m‘n.k peRisyuaniedre t reated with i odonethane ( 1.8 ul, 30 unol).

LT SLLLHRSHRE ehRRBULATREILS il FErSB A BN
Synt hesi s obutNisliry 21[11@]@d56mahb@sm%hidléélkﬂéhmegahtr N - (3-nethylthio)-
phenyl - N - et hyl guani dine The title conpound is prepared using nethods

anal ogous to those in Exanple 6 but using [1 1C]i odonet hane as the

met hyl atd ” Ble. &% a0ht h%s% o$y th (EEhRIEE. methvlthlo) phenyl-N’-(3-methylthio)-
N-(2-Chlo et Nyt tni o) -p -N—=(3-Tetny

phenyl - N - nmmWIMmtdvlqeaEmnml e 8(|) Synt heS| s of

2-chl oro-5- (et hyl thio)aniline hydrochloride To a stirred solution of

2- chl or o- 5- (net hyl t hi o) benzoi ¢ acyd %59,'24 67 5rrm)l) in tbutanol (201) was
added triethylamne (5.25 nril, er stirring briefly,

di phenyl phosphoryl azide (6m, mgo)@/;dded drop wi se. The reaction
m xture was slowy heated to reflfix for 6hours and then cooled to room
tenperature. The solvent was remp¥ed under reduced pressure and the

crudereaction mxture was dissolved in tetrahydrofuran (12.5 m ) foll owed
by the addi Teéhrendipoem flask enuippedcuith @ megnetia stimer wareadee@ spgivm

t f b d
e Soor MERRLASE LOATE! 24 | o WENCRIAIE HERARNBRIMAC EHAANURREY,
NaCH (25949 ploedy-iNignéthglgokinidine HCI salt (5.0mg, 13.3 umol) and anhydrous methanol

(1 mi). 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 temperature 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)-phenyl-N'-(3-methylthio)-
phenyl-N'-methylguanidine

The title compound is prepared using methods analogous to those in Example 6
but using [”C]iodomethane as the methylating agent.

20
Example 8: Synthesis of N-(2-Chloro-5-methylthio)-phenyl-N’-(3-methylthio)-
phenyl-N'-methylguanidine

Example 8(i) Synthesis of 2-chloro-5-(methylthio)aniline hydrochloride

25
To a stirred solution of 2-chloro-5-(methylthio)benzoic acid (5g, 24.67 mmol) in t-

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 to reflux for 6hours and then cooled to room

30 temperature. The solvent was removed under reduced pressure and the crude
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12 while cooling in an ice water bath. The product was repeatedly extracted
into ethylacetate (4 X 25 m ) and the organic | ayer washed with water (10
m _). Thewoan®mesdcextracts were dried over MgJSO4 and ceoTEHR20@I®ABISN vacuo
to afford yellow oil. The product was purified by col um chromat ography
(SIi @2, gradient of hexanes/EtOAc) and the coll ected sanples dissolved in
et her and treeatien mixture HEh¢ atigsalverD imitetraliydrotuvapr(diddenyhicllewedylsyt dhe. The

titl d B! | t lid (3.73 %.yield):. -..180-181 0C; ,TLC:
nexancy ot RO 9f 14prilgnEloragsle Gt (L) e et SRl e o o
19 1 ( MrNH3peflux LidrNBRolrsDahd) thk (daW8nt7wds Evapdrated3aftel cobling2 46 fodm 3H,
S-CH3) . Exanple 8(ii) Synthesis of 3-(benzylthi (&)@&nl |ine To a stirred
sol ution oftegmrawﬁyéwﬁa@@om mixtyre was Hieaisd with Nagtt254m tp beipe thaip! o an

(50r) was SoBe PRI af BRI IRE Ple bl v nforah pllaialfile .,

chl ori de ( SethyRRefaterdd X 25 ndt)rsanbthe( Srghhic iaf¢rewasined adttiwaten(1a k) r Blaet i on

m xture was stjrred at roomte ratu r 4 hours and becane br.own

Tor Ut T on o eambies E>ioes Wt Bed e MaS Pt 8he HanGerag 18 aere e BRI he
filtrate ; ki ' t m).
The. dr chi orRAPSE THedirBludiiad G ftiPol e iV Sflomarshrbhp (SIS SapRi oo )
sol ution t hneandsiEOAD . amdihe3collettedsamples diasevedin etijertand yreatadtwith dr i ed

4 i | , +dpGhl h | ut i : ] ed i
vacuo 10 areararer e PRSP AR R G B LR Bl VBT RREPESBIFT e
by flash phgao B, BIR R yd ) FipPa 80hEs e I1 Crndkh e HEIOREY 9P Ratd argiVS (Cl)
(benzyl thio)aniline {6. 17 82% ) as a pale yellogw oil. which _solidified
into white B¢ 1448t dfordys %Sh@nﬁim{wgé%ﬁ(&mm E-NMR (CPGJed P (PPM) 7.2-
chromat ogr 8ghyim, 3H, Ar-H), 2.5 (s, 3H, S-CHa).

15 Example 8(ii) Synthesis of 3-(benzylthio)aniline

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 (ZOmI)
was added drop wise, followed by the addition of solution of benzyl chloride (59,
39.5mmol) in ethanol (5ml). 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 dichloromethane (40ml). The dichloromethane solution was washed with
aqueous sodium hydroxide solution three times (0.5 M, 3 X 40 ml) and water once
(40 ml). After dried over MgSO, and filtered, dichloromethane solution was then
25  concentrated in vacuo to afford thick yellow oil as crude product. It was further
purified by flash chromatography (SiO,, hexanes/CH,Cl,, 0-100%) to afford 3-
(benzylthio)aniline (6.77g, 82% ) as a pale yellow oil, which solidified into white
solid after staying. at room temperature. Thin layer chromatography:
Dichloromethane, R;= 0.37; "H-NMR (CDCls) 5(ppm) 6.6-7.4(m, 9H, Ar-H), 4.15(s,
30 2H, S-CH2).

Example 8(iii) Synthesis of 3—(benzvlthio)phenvlcyanamide.
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D chl oromet hane, Rf = 0.37; 1H- NWR (CDCl 3) d(ppm 6.6-7 .4(m 9H, Ar-H),
4.15(s, 2H, S-CH2 ) . Exanple 8(iin Synthesis of

3- (benzylwbi2o)aizes¥gl cvanam de. A sol uti on of cyanogen br eciram20ds/0048g, 13. 4
mol ) in anhydrous diethyl ether ( 10 M) was added slowy to a stirred
solution of 3-(benzylthio)aniline (4.6g, 2 1.4 mol) in anhydrous di et hyl

et her (25m ) Asbludion dFCyandge brtoh'édadtmﬁg,om 4 niraol) éaanhyrous Hietng ettees (0irred

t t t f 12 h l.uti h a t
o eci pi 1 at SRS P ot A bre S RE R Tor BeBratinaRie (£ Boed t Astnilhea
wi th aqueou diflydtods dfethyl éthée(zgh)l) étrUi4f°Q| heaetheaddiionené Adlibh mitfige et her

solution was dried over filtered, and concentrated in vacuo to yield
yel | ow oi | w8sé&hiigd ahreain mpeitatlmsfor 12 hnurs and becarge mbrpwaselution with a

h f
S e 1 i L U0 2o O 0 e g i
Di chl or onet Aqureous BODAE M, BX 40 mBf arreDidiéwetiHbyNMihé CIBChE). Tthe(gthe) salufleh. 7

$023- 3085 c\%i d(r'eé b7 806 Tutered, cﬁﬂ)(J Conertiais 7’? t:%JJ E&Q oy i/as

Synt h h ),,%@e
3y?beﬁ§|ylst g{;o S gﬁaﬁhc{%/t;ng% nfyjhhé% ”Bl%%é?,oc%@gl ?%%?szs'r@io\?ne eéﬂétplhget(grgzt rile
(8 m ) vvasChHGééE’td)Acs@ﬁZQ%)/ﬂoaﬁwd aﬂbaﬁzwtbioﬁﬁfgﬁnﬁownanwe) (2.829, 156K viclsly

et | uxeld ai 288 iteeTr ' Hishfomatihe TRlCe 035" B3R BT MIR IR R o

taken by di spehpmEt-6a e OHMnH)and 2t(BE219r STHLY. KYKBY): an78Rm \vesbest
wat er (40m After dri ed gver MpSO4 and filtered, di,chl oronethane solution

was then co c‘éhtaog@e%pa%cmad{}d"@@'ﬁﬁ?'@ﬁﬂeﬁ%‘bI A2 ¢MadCude product .
Purification by colum chromatography (Si 2, Hexane/ CH 2Cl 2, 50%to 100%
to afford 3-

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 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
dichloromethane (40ml) and the organic solution was washed by water (40ml).

20  After dried over MgSO, and filtered, dichloromethane solution was then
concentrated in vacuo to afford yellow oil as crude product. Purification by column
chromatography (SiO,, Hexane/CH.Cl, 50% to 100%) to afford 3-
(benzylthio)phenyl-N-methylcyanamide as a pale yellow oil (0. 67 80% yield):
CH,Cl, R¢ = 0.45; 'H-NMR (CDCI3) 8 (ppm) 7.3-6.8 (m, 9H, Ar-H), 4.06(s, S-CH,,

25  2H), 3.57 (s, 3H, N-CHj3).

Example 8(v) Synthesis of N-(2-chloro-5-methylthio)-phenyl-N’-3'-(benzylthio)-

phenyl-N’-methylguanidine

To a dried 25ml flask assembled with water condenser, 3-(benzylthio)phenyl-N-
30 methylcyanamide (0.65g, 2.56 mmol), 2-chloro-5-(methylthio)aniline hydrochloride
(0.54g, 2.56 mmol) and 1ml of chlorobenzene were added. The flask was then
flushed through with nitrogen gas and then heated at 150°C for 3 hours while
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(benzyl t hi o) phenyl - L/-nethyl cyanam de as a pale yellow oil (0.67, 80%
yield): CH2ClI2 Rf = 0.45; 1HNWR (CDCI3) d (ppnm) 7.3-6.8 (m 9H, Ar-H),
4.06(s, SwOHB)e/B6Y46 3.57 (s, 3H, N-CH3) . Exanple 8(v) SBgmidBesieoedis

N- (2-chl oro-5- net hyl t hi 0) - phenyl -N -3' - (benzyl t hi 0) -

phenyl -N -net hyl guani dine To a dried 25m flask assenbled with water
condenser, gir(ibgnklye réadiipphuiglire Was coelebytb dpammalienteeratliré54fte2rebovaioi) |

2-chl or o- 5- hyl t hj Ty hl.or i de (0. .56_mol d.1nl of
oh or obensetBERFBEEME AP ROR RS e ek B fs Pl Ry Re2F bgen
gas and t hepy Miagh shréinalRaphf 46iS, fmugaz/wlacblq,soiza%?w% tyTé1@ theaftianfiine

m xture was cooled to roomtenperature. After renova chl orobenzene in
vacuo t hi ckhyfrasklpride| (849, 185% Mieldhascaugeligr odbisx layely ichraragiogramy: f | ash

chromat agr a, i HACI2 L 1,1 O s i | di .

hydr ochlor QEM?@@%EHB@JﬁyiREr?)%S HNER e iﬁﬁ(lpﬁgjiﬁﬁsﬁfég}r?aﬂgg’r ARy

CH2CI 2/ MeOH4 (0818, )S-CRf,, 28),38157 16| VRGNS 3)35ds( pHIB-GH8R7.3 (m 12H, Ar-H),
4.06(s, S-CH2, 2H), 3.57 (s, 3H NCH3) , 2.35 (s, 3H, S-CH3) . Exanple
8(vi) Synthesis of N-(2-chlaro-5-nethylthio)- phe,n?/l -N -3' -t hi ophenyl - N -
met hyl guani BXaEple 8K Byathesis of Ne(2aehlorobmethyitnel-phenyldy -3idhiopheay:N'-

0. 94mml ) waetkeanidinger nitrogen protection, followed by drop wise
addi ti da of N-(2-chloro-5-nethylthio)-

phenyl - N - 3Te @lEmahdrichl fiRskpalenmyihiul tricbionide d t125indi 0. 84O mps @id2dramalley i n
toluene(2m )., The m xture s stirred under nitro t roomte ature
overnignt | HHEPE AEPEEHORTRYEH TOBMES g st N CroHiSTor SRV t hen
concent r at eghéiy A1 PdeRhD sheni-RKnfRithyI@Sarianae ProgdMs!t - 0 BBRirhbIFatihon by
flash chr orrgt oﬁg}r aghY (Si g _%—1@0 g/ MeCH, yog%%% to gli el d" the titleypr'oduct
(70my, 96 toluene(2ml). The mixture was stirred under nitrogen at room temperature

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 flash
chromatography (SiOz, CH2Clp/MeOH, 0-20%) to yield the title product (70mg, 96
% yield) as a glassy solid: TLC: CH,Clo/MeOH (9:1), R¢ =0.14; "HNMR (CDCl3)
(ppm) 6.8-7.3 (m, 7H, Ar-H), 3.35 (s, 3H, N-CH3), 2.4 (s, 3H, S-CHa).

20
Example 8(vii) Synthesis of N-(2-Chloro-5-methylthio)-phenyl-N’-(3-methylthio)-
phenyl-N'-methylguanidine

HPLC Method
25  With HPLC analytical conditions tested, it was found that the most efficient

chromatographic separation between precursors N-(2-chloro-5-methylthio)-phenyl-
N’-3’-thiophenyl-N'-methylguanidine, N-(2-chloro-5-thio)phenyl-N'-3'-(methylthio)-
phenyl-N’-methylguanidine and reference standard N-(2-chloro-5-methylthio)-
phenyl-N’-3’-(methylthio)-phenyl-N’-methylguanidine was as follow: y-Bondapak C-
30 18 column (300 X 7.8 mm), MP 60/40 acetonitrile / 0.05M (NH,4)>HPOy,, flow rate
at 2ml / min, UV 254nm.  The retention times for 3’-desmethylthio- and 5-
desmethylthio precursors were 6.65min and 6.0 1minutes, respectively, while N-(2-
chloro-5-methylthio)phenyl-N’-(3-methylthio)phenyl-N'-methylguanidine had a

retention time of 11.81minutes.
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%yield) as a glassy solid: TLC CH2Cl 2/ MeOH (9:1), Rf =0.14; 1H NWR
(cbcl3) d (ppm 6.8-7.3 (m 7H, Ar-H), 3.35 (s, 3H NCH3) , 2.4 (s, 3H,
S-CH3) . wwanpm/seB6Vvii) Synthesis of PCT/GB2006/002315

N- (2- Chl or o- 5- net hyl t hi 0) - phenyl - N - (3-net hyl t hi 0) -

phenyl - N - et hyl guani di ne HPLC Met hod Wth HPLC anal ytical conditions
tested, it was found that the nost efficient chromatographic separation

Ret gee{l thgf@gﬂfM rlfs{idlgl-ﬁé@h%—pg%éal gf%qu\/laﬁehr;c%) i rﬁw?enc}/ulréor) was added int9 the
N (2- chl or osdiutith 0) pPaeAining - 3' N-{BERMr BLaethyRRRPheNy-NEBAMiopHaRyIdne and

reference standard N (2-chl oro-5-nethylthio)-

phenyl - N y amethdguaniding dP-pRma). Rotassimy byiexidedOrie1 W89 a&-4fegivalence tc|>v|
(i) 2050 FeSH S deb o/ Rolhmde o PR AV BRI P RRb @ob- et

3' - desnet hyThdiresultingl nfixtuee svast Syt diad rooactengmrstunefer 6. htes and the®1
m nut es, respectivel

Thlor 025 eaneranecdsbadcien bf o8t HPLGmepiR ease .95 (Y HgaHRQN-AN had a
retention tirR b khcldn MiktuieRaYeiidH adPfjedeed Ontd ! B%olutn i dnbyRlence

to precursor) was added into the solution containin
N- ( 2- chl or oBasenkwohyieshit® froph&tRUC "nafysishiioyherspiowr thatdhhé fitlguzrntdétneas

0.5-0. t i um OXi ;1.0 -4.equi val ence to precursor)
o o ¢ g N TS TR EP Bt P M RN A R B S e i ol The
resul ting nigddiag sed@ensd i sk tedtexpedmdrisipsierigtrg ictked walniut £soasigtdnen
guenched by addition of 100m of HPLC nobil e phase (0.05M (NH4) 2HPO4) . An

al i quot of MeRRer avdniher sprRargdeN tRkweeanthe Hile aredugnary s dewrpetivihicor
anal ysi s. ¥e L Y4Sd B : itle
et PRSI R RLF SO RS gl WAl Hbtthehi)
N, N- di et hyl f or mam de or et hanol

15  Example 9 Synthesis of N-(2-chloro-5-methylthio)-phenyl-N'-(3-['Clmethylthio)-

phenyl-N-methylguanidine

[“C] Methyl 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-thiophenyl-N'-
20  methylguanidine (0.5mg), potassium butoxide (0.8 mg) in N,N-dimethylformamide
(300u1). The labelling chemistry was carried out at room temperature for 5 minutes
and reaction mixture was quenched by the addition of 100ul of HPLC mobile
phase (0.05M (NH.),HPO4). An aliquot sample was taken from the reaction
mixture and injected onto in a radioactive HPLC system. The analysis was carried
25  outat the same chromatographic conditions as used in Example 8. The radioactive
peak, which eluted with retention time of 11.81minutes, was confirmed to be the
title product by co-eluting with cold reference standard at the same analytical
condition. The decay corrected radiochemical yield for the title product, based on
['"Clmethyl iodide, was found to be higher than 90%. The total time for the
30 radiosynthesis, starting from [''C] CO,, was within 20 minutes after end of

cyclotron bombardment.
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used as solvents in all test experinents, chem stry worked well in a
consi stent manner and the separation between the title product and its
desnet hylwbizopwBesassor was ef fi ci ent enough for a sem - pPepazBRDIVN®2315
separation in hot chem stry. Exanple 9 Synthesis of

N (2- chI or o- 5-net hyl thio)-phenyl-N -(3-r 110 net hyl t hi o) -

phenyl - Al Expdinies [11C] Methyl iodide, which was produced by
reducti on of [1 1C] C2 wusing lithium alum nium hydride, followed by

i odi nation using hydriodic acid and distillation, was trapped into a vial
contai ni ng Ehbﬂ%trﬂﬁit@ho Sataet foy | INUBLCHRIBBA2- NBFﬁthFU-@ﬂﬂ/ﬁHW)T phenyl-N'-(3-
met hyl guani di ne (0.5ng), potassi um butoxide (0.8 np)

N, N- di net h\metkwlibﬁ)-rmemh mnethvigitanidingl | i ng cheni st ry vvas carried out at
room tegperature for 5 m nut es and reaction nixture was quenched by the
addi tion of 100m of HPLC nobile phase (0.05M (NH4)2HPO4) . An aliquot
sanpl e was Mateeials awdriMeirodeact i on m xture and injected onto in a

di [ d h
Chr omar 01 Qb TGS TPk Mo et i) R BV s Rt Bie) SRErVON  peak.
whi ch el ut qﬁemytdmarn%ﬁ@wa%rprbp@@docfccéﬂdl tdTERANBR 4 \Emtied foriRhtion £e the

title product by co-eluting reference standard at the sane
anal yti cal %®&tanoldmo. 9f/név/w§@lme snbmtrcm)wtm 7 eaflioehiesnicabdurify ef t99%randnet titl e

Potal - tPe 17 of Ridcioh A Hibend QA AT R of po A el Blodi et 20
m nut es af taard lsodd Olbta:\wefemromm 1KEHU$HﬁQMra§UQleM©§|ratE>(B@WW§|ght range,
Bi odi stribution data for 2-Chl o

18F1f | uor 0-48%ip1349 @)meﬁﬂeﬂ ENF 3@@+ Wél()hNr&%?hy)f%%@vw8FI'\1f|UQF§tQWV|th|0))-
auani di ne. atef Nl A0y MRE1BASHYI-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 tissues

were rapidly sampled.

Biodistribution

20 The data were acquired using two syntheses. Rats were given an average of ~ 86
MBqg (85.3 MBq for first experimental day and 87.3 MBq for the second
experimental day), in a volume of 0.20 ml (synthesis formulation ~3 % alcohol), via
direct intravenous injection through the tail vein. The mass of co-injected N-(2-
Chloro-5-(2-{"F]fluoro-ethylthio))-phenyl-N'-(3-methylthio)-phenyl-N’-

25  methylguanidine ranged from 0.7- 2.9 nmol.kg™”. Details of the methodology,
together with processing and counting of the samples can be found in Hume et al.,
Nucl. Med. Biol. (1991) 18: 339-351. Data were normalised for injected
radioactivity and body weight, giving:

30 ‘uptake units’ = (cpm.g” wet weight tissue).(injected cpm.g™' body weight)'1
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N-(2-Chloro-5-(2-]

18F] fl uor o-et hyl t hi o)) - phenyl -N - (3-net hyl t hi 0) - phenyl -N - net hyl guani di ne
was prepawedoacices4di ng to Exanpl e 4 (synthesis fornul at ipam/GiRRoG@meanol in
0.9% w v saline solution) with a radiochem cal purity of ~99% and, at time
of injection, the specific activity ranged from 4-16GBq/ nnor 1.

Bi odi stri buB&@ﬂl’f_Sand bl ood data were from 11 adul t mal e Sprague-Dawl ey rats
(body wei ght range, 269 to 329 g; nean + S.E. = 300 18 g).
N-(2-Chloro-5-(2-[ 18F]fluoro-ethylthio))-

phenyl - N - ( RatRabiiVitycanceplierivh didta GRS Audigonaliydcsirtadn Tabestegerbnegd! ¥
into the tail vein of each rat whil st under isofl urane anaesthesia. Each

ani mal was E‘W)é‘r‘ﬂ@v@@‘f‘bArse'é‘@ﬁm“?erﬁldﬁj@ﬁé{@?mPﬁmeﬂtoﬁe@ﬁg}ﬁ%@r@wﬂl%s

ft
arter h;ﬁsf;maggﬁ%l; o amﬁ%%gﬁéc;t i g@%g%g&aafe%mtﬁ p%rgﬁfw BOCHINES- (2-
Bi odi stri buf ?Iﬁﬁudﬂmeetdymao»mmera/d:-q\]EH(iB-a}tbthy;ltmg) phmyd-)hhtrhettﬁkg,uaﬁm(]jm \l‘@rnbtgl ven
an aver age VB or first ex nental day and 87.3 MBq
For "L he SecBrRt,Aele MSRT ATH SR SISt Weke SPIGEE Rastdgfm ey he
formul ati onhest Y@hgieeo! ), via direct intravenous injection through the tail
vein. The mass of co-injected N-(2- Chloro-5-(2-]

18F] fl uoro-ethyl thi o)) -phenyl -N -(3-net hyl t hi o) - phenyl -N - net hyl guani di ne

ranged fq o #UP! . kg 1. Details of the methodol ogy, together with
procesmdngrri38 D|s2(r| i of the sanples can be found in Hunme et al., Nucl.

Med. Biol. TnO84)a eir&:su&iiﬁ_aﬁﬁéd in Radla 1Ver thertsies saegldo) skélsiatgiugde, skin
(i ssuo)y . (1 PEREa SBpHe] Tavuts RN Yol ~OHEGRkS SRS VoF rgjained over O

concentrati g &itirge ¥ h&eStpbhrRat! BokPshéled dinkBlnish LpfdkerdiPh& \Mich

decreased to ~0.8 over the 90 minutes of the experiment suggesting no evidence

15  of de-fluorination. High initial uptake was seen in lung (~ 30 uptake units) which

reduced rapidly to 2 uptake units, at 90 minutes. Similar profiles were observed in

kidney and heart. A slower rate of loss of radioactivity was seen in liver, spleen

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—Ch|oro-5—(2-[1BF]ﬂuoro—ethylthio))—phenyI-N’—
(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: 1 bone, 2

25  skeletal muscle, 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 times.
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tissue) and 2 (brain).
proportion of the total
parent N-W2- 2@/ 1B68465- ( 2-
[ 18F] f | uor o- et hyl t hi 0) ) - phenyl - N - (3- net hyl t hi 0) - phenyl - N - net hyl guani di ne
is not known. Note, Blood and plasma sanples were coll ected post-nortem
from t he h€sstuevehime olies. (Bodw. Df datai finispn The data are summarised in
Table 1. the tigsue | e el etal ski nd,testi hoyed | ow
initial content oijﬂli)él a’ugﬁ'éﬂgg ufl%’xf@—%ﬁ éwr et aléhe&—“g@er thgozgu se of

t he experinment. Bone showed an initial high uptake of 1.4 which decreased
to ~0.8 over the 90 m nutes of the experinent suggesting no evidence of
de-fluorindtion. Hegh initddal uptakes was 19Dd¢m 0i0n9 | U944+ BE5UPt 688 uni t S)
whi ch reduged rapld to 2 uptake units nut e Simlar roflles
wer e obserged in %q\;ey dhtf "hear ©0:39A s| o&eﬁftgtog% f Q%QSQ)Q%r adPSattivity

was seen i "Ver@3§d0| eenyapd i nogshi ne. gLablke ol Di sd4dsbud N 0b 387
radioactivity in rat peripheral organs and body fluids as a function of

ti me after4intraveneus i nj6e®Pi on 18589 49.593+ 30.733  23.375+18.208 26.947

As metabolite studies were not carried out, the
radi oactivity reflecting | abel associated with
PCT/GB2006/002315

N (2- Chlor -5-(2 ]fI oeth hIO)) ny,|

( 3- net hyl t i 0)- phéi hyI gf?:ftr?u di ne’ )é&?rglect?%or? +\/\%‘°é58rrad85fl%r bl ood
vol unme. Daba are phmnsg upt a(k_@zgunl t 9 353 The I@@ylgtngdslne to.sosuwes190s agsbol ows: 1
bone, 25k9leta| nmuscle, 3 skin, 4 urine, 5 fat, 6 testis, 7 snall
intestine, /8 smal #53nt est3-$ corft®At , 92}26111 4861t est-$4iet 0676 | af §62

i ntesti nal gcont enf, 3%\(?[1 sp| ggn, 12 Jghver, 630%2@3%@3/ 116451531;@;%@( 1§sligol ung, 16

heart (ventricle). so shown for conparison are plasma data ) at the
equi val ent 9sanpl e3gssres. Ts.eeue TiBBoM ns.1.618= 004 of 7.2t qRIBNt 8775

10 0.113 0.148 0.109 0.445+0.035  1176+1.109  0.764
11 3.985 3.676 3.008 2.713+0.086  1675+0.135  1.418
12 5.251 5.648 3.199 6.023+0.699  3659+0.822 2856
13 12.975 10.113 3.931 3.287+0.208  2429+0527 2127
14 0.843 1.245 0.532 1558+ 0.443  1.227+0.351  1.103
15 32475  25.015 10.229 3.786+0292  2.387+0.195  2.150
16 6.412 2.761 1.119 0.740+0.019  0.505+0.104  0.464
17 0.264 0.135 0.102 0.229+0.047  0.222+0.055  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 IV 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 to cerebellum was
obtained in hippocampus and cortex increasing from ~0.8 to 1.3 over the first 40

minutes, and falling thereafter to 1 by 90 minutes.

10 Peripheral clearance of N-(2-Chloro-5-(2-['®F]fluoro-ethylthio))-phenyl-N'-(3-
methylthio)-phenyl-N'-methylguanidine was via kidney to urine and via the
intestine. Rat brain showed a high uptake of radioactivity at the earliest sample
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(/7=7) 5 (77=7) 10 (n=2 ) 3 0 (/7=3) 60 (n=3 90 (/7=7) 7 1.355 1.440

. 793 1.014 + 0.019 0.944 0.305 0.889 2 0.288 0.517 0.391 0.487 + 0.036
.410 0.Woeo@®/368463 0. 338 0.517 0.248 0.491 0.019 0. 426T/AR20G0031387 4

. 109 16.760 13.589 49.593+ 30.733 23.375 18.208 26.947 5 0.199 0.814 0.234
.613 + 0.175 0.405 0.358 0.548 6 0.456 0.528 (. 363 0.619 0.081 0.605 +

. 150 0. 55%ifie42 58i7) B4V inje6tid of I¢42-Chlorosd-12-1 . BHfluore-efingdthin) BphesylAN'390
.449 1.162.6. 002 .3.338 10,518 + 7. 766 8.7 .3.,338 3.442 1,359 1.619 +
294 7. 291MERVARRY PRk Y gMG yckiaf e, T B e dangguvas gttt oo

. 764 11 3-@&écﬁdﬁéﬁt&ti@%hﬁs@{b@ica@-‘&Bﬁedl-&7ﬁastiﬂ%l§t5teloﬁlﬁe FécSptdbsl As 648
.199 6.023 0.699 3.659 0.822 2.856 13 12.975 10.113 3.931 3.287 0.208

. 429 + 0. seerebelium showsdghs lawestzetgntign aftes 580 nn4a smelisignal wagseenino3 15
32. 475 . 0. 86...0 5 4 . 119
0. 740 & 019PBoSERYs Jaf e 9 S, PR IERh R sl Boyeplt t2s
0. 055 0. 163(1B88) BrDis tihidpaiacoh IBhe94da9%4 )awhes wWatarweredexpredsdd eslativélitd

ti ssues had a [’%} atively Hi_ h initial uptake of ~ 4 uptake units at 2

m nut es af t 88TePSHYRA;TBEIBRSHYIBE: t he radiol i gand. This was fol | owed by a
gradual decrease in activity reaching ~ 0.4 uptake units at 90 m nutes
after radioligand injection. A small signal relative to cerebell um was

NWOORFRROOOOON

Table 2
10  Distribution of radioactivity in rat brain tissue as a function of time after intravenous
injection of N-(2—Ch|oro-5-(2-[18F]ﬂuoro-ethylthio))—phenyl—N’—(3—methyIthio)—phenyl-

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 prefrontal cortex, 6

striata, 7 somatosensory cortex, 8 hippocampus, 9 occipital cortex, 10 inferior

colliculi, 11 superior colliculi, 12 pons with medulla and 13 cerebellum. Again,

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

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

© 0O N O O h W N =

-
(=)

2(n=1) 5(n=1) 10 (n=2) 30_(n=3)

2.826 3.062 1.300 0.981 + 0.235
2.766 2.442 1.404 0.941 +0.086
3.397 2.443 1.275 1.076 + 0.250
4.460 2.566 1.353 1.415 + 0.203
3.808 3.099 1.649 1.168 + 0.042
2.306 1.817 1.433 1.101 + 0.202
3.531 2.772 1.588 1.037 £ 0.103
2.864 2.250 1.396 1.088 + 0.142
4,008 2.883 1.651 1.041 £ 0.067
6.716 3.292 1.539 0.841 + 0.084

-25.

60 (n=3)

0.504 + 0.062
0.502 + 0.095
0.533+0.115
0.553 £ 0.108
0.519£0.105
0.481+0.136
0.517 £ 0.107
0.548 £ 0.119
0.541£0.124
0.456 £ 0.079

90 (n=1)

0.504
0.383
0.466
0.551
0.414
0.485
0.376
0.391
0.423
0.306



obtai ned i n hi ppocanpus and cortex increasing from-0.8 to 1.3 over the
first 40 mnutes, and falling thereafter to 1 by 90 m nutes. Peri pheral

cl ear ancewof200d/13@s4€hl or o- 5- (2-[ 18F] fl uor o- et hyl t hi 0) ) - poergB2004/00685

met hyl t hi 0) - phenyl - N - met hyl guani di ne was via kidney to urine and via the
intestine.1 t brain showed a hi%? upt ake of radioactivity at the earliest
sanpl etime (2 mihy7aft e 9% i nj &7 on of -ORE £ D28H| 0r0A8E+(RHfI  0.386

18F] f | uor otZt hyl 4 &ig0) ) - yl - N2k 3- e L9d - P |- N - net hyl guani di ne.
Differenti gl hetéeérvosgene?{'%ewas aisf'aéi cul b'q%(é)l‘rgé?gect }b?&éftoy‘l?he B-ﬁ?@i ol ogi cal
'cl osed' of’ rest42g statg6of tha.dsecept 099 +A31@er abshlwosshowgdegd he | onest
retention gfter ~€6 mn, a_small signal was seen in hippocanpus (an area of
known hi gh NVDA $2¢ept o 'd8nsi t ¥:19%Bower §-288= &P47 ( P3BYOME5 J. 0.p8&ar macol .
93: 944-95) wheypsdat a wewre exppessed r I 0 | .ym r adi oactivity.
Table 2 Distribution of radioact ?S?t y i ﬁ'bgéaf H@?éai n%tezlrzggg)eolags ag‘%chcti on of
time after intravenous injection of N (2-Chloro-5-(2-]

18F] fl uoro-et hyl t hi o)) - phenyl - N - (3- et hyl t hi 0) - phenyl - N - net hyl guani di ne.
Data are in '"uptake units'. Asterisks denote nmean values from2 or 3 rats
per time point. Where n = 3 ; nean SD values are shown. All other val ues
are from1l rat per tinme point. The key to the tissues is as follows: 1

ol factory tubercles, 2 entorhinal cortex, 3 hypothal anus, 4 thalanus, 5
prefrontal cortex, 6 striata, 7 somatosensory cortex, 8 hippocanpus, 9
occipital cortex, 10 inferior colliculi, 11 superior colliculi, 12 pons
with nmedulla and 13 cerebellum Again, plasma data (17) are shown for
conparison with blood data (18). Tissue Tinme nmns. (n= no. of data points)
2 (/7=7) 5 (n=1) 10 (n=2) 30 (n=3) 60 (n=3) 90 (n=1)
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2.826 3.062 1.300 0.981 0.235 0.504 + 0.062 0.504 2 2.766 2.442 1.404
.941 0.086 0.502 + 0.095 0.383 3 3.397 2.443 1.275 1.076 + 0.250 0.533
.1 15 0.W6R0eh/1B68460 2. 566 1.353 1.415 + 0.203 0.553 OPLO&K20&FN2H53. 808
.099 1.649 1.168 + 0.042 0.519 + 0.105 0.414 6 2.306 1.817 1.433 1.101
.202 0.481 0.136 0.485 7 3.531 2.772 1.588 1.037 0.103 0.517 + 0.107
.376 2. 88l@iMsS>50 1,396 1.088 0.142 0.548 + 0.119 0.391 9 4.008 2. 883
.651 1.041 0.067 0.541 0.124 0.423 0 6.716 3.292 1.539 0.841 0.084
.456 0.079 0.3064.977 3.541 1.677 1.086 0.286 0.486 + 0.101 0.386 3.678
. 877 1. 580 Alcdripound ol 28mdilb8t + 0. 143 0. 406 4.204 2.761 1.451 0.919 +
.110 0.454 0.082 0.366 0.264 0.135 0.102 0.229 0.047 0.222 + 0.055 0.163
.288 0.261 0.146 0.269 + 0.042 O.R29 + 0.068 0.180C ainms 1. A conpound of
formula (1): or a salt or solvate fhereof, wherein: Rl is hydrogen or

C -4alkyl; R2 and R4 a achal nd endent |y selected fromGC -4 alkyl, [1

1C - G i -4al kyl, and. 4 1f odlkyl provided that at | east one of R2
Il [ 18F] - Cl ugRrOal kyl; and (3 is halo. 2. A

and R4 is [11(C]-C1-
conmpound according to chg'm 1 ofyjormu & (la) : or a salt or solvate

NR3, and R are as defined in claim1l

OCONOFRPOOWOORr

5 ora salt or solvate thereof, wherein:
R'is hydrogen or C1.salkyl;
R? and R* are each independently selected from Cq.4 alkyl, [11C]-C1-4alkyl, and
[18F]-C1_4 fluoroalkyl provided that at least one of R? and R* is [“C]—C1_4alkyl or
[18F]-C1_4 fluoroalkyl; and
10 R%is halo.

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

N\”/N SR
|
NH \©/ (Ia)

or a salt or solvate thereof, wherein R1, Rz, R3, and R* are as defined in claim 1.

15
3. A compound according to claim 1 or 2 selected from:
N—(2—chIoro—5—[18F]ﬂuoromethylthio)—phenyI-N’-(3-methylthio)—phenyl—N’-
methylguanidine;
N-(2-chloro-5-(2-[*®Ffluoroethylthio))-phenyl-N'~(3-methylthio)-pheny!-N'-

20  methylguanidine;
N—(2~chloro-5-methy|thio)—phenyl-N’-(3-[18F]ﬂuoromethylthio)-phenyI—N’—
methylguanidine;
N-(2-chloro-5-methylthio)-phenyl-N'-(3-(2-["®Ffluoroethylthio))-phenyl-N'-

27-



3. A conmpound according to claim1 or 2 selected from N-(2-chloro-5-][
18F] f I uor onet hyl t hi o) - phenyl - N - (3-net hyl t hi 0) - phenyl - N - net hyl guani di ne;
N- ( 2- chl owo-2be6(136446 PCT/GB2006/002315

18F] f I uor oet hyl t hi 0) ) - phenyl - N - (3-net hyl t hi 0) - phenyl - N - net hyl guani di ne;
N- (2-chl oro-5-net hyl t hi o) - phenyl -N - (3-[ 18F] fl uor onet hyl t hi 0) - phenyl -

met hyl gua*netﬂvytyuanlkaQ chl or o- 5- net hyl t hi 0) - phenyl - N - (3-(2-]

16) et hyl Wi S lesnt IRt N s s M edbfladarighe:

N (2-ch (¥dmethylth N-methylguanidi
11C] met h;%l %?Q@é%@?mmfo?}@faﬁ*' P?J’La(ﬁl ﬁ{ge M ('°> Phenyr(_[)\l_ 5rfjet ylguanidine;

11C] et hyIN+2-ghigrheny/| C]ﬂ!thxlﬂumhﬂﬂﬂ-hﬁ@ nmibwmm)whermi Amaladgermdineand
N ( 2- ?fhl oro 5-nmet hyl t hi o) - phenyl -N - (3-[ 1
1C] et yIt ) phenyl - N - net hyl guani dine or a salt or solvate of any

t her eof . M-(z»%hmamlmuihﬂm@)tmml- é@JWCE]HtByld‘ilo):baemw -Ne-rhethBiglianidiree i n an

in vivo diagnostic or inmagin rret od such as PET. 5. Use of a conpound
accor di ngPrtasalh(r spkaky otany hereefto 3 in the manufacture of a

radi opharmaceutical for the in vivo diagnosis or inmaging of an NVDAnedi at ed
di sease. 6. A radi opharmaceutical formulation conprising the conpound

accor di nga.t oA a:nynpmmdoiacmrelingstolamp oBeaofdclair$ar tadeior iusel inyamdie sfitcabl e

1 h i i i f NVDA-
e eed dirdiadid MR E MakiSy bty ey Bt 29"he > O (gt 19 ©

adm ni st ration of a conpound accordi ng
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 to any

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

7. A method for the in vivo diagnosis or imaging of NMDA- mediated disease in a
20  subject, preferably a human, comprising administration of a compound according

to any one of claims 1 to 3.

8. A compound of formula (l1):

H

N N
3 T \[}SR“ (I
NH

R2

R1

25  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, C1.4 alkyl, or a thiol protecting group

such as benzyl; R'is hydrogen or C4_4alkyl, and R® is halo.

9. A compound of formula (ll) according to claim 8 selected from:
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to any one of claims 1 to 3. 8 A conpound of forrmula (I1): or a salt

t hereof, wherein one of R2 or R4 is hydrogen or a thiol protecting group
such as bwozyée/13683d t he ot her is hydrogen, G -4 al ky!, par/GB2066/0k315
protecting group such as benzyl; Rl is hydrogen or G -4alkyl, and R3 is
hal 0. 9. A conmpound. of fornula ( according to claim8 sel ect ed

fromN (5 E(érl%@ﬂ&yﬁh@-%ﬂbmr@}'ﬁblemﬁé‘hgﬁﬂ mﬁthy@hlﬁbph?ﬂﬂl'md)’leﬁmuamqhhenet hyl gua
d )

m ( I2n(e:hl oN (2 ChIoFng TeSCaBFP&PWeW N §3 m‘”t"ﬂ’{)ﬁ'?? phenr}ll o ymemylgrlfl@{]weguani di ne;

N-( 2- [\f?lzoNﬁ(Q&hlmbk&mmhyi)hlohpMyIN -ﬁ(bémnhﬁ)biphen)ll- Fhﬁ@jﬁyl@?}arﬂ@hb}" guanl di

ne; 0 t hi_ ophen met uani di ne;

or a sal tﬁf(hé?@qp émwwﬂ bé@é@ﬁ‘ﬂ%ﬁ ‘H?'@B%‘?%X"l'\gﬁn%q%@ué‘@ %né gf forml a

(1): o ao,sglsgng{erggf_vate thereof, wherein: Rl is hydrogen or Cl-4alkyl; R
and R are each independently sel ected from Cl-4 al kyl, [11/C] - C1-4al kyl,
and [ 18F]-Cl1-4 fluoroal kyl provided that at |east one of R2 and R4 is

1S R R B, "0, T e o

or a thiol protecting group such benzyl, and the other is hydrogen, Cl-4
al kyl, or a thiol protecting grou such as benzyl; Rl is hydrogen or

Cl-4al kyl, and R3 is halo; byH(i) em)val of any t hi ol protecting groups,
and (ii) reaction Wlth I]do Nte kyl halide [1 1C] Cl1-4al kyl - X or

[ 18F] - C-i . 4f | uor oalRR er e| aéﬁam 0

or a salt or solvate thereof, wherein:

10 R'is hydrogen or Cq_salkyl;
R? and R* are each independently selected from C44 alkyl, [”C]~C1_4alkyl, and
[18F]—CM fluoroalkyl provided that at least one of R? and R* is [“C]-C1_4alkyl or
[18F]—C1_4 fluoroalkyl; and
R?is halo;

15  which comprises reaction of a compound of formula (11):

. R
3
RZ

wherein one of R? or R* is hydrogen or a thiol protecting group such as benzyl,
and the other is hydrogen, C,_4 alkyl, or a thiol protecting group such as benzyl; R
is hydrogen or Cq.4alkyl, and R%is halo;

20 by (i) removal of any thiol protecting groUps, and (i) reaction with the appropriate
alkylhalide [''C]Ci4alkyl-X or ["*F]-Cqufluoroalkyl-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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i ndependently halo, preferably chloro, iodo, or brono, or another suitable
| eaving group such as an aryl or al kyl sul phonate, for exanple, tosylate,
triflate,wonromesyssate;in a suitable solvent and in the pcegasoes/mb3ia base.
11. A kit for the preparation of a radiopharmaceutical fornmulation
conprising a conpound of forrmula (I1) as defined in claim8 or 9.

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

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

compound of formula (ll) as defined in claim 8 or 9.
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