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FLUORI NATI ON PROCESS OF ANl LI DE DERI VATI VES AND
BENZOTHI AZOLE FLUORI NATE DERI VATI VES AS I N VI VO
| MAG NG AGENTS The present invention relates to novel
processes, for fluorination, particularly s
[18F] fluorination of certain aromatic conpounds, and _
to the novel Rrecursors used. in the %ss. he )
FH{{/Oé{ﬁ]t\U?T&ﬁN H?gg Eﬁgr?E él\EfLIDE lﬂERMTWOT Z e IA(‘)Z;LE FLUCRINATE
benzot hi azol e derlvtlv mv%%vm%x S in vivo
i magi ng agents. o = e |nat| on o aroma |c conpounds
may be perforned via electrophilic reaction 10 with
weepl[ﬂsamt invetiam eslatesviovieove! erenssseption fleorination, particularly
fds tlon of .aronat | oun rine

Geh TN Ban B aingfic SEPB T eandlaba nolipr i used
eﬂl o f}l@@b$ﬂ | The fihvetibn dak gl tﬁﬁg&ﬂl{@ for apaasdof b@othiazole
nmol.ecul ar fl uorine, such as CH3COOF "AcOF" have been
getiatiyes ahidt aredeoln el 4 IMATARANS. For
[ 18F] radi of | uori nati on, the harsh conditions, and
poor availability of eI ectrophilic [18F]fluorination
mitaiipgtion akaramaticisempewndp swyfhecperfarmedtyja slectrpphilic reaction

t

WItﬂSﬁ(g%ﬁJ ?%t:g%ﬁ r Jf@étr ptn lllcziHBrg atﬁvfé@%%%%qom&ounds
pntbdluotnse isigeabmiylai piuoc anﬂ Inumsehaﬂtwe)meﬂmdw d]dﬁereus elegtrophilic

Thoadi b oenlEbRaBral Fam e ghotin. Suths CBunof sacor

| hs@@ﬁ@érﬁd@%ﬁmlﬂéeﬂi@mer@am&mﬁs aF 6 [@Hrhﬂ@h@ﬁrmanon the

EgeCIfIC activi vantageous

rﬁhr\c%if’{?'@"?oaW%@?T@VH“NH@W&fFﬁiW’WQPWHCJO Hfhmrfnawanethods

aha M b shbBESac hﬂfﬁg ;E)H:)Hé(ct% B%ﬁqéﬁﬂhé%ﬁf it is not a favoured
el'ectron fic e problematic. For exanp

ARRToG6R T |c@mmemuai meedustionfof Rriabalied pméuetSt h¥ucleophilic

fomiaegh SR S S1e} Al b(00 iR b il oo o FTPfice 1 o
pmma mdkidy avaitabla) resgrents mdraibﬂeeeiéﬂropmﬂa‘egg@hvs Ian{d the products
ieneEe s RahgebasichssbAune e Riagepgs infee B in vivo
lnlw iy, eNudiebphid fiGbrirtioh R apsrRa®d figs, Pﬁﬂich%rly those which are
fluorlnatlon few steric effects on | uori nation

pleston gich a#y beaprablermaiic e rseropxanaolen aucieppbific flucggation of
amlihdd) %k%?@%émﬂ%ﬁn%ﬁﬁ'zﬁ@st@ e‘i’ec&rbh%en@?y%f:{r? ABRT8C ring is

'S rOVI roce preparation o
dlﬁrqyﬁdnob@forﬁor Mineapiespnt iwemmmi@%aomecursor suitable for

ﬁﬁé%%qmopggﬁ)&%o give a flucrinated aniline, which combines a number of

beneficial effects including improved activation of the aromatic ring to flucrination,
few steric effects on the fluorination reaction, and facile conversion to the

fluorinated aniline product.

Accordiﬂhg to a first aspect, there is provided a process for preparation of a

compound of formula (1):
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FH M (I) Rwherein phenyl ring Ais optionally
substituted by | to 4 substituents; 5 Rl is selected
from Cl_6al kyl, C2_6al kenyl, and C2_sal kynyl ; which

weRliPldefe: (i) reaction of a correspondi ng G@TASENNEE/003009

of formula (11): R3 RZ A~ N (11) Rl 10 wherein
ring Ais optionally gubstltuted as defined forthe
conpound of f or nul a(| R2 |,s selected from hydrogen,
Cl_10al kyl, Ci-1o0ha / C6_14aryl,

C6- 14aryl al kyl , - \d,CHs wher@gin g is an
integer of from1l tao ; 15Rﬁ1 is as defined for the
compound of formula (l1); and R3 is a |eaving group;
mﬁth quoride to give a conpound of formula (111) F

I as
Hapreiendiyl i it Shipl LSRRI (i Subiahols
r| ng Ais substituted as defl ned for t he conpound of
rnula(l ; foII ste [ nd.,optionally
Lﬁp%{'?qt?‘? P Ghe? ﬁn%?‘ﬁ f)la§1 g&ﬁ@@}' lon of group
C(O) R2t o hydrogen, suitably by hydrolysis

which comprises:

(i) reaction of a corresponding compound of formula (i)

R® 0>7R2

wherein ring A is optionally substituted as defined for the compound of formula(l);
R? is selected from hydrogen, Cyqpalkyl, Ciqohaloalkyl, Ce.14aryl, Ce.rsarylalkyl,
-(CH2CH»0)-CHs wherein q is an integer of from 1 to 10;

R' is as defined for the compound of formula (I); and

R?is a leaving group;

with fluoride to give a compound of formula (ilf)

F 0>‘R2

wherein R and R? are as defined for the compound of formula (1) and phenyl ring
A is substituted as defined for the compound of formula (1); followed by step (i)

and optionally step (jii) in any order

(ii) conversion of group —~C(O)R?*to hydrogen, suitably by hydrolysis

2.
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-2 (iii) renmoval of any further protecting groups.
Phenyl ring Ais optionally substituted by 1 to 4
organi ¢ substituents for exanple selected from
fluoro, chloro, brono, iodo, cyano, nitro, -R -OR
-OC(OR -CCOR 5 -SR -NR2, -C(ONR2 wherein R at
i§ FerfSall bF BRERIrHSr ﬁit&ﬁmg@rbu;mn Cl1. 6al kyl :
gz 6al kenyl , W _sal Eynyl ‘G _6al koxy-C1 sal kyl ,
Cl shal oal kyI C2 6hal oaI kenyl, CZ shal oal kynyl
vvher n?rlgoﬂll%@ﬁi nlg'ry dét ted -‘ﬂgﬂrdf baniCBulAes A% )fJ)r example

sal ar et ar substituents may
fagtechet fram lﬁsbnd, uhlecb tbyomh,eodmmyawlmtem dRNEMR, h@ﬁé@}ﬁ -C(O)R,

S4B; LhRe GBS AER g ablulibnte 1€0sieq o Oreats
CyEakeng, ot:2 Eaﬁkyﬁ#i a (lshlkokp-Cs ghivgt eC,. éHaMnllthr@g@aloalkenyl
Cl. b%oal (more . suita

alﬁﬁgﬂywét(ﬁw yalogoxy, Em%}y @}uﬁr&llm pémg]ﬁtqug{)yv{)erem said aryl
%d%rﬁ@u'ﬁ%tuétl&hﬂ@bé:ﬂmﬁé} étﬂisﬂ@té%y thé ﬁén@?&@ﬁm Son-hetaryl

tx|fl onet h daryl  (suitabl ])

GBbsiitaentt diler|fol Benyhbng Ppﬁ@ﬁyﬁl profecigs) iﬁj[ I\l’a’ﬁ‘(fi‘)ia any thereof.

exanpl e benzyl), 15 and - (CH2CH20) gq- CH3 wherein q is

an integer of from1l to 10. Conpounds of fornula

(Fl I n W\B@Dmpﬂ)uﬁﬁ ofs‘o(ﬁduiéc(ﬁ) isydelenteq @Hﬁﬂ%ﬁ@gem ~oalkyl (more
IS, an nte

Fhete Grebas Yehdpe pufidelrtyd Crataiifafus® Sutably

imlaldﬂblaﬂkw Sudt & @, @m.ldréalkﬂ? fdrr %&hmﬁw mﬂu@rmaemv@m Ce.14aryl
form separate enbodi nents of the discl

F@@fa@Wa‘Eﬁ%ﬁyl)RzQanﬁtrYi@Tkwo@B@mm pg,enylzg}wﬁ[kgl (qugxaingple benzyl),
%he?ﬁ%lﬁ;{(ﬂmc#g E %\’rpa%‘ aﬁ"h‘;}tegér_@iaﬁgw 1 td70H.€ Cofmpounds of

pr ef B2 is rogen i'n the conpound o

i al)@uhleyemﬁ ds Ceaﬁlhyborq(@ﬂgﬁH@n&H‘ﬂaéNWelbél ingn integer of
gjg?rp Cﬁﬂjmagﬁffdsléﬁ rhﬁv% ﬁggeég%ﬁéfbﬁﬁ?aéésn%%‘eetgtlr‘ﬁfilezfaé'eoéBlublhty

 PEoiig A7 rg@?s%@ﬁweeggin@ Rl Sofrh-88bdbte BinbBAHROMS of the

disclosure. Preferably R? in the compound of formula (I is selected from

hydrogen and C1_Balkyl, more preferably, RZ is hydrogen. -

R*in the compound of formula (1) is a leaving group, capable of being displaced
by fluoride and is suitably selected from

nitro,

Nz',

chloro,

bromo,

iodo,

NR*(C1.salkyl),” wherein R* is Cyalkyl or a group of formula (X):

(X)

~3-
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U PO -3 -OSO2R5 wherein R5 is selected from

Cl _6al kyl, Cl. hal oal kyl such as Cl _6perfl uoroal kyl,
aryl such as phenyl ortolyl (for exanple,
para-tolyl), and a group of forrmula (X) as defined
above; and 5 -1 \ / R wherein R6 is selected from

bpdoaB@NwhEkiPakRYls dardcted nfr@ﬁp,c;T;sarkgl,acggM@at | such as
formula (X) as defined above. R3 in t

f
f or n-ePgriiugropksyls and sisthyasseheswt @f&olyk(a?ﬁ%xg%ﬁe? 5 ,graﬂgiyl), anda
- N2+ i . ‘
i NR4?8”E’QJ§?{’<@H[3?Xmﬁ%gr)%?we%%ﬁoé’ %" Lal kyl 15 - OSCRRS

wherein R5 is selected from Cl 6al kyl, Cl1 shal oal kyl
such as _Cl1 6perfluoroal kyl, aryl such as phenyl or
tol yi exanpl e, para-tolyl); and -1 +\ / R6
wherei N s del ected from hydrogen, Cl1_6al kyl, hal o,
and nitFe- 20 | rRyipseiniRlid s&stivg ferberirea, Cofaltyialo, nitro,
di sclosure, R3 is nitro. In the process according to
e ad@reup ok fareula @ asrdefipadabaYe- of formula (11) in
whi ch R3 conprises a group of fornmula (X) allows the
fluorination to be performed 25 in solid-phase which
R3yn thenqirmpaundurfifbinnida i(bnis shitably sklegtadi fremed pr oduct
Egmgny unreacted precursor remains bound to the

[ d- support and may be renoved fromthe
sief*ut i on- phase product by filtration. In the group of
formula (X), the Solid Support may be any suitable
QUPFU-phasef -4 WD 2007/ 020400 PCT/ GB2006/ 003009

_BHPRErt which is insoluble in any solvents to be used

in the process but to which the. Linker and/or
spound of formula (11) can be coval ently bound.

ERB!, S5k, wherein R* is Crealkyl ; 7
-0SO:R° wherein R° is selected from Cyealkyl, Cishaloalkyl such as

Cyeperfluoroalkyl, aryt such as phenyl or toiyl (for example, para-tolyl); and

)

wherein R® fs selected from hydrogen, Cqsalkyl, halo, and nitro.

In one particular embodiment of the c-l-isclosure, R3is nitro.

In the process according to the disclosure, use of compounds of formula (1) in
which R® comprises a group of formula (X) allows the fluorination to be performed
in solid-phase which may simplify purification of the fluorinated product as any
unreacted précursor remains bound to the solid-support and may be removed

from the soluﬁon-phése product by filiration.

In the group of formula (X}, the Solid Support may be any suitable solid-phase

A
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suitabl e Solid Support include polyners such as
pol ystyrene (which may be block grafted, for exanple
wi th pol yet hyl ene glycol), polyacrylam de, or

wieShyahedy! ene or 5 glass or silicon coated wdilcEuenoseno

a polynmer. The Solid Support may be in the form of
smal | discrete rticles,s X ' .
siPhe i T DB Sl 2P 80 i sl it
e MhREQRIRSH GAtRAINYRS &nuld (N) taebg cowsertfy Honndu Eaamples of
X), the Linker nmay be an%/ sui t abl e g_é"gam@h%rhoug be block
swhialp Sofié Suppos nduslenpiraersifuch ag PRIYFYTRIG may
o _ i
G LSRN D8 ek e calanitprachprnsinocr
ghassrisiiesn zeated wathfsoigh agojymey ?5%;%§0"‘é SuppekMpy bedm e form
nd/ ar..a 6 alkyl o I kyl Lyt ; :
T Rl sifrgTer e sy Sl f Hify lor( &8 o' Galio Shite inner
duraes bpa abrtgtgelpsos aahicasalantatizd vesselil phonani de

groups. Exanpl es of such linkers are well known to
those skilled in the art of solid- is phase

Iﬁ.tﬂ?@bﬂubyof f@ﬂﬂﬁulhs\;{b,liﬁ’@ LinRbr mAQ-betany-suitab® erghhit group Which
i O N+ Oto / A -5 RL FF ?S I\I\tOIFrF L. FF

sengesto Epage epegcige sitesgffigiently irom the solid suppori structure so as
to maximise reactivity. Suitably, the Linker comprises zero to four aryl groups
(suitably phenyl) and/or a C4 alkyl or C..shaloalkyl (suitably C4¢ fluoroalkyl), and
optionally one to four additional functional groups such as amide or sulphonamide
groups. Examples of such linkers are well known to those skilled in the art of solid-

phase chemistry, but include:

FIQL
Kot HO
7

o)

0. +0
N
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salxa- 3 b1 oy ¥ : é\‘rq;’ls -
' i € added ald—t he react|
per f or med |n aOSUI bl olvent. These conditio

FFFFFF RLFFFFOFFFF werein at each
occurrence, nis an integer of 0 to 3 and RL is
hydrogen or 5 Cl1 _6al kyl. Step (i) of the process
according to the disclosure i.e. reaction of a
conmpound of fornula (Il) with fluoride, suitably
[18F]f|uor|de,ﬂay be effected using a fl oriddg
sour ge uch NaF KF, CsF, tetraal kyla ni im

f o traal kyl phosphoni um f l;u :
su t f55 fl i dg- source such ag 2
K1BF, Cs' $F t traal kyt nium [ 18F] f | uor (for.

exanple, tetra utyI ammoni um [ 78F] fl uori ¢ ' E

~ ortetraal kyl phosphoni um 1$f fluoride. To increase the

reactivity of the fluoride, a phase transfer
catal yst such as an am nopol yet her_or cr ether, g E
| 6 21, 24 R

gi ve reactive fl JoriFdeFi dns. Optionally, a free
radical trap may be wused to inprove fluoridation
y-i el ds, as described in WO 2005/ 061415. The term
"free radicalgtrap” is defgned as any agent that

|nteéacsvv|t freer i cal an i nacti vates them A
bl exr esd
el eGten 2 fr

his pur pose nay be
S
2,2, 6, 6-Tetrang®hyl pFperi di de- RI-Q(l de (TEMPO),
1, 2- di phenyl et hyl ene ascor 12
MR @t £8¢a QUPHIEAT Ce=a’gt'%@%dﬁt§987 DPﬁ 813 gisn QQ fiftirogen or
@1_6%k$ptyl phenol , [3-carotene and gent|S| c acid.
Pre red free radl cal traps for use -6 in the
process of the disclosure are TEMPO and DPE, with

SSUPF) B PRt oRES B %dtgs.‘aae%ﬁstez%jggw sgempound of

ébriredd @0 with mmr:des smuteblgr[ Pelivoride snav b leffesiedasing a fluoride

sol vent such as e, f
SPHEEhy P pRSx i g%%t di ysatet&%zg%\harﬂmmrﬁ fluoride, 18c>r
&@cﬁdaﬂ@]/dﬂfo@bhtﬁrﬂﬁm fliioric) suitaldy adi [Wﬂﬂm@etdwm such as Na'°F,

e Bustragb e MR s, (P S04 Emmorium

| ‘fw?ﬁ%ﬁdel) - & M atkyIBh S8phoRivdaPpliubAde. To increase the reactivity of

the fluoride, a phase transfer catalyst such as an aminopolysther or crown ether,
for example,' 471 3,_1 6,21,24 hexaoxa-1,10-diazabicyclo[8,8,8] hexacosane
(Krypiofix 2.2.2) may be added and the reaction performed in a suitable solvent.
These conditions give reactive fluoride ions. Optionally, a free radical frap may be
used to improve fluoridation yields, as described in WO 2005/061415.  Theterm
“free radical trap” is defined as any agent that interacts with free radicals and

inactivates them. A suitable free radical trap for this purpose may be selected

from 2,2,6,6-Tetrarnethyipiperidine-N-Oxide (TEMPO), 1,2-diphenylethylene

(DPE), ascorbate, para-amino benzoic acid (PABA), o-tocopherol, hydroguinone,

di-t-butyl phenol, B-carotene and gentisic acid. Preferred free radical traps foruse

B~
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3C

hexaf | uor ophosphate), ‘a pyridiniumderivative (for
exanple, 1-butyl-4 |o nethyl pyridinium

tetrafl uoroborate), a phosphoni um conmpound, or

tetral kyl anmoni um conpound at a non-extrene
tenperature, for exanple, 15Cto 180C preferabl y at

el evated tenperature, such C,
iahamracess suihe qﬁ@@wﬂq@reoﬁ%afﬁ% ég’ WéiﬁsIWEQ peing
E gﬂre‘iaérf?e but in sone cases may contain low levels
er. d15 In one enbodi nent- of the disclosure, the
fluoro group in the conpound of formula (I) is
THSrdtnent witafdotides stitaloly "delflusede inrsten @umay be effeetpd in the

5255550l VSRS BB e R0 ST e,

d;ﬁ@tmém&{dﬁa@t I Oﬂlrﬁé’[h?‘a@@talhﬂﬂer | ctbtramywmram sysiim 1,2
20 St'ep (i) t he process conver.si on of cgncgg.u%has

dimet)mye angcw@mhane - mﬂmﬁm*'dfr@w@e%zﬂ apyenic

é’rf‘“ir&ﬁé’ioﬁ%%s' HerivadY (R OLYaMbe OF étﬁﬂr:gm@treynmaiouum

non- eme tenperature, for exanple anbient
fum«aﬁaomho@habe)“ efd uxymdawpm atemvative Tier r @&mp!?n rakuty-4-

d
PRREOER o) GREOREBRRL o "R AR Torpoupd. o
t@&blk?l@ﬁim@f u rﬁbbmm@k.xné it an?n—emtrdame tmnpeyatuee, fwn@&aupe 15°Cto
f
106{3 @?E&?%%,b@ qt@g@% SS%r\é I S%ucﬁt @?Eﬁeﬁo e e@i o gQampie
%%@"PQ@“C@ Th@é}@ahbcfﬂoﬁ@ﬁult RISuftablg@nBudrbad bat baoese cemed may

In step i nCl ude sodi um hydr oxi de or potassi um
¢ordaiosow V@ sifavaler.sodi um hydroxi de in an organic

sol vent such as acetonitrile, at elevated -7 WO ,
2007/ 020400 PCT/ 006/ 03009 erature [

B PEberbTR 2 ik theoBP iy Tn € compound of

f{»ﬁﬁ’mgc@g &\*]ﬂ R %gjd l%dﬂﬁcﬂfael L& o Bty (i) eatthebredess is

ate uct. Alternative bases used in
[?F@ﬁmo(nde) Thetaude paciicuiarc heeppr inevelaedinfigstalen methods,
sodi u

Ihis t od
SatrN 4o eion PEaon A SRRt g Pk v Rnfe
Step (i} in the proCes_s, i.e. conversion of group —C('O)Rz to hydrogen, is suitably
effected by acid or base hydrolysis , using an organic or inorganic acid, at non-
extrérﬁe temperature, for example ambient temperature to reflux temperature.

The reaction may be performed in presence of an aqueous solvent or organic

solvent, for example C;.alcohol such as methanol or ethanol or acetonitrile, ora

mixture of agueous and organic solvents.

Suitable acids used in step (ii) include hydrobromic, trifiucroacetic, phosphoric,

and hydrochloric.

Suitable bases used in step (i) include sodium hydroxide or potassium hydroxide.

Use of sodium hydroxide in an organic solvent such as acetonitrile, at elevated

7-
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purification of the fluorinated product. Treatnent
Wi th sodi um hydride may be perfornmed in a suitable
aprotic solvent such as acetonitrile or propionitrile
wadoakesoe! evat ed tenperature such as 40C t o PLABET2006/003009
typi cally around 100C. Sodi um borohydri de, lithium
éhﬁé@i ields
BRIoRIAHe! 1BFoxeille RN B0 HiEy M Ma;bé@r@ﬁ@h ly

use in

applacittate por:ﬂdaaop@rfﬁmwﬂwlnat%bpmductthe art, it is
soneti nes necessaryto use protecting group
strategies to prevent unwanted side-reactions during

Rl‘t&ﬁaﬂnﬁé baB¥ B UBES irSste il MYl el rath- mubéopﬂ'ﬁlrcaiesgs egchmag/sodium
be found in Protecting Gogaéaddn 15

lyghidRe dhis, methed aies NRe teoe ﬂcawe‘syg@%f @s #nd alsp gacﬂstates
;Br}gﬂ 135#?1‘0{% R bRdust. SPREtrhast i B@ﬂﬁuﬁﬁﬁ}&]’ﬂd@&ﬁay be

I nCorporati ng and renovi ng TOt ec t?
germ:p@d ime saitable aumtm\@mt suelyas Aeatppitre @bsmﬁlqm lle and at

g‘:ﬂ% E’%’%ﬁl{r%eéh%wa%% ff‘%f)é E{Yﬁfc%ﬁ'a i PHPE. Sodium

e conpoun are
Ib@ﬂhydmﬂeumdmm borhgdridk, taindrighiarh aditreipiun hydrigs are alse suitable
v0| a separ at deprotectlon 20 step. As used
ruqq] $%R§9 ‘al kyl' used al one or as part of
another group neans a saturated straight or branched

»{%2 g’:gg‘ldhqué%%fggg Fhrea;gela'g;lr:l sk:li!%glngﬁ? 9rrtrE ¢ Ig éh@eﬁh%:n’ecessary to
f@%{éqnng g ug) éi‘ll%’fé@ees %%r@@ed%%ﬁ@ah@ﬂ%db—réaﬁﬁbds&kﬁhg organic

as part of another_group
amhms aExampkesuefasusth Sitat%lgﬁm%’r bey fanehia Prefpsiing Groups in

drocg ﬂt%ggirgg?égﬁt]&or% SUC r@aﬁa PEsSE. W%u&abﬁﬁféhed by

as et henyl, propenyl
s Wiilep 8r8dns inbuwisioly desdribes imrtbogd fortrmotpctra’mragwmd removing
n- pent en

pritggiing) é’yHyand geg\%ﬁ dﬁpegggsf'gys ps%&e&lpe%tﬁég hltt 89 gparhculariy

BERETRIal fany pratbEt ﬁ’gf Q@uﬁk E’@mgihinQQh ij1:3 aﬁmbamctdiﬂ'bnnula (i) are
hydr ocar bon radi ca risin | east

oo unsiet Hiengandiiont @ Ssem Logero gyommﬂfatee deprotection
? ﬁpynyl i so-propynyl, butynyl, iso-butynyl,

ent - but ynyl , n-pentynyl, and n:hexynyl. As used

herein, the term "hal 0" used al one or as part of

%\g%tsgg herin utRe T alkyl” used alone or as part of another group means a

saturated straight or branched chain hydrocarbon radical, such as methyl, ethyl,
propyl, iso-propyl, butyl, iso-butyl, tert-butyl, n-pentyl, or n-hexyl.

As used herein, the term “alkenyl” used alone or as part of another group means
an‘unsaturated straight or branched chain hydrocarbon radical comprising at least
one carbon to carbon double bond, such as ethenyi, propenyl, iso-propenyl,

butenyl, iso-butenyl, fert-butenyt, n-pentenyl, and n-hexenyl.

As used herein, the term “alkynyl” used alone or as part of another group means

an unsaturated straight or branched chain hydrocarbon radical comprising at least

. _8“
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5 fluoro, chloro, bronmpo, or iodo. As used herein, the
term"aryl" used alone or as part of another group
nmeans an aromatic hydrocarbon single ring or fused
Ting system such as phenyl or naphthyl 10 °

6 spbon e PR oine. S nry v toBri Tk @imﬂa‘f%’“y'
féo%tﬂgl fréﬁ%@yﬁ&ﬂﬂ-%@n%lmhemgi tionally :

conpr hore heteroatons selected from
sul'phur, nitrogen, and oxygen, such as pyridyl,

ni g i, 240 ath&ldnglip means
R I R T L S
fadrb] eib@l btdmd, idryodr synt hesi s of conpounds of
formula (1) in which RL is Cl1_6al kyl, and
particularly methyl, thus the. processes wherein Rl

JL\Q ukbe h@%’ﬁ’ %’é‘f&‘-‘mpfar)fl ofigBdl dofd br af par} of 4hdthgr grsuineans an
I'kyl, and " particularly math forma s

ermmtwﬁrwdtoc@qunrﬁengje §og ngyﬁ@d Q@Sﬂ%“p%”(ig Qﬁe”y' Or“aphthyi
according to the disclosure is particularly useful
when the fluoro group in the conpound of fornula gr%

up means

‘As ueed horair, thatesnt ‘hetrd” yseliplionRERas cetpRangiber g

N t d
S bR o BEBbl BRI Reigha fpl iy el daonaty
& Pﬁsééuﬁ begiehd hibireitepisamtemed fioypn $ulplarri digogen, and oxygen,
re

er abl the fluoro qro in the c
Bihas BYI] thlgpla@%ob%n&oﬁ}%zdgsﬂ 3{1&& 25 and

the group R3 in the correspondl ng corrpound of for mul a

(1) is ortho to the group -
dbepoocris aﬁccpnjlng,[t@tr(elqls@pgquqmp@rycngg él’nggor Wnthes:s of

dj A |
ERATRRRSS PR PIGLARGLE’ §ERENESng paRicEkATRhanpus the
brRgbstE wherewmbirdtrmmnmbm@staf fomeulandd HYud1Dds Er-sdlied, and

R 2P A et e TR dedBsure

benzot hi azol e derivatives, alt hough sui tabI e for
reparing small anounts of the -

ﬂaeb RQ566% ap@mﬂ@gﬁgﬁh% gysc&pﬁg{qﬁ pélﬁt&:ll%éf rusepuﬁlwhen l’tlhe ﬁuoro group
fnet%%g: loBhb ok Yo %7 g fsrﬁﬁhot hrebdra et @roap nRHE@)R® as the

OVG ETOCGSSGS hei r prgparatl

fi‘d(ﬁ)@(m)ﬁ lppsitiboed artbgmmaca 50 RS dn ther@rrqggomyﬁg campgund of
gng gde(ltgum eaé:ﬁl%l g3 Ll %lic%%ﬁécéi‘ﬁl?nt%ry‘mﬁhﬁé Prel&rably,

ere erin ectron rich o 2
tHe fludeo Qr@@wmmuﬁmm:a |(1a;s caiifod ¢ te) groep JWR JC(OR

'E:ifrl]g thseug?otulpt l%; :Ino’fr}]'re (?otr}e%%gnga ng compound of formula (1) is ortho to the

group -N(R"YC(O)RZ.

Certain compounds of formula (1) are known to have use in diagnostic and

- therapeutic methods, for example the benzothiazole derivatives described for in

vivo imaging of amytoid according o the methods described in WO 02/16333 and
WO2004/083195. The methods previously described for preparing these
benzothiazole derivatives, although suitable for preparing small amounts of the

-O-
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aromatic ring difficult to fluorinate. Attenpts to
design a suitable precursor for fluorination, which

was stable, could be fluorinated in good yield, and
could then be readily converted to final product,

were problematic as denonstrated below in Exanple 3.
%‘é}ooru(n'dg gsdf?er?r ﬁ?BBpraﬂﬁﬁﬁéﬁ'mcél DRI® dri Mcﬂ%;ﬁ#@@uéﬁb;lﬁy such

cess for G"breparation of A compound formul a
thbahermesta a rfiead foRBnﬁrov@BpNCASS@WOFPF@)F prerpamté@reunamcuiariy

fézas%nlp(rf;ﬁfg?elalesg%t?d frg%&%gﬁgd% Cﬁucﬁ@&ﬁ'ﬁi@ﬁuorﬁ%ﬂon of an

agaﬁﬁnanﬂ@;wamcgaga?&%ﬁnétkowgh?wrt}mglermg fsl etm:ctrpn cithor dn the
rono, iodo a a a

qmumgaﬁ(f s Gnand (57 s ine SypsTiaich e4BSrpimakes the
%?e e r%@?’z%%\f Q‘t@ﬁ?pt@"f@d@b@?( A Etﬁltab% pre‘éurssar for

'uoro 1 oro, brono and i 0 o) ‘
ﬂ@n@nmwhaa( Rag sEbleyopuld be fiuorirgtes i r@o@gid then

%ﬁé’f?ﬁ @;&q@eﬁsﬁ t% \Ahgl(pé%)ﬁucﬁ%&@ er rgéh;eren%fg 'ag r@enﬁzpw@trated below in

‘zﬁ{%ﬁﬂﬁﬁtfﬁ tMé@d?deg frRsddchHt e pelae Nikre &y privided b prbeess for
substituén ,

ts being chosen fromany of the-

,"]pneparphenydf axmrepdiend olformyladéa)ned for R7 to RID and
“““Wherei n-R11 is H or Cl.6al kyl) and a protected '

derivative of any t hereof; and phenyl ring Ais

substituted by R¥fo 3 substFtuents bei ng chosen from

any of the gRAon- he su tuen defined for R7 to
-10 V\D 2 CTA 003009' &Qﬂ ch

conprlses

wherein

R' is selected from Cy.salkyl, Casalkenyl, and Cosalkynyl;

R’,R% R® and Rmare each independently selected from hydrogen, fluoro, chioro,
bromo, iodo, C1.salkyl, Casalkenyl, Ca.salkynyl, (CH2mOR"! (wherein m=1, 2, or 3),
CFa, CHz-CHoY, O-CH2-CHzY, CHz-CHp-CHaY, O-CHx-CHx-CHoY (wherein Y is

. selected from fluoro, chloro, bromo, and iodo), CN, (C=O)~R“, N(R™)2, NO3,

(C=ONR™),, 0(c0o) R", OR", sR", COOR", R, CR"™=CR"-Rp,
CR“Z—CR“Z-Rph (wherein Ry, represents an unsubstituted or substituted phenyl
group with the phenyl substituents being chosen from any of the non-phenyl
substituents defined for R7 to R and wherein R" is H or Cisalkyl) and a

protected derivative of any thereof; and

phenyl ring A is substituted by 1 to 3 substituents being chosen from any of the

non-pheny! substituents defined for R” to R';

-40-
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(i) reaction of a correspondi ng conpound of fornula

(lIla): RIORBRORI SRRa\ A N 1 (lla) RNRY

5 wherein Rl is defined for the conmpound of farmula

wol28)702@oenyl ring A is substituted as defi neTieB200s/083009

compound of formula (la); and io R2 is selected from

hydrogen, Cl1.10aikyl, Cl.Iohal oalkyl, C8.14aryl,

06  l4aryl al kyl , (CH2CH20)q CH3 wher ei n gis an
m@’fseﬁroml to 10; R3 is a |eaving group as

%S‘é&”fﬁﬁ o BrEsGaTy Moy oA e o

formula (la); 15 with fluoride to give a conmpound of

formula (lIlia) RIQ F O R9Rg I A~ N1 (llla) RNR

7 wherein RL and? are as gefin forthe conpound of
ANl A

formula (115, phenyB ring 20 | Bubstltuted as
defined for the (la); RﬁEle’ R9,
and R10 are&g ound of ognula
(la); foll owed b“7 step (ii) and optionally step
(itii) in any order (ii) conversion of group -C(O R2to
hydrogen, suitably by hydrolysis 25 (iii) renoval of
any further protecting groups. -11 In the conpounds
efhef@nnul a (ia), (Ila), and (IIia) and the

1S Aol el o SRS Pl octed Trom

phenyl ring A is substituted as defined for the compound of formula (la); and

R? is selected from hydrogen, Ciigalkyl, Ciaohaloalkyl, Cs.qaaryl, Ceraarylalkyl,
~(CH2CH20),-CHs wherein q is an integer of from 1 to 10;

R®is a leaving group as defined for the compound of formula (11),

R’, R% R®, and R" are as defined for the compound of formula (la);

with fluoride to give a compound of formula (Illa)

E 9]
g S >_R2
K, e
R® N R’

wherein R" and R? are as defined for the compound of formula (Ila), phenyl ring A
is substituted as defined for the compound of formula (la};

R’, R®, R®, and R" are as defined for the compound of formula (la); followed by
step (ii) and optionally step (iit) in any order

(i) conversion of group —C(O)R2 to hydrogen, suitably by hydrolysis

(it} removal of any further protecting groups.

-11-
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hydr ogen, hydroxy, -NO2, -CN, -COOR', -0CH20R11
(wherein R' is selected from hydrogen and
Cl_sai kyl), C1.6alkyl, C2_6al kenyl, C2_6al kynyl,

.Cl-sal koxy, halo, 5 and a protected derivative of any

t hereof. Sui tabl e protected derivatives of

ltsnurﬁé tcbrtngggﬁcz erﬁiﬁl’a (@h%@Z%n@(m HYy %é’@o@@éﬁf&h@ﬂb dr8cess

he~ per

: are escr ib
Eé&ﬁdmgao\ﬂﬂe &semmlranta Ry &, and R e sugably selgq gram

Iﬁ:ﬁ:{gel nb Wé(yh %xié LCI;E%QI on'}P@%%ﬁ& @Yl?i%lr%’ﬁot ec% lalﬁcted

%m%y%g@ﬂ'dﬁ@@{@lﬁwmgém}dm%m@n% Cg salkynyl GC1.salkoxy, halo,
et hoxymet hoxy or hoxymet hoxy

prckfee proferted rﬁ@@ryﬁﬂge &f emyr ’phgqr%pf( ﬁél)talplgr prlg)gpé:?qz% deyjvatives of
1
MR, P 5 RSB ot Bl roan,

% b dosrib@InGEhors WoBB<DR el Ry B, VailluReS " foronoed

| d fr dr
I?e E‘?’g'fqu Rf%rpeg‘%‘"gg ‘@P%Wr %Cﬁkiamo rogen |%rq¥%qﬁélhydroxy
fuhcha] kgl )surtéEl?t OprdtetledCasbal kepsdkoxgReiaddyy mydyp such as

Cl1. 6al kox and a protected derivative of any
@W@F%‘Pfhf’%}h‘é"mgt y 20 sel ected from hydroxy,
Cl_6al koxy, and a prot ected d ivative of anythereof,

and is nore preferably sel ected from hydroxy,

Ooe leipep, of pmeferregresrapewnisdi fpiaila &) §or 0gq W@rWVO imaging of .
20 third aspect, there is

%mgk?ﬁpa%rgta pr%@!g@g'u (r& prepar ation of a conpound of

formula (Ib) F RO S/ H Ny R (lIb) 25 wherein -12

R S H
\QEN/ N (b)

wherein R? is selected from Cy.galkyl, Casalkenyl, and Caealkynyl; and

R® is selected from hydroxy, -NOs, -CN, -COOR"™, -OCH,OR"! (wherein R"' is
selected from hydrogen and Cisgalkyl), Ciealkyl, _nga_alkenyl, Coealkynyl,
C..salkoxy, halo, and a protected derivative of any thereof, and is preferably
selected from hydroxy, Ci.salkoxy, and a protected dérivative of any thereof, and is
more preferably selected from hydroxy, methoxy, and a prote‘cted derivative of
either thereof Accordrng to a third aspect, there is provrded a process for

_ preparat:on of a compound of formuia (Ib)

R? S H
\@Nf N (b)

wherasin

42
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WD 20071020400 PCT/ GB20061003009 R1 is selected from
Cl _6al kyl, C2_6al kenyl, and C24al kynyl ; R9 is

sel ected from hydroxy, -NO2, -CN, -000R, -COCH2OR,
wobotahikdph , C2. 6al kenyl, C2. 6al kynyl , G . salHODGB2006/603009
hal o, and a protected derivative of any thereof, and

i ; ept r Cl_6al koxy,

SR O B R B R e 2R s

nore preferably selected from hydroxy, methoxy, and a

otected . .derjivative,of ei fs i C
b erieen 5 pygToml PN RO, FDERK ORI Cacekeni,
rplwing, Of sdliesxhald land)a prdfectéll IdérivatveSofNary tHeyeofNand is
R wherein Rl is selected from Cl1 6al kyl, C%ﬁ%fgl kewl
BrRICEPNsRIRGHY Froma RORRV: 1ok Y hia PeRIOICET derivative bf any
i | Ghe And tected
B S08 h  S gey Robd t a prict
idetiegftye abfeitheoiiretealp 10; R3 is a | eaving group as
defined for the conpound of formula (11); R9 is as

defined for the conpound of fornmula (Ib); 20 with
fwhichr ¢caepriseesgi ve a conpound of formula (Illb) F RZ

Ll b wh i d defi d f
Tt ot AdbapSearding Somppuit SisrrBEiBE ot Mrad "

for the conmpound of formula (Ib); followed by step

(ii) and optionally step (ig’i) :n any order -13 (ii)

conversion of group -C(O 0 h ogen, suitably by
hydrol ysis gREiii)_regoval
groups in subs nt

any Rher protecting

N (I1b)

wherein R' is selected from Ciealkyl, Cosalkenyl, and Cagalkynyl, and R® is
selected from hydrogen, Ci.gealkyl, Cighaloalkyl, Csisaryl, Ceisarylalkyl,
-(CH;CHz0);-CH3 wherein q is an integer of from 1 to 10;

R®is a leaving group as defined for the compound of formula (l1);

R? is as defined for the compound of formula (IbY;

with fluoride to give a compound of formuta (b}

FooQ .,
R? S >—R
@:N/ N\R1 (lllb)

wherein R' and R? are as defined for the compound of formuia (iib);
R® is as defined for the compound of formula (Ib); followed by step (i} and
optionally step (iii) in any order

13-
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Compounds of fornulae (Ila) and (I Ib) as defined
above are inportant precursors, 5 useful for the
preparation of in vivo imaging agents and therefore

formfurther enbodinents of the disclosure.

Preferred precursors of forrmula (I la) and (I1b)

‘ Qﬁ%%)ﬁ&?ﬂ&ﬁ%?ﬁrq%er@g’tgﬁzioshwgé %[]:tatﬂ b?lmy@ﬁiiﬂ@xﬁ

sul tabl'y ydrogen; RL is
(ti). reaiokgll of a@ulfmramfkr;proilil@t!mgfwlﬂ?s lfbﬁubﬁﬁilmtﬁr ecur sors

in which R3'is nitro may have particular utility.

Conpounds of fornula (Ila) and (Ilb) in which RO is

Opeipexido6f ieAm@ak Keaandr(l1B) agafined tbdveiam nm)bmmt precursors,
t hereof may al so_have, part|cul ar

Wseftbior de §{§pﬁrat¢9negfdps\6yo jgaging agteﬁ’flslgr}c/j thergfore form further

ribdithbAe-df tha@fidtyddiee ny| ani no) phenyl | - 6- et hoxymet ho
Xy- benzot hi azole. 15 Conveniently, a precursor of

formula (1), (Ila), or (lIlb) could be provided as

Pelb et o B R P LB Banpre ¥ gnien

o0, fakyh suiigsig mathyd, momjsm’mblyﬁzadapﬂr@gemﬁowﬁﬂaikyl swtab!y

T L N TN R T e

CbH%UH@s bpfbrrr@mﬂ (15 SRR ik %&:hvre%seiydemceghlmy or a
as to allow the reaction mxturet ? evaéorat
sy

BivEcipd dorivaive fhasgoicmay glsgdavema 8% .préarred such
grté%ursb?agerg S an[?ﬁ‘ﬁ’tlr /00t Plﬁﬁfindf)ﬁﬂé e@foxymethoxy-

equi red for the synt esl s be i ncl uded
benmstitieroleé t h a conpact disc carryl ng the software

which allows the synthesiserto be operated in a way

so as to neet the custoners requirenents for 25 '
Cagvan@itiyye pmn:ﬁmdf &irhmma (ih)p(llla]rm (I lbt) ictmlddfe ptevideday part of
onent

Co tl
aﬁgfp@g gg\élglg eg OFUSE iR gerap%) ngqyb ’(& JTgy con%m a cartridge

#ARhACEN Bk BligadteiBeR sfuktﬁ&yaéﬁépf@j/ abﬁ)rﬁétéﬂl symttetber. The
qual ity assured. The disclosure further provides a

eariidgemAYmeriatn. caRrifram fibe PLaRYTSATeP APHILIP TeBEPVSrunFANted

' %%anealgﬁl Iaﬁthi an' Q’?&bﬁﬁ&’(e Wekel Eor'?r%&ed"’@b% féoamw ﬁﬁ,ﬁreactlon

a ves a compound of formula (I1);,
(nixtare,to be e@arldujaiechadd a(lqnw;hermgdgctft@ pe éwrmuiafgd @R geduired. The

BBl PP B e b2y AR
be included together with a compact disc carrying the software which allows the
synthesiser to be operated in a way so as to meet the customers requirements for

radicactive concentration, volumes, time of delivery etc. Conveniently, all

components of the kit are disposable to minimise the possibilities of contamination

between runs and may be sterile and quality assured.

The disclosure further provides a radiopharmaceutical kit for the preparation
of an "®F-labelled tracer for use in PET, which comprises:
(i a vessel containing a compound of formula (1), (lla), or (lib); and

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

-4~
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(iv) a cartridge for deprotection of the resultant
product of formula (1), (la), or (Ib). 5 The

di scl osure further provides a cartridge for a

radi opharnmaceutical kit for the preparation of an
18F-1 abell ed tracer for use in PET which_ conprises:
(i) aawemsslchanyd eartridug far cempeal nd exdess Sfmutrd optignally

1 . (11Db); (i f LLuti h
bk oit catideeicaPEieshn JRE e s lmErly Teouria e e o
aspec{;b ‘there is provided a conmpound of formula (IIa)

or (L.I'b) as defined above.. According to a fifth
aspect, there is provided-a conpound of formula

The Eﬁ)ié‘acloﬁﬁequﬁﬁer Bﬂé)vﬁil(éé%?a ci“dar_(r{dggl)fof B mﬁ&:fmianﬁgtliéati@lkit for
i s rogen .or . 6aj (suitably. e . i s,
ﬂqf_wép@w%owji%%Fjahﬁ%t(fﬁ?erFi@f Hgé SebEX wich Fgrmprises:
NS o 8 (100, = o

ph e BBellisnd®lcarissd! Witom Blud@adikiF,, Cl_6hal oal kyl
such as Cl.6perfluoroal kyl, aryl such as phenyl

ortolyl (for exanple, para-tolyl); and R 6 -15 o

: i | h I,
PP 8 B T R R YR s RSl (e

- er (iteadefiheda@biovat i ve thereof. According to a sixth

aspect,. there is provided 2-[3-nitro-4-
According to a fifth aspect, there is provided‘"a compound of formula (lIb):

: R? 0 , ,
N
. \R1-

\, /
\\m..‘x‘ 1.'

(lib)

wherein : .
R%is hydrogen or Cy.salky! (suitably methyl);
R'is Cygalkyl (suitably methyl);

R’is selected from nitro,

. . '__N2+l

jiodo,

NR*(C1salkyl);” wherein R* is Cy.ealkyl ;

-OSOzR° wherein R’ is selected from Ciealkyl, Cishaloalkyl such as
Cisperfluoroalkyl, aryl such as phenyl or tolyl (for example, para-tolyl}, and

(e

-45-



(et hyl f or myl am i no) phenyl ] - 6- et hoxynet hoxy- benzot h i
azole. According to a seventh aspect, there is
provi ded a radi opharnaceutical kit for the
preparation of an 18F-labelled tracer for. use in

- PET, which conprises: (i) a vessel containing a
conpound of formula (lla), or (Ilb) as defined
above; and (ii) neans for eluting the vessel with a
source of 18F-; (iii) an ion-exchange cartridge for
renoval of excess 18F; and optionally (iv) a
cartridge for deprotectlon of the resul tant product

ecoR o cebeie G nviraisge sl by 00 450

cartri dge, for a rad| ophar maceutical kit for the ,
igﬂqegarati on of an 18F-labelled tracer for use in PET
$ BrdiosieF Csealkoxyi or aapiatecier desiveliein®goh conpound
of formula (Ha), or (lib) as defined above; and (ii)

means for eluting the vessel with a source of 18F-.

A&ﬁ)rm npaygndg of r i), | a); .
rggar ed from %%tﬂm’rg}rggﬁgq tg%r'gl | abl eng %I ng™ Nitro-4-
(mﬁ’&gvlf%wlamfﬂamhﬂyyﬂt&ethqxgmmmW berzodkeisgolebed in WO

02/ 16333 _and W2004/ 083195, by standard net hods of
or gani c cheni. stry, for exanple by the nethods

Ateseding ed doﬁé\@ﬁtﬁ
 Atet mJlI g tid %@pégngﬁ@elq% %?B\dqé?cé Iaﬁ%%?b}l‘fé%a?&utrcal kit for
%9*’%?@?%9\* en %ﬁf abedied) @@@eafm usgdnPHIO witiols eomprises:

1. Co f f
(P VB A o BB b U i e
tosybbbee &id an i odonium salt, may be prepared by _

t hods anal olgous to those - shovvn in Sgherres | to 4
(PespBrganzdoye It'ﬁgfsﬁﬁé’ﬁ‘é%ellmtfba@ou@ (Dfs ES defined for

(l'ﬁ")l E;Fﬁgc?ﬁ‘ gg(elflargc%ﬂ%fhﬁd& ior?gﬁzg?/ag ’ﬂﬁ §nq1 ng;?naqu

(lNaHDNS:armdgeddr wiephstsatioyi by ik $deéLﬂtéhﬂQrodTJi4\o'f$ormula ), (la),
tri fI uQr oacet ci d, Pd2dba3 in Schene
tris® ﬁ{)b%?ﬁ??hn ﬁ@ﬁ‘é%t one) di pal I adi ung O) and t he

ot her abbrevi ati ons are as

According to an eighth aspect, there is provided a cartridge for a
~ radiopharmaceutical kit for the preparation of an "®F-labelled tracer for use in
PET which comprises: |
(i) avessel containing a compound of formula (lia), or (Ilb) as defined above;
and

(i) means for eluting the vessel with a source of 8F .

- 15a -



defined in the Exanples. 15b WO 2007/020400

PCTI GB20061 003009 Schene 1 O RCO2H, CH3CO2cCcCH3, _
CHzGlz _ Br \ / NH2 Br\ / N /R 0 CH31, NaHWDS THE
_a d Pd(QCAc)2, / P(1Bu)3 Si i>+Br \ / NNRNR
N O Cs2CO8 DVF NO! HBr, reflux S Cl1 EOMC Cl '
=,0,0" / NH HOI™SNI NaH, THE/ N\ / H R2CO2H,

CH3C2000CH3, CH2Cl2 C \,ov0s / NI,-Rz 0 CHLCRO
PRECURSOR Schenme 2 \\/OvO - S Br RRCO2H O 0 Br

bomp_ounds of formula (1), (ila), and (lIb) may be prepared from commercially
available starting materials or using starting materials described in WO 02/16333
and WO2004/083125, by standard methods of organic chemistry, for example by

- the methods described below and in the examples.

Compounds of formula (), (fla), and (lib) wherein R%is nitro may be prepared by

‘methods analogous to those described in Example 1.

Compounds of formula (1), (lla), and (llb) wherein R® is chloro, bromo, iodo,
tosylate, or an iodonium salt, may be prepared by methods analogous to those

shown in Schemes 1 1o 4 respectively.

in Schemes 1 1o 6, R? is as defined for a compound of formula (1) above, Rin
~ scheme 1 is an alkyl or aryl substituent , Ac is acyl, Ts is tosyl, NaHDMS is
sodium hexamethyldisilazide, TFA is trifiuoroacetic acid, Pdsdbas in Scheme 6 is

tris-(dibenzylideneacetone)dipalladium(0) and the other abbreviaﬁons' are as

defined in the Examples.

- 15b -



H SI-NNNHz N\ / NRz CH31 O Br OvO _ N\ / N
rRz 0 BROMD PRECURSOR -16 WD 20071020400 -

PCT/ GB2006/ 003009 Scheme 3\ SI1Cl Si I/ N_H -
varsoioeoi d O 1/ N H triethylamne BBr3 CHROY@B1006/003009
OvO NaH, EOMCI HOS N THE N R2CO2H, CH3COZOOOCHS,
CH2CSzhereM, / QO S\ N\fF-R, 0 | ODO PRECURSOR - 17

o  REOM, CGH,CO,COCCH,, .

CH,Cl, H
B > B N
rGNHZ ' C R
O

CH,|, NaHMDS
THF
o cl
—0 s P Pd(CAc), P(Bu); .0 5 %
>+ Br N m \@ 7 NorR
N TOI/ Cs,CO, DMF N \C[Jr
[ HBr, reflux
e EOMCI c
~0.0 S: ::E N/ HO S 4
N/ H ——— \@ 7 N
NaH, THF N A
RZ2COH, CH,CO,COCCH,,
CH,Cl,
o o cl
T
N TR
0
CHLORO PRECURSOR
Scheme 2
Br RECO.H o
O S -2 OO S y
N, NH, \©: 4 N\"_Rz
N
o}

CHyl

BROMO PRECURSOR

-16-



WD 20071020400 PCT/ GB2006/ 003009 Schene 4 -O HO OH
i NO\ / NO KOH/dA OTh Ofs -O SH HO Heat i0 S + -

O\ / NOz .. , NNO '"CCNHzZ Bars, CHC6 OIS Jr OIS
wo@io2édad NN S\ / NOz NaH THE N OTS 0 RCHIBFB2006/003009
NaHVDS OTS ~OvO 5 XRz THE ~OvO Il S Ni i i NHN\/

~R O _S: !%YL@TE PRECURSOR Schenme 5 \'O0O0 S |

Me35n- OO Sn- -01 N N~R2 Pd(PPh3)4 i N\ /
Nff-R @ tgl uepe O OAC QAo THA TFA- OvQ. S G1-\
N N-Rz © P N —— . N
N H acetic acid N H
tristhylamine
BBr,
CH,Cl,
| 1
\/OVO g P NaH, EOMCl  yo S P
N THF N

R2CO,H, CH,CO,COCCH,,
CH,Cl,

1
NOVP S -
T
N R
O

I0DO PRECURSOR
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| ODONI UM PRECURSOR s Conpounds of formula (11),
(Ita), and (Il b) wherein R3 is -N2+ may. be prepared
fromthe correspondi ng compound wherein R3 is nitro,
wioyzooetmb i on of ‘the nitro -18 WO 2007/ 0204&T/GB2006/003009
PCT/ GB2006/ 003009 group to am no, for exanple using
hydssgeiu and Pd/ C as catal yst and then diazotization
usi g NaNQ2. Conpounds of fgrnula (11), (Ila), and
(1ib &ein R3 is JrlbiSRff@_r:é\salkyI)2+ may be s
prepa Naccor di ng to4SC °6. Scheme 6 Br NH Br
NO2 Br |NO2 CHO NHz H NCHO Sn / AcOCH N H
CH3COzQPQCH3, H CHzCOl Z CH31, THE Br ~ N i N,CHO H
~0~0 s |l Pdzdba3 / PPh3”T e~ Cs2C03 dioxane N O CH31
(erzcess) N O \'0y@d' I N"O/ON/ NH/ \ [/ HxHy,

Naﬂb@[Qi‘Bl P{b: N 6 Heat . O 5 :(
+ NO, . \©: ) NG,
NH, o) N

] BBr,, CH,Cl

OTs
OTS
p NH, — \©: P NO.
N N z

NaH, THF

OTs
OTs Q CH.l, NaHMDS
~0-..-0 8 JLRZ THI?-" AV 5 N
7 N —_— yy 2
N H N TR
0
TOSYLATE PRECURSOR
Scheme 5
/
S
o O ! Mezsn-SnMea 0o 0 Sn
4 N s T miope p N 5
N TI_R Pd{PPhg), N TR
b toluene O
QAc
©/;“O Ac TFA
" TFA-
MOVO\@S N
7
N | id
o}

[CDONIUM PRECURSOR

5  Compounds of formula (H1}, (lla), and (lIb) wherein R%is —=N," may be prepared
from the corresponding compound wherein R?is nitro, by reduction of the nitro
-18-



v S/ N\xHC / HAD N Pdzdba3 / PPh3 | Csz003 di oxane
HCO2H, CH3CO2000CH3, CHzClz HN, dinethyl sulfate \N
Hz PA/C N Cl / NO2 NaHVDS CIl / NOz G / NHz 10
wolDeViof007/ 020400 PCT/ GB2006/ 003009 The i rRtavEH2006/003009
is nowillustrated by way of the foll ow ng Exanpl es,

' ich the. faqllaow ng:-abbreuhat i-0RsS ivéoMnd then
B B TR Tog, s R R P e BT
d@ibhetieatiet bsiny ORIND4. de  DMVAP:  di net hyl ami nopyri di ne

RT : roomtenperature THE : tetrahydrofuran INS :

i ndustrial nmethylated spirits to Mp. : nelting .
08inpbufds of fofALTR\(AY, ?Illtilg,sancﬂf@ﬁmher@h RFlis Rt ealigpe’ may be
quat er nary ammoni um HPLC : hi gh performance |iquid

5 pleparestangeEhngto $ehee8r n : millilitre(s) TLC :

thin [ayer chromat ography v/v : vol une/vol une

Scheme 8
Br\C[Noz gr\@r\zoz Br\CEN"E
————r
-CHO ACHO
N HoogH, N Sni ACOH N
CH,C0O,GOCCH,,
CH,Cl,
CH,), THF
|
BF\QN—-
. N,CHO
H
\,DVO\@:Sb Pd,dba, / PPhy /
N Cs,£20; dioxane
X Y
\N"' g  [GHy {excess) N o
A0 5 JL - ~ O 0 S ,lt
N : ~ N
NaHMDS
CH,l
\N/ o \/OVD\@Z; \N/
00 s o]
T o~ g
N Pd,dba, / PPh, /
Cs,CO, dioxane
HCO,H,
CH,CO,COCCH,,
GH,Cl

HN AN N

ditnethyl sulfate N N
NaHMDS H, PAC
a NO, —= ¢ NO, a NH,

10
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NMR: nucl ear magnetic resonance MS: nass

. spectronetry 20 Exanple 1: Synthesis of

2-(3-nitro-4-(nethyl fornyl anm no) phenyl | - 6-
wotdoorozomd hoxvbenzot h i azol e -20 WD 200710204@0/GB2006/003009
PCTI GB2006/ 003009 0 HO I NOZ Oxalyl chloride -{O

ESPHE Fl)@\%tlloﬁgs ho® l%stﬁea\lggmiﬁyﬁ%ha I‘%i@ Egarﬁi\)/be@ in whith the

fetiewargpabheyiationy arerusedux gCSHN i \/ M NN o
DMF: N,N-dimethylformamide

DCM: dichloromethane
EOMCI: ethoxymethoxychloride
DMAP: dimethylaminopyridine
RT : room temperature
THF : tetrahydrofuran .
IMS : industrial methylated spirits
M.p. : melting point

 eq. : equivalents
EtOAc : ethyl acetate
QMA : quaternary ammonium
HPLC : high performance liquid chromatography
mL or ml : millilitre(s)
TLC : thin layer chromatography
viv : volume/fvolume
NMR: nuclear magnetic resonance

MS: mass spectrometry

Example 1:  Synthesis  of  2-[3-nifro-4-(methyiformylamino)phenyll-6-

ethoxymethoxybenzothiazole

-20-
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NaH, EOMCI, THE RT NO2 Acetic anhydride NO2 0 OO0 HO
O SJLH NI i \'' / NN\ / \ Formc acid DCM reflux
7 8 Exanple 1(i) 4-Acetam do-3-nitrobenzoy chloride

wO2po7/20400 Acet ami do- 3-ni trobenzoic acid | ( AIFCI/GR28e6003009

5.69, 25mol), oxalyl chloride (4.76g, 38mmmol),

chl or@form (50m ), DWMF (few drops) were stirred at
40C flgr NBours. Tﬂawa@hment was renoved in vacuo to
gi V€ a Iomb was used in the next step
wi t hout Pﬁﬁ1 puPW, #cat i on. 10 Exanple 1 (ia),

5- met hoxy- 2- am nobenzengt hi ol (3)

2- Ami no- 6- met hoxy- bengot hi azol e 10g (55.6 mmol) was
suspended in 25% aquko ao%assiun1hydroxide and the

mi xture heated unde? rflfix fgr 24h. The pale yellow
sol ution was cool ed and~4ciNdkTied to pH 6 with NG

firstlyeagueons, 6N HO 2-21' WD 2007 -
PCT/ 68203009 themacettc aci d. taﬁ/ed
solid was tIsered, FEYESINITh wat er (3x1004‘r1) 3
dried (high vac.) to afford the desired natlerjal,ps a
pal e yel |l ow powder 8.18g, 95% 5 Exanple (mw@

2- (4- Acet am do- 3- ni t rophenVD) - 6- net hoxybenzot hi azol e
(4) 5-Methoxy-2-am nobenzenethiol 3 (3.88¢, 25mmol),
pyridine (1 00m ), and DVAP (few crystal s) Wer eno,

stirggd at éoom er at Umee,.reflux
4- Acet @ <ﬁ? abenzeyi—eht-ori de (
el 001//

pr oducedabwve)—has added in i o one portlon
30C. The rfixture was stirred for a further % hour.

The m xture
NaH, EOMC], THF

RT
NO, Acetic anhydride 0. o _NO, j.)L
VOVO@S@H b P \©:S q "
# N />_< >
N A Formic acid N N\
DCM, raflux

8

Example 1(i) 4-Acstamido-3-nitrobenzoyl chloride (2)

4-Acetamido-3-nitrobenzoic acid 1 (Alfa Aesar, 5.6g, 25mmol), oxalyl chioride
(4.769, 38mmot), chloroform (50ml), DMF (few drops) were stirred at 40°C for 3
hours. The solvent was removed in vacuo to give a yellow solid that was used in

the next step without further purification.

Example 1 (ia), 5-methoxy-2-aminobenzenethiol (3)
2-Amino-6-methoxy-benzothiazole 10g (55.6 mmol) was suspended in 25%
aqueous potassium hydroxide and the mixture heated under reflux for 24h. The

pale yeliow soluiion was cooled and acidified to pH 6 with firstly aqueous 6N HCI

21-
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was heated to 80C and stirred over the weekend. The

m xture was cooled. The <crystals were filtered off

and washed with IM5 to give 2.2g (26%yield) of 2-(4-
woaed7aneado- 3- ni t rophenyl ) - 6- met hoxybenzot hi a2ET&:B20E/003009

Exanple 1(iii)

ndrfaddtBtiy TRe pradpitRed solid waphiemyd, waghsewwhio wate (BA00mI),

hi azol e (5) . Sodi um hydride (6.33 157m’m|? and DVF

igd thiphwiaee t@taﬁprfééh%fieﬁﬂfﬁ%mat as & Rale yeflow powder 8.18g,

%5(4 Acet am do- 3-ni t rophenyl ) - 6- met hoxybenzot hi azol e
459, 131 mmol) was added in one portion. The
mxture was stirred for 1 hour. The mxture was

Otﬂ'uazole 4

terrperat urest ayed beI ow ZOC Thm xure was stirred
e s it Gl 28T oL Brn
é}%?\fé’rﬁé@isk @f%sﬁﬁé&%%ﬂ%g( RnPersiufsd. 79 (93%yiel d) of

cetam ni trophenyl) - 6- net hoxybenzot
Hi-Aceshmido- :nmpirob@azqyﬂ 2tlorigs (@mmg)l &@s prodpuced abové) was added in

é)ngeéa)oﬁfpw meQ% 3l'hné H)&Hre%@ Qtlrr6edr}¥|dz£ %@?W%%P"[%%Ddure
Zva(séhé&té@idm aCA PSR Svetithe aRBREN. }r&en‘ﬁ&mwmrcmtdnl The

i azol e (ﬂ; 162 mmol ), hydrobrom c acid 50}71 4} fo

mcﬁéaiasveg% ilieredroff and WBP@M"EBWW torgive 2 2mER% viekd),of 2-(4-
f 5h Th

oL S AG Rl E TR R daRe for S The

SO|Id vvasflltered of f and vvashed wthalittle

fsﬂd}{}rh q*i\ydn&ibe(@&tg d1 mﬁd:)l bed emlmef (40@ml) wmda eﬂlrmdt bt room
water. -22 WD 2007/020400 PCT/ GB2006/ 003009 . The

demparaiirs. 21(4V\seiaraidoni-prophen bemRINOWPeNEIhEgole he

r(lléé_hulr?ﬁ n'\’r“ﬁ'tﬁgﬁgé 58??] clhe' ;M?hon{ Ef@lg%l)dutré‘ﬁﬁs 6RPeRRr Y Dour. The

tenperature then fil he sol was again
bnwcttmeiwam@tbieﬁ WBari et ammmﬂub mdm £3. 1goaﬁﬁmmol) was added

erature n filtere was di ssol ved
ohPore. k*f%maeratw? ?@‘P’%@BSW %\%t ar (100m ) added.
Tlhfé Sidtire wissthrdd 1o & eslire] waten ngmhwés\adtibd,] #B.mikhee was

lid boi | ed h ((300mL
iffl)is'reéfoﬁmr?c\?w&*@dwthw\mfa@ﬁ:ﬁ}a%rQIﬁ Wﬁ&t"%gfy%t%ﬁéﬁeq g WSS? Pive 43.79

48399yi6184 ¥ 1@ \bnéthylacetamido-3-nitrophenyl)-6-methoxybenzothiazole.
M.p 168-172°C.

Examplé 1{iv) 2-(4-Methylamino-3-nitrophenyl)-6-hydroxybenzothiazole (6}

A mixture of 2-(4-N-methylacetamido-3-nitrophenyi)-6-methoxybenzothiazole (58g,
162 mmol), hydrobromic acid (500ml, 48% aqueous solution) and hydrobromic
acid (500ml, 45% in acetic acid) were stirred at 135°C for 5hr. The mixture was
cooled to room temperature and the solid was filtered off and washed with a little
water. The solid was slurried with water and the pH adjusted to about pH10 with

concentrated ammonia solution. The solid was filtered off and washed with water.

9.
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2- (4- Met hyl am no- 3-ni-t rophenyl ) - 6- hydr oxybenzot hi azol

e. Mp 269-272C. 10 Exanple 1(v)

2-f3-nitro-4-(nmethyl am no) phenyl | - 6- et hoxyrret hoxybenz
wotdovezedoe A 3 necked 250 ml round bottom f|PIKGRIA/003009
dried in an oven at 80C overnight. A suspension of 6

fﬂés&ﬁ'ﬁ?&s tiﬁﬁ%tep R‘mﬁ#ﬁwls S?EOH)SQI@%d Eﬁénﬁ%@;ﬂ@ WRRWOREH with IMS

suspensi‘on o H 60% di sper si on
(mOmlnheaboaﬁedi i r:ﬁ)BnQMeratmr@mgn f.@e@)ﬂ The salidyvaga@ain boiled

48 s GRRER) % A GhelP i ol Miktaye ves
@ABSbvaein ﬁ@tqur(ze@mgr ﬁcbr@u eindnivgtbt (100he) adddd. Themofid was
m xture was filtrate

under va uumadt f||t
Flshed alfanicuesliosLath MR, 108 OIS GOTFS P utaieh Bl for 5
8do ¥iva 45! 4% yield) of
PR AR %%W“??‘;R?M%F}E“EW THe %S"“’ Y
Z{Wthyiam—3mﬁrcmedyl)~dedmmbaﬂ€tthI@P-i@lér Mm é@ﬁ-@é@?ﬁ}m
to yield 60% of an off-red solid with 95% purity. 25
Example 1(vi): 2
43-ni tro-4-(nethyl fornyl am no) phenyl | - 6- et hoxynet hoxy
benzothlazole( ), ALl gl as drled in.an .
Dlg: 140212 clin)s dbeafpergefhiazole
ttom fl ask fltted vvlth a condenser and t her nonet er
s added acetic anhydride (15nl, 160mmol, 22eq)
dropvm se to a solution of formc acid (160mm|

R P A SRt e A
Stmdp:tgsrg?ouﬁs (gﬁ(anmmm%;) lrzrtjﬁgvkg )(216 aé)rmgl fmm_(a?: onm)edwh‘op wise
T e ol Aoencrein D kAR 2. 1780, 200)in

B@zurHaero 8h©r@;betﬁé GtBewas | osiviphste Wisit &tdegreﬁetﬁyl chloride
reacti on was foll owed. by

s at 40
611*3)(/ ol dafAmk dog LRy 8ddedhand H}edeﬁﬁ@%eégfeﬂ@ae" B‘BBH Jop dark
BRARB&ISrs fittrated under vacuum and the filtrate concentrated under high

vacuuim.

The crude product was supported onto silica and purified via flash
chromatography in DCM/EtOAc: 3% EtOAc
The desired fraction was isolated, concentrated under high vacuum to yield 60%

of an off-red solid with 95% purity.

Example 1{vi): 2.[3-nitro-4-(methyiformylamino)phenvi]-6-ethoxymethoxy-

benzothiazole (8)

All glassware was dried in an oven at 80°C overnight.
in a 1L three necked round bottom flask fitted with a condenser and thermometer
was added acetic anhydride (15ml, 160mmol, 22eq) dropwise to a solution of

formic acid (180mmol, 8ml, 22eq) at 0°C. The mixture was stirred for 15 minutes at

-23-
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HPLC condi tions: Col um Phenonenex Luna 150X4.6m 10
Flow 1m / m nutes Sol vent: Acetonitrile (B) and Water

- (A) Detection: 254-214 Gradient 5-95% of B over 8

Wi o600 Ret ention tinme: 9.5 m nutes 15 The PEIT&ER2006/003009
orange solution was washed with I N NaCH aq (3xI GO ),
wefér (3x100OM), dried over magnesium sul fate and

OB 20, s D A i 0 B G
\thérriixeasdhhydfde Wi R8s aginuen P atups ft Yhe hogr and

Et OAc The desired fraction was isol ated, concentrate
iRIEleahPigRoe selitian wes\atiged Sdaypat 46fCan of f yel | ow

Li P o oy L . _
b e P T IR doyr SR Bt B, ] cesived
pro}t espbsdrivadol e (11) - see Schene bel ow (Approach
1) -24 WD 2007/ 020400 PCT/ GB2006/ 003009 NO, aF Op O
O N pryOH 89 18F 18F HOI NN "0'0 1 \ N\
MNPLC tbridittdnsll 10 [ 18F]fl uoride (in 200pL enriched

5% 18 vvater?l, 2.5 of Kryptofix 2.2.2 (in 0.5nL

olumn Phenomenex Luna T50X4.6min
Flow 1mi/minutes ,
Solvent: Acetonitrile (B) and Water (A)

Detection; 254-214
Gradient 5-95% of B over 8 minutes

Retention time: 9.5 minutes

The clear orange solution was washed with 1N NaOH ag (3x100ml), water

(3x100ml), dried over magnesium sulfate and concentrated under high vacuum.

The bright orange crude product was supported onto silica and purified via flash
chromatography in DCM/EtOAc: 3-10% EtOAc

The desired fraction was isolated, concentrated under high vacuum to yield 54.2%
of an off yellow solid with 98% purity.

Example 1(vii} Preparation of 2-[3-[ 18Flﬂuor0~4—( methylamino)phenyll-8-hydroxy-

benzothiazole (11) — see Scheme below (Approach 1)
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20

acetonitrile) and 50pL 0.1 M K2CO3 were added to a

gl assy carbon reaction vessel. 5 The solution was

then evaporated to dryness using a stream of nitrogen
wandoieetrdng the reacti on vessel to 100C f or HB/GB2006/003009
mnutes. 2 x 1nlL acetonitrile was added to the

reacti on vessel ai;\,OS m nutes and 10 mi nutes B3
re&ﬁeg@ to & azeotropl c drying®-Fhe-reagtior
vessel 4 room enperature and : j\—
nitro-4- (rret yI r am no) phenyl ] - 6- et hoxyrret hoxy be
nzot hi azole (8) (5.0 in 10 1nlL anhydf ous di net hyl

sul f oxi de wds added. The reaction seal ed aAd

heated for 10 m nutes at 130C. T
anal yzed by HPLC and TLC. O.
DVMSO was added to the crud eaction solution of 15
2-[3-[18F] fl uor o- 4- ( net f or myl am no) phenyl ] - 6- et hox
ymet hoxy- benzot hi azol€” (9) and heated at 12%C for 10
m nut es. The react| on was then cooled to room

t enper gt ure and nefitral i zed usin odi um acet dt e
resul t?‘gﬁ ‘ /nt hesi s of LALR )_gg,
2-[ 3-[ 18FR & A4 (fret Ryl am no) phenyl ] ~67 ydr - Ben
zot hiazole (11). The crude mxture was anal yzed by
HPLC and TL4{& 20 HPLC purification and form@ ati on.
2-[3-["' 8F] fl uoro-4-(met hyl am no) phenyl ] - 6- hydr oxy- ben
zot hiazole (11) was purified -25 W 2007/020400

e IEBAA0 fin 2980 rdheddont dephagry. Bhw'i@ﬁﬂefrﬁ 2diGn.5mL

preparati
e@aomﬁste) 20 swte@a Mal(/@s wetaaﬁﬂe@tme glﬁ@smﬁafbps r@ctwraaﬁpssel

o117 s RHOR e PER Sabblcd b SHME-E TR #sfeBnitogon and
PredBig e RSchoh Lebsulte 100%C For315 Binutes e Britnlnaceidrélrie was
40m nutes 5 5nml/ m nute The, produc lutes with a. .

Peded tp dhe reaatiopsvessel abl Wﬁ 15 rginu tsﬁa "@ﬁeﬂg?’ew to aid
%%%troﬂ_ 8 @r;)'i'f’d—efr%‘r@a&f:cﬁﬁjveéélfwaé"@&)lé’d b8 tbf:hp'é%’(hre and 2-[3-

addition of distilled water. The product

trifend- (metiwtf@@‘lyimm)@mﬂ@@h@aﬂm@mwmﬁti@@tmiet(ﬁ)eﬁ5 0 mg}in
o et oL B9 Mol 0 Rkon 8 sosin and

heated for 10 minutes at 130°C. The crude mixture was analyzed by HPLC and
TLC.

crude nmi xture was
of 6M HCI and 0. 5nL

0.25ml. of 6M HCl and 0.5mL DMSQ was added to the crude reaction solution of
2-[3-["®Ffluoro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-benzothiazole (9)
and heated at 125°C for 10 minutes. The reaction was then cooled to room
temperature and neuiralized using 2M sodium acetate resulting in the synthesis of
2-[3-["*F[fluoro-4-(methytamino)phenyl]-6-hydroxy-benzothiazole (11). The crude
mixture was analyzed by HPLC and TLC.

HPLC purification and formulation.
2-[3-["®F]fluoro-4-(methylamino)phenyl]-6-hydroxy-benzothiazole (11) was purified

-25-
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10 final product forrmulated in 10% et hanol / 90%
phosphate buffered saline. Exanple 2 Preparation of
2-[ 3-[ 18FI f |l uor o- 4- ( et hyl anmi no) phenyl | - 6- hydr oxy-

wioenrabéi@zol e (11) - see Schene above (Appr GEIIGEZPO6HE3009

Exanple 2(i) Preparation of [K/ K2.2.21+7SF (using

ey HRL IR SPh8AcMRhek Prodidy OBS prépé‘vfdxltlaé nonm 125@3mm x 10 mm
tarrﬁet content was passed through col um

QVRGr I8N0 #ﬁé@ﬁ@é@ﬂyﬁw%@np@%@eium 3 ﬁ@lt%mth 40/60
fa@étoﬁltr‘ﬁbﬁ‘r‘t’étﬁ a O,Jlke ﬁh&%&ﬁé BAFrAR) sé}gﬁcﬁ{ t}ﬂf}i ?O(QII\W effhe control

resin was el to'a reaction vi al
geethod; ig Byl !"ﬂomutﬂajﬁm)/mée,o h9.H5r39. %mmatt@ 8mll>m=uute 40minutes

ST B AL e a2 e

volumneagfcraitled wi t h anhydrous acetonitrile (2 x 1 mM)

%P?{QL&? .Clﬁegt' cHﬂl L ocﬂ!u?eds to atth %%8%@%%3%?!'@% water. The
Arddérct w&&&ﬁémq Fappedt mbhgegyémmaml theR eild&d off the

et hoxynet hOXﬁ benzot hi azol e

Eal[t@qel\@ﬁ] trLsiangl.(Heg ﬁtyﬁa%wa@tb%mweé-undervawum and the
RN b

G B A 1 P ep ol S pRoSic bl salin

Xy- benzothiazole (8) (3.0 ng) in anhydrous

acetonitrile (0.1 m) was added to a solution of

[ KI'K2.2.2]+18F in anhydrous acetonitrile (0.25 nl).

Eremplagt i Rrepatationr of 2434é]flhent-édmathyidfiGofshenth6-hydroxy-

PCT/ GBZOO6/ 003009 Exanpl e 2(| i ) Conver si on of

2 r3 r18FIquoro 4- rrethyIfQ | am no) phenyl | - 6
XARIA AR ©f X i qenrlched 95% “O water).

Ak RRTREL VR B AR A8 DBRE o sty pagieg vih
@Mrm Theactlumn waxpunged welh Halidedfar & ramtes.:ﬂ'herh E]ﬂuonde
Ptirbea dn e THbin' Nad BINE 5 20REk0M i Win Pt ol alp i 4 v
10I0/e) atelonittibuister mThgrregc:cTﬂﬁﬁgniﬁngitgn mg/\@fsx@pwfx zen2 layud 2.9

SRy Ko BB the0Ton Was SR AR ARG PYRRaFgler Bl ApBydrous

a64tBhiBAe © x 1 ml) to dryness in a nitrogen stream at 110°C.

Example 2(ii) Preparation of 2-[3-["*Flflucro-4-(methytformylamino)phenyl}-6-

ethoxymethoxy-benzothiazole (9) and 2-[3-['®Flfluoro-4-(methylamino)phenyl]-6-

ethoxymethoxy-benzothiazole (10).

A solution of 2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-
benzothiazole (8) (3.0 mg) in anhydrous acetonitrile (0.1 ml) was added to a
solution of [KIK2.2.2]+18F' in anhydrous acetonitrile (0.25 ml). The reaction mixture
was heated at 150°C for 15 minutes. The crude mixture was analyzed by
anatytical HPLC.

-26-
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(11). 1o A solution of concentrated HCl in MeOH (1:2)

(0.25 m) was added to the previous reaction m xture

and heated at 100C for 5 minutes. The crude m xture
woass7anabyzed by anal ytical HPLC. Exanpl e 3: PCT/GB2006/603009

rr:
%%Tﬁ compoun ods
gthakosthext-betudisiazales (9) toett3-h temigejphenyl}-6-
tge resEIts shom inl T:E@I e 1. Crude yield was

: - ’ ical purity neasured by
ERM80.2 RIPHT B PEVIG®S repEashIflixtirestasyddeette atsolutionnf NaH (3.2
HPLC and in the reaction vessel.

i ity N ?Iovogg [ & \d/ ixture
mY) K Fwemus aeetquitsle {0 m))@t ferm YerapeFatyre «Eog [gsyligd mi
Yi 0 /i ~ 0 : \
N S L 478 Y T 53 g iyt

met

%g_oxybenzhiaol e (1) The reagent positions of a
Rl ab FXFN (CGE Healthcare, Ltd utQmatic, 5
Ayseltiieniol epncatiate HET ol Wif%)r{b@%em rdsAddey tothe

L uti T ' i #es Wk & Frud@. 5
ARy eSO s SrBERS! BURACRRr g rininBe ST e
mijture was analyzed by analytical HPLC.

Example 3 : Comparitive ["®FIfluorination of different precursors.

Radiofluoridation of various benzothiazole precursor compounds using methods
analogous to those described in Example 1(vii) gave the results shown in Table 1.
Crude vield was calculated from radiochemical purity measured by HPLC,
corrected for product lost by retention on HPLC and in the reaction vessel.

NO,

\\/OVO\@S ::f B*
p) N

N N

Precursor; R*=
H | <5% crude Yield
O <5% crude Yield
j
0 <5% crude Yield
e,
)Cj’\ <5% crude Yield
o Current labeling
)L . 25-30% incorporation

27-
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iii. Precursor solution: 0.1M
2-[3-nitro-4-(nethyl fornyl am no) phenyl]-6- 10- -
et hoxymet hoxy- benzot hiazole (8) in DVSO (1.0 nliL) iv.

wolhindesochl oric acid (0.25 nL) v. ethanol ECTEHRIH0/003009

vi. 0.01 M phosphate buffer, pH 7.4 (13.1 nL) is Wen
ExaAlpw Mo AuRfmdtd8 Fyhthesid g€ 2iB-[PB0breesinetigthniab phenyt]-6-
121 "'MBq) had been Toaded into the synthesiser's
Wﬂhe operator initiated the

programe causing the foll ow ng sequence of events

to take place. The fluoride solution passed through a
Qe reagent plupitionsr & 8 OFFINE ERadd it (G Healthcare bidjMutomatic

SRR e LN BB ellof, "Enr | Lhea

waterto waste. The QVA cartridge was then eluted wth
the O, (]j‘é)'vl ot assi um car bonat? ﬁl ut%on to recover the
f 1 ior P B S$HE @rpehrte iR Watdi(Podtled to the react or

vqsseb 13@%@&:’1‘5&2 @Qlﬁfacéfo‘x’}ﬂﬁ!@f(b% mRLP- 2 was added to
the reactor and the m xture was heated at 60C for

niiinut BEcourspsr selujiont | &. TMoV\Hﬁ-nltfﬁr‘l‘f"@@*émif%ffmﬂl%ﬁ'ﬂ]@menyll -6-

25 heb BoHERo b B PED BT PRRI 1GRE, [, 20° ™

cimt edlshyafodhlreicr scdd (RS M)t er cooling to 50C, the
Pr‘ecuri_l%r g@w&;t Ls)n was added to the reactor and the
t dpefRE(P 'TL)rai sed to 135C for 10 minutes. This
stiep elo1eshdspBatd bifts] RHGHL(NEN mlcor porated into

t he organi c nol ecul e. e solution was cooled to 50C
and the 4M hydrochloric acid was added. The m xture

Wﬁerh%aécﬁ&ﬂnooflﬁﬁﬂﬁé’ﬂidé ! -éﬁnéﬁédaﬂat@ﬁlé’é?l MBc%) had been

deprot ection of I nt er medi at e conpound ter
tnssledrigfotie aot)esisas’s startice ppitenibe og@watﬁr"amatwéﬁle programme

£L Y M 0 find EHIIRERE IR o1 B
ﬁ'ylérﬂaohdi@smlutloms?é@dIWYIQBEGZMA cBATigeRPEOGHENEIRE with 10 mL
rrLe m

ﬁ{b%m@] agﬁo% agsim @%ﬁ{@? é}aé 26Inglleﬂ§ qv%ﬁe@&r%g%mg the fluoride

hgtdls@ndﬁggﬁfefér?ﬁhéﬂﬂﬂt@*tg@ﬁs@l ! dme (tth:htdaﬂﬁdgé'Was then)eluted with
obtal nea sol utl on was ruted w Wa

0 ﬁ%@@asqw&awr@t%éeﬁummr)ecweiﬁh%ﬁ%feﬁﬂ@gé eluant was
G%@reaqa dhd réaeﬁﬁl Vst Hhdholgtdiraokrypiafix P02 Plwabdd®ied to the

so that the product was
reactor and the mixture was heated at 60°C for 5 minutes under a gentle flow of

nitrogen at reduced pressure. The temperature was then raised te 120°C and
held under vacuum for 7 minutes to dry the contents of the reactor. After cooling
to 50°C, the Precursor solution was added to the reactor and the temperature was
raised to 135°C for 10 minutes. This step allows [**Flflucride to be incorporated
into the organic molecule. The solution was cooled to 50°C and the 4M
hydrochioric acid was added. The mixture was heated to 125°C for 5 minuies to
cause deprotection of the intermediate compound and, after cooling to 40°C, the
crude product solution was injected onto a Phenomenex Gemini C18 HPLC

column (250 x 21.2 mm, 5um). The column was eluted with 6mM hydrochioric
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s retained on the cartridge. The cartridge was el uted
Wi th ethanol into the product. vial which contained
propyl ene glycol (0.9 nlL). Phosphate buffer was al so
WoeseHE0400 hr ough the cartridge into the prod®ET/GB2806/003009
to give the fornul ated product. Yield of the product

— r 1 ddsaed | t
450 R IR Gy s anam b T cemggipmg e

Eﬁatniﬂd&ﬂadr@-»cﬂ@edmn arsl eoflecieddiyscudiing. The obtained solution was

%M%?VH&@%% 1@@:{%1 f gg% % (@@l@e&‘ﬁeg iﬁazk Plus C8 cartridge

@chﬁdirtrén@f wrth 10 mL ethanol and 10 mL water) so that the product was

St St P2 BLLESABeaR A IR0 1o Bauct
ﬁﬁﬁm]‘%ﬁ’ Ebﬁ@ﬁweﬁ%@leﬁ%ly@(ﬁz@ﬁ@) Ridphatetbuffer was also passed

at nosphere, with stirring

Sooratthe farridge Bt herprodadt Vil i \é?ﬂh?é‘ﬂrfﬁléa{ﬂdﬂoﬂﬁ Yield of

) d r § ity) and the

ol R B Kb Y gy
fadlochetmicaApudty vead>399 %r.i ch) was added sl OV\A y and
stirred overnight. The precipitated
triethylam ne. hydrochloride saltwas filtered off and
BMEImMbRITSY Alermpties syretess bf P-Bsisitrodl-(Mdthylfoesiviugnokmenyl-6-

extracted wth Et 3 x 100 M) and citric acid (1
E:Mﬂiﬂwﬁéj‘?ﬂﬂﬁg&&(ébni c phase was dried wth
magnesi um sul phate, filtered and evaporated to
dryness under reducfed 25 pressure The title, roduct

yrel d 85 % and anal ysed by NI\/R and I\/S Exanpl e
5(ii): Synthesis of

4- Chl or o- N- ( 4- et hoxynet hoxy- pheny®).-3-nitro- 30
benzam de -29 WO 200{{0@ i 2006/ 003009

4-Amino-phenol (12 g, 0.11 mol, Acros and Aldrich) was dissolved under an inert

atmosphere, with stirring, in dry DMF (50 mi) and cooled in an ice-hath.
Triethylamine (TEA, 11 g, 0.11 mol) was added and stirring continued for 1 hour.
4-Chloro-3-nitro-benzoy! chloride (22.2 g 0.1 mol, Acros and Aldrich) was added
slowly and stirred overnight. The precipitated triethylamine.hydrochloride saltwas
filtered off and DMF removed under reduced pressure. The residue was extracted
with EtOAc (3 x 100 ml) and citric acid ( 1M, 3 x 100 mi). The organic phase was
dried with magnesium sulphate, filtered and evaporated to dryness under reduced
pressure. The title product was recrystallised from methanol/water (1:1, 250 ml),
yield 85 %, and analysed by NMR and MS.

Example 5(ii): Synthesis of 4-Chloro-N-~{4-ethoxymethoxy-phenyl)-3-nitro-

benzamide
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4- Chl or a- N- (4- hydr oxy- phenyl ) - 3-ni tro-benzam de (14.6

g, 0.05 nol) was placed in an oven dried 2-necked
WEOR020400uNnd- bot t oned fl ask and fl ushed w t PORCBB06/003009

Enough Di net hoxyet hane (DME, 100 ml) was added to

di ssol ve the am de. ﬁge m Xture vvasq}\ﬁgol ed inice

bat h and sodi um hydri de\ 0 %jyn-oil, 3.6 g

total, 0.075 nol) addet;,i ons with

vigorous stirring. An hour after adgdition was

conpl ete, chl oronet hoxy-ethane (7.13 g, 0.075 nol,

commercially available) was added drop wise via a

A-@isiott-R-(@dyaldhaimendl-sntraBehzuigk (1466, 6.08/1d i

10 foll ovg(/ecmgy %ﬂé@ g?chl or onet hane,{ DC?/I : rretl)(l’?ghr?\g??ced "

ﬁﬁcﬂ’e"bé.”%g Z-pekede 8l irpnroundriaticsnesh dapl @nddflushed with Na.

i&i@uﬁﬁbﬁhe%%&ﬁéﬁ@@hgg, m@@%ﬁdéé’d £ o‘?&oﬂee)dthﬁgaggqe. The

organi ¢ phase” was dri and evapora
migutewap cedled ireice tiagh and sddiupr keliide (Wabl, 50 % in oil, 3.6 g total,

Ly . . h tate, 1:4. t -
(G BRRAEEh SEEPLORKAR b Tl B Bnatad apbfacaiin
#yr chepiate adhloromethoxy-ethane (7.13 g, 0.075 mol, commercially available)
%g&bﬁ%@ Q%pégié%yp O rgg%ll}%(éa_u%ngﬂé lcl?'c;;:xep’)_inrg]:;I ftugngéi] The reaction was

follBled by-TNG @idbhdemeIRINBORTMIR whén&;mbomgbggzm @B ction
20 phosphorus pentasul fi de P4Slo

3.5 g, 10 mm|), . .
%!*%Efegwaa .P@gr%%!tq iceoMpter andiegragtpsi witth EE9AC (3 x 50 ml)g The
S | | .
gvai @)rlmeé')quazéd& t o; ﬁggr?e@ 48 %gd eﬁ??&ﬁer e %C'(fggﬂ | n? Ig?%\é%f)% The
Afudegupdud sies seeistalliaedk famdH éxanshedhyliacétatd, tird gegive 81 % of

s I _was heated under reflux and was foll owed
E’%e[ﬁﬂl?(r?&ﬁl-%% |dhg continued wuntil no nore starting

'g 5-'Ii-:_e ,,:9, '_ 0 % edt!’? /1 yh-3-nitro-
hichdnsamidd on) was added. Acetone (10 m) was added

and t he

4-Chioro-N-(4-ethoxymethoxy-phenyl)-3-nitro-benzamide (3.5 g, 10 mmol),
phosphorus pentasulfide P;Sio ( 0.81 g, 1.83 mmol, commercially available),
hexamethyldisiloxane (2.7 g, 16.7 mmol, commercially available) and toluene ( 10
ml) were added into a 100 ml round-bottomed flask and flushed with nitrogen. The
mixture was heated under reflux and was followed by TLC. Heating continued
untit no more starting benzamide remained. Microwave heating can also be used.
The reaction mixture was cooled to room temperature. Potassium carbonate
solution (4 ml of 5.3M solution) was added. Acetone (10 mi) was added and the
mixture stirred for 1 hourin an ice bath, the extracted with toluene and water. The
organic phase was dried (MgSO,) and toluene removed under reduced pressure
and purified by flash chromatography with ethyl acetate/hexane as eluent.
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m xture stirred for 1 hour in an ice bath, the
extracted with toluene and water. The organic phase
was dried (MgSO4) and tol uene renoved under reduced

Wer 288526490 and purified by flash chromat ogr aptA/GB0p6/ 003009
et hyl acetat e/ hexane as eluent. -30 WO 2007/ 020400

PCT/ GBZOOG/ 003009 Exarrpl e 5 (iiia) Alternative

Frbcloko—B#mﬁ—thlobenzamfde
N-(4- Benzyl oxy- phenyl ) -4-chl oro-3-nitro-benzam de
(19.15 g, 50 mmol), Lawesson reagent (11 g, 27 mol,

@Lgr cially a| | abl e) @nd di oxane 4 150 wer e

S rrce«g H0g M+ pR der refl &S‘f’qr

When no rrqﬁ"@”ﬁ'rtl ng-=am éef@ resent @ﬂq@
by TLC, the reaction ‘ifeeeiifeepas cooxf‘ed and the S

sol vent renpved under reduced pressure. The crude

&rg uct was dissolved in mninmnum boiling toluene to
d Pry-glenybivechiora-Bingt-perumuide (18s1 5ig, boenmael), EL@Olresson

s 02%1 Wgt by nﬁ%d@rﬂﬁgﬁ(}gﬂ@dg@l d h%ﬁ%%\%sg(? 50qml) were strrred
togathwesnd hﬁfat@i badalytedilx:)c far 44, CWfﬁéﬁan%b m&g&@@ %.he was
[%E\Eér?(t %F%SE%& qyl ]'E)(c";r thq“r%ag%}%pé ?n%ﬁtuén wasocooled and the solvent
oVeBandyt ex
e, e suen i T G AL ol N
AH&} uﬁm‘?) casiqlisss the puriiegipn ek wWps fillsredauiderashed with
doid tohverid a4 ddld heRaf (Pgite He thﬁ)a{mgé m%@ﬁ)&e@' al l'y

avai l able). The m xture” was C0O in‘an bat h.
Potassium ferri(1l1)cyanide (13.2 gin 50 m water)

F_:%fiér(l: i?ggsm I ODg YAt 85@1 tI e Vllg%l rgo@au ggrcyb (ti-cﬂ%rog r%tro-phenvf)-

benzothiazole

NO, i i NO
Q—\O_@—N ,  Triton B in MeOH Q\,O s .
« T TG
] N

|
-—:N+ Gn

(5 Triton B:

N-(4-Benzyloxy-phenyl)-4-chloro-3-nitro-thiobenzamide (2 g, 5 mmol) was
dissolved in methanol (100 mi). Sodium hydroxide ( 1.6 g in 5 ml water) was
added followed by Triton B (2.1 ml, 5 mmol, commercially available). The mixture
was cooled in an ice-bath. Potassium ferri(lil)cyanide (13.2 g in 50 mt water) was
added drop wise with vigorous stirririg. The reaction mixture was allowed to warm
up ovemnight and was further warmed to 130 °C for 1 hour. The reaction mixture
was cooled and extracted with ethyl acetate / water. The organic phase dried and
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up overnight and was further warnmed to 130 C for.1

hour. The reaction m xture 25 was cool ed and

extracted with ethyl acetate / water. The organic
wiohesmrewe ed and -31 WO 20071020400 PCT/ GB2Q@8/@X8@a03009
t he sol vent renoved under reduced pressure. The

the cabluaint r@mw@mld]dmasedlmedi;Br'eesbrby"i‘hbasbduct compound was

Sl (ﬁ).:g%g?lg%ﬁgg oggwﬁa]’rpt E@g xant?' x%¥||ell':2{ﬁ eltaceﬁeltg %s%lluue%[t]t
6- et hoxynet hoxy- 2- (4-chloro-3-nitro-phenV)- 5

benzot hi azol e Usi ng met hods anal ogous to t hose
zoeaipnle h&fiv) n Synihesie ©f gthoxyrgsthex-31dqe —,3mltr0-phenvl)-

%&Bﬂi&‘%én Exanpl e 5(|||) may be cyclised to form

compound. 10 Exanple 5(v) : Synthesis of
6- benzyl oxy- 2- (4 nmet hyl am no- 3- ni tro- phenyl) -

SBE P bRYRER GrBfous. de. dtsamdesciond «no S3RERY) v, e
thb&éﬁi&mﬂéofbr%pé@d ThExampo Biifs nedy E&anmllsmj Eoﬁ |fman) the title
and 5 | respectively, are reacted with 15
GREPIRH m ne in aqueous solution, heating to 130 C,
for exanpl e in a mcrowave oven. The reaction
mxture is extract ed vv|t6h eth I ,acet at e/\llvater an_dthe

B hid R C eanPr ess Lﬁ gthoI%e{Ho&{/ -‘ (4%8ﬁ+&%n8f§mtro-phenvl

purtited py Ttash chromatograpny using hexanel et hyl
arebiigrol)Exanpl e 5(vi): Synthesis of

ﬁﬁ] %8{‘]";!?%3‘2\'(2)%{1 8% E@n)@)kfag @maf"ang @(R/S] ?Q%’ééctlgef?fe e lré)é(éfed with

:ﬁeﬁ@lammé fr dqugtiis Bl Ution é-ingto )t Bb‘ecyfdr efambleor wmaichovave
benzoth| azol e The t|t| oun a{e .
METSRFHSR W%Ufgd%ﬁ&ﬁﬁi%d with elbfe P@fagq’w erand the organic

Iﬁa%@%‘dh&&' %fH?é F&né\ﬁﬁgrmeagdu%htrmidé@@lédml m@s{ﬁet Orhe fitle
ose descri Exa 1(vi). Example 6:

Hoduetp are p@rﬁgﬁhyﬁ‘éggfgnfgpmatography using hexane/ethyl acetate.
2-f3-nitro-4-(nethyl fornyl am no) phenyl | - 6-

et hoxymet hoxV- benzot hi azol e (8) 30 The synthesis is

Baerhple5ed): Shythasis| of @ 3tnitredd metlevlBrmigaming ) prenicf-benzyloxy-
benzg}hrazo?e and 2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-

benzothiazole (8}

The title compounds are prepared from the compounds of Example 5(v)
respectively using formylation methods analogous to those described in Example
1{vi).

Example 6: Alternative synthesis of 2-[3-nitro-4-{methyiformylamino)phenvl]-6-

ethoxymethoxy-benzothiazole (8}

The synthesis is performed, by analogy to Example &, but starting with 4-amino-3-
chloro-phenol to  prepare  6-ethoxymethoxy-2-(4-chloro-3-nitro-phenyt)-
benzothiazole via 4-Chloro-N-(4-hydroxy-2-chloro-phenyl)-3-nitro-benzamide, 4-

-32-



chl or o- phenol to prepare :
6- et hoxynet hoxy- 2- (4-chl oro- 3-ni tr o- phenyl ) -
benzot hi azol e vi a :

W 0hl/@p@e N- (4- hydr oxy- 2- chl oro- phenyl ) - 3- ni tO7/ERAGEIB009
i de, 4- -32 WO 2007/020400 PCT/ GB2006/ 003009
Chibay-bl-(M-€thexmhtkgxe Rivhioye-phemiloB-aitpHesnzainids, and 4-&Ghimo-N-

zgm de nd 4- Chl or o- N . . . -
G BRGs AR S Br s Senrghisbepzariive. « Fyglsalionml 4
EoroN Gl e yRR R xy4-chloro-phenyl)-3-nitro-thicbenzamide to form 6-
chl or o- N- (4- et hoxynet hoxy- 2-chl oro- phenyl )-3-nitro-th |
qetbgwgﬂ?p@é&(é—mm%nltro—phenyt)-benzotﬁlazol)é is performed using
(RerRRE PRGN Tor Gl Bofmen Ll PRI eapi ¥ 2fv12
@oanpIGouBowran Glandtiudomidetemeycled(2H5) 1984 dlutdiesn ef al,

ek PR 4P, 7258, S8 B4 gna T6hlation

At(iBen pdddmiad Se1beseribedtin Exbmplesi on and fornyl ation
are then perfornmed as described in Exanple 5. -33 WD
20071020400 PCTI GB2006/ 003009 Claims 1. A process
for preparation of a conmpound of formula (l1): F H
NR (I) 5 wherein phenyl ring Ais optionally
substituted by 1 to 4 substituents; R is selected
from Cldal kyl, CZ_sal kenyl, and C2. 6al kynyl ; 10

whi ch conprises: (i) reaction of a correspondi ng
conmpound of forrmula (I1):- R3 Q RZ NR~- (Il) 15
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wherein ring Ais optionally substituted as defined
forthe conmpound of formula(]); - RR is selected from
hydrogen, Cl1_ioal kyl, Cil-iohal oal kyl, CS-14aryl,
WoRUANP0 al kyl , - (CH2CH20) g CH3 wherei n q PET/&B2006/003009
integer of from1l to 10; Rl is as defined for the
conpound of formula (1); and 20 R3 is a |eaving
®ERyp; with fluoride to give a conpound of fornula
FOR ~NRZ1((Ill) 25 wherein R and R2 are
as defined for the conmpound of fornula (1) and phenyl

ri 2007 020 OO PCT/ 6 9 - Ais
BB R s R DB (61 1 or mul a
(1), followed by step (ii) and optionally step (iii)
in any order (H) comnyMersiormqof group -C(O R2to
hydr ogen, suitably lysis s (iii) renoval of
any further protec grosps. 2. A &ﬁocess accordi ng
5 to claiml wherein phéenyl rfng A is optionally
substituted by 1 to 4 organic substituents sel ected
fromfluoro, chloro, brono, iodo, cyano, nitro, -R
whaRein-pBeh@)riRg A & dptisnatysiibstitiRed by TtOnNBstvente] n R
at each 10 occurance is selected from G _aal kyl,
C2. 6al kenyl , C2 6a|kyny| CT- 6al koxy- C1_6al kyl

ROiis 8Biab@alfiamh G @W lan @al kynyl,
Cl1_5hal oal koxy1 6a| @% 12ar ﬁ%h@hcé 12 het aryl

10 wherein said aryl and het aryl substltuents may be

wWhitH Qhpdghstituted by the non-aryl and non-hetaryl
substltuents listed for phenyl ring A and a

(ipreaciion ofl adermespaending cdmpoynd htfosofla (15 3. A process
for preparation of a conmpound of formula (la): Rl F

RSH
R O
-
s S
R

wherein ring A is optionally substituted as defined for the compound of formula(l);

15

R? is selected from hydrogen, Ci.1palkyl, Cieohaloalkyl, Cs.1saryl, Cs.rsarylalkyl,
~-(CH2CH20)4-CH3 wherein q is an integer of from 1 to 10;
R'is as defined for the compound of formuia (1); and
20 R%is aleaving group;
with fluoride to give a compound of formuta (11f)

F 0>‘
R2
DL

25  wherein R" and R? are as defined for the compound of formula (1) and phenyl ring
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NRL (la) Ra AN N7 20 wherein Rl is sel ected from
G _6al kyl, C2.6al kenyl, and C2-6al kynyl; R7, R8, R9,
and R10 are each |ndependently sel ected from

WO fl uoro, chloro, 25 brono, iodo, @L‘T&WR‘W‘%M!’ -

C2_6al kenyl , C2.6al kynyl, (CH2)nmOR' (wherein n¥l, 2,
A ipybstitits] aCHefi@ior e cpRparYof iorpulaHD); tltpwed by step (ii)

i N
(CCONR' )2, OCO R', OR', COOR', RPN,

Ghoaweren piarpie —@Sgaégﬁ@ﬂ[é%‘ée%ﬁw ol

GN0ZHBAR 4P Sy 1L GRADBRAP3009 ' group i th the

phenyl substltuents bei ng chosen from any of the
non phenyl substituents defined for Wto R10 and

SRS s alodrind 18 i DahEn o fha RICHERIEAy substined

ub st 4 tongaeic mbsiimemt§ md]ﬁed frumrﬂt@rdge:hhyo,cﬂém?m) iddogyano,
t z t [ %

B Rt R, SRR 55, RS TR Ppein Ry gach

SRURNEBG iadied ﬂ“dhﬁC{dd!k’?,r) Cmémeﬁgl Q)z%%ll@n%r[R& §alﬁﬁ’><y @& alkyl,

Soabitirh S hap Rl Caghaloptiohle oy N ADRIKOR- s salkyl, Cs-rzary,

@Tu_}aﬁgtawt@%rém BRf 4Reshd MtabhSurARRAHaP be Fidti Bt sBbstituted

by the non-aryl and non-hetaryl substituents listed for phenyl ring A, and a

protecied derivative of any thereof.

3. A process for preparation of a compound of formula (la):

R F
R? S H
r® N/ ' @ N\R“l (1)
RT
wherein

R'is selected from Cqsalkyl, Cosalkenyl, and Cogalkynyl;

R’, R®, R® and R" are each independently selected from hydrogen, fluoro, chloro,
bromo, iodo, C1.salkyl, Casalkenyl, Caealkynyl, (CH2)-OR" (wherein m=1,2, or 3),
CF3, CH2-CH,Y, O-CH2-CH.Y, CHo-CH2-CH,Y, O-CHp-CHo-CH-Y (wherein Y is
selected from fluoro, chloro, bromo, and iodo), CN, (C=0)}R"", N(R'");, NO2,
(C=ONR™, o(c0o) R", OR", srR", COOR", Ry CR"'=CR"-Rs,
CR"-CR",-Ry, (wherein Ry, represents an unsubstituted or substituted phenyl
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R2 is selected from hydrogen, C _iOal kyl,
Cl- 10hal oal kyl , C6-14aryl, C6. 14aryl al kyl,
-(CH2CH20) q- CH3 wherein g is an integer of from1 to

WORO0TR20406 a | eavi ng group; R7, R6, R9,- and RCH/{(d2e06/4¢3009

defined for the conmpound of formula (la); 20 with
drbup mithetheophnyk sabstiugrde meirsf ciesenmulrem(any af) theRien-phenyl

9 [, S N dio (L1 a R. 7 er ein
psTigrareia Rkt Rt el RhereBhBouimi FoPT (aeatiny and 2
tirblegled dqetieBiVe of agy Merddt; stbstituted as defined for
the conpound of formula (la); -36 WO 2007/020400 _

PCT/ GB2006/ 003009 R7, R8, R9, and R10 are as defined
pﬁﬁ?ﬂ,_rnyirﬂ% &%;EM&%@% tfg?f 3 sudilantd Béihﬁ‘ﬁg\gs&ﬁ(f frp)ﬁlta?rﬁj of the

(i1) and optional efp Il “Ln any order (11

nopntany| gibsttueptadefinad(foy R2te B hiydr ogen, suitably by
hydrolysis 5 (iii) renoval of any further protecting
groups. 4. A process for preparation of a conpound of
wiichobrapfiddsy: F S H RO NRL (Ib) 10 wherein Rl is

el ected fromCl. 6al kyl , C2 6alkeny|,,and CZ Bal kynyl
[5efion of subiesnanane roparDa s formias (B8N ~Go0r

- OCH20R, Ci1_6al kyl, C2.6al kenyl, C2-6al kynyl,

Cl. 6al koxy, halo, and a protect %d derivative of any

t hereof, and i sR™ R >‘

N, (lla)
R

wherein

R' is defined for the compound of formula (1a),

phenyl ring A is substituted as defined for the compound of formula {la); and

R? is selected from hydrogen, Ci.qpalkyl, Ci.qghaloalkyl, Cs.1sarvl, Cs.rsarylatkyl,
-(CH»CH»0),~-CH3 wherein q is an integer of from 1 to 10;

R? is a leaving group;

R’, R% R®, and R"are as defined for the compound of formula (la);

with fluoride to give a compound of formula (llla)

R Fooa
RS S >-R
N
T
R’?

wherein R' and R? are as defined for the compound of formula (l1a), phenyl ring A
is substituted as defined for the compound of formula (la);
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preferably selected from hydroxy, Cl6al koxy, and a
protected derivative of any thereof, and is rmre

preferably sel ected from hydroxy, met hoxy, and
WB@B‘F’@&Q“% derlvatlve of either thereof; 20 PlHCBH0603009

SRR o S5 B v S SR S R e
6al kyl , C2 6al k I
e BRI SR P sE0r OO eé from hydr ogen.

Cl. | oal kyl, Cl 10hal oal kyl, C6-14ary

BTN LY L

(Iuﬁ‘?é?@@\fal of ahy Rifthér petddingiyPouss.a | eaving group; R9 is
as defined for the compound of formula (Ib); 5 wth
fluoride to give a conpound of forrmula (Ilib) F OR9
{ez ol delsbs i reﬁé@%%?é%ﬁpgunQWf%uﬁRgbﬁs def i ned
or e conmpound of forrmula (I1b); is as

deflned for the conmpound of formula (Ib); followed by
step (ii) and optionally gtep (iii) in any order
(ii) conversd on of _g@roup - OO R2ty9 hydrogen, suitably

by hydr ol ysﬁ r engval \of l\?ny further
protecting gro ir;\‘/ ubSt i t gent Rp 15 (Ib)

wherein

R’ is selected from Cysalkyl, C2salkenyl, and Casalkynyl ;

R is selected from hydroxy, -NOs, -CN, -COOR, -OCH20R, Cy.salkyl, Czealkenyl,
Crsalkynyl, Cysalkoxy, halo, and a protected derivative of any thereof, and is
preferably selected from hydroxy, Cisalkoxy, and a protected derivative of any
thereof, and is more preferably selected from hydroxy, methoxy, and a protected

derivative of either thereof;

which comprises:

(i) reaction of a cotresponding compound of formuta (IIb):

R® Q
R S i >¥R2
|: :[ V4 N (Itb)
N \R1

wherein R' is selected from Cisalkyl, Cosalkenyl, and Cosalkynyl, and R? is
selected from hydrogen, Ciapalkyl, Ciaohaloalkyl, Ceasaryl, Ceasarylalkyl,
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5. A process according to any one of clains 1 to 4 in
which the fluoro group i.n the conpound of formula ~

31529 (z or (Ib) is [18F]fluoro and the fluoride
WGP tep (i) of the process is [96F]f| &6F{@069E3009

g‘ﬁ @Q cess according to any one of clains 1 to 5

i IrE Hawharaincissenigost of fempduloa! % 11), (11a) or

A llstb)iebﬁnéghﬁlﬁt ed fromnitro, -N2, chloro, 25

-NR4(C _eal kyl ) 2+wherein R4 is

IS%IWﬂe@fOféh@cmlpowﬂd pGionmbla b)) : LI nkThpo (X)

- OS2R5 wherein R5 is selected from CL- Bal kyl

C _ehal oal kyl such as -38 WD 2007/ 020400 -

viRtBTi EBiZie A6 e 30 pétindopefofrhular(bidh kyl , aryl such as

phenyl ortolyl (for exanple, para-tolyl), and a

group of formula (X) as defined above; and + R6 -1I

wherein R6 is selected fr hydpnogen, C1-6al kyl ,

hal o, nitrgg s and,a gro of g;;__r%da (X) as defined
S t m 6 wherein R3

above. 7. SLECE

is selected f i 1o chl or qyi|p)br ono,
i odo, - NR4(CSzalk\l) 2+ ei n hzl is ClGOﬁ kyl

- OS02R5 wherein R5 is selected from CL. 5al kyl

Cl-shal oal kyl such as 15 Cl1_6perfluoroal kyl, aryl

WHE G 38 dMAGEY dreYs! Rlehkea b A e BRI AR AILU)) - and

R’ is as defined for the compound of formuia (Ib); followed by step (i} and

optionally step (iii) in any order

(if) conversion of group —C{O)R? to hydrogen, suitably by hydrolysis
(iit) removal of any further protecting groups in substituent R®,

9. A process according fo any one of claims 1 to 4 in which the fluoro group in the
compound of formula (1), (fa), or (i) is ["®*Flflucro and the fluoride used in step (i)
of the process is {"®Flfluoride.

6. A process according to any one of claims 1 to 5 wherein R®in the compound of
formuia (li), (lia) or (IIb} is selected from :

nitro,

N2*,

chloro,

bromo,

iodo,

-NR*(G1.salkyl),” wherein R* is C1salkyl or a group of farmuta (X):

Sol :
X

-0S0.R° wherein R® is selected from Cisalkyl, Cighaloalkyl such as
-38-
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-1 + R6 wherein R6 is selected from hydrogen,

Cl 6alkyl, halo, and nitro 20 8. A process according

toclaim6 or 7 wherein R3 is nitro. 9. A process
woQogidesng to any of clains 1 to 8 wherei n RRCTAB2006/603009

Gt _salkyl, and particularly nethyl. 25 10. A process

acc @1Qbé\@uér@awu aqﬂ s@d:fﬁéaé’@he%yt o t@kyvml@ﬁamp@ pbra-old), and a
compound of fornula ( (r'ta), or (I1b) is

sel &waﬁﬁmlﬂﬂﬁ}éﬁéﬁf@%@@%% yl, and is nore
preferably hydrogen. 11. A process accor di ng to any
of clains 1 to 9 wherein -39 WO 2007/020400

PCT/ GBZ2668/ 003009 step (ii) is effected by reaction
wi-th—4 ARt eophi | i ¢ base such as sodium hydride

in an &protic sol vent ssich as etonifrile.or .
or opi ont 11 6 antNGIETLR ds AP BateCr G R4S ColiyJelo, it
#HIG hrup M rmilP (XPdd deftredudvd00C. 5 12. A conpound
of formula (Ila) or (IIb) as defined in any of clains
3 to 10. 13. A conpound of formula (lib): R3 0 R2
[ or

7R9A§ %e%% a?%%rldt btlla%léﬁﬁ%ne fhBrein R2 Igl @é&&gﬁ g!laﬁn
Oérmtably methyl); R3 is sel ected fromnitro, -N2+,

chloro, bronmo, iodo, -NR4(GC .salkyl)2+wherein R
7% -Cl. 6al kyl ;
chloro,

bromo,

iodo,

NR*(C1.calkyl)s” wherein R* is Cqalkyl ;

-0SO,R® wherein R® is selected from Cigalkyl, Cighaloalkyl such as

Cigperfluoroalkyl, aryl such as pheny! or folyl (for example, para-tolyl); and
wherein RPis selected from hydrogen, Cq.ealkyl, halo, and nitro

8. A process according io claim 6 or 7 wherein R® is nitro.

9. A process according to any of claims 1 o 8 wherein R'is Cysalkyl, and
particutarly methyl.

10. A process according to any of claims 1 io 9 wherein R? in the compound of
formula (1), (lia), or (lib) is selected from hydrogen and C+.alkyl, and is more
preferably hydrogen.

11. A process according to any of claims 1 to 9 wherein
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-OS2R5 wherein R5 is selected from CL. 6al kyl,
C _6hal oal kyl such-.as 20 G _6pertuoroal kyl, aryl

such as phenyl or tolyl (for exanple, para-tol X
WAR07/24400- | R6 wherein R6 is sel ected from h}’@?@é?ﬂﬁmi‘“”

)
Cl.al kyl, halo, and nitro; and 25 R9 is hydroxy or
step ¢l ik etiected by peartiostwith denonyavsloephilitebasst sudhy as godium

of _f.ormil | b j cl il
(REBE I 3brotl Pt s A RESRAMIE Y, bRorfor MR AL elditea
t2mipadratier such -asMEr O 6 flR01Y) ltgsitally around 100°C. .
no) phenyl ] - 6- et hoxynet hoxy- benzot hi azole. 16. A
radi opharnaceutical kit for the preparation of an
1B FA kakgblisdof foRREl (187 or UIB§ ab Aeidd indHyT RS B,
(1) a vessel containing a conmpound of formula (Ila),
or (I1lb) as defined in any one of clains 12 to 15;

da () .ing the vessel with a source
13? %WPW‘?B?H%@%— l)%hange cartridge for renoval of
excess 18F; and optionallygtiv) cartridge for
deprotecti 3@ of thesresul ant p?§dug¥ of formula (1),

(la), or P ]o‘o any/one of claims 1 to
5. 17. A cart de_f4r a\r agfophar,maceut i clP)kit for
t he preparation~of Bn 18P

abel IRed tracer for use in
PET whi ch conprises: (i) a vessel containing a
compound of forrmula (Ila), or (Ilb) as defined in any
wingepf- clains 12 to 15; and (ii) means for eluting-
Ft{gwe vessel with a source of 18F' . - 41

is hydrogen or Cigalkyl (suitably methyl);
R'is Ci.alkyl (suitably methyl);
R? is selected from nitro,

—N;,

iodo,

NR*(C1.alkyl),” wherein R* is Cyealkyl ;

-0SO,R® wherein R® is selected from Cigalkyl, Cighaloalkyl such as
Cysperfluoroalkyl, aryl such as phenyl or tolyl (for example, para-tolyl); and

)
wherein R%is selected from hydrogen, Ci.salkyt, halo, and nitro; and

Ris hydraxy or Cqsalkoxy or a protecied derivative thereof.

14. A compound of formula (lib) according fo claim 12 or 13 wherein R? is
hydrogen, and R® is nitro.
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15, 2-[3—nitro—4-(methylfomylaminé)phenyl]-B—ethoxymethoxy—benzothiazoie.

16. A radiopharmaceutical kit for the preparation of an "®F-labelied tracer for

use in PET, which comprises:

(D) a vessel containing a compound of formula (lia), or (IIb) as defined in
any one of claims 12 to 15; and |

(i) means for eluting the vessel with a source of 18-

(i)  an ion-exchange cartridge for removal of excess '®F"; and optionally

(ivy  a cartridge for deprotection of the resultant product of formuia (1), (la),

or (Ib) as defined in any one of claims 1 o 5.

17. A cartridge for a radiopharmaceutical kit for the preparation of an '°F-
labelled tracer for use in PET which comprises:

(i) a vessel containing a compound of formuia (lia), or (llb) as defined in any
one of claims 12 to 15; and

(if) means for eluting the vessel with a source of "°F .
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