DI ENE POLYMERI SATI ON The present invention relates to
di ene polyners and copolyners and to a process for
woredormagp4such pol ynmers and copol yners usi ng cerPpEi/GB2006/003009

transition netal - based catal ysts. WO 2004/ 083263

publ i shed in the name of BP Chemicals on 30th

FEEQRIEABENN 2ROLESF ePaPBELEDE BERIVARSIES| O FEY ATHERARBE XL UORINATE

pol ynmeri sation catalyst and to a process for the

pol ymer i sat i on ERAVEGPEP yafe £ SEHVP oRAGE NG AGFE¥TS ns,

cycl o-ol efins or dienes, conprising contacting the

Tﬂli‘ e ihv?ﬁtﬂ?n raLRIY & noban I'B%E§s€é &1 ﬁﬁ&%étfb%f Hetticularly

uitable for use I n nmaking yners

f)wcmfmatlopmpyﬂemearomatlermempmemdeean¢twthemleverprecursors used

P gt i S

dirgtiosedhith siel kriiWifad ¢ vﬁB'ﬁ*nB% n%) n\,(grer S are
et hyl ene, propyl ene, 1-butene, exen

4- nethylpentene |, 1-octene, norbornene substituted

ﬂgﬁﬁﬁét&eneﬁar GFCSW%&W Z)neQ%'F W dla\gg n edC[’tléDphlllC reaction

With dolestian fRicRine A6 WE RS, terelctr@phvc ﬂMbrlﬁ’é?tﬁinaéf%roMbﬂ&bompounds
chl ori de, and stg{rene There Is a conmercial need for

Wit feprineds aeaerally aspeeiandiin-selestiveomediag. tPiissent electrophilic
RRIHEENG ?&%geéfﬂé bRddled ﬂ%npr%lo}’egzﬁrar ﬂﬁ&hr?e a6eq a8 EH00QE AP

genera or exa

havef lirem c&a;ea&ar;ﬁ&btgtﬁumﬁevmmmwb@ckmoMr [é Fgra@il‘tﬂlubﬂaaﬁon the
content an nal n t hese pO ners to Qauc
Eh copdisPoaverd PrBRaverabiy Gh romflgprlﬁ%frw@,ranatnon methods,

SPRRIGV S bElﬂE%Eﬂ@’%Pc%f tﬁﬁﬁf% 5 SHaind CUFQH%’E lﬁQﬁF)Fa favoured

and tine nd can t especia
apiproacth dop cbymeersidi gwedbcipn bl [EEjHabelledi ghtd,ucm)orNucleophlhc

fERatS moshlod wradierds otk irrd BOpTOULRAT Jar Eirice i a
mofaWididy @vméiﬂé‘fréﬁ@&thQﬁh qhé éﬁct@pﬁll%%abéﬁfésah@ kAeS products

W t hout the need f post reactor nechani Cal bl endi ng

Qlitained ate epbigbet smlwa@m@ whigh sigjdventagieoulsén thesfigdaof in vivo

5B S0ckBobite Bl RlhaFaT of ARG, e, RGP D nospavhicn are

glectre®pichn€an Aod Wrbbiemaak] e Hori SxdrplB! %Wc%pmlcy fiB6$nation of
of conj ugated di enes wherei n the pol ynmer has

Aiase MNawe éhe agEno grown agds jeip oarmertsﬂm& irp@ Byeinatiering is
chR %W r?rﬁedTﬁé’ ec’rjit he8GH p%\%‘(gé r%rgprecursor syitable for

ccor |ng I'nvention"provides
rfLmiecpp‘rwlchmeg\ahonm@ glm@ﬁmrmat@(ban)llmdmmSlcbfconﬂmaEgahamber of
di enes . c ri.sing contacting nonomerijc nater.ial
%@Elp%éﬁﬁggts lnclué1 ng?mproved agctlvatlon of the aromatlc ring to fluorination,
few steric effects on the fluorination reaction, and facile conversion to the

fluorinated aniline product.

According to the invention, there is provided a process for preparation of a

compound of formula (}):



at | east one conjugated diene with a catal yst system

conprising two or nore different transition netal
w@ooepoemos and optionally one or nore activat oPGI/GB2006/003009

Surprisingly it has been found that by using two or

nmore different transigion metal catalysts it is

possi bl e to produce pol ydi enes having a desirable

range of properties/Wtkout/wi shing to limt the
generality of this\s -neﬁk, it has bgen found, for
exanpl e that varying e ratR'o of two different
transition netal conpounds in the catal yst conposition
| eads to useful variations in the mcrostructure of

he produc d di ene pol r.. Thys .for b .
b A e TR SR AR o g .
m xed catalyst systemit has been found that useful
varlatlons in the cis:trans content of the produced
Rids pelieetes! fram Gesalki Gy ealkertheantbGonalkyyl rat er i al
conprises at | east one diene and optionally one or
nore 1- olefins. Dienes enployed in the pol ynerisation
wHi@ 88mpRked:he present invention preferably have the
ener al for mul a RIR2ZC=CR3CR4=CR5CR6 wherein Rl to R6
gr@a¢tmecp‘ea1@@rm@$@m§l@nge@@@aow6@f Frawsaéh): hal ogen,
al kyl, cycl oal kyl, aryl, aral kyl and al karyl. For
exanpl e they can be chloro, methyl, ethyl, n-propyl,
i sopropyl, or single gf mgures of isomeric forms of
pentyl, hexyl octyl decyl 2aryl groups sel ected
from for exanple cﬁ?oro phenyl ,
o- bi phenyl, naphth \ /enﬁhthryl and @hthryl; or
al karyl groups sel ected from' for exanple,
phenyl met hyl , phenyl et hyl , phenyl - n- propyl,
napht hyl met hyl ; or aral kyl groups, for exanple, tolyl.

lyl, . ityl . - I ht hyl . .
b 5 25 Bl SRR BR oo B BmetlB8 of Rmuta();
Ry featbhfid! Hyo%%ém15ﬁéﬂkk/ﬁ G0 oEASRYL T dhigheCd Qarylalkyl,

pol yneri se due t'o steric hindrance. The di ene enpl oyed

(faldﬁ@H@Cb)quHawheh@ngelﬁaramtefgﬁrmﬁrfr@rrRmoncRg ]EZH:CHZ
R3
Ry G B egRb e hRaL B ERRIHTE WK ARLES: vi ' 6roup.

Y iefLlebomgtirenps are 1, 3- butadi ene,
2-met hyl -1, 3- but adi ene (i soprene

and
withe Aueiids 10 @ve @ eamepeng efhfosmsiR QHE The nononeric
material used in the polynerlsatlon process of the
present invention can contain one or nore 1l-ol efins.

Suitable 1-olefins arge anyC§Qi;r are capabl e of being

copol yneri sed wi th coljugat i2enes. Exanpl es of
et hyVene, propyl ene, butene,

,¥i-octene, n@i pbor nene,
and R}yrene.

suitable 1-olefins are
hexene, 4-nethyl pe
substi tut ed nor bor nene

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 (ii)

and optionally step (iii) in any order

(i) conversion of group ~C(0)R?to hydrogen, suitably by hydrolysis
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Thus a further enbodi mrent of the present invention
provi des a process for making a copol yner of one or
wororog/02en) ugat ed di enes and one or nore 1- ol ef PEIEGB2006/003009
conprising contacting the nononeric material with a
gﬁﬁ}tréhfb%l @b’éﬁ}ﬁmm%@bﬂﬂg gMsyper nore different
ransition netal conpounds and optionally one or nore
activators. Preferably the copolyners prepared by the

B RATRAE SN Bl SO T oo BEBHYBESE Mor oxampt
delotted iffom Ftodsroezgam Hrofes Ride), ¥yaics nita) -RAGRAOMIBR, -C(O)R
rati o of dlene 1-olefin in the range298to 98: 2,

HefSiRa - (8IS, M\eg@nd? an@@cwqménen@ew @ﬁle@é&chfrpm Ci. ealkyl

CIPARYTE 0, HRL SET PECA EPAS 2 Bhpgaons

Orgalodikptyl sC1 diealosliRexy-Canalkyl, Ca. 1{my|aC§ 1g1mam wherem said aryl

or, the trapsition netals can

L ERB £ BRSPS B A RSB G CaBIES RP-arY @raogrhetary
beétlt)d@'gg %%a%f BhERI Wnpnl\tgﬁad tré’tjecte‘?j'rdérﬁ[%tlg %ﬁg‘i’ﬁereof.

can rent’ i n these espects
two or nore different transition netals are used For

AR sRng Bl ATl if ShHAE G, FskoBaNt oAl (more
St Asalityn, @'ef’rlﬂf)ﬁar rﬁﬁta@l@?ﬁetﬁw C91 18!‘151651“{5/?5(%5@ suitably

i nvention a S|ng e activator Is enp he” anmount

Gf-chedeakyf steless Grafigoroativyl, nﬁxraexmnbou&u@rthkd Ce.1saryl

GRAOF EPRES 51 A1 R Y ek PO AR boney)

m@%@ﬂ@)q—?ﬂimhmﬁl@@ %arﬂﬁﬂ@g@ftﬁf%rﬁm Yo 0. Qompounds of

mol es % nost preferably at |east 0.10 noles % based on

fogala (M%W@§r@ﬂ F% rl%lﬁlsma”@ﬂ ofreChl-C bR ol Whneby@ s atsinteger of
(§\Jna'lI ¥%5fo m&0% ﬁh‘tﬁé’ﬁgﬁ%&é‘\m% aLf%yycféjsn'a%Ie{ ﬁjn?rease solubility

ranS|t Ion compou Sele

ertbemoaﬂﬂ(ﬁmdafn&)rmum(li)rml a®sudtathiesadofigpaundecanditéeprocess
ransiti on netal ound_can be a sinple organic

Th
%qc%ﬁréfae darthe '%\e?r%'eumﬁmg ergx oM Sepalade ipgeecls ¢fihgdnvention.
Isl"élfé’rléﬂyﬁ R%?r?i ﬁ'@guﬁé dﬂ?%%ﬁ‘a Qt)%% g hydrogen and

transition net ound is se roma conp

G ogatllyil ninoee pmferajdly Rfoisdadiagenc or di anionic | i gands
The |igands can be nonodentate, bidentate, tridentate
or tetradentate. The l|igands preferably conprise at

REMSthe @denMburd ofForhul@d @Y A% Iéeﬂn@‘@bﬁ?r cé’é&cfl@b? B€ing displaced

enbodi nent at | east one of the transition netal
yfgrifedand & suitablaselec®ddromon- 1 i mi ti ng exanpl es of
r?iHSh conpl exes are described in WD 96/23010, WD

N2,
chloro,
bromo,
iodo,

—NR"‘(C1.6alkyI)2+ wherein R* is Ci.salkyl or a group of formula (X):

Solid N
Support

-3-
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97/ 02298, WO 98/ 30609, O 99/50313, WO 98/40374, WO
00/ 50470, WD 98/42664, WO 99/12981, WD 98/27124, WO

w@o4/pZR% WO 01/58966 and our own co- pendi ng PCT/GB2006/003009

appl i cations PCT 02/ 02247 and PCT 02/02144. \Wen the

-OBOMR° NHREren ar8i id osblg®tbal fRPRPOYRERYICOTREhSBakyl such as
netal l ocene this may contain, for exanple, at |eaSt

one Cyadesiberioalive apil svelsas pheny or tgjuiter erkampleygara-tolyl), and a

pur ' . Lfication the term

"ne?ﬁ?ﬁ@g@ﬁ%5“¥§(%Eégﬁéﬁﬁgfgbéwig% ng one or nore

unsubstituted cycl opentadi enyl or substituted

cycl opent adi enyl noieties in conbination with a group

3-6,trg ion yetal, a group 3 main group netal, a
i pt—Rn actinide. In one enbodi nent the

nmet al | ¢ cat al 0 t L Sel ent ed. by, th .
gener al f or nul a (c‘%ﬁmgﬁ%\%@eﬁ%ﬁ?ﬁoﬁﬁ{yﬁi& n’g:ﬁégl&l’ ﬁglo, nitro,
@l digsolsbf fodingth OC), adddefricpdbove.a substituted

cycl gpent adi enyl gi()ng, a substituted or unsubstituted

ring systemsuch as an i ndenyl noiety, a benzindenyl

RO oy MY, Bk ey oL

mptnrosphol es; Mis a Goup 4, 5 or 6 transition netal, a
nt hanide or an actinide; R and R are independently
Iect ed hal ogen, hydrocarbyl group, or hydrocarboxyl
@&ps having 1-20 carbon atons or conbinations
thereof; n¥l-3, n=0-3, p=0-3, and the sum of mn+p
trquwl, s t he oxidation state of M preferably m2, n=l
.and p=l. The Cp can be substituted with a conbi nati on
'8?°’substituents, whi ch can be the sane or different.
_W(mi_ég'|ky|)}gm>éaé1ﬁlpe‘ssqf1_6§u@ﬂ ituents include hydrogen
or a %near, brapched or cyclic al kyl, al ken or aryl

|
DEO Waeiain R off 1salected deambofatlyi. Orahalostiybrauch as

enmbqdi [ nt.is i
FepresrruoriEIh R sHE AR R BLURoNREP 8RRk G hya v and
@B-p-x , or R's (C5 RV)2Me Q wherein Me is a Goup 4,
5 or 6 transition netal, a |anthanide or an actinide;
at l,eagt—oRe C5 Rra is a substituted
eyel --4@ er®1, each R, which can be the same or

N s hydrogen, al kyl, al kenyl, aryl, alkyl aryl
or arylalkyl radical having from1 to 20 carbon atons
wirereibRe s ssdectad dion hytdragen: 6gealiel hale, Bodmiwopart of
a substituted or :

In one particular aspect of the invention, R?is nitro.

In the process according to the invention, use of compounds of formula (ll) 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 precursor remains bound to the solid-support and may be removed

from the solution-phése product by filtration.

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

4
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15

unsubstituted ring or rings having 4 to 20 carbon
atons, R' is one or nore of or a conbination of a
W@ 200Do040@ ger mani um a silicon, a phosphor ousP@r/G&2006/003009
nitrogen atom containing radical bridging two (C5 Rm
i O[3 9P "He&dLinlthe 8%bé§¥lﬁ%6QWﬂch
ey LSO rEa8y EyEnEho e el o tGes

theamikes ahhﬁ)r%@ﬁ’qadund(?bfffcblemmﬂai(ll) csarme em\galentm b@dnd Examples of
al ken al kylaryl, or aryl al

K di h f
swt@bt@ge%ﬁ ﬁaﬁp@*ﬁ B1RdeRelyRIsHS S%‘?h %ﬁ‘t S%'i‘(gﬁé%“ea ' nﬁg} 2§/Be'block
g%lﬁ@ﬁl ffg gg%mw&ﬁbo@/@g{f@wé gl9561ﬂp%®aéﬂllé?ﬁﬂeab%%pr§pyléne or
glebsor silicen doated ivdthisLahda polymet Ther som Suppermay keisribe form

b h
el Si4-aae TG BB ARngregt PoBLIR 56 BRghgcHTie g e inner
s%}fc o d §r'tr| LS bF 8h AR OMbFivalcanRREari enyl ) zirconium

or | ent amet hyl cycl opent adi enyl ) zi rconi um
trichlorlde

t[l;%teérggs :o%c%)r%ma ?ggr{h q_lr%%‘% dﬁéyg bR HBR) SYaMRE {6l which

sé&@@ﬁ@gﬁééé’ﬂh@)féb@ﬂﬂ%ﬁ@adéLﬁfﬂMéMyCﬁr‘@ﬂTﬂﬁé Bbhd sapyort structure so as
zirconiumdichloride. A preferred cl ass of tranfl tio

tonereaimisermphetvdly. aS@lta@bx%@elﬁﬂE@f BRMBHFRAFLYP 1Y qqq@r?l groups

@gﬁwﬁ%e%%aﬂd e A b el ditdoly 5k librodliyn, and

b[ Iﬁ%gﬁgb :fdl)ljlir,adgfi\ilibctrild\lllfungt\lighhl\droup% sui¢h ay/piridg orsaz[lp)hL]r]amlde
e e:V]e 5a|@p[q8|q sgcylipkersyare Mkpp ,\;ﬂ[ﬂ]lq)qei a‘%w%w%art of solid-

o0 oSt B2 1]l

represents an atom or group_cqval entdty or ionically

bone the transition M Y1 |soC or P(RO); Y2
IS =0 (in whic '
coval -C(Rb)=0 -

) 1
or -P(Rb)(Rd) =0 Ra, Rb, Rc,
i ndependent |y sel ect ed from hydr ogen,
hydr ocar byl , substituted hydrocar byl
het er ohydr ocar byl , substituted %Neﬁbhydrocar byl or
Si R 3where edglh R’ i s independently sel ected from
suipst it ut ed

; gbgr ohydr ocar by g jubsti t ut ed

€ grbyl* and any adj a ones may be joined
together to forma ring; Gis either a direct bond
between Y and Y , or is a bridgrmgvgroup, which
optionally contains a third atomlinked to Mwhen q is
1, Lis a group datively bound toM n is fromO to 5;
mis 1 to 3 and qis 1 or 2. One preferred conplex is
represented by the general formula (I1):wherein Rx is
sel ected from hydrogen, hal ogen, hydrocarbyl,
substituted hydrocarbyl,
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het er ohydr ocar byl , substituted heterohydrocarbyl or
SiR 3 where each R is independently selected from

whyaroemEm hal ogen, hydrocarbyl, substituted PCT/GB2006/003009

hydr ocar byl , het erohydrocar byl and substituted
het er ohydrocarbyl, and all other substitugnts afe as

def i mech abovd} I n the conplex of Formula (N),/Mis
nrief a 0 IV nmetal, particularly a
etal cgparfiQul grly Cr, or a Gy

met al, particylarNyLNIp€o, or Pd. Prefera Ra and
Rb are joined Yogether to forma phenyl, ' '
preferably substituted. Preferred substituents are
Cl-C6 al kyl or C6-C24 aryl or aralkyl. In particular,
the phenyl group may be substituted at th%Lpositi on
adj agent, t he ygen Linkage wt

h/a t\butyl'| gr pupFog am F
O wWhi Eh may -éiiib~s;«m h$ﬂtF F
Areser regl i s tRat\-ef/Fornul aC :
wher 6T M i s Cﬁfll 1], M[II], M[II1], M
Fe[I1], Fe[l1IP &uldi F

, X
E, ®ul[l11], Ru[1V], Co[ll], F
Co[l11], Rh[II], RA[II1], Ni[I1], PA[I1], Qu[l],

Cu[ll]; X represents an atomor group covalently or
ionically bonded to the transition netal M Ra and Rb
are gach i ndeRendent IFy el &cted from hydrogen,
bst i/t ut.egd hydr ocar byl ,

3t & G i t erohydr ocar byl or
SIR 3 (S 1 ndepghdently selected from
hydr ogen, hydr ocar byl ,” substi tuted

SRR, B REFERERY LR gt SLB! BT s hvcrogen or
Cpgdimer to forma ri ng; R5 and R7 are each as defined

above; and L is a group datively bound to M n is from
Otob5 mis 1to3and qgis 1 or 2. Preferably Mis

. b arn
S orthe BocdAs LR e OEE 11 1. GRBBbO! BAErnd of
ﬁfwrmiljﬂla: (|]I L) wl—ﬁltfr% {Il\t\/@i)r,idles{ljliiﬁablyv[QTF[]{Ilhd)t]de lﬁre[yl b%,kt)eff:alf:[eldl Jising a fluoride
Wb{rw | 1SUb Y] | '\i\éﬁ,\/]P:(Frra[éﬁ%,: %{ﬁéﬁﬁamww fluoride, or
t@frbbik}/b h@EREM)rlliLm ﬁ@&r‘idd,,sm@blﬁﬁ Al ’[18%[1.1'0%9 Jeirdd buch as Na'®F,
F%[llf; [T1], Ru[ 1117, Ru[1V], Co[Il], Col[Ill], ,
IRAE) C3'°FRetiaalRyjamimoniym [ B]flucride Xfor esaepiant tetrahutytagpmonium
EFaiiRn BB o Rosd RERoyF WARRER 1t Rl thp goactivty of
thedntitie 08 pABsatralsRNdatalyst sUbR asalreaihopblyidiseradramwn ether,
roup X; YEIS Cor P(RO, Al to A3 are each
fl%ﬁd@b@ﬁﬂ@m_t iy 8.8 2. raaiar h1Priazakicydei8ithEl haxacosane
TBbeR B e B Y AR e R n 2 suitablo sotvent.
T\hwfﬁemﬁfdgﬁdns gig@réédﬁugél;jp{idfl fcfjmﬁf):pﬂ!ibnﬁlly, afree radlical trap may be
et er ghydr ocar .. substituted heterohydr r
5ad 19 RED féw?siaﬂoniygel%@é&&%@h%g iﬂ \éyéf 3@55’9% #ofr 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-Tetramethylpiperidine-N-Oxide (TEMPO), 1,2-diphenylethylene
(DPE), ascorbate, para-amino benzoic acid (PABA), a-tocopherol, hydroquinone,

di-t-buty! phenol, -carotene and gentisic acid. Preferred free radical traps for use

-6-
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hydr ogen, hal ogen, hydrocarbyl, substituted
hydr ocar byl , het erohydrocarbyl and substituted

whedoenzyadr ocar byl ; and R5 and R7 are each as PEf/GB2@6/003009

above. Preferably Ylis C Preferably Al to A3 are each
it W@ ?d&é%@tdth&fho@h%ﬁ HBAENP OS2 Dt | ARA BaPe b&ifig most

al te native preferred enbodi nents, Al and A3 are both
prefanedA2 is CR, or one of Al to A3 is N and the others
are independently CR Exanples of such enbodi nents
include the follow ng: Formula (1Va) Formula

THeMB AtRiY \Aﬁth(ﬂuﬁ‘ﬁbev‘ﬁﬂfa%l}n[ m]ﬂu&@d@lh%t% (l?ﬁ%yﬂﬁ?@ﬁected in the

i ndependently H, or Cl1-CIl or aral
peesrice Ofya snitabile QIQ@IWIG sebmmlsa@h alaacz@mmtkr}’e aﬁ@ethylformamlde

RSB o TG B oG oy P MR bl | 38R, 1.2
cﬁkh@ﬂﬁﬁoyeﬂﬂ’neeéi@ﬁﬁblénepherﬂwhylWﬂmﬂhbryé,,orH'rmi@htdlbqbld such as
2- et hyl phenyl, 2-et hyl phenyl 2,6-dii SOE\WE ehen

an 3-igni %@‘Bpa‘pyuﬁmg/@yye 2 (far di eg@’pp@pympﬁ thylimidazolium

f%nglgbw@pﬁg{ﬁ%tgﬂeng | é)yildg] ﬂ@?ﬁ@‘%}ﬁ?ﬂg?y&m example, 1-butyl-4-

rﬁeﬁy@yﬂﬁ}nﬂﬂﬁny:tetré’ﬂlﬁjrdbom@yl plenydhosphdnietm  compound,  or
éﬂ@ﬂﬁtﬁ'@g@ﬁ ngyqﬁ;é@ﬁzg;{%#?rg:@{;{o%é?tgaerrtwg ¥erreggrg¥dr’e, for example, 15°C to

| °

b P B RO e A, fuch 2. PIC 18 150°C, for example

epryunxﬂ $20°@, Bhel brgetrty s@yent iy Bumaimly pphydiiong) butlimsame cases may
fer reg?]venbog nt R5 is represented by the group
'%‘EPN 8% 0L Whl%sent ed by the group "Q as fol | ows:

Group P Goup Qwherein R19 to R28 are independently

sel ected from hydrogen, hal ogen, hydrocarbyl,
ls winet aspecedf thr,ednm@@tm the fleoksr @byaiin e Bympernd of formula (1) is

N 0 A ALNSES RN oM AR T P, roro s

peHiGll A m’é@ﬂfdﬁﬁ@ﬁ@lc‘rédbﬂhon@@ﬁcﬁf PRIHJIC 85 padiallffor radiofluoridation
substi tuted heterohydrocarbyl, said two or nore can be

qfiaheatepn deh sramaliesystemsr e cyclic substit uents.
Preferably at |east one of R19, R20, R2 1 and R22 is
hydr ocar byl , substituted hydrocarbyl,

Stepdiipinytbe @c@cremsl | ©rcaiviessioh wif gcbdm%@(@)‘ﬁ%/zdo dmydrckgdn is suitably

ef er a tone of R19 and, R20, and
Aested By acisf OrRDase BHEORER - MGy Y SISy o NSNS PG gt non-
r ture.
e
Mr@amuoal fhay ﬁu@penﬁ@med yn pedseticeddffaroaghgaiealvbpt or organic
bstlftuted h}/d a] K
solvent or exampfe Ci.alcohol such as methanol or ethanol or acetonitrile, ora

mixture of aqueous and organic solvents.

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

and hydrochloric.

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

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

-7-
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het er ohydr ocar byl or substituted heterohydrocarbyl .

R19, R20, R21 and R22 are preferably independently
wa@edogoemao f rom et hyl, ethyl, n-propyl, iso-preEyGB2006/003009

n-butyl, sec-butyl, tert.- butyl, n-pentyl, neopentyl,

= > I
t%ﬂ&é}éﬂmgr é%%lh%‘?&%%ﬁ 0%’?‘%@“’1@[’@&% go%g gaéIS&?éfnlcaIGylelds
and dadRR8tcaperifvatibarcibhe fluodegted geodlist. sel ect ed from
hydrogen and C1 to C hydrocarbyl, for exanple, nethyl,
ethyl, n-propyl, n-butyl, t-butyl, n-hexyl, n-octyl,
éé%@l’cﬁés sodium
PR pte SRRl plpRTHAGULpEL K It
hyaide. i 'ﬁUBpHetH\edtgl\xes—rlse)to @odrdliethepnicalafigids @nd@rl%q fagilitates

PR feEnS! e Dot QPO oyl o Cueg e B P hEErdé fiBy be

Bbfgfrﬁéé"rbﬁ|smt§§lb%5?8ﬁr§'§@l9éﬁt@dch0és sedehitilgtop R%I’Oplonltl’lle and at
het er ohydr ocar byl ; when any two or nore of

e@a@tm@ew@rmc@r@s HOde é@éﬁ@;@,, typidgdly iareyrg) 100°C. Sodium

chyoca I?{tbp:lg? §9Tohy§§8r8°$r€éﬁ}él m}@ﬁ@@ﬁnbgaﬁ > Are, aIfo suitable

bbgém&n;geqh sm@;sg cyclic substituents. . Preferred

conpl exes are 2, 6-di acetyl pyridi nebis(2, 4,6 trinethyl
anil)Fed 2 and 2, 6-di acetyl pyridinebis(2, 6

i rap I
ALy ATBERReRO B2l AR a0 LA ISR pcessary o
ubé\pirdil@ctlﬂi@gfdmpmﬂaeglblﬁéf@meahuimﬁﬁnhed silegremafiohsdining organic
the formula -NR3 Q%blv\,hereln R2 tP R32ar . i
SVH@‘@ﬁ@nd%ﬁ@W?‘%se‘Pfe%‘{ SI@I@HI%@?M%&I oungy 'Gdgfﬁ)‘fect'ng Groups in
C S ! RCAPPeter G. M. Wuts, published b

Cﬂé? éfr&o%@%%%lgf ?H?Bdgéﬂésﬁg (tglb(c%lr?t e%{ hetee?rohydr oceLljrSByFI) ° y
Jahd Vlmyy &@dnsﬁhedmhmhfdasmlmmrr@ﬁhmfer hporparating and removing

sub ituents. of such co re di.sc|

ORI BEaT0. | AngY R SpnSiceeEn ARG, Sefs 10R Baftiuiany

bRnefifial ﬁén?bﬁ‘o@%ﬁﬁgﬁ@bﬂps@éﬁ%ng%ﬂﬁe&ﬁh b&&Ed bffoptiula (111) are

own co-pending application PCT 02/02247. Particularly

remeied uader tha enditivrss pt stent(iihew kA do ereidiapaRRrats Approtection

Formula (I1) The atom or group represented by X in the

4 | exes di scl osed above can be, for exanpl e,

sel ected from hal i de suI phate, nitrate, thiolate,

t hi ocar boxyl at e, PF6 , hydri de,

Agydsest Beigji, dhe derm c%IkyJ uedalonergiRoRat B pnother group means a
I r

B3l HHaPhCU RnRhPY cn R EHEABONTATE], ih Rmothy, ety

pFOpyAr isdepropyl, butyl, iso-butyl, tert-butyl, n-pentyl, or n- hexyI

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 ethenyl, propenyl, iso-propenyt,

butenyl, iso-butenyl, tert-butenyl, 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
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brom de, nethyl, ethyl, propyl, butyl, octyl, decyl,
phenyl , benzyl, nethoxi de, ethoxide, isopropoxide,

woomyhziue) triflate, formate, acetate, phenoxiPEr/aBe0o6/003009

benzoate. Preferred exanples of the atomor group X in

otn% or I %W%J‘EQ’B fé(éﬁ gﬁ%bss&gwﬁiécfﬁgc aflgl‘éﬁ)gn?lofsoeﬁ?gp%ﬁ; butynyl,

isocbntyingl, tersblatyniyiier-pettyox ded d—lse»mrwbom de, phenoxi de;
car boxyl ate, for exanple, formate, acetate, benzoate;
hydrocar byl , for exanple, nethyl, ethyl, propyl,

i} X 18R %Y' %?'ahHﬂ%‘i‘ roup means
%Jyg%%%gr%&%}?{t egtt%gl?rﬁoﬁ?gpocar b?/P Qt osayslgét% and grotp
fluord,| cil@ro, BrarheyatibgioX i s sel ected from hal i de,

hydri de and hydrocarbyl. Chloride is particularly
preferred. L may be for exanple an ether such as

ALtSSNNEFRE UhaRei@h “SH/RIURKH IR or 49 pah &P BAbtHREM GFo@S means an

et hanol or 'butanol, a prinmary, secondary or tertiary
aaninadic hadrcmapibmwhgi&e“mmfas%ﬂ@g pyateme suict ag/phenyl or naphthyl.
preferred for use in the present invention are

sel ected fromthose conprising (1) two or nore

A< 88sd héRin ﬁﬁé@érn@%@%ﬂdﬁs@ialbﬁ@@? a8 pairiadf amjﬂ@é‘r dra@p means
the fol owing Fornul a and optionally (2)

%btar%atlch@yq[:@qﬂrbw sdle g paﬁu&%dmgvay&iewwéwu adgigonally

ddMorideer BPARGE %%t&%taf&ﬁg %8,(§cfec9frngs%hMW'nﬁFbg%W P8 oxygen,

sat'urated or unsatura unsu ted

suichsds pyridst] thipphehyidbenzothiazdiyhdmmapkazslglipsfuryihe
atons Alto A4 conprise at |east 2 carbon atons and at
| east one at om sel ect ed fromN, O P and S, the

Tr?éT%r(%é“s% AL IR g; car rr‘n)é@vnohfhﬁé“bertﬂﬁﬂ&guﬁlﬁ{/ g6t §9nthesis of

nitrogen an on; any 2 or ‘nore of can
domnpoyrarstofddrnaute (k)lm which R'Us Chealkyl, agd pasticear]y Metlsylathus the
to 11 of the

qqg}':@a#gfﬁr\gg]erﬁm g@ in fhe gﬂrgppggng? gf gfrrgﬁﬁdgﬁ gﬁg{j@)sls Ci salkyl and
Raachiagy Shedyeictila QbpsRid bepbenst theMmesiibans and

bei ng independently selected froma substituted or
unsubstituted carbon at om or (i) aliphatic

CHRGERES Hormblrig s DS YA Ra8Y LoebLhbp figfero roue

|h)tﬁ|é @@ﬁfd@)ahd(df)foﬂ?ﬁﬁlaf(gqy%‘h@ o pei fo Eegrovib)- NéR )C(O)R as the
grosubstituted derivatives of ,said groups (i) t

NB )CJ(Q)B Rogitiengd sther PPAG ori” b hWFQS@PBQWQaQCHﬁ’@OU”d of

SR AL A AT OB AT GGG b/ Ao, Prefiraniy
theslubss §touipdd they chvaboget obforimyitir Griaroniio tg tivaigeupBNERYC(0)R?

el S90St pompethe e b ey o
Bk R Sumber of X and L oroups sati sty t he

val ency and oxidation state of the netal M

Certain compounds of formula (I) are known to have use in diagnostic and
therapeutic methods, for example the benzothiazole derivatives described for in
vivo imaging of amyloid according to the methods described in WO 02/16333 and
W02004/083195. The methods previously described for preparing these

benzothiazole derivatives, although suitable for preparing small amounts of the

-9-
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For the avoi dance of doubt the term "unsubstituted" as

used in relation to a hydrocarbyl or heterocyclic
w@e@ap20e@ns t hat any hydrogen atonms normal |y PCT/GB2006/003009

associated with such group have not been repl aced by

o5 BB Uy o OB S, PR (ool o s

tHag tiedreaydis @ rggerlior inprovbdmpabtessesiioaihed pﬁepanaﬂion particularly

atons in the ring. In a prefe denboc’ ms}w ﬂ et
fqg@g@mmqar@{pé,ﬁeitt@}g KA,sSmgg c’ @Epyey ayicleopnilic uorlna ion of an
a%?ﬁ%glnng‘:g%abg' b At Whé?’@dtl’@Z rlﬁgnlsbﬁlééﬂ%nsﬁﬂﬁ Ofn the

onor atons oOr dgroups, | e oxygen
cemipbunds mif tforgela @a) ahd <) draisw, t@ aub%tri‘ruimtm paﬁernﬂﬂ%es the
Preferaply

Ay NG SIHFGHT ta foRHnAS. SATFEPR I e RER 3 Sy T BrobfBbr for
ﬂﬁ@@%ﬁf&irﬁ %ﬁ’érk {25 %tﬂﬁ & %%)fhm%@fe% in g%b% ﬁé’l@ RAd cOUR then
ogen or (I atic hydrocar byl alicyclic
blaydatdxt;ardm/lertechto ffmab;br@dacil wemey@rcmjamyc aS emorsat@@d below in

Essanan o R e A —

f&f;%ﬁére&ibh df@ €dthpolivd o} fdmringanby! - substi tut ed

het eroat om groups and (viii) further

i m dazol e- cont ai ni ng groups Preferably D1 is nitrogen
for exanple -NR L~ or —N— a ni trogen-contai ni ng
group, for exanpfe -N(R ) - - wherein R represents a
monoval ent BRquphandS D -nts A dival ent group
derived from xapphe .||c hydroca Pyl
groups suchpas etrhy et ethyhgnyl buty hexyl ,

I sopropyl ﬁ% tert-butyl. Exanples of suitabl e
alicyclic hydroc%rbyl groups are adamantyl, norbornyl,
cycl opentyl and cycl ohexyl. Exanpl es of SU|tabIe
aromati ¢ hydrocarbyl groups are phenyl, biphenyl,
wraEaihhy!l , phenant hryl and anthryl. Exanpl es of
suitabl e al kyl substituted aromati c hydrocarbyl groups
are benzyl, tolyl, nesityl, 2,6-diisopropylphenyl and

B R S Tk By el

2-furanyl, 2- pyrrolyl, 2-quinolinyl. Suitable
bgstifuents,.,for form ete bstltute eriv ives
R Fadie S0dR e raah MREbeddenty o8 Seled fmany ERBHJlUorS. ehiore
i r i r 11
tﬁé@ﬁ;;?yo @oaglk}/l @?Qalkéh K @2 seﬁWrﬁ}ny’ E%OQ\WH@mem 1OZC or 3),

@Fﬁ)CHi—@I—&VoQ#C(—Iz-@HgY m@wzeakw Q(QW{CB;@CLZY (wherein Y is
X t¥ lgoq@fg%r{{g&ﬂ%roa'%mmo & SR (c=0)-R™, N(R™)z, NO,,
(C= O)N(R“)g, oco) R, oR", sR", COOR", Ry, CR"=CR"-Rp,

CR”Z-CR”Z—Rph (wherein Ryn represents an unsubstituted or substituted phenyl

group with the phenyl substituents being chosen from any of the non-phenyl
substituents defined for R’ to R and wherein R is H or Ciealkyl) 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-phenyl substituents defined for R"to R';

-10-
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t hi omet hyl, thiophenyl and trinmethylsilyl. Exanples of
sui tabl e heterosubstituted derivatives of said groups

W@ ego7oz40v) are 2-chl oroet hyl, 2-bronocycl ohexpdT/GB2006/003009
2-ni trophenyl, 4-ethoxyphenyl, 4-chloro-2-pyridinyl,
4- di met hyl am nophenyl and 4-net hyl am nophenyl .
Exanpl es of suitabl e hydrocarbyl -substituted
‘NB?EK@%NRﬂﬁagfoups are chloro, brono, fluoro, iodo,

i LrQ, ] no.. et her. hydr.axyl i1yl
(hBig 8L Rors BRRung e Rro R SrimuBaf) U1 oy
(i.e. -OC 6H4(CH3)), xylyloxy, nesityloxy,

di met hyl am no, di et hyl am no, nethyl ethyl am no,

t hi omet hyl , thi opffenyl and tR% nmet@ylsiiyl. Any of the

substituentﬁ;Rl y ~be Iink%dqtg% formcyclic

structures. Sul , 1lmay al so suitably

be i nor gani c ;glQups ‘ ,chloro, Kiano,

i odo, nitroR anipo, ano amd” hydr Byl D2 can be, for

exanpl e, any of Rhe donor atons or groups specified

above for Dl1.Wen D1 and / or D2 are an

i m dazol e-contai ning group this or these can be

\&ﬁ%&ical with K In a preferred enbodi nent D2 and K
S'Yentical inidazole contai ni ng groups. The

R hisdesrivled-foptHeabdthpeud 8RRkl (1BY,ef erably a group

selected fromFornulae la to Via: wherein the grou

Eenybrirg Atisfubsiitirgp an define forbengerpaimdoiforula @;)t and

i ' td I i{)~alj ' d byl
81 I PSR 068, %3100 5 Pb BN G et o BT g terviati,
-4C Hp@HL0 )G HE adwrdiyilq is\an intdgsrafyedn d tgriaips, (vi)

terosupstituted derivatives of said ?roups i) to

Vi, 8 IBRMINGITPYP RPHINRALPT thausrmpeuR@ aT Frstetia diJom

T 9 30 My lce- t.gj\ni ng
S e R A SR R e St R TR LR P
(these are "benzi m dazol es"”). These defined groups R2
t. 1.preferably contajn.1 to 3 nore preferably 2
V{”g"' g‘é‘?”‘fﬁb@%g'ﬁ?@r%}%w%fé"'m"%aﬂﬁbn atoms. Exanpl es
of suitable aliphatic hydrocarbyl groups are nethyl,
et hyl, ethylenyl, butyl, hexyl, isopropyl and
tert-butyl. ExarglPes of suifableQlicyclic hydrocar byl
groups are gganantylg norbodnyl, cyclgpentyl and
cycl ohexyl . €s Qf s 5l e dromatic hydrocar byl
groups are phe i \ phxhyl phenagitidy yl and
ant hryl . ExRnpl of Nsui t abt¢ al kyR' substi t ut ed
aromati ¢ hydroca&byl groups are benzyl, tolyl, '
nmesityl, 2,6-diisopropyl phenyl and 2,4,6-triisopropyl.
Exanpl es of suitable heterocyclic groups are

thé’ n lgi QXC'! RZ%_rg gg Idg qug(lj for%ﬁé Igloo p%?]% Io’f fozr_rr]lculfarl ?l?a}/)l bhézﬁyl 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 (iii) in any order

(i) conversion of group —C(O)R?to hydrogen, suitably by hydrolysis
(iif) removal of any further protecting groups.

-11-
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pyrrolyl, 2-quinolinyl. Suitable substituents for
form ng heterosubstituted derivatives ofsaid groups R2

wo eo0R0d0400 €, for exanple, chloro, brono, fl uorkCT/GBA®E/003009
nitro, am no, cyano, ether, hydr oxyI and silyl,

%ﬁ?%ﬁ@sﬁ%}?{;ﬁyﬁn (Ims)ssnd 100 Eﬁg’t eé%%%ncﬁhg Brocess

adt@ding emthe, mV@ith))H GR YR nRA Oandi TFR@rrearieybultatﬂy aetetigd from
and trinmethyl sil

oG08 D DU (s M O OB 0GRy e R s selected
@ ?(Erggéegalﬁld% lt% 1 )} Bﬁ*?(&f)@%éﬁ('eﬂwo?é%ébkgn}(l 81 6al’<oxy, halo,

aﬁdda rm‘bt’edt@dndmwbevglofaamy 4hambhy8&rtabieppm’n@/¢ted derlvatlves of
es ui ¢ abl rocar byl - subst i, t ut ed

St Ergdﬁ%@nge%ﬁ M?@ i g personsiiied in the art,

aHHtaLrQ de@gh irfY r%t\}\‘leGreQNél ‘faﬁd}fietéf‘@ WI |\Mhts as referenced

oxy, enoxy (I 5 OOG ol yl oxy
h(srelabefo@ M(@lﬁ[&)ple xxchlew IaxyR rFéslqrleoxy$ hydroxy, the hydroxy

t hyl di et h h
Ao By PUTEY oFRISHIShnte | 71 R LT Oy ghp, gch as
e%&@ﬁﬂémé‘{y 8r Rt yMmetaYxpe |inked to formeyclic

structures. Substituents R2 to Rl 1may al so suitably
be inorganic groups such as fluoro, chloro, bronpo,

SPGB o 3 01, B oo o

Ayl biaraatthaded8BfoPmu \Mqups Eis divalent when p is
zero, and trival ent en p = 1. E is independently
selectedfrom(l) al i phatic hydrocarbyl (i)

alicyclic hrdcocarbyB, (iif¥qromgflic hydr ocar byl ,
(iv) alkyl sub t egh @ drocar byl (n@
heterocyclic grayp i Ar ost)ﬁst i tuted

derivatives of said groups (i) to (v), and (vii)

hydr ocar byl - substi tut ed het eroat om groups. Exanpl es of
swtable di val ent groups E are -CH2-, -CH CH2-, -CH
VIH2ERDR | islseectptidrom EnealkykBeshlkenyly endgenedisyeyl; and

o R BRERIAT oo TN N EORRY o PERMHIR uhplin R is

b4 Piish OnyHro@ér‘P Bk Cchxﬁikwéarcnygaw oD, eaMéh?l Ca.salkynyl,
preferably tHhe dival ent 3r ou - anpl es of

Gugalkaixye hald, \ariceat prptetie d@rmagve off-any. Mgf, and is preferably

RSB B L MRk, 4P B SO Ghy rreon,ancs

rilbreab RIFé ra s Sle aidaiofo @ IDxioxy, tmethoxyf and @xpmbdz(&ed foerinative of
part of a saturated unsaturated or arorratl c rin

%W thareehrTheralase eacceiding to ene prsfgrigd @gﬁe@w&%@yentlon there
LA ko5, R PRESAAIAT o YA SHBIAIIES

the ring. The values of m n and p in the present
i nvention are independently or 1. Preferably m=n =

p. Mre pref%rably mandn ebothlandplsOor 1.

wherein

-12-
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Wen m n and p are zero in Fornula A the Formul a
reduces to Fornmula D. Fornmula D wherein D, E, K A

w0 200202080 X, L3y and z are as defined above. TPEI/GB2006/003009
transition netal conpounds of Forrmula A and D can be
TR t fc nds. Exanpl es
Fgf ‘;&!l}all({:cgc%{i"ﬂ%n\( 1%3|k9l;?§6|¥|i§|éhgf 2|rﬁgt&e ?nwgglpenm ng
Pat ent Appli catl on WO 2004/ 083263 published in the

PRSI T R O (R ra s el R ARST)

OSIMALY Ot | ol QU malb, Cé?ﬂ)t ai g1oterted @i@ﬁ‘{/aﬁ’vééf BAY tﬁél‘é@ﬁ and is

inits ring and preféerably has 3 carbon atons in it
Wrﬁf@abm’[eé frs:’rm dyidray, €15atkenpeand arm'ptgqb@yclbrmatlve of any

e 2 BoRuBtPeseRl e reh Rudiony Bl bhedid aprotected

derivialive of egRecthesedfy the "free” val ency

bond: FLUORI NATI ON PROCESS OF AN LI DE DERI VATI VES AND

BENZOT HI AZOLX FLUCRI NATE DERI VATIVES AS | N VI VO
eﬁ%léﬁs The present invention relates to novel

process of fluorination, particularly |

H] rebotisn baaloorreef)omhg@bmmﬂmmedﬂmrm@l@rqdbmds, and to

t he novel precursors used in the process. The

i nvention has particular utility for a class of

benzot hi azol e derivatives whjsch gye known as in vivo

i magi ng agents. FI uori nati ofy of a 4 ¢ conpounds may

be perfor meB~j a< %’" n with nol ecul ar

fluorine, howe Pe Niluorlnatlo @f

aromati c conpo 3 WM N ne isigeneral |y poor

and non-sel ective mst hod. Different el ect roph| lic

fluorinating reagents pr epar ed from nol ecul ar

fluorineg, such as CH3COOF "AcOF" have been devel oped

wlu@reyuﬁ eis selpeted) frama@haalky. Geaalkenyl, and Cosalkynyl, and R® is

SdrplnioRy , HeitoBBhe (uism. o e PNRu el “CLASatiy

-I(IBHB@H@O)@G%tvhﬂarmew RR&Tintegerasttiiomtiytoofo;t he products
optained nean that it is not a favoured approach for

Rolfreleavig giovgas definesk for srromapend of foradachs
| fl d
AR RoBta 1o O BORRL AR JPRORRIR (> "0 o ety

aval | abl e reagent than the el ect rophilic reagents and
s. obt ai ned are_of specific activity
Wit 2hOF<e fedukengesteurd of farmi€ba " vi vo s nmgi ne.
Nucl eophilic fluorination of aromatic rings,
particularly those which are electron rich can be
probl emati c. For exanple, ngcl eo%l‘ic fluorination of

2

R? S R
\@N/ N\R1 (Illb)

wherein R' and R? are as defined for the compound of formula (llb);
R? is as defined for the compound of formula (Ib); followed by step (ii) and

optionally step (iii) in any order

13-
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ani |l ines, where the am no group adds to el ectron
density of the aromatic ring is difficult to perform

wah@7pe@sent i nvention provides a precursor suPCEGB2006/003009

for nucleophilic fluorination to give a fluorinated
AedriviRsioMir ShofP IR O B HYMRRRIN, Litan ey [icRblysk! ect s
(iﬁcl udiﬂgﬁwg‘gf%%g@g?i@zvgt%n ofn t hle a?or)r/aﬂ C |yi Ing to

(fil) pembwaltofamy fhidhespratéctingf groups imaulbstéuent’t.i nat i on
.reaction, and facile conversion to the fluorinated

aniline product. According to the invention, there is
CorRpbUsds 8f BFPAGREYI1EPAnP(IRNRBd @bole BRERAYERR brecursors,
formula (1):wherein phenyl ring Ais optionally

useigtfor the greparatiomn ofl ik utyot imaging sgems ard dtretaredorm further
fr C.al kyl! - al kenyl, and C2-6al kynyl which

Q%’%ﬁsl %@b?’ '?Ye)‘n%l%gacti on of a correspondi ng conpound of
formula (I1): wherein ring Ais optionally substituted

as defined for the conpound of fornul a_(ll); R2 is .
Rrefescedareckisara ghiosgeta (la) angd4liR)include theseawbaradgT is hydrogen

G g RIS R LT, Sy

mhmyt;odﬂﬁ)ﬂwﬁﬁéf Ffed‘u@%drsl ia which RﬁdsFﬁtrbSré@y:c a?wei rpgllrticular utility.
roup; wt ugride to gl ve a conpoyna o ormul a
ampplngie e fermrela Alie) pod 1B) WA Ret$ MstroxRer Crsalkoxy or a

I - s
EORRRA o BipR 1D o, 236 HRUE PEHC I . ? One preferred such
aregyrsbol | owed by-BStreipro(4-{metytfoopylaaniad JpheayigH-¢thokymethoxy-
in_a order (ii) conversion of group -C(OR 2 to
W@P%@?ﬁlesui tably by hydrolysis(iii) renoval of any
further protecting groups. Phenyl ring Ais optionally
substituted by 1 to 4 organic substituents for exanple
GCaneniendlyt apiecuraor e foantlen(d), (bapenp(llb)eaold ks arayjded as part of

Lber xBmle Bueirobd PR The b ey Gariage
wifigh kddn b@?pl@%ﬁé@ﬂbﬁo aCGui K wabtedCautdiphieeX ¥ykthesiser. The
-6al kyl, G -o6hal oal k C2-6hal oal kenyl

I,
captrigagl reay kpRtain, apart %Oﬁhﬂ'@awfl@@%pﬁoﬁ a cghinpy o rezgoye unwanted
R |995apézarrrg§bgrééﬂfn&r Se&sd) %ﬁ‘ln%c?%&’ %ogé}djicﬂgﬁc?\k%e reaction

substi tuen her-substitute
mixturarty beave pocited einarallowsthb $rodiwet id be forstidateldaers required. The

rfggggétlg@_rnidns%l\ﬁe’ntg %%d%tﬁerero éoencstu(ren(]lab(ljleesr rie\éaitr(iaa/ For(t)lge g}%hesis may also
be included together with a compact disc carrying the software which allows the
synthesiser to be operated in a way so as to meet the customers requirements for
radioactive concentration, volumes, time of delivery etc. Conveniently, all
components of the kit are disposable to minimise the possibilities of contamination

between runs and may be sterile and quality assured.

The invention further provides a radiopharmaceutical kit for the preparation of an
'®F_labelled tracer for use in PET, which comprises:
(i) a vessel containing a compound of formula (11), (Ila), or (lib); and

(i)  means for eluting the vessel with a source of '°F ;
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R2 in the conmpound of formula (I1) is selected from

hydr ogen, Ci -ioal kyl (nore suitably C -6al kyl, yet
woreeog/0s04dd abl y nmet hyl ), C _10hal oal kyl (nore seCT/@BR0Op6/003009

G -6hal oal kyl such as G i- fluoroal kyl, for exanple

|f| 4 j hany =

(T i T R T e Sl A SR
(lb¢n233| Jartritiye fot GBI an SHBewksultant pyodsctaof formelggt), (1a), or
of frl%i m1l to 10. Conpounds of formula (11) wherein R2

)oal kyl or -(CH2CH20) g-CH3 wherein g is an

|nteger of from1l to 10 nay be used in the process
where it is desirable to increase solubility of the
Ttenjpeenibrofurtrermrbeides 19 camddges faua Inaaiibpb&rrnanm@iaablsit for the

j .
oY e SURIRe (CoE IR YSety DI GYDPRERS  Ro
W‘a B&s %Bﬂ%'ﬁ‘iﬂg%f ccﬁrﬁf)&lﬂr‘\@o{ fdrbnuuasusep%gt &d IlfU)Oéﬂd

ydrogen and G - nore prefer
(ln)ymeagefor mtlmg]thm‘eeasehwdhmsmﬂ% ofmida (11) | s a

| eavi ng group, capable of being displaced by fluoride
and is suitably selected fromnitro, -N2 +, chloro,

d‘&rﬁﬁ@und@dﬂ,fonNﬁié((@b (ﬂ@?'éﬂd OIFZ))Tn?s)(fBé irepdiédifiom commercially
Cl-6al kyl or a group of fornul 2R5 wherein ?
aveilalipstardng majaiiais m@énmtam@gumah@aa&m&rlb%@hm@, 02/16333

SANEPIOANRERRLY oy o0 RSP a8 ol Loimoi by

theimdthddebesaibehideloesired in tR6 exangeésct ed from
hydr ogen, C alky!, halo, nitro, and a group of formula
(X) as defined above. R in the conpound of fornula

GdrhpolifaSyt AL 66! @Sh.ethd ([1BTwhBlih &R°is Nro may be prepared by

methods analogous to those described in Example 1.

Compounds of formula (ll), (I1a), and (lib) wherein R®is chloro, bromo, iodo,
tosylate, or an iodonium salt, may be prepared by methods analogous to those

shown in Schemes 1 to 4 respectively.

In Schemes 1 to 6, R? is as defined for a compound of formula (1) above, R in
scheme 1 is an alky! or aryl substituent , Ac is acyl, Ts is tosyl, NaHDMS is
sodium hexamethyldisilazide, TFA is trifluoroacetic acid, Pd>dbas in Scheme 6 is
tris-(dibenzylideneacetone)dipalladium(0) and the other abbreviations are as

defined in the Examples.

-15-



+, chloro, brono, iodo, -NR4(Cl-6alkyl)2 + wherein R4
is G -6alkyl ; -OSO2R5 wherein R5 is selected from G
wo daikgd4po Ci - 6hal oal kyl such as C-t- perfl uorpai/kpkgo6/003009
aryl such as phenyl or tolyl (for exanple,
par &scha@hyh); and wherein R6 is selected from hydrogen,
G -6al kyl, halo, and nltro In one particul ar aspect
of the |mwenfp8ﬁ*H Ot ro. In the process
accor to the i'n¥enti on, uses/of\ eonpounds of
f or Q!b Y% Tn whi ch R3 conpiised a\gkoup of fornul a
(X) allows the fluorination to be pepforned in
sol i d- phase which may sinmplify purification of the
fluorinated product as any u Egg pPr ecursor renains
bound to the solid-support nisga e renoved fromthe
sol uti on- phase product byyfiltration. In the group of

fopnula (X), the Solj4 Supp any,sui tabl e
sol %}sesuppgu@ugh | sor,;dLOA'JH%E%&g o A %@
to besused in the ceys” btgsctoo m,tchthe

and/ or conpound of formfla (11)°can be covalently

bound. Exanpl es of suitable Solid Support include

pol ymers such as polystyrene (which may be bl ock HBr, reflux
grafted, for exanple with polyethylene glycol),

pol yacryl am de, or pal ypropyl ene or glass or silicon
coatech Wid h su%h a oolyner Te&uapol i d Support nay be ci

in the Tor hscrete particles $Qsh~assbe /
\ he Tnner / N
or pins, or@&sNa cedtihg on the, inoer surfa& a B
cartridge or on a n1crofabr|ca€ea vessel. In the group
of formula (X), the Linker nay be any suitable organic

group which s {%88 tghéggggnlhe reactive site

sufficiently Support structure so as to
maxi m se reac |V|ty §U|tably t he Linker conprises
four—ary—groups—{suitably phenyl) and/or a G

alkyl or G -6h® oal kylf (suitably G -6

dor S.a tionallly one to four additiona
function ou ue @s |am de or sul phonam de
groups. Exanpl es of sdch lji nkers are well known to
those—skitted—+n—the—art+—of soli dphase

CHLORO PRECURSOR

-+
()

ro
LI/

<

=~ 1 N

6
I

85

Scheme 2

Br
2
NN s R2CO,H \_O_O S !
/ NH
\ 2 \@ ) N 2

BROMO PRECURSOR
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chem stry, but include:wherein at each occurrence, n
is an integer of O to 3 and RL is hydrogen or

wW@R00Gakdeyd . Step (i) of the process accordi ng POI/GB2006/003009
invention i.e. reaction of a conmpound of fornmula (I1)

wth f | de, suitably [18F]fluoride may be effected
usingggggﬁg%side source such as NaF, KF, CsF,

tetraal kyl anmroni um f | uori de, okntetraakgyl hosphoni up
fluori de, a'§F] fluori de.seur as N
Nal8F, K18 3F,\\t et raal kylcagmmni um [ 1 H

(for exanple, tetrabutyl amofictprehit8F] f1 uori de
t et raal kyl phosphoni um 18F fl uoride. To increage the
reactivity of the fluoride, a phase transfer cabsiyst
such as an ami nopol yether or crown ether, for|exam e,
4,7, 13,16, 21 , 24 hexaoxa-1 , 10-di azabi cycl o[ 8 8,8%p
hexacosane (Kryptofix 2.2.2) may be added and|the
reaction performed in a suitable solvent. Theke
condi tions give reattive fluorigﬁ ions. Optionally, la
?hp i

% Be Padisalst rap=ay be udedk id n
yi el ds, o @ ﬁﬁeve—zeweﬁ—tﬂ 50, The, N7

"free radgicalN trap” is definmgk as any ag at
interacts with free radicals and inactivates them A
suitable free radical trap for this purpose may be
sel ected from 2| R2@H. TeLEQAA9:pi peri di ne- N- Oxi de
(TEMPO, 1, 2-diphenylGtBlyl ene (DPE), ascorbate,

par a- am no_benzbic acid (PABA). a-tocopherol,
nydroqui none, di-t-butyl phenol} b-carotene and

;enk%g;ccﬁcio. Rreferred free riadical traps for usein

t he pfoeesy the -on are TEMPO and DPE, with
TEMPO bei ng pr e —Rehel treatment with
fluoride, suitably [18F]flgoride in step (i) may be
effected in the presence of a suitable organic sol vent
such as ac bk i met hyl f or mami de,

di met hyl sulp o&% dé%ﬁékﬂhylacetanide,
tetrahydr of uran, dioxan, 1,2 dinethoxyethane,

sul phol ane, N-nethyl pyrolidininone, or in an ionic
liquid such as an i m dazoliumderivative (for exanple
1- et hyl - 3-nmet hyl i m dazol i um hexaf | uor ophosphate), a
pyridi niumderivative (for exanple, 1-butyl-4-

nmet hyl pyri di niumtetrafl uoroborate), a phosphoni um
conmpound, or tetral kyl anmoni um conpound at a
non-extrene tenperature, for exanple, 15Cto 1800C
preferably at el evated tenperature, such as 800C to
150C, for exanple

-17-



around 1200C. The organic solvent is suitably
anhydrous, but in sone cases may contain |low |l evel s of
WOR021020400 one aspect of the invention, the flBROIGB2006/003009
group in the conmpound of forrmula (I) is [18F]fluoro
and;cmelﬁe4fl uoride used in step (i) of the process is
]fI uoride. There is particular need for novel

m | dati on nethod especially for
rad| §ridation of eb Hozri ch aromatic systens.

Step (i) in the proc ss, I.e. conversion of group
-C(OR 2Hto hydrogenzi/é suitably effected by acid or

base hydrol ysis , usipg™h organic or inorganic acid,
at nonextreme tenperature, for exanple ambient

ragure fo reflAx tenperat ure. Tne rea tlonoﬁhy be
permed+| n p :;@u:., of _an_ague.qus ) g@nl c
sol véntNt: f or @xampl e G - 4al cohol such
et hanol or acetonitrile, or a mxture of aqueous and
organi c solvents. Suitable acids used in st e$BF§r| an

[

i ncl ude hydrobromc, trifluoroacetic, phosphorit; *and
hydr ochl ori c. Suitabl e bases used in step (il) i ncl ude
sodi um hydr oxi de optspot assi um hydroxi de. Use of sqdium
hyd‘m%& : iic sofvent suchras acet onikril e,
at el evat sdi-afipevaf ure for exanple aro 1 0,
give rise to good r adi ocheffit & yi el ds and YaciTitate
purification of the fluorinated product. Alternative
bases used ijn step (ii) include non-nucleophilic bases
such as sodiyum hydride. This nmethod gives rise to good
r adi ocherri cal yields and al so facilfirtates purl frcatT om

of the fluori nat eqP prooductCH'NPFelﬁﬁ ment VM tch Lum
hyaT” de a Pred i'H a suit abl & apr G ‘59&_}9
such as a n|t Ié# or propionitrifle and Nevated TR

tenperature such as 40C to 120C, typically around
100C. Sodi um bor ohydri de, |ithi um bor OhY%h‘{i‘?apR@&ﬁisoa
['ithium al um nium hydride are al so suitable bases for
use in step (ii). As would be apparent to the person
skigeheg@d s N the art, it is sonetines necessary to use
pr otecting gr oup strat egies to pr event unvvant ed\ /-

| deor eactions guri ng on\gamsmeasy anpl
stch -- @ d ot ec Nl/n
Organl C '\ht hesi s, Tl"l‘iheodﬁ‘teé: ’W G eene et -

Wit s, published by

QAC

@/]\OAC TFA
;o TEA
) N 2
N R
(@]

IODONIUM PRECURSOR

5  Compounds of formula (II), (lla), and (IIb) wherein R®is —N," may be prepared
from the corresponding compound wherein R?is nitro, by reduction of the nitro

-18-



John Wley & Sons Inc. which describes nethods for

i ncorporating and renovi ng protecting groups. To avoid
wanneozEsary synthetic steps, it i s particul arPgI/GB2006/003009

beneficial if any protecting groups renaining in the

u r | t
glcogﬁpfq Iggﬂrg(f) {o? {%ﬁzlg *é %%Q{X@rcgggé@é Jb@;/‘é}‘seésac!r’égalgst and then
dreptigitRet isiig JaND,.As used herein, the term"al kyl"
used al one or as part of another group neans a

saturated straight or branched chain hydrocarbon

. 5 [l |+ .
Cufieiioe TR (TP Y. o) wBichPiis (¥R (Cgiyhe’ ray b
pt@%ﬂe@@bed)nd,ingtmsmemeﬁal kenyl " used al one or as part
of another group neans an unsaturated straight or
branched chai n hydrocarbon radi cal conprising at | east
SRAEnfedE bon to carbon double bond, such as ethenyl,

|, /so-propenyl, butenyl, /so-butenyl,

ferf-butenyl, p- pentenyl and n-hexenyl. As used
gerei g, the term “al ky | " used al ope or \gs part of
a er group gean @ uUnsat ur at ed st ght or

ied ghain hydrecagith radieal co .rNsF%g at
Ieastone cagbomctp car Bon triple bond, stch as
et hynyl , ptdpynyl, /so-propynyl, butyn |, /so-butynyl,
te/f-butynyl, n-pentynyl, and n-hexynylﬁ“ﬁ@*used
herein, the term "hal 0" used al one or as part of
anot her group neans 5 fluoro, chloro, Rrono, or iodo.
As used herein, the term"aryl" used al one or as part
of another group neans an aromatic P arbon single
ring or fused ring system such as ph v OP napht hyl .
0 As used herein, the term"hetaryl" used al one or as
part of another group neans an aromatic, hydrocarbon
single ring or fused ring systen%mhlch dditionally
conprises 1 or nore heteroat oifs sE:Eete ﬁ%@ﬁﬁsulphur
nitrogen, and oxygen_such as pyridyl, opheny|
benzothlazolyl benzoxazolyl or furyl. 5 The process
according to the‘hmv nt@gnmggs particul ar uﬁ1hjty for
synth@s@ scogg?unus of forrul& S| n Rl is
C1- 6a|k tNclillarly met hyl ey rocesses
mhereln Rl in the conpqgunds of formnula (I) (rry,

TTT) 1s G -@8alkyl, and particularly nmethyl forma
separate aspgct of the invention. o The process
according to t@ﬁ“ﬁﬁbentlon is particularly useful when
the fluoro grioup’

o TG ¥

L

Pd dbaalPPh /
Cs,CO, dioxane

HCOH,
CH,CO,COCCH;,
CH,Cl,

N

- N
AN dimethyl sulfate N H. PdIC N
NaHMDS 2
cl NO, — = NO, —— = ¢ NH
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in the conpound of fornmula (1) is ortho o para to the
group -N(RL)C(O R2 as the -N(R1) C(O R2 positioned

wW@raono2@n0 para to R3 in the correspondi ng conpPCHGBRG06/003009
formula (I11) may activate R3 to nucl eophilic

The RVRREBR TS nBYy igﬂfjét?étbg By ﬁéfl;oe !H?@\fdﬂovs}irﬂf EXBHYIEs, 9h Wch the

in the conpound ormul’a ( is ortho To the group

folgwnp@reviatisnaae u$ed:group R3 in the correspondi ng
d.of formula.(ll1) is ortho to the group

6&‘?&%@(@@"}8@@ ' econ‘pounds of formula (1) are

opMdidHloldavsthage |1 N di agnostic and therapeutic

net hods, for exanple the benzothi azol e derivatives
5 EHMGl ebexymethaxyshigride i nagi ng of anyl oi d according

: - i1bed in WO 02/1 6333 and
@%?fﬁg%'@ﬁzﬁ%?hods previ ously described for
RT epodrnrtgnigeesiardenzot hi azol e derivatives, although

uitable for_preparing small anmounts of theconpounds,
UF £ Eotralyskolsvdd  r adi ocheni cal yi el ds and poor
r Ly L hat there exists a need for
'P’ﬁ%‘rg@ggtr%ﬂ &%ﬁgléﬁls@dé'n%hei r preparation, particularly
10 WMar. :anadtimgrppiital setting. As nmentioned above,

nucl eophili.c fluorination of an aromatic ring can be
eﬁ”oﬁqé‘ﬁ@ﬁ'ﬂsv\here the ring is electron rich. In the
Eemouagy| 8éethey Mul a (1a) and (Ib) below, the
substitufion pattern makes the aromatic ring difficult
QYA | yuaterrarg anmanoeipl s t o design a suitable precursor

f f.lLuarination 1 C s_st abl coul d be
'?”Iglggr‘i BS%PW]@%%%W%“EIC@?O@?\@%%@% then be readily
15 mpwemt;qﬁiutnqe(é)nal product, were problenmatic as
denonstrated below in Exanple 3. Thus, in a further
Hdpethindayarwbromaarapn there i s provided a process
t ' of a compound of fornula (la): wherein
Jpﬁ‘?'i‘"@'@@‘“{fﬁ){é@i‘}e@nf rom Cl-6al kyl , C2-6al kenyl, and
NIIRG aluksieay ImadieticR8sof¥hceand R10 are each
i ndependent|ly sel ected from hydrogen, fluoro, chloro,
Mpomassispgsiromeiiky! , C2- 6al kenyl, C2-6al kynyl ,
20 (CH2) nOR11 (wherein nm1 , 2, or 3), CF3, CH2-CH2Y,
0-CH 2-CH2Y, CH2-CH2-CH2Y, 0-CH 2-CH2-CH2Y (wherein Y
EBxamgpeleect &d f Bgnihiasisor oof chRdBenitrbrdefmethgticrnhyddmino)Ghienyl]-6-

C:O-Rt]hl N(R11 )2, N2, (CCONRLV QCO R1 1,
%E&MM & en I&7 | Rph , CRL 1=CR11-Rph , CR
2-CR 2-RPh (wherein RPh represents an unsubstituted or
substituted phenyl
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group with the phenyl substituents being chosen from

any of the non-phenyl substituents defined for R7 to
worli@®7medomherein R11 is Hor G -6al kyl) and aPCT/GB2006/003009

protected derivative of any thereof; and phenyl ring A

Is sypstituted by 1 to 3 substituents being chosen

fromlan fNOt he nono@g%m%hesubstltuents defined for R7
t o"R10 (|) reaction of a

COrrespes |Naghcon‘poundo formula (Na): wherein Rl is
def i ned f0|H e conpound of formula (la), phenyl ring
Ais subistituted as defi'ned for the conpound of

formula (la); and R2 Js seltﬁted from hydr ogen,
d-ioal kyl, C - ohala i 4aryl, C -uaryl al kyI

(CHZCHZO) C- CH3 wher ei i nteger of from 1

10; s a |l egving group als efi ned.d.o comﬁ_,nd

of forrruol ﬁe R7._R8 R9__and R10 \y’:s, o
dhd Y

for the c gd of fpma.nybmp( ka); with
gi ve a conpound of forrmula (llia) wherein Rl 4nd R20
are as defi*ned for the compound of fornmula (| Itham)yel
phenyl ring Ais substituted as defined for | hevF
conmpound of formula (la); R7, R8, R9, and R10 are as
defined for the conpound of formula (la); followed by
step (||) and opt,ldcpnally step (iii) in any order @04)

convier.s up, - C( O) RBrefwy hydr ofer alt
hydr oI %g%emval*‘of—any—further }(
groups. ounds of fornula (la) and
(I'1ia) an& the correspondi ng process accor d| rsg to the
invention, Rf, R8, RO, and R10 are suitably sel ected
f%h?@i%ﬂﬁ@e, hydroxy, -NO2, -CN, -COOR11 , -OCH2OR11
(wher efn R1 is selected from hydrogen and GCi

- 6al kyl' ), Cii6al kyl, C2-6al kenyl, C2-6al kynyl,

Cl- 6al koxy, halo, 5 and a protected derivative of any

t hereo Sui tabl e NPot ectredic sleydrideat | ves of

SubSty @E N R9, _and R10,woubd” b’ MN H
t he pers i the Flcaci@nd are desc eelN’i N
Theodora W Greene and Petem, GuxM Wits as referenced

her ei nbef ofe. For exanple, when R7, R8, R9, ®or Rl10 is

hydroxy, the hydroxy function is suitably protected as
a G - al koxynet hoxy group such as

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

4-Acetamido-3-nitrobenzoic acid 1 (Alfa Aesar, 5.6g, 25mmol), oxalyl chloride
(4.76g, 38mmol), 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 yellow solution was cooled and acidified to pH 6 with firstly aqueous 6N HCI
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I 0 ethoxymet hoxy or nethoxynethoxy. One class of
preferred conpounds of forrmula (la) for use in in vivo

w0 pagiozigoof anyl oid are those of formula (1b) BRCBHEGB2006/003009

wherein R1L is selected fromC al ky!, C2-6al kenyl, and
tﬁ%n%bh&amb Belgglte%eéonew% ffltfe%a mé%h@awmh \M@r(smoom)

wherein R11 is selected
cmem‘ dg@fn vand t@ affcﬁdlthquesw@i -rgaliekigl as @palel yedow powder 8.18g,
% 6al kynyl, G -6al koxy, halo, and a protected
4’rvat|ve of any thereof, and is preferably 20
sel ected from hydroxy, Cl-6al koxy, and a protected
der|vat|ve of any thereof, and is nore preferably
samaplecHii} 2 alamido-3srerhanylbrineihexyireszptitazole (4
derlvatlve of either thereof. Therefore, accor di ng to
one preferred aspect of the invention there is
@Wh@%ﬁiQaarﬁTn@b@ﬁﬁeﬁéthldDB?@68?t25Yﬂnﬁfl) By ﬁdm@@m@ingfand DMAP
formula (Ib): whereinRL is selected from C 1-6al kyl
(@N@r@tﬂléhwpre ahrded:zi PAUNkeMPEratum i s sel ect ed from

eny ':doﬁg'g Al ICh]%%Qgg?%xég? o&e@%@() whE atided in

@ﬁ@b@ﬂbﬂd}dﬂ@ﬁ/ BV)GCI Vﬁe aixtafy whb etigell foed furtter ATRSLET TRé Ynixture
sel ected from hydroxy, G t- alkoxy, and a protected

was heated/ie i°Caayd stisedofer thedveéekarst. & herraixéirabvas cooled. The

G5 B FPuS Rl o1, 3t sty AP oL 21 ZE 8 eta) of 2-4-

acAs i 3itrépissry eepestH bR RoRAsRsle of formul a (M):
wherein RL is selected from Cl-6al kyl, C2-6 al kenyl,

and C2-6 al kynyI and R2 is selected from hydrogen
i : 4ﬂré/ methoxybgnzothlazole (5)

S@(ﬂlagﬁfh Fldér t 95TMJRS dndl E)I\J'IIE‘ Oﬁql WHIR &frred at room
defi nedyfﬁor tﬁm?.:ég ounddo?%3 f or mul aaMJO) pR9 is as

igsnataire of- (4+‘I‘§G¢ﬁiﬁ1§@u$rtﬂ'ltfﬁp”e@wﬁtﬁ & mqygybewz@intazole 4

(R LA e AR B PO PR e e

bétine widchdl&s irkas ﬁ:ed&tﬂﬁbﬁdlnﬁlétﬁ?ldddﬁfag% Mgt ﬂ@ﬁhﬂmolgwas added
ccoomppound of fornula (Ib); followed by step (ii
igrne portion, the temperature stayed below 20°C.

The mixture was stirred for 3 hours, water (900ml) was added, the mixture was
filtered and washed with water. The solid was recrystallised from IMS to give 43.7g
(93% vyield) of 2-(4-N-methylacetamido-3-nitrophenyl)-6-methoxybenzothiazole.
M.p 168-172°C.

Example 1(iv) 2-(4-Methylamino-3-nitrophenyl)-6-hydroxybenzothiazole (6)

A mixture of 2-(4-N-methylacetamido-3-nitrophenyl)-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.
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optionally step (iii) in any order(ii) conversion of
group -C(OR 2 to hydrogen, suitably by hydrolysis
w@ poorp2a4eoval of any further protecting groupBCT/GB2006/003009
substituent R9. Conpounds of fornulae (Ha) and (lib)
s%ﬁérj g%gﬁg@&\éa {hﬁygﬁﬁoﬁﬁw@wgﬁ%ﬁ@r&ﬁg BilekUith IMS
(50131n|ﬁ)tlmnecdcﬂémd wdwhmmp@paﬂ‘eshm fntdsvedl Tivestlicwas agaln boiled

wgthgi@r&?q%gpg )(:egt%ueirnzg gbfg}%rglﬁ”e%pg%hgy%ensf%e{rg%nihe solid was
df@b[%'d th?%l\?lF'(@@?W Relcdl SHE L2881 0B édﬁe@'*ﬁ/é solid was

sui ese precursors in
flherterdooﬁﬁmyldhmﬁwthwtth aMISarT het $dlidt was Goitpd withswater (300ml) for 5

gRos e, e el Welknthen ISR GR A Ba e vietd) of

2f VReBRArh oL ®hitS e Y -6- P& oRYISE B tRE zS4C M. pRBOW BRT.

2-[3-nitro-4-(methyl fornyl am no) phenyl ] - 6- et hoxynmet hox

ybenzot hi azol e. Conveniently, a precursor of fornula

(1), (Ha), or (lib) could be provided as part of a

Eainplé v 2 38Rlitto-4AmétARahiin@phadlipBhansRatethbgb&hiothiazole
may contaln a cartiridge whi ch can be plugged 1nto a

(Bui tably adapted automated synthesiser. The cartridge

may contain, apart fromthe precursor, a colum to

remove unwanted fluoride ion, and an appropriate

AVQ%%@ke& 0B0SAIBANE BoRBIT MasH vAWHBE i BAGNEAME BDRC Wvernight. A
be evaporated and all ow the product to be

SUspemlan ot 6a(d 6rGrgunot,€xgl) iImhley TEdgESOs hhas Hepn dpusedheepp wise

t h :
i %e%ﬁ%%ﬁé‘@"n?oﬁﬁaﬁéﬁ%@?%ﬁg@'%wﬁﬁe?%%i'ggéZ?Wﬁ?%ﬂﬁiﬁZeq n
@ MHRIEOMN Ohcal thevadditien svay besbRes reat I@md)@'emtlwﬂ chloride
as to neet the custoners rGQUI rements
(ﬂ@@.nua@gﬂ@rabﬂ@@hwaaﬁﬂdﬁd a@éﬂbﬂé%acttanﬁélr@ﬂ Qyer .nminhe dark

b%\?m rr%?@]\‘g Wa%'ﬁtké’ted %lnbefﬁ ot Etﬁ’é llirjége §ﬁceﬂf£ted under high

v@@nuﬂm nati on betvveen runs and may be sterile and
qual ity assured. The invention further provides a
radi ophar maceutical kit for the preparation of an
» aGHss T Slipdisited NokleT Chngo Flflé@swa flash
&rﬁ\ggs d%%tnt a%shl nlé a conpgund Sc;y&{f orrr‘rul gg
cﬁwkﬂhatogra;()lhy b\)DC&MEtQACB%ﬁ%{h&% or eI ut| ng the vessel

s Sedirglincin s islteatodhenfiBise! Tisfgh frof %6 vietd 0%

cﬁ%l’nt(gﬁgj&fs&m’wﬂﬁ%@/g%ghhpn of the resultant product of
fornul (la

Example 1(vi): 2-[3-nitro-4-(methylformylamino)phenyl]-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 (160mmol, 6ml, 22eq) at 0°C. The mixture was stirred for 15 minutes at
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(I'b). The invention further provides a cartridge for a
radi ophar maceutical kit for the preparation of an
Wammahed | ed tracer for use in PET which conpPCEE82006/003009

a vessel containing a conmpound of formula (I1),
or (I|b) and (ii) means for eluting the vessel
nmpounds of formula (11),

gﬁ&“(t'loln yZ'ES‘@“%r %@QP gdd'fyr@ﬁ%@”ﬂ@mlv\,lsaﬂid Ohdmpl(@wz at 0°C to

kR B8 5% SRATHED G BEhEYaRE or one hour anc
tbeazimeTangelsomonﬂNangaréccs@lwmawo% for exarml e by
.@r; hods (% Vrﬁéﬁ)ed bel ow and in the exanple

89"‘@13 P@? BY PAHLG: afteap dayn§0f4 @Qj)vam@mmtﬁ tirgdesired
prodiEt was BBYeRBdpPr epared by nmethods anal ogous to those
described in Exanple 1. Conpounds of fornula (11),

(Ha), and (lib) wherein R3 is chloro, brono, iodo,

| at or an iodoniumsalt, may be prepared by
}argﬁ%;o%g%gwgﬁogous to those shovvn in Schenes 1 to 4

@@ampha@rﬁenémﬁﬁm@@xﬂ&hﬁ 6, Ris as defined for a
onpound of fornula (1) above, Rin scheme 1 is an

Fel@WyW”“'é’WM% substituent , Ac is acyl, Ts is tosyl,

isilazide, TFA is
Iuérh(%%)z@ﬂ 32’\%8%%3 in Schene 6 is
Desteshc(rdlzwnzyztl deneacet one) di pal | adi un{0) and the

c%@her abb@gw ations are as defined in the
Qf?dl’fés Ha R oYerHBMingies| ux R2CORH, CH3CORCOCCHS,

%@, SOR Schenme 2 BROMO PRECURSORSchene
BBr 3% ZWH, CH3CO2 COCCHS,

The clear orange solution was washed with 1N NaOH aqg (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-[ 18F]fluoro—4—( methylamino)phenyl]-6-hydroxy-

benzothiazole (11) — see Scheme below (Approach 1)
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CH2Cl 2 | ODO PRECURSORSchene 4 KOH TsCl BBr3, CH2Cl 2
TOSYLATE PRECURSOR Schenme 5 QAc - CAc TFA | CDONI UM

WOERBGURBUER Conpounds of formula (11), (Na), aneCT/A¥B2006/003009

wherein R3is - N2 + may be prepared fromthe
correspondi ng conpgund wherein R3 is nitro, by 10
reducta.gr osthiirogroupto am no,~J.or_e e j

usi ng @- r f—Pd/ C as—Tcataly3t and then Y N—
di azoti zafi gh ust WNOZ Conpounds of formifa {I1); o)\H
(Ha), and (lib) wherein R3is -NR4(C -6atkyl)2 + may

be prepared8according to Schenme 6 . Schieme 6The g
invention is nowillustrated by way-of the folll ow ng
Exanpl es, in which the foll ow ng~abbrevi ationg are

used: DMF: N, N-di et hyl f ormeprde DCM di chl or onet hane
EOMCI . et hoxynet hoxychl or jde DVAP:

di met hyl am nopyri di ne roomtenperature ThF :
tetrahydrofuran I M5 ;" industrial nethylated spirits

Mp. : nelting poi#t eq. : equivalents EtCAc : ethyl

acet atw® S ~OU0 S
o~ o

11 10

["®F]fluoride (in 200uL enriched 95% 20 water), 2.5mg of Kryptofix 2.2.2 (in 0.5mL
acetonitrile) and 50pL 0.1M K,CO3 were added to a glassy carbon reaction vessel.
The solution was then evaporated to dryness using a stream of nitrogen and
heating the reaction vessel to 100°C for 15 minutes. 2 x 1mL acetonitrile was
added to the reaction vessel at 5 minutes and 10 minutes respectively to aid
azeotropic drying. The reaction vessel was cooled to room temperature and 2-[3-
nitro-4-(methylformylamino)phenyl}-6-ethoxymethoxy-benzothiazole (8) (5.0 mg) in
1mL anhydrous dimethyl sulfoxide was added. The reaction was sealed and
heated for 10 minutes at 130°C. The crude mixture was analyzed by HPLC and
TLC.

0.25mL of 6M HCI and 0.5mL DMSO was added to the crude reaction solution of
2-[3-["®F]fluoro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-benzothiazole (9)
and heated at 125°C for 10 minutes. The reaction was then cooled to room
temperature and neutralized using 2M sodium acetate resulting in the synthesis of
2-[3—[18F]fluoro-4-(methylamino)phenyl]—6—hydroxy-benzothiazole (11). Thecrude
mixture was analyzed by HPLC and TLC.

HPLC purification and formulation.

2—[3—[18F]ﬂuoro-4—(methylamino)phenyl]-G-hyd roxy-benzothiazole (11) was purified
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QVA : quaternary ammoni um HPLC : hi gh performance
liquid chromatography m_or mi : mllilitre(s) TLC:

wa baorm/or@yer chromat ography v/v : vol une/ vol unerPdivieB2006/003009

nucl ear magneti c resonance MS: nass spectronetry

X ElPRCauslig §PHe|h%$deﬁ1é9<fProdlgy ODS preparative.10 um 250 mm x 10 mm
2-f 3- nltro 4- (et hyl f or nyl am no) phenvn- 6-

@ERoRYNERHAGESeNDd e paragye [BIUMR elthancolarn iE@Ued Wikl 40/60

OSSR RO, BB L 88,2908 e comvo

rethet BTOdGEinNtdy ehemialte, a8, 8-30. 9MifiRe S SRAIMIindi& I0minutes
oxal yl chl oride (4 769, 38mmol ), chloroform

%@%?f)utéawe( PEadUgE GhHTS withea setentied tipe £6@2f-0233minutes (in a

m,]% 'gtpm_)sol vent was renoved in vacuo to give a
yell ow soli’d that was used in the next step w thout

The HR&C plumf dd ‘at’ivas diftxtednd 60ﬂnL(WHDI addition of distilled water. The

Folir s i W@'lfp%%g%%% hiG5p PRissarisios andbihenelyted off the
SHERBRIAM 1ML é u?ﬂéﬁtwc?gébgﬂ%m@ﬁ]@gdqﬁm%?gﬁ%@n and the

mxture eate e ye

il pracuet W@rsnLdai@Ided 18096 ettearil f D68 pboquheﬁe buffbrdd saliney
aqueous 6N HClthen acetic acid. The precipitated solid
was filtered, washed with water (3x1 00m ), dried
(high vac.) to afford the desired material as a pale
el | ow powder 8.1 8g, 95%, 5 Exanpl e Ki O

xamplﬂrg

t pﬁfeﬂarailonoof Qd@tferﬂﬂllorﬁ- Rthwdrsimoiote refed-bydroxy-
38g, 25mmmol ),
s) were stirred

at room t enper at UI‘ e

Example 2(i) Preparation of [K/K2.2.21" 18- (using enriched 95% 20 water).

After irradiation, the target content was passed through a column packed with
QMA resin. The column was purged with helium for 5 minutes. The [18F]fluoride
adsorbed on the resin was eluted into a reaction vial with 4 ml of a 96 : 4 (by
volume) acetonitrile-water mixture containing 19.1 mg of Kryptofix 2.2.2 and 2.9
mg of Kz2COg; the solution was then evaporated and co-evaporated with anhydrous

acetonitrile ( 2 x 1 ml) to dryness in a nitrogen stream at 110°C.

Example 2(ii) Preparation of 2-[3-[1SF]fIuoro—4-(methvlformvlamino)phenvl]-6-

ethoxymethoxy-benzothiazole (9) and 2-[ 3—[18F]ﬂuoro-4-( methylamino)phenvl]-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 [K/K2.2.2]* "®Fin anhydrous acetonitrile (0.25 ml). The reaction mixture
was heated at 150°C for 15 minutes. The crude mixture was analyzed by
analytical HPLC.
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4- Acet am do- 3-ni trobenzoyl chloride (25nmmol, as

produced above) was added in o one portion bel ow 30C.
wab@7memdur e was stirred for a further 1 hour.PdineB2006/003009

m xture was heated to 80C and stirred over the

emcgdyﬁaethéxv?béﬁzotmazole (9) to 2-[3- [18F]fluoro 4- (methvlamlno)phenvl] 6-

acet am do- 3-ni trophenyl ) - 6- met hoxybenzot hi azole. 5
eﬂa@wmeth@xv—bemzothxazole (10).

. | -
Rubpl HEL NSO iR SRR A BT BN (0.2
nid0AmEnhydRILe Sdatonigile €. 2rn<u§om topmp esrapenature. The resulted mixture
2-(4- Acet am do- 3- ni t r ophenyl ) - 6- met hoxybenzot hi azol e 4
wassgated at #e10 fardaningtesd Tng qs%e thlr%was #RalVaed by Apalytical
%ecs“ rred for 1 hour. The m xture was cooled in an
bath and nethyl iodide (23. 1g, 164mvl) was added
FMebarapiog df@-{3-PiEftdve-4-@mpeiyédrine st eaydd-betmxyaiBzothiazole

The m xture was stirred for 3 hours, water (900m ) was
(htHed, the m xture was filtered and washed with water.

TB@;,}E% 839%?&%%&( HAih MEIHT DT (OMB hh e/ Sadedt tPthe

p?e‘héu@\"r%dtimw rAkeiramrdbh Sated tat dpbed b)) 5 GrinetesoXbenzdd h
iazole. Mp 168-172C. 5 Exanple 1(ivV)

mixture masgnalwrerbbg anplyiisHan "@

(6) A mxture of

€) - 6- hvdr oxybenzot hi azol e

MGMIMiontofwahoaa behymmmmcamai qommmdsw%g methods

d d 1
Sastisoiboed Gestbriin frafale TUMa e reafie it M fable 1.
éﬂu'd%e?l%ﬁj Q\fefs a@QcM@%&?@ro\M trad@cheﬁﬁiéeﬂ MtE rmedigedoby HPLC,

was sturried wth water and pH adj usted to about

quirEeted fdr prom@rimtahyer@tenﬁmral-kf’é@an@m theneaston yeorsl-

filtered off and vvashggvvlth wat er. The solid was

Q]l/touraéed with I MS , filtered, the m xture was
Ieﬁ/vm Nthen cooled to room

t enper at uke : ered. The solid was again boiled

wth I NS (500rr1) then cooled to roomtenperature then

Pretersed. Ae solid was dissolved|in hot DVF (200m ),
filtered and water (100 ) added. |The solid was

fHltered off and washed with | V5. |THYesadeYigld boil ed

T e e TR 15 e TR e

<5% crude Yield

0
JcF,

o <5% crude Yield
o Current labeling
)L : 25-30% incorporation
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2- (4- Met hyl am no- 3-ni trophenyl ) - 6- hydr oxybenzot hi azol e
Mp 269-272C. Exanple 1(v)
WQ@2(4034021400 0- 4- ( met hyl am no) phenv PCT/GB2006/003009
p- 6- et hoxymet hoxybenzot hi azole (Z) A 3 necked 250 m

Eearndidbat hemhhsks ﬁegéicﬁ’dzjfﬂﬁprﬂglg%M gnél nerino henvyl]-6-

over ni . suspension o :
n idzeen(1doured drop wi se into a suspension

of NaH 60% di spersion in mneral oil (33.2mvl, 1.26q,
2eq) in dry THF (20m ). Once the addition was conplete

Tiegtre 8 SXNYoSTRIAY bf %hTRWGE?I%,blﬁXﬁFg?E Héaﬁﬁiﬂre_r%tgﬂ)automatic

was added and the reaction stirre r night.
saregiseininvriauloedad svith therfallewingragéutionsc uum and t he
filtrate concentrated under high vacuum The crude
product was supported onto silica and purified via

f liash0.av pomksiaraeiponatd M Aefe.5 My Et OAc The

desired fraction was jsol ated, concentrated under high

vicuuPn!BY Knvetefixed %o agetonitrile é3598L) d with 95%

arit I ; . .
e 5" BrechIIP UG ¢ 0 a2 Ry SR Ume by o rmy o mingIBlgnl-6-
benz ogthoryrabthokBbehlzbirghass \(@yia DRSOI(1.eenln an oven
at Smlﬁ overnight. In a 1L three necked round bottom
fiY-as kK Y YOeRFUIPIhagd d8@dember and t her nometer was

agde i dride ( 15m, 160mmol, 22eq) dropw se
to ad%tgﬁﬁéli(gh@ﬂuform c acid ( 1dOmol, 6nl, 22eq) at

00C. OhéMphasphatevbeffet,ipH dl (181 &fh.)m nut es at 60Q0C. A
solution of 7 (7.2mmol, 2.6g) in dry DCM (310m ) is
added dropwi se at OOC to the m xed anhydride. Stirring

WWr‘énCQrﬁdlﬁ’d&ﬁﬂoﬁ[”ﬁﬂh%ri&@Wﬁe{“@]%rﬁi(fhgﬂ \95&‘%{‘(@%?})@?@%&1@8 been

cl ear orange solution was stirred 5 days a
lpaded inde theasyntlwe sissrsdistBrtingRpiasitionfthe pperatenyisitie@bthe programme

GNP e Bl B 1o, TP

T flidrids §siution passed through a QMA cartridge (pre-conditioned with 10 mL
of 0.5M aqueous potassium carbonate and 20 mL of water) trapping the fluoride
and sending the enriched water to waste. The QMA cartridge was then eluted with
the 0.1M potassium carbonate solution to recover the fluoride and the eluant was
directed to the reactor vessel. The solution of Kryptofix 2.2.2 was added to the
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 to 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 [18F]fluoride to be incorporated
into the organic molecule. The solution was cooled to 50°C and the 4M
hydrochloric acid was added. The mixture was heated to 125°C for 5 minutes 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 hydrochloric
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Sol vent: Acetonitrile (B) and Water (A) Detection:
254-214 Gradient 5-95% of B over 8 mnutes Retention
W 20w/02@06 m nutes The cl ear orange sol uti on WesST/GR2(196/d03009
with 1IN NaOH ag (3x1 00m ), water (3x1 00m ), dried
r 4 um. d
GG SRR PRt S Ter P AGES BARNAT TREaesdProdyot was
|dHittmeSildyi radioadisteption tihe doltected bgsuttiriy. ofiee ogtearpetd/scblntion was

© 3-10% Et OAc The desjred f i .
dilgf@ldaw@a Svaé%rn@é@t mtérb aad pRsspd ﬁhéﬁ*g\/ e %—‘?QK%BMCS cartridge
;a' € oy \9/[’[{1 gﬁ)ellg?o&’hé%l'%Mb%@%’t@l"}réd’%ﬂt BEPRIdRIct was

repara
rétaiﬁ%addr&ifﬁb‘ tartiidyed - Tineethiptidge wal ghead with ethanol into the product

%&fv' Eanined Doy GargbPoIdP oL T FhORDRIE wilfer ifsispagssed
ttﬁé );art&; é@fhéﬁﬁb@b@f\hél tég%/ezth(a'fﬁrrﬂu@f@d product. Yield of
ace onltrlle

e dto a
thye peejuat avalsotD. Bé’édnomovresm bashd osgﬁﬁ istarting activign and the

orated to dryne sing a stream of nitrogen and
rﬂ%‘ﬁ? “ﬂﬂguf'té(a‘%%/‘? oﬁg\féssel to 100C for 15 minutes. 2
X 1rrL acetonitrile was added to the reacti on vessel at

5 mnutes and 10 m nutes respectlveL(y aid

Exastple dyii /&Itezrnatwﬁ: symthesisealc 21l niitge-4 metmwmmd)rahenvﬂ -6-
r,oomt
elh

g(%[)no) phenyl ] - 6- et hoxynet hoxy- ben
zot hi azol e (8 (5.0 my) in 1nlL anhydrous di nethyl
suI fOXI de vvast added The reactl on was seal ed and

anal yzed by HPLC and TLC. 0.25nL of “6M HO and 0. 5nL
DMVBO was added to the crude reaction solution of
2-[3-[

O
18F] f | uor o- 4- (et hyl f%r rriN 0) ph&A§I | - 6- et hoxymet hox
y- benzot hi azol e (9) and te 8C for 10 m nutes.

The reaction was then cool edgto m t enper ature and

neutralized using 2M sodi um acetate resulting in the
depminephenol(12-g,8-.11 mol, Acros and Aldrich) was dissolved under an inert

VL A, 14, PO R o,
Wléfhylamme (TEA, 11 g, 0.11 mol) was added and stirring continued for 1 hour.
4-Chloro-3-nitro-benzoyl chloride (22.2 g 0.1 mol, Acros and Aldrich) was added
slowly and stirred overnight. The precipitated triethylamine.hydrochloride salt was
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 ml). 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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HPLC purification and formulation. 2-[3-]
18F] f 1 uor o- 4- (et hyl am no) phenyl ] - 6- hydr oxy- benzot hi az

wobk@70iymas purifiedby HPLC usi ng a PhenoneneRCPGBI0GH03009

ODS preparative. 10 um 250 nm x 10 mm (part no.

00G 4088- NO) prepar ative col urm (the colum is eluted
wi th 40/ 60 acetonitri Ioe'/\t yl am ng=phosphat e
buffered solution pH 7 ( j_%ﬁln rol method is
0- 15m nutes 5m / m nut e, 15. 5-39/9 tes 8m / m nut e,

40m nutes 5m /m nute. The product elutes with a
retention time of 22 - 23 mnutes (in a volune of

el R4V B s uan i oot il itk 6,8 85 e bicedin

art oappedried -ReckedB 568 PmPBuSEbbItbAER AAsk tah@nﬂ@éha&%th Na.
of f the cartri dge with 1nL et hanol. The et hanol

Eneuohy [dincibaxysibiens 4MEm18AdMY mastadaed tordisanite the amide. The
I e 9 L f,fere
rf19< l{%ﬁ%godlg(]ﬂw egfrégfggr?\ ogﬁﬂg‘g%%&?ﬁ EI gH % n oﬁi 3.6 g total,
(EOYBmdlBEdcﬂdadJm oméH Eortionsl with DIRbENENYirring. An hour after addition
6- hvdr oxy nzothl azole (11) - see Schene above
%%9'89@?? ?}bﬂ HigheyRthape éhd B4t Py omot, RPKE“QFCEI“)’ES'E”able)
t ,
e nee v bR U st 48plriq L B red o was
fgwvedby i L CTidehtarb omathaves IIQMgemSvhdatriml Hﬂﬁ@bﬂmﬁcﬁ) %he reaction
ut es 8F] 1 uor sorbed on the resin
B, RGer bl toe Rl @t rrra st Bk (3 b ay). The
OrghmiPhads i QIHR
D Ve s R R . The
aiiede prasiictwag secrysiallisad femn ékeapoe ety amﬂatarihay dogire 81 % of
(2x1m) todryness in a nitrogen
tﬁ%?gg%bh{ﬁof% C Exanple 2(ii) Preparation of
2-r 3-r18F1f | uor o- 4- (et hyl f or nyl am no) phenyl 1- 6-
et hoxymst hoxy-benzot hi azol e (9) and 2-f3-r
Exgmple | (i):4- Svathesis aaf n drphiaiodN-4-ethoxymethoxy-phenyl)-3-nitro-
t b ﬁé/ ffeoxy- benzot hi azol e (1 0). Asolution of
- 4- (et hyl f or myl am no) phenyl ] - 6- et hoxynet hox
ybenzot hi azol e (8) (3"@ ng) in anh gr ous acetonitrile
(0.1 m) was added to a @ {K/IK2.2.2] + 18F
i n anhydrous acetonitrile (0.2 CThe reaction
m xture was heated at 1500C for 15 mi nutes. The crude
4T Riono-\- waetrmxamezmymh@w}&waabehﬁ@@m eg2(101 nmol),
ver si on

P O?eh%mfmﬁtﬁawme FaBrvet GG18108 m)183nmieylpreryrercilly 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
until 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 ml) was added and the
mixture stirred for 1 hour in an ice bath, the extracted with toluene and water. The
organic phase was dried (MgSOy4) and toluene removed under reduced pressure

and purified by flash chromatography with ethyl acetate/hexane as eluent.
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et hoxynet hoxy- benzot hi azole (9) to
2-r3-r18Fl fl uor o- 4- (et hyl am nobhenvn- 6-

we@rdonyaed hoxy- benzot hi azole (1 0). About 0.2 PET/GB2G06H03009
previous reaction m xture was added to a solution of

NaH (3.2 rTg) i n anhydrous acetonitrile (0.2 nl) at
. The resulted m xture was heated at
aativerJdiog !ﬂ: (1 DFaceqte A punthiesid b N-(4-

Beradyidx L hB?é—B%ﬁ' |
18F1f | uoro- - C F0.AB0eh =0- ydroxy benzot hi az
in MeCH (1

oIe (1 1) . Asol utlon of concentrated HC
(O 25 rr1) owas added to the preV| ous reaction

nd hekoed at (ﬁcsfor mn@tes< ?he
m xt um Cyz“é*—@ .F.’ Me HPEE: a

Conpariti e 8F1f| u0[awgggg;g@g&enpf di filx@eent precurs r
Radi of | uori dati on of various benzothi azol e precursor

conpounds usi ng met hods anal ogous to those descri bed
in Table 1

R LT MWL R A —
reagend { €tig 37 kphdT, c@ﬂﬁfe?@lbﬂfyda\flarab[e)%k!%oﬂa‘ﬁ%tm Eg mn)pwere stirred

4 ettﬁnt' on.on HPLC and in the reaction vessel.
pether and hegted, Hpresreflussfor 4 h. When no more starting amide was

P
e B T L SR PGt s asied and the selvent
e RAERY a@emﬁme@areﬂeam hths erdde*)roaubﬂﬁlﬁé H&solved in minimum

ded with the f
o RRHIS g st %ﬁé‘gﬁum%amﬁiwggﬂnemm \astsed with
oft )tol t.onit 0.5
ookt 2% f%%%%ﬁ% 8 1Re FrlpHRftie iR %' yido!
2-[3-nitro-4-(methyl fornyl am no) phenyl ] - 6-

Eflé' r'ﬂ‘ ﬁ?éylne&:;&"éiy b§QZtﬂt b azo' em%r%e,rlwznvax'\a//BM Chloro SGn%mirr;/Henvl)-

I'OrTYT
berizotiiagdleM phosphate buffer pH 7.4 (13.1 rTL) Wien a
solution of [18F]fluoride in [18Q -enri ched water (121
MBg) had been | oaded into the synthesiser's starting

positlﬂ t he operator initiated the progranme

NO,  Triton B in MeOH @\/ NO,
S

Oy i CLChe
N

N

~—N O-—

é Triton B:

N-(4-Benzyloxy-phenyl)-4-chloro-3-nitro-thiobenzamide (2 g, 5 mmol) was
dissolved in methanol (100 ml). 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(lll)cyanide (13.2 g in 50 ml water) was
added drop wise with vigorous stirring. The reaction mixture was allowed to warm
up overnight 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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causing the foll ow ng sequence of events to take
pl ace. The fluoride solution passed through a QWA

w@ anoyoedge (pre-conditioned with 10 nh of 0. 5SMEIGBRWS/003009
pot assi um car bonate and 20 nL of water) trapping the

tHd solvede remdvede nohideg mdeo@wpireﬂ&demﬁherpmdumnsioenpm was

T e e

el uantwas directed to the reactor vessel. The solution
of Kryptofix 2.2.2 was added to the reactor and the
Hevtbesiat @OOEethmxymathoxy-244tondero-dnitro-phenyl)-
b entl| e fIOM/Of nitrogen at reduced pressure. The
e e was then raised to 1200C and hel d under
vacuum for 7 mnutes to dry the contents of the
reactor. After cooling to 50C, the Precursor solution
Using ametiwdso anplogaisctior thase t Hesermseriat dpemple  5(iva),

”{@%@é%%ﬂ“ e el ot B BunaMlal, B Remao g form the e

comipeadbe. The sol ution was cooled to 50C and the 4M
hydrochl oric acid was added. The ni xture was heated to
125C for 5 minutes to cause deprotection of the

TR bralheAHIELy-5 99l hBth

b&erithiaz68 HRh@€ col uBretliA&tneth@xyi2d4rmethylamhinoIRhaitro-phenyl)-
colu s, eluted with 6mM hydrochl oricacid -

%@—E&Mb BIgZRI8 (Td ni xture (53: 47, vv) at 10 m./min. The

THES t &' it
fesi ¢ omgss%@ E%ﬁplbgeﬁﬂwa Al g W) ?Q«f&&.@é@&}gg@ e8B@d with

coI cutting. T
ntathy!aemwrtaqummsoammn meading ol 1 PR'sS eitbr ehampighinea microwave

o IhR ATt BdereTR et R WL SRRl AR A Wng oroanic

thé@hsﬂ@He@nbéfBﬁb ?é}rhb{nhg%e st ahtel fauceRsprRsYGRD The title
wi th ethanol into the product vial which contained

prcisys areepyifiesoby ftastechomatographyhising bexare/elhubaegtste.
passed through the cartridge into the product vial to
give the fornul ated product. Yield of the product was
EXQmplg6 (Vito 8y e RO 3- rlﬁﬁéﬂﬂ(rﬁéth[v%ﬂvlémd)bﬁ@yﬂ 6-benzyloxy-

activity) and the radiochem cal purity was >99 ¢
benzeihjazorw  and e2d3titie4<imathdigraviamino)phenyl]-6- ethoxxmnethOXi-

- (et hyl f or rryl am no) phenv p- 6-
b§ &thB () y- benzot hi azol e (8) Exanple 5(0 :
T5¢ntlﬂ@8¢'c£mpd§unds are prepared from the compounds of Example 5(v)
4- Chl.oro- N-(4- hvdrox%/ en% )-3-nitro-benzam de
FeEP&FHVRIY Hﬁtﬂ@d‘mmx‘gﬁ@ ntethods apalogaus Kxthese desaiibediin Example
1m)§ di ssol ved under an inert

Example 6: Alternative synthesis of 2-[3-nitro-4-(methylformylamino)phenyl}-6-

ethoxymethoxy-benzothiazole (8)

The synthesis is performed, by analogy to Example 5, but starting with 4-amino-3-
chloro-phenol to  prepare  6-ethoxymethoxy-2-(4-chloro-3-nitro-phenyl)-
benzothiazole via 4-Chloro-N-(4-hydroxy-2-chloro-phenyl)-3-nitro-benzamide, 4-
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at nosphere, with stirring, in dry DMV (50 m) and

cooled in an ice-bath. Triethylamne (TEA, 11 g, 0.1 1
woreioy/o0ae80 added and stirring continued for 1 hPUF/GB2006/003009

4-Chl oro-3-nitro-benzoyl chloride (22.2 g 0.1 nol,
OMtsrost@th)thah&)xy@sCmﬂdqﬂ\ewm& mtrarbbr&bhfcn@@nd 4-Chloro-N-

overn|ght precipitated trieth

éhqa&ymeﬁh%@Zs%iqromnvl)ﬁ—@.tr@dth&henaﬁa"cmxp FyRbnpdign of 4-

ST ST S g o o

emwymeglamuwmhm&)m@nmmmbwl)tﬂnenmg;lmezd)lem &ulpehatraed using

il et e T DRENP BTN REaT iy etsnt AT LaE) 1 81 9-10128
2

(T30l 8 i shaoihoon oot AP, 1AEhpson et

Tétrehedion- INetf. 2206100 X y3e 12658, - Bhbsgdyerd-methyiation zend fdehylation

xy-phenyl) - 3-ni tro-benzam de (14.6 g,

g? rj‘ér\%eéy EEéﬂPq#'\érgmﬁedii ed 2-necked 500 m
round bottonmed flask and flushed with N2. Enough
Di net hoxyet hane (DMVE, 100 nl) was added to dissol ve
the am de. The mixture was cooled in ice bath and
sodi um hydride (NaH, 50 %in oil, 3.6 g total, 0.075
nol ) added in small portions with vigorous stirring.
An hour after addition was conpl ete,
chl or onet hoxy-ethane (7.13 g , 0.075 nol, commercially
avai |l abl e) was added drop wise via a
pressure-equal i sing droppi ng funnel. The reaction was
foll owed by TLC (dichl oronmethane, DCM : nethanol
MeOH, 95:5 ) . The reaction m xture was poured into
ice water and extracted wwth EtQAc (3 x 50 m). The
organi ¢ phase was dried (MgSO4) and evapor at ed under
reduced pressure. The crude product was recrystallised
form Hexane / ethyl acetate, 1:4. to give 8 1 %of the
title conmpound. Exanple 5(iii): Synthesis of
4- Chl or o- N- (4- et hoxynet hoxy- phenyl ) - 3-ni trot hi obenzam
de
4- Chl or o- N- (4- et hoxynet hoxy- phenyl ) - 3-ni tro- benzam de
(3.5 g, 10 nmmol ), phosphorus pentasul fide P4S10 ( 0.81
g, 1.83 mmol, commercially avail able),
hexanet hyl di si |l oxane (2.7 g, 16.7 mmol, conmmrercially
avai |l able) and toluene ( 10 m) were added into a 100
m round-bottoned flask and flushed with nitrogen. The
m xture was heated under reflux and was foll owed by
TLC. Heating continued until no nore starting
benzam de remai ned. M crowave heating can al so be
used.
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The reaction m xture was cooled to roomtenperature.

Pot assi um car bonate solution (4 m of 5.3M sol ution)
woawagded. Acetone (10 nl) was added and t he PERGBR@6/003009

stirred for 1 hour in an ice bath, the extracted with

tol uene and water. The organi c phase was dried (MJSO4)
o toluene renoved under reduced pressure and

St i ed by flash chronmat ography with ethyl

acet at e/ hexane as eluent.Exanple 5 (iiia) Alternative

Thi oam dati on procedure: synthesis of N-(4-

1 Beh 2y9essp-fphprgpayativreaf @ corponintral fomidbéhzani de

N- (4- Benzyl oxy- phenyl - 4-chl oro- 3-ni tr o- benzam de

(19. 159, 50 mmol), L -ssonkgeagent ( 11 g, 27 mmol,

commer ci al Iy avai | gbte)\ and/ i oxane ( 150 m) were

stirred together a el under ref X for 4 h. \Wen

no nore starting amide’/was h{esent as ‘showed by TLC,

5 the reaction m xture was cool ed and t he sol vent
removed under reduced pressure. The crude product was
gﬁssol ved in mninmumboiling toluene to recrystallise.

e RPERY g dteeionmly %ubstlwﬁ%ﬂbﬁﬁdo\ﬂamﬂwm col d
tol uene and cold hexane to give the thioamde, in 77 %
éi el d. Exanple 5(iva): Synthesis of

R6istsatestedxon2 O 4alkll, @.ealkeniyk nad@emikyhyl benzot hi azol e
10 Triton Bin MeCOH n B:

N- (4- Benzyl oxy- phenyl ) -4-chl oro- 3-ni tro-thi obenzam de
whigh Gonfpriges! ) vvas di ssol ved in methanol (100 nl).
.Sodi um h%/drom de 1.6 gin5mM water) was added
(Nfrepribamed @yCOﬂTEBD@ﬁﬁlBg(CZnﬂpqun,d & farrolla (@pnmerci al |y

avai |l abl e). The m xture was cooled in an ice-bath.

Potassium ferri(ll11)cyanide (13.2 g in 50 m water)

was added drop wi se wsth \@gorous stirring. The

reaction mxture wasjallo war m up overni ght and
was further warned 130 f r 1 hour. The reaction

m xture was cool ed X N\act ed wth |Qt hyl acetate /

wat er. The organi c \phase drikéd andthe sol vent renoved

under reduced pressure. The product, compound was
15 purified by flash chromat ogr aphy wi t h Hexane/ Et hyl

cet.ate ent Dii@]q (iv): Synthesis of
wBSEIR gl Rbg0aly sHER e 28 defnpd b gpTPoUnd of formula(l)
R%%@é&bézﬁ%rﬁé@rﬂ?@eﬂ%{hmg&yﬁr@ 1OHQB§lktyP de 14§f§/l Ce 14arylalkyl

described in
-(CH2CH20)4-CH3 wherein q is an integer of from 1 to 10;

R’ is as defined for the compound of formula (1); and

20 Rlisa leaving group;

with fluoride to give a compound of formula (Il1)

F O
e
DL w

25  wherein R" and R? are as defined for the compound of formula (1) and phenyl ring
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t hi obenzam de prepared in Exanple 5(iii) may be
cyclised to formthe title conpound. Exanple 5(v)
W@ oz of PCT/GB2006/003009
6- benzyl oxy- 2- (4- met hyl am no- 3-ni tro- phenyl ) -
Abie rsuibttiiuteb be defiled for the compound of formula (1); followed by step (ii)
6- et hoxynmet hoxy- 2- (4- met hyl am no- 3-ni tro- phenyl ) -
apd PPYPRAA; SteR ([i7jn 3RROAounds of Exanpl es 5(iva) and
5(iv) respectively, are reacted with nmethylam ne in
aqueous solution, heating to 130 C, for exanple in a
(iyiconoewssicn oﬁ/@mupﬂ@((})éﬁm hydrogier} suitablysbekiydatysisl wi t h
ethyl acetate/wgter and _the organic phase is dried,
('ﬁ)erfe)é?%’%fg QY %@@{%WB&QQ}}F&SM reduced pressure.
The title products are purified by flash
chromat ogr aphy usi ng hexane/ et hyl acetate. Exanple
25AvpiocesSy actersling fofclaim 1 wherein phenyl ring A is optionally substituted

bg i L btd i s PR IENE S SECAT RSN driSro BREHO 648 Eyano,
ko 301 R JOCNBNRYLEIRY AR NONRRCIG K LU TR P cach

xybenzot hi azol e title conpounds are rePar ed
g2

2
OECWANER 5 SIRPOd Hes Of.c8kdnih 2k, Crsaati, koxiig.-calkyl,

A BV 5 B ARERP LRI, OB IRRRLLP AU oo o,
C2a51etaiyt mehefeipnetid i hil andhleaaryrsubgtigewts Gray be further substituted
et hoxymet hoxy- benzot hi azol e synthesis is

(8) The :
bydhediersaryl EncaRandisianyh sealyestss listgd: fostrianyhgingi fn and a
p=Tanl sraf = to prepare

p@t%g%ﬁ?%gf %n%’ﬂ?{rﬁ fc')r 0- 3-ni tro-phenyl) -

benzot hi azol e vi a _ _
LR TS B LRt B S PB4 O Pz

4- Chl or o- N- (4- et hoxymet hoxy- 2- chl or o- phenyl )-3-nitro-b

enzam de, and 4-Chloro-N

e. Cyclisatgon of 4-g H

chl oro- N- (4- ety piox IoE\P-pheny!)-S-nitro-thi
obenzani de t n_6-/ \ (la)

et hoxymet haRy< 2-Y(4- ¢l or o- it ro-@henyl ) - benzot hi azol

e is performed Wwing literature nmethods, for exanple
Bowran et al Tetrahedron, 47(48), 101 19-10128 (1991);
Couture and @ andcl audon, Heterocycles, 22(6) 1984;
Eutchinson et al, Tetrahedron Lett. 2000, 4 1(3),

Y Subsequent nethylation and fornylation are then
performed as described in Exanple 5.C ains

R'is selected from Ciealkyl, Cogalkenyl, and Cysalkynyl;

R’,R% R% and R"are each independently selected from hydrogen, fluoro, chloro,
bromo, iodo, Cy.salkyl, Ca.salkenyl, Cogalkynyl, (CH2)mOR™ (wherein m=1, 2, or 3),
CF3, CHa-CHoY, O-CH2-CH.Y, CH2-CH,-CHLY, O-CH2-CH>-CHLY (wherein Y is
selected from fluoro, chloro, bromo, and iodo), CN, (C=0)-R", N(R"),, NO,
(C=0)NR™),, o(co) R", OR", SR, COOR", R,, CR"=CR"-Rg,

CR“z-CR”g—RPh (wherein Ry represents an unsubstituted or substituted phenyl
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1. A process for preparation of a conmpound of fornula

(I): wherein phenyl ring Ais optionally substituted
wWhg00/02308! substituents; Rl is sel ected from dPET/a&BRYG/003009

C2- 6al kenyl, and Cral kynyl ; which conprises: (i)
grc&qultnmh@fpﬁem@rgtmsm@dtmemn@mm frond anyndfahé! hdri-phenyl

wherein rin is optionglly substitutied as defined

sybstituprisc@ z&oroR ft@rlﬁm apd)whegsin &' éﬁ detAdCrskyl) and a

al oal kyl, CG6-i 4aryl, C6-

p@tg@%?g%{%}’ '%?g%ém%%f&ag wherein q is an integer
of from1l to 10; Rl is as defined for the conpound of
with fluoride

l.eaving gro
PhEMGIT A 1 SHBTHISCORY 1 3o AU SOTSES BRicER 1o %D 5l 48y of the
r q:&r;s‘o 1of formula (1) and
”gﬁ?ﬁ‘%ﬁ Eﬁ%ﬁﬁ%ﬁtglﬁjﬁgﬁl&tjute fz:d\][swﬁdeflned for the
compound of formula (1); followed by step (ii) and
tlonaII step (iii) in any order (ii) conversion of
81 %/ﬁq-‘{ 2 to hydrogen, suitably by hydrolysis
(i féddloh%V@rréHpo%ﬂmg‘éHth@uncﬂ’becﬁﬁMlé‘glagr oups. 2. A
process according toclaiml wherein phenyl ring Ais
optionally substituted by 1 to 4 organic substituents
sel ected fromfl q@ro chl or 04 br@m I odo, cyano,
nitro, -R CR ROC(OR, -O)R SR1 - NR2, -C(O) NR2
wherein R akles sel dfrom
G - 6al kyl, C2-¢ % W, Gi-6alkgxy-G
- 6al kyl , Cl-6hak.04 ¢ | oahkenyl ,
C2- 6hal oal Kynyl ,!-C5- 12 hetaryl wherein said aryl and
het ar yl substltl'fents may be further substituted by the
non-aryl and non-hetary! substituents listed for
phenyl ring A and a protected derivative of any
whiesigof . 3. A process for preparation of a conpound of
forrrulw@cg] wherein RL is selected fromC -6al kyl,
RCs defi mrthe@dn@l@dlﬂd‘jﬂWUIaF@) R8, R9, and R10 are

BRFY Y R R R b R GEIERr TR ESRRBAER o FoUR a); ana
RE2s Galdeyay frond ﬁblabdgammgmﬁylem s§aloalkyd, CRL4a%Yl, Ce.iaarylalkyl,
-(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)

R1O F O ,
RY S >-R
N
LT
.
R

wherein R' and R? are as defined for the compound of formula (lla), phenyl ring A

is substituted as defined for the compound of formula (la);
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CF3, CH2-CH2Y, 0-CH 2-CH2Y, CH2-CH2-CH2Y, O-CH
2- CH2- CH2Y (wherein Y is selected fromfluoro, chloro,
whe@mo204emd i odo), CN1 (C=0O)-R11 , N(R11)2, NQ2CT/GB2006/003009
(CCONRLIL )2, QCO R1 1, ORI1, SR11 , COOR11 ,
RRORS, RRbnyTERb}e BeMiefiaBY far theGRimpodndRohfcrmiuta ¢aj felRbwed by
represents an unsubstituted or substituted phenyl group
stgint (i) ene optienglly slap<ii) @ 8"dséi ng chosen from any of
t he non-phenyl substituents defined for R7 to R10 and
wherein R11 is Hor G -6alkyl) and a protected
(it @oinvetsioreobiroapy-C (BRE e hydmdephsuitdbly bpgydrdlgsis
substituted 1 to 3 sybstituents being chosen from
(ibhigregval ﬁéaﬂb#mﬂmt@%gt@i@%ts defined for Rto R
; which conprises: (i) reaction of a correspondi ng
conpound of fornmula (Ha): wherein RL is defined for
4t he prowese dodprehafatiomudfaa compouptefjormilagioX i s
substituted as defined for the conmpound of formula
(la); and R2 is selected fromhydrogen, G -10al kyl, C
-t.-iohal oal kyl, C6- i4aryl Co6-i4arylal kyl,
- (CH2CH20) RQHS V\,her§in q ig an ingeger of from1 to
10; R3 is a'leavimg gxoup/ R R8/ R9, and R10 are as
defined for uo rrru\a1 (1a); wiflh)
fluoride to give“a chrpoun of forRula (lIlia) wherein
Rl and R2 are as defined for the conpound of fornula (
I1a), phenyl ring Ais substituted as defined for the
aon‘gﬁund of formula (la);R7, R8, RO, and R10 are as
ed for the conpound of fornmula (la); foll owed by
step (ii) and optionally step (iii) in any order (ii)

onversion of group -C(OR 2to hydrogen, suitably by
Ruqyars@le;%e%fr pm 8)-63'&09&56‘“3@”35@“%/gﬂﬁ%'g}’mﬂr’ ot ecti ng
groups. 4. A process for preparation of a conpound of
formula (I1b): wherein RL is selected from Cl-6al kyl,

R2isGaldotay fromamairedy, el Oisy+GN, -COOR, -OCH0R, C.salkyl, Ca.calkenyl,
Caealkynyl, Cysalkoxy, halo, and a protected derivative of any thereof, and is

preferably selected from hydroxy, Ci.alkoxy, 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 corresponding compound of formula (lib):

R QL
R? S >~R
@[Nf A (Ilb)

wherein R' is selected from Cigalkyl, Casalkenyl, and Cogalkynyl, and R? is
selected from hydrogen, Ci.qoalkyl, Ci.qohaloalkyl, Cs.saryl, Ceasarylaikyl,
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RO is selected from hydroxy, -NO2, -CN, -COOR

- OCH20R, Cl1-6al kyl, C2-6al kenyl, C2-6al kynyl, Ci-
wa@bdany4ohal o, and a protected derivative of aPgT/GB2006/003009

thereof, and is preferably selected from hydroxy, and
-(EHObtE04-6tH denérent § Veaonintagsr difesraof to aid is nore

preferably sel ected from hydroxy, nethoxy, and a
Rpr'%?i%@"é’&&@@‘i%at ive of either thereof; which

8 [ ad €de) ' rigspondi ng conpound of
R e efiagd E%r:thﬁh%gﬁéjuogmﬂigfi@@g SEDEd trom G - Bal Kyl

and C-2- alkynyl, and R2 is selected from hydrogen, C

- kyl , C ohal oal kyl,, -i 4 , Co6-i
Wﬂé?@r})!ﬁ{ﬁﬁ;‘? 91\’@0@—@@%%8“;46-0&%”%%%?@6; q isI an integer of
from1l to 10; R3 is a leaving group; RO is as defined

for the conmpound of formula (Ib); with fluoride to
gi ve a conpound of fornmul apg H b)Owherein R1L and R2 are

as definedgkor the gonpoupd of fo a (lib); RO is as
defined for the cehpaund or a (Ib); foll owed by
step (ii) and ondl | y (') in any otlder (ii)

conversion of g oupNC(O) to hiRdrogen, suitably by
hydrolysis (iii) renmoval of any further protecting
groups in substituent R9. 5 . A process according to

: ? aj : ' i | pin
ARSNGB 51 8% bl e BbABS 4GB
R 18Fisf defimex dmdtheheofmpoand dsf fosedld (b3t Efloie by stére (i) and
tocess,is .®18F fl u8ri de. 6. A process according to
© W@Mét?ﬁ(' |'8i3 (986 5 wherein R3 in the conpound of

formula (11), (Ha) or (lib) is selected from: nitro,
-N2 + chloro, brono, igdo,
(i) conversion of group —C(O)R*“ to hydrogen, suitably by hydrolysis

(iif) removal of any further protecting groups in substituent R®.

5. Aprocess according to any one of claims 1 to 4 in which the fluoro group in the
compound of formula (1), (Ia), or (Ib) is ["®F]fluoro 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
formula (Il), (1la) or (lIb) is selected from :

nitro,

-N2°,

chloro,

bromo,

iodo,

—NR‘1’(C1.6aIkyl)2+ wherein R* is C1.ealkyl or a group of formula (X):

Solid : S
(X)

-OSO,R° wherein R® is selected from Cisalkyl, Cighaloalkyl such as
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-NR4(C -6al kyl )2 wherein R4 is C -6al kyl or a group

of formula (X): -OSO2R5 wherein R5 is selected from
w@peoabdeyd , Ci - 6hal oal kyl such asGi - 6per f | uor Pel/kBR06/003009

aryl such as phenyl ortolyl (for exanple, para-tolyl),

andCaggérfiupraiikyi, erWldu@h(a?é)pmyd@fftbwe(foﬁ@@tﬁﬁleapdra-tdyl) and a
wherein R is selected from hydrogen, G -6al
ni t BERUPHdOEMYleokp &&quftﬁ‘leﬁ‘mtéw@)(?”@s defi ned above. 7.
A process according to claim6 wherein R3 is sel ected
from nitro, -N2 +, chloro, brono, iodo, -NR4(C
-6a| Ky 2+ V\hereln R4 is Cl-6al kyl ; -OSO2R5 wherein
@ 8from C al ky!, G _6hal oal kyl such as
CI 6pe roa kyl , aryl. such as phenyl or tolyl (for
exanpl e, para-t oM e)*emé?quswi@e@dﬁr%hv@rogéne@t@& Mdf, nitro,
itro 8. A process
aﬁ%‘%&@%ﬁﬁgdtq%m%w& ES%lﬂge(\:}\%gg\élgn R3is nitro. 9. A
process according to any of clainms 1 to 8 vvhere| n Rl
|s C al ky!, and partlcul arly net . process
Tadt emeﬁ‘g‘ aceorsing b claim 6 n\ghqretrbRg 'W%ﬁeﬁl fl@Min the
,? gpound of formula (11), (Ha), or (lib) is selected
rom hydrogen and G -6alkyl, and is nore preferably
-Mydrogen. 11. A process according to any of claims 1
ﬁlo 9 whereinstep (ii) is effected by reaction with a
G2 nucl eophi |l i c base such as sodi um hydride in an
bAsh@t i ¢ sol vent such as acetonitrile or propionitrile
and at el evated tenperature such as 40 C to 120 C,
iadgpi cal |y around 100C. 12. A conmpound of formula (Ha)

}15{4(61 sgﬂwf% vgl%r’efhe&“ e néﬁkﬁf claims 3 to 10.

-OSOst wherein R® is selected from Cqpalkyl, Cighaloalkyl such as

C.gperfluoroalkyl, aryl such as phenyl or tolyl (for example, para-tolyl); and
wherein R%is selected from hydrogen, C1-salkyl, halo, and nitro

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

9. A process according to any of claims 1 to 8 wherein R'is Cqsalkyl, and

particularly methyl.

10. A process according to any of claims 1 to 9 wherein R? in the compound of
formula (l1), (lla), or (llb) is selected from hydrogen and Cigalkyl, and is more

preferably hydrogen.

11. A process according to any of claims 1 to 9 wherein
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13. A conmpound of fornula (lib): wherein: R2 is

hydrogen or C-i-balkyl (suitably nmethyl); Rl is
w@2606abdeyd (suitably nethyl); R3 is selected fPOMGB2006/003009

nitro, -N2 +, chloro, brono, iodo, -NR4(Cl-6alkyl)2 +
st\ébe(f iRl e%cteﬁj 6-reattiont with- §9(SHRBUNBEH IS bB§e|§Jch as sodium

selected from C al ky!, Ci1-6hal oal kyl such

hmmdeab\eam PREtiERatyaNt sapp|a83aﬁﬁ£0@§ll@|¢émp|@wtrtl@|wﬁ gtfedpvated
ted f
BLER AT AP MR i 0Bt et o0 oo

or G -6a| koxy or a pr ot ect ed derl vative thereof. 14.

A conpound of for ? according. to claim12 or
123 Apranaprngrof f%”}%ﬂbﬁjéﬁ (Hahes ﬂ@f'ﬁ‘@? i1 apypofgaims 3 to 10.
2-[3-nitro-4-(nethyl fornyl am no) phenyl ] - 6- et hoxynet hox
y- benzot hi azol e. 16. A radi opharnmaceutical kit for the

19r épeosrapoond of famullfibd)abel | ed tracer for use in PET,

whi ch conprises: (i) a vesseg cogt ai ning a conpound of

formula (11), (Ha), or (libY flg?d in any one of
clains 12 ¢ 15, ang (ii) = ans f uting the vesse
with a source F o (i Of)- exchange Cﬁétridge
for renoval of gnd optqi onal |y d
cartridge for deprot ction of thefresultant product of
formula (1), (la), or (Ib) as defined in any one of
claims 1 to 5. 17. A cartridge for a

whaedigphar maceutical kit for the preparation of an
;8F | abel | ed tracer for use in PET which conprises:

is hydrogen or Cqsalkyl (suitably methyl);
R'is Cy.salkyl (suitably methyl);
R? is selected from nitro,
N2",
chloro,
bromo,
iodo,
-NR*(C1.6alkyl);” wherein R* is Cy.galkyl ;
-OSO,R® wherein R’ is selected from Cigalkyl, Cishaloalkyl such as

C.eperfluoroalkyl, aryl such as phenyil or tolyl (for example, para-tolyl); and
wherein R%is selected from hydrogen, Cyalkyl, halo, and nitro; and

R%is hydroxy or Cy.galkoxy or a protected derivative thereof.

14. A compound of formula (lIb) according to claim 12 or 13 wherein R® is

hydrogen, and R® is nitro.
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(i) a vessel containing a conmpound of formula (I1),

(Ha), or (lib) as defined in any one of clains 12 to
wao7amdoqii) nmeans for eluting the vessel w tPCEHGB2006/003009

source of F .

15. 2-[3-nitro-4-(methylformylamino)phenyl]-6-ethoxymethoxy-benzothiazole.

16. 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) as defined in
any one of claims 12 to 15; and

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

(i)  an ion-exchange cartridge for removal of excess 8~ and optionally

(iv)  a cartridge for deprotection of the resultant product of formula (1), (la), or

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

17. A cartridge for a radiopharmaceutical kit for the preparation of an B _tabelled
tracer for use in PET which comprises:

(i) a vessel containing a compound of formula (l), (lla), or (lib) as defined in any
one of claims 12 to 15; and

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