10

15

20

25

30

WD 2004/ 080492 PCT/ GB2004/ 001052 METHODS OF
RADI OFLUORI NATI ON OF BI OLOGE CALLY ACTI VE VECTORS FI ELD

WORIMMREDTI ON 5 The present invention rel at eSPCT/GB2004/001052

di agnosti c and radi odi agnosti c agents, including

bi ol ogically active vectors labelled with
positron-emtting nuclides. It further relates to

nmet hogsruang arergeERFsudraNATIDEFF BoumdinativwACDIVE VECTORS
vectors, where a vector is defined as a nolecule with
an affinity for a specific biological target, and is
preferably a 10 pept T t 18F-1 abel | ed
conj ugates are usef ummr@eutl cal s,
specifically for use in Positron Enm ssion Tonography
(PET). BACKGROUND OF THE | NVENTI ON 15 The application
of r adi ol ab¥1 Psernb ipvation aclpiep o diagnpdic Mdatrindiagpostic agents,

PRSI AR R R s e
rlelateertactmenhdd?. aperafents e "*R]yfbesinatien 0f ebetbrst (whetdﬁe vector is

adi_oact Vlt to tar ti.ssues

e Pk molnap s AR R o eI iolGBigal ik i i preferably a
Rptigat "ﬁjle fré%ﬁltﬁlﬁelgﬂﬂéﬁe‘ﬂ@& ycoﬁIugﬁt%g' KOUbfules faﬁlopharmaceutlcals
tunmours, infarcts, and infected tissues for
speaﬁnails{ﬂocuwmglomgoarﬁjmsadm domegaphy (BB, wi t h its
hal f-1ife of approxinmately 110 minutes, is the
positron-emtting nucl | de of ch0| ce for many receptor
i magi ng st udi e BACKI(eRE EREENIAON oact i ve
peptides have great clini caI pot ential because of
their utility in PET to quantitatively detect and
charact erigg applicheion abf Guiiofbeldd aasRsive 2pepddes for diagnostic
difficulty Wltﬁ 18F-1 abel | ed peptides is that the
TEeEEg WA BRS | igipertpidegin agfémrsmadlémﬁ nBicegicaly pgiveomolecules

e s [
\Qﬁlgﬁage egggglg 1?1{ %/gt a\lg ﬁ) 6%1%% &Els ?}ﬁa% zﬂg a%ﬁﬂ RO &Qwery of

pdioaéthetyl © @rgu pﬁsuegeVEnBraéxﬁmm&} lfadﬁﬁat‘d&ﬂéd peptiduyItve significant
have been proposed_in_ the literature,, i.ncluding
notentiak fo5iths g;lpvegy Pﬁ&d}mﬂﬁ%‘ieéﬂé Ay, infarcts, Vand Mfected tissues for

(K%%H% ?é g@? %‘u or op ﬂ%ﬁ%{ g?lfhnﬁﬁh)%sb Rl 31% dg 'approximately 110

winfufe8 Fsfthe pootrlue-amdityih p moolidieof dldoms&)r aidnyo‘écaptte 1magmg studies.

DS 1 aolabied o Giur Rebines hatd skt il Mol Ebecttit of their

- @ARPISPRT 16 ffntifdivery Recl ArdHapdicsiot hade va&&tpsmlséa@&

and proteins may contain a nultitude of functional
groups capable of reaction with active esters these

current nebROGFHANE Wi 1PF-18bM¥d 28PHd R8O 43P the existing '*F-labelling
PCT/ GB2004/ 001052
agents are time-consuming to prepare. Efficient labelling of peptides and proteins with

13F is only achieved by using suitable prosthetic groups. Several such prosthetic groups
have been proposed in the literature, including N-succinimidyl-4-["*F]fluorobenzoate,
m-maleimido-N-(p-[®F]fluorobenzyl)-benzamide, N-(p-['*F]fluorophenyl) maleimide,
and 4-["*F]fluorophenacylbromide. Almost all of the methodologies currently used
today for the labelling of peptides and proteins with 8% utilize active esters of the
fluorine labelled synthon. As peptides and proteins may contain a multitude of

functional groups capable of reaction with active esters these current methods are not
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site-specific. For exanple a peptide containing three
| ysine residues has three amne functions all equally

WO e@aisose2 t owar ds the | abell ed synt hon. Ther ef BEEGB2004/001052
there still exists a need for 18F-|abelled prosthetic

roups and met hodol ogi es, whi ch allow rapid,
eRselreley Geam ?@OEF@E ¢ aﬂntalfm%ﬂlref‘pé}fsmed@ﬁlém/hqsn@aee amine

ﬁﬁ@ﬁdxﬁeﬁb (ﬁﬁﬂf'ﬁ Léito%E& thi @ep;%ue@s tﬂng erHBE oA RRE 811 exists
products | radi ochem cal yield and purity.
aAcmbedl|fonaFF-9{abetlb¢r;eosthfslcagrwpsi dndr netiidolvgtdsp ddlicyiallew rapid,
ble t tofa|I|ta

h to
e B s BP RGN Gbrdh RGBT B ANS HeRT{Re URHGt il ponditions to
Siot ﬂqmﬁbelﬁﬁ-liﬁb&\ﬁ@s PEICRIATS Hinf¥al %&Ed LAY/ Eﬁﬁtlyg\lAdliQmBQﬁy, there

present invention provides a method for
watlinged Jor isnelt inmthasiolpi¢ss whighr stgcemorabld ta autnomgtionnty facilitate

of formul rrrula(ll) R1
GBI o abiobndalo ficFREP e 1l L1 L0 ound
of formula (111) wth a conmpound of forml a (v
R3-[:vector::::: III) 20 18F Llnker
wher ei n R1 PETAALEDHBESE RIF NOFTHE{IAV ANy a
protected al dehyde such as an acetal, a protected

ket one, such as a ketal, or a functi onallty, such as
Theopresent Mvieation pralvidses infehodr feﬁfadttﬁluov\thh@dn @apridéng reaction of a

%@n dl (yi&@?d eff ci e éla%m%g}'nafg gfg n .a! gegyde or

functi onal group \Nhl ch, under ml d conditi ons such as
aqueous buffer, reacts site-specifically with Ri
rHeldi Rgceorst abl ef conjugate. R2 can be ammoni a
derivatives suchl as primgny am ne, secondary ani ne,
gﬁdr oxyl am ne, hydrazi ne, hydrazide, 30 am noxy,
gk zi ne, sem carb@Ri de, or thioseni carbazide,

nd is preferably a hydrazine, hydrazide or am noxy

gfoup; -2 WO 2004/080492 PCT/ GB2004/ 001052
a compound of formula (IIT) with a compound of formula (IV)

R3— vector

(IT)
18F_(Linker) R4 (IV)
wherein

R1 is an aldehyde moiety, a ketone moiety, a protected aldehyde such as an acetal, a
protected ketone, such as a ketal, or a functionality, such as diol or N-terminal serine
residue, which can be rapidly and efficiently oxidised to an aldehyde or ketone using an

oxidising agent;

R2 is a functional group which, under mild conditions such as aqueous buffer, reacts
site-specifically with R1 yielding a stable conjugate. R2 can be ammonia derivatives
such as primary amine, secondary amine, hydroxylamine, hydrazine, hydrazide,

aminoxy, phenylhydrazine, semicarbazide, or thiosemicarbazide, and is preferably a

hydrazine, hydrazide or aminoxy group;
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R3 is a functional group which reacts
site-specifically with R4. R3 can be ammoni a

waleruwsi4pres such as primary am ne, secondary BOT/G82004/001052
hydr oxyl am ne, hydrazi ne, hydrazide, am noxy,

eny| hydrazi ne, sem carbazi de, .or_thi.osem carbazide, |
B3 e ém%?l@f &io4B whieh seges a%%-ﬁ&CI%HV 323*2%4-03§5m pFpmonia
- . y . o I .
O R R R WS
ketronds, asmwtxyapheaylbetiszinepsensicirbadids, on diogemicabatideg end is

di ol (fr ls\lkérer.m' aId se({i ne .residue, which can be

prg%lrﬂq ¥ 2 INOFEP BB CTTEP MY an al dehyde or

ket one using an oxidising agent; 10 to give a

conjugate of fornmula (V) or (VI) respectively: 18F

Re ﬁ&mlgielxdmi@m kntorievmoiety, apeeiegted aldebyzdesiich as an acetal, a

SRR Y kgL G it s Ao i

52k} which drbedtapidBr and effitientty oRiliksid toddn Alstlyde or ketone using an
substituents; and the Linker group in the conpounds of

PadismgRgenti 1), (1V), (V) and (M) is selected from
-(CH2 20)n (" ~ym-~r) / A\ pH N nO 20/ \ n -3
WO 2004/ 080492 PCT/ GB2004/ 001052 Jn(OP 1-4, (Op Nn
to gilxed edrjugate of formula (V) or (VI) respectively:

18 H
Foone (LInkEf)—-—X—N:l—‘ vector V)
Y

vector ——x—NZI— (Linker)—"8F
Y (V1)

wherein X is -CO-NH- , -NH- , —-O-, -NHCONH-, or -NHCSNH-, and is preferably —
CO-NH- , -NH- or —O- ; Y is H, alkyl or aryl substituents; and

the Linker group in the compounds of formulae (I), (IV), (V) and (V) is selected from

{CRCH.O)ACH), {—0@?
H
M N\[A/?
n p
O

e
O
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nis an integer of 0 to 20; mis an integer of 1 to
10; pis aninteger of O or 1; Zis O or S. 10 The

W@ 200de80492 Ooup i n the conpounds of fornulae (II1PCT/GBYU04/001052
(V) and (VI) are chosen to provide good in vivo
phar macoki netics, such as favourable excretion

aracteristics Ibn the resultant conjugate of fornula

M(Z)se of linker groups with different
i pophilic es and or charge can significantly change
the in vivo pharmacoki netics of 15 the peptide to

it gﬁe firagnosfii ¢ need. For exanple, where it is

desi A y1a‘tonjugate of formula (V) or (VI) to be

cleared f the body by renal excretion, a

hydrophilic linker is used, and where it is desirable

e to be by hepatobiliary excretion a

[ r is used. Linkers including a

pol yet hyl & ol noiety have been found to sl ow

bl ood cl earance which is desirable in sone

ci rcunstances. 20 Suitably, the Rl al dehyde is

generated by in situ oxidation of a precursor

WhAH&hi onal i sed vector containing a 1,2-diol or 1,2

am noal cohol group. For exanple, the latter can be

1 isgaintegeriof0do 2Ae pepti de sequence directly during

S ' i .he am no acid Frnoc- Dpr(Boc- Ser) - CH

18%%%??%%%f§§ieﬁﬁﬁ et al in Tetrahedron Letts. 37, 6861

it etegatofBiorilkarly, an R4 al dehyde in a conpound of

formula (IV) may be generated by oxidation of a
Bd2@FSor. -4 WD 2004/ 080492 PCT/ GB2004/ 001052

Sui t abl e oxi di sing agents which may be used to

generate the RI or R4 noiety in the conpounds of

Tl ok eresrip) inghel cgrhvyunde s éomiviee|(IL), (I (Vipend@f) edattwsen to
erj.odi c acid, araperi.odi c aci sodi um . e
B Pt e PR BT e s 2yl SR etionghaggeieigcs in

th8 résﬁﬁarﬁ%ﬂﬂi?%ﬁet@ of R (Wl Revi) JTHRAM: 6f WMikeR BEbupE Wwatheifferent

aspects of invention are ‘each preferably sel ected
ligrophilicCHO anc C=largCrHn-significantlylpangorthe guxitp phagmacokinetics of

- CH( - . and. - CH(,OC1 4al kyl h as.
PRy sut Dot oS et o PP i et s e gy
coafiRateld fRAn@R g RS (V) o't GerpOEBaShe bodyolntenalesxCletibn, a

and [[I} and rel ated aspects of_ the .
hydrophilic linker is used, and where it is desirable for clearance to be by hepatobiliary

excretion a hydrophobic linker is used. Linkers including a polyethylene glycol moiety

have been found to slow blood clearance which is desirable in some circumstances.

Suitably, the R1 aldehyde is generated by in situ oxidation of a precursor functionalised
vector containing a 1,2-diol or 1,2 aminoalcohol group. For example, the latter can be
inserted into the peptide sequence directly during synthesis using the amino acid Fmoc-
Dpr(Boc-Ser)-OH described by Wahl et al in Tetrahedron Letts. 37, 6861 (1996).
Similarly, an R4 aldehyde in a compound of formula (IV) may be generated by

oxidation of a precursor.
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invention are each preferably selected from NHNH2,
-C(O NHNH2, and -ONH2 and are preferably -ONH2. Y in

wo b@4ogmpounds of formulae (V) and (VI) and r ePEl/€#2004/001052
aspects of the inventionis 15 preferably H,

Cl?%?@k iﬁiﬁgﬁtﬁaﬁhﬁ%%ssd phen?%fe thﬁgﬁel éﬁ?‘ﬁﬁlﬁ)b@w infhe
p%gﬂ@sodisfoMﬁ@g% bl %Wp %esgé&t{avggg ﬁlc?ucfe(nbeillgadaté WetidlicYac,

to 11, nore sult at a non-extreme
Hagapeeindic acid, sfdlﬁmmmtﬁperlodﬁte,@,ndmom‘ss'nabhytamnm ent
tenperature. 20 The present invention provides a nore
chenpsel ective approach to radiol abelling where the

K& R i Bie ‘éf)mbsﬁﬁd.%dﬂ%ﬂnﬁﬂaetﬂ(g ) dduerv ?Q{ﬁi rela¥ed as ects of the

pre-selected during the synthesis of e or
ipeertion aper each peaderablprselecied dtonpnCHER éﬂ—@; —o@giﬁf@mgalbyl-@ ) such

LGRSl (R AS] BTN, 5o ot

Spespyaha®4 e CAO its application is considered
generl c for a wide range of peptides , bionolecules

and | ow nol ecul ar wei ght drugs. In a further aspect,

I&%%ﬁldg};{s $ERE cb{ﬁ}ﬂgﬂdsod} fe%ﬁﬂéedgﬁr eagﬁ) ad . %lgtred as ects of g]he

uori na risin Yon O
1ﬁf/etftmhm:d énch begferablyhsekected oo ANHNHA @@M{N]{L,a)ld —OZBIHZ and

ctor 18F- (Linker) -O-NH2 (lla) -5 WO
*’E@B’E? 9&1‘%%?/ GB2004/ 001052 or, a conpound of
forrrula (I'11a) with a conpound of formula (IVa) H2N-O

vector (llla) 5 18F-(Linker) -R4 (1Va) wherein RI and
YRin theeonpouadsiafdomatiay @ )faod (VBendosalptedradsecty offthe imykestion is

I d..(LV) ., res t|v nker group in the
éB%?Fg’EPﬁHS&bfau’fyﬁﬂ%ﬁgéntel ﬁ}%ﬁﬁ‘m@ ) are each a Cl.60
hydr ocar byl group, suitably a C1_30 hydrocarbyl group,

optionally including 1 to 30 10 heteroatons, suitabl % )
Thetrsactipneaycrecsifestrsl 18 ashitahle splyepsnfon example.dgen aqueous buffer in

'pflargnge i‘ {0 19E5 , suitably 3 to 11, more suitably 3 to 6, and at a non-extreme

temperature of from 5 to 70°C, preferably at ambient temperature.

The present invention provides a more chemoselective approach to radiolabelling where
the exact site of introduction of the label is pre-selected during the synthesis of the
peptide or vector precursor. The ligation reaction occurring at a pre-determined site in
the vector gives only one possible product. This methodology is therefore
chemoselective, and its application is considered generic for a wide range of peptides ,

biomolecules and low-molecular weight drugs.

In a further aspect, the present invention provides a method for radiofluorination

comprising reaction of a compound of formula (Ia) with a compound of formula (IIa):

R1— vector

(Ia)
1¥F.(Linker) —O-NH; (Ila)
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groups include al kyl, al kenyl, al kynyl chains,
aromatic, polyaromatic, and heteroaromatic rings, and

w@odoygers2 conpri si ng et hyl enegl ycol, am no aci BICT/GB2004/001052

car bohydrate subunits; 15 to give a conjugate of
formula (Va) or (Vla) respectively: 18F (Linker) O N
Qector (Va) Y vector 1- ON: 1 (Linker) 18F Y (Via)
M%EI% [ and the
Lin erﬁg}gglﬁ“ﬁh ghng tﬁ%é:g or tﬁ%h%g%ggﬁad of
formula (lIl1a) or (Na). 20 The term "hydrocarbyl group”
means an—organic substituent consisting of carbon and
Hgld;@gef*, ﬁetﬁtbr groups may include saturated,
unsat ur dted—or—aromatic porti 6He) In a preferred

3 & present i nven provi des a nethod for
ggf‘ﬂjﬁ({eﬂo nation 25 corrgyg ing reaction of a
wheeuDakd RE argadldfifdd dbove ¥&cthe bomﬁmhﬂdg of Wrinulz @) M (IV)

2004/ 080492 PCT/ GB2004/ 001052 with a conpound of
reRastively( VI 1 1), (1X), (X) or (X):

%‘% %ﬂl@‘;@%‘g}‘%@% s &QWE onthiibd (1) oy TV 8 oen ¥ .

hydrocarbyl group, suitably a C;.3p hydrocarbyl group, optionally including 1 to 30

heteroatoms, suitably 1 to 10 heteroatoms such as oxygen or nitrogen. Suitable Linker
groups include alkyl, alkenyl, alkynyl chains, aromatic, polyaromatic, and
heteroaromatic rings, and polymers comprising ethyleneglycol, amino acid, or

carbohydrate subunits;

to give a conjugate of formula (Va) or (VIa) respectively:

B (Linker)——0~—N==— vector (Va)

vector —O—N:'—— (Linker)—-——"—sF

(Vla)

wherein Y is H, alkyl or aryl substituents; and the Linker group is as defined for the

compound of formula (Ila) or (IVa).

The term “hydrocarbyl group” means an organic substituent consisting of carbon and

hydrogen, such groups may include saturated, unsaturated, or aromatic portions.

In a preferred aspect, the present invention provides a method for radiofluorination

comprising reaction of a compound of formula (VII):

vector —X—NH

2 (VID



(XI') wherein: nis an integer of 0 to 20; 10 inis
an integer of 1 to 10; Xis -CONH+ , -NH or -0- and

WO go0progfser ably -O Y is H al kyl or aryl substPCT/eB2®4/001052
to give a conpounds of formula (XIl -XV) respectively:

Lvector- X ( ) m (O CHI )n-F18 (XII) jvector
wﬂwamlpm}n%:?%@%%wubd%@: OC(EDiar (XI1V)  n\ /

vector X-N=-,~ n m 18F (XV) 15 wherein X is as

defined for the conpound of forrmula (VIl), in and n
‘3F-¢CHeEHs@)-(6%1,),0€HQ he conpounds of formula (VI11 to (VI
Xl). -7 WD 2004/ 080492 PCT/ GB2004/ 001052 This

reaction nay be effected in a suitable solvent, for
exanpl e, inpan aqueous buffer in the pHrange 2 to

11 i flablly 3 to 11, nore suitably 3 to 6, and at a
Hen-lextr e tenperature of from5 to 70 C, preferably

at anmbiend tenperature. 5 It is also considered useful (IX)
when using an anmne noiety in either the vector

conpound d&f formula (1) or (lI11) or the synthon of
Ielpr I}, or (1V) as functional group, and also in
the /e be%i fically described aspects of the X)

invention, to include a reductive step in order to
stabilise the ¥esulting Schiff base. Suitable reducing
Bgdnts thipg.step are well known to those skilled

i nthe and” i Acl ude sodi um borohydride and sodi um

10 cyanoborohydride. In a further preferred aspect, (XI)
tgeelresent i nvention provides a nethod for

V&40t | uori nati on conprising reaction of a conpound of

1 GramthRgéroflo)to 20;

10  mis an integer of 1 to 10;
X is “CO-NH- , -NH- or —O- and is preferably —O-
Y is H, alkyl or aryl substituents

to give a compounds of formula (XII -XV) respectively:

vector —X——N=CH-(CH,)m-(O-CH,-CH,)n-F & (1)

vector]| X——N=?\H/H\¥¢kﬁmF (XIh)

o)

X_N:MO“’F xV)
n
[vector}-x—N—

- e (XV)

wherein X is as defined for the compound of formula (VII), m and n are defined as for

15

the compounds of formula (VIII to XT).



~- vector 15 Y (XVlI) where Y is H, alkyl or an aryl
substituent preferably with conpounds of the fornula

WQ 2081103049 XVI | 1), (XI X) or (XX): PCT/GB2004/001052
18F- (CH2 CH2 O)n- CHz),, WNH2 (XVIl) 18F/ ~

O O, 1aF NHNHz (XIX) O 18F /
mﬁrﬁd‘: R?()mayztt? %X#‘?%’n)eé itha SHtaRisobvent.dfonexagipie. de an pgieouk buffer in

gﬂbgbg—l n%%%en 9 %@P nggﬁn%}?@q? ko 1510%1?1?/'3N§§%§1{({ 39 a o, %16
‘iegméﬂémne\oélﬁyom 5 $BTONG, POLTarDB0A QﬁleKﬁTteﬁﬁﬁé@eQﬂi/eOOlOSZ

18F-(CH2-CHz 0),; (CH2)m W N~ vector (XXI) Y ~~H
18F- ~, | ~N~O~N~- vector (XXIl1) t /~0 1Y O 1laF \ /
5 Ithd\Elscy &ﬁIsQIere(d)@gbfuI WherY u@qg 11§ %m\mé mbielY in'ethtCthe c%(gﬂ)ygzompound

Y_whe - CONH-
of fomlula (I) or (III) or the synthon of formula (II) or (IV) as functional group, and

also in the more specifically described aspects of the invention, to include a reductive
step in order to stabilise the resulting Schiff base. Suitable reducing agents for this step
are well known to those skilled in the art and include sodium borohydride and sodium

10 cyanoborohydride.

In a further preferred aspect, the present invention provides a method for

radiofluorination comprising reaction of a compound of formula XVD:

0]

J—u vector

15 Y (XVI)
where Y is H, alkyl or an aryl substituent
preferably with compounds of the formula (XVII), XVIID,(XIX) or(XX):

19F-(GH,-CH,-0),~(CH,), W-NH, (XVi)

H
N NH
18 -
0
18F
C NHNH, (XIX)

20
wherein m and n are as defined for the previous compounds and W = -CONH-, -NH-
or-O- to give a compound of formula (XXTI), (XXII), (XXIII) or (XXIV) respectively:
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in, n, are as defined for the conpounds of fornula
(XIl'l to XI) and Y is H, alkyl or aryl 5 noiety. This

w0 e@ans@m nay be effected in a suitable sol veneCT/GBr004/001052

exanpl e, in an aqueous buffer in the pHrange 2 to
11, suitably 3 to 11, nore suitably 3 to 6, and at a

1RQOH L0, fog eH2)f Brper=t-+ @ebforfir om 5 t @of0C, preferably
at ambi ent tenperatu&e. 10— fornulae (1) and (111)
and in other aspects of the invention unless
fpgc:ricallyﬁstated ot herwi se, suitable vectors for
abel | i re peptiges, vhrc in e somatostatin
anald@ﬁgg?%éuc aﬁfgﬁer tyﬁgnpaynbeggﬁs vasoactive

i ntestinal peppide, chemotactic peptide anal ogues, a
mel anocyte stinul ati ng hornone, neurotensin,

Arg-d y-Asp 15 _peptide and its anal ogues, hunman

pr o-i nsul i8p—¢ ):u iq@ pgptide, @andot hel i n,

ang| ot ensi n anxed N- T VeCtOl' (XXIII)

fornyl - norl eucyl -1 eucyl¥- phenyl al anyl - nor| eucyl -t yr osyl
-lysine. Preferred peptides for labelling are

Arg-d y-Asp peptide and its anal ogues, such as those
descri bed i /YR Qjl/ 77415 and WO 03/ 006491. Preferred
pepti desgConpr i/se ha:T#f nt PO -9 ovR004/ 080492
PCT/ GB2004/ 001052 Hs oyS-s—p—+Hp HO HQJ HN, ,Jt, H
NH* /NN N/ANO 60 OO~HH O HO NH HN HN=< NH2
In one particular aspect, the peptide in fornula (1)

vilterdih W3 -CONGi-, £HRUVI @0(A): S p S S

m, n, are as defined for the compounds of formula (XIII to XI) and Y is H, alkyl or aryl

moiety.

This reaction may be effected in a suitable solvent, for example, in an aqueous buffer in
the pH range 2 to 11, suitably 3 to 11, more suitably 3 to 6, and at a non-extreme

temperature of from 5 to 70°C, preferably at ambient temperature.

In formulae (I) and (III) and in other aspects of the invention unless specifically stated
otherwise, suitable vectors for labelling are peptides, which may include somatostatin
analogues, such as octreotide, bombesin, vasoactive intestinal peptide, chemotactic
peptide analogues, a-melanocyte stimulating hormone, neurotensin, Arg-Gly-Asp
peptide and its analogues, human pro-insulin connecting peptide, endothelin,
angiotensin and formyl-norleucyl-leucyl-phenylalanyl-norleucyl-tyrosyl-lysine.
Preferred peptides for labelling are Arg-Gly-Asp peptide and its analogues, such as
those described in WO 01/77415 and WO 03/006491. Preferred peptides comprise the
fragment
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p HOHOHOHN~HH HNH X7 (A) 0OO0 _O0 / ~HO
NH HN HN( ~0 NH2 -H2C 5 wherein X7 is either -NH2 or

WQ 20048804p2 - ~0_ ~O -~N 11 (r) NH2 O O wherei n BCT/€Bai04/001052

integer of from1l to 10, preferably ais 1. 10 As w |

be appreciated by the skilled person, tge met hods of

the invention may al so be wused for radiofluorination
t her bg sproteins, hornones,

gonuchgg;i and aﬂtlhmdy fra%njfa as well as

smw I I 3]

tracérs.N 15 In-for ﬁt}]/ Ia (EVa)Han
asped{ s "of ®he X nvent |Oon Iess Qped fi cal Py st at ed
ot herim se, the;%Inker i's _60 hydgy \.rbyl group,
suitaply a Cl1 hydroca yl group aptf onal | y

i nc], udi ng 1 0 het er oat ons, swtably 1to 10

het at ons uc as _10 WO 2004/ 080492
PCT/ GB2004/ 0010572 oxygen or nitrogen, and i s chosen

TP ofafatcor 495 e et Qe RO RSRF] OISR or R ER L

aronatic, polyar OITB.tI C, and het er oaronati c rings, and
pol ymers conpri sing ethyleneglycol anlno acid, or

car onydrat e subunits. Preferred Li NKer sgroups in
forprul ae (§la) _and (1Va) and gn other 5 waspects of the
| entd on/Q‘n/cl udg those selcect d frortb

N vH«[rNJLH AN @

N
= H

0]
HO

JL%/\/....

0o NH

wherein X is either ~NH; or

H
—[_—HN\/\O/\/O\/\O/\/N\H/\O/\H’]a/NHZ
(o]

o

wherein a is an integer of from 1 to 10, preferably a is 1.

As will be appreciated by the skilled person, the methods of the invention may also be
used for radiofluorination of other biomolecules such as proteins, hormones,
oligonucleotides, and antibody fragments, as well as small drug-like molecules to

provide a variety of PET tracers.

In formulae (Ila) and (IVa) and in other aspects of the invention unless specifically
stated otherwise, the Linker is a Ci.¢o hydrocarbyl group, suitably a C;.39 hydrocarbyl

group optionally including 1 to 30 heteroatoms, suitably 1 to 10 heteroatoms such as

-10-
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15

20

-("~ 2CH0)n ("M '2)m~Op H N nI?PO nn/ \ n J
m(zZ) 10 J, (O)P ---4n ((r))V-N Tn wherein: 15 nis
wa@eookosmger of Oto 20; mis an integer of 1 PCI/GB2004{001052
is an integer of O or 1; Zis O or S. 20 Particularly
preferred linker groups in fornmulae (lIla) and (Na) and
oxpgay draNtregspe andsis ghosen i pravidergood i g Phamaspipptiqs. Suitable

003 YR R0AR TR LA s i,
HeReR2OM &I 1i2Ys] andpdl@HR)sQorprisinGriylertglcal, amfroHR)d) br 1
ounds of forpula (1) and (I1])

N- 10 Co f '
cBepHTe By sa Rl GEEroUPS ot iiat GPERELIE) apdin ot
ag]g@ e @ggﬁt?dnrﬁgéﬁﬁe pRet k& tayabhesi s, for exanple,

eSscril

{CHOHOICH), JrO@%;i
H
N
AN
O

A
aand
M (z)p,@Hﬁ
Mo Wl

\L%gm,, 7\

wherein:

n is an integer of 0 to 20;
m is an integer of 1 to 10;
p is an integer of 0 or 1;

ZisOorS.

Particularly preferred linker groups in formulae (Ila) and (IVa) and in other aspects of

the invention may be selected from:

-11-
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At herton, E. and Sheppard, R C; "Solid Phase
Synthesis"; IRL Press: Oxford, 1989. |Incorporation of

wo b@4gs@ep RL and R3 in a conpound of fornmul a $CH/GBR004/001052

(I'11) may be achieved by reaction of the N or
C-termnus of the peptide or with sone other 15
function roup X ai ned within the peptide
§@&§%@@?&ﬁgﬂi¢of whi ch does not affect the
bi ndi ng characteristics of the vector. In a preferred
ke the am noxy group, NH2-O may be directly
introduced into the peptide sequence using the am no
m)c Ans( Boc) - OH or Fnoc- Dpr (Boc- Aoa) - OH
@_p Novabi ochem The functional groups Rl and
|§ étably introduced by formation of a stable
am ohe 20 bond formed by reaction of a peptide am ne
CW)otzh an activated acid and introduced either
durimg or follow ng the peptide synthesis. Wen the
precursor—+s an acid then RL and R3 can be introduced
usmzlng-oi activating agents such as 2-(1H
benzotriazefe-1-yl)-1,1, 3, 3-tetranet hyl uroni um
hexaf | uor ophosphate (HBTU) or N [(dinethylam no)-1 H
1,2 shgzm o[ 4, 5-b] pyridin- 1 -yl methyl ene]-N 25
r{%'f'zpwl et fanam ni um hexaf | uor ophosphat e N-oxi de
(HATU). I n another aspect, the present invention
pr es novel 18F-prosthetic groups, useful for
I‘a@ﬁlg pepti des and proteins, for exanple by the
metMods descri bed above. -12 WD 2004/ 080492
PCT/ GB2004/ 001052 Accordingly, there is provided a
conpound of forrmula (Il1) or formula (1V), or a
Conpouitld of forbailard) and (III&)nay(bN@}epa(‘édl H}l standatdnethody of peptide
(XL),.(XvVI), (XVLID), (XIX)., or ); all_as defined
SBESISWiOE 6% @lep%sir@@ge pe(pitl)ie ﬁﬂlth%s EF 1Ry 8RS apfescribed in
t:
AT el ey S ) P R s Doy 19
Imepmoetaioflofthe grbep RilrakdR3iia amompphedyf fornlai () arr{lDhmay be

SRR 2 BT Bt Lt g, AR
f’dn@loﬂa‘l‘ ot B BRARRENFEIR Ehefp%f)ﬂ&g @ﬁ)ﬁéﬁoe ﬁloklfﬁcﬁ@&n 9f whit® does not

Preferred conpounds of fornula use in th
pifent 8edundide sharrderstive p€the, veetod Inwhpirefhrred exapide th@rimpeexy
%r%u{) rﬁhz_g)e may8be cilrec:cl}zl Iirlllroquur:gd) ’[2 Othgp%pt%e/ se\quecr:llEQ using the amino
acids Fmoc-Ams(Boc)-OH or Fmoc-Dpr(Boc-Aoa)-OH supplied by Novabiochem. The
functional groups R1 and R3 are preferably introduced by formation of a stable amide
bond formed by reaction of a peptide amine function with an activated acid and
introduced either during or following the peptide synthesis. When the precursor is an
acid then R1 and R3 can be introduced using in sifu activating agents such as 2-(1H-
benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU) or N-
[(dimethylamino)-1H-1,2,3-triazolo[4,5-b]pyridin-1-ylmethylene]-N-
methylmethanaminium hexafluorophosphate N-oxide (HATU).

In another aspect, the present invention provides novel '*F-prosthetic groups, useful for

labelling peptides and proteins, for example by the methods described above.
12—



18F-C1-10aJV-O- (CH2) 13 -O/ \ CHO 15 18F-(CH2)1-6-CHO
18F- CH2C =C- CHO 18F (CH2CH20 2.2C (CH2)-CHO toF

wQ@ 240427 CHO 18F- (CH2) 1-6- O\ CHO 18F- ( CH2hO1/GBE004/001052
rcHO 20 v 18F-(CH2) O 18F CHO N 25 -13 WO
2004/ 080492 PCT/ GB2004/ 001052 | n anat her aspect t he
Ascexiingly,i thare it prowided s gpapsurdbeiformue () of formilla{IY). pra

it I TR o

) %ﬁi&fmﬁdﬁbt:}vmlﬂgﬂlbprm(ﬂ;dsl)h (1a), (I11a), (M1),
t t
(ﬁﬂlgﬂé Cmnspn e lailh o e ankg jeb bt tish Rags aminoxy (suitably

5 ang ri bed above, and especially where the vector is
2(gfrrula (AA:' S 0s s HOHO HN~ ON NNN N uH X

({An thttc@npbiids bif Ortud (TVD tivHinkdNisidt pheyINH2 - H2C
(iii) in the compounds of formula (IVa), the linker is not phenyl or phenyl substituted
by halo, hydroxy, or benzyloxy;
(iv) in the compounds of formula (X), n is not 0.
10
Preferred compounds of formula (IV) for use in the processes described herein, and

which are claimed per se include:

1BF‘(CHzol'lzo)z-zo’(CHz)—()‘<_:_>_CHO
BF-C10elky-O-(CHy)y 5 —O’QYCHO

15 BF(CHy);6-CHO
B¥p_CH,C =C-CHO
BF(CH,CH,0), 5-(CH,)—CHO

1BF©‘ (CH,), ;-CHO
18F-(CH,), ¢~ O—@CHO
18 F_(CH2)0'1’<:>*CHO
20
16F-(CH,) -QO
18F@CHO
=

25

-13-



wherein X7 is either NH2 or ~O- ~NO NH2 10 0 O
wherein a is an integer of from1l to 10, preferably a

WO 2002/0804m2 a further aspect the present inventiP@I/GB2004/001052
provi des radi ol abel | ed conjugates of fornulae (V) and
(VI), as well as the conmpounds of formnulae (Va),
(Ma), (XI1), (Xtrr), (X1v)y, 15 (XVv), (XX1), (XXil1),

hg Mtilér) h%/éres&}t mw%?vgr?f)fo‘%ﬁés @&V}ggund: ro??@rh{u@gﬂ and (ITI) as

oun

v(e%ll alslt])e cc(r%lbdﬂlds ()f(fé)'mula)(lﬁ)) (III@)XWII),,(X(V)IXIallla)S deﬁmﬂ above

are t i s Ara- - As
Bsalorr wmgﬂ gl b At o SRS gty Vi) 5 Bnose
e et oo
aﬂdlemepiauynwdmmmmeﬂsmf@mnulﬂm OO0 ~0 HONH HN
HN=( ): O NH2 -H2C wherein X7 is either -NH2 or

-F NN~ O-a NH2 0 0 5 wherein a is an\integer of
mlto 1. Conpounds of formula
gay {oe premared fr he cornf{gs/%n ng precursors
qiN\/bL %E@&qu X)Ny( < (A)

o)

HO

N
(@)
N
11/

wherein X is either -NH, or

H
—[_HN\/\O/\/O\/\O/\/N\H/\O/\H/]{NHZ
0

10 ©

wherein a is an integer of from 1 to 10, preferably a is 1.

In a further aspect the present invention provides radiolabelled conjugates of formulae
(V) and (VI), as well as the compounds of formulae (Va), (VIa), (XID), (XIII), (XIV),

15 (XV), (XXD), (XXII), (XXIII), (XXIV); all as defined above. Preferred compounds of
formulae (V), (VI), (Va), (VIa), (XID), (XIII), (XIV), (XV), (XXI), (XXII), (XXII), and
(XXIV) are those wherein the vector is Arg-Gly-Asp peptide or an analogue thereof as

described above, and especially where the vector is of formula (A):

-14-
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"R6 (XXV) 10 wherein L is a leaving group preferably
a p-tol uenesul phonate, trifluoronethanesul phonate, or

woredohasmEsul phonate or a halide and the Linker PGEI/&82004/001052

defined previously and where X is preferably -CO NH,
-NH or -0- , RS and R6 are either Hor a suitable
protecting group such as the t-butyl oxytarbonyl by
regction w-th 15 cyclotron produced aqugous

PsBF] of | upri de, uitabl \iﬁf- ctlﬁiﬁ evapor ati on
fpem asen( f eEXan.e amit,retr ni u
K2Cb37a\Kﬁyp of %ﬁ@% fa shi t bl & SHI vdht such /?

acetonitrille, N, N di@etHyl fonn&ni dg, or & nethyl
sul poxi de, typically at ient o el evat ed
tenprature, f&r exanpl &%p to 150 uitably 60 to

120C/or by m bwave heating, followed by renoval of
any? prote I\%@group usi ng standard 20 methods such
as &ol ytic tW&atnment. Conpounds of formula (1V) may
szCprepared fromthe correspondi ng precursors of
formula (XXVI): -15 WO 2004/ 080492 PCT/ GB2004/ 001052
O L-linker _~I Y (XXVlI) or a protected derivative

7 L is a leaving group preferably a p-

‘f’ﬂ?rﬁ}é‘:}éslﬁ%%nﬁi@ "t rifl uoromet hanesul phonate, or

met hanesul phonate or a halide and H the Linkery.s as
defined pravidlisky~@ithrOre poeter: 5l 6r
aryl substltuents by reaction with cypclotrop produced
aqueous [18F] -fluoride, suitably pre-activated by
ehafeid aid Arinfeparofdrdmas eo ( 0, gprefexabiypd &,1.f r om

t et rabut yl ammoni um or K2CQOB/ Krypt of i x- 222), in a

sui tabl e solvent such as acetonitrile, NN\
S O TR o P B ndihy PhE bl of
foamiRGEX VDO The al dehyde or ketone function of
conmpounds of fornmula (XXVI) F§§n al so be rapidly
generated from tjhghked)otget ed precursors such as
acetals or ketals by sinplepgcid treatment follow ng
fluorination. In a preferred exanpl e c&¥dnds of the
formula (1V) are prepared from conpounds of fornula
(XXVI1) OR6
wherein L is a leaving group preferably a p-toluenesulphonate,

trifluoromethanesulphonate, or methanesulphonate or a halide and the Linker is as
defined previously and where X is preferably -CO-NH-, -NH- or —O- , R5 and R6 are
either H or a suitable protecting group such as the t-butyloxycarbonyl by reaction with
cyclotron produced aqueous ['®F]-fluoride, suitably pre-activated by evaporation from a
base (for example, from tetrabutylammonium or K,COs/Kryptofix-222), in a suitable
solvent such as acetonitrile, N,N- dimethylformamide, or dimethyl sulphoxide, typically
at ambient or at elevated temperature, for example up to 150°C , suitably 60 to 120°C or
by microwave heating, followed by removal of any N-protecting group using standard

methods such as acidolytic treatment.

Compounds of formula (IV) may be prepared from the corresponding precursors of

formula (XXVI):

-15-
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L-l1inker-NH CO NNR5 (XXVI1) 15 wherein L is a |eaving
group such as p-tol uenesul phonat e,

wao eioftlosapn et hanesul phonat e, et hanesul phonat BCT/GB2@4/001052

halide, and the linker is defined as above and is
joined via an amide bond to protected serine
derivative. In this case the protecting group R6 is

preferably t-butyl and.-Reke fined as above.
Reaction with cyclotron producgd 20 aqueous

[ 18F] -fluoride, suitably pre-actiyated by evaporation
froma base (for exanple, fromtetrabutyl amoni um or
K2CGB/ Krypt of i x-222), in a suitable solvent such as
o@@?;’hﬂ&btéd dérévatiNe Mrerebfehdryinflotsrarideg goup girefedahlyl a p-
sul phoxi de, typically at ient or _at elevated .
tolupnsshiphomate, mﬁﬁor@wéﬁw%s Opatea@d@?théltﬁwlaﬁ?%ﬁtt%f 4 hplide and
HEPHLE is T deMEIRVRYEIN 8RS V1Y prefQhibigWE ALY of HFP¥MstiRbnts b
%gaﬁ%eif%¥o?ectﬁgn and?oxidatpg% to9the SOaEgghygé bgs Y
reavtion wdihsiyelptmgenodsed hqeeupEiF lofiztrile, Juitablyprpaeiwatedday

cFabeetstn frarh PGP SXastils, o0 [ A R SRR SProfix
0D Hh § Rt AvER YhdS acEtBhitEX NN SdimRthyHofBghide, o1Sdifm@thyl

a BAL strategy as described by Brask et al in Bioorg,
sniptioxidnetypicaldy at anthiert 2o ot glevatadstexyperatioa, o gxeple up to 120°C.

CT/ ¢B2004/.00105 97-c1 ' .
O et Bra gt R A0 RS SR e rapiaty
donEAted! feth it 0teBle@pAivBRSofsasicl avbdolalasd ks by aingddydé
di net hyl acetal foll|lowed by acylation with thefj  nker
tecatrpet dellowing fuptigationn B profsicd s¥applsompouagie e formula (IV)

P . . ti b
AL BRYED o BB SO0 3&&) oduct by
washi ng. By acid treatnment co ®f fornula (1V)

are obtai ned dirfgkénNHLOQD sol i d-support as shown
below. W rl W L-LINKER N _I\ﬁg @)

(XXVID

wherein L is a leaving group such as p-toluenesulphonate, trifluoromethanesulphonate,
methanesulphonate, or a halide, and the linker is defined as above and is joined via an
amide bond to a protected serine derivative. In this case the O-protecting group R6 is
preferably t-butyl and R5 is defined as above. Reaction with cyclotron produced
aqueous ['®F]-fluoride, suitably pre-activated by evaporation from a base (for example,
from tetrabutylammonium or K,;COs/Kryptofix-222), in a suitable solvent such as
acetonitrile, N,N- dimethylformamide, or dimethyl sulphoxide, typically at ambient or
at elevated temperature, for example up to 150°C, suitably 60 to 120°C or my
microwave heating, followed by removal of O and N-protection and oxidation to the

aldehyde by an oxidising agent such as periodate.

In one preferred aspect, the compounds of formulae (IV) may be prepared on a solid

support, such as polymer beads, coatings or micro-scale devices, for example, on a resin

using a BAL strategy as described by Brask et al in Bioorg. Med. Chem. Lett. 11 (2001)
-16-
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15

We Soli d-phase Fluorination Owe r-1- Ov N

18F-LINKER MO Ol O W Solid-phase TFA, H20 /CHO
wWORD02880402 NKER O wherein L and |inker are asPCT/GB2004/001052

descri bed above. 10 This approach may be particularly

sui tabl e for_ autqmated production of the conppounds. of

6017901 The peptide ald¢hydss s ém‘fﬂmﬁéﬁﬁ% %(rfg& IRAREYE élgn%a%on of

P ABGEPEGCRVPRAERASHiTH ARin6RITRAA RO dfMbthyl acetal

%?%%ﬁé\% anount (e.g. an a{m)untn ef fect |5’ve for }lleageian

followéd/loy RiTationagintdip linkercotipooempbuthth aspeaeaxeessireagents and by-

f or mul or. (Y1), ar a conpound of faorpula (Va
e b g En SetRET e Srogilsd o oty bousd
p@ﬁﬁkzk by waling "BV Ydid tRlatmés HRbbRRE AR HRila fIQ’g Qtd\$Htained

w th onhe or nhorée pharmaceutically acceptable
dactptly fntnsthe eddid-pippattsis showdi belewt s. - 17 WO 2004/ 080492

PCT/ GB20Qg/ 001052 A preferred enbodi ment of the

i nventi o(ri\rel ates to a conpound of general formula (V)

or (Vg [ ofa conpound offormula (Va), (Via), (X1),
(XhkekR XIV), (XV),, ( BXXI 1), (XXI11), or

( XXI W92 an\dﬁkigrkd/‘"f e for medi cal use and
parti culy for gse i F&EEOur i maging (suitably by

PET); wherein the vectorg,s.e Arg-3y-Asp peptide or
an anal odlf& therepf, such as those described in WO
01/ 77415 and WO D3(Rxe491, preferably a peptide

conprising the fragnment S
OMe

H\OMe -
N MK
”F—LINKER—%/ 02000
MeO O\/\/\H/HV % 0%
O RS
OMe

Solid-phase

TFA, H20

CHO

NH
18,
F—LINKER-—\(
o]

wherein L and linker are as described above.

This approach may be particularly suitable for automated production of the compounds

of formulae (IV).

The present invention also provides a radiopharmaceutical composition comprising an
effective amount (e.g. an amount effective for use in in vivo PET imaging) of a
compound of general formula (V) or (VI), or a compound of formula (Va), (VIa), (XII),
(XIID), (XIV), (XV), (XXI), (XXII), (XXIII), or (XXIV); all as defined above; together

with one or more pharmaceutically acceptable adjuvants, excipients or diluents.

-17 -



0 s sOHOHOHO HNNNNNNNN HOHHOHO O
HO NH HNC HN( NH2 nore preferably the peptide of
wo oroaB@9If A): 10 S OS O 7, S HHN-N N-N NN\P®I/GB2044/001052
Xt HOHHO=H ~=00 HO NHHNHN=( ONH2 - H2C
wherein X7 is either NH2 or IiNFO-YNH2 0 O 15
Avprefesied embodimagnt phthedayengpn Wléfms to g gpmppung of g@meaﬁh frmgula (V)

of Beprra iy s R O CRRF R ER R (R, oo,

(Rt NS D) £6t (KXW dlbay defined abvE, for medical use and particularly for
use in tumour imaging (suitably by PET); wherein the vector is

5  Arg-Gly-Asp peptide or an analogue thereof, such as those described in WO 01/77415
and WO 03/006491, preferably a peptide comprising the fragment

HN HN
N =<NH2

more preferably the peptide of formula (A):

10
s
° ° 0 0 0
0 ’ H
HN\/U\N/L,(H\/U\N/\H/N\;)\N N\E/U\N X (A)
z H i H H o H H o B H 0
O
NH
HN HN=(

0 NH

wherein X' is either -NH, or

H
—[_HN\/\O/\/O\/\O/\/N\H/\O/\H/]a/NHZ
0]

o

15  wherein a is an integer of from 1 to 10, preferably ais 1.
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i magi ng in anmounts sufficient to yield the desired

signal, typical radionuclide dosages of 0.01 to 100
worgiod/oprsef erably 0.1 to 50 nCi will normal |y bRCT/GB2004/001052

sufficient per 70kg bodyweight. 5 The radiolabelled

con ccordln to the inventi ar e
e belied B30 SRR S PR T3 SR ST g ety for PET
1%?&1% Bufid rsﬁfﬁ%‘ie?lt & yierGhPHEYeS Sigﬁala tﬁeﬂ‘%ﬁdloﬁﬁblhmf dosages
hi'n e skill of the art. For exanple, the
Qfd}ﬁioiuri@Q m@pprecﬁerabllyw Iatot 0 mﬁiewﬂéu@mrmallyr’oe@mfﬁment per 70kg
armaceutically acceptabl e excipients, nay be
bd or dissolved in 10 an aqueous medi um with
the resulting solution or suspension then being
sterilized. Viewed froma further aspect the
Theuadiolabellgsk m%@eStan@ord@g to thegnyengion magydherefpre be formulated
@0 g&{h’ 5 gl‘reaﬂgla g%}?lg 8 ¥Sl élcgﬁl £C% t%.lli;]lg %g (?I' %(E{pefen?sf 111% manner

od o)

fullR & heh the Wkilledy thie BETFola@gdnm@ﬂ&r@nhp(mh@s optiomilils w1th the
I mag i nvol vi n adm ni stration of said
f@p%@hwewc‘@ y a@%ﬁpaabmrpws ARARA susernded Ardissolved in

%e%\/%&{? o f‘@vgfrhﬂgglrs?tgll cﬁfm er agééfelgt ﬁltrt enogeﬁ erﬁllﬂclnzr? d

u rt
Vieonet dﬁm a ﬁn‘ﬂteh agpeof thg émentitn pyvales themsg ef @ fadiolhbatied

or . ani body i nvol vin m nis

GBI OB EuiPr 5 T BP O )& p gl or e i a
fn?a!?] GRIEPRT] I AbfetaBRfr Almair i@ iAvolvin

%g@twgfgfns‘g?/% I?g]gm to l\iﬁlrch spgl d :{Sggl ophar mace%it%lgca 5

zhhmm;%tramcm chﬁﬂaehradmhmautloaht@@um@mrcammal body and generation

o har f £F ses a radiol abel |l ed
5?8 %ag B’? 8 ¥ PHE i nvention. Viewed from a
furt her aspect the invention provides a nethod of

nonitoring the effect of treatnent of a human or
Winwiedlfropp algtilvurthen astreglthe énveniieuproxides Aanethaghpf generating an

asaég %f gﬁ’lﬁl?lo g gr &ﬁﬁqﬂl B&[&F %Qolvg{gned?r 1@1% L o%?%@?%%h&uﬁcal to said

OoXI1 C agen

By B Sihey ﬂhB FadcdlH aysiefﬁ@d& géndratthignabelgt eflatdea bgart ef said
accordin g 0. the invention and detegtlng t he upt ake

Brrdyda v domidigaiophaymaceriical Baseistabered grigg EFdb Erefn said
SAfoh %lﬁlac@ﬁtlcﬁ?%finép LEERARESLARM cb ugét%tab&ﬂhﬁé &1 Q3vention.

rec sal nistration an etection
optlonally but preferably being effected repeatedly,

G L) S, 06 bl LUeg ot i 20 S8 e
dIYV&RhéMR r@)f afhtlﬁ‘faﬁ ok ﬁmﬁ{a‘%b&%ﬁgltﬁ a|ﬁ|n§% foonitAa condition associated
preparatlon of a radi of |l uori nat ed racer COﬁprlSlng a

with satvet, ipeefgrablypangiogenesiti - ¢ Fytptogic ageny sgihmethod comprising
g n%%{s e%%%%o salg]b— SEB % (r)gcfl oloé)e]ﬂ(c)ag conjugate according to the invention and

detecting the uptake of said conjugate by cell receptors, preferably endothelial cell

receptors and in particular av33 receptors, said administration and detection optionally
but preferably being effected repeatedly, e.g. before, during and after treatment with
said drug.

In yet another embodiment of the instant invention, there is provided a kit for the

preparation of a radiofluorinated tracer comprising a prosthetic group of formula (II) or
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(1'V) and a conpound of formula (I) or (Il1l1). According

to a further aspect of the invention, there is
w@eaniosiaoz a kit for the preparation of a PCT/GB2004/001052

radi of l uorinated tracer conprising a prosthetic group

of formula ( and_a_ 5 conpound of fornula (1).
(mwwglnoeﬁé\r%fwlaa@b%ﬁﬁf the invention, (t Lere is
provided a kit for the preparation of a _
écf%%&%%&u?t%spg% %%?Mﬁighzﬁgl%gg Emg@&tﬁr tl?erporg}?aration
PR Sy i B i ATRRMIGCR0)
atpoespofnidimglad Hnpondiing tof amothat aspett Of thethvedteon, there is
conpound. of formul a, 1) .or 1) woul d be .
ROHIet ¢ g!a?ctrd{i? B@P&f&ﬂé@f%%&m&wgﬁg{% ﬁ%%f&@&ﬁlﬁﬁ@é)mstheﬁc
%é%@ of folRSIRFRKIMELY (X XP N Gl Bl DAFduAe §Pfolnﬁg% éﬁﬁ’}?V €.

erably, the conpound”of formula (I1) (1Vv)
maybe separated fromwaste reactants by passing the

t] ' th h Sal4 Ph Ext ti
spes! e mnnde SOl Pk ARy AU e
@RI cRBthpoEdo SloahuRAN ¥nPHRTBnPouhd6f BXEHRTIKVI) or
resin. The conpound of formula (I1) and_ (1V) woul d

@R beowld de ¢orvertcHdo Sorropgsreandsre dosmeund of formyledIV),

0l . . ! . .
b7 SRR R s HeLaly. dRecdhasplvedbintas
a2t (I¥ ) enalydepepaited Eofrowaste taactdbtsiiypatesg thieheackiab alikimde

BioE & el P et e SR Gt |5 SIS s i comprise o
%%%Hrﬁ%aﬁfcg)éﬁ%hﬁ phBseMtiGh etdind ki Rcompound of formula (1)

ations a used: 25 HP% > high perfornmance
dnd TV Xiwotdd obreant begpdepd o thiBnpowsls ed formadm@) il @B mpestizely

T RS ML A e o
dxelhRINEP QhMES b PEYD nelhetel, AhomBEIANRptiddmay be purified, for
example, by SPE and collected.

EXAMPLES

The invention is illustrated by way of examples in which the following abbreviations

are used:

HPLC: high performance liquid chromato grap]fiy
NMR: nuclear magnetic resonance

TFA: trifluoroacetic acid.

hr(s) : hour(s)

min(s) : minute(s)

DMAP : 4-(dimethylamino)pyridine

THEF : tetrahydrofuran

DCM : dichloromethane
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WD 2004/ 080492 PCT/ GB2004/ 001052 DM :
N, N- di net hyl f or mam de TBAF:. tetrabutyl anmoni um

wo bavatos@e2 MeOH: net hanol TLC: thin | ayer PCT/GB2004/001052
chr omat ogr aphy 5 TI S tri i sopropyl sil ane DMSO

di et h u [ de
Mfai\é%] E’t?ﬁ%y?é yI oxyt ri s(pyrrolidino)phosphoni um
TEX&@%?&AM%QIM hga,mﬁoc t- but oxycarbonyl 10
e 1

reparation of 4-trimethyl anmmoni um
Me@Haimbﬂmwﬂe trlfl ate (compound 1) a CHO TfS03 15 1

nt hesi sed according to the
%’%5@6‘3? E&B'y Haka et al (J. Labelled Cpds. &
dl!rﬁ’:#bg: pc,ggg 27(7) 823). Exanple 2 Preparation of
2-(2- ﬂ?ﬂ

2-fl uoro- et hoxy
DMSﬁbﬂyilethlhuinb!C}XléQ hoxy) -1, 1- 20 di met hoxy- et hane

I&%\%@%gnd 7 c%{\qulgoﬁtﬁ(s) 49?1d1n83|£)hos %%ﬁuln(lmlosz uo
Hek i Rophddphaté]0---p'-' /0 0 011 O~ 6 5 |
Boc: t-butoxycarbonyl

Example 1 Preparation of 4-trimethylammonium benzaldehyde triflate (compound 1)

/©/CHO
Me3+N

TfSO,-

1
This compound was synthesised according to the procedure described by Haka et al (J.
Labelled Cpds.& Radiopharms 1989 27(7) 823).

Example 2 Preparation of 2-(2-{2-[2-(2-fluoro-ethoxy)-ethoxy]-ethoxy} -ethoxy)-1,1-

dimethoxvy-ethane (compound 7)
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p-\i0~--p-\/O/-O00 0. 7 a) Acetic acid 2-(2-
{2-]2-(2, 2-di met hox

w0 eonps@bhoxy] - et hoxy} - et hoxy) -ethyl ester ( CROPOB@4/001052

4) 5 To a stirring suspension of sodium hydri de (248
mg, 5.15 nmmol in mneral oil) in THE (5 m) was added
throygh a syringe a sol,ution of . 0 o o
ZfTZyPﬁ? 2-hydr¥ixy- Bt hoxy}.- et hoxy] - éﬁt%;y}>€?ﬁgﬁbr/\N\I
(Conpoungl 2) (1.0 g, 5.15 mpl) in THE (5 m) aj >
anbi ent tenperature. After gas evol ution had ceased,
the m xture was stirred for 45 m nutes at jgom
tenperature by which tinme a clear slightly Il ow
solution was obtained. 10 Bronvacetal dehyde (8.71 g,
5% 5 mmol) was added via syringe and the rgixtureo o
sfijor et faot-24"hotyS> Then<ethyt acetdie wWase (3 oy
was added and the nPxture stirred at amhi ent o~
tenperature a further 2 hours. The ni xt ure was pour ed
into ether (OO0 mM) and extracted once each with 10%
aqueous K2CD$ (30 M) and brine (30 mM). The organic
phase was dried (Na2SO4, filtered and evaporated. The
residual oil was distilled to 15 elim nate excess
br onpacet al dehyde and the residual crude product was
pueii®d~by~N-astt~ehr omat ogr aphy using 100% et hyl
acetate to afford tRe product (355 ng, 21% as a
colourlesszoil. b)
2-(2-{2-[2-(2, 2- D net hoxy- et hoxy) - et hoxy] - et hoxy) - et ho
-ethanol (Conpound 5) 20 1 N NaOH Methanol (1 m)

Xy oun . . !
ga \ie%?:%gi?ié&t-&- &-E—%ii-ldplgetﬁgiv%t 8}?\/)9 ftho%c%?-te{h%xef-legloxv)-ethvl ester

(CordpinAmy hoxy- et hoxy) - et hoxy] - et hoxy} - et hoxy) - et hyl
ester npound 4) (110% -22 WD 2004/ 080492

PeTAERIgeU 30408 21 s@lign hydudy (348 mgtShnomol & wineratoil) in THF

G TRt S B 5 G ST AP bR S -cthony-

ah@;wf}eahanw ECEBPMBIAL2) (BS £¥ AP MabE th TAW (5hel) aeshbive:
urifi edh[g% flash chronmat og;%\{)hy CHC13/ MeOH, 9:1) to
ragure-aiterrgss grelutigrhagyceaysl, the rixtuge s stiprpd g 4ginpinutes at

1 o i -f 2- - . .
Sof el BRAO0ERY Rhh Sl chof s PbE shfion wos optaned.
Bainsracételiehedend.78)g, $o.5anmbl)rwdsragdsbliatsigmeecdndtthemixture stirred
t%lr %2 Tlglllrs.( lle%pe%lilﬁ %cest)ate(\x?a% (g%il) gsiag %dcigao allnzi tl?englixture stirred at

ambient temperature a further 2 hours. The mixture was poured into ether (100 ml) and

extracted once each with 10% aqueous K,COj3 (30 ml) and brine (30 ml). The organic
phase was dried (Na,;SQOs, filtered and evaporated. The residual oil was distilled to
eliminate excess bromoacetaldehyde and the residual crude product was purified by
flash chromatography using 100% ethyl acetate to afford the product (355 mg, 21%) as

a colourless oil.

b) 2-(2-{2-[2-(2,2-Dimethoxy-ethoxvy)-ethoxv]-ethoxv}-ethoxv)-ethanol (Compound 5)
1 N NaOH/Methanol (1 ml) was added to a stirring solution of acetic acid 2-(2-{2-[2-

(2,2-dimethoxy-ethoxy)-ethoxy]-ethoxy} -ethoxy)-ethyl ester (Compound 4) (110 mg,

22~
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triethylamne (59 1, 0.42 mmol) in THE (1 M) was

added net hanesul fonyl chloride 10 (24 :1, 0.30 muol).
wab@4/08E8t i on was nonitored by TLC ( CHC13/ MeOHCEGBR004/001052

After 2 hours the precipitated triethylam ne

hydrochl oride salt was filtered off. The solvent was
Ocfepmoditio anathvano] (e ammbiont Dot gLy reagfioR Wiemonitored by
1

f hg. | : :
T2 o LASoR TR RLC B g 0 BERIEL ThEshReAles
ev?%di}ﬁm& ]ala@’gieaisidueqidﬁﬁ'neﬁ)b?ﬂaﬁh dhmﬁdu@raplﬂz(éﬁgi@3mde(§)}é,)9: 1) to

oun mxtuyre of the sulfonate nmpoun

a%f?glnﬁﬁpr@u,?éﬁéﬁ%&)%aﬁhaﬁwo'ﬂﬁsi Min THF, 573 1,
0.63 nmmol) in acetonitrile (8 mM) was heated at 90 C
for 30 mnutes. TLC (ethyl acetate) nonitoring showed
o) Methaesilfonic awab2-C2{pi24(2A2-dikkthoxy-ctimxiyhathowylasthoxsitethoxy)-

0.and aporation of the solvent the residue was
Qﬁpégﬁﬁﬁéiﬁﬁﬁyﬁ—éietate) to afford the product (56 ny,
o Hrrifs sOaliosf 88 §1c@h61-(CEﬁﬁ‘>69h@5)3(g§frﬁg A At f@fd10dnd
4 I | dehyde (Conp

-(3-flUoropropooxy) benza ound 10) CHO

tfEthFARIIO(59a), (147 SntyHingREE € iewasaddet ywsshanesrfssyhehloride

@) o Rt e U AP EOTaL | o (GO RDH sy Afer2
h?ﬁﬁ% tBe BreePated @ﬁ&ﬁﬁaﬂlline(l@d%ocg%orgie%ﬂ wiRlfiltetdd JANVAhe36lvent was

was heéated at ~ 140 Cfor hrs. The reaction _
eviparated and thequodustl (Hrme.cBhte nbiained aftanfashivhroreafperaphy using

S -2 2004/.080402 PCT/ GB2004/ 001052 taken up in
Cﬁ%@@@aﬁ%\ﬁwﬁ)&ﬁws\%‘er and dried (Na2SO4).
Filtration and concentration gave 4.6 g (64% of a

el | ow szxru that was used_ in the next step w thout
%IZrGZh{QH @r¥lpovesgthesy)-ethox viethgryyethomas]. bdinpthax :

3 (W is. 5 b) Mt haneul oi d -
Mﬂil phenoxy)eth 1 ester (Conpound 9) To a
% ﬁiiﬁfﬁr@@f taé Eﬁlhﬁa?l (@oﬁqiouﬂ& 6) (173411%,0.:& ﬁmu'l)“r?id)TBAF (1.1 M in

i chl or onet hane (10 .was_adde triet LN 1.2
T 391n0ve9 mglinassiphitgls Gl S bl mh%YO Thr 3955@131‘.“68- TLe
(@ﬁl;/?ﬁce%é)rtﬁ&ﬁ%rintg gﬁo&ecﬁthﬁ &%acﬁhn GRS BLHLEIRA Aldf Sod1ihg to ambient
reaction’m xture“was washed wth water and dri ed
AR S tidroofhe solder thy efidue wde flashed (Ethly! 4optite)dwatiptd the

An _al i guot 0,290 s 10 purified by reverse phase
%ﬂ@%ﬁ%@gaﬁﬂ’%@%%&g\lﬁ\ﬂe@sﬁ’ﬁ nonmenex Luna C18(2) 5 m

Example 3 Preparation of 4-(3-fluoropropoxy)benzaldehyde (Compound 10)

F/\/\O

10

a) 4-(3-hydroxyethoxy)benzaldehyde (Compound 8)
A solution of 4-hydroxybenzaldehyde (Fluka, 4.9 g, 0.040 mol), sodium carbonate (4.7
g, 0.044 mol) and 3-bromo-1-propanol (6.1 g, 0.044 mol) in DMF (30 ml) was heated at

140 °C for 8 hrs. The reaction mixture was cooled and concentrated and the residue was

-23-




10

15

20

21.2 x 250 mm solvents: A = water/0.1 % TFA and B =

acetonitrile/0.1 % TFA; gradient 20-40% B over 60
wOorev4/080402v 10. 0 m /m n, UV detection at 254 nnPCT/GBQIMM01052

244 mg of white, solid material after |yophi Iisati on.

The structure was confirnmed by NWR anal

tghenp ipIehsT DB RPN ¢ D dUlatiggad concentration

95 355 (ALY Sy s 8 TP
plirigisafiore The strastyreacatoonfitmed ey NRIBamdlysis. Af ter 10 min

the m xture was added to a stirred solution of
nmet hanesul foni ¢ aci d 3-(4-fornyl phenoxy) propyl ester

&l te%glpﬁorﬁg acid30 gngoﬂgﬂpheﬂ@%ﬂﬁl &t 8"5{15}%6#@ 2? 1.5

Fe was heate or 30
o madlation dfthe plcohkbldlz (Wefsg, Sdnhinobed dbghl«apmejhanc 610 mPIv@s added

t&sﬁ%y{émlge A@e m?,:gg (Ie.#na C:équ 5%1]8 ge . 6? m)i 8,5 8 m%l) After stirring

1%9 ?tS Qﬁ‘é ﬁtr rbbﬁ/ t&nﬂeﬁfﬁ%&hegéa%ﬁbﬁ’ HixthBs W09 BsHRY Q¥ithlPatB ahid dried
detection at 214 and 254 rim

(Naz&(m)tw ggew 8 g oﬁmtdemamial eretowaail. Araligrasohdd mgtwas
5, nute 24 VO 2004/ 080492 PCTt GB200
Rl e s Tap oy Ly R s

HreRasehidsoblentk: A QWH&E/DQWTFAHnd@ eme&tbmknle/o 1% TFA;
cyclohexane (Conmpound 14)

SO B et B9 erionBauBAEnRBOG Agedtion atS4 am) to give

SRR SHE 5o RER IR 5606108 1L RS QR
NBIR &ddysisThe product was characterised by 1H and 13C

10 NMR. b) 1 1-dinethoxy-4-_hydroxynet hyl cycl ohexane
(Conpound 12)

¢) 4-(3-fluoropropoxy)benzaldehyde (Compound 10)
Potassium fluoride (Fluka, 7.2 mg, 0.124 mmol) and kryptofix 222 (Fluka, 46.7 mg,

0.124 mmol) were dissolved in dry acetonitrile (2.5 ml). After 10 min the mixture was

added to a stirred solution of methanesulfonic acid 3-(4-formylphenoxy)propyl ester 13
(16.0 mg, 0.062 mmol) in dry acetonitrile (1.5 ml). The reaction mixture was heated at
60°C for 30 minutes. The product was confirmed by analytical HPLC (column
Phenomenex Luna C18(2) 3 pm 4.6 x 50 mm, solvents: A = water/0.1% TFA and B =
acetonitrile/0.1% TFA,; gradient 10-80% B over 10 min; flow 2.0 ml/min, UV detection

at 214 and 254 nm) co-eluting with commercial standard (Fluorochem) at 5.0 minutes.
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A solution of ketone 11 (2.54g, 19.8mmol), trinethyl
orthoformate (9.75nml, 89.lmmol) and p-tol uene

w@odoplognapr acid (150nmg, 0. 79mmol) in dry met hamol/GB2004/001052

(30nl) 15 was stirred under nitrogen at room
tenperature for 24hrs. The reaction m xture was
neutralized wi{h sgHod potassi um carbonate (49)
filtered an sol vents evaporated. The crudg
di ssol ved i ( 30nt)y—and—waskhed i Hhwater (A .
The or gaqn ase was dried (Na2SO%y, filt Rd and
evaporated. The crude yellow oil (3.0g9) was distilled

at 85C (0.2ninmHg) to afford the product (1.,69g9, 49%

as a colourless oil. The 20 product was characterised

by 1H and 13C NVR  -25 WD 2004/ 080492

PCT/ GB2004/ 001052 c¢) Met hanesul fonic acid

4, 4- di met hox -ccycl ohexyl nmet hyl ester (Conpound 13) To

a cooled (OC) solution of the al cohol 12 (Z75ny, CHO

1.58mmol ) and trigthyl am ne (3. 3¢, 23. 7nmol ) i
DCM (5ml) u I trogen was adde ?;S@?opvw se 5
met hanesul p chl ofide (24oul, .3248nml )Y,
pEactron T Xtwre was stirred at rooﬂnétenperatgre for

2 hours. The precipitated triethylanm ne hydrgpchl oride

salt wad0 filtered off and the sol vents evaporat ed.

The crude was di ssolved in DCM (30nl), washed with

water ( 2x 20nl), dried (Na2SO4), filtered and

IOUBRAE B PESaraliBf of @3 I0ikRsthA§SA-Aubiohiclty] Byclbhé@le (Compound 14)
chromat ography (EtQAc: pet. Spirit: NH3 (50:50:4) to
afford the 10 product (P14 A9 @s a pal e yel | ow

oil. The product was chgra sed by 1H and 13 C

NVR. ~OH o(v) | OH O 1-If 112\ "Once O(::rF

/[-O 20 1 14 12 Exanple 5)!- Preparati on of Peptide
Precursor (Conpound 15) Tf‘?e\pepti de, Compound 14 was

synt hesi sed using standard peptide synthesis. 25

Compound 14 (150 ng, 0.12 nmmdKk) in DVF was added to a

sol ution of Boc- am noxyacetic acid (34.4 ng, 0.18

nol ), PyACP (93.9 ng, 0.18nmmol) and NWM (40

a) 4-Hydroxymethyl cyclohexanone (Compound 11)

CHO

This compound was synthesised according to the procedure described by Borden et.al
(J. Org. Chem., 1985, 50, 531-534. The product was characterised by 1H and 13C
NMR.

b) 1.1-dimethoxy-4-hydroxymethyl cyclohexane (Compound 12)
A solution of ketone 11 (2.54g, 19.8mmol), trimethyl orthoformate (9.75ml,

89.1mmol) and p-toluene sulphonic acid (150mg, 0.79mmol) in dry methanol (30ml)
was stirred under nitrogen at room temperature for 24hrs. The reaction mixture was
neutralized with solid potassium carbonate (4g), filtered and the solvents evaporated.
The crude was dissolved in DCM (30ml) and washed with water (40ml). The organic
phase was dried (Na,SOy), filtered and evaporated. The crude yellow oil (3.0g) was
distilled at 85C (0.2mmHg) to afford the product (1.69g, 49%) as a colourless oil. The
product was characterised by 1H and 13C NMR.
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I, 0.36 mmol) in DWMF. DVMF was evaporated under reduced
pressure after 12 hours and the crude product was
w@oooss@Eg2 by reverse phase preparative chromat PQr/aphgo4/001052
(Phenonmenex Luna C18 col um, OOG 4253-V0; sol vents A=
water / 0.1% TFA and B= 30 CH3CN / 0. 1% TFA; gradi ent
10-50 % B over 60 mn; flow 50 m / mnute; detection

c?ﬁ\/letﬁa%%slﬁlt@imc %13 9»{4%191% X . lgﬁe)g 1 %erp ound 13
Tood eouaded @msémﬁan EDtheatdohehI%(ﬂAmgwhﬁ Smmblx)anﬂ thiethipaniine

E3opg- o iy R D RaE o esigd Sogvigs.
rﬁ&ﬁﬁe@%{%ﬂ&%& %@@%ﬁi Q0 kARRo1).MTRY Fttio RERGleSFhs@tirred at

214 Furthér characteri sation was carried
rooih tempaergturwﬁxé Iwpec tTherpetaipifated triethylamine hadnochlori@d st was

NI KNN S.N.N
ek ed B g ontied; Tl el ik diegiageach B, Gomp,
dzdsheélmt@vﬂ%ﬂ{ 2x-EhiNTed 4§ filferdd andev@porad. thlrédldue
H HN N JNeO’\IO iN~NO~-NHz H O H HO -
ms@umﬁ@d@y@qsh Ehtoppdto goaphii2(Et@AINpet. Spirit: NHj (50:50:4) to afford the

product (214mg, 54%) as a pale yellow oil. The product was characterised by 1H and
13C NMR.

OH
OH
Q/\ — /O\Oﬂ
o

0O

11 12

0\\ _OMe

S

F <20

o o3

/\Q/\ - /O\Q/\ (o]
0

0

14 13

Example 5 - Preparation of Peptide Precursor (Compound 15)

The peptide, Compound 14 was synthesised using standard peptide synthesis.
Compound 14 (150 mg, 0.12 mmol) in DMF was added to a solution of Boc-
aminoxyacetic acid (34.4 mg, 0.18 mmol), PyAOP (93.9 mg, 0.18mmol) and NMM (40
¢l, 0.36 mmol) in DMF. DMF was evaporated under reduced pressure after 12 hours
and the crude product was purified by reverse phase preparative chromatography
(Phenomenex Luna C18 column, 00G-4253-VO0; solvents A= water / 0.1% TFA and B=
CH,CN / 0.1% TFA,; gradient 10-50 % B over 60 min; flow 50 ml / minute; detection at
254 nm), affording 97.1 mg (57 %) of pure compound (analytical HPLC: Phenomenex
Luna C18 column, 00G-4252-EQ; solvents: A= water + 0.1% TFA / B= CH3CN + 0.1%
TFA, gradient: 10-50 % B over 20 min ; flow 1.0 ml /minute; retention time 19.4
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)--O O 15 5 Exanple 6 - Chenosel ective ligation of
Conmpound 1 to Conpound 15 to give Conpound 16 (r) s s
WO-20040804bN N N N ~ N N, N Ifl" N NO 0O~i N~ONHzPCFHGBL1®21/001052
- HOHO HOOO }‘/\ O HO H HN HN=< O NH2 ONN

rgld)él?qs* (i'ﬁ%e I:%e r %}ﬁ aggﬁl ng'e Bt ieg\)ée\l}aégct%% 1%18%15 qurngal out using
AR ;)Qcﬁrﬁméﬁﬁf Bosdanroigeled apkige (5.9 o, 0.0044

water was a fluoro
benzal dehyde (Conpound 1) (1.1 ng, 0.94 |, 0.0089

mol) in 1—- sPCT/ GB2004/ 001052 i
acet oni t K/l e. pH—ef———t—he— xture was 3.5. After 45
m nut es ﬂg#@légm eeﬁmﬂ;ﬁug 1SN A pYRLE| ed~py.

reverse phase raty veoc ronat ography twiee o
(Phenomene% Luna{Cl 8wcol u OOG- 4253- NO; sol vents:
A= water +v0.1wl'TFA / B= CH3CN + 0.1 % TFA

gradient: 10-40 %B over 30 nin ; flidw 5.0 nl /nminute;
detected at 214 nm, affording 5 2.0 ng (32 % of
pure conpound (anal yticall HPLC. Phenonenex Luna C18
col um, OOG 4252-E0; solvents: A= water + 0.1% TFA /
B= CH3CN + 0. 1% TFA, gradient: 10- 50 % B over 20 mn
c flow 1.0 M /mnute; retention tine 16.3 m nutes,
detected at 214

*/ ’

m\ﬂmimm\)m/mmxj\mewﬂmlw“v“y“vm¢~5\¢Nr~y\rW

Sh SRREE

7= 15

5  Example 6 - Chemoselective ligation of Compound 1 to Compound 15 to give

Compound 16

J

S s
o] v 9 o 9 TR H H
HN\s/LN/g\/N\g)LN/\n/N\a/U\N)\(N\E/LN N\/\O/\/O\/\O/\/N\n/\o/\n/NHz
: H g : H z H i H g o 0

OH(>=O o @

NH

HN HN=(
Cﬁ\
F
16
10  Deprotection of peptide 15 was carried out by addition of TFA containing 5% water to

10mg of peptide. The Boc-deprotected peptide (5.9 mg, 0.0044 mmol) in 1 ml water
was added to 4-fluoro benzaldehyde (Compound 1) (1.1 mg, 0.94 ul, 0.0089 mmol) in 1

27~



and 254 nm). Further characterisation was carried out
usi ng nmass spectronetry, giving nfz value 1437. 2.
WO hokto304910 Exanpl e 7 - Chenosel ective |igati oPCDEGB2004/001052
Compound 7 to Conpound 15 to gi ve Conpound 17 S o0s
S HN ~NH .H O L'NN i(r)
rgj acefgmigile. pHE] rthft;nm@remvz@ 305 o‘\ﬁ@ﬁ@unms PNNEmngrees@hlemre

St BB Rimbedd e o PR AL DR L

ai &eoldxhﬁm(}@nysaeramVéhts( 3\=9wm@r +@. 34 A F#bBF GH@QN +0.1% TFA,
removed usin cons. acetonitrile (1:1) .5 )
§1entTFa% Yok ver anammertion 50 mSmipeadeteclbat ok in); atfording

5 39‘3 }@WWH?Q%@%%I IE)IPEU ﬁﬁeno @k ‘I‘ﬁﬁa @18 column

QﬂG}ﬂ%%Eﬁgsoﬂi@ﬁnmAeﬂrwaiw DHSH TERA IR élﬂisﬁbl q GA%JWHA; gradlent 10-

essur O m n, The f t he m xture
S G BGRR T LD Eh RteaRer R Sracta o S35 at 214
:ﬂﬁglrﬁ%)f Plrtld? cRABMESSution Rias loBRfeH RNuNES éfe@ﬁr&ﬂetry, giving
usi ng anal ytical HPLC and LC-MS and purl fie

mévealwel 4372 VP dpar at i ve chr omat ogr aphy (Phenorrenex
Luna C18 colum, OOG 4253-N0; solvents: A= water +

0 0.1 %TFA/ B= CH3ON + 0.1 % TFA, -28
Example 7 - Chemoselective ligation of Compound 7 to Compound 15 to give
Compound 17
of o ( 0 g 0
H
HN\E)L”/(W(H\:/U\”W“\:/U\E)\KH\E)J\E‘ N\/\O/\/O\/\O/\/“m/\o/\n/NHz
H H E = o)
HO 2 >
NH
HN HN=(
2=o NH,
IO
NL\
O—\—o
—
O—\_O
\_\
F
15 17

The protecting group on 2-(2-{2-[2-(2-fluoro-ethoxy)-ethoxy]-ethoxy}-ethoxy) 1,1-
dimethoxy ethane 6 (3.9 mg, 0.016 mmol) was removed using HCI (cons.) in
acetonitrile (1:1) (0.5 ml). The mixture was left for 15 minutes and then added to the
Boc-deprotected peptide, obtained by treating (Compound 9) (10 mg, 0.007 mmol) with
20  TFA containing 5% water and then evaporating TFA under reduced pressure after 20
min. The pH of the mixture was adjusted to 4 with ammonia and then heated to 70
degrees for 20 minutes. The reaction was monitored using analytical HPLC and LC-MS
and purified by reverse phase preparative chromatography (Phenomenex Luna C18
column, 00G-4253-N0; solvents: A= water + 0.1% TFA / B= CH3CN + 0.1% TFA,
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WO 2004/ 080492 PCT/ GB2004/ 001052 gradient: 10-50 % B
over 30 mn ; flow5.0 M /mnute; detected at 214

wopgo4/0sf4dbnrding 5.5 nmg (51 %9 of pure conmpounkBCT/GB2004/001052

(anal ytical HPLC: Phenonenex Luna C18 col umm,
solvents: A= water + 0.1 % TFA / B= CH3CN
qgleflto/foT %)k IR 30hmin 3 §owsx0 g3l Buiputs; detected at 214 dmoyyaffording
nd 14.7
de ec L e& %T'Pl%? 1&1%%8@1&(&@%&11% n?ﬁ I—éfLC(‘?’ Iﬁxenomenex ]fnuna% IGSSéolumn

@ﬂ@f%ﬂeﬁﬂ salvenis: Avasvatear(. €7 TRA / BSICHEARS9).1% TFA, gradient: 10-

3058 B 20 Wi P o il 14,7 seimon
H?a*ébtéwm1*4%%@%@3@@%?@%{?&8%&% ak ldg‘[[i‘leg%ﬁ B d using Rass

370MBq) was azeo e prese
Rpegpowink, doRg ny/z 2aludig51.h. [048H]. MeCN) and pot assi um
carbonate (100l 0.1M solution in water) by heating
under N2 to 125C for 15mins. During this tinme 2xln

Niedhblo® Radickiathed 0 6f '*BM\ARPOALEHs After cooling to
<40C, a solution of trinmethylamoni um benzal dehyde 15

triflate (3-7ng in 0.7nl DVSO was added. The reaction
SBs f\h%dc n ed to 120C for I5mns to
M%&rﬁﬁrﬂg—%%e reaction m xture was
CBefluetidt up ATOMBYypeisakesteopiitty diied e the Presapid <fﬂ BYplo®ix 222
t The m xture was passed sequenti al
bﬁ%‘@%% éebMSQW e ppﬁagswarcﬂmoa@te (1Qh Qi 1M solgtiomirt Water) by

o B PF AR FHERB W 0 My were added ang

@’@p@lratﬁdlgéﬁemmoémg 2O<A0GC laedluwoiﬁ bg whhé&hy lélliﬁ‘%dﬂéﬁn]g b@ﬁ‘ﬂtldﬁahyde

e rom e
SR el ol DRI WA et thaseastionipysel s seated and heated
1oaI20eQ &l 1B ﬁ§t 4p
4- %QF £1 uor oben, %ggghy%gﬁ%oﬂn%%%d(f rf%cu() 4 ngxh}re Wag cooled to room

temparagde and dilved by additipmtoTRIfveate5 Fhamisture Wﬁlﬂ‘ba%&ad sequentially

RS PR Bt Be? FReopebti b d Sl Sl penpat

Plus ;
oot QW@%MW@M%% L85 s v
s

ith waterd 80 mi)a end Bigl peertush O F - hiao ke zal e TAAIE viasreluted from the

f After cooling to room
sj%%lgfég hﬁ Eﬁﬁ%gec& %ﬁﬁag@l)obt ai ned by preparative
radi o HPLC (CoI um Phenonenex Prodi gy ODS 30 Prep,

., splvent Al H20 (O 5 % TFA),
bl Liomuoatien of-( ey LArERfluogehenraldehyde 09 B f or

%ﬁﬁ%}gdgg ng%gf]@ %ab ﬁ‘egﬂgg Wlﬁ]x) 5% ReR0Mh §FR HRILDS a%&%%l S

temperature. The solvents were then removed by evaporation under vacuum. The
peptide was redissolved in 0.5M NH,OAc buffer, pH4 (0.5ml) and combined with 4-

18F-ﬂuorobenza,ldehyde in the reaction vessel. The reaction vessel was sealed and

heated to 70°C for 15mins to effect conjugation. After cooling to room temperature, the
product was obtained by preparative radio HPLC (Column Phenomenex Prodigy ODS-
Prep, 250x10 mm, 10y, 4 ml/min, solvent A: H,O (0.5 % TFA), solvent B: CH;CN (0.5
% TFA), gradient: 10% B for 5mins, 10-40 % B in 15 min).

Example 9 Radiosynthesis of 18F—conmound 17
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WD 2004/ 080492 PCT/ GB2004/ 001052 a) Radi osynthesis of
18F Conpound 7 To a Wheaton vial (2 m) charged with

wKegopsf4px 222 (10 ng), potassium carbonate (BCTGBR0V4/001052

50 Rl water), and acetonitrile (0.8 nml) the
fluorlne 18 coptaining water (10 nC, 1 m) were
) Badigsynthesissefi JELompand drpved by heat i ng at 110 C for

77777 5 under trea
@C%{%ﬂ?ﬁm vt (oM hhareh Sienkn o LY sl adptassiym carbonate
T € t1lg0
r%oun gi %vaﬁ%‘}zpa]?ﬁﬁ%gﬁtﬁy E 4 Wi %he(: '8@%?%@)18 Wgosrﬁ’a{lnmg water
(a@dﬁli 1 Afly Wlterehmhltedn”ghdo;olmm mﬂmo(éﬁ Iy heatihgQit €10 °C for 30 min
150- 350 W the reaction m xtur led to room
UdeHR ?%ﬁ&m ef Bitipssh P rYreus aaetseﬁws@écﬁl | ppydded and evaporated

as @gforré dﬁﬁs §t%§va9 ?\%GQ&%& Bwvice nﬂ'sBluﬂBﬁ druh ; P M\'a( Iﬁfgwn) anhydrous

he cartridge 10 was ushed
INASEY (02 ntvps amd Alfier heatidg by reicoyveyev trhinl 8GN M 150>50 W)

et s coffR SRS BN 58 AR B3 a1
NRENLA Bt FAd b%&oﬁ@%ﬂe@WhM@CNl@mlb ahd BBO (QOQﬁ'lT) The cartridge

tenpérature for 5 min. b) Conjugation of Conpound

veasctludied -wido nyasemd 07mis a@@ﬁb@@mfl@s ebﬁed@olt ONeéQ:ﬁ gal). The

TEAL 5 % f f 1
HVePLBA pemsBal S pretubi i Stadh By dy i of BG4
B 3 RicCN {34905 Wras ANTTR2LY M \thCiE-R %t fRnd R&peaturd $o:°4 min.

was”added to the vial containing deprotecte
18F-conpound 7. The neutralised m xture was

RSt er et bRt ecbie v ahupopt gl ping,depr otected

CUTTpouTi 1 armuriTr armr aatTtat © Ul

éon%pou%fi RGP O%*Was rE Ited'\@fth ga}é ?fgoa@ 27191 CAﬁgr gtgt{derg for1

N o room nper a

rhinl«Cronak ltétﬂpdiii’t&ﬁﬁhé 4610ent Rlas r&ﬁo%dl\mﬁ\btreaﬁl %m&@enOAﬁnﬁémum
TFA) the product was obtai ned by preparatlve r agli

hyprazideGBud?8 Yoy fas eddrdty therrakoniavang deerotestydn %gorapound 7,

“@%Q?%seg na}x%yvgg {grér)fzf} ?réédtzlao tge gﬁt{%/oxﬁ gz(%p}/o%&‘]ttecﬁ’éo%ound

ﬁxlﬁfﬁﬁhﬁorﬁ@m%t%féeﬁﬂfﬁ:r 050 ul, pH 4.0, 0.5 M). The vial was incubated at 70 °C
4- (fl uoronet hyl)benzoyl | hydra2| de - ound 23 H
fine Riazn GAfgr co0B0g WOoROUAMPEELTD W@w%@bﬁmle phase (100

ul, 20 % MeCN, 80 % H,0, 0.5 % TFA) the product was obtained by preparative radio
HPLC [column: Luna C18(2), Phenomenex, 100x10 mm, 5 p, 4 ml/min, solvent A:
H,0 (0.5 % TFA), solvent B: CH3CN (0.5 % TFA), gradient: 10-50 % B in 20 min].

Example 10 Synthesis of 4-(fluoromethyl)benzovllhydrazide - Compound 23

T,

o)

23
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Preparation of tri-tent-butyl [4-(fluoronethy
) benzoyl ] hydrazino-1,1, 2-tri carboxylate for

wa@orgEbt on with al dehyde or ketone nodifi ed PeEpGBA®3/001052
a) Synthesis of tert-butyl 2-[4-(hydroxynethyl

benzoyl ] - hydrazij no-| - car boxylate - 5 Conpound 18 HO H
RreparatpprngDiri-gerisbutyl 21{4=(ﬂumomathyl}beaz_qagdaﬁéwm§fluqlhxz-tncarboxvlate

1’899@%&%1:188 g&hpg%@de%%{gfbﬁlgﬁddlﬁ%@g{lgééil ! bgeg 90 60

mml ), tert-butyl carbazate (Fluka, 0.29 10 g, 2.2

Jdn@n gm xture was concentrat ed in vacuo and the
‘p%ﬁ‘gééut‘t—was purified by colum chromatography (silica,

et hyl acetate/hexane 9:1). Yield 0.50 g (90%.

Anal ytical HPLC. col um Phenorrenex Luna C18(2) 3 gm

4.6 x 50 mm sol ventys: vva er/0.1% TFA and B =
acetonitrile/0.1 % TFA, 0 15 80% B over 10

mn; flow 2.0 m/mn; reten |6n tlms 2.38 mnutes

detected at 214 and 254 nmg NVR anal ysis was in
accordance with the structure. b) Synthesis of

A splutipy of H-tydroxypiedipt bsugoe agip menipflaonopkenyy ester (Milligen, 0.60 g,

Q&g%%ﬁ,ﬁ&g%%ﬁ%%%&g gf olﬂ&‘ﬂi&éﬂg Aefc butﬁoéﬁﬁ’@a%t‘é' (Bluka, 0.29

¢, 2.2 i1y ladd ﬂh@mptbpﬁéﬂhyhﬁiiﬂlam& 611522.0r‘fhmo]§). 2 dinliibjomethane (20

butyl 2| o _
f(lﬁ;%{%%t ﬁ’éﬁ‘*h@?’r Prhonsyibe RYGeR MK BUY Was coRsepitad it agup and the

;%io Ct%:t %E;Eﬁ%%ﬁf‘e d 'Jﬂhgﬁﬁ (ﬂvh\g%méttglg[%?lé% (%lﬁcé]' éﬂg?ll dceldle/hexane 9:1).

Yehpe. ISthJ@é%‘)oAnalyhpal HBL@I enlumh PhspdmenaxnLuesC18(2) 3 pm 4.6 x

f@%@cstg? ngs a‘ﬂ";&fﬁ‘ﬁ ¥ 5 SS'd%?é@&?fggﬁﬂ@'l? T3, gradient 10-

Sfm Baa@érmqﬁmbmo{ﬂ@ h PR e RRANAAE PS8 mididd delddfed)at 214 and
mn solvents: A = water/0.1010 TFA and B =

%Séaummd& arsbmslxwonmrd@cadm&hthe 6uct®®% B over 10
mn; flow2.0 M/mn; retention -31 WO 2004/ 080492
PCT/ GB2004/ 001052

b) Svnthesis of fert-butyl 2-[4-(tert-butyldiphenvlsiloxymethylbenzovyl]hydrazino-1-

carboxvylate - Compound19

b
Aop

A solution of tert-butyldiphenylchlorosilane (0.57 ml, 2.2 mmol), fert-butyl 2-[4-
(hydroxymethyl)benzoyl]-hydrazino-1-carboxylate (0.48 g, 1.8 mmol) and imidazole
(0.37 g, 5.4 mmol) in dichloromethane (60 ml) was stirred at room temperature for 1 hr
15 min. The solution was extracted with aqueous potassium hydrogensulphate (pH3, 3 x
20 ml) and dried (Na,SO,). The product was analysed by HPLC (column Phenomenex
Luna C18(2) 3 um 4.6 x 50 mm; solvents: A = water/0.1% TFA and B =
acetonitrile/0.1% TFA,; gradient 60-100% B over 10 min; flow 2.0 ml/min; retention
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time 3.37 mnutes detected at 214 and 254 nn). The
sol ution was concentrated and the product was used in

W0 b@4/080dp2 st ep Wit hout further purification. cPCT/GB2004/001052
Synthesis of tri-tert-butyl
2-[4-(tert-butyl di phen |SI|0X neth | ) benzoyl ] hydr azi no
tlméﬂﬁ fn@utwud@ép ’ %31 y ! gzwmn(%as] co%éentwted and the

}{l‘édl%ct \wa% Péd’%%é nexpstgb W1Qoa'pﬁ1rt£8r Maﬂ&ﬁ. on of

2-[4- (test butyldlphenyIS|Ioxynethyl)benzoyl]hydra2|no
-I- arbox late(69 0.14 Dl ) i, dlcfh r omet
< tertabidinl k4 At a1 vo)benzov azino-

t A ;( 12 »n0. 96 nnDI 'and
112%@% 1@%@_ b uﬂhzo o (50 10 3Tg 0. 41 mol). After

2 hours the sol vent was evaporated under reduced
pressure and crud r oduct %f?s purified by col um
a

chr omat ogr aphy (si a, hexame/ ethyl acetate, 4:1
(anal ytical HPLC _gob Aemenex Luna C18(2) 3 gm
4.6 x 50 mm sol v@ Nyaterd 0. 1% TFA and B =
acetonitrile/0.1%T gradi sy 60-100% B over 10 nin;

flow 2.0 m/nin; retention fi me 7.85 ninutes detected
at 214 and 254 ran). The structure was confirned
by NMR analysis. dl Synth#sis of tri-tert-butyl

h
6 PR ot SR BB SIS R Bl drgzine-1-
éQ}bcfxsezla%’el (6%2fRhsT0. 1a, Rlowt ﬂnO&cmBr&nﬁétha{n% 15 l}Hf)Wl/ere added DMAP (20
2-[4-(tert- bufyl i phenyl si | oxynet hyl ) benzoyl | hydr azi no

mg,10.1 2mmoi)e md@w@mme@(le 137 096 omeD) anduli,) )feﬂ-hufyﬂ-lEIC@ﬂEmate (90

1%11;1%-_(’) X\gs a ezgftﬁ %g r%an th%/ so?gn?gllralél gﬁgrl}ﬂli‘lﬁrcli %‘% &éuced pressure and
giRtGRsQukitied $9 colah b&é&%gﬂa@hﬁ%@lll&@ﬁe@ﬁ@%ﬂ} 1 acetate, 4:1
After 10 mn the -32 WD 2004/08 CT/ GB2004/ 001052
(enalytigad HAEL: @ﬁlml’womenex BrehCoP@rdtumadsd X 80 samsssofyents: A =
ani h
PR 16, BEAIME mO BN AR o DAL BRI 50106 B, queg JO min:
iyt CNO UAimin; retention tlme 7.85 mmutes detected at 214 and 254 nm). The

structure was confirmed by NMR analysis.

d)  Svnthesis  of  tri-fer-butyl  2-[4-(hydroxymethvl)benzovllhydrazino-1.1.2-

tricarboxvlate — Compound 21

HO °y" o
O K
(¢] /fo
21
To a solution of tri-tert-butyl 2-[4-(tert-butyldiphenylsiloxymethyl)benzoyl|hydrazino-
1,1,2-tricarboxylate (0.37 g, 0.52 mmol) in THF (25 ml) was added

tetrabutylammonium fluoride (1.1 M in THF, 0.50 ml, 0.55 mmol). After 50 min

aqueous ammonium chloride solution (10%, 10 ml) was added. After 10 min the
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chromat ography (silica, hexane/ethyl acetate 1:1) to
give 0.21 g (849% of product (analytical HPLC. col umm
w@h@nosEsex Luna C18(2) 3 gm4.6 x 50 nm sol vROI/&B2084/001052

5 water/0.1% TFA and B = acetonitrile/0.1% TFA,

gradi ent 60-100%B over 10 mn; flow 2.0 m/mn;

mle:wémwa@rﬁmaﬁf@d witlg dighlproaeibene (B &t 12 1Y) apd) thesargeaniq)phase was
étif) g#f?et sall fogﬁ\t%goéc{ g?rﬂrakeé/d Mh@ @@gﬁt’?el was &)nﬁed by column

cBrdrﬂatég’feplh\}alﬂﬁﬁcd fmalﬁemﬁplhyée)dle Nz D)y td igysdar am ng) {84%) 2)-f product

10 tricarboxylate - 0/ O

(analytigahHPLE: c@ ualr@hezﬂfma%wﬁ %(a) %cﬂnafﬂ%’h 5%fmm solverts: A=

t -100°

0. B0 TN By prcianigilelt o6 FEA; sradipnt; 60:100% B over 10 ming

flaw Cdr iInd'xyih;atetenfion 2iney .36 .mid damite)d anl 4t aride? 3y hamiyi Tiee structure
0.08Q m, O ). in dichloronmethane (40 m) was

"é@f&@&gﬁﬁ%‘éﬁh@%%ﬁ $ chloride (0.040 m, 0.52 mmwl).

15 After 2 hrs a second portion of nethanesul phonyl

chI oride and tri et hyI am ne (same armunts) was added

C18£22 3 gg¥4 6 x1§8 nn1 solvents A = mater/O 1@6TFA
/0.1% TFA; gradient 10-80% B over
10 mn; flow 2.0 M/mn; retention tinme 8.25 m nutes
by detection at 214 and 254 ,nm indicated that the
reaction was conpl ebed. The N xture 20 was filtered
t hrough silica and—@ hn vacuo. The product
was purified by col’um aphy (silica,
hexane/ et hyl acetate 1:1), Oxyébd 0.21 g (81% . NMWR
anal ysis was in accordance y*jh the structure. f)
Synthesis of tri-tent-butyl
2-[4-(fl ouronet hyl ) benzoy2]] hydrazi no-1, 1, 2-tri car boxyl

ﬁtc%/ @%g%lo gﬁg’gglgg)g”dtn%tzeﬁ_-g’u%%y\g-[é%ﬁ?c{rgg}%'gtﬁyl)benzoyl]hydrazmo 1,1,2-

tricarboxylate (0.22 g, 0.48 mmol) and triethylamine (0.080 ml, 0.57 mmol) in
dichloromethane (40 ml) was added methanesulphonyl chloride (0.040 ml, 0.52 mmol).

After 2 hrs a second portion of methanesulphonyl chloride and triethylamine (same
amounts) was added. After 12 hours analytical HPLC (column Phenomenex Luna
C18(2) 3 pm 4.6 x 50 mm; solvents: A = water/0.1% TFA and B = acetonitrile/0.1%
TFA; gradient 10-80% B over 10 min; flow 2.0 ml/min; retention time 8.25 minutes by
detection at 214 and 254 nm) indicated that the reaction was completed. The mixture
was filtered through silica and concentrated in vacuo. The product was purified by
column chromatography (silica, hexane/ethyl acetate 1:1), yield 0.21 g (81%). NMR

analysis was in accordance with the structure.

) Synthesis of tri-tert-butyl 2-[4-(flouromethyl)benzovllhydrazino-1.1,2-tricarboxylate

— Compound 22
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INUG OOO0 22 Potassiumfluoride (3.0 ng, 0.052
mmol ) and Kryptofix 222 (Fluka, 20 ng, 0.053 nmmol)

woweea/08li4850l ved in dry acetonitrile (0.6 m). PET/6B2W3/001052

mn the mxture was added to a stirred solution of
tri-tert-butyl

2-[ 4- (et hanesul f onat onet hyl nzoyl ] hydrazino 5
1,1,2-tricarboxylate (14 rrgo .026 mml) in dry
acetonitrile (0.4 nl)F ag\ti m xture was
heated at 60C for 15 mn. prooduct was purified by
preparative HPLC (col um P‘ha#@nenex Luna C18(2) 5 gm
21.2 x 250 mm solvents: A = ter/0.1% TFA and B =
acetonitrile/0.1% TFA; gradi ent 60-100% B over 60 m n;
flow 10.0 m/mn; retentiorf%ime 33 mnutes detected

c O?S%Pa%l eﬁgﬂﬁg%} u nag%f%% gfﬁ andé?nw&)g 22 ]@mﬁgl—@o mg, 0.053

molol)enérs diséol:redlviat duy/ RetbniileTPA mbd ABer15 min the mlxture was added

acetonitri e/O % TFA; qr nt. 10- 80%

1P TP O TPttt ﬁﬂ‘if %@S@%ﬂﬁf tﬁ‘é}) %Véﬁ)ef razino-
ai 2%%&&9&1&5{1@ Mg, TH ezétrﬁlﬁsp Uhedryeszeorittild (B4 mBy ThiVReaction
anal ysi s. "The deprotection Conmpound 22 to yield

QiR e Ieetedvae60"6afpr iléemluuThq pro@m%vwasmug@w bymprgmrative HPLC

ut e Qn 0
G i B s Eh LB FELE Aty 750 B PSS o Bis/0-1%
TEAGndf Br= aeabhigationss, var gﬂmmﬁwo mw Bzom m min; ﬂow 10.0
hydrazi de nodi fi ed pepti Conpou g%
mpmyy, retgpticnytinp 43 ngnwies detected at 214 nm) Y1e1d 3. 2 mg (26/ Analytical

I S S DG AR O

HEK/aﬁlBH)@éédﬂ@ﬁ@ﬁ@O.l% TFA; gradient 10-80% B over 10 min; flow 2.0 ml/min;

retention time 8.78 minutes detected at 214 and 254 nm. The structure was confirmed

by NMR analysis. The deprotection of Compound 22 to yield Compound 23 was
carried out in 50% TFA/DCM for 15 minutes.

Example 11 Preparation of 2-[2-(2-fluoromethvl-phenvlsulfanyl-ethvl]-[1.3]dioxolane

for conjugation with aminoxv, hvdrazine or hydrazide modified peptides - Compound
27

27
a) Svnthesis of [2-(2-[1.31dioxolan-2-vlethylsulfanyphenylimethanol Compound 24

Ol
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2-(2-Bronoet hyl)-1, 3-di oxol ane (223 |, 1.86 mmmol) was
added to 2-nercaptobenzyl alcohol (52.3 ny, 0.37

wonek)ps@Enz pot assi um carbonate (102. 3, 0.74 nmpCY/GBR004/001052

DMF. The m xture was stirred at room tenperature over
ni ght before DVF was evaporated 5 under reduced
pressure and the crude product purified by reverse

2 EZ? %?%ﬁoeggﬁz 2% (YlO%OlChr &é?t ;ﬁgg%%% ﬁwgs a%f‘e% E]'_’g%rgaptobenzyl
feck T528 ni a3 e ﬁtmatpaﬁ@ E%’@agmﬁﬁﬁfar at¥ (10251 omhﬁmast) in DMF.
m nut e; detection at Avyield of 651rrg

Ther mivitees es etire atvtagmot@mmeae (Oxpranight beforePME! was evaporated

P Fermp P Bitog e TPME GO ey G Gt TS mosgarative
dﬂrditnatblgﬂphy’l (Vyﬁdc 228{[']’32%2 ggﬁhﬁﬂtsblr?ﬁnﬁslmﬁe vdﬁer?rlg é% TFA and B=

QHrC;‘zN(/ 9 lc’ﬁ |T8 .A@ ﬂ%%m 191870 Bseier 4R wljl fé‘B‘M N4 inlm Mgy éstectlon at
i(ﬁnﬁﬁn) C%”@gllﬂngf ??1 é%]f deﬁg'ﬁéd"r'nat%a ZQay%ﬁtﬁkl}eﬁhdﬁg{aiﬁﬁal HPLC:

to a SO utt on
Ve 21BTP33 dolnxa; asivéhtyl A= Water / 0.1% TFA and B= CH;CN / 0.1% TFA;

tyIs _ph I-th 40 0..17 nmol d .
IS?thtfj}'gg%nlﬁe fet%@ym 5 ey T 0% retervioe e 35 minues
%dﬁgm@g@g@gfhﬁge was fi I ter ed of and THE
evapor at ed under réeduced pressure and the crude

product purified by reverse phase preparatlve

& 3]';01"16xolane —

@&n@!ﬁ)@g over 40 mn; fI ow 10 m / m nut e det ectl on
254 nm . The fractions were left in the fridge

overnight and to the acetonitrile phase 25 was added

di ethyl ether, dried (Na28043) and evaporat ed under

reduced pressure. A yield df 24.5 ng of purified

mat eri al was obt ai ned ( ytlcag PLC. Vydac 218TP54

col um; solvents: A= & FA and B= CH3CN /

0. 1% TFA; gradi ent 40- 80% B over 20 mn; flow 1.0 nl
/mnute; retention tinme 10.4 mhutes detected at 214

30 BRoi58 ik AN e o P4t oF 2 121 Hioxotan 2.1

ethylsulfanyl)-phenyl]-methanol (40 mg, 0.17 mmol) and triethyl amine (116 pl, 0.83

mmol) in THF. After 5 days the precipitate was filtered of and THF evaporated under
reduced pressure and the crude product purified by reverse phase preparative
chromatography (Vydac 218TP1022 column; solvents A= water / 0.1% TFA and B=
CH3CN/ 0.1% TFA,; gradient 40-80 % B over 40 min; flow 10 ml / minute; detection at
254 nm). The fractions were left in the fridge overnight and to the acetonitrile phase
was added diethyl ether, dried (Na;SO,) and evaporated under reduced pressure. A
yield of 24.5 mg of purified material was obtained (Analytical HPLC: Vydac 218TP54
column; solvents: A= water / 0.1% TFA and B= CH;CN / 0.1% TFA,; gradient 40-80 %
B over 20 min; flow 1.0 ml /minute; retention time 10.4 minutes detected at 214 and
254 nm). Structure verified by NMR.
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c) Synthesis of 2-[2-2-fluoroneth |I-phenyl sul fanyl

)-ethyl]-[1, 3l di oxol ane - Conpound 26 F C~s v 5 26
w@oiassisom fl uoride (3.5 ng, 0.060 nmol) and kPgPGBRION/001052
222 (22.5 ng, 0.060 mmmol) were dissolved in
acetonltrlle (1 m and added to 2-[2-(2-chl oronet hyl -

2t[By(R3fl athylephengispl famyDzethy |- fh3hhm(01ane —
(EIEGR g |;ri;aceton|trlle (1 rr1) The reaction mixture
to 70 degrees for 30 mnutes. The crude

product was 10 purified by reverse phase preparative
chr omat ogr aphy (Vydac 218TP1022 col um; sol vents A=

water / 0.1 % TFA and B= CN/ 0.1 % TFA; gradient
40-80 % B over 40 mn; 10 / mnute; detection
at 254 nm. The fractio r/e\,l/bio in the fridge

overnight and to the acetonitrile phase was added

di et hyl ether, dried (Na2804) and  evapor at ed under

reduced pressure. (Analytical HPLC dac 218TP54

Regasgiam flusride(¥&nng.: 0.060 waeed) and dryptofia 2A2 A4S gag,cHaeH mmol)
r 0-80 er n;

\é’_ﬁl‘g ] r]glls/ %i(":é\ i %g tgﬂlttn]té $ é‘{% 0 6191& adflg&) g}e i é%-é%-\é’hlé!)rcgnethyl-

) reten m nut es

phibdylauithn?Dlethyi]-[ 1, 3Bid$x¢¢etrier(e vag, 6.0%0 nbi;(olNhRaceExﬁmﬁi}Dé G ml). The

12 Synthesis of 4-fluorq hyI benzal dehyde - nH

rggctlo@ mp(tq_rezwaszgeatgd t‘S)7IQt es o 30 mmutes The crude product was
r t

el SRR bR o 5%168%9&%{3‘ BT ER U PE822 cotumn;

dbbseylts Ahivaatérde). [ H2TBA Ahd B3 CH:@NU10. 1 %aBF Adgradieniod®30 % B over

P s Ll st FREcTn A B CoRIHGHoBE Pt lsfipdhe ide
overmght and to the acetonitrile phase was added diethyl ether, dried (Na;SO4) and
evaporated under reduced pressure. (Analytical HPLC: Vydac 218TP54 column;
solvents: A= water / 0.1% TFA and B= CH;CN / 0.1% TFA,; gradient 40-80 % B over
20 min; flow 1.0 ml /minute; retention time 9.200 minutes detected at 214 and 254 nm).

Structure verified by NMR.

Example 12 Synthesis of 4-fluoromethylbenzaldehyde - Compound 29
0

S

29

a) Svnthesis of (4-formylpheny)methyl methanesulfonate Compound 28

\/©)
0,
\S'O

0

28
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(22.9 A, 0.16 mmol) in THF. After 1 hour another

equi val ent of nesyl chloride and triethyl am ne were
w@odaeaso4The precipitate was filtered of f aft erpPdI/G8ew04/001052

and THE 5 evaporated under reduced pressure. The crude

product was purified using a silica short colum and

Wemil afohtarifien(13:8. oulag 0198 mymady pas e agdadiduter . @  solution of 4-

GRS A RSOOSR 438, P i

(RBA; plgnadi @ftol)5inSDHEo Bft@ir/erholle afibther Equavalént@fMhesyl chloride and
/mnute; retention tine 4, m nutes detected at 214
tHAdYD smingmwerspdded: (hhe v@mpmt@dwsy fijored off #fjer 1 hour and THF

SRyl A OEATE L DO ey SRR 3 hor

ol amg, D(IM)éhTfondmg Y meg (9% $6) e puia prmhlet ofirtatyiticel HIPLC:

d add | ph | h
S RS She: b GORIS PN Rk 5T Weliro 9% (T and B=
(?ﬂ[g;(ﬁﬁ )/-0.19erF L2k iRRt 556t %rlfj3 0\0@151@%55?10&/@ 6 Mn19BEh&ESretention

10 'm nutes. The crude product was purified using
tame #1900 anigttes deteabdiat? 1dread @S¢ nhy)| Stredtire verifighby MNNRBal
HPLC. col um Phenonenex Luna OOB-4251-EO, solvents: A=
water 20 / 0.1% TFA and B= CH3CN / 0. 1% TFA; gradi ent
B SR8 0¥ uotSnshilbehali¥hgdd— Dompotihdi@d e; retention
tine 5.1 mnutes detected at 214 and 254 MJ). Exanple
13 Synthesis of functionalised oxytocin (disulfide Cys
1- 6) anal ogue;
[ BocNHOCH2CO- Ahx- Cys- Tyr-IIe ¢ nlAsn Cys-Pro-Leu-d y-N
H]_ 25 Conmpound 30 -37 V\D 1/ 080492
PCT/ GB2004/ 001052 bj N N pO O HO H2N HH'J\r
FI. O/YOHN,~ p Np NH \f O alid

KF (2.7 mg, 0.047 mmol) and kryptofix 222 (17.6 mg, 0.047 mmol) were dissolved in
acetonitrile (1 ml) and added to (4-formylphenyl)methyl methanesulfonate (10 mg,
0.047 mmol) in acetonitrile (1 ml). The reaction mixture was heated to 65 degrees for
10 minutes. The crude product was purified using a silica short column and diethyl
ether. (Analytical HPLC: column Phenomenex Luna 00B-4251-EQ, solvents: A= water
/ 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 5-50 % B over 10 min; flow 2.0 ml

/minute; retention time 5.1 minutes detected at 214 and 254 nm).

Example 13 Synthesis of functionalised oxytocin (disulfide Cys 1-6y
analogue:;[BocNHOCH,CO-Ahx-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH, |-

Compound 30

=37~
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0-) 4 HNrM OO/ _j H-s Fi 30 Protected

Ahx- Cys-Tyr-11e-d n- Asn-Cys- Pro-Leu-Q3 y-NH2: Assenbly
wo@tooulogo492ri no aci d sequence using fully aut one€EdB2004/001052

synthesis (ABI 433A). The resin was placed in a 5

manual bubbl er apparatus and cleaved with TFA with 5%

water and 5% TI S present. TFA was cnr?fg ed nder

reduced pressure after one hoyr. W SUl t

precipitate was washed w tly-£&t e5-Nant al}]{dl‘l ed. TFA

and DVSO (95:5) were added to [t ~pgptide. After 2

hours TFA wdS evaporate n reduced pressure and

di et hyl et heF°vvas added 0 us resi due. The resulting

preci pi t at " \ma%wvashed wi fRer and air-dried. The

10 peptide (7006 . ) in DVF (5 m) was

added to a solution of §Baes am noxyacetic acid (23.9

ng, 0.13 nmol), PyACP (65.2 ng, 0.13 mmol) and NWM

(27.5 1, 0.25 nmml) in DN (5 nl). DVF was evapor at ed

r e\ af T

A RSB PR AL %?g%EﬂES*E%ﬂE s pHEZof the amino

acidr sefadreg aiayfully Wﬁﬁﬁteﬂl@ﬂiﬂk@ﬁ ABII4368w;). Flod xesint wasAplaced ina

1% TFA 19 15, T
n%&gﬁb%b%ﬂ&@@m%aq@ &?eaffﬁ%w%lfﬁg Wﬂfﬁﬁ?{mﬁgér g gc)f {143, present.
AT THA 439 NMorated ’%ﬂa&lzrylteﬂﬁ@d Bdstare éﬁ&%a%%?% ﬁ@hlﬂl ‘precipitate

vents:” A= water / 0.1% TFA and B=
vER Ayashedidith ethet Ond@ir-dsisd. dE/HaQ& a@@DMS@ (9% 6)/\W1re(add13d to the peptide.

{1 t det t, 214
JEATERECHEMIERT ERTOEN R I
té‘sthé‘ FedIRES ’ﬁﬁeféfsﬁlﬂﬂgtp’ré’olp@té’lvm Whghedawife @ 3ard air-dried. The

[ MH#]. 20 Exa 14 Conj ugati on of

p@pmqlmé?(bmgywéémpaemyﬂ i(6 hmBxwag iafdgdd os @ §qleion of Boc-
oSt 4 ne 3 BIORRAR (553 18,0 jrRpBnd MMM
(EpFNeNE5 Bindl) incDMY/ (Biizl). VP wis dbofXedrihdet 1@duced pressure after
12 hours. The crude product was purified by reverse phase preparative chromatography
(Vydac 218TP1022 column; solvents A= water / 0.1% TFA and B= CH3CN / 0.1%
TFA; gradient 10-60 % B over 40 min; flow 10 ml / minute; detection at 230 nm).
(Analytical HPLC: Vydac 218TP54 column; solvents: A= water / 0.1% TFA and B=
CH5CN / 0.1% TFA,; gradient 10-50 % B over 20 min; flow 1.0 ml /minute; retention

time 16.5 minutes detected at 214 and 254 nm).Further characterisation was carried out

using mass spectrometry, giving m/z value 1293.0 [MH™.

Example 14 Conjugation of 4-fluoromethyl-benzaldehyde with oxytocin (disulfide Cys
16). [NH,OCH,CO-Ahx-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly-NH,] - Compound 31
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OHO N,~\/ \ ONONH NO O_H O\~-H O"S -38
WD 2004/ 080492 PCT/ GB2004/ 001052 The Boc protecting

w@e@dpsosas cl eaved from oxytocin (disul fide CyBCLGB2004/001052

[ Boc-
NHOCH2CO- Ahx- Cys-Tyr-11 e-d n- Asn- Cys- Pro- Leu- G y- NH2]
(3 0O ng, 0.0023 mmol) using TFA and 5% water. TFA was

R bR g RS iR e ARl YRSy e
NH@@QLE@AM CRUBfr-Tid-Glb Agh- )Cym’soméd@yaqu]t he.@Hmg, 0.0023

adjusted with dilute anmonia to 4. The m xture was
aDaingsT agé §Pewater oFF A (v avieNapated unlen fpdvced ipregsue;after 30

lﬁﬂ}hgégnﬁnﬁhf—%ﬁ&%%gzalﬁgﬁ%f% Ex%% %ﬁ’&vﬁﬂ}o ddﬁsolved in water

(DQ} ﬁﬂ)) WaBaddedr antiOtheipH adjusted 2vith dflute mm:mdsrﬁa t¢ @t &he ntivture was
3 mnutes detected at 214 O an& 254 n
t

e T HERaRS. B aEhBHcnd e n8aFpH odE bt CospHgPhsgencx Luna
%% 31088 do¥vendt: A*n Qatetl/%. 18 1ieA L3d B-1 HYON / 0 E¥ATRAE gradient

nj ugat i on
B)—Q(E %B mmolﬁemh;g Ifloph2 Ayhisulifieyrelenpioropinerted ohedtekedepdctad at 214

OTYH I‘@%%i n (%igi’t | fide %ﬁ??“‘rl} %a@zﬁngg ﬂu@%nggpjgsq_%ctrargetry, giving

IQZYVaM'e']bl‘_’) 1CE@)ﬂpqund 32 PI NNHL S OOOOHO Ff
OO0O'Mz /-HOH

Example 14 Conjugation of 3-(2-fluoromethyl-phenylsulfanyl)-propionaldehyde with
oxytocin (disulfide Cys %) :[NH,0CH,CO-Ahx-Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-
Gly-NH,] - Compound 32

32

The Boc group was removed from the peptide moiety as described in example 6 prior to

conjugation. The protecting group on  3-(2-fluoromethyl-phenylsulfanyl)-
propionaldehyde (0.81 mg, 0.0034 mmol) was removed using 1IN HCI in acetonitrile
(1:1) 0.1 ml. The mixture was left for 30 minutes before it was added to the peptide (2.0
mg, 0.0017 mmol) in 0.4 ml water and pH adjusted to 4 with dilute ammonia. The
mixture was heated to 70 degrees for 50 minutes. (Analytical HPLC: Vydac 218TP54
column, solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 10-50 %

B over 20 min; flow 1.0 ml /minute; retention time 19.8 minutes detected at 214 and

-390~



N. PJ (r) HH~s 32 The Boc group was renoved from
the peptide noiety as described in exanple 6 prior to
wQQo0gos40yat i on. The protecting group on PCT/GB2004/001052
3- (2-fluoronet hyl - phenyl sul fanyl)- propional dehyde
(0.81 %% 0.0034 nmol) was renpved using 1IN HCO in
rtherechayagteripatpom wag carmipd oWl ysiig Bagiasperigemetry giving m/z
ore it was added to the peptide (2.0
5§h§%ﬁgé%§¢¥1) in 0.4 mM water and pH adjusted to 4
mnth dilute annDnia The m xture was heated to 70
50,n1qytes (A@glytlcal,

| [ :

det ect ed at 214 and -39 WD 2004/ 080492 0

PCT/ GB2004/ 001052 254 nm). Further charactserlg;g\rza'h_)(N/\[rNHz
carried out using nmass spectronetry, z :

val &e\ 1373.5 [ MH+] . Exanple 15 Conjw

7 withaxytocin (disulfide Cys i ob 6

; r NH2OCH2. Ahx-C yr-1le-d n- Cvs-

- Compound 3390 NN,. /NH, O O NO O--\ 0 H2N
H | NOrOﬂN\—\Q\OOONHJ/I JHANNO ONN O
H H'-S /A

o)
T
N

33

The Boc protecting group was cleaved from oxytocin (disulfide Cys 1), [Boc-
NHOCH,CO-Ahx-Cys-Tyr-Ile-GIn-Asn-Cys-Pro-Leu-Gly-NH;] (2.5 mg, 0.0019
10  mmol) using TFA and 5% water. TFA was evaporated under reduced pressure after 30
min. The protecting group on compound 7 (1.0 mg, 0.0041 mmol) was removed using
1IN HCI in acetonitrile (1:1) 0.5 ml. The mixture was left for 30 minutes before it was
added to the peptide and pH adjusted to 4 with dilute ammonia. The mixture was heated
to 70 degrees for 15 minutes. (Analytical HPLC: column Vydac 218TP54 column,
15 solvents: A= water / 0.1% TFA and B= CH3CN / 0.1% TFA; gradient 10-50 % B over
20 min; flow 1.0 ml /minute; retention times 15.1 and 15.4 minutes detected at 214 and

254 nm). Further characterisation was carried out using mass spectrometry, giving m/z

value 1413.5 [MH"].

20  The invention described and claimed herein is not to be limited in scope by the specific
embodiments herein disclosed, since these embodiments are intended as illustration of
several aspects of the invention. Any equivalent embodiments are intended to be within
the scope of this invention. Indeed, various modifications of the invention in addition
to those shown and described herein will become apparent to those skilled in the art

25  from the foregoing description. Such modifications are also intended to fall within the

scope of the appended claims.
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30

33 The Boc protecting group was cl eaved from oxytocin
(disulfide Cys 1"6); [Boc-

WORIOTIHRABR Ahx- Cys- Tyr-11e- A n- Asn- Cys- Pr 0- Leu- BL/GRR{®})/001052
(2.5 ng, 0.0019 10 innol) using TFA and 5% water. TFA
was evaporated under reduced pressure after 30 mn.
The protecting group on C&J&@ﬁﬁa 7 (1.0 ng, 0.0041
romol ) was renoved using IN HCO in acetonitrile (1:1)
0.5 mM. The mxture was left for 30 minutes before it
Vs metbderolr tadidffuerinaiohi cdenpaisihgpthctioh of b edmpount] ofi formula ()
dilute ammni a. The m xture was heated to 70 degrees
withra qompauRdormudDyt i cal HPLC col umm Vydac 218TP54
col um, 15 solvents: A= water / 0.1% TFA and B= CH3CN
/ 0.1% TFA; gradient 10-50 % B over 20 mn; flow 1.0
%1'_”“ P&Er retention tines 15.1 and 15.4 ni nutes

etected at 214 and 254 @y . Further characterisation
pas carried out using mass spectronetry, giving nfz
"Fa(Livker)iR2 5 [MH]. 20 THE)invention described and
0cI ainmed herein is not to be limted in scope by the
§becific enbodi ments herein disclosed, since these
aBhduNEbf formuk (1M} enhledoapoidd eormulagiViof  several
aspects of the invention. Any equival ent enbodi nents
are intended to be within the scope of this

I nvept+or—tndeed, vari ous nodi fi cati ons of the
Révent ¥8HOr n addilti on Hﬁhose shown and descri bed
herern wiTT becone appare( )to those skilled in the
18y (ngjéerﬁr_Rm the foregoi nqr@escription. Such

modi fications are also intended to fall within the
wooge of the appended clainms. -40 WO 2004/ 080492

Vo a&@f%ﬁ?ﬁ/iﬁgﬁ’f%?%ﬁ SRy R i de suh os an goetl, &
provesied ﬁetlﬁhé s111wh hd Eet@lﬁﬁ@@ﬂﬁhdﬁ@falib@ el & c(1b]l 61 N-&rﬁi]nal serlne
vect or in

rEedpay mﬁuqh qap)bewppl lyaanégﬁ%@gﬁgl cgqulﬁ%} Mnaglcéeﬁt\y;{g orllgatone using an

oxidising agent;

R2 is a group selected from primary amine, secondary amine, hydroxylamine,
hydrazine, hydrazide, aminoxy, phenylhydrazine, semicarbazide, and thiosemicarbazide

and is preferably a hydrazine, hydrazide or aminoxy group;

R3 is a group selected from primary amine, secondary amine, hydroxylamine,
hydrazine, hydrazide, aminoxy, phenylhydrazine, semicarbazide, or thiosemicarbazide,

and is preferably a hydrazine, hydrazide or aminoxy group;

R4 is an aldehyde moiety, a ketone moiety, a protected aldehyde such as an acetal, a
protected ketone, such as a ketal, or a functionality, such as diol or N-terminal serine
residue, which can be rapidly and efficiently oxidised to an aldehyde or ketone using an

oxidising agent;

to give a conjugate of formula (V) or (VI) respectively:
-4 -



R3 vector (Il1l1) 1 8F(Linker) -R4 (1V) wherein Rl is
an al dehyde noiety, a ketone noiety, a protected
w@baelogde2 such as an acetal, a 15 protected kpCDOB2004/001052
such as a ketal, or a functionality, such as diol or
N-term nal serine residue, which can be rapidly and
efficiently oxidised to an al dehyde or ketone using an
oxidisin gent R2 |s a greyp eIectedQ;ron1prinary
dﬁfﬁe;ﬂ§gﬁﬁ ¥ﬁ%§9lanine, 0 hydr azi ne
hydr azi de, an1noxy, ph nyl hydr azi ne, sem car bazi de,
and thi osem carbazide and is preferably a hydrazine,
hydrazi de or am noxy group; R3 is a group sel ected
fromprimary am ne, secondary am ne, hydroxyl am ne,
hydrazi ne, hydrazide, am noxy, phenylhydrazine,
senjcarbazi de, or thlosen1c$;3 zide, 25 and is
pr ef &egisin—aXhyNrarindlLinkeo ﬁﬂe or am noxy group; R4
I's an al dehyde noigty, a ketone noi V}), a protected
al dehyde such as an acetal, a protected ketone such

aI a cticon ug d ferabl
V@Se glnal %gﬁlﬁneM?e’s déu"é\hﬁ%Mﬁ canﬁge r apf 1Spnre eravLy
-eDﬂNﬁmenﬂHyoﬂXGdygedHIdkﬂnmabﬂshbﬁﬂu@ﬁskmﬁone u5|ng an

30 oxidising agent; to give a conjugate of formula (V)
o or (V) respectively -41 WD 2004/ 080492

tﬁ’@i’n@z&@) Qpﬁig g%s(t)??&hﬁl‘lﬁ I()ﬁ-) NIvy, g% ahd (\W) i¥ selected from

vector - X- L|n er) 18F Y (V wherein X is
- CO- NH-, -NH- - or NHCSNH-, and is
{OHgHgD) Ao Hy), u- TN o C0- . Yis H alkyl or

aryl substituent’s and 5 the Linker group in the
conpounds of f or mul ae (rry, (1rv), (v) and (V1) is

Wmom -{ CH2CH20k(CHO. ~0- ()~ H
n P

O

AN

B

N A
T\

15  wherein:
n is an integer of 0 to 20;

m is an integer of 1 to 10;
-4 -



flg_~NnP O n 10 "4-+. PP QW 1 n O0>Pn ~-4n
(Op N n 15 wherein: nis an integer of 0 to 20; m
WO g00a/0844p2 eger of 1 to 10; -42 WD 2004/ 080492 PCT/GB2004/001052

PCT/ GB2004/ 001052 p is an integer of O or 1; Zis O

or S. 2. A nethod for radiofluorination conprising
prisavtintegerof O@rdonpound of fornula (la) 5 with a
éO@ougd of formula (Ila): Rl- vector (la)

2PLPnker) -0-NH2 (11a) or, 10 a conpound of

formula (lIlla) with a conpound of formula (IVa) H2N-O
vector (Illa) 18F-(Linker) -R4 (lIVa) wherein R _and

ReA apethossfogradiofbgringtion egmprisingsa¢tioat afiapeampoyp ghforpula (Ta)

lae (Ila) and (lva) are each a
S ‘%ﬂl%ggm rlagogag%m{ggﬂ%up, suitably a Cl-30 hydrocar byl
gr oup, optl onally including 1 to 30 heteroatons,

suitably 1 to 10 heteroatons such as oxygen or
mﬂt—pogeectoro give a conjugate of fornmula (Va) or (Vla)

reSp._u. VC|y Ia)
18_(Linker) —O-NH, (Ila)
or,

10  a compound of formula (IITa) with a compound of formula (IVa)

H,N-O— vector

(I1a)
1¥F_(Linker) -R4 (IVa)
wherein R1 and R4 are as defined in claim 1;

15 the Linker group in the compounds of formulae (IIa) and (IVa) are each a Cy.¢0
hydrocarbyl group, suitably a C;.3p hydrocarbyl group, optionally including 1 to 30

heteroatoms, suitably 1 to 10 heteroatoms such as oxygen or nitrogen;

to give a conjugate of formula (Va) or (VIa) respectively:

20

OF— (Linker)——O—N:I—— vector (Va)

vector —O—N'—ZI—— (Linker)—EF

(Vla)

wherein Y is H, alkyl or aryl substituents; and the Linker group is as defined for the

compound of formula (Ila) or (IVa).

25 3. A method for radiofluorination comprising reaction of a compound of formula (VII):

-43-



10

15

20 18F (Linker) O N vector (Va) Y vector -ON--1-
(Linker) 18F Y (Vla) wherein Y is H, alkyl or aryl

waadssieent s; and the Linker group is as defi PeGBo#04/001052

the conmpound of formula (Ila) or (IVa). 25 3. A

net hod for radiofl uorination conprising reaction of a
Cc yepiou e X Nidy n‘z{]ﬁ (M1): -43 WD 2004/ 080492
PCTGB2004/ 001058V W ect or - X-NH 2 (M1) with a

ﬁ%@?%‘ﬁ‘é@é{“’?%?(ﬂé@o% (1()%});9'{ ’(Péif)?é) H N( 6(' )(I X) Y

18F - n O(X) Y 1BF O (XlI) wherein: 10 n is an
ispt eger. o 2Q-. inis an integer of 1 to 10; X is
%@%P{:Hzé)ﬂmﬁbf&{@ and is preferably -O Y is H, (VIID

al kyl or aryl substituents

O
H |
N
e
O

IX)
Y
18F4<;_:>—F471§0
X)
Y
18 [ : ‘
m n~0
(XI)

wherein:

n is an integer of 0 to 20;

m is an integer of 1 to 10;

X is —CO-NH- , -NH- or —O- and is preferably —O-
Y is H, alkyl or aryl substituents

to give a compounds of formula (XII -XV) respectively:

[ vector —X——N=CH-(CH,)m-(O-CH,-CH,)n-F '8 (X1

X_NWH\H?NF (X

O

X_N;k < > 165 (XIV)
in

P g (=) ¢ ]
- - (XV)

wherein X is as defined for the compound of formula (VII), m and n are defined as for

the compounds of formula (VIII to XI).
-44 -



to give a conpounds of formula (XIl -XV) respectively:
15 Lvector-X N=CH (CH2) m (O CH2 CH2) n-F18 (XI1)

WO @3089K- N=:", ~1 11 ( /Nt" (XIIl) 1li' taF O PUEGBQI04/001052
X-N- - 18F (XIV) vector X-N n m 18F (XV) wherein X is
as defined for the conmpound of fornmula (VI1), in and n
are defined as for the conpounds of formula (VIII to
X1 ) methet NP2 DBREER c AT BRP LA QAR5 DMpbund ofifdrinath
for radiofluorination conprising reaction of a
@¥pound of fornmula (XVI): 0 ~ vector 5 Y (XVI)
where Y is H alkyl or an aryl substituent preferably
wi th conmpounds of the formula (XVI1), (XVII1), (Xl X)
orPXX): 18F-(CH2-CH 0),, (CH2),, WNH2 (XVIl) 18 F n
/ lvedidr ~ O (XVIII) OO 18F NHNH2 (XIX) O XX

5 Y8F O—NHNHZ ((XIVI)

where Y is H, alkyl or an aryl substituent
preferably with compounds of the formula (XVII), (XVIIL),(XIX) or(XX):

18F-(CH,~CH,-0),-(CH,),-W-NH, (Xvli)
N NH
18F/*/]n/ \”/\O/ 2 (XvIy
0

18F
C NHNH, (XIX)
0
/'_< >——lL XX
105 NHNH, 0

wherein m is an integer of 1 to 10, n is an integer of 0 to 20, and W =-CONH-, -NH-
or-O- to give a compound of formula (XXT), (XXII), (XXIII) or (XXIV) respectively:

10

18F-(CH,~CH,-0),-(CH2),-W- N_I_ vector (XX1)
Y

H
N _N I
‘BF/\H,T \n/\o :I— vector (XX
o Y

N-N=r—| vector edl)

0]
1857 <> "N-N=— vector (XXIV)
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wherein mis an integer of 1 to 10, n is an integer of
O to 20, and W= -CONH-, -NH or-O to give a conpound

wotooosw@at a (XXI), (XXI1), (XXI11) or (XXIV) PCT/GB2004/001052
respectively: 18F (CH CH 0),, (CH2)m W N=~- vector

I _18F_ ., _kN1'~ ON-Tllvector (XXII) O Y 18F
%ﬁ?ﬁ%"ﬁ@ﬁfﬁé\%a%ﬁvv O 18F NN vector (XXIV)
K, X 655 ¥0:12008/ A8 Q4 R j
Pl o Y e 520 o e PR AR CR PR S 4R Bt ot or ary
somiounds of formula (XIII to XI) and Y is H alkyl or
aryl noiety. 5 5. A nmethod according to any one of
claims 1 to 4 wherein the vector is Arg-3y-Asp
5 PeplhéBo@hicRRANR AURIElEAE 1 164 L DGt

to claim5 vvhe?%i n theevectaor conpr“{hs?{éggﬁpﬁgle?@ggsrrre%nggﬂy Asp
woptide or &1 @alpgoethaedf, 0 N~-H N-H~N~H NH 0 O ~-O 0 60
HO NH H-r HN~ 10 NH2 7. A nethod according to claim5b
or 6 wherein the vector is of formula (A):

6. A method according to claim 5 wherein the vector comprises the fragment

>NH Hc>=o @

HN HN=(
N NH
10 2

7. A method according to claim 5 or 6 wherein the vector is of formula (A):

S
OJ S s
HN\/IOJ\ % H\/lcl)\ H\/[c’); H\/lO'\ !
N N Y N Y Y N Y (A)
S S I ;H &8 T
D
NH

HN HN=(

o) NH,
-H,C

15

wherein X’ is either —NH; or

H
NH
'{—HN\/\O/\/O\/\O/\/N\H/\O/\H/]a/ 2
O

0

wherein a is an integer of from 1 to 10, preferably a is 1.
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10

15

20

S (r) SS(r) H(r) H(r) ),YH OHNNN-N*,NN NN X7
(AN HOHOHOHO ~==06 HO NH HN HN\=< ~0 NH2

WO RR@osEIMNherein X7 is either -NH2 or H O-JaNHCT/GB2@4/001052

wherein a is an integer of from1l to 10, preferably a
is 1. -46 WD 2004/080492 PCT/ GB2004/ 001052 8. A
conpound of formula (11) as defined in claiml or a
compound of forrrula (IIa) as defined in claim2, with

the proviso that: in the conpounds of forrmula_ (I1
§.f tmmppm@ﬁfon@ubmghw defief iRplajrg 1 &ﬁﬁﬁewowlm f&spg)fa (Ia) as

| XVI | XVIT
% % b Clgm% %&ﬂﬂ Hf%%bggv(l%mgpr |nmo§1 ! ( CH)2) WD | (XVI 1)
1i18]¥e tompouldds oAU, lif Jhe 1HDKE is PBENIHNHRZ ¥l axf)inoxy (suitably
-ONH,).

9. A compound of formula (XVII), (XVIII), (XIX), or (XX):
18F-(CH,-CH,-0),-(CH,),-W-NH, (XVII)

H
N NH
18 - 2
i \n/\o xvill)
o)

0
NHNH, (XIX)
o)
18/ C NHNH, *XX)

wherein m is an integer of 1 to 10, n is an integer of 1 to 20, and W = -CONH-, -NH-
or-O-.

10. A compound of formula (IV) as defined in claim 1 or a compound of formula (IVa)
as defined in claim 2; with the provisos that :

(i) in the compounds of formula (IV), the linker is not phenyl

(ii) in the compounds of formula (IVa), the linker is not phenyl or phenyl substituted

by halo, hydroxy, or benzyloxy

11. A compound of formula (VIII), (IX), (X), or (XI) :
BE_(CH,CH,0),-(CHy)-CHO (VIID

0]
S
0]

(IX)
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18F / NHNH2 (XX) 10 wherein in is an integer of 1 to
10, nis an integer of 1 to 20, and W_ -CONH, -NTH
W@ee0d08049D. A conpound of fornmula (1V) as defi PeriGBR004/001052
claim1 or a conmpound of forrmula (lva) as defined in
claim2; wth the provisos that : 15 (i) in the
f formula (1V), the linker is not phenyl
conpounds of fornmula (Na), the linker is
not enyl or phenyl substituted by halo, hydroxy, or (X)
benzyl oxy 11. A conpound of formula (VII1), (I1X), (X)),
F-(CH2CH20)n (CH2)m CHO (MII1) OHY
( <47 WD 2004/ 080492 PCT/ GB2004/ 001052
Y 18F 108Fm/\ n O(Xl) wherein: nis an (XT)
integer of 0 to 20; 5 inis an integer of 1 to 10; X
WisreieO-NH , -NH or -0- and is preferably -O Y is H,
al kyl or aryl substituents with the proviso that in
ntinen tdegro@hddo 89; formula (X), nis not 0. 10 12 A
conpound of.fornula (1) or (I11) as defined in claiml
5 1y ln{égleato(HrB;) or (Illa)
X is “CO-NH- , -NH- or —O- and is preferably —O-

Y is H, alkyl or aryl substituents

with the proviso that in the compounds of formula (X), n is not 0.
10
12 A compound of formula (I) or (III) as defined in claim 1 or of formula (Ia) or (Illa)

as defined in claim 2

13. A compound according to claim 12 wherein the vector is Arg-Gly-Asp peptide or

15  an analogue thereof.

14. A compound according to claim 12 or 13 wherein the vector is of formula (A):

nn

S
o S s
i P! H\/l?\ H\/ﬁ\ X
HN\_:/U\N N\_/U\N/\H/N Ay o (A)
= H 0 H 0 :3’:: 0 = 0

HO

20  wherein X' is either -NH, or
H

'{_HN\/\O/\/O\/\O/\/N\n/\o/\n/]a/NH2
O

0]
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as defined in claim2 13. A conpound according to
claim 12 wherein the vector is Arg-dy-Asp peptide or
wa 200an8@pal ogue thereof. 14. A conpound accor dP@yGBR004/001052
claim12 or 13 wherein the vector is of forrmula (A):
S,.(r) s00s S (r) N~N--,rNNNH X7 (A HN,,Njy
(Wl?eg‘?-\}‘@@ aw%%ewééomd gOH@ praferpily ANt ~O NH2 - H2C
20 wherein X7 is either NH2 or INCONH2 OO0 -48 WO
2004/ 080492 PCT/ GB2004/ 001052 wherein a is an integer
of. Arcompbund ofGornpriad @F)abl(YDaasidefied ihalaidy Gonpound of
formulae (V) or (VI) as defined in claiml, 5 16. A
compound of forrmula (Va) or (Vla) as defined in claim
5 26. AlconfhoafdBe f s (XIV),
(XV) agﬁ’ defi ne%@?ﬁﬁc(ﬁlg?énpg};@)lgﬁégﬂlg%%I%Qghlrll%z'of formul a
(XX1), (XXI1), (XXII1), (XXIV) as defined in claim4.

1 drerboRETREDauBIRED Oy Caf 8% dptsedlnhuias. °

anal ogue t hereof.

18. A compound of formula (XXI), (XXII), (XXIII), (XXIV) as defined in claim 4.

10
19. A compound according to any one of claims 15 to 18 wherein the vector is Arg-
Gly-Asp peptide or an analogue thereof.
20. A compound according to claim 19 wherein the vector comprises the fragment:
15

5 }NH 5 H<>=° 0 @ °

HN HN
A =<NH2

21. A compound according to claim 19 wherein the vector is of formula (A):

s
O%/ s s
HN\/IOJ\ H\/ﬁ\ H\/?]\ H\/ﬁ\ !
N 2 Y Ny X (A)
L O | 5>=H = unl
WD
NH

HN HN=(
0 NH

2
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20. A conpound according to claim 19 wherein the

vector conprises the fragnent: 15 S (r) SS(r) HO
WOoR2@4080422 HN~H NH* INNNv NO O _ HO _ H O BEDGBRiD4/001052

NH HNC HN~ NH2 21. A conpound according to claim19

wherein the vector is of fornmula (A): SSS (r) HO

H(r) HOHNNN ~-N-yNNNX7 (A HOHO~OHDO

- W, H =< 0 N2 )= -HC -49 WO

%E%?a@&%@eﬁ%oom 001052 wherein X7 is either

NH2 or ,N-(---. O NH2 O. 11Ol whélrein a _isy;afNH

i nt eger of r@hmmo‘p@eﬁbl/s\ﬂ/i\w 1, 22° The
o

compound of formula : 0

wherein a is an integer of from 1 to 10, preferably ais 1.

22. The compound of formula :

8
° o} ® o o ® o
H H H H H
HN\3/n\ﬂ/I;H/N\?/ﬂ\ﬁ/A\H/N\?/H\ﬁ;l\W/N\Z/u\ﬁ N\v/*\O/A\V,O\V/A\O,A\V/N\“/»\O/A\“,NHz
X 0 5 0 X 0 g o} o]

LD

10 23. A radiopharmaceutical composition comprising an effective amount of a compound
according to any one of claims 15 to 22; together with one or more pharmaceutically

acceptable adjuvants, excipients or diluents.

24. A compound according to any one of claims 15 to 22 for medical use.
15
25. Use of a compound according to any one of claims 15 to 22 for the manufacture of

a radiopharmaceutical for use in a method of in vivo imaging.

26. A method of generating an image of a human or animal body comprising
20  administering a compound according to any one of claims 15 to 22 to said body and
generating an image of at least a part of said body to which said compound has

distributed using PET.
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S 0iss HHNN'~ NNjNN2 HOH(r)HOHOO
HONH HNHN( ONH2 ONX F 10 23. A

WO awiofiaar maceut i cal conposition conpri sing anPCT/GB2004/001052
ef fective anmount of a compound according to any one
of claims 15 to 22; together with one or

20n &k methedtaf cmmtynnaét@eq’_ feabpldreatmentoh taéwn@;a@ir smérml Boghf with a

d%l%y trrisqgt %%midg\t ?19 Q}gg& d &Séag&&ga%?ei@w 612@8%%6518 said

maﬁwmﬂpwﬁgﬁﬁhm@té@gaﬁyald%dﬁﬁ colnpbumd dcootdingd ahgrone of

t he manuf acture radj opharpaceutical for use in a

%mﬁ 38 922 ppd d@teeﬁngﬁh@ pht@ke IR FeLertere SHY
ihiBRA U na% e HBR ogt'i r%ﬁg rgfé%l BERE - FbR8d g%ore, during and
mnistering a co un I ng o any one o

aﬂleatrrmmbﬁt Wwith Eﬂdtdmgal d body and generating an inage

of at least a part of said body to which said conmpound

has distributed using PET. -50 WO 2004/ 080492

PCT/ GB2004/ 001052 27. A nmethod of nonitoring the

effect of treatnent of a human or aninmal body with a

drug to conbat a condition associated with cancer,

preferably angi ogenesis, said nmethod conpri sing

adm nistering to said body a conpound according to any

one of clains 19 to 22 and detecting the uptake of

said conjugate by cell receptors said 5 adm nistration

and detection optionally but preferably being effected

before, during and after treatment with said drug.
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