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di agnosti c and radi odi agnosti c agents, including
bi ol ogi cally active vectors labelled with
~positron-emtting nuclides. It further relates to
nmet ketovanck reagEnerfripl S efduser cxatyi aorofe vECTORs
vectors, where a vector is defined as a nolecule with
an affinity for a specific bielogical target, and is
preferably a 10 peptide: ant 18F-1 abel | ed
conj ugates are useftt aoo:“ré]mi UPH%I.'"\Eeuti cal s,
specifically: for use in Positron Em ssion Tonography
(PET). BACKGROUND OF THE | NVENTI ON 15 The application
of radi ofkherasent igvention; sedatgreist diageostio randi radiediagnestic agents,

- ' I3 I, i [ ce i.n_nucl ear .nedi ci pe.
incly Bl Ot e s o R lab B et i e 1 fther
related @ anethuds hnd peagehits ot ¢1°F)-flupehatvheolisetors, wderd A&vector is

éBe?l [ verée/ of radioactivity to target tissues. For
defied a5 p glolscyly with B pEtHep S fin biplogisa targstcand is preferably a

enij,al t ferLy. - | O ' : .

P h¢ esuint. 2 B it O MG IS habypharmacentical,
spedifiggiino®r nse nrBagitroy Biniksioadiotdpeaptyy(PETRF, with its '

hal f-1ife of approximately 110 minutes, is the

positron-emtting nuclitde of choice for many receptor

i magi ng st udi BACKGREENDr@F TREINMENTBONDI oacti ve

pepti des have great clinical potential because of

their utility in PET to quantitatively detect and

char act eTfes ‘WM rj [ ) -ene . .
Cdifticulty op il }Sgbfealg%de%%ﬁplggti 33R%. pEpIIS for diagnosti
Imagyigstsi gAmng Pnipeblehdd fy nmuelgen tredanine. t iBielogialy rchige traolecules

BB BT b B 8o PEPLLER B P R el o
radioheBlifyelol far@t QléBses. SBYEERAMSILC PadiSIFRIIRAT peptAEOURSe significant

have been proposed in the Iiterature, including

poteutial, foithe Aelivery of radieuiclides oemputs; ayfarcts, and infected tissues for-

B i T L ——

mindtds | BRhE bogtropbmidiay nhchids 88chddtdBStmaly re@épitbPPnaging studies.
rreft hoqiﬁj ogées currently used today for the I_abel“_l' i ng ]
Theggiorse pfrigeelled faogstive pekidas hae ot glinicaleotential because of their

e erer Sl ol L e PO Y 8 PSS

groups capabl e of reaction with active esters these- '
current dqgd éﬂ?ﬁjéll@r With ®F-labelled peptides is that the existing '°F-labelling

agents are time-consuming to pfepare. Efficient labelling of peptides and proteins with
8 is only achieved by using suitable prosthetic groups. Several such prosthetic grouﬁs
have been proposed in the literature, including N-succinimidyl-4-{'®F]flucrobenzoate,
m—maleimido-N—(p-[lSF]ﬂuorobenzyl)-benzamide, N—(p-[wF]ﬂuorophenyl) maleimide,
and 4—['SF]ﬂuorophenacylbromide.- Almost all of the methodologies currently used
today for the labelling of peptides and proteins with '°F 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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-1 WD 2004/ OSO@ PCl/ GB20041001052 site-sgecific.
ﬁ exanpl e a tide containing three |ysi resi dues
AVYRM8E amine functions all equal ly reacti v&®CT/GB2004/001052
towards the | abelled synthon Therefore, there stil
6 §eSificA FOEY tiG. QLoHps an
: rretsajgdolco i esg{al [e % {I%vgélgglgﬁ% ﬁﬁ%@‘? ee gech‘f(#%% 180 hree armine
ﬁwriéwmlgmlmremﬁe tparatdsahxd: FHHEHTC} ﬁbgﬁh@ﬁ gt{‘ha@,ﬁ)re uﬁ@ie lstill exists
cQndiz.i.0 ve 18F-1 abel | ed products in, hi '
ra“c?e% ﬁ %AF‘?@ e& Bf Hgtip ugorps aAedmlmgﬂcrg}es t Whick 310“’ rapid,
tienbsoieaeyd ﬁftro?lﬁ&libd@f W@dﬁéﬁghﬁﬁ ?thé)?lﬁgs HRBARES bRditions to
automation to facilitate repar
¥l dplabelecpradinctslis high tddmohbmmad: giels eid ipugity. SUMARAally, there
H first aspect, e i s provided
1% -Bt %5 JNV SPCiﬂ aIBP‘ElPF@Bﬂeﬁ aViish s ni‘ﬁﬂ?’ iﬂ"g to, @Hemplign & facilitate
}&epﬁmwﬁaﬁioﬂhﬁfd”ﬁeﬂeﬁu&dlﬂ ik Rigicaegpagd of formula
(I'1): RL vector 18F-(Linker) -R2 (11) “r, a conpound
of formula (I1l) with a conpound of fornula (1v) R3
vector 18F-(Linker) -R4 (1V) wherein R is an

al dehyde noi ety, asmmﬁmlﬁemﬂm@mﬁggﬁd al dehyde

such as an acetal,” a protecte as a

ketal, or a functioinality, such as diol or Nterm nal _
serine Ipesfigy @qumnb«treoaprmdadaqammdam radibflcoriratiby comprising

oxi.@di S ane usin oxi di ng
agéﬁl‘%"?‘%gi’tf?é’gﬁlp% Gl r%m'ap?ﬂﬁfef e
secondary am ne, hydroxylanine, hydr azi ne, hydrazi de,
n|no§¥ tdrhenyt hydrazi ne, sem carbazi de, and
enlcarba2|de and is @5eferably a hydrazi ne,
Fydra2|de or am noxy group,” R3 is a group sel ected
k-@onken) /B2y anmi ne, secondHjy ani ne, hydroxyl ani ne,
hydra2|ne hydr azi de, anni noxy, phenylhydra2|ne
§en1carba2|de or thiosem carbazide, andis

aRGoRIrRUARIOY FArhd (BB hith 2 R¥SHEEASEE RimAM {4y 97 oup; 2

R3—] vector

(1)
g (Linker) -R4 (Iv)
~ wherein
R1 is an aldehyde moiety, a ketone moiety, a protected aldehyde such as an acetal, a
pfotected ketone, such as a ketal, or a functionality, such as diol or N—términal serine
residue, which can be rapidly and efficiently oxidised to an aldehyde or ketone nsing an
oxidising agent;

4

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

and 1s 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 1s preferably a hydrazine, hydrazide or aminoxy group;

2
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R4 is an al dehyde noiety, a ketone noiety, a.protected
al dehyde such as an acetal, a protected ketofie; 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

R4 1%%%@}8@5&?% Eg)é% eyizértoﬁe mgigﬁ}e %_S%E{&H%ﬂg%mgé s@cglgat%n%{:w

proth’ct‘ede kbtone,)éubh Asa (Lblal] loe E)fuﬂ(ﬁilﬁn?ﬂlm }uchVﬂ@eﬁ@ll Jt Nétdriinal serine
HCSNH. and i s

rem%l}ﬁ‘ef”év%?a&l bf‘d@mw and ﬁﬁsleaﬂy 061dlsed\t0 78 ajqehydegn kegpne using an
oxidéiMf agilpstituents; and 5 the 1Liynker group in the
conpotinds of f or mul ae (), (Iv), (V) and (M) is
selected from jPf fN Wp O n 104 mZ)P/ n n 2a
15 wherein IS I nt r of 0 to 20; inis an
to g asarege o prtaftV gt e eshentidd “of o0 or 1.
ZisOorS. In a second aspact there is provided a
Fﬁafhﬂdnkeﬂ—ﬁadﬁb++NﬁtTﬁa-weﬁkwc mpri si )reaction of a

conpound of formula witira compound of fornul a
(lIta): Rl vector

vector xm—N_“l (Linker)—'8F

Y )]

- wherein X is ~CO-NH-, -NH-, —O-, -NHCONH-, or -NHCSNH-yand “is preferably

-CO-NH-, -NH- or -O-; Y 1s H, alkyl or aryl substituents; and

the Linker group in the compounds ‘of formulae (II), (IV), (V) and (VI)+is selected from

{OHCHOLHCHD), {-O@j
n P
O

2a



(la) 18F-(Linker) -0-NH2 (lla) or, 10 a conpound of
formula (Ma) wi tha conpound of formJIa (I'va) = H2N-O
vector (ma) 1SF-(Linker) -R4 (Ala) wherein RL and R4
- are as defined in claim1; 15 the Linker group in the
15w epeg;gounds of formulae (l1la) and (lva) are each a Cl-60
hn rocar byl group, suitably a Cl-3o0 hydrocarbyl group,
nI@@ﬁlrmég%kbyOIt@Qbydi ng 1 to 30 heteroatons, suitably I
to 10 heteroatons such as oxygen or nitrogen; to give
m i adnfeetle Wl%ormula (\Ta) or (b%a) respectively.
plggn;igggerq)g:brgfqr) -ON vector (Va) Y vector O =N=l-
(Linker) 18F Y (Via) wherein Y is H alkyl or aryl
Ziggbet$tuents; and the Linker group is as defined for
t he’ conpound of formula (lla) or (IVa). 2b In a third
aspect, there is provided a nethod for
r adiofd wacmmlatalspmt c olgpe i i rpgovmiaﬁcat Im)eﬂh&{ far CRARTUREnation
of .f.ormul a vector -X-NH2 with a conmpound of

compprising ’ffaftm“l crtj a 2o(np%und (ofoforgwlzt k) v w1th p_cg@gg@@@j)‘ formula (Ila):

(CH)MCHO (MII1) 51 10 _J 18F" n N 1lIf
R1— vector

| (Ia)
¥F_(Linker) —O-NH, (Ila)

oI,

10 acompound of formula (IIa) with a compound of formula (IVa)

H,N-O— vector

(ITTa)

8E.(Linker) -R4 (IVa)
wherein R1 and R4 are as defined in claim 1;

15 the Linker group in the compounds of formulae (Ila) and (IVa) are each a Cy.g0
hﬁdrocarbyl group, éuitably a Cy.3p hydrocarbyl group, optionally including 1 to 30

~ heteroatoms, suitably 1 to 10 heteroatoms such as OXYygen or nitrogen;

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

20

"*F— (Linker) ——O—N==— vector  (va)

vector [—O—N=— (Linker)y—2F
Y (Via)

wherein Y is H, alkyl or aryl substituents; and the Linker group is as defined for the
“compound of formula (Ila) or (IVa).

2b



(A O0OY 18F/ o0 O(X) YieFm/ \ n O wherein: 10
nis an integer of 0 to 20; mis an integer of 1 to
10; Xis -CONH+ , -NH or -0- and is preferably -0- Y
is H alkyl or aryl substituents to give a conmpounds
of flaranbira dspgctMheréMy préwaed binv@hdyd for Ediofluorination comprising
Lvect%r-Xl\I:CI—l-é@G—Q m% CH CH2)n F18 (XI'l) vector
re%t’ﬂ—no QCOF@PUI( hipymuly (YdBfor X-N- - ' OF (XIV) vector
X—N= ~ /[ miaF (XV) wherein Xis as defined for the
VEG un?f o’?""ﬁzor@a (VI1), mandn are defined as for

t he corrpoundso ormula (VIIl to XlI) ZCInafourth
witheichagouridef forinalap(Vavi) deml) st (). f or

radi of luorination conprising reaction of a conpound

of formula (XVI): O - vector 5 (XVlI) where Y is H,

g Qbmm)ﬁ(@}% ,}.’-'CI-‘f@bSt i tuent . (VII)

O
Hoo
ety .
o

IX)
Y
X
Y
18F [ : !
.m n O
XD

wherein:
10 nis aninteger 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:
15

vector —x

N=CH-(CH,)m-{O-CH,-CH_n-F18
{CH,)m-( ~CH,)n o)

. R ,
tor —X——N—=
| mfaF . (XIV)
n
XN ‘
. n m 13F (XV)

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

the compounds of formula (VI to XI) X
'_ c



preferably with conpounds of the formula (XVil), ‘
(XVIII),(XIX) or(X)Q 78F-(CH27CH2-0),-(CH2)" r W NH2
(XVI'1) "BF/~ _r " NPONHZ (XVIIl) OO /[/gF / NHNH2
(XIX) O 1eF \ / NHNHz (XX) 10 wherein mis an ‘
integer of 1 to 10, nis an integer of 0 to 20, and W
= -CONH, -NH or-O to give a conpound of fornula

(X% .) LL1)-.or pectiv

et e ot By RbrobBoof Pl pifolfgresgion
comypREgre{X¥h by a c@nioddd df8brhult(XvIYector (=1]) Y O

1BF HN vV@or (XXIV) Y 2d wherein W -CO\I-H-, - NH

or -0-, in, n, are as defined for the conpounds of

ornula (XIII to X1) and Y is H, alkyl or aryl

'ele;ctoﬂ h afifth aspect, there is provided a

5 cor puunu f (Xvprl a (II) as defined above or a

d of formula (lIla) as defined above, with the
Whﬁ’fe isH, skt or 2 4 3 tl@@npounds of formula (11), if

prefe%lﬁr W%Bnip%uﬂﬁ‘.se&fyﬂhe tfcg lg%Xk/ﬁ])a&{}ﬁf)y ( 01'85?1!(3/:

18F-{CH;-CH,~0),~(CH,),-W-NH, v

XV

O .
NHNH, XiX)
0
1 C NHNH, )

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 (3IXT), (3X11), (XXIII) or (XXIV) respectively:

10

13F—(CH2-CH2~0)R-(CH2),“- - N—I'_ vector o)

H o
’”F/HTN\H/\O/N“\"[‘F vector - (o)
: o Y '
0
18,
F~< >—lL N
ﬁ N==—1 vector (XX

’ © O‘
*F | ﬁ“NﬂY—“ vector (XXIV)

2d
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-ONH2). In a sixth aspect, there is provided a
- conpound of formula (XVI1), (XVII1), (XIX), or (XX
iF-(CHZ CHz O)n (CH2),, WNH2 (XVIl) 18F/ ~ NY' ~'
O~NH2 (XVI11) OONHNHz (XiX) O"F / NHNHz (XX) 10
wherein mis an integer of 1 to 10, n is an integer of
wiiereig W6, -COWH-WNEI- 6ONBE, -NH or-O. In a seventh
aspect, .there is provided a conpound of formula (1V) .
™4 e e fdtpedep the comnoundipé fornwa CKBI ik ndVeis Hs alkyl or aryl
mekef.ned above, with the provisos that: 15 (i) in the
conpounds of fornmula (I1V), the linker is not phenyl
(ii) in the conpounds of formula (lIVa), the linker is

not jRheRfh erpe&?‘?ﬁl% tii ‘ﬁ?@%hé& fae(?q{gﬁ%lqggéfgfoa&ﬁgeg glﬂlaas %reﬁned

benzyl oxy I n“an’ei g aspec

abeonpouctaneduntiar forneul{ ¥E4)l a5, de(ih&) abdwd) with@Ke brohiso (RR:

1 ig_ﬁec’: -:(JR@?%QH%@‘ fo_rgn%w, %e ﬁa\éﬁclmi' QS@hoenj(lBtﬁe& R2')s a1(11~iI10}?y 8uitably ‘

-ONH,).
In a sixth aspect, there is provided a compound of formula (XVII), (XVI1I),

(XIX), or (XX) :
18F-(GH,-CH,-0),-(CH,), - W-NH, (Xvily

o

0
NHNH, -
0
tog/ /\._—J\ NHNH, 09

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

| H
N oM i)

In a seventh aspect, there is provided a compound of formula (IV}) as defined

above or a compound of formula (IVa) as defined above, with the provisos that:

(D) 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 -

In an eighth aspect, there is provided a compound of formula (VHI), (IX), (X),
or (XI): |
¥F-(CH;CH,0),-(CH),,-CHO (Vi)

1BF ™
© 2e | | (DQ



wherein: nis an integer of 0 to 20; 5 mis an
integer of 1 to 10; Xis -CONH, -NH or -0- and is
preferably -0- Y is H alkyl or aryl substituents with
the proviso that in the conpounds of formula (X), nis
not 0. In a ninth aspect, there is provided a conpound
of forrrul@(l) or (Il'l) as defined in the first
aspegt or jof fornmula (la) or (lIlia) as defined in the
18 e@& et . In a tenth aspect, there is provided a
compelind of formulae (V) or (VI) as defined in the
first aspect. In an eleventh aspect, there is provided
@, conmpound of Yormul a (Va) or (Via) as defined in the
' x| a twel fth aspect, there is provided
of " f or mul a (XI), (Xt1r), (XIv), (XV) as
defined in a third aspect. In a thirteenth aspect,
wheRghe is provided a conpound of formula (XXI), (XXII),
(XXI11), (XXI'V) as defined ina fourth aspect. 2f In a
Dl#@mlttmtqif(h@p%bt there is provided the conpound of

S HNNNN NN NH _ N~N_OOH
m‘é"‘%‘#eéﬁffb‘sht‘bléa 0 O HONH HNHN \-ONH2 F
X 1s ~CO-NH- , -NH- or—0- and is preferably —O-
Y 1s H, alkyl or aryl substitnents

with the proviso that in the compouxids of formula (X), n is not 0.

In a ninth aspect, there is provided a compound of formula (I) or (III) as

defined in the first aspect or of formula (Ia) or (Illa) as defined in the second aspect.

In a tenth aspect, there is provided a compound of formulae (V) or (VI) as

defined in the first aspect.

In an eleventh aspect, there is provided a compound of formula (Va) or (VIa)

as defined in the second aspect.

In a twelfth aspect, there is provided a compound of formula (XIT), (XIII),

(XIV), (XV) as defined in a third aspect.

In a thirteenth aspect, there is provided a compound of formula (XX1), (XXII),
(XX, (XXIV) as defined in a fourth aspect.

2f



In a fifteenth aspect, there is provided a

radi ophar maceuti cal conposition conprising an

ef fective anmount of a compound as defined above;

together with one or nore pharmaceutically acceptable

adj uvants, excipients or diluents. In a sixteenth

asp ect there is provided a conpound as' defi ned above

forIn isurtenith asnsct fherqisqevgdedtetcompopatof formeke i s

provi ded-t-he use of a conpound as defined above for

the nufacture of a radinohagnaceutical for usein a
od ofs.iln vivo _ingging. an ei ghteenth aspect,

em;ﬁqﬁhﬁ\ded ot hﬁhg‘:gj\eﬁ\ cqgnmpound as d%@m

gene tlna |nﬁge of ani mal body. In%a ©
|% gy

ni neeent h pect H here ovi ded the use of a
conprund g§ flned above TOr the manufacture of a
medi nent fet use in nonitoring the effect of
treaigent of a human or animal body with a drug to
conbdt a condition associated wth cancer, preferably
angiLggenesi s. 2g DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Th resent invention provides a nethod for

radi of l uori nati on conprising reaction of a conpound
of formula (1) with a conpound of formula (11): Rl
vector 1) NSF- (Linker) -R2 (I'l) or, a conpound of

for % conpound of formul a V)
vect hﬁe@ 8 FaSPE?t Kerg iRprevided a KRH@PB@W%QPUW(@I &Amposition
c@ingﬁlé‘ﬁﬁ %n @ﬁe@t‘i% arfodrRbP 7 %oﬁgbl?ﬁcy as AREPLER L hgether with one or

al dehydesuch as an acet al
more pharmaceutically acceptable adjuvants, excipients or diluents.

In a sixteenth aspect, there is provided a compound as+#dé€fined above for

medical use.

In a seventeenth aspect, there is provided the use of a compound as defined
above for the manufacture of a radiopharmaceutical for use in a method of in vivo

imaging.

In an eighteenth aspect, there is provided the use of a.compound as defined
above for the manufacture of a medicament for use in generating an image of human

or animal body.

In a nineteenth aspect, there is provided the use of a compound as defined
above for the manufacture of a medicament for use in monitoring the effect of
treatment of a human or animal body with a drug to combat a condition associated

with cancer, preferably angiogenesis.

29



protected ketone, such as a ketal, or a functionality,
such as diol or NNtermnal serine residue, which can
be rapidly and efficiently oxidised to an al dehyde or

~ketone using an oxidising agent; R2 is a functiona

group which, under n1|d condi tions such as aqueous
buffer, reas ficaII with RL yvielding a

stabl e conj 341 3 MDA EHE 10 JON
as primary anlne secondary anlne hydroxylanlne
hydrazi ne, hydrazide, am noxy, phenyl hydrazine,
reRanb Hend on proviftsosmethod foaziditsuoaindtivs compfising bdagtion of a

Torrb 08 T 655604 oSyl SRl tBinct i on

group which reacts site-specifically with R4. R3 can
be ammnia__derivatives such as primary am ne,
Raeopdaeytam ne, hydroxyl am ne, hydrazine, hydrazide,
ani noxy-—pherythydrazi ne, @pm carbazi de, or

U3 azide,and is referably a hydrazine,
€&£§§hé ?%f am noxy grou 5 R4 is an al dehyde -

dfpi ety, a ketone noiety, a prot ected al dehyde such as
an acetal, a protected ketone, such as a ketal, or a

% oot of iferynule (I veih dicaipound\ef fmmuba{Ivier i ne

resi due, which can be rapidly and efficiently oxidised
to an aldehyde or ketone using an oxidising agent; 10

[%g conjugaie of formula (V) or (V)

ecf’?ﬂ‘; r_ 18F- (Link -X-N- vector (V) Y vector
X-N:F (Llnker) 18F Y (VE)7, wherein Xis -CO NH,
¥INELinkerP-R4- NHCONH-, or - NH, and is preferably -

15 CONH , -NH or -O ; Y'is H alkyl or aryl
ituents; and the Linker group in the conpounds of

l{_l’oirs "H laﬁﬁh&&!—: Lﬁnétyvg ketg)\g mme% (ay pgotéc%eds ldgl(l: tcfe suci:x %sman Ecetal, a
‘protected ketone, such as a ketal, or a functionality, such as diol or N-terminal serine
rgsidue, which can be rapidly and efficiently oxidised to an aldehyde or ketone using an

oxidising agent;

R2isa functional group which, under mﬁd conditions such as aqueous buffer, reacts
site-specifically with R1 yielding a stable conjugate. R2 can be arhimonia derivatives
such as primary amine, secondary amine, hydroxylamine, hydrazine, hydrazide,

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

hydrazine, hydrazide or aminoxy group;

2h



rt~l LAN "I(7 PO 20 3 r W 2004,080492 _
: PCT/ GB2004 1052 Jn(O) PP (o)n’ erein: nis ,
WO He4/hseger of O to 20; mis an integer of 1ptoGER004/0p1052 -
' |s an integer of 0 or 1; ZisOorS. 10 The Linker group

e conpounds of fornmul ae (1] and (VI '
@H F9uD Fehigfs rgacty %ﬁsm(mf%‘%allas stwa%a%% leRmbBe l(ﬁl@lgzoma

e e

hyryagids; alglmp,sphmﬂhydhlaﬁine; enticarbhgidg ok tiicichiiegbaide, and is

PR SR Ay ARERGBAEONE (o sui 1 1 he

5 di agnostic need. For exanple, where it is desirable
for a conjugate of formula (,V) or (\Tl) to be

Récisazraddehydomoidg aﬂ@ﬂylebymegn aharcﬁmiedaalddnydeauch as an acetal, a
iC ere i is esirabl e

| linke
e R, et b ot B SRRl g o¢.die 0 Noeainal serine
rediysl, Qa6 beirfiiary and e@ﬁ&%ﬂ}l'—bﬁh%&?td acdiagi a}ﬂg of ketone using an
Iyet hyl ene glycol noiety “have been found to sf ow
Ohﬁl%ﬂa&%ar ance which is desirable in sone
10 ci rcunst ances. 20 Suitably, the Rl al dehyde is
generated by in situ oxidation of a precursor
to Bivecit donjughiesEdfor@IBI(FT of OVIT)Gedpebvady:1, 2-diol or 1,2
am noal cohol group. For exanple, the latter can be
inserted into the pepti'de sequence directly during

wSynt hes sin the am np—aei-d—-Fnoc- Boc- Ser) - OH
%escrﬁﬂ %eg ‘He rahedror%detts. 37, 6861
(1996) .

vector r—x—N=[—(unker)—18F |
v (V1)

wherein X is -CO-NH-, -NH- , ~O-, -NHCONH-, or ~NHCSNH-, and is preferably—
18 CO-NH-, -MH- or —O- ; Y iz H, alkyl or aryl subshtuents and -

the Linker group in the compounds of formulae (1I), vy, (V) and (VI) is selected from

{CHOHOR(OHY, {‘O—Q%%
: H
AN
n p
O

N

.20

s
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25 Simlarly, an R4 al dehyde in a conmpoung_ of formnula
(I'V) may be rated by oxidation of a/ cursor. -4 .
wo 2068/8994/ 080492 PCT/ GB2004/ 001052 Sui t abl e oxceic2004/001052
agents which may be used to generate the R. or R4
noi ety in the conpounds of formulae (1) and (IV)
s fespectiye iincl ude periodate, periodic acid,
03k e aet d, sodi um et aperi odate, and potassi um
metdperiogafe 5 Rl .and R4 in the conpounds of fornul ae

(1) and (IV) and related aspects of the ‘invention are
agh pre selected from-CHO, >C=0

ChE O ir O) such as -CH(-OCH2CH2O-), and

- CH( &Cl cyl)2 such as -CH(OCH3)2, and in a
preferred aspect RI and R4 are -CHO 10 R2 and R3 in

ﬁgg_corrp ds of formulae (Il) and (Il11) and rel ated

& h i nvention are each preferably sel ected
from NH .0 NHNH2, and -ONH2 and are preferably
-ONH2. Y inlthe conpounds of fornmulae (V) and (VI) and
rel ated aspects of the invention is 15 preferably H,
G _ballcyl (such as nethyl), or phenyl. The reaction
maybe effected in a suitable solvent, for exanple, in

Whgﬁ%é‘queous buffer in the pHrange 2 to 11, suitably 3

n it @n inkegdi@fO 6Pt ably 3 to 6, and at a non-extrene )
tenmperature of from5 to 70C, preferably at anbient

m iseypgBtegennfel 1od®; The present invention provides a. nore
. i ye. approach to radiol abelling where the

p%%@iﬁ’t@%@gbg ?i ntroduction of the |abel is .

Z pmkeesgl ected during the synthesis of the peptide or
vector precursor. The ligation reaction occurring at a
pre-determned site in the vector gives only one

Th%qfiﬁlké}gﬁmg{ RHC Eomg flirdls B EIAARAOAY, (19),1 (V57848 SV €) 2f chosen to
chenoseél ective, and 1ts application iS considered . .

pra@de poed fronvaphsntecoldmagies ofuch ep fivgummble exgraionl chergctsistics m

thg reulsAt cOmp ER RO S AL Th it gk droB5P R differen
1ip'g giteftled ahil BRkHAREE cAQIRATSINE dHAAES thefn Ofvo pheaigoliiidtics of

formul a (Iag wWth a corlr;pound of formula (Ila): 30
thépepiiettosuit the diagnostic need.

or example, where it is desirable for a
conjugate of formula (V) or (VI) to be cleared from the body by renal sxcretion, a
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 moicty

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

20

25

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).
Similatly, an R4 aldehyde in a compound of formula (IV) may be generated by -

.oxidation of a precursor.
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(la). "8F-(Linker) -0-NH2 (lla) -5-. 2004/ 080492
PCT/ GB2004 1052 or, a conpound of f la (I'llTa)
wo dolas@eronpound of fornula (Wa) HZN- O vect opctidBroancios:
- 18F-(Linker) -R4 (1Va) wherein Rl and R4 are as
defi ned above for the conmpounds of formula (1) and
Suetam)% oxrd;s;p@ sganteewhichmay b wkd to genstate the Rher Rémpietnasthe

h
cofpgh Bl BEndibBin 0L () XRbeBhRE Budt sefisie pariogicasic
pagipetiodialab, 0¥t mda@ehou@te%dl;{btmw @eiapBBodadli t abl y

1 to 10 heteroatons such as oxygen or nitrogen.
Sui tabl e Linker groups include alkyl, alkenyl,

R B0 ou Bl Ty ] LA A o o
inedniph afegicl priferablyi selectd ﬁfbm OCHCE, arcbqblyd,(}ﬁ(eos@i Bulkiyl-9)-) such
15 to _give a conj u%ate of formula (Vva) or (Vla)
a5 LB CREHAEH0 S M DI healky Do 26 (o B9 CEioky iy a preferred
Py cker) 18F Vi a wherein Y is H,
asg%‘?iﬁq a%%r% g?bstlthents agd t%e Li nker group is as
deflned for the corrpound of formula (1l1a) or (1\7a).

ST G IO
imeEnfiBR ard Ba¥h be‘i‘éﬂdﬁ’l?r s%PeHQ’daﬂfcﬁ-ﬁ L o g% RN AT Cand

portions. a préferred aspect, *"vent i on
al‘@pl@ﬁﬂr@lds—@NTbt hod for radiofluorination 25 conprising
reaction of a conpound of formula (VU): vector X-NH2
(11) -6 |
Y in the compounds of formulae (V) and (VI) and related aspects of the invention is

preferably H, Ci.¢alkyl (such as methyl), or phenyl.

The 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.

The present invention provides a more chemoselective approac;h to radiolabelling where
the exact site of introduction of the label is pre-selected dunng the synthesis of the
peptide or vector precursor. The hgatlon reaction occurring at a pre—determmed site in
the vector gives only one possible product. This methodology is therefore
‘chemoselective, and its application is considered generié for a wide rangé 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 (Ia):

R1— vecior

(Ia)
- Iép -(Linker) —O-NH; : (Ha)
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WD 2004/ 080492 PCT/ GB2004/ 001052 w th a conpound of

formula (VIII (IX), (X) or (XI): 18F-( Or ]
wo&, CHO(V 1) TION_ ,eF t f~11"f QC(rdﬁzoo-tYoom-sz
Y wherein: nis an integer of 0 to 20; 10

|s an integer of 1 to 10; Xis -CONH ;, -NH or -0-
orand is preferably -0- Y is H, al kyI or aryl
substituents to |ve ounds la (X 11 -

2 cogwgied Pl Brpule ey aﬁﬁ’eppf? &&ﬂt CH2) n- F1g
- (X11) vector X—NN( 1.~ BF (XIII) O1 vector. -
X-N~( 8F (XIV) wvector X-N_ n m18F (XV) 15 wherein
H)N_i __a_ C{Fel ed for)the compound of formula (VII), in
an & ned as$ for t he(gmypounds of formla

1(V||| to XI) -7 0
8F-(Linker) R4 (IVa)

wherein R1 and R4 are as defined above for tile compounds of formula (I) and (IV)

respectively; |

the Linker group in the compounds of formulae (Ifa) and (IVa) are each a Cj.s0
hydrocarbyl group, suitably a C;_3o hydrocarbyl group, optionally including 1 to 30
heteroatormns, sﬁitably 1 to 10 heteroatoms such as oxygen or nitrogen. Suitable Linker
groups include alkyl, alkenyl, alkynyl chains, ai'omatic, polyaromatic, and
heteroaromatic rings, and polymers comprising ethyleneglycol, amino acid, or

carbohydrate subunits;

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

O (Linker)—O—N:{—— vector ~(Va)

vector —"O"Nzl—— (Linker)—wF
(Via)

wherein Y is H, alkyl or aryl substitnents; and the Linker group is as defmed for the

. compound of formula (Ha) or (IV a).

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 (vI.




WO 2004/ 08Q492 PCT/ GB2004/ 001052 Thi s geaction may be
effected iga suitable solvent, for e le, in an
wo aesesous buffer in the pHrange 2 to 11, suig@Epb¥2084468052
11, nore suitably 3 to 6, and at a non-extrene ‘
tenmperature of from5 to 70 C, preferably at anbient
withergoamernd of foymula (VIR €¥).dFasr §¥Ped useful when usi ng
an amne noiety in either the vector conpound of
formula (1) or (I11) or the synthon of formula (II) or
OB, s O (CH)gP@HOgr oup, and also in the nore (VII)
specifically described aspects of the invention, to
include a reductive step in order to stabilise the
resultinggchiff base. Suitable reducing agents for
t higs s}gepl are well known to those skilled in the art
“FMC de sodi um borohydride and sodium 10
cyanoborgphydride. In a further preferred aspect, the g
present invention provides a nethod for X)
radi of | uori nati on conprising reaction of a conpound of
I): O JL-Fv-ecto-r-~ 15 Y where Y is H,
Fi"af aryl substituent preferably with conpounds
of the formula (XVI1), (XVII1),(XI X) or()DX):
'BF- (CH2 CHz-¥),; (CH2),, WNH2 (XVI1) H 1aF/

BFNr O ( ) OO 18F/ NHNH2 (XIX) _ OsF /[
Gvherein.in and n are as defined for the
previ conpounds and ‘W= -CONH-, -NH or-O to give

a conmpound of formula (XXI'), (XXIl), (XXIIl) or ()AV)
WifEbhectively: -8 '
n is an integer of 0 to 20;

10 m s an integer of 1 to 10;
X is -CO-NH-, -NH- or —O- and is preferably —O-
Y is H, alky! or aryl substituents
to give a compounds of formula (XII -XV) respectively:

vector --—X-—~——!\!=CH-(CH2)m—(O~CHZ—CHz)n—F18 (:"")
A

st Ao o)

O

xf“ﬂ@_m,: )
[vector|-X—N=—
A - o)

wherein X is as defined for the compound of formula (VJI), m and n are defined as for
the 60mjﬁounds of formula (VI to XI). | |

15
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WD 2004/ 080492 _PCT/ GB2004/ 001052 18F- ( CH27CHZ
0),j-(CH2) m WiN V2QrOr (XXI) Y +BF" M N vect or

WO £06Xhkds92 O Y O "18F / N-N Vector (XXI11) Y goréifokhoros2
m .

N Vector (XXIV) Y wherein W= -CONH-, -NH or -0-,
n, are as defined for the conpounds of formula (X II]
Thig raacionmeryvos effdefedzh kyshitable aslyknt, forrmiveple, inl4 Squeous buffer in
abl e sol vent, for

' By . be . ef f i '
A0 2Tt o Rl Tt b R rihgsom-eme

tetipersblcloffaom § 1 90 4Q, prBRED)S W 4AbkN: t%m&,;ygr(ajﬁlreand at a

non-extrene tenperature of’from5b5 to pref erably
at anbient tenperature. 10 In formulae (1) and (1) and

It g{%lgé ggﬁsg?eﬁgc? I\(’:ée %@E}Fjsg{ﬁna\éeq?)téi@g gchgtlygs %} H S;ﬁ:;a ::riﬁ%c?rgo}élpound
ofpfophiAG(E) oLt (e Yyt SEBrReRRIY S plfv\;%s RNHPIUESup, and

such _as octreoti de, bonbesin, vasoac e intestl

alpp iy the anore Rpesificadly idescribed niphstscoftho ivestion tonalchrdzeyteductive

SSLE G LTRO RS SOTERIE SR SR e i

are ovelidatownptopReeiskidled @ ehet dteridincinds S AL AIrBh R lile and sodium
fornyl - nd%rl eucyl - | eucyl - phenyl al anyl - nor| eucyl -tyrosy?
cyapolqrRllydndsy ef er red peptides for |abelling are
Arg-d y-Asp peptide and its anal ogues, such as those
described in WD 01/ 77415 and WO 03/006491. Preferred

. Inpefprihdegreforedraspeet, tthepreb s gmmntioR Providds 2 method for

radiofluorination comprising reaction of a compound of formula (XVI):

O

J— vector

v (XVI)
where Y is H, alkyl or an aryl substituent

- preferably with compounds of the formmla (XVII), (XVHIL(XIX) or(XX):

OF(CH,CH,-0),(CH, ), W-NH, v

H
" N NH,
O : '

- 0
NHNH, (XX}
9
g C NHNH, )

wherein m and n are as defined for the previous compounds and W = -CONH-, -NH-
or-O- to give a compound of formula (XXI), (XXID), (xxamy or (XXIV) respectively:



WO 2004/ 08Q492 PCT/ GB2004/ 001052 S OF9 S HN, NN-N*
/INJLNN jNG@QPO HO HOHO O HO NH HN ( NH2 “In
woO peogiapt i cul ar aspect, the peptide in fornul QC&}deﬁﬁuoowaz

(DI) is of formula (A): S O SS OO OHN-HN
INNHI~.H X ~A) 00 ~0 0 HOO/ \ NHHNHN=~1O

18F = V\mn@:&EX.l her -N
%c&fﬂ%@co@l N~ONFi Mrel n a}_&é?an i nt eger of

froml to 10, prefefably ais 1. 10 As will be _
appreci ated by the skilled person, the nethods of the

| nvent/l\Tv]/nﬁy al so Nbil_ vector (XX
Y

we L .
H*NT— vector el

{
187 <> ‘E—NT vector OXXIV)

wherein W= -CONH-, -NH- or —O-,
m, n, are as defined for the compounds of formula {XIII to XI) and Y is H, alkyl or aryl

5 moiety.

This reaction may be effected in a suitable solvent, for eXampIe, 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.
10

In formulae (I) and (IIT) 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, ormelanocyte stimulating hormone, neurotensin, Arg-Gly-Asp

15 peptide and its analogunes, human pro-insulin connecting pepﬁde, endothelin,
angictensin and formyl—nbrleucyl—leucyl-phenylalanyl-norleucyl~tyrosy1—1ysine..
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 |

20
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15

used for radiofluorination of other bionolecul es such
as proteins, nones, - ol i gonucl eoti des, d anti body

wo JoopedieeL s, as well as small drug-like nol ecul ,é@mo,{mwﬁ"

provide a variety of PET tracers. 15 In fornulae (1l

and (lVa) and in other aspects of the invention unless
: er is a Cl-60
hy/drocar byl group. suitably a _30 hydnocarbyl group
tigpally including 1 to g0 et er oafons} suitably 1

ggigﬂg §g%9§a 10 V[)QOO /
FO52N gew oiN'niyro , Nand{ 1’s chosen
to froVi deo goz il vido har"llmcokl t| Hs. CBuitabl e

Li nker groups ipncl ude al k=0 al kenylyx—al kynyl chai ns,
arofatic, polyaromatic,Hand hetero@rormatic rings, and
pol yarer s conpr Nl ng et hyl enegl ycol no acid, or
caiohydr at®=Subunits. Preferred Linker groups in
forfiulae (I1a)Ndpd (rVa) and in other 5 aspect s of the
invention include those selected from -( ~ 2"
perRipeck] the peptide in formyda (D) ot (IH inwd foonula (A):
wherein: 15 nis an integer of 0 to 20; " mis an
integer of 1 to 10; pis an integer of 0 or 1; ZisCor
i ps in fornul ae
he invention.

) and (Na) and in other aspects of
ybes ected from S

0 s 8] O .
HN\/”\ \/U\N/\"/H\/”\N R\AN ' {(A)
| 0 Roo H

: H

Lot O

wherein X’ is either ~NH; or

H .
—E—HN\v,a\O,A\v,O\V/A\O/A\V,N\“/A\O/A\n}g»NHz
1 _

0

wherein 2 is an integer of from 1 to 10, lireferably ais 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 fracers.

In formulae (Ifa) and (IVa) and in other aspects of the invention unless specifically
stated otherwise, the Linker is a C;.gp hydrocarbyl group, suitably a C;_3y hydrocarbyl

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

-10-
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11 S WD 2g@4/ 080492 PCT/ GB2004/ 0010524 (C4' C
12220 PWI3 / \ -(CH2)1-6 -CH2C eC @ P 20)231-" A

WO ZP4B0442CH2) a2- 5 (CH2)WO - (CH2) 0.1 N 10 Coppuistsosfoos:

formula (1) and (I11) may be prepared by standard
met hods of peptide Synthesis, for exanpl'e, solid-phase’
OXYEEPIOr HEiragen: #uksts shosen to prewids goodas viegdaithegkingtics. Suitable

iR S8 nckna AR EBBA sty S SPomatict BetS S pmatis, gy

hetéroardphalenigh, am?o?ﬁmm RnERRRRUARYeheol Wollahdnd Adid Xdr
carg;]%}ax may be achieved by reaction o Sfbﬁe N or '

HE sints. Prefeeglinker gioups ithfosmnise (Hmeand (EVa) and in other
[ [ i.thin . the peptide
aSPfseglg &gﬁgggﬁbeﬁ%{& ?xﬁﬁ@%{i’?@%&é&%‘iﬁ%ﬁ%%es not affect the
bi ndi ng characterystics of the vector. In a preferred
{C}g&ml(e}gur@ group, NH2-O may be directly
i ntroduced into e pepti de sequence using the am no
aci ds Fnoc- Ans(Boc) - OH or Fnoc- Dpr ( Boc- Aoa) - CH

upphki edpy abi ochem The functional groups Rl and
%?Ea.%{ﬁ y introduced by formation of a stable
am-dé 20 b Pformed by reaction of a peptide amnine

function wi®h an activated acid and introduced either
during or follow ng the peptide synthesis. Wen the
e sor is an acid then RI and R3 can be introduced
TS situ activating agents such as 2-(1H
benzotriazole-1-yl)-1,1,3,3-tetranet hyl uroni um
hexaf | uor ophosphate (HBTU) or N
' ylam no)-1H 1,2, 3-triazol o[ 4, 5-b] pyridi n-1-yhn
Fefie] - N 25 net hyl net hanani ni um hexaf | uor ophosphat e
N-oxi de (HATU). In another aspect, the present
¢fnventi A qvildes novel 18F-prosthetic groups, useful
: g ‘peptides and proteins, for exanple by
~descri bed above.

Ford WA

wherein:

n is an integer of 0 to 20;
m is an integer of 1 to 10;
pis aninteger of O or 1;
ZisQorS.

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

the invention may be selected from:

=11 -
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-12 WO 2004/ 080492 PCT/ GB2004/ 001052 Accqedi ngly,
there is prov d a conpound of fornula ( or

wo ooaistaee (N, or a conpound of formula (I1a),pctHeB2004/001052

(ML), (1X), (X)), (XI), (XVI1), (XVIII), (XIX), or

(XX); all as defined above with the provisos: (i) in
t he conpounds of mula (Il), if the linker is phenyl

{%%Om%)1aﬁprﬁ@@itably 5 -ONH2); (ii) in the
conmpounds of for a (N), the linker is not phenyl;

« "j)_in the conpounds of formula (Na), the linker is
nof‘ﬁhenyl or phenyl substituted by hal o, hydroxy, or
-8z Coxy; (iv) in the conpounds of formula (X), nis

Preferred conmpounds of fornula (1V) for use -

*ﬁ%&ﬁﬁbmﬂﬁgbesses descri bed herein, and which are

d per se include: 1sF4~{z zo)a~ {CF Li) p

&0g,~-4  L(C 2)13 /_\ D 15 18F-(CH2)1-6-CHO
'8 C=C-CHO 18F-((3H2 20)2-2402)-CHO 18F
(CH2) 12- t8F-(CH.),c O-r' CHO 18F-(CH2)0.1-( CHO
(@9, 18E= O 18F CHO N 25 -13 WD 2004/ 080492
P(f)llf 001052 I n another aspect, the present

i nvention provides conpounds of formula (1) and (I11)

O
'(CH2)0.1
N—

Compounds of formula (I} and (1IT) mafy be prepared by standard methods of peptide
synthesis, for example, solid-phase peptide synthesis, for example, as &escribed in
Atherton, E. and Sheppard, R.C.; “Solid Phase Synthesis™; IRL Press: Oxford, 1989.
Incorporation of the group R1 and R3 in a compound of formula (I) or (II) may be '
achieved by reaction of the N or C-terminus of the peptide or with some other
functional group contained within the peptide sequence. modification of which does not:

~ affect the binding characteristics of the vector. In a preferred example the aminoxy

- group, NH,-O- may be directly introduced into the peptide s_equenée 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 situ 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—loxide (HATU).

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

1abellmg peptides and proteins, for example by the methods descnbed above.
' -12-
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 wohenmia (1), (111), (la), (1lla), (M

(XVl); al s defined above. Preferr conpounds of ,
andp{TiéBRonfof1052 -

those 5 wherein the vector is Arg-dy-Asp peptlde or

an anal ogue t hereof ‘as described above, and

Acesfiagiyatieye istpesadédecorapduord mﬁfonﬁulﬁ«jﬂ)rml fartida: (T'G), oD s

congpann yf R T 008y, QU (Bolacin kB bR, G st or
(X)E‘y E‘ﬁaQBaﬁQaYaH}J%WQthQe [ fisqeherein a is an integer of

ffom1l to 10, preferabfy ais 1. In a further aspect
(1) inttbe porepaitds jof Yemulo@Dpricke Hekemaphaiyhtheh REds aminoxy (suitably
o ugates of formulae (V) and (Vi), as well as the
. %ounds of formulae (Va), (Ma), (XI1), (XIII)

(ii) G%tthmp%an&%ﬁfor&aﬁél(m ﬁ%@%ﬁer 14&96bh&ay1 (X)'1V); all

defi ned above. Preferred onpounds of  fornul ae(b
G e cARgunds o o), thodlinker s 104 Bheny] gnghenyhedbpituted
(XXI'V) are those wherein the
byé%iﬂ%{dr > RF bg KSp pepti de or an anal ogue thereof
(ivpis thélesiapdlirs ofRpivala @)Inesae.al | y where the vector

is of formula (A): -14 WO 2004/080492
PCT/ GB2004/ 001052 S

Preferred compounds of formula (IV) for use in the processes described herein, and

wel | as theg conpounds of formula (Ia)éllla) (VI1),
1),

which are claimed per se include:

“H%Cwomc'zm—@'—m
G, OO 0‘@‘%

g (CHy)16-CHO
135 CH,C =C-CHO
1BF'(G"I2G'EO)2.Z)'(G'E)"C!‘!O

wFO (CHg}y 2-CHO
18F-(CH,), ¢ o%@mo

18 F-(CH,), 1‘@

“’F'@CHO
=

13-




00 S OHOQHWNV NNNX~ (A HO=HOHO=H

0 Ob HONH HN < 0 NH2 - H2C wher ei n§ i's either _
wo 200880052 - -~ NNH2 O O 5 wherein a is an I ntRgeERM1/001052

from1l to 10, preferably a is 1. Conpounds of formnula

(I'l') may be prepared fromthe correspondi ng precursors

-of formula (XXV): _ L-linker-X-N R5" R6 (XXV) 10
wherein L. i

Tn B AP B GV ortioh PR YT TNBC P IREREIRSD 3 (1D as

NG 8 1 th'[‘K@ﬂ firfeda
wege‘a%l ned pé@?gugﬁfﬁ%n%a%ere i s pre erabI%e CoO NI?I‘-Ie

 Profoirkd crmpd@inds oREoramid @ (HE)e (kT (VADs end (S Vi) 2rb those
protectin uch ast. e t-but

5 wibis freottl thAtB Gl A B BB PR A alp ok iGH #¥escHtbed above,

amglgf mﬁywekéiﬁm%wo}ﬁb&ﬁfoﬁhﬁhml vated by evaporation
base (for - exarrpl e, fromtetrabutyl ammoni um or

2003 Kryptofix=222), T asuitabre sqlvent such as
aetonltrlle NN- di_ met hyl f ognam de, or\ di met hyl
0 ngo e, geally atanDd ent org at el evat ed

ratureH exanpi \gl\s itagly 60
cr h‘eﬁfmggg, w@p b rem)val(sﬁgf
any N-*ﬁ)r oect & ng r ogp ng standz 200net hods such
as acidolytic yreatnent. o] b
HO

NH
HiN

HN .
)=0 NH,
H,C

wherein X' is either ~NH> or

' | H NH
Q O
10 .

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

In a further aspect the present invention provides radiolabelled conjugates of formulae
(V) and (VI), as well as the compounds of formulae (Va), (Va), (XII), (X1, (XIV),
15 (XV), (XXD), (XXID), (XXII), (XXIV); all as defined above. Preferred compounds of

formulae (V), (VI), (Va), (VIa), (XII), (XTI, (XIV), (XV), (XXI), (XXII), (XXII), and
(XXIV) are those wherein the vector is Arg-Gly-Asp peptide or an analogue thereof as

M

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

-14-



Conpounds formula (1V) may be prep d fromthe
correspondg@g precursors of fornmula I) -15 WO

WO 28686430492 PCT/ GB2004/ 001052 0 L-1i nker I Mot88Yookmo1052
or a protected derivative thereof, wherein L is a
Ieavrng group preferably a p-, toluenesulphonate

' ul phonate or a

I|de apd 5 the Linker |s 58S defi ned\previ ously and

erabl H, aIkyI ryl supsti}juents by
a yclotr ce eou
rriqg BUI jljﬁlhgg\

%icw

H x’ )
evapor on

frgm & base (for exanpl f onDt ety abut ylGanmmoni um or

- KZ /Kryptofrx- 222), i =e suitabl ol vent such as
ac&tonitrile,{ NN di netityl f or mam r di et hyl

sul phoxi de, t¥pically at anbient or el evat ed

teMper at uHd={f or exanple up to 120C. 10 The al dehyde
or one fun#thon of conpounds of formula (XXV1) can

-Hat'so be rapidly generated from their protected
precursors such as acetals or ketals by sinple acid
treatment following fluorination. In a preferred

exa e conmpounds of the formula (1V) are prepared

Whﬁnebrm Bpbeid¥tHePT fornula (XXVI1) O-R6  L-1inker-N+CO

--~ H R5 (XXVI1) 15 wherein L ig a |leaving q&oup
such as p%thugneauthéhaLe> ~ N o ~ H,
trifluoromethanesul phonat e, netha\ggarpho ate, or a
halide, and the linker is defined a bove and is

5 RSt M ekl oPfTbAY BOA ptAcLRY ARGt od ser ne

erivative IS case rotecting group R6 is
preferably t- butyl and R5 is deflned as above.
React O a u

Coppadsrat st M Cmpy bE Prbara et faeaa oy Dy prrwrret

ﬂxﬁ@gﬂ%@@b pse (for exanple fronrtetrabutylannnnlunror
K2C03/ Krypt of i x- 222) |n a suitable sol vent such as

acetonitrile, gw- Rér mani de, or di et hyl
sul phoxi de, typi 85 ient or

(XXV)
~wherein L is a leaving group preferably a p-toluenesulphonate,
triﬂuoromethaneéulphonate, or methanesulphonate or éha_lide and the Linker is as
defined previously and where X is préferably -CO~Ni—I—, -NH- or —O-, RS and R6 are
either H or a suitable protécting group such as the t-butyloxycarbohyl.by reacﬁon with
15 - cyclotron produced aqueous ['°F]-fluorids, suitably pre-activated by evaporatiori froma
base (for example, from tetrabutylaminonium or K2C03/I{1'yintoﬁx-222); in a suitable
solvent such as acetonitrile, N N- diméthylfonnamide or dimethyl suiphoxide Itypically
at amb1ent or at elevated temperature for example up to 150°C smtably 60 to 120°C or
by microwave heating, followed by removal of any N-protecting group usmg standard

20 methods such as acidolytic treatment.

Compounds of formula (IV) may be.prepared from the correspo_nding PIECUrsors of
formula (XX VI): |

-15-
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20

. 26

at elevated tepperature, for exanple up tg 150C
suitably 60 t 20C or ny mcrowave heat , followed

‘ val of 0 and N-protection and oxidali Joh. .
WO 2%4/%‘35@ %19@3{09300.1032

ehyde by an oxi di sing agent such as peri odate.
In one preferred aspect, the conpounds of formnulae
(1V) may be prepared on a solfd support, such as
pol ynmer beads, coatingﬁngérni ho-scale devi ces, for
exanple, on a resin TUsing a BAL strategy as descrj bed
by Brask et al in Bioorg. MedY Lett. 11 (2001)
-16 WD 2004/ 080492 PCT/ GB2004/0 697- 700 The
pepti de al dehydes are synthesised starting with a

reducti L.0at L
or § B SRR MBS pe T v RN PR,
tolidheadyhdiatd Ariflublonidienksulfiernat) opartrnesulphdiatesor a halide and
aspect, excess, reagents and by-

prodyct romthe .
therLigkes-is py,definpd prevopdy apd é’rﬂsmfe@é%é péﬁcé[{ e %’ﬁffftH@ltS by
' s h , ;

rea O R BB RN BBl LR LGSR e AR by
evipoeativnl frain sulppe (for asampleyinoh eétoabutyDiamonive or Ko COMKERptofix-

N MeO 11 _We _Solid-phase Fl.uorjnation 4N. '
229)a 1 Fjable SONRN SUGHF A ARELOBEilcy %ﬁa@!’éﬂe )ﬁlg,’\f/%}é%ﬁwlg‘mﬁhﬂ
sulphoxide, typically at ambient or at elevated temperature, for example up to 120°C.
The aldehyde or ketone function of compounds of formula (XXVI) can also be rapidly

generated from their protected precursors such as acetals or ketals by simple acid

treatment following fluorination. In a preferred example compounds of the formula (IV)

are prel:iared from compounds of formula (XXVII)
- O—R6

H—RS

L-inker-NH-CO
(XXVID

wherein L is a leaving group such as p-toluenesulphonate, trifluoromethanesulphonate,
methanesuiphonate, or a halide, and the linker is defined as above and is joined via an
amide bond toa protectéd serine derivative. In this case the O-protecting group R6 is
preferably t-butyl and RS is deﬁned as above. Reaction with eyclotron produp_ed.
aqueous” [lst-ﬂuoride,' suitably pre-activated by evapbfation ﬁ‘bm a base (for example,
from tétrabufylammbﬁiﬂm or KoCOs/Kryptofix-222), in a suitable solvent such as
apetonitri:le; N,N- dimethylformamide, or dimethyl suiphoxidé, typiCal"ly ‘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

'él‘dehyde by an oxidising agent such as periodate.

Tn 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 e al in Bioorg. Med. Chem. Lett. 11 (2001)
-16-
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NH '.6F- LI (0 wherein L and |igker  -are as
~descri bed bve. 10 Thi s approach nmay articularly

WO 2004080492 f or aut omat ed production of the conpownEbe04m01052

fornmulae (I1V). The present invention al so:provides a

69 7P IRE PP AL ES 55 S DRTHAG HATBTE B ABr v aingtion of
O-PﬂLXl'd\éﬁ’ydDe’-:e-B %Eri@%é\}fl?)s re&u%&?a gg‘%zm&e rgluﬁfigth?i\?g)et’al

formula , Or a conpo
followed)by z(cxlah)m with the YinkéotowiponeixdvIn thi9dsbect, EX0 1)3agents and by-

P s e oA ER T oSBT 0 e polymer-bound

St e O o 052

dirpgilyeinem ghe sodidesupport@s shevowbedowd of general fornmula (V)
or (VI) ouor a corrpound of formula (Vva), (Mla), (XI),

(XIII) XI\/) (XX1),  (XXI1), (XXill), or

( XX al'f as defl ned gve, for nedical use and
L—Pradek-4 arly for Se - g ur imaging (suitably by

PET)"BO e Wﬁgﬁ Arg-Ad y-Asp peptide or

an anaue therepf, s t hose described in WD

01/ 77413 ~and WO 03/ 006491)... preferably a peptide
corrprlsUHg the fragnent S s s OHOHO1NO NN\N~HO
N~HNJLH O H O EQhaiodNH HN HN ( NI -12 nore
preferably the peptide of formula (A): 10

OMB

B L!NKER
MeO \/\/\'(

TFA, H20

Solidphase

CHO

NH
“‘F——UNKER—\(
0

wherein L and linker are as described above.

This approach may be particularly suitable for automated productioﬁ 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 #n vivo PET imaging) of a
compound of general formula (V) or (VI), or a compound of formula (Va), (VIa), (XII),
(XII), (XIV), (XV), (XXT), (XXII), (XXOT), or (XXIV); all as defined above; together

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

-17-



S 0s 000 g / HNHNHNLHNon ~H g (A) OOO-

b )-ONHH HN < O NH2 __HZC wherein is either ‘

wo 2o¥iRos -L HNNp a2 o O 15 wherein ais POTIAH 200101052
VWO

of from1 to 10, preferably a.is 1. -18
2004/ 080492 PCT/ GB2004/ 001052 The radi ol abel | ed
A pﬁc(fﬁrjretg ambsdiafent bitthe ientibn relatey idhe camipburidssfegendral fDrmula ™)

ts f E
or (R on s cRepauad porania e (ah i Dr G 3 E55Ds
nor’%: I yi’g)rj(s u% : cafue%tr&g:%@%&é& f%(%ﬁﬂv%g?g ht . d,\Sb:jlrlmmaﬂy for
useliadimbatieladgag (satgbigby BETagoUbwrdlm@e Ngctohﬁ i nvention
therefoebefo nmul t on [
5 Argy(RuASD BEPR & s, Al ﬁ'délht‘@:oﬁ%aﬂ“
and 'W@f' /003@1' )i)r\éfeHE'l)nabgﬁuﬁﬂdnhprPﬁng e f&gﬁ}enf:ogddl Con

exarrp corrpoun S, optl onally with the
pharmeceuticalty dbbepl abte—excipirehts, may be

ghspende or_dissolved in 1Q an aqueou medi um wth
Oxffhe

esyf'ting %olutlon orns ensi oy t hen bei ng
erj | i edH ijewed f rthr pet he
Wim bf%n Ik'b‘ega; ;:(ra |o I"ed
co Jugﬁbteoof he' |n\cent|on orOthe ma fa@ture of a
r ady ophar maceyt i cal forv)se)lna @
HO )
NH ' '

BN HN=(

N NH,

more preferably the peptide of formula (A):

10
3
o s s |
i P P H\)?\ X'
Hn AL - N\:/U\N/YN\:/U\N Ny (A)
: o2 2 " B2 H g £ Ho 5
2 2 o |
HO
NH
HN HN=(

" wherein X' is either -NH, or

\ H 1N
'[—HN\/\O/\'/O\/\O/\/N'\"/\O/\W}{ R
o

0

15  wherein a is an integer of from 1 to 10, preferably ais 1.
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met hod of jg& vivo inmaging, suitably P and
preferably r tunour imaging; invol vi
wO dwosvssi rati on of said radi opharmaceuti cal tpcfdi2® 01052
or ani mal body and generation 15 of an image of at ‘
| east gart of ~said body. Viewed froma still further

. Thesplielabelind qomyneates of therinvendien maashies sdyainisterefbioagragients gor PET
. i: i . i | vi ng. .
e AR SR Sl BBt athal, Bl Blgppgiaedosazs

of 6.04.to i100 enTih pref@akisalr tos3 (SNl dogef18r i dufficiad éieﬂag@
of at_least a part of said 20 body to which sai
body¥irigBhar maceut i cal has distributed using PET, wherein
sai d radi opharmaceutical conprises a radiol abell ed
conj ugate according to the invention. Viewed froma
ThewadibEbelsajugates atcordingito thenhostitiddanay tietelfind befformulated
nmonitoring the e£fect .of treatpent of a human or
fora%fwstf%%@uwsﬁ ¥1RlpgigalihaccahiBRle caTTieshef $icynents In a manner
$08i 7t CANCSEmM GEARSy
ﬁﬂz}?g. éﬁ%sg%%o%x%é%ent, salpgé’?{eﬁ%géc%:ﬁgﬁg’%?gl ng fth the
addithon wif phamacgutically acaptabtbyexzipiants,ohabled sisperied jpndaselved in

accordi-ng.to t i nvention.and detecting, the.uptak
o S N B ERY SV L b LB B ppige Seriized.
VieReH0R] 4 AlrthehdpecttBE RIVERGh Fadided iRAlskI0E Y hAfioadiRA
receptors, said adm nistrati'on and detection
conjyeiie wa theymvenitondprthe namnfachnt nfa eidiephtasniacenped tietisg in a

. fore durin ter. trea t wth. 30.said . .
e M e
adivinisidtidrof shidatéioparihotitideltod Hunlarf @ anidi8 body and generation

preparatjon of a radiofluorinated tracer conprising a
of 3p yBagRef; at legstiast offsarddhadt a (H) or -19 0 WO

2004/ 080492 PCT/ GB2004/ 001052 (1V) and a conpound of
“formula (I) or (Ill). Accordi-ng to a further aspect of
Vitwed frowenstilbfurthehaspectitbe venticiestoaides b nictliod dfgzenerating an
. preparation of a radiofluorinated tracer_caonprising a .
mﬂﬁﬁ%@f $3pman o JumabodydnyRlvine adipyisisHe 2 radipphasmarrptisel to said

rdil; ' r ] r of : :

ol o thd vl AL DR anPRE o R oAl part of seid
bogy epwhwhisent refliopharadtafticaldsittabuted asiep PEAnphesimspid

oA P SRS TRIGAPoRd Soisbes? et tcffiention.

conmpound of formula (XXV) would be converted to the 10
~__correspondi ng conpound of formula (11) and the .
Vigwep anda Brthepagpgetdhg emntjorpprovidexa wethodwiirhenitnging the effect

o
okt 8Fa hmblSr SAREFSRR RS AR AbLE ol R Bsociated

with cancer, preferably angiogenesis, e.g. a cytotoxic agent, said method comprising

administering to said body a radiolabelled conjugate according to the invention and
detecting the uptake of said conjugate by cell receptprs,' preferably endotheliallcell
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 grbup of formula (II) or

19~



10

respectively, gsing nethods descri bed aboye '
Preferably, t conpound of formula (11) d (1V) may
wo fesssRey ated from waste reactants by passi ng g¢di@cB2004/001052

" reaction mxture through a Solid Phase Extraction

(SPE) cartridge. The SPE cartridge may conprise a 15
(I\Oraad i coenpoadd oCkBmuiafl) ondHy. phase or ion exchange

resin. The conpound of formula (I1) and (1V) would

then be added to the conmpounds of fornula (1) and - -
Acgoiding toesfpeber aspbst of did imvemtion, shere tpirgvided dkgdor the@reparation

of & et rastrAumpaitd o PrpsRipticin. . opelh Gty a =

coﬁ?@ﬁﬁcﬂ@f RN RYIP W dchbidfs td Moth&ApRh 8f tiRVinveitkioahere is
col lected. 20 MPLES “The invention is illustrated

prawidedsy kid fordkapreperstipn ofhiradio flerifaiéd toaden gomprising a prosthetic

abbrevi at.i re 25 HPLC:. hi er f.orgpnce :
ErYP R 8“’&'?11?8%2{(\6@ Pﬁm% %ﬁ%‘F%%‘P‘d?F&Jﬁ%’i‘% (ﬁgéonance ‘
TFA: trifluoroacetic acid. hr(s) : hour(s) 30 mre(s)
: mnute(s) DVAP : 4-(dinmethyl am no)pyridine THE :
In peg eithy driafthe eempsmmd: ofdprunla (e Eeid bp gogysrted to the

R N T

. (XNODy wesld bkohierradtid iotortdspondifig Bothpyrard of formula (IV), .

15

20

25

30

chr omat ogr aph 5 TIS..triisopropylsilane DVBO
resm:ieﬁt@f%mgimggﬂéhp@pedep?ﬂ@ﬂ above‘p Pre%yrably, the compound of formula (II)

anériTE AVRAAYBR%EdrhRE Hom whk@¥¥ckdmd BY pASingdh RLBHGT Rip
through a Solid Phase Extraction (SPE) cartridge. The SPE cartridge may comprise a
graphite pad, C,;3 stationary phase or ion exchange resin. Thé compound of formula (II)
and (IV) would then be added to the compounds of formula (I} and (III) respectively
which may suitably be dissolved in aqueous buffer (pH 3-11). After reaction at a non-
extreme temperature for 1 to 70 minutes, the labelled peptide may be purified, for-
example, by SPE and collected.

EXAMPLES

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

are nsed:

HPLC: high performance liquid chromato graplr;y
NMR: nuclear magnetic resonance

TFA: trifluoroacetic acid.

hr(s)} : hour(s)

min(s) : minute(s)

DMAP : 4-(dimethylamino)pyridine

THF : tetrahydrofuran

DCM : dichloromethane

-20-
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hexaf | uor ogRosphat e] Boc: t-butoxycar .yI 10 Exanpl e
1 Preparat of 4-tri met hyl ammoni um b al dehyde

WO 20p4/630a2e (conpound 1) CHO h4e3+N a ~ Tf S8 B&r/&B2008061052

conmpound was synt hesi sed according to the procedure

.described by Haka et al (J. Labelled Cpds. &
Dl"%dﬁr&ﬂ‘rﬁ%‘iﬁ Yformepmide 7) 823). Exanple 2 Preparation of

TBAF %o tﬁf b "Ehyﬁ’l? idel hoxy

- et hgfay -y[é%ﬁo%/l] - et dg%(y) -1 |- 20 di met hoxy- et hane

MeQitnpethambl7) -21 WO 2004/ 080492 PCT/ GB2004/ 001052 O
7 a) Acetic acid

\..2340 0 6 0.
TL&-: fa Jayer ’?llrf’%]?té’gﬁqu‘é‘t hoxy- et hoxy) - et hoxy] - et hoxv} - et ho

TIX Wits8hiopbisAster (Conpound 4) 5 To a stirring
suspensi on of sodi um hydride (248 ng, 5.15 mmol in

- DMi$QedimethyildilpliomidBHE (5 nil) was added through a

i pge sol ut i foo. . 1 .
Py ROP{ P auabsianimnaghy donisistp vaehUirglPhombRBRr - et hanol
hexa800RPUBEHHAE] (1.0 g, 5.15 mml) in THE (5 nl) at
anbi ent tenperature. After gas evol ution had ceased,
Boe:Hebutexpicartbenwas stirred for 45 minutes at room
tenperature by which tinme a clear slightly yell ow
solution was obtained. 10 Bronvacet al dehyde (8.71 g,
51.5 mol ) was added via syringe and the m xture

stirred '
Example 1 Preparation of 4-trimethvlammonium benzaldehvyde triflate (compound 1

Me,+N

TISO,-

1

- This compound was synthesised according to the procedure described by Haka et al (J.

Labelled Cpds.& Radiopharms 1989 27(7) 823).

Exampie 2 Prenaration of 2-(2—{2-f2—(2—ﬂuoro~ethoxv)—ethoﬁ{ﬁ-ethoxv}-embxv)—l,1— ‘

dimethoxy-ethane (compound 7)

21 -
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20

wo fogstdeasz 2 hours. The m xture was poured intopetrREE2004/001052

for 24 hours. gbhen ethyl acetate was (3 nj was added
and the m xt stirred at anbient tenp ure a .
(100 m) and extracted once each w th-10% aqueous

K2C03 (30 nml) and brine (30 nil). The organic phase
was_dried (Na2SO4, filtered and evgpgﬁ\ate he

" wor et o s o st i | dto 15 elif Aate exd’esso\/\“/\l’\

br onbacget al dehyde and the rgsi dual crude product was
purified by fl.ash chronatography usi ng 100 oef%yl
acetate to afford the product (355 ng, 219@T
colourless oil. b)
2-(2-(2-[2-(2,2-Di wethoxy-ethoxy)-ethoxyl-ethoxy} et ho
¥Vv) - et hanol (Conmpound 5) 20 1 N NaO13/Methanol (1 m)
/§@8\QWMM9Q/5006/5344H°kng SOkut-+on of aﬁe$*%>4mbrd/°\/\o’\(
(2-{2-]2-
(2, 2-8i met hoxy- et hoxy) - et hoxy] - et hoxy} - ePhoxy) - ethyl
ester (Comppund 4) (110 ng, -22 WD 2004/080492
PCT/ GB2004/ D01052 0.34 mmol ) in nethanol (3 m) at
anbi ent tenperature. The reaction was nonitored by
TLC (CHC13/ MeOH, 9:1) and was conpleted within 30
m nutes. The solvent was evaporated and the residue
ppﬁ{ﬁtﬁdbby,iLagh\Fh{onatography (CHC13/ MeCH, 9:1) to
afford the producte (73 ng, 76 %9 as a colourless oil
5 ¢) Methanesul fonic acid
2-(2-{2-12-(2,2-di net hoxy- ethoxy :
- et hoxyl - et hoxy}-ethoxy) _ ethyl ester (Conpound 6) To

a stirring solution of the al cohol (Corrpound 5)
a)nfcetio acid Avidn (A-[2: 642 -dimpokyichoxy kel eth 39

E%Qﬁﬁ%igﬁé) was added nethanesulfonyl chlorlde 10

O mmol ). The reaction was nonitored by TLC

Té elakdioasHdnsidn bY sodihirelydzids QRASm)E 19 heabidintrainethl 011) in THF
triethylamne hydrochloride salt was filtered off

(embeastaddpd thr YAIEE 28AlticR 1 grigdidc -y owetmgﬁy&tﬁoxy]*

< LA B SRS D) st i

tethpleRtfr2- Afer gs Ekrulﬁxtmn ﬁhﬁ oxaspd, ahdroixtlireew iostirfedefioh d X yimdtes at
1- di net hoxy- et hane m-xture of t

100} EBRSTAUTE & ﬁ’gﬂ‘;}h )2 § %)35 Sﬁﬁht&)"ei RN o g ?%ﬂ&fwd

; I [ tirred
T N
foa @d thatis) Thmthyiracagtssheﬂ\é’dnl)hmsr@ded amhﬂwamwumstlﬂeé at
aégfeg{ tegn%gll'altur}g a mﬂl?er}b} hours The mixture was poured into ether (100 mlj and
extracted once each with 10% aqueous K>COs (30 ml) and brine (30 ml). The organic

phase was dried (Na;SOy, 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-ethoxy)-ethoxyl-ethoxy} -ethoxy)-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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20 and ev ation of thé solvent the si due was .
flashed ( I acetate) to afford the‘roduct (56 ng,

WO B84/9%048s col ourl ess oil. Exanple 3 Preparati POTAGB2004/001052 -

4 (3 fl uoropropoxy) benzal dehyde (Conpound 10) CHO 25

" a) 4- ~yet hoxy) benzal dehyde_ ( Conpound ’
0. 38)@&0% o meﬂ@ﬁold% mal) ﬁw%bs@yb@'\r/x?maa@ﬁy% %mtté@awanéptmgm@red by

(g‘fg; Q,,Igr )
TLE ! oan%H?g’r%%]a&h%%&%ga&i@% (ﬁt&z‘brﬁ no "S“SQ i@ééﬁgg%t%as
evapb)at&da;mdl’that@dimmuﬁﬁé@ b§ flasit cliohtatgrahy (CEHCiL/MOH, 9:1) to
m xt ure was, cool nd concentrated and the residue
aﬁ?ﬁgﬁemﬁ“\ﬁﬁ /?g 1839684/ 001052 taken up in
et her, washed with vvater and dried (Na2SO4):
Filtration and concentration gave 4.6 g (64% of a
c) mthanwu@m poid 22242103 Bdlimathoke-ethexy)-sthepy kethiwodtethoxy)-
r%h urification. The structure was confirmed by
b) Met hanesul phoni ¢ aci d
To % ittt ARSI EofPbesd f)%tms% (6 1%mB@) #hd

sol ution of the al cohol” 127 (1.

trieghydamioe ¢h2 uh AHE r@ml)rmﬂ%él aiuat adcled meri;alnamlfwy( dilgride

40630 B o PRt i btz 85t (Bl SR ser 2

hm{rQﬁié r&ﬁ pitid ety AR ind S AL hIYAIR s¥Bbkas ﬁﬁ@x%dQJﬁ Q8. splvent was
(Na to give 1.8 g of crude material (yellow oil).

evamra@ﬂd fquddhe plodpat(7 frgngn®8 “bpotgeined afet fiash chicenategpplasesing
chr E’@Bﬁﬂ% coI mm Phenonmenex Luna C18(2) 5 m
8Fents: A = water/0.19%FA and B =
acetonl trile/0.1% TFA; gradient 20-40% B over 60 min;
dflowloomlmn Wdetectlﬁn at 1254n [

C ™ e was confirnmed by NMR anal ysis. 15 c)

Moropropox)r)benzal dehyde (Conpound 10)

A Iﬁitxhas of the shlforditd lcte?gﬁﬁéuﬂﬂaé) {as ﬂ:lg,‘rg.ZIthBH amml BAEIOH 1 Min
Fl uka

fix 222 46
g@ou?k 063 mng yo aecienitle (5 iy oS lseaﬁﬁd)at R %:e'?)f i@ migges. TLC

S8 A L SAAAR S s

andl@raporation of the solvent the re51due was flashed (Ethyl acetate) to afford the

product (36 mg, 93 %) as colourless oil.

Exampie 3 Preparation of 4-(3-fluoropropoxy)benzaldehvde (Compound 10

. /@CHO

10

a) 4-(3-hydroxyethoxv)benzaldehyde (Compound )
A solution of 4-hydroxybenzaldehyde (Fluka, 4.9 g, 0.040 mol), sodium carbonate (4.7
£, 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
-2 3~
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156

20

20 (16.0 nyg, 62 mMmol ) in dry acetonitrig (1.5 nm).
- The reaction ture was heated at 60C f 30 .
WO pios®@s2 The product was confirmed by anal yt iral/GBRGO001052
(col um Phenonenex Luna Cl S(2) 3 m4 6 x 50 mn,
solvents: A = water/0.1 % TFA and =

taleppatponiether) wadhed %Mmategmmr@qﬁ!tmp@s@@b/ﬁ%w anﬂowﬁ?wtratmn

b Pt R e Bl BB sy
plifidation) The structife We &ﬁﬁﬁm@swmqﬂa@mw 001052 CHO

CHO HOI / HOB/I\O/ 8\ CHO Cy CHOp p .' ir F'O
10 9 Exanple 4 Preparation of 1.1

b)&&ﬁ&&%@épé@ f%' oty @"f_&iﬁy gt "ph@%?ﬂ&té@@%ﬁﬂg §g)

anone
T4 £esiptiornaf the)alcbhbk1Z (g g1 810 nwasl) &y&hhh:&omeﬂiam:a@rrdl) mas added

ol EERLD3 Sl i i 0 o i
fo? 'ﬂ%r r oxy néf%ﬂ%%c h e e&é{%&]rgmﬂwggvﬁ)wéﬂléd Wltﬁ%ﬁélxaﬁd dried

npound 12) A solution of
(Nﬂ@$®4)eo gilve(128 @4@ cnitie. Barenidl ) yeltiow oL bmi algquohof 2080mg avas

b hod R e ek PR £RAE150) 5 pm

2151 khkg Qmﬂ,n&ﬁ{zerﬁé tﬁ[ Qgs%exﬁi 1%9%R L Bes ﬁééﬂérﬁﬂl&’b I%TFER
The reaction mxture was neutralized with solid

Zpdicni20-400 Boberrtdtraing Agy, 10:0 ind/erindUNndptedtionsid R4 nm3 fo give
2&‘&%& F %‘inetg,' solid material after lyophilisation. The structure was confirmed by
NMR analysis. .

¢) 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 C1 8(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 mm, 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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The crude g&s di ssolved in DCM (30ni) d washed with
wat er (40r\gf. The organic phase was ed (Na2SO4) ,

wo 2bididsessed and evaporated. The crude yel | ow oi potdp2/001052

was distilled at 85C (0.2nm-Hg) to afford the

product (1.69g, 49% as a colourless oil. The 20 . :
product was har@%ri sed by 1H and 13C NVR. -2 O CHO
2004/ 08049 041001052 c) Met hanesul f of aci d
4,4-dimeth ycl ohexyl net hyl.ester uno

a cool pgh sol ution of the al cdidl 127 (2%ny, :
1.58mmol) and triethylamne (3.3nl, 23. 7rfol ) in dry
DCM (5m ) under nitrogen was added dropw se 5

met hanesul phonyl chl oride (246ul, 3.16molf). The
reaction mxture was stirred at roomtenperature for

2 hours. The precipitated triethylan ne hydrochl oride
salt was filtered off and the sol vents eviapor at ed.

The crude was di ssolved in DCM (30m ), hed with ‘
water (2x 20mi), &drhed (Na2SO4), filtered and CHO
evapor at eds” The“resi due was purl i,,%d by flash

| chromatongaphy ( Et OAC—pet—Spi ryS\SIbB\( 50+~50:;
Frabherd~phe™~310-pr oduct (214ng, 54% as a pale C3e||ow

oil. The product was characterised by IH arbd 13C NWVR.
HomHMg OH /O 15 11 12 1 O\ OWw 110 0¥ 20 110 i 0
14 13 Exanple 5 - Preparation of Peptide Precursor

(Conpound 15) The pepti'de, Conpound 14 was synthesi sed

Exdthi04d fofPCPD %e
) . : \ c cl O
am noxyacetic acid (34.4 8 Mol ), PyAOP (93.9

D)
ng, 0.18mmml) and NM\/b( 0.36 mol) in DWF. DWF
r .

was evapor ated unde pressure after 12 hours
and the crude product wak ™pUrified by reverse phase
preparative chromatogr a&k

14

a) 4-Hvdroxymethvl cyelohexanone (Compound 11

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

b) 1.1-dimethoxy-4-hydroxymethyl cyclohexane (Compound 12) -

A solution of ketone 11 (2.54¢, 19.8mﬁ101), trimethy! orthoformate (9.75mi, |
89.1mmol) and p-toluene sulphonic acid (150mg, ()_.79minol) in dry methanol (30ml)
was stirred under nitrogen at room temperature for 24hrs. The reaction mixture was
neutralized with solid pdtassium carbonate (4g), filtered and the éolvents évaporated.

'The crude was dissolved in DCM (30ml) and washed with water (40ml). The organic

- phase was dried (Na,SO,), 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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(Phenonenex Lgga C18 col umm, OOG 4253-\V0; gs0l vents A=
water / 0.1 ¢ A and B= 30 CH3CN / 0. 1%%A; gradi ent

wo 206a@sg% B over 60 mn; fl ow 50 m /° m nute; ﬂ@t‘mh(ﬂ.ﬂ}{}lﬂaz-;

at 254 nn), affording 97.1 ng (57 % of pure conpound.

(anal ytical HPLC: Phenomenex Luna Cl18 col um,

OOG 4252 EO; solvents: A= water + 0.1 % TFA / B— CH3CN
c) % TFA A dli :

To & Q:Qélfegg@ég golﬁfi:a_ﬁ 833&%9 914:/09911@@755?{1@ q tS%’ﬁ]mﬂ? ﬁtﬁpﬂh%ﬂlyﬁlmne

Further characterisation was carried

(3.3mt, 2aénnmgol)rmdsy Bpat (ohrendsr nigfogemyasidded drapavise131. 2

Y/
mehﬁg ‘@}FWL%HON»«@ %’glu HA}\S ’llﬁﬁﬁea}g‘ﬁoNﬁuxtH{e was ﬁtinedl\?t
I‘OOHl teni\ﬁel}htﬁ-é‘for ZMOUISO Qe pre&plﬂt%ethjdﬁrﬁneﬁy@ddh@ﬁ@elsal@was
H HN'HN=( NH3 O HN )=0 O
ﬁltered off and the solvents evaporated e crude was dissolved in DCM (30ml),
washed with water ( 2x 20ml), dried (Na,S0,), filtered and evaporated. The residue

was purified by flash chromatography (EtOAc: pet. Spirit: NH; (50:50:4) to afford the

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

~ TOH
OH
Q/\ - /OQ/\
O

8]

~
1 12
- CE\S,OMe
o \O/\ - o Qf\o \\0
A0 | _0
14 i3

Example 5 - Preparation of Peptide Precursor (Compound 15)

The peptide, Compound 14 was synthesised using standard peptide synthes-is-.
Compound 14 (150 mg, 0.12 mmol) in DMF was added to a solution of Boc-
aminoxyacetic acid (34.4 mg, 0.18 mmol), PyAQP (93.9 mg, 0. 18mmol) and NMM (40

~ gil, 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-V0; solvents A= water / 0.1% TFA and B=

'CH,CN/0.1% TFA; gradient 10-50 % B over 60 min; flow 50 m] / minute; detection at
_ 254 nm), affording 97.1 mg (57 %) of pure compound (analyiical 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; fetention time 19.4

26—



15 .5 Exa 6 - Chenosel ective Iigatw of Conpound
1 to Conpo 15 to glve Canpound 16 O HNHHJN

WO 2004080408 KH N~~0 N ~O* '"NHz O 0101 0 ~Q( pio@dbtoodiid1052
HN:< ~ONHz OF 16 10 Deprotection of peptide 15

rried t b di tign of TFA cantaining 5% water,
MPBte% %‘f@rﬂ 6@? 854T1Fré bythey shratteasationyeasareed ont ysing

mas sp %‘ﬂrgﬂgﬁﬁﬁ mtﬁa M-pas added to 4-fluoro
benzal dehyde (Conpoun E Hﬁj -0.94 1, 0.0089
mol) in 1 -27 W 2004/ 080492 PCT/ GB2004/ 001052

acetonitrj e was 3.5. After 45
m nut es ,dt 7—de§-r—ees—t—he mxture was purlfled by
reverse "‘QJM

T NO:; A

(Phenonmengx® Lun C‘olou
A= wat er %Olo/TFAA +01%TFA gradlent:
10- 40 % Biovem=80 nin ; flow50m / m nute; detected
at 214 run), affdrding 5 2.0 nmg (32129 of pure .
.conpound (anal ytical HPLC. Phenonenex Luna C18 col umm,
O0G- 4252- EOQ; solvents: A= water + 0.1 % TFA'/ B= CH3CN
.+ 0.1 % TFA, gradient: 10- 50 %B over 20 min ; flow
1.0omM /mnute; retentign tinme 16.3 mnutes, detected
at 214 and 254 nm . Furjther characterisation was
carried out using mass pectronetry, giving mz value
1437.2. [MHL. 10 Exanple 7 - Chem)sel ective ligation

of Conpo%d 7.-1.0_Conpolind 15 o give
HN\)L /L“,N\/ILN/\{N\)\NJ\( \)L H\/xoz\,c\/\of\,nroﬁ(m,
Q o] .

0 Ny
=

HN HN
2=o NH,
0
o
0
7 15
5 Example 6 - Chemoselective I ation of Compound 1 to Compound 15 1o 'Vé

Compound 16

o 5 ] B
y © H o9 w § o H . H
HN\,/“\ /{W(N\/[L N\‘/u\ J\‘(N\)L B\(N\/\ s O N NH,
H N Y N Y N Y N o o) 0 2
_ H H o 2 H/\n/ z o z H 0 . \lr /T |

SRS

16
10. Deproteéﬁon 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-



Compound 17 ses HN. JL N NN j NJLN N~O1i Oga~0"i N~O-NHz -
vC ~H ~~00 0 HooO HONH HVH:= @ NH OOF

WO zl;@ué'sﬁmThe protecting group on PCT/GB2004/001052
2-(-2-{2-[2-(2-fl uor o- et hoxy) - et hoxy] - et hoxy} - et hoxy)
1,1- dinethoxy ethane 6 (3.9 ng, 0.016 nmol) was
- ml a&mﬁaﬁem BfthdGhixfure meas)3.5. A fiarclStromintes ial @0 clﬁgrb):s '(kﬁxﬁxtu:e

The m xture was left f 15 mn 2?
wapghified by TH1erse BBascHEpR Bk DB’QWWB’E‘Y%B’HF heppipgpex Luna
C18 Bt @OGQPBB OB oW ent st S&%ta@ +QPio, o ) g Gﬁgéﬂ +T6-4%% TFA,

cont ai Ai ng 5% wat’er and t hen evaporating TFA under
gradmimdékaldt@)?/ceB suer3Gimier, v 5. 6iml /mitepdétafiod lr*ﬁ mtlla a&ordmg

d 4 h h
o 2L LR Bol alRRRR el Qs
0085»4459-@6‘%%%% Rkl ﬁﬂq%@ﬂ@ Bﬁ@@&sewml 184 TPA, gradient: 10-

reverse phase preparative chromatography (Phenorrenex
50 % Bao et 80 oo l; flow, 1.08G-/adSBeNGtension umet i$.3 minwias,alctested at 214

% CN + 0.1 %TF 8 .\ 2004/ 08049
anR4 B OnPEORSE e ian s Coioy BEikE B g gty sving
m/EhaMe 3497 0l [(%IJH*?_ute detected at 214 nm, affording

5.5 ng (51 pure conpound (anal ytical HPLC
10 Phenorrenex Luna C18 coI um, OOG 4252- EOQ; sol vents =
el ) .

CM@QQA:?B and 14.7 m nut es, 5 det ect ed at 214 and 254
nm . Further characterisation was carried out using
mass spectronetry, giving m'z value 1551.1. [MH].
f 18F-conpound 16

o 5 s
O o] o) o
HN\./H\N%(S\./U\N/\"/H\:)LNJYN\;)LN n\/\ﬂ/\/owo/\/ﬁY\O/\erHz
z H H H H H H H X I

RAES

15 17 o _ :
The protecting group on 2-(2- {2-—[2—(Z—ﬂuoro—ethbxy)—ethoxy]-eth_oxy} -ethoxy) 1,1-
dimethoxy ethane 6 (3.9 mg, 0.016 munol) was removed using HCl.(c‘ons.) in
ﬁcetom'tﬂle (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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10 a) Radi gavnt hesi s of 18F- Conpound 1gd8F-fl uoride
(up to 370 ) was azeotropically dri n the

. wo pogeseme of Kryptofix 222 .(12-14mg in 0.5 ple@20e@ios:

10

15

20

26

30

pot assi um carbonate (100l O 1M solution in water) by

" heating under N2 to 125C for 15mins. During this tine
£xadeR: 1Nt Vade

: PEcraddadn aflaw %0 aﬂdmapnei.cl_eﬁfctegrat Q(Df) I(ljahﬂgadffording
< of . tr) et | nium oenzal de e
S5 g () PLAR: SOl GhS e BReRatiruer Lye 15 bolumn,
002252 80; welsai: Aasareal @ thands healed,cNa G20CTER! gragient: 10-

S%ns to effect |abelling. The crude reaction nik
X ;s e 0 b setentiandtind | 4B ezidi.7 minutes,

deddigid 4101 4t r., The mxture was.passed,
sequ&eé’r;t?:1 3@9125%&%@%‘ char &8’3 é@ﬁ%@“’é‘%ﬁ?‘{xi‘lﬁ@g mass
speetosetty, @iddg wi/t kalue Q55 1. jand a SepPak C18-plus
cartridge (conditioned with 20mL Et OH and 20mL. H20).
The cartridges were 20 flushed with water (10 nil),
Exanthié B -18Fsfl uor ohe | dehyde was el uted from
the sg})agg%%clﬁﬁgsf%ﬁi sFé‘é“”PPhgégwith MeOH (1M ). b)
‘Conj ugati on of Compound 15 and 4-18F :
: % 1und 15 (4-5ngy) was treated
5mi ns at room 25 tenperature.

1‘Sﬂa ﬁ b?ﬂﬁﬂ;ﬁ]) AN A ration upder .
vacaum @Ee t'7 de \%azaéé rgg(?‘gg%\?gﬁﬁ% ?W?\Pﬁ%@@mﬁxzzz

pe
(rdfmgun Opinal ¥igC hd aﬁds@%hrheda%i(_l 004-0.1M sloluti_?lhl in water) by
i e.in_the reaction vessel. e
b e N B L P B S it g SR Binecti ) MecNegre added anid

eviismated. Aderadobliag tcad0°dyakbRifion F hfhetb ORGSR ﬂeggﬁhehyde
roduct was obtai ned by preparatiVvé

tmitleme%%at ure,_the I ]
Bate (3 s e U e M Mnessadded X herredtitigy vemS1 3Gis Beated and heated
' 1 ; - 11 | t A H20O (0.5 %

to %@%& f?)g 2?@%%5{ i é:ffe%é@lg{(xf?% ﬁ'gescooéfs%%&qno&%ug was£goleg to room

tenfiparatBre ausl, dilbeddy dddRidr o U milivibter. EX& Eﬁkﬁr@wa%gﬁsggcbs entially
thrRa I%égt gag%’i' g{fé 18F- conmpound 17 -29 WO 20 e )
g@% 3] B cagidge(gppdiinnebwith 10! v8FerTong o SapPak
C1891as el ' 4 ' tafix 222
(Joe) o (Cottfoned Wb 2 OBt S lalSBY, T piEifees were
flu vadewater (10 mb, {81 Ge produich @Ffﬂméﬂdﬁﬁala&lﬁﬁ%ﬁ &M28 from the

G R 0 i, . 1. dded. The sol vent was
_Seé%iﬁ%lgélé@c%e%%ﬁeﬁ%f@ or 30 nin 5 under a

stream of nitrogen. Anhydrous acetonitrile (0.5 m)
as, added and evaporated  _as before. This step was
b) Conjugation af; sampound 44§ .l”‘am”i,“ daeh e(l rrg) in

CofBBYAH P4 f4-5mg) was treated with 5% water in TFA for Smins at room

'temperatur@. 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

g . . '
! F-fluorobenzaldehyde 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,0 (0.5 % TFA), solvent B: CH3CN (0.5

% TFA), gradient: 10% B for 5mins, 1040 % B in 15 min).

Example 9 Radiosynthesis of '*F-compound 17
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- DVBO (0.2 nl) s added. After heating byggi crowave (5
mn, 160 C, 1 50 W the reaction m xt was cool ed

wo Jo64/6599 t enperature and applied to a SepPak i’@fkﬁ;lﬁwﬁoowwz
cartridge that had been conditioned with MeCN (5 m

and H20 (20 m) The cartridge 10 was fl ushed W|th
a) Rualiesyn(listisnif)'*F @onipbiwed Hr oduct el ut ed vvlth MeCN (0.5
m). The solvent was evaporated using st ream of

To i Wheglon el oni) charmd(MdﬁheKaﬂatm 2@%419 mg)] potgysign arbonate |

(1 P S0 Bl atf GeStomiter % B! s Bhorbisnl Shaiping water

(1061{1@1,1181%% wa@me@ dn?e écﬁvé;ﬁwtfeﬁo%éd 63 hgmnggm 1@@@01‘0% 40 min
wth TF

% H2 . After standing
undetr ar sheamt efmmpgem r.@llt)ldemgcacv@mtrﬂﬂa@ } orpwesdl adojoedaand evaporated

of nitro Ammoni ym ., h |de
a5 Befrea g Bt VER Sl PR A IR SpBPatpL gt e o aliydrous
DMSH 0 Q'IBELWQS ddded TAGePREHR HySBrWE I PmMRI60 °C, 15050 W)
transferred into the vial containing deprot ect ed

 thegompionnuixturs was caaledip nenma éampeareturs #ricapplisd to a SgpPak ‘G18-plus

carfdis) bt i eth ZondfiSntd SHBINECNs ) gt o ophi cartridge

wabdhish&@l Wias &alet0Q0 1nl), 264 %hd/Rabduct Huted MAA MeGN %D'EFﬁv)l) The

the product was obtained by preparative radio HPLC
solpens| wasrevaporasedoieng p st mfmifeser o3 & rﬁnmgture #f HCI (34 pl,

12 gj@/%]d%d?é%éﬁ@&%ﬂﬁ%?d&gfégﬁf ) TFﬁ)rg’t SO' cmapcra %?%un

"Exanpl e 10 Synt hesis of
4- (fI uor onet hyl ) benzoyl I

1ydra2| de..- Conpound 23 H
‘Halseemopal //GB2004/ 001052

Preparatlon of trl-tert but

Comppoynq £ § (3 msphatasyeacah il nyﬁ«/ér‘%ﬂa%cﬁﬁ ml). After standing for 1

miga¢ kil RN sl JRRTHEAK B Mkl Bf HERERE Mpmmonium
hydrodidie (BY g1, @me hadxans o hﬂn&ﬂtﬁﬁ@%@:&m@p%@mo@h@md 7.

5 Conpound 18 HO-H R N.JI O
The neutralised mixture was transferred into the vial containing deprotected compound

15 in ammonium acetate buffer (50 pl, pH 4.0, 0.5 M). The vial was incubated at 70 °C
rfor 7 min. After cooling to room temperafu:e and adding of I—tPLC mobile phase (100
ul, 20 % MeCN, 80 % H,0, 0.5 % TFA) the product was obtained by preparative radio
HPLC {column: Luna C18(2), Phénomenex, 100x10 mm, 5 11, 4 ml/min, solvent A:
H,0 (0.5 % TFA), solvent B: CH;CN (0.5 % TFA), gradient: 10-50 % B in 20 min].

Example 10 Synthesis of 4-(fluoromethylibenzoyllhydrazide - Compound 23

.
RSN W

0

23
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OHis A ution of 4-hydroxynet hyl zoic acid
pent af | uo henyl ester (MI1ligen, O. g, 1.9 mol),

WO 20898y benzot ri azol e (0.29 g, 1.9 mmol), terechaByd04/601052

carbazate (Fluka, 0.29 10 g, 2.2 nmol) and
d| [ sopropyl et hyI am ne 4 0 nmol)
: | f oylihy .e‘- dut.2-trigamboxyvlate

for 5@% i3 uﬁlﬁ%ﬁeﬁﬁ:@% 1]%9&?@saﬁeag%egadﬁvsawo and the
graphy (silica,

et hyl acetate/hexane 9:1). Yield 0.50 g (90% .
_ [ HPLC: coI um Phenonenex Luna 018(2) 3 m4.6
a ¢ At tepi-tatyl 2-14a(bydyexvaneatnylbenzey [-hndragine-1-carboxylate —
#@,&gplgtrl | e/ 0. 1% TFA gradi ent 10 15 80% B over 10
ow 2.0 mM/mmn; retention tine 2.38 m nutes
detected at 214 and 254 nm NMR analysis was in
accordance with the structure. b) Synthesis of

tert-butyl '
2-14-(tent-butl | di ph;%wgé(hyl ) benzoyl | hydr azi no
-1- carboxylate - Conpoun@gl¥s; o 0 O 20 19 A

solution of tert-butyl di ppgnyl chl orosilane (0.57 ni,
2.2 nnnol), tert-butyl 2-[4-

A sphign ok ylriytdr@ﬂmmhyld;ﬂn;ommnhmmdluormykyﬂtat @iz 0.60 g,

1.9 $umdn 8 %)ﬁaﬁ‘g% 1@(; 96 %, 1L lorfve2: bpg/j%"aﬂ?azate (Fluka, 0.29

g, 2 ZapacRtand alikepropylbthylkbingi(0. 68Tﬂae 450 nbthab D MnWBéhloromethane (20
extracted w th aqueous pot assi um hydr ogensul phate -

ml) wasgrgfluged fop 3 bayirsy Theasegcting sixtpraysOroncentieted i teeuo and the

prolfR%, FAEPAGE B, collily. GBS AR fypot At fighe o),

Yicht 6150rg (QOP/B)elPﬁ:a]l}%:EIFHPL@‘ adlvemt Phéhohfoi: Bumaal18(0) Bipma 4.6 x
flow 2.0 ni St gmt;l on -31 WO 2004/ 080319
S50 pEy 4 LB BT Oyl g9 B 7 acslongEided % THA; sradient 10-

O"/@'Bjoxge?‘]l()' B ﬂoWQ 0SB/ Okt fBSn W@ﬁ R %s Q@ﬁm{eﬁe&t 214 and
product was used in the next step w thout

254pum i FMRaadysis wis Byarchelsnee with the sttveture.but yI
2-[4-(tent-bu IdlphenyIS|onynethyl)benzoylIhydra2|no-
5 1,1, 2-tricarboxylate - Conpound 20 T

b)_Svynthesis of fert-butyl 2-[4-(tert-butvldinhenylsiloxymethyDbenzovllhydrazino-1- . -

carboxyvlate - Compound19

s
o’\@ro

A solution of terr—butyidiphenylchlorosilane (0.57 ml, 2.2 mmol), fert-butyl 2-[4-
(hydroxymethyl)benzoyl]-hydraiino—1-ca:boxylate (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;SO4). The product was analysed by HPLC (column Phenomenex
Luna CI18(2) 3 pm 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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DS O 10 206 a solution of tent-butyl
2-[4-(tent-Db | di phenyl si | oxymet hyl) ben.l ] hydrazi no

WO 2004708605 boxyl ate (69 ng, 0.14 mmol) in dichl Of@ﬂéhb@momwz "

10

- 15

20

(15 nil) were added DVAP (20 ng, 0.16 mol),
triethylamne (0.13 m, 0.96 nmol) and ..
e 3-Yaminubest ddtecﬁed:am@rmideﬁ(@ﬁml (Thegohiion vasnminpentit¢deand the
hours 't he %ol vent was. ev at ed, under reduced
Pmésl%gf%ﬂ@e Hthe aFg Rl W EheR RS GRS by col um
chromat-ography (silica, hexane/ethyl acetate, 4:1
. (anal ytical HPLC. col um Phenomenex Luna 018(2) 3 m
c) SymehesisHd trinerrdokyl @ds(zeributyldiphenyld ofl 1
Mgradl ent 60- 100% B over 10 m n;
Ll ==t S ion time 7.85 minutes detected
at 214 and 254 nmu). The 15 structure was confirnmed by
NVR -anal ysis. d) @t hesis of tri-tert-butyl

2-[ 4- (hydr oxynet benzoy ydrazino-112-
tricarboxylate - ~, HOJQ- k I NN O

OO0~- 0 21 2('7‘1@ tri-tert-butyl
2-[4-(tert-butyl diakrenyl nethyl)benzoyl]hydra2|no

- 112tr|carboxylate(0 , 0.52 mmol) in THE. (25
nil) was added tetrabuty niumfluoride (1.1 Min
THF, 0.50 nil, 0.55 nmolyl,. After 50 min aqueous
amoni um chl ori de solution (10% 10 m ) was added.

To Af satutidid ofiitert-bityl 2-RR(BLRO0dIPDENIS R XPOEGEDEGZYIbYdG2mo-1-

oS5 L B0 Al PR TB ] S e ke oo
| mgselmt ﬁﬁblmﬁe&&%ﬁﬁé (@1 8ch120 ©6tﬁ%on%u%@e;%§m¢afrmﬁte (90

co chromat ography {silica, "hexane/ et hg
mgaedﬂ anmolj) Affter @ hyuyethg. spiveyt (@a%ramatpd vuaderireduced pressure and

cru&g gra \%ﬁuﬂuné% lgpgﬁclf o '&ﬂ]c?nqgtggr@ﬁy I(’slﬂ;caj %18 Z)eﬂ%rl a%g?ate 4:1

- (analytical 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 time 7.85 munutes detected at 214 and 254 nm) The
structure was confimned by NMR analysis.

Svnthesis  of  tri-fert-but

tricarboxvlate — Compound 21

0T
O C;\JLO ° -

21 :
- To a solution of tri-tert-butyl 2-[4-(tert-butyldiphenylsiloxymethyl)benzoylthydrazino-
" 1,1,2-tricarboxylate (037 g 0.52 mmol) in THF. (25 ml) was added
‘tetrabutylammonium fluoride (1.1 M in THF, 0.50 mi, 0.55 mmol). After 50 min

"aqueous ammonium chloride solution (10%, 10 ml) was added. After 10 min the

~32-



5 water/0. @& TFA and B = acetonitril e/ gml% TFA;
gradient 6 00% B over 10 mn; flow m/mn;

WO 20e4/68689%n tine 1.38 min detected at 214 and ﬁé#/(}'m)mmom\z
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The structure was confi rmad by NMR anal ysis. e)

Synthesis of tri-tert-buty
miplire) wagskagied W%ﬂ@hbm@nﬁiamm&zom }rﬂy dnd zha orgamczphase was |

dn%@@%ﬁ@%j’l lﬁzgy mst{%lnr r edéIBg?n |t on0 t?l? Frsidyg W%ﬂ‘f‘gﬁ“h’y cotuann

chidafatogriphgr Csxlywmtﬂ&xhﬂdﬂ@ﬂyloﬂdeﬁw drBzineivle §.23- g (84%) of product
, 0.48 mmle8 and trletﬁy am ne

rbox&l ate (0.22
(a“@EYf %cﬁ%lr @Mmmﬁ@ymmex e b h%mﬂé X 40 nmn) sofpents: A =
@, "t |p o )
R0, AR DU S0 ko B2 0 min
floghl. Bnnhimrarrdtehﬁo:ehmd BnaR Inﬁn(c&ﬁdfaad ﬁrmunﬁraj) 238 8m3dURd structure
Afte eé m Iytl cal HPLC (col um 'Phenonenex Luna
Wa&i%‘t%n by analy®s-mm  sol vents: A = water/0. 1% TFA
and B = acetonitrile/0.1% TFA; gradient 10-80% B over
10- mn; flow2 OmM/mn; retention tine 8.25 m nutes
e thelgi uiRl £- aheZEﬂneBul atomekitholf)isehzb Vidlivdrdvéno-1,1.2-
trid %ct' N Wwas co ?ted The m xture 20 was filtered
, _ concentrated in vacuo. The product
was purified by colum chromatography (silica,
hexane/ et hyl acetate 1:1), yield 0.21 g (81%. NWR
analysis was in acgordance th the structure. f)
Synthesis of tri-tgo
2-[ 4- (1 our onet hyl Ybe )}b(gjﬁlno 11
2-tricarboxylate 25 - gund 22 -33 WD 2004/ 080492
PCT/ GB2004/ 001052 ¢ o 1' goo 22 |

21
To a stirred solution of tri-ters-butyl 2-[4-(hydroxymethylbenzoylJhydrazino-1,1,2-
tricarboxylate (0.22 g, 048 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 brs a second portion of methanesulphonyl chloride and triéthylamine (same
amounts) was added. After 12 houwrs analytical HFPLC (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 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), vield 0.21 g (81%). NMR

analysis was in accordance with the structure.

£} Synthesis of tri-tert-butyl 2-{4-( ﬂourometh.yl)benzovl]hvdrazino—1,1,2—tricarboxv1ate
— Compound 22 '

33~
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Potassi um fl uggi de (3.0 ng, 0.052 rmol)-a Krypt of i x
222 (Fluka, Z&Tg 0.053 nmmol) were diss ed in dry

W'O@@@@g@mgzt rile (0.6 m). After 15 mn the m xt Lﬂcq;mgmomsz',

added to a stirred solution of tri-tert-butyl

2- [ 4- (met hanesul f onat onet hyl ) benzoyl | hydrazi no 5
+1,1,2-tricarboxylate (14 ny .026 Mol ) in dry .
acetonitrile (0.4 nl). Ther action mxture was '
heated at 60C for 15 :I%rﬂguct was purified by
preparative HPLC (colu ex Luna C18(2) 5 m
21.2 x 250 mm sol vents: AO_/L\MRteI‘/O 1% TFA and B =
acetonitrile/0.1% TFA; gradilent 60-100% B over 60 m n;
flow 10.0 nil/mn; retentidn tinme 33 mnutes det ect ed
at 214 rinm). Yield 3.2 ng (2Z5% . Analytical 10 HPLC

Pofgpianfaongs O e P907 Bpopad Ryvanst 222 Wluka, 20 me, 0.053
mxfﬁlsgﬁé gﬁﬁi’ﬁé@ inl 8y TeRionStE B 26 1) B QY Pty e ke Rwas added

! 1/ mn; retentlontlrre878 m nut es det ect ed
to atstizied satutionsef mm\erﬂhmylszﬂmlaﬂ@nméfon@tnmethrél!penwﬂhydrazm&

S al ysi s The ot. i on ,of X 2 .
1| PR OOiBtna 235, 0026 DL A ol oOBBR T it i rosction
mﬁ{’élrénvﬁld hested 3156@@%'9 l18 nkih. Phe pasdact Was glrified by preparatlve HPLC
2-[2-(2-fluoroneth)rl - henylsulfané) ethyl!l-r

gaﬁ@nex dung i34t ivem 242 K W&eyﬁf’h‘iﬁﬂlﬁaﬂ rewater/0.1%
TP% e Sg?eggo%ﬁlt%@ )?r/epfiiﬂe%ram&q'@?%@@ B lover Q0 #8n;2fow 10.0

mPindli; @xtehtidh Zmy 138 trhiyited |deteaidd) 4 e a v )n®idld 3a mEa@piiingnalytical
24 OH/ Sao 25 24 _-34 2004/080492

HINeG; egion Phoeomsex Iang (b e P . 50 mugyisglishishé T pater/0-1%
Tﬁ(% Eﬁ%ﬁ& QE%J)%;I}'YI@/@ 1??% t%acﬁeﬂ.f%‘:@%@ Mo m %ﬁpﬂl 0 ml/min;

and “pot assi um car bonat e

re&nﬂél tm‘ml 9. 7$ mibhies defebted rat 26 draad i34 mhi The sltrmtunea@m confirmed . -

%‘%ﬁram ysis. h%r dgﬁrgtg%tlgne fo%réompounvc\faazeva D{cf tC%mpound 23 was
carried out in 50% TFA/DCM for 15 n_unutes.

Example 11 Preparation of 2-[2-( 2—ﬂuéroﬁlethVl—phenvlsulfanvl)-ethv]]-[1 ,B]dioxalané

for conjugation with aminoxy, hydrazine or hydrazide modified peptides - Com ound

27

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

LD
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5 under re ed pressure and the crudegir oduct
purified b everse phase preparative r omat ogr aphy

WO 2004/¢f@#492218TP1022 col umm; sol vents A= water [/ pOTAY2063001052

and B= CH3CN/ 0.1% TFA; gradient 10-50 % B over 40
~mn; flow10 M / mnute; detection at 214 run). A
yield of 65.1 of purified material was obtained

_ g
> AL L 088 LRSI 3SL YOS et
alchRel5G2% Mgy 0ed7 Fehdlj Mid Hb@Widmaborl2fd 6L, ort ﬁﬁtdgf{h DMF.

time 15.017 minutes detected at 214 and 254 nm
Thwﬁgg ivasgitirred at room temperature over night before DMF was evaporated

< 12(2- ' - | syl f.anl )=ethyl | -f 1 ; .
undr AR RS ATERE e SRR lin N rfpecohiege mgeparative
chrofftdgrafhy @V ydmo! )1 SWRs 0z 6sidning salves@l Al wlierof 0.1% TFA and B=

=(2-[1, i oxq] an- 2-yl -
C*%ﬁ?@f @51?1/? &aEWéhW?g rePHEs6 0 ayo; Aey 10 ml7 mimts; Yletection at
H e | 1 N . Ui . .
21808 A KA or2 ol b e o880 Bt (it e

Vydeap b3 ER Edcaimiey solveanti dedwntee $ SUI% TFAaichB=aTHIARN / 0.1% TFA;

O t ri,fied reyerse phase preparative )
Bt sSh iRyl o0 e ot Ea o e foteomdge 5417 minutes
detegrb@ bt 21 ani%skkfypnd B= CH3CN / 0. 1% TFA; gradi ent

40-80 % B over 40 min;.flow 10 m -/ mnute; detection
at 254 nm). The fracti'ons were left in the ,fridge

L4 apd b

. (N iy, [TV A eX [

Corpodua@dspressure. A yield of 24.5 ng of purified
mat eri al was obtai ned (Analytical HPLC. Vydac 218TP54
col um; solvents: A= water / 0.1 % TFA and B= CH3CN /
0.1 % TFA; gradient 40-80 % B over 20 mn; flow 1.0
m /mnute; retention tinmel10.4 mnutes detected at
214 and 254 rim. Strfuctjure veé¥T¥ied by NVR 30 -35
WD 2004/ 080492 PCT/ GB2 Qﬁ*]:OSIEO c). Synthesis of
2-f2-(2-fluoronethyl -phenyl sul fanyl)--ethyll-rl.31diox
ol ane Conpound 26 25 :

~PREIN tH vl —

Mesyl chloride (65 pl, 0.83 mmol) was added to a solution of [2-(2—[1,3]di0x01£n-2-y1—
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 pfeparative
chromatography (Vydac 218TP1022 column; solvents A= water / 0.1% TFA and B=
CH;CN / 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,SO4) and evaporated under reduced pressure. A
vield 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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F 526 Potasgaum fluoride (3.5 ng, 0.06 1) and
I cryptofix 2 (22.5 ng, 0.060 mmol) we di ssol ved

wo Jdoby@esdonitrile (1 nl) and added to ~ PCT/GB2004/001052 :

10

15

20

25

2-[2-(2-chl oromet hyl -
phenyl sul fanyl )-ethyl ]-[1, 3] di oxol ane (7.7 nmg, 0.030 _
¢) Mo Kjmihesiac edfonP 4 2i(2 duboiorntthyl -gienylsubaaylh-othyiii i (A dexolane  — -
was heated to 70 degrees for 30 mnutes. The crude
Co was 10 purified by reverse phase preparative
chromat ogr aphy (Vydac 218TP1022 col umm; solvents A=
water / 0.1% TFA and B= CH3CN / 0. 1% TFA; gradi ent
40-80 % B over 40 min; fldw 10 ml / mnute; detection
at 254 urn). The fractiens-wereglgft in the fridge
overnight and to the adepani trile phase was added
di ethyl ether, dried (Na2S®) and® evapor at ed under
reduced pressure. (Analyti cal2 PLC. Vydac 218TP54
col um; 15 solvents: A= water / 0.1% TFA and B= CH3CN
Potas§lud¥ldéride (B.8ahgMN. Oé@n&ﬁol‘)’oalﬁddwptoﬁiozzﬁ 2.5 hIgg\lOlOﬁD mmol)

m -/ m nute, retentlontlme 200 mn sdete
wope 4 digpRfved 4 il ppeetomitntige 1y e e‘b‘ijdtS? éz&-rﬂﬁemmefhﬂ-
tﬂﬁ' bgmaalHER Ciﬁ tG?imIé dn1). Th
ph%rélﬁ%ﬂh?ﬁ%ﬂ?%%ilﬁ]dﬁ%&%rﬁr@ f (4-for n{/)I phag%y rret}(zyl )- The
reamﬁbinamﬂubfwaraheatéﬁ)m@lm&eg&s £6 B0 nonD8® The crle oduct was
04/ 080492 PCT/ G32004/ 001052 orid

PUARSE Q1B SR STOBBRY EROmAOTEPRR Va1 STPIR2 cotumns

sol(veﬂt@ U@(Wﬁ‘érmd 19ereRldemerdone! H)bageidlseadie 4080 % B over
mmol ) and triethyl am ne

40 rmn, ﬂow 10 ' ml / minute; detection at 254 mm). The fractions were left i the fridge
overmght and to the acetonitrile phase was added diethyl ether, dned (Na;S0y4) and
gvaporated 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-fluoromethylbenzaldehvde - Compound 29

ey

.29.

2) Synthesis of (4-formylphenyl)methyl methanesulfonate Compound 28 |

| o
Q o M
/S .

\‘O '
28
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(22.9 A, 6 nmol) in THF. After 1 h anot her
equi val ent mesyl chloride. and tri | am ne were

WO 20ddem9492The precipitate was filtered of f aftepci/dBrun001052
and THE 5 evaporated under reduced pressure. The
crude roduct was purified using a silica short

OEiflgl Ib@/ﬁaﬂflor&lﬁg menad) rrg/ae 98d%d ofo par eolution of 4-

(hv dur‘ %t?y@%%g ll\l)%%t d]ﬂpk%l%gfz 1 T %rreneﬁ Oanérhjethyl amine

(21:9@11:1\0/16&@%)%#&:}[@ Adiee Nthdur QﬁoﬁieBe@MeﬂeﬁtOoﬂﬂn@sylfthdc and
OmM_/mnute, retention tine 4.900 m nutes detected

| m%f%lyiz gopingn wepes addad) Thst prrsinitete s ifilicerd b after 10hay and THF

e Pl SSTLARDIGS iy FOTTOHA, e o

colidin @ad. BCN ,aﬁardmg A Iy g (@8 oHliof IRk @@bdu&t (Analytical HPLC:

ce %ﬂltrHe(i b nd added to
cofii S EERy bR DRB T il arepisoriet v/ 1% B4 B=
CENON ¥ ol 1%, AG8eL; gﬁh&&hﬂ 5- (Jl%nﬂ} )ovexT g rﬂlﬁaﬁfﬁg%O i feiGite! Btention
heat ed to 65 ‘degrees m nut es e crude
tingg 480 minwiss ¢ﬁ1mt€fd iﬁ&lﬂsmdgﬁa nsi)l Siractak oetified by NMRNd
di et-hyl ether. (Analytical HPLC. col unm Phenonmenex
Luna OOB-4251-EO, solvents: A= water 20 / 0.1% TFA and

b) E-wrmtﬁbﬁmd—fﬁoﬂo{a&ﬁ@eﬁaﬁ&hﬂa-%o@& ottadzever 10 mn;
ow 2.0 m nute; retention ne 5.1 mnutes
detected at 214 and 254 nm). Exanple 13 Synthesis of
functional i sed oxytocin (disulfide Cvs 1-6) anal ogue;

[ BOcNHOCH2CO- Ahx- Cvs-Tyr-11e-d h- Asn- Cys- Pro-Leu-d y-N

H2] _ 25 Conpound 30 -37-. 004/ 080492

PCT/ GB2004/ 001052 N ~N~N O-\r--~-NOOHO OH

HZN 11\ O O FFii NH, OOqzl-é
KF (2.7 mg, 0.047 mmol) and kryptofix 222 (17.6 mg, 0.047 mmol) were dissolved in
acetonitrile (1 mi) and added to (4-formylphenylymethyl 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 ver 10 min; flow 2.0 ml

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

Example 13 ‘Synthesis of functionalised oxytocin (disulfide Cys '
analogue [BocNHOCH,CO-Ahx- Cvs—Tvr—He-Gln—Asn Cvs-Pro-Leu-le-NHﬂ-

Compound 30

-37-.



HN j-q - 30 Protected
Ahx- C,ys Tyr-I‘GIn Asn- Cys-Pro-Leu-Qy- I. Assenbl y

w0 ®ba/bdosram no acid sequence using fully aut omMpte@B2004/001052 '

10

15

20

synthesis (ABlI 433A).. The resin was placed in a 5
manual bubbl er apparatus and cleaved with TFA with 5%

‘wat.er and 5% Tl S present. TFA was ted Ppnder
reduced pressure after one hour 5 Q\rsﬁ%

preci pitate was washed w ¥ a‘h -dr| ed. TFA
and DVSO (95:5) were adde ptlde After 2
hour s TFA/\Was evapor at ed eduszed pressure and

di ethyl et <P was added %e resi due. The resulting
preci pi t at'®, washed wi er and air-dried. The
10 peptide (MS' 50 °rrerI)|nDl\/F(5 nm) was
added to a sol ution ol~Baf- am noxyacetic acid (23.9

ng, 0.13 nmol), PyACP (65.2 ng, 0.13 mmol) and NWM
(275I 0.25 mmol ) in BOF (5 m). DVMF was evaporated

e S LRI b L2 PRV RS e amine

acif %@l@ﬁ:@g&@ fﬁm Aﬁ‘gﬁﬂﬁﬁgﬁ T}Pela&%mcll%/%smg %h;ﬁ Iry%ragglls ?’Iﬁat!ced ina

'mam@alaﬁlb%eB appmatus, @ndictgaved avithl TFA with $%% wtater anst Fet Tlonpresent.

t 230 HPLC: dac 18TRP54
Tr 8 voe bt {ate i ke B mul I rEgi i preciitat
wad TAshrwh eifbr 4Rt £Adfed TR @)Mso (95 spwete Sded to the peptide.
/mnute; retention tinme 16.5 m nutes detected at 214

Afignd twsm v vras ey pearate angder weripesd pressuigand diethivk gthet was added
to gtaé ! 1&*%3 > Th Ar%%g{n?%gﬁ%é{%nﬁé o A9 wlkifedV @i Cetfia? dnd alrMMed. The

peptide! (Z@[@ﬁ!ﬁ hy.b6 b enzel) dehPuer Wist mlowys adiled (di s gbliiide of Boc-
YOS i3 Ly b mraalty BYAQR (652 e 013 meoland NMM
(2@%9%%1&% (B'eih. PMF wadedBofhtda {iMePredide@preksire after
12 hours. The crude product was punﬁed 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= wa;ef / 0.1% TFA and B=
CH3,CN / 0.1% TFA; gradient 10-50 % B over 20 min; flow 1.0 ml /n:ﬁnute; 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 oxvtocin (disulﬁde Cvs
- 8. INHLOCH,CO-Ahx-Cys-Tyr-lle-Gin-Asn-Cys-Pro-Leu-Gly-NH,] - Compound 31
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. ~H Oq' oq/ g-s -38s W 20 080492
-PCT/ GB2004 1052° The Boc protecting up was

WO Z0UBPAR from oxytocin (disul fide Cys. 1-6); [PBUGGB2004/001052

NHOCH2CO- Ahx- Cys- Tyr -1l e-d n- Asn- Cys- Pro- Leu- A y- NH2]
(3.0 ng, 0.0023 mmol) using TFA and 5% water. TFA was
evapor at ed under reduced pressure after 30 5 m nutes
Theng é-prbtd Yl ( | Y6
oS yhasanar i PRTERORR b (e B poc
NT&@PHS‘E@dAh\X Qysh }irtlleeGhnfmsmC@stIﬁolLeuJiB@ -Nils} ure.ovamg, 0.0023
ted 50 m nutes. (Analytical HPLC:
m@? yRE AR, 6‘9@5% LF 0¥ pysgompisd widen esdiged pressure after 30

mineee and @ﬂ%%ﬁl&@%ﬂ%ld%@;lg %gloé’ diﬁ%ﬂfl?%{xs%‘l&ed in water

10-60 % B over /mnute:
(0.pimb ve!saaddﬁ@ @nésthde!ﬁeedjastedtwmdﬂﬂiﬁ aamdoRia 4o ) The mixture was

ar ac sat i arr.i ut Si mass
heéftg%& *t& \50 ‘ﬁ?szv@&?ﬁ/@ cglH L eﬂmrn BepgRmex Luna
OOBMZGQIEG,JQGNE:% @E= water / 0.1% TFA and B= CH;CN / 0,1% TFA; gradient
2-f1 uoronet hyl - phenyl sul f anyl ) - pr opi ona dehyde "w gﬁ

‘ 10-(@9\,,@ &qmar dQimg lpwe2. Oyl /mdiute; retention timé 6.3 minutes detected at 214

and 2o D R K Btchllid Rachqiied By Wteg e %’U&Fprnew giving

m/ﬂvhlﬂslﬂn[\lbﬂ-ﬂHHHfJ/ o"-s 32

v

Example 14 Conjuegation of 3-(2-fluoromethvl-phenylsulfanyl)-propionaldehvde with
oxytocin (disulfide Cys % :INH,OCH,CO-Ahx-Cys-Tyr-lle-Gln-Asn-Cys-Pro-Leu-
Gly-Nib] - Compound 32

The Boc group was removed from the peptide mmety as descnbed in example 6 prior to
conjugation The protecting group on 3-(2- -fluoromethyl-phenylsulfanyl)-
propionaldehyde (0.81 mg, 0.0034 mmol) was removed using 1N HC1 in acetonitrilé

- (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 m! 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= CH;CN / 0.1% TFA; gradient 10-50 %

B over 20 min; flow 1.0 ml /minitte; retention time 19.8 minutes detected at 214 and
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The .Boc group s removed fromthe peptidginoiety as
described in nple 6 prior.to 20 conju ion. The
WO 200680621 ng group on 3-(2-fl uor omet hyl - pheny! sekfcanydaooios2

propi onal dehyde (0.81 ng, 0.0034 mmol) was renoved
using INHCO in acetonitrile (1:1) 0.1 m. The

254rmt) UFerthea schhrfterifgron3@antarité subeding mast spwabomgtiedeiving m/z
th t (2.0 ng, 0.0017 mol) in 0.4 m water and

Va]b‘ﬁﬁézfsg'ﬂ%]to 4 with dilute anmmonia. The mixture was
. heated to 70 degrees for 50 mnutes. (Analytical HPLC
Vydiac 218TP54 25 fcoI um, dsoI vents A— vvater / O 1% TFA

PCTI GBZOO4/ 001052 254 nn) Furt her char acterisqtiong

was carried out using nass spectrometry, givi H\/IL
"\val ue 1373.5 Exanpl e 15 Conj ugation of Co W H”f\fr
0 ocin (disulfide Cys 5 6);

f NHREGH?CO- Ahx- Cvs- Tyr - | | e- G n- Agn ;go?:L*bm-Gv-N

] - Co d33 0 ~N/NH F f0€ O -0 H N

HIHO/Y ON® O-0 ONON H
" O H 33 HN ‘

o H
’?N\‘.\«\j’ }’H
_ 33 .
- The Boc protecting group was cleaved from oxytocin (disulfide Cys 1"‘3);- {Boc-
NHOCHZCO-Ahx-Cys-Tyr;IIe-Gln—Asn-Cys-Pro-Leu—Gly—NHz] (2.5 mg, 0.0019
mmol) using TFA and 5% water. TFA was evaporated under reduced pfessurc after 30‘
~ min. The protecting group on compound 7 (1.0 mg, 0.0041 mmol) was removed using
1IN HCl 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,
solvents: A= water / 0.1% TFA and B= CHsCN / 0.1% TFA; gradient 10-50 % B over
20 min; flow 1.0 ml /minut‘c; 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"].

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

scope of the appended claims.
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The Boc pr‘?ctl ng group was cl eaved fam oxytocin
(disul fide s 1-6); [Boc- “ '

WO 20HOSHRACO- Abx- Cys- Tyr - I | e- @ n- Asn- Cys- Pr o- Leup&rize#loo1052

(2.5 ng, 0.0019 10 mmol ) using TFA and 5% water. TFA
was evapor ated under reduced pressure after 30 mn.
The protecting group on &desiMbd 7 (1.0 ng, 0.0041

nmol ) was renmoved using [N HC in acetonitrile (1:1)
0.5 m. The mxture was left for 30 mnutes before it

1. Avasethedlfie dadioflbdiinapeptbgiprising reddtiaf jof s teghpbandlofMobiiula (1)
di lute anmonia. The m xture was heated to 70 degrees

witly g pomgowRdok ©Emule RN yti cal HPLC. col umn Vydac 21STP54
col um, 15 solvents: A= water / 0.1% TFA and B= CH3CN
/ 0.1% TFA; gradient 10-50 % B over 20 nun; flow 1.0
RiﬂL-/Wbe e, retention times 15.1 and 15.4 m nutes
detected at 214l and 254pnn). Further characterisation
5. Was carried out using mass spectronetry, giving mz
F-{lainker)+®23. 5 W . 20 The(@nvention descri bed and
clainmed hereinis not to be limted in scope by the
*specific enbodinments herein disclosed, since these
oﬁiﬂiﬂﬂﬂ@%ﬁnﬂﬁ@lﬂ)%&f@&ﬂnﬁtﬁﬂddﬂiﬁfﬂiﬂh(ﬂf) of several
aspects of the invention. Any equival ent enbodi nents
are intended to be within the scope of this
i nyert+enr—tndeed, various nodifications of the
R3rmeMeck in adflition 'to those shown and descri bed
herein wI'T— becone appaﬂ@at to those skilled in the
18 m t he foregoi description. Such
Fﬁ%%%%?cg%?ons are al so p%?ended to fall within the
whaeiope of the appended clains. -40 . S WD 2004/ 080492

PCT/ 4/ 001052, CLAI NS, 1. f
R1 {5 A0 PO oh e OROP B ¢ Bl R b et Aaciah 2
profe8fefiKefone] Juch\s ta'keﬁl %'ﬁ%’&tﬁﬂmﬁﬁtyf SdcR sl dr)N-te?mB;al serine

vector m 18F-(Link er) -R2 (I'1) “or, a conpound o

resiflag, whigh ¢an by rapidinand effinisotlyexitiselse anlakdehyds or ketone 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 1s a group selected from primary amine, secondary amine, hydroxylamine,

hydrazine, hydrazide, aminoxy, phenylhydrazine, senﬁcarbazid_e, or thiosemicarbazide,

- and is preferably a hydrazine, hydrazide or aminoxy group;

R4 1s 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:
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15

10 R3 vector L=~) 18F-(Linker) -R4 (1V) lerein R is
an al dehyde ety, a ketone noiety, a p ected

wo 20008hpde such as an acetal, a 15 protected Kei/gB004/061052 '

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
oxidising agent; R2 is grou selectﬁg fromprimry
8 arri-ndl, inkeondaXy—dhi-ne—VREOX | ani ne, Y0 hydr azi ne,
hydr azi-de, am noxy, enyl Thydr azi ne, sem car bazi de,
and t hi osem carbazide® and is preferably a hydrazine,
hydr azi de or ami noxy group; R3 is a group sel ected
fromprimary am ne, secondary am ne, hydroxyl am ne,
hydr azi ne, hydrazi de, am noxy, phenyl hydrazi ne,
sem car bazi de, or thioseni;iggfzide, 25 and is
pre@aﬂab_yfﬂ_hwﬁgazL Gnk I de or am noxy group; R4
i s—afr—at-dehyde |et9% a@%etone wowgny, a protected
aldehyde such as Yan acetal, a protected ketone, such

'Wh%fm &5 RN AN T hLS Eﬁ%@mfﬁﬁﬁsﬁﬁs&@%wamgﬁbw

-cc% Ci-gf-lof -@xi.dF 5o, AIRyIR 2R d8HMHEeRE; A8t Oone using an

oXi di sing adent; "to gi ve a conjugate of fornula (V)
or (VI) respectively: -41 WO 2004/ 080492

e AL IR LU0, SSRAEY M o o

-CONH, -NH NHCONH-, or -NHCSNH, and is
yf{yéégqu§--NH- or -0- ; Yis H alkyl or
-{Gg$§$fgubst t ue And 5 '

wherein:
1 is an integer of 0 to 20;

m is an integer of 1 to 10; -
-



the Li nkergaroup i n the conpounds of fgrmulae (H),

- (1V), (V) d (VI) is selected from '@ 2CI '20n4 "
WOo2n0H08049p np O 104 m(Z2P /- nf n P 15 pdRGBROVL/0M1052
is an integer of O to 20; mis an integer.of 1 to 10;

- -42. . w WO 2004/ 080492 PCT/ GB2004/ 001052 p is an '
pisiaptingeerff0 @ or 1; Zis 0 or S." 2. A'nethod for .
Zir@%iﬁ%fl uorination conprising reaction of a conpound of

Forntr a (la) 5 with a compound of formula (lIla): Rl

vector (la) 18F-(Linker) -0-NH2 (lIla) or, 10 a
conpound of formula (lIlla) with a conpound of formula
2. pmagthod-foqragiouqraration coaiprismgreftion oé p compaundiaf formula (Ia)
. Ln. as defined in claim1; 15 the
° m%%&%?&ﬁﬂoﬁﬁa?{ﬁwagonpounds of fornmulae (Ila) and
(I'va) are each a. Cl1.60 hydrocarbyl group, suitably a
Cl-30 hydraocarbyl- group, optionally including 1 to 30.

R1ket enveatayns, sujtably 1 to 10 heteroatons such as

oXyger—etr—httrogen; (Ia) :

 BE_(Linker) —O-NH, (@)

or,

10 acompound of formula (IlTa) with a compound of formula (IVa)

H,N-O— vector

(ITTa)
'¥p_(Linker) -R4 - (IVa)
wherein R1 and R4 are as defined in claim 1; _

15 the Linker group in the compounds of formulae (Il2) and (IVa) are each a Cy.¢o
hjrdrocarbyl group, éuitably a Cy.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 (V1a) respectively:

20

"F— (Linker)——O~—Na=— vector (Va)
i . .

vector “"O“'N_:’_‘ (Linker)‘——ﬂf:
Y (Via)

wherein Y is H, alkyl or aryl substituents; and the Linker group is as defined for the
compound of formula (IIa) or (IVa).

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

43—



to give a conigate of fornula (Va) or ( )
respectivel y{@20 18F- (Linker)-ON_vecl (Va) Y .
WO 2@is@doz- ON=I - (Linker) 18F Y (Via) wherein ¥c1/&Bhkbo4/001052
- alkyl or aryl substituents; and the Linker group is as
defined for the conpound of formula (11a) or (IlVa).
otdr _A)(r.e]\m)d for radiof |l uorination conprising
reacti on of cﬁﬂ]ﬁbund of formula (M1): -43 WO
004/ 0804 2 CTl / 0 tor -X-NH2 (v-mwith
Wit 3 EHROTAY © E’rﬁ‘éﬂ?hﬁf@ﬁ @%’lé‘% X%) (X) or (X):
18F (CHZCHZO)n (CH2),, CHO (VIll) 50O /N_'BF M
8 " f %}) FnO(X YI18F -1 mO wherein: 10 n
R TReH: e@féﬂz)&fcﬁoto 20; inis an integer of 1 to
10; Xis -CONH, -NH or -O and is preferably -0- Y
is H alkyl or aryI substituents

O
H |
N
S .
o

(X)
Y
| )
Y : ' '
1BF [ : !
Am « "0
(XI)

wherein:

10  nis an integer of 0 to 20;

m 1is 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:
15

| vector —X——N=CH-{CH,)m-(O-CH,-CH,)n-F 18 1)

' X—N:YHM”F ean
0 :

X*NQM_QJBF | L V)
~ |
[Vediorh-X—N=—]
. . (XV)
. m

- wherein X is 4s defined for the compound of formula (VII), m and n are defined as for

the compounds of formula (VIII to XT).
' B -4 4 -



to give a ounds of formula (X1 - respectively:
15 Lvector N=CH (G2)m (O CH, CH2)n- (X11)

wo2eaBe192 X- N-~N XI 11 iaF () 0 vector X-N7tepct8BY04/001052 -

vector X-N .- n m18F (XV) wherein X is as defined for .
t he compound of formula (VIl), in and n are defined as
for the conpounds of fornmula (MIIl to XlI) -44 WO

4. RGR<thO® e432diBON6ERAAELRHIEE: redetioh TR dWREHFulA of formula
radi of l uori nati on conprising reaction of a conpound of

rmula (XVI): O 5 Y vector (XVl) where Y is H,
al kyl or an aryl substituent preferably with conpounds
of the formula (XVI1), (XVIII), (XIX) or(XX):
ﬁSF-(CH27CH2-O)n-(CH2),r WNH2 (XVII) H t n O
5 T\ /

[vadior @ NH2 (XVI11) _ O 78F \ / NHNH2 (XIX) O'aF
ANHNH— XEX VIR

where Y is H, alkyl or an aryl substituent

preferably with compounds of the formula (XVID), (XVID),{XIX) or(XX):

18F-(CH,-CH,~0),-(CH,),-W-NH, (XVI)

(XVII)

_ o
NHNH, (XiX)
0
18 C 'NHNH, X

wherein m is an integer of 1 to 10, n is an integer of 0 to 20, and W = -CONH-, -NH-

10

or-O- to give a compound of formula (XXT), (3, (XXIII) or (3CXIV) respectively:

BF-{CH-CH,-0),-(CH2), -W- N-—[—'- vector Xl
\f

H ' : :
’BF/\{\’]n’N\n/\o’N:]_' vector (XX
0 Y

0
ﬁ"Nzl_ vector (o

Y

187 < > ';[;\;[_N:I— vector (XX1V)

Y
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an integer of 1 to 10, N s an I nt eger
ive a

10 wherein mj
of 0 to 20, W= -CONH, -NH or-O t .
(XXI1), (XXI11) peTiopsdesddios2

wo 268akad of fornula (_XXI),
respectively: 7BF-(CH27CH2-0)"-(CH2),, W N vector
NrO N Vt3Cl0r (XXI1) OY O 1BF \/ -
Y 45

(XXI). Y 78F- 1| .
whrdin W2 EONHH, (XM-Idk)}-0-O 78F H N_ vect or (X) av)

WO 2004 %30&1% CT/ GB2004/ 001052 wherejn
1, e Fydeliged iopthy compannds of dprmydly (XEH ta KB 3@6%6%@@{3&@ aryl
to XI) and Y is-H, alkyl or aryl

mdiekyul a (Xlil
nmoirety. 5 5. A nmethod according to any one of clains 1

to 4 wherein the vector is Arg A y-Asp peptide or an
: al od_according to claim
5 5. %ﬁ@?%%%mw@aﬁﬁ?‘ﬁ S 46 dPvlegriaie Ve IS, Are Gly-Asp
&yaﬂing@u—lﬂﬁrw ~e OOO0O0 \\// HO NH HNC
7. A-nmethod according to claim5 or 6

N=~ 10 N
wherein the vector is of forrmula (A):

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

10

N z H z .. ﬁ z H (A)

= o z o = = .

S
HO
NH

HN HN=(

)_=0 NH,
’Hzc,

15
wherein X is either -NH; or

H
NH
_[__HN\/\O/,\/Q\/\OA\/NW]/\O/\WJE/ k
0

O

wherein a is an integer of from 1 to 10, preferably a is 1.
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15

20

0S000 ~NNN /N)YNJLNX HOg OHOHOO
\W\ T NH HN HN= O N2 -H2C 15 whil@@Ein X7 is

WO 2004/080492NH2 or NONH2 O O wherein a i s an i npegrIB2064/001052

froml to 10, preferably a is 1. -46 WO 2004/ 080492
PCT/ GB2004/ 001052 8. A conpound of formula (11) as
definéd in claiml or a conpound of formula (lla) as
defined in claim 2, vviththe proviso that: 5 in the
conpounds of formula (11), if the linker is phenyl

8. ﬁh%qmm@mﬂsofafﬁmﬁ%gﬂ)(@ﬂ {l yn clairgjge)a cogpopnd @ﬁﬁ@m@ (a) as

X1 X XX
defffed ?@%@P&%MP ‘"’;é)ﬁqi’zé)thh) W §\le %xvﬂ) B er -
in e @ohigdufdS\8fl thimull (D), iBbE HkbiHE ph¥hy)then RDis aminoxy (suitably
-ONH,).

9. A compound of formmula (XVII), (XVIII), (XIX), or (XX):

18F-{GH,-CH,-0),-(CH,),,- W-NH, (XVi)

H
N NH ,
18 - 2
= Y\o XVl
0

o

F < > \ XIX
NHNH, (XIX)
)

1o/ S 'NHNH, )

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 fofmula (I¥) as defined in claim lora compound of formula (IVa)
as defined in claim 2; with the provisos that : | i

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

(ii) in the compounds of formula (IVa), the finker is not phényl.or phényl substituted
by halo, hydroxy, or benzyloxy

11. A compound of formula (VIII), (IX), (X), or (XI) :
¥F (CH,CH,0)-(CH,),u-CHO - | O (VID)

0
"
N
Lo m)
o

Ix)
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"aF \ / NHN XX) 10 wherein in is an igteger of 1 to
10, nis an eger of 1 to 20, and VWV = N-, -NH )
WO 2004/69049210. A conpound of formula (Th/) as depéres2603/001052
claim1 or a conmpound of forrmula (lva) as defined in
claim2; wth the provisos that : 15 (i) in the

conpoundy§ of fornmula (1V), the linker is not phenyl
. i kg conpounds of fornula (I1Va), the linker is
not—phenyl or phenyl substituted by hal o, hydroxy, or (%)

benzyl oxy 11. A conpound of formula (MI1), (IX), (X)), -
or (XI) : 20 8F (CH2CH20)r (CH2)m CHO (VII1) ~BF"
Fiyin A i (A~ _47-. 0 WD 2004/ 080492
PCTIREB20027 001852 Y 18F (XI) wherein: nis an |
integer of 0 to 20; 5 mis an integer of 1 to 10; X XD
Whér?:"'CONH , -NH or -0- and is preferably -0- Y is H,
a E‘yl or aryl substituents with the proviso that in
n istdeintgepetits20pf fornula (X), nis not 0. 10 12 A
.cconmpound of formula (1) or (Il1l) as defined in claim1l
5 mippngressoflitalifia) or (111a) as defined in claim?2
14 30 OANER TRGHD c ' L ahm 12 wherein the
- Xl%ggtor i § Arggr(ag?/%{s&gls%g%f%%g %dr) 15 an anal ogue
Y i He nkkof or aryl substituents

with the proviso that in the compouﬁds of formula (X), n is not 0.
10
12 A compound of formula (I) or (JII) as defined in claim 1 or of formula (1a) or (I1a)

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):

o s s
SEUTINN LS '
LAV T T Y : (A)
E H - H z H O H
.>:0
HO
NH
HN HN
)=o NH,
H,C

20  wherein X’ is either -NH, or

H
O

O .
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14. A conp d according to claim 12 ogal3 wherein the
vector is formula (A S OS S F- (O O O HNN- 1y
WO 2B)+08p#92/ NJLH N~H ~A) p p( OO Z H NH HN HEL/GB2634/001052
' NH2 H2C 20 wherein X7 is either NH2 or / H O, ,a NH2
, E -48 WO 2004/ 080492 PCT/ GB2004/ 001052 wherein a
Whgrel 2 IS ANIEReTGH frompta 10opreferalyyefietabl y a is 1. 15.
A conpound of forrmulae (V) or (VI) as defined in claim
1, 5 16. A conpound of formula (Va) or (Vla) as -
13¢ ¥ Porapoum of fimuBe (VY or (VDeRKeane @fcidfigrmul a (XI 1),
(X1rr), (Xirv), (XVvV) as defined in claim3. 18.. A
conmpound of formula (XXI), (XXII), (XXII I) (XXI V) as

c ding t
5 ledef baradoldn &liBinid (vayd ) £ FAIREHNG. oS OT di N A

any one of clains
d y- Asp peptide or an anal ogue thereof. 20. A conpound

SR AT R ET S S .

18. A compound of formula (XXT), (XXII), (XX, (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:
16 -

O
24
sl
21
j
ZT
[RLIT
T o
?w
2T
LT
S
Iz
/7]
O=2—/
f

r N i
:on 02w T i
} 0
HO
NH
e =

OJ S S
n { AR L
E ﬁ/\r T N TN X (A)
0 X o 3 H o i H g
> b
el
NH -
HN HN=(
o NH,
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~HOHHOHO O HO NHHNHN= ,JA NH 21. A
" conpound according to claim 19 wherein the vector is
of formula (A): S SSO( HOHOHQp HN ~H- '
IN'AH-yN N X~ (A)- OpHOHpP O NHHON HN HN=(
1>=0 NH2 -H2C -49 wherein X7 is either NH2 or
J-HN,, O~~O~~0O-iNNH OO0 wherein a is an integer of

f.r i to 1l preferably a is 1. 5 22. The conpound of
whergig s Sltl?ers?\’}& FNIN~/ N-N-N N~-N N~OYNH, - H O 5 H OH O H
000 '
0 o) Y o a
0 O

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

22. The compound of formnia :

s
© s o o S o . .
: O H . .
| HN\‘/“\ NJ&,H\JLN,\",E\)LNJ\”,'&'\)LN N~ g O 0’\/“‘“/\0’\(""2
z H o H H o 3 H o £ H P [s] [s]

L O

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. Use of a compound according to any one of the claims 15 to 22 for the
20: manufacture of a medicament for use in generating an image of human or animal

body.
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NH HN HN~ ~~-ONH2 N F 10 23. A radi opharnmaceutica
conposition conprising an effective anmount of a '
compound according to any one of clains 15 to 22;.
together with one or nore pharmaceutically acceptable
vants, excipients or diluents. 24. A conpound

u
217. Jyégdq nfg compawgd anerdihg Cto 24nyB odd of AhZ 2145 1Y 53, }he

a compound according to any one
m‘rmLL‘lﬁ%al s 1quF %Icﬁe?tot{or S ticat mﬂoa@g tirecefiifct oﬁtreatment of a human
or amimed] bedyewithGedtul ¢8| in viv

i magi.ng. 26. gqg Coglggtoﬁpé%di rl]tgorg%sgg?laﬁeﬂ d" lflbcaé‘ﬁ?r @Fféefébly
angiogeneys.ai ng 15 to 22 for the 20 manufacture of a
medi canent for use in generating an image of human or
ani mal body. -50 27. Use of a conmpound according to
any one of the clains 19 to 22 for the nmanufacture of
a nmedi cament for use in nmonitoring the effect of
treatnment of a hunman or aninmal body with a drug to
conbat a condition associated with cancer, preferably
angi ogenesis. 5 -51
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