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25 diation injury in other tissues.

The folate receptor (FR) is a high-affinity membrane-associated
protein, which exhibits limited expression on healthy cells, but
is frequently overexpressed on a wide variety of specific cell
types, such as epithelial tumor cells (e.g. ovarian, endo-
30 metrial, breast, colorectal, kidney, lung, nasopharyngeal) and

activated (but not resting) macrophages, which are involved in
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20 EKnown folate radiopharmaceuticals include for example conijugates
with '?°I-labeled histamine (US 4,136,159}, with small metal-
chelants such as deferoxamine (US 5,688,488), acyclic or cyclic
polyaminocarboxylates (e.g. DTPA, DTPA-BMA, DOTA and DO3A;
0Us 6,221,334), bisaminothiol {(US 5,919,934},

25 6-hydrazinonicotinamido-hydrazido {Shuang Liu, Topics in Current
Chemistry, wol 252 (2005), Springer Berlin/Heidelberg), and
ethylenedicysteine (Us 7,067,111), and small peptides
(Us 7,128,893).

However, there is still a need for alternative, highly selective
30 radionuclide conjugates, which can be synthesized easily and
which exhibit optimal target (i.e. tumor cell, activated macro-
phage, etc.) to non-target tissue ratios and are eliminated

through the kidneys, for use as tumor imaging agents in highly



5 21, Z2, Z3 are independently of each other Cor N, Si, 52, 53are
i ndependently of each other a single bond or a spacer, such as
straight chain or branched Cl-Cl2 al kyl, which is unsubstituted or

substi t ut ago Byosatseslecast one -CN, -Hal, -OH, -NH2, -BR, pcTdpkho@ns4189C2,
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pharmacological transport/binding moiety. The novel £folate-
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suitable for diagnostic imaging and radlotherapeutic applica-

15 tions. More specifically, the novel conjugates are based on
five-membered heterocycles and designed such that the affinity

of the pharmacoleogical entity for its receptor is not compro-

mised by the binding to at least one radionuclide.

20 Summary of the Invention

The present invention relates in a first aspect to novel folate-
conjugates, hereinafter also called compounds of the invention,
and their complexes with at least one radionuclide, which can
overcome one or more of the disadvantages associated with the

25 related art as discussed hereinabove.

In a specific embodiment the present invention is directed to a

compound of formula T



X1, X2, X3, X4 and X5 are independently of each other C or N, Z1, Z2,
Z3 are independently of each other Cor N, Rl and 122 are

i ndependently of each other H Hal, -OR, -NHR, WO

2008/ 1256 kb eios @8/ 054409 6 Cl1-Cl2 al kyl, Cl1-Cl2 al k@xykp2608/064dad
al kanoyl, C2-Cl12 al kenyl, C2-Cl12 al kyayl, (Cl-Cl2 al koxy) car bonyl
and (Cl1-Cl12 al kyl am no) carbonyl, wherein R is Hor Cl-C6 al kyl,

R3 and R4 are independently of each other H fornyl, imnonethyl, 5
nitroso, Cl-Cl2 alkyl, d-Cl2 al koxy, Cl-Cl2 al kanoyl ,

hal osubstituted Cl-C12 al kanoyl, R5is H, CN, Hal, NO2, Cl-Ci12 al kyl,
A -C12 al koxy, O-C12 al- k noFiC C2-C12 al kenyl ,7C2-C12 al kynyl,
(C1-C12 al koxy) carbonyl, an -Cl2 al kyl am o)c rbonyl, 10 S, 52,
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-NO®2, and wherein one or nore of the nonadjacent CH2 groups may

i ndependently be replaced by -0-, -CO, - 15 COO, -0-CO, -NR -,

-N=, -NR -00-, -CONR -, -NR-COO, +0-00- NR -,
-NR -CONR -,-CH=CH, -CC, -S, -S03121-, -PR - or a five-or
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is unsubstituted or substituted with -CN, -Hal, -NO,, -COR’ or -

15 COOR’, wherein R’ represents H or straight chain or branched C1-

C6 alkyl,
Ra, Rar, Ry are independently of each other H, -OR’, -COOR’, -
NHR’, -CONHR’, -SR‘, a phosphine or a heterocyclic group,

wherein R’ represents H or Cl-Cé alkyl, or a F as defined herein-
20 above, and wherein of groups R, Ry, and R, at least two adjacent
groups are a donor group -0H, -COOH, -NHR’, -CONH,, -SH, a

phosphine or a heterocyclic group.

Re is H, COsR’, COR’, -SO3R‘, -NHR’, wherein R’ represents H or
Cl-Cé alkyl, or straight chain or branched C1-Cl12 alkyl, which
25 1s unsubstituted or substituted by at least one CN, Hal, or NO,,

or a F as defined hereinabove ,
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wherein

X, %3, X3, X4 and X5 are independently of each other C or N,
Z1, 4z, Z3 are independently of each other C or N,

R; and R; are independently of each other H, Hal, -OR’, -NHR’,



NHR , -CONHR, -SR, a phosphine or a heterocyclic group, wherein R
represents Hor C-C6 alkyl, or a F as defined herein- 20 above, and
wherein of groups Rat Rai and Rb at | east two adjacent groups are a
donor gr owpo 260811256(300H, - NHR , - CONH2, -SH, a phosphi necarepanos/os4409
heterocyclic group Rcis H CORR, COR, -S03121, -NHR , wherein R
represents H or Cl-C6 al kyl, or straight-chain or branched
Cl-C12 al kyl, which 25 is unsubstituted or substituted by at | east
one CN, Hal, or NO2, WD 2008/125618PCT/EP2008/054409 9 or a F as
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invention, other than the radionu- 30 clide ion itself.
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NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R’-, -PR’- or a five-
or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR’ or COOR’,

wherein R' represents H oxr C1-C6 alkyl,

20 Rz, Rar, Ry are independently of each other H, -OR‘, ~COOR’, -
NHR', -CONHR’, -SR’, a phosphine or a heterocyclic group,
wherein R’ represents H or Cl-Cé alkyl, or a F as defined herein-
above, and wherein of groups R,, Rar and R, at least two adjacent
groups are a donor group -~OH, -COOH, -NHR’, -CONH,, -SH, a

25 phosphine or a heterocyclic group,

Re is H, COyR’', COR’, -803R’, -NHR’', or straight-chain or
branched Ci-Cl2 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO,, wherein R’ represents H, Cl-Cé al-

kvyl,



5 Brief Description of Figures Fig 1. Ceneralised synthesis of a
compound of the invention of fornmula Il (4) and conpl exes thereof
(5), wherein ZI is Nand Z2 and Z3 are C (LG represents a suitable

| eavi ng grwgpodngksRs represents a suitabl e protecting gcadRroosdshado g
2. CGeneralised synthesis of a conpound of the invention of fornmula
11 (9) and conpl exes thereof (10), wherein Zl and Z2 are N and Z3 is
C. Fig 3(A) Biodistribution of 99nmlc-Hi s-Fol ate 4h and 24h p.i.;

(B) Biodistribution of 99nTc-Hi s-Folate 4h p.i. with Pe-15netrexed
prei nj ect ed, JFi9,4(4) Biodistribution of 99mrc(C0)3-Triazol e-Fol ate

| h, 4h and 2%h p. 1.5 (B) Biodistribution of 99nTc(Q0)3-Tri azol eFol ate
4h p.i, . wt e reing d. Fig 5. (A) Ex vivo and (B) in
vitro utorgalgogfg%rsféﬁgoﬁB@Tlr}ﬂm%ﬁéQZOand Ki dneys usi ng

9: hl Tc-Hi s- at, e, | i t - nmetrexed. Fig 6.

SPECT/ CT- Pi %tgér% 0 fgo(g# sitlmr%gt:tcﬁ'i c?ﬁ%st udies in athym c nude mce
using 99nrlc- H $zfglgpe;, 25 Detailed Description of the Invention The
present invention relates in a first aspect to novel

fol gteconjugates, hereinafter also called conpounds of the invention,
and their conplexes with a radionuclide, which can overcone one or
nor e of i SSSACI Ja e r -
I e e %‘%ﬁﬁgﬁt&i%%!ép&% ghod18l bo ﬁéy%%s’éﬁf
i nvent inaitats odisr elGhetmt @ra oo )ofoff oyrape IRRC M- Sand Ry, 4Bei2d a

s3IRb \I M Zf' NRaRa, 5 wherein
group F within compounds of formula II and II’ as further de-

scribed hereinafter.

10
In another embodiment, the present invention is directed to a
compound of formula I, wherein F is represented by a folic acid
(i.e. a pteroyl-glutamic acid) derivative as shown in formula
ITT
0 COY4Rs
Re (Rl 7~ | H/]\/\COYerf
X3
xg :I/A\Xs X
| H)g Rs
R Sy XAAJ), Ry
15 1 1
ITT
wherein

Xy, X3, X3, X, and Xs are independently of each other C or N;
Y., ¥, are independently of each other C, © or W,
20 Ry to R, and p, q, and r are defined as hereinabove,

Rs is H, CN, Hal, NO,, C1-Cl12 alkyl, C1-C12 alkoxy, Cl-Cl2 al-
kanoyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, {(Cl-Cl2 alkoxy)carbonyl,
and (Cl1-Cl1l2 alkylamino)carbonyl,

Rg and Ry are independently of each other H, straight chain or



is a folate or derivative thereof, Z1, Z2, Z3 are independently of
each other Cor N, Si, 82, S3are independently of each other a single
bond or a spacer, such as straight chain or branched Cl-Cl2 al kyl,
whi ch 10 iwounsubsis t uted or substituted by at | east omreT/EBbhososdabs
-OH, -NH2, -SH, -S03H or -NO2, and wherein one or nore of the

nonadj acent CH2 groups nmay i ndependently be replaced by -0-, -CO, -

CO0-, -0-CO-, -NR-, -N5, -NR-00-, -CONR -, -NR'-00-0-, -0-00-
NR -, -NR'-CONR -,-CHCH, -S-, -803Rl-, -PR - or a five- 15 or

Si x- ne%t}% Hear Qim& ¢ Ocyﬁﬂri&a Ois hﬁh@ﬁﬁ&ﬁﬁﬁ@ed 'Gﬁ sMBéEbtthLSed by
unsubst it ut eg or ‘stubt’stituted wth - COOR |
wher ei mtR1eaepr eaents, I—Ha)l i m ablryla gRauPRaﬁ fd?imrlel Eﬁdependent | y
of each other HL -OR, -COOR, - NHR, -CONHR , -SR, a phosphine or

a heterocyclic group, 20 wherei n R represents H or C1-CG al kyl, or a
F as defi ned herein-above, an|dC wherei n of groups 12,, Rat and Rb at

| east two adj acent groups donor group -OH, |- -NHR' ,
-CONH2, -SF!, a phosphi ne heterocy rou Rcr s H, COCR’
COP!, -SMBR1, -NHR -vvh@ra, Zsré Cl- C6 al kyl, or
strar ght-chain or branche 1_ 2 aI Kk I | unsubstrtut ed or

substituted by at |east one

2008/ 125618PCT/ EP2008/ 054409 12 or a F as defl ned her ei nabove , is
02, 3, or 4, andis 1 or 2. 5 A skiIIed person will know which

pernut ati ons of conpounds of formula in conbination with one or
nore groups F in position(s) Rat Rat, Eb (and Rc) can be part of this
inventign (as, schematically illust rated in Scheme 1 with DG
representr ng donor group): 10 (i) Sone speci fic per mut ati ons i ncl ude

for ex a ound of far a l rei , Wherein the
only rrae%gi %th ps}nﬂgpgﬁg %i}’eﬁ &6 tﬁ‘g %Ogﬁacent donor

groups sel ect ed from-OH -COOH -NHR , -CONH2, -SH, a phosphine and
a het eroycfic §¢o%ﬂp‘3ahad%elh%‘iﬂﬁﬂéfpr‘e%eﬁ@dé gEbep B simgle panchepr a
pernutations. in de or... ex | e C u rpul ei

and |ts§ naecfeg%bo%rc?}hg Z?Fgfﬁgﬁt cgﬁ}gpg%rgggﬁf h?@/c)ggd?]a%:en\tmg%howmbh
gr oups xelhechdistfirtamedOdyr -<COEitukER by- @ONEH2asSHeona phEsphHak, ardHA

het erocyclic group, and one or nore_of R, (for m> 1), Rb and Rc may
i nd8pendBa| y %‘f ea%%fbt%r ﬁ@re%?‘ésﬁh?r%lﬁr gap Pr Ir(Cil“rer )Oﬁ:uﬁlﬁeﬂon‘
specrfl a;.co fof ol ash,
wher ei n |ts gﬁ% Qf :irﬂ%g%%ﬂltgy bg epreds)eﬁ{ % t&g

adj acerﬂoﬂbnor Cgm:rps -¥8[ ect e¥=1 r R Q9 -, - C@EHR = NHRIR " -0CONH2, OSED—
a phosphi,ne and.,a het erocyeglic group_ 25 and Ra, one or _nore of

(for l\9‘1’)' PIRES “WRy i id&fehdentyof ~dach” FRsker 't 6preseft & 6F8Ep

F. BEvensf WiNSfentREGl la&cREETHE éEkBBéYéﬂ% SHOYML dofb 9 ﬁ%er%g Nwhich
clude for exanple a conpound of for wherein two neig gurr ng

Rail5gr oupairguistitREedepresenst ithecddvoriddy atenHal\WNO,, COR’ or COOR’,

2008/ 12 618PCT/ EP2008/ 054409 13
erein R represents H or Cl1-C6 alkyl,

Ra, Ry Ry are independently of each other H, -OR’, -COCR’, -
NHR’, -CONHR’, -SR’, a phosphine or a heterocyclic group,
wherein R’ represents H or C1-C6 alkyl, or a F as defined herein-
20 above, and wherein of groups R,, Ry and Ry, at least two adjacent
groups are a donor group -OH, -COOH, -NHR’, -CONH,, -S8H, a

phosphine or a heterocyclic group
Re is H, COzR’, COR‘, -SO3R’', -NHR’, wherein R’ represents H or

Cl-C6 alkyl, or straight-chain or branched C1-C12 alkyl, which

25 is unsubstituted or substituted by at least one CN, Hal, or NO,,



donor groups selected from-0OH, -COCH -NHR , -CONH2, -SH, a

phosphi ne, and a heterocyclic group and Rs., one or nore of Ra, (for
m> 2), Rb and R nay independently of each other represent a group
F. 5 Al afotéwasseper mutati ons require the same coupl i ngTOIrEIvEBL4seS
are thus they are all synthetically aecessible to a skilled person.
Thus it is understood that all of these possible pernutations (shown
or not shown) of conpounds of fornmula | with a group F and two

adj acent donor groups are part of this inven- 10 tion. (i) I\1
/[-1--DGL 7 N 7 C_.Z27-= . Z /3 1 T- Z2-S=-NDG Re DG

(iii) %8 & F F‘§Rd§§l ‘.li\l@fElnabo"e'

m is 0, 1, 2, 3, or 4, and

n is 1 or 2,

with the proviso that at least one of Rs and R; is a group of

5 formula IV.

In one preferred embodiment m is 0. In another preferred embodi-

ment m is 1.

In another aspect, the invention provides complexes comprising

3
111I +

compounds of the present invention and **Tc, %/1%ge, n,

67/68,,_+3 90.,+3 109 .+2 177

10 Ga*?, 0y*3, 109pgt?  10Spy 3 177y, 64/67q 166y, 213py

In a further aspect the present invention provides methods for
synthesizing a compound of the invention and the corresponding

metal-chelate complex thereof.

In yet a further aspect the invention provides pharmaceutical
15 compositions comprising a diagnostic imaging amount or a thera-

peutically effective amount of at least one complex of the pre-

sent invention and a pharmaceutically acceptable carrier there-

for. In a preferred embodiment, the pharmaceutical compositions

contain at least one complex that contains Tc-99m, Re-186 or
20 Re-188.

In a further aspect the present invention provides uses of com-
plexes and/or pharmaceutical compositions of the present inven-
tion for convenient and effective administration to a subject in
need for diagnostic imaging or radiotherapy. The subject of the
25 methods of the present invention is preferably a mammal, such as

an animal or a human, preferably a human.

In a further aspect the present invention provides a single or
multi-vial kit containing all of the compcnents needed to pre-

pare the compounds of this invention, other than the radionu-

30 clide ilon itself.
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Other features and advantages of the invention will be apparent
from the following detailed description thereof and from the

claims.

Brief Description of Figures

Fig 1. Generalised synthesis of a compound of the invention of

formula III (4) and complexes thereof (5), wherein Z; is

N and 2%, and Z; are C (LG represents a suitable leaving

group and PG represents a sultable protecting group).

Fig 2. Generalised synthesis of a compound of the invention of
formula ITII (9) and complexes thereof (10}, wherein %,
and Z, are N and Z; is C.

99m,

Fig 3 (A) Biodistribution of Tc-His-Folate 4h and 24h p.i.;

(B) Biodistribution of °*"rc-His-Folate 4h p.i. with Pe-

metrexed preinjected.

29m,

Fig 4 {(A) Biodistribution of Te (CO);-Triazole-Folate 1h, 4h

99m,

and 24h p.i.; (B} Biodistribution of Tc{CO)s;-Triazole-

Folate 4h p.i. with Pemetrexed preinjected.

Fig 5. (A) Bx vivo and (B} in vitro autoradiograms of KB Tumors

99m,

and Kidneys using Tc-His-folate with or without Pe-

metrexed.

Fig 6. SPECT/CT-Picture of bicdistribution studies in athymic

99m,

nude mice using Te-His-folate.

Detailed Description of the Invention

The present invention relates in a first aspect to novel folate-
conjugates, hereinafter also called compounds of the invention,
and their complexes with a radionuclide, which can overcome one

or more of the disadvantages associated with the related art.



Z2=NNaRs DO n Schene 1 In a preferred enbodi nent a folate or
derivative thereof, also hereinafter sinply referred to as"a fol ate"
or "folates", for 15 use in the present invention conprises conpounds
based on avoovs/i25618 PCT/EP2008/054409
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In a specific embodiment the present invention is directed to a

compound of formula I

/jt\
F—SrtZ NZS SR
=LA
2 Ra a' n
I
wherein
F is a folate or derivative thereof,

Z1, %o, %3 are independently of each other C or N,

S1, 82, 83 are independently of each other a single bond or a

spacer, such as stralght chain or branched C1-Ci2 alkyl, which
is unsubstituted or substituted by at least one -CN, -Hal, -OH,

-NH,, -8H, -S8C3H or -NO;, and wherein one or more of the non-
adjacent CHy; groups may independently be replaced by -0-, -CO-, -
c0-0~, -0-CO0-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-
NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R’-, -PR’- or a five-
or six-membered aromatic carbocyclic or heterocyelic ring, which
is unsubstituted or substituted with -CN, -Hal, ~-NO,, -COR’' or -

COOR’, wherein R’ represents H or C1-C6 alkyl,

Ra, Rary Ry are independently of each other H, -OR’, -COOR’, -

NHR’, -CONHR’', -SR’, a phosphine or a heterocyclic group,

wherein R’ represents H or C1-C6 alkyl, or a F as defined herein-
above, and wherein of groups R,, Ry and R, at least two adjacent
groups are a donor dgroup -OH, -COOH, -NHR‘, -CONH,, -SH, a

phosphine or a heterocyclic group

Re is H, COOR’, COR’, -SOsR’, -NHR’, wherein R’ represents H,
C1-C6 alkyl, or straight-chain or branched C1-Ci12 alkyl, which

is unsubstituted or substituted by at least one CN, Hal, or NO,,



densed pyrim di ne heterocycle, which is linked to linker Sl (as
defined hereinafter) through a benzoyl noiety. As used herein a
"condensed pyrim dine heterocycle"includes a pyrimdine fused WO
2008/ 1256 W@ CTRARRMO8/ 054409 14 Preferred represent ati \peg/Epbockosabes
as used herein are based on a fol ate igpteroyl-glutam c acid) skel eton
and include optionally substituted folic acid, folinic acid,

pt er opol ygl utam ¢ acid, and fol ate receptor-binding pteridines such
as tetrahydropter- 5 ins, dihydrofolates, tetrahydrofol ates, and

their deazagand géffgé@.ﬁgygfﬁggovgolic acid is the preferred

conjugate-formng [1gands used for t he conpounds of this invention.
The tegms "deaga’; angd "4i dgaza" ja@al ogs refers to the art recognized
anal ogs having a’carbon atom substituted for one or two nitrogen 10
atons in the natuyallysoccurring folic acid structure. For exanple,

t he deaza anal ogs i nclude the 1-deaza, 3-deaza, 5-deaza, 8-deaza, and
10- deaza anal ogs. The di deaza anal ogs i nclude, for exanple,

1, 5-di deaza, 5, 10-di deaza, 8, 10-di deaza, and 5, 8-di deaza anal ogs.

Prefer neddeazay apal 995 «@TPOWRS ivﬂﬁdd-l'ﬁ?é‘@nutations_ of compounds of
N-[4-[2-[(6R)-2-am no-1, 4,5, 6, 7, 8- hexahydr o- 4- oxopyri do[ 2, 3- | .
d] pyr i ricdivgle- yI | énhydgqridmadyion [Wighut ene c C&ci®PYS ofEP ek of) dhdPosi-

N-[4-]1-. , 4-dj am no- 6-pteridi ) net hyl | ] be 1] - '
acid (%&%’S’rz(@}a y. R, P (gng’p%bficgne#oéogrfa%tAfhgﬁ%%e%%!ﬁ%ﬁ&m tas
i nvent i Qe tdichetied1t Qsfr20ed oI osbn 1 GFiAH @d lrepi@dskhting donor
1-3M2S3Rb /1'm Z2=NRaRa WO 2008/ 125618PCT/ EP2008/ 054409 15 (R3)p

| R4 TXSILORPH):q
10 (i) Some specific permutations include for example a compound of
formula I, wherein m = 0, i.e., wherein the only remaining
groups R, and Ry, represent the two adjacent donor groups selected
from —-OH, -COOH, -NHR', -CONH,, -SH, a phosphine and a heterocyc-

lic group and R, may represent a group F.

15 (ii) Other permutations include for example a compound of for-
mula I, wherein R, and its neighbouring Ry (i.e. m 2 1) repre-
sent two adjacent donor groups selected from -0OH, -COOH, -NHR’,
-CONH;,-SH, a phosphine and a heterocyclic group, and one or more
of Ry (for m > 1), R, and R, may independently of each other

20 represent a group F.

(iii) Further specific permutations include for example a com-
pound of formula I, wherein R, and its neighbouring Rz (i.e. m 2
1) represent the two adjacent donor groups selected from -OH, -
COOH, -NHR’, -CONH,, -SH, a phosphine and a heterocyclic group
25 and R;, one or more of Ry (for m > 1), and R, may independently

of each other represent a group F.

Even further specific permutations (not shown in Scheme 1) in-

clude for example a compound of formula I, wherein two

neighbouring R, groups (i.e. m 2 2) represent the two adjacent



) X4r 7 N, (73)ap,ne-IN."....... --"""Si-Mfa -'2 IS3IRb \i

RaM 11 Z2=N1Ra )5(H)2 ICR5 X4 wherein X, X2, X3, X4 and Xs are
i ndependently of each other Cor N, 5 ZI, Zy, Z3 are independently of
each ot herw@amsneisRl and Ry are independently of each patriperookiosssial |
-OR, -NHR, d-C12 al kyl, Ci1-Cl12 al kexy, Cl-Cl2 al kanoyl, C2-C12

al kenyl, C2-C12 al kynyl, (Cl-Cl12 al koxy)carbonyl, and (Cl-C12

al kyl am no) carbonyl, wherein R is Hor Cl1-C6 alkyl, 10 R3 and R4 are
i ndependently of each other H, fornyl, imnonmethyl, nitroso, Cl-Cl2

al kyl, C1-Cl12 al koxy noy; bst it:yt ed Lol 2

al kanoflilo ﬁSl%r%ps egﬁfl%%lo?r%%l éf& t@@lﬂ d h%%z al koxy, Cl- CIZ
al %ﬂ@iﬂa g%‘dcjaz B keydyc1Ge L@J ké&[W'Ra,( @ndldr more of Ry
al koxy)pcar onyl, 15 and (C1- Clg al kyI am no) carbonyl, 511 S2, 53are

i ndependent hy >of2)ea@h einldeR.amsiynfjhéspantertla cs‘:'p@(ae:ﬂ'l, cshel Zepresent
straight chain or branched O -Cl12 al kyl, which is unsubstituted or
subst i tutdE@UByFat | east one -CN, -Hal, -O—L - NH2, -SH -503H or -NQ2,

and wherein one or nore of the non- 20 a(@ acent CHZ 83 %Xi
i ndepeddentdly Hheseprarmfaiiong. requgre theosgme qg Qremistyies
-NR - 0Qrpe +H@sN\Rhey =hE 289 th8r H8a11 ccessible to a skilled per-
2008/ 125618PCT1EP2 081054409 16 NR -, - CONR -,-CHCH,-S,

CSCBR -son-piFhusority i¢yvEnderstesd nhber a4l aPmibEsec ROBSAPLE| PesRuta-
het eroctx&Jﬂsc (éﬁlﬁmn""@kcmdts Hﬂédw&?ﬁtb@t&ﬁ]ﬁ&hn&%b%ft%%mt& Gmh a
Hal , or COOP!', wherein R represents H or - kyl, 5
Ra, Ra|qrq=apar% andepradastiagpedt SQRIRTOTOUPH, aI@R"PaItCGZP' thls NEsRrven-
CONHR 1.5 5,9R » @ phosphine or a heterocyclic group, wherein R
represenjts H or Cl-C6 al kyl, or a F as defined herein-above, and
wherein of groups 12,, Rat and Rb at |east two adjacent groups are a
donor group - COH, -COO—|m -NHR , g- CONH2, -SE, a

—85*{*2\1)\/23—82TDG }

Z;=N DG n

) Re

Scheme 1

In a preferred embodiment a folate or derivative thereof, also
hereinafter simply referred to as "a folate" or "folates", for
15 wuse in the present invention comprises compounds based on a con-
densed pyrimidine heterocycle, which is linked to linker S; (as
defined hereinafter) through a benzoyl moiety. As used herein a
“condensed pyrimidine heterocycle” includes a pyrimidine fused

with a further 5- or 6-membered heterocycle, such as a pteridine

20 or a pyrrolopyrimidine bicycle.



10 phosphine or a heterocyclic group ROis HCOR, -803R, -NHR, or
straight-chain or branched C-Cl12 al kyl, which is unsubstituted or
substituted by at |least one CN, Hal, or NO2, wherein 12' represents
H d -C6 av@ybosifsisris 0, 1, 2. 3 or 4, is 1 or 2, has paTurbersosdiod,
1 or 2, has a value of 1 to 7, and i240 or 1. 20 It is understood
that the scope of the present invention encopasses all possible
permutations of groups Ra, Ra, and Rb being a group F as defined

her ei nabove within conpounds of formula Il and I1': 25 First, these

per mut at1.¢ %%regcggﬁgegeﬁggFQH@Q Of fordpda dd d@édlhergéﬁ'ageoﬂgsed on

further gr ese 1 nclude a conmpound of formula I
wher ei & (flo)lsRae |(@t&rgyéuglﬁtamc(atl)deSR%lQi:Cg?(ﬂ!}ﬁ pnc@,ud@ oPFipaprlly

a o ou -, 402008 J2561PCT] EPR00354408 17 kL Bbotcr deung e,

furthef €se i nclude a conpoun Porm
wher ei lam(a )f&l.aizmdr&aepaoe imting Prentdirnieds R,‘lclandSRb:emr@ha*dgpptlpr-

F, oréélll)lé‘}:hg re a ou .S under st odtht a
of ?hed&Ser ?F%?RE"’I% has19 %ﬂé’dgo&?ﬁag?ad s '%1 %ealzg hhd
requi r gillazef HAalidugs .t ViloRilf agend danmegrp}tﬁﬁeﬂr&dstcdﬂjﬁgaltfel-tfbedmg
Sel ect ed enbodi ne q&s of the above deécri bed ﬁer mut at i ons _accqr di ng to
the prd<@AndsnyBaes of Fr etRor SSTRAPHR Sccﬁ%oﬁ 4§ dfnvﬁ?%’rﬁpas ﬁ%f FFpmS
e, |ingeandil ladfddiREa2> Ri¥I% s refekdCto the art recognized ana-
logs having a carbon atom substituted for one or two nitrogen
10 atoms in the naturally occurring folic acid structure. For exam-
ple, the deaza analogs include the 1-deaza, 3-deaza, 5-deaza,
8-deaza, and 10-deaza analogs. The dideaza analogs include, for
example, 1,5-dideaza, 5,10-dideaza, 8,10-dideaza, and
5,8-dideaza analogs. Preferred deaza analogs compounds include
15 N-[4-[2-[(6R)-2-amino-1,4,5,6,7,8-hexahydro-4-oxopyrido{2,3~-
dl pyrimidin-6-yl]lethyllbenzoyl] -L-glutamic acid (Lometrexol} and
N-[4-[1-[(2,4-diamino-6-pteridinyl)methyl] propyl]lbenzoyl] -L-

glutamic acid {(Bdatrexate).

In a specific embodiment the present invention is directed to a

20 compound of formula II and II’

Re

//k§
Z: Z3—8 S R
Ry (?ﬂp /Iiiiﬂ/,1 g_qfa 2_7_%3_11_'b
X 2

I1I



Zr'73 R2 (11s)p Z2=N X5 R5 -1-(Hq ,,V) R Xl X4r
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wherein
X1, X5, %3, X, and ¥s are independently of each other C or N,
%1, Zp, %3 are independently of each other C or N,

R; and R, are independently of each other H, Hal, -OR’, -NHR’,

Ci-Ci12 alkyl, Ci-Cl2 alkoxy, C1-Cl2 alkanoyl, C2-C12 alkenyl,
c2-Cc12 alkynyl, (C1-C12 alkoxy)carbonyl, and (Ci-c12 al-
kylamino)carbonyl, wherein R’ is H or C1-Cé alkvyl,

R; and R; are independently of each other H, formyl, iminomethyl,

nitroso, Cl1-Cl2 alkyl, C1-C12 alkoxy, C1-Cl2 alkanoyl, halosub-
stituted C1-C12 alkanoyl,

Rs is H, CN, Hal, NO,, C1-C12 alkyl, C1-C12 alkoxy, C1-C12 al-

kanoyl, €2-Cl2 alkenyl, C2-Cl2 alkynyl, (C1-C12 alkoxy)carbonyl,
and (C1-C12 alkylamino)carbonyl,

81, S5, 83 are independently of each other a single bond or a
spacer, such as straight chain or branched C1-Cl12 alkyl, which
is unsubstituted or substituted by at least one -CN, -Hal, -OH,
-NH,, -SH, -S03H or -NO;, and wherein one or more of the non-
adjacent CHp groups may independently be replaced by -0-, -CO-, -
co-0-, -0-CO-, -NR'-, ~N=, -NR'-CO-, -CO-NR'~, -NR'-CO-0-, -0-CO-



Ila WO 2008/ 125618PCT/ EP2008/ 054409 18 R2(R3)p X21 RIX1X4 r lib
WD 2008/ 125618PCT/ EP2008/ 054409 19 Rs R2(R3)P " X2As ,1 01)q )rR4

Ri Xi X4
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(R3)p ly-(H4 x5 )
WO 2008/125618 PCT/EP2008/054409
16
NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R’-, -PR’'- or a five-

or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NOC,, COR’ or COOR',

wherein R’ represents H or Cl-C6 alkyl,

R, Ra, Rp are independently of each other H, -OR’, -COOR‘, -
NHR', ~CONHR’, -SR', a phosphine or a heterocyclic group,
wherein R’ represents H or C1-Cé alkyl, or a F as defined herein-
above, and wherein of groups R,, Rsr and R, at least two adjacent
groups are a donor group -0H, -COOH, -NHR’, -CONH,, -SH, a

phosphine or a heterocyclic group

Re is H, COR’, COR', -SO3R’, -NHR’, or straight-chain or
branched C1-Cl12 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO,, wherein R’ represents H, Cl1-C6 al-

kyl,

m ig 0, 1, 2. 3 or 4,

n is 1 or 2,

P hag a value of 0, 1 ox 2,
q has a value of 1 to 7, and
r is 0 or 1.

It is understood that the scope of the present invention enco-
passes all possible permutations of groups R,, Ry and Ry, being a

group F as defined hereinabove within compounds of formula II
and II':

First, these permutations include a compound of formula II or
IT’ having one further group F. These include a compound of for-
mula II or II', wherein (i) R, is a group F, or (ii) Ry is a

group F, or (iii) Ry, is a group F.

Second, these permutations further include a compound of formula



X4 RR(R3)/) X3...y./\-x5A M(Hqg 1R 9 ) R4 X4r (R3)p RR (Hqgr
X4AR R5 I1d Ra (R3)pSc/r2 Z2=N -F-53-TS3T- 11 RaR3S XI 11-0-0gq 1 5R5
)J)FRA Ile 5 wherein X1, X2, X3, X4 and X5 are independently of each

ot her C orwdl200é425682, Z3 are independently of each ot hecTEpornsdsd09
W2008/ 125618PCT/ EP2008/ 054409 20 Rliand R2 are independently of each
other H Hal, -OR, -NHR, Cl-Cl12 al kyl, Cl-Cl12 al koxy, Cl1-Cl12

al kanoyl, C2-Cl12 al kenyl, C2-C12 al kynyl, (Cl-Cl2 al koxy) carbonyl,
and (Cl1-Cl12 al kyl am no) carbonyl, wherein R is Hor d-C6 alkyl, R3

and berd' g AdeP ! t FOr Bk sel Thoom®d hy! a
nitrosdt & & gag@%g %@cﬁf*ﬁgx?%‘l ®ci2 al kanoyl , compoun
hal osulbst ifidthed aC-ICk at kanoyherddmi s(H, KN, ardl R. NG2e @ -g@kimal Kyl or

Cl-Cl12 al koxy, Cl1-Cl12 al - kanoyl, C2-Cl2 al kenyl, C2-Cl12
al kynyl{ii() CRa Gid Rk G%f) €agbenp| F: 19 atid i CRaC130%h|Hoy PART AoYERYBINYI |

It is understood that in all of these permutaticons "m” has to be
5 adjusted such that the requirement of having two adjacent donor

groups is still fulfilled.

Selected embodiments of the above described permutations accord-
ing to the present invention are for example compounds of formu-

lag IIa, IIb, IIc, I1I4 and ITe

10

Rz (Ra)

I
R \X1 X4 )r
"Rs
Re
Z Sy 1 — 89 83 84
PN A
X/ Xa I : ° n
2l o7 Rs
N A R

Iia



SI, S2, S3are independently of each other a single bond or a spacer,
such as straight chain or branched Cl1-Cl12 al kyl, which is
unsubstituted or substituted by at |least one -CN, -Hal, -OH -NH2,
-SH, -S02Moabosaddels and wherein one or nore of the norcrEr@dpagcent
CH2 groups may independently be replaged by -0-, -CO, - CO-0-,
-0-00-, -NR -, -N5, -NR-00-, -CONR -, -NR--COO, -0-00- NR -,
-NR-CONR -,-CH=CH, -CC, -S-, -PR- or a five-or six-nmenbered
aromatic carbocyclic or heterocyclic ring, which is unsubstituted or
substituted with CN, Hal, NO2, COR or COOR, 20 wherein R
represents Hor C-C6 alkyl, Ra, R ,,Rbare independently of each
other -OH, -COOH, -NHR , - H21~ H a phosphine or a heterocyclic
group, wherein R represents “C6 alkyl, Rcis H CO2R, COR,
-S0312', -NHR, or straightz &qr”2?/ﬁfanched Cl- Cl12 alhybu whi ch
is unsubstituted or substiflite tast one CAIRFBI ﬂtthQ
wherein R represents H g 1 or 2, has agvakye X2 1
or 2, WO 2008/125618PCT/EP20 8/0544 Rhas a val ue ;:\q;}o 7, 4ﬁgd
is 0 or 1. It is understood that the.s "n X1 Ry
enconpasses all 5 possible pernuatations of fornulau &ad ha'

(shown or not shown). In one enbodinent:Zl is N, Z3 ™ and Z2 is C
or N. In another enbodinent ZI is C aijFZ and ZS are 10 S1 is
preferably a S|ngl bond or gty aightrzchai C12 aIkyI
whi ch is unsubs 4tzﬁ &d or s bsqltutr& ast gne OH,
NH2, SH, 503 N2 _~and-erei n -né nnre of the n adjacent
CH2 groups nHy i “ﬁ@hﬁly bé%replaced by -0-, , -00-0-,

-0-CO, - NR.~y 80 , R«CO-NR -, -CH=CH, CC 15 or a five- or

si x- menber ed aronatlc ring, which is unsubstituted or substituted
with CN, Hal, NO2, CORI or COOP!', wherein R represents H or Cl-C6

al kyl, or a conbi nati on thereof. More preferably S1 is a single bond
or stralght chain or branched Ci- ClZIﬁhkyl whi ch is unsubstituted or
substituted by at |east 20 one CN, or NO2, and wherein one or
nore of non-adjacent CH2 groups may i ndependently be replaced by -0-,
-CO, -00-0-, -NR -, -NR -00-, -CONR, -, wherein R represents H or
Cl-C6 alkyl. S2, 53 are independently of each other preferably a
singl e bond or stralght ch alraQ branched C1-C12 al kyl, which is
unsubsti- 25 tuted or subgtit d@ed by at |least one CN, Hal, OH NH2 or
NOG2, and wherein one ory %&thexﬁ%n adj acent CH2 groups Y R,

i ndependent |y be replac€d b - , -00-0-, -NR ., -N¥#lQO
CONR -, -CHECH , - GeeSy eyl epresents H or bﬁ%g
Rt - chai n or branghed -
ituted by at | eé

X4

2008/125618PCT/EP2008}054409
al kyl, which is unsubstituted or
or NO2, and wherein one
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or nore of the non-adjacent CH2 groups may independently be re-

pl aced by -0-, -CO, -00-0-, -NR-, -NR-00-, -CONR -, wherein 5 R

represents H or Cl1-C6 al kyl, nost preferably S21 S3 are inde-

pendent | y vob 2d8ats6mt her strai ght-chain or branched Cl- @ Taipkoobssaeddi ch

i s unsubstituted or substituted by atisl east one CN, Hal, OH, or NO2.

In one preferred enbodinent m= 0, in another preferred enbodi 10 nent

m.. In a further preferred enbodinent R, is H COQ2R, COP.', -NH?.'

or unsubstituted Cl-C6 al kyl, wherein R represents H or Cl-C6 al kyl.

Preferred enbodi nents of Si and 120 i nclude am no acids, short 15

pepti des, sugar nolecules. A person skilled in the art woul d know how

to choose. Thus, in a further preferred enbodi nent the present

invention is directed to c ound of fornmula Il, wherein Si is an

amno acid noiety, i.e. erel’ F represents a folate structure

conprising 20 a pteroyl ; eU*to an amno acid noi sl ABz

used herein the term "af “qﬂmqncludes conpoundsg Wi t (ﬁgip a

am no group (e.g., NH apd g, car boxylic aci d g ou (e.ngXz
TR the am no acig -

2

COOH or C00-). In a speC|f|c enbq
amno acid, a P-amino acid, a fl-agr 7
The am no acid may be a naturally occurring am no aci ;
al ani ne, valine, |eucine, isoleucire, proline, phenyl akgni ne,
tryptophan, nethionine, Rglycine sefine, threonine, cystleine,

tyrosi ne, aspara i ne, &, Zﬁsp 3t—$ s;dFS
| ysine, arg B rf por h| may, be g derji vative 30
thereof |ves |nc ude ﬁtionally Substii tuted ani no
aci ds, h VI (en¢ or nnﬁe %ﬁgftltue selected from WO
2008/1 Q08RO54409]°23 , Hal ,| anq/or NO2. The amino acid
may al sd incl ude® any otherx/l:I:X%Y/A\xs \E

T (Hg | 5

P )

R; Xy X

I1Id
] (H)q(i:)" e
(r X4 X1/- R4
"Rs
R;
X
D@ S A e
——H R
ot Tr o N
Ry X4 Xa x/
2

Ile

5 wherein
X1, X3, X3, X; and X5 are independently of each other C or N,

Z1, Z,, Z3 are independently of each other C or N,



non-naturally occurring am no acids, such as e.g. norl eucine,
norval i ne, L- or D- naphthal ani ne, ornithine, honoarginine and others
well known in the peptide art (see for for exanple in M 5 Bodanzsky,

"Principl egoafosieseis de Synthesis,” 1st and 2nd re- vi sedTamb2008/054409
Springer- Verlag, New York, NY, 1984 smnd 1993, and Stewart and Young,
"Solid Phase Peptide Synthesis,” 2nd ed., Pierce Chem cal Co.,
Rockford, IL, 1984, both of which are in- corporated herein by
reference). Amino acids and am no acid ana- 10 | ogs/derivatives can

be pur chasggu%gnmé?:rﬁgit.al l %%ﬁé&‘ﬁ”ﬁ?’?’%m C%Ir % neLdyanged Chegt echyor

synt he$tz8 hé oS A andt her ‘specl fic

embodi @Bk ot *ﬁ}%’ﬂ,mcﬂcéﬂz may kekg) k| -pant Hfkandyal,yamk roLAacklkéayso
termed pol ypeptide), wherein a plurality of sane or diffefent am no

aci ds &2-§eRi nedyerdin- 1S e AEOPIAIRETEL  coi%ent (G Stter 21°
bonds. kk‘l%%ﬂo? EafbohiDkeghduoHgh qenyesti enats Lngferred ani no
I Nc

aci ds l'ude for exanple gliutam c acid, aspar- tic acid, glutanne,

aspar tighe,nkyg] e Al ddifhen®i§! BlNeadldoils VRl I#asanelifehoatny1,

preferréd pol yamno ‘acids in nmopol yner's the 'respective

honopolpireisot, heneaf 2( ial&kylpolyglaitardlkeayi, d cipaigaspantbglachd losub-
etc). Most preferred are optionally substituted aspartic and glutamc
aci d. ARILUERIL ChoFd2sPEEREPE enbodi nent the present invention is di-
rected to a conpound of fornula |II, wherein F represents a 25 pteroyl
gl ut anife acii§ Hor Mol Halact@p: skbretdraHexd nd i zatat1§é’l’ﬁfen?l§89%sa§'s

represgnted by SomRgund by 0T BYLas b Ly IRG A1 TRWQYREEHERH P

10 and (C1-C12 alkylamino)carbonyl,

Si, 82, 83 are independently of each other a single bond or a

spacer, such as straight chain or branched C1-C12 alkyl, which

is unsubstituted or substituted by at least one -CN, -Hal, -0OH,
-NH;, -SH, -S03:H or -NO;, and wherein one or more of the non-

15 adjacent CH; groups may independently be replaced by -0-, -CO-, -
c0-0-, -0-CO0-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -~NR'-C0O-0-, -0-CO-
NR'-, -NR'-CO-NR'~,-CH=CH-, -C=C-, -8-, -SOsR‘-, -PR’'-~ or a five-
or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR’' or CQOOR’,

20 wherein R’ represents H or Cl1l-C6 alkyl,
Ra, Ra/,Rp are independently of each other -0OH, -COOH, -NHR',
~CONH,,-SH, a phesphine or a heterocyclic group, wherein R’

represents H, CLlL-Cé alkyl,

Rc is H, COyR’, COR’, -803R‘, -NHR', or straight-chain or
25 Dbranched C1-Cl2 alkyl, which is unsubstituted or substituted by
at least one CN, Hal, or NO,, wherein R’ represents H, C1-C6 al-

kyl,
n is 1 or 2,

o) has a value of 0, 1 oxr 2,



WO 2008/ 125618PCT/ EP2008/ 054409 24 111 wherein X1, Xy, Xy, X4 and X5
are independently of each other Cor N, Yl, Y2are independently of
each other C, 0 or NN 5 Rl and Ry are independently of each other H,
Hal , - OR ,wo bdR1256181- C12 al kyl, O -C12 al koxy, O -Cl12 atckaeswhiosi409
C2-C12 al kenyl, C2-Cl12 al kynyl, (Cl-@i2 al koxy)carbonyl, and (Cl-Cl12
al kyl am no) carbonyl, wherein R is Hor O-C6 al kyl, Ry and R4 are
I ndependently of each other H, fornyl, imnonethyl, 10 nitroso,
Cl-C12 al kyl, Ci1-Cl12 al koxy, C1-Cl2 al kanoyl, hal osubstituted Cl-Cl2

al kanoyl , | s , ~ CL=€G12 al kyl, O -Cl12 al koxy, O -Cl2
al - kary%oyl !Qg%l%-%ﬁ%ienyll, N’%-?Cl%ngl kynyl, (Cl-Cl2 al koxy)carbonyl,
and (C}- Cl2 al j;gl@n‘&goi_car bonyl, 15 phas a value of 0, 1 or 2, ghas a
value of 1 to 7, or 1, R6 and R7 are independently of each

other H, straight chain or branched Cl-Cl2 al kyl, which is
unsubstituted or substituted by 20 at | east one CN, Hal or NO2, or a

group f.qr oul a "E s | i
J008) 1360 18htrREsYBa oL dhotHE %%,f,nggf Ve it o8 gﬁ%aﬁ?e%’aﬁl
ot her @ossiNleSifers8latsdiane ioflepermelns yI5f aswchIBr heshowhngie not

bond or_a spacer, such as straight chain or branched Cl1-Cl2 al kyl,

whi ch i*$°0Rsubstituted or substituted by at | east one -CN, -Hal, -OH,

In one embodiment Z; is N, Z; is C and Z, is C or N.
In ancther embodiment Z; is C and Z; and Z; are N,

10 8, is preferably a single bond or straight-chain or branched Cl-
C12 alkyl, which is unsubstituted or substituted by at least one
CN, Hal, OH, NH;, 8H, 80;H or NO;, and wherein one or more of the
non-adjacent CH2 groups may independently be replaced by -0-, -
co-, -CO-0-, -0-CO-, -NR'-, -NR'-CO~, -~CO-NR'-, -CH=CH-, -C=C-,
15 or a five- or six-membered aromatic ring, which is unsubstituted
or substituted with CN, Hal, NO2, COR' or COOR’, wherein R' re-

presents H or C1-Cé alkyl, or a combination thereof.

More preferably S; is a single bond or straight-chain or branched
Cl-Cl2 alkyl, which is unsubstituted or substituted by at least
20 one CN, Hal, or NO;, and wherein one or more of non-adjacent CH,
groups may independently be replaced by -0-, -C0O-, -CO-0-, -NR'-,
-NR'~CO-, -CO-NR'~, wherein R' represents H or C1l-Cé alkyl.

S», 83 are independently of each other preferably a single bond
or straight-chain or branched C1-C12 alkyl, which is unsubsti-
25 tuted or substituted by at least one CN, Hal, OH, NH; or NO,, and
wherein one or more of the non-adjacent CH, groups may independ-
ently be replaced by -0-, -CO-, -CO-0-, -NR'-, -NR'-CO-,

-CO-NR'-, -CH=CH-, -C=C-, wherein R’ represents H or C1-C6 alkyl.

More preferably S;, 83 are independently of each other



5 -NH, -SH, -503H or -NO2, and wherein one or nore of the nonadjacent
CH2 groups may i ndependently be replaced by -0-, -CO, - CO-0-,
-0-CO, -NR -, -N5, -NR-00-, -CONR -, -NR-COO, -0-00- NR'-,

-NR - CO NRVve o0tk , -CC-, -S-, -SBR -, -PR - or a fip¢cem®bo0s/ns4409
si x-menbered aromati c carbocyclic or saeterocyclic ring, which 10 is
unsubstituted or substituted wth CN, Hal, NO2, COP! or COOR ,
wherein Rl represents H or Cl1-C6 al kyl, Rat Rat, Rbare independently
of each other H -OR, -COOR, - NHR , -CONHR , -SR, a phosphine
or a heterocycli [ OUR, i T.epr S - :

R R e T S
-a, Pacransifeigutkaasly two ladisacenk gNoupalar eraNoenoandrehgreOH, one
-COOH, -NHR , -CONH2, -SH, a_phosphine or a heterocgyclic group. Reis
H CorrlmageErof -t8ps1pan -adgaRentnidze SFORPS BaYedBAERCNIent LY Ry Te-
al kyl, Qr, sy q:;éph_to_cthai_eo or branshed_ - C12 3¢ 'Kyl , WhicehNRO- | Swherein
unsubstiituted or substituted by at |east one CN, Hal, or NO2, or a F
as Hef iRledepereenabolepri £10¢61alRyl 3, most Jpraefimkatdyl Sarr B3 are indeh

the proviso that at |east qgne of R and R7.is a group.o 5 r a

| V. | nRendeadily Ot R mirfter e‘?r"tﬁr?érg%(trfﬁiini ?rN,%rzé‘gPE‘flC% ﬁégzg}!l@lc
or N, QildH )iLlhsubstintited W Lt uled WY at least one CN, Hal,
2008/ 125618PCT/ EP2008/ 054409 26 which is unsubstituted or substituted
by at |dhstoxoW®2CN, Hal, OH NH2 or NO2, and wherein one or nore of

t he non-adj acent CH2 groups may independently be replaced by -0-,
-CO, -0B0-dhe pNEerred\RmIFimen€OmNR -0, -iCH=GldtherCpCefewhedernbdi-
regresent Hor 5 C1-C6 alkyl. Mre preferably Sy/ 831 S4 are

in 8pe I“S/‘oil‘each ot her straight-chain or branched C -C8 al kyl,
whi ch is unsubstituted or substituted by at, | east one CN__Hal, or
NO2, and iheh®i e PTG STEee SROPALTABH-Ralj it dit Q' gr 6B nalHR’ or
i ndepe : - ~4Q -l by 3,051 5 v rafdPa 05 s NR 27 - CO-AR 55
wher o nER L TEER, AR AR R p o et T e e Ve 68 0,
are indapendent|ly of each other straight-chain or branched C -C6

al kyl, which is unsubstituted or substituted by at |east one CN, Hal,
OH, or NEXerted rembddimidntrs poRf 6f r addemodimanideR anindH, add@PR |, short

COR, -503R, - NHR or C-Cl2 alkyl, wherein 12' represents H or
a 1€ éf‘%&ﬂl.delsn S4Fci PPéeenbetli néntPauseTpr dskhked nientihgn gt would
di r ect aghduwo r&auwcopeundsaf formula 111, wherein (a) R6 is H straight

chain or branched Cl1-Cl2 al kyl, which is unsubstituted or substituted

by 20 afmis£Lasitn enedeNndialnrafeMRe 8l mdrst a1 PHeehtl ohtuhaibY. is
(b) RGis-a group of formula IV, and R7 is H, straight chain or
br ancheti@tet? tal kykomphicd ¢§ Tmsuidst iIflut stieveis udstiist anedmbpoascid

| east one Hal or NO2,, or_(c) both R6 and R7 are a group of , .

f or mul a{“cil\?%% Y4 a TRFHEY Eép’é%‘f’?‘?ls@néﬁb@diq(‘j?éﬁttemel?u@%BFel.coﬂqﬁﬁésf-ﬂ%
pregenta i gyt Iomdietdl Nagiked tronvairdanEasPdids mefiet ol Nikaukkll, herein
wherein at | east one of R6,and R7_is a group of forrmula IVa, IVb

and/ or q’e‘grBE’p'mof"ef“&F’rﬂJlﬁc}%' includes Tcompounds with both an amino

group (e.g., NH, or NH;') and a carboxylic acid group (e.g., COOH
or COO ). In a specific embodiment, the amino acid may be an a-
amino acid, a B-amino acid, a D-amino acid or an L-amino acid.
25 The amino acid may be a naturally occurring amino acid {e.g.,
alanine, wvaline, leucine, isoleucine, proline, phenylalanine,
tryptophan, methionine, glycine, serine, threonine, cysteine,
tyrosine, asparagine, glutamine, aspartic acid, glutamic acid,
lysine, arginine, or histidine, etc.) or it may be a derivative
30 thereof. Examples of derivatives include optionally substituted

amino acids, e.g. having one or more substituents selected from



WO 2008/ 125618PCT/ EP2008/ 054409 27 Re | Va s3--n A Z2=NR, A
Zs-52-1-53-r /Rb Z2=NAA Sl Vbl Vb' wherein Zy, Z2, Z3 are

I ndependently of each other C or N, S2/ S3/ S4 are independently of
each ot hew@2®smmgbs bond or a 10 spacer, such as strai got/eehms/ms400
branched Cl1-Cl12 al kyl, which is unsuhstituted or substituted by at
| east one -CN, -Hal, -OH, -NH2, -SH, -SO03H or -NO2, and wherein one
or nore of the nonadjacent CH2 groups may i ndependently be repl aced

by -0-, -CO, - COO, -0-CO, -NR'-, -N, -NR'-00-, -CONR"
-NR - O 0- CO - NR' - CONR'

h
- 803R1CN BiRL IY\E&dr THE - HEHe s aror?éci_%c Tar oli:lil%ei j 40y, other
het er O%QLhﬁtﬁkﬁglch@ﬁrh:ing‘n%iﬁSid t 44 £k Or sauhS taist u@ e@ Wnbhlé?N:lne
Hal , NO2, COR or COOR, wherein R represents H,or -C6 al kyl

Ar epr e SRV LiRGepdnded® | - ol2phERabERERe . c@@-&t-mﬁ @Rﬂﬂl leyrand

- SH, R%thB%r %euﬂd%%%e&hl ¥ hef peaehaet Bet lkee CRor f%camplz\}é\"‘ﬁ,m.
-CONHR | - , a phosphine or a heterocyclic group, wherein

r epp es@@@@nﬁslw Cl'RmEngipyes ot aPepiiieiefYReeHit i nlaboddd A8 re-
2008/1%é@%ﬁPQILEP%QQQﬂgﬁéAD9Verlag, New York, NY, 1984 and 1993, and

Stewart and Young, "Scolid Phase Peptide Synthesis," 2nd ed.,
Pierce Chemical Co., Rockford, IL, 1984, both of which are in-
corporated herein by reference). Amino acids and amino acid ana-
10 logs/derivatives can be purchased commercially (Sigma Chemical
Co.; Advanced Chemtech) or synthesized using methods known in
the art. In another specific embodiment, the amino acid may also
be part of a polyamino acid (also termed polypeptide}, wherein a
plurality of same or different amino acids as defined herein-
15 above are covalently linked, i.e. linked through conventional

peptide or other bonds.

Preferred amino acids include for example glutamic acid, aspar-
tic acid, glutamine, aspartine, lysine, arginine, cystein, and
derivatives thereof and preferred polyamine acids include ho-
20 mopolymers the respective homopolymers therecof (i.e. polyglu-
tamic acid, polyaspartic acid, etc). Most preferred are option-

ally substituted aspartic and glutamic acid.

Thus in a more specific embodiment the present invention is di-
rected to a compound of formula II, wherein F represents a
25 pteroyl glutamic acid (or folic acid) skeleton having two at-

tachment sites as represented by compound of formula III,

0 COYRs



28 Ris H CO2121, COR, -SABR, -NHR , wherein R represents H,
Cl-C6 al kyl, or straight-chain or branched Cl-Cl12 al kyl, which is
unsubstituted or substituted by at |east one CN, Hal, or NO2, or a F
as defi nedvbeswipsaiove, and 5 nis 1 or 2. It is under stroagrbinanssadd
possi bl e permutati ons (shown or not shown) of conmpounds of fornula
1l together with a group of for- mula IV in conbination with a group
F and two adj acent donor 10 groups are part of this invention. These
i ncl ude a conpound of formula Il1l, wherein either R6 or R7 or both
are a group of for- nula IV, and wherghn Ra, Rai, Rb, and/or R in
each of these com pounds may represent a group F (whereby two of Ra,
RaY, RQ,ar %f%dj acent donor groups, as e.g. shown in the specific

enbodi rrent of group of f or mul ae I Va, |1Vb and IVb ) Sel ect ed
conpou epict ed for rrul V

wher ei ﬁ&t’h &g’s If“f‘? e| n %&%Igbl % %a%l I P ?r a%/bdlar}]d‘t is
un- derstood that all ot her permut ati ons vmth Ra, Ra, and Rb being

a groupiF ¥ad whireh andeprndenilisafareghapehar s& V# 9% At he scope 20
of invention. WD 2008/ 125618PCT/ EP2008/ 054409 29 Sc AN, 0 yzl
Z3-85 0 m2=Nd B8) jmre independently of each other H, Hal, -OR’, -NHR',

C1-C12 alkyl, Ci1-Ci12 alkoxy, C1-C12 alkanoyl, C2-Cl2 alkenyl,
C2-C12 alkynyl, (C1-C12 alkoxy) carbonyl, and (C1-C12 al-
kylamino) carbonyl, wherein R’ is H or C1-Cé alkyl,

R; and R; are independently of each other H, formyl, iminomethyl,
10 nitroso, C1-Cl2 alkyl, (C1-Cl2 alkoxy, Cl-Cl2 alkanoyl, halosub-
stituted C1-Cl2 alkanoyl,

Rs is H, CN, Hal, NO,, C1-C12 alkyl, C1-C12 alkoxy, C1-Cl2 al-

kanoyl, C2-Cl2 alkenyl, C2-C12 alkynyl, (Cl-Cl2 alkoxy)carbonyl,
and (Cl-C12 alkylamino}carbonyl,

15 p has a value of 0, 1 or 2,
q has a value of 1 to 7,
r is 0 or 1,

R¢ and R; are independently of each other H, straight chain or
branched C;-C;2 alkyl, which is unsubstituted or substituted by

20 at least one CN, Hal or NO;, or a group of formula IV

Iv

wherein



IH x3x 5R3 er 54 (H)qg 5Va 0COY.' R6 i R2(IRs)p IlH Xx3)(32YY2,,
|l Rs54 54N R 1XI X4 \Z 1Z3S OY (H), --- . 0S4 \/ 4 Z2=N R2(53)p H XrN<
X3 R3 \-E54 Xi X4 \ WD 2008/ 125618PCT/ EP2008/ 054409
WO 2008/125618 PCT/EP2008/054409
25
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%1, Za2, Z3 are independently of each other C or N,

S,, 83, S, are independently of each other a single bond or a

spacer, such as straight chain or branched C1-Ci2 alkyl, which

iz unsubstituted or substituted by at least one -CN, -Hal, -OH,
-NH,, -SH, -803H or -NO;, and wherein one or more of the non-
adjacent CH; groups may independently be replaced by -0-, -CO-, -
c0-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-
NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R’-, -PR‘- or a five-
or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR’ or COOR’,

wherein R’ represents H or C1-C6 alkyl,

Ra, Rar, Rp are independently of each other H, -OrR’, ~COOR', -
NHR’, -CONHR', -8SR‘’, a phosphine or a heterocyclic group,
wherein R' represents H or C1-C6 alkyl, or a F as defined herein-
above, and wherein of groups R,, Rar and Ry, at least two adjacent
groups are a donor group -0H, -COOH, -NHR’, -CONH;,-SH, a

phosphine or a heterocyclic group.

Re is H, CO,R’, COR’, -SO3R’, -NHR’, wherein R’ represents H,
Cl-Cé6 alkyl, or straight-chain or branched C1-Cl2 alkyl, which

is unsubstituted or substituted by at least one CN, Hal, or NO,,

or a F as defined hereinabove,
m is 0, 1, 2, 3, or 4, and

n ig 1 or 2,

with the proviso that at least one of Rz and R; is a group of

formula IV,

In a specific embodiment, either (i) Z, is N, Z; is ¢ and 2, is C

or N, or (ii) %, is C and Z; and Z; are N.

In a preferred embodiment, S, S;, S, are independently of each

other a single bond or straight-chain or branched C1-C12 alkyl,



30 Va' R2 (RA Xel ki A(3' NX(kcio \QjrR4 Xi X4 (F),1 Ra YZi
Za-S2s3Rb Ol 4 Z2=NR Rat Ra yKk, N-zci ;3-02 0Z2-N Vb 0COYi R6
rS5INNVk R2 (RARS R X X'C- )rR4 OYi ONS4 N (Ra)p |H R5
WO 2008/125618 PCT/EP2008/054409
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which is unsubstituted or substituted by at least one CN, Hal,
OH, NH, or NO,, and wherein one or more of the non-adjacent CH;
groups may independently be replaced by -0-, -CO-, -CO-0-, -NR'-,
-NR'-CO-, -CO-NR'-, -CH=CH-, -C=C-, wherein R’ represents H or
Cl-C6 alkyl.

More preferably 8;, 83, 8S; are independently of each other
straight-chain or branched C1-C8 alkyl, which is unsubstituted
or substituted by at least one CN, Hal, or NO,, and wherein one
or more of the non-adjacent CH; groups may independently be re-
placed by -0-, -CO-, -CO-0O-, -NR'-, -NR'-CO-, -CO-NR'-, wherein
R' represents H or Cl-C6 alkyl.

Most preferably 8,, 83, S5 are independently of each other
straight-chain or branched C1-C6 alkyl, which is unsubstituted

or substituted by at least one CN, Hal, OH, or NO,.

In a further preferred embodiment R, is H, CO,R’, COR’, -SOszR‘, -

NHR’ or C1-Cl2 alkyl, wherein R’ represents H or C1-Cé alkyl.

In a specific embodiment the present invention is directed to a
compound of formula III, wherein (a) Rg is H, straight chain or
branched C;-Ci» alkyl, which is unsubstituted or substituted by
at least one CN, Hal or NO;, and R; is a group of formula IV, (b}
Rg is a group of formula IV, and R; is H, straight chain or
branched C;-Ci; alkyl, which is unsubstituted or substituted by

at least one CN, Hal or NO;, or (c) both R and R; are a group of

formula IV.
In a further specific embodiment m is 0 or 1.

Thus the present invention is directed towards compounds of for-
mula TII, wherein at least one of Rg and R; is a group of formula

IVa, IVb and/or a group of formula IVb’



\A-IrR4 X 4\ (M Vb ' wherein X1, Xy, X3, X4 and X5 are

i ndependently of each other Cor N 10 Yi, Y2are independently of
each other C, 0 or N, Zy, Z2, Z3 are independently of each other C or
N, WO 20680 1:8648RCT/ EP2008/ 054409 31 C2-Cl2 al kynyl , pCtAa€ids/os4409

al koxy) car bonyl, and (Cl-Cl2 al - kyl am no)carbonyl, wherein R is H
or d-C6 al kyl, R3 and R4 are independently of each other H,
fornyl, imnonmethyl, nitroso, d-Cl2 al kyl, d-Cl2 al koxy, Cl-Cl2

al kanoyl, hal osub5 stituted O -Cl2 al kanoyl, R5is H, CN, Hal, N2,

Cl1-C12 al kyl, Ci1-C12 al koxy, Cl1- aI kanoyl C2-C12 al kenyl
C2-C12 al kynyl, (Cl-Cl2 al koxypca onyI and Cl Cl2

al kyl am no) car bonyl R6, R7 ar endently of each other H,
straight chain or 10 br anched® LCl , ich is unsubstituted or
substituted by at |east one CN ZjainN or S, 53, 34 are

i ndependent|y of each other a Single bond or spacer, such as
straight chain or branched Cl-Cl2 al kyl, which is unsubstituted or
substituted by at |east one -CN, -HaF[,Va- OH, 15 -NH2, -SH, -S03H or
-NO2, and wherein one or nore of the nonadjacent CH2 groups may

i ndependently be replaced by -0-, -CO, - COO, -0-CO, -NR -, -Ns
-NR - 00- -CONR -, -NR-COO, -0-00- NR-, -NR-CONR -, -CHCH,
-CeC, - -383R -, -PR - or fi ve-or six-wenbered aromatic

carbocycll or heterocycllc ri , mhich 20 ik unsubstituted|or
subst i tuts ssgg% Dok
Itk a

nher SR—EFB resents H
or ad-C6 a /Ra re |ndependent gf each other H, -OR,

a phosphin a hetAerocycll ngroup,
wherel n R' represents Hor d-C6 al kyl, or a F as defined herein- 25
aboge, and wherein ofwigroups 12,, Rat and Rb atrvheast two adj acent
groups are a donor group -OH, -COCH, -NHR , -CONH2, -SH, a phosphine
or a heterocyclic group Rcis H CO2R, COR, -SO03R, -NHR , wherein
R represents H, Cl -C6 al kyl, or straight-chain or branched
Cl- C12 waldedin which 30 is unsubstituted or substituted by at |east
one CN, Hal, or NO2,

Z1, Zy, Z3 are independently of each other C or N,

S,, 83, S, are independently of each other a single bond or a

10 spacer, such as straight chain or branched C1-C12 alkyl, which
is unsubstituted or substituted by at least one -CN, -Hal, -CH,

-NH,, -8H, -803;H or -NO,, and wherein one or more of the non-
adjacent CHz groups may independently be replaced by -0-, -CO-, -
co-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, ~NR'-CO-0-, -0-CO-
i5 ©NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -S-, -SO3R’-, -PR'- or a five-
or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR’ or COOR',

wherein R’ represents H or C1-Cé alkyl,

A represents independently of each other -COQOH, -NH,, -CONH,,
20 or —-SH,

Ry, Rp are independently of each other H, -0OR', -COOR', -

NHR‘, -CONHR', -8R’, a phosphine or a heterocyclic group,
wherein R’ represents H or C1-C6 alkyl, or a F as defined herein-

above,



WO 2008/ 125618PCT/ EP2008/ 054409 32 or a F as defined herei nabove,
inis 0, 1, 2, 3, or 4, has a value of 0, 1 or 2, has a val ue of
l1to7, and 5ris O or 1. In a nore preferred enbodi nent the present
i nventi on woniw@Nesed at es conpounds wherein 52, S3e S4 BCE/EP2008/054409

i ndependent|ly of each other straight-xghain or branched C-C8 al kyl,
whi ch is unsubsti- 10 tuted or substituted by at |east one GV Hal,
OH, or NO2 and wherein one or nore of non- adj acent CH2 groups nay

i ndependent|ly be replaced by -0-, - , -00-0-, -NR -, -NR -00-,

CO NR -, wher r.epr nts al k n a_furthe
speC|f|$? enﬁﬁﬁﬁ%ﬁ §E%ﬁ ééﬁ%ug i%ga f eﬁ& %efgfpgasGHES H
enbodi rentcd hglpyesest bﬁ!@&bh@nchélﬁObrebéﬁﬁbﬁedlCQCEQQ BOk&1, which
conpound of fornulas VI and VI', Vla and Via', and VIb and VIbi

0COYi R@@wnsubsmmmmmtu@@;e§5bzlzh 1y oy CN,/ Hal, or NOg,
< .. \.1H 0Z2=NRa X21 I X5 IR5
oh.ot.dF \aﬁ_q%’rn?ﬁ) ‘d‘eﬁﬁln%”‘é%'o@%%lspml EP2008/ 054409

5 n is 1 or 2.

It is understood that all possible permutations {(shown or not
shown) of compounds of formula IIT together with a group of for-
mula IV in combination with a group F and two adjacent donor
10 groups are part of this invention. These include a compound of

formula III, wherein either R¢ or R, or both are a group of for-
mula IV, and wherein R,, R/, Ry, and/or R, in each of these com-
pounds may represent a group F (whereby two of R,, Ra.., R, are

adjacent donor groups, as e.g. shown in the specific embodiment
15 of group of formulae IVa, IVb and IVb’). Selected compounds are
depicted by formulas V and V', Va and Va', Vb and Vb’, wherein

the possibility of R. being a group F is illustrated. It is un-
derstood that all other permutations with R,, Rs and Ry being a

group F and which are not illustrated are also within the scope

20 of invention.
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X3 Y,
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33 Re Rb (CHR)5-73- (CHZ)o Z2=NRs COY2R7 Via |

X3 y- e ' .y X5\ N\l \-- ROS5H OOY2R2Y1)0112)S
R4 X4
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0 0----- Yi1-., NN - (C HL-Zi Z3-(CH)O0 \/ Z2=NRa  H
5R500Y2R2 R4 WD 2008/ 125618PCT/ EP2008/ 054409 34 Rc 0 y

WO 2008/125618 PCT/EP2008/054409
30

Va'
o) YL /21 Z3""Sz— I ' 83 ] Rb
O 53 m
Ra Ra‘

v
Z=N

H
Y
& [ Xaﬂ/\)|<5 \\R5 zks‘i_z\1 Nzes, ,l_[,83 _l_];Rb
)\ ) Ra Ra

/
R4 o) Z:=N

Vb
5
Q COY.Rg
R, (Ilqs)p 7 I H
A3 o O
xg” x5 N
)‘\\ | ) I|? o Y
] 4 2,
R X x4\ r Sy
) S
5 o Y1\S /2\1 \/23“‘82 Ss Ry
4 Z,=N Ra Ry
Ro  (Ra)p & N R,
)i( e ' : Y /J\
3 2.
xg I D/\TS \Rs 84-—2\1 \/Zs“"sz‘l_Psaj']r_n‘Rb
“ ) R o} Z;=N R Ra
R1 )\X1 X;\ r 4 a a
(Hq
v‘b.r
wherein
%, X5, X3, X, and X are independently of each other C or N;
10 Y, Yo are independently of each other C, 0 or N,

Zy+ 25, Z3 are independently of each other C or N;

R, and R, are independently of each other H, Hal, -OR’, -NHR’,

Cl1-C12 alkyl, C1-Cl2 alkoxy, C1-Cl12 alkanoyl, C2-Cl2 alkenyl,



--....1.... ARb (CH2)a-73-ccHoo-i- Z2=NRa Rc Y2..., ARb (CH2)a-Zci

7-3-(CH2)0-r0Z2=NRa  VIb 0"----%%6.rn ....... N2 R7

RZ(R3)p. "*". . ... LN 4.9 Li 1\ 1H X3,....", . ../"..",

l[4........ WO 20081125618 Y*V1 X5 R5\ \L1(CHA --) (H)qg R40% pcT/EP20dB/054409 A.

2. R(X1X4 (CH2)s - Zi Z3-(CF12)03%,..".Z2 = NRe N HRc A. R5Rb
¢2-C12 alkynyl, (C1-C12 alkoxy)carbonyl, and (Ci-Cl2 al-

kylamino) carbonyl, wherein R’ is H or C1-C6 alkyl,

R; and R; are independently of each other H, formyl, iminomethyl,
nitroso, Cl-C12 alkyl, C1-C12 alkoxy, Cl1-Cl2 alkanoyl, halosub-
5 stituted Cl1-Cl2 alkanoyl,

Rs is H, CN, Hal, NO,, C1-Cl12 alkyl, C1-Cl2 alkoxy, C1-Cl2 al-
kanoyl, C2-Cl12 alkenyl, C2-Ci2 alkynyl, (Cl-Cl2 alkoxy)carbonyl,
and (Cl-Cl1l2 alkylamino)carbonyl,

Rg, Ry are independently of each other H, straight chain or
10 Dbranched C,-C;; alkyl, which is unsubstituted or substituted by

at least one CN, Hal or NO5,

82, 83, 84 are independently of each other a single bond or a

spacer, such as straight chain or branched C1-Cl12 alkyl, which

is unsubstituted or substituted by at least one -CN, -Hal, -OH,

15 -NH;, -SH, -803H or -NO,, and wherein one or more of the non-
adjacent CH groups may independently be replaced by -0-, -CO-, -
c0-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-O-, -0-CO-
NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R'-, -PR’- or a five-

or six-membered aromatic carbocyclic or heterocyclic ring, which
20 is unsubstituted or substituted with CN, Hal, NO,, COR' or COOR’,

wherein R’ represents H or C1-C6 alkyl,

Ra, Rar, Rp are independently of each other H, -OR’, -COOR', -
NHR’, -CONHR', -SR’', a phosphine or a heterocyclic group,
wherein R’ represents H or C1-C6 alkyl, or a F as defined herein-
25 above, and wherein of groups R,, R,» and R, at least two adjacent
groups are a donor group -CH, -COOH, -NHR’, -CONH,, ~-SH, a

phosphine or a heterocyclic group

Rc is H, COzR’, COR‘, -803R’, -NHR', wherein R’ represents H,
Cl-Cé alkyl, or straight-chain oxr branched C1-¢12 alkyl, which

30 is unsubstituted or substituted by at least one CN, Hal, or NO,,



(CH2)5- Z1Z3 -(CF12)0 0Z2 = NRe 5 wherein X1, X2, X3, X4 and

X5 are independently of each other N or C 10 Z1, Z2, Z3 are

i ndependently of each other Cor N, Y1, Y2 are independently of each

ot her C, Owonrodsi129@is and R2 are i ndependently of each otpoarerkhoshidige

-OR, -NHR, d-C12 al kyl, Cl1-Cl1l2 al kexy, d-Cl2 al kanoyl, C2-C12

al kenyl, C2-C12 al kynyl, (Cl1-C12 al koxy) carbonyl, and (Cl-Cl2 al- 15

kyl am no) car bonyl, wherein R is Hor Cl-06 al kyl,

WD2008/ 125618PCT/ EP2008/ 054409 35 nitroso, O -Cl2 alkyl, O-Cl12

al koxy, Cl 12 jalk H%Jl ituted A -C12 al kanoyl R5is H CN,

Hal , N a a kdxy, Cl-C12 al - kanoyl , C2-C12

al kenyl C2 Cl2 al kynyl Cl2 al koxy)carbonyl, 5 and (Cl-C12

al kyl afi no) &Ar Bon}r ER63 F@%r‘*e’ i ndependent |y of each other H or

straight chain or anchgd CéNCM al kyl, which is unsubstituted or

subst i fut ed ™8y ﬁtvf‘%é ’gn% °34 or N®, Ra, RID are independently

of each oth a_don ar as -OH, 10 -COOH, -NHR , -CONH2,

-SH, oda hgf"é‘r Bcye ?F% %Egﬁp %el e(?tngd from pyridyl, pyrrolyl, and

t hi azoIIy wherel n 5‘ represents H or C C6 al kyl RCI s H CO2121,

COR®, -503RiLS wherein R represents H or a-C6 al kyl, or

strai ght-chain or branched a-C12 alkyl, which 15 is unsubstituted or

substituted by at |east one CN, HaI or NC2, has a value of 0, 1 or
: avalueo to 6, .20 Prefer

i ther Y1) o \etekSrleq Sptebfelt RBF Wrisenr; Srupteidt RARLY

and Z3 AR d¥ compounds wherein 8,, 83, 8: are independently of each

other straight-chain or branched C1-C8 alkyl, which is unsubsti-

10 tuted or substituted by at least one CN, Hal, CH, or NO, and

wherein one or more of non-adjacent CHp; groups may independently
be replaced by -0-, -CO-, -C0-0-, -NR'-~, -NR'-CO-, -CO-NR'-,

wherein R’ represents H or C1-C6 alkyl.
15 1In a further specific embodiment m is 0 or 1.

Thus, in a further preferred embodiment the present invention is
for example directed to a compound of formulas VI and VI', VIa

and VIa', and VIb and VIb’,

T
(Rs)p (CHa)— Z N Zi—(CHy),
@/k e g

xz 22'—N Ra

A

R X4 X4 (H)EI

20

VI



Thus, in a further preferred enbodi ment the the present inven25 tion

Is directed to a conmpound of formulae VII and VII', VIla and Vila',
and VI1b and VIIb" WD 2008/ 125618PC T/ EP2008/ 054409 36 VIl 0COYi
R8 (R3)p w¥2820ER)0 X3 1\ XA54R5 Ri Xi X4 ( Hygq 5VII1' 2 pcEhir2008/034409%R0

(CH2)b-N NN (CH2L-r- Ra 1=N WO 20085125618PCT/ EP2008/ 054409 37
Vila'

[0) £13
Ry (Ralp 7 N
' & [ 0
X I \|/\X5 \R
N A Mg, Yo
R X X |

OY1Re (CHa)s
Ry (Ro) 7~ N (N Ro
23)o N CH~7] o Chad

X3 N © Z;=N
SORAL s
)\ X R4

Ry X1 X4 (HY,
VI
X
o. Yie
(CHas—Z; ;a <CH2)0—(
(Rap - N Z7=

2
| H
x \
T h .Rs
Ry X4 X4\

VIa
5
COY2R7
Ry R3 @)L

R
CHL =, \/Zs—(CHz)o"r °
R2 ﬁ ZZZN Ra

Via’



COY1R6Rc (R3)pN. (CH2), V N-(CH2) 01VRb XI3,..",.."..x5\H ON=N / Ra 21
RS | | RA RiXIX4'" (Hp VI Ib OCOYi Ftp (Rs)pV'*...e..... 'VILI | 1H
Xs..,?,, "..---%..."\- X2X5R5 A. ..".. x44 R|X1X4(H)p 0COY1R6

VI | b V\herv.,eoagomzsgi@z X3 X4 and X5 are independently ofpceapboc@biyase N
or C, WD 2008/ 125618PCT/ EP2008/ 054409

Re

?CH:)S—Z\H\,&—(CHZ)D—( R

Z;—N R Ra

Ry
|
X3 \‘\ Y. ~
Xz)j[ \J/\fs Rs 2(c:n-lz)s 21*% (CHz)o—[ o
/fk% X Ra C

Ra

O Y,

D

=
\

I=

VIb

c:o*.qu7
Ro (R3 /J::::i],,JL\
/’

)\ | X4/l (H)q R4 in R,

R YKECHz)s—z( \/ s—ccw)o—l/
T (o 7 | N =N Re
X3 /k
/TZ\)I j/\?s \\Rﬁ Yz?CHz)s—zQ \/23_(CH2)<:—|/ "
R, \\X1 X’\\(H)q R4 o Z;™=N R,
5
VIb’

wherein

X1, X3, X3, X, and X; are independently of each other N or C,
10 Z,, Z,, Z3 are independently of each other C or N,

Y., ¥Y; are independently of each other C, O or N,

R; and R; are independently of each other H, Hal, -OR’, -NHR’,

Ci-C12 alkyl, C1-Cl2 alkoxy, C1-C12 alkanoyl, C2-C12 alkenyl,
C2-Cl12 alkynyl, (C1-C12 alkoxy)carbonyl, and {(Ci-ciz al-
15 kylamino)carbonyl, wherein R’ is H or Ci1-Cé alkyl,

Ry and R, are independently of each other H, formyl, iminomethyl,



38 Y1, Y2 are independently of each other C, 0 or NN Rl and R2 are

i ndependently of each other H Hal, -OR, -NHR, d-Cl2 alkyl, d-C12
al koxy, Ci1-C12 al kanoyl, C2-Cl12 al kenyl, C2-Cl12 al kynyl, (Cl-Cl12

al koxy) canbonyis;izae (Cl- Cl2 al - 5 kyl am no) carbonyl, \wWeersphévsisisbss H
or C1-C6 alkyl, R3 and R4 are indepersgently of each other H, fornyl,

i mnonet hyl, nitroso, Cl1-Cl2 al kyl, Cl1-Cl2 al koxy, Cl-Cl2 al kanoyl,
hal osubstituted Cl-Cl2 al kanoyl, R5is H, CN, Hal, NO2, d-Cl2 al kyl,
d-C12 al koxy, Cl-C12 al- 10 kanoyl, C2- ClZ al kenyl, C2-C12 al kynyl,

(C1-C12 alk ) car ( I |.am pno rhgn _
(61 CLa ko) oaf by 7 (Gt SR AOlSS gl B0 3ty
substi tatiachtdad an k:aasalhaﬁoﬂ\l, Hal or NOZ R, and RID are

i ndependently of each other a donor group such as - 15 OH, - COOH,
-NHR' , r.CONHZ, 1, Shin,0rHaa. , halog) Ocbem 104D, sel atted e, pyni-dyb, al-
pyrrol yl, and t hi azol yl, ‘wherein R Er esents Hor O -Co al kyl Rcis
H, cothanczyGR C2BU2R alkempiR, | %Sﬁ& alRynykpr £6brik2 Hldroxy) carbonyds

al kyl , alcg_r}t qs?h_gm%ap% Cl-C12 al kyl, which 20 is

unsubstltute or su tute gast one CM HaI or NO2, Ahas a
val ue 0,,1 or ayv of to and.is to 6.
25 Vo 8‘?71256%50“1'?%?@%‘3?%@21‘416&1 R g B b obf
R s -iNEhcH ig-cQHaaRG1R whchl 1 PrafRibalkliYuleliSod, sibs S tited b9 |
i s understood that the abbreviations "N' and "C' are representative
for al |latpossidll eonge§ieeladf osali@y,ati on, i.e. N i ncludes -NH and - N=
| i nkages and C includes -CH2- and -CH= |inkages. 10 It is understood
t hat the, t g, alver evidebendefit)y of ejs@herahl abhsubgtdipienics eg t-be,
indicated ring (i.e. on X3, C6, C7 and X4). For exanple q =5 for a
qulIOy saﬁQﬁHa,t etNHRIsub<iaNHat edSHnaboga ( X8terotdycl i, gpcc:upO)sedleca;}ed Irom
for full, aturate nsubsti tuted. 5, 8-di deaza gnal o X3, =

oyl BRI AR EhERESLEL, rterh el G5 ThetRis & A Ci-
N, p @5 dlIxyd preferred enbodi ment, Rl and R2 nay independently of
each other represent H, alkyl, -OR, -NHR , nore preferably -OR, -
NHR . 29 In s preterred @wodimeik, , Rowine HyuHaemd =’ Oreﬁ@sé}{égﬂn Yr

c C12 alckanoyl
Cl1-C6 alkyl, or straight-chain or branched C1-Cl2 alkyl, which

15 is unsubstituted or substituted by at least one CN, Hal, or NO,,

P has a value of 0, 1 or 2,
q has a value of 1 to 7,

s ig 1 to 8, and

o is 1 to 6.

20

Preferably either (i) Z; is N, 23 is C and Z, is C or N, or (ii)

Z, is C and 2, and Z; are N.

Thus, in a further preferred embodiment the the present inven-
25 tion is directed to a compound of forxmulae VII and VII’, VIIa

and VIIa’, and VITbh and VIIb’



In another preferred enbodinent, R4 is H nitroso, d-Cl2 al koxy, 25
or Cl-Cl12 al kanoyl. WD 2008/ 125618PCT/ EP2008/ 054409 40 C1-Cl12 al kyl,
which is unsubstituted or substituted by at | east one CN, Hal or NQOZ2,
mor e pref av@bdoy/1#618 s H or straight chain or branched @ttT&kDosibiaydo.
In a nost preferred enbodinent, R6 is6H 5 In another preferred
enbodi rent R' Rat, Rb are independently of each other H -OR

-COOR, - \HR, -CONHR, -SR, or a heterocyclic group selected from
pyridyl, pyrrolyl, and thiazolyl wherein R represents Hor Cl-C6

al kyl, or a F as defined herein-above. Mre preferably Ra, Rat, Rb
are independently of each 10 other H -OR, -COOR, - NHR, -CONHR ,
-SR, wherein R represents Hor d_-C6 alk or a F as deflned

her ei nabove. Preferred donor group f orFOr?Re, Ral ar
cI $§Jected ronlpyrld X
erein RH represe ts (EHLy—NC1- (E&HR

-NI-ER , - CCNH2 -SH, or a h

pyrro- lyl, and"e @%&Iyl

More 15 preferr 0 Ra, Rat, are ind dently

each other -O% - , -NHﬁ -EENHZ -SH, wherein R represents H
Ca-C6 al kyl /j%g r efem;ed enbodi ments include: 20(i)Xl to X5 are
N, RLis NBE, RAMis @, B¢ is H sis 1, 3 or 5 and all the other
paraneters are as defined in fornmul ae VII ViIla or VIIb (ii) X1 to X5
are N Yis 0, RLis NH2, RRis 0, R3is H, met hyl or fornyl, R4 is
H, nmethyl or fornyl, R6 is H, 25nmethyl or ethyl, s is 1, 3 or 5, and
all the other pa- raneters are as defined in fornulae VI, Vila or
VIIb (iii) X1 to X5 are N, Yis 0, RL.is NH2, Ry is O, R3 is H,

met hyl or fornyl, R4 is H R6 is H, g%ks 1, 3 or 5, Ra and Rob are
-0H, and all the other paraneters are as de-

W)2008/ 125618PCT/ EP2008/ 054409 41 fined in fd rruI @®1, Vila or VIIb
Thus, in a further speC|f|c enbodlnent t |nvent|on i's
directed to a conpound of a VI |
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RS AR4A Rg RBN N VIII wherein, Y11 Y2 are independently of each
other C, N or O, R8, R9 are independently of each other H, fornyl,
straight chain 10 or branched Cl-Cl2 al kyl, which is unsubstituted or
subst i t ut eglohysatssigeast one CN, Hal or NO2, R4is sel ecteed/dee@snddios
nitroso, C-Cl2 al kyl, 01-012 al koxy,3701-012 al kanoyl ,

hal osubstituted Cl-Cl12 al kanoyl, and R5is H, ON, Hal, NO2, 01-012

al kyl, 01-012 al koxy, 01-012 15

al kanoyl , 02- 012al kenyl , 02-012al kynyl, (01- 012 al koxy) carbonyl, and
(01-012 al kyl am no) carbonyl, 128 and R7 are indep, @pgntly of each
other H, straight chain or branched Cl-C12 al Kyl, [wlith is

unsubstituted or substituted byr.atrijeast N or NO2, or a
group of fornmula IVa, 1Vb 20 apt/ & a-~qr \Of flor lad Vb Rc -34
Vs % Z3 32-F A Z2=NA \/\9%0 8/ Tp564BPCTREP2008/ VB4409 42
R X3 XﬁHh Ra Y,
OY1Rg {CHa)s
Yoo
e (b TN @HalN "y (eHa o
X3 = 0 —
X7 | fs \hs NN Ra
\ -
R X4 X)\mq h
VIIa"

OYRe
Rz (Rako ~ | /j\”’/\ﬂr/ (CHgg—(/L\N—%CHQO
X —_—
OB -
)\\ \ Ry

Ri X1 Xa (H),
VIIb
0 COY4Rg
Rg (I?S)p / | H
X
ﬁﬁr T °
e 2 R
Ry X4 x:\Hk * Tz
COY;Rg (CHy)s
R, (Ra)p /O)L )\/\ﬂ/ (CHz)r(l\ N—(CH—7” .
x N N=N Ry
\.
5 Rq X4 X4mh
VIIb'
wherein

Xy, X3, X3, ¥, and X5 are independently of each other N or C,



| Va Zi Z3 S2--1--S3 Z2=NRa _7- A A1l -54 1VblVb' 5 wherein Z1, Z2, Z3
are independently of each other Cor N, S2, 53, 54 are independently
of each other a single bond or a spacer, such as straight chain or
branched Ghve&%g1286ksy! , which 10 is unsubstituted or subgirideedogossdny at
| east one -CN, -Hal, -OH, -N112, -SH38-S03H or -NO2, and wherein one
or nore of the nonadjacent CH2 groups may independently be repl aced
by -0-, -CO, - @-0-, -0-CO, -NR-, -N5, -NR-CO, -CONR -,
-NR‘-OO 0-, -0-00- N\R-, -NR-CONR -, CH:CH- C—C- -S-, -SABR -,

-PR - a.five- 15 ered aro iC ic or
R oSl Vs bR B S S RO BRSSO o
Hal , NO2, COR or COOR, wherein R represents Hor d-C6 al kyl,

Ar epr esontang n%aep%ﬁ%lehlthi%%‘id%&'c]hf sthegackocerher \Ep, HabONHOR' or -NER)'
20 Ra, [ ndent L.y ,of h ot Mo NHR!
- CONHR @a@% Qgﬁgﬁbsp irc%zoraa %teréc])f(;y Iﬁlca%%%o %rcn ﬁlkbnyl
represecrrbscjlf:.b OI’aDinﬁﬁl,al kykl-oL2a Elks;cglbéamyierelmcabowl -®ez2s H]L-
wher 25 O -C6 al kyl

or a]f%:'ﬁ%{lcﬁr Ph%’%angHé’de @1%%&#@5&8 ?']g—ﬂcmsubsti tuted o’r

substltuted by at | east one_ CN,_ Hal
2008/ 1756 EPYB0BREBReRAR I 0%, SRS OHEFF néd %%?I@fha@@véwm&ﬁayﬂs

1 or ef ) Sc :E% . Z

ro(ii )mStrZOIé?{s (?:fan %i% Zéi ac’;% l\%l tzcrlm%:'lgl %ﬁ:a%%x%én(ﬁa&
5| ngl y sfifutaesh@di-€aLi edkanefkrs to straight chain or branched al kyl
groups containing 1 to 12 car-

Ry is H, CN, Hal, NO;, C1-Cl12 alkyl, C1-Cl2 alkoxy, Cl1-C12 al-

10 kanoyl, C2-Cl2 alkenyl, C€2-Ci2 alkynyl, (C1-C12 alkoxy)carbonyl,
and (Cl-Cl12 alkylamino)carbonyl,

Rg is H or straight chain or branched C;-Ci; alkyl, which is un-

substituted or substituted by at least one CN, Hal or NO,,

R, and R, are independently of each other a donor group such as -

i5 OH, -COOH, -NHR’, -CONHy, -SH, or a heterocyclic group selected

from pyridyl, pyrrolyl, and thiazolyl, wherein R' represents H or
Cl-Ce alkyl

Re is H, COzR’', COR’, -SO3R’, -NHR’, wherein R’ represents H or
C1-Cé6 alkyl, or straight-chain or branched C1-C12 alkyl, which

20 is unsubstituted or substituted by at least one CN, Hal, or NO.,

P has a value of 0, 1 or 2,
q has a value of 1 to 7,

s is 1 to 8, and

o} is 1 to 6.

25

In a further preferred embodiment R. is H, CO;R’, COR’, -SO;R’', -

NHR', wherein R’ represents H or €1-C6 alkyl, or C1-C12 alkyl.



bon atons, such as nethyl, ethyl, propyl, isopropyl, butyl, sec- 10
butyl, isobutyl, t-butyl, pentyl isopentyl, neopentyl, hexyl and the
| ike. The preferred al kyl groups contain 1 to 8, nore preferably 1 to
4 carbon avonms/ifsigised herein, the term "al kenyl", si ngirErososHs¥400
conbination 15 with other groups, refs®rs to straight chain or
branched al kyl ene groups containing 2 to 12 carbon atonms, such as
net hyl ene, et hyl ene, propyl ene, isopropyl ene, butylene, t-butylene,
secbut yl ene, isobutyl ene, anylene, isoanylene, pentylene

|sopent | ene, hex I ne and the.like. The p erred, a kenyl ups
con- 20 &AmMPss PEeESEEPHoRmRYSHESI TR & nﬁ?al BongF §{§J %CgalP &Fefln
refers to a |linear or branched chain of carbon atons wth one or nore
carbon-carbon triple bonds. The preferred al kynyl groups contain 2 to
12, nore pref- 25 erably 2 to 6 carbon atons. The term "al koxy" as
used h&&ETRHEHLEr © 1§ &k kgt ,3a%¥ dbfined above, substituted with
oxygen, such as nethoxy, ethoxy, propoxy, isopropoxy, butoxy,

tert- butoxy and the like. W) 2008/ 125618PCT/ EP2008/ 054409 44 The
term "al kapoyl " _as usqg herei n refeéieto f or as defi ned

k
above, :Vérh?nHF@§r§ﬁ%% Farbdthet RRRXE%F BRI sﬂ%ﬁr%gé Y ypre repre-

propanaydncaiik@noyby ReNt giundirard aé@réésl@ofmath@a&hoﬁl kyd ani ne" ias
used herein refers to al kyl, as defined above, substituted with

nitr oge:iLuderﬁ:Iwm@nﬁot—mmdn@éna@ysannﬂo%muﬁla@emw—amndo, CH= link-
et hyl am no, propylam no, tert-butylam no, and the |ike, and
dlalkyl %K)such as di net hyl am no, diethyl-am no, nethyl propyl am no,
and the like. 10 The term "hal 0" as used herein refers to any Group 7
el ement and includes fluoro, chloro, bronmpo, iodo, and astatine (o)
The term "five-_or six-nmenbered aromatic carbocycllc or hetero-

cycPic ¥ ng® FASEEQ e e éahff RERBEYV et Lot FERXBSENEFi ell H

ri ngs s yI clohe 1 yclohe yl, and ycI yl
five- of sﬁ%ﬁﬁgﬁbgrés d* aronat eroé?%ﬁ C " ngd tashlgé d gg%t
one hetgy0al0m Q] ¢fted ff&maN flﬁ.l}p’sa%ﬁgaged ﬁHE&é‘&ﬂ)‘Eédjyalnalog (Xs

pi peri di no, piperazino, norpholino,” i mdazolyl, 20 triazoly

tetrazod yk, oxmHzObyls dhi@zogyk, 7pyFdrold diulyly; ﬁiﬂlr@ﬂe@ZQin)Qubs_EH@uted
term "heterocyclic group” as used herein refers to a satu- rated

het er oy, i dpagap aoelogs dXurat®d =h€t epoeyel i andgroup Thdpr 25 fuddyatin-
Ieast one heteroaton1se|ected fromN, S, 0, and P, pref- erably N or

Exarfifte¥ e a0l gpatebbndt & deyel ¥ Brodd in- cl ude

tetrahydrofuryl pyrrolidinyl, pyrazolidinyl, imdazolid- inyl,

pi peridyl, nDrphoIinyI, thianDrphoIinyI and piperazinyl. Exanpl es of
a unsaturated heterocyclic group include furyl, pyr- 30 rolyl,

t hi enylIn tehipaadleydredi sobodaretly] R:omadoRy|nay sdmdepengdently of each

other represent H, alkyl, -OR’, -NHR’, more preferably -OR’, -
NHR? .

20

In a preferred embodiment, R; is H, formyl, Cl-Cl2 alkyl or Ci-
Cl2 alkanoyl.

In another preferred embodiment, Ry is H, nitroso, C€1-Cl2 alkoxy,

25 or Cl-Clz alkanovyl.

In a preferred embodiment, R is H or straight chain or branched



and pyrazolyl, pyridyl, pyrimdinyl, pyrazinyl and pyridazinyl. WO
2008/ 125618PCT1EP20081054409 45 These heterocyclic groups may be
substituted by al kyl such as nethyl or ethyl, hal ogen atom or phenyl.
When the RebesmGyseld C group is substituted by phenyl, ipeTi@Yookedidaea
condensed ring conbining the two adj agent carbon atons in the
heterocyclic 5 group wth the phenyl group. Exanples of the condensed
rings include benzothiazolyl, benzofuryl, quinazolinyl and

qgui noxal inyl. Preferred heterocyclic groups are pyridyl, pyrrolyl,
und thiazqglyl. used. herein, the term "phosphi.ne’..includes,_fo
xanpl 6120 S0 SPALLE neeb ot S RO A IR 47 at Vleast
tris(diglkyhanmmpa) RO, NesSreWBehe FRY1 PAVE i SURS! idett@AbhtaBHatReor
| i ke. Specific exanples thereof include, for exanple, 1, 2-

bi s(di matamdheldoSphtnorekhanelmrad nadts phyedeoxpdeehyddEimephos P ne. HAs
used herein, the term"optionally substituted" includes 15

C(1-6)al kyl, C(1-6)al kenyl, C(1-6)acyl, aryl C(1-6)al kylaryl, cyano,
nitro and halo, preferably C(1-6)al kyl, cyano, nitro and hal o, nost
preger aly Yardehed droferrcd aRPleheatPRSE. RLNE R NKERL I1QRPEAMERES, of
conpl exes conprising 20 conpounds of the present invention and 99nilc,
| asneeRecll Itihes3 H,6 7/@B8aa+I0000y+3, NHRIpd+ZOFNEBBHh+38R177bni A6RELETrO-

"Ho, 2 i, hereinpaf - o] | ed conpl exes_of - the present.
invent%%%%Jﬁyeé%?ggly5%£é§€§§;oF%§gs %&éﬁég§'pr§¥55 LVQVenrﬁgntééﬁﬁ?}g%
99ut ¢, wHReredm 'RRerefpeebaets Umomiticits alpgllt i oul ard yaaskffihedsharein-
di agnostic 25 im in%_a ent, is preferably one or nore of the

r adi on®R9¥es @QW%CP SARTELOY GWTc. Rag i Peli BACed INEPSPASH5LE, atheeach
Pr gber iihdzads of Sof ope-d@tr Medi Glix RG-S IIRTC. yhbgelAORkerepre-
.ganma. - photon is 1deal for 'use wth w dely-availabl e ganmma Canmeras.
|t has st H @rhédrfFehalkyli fer ail ¢is defdpedrlabteingimveconsi der- 30
ing patient dosinetry. Rhenium which is particularly useful as a
radi ot Herefrrage ntonars guaefoar dialry lane B ,t kg saeeli oomc| desH, Renmg’ , -
"Re, or a mxture thereof. WD 2008/125618PCT/ EP2008/ 054409 46 In a

f ur t her®@8hectSEheCpr 2 sepeTorpMttiico granposplevi ek sLxam odd dyfl, pyrro-

synt hesj _zi n of _the invention. In.a tjrst od. of

Synt hesh 1 el SHIRBEIET o vhEak B A kn i B bForlcrPag By Move
Sy b he g7 rireds oaie ?&B&@@UQBH ¥, | i Rked #hr-0uoh nacpuhbaht ey | bakehcn
to a suitably protected pteroic or folic acid derivative to obtain

t he fi nddthegomediynd GWIOHCheNER ' ( SeEONBs, exgHhplvwhdriedur & 1yepkasemes H or

specifi¢ enbodiment this nethod of synthesis for exanple 10 incl udes
in a ff%§tgpﬁg%g§oupling of a histidine fragnment (conpound 1 in Fig
1), which is suitably protected at the am no- and carboxy-termnus to
a linker S2 having a suitable |eaving group LG Subsequent couplings
to first alg%ytanic aci.d residue and then to a folic acid residue

resul t &Y 5Te PEFASETRY| PEPQLRPTS COSLUgSt e whi ch upon deprot ecti on

can be conplexed with a suitabl e radi onuclide.

20 (i} %, to X5 are N, R; ig NH,, R, is O, Ry, is H, s is 1, 3 or
5, and all the other parameters are as defined in formu-
lae VII, VIIa or VIIb

{ii) X; to X5 are N, Y is O, R; is NH,, R; is O, R; is H,
methyl or formyl, R; is H, methyl or formyl, Rg is H,
25 methyl or ethyl, s is 1, 3 or 5, and all the other pa-

rameters are ag defined in formulae VII, VIIa or VIIb
(1ii) Xy to X5 are N, Y is O, R; 1is NHy, Ry is 0O, R, is H,
methyl or formyl, Ry is H, Rg is H, 8 is 1, 3 or 5, R,

and R, are -OH,and all the other parameters are as de-



It will be obvious for a skilled person to sel ect appropriate
conditions for the variouis coupling steps and choose appropri- ate
protecting groups PG (e.g. see Geene & Wits, Eds., Protec- 20 tive
G oups i n¥haeehtseynthesis, 2nd Ed., 1991, John WI ey p&rEpims/odNYso)
and |l eaving groups LG (e.g. a halogeny tosylate, nesylate, triflate,
carbonate group). In a second nethod of synthesis, a folic or pteroic
acid noiety 25 and a ligand site noiety are synthesized first,
wherein the fo- lic or pteroic acid noiety carries an azi de group and
the |igand S|t%iggae£% Eggﬁﬁﬁgaqﬂjgl§¥gg groypror vice versa) and
subse- quently~coupl €d Th a cycl oaddi fion under thermal conditions or
in the presence of a catalyst to obtain the final conpound of 30

choi ce (Kol b and Sharpl ess, Drug Di scovery Today 2003, 8, 1128; Kolb

et al. ew. , ) : t . .
Y02005 TIRE 60 D e e e ity gf\%tAEﬁg)%w?’ St fovention is
Ed. 2002}iEGte25 %6, aUScRD06h1022R 26 huMOVIBL116629) . These reacti ons
are known as Hui sgen 1, 3-di pol ar cycloaddition (thermal conditions)
and Cick-Reaction (catalytic conditions) 5 and have been descri bed
in the art (Kolb and Sharpl ess, Drug D scovery Today 2003, 8, 1128;
Kolb et al. Angew. Chem Int. Ed. 2001, 40, c tovtsev et al
Angew. Chem Int. Ed.2002, 41, 2596; US 06/ 116629) .
More specifically conpounds o nber ed
heterocycle is a 10 tri azol
azide R -N3 wth an al kyne Kb- , and coppounds of fornula
wherei n the fivemenber gz et K e i a tetrazole are obtained by
cycPoaddi tion of an azide Ra-N3 with a cyanide Rb-CaN. All possible
conbi nations are contenpl ated hereiny, j;e. R being the folate
deriva- 15 tive and Rb being a chelating noiety or precursor thereof
as well ,a8 Rip being the folate derivative and Ra being a chelating
moi ety or precursor thereof. Thus the nodul ar and versatile nature of

th ti | | i d ety of linkers t le th
adi o1 SGtog? + 6 PobPSRETINI (9 GREVSRERFY & dhistident the |

cycloaddition is perfornmed under thernal conditions, i.e. at
t enper dteur Es r 8AGi AgcepeRdantly Fo@ach prbeer bl fofnwim Erred ohtOclzin
I n,anot her ' t 1he oaddi tion_is _perfor LN _the presence
of 12" catal B ITEL SR p TR T Pt hots SBRBrBR " SEeinobs Sy oA EhRee
Cu(l). W efterieedrcahal yRt sHaT eoufd,), salts, such as Cu(l) chloride,
bronide, iodide. Alternatively Cu(l) can be ob- tained by in situ
red.UCt'I&n of ai@ééiéc@é&tfrgﬁ' f rnq.%go'sg'? E?DCPE H}Ilo,r r&qdlg glkoxy,
vari ety of profic or aprotic sol'vents, sltch as

Cl1-Cl2 alkanoyl, halosubstituted C1-C12 alkanoyl, and

Rs is H, CN, Hal, NO;, C1-Cl12 alkyl, C1-C12 alkoxy, Ci-Ci12

15 alkanoyl, Ccz2-C12 alkenyl, cz2-C12 alkynyl, (C1-C12
alkoxy)carbenyl, and (C1-C12 alkylamino)}carbonyl,

R¢ and Ry are independently of each other H, straight chain or
branched C;-Ci;; alkyl, which is unsubstituted or substituted by
at least one CN, Hal or NO,, or a group of formula IVa, IVb

20 and/or a group of formula IVb’

Re

AN

Sa12Z4 Za—Sy A

W, |
ZZ_N A



for exanpl e nethanol, ethanol, 2-propanol, tertiary-butanol, n- 30

but anol and/or water or buffered solutions thereof, at a w de range
of tenperatures (such as between 10 and 100 C, preferably room

t enper at urvg) 2@8MA23¢8 Vi ng pH (such as from4 to 12), ungef/eexiosiedihose
or reducing conditions and in the prasence of other WD

2008/ 125618PCT1EP20081054409 48 functional groups wth no need for

protecting groups. It will be obvious for a skilled person to sel ect
appropriate conditions (see also US 2005/0222427 which is
i ncorporated herein by reference as | as references cited

therein). 5 Thus, in one exenplary reaction, an al kynyl derivatized
chel ating noiety or precursor thereof (e.g. propargyl glycine) is
coupled with azido folic acid under standard conditions (for exanple
Na- ascor bat e, qQ(('OAc)Z, tBuOH E[ 20 (1:1), rt).pAternatively, a

chel ati ng ety or precursor therepf functionglized with an 10 azi do
group is coypled to an al kyne substjtuted folig acid or derivative of
choi ce 4-n I}\g@@gpﬁ$at3 Addi tiog, b e?\g.ag gongitRans.

Both click gra@duct/ are then lapelled with e.\g. [B9ffI T¢(CO)3(31120) 31

to provide tlhe:SPECT trdter. Adea ’ny, bot hZsy Tk es al how t h&
i ncor porati of a wide variets 15 of linkers to couple a different
chealting noieties (and hence radionetals) to folic acid. Specific
embodi ments are discuss® in the Exanpl es section. The pFé&Xent
invention further provides a nethod of synthesizing 20 a conpl ex of

t he®i nvention, which conprises |abeling a compound of the invention,
whi ch includes the steps of first obtaining a conpound of the

i nvent i"B1fTe4Md reacting the conpound with a ra- dionuclide as

speci fied herei nabove, preferably Tc-99m Re-186 or Re-188, generally
i n the Grefencé direa indgpendgnbyemt tandhootthe® & aet¥dl chel ate
conpl ex between the conmpound of the invention and the radi onuclide.
The redygi ng, ,ageNtarmyih@epeydditawn ¢edégch | Bgheédent sikigheWddnd or a
preferably be a dithionite ion or a stannous ion. In a specific
enbodi FARCSHr Pt #HnSbFabullonphaia opr t heapekednfli@v2naliyl, which
coRppai ni e t lg?gg : e.ac plLi.shed usi _
rhggiugf?%nghe ﬁ%“%%%f7Q%§i atfégagﬁgtgﬁ Egggﬁggé %?écog%bunﬁglin OH,
whi ch r-Wehi, umdls | +8dite die( Mitd), simrd ewins=iMaRefd or more of the non-

adjacent CH; groups may independently be replaced by -0-, -CO-, -
co0-0-, -0-CO-, ~NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-
NR'-, -NR’'-CO-NR'-,-CH=CH-, -C=C-, -S-, -8SO3R’-, -PR'- or a five-
15 or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR’ or COOR‘,

wherein R’ represents H or C1-Cé alkyl,

A represents independently of each other -COOH, -NH,, -CONH,,
or -SH,

20 Ry, Ry are independently of each other H, -OR’', -COOR’, -
NHR’, -CONHR’, -SR’, a phosphine or a heterocyclic group |,
wherein R’ represents H or C1-Cé alkyl, or a F as defined herein-
above,

Re is H, COR’, COR’, -80;R’, -NHR’, wherein R’ represents H,

25 C1-Cé6 alkyl, or straight-chain or branched C1-Cl2 alkyl, which

is unsubstituted or substituted by at least one CN, Hal, or NO,,



WO 2008/ 125618PCT/ EP2008/ 054409 49 or KRe0O4. Re(V) is available as
Re- gl uconate, Re-glucoheptonate, Re-tartrate, Re-citrate. O her
rheni um reagents capable of formng a rhenium conplex may al so be
used. 5 | nwa2doantdser aspect the invention provides phamPCamEPoaosozk0o
conpositions conprising a diagnostic 4nmagi ng anount or a

t herapeutically effective anmount of at |east one conplex of the
present invention and a pharnaceutically acceptable carrier therefor.
In a preferred enbodi nent, the pharnmaceutical conpositions contain 10
at 'ea%&:%ﬁ%‘%&F@E@ﬁn%ﬁabeEQEﬁéb O5e Tes 3Pm Re- 186 or Re-188. As used
herein, "a pharmaceutical I'y accepta 1e carrier, which is present in an
appropnkate dosage bpchudes sol vents, dlsperS|on medi a,

anti bacteri al antifungal agents, isotonic agents, and the like
whi ch are physiol ogically acceptable. The use of such 15 nmedia and
agents are well-known in the art. In a further aspect the present

i nventi i.des .yses of. com | exe and/ r e
corrpom%%lﬁesr%:fl (e S s et | ﬁvé% ﬁ gh gcaorgci.'/gi rg%’t l(L‘Iangkaléqf'feogt|(\3'é')
admighi sgratd en ta a subjegt Ja g0 need for di agnostic imaging or

radi ot her apy. T e subj ect of the nethods of the present invention is

preferably a mammal, such as an animal or a human, preferably a
human. Thus in a particular enbodi ment the present invention provides
a net hqf’hé Ole %ﬂ?#i'c 'v@@ﬂ ﬂ.gsg& Q:Lr?fl ﬂppégnﬁﬂ 1 fn C@efﬁ};:%S to
expressing a oIa eceptor, said nethod conprising the steps

adm ni seierairghtatclhmstonnbra:mtpédaxahfylcmst icomtefinthg Qr egeriﬂ car-
invention in a diagngstic i |ng and, obt ai ni n ostjc,
i mge of“Bat Y |§-bér]’ S IE T 6 hé’@r EropYL kSR ex’es %ﬁ’/’orﬁec
COommOS|i buOyls, oisdmﬁtmr esemuuyrlve@iemgrlrragoﬁ@naﬁs,o eopessan/igs hexyl and
radi opt her age s useful treatnent of ,a su in nee

! her cof Lo w5805 TS SBT S ORISR TS M09 H0 CORBLE 1 ffotivertore Bref-
partrcuéﬁabpybpdknanba&manpaeaﬂgt i nvention provides a nethod for
radi ot herapy conprising the steps of admnistering to a subject in
need thereof at |east one conplex or conposition of the present
invention in therapeutically effective 5 anounts, and after

| ocal i zasi aredl Kataimt LBaStedfte CORYEA QI LIYIYSI bt OAnl NednlEnation

desired t{issues, subjecting the tissues to |rrad|at|on to achi eve the
desi% edW%Fr}ér‘a‘{:)fé‘?Pf i FBRBctTehST O SASPATRE efBRHR neht PRk Sty Lene

I nvent i 9RoREHVESRSa P 1TRY hOded 012 SEREbRANSAYSs di RGOS tiylene, eth-
radi ot herapy conprising 10 the steps of adm nistering to a subjéct in

need thEteRst, at PreB¥icRme cHRPPERPOICRDONIRIRYIGN ! thrdysvdesay  sec-

i nventi dlﬁg&gg agr@q er V. _
and aft%?t j(:)'ecal i zati o ce?‘lsal ttnlléeag{:g(é’gltrfll %)%r% Egéﬁ%iéc%eﬁpgls !1i tn’t
in the Herer eexysenesandulshectliikg -t Thet imsfesred ﬁﬂka@yétgawupan¢on—
ob%: %éﬁhqthDQ§ngQ Ef%toggge of said tissues to follow the course
of trea

nent. An 1 mage a cell or tissue expressing the fol ate
receptor, i.e. a tunor cell or tissue, |abeled with one or nore of
t he conpl exes O conpositions of the present invention can be de- 20

tected 'Hﬁé nQ ﬂnrfﬂ}%{ M %eé %cste%lr hﬁ:.efegﬁl éeEeééd&é‘té Oﬂlrgeetre &O br %%ed

such procedure u S scintigrap graphic 1 nagi ng procedures
such aschangl efphoddmornmasemen w:mtpubnd tcmmgoe@hy:arbon carbon triple

bonds. The preferred alkynyl groups contain 2 to 12, more pref-
25 erably 2 tc 6 carbon atoms.

The term "alkoxy" as used herein refers to alkyl, as defined
above, substituted with oxygen, such as methoxy, ethoxy, pro-

poxy, isopropoxy, butoxy, tert-butoxy and the like.

30



(SPECT) can al so be used to inprove visualization. Selection and use
of such radiation detectors is wthin the skill of one of 25 ordinary
skill in the art. Thus, a diagnostic inmaging anmount of a conplex or
conposi ti ovo edostitse1spr esent i nvention to be adm ni s- terew/EREPS/HE109
selected in an anmount sufficient suchR4as to produce a diagnostic

i mge of an organ or other site of the subject as described

her ei nabove. A therapeutically effective anount of a 30 conpl ex or
conposition of the present invention to be adm nis- tered nay be

sel ect in_an apount sufficient _such as_to _produce a_desired

o ot i patn o erreedr infe Uhedi Predi, PaPERe  Bfe Bt R RAA Py v
ef f ect iae dahitidd igbcare  amEmmiinall 1at shpasi vl (fittthe dAPbonyl such as
2008/ 125618PCT/ EP2008/ 054409 51 conpl exes qf tae resgnt invention
Whi ch 99 er AEOREEEYLe| BRESPORDT ROt PO RSt HESompl ex to
stop and/or dimnish tunor growth or size. As provided herein tunor
growm h or size can be nonitored using the nmethods of the present

inventiqgn or any 5. other, known di agnostic imaging procedure. Cearl
e Sepc | CHbT 14 BF-E o o HuCRF 06" of S EHOT B L e datinka
99nilc, /di99Re, sulddidiredl , wHil 68 erSgen 9 0yriadl ud {nidd thesffh rednth 1k dmino
64/ 67Cu 166Ho, 213Bi referably Tc-99m Re-186 or Re-188, wi | bhe
taken i c&ﬁsi‘?féﬁéﬂ'a&ﬁq"n RHEHATHI PTG PEr  df gnddttivd amino,

i magi ngad tREi 0118, t ReaRYia1@EASahbY suldhe 48 didaI8 1@ike, diethyl-
adm ni stered has a _radi oactivity of about, 0.01 nC to about 300 nCi,
pr ef er aRA0 RREVVEPTRPILEMEDO. nEnd R} Jdkeol ution to be injected a
preferred unit dosage 15 is fromabout 0.01 nL to about 10 nL. After
e.df intravenous administration, inmaging of the organ or tumor in
vivo can take place, if desired, fromw thin mnutes to hours O even
| onger , Th# t 911 N ali Asapdiedd heggdenitehass bee il fyaust & edaeng and

subj ect; ndMER! F1)rord , SUbiibebenbram®untoff, Lha adripist gsed dose

The term “five- or six-membered aromatic carbocyclic or hetero-

15 c¢yelic ring” refers to five- or six-membered aromatic carbocyc-
lic rings such as phenyl, cycloheptyl, cyclohexyl, and cyclopen-
tyl, and five- or six-membered aromatic heterocyclic rings con-
taining at least one hetercatom selected from N, S, 0O, and P ,
such as pyridyl, piperidino, piperazino, morpholino, imidazolyl,

20 triazolyl, tetrazolyl, oxazolyl, thiazolyl, pyrrolidinyl, and
pyYrazolyl.

The term "heterocyclic group" as used herein refers to a satu-
rated heterocyclic group or umsaturated heterocyclic group hav-
25 ing at least one heteroatom selected from N, S, 0, and P, pref-
erably N or S. Examples of a saturated heterocyclic group in-
clude tetrahydrofuryl, pyrrolidinyl, pyrazolidinyl, imidazolid-
inyl, piperidyl, morpholinyl, thiamorpholinyl and piperazinyl.
Examples of a unsaturated heterocyclic group include furyl, pyr-
30 rolyl, thienyl, thiazolyl, isothiazolyl, oxazolyl, isooxazolyl
and pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl and pyridazinyl.



20 will accunulate in the targeted area to be inaged within about 0.1
to 1 of an hour. The conpl exes and/or conpositions of the present

i nvention may be adm nistered by an appropriate route such as

par ent al | ywohaw/12%81®exanpl e, intravenously), intranusculrariep208/054409
intraperitoneally or by any other sui4abl e nmethod. For exanple, the
conpl exes and/ or conpositions of this invention may be adm nistered
to a subject by bolus or slow infusion intravenous injection. The
suitable forns for injection include sterile agueous sol utions or

di sper -3l Sl ABEeBBEyS1AL | bERONIRLS Yo LARANRYE AP ORRE/FOTRLEX 88
and/ or conpositions of the present invention. WO

2008/ 1266U8PCTPEP20D8L 0540400962 atemi log. pHeawill.i Menorrhearhdierocyclic
acconpl | . ognij z hni, qu j i ng ‘
el TOE ad (bt R B DB P P4 ey et 83 cBheflBba ring
exanpl ecopaimien, tékl orwbutaaiielcenphervathors opbbwsacim, thai MeEwsalcydnd
thedike, S The .conpl exes _and/ or._conpositions.of, the invention_may .
58 beSTRI TEFT IS, Ao Bl Pon PBATR 81 TF okt ccRt Ry HiarR: dn-
r ecept otlude abéhssittei hiciggy, taker e agqaihaesl inylhusnd maidaniiers1 .
enbodi ngnt the(grﬁsent i nvention provides a ngt od for in 10 vitro,
det ect i Oh° B L el P ekPrEssi hodTHEPS ofLE e PYELEHt or PYETGLY Ly t B, thia-
cell, ifomylissue sanple which includes contacting said tissue sanple
with a conplex or conposition of the present invention in effective
amount saandsédrhexdin ciand ddvie "Phdspattdet | 0RS1hdes) | oW AN, t @ri-
occur and fetectin such binding by 15 inagéng techni ques. Sanpl es
cartbe 3HY %t&?%ﬂ“ﬂgespr ocedures knowhrtBlEKEPREFENRESerson, e.g., Bpd
col | ect t Ags patd B&HAMIRN$Y08ph@nLdY whi th dmaPy nasRi katd@ti®lent, and
tracheal or_pul nonary sanples and the |ike. Tissue sanples to_be
tested Fhel ddEeanyPerdsie syappéeedthereeh- ipgludm nfarceppmple, 1,2-
expr essp g (@ h N IRIHHREORLES et HEH A% U1 Eb§ym39h§ﬂ§{dé%l%%s§§4§'n%.

ki dneys, gastrointéstinal or the hepatobiliary syStem™ an

Sanpl espgan fies SefddeARLd, t8el. redtht M Glidgh ”Esuﬁetj‘r@&'é |f A& o1 udes
m croscopi ¢ exam nati on and observati on of botund conplex. Sanples can

al 3¢ beCtlx@hWxh af @pprepkeavk, 25 ti-adwiovd . ei ahel betbré adkydbirei ,
i ncubat j i ths t 0 r i_thons of _the present
nventi SRe | ebBy b RSy PE St Ry TP e e ryahies B 8 T
and conldai¢omostufifiedicgabli/of (bredadigylof a conpl ex of the present
invention to a folate receptor on the cell include stan- 30 dard
tissue culture conditions, i.e. sanples can be cultured in vitro and
i ncubated with one of the conpl exes or conpositions of the present

i nventi B BRophesi elspgictal timediimvedidlonc gnativtidess colPlexes comprising
20%&/125618PC¥4EP%808/054409 53 are wel| known tg the 5kjlJed person.
Al 28 nat PURPY R aftpl dd &% aRTBEEFT x EBVERE-PheANfinculktred Wit RS corfdt ex

or conpogEdi gm ofothe peggent lospenti o in afyel SOt C Qfa . . _
physiologic§1 bufﬁgrf A ?@pfcal anolnt 3P’said(%hng?%& ofBﬁhgeﬁﬁéggﬁt
i nvent i oar f alsbn calletr eofigllestsobfoftha tgradentelinvean ibangererafbly

about 1 ng/1 to_about 1000 Ag/l. A preferred anount s ut Agl 1
to abou'fhgoﬁoﬂﬁ}iﬂ.‘eﬁr é’fl'er g%’%ﬁﬁﬂr’gejsmf%‘tﬁé’nus‘éﬂnpfrd@ei %Qr?nr’q'r(])l o or

di agnosi®éref Rethh®tigel | wichtDe pareias1d@ly i B0 apPLi eabiyARstic
an(:|25| n-imaging agent, is preferably one or more of the radionuclides
#mpa, %Mo or %Tc. As indicated hereinabove, the preferred ra-
diocisotope for medical imaging is **Tc. Its 140 keV .gamma.-
photon is ideal for use with widely-available gamma cameras. It
has short (6 hour) half-life, which is desirable when consider-
30 ing patient dosimetry. Rhenium, which is particularly useful as

a radiotherapy agent, is preferably one of the radionuclides

8%Re or ®*Re, or a mixture thereof.



+367/ 68 +3 90 ++1d1+3, 177 el ude 99niTc, 186/ 188Re,In ,Ga ,Y3 109 , Pd2
105 , Lu, 10 64/67Cu 166Ho, 2133i, preferably Tc-99m Re-186 or

Re- 188. For detection of cellular binding of one of the present
conpounds weanmphesiscan be incubated in the presence of pargetwosbtaho
conpl ex, then washed and counted in asstandard scintillation counter.
Al ternative nethods apply and are known to the skilled 15 person. For
di agnostic or radiotherapy applications it is convenient to prepare

t he conpl exes of the present invention at, or near, the site where
they are to be used. Thus in a further aspect the 20 present
invention provides a single or multi-vial kit containing all of the
conponents ngeded to preparge the comml exes qr. conpasitions .of |
vent 1B 2 ofREriTh AT 1 QR e 1ol P A ety g8 bdbBgas
si ngl e-of adykilieofzitde resembuidivent tha dtovpnt s@s. alwoapdurdt ofnethed
present invention, and a ,source of, a 25 pharnaceut.i cal accept abl e
Feduct i agEntbetin Bee aneParAovalAd FRoRht LREre  oRE Che Rdionacd Sde
congri sgs Spiiualded fiiddheramtdiibaefientofy @iakphe chitéukht al Suitable
buffered with a pharnpceutically acceptable acid or .base to %g ust

the pHtokeTs? radSUarRLY opTiSk RiGHRC OF. fSddf 2rhfis ypaive
kit maycopbheash! yneontidl 3orx&hRanosr! i-gande Swel afor example Fig-
gl ucohept onate, gluconate, mannitol, maleate, citric or tartaric acid
and may%gd s contain reaction nodifiers, such as

di et hyl enetri am nepentaacetic acid or ethyl- WO .
2008/ 1256 19PCTPEPRDDE? ogbinente (iddisamgtdodetdfa f@thesasi gor example

Addigt | onaly.pddi tives, £ okdibiq 5.zer, . SXAIR.L -
cycloodextri ny), ainr%/i_oxi ant séfef%rléée{%g'rrlprfgg O;ES((:%r Jis?&?ci?lg) fgr?g}ngﬁt (com

fillerpqunst lexanmAlyg NaCwWwhivky lse seibphbyederetégmdbwe tthe amino- and
radi ochem.cal purity and stabjlity o he.5 final .product, or to aid

[ hthe SRR Bn kg LTI & SRIGREAE, RaBRE gPepang, ofpup
preferatty benadgeshsepanpl ehysi Bot B rEer M Al S0ldutd@ 8efid@®e and
pertechnetate or perrhenate solution. A preferred nulti-vial kit of

the prestit FAvéntiOnConprd sessidee | FegHEtsi 4R, thee Emonbatss acid
ot her thandded agieiaddde dde@ltecti8AULERIPEO chbRpTERA2R LR & suit-
radi onucl i'de conplex, that is,” an exchange |igand and a

phar macks cedipryeddgeabl e reduci ng agent such as a stannous salt. A

conpound of the present invention is contained in a second vial, as

wel | astopribdhakeadthviliouss Euchr 18khtledif Persompppropeilact ©Eeppradpusate
the pH L9 diSip | Qtional by sthe sadionuel i il .
provi ded&iL nl form o@a egg% Eﬁgln, le. g. ‘#%rl xasrt%% g %lﬂ%er 2’8 netag?’gog?ﬂ
per r hersite Bobtrdwing tardwsadifedie.g.Aldeec Gmeenentss Wottsa Eids . maprbeetn

liguid,_ froz dey form .Ln 20 tef er,red _enbodi npent, _kit .
co(riflgonetn ‘ée a(rg{e]mg %vﬁéeé& hmnﬁﬁoﬁ%(ﬁtf%%gagf o%rrﬁg E%I"o?lt d p%oﬁb%u%]d]s‘?y &
conpl ex@&sms caMposi andnkeandiprgretprodss dissg.osehalndenl, aicpegihes pi fe-

can be and. _executed w t hout 25 undue experinmentation in |ight of
t he pregygl;jﬁ i g&%ﬁ'&%&.’ Fpr ??t%eq%’ﬁgr'ent to those of skill in the
art that variations may be applied to the present invention w thout
departing fromthe scope of the invention. The Exanpl es provided

ner el 1% LS9t ShbE S BRI L e B SIASIE) nosery
| mist i ngnd he Loyend i ehcd maivryadre MWBR0B/1:2a6E8RCE/ ERROOSL Q54009£85
Exanplgfic or ptercic acid moiety carries an azide group and the ligand
site molety carries an alkyne group (or vice versa) and subse-
quently coupled in a cycloaddition under thermal conditions or
in the presence of a catalyst to obtain the final compound of
30 choice (Kolb and Sharpless, Drug Discovery Today 2003, 8, 1128;

Kolb et al. Angew. Chem. Int. Ed. 2001, 40, 2004; Rostovtsev, V.



Materials and Methods Melting points were taken on a BUchi-535
apparatus and are un- corrected. Infrared spectra were recorded on a
Jasco FT/I R-6200 5 ATR-I R Nucl ear nagnetic resonance spectra were
recorded wobooa/1Bwsiker 300 MHz, 400 MHz or 500 MHz spe®CT@EPRI0&DSHMIt h
t he correspondi ng solvent signals as4an internal standard. Chem cal
shifts 6 are reported in parts per mllion (ppm relative to

tetranet hyl silane (0.00 ppn). Values of the coupling constant, 10
nu', are gi ven in Hertz (Hz); the follow ng abbreviations are used in

t he ex rien i on,.for t d i on.of NMVR, s : .
si ngl elto‘?(s roa |“rrlgInC1’fe“( bs fe. %%g (gt%(d)21 t%%%é%t?&ﬁréﬁzlzgl‘lezt?’
(m, dowrbllm/nfsakaml ets (dd). The chemical shifts of conpl ex

multiplets are given as the range of their occurrence. 15 Low
r esol utTheserassaspechs aa(:bRJlde).m\/\mse meicayetedl y# tdi molMrc royatassgldition

Quattro cro .74 APL SI _and high resol ution S ectra ((HR- M
wore 1 ob MRl ERASIEFERET EPS LIPK-BRORBERN (RaRLY AR (el Tons
sens tiaedr aacki Geen\edes@eibal nefl thderardr geRoim ahanshdrrbedsgl agsug
ware. Reactions vverdgaryrmni t ored % t hin b)gyer 20 chronmat ogra TLC
bor { or MRSV ENT SHBHE U925 ArmitPek RopP oSk oat ey il g6

gl ass suppo) ted, ptedes)ratdildey HeLei1vaangewf othafl. ot Ed.2002, 41,
Mer ck-Hi tachi _L-7000 Sﬁstem equi pped with an L-7400 tunabl e

absor pt #27¢ dec 2005/ PRE2RERY owility Oy LEAR hver &1QKEdSPBF EhERIAY c gom-
HPLC: |'E &Y SbeMebrmiBal dgeywketeHm {(Kd8fidemenRrda 6hété§9¢:}f€ﬂe is a
Waters); 0.1 % TFAag (solvent A), acetonitrile (solvent B), / mn;

0- £:0ni ntrimzodey ane 18PtRMed Y Fwgleaddstiop ﬁf-nansa%tﬁe 9'N322flr¢hn an

Sam 4. S PR 0 Whrera) CBTTE R o T haSg it b enen-

Semi pr elpem&meeotpﬂl*@rmd a3 efirelzodn XBei ddtadoledmby Gj;&;lcﬁaﬁ@iti@n
x 150 )acUSt NG oIve tem 3|n|ated|

descri pt | on o e |Séri‘d| g% p&%nﬁeﬁﬁ%ts -8y "3 iR Bombina-

V‘l)2008/ 12664 SRET/ Emaeﬂp%mgh@ﬁe:[zﬂe(ﬁe 2(1(;0)&]:{:@ A2 sl e pird &ra -

%}% e & ton. Trans. 199 28151

P TERTR T By BRARY, B BT LREIA RREbY g PO Bt ea) 28 o1l

Am Chem Eo(beﬁ@p}:helZ&laBéBEerﬁviﬁ\h}e [83IMRG 0¥ ingves ehalld iy aidiaty

NbrTc ener at or LI nck odt - Tyc Peté , The Netherlands) with a
% s3F | RESSOF 60T oFDSTRRE pr SEHF soPe] TERTLEEHBYS( COFSakiNanature of

synt hestEedrést ot hel 16l | ik TemKidy (dVBhiden GleradeyTH#0,1 iRekkeN ol keu-
Netherlandsg For_the in vitro _studies and the bi od| stribution

exper i 21t sth% HEHPIsFoBrolat EeLieracickpar at ed from unl abel ed fol ate
| i gand by nmeans of HPLC in order to obtain a nmaximl specific

actd%i t I $Re ﬁBﬁch?“Ff?’é]ao‘éb‘ﬁ?ﬂ%xtl&%e%ﬁ“fjtﬂa@EG’PPCFSstHﬁ?f%med under
Exanpl ethérn%mt RS t@bnEt e-{Q( Habl Sels a%uﬁegylﬁang(@gl) f%x(ﬁ 10 to
15(4-(4-(2-am no- 2- carboxyethy )- 1Himdazol - 1-y1) butyl am no) - 2-

(4- ((2-2W nT- 4-BRHE&FF 2RI RyaropP e¥? di G 6541) net hyl ani no) ben-

zam do) - 5- oxopent anoi ¢ aci d) (a}\l Synt hesis of Boc-Hi s

(r (4- NEiR13POthewe sobadinenio- Fheh| erdnddisinas brepepfopmedd in the
accordi a

2004, fetinde B ‘g‘%algi 51 Yk )QSNaN§%%$%tls°l}1s p"éentfgj ISR, §45R
i n2300 a$ Bloandan@: (Mo tll’ﬂeel‘é&mscrmlmtSG greofCu(I} salts, such as
1 br ono~4 I e dde t m_xt S.S red af ropm

t enper as b g]f (g#lﬂ%g’{{g% h%%é@l&Afterﬁ%dl rﬁ&ﬁ%‘f’" %}5‘5}{?1 C\'N;H; cf”i’ie}3 3"
m Xt ur ecavased@Xivy atth editwi cedudt FoB3HF d di @dylweiiher Thike reasbisfdcan

et her tracts were . . . .
el%(e performeci{3 in a variety of protic or aprotic solvents, such as

for example methancl, ethanol, 2-propanol, tertiary-butanocl, n-
30 Dbutanol and/or water or buffered solutions thereof, at a wide
range of temperatures {such as between 10 and 100 °C, preferably
room temperature} and wvarying pH (such as from 4 to 12), under

oxidative or reducing conditions and in the presence of other



washed with 330 mM water and 330 ml aqueous sodi um chloride (10%,
dried over sodium sul phate and concentrated to give 14.11 g of a
yellow pale oil wth a purity of approximately 95% 1- 30

azi do- 4- cMoeombuisarse (31H NVR (300 MHz, CDCl13): 6=1. 65PCTAB20087)54409
C(2)112, C(3)H2, 4H); 3.33 (t, 3J=3.38 C(1)H2, 2H); 3.57 (t, 3J = WO
2008/ 125618PCT/ EP2008/ 054409 57 6.2, C(4)H2, 2H). To a suspension of
24,24 g (90 mmol, 1,0 eq.) Boc-Hi s-Owe (pur- chased from Sachem) in
50 ml acetone under argon was added 13,68 g (99 mol, 1,1 eq.)

gogglef@&% %?oa %Ou B, %Ztg %ggng%@fomnﬂrég%gé}lg gfog%sdl um i odi de

d the f t dicate I te
conver sTorit T Sod%%& A T et e
0. 58, Rfor(&rttasrdnmg eteer idlgo = UB 2005/AR2R4272 dvaly:scrappis)mirectcadgor&&ﬁa

f start t Th duc |ated b
Ohr oot "}Y(e%%fre@f:ﬁyﬁs "uell gt e eramcar Fia, £RS Sretl 50 o

of léoc gs (T%rff 58 %2‘?@9 %f’?%-g?%gé%ﬁ()% baiz? ksjgn r]Tens& 5(111 ngR( ;30 _
1, 8 1, &ﬁ@]m@ﬂ}( HD retddrsor, Hheidds 23744, ﬁroﬁeﬁrg@lﬂgl%'ﬂeﬂ%s cou-
111) 3,08, (dd, 23148 33=5,5, .15 |1isHB, 1H) (t, 33=6, 6,

N3C13, (&R, WhH}  2alde feligpeidgyyden @‘aar(c%ardswdetlegao)(ﬁgr PRER-

4,53 (dsite @-é@@&kbeﬂtlel) c@(@@:)(z, t8da8/12:0 NH:1311)5¢)6, @ﬁlt{éﬂnatlvely,
G s(HH, 111} 7,37 (s, G ,(2)H 1H)). To a sol ution of 11,73 g (32
mol , 12 0<Bg ?tb?gtﬁélﬁﬁﬁvé’rot?re(%’?ﬁéa |E#F§Fﬁ’§d|fa¥1§t89633-ﬂ§ed with an

( Tadr NaBIRAs 0 ou15' 330 Jduphelar ahy die- a?@yﬁé‘réﬁbé'ﬁ'g@&téﬁ 9o 10, 4218 or

(40 mmol, 1,25 eq.) triphenyl phosphi ne were added he m xture was
stirredl@Fivagme efberdoice R 89 Gl scaAﬁﬁ-Eﬁe@ddﬁWﬂQﬁdditmn mungfer

wat er %ﬁd&f&eéoﬁaiudﬂ& fog htﬁﬁy@gsﬁgg% tULe wa nCRggéfi&gat ¢4ch

under vacuumto give 21. 0 eterocyc I'c Trgand site
Boc- Hi serg 4- NEXRu)) Gl(/ﬁzCﬂslastca mettice ther 8BEQT vitiastexcont ai ned
approx. 50%tri phenyl phosphi ne oxide. 1H NWVR (300 MHz, CDCl3): 6 =

1, 43 (sSlezdg) 3b019111-l) routes l1abkoyntheatihtgyporaidn ; 011 - wide( m’arlets

08Li5(2) 2%&2_ é é@%t %],__E (7_42 %&%300
G kit TS 58 plntecy jqihiErepy riiib nottles ) i) Hhee
3, 88 (tramtﬂ%lﬂs&@ fHI;LCZQG:;d 4,52 (ddd Ca IIISH 1H) ; 5,95 (d,
33=7,9, NH, 1H); 6,67 (s, C(s)H, 1H); between 7,20 and 7,75 (5,
C M 2) pdddfic \WBRAA8ERLS5648LCTL &F2OHR] i 468 BRampled ervdtplasphi ne
oxide: 6 = 7,20-7,75 (m Ph3). 0:0 Synthesis of
H d u(1" H(Boc- Hi s(r-Bu-4-yd)OMe)-Q Eu
The present invention further provides a method of synthesizing
20 a complex of the invention, which comprises labeling a compound
of the invention, which includes the steps of first obtaining a
compound of the invention, and reacting the compound with a ra-
dionuclide as specified hereinabove, preferably Tc-99m, Re-186
or Re-188, generally in the presence of a reducing agent to form
25 a metal chelate complex between the compound of the invention
and the radionuclide. The reducing agent may be any known reduc-
ing agent, but will preferably be a dithionite ion or a stannous
ion. In a specific embodiment, preparation of a complex of the

present invention containing rhenium as the metal may be accom-

30 plished using rhenium in the +5 or +7 oxidation state. Examples

of compounds in which rhenium is in the Re(VII) state are NaReOy4



To a solution of 4,26 g (10 nmol, 1,0 eq.) Fmoc-A u-OBu (pur- 5
chased from Bachem) in 40 m nonogl yne (1, 2-di met hoxyet hane) 1,38 g
(12 mmol, 1,2 eq.) of N-hydroxy-succinimde were added. The m xture
was cool edvoacs2smd 2,48 g (12 mol, 1,2 eq.) of PCT/EP2008/054409

N, N - di cycl ohexyl - carbodi i m de (DCC) #ere added. After stirring for
22 hours at roomtenperature all starting material was con- 10 suned
(TLC, 8102, et hyl acetate/ hexane / 1:1, Rf product = 0.43, Rf Starting
material = 0. 35) and a solution was formed which was directly used in

the foll Th to.t b b d | ut f
Froc- G O&ﬂ?o BT B YR A8 (e 3 GrABEHoxy BE neHEsohep iR
(10 Moke - Pakd Lt e 5Q2é—5:’.’9tr15.t@ e@thedf rﬁ@ﬁlﬁhsréggééh% a)b‘i%'v%f( Feftm-

step (a)) were added. After two hours stirrin ient tenperature
the m 109 17 C R Wh FBRL L BaYt dlap proxiTast- er 15 g and the product
was purified by flash-chromatography (Si02, dichloromnethane/ nethanol/
20 25 25:1, TLC, Si 02, di chl or onet hane/ net hanol 9:1, RfF0. 46, product= Rf
starting material =0.05)to 1gw\/e 2.29 g of Fnoc-d u(NH(Boc- Hi s(T-

Bu- #-y13®\e) £ B%ﬁae%sa%P%ql simwllerwmgewmmm@)cal compo-
6=1, 39 3 5 3 )
1, 63- 1(%%%%uc%% 9P 1 4R 95(m g’ }%Tﬂ)g B Hdrapeuts
2, 1-2, 3¢ oy %%GCH&‘@ amoutin Of ratHZleHst) ; 9n®7¢ampltk:CPHE SHRe? Hiesent

2,
4 11 Bt e bt s s e R B b
4, ?2( q, ECaPHf'-;HerCH) emE_p@Qmeénld, , @G?pﬁaidaacé)itéh&al ldch)pos‘itaﬁns( Gontain
7 30 7.%0 1019 PP i Bnat GeATHIRSI S Be-1H SodtvaR,

8 ) 08!/ 18PCT/ EP20081054409 59 Hi OMe) - Ot Bu
anH)d) )50 2 V\g?%%l g?%ré?‘ﬁ'ane ﬁarﬂ’?c%?'ﬁ)%ﬁ i & S Z:(agéae&arﬁ [e% S%HSHr ds
stirri ngradentooin t enpeppropeiste posdpe! Meslicy aladditsf | akpersion

chr omat ogr aph 5i.02, di.chl or gnet hane/ net hanol 4:1, TLC, S|02
dIChloﬁg%%% ax Qﬁﬁqﬁﬁﬁﬁla % antl ungal agents, isotonic agents, and

the like which are physiologically acceptable. The use of such

15 media and agents are well-known in the art.

In a further aspect the present invention provides uses of com-
plexes and/or pharmaceutical compositions of the present inven-
tion for convenient and effective adminiestration to a subject in
20 need for diagnostic imaging or radiotherapy. The subject of the
methods of the present invention is preferably a mammal, such as

an animal or a human, preferably a human.

Thus in a particular embodiment the present invention provides a
method for diagnostic imaging of a cell or population of cells
25 expressing a folate-receptor, said method comprising the steps
of administering at least one complex or composition of the pre-
gsent invention in a diagnostic imaging amount, and obtaining a

diagnostic image of said cell or population of cells.

The complexes and/or compositions of the present invention may
30 also be used as radioptherapy agents useful for the treatment of

a subject in need thereof.



59:1, Rf product = 0.20, RE starting material = 0.51) to give 892 ng
of H G u(N1l1(Boc-Hi s(T-Bu-4-y1)OMe)-OEu as a pink foam 3-11-NWR
(300 MHz, CDC13): 6 = 1,42 (s, C(CH3)3); 1,35-1,55 (m CBu(3)H2);
1,46(s, CHaizg8)seds 75-1,9 (m C 302)H2; m C b- GLAHA) ; peT@b20dg/@safom C
p-211,11B); 2,35 ("t", Cy_cluH2); 2,585-3,1 (2 dd, Cp. 10 H sH2);
3,22 (q, CE (4)H2); 3,41 ("dd", Ca-Gl1214); 3,67 (s, CH3); 3,90 (t,
CsuCl)H2); 4,53 (ddd, Ca_misH); 5,94 (d, 3J=8,4, Na-aisH); 6,65- 6,7
(s, NH, s, CGm5)H; 7,42 (s, Gm2)H. (c) Synthesis of

Pt e- G uftirhdi 5 rafdcHat By )hri@h) =eotiméAr (#né Zprdent invention pro-
am no- 2-car boxyet hyl ) - 1H-i m dazol-1-yl ) butyl am no) - 2- (4- (( 2-

am no- 4Y 0588 P PRI St herePYnEORDE AM- B0 ) Bath Zatierdo oG -adminis -
oxopent @gwikg ac B A adiirg Heedd tBePeBECLLI S %r?@%cl%oﬁ%ﬂﬂox‘)fcom—
formc acid was refluxed for 3 hours. After cooling to room

t enper RULFELBL500H1 the sranenty|irventiont yin ethrsraneerd cadded effieetive
resul t i Hgsuspensi YRS, sid f.ar, .2 at..r enper at ur t he
precipitate V\./dsr!%ik??aered oif?%e{l\;e\%s tggnmogﬁlgfggotarﬁ q%frgsklag@re gr?a'Pg‘Ff(ear
under VIRIRRAELIAOCIE 0ty alerFiregd ¢tisfsukds,f oswly] gatteimngi ctlzei digdtkNVRo

(300 DVEQd5) i\ 6 .= 0, { bs - 11,40 N(3)H, 1H):
258.8%5% mg,l‘%tf’ ?.cgégk'g,t%:%ﬁ?% ;t@fé‘?et"d}%%&éﬁ%-; 7.56 (d.
Ph, 2H)4., 6. ( , : a pensi on .of .8.5 g,.of the above
obt ai ned’ 1 -%or %}%Pgtgg?oi%%%qlgj}%f%%ﬁ%, hﬁ%‘?srreﬁ%yllpbr?ﬁgﬁ?’ae,%ﬂllﬁl? a
di met hytdtgramnitde- di imheoepusc ed lgneeries addéd rafliethiexipye r3@ing
St ihlr e t re for 18 hours, ,The precipjtate which has
forlr?eddtmllgés %I ig erogfgpa%,&llivs\"/%seﬁéagwg?hafﬁ?j%‘Ft LNt S &Pramitdd eafl
\5/\828108?@? mﬂalgpw/ Eggtgdoggzigtg@ggd@f vﬁ@-p_reserét 7inverf1tion in addiag_
[ umto give 8.7 g of protecte
N21N, l\l—%‘?%elt%ayﬁ;m "'ige%??%%%‘!ﬁ]cﬁalﬁr% IRGHiyee aRawt 1 andrefsen lo-
MHz, DMEOidmtilb20)of Ssaid. 40 (as€NNMnel 1ddmp1%:0 304 Sc%l_g&géiﬂion the
2H) : Z;iﬂ%l"%ﬁd%d Ph, 21@(@3; 7.30 (d. Ph, 2H) 518 (C(6) CH2, 2H); 3.19
(s, NCHSSWH§S BLpiess) BNOEFE1sA) FheTdigsysrutiron randiation, (8n@0ch-

nmrob, ldirgithg Hfqidthcrave algal Red said t4
N21N, N- di net hyl am nonet hyl ene- 10-f or r?fll- pt elrsgfl(ezsag?df%lgwn{:he course

t et r ahytr S HE&Mettder argon were added 274 ng (0,99 nmmol, 1,1 eq.)
DMIMM (4- (4, 6-Di net hoxy[ 1, 3,5]triazin-2-yl)-4-nmethyl- 10
nor pholithi 1HRHE 0FFd,2 s§fathe Sz el sausor e e g niguniitshi falate akkeceptor,

Tet r ahed . AQ; 5327 1 0,99 mmol 1
o) HG DN ot Lt taia, T M) - Ot Chctl Sl oMt . mrg. of ‘the

suspensiEw® SstQF r eepeRitinnse ¢dutbeapresentt dmpenaidne cand Bdede -
copgen under vacuum to approximately 1.5 g. After 15 addition

of Bg mte’e\;\%/tat% gir Epred pﬁg}taetjfoéf e Fad -sépdraredatiem dnkector.
sol ut i @mebystent rhrdegatuiren. uthe AseCh Pl Pt fraps, 1 %&W&%ﬁﬂé ”iﬂaé'g%

wat er, seq%arat ed b ﬁ’gntrifu,gati on and dried under” vaccumto give
my of MFINSRMG et nPfRofeffyPeRiiofen emission computed tomography

f | - (Rpacq) U b BagoHi - oY s Of 4 I
20114 \VR (300 M. ocis) e og PP Jdufiiraeisy. 45i8fon ana
Csu(3) M8 af 48eh radepbia) detactprs gig nwioBl 2¥042pkill, 8£1,cheC of

PGEHAGrdiRakv2 ok | ; i HE; y: w24 99-3.05 (2 dd,
CoHi sHD) & 3. 4%&%&%3@%5 ?"5%@65%?%@3 imaging, anqyit of
C) 3u( 47 FPprlex 69 cSmpokiBion 30B-130 HueseBau(dydnt2dn ; td, Ye dadin{iis-
Cu- Hi sH; 1 2 i ; 29 (s t.e((Q.H2);. 5,60 (d, NH); 5, 94
(d NFD'E';er%’%i?(r)na%?e Oée%’j”i%l J?Il 6%?%%11%%“%%%?&%%1% dg;u%la:%s, 6o zn;pduce
g)pt 8(?@1.@)519;110;56t48 gsggga 1St'>hf( 2nHorgah, ga&ggsthg?d %x@,( o é&h@Pt . )Oe@t as
L7 AN : . or X , te(7)1 To
(0. 22 %??I?egqgerggnﬁév%bgge gpﬁgalRélwhpfggcglve amount of a
di et hybapil armetrhydcepesi@ibar sl thice BdueNd Betelcsbh- BY- 4o adminis-
tered may be selected in an amount sufficient such as to produce
a desired radiotherapeutic effect. More specifically a therapeu-

tically effective amount is an amount of at least one of the



WO 2008/ 125618PCT/ EP2008/ 054409 61 solid sodi um hydroxi de were added.
After stirring at roomtem perature for one hour the pH was adjusted
to pH = 2.5 by addi- tion of formc acid. The product was isol ated by
reversed phazesnegisim pressure |iquid chromatography (ReTMPkdososadei d
phase: Eu- 5 roprep 60-60 0-18; 60 As5135-70 pm 140 g; 36 cmXx 26 mm
liquid phase: 0-10 min. 99,9 % H20, 0,1 % HCOOH, 10-40 min. 34,9 %
MeOH, 65 % H20, 0,1 % HCOCH) to give 120 ng of

Pte G u(H H s(T- (4 NButyl)) OH)-OH as a yellow sh resin. 1H NVMR (300

7 en A R
75 5 D%Qf‘é%l (2) H2) ('g@&gené i tqon Q\rl‘f!!_c@l Qv(m pk@.ﬁat&( %)ulﬂ%)lc ent
1, 50 (ttwr@L?lqcal(;yzad;mmz)of tzhe 1cosz.:>1§X( |tr<i> sc’;aam(@ndz’p d;_lmalsbztuaor
Hi 4- ;
Op 'Sgﬁ)owt(ﬁs’org s?j’é:ié (% %g%&@%@) heré?‘ln §11|_16'1015 &%%wiilgaeqatgt%ﬁ_Q?gn ke
-6 49 (feMLiCATHES) Hisi6g 65-Hed, megkods 702 t@e:pps(eSez)lﬁ) inge@8ipd, or any

28 ol Kb s oo R A, Sl P bt

Pte-d LE(d‘!bll“lrJS:(yT 64- Nelbeit yrta)dii-clik)-d Oe 5-¢#1- @EO(!LEeammcgz 9o,  186/188p.

car boxy; et m dazal- 15 y utyl a 0),32- ((2-,ap8;n0- 4-.0x0- 20
3, 4-di Kgi p% er |H::IG| F 6yl )OVret h)J/iI)Og%‘i1 %0) gggr}?z}hﬁ‘r dgélg—vo;o}p’)ggﬁ‘t‘anoﬁer acil%ﬁ}

15.0 N Ex -
ol e eSS R IR o 3 et Mnse iHIR nt Wilten, intp, Fragis

(4 m., epfemglcandht W@wmmsnadpuslpedgeofpﬁ @iagndstdid vireghlabCos. ratido-
igltm%gyaeﬂr#ow solution was stirred at 50 C for 25 1.5 h after

Whl ch di cated conpl ete conversion of the starting material.

The m xture was cooled to rt and the pH adjusted to pH 2-3 by

addition of dilute HC1L (0.1 M. The precipitate was isol ated by

centrif i 1 0 d | s nder duced. pr.ess

provi de e-fcaggﬁ'f'e% l{%?inéﬁéag%%egvr\%o soﬁ“\cﬁ%ﬁ- ed A FRCERPE ﬁXF’EY
C321135MN22820Re: 0 920. @26k HBbﬁthDDt;nC:.??@ﬁVeferably 10 mCi to about
W2008/ CTLEP200 544 2 Synt hesi s

00mro( ATEML T ERE a0 EetRton B8 BEn TR CcPea HNGIET52rEN unit dosage

55T&( CO)<3-fHicsn faﬁcarce onas. mepmr edoby addint | R edr 2 S .OGktsakehbas 88-
t he Pte- GE(H_HIS -(4-N-B
OH) - OH(E-VETR(S. A SR B x{rBFhﬁrﬂachfrm bupor - in vivo can take

place, if desired, from within minutes to hours or even longer,
after the radiolabeled reagent has been administered to a sub-
ject. Typically, a sufficient amount of the administered dose
20 will accumulate in the targeted area to be imaged within about

0.1 to 1 of an hour.

The complexes and/or compositions of the present invention may
be administered by an appropriate route such as parentally (for
25 example, intravenously), intramuscularly or intraperitoneally or
by any other suitable method. For example, the complexes and/or
compositions of this invention may be administered to a subject
by bolus or slow infusion intravenous injection. The suitable
forms for injection include sterile agueous solutions or disper-
30 sions and sterile powders of the above mentiocned complexes

and/or compositions of the present invention.

The complexes or pharmaceutical compositions are preferably



5 yl) butyl am no) - 2- (4- ((2- am no- 4- oxo- 3, 4- di hydr opt eri di n- 6-

yl ) met hyl am no) benzam do) - 5- oxopent anoi ¢ aci d) obtai ned according to
Exanple 1 in phosphate buffered saline (PBS) to [Na] [55)Tc04])

resul ti ng wo 2éusfiz9sed concentration of 10-5 M The pgealPeids/ 054409
reaction vial was heated for 60 mn & 100C to form 10 the
corresponding in excellent yield (> 98 %9 . Exanple 4; Synthesis of
Triazol - Fol ate a) Synthesis of 4-azido-butane-am ne. The
Boc-protected interme- diate azide (0.42 g, 2.0 mol ; prepared

accor di i . qal : .

i ss0l vad) o G DD B DL G PFI oy S B e e o e £ T eize
added. Weurigteur eingdgidigig att motovieimirtieghtt candiddidn onowde mntdbadte-

under rjgg%?e p i th F of i th

corr espondi n(gf Aéﬁggfﬁ%#e) %ggllggsé'ol %? e@éérgﬁe‘( ﬁ%ggr#&?l'qu%}l ?ﬁoﬁlﬁt\?eo:l’
1H NVR e ODCERrif.c=agid9- Thiferltdsyl 3ldnd 4hé614kE0 (be, 1H), 3.32
(t, 2H, J =6.5), 3.30- 2.92 (m 2H), 1.81-1.70 (m 2H), 1.70-1.58
(m 52H); LR-Ms: [M+H = 115.10 (calc. for C1110114: 114.15). 25 b)
Synt hesi s of d u(4-azido-butylam de)OMe In a flanmed-dried flask under

argon ke desspl erets Band oOVeoR641 igpnsl . @ noiné ) inventriorDMray Saliko be

over I sieves. 4 A and Et 3N (210 , 1.5 equiv) s .added.
HEM ( 38‘#%, fe oirr?m}s;’r‘jr?/va%e‘g%%ela‘matc’ %St (FPERRCAIe T fé’&ﬁ??ed" e-
for haldemirothoim . aThés80esbliopspntakeh herant avatbfeaci dTh@S in a fur-
transferyred via(ﬁann la,_to a solution of the TFA ‘Scﬁelt of the .
azi de- amffle SBTATHR UnHRT BFSTRS RYeatPimdrgvidesry PR fiey in
conai nritgrEtdN dotlidn ldf, al de11Ve2pR8L4 266 1BRCTEFRAA0H/Ne4408,63 . 4. 2
equiv) at 0 C._ After 2 hrs, the mxture was warned to rt and stirred
over ni'gHioTr REfbval 1B ot Este Edmpbhenbsclindarlrdes ceanpresing e sand
purifi cetdfie ofaddies restrlug B¥mplaghoeh YoPNefik! | i; 1,
CH2C12/ MeCH ( 60; 11%%0: 1) provi deg t he co%reg-ﬁégg%%%ﬂd?ﬁgt%%c?%régtggté&
ani de pPYPHHAT o L1 Grivess snsiuntE3 3@ dng org BufficipniVRipeDand) condi.-
6. 32- 6. 1 {PSto 141) owd H35EI nd4 iy 39z ; ) poi 3a 72 (
30), 3.35.3,21 (m 40) b?i ?@%ﬂa(ﬁ"b?l‘%%@ pt 68%??2%@3&% ﬁ’;%dﬂ%);gy
19951, ganagnngl echnigpes. 52 (m 4H), 1.43 (s, 90); LR-MS: [MH =
358.20 (calc. for C151127N505: 10357.41). The Boc-protected

i nt er nEElESOSEA Med asddeeted. P2 grogeduram|Rnomes tei $del widliad per-

CH2C12 A iC. 1 T . 5 dded, Th
4P, rgr) andy raofng%w;%gg%'tElégaghﬂeln(fpgg Ly amﬁodﬁ%gé Sy e

m xture was | eft at rt over n and ncentrate

pr essuriinas iynigefebrt heaThdatadt hblngharye sanples pandlitiige aidikee as a

pal e yellow oil (740 ng, quantitative): 1H NVR (CDCl2) 5 = 10.15-8.60
(bs, 3Hjisse7pamplesHiol be BeBred4iddldie, arhH, tiksue? shsppdtdd7to 30890

3 3 3]- 3,25-3,18 11), 2.59-2.45 211),
0558 S onih el SMsédding (s "Readd Hedialy Sudidyeupdheletls,
[ MtHr = 388123, 120( callds, f did62¢422dR3602in2EE129). o&) thenthlpstsbeiiary

pr ot ect ed y-(4-azd'do-butaon 1)-folic acki)d amde In a flaned-dried

f! ask usr}fc?éc_remdr gaol}'l v\%%heslﬁgs'pe eﬁZ-ﬁrN- e sqlactloned, e.g., with a mi-

di met hydmtaneet ty| €aeillcées Mokcpbeesp e a6kan{ D8 31, afd 5 oBERY-YaRPon
in dry I%VF (ulO n., aqver nol ecular sieves 4 .A) and Et2N (104 AL,

Oof bound complex. Samples can also be fixed with an appropriate

25 fixative either before or after incubation with one of the com-

plexes or compositions of the present invention to improve the

histological quality of sample tissues.

Time and conditions sufficient for binding of a complex of the
present invention to a folate receptor on the cell include stan-
30 dard tissue culture conditions, i.e. samples can be cultured in
vitro and incubated with one of the complexes or compositions of

the present invention in physiological media. Such conditions



0.75 mml) was added. HBTU (380 ng, 0.5 mmol) was added at 0 C and
the m xture was stirred for one hour. To the resulting or- ange
solution was added at 0 C a solution of am ne TFA salt ob- tained
under c) (W86oosm2s6t8 5 nol) in dry DMF (9 nl) contai ni ngTA®2008/8N445210
AL, 1.5 nmol). The resulting clear yell ow solution was stirred at 0 C
for one hour and then allowed to warmto rt. Re- noval of volatile
conponents under reduced pressure and purifi- WO

2008/ 125618PCT/ EP2008/ 054409 64 cation of the residue by flash

chromat.oar apdly) Qi 115298le V!]éﬂl@d%%%h’@"hié&rﬁﬁﬁ;éb prs%\‘dpd%% 122G

correspondi ng protected azido-folate as a yellow solid
%W: np 11@55@96? @HCHRZTP@ mertedawtnawcp@nl%x %rcmr@pawwf the

657. 26&)@desé1tﬂ1%x}é@1 &l BanggoxE’{&%?h&??oggglcQ%Iﬂglﬁﬁ@ﬁé Was

di ssol in 1 and stirr

resul ti I by - f r %ﬂ T,
The pHZDOf }%EE{ yelalmidf{seo?ﬁ;t :%%d\clvac?ﬂ@gjgﬁsixgdﬁtl% %#Qééhgby addi tion ot%
HC1 510 ﬂiﬁil(qlfﬁ%te@??l%l-@ @héumqu\/l:e@)mchan@sufrerd ahout 1 ng/l to

pr eci plé@gﬁ 1?{’1 gro%uc%w E’Q'_erés&ls Si on; was ce tmr}l I@S(%O mbrcl)ut

at 3500 rp y Super na an"% dec%n
pr oductlar |;L33jf[]nda:reefthn@@ﬂ prcagﬁm;ebog:bv&iehms@dntf@xh)id:r acihtlrer |diagmalshs

of azidg. folate as el I o owder (75 gquantitativ > 200

4 i e D Y st RO SaRe 3, s TR Y o il o gna -
-7.2), TeRe{d ¥ jgs/:ye)ng 6 ﬂn+3 6§7/68 a+3 90Y+3 1°9Pd+2, 1°5Rh+3, 177Lu,
211, J=9. 0), 7. 00- 6. 82(bs, 211), 6. 93(t, 111, J ' =6.2) . 6. 64

(d1RH, J49 0)1 HoHe( d*'281, Jpte a1 T4-290m Hd1)56 D2 Ret-13381, J

=6. 8) . 3. 03(q, 2H, J =6. 5),3.09-2.96(m2H), 2.12-1.83 (m 211),

1.55-1. m&(aetaaﬁionlo%-aeﬁﬁu(aﬁ 2ddir(Ones Nong0 J1ot tiebsgeysent com-
HR- V5. 537.2127 (calc, for C23H27N2105; 537.2197); el enental
anal ysi O‘trﬁ%ﬁ'cu?%‘? D6SFl Bes Irgrbesaip i 1 PESFERER Phr entiedeicspd

C 39. 1&cdmied8) , thed. QR 8ind Ncdlindda( 2L 49) st@ntdtalDoindillation
(24.63). 25 f) Sﬁ/nt hesis of Triazol-folate
counter. Alternative methods apply and are known to the gkilled

15 person.

For diagnostic or radiotherapy applications it is convenient to
prepare the complexes of the present invention at, or near, the
site where they are to be used. Thus in a further aspect the

20 present invention provides a single or multi-vial kit containing
all of the components needed to prepare the complexes or compo-
sitions of this invention, other than the radionuclide ion it-
self. Thus a preferred single-vial kit of the present invention
comprises a compound of the present invention, and a source of a

25 pharmaceutically acceptable reducing agent such as a stannous
salt. In addition, the kit comprises optionally further addi-
tives, for example the kit is buffered with a pharmaceutically
acceptable acid or base to adjust the pH to a desired value for
complex formation. Such a single vial kit may optionally contain

30 exchange ligands such as glucoheptonate, gluconate, mannitol,
maleate, citric or tartaric acid and may also contain reaction

modifiers, such as diethylenetriaminepentaacetic acid or ethyl-



Synthesis A Protected azido folate (95 ng, 0.15 nmol, obtai ned under
d)) was dissolved in taftOH/ H20 (1:1, 6 nL) and L-propargyl glycine
(17 nmyg, 0.15 nmmol ), Cu(OAc)2 (5.5 ng, 20 nol %9 and sodi um ascorbate
(12 ng, 4GvoodkdG)seveer e added. The brown sol ution was 3@cstdpidomdsade It
over night after which HPLC indi cated4conpl eted conversion of the
substrates (RPLC system 1). Metal scavenger resin QuadraPure | DAm
(0.3 g) was added and the m xture was kept WO

2008/ 125618PCT/ EP2008/ 054409 65 at rt for one day while occasionally

shaken. enEaaa&r&%' ttteegaxelahﬁ?&v SO 41t 'ml%%ngqcaaa%@@g %ﬁ%%r %bqq-

under reduced pressure. The residue was taken up in
and st if¥ldgens r(tfoﬁ'v@KaﬁPéﬁtaa¢Y‘é¥0%ﬁtéfﬁnHPL@nFﬁ©¥t@@Ié‘€B cdin @tX@mple

ad st S i SREPALOEE Tord hd o BagDE VRGN R ) BT
whi ch reglsutededda nmprre@repl:hat rapiofhandesdr paudty Fheé sm@mm@mge
centri figed GO b S800. @My (e AL KELEOW: SURSHIA! Al va

decant e agtd the sol produc ddced pressure
purifi ohtqrmvzloidet he.gr.utte proRielptw:(MBrpr@gSerabﬁrypbepa@@édJnsreparately

i sochrati % 900/ TFA ( rovided the tris-TFA
salt | BhEy AERL OBt 2 RELAELPR o 1 & SErFBEANELaSe % AR Hager
(113 rrgsollftlbnf or 2 steps): 114-NWVR (DWVSO d6, using a water-signal
suppressing progranm) 6 = 8.68 (bs, 111), 8.27 (bs, 2H, 15 exchanged
Wi th D@O)préﬁé&kédimﬁttlewﬂﬂﬂnEEﬂ %EtthZQwebentﬁﬁ%henilaﬂ Qﬁm@&iéks,
7. 85 111, excha,r;ge \ﬂth D20, R}l 65 (d, 2H,_ J = 1),

7. 897 o' AR b eZI—‘F"“B?E‘ﬁEﬁﬁedO th BpRY, tfee @@d(ldmufﬂd% itself,

8.1), 4r€5ﬂ11(r%d ad) , fd‘rn355 41@9.1](énra5il-ljom@1@.dar Q:b gl@%Chaﬂﬂﬁslw tEn ex-
020), 3.23-3.13 (m 211), 3.09-2.94 (m 502H, 3 = 8.2),

2.10- 1.9w¥ngs 4idand 1208 g4 gharmepep 1$aéésf’1&¢zepﬁﬁbl’zq1¥edqcmsg 1agent

2113y 73 4 T30 3
Cl eront ol Al el & (ea il el T anheRr et PNS T.@:é?“:sﬁ@iZ Ls

(1120) Gantsdmesk Higsia) secand 3viakp. ae) well4a80 cpgiosyl Ndiﬁt%es such
(16563)ag Obﬁeeeli@a?g;@%ﬂ% @ftélaaglégs %ﬁge 20, M ng %fafat

14.95 (calc 16. 63 esis B: pr ot act & a2|do
0.05 mAnticpellyaited nﬁﬁd@mue)t}dwawliihspenpedvmed BuOH &0 ¢f: 4, s3lu-

nL) an pr O¥bhr 9L¥

nol % g:n nsod‘lg a%q():ror at eB%l %E(jf%cgg%ggmgrérag&g%e}?ﬁgé %HF?—JOH'
was 30 =1 iber edidetd.80 C for 20 min after which HPLC (BPLC system 1)
in- dicated conpleted conversion of the starting substrate. The brown

suspendildn amspotiessel wédablyltadmhgt iben iof 11iNuhNAOHE Bk orCldesgr €drhy In

2008 175 SECT B2 60EPaLiTty *it Borpirent®abe Fadiaed Tn 1yophi-

lized form.

All of the compounds, complexes, compositions and/or methods
disclosed and claimed herein can be made and executed without
25 undue experimentation in light of the present disclosure. It
will be apparent to those of skill in the art that variations
may be applied to the present invention without departing from
the scope of the invention. The Examples provided herein are in-
tended to be illustrative and are not exhaustive:; therefore the
30 illustrated Examples should not be viewed as limiting the inven-

tion in any way.



66 tated by adjusting the pH of the solution to pH-2 with 1 M HC1.
The suspension was centrifuged (10 mn at 3500 rpm, the supernatant
decanted and the solid product dried under reduced pressure yielding
t he pent a-whygdisaldeos i de salt of the desired Tria- 5 zolpciraipadoozgosan
orange solid (42 ng, quantitative). Bsanple 5: Synthesis of '
22aTc(=2-Tri azol -fol ate conpl ex Synthesis A: 50 AL of a stock
solution (102 Mto |I0in physiological (0.15 M phosphate buffer pH =
7.4) of the Tria- 10 zol-folate |ligand was added to a sol ution of

[ 22niTc (XX Xa#) 2r (prepared according to Alberto et al, J. Am Chem
Soc. 2001, 123, 3135; 100 gL; -1 GEg/nL). Phosphate buffered saline
(PBS phateyiadadAnd meshadded to adjust the final concentration. The
reaction was heated for 50 min at 100C. Radi ol abeling yields were
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30 with an XBridge column (C18, 5pm, 10 x 150 mm, Waters) using the
solvent system as indicated in the description of the individual

experiments.
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percentage of injected activity per gramof tissue (%1A/g). The

bi odi stribution data obtained for 99nilc-H s-folate (Tables 5 | a, b)
and of 99nWo2dmsiizssed - f ol ate (Tables 2a,b) with or w t hegt/Ep2008/054409
preinjection with the antifol ate Pemsrexed (Tabels Ib, 2b) in
KB-tunor bearing male nude mce are shown in Tables 1 to 4. The

val ues are indicated as percentage injected activity per gramtissue
[.%1A/g]. The results in Tables |a and 2a clearly show 10 that the
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[Na] [**"Tc0,]) was eluted from a *°Mo/**"Tc-generator (Mallinck-
rodt-Tyco, Petten, The Netherlands) with a 0.2 % saline solu-
tion. The precursor ['*®Tc(OH,);(CO);]* was synthesized using the
Isolink™-kit (Mallinckrodt-Tyco, Petten, The Netherlands). For
the in wvitro studies and the biodistribution experiments, the
radiofolates were separated from unlabeled folate 1ligand by
means of HPLC in order to obtain a maximal specific activity.

The non-purified complex used for SPECT/CT-studies.

Example 1: Synthesis of Pte-Glu(H-His (1t-(4-N-Butyl))-OH)-0H (5-
(4-(4-(2-amino-2-carboxyethyl) -1H-imidazol-1-yl)butylamino) -2-
(4- ((2-amino-4-0xo0-3,4-dihydropteridin-6-yl)methylamino) ben-

zamido) -5-oxopentancic acid)

(a) Synthesis of Boc-His (7(4-NH,Bu))-OMe

1-azido-4-chlorobutane has been prepared according to a modified
based on Yao, L. et al, J. J. Org. Chem. 2004, 69, 1720. So
7.87 g (121 mmol) NaN; were suspended under argon in 220 ml diox-
ane. To the suspension 18.86 g of 1-bromo-4-chlorobutane were
added and the mixture was stirred at room temperature for 18
hours. After addition of 550 ml water the mixture was extracted
twice with 330 ml diethylether. The combined ether extracts were
washed with 330 ml water and 330 ml aqueous sodium chloride
(10%), dried over sodium sulphate and concentrated to give 14.11

g of a yellow pale oil with a purity of approximately 95% 1-
azido-4-chlorcbutane ('H-NMR (300 MHz, CDCl;): &=1.65-1.95 (m,
C(2)H;, C(3)H,, 4H); 3.33 (t, *J=3.3, C(1)H,, 2H); 3.57 (t, *J =
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6.2, C{4)H,, 2H).

To a suspension of 24,24 g (90 mmol, 1,0 eq.) Boc-His-OMe (pur-
chased from Bachem) in 50 ml acetone under argon was added 13,68
g (99 mmol, 1,1 eqg.) potassium carbonate, 13,22 g (99 mmol, 1,1
eq.) 1l-azido-4-chlorobutane and 3,75 g (25 mmol, 0,28 eq.) so-
dium iodide and the mixture was heated to reflux until TLC indi-
cated a complete conversion (TLC: Si0;, dichloromethane / metha-
nol / 9:1, Rf (product) = 0.58, Rf (starting material) = 0.37).
After 2 days approximately 85% of starting material were con-
sumed. The product was isolated by chromatography (8i0,, ethyl-
acetate/n-hexane/ 4:1) to give 11.74 g of Boc-His (1(4-N;Bu))-OMe
as a yellow-brownish resin (1H~NMR (300 MHz, CDCl;3): & = 1,44 (s,
C(CHs);, SH);1,5-1,6 (m, CousyHa, 2H}; 1,8-1,9 ({(m, CauizyHz, 2H);
3,00 (dd, *J=14,4, *0=4,7, CgmsHa, 1H); 3,08 (dd, 2J-14,8; 3J=5,5,
Ca-misHs, 1H); 3,31 (t, 3J=6,6, NiCpyayHz, 2H); 3,70 (s, CHs, 3H);
3,90 (t, >3=7,0, CpuyHz, 2H); 4,53 (ddd, CaumieH, 1H); 5,99 (d,
°J=8,2, NH, 1H); 6,68 (8, Cins)H, 1H); 7,37 (s, CimzH, 1H)).

To a solution of 11,73 g (32 mmol, 1,0 eq.) of the above ob-
tained intermediate Boc-His (t{4-N;Bu))-OMe in 320 ml tetrahydro-
furan under argom 10,49 g (40 mmol, 1,25 eq.) triphenylphosphine
were added. The mixture was stirred at room temperature for 19
hours. After addition of 32 ml of water and further stirring for

4 hours the mixture was concentrated under wvacuum to give 21.70
g of the desired heterocyclic ligand site Boc-His{t(4-NH,Bu))-OMe

as a yellowish resin which contained approx. 50% triphenyl-

phosphine oxide.

'H-NMR (300 MHz, CDCls): & = 1,43 (s, C(CHs)s, 9H); 1,4-1,55 (m,
Cou(aHz, 2H); 1,7-1,9 (m, CpuzyHz, 2H); ); 2,69 (t, 37=6,9, CouaHa,
2H); 3,00 (dd, CgumisHa, 1H); 3,08 (dd, CpgmsHs, 1H); 3,70 (s, CHs,
3H); 3,88 (t, °3J=7,0, CpunHz, 2H); 4,52 (ddd, CemsH, 1H); 5,95
(d, *J=7,9, NH, 1H); 6,67 (8, CinsH, 1H); between 7,20 and 7,75
(8, Cim¢H, 1H).



1.71 + 0.12 1.03 + 0.22 0.15 0.02 intestines 3.84 + 2.23 1.51 0.29
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Triphenylphosphine oxide: & = 7,20-7,75 {m, Ph,).

(b) Synthesis of H-Glu(NH(Boc-His(r-Bu-4-yl)OMe)-OtBu

To a solution of 4,26 g (10 mmol, 1,0 eg.) Fmoc-Glu-OtBu (pur-
chased from Bachem) in 40 ml monoglyme (1,2-dimethoxyethane)
1,38 g (12 mmol, 1,2 eq.) of N-hydroxy-succinimide were added.
The mixture was cooled to 5°C and 2,48 g (12 mmol, 1,2 eq.) of
N,N’-dicyclohexyl-carbodiimide (DCC) were added. After stirring
for 22 hours at room temperature all starting material was con-
sumed (TLC, SiO., ethylacetate/hexane / 1:1, RE oquer = 0.43, Rf
Starting material = 0.35) and a solution was formed which was directly

used in the following steps.

Thus, to the above obtained solution of Fmoce-G@lu(0sSu)-0tBu in 40
ml monoglyme (1,2-dimethoxyethane), 6,88 g (10 mmol, purity -~50
%, 1,0 eq.} of Boc-His (1(4-NH;Bu))-OMe (see step (a)) were
added. After two hours stirring at ambient temperature the mix-
ture was concentrated to approximately 15 g and the product was
purified by flash-chromatography (Si0;, dichloromethane/methanol/
25:1, TLC, Si0;, dichloromethane/methancl 9:1, Rf proguct = 0.46,
RE gtarting materiaz = 0.05) to give 2.29 g of Fmoc-Glu(NH(Boc-His (1-
Bu-4-yl)OMe) -OtBu as a yellowish foam ('H-NMR (300 MHz, CDCl,):
&= 1,39 (s, C(CHy)s, SH); 1,3-1,5 (m, CgusHz, 2H); 1,44 (s,
C(CHi)s, 9H); 1,63-1,75 (m, Cpu(zyH,, 2H); 1,85-1,95 (m, Cp-giuHa,
1H); 2,1~ 2,3 (m, Cg-ciule, 1H); 2,24 (m, C v-ciuHz, 2H); 2,97 (2
dd, Cp-misHa, 2H); 3,1-3,3 (m, Cpue)Hz, 2H); 3,64 (s, CH,, 3H); 3,79
(t, CpunHz, 2H}; 4,1-4,25 (t, CeaueH; t, Cp-rrocH, 2H); 4,25- 4,45
(m, Copmoctla, 2H); 4,52 (g, CamisH, 1H ); 5,82 (d, *J=7,6, NeguH,
1H); 5,95 (4, 3J=8,1, No-migH, 1H)}); 6,36 (s, Ny-cwH, 1H}; 6,61 (s,
CimtsyH, 1H); 7,20-7,30 (s, CiniyH, 1H); between 7,20 and 7,80 (m,
CrmocHa, 8H))) .

To a mixture of 2,29 g (3,06 mmol, 1,0 eg.) Fmoc-Glu(NH(Boc-
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His (t-Bu-4-yl)OMe) -OtBu and 50 ml dichlormethane 3.0 ml
piperidine were added. After 3 hours stirring at room tempera-
ture the product was isolated by flash chromatography (SiO., di-
chloromethane/methanol 4:1, TLC, 8i0;, dichloromethane/methanol

9 :1 I Rf product = O - 20 r Rf starting material = 0 a 51) tO give 892 l'[lg Of

H-Glu (¥H (Boc-His {(t-Bu-4-v1)COMe) -OtBu as a pink foam.

M-NMR (300 MHz, CDCl;): & = 1,42 (s, C(CHs;);3); 1,35-1,55 (m,
CBu{3)Hz); 1,46(s, C(CH3)i)}; 1,75-1,9 (m, CpumHai;m, C p.guuHa);
2,05-2,2 (m, C geuHe); 2,35 ("t", C yeuHa); 2,95-3,1 (2 dd, Cp-
misHz2) ;7 3,22 (g, CpunyHz); 3,41 {"dd", CeanH}: 3,67 (s, CH:); 3,90
(t, CpunHz); 4,53 (ddd, CuomeH); 5,94 (d, 3J=8,4, NomeH); 6,65-
6,7 (s, NH; 8, CinmsH); 7,42 (s, CinH) .

(c) Synthegis of Pte-Glu(H-His(t-(4-N-Butyl))-OH)-OH (5-(4-(4-(2-
amino-2-carboxyethyl) -1H-imidazol-1~yl)butylamino)-2-(4-((2-
amino-4-oxo-3,4-dihydropteridin-6~yl)methylamino)benzamido) -5-

oxopentanoic acid)

A mixture of 25.3 g pteroic acid and 1175 ml of formic acid was
refluxed for 3 hours. After cooling to room temperature 2350 ml
of methyl-tert.butyl ether were added. The resulting suspension
was stirred for 2 hours at room temperature, the precipitate was
filtered off, washed with 1600 ml of water and dried under wvac-
uum at 40°C to give 27.28 g of 10-formylpteroic acid (*H-NMR (300
MHz, DMSO-dg): & = 12.90 (bs, COOH, 1H); 11.40 (bs, N(3)H, 1H);
8.85 (s, CHO, 1H); 8.65 (s, C(7)H, 1H); 7.95 (d, Ph, 2H); 7.56
(d, Ph, 2H); 6.90 (bs, NH,, 2H)).

To a suspension of 8.5 g of the above obtained 10-formylpteroic
acid in 128 ml N,N-dimethylformamide, 52 ml N,N-
dimethylformamide-diisopropylacetal were added. The mixture was
stirred at room temperature for 18 hours. The precipitate which
has formed was filtered off, washed with 4 ml of N,N-

dimethylformamide and 50 ml acetone and dried at 40°C under wvac-



3.68 0.36 tunor-to-blood 18.56 + 10.47 38.00 8.33 184.23 + 65.88
tunor-to-liver 0.30 + 0.06 1.19 +0.47 10.99 t 5.60 tunor-to-kidney
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uum to give 8.7 g of protected bﬁ,N,N—dimethylaminomethylene~10—
formylpteroic acid ('H-NMR (300 MHz, DMSO-dg +D;0): & = 8.70 (s,
CHN, 1H); 8.63 (s, C{7)-H, CHO, 2H); 7.81 (d, Ph, 2H); 7.30 (4,
Ph, 2H); 5.18 (C(6)CH;, 2H); 3.19 (s, NCHs, 3H); 3.08 (s,
NCH,, 3H) ) . '

To a solution of 391 mg (0,90 mmol, 1,0 eq.) of the above ob-
tained N?,N,N-dimethylaminomethylene-10-formyl-pteroic acid in 3
ml tetrahydrofuran under argon were added 274 mg (0,99 mmol, 1,1
eq.) DMTMM (4-{4,6-Dimethoxy(1,3,5] triazin-2-yl) -4-methyl-
morpholiniumchlorid, synthesized according to Kunishima et al,
Tetrahedron Letters, 40, 5327-5330, 1999) and 473 mg (0,99 mmol,
1,1 eqg.) H-Glu(NH(Boc-His(t-Bu-4-y1l)OMe)-OtBu (see step (b)).
The suspension was stirred for three hours at room temperature
and then concentrated under vacuum to approximately 1.5 g. After
addition of 2 ml water a precipitate formed which was separated
from the solution by centrifugation. The precipitate was resus-
pended in 0.5 ml water, separated by centrifugation and dried

under vaccum to give 526 mg of Nz—N,N—dimethylaminomethylene—10-

formyl-Pte-Glu (NH (Boc-His (1-Bu-4-yl)OMe) -OtBu as a vellow foam.

'H-NMR (300 MHz, CDCls;}: & = 1,39 (s, C{CHs)3); 1,3-1,45 (m,
Cau(nHz2) ; 1,46(s, C(CHa)a); ~1,7-1,8 (m, CpyzH2); 1,8-1,9 (m, C ;-
cwHa) ; 2,1-2,4 (m, C g.cwHa; M, C yauHs); 2,95-3,05 (2 dd, Cg.
misHa) ; 3,14 (5, Cpmwtsa); 3.22 (s, CowmHss); 3,2-3,3 (m, CpuaHa);
3,69 (s, CHs); 3,8-3,9 (m, CeyuHy); 4,4-4,6 (m, CanisH; m, Cq
swH); 5,29 (8, Cpre(s)H2); 5,60 (d, NH); 5,94 (d, NH); 6,70 (s,
CimisyH) ; 6,95 (s, NH); 7,40 (d, *J=8,6, 2 X CpwesnH); 7,48 (s,
CimzH); 7,87 (4, *J=8,6, 2 X CpesnH); 8,70 (8, Coud); 8,80 (s,
CrorH) ; 8,93 (8, Cpre(nH) .

To 200 mg (0,22 mmol, 1 eg.) of the above obtained N?-N,N-
dimethylaminomethylene-10-formyl-Pte-Glu (NH (Boc-His (t-Bu-4-

yl)OMe)} -OtBu 22 ml 1M HCl were added. The mixture was stirred
for 2 hours at 50°C. After cooling to approximately 15°C 1,76 g
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solid sodium hydroxide were added. After stirring at room tem-
perature for one hour the pH was adjusted to pH = 2.5 by addi-
tion of formic acid. The product was isclated by reversed phase
medium pressure liquid chromatography (RP-MPLC, solid phase: Eu-
roprep 60-60 C-18; 60 A; 35-70 pm, 140 g; 36 cm x 26 mm, liquid
phase: 0-10 min. 99,9 % H,0, 0,1 % HCOOH, 10-40 min. 34,9 % MeOH,
65 % HyO, 0,1 % HCOOH) to give 120 mg of Pte-Glu(H-His (t-{4-N-
Butyl))-OH)-OH as a yellowish resin.

“H-NMR (300 MHzZ, D,0&D.80,, cal.: &(H0)= 4,79): & = 0,4-0.6 (m,
CauasHz) 5 0,75-0,9 (m, CeumHz); ~1,1-1,25 (m, C pgauHa); 1,25-1,4
(m, Cg-ewHe); 1,50 (t, *T=7,1, CygruHz); 2,1-2,3 (m, CaueHa); 2,45
(2 dd, CgmisHa); 3,1-3,3 (£, CeuHa); 3,4-3,5 (t, ComsH); 3,5-3,6
(@, *Je= 4,6, >Tz= 9,44, CocaH); 4,08 (8, Cpe(syHa); ~6,49 (s,
CimisyH) ; 6,65 (d, *J= 6,7, 2 X CpresnH); 6,95 (d, 3J=6,1, 2 x
Cptets}H); 7,68 (8, Cim@H); 7.83 (8, Cpe(nH).

Example 2: Synthesis of Re(C0);-His-folate complex

Pte-Glu(H-His (1- (4-N-Butyl)) -OH) -OH (5-(4-(4-(2-amino-2-
carboxyethyl) -1H-imidazol-1-yl)butylaming) -2- (4~ ( {(2-amino-4-oxo-
3,4-dihydropteridin-6-yl)methylamino)benzamido) -5-oxopentanocic
acid) (15.0 mg, 23 pmol) obtained according to Example 1 and
[Re (Br}s; (CO) sl [EEsN]2 (20.0 mg, 26 pmol) were suspended in
HC/MeOH (4 mL, 1:1) and the pH was adjusted to pH 8 with dilute
NaHCO;. The resulting yellow sclution was stirred at 50 °C for
1.5 h after which HPLC indicated complete conversion of the
starting material. The mixture was cooled to rt and the pH ad-
justed to pH 2-3 by addition of dilute HCl (0.1 M). The precipi-
tate was isclated by centrifugation (10 min, 3500 rpm) and dried
under reduced pressure to provide Re-complex (5) as a brown
golid: HR-MS: [M+H]® = 920.2131 (calce. for  C33HasN;;0i5Re:
920.2126), HPLC purity: >70%.
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Example 3: Synthesis of **™rc(C0);-His-folate complex

In analogy to Example 2, **™Pc(CO);-His-folate was prepared by
addition of a stock solution of the Pte-Glu(H-His (7~ (4-N-Butyl)}-
OH) -OH (5~(4-(4-(2-amino-2-carboxyethyl)-1H-imidazol-1-
yllbutylamino)-2-{4-((2-amino-~4-0x0-3, 4-dihydropteridin-6-

ylimethylamino) benzamido) -5-oxopentanoic acid) obtained accord-
ing to Example 1 in phosphate buffered saline (PBS) to

[Na] [**™Tc0,]) resulting in a final concentration of 1075 M.

The sealed reaction vial was heated for 60 min at 100°C to form

the corresponding in excellent yield (> 98 %).

Example 4: Synthesis of Triazol-Folate

a) Synthesis of 4-azido-butane-amine. The Boc-protected interme-
diate azide (0.42 g, 2.0 mmol; prepared according to Link et al
J. Am. Chem. Soc. 2004, 126, 10598) was dissolved in CH,Cl, (5
mL) and trifluorocacetic acid (TFA, 1.0 mL) was added. The mix-
ture was left at rt over night and then concentrated under re-
duced pressure to yield the TFA salt of amine the corresponding
Azide-Amine as a colorless oil (450 mg, guantitative): H-NMR
(CDC1;} © = 8.19-7.80 (bs, 3H), 4.76-4.50 (bs, 1H), 3.32 (t, 2H,
J = 6.5}, 3.30- 2.92 (m, 2H), 1.81-1.70 (m, 2H), 1.70-1.58 (m,
2H) ; LR-MS: [M+H]*= 115.20 (cale. for C HioNs: 114.15).

b) Synthesig of Glu{4-azido-butylamide)OMe

In a flamed-dried flask under argon was dissolved BocGluOMe (261
mg, 1.0 mmol) in dry DMF (5 mL, over molecular sieves 4 A) and
BEtaN (210 pL, 1.5 equiv) was added. HBTU (380 mg, 1.0 mmol) was
added at 0 °C and the mixture was stirred for half an hour. The
solution of the activated acid was transferred via cannula to a
solution of the TFA salt of the azide-amine obtained under a}

(228 mg, 1.0 mmol) in dry DMF (5 mL) containing Et,N (210 uL, 1.5
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equiv) at 0 °C. After 2 hrs, the mixture was warmed to rt and
stirred over night. Removal of volatile components under reduced
pressure and purification of the residue by flash chromatography
on silicagel with CH,Cl,/MeOH (60:1-30:1) provided the corre-
sponding Boc-protected amide product as a colorless oil (330 mg,
92 %): 'H-NMR (CDCl;) ® = 6.32-6.19 (bs, 1H), 5.35-5.24 (bs, 1H),
4.30-4.21 (m, 1H), 3.72 (s, 3H), 3.35-3.21 (m, 4H), 2.24 (t, 2H,
J = 6.8), 2.21-2,10 {m, 1H), 195-1,80 (m, 1H), 1.67-1.52 {m,
4H), 1.43 (s, 9H); LR-MS: [M+H]"'= 358.20 (calc. for CigH; N:O;:
357.41).

The Boc-protected intermediate obtained above (0.72 g, 2.0 mmol)
was dissolved in CHyCl, (10 mL) and trifluorocacetic acid (TFa,
1.5 mL} was added. The mixture was left at rt over night and
then concentrated under reduced pressure to yield the TFA salt
of the corresponding amine as a pale yellow oil (740 mg, gquanti-
tative): *H-NMR (CDCl;) & = 10.15-8.60 (bs, 3H), 6.74 (t, 1H, J =
5.6), 4.14 (dd, 1H, J = 7.7 and 3.7), 3.80 (s, 3H), 3.31-3.26
(m, 2H), 3.25-3.18 (m, 2H), 2.59-2.45 {m, 2H), 2.38-2.27 (m,
1H), 2.24-2.13 (m, 1H), 1.63-1.50 (m, 4H); LR-MS: [M+H]*= 258.23
{(calc. for CioHi1gNsO3: 257.29).

c) Synthesis of protected y-(4-azido-butaonyl)-folic acid amide

In a flamed-dried flask under argon was suspended N2-N,N-
dimethylaminomethylene-10-formyl-pteroic acid (198 mg, 0.5 mmol)
in dry DMF {10 mL, over molecular sieves 4 A) and Et:N (104 pL,
0.75 mmol) was added. HBTU (380 mg, 0.5 mmol) was added at 0 °C
and the mixture was stirred for one hour. To the resulting ox-
ange solution was added at 0 °C a solution of amine TFA salt ob-
tained under c) (186 mg, 0.5 mmol) in dry DMF (9 mL) containing
Et;N (210 pL, 1.5 mmol). The resulting clear yellow solution was
stirred at 0 °C for one hour and then allowed to warm to rt. Re-

moval of volatile components under reduced pressure and purifi-
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cation of the residue by flash chromatography on silicagel with
CH,Cl,/Me0H (17:1-10:1) provided the corresponding protected
azido-folate as a yellow solid (290 mg, 92 %): mp 125-130 °C; HR-
MS: [M+Nal]™= 657.2617 (calc. for CgH:sW,O,Na: 657.2624).

The undexr d} obtained product (63 mg, 0.1 mmeol) was dissolved in
1 M NaOH (3 ml) and stirred at rt over night. The resulting tur-
bid solution was cleared by filtration through Celite™. The pH
of the yellow solution was adjusted to pH ~2 by addition of HCL
(first 37 % HCLl, then 1 M HCl) which resulted in precipitation
of the product. The suspension was centrifuged (10 min at 3500
rpm), the pale yellow supernatant decanted and the solid product
dried under reduced pressure to gilve the penta-hydrochloride
salt of azido folate as a yellow powder {75 mg, quantitatiwve):
mp > 200 °C; 'H-NMR (DMSO-d6) 33 = 12.21-11.95 (bs, 1H), 8.64 (s,
iH), 8.18 (4, 1H, J = 7.2), 7.85 (t, 1H, J = 5.7), 7.65 (4,
2H, J = 9.0), 7.00-6.82 (bs, 2H), 6.93 (L, 1H, J = 6.2}, 6.64
{(d, 2H, J = 9.0), 4.49 (d, 2H, J = 5.9), 4.32- 4.22 (m, 1H),
3.29 (t, 2H, J = 6.8), 3.03 (g, 2H, J

6.5), 3.09-2.96 {(m, 2H),
2.12-1.83 (m, 2H), 1.55-1.45 {(m, 2H), 1.45-1.35 (m, 2H) (one NH
not observed); HR-MS: [M]* = 537.2127 (calce. for CziHyN.4;10s:
537.2197); elemental analysis {calculated %-values for
C23H2,N1105 (HC1) s in parenthesis) C 39.16 (38.38), H 4.09 (4.48), N
21.43 (21.40), © (11.11), C1 (24.63).

f) Synthesis of Triazol-folate

Synthesis A:; Protected azido folate (95 mg, 0.15 mmol, obtained
under d)) was dissolved in *BuOH/H,0 (1:1, 6 mL} and L-propargyl
glycine (17 mg, 0.15 mmol), Cu{OAc), (5.5 mg, 20 mol%) and sodium
ascorbate (12 mg, 40 mol%) were added. The brown solution was
stirred at rt over night after which HPLC indicated completed
conversion of the substrates (HPLC system 1). Metal scavenger

resin QuadraPure IDA™ (0.3 g) was added and the mixture was kept
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at rt for one day while occasionally shaken. The resulting yel-
low solution was decanted and concentrated under reduced pres-
sure. The residue was taken up in 1 M NaOH (4 mL} and stirred at
rt over night after which HPLC indicated complete deprotection

of intermediate X. The pH of the yellow soclution was adjusted to

X

PE ~2 by addition of HC1 (first 37 % HCL, then 1 M HCl) which
resulted in precipitation of the product. The suspension was
centrifuged (10 min at 3500 rpm), the pale yellow supernatant
decanted and the solid product dried under reduced pressure.
HPLC purification of the crude product (XBridge semiprep column,
isochratic 10% CH,CN, 90% ag. TFA (0.1 %)) provided the tris-TFA
salt, mono-hydrate of the desired Triazol-folate as a yellow
powder (113 mg, 75 % for 2 steps): 'H-NMR (DMSO-dé, using a wa-
ter-signal suppressing program) & = 8.68 (bs, 1H), 8.27 (bs, 2H,
exchanged with D;0), 8.20 {d, 1H, exchanged with D,0, J = 6.8},
7.92 (s, 1H}, 7.85 (t, 1H, exchanged with D,0, J = 5.7}, 7.65 (4,
2H, J = 8.1), 7.5-7.0 (multiple bs, 2H, exchanged with D,;0), 6.64
{(d, 2H, J = 8.1}, 4.50 (s, 2H), 4.35-4.20 (m, 5H, one proton ex-
changes with D0}, 3.23-3.13 (m, 2H), 3.09-2.94 (m, 2H), 2.18 (t,
Z2H, J = 8.2), 2.10-1.98 (m, 1H), 1.93-84 (m, 1H), 1.80-1.72 (m,
2H), 1.45-1.27 (m, 2H); HR-MS: [M+H]* = 651.2738 (calc. for
CagHaaN3204: 650.2673); elemental analysis (calculated %-values for
CaeHaaN120, (TFA), (Hy0) in parenthesis) C 40.30 (40.40}), H 4.20
(3.98), N 16.86 {(16.63), O (22.16); content of fluoride deter-
mined by titration: 14.95 (calc.: 16.63).

Synthesis B: Deprotected azido folate (36 mg, 0.05 mmol; ob-
tained under e)) was suspended in ‘BuOH/H,0 (1:1, 3 mL}) and L-
propargyl glycine (6 mg, 0.053 mmol), Cu{OAc), (2 mg, 20 mol%)
and sodium ascorbate (4 mg, 40 mol%) were added. The mixture was
stirred at 80 °C for 20 min after which HPLC (HPLC system 1) in-
dicated completed conversion of the starting substrate. The
brown suspension was dissolved by addition of 1M NaOH and as

cleared by filtration through Celite™. The product was precipi-
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tated by adjusting the pH of the solution to pH ~2 with 1 M HCI.
The suspension wag centrifuged (10 min at 3500 ypm), the super-
natant decanted and the solid product dried under reduced pres-
sure yielding the penta-hydrochloride salt of the desired Tria-

zol-folate as an orange solid (42 mg, quantitative).

Example 5: Synthesis of **"Tc(C0);-Triazol-folate complex

Synthesis A: 50 pL of a stock solution (102 M to 1077 M in
physiological {(0.15 M) phosphate buffer pH = 7.4) of the Tria-
zol-folate ligand was added to a solution of [**™Fc(C0);(0H,),17
(prepared according to Alberto et al, J.Am.Chem. Soc. 2001, 123,
3135; 100 pL; ~1 GBg/mL). Phosphate buffered saline (PRS pH 7.4,
350 uL) was added to adjust the final concentration. The reaction
was heated for 50 min at 100°C. Radiolabeling yields were deter-
mined via HPLC. Complexes were analyzed via HPLC and the iden-
tity confirmed according to common practice by comparison with
the UV trace of the corresponding Re-complexes (see Example 6)

using HPLC system 2.

One-Pot-Synthesis B: Deprotected Azido folate (obtained under
step 4e); 40 uL, ca. 102 M in MeOH/PBS pH 7.4 (5:1)) was mixed
with L-propargyl glycine (20 uL, 102 M in water), Cu{OQAc), (5
gL, 102 M in water) and sodium ascorbate (20 uL, 10* M in wa-
ter). After heating to 100 °C for 30 min, the mixture was cooled
to rt and added to [*"Tc(H;0)s(CO)3]* (100 uL, ~1 GBg/mL) in PBS
(0.6 mL, 0.15 M, pH 7.4). After additional heating to 100 °C for
60 min, clean formation of the desired complex was confirmed by

HPLC (HPLC system 2).

Example 6: Synthesis of Re(C0);-Triazol-folate complex

Triazol-folate (obtained hereinabove) ; tri-trifluorcactetate

mono-hydrate, 0.7 mg, 0.7 pmol) and [Re(Br);(CO);] [EtyN}; (1.0 mg,
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1.4 umol) were suspended in water (0.5 mL). Addition of NaOH
(0.1 M) to a final pH of 8 yielded a yellow solution which was
stirred at 50 °C for 1h after which HPLC (HPLC system 1) indi-
cated complete conversion of the starting azido folate. The so-
lution was cooled to rt and the pH adjusted to pH ~2 by addition
of dilute ag. HCl. The precipitate was isolated by centrifuga-
tion (3 min 16’000 rpm), dissolved in NaOH (0.1 M) and purified
by HPLC (HPLC system 1) to provide a reference sgolution of cold
Re-complex in CH,CN/0.1% TFA. HR-MS: [M+H]* = 921.2074 (calc. for
C31H34N72010Re: 921.2078) . HPLC purity >95 %.

Example 7: Ia vivo experiments

Biodistribution studies were performed with 4-5-week-old male,
athymic nude mice (NMRI nu/nu; Charles River, The Netherlands).
The animals were acclimated and fed with a folate-deficient ro-
dent diet starting 5 days prior to the tumor cell inoculation.
The mice were inoculated subcutaneously with the KB-tumor cell
suspension (5 x 10° cells) into the subcutis of each shoulder.
Radiofolate biodistribution studlies were carried out approx.
14 days after tumor cell inoculation when the tumor size reached
a size of approx. 0.5-1.5 cm?. The experiments were performed in
triplicate. The °™Tc(CO);-His-folate and °°™Pc(CO),-Triazol-
folate, respectively, (1.5 MBg in 100 uL} were administered wvia
a lateral tail vein. For the experiments in combination with the
antifolate, pemetrexed (PMX; Alimta’; Lilly, Bad Homburg, Ger-
many) was diluted with NaCl 0.9 % according to the instruction
of the manufacturer. It was administered (400 pg in 100 uL) 1 h
previous to the radiotracer via a lateral tail vein. The animals
were sacrificed at 1 h, 4 h and 24 h after administration of
*re-radiofolates alone or with pre-injected PMX. The selected

tissues were removed, weighed, and counted for radiocactivity in
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a y-counter to determine the percentage of injected activity per

gram of tissue (% IA/g).

The biodistribution data obtained for °°"Tc-His-folate (Tables
la,b) and of *Tc-Triazol-folate (Tables 2a,b) with or without
preinjection with the antifolate Pemetrexed (Tabels 1b, 2b) in
KB-tumor bearing male nude mice are shown in Tables 1 to 4. The
values are indicated as percentage injected activity per gram
tissue [% IA/g]. The results in Tables la and 2a clearly show
that the compounds of the present invention achieve an excellent

tumor-blood value.

The experiments in combination with the antifolate, pemetrexed,
are shown in Tables 1b and 2b. The results indicate that with
prior administration of an antifolate even higher specificity

can be ochserved.

Table la:
Site Time p.i-
1 h p.i. 4 hp.i. 24 h p.i.

blood 0.18 + 0.10 0.12 + 0.02 0.02 + 0.01
heart 3.60 £ 0.53 1.16 + 0.36 0.14 + 0.07
lung 1.04 + 0.12 0.69 + 0.09 0.16 + 0.07
spleen 0.37 + 0.22 0.30 £ 0.04 0.05 £ 0.01
kidneys 23.96 + 10.11 24.56 + 3.17 6.70 + 1.12
stomach 1.7 + 0.12 1.03 + 0.22 0.15 + 0.02
intestines 3.84 + 2.23 1.51 + 0.29 0.18 + 0.14
liver 9.73 £ 1.32 3.83 + 1.49 0.44 1+ 0.31
muscle 1.56 + 0.07 1.09 + 0.26 0.1% + 0.03
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bone 0.77 + 0.07 0.58 ¢ 0.20 0.06 £ Q.01
parotid gland 6.52 + 1.04 5.72 + 0.63 1.58 + 0.69
tumor right 2,75 ¢ 0.62 4.35 + 0.7 3.34 + 0.34
tumoxr left 2.52 x 0.40 4.23 + 0.78 3.68 + 0.36
tumor-to-blood 18.56 & 10.47 38.00 + B.33 184.23 1 6£5.88
tumor-to-liver 0.30 &+ 0.06 1.19  0.47 10.99 + 5.60

tumor-to-kidney

0.18 + 0.03

6.53 + 0.10

Table 1b:
Pemetrexed” (Alimta®); Time p.i.
1 hp.i. 4 h p.i. 24 h p.i.

blood 0.09 + 0.04 0.04 + 0.01 6.01L + 0.00
heart 1.57 1+ 0.558 0.23 + 0.04 0.08 + 0.02
lung 0.72 = 0.06 0.29 + 0.08 ¢.07 = 0.01
spleen 0.18 + 0.09 0.08 + 0.02 0.03 + 0,01
kidneys 7.94 ¢+ 2.27 3.40 £ 1.14 1.81 + 0.48
stomach 1.58 + 0.85 0.54 + 0.11 0.43 + 0.40
intestines 4.81 + 4.65 0.50 ¢ 0.13 0.23 + 0.24
liver 3.81 + 2.24 1.24 + 0.49 0.24 + 0.06
muscle 1.02 + 0.26 0.43 + 0.08 0.18 z 0.12
bone 0.53 + 0.16 0.15 ¢ 0.02 0.04 & 0.02
parotid gland 3.98 £ 1.17 1.68 + 0.62 0.88 + 0.23

tumor right
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i10.10 2 2.49

167.13 £+ 56.47

tumor-to-liver

0.74 ¢+ 0.18

3.05 2 2.26

9.85 + 4.63

tumor-to-kidney

0.34 £ 0.06

1.20 + 0.37

1.28 + 0.55




parotid gl and tumor right 2.79 + 0.67 tunor left 2.56 + 0.42
tunor-to-blood 68.31 33.15 tunor-to-liver 7.16 4.49 tunor-to-Kkidney
0.71 0.33y0%#Hd%ep, injected 1 h previous to the radigtfmS%ns4400
Exanpl e 8: Ex vivo/ln vitro Autoradi ography 5 EX vivo

Aut or adi ography: Immedi ately after euthanasia, tunors and ki dneys
were renoved and frozen, enbedded in TissueTek at - 80C. Frozen
tunors and ki dneys were cut into sections of 10 gmwth a mcrotom
(Cryo-Star HM 560 M Wal | dorf, Gernmany) and nounted on slides
(Superfrost plus, Menzel, Braunschweig, Ger- 10 many). The slides
wer e exposed to phosphor inmaging screens (Mil- tisensitive screen,
Packar d T#le Bents Co., Meriden, USA) in X-

Site Time p.i.
excess folic
acid

1 hp.i. 4 h p.i. 24 h p.i. 4 h p.i.
blood 0.12 + 0,03 0.32 + 0.04 0.02 £ 0.01 0.22 ¢ 0.386
heart 2.17 + 0.45 0.83 1 0.05 0.11 + 0.02 0.02 ¢+ 0.02
lung 0.91 + 0.23 0.63 + 0.08 0.11 + 0.07 0.05 £ 0.07
spleen 0.38 + 0.14 0.32 x 0.07 0.06 + 0.03 0.02 ¢ 0.04
kidneys 18,11 + 2.53 27.33 + 3.61 8.03 £ 3.40 0.18 + 0.08
stomach 1.39 + 0.18 1.02 ¢ 0.04 0.15 £ 0.03 0.07 + 0.05
intestines 2.47 + 0.94 0.76 = 0.14 0.28 ¢ 0.27 1.26 & 0.65
liver 2.95 + 1.02 0.89 + 0.42 0.14 + 0¢.02 1.48 + 1.286
mascle 1.55 + 0.22 0.82 2 0.16 0.16 = 0.0B < 0.01
bone 0.81L + 0.17 0.48 + 0.11 0.05 £ 0.02 < 0.01
parotld gland - - - _
tumor right 3.76 + 1.03 5.35 + 0.33 2.98 + 0.76 0.09 + 0.07
tumor left 4.61 + 1.00 4.33 + 1.00 3.37 + 2.06 0.02 + 0.03
tumor-to- 38.37 + 42.14 + 12.09 138.12 ¢
blood 16.16 40.31
tumor-to- 1.58 ¢ 0.62 6.29 + 2,74 22.28 + 8.00
liver
tumor-to- 0.24 4 0.09 .18 + 0.04 0.39 + 0.09
kidney

5 Table 2b:

Pemetrexed’ (Alimta’); Time p.i.
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Example 8: Ex vivo/In vitro Autoradiography

and kidneys were removed and frozen,

5
80°C.
with a
mounted
10 many).
tisensit

Ex vivo Autoradiography:

microtom

on slides

ive screen,

(Cryo-
(Superfrost plus,

Star HM 560 M, Walldorf,

Menzel,

Immediately after euthanasia,

Braunschweig,

tumors

embedded in TissueTek at

Frozen tumors and kidneys were cut into sections of 10 um

Germany) and

Ger-

The slides were exposed to phosphor imaging screens (Mul-

Packard Instruments Co., Meriden, USA) in X-

ray cassettes over night. The screens were then read by a phos-



SPECT and CT fusion was perfornmed using the MPtool software (version
1.20, Bioscan Inc.). The results are shown in Figure 6. 74 Re
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phor imager (Cyclone, Packard, Instruments Co., Groningen, The

Netherlands) .

In vitro Autoradiography: In vitro autoradiography was performed
on adjacent sections of those prepared from tumor and kidneys
for ex vivo autoradiography. The slides with tumor sections were
pre-incubated in Tris-HCL buffer 8170 mM, pH 7.6, with 5 mM
MgCl,) with 0.25 (w/v) BSA for 10 min at room temperature. Then,
the sections were incubated with a solution of ™ rc-His-folate
or ?™pc-Triazol-folate (0.5 MBg/mL in Tris-HC1 buffer, contain-
ing 1 % BSA) for 60 min at RT. After incubation, the sections
were rinsed twice for 5 min in cold Tris-HCl buffer (with 25%
BSA), then washed for 5 min in pure Tris-HCl buffer and finally
rinsed with cold MilliQ. The sections were air-dried, exposed to

phosphor imaging screens.

The results are shown in Figure 5.

Example 9: SPECT/CT-studies:

SPECT/CT imaging was performed with a four-headed multiplexing
multi-pinhole NanoSPECT (Bioscan Inc., Washington D.C.). Each
head was outfitted with a tungsten collimator of nine 1.4 mm-
diameter pinholes, imaging a cylindrical field of view that is
37 mm in diameter by 16 mm in length. The axial FOV is extended
using a step-and-shoot helical scan of the animal, with the user
defining a range from 16 to 180 mm according to the region to be
imaged. The apertures used in this study provided a recon-
structed resolution in the submillimetre range at 140 keV. The
acguisition time per view was chosen for 1000 s. CT was per-
formed with the integrated CT using a tube voltage of 45 kV and
an exposure time of 1000 ms per view. After acquisition, SPECT
and CT data were reconstructed iteratively with the HiSPECT

software (Bioscan Inc., Washington D.C., USA) software. The
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SPECT and CT fusion was performed using the MIPtool software

{(version 1.20, Bioscan Inc.).

The resulis are shown in Figure 6.
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1. A compound of formulas V and V', Va and Va', Vb and Vb’
O  COYRg
Rz (TB)p H /Rj’i
3 Y
X{ | \_ﬁ; >|(5 2\34"'2\1 \Fa—sz‘r[saﬂ‘Rb
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Ri X; X,U r O Ra Ry m
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v
0  COY,Rg
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X
X X ’
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RY” X7 x:y ) Yo,
0 COY.R 34"'21/K23_52‘ S3 I Ry
176 / \ / m
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x¢~ N X
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75
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0 COY,Rg
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Iz
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X3 \
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Rq X3 X4
{H)q
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5
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0 O Y1\S/Z\1 23-'_'82 33 mRb
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XiX4 \ rR4 (H)g Va' 0S3 _2 RbIft, YZ1Z:1"-S N 72=N R R,
J4-tL-3-02s31 Rb /I Il 0Z2=NR Re Vb 76 0 R2(R3)13 H xx(R 0)rR4
nir1n4\ (H g COYi R6 "2, S4 07

76
0 COY4Rg
Re  (Ra) 7 | N
X3 \ O
)I T
)\ ) ) R Yz
R7 x7 >xNr ~S,
X
N
o) Y1‘S P /23""32TP837'];R13
0 4 zy=N R, Ry
Rz (Raly Z | N R
X Y. /i\
X : g X 25,27 Nz;—s,—1+s, Re
//L\ ’ ) 1 e o) E"“ R R
T R o \
R; X1 XéH)r 4 a a
q

Vb’
wherein
X:, X3, X3, X4 and X5 are independently of each other C or N;
5 Y1, Y, are independently of each other C, O or N,

Z1, Z5, Z3 are independently of each other C or N;

R; and R, are independently of each other H, Hal, -OR’, -NHR',

C1-Cc12 alkyl, Cl1-Cl2 alkoxy, Cl1l-Cl2 alkanoyl, C2-Cl2 alkenyl,
Ccz2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbonyl, and (C1-c12 al-
10 kylamino) carbonyl, wherein R’ is H or C1-Cé alkyl,

Ry and Ry are independently cof each other H, formyl, iminomethyl,

nitroso, Cl-Cl2 alkyl, C1-Cl2 alkoxy, Cl-Cl2 alkanoyl, halosub-
stituted C1-Cl2 alkanoyl,

Reg is H, CN, Hal, NO,, Cl-Cl2 alkyl, C1-Cl12 alkoxy, Cl-Cl1l2 al-
15 kanoyl, €C2-Cl2 alkenyl, C2-Cl2 alkynyl, (Cl-Cl2 alkoxy)carbonyl,
and (Cl-Cl2 alkylamino)}carbonyl,

Rg, Ry are independently of each other H or straight chain or
branched C,-Ci» alkyl, which is unsubstituted or substituted by

at least one CN, Hal or NO,,



0)(1.77 1-3 02 153 mMRb | 4 R2 1 R Xl wherein (R3)p f \V/r X4(Hq
XrYX3- 7X(k< H ¢ IR5 RA0Z2==N Vb' R | Re R

10

15

20

25

77

S;, S3, 8, are independently of each other a single bond or a

spacer, such as straight chain ox branched C1-Cl12 alkyl, which

is unsubstituted or substituted by at least one -CN, -Hal, -0OH,

-NH,, -SH, -803H or -NO,;, and wherein one or more of the non-
adjacent CH; groups may independently be replaced by -0-, -CO-, -
c0-0-, -0-CO-, -NR'-, -N=, -NR'-CO-, -CO-NR'-, -NR'-CO-0-, -0-CO-
NR'-, -NR'-CO-NR'-,-CH=CH-, -C=C-, -8-, -SO3R’'~, -PR’'- or a five-

or six-membered aromatic carbocyclic or heterocyclic ring, which
is unsubstituted or substituted with CN, Hal, NO,, COR‘ or COOCR’,

wherein R’ represents H or Cl-Cé6 alkyl,

Ra, Rar, Rp are independently of each other H, -OR’, -COOR’', -

NHR’, -CONHR’, -SR’, a phosphine or a heterocyclic group,

wherein R’ represents H or Cl-C6 alkyl, or a F as defined herein-
above, and wherein of groups R, Ry and R, at least two adjacent
groups are a donor group -0H, -COCH, -NHR’, -CONH,, -SH, a

phosphine or a heterocyclic group,

R, is H, COsR’, COR’', -SO3R’, -NHR’, wherein R’ represents H,
Ci-C6 alkyl, or straight-chain or branched C1-C1l2 alkyl, which
is unsubstituted or substituted by at least one CN, Hal, or NO,,

or a F as defined hereinabove,

m is 0, 1, 2, 3, or 4,

P has a value of 0, 1 or 2,

q has a value of 1 to 7, and

r is 0 or 1.

2. A compound according to claim 1 wherein S, S3, S; are

independently of each other straight-chain or branched

C1-C8 alkyl, which is unsubstituted or substituted by at

least one CN, Hal, OH, or NO, and wherein one or more of



Inb X1,X2, X3, X4 and X5 are independently of each other C or

Y1, Y2 are independently of each other C, 0 or

N S

N, Z1,72, Rl and Z3

are independently of each other Cor N, R2 are independently of each
other H Hal, -OR,-NH?!, d-Cl12

al kyl , d - Cl2al koxy, d - Cl2al kanoyl , C2- CiRal kenyl , C2-C12

al kynyl , (C1- Cl2al koxy) car bonyI and (Cl-Cl2al - 10 kyl am no) car bonyl,
wherein Ris _ n 4 ggfﬁﬁrﬁf y

ot her H, fornyl_%lgﬁl %gmea?lk 2 ﬁIlJS% 2 qn% -%ﬁe% i n%% rg{jﬁg%a Py

d-Ci12 al kanoyl—o—habc‘)subsn ~Out ediRC-- GIR' ackaney0-NR' - wherein R’ repre-

sents H or C1-C6 alkyl.

3. A compound according to claim 1 wherein m is 0 or m = 1.
5 4. A compound according to claim 1 wherein having formulas
VI and VI‘, VIa and VIa', and VIb and VIb‘,
0 COY1R6 Rc
Y.
P 2. )\ R
RZ {T3)P | H/]\/Y (CHZ)S_Z\'I \/Za—(CH2)u_r K
7 X3 X > Z,=N R,
3 | s Rs
2 Ry
Ri X4 4\(H)q
VI
OY1Rg
g YW
X{/ | \r/A\XS \h
§ AW g, Y,
R; X7 X |
0Y1Rg /(Tiz)s
Y
/ 2. \ Rb
Rz (Ralp [ R CH—Z; Za(CHaa ]
= X3 \\ 0 22=N Ra
X3 | >|(5 Rs
2 ,\ R4
10 Rio X XaH),
VI’
Re
° AN /L§ Rp
(CHZ)S_Z\1 /ZG_(CHZ)U_I
(Rap Z N ZN Ra
X ™=
= 3
X | ]/\>|<5 \R5 COY,R,
AN >
Rj X3 X\ R



R5is H, CN, Hal, NO2, d-Cl2 alkyl, d-Cl12 al koxy, d-Cl12 al- 15
kanoyl, C2-Cl2 al kenyl, C2-Cl12 al kynyl, (Cl-Cl2 al koxy)carbonyl, and
(C1-C12 al kyl am no) carbonyl, R5, R7are independently of each other H
or straight chain or branched Cl1-Cl2 al kyl, which is unsubstituted or
substituted by at |east one CN, Hal or7&O2, 77 S2, 33, 34 are

i ndependently of each other a single bond or a spacer, such as

strai ght chain or branched O -Cl2 al ky}g, which is unsubstituted or
substituted by at least one -CN, -Hal, -OH, -NH2, -SH, -502H or -NC2,
and wherein one or nore of the non- 5 adjacent CH2 groups nay

i ndependently be replaced by -0-, -CO, COO, -0-CO, -NR -, -N=
-NR -00-, -CONR -, -NR-COO, -0-00- NR'-,
-NR'-CONR'-,-CH=CH,-S-,-PR - or afive- o
carbocyclic or heterocyclic ring, which is
substituted with ON gl ;NP COR i &n R
represents Hor C-C6 al kyl,? Raf Rat| Rbafe indepengdently of each
other H -OR, - A o~ WSR , a pho¥phi ne or

het erocyclic groupXiwherlein & repgsesent RsH or C -CG\aI:H{z\yJ, or a F as

defined herein-abo Q4 d wh @’rlﬂr)] Rc;f gro. a, Rat a%ﬂl%zazt | east R
donor > H, L H2, b

Rei s(ci(—;«,iZSsccﬁR  [EORETPe

R

two adj acent 15 oupg; ar ex giCoup =
-5H, a phosphine or a heterocycl i c grjoup,
N - C6 al kyz,=nor .
|IkyIH whi th is unsubstituted or

-SOG3R1, -NHR ,R\Ahe[g_r%% R' rep
, or NO2,\20 or a F as defined

strai ght - chai njr ched O }c12

substituted b t st e

herei naboveXZis {, 1, 12, 3Xsor 4, dhas a val ue 0bvyfR, 1 or 2, has a
value of 1 to 7, lland ijs O é{r 1. 25 2. A conpound according to claiml1
wherein § ; )Q;r\e jndependent |y of each other straight-chain or
branched C - C8 al kyl", ch is unsubstituted or substituted by at

| east one CN, Hal, OH, or NO2 and wherein one or nore of 78

non- adj acent CH2 groups may i ndependeft®y be repl aced by -0- -CO
-00-0- -NEC- -NR1-00- -CO-NR - wherein R' represents Hor Cl-C6

al k1. 3. A conpound according to claim1l wherein mis O or m=1. 5
4. A conpound according to claim1l wherein having fornulas VI and VI',

si x-[rembaz@y,Rar omat i ¢
nsubstituted or

Vla and Vla', and VIb and VIb', /ch\
0 Y, R
(CHZ; St
Re  (Ra) & | N &N R,
= X3 \\ YZ\ R
XQ)I j/\>|(5 Rs (CHZ)S_Z‘I*\fB_(CHz)U_—l/ b
Rq X1 X4 (H)q 5 Ra

VIb
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79 VI

a R(RI)P | oy X3 X2l I\ e,
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COY2R7
R, /J:::tr/u\
/ (H)q

Rs ((:H2

O
Y1l /A§§ Ry

(CFbk
e (R =

| H Re
N\ Yao /I\ Re
Rs (CHz)s_'Z\1 /23_(CH2)o—r
O ——

Mk

z
N
[
Z
&

Vib’

wherein

Xy, X3, X3, ¥, and Xs are independently of each other N or C,
Z1, Z;, Z; are independently of each other C or N,

Y:, ¥, are independently of each other €, 0 or N,

R; and R, are independently of each other H, Hal, -OR’, -NHR’,

Cl-Cl2 alkyl, C€1-Cl12 alkoxy, C1l-Cl2 alkanoyl, C2-Cl2 alkenyl,
Cc2-Cl2 alkynvyl, (C1l-Ci2 alkoxy)carbonyl, and (Cl-ci1z al-
kylamino}carbonyl, wherein R’ is H or Cl-C6 alkyl,

R; and R, are independently of each other H, formyl, iminomethyl,

nitroso, (€1-Cl2 alkyl, Cl1-Cl2 alkoxy, Cl-Cl2 alkanoyl, halosub-
stituted C1-C12 alkanoyl,

Rs is H, CN, Hal, NO,, C1-Cl2 alkyl, C1-Cl2 alkoxy, C1-Cl2 al-
kanoyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, (Cl1-Cl2 alkoxy)carbonyl,
and (Cl-Cl12 alkylamino)carbonyl,

Rz, Ry are independently of each other H or straight chain or

branched C;-Ci; alkyl, which is unsubstituted or substituted by



0 (CH2)s-7ZizZ3-(CH2)o-r-- \, Z2=NRa H\ CO0)12 R7 Vla' VIb 800

CO Y2R7 (CH2)s - Z1 ,, Z2=NRe IR, Y2 "...... A Rb (CH)s -

Zi 0Z2:=NRa VIb' 5 wherein X1, X2, X3, X4 and X5 are independently of
each other Nor C Z1, Z2, Z3 are independently of each other C or N,
Y1, Y2 are independently of each other8C, 0 or N, Rl and R2 are

i ndependently of each other H Hal, -OR, -NHR, 10 d-Cl12 al kyl,
d-Cc12_al -Cl2 a n C2-Cl12 al kenyl, C2-C12 al kynyl,
(Cl-leﬁaﬁ%ééy)E%Fbéﬁyl%%§h§&{8.3012 al kyl am no) carbonyl, wherein R

is Hor A-C6 al kyl, R3 and R4 are independently of each other H,

f or myl Rai mReoAgehypRdependess lyCcoiceachl riherce Gencal Kaeyp euchlas —OH,

al kanoyl, hal osubl5 stituted Cl-Cl2 al kanoyl, .
-COOH, -NHR‘, -CONH,, -SH, or a hetérocyclic group selected from

pyridyl, pyrrolyl, and thiazolyl, wherein R’ represents H or Cl-
5 Cé alkyl,

R, is H, COyR’, COR’, -SO3R’', -NHR’, wherein R' represents H or
C1-C6 alkyl, or straight-chain or branched C1-Ci12 alkyl, which

is unsubstituted or substituted by at least one CN, Hal, or NO,

P has a value of 0, 1 or 2,
10 g has a value of 1 to 7,

s is 1 to 8, and

o is 1 to 6.

5. A compound according to any preceding claim, wherein (i)
15 Z2, is N, Z; is C and Z, ig C or N or {(ii) Z; is C and Z,

and Z; are N.

6. A compound according to c¢laim 1 having compound of formu-

lae VII and VII’, VIIa and VIIa’', and VIIb and VIIb’

O COY1R5 Rc
Y2
Rz (FI\’S)p ~ ’ N (CHZ)S—N/%—(CHQ)D—K ®
P X3 ™ \ 0 \=N Ra
X3 | . Rs
S b R4
Ri X1 X4\ (H)q

20

VIT



Rois H, CN, Hal, NO2, d-Cl2 alkyl, d-Cl2 al koxy, d-Cl2 al- kanoyl,
C2-C12 al kenyl, C2-C12 al kynyl, (Cl1-Cl12 al koxy)carbonyl, and (Cl-Cl2
al kyl am no) carbonyl, 81 at |east one CN, Hal or NO2, Rai Rb are

i ndependently of each other a donor group such as -0H, -COOH, -NHR ,
-CONH2, -SH, or a heterocyclic group sgbected from pyridyl, pyrrolyl,
and thiazolyl, wherein R represents Hor G- 5 C6 alkyl, Rcis H,
CQ2R, COR, -503R, -NHR , wherein R represents Hor C-C6 al kyl,
or straight-chain or branched O -Cl2 al kyl, which is unsubstituted or
substituted by at | east one CN, Hal, or NO2, co has a val ue
of 0, 1 or 2, 10 ghas a value of 1to 7, is 1 Jo 8, 4% is 1 to 6. 5.
A conpound according to any precedl ng cI AN, W (i) 15Z1 is N,

Z3 is Cand Z2 is C or r2(||3PZI is ( ZZHnd 3 are N. 6. A
conpound according to cI ai comrpQuid of for VIl and
VII', VIla and Vila', VII |><b OCO%l R6 Rb (T#¥bo--r- R 82
X1 X4 (H)q “fz
0 COYRg (CHy)s
Ry (RB)p ﬁ)\/\n/yz(\CHZ)s—N/%f(on) —l/ R
)I r\ oo
X1 X4 (H)q
VII®
0] COY-[RB RO

py
L%
—
(443
T
Iz
4
I
"3_-
’|
}
(3
T
N
5
’D‘K
o

VIIa

R{T “Xi “Xi(H)y T2
OY4Rg (CHz)s
Y.
A 2 R
(Rak | N (CHz)s N\ N (CHZ)D_—|/ ’



O WVII, COY." R6 Re R2(R3)b 1 X."2,1X5 1R5 |
"o " RIXiX4 (1 )ci (CH2),-N O NeN Rb (CH2)07--- Ra R2 (3)p
| X3,"-, X5 | >
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VIIa'’

O  COY,Rs Re

Y2 7 Ry
(CHy)s /N—(CHz)q/

X3 o 0 N=N R
xg | j/A\ﬁ \% a

/I\ > Rq

1 X4\

Iz

R X4 (H)q
VIIb
o} COY4R;
Ro (ITZS)p 7 I H
X3 N 0
/Xlz\/ | r\xs Rs
2 ,\ R4
R X X (H) ‘\fz
0 COY4Rg (CHa)g
Y.
% 2. R
Re (R N e N—(CH
w72 N> o N=N Ra
2 | |5 R5
)\ N R4
R1 X1 X4 (H)q
5 VITb’

wherein

X, X5, X3, X4 and X5 are independently of each other N or C,
Y1, Y, are independently of each other C, 0 or N,

R; and R, are independently of each other H, Hal, -OR‘, -NHR',
10 Cl-Cl2 alkyl, Cl1-Ci2 alkoxy, Cl1-Cl2 alkanoyl, C2-Cl2 alkenyl,

C2-Clz alkynyl, (Cl-Cl2 alkoxy)carbonyl, and (Ci1-Cc12 al-

kylamino}carbonyl, wherein R’ is H or Cl-Cé alkyl,

R; and Ry are independently of each other H, formyl, iminomethyl,

nitroso, Cl-Cl2 alkyl, Cl1-Cl2 alkoxy, C1-Cl2 alkanoyl, halosub-
15 gtituted C1-Cl2 alkanoyl,
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Rg is H, CN, Hal, NO;, C1-Cl1l2 alkyl, C1-Cl2 alkoxy, Cl1-Ci2 al-
kanoyl, C2-Cl2 alkenyl, C2-Cl2 alkynyl, (Cl1-Cl2 alkoxy)carbonyl,
and (Cl-Cl2 alkylamino)carbonyl,

Rg is H or straight chain or branched C;-Ci; alkyl, which is un-

substituted or substituted by at least one CN, Hal or NO,,

Ry and Ry are independently of each other a donor group such as -

OH, -COOH, -NHR’, -CONH;, -SH, or a heterocyclic group selected

from pyridyl, pyrreolyl, and thiazolyl, wherein R’ represents H or
Cl-C6 alkyl,

Re is H, CO3R’, COR’, -S03R‘, -NHR’, wherein R’ represents H or
C1-C6 alkyl, or straight-chain or branched Cl1-Cl2 alkyl, which

is unsubstituted or substituted by at least one CN, Hal, or NOs,

p has a value of 0, 1 or 2,

q has a value of 1 to 7,

5] is 1 to 8, and

e is 1 to 6.

7. A compound according to any preceding claim, wherein R,
is H, COzR‘, COR’, -SO3R‘, -NHR’' or C1-Cl2 alkyl, wherein

R' represents H or Cl-Cé alkyl.

8. A compound according to any preceding claim, wherein R,

is -NH,;, Ry is -OH and R, is H.

9. A compound according to any preceding claim, wherein Rg

is H or straight chain or branched C,-C;; alkyl.



(CH2) (3 )p. IHX3,,..... IV "2\ L #,0 X21X5 TR R4 RIXIX4 (H).
5VIIb" wherein XI, X2, X3, X4 and X5 are independently of each other
N or C Y1, Y2 are independently of each other C, 0 or N, Rl and R2
are independently of each other H Hal, -OR, -NHR, 10 d-Cl12 al kyl,
a-C12 al koxy, O -C12 al kanoyl, C2-Cl28@l kenyl, C2-Cl12 al kynyl,
(C1-C12 al koxy) carbonyl, and (Cl-Cl2 al kyl am no) car bonyl, wherein R

is HoReQ-0C6 al o1 %%m%yi Al '6H§$Eﬂ@eaéé¥ ai aEB ah -
formyl, OI m nonet hyl , I’?Ixt roso, gt g,ifea(ll: kyl, d-Cl12 gl k%gy, (E.}‘, ?Ila’ced

al kanoyl hal o$obr16letint anédadra@i@nalbllad@yl 84 R5is H, CN, Hal ,

NO2, d -C12 al kyl, C1-Cl12 al koxy, Cl-Cl12 al- kanoyl, C2-Cl12 al kenyl,
C2-C12 al kynyl, (Cl-Cl2 al koxy)carbonyl, and (Cl-C12

al kyl am no) carbonyl, R6is H or straight chain or branched Cl-Cl2

al kyl , 1ahi ch i & wompd estisiddundiesy aro sebsimt ud edhbyeah khastradienitNlide
Hal or NC2, Ra and Rb are_ independently of each qther .a r ou

such as - OH, ieomeleqisd, frooNHS TesH, }agﬁehettérhbflel %gy%ﬁ?@ug Bo Y+,

sel ected from p(ygrl dyl, 1 +9I yiw andsg/lga, azollsyl wherein R represents
Hor O-06 al kyl P40 Rei 0¥2.1BLiNHR , wherein R

represents H or CI C6 al kyI or stral ght chal n or branched Cl-C12

al kyl , which is unsubstitut ed or substituted by at |east one CN, Hal,

or NO2, has a value of 0, 1 or 2, has a value of 1 to 7, 15 sis 1 to

8, andlis 1 toA6methof cdhoumthcricor dvihgat compyupdeaedondingakm claims
wherein Rc is H, CO%R‘, COR .. -SCERI, -NHR or O -Cl12 al kyl, wherein
20R represent$ HPoP EPTPELSLRY| the steps of

10 (i) synthesizing the heterocyclic ligand site for the ra-
dionuclide and linking said site through a suitable
linker to a suitably protected pteroic or folic acid
derivative; or reacting an azido-derivatized £olic
acid with an '®F-labelled alkyne or alkyne substitute

15 in a 1,3-cycloaddition; or reacting a folic acid de-
rivatized with an alkyne or alkyne substitute with an

8p_labelled azide in a 1,3-cycloaddition and

(ii) isolating the compound.

20 13, A method of production of a complex according to claims
10 or 11 comprising the steps of reacting said compound
with a radionuclide optionally in the presence of a re-

ducing agent to form said complex.

25 14. A pharmaceutical composition comprising a diagnostic im-
aging amount or a therapeutically effective amount of at
least one complex according to claims 10 or 11 and a

pharmaceutically acceptable carrier therefor.



8. A conmpound according to any preceding claim wherein R is -NH2,
Rois -OHand Rc is H 85 10. A conplex conprising a conpound
according to any preceding claimand a radionuclide. 11. A conpl ex
according to claim 10 wherein the radionuclide 5is selected from

"mlc, 186/188Rellll n+367/68 +390 +3 , 8&a ,Y , 109Pd

+2105+317764/ 67213 ,Rh ,64/67Cu 166Hoi. 12. A nethod of production

of a ceapound aeePl kNG elidhTRol d1QihLAPrds| 18 bheasteRsmateutical
10(i) synthesizing the heterocyclic ligand site for the ra-

di onucl i de andcbinpkEa§isai acsprdingr segklaisuiltalfos Mispkes voddagnostic
suitably prote pterqi.c_or_f.olic acid derivative; or reacting an
azido-derivati%éggFo%?cggcﬁdgﬁﬂfﬁkgﬁrfgﬁpgéﬁeﬁﬁsa al kyne or al kyne
substitute 15 in a 1,3-cycloaddition; or reacting a folic acid
derivatized with an al kyne or al kyne substitute with an 18F-I abel |l ed

azide in a 1, 3-cycloaddition.and (ii).isolating the conpound. 20 13. A
method16f prodGB%PéﬁoncEOEgﬁﬁﬁe% a§@6P&th“{dp%!%}n§rlé pragpaceutical
conpri si ng Fhecéﬁﬁ@%i@ﬁoheaEEbBQiﬁg'QQCQEQQHnQ4WEbQ askadnoguglkicteq for
optionally in the presence of a reducing agent to form said conpl ex.
25 14. A phar madéaghegk iconpesiitidgorric orpresilngra mirgiedsitdic ¢ caglagex-
anount or a therapeuticall ffective anmpunt_of . at |east one conpl ex
according to ch?Eﬁ%lfg ot %fﬁgng_geﬁﬁgr ﬁﬁéeu%af%%l f“?tglg ep‘f%r%ﬁ’]%lsn?ng the
carrier therefgateps86fladudmnilsterderora Mkdst chivd NBodkPlex Adcoitdang to
phar maceutical conposition according to . claim14 for use as_a, ,
difynosti ¢ agefit2dPSad9aoFadioPheFAPREELE 18FeAECOEA1BICERPFARIM 14 in a

according to Ch@égﬁoégigri%ég@%%aaBBﬁhE?Cﬁ = kaqaqagsathqaanosti im-

according to claim 14 for us a nethod tor diagnostic inmaging of a
cel | or popul aaggenobf seelll seéiprespppyglatfiohabté- retéptor, sai d nmet hod
conprising the steps of admi nistering at | east one conpl ex according

to 10 clains 10 or 11 or conposition according to claiml1l4 in a

di agnostic inaging amount, and obtaining a diagnostic inmage of said
cell ow7popul atbaplek eekbsdihd. tComll=tm=AcODISH NYLt 6r chabABrklcentital
or. a pharmaceutical | . ) . .

15 composition according to claim 14 for use in a method for
radiotherapy comprising the steps of administering to a
subject in need thereof at least one complex according to
claims 10 or 11 or composition according to claim 14 in
therapeutically effective amounts, and after localization

20 of said at least one complex or composition in the de-
sired tissues, subjecting the tissues to irradiation to

achieve the desired therapeutic effect.

18. Method for in vitro detection of a cell expressing the

25 folate receptor in a tissue sample which includes con-
tacting said tissue sample with a complex according to

claims 10 or 11 or composition according to claim 14 in

effective amounts and for sufficient time and conditions

to allow binding to occur and detecting such binding by

30 imaging techniques.



15conposition according to claim 14 for use in a nethod for
radi ot herapy conprising the steps of admnistering to a subject in

need thereof at |east one conplex according to clains 10 or 11 or
conposition according to claim 14 in therapeutically effective

amounts, and after l|ocalization 20 of 8aid at | east one conplex or
conposition in the desired tissues, subjecting the tissues to

i rradiaion toraghhgde tdie res!fed iherapettas, ££185t inl8naMthad tob e
invitro detection o6f a cell expressing the folat® receptor in a

ti ssue sanpl e whkéh Enclargesincorcaasting Baidlainsuk sanpl eawsphrae of
conpl ex according to clains,10.0or 11 or .c osition.according to
claim14 in effe }luﬁlém%%%ﬁﬁ%%a%g}ﬁ faoﬁ'cesliﬁa%?ﬁ eﬁfedﬁcrjrélganagﬁlaﬁdi tarrbc%s ©p-
to all ow bi ndi aRgchaloadds tardsdet:edt bBgasgeBnbondi g1y 30i magi ng
techniques. 87 19.A single or nmulti-vial kit conprising in one or
separate vials a conpound according to clains 1 to 9, a source of a
phar maceutical | y acceptabl e reduci ng agent, and optional additives

such as a stannous salt.



