.Novel [F-181-1abelled L-glutamc acid and L-glutam ne derivatives
(I'), their use and processes for their preparation Description 5The
invention relates to the subject matter referred to in the clains,
i.e. [F-18]-labelled L-glutamc acid derivatives and [F-18]-1abelled
L- gl utam ne derivatives of the general fornula I, and to their use
and to processes for their preparation. The early diagnosis of
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35 (FDG), a glucose derivative which is increasingly transported into the cells, where, however,
it is metabolically captured as FDG 6-phosphate after phosphorylation (“Warburg effect").
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The PET tracers currently used in tumour diagnosis have some undisputed disadvantages:
thus, FDG is preferably accumulated in cells having an elevated glucose metabolism;

30  however, under different pathological and physiological conditions, as also in elevated
glucose metabolism in the cells and tissues involved, for example infection sites or wound
healing (summarized in J. Nucl. Med. Technol. (2005), 33, 145-155). Frequently, it is still
difficult to ascertain whether a lesion detected via FDG-PET is really of neoplastic origin or
is the result of other physiological or pathological conditions of the tissue. Overall, the

35  diagnosis by FDG-PET in oncology has a sensitivity of 84% and a specificity of 88%
(Gambhir et al., "A tabulated summary of the FDG PET literature”, J. Nucl. Med. 2001, 42,
1-938). The imaging of brain tumours, for example, is very difficult owing to the high
accumulation of FDG in healthy brain tissue.



'b) OZ, 10c) branched or straight-chain 0-Cl-05 al kyl, d) branched or
strai ght-chain 0-C2-05 al kenyl, e) branched or straight-chain 0-Cl-05
al kyl - (0-G -4 alkyl)n-OCl-C4 al kyl, U branched or straight-chain
0-C2-05 al kynyl or g) triphenyl met hoxy, _%5 R1 and R2 represent a)
hydr ogen, b) branched or straight-chai n 8F- C1- 05 al koxy, c) branched
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a) hydr Oxgyhthe @s and tﬂ %ergy genera(t)ox per se are thought to be the reasons for an increased
glutamine consumption of tumour cells. The synthesis of corresponding C-11- and C-14-
labelled compounds, which are thus identical to the natural substrate, has already been
described in the literature (for example Antoni, Enzyme Catalyzed Synthesis of

15 L-[4-C-11]aspartate and L-[5-C-11]glutamate. J. Labelfed Compd. Radiopharm. 44: (4)
2001: 287-294 and Buchanan, The biosynthesis of showdomycin: studies with stable
isotopes and the determination of principal precursors, J. Chem. Soc. Chem. Commun.; EN;
22; 1984; 15615-1517). First tests with the C-11-labelled compound indicate no significant
accumulation in tumours.

20
It is an object of the present invention to provide novel compounds which, in ['*F]-labelled
form, are suitable for PET-based diagnosis.

This object is achieved by the provision according to the invention of ['°F]-labelled glutamic
acid derivatives and ['*F]-labelled glutamine derivatives of the general formula (1), including
25 diastereomers:

in which
A represents
a) hydroxyl,
30 b} branched or straight-chain C4-Cs alkoxy,
¢) branched or straight-chain hydroxy C,-Cs atkoxy,
d) branched or straight-chain O-C,-Cs alkyl-(Q-C4-C,4 alkyl),-O-C4-C, alkyl,



d) propoxy, e) Nwe2, f) NEt2, 10g) NH2, h) N(H-L, i) OLor j) OZ
15Further preferred conpounds according to the invention of the
formula (1) are distinguished in that A represents a)
hydr oxyl , b) net hoxy, 20c) ethoxy, d) Nwe2, e) NH2 or
f) N(H-L. 25Particularly preferred conpéunds according to the

I nvention of the f a (l) are distinguished in that A represents
a) hydroxyl, b)sbr'gd’?%cf‘”%ﬂ)z'strai ght-chain Cl1-05 al koxy or 30c) NH2.
Preferred conpaundsHaccording to the invention of the formula (1) are
di st i ngui shed Irﬁg tl@ A represents hydroxyl. 35 Preferred conpounds
according to t in rlftion of the formula (1) are distinguished in
that A represerit)s QHor -6- Preferred conpounds according to the

i nvent igon of thja ferzul a (1) are distinguished in that A represents
et hoxy. '

G represents

a) hydroxyl,
by O-Z

10 ¢) branched or straight-chain O-C;-Cs alkyl,
d) branched or straight-chain O-C,-Cs alkenyl,
e) branched or straight-chain O-C;-Cs alkyl-(O-C4-C, alky),-O-C4-C4 alkyl,
fy  branched or straight-chain O-C,-Cs alkynyl or
g) triphenylmethoxy,

15

R" and R? represent

a) hydrogen,
b) branched or straight-chain **F-C4-Cs alkoxy,
¢) branched or straight-chain '*F-C;-Cs alkyl,

20 d) branched or straight-chain *F-C,-Cs alkenyl,
e} branched or straight-chain "®F-C,-Cs alkyny!,
f)  hydroxyl,
g) branched or straight-chain C4-Cs alkyl or
h) branched or straight-chain C4-C; alkoxy,

25 alkyl being optionally interrupted by one or more O, S or N,
with the proviso that one of the substituents R' or R® contains exactly one ™F
isotope and the respective other substituent contains no '°F isotope, with the proviso
that R' is not hydrogen,

30 L represents

a) branched or straight-chain C4-Cs alkyl,

(o))

) branched or straight-chain C.-Cs alkeny,
) branched or straight-chain C4-Cs alkyl-(0-C4-C; alky!)-O-C4-C4 alkyl or
) branched or straight-chain C,-Cs alkynyl,

[T e)

35
Z represents a metal cation equivalent, and

wheren=0,1, 2 or 3.



.5 Preferred conpounds according to the invention of the formula (I)
are distinguished in that G represents a) hydroxyl, h) branched or
straight-chain 0-Cl1-C4 al kyl or 10c) 0-C2H4-OMe. Further preferred
conmpounds according to the invention of the fornula (1) are

di stinguished in that G represents 15a) fydroxyl or b) branched or
straight-chain 0-Cl-C4 alkyl. Particularly preferred conpounds
according to the invention of the fornula (1) are distinguished in
that 20 GHreisFred samgow)dsrgpising to the inkgntienied e formilml) erecdistinguighed in that
preferredpcﬁﬁpg@ﬁgs according to the invention of the fornmula (I) are
di sti ngui shed |2 Hwa represents hydroxyl . 30Preferred conpounds
according to t % on of the formula (1) are distinguished in

that R and R2bt)epme1la®m; a) hydrogen, b) branched or
straight-chain !g% 05 al koxy, c) branched or
straight - chain® Y05 al kyl, 35d) branched or straight-chain

18F- C3- 05 al keﬁl))'I P"Qiaoxbranched or straight-chain 18F C3-05 al kynyl,
f) hydroxyl, g)e brmﬁlg,hed or straight-chain C1-05 alkyl or - 7 - h)
branched or stralgﬁ% “thain Cl-05 al koxy. Preferred conpounds
according to t Me iMRention of the formul a (1) are distinguished in
that H®RL and Rg)reyM.esent

h) N(H)-L,
i O-Lor
j} 0O-Z

15 Further preferred compounds according to the invention of the formula (I} are distinguished
in that
A represents
a} hydroxyl,
b) methoxy,
20 c) ethoxy,
d) NMe;,
e) NH;or
) N(H)-L

25  Particularly preferred compounds according to the invention of the formula (1) are
distinguished in that
A represents
a) hydroxyl,
b) branched or straight-chain C4-Cs alkoxy or
30 c) NH..

Preferred compounds according to the invention of the formula (|) are distinguished in that
A represents
hydroxy!|.
35
Preferred compounds according to the invention of the formula (l) are distinguished in that
A represents
NH.



5a) hydrogen, b) branched or straight-chain 18F C2-C4 al koxy, c)
branched or straight-chain 18F-C3-05 al kyl, d) branched or

strai ght-chain 18F-C3-05 al kenyl, e) branched or straight-chain

18F- C3-05 al kynyl, f)hydroxyl, 10g) branched or straight-chain Cl-05
al kyl or h) branched or straight-chain CI-05 al koxy, with the proviso
that one of the substituents Rl or R2 contains exactly one

18F-i sotope and the respective other substituent contains no 18F

i sot ope, wrefertedecompovndsoadchedingRD the inmetionyad tregfermulafl) Ard distingeished in that
particul arp sybi&mts matter of the invention are conpounds of the
general formula I 1n which RL represents a) branched or

strai ght - chai n &B®YC2 al koxy, 20b) branched or straight-chain 18F-C3
al kyl . gStrai ght-chain 18F C2 al koxy is 18F-ethoxy. Straight-chain

18F-C3 al kyl .is A18F-propyl. 25A fuyrther particul ar syhject matter of
the i nventPBIFrEEoTBRRREcoBHY fadhe BienE ar i torhu (s e ieLiehec i that
r epr esent sGi&resdritoxy or 18F-propyl and R2 represents hydrogen.

Further preferrgad (&ﬁ};@gnds according to the invention of the formula
(1) are distinguishe inthat RL is selected fromthe group
consi sting of 1BF-wenehed or sB&Eghi-eiKY;C1iGRlt IBYI and 18F- propyl, and
R2 is fgydrogen.qy o.c,HRORI&rred conpounds according to the invention
of the formula (1) are distinguished in that 35L represents a)
met hyl, b) ethyl, c) propyl, -8- d) isopropyl, e) -C2H4-OMe or f)
- C2H4- O C2FiFtHePardféread @anhpouptistaetdraitlg ¢ teonnsifion ot tadforgultql) tahe distinguished
i nvention igfthé[the formula (1) are distinguished in that
G represents
15 a) hydroxyl or

b) branched or straight-chain O-C4-Cy4 alkyl.

Particularly preferred compounds according to the invention of the formula (l) are
distinguished in that
20 G represents
a) hydroxyl,
or
b) ethoxy.

25 Particularly preferred compounds according to the invention of the formula (I) are
distinguished in that
G represents

hydroxyl.

30  Preferred compounds according to the invention of the formula (I) are distinguished in that
R' and R? represent
a) hydrogen,
b) branched or straight-chain ®*F-C4-Cs alkoxy,
c) branched or straight-chain "®F-C4-Cs alkyl,

35 d) branched or straight-chain "®F-C;-Cs alkenyl,
e) branched or straight-chain '°F-C;-Cs alkynyl,
f) hydroxyl,

g) branched or straight-chain C4-Cs alkyl or



L represents a) nethyl or b) ethyl. 10 Conmpounds according to the
“invention of the fornula (1) which are likew se preferred are

di stinguished in that Z is selected fromthe group consisting of Nat,
| CE, Ca2+ and My2+. Z is preferably Nat. The process for
preparing the conpounds according to the /imvention of the gener al

bresent in o cOlpGtAEBH of RESEBEEITCY $1KPY) ar e rempved.  Compounde.
according to formula I: a) 18F b)"F - 9 - 00 HOOH NH2 c) 18F
H2ZNOH NH2 Fqgefeﬂrég cgﬂpm ;b%lu%mqug the invention of the formula (l) are distinguished in that
R' and R? represent
5 a) hydrogen,
b) branched or straight-chain "®F-C,-C, alkoxy,
c) branched or straight-chain "®F-Cs-Cs alkyl,
d) branched or straight-chain "®F-Cs-Cs alkenyl,
e) branched or straight-chain "®F-C3-Cs alkynyl, 1) hydroxy!,
10 g) branched or straight-chain C4-Cs alkyl or
h) branched or straight-chain C4-Cs alkoxy,
with the proviso that one of the substituents R' or R? contains exactly one ®F-isotope and
the respective other substituent contains no '®F isotope, with the proviso that R' is not

hydrogen.
15
A further particular subject matter of the invention are compounds of the general formula | in
which
R? represents
a) branched or straight-chain '®F-C, alkoxy,
20 b) branched or straight-chain "®F-Cj alkyl.

Straight-chain °F-C, alkoxy is "®F-ethoxy.
Straight-chain °F-C; alkyl is "®F-propyl.

25  Afurther particular subject matter of the invention are compounds of the general formula | in
which
R represents "®F-ethoxy or "®F-propyl and R? represents hydrogen.

Further preferred compounds according to the invention of the formula (1) are distinguished
30  inthat

R' is selected from the group consisting of ®F-ethoxy, '®F-propoxy, '®F-ethyl and '®F-propy,

and R? is hydrogen.

Preferred compounds according to the invention of the formula (I} are distinguished in that
35 Lrepresents
a) methyl,
b) ethyi,
¢) propyl,



5e)and 00 H2NL. 20H 5NH2 8 f) At physiological pH 7.4, the
conpounds of the formula (1) according to the invention may 10al so be
present as zwitterions or salts, as is known to those skilled in the
art. According to a further aspect, the present invention thus
relates to conpounds of the general formfa (11): - 10 - A
represents a) gdroxyl b) branched or straight-chain Cl-05 al koxy,
5¢) branched or )stfﬁ%ﬁfgmﬂ chai n hydroxy Cl1-05 al koxy, d) branched or
straight - chalné}Cb E}er-(OO C4 alkyl)-0-CG-C4 alkyl, e)
N(Cl- 05 al kyl)2 or 10h) O-L', G represents a)
hydroxyl, b) 0-% Gy tP ‘gq*hré‘ﬁ%d or straight-chain 0-Cl-05 al kyl, d)
branched or strai ght chain 0-C2-05 al kenyl e) branched or
straig C 1-04 a " y.
br anchan oralidigiSenal Pnds tefin 8 8 Mt el e by © are
dlstmguzshed in that
L represents
ay methyl or
b) ethyl
10

Compounds according to the invention of the formula (I) which are likewise preferred are

distinguished in that Z is selected from the group consisting of Na*, K*, Ca*" and Mg**. Z is

preferably Na®*.

The process for preparing the compounds according to the invention of the general formula

15 (1) is distinguished in that

- one or more protective groups present in a compound of the formula (Ii) is/fare

removed.

Compounds according to formula I
20



.20 R1 and R2 represent a) hydrogen, b) branched or straight-chain
18F- C1- 05 al koxY, c) branched or straight-chain 18F-Cl1-05 al kyl, 25
d) branched or straight-chain 18F-C2-05 al kenyl, e) branched or

strai ght-chain 18F-C2-05 al kynyl, 0 hydrgx g) branched or
straight-chain Cl-05 al kyl or h) branched or straight-chain Cl-05

al koxy, 30al kyl bein§ optional®Py interrupted by one or nore 0, S or

N, with the proviso fjhat exact]jy one of the substituents Rl or R2
contains exactly g I peognd the respective other substituent
contains no 18F isotopei witlh the proviso that R is not hydrogen, Q
represents a) N(H)-terg-but ®tigcarbonyl b) N(H)-allyl oxycarbonyl, 5c)
N( H) - benzyl oxycar bonyf, d) N(H)-ethoxycarbonyl, e)

N( H) - met hoxycar bonyl , N( H) - pr opoxycar bonyl , e)

N(H) -2, 2, 2-trichl oregt’hoxycar bonyl, 10f)N(H)-1, 1-di net hyl propynyl, g)
N(H) - 1- met hy$)- 1- phenyl et hoxycar bonyI h)

N( H) - 1- net hyl - 1- ( 4- bi phenyl yOet hoxycar bonyl ,

DN( H) - cycl obut yl carbontyl , j) N(Hp- 1- net hyl cycl obut yl car bonyl , 15k)
N(H) - vi nyl carbonyl, 1)|N(H)-allyllcarbonyl, m) N(H)-adanmantyl carbonyl,
n) N(H)-di phenyl nEIIIRI OI_[I\I(H)-ci nnanyl car bonyl , 20p)

N(H) - fornyl,

i8
d) F
o) o)
HOWOH
S(3 NH,
18
5 e) F and
o 0
HzN/“\:/\HJ\OH
Sc') NH,
18
f F

At physiological pH 7.4, the compounds of the formula (I) according to the invention may
10 also be present as zwitterions or salts, as is known to those skilled in the art.

According to a further aspect, the present invention thus relates to compounds of the
general formula (I1):



g) N(H) -benzoyl, r) N(H-trityl, s) N(H)-p-nethoxydi phenyl net hyl ,
t) N(H) -di (p-net hoxyphenyl ) phenyl net hyl, 25u) O v)
N-(tert-butoxycarbony02, U represents 30a) branched or straight-chain
Cl-05 al kyl, b) branched or strai ght-cha%(E C2- 05 al kenyl, c¢) branched
or straight-chain Cl1-05 al kyl-(0-Cl1-C4 al%kyl),-0-Cl-C4 al kyl or d)
branched or straight-chain C2-05 al kynyl, 35 X and X' independently
of one anot her repres a), branched or straight-chain Cl-05 al kyl,
- 12 - b) substitfted ubstituted aryl, c) substituted or
unsubstituted ar substituted or unsubstituted heteroaryl,
5Z' representsAd metzal cyti on&Equivalent, and where n = 0, 1, 2 or 3.
Preferred corrpounds;{acco ding tg the invention of the formula (I1)
are distinguished in that 10A Wépresents a) hydroxyl,
b) met hoxy, c) ethoxy, d) propoxy, 15e) Nwe2, f) NEt2,
g) NH2, h) N(H-L or i) O-L,

A’ represents

a) hydroxyl,
b) branched or straight-chain C4-Cs alkoxy,
5 ¢) branched or straight-chain hydroxy C;-Cs alkoxy,
d) branched or straight-chain 0-C4-Cs alkyl-(O-C4-C; alkyl),-0-C4-C4 alkyl,
) N(C4-Cs alkyl)s,
f)  NH,
g} N(H)-L', or
10 hy O-L',

G' represents
a) hydroxyl,
b) 0O-Z,
15 ¢) branched or straight-chain O-C;-Cs alkyl,
d) branched or straight-chain O-C,-Cs alkenyi,
e) branched or straight-chain O-C4-Cs alkyl-(O-C4-Cy4 alkyl)-0-C4-C4 alkyl,
f)  branched or straight-chain O-C.-Cs alkynyl or
g) triphenylmethoxy,
20
R' and R® represent
a) hydrogen,
b) branched or straight-chain '®F-C4-Cs alkoxy,
¢} branched or straight-chain "®F-C4-Cs alkyl,
25 d) branched or straight-chain '®F-C,-Cs alkenyl,
e) branched or straight-chain '®F-C,-Cs alkynyl,
f)  hydroxyi,
g} branched or straight-chain C:-Cs alkyl or
h) branched or straight-chain C;-Cs alkoxy,
30  alkyl being optionally interrupted by one or more O, S or N,
with the proviso that exactly one of the substituents R' or R? contains exactly one '°F
isotope and the respective other substituent contains no '®F isotope, with the proviso that R’
is not hydrogen,



.20j) O Z. Further preferred conmpounds according to the invention of
the formula (I1) are distinguished in that A represents 25a)

hydr oxyl, b) methoxy, c¢) ethoxy, d) NMe2, e) NH2 or 30f)N(H)-L.
Particularly preferred conpounds accordi to the invention of the

formula (11) are distinguished in that A " represents 35a) hydroxyl,
b) branched or straight-chain C1-05 al koxy or ¢c) NH2. - 13 -

Pref erred conpounds according to the invention of the fornmula (I1)
are distiGy@Pesedtsin that A represents tert-butoxy. 5Preferred

conpounds accokdi ngHS-@rhRokya¥ahiion of the fornula (I11) are

di stingui shed I A represents NH2. Preferred conpounds
according to thg mg}éﬁ@if%’ﬁcg’m?ﬂe formula (11) are distinguished in

that 18A" reprepens)-bétyiokycdetygr red conpounds according to the

i nvention of t QL 1) are distinguished in that G represents
15a) hydroxyl, Iag) h@%ﬁ%’@%é&a Qong{rai ght-chain 0-Cl1-C4 al kyl or c)

0- 02H4- OMe. e) M{H)-hmethoqyedreonyéd conpounds according to the

i nventi on of the fmg_ !logo@éa)bo"ﬁwe di stingui shed 20in that G
represents a) dr 0x r- '
e}/ N(H}-2,2,2-trichloroethoxycarbonyl,

10 f)  N(H)-1,1-dimethylpropynyl,
g)  N(H)-1-methyl-1-phenylethoxycarbonyl,
h)  N{H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
i) N(H)-cyclobutylcarbonyl,
i) N(H)-1-methylcyclobutylcarbonyl,
15 k)  N(H)-vinylcarbonyl,
)  N({H)-allylcarbonyl,
m) N(H)-adamantylcarbonyl,
n) N(H)-diphenyimethylcarbonyl,
0) N(H)-cinnamylcarbonyl,
20 p) N(H)-formyl,
q) N(H)-benzoyl,
r N(H)-trityl,
s) N(H)-p-methoxydiphenyimethyl,
)  N(H)-di(p-methoxyphenyl)phenylimethyl,
25 u)

or
v)  N-(tert-butoxycarbonyl),,

L' represents
30 a) branched or straight-chain C4-Cs alkyl,
b) branched or straight-chain C,-Cs5 alkenyi,
c) branched or straight-chain C;-Cs alkyl-(O-C;-C, alkyl),-O-C4-C4 alky! or
d) branched or straight-chain C2-Cs alkynyl,

35 X'and X" independently of one another represent
a) branched or straight-chain C4-Cs alkyl,



b) branched or straight-chain 0-Cl-C4 al kyl. 25Particularly preferred
conpounds according to the invention of the fornula (Il) are

di stinguished in that G represents a) hydroxyl, b) nethoxy, 30c)
ethoxy or d) tert-butoxy. Particularly preferred conpounds according
to the invention of the formula (I11) areldrstinguished in that 35G

represents tert-butoxy. - 14 - IRl and R2 represent a)
hydr ogen, b) br@ncﬂ&ﬂe{t{ﬂ?&dﬁrruéﬁwmﬁ%‘?rﬁ" 18F- C1- 05 al koxY,
c) branched or gt raibgfituteehrivasdihiifss dralkgl &yl , 5d) branched or

straight-chain 18F-C3-.05 al kenyl .. branched or straight-chain
18F- C3- 05 al kynVl ,S”%t'tﬁgegr%?f/'?qbsasﬁ%drI&eﬁ rﬁé@ﬁ'or straight-chain 01-05
al kyl or h) branched or straight-chain G -05 al koxy, 10w th the

provi S%th?treﬁréé’&{tééé Qac%goﬁ E@;@é@ﬁ}éﬁ&xents R1 or R2 contains

exactly one 1sotope an respective other substituent contains
no 18F isotope, with the proviso that Rl is not hydrogen.

Preferred gmrpoundst acge ding to the invention of the fornula (11)

are distinguished in that 15Rl and R2 represent a) hydrogen, b)
branched or straight-chain 18F-C2-C4 al koxY, c¢) branched or

st r ai ght - ch@fenreti8fon{pduids addoyding tb)thé irvactivebfdiie rmaladg i) areltistinguished in that

18F- GrPS> Alksabnts

a} hydroxyl,
b} methoxy,
c) ethoxy,
d) propoxy,

15 e) NMe,,
f) NEt,,
g) NH,
h) N(H)-L or
iy O-L,

20 jy O-Z

Further preferred compounds according to the invention of the formula (Il) are distinguished
in that
A' represents
25 a) hydroxyl,
b) methoxy,
c) ethoxy,
d) NMe;,
e) NH,or
30 ) N(H)-L.

Particularly preferred compounds according to the invention of the formula (II) are
distinguished in that
A represents
35 a) hydroxyl,
b} branched or straight-chain C,-C; alkoxy or
c) NHa.



. 20e) branched or straight-chain 18F C3-05 al kynyl, f) hydroxyl, Q)
branched or straight-chain C1-05 al kyl or h) branched or

strai ght-chain Cl-05 al koxy, with the proviso that exactly one of
the substituents RlL or R2 contains exacqg one 18F- 25i sotope and the
respective ot her substituent i s hydrogen,”w th the proviso that Rl is

not hydro ccordin 0 the inventio

formul a (%BI? eggé%éﬁéél nés’ue}cs rdﬁqgﬂ%t %derﬁ %fih ft@[r@lé'? SWF'E' ’“t?lrad nfat
consi st i ng\ edpra@Riet hoxy, 1131- r propoxy, 18F-et hyl and 18F-

30propyl, and I%Q,.t_bg,tog}y_drogen. A further particular subject matter of
the invention are conpounds of the general formula Il in which Rl
represents 35a) branched or straight-chain 18F- C2 al koxy or b)

branch8d @refetre@cpoGitRi dtcd@ingCs tid KéntioRlof ﬁié]‘h?mlﬂ}é'i’ll)rhré-aﬁl% Qe’@‘?ﬁ(bﬁat

is 18F-et QE%/ 15 - Straight-chain 18F-C3 al kyl is "18F-propyl
further PLgReRts subject matter of the invention are corrpounds of
t he general foNHil a Il in which 5R1 represents 18F-et hoxy or

18F-propyl and R2 represents hydrogen. Preferred conpounds according
to the invention of the fornula (I11) are distinguished in that L'

r epr esent $Teferrag eerppountsaccendingl to the) ingerdion lof the) foirswa (16 @y distiguished in that
- C2HA46Me A fgpresga{gzl 0- C2H4- 0CH3 or 15g) tert-butyl. Particularly
preferred conpo s according to the invention of the formula (I1)

are distingui sﬁgﬂ’XYn that L' represents

Preferred compounds according to the invention of the formula (Il) are distinguished in that
G' represents
15 a) hydroxyl,
b) branched or straight-chain O-C4-C4 alkyl or
c) 0O-C;Hs-OMe.

Further preferred compounds according to the invention of the formula (I} are distinguished
20  inthat
G’ represents
a) hydroxyl or
b) branched or straight-chain O-C4-C, alkyl.

25 Particularly preferred compounds according to the invention of the formula (Iy are
distinguished in that
G’ represents
a) hydroxyl,
b) methoxy,
30 c) ethoxy or
d) tert-butoxy.

Particularly preferred compounds according to the invention of the formula (I} are
distinguished in that
35 G'represents
tert-butoxy.,

Preferred compounds according to the invention of the formula (II) are distinguished in that



20a) nethyl, b) ethyl or c) tert-butyl. Compounds according to the
invention of the forrmula (11) which are |ikew se preferred are

25di stinguished in that Z° is selected fromthe group consisting of
Nat, Kt, Ca2t and My2t. Z' is preferably, Nat. Preferred conpounds
according to the invention of the forrruT?ﬁ(‘ll) are distinguished in

that Q repLe $_30a N(H) tert-but oxycarbonyl, b)
N(I—|)-benz§li ?&FP% 58 c) N-(tert-butoxycar bony02 or d) - 16 -

Furt her preferrad h}(dwunds according to the invention of the formula

(1) are disti r}swtﬁg e]drbréﬂ%bm%meg@té Mox

N(H) -tert-but oxycar terf.- but oxycaybonyl) 2 or ¢) Nr--
Particularly pr@f é?rﬁé@eémﬁalﬁhfscmoﬁﬂw@p 3lgylt he i nvention of the

formul g (11) arg 1!9§hc§~féd%‘étr§@ﬁﬁcﬂa"h tahaia clamdrghents a)
N(H) -tert-but ox C%{@ uI arI preferred conpounds

r{i
according to t d’r‘iSHFth@af"brErﬁ 99 Yhyr e di stingui shed in
that representfs N(yld}e)iyert but oxycar bonyl . 20Preferred conmpounds

according to th ncﬁe}%gn en‘{ﬂS%'gbp@}%"Ogﬂ?f %%‘&' or) are distinguished in

that X and X' ¥ I epr esent
h) branched or stralght-chaln C4-Cs alkoxy,

10  with the proviso that exactly one of the substituents R' or R? contains exactly one '®F-
isotope and the respective other substituent contains no '®F isotope, with the proviso that R’
is not hydrogen.

Preferred compounds according to the invention of the formula (Il) are distinguished in that
15 R'and R? represent
a) hydrogen,
b) branched or straight-chain "®F-C,-C, alkoxy,
¢} branched or straight-chain "®F-Cs-Cs alkyl,
d) branched or straight-chain "®F-C3-Cs alkenyl,
20 e) branched or straight-chain "®*F-C;-Cs alkynyl,
f)  hydroxyl,
g) branched or straight-chain C,-Cs alkyl or
h) branched or straight-chain C;-Cs alkoxy,
with the proviso that exactly one of the substituents R' or R® contains exactly one "°F-
25 isotope and the respective other substituent is hydrogen, with the proviso that R' is not
hydrogen.

Preferred compounds according to the invention of the formula (Il) are distinguished in that
R' is selected from the group consisting of '®F-ethoxy, ®F-propoxy, ®F-ethyl and "°F-
30 propyl, and R? is hydrogen.

A further particular subject matter of the invention are compounds of the general formula |
in which
R' represents
35 a) branched or straight-chain **F-C, aikoxy or
b) branched or straight-chain "*F-C; alkyl.

Straight-chain "®F-C, alkoxy is "®F-ethoxy.



~a) branched or straight-chain C1-05 al kyl, b) substituted or
unsubstituted aryl or Cc) substituted or unsubstituted
aral kyl . 25 Further preferred conpounds according to the invention of
the forrmula (I1) are distinguished in th X and r independently of
one anot her represent a) branched or straight-chain Cl1-05
al kyl or ubst iiduted aqr wasubstituted aryl. - 17 - X' and X'
represent%%ﬁéﬁﬁﬁpgb Fg%?ggﬁﬁ? Eﬁgﬁ@f which is substituted in the

2- posi tion. The process for preparing the conpounds of the general
formula (14 Juifer patNg: dbiddiehd byt t'c{}ga),g bis St B
plurality _ofu _theBcon%%u%%%%@jodrﬂglyﬁgﬁ%g&égg?rﬁFge% L@gg%%% é%nr%yr‘raézor%ma l
froma cop¥litd of the formula (111) follow ng introduction of the

18F- i sBt Ope.refie86iRts LFL&RoM GPEH-bripy CAHNTURGEsSits hjgogener al formil a
(I'l) which conprises reacting a conpound of the fornula (111) with

F-18 fluoride. 10 Conpounds of the formula I, Il or Ill for use as
medi canmentPref€oep comgdsurals dcherdirgy tohainbentioh o thel fotmdiailuse disOhguismaiimthat
of tumour dj ?és%ﬂ{ss' 15Use of conpounds of the formula I, Il or I1I

for preparing a nedi canment for inmaging of tunour disorders. According
to a further aspedwethtlhe present invention relates to conpounds of

t he geperal forﬂg‘-”e?hgﬁ,' I1): 20 in which A" represents a) branched or
strai ght-chain Cl-05 al koxy, b) branched or straight-chain hydroxy
Cl- 05 al koxy, Z5cP¥¥hnched or straight-chain 0-Cl-05 al kyl - (0-Cl-C4
al kyl') n- O C1- C4) alidgagpropy!, d) N(C1l-05 alkyl)2, e) NH2, f)

N(H)-L", or &) -CH OMeg) 042, 30 G' represents
w2l lgm 1
f) -C2H4-O-02H4“OCH3 or
15 g) tert-butyl.

Particularly preferred compounds according to the invention of the formula (Il) are
distinguished in that
L' represents
20 a) methyl,
b) ethylor
c) tert-butyl.

Compounds according to the invention of the formula (I} which are likewise preferred are
25  distinguished in that Z' is selected from the group consisting of Na*, K*, Ca®" and Mg®. Z'is
preferably Na*.

Preferred compounds according to the invention of the formula (l1) are distinguished in that
Q represents
30 a) N(H)-tert-butoxycarbonyl,
b) N(H)-benzyloxycarbonyl,
c) N-(tert-butoxycarbonyl), or
d)

\N,__,___<

X

35



a) 0-Z", b) branched or straight-chain 0-Cl-05 alkyl, - 18 - c¢)
branched or strai ght-chain 0-C2-05 al kenyl, d) branched or
straight-chain 0-Cl1-05 al kyl -(0-Cl1-C4 al kyl),-0-01-C4 al kyl, e)
branched or straight-chain 0-C2-05 al kynyl or f) triphenyl nethoxy, 5
R3 and R4 represent a) hydrogen, b) branched or
strai ght-chain E-Cl-05 al koxy, ) _ C) branched or o
st r ai ght - cfisiher preferregiscomueynds aceprding tnibrdavestion ot e Jormuih d) gresdigingysshed
al kenyl, @) gtanched or straight-chain E-C2-05 al kynyl, f) hydroxyl,
g) branched or straight-chain Cl-05 al kyl or h) branched or
strai ght - CRAFRICRAMND5 al koxy, 15al kyl being optionally interrupted by
one or nore 0, & ai(H)tervbbtoxydaebgnyhvi so that exactly one of the
substi tzuent s or ' and the respective ot her

5 P i

substi t'uent con e proviso that R3 is not hydrogen,

E represents a 4)eaving group, 20 Q represents a)
N(H) -tert-but oxycarbonyl b) N(H)-allylwycarbonyl, C)
N( H) - benzyl oxycar bohyl_,ﬁ(gﬁ) N( H) - et hoxycar bonyl , e)
N( H) - met hoxycar bonyl N N( H) - pr opoxycar bonyl, g)

h

N(H) -2, 2, 2-trichl or oet hoxycar bonyl ,
N(H) - 1, 1- di et hyl propynyl, 30i)N(H)-1-nethyl-I-phenyl et hoxycar bonyl ,
j) N(H)-1-nethyl-1-(4-biphenylyl)ethoxycarbonyl,
Particularly preferred compounds according to the invention of the formula (ll) are
10  distinguished in that
Q represents
a) N(H)-tert-butoxycarbonyl or

b)
AN _<
N
X
15
Particularly preferred compounds according to the invention of the formula (ll) are

distinguished in that
Q represents N{H)-tert-butoxycarbonyl.

20  Preferred compounds according to the invention of the formula (l1) are distinguished in that
X' and X" independently of one another represent
a) branched or straight-chain C4-C; alkyl,
b) substituted or unsubstituted aryl or
c) substituted or unsubstituted aralkyl.

25
Further preferred compounds according to the invention of the formula (il) are distinguished
in that
X' and X" independently of one another represent
a) branched or straight-chain C4-Cs alkyl or
30 b) substituted or unsubstituted aryl.

Particularly preferred compounds according to the invention of the formula (lI) are
distinguished in that



k) N(H)-cycl obutyl carbonyl, 1)N(H)-1-nmethyl cycl obutyl carbonyl, m
"N(I)-vinyl carbonyl, 35n) N(H)-allylcarbonyl, o)

N( H) - adamant yl car bonyl, p) N(H)-di phenyl net hyI carbonyl, Q)

N(H) - ci nnanyl carbonyl, - 19 - r) N(H)- fﬁ; s) N(H)-benzoyl, t)
N(H-trityl, u) N(H)-p-nethoxyphenyl di ph&nyl rret hyl , 5v)

N o B RS RRBH REP A JBi s ey g e 2 oston

strai ght-chain Cl-05 al kyl, b) branched or straight-chain C2-05

g: t;ﬂyl Gl‘}uegl%&%% ﬂ) %reﬁ%rfr@r ancﬁ&gﬁd@dg‘@r@?e?ﬁeﬁép(@r@ 8@) ath(ordlng to the

15X and wvenh%ﬁ BgtisYedin Hakthamiurally of mmqund)acmrdmﬁedormuia (1) can
st rai gt - pBabiedlird}d adokiplound b tﬁb‘@&Huiél(t{Iﬁ%MwarVdSi%HQ&&dtaBH%?%ea"ﬁ’lsotoﬁé
substituted or unsubstituted al kylaryl or stituted or
unsubstituted heteroaryl, 20 Z" represents a netal cation equival ent,
and wher e Pnoces8 forhregaring cdmpounds offhefersrgdoeamannds according to

the i nvenwh%& ptrﬂgs general formula (Ill) are 25distinguished in

t hat
- reacting a compound of the formula (l1l) with F-18 fluoride.

10
Compounds of the formula I, il or 11l for use as medicament.
Compounds of the formula |, I or IIl for use for imaging of tumour disorders.
15 Use of compounds of the formula I, Il or [ll for preparing a medicament for imaging of
tumour disorders.
According to a further aspect, the present invention relates to compounds of the general
formula (l11):
20
in which
A" represents
a) branched or straight-chain C,-Cs alkoxy,
b) branched or straight-chain hydroxy C4-Cs alkoxy,
25 ¢) branched or straight-chain 0-C4-Cj5 alkyl-(0-C4-C4 alkyl),-0-C4-C,4 alkyt,
d) N(C4-Cs alkyl),,
e) NHy
fy  N(H)-L", or
g) O-L
30

G" represents
a) 0O-Z"
b) branched or straight-chain O-C4-Cs alkyl,



A" represents a) branched or straight-chain Cl-05 al koxy or b) N -12.
30Further preferred conmpounds according to the invention of the
general fornmula (I1l) are distinguished in that A" represents a)

met hoxy, b) ethoxy, 35c) NH2 or d) tert-butoxy. - 20 - Preferred
conmpounds according to the i nvention of- t%e general formula (111) are

di stingui shed in that A" g@fesents 5net hoxy. Preferred conpounds
according to tia M%@heﬂ&ﬁs ightHhae@dndls gl a (111) are

di stinguished idy tdhadched orrgﬁé@ﬁtedﬂam AR auRn fm@da Wan@;? alkyl,
accordlngtoteﬁlnventlono %ﬁ\agﬂe@&;aql-pcﬁ{ a(III)

di stingui shed ¥ t&1°h&d oF ai5pigh ‘eferred corrpounds
according to tHhp itipemyinesthedy, t he gener al forrrul a (lll) are

di stingui shed in that A" represents 20tert-butoxy. Preferred
conpounds accordl ng to the invention of the general formula (I11) are
di sti ngui Jkieandi R’ nepeese®’ r epresents 25a) branched or strai ght-chain
0-C1-05 al kyl, ayb)py lapc;a%ghed or straight-chain 0-C2-05 al kenyl, «c)
branched or strai aln Cl-05_ al kyl - (0O- ClC4aIkyI)rOClC4
alkyl or e) trifp 3}59%?@9@6%&5&9@@#%% -G5r3f%Yr ed conpounds accor di ng
to the inventi ) QfrahdmedgeBrsight-draimEIca-Ksldily), are

10 d) branched or straight-chain E-C,-Cs alkenyl,
e) branched or straight-chain E-C,-Cs alkynyl,
f)  hydroxyi,
g) branched or straight-chain C4-Cs alky! or
h) branched or straight-chain C4-Cs alkoxy,
15 alkyl being optionally interrupted by one or more O, S or N,
with the proviso that exactly one of the substituents R® or R* contains an E and the
respective other substituent contains no E, with the proviso that R® is not hydrogen,

E represents a leaving group,
20
Q' represents

a) N(H)-tert-butoxycarbonyl
b) N(H)-allyloxycarbonyl,
c) N(H)-benzyloxycarbonyl,

25 d) N(H)-ethoxycarbonyl,
e} N{H)-methoxycarbonyl,
f)  N(H)-propoxycarbonyl,
g) N(H)-2,2,2-trichIoroethoxycarbonyl,
h) N({H)-1,1-dimethylpropynyl,

30 iy  N{H)-1-methyl-1-phenylethoxycarbonyl,
i} N{H)-1-methyl-1-(4-biphenylyhethoxycarbonyl,
k) N(H}-cyclobutylcarbonyl,
)  N(H)}-1-methylcyclobutylcarbonyl,
m} N(H)-vinylcarbonyl,

35 n} N(H)-allylcarbonyl,
0) N(H)-adamantylcarbonyl,
p) N(H)-diphenylmethylcarbonyi,
q) N{H)-cinnamylcarbonyl,



.distinguished in that G' represents a) nethoxy, b) ethoxy, or 35c)
tert-butoxy. - 21 - G' represents a) tert-butoxy. Preferred
conpounds according to the invention of the general fornmula (Il1) are
5di stinguished in that R3 and R4 represe a) hydrogen, b) branched
or straight-chain E-Cl-05 al koxy, c) branthed or straight-chain

E- C1- 05 al kyl, r)'LOCQ]HS’-'f ﬂ@hed or straight-chain E-C3-05 al kenyl, e)
branched or strai (t-ccﬁal n E-C3-05 al kynyl, f) hydroxyl, g) branched
or strai ght-chéi)n%@k')'@ﬁn%ﬂykyl or h) branched or straight-chain Cl-05
al koxy, 15with tf heypy-awjiso that exactly one of the substituents R3 or
R4 cont ai ns ané‘g EﬁR t he %es&pﬁgcti e ot her substituent contains no E,
with the provi tHR-Praethex ?“ﬂ&ﬂ?%@ﬂ?thﬁr ef erred conpounds

accordbng to thg iN(Mpdijp-oneticdxybhenypheiyaheth@r mula (111) are

di stingui shed in tt@t 20 )3 and R4 represent a) hydrogen, b) branched
or straight-chain E al koxY, c) branched or straight-chain
E-Cr G5 al kyl, d) branched,.or straight-chain E-C3-05 al kenyl, 25e)
branched or strgi ght-chai'n EC3-05al kynyl, f) bra_ncEed (ﬁr_ o105

th rkglxg?t chai n)&l I\Bael%lbh%lxyggrbg)y])gr anched or straight-chain

L" represents
10 a) branched or straight-chain C4-Cs alkyl,
b) branched or straight-chain C»-Cs alkenyl,
¢} branched or straight-chain C,-Cs alkyl-(0O-C4-C, alkyl),-O-C4-Cy4 alky! or
d) branched or straight-chain C,-Cs alkynyl,

15 X'and X" independently of one another represent
a) branched or straight-chain C4-Cs alkyl,
b) substituted or unsubstituted aryl,
¢) substituted or unsubstituted alkylaryl or
d) substituted or unsubstituted heteroary|,
20
Z" represents a metal cation equivalent, and
wheren=20,1, 2 or 3.

Preferred compounds according to the invention of the general formula (Ill) are

25  distinguished in that
A" represents
a) branched or straight-chain C4-Cs alkoxy or
b) NH..

30  Further preferred compounds according to the invention of the general formula () are

distinguished in that
A" represents
a) methoxy,
b) ethoxy,
35 ¢) NH;or
d} tert-butoxy.



with the proviso that exactly one of the substituents R3 or R4

contains an E and the respective other substituent is hydrogen, with

the proviso that R3 is not hydrogen. 30 Preferred conpounds according
to the invention of the general fornmul ;:ééll) are distinguished in

that R3 and R4 represent a) hydrogen, “branched or straight-chain
E- C2 al koxY, c¢) branched or straight-chain E-C3 al kyl, d) branched or
strai ght-chai n E-C3al kenyl or e) branched or straight-chain

E- C3al kynwl’referred220mpmdmdraowl:lingg)o kthanphedtioor o8t thei glehehatormda- QB) are
al kyl or Q}tbr% ﬁ‘fmt ; strai ght-chain Cl-05 al koxy, with the

provi so t Hat dX3CT fie of the substituents R3 or R4 contains an E

and the Sr%SpeteseMQ ot her substituent does not contain an E. A

further parti c%@tr, )apbj ect matter of the invention are conpounds of

t he general fo alll in which R3 represents 10a) branched or
straight-chain E-C2 al koxy or b) branched or straight-chain E-C3

al kyl. St r;%@atedcbam olrrds? z3bdrAYy kS theelreton T eiedfenehdi Rrful&3 () are
al kyl is Ed] E'\éeﬁﬂ) A further particular subject matter of the

i nvention a 't',?ﬁa%t of the general formula (Il1) in which R3
representsNEembbaﬁy or E-propyl and R4 represents hydrogen. 20E is a .
IeaV|qg group |ch is known or obvious to the person skilled in the

art and which is 2descrl bed or nentioned, for exanple, in Synthese
(1982), pages 85-125, Table 2, page 86; Carey and Sundberg,

Or gani SChq:’rgig?rteae%gmp§&r%%5)acc&€91§5 tc?7t%é2§1]vent-i'@1blcﬁ ﬁ'tere‘?léra'N%ﬁﬁﬁlﬁr il]l) are
Recent Res. De O 7, 71-83, schenes 1, and 15

or in Jerr9stivgriehed ’Rdb%{nced Organic Chemistry, 4th edition, John

Wl ey and SoBpresdfts351-56 and 642-653), 25w t hout being I|m ted

theret% Pr ef ert d conmpounds according to the invention of the

general formul a ‘?ﬁl) are distinguished in that E represents

30hal ogen or

Preferred compounds according to the invention of the general formula (lli) are

--.-U

distinguished in that
A" represents
20 tert-butoxy.

Preferred compounds according to the invention of the general formula (IlI) are
distinguished in that
G" represents
25 a) branched or straight-chain O-C4-Cs alkyl,
b} branched or straight-chain O-C,-Cs alkenyl,
c) branched or straight-chain O-C4-Cs alkyl-(0-C4-C, alkyl)n-O-C4-C,4 alkyl or
e} triphenylmethoxy.

30  Further preferred compounds according to the invention of the general formula (lll) are
distinguished in that
G" represents
a) methoxy,
b) ethoxy, or
35 c) tert-butoxy.

Particularly preferred compounds according to the invention of the general formula (lil) are
distinguished in that



~sul phonyl oxy. Preferred hal ogens are iodo, brono and chl oro.

35Pr ef er r edsul phonyl oxyar enet hanesul phonyl oxy, tri fl uor onet hanesul phon
yl oxy, nonafl uorobutyl oxy, tosyl oxy and nosyl oxy. - 23 -

di stinguished in that represents a) chIQLo, b) brono, 5c)

met hanesul phonyl oxy, d) trifluoronet haries t phonyl oxy, e)
nonafluorQ$Ut¥Io§% 0 tosyloxy or g) iodo. 10 Preferred conpounds
accordi ng JeRRES ﬁvention of the general formula (Ill) are

di stingui shed iah tdr&butokepresents a) chloro, 15b) brono, c)

met hanesul phonyl oxy, d) trifl uoronet hanesul phonyl oxy, e) tosyl oxy or
f) 1odo. 20 Further preferred conpounds according to the invention of
t he gener &refegedrusempaunds gecordingt tondhe sineention thathe geperek dotnsula) () are
br ono, 5 25kjstinglisiares ghdthonyl oxy, d) trifluoronet hanesul phonyl oxy.

R® and R* represent
a}) hydrogen,
b) branched or straight-chain E-C;-Cs alkoxy,
¢) branched or straight-chain E-C4-Cs alkyl,

10 d) branched or straight-chain E-C3-C; alkenyl,
e) branched or straight-chain E-C;-Cs alkynyl,
f)  hydroxyl,

@) branched or straight-chain C4-Cs alkyl or
h) branched or straight-chain C4-Cs alkoxy,
15 with the proviso that exactly one of the substituents R® or R* contains an E and the
respective other substituent contains no E, with the proviso that R® is not hydrogen.

Preferred compounds according to the invention of the general formula (lll) are
distinguished in that
20 R®and R*represent
a) hydrogen,
b) branched or straight-chain E-C,-C4 alkoxy,
¢) branched or straight-chain E-C;-Cs alkyl,
d) branched or straight-chain E-C;-Cs alkenyl,
25 e) branched or straight-chain E-C5-C5 alkynyl,
f) branched or straight-chain C4-Cs alkyl or
g) Dbranched or straight-chain C;-Cs alkoxy,
with the proviso that exactly one of the substituents R® or R* contains an E and the
respective other substituent is hydrogen, with the proviso that R? is not hydrogen.
30
Preferred compounds according to the invention of the general formula (lll) are
distinguished in that
R® and R* represent
a) hydrogen,
35 b) branched or straight-chain E-C, alkoxy,
¢) branched or straight-chain E-C; alkyl,
d) branched or straight-chain E-C; alkenyl or
e) branched or straight-chain E-C; alkynyl,



Particularly preferred conpounds according to the invention of the
general formula (Il1) are distinguished in that 30E represents a)
bronmo, or b) nethanesul phonyl oxy. Pref erred conpounds accordi ng
to the invention of the general fornmul g_aél | 1) are 35di stinguished in
that Q represents a) N(H)-tert-butoxycatdonyl, b)

N(H) - benzyl oxycarbonyl, - 24 - ¢) N(H-trityl or d) N=< X" 5Further
preferred conp nd¥9ERX¥br di ng to the invention of the general formula
(1'1'1) are distig)guirahd@dion strAight-Bain GPCLSRALE a)

N(1)-tert-butoxycarbonyl or, h 0. Preferred conpounds according to
the invention 3%5 taq{@“?’épr?ﬂfﬁa‘érl'tﬁ]f)a'”a(ﬁ*é ﬂ?'g?’fyngui shed in that L"
r epr esent swith) tHer arovisedthat eséctlyi g of ks sUBLit@mt= R yér, R Sioptdnsaac Hednd the

or st r%i g;}%w&ﬁwglﬁé? g%gﬂ{ugﬁ{%esq‘rot &QntQH%ﬂ@ed or straight-chain

C2-05 al k conmpounds according to the invention of the
formula (111) are distinguished in that L" represents 20a) nethyl, b)

ethyl, c) RrpPyt pafitulbsQME@PWatter of the invention are compounds of the general formula 1l
in which
R® represents
10 a) branched or straight-chain E-C; alkoxy or
b) branched or straight-chain E-C; alkyl.

Straight-chain E-C; alkoxy is E-ethoxy.
Straight-chain E-C; alkyl is E-propyl.
15
A further particular subject matter of the invention are compounds of the general formula (l11)
in which
R? represents E-ethoxy or E-propyl and R* represents hydrogen.

20 Eis a leaving group which is known or obvious to the person skilled in the art and which is
described or mentioned, for example, in Synthese {1982), pages 85-125, Table 2, page 86;
Carey and Sundberg, Organische Synthese, (1995), pages 279-281, Table 5.8; or Netscher,
Recent Res. Dev. Org. Chem., 2003, 7, 71-83, schemes 1, 2, 10 and 15 or in Jerry March,
Advanced Organic Chemistry, 4th edition, John Wiley and Sons, pp.351-56 and 642-653),

25  without being limited thereto.

Preferred compounds according to the invention of the general formula (Ill) are
distinguished in that
E represents
30 halogen or
sulphonyloxy.

Preferred halogens are iodo, bromo and chioro.

35 Preferred sulphonyloxy are methanesulphonyloxy, trifluoromethanesulphonyloxy,
nonafluorobutyloxy, tosyloxy and nosyloxy.

Preferred compounds according to the invention of the general formula (lll) are



~e) -C2H4-0Me or 250 Further preferred conpounds according to the
invention of the formula (111) are distinguished in that L"
represents 30a) nethyl, or b) ethyl. - 25 - a) branched or
straight-chain Cl-05 al kyl, b) substitut or unsubstituted aryl or
c) aral kyl. 5Further preferred conpoundsTaccording to the invention

of the for : I e distinguished in that X and X'
independer%{gdhgui@égﬁét%ot her represent a) branched or straight-chain

C1- 05 al kyd repiespytssubstituted or unsubstituted aryl. 10 Particularly
preferred corrpg}mgﬁmﬁp,cordi ng to the invention of the formula (II1)

are distinguished in that X and X' represent phenyl or phenyl which

i s substituted? nbiKeo.2- posi tion. 15Conpounds according to the

i nventbon of the hetmaHedulpbhbhyiowhi ch are |ikewi se preferred are

di stingui shed i t Z 1s selected fromthe group consisting of
NAP, Kt, Ca2+ gﬂdttrﬂﬁlgggmet&anqsgfpﬁp%ﬁ%yab| y Nat . According to a
further aspect g}t hengfluessntyloxyyenti on thus relates to the use of

conmpounds of 2%th Sfy%;( a (V) for preparing conpounds of the
formula (1) or (I%. I in which G' represents a) branched or

strai ght - chai n9D- ®H005 al kyl , 25b) branched or straight-chain 0-C2-05
al kenyp, c) branched or straight-chain 0-Cl-05 al kyl-(0-Cl1-C4

al kyDrOCiID- 6}4 aA ké/l , . . .
reterre ompounds according to the invention of the general formula (li) are

distinguished in that
E represents
a) chloro,
15 b} bromo,
c¢) methanesulphonyloxy,
d) trifluoromethanesulphonyloxy,
e) tosyloxy or
f) iodo.
20
Further preferred compounds according to the invention of the general formula ({ll) are
distinguished in that
E represents
a) bromo,
25 b} methanesulphonyloxy,
d) ftrifluoromethanesulphonyloxy.

Particularly preferred compounds according to the invention of the general formula (Ill) are
distinguished in that
30 E represents
a) bromo, or
b) methanesulphonyloxy.

Preferred compounds according to the invention of the general formula (lll) are
35  distinguished in that
Q' represents
a) N(H)-tert-butoxycarbonyt,
b) N{H)-benzyloxycarbonyl,



d) branched or straight-chain 0-C2-05 al kynyl or e) triphenyl nethoxy,
30 R5 and R6 represent a) hydrogen, b) hydroxyl, -26 - c¢) branched
or straight-chain CL-05 al kyl, d) branched or straight-chain Cl-05

al koxy or e) R7-E, alkyl being optionally interrupted by one or nore
O, Sor N, 5with the proviso that exacti4*one of the substituents R5
or R6 contains an E and the respective other substituent contains no
E, with the praviM&{HEO'RS is not hydrogen, E represents a | eaving
group, 10R7 repf)esents a) branched or straight-chain Cl-05 al koxy, b)
branched or straight-cha&ﬂ Cl-05 al kyl, c) branched or straight-chain
02-05 al kenyl or dY\HLa ed or straight-chain C2-05 al kynyl, 15 0
represents a) N-tert-butxycarbonyl b) N-allyloxycarbonyl, c)

N- benzyl oxycar bonyl, 20d)" N-et hoxycarbonyl, e) N-nethoxycarbonyl, f)
N- propoxycar bonyl, g) N2,2,2-trichloroethoxycarbonyl, h) hydrogen,
25i) N-1-nethyl - 1-phenyl et hoxycar bonyl

5  Further preferred compounds according to the invention of the general formula (lll) are
distinguished in that
Q' represents
a) N(H)-tert-butoxycarbonyl or
b)
\N___<
X
10

Preferred compounds according to the invention of the formula (lil) are distinguished in that
L" represents
a) branched or straight-chain C,-C5 alkyl,
15 b) branched or straight-chain C,-Cs alkenyl or
¢) branched or straight-chain C;-Cs alkynyl.

Preferred compounds according to the invention of the formula (lll) are distinguished in that
L." represents
20 a) methyl,
b) ethvl,
c) propyl,
isopropyl,
-C;H4-OMe or
25 f) -C.H,s;-0O-CH4-OMe.

Further preferred compounds according to the invention of the formula (Ill) are distinguished
in that
L" represents
30 a}) methyl, or
b) ethyl.

Preferred compounds according to the invention of the formula (lil) are distinguished in that
X' and X" independently of one another represent



j) N-1-nethyl-1-(4-bi phenyl ypet hoxycar bonyl, k) N-cycl obutyl carbonyl,

" 1)N-1- et hyl cycl obut yl carbonyl, m N-vinylcarbonyl, 30n)

N-al | yl carbonyl, o) N-adamantyl carbonyl, p) N-di phenyl net hyl carbonyl,

g) N-cinnanyl carbonyl, r) N-formyl, 35s)_ N-benzoyl, t) N(H-trityl,

u) N(H)-p-nmet hoxyphenyl di phenyl net hyl , 5 - ) )

N(H) - di (p- et ho henyl ) phenyl met hyl - 27 - X' w) or Xx

Ngl(_izertggut oxy@ﬁl ﬁﬂ%’?é?r strajght-chein Gifes@ient | y of one anot her

represent 5a) Ib) asobetduted osunsibghitutegizayior C1- 05 al kyl, b) substituted

or unsubstitut %g %'Ea}flléyl c) substituted or unsubstituted al kylaryl or
roun

d) substituted ubstituted heteroaryl, and 10where n = 0, 1, 2
or 3. Particularly preferred conpounds according to the invention of

t he f ognmul st ' o S TR
o anengn borhd oS bR g o ey fir ABERRALS A92e dsingusnod
strai ght - éhtReh o C2-05 al kenyl, c¢) branched or straight-chain 0-Cl-05

al kyl - (0- &LaketXaini¥borteCaf Sk RDHr réfre@dnt t ri phenyl net hoxy.
a) branched or straight-chain C4-Cs alkyl or
b) substituted or unsubstituted ary|.
10
Particularly preferred compounds according to the invention of the formula (I} are
distinguished in that
X' and X" represent phenyl or phenyl which is substituted in the 2-position.

15  Compounds according to the invention of the formula (lll) which are likewise preferred are
distinguished in that Z' is selected from the group consisting of NA*, K*, Ca*" and Mg®.
Z'is preferably Na".

According to a further aspect, the present invention thus relates to the use of compounds of
20  the formula (IV) for preparing compounds of the formula (I} or (If):

5 8
R R

° v

in which
G" represents
a) branched or straight-chain O-C,-Cs alkyl,
25 b) branched or straight-chain O-C,-Cs alkenyl,
c) branched or straight-chain O-C4-Cs alkyl-(O-C4-Cy alkyl),-0-C4-C4 alkyl,
d) branched or straight-chain O-C,-Cs alkynyl or
e) triphenylmethoxy,

30 R®and R®represent
a) hydrogen,
b) hydroxyl,



20Furt her preferred conpounds according to the invention of the
formula (1V) are distinguished in that G' represents a) nethoxy, b)
et hoxy or 25c) tert-butoxy. Particularly preferred conpounds
according to the invention of the forrmula (1V) are distinguished in
that G' represents 30a) tert-butoxy. E'-28&-a | eaving group which is
known or obvious to the person skilled in the art and which is

descri bed or meft | GaRdnedosstraighingtiain Ci-gs @t hese (1982), pages

85- 125, Table Z Qﬁg@ch%@;org@éigm-m SupdhreE, orO>r gani sche Synt hese,
(1995), pages 2 9'%78E]” Tabl e 5.8; or Netscher, 35Recent Res. Dev.

O g. Chem, (f’é), ,~71-83, schemes 1, 2, 10 and 15 or in Jerry

Mar ch, Advalkg edin@ogtoriatly Citermpséd by ol dr redhiet@,dhor Nohn Wl ey and Sons,
pp. 351556 pnd 842 63 that ‘xgéiiy‘oﬁﬁ% Lol ShEdHkAtd 5t<§rd|=<g *&Sﬁtﬁﬁq% n E' and the
Preferred conpou ds “accer ing'to the invention of the genera Formina
(111) are respadtivgaihsheubstiventeantadm ne Bpwik dhe proviad g™ &y not hydrogen,
sul phonyl oxy. Preferred hal ogens are iodo, bronp and chloro. 10

Pref erredsul phonyl oxyar enet hanesul phonyl oxy, tri fl uor omet hanesul phonyl
oxy, nonaffF UBREERIS/ P HBAY NGB 0xy and nosyi oxy. Preferred
conpounds according to the invention of the general forrmula (IV) are
15di stqi gulished in that E represents a) chloro, b) brono, c)

nmet hanesul hr(?RSﬂSSQ ,
a) branched or straight-chain C4-Cs alkoxy,
b} branched or straight-chain C4-Cs alkyi,
¢) branched or straight-chain C,-Cs alkenyl or
d) branched or straight-chain C,-Cs alkynyl,
15

Q" represents

a) N-tert-butoxycarbonyl
b} N-allyloxycarbonyl,
¢) N-benzyloxycarbonyl,

20 d) N-ethoxycarbonyl,
e) N-methoxycarbonyl,
) N-propoxycarbonyi,
g) N-2,2 2-trichloroethoxycarbonyi,
h) hydrogen,

25 iy N-1-methyl-1-phenylethoxycarbonyl,
i} N-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
K} N-cyclobutylcarbonyl,
[)  N-1-methylcyclobutylcarbonyl,
m} N-vinylcarbonyl,

30 n} N-allylcarbonyl,
o) N-adamantylcarbonyl,
p} N-diphenylmethylcarbonyl,
a) N-cinnamylcarbonyl,
. N-formyl,

35 s) N-benzoyl,
t)  N(H)-trityl,
u)  N(H)-p-methoxyphenyldiphenylmethyl,
v)  N(H)-di(p-methoxyphenyl)phenylmethyl,



.20d) trifluoronethanesul phonyl oxy, e) nonafluorobutyloxy, f) tosyloxy
or g) iodo. 25Preferred conpounds according to the invention of the
general fornmula (IV) are distinguished in that E represents

a) chloro, b) brono, 30c¢) neé?anesulphonyloxy, d)
trifluoronethanesul phonyl oxy, e) nonafl uéfdbutyl oxy f) tosyloxy or Q)
| odo. 35 Preferred anpouggs according to the invention of the
formula (1V) are dis & shed in that E represents a) brono, - 29
- b) methanesul phonyl'oxy\gd) trifluoronethanesul phonyl oxy, or c)
trifluoromesyl oyy. SFurth prgef erred conpounds according to the

[ [ I sti ished in that E represents
2 chl oro, b BRor (CHULIRERRaRGsul phonyl oxy. d) e
trifluoronethanesul phonyl oxy, e) tosyloxy or f)iodo. 15Particularly

pref ered LBRRARERHS FFond BnbiiS: RHLREL 0N of the Tormula (1V)
S

are
a) branched or straight-chain C4-Cs alkyl,

b) substituted or unsubstituted aryl,
¢) substituted or unsubstituted alkylaryl or
d) substituted or unsubstituted heteroary!, and

10 wheren=0,1,2or3.

Particutarly preferred compounds according to the invention of the formula (IV) are
distinguished in that
G" represents
15 a) branched or straight-chain O-C4-Cs alkyl,
b) branched or straight-chain O-C,-C5 alkenyl,
c) branched or straight-chain O-C;-C; alkyl-(0-C4-C, alkyl),-O-C4-C5 alkyl or
e) ftriphenylmethoxy.

20 Further preferred compounds according to the invention of the formula (IV) are distinguished
in that
G" represents
a) methoxy,
b) ethoxy or
25 c) tert-butoxy.

Particularly preferred compounds according to the invention of the formula (IV) are
distinguished in that
G" represents

30 a) tert-butoxy.

E'is a leaving group which is known or obvious to the person skilled in the art and which is
described or mentioned, for example, in Synthese (1982), pages 85-125, Table 2, page 86;
: Carey and Sundberg, Organische Synthese, (1995), pages 279-281, Table 5.8; or Netscher,
35 Recent Res. Dev. (jrg. Chem., 2003, 7, 71-83, schemes 1, 2, 10 and 15 or in Jerry March,
Advanced Organic Chemistry, 4th edition, John Wiley and Sons, pp.351-56 and 642-653),



di stinguished in that E represents a) brono or b)

met hanesul phonyl oxy. 20 Preferred conpounds according to the
invention of the formula (1V) are distinguished in that Q represents
a) N(H)-tert-butoxycarbonyl, b) N(H)-benéél oxycar bonyl , 25c)
N(I)-trityl or d) Furt her preferted-conpounds according to the
invention of the formula (1V) are distinguished 30in that Q

r epr esent swifouhNpging tieited hgtadkycar bonyl or - 30 - Preferred
conpounds according to the invention of the fornula (1V) are

di stinguished in that X and X' independently of one anothe

repr esent @&Fe"ﬁfjar%%’ﬂu@ﬁs QLG -Rhien Teue B"anytfe“? S?"%’ﬁLSfPT’?‘ﬂl?QH) are
or unsubstdigtiigeidhed wthar c) aral kyl . Furt her preferred conpounds
accordisng %.or trggeri Snventi on of the forrmula (1V) are distinguished 10in
that X and ¥ |n(§ependently of one anot her represent a) branched or
strai ght-chai n f@leg®#d ail kyl or b) substituted or unsubstituted aryl.
15Particul arly &ﬂpﬁ{oﬂ?iwﬁ conpounds according to the invention of the
formula (1V) are ‘distinguished in that X and X' represent phenyl or
phenyl which is substituted in the 2-position. Particularly

preferred pepRUMLIRAS Afdbig trémb ARd cAYRNt i on of the formula (1V)

are 10
Preferred  sulphonyloxy are  methanesulphonyloxy, trifluoromethanesulphonyloxy,
nonaflucrobutyloxy, tosyloxy and nosyloxy.

Preferred compounds according to the invention of the general formula (V) are
15  distinguished in that
E' represents
a) chioro,
b} bromo,
¢) methanesulphonyloxy,
20 d) trifluoromethanesulphonyloxy,
e) nenaflucrobutyloxy,
f) tosyloxy or
g) iodo.

25 Preferred compounds according to the invention of the general formula(IV) are
distinguished in that
E' represents
a) chloro,
b) bromo,
30 ¢} methanesulphonyloxy,
d) triflucromethanesulphonyloxy,
e) nonafluorobutyloxy
f) tosyloxy or
g) iodo.
35
Preferred compounds according to the invention of the formula (1V) are distinguished in that
E' represents
a) bromo,



- 20di stinguished in that R5 and R6 represent a) hydrogen, b) hydroxyl,
c) branched or straight-chain Cl-05 al kyl, 25d) branched or

straight-chain CL-05 al koxy or e) R7-E, with the proviso that exactly

one of the substituents R5 or R6 cont ai ni an E and the respective

ot her substituent contains no E, witht 9e"provi so that R5 is not

hydr ogen. 30Parji r red conpounds according to the
i nvention of thbg %tﬁ%'{]%u%ﬂq%ﬁé)% di stinguished in that R5 and R6

represent d) trifluororagthageiudrienyloxy, or b) hydroxyl, 35c)

branched or Strc?:iggeroFé}ﬁé@&?: 05 alkyl, - 31 - d) branched or
strai ght-chain -05 al koxy or e) R7-E, wth the proviso that

exactly one of the substituents IR6 or R6 contains an E and the

respechi veEuathbegrefiied tcopentdLatbAiimPtoNRe ventnkef theRFARSIANNG afd distinguished
chl oro, b)In r,pno, c) nmesyloxy, 10d) trifluoronethyl sul phonyl oxy, e)
nonaf | uor ob a&/l oxy, f) tosyloxy or g) iodo, 15R7 represents a)

branched & represgingght - chai n C1- 05 al koxy,

a) chloro,
b) bromo,
10 ¢) methanesulphonyloxy,
d) ftrifluoromethanesulphonyloxy,
e) tosyloxy or
f) iodo.

15 Particularly preferred compounds according to the invention of the formula (IV) are
distinguished in that
E' represents
a) bromo or
b) methanesulphonyloxy.

20
Preferred compounds according to the invention of the formula (IV) are distinguished in that
Q' represents
a) N(H)-tert-butoxycarbonyl,
b) N(H)-benzyloxycarbonyl,
25 ¢) N(H)-trityl or

d)

\N='<

X

Further preferred compounds according to the invention of the formuta (IV) are distinguished
30 inthat
Q' represents
a) N(H)-tert-butoxycarbonyl or
b)



b) branched or straight-chain Cl-05 al kyl, c¢) branched or
straight-chain C2-05 al kenyl or d) branched or straight-chain C2-05
al kynyl . 20 According to a further aspect, the present invention
relates to an inmaging kit conprising cong&unds of the general formula
11 or IV According to a further aspect, the present invention
rel ates to pharmaceutical conpositions 25conprisi ng conpounds of the
general formula I, 1], IIl yor 1V and suitable pharmaceutical carrier
subst ances. ConpoundEé\Pf_Qe formula | or Il are characterized in
that the conpounds are” sur{able for imaging in a dosage range of
37-600 MBq. 30 Preferred cofpounds of the fornula | or Il are
characterized in that the conpounds are particularly suitable in a
dosage range of 150 MBg-370 MBq. Conpounds of the formula | or Il for
t he use as nedi canent. 35Conpounds of the forrmula | or Il for use for
t he i magi ngfefairedineppeuaRssancaEting tolke ingentiosal dimigsnen (Merg distrguished in that
|d| , | ljl OrX‘la\ﬁdg@find%r E%tl?@fan@?ﬂitﬁ@@ﬂ%sér&f me I magl ngdl n ]EU{TEW

i sor s. - - pr ocess r . preparing e conpounds o e
gener al%rfor rul a*%( IWa%?eheéIqr)';tré'é%grm'rﬁg'gballlkﬁ'e invention is

di stingui shed i tdubktitoratorahstistitutaazoiords of the formula (1) or
(I'l') can be for%ﬁd Q Ii ntroducing the 18F isotope into a conpound of
t he general for A l%YV). 5The present invention relates to conpounds
of the general formula (1V). Particularly preferred for introducing
the 18F isgifpep .@rre‘bijco%w obRds 2&ordirg to the invention of the formula (IV) are distinguished
24- hexaoxa- 1, 10-di azabi cycl of8. 8. 8] hexacosane K18F (crone ether sal
Krypt ofd x iRteat) 10 OF, H18F, KFI18F2, Cs18F, Nal 8F or 1518F

t et r aal kyl argnani umaepahderiil @F ofx andthér rkpreditt et r abut yl anmoni um
fluoride). The present inve&t.i EQ rel gt gs Wi conpounds of the general
fornula (1) or EF(}II ranghed s SEaIgE At &F AKYHRE f1 uorine i sotope 18F is
used. 20lf a composubdtitofedtdnenbarstituted £), the fornula (11), the
formula (111), or the formula (1V) of the present subject matter of
the invention contains one or nore centres of chirality, the present

i nvention Batieweds psferred ragmpeundshiascordingeto ithe | inantign affl theodemmiae (IV) are
di ast er eon@Egguihbdirithg: provi so that the substituent Ft1-R8 is
present in S cqonfiguration. In cases where a carbon-carbaon double
bond is pr’é%‘ﬁ& rBRIEReR pa SRy oE Phefygwhich i gubsiitgisidp "%’?ﬁ?ﬁ’a\?’i- of the
present 25 invention. In cases where tautoneric forns nay be
present, sych as,. for._ex l e, keto-enal tautonerism t resen
Pivent 1 on: Epdis PP TRfheri sphana, i O abisap 2" 1B e vy are
pr eseri0 i ndietingiulshbd inthator, preferably, in one form The
conpounds ¥ 6 formulae | and Il and their preferred

enbodi mant§ gﬁrdgﬁu§§$%gi as nedi canments. The conpounds of the general
fornula | or |l®ac¥¥eHeig to the invention and their preferred

embodi ment s ar ep)usig@rdy1,t he di agnosi s/ i magi ng of physi ol ogical or

pat hol ogi cal conditions., These, conpo ngs re preferably used in the
non-i nvasi ve P -b%f@@g‘e&icgéﬁa'@f’&% ?’h’ sAfMan or ani mal body.

35Par ta2&cul arl y ¢ effranctiaddyor strhightamgro0nds atkbxy e general forrmula | or
Il according to,thgrtnvention and their preferred enbodi nents are

used in the diagnosi s'of tunour disorders.
with the proviso that exactly one of the substituents R® or R® contains an E' and the

respective other substituent contains no E', with the proviso that R® is not hydrogen.

30  Particularly preferred compounds according to the invention of the formula (IV) are
distinguished in that
R® and R°® represent
a} hydrogen,
b} hydroxyl,
35 c) branched or straight-chain Cs-Cs alkyl,



. Exanpl es of such tunour disorders are malignomas of the

gastrointestinal or colorectal tract, |iver carcinoma, pancreas
carci noma, kidney carcinonma, bladder carcinoma, thyroid - 33 -
carcinoma, prostrate carcinoma, endonetrjal carcinoma, ovary

carci noma, testes carcinona, nelanoma, stall-cell and non-small-cell
bronchi al carcijno r.al C carcinoma, invasive oral
cancer; breast ga%nrcﬂ&?ﬁc?ﬁ%érﬁ ?‘ﬁé’r%ﬁﬁaﬂ@%&dem and

hor mone- mdepeﬁo‘.leﬂﬁ By east cancer, squanous cell carcinong,

neur ol ogi Gah H_NGBLisS tHASe%Aa] Sorienﬁ\l Hl Q@s%ﬁ}éh&bha%roﬁﬁcoﬁhhg% E' and the

astrocytoma, osteosarconma, nehingi oma t1ssue sarco

haemangi oﬁ%pﬁﬁﬂ’eé?’fﬂ?fcﬁqbﬁ@“?'ﬂr%[]r%“s N9 udi ng pituitary adenons,

chr onogyt oma, par agangl i oma, haemat ol ogi cal tumour disorders

i ncl udi ng lemg and | eukaem as; or netastases of one of the

t unmours ‘% #"above. The corrpounds of the general formula I or 11
according to thb ichiwemti on and their preferred 10 enbodi nents are
used for preparb ng,. d%c?md' canent for the diagnosis of tunour

di sorders. g?)l €s such tumour disorders are malignomas of the
gastrointestin oresygokvrectal tract, |iver carcinomm, pancreas
carcingna, ki dapy tfRbEIMAARsuIIGRRy, carcinoma, thyroid carcinoma,
prostrate carci poma, endonetrial “carcinoma, ovary carcinona, testes
carci none, el ShoRANaMPEBUNAY) and non-smal I -cel | bronchi al

carci nonm, dysgl asdgyxpobal 15 nucosa carci nomm, invasive oral cancer;
breast cancer, ncI di ng hor none- dependent and hornone-i ndependent
breast cancer, qua us cell carcinoma, neurol ogical cancer disorders
i ncl udi ng neur obl astoma, gliona, astrocytonmm, osteosarcons,

Meni ngs OnMgy eﬁrgégerﬁé ssue sarcomm; haemangi oma and endocrine tunours,

i ncl udi ng p|tU|tary adenoma, chronocytoma, paragangliong,

haemat ol ogi cal 2t uRECher sosterighi-chadl Gicksaikaynphoma and 20 | eukaeni as:
or netastases gf eRmcREd bhﬁrat,gﬁmué,g Gmﬂsté|med above. The invention
relates to pha Beut*1 &31 &[‘)re FlltIOI’lS c |5| ng at | east one
conpound of th& &d pr stigightycnpinfee-Gaa 90l so a phar maceutical ly
accept abl e car dj ebranZEél'd)ortét&;gJﬁeharﬁ Qb atigympounds of the fornula I,
[, or IV as nedi canents, they are brought into the formof a
phar maceuti cal preparation which, in addition to the active conpound,
conpr i sesAptradinadea fusthier asproti theopreserdrinyention ireletess toaar ineagingakie compiising
sui tabl e £gf &mdgrcf'f‘khé)der%?éi?&ﬁﬁﬁ ]daql\m nistration, such as, for
exanpl e, water gel atine, gum A | act ose, starch magnesi um
stearate, talcum vegetable oil s poI yal kyl ene glycols, etc. 30 The

i nventi onAeairamgso raqunhéﬂatsp@armrel SbSht mvehmﬁrerét@@tocara@%e&t@far ct,dafpos.trons
for @ I [l or S of ene L 34
(155" 1 porprsine RorBRyboh GoaBer) dpiin 1 ) Mopraie At Syfebie pharmiacsiica

stral ght - cdlraernsubzbtam&eal koxY, c¢) branched or stral ght - chai n hydr oxy
Cl- 05 al koxy, d) branched or straight-chain 0-Cl1-05 al kyl-(0-Cl1-C4

alkyl)n-O-G -C4 alkyl, e) N(C1-05 alkyl)2, 10f) NH2, g) N(H)-L,
Compounds o the formula | or Il are characterized in that the compounds are suitable for

imaging in a dosage range of 37-600 MBq.

30
Preferred compounds of the formula | or Il are characterized in that the compounds are
particularly suitable in a dosage range of 150 MBg-370 MBaq.

Compounds of the formula | or Il for the use as medicament.

35  Compounds of the formula | or |l for use for the imaging in tumour disorders.
Use of compounds of the formula I, II, Il or [V for producing a medicament for the imaging in
tumour disorders.



h) OL or i) 0-Z, 15G represents a) hydroxyl, b) O Z, b) branched or
straight-chain 0-Cl1-05 al kyl, c¢) branched or straight-chain 0-C2-05

al kenyl, 20d) branched or straight-chain 0-Cl-05 al kyl-(0-Cl1-C4

al kyl)n-O Cl1-C4 al kyl, e) branched or stfaight-chain 0-C2-05 al kynyl

or f) triphenyl nmethoxy, IRl and R2 represent 25a) hydrogen

b) branch or straight-chain 18F-C2-05 X br an

o £ i gt - cihe Hrogase TeAbisR A e Compon i eA Sateraf AR DR Atk fccording to the
18F- C2- 05 iadndiony lis dlstmgwshed in that) mbstasfche dompostdsadigthie- fotradla (1) or (Il) can be

18F- C2- 05 oW intrd r@’t £ Bk ool intd SRGAGG QY f?i’ié&érﬂaﬁ‘ |f8#xfflhé‘ g’)l 05
H 2ORHE g§§ a1 Kox %

al kyl or bra raig rOVISO
t hat one of t he substltuents Rl or R2 contains exactly one 18F

i sot opg Tf%%reséi‘i?ﬂw&ﬁ'tﬁmﬁ%fa%’sqb'c%ﬁ’lpgﬁlhﬂ%rof%l?éédetrél%ﬁmﬁé)m@' ns no 18F
i sotope, wth the proviso that Rl Is not hydrogen, L represents 5a)

branched or straight-chain Cl1-05 al kyl, b) branched or straight-chain
C2-05 al kG:PBHucuIaQI)y d@@f@ﬂ@dﬂleﬂmrodatahgrtr@ﬁﬂ“Fm #@d-05 al kyl -(0-CL-C4

207" 1 hpr el of el Ugbhactech i Srahie R e iapEtihe 10K G Bhior sar
Kryptoflx K18F),
10 K'°F,
HF,
KH'®Fs,
Cs'®F,
Na'®F or

15 '®F tetraalkylammonium salt (for example [F-18]tetrabutylammonium fluoride).

The present invention relates to compounds of the general formula (1) or (l) and processes
wherein the fluorine isotope "°F is used.

20 If a compound of the formula (1), the formula {II), the formula (lll), or the formula (IV) of the
present subject matter of the invention contains one or more centres of chirality, the present
invention embraces all forms of this isomer including all possible diastereomers, with the
proviso that the substituent R'-R® is present in S configuration. In cases where a carbon-
carbon double bond is present, both the "cis" and "frans" isomer form part of the present

25 invention. In cases where tautomeric forms may be present, such as, for example, keto-enol
tautomerism, the present invention embraces all tautomeric forms, but these forms may be
present in equilibrium or, preferably, in one form.

The compounds of the general formulae | and Il and their preferred embodiments are used

30  as medicaments.

The compounds of the general formula | or 1l according to the invention and their preferred
embodiments are used in the diagnosis/imaging of physiological or pathological conditions.
These compounds are preferably used in the non-invasive PET-based diagnosis on the
human or animal body.

35  Particularly preferably, the compounds of the general formula | or |l according to the
invention and their preferred embodiments are used in the diagnosis of tumour disorders.
Examples of such tumour disorders are malignomas of the gastrointestinal or colorectal
tract, liver carcinoma, pancreas carcinoma, kidney carcinoma, bladder carcinoma, thyroid



2) .Oorrpounds according to Caim1, characterized in that A represents

" hydroxyl, 15branched or straight-chain Cl-05 al koxy or NH2. 3)

Compound according to Claim1l or 2, characterized in that A

represents NH2. 4) Conpounds according tg any of Clainms 1 to 3,

characterized in that RL is sel ected 20f$om t he group consisting of

18F- net hoxy, .18F- et ho 113.-.. |- opoxy, 18F-ethyl and 18F-

propyl, afd'®OM% W‘&%&%&a@w@ams@%ﬁ%{e or WP TD MFVof CAFHPAB testes

Ito 3, chaaeabtopna, zeelanombahataRielr epd emerimallldi @oskhid deRfahsndysplastic oral

hydr ogen. r di 0. any of d ai. tp 5.

char act er inigcg @% ﬁ%@t g%\%%glglogécl{]%ag?rr §§#tsﬁ%an5%drbﬁ%dir}% ﬁ%ff‘?‘%’i‘a dgpendent and

hydroxyl Adstmeneainderendent sireastghanashaisqu@n@ls O#llabiginoma, neurol@yical cancer

ConpouBd faded %IJ%&@L‘J%I@&O%""?MQ éér%‘é)}i‘o&at %@Eeo@aljcémg??n@ﬂ?ﬁéﬁrrﬁg soft

8) Conpound according to any of ddins 1 to 7, characierized in a

Z is sel elP¥FP FPEMNN"PBPIABRsING ioRgodineviamoursa sncludieg: riftiark. adgnoma,

Conpound abedfdtyRend, q:aﬁgﬁn@idma,ﬂféeﬂ@ﬁd%iﬁélgl[;?ngbted'l@gaé%_l PEILaPgREHPREMa and

of the 35fieourkglejrln%esi or r_nef%gta_ses of gr?elélfhe tumc)u%s ment?c?ned above.
The compounds of the general formula { or Il according to the invention and their preferred

10 embodiments are used for preparing a medicament for the diagnosis of tumour disorders.
Examples of such tumour disorders are malignomas of the gastrointestinal or colorectal
tract, liver carcinoma, pancreas carcinoma, kidney carcinoma, bladder carcinoma, thyroid
carcinoma, prostrate carcinoma, endometrial carcinoma, ovary carcinoma, testes
carcinoma, melanoma, small-cell and non-small-cell bronchial carcinoma, dysplastic oral
15 mucosa carcinoma, invasive oral cancer; breast cancer, including hormone-dependent and

hormone-independent breast cancer, squamous cell carcinoma, neurological cancer
disorders including neuroblastoma, glioma, astrocytoma, osteosarcoma, meningioma, soft
tissue sarcoma; haemangioma and endocrine tumours, including pituitary adenoma,
chromocytoma, paraganglioma, haematological tumour disorders including lymphoma and

20  leukaemias; or metastases of one of the tumours mentioned above.

The invention relates to pharmaceutical preparations comprising at least one compound of
the formula |, I, 11l or IV and alse a pharmaceutically acceptable carrier.

25  To the use of the compounds of the formula [, I, Il or IV as medicaments, they are brought
into the form of a pharmaceutical preparation which, in addition to the active compound,
comprises pharmaceutical organic or inorganic inert carrier materials suitable for enteral or
parenteral administration, such as, for example, water, gelatine, gum Arabic, lactose, starch,
magnesium stearate, talcum, vegetable oils, polyalkylene glycols, etc.

30

The invention relates to a kit comprising at least one compound of the formula I, Ii, 1lI, or IV.

1) Compounds of the general formula |



d)18F e) OH - 37 - H2NOH 5NH2 18F 10) Conpounds of the general
formula (11): 5 in which A represents a) hydroxyl, 10b) branched
or straight-chain Cl-05 al koxy, c¢) branched or straight-chain hydroxy
Cl- 05 al koxy, d) branched or straight-chain 0-Cl-05 al kyl-(0-Cl1-C4

alkyl )n-O C1-C4 al kyl, e) N(C1-05 al kyl924-f) NH2, 15g) N(H)-L', h)
O-L', G represents a) hydroxyl,

0

in which
A represents
5 a) hydroxyi,
b) branched or straight-chain C4-Cs alkoxy,
¢) branched or straight-chain hydroxy C,-C; alkoxy,
d) branched or straight-chain O-C4-Cs alkyl-(O-C1-C; alkyl),-0-C4-C4 alkyl,
e) N(Cy-Cs alkyl)s,
10 fy  NH,,

g) N(H)-L,
h)y O-Lor
Hh  0-Z

15 G represents
a) hydroxyl,
by 0O-Z,
b) branched or straight-chain O-C;-Cs alkyl,
¢) branched or straight-chain O-C,-Cs alkenyl,
20 d) branched or straight-chain O-C4-C; alkyl-(0-C,-C, alkyl),-O-C4-C, alkyl,
e) branched or straight-chain O-C,-Cs alkynyl or
f)y triphenylmethoxy,

R' and R? represent
25 a) hydrogen,
b) branched or straight-chain '*F-C,-Cs alkoxy,
¢) branched or straight-chain "®F-C;-Cs alkyl,
branched or straight-chain '®F-C,-C5 alkenyl,
branched or straight-chain '*F-C,-Cs alkynyl,
30 f)  hydroxyl,
g) branched or straight-chain C;-Cs alkyl or
h) branched or straight-chain C,-Cs alkoxy,
with the proviso that one of the substituents R' or R? contains exactly one '®F isotope



20b) O Z, c) branched or straight-chain 0-Cl-05 al kyl, d) branched
" or straight-chain 0-C2-05 al kenyl, e) branched or straight-chain
0-01-05 al kyl-(0-C1-C4 al kyl)-0-Ci1-C4 al kyl, - f) branched or
strai ght-chain 0-C2-05 al kynyl or 25g) triphenyl methoxy, Rl and R2
represent - 38 - a) hydrogen, i) branched-or straij ght - chai Ink K
18F- C2- 05 al kox | ) branched or straight-chain F- C1-05 al kyl, |
branched or st r‘%‘?dh% gq:sﬁg&welog}pqr %ﬁtg“ ICGRIFINS N 1)l IoigRenwith gre proviso that R’
st rai ght - chai n id8#&-Hgardgenal kynyl, n) hydroxyl, n) branched or
straight-chain Cl-05 al kyl or o) branched or straight-chain Cl-05
al koxy, with the proviso that exactly one of the substituents
Rl or R2 do®peEsaBisexact|y 10one 18F isotope and the respective other
subst | guent | conyalihandiay LPErigAlaRf cHELIGiNe Proviso that RL1s no
hydr ogen, Q represents . ] a (H) -tert-but oxycarbonyl,
15b) N(H) - al | yIPxE2[19h8Apr straight-chain C2Es afkenlbenzyl oxycar bonyl, d)
N( H) - et hoxycar twn)ﬂrslzndh)ad e b&NaigmtdnﬁgV@@C?,ﬁlnﬂll(o-cr% alkyl)n—(’.f)%)ro‘;lalky]l §>r

- H) - - oxycar bonyl ,
mg l':?) ) Er g?grﬁggwﬁym%&%} straglgnt-c%hln’ é)' gélﬁyny?,r o€ y y
N(H) - 1- net hyl - 1- phenyl et hoxycar bonyl ,

10 Z represents a metal cation equivalent, and

wheren=0,1, 2 or 3.

2) Compounds according to Claim 1, characterized in that A represents hydroxyl,
16 branched or straight-chain C4-Cs alkoxy or NH..

3) Compound according to Claim 1 or 2, characterized in that A represents NH,.

4) Compounds according to any of Claims 1 to 3, characterized in that R' is selected
20 from the group consisting of "*F-methoxy, '®F-ethoxy, '®F-propoxy, "®F-ethyl and '®F-

propyl, and R? is hydrogen.

5) Compound according to any of Claims 1 to 3, characterized in that R' represents '®F
and R? represents hydrogen.
25
8) Compound according to any of Claims 1 to 5, characterized in that G is selected
from the group consisting of hydroxyl and branched or straight-chain O-C4-Cy alkyl.
7} Compound according to Claim 6, characterized in that G is methoxy.
30
8) Compound according to any of Claims 1 to 7, characterized in that Z is selected from

the group consisting of Mg?**, Ca?*, Na* and K.

9) Compound according to Claim 1, selected from the group of compounds of the
35 formulae:



h) N(H)-1-nethyl - 1- (4- bi phenyl yl ) et hoxycar bonyl , i)

N(H) - cycl obut yl car bonyl, 25j) N(H)-1-nmethyl cycl obutyl carbonyl, k)
N( H) - vi nyl carbonyl, 1) N(H)-allyl carbonyl, m

N( H) - adamant yl car bonyl , q%

N( H) - di phenyl net hyl car bonyl, 300) N(H)-t8@&nanyl carbonyl, p)

N(H -fornyl, q) N(H) gpbenzoyl, &) N(H-trityl, s)

N( H) - p- met hoxydi pheny|l met hyl , {B5t)
N(I)-di(p-nethox¥gh ) n thyl, uy - 39 - O v)
N-(tert-but oxyca %nyl);, L' reppésents 5a) branched or

straight-chain Cl-05 awkyl,hpg branched or straight-chain C2-05

al kenyl, c) branched gr straight-chain CL-05 al kyl-(0-C1L-C4

al kyl)rO C1-C4 al kyl d) branched or straight-chain C2-05 al kynyl,
10X and X" independeptly clone another represent a)
branched or straight-Achain Cl1-05 al kyl, b) substituted or
unsubstituteg aryl, ¢ substituted or unsubstituted aral kyl or

d) substituteb or unsubstituted heteroaryl, 15 Z' represents a netal
cation equivalent, and

T

o
{

o

T

o NH,
18
b) F
0 0
HO x OH
{ NH,
18
5 c) F

10



.wWhere n =0, 1, 2 or 3. 2011) Conpounds according to C aim 10,
characterized in that A represents hydroxyl, branched or

strai ght-chain Cl-05 al koxy or NH2. 12) Conpounds according to Caim
11, characterized in that A represents_githoxy. 2513) Conpounds
according to any of Clainms 10 to 12, characterized in that Rl is
selected fromthe iting of 18F-ethoxy, r propoxy,
18F-ethyl, and 18F- R2 i s hydrogen. 14) Conpound accordi ng
to any of C aing , agterized in that Gis selected 30from
the group consisting & hydiroxyl, and branched or straight-chain
0-Cl1-C4 al kyl. 15) fpountiHaccording to Caim 14, characterized in
that G represents hoxy. 16) Conpound according to any of Clains 10
to 15, characterized n that Z' is selected 35fromthe group

consi sting of Nat,skt, Ca2t and My2t. - 40 - 17)Conmpound accordi ng
to any of C&ins 10 to 16, characterized in that Qis selected from
the group consisting of N(H)-tert-butoxycarbonyl,

N(H) - benzyl.oxycarbonyl, apd \ X N--.< in which X and X' independently
of one anoTtOﬁer %%’émoéégﬁpp‘g"fgﬁpﬁrﬁ&f?é@”%;}”%trai ght-chain Cl-05 al kyl ,
b) substituted or unsubstituted aryl, c) substituted or unsubstituted
aral kyl or d) substituted or unsubstituted heteroaryl. 18) Conpound
according to Claim17 characterized in that represents
N(H) -tertbut oxycarbonyl. 19) Procgss f aring conpounds of the
general formula (I) according to ims 1 to 9, which
conprises - renoving one or nope”pregect S present in a
conmpound of the formula (I1) accordi@g tojany of- Clains 10 to 18.

R

« )

in which
A' represents
a) hydroxyl,
10 b) branched or straight-chain C4-Cs alkoxy,
¢) branched or straight-chain hydroxy C4-Cs alkoxy,
d) branched or straight-chain 0-C4-Cs alkyl-{O-C4-C, alkyl),-O-C4-C, alkyl,
e) N(Cy-Cs alkyl),,
f) NHy,
15 g) N(H)-L',
h) O-L',

G' represents
a) hydroxyl,
20 b) O-Z,
c) branched or straight-chain 0O-C-Cs alkyl,
d) branched or straight-chain O-C,-Cs alkenyl,
e) branched or straight-chain 0-C4-Cs alkyl-(O-C¢-C,4 alkyh),-O-C4-C4 alkyl,
f) branched or straight-chain 0-C,-Cs alkynyl or
25 g) triphenylmethoxy,

R' and R? represent



2020) Process for preparing conpounds of the general formula (I1)
according to any of Clains 10 to 18, which conprises reacting a
conpound of the formula (I11) according to Claim24 with F-18
fluoride. 25 21) Conpounds according to any of Clains 1 to 18 for use
as nedi caments. 22) Conpounds accordi ng 3%‘any of Clainms 1 to 18 for
use for imaging in tunmour disorders. 30 23) Use of conpounds
according to any o R¥FER9SE: 1 to 18 for preparing a nedicanent for

i magi ng in tunmour idigendedor s&ébhmmpdﬁm @faltdxg, formula (I11) - 41

- in which A" rep ents 5a hedw i ght-chain Cl-05
al koxy, b) br anché f" e o éﬁ"g 65%3%@? - 05 al koxy, c)

branched or strai gitbremaied o@stiajgﬁﬁcfairkvaQzGEsGﬁke@m al kyOn-O-C1-4

aI kyl , ') N( C1- 05 ?ldiél;l%rés ?ﬁ“mgﬁ“%rgm‘“ I@ alrf(ngl) N(H)-L", or h)

-L", represents nched or ai ght - chai n 0-Cl-05
aI kyI c) branched"Bds¥¥hi ght - chai n 0- C2- 05 al kenyl, d) branched or

strai ghjt chain 0- @5n&ie&)6rs{r£ﬁgﬁi1cl-§ﬂ1 @l- {gyakg}oq;r at al kyl, e) branched
or straight-chai n(}a branc%ed or s%atg}wt c%amz&-?:s axlrko}()yhenyI et hoxy,
with the proviso that exactly one of the substituents R' or R? contains exactly
10 one "°F isotope and the respective other substituent contains no '°F isotope,
with the proviso that R' is not hydrogen,

Q represents
a) N(H)-tert-butoxycarbonyl,
15 b) N(H)-allyloxycarbonyl,
¢) N(H)-benzyloxycarbonyl,
d) N{H}-ethoxycarbonyl,
e) N{H)-methoxycarbonyl,
f) N(H)-propoxycarbonyl,
20 e) N{H)-2,2,2-trichloroethoxycarbonyl,
f) N(H)-1,1-dimethylpropynyl,
g) N(H)-1-methyl-1-phenylethoxycarbonyl,
h) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
i) N(H)-cyclobutylcarbonyl,
25 i) N(H)-1-methylcyclobutylcarbonyl,
K} N(H)-vinylcarbonyl,
[) N{H)-allylcarbonyl,
m} N(H)-adamantylcarbonyi,
n} N{H)-diphenylmethylcarbonyl,
30 0} N{H)-cinnamylcarbonyl,
p} N(H)-formyl,
q) N{H)-benzoyl,
r) N(H)-trityl,
s) N{H)-p-methoxydiphenylmethyl,
35 t) N(H)-di(p-methoxyphenyl)phenylmethyl,
u)



R3 and R4 represent a) hydrogen, b) branched or straight-chain

E- C2- 05 al koxy, 25c) branched or straight-chain E-Cl1-05 al kyl, d)
branched or straight-chain E-C2-05 al kenyl, e) branched or
straight-chain E-C2-05 al kynyl, 0 hydroxyl, g) branched or
straight-chain Cl-05 al kyl or 30h) branctied or straight-chain Cl-05

al koxy, with the proviso that exactly one of the substituents R3 or
R4 contains an E an‘(xt.[]_g_ pective other substituent contains no E,
with the proviso thatNm‘<§€not hydrogen, -42 - E represents a)
chloro, b) brono, 5c) nethyresul phonyl oxy, d)

trifluoronethyl sul phonyl oxy, & nonafl uorobutyl oxy, f) tosyloxy or Q)
i odo, 10 Q
N(H) - al | yl oxycar bonyl, c) N(H)-benzyl oxycarbonyl ,

15d) N(H) - et hoxycar bonyl ,

repr eserq,? S N-(tert-butoxycarbonyl),, @) N(H) -tert-butoxycarbonyl b)

e) N(H)-nethoxycarbonyl, f)

N(H) - pr opoxycarbaspydsen@) N(H) -2, 2, 2-trichl or oet hoxycar bonyl ,
h) NCHy-1, 1-di met %lbperlr%%g%lr Straight-chain C4-Cs alkyl,

10

15

20

25

30

35

11)

12)

13)

14)

15)

16)

b} branched or straight-chain C,-Cs alkenyl,
¢} branched or straight-chain C-Cs alkyl-(O-C4-C4 alkyl),-O-C4-C; alkyl or
d) branched or straight-chain C,-Cs alkynyl,

X' and X" independently of one another represent
a) branched or straight-chain C4-Cs alkyl,
b) substituted or unsubstituted aryl,
c¢) substituted or unsubstituted aralkyl or
d) substituted or unsubstituted heteroaryl,
Z' represents a metal cation equivalent, and

wheren=0,1,2or 3.

Compounds according to Claim 10, characterized in that A' represents hydroxyl,
branched or straight-chain C4-Cs alkoxy or NH,.

Compounds according to Claim 11, characterized in that A' represents methoxy.
Compounds according to any of Claims 10 to 12, characterized in that R' is selected
from the group consisting of "*F-ethoxy, "®F-propoxy, ®F-ethyl, and "®F-propyl,and R?

is hydrogen.

Compound according to any of Claims 10 to 13, characterized in that G is selected
from the group consisting of hydroxyl, and branched or straight-chain O-C;-C, alkyl.

Compound according to Claim 14, characterized in that G represents methoxy.

Compound according to any of Claims 10 to 15, characterized in that Z' is selected
from the group consisting of Na*, K*, Ca® and Mg®".



20i ) N(H)-1-nmet hyl-1-phenyl et hoxycarbonyl, j)

N(H) -1 -nmet hyl- 1- (4- bi phenyl yDet hoxycar bonyl, k)

N( H) - cycl obut yl carbonyl, 1) N(H)-1-nethyl cycl obutyl carbonyl, m

N( H) - vi nyl car bonyl , 25n) N(H)-al l yl carbo ﬁé

N( H) - adamant yl car bonyl, p) N(H)-di pheny1 thyl car bonyl, Q)

mg :_2 flr P??ryl ﬁ?rclp)qg%i E;JFZQPN( why f o nyﬁ 305 cggrg%;t%¥rlzzed En)that Q is selected

N(H) - di (p- et hWbWbﬂl;pb@thétiﬁ@tht H)-t&rt- bNtox%arb&V)yE QU(H3D¥Mzyloxycarbonyl and
N-(tert-but oxycarbonyl) 2, 43 - 12 represents a) branched or

strai ght-chain C% 05 alXyl, b) branched or straight-chain C2-05
al kenyl, c¢) bran r straight-chain C1-05 al kyl-(0-C1-C4

al kyl)-0-C1-C4 al kyl 5d) branched or straight-chain C2-05 al kynyl,
X and X' independent|y*of one another represent a) branched or
straight-chain Cl-05 al kyl, b) substituted or unsubstituted aryl,

10c) subst it ut 8 v¥ch unsubstit uted al kylaryl or d) substituted or

unsubstg t ut ed hetsatbo@lindependently of one another represent

a) branched or straight-chain C4-Cs alkyl,

b} substituted or unsubstituted aryl,

¢) substituted or unsubstituted aralkyl or

d) substituted or unsubstituted heteroaryl.

10
18) Compound according fo Claim 17 characterized in that Q represents N(H)-tert-
butoxycarbonyl.

19)  Process for preparing compounds of the general formula (I) according to any of
15 Claims 1to 9,
which comprises
- removing one or more protective groups present in a compound of the
formula (Il) according to any of Claims 10 to 18.

20 20) Process for preparing compounds of the general formula (II) according to any of
Claims 10 to 18,
which comprises
- reacting a compound of the formula (lll} according to Claim 24 with F-18

fluoride.
25
21)  Compounds according fo any of Claims 1 to 18 for use as medicaments.
22) Compounds according to any of Claims 1 to 18 for use for imaging in tumour
disorders.
30

23) Use of compounds according to any of Claims 1 fo 18 for preparing a medicament
for imaging in tumour disorders.

24) Compounds of the formula (liI)
35



Z" represents a netal cation equivalent, and where n = 0, 1, 2 or 3.
" 1525) Use of conpounds of the formula (IV) for preparing conpounds of
the formula (1) or (ID: (IV) 20in which G represents

a) branched or straight-chain 0-Cl-05 anyl, b) branched or

strai ght-chain 0-C2-05 al kenyl, - c) branched or

strai ght-chain 0-Cl-05 al kyl - (0 Cl-C4 alkyl)O Cl-C4 al kyl, 25d)
branched or straight-chain 0-C2- al kysw| op e) trlphenylnethoxy R5
and R6 represent a) hydrogen, 30 hydrjoxyl , [{c) branched or
straight-chain Cl-05 al kyl, d) bt ai ght-chai n C1-05

al koxy or -44 - e) R7/-E, waA’ exactly one of the
substituents R5 or R6 contains an E 2 e respective other
substituent contains no E, with théRproviso that i s not hydrogen,
5 E represents a) chloro, b) brono, c) methanesul phonyl oxy, 10d)
trifluoronethanesul phonyl oxy, e) nonafl uorobutyl oxy, f) tosyloxy or
g) iodo,

in which
A" represents
5 a) branched or straight-chain C4-Cs alkoxy,
b) branched or straight-chain hydroxy C-Cs alkoxy,
c) branched or straight-chain O-C,-Cs alkyl-(O-C4-C, alkyl},-0-C4-C, alkyl,
d) N(C+-Cs alkyl)z,
e) NH;,
10 f) NH)-U'

g} N{H)-L", or
h) O-L",

G" represents
15 a) O-Z",
b) branched or straight-chain O-C4-Cs alkyl,
¢) branched or straight-chain O-C,-C5 alkenyl,
d) branched or straight-chain O-C4-Cs alkyl-(0-C4-C,4 alkyl),-0-C4-C4 alkyl,
e) branched or straight-chain O-C,-Cs alkynyl or
20 f} triphenylmethoxy,

R? and R* represent
a) hydrogen,
b) branched or straight-chain E-C,-Cs alkoxy,
25 ¢) branched or straight-chain E-C4-Cs alkyl,
d) branched or straight-chain E-C»-Cs alkenyl,
e) branched or straight-chain E-C»-Cs alkynyl,
f) hydroxyl,
@) branched or straight-chain C4-Cs alkyl or
30 h) branched or straight-chain C4-Cs alkoxy,
with the proviso that exactly one of the substituents R* or R* contains an E and
the respective other substituent contains no E, with the proviso that R® is not
hydrogen,



R7 represents 15a) branched or straight-chain 02-05 al koxy, b)
branched or straight-chain 01-05 al kyl, c) branched or straight-chai
02-05 al kenyl or d) branched or straight-chain C2-05 al kynyl, 20Q
represents a) N-tert-butoxycarbonyl b)

N-al | yl oxycarbonyl, c) N-benzyl oxycarbo2 ; d)

N- et hoxycar bonyl, 25e) N-nethoxycarbonyl, f) N-propoxycarbonyl, Q)
N-2,2,2-tri chI oroet hoxycar bonyl, h) hydrogen, i)

N 1- met hyl - %elagﬁxycar bonyI 30j)

N 1- et hyl - 1 (4 nyl ypet hoxycar bonyl, k) N-cycl obutyl carbonyl, 1)
N 1- et hyl cycl obut I%’%ﬁfﬁonyl m N-vinyl carbonyl, n) Nallylcarbonyl,
350) N-adamantyl cagleyb, p) N-di phenyl net hyl carbonyl, q)

N-ci nnajr’ryl car bonyId _th45 uloh ry N-formyl, s) N-benzoyl,
t) N(H>trityl, } methanesulphonyoXyy 1y _ n. net hoxypheny! di phenyl net hyl .
5v) N(H)-di (p- et hi)dyiflneapethplsepibmeddyy| , x,. 111/)O

e) nonafluorobutyloxy,

=]

f) tosyloxy or
g) iodo,
10
Q' represents
a) N(H)-tert-butoxycarbonyl
b) N{H)-allyloxycarbonyl,
¢) N{H)-benzyloxycarbonyl,
15 d) N{H)-ethoxycarbonyl,
e} N(H)-methoxycarbonyl,
f) N(H)-propoxycarbonyl,
g) N(H)-2,2,2-trichloroethoxycarbonyl,
h) N{H}-1,1-dimethylpropynyl,
20 iy N(H)-1-methyl-1-phenylethoxycarbonyl,
i) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k} N(H)-cyclobutylcarbonyl,
[} N(H)-1-methylcyclobutylcarbonyl,
m) N{H)-vinylcarbonyl,
25 n) N(H)-allylcarbonyl,
0) N{H)-adamantylcarbonyl,
p) N(H)-diphenylmethyicarbonyl,
a) N(H)-cinnamylcarbonyl,
r) N(H)-formyl,
30 s) N(H)-benzoyl,
t) N(H)-trityl,
u) N{H)-p-methoxydiphenylmethyl,
v} N(H)-di{p-methoxyphenyl)phenylmethyl,

35 x) N-(tert-butoxycarbonyl),,



~ X) N-(tert-butoxycarbony02, X and X' independently of

one anot her represent 10a) branched or straight-chain Cl-05 al kyl, b)

substituted or unsubstituted aryl, c¢) substituted or unsubstituted

al kylaryl or d) substituted or unsubstityted heteroaryl, and 15where

n =20, 1, 2 or 3. 14) Imging kit, conprising conpounds of the

general formnul %"lrégdregént% V. 15) Pharmaceutical conposition, conprising

conpounds of the genefal formula I, 11, Ill 20or IV and suitable

phar maceut i cal cam® ibeanchador atnaiglst-cha) CAongyinds accordi ng to any of

Clains 1 to 9, 10 C 0, eneral fornula 1V,
e R AR i

characterized in S are suitabl’e for imaging in a

dosage range of 37 GOANNEH or shraighticharpoemellyl 4 cer @i allylndd-Ch-4ismlkzbor
characgerized i n tdyafaidned opspAgMEhadl €-02dkjrgll arly suitable in a
dosage range of 150 MBg-370 MBq. Conpounds according to the invention
in which the [F-18]-isotope is positioned via a 30 nethylene group in
t he 4-positionXénd Keingkepéadanty atorce sictheetremeseaich as, for exanpl e,
in 4S5 F- 18] fl uoro i cid. 1, cap he prepared as shown in
Scheme 7. Thus, fo %E%Aﬁn%?ltg?g%%%ﬁ;@?@k1 (‘fc'se%'al of the protective
groups of the combogHbsttutad porasubstigtedamgound

45[ F- 4@1f | uor onet Ry lsghatik @Bl &r Qﬁéﬂsﬂtu%‘a%{yﬁrﬂ%rt o the invention.
Schenme 7 R7= protective trityl,” Boc, etc. Here, various

_group, e.dg.
organic (for exanﬂpé“P$F%FﬁSFBE%€FF@“§d] oamlflyt especi al |y i norganic
acids, such as, for exanple, hydrobrom c acid, hydrochloric acid,

sul phuric acid,,perchloric acid or phasphqric acid nmay be used. The
conpound 2 accdr di HRISTES ﬁ@ﬂ&?ll\f@ﬁ?'? g?]“%"?ee'ﬁh@df ormula (1) 5 can be
purified by HPmBgravher®e 1, Borfprinci ple, various purification steps may
be carried out upstream or downstream such as, for exanple,
purification on a RP-C18 cartridge or other separating nmaterials. The
radi otheni2éhl Msas icAaPPesod th@%rmiee(i\é), fonhiephring carypeundsiof dw formula (1) or
anal ogously toy?he method 10 described in the literature (Chem
Pharm Bul | ., , 5 (1969), 879-885) from4 (Tetrahedron, 45, 5,
(1989) 1453-1464), to the [F-18]-1labelled glutam c acid derivative 2
can be carried out using nethods h@%mm qﬁ the person skilled in the
art (see Schene 8). F? = protectiveygrogp, e.g. trityl, Boc, etc. 15
Here, conmpound 3 can be reacted in presence of a base, such as,
for .exanpl e, tetraal kyl ammoni um cagponale angd--t etraal kyl phosphoni um
carbonate and pot assi um car bonats? Y t he appropriate

[F-18] -fluoride solution. The reactioh isjpreferably carried out at

el evated tenperatures. The addition di " créhe et s, such as, for
exanpl e, 20Kryptofix (K2.2.2), nmay have a positive effect on the
reaction, in particular in conbination - 47 - with K2CO3 as

cat al &ing base,. ﬁo sible solvents are preferably aprotic, but it is
al so %ossible oMU protic solvents or else aprotic sol vent

addi tives, suclk"asprekentsexanple, water. Usually, acetonitrile,

di net hyl sul phoxi j S.or mam de. ed as the nost

sui tabl e soIventsgfggﬁFﬂgWEQQ*%%ﬂéhlggﬁéfﬁ%gpﬁﬁation with

[ F-18] - fl uori de ahi 8rasichesd gistrajght-chain O-C,-Cs alkenyl,

¢) branched or straight-chain O-C4-Cs alkyl-(O-C4-C,4 alkyl),-O-C4-Cy alkyl,
25 d) branched or straight-chain O-C,-Cs alkynyl or
e} triphenylmethoxy,

R® and R® represent
a) hydrogen,
30 b) hydroxyl,
€) branched or straight-chain C4-Cs alkyl,
d) branched or straight-chain C4-Cs alkoxy or



5 conmpound 2 does not have to be subjected to a purification but can

be treated instantly using the nethods described for the conversion

of 2 into 1. However, a purification of the conmpound 2 is possible in
principle, preferably using preparative HPLC with a nonpol ar phase,

such as, for exanple, RP C-18. 10 Conpoufids according to the

i nvention in which tIQ,e [ F-181-isotope is positioned via an al koxy

group in the 45-co€ﬂf|@%ration in the 4-position of the glutamc acid
skel et on, such as,wiffothegxavig that &xactly Saé 2f fheldbtituents & oo R gbuthimsian E' and

acid (5), can be -as I . 9. Thu f 5
the acidic r ermvalql:]%gJ g%’%g“‘ger 8@%@%3&&%%@58? P hé(;’ @g%@%ﬁﬁ%g%%p% Is not
(7) affords the cowpmnges, 4- S[ F- 181f | uor oet hoxygl utami ¢ acid (5)
accordigng to the invention. Scheme 9 20 Here, various organic (for
exanpl e trifluoroacetic acid), but especially inorganic acids, such
as, for exanpl & "®RFBPYBF oni ¢ acid, hydrochloric acid, sul phuric acid,
perchloric acid orapdmsphoric acid may be used. Al so possible is a
basi c ring openi ng%)ogc 6 using lithium hydroxide, sodium hydroxide,
pot assi um hydroxi d8,°"8"@: (S. Baker et al. Tetrahedron Lett. 251998,
39, 2815-2818). Thy methpozsutbhdndoxor ding to the invention of the
formlgy (1) can beyAHfldibhbitedRitnyioxi8- where, in principl e,
various purification steps nay carried out upstream or downstream
such as, for exanpterengfiverpbdgexon on a RP-C18 cartridge or other
separating materi o Sosyible dradi ochemi cal fluorination of tosylate 8,
whi ch is synthesi tzédﬁ‘gnal ogously to the nethod 5 described in the
literature (Ni. SHHr'R®%:et al. Tetrahedron Lett. 2004, 45, 1403-1406)
from9, to the [F-18]-labelled S-glutamc acid derivative 6 can be
carried out usiﬁngrenpetsg s known to the person skilled in the art (see
Schene 10). | QOvel 5Pihe BocBacBoc 86 10 Schene 10 Here, conpound 6
can bely eact ed i n a)hwapehedanstraight-chaimEeCs sliexy, as, for exanpl e,
t et raal kyl ammoni ung %Eﬁmto‘?_sﬁ'ﬂﬂh &iipel-y bplposphoni um carbonat e and
tht

pot assi um carbonate, etc., with the appropriate [F-181-fluoride
sol ution. The reac@il?fﬁ”?"sedppr"éFé‘ﬂﬁb‘Fr}?“’i&'@aFV‘P@H %ut at el evated
tenperatures. The @dstahéHed PistreighReha@i DSCS alkgmgh as, for exanpl e,
Kryptofix (K2.2.2), may have a positive effect on the reaction, in
particular in conbination with K2CO3 as catal yzi ng base. Possible
sol verk(s are pr@fesmbdentmprotic, but it is also possible to use
protic solvents or S+ i vent additives, such as, for
exanpl e, water. UsaL}g*lI%&:[ ggt%g{dgﬁ?c&?! | e, di methyl sul phoxide or
di met hyl f or mani de Rirld-allgewcaonde nost 20 suitable solvents for the
radi ochem cal fl uog)i RaehfloMchdbohft- 18] - f 1 uori de ani ons. Usually,
conmpound 6 does no%) ave to ﬁ&yliu jected to a purification but can be
treated instantly siEgPHear ods described for the conversion of 6
into &5 However, ae)pumdtheata@ongf the conpound 6 is possible in
principle, prefer lM— usi0n9 %Bgr%flr ative HPLC with.a nonpol ar phase,
such as, for exanpfe, PRPY TS 'so possible is a purification using
cartridges. 25 Theg)ridd h2imiacedthétygamond: i on of tosylate 10, which
i s synthesized anafl‘we\h to the nmethod described in the literature
(X. Zhang Tetrahedr'on Lett. 2001, 42, 5335-5338) from8, to the [F
18] -1 abel | ed gl ut alhi N-TaBethydEpheisiecyearbanylbe carried out by net hods
known 3 the persop NMLlhbﬁﬁsii-i-m-bibﬁer@m)e(lﬁﬁ?ca‘isé}@'rfe 11). Schene 11
Here, conmpound 10 Eg)aﬂ CbeI gﬁa]ct %d N the presence of a base, such as,
for exanpl e, ~cyclobutylcarbonyl,

[} N-1-methylcyclobutylcarbonyl,

m) N-vinylcarbonyl,
n} N-allylcarbonyl,
35 o) N-adamantylcarbonyl,
p) N-diphenylmethyicarbonyl,
g} N-cinnamylcarbonyl,



_ 5 tetraal kyl ammoni um car bonate and tetraal kyl phosphoni um car bonat e
and potassi um carbonate, etc., with the appropriate [F-181-fluoride
solution. The reaction is preferably carried out at el evated
tenperatures. The addition of crone et h_e‘ﬁ,_ such as, for exanple,
Kryptofix (K2.2.2), may have a positive effect on the reaction, in
particular in conh ’}@-tférﬂgl w th K2CO3 as catal yzi ng base. Possible
solvents are prefefably aprotic, but it is also 10 possible to use
protic sol vents orS)di¥enzdtotic sol vent additives, such as, for
exanpl e, water. Usyaldy-tritacetonitrile, dinethyl sul phoxide or

di met hyl f or mam de E)lrfﬁgbl%d &g t he r@s Sl[li tabl e solvents for the

radi ochem cal f| udPiN&PPIRERPRPhERY @E’Qqﬂ'ﬂ%twlde ani ons. Usual |y,
conmpoufd 7 does naf Nia-eli(pondirogphegdbrehyimetaylpuri ficati on but can be
treated instantly usipng thexmret hods described for the conversion of 7
into 5. However, a purij#edtion of the 15conpound 7 is possible in
principle, preferably usingpreparative HPLC with a nonpol ar phase,
such as, for exanplle, RP C-18. Adso possible is a purification using
cartridges. Anot he’ﬁsﬁk{i t%léke starting material for the radi ochem cal
fluorination to 69 +AS BIEHFURN2whi ch can be obtained from9 in
two steps: by alkylation of 9 using 1, 2-di bronoethane to 20gi ve the

br onoet hoxypyr r>@hhgl'b(nWﬁ%j}y%tg%gaﬁ%awgerﬁggggaﬂent oxi dati on usi ng,

for exanple, rutheniu , S, aS described in Exanples 3a
and 389 0 Boc | O arshedvE FABhBYGIN Ci-GoalkylSchene 12. Schene 12 5

11 can be obtai ned)hypalikost dF LRLRBGIIAI Zi ng the hydroxyproline
derivative 9. For prepari nggg- 19 reference conpounds, it has al so

been found to be &ACHRFHYEDRE upepbsituEReraWad a7l uori des from anal ogous
hydr oxyl conpoundsi) usbstiutbAST uhslisetitisdaastaroanl, BRyr trifluori de)
according to nethods known to the person skilled in the art, as
descri bed, for exanple, in 10Exanple 1d. Ri ng-opening of the

pyr ogll@t am ne aéeryariQd, 26rdi ves the open-chain reference conpound
12. The acidic renmoval of the protective groups leads to the glutamc
acid derivative 13. Conmpounds according to the invention in which the
[ F- 18) - i sdftbpe Magipg &ittGosruigingicempeuadscsfithe gergralifprmivie §1 emly.
4-position of the glutam c acid skel eton, such as, for exanple, 4-

[F-18] flu pr | gl utam c acid 14 or 4] F-18]fl uorobutyl gl utam c acid
6. oan baShr iR R GeoR G e eio CHROLNES A et Tomis | 1, 1
aci di 20r enpval oofV &k syitabtegitarmacgutiosiparis sciostpassads 16 and 17 gi ves

t he conpounds according to the invention 4-[F-18]fl uoropropyl glutamc

acid 14 and 4[F-18]fl uorobutyl glutamc acid 15, respectively. 20
HOOH 8F L3fH2 fomp@updstrccording to any of Claims 1 to 9, 10 to 18, and compounds of the

general formula 1V, characterized in that the compounds are suitable for imaging in a
dosage range of 37-600 MBq.
25
31) Compounds according to Claim 30, characterized in that the compounds are
particularly suitable in a dosage range of 150 MBg-370 MBq.

Compounds according to the invention in which the [F-18]-isotope is positioned via a

30  methylene group in the 4-position of the glutamic acid skeleton, such as, for example, in 4S-
[F-18]flucromethylglutamic acid 1, can be prepared as shown in Scheme 7. Thus, for
example, the acidic removal of the protective groups of the compound 2 affords the
compound 43-[F-18]fluoromethylglutamic acid 1 according to the invention.



n =4 (15) Scheme 13 18F})" NHBoc n=3(16) n = 4 (17) Her e,

various organic (for exanple trifluoroacetic acid), but especially

i norgani ¢ acids, such 25as, for exanple, hydrobrom c acid,

hydrochl ori ¢ acid, sul phuric acid, perchloric acid or phosphoric acid

may be used. The compounds 14 and 15 actﬂ@ding to the invention of

the - 51 - fornula (1) can be purified by PLC, where, in principle,

various purificati steps@may be carrieg oud upstre&am gr downstream

such as, for exanp rifj cation USIZPI? P- C18 rgﬁ(gge or ot her

separating nateﬁﬂhls‘ 5The r@di ocheni c PlUorynatjon'@f Dbroni de 18

or tosylate 19, mhggh ar 8Hsynt hesi zed anal ogoys &l yH o7the met hod

described in the literature (S. Hanessi an, ef al R'org. Chem 2005,

70, 5070-5085) from20, to the [F- 18]-Iabe||ed utanlc acid

derivatives 16 an8chkhedan be carried out by nethods known to the

person skilled in the art (see Scheie ptetpctive group,1e69./rity, BaHRE318F18 R
(CH2)36r 1017 R = (CH2)4)18F19 R = (CH2)4)0Ts Schene 14 Here,

conpounds

o, for exdoter ol oFER i SARERE rhBrb Rl R 14 cBhedalisioaitabis, such

t et r aal kylashdephampie bmﬁr@br@ml@ agidld hléfoﬁbfpﬁ%ﬁc@msé@hﬁﬁﬁétc@ Refehloric acid or

with the aiREeRIicR by b8lisbd Utie %Mh@@'&@erd%oﬂl@@%é@ﬁbn‘cﬁ the formula (1)
preferg)ly carrled out at eIev eratyres. The. ad |t|o

12525 b a5y gk Ctietp B PRIV SIS ksMasts) St PADE cgred o

crone

positive eafgseeaman dbﬂﬁstfw@tsmﬁ .as] for prarhple Upuaificationcand IRIRCH B camiidge or other
K2CO8 as cat al ZI ng, ase Possi bl e solvents are preferably aprotic,

but it is A8 Y%t o use protic solvents or else aprotic

sol vent additlves such as, for exanple, 20 water. Usually,

acetoni trifg rag‘ogﬁégrﬁirx%/lefﬁpgtp%}%'cﬁl‘?os?fatéjﬁ WIEH’ ﬂsfsgﬁmglzg@ af4(6 d&@qo% method

the nbst suita ] v radi ochem c |nat|0n
| F- 18]1% | Wdascikeddnitimiterayadfhem. Rorfpb Buts 11.6° éﬂﬁ’é%7878@8%?0%4\/@9%"6“@&0”
be subj ectsy st gagpw53t14m§ it6 D[ 1 8]8ubelied blueatie doidristiadtivie)2 ¢t Hegedried out

met hods descrl t he conversio into 15.
However , FﬁﬁwbptF%BE@Bﬂﬁ@UﬁQE%T%mé#ﬁe%ﬁh%@ $Ussible in
principle, preferably usi ng 25preparative HPLC with a nonpol ar phase,
such as, for exanple, RP C-18. - 52 - The F-19 reference conpounds

21 and 22 can be synthesized by alkylatjign o
derivative 20 (Schene 15). Conpound 20 o
i odi des, preferably diiodides, anal ogouslyto anpl e 2a In this

case, a precursor suitable for radi ochemi caloff udyati on is obt ai ned
in one step fromthe comrercially avail able gluvhnlc 5aci d derivative

20. i
>Loj\=/\(io’l< j\ow&k

H e

g~ HNJ : N7
P 0, .07 . HR

S 3
W
o
Scheme 8 /@

R? = protective group, e.g. trityl, Boc, efc.

Qut ;ﬂ%f acid
ed using

15
Here, compound 3 can be reacted in the presence of a base, such as, for example,
tetraalkylammonium carbonate and tefraalkylphosphonium carbonate and potassium
carbonate, etc., with the appropriate [F-18]-fluoride solution. The reaction is preferably
carried out at elevated temperatures. The addition of crone ethers, such as, for example,
20  Kryptofix (K2.2.2), may have a positive effect on the reaction, in particular in combination



Schenme 15 10 Renoval of the protective groups affords the

“fluoroal kyl ated glutamic acid derivatives 23 and 24. In each case,
the G3 or/and C4 position of a conmpound of the formula (l), the
formula (11), 15 the formula (111), the formula (1V) or the formula
(V) of the present subject matter of t ie*{ nvention shoul d contain the

S-forns of .th ntres . of .chirality. In cases where_a carbon-carbagn
doubl e bor%tthi gzcg(s‘bfén‘fe‘,tg%W] bafe [ng.s%ble asr?g’e”tsr e PielIaRly FRIPYR uf it i§f also
t he presempssiblednuise proticsolvasts or wiseraprdtiasisbvant adiitives NBuch g, € example, water.

resent, S s - | .taut rism..the present
e o LSSl AR, KEb5590 or AR Aot 1 LSSH re o
20pr esent SHikigAolvents {anh be, ragioshemigbl fillorinatiom evifro ffiv 8[Tflveride rgminnsd sually,
of thesgersf@buidadaaend: Hive It b’é%bﬁ%‘géc{) %OOJté LRt %[ﬁ’??gh rB%n{réalt@d(; fﬁstantiy

used as nedj capents, The conpoun ) e general fornmula | ¢

Il accor di“ﬁggﬁggm?éh?qﬁ/%?ﬁcﬂw Eﬂﬁgﬁ‘i FRRversionPhR ide T Siomsyer mepurtication of the
used in tkempoagh@sisspakibRNinspriicfde, CorefePdblP aking| ReprativeC PIPECE WS- nonpolar
These com&ggyd% gﬁgsgrreéxerat%##léq% in the non-invasive PET-based

di agnosi s onotRe 2553 X9k or ani mal body. Particularly

preferably, the conpounds of the general formula | or Il according to
the 'ijpvention and their preferred enbodi ments are used in the

di agnosi s of tunmour disorders. Exanples of such tunour disorders are

mal i gnonma&oIPoHRds ggstrdisiantoethe] invention ipovibck dbaillF-38tisalope ibipositioned via an
car Ci NOMe alkBRY §FRPSn &R £$-B8MRurdtiof rimhecaﬁ&éiﬁw@f,th@%;l@%ﬁé At kR such as,

t hyroid c?rci no Y .Er‘ggt é%e ﬁ@rm noma, endonetrial carci noma, ovary
car ci noma°'t ¢ PrGHE, 1 SREPLsEIKYIIVRETG 26id| (B). 670 PRRIeRRe] agshpwn in
bronchi al Scheroe®oTays,dysptaagiie, cthebabicTemossl of A prd®tive HRIUPS of heQofpound

ror o | Blp AR ot B AR ESRRAR P, frist®) acooraing to the

neur ol ogi dwenttemcer 10 disorders includi ng neurobl astona, glioma,
astrocytoma, osteosarconm, neningi oma, soft tissue sarconm;
haemangi oma and endocrine tunmours, including pituitary adenoma,
chronocyt ong, agangl i oma, haematol ogi cal tunour disorders

i ncl udi ng | ynphoma | eukaem as; or netastases of one of the
tumours nentioned abov The conpounds of the general fornmula | or |
according to the invent/iion angtheir preferred 15_.enbodi ts are

used for preparing a jcament for\kh.%iie?gnosis of tunouyir
di sorders. Exanples of such tggur disor ap, j
gastrointestinal or col FLctal tract, liver cafCinodm, gancreas
carcinoma, kidney carcinofm, bladder carcinons, jypOi dMear ci nomg,

t he

prostrate carcinom, endonetrial carcinonma, ovaryjcarcinonma, testes
carci nonma, nelanomm, &snall-cél | angﬁﬂgaxﬁﬁﬁl-mﬁ br onghi al
carcinoma, dyspl astigior 20 uco carcinoma, invasive oral cancer;
breast cancer, including hgf no®e- dependent and hor none-i ndependent
breast cancer, squanoug celNHBear ci nona, neurol ogi cal cancer disorders
i ncl udi ng neuroblasijﬁgt glioma, astrocytom, osteosarcong,
meni ngi oma, soft tj sdue sarcoma; haenmangi oma and endocrine tunours,
including pituitary adenoyma, chronocytonma, paraganglionma,
haenmat ol ogi cal tunour disorders including | ynphoma and 25 | eukaem as;
or netastgses of, one of the tumours nentioned above. The invention
relates t T faceut i cal preparations conprising at |east one
conpogfhd of the formula | or Il and al so a pharmaceutically

accept abl i , . the formula | . or
e o heaigls ol (R Byitifle HinonucEATRONNBY Sooell¥fy rRtRNCrgguch
prepar ati 8 RhiexAMpis vdmbrenis 8@dt helradtericeaddnmpdnhgtic ecidppembric acid or
phar maceuphdsphofié a0 MaP'bd 1EHAMLS pl i ' t grd i i
for enter%l&%r.0 arenteragl adn‘ic%?ﬂ%fgfig%ﬂ% |§ﬁﬁb§§1r@0§6éﬁ£8f§1 &% fihium
ydroxide, sodium hydroxide, potassium hydroxide, etc. (S. Baker et al. Tetrahedron Lett.

25 1998, 39, 2815-2818).
The compound § according to the invention of the formula (I) can be purified by HPLC,



al koxy, cyano, CF3, and nitro. Substituents which may be nentioned

are net hoxy, ethoxy, propoxy, isopropoxy, hydroxyl, fluorine,

chlorine, bromne, nmethyl, ethyl, propyl, isopropyl or

trifluoronmethyl groups. 10In each case, halogen is to be understood

as nmeaning fluorine, chlorine, bromne -o#8todine. The term "al kyl ",

used herein on its own or as part of another group, refers to

sat ur at ed WE®dIR PEReiPles Valfustpuifisatios siansanghbe chaied Wit UpplagRim e doyvpstream,

particul arg kR a%h&’i&mrﬁé,?ﬁ&iﬁcd@ivﬁroﬁ%YFIRP—d‘I%%Hﬁ@g’é or Aihérdapbrating aldnds.
tert-butyl or n-pentyl, 2,2-d | 150r

i met hyl propyl, 2-mnethyl buty
3-net hyl butyl, n-hexyl, n-heptyl, n-octyl, n-nonyl or n-decyl groups.
C1- C10- al K§He ragioomiosidiublinatioh e tasplatos, whicmie spnthasized Bnal&yaustyNo Teemethod
al kenylz supsti.tuents are.in se Sstrgi - kN anghe

el utitng ergioadts BoBE GOPTRG o filalloh Rls004, 250 10 hoe) from o,
pr open- 2- \tb theb[it-13]-lalrelied \3-glutantic acidefivative thean- e earrie@ @ut y$ing methods known
but - 2- en- 25 Yhe ps SRR i At 882 bckbmedoiet hy! prop- 1-en-1-yl,

but - 1- en- :Zst?ile,p%st - 3-ien- 1- %FFSaFI ﬁ‘.m'?'hesrgl kynyl groups can be
straight-chain or branched and are, for exanple, ethynyl, -CH2-

CECH, - CH(CH3) - CnCH, - CC- CH2(CH3), -C(CH3)2C- 2CH, 25 CH(CH3)2-,

-CH(CH3) - CC- CH3, - CH2- CC- CE13) Hal ogen represgnts fluoro, chloro,
bronmo and i qgy. Preferencgdglsg}'gNLea to chloro, brgm i odo. 30 The
C1- 05- al koxy ps can be straight ain or branched an y
represent a hoxy, Cet-hexy—n- pr oppxy) i gOpropoxy*™ n- buf ox 0

i sobut oxy, tertxgbut®xy or n-pent 2, 2di et hyl pr op&Xy N

2- met hyl but oxy #&r 3-Omet hyl but oxy gro%c oMdhe het eroaryl lggdi@elé
conprises in ea % case 5-10 ri ng ato and may, i nstead ofB a carbon
35atom contain gne or nore identical or different heteroatons, such
as oxygen, nitroden or sul phur, in thef ri ng, and may additisonally in
each case be benzo-fused. Exanples which may be nentioned are:

thi enylop, fadamdd 10 pyrrolyl, oxazolyl, thiazolyl, imdazolyl,

pyrazolyl, 1soxazolyl, isothiazolyl, - 55 - oxadiazolyl, triazolyl,

t hi adi azolyl, etc. pyridyl, pyridazinyl, pyrimdinyl, pyrazinyl,

triazi nyl ,H&kc commponid @scarb beB¢asitenlthe presence of a base, such as, for example,

(22 43 2 MRS g 008 o AR Al el B, B sotsenr

carbonate, etc., with the appropriate [F-18]-flucride solution. The reaction is preferably

15 carried out at elevated temperatures. The addition of crone ethers, such as, for example,
Kryptofix (K2.2.'2), may have a positive effect on the reaction, in particular in combination
with K,CO: as catalyzing base. Possible solvents are preferably aprotic, but it is also
possible to use protic solvents or else aprotic solvent additives, such as, for example, water.
Usually, acetonitrile, dimethyl sulphoxide or dimethylformamide are used as the most

20 suitable solvents for the radiochemical fluorination with [F-18]-fluoride anions. Usually,
compound 8 does not have to be subjected to a purification but can be treated instantly
using the methods described for the conversion of 6 into 6. However, a purification of the
compound 6 is possible in principle, preferably using preparative HPLC with a nonpolar
phase, such as, for example, RP C-18. Also possible is a purification using cartridges.

25
The radiochemical fluorination of tosylate 10, which is synthesized analogously o the
method described in the literature (X. Zhang Tefrahedron Letf. 2001, 42, 5335-5338) from 8,
to the [F 18]-abelled glutamic acid derivative 7 can be carried out by methods known to the
person skilled in the art (see Scheme 11).

30



O 7.HN, cH2 H3C CH3 11.01 g (40 mmol) of dinethyl Boc-glutanate
(Advanced Chentech) were dissolved in 15 160 m of tetrahydrofuran
and cooled to -70C. 88 m (88 mml) of a 1M solution of lithium

bi s(trinethylsilyl)am de in tet rahydrofurgn wer e added dropw se at
this tenperature over a period of one hofi and the m xture was
stirred at %or another 2 hours. 14.52 g (120 nmol ) of

allyl brom dre wexeot hen added dropw s and 8fter 2 h at t 0
tenperature, the c ing bath vvas\re&l),edaﬁdzoo m of\Zﬂ~ q,ue%us -
hydrochloric aci nd}.40& Ti—of*et Ryl Oadet af e “were~added. EThe 0
organi c phase was sépardted of f, was Te% witFBoSwat er unti | neft r diHBec

dried over sodium Slmbcphaﬁ“@ and f| |tefed, and the filtrate jwas
concentrated. The crude product o ined in this manner®gfas

chromat ographed in 8ilica gel using a heténe/ethyl acetate gradient,
and the appropriate fractions were conbi ned and concentrated. Yield:
3.3 g (26.2emé51El enrental anal ysis: calc. C 57.13H 7.99 N 4. 44 found
C 56.97H 8.12 N 4.30 b) D net hyl

(23,4S)-2-tert-but oxycar bonyl am no- 4- ( 3- hydr oxypr opyl ) pent anedi oat e

I- 56 - gI‘HOere c@nﬁ@n@SBG.%aﬁn[}id }ee?fedhhﬁthé]?ﬁﬂ%@m gﬁéclfdlnshegubm aEX@d@mple,
a werg di n of te rof uran and.cool e

e baph. BN Terihale 4 R tibandle “End potassium
di bor an/ t serkingigy cltar aith cihepaepropriate ¢F18hfubride usautione MMbeaddettbn is preferably
dropw se i r

0 e 8 AN g8 SO s AN, 1 Y S
N aqueous KSwRiP Lﬁﬂ%?bﬂ%h@tﬁ athositive tiedt 3rathe feé‘ﬁEOBO% sartieuiast in combmat;on
agueous hmﬂhoggro;pag %Qﬁlﬁ?'b‘é&é OPOME@ %%Htsagﬁe?re?érgﬂw a?ﬁot:db‘fﬁu?rlt #0also

t t t t
i ot 10 e PP L RETE sRhTG i ERIIcSaIVar SHiNkES, S41 FACPEBaRIR water

et hyl acetUsuelly, Hvetartgeni dmpihgls sulphexide par dinethy@drinamide are used as the most

suitable solvents for the radiochemical fluorination with [F-18]-flucride anions. Usually,

compound 7 does not have to be subjected to a purification but can be treated instantly

using the methods described for the conversion of 7 into 5. However, a purification of the

15 compound 7 is possible in principle, preferably using preparative HPLC with a nonpolar
phase, such as, for example, RP C-18. Also possible is a purification using cartridges.

Another suitable starting material for the radiochemical fluorination to 6 is the bromide 8a
which can be obtained from 9 in two steps: by alkylation of 9 using 1,2-dibromoethane to

20  give the bromoethoxypyrrolidine derivative 8b and subsequent oxidation using, for example,
ruthenium(lll) compounds, as described in Examples 3a and 3b.

{
Boc OMe Boc OMe Boc OlMe
9 8b 8a
Scheme 10a

25  The synthesis of F-19 reference compounds 11, 12 and 13 can be carried out as shown in



10 washed with water until neutral, dried over sodium sul phate and
filtered, and the filtrate was concentrated. The crude product
obtained in this manner was chronmat ographed on silica gel using a
hexane/ et hyl acetate gradient, and the appropriate fractions were
conbi ned and concentrated. Yield: 0.6 n‘gﬁ%iB% 15 El enental anal ysis:
cal c. C 54. 04H 8. 16N 4. 20 foundC 53. 88H 8. 25N 4. 39

c) Di net hy|§ch8mg3)2. 2-t er t - but oxycar bonyl am no 4- (3

met hanesul phonyl oxypropyl ) - pent anedi oat e HNO 20 0=3=0 CH3 -
57 - dichl oronethane and cooled in an ice-bath. After addition of
0.30 g (3 nmmol ) of tri yl am ne and 115 (1 ) of

nmet hanesul nyl chloridel—®he m xture wagd| stirr d’gn ice for 2 and
t hen concentr, d. oThe .crude/prodyst obtefl Ned Al s_nEAnery wag ©H

chr omat ogr ap silica NaSHNg a hexané/ eiNhgde acet at e adirgnt
and the approplsri atcﬁeqefractionSéwer@meSconbi ed and concentriggzl. Yi el d:
145 nmg (70.5% °El enental anal y°§i s: calc.£746. 70H 7. 10N 3g40S 7.79
foundC 46. 48H 7, 22N 3. 61S 7. 21, d) Di et hyl 12

(23,4S)-2-t ert-%ut oxycar bonyl am no-4- (3-fl uor opr opyl ) pent anedit®ate 10

Scheme 12

11 can be obtained by alkylating and oxidizing the hydroxyproline derivative 8. For preparing

F-19 reference compounds, it has also been found to be advantageous to prepare the

fluorides from analogous hydroxyl compounds using DAST (diethylaminosulphur trifluoride)

according to methods known to the person skilled in the art, as described, for example, in
10  Example 1d.

Ring-opening of the pyroglutamine derivative 26 gives the open-chain reference compound

12. The acidic removal of the protective groups leads to the glutamic acid derivative 13.

Compounds according to the invention in which the [F-18]-isctope is positioned via an alkyl
15 group into the 4-position of the glutamic acid skeleton, such as, for example, 4-
[F-18]fluoropropylglutamic acid 14 or 4-[F-18]fluorobutylglutamic acid 15, can be prepared
as shown in Scheme 13. Thus, for example, the acidic removal of the protective groups of
compounds 16 and 17 gives the compounds according to the invention
4-[F-18]flucropropylglutamic acid 14 and 4-[F-18jfluorcbhutylglutamic acid 15, respectively.

20
O Q
e ~o : o~
‘ESF/‘(’:‘ )n NHBoc
n=3(16)
n=4{17)

Scheme 13

Here, various organic (for example frifluoroacetic acid), but especially inorganic acids, such
25  as, for example, hydrobromic acid, hydrochloric acid, sulphuric acid, perchloric acid or
phosphoric acid may be used. The compounds 14 and 15 according to the invention of the



F. /‘ 0O HC CH3 0.33 g (1 muol) of the hydroxyl conpound described in
" Exanple I b was dissolved in 15 ml of dichloronethane and cool ed on
ice. After addition of 0.32 g (2 mml) of diethylam nosul phur
trifluoride (DAST), the mxture was stirred on ice for 1 h and then
15 washed with water, the organic phase ¥was dried over sodium
sul phat e nd fl ere and..t was concentrated. The crude
product o ?fm hF?‘P ﬁlpéjr'ﬂr%fﬂﬁ%HFJ\;vgs “&‘ﬁf%r‘r‘hf’ﬂ@‘?‘@ﬁh‘éﬁ'%ﬁ Ryyifigatign gtaps may be
usi ng a dicahledr@ephaesh er kipwnattedrat suohr s if@néxanaie ;ﬁd?m(:amar/;m’ggoaﬁ ®RP-C18
fractions rated. Yield: 25 nmg (7.59

c‘éﬁﬁﬁ, &’Hﬁ%é}%@gé%ﬂggg&{%%?@ :

El emental analysis . 81F5. 66N4. 18 foundC 53. 55H 7. 94F
5. 21N 4.37 e)(23,4S)-2- Am no-4-(3-fl uoropropyl )pentanedioic acid -

58 - 83. % h@gra(d%cﬂgmmip|fﬂJoﬁﬁatFoheoﬁ(BmﬁiHQd1@%?ﬁ{o's?l?fe i1, Wla‘?elsg'nthesaed

were dissolved i tetrahlydro ur an | N agueous So

hydr oxi de aQB’PE?Lﬂ%“hf Rated osse tt%lnﬁh%t“tﬁf%tue (z%#aeeﬁlaeoptaal {33 Chem.
t enper at ur260$,070, 80T0-5088) FIB K26 1tE tHEE[S - %eﬂéﬂ@&l&h’ﬁ@b&d defvAR 48 €6 8nd 17 can

I RN T L KR S

and repeatedl y coevapor at ed with diethyl ether. The crude product
obtained in this manner was chromatographed on C18 silica gel using a
wat er / met hanol gradient, and the appropriate fraayi ons wepe conbi ned

and concentrated. 10Yield: 4 ng (279 El enental al ysis ca‘lfgul at ed
on the anhydrous conpound): calc. C 46.37 H 6. -1 0
NHBoc
20

|

0 0 0
~ -~
0" 0 ~o E o~
R NHBoc R NHBoc
16 R = (CH,),"F 18 R = (CH,),Br
10 17 R = (CH,),)1F 18 R=(CH,),)OTs
Scheme 14

Here, compounds 18 and 19 can be reacted in the presence of a base, such as, for
example, tetraalkylammonium carbonate and tetraalkylphosphonium carbonate and
15  potassium carbonate, etc., with the appropriate [F-18]-fluoride solution. The reaction is
preferably carried out at elevated temperatures. The addition of crone ethers, such as, for
example, Kryptofix (K2.2.2), may have a positive effect on the reaction, in particular in
combination with K,CO; as catalyzing base. Possible solvents are preferably aprotic, but it
is also possible to use protic solvents or else aprotic solvent additives, such as, for example,
20  water. Usually, acetonitrile, dimethyl sulphoxide or dimethylformamide are used as the most
suitable solvents for the radiochemical fiuorination with [F-18}-flucride anions. Usually,
compounds 16 and 17 do not have to be subjected to a purification but can be treated
instantly using the methods described for the conversion of 16 into 14 or 17 into 15.
However, a purification of the compounds 16 and 17 is possible in principle, preferably using
25  preparative HPLC with a nonpolar phase, such as, for example, RP C-18.



N 6.76 found C 46.11 H 7.02 F 8.87 N 6.93 UDi net hyl
(2S,4S)-2-tert-but oxycarbonyl am no- 4- ( 3[ F- 18] f | uor opr opyl ) pent anedi oa
te [ F-181-Fl uori de was prepared by the [0-181(p,n)[F-18] reaction
in a cyclotron. The isotope solution (4 GBq) was applied to a

Sep- Pack Light QWA cartrldge The [F-18]5%tuoride was el uted fromthe
cartridge usi ngi a Kryptofix 2. 2/ potassi um car bonate sol ution

K2. 2.2, 20hhenfr

Boefarsiees W@&?W&%’ea”%%%%fh pe symtaegizedsbyplkylatipn %frth? gpl@mic

m). The sfio/emkivaras 2@We\éﬁslnahsﬂ2@&np6urw abreaarmaqza‘o I&et aiRgakdWising iodides,

?,d?rlog:c 8:’] ng{rﬁéf{bib‘s% %J ges2 a[%@Exlg iy &Mé Emgﬁ% c&s? 138 precursor suitable for

met hanesul raulonbérmxgmmopwlmens ahiiliedah enk stepnfrdmrthe obmeaeetiallyl dvailélde glutamic
wer e a%dedamd’"@%w% suI ting mxture was stirred at 110C for 10 mn.

After cooling

GOC, the m xture 25was passed through a

Silica-Plus cartrldge. - 59 - The internmediate was purified by HPLC
(C18, acetonitrile/water. The PLC fraction was diluted with water
(about 50 m) and passed through a C18 cartridge. The internediate
was eluted with 1 m of acetonitrile. 940 MBq@(39% d. ¢.) of di nethyl
(23,45)-2-tert-butoxycarbonyl am no-4-(3-[ F: 18Jif | ugr op opﬂ)pent anedi o
ate If were obtained in a synthesis tine o 8 n:

9) (28, 4S) - 2- Ami no- 4- (34F- 181f | uor opr opyl ) pent anedi o\fig g& 10 0.5

m of 4N aqueous hydrochloric acid was added to 94

MBq of di net hyl

2-tertbutoxycarbonyl am no-4-(3-[F-18]fl uoropropyl? ent anedi oate If in
1 mM of acetonitrile. Wth stirring, the mxture ras heated at 130C
o]

(oil bath tenperature) for 10 min. After cooling
the solution was neutralized by addition of about
aqueous sodi um@ydroxi dg solution. 15This gav
(23,45)-2-am nofi4- (3-[ Bt 18] f | uor opropyl ) pent ajjedi oi c

room t enperat ure,
650 pl of 2N
890 (95%d.c.) of
NBSCl d Exanple 2

(25, 48) - 2- Aniii@0- 2¢¥( 41 u@tobut yl ) pent anedl\eb ¢ o
R NH, R NHBoc
23 R=(CH,),F 21 R=(CH,),F
24 R=(CH,),)F 22 R ={CH,),)F
Scheme 15

10

15

20

25

Removal of the protective groups affords the fluoroalkylated glutamic acid derivatives 23
and 24.

In each case, the C-3 or/fand C4 position of a compound of the formula (I}, the formula (|1},
the formula (lil), the formula (iV) or the formula (V) of the present subject matter of the
invention should contain the S-forms of the centres of chirality. In cases where a carbon-
carbon double bond is present, both the "cis" and "trans" isomer form part of the present
invention. In cases where tautomeric forms may be present, such as, for example, keto-enol
tautomerism, the present invention embraces all tautomeric forms, but these forms may be
present in equilibrium or, preferably, in cne form.

The compounds of the general formulae | or i and their preferred embodiments are used as
medicaments.

The compounds of the general formula | or [l according to the invention and their preferred
embodiments are used in the diagnosis of physiological or pathological conditions.

These compounds are preferably used in the non-invasive PET-based diagnosis on the



20 a) Di et hyl _
(23,49)-2-tert-butoxycarbonyl am no-4- (4-i odobutyl ) pent anedi oate 3
5.51 g (20 mmol ) of dinethyl Boc-glutamate were dissolved in 60 m of
t et rahydrofuran and 25 cooled to -70C. %I%r a period of one hour, 44
m (44 nmol) of a 1M solution of lithiunbis(trinethylsilyl)anmde in

tetrahydr d dropwi se at this tenperature, and the
m xt ure Wi%%rbrr\rggﬁ%%%ggoc for 2 hours. 18.60 g (60 mol ) of

1, 4- di i oddtRiieuaslywerederablign the ce®pouraiddefdther gqaverslefonauié hbt éf agcdidiag to the
thi s tenmaganes ahBQhéﬁpg}éf&%&@%go%ﬁeﬁﬁ@¥%eéwtﬁleOQ 8@*0594 qﬁ“mour disorders.

hydr ochl orj acetate were anrc
p%ase was é@@ﬁ‘%&’feét glsihy tumpuk <isprdgrs WFW%EQ”WW |of g geatrointgstined oovceluorectal

sodi un’ﬁsuItmatlﬁe:aﬁﬂ'cfnbhfaeb@ﬁ‘cre@é]darfcfh%n'fal e %%a%ﬁm@%@i@ %l"cﬂ'rolm Shyroid
crude prodgp bt ain | S _manner  was .5chr onat %raphed on Si

gel using & 9%0 e/pé?%gﬁte aCRELPREy - SOFRgtraly fRrMME, FVEPT | gareinoma, %estes
fracti ons camironta nbeksdmandmalboeleahd atoaesmatl-aall dsrodctal e didorRE) dysplastic oral

El enent al ﬂ%ls{l%é%ﬁoﬁéign aSivéorf%aod breakt &drict? n'1\lc!§dl:Qgthr?nuone-dCependen? and

H 6.30 12
(28, 48) - 2-hafMefR- mdemeﬁdeabrbjﬁeﬁtypmaﬁedamo@ aesilld ce@inome, OreuroldgiclHeancer

A sol gpi Ofailébf'de@?ndm:hﬁ nédroBlRlomaPfy IléhEV%tchktgﬂ{a' %@?’o@a&oﬁameﬂ ngioma, soft

wat er was .added to he conmmpoun escri

Exanpl e 2&5%4¢ ssé‘r‘?ﬂmabf h%%’@%’!ﬂﬁ?m?l?@ SRARCTINSe tymRurar dnaleings thituiteny agdenoma,
40C over nichiumocyteend, M@ng@orﬁ&lﬁﬁt@h‘fdt@&gz&@&uhhhi 8is8fderd fﬁ@lu&@ub%hﬁﬁbma and

d duct obt d t
manner wa BRABRH S AERSoR O 145 Baoue PROTIHAPRHE) ot nyl | acet at e
gr adi ent, Thadortpeungmebipeigeneral fauntiadrs Ihescerdimgta thednvantion and their preferred
Concemsr areﬁﬂ!)od-ﬁ%té aRd élz%‘jmfﬁﬁi d&laﬁﬁ A Vﬁg?ib%‘\ngrq it i d%@rﬁo&ﬂs tht ﬁ'ﬁ)ﬁr Gdorders.

10 M of agueous so e SO I'on were a
m xt ure vv§§a§"P|e|5r@dS%i" BN tdéﬁ?ﬁtﬁ}f%ta[ﬁ anglighomash of thee gastsaintestinahor thlerectal

concent r air@6, tiverdEatBiA6Ha, pabréAecaBRbinkl RBN&Y ¥8Rinoma, bladder carcinoma, thyroid
carcinoma, prostrate carcinoma, endometrial carcinoma, ovary carcinoma, testes
carcinoma, melanoma, small-cell and non-small-cell bronchial carcinoma, dysplastic oral
20 mucosa carcinoma, invasive oral cancer; breast cancer, including hormone-dependent and
hormone-independent breast cancer, squamous cell carcinoma, neurological cancer
disorders including neuroblastoma, glioma, astrocytoma, osteosarcoma, meningioma, soft
tissue sarcoma; haemangioma and endocrine tumours, including pituitary adenoma,
chromocytoma, paraganglioma, haematological tumour disorders including lymphoma and

25  leukaemias; or metastases of one of the tumours mentioned above.,

The invention relates to pharmaceutical preparations comprising at jeast one compound of
the formula i or Il and also a pharmaceutically acceptable carrier.

30 To the use of the compounds of the formula | or Il as medicaments, they are brought into
the form of a pharmaceutical preparation which, in addition to the active compound,
comprises pharmaceutical organic or inorganic inert carrier materials suitable for enteral or
parenteral administration, such as, for example, water, gelatine, gum Arabic, lactose, starch,
magnesium stearate, talcum, vegetable oils, polyalkylene glycols, etc.

35

The invention relates to a kit comprising at least one compound of the formula 1, 11, Ill, IV or
V.



20 product was dissolved in about 70 ml of 3N hydrogen chloride in

di ethyl ether, stirred overnight, concentrated and repeatedly
coevaporated with diethyl ether. The resulting

(23, 43) - 2-am no- 4- (4-fl uorobut yppent anedi oi ¢ aci d was chronmat ographed

on C18 silica gel using a water/nmethanaol®4radient, and the

appropriate fractions were conbi ned and concent rat ed. 25Yield: 33

(15% El ekt tlermaas'y sed hein QN diseen AT PRePaih Al aRheT @8HPoiRiRIF to mono- or
cal c. C) 4&:@@;&%%«%%5@5@9”%@"@ doptl6 Go 48. &bodn dtohis iFf the ARG, NuBh 8, for
- - C

Di et hyl ( 252081 pheny oL PRRNG ARAB RDICE AESYo Y paq Y8 PRIHI bbut y 1) -

pent anedi dlateenryﬁgrbﬁpsl&iay Pleusubsitatedds apy aepitatdel pbgiticrhleading to a stable compound,
[ 0- 18] &b, i }
GBa) W(gs "%]zr &86}8 b&@ga@ktﬂﬁ @tmi{ pﬁhgér%&ﬁ,rﬁazégé#fd B4, Ti-Cs
[F-18] -fl Lﬂﬂrqx&lecma@, ("e‘fauﬁ@ﬂmffrpomthe cartridge using a Kryptofix

2. 2. 2] pot agis Htﬁbﬁt%rvh{?é?ﬁh%{%@rh@dtﬁﬂeci ére”iﬁe!ﬁ%x? e?hoxjy pBRY, 3scPrdBxy, hydroxyl,

carbonate, acetonitrile B%Y wat er F%{ soI vent was
removed at um%@orfﬁeepremm@ame | sttt & wﬁqpﬁo e e usomptY! grotips.
acetonitrile (three times 1 m). 5 ng(10.9 pnol)ofdimethyl (25

, 45) - tert but C i_,odobut vl pent an di o

o on T erbarh PR RPaEY s 3Ehe e Brg -8 SHNnG A RAS A8 e Safih drdone.

at 110C for 10 min. After cooling to about 60C, the mxture was

passed t hrgug I—%L@ "?f P Cqsed| sttt té gA: orl%-rﬁ‘%h'of”aﬁ&ﬂgnd? W&&rs to saturated

purified by 8, acetonltrl wat er ion was

di | ut ed widaRoaNaceaing Athisih MEY be )stralaat e of rranchgdhim pefmuleart? rmetgd. ethyl,

ghe I) nt fer rmg;lo?ﬂe;smpﬂl Hingel | Whdrutyd, taht-batyl a€ BipeRiyt, 12 2-BimethyoreBa, 2-aRthylbutyl
c

(25 b3 o QR PR byyb Sy PARPHb oA dED TR P BEPBRTSHRSent anedi oat e

2Cc wer e obtatpeatkyl is optisyaily hesirgptéd by ond oBbord @, S 20Nd)

(2S, 48) - 2- Ami no- 4- (4-F- 18] f | uor obut yl') pent anedi oic acid 250.5 m of

4N aqueous hydrochloric acid was added to 1.8 GBq of di nethyl
2( 2S, 45) - ZThecalkenyl substituents are in each case straight-chain or branched, including, for example,

ggte oxycar It}ﬂayélﬁmdaoraéxcsé Uiyl BroobHALR by BReRT, Aedicpdd ), BGt-1-8nb-fil b@f2-en-
20 1-yl, but-2-en-2-yl, 2-methylprop-2-en-1-yl, 2-methylprop-1-en-1-yl, but-1-en-3-yl, but-3-en-

1-yl, allyl.

The alkyny! groups can be straight-chain or branched and are, for example, ethynyl, -CH,-
C=CH, -CH,-C=CH, -C=C-CH,, -CH(CH3)-C=CH, -C=C-CH,(CH3), -C(CH3).C=CH, -C=C-
25  CH{CHj3)z-, -CH({CH3)-C=C-CH,, -CH;-C=C-CH,(CH.).

Halogen represents fluoro, chloro, bromo and iodo. Preference is given to chloro, bromo

and iodo.

30  The C4-Cs-alkoxy groups can be straight-chain or branched and may represent a methoxy,
ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy or n-pentoxy,
2,2-dimethylpropoxy, 2-methylbutoxy or 3-methylbutoxy group.

The heteroary! radical comprises in g@ach case 5-10 ring atoms and may, instead of a carbon
35 atom, contain one or more identical or different heteroatoms, such as oxygen, nitrogen or

sulphur, in the ring, and may additionally in each case be benzo-fused.

Examples which may be mentioned are:

thienyl, furanyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,



stirring, the mxture was heated at 130C (oil bath tenperature) for

© 10 min. After cooling to - 62 - roomtenperature, the solution was
neutralized by addition of about 700 pl of 2N aqueous sodi um

hydr oxi de solution. This gave 1.7 GBq (9,14)'100 d.c.) of

(23, 4S)-2-am no-4- (4[ F- 181f | uor obut yl ) pentanedi oi ¢ acid 2d. 5 Exanple

3 (28, 4S)-2- A no- 4-(2-fl,uor.oet hoxy) pent anedi oi ¢ acid 10a)

1- 'E ert - But%aé%@r@t ﬁlf%g'wg\%f%zp -"(e@/'br onoet hoxy) pyrrolidine-1,2-dioate
( pr ecur sorpystlyl2pyaidierioylapyréniiinuio pyiaziryll tiryippeetcanedi oi ¢ aci d) 150. 989
(4 mol) of 1-tert-butyl 2-nethyl

(2S, 4S) - 4- hydr oxypyrrolidine-1, 2-dioate (ALDRI CH) was dissolved in 36
m of 1,2-FKa et hane and cooled in an ice-bath. After addition of
1.36 g5(4 muol ) of tetrabutyl ammoni um bi sul phite, 18 nl of 50%
strength g.:q(%e%rs sodi um hydroxi de sol ution are added, and the m xture
is stirre AP%L for 2 hours and at roomtenperature overnight.
After addition of 200 ml of water and 200 ml of dichl oro-nethane, the

20,0 0o (o830 AR B AR Mo AL O L0, 00 O

resulting crude product is chromatographed on silica gel using a

di chl gporme hanedigiktnyl (M)%‘ﬁlm@&ﬁ%’éﬁ%@%@w&% fractions

are conbi ned and concenfrate Yi el ment a
analysis: calc. C 44.33 H 6.30 Br 22.69 N 3.98 found C 44.02 H 6. 33
Br 22.21 N4.11 25 b) 1-tert-Butyl Q

(23, 4S) - 4- (2- br onoet hoxy- 5- oxggxyiéol 2H di o/aél_% - 63 -

H,C

CH,

11.01g (40 mmol) of dimethyl Boc-glutamate (Advanced Chemtech) were dissolved in
15 160 ml of tetrahydrofuran and cooled to -70°C. 88 ml (88 mmol) of a 1M solution of lithium
bis(trimethylsilyl)amide in tetrahydrofuran were added dropwise at this temperature over a

period of one hour, and the mixture was stirred at -70°C for another 2 hours. 14.52 g

(120 mmol) of allylbromide were then added dropwise, and after 2 h at this temperature, the

cooling bath was removed and 200 ml of 2N aqueous hydrochloric acid and 400 m! of ethyl

20  acetate were added. The organic phase was separated off, washed with water until neutral,

dried over sodium sulphate and filtered, and the filtrate was concentrated. The crude

product obtained in this manner was chromatographed in silica gel using a hexane/ethyl

acetate gradient, and the appropriate fractions were combined and concentrated.
Yield: 3.3 g (26.2%)

25
Elemental analysis:
calc. C57.13 H7.99 N 4.44
found C 56.97 H8.12 N 4.30

b) Dimethyl (2S,48)-2-tert-butoxycarbonylamino-4-(3-hydroxypropy!)pentanedioate



106 ng (0.3 mmol ) of the conpound described in Exanple 3a were
dissolved in 10 mM of 5 ethyl acetate. After addition of 14 ng (0.06
nmmol ) of rutheniunm(l11) chloride hydrate, a solution of 0.32 g (1.5
mol ) of sodium periodate in 4 M of water was added, the m xture was
stirred overnight and diluted with ethyl SGcet at e, the or gani ¢ phase
was washed with water, dried over sgslium sul phate and filtered and
the filtrate was concentrated. The ude prodjct obtalned inthis
manner was chronat ogr aphed onHsbdj Heltane/ et hyl
1l0acetate gradient, and the approh%iate fracti o's were conbi ned and
concentrated. Yield: 48 ng (43.7% El epent ang ysis: calc. C 42.64
H5.50 Br 21.82 N 3.82 found C 42.33%H 5.74 21.17 N 3.59 «¢)
1-tert-Butyl 2-methyl

(2S,43)-4-(2-fl uoroet hoxy) - 5- oxopyyTol i di ne- 1 %a&e 15 H3 H3C- >
H3CCH3 188 ng (0.5 mmol ) of Kryptofix 222 agq ng (0.5 mol ) of
potassiuntfluoride mere added to 183 ng (0.5 Jm&H; of the conpound
descri bed |n Exanpl e of dinmethyl _-64 - i de, %
the nixtur’ ﬁtes(t%areelédﬁ the 5owev%a%%9ﬂ8%m Eﬁame@c"mep §is3pifeg d 50 mi of

The sol ut I@ﬁah‘ﬂ%fﬁ@ﬂ%ﬂdbﬁ@lﬁa&d‘a g terbatte dveed peries sﬂasrmut phenimess, dBS mbsf 1 M

titi et the et t at
Pas: washed o e Sangrehn SRk sof iR fn vke S0 ik G818 Sooling
the fil3raarel wederitrogent aad étk nitterecwasd etipecbdodee &t b reed atrroom| temperature
snmanner Wat?v %t‘ft ﬂgrﬁﬂh@daqﬂeotﬂ Eécﬁfﬂn rdkRleN oI HEXAN S ng%trﬁlyef 3(2(0 strength

acetate gra he appropriate fractions were conbi ned
concent r at@gyeous hydrogen peroxide solution were then added dropwise. After 30 minutes, the

mixture was diluted with water, the tetrahydrofuran was distilled off and the remaining

aqueous solution was extracted with ethyl acetate. The organic phase was separated off,
10  washed with water until neutral, dried over sodium sulphate and filtered, and the filtrate was

concentrated. The crude product obtained in this manner was chromatographed on silica gel

using a hexane/ethyl acetate gradient, and the appropriate fractions were combined and

concentrated.

Yield: 0.6 mg (18%)

15
Elemental analysis:
calc. C 54.04 H 8.16 N 4.20
found C 53.88 H 8.25 N 4.39
c) Dimethy! (28,48)-2-tert-butoxycarbonylamino-4-(3-methanesulphonyloxypropyl}-
pentanedioate
0O O
H,C OWO/CHS
- HNYO
O CH,
? T
0=5=0 HiC ch,
20 CH,

0.17 g (0.5 mmol) of the hydroxyl compound described in Example 1b was dissolved in



Yield: 13.7 ng (9.0% Elenental analysis: calc. C51.14 H6.60 F 6. 22
"N 4.59 found C 50.84 H 6.81 F6.00 N4.36 10d)

(2S, 4S) - 2- Ami no- 4- (2-fl uor oet hoxy) pentanedi oic acid HO .OH re. NH2 F)
21.4 ng (0.07 mmol) of the conpound desc%bed i n Exanpl e 3c were
dissolved in 2 m of tetrahydrofuran, of 1N aqueous sodi um

' dth t
taner at A4 hANE SR8 LaGEaT o3 %, AT St 314456 Finab S Megey amine
the 15 resqmdt1¥gng(lidung) otimethanssigpismyhctdariden thebmixturd Qvad stivfed6dM ice for 2 h
aqueous hyguosB %Bh(.cenﬁ%ie‘iii Tﬁé'c?%c?edpt%ﬁuﬁoo%téiﬁéd B ljﬂtsavﬂ?lo > a\%% egwrgh%%%aphed

The crude product obtained In er was chiona
silica gel®usti¢Ry 98' Weipgra ﬁét‘ﬁ'éﬁﬁ@ihyfg?%ﬁiatérﬁlradlan’fdaﬂ%éh%lmmpcqmaat fractions were

fracti 6ns cortbneRidiei gdadergegoncentrated. Yield: 3.2 rrgd§ 22%I 20 c
El enmrent al lysis | at ed on the anhydrous conpound): calc.:
40.19 H 5.@@8F¥‘§r6§§(ﬁ?a}%ﬁ’¥o found: C 39.82

Elemental analysis:

calc. C46.70 H7.10 N 3.40 S$7.79

found C 46.48 H7.22 N 3.61 S$7.21

d) Dimethyl (2S,48)-2-tert-butoxycarbonylamino-4-(3-fluoropropy!)pentanedioate
10

0.33 g (1 mmol) of the hydroxyl compound described in Example 1b was dissolved in 15 ml
of dichloromethane and cooled on ice. After addiion of 0.32g (2mmol) of
diethylaminosulphur trifluoride (DAST), the mixture was stirred on ice for 1 h and then
15 washed with water, the organic phase was dried over sodium sulphate and filtered and the
filtrate was concentrated. The crude product obtained in this manner was chromatographed
on silica gel using a dichloromethane/ethyl acetate gradient, and the appropriate fractions
were combined and concentrated.
Yield: 25 mg (7.5%)

20
Elemental analysis:
calc. C 53.72 H7.81 F 5.66 N4.18
found C 53.55 H7.94 F 5.21 N 4.37

e) (25,4S)-2-Amino-4-(3-fluoropropyl)pentanedioic acid



H5.86 F 8.81 N 6.96 25e)

1-tert-Butyl 2-net hyl (2S, 4S) - 4- (24F- 181f | uor oet hoxy) - 5- oxopyrrol i di ne-
1,2-dioate - 65 - CH3 H3C H3CCH3 [F-18]-Fl uoride was prepared by the
[0-18] (p,n)[F-18] reaction in a cyclotron The isotope solution (3.9
GBg) was applied to a Sep-Pack Light QWSRartridge. The
[F-18]-fluoride was eluted fromthe cartridge using a Kryptofix

2. 2.2/ potassium carbonate sol ution ( 2, 51 ng potassium
carbonate, acetonitrile (1.5 m), Wﬂ . The sol vent was
renoved at 120C in a stream of nltr entwi tth &dition of acetonitrile
(three times 1 ml). 5 ng (13.7 pnol) By t - butyl 2-methyl

(2S, 4S) - 4- ( 2- br onoet hoxy) pyrrol i di ne- %, 2- d| oate 3a in 1 m of
acetonitrile were added, and the res"EuIting m xture was stirred at

100C for 10 min. After cooling to about 70C, the m xture was passed

through a silica-plus cartridge. 10 The internediate was purified b)é
HPLC ( C18,2%% 8wdo®i @7 nmel)wadites Fomppiend-gscribechint Exampiad daveratdissolifed in 2 ml of

wat er ( abQBiramrdfhﬁanam%IWQ ﬁ%uﬁbué)b&:mm h?&%x@éréoldtlﬂgﬁvasmﬂed and the mixture
intermedi ate was eluted wt itrile

of 1-te&rt-Yes §,t|rre§l %Qmpem%atggn?oagﬁq’ﬁe mixture was then concengrage5 drynesg and
[ F- 18] f | uotheeéduttitiy) crideopopydctreds disstdvell, iR-athbotc@lemBef 3¢ hedrobémichiedde in diethyl

synt hesi s I
(3, 43 - o- P sflq Sty EBpesbirsise e opsedycineuproraied ety sigr. The
NH2 " Fj mradanpmﬂucunb?aq@édusthhymwmﬂ\@aa chr@ma@me&idm&h%smceeg@a@pmg a

of 1-tert- Mr‘ne td¥kiertOand the appropriate frﬂcttons were combined and congentrated.
(2S, 4 uoroet hoxys 5-oxopyrrolidine-1,2-dioate 3e in 1

n  of 129cet dtf‘l”lge(Z""Wth stirring, the mixture was heated at 130C
(oil bath terrperature) for 10 mn. After cooling to roomtenperature,

the soluti (ne tra chi c%y a,( Cp of about 700 pl of 2N
aqueous soO | araliaigicalyirtRd ghhe ran{.ﬁ/céoqpoim g (92%d.c.) of
(23,43)-2- ramno 4- ( 2- ClaBodbet hoxy-)ﬁént anedi oF&.fci d 3f. N6.766 -
Exanpl e 4 £ell experi EeﬂstmThe qu‘l?lﬁg of the %Ié;yt am c aq\gg%

derivatives according to e invention into unDur cells

f) Dimethyl (2S,48)-2-tert-butoxycarbonylamino-4-(3-[F-18]flucropropyl)pentanedioate

15

[F-18]-Fluoride was prepared by the [O-18](p,n){F-18] reaction in a cyclotron. The isotope
solution (4 GBq) was applied to a Sep-Pack Light QMA cartridge. The [F-18]-fluoride was
eluted from the cartridge using a Kryptofix 2.2.2/potassium carbonate solution (5 mg K2.2.2,
20 1 mg potassium carbonate, acetonitrile (1.5 ml), water (0.5 ml). The solvent was removed at
120°C in a stream of nitrogen with addition of acetonitrile (three times 1 ml).
5mg (12.2 umol) of dimethyl (2S,48)-2-tert-butoxycarbonylamino-4-(3-
methanesulphonyloxypropyl)pentanedioate 1c in 1 ml of acetonitrile were added, and the
resulting mixture was stirred at 110°C for 10 min. After cooling to about 60°C, the mixture
25  was passed through a Silica-Plus cartridge.



~investigated in cell experinents. Here, the uptake of a radiol abell ed
glutamc acid derivative 5 (4R/'S-[F-18]F-L-glutam c acid) was

exam ned in the presence of the conpounds according to the invention

and control susbtances (conpetition expﬁq ments). The conpounds

according to the invention were errpl oyed™in excess (1 nm\M) over

acid (Lo amy EHHEIME 86 BudEEE e CRAR SobioRA MG tnd s 30 ot yes
i nhi b| ti oﬁ"'é)tﬁd thd’éaﬁefu(@ballﬂeﬁq ml) e passad,throvgb a6 48l cartridges The indermediate was
control . S mithn@h¥l: off hedtBfitrlled Uaud Mﬁat 36% G bgldigrﬁ&hg‘?{iyis 1@ Mrt-but bufoxy-

hydr oxy derlvatlves nhibit tracer uptake considera in eac
case t han Bfen¥aMNeshEhid- ﬁ@ﬂWWBHHP&GFa@Gd'&éﬁel Vé[\tel"‘%QQ fainegyin gjggnthesis time of
4- hydrBxy 8deminvati ves, conpetition values of 87% were determ ned for

the S-configured deri vati ve, whereas for the R-configured derivative,
only 70% conpetition were 15determ ned. For the 4S-nmethyl derivative,
even 92% @hhi bi2$,68)-ddndnd-deBdFiBFuemprdpyhperianeti®icetidyl deri vative

only 64% i nhibition were found. 4S-(3-Fluoropropyl)-L-Au showed a

consi derably better inhibition than ofher d@rivatives exam ned. Thus,
1 mM 4S- (3-fluoropropyl)-L-Ad u was ce tracer uptake by >
94%to 5.4% 20 Table 1: Examination offt bi ol ogi cal activity of
conpounds according to the inventi o:gfthe conpetition cell
experinment. (A549 cells, 10 mn of ¥ bation with 0.250 MBq of

AR15[ F-18WL-Ad u in PBS buffer, conpetitor concentration 1 nV)

(Figure 1) % Tracer uptake S.D. Control 100.0 3.5 L-Au 12.6 1.6
(4121 fb%foP’cﬂN %H%&% gygg@? p,y %g)gddedqo 046 By & dimethyl 24ert-
18]f

(4R) - hydr ox
bufoxycarbonylamino-4-(3-[ uoropropyl)pentanedloate 1f in 1 ml of acetonitrile. With
stirring, the mixture was heated at 130°C (oil bath temperature) for 10 min. After cooling to
room temperature, the solution was neutralized by addition of about 650 ul of 2N agueous
sodium hydroxide solution, |

15 This gave 890 MBq (95% d.c.) of (25,4S)-2-amino-4-(3-[F-18]fluoropropyl)pentanedioic acid
1g.

Example 2

(25,4S)-2-Amino-4-(4-fluorobutyl)pentanedioic acid
20

a) Dimethyl (2S,48)-2-tert-butoxycarbonylamino-4-(4-iodobutyl)pentanedioate

O O

H3C\O _ O/CH3

HNYO
0

XCHz
H,C

CH,

5.51 g (20 mmol) of dimethyl Boc-glutamate were dissolved in 60 ml of tetrahydrofuran and
25 cooled to -70°C. Over a period of one hour, 44 mi (44 mmol) of a 1M solution of kithium
bis(trimethylsilylyamide in tetrahydrofuran were added dropwise at this temperature, and the
mixture was stirred at -70°C for 2 hours. 18.60 g (60 mmol) of 1,4-diiodobutane were then



7.7 1.9 (4R)-nmethyl-L-Gu 33.5 5.5 4S-(3-fluoropropyl)-L-GQu 5.4 2.2
25 Cel |l uptake of S-configured, F-18-1abelled glutamc acid
derivatives Following labelling with F-18,

(2S, 4S)-2-am no-4-(3[F- 18] fl uoropr opyppe anedi oic acid was exam ned
in cell experi rrents wi th A549 and H460 tYirour cel I S (both human

non-smal | - - .cell bron carci nona cel
e deperRHRe ST 2ne B R 2he BBERIER tipepo BTjs feiByved ahd 100 ml of
i ncubat i orgN ihydrallopo asidoared 300 nd acf uatieyl satetghd akere Gfdd889THE Wrgquic phase was

100 000 ¢ 4e%§rafté)c£of{ érva[sEeng\j tplwater until ne a[ dred ov r sodium suci)hate and filtered, and

(25,4S5)-2-a uor oprop Uff Canedr o1 ¢
Accor di nglte ({ilraie4 Syas - comcarirateq. 3[TP818I mr@@cépgbt)ameﬁt dneldisoi reanner d was
accunulsat ec?w&fﬁata%%gﬁ@a 8h s%g rg%ffuéhe atﬁ@éﬁeiemypaeets@ r§d:§hﬁ'&nH h&e ‘aBfofriate

standar d"rfI after m nutes of i1ncubation. Figure 2

ti me- depe EPé:H%% ?@I%Fl'?&%‘l@@f%’?%e Be%- ani no- 4- (3-[ F-

18] f I uor opriely{.prent @gdi oi ¢ acid conpared to [F- 18] FDG For all

F- 18-1 abel | ed conpounds, a tine-dependent intracellular radioactivity
was observed. After 30 mn, 840 000 cpm - 10100 000 cells of

(2S, 45) - 2-Elemeotallar(a®fsis: 18] f | uor opr opyl ) pent anedi oi ¢ acid had been

taken up. lp. the case o,_{zdf 18I F[p& 4970 000 cpFd 00 000 p\eghks had

been t aken up after 3 Ani experiments
(23, 45) - 2-fadncho- 4- ( 3- P|14117@fl uor dpBSByI ) pent bfetf oi ¢ aciNi®¥8s st udi ed
in mce bearing 15A549 tunours in an organ distribution experinent.
(Table 2) 0.25 f i.njectio e |n ected dose per g (%
ID/g) s maasutgegiztfS 4391%6’&'?‘[%"[1& f’%f@ﬁ)feﬂtg”??@ ur uptake is
1.6%1D/g. Atransient uptake or excretjons re observed in the
Ki dneys and the pancreas. Thus, after (.25 hil an uptake of 14.4% 1D/ g
and 13.6% 1D/ g, respectively, was obs@r ved ¥ n%hese organs. After 1
h, the activity in these organs was 20r dudﬁ'd to 2% 1D/g and 4% 1 DJ g,
respectively. At all points in tineg, e uptake into the bones was <
0.5%1D/g. Table 2: Organ distributiop after i.v. admnistration of
250 kBq of (23, 48)-2-am no-4-(3-(F18]fluoropropyl)pentanedioic acid

(F-18 FSPG in mce bearing A549 tunmours. 25
A solution of 152 mg (1.12 mmol) of silver flucride in 1.5 mi of water was added {0 0.45 g

(1 mmol) of the compound described in Example 2a in 30 m! of acetonitrile, and the mixiure
was stired at 40°C overnighi. The resulting suspension was filtered, the solution was

15  evaporated to dryness and the crude product obtained in this manner was chromatographed
on silica gel using a hexane/ethyl acefate gradient, and the appropriate fractions were
combined and concentrated. The residue was dissolved in 20 ml of tetrahydrofuran, 10 mi of
1N aqueous sodium hydroxide solution were added and the mixiure was stirred at room
temperature for 4 h. The mixture was then concentrated to dryness, and the resulting crude

20  product was dissolved in about 70 ml of 3N hydrogen chloride in diethyl ether, stirred
overnight, concentrated and repeatedly coevaporated with diethyl ether. The resulting
(2S,48)-2-amino-4-(4-flucrobutyl)pentanedioic acid was chromatographed on C18 silica gel
using a water/methanol gradient, and the appropriate fractions were combined and
concentrated.

25  Yield: 33 mg (15%)

Elemental analysis (calculated on the anhydrous compound):

calc. C 48.86 H7.29 F 8.59 N 6.33
found C 48.66 H7.55 F 8.20 N 6.57
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Time 0.25 h %dose/g S.D. S.D. S.D. S.D spleen

2.87 0.11 1.76 0.38 1,02 0.07 0.53 0.13 liver 0.55

10

15

20

25
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¢) Dimethyl (28,48)-2-tert-butoxycarbonylamino-4-(4-[F-18]flucrobutyl)-
pentanedioate

[F-18]-Fluoride was prepared by the [O-18](p,n)[F-18] reaction in a cyclotron. The isotope
solution (5.2 GBq) was applied to a Sep-Pack Light QMA cartridge. The [F-18]-fluoride was
eluted from the cartridge using a Kryptofix 2.2.2/potassium carbonate solution (5 mg K2.2.2,
1 mg potassium carbonate, acetonitrile (1.5 ml), water (0.5 ml). The solvent was removed at
120°C in a stream of nitrogen with addition of acetonitrile (three times 1 ml).

5mg (10.9 ymol) of dimethyl (28,4S)-2-tert-butoxycarbonylamino-4-(4-
iodobutyl)pentanedioate 2a in 1 m! of acetonitrile were added, and the resulting mixture was
stirred at 110°C for 10 min. After cooling to about 60°C, the mixture was passed through a
silica-plus cartridge.

The intermediate was purified by HPLC (C18, acetonitrile/water). The HPLC fraction was

" diluted with water (about 50 ml) and passed through a C18 cartridge. The intermediate was

eluted with 1ml of acetonitrile. 1.8 GBgq (58% d.c.) of dimethyl (2S,45)-2-tert-
butoxycarbonylamino-4-(4-[F-18]fluorobutyl)pentanedioate 2¢ were obtained in a synthesis
time of 85 min.

d) (28,48)-2-Amino-4-(4-[F-18]fluorobutyl)pentanedioic acid

0.5 ml of 4N aqueous hydrochloric acid was added to 1.8 GBq of dimethyl 2(2S,45)-2-tert-
butoxycarbonylamino-4-(4-[F-18]fluorobutyl}pentanedioate 2c in 1 mi of acetonitrile. With
stirring, the mixture was heated at 130°C (oil bath temperature) for 10 min. After cooling to



0.11 0.46 0.12 0.21 0.03 0.11 0.03 kidney 14.38 4.41 6.44 0.71 2.01
0.17 0.80 0.17 lung 1.35 0.03 1.08 0.19 0.50 0.08 0.29 0.02 bone 0.44
0.06 0.37 0.07
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room temperature, the solution was neutralized by addition of about 700 pl of 2N aqueous
sodium hydroxide solution.

This gave 1.7 GBq (94% d.c.) of (25,45)-2-amino-4-(4-[F-18]fluorchutyl)pentanedioic acid
2d.

Example 3
(2S,48)-2-Amino-4-(2-fluoroethoxy)pentanedioic acid

a) 1-tert-Butyl 2-methyl (25,45)-4-(2-bromoethoxy)pyrrolidine-1,2-dioate (precursor
of 2-amino-4-(8-flucrchexyloxy)pentanedioic acid)

Br

0
N

/g O

CH
O 3
Hscﬁ\
H,C

O
CH,

0.98 g (4 mmol) of 1-tert-butyl 2-methyl (25,48)-4-hydroxypyrrolidine-1,2-dioate (ALDRICH)
was dissolved in 36 ml of 1,2-dibromoethane and cooled in an ice-bath. After addition of
1.36 g (4 mmol) of tetrabutylammonium bisulphite, 18 ml of 50% strength agqueous sodium
hydroxide solution are added, and the mixiure is stirred on ice for 2 hours and at room
temperature overnight. After addition of 200 ml of water and 200 ml of dichloro-methane, the
organic phase was washed once more with water, dried over sodium sulphate and filtered,
and the filtrate was concentrated. The resulting crude product is chromatographed on silica
gel using a dichloromethane/ethyl acetate gradient, and the appropriate fractions are
combined and concentrated. Yield: 60 mg (4.3%)

Elemental analysis:
calc. C 44.33 H 6.30 _ Br2269 N 3.98
found C 44.02 H6.33 Br22.21 N4.11

b) 1-tert-Butyl 2-methyl (25,45)-4-(2-bromoethoxy-5-oxopyrrolidine-1,2-dioate



0.20 0.03 0.20 0.03 heart 0.42 0.08 0.20 0.02 0.08 0.01 0.05 0.00
brain 0.09 0.01 0.10 0.05 0.06 0,01 0.05 0.01 fat 0.31 0.30 0.08 0,03

0.04 0.01 0.99
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SB
o)

r

O
N

o
/& O~ch,
0 O
H3C>‘L
H,C” CH,

106 mg (0.3 mmol) of the compound described in Example 3a were dissolved in 10 mi of
5 ethyl acetate. After addition of 14 mg (0.06 mmol) of ruthenium(lll) chloride hydrate, a

solution of 0.32 g (1.5 mmol) of sodium periodate in 4 mi of water was added, the mixture

was stirred overnight and diluted with ethyl acetate, the organic phase was washed with

water, dried over sodium sulphate and filtered and the filtrate was concentrated. The crude

product obtained in this manner was chromatographed on silica gel using a hexane/ethyl
10 acetate gradient, and the appropriate fractions were combined and concentrated.

Yield: 48 mg (43.7%)

Elemental analysis:
calc. C 42.64 H 5.50 Br21.82 N 3.82
found C 42.33 H574 Br 21.17 N 3.59

c) 1-tert-Butyl 2-methyl (28,48)-4-(2-fluoroethoxy)-5-oxopyrrolidine-1,2-dicate

15
F

)

o)

0
0™ ™y

/& O\CHa
O
H‘*Cg\
H.,C
188 mg (0.5 mmol) of Kryptofix 222 and 29 mg (0.5 mmol) of potassium fluoride were added
to 183 mg (0.5 mmol) of the compound described in Example 3b in 20 ml of dimethyl

o
CH,



0.11 thyroid 1.17 0.33 1.31 0.55 0.77 0.24 0.42 0.10 nuscle 0.17 0.03
0.09 0.00 0.05 0.00 0.03 0.00 tunour 2.42 0.39 1.82 0.21 1.58 0.15
0.97 0.21 skin 1.71
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sulphoxide, and the mixture was reacted in a microwave oven at 100°C for 30 minutes. The
solution was concentrated under reduced pressure, the residue was partitioned between
water and ethyl acetate, the ethyl acetate phase was washed with water, dried over sodium
sulphate and filtered and the filtrate was concentrated. The crude product obtained in this
manner was chromatographed on silica gel using a hexane/ethyl acetate gradient, and the
appropriate fractions were combined and concentrated.

Yield: 13.7 mg (9.0%)

Elemental analysis:
calc. C51.14 H 6.60 F 6.22 N 4.59
found C 50.84 H6.81 F 6.00 N 4.36

d) (28,48)-2-Amino-4-(2-flucroethoxy)pentanedioic acid

oo~ oo
/l,o NH,

F

21.4 mg (0.07 mmol) of the compound described in Example 3¢ were dissolved in 2 ml of
tetrahydrofuran, 1 ml of 1N agueous sodium hydroxide solution was added and the mixture
was stirred at room temperature for 4 h. The mixture is then evaporated to dryness, and the
resulting crude product is suspended in about 20 ml of 6N aqueous hydrochloric acid, stirred
at 80°C for 6 h and concentrated. The crude product obtained in this manner was
chromatographed on C18 silica gel using a water/methanol gradient, and the appropriate
fractions were combined and concentrated.

Yield: 3.2 mg (22%)

Elemental analysis (calculated on the anhydrous compound):
cale.: C40.19 HbLH78 FS.08 NB.70
found: C39.82 H5.86 F8.81 N6.96

e) 1-tert-Butyl 2-methyl (25,48)-4-(2-[F-18]flucroethoxy)-5-oxopyrrolidine-
1,2-divate



0. éO 2.26, 0.64 1.80 0.04 1.01 0.10 blood 0.72 0.12 0.35 0.06 0.13
0.01 0.07 0.01 tail 2.74 0.34 3.45 1.86 1.19 0.13 1.69 0.60 stomach
3.25 0.27 2.64 0.70
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18F

O

O ™y

/K O~ch,
o
Hsci

H,C~ “CH,

[F-18]-Fluoride was prepared by the [O-18](p,n}[F-18] reaction in a cyclotron. The isotope
solution (3.9 GBq) was applied to a Sep-Pack Light QMA cartridge. The [F-18]-fluoride was
eluted from the cartridge using a Kryptofix 2.2.2/potassium carbonate solution (5 mg K2.2.2,
1 mg potassium carbonate, acetonitrile (1.5 ml), water (0.5 ml). The solvent was removed at
120°C in a stream of nitrogen with addition of acetonitrile (three times 1 ml).

S mg (13.7 pmol) of 1-tert-butyl 2-methyl (2S,4S)-4-(2-bromoethoxy)pyrrolidine-1,2-dioate
3a in 1 ml of acetonitrile were added, and the resulting mixture was stirred at 100°C for
10 min. After cooling to about 70°C, the mixture was passed through a silica-plus cartridge.
The intermediate was purified by HPLC (C18, acetonitrile/water). The HPLC fraction was
diluted with water (about 50 ml) and passed through a C18 cartridge. The intermediate was

_ eluted with 1 ml of acetonitrile. 1.3 GBq (52% d.c.) of 1-tert-butyl 2-methyl (2S,48)-4-(2-

[F-18]fluoroethoxy)-5-oxopyrrolidine-1,2-dicate 3e were obtained in a synthesis time of
70 min,

f)  (28,48)-2-Amino-4-(2-[F-18]fluocroethoxy)pentanedioic acid

O
HO™ OH

O NH,
1B J/

F

0.5 ml of 4N aqueous hydrochloric acid was added to 1.3 GBq of 1-tert-butyl 2-methyl
(25,45)-4-(2-[F-18]fluoroethoxy)-5-oxopyrrolidine-1,2-dioate 3e in 1 ml of acetonitrile. With
stirring, the mixture was heated at 130°C (oil bath temperature) for 10 min. After cooling to
room temperature, the solution was neutralized by addition of about 700 pi of 2N aqueous
sodium hydroxide solution.

This gave 1.2 GBq (92% d.c.) of (28,4S)-2-amino-4-(2-fluoroethoxy)pentanedioic acid 3f.



0.96 0.29 0.39 0.09 ovary 1.82 0.29 1.13 0.48 0.94 0.56 028 0. 20
uterus 1.30 0.47 1.27 0,74 0.93 0.44 0.37 0.33 intestine 1.27 0.06
0.90 0.28 0.52 0.06 0.32 '
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Example 4

Cell experiments

The uptake of the glutamic acid derivatives according to the invention into tumour cells was
investigated in cell experiments. Here, the uptake of a radiolabelled glutamic acid derivative
(4R/S-[F-18]F-L-glutamic acid) was examined in the presence of the compounds according
to the invention and control susbtances (competition experiments). The compounds
according to the invention were employed in excess (1 mM) over 4R/S-[F-18]F-L-glutamic
acid (tracer).

Native L-configured glutamic acid (L-Glu), which, at a concentration of 1 mM L-Glu causes
an 87% inhibition of tracer uptake in the assay, was used as positive control.

Surprisingly, it was found that 4S-configured methyl and hydroxy derivatives inhibit tracer
uptake considerably better in each case than the corresponding 4R-configured derivatives.
For the 4-hydroxy derivatives, competition values of 87% were determined for the
S-configured derivative, whereas for the R-configured derivative, only 70% competition were
determined. For the 4S-methyl derivative, even 92% inhibition were found whereas for the
4R-methyl derivative only 64% inhibition were found.

4S3-(3-Fluoropropyl}-L-Glu showed a considerably better inhibition than other derivatives
examined. Thus, 1 mM 4S-(3-fluoropropyl)-L-Glu was able to reduce tracer uptake by
> 94% to 5.4%.

Table 1: Examination of the biological activity of compounds according to the invention in
the competition cell experiment. (A549 celis, 10 min of incubation with 0.250 MBq of 4R/S-
[F-18]F-L-Glu in PBS buffer, competitor concentration 1 mM) {(Figure 1)

% Tracer
uptake S.D.
Control 100.0 3.5
L-Glu 12.6 1.6
(4R/S)-fluoro-D/L-Glu 16.3 2.5
(45)-hydroxy-L-Glu 13.2 1.8
(4R)-hydroxy-L-Glu 29.6 4.2
(4S)-methyl-L-Glu 7.7 1.9
{4R)-methyl-L-Glu 33.5 55
43-(3-fluoropropy)-L-Glu 54 2.2

Cell uptake of S-configured, F-18-labelled glutamic acid derivatives
Following labelling with F-18, (2S5,48)-2-amino-4-(3-[F-18]flucropropyl)pentanedioic acid
was examined in cell experiments with A549 and H480 tumour cells (both human non-smali-
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(28,48)-2-Amino-4-(3-[F-18]flucropropyl)pentanedioic acid was studied in mice bearing
15 A549 tumours in an organ distribution experiment. (Table 2)
0.25 h after injection, 2.4% of the injected dose per g (% ID/g) was measured in the tumour,
after 1 h, the tumour uptake is 1.6% ID/g. A transient uptake or excretions were observed in
the kidneys and the pancreas. Thus, after 0.25 h, an uptake of 14.4% ID/g and 13.6% ID/g,
respectively, was observed in these organs. After 1 h, the activity in these organs was
20  reduced to 2% ID/g and 4% 1D/g, respectively.
. At all points in time, the uptake into the bones was < 0.5% |D/g.

Table 2: Organ distribution after i.v. administration of 250 kBq of (2S,48)-2-amino-4-(3-[F-
18]flucropropyl)pentanedioic acid (F-18 FSPG) in mice bearing A549 tumours.
25
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Figure 5. PET with
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PET/CT imaging with (2S5,45)-2-amino-4-(3-[F-18]fluoropropyl)pentanedioic acid in
mice bearing A549 tumours

60 min after iv. administraton of 10MBg of (254S)-2-amino-4-(3-[F-
18]flucropropylipentanedicic acid to mice carrying A549 tumours, a 20 min data acquisition
using a PET/CT scanner (Inveon) was started. Image analysis shows a high uptake of
(28,48)-2-amino-4-(3-[F-18]fluoropropyl)pentanedioic acid into the A548 tumour.

PET with (4S)-4-(3-[F-18]fluoropropyi)-L-Glu with rats bearing H460 tumours

80 min after iv. administration of 18MBgq of (25,45)-2-amino-4-(3-[F-
18lfluoropropyl)pentanedioic acid in rats bearing H460 tumours, a 20 min data acquisition
with a PET scanner (Inveon) was started. Image analysis shows a high uptake of (25,45)-2-
amino-4-(3-[F-18]fluoropropyl)pentanedioic acid into the H460 tumour.

Figure 3. PET/CT study with (2S,48)-2-amino-4-(3-[F-18]flucropropyljpentanedicic acid in
mice bearing A549 tumours (to the left, section image analyses, to the righi, maximum
intensity proiection, 90 min. after i.v. administration of 10 MBq (43)-4-(3-[F-18]fluoropropyl)-
L-Glu)

Figure 4. PET with (25,48)-2-amino-4-(3-[F-18]fluoropropyl)pentanedioic acid in rats
bearing H460 tumours (section image analysis, 80-100 min after i.v. administration of
16 MBq of (48)-4-(3-[F-18]flucropropyl}-L-Glu})



30b) branched or straight- chain 18F-Cl-05 al koxy, c) branched or
straight- chain 18F-Cl-05 al kyl, d) branched or straight- chain

18F- C2-05 al kenyl, e) branched or straight chain 18F-C2-05 al kynyl,

- 71 - f) hydroxyl, g) branched or stregéﬁn chain Cl-05 al kyl or h)
branched or stralght chai n Cl1-05 al koxy, "al kyl being optionally
interrupted by one or nore O, Sor N, 5with the proviso that one of

the substituents R1L or R2 contains exactly one 18F isotope and the
respect i vEidharPEUbwitht ehdSiBraminerd-[@EdF-18Jfluppranybpentanddiditieacid in rats
provi so t BahrifglHis Aetouhy é}gr%[]m IILrteF]§er Jﬁ%ﬁ@’&oﬁw B8aolHhi ﬁ%@?ﬂ/ %ggnnlstratlon of

straight - branch traight-c

al kenyl , 3?%%%&@&53.2 gy g@d""éﬁéﬂuar%i@mﬁpamtﬂwdﬂeleaeﬂ c4

al kyl )51-001 C4 al kyl or d) branched or straight-chain C2-05 al kynyl,
15Z represents a netal cation equivalent, and where n = 0, 1, 2 or 3.
2) Compounds according to any of Clains 1 to 3, characterized in that
Rl is selected 20from the group consisting of 18F-nethoxy,

18F- et hoxy, 18r_r propoxy, 18F-ethyl and 18F-propyl, and R2 is

hydr ogen. 3) Conpound according to Claim1, selected fromthe group
of conpounds of the fornul ae: a) 18F



-72 - 0 HOOH 5NH2 H2NOH ONH2 18F - 73 - in which 5A" represents
a) hydroxyl, b) branched or straight-chain Cl1-05 al koxy, c¢) branched
or straight-chain hydroxy Cl-05 al koxy, d) branched
or straight-chain 0-Cl-05 al kyl -(0-Cl1-C4 &I kyl)n-O C1-C4 al kyl, 10e)
N(C1-05 alkyl)2, f) NH2, g) N(H-L", h)‘E)-IZ', 15G represents a)
hydroxyl, b) 0-Z', c) branched or st'_r,aati ﬁ?{i-a. d)
branched or straight-20e) branched or S |¢m? f) branched or
straight- g) triphenyl met hoxy,

1} Compounds of the general formula |

in which
A represents
a) hydroxyl,
10 b) branched or straight-chain C4-Cs alkoxy,
¢) branched or straight-chain hydroxy C,-Cs alkoxy,
d) branched or straight-chain O-C,-C; alkyl-(O-C;-C4 alkyl),-O-C;+-C,4 alkyl,
e) N(C4-Cs alkyl)z,
f) NH,,
15 g) N(H)-L,
h) O-L or
iy O-Z,

G represents

20 a) hydroxyl,

b) O-Z,

b) branched or straight-chain O-C;-C;5 alkyl,

¢) branched or straight-chain O-C.-C5 alkenyl,

d) branched or straight-chain O-C4-Cs alkyl-(O-C4-C; alkyl),-O-C,-C, alkyl,
25 e) branched or straight-chain O-C,-Cs alkynyl or

f) triphenylmethoxy,

R' and R? represent
a) hydrogen,
30 b) branched or straight-chain ®F-C,-Cs alkoxy,
c) branched or straight-chain *F-C;-Cs alkyl,
d) branched or straight-chain '®F-C,-Cs alkenyl,
e) branched or straight-chain "*F-C,-Cs alkynyl,



chain 0-Cl-05 al kyl, chain 0-C2-05 al kenyl, chain 0-Cl-05

al kyl - (0-C1-C4 al kyl)-0-C1-C4 al kyl, chain 0-C2-05 al kynyl or Rl and
R2 represent 25a) hydrogen, b) branched or straight- c) branched or
straight- d) branched or straight- _74 - e) branched or
strai ght-30f) hydroxyl, g) branched or straight- h) branched or
straight- chain 1 ‘hgér'oQ al koxy, chain 18F-C1-05 al kyl, chain

18F- C2-05 al kenyl ,” chain” 18F-C2-05 al kynyl, chain C1-05 al kyl or
chain Cl-05 al kox\) branchgd or strightichgi &‘g&ﬁiﬁ'@hal ly interrupted by

one or nore 0, S &) b?«hndn'bab;gmgmrdp.\éjnm_gmm@(actIy one of the
substituents Rl or RE contaﬁns ex ctIY ne 18F isotope and the
respective ot her SUB5P§PY aRYONALLNIEHDEdPY5e Graarg B S HiNh t he

provi sb that Rl i svithdhe pyalispgihat obe @f trepsubstinestsal' or R? contains exactly one °F
N(H)-tert-butoxyc % Al l . y 18 .
N(H) - benzyl oxycar @%Og%ygq% ? % 9@% h%@é%@%@ﬁ% éd&taqpls no "F isotope, with the
N( H) - met hoxycar bormyevisa thaig Hp npt rbonyl, e)
N(H)-2,2,2-trichl oroet hoxycarbonyl, N(H)-1, 1-di et hyl propynyl, 15g)
N(H) - 1- net hyl - jL'rQQr%QXr']tSt hoxycar bonyl ,
10 a) branched or straight-chain C,-Cs alkyl,
b) branched or straight-chain C,-Cs alkenyl,
c) branched or straight-chain C4-Cs alkyl-(O-C4-C4 alkyl),-O-C4-C, alkyl or

d) branched or straight-chain C,-Cs alkynyl,
15 Z represents a metal cation equivalent, and
wheren=0,1,2o0r 3.
2) Compounds according to any of Claims 1 to 3, characterized in that R' is selected

20 from the group consisting of '*F-methoxy, '®F-ethoxy, '°F-propoxy, '®F-ethyl and
*®F-propyl, and R? is hydrogen.

3) Compound according to Claim 1, selected from the group of compounds of the
formulae:
25
0 0
H,N ¥ OH
C:) NH



h) N(H)-1-net hyl - 1- (4- bi phenyl yl ) et hoxycar bonyl, i)

N(H) - cycl obut yl carbonyl, j) N(H)-1-nethyl cycl obutyl carbonyl, k)
N( H) - vi nyl carbonyl, 201) N(H)-allylcarbonyl, m N(H)-adam

antyl carbonyl, n) N(H)-di phenyl nmet hyl carhonyl, o)

N(H) - ci nnanyl carbonyl, p) N(I)-fornyl, 259) N(H)-benzoyl, r)
N(H-trityl, s) N(H)-p- oethoxydlmhenylnethyl t)

N( H) - di (p- nethoxyphenyl phenylnet yI u) 300r V)
N-(tert-butoxycarbony fis a) branched or straight-chain
Cl1- 05 al kyl, 35hb) branched or tralght chain C2-05 al kenyl, c¢)

branched or straight-chai® Cl-088,al kyl - (0-C1-C4 al kyl ) n- O Cl- C4 al kyl
or - 75 - d) branched stralght chain C2-05 al kynyl, X and X"

i ndependently of one anot\her represent a) branched or stralght chai n
Cl1- 05 al kyl, b) substlt ed or unsubstituted aryl, c) substituted or
unsubstltuted ar al kyl d) substituted or unsubstltuted het er oaryl ,
Z' represents gy)netal caflon equi valent, and where n =0, 1, 2 or 3.

o] 0O

18
c) F
o) 0
H,N : OH
§ NH,
18
5 d) F
o) 0
HO™ ™Y OH
Sé NH,
8
e) F
o) 0
H,N x OH
Sc') NH,
18
n F

10
4) Compounds of the general formula (ll):



5) Conpounds according to Claim4, characterized in that RL is
selected fromthe group consisting of 18F-ethoxy, 18F-propoxy,
18F-ethyl, and 18F-propyl,and R2 is hydrogen. 6) Conpound according
to Caim4 or 5 characterized in that Q's sel ected fromthe group
consi sting of N(H)-tert-butoxycarbonyl, &H)-benzyl oxycar bonyl and
in which 20X and X' independently of one another represent a)
branched or straight-chain Cl1-05 al kyl, b) substituted or
unsubstituted aryl, c) substituted or unsubstltut ed aral kyl or d)
substituted or unsubstltut ed het e@oaryR 25 ) Process for preparing
conpounds of the general formula I) adcordifpg to any of Claims Ito
3, which conprises one or nore protective
groups present in a conpound é¢ the % la (@) according to any
of ains 4 to 6. 8) Process for preparing conpounds of the general
formula (11) according to any of dalms 4“to 6, whi)ch conprises
35-reacting a conpound of the forrmula (I1l11) according to Caim12
with F-18 - 76- fluoride. 9)Conpounds according to any of Clains Ito
6 for use as nedi canents. 5 10) Conpounds according to any of Clains 1
to 6 for use for imaging in tunmour disorders. 11) Use of conpounds
according to amwhithClains 1 to 6 for preparing a nedi canent for
ilgagl\rxﬁ in tunp\u,reppésgg{sders. |0 12) Conpounds of the forrmula (II1)
in ic

a) hydroxyl,

b) branched or straight-chain C;-Cs alkoxy,

¢) branched or straight-chain hydroxy C;-Cs alkoxy,

d) branched or straight-chain O-C;-Cs alkyl-(O-C,-C, alkyl),-O-C4-C, alkyl,
10 e) N(Cy-Cs alkyl),,

) NH,

g) N(H)-L',

h) O-L,

15 G' represents
a) hydroxyl,
b) O-Z,
¢) branched or straight-chain O-C,-Cs alkyl,
d) branched or straight-chain O-C,-C5 alkenyl,
20 e) branched or straight-chain O-C;-Cs alkyl-(0-C4-C4 alkyl),-0-C1-C, alkyl
f) branched or straight-chain O-C,-Cs alkyny! or
g) triphenylmethoxy,

¥

R" and R? represent
25 a) hydrogen,
b) branched or straight-chain '*F-C,-Cs alkoxy,
¢) branched or straight-chain '®F-C,-Cs alkyl,
d) branched or straight-chain '®F-C,-Cs alkenyl,
e} branched or straight-chain *F-C,-Cs alkynyi,
30 f) hydroxyl,
@) branched or straight-chain C4-Cs alkyl or
h) branched or straight-chain C;-Cs alkoxy,



A" represents a) branched or straight-chain C ,-Cs al koxy, b)

branched or straight-chain hydroxy Cl-05 al koxy, c) branched or
straight-chain O Cl-05 al kyl -(0-C1-C4 al kyl )0-O C1-04 al kyl, 20d)
N(01-05 al ky1)2, e) NH2, f) .N(H)-L", ory ). 0-1", 25 G' represents

a) 0-2", b) branched or straight-chain 0~Cl-05 al kyl, c) branched or
strai ght-chain 0-C2- al kepyl . 30d ranched or st al -chain

0 Ci 08 al kyl - (o- GloL5eil Renen SRR R o dhoR S R A, o

strai ght - chai n 0- GathCheairkyisy thad exadgtlyt eriepdicthy | substiosnts R'-orR? cor@n:aaxactly
R4 represent a) hygdrog St Ll ~Ehal e 8

al koxy, c¢) br anchedéli_‘reorpg%?tg%egﬁﬁggﬁﬂf%p%t@-%tgégﬁbfﬁ?@g%gg%éﬁgﬁechﬁompe’
strai ght-chai n E- @githge gravsathat R)is peldweres®nor st rai ght - chai n E- C2- 05

al kynyls, f) hydroxyl, g) branched or straight-chain Cl-05 al kyl or h)
branched or st rcgi %)ht -chain C1-05 al koxy, 10al kyl being optionally
interrupted by QKPS Wore 0, Sor N, with the proviso that exactly

one of the substi ta)awis-tdBbotoxyarogt ai ns an E and the respective

ot her substituent | ith the proviso that R3 is not
hydr ogen, 15E reprbég\é gﬂ@o%g@o%ﬂ roup,

¢) N{H}-benzyloxycarbonyl,
10 d) N(H)-ethoxycarbonyl,
e) N{H)-methoxycarbcnyl,
f) N(H)-propoxycarbonyl,
e) N{H)-2,2,2-trichlorcethoxycarbonyl,
f) N(H)-1,1-dimethylpropynyi,
15 g) N(H)-1-methyl-1-phenylethoxycarbonyl,
h) N(H)-1-methyl-1-{(4-biphenylyl)ethoxycarbonyl,
i) N(H)-cyclobutylcarbonyi,
j) N(H)-1-methylcyclobutylcarbonyl,
k) N(H)-vinylcarbonyl,
20 ) N(H)-allylcarbonyl,
m) N(H)-adamantylcarbonyl,
n) N(H)-diphenylmethylcarbonyl,
0} N{H)-cinnamylcarbonyl,
p) N{H)-formyl,
25 q) N{H)-benzoyl,
ry N(H)-trityl,
s) N(H)-p-methoxydiphenylmethyl,
t} N(H)-di{p-methoxyphenyl)phenylmethyl,

30 or
V) N-(tert-butoxycarbonyl),,

L' represents
a) branched or straight-chain C4-Cs alkyl,
35 b) branched or straight-chain C,-Cs alkenyl,
¢} branched or straight-chain C4-Cs alkyl-(O-C4-C4 alkyl),-O-C4-Cy alkyl or



Q represents a) N(H)-tert-butoxycarbonyl

b) N(I)-allyloxycarbonyl, 20c) N(H)-benzyl oxycarbonyl, d)

N( H) - et hoxycar bonyl, e) N(H)-nethoxycarbonyl, f)

N( H) - propoxycarbonyl, g) N(H)-2,2,2-trichl oroethoxycarbonyl, 25h)
N(H) - 1, 1-di et hyl propynyl, i) N(H)-1-nethyl- 1- phenyl et hoxycar bonyl ,

JN% I—DN((I;?/cllogﬁt C%ll:ardg)g’ﬁ bhg?)or%ﬂr#%titr%%éliggﬁ%utyI carbonyl, 30m

N( H) - vi nyl car bonyl , n) N(H)-allylcarbonyl, o)

N d tyl rbonyl ,
q§ H)N(a)é(r:r?zng 9?%?? y‘n’dFBé Wﬁﬂ@%ﬂﬂﬁéﬂ%%&ﬁ( H) - benzoyl , t)
N(H)-trityl, u) N@I)-I)bfiﬂcﬁﬁf’ﬁb @g!piﬁélﬁw zh@lkyl - 78 - V)

N(H) - db( p- net hoxymgnwétma%vhﬁﬁvoauﬁjted\ewh 1 VAOOr x)
sen a) branched

N-(tert-butoxycarb e

or straight-chain gfﬁgéft%ﬁaﬂ u”%ijWP?Hcﬁ'@ﬁy'@F strai ght-chain C2-05
al kenyl , c) branchiegubstitsted ar ghdubstitated Helerbaryal kyl - (0- C1-C4 -

al kyprO- G -4 al kyl or

Z' represents a metal cation equivalent, and

10
wheren=0,1,20r3.
5) Compounds according to Claim 4, characterized in that R' is selected from the group
consisting of "*F-ethoxy, ®F-propoxy, "®F-ethyl, and *®*F-propyl,and R? is hydrogen.
15
6) Compound according to Claim 4 or 5, characterized in that Q is selected from the
group consisting of N(H)-tert-butoxycarbonyl, N(H)-benzyloxycarbonyl and
N
N
X
in which
20 X' and X" independently of one another represent
a) branched or straight-chain C4-Cs alkyl,
b} substituted or unsubstituted aryl,
c} substituted or unsubstituted aralkyl or
d) substituted or unsubstituted heteroaryl.
25
7) Process for preparing compounds of the general formula () according to any of
Claims 110 3,
which comprises
- removing one or more protective groups present in a compound of the
30 formula (I1) according to any of Claims 4 to 6.
8) Process for preparing compounds of the general formula (ll) according to any of
Claims 4 o 6,

which comprises
35 - reacting a compound of the formula (lll) according to Claim 12 with F-18



d) branched or straight-chain C2-05 al kynyl, 10 X and X'

i ndependent|y of one another represent a) branched or
straight-chain CL1-05 al kyl, b) substituted or unsubstituted aryl,

c) substituted or unsubstituted al kylaryl or 15d) substituted or
unsubstituted heteroaryl, Z" represents a netal cation equivalent,
and where n =0, 1, 2 or 3. 13)Use of coppounds of the formula (IV)
for preparing conpounds of the forrrula‘(ﬁ")‘ or 20(11): (1'V) in which
25G' represents a) hed or straight-chain 0-Cl-05 al kyl, b)
branched or straight-chain 0-C2-05 al kenyl, c¢) branched or

strai ght-chain 0-Cl-05 al kyl-(0-Cl1-C4 al kyl )-O-C1-C4 al kyl, d)
branched or $)r ai Gintpoohdziaacdditito @by efldiaimy 1 todrfoldBe ps tnetipdnamisl met hoxy,
- 79 - R5 and R6 represent a) hydrogen, b) hydroxyl, 5c) branched or

strai ght -c¢hai,n Cl1-05 al kyl branch qQr _strajght-chain Cl-05

21 Koxy or ey 1Ry goampolindsaccofgha b PG WG9S 3 ' fafbreieR Bl gt oot
substituents R5 ofisoRBrsontains an E and the respective ot her
substituent contains no E:, with the proviso that R5 is not

10hydr ogen, FH) S A gc%p%uﬁdsl a%@o\fjjiﬂégto%l? prblairﬁz 1 Eoe@fo?ﬁl%gérﬁﬁg a medicarnent for

imaging in tumour disorders.
10
12)  Compounds of the formula (Il

o
Q ()

>
(]
11rw4
9]
=)
o+
)

]

15 in which
A' represents
a) branched or straighf-chain C;-Cs alkoxy,
b) branched or straight-chain hydroxy G4-Cs alkoxy,
¢) branched or straight-chain O-C4~Cjs alkyl-(0-C4-Cy alky)a-0-C4-C4 alky),

20 d) N(C4-Cs alkyl)y,
e) NH2,
f) N(H)-L", or
h) O-L",

25

G" represents
a} 0-Z",
b) branched or straight-chain O-C4-Cs alkyl,
¢} branched or straight-chain 0-C,-C; alkenyl,
30 d) branched or straight-chain 0-C4-Cs alkyl-{0-C,-C4 alkyl)-0-C4-C; alkyl,
e) branched or straight-chain Q-C,-Cs alkyniyl or
f) triphenylmethoxy,



15a) branched or straight-chain Cl-05 al koxy, b) branched or

* straight-chain C1-05 al kyl, c) branched or straight-chain C2-05
al kenyl or d) branched or straight-chain C2-05 al kynyl, 20Q
represents a) Ntert-b _nycarbonyl b)

N-al | yl oxycarbonyl, c¢) N-benzyl oxycar bo;%/ d)

N- et hoxycar bonyls, hoxycar bonyl, f) N propoxycarbonyl, g)
N-2,2,2-trichl ﬁ a@%ﬁ%{%rﬁsﬁgnyl h) hydrogen, 1)
N- 1- net hyl - 1- phenyd) dyHmggoar bonyI 30j)

N 1- met hyl - 1- (4- b'b&r}’?&?@%%‘egp‘ﬁﬁ@ h_og_\gﬁ Ciscar %%cycl olrolut yl car bonyl ,

) N1-nethylcyclo car bon nyl
N-al | yl car bonyl , %@;awhaaa Ighltc@ﬁmﬁr@ Cs@jkyl

N- di phgnyl met hyI c Whed%}sﬂ?ﬁi MR- SR QMRehyt 1) N-fornyl, - 80 -
s) N-benzoyl, N O-tri ty et hoxyphenyl di phenyl met hyl ,

v) N-1)-di(p- ITEt h bﬁ% trﬁ%‘PHM'CZ“CS alkynyl,

f) hydroxyl
g) branched or straight-chain C4-Cs alkyl or
h) branched or straight-chain C,-Cs alkoxy,

10 alkyl being optionally interrupted by one or more O, S or N,
with the proviso that exactly one of the substituents R® or R* contains an E and
the respective other substituent contains no E, with the proviso that R® is not
hydrogen,

15 E represents a leaving group,

Q' represents

a) N(H)-tert-butoxycarbony!

b) N{H)-allyloxycarbonyl,
20 c) N(H)-benzyloxycarbonyl,

d) N(H)-ethoxycarbonyl,

e) N(H)-methoxycarbonyl,

f) N(H)-propoxycarbonyl,

g) N(H)-2,2,2-trichloroethoxycarhonyl,
25 h) N{H)-1,1-dimethylpropynyi,

i) N(H)-1-methyl-1-phenylethoxycarbonyl,

1) N{H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,

K) N(H)-cyclobutylcarbonyl,

) N(H)-1-methylcyclobutylcarbonyl,
30 m) N(H)-vinylcarbonyl,

n) N{H)-allylcarbonyl,

0) N(H)-adamantylcarbonyl,

P} N(H)-diphenylmethylcarbonyl,

q) N({H)-cinnamylcarbonyl,
35 r} N(H)-formyl,

s} N(H)-benzoyl,

t) N(H)-trityl,

u) N(H)-p-methoxydiphenylmethyl,



N-(tert-butoxycarbonyl)2, X and X independently of one anot her
represent a) branched or straight-chain C1-05 al kyl, 10b) substituted
or urtsubstituted aryl, c) substituted or unsubstituted al kylaryl or

d) substituted or unsubstituted heteroar

and where n =0, 1, 2 or

|,
3. 14) Imging kit, conprising corrpoundsy%f’ the general fornula Il

or I1V. 15) Pharmaceut

conposi tion, ri sing conpounds of the

| cal. CO
general fornula I,V I'T’(,Hgﬂ'(P"'B‘%R‘P’WP #YIRDERABEEYIohar maceuti cal carrier
subst ances. 16) Corrpou.{nds a rding to any of Cdains 1 to 6, and
conpounds of the generg§ mula IV, characterized in that the
conmpounds are suitable for Mpging in a dosage range of 37-600 MBq.
25 17) Conpounds acegprdi ng to arrm 16, characterized in that the

conmpounds are partjcylacl i in a dosage range of 150 MBqg- 370
DRI,

MBg. 18) Conpounds ‘accor

I'm 12 wherein E represents hal ogen

or sul phonyl oxy. 19) Conpounds according to claim13 wherein E
represegnts hal 0gegp@Eesy! ohonvl oxy.

10

15

13)
20

25

30

a) branched or straight-chain C4-Cs alkyl,

b} branched or straight-chain C,-Cs alkenyl,

¢) branched or straight-chain C4-Cs alkyl-(O-C4-C4 alkyl)-O-C4-C4 alkyl or
d) branched or straight-chain C,-Cs alkynyl,

X' and X" independently of one another represent
a) branched or straight-chain C;-Cs alky],
b) substituted or unsubstituted aryl,
¢) substituted or unsubstituted alkylary! or
d} substituted or unsubstituted heteroaryl,

Z" represents a metal cation equivalent, and
wheren=20,1,2o0r3.

Use of compounds of the formula (IV) for preparing compounds of the formula {l) or

(i

in which
G" represents
a) branched or straight-chain O-C4-Cs alkyl,
b) branched or straight-chain O-C»-Cs alkenyl,
¢) branched or straight-chain O-C4-Cs alkyl-(O-C4-C, alkyl),-O-C4-C, alkyl,
d) branched or straight-chain O-C,-Cs alkynyl or
e) triphenylmethaoxy,



10

15

20

25

30

35

-79 -

R® and R® represent

a) hydrogen,

b) hydroxyl,

¢) branched or straight-chain C4-Cs alkyl,

d) branched or straight-chain C4-Cs alkoxy or

e) R'-E',

with the proviso that exactly one of the substituents R® or R® contains an E' and
the respective other substituent contains no E', with the proviso that R® is not
hydrogen,

E' represents a leaving group,

R’ represents

a) branched or straight-chain C4-Cs alkoxy,

b) branched or straight-chain C4-Cs alkyl,

¢) branched or straight-chain C-Cs alkenyl or
d) branched or straight-chain C,-Cs alkynyl,

Q" represents

a) N-tert-butoxycarbonyl

b} N-allyloxycarbonyl,

¢) N-benzyloxycarbonyl,

d) N-ethoxycarbonyi,

e) N-methoxycarbonyi,

f) N-propoxycarbonyl,

g) N-2,2,2-trichloroethoxycarbonyl,

h) hydrogen,

i) N-1-methyl-1-phenylethoxycarbonyl,
J) N-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N-cyclobutylcarbonyl,

[} N-1-methylcyclobutylcarbonyl,

m) N-vinylcarbonyl,

n) N-allylcarbonyl,

0) N-adamantylcarbonyl,

p) N-diphenylmethylcarbonyl,

q) N-cinnamylcarbonyl,

r) N-formyl,



10

15

20

25

17)

18)

19)

-80-

s} N-benzoyl,

f) N(H)-trityl,

u) N{H)-p-methoxyphenyldiphenyimethyl,
v} N(H)-di{p-methoxyphenyl)phenylmethyl,

\N___ <
W) X or

%) N-(tert-butoxycarbonyl)a,

X' and X" independently of one another represent
a) branched or straight-chain C;-Cs alkyl,
b) substituted or unsubstituted aryl,
¢) substituted or unsubstituted alkylaryl or
d) substituted or unsubstituted heteroaryl, and

wheren=20,1,20r3.
Imaging kit, comprising compounds of the general formula |l or IV.

Pharmaceulical composition, comprising compounds of the general formula i, [, Il
or IV and suitable pharmaceutical carrier substances.

Compounds according to any of Claims1 to 6, and compounds of ihe general
formula IV, characterized in that the compounds are suitable for imaging in a dosage
tange of 37-600 MBa.

Compounds according to Claim 16, characterized in that the compounds are
particularly suitable in a dosage range of 150 MBg-370 MBaq.

Compounds according to claim 12 wherein E represents halogen or sulphonyloxy.

Compounds aceording to claim 13 wherein E' represents halogen or sulphonvioxy.



