.Novel [F-18]-labelled L-glutam c acid and L-glutam ne derivatives
(I'), their use and processes for their preparation Description 5
The invention relates to the subject matter referred to in the
claims, i.e. [F-18]-labelled L-glutamc acid derivatives and

[ F-18] -1 abel | ed L-gl utam ne derivatives of the general formula I,
and to their use and to_processes for their preparation. The early
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FDG (["*FI-2-Eluorodeoxyglucose)-PET is a widely accepted and frequently used auxiliary in
the diagnosis and further clinical monitoring of tumour disorders. Malignant tumours
compete with the host organism for glucose as nutrient supply (Warburg O., Uber den
30  Stoffwechsel der Carcinomzelle [The metabolism of the carcinoma cell], Biochem. Zeitschrift
1924; 152: 309-339; Kellof G., Progress and Promise of FDG-PET Imaging for Cancer
Patient Management and Oncologic Drug Development, Clin. Cancer Res. 2005; 11(8):
2785-2807). Compared to the surrounding cells of the normal tissue, tumour cells usually
have an increased glucose metabolism. This is exploited when using fluorodeoxyglucose
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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detecting tunour disorders in patients using the PET technology. In
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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.
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It'is an object of the present invention to provide novel compounds which, in ['*F]-labelled

form, are suitable for PET-based diagnosis.

o

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,



in which Arepresents a) hydroxyl, 30 b) branched or straight-chain
Cl1-C5 al koxy, c) branched or straight-chain hydroxy Cl1-C5 al koxy, d)
branched or straight-chain O CL-C5 alkyl-(OCL-C4 alkyl) OCL-C4

al kyl, -4- e) N(C1-C5 al kyl)2, f) NH2, N(H-L, h) OL or 5i)
O Z, Grepresents a) hydroxyl, b) O Z 710 c) branched or

strai ght - chai naeﬁ}ﬁi-CS al kyl, d) branched or straight-chain O C2-C5
al kenyl, e) brdHcHE& 1t &Wai ght - chain O C1-C5 al kyl - (O C1-C4 al kyl )
O Cl-C4 al kyl, O MHanched or straight-chain O C2-CS al kynyl or g)
tri phenyl nmet hoxy, %ﬁ_ R1 and R2 represent a) hydrogen, b) branched
or straight-chai’n '\i -C1-C5 al koxy, c¢) branched or straight-chain
78F- Cl- C5 al kylh) @@ o) branched or straight-chain 18F-C2-C5 al kenyl,
e) branghed or St r izght-chai n 18F-C2-C5 al kynyl, f) hydroxyl, Q)

branched or straight-chain C1-C5 al kyl or h) branched or
straight-chain Cl-C5 al koxy, 25 alkyl being optionally interrupted by
one or nor@rébreser® N, With the proviso that one of the substituents
R1 or R2 contains exact|y one 18F isotope and the respective other
substituent coraiWS™H¥"18F isotope, with the proviso

b) 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.



30 L represents a) branched or

b) branched or straight-chain C2-C5

al kenyl, c) branched or straight-chain C1-C5 al kyl-(O CL-C4 al kyl)

O Cl1-C4 al kyl or d) branched or straight-chain C2- C5 al kynyl, 35 Z
represents a nmetal cation equivalent, an where n =0, 1, 2 or 3.

-5- Preferred conpounds according to the invention of the formula (1)
are distinguished in that A represents a) hydroxy 5 b) net hoxy,

c) et hoxy Frefgired camarynds acpondingpto thegnygntipn Oi[é"engFrNHE () arg) dig{ngished injthat

.that Rl is not hydrogen,
strai ght-chain Cl-C5 al kyl,

OL or j)A.@pZesea@ Further preferred conpounds according to the
invention of th rrrul a (1) are distinguished in that A represents
a) hydroxyl, ﬁ? , 20 c) ethoxy, d) NMe2, e) NH2 or f)

N(H)-L5 25 Partbbcuhahdw preferred conmpounds according to the
i nvention of tt&? fe%&v‘l a (lI) are distinguished in that
d) propoxy,
e) NMe,,
f)  NEt,,
10 g) NH,
h)  N(H)-L,
i O-Lor
N 0-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)
b)
30 c)

hydroxyl,
branched or straight-chain C4-Cs alkoxy or
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.



A represents a) hydroxyl, b) branched or straight-chain Cl-C5 al koxy
or 30 c) NH2. Preferred conpounds according to the invention of the
formula (1) are distinguished in that A represents hydroxyl. 35
Preferred conpounds according to the invention of the fornula (1) are
di stinguished in that A represents NH2  --6- Preferred conpounds
according to the invention of the formula (I) are distinguished in
that A represents ethoxy. 5 Preferred conpounds according to the

i nventi on Rfefaried cotmpounds gdcprdingtodhs invertisinsti gtk formuladl) arglistmuisbed irsthat

a) hydr oxyAre'Ppgsemsanched or straight-chain OCl-C4 alkyl or 10 c¢)

O C2H4- Ove. Further preferred conpounds according to the invention of
the formula (1)eB®¥-di stinguished in that G represents 15 a)

hydroxy or b) branched or straight-chain O Cl-C4 alkyl. Particularly

preferred coppounds accordi ng,.to the. inventign of the for I.aigly ar

G St ngur Pt omepusts ot Siodht tvaytama s rmiiagy s Beiribplapbe Fiffat
Parti cul arGyepesdrgs red conpounds according to the invention of the
formula (1) ar €2)  hydroxyl,

b} branched or straight-chain O-C4-C, alkyl or

10 ¢) 0-C;HsOMe.

Further preferred compounds according to the invention of 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



di stinguished in that G represents hydroxyl. 30 Preferred conpounds
"according to the invention of the formula (1) are distinguished in
that Rl and R2 represent a) hydrogen, b) branched or straight-chain
78F- Cl1- C5 al koxy, «c¢) branched or straight-chain 16F-Cl1-C5 al kyl, 35
d) branched or straight-chain 18F-C3-C5-dlkenyl, e) branched or
straight-chain 18F-C3- al kynyl , f ydroxyl, g) branched or

strai ght-chain %1-*’6%“%%5;?( S{%g%‘?‘i—haﬁ‘)%ﬁgﬁ%&%d or straight-chain Cl-C5
al koxy. Preferred conmpounds according to the invention of the fornula
(1) are diskd i i : . represen hy.dr oge b
br anched cf’zéfgt[;} rgHngﬁ? g%’?\c{agl %\cg?@ﬂggﬁ-t@ﬂg%g&yo?Ehecﬁ"ﬁ)‘i“%ﬁi%’@dm%}ng%ﬁﬂéd' that
strai ght - &ha@nd Rigepreseds al kyl, d) branched or straight-chain
78F-C35C5 al keny!l hyBlogepanched or strai ght-chain 18F- C3-C5 al kynyl,

f) hydroxyl, rﬁi branched or st_ralgght-chai n Cl1-C5 al kyl or h)
branched or st Pai FFNERECASIEAITRFNZIN Ffr2-Cuid9XYhe provi so that one of
the substituentcs BrarmhelR2r swaigiatiomaineXRChIoL alkye 18F-i sotope and the
respective oth stituent .caontai ng.no 18F isotope, with the

provi so t hat R%ﬁi :D%Jnoct1i~le ﬁ)r/atrr%%@hcﬁ‘a%s%%f"&%t Mharticul ar subj ect
matter of the iehvérrcbad ar etraightmbaind & -66-Qslatkyggnemal  f dwydrdxal, | i n

whi ch1fRl represeBisichad OF Féaﬁ dnoh St al -chain 16F- C2 al koxy, 20
b) branched or%Zt raicg%ut - cﬁal ] gE-Ié?a 5%;'?}.11& Strai ght-chain 18F C2
al koxy is 18F- & héignched 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,



Strai ght-chain 18F C3 al kyl is 18F-propyl. 25 A further particular
subject matter of the invention are conpounds of the general formula
Il in which Rl represents 18F-ethoxy or 18F-propyl and R2 represents
hydrogen. Further preferred conmpounds according to the invention of
the formula (1) are distinguished 30 in&hat Rl is selected fromthe
group con5|st| of 18F-et hoxy, 18F-propoxy, 18F-ethyl and

18F- propyl , ReorrgPHy dr ogen. Preferred conmpounds according to the
i nvention of t f@y tjmgéa are distinguished in that 35 L
represents a) th etq%%b c) propyl, -8- d) isopropyl, e)
-C2H4- Owe or f) C%Fﬁf - 5 Partlcularly preferred conpounds
according to the invention of the formula (1) are distinguished in

that Le y 10, Co ounds cgardi ng, t

the. i noentTCUE: RkePireh roatopp g ietieine, g neniye s Pl e’ B are
dlstanU|sﬁ€wgunh&haﬂhZ is selected fromthe group consisting of Na',

K, Cat' ar.g(,%;ggs neZ IS preferably Na'. The process for preparing the
conmpounds accordi ng to the invention of the general fornmula 15 (1)

i s di stinguished i'ReHMR" - one or nore protective groups present in a
conpound of thagfqgnyla (11) is/are renoved. Compounds according to
forrml,lzb l: 20 OO

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



HZNOH ONHZ 18Fa) OO HOOH ONHZ b) 18F -9- OO0 HO OH NH2
c) ieFOO HNOH NHZ isd F OO0 HOOHON-12 5 e) ~BF ~ and
00 H2ZNOH is 50N-12 F At physiological pH 7.4, the conpounds of
the formula (1) according to the inventign nay 10 al so be present as
zwitterions or salts, as is known to thoSe skilled in the art.
According to a furth aspect ,Othe present invention thus relates to

conpounds of the genmeral fornyla (11): -10- OR2 OG

18
c) F
0 0
§” NH,
i8
d) F
o) 0
HO ; OH
S(3 NH,
18
5 e) F and
0 0
H,N x 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):



RQ{lIl) A represents a) hydroxyl, b) branched or straight-chain
Cl1-C5 al koxy, 5 c¢) branched or straight-chain hydroxy Cl-C5 al koxy,
d) branched or straight-chain O Cl1-C5 alkyl-(OCl-C4 alkyl), OCL-C4
al kyl, e) N(CL-C5 alkyl)2, f) NH2, g NH-L', or 10 h) OL', G
represents a) hydroxyl, b) OZ, 15 c)” bfanched or straight-chain

O Cl1-C5 al kyl, d) branched or straight-chain O C2-CS al kenyl, e)
branched or strai ght- inOOC1-CS alkyl - (O CL-A4 alkyl) OCL-C4

al kyl, f) branchgd orjstraj ght-chain O C2-C5 al kynyl or g)

tri phenyl met hoxy R2 represent a) hydrogen, b) branched
or straight-chAi'n 18F CIyYC5 alkoxy, c¢) branched or straight-chain
18F- C1- G5 al kyl, 2§1d) ranched or straight-chain 18F-CZ-C5 al kenyl,
e) branched or straight-chain 18¥- cz- c5 al kynyl, 0 hydroxyl, )
branched or straight-chain C1-C5 al kyl or h) branched or
straight-chain Cl-C5 al koxy, 30 al kyl being optionally interrupted by
one or nor®E répreSers N, with the proviso that exactly one of the
substituents RL, or EZ CEnt ains exactly one 18F isotope and the
respective ot hea}') S'U E¥Yuent contains no 18F isot ope, with the

provi so that RI) ilgamditedhydiraigbichaini@+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,
e) N(Cy-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,



represents a) N(H)-tert-butoxycarbonyl b) N(H)-allyloxycarbonyl,
5 ¢) N(H)-benzyl oxycarbonyl, d) N(H)-ethoxycarbonyl, e)

N( H) - met hoxycar bonyl, f) N(H)-propoxycarbonyl, e)

N(H) - 2,2, 2-trichl oroet hoxycar bonyl, 10 ,W] N(H) -1, 1- di net hyl propynyl ,
g) N(H) - 1-net hyl - 1- phenyl et hoxycar bonyl”, ' h)

N(H) - 1- net hyl - | - (4- bi phenyl yl ) et hoxycar bonyl, i)

N( H) - cycl obut yl carbonyl, j) N(H)-1-nethyl cycl obutyl carbonyl, 15 k)
N(H) - vi nylepisapts, 1) N(H)-al |yl carbonyl, nm) N(H)-adanantyl carbonyl ,

n) N(H)-di pheny 'y I ;
N - f |, -benzoyl, r) N -trityl, s

Ng I|:|)|) - p?:ren%/hoxy P ?’W?gf,b"'f‘))"

N( H) - db ( p- met hexy plidppenstmpydrogiyinyl , 25 u) X N ~<X'" or V)

N-(tert-but oxygar /1).2 ' represents 30 a) branched or
strai ght - chai n%gl?@gygh?wc,alm%’yﬁbr anched or straight-chain CzZ-C5
al kenyl , c) br ahch¥d)-oetrsixyearpdrtyd,chain C1-C5 al kyl - (O C1-C4 al kyl),
O Cl-C4 al kyl fr I\QD'I)'BFO%B%%OQM.S'[ rai ght-chain C2-C5 al kynyl,
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,

%g{{e@%@%hmon@ N(H) - i nnanyl car bonyl, 20 p)
N

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,



35 X and X" independently of one another represent a) branched or
straight-chain Cl-C5 al kyl, -12- b) substituted or unsubstituted
aryl, c) substituted or unsubstituted aral kyl or d) substituted or
unsubsti tuted heteroaryl, 5 Z represents a netal cation equivalent,
and where n 0, 1, 2 or 3. Preferred ‘cﬂ)%pounds according to the

i nvention of the formil a are di stl ngui shed in that 10 A
represents a) H@dr%@ﬂ't“tedtﬂ“)ﬁé {ed andh "ot hoxy, d) propoxy, 15 e)
Nve2, f) NEt2,¢ géub&lﬂatedha)ruNétlrlbsﬂtutéUaralk)rE@L 20 j) O Z. Further
preferred conmpounds rdrn her yentjon of the formula (I1)
are distinguish o Sypgtgfesior %’b%'ﬁ“é e ?%’Ia) hydroxyl, b) nethoxy,
c) ethoxy, d) NwMe2, e) NH2 or 30 f) N(H)-L. Parti cul arly preferred

conmpoungds the formula (I1) are
di sti ngrbgr s%q%&égéﬂ%a%télr&%te{%ﬁr% e\?rét[%ﬂBéS}Tda) hydr oxyl ,

wheren=0,1,2o0r 3.

Preferred compounds according to the invention of the formula (1l) are distinguished in that
10  A'represents
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.



_b) branched or straight-chain Cl-C5 al koxy or c¢) NH2. -13- Preferred
conpounds according to the invention of the fornula (Il) are

di stinguished in that A represents tert-butoxy. 5 Preferred
conmpounds according to the invention of H1e formula (11) are

di stinguished in that A represents NH2.” "Preferred conpounds

Chat 10 AR oK Pl kot B iRt e Bt Dt Bhap ety

i nvention Pofertrwmibrnul a (Il) are distinguished in that G

represents 15 @jn Bug;a%eyl b) branched or straight-chain O-Cl-C4

al kyl or ¢c) O Further preferred conpounds according to the
invention of the forrmula (11) are distinguished 20 in that G

repr es@nt Preferrby do@pylinddradedrdiigad eheidvéition lof BelBim@R AN rOalshnddished in that

al kyl . 25 Partlcu*arly preferred conpounds according to the invention
of the fof%iﬁ are distinguished in that G represents a)

hydr oxyl, b) m#t:hoxy, 30 c) ethoxy or d) tert-butoxy. Particularly
preferred conpounds according to the invention of the formula (I1)

are distinguished in that 35 G represents tert-butoxy.
Preferred compounds according to the invention of the formula (II) are distinguished in that

10  A'represents
ethoxy.

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



Preferred conpounds according to the invention of the formula (I1)
are distinguished in that -14- Rl and R2 represent a) hydrogen, b)
branched or straight-chain 18F-Cl-C5 al koxy, c¢) branched or
straight-chain 18F-Cl1-C5 alkyl, 5 d) bra %hed or straight-chain
18F- C3-C5 al kenyl e) branched or stra‘lg t-chain 18F-C3-C5 al kynyl,
f) hydroxy#a, % nched or straight-chain C1-C5 al kyl or h)
branched or ¥ %I r&ﬁfessﬂ in Cl-Cs al koxy, 10 with the proviso that
exactly one of a)héwysil:dmmltuents R1 or R2 contains exactly one 18F-

i sot ope and th§°3 e?s{ Vo‘?s%ﬁﬁ{c l-d,P@f;ld L@n%k&?nt ains no 18F i sotope,

wi th the provi d .0 én erred conpounds
according to tHd |bf@é¢iﬁdd¥i5€§ﬁlghh@aﬁfbr 153y, are di stinguished in

that ¥ R an%f%réﬁ&fe%&ﬁ@ira@%t&%@m o;alk anched or
strai ght-chain 18F straight-chain

C an
18F- C3- C5 al kyl® W?“H}eﬁr?éﬁga'gétrc '% P&Ht&cﬁﬁnﬁ '18F- C3-C5 al kenyl, 20
e) branched or ft rigidgdyyt,chai n 18F- C3-C5 al kynyl, f) hydroxyl, 9)

branched or str | ~or h branched or

straight-chain @19‘%”&]@% S%'\%ng?%ha%rﬁ%( CF8 ?’s%r t hat exactly one of the
substituents th)orbrmcfwdmrﬁtfﬁlshwd’amCst)ﬁlétoﬁi&BF- 25 isotope and the
respecty Vet BRy PMQétthétuéﬁcﬂy %n%y&rtﬂgesrlh séM.ul:r*?tstFﬁ“eorIOR@\ébﬁt‘élrIshé&acﬁiiL oh& "°F-

not hydrogen. eferre ounds accor tye 1nvention of 1he ]
formul a (IFgtops é”‘élﬂ@tfieﬁ@%ﬁ“%e@ef pukstifvent wptalgs BR[| EdBPe: Vi thparayisgupat R
consi st i ngis@bt A@foginhoxy, 1 8F-propoxy, 18F-ethyl and 18F- 30 propyl,

and R2 is hydrogen. A further particular subject nmatter of the

i nvention are conpounds of the general formula Il in which Rl

r epr esent sPreferred 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.



35 a) branched or straight-chain 18F C2 al koxy or Db) branched or
straight-chain 18F-C3 al kyl. Straight-chain 18F C2 al koxy

i S7T5F-et hoxy. -15- Straight-chain 18F C3 alkyl is 18F-propyl. A
further particular subject matter of the, invention are conpounds of
the general formula Il in which 5 R r'eb$“esents 18F- et hoxy or

18F- propyle.an re sent.s_hydrogen. Preferred conpounds according
to the |nvSet?atqq1 fap ‘Q-Ig 'E¥‘ ?'%? are disti ngw shed inthat L'

represents a) nmethyl, 10 b) et hyl, c) propyl, i sopropyl, Fle)

N S R AT TR

are distimyhic®hed in that L' represents 20 a) nethyl, b) ethyl or
c) ters- blHWépreQ@ff@WSOMO?ﬂbMyﬁ&]th@&ebﬁgéﬂEh?@rog&n.t he forml a

(I'l) which are |ikewi se preferred are 25 distinguished in that Z' is
selected fromthe group consisting of Na', K, Ca2+ and My2'. Z' is

pr ef er abl )Préfarred Iéombemrrdsdaccammdlse meeiod lolﬂﬂwetferrﬁtﬁl@ (IHrave aistivduished il @at
formula (I} |st|ngwshed in that Qrepresents 30 a)

N(H)-tert Lbutpoxycarbonyl b) N(H)-benzyl oxycarbonyl, c)
N-(tert-butoxy@areatyl) 2 or d) N=< X

10 b) ethyl,

c) propyl,

d) isopropyl,

e) -C;H;-OMe,

f} -CiH4-0O-CoH+~QOCH; 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



X' 35 -16- Further preferred conpounds according to the invention of
the formula (I1) are distinguished in that Qrepresents a)

N(H) -tert-butoxycarbonyl, 5 b) N-(tert-butoxycarbonyl)2 or c¢) N==<
X X' Particularly preferred conmpounds according to the invention
of the fornula (11) are 10 distinguished!®n that Q represents a)
N(H)-tert-butoxycarbonyl or b) N=< X X' 15 Particularly preferred
conpounds fAterF Bisfejradocanrounds aerardng b therevenBemof tﬁe(f?ﬂn)m%z/'l% are distinguished
di stingui sheshti n that Q represents N(H)-tert-butoxycarbonyl. 20
Preferred conpounds according to the invention of the formula (I1)
are disti nétﬁ‘? R¥M$ n that X and X' independently of one anot her
represent a) brandigtat-betokgdagidnybhai n C1-C5 al kyl, b) substituted

or unsybstitut LY.L .Qr ituted or unsubstituted aral kyl. 25
Furthe;é pref er Sbgda%%tﬁggnﬁﬁ%&c%%@)a%ﬁg to the invention of the formula
1) are distinguished in that X and X' independently of one

( p y

anot her represent a) branched or straight-chain C1-C5 al kyl or 30 b)
substituted or unsubs!&%d aryl .

X

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



~Particularly preferred conpounds according to the invention of the
formula (11) are distinguished in that -17- X and X' represent
phenyl or represent phenyl which is substituted in the 2-position.
The process for preparing the conpounds ,g_% the general formula (I1)
according to the invention is distinguishéd in that the plurality of

t he conpoux G N formula (l11) can .5 be forned.froma ..
conmpound :)j{' Q{]ﬁg ?éc’??e q%&ﬁl%r]yf?r ‘FBHS%U& %"?‘MU‘@B‘&@HL&W%Q ' {?Srg”p%'t’o”'

18F-i sotope. Process for preparing conpounds of the general formula

(rr) whi o i NG 2 t r Gl L) with

E LB 11 o) e Cohs, e daoing B o sRae b he ' dificldd il ] Shectliby o the
nedi canentNVerhepisutigtgnishedin that el rurglity iof thercompouhd racgerdingde formads (i can
of tunpur HaifeeHederdm akonigetndbf HETRRHIAGINEIdWRG HBEHWRN bf the!fsolobb.

for preparing a nmedicament for imaging of tunour disorders.

According to a further aspect, the present invention relates to
conpounds Pobcesh éorgeaermly cofmpommdsaof(the generBfo@URB(IQ (111) 20 in which

A" represgnt Lq)}nr{p%gglched or straight-chain Cl-C5 al koxy, b) branched
or straight-chal ydroxy Cl-C5 al koxy, 25 c¢) branched or

st rai ght - chai n rexaing @sonipkynd pOheforala(likyiith B 8fluGideal kyl , d)

N(Cl-¢d alkyl)2, e) NH2, f) N(H-L", or g) OL", 30 G' represents a)

O Z", b) branched or strai (r:]ht-chai n O Cl-C5 al kyl,
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-C;5 alkyl-(O-C4-C4 alkyl),-0-C4-C, alkyl
d) N(C4-Cs alkyl),,
e) NH,
fy  N(H)-L", or
g) O-LY

30
G" represents
a) 0O-Z"
b) branched or straight-chain O-C4-Cs alkyl,



-18- c¢) branched or straight-chain O C2-CS al kenyl, d) branched or
straight-chain O-Cl-C5 al kyl-(O Cl-C4 alkyl) O Cl1-C4 al kyl, e)
branched or straight-chain O C2-CS al kynyl or f) triphenyl nethoxy, 5
R3 and R4 represent- a) hydrogen, b) branched or straight-chain

E- C1-C5 al koxy, <c¢) branched or strai gh‘ti&har n E-C1-C5 al kyl, 10 d)
branched or strai %gt chain E-CZ-CS al kenyl, e) branched or

st rai ght - chai n ®- ¢rambed |k ghigipht-chein Qy‘hr‘é@ﬁeny@) branched or

strai ght - chai n d§1-tfeBnedeld)dr s@érghttehabr@mr@schue,n (Sl at SkylrREncChik gﬁ
al koxy, 15 al kyl ggr n ptiona E%r one or nore O, or
N wiih the pra 25 RO S CARISEUER (¢ cent s R of
contai ns an E and ttiftenyheshegt i ve ot her substituent contains no E,
with t e provi so that R3 is not hydrogen, E represents a |eaving
group, q represents a) N(H)-tert-butoxycarbonyl b)

N(H) - al I yIRianddrbyensgsent ¢) N(H) - benzyl oxycar bonyl , 25 d)
N( H) - et hoxycar b(gnM.{ dro gee), N( H) - rret hoxycar bonyl , f)
N( H) - pr opoxycar bonyI N(H)-2,2,2-trichl oroet hoxycarbonyl, h)

N(H) - 1, 1- di net H)I WW'N sggglpt)-cham E-C4-Cs alkoxy,
N(H) - 1- met hyl - lc)prtearydreamwggmb@rmﬁ E-Q4)Cs alkyl,

NE::I)D %ngfagﬁlt yl e‘ér}%{)g%'mé% Q‘fxrﬁl'gﬁisf%n%ut yl car bonyl ,
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,



.M N(H)-vinylcarbonyl, 35 n) N(H)-allylcarbonyl, o)

N(H) - adamant yl carbonyl, p) N(H)-di phenyl net hyl carbonyl, q)

N( H) - ci nnanyl carbonyl, -19- r) N(H-fornyl, s) N(H)-benzoyl, t)
N(H)-trityl, u) N(H)-p-methoxyphenyl di ph,f‘é‘l ylmethyl, 5 v)

N(H) - di (p- met hoxyphenyl ) phenyl methyl, N==< X X" w) or Xx)
N-(tert-butoxyc GRI ylﬁ%ﬁw L" represents 10 a) branched or
straight-chain Cl- , b) branched or straight-chain C2-C5

al kenyl c) bréhc%ﬂ)@?n@ﬂ.al ght chain Cl1-C5 al kyl-(O Cl1-C4 al kyl)
OC -4 al kyl J NDH)-Bried nched or straight-chain C2-C5 al kynyl, 15 X
and X" indepen ntr\%I of o Q@ represent a) branched or

strai ght-chain )Brrﬂ?} OXV #NEYiBReMINi®tBY: or unsubstituted aryl, c)
substi futed or Vl)lnNH}:—HI(ﬁ:Me&!ﬁb@bk@ﬂy@pb{ény@ﬁethﬂ) substituted or
unsubstituted heteroaryl,x 20 Z" represents a netal cation

equi val ent, and wh =0, 1, 2 or 3. Preferred conpounds
according to the inventiap.of the general fornmula (I11l) are 25

di stingui shed W) that A" Tepjesents a) branched or straight-chain

Cl- & al koxy Orx) W{teer’t_!%thoxycarbony])z,

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.



30 Further preferred conpounds according to the invention of the
general formula (I11) are distinguished in that A" represents a)

met hoxy, b) ethoxy, 35 c¢) NH2 or d) tert-butoxy. -20- Preferred
conpounds according to the invention of the general formula (lI11) are
di stinguished in that A" represents 5 rre@@mxy. Preferred conpounds
according to the invention of the general fornula (111) are

di stinguished in that A" represents 10 NH2. Preferred conpounds
accor di ng Rrefeiag covpadridsn agtortiing genthe alnveatiomulod (Hel Igenaae formula (1) are
di stingui screfd .inhéch%tt 'At‘ represents 15 ethoxy. Preferred conpounds
accordi ng BT PHE" T hVent'i on of the general formula (lI11) are

di sti ngui SKadpliepetthat A" represents 20 tert-butoxy. Preferred
conpourds accor,.ﬁétﬂﬁ)g;.o the invention of the general fornula (111) are
di stinguished in that G represents 25 a) branched or straight-chain
O Cl1-C5 al kyl, b) branched or straight-chain O C2-C5 al kenyl, c)

branched oprefeieal ghhp6liaisn a&&;&'m% t@l te¥ | mvehtfehr &4 eleK\ehefat Gbridla (Ill) are
al kyl or cf% tri ﬁhqﬁnyhr'{et hoxy. 30 Further preferred conpounds
accor di ng ¢IEHENSHPERRG on of the general formula (111) are
di st i ngui shigdpiesertithat
10 NH,.

Preferred compounds according to the invention of the general formula (lll} are
distinguished in that
A" represents

15 ethoxy.

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



~G' represents a) nethoxy, b) ethoxy, or 35 c) tert-butoxy.
Particularly preferred conpounds according to the invention of the
general fornmula (I11) are distinguished in that -21- G' represents
a) tert-butoxy. Preferred conpounds according to the invention of the
general formula (I1l) are 5 distingui U-in that R3 and R4
r epr esent ,,a%;?h drtogen, b) branched or straight-chain E-C -C5 al koxy,
c) branch& 'O E8FHai ght - chain E-C, -C5 al kyl, 10 d) branched or
st rai ght - chai n a- @&-B5toay.kenyl , e) branched or straight-chain E-C3-C5
al kynyl, f) hydroxyl, g) branched or straight-chain Cl1-C5 al kyl or
h) branched or straight-chain C1-C5 al koxy, 15 with the proviso that
exact |y offeefefred heorspdigdst gesardin@R3toorth@4ingeniioni 06 tha Beaerdl tfhenula () are
respecsi vaisahd\@shetiuRdtt uent contains no E, with the proviso that R3
is not hy g%%gn.4 Preferred conpounds according to the invention of
t he gener AieRe84M1t ) are distinguished in that 20 R3 and R4
represent a) haydhg@egenb) branched or straight-chain E-CZ-C4 al koxy,
c) branched or  straight-chain E-C3- al ky|, d) branched or
st rai ght - chai nbE- Ei‘?ir%ge%f’kgtfﬂﬁqhﬁ"cgsmgcbﬁéﬁh‘ﬂ% or straight-chain
E- C3- C5 al kynyk) bfgnchedncstesghtrchsinraCgltt atkplai n C1- C5 al kyl or Q)
branched or stai - I 2Ch o al koxy ~ W t he proviso that
exactly one of thg%ngﬁgﬁpfﬁ%hg@hg@égs‘(%’E(%Mi ns an E and the

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,



respective other substituent is hydrogen, with the proviso that R3 is
not hydrogen. 30 Preferred conpounds according to the invention of
the general formula (I11) are distinguished in that R3 and R4
represent a) hydrogen, 35 b) branched or stralght chain E-C2 al koxy,
c) branched or straight-chain E-C3 al kyl22d) branched or
straight-chain E-C3 al kenyl or e) branched or straight-chain E-C3

al kynyl, -22- ) HYEF¥XYI, g) branched or straight-chain Cl-C5 al kyl

or h) branchecg)orbrgﬂsdh@ugﬂfat;t;g:@[amhaﬂalc;gﬁ5 a;k&qqygy, with the proviso that
exactly one of t)hgu_ l’]).\etltuen 'it (15 5 I%ont ains an E and the 5
respective ot hdP SIBEHERTAENE e CofER an E A further

parti cul arw1ﬂ’uﬂ]aept0vrsat thet edctiyhend nf ¢t isobstiwents ®RipouR<oofairshen E and the

gener alg o nﬂ\éé é%er smbﬁthdd%%) °§9‘5rﬁ§ﬁ%hsf 10 a) branched or

strai ght C oxy or ranc or straight-chain E-C3
al kyl. Straight-chain E-C2 al koxy is E-ethoxy. Straight-chain E-C3

al kyl is Ex F!IrfPlBVbam&@alszb?g& hektePaf the Weﬂﬁo@b‘r@l c.%%fo[ﬁﬁdé 8f th@fgeﬁﬁgﬁ%l formula 111
in

i nvention are, conpounds of the general fornula
repr esent s" BN hoxy or E-propyl and R4 represents hydrogen 20 Eis a
| eavi ng grRUppmsksts i s known or obvious to the person skilled in the

art and which i described aor nt i exanpl e, in Synthese
(1982;% pages 8% ﬁ'gnc gtﬂrétr?ghg& l_ggg aﬂ(@a}(egl and Sundber g,

Or gani sche Syntijeswanghed 36 piraipblger=irtE-C<28|. Table 5.8; or Netscher,
Recent Res. Dev. Org. Chem, 2003, 7, 71-83, schenes 1, 2, 10 and 15

or in Jerry Mrch Advanced QO ganic Chem stry, 4th ed|t| on, John
Wl ey and %fﬁ\%“t"cbﬁ'niﬁi@z 8boahig Bsethops3), 25 without being limted

t hereto. 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



_ Preferred conpounds according to the invention of the general formula

(rrr) are

di stinguished in that E represents 30 hal ogen or

sul phonyl oxy. Preferred hal ogens are iodo, bronpo and chloro. 35
Preferred sul phonyl oxy are net hanesul ph | oxy,
trifl uoronet hanesul phonyl oxy, nonafl uorobutyl oxy, tosyloxy and

nosyl oxy. dgqifgz%[gé%%ﬂpgflpaf{pounds according to the invention of the

gener al
chl or o,

fornu
i represanis 5 c) net hanesul phonyl oxy, d)

are -23- distinguished in that E represents a)

trifluoronet hagfs%gnp,nyl oxy, €) nonafl uorobutyl oxy, O tosyloxy or

g) iodo.

10 Pre

erred conpounds according to the invention of the

general formul & (P[¥%are distinguished in that E represents a)

chl or o5

15 b) cpr eveharsuipRbMasgsul phonyl oxy, d)

trifluoromet hanesul.phonyl oxy, tosyl oxy or f) iodo. 20 Further
preferred comgﬁnﬁ'ﬁﬁﬁoﬁ?tﬁ?qv?ju&pgz’%@‘gnventi on of the general formla

(rrr) are

10

15

20

25

30

35

di se} ngunsfhuecbbiutylédyat E represents
fy tosyloxy or
g) iodo.

Preferred compounds according to the invention of the general formula (Il) are
distinguished in that
E represents

a) chloro,

b} bromo,

c¢) methanesulphonyloxy,

d) trifluoromethanesulphonyloxy,

e) tosyloxy or

f) iodo.

Further preferred compounds according to the invention of the general formula ({ll) are
distinguished in that
E represents

a) bromo,

b} methanesulphonyloxy,

d) ftrifluoromethanesulphonyloxy.

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

a) bromo, or

b) methanesulphonyloxy.

Preferred compounds according to the invention of the general formula (lll) are
distinguished in that
Q' represents

a) N(H)-tert-butoxycarbonyt,

b) N{H)-benzyloxycarbonyl,



a) bronmo, 25 b) net hanesul phonyl oxy, d) trifluoromethanesul phonyl oxy.
Particularly preferred conpounds according to the invention of the
general fornmula (I11) are distinguished in that 30 E represents a)
brono, or b) methanesul phonyl oxy. Preferred conmpounds according to
the invention of the general formula (I'I:H“are 35 distinguished in

that Q represents N(I—Cizz-tert-butoxycarbonyl, b)

N( H) - benzyl oxyc‘%rﬂﬂ%@‘l“",‘tw- 4- ¢) N(H-trityl or d) 5 Further
preferred conpafynds according to the invention of the general fornula
(1) are distingui shed)g.n that Q represents a)

N(H)-tert-but oxycar‘bﬁ or b) N=:< X X' 10 Preferred conpounds
according to the inventingn of the forrmula (I11) are distinguished in
that L" represents a) branched or straight-chain G-C5 alkyl, 15 b)
branched or straight-chain Cz-C5 al kenyl or c¢) branched or
straight-chain C2-C5 al kynyl. Preferred conmpounds according to the

'r2;;?2;gﬁ?sﬁ%gg%rgggﬁ%:cgmg%ﬂ&est %@ﬁ%rﬁﬁgg % ?r%’ﬁn%gﬁtgorf B Méa&enérél formula {lll) are
distinguished in that
Q' represents
a) N(H)-tert-butoxycarbonyl or
b)
~N 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



c) propyl, d) isopropyl, e) -CH4-Owe or 25 f) -C2H4- O C2H4- Ove.

" Further preferred conpounds according to the invention of the fornula
(I'11) are distinguished in that L" represents 30 a) nethyl, or b)
ethyl. Preferred conpounds according to the invention of the formula
(111) are distinguished in that X and 20~ ndependently of one

anot her represeqt -25- a) branched or straight-chain C1-C5 al kyl, b)
substituted or #n fﬂﬂ"f‘??ﬁfg&a'ﬁ?tﬁ?‘aﬁ‘ré‘éﬁf’ akdikyl . 5 Further preferred
conpounds accomblli Bgbdtitutedier Unsiubetitutea 20fl ckhe fornula (111) are

di st i ngui shed C';n ahan | X and X' independently of one anot her
represent a) branched or straight-chain C1-C5 al kyl or b)
substituted or unsubstituted aryl. 10 Particularly preferred

conpouyds FaRR&N Wi Fawvent f I A
di sti ngui s annG rofed %ﬁﬁ"ﬁﬁﬁ“a&x%??é?be@é%‘% “Sﬁ@%@{ﬂfgfe ‘%ﬁ@k@al(ﬂ()\ﬁ{ecﬂstgngunshed
substitut &4theh the 2-position. 15 Conpounds according to the

i nvent i onXxond Reinbdependeatiy bl dne aMdtidh rédresdnt kew se preferred are

di stingui shed i 2 tbhat hZC'I LS. S Ieglt.e féo%he group consi sting of
NA' , K, Cat' &hd Mt ErSt@&ﬁ'rc PErapty® RB°" According to a further
aspect, the pré})esubstiniedbr omsubkiitstededrdt es to t he use of conpounds of
20 thegformula (1V) for preparing conpounds of the fornula (1) or

(1r)y: R RE G" ONQ.. 0 (IV)
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-Cy4 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,



in which G'' represents a) branched or straight-chain O Cl-C5 al kyl,
25 b) branched or straight-chain O C2-C5 al kenyl, c) branched or
straight-chain O Cl1-C5 alkyl-(OCl-C4 alkyl) OCl1-C4 al kyl, d)
branched or straight-chain O C2-C5 al kynyl or e) triphenyl net hoxy,

30 R5 and R6 represent a) hydrogen, b)-4#ydroxyl, -26- c) branched or
straight-chain Cl1-C5 al kyl, d) branched or straight-chain Cl1-C5

al koxy or e) F&- pranchep\ar steiphichsit CoRadlkyl i nterrupt ed by one or

more 0, S or Nd)5 prahdhetite sPaightiRid OAL; skaeidry one of the
substituents R5 or , contains an E and the respective other

substituent corfPaifis=no E', with the proviso that R5 is not hydrogen,
E' repr eseaiky baing eptiorady grternypted Aok orregread,ehoisNa) branched or

straight-chai n..Cl- b r isght mehain. Cl1- C5.,

2t yt 25 B S iR B Saoty Pdac o M Sty ld oY RE GBhBIrETat e and the
st rai ght - oleapertiGRotasr subisfivent cont@nagno Ef wih dxeprowsajhat R’ is not hydrogen,
N-tert-butoxycarbonyl b) N-allyloxycarbonyl, c)

N-benzyl oxycar bonyl, 20 d) N-ethoxycarbonyl, e) N-methoxycarbonyl,

fji N-pr opoéy%%{?%ﬁﬁ/ﬁ,lead)r’gl‘@f%@, 2-trichl oroet hoxycar bonyl, h)

hydr ogen,

10 R’ represents
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,



25 i) N-1-nethyl-I-phenyl et hoxycarbonyl, j)

N- 1- met hyl - | - (4- bi phenyl yl ) et hoxycar bonyl, k) N-cycl obutyl carbonyl,
) N 1-nethylcyclobutylcarbonyl, m N-vinylcarbonyl, 30 n)

N-al | yl carbonyl, o) N adamantyl car bonyI ) N-di phenyl net hyl car bonyl ,

g) N-cinnanyl car bonyl r)y N-fornyl, 5- &Y "N benzoyl, t)

N(H -trityl, u) N rret)poxyphenyl d| phenyl met hyl, v)

N( H) - di ( p- met hoxyphe enyI methyl, -27- X w or x)
N-(tert-but oxycar bony and X' independently of one anot her

represent 5 a)wp ranched stdrai ght-chain C1-C5 al kyl, b)

substituted or Lins gstl t ed ﬁ\ﬂ Cc) substituted or unsubstituted
al kyl aryl or d)* u'ﬂ %cgro Bubstituted heteroaryl, and 10

where n 0, 1, 2 or 3. Particularly preferred conpounds according to

(ne L venti Qhodt ASELAUIIPo Vo fhcepdlBl 19 10 1 HhL S
branch&d or st rali ghenaiedian sPeight-@BimCkeEaylkyl, c) branched or

strai ght - chai n g9 Gly, gﬁu@dwluné@ﬂu i kyI) O Cl1-C4 alkyl or e)
triphenyl met hohé 20 Furt her rre ounds according to the

i nvention of t f%ﬁbﬁUPféd(quSLﬂ?S@tUéﬁds@’M@M @hed in that

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),



G'' represents a) nethoxy, b) ethoxy or 25 c) tert-butoxy.
Particularly preferred conpounds according to the invention of the
formula (1V) 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 -2®&scribed or nmentioned, for
exanpl e, in Synthese é1982) pages 85-125, Table 2, page 86; Carey
and 5undbem§10utjpgmﬂlr§ ¢rbthglate.-hese, (1995), pages 279-281, Table 5. 8:
or Netscher 35 Recent Res. Dev Org Chem, 2003, 7, 71-83, schenes

15 or in Jerry Advanced O ga Chem stry, 4t
edl t| on % RIFAGE| &9”‘8%"@0@00’65‘93&%& 5l dAPEaD- 8‘33‘?‘9 Qé%ﬁ’rawf)fg%‘ﬂ? H”) are
being i mmamguhaécﬁmhatPr ef erred conpounds according to the invention
of thesgenr:e:r formJIa (I'11) are distinguished in that 5 E
represents ﬁ%le%ge% or sul phonyl oxy. Preferred hal ogens are iodo,
bronbo and chl orfwlogeb®rPr ef erred sul phonyl oxy are net hanesul phonyl oxy,
trifluoronet ha 2, | oxy, nonafl uorobutyl oxy, tosyloxy and
nosyl oxy. Pr eferreg %ounds according to the invention of the
general formula (1V) are 15 distinguished in that E represents a)

chloro, bprefredhaldgensBidiode Dbabany kaste. 20 d)

trifl u,]%rorret hanesul phonyl oxy, e) nonafl uorobutyl oxy, f) tosyloxy or
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,



- g) iodo. 25 Preferred conpounds according to the invention of the
general fornmula (1V) are distinguished in that E represents a)
chloro, b) brono, 30 c) nethanesul phonyl oxy, d)
trifluoronethanesul phonyl oxy, ) nonaflyorobutyl oxy f) tosyl oxy or
g) iodo. 35 Preferred conpounds accordingio the invention of the

formula (1V) ar I St ' in that E represents a) brono, -29-
b) met hanesul phbgn%%%r,ﬁ&gﬂpﬁprﬁﬂ?)fwﬂoronet hanesul phonyl oxy, or «¢)
trifluoromesyl éhy trifBiormethanesytpbiosylmad oconpounds according to the

i nvention of t'%ﬁ fiuSHRedylogy. are distinguished in that E
represents a) chloro, b) brono, 10 c) net hanesul phonyl oxy, d)

trifluoromethanesul phonyl oxy, e) tosyloxy or f) iodo. 15
Par ti cl arfuythprr grefired EorRBPed s orRRPIodhd BivEtidnlte théWornliaQV) @fe &ibhguished

formul a (Ii'yh.' ﬁre di stinguished in that E represents a) brono or b
met hanesul'p 5 yl oxy.
E' represents
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)



20 Preferred conpounds according to the invention of the fornula (1V)
are distinguished in that Q represents a) N(H)-tert-butoxycarbonyl,
b) N(H)-benzyl oxycarbonyl, 25 ¢) N(H-trityl or d) N==< X X"
Further preferred conpounds according to_the invention of the formula
(I'V) are distinguished 30 in that Q réﬁ esents a)
N(H)-tert-butoxycarbonyl or b) -30- NX X' Preferred conpounds
according to the inventionywf the formula (1V) are distinguished in
that X and X' indep y of one another represent 5 a) branched
or straight-chain Cil- %?' b) substituted or unsubstituted aryl
or c) aral kyl. Further pref®rred conpounds according to the invention
of the formula (1V) are distinguished 10 in that X and X"

i ndependently of one another represent a) branched or straight-chain

Cl-C5 al kyl or b) substituted or unsubstituted aryl. 15 Particularly
pr ef err ed RiGfsedrrggraueds arcatfindtothe invantam af 8ie fermulRdM eredistinguistipd in that

are di stIﬂ%ﬂ&@%ép@n&myo}%n@aﬂbtﬁ%négaé@r&ent phenyl or phenyl which

is substituted in posj ti on. rIy preferred conpounds
accor dl%ng to thd |tﬁ9’é‘?ﬂeidc?ﬁ53?'9f‘§r‘1@'afrb¢hhf a<Y V) are 20 distinguished

in that RS and #¥6 supptitaerdr unsubstituted aryl or
c) aralkyl.

Further preferred compounds according to the invention of the formula (IV) are distinguished
10 inthat
X" and X" independently of one another represent
a) branched or straight-chain C¢-Cs alkyl or
b) substituted or unsubstituted aryi.

15 Particularly preferred compounds according to the invention of the formula (IV) are
distinguished in that
X' and X" represent phenyl or phenyl which is substituted in the 2-position.

Particularly preferred compounds according to the invention of the formula (V) are
20  distinguished in that
R® and R® represent
a) hydrogen,
b) hydroxyl,
c) branched or straight-chain C,-Cs alkyl,
25 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.

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,



.a) hydrog
25 d) bra
provi so t
and the

proviso t
accordi ng
that RS a
or straig
C3-C5 alk
substitue
substitue
nmesyl ogy,
f) tosylo
straight -

al kyl, c¢)
straight -

10

15

20

25

30

35

en, b) hydroxyl, c) branched or straight-chain G -C5 al kyl,
nched or straight-chain C1-C5 al koxy or e) R7-E', with the
hat exactly one of the substituents R5 or R6 contains an E
respective other substituent c ﬁ:al ns no E, with the

hat R5 is not hydrogen. 30 PartfYcularly preferred conpounds

to “afeib'?é’n%ﬂ&{i gpgtgi%@a"?’é‘@g#f?& %§é)ﬁ¥ﬁﬁrare di stingui shed in

nd R6 pr.esen oxyl, 35 c¢) branched
ht-ch& nREE'C5 al kyl, -31- d) branched or straight-chain

WK BE prBYisKAnE exdll hbr'Feth B‘Teogub%ﬂﬂen{%t REXACK Xor‘&?ﬁg ?Jn ENSnd the

nts R5 or R6 contalns an respective o
FRSPEBIHERAY sygstituentsoptainsdiy Bsent s a) chI oro, b) bronpb, c¢)
10 d) trlfluoronethylsulphonyloxy, e) nonafl uor obutyl oxy,
y i odo, 15 R represents a) branched or

?h'ﬁpﬁes&%s% al koxy, b) branched or straight-chain Cl-C5

br anapedhloro,st rai ght -chain C2-C5 al kenyl or d) branched or

chai nbg:zbg?nél kynyl. 20
c) mesyloxy,
d) ftrifluoromethylsulphonyloxy,
e) nonaflucrobutyloxy,
f) tosyloxy or
g) iodo,

R’ represents
a) branched or straight-chain C4-Cs alkoxy,
b) branched or straight-chain C4-Cs alkyl,
c) branched or straight-chain C,-Cs alkenyl or
d) branched or straight-chain C,-Cs alkynyl.

According to a further aspect, the present invention relates to an imaging kit comprising
compounds of the general formula 11l or V.

According to a further aspect, the present invention relates to pharmaceutical compositions
comprising compounds of the general formula i, If, Il or IV and suitable pharmaceutical
carrier substances.

Compounds of the formula | or Il are characterized in that the compounds are suitable for
imaging in a dosage range of 37-600 MBq.

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.

Compounds of the formula | or Il 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.



According to a further aspect, the present invention relates to an

I magi ng kit conprising conpounds of the general formula Il or IV.
According to a further aspect, the present invention relates to
phar maceut i caI conpositions 25 conpri si conpounds of the general
formula I, [1l or 1V and suitable p fraceutical carrier

that. ?ESEMEE Yo wRbetbe domheinds g geRakeaouagh FrifieccsRing to the

37- 600 MBdnvedflofrise tistimgaishednp doastdsostf oftthe chmpouhds of the fotmaadl) or (Il) can be
h t '

char act et 165 8 Bl 13, S OUBS B £ comBL L L Sl bERUS D 2

the use as nedi canent. 35 Conpounds of the formula | or Il for use

for the i ”‘ﬁ@ﬁ?gsérﬁlﬁvémrreﬁke%ocb%ﬁw%ouﬁ&f‘of@ﬁe ?%’IEQPQW&%[Q Iv.he formula

I, I'l, 11l or IV for producing a nedi cament the inmmging in
turmur di sorders. -32- The process for preparing the conpounds of the
gener al fq:l’amlldwar(\/lﬁref@freﬂ Fdr)intARRiGeihd ity *F Gsotdpe arénvention i s

di stinguis h t of t u fo.the formu

(1) can bt e, gt Ty SRae Rt Siber fig K iar ibalth gty oo
t he generdiryﬁtoﬁxrﬁﬁ&:)(l\/). 5 The present invention relates to

corrpoa gthe general formula (1V). Particularly preferred for

i ntroduc Er;Lgthe 18F isotope are 4, 7, 13, 16, 21,

24- hexaoxd3 1:10- di azabi cycl of 8. 8. 8] hexacosane K18F (crone ether salt
Kryptofix 44d8f), 10 K18F, H18F, KHL8F2, Cs18F, Nal8F or 15 18F
tetraal kyI r{ﬂpnl umsalt (for exanple [F- 18] t et rabut yl anmoni um

fluoride). e present invention relates to conpounds of the general
formula (INa'® of11) and processes wherein the fl uori ne i sot ope 18F

Formiy (17 o BRI o e RER e B i o) o "Gy

the invention contains one or nore centres of chlrallty, t he present

i nvention 'ﬁ@ﬁr@%‘rﬁ uﬁ)ehtuérPFe@eé)fo EdMhSound BRthe! Jrk kAl rHhuR {1y HOFFhRA Brocesses
di astereoners, wt 18
wherein the ﬂuorme 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



provi so that the substituent R1I-R6 is present in S configuration. In

‘ cases where a carbon- carbon double bond is present, both the "cis"

and "trans" isoner formpart of the present 25-invention. In cases
where tautoneric fornms may be present, such as, for exanple,

ket o-enol tautonerism the present |nv‘e$r°tron errbraces all tautomeric
forms, but thesefo may be. ese |n eqwllbrlumor preferably,

in one f oS A& ccﬁ‘(%% s CYFinp riglo (SRLRIRAING. Y@M | CAHFRCMAei testes
pr ef er r ed cerdrathayanélanane, amaﬂi-celB@n@SnoﬁEsfhaﬂadﬁI‘lirSncthlQ:a@@ﬁfﬂﬁa{n@%prstic oral
e 207 en s Bl b S8 DR, b bR R, ROt anc
physi ol oglh@anowngammengmaastcmen @qsamm]'mwé caminoumagd sneurglogical cancer
pref er gbl Bﬂléfb%%i's nﬂ:llﬁ HQer‘robﬁgl%ﬁiaV er o lﬁﬁ:%%ﬁ]maa%@%gér Ol F?\%Hmﬂfdﬂ%” soft

or ani mal body ar i cul arl e Co oun s of
gener al f&‘FT’Hﬁ a?afcoﬁﬂa I \‘a%{'&%’Eﬁ*W%gartdo etnﬁecr'rien@mwran ingheflingh eitpiitary  adenoma,

preferred carﬂnmbyrmn:t Pabdanghaifla,| Hheﬁ*ﬁ&?olﬁgrézﬂrtgﬁbﬁr e‘soﬂd\é@%luaﬂngqyrﬂsﬁo‘ina and
nomas O

Ex | f

gagmr) 0|e?1t 2 u[k%%%'as pr '@8{38%&? 8{1 net(?fz'&‘? tu”?q“(/“g?’eetéqr@idr?@ﬁﬁe pancr eas

car ci nonm,Thkicdmppucds of thermenetal futdela !cmrll_cacmrmng tohyre div@ntidBand their preferred
i RgN], , 0 qvar .

car o o o PoBFerS Ere Bt AP Wepe ARG AL AL N GRanREEE mopr diprcers

bronchi al Ed‘éﬁ‘@leﬁo?fasucby@m%lﬁtdi@fdﬁf%llafe mgs@me%mt theo gastrdimtestivial er oolatectal

cancer; bﬁ:@@ﬁ‘ilv&a&{-‘r&homhnPéh@éé&JcQ@iﬁHRBekﬂﬁQ@Egl%fﬁron'?an@ladder carcinoma, thyroid
hornDne |ndePendent breast cancer, squanmous cell carc¢i noma

neur ol ogi C&° rt?&i?celpr%s"réfesoF?f@’Pgmﬁnc?rﬂRﬂW\e‘é”?{elﬁa%}% orf¥aryg| §aspaoma,  testes

ﬁSt r ocyt oraicinsiz: oselasana, srﬁEInbélgamon-“sﬂ‘féll cellHﬁ&Mﬁ\aéF&fa?&rﬁ@na dysplastic oral
aemangi 0 L tumour,s, i ncluding pitui

nacrTeRg) O 388 SR 15k VA Sap I A S i BSP epancant a

i ncl udi ng hbymyteaindeardent dukast ntaser, osquartast aséscatinoma, ofeurdiegical cancer

tunours ”%%Bfo%?@%cﬁm%r?enet}_ Qﬁla%tgﬁﬁﬁopﬂgﬁ %stﬁo@@agﬁnggt%h%é g&ﬂyl %e’wmgiroma soft

according to the 1 nvention an err
used for PHFB[FaCRIFGME: nRaANNGEGR fand tenéomnggﬁmtgs,oﬂnceuﬁmrpituitary adenoma,

di sor der s chrofcapiohRs @Fag@%@%ﬁ#mha@d@?)ééj%ﬁo@ﬁ §isHRabkisORRIBRg Hmbitfna and
gastr nt ? Ll&l nal or col orect a]J Iver carcinonme, pancreas

carci rEREy: VAPERREHES °b‘?r§cﬂ§ eté‘H}oé‘f%’Bﬁﬁtm”PHfPBY%l car ci nons,

prostrate: carci noma, endonetrial carcinom, ovary carci nona, testes

- i al
carc noma "8 BERrA8R ooeesBllal BB ot 9L sy o
breast ca Prmuﬂﬁ(blihdili nlgl\/rmtkmmadb@‘m@enﬁcaﬂy\dcca}n{ﬁh{mcﬂwemdependent

breast cancer, squanous cell carC|nona neur ol ogi cal cancer

di sorders_i ncl udi ng neur obl astomm, glioma, astrocytoma, osteosarcona,
meni n §O o the)pge of the compounds of the formula I, II, 1l or IV as medicaments, they are brought

:nto 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 |



ti ssue sarcoma; haemangi oma and endocrine tunmours, including
pituitary adenoma, chronocytona, paraganglioma, haenatol ogi ca
tunour di sorders including | ynphoma and 20 | eukaem as; or netastases
of one of the tunmpurs nmentioned above. The invention relates to
phar maceuti cal preparations conprising a%4teast one conpound of the
formula I, 11, I'll or 1V and also a pharnmaceutically acceptable
carrier. 25 To the use of the conpounds %f the formula I, 11, IIl or
|V as nedi canents, they are brought® inf§ th& formof a
phar maceuti cal preparation which, i [ to the active compound,
conpri ses pharmaceutical organicp f'c Tt@ert carrier materials
suitable for enteral or parenteral tration, such as, for
exanpl e, water, gelatine, gum Arabic, Rlactldde, st@arch, magnesium
stearate, talcum vegetable oils, polyal kylene glycols, etc. 30 The
invention relates to a kit conprising at |east one conpound of the
formula I, I'l, I1l, or I'V. 1) Conpounds of the general fornula
-34- -2 OAG RNH (1) in which Arepresents 5 a) hydroxyl, b)
branched onwiaghai ght -chai n Cl-C5 al koxy, c¢) branched or
strai ght -c/{gﬁ%prg %L%r oxy Cl-C5 al koxy, d) branched or straight-chain
O C1- G5 al ky -? 1-C4 alkyl), OCl-C4 alkyl, e) N(C1-C5 alkyl)2, 10
f) NH29 g) N(H-LwdraxyybOL or i) OZ 15 Grepresents a) hydroxyl,
b) G2 b) br a%ﬂﬁaﬁ&heatdr%trﬂpht&ﬂﬁi 0.-&; Slkokp al kyl, c) branched or
c
d)

straight-chain %Zrér%\eglol§%pr¥ight~chain hydroxy C4-Cs alkoxy,

branched or straight-chain O-C4-C;5 alkyl-{O-C1-Cs alkyy-0-C4-C4 alkyl,
e) N(Cy-Cs alkyl)s,
10 f)  NHa,
g) N(H)-L,
h) 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



20 d) branched or straight-chain O Cl1-C5 al kyl-(O Cl-C4 al kyl)

" OCl-A4 alkyl, e) branched or straight-chain O C2-C5 al kynyl or f)
tri phenyl net hoxy, Rl and R2 represent 25 a) hydrogen, b) branched or
strai ght-chain 78F-C2-C5 al koxy, c¢) brapnched or straight-chain
18F-C1-C5 al kyl, d) branched or strai ghf2chain 18F-C2-C5 al kenyl,

e) branched or straight-chain 18F-C2-C5 al kynyl,.. 30 f) hydroxyl, g
branched or st ﬁgﬁdﬁ? gFtYectheEsulsityent sontalns ;. A iseirpeg With the PVOV'SO%hat R
st rai ght - chai n idstGydedgkeoxy, with the proviso that one of the
substituents RL or R2 contains exactly one 18F isotope -35- and the
respective other substituent contains no 18F isotope, with the

provi so t hdEprRsentss not hydrogen, L represents 5 a) branched or
straight-chai n £1- k e strai ght-chain C2-C5

al kenyl, ¢) br ety ?téﬁgw%%ﬁ?nét%& al kyl - (O-CL-C4 al kyl)

O Cl-C4 al kyl & HbigndbedResEidirehain Ga-ghalkemhi n C2- G5 al kynyl, 10 Z
represents a nej albr@hkddr s@alhMadRN C,-8N8ikybet ecpakyIN-0-B,-C Myl &  2)
Conpounds accor |%g tg1 gl ai m'lht har(ﬁéﬁerge in that A represénts
hydroxyl, 15 BYakiHEGeder sY9id 'g%'fa'- SPhABIYES al koxy or NH2. 3)
Compound according to Claim1 or 2, characterized in that A
repreggnts NH2. rdi y of Clains | to 3,

char a?:tgeri zed ian%%Eegtgﬁc%%qﬂg@s%ﬁ@&eggwfhefaﬁ@m t he group consi sting of
18F- nmet hoxy, 18F-ethoxy, 78F-propoxy, 18F-ethyl and 18F- propyl, and
R2 i's hydrogenyrele Fenpqupgrgccording to any of Clainms 1 to 3,
characterized in that R represents 18F and R2 represents hydrogen.
25 6) Conpound according to any of Clainms 1 to 5, characterized in
that G is25el ecortbounds 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:



fromthe group consisting of hydroxyl and branched or straight-chain
O Cl-C4 alkyl. 7) Conpound according to Claim6, characterized in
that Gis nmethoxy. 30 8) Conpound according to any of Cains 1 to 7,
characterized in that Z is selected from the group consisting of
Myt', Ca 2+, Na' and K. 9) Conpound accod@ing to daim1, selected
fromthe group of cogpounds ofpthe 35 fornulae: -36- O O H2N - COH
NH2 18F a) O O HO NH2 Fb) OO HO"k: OH N2 18 5¢c) F O

O HZNOH NH2 is - OH 0 NH2 18FS e)
H,N OH

18
a) F
0 0
HO x OH
56 NH,
18
b) F
o) 0
HO x OH
{ NH,
18
5 c) F
o) 0
H,N v OH
§ NH,
18
d) F
0 0
Sé NH,
18
e) F

10



.10 -37- OOH2N OH ONH2 18 C F 10) Conpounds of the general
formula (Il1): ORR O A G 1 Q{A 5 in which A represents a)

hydr oxyl, 10 b) branched or straight-chain Cl-C5 al koxy, c¢) branched
or straight-chain hydroxy Cl-C5 al koxy, g?/ branched or straight-chain
O Cl-C5 alkyl-(OCl-C4 alkyl) OCl-C4 alkyl, e) N(C1-C5 alkyl)2, f)
NH2, 15 g) N(H-L'Q h) OLQO G represents a) hydroxyl, 20 b)

O Z, c) branched orl{strai ght-chain O Cl-C5 alkyl, d) branched or
strai ght-chain - Cgal YISo|) branched or straight-chain O Cl-C5
al kyl - (O Cl-c4 atkyl) Z0-c1{c4 alkyl, f) branched or straight-chain

O C2-C5 al kynyl or 25%) tWNHphenyl methoxy, Rl and R2 represent -38-
a) hydrogen,
18

f) F

10)  Compounds of the general formula (11):

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



i) branched or straight-chain 18F- C2-C5 al koxy, |j) branched or
straight-chain 18F-Cl1-C5 al kyl, k) branched or straight-chain
18F-C2-C5 al kenyl, 5 1) branched or straight-chain 18F C2-C5 al kynyl,
m hydroxyl, n) branched or straight-chain CL-C5 al kyl or 0)
branched or straight-chain Cl-C5 al koxy;3&rth the proviso that
exactly one of the substituents Rl or R2 contains exactly 10 one 18F
i sotope and the r AJWEG9FE: ot her substituent contains no 18F i sot ope,
with the proviso tihajrafthetor 8Raightychan0eR.C.Qrapxgsent s a)

N(H) -tert-but oxycar honyl 15 b)), N(H) -allyl oxycarbonyl, c
Nglt?)-benzyl oxyc)altr HL%{F‘P’{CHGS)OFRﬁﬁébté%zé‘%b%%ﬁﬁ e) Y :
N( H) - met hoxycar borlg | hrandhed N biraighteghainy CeiCaelydlkengl e)

N(H) - 2,62, 2-tri chl Lehairl® +oi met hyl »
NCH) - 15t yl - 1 pRLr PR eaaAcneir’y fledlo it TEL VL propyivt, o)

N( H) - 1- et hyl - 1- (400WgFHY1 yl ) et hoxycar bonyl, i)
NE L)D -cycl f)but %I Ca{th:fithﬁeéb%rbﬁrlaibﬁﬂ-‘ahagrO}“—CL"ﬂk |>eﬁl( %)ut é' car ?olnyl " k) |
- vi nyl car bonyl -al ly] car bonyl., - adamant yl car bonyl ,
n) N(H) -di phenyl n&)hﬁf%%ﬁéeﬂ&ﬁﬁlr?léktﬁa&gﬁkﬂﬁ-k Phnany! car bonyl , p)
N(H-fornyl, q) MNith theempayd thatrekadlythned of thel subsfituents R' or R? contains exactly

N( H) - praret hoxydi phenyls . . . 18
N(H) - SIIO?S - et hoxyp né%ynyF;%%)ﬂééﬁl Fﬁgtﬂ{% Ire,s:pec’uve 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)



u) -39- N X" or vVv) N (tert-butoxycarbonyl)2, L' represents 5 a)

" branched or straight-chain C1-C5 alkyl, b) branched or
straight-chain C2-C5 al kenyl, c¢) branched or straight-chain CL-C5

al kyl - (O C1l-C4 alkyl) OCL-C4 al kyl or branched or straight-chain

C2-C5 al kynyl,

substituted or

10 X and X" independent |y’ 0f one another represent a)

branched or straight-chain ,L1-C5 al kyl, b) substituted or
unsubstituted aryl \c) su ituted or unsubstituted aral kyl or d)

unsubsS¥FT ed heteroaryl, 15 Z' represents a netal

cation equivalent, and where n = 0, 1, 2 or 3. 20 11) Conpounds
according to Caim 10, charact®rized in that A represents hydroxyl,

branched or strai ght CmﬁLé}tg&m RNy or NH2. 12) Conpounds

according to Claim1l

aracterized’rn that A represents nethoxy.

25 13) Conpounds according to any of Clainms 10 to 12, characterized
inthat RL is S_Gietpeésédts fromthe gr oup consi sting of 18F-ethoxy,

18F- prgpoxy, ' BF- e o] 7 E- d i s hydrogen. 14)
Conpouﬁd accordi n& t% r}fﬁ'ﬁa gﬁr@%%océi% *i@% characterized in that G
is selected 30 f@nh%ﬂ@e@ma@aaght@asﬁcﬁ@s akery,dr oxyI and branched

characteri zed 1 ChaE edet Staignt chih GROPARIOACEC AR GBS oT &

any of C ains

10 tdé)b:[@Chéﬁ@f sicaightrchai %—pwmnyz is sel ect ed 35 from

the group consisting of Na', K, Ca2+ and My2'. -40- 17) Conpound

accor ng to a
7’

sel ected from

cl to 16, characterized in that Qis
”%?(olﬁ’gel??ﬂféingl' PhNEANOGELyeREFI hut oxycar bony!

N( H) - benzyl oxycar lpmydncasd or straight-chain C4-Cs alkyi,

15
20 11)
12)
25  13)
14)
30
15)
16)
35

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®".



N==< X, X" in which 5 X and X' independently of one anot her
represent a) branched or straight-chain CL-C5 al kyl, b) substituted
or unsubstituted aryl, c¢) substituted or unsubstituted aral kyl or d)
substituted or unsubstituted heteroaryl. 10 18) Conpound accordi ng
to Claim17 characterized in that Q rem‘@@ents N(H)-tert-

but oxycar bonyl . 19) Process for preparing conpounds of the general
formul a (I)acce?raprehdtascaiiingto anysf&laimss! Otor 1§, ghamgriesired Biippt Qds selected

renovi ng one orfrditR @oas E6ridistag of NDSebBmRPéarbsnyd N(eIFpenAtbxgtarbbeyl and
formula (11) according to any of Clains 10 to 18. 20 20) Process for

preparing corrpoqus of X’he general formula (11) according to any of
Clainms 10 to 18, Nzi:rgcorrprises - reacting a conpound of the fornula
(I'11) according to & gn,24 with F-18 fluoride. 25 21) Conpounds
according to any of Cdrns 1 to 18 for use as nedi canents. 22)
Compounds according to any of Clains 1 to 18 for use for inmaging in
tumour  di sordeP¥hiBO0 23) " Use of compounds according to any of C ains

1 to 1& for prepanhtny irdepefdsayRnbne hfdthérregiedgnti n t unour di sorders.
24) Conpounds of tar}ebr];géhrgéloa}s{rlailgl'ﬂ)-cha?nSC;- 5lélk39|, R4 O A 0.
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



R3 0 (Vt) in which A" represents 5 a) branched or straight-chain

" C1-C5 al koxy, b) branched or straight-chain hydroxy Cl1-C5 al koxy, c)
branched or straight-chain OCL-C5 alkyl-(OC -C4 alkyl) OC -4

al kyl, d) N(CL-C5 alkyl)2, e) NH2, 10 ﬁN(H)-U g N(H-L", or

h) OL", G represents 15 a) O Z", b) branched or straight-chain

O C1-CS al kyl, c¢) branched or straight-chain O Cs-CS al kenyl, d)
branched or straight-chain O Cl- al ky4 (O g1-C4 alkyl) OCL-C4

al kyl, e) branched or straight-dhain Cz- al kynyl or 20 f)

tri phenyl met hoxy, R3 and R4 repplesent ogen, b) branched or
straight-chain E-C2-CS al koxy"’ -strai ght-chain

E-C -C5 alkyl, d) branched or straight-chHain E-C2-C5 al kenyl, e)
branched or straight-chain E-C2-C5 &#kynyRQ" 0 hydpg)(yl, g) branched
or straight-chain C -C5 alkyl or 30 h) branched or Straight-chain

C -C5 al koxy, with the proviso that exactly one of the substituents
R3 or R4 contains an E and the respective other substituent contains
no E, with theipwbighso that R3 is not hydrogen, -42- E represents a)

chloro, 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
hy 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,



b) brono, 5 c¢) nmethanesul phonyl oxy, d) trifluoromethyl sul phonyl oxy,

e) nonafl uorobutyl oxy, tosyloxy or g) iodo, 10 Q represents a)
N(H) -tert-but oxycarbonyl b) N(H)-allyl oxycarbonyl, c)

N( H) - benzyl oxycar bonyl, 15 d) N(H)-ethoxycarbonyl, e)

N( H) - met hoxycar bonyl, f) N(H)-propoxyceddenyl, g)

N(H) -2, 2, 2-trichl oroet hoxycarbonyl, h) N(H)-1, 1-di net hyl propynyl, 20
i) N(H)-1-nethyl-1-phenyl et hoxycarbonyl, j)

N(H) - 1-net hyl -Ig éb rd Eenyl yl ) et hoxycar bonyI k)

N(H) - cycl obut yl car bo [) N(H)-1-methyl cycl obut yl carbonyl, m

N( H) - vi nyl car bony!?3) Ci'é’fﬁ) N(H) - al | yl carbonyl, 0)

N( H) - adamant yl carhgrubmop) N( H) - di phenyl nmet hyI carbonyl, q)

N( H) - | carbo I, 30 s) N(H-b I, ot
N LBy oy OB B paY BRmyi et hy) vy

N( H) - di ( p- met hoxy phidrifiorpinethylsaiphbrglioxy, \ N X' w) X or 35 Xx)
N-(tert-butoxycar bé:}de)aauorobutyioxy,
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,

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



~ -43- L" represents a) branched or straight-chain C1-C5 al kyl, D)
branched or straight-chain C2-C5 al kenyl, c¢) branched or
straight-chain C -C5 alkyl-(OC -4 alkyl) OCL-C4 alkyl or 5 d)
branched or straight-chain CZ-C5 al kynyl,. X and X' independently of
one anot her represent a) branched or s't‘}%l ght-chain Cl1-C5 al kyl, b)
substituted or “’ng‘igét'%“t ed aryl, 10 c) substituted or unsubstitut ed
al kyl aryl or uted or unsubstltut ed heteroaryl Z"
represents a net ala)danarrd egsiraighterain G#ads alllere n = 0, 1 2 or 3. 15

Ch Tormia (1] o) opfjsnodgr pkildiald chc fé‘%’?’epa”zggi Sowhion &
represents a) br arfeRENHed O Fté@'gl}‘ftd“@ﬁ'aﬁ;1ncﬁ|bd-(@£1a¢k§4kyi)n -6 @foherd

or straight-chai n dPukEndhed af keayht-chan drengkad or straight-chain
O Cl-C5 al kyl-(OCl-C4 al kyl), gOH'Cl agﬂ ik 25 d) branched or

straight-chain O Cs-C5 al kynyl or e) tri phenyl met hoxy, R5 and R6
represent a) hydeod)Xhindeéndeniihpiisrexarathes yedresanthed or strai ght-chain

C1-G5 alkyl, d) brARchRfelor S UL O afgh; & & koxy or -44- e)
’ b) substituted or unsubstituted aryl,
10 ¢) substituted or unsubstituted alkylary! or

d) substituted or unsubstituted heteroaryi,

Z" represents a metal cation equivalent, and
wheren=0,1,2o0r3.

15 25)  Use of compounds of the formula (IV) for preparing compounds of the formula (I) or

ay:

20 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,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



with the proviso that exactly one of the substituents R5 or R6

contains an E and the respective other substituent contains no E,
wth the proviso that R5 is not hydrogen, 5 E represents a)

chloro, b) brono, c) methanesul phonyl ox 10 d)

trifluoronethanesul phonyl oxy, ) nonafl®ofobutyl oxy, f) tosyloxy or

g) iodo, R7 repre eir% 15 a) branched or straight-chain C2-C5 al koxy,

b) branched or str F.chain Cl-C5 al kyl, c) branched or

strai ght - chai n C2-v@th thekemydo that exbctlpoas ohthe substitterds §itor ®iabmiaitd-o65" and

al kynyl, 20 Q" y 5
N-al | yl oxycar bonyltﬁg gj%%\genzeméb%géjﬁg%&ﬁgﬁg %O%%tﬂ BE6 Sgnt{/]?t RZ? fot
e) N net hoxycar bortydrogeft) N- pr opoxycar bonyl , ,
N-2,2,2-trichloroethoxycarbonyl, h) hydrogen, i )
N-1-met hyl - | - phenyl et hoxycar bonyl 30 j)
N-1- met hyl - 1- (4= BEMR&#YE y1 ) et hoxycar bonyl, k) N-cycl obut yl car bonyl ,
) N-1-nmethyl cycl ahwhydrear bonyl, m N-vinyl carbonyl, n)
N-al | yl car bonyl , 38 t%?)m'c\},_ adamant yl car bonyl , -

¢) methanesulphonyloxy,

10 d) trifluoromethanesulphonyloxy,
e} nonafluorobutyloxy,
f) tosyloxy or

g} iodo,

R represents
15 a) branched or straight-chain C,-Cs alkoxy,
b) branched or straight-chain C4-Cs alkyl,
¢} branched or straight-chain C,-Cs alkeny! or
d) branched or straight-chain C,-Cs alkynyl,

20 Q" represents
a) N-tert-butoxycarbonyl
b) N-allyloxycarbonyl,
c} N-benzyloxycarbonyl,
d) N-ethoxycarbonyl,
25 e) N-methoxycarbonyl,
f) N-propoxycarbonyl,
g) N-2,2,2-trichloroethoxycarbonyl,
h} hydrogen,
i} N-1-methyi-1-phenylethoxycarbonyl,
30 B} N-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N-cyclobutylcarbonyl,
[} N-1-methylcyclobutylcarbonyl,
m) N-vinylcarbonyl,
n} N-allylcarbonyl,
35 o) N-adamantylcarbonyl,
p) N-diphenylmethyicarbonyl,
g} N-cinnamylcarbonyl,



p) N-di phenyl net hyl carbonyl, q) N-cinnanyl carbonyl, -45- r)

" N-fornyl,

s) N-benzoyl, t) N(H-trityl, u)

N( H) - p- met hoxyphenyl di phenyl nethyl, 5 v)
N( H) - di ( p- met hoxyphenyl ) phenyl net hyl , XA%W) X or Xx)

N-(tert-butoxycarbonyl)2, X and X' indep
repr esent

ndently of one anot her
10 a) a}@_%}ﬁg! or straight-chain C1-C5 al kyl, b)

substituted or unsubstituted aryl, c¢) substituted or unsubstituted
al kylaryl or d) suBs¥PEOAXH or unsubstituted heteroaryl, and 15
where n = 0, 1, 2 prN@y-tdgl) | megi ng kit, conprising conpounds of the

gener al

formula I1] | V. 15) Phar eutical conposition, conprising
d’@r{g@?m%&‘ﬁzﬂpﬁePY‘%E?“yﬁm?thy@0 or 1V and suitable

conpounds of the .
phar medeut i cal caniNH)gi(pstenegehe3Oph&ompetipids accordi ng to any of
Clains 1 to 9, 10 to %E:\,{%a%gt-corrpounds of the general formula IV,

characterized in that
dosage range of 37-600

onpounds are suitable for imaging in a
25 31) Conpounds according to C ai m 30,

characterized in tfat the c ougids are particularly suitab!e in a
dosage range of 15 - 370 MB npounds according to the invention
3 Niahd ety

in which the [F-1

1oned via a 30 nethylene group

in the 4-position of the glutam c acid skeleton, such as, for

exanple, in 48’)(‘%56%%@9‘:!?%@@&)%% %‘R&'ﬁ%{%&%g t1, can be prepared as

shown in Schene 3 €
Pi ve groups foransied orpisrigbt-chaiif ¢ o€dglkylne conpound

prote

e acidic renoval of the

4S- [ F- 18] f | uor onetgyw gbtbteliof uasitdtititdchr ding to the invention. -46-

HO4 OH )& 0 O

15

20

25

30

¢) substituted or unsubstituted alkylary] or
d) substituted or unsubstituted heteroaryl, and

wheren=0,1,2or 3.

14)  Imaging kit, comprising compounds of the general formula Il or V.

15) Pharmaceutical composition, comprising compounds of the general formula |, II, Il
or IV and suitable pharmaceutical carrier substances.

30) Compounds accerding 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.

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
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.



oj< 18F% NH2 18F/ HN, R7 1 2 Schenme 7 R7 = protective group, e.g.
trityl, Boc, etc. Here, various organic (for exanple trifluoroacetic
acid), but especially inorganic acids, such as, for exanple,

hydr obrom ¢ acid, hydrochloric acid, sul phuric acid, perchloric acid
or phosphoric acid may be used. The coﬂﬁ%und 2 according to the
invention of the fornmula (1) 5 can be purified by HPLC, where, in

principle, variousQurifi c tion st eps may beQcarried out; upstream or
downstream such ag{_f npl e, ﬁ\atl n qq a JRP- cartridge
or other separdldng¥hat r| aPd. The radfoclenal I udti nation of

tosylate 3, which §/synNH§5| zed anal ogousl y pa n;et hod 10
described in the literature (Chem Pharm Buf1.,, 17,R'5 (1969),
879-885) from4 (Tetrahedron, 45, 5, (1989) 1453- 1464) to the

[ F-18] - | abel | ed gBtHemwi7c acid derivative 2 can be carried out using
met hods known to the person skill e®’kErproteedivagroupses tdghBokeB) . 0 ok
HOB HN, R7 4 1 >~00k >~>O-V V0 HN'- 1 t8F%, R7T % N7 2 0% S

O HR p ﬁere%&??ﬂg %aéﬁ?cbgorpe[ I‘rﬁ%fr:ﬁ@org%&fg’acﬁ%goutteg?ééfé!%r |ﬁ9f§argﬁra9|ds such

15 Here, co Int ase
as, for emﬂpreexam@e.r BﬁdrﬂwcmiduWé@ﬁb‘@ﬁ‘ataé'daﬁéﬂphum acid, perchloric acid or

tetraal kyl fpQ ?WQ@C%Q?BQQ@@@ errREbnRUAS 2 460brdfrdy B AR R entRnCof ,thé/\»fohhula o
the appropria | uori de solutio The reaﬁ'&l on #t%ﬁgref

carri ed oufandte %‘Frér\‘?gtbéd'"?le%p‘%'?%{?u'f’g’”m? e VARYS RS may &r’@r‘?”yed out

such as, fu@strexargldewnstream, such as, for example, purification on a RP-C18 cartridge or other
separating materials.

The radiochemical fluorination of tosylate 3, which is synthesized analogously to the method

10  described in the literature {Chem. Pharm. Bull., 17, 5 (1968), 879-885) from 4 (Tetrahedron,
45, 5, (1989) 1453-1464), to the [F-18]-labelled glutamic acid derivative 2 can be carried out
using methods known to the person skilled in the art (see Scheme 8).

'S
8

\,
X
=
/

>L<:>J?\§/\(?Lo’k >L°W°’l<

1EF

o
¥
Scheme 8

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

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



20 Kryptofix (K2.2.2), may have a positive effect on the reaction, in
“particular in conbination -47- with K2CO8 as catal yzi ng base.

Possi bl e solvents are preferably aprotic, but it is also possible to
use protic solvents or else aprotic solv gnt additives, such as, for
exanple, water. Usually, acetonitrile, i et hyl sul phOXI de or

di met hyl f qr. ed as _the_nost i table sol vents for th
radi ochemi é@awﬁbﬁfn‘ﬁ %”%sntaﬁe[ EOS;L%TefﬁO 8msd@r aRieiTEbly RIS, W“t gt is also
conpound 2odsible thoke beotie sbivelts of epaptdatid sbiveat giditives caikch @8, i@ubx&ﬁﬂe bﬁater

) Tt 1 Al ettty diBeP SIPASGE 37 SRy iRinasie F8HeB & e most
princi pl e SUjpkde @Pé@ﬂyi iﬁs'l thg l@ﬂm&&amabéuma@owmth F-ndlrfhoride anidnas élsually,
such as, f8p 8%:%@' c%esR%t@u‘a%g to M %Hl@éw&sa%ﬁ%dﬁgﬁ'g}ui %aﬁha% r?(ateci/ instantly

|nvent|on|n\/\£€|> &-18-|sotoe|s ositioned via an

group in ti§B94 é‘b‘ﬂb?%ﬁ; SRCrIBrA for thengomepdian of dintarl. t"l?é*’egﬁhtaaﬁﬁ“tfcﬁt&ndi’f the

skel et on, cempbured 2 |sfp‘£rss$leafﬂ‘|pbmcxplé] ﬂ‘eﬁfétﬂy [uEm%&]réi}Bé#Qf @HW&Y\%W%%@OI&
for exanple

acid (9), repared a Schene

the acidi& fggeﬁ%\ﬁ(é‘ﬁa%ﬁo'i%”boieo?%p&n e groups of the conpound 15 6 or

(7) affords the conpound 4-S-[F-18]fl uoroet hoxyglutam c acid (5)
accorgpng to the invention. 18F--\-O O Boc Ove HO OH 6 0 NHZ 1BF. ~

O NHBoc t%& Schenme 9 20 Here, various organic (for exanple

trifl uor o&®BWCENEE jagrordisgt tOe@ﬁe'@V%ntlop innehigaribe [adBHisotopada pasitiongédrvia an
exanpl e, Blk@fqogfd@@lﬁtlﬁ,CAS’-corli\‘BQ@Fé?ﬁéH'lerHe% lithn @f%e&?lﬂf&n‘ﬁc Al ke!eton such as,

perchlori¢ acid ri ossi bl e
basic ri n§° pﬁ"@ Iafﬂg-(gg{?ﬂaﬁlppm rl?l’ngHté‘m‘%fi‘P' ge5) S50 Qﬁ“nPF@Rﬁf‘&PﬁéhOW” in
pot assi urrﬁhyeineﬂ Tays, dorcexaniple, Bak atidietre oval b tahreticave QﬁJubs of #e compound

1998, 1§9 Iea (EI?Z&FO% J‘%Ot% cfug-%-ﬁp’i%ﬁ%rgétﬂgxyg?utam% IaCrI]g %E accongl ing to the

the formu can epur|
invention.
13F
—-—-\—-—O
L
0
N
I!’; OMe \ HO OH
oc 2
6 /rO NH,
/ mF 5
~o . o
/ré NHBoc
18
F 7
Scheme 9

20
Here, various organic (for example trifluoroacetic acid), but especially inorganic acids, such
as, for example, hydrobromic acid, hydrochloric acid, sulphuric acid, perchloric acid or
phosphoric acid may be used. Also possible is a basic ring opening of 6 using lithium
hydroxide, 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,



-48- where, in principle, various purification steps may be carried

out upstream or downstream such as, for exanple, purification on a

RP- C18 cartridge or other separating materials. The radi ochem cal
fluorination of tosylate 8, which is synthesized anal ogously to the

met hod 5 described in the literature (8 Sharma et al. Tetrahedron
Lett. 2004, 45, 1403-1406) from9, to the [F-18]-labelled S-glutamc
aci d der i wedre.dn @ripeiplehsariqusrudticalign stersnyarbe sadiediqib wRstreasn Opdownstream,
person skidykRds, Br &ngké outif@RioPR AP LAB. calflJS &> dth&r deparating Ratddaf.

Boc Ov Boc Owe Boc Owe 953 8 6 10 Schene 10 Here, conpound 6 can be
reacted in the presence of a base, such as, for exanple,

t et r aal kyl HEradioctrsiasiblobaAhation R tdsglkteas  vidithob agpthesizedracsicdmpiytte tieevdethod

pot assizum , carbaonate, et ¢. i e ' - - T =UD) {0

Col ut 8n. ope R lfurs by BB RhEBHA (el 2004, 43, Bldgfioe fom o,
t enper at urtedhe [FhtS]dakilled Gaglofamic ocid detivative 6 canche sarried ot usiagrpledhods known
Krypt of i x ; Jfo L fect on the reaction, in

parti cul artéilﬁﬁe %eorﬁ%nl %ﬁgﬁwaﬁﬂ%rﬁﬁeﬁ?%mggg&at al yzi ng base. Possible
solvents are preferably aprotic, but it is also possible to use

protic solvents or else aprotic solvent additives, such as, for

exanple, water. Usually, tonitrile, dinmethylis hoxi de or
di met hyl f or nggri de are useda];s;BThe__aost 20 sui t abl Eujggu@nt s for the

radi ochem cal orination wth [F- -fluoride anions. ally,
conpound 6 dogs npot ve-t-o—pe subjgct &d 3@ -a—puri+i cat Lon hut SLan be
treated instanty sing the net Sdest(i bed for th&Toners| on of

6 into 6. Hovvevér, @mMeuri fication of étohe OMenpound 6 is p(é%éi bPMe i n
principle, pref bl y using preparati Vé HPLC with a nonpolar phase,
such as, for exanple, RP C-18. Also possible is a purification using
cartridges. 25 The radi ochenical fluorf nation of tosyl ate fO, whi ch

is synthesized anal ogously to the nethod described in the literature
(X Zhang d@lhhgdron Lett. 2001, 42, 5335-5338) from8, tothe [F

18] -l abell ed glutam c acid derivative 7 can be carried out by nethods
known to the person skilled in the art (see Schene 11). 30 -49- TsO

N, Here, compound 6 can be reacted in the presence of a base, such as, for example,

tetraalkylammonium carbonate and tetraalkylphosphonium carbonate and potassium
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 0000 ~O011- - G 0 NO NHBoc O NHBoc Boc Owe JI/ TsO | OF"
8 10 7 Schene 11 Here, conpound 10 can be reacted in the presence of
a base, such as, for exanple, 5 tetraal kylanmoni um carbonate and

t et raal kyl phosphoni um car bonate and pot aggi um carbonate, etc., with
the appropriate [F-18]-fluoride solution’”The reaction is preferably
carried out. gt elevated tenperatures. The addition of crone ethers,

such as, for ex | e, Kryptofix (K2{2.2), y have a positkive effect
on the reaction, i articul ar in\% [ ' A th K2 S -
catal yzi ng base.O ss).bl £’ sotvemt s “ar ez pr fer%bry—aprtnic, ut Jt Ps
al so 10 possible togUsecﬁ&gtic sol ventQ oMNHBPSse aprotic iijenU“m°°
additives, such as, gber npl e, mat@r. Usual 'y, acetonitjrile,

di net hyl sul phoxi de or di net hyl f orsofimi de are used as t H&¥Ehost

sui tabl e solvents f&8r the radi ochenical ffuorination with 7

[ F-18]-fluoride anions. Usually, conmpound 7 does not have to be

subj ect ed dBemepyri fi cati on but can be treated instantly using the
met hods descri bed for the conversion of 7 into 5. However, a
purification of the 15 conpound 7 is possible in principle,

]Lor ef er abl ly-!eme,i agnmmgﬂahmtobmebd-ﬁeﬁte& inhthe ﬁa@@@lﬁdeabf aPhRee suSHIGB, &% example,
or exanp -18.. SQ pOSSI IS a rification usin ,
cartri gest&raaﬁféa[%{é?mgr&i tcgbtf)ogaget aﬁnﬁi ﬁ%rarﬁg{g' PN ¢ ﬁﬂg?'&"’gFo@ﬂ%nP%ta?s'”m
f | uori nat icerbonetes eits, with theoapmlepride [WHBEfuarER ddutont JiheetatitianimisOpidferably
two st eps eaRiedbi s 2ida j i gt
br onoet hoxypyrr oL{fi dine %g?t{e\r}%te ﬁ%r@_g_'b%%gn89%lﬁ%£ggg@ﬂ?%@%§a%gg%suicfrn%x,%mp[e’
for exanplfeYPoUtRehRlitay hyverapgsitivei sifect ordibedertiion, impaicuial ipscogmination
and 3b. HQBr K;CH 85 caldyh@®asd! PodNiE NRnBOSreONRdrallVeaprBRO bif iBR al
8a S Bene 10@? 5 The synthesis of F-19 reference conpounds 11, 15 alse
and 1% caiopable gpflseearoggtso enis 105 Rl§e@Rrotic solvent additives, such as, for example, water.
Usually, acetonitrile, dimethyl sulphoxide or dimethylformamide 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.

Scheme 10a

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



-50- Schenme 12. HO\---0 OO0 NHBoc ONH2 B~ Ove B~ Ove Ff F 9 11 12
13 Scheme 12 5 11 can be obtained by al kyl ati ng and oxi di zi ng the
hydr oxyprol i ne derivative 9. For preparing F-19 reference conpounds,
it has al so been found to be advantageous to prepare the fluorides
from anal ogous hydroxyl conpounds usi ng TAST (di et hyl am nosul phur
trifluoride) according to nmethods known to the person skilled in the
art, as desdensed. for exanple, in 10 Exanple 1d. Ring-opening of

t he pyrogl utam ne derivative 26 gives the open-chain reference
conmpound 12. The acidic renoval of the protective groups Ieads to

the glutam c acid deriyaiive 13. Conpoun accoxding to

i nvention i which the | -|sotope|s sitio ed Vi a an aIkI
group into tm%@s ti,on of ut an am'@ i Kee et onHOSuE; Pld)r
exanpl e, 4- | uor opr am ¢ aci g614 NeBoc

4-[F-18] f1 uor(%)ut Mgl ut am c |d e, can Pe prepared as st/own |n
Schene 13. Th for exanple, °[°he aci di cerenoval of the protective
groups of co unds 16 and 17,gives the conpgunds according to the
invention 4-[F-18]fl uoropr opyf glutamc acid 1%4 and 13
4-[F-18] fl uorobutyl glutamc acid 15, respectively. 20 01'o0 0 HO OH
~0~x% 0, 98Eeme)t2 NH2 18F/ k )n NHBoc n3(14) n3(16) n4(15) n=4(17)
Scheme ;13 Here, various organic (for exanple trifluoroacetic acid),

but especially inorganic acids, such 25 as, for exanple, hydrobromnc
aci d, hydrtceandig ebtaipediby allyighing and exidiging fe adrewproling farivstive 9. For preparing

phosphorl OF-ag1 rafef@ite D MMSRMAdS, T a8 HINO UBES f&.ﬂwdaﬂ:dbé%da&:ﬂﬁgéfbdégtot pre}aé’t% the
i nvention of the -51- Iorrmk %)ﬁcanb urlfbﬁ\ngE'w"n’a ?h’rtfp ide)
pri nci pl e, MPARSHIE™ ARRIBPES LY FRX t°85‘§°%'r’é‘1fp (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
G 0O
s - o7 N o~
13F/F ) NH, wF})n NHBoc
n=3(14) n=3(16)
n=4{15) 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



carried out upstream or downstream such as, for exanple,
“purification using an RP-C18 cartridge or other separating
materials. 5 The radi ochem cal fluorination of brom de 18 or tosylate
19, which are synthesized anal ogously tg t he net hod described in the
literature (S. Hanessian et al. em 2005, 70, 5070-5085)

from 20, t he 1 Ith c .aci.d. erl vatives 16 and 17

can be ¢ ?fmué%('gﬁ?“ g% F?fjob%g\fﬁ‘&w%ﬁ)e -t &ringip §0YP"§W?IH”@EFE\“H”§F?€95&?¥V be
(see Sc hemerrted)out@p@r?mamdommetreém C?L@h(:h;s ;Ibrl\lb;latnmlé!i ﬂ\lhl(ﬁeéx;o)nhﬁfsn@ gn RP-C18
(CH2) 318F CH2)4)18F 19 R = (CH2) 4) OTs

Schene 14‘%@'&6 Or(oglgotfﬁgéra%gg déﬁfff'gS can be reacted in the presence of

a base, such as, for exanpl e, tetraal kyl anmoni um car bonate and

tetraab ky|m€°fd@ik&ﬁéMmaF %Bﬁ'ﬁﬁfeﬁ 8N $ronkide PPS ao?sio'ég‘gf@r@o Nigh 8¢ Csynthesized

V\nththea rla U{e %@fluorldesoumn reactron is

pr ef er abl ﬁ‘ °o Rethef cApseriRed: iarpe figrafkees(S. Hasessian 1 st HfOrg. Chem.
cr Ont(:% et hQﬁBS 7311507{35085‘)(’51’(0!11 20 A0 FHeE[F- 18] YedleMdd Hlulakdde ac@)derW&MeQWﬁn@’!? can
posi tive gff

ion part|c ation wth
K2CO3 as cata fglomg E(QSYVBI"% E”SY‘H‘%P@F%&E%%V‘%{B‘? 8‘\5{%
but it is also p055|ble to use protlc solvents or else aprotic
sol vent additives, such as, for exanple, 20 water. Usually,
acetonitrile, dinethyl sul phoxide or dinethylformam de ar@ used as
the nost suitable solvents for the radiochenjcalflflugoringtion with
[ F-18]-fluoride anions. Usually, conpounds 16" have to
be subjected to a purification but can be treated inst é% usi ng
t he met hods described for the conversion of 16 into 14 or into 15.
However, a purification of the conpounds 16 and 17 i $%ossible in
principle, preferably using 25 preparative HPLC wit }‘La nonpol ar

phase, such as, for exanple, RP C 18. -52- The F-19 rjeference
conmpounds 21 and 22 can be synthesized by alkylationgf the glutamc
acid derivative 28 (Scheng 15). Conpound 20 can al so be al kyl at ed

usi ng |od|des p eferabl di i odi des, anal ogousl ¢ to Exarspl e 2a. In
this case, b‘re for radiocheg cal flyoriation is
obtained in one stelg fr mt e comeggially avaPl ablye ghnutafc

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.



5 acid derivative 20. O~ O NHBoc 20 i OO0 0O QI R NH2 R NHBoc 23
R=(CHR)3F 21 R= (CH2)3F 24 R= (CH2)4)F 22 R= (CH2)4)F Schene

15 10 Renoval of the protective groups affords the fluoroal kyl ated
glutam c acid derivatives 23 and 24. In _each case, the C3 or/and C4
position of a conpound of the fornula (1%2-the formula (I11), 15 the
formula (111), the forrmula (I or theforrrulag_‘\/)_ of the present i
subj ect methedi-18feferpace cAmRANdS2 LaRsLIRR cab e aVRnedieedhy skwaties ofthe glutamic

centres OLacﬁZ:I”'icfeﬂ‘llétﬁ/&- 20 NSeR&GAS 19N ECEmBoRY RONcart &l BedaMPbRdDASAg i isdides,
present, bot

the "cis" and "trgns" iLsoner _formpart of the presen
P rvent i on. refraa diSdifes, Eheiagblfier RS 2ol HES PeSen Preclien Sgiable for
f or exanplrediokistnica rfinlorinateatie wbtairsx intohe sepefentthe cumnteroallyeadzilaide glutamic
al | ta%tp%dgerfvgﬁ\;gzo but these fornms nay be 20 present in
preter

equi | i briumor; rably, in one form The conmpounds of the general
formulae | or 11 and their preferred enbodi nents are used as

nmedi canents. The conpounds of the general fornmula | or Il according
to the invention and their preferred 25 enbodinents are used in the
di agnosi s of physiol ogi cal or pathol ogi cal cogditionsQ These
conpounds are preferably used in the non-invagi ve PET baged di agnosi s
on the -53- human or animal body. Particul adXy e abby, the
conmpounds of the general fornula | or Il according jagbhe invention
and their preferred enbodi nents are used in the dkﬁgnosis of tunour
di sorders. Exanples of such tunour disorders are | i gnomas of the
gastrointestinal or colorectal 5 tract, |iver carfinom, pancreas
carci noma, kidney carcinonma, bladder carcinonms, tFyroid carci nong,
prostrate carcinoma, endonetrial carcinonma, ovaryYcarcinoma, testes

0 o} o
R NH, R NHBoc
23 R=(CH,),F 21 R=(CH,),F
24 R=(CH,),)F 22 R ={CH,),)F
Scheme 15

10
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},
15  the formula (ll), 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
20  present in equilibrium or, preferably, in one 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
25 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



carci noma, nelanoma, snmall-cell and non-small-cell bronchi al

" carcinoma, dysplastic oral nucosa carcinomm, invasive oral cancer;

breast cancer, including hornone-dependent and hornone-i ndependent
breast cancer, squanous cell carcinona,nﬁgurological cancer 10

di sorders includi ng neurobl astoma, glioh®; "astrocytom, osteosarcons,
meni ngi o f sarconma; haenmangi onma and endocri ne tunours,
|nclud|ngq“m%9”%arlﬁ§§%§ ‘ma, chronocytona, paraganglionsg,

haenat ol 0 &F@HUIQFWH’QWBFQWOthﬁepsmpmmdadofntjwa gapdreinforani | loeuk aecdrdiag to the

or met ast agRteh apRSAF pFetP&rédjgﬁHéqﬁm@ﬁ@térQ Q@gd %IE’Weedta-ﬂrnc?s £8 %ugﬁlsggders

t he gener formula | or according t nvent andt
pr ef gr r edaéxfﬂ‘%??o%?%hi%n% é“%%ﬁis feoe "ﬂﬁ"éﬁamﬁﬁg)f éhwesthntsmnaﬂ @r coloesctal

di agno$i s tmfct tivepusrciofRl ganceas EXRMBIRS kRihep YaFtiMdHE Wiadlie @b dfHomaa R roid
mal i gnomas t he g)e}st ragl ntestinal or . col Qr ectal tract, |iver

car ci nona Capcé'?'no@?aea SHHa§ n SAEMORYE n EYILIFER I FRCINY IR VAN aFHFRBMA, testes
t hyroid @armqmmnelpnomar amell-call and oh; snmilehyﬁelﬁrbha'ltalcﬁramﬂﬁ@des@)é@f ¢ oral

I
b onchi a1 AP S ! E@%@’ﬁd@%ﬁ?%f%%@%%ﬂ&‘éﬁa?%wﬁ'a%ﬁgr%oﬁ@?%p%deent and

or al cancé“Prm@i?EEHj‘g?P rbrepsic camtieng shvamouse atl peardiwmaaniiurological  cancer
hor mong- l@%ﬂ%’z@%@uo@ﬁd@ﬂgﬁroﬁﬁ%ﬁ{a gﬁ&Hé@éﬁ%cﬁﬁma %@fe%é&%gﬁla o meningioma, soft

neur ol ogi cancer sorders includi ng neuf obl ast ora,
astrocyto ﬂed“aﬂﬁéﬁ’ﬂ‘%g?%&“dg?fﬂe tymewge '%Céh*%wltwtafy adenoma,

haemangi omﬁrmﬁymn@marmngwmwmemawbgidélrtgmBuE Hisbl@éb‘s meRBRGRYmphoma and

chr onocyt @ | cal | sorders
i ncl udi ng(P yﬁ%‘ﬁ%nhg'grﬁg as e$ 8{] P FWQQD O¥# one of the

t unours ngl he|0@muacﬁﬁ)vbthe'§$eenahfmmmadmrrlIedaca:bmsng t 'thaam\rmﬁaubh@ #leir preferred
prepangt i QishosAEMd %fengseﬁ( for ??e}%nﬂ@%l HeFRAUDG Rf s cﬁ} QF T tgmo]upfllﬁgrders

and al so a pharmaceutica e carrrer. e us
conpounds Expmples #fosuehl %ﬂmoumdlaor S 2R diadianemas of ﬁh%ga%trcw’ltbastwg ot colorectal

into thetdker mvaf ca&mﬁb@uén‘ﬁérﬂiﬂéé§@érmﬂ6|%ﬁak:ahé@@al‘émoﬁﬂ b\d@id@pgékingﬂlat thyroid
t he active com har n(gmeutlca organi c or 1norganic

inert car FR&EM° elpf%ﬁt@?esu??rﬁ’ﬂf’@gf oPNAANELHR]| CFCingiEg. e fvaRYal carcinoma, - testes
adni ni st r aticowmsas undamnafQmalef&armh@,nomhﬁllwcegejraﬁdmm,camn% adjslastic oral

| act t al cu

pgfyg?fw E%L%Bg §%f8 55'8% o%ﬁ C%E‘%‘vre [east ?%Ci cﬁ)r}g Iaormope dependent and
conpri si ngomoneeaéqpem@nfcchmaﬁnmmrt heua‘rmumlcalil gartinpmh) | neurdlogical Yancer
-54- The H%BFBer@Hﬂudmguﬁ&ﬂo'%!%tﬁh'% forhd Sas‘?:’@@yteﬁaa%stg \Aﬁércﬁ% aTQ:%Fﬂﬁloma soft

group, refers to nono- | cycl | aromati ¢ group
6 to 10 cHFBEn Safeme: HP?GWF@QM% argly eRdegsinef éwnoté%am@mqmémj@ryoadenoma

napht hyl , clathocitowtd, pardganylioiy, HRwRtAGYcH YBRbint 4ikb@Brs 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.



The aryl groups may be substituted in any suitable position |eading

to a stable compound, 5 by one or nore radicals fromthe group

consi sting of: hydroxyl, hal ogen, Cl-C5-al kyl, Cl1-C5- al koxy, cyano,
CF3, and nitro. Substituents which may be nentioned are mnet hoxy,

et hoxy, propoxy, isopropoxy, hydroxyl, -4 uorine, chlorine, bromne,

met hyl , et hyI propyl, isopropyl or tr|fI uoromet hyl groups. 10 In

each case, THealeBheani's Used Heraih QBritst & OR @S rRaah P BNADEoETPHE, regalp df imrno- or

broni ne orpidy@md Q@mat@@fﬁoﬁpﬁr\ﬂhlclﬁhlﬁ)ﬂcontalpl'$6do h@rdéklﬁbrpétohisSn QN@ rifg, 8h as, for
part of anotheL?I ﬂf:l éﬁ%ﬁ@’z g bﬁte rbon ch 'ﬂ i ch may

be strai gtf@ERE: Ao Br andin waie Irﬁ?y B SEYIRAPSY Eft"?ﬂrl

n- propyl , Treopylopylps matolhiayslu,bsﬁntsteldum why stigattle pogitjdn kaadsng pﬂerate,tbble compound,

2, 2-di %Et r}#cﬁ{eocﬂyr%re%a&@élgﬁjopn%g é;ro@fco(?lglsﬁ p@ﬁit ?ﬁ'&@%‘yh? ﬁ%m@(ﬂ ralkyl, C4-Cs-

n- heptyl,
opt i onal | ;alkqxvavangt(‘e%b blyd oiteé. or nore 0, S or N The al kenyl

substi t uend g sffiBnts Qvff?&PMa? %éeméit?bﬁé&l bfe ﬁ@?ﬂbﬂy %th&(yaﬁfaﬂs%r iddpFdpty Nesdroxyl,

for exanple, . the ow ng radicals: vin en- -
pr open- 2- )ﬂuonm,tch@rﬁg@, bl'own% Bsthyh eg}yl @r%ﬁ/ m? %rr;r; ugvgoq]egpp;l groups.

but - 2-en-2-yl, 2-nmethyl prop-2-en-1-yl, 2-nethyl prop-1-en-1-yl,
but - 1-

otrai gik - e Bae Balen by B OPSFS‘?XZ%W%E’%S Ay Fr& Hofhe o jgine
- CH2- C=CH, C—C—CHB - CH( CH3) - C=CH, C—C—CHZ(CHB) C(CHB)ZC—CH

-C G 25
represents ftluor oarkghl or %?IOND an éd}gs gsrpfog?ﬁﬁtggp%roug?tégﬁr%% saturated
chloro, bre¥Ren ghring sd¥ch BBYTHR S@&lgbscfmlm@mrmqsﬁsslrtaﬁrtasélar to methyl, ethyl,

NOATA N C’h?"s"g"'or“b'wch%ﬁ”g"ws%ﬂ”’??iem‘t‘f?’??@?ﬁ“e”é@rﬁQﬁﬁﬁ"t'“oeihyy‘b““”
A R A R PR A PR e St S e

heteroarylc1pag+aﬁql |scupﬁmallsaﬁenrmpte@bhon@sern6re10 giondy at ons and may,
instead of a carbon 35 atom contain one or nore identical or

di fferent heteroatons, such as oxygen, nitrogen or sulphur, in the
ring, and Theyallsaial sub@hfarleng% arginegach cea@etraj@htﬁé!ﬁmrfhmedﬂﬂdn@nwor example,

whi ch nay e fmmdg%@féa@r @‘myct Pffo%@b”ﬁ;y(l) ; ;gggéwbayl fb\sag ﬁ@ln)éiz v, 8 8xe78h¥lyl, but-2-en-

t hi azolpy I m dazol g 55-
oxad 21 141 PHCESBIOH, STAet AR HR Y b ORIy -t T FGR, but-3-en-
pyri m di ny1-y| gyr.azinyl, triazinyl, etc. Exanples: 5

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,



Exanple 1 (2S,4S)-2-Am no-4-(3-fluoropropyl)pentanedioic acid 10 a)
" Dimethyl (2S,4S)-4-allyi-2-tert-butoxycarbonyl am nopent anedi oate O O
H3C~0 O/CH3 | HNyO CH2 O-CH3 H3C 'CH 11.01 g (40 mml) of dinethyl
Boc- gl utamat e (Advanced Chentech) were ﬁ#gsol ved in 15 160 m of
tetrahydrofuran and cooled to -70C. 88 nt*(88 mmol) of a 1M sol ution
of lithiu j ] il.yvl)am.de in tetrahydrofuran were added
dr opw se arqxapfﬁ?é’ht g%élp%khiarc}égzg)\)@ra% peri od of one hour, and the

m xt ure weyridyli pyrigdziayl, pyroddingl; pemazityletria@nylpetcs. 14.52 g (120 mol )
of allylbrom de were then added dropw se, and after 2 h at this
tenperature, the cooling bath was renoved and 200 m of 2N aqueous
hydr ochl orf@"R&% and 400 m of ethyl 20 acetate were added. The
organi 6 phase was separated off, washed with water until neutral,
dried over_sodium sul phate and filtered, and the filtrate was
concentratEé(&mpHI%g] crude product obtained in this manner was

chromat ographed in silica gel using a hexane/ethyl acetate gradient,

33 g (20895 S 3R AL AR HABRABLR IR At "3 SN 4 s

found C 56.97 H 8.12 N 4.30 b) D nethyl

(2S, 4%p- 2-Hpert r bR 43 anedi oat e
oo 000 oo e R R o I QR REREATT O

t he conpound described in Exanple la were dissolved in 50 m of
tetrahydrofuran and cooled in an ic : r a period of about 20
mnutes, 13.3 m of 1 M dibogan/tetl ahydr of ugan lex in

t et rahydr of uran were added drof)vﬁ“e Wi [ |n§

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



5 and under nitrogen, and the m xture was stirred on ice for 1 h and
at roomtenperature overnight. 15 m of 1 N aqueous sodi um hydroxi de
solution and 13.3 m of 30% strength aqueous hydrogen peroxide
solution were then added dropwi se. After_30 minutes, the mxture was
diluted with water, the tetrahydrofurarr%s di stllled of f and the
remai ni ng aqueous sol ution was ext r@ct ed with ethyl acetate. The
organi ¢ phase was separated off, shed w flh water until neutral,
dri ed over sodium sul phate antﬂs@kbt g),fﬁ:ﬂ*g rate was
concentrated. The crude product obt ai ngd i g thi s manner was

chromat ogr aphed on silica gel using agshe e/ echyl acetate gradient,
and the appropriate fractions were conbi ned a concentrated. Yield:
.6 mg (18% 15 Elenental analysis:jcalc. C k4. 04CI-|TI 8.16 N 4. 20
found C 53.88 H 8.25 N 4.39 ¢c) D hyl

(2S,49)-2-tert-butoxycarbonyl am no- 4- (3- et ha | phonyl oxypr opyl)
pent anedi oate 00 H3C~0 O-,CH3 HN\yO 0 CH3 QH} H3C CH3 CI—|3
0.17 g (0.5 2) th ’Példrox ound described in {

was di ssol 48181 (30 ol g ¢ ap@ﬁéwaﬁ G&Hadeb&xewplen"%ﬁvqr%@*%g\'ﬁd i 50 ml of

After addi tbtr@rﬁydedfux&n%adg;oéladrﬁmﬂ: Joe@fath. Ovet Aykeasd 6Eabcando ﬂaﬁ@te@ 1B miof 1 M
ur e was, sti

I f h i de, i
for 2 i ANGC EnEYRaHebier dradee faetaribhalie BeplidieffsR Vi Ee-cooing
nmanner Swasarehuudeatnitgpgepheod then mixtlieceag etirreds ondea fdrek hraadeathrpbm temperature
acetat e gra%'n%yteﬁg%tfg% 1R ‘?gg@ %cﬁur&l @ewx%ssm ant qgmnéﬂs@mtrengm

concentr at nent al ana YSI S
46. 70 H 7.a0erus hydrogery p;agom & GAYLIEN aere dhen pdged Jrapvdge. SAflero30 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



d) Di net hyl

" (2S, 4S) - 2-t ent - but oxycar bonyl ami no- 4- (3-f | uor opr opyi ) pent anedi oat e
1000 H3C, OO,CH3 HW /OF OCH3 H3C CH3 0.33 g (1 mol) of

t he hydroxyl corrpound described in Exanpjﬁ__g 1b was dissolved in 15 m
of dichl oronet hane and cool ed on ice r addition of 0.32 g (2

it ea ot SY SRR RN 1) et Al P 0 § LBt etnyiamine
phase was aidi € rogdi nencl} ahmetilaphsilghcaytctiodee tredmanatetwes stfriddt draikee for 2 h
was conce 'Hnﬁath&q co%ﬂﬁtrﬁfeﬂd Q'hQrc%jdéc hroagétg:!b?ﬁﬁ d R tth[}hane A nerﬁ V&g@ﬁ%ﬁg&aphed

chromat ographed on sjilica gél or one
gr adi ent, %ndlieheehppnrep |h§¥@1q/$fﬁtft ﬁ‘éﬁﬁ%te Qﬁéﬁlén’fcéndalth@@pambrlate fractions were

concenSrato@dqu\éd@r@ coRberitirtdd/ - 599 20 El enental analysis: calc. C

53.72 H 7 66 found C 53.55 H7.94 F 5.21 N 4.37 e)
(2S, 49) - Zﬁ#nb&m%%é(?ir opropy! ) pent anedi oic acid -58- 0 0 HOOH Jj

NH2 23.5 ng (0.07 nmol) of the conpound described in Exanple Id were
di ssol ved d '&PgmghﬂngS etrahydrofuran, 1 m of I N aqueous sodi um
hydr oxi de sol ution S added and the m xture 5 was stirred at room
tenperatu@lcfor 4 h. GHE.78 xt ur e HW&40t hen tidhé@ntrat &7.T® dryness,
and the resud i ng crudegpigoduct s o glssolxgg in abo 720 m of 3N
hydrogen chloride in diethyl ether, stirre overnlg concentrat ed
and repeatedly coevaporated with dlethyl et her. The crude pr oduct
obt ai ned idn t hiimetyNE@s, 482 -RRINIBYESHRNAHINY.- @%&édrbﬁﬁ)pgﬁdanéébag a
wat er t hanol gradient, and the appropriate fractions were conbi ned
and concentrated. 10 Yield: 4 ny (2%{6 Eleneqsal anal ysis (cal cul ated
on the anhydrous conpound):

H3C o _CH,

HN\(O
J/ L

37 CH,

Hin

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



calc. C46.37 H6.81 F 9.17 N6.76 found C 46.11 H 7.02 F 8.87 N
6.93 f) Dinethyl

(2S,4S)-2-tert-butoxycarbonyl am no-4-(3-[ F- 18] fl uoropropyl ) pent anedi o
ate OOH3C, 0 O-,CH3 y H\WO 18 F Q CH3 15 H3C CH3 [F-18]-Fl uori de
was prepared by the [0-18] (p,n)[F-18] rea@tion in a cyclotron. The

i sotope solution (4 GBgq) was applied to a Sep-Pack Light QVA

cartridge. The [F-18]-fluoride was eluted fgomthe cartridge using a
Kryptofix 2.2.2/potassium carbonate sw ng K2.2.2, 20 1 ny
pot assi um carbonate, acetonitrile ( er (0.5 rr1) The
solvent was renmoved at 120C in a str ohH nitrogen with addition of
acetonitrile (three tines 1 m). 5 12. 2 nol) of dinethyl

(2S, 4S)-2-tert-but oxycarbonyl am no- 4= (3-

met hanesul phonyl oxypropyl ) pentanedioate Ic in 1 m of acetonitrile

wer e added, and the resultlng m xture was stirred at 110C for 10
mn. Aft er2%561a @7 omabsiithsounpeuns deseribedin Barple 1 e dlisseneddh 24n! of

Silica-Pl Ltétr&tﬂfdﬁ'dfhl‘éﬂe’! i 2PINE ebtﬁg %d@ﬂ'lﬁﬂ@xiﬁl@%oﬁjﬁbhfwa@%d&éd iRk Ghe mixture
(C1s, %getonltrlle wat er. The Cfrg.ﬁtlo %Iutedrg@% q
(about %50 P SRS 35 ARUB LPERFrBYEMIOL 4 b1 dNE X F’ecﬂj%“ FRENRWARE €ss, an

was el ut etleweduiting arlideoprodoettvens dissdhveed i9400MERD BSCSNI hgdrpgerd chlbrisd imydiethyl
car bonyl ardiE: B PlErignh contestpiss, YLIREARE DR PTPGYL deyl it The
in a synt hagils pradust obtairgdgo thisnmagy)er was chromatographed on C18 silica gel using a

25, 4S) - 2- R
2 10, 0. & e R R A ol

di met A 2Yiglgy ¢ mg (@7%)

but oxycar bonyl am no-4- (3-[ F- 18] f| uor opr opyl ) pent anedi oate If in 1 m
of acetonitrile, Wth tjrrin he m xture was heated at 130C (oil
bat h t enpe[%lﬁfnﬁpfgj a@%yfmsl%atw(ﬁe T @F a@@@?'ﬁ%“ﬁ”&”%"ggm temperature, the
sol uti on wadc.neutral | £etb6.By addi tH 681of aboufF 9660 pl of NeBlI7&queous

sodi um hy de solu 15 Thi\g ve 890 95% f
(2S, 49) - d@ﬁ‘lﬁ#\o 4- ( 3- FF%H%] fl uoroprg%pyl ) pent a (r?e?((:h oi C a&jég@,

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.



Exanple 2 (2S, 4S)-2- Am no-4-(4-fluorobutyl)pentanedioic acid 20 a)
D net hyl
(2S,4S)-2-tert-butoxycarbonyl am no-4- (4-i odobutyl) pentanedi oate 0 O
H3C,, 0 0,CH3 H\NO 0 CH3 H3C ICH 5.5%@_(20 mrol ) of di et hyl
e

Boc-gl utamate were dissolved in 60 m of trahydrofuran and 25

| ed t L 4 (A4 1 M
col uti on_ opererEeCar phlfeck by PR Yo, doSicllb AT p ofth Gibalingwas
added dr opikitee with waiers(abewtpe b wnd passet! thrasighra Q18 certidge. $he nterchesltate was
-70C for 2uh@iinith 18168 Hcdtbftiaroddo mbqg 1{136%d'd'.é?)d8P%§rﬁélﬁ¥|“g’se4éc}t‘£{ért-butoxy-

2 h at this tenperature the ¢odling

-60- added dropw se, and after _ “The )
bath is r&AGP8 a’?}m-"rg’b[wBIBLFOFOQWHW%HWBFE% faeare obfsineddmasyntpesis time of
et hyl @cesatwinwer e added. The organi ¢ phase was separated off,
washed with water until neutral, dried over sodi um sul phate and
filtered, and the filtrate was concentrated. The crude product

obt ai ned @h t hi28,48h&dmined-(8-[EHBlimatcpgpmapbadamedicie béida gel using a
hexane/ et hyl acetate gradient, and the appropriate fractions were
conmbi ned and concentrated. Yield: 1.09g (1190% El enental anal ysis:
calc. C 42.02 H6.17 127.75 N 3. 06 Hc;»gwd\gi&‘. 78 H 6.30 127.19 N
3.22 10 b) (2S,4S)-2-Am no-4-(4-fl uorgbutyy ) pentanedi oi ¢ acid HoOH
NH2 A solution of 152 ng (1.12 mmlﬁ siFver fluoride in 1.5 nl of
wat er was added to 0.45 g (1 mol): t he conpound described in

Exanple 2a in 30 m of acetonitrile, and the m xture was stirred at
40C overnight. The resulting suspension was filtered, the solution

re nef0 e oSSR S U LR o281 AR bl 2o
acet ate gPH@KM@OWEQTfﬂ%é-(éﬂbﬁ§}ﬂﬁp@l3é0mﬂa@”ttalmd@amﬁé in dombphecetamitiile. With
(i 8n(r:r1 e nf)][ abffing, tRE miRbiIWEs Yasted a8 %90 hill HatreferiBerflird) 4+ R, AREF 88bling 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

0

XCHz
H,C

3~ 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



IN aqueous sodi um hydroxi de sol ution were added and the m xture was
stirred at room tenperature for 4 h. The m xture was then
concentrated to dryness, and the resulting crude 20 product was

di ssolved in about 70 m of 3N hydrogen é@l oride in diethyl ether,
stirred overnight, concentrated and repeafedly coevaporated with

di ethyl ether. The.resultin . . .

(25, 45) - 2-3HFHAOPYSE PR SREIRAD 7 NRMEREIEITRe 5e91R0 Rath is removed and 100 mi of
chr omat ogrzp hedrooniofid &cili md 300 el of usthyl reatata tvearé reeklbdn®he grgatiie phase was
and the appr ' f [ Lhed. d -

Wl d: 33 By A LRE VARSHEY (o QB Bty COMSAIL AR et erea, anc
conmpound) :the afigrateC wss g@neemirated.F Tde59rudes. @adudt opktgingd 4 66isH mam®r pwas
8. 20 N56. ShraRatogfabhéd BRISNER gel using a hexanefethyl acetate %radient, and the appropriate
(2S,4S)-2-tert-butoxycarbonylam no-4-(4-[F- 18] fl uorobutyl)-

pent anedi JERGHORS Wereggmbiney gndeqacentfygd- 0 ~r cH3 8F H3C CH3 5

[ F- 18] - Fl ugekideowxd1prgpared by the [0-18](p,n)[F- 18] reaction in a
cyclotron. The isotope solution (5.2 GBg) was applied to a Sep-Pack
Light QVA cartridge. The [F-18]-fluoride was eluted fromthe

cartridge Elsmagtabanélyst of i x 2. 2. 2/ pot assi um carbonate solution (5 ng

K2.2.2, 1.5@ potassigmLgy bonat q_&glqiet onitri4es41.5 nm)yzpgter (0.5

m ). The solvent was renoved at 20C in a streamof nitrogen with
addi tion opuagetonitrFl4 - {&hree tHEs88 1 m ). % -1y (10. 9N#BR) of
di met hyl (2S,4S)-2-tert-butoxycarbonyl am no- 4- (4-

i odobut yl ) pent anedj.gate.2a in of etonitrile re added, and

t he ré!soﬁl ting ?hr}xt(agg‘afﬁiéé’gmgpf‘%?‘{e%"Oé?buﬁ)@éngﬁ?d‘?'ﬁaﬁi . After cooling
to about 60C, the m xture was passed through,a silica-plus
cartridge. 15 The internedi ate was purw HPLC (C18,
acetonitrile/water). The HPLC fracti &R whs I di®uted with water (about

50 m) and passed through a C18 cartridde. Nhe i nternediate was

eluted with 1 m of acetonitrile. 1.8 _&Bg (59% d.c.) of dinethyl
(2S,4S)-2-tert-

but oxycar bonyl am no-4-(4-[ F- 18] fl uorobut yl ) pent anedi oate 2c were

obtained in a synthesis
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



time of 85 mn. 20 d)

(2S, 4S)-2- Am no-4- (4-[ F- 18] fl uorobutyl ) pentanedi oic acid HOOH NH2
25 0.5 m of 4N aqueous hydrochloric acid was added to 1.8 GBq of
di ret hyl 2(2S,4S)-2-tert-

but oxycar bonyl am no-4- (4-[ F- 18] f | uor obuT?ﬂ )ypent anedi oate 2c in 1 n

of acetonitrile, W, tirring, ] xture was heated a 0C (oil
bat h terrperaturcé) Ve?'h.':‘l'tw mn. Af Ezg;‘?%)%r%%?%@@?ﬁ?@m{'é- é?%ﬁ‘iﬂ"%@u"yl)"
t he sol uti on was reargdioaed by addition of about 700 pl of 2N
aqueous sodi um hydroxi de solution. This gave 1.7 GBq (94%d.c.) of
(2S,49) - 2-ami no-4- (4-[ F- 18] f | uor obutyl ) pentangdioic acid 2d. 5
Exanple 3 (2S, 4S)-2-Am no-4-(2-fl uqfoet hoxy)pent anedi oic acid 10 a)
1-tert-Butyl 2-nmethyl (2S,4S)H{(2- pyrCle) i di ne- 1, 2-di oate
(precursor of 2-am no-4-(6-fl uor@hexy_ oxy)jpent &hedioic acid) Br 0 O
NOCH3 OOH3C H3C CH3 15 0.98 g (4= of Al-tert-butyl 2-nethyl
(2S, 4S) - 4- hydroxypyrrol i di ne-1, 2-di odte (AL was dissolved in
36 m of 1,2-dibronoethane and coolgd in an ice-bath. After addition
of 1.36 g (4 nmml) of tetrabutyl ni um bi sdhphi&ld; 18 M of 50%
strength aqueous sodi um hydroxi de¢ sol ution l_?r added, and the
mxture is stirred on ice for 2 BBurs and at atcoo:m tenperature
overnight. After addition of 200 i of water and 200 m of

di chl oPo- met hane, the 20 organi c phase was washed once nore with

vater, drijedsprebridddiay Presdred 8} ehat (]Ej(f{),hf{f-‘ﬁ@!} redibh §§ {X-l:ih{rfﬁtﬁ\e"\@&ope
concent rat g, TN, (i v ot e, REQQUCL | 13, Ghromat ograpned on -
silica p p-Pack Lig cartridge. The [F-18}-flucride 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
10 120°C in a stream of nitrogen with addition of acetonitrile (three times 1 ml}.
5mg (10.9 uymol) 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.
15 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.

20
d) (28,48)-2-Amino-4-(4-[F-18]fluorobutyl)pentanedioic acid

25 0.5 ml of 4N aqueous hydrochloric acid was added to 1.8 GBq of dimethyl 2(28,45)-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



gel using a dichloronethane/ethyl acetate gradient, and the

appropriate fractions are conbined and concentrated. Yield: 60 ng
(4.3% Elenental analysis: calc. C 44.33 H 6. 30 Br 22.69 N 3.98

found C 44.02 H 6.33 Br 22.21 N 4.11 25 b) 1-tert-Butyl 2-methyl

(2S, 4S) - 4- ( 2- br onoet hoxy- 5- oxopyrrolldl-n%?i 2-dioate -63- Br OO ON
OCH3 OOH3C H3CCH3 106 ng (0.3 mmol ) of the conpound_described

in Exanpl €00@ REPEraiirg sihE\ReMtipn Wes nautrgizedopyaadsifionaefeabaul 70wk 2N aqueous

addi ti on ofodifn réﬁdé)@omﬂ’ﬂ?i ) of rutheniun(lll) chloride hydrate, a

ﬁé“éhﬁgd%mavﬁ Jridad GBR dof or 5B BRI St aPeBhulesttiipic acid

acetate, tdk organic phase was washed with water, dried over sodium
sul phatze and filtered and the filtrate was concentrated. The crude
product” obtained in this manner was chromat ographed on silica gel

usi ng a heseeamplehyl 10 acetate gradient, and the appropriate
fractions were conbi ned and concentrated. Yield: 48 ng (43.7%

El emental analysis: calc. C42.64 H5.50 Br 21.82 N 3.82 found C
42.33 H 5.@248)-2Amine-425luseretoxy)negfanesigicacd - net hyl

(28 4S) - 4- (2-fl uor oet hoxy) - 5- oxopyrrolidine-1,2-dioate 15 F OO O

10 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

15 0.98 g (4 mmol) of 1-tert-butyl 2-methyl (28,4S)-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

20  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 ~ Br22.69 N 3.98
found C 44.02 H6.33 Br22.21 N 4.11
25
b) 1-tert-Butyl 2-methyl (25,45)-4-(2-bromoethoxy-5-oxopyrrolidine-1,2-dioate



OCH3 OOH3C H3CCH3 188 ng (0.5 mmol ) of Kryptofix 222 and 29 ng
(0.5 mml ) of potassiumfluoride were added to 183 ng (0.5 mmol) of
the conpound described in Exanple 3b in 20 m of dinethyl -64-

sul phoxi de, and the m xture was reacted_é@_a m crowave oven at 100C
for 30 mnutes. The solution was concentrated under reduced
pressure, the residue was partitioned between water and et hyl
acetate, the ethyl acetate phase wasppashed with water, dried over
sodi um sul phate and filtered and t filtrate was concentrated. The
crude product obtained in this 5 manger was chromat ographed on silica
gel using a hexane/ethyl acetate gradient, and the appropriate
fractions were conbi ned and concentr@gted. Yield: 13.7 ng (9.0%

El emental analysis: calc. C51.14 H&60 F 6.22 N 4.59 found C 50.84
H6.81 F6.00 N4.36 10 d) o
(2S, 4S) - 2- Am no- 4- (2-f | uor oet hoxy) e’ acid HOOOH /0 NH2

FJr 21.4 ng (0.07 nmol ) of the conpoundNdesctibed in Exanple 3c were
dissolved in 2 m of tetrahydrofuran, m of.1, N aqueous sodi um
hydr oxi de sol uti on was added and the gre sstirred at room
temperature for 4 h. The m xture, k? tthen evaporated to dryness, and
the 15 resulting crude product éd§ nded in about 20 m of 6N
aqueous hydrochloric acid, stirr at BBC for 6 h and concentr at ed.
The crude product obtained in this manner was chronatographed on C18
silica gel using a water/nethanol gradient, and the appropriate

fracti ons TRémg mrdfohing eomasnt eseibedyindbam: 2a meré 22Hplve@n 10 mi of
2 emeng al cgilarsiats, (A0 ol opna iy é@ﬁ@)‘rﬁﬁ&}’%f TRFBALAAL chRbE - rydate, a

40.19 H 5.7

8% f ound H 5. 86
soEutzon of 2 g (1.5 mmol) of sodium periodate in 4 ml 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

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



25 e) 1 -tert-Butyl 2-methyl

(2S,4S)-4-(2-[F-18]fl uoroet hoxy) - 5- oxopyrrolidine- 1,2-dioate -65-
185 00 ONOCH3 9 0 H3C H3C CH3 [F-18]-Fl uoride was prepared by
the [0-18] (p,n)[F-18] reaction in a cyclgiron. The isotope solution
(3.9 GBq) was applied to a Sep-Pack Light QVA cartridge. The

[F-18]-fl %Qfsﬂh(é%d%\’:aﬁ'b tﬂla%l%relf éT}eTaE%g‘iﬁ%t%%g}%i{H%gé‘@aﬁdﬁ ¥AbOS4 ﬁunutes The

2. 2.2/ potas onate so I on ot assi
car bonat e, soidien oyast gencentrateg '«Wﬂ?r rﬂﬂ&?@# preysareqithe fe‘P‘F\'—b'es\G?S/@ﬁﬁif*ﬁ%%d between

renoved atwatd24{d étAyiaacaiate ane @ﬂ‘hyf‘é&eﬁ&@iﬁay& Whs ﬂdﬁﬁéd With @bter, dried over sodium

eyl | (s a5 f’%rgﬁ S 408 g e, e sod ahiAnagtn s

of acetonirhanree waercxhrcaddegnapaéwon Istica gsllidingng hekartesstaylvacstadé igradisht,adnd the

100C 1 or alb%lrcggngte ﬂcttzgﬁs \?J?f% éé)ﬂ% ﬁe%oﬁ’%o%tncgagteé he mxture was passed

t hrough a i'ca-plus car ntermedi ate was purified by
HPLC (C18,Yialdeiibﬁmgﬁng%)Nater) The HPLC fraction was diluted with
wat er (about 50 m) and passed through a C18 cartridge. The
internediate was eluted with 1 m of acetonitrile. 1.3 GBq (52%
d.c.) of IFEle@eptal@ralysi®o- met hyl (28, 4S)-4- (2-

[ F-18]fl uq;raqlet hoxy) - 5emqofyrrol i ¢ @eol, 2- di op@23e werepddpbai ned in a
synt hesi s t of 70 15 f)

(2S, 4S) - 2- fﬁm 0- 4- (2- F{_EOM £1 uor 6b8Rdxy) pent BREFi oi ¢ acM**® Ho aH 0
NH2 18p2 0.5 m of 4N aqueous hydrochloric acid was added to 1.3 GBq
of 1-tert-butyl 2-Betfayl, A (7

(25, 4§§%’ 4-(2- [Fd-)ls(??i‘1 o 9'045 ooy IRSaNeARIC RS i vate 3e in 1

m of acetonitrile. Wth stirring, t m xt@re was heated at 130C
(oil bath tenperature) for 10 mn. ]_,?\cf) iorlllg to -

;
O N,

J

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
15  resulting crude product is suspended in about 20 ml of BN 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%)

20
Elemental analysis (calculated on the anhydrous compound):
cale.: C40.19 HbLH78 FS.08 NB.70
found: C39.82 H5.86 F8.81 N6.96
25 e) 1-tert-Butyl 2-methyl (25,48)-4-(2-[F~18]flucroethoxy)-5-oxopyrrolidine-

1,2-divate



roomtenperature, the solution was neutralized by addition of about
700 pl of 2N aqueous sodi um hydroxide solution. This gave 1.2 GBq
(92% d.c.) of (2S,4S)-2-am no-4-(2-fluoroethoxy)pentanedioic acid 3f.
25 -66- Exanple 4 Cell experinents The uptake of the glutam c acid
derivatives according to the invention Y0 tunmour cells was
investigated in cell experinments. Hege, the uptake of a radiol abelled
glutam c acid derivative 5 (4R/' S-[F£18]F-L-glutam c acid) was
exam ned in the presence of the co unds according to the invention
and control susbtances (conpetition experinments). The conpounds
according to the invention were enpldyed in excess (1 mV) over
AR/ S-[F- 18] F-L-glutamc acid (trace Native L-configured glutamc
acid (L-Au), which, at a concentrati f 1 MM L-Au causes 10 an
87% inhibition of tracer uptake in s used as positive
control. Surprisingly, it was fou onfigured nethyl and
hydr oxy derivatives inhibit tracer ke ¢ Q%Qgerably better in
each case than the correspondi ng 4R- ured vivatives. For the
§|

4- hydroxy derivatives, conpeti t| ues of 87% were determ ned for
the S-configured deri vat i ve, for the R-configured
derivative, only 70% conpetiti onHv@re fHdet ermi ned. For the

4R ot oyl TAPRUB S e Pioheen PH e o1BRP BAFBE tarvhon I & cyaotron, The Isotope
4?- (3- Flhuentubom(m 8 Glas apbiveth @ Sepiaickl eighb Qb estrRigel The [F-18]9oride was
t han ot her (S}

45 (a1 1 acBET e e ARINAE oy bR 2 2 Bilapium cortpgpia solyion (8 maytsp 2.2
to 5. 4% zoﬂqabﬂaésmm @rkaniate riceieniile {'he mi), slateyi(@.al mixcEhiesdvenbivas removed at
conpounds 126€9hH ﬁﬁbatn%f:rhﬁ" Ogjé?]"v? i A&idnbf al;:lg‘tgﬂ?rﬁé”pﬁfégttg@% KEH' of

exper i ment5 éj ? I ncub . of 4R/ S-

[ F- 18] F- L&A (% et f@?” bé*%ﬁe@?%'r (@SRl Bransethoxgy elidingyi 8-dioate
1) % Tracea inuphbktaetbhitrilCortd addd@ra tBe Teduiffidg!mbdu® Wad stirred at 100°C for

(4R/S) -1l Y89 [Mrergoollng% about570°C the mixture was passed through a silica-plus cartridge.
10 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.
15
f)  (28,48)-2-Amino-4-(2-[F-18]fluocroethoxy)pentanedioic acid
Q
HO™ ™ OH
/ro NH,
1BF

0.5 ml of 4N aqueous hydrochloric acid was added to 1.3 GBq of 1-tert-butyl 2-methyl

20 (28,45)-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.
25



(4S)-hydroxy-L-Gu 13.2 1.8 (4R)-hydroxy-L-GQu 29.6 4.2
(4S)-nmethyl-L-GQu 7.7 1.9 (4R -nethyl-L-du 33.5 5.5 4SS 3-fluoro ro

| -L-Gu 5.4 2.2 25 Cell uptake of S-configured, F-18-1abelled

glutam c acid derivatives Following |abelling with F-18,

(2S, 4S)-2-am no-4-(3-[F-18] fl uoropr opyl')%@nt anedioic acid was

exam ned in cell experinments with A549 and H460 tunmour cells (both

human non-EXAMPle467- cel| bronchial carcinoma cell lines). Here, a

ti me- dependéinéxpepimédtar upt ake was observed. After 30 mn of

llggugggl g e l?elsttl %\?esoﬁh)es %lu?aln%cta%idr?e%gtgv%saarécgrgttn%l?ce) tt?c-; in%gr%io%qgtoqgrrrpoﬁ)re Cells was
(2S, 4S) - 2-iavestigatdd (rBedliFexptimbotsr bpreo thel Ypdaet efretidmilabelied dutamic acid derivative
Accor digngl (258 9) L DQxda b3l Enl8) § r Sl IRk Secordi
acid ag)cun%‘ élst gzs%]g%ag%frag{;% ggd)g\gé?g{éfrgﬁ@&ri] :ri ﬂ%sée??% umuarflﬁiée]{:ﬁ&?ﬁan the o
"CGold st arf@afg" Iventi) EDG aentedl BELIANALR é§°fﬁﬁet!t'ﬁ6u%qrmﬁ”ts)-FiT@m gompounds
ti me- depengt@Bidifgelo! the afveARbR iR ro brbhyed ei’cé?(m%l‘ﬂ} bver| 4R/S-[F-18]F-L-glutamic
18] f uoropro&y!ﬁ%a nt anedi oi ¢ acid conpared to [F-18] FDG For al

F- 18- | abel #&Y(1 E%'ounds, a time-dependent intracellular

r adi oact i viNativeiasorfigsed \wiatamis acdd (13G1U)) whicB48t 2DE€shoepiratichOof HOBNMDDEG!U causes

cells .of ( - d-am nQ-4- ( 3-[ F-. r 10l;c acid

had beth (R R e duath e BR SO AEERARRIEYC 00
cel | s had $wensingikehwap fadndethaB@Srronfigurghimediyl éxgenidrpitderivatives inhibit tracer
(25, 49) - 2- (ihRCcchs iy BEIG iHBAAPEARNAR Y 8l RALGBHEG ARGAHAGuISH WKliedlives.
in mce bearing 15 A549 tunours 1 n an organ dis I’Ibcl,.l I on experi nment.
(Tabl e 2) Terothen Afwdioxy ndesivetiveg, compsiitan valkies npfe 81 éd Wems dlefamingd dgr the
'1%9/) | was -‘Bﬁaﬁﬂgu%ﬂ detivhiigs, wlihﬁféa@. for tAé Rec_foniic_:uhl',ad'&:]Bﬂvzlithl'é,chﬁI;.(rj E@%&i@ﬂweﬁtion were

. 6% g. transi_ent. upta r, excretions re.apserved. in e

G dney® PR UE RaF thet PSS anfyein S 38 s I ke oL v fgr the
and 13. 6% 4mheethyl debpéies onigloy% mbibitiobseresdnd.n t hese organs. After |

h, the actj&i4 ¥, e _Brg : o; | /PR
i g, r espir Hupfol i SO ocfildbfbf B Pinflil} Saitihd! Berivatives
was < 0. 59%)apyined. THIMse TonMOAG4R-dpoprapir-El wes egble tg reduce tracer uptake by
adm ni str at bgn 18%5.4850 kBq of (2S, 4S)-2-am no-4-(3-[F-
18] f I ygr opropyl ) pent anedi oic acid (F-18 FSPG in mce bearing A549
tumours’. 25 -68-

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

25
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-



_Tinme 025h 05h 1: O h 200h %lose/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 0.11 0.46 0.12 0.21
0.03 0.11 0.03 Kkidney 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_ghone 0,44 0.06 0.37 0.07
0.20 0.03 0.20 0.083 heart042008028002008001005000
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PET/ CT i Wgﬂf%rdﬁlré? pentanedlom acid compared to [F-18]FDG. For aII F- ‘ICF-labelied compounds

(2S, 4S) - 2-ani no r& é%ﬁ oro g?/ pent anedi oi C
bearing AS4ITEHRR gFansylags 'Pa ity ‘*&%Fmoﬁﬁ%‘tf?%t A’Bﬂr &f mip, mo@ﬂ cpm/-

(2S, 43D- 2-1@210000%5( 3f (25,49)83-hinirer H{B- m]ﬂméﬁr@ﬁﬁ%ﬂtaﬁeaﬁlodacﬁ@héﬂ B6en taken
ceanmer (TR Bohy SR SUFRIEFRE, Tl b PO sl nedTert kel ater o min

(2S,4S)-2-am no-4-(3-[F-1 8] fluoropropyl)pentanedioic acid into the

A549 turmwmm;pe,gﬁ‘;,m@ﬁtg (4S)-4-(3-[F-18]fluoropropyl)-L-Gu with
rats bearin tumours 80 mn after i.v. adm nistration of 18 MBq

of (2S, 4S)224anPrisvinods3lF-181uprarienybpe@phedigie rcithedsoistudies dh imice diesring

beari ng HAGAYRUHABLESN a@o@nrﬂiﬁnﬁiﬂ%ﬁeﬁﬁ&%eﬁittﬁgﬂle th i‘ PE;I' scanner
t ake o

(Ve Yo L0 B R R BT Sovmes o
HA60 t unoafter 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



15 Figure

3. PET/CT study with

(2S,4S)-2-am no-4-(3-[F- 18] fl uoropropyl ) pentanedioic acid in mce
beari ng A549 tunmours (to the left, section | mge anal yses, to the
right, maxi mum intensity projection, én . after i.v.

adni ni stration of 10 MBg (4S)-4- (3 [F 1 Tuoropropyl) L-du) 20
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15

20

eéd O I €Presqnt Sgy 0.12 0.35 0.06 013 0.01 0.07 0.01
tail 2.74 0.34 3.45 1.66 118 013 1.69 0.60
stomach 3.25 0.27 2.64 0.704 0.96 0.29 0.39 0.09
ovary 1.82 0.2% 1.13 0.48 0.94 0.56 0.28 0.20
uterus 1.30 0.47 1.27 0.74 0.93 0.44 0.37 0,33
intestine 1.27 0.08 0.90 0.28 0.52 0.06 (.32 0.07
pancreas 13.64 0.59 8.51 (.65 349 0.68 1.35 0.15
adrenals 0.94 0.23 0.78 (.38 0.27 0.11 £.20 0.04

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})



20 a) hydroxyl, b) OZ, b) branched or straight-chain O Cl-C5 al kyl,

c) branched or straight-chain O C2-C5 al kenyl, d) branched or
straight-chain O Cl-C5 alkyl-(OCl-C4 alkyl) OCl1-C4 alkyl, 25 e)
branched or straight-chain O C2-C5 al ky or f) triphenyl nmet hoxy,

R and R2 represent a) hydrogen, 30 b) brianched or straight-chain
18F-C1- G5 al koxy, c¢) branched or straight-chain 18F Cl1-C5 al kyl, d)
branched or strai ght-chain 18F-C2-C5 al kenyl, e) branched or

st rai ght - ERATHS-IHET Cts (36 Mypingtaming-g-(31i-d Blfikgioprapy bentandsiaic oacid in  rats

a][ Lgl)(ght %Baﬂm’gb%@nﬁlulﬁé/ m&ﬁmuﬁ:?tgpgwg%cﬂ{/n %bg@g?ﬁk a?t@@hp agljn rﬁsﬁﬁtlon of
5 with t hégﬂ%ﬂ/?#éggﬁ%g? ‘i‘)’ﬂ'@oﬂyﬁ[ﬁ@8515’8&9@%@!%‘?@3!3@(“@? aR‘Q cont ai ns

exactl¥y one 'BF isotope and the respective other substituent
contains no 18F isotope, with the proviso that R is not hydrogen, L
represents 10 a) branched or straight-chain C1-C5 al kyl, b) branched
or straight-chain C2-C5 al kenyl, c¢) branched or straight-chain CL-C5
al kyl-(OCl-C4 alkyl) OCL-C4 alkyl or d) branched or straight-chain
C2-C5 al kynyl, 15 Z represents a netal cation equivalent, and where
n =20, 1, 2 or 3. 2) Conpounds according to any of Clains 1 to 3,
characterized in that RL is selected 20 fromthe group consisting of
18F- net hoxy, 18F-ethoxy, 18F-propoxy, 18F-ethyl and 18F-propyl, and
R2 is hydrogen. 3) Conpound according to Claim1l, selected fromthe
group of conpounds of the fornul ae:



25 00 HZNOH ONH2 18F 00 HOOHO NH b) 1BF 0 0 HO OH NHZ
18 C) FOO HZNOH NHZ 5d) 18 FOO HOOH O NHZ 1aF~e) 0O
H2ZN OH O NHZ 1le f) F 10 4) Conpounds of the general formula (I1):
-73- ORR OA G 70

Patent Claims

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,



RL Q(Il) inwhich 5 A represents a) hydroxyl, b) branched or

straight-chain Cl-C5 al koxy, c) branched or straight-chain hydroxy

Cl-C5 al koxy, d) branched or straight-chain O Cl-C5 alkyl-(OCl-C4

alkyl) OCl-C4 alkyl, 10 e) N(CL-GC5 alky])2, fI NH2, g) N(H-L",

h) OL, 15 G represents a) hydroxyl, ) OZ, c) branched or

strai ght-chain O?:)lhgéro%lkw , d) branched or straight-chain O C2-C5
e

al kenyl, 20 e) branched or stranght-chai n OCl-C5 alkyl-(OCl-C4

al kyl) O Cl-C4 al @yibranched g strpigilehain GréaglgA©er chain O C2- G5 al kynyl

or g) triphenyl neth@ahchefRbr rdigMZheRIT.eSE8kox> @) hydrogen, b)
branched or strai % t-ghai n t18F|-|C1-C5 ?I o% f”)' blrﬁg ch or

strai ght - chai n 18F¢1°¢89 SPWP,V'”W“B%?% VLB AiyHtYchai n

18F- C25C5 al keny! withethe lpraschibdt one of thel glstitubats iR'1BFRCZortEinalekydylone °F
30 f) hydroxyl, g 0 ' - chai.r - | e .
branched or strai é}ﬁi’épﬁ%ﬁbﬁ / 1Ee&§&§%3§§/?r %@iﬁugﬁkﬁtﬁé{ﬁa gfpfslog%?% & h the
interrupted by on@®rofisaitbaldR0s ngt laydrogenni th t he provi so that exactly

one of the substituents RL or R2 contains exactly one 18F isotope

and the respective other substituent contains no 78F isotope, wth
the proviso t hat™®BESP¥Snot hydr ogen,

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, 2 or 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



5 Qrepresents a) N(H)-tert-butoxycarbonyl,

N(H) - al | yl oxycar bonyl ,
e) N(H)-net hoxycar bonyl ,

N( H) - et hoxycar bonyl ,
N( H) - pr opoxycar bonyl ,

N(H) - 1, 1- di et hyl pr opynyl,

e) N(H-2,2, 2-tri
15 Q)

b)

c) N(H)-benzyl oxycar bonyl ,

f)

10 d)

_% or oet hoxycarbonyl, D

N(H) - 1- net hyl - 1- phenyl ephoxycar banyl, h)
N(H) - 1- net hyl -1 - (4- bi phgnyl yl ) et hpxycarbonyl, i)
N(H) - cycl obutyl carb ?ﬁt hyl cycl obut yl car bonyl, k)
N(H) - vi nyl car bonyl, 20 I) IN(H) aI | yl car bonyl, m
N( H) - adamant yl car bonyI nX N( HNHdi phenyl nmet hyl car bonyl, 0)
N( H) - ci nnanyl car bonyl , N(H) -fornmyl, 25 g) N(H)-benzoyl, r)
N(H)-trityl, s) N(H)-p- hoxydi phenyl et hyl , t)
N(H) - di (p- met hoxyphenyl Lphenyl methyl, u) N=Z< X' 30 X or v)
N-(tert-but oxycar bonyl) L' represents a) branched or
strai ght-chain kal 35 b) branched or straight-chain C2-C5
al kenyl , c) branched or straight-chain C1-C5 al kyl-(O C1-C4 al kyl)
O Cl-C4 al kyl or -75- o
HO/U\E/\HLOH
§ NH,
C) 18F-
O O
H,N : OH
§ NH,
5 a0 18
0 0
HO x OH
Sé NH,
e) ‘EBF
0] 0O
H,N x OH
O  NH,
f) 18FS
10

4) Compounds of the general formula (ll):



d) branched or straight-chain C2-C5 al kynyl, X and X' independently
of one another represent a) branched or straight-chain C1-C5 al kyl,
5 b) substituted or unsubstituted aryl, c) substituted or
unsubstituted aral kyl or d) substitute%, r unsubstituted heteroaryl,
Z' represents a netal cation equivalent,"and 10 where n =0, 1, 2 or
3. 5) Conpounds according to Claim4, characterized in that RL is

sel ected fromthe group consisting of 18F-ethoxy, 18F-propoxy,
18F-ethyl, and 78F-propyl,and R2 is hydrogen. 15 6) Conpound
according to Caim4 or 5, characperi zgf i n @hat Qis selected from
the group consisting of N(H)-terl-butdxycarl|ponyl,

N(H) - benzyl oxycar bonyl and N i i d X" independently of
one anot her represent a) br afiched i ght -"@Ghain CL-C5 al kyl, b)
substituted or unsubstituted aryl, 1 subgtituted or unsubstituted
aral kyl or d) substituted or unsubstitut®&d heter@d@ryl. 25 7)
Process for preparing conpounds of the general formula (1) according
to any of Cains 1 to 3, which conprises - renoving one or nore
protective groups present in a conpound of the 30 forrmula (I1)
according to any of Clains 4 to 6. 8) Process for preparing conpounds
of the general inffwhiolul a (11) according to any of Clains 4 to 6, which
conpriges 35h-ér%%&%%gg a conpound of the formula (I11) according to

Caiml2 wit fluoride.
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-C4-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,



9) Conpounds according to any of Clains 1 to 6 for use as

medi 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 any of Clains | to 6 for preparing a pnedicament for imaging in
tunour disorders. 10 12) Conpounds of the*formula (111) OR4 A" G 1

R3 [11 15 i A’ b h i ght - chai

C1. G5 ol Ky, b) BShEREA BPSEIT Pl IR SHE 2hony o
branched or  strai ghith theairavied Gt @3actlykgre ¢iOhSlsubdtitagnity IR ©-Relcaplains exactly
al kyl, 20 d) N(Cl 95”@' b Eng)th%\‘ Pefzt hD:r ’sﬁbstlﬂﬂenw(:&qt ths 1ncO®F iébtope,

OL", 25 G' represents or straight a| n

O Cl-C5 al kyl, ¢) %ﬂ'dhew&anwhgtﬁaﬁgﬁ&hy@r@eﬁ, O C2-C5 al kenyl, 30 d)
branchgd or straight-chain O Cl-C5 al kyl - (O C1-C4 al kyl) O Cl- C4

al kyl, e) branched or straight-chain O C2-C5 al kynyl or f)

tri phenyl met hox@rep%ﬁ MK3 and R4 represent a) hydrogen, b) branched
or strai ght-chai n &-NH-Gat-altosyoarbonyl,

b) N(H)-allyloxycarbony],
¢) 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



c) branched or straight-chain E-C1-C5 alkyl, 5 d) branched or
straight-chain E-Cz-C5 al kenyl, e) branched or straight-chain
E-C2-C5 al kynyl, f) hydroxyl, g) branched or straight-chain Cl-C5

al kyl or h) branched or straight-chain -C5 al koxy, 10 al kyl being
optionally interrupted by one or nore 0,Sor N, with the provijso ]
t hat exactly one q he bstjtuents. r R4 contains an E an t he
respective gt her s&j&@i?'?c!‘%éﬁ{Sﬁ%ﬁﬁaﬁ@%‘gﬁﬁwﬁh the proviso that R3
is not hydrogen, 15 E represents a |eaving group, Q re;)resents a)
N(H)-tert-buto Q = yl, 20 c

NE Ilj)i) - benzyl oxy)gg‘ré@%%yP?el?%%F%E’;?rﬁéo%@%@%%%% é?ﬁj e)

N( H) - met hoxycar borfyPranched qf plyaightoieioyesfodih , o)

N§ I—|)£|2_|55-',2, 2-tr ihclhl (F)Qﬁbé}@f@é@%f Qﬁélhblsgtute%%rly”l))'\‘( H) - 1, 1- di net hyl propynyl ,
i) N(H)-1-nmethyl-1-p yl.et hoxycar honyl ,

N(H) - 1- et hyl -1 - (£ BPE% et or )’éﬁ@&t&%&%@iﬁx}lw K)

N( H) - cycl obut yl cardpaenpstituted oNGHubttitieidmetayadypbut yl car bonyl ,- 30 m)
N(H) - vi nyl carbonyl, n) N(H)-allylcarbonyl, o) N(H)-adamantyl carbonyl,
p) N(H)-di phenyl net hyl carbonyl, q) N(H)-cinnanyl carbonyl, 35 r)

N(H -fornyl, &) rexasentsenmetd! catian)eduivelent, intly| ,  u)
N( H) - pa et hoxydi phenyl net hyl ,

wheren=0,1, 2 or3.

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



-78- v) N(H)-di (p-nethoxyphenyl)phenylnmethyl, \ N X w X or x)
N-(tert-butoxycarbonyl)2, 5 L" represents a) branched or
straight-chain CL-C5 al kyl, b) branched or straight-chain CZ-Cs

al kenyl, c) branched or straight-chain Cl-C5 al kyl-(O Cl-C4 al kyl)
O Cl-C4 al kyl or d) branched or strai g‘h?achai n CZ-C5 al kynyl, 10 X
and X' independent]y of one another represent a) branched or

strai ght-chain Cl-f@Q”‘g?-kyl, b) substituted or unsubstituted aryl, c)
substituted or unsubstituted al kylaryl or 15 d) substituted or

unsubsti t ut,ed teroaryl " _repre I L on i val ent,

and wher ég)n :@m&c’,ungggtfc%gﬁn%‘i g%%eéc}%r?“cs? ou%&ggeg%sﬁﬁg%g%reﬁ%ra (1v)
for preparing conmpounds of the formula (1) or 20 (11): RS RN G'"

Q,. 0gl i i 5, Ghrdi n anche r i —C hak

& 18 arl | OHPERIE et R PEFCHE Ol B Bt [ b i R nour
branched or st rd3q#e™Schain O C1-C5 al kyl - (O Cl-C4 alkyl) O Cl-C4

al kyl, d) branched or straight-chain O Cz-C5 al kynyl or 30 e)

triphenyl nﬁShOWée c_)f?c%_rnplggngsngcc@?dirqge or'.aensyeor}tCIé;})'nshlyt(cj>r6O %?gi'eparing a medicament for
imaging in tumour disorders.
10
12) Compounds of the formula l11)

15 in which
A" represents
a) branched or straight-chain C;-C; alkoxy,
b) branched or straight-chain hydroxy C,-Cs alkoxy,
¢) branched or straight-chain O-C4-Cs alkyl-(O-C4-C4 alkyl)-O-C4-C4 alkyl,

20 d) N(C4+-Cs alkyl)s,
&) NH,,
f) N(H)-U'
g) N(H)-L", or
h) O-L",
25

G" represents
a) O-2",
b) branched or straight-chain O-C,-C; alkyl,
¢} branched or straight-chain O-C,-Cs alkenyl,
30 d) branched or straight-chain O-C;-C; altkyl-(O-C4-C4 alkyl)-O-C4-C4 alkyl,
e) branched or straight-chain O-C,-Cs alkyny! or
f) triphenylmethoxy,



b) hydroxyl, 5 c¢) branched or straight-chain C -C5 alkyl, d) branched
*or straight-chain C1-C5 al koxy or e) R7-E', with the proviso that
exactly one of the substituents R5 or R8 contains an E' and the
respective other substituent contains no J{:_ with the proviso that R5
is not 10 hydrogen E' represents a | eal ng group, R7 represents 15
a) branched or % ht - chal y Cl- G5 al koxy, b) branched or

strai ght-chain a{FR c) branched or straight-chain CZ-C5

al kenyl or d) bra)d‘l’ydtbgen, strai ght-chain CZ-C5 al kynyl, 20 Q"

represents a) N-tept A\ xycar bonyl c)
N- benzyl oxycar bong'/olr ) b ﬂ? Qﬁl_)éFétrr]Qgﬁ}CJgrawbé q'}"cafg%ék?, N et hoxycar bonyl ,
f) N-propoxycar boy 1P rafw]eNOQS@a'thtqhﬁ&TE&ﬂ&taH@kycar bonyl,  h)
h(ygr ggsﬂ l I) :\g 1; Wﬁch%d@h@ﬂﬁéibﬁtcm @ér&gﬂ | b i) :\P 1I ) met hyl -
i phenylyl)e car Fobu y car ony
N- 1- et hyl cycl obuteiﬁ%ﬁ%Saf}/ ira‘ﬂ‘?t)cr@\ﬂ% YI, n)
N-al | yl carbonyl , 3p hgdirddyladamant yl car bonyl
N- di phenyl et hyI c% t%%ﬁghed og)stré\léﬁt' rﬁa:n ||%%¥' ry N-fornyl, -80-
h) branched or straight-chain C1-C5 atkoxy,
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,



s) N-benzoyl, t) N(H-trityl, u) N(H)-p-nmethoxyphenyl di phenyl met hyl ,
v) N(H)-di (p-nmet hoxyphenyl)phenylnethyl, X N 5w or x)

N- (tert-butoxycarbonyl)2, X and X' i ndependently of one anot her
represent a) branched or straight-chain_Cl-C5 al kyl, 10 b)
substituted or unsubstituted aryl, c) sub8tituted or unsubstituted

al kylaryl or d) substjtuted or unsubstjtuted heteroaryl, and where n .
=0, 1, 2 or 3. 1% 1’&‘)"514‘\@@??{ ORPPEMOBRFMIBERY. conpounds of the
general formula |11 0% | V. Phar maceuti cal composition, conprising
conpounds of the genergj mula I, I, Ill or IV and suitable
pharmaceutical carrier subs ces. 20 16) Conpounds according to any
of Clains 1 to 6, wnd conpounfds @f the general formula IV,

dosnge range of 0SB RATBREEED-C T Ctnae according o 4 ai m 16,
characterized in that the conpounds are particularly suitable in a
dosage 5 ange of| "kafeMigts 370 MBQ.
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,
10
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
15 d} substituted or unsubstituted heterocaryl,

Z" represents a metal cation equivalent, and
wheren=20,1,2o0r3.

13) Use of compounds of the formula (IV) for preparing compounds of the formula {l) or
20 {1n:

in which
25 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
30 e) triphenylmethoxy,



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

14)

15)

16)

17)

-80 -

s) N-benzoyl,

) N(H)-trityl,

u) N(H)-p-methoxyphenyldiphenyimethyl,

v} N(H)-di(p-methoxyphenyl)phenylmethyl,
X’

\Nmm<
w) X" or

x) N-(tert-butoxycarbonyl)z,

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 heteroaryl, and

wheren=0,1,2o0r 3.
Imaging kit, comprising compounds of the general formula lll or IV.

Pharmaceutical composition, comprising compounds of the general formula I, (I, lil
or IV and suitable pharmaceutical carrier substances.

Compounds according to any of Claims 1 to 6, and compounds of the general
formula IV, characterized in that the compounds are suitable for imaging in a dosage
range of 37-600 MBq.

Compounds according to Claim 16, characterized in that the compounds are
particularly suitable in a dosage range of 150 MBg-370 MBg.



