F-181-1 abel ed L-glutam c acid, F-181-1abeled L-glutamne, their
derivatives and their use and processes for their preparation 5

Descri ption The invention relates to the subjects characterized in
the patent clains, nanely [F-18]-1abeled L-glutam c acid and
[F-18] -1 a - ] i

10der i vat i VEJ 8/-gRaledhelviamicad@drpbabssdd-gleaming theiespalivesiagd thefrese
early diagnosis of malignant JyimpsssReaKs tirREdarkfer tant role in

the survival prognosis of a tunor patient. In this diagnosis,

noni nvasi ve, diagnostic imagi ng processes are an inportant tool. In
recent. years, PET technol ogy (Positron Em ssion Tonography),
especially, 15 has proven particularly useful. The sensitivity and
specificity of PET technol ogy depend®escupiidn cantly on the

signal -transmtting substance (tracer) used and its distribution in
the body. In the search for suitable tracers, it has been attenpted

to utilizéheanteniion pelefesrtoi the subjectsrohaagibiizdd i heepatent cdaimst mamely [F-18]-

tissue fr alt ur roundi i T ef err reially .
utilized %?S[égpe' el'rg% {éégués]%df@gé]'%%ig? sL'QgE%%\AOEgtﬁgo&eﬁs s%t)rﬁ]flg |, their
hal f 10 f edefivai@es)ade thed Useland, pra@&Esenfoe Shgraqreéparatier. denmands on t he
preparation of suitable tracers. Laborious, |long synthesis routes and
purifications are not possible with this isotope, since otherw se a

consi der albhe epdy tiaghosishef malgineaidtimerd glays a iéry imparta eolb &sthelsuedady prognosis

decayed b re t I ac , ed for di Si . i
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synt hesi sgignificariilyi on the mignalgansedttiogn sekitaeree (tocedsisedf angt ds wigkirutiandn the
makes t he of (¥ i t rat ed. on.. . .
nonr adi oa(l??%gﬁﬁ]%usoeraf%aﬁoﬁgw%%é;{é%%zgﬁit Iﬁans pt?%ee ?%{Eeg'ﬁee. toégllgfi;certam properties of
([ 18F] 2- f tunmore deoxty gliffecergiaje RIEFTor Sssaeviratel heatiby epiredinding tiisdes jphe gaeferred
tool int i S| rther i nj it Qi . Mgl .
(20 onan ESPARSIRL AT It 5L LIS T, B0 25 RGBS Y0 v e o
suppl 30 t oundier Autaurent’F smplkés paticnlanrdpntand€ber toke rpréavétione oh seitalde rtracers.
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Prom se obtheD@®ETohsideiahly faot ofGhe catioBEviBatfi tba isoMpedyesranendydecayed before
Oncol ogi . i . Res.. c 11(8):  2785- 7).

oo, turb SEpT YL R Eeyb B R s HiRRior? il o6 BSEE  use
conpar i sorstablishad sgothdsiagowes fe rohradivmctior fladringtiewsie. thd kysthesis of °F tracers.

tilized i ] i

der i A8 1 virTedgoon R feh st R8T BRG] PR a8 gt grouns
but is nmebhBt fleeideysubstappe tbr e trace fsyathegib oghptioinytliat riequiressarF©®eBae excess

phosphat eof él%%ﬂl%glr & H?%gé "Erie' sJ8Es %?g lrgﬂo%eiﬁ,% sttr@?éégﬁ l?arsgd G nonradi?active

effective acer for e detection tuno patl S by nheans 0

PET t echnBuaripation reactienssepradictélde. novel PET 5 tracers, recently

am no aci ds have also increasingly been enployed for 18F PET i nmaging
(e.g. (review: Eur J Nud Med Mol Imaging. 2002 May; 29(5):681-90).

Her e, 3@ omEDGF ([{%Fig-figFedeanbrptlochsa)PRd &ch dsidelyeacsaptedbarel faddesphemd tool in the

neasur enme f .th f.protein.synthesis t her ,
der vat 1 vazoRey® At e Sl Ry RallFelss metr TR Eho BRbete iy the hos
Known 18Fetgabsheidr #a glocess sipphrie thenuiviedt sdpply @YarbpigeQ. Ubemden Stoffwechsel

tyrosi ne, ,phenyl al anin rolin 0, aspar.agi pne and upnat yral am,n :
b s (oG8 GRIRTRRIE orBaindlBe g dERE 16 Rariiua Bago Blcthe A 28R onrt
37: 320- 325924 Nz 30_9e|31213_0$15l|0ﬂ@.7F5r3gré’§_4 aadPrbniibec lof MBE-PEYAmaging for Cancer
40: 3319’5 ?’?’%}c':'tiengSI Mgﬁange%e%?'a%daalqco(?clag% rugr;] e%[e%ppr%tnt. kef?nwéa%gerlﬁgé.l EIPO%I; e‘Iq(8):

2785-2807). Here, tumor cells usually have an increased glucose metabolism in

comparison to surrounding cells of the normal tissue. This is utilized in the use of
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35 origin or is to be attributed to other physiol ogical or
pat hol ogi cal states of the tissue. Al in all, diagnostic activity by
means of FDG PET in oncol ogy has a sensitivity of 84% and a

speci fi ci ?Morﬁaecﬁxﬁg/ﬂj(:@é“’?m%égé %ucosepdérﬁghu@tmd? YOTRLY, GHed! Evgo E%Bicr?lls in

PET literature” , 1-935). Tunors in t

can only Be&reasey Wﬁfybufeﬁoﬁ'ﬁab@il@ﬁiy tffinpeéxfé\ﬁiﬂ efteropherphetylatine a8 GG 6-
accunul at ' e =T b STUE - is Tt a

acid deri \bg%@fggé:m%/\rﬁu% Bie gﬁgﬂ?lﬁd} sone !?:atgg?&ﬁ %}f%ﬁ%ﬁﬁeaﬁ%&? for the
det ect i ngdetgatnrsof Wnﬂﬁ%"'bia%tleﬁt?( Py eveiaesief PEIrteghnalegy. weﬂ\ei\mamm@gmgel PET
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conpete w ng properties 01“J t he o staﬁ gr
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F- 18- | abehaﬁqamaﬂan@@egadé Ord LTRLRLR, &qéﬁnussaramgﬁ?ﬁrtﬁurxte'&Vﬁsternh@?nhe&s

for FDG Moreover accessl Ity of 1somerica
F- 18- | abebeidmasinethenderivatieas foo the measirementof disdot pewgpt,akﬁmgmeytumor Known

e 7 Hbdled B la8lds BRI EE, B t6@RBlo, 3fboh GESRS P LA, Hbine,

in prollferatln tunor ce has al'so be tam

aci d #hd gsmﬁrmﬁ@n@ Medatueal aminqaeids (61314, 7889 8lep51093, 320)3&8 18é@baNucl Med
Ann Surg ¥é% 71§%07%§5 }E%ﬁft) M0 NCALPELY 58 Al PN U Todd Yo 10:331-338).
nucl ei ¢ aci d 'syntheses’ and the enerdy generation per se are ass

as reason§&ldtamicarmcid@ndaghdangingt @ne neotc dngwnpas o‘r?Fdabetle;dmderwelNeg. Whereas

synt hesi s ,of - 60L& \?\ﬂaﬂhélﬁ STuHmln@%dgthélmlc i has aFr ea%”&%b%ﬂgﬁy used; as,

that are 1dentica nat ur al strate,
descr i bedfdrrexahwld, ithegseawhich gontain dhearins & Mppbsltlﬂnﬁymxmlal(ﬂw Amino

Synth is, of L 11] / . and L-[5-C-.11 ut anat e ., Labelled . .
o radPBBEPRY 4. LR 2601 i Bagita by BRI peregion Lo oo 14

b| osynt he$98&9 of?gskn@mwyorg]:cmdlsesz,\mgsg;s«tgatﬁoe, TehloRReN: agnirhétry; 12; 9;

determ naé @{1 @é |paI precursors. J. Chem Soc. Chem Conmmun.;

EN. 22; Q 5] 1517). First indications with the C 11-1abel ed

conpound do noftt Hzei anteatip beBy reportad incmatpatsurasnrglateﬁﬁtfrubuatde@:natw“ébauh|ch have
obj ect of the gresent gventlon IS to veI rrBounds whi ch are

sui t abl e PRgCliEgg-prqupson BePB‘?fHHCP'd‘P”‘?‘E*Pa'IB&é@& & a@,‘ﬁ roup 3 thirfis ii-Resition.

i s ach evedudinfdri@tion ek %k&!’ﬂe’ﬂ%u@gmhrﬁéle tBe meé(ﬁélb'o?’&r&ﬁ[de in the y-position,
[ 189-1abel ed L-glutanm c acid and | abel ed | utam ne, and their

deri vat i v&¢ 26¢ apdiaAing BJY‘PFF@"'SQ@‘MIQW Wes ﬁ[ﬂVﬁfeélVyl g5 @IoZ peptedivE rgroups (J.

di astereo r | \ .
o SoLer £OCHo, 0 paRa) AT 1 18, fo2h 1aIbere ) Akl SaRfgRkiymi o

unbr anc hewlt PoR§Ctive - cosupgl (Rpsifresis; (1973); 44—46 An account has likewise been given on
various occasions of similar derivatives in which, however, the leaving group is positioned in
25 the B-position: for example Chem. Pharm. Bull.; 17; 5; (1969); 879-885, J. Gen. Chem.
USSR (Engl.Transl.); 38; (1968); 1645-1648; Tetrahedron Lett.; 27; 19; (1986); 2143-2144,

Chem. Pharm. Bull.; EN; 17; 5; 1969; 873-878, FR patent 1461184, JP patent 13142.

The present PET tracers which are employed for tumor diagnosis have some indisputable
30 disadvantages: thus although FDG preferably accumulates in those cells having increased
glucose metabolism, there is also an increased glucose metabolism in the cells and tissues
involved in other pathological and physiological states, for example foci of infection or
wound healing (summarized in J. Nucl. Med. Technol. (2005), 33, 145-155). It is often still
difficult to decide whether a lesion detected by means of FDG-PET is actually of neoplastic
35 origin or is to be attributed to other physiological or pathological states of the tissue. All in
all, diagnostic activity by means of 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.
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d) branched or unbranched 0-Cl-05 al kyl-¢(0-Cl1-C4 al kyl)-0-C-C4
al kyl, e) N(C1-05 al ky02, f) N F12, 5g) N(H-L, h) OL, or i) 0-2, G
represents 10a) hydroxyl, b) branched or unbranched 0-Cl-05 al kyl, c¢)

B anehed gt 2PhTEFRER oo (R 0y bipl e L SIS, Bl BpARRSbetes, for
unbr anchedxdmg@?; &&ing ltdk thayHigh d&zuRilizdiod oREDGdp hesléytbrain tisyak. ogen, b)
o e S R RGeS B0 S LEE S bttt o
18F- hydr oxgte€linddtunadr& i theforaib(@adae) For Jwlsr Mediidel /48EinG2202 MMak %y5);681-
o ) 5 B MOS0 o b RS e gl
al koxy, standard” ['®F]2-FDG. The metabolic accumulation and retention of the so far F-18-labeled
amino acids in tumorous tissue is generally lower than for FDG. Moreover, the accessibility
of isomerically pure F-18-labeled nonaromatic amino acids is chemically very highly
demanding.
10 In a similar manner to glucose, an increased metabolism in proliferating tumor cells has also
been described for glutamic acid and glutamine (Medina, J Nutr. 1131:25398-25428S, 2001;
Souba, Ann Surg 218: 715-728, 1993). The increased rate of protein and nucleic acid
syntheses and the energy generation per se are assumed as reasons for an increased
glutamine consumption of tumor cells. The synthesis of corresponding C-11- and C-14-
15 labeled compounds, that are identical with the natural subsirate, has already been
described in the literature (for example Antoni, Enzyme Catalyzed Synthesis of L-[4-C-
11]Aspartate and L-[5-C-11]Glutamate. J. Labelled Compd. Radiopharm. 44;(4) 2001: 287 —
294) and Buchanan, The biosynthesis of showdomycin: studies with stable isotopes and the
determination of principal precursors. J. Chem. Soc. Chem. Commun.; EN; 22; 1984; 1515-
20  1517). First indications with the C-11-labeled compound do not point to any significant
tumor accumulation.

The object of the present invention is to find novel compounds which are suitable in [*®F)-

labeled form for PET-based diagnosis.

25

The object is achieved by the provision according to the invention of ['*F]-labeled L-glutamic

acid and [*®F]-labeled L-glutamine, and their derivatives according to the general formula (1),

including their diastereomers and enantiomers:

0 RZ 0
AWG
1

30 R NH, "

wherein
A represents
a) hydroxyl,
b) branched or unbranched C;-C; alkoxy,

3



with the proviso that exactly one of the substituents Rl or R2
contains exactly one 15F isotope and the other substituent in each
case contains no 18F isotope, 30 L represents a) branched or

unbranched C1- . ngr d C2-05 al kenyl, c¢)
branched or ungf%r%hﬁiég %%ngngﬁ%;ﬁﬁj(&yglgﬁagﬁ vl )n- O Cl-C4 al kyl or
d) branched or dupnamschedinGRar@bedOkGGE alk@5(Grg-C, ZlkylRpD deiatkyh net al
cation equi val §51fq C\_/@ié:@[%an be nmono- or dival ent, where dival ent
netals can | ea t$)1i ohi onding with two radicals of the structures
according to tfAéNHxvention, 5where nis = 0, 1, 2 or 3, and where all
possi bl e di astsfﬁ@_gg{s and enantionmers are part of the present

subj ect of the®{nvention. Preferred conpounds of the invention
according to theOfloomul a (1) are distinguished in that A represents
10a) hydroxyl,.)tq_zrret hoxy, c) ethoxy, d) propoxy, e) Nwe2, 15f) NEt2,
g) NH2, h) N(H/-T%or i) OL, j) Oz 20

G represents
10 a) hydroxyl,
b) branched or unbranched O-C;-C; alkyl,
¢) branched or unbranched O-C,-Cs alkenyl,
d) branched or unbranched O-C;-C; alkyl-(O-C,-C, alkyl),-O-C4-C, alkyl or
e) branched or unbranched O-C,-C5 alkynyl,
15
R' and R? represent
a)} hydrogen,
b) "F,
¢) branched or unbranched "®F-C;-Cs alkoxy,
20 d) branched or unbranched "*F-C,-Cs alkyl,
e) branched or unbranched *F-hydroxy-C,-Cs alkyl,
f) branched or unbranched *F-C,-Cs alkenyl, or
g) branched or unbranched **F-C,-Cs alkynyl,
h) hydroxyl,
25 i) branched or unbranched C;-C; alkyl or
i) branched or unbranched C;-Cs alkoxy,
with the proviso that exactly one of the substituents R' or R? contains exactly one '°F

isotope and the other substituent in each case contains no "°F isotope,

30 L represents
a} branched or unbranched C;-Cs alkyl,
b} branched or unbranched C,-Cs alkenyl,
c¢) branched or unbranched C;-Cs alkyl-(O-C;-C4 alkyl),-O-C4-C,4 alkyl or
d) branched or unbranched C,-Cs alkynyl,
35 and



Further preferred conpounds of the invention aecording to the formula
(I') are distinguished in that A represents a) hydroxyl, 25b) nethoxy,

c) ethoxy, d) NMe2, e) NH2, or f) N(H-L. 30

Parti cul akl r o] nds. ,nventio cording to.the .
Formi & (7" RPRsShRed st eeh i Blonh Wb sFR £sr RS S At Ul ovatent
hydr oxyl , n&5d3 aaet leed yto oipnic) bavdihg with etfver ragdatso op thendsudiires hascording to the
i nventi on.n@gﬁ}?ordi ng to the formula (I) are distinguished in that A

represent's "Spreferred conpounds of the invention according to the

formula (1) are distinguished in that A represents N F12.

i ot rai SROR T I T R 2D A BRk AL PBS o S s Hner Rty € it o
et hoxy, d}heprepsnt gubjédief thesioperdgipoxy, or

Preferred compounds of the invention according to the formula {I) are distinguished in that
A represents
10 a) hydroxyl,
b) methoxy,
¢) ethoxy,
d) propoxy,
e) NMe.,
15 f) NEf;,
g) NHy,
h) N(H)-L or
iy O-L,
j) O-Z.
20
Further preferred compounds of the invention according to the formula (1) are distinguished
in that
A represents
a) hydroxyl,
25 b} methoxy,
c} ethoxy,
d) NMes,
e) NH, or
f) N(H)-L .
30
Particularly preferred compounds of the invention according to the formula () are
distinguished in that
A represents
a) hydroxyl,
35 b) methoxy or
¢) NH..



f) 0-C2H4-OMe. Further preferred conpounds of the-invention according
to the fornmula (1) are distinguished in that 20 G represents a)
hydr oxyl, b) nmethoxy, or c) ethoxy. 25Particularly preferred

conpounds ﬁéfartré'@cﬁgnﬁﬂ@s%?tr%%\?é %H%f&cﬁduhg'?o Thl%rf %(I%&eﬁ%%i};lguiéged in that

di stingui she represent

Preferredﬁoen@@QNES of the invention accordlng to the fornmula (1) are
di sti ngui shed tp that RL and R2 represent a) hydrogen, 35b) 18F2 c)
18F- net hoxy, I_&8F-ethoxy, e) 18r_r propoxy, f) 18F-nethyl, g)
18F-et hyl, or h) 18.-. _ |- propyl,

5 Preferred compounds of the invention according to the formula (1) are distinguished in that
A represents
NH..

Preferred compounds of the invention according to the formula (1) are distinguished in that
10  Grepresents
a) hydroxyl,
b) methoxy,
c) ethoxy,
d) propoxy,
15 e) isopropoxy, or
f) O-C,H,-OMe.

Further preferred compounds of the invention according to the formula () are distinguished
in that
20  Grepresents
a) hydroxyl,
b) methoxy, or
c) ethoxy.

25  Particularly preferred compounds of the invention according to the formula (l) are
distinguished in that
G represents
a) hydroxyl or
b) methoxy.
30

Preferred compounds of the invention according to the formula (l) are distinguished in that
R' and R? represent
a) hydrogen,
35 b) "F,
c) '®F-methoxy,
d) "®F-ethoxy,
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provi so that exactly one of the substituents RL or R2
exactly one 18F isotope and the other substituent in each
ydrogen. Further preferred conpounds of the invention

to tgg'@ﬁéﬂﬂk (1) are distinguished in that 10Rl and R2

a) hydrogen, ' 18F, c¢) 18F-nethoxy, d) 18F-nethyl, or 15e)
, with t'Fenmtiowi so that exactly one of the substituents RL
tains_ex e 18F isotope and the other substituent in
is h?gr§§%h¥hgp Particularly preferred conpounds of the
accoh}i 'figptapyt he formula (1) are 20di stinguished in that RL

rese E C F- | n22bwith th 18
Pt~ ol e HEES BB el il o S REATE R s R B gty one
ne 18Eotopetandehaotiiet fibstitLieet insabls tadaiehiydiogeeach case is

Particularly preferred conpounds of the invention

to the fornmula (1) are distinguished in that RL is selected
furthgy prefesed tomgowids@, th&BeniichHiccanthgOBHRe f@Gamd(IR2re distinguished
ﬁwagF. Particularly preferred conpounds of the invention

0 &he formula (1) are distinguished in that R2 is selected
§f eng R cepsesdntng of OH, CH3, C2H5 and C3H7, and 51
S 18F.)§$ E@rticularly preferred conpounds of the invention

to the SFﬁSFa (I') are distinguished in that RL represents

represerdfs 18F. Particularly preferred conpounds of the

accordi tg the fornmula (1) are distinguished in that Rl
s 18 %ngﬂﬁﬁﬂF@ﬁresents H G5Preferred conpounds of the
accoddi'frgmethyt,lve fornula (1) are distinguished in that

e) '®F-ethyl,

with the proviso that exactly one of the substituents R' or R? contains exactly one "°F

isotope and the other substituent in each case is hydrogen.

Particularly preferred compounds of the invention according to the formula (I} are
distinguished in that
R' and R? represent
a) hydrogen,
b) "®F or
c) "®F-methyl,
with the proviso that exactly one of the substituents R' or R? contains exactly one '°F

isotope and the other substituent in each case is hydrogen.

Particularly preferred compounds of the invention according to the formula (1) are
distinguished in that R' is selected from the group consisting of OH, CHs, C,Hs and C3Hs,
and R? represents "°F.

Particularly preferred compounds of the invention according to the formula (1) are
distinguished in that R? is selected from the group consisting of OH, CHj, C,Hs and CiHs,
and R represents '°F.

Particularly preferred compounds of the invention according to the formula (1) are
distinguished in that R' represents H and R? represents "*F.



L represents a) nethyl, b) ethyl, c) propyl, 10d) isopropyl, e)

-C2H4- OMe, or f) -C2H4-0- C2H4- OMe. Particularly preferred
conpounds of the invention according to the fornmula (I) are

15di stinguished in that L represents a) nmethyl or b) ethyl. 20

Li kew se preferred conmpounds of the invention according to the

formul a ( Parteulerlgi sefengdi sb@gourdst batthe indertiopr es&nﬂiagalokalhé fomtdd (1) are

and alkall ear 1Lons andm | s i ckel ch can be npbno-or
di val ent, rl?g\}'gﬁbaih R ETY Ealnggg F?Qfe?%'ﬁftl bonding with two
radi cal s of the 25structures accordi ng to t he |nventi on. A preferred

les omthe gr .conlstl 2t d M2t , .
pods: B ST A aHa Pt T G atnan e SiPa b Peraihs F g ARebH i ndet
as set foLtréprleﬁlerfthnula (1) are part of the present subject of the
i nvention. Furt Le particularly preferred is any individual
conmpound of th@ unds fromthe follow ng group, where all
possi bl e di astbyahyfers and enantioners are part of the present
subj ect of the inver]ti on: 0000 HOACHH2NOH NH2NH2 5 G
c) propyl,
10 d) isopropyl,
e) -C,H4-OMe, or
f) -C,H4-0O-C;H,-OMe.

Particularly preferred compounds of the invention according to the formula () are
16  distinguished in that
L represents
a) methyl or
b} ethyl.

20
Likewise preferred compounds of the invention according to the formula (1) are distinguished
in that
Z represents alkali metal and alkaline earth metal ions and also nickel which can be mono-
or divalent, where divalent metals can lead to ionic bonding with two radicals of the
25  structures according to the invention.

A preferred Z is selected from the group consisting of Na*, K*, Ca®* and Mg*".

All possible diastereomers and enantiomers of the preferred compounds as set forth in

formula (I} are part of the present subject of the invention.

30
Furthermore particularly preferred is any individual compound of the compounds from the
following group, where all possible diastereomers and enantiomers are part of the present
subject of the invention:

35



5 H 18F HOMH NH2 i 18F  HOOHH2NWOH ONH20NH2 18F Kit L The process
for the preparation of the conmpounds of the general forrmula (I)
according to the invention is distinguished in that the conpound as
set forth in formul@ (1) isyreleased 5 frog1a precur sor conpound of
t he conpound as setf[forth ijh fornmula (11) @fter ingroduction of the
18F isotope. In gq , the pr | | thus rel ates
to conpounds of the fiormula (I'D: 5 wherein A" represents a)
hydroxyl, b) branched” or Whbranched C1-05 al’koxYW¥.c) branched or
unbranched hydroxy Ci -85 al koxy, d) branched og unbranched 0-Cl-05
al kyl -(0-C1-C4 al kyDrO C1-C4 al kyl, 10e) N(C1l-05 alkyl)2, f) NH2, g)
N(H) - U,

|

o ®F o0 o Y 0
NH, NH,
¢ D
o] (0] (@] Q
HO OH HZN OH
NH, NH,
18F E 15F E
O O 0 O
HO OH H,N OH
NH, NH,
G
H
13F 18F
o] 0 O 0
HOWOH HZNWOH
SO NH, O NH2
i S
1BF -|BF J
O 0 (0] O
HOWOH HzNWOH
O NH, O NH,
Br K B L

The process for the preparation of the compounds of the general formula (1) according to

the invention is distinguished in that the compound as set forth in formula (1) is released

5 from a precursor compound of the compound as set forth in formula (I1) after introduction of

the "°F isotope. In a second aspect, the present invention thus relates to compounds of the

formula {11}



h) N(H-L", or i) O-L", 15 G' represents a) hydroxyl, b) 0-Z", c)
branched or unbranched 0-Cl-05 al kyl, 20d) branched or unbranched

0- C2-05 al kenyl, e) branched or unbranched 0-Cl-05

al kyl - (0-Cl1l-C4al kyl ) n-O-C1-C4 al kyl, or f) branched or unbranched

0- C2- 05 al kynyl, R1 and R2 represent 25a) hydrogen, b) 18F, c)
branched or unbranched 18F-Cl-05 ahkoxy? d) cbranched or unbranched
18F- C1-05 al kyl, e) branched or unfpranched 3§8F- hydroxy- C1-05 al kyl,

30f) branched or unbranched 18FA. - or g) branched or

unbranched 18F-C2-05 al kynyl, h) hyddoxyl| i) Branched or unbranched
Cl1-05 al kyl, or j) branched or unbr arRthedqCl- 05 gll)koxy, with the
provi so that exactly one of the substituents RL or R2 contains
exactly one 18F isotope and the other substituent in each case
contains no 18F isotope, Qrepresents 5a) N(H)-tert-butoxycarbonyl,

5 wherein A’ represents

a) hydroxyl,
b} branched or unbranched C;-C; alkoxy,
c¢) branched or unbranched hydroxy C;-Cs alkoxy,
d) branched or unbranched O-C,-Cg alkyl(O-C4-C, alkyl),-O-C,-C4 alkyl,

10 €) N(C,-Cs alkyl),,
f) NH,
g) N(H)-U,
h) N(H)-L", or
i) O-L",

15

G’ represents

a) hydroxyl,
b) O-Z°,
¢) branched or unbranched O-C;-Cs alkyl,

20 d) branched or unbranched O-C,-C; alkenyl,
e) branched or unbranched O-C;-C; alkyl-(O-C;-C, alkyl),-0-Cy-C4 alkyl, or
f) branched or unbranched O-C,-C; alkynyl,

R' and R? represent
25 a) hydrogen,
1BF

branched or unbranched '®F-C,-Cs alkoxy,

(=3

[3)

branched or unbranched "®F-C;-Cs alkyl,
branched or unbranched "®F- hydroxy- C-Cs alkyl,
30 f) branched or unbranched '®F-C,-Cs alkenyl, or

g) branched or unbranched "F-C,-Cs alkynyl,

h) hydroxyl,

i} branched or unbranched C;-Cs alkyl, or

j) branched or unbranched C;-Cs alkoxy,

10



b) N(H)-allyloxycarbonyl, c) N(H)-benzyl oxycarbonyl, d)
N( H) - et hoxycar bonyl , e) N(H)-nethoxycarbonyl, 10f)
N( H) - pr opoxycar bonyl e) N(H)-2,2,2-trichloroethoxycar bonyl , f)

N 1, 1-dj hy I N - 1- en { h car 18
h§ H)N( H) - 1% &Eﬁh & er VI?(P¥[’E) péﬁ(g% 9‘%%2%25@(?/535%6%@%15#)& COAtAIRS exactYy bne “F
N(H) - cycl csbwpylanamb@nwersq:t)stimeh{)inbembmd ayntdiebud PFdaotdmyl , k)

N( H) - vi nyl carbonyl, 1) N(H)-allylcarbonyl, m N(H)-adamantyl carbonyl,
20n) N(H)-di phenyl net hyl carbonyl, o) N(H)-cinnanyl carbonyl, p)

N(H) - f or M@ repegsesH) - benzoyl, r) N(H)-trityl, 25s)

w I|:|)|) g ?St Rgﬁ%{;@{m t%@'l%}’&ﬁ&é/?ﬁ/nﬁ?wyhyl Y N=<X. " u) Xor v)
N (tert - but oxybaKOIQBxycarbonyl,
c} N(H)-benzyloxycarbonyl,
d) N(H)-ethoxycarbonyl,
e) N(H)-methoxycarbonyl,
10 f) N(H)-propoxycarbonyl,
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,
15 i) N(H)-cyclobutylcarbonyl,
j) N(H)-1-methylcyclobutylcarbonyi,
k} N(H)-vinylcarbonyl,
1} N(H)-allylcarbonyl,
m) N(H)-adamantylcarbonyl,
20 n) N(H)-diphenylmethylcarbonyl,
0) N(H)-cinnamylcarbonyl,
p) N(H)-formyl,
q) N(H}-benzoyl,
r) N(H)-trityl,
25 s) N(H)-p-methoxyphenyldiphenylmethyl,
t) N(H)-di(p-methoxyphenyl)phenylmethyl,

v} N-(tert-butoxycarbonyl),,

30 L represents
a) branched or unbranched C,-C; alkyl,
b} branched or unbranched C,-Cs alkenyl,
c¢) branched or unbranched C;-Cs alkyl-(0-C;-C,4 alkyl),-O-C4-C, alkyl, or
d)} branched or unbranched C,-Cs alkynyl,
35
U represents
11



30 U represents a) branched or unbranched Cl1-05 al kyl,
b) branched or unbranched C2-05 al kenyl, c¢) branched or unbranched
C -05 al kyl - (0-C1-4al kyl ) -0-C1- C4al kyl, or d) branched

or unbranched % R% %g& {m I35 U represents a)
RpRy POy

tert - but oxycar

‘'oxycar bonyl, c) benzyl oxycarbonyl ,

d) net hoxycar bbysllyloxperb@nbpoxycar bonyl, or f) ethoxycarbonyl, X' and

X" i ndependent | e%fz BR&.
Cl1-05 al kyl, 10b3E GG

aQne abn%t er represent a) branched or unbranched
N'¢d or unsubstitut ed c) aral kyl or d)

het er oaryl , and)méthdkxyaaepmgkents a netal cation equival ent, which can

be no
with t

or di VFIrgntx v\,rh%reI di val ent netals can lead to ionic bonding
radi c& OBY yf;ﬁg ¥y Uct ures accordi ng to the invention or can

f or m coor di nat f)ethdxgemtsowil,t h a carboxyl and am ne function of the

am no acid derivative, 20A preferred Z" is selected fromthe group
consisting of Nat, Kt Ca2l" and My2+ or is Ni2+, wherenis =0, 1, 2
or 3 and Al GngpHSIndependirdlytoé vee aRstherardregpaint i oners are part of the

present subj ect, of thgj invention 2? Fque/lferred conmpounds of the
P

i nventi on accof A

FRESERPtR G-

are distinguished in that A"

repregents b) substituted or unsubstituted aryl,

15

20

25

30

35

¢) aralkyl or
d) heteroaryl,

and

Z' represents a metal cation equivalent, which can be mono- or divalent, where divalent
metals can lead to ionic bonding with two radicals of the structures according to the
invention or can form coordinative bonds with a carboxyl and amine function of the amino
acid derivative,

A preferred Z’ is selected from the group consisting of Na*, K*, Ca®* and Mg®* or

is Ni®*,

where nis = 0, 1, 2 or 3 and all possible diastereomers and enantiomers are part of the

present subject of the invention.

Preferred compounds of the invention according to the formula (Il} are distinguished in that
A’ represents
a) hydroxyl,
b) methoxy,
c) ethoxy,
d) tert-butoxy,
e) NMe;,
) NEt,,
g) NH,
h) N(H)-U,
i) N(H)-L" or
jyo-L.

12



a) hydroxyl, b) nmethoxy, 30c) ethoxy, d) tert-butoxy, e) Nwez, f)
NEt 2, g) NH2, 35h) N(H)-U, i) N(H-L" or j) O-L". Further preferred
conpounds of the invention according to the formula (I1) are

et oy} Ui T et SR eneds iyt R fvellion s Sidingit 1ha forpyd aredfstipauished
preferred|rcthan)ounds of the invention according to the forrmula (I1)
are disti Rgunlagrgggnén that A" represents 15a) hydroxyl, b) ethoxy,
a} hydroxyl,
5 b) methoxy,
c) ethoxy,
d) NMey,
e) N(H)-U,
f) NHa, or
10 g) N(H)}-L”

Particularly preferred compounds of the invention according to the formula (I} are
distinguished in that

A’ represents

15 a) hydroxyl,
b) ethoxy,
b) methoxy,
¢) N(H)-U or
d) NH,.

20

Particularly preferred compounds of the invention according to the formula (II) are
distinguished in that
A’ represents
a) hydroxyl,
25 b) branched or unbranched C,-C;s alkoxy,
c) —NH-tert-butoxycarbonyl, or
d) NH..

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

A’ represents ethoxy.

Particularly preferred compounds of the invention according to the formula (llI) are
distinguished in that
35 A’ represents NH,.

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

13



b) nethoxy, ¢) N(H-Uor d) NH2. 20 Particularly preferred conpounds
of the invention according to the formula (I1) are distinguished in
that A' represents a) hydroxyl, 25b) branched or unbranched Cl-05
al koxy, c)h.-NH-tert-butoxycarbonyl, or d) NH2. Particularly
preferred cEHBHE of the invention according to the formula (11)
are 30di sti nguapteliosiyy t hat A represents ethoxy. Particularly
preferred corrpﬁU@gs of the invention according to the formula (I1)
are distinguis )e i'n that 35A" represents NH2. Preferred conpounds of
t he invention eonethdkyyg to the fornmula (I1) are distinguished in that
G' represents a tE droxyl, b) Qz", c) nethoxy, 5d) ethoxy, e)
tert-butoxy, f § ropoxy, or g) 0-C2H4-OMe.

e) tert-butoxy,

f) isopropoxy, or
g) O-CH,-OMe.

10  Further preferred compounds of the invention according to the formula (II) are distinguished
in that
G’ represents
a) hydroxyt,
b) OZ’,
15 c) methoxy, or

d) ethoxy.

Particularly preferred compounds of the invention according to the formula (ll) are
distinguished in that
20 G’ represents
a) hydroxyl,
b) OZ’, or
c) methoxy.

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

G’ represents ethoxy.

Preferred compounds of the invention according to the formula (1) are distinguished in that
30 R'and R?represent
a) hydrogen,
b) B
c) "F-methoxy,
d) "®F-ethoxy,
35 e) "®F-propoxy,
f) ®F-methy,
g) “®F-ethyl, or

14



10Further preferred conpounds of the invention according to the

formula (11) are distinguished in that G represents a) hydroxyl, b)
Qz", 15c¢) nethoxy, or d) ethoxy. Particularly preferred conpounds of
the invention ﬁqu{-dxlo@  to the formula (11) are distinguished in that
20G' represents’ a) Hy oxyl, b) Qz", or c¢) methoxy. 25Particularly

pr ef er r edwitb rthe pnaldscothat rexactiyvemd iob theasomstitlients RO drie? Eantaind &xadtly) one °F

di sti i sh ' hat G t t . Pr ef d
oo R g PSR ST T o (115" e
di stinguished in that 30RL and R2 represent a) hydrogen, b) 18F, c¢)

ig:z: gﬁ]hoﬁ'x%rpeq)pre eﬁég E:Qr%)égund%5o?)[hel:%\rrentﬂ)n %rcggrgf%’to fti}e %?rﬁﬁlg?(‘ﬁ)hé/rle ’dis%%guished
yl,
in that
R" and R? represent
a) hydrogen,
b) ",
10 c) "®F-methoxy,
d) '"®F-methyl, or
e) "®F-ethyl,
with the proviso that exactly one of the substituents R’ or R® contains exactly one '°F
isotope and the other substituent in each case is hydrogen.
15
Particularly preferred compounds of the invention according to the formula (I} are
distinguished in that
R' and R? represent
a) hydrogen,
20 b) For
c) "F-methyl,
with the proviso that exactly one of the substituents R' or R? contains exactly one '8F

isotope and the other substituent in each case is hydrogen.

25  Particularly preferred compounds of the invention according to the formula (ll) are
distinguished in that R' is selected from the group consisting of OH, CHa, C;Hs and CsH5,
and R? represents "°F.

Particularly preferred compounds of the invention according to the formula (Il) are
30 distinguished in that R?is selected from the group consisting of OH, CH,, C,Hs and C3H-,
and R' represents '°F.

Particularly preferred compounds of the invention according to the formula (ll) are
distinguished in that R' represents H and R? represents "°F.

35
Particularly preferred compounds of the invention according to the formula (ll) are

distinguished in that R' represents "®F and R? represents H.

15



h) 18F-propyl, with the proviso that exactly one of the substituents
R1 or R2 contains exactly one 18F isotope and the other substituent
in each case is hydrogen. 5Further preferred conpounds of the

invention,according to the formula (1) .ar istinguished,.in that R
and R2 r eB’Feggr e,'cf c%[?pwaf, 85@%,'”‘69)&"1%%?00){%% %@ﬁe@uﬂa&@eredilstlngwsﬁed mjthat
18F- met hyl represents18F- et hyl , with the proviso that exactly one of the

substituents Rl R2.contains exactly one 18F isotope and the ot her
substituent i nab@{!—”-ter&-@g%&cq@?ﬂyﬁgen_ 15 Particularly preferred

conmpounds of theNjHMentyloxycathoayldi ng to the fornmula (I1) are
di stingui shed | represent a) hydrogen, 20b) 18F or c)

hat Rl an
18F-nethyl, w ?ﬂ“'ﬁ“ﬁ@“%‘#"&‘yf’%@"ﬁ& oexactly one of the substituents RL
or R2 contai nsdexactly one 18F isotope and the other substituent in

each case is hydrogen. 25Particularly preferred conpounds of the
i nvention accordi ng\ 0 jhe formula (I1) are distinguished in that Rl
grau

is selected fromth D consisting of OH CH3, C21-13 and C3H7,

and R2 represents 18F. Particularly preferred conpounds of the

i nvention according to the fornmula (I1) are 30di stinguished in that

R2 is selected fromthe group consisting of OH CH3, C2I-15 and C3H/,
and Rl r epumsisenrefed8dcompounds of the invention according to the formula (I1) are distinguished

10 in that
Q represents
a) N(H)-tert-butoxycarbonyl,
b) N-(tert-butoxycarbonyl),, or
c)

=

15 X

Particularly preferred compounds of the invention according to the formula (IlI) are
distinguished in that
Q represents
20 a) N(H)-tert-butoxycarbonyl, or
b)

\N=<

X
Particularly preferred compounds of the invention according to the formula (1) are
25  distinguished in that

Q represents N(H)-tert-butoxycarbonyl.

Particularly preferred compounds of the invention according to the formula (II) are

distinguished in that Q represents

16



Particularly preferred conpounds of the invention according to the
formula (11) are distinguished in that Rl represents H and R2
represents 18F. 35 Particularly preferred conpounds of the invention
according to the formula (11) are distinguished in that Rl represents
18F and R2 repreg 9, H Preferred conpounds of the invention
according to,the il a (11) are distinguished in that Q represents
a) N(I—D-tt;\;(—buto ar bonyl , b) N(H)-benzyl oxycar bonyl, 5c)
N-(tert-but oxyeeaf bonyl)2, or d) N=<X X" Further preferred
conpounds of theN.argntion according to the fornula (I11) are

di stingui shed 10i gt Q represents a) N(H)-tert-butoxycarbonyl, b)
N-(tert-butox )2, or c) 15x'.. Particularly preferred

conmpounds of y according to the formula (11) are

di st i ngui sheN +~ QT epilesents 20a) N(H)-tert-butoxycarbonyl, or
b) N=<X eferred preferred conmpounds of the

i nvention accordin ormula (Il1) are 25distinguished in that Q

represents N(H) rt-but oxycar bonyl .

Preferred compounds of the invention according to the formula (1l) are distinguished in that
L" represents
5 a) methyl,
b) ethyl,
c) propyl,
d) isopropyl,
e) -C;H4-OMe, or
10 f) -C,H4-O-C;H,-OMe.

Further preferred compounds of the invention according to the formula (1) are distinguished
in that
L" represents
15 a) methyl, or
b) ethyl.

Preferred compounds of the invention according to the formula (II) are distinguished in that
U represents
20 a) tert-butoxycarbonyl,
b) allyloxycarbonyl, or
¢) ethoxycarbonyl.

Further preferred compounds of the invention according to the formula (1) are distinguished
25 inthat
U represents
a) tert-butoxycarbonyl, or

b) ethoxycarbonyl.

17



Particularly preferred conpounds of the invention according to the
formula (11) are distinguished in that Qrepresents Preferred
conpounds of the invention according to the formula (I1) are

di stingui gh ip t r ent.s thyl ., b) ethyl ropyl ,

) 1 sopr opgitcusly ' €Bfeyd BGRAN? o Ho TGN FeaRltlt to o, Rl 1) are
pr ef er r eddistimguisihedsn tfatt he i nventi on according to the forrmula (11)

are disti [jgrui sheq in that represents 15a) nethyl, or b) ethyl.

Preferred 08%8%'?183 of the invention according to the forrmula (I1)

are di stingui shatibutoxydaaltonyl.r epr esents 20a) tert-but oxycarbonyl, b)

al lyl o%ycar bonyl, or c) ethoxycarbonyl. Furt her preferred
conpounds of the invention according to the formula (I1) are

di sti ngui Brefelrétbé¢aompchatis bf the pmestart acanrdibe td thb fdroxiec@l) bendistingaishéd in that

et hoxycar hon ...Particularl ref.erred conpounds of the invention
accor o ngt 8 K BRI o Srd pEOBP BRI N Ghed | n t hat

a) branched or unbranched C;-C; alkyl,

b) substituted or unsubstituted aryl or

10 c) aralkyl.

Further preferred compounds of the invention according to the formula (11} are distinguished
in that
X" and X" independently of one another represent
15 a) branched or unbranched C4-Cs alkyl, or
b) substituted or unsubstituted aryl.

Particularly preferred compounds of the invention according to the formula (Il) are
distinguished in that
20 X" and X" represent phenyt or represent phenyl substituted in the 2-position.

Z" represents a metal cation equivalent, which can be mono- or divalent, where divalent
metals can lead to ionic bonding with two radicals of the structures according to the
invention or can form coordinative bonds with a carboxyl and amine function of the amino

25  acid derivative,

Preferred compounds of the invention according to the formula (I1) are distinguished in that
Z’ represents an Ni** ion or
Z' is selected from the group consisting of: Na*, K*, Ca?* and Mg?,
30
where all possible diastereomers and enantiomers of the preferred compounds of the

invention as set forth in formula (1l) are part of the present subject of the invention,
Furthermore particularly preferred is any individual compound of the compounds from the

35 following group where all possible diastereomers and enantiomers are part of the present

subject of the invention:

18



U represents tert-butoxycarbonyl. 5 Preferred conpounds of the

i nvention according to the fornmula (I1) are distinguished in that X"
and X' independently of one another represent a) branched or
unbranched C1-05 al kyl, b) substituted or unsubstituted aryl or 10c)
aral kyl . Further preferred conpounds of the invention according to
the formula (11) di stinguished in that X' and X' independently of
one anot her repreg 15a) branched or unbranched Ci1-£5al kyl, or b)
substituted or un$ ituted Particularly preferred & 3

i nvention accordng to thg fornula (I'1) are distinguyshketl in that

20X" and X" repr sent nyI tﬁpresent phenyl suBstitutedlin dhe
E'pr es nt “eati on equi val N, Whi NH,
nono- or ent . ,pt nmetals can lgd to Hpqnl c [

2-position,

with two radi of tihe struct Uir es accordi ng -1nve' i on~or ¢an
form coordin bapeds\w t h a carboxyl and anln fU“CtIO of the

am no 25acid derj Praf erred conpounds of e \
according to the are distinguished in t
an Ni2+ ion or Z" is sel-v -d fromthe group consi strg :
Ca2+ and My2+, 30 where all possible diastereoners and enant i omers of
the preferred conpounds of the invention as set forth in formula (I1)
are part of the present subject of the invention. Furt hernore

par ti cul alhg ppacessfarde pseparation mdithd derapowsiepd dingl geferaiHerredapbuampsrding to

from t@e @ﬁ%flﬂvén‘?‘% r@dgg h\@g% ‘ﬁ']aeflﬂj\e F}Zf&){%ﬁh@!{(ﬁﬁp‘%ﬁﬁﬁé §etai’3Qh in formula

enantioners are part e present su I nv
(If) can be formed from a precursor compound of the compound of the formula (1 after

introduction of the "F isotope.

In a third aspect, the present invention relates to compounds of the formula (l11):

10 R® Q@ (Hn)

wherein
A" represents
a) hydroxyl,
15 b) branched or unbranched C;-Cs alkoxy,
c) branched or unbranched hydroxy C;-Cs alkoxy,
d) branched or unbranched O-C;-C; alkyl—(O-C;-C, alkyl),-O-C;-C, alkyl,
) N(C4-Cs alkyl),,
f) NH,,
20 g) N(H)-U
h) N(H)-L"" or
i) O-L",

G” represents
25 a) hydroxyl,
b)0-Z",
¢) branched or unbranched O-C,-Cs alkyl,
19



The process for the preparation of the conpounds of the general
formula (11) according to 5 the invention is distinguished in that
the majority of the conmpounds as set forth in formula (11) can be

formed froma precursor coppound, af .t he conmpound of the formula (111)
after introduc f%r n%qedt%é‘ng%ﬁcﬁ%% 6%%.5?|ﬁe 'third aspect, the present
i nvention rel atplsrahchetionmpoabraished OtGeCs alkyiCRC(-Cl bkyl),-O-CrGratkiyn A"
represents a) droxyl,, 15b ?3{ ed. or, _unbranched Cl1-05 al koxy, c¢)
branched or unﬂﬁﬁ{bcﬁéﬁ OW%F%Q ‘%ﬁ'g%%éla&%’@); °[) branched or
unbranched O0- 03} ibherykyéth6Hy, C1- C4al kyl ), - 0- C1- C4al kyl, e) N(Cl-05
al kyO f) NH2, 20g) N(H)-1.1", h) N(H)-L" or i) OL", G represents
25a) hydroxyl, b) 0-Z", c) branched or unbranched 0-Cl-05 al kyl, d)
branched BF ant B agprbenht 0- C2- 05 al kenyl, e) branched or unbranched
0- C1-05 al kyl - g? G - C4al kyl ) n- O C1- adal kyl ,
hydrogen,
b) branched or unbranched E-C,-C; alkoxy,
¢} branched or unbranched E-C;-C; alkyl,
10 d) branched or unbranched E-hydroxy-C4-Cs -alkyl,

e) branched or unbranched E-C,-Cs alkenyl,

f) branched or unbranched E-C,-Cs alkynyl,

g) hydroxyl,

h) branched or unbranched C,-Cs alkyl, or

15 i) branched or unbranched C;-C; alkoxy,
with the proviso that exactly one of the substituents R® or R* contains an E and the other

substituent in each case contains no E,

E represents
20 a) chloro,
b) bromo,
c) mesyloxy,
d) trifluoromesyloxy,
e) nonafluorobutyloxy, or

25 f) tosyloxy,

Q' represents

a) N(H)-tert-butoxycarbonyl,
b} N(H)-allyloxycarbonyl,

30 ¢) N{(H)-benzyloxycarbonyl,
d} N(H)-ethoxycarbonyl,
e) N(H)-methoxycarbonyl
f) N(H)-propoxycarbonyl,
g) N(H)-2,2,2-trichloroethoxycarbonyl,

35 h) N(H)-1,1-dimethyipropynyl,
i) N(H)-1-methyl-1-phenylethoxycarbonyl,
i) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,

20



f) branched or unbranched 0-C2-05 al kynyl, or g) triphenyl met hoxy, 5
R3 and R4 represent a) hydrogen, b) branched or unbranched E-Cl-05
al koxy, c¢) branched or unbranched E- C1-05 al kyl, 10d) branched or

unbranched E-h I e) branched or unbranched E-C2-05
al kenyl, f) brxﬂ'&%@acy%f’&ﬁ%?'g’ﬁﬁ Yied £ .05 al kynyl, g) hydroxyl, h)

branched or unbMHMenietﬁyle;@&bam@rbonyf 15i) branched or unbranched
Cl- 05 al koxy, ﬁ]aﬁvi gghﬂo that exactly one of the substituents
R3 or R4 cont a| t'he ot her substituent in each case

contains no E, nEl\Iﬂﬁ@lglsemvbsyQOa) chloro, b) bronmpo, c) nesyl oxy, d)

trifl rorresyl nonaf | uor obut yl oxy, or 25f)
t osyl (L)%()y Q 8EM%HS) adtamantylcarbon?/? a) N(H)-tert-butoxycarbonyl,

b) N(H)-allyl opyld)bbphanyingdio)lcapdhyl,benzyl oxycar bonyl , d)
N(H) - et hoxycar QPIQM'-‘)Lcinnamylcarbonyl,
r) N(H)-formyl,
s) N{H)-benzovl,
10 ) N(H)-trityl,
u) N(H)-p-methoxyphenyldiphenylmethyl,
v} N(H)-di{p-methoxyphenyl)phenylmethyl, or

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

L" represents
a) branched or unbranched C,-Cs alkyl,
b) branched or unbranched C,-Cs alkenyl,
20 c¢) branched or unbranched C;-Cs alkyl—(0O-C;-C, alkyl),-O-C4-C,4 alkyl or
d) branched or unbranched C,-Cs alkynyl,

U’ represenis
a) tert-butoxycarbonyl,
25 b) allyloxycarbonyl,
c)} benzyloxycarbonyl, or

d) ethoxycarbonyl,

X" and X" independentiy of one another represent
30 a) branched or unbranched C;-Cs alkyl,
b) substituted or unsubstituted aryl,
c) aralkyl or
d) heteroaryl,
and
35 Z”° represents a metal cation equivalent, which can be mono- or divalent, where divalent

metals can lead to ionic bonding with two radicals of the structures according to the
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e) N(H)-nethoxycarbonyl f) N(H)-propoxycarbonyl, Q)
N(H) -2, 2, 2-trichl oroet hoxycar bonyl, 35h) N(H)-1, 1-di et hyl propynyl ,
N( H) - 1- net hyl - 1- phenyl et hoxycar bonyl, j)
N(H) - 1-met hyl - 1- (4- bi phenyl ypet.hoxycarb I K . . .
NCH) - oyt BRI Gn O oS BERES WORA aradibt gnck aming,ynctiapyof the amino
N( H) - vi nykcidrdedvgtive, n) N(H) -al | yl carbonyl, 50)
N( H) - adamant yl car bonyl N - di_ phenyl net hyl gar.bonyl o. 2+
NCH - nnaRPEiFBany s seipRedd bt i R CeorRigd s fEnBose" Hh e o
N(H) -tritigNi**u) N(H) - p- met hoxyphenyl di phenyl net hyl, v)
N(H) - di ( p- met hoxyphenyl ) phenyl nethyl, or w) N=<X. X" 15x)
N- (tert-butoxycarbony02, L" represents
where nis = 0, 1 or 2 and all possible diastereomers and enantiomers are part of the

present subject of the invention.

Preferred compounds of the invention according to the formula (l1l) are distinguished in that

10 A’ represents

a) hydroxyl,

b} methoxy,

c¢) ethoxy,

d) tert-butoxy,
15 e) NMe;,

fy NEt,

g) NHy,

h) N(H)-U",

i) N(H)-L"" or
20 jyO-L".

Further preferred compounds of the invention according to the formula (lll) are distinguished
in that
A’ represents
25 a) hydroxyl,
b) methoxy,
c) ethoxy,
d)y NMes,
e} N(H)-U",
30 f) NHy, or
g) N(H)-L™.

Particularly preferred compounds of the invention according to the formula (lll) are
distinguished in that B
35 A" represents

a} hydroxyl,

b} ethoxy,
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a) branched or unbyanched Cl-05 al kyl, b) branched or unbranched
C2-05 al kenyl, 20c) branched or unbranched Cl1-05
al kyl - (0- Cradal kyl ) n- O Cradal kyl or d) branched or unbranched C2-05

al kynyl, U reQI]%g ;[(% a) tert-butoxycarbonyl, 25b)
al I yl oxycar bonyl, @? enzyl oxycar bonyl, or d) ethoxycarbonyl, X and

X" i ndependent HyN@f)-lbree anot her represent 30a) branched or unbranched
Cl- 05 al kyl, bé)égbstitut ed or unsubstituted aryl, c) aral kyl or d)

het eroaryl, an 7" represents a metal cation equival ent, which can
be nmono- or divalent, where divalent netals can |l ead to ionic bonding

can 1 of m ERIPAR GrfiahdS aRe G aRRA00 1 Wa sl i BBl Ay s et

am no aci &G depresabtsve, A preferred Z" is selected fromthe group
consi sting of I\t@iv IC| Ca2+ and My2+ or is NP2+ , 5 wherenis =0, 1
or 2 and all p% |d6?x<¥'di astereoners and enantioners are part of the
present subjecb)©E”t he invention. Pref erred conpounds of the
invention according to the formula (I11) are distinguished in that 10
A" represents 8))m @8)%xyl :

10 d) ethoxy,

e) tert-butoxy,
f) isopropoxy, or
g) 0-C;H,-OMe.

15  Further preferred compounds of the invention according to the formula (111} are distinguished
in that
G’ represents
a) hydroxyl,
b)OZ",
20 ¢) methoxy, or
d) ethoxy.

Particularly preferred compounds of the invention according to the formula (lll) are
distinguished in that
25 G represents
a) hydroxyl,
b)OZ", or

c) methoxy.

30  Preferred compounds of the invention according to the formula (lIl) are distinguished in that
R® and R* represent
a) hydrogen,
b) E-methoxy,
¢) E-ethoxy,
35 d) E-propoxy,
e) E-methyl,
f) E-ethyl, or
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b) nethoxy, c) ethoxy, d) tert-butoxy, 15e) Nwve2, 0 NEt2, g) NH2, h)
N(H-U, i) N(H-L" or 20j) 0-L". Further preferred conmpounds of the

I nvention according to the formula (I111) are distinguished in that A"
represents 25a¥; k%drox b) net hoxy, c) ethoxy, d) Nwe2,

e) N(H-U, Yor g) N(H-L". Particularly preferred conpounds
of the inwﬁhtth@prcmmdhdh egctlp ohdof ther sablstituehisI B® arR* dirgainegniks bad theother

'E):]at 35 A" USRS %netasch%)aS Pé% 8X03é| b) ethoxy, c¢) nmethoxy, d) N(H)-U,

5  Further preferred compounds of the invention according to the formula (111} are distinguished
in that
R* and R* represent
a) hydrogen,
b} E-methoxy,
10 ¢) E-methyl, or
d) E-ethyl,
with the proviso that exactly one of the substituents R® or R* contains an E and the other
substituent in each case is hydrogen.

15 Particularly preferred compounds of the invention according to the formula (lIl) are
distinguished in that
R® and R* represent
a) hydrogen or
b) E-methyl,
20  with the proviso that exactly one of the substituents R® or R* contains an E and the other
substituent in each case is hydrogen.

Preferred compounds of the invention according to the formula (Ill} are distinguished in that
E represents
25 a) chloro,
b) bromo,
¢) mesyloxy,
d) trifluoromesyloxy or
e) tosyloxy.
30
Further preferred compounds of the invention according to the formula (lif) are distinguished
in that
E represents
a) chloro,
35 b) bromo,
¢) mesyloxy,

d) trifluoromesyloxy or
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e) NH2. 5Preferred conpaunds of the invention according to the
formula (111) are distinguished in that G represents a)
hydr oxyl, b) QzZ", c) nethoxy, 10d) ethoxy, e) tert-butoxy, f)
i sopropoxy, or g%) qc-)CZH4-OI\/E. 15Furt her preferred conpounds of the
i nvention accoftig o the formula (111) are distinguished in that G
represents a) hydroxyl, b) Qz", 20c) nethoxy,
or d) eth . Particul arl referred_conpoupnds of the invention
accor i ng PeHREY (BIRIRY {RTPginEh o8 0 TRBIFER ceriitn ] (68 afia (1) are
r epr esent distinguighgddxtHat b) OQz", or c) nethoxy. 30Preferred conpounds
of the.in entiontaccordi ng to the formula (I111) are distinguished in
t hat a cfelpﬁs?'éﬁresent a) hydrogen, b) E-nethoxy,

a) bromo, or .

b) mesyloxy.

Preferred compounds of the invention according to the formula (lll) are distinguished in that
10 Q' represents
a) N(H)-tert-butoxycarbonyl,
b) N(H)-benzyloxycarbonyl, or
c)
\N=<
X )
15
Further preferred compounds of the invention according to the formula (I1l) are distinguished
in that
Q' represents
a) N(H)-tert-butoxycarbonyl, or
20 b}

\N=<

X |

Preferred compounds of the invention according to the formula (IIt) are distinguished in that
L” represents. .
25 a) methyl,
b) ethyl,
c) propyl,
d) isopropyl,
e) -C,Hs~-OMe, or
30 f) -CoH,-O-C,H4-OMe.

Further preferred compounds of the invention according to the formula (Ill) are distinguished
in that

L™ represents
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c) E-ethoxy, 35d) E-propoxy, e) E-nethyl, f) E-ethyl, or Q)
E-propyl, with the proviso that exactly one of the substituents R3 or
R4 contains an E and the other substituent in each case is hydrogen.
5Furt her preferieg hcprépounds of the invention according to the
formula (111) DS MY ngui shed in that R3 and R4 represent a)
hydr ogen, b) Ebpsth¥loxy, 10c) E-nethyl, or d) E-ethyl, with the
provi so that exactly one of the substituents R3 or R4 contains an E
and the other substituent in each case is hydrogen. 15Particularly
pr ef er r ed Pedemparicmspainds lvéthermanition acarding ¢ thg forenulan@ll ¥ are eistiagisidd)in that
are disti [njgui shed.in that R3 and R4 represent a) hydrogen or b)
E- met hyl , Zfﬁﬂr?%e"fshe provi so that exactly one of the substituents R3
or R4 cont ai nsapertbutoxycarbenyt her substituent in each case is
hydr ogen. Pref ing’ conﬁou?ds of the invention according to the
formula (111) HAVEEABIN Hed in that E represents 25a) chloro,

¢) ethoxycarbonyl.

10 Further preferred compounds of the invention according to the formula (lll) are distinguished
in that '
U’ represents
a) tert-butoxycarbonyl, or
b) benzyloxycarbonyl.
15
Particularly preferred compounds of the invention according to the formula (lll) are
distinguished in that
U’ represents
tert-butoxycarbonyl.
20
Preferred compounds of the invention according to the formula (Ill) are distinguished in that
X" and X" independently of one another represent
a) branched or unbranched C4-Cs alkyl,
b) substituted or unsubstituted aryl, or
25 c) aralkyl.

Further preferred compounds of the invention according to the formula (l1) are distinguished
in that
X" and X" independently of one another represent
30
a) branched or unbranched C,-Cs alkyl, and

b) substituted or unsubstituted aryl.
Particularly preferred compounds of the invention according to the formula (lll) are

35 distinguished in that
X" and X" represent phenyl or represent phenyl substituted in the 2-position.
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b) brono, c) mesyloxy, d) trifJluoromesyloxy or e) tosyloxy. 30
Further preferred conpounds of the invention according to the formula
(I'11) are distinguished in that E represents a) chloro, 35b) brono,

o of or s e At b R RERBIORN Yo f kb BY i R U0 Bighsneeyn ot

are di sti BGurephesgntsrNit'hat S5E represents a) brono, or b) nesyl oxy.

Pref erred conpounds of the invention according to the fornula (I11)

are distinguished in that 10Q" represents a)

N( H) - t er t WhetroaY pesdite glasteogorm¥érsliant emzyticongrs af thenykferred copmpolitexas ded forth

the 1ot mropnif PERE e R RIE B st R cooncs 0 1

The term-“aryl’, as it is applied here, standing by itself or as parf. of another group, relates to

monocyclic or bicyclic aromatic groups which can contain six to twelve carbon atoms in the

ring, such as, for example, phenyl or naphthyl, and can be arbitrarily substituted in position
10 2.

The aryl groups can be substituted in any suitable position which leads to a stable

compound by one or more radicals from the group consisting of: hydroxyl, halogen, C1-C5-

alkyl, C1-C5-alkoxy, cyano, CF3, nitro.

Substituents which may be mentioned are methoxy, ethoxy, propoxy, isopropoxy, hydroxyl,
15 fluorine, chlorine, bromine, methyl, ethyl, propyl, isopropyl or trifluoromethyl groups.

Halogen is in each case to be understood as meaning fluorine, chlorine, bromine or iodine.

The term “alkyl”, as it is applied here, standing by itself or as part of another group, relates
20  to C;-Cg-alkyl groups and can be straight-chain or branched and represents a methyl, ethyl,

n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl or n-pentyl, 2,2-dimethylpropyl, 2-methylbutyl

or 3-methylbutyl group. A methyl or ethyl group is preferred.

Alkyl is in each case to be understood as meaning a straight-chain or branched alky! radical,

such as, for example, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
25  pentyl, isopentyl or hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl.

The alkenyl substituents are in each case straight-chain or branched, the following radicals,

for example, being meant: vinyl, propen-1-yl, propen-2-yl, but-1-en-1-yl, but-1-en-2-yl, but-2-

en-1-yl, but-2-en-2-yl, 2-methylprop-2-en-1-yl, 2-methylprop-1-en-1-yi, but-1-en-3-yl,
30  ethynyl, prop-1-yn-1-yl, but-1-yn-1-yl, but-2-yn-1-yl, but-3-en-1-yl, allyl.

The alkynyl groups can be straight-chain or branched and are, for example, C=C, -CH,-
C=CH, -C=C-CHj; -CH(CH;)-C=CH, -C=C-CH,(CHj), -C(CH3)-C=CH, -C=C-CH(CHa),-,
-CH(CHj3)}-C=C-CHj, -CH,-C=C-~ CH>(CHa). -

35

The C;-Cs-alkoxy groups can be straight-chain or branched and represent a methoxy,

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy or n-pentoxy, 2,2-
27



a) N(H)-tert-butoxycarbonyl, or 20b) N=<X. x- Preferred conpounds of
the invention according to the formula (Il1) are distinguished in
that L" represents 25a) nethyl, b) ethyl, c¢) propyl, d) isopropyl, e)

- C2H4- OMe,,. o, Ofé - C2} 8'52@40'\%& Fur t her preferyred. .conpounds of .
the. | nvenETGIREBPR A ElY PR & mumstVH B Bl el FiontrbT R i Sroue s
that L" remfasshts a) nethyl, or b) ethyl. Preferred conpounds
of the invention according to the formula (I1l11) are distinguished in
that 5U. represents a) tert-butoxycarbonyl, b) allyloxycarbonyl, or
c) et hoxyThe heteybarylli@Hicak ihexachreake recoaghrisend e uitddnghtoirsearidinetebd @fi a carbon
accordé ng ttoo (t;he fncfrimjoI a il | l% i rr?ticdi,grtéiﬁ léi'ltsfbeetgrog omtshgachuas oxygen, nitrogen
- epr estni 8O SHLpeliong P gsgy P - ygen, ntrog
or sulfur in the ring, and can be mono-, bi- or tricyclic, and can additionally in each case be
benzo-fused.
Examples which may be mentioned are:
thienyl, furanyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
10  oxadiazolyl, triazolyi, thiadiazolyl, etc.
and
benzo derivatives thereof, such as, for example,
benzofuranyl, benzothienyl, benzothiazole, benzoxazolyl, benzimidazolyl, indazolyl, indolyl,
” isocindolyl, etc.;
15  or
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, triazinyl, efc. and benzo derivatives thereof, such
as, for example,
quinolyl, isoquinolyl, etc.;
or
20 azocinyl, indolizinyl, purinyl, etc. and benzo derivatives thereof; or quinolinyl, isoquinolinyl,
cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, naphthyridinyl, pteridinyl, carbazclyl,

acridinyl, phenazinyl, phenothiazinyl, phenoxazinyl, xanthenyl, oxepinyl.

The invention also comprises the Ni** complex containing the Schiff's base of a compound
25  as set forth in formula (1} and the compound (S)-2-[N~(N-benzylprolyl)amino]benzophenone
as such and its use for the preparation of a compound as set forth in formuta (1).

The invention further also comprises the Ni** complex containing the Schiff's base of a
precursor compound of the compound as set forth in formula (I} and the compound (S)-2-[N-

30  (N-benzylprolyl)Jaminolbenzophenone as such and its use for the preparation of a
compound as set forth in formula (1).

Compounds according to the invention, such as, for example, 4-fluoro-l-glutamic acid and 4-

fluoro-l-glutamine, can be prepared, for example, as in Scheme 1, by metal-catalyzed

35 asymmetric synthesis with the aid of an N complex of a glycine-containing Schiff’'s base
and  (S)-2-[N-(N-benzylprolyl)amino]benzophenone (BPB) (1)° and ethyl ethyi-

o-bromoacrylate or a-bromoacrylamide (2).
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b) benzyl oxycarbonyl. 15 Particul arky preferred conmpounds of the
invention according to the forrmula (I11) are distinguished in that
Li' represents tert-butoxycarbonyl. 20 Preferred conpounds of the

i nvention according to the forrmula (I1l1) are distinguished in that X
and X' independently of one another represent a) branched or
unbranched C1-05 2 |, b) substituted or unsubstituted ary
aral kyl . Further
the formula (111
of one anot her
and b) subst;j
conpounds
35di sting
phenyl substi

or 25c)

ed ob substi t ut
t he Twyentjon accordi \
NN thAit X &nd r epr esemmt—phenyl &er\r
ut &d_i nlt he 2-positihon. Preferred conpof/nds, of
' anformula (111) are distingu? shedth
represents N 2+. @ al| podsible diastereonmers ay
enanti onmers of the”prefestd conpounds as set forth 5in o
are part of the present subject of the invention. The term"aryl", as
it is applied here, standing by itself or as part of arfot her gr oup,
rel ates to nonocyclic or bicyclic aromatic groups which can coﬁi@gn
nyl

six to twelve carbon atonms in the ring, such as, for exanpl ¢,
or naphthyl, and can be arbitrarily substituted in positionY1l0&:c, 10min

aryl gion, rt. Parti gL enre R
rto Bhwinf or nul 3 art

Br

O O
o O R
H X HC! (6N) N, .0 H
HO N
- . i8
HN *F N \ ]
x HCI s 0 O |
4
R = -OEt, -NH,
scheme 1 X =-CH, -NH,

Here, the C-C linkage can take place both in protic and aprotic solvents. The reaction can
5  be carried out under mild conditions, such as, for example, room temperature, or elevated
temperatures.
The addition of a base here is helpful. For instance, diisopropylamine,
diisopropylethylamine, triethylamine or the like can be used. The reaction mixture is
favorably stirred for 1 — 3 h and subsequently treated again with ethyl a-bromoacrylate or
10  o-bromoacrylamide. The reaction can be monitored by means of TLC. Inter alia, silica
gel/ethyl acetate/chloroform systems are suitable for this. After the addition of ethyl
o-bromoacrylate or a-bromoacrylamide and stirring for at least 1 hour, the reaction is to a
considerable extent complete. The reaction mixture is then neutralized by the addition of
organic or mineral acid (or a combination of both), for example acetic acid, formic acid,
15 ftrifluoroacetic acid, trichloroacetic acid, propionic acid, hydrochloric acid, sulfuric acid,
perchloric acid, phosphoric acid etc. The ethyl 4-bromoglutamate-Ni complex can be
separated from the reaction mixture by extraction. Suitable solvents for this are, for

example, organic halogenated or nonhalogenated solvents, such as, for example,
29



The aryl groups can be substituted in any suitable position which
| eads to a stable conpound by one or nore radicals fromthe group
consisting of: hydroxyl, halogen, Cl-05- alkyl, Cl-05-alkoxy, cyano,

CF3, nitr u t ed,are th

et hoxy, priBsigm. ?ﬁe@%ﬁ%@eﬁ@?% 458 BRer o Aok B B, 6. 1 crvino the

et hyl, ebigghic ;pj'raep)uy mempmfcq)yn‘ylrrgragemt (fbuexamme pdiugr ufpte, chlaiuogeuliate or
quorlne chl ori ne,

is in eac under st 00
brom ne ogh <143 Fthem 1e- % ?Onc'e ﬁr% ‘?fo drggessu gcué)ppl i ed here, standing

b)r/ol t se;] Bgnnmspﬂ@epn‘ratmofﬂ@(fzgg?mﬁl: lrc:a Lsgtgafr?QOsrm@ aﬁtla{u?; aliktyie of ACOEY/
u

ot oyl S oSS0, bR 8 R TABRRRS, AP TS s ERUR) can
nrre Fﬁnlt yIOr bztcﬁtahtetb'z)(mm;piem@y(s grﬂr renmrhyé Luepydatanr & wmé bint thke @‘omurentléned
indor st oofeibonciy St i BD B o, Tne B3 cb pERR AR MeCh S gel.for
such as,  bRdm S ABMLMeOPL Eydm e‘?é @MH ’sul%éai}&"uﬂy puEABE ‘BPléblun'h‘uL’(;hYématography, for

|sobutyl sec-butyl, tert-b % 25pentyl, I'sopenty hexyl,
heptyl , oél‘%}?peﬁﬂr%ﬁpha PRXCHAING W@w&mﬁ ‘é’%yl The  al kenyl

substwuew]g hBiek b ?ncertlj & Ee ed o rihers Ef't"u% |o s on the carbon
fol |l ow ng rad Ies or ?Qa 0 é sz BP(S%% '1 9

pr open- 2- ylommttstlﬁjt@”bwbrym,mebut 1-en- but - 2 en- 1-yl,

Bﬂt_i_gz %h pregldrg %S&r@; ro%Rg Oge%cc%ﬁéﬂr_ﬂg % % Pi%\l._[t?n;p %?,ne r'be é/on\ferted to the
but - 2-yn- &eryés,pobdmg Bummaiecybrecaﬂsblybomﬂ'dmdafl ky nydlegphilicpsibstitatidneby ["°F]F". For
st rai ght - ghai d_and ar f.or, exanpl e = -CH2. C=

©C=C- CH3, ﬁﬂhsc'_t‘ﬁ T%@é@ca&ed%%%g the %@yéé_oé&?se such as,qait’ exampfle,
e e e e e B e S
et hoxy, Bty WiBesBBE s 51eR{eBl Fabstter. Bis 8961 8heRpd %Jﬁgrs S as, for
t er t - but oexanople NKipptofio 2.2 2) DanDositivete inflyénpoecthe xgactidn, e oyl iy i xymbination

3-nmethyl b r ox or ethoxy group is preferred. The
heteroary% %;C@ %chaﬁ a? é conprises 5 - 16 ring atons and

i nst ead oﬂ'haflc@rlﬂatﬁmi @mwnﬁsaﬁluomglméamlcmei ar4- ﬂnmegluﬂadmu carabbe @ieased from

di ffeédent the co?regg% Oqcosr:grﬁexe ?X}/r%gtg?en wtéﬁg A O”rcgcﬁfr Eor exigmpf ﬁ%drochlorlc

ring, and cafi D& non I on
each caseadi€, blmspberﬁcused pEmmmbeamdM'sutfbnmwdbetcrrbiete Grudial tieer eteavage of the

L S 31 S, oREERL e P2 BB o 5k BGRL g AR iy when wsing >
t hi adi azoingthyl é#luorogﬂthazo derl vatives t he_r eof, such as, for

e ., SSIGHHAR srlrEap o Spbes i ARy oL 5 BRI T8 e e

25 (Waters), LiChrolut (VWR/Merck) or WHAT6803-2005 SPE COLSAX (VWR/Merck)). The

separation of impurities (complex compound 3, 4, 4-bromoglutamic acid etc.) can be carried

out by means of HPLC. Suitable HPLC systems can, for example, be: column: amino group-

bearing silica gel (for example Zorbax-NH.,}; eluent: 20 mM NaH.PO, in water, flow: 4 ml/

min. The purified compound 5§ can be concentrated by suitable removal of the HPLC

30  solvents and employed for use for the purposes of this invention. The removal of the HPLC

solvents can be carried out in different ways. Concentration on a rotary evaporator under

reduced pressure, heating of the sample in a heating block under a stream of nitrogen etc.

or application to a concentrator cartridge (for example C-18 SepPack etc.), followed by

elution with a little EtOH/aqueous sodium chloride solution or the like with subsequent

35  further concentration by the aforementioned methods is suitable.

Compounds according to the invention, in which the [F-18] isotope is likewise positioned in

30



pyridyl, pyridazinyl, pyrimdinyl, pyrazinyl, triazinyl, etc. and
benzo derivatives thereof, such as, for exanple, quinolyl,
i soqui nolyl, etc.; O 20azocinyl, indolizinyl, purinyl, etc. and

b der i . : . DoVl ool i v . i
ot nal asi 1 PEETor S5hE Sherils AL ARRE (91 HEEHERTR RaPbrpo S5 BR v ppneme
car bazol yR, Tacs; i anjdic cleheaggzofiiyé propéutivne phiuas iohiHe, coptpenod 8zakesl place by way
Sont ai n ng EREHEH grpero il Be BB o RhuERAYT B0 SeER TG e
(1) and tmeent@mmpound (S)-2-[ N-(N-benzyl prol yOam no] benzophenone as

such d its use for the preparation of a conpound as set forth in
formula (1). The invention further also conprises the N 2+ conpl ex

containing the Schif®'s base€of a precursor conmpound ©®f the npound
as set forth in fqornu a (l) jand ;the conpound (9S)-2-]
30( N- benzyl pr ol y&&afh nolbengophdhone as such and i t80usert ory’t h&H
preparation of a conpBend MsrRset forth in fornula (1) .*Conmaynds
according to the inventi®, such as, for exanple, 4-fluor®-I-glutamc
acid and 4- fl uoéﬁ{e'm’e@' utam ne, can be prepared, for exanple, as in
Schene 1, by netal-catal yzed 35asgramdef igg tBMNt hesis with the aid of

an Ni 2+ conpl ex of a gl yci ne- cont Bi fnprogctSe briolid, s ekmspe Boodrity!, acetyl
(S)-24N- (N- benzyl prol ypam noThenzophenone (BPB) (1)3 and et hyl

et hyl a- bronoacryl ate or a-bronmpacrylamde (2). 3 K2.2.2. [F-18]F-

MeCN 80C, Hafe, warous organic acids (for example trifluoroacetic acid), but especially inorganic acids

such as, for example, hydrobromic acid, hydrochloric acid, sulfuric acid, perchloric acid or
10  phosphoric acid can be used. The purification of the compound 5 according to the invention
as set forth in formula (1) is possible by HPLC, where various purification steps can in
principle be inserted upstream and inserted downstream, such as, for example, purification
by means of an RP-C18 cartridge or other separating materials.
The radiochemical fluorination of tosylate 7, whose synthesis took place from 8 (N.
15  Sharma et al. Tetrahedron Lett. 2004, 45, 1403-1406.) analogously to the method described
in the literature (X. Zhang Tefrahedron Lett. 2001, 42, 5335-5338.}, to give the [F-18]-
labeled glutamic acid derivative 6 is feasible according to the methods known to the person
skilled in the art (see Scheme 3).

O O O O

RZOWORz - RZOJWLORz
1 7 7

18
NH
R = leaving group, e.g. Ms, Tf, Ts F 6 R

7 R2 = Me, Et, Bu
R? = protective group, e.g. Boc, Fmoc

20 Scheme 3

Here, compound 7 can be reacted with the appropriate [F-18] fluoride solution in the

presence of a base such as, for example, tetraalkylammonium and tetraalkylphosphonium
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4 R=-0Et, -NH2 schene 1X = -OH, -NH2 Here, the C C linkage can
take place both in protic and aprotic solvents. The reaction can 5be
carried out under mld conditions, such as, for exanple, room

t enper at ur el e ; res., e addition.of a base here s
el prul - Epofifer st BOBERLELBIERING e, TG, BESGh B eteni elfieRe’ i eibated
tri et hyl ammyeraiurdsh @hk iddditionrof lweowrs ethersT Isach eacor eramplef Kryetdfiz (K2.2.2), can
favorably stirred for 1 - 3 h.and subsequently .treate i wth .
ety - bPOHIE SruBhod e e tuBE ediRRF Bnbanohdil FIRARRKH LA wetvaing
noni t or edbbse. Remaibleobolferds aranpeaferablyagprsiid, ibua powic/ selveyts or else aprotic solvent
acetatg/ chlorof ormsystens are suitable for this.~Alter.the additian

of Cettgl BB ERORI IS € e, MG P P o LA By e Bp! Aot
| east 1 heulfoxideher rdimethyformasnite arecased der abliraalesbleatts clanpihet eadiobhemical

reaction gixture | eutralized.by the addit.ion.of .organic or

i nor ai  aQrainBlEn i B BHAE BupRE Galod Afs SERE T BlefieBBGR fuges 6 can
form c acbd purifiéd by HRLQodrakeretarigidges, dvhers vaddusrmaifiedtion stepsdcan in principle be
propi oni c. aci.,d, hydrochl oric. agid ulfuric acid, perchloric._.acjid
bhosphor | BSFvRTEam A BRRUR 4oTRant vt &g SEBie PUCRRY B means of
separ & edah RPACH & eantriiyetdr ethersaparaindoyatxibkact i on. Sui t abl e sol vents

for this are, for exanple, organic hal ogenated or nonhal ogenat ed

sol vents, such as, for exanple, 29 chloroform nmethylene chloride,

di al kyl eThemsepaation ofathet Bi16, refdrkiacee sompdundsAflt end drlyiakgs iplaee oy aindvan in
phase by ans of a drying agent (for exanple sodiumsulfate, calcium
sulfate o thef{ge(fii ke), the mxture is concentrated to dryness in

vacuo. By neans of preparative TLE (for exanple on sil iPca gel Hsi ng

an eluent m xtu of ASOEti 5 CHC :1),Oa m xture o

st er eoi soneric es sueh=as S ard—3~( SR
det ected. Conpl e>§4 3 (S S, R can Be s par ated, for exanple,
af orenenti oned se@paration system wi tBocan of 0.49. The co Xes 3
can be eluted fromthe silica gel, for exanple, using MeOH, EtOH etc.
and subsequently pghri fied by colum cHt omat ography, for exanfl e on
Sephadex using EtOH C6H6 m xtures. 10The conpl ex obtained can then be
enpl oyed for fufd"RBF4substitution reactions on the carbon atom

subst {4 ut egr R¥taRESM0NEan B8 Brdpafsdby BXidERIHPOURE fBoReFdNhE idBEvdtRe 9T he open-
i nvention can he converted to the corresponding fl uorinated precursor

conpound 83 referened prfatanceddiraniherbtainedhy ngersning 10 hi s, t he

conpl exes 3 can be reacted in the presence of a base such as, for

exanpl e, 15 NBu4OH, (NBu4)2CO3, K2CO3 etc. with the appropriate ]
fluori de EWIMRRTMEFE: cPRLOH CiCBH’"?ﬂ'@ftB? PPy BB g @n alfxhapregared directly

t enper at ufrg®- thd ycRABbrhpoihdos (SERME @? liing  thé Webrirdion f @hdiB¥BESribed. The
Krypt ofi x (K2.2. can positively influence the reaction,

)ee ] . . .
par t i &l afF§vags FdhoPIRRSTNR STRUPE RSENG SPeNiRgEa o Faged gikanalogously to the

conditions for the removal of acidic protective groups (Scheme 2). For this purpose, various

organic acids (for example trifluoroacetic acid), but especially inorganic acids such as, for
example, hydrobromic acid, hydrochloric acid, sulfuric acid, perchloric acid or phosphoric
acid can be used. Furthermore, basic ring opening is also possible using lithium hydroxide,

25  sodium hydroxide, potassium hydroxide etc. (S. Baker et al. Tetrahedron Lett. 1998, 39,
2815-2818.).

Compounds according to the invention, in which the [F-18] isotope is positioned in the B-
position, such as, for example, in the case of 3-fluoroglutamic acid (12), can be prepared as
30  shown in Scheme 5. Thus the acidic cleavage of the protective groups of the compound 13
succeeds by way of example in order to obtain the compound according to the invention 3-

fluoroglutamic acid (12).
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The fluorinated conmpounds 4-fluoroglutam c acid.or 4-fluoroglutam ne
can be rel eased from 20 the correspondi ng conpl exes 3 by treatnent

with acids, such as, for exanple, hydrochloric acid, phosphoric acid,
perchloric acid, sulfuric acid etc. Here, both the cleavage of the

am no acid derivative and the cleavage of the ester in the 5-position
occurs when using 5- @ret'fiyl ©fl uorog |utamate #¢Fl ugrogl utamnic

acid can be prepurifiled ans of a cartridgel (f r e arrple QVA 25
(Wat ers), Li Chrol (HOT r CRH or “VFAT6803:

(VR Merck)). The separatl e, of inpurities (conpl ex

4-bronogl utam c acid etcq) can be carried out by e aH E

Suitabl e HPLC systens can, for exanple, be: col um1 nORe

group-bearing sili caSCg%egf or exanpl e Zorbax- NH2) ; eI uent: 20 mvi
NaH2PO4 in water, flow. 4 m/ mn. The purified conpound 5 can be
concentrated by suitable renoval of the HPLC 30 sol vents and enpl oyed
for use fagrd NGB BREAR, ‘ijt E&B I?‘fﬁd’r LQ8. aJ&?s&&@é/%r larhbig, H?d'rgbromlc
solvents can be carried out ereit ways. Concentration on

r ot ar yo evagdr avdfpcfﬂjmeramde@ulftw Ef‘ilés@QK@ONﬁe%R"ﬂ 9 Rhosemrwsa@iﬁl@nu he gused.
heating b f t

Concent atop 208 CFn8 SRR Foudh LSl 3Ehdl, ehioRRIAER, (bl o syemele
el uti on weedum Wd!@)i"ge Epmpp@oﬂﬁemtgswmtﬁwaoﬁpmorsaﬂ usgasofavgrrabtehé)ut also
li ke wit huﬁfi@ee%nrea%fe%t ;hm{mp@nﬁenbmrcb% ﬁa/thteh@on?ao%sr@ééé\%ﬁ@ﬂ% to the
met hods i s suitable. Conpounds according to the invention, In I C

the [F- 18inveriisnoasesetsforth irfarawlan@l ist passibip bn HRLGe wheps yanidusrpusficatie steps
gl ut ayg c i i

> Thtﬂs t@ﬁie a?ﬁﬁé#ﬁl&%fee irfsehted Qtrﬁér’ﬁ%r@%r@éﬁé’d’ﬂ‘%@ﬂnéﬁeaﬁh%ﬂ &%, 360 emple,

dic eavage o0 protective groups of the conpoun
6 takes pPeiisatign hapeans ehamBP< i8ragrides ot etherreparating eaderiglound

4-fl uor onet hyl ghaitaidéhepfdl fl(.lér)ina@lBﬁfoQ?ﬁﬁbtéomt %obé'\é?rﬂhéﬁgtls desdiBed | ||? the

-Me; -Et; t-Bu R/ = protective grou exa ace

ere, var ieturarGamime PRaTASE ot & 189% 470 §8M0pcansthedFdigheiegialiamic
especi al | Ycik agfi0k 43 3¢ teSinRLsofting oGhe FEATBR Gnolid 8 HR"HRIh Skifeflin the ar
hydrochloric acid, sulfuric acid, perchloric acid or 10 phosphori

aci d tan tseedgbamePie purification of the conpounds according to the
invention as set forth in fornula (1) is possible by HPLC, where
various purification steps can in principle be inserted upstream and

i nserted downstream such as, for exanple, purificatioh by nmeans of

an RP-Cl18 cartridge or other separating materials. Thi adi ochem cal

fluorination of tosylate 7, whose synthesis took pl aq
Sharma et al. Tetrahedron Lett. 2004, 45, 1403-1406.)~a
the nmethod described in the literature (X. Zhang Tetra edron Lett.
2001, 42, 5335-5338.), tqegive the [F-18]- |abeled ¢?TbaMi c acid
derivative 6 is feasi ccolidi ng to the nethods owll t o0t he person

skilled in the ar ~J 0- 2 BocR
HN Nl
13 :]j 14 Hf

Scheme 6

Here, compound 14 can be reacted with the appropriate [F-18] fluoride solution in the
20  presence of a base such as, for example, tetraalkylammonium and tetraalkylphosphonium
carbonate and potassium carbonate etc. The reaction preferably proceeds at elevated
temperatures. The addition of crown ethers, such as, for example, Kryptofix (K2.2.2), can
positively influence the reaction, particularly in combination with K;CO3; as a catalyzing
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20Schene 3 Here, conmpound 7 can be reacted with the appropriate

[F-18] fluoride solution in the presence of a base such as, for

exanpl e, tetraal kyl ammoni um and tetraal kyl phosphoni um carbonate and

pot assi u f d at
Femper at uPes. FRaabfe, &fiens Ofs BEAGELOHRAE, BUERllcRoRERE o1 Bhe BpOIE Bhen
Kr ypt of i xagdve®, 2ych asaforpoxaimpiey @lajer] cenl alembe usbe Gmnardm acetomtrlle dimethyl
particul a i bas Possi

ol vent's SR PSRV Shaibe’ e te el o BhE KphSE: "B Sue cBRBiee ca
sol vent Sflaatihation edth &uwj famridé aniomsa@ohwoundit e custamardy sioebmcmsmde to be

are usha seoiedEE P PUldcelid, S BB Wby Sed ATl FRY B BbHE Befifpgo for

[ F-18] fl timrneelalomlmfdﬂsto mmudimdien @ttt@rchnnrg:md 13hie, hawewat, ipossibledi pesciple,

6 can be e by HPL r|o

ur 1 11 cat Piereb by Weds- o ARPaRhyT BFLE (SHEE 0L Phissh ity o5 on prarple
downst r eaRP @nsh\dampvémpuﬁ»canm ky mpans of caatridges ibyalsvaaasiblef 10an

RP-C18 cartridge or other separating naterials. The preparation of

the F-19 reference conpounds 10 and 11 takes place as shown in Schene
4. FRIGROCEChtMpoondd accomdihd-MHBecinBardiBadn Sd0dHL tHec freth} |%tdﬁmrpdmmhammihe 4-

10 can be_pr.epar b xi dati.on.of the fl|luaoroprolin erivative
The open: PRIIETH of e iR htE fuete v miShE ¥ rendSts, Sugy SuBh as, for
openi ng oéxdple, Hurthdneam)oiaz} [E@&ﬂﬂmd&t@@ﬁaﬂnmld 013) hean ey prefpiacel sustown

as 5 can r d directl th ound

3 st ng PHETFT o TR B vew i eraiR: (8 dcie ¥Evack 5 3T Biéikhytly SRS S the
t he prot ecd:mpmrglrtﬁupscaee% ireordendp opiain thg aenrpdued caconding toutbe invention 4-[F-
anal o us t h r the renoval of acidic protective

gr oupg‘%)( Sc%]gugm%f%y qurtni?asclcmPgose, various organic acids (for

exanple trifluoroacetic acid), but especially inorganic acids such
as, for exanple, hydrepronic geid, hydrochlorlcoa0|d sul furic acid,

perchlorlc acid or phgsphoricjlacid can be ed. jiFurt her basi c
ring opening is al sf 8ijng ++thi u um
hydr oxi de, potassi um hy roxhﬂe etc. (S. Baker et . [Fetrahedron
Lett. 1998, 39, 2815- 15) 18 R7

Scheme 7
R7? = protective group, e.g. trityl, Boc, etc.

Here, various organic acids (for example trifluoroacetic acid), but especially incrganic acids

20  such as, for example, hydrobromic acid, hydrochloric acid, sulfuric acid, perchloric acid or
phosphoric acid can be used. The purification of the compound according to the invention
16 as set forth in formula (1) is possible by HPLC, where in principle various purification
steps can-be inserted upstream and inserted downstream, such as, for example, purification
by means of an RP-C18 cartridge or other separating materials.

25 The radiochemical fiuorination of tosylate 17, the synthesis of which was carried out
analogously to the method described in the literature (Chem. Pharm. Bull., 17, 5, (1969),
879-885) from 18 (Tetrahedron, 45, 5, (1989) 1453-1464), to give the [F-18]-labeled
glutamic acid derivative 16 is feasible according to the methods known to the person skilled
in the art (see Scheme 8).

30
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Conpounds according to the invention, in which the [ 18] isotope is
positioned in the J3- position, such as, for exanple, in the case of
3-fluoroglutamc acid (12), can be prepared as 30 shown in Schene 5.
Thus the acidic cleavage of the protective groupg of thegconpound 13
succeeds by way of exanple in order to obtakl] thé¢ conpoufd EEéording
to the invention 3- fluoroglutamc acid (1 12
Schene 5 Here, various organic, but especially i norg FBC aci ds such
as, for exanple, hydrobromc 5 acid, hydrochl ogt TRBUl furic
aC|d perchloric acid or phosphoric aC|d can be used13C]eavage of the
protective groups under strongly basic conditions usPng, for exanpl e,

sodi um hydr oxi de sol ution or potassium hydroxide sol ution is |ess
favorabl e, but also utilizable and feasible in princyple. The
purification of the conpound according to the_invention as set
forth in for /ﬁg;by HPLC, re uril|f jcation
steps 10can i p ted upstr

downstream such as, f oynexanpl e, pusf+cati on” by an RP-C18
cartridge or otherf%ep éatRﬁg mat eri al s. o, & mkhenlca
fluorination of tosylaté 14, whose syntheli § desci7i bed in the

Ilterature(C(r]ge Pgarm Bull., 17, 5, ( 879-885), to give the
[ F-181-1 abel e g‘]f"ﬁ? mc acid derivative feasi bl e according to
t he met hods known to the person skilled in the art 15(see Schene 6).
0=S=0 0 0 0 C)CO 14 Hit R? = protective group, e.g. trityl, Boc

Here, compound 17 can be reacted with the appropriate [F-18] fluoride solution in the

presence of a base such as, for example, tetraalkylammonium and tetraalkylphosphonium

carbonate and potassium carbonate etc. The reaction preferably proceeds at elevated

5 temperatures. The addition of crown ethers, such as, for example, Kryptofix (K2.2.2), can

positively influence the reaction, particularly in combination with K,CO; as a catalyzing

base. Possible solvents are preferably aprotic solvents, but protic solvents or else aprotic

solvent additives, such as, for example, water, can also be used. Customarily, acetonitrile,

dimethyl sulfoxide or dimethylformamide are used as optimal solvents for the radiochemical

10  fluorination with [F-18] fluoride anions. Compound 16 customarily does not have to undergo

purification, but can be treated immediately using the methods described for the reaction of

16 to 15. Purification of the compound 16 is, however, possible in principle, preferably by

means of preparative HPLC using a nonpolar phase, such as, for example, RP C-18.

15  Compounds according to the invention in which the [F-18] isotope is positioned in the 4-

position of the glutamic¢ acid structure by means of an alkoxy group, such as, for example, in

the case of 4-[F-18]flucroethoxyglutamic acid (20), can be prepared as shown in Scheme 9.

Thus the acidic cleavage of the protective groups of the compound 21 or 22 succeeds by

way of example in order to obtain the compound according to the invention 4-[F-

20  18]flucroethoxyglutamic acid (20).
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O Here, conmpound 14 can be reacted with the appropriate,[F-18]
fluoride solution in the 20 presence of a base such as, for exanple,
t et raal kyl anmoni um and tetraal kyl phosphoni um carbonate and pot assi um
carbonate etc. Thaggeaction preferably proceeds at el evated
tenperatures. The dﬁ?{LQp of crown ethers, such as, for exanple,
Kryptofix (K2.2.2), can pesitively influence the reaction,
particularly in conbinatign wthoK2CO3 as a catalyzkpg basge.

Possi bl e sol vents are p® apr ot but proti g sol venfjs or el se
aprotic solvent additives, Suchoas, fo%e, g0 be

used. Customarily, acetonitt e, dimethyl sulfoxide or
di met hyl f or mani de are used a&! opti mal solvents for t € rabiflocheni ca
fluorination with [F-18] fluoride anions. Conpound 13 custonarily
does not have to be 5 bjectedf to pg%LLPcﬁg?onﬂﬂ ut carkobe treated
i mredi ately using the. tt b for the reaction of 13 to 12.
Purification of the comnpound 13 IS, however, possible in principle,
preferably by neans of p ar #B9®e HPLC using a nonpol ar phase, such
as, for exanple, RP C-18. Mdrreover, purification by neans of
cartridges is also pogst'bl e. 10Conpounds according to the invention
in which the [F-18] isotope %5 positioned in the 4- position of the
glutam c acid structure by neans of a nethyl ene group, such as, for
exanple, in the case q&héﬁ%§L18]fluoronethylglutanic acid (15), can
be prepared as shown in Schenme 7. Thus, by way of exanple, the acidic
cl eavage of the protective groups of the conpound 16 succeeds in

d 0. d ding . he..l nventi - LE- . .
SESer 1 ooP Bl A B RTP2AY 0 BOAbR b YR B g e
R7 = pr ot sudhi as fogr exgmple. ydrébromid aciBdydreehloric ldeide subiuaici amicy peraidoriccacid or

ids {f Lrifl ti id)... i ally i i .
i ds o PaGERBHG foi cah bUAi8AC PLiTorBl biol hor¥RRRGGH b SRPERRxRIg using
sul furi c Ebiuch hyszoxide, sodunabydioxide, pludagsihuon hydraxidel etafS.bBakes etal. Thgahedron
purifi cat i_gtg 19%8}{!{?)28%@8%"? according to the invention 16 as set

a

forth in Torm i STpossi ble by HPLC, where in principle various
puri f i cat Tha pstifeatorc ahtheecomeend edcarpisp rie dma ianehtion 2 dsesketdontin st foeaua (1) is
such as, for. o~ PUC] i ion an f an RP-C18 cartridge qr
ot her sep%rsasfb?ér(lggwalﬁ'ecr’ivgrﬁesf.e v%%us pur%}éagc?n sPepQ cafl'n prmcnpl% be mserteogupsﬂream
10  and inserted downstream, such as, for example, purification by means of an RP-C18

cartridge or other separating materials.

The radiochemical fluorination of tosylate 23 whose synthesis was carried out from

24 analogously to the method described in the literature (N. Sharma et al. Tetrahedron Lett.

15 2004, 45, 1403-1406.) to give the [F-18]-labeled glutamic acid derivative 21 is feasible
according to the methods known to the person skilled in the art (see Scheme 10).

TsO B
HO ® —_\—-o —d\—-o

N O™ ™y 0N

! I |
Boc OMe Boc OMe Boc ©OMe
24 23 21
Scheme 10

20  Here, compound 21 can be reacted with the appropriate [F-18] fluoride solution in the
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25The radi ochem cal fluorination of tosylate 17, the synthesis of
whi ch was carried out anal ogously to the nethod described in the

literature (Chem Pharm Bull., 17, 5, (1969), 879-885) frolm 18
T h d t F- - .
(Tt amedendEor §opbd 8 of 50 HIR0R ok BB Bt it Bhnonir

knovvn to balbopaiem pkiaksionh carboige agtt. TbeesedioangretrablB@roceeds at elevated
,,,..." ) 7 _= rotectlv U

trityi o elaiss] SRS danol B ol etBs, spdlef Bh REPE BBl A2 A can

[ F- 18] f I posifivedy srﬂbelmaeomel reactien, patetoly of canliastenswitih KaE0;fasr a catalyzmg

exanpl I 2 sphan carbanat e

ot abel unPEst Eamapls” e s PEsc o 3Btk BRERR 8Dt BELE ToRERE of P8k aprotic

5 tenper atuved.adiitiees ddich iaenfooexamplenwatenesam, alsaibé uasd. Gustoreardypdoetonitrile,

Kryptofix (1 | ve i nfl uence the re

ey £ cul aP iy Sulbaae R Boe e SR deliyd FRG I8 B e mtseppmica

sol vent s ﬂmmrqatlm’i emtabﬂFy1apfhmt|de Mnsem:ompobuu ar omgtmsmymsmmrhabste be

aprotic sglve ddi Ld ) exanpl wat e

oed. | Cus e 95 BLilabin. o1 el B ety R Bl UG ne ool Rsbibed for

di met 1yl fmenam:tdm aird tos20d Pasficahitn rmﬁthesm:lnwmms Xlas, hdwevegdiossibienn cpalhcup]e

10 quorlna ni 16 custo

does not Ravasy Hyrtept,Sourebrtia FEAE WIS 24RAoRat PRattedcr mAsaPaeatpPie

usi ng t heRretH8ddortesen pbdfitafiar by imeanealdarividged is bossible15.

Purification of the compound 16 is, however, possible in principle,

preferably by nmeans of preparative HPLC using a nonpol ar phase, such

as, for exanpl €he Fd%ldﬁhé&lcalﬂmmbumdstoaglewﬁ whose syyhteesiawastdaaied out from

oL g et o lsTPlIRE ARk 8RSy pD bl Sk B e 2001,
exanpl e, #B §336-53889, tofgive {He-[ESN8]- Ialneredeglthtaxmg@mqi danivatioe 29 i§ EHakiblecagtording
rorect ve 5 B ekrbe ¥ Iiermen 9030 95 EElsEeSaboBE H4) of exanpi e

in order to obtain the conpound accor di ng to the invention 4-[F-
2018] f uorget hoxyg luta mc acid (20). Schene 9 Here, vari ous
organi c acids exanpl e trifl uorogtet | c afli d) but espeC|0aI |y

I norgani ¢ aci ds
——— —_————
o N NHBoc 0 NHBoc
I
Boc OM j
TsO o

23 25 22

Scheme 11
20

Here, compound 25 can be reacted with the appropriate [F-18] fluoride solution in the
presence of a base such as, for example, tetraalkylammonium and tetraalkylphosphonium
carbonate and potassium carbonate etc. The reaction preferably proceeds at elevated
25 temperatures. The addition of crown ethers, such as, for example, Kryptofix (K2.2.2), can
positively influence the reaction, particularly in combination with K,CO,; as a catalyzing
base. Possible solvents are preferably aprotic, but protic solvents or else aprotic solvent
additives, such as, for example, water, can also be used. Customarily, acetonitrile, dimethyl
sulfoxide or dimethylformamide are used as optimal solvents for the radiochemical
30 fluorination with [F-18] fluoride anions. Compound 22 customarily does not have to undergo
purification, but can be treated immediately using the methods described for the reaction of

22 to 20. Purification of the compound 22 is, however, possible in principle, preferably by
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such as, for exanple, hydrobrom c acid, hydrochloric acid, sulfuric
acid, perchloric acid or 5 phosphoric acid can be used. Furthernore,
basic ring opening of 21 is also possible using Iithium hydroxide,

sodi um hy Lde, i ydr.oxi d S. . B t .al

Tetr aned: Batsid BN ALY BB S Rofidar Blheer S 28 Sremmpe. RP cte
conpound Wocever, pgrificativh &y inmeantof cartrRigeas mebibfeorth in formula (1) is
possi bl e by HPLC, where various purification steps can in principle

be inserted upstream 10and i nserted downstream such as, for exanple,
puri fi cat ifba spythesantFdP raferétReCbipoands 2802y amd 28 bar be epaiedtdubgs shown in
nateriéJsschane12The radi ochem cal fluorination of tosylate 23 whose
synt hesi s "Was carried out from 24 anal ogously to the nethod descri bed
inthe literature (N. Sharma et al. Tetrahedron Lett. 152004, 45,
1403-1406.) to give the [F-18]-1abeled glutam c acid derivative 21 is

feasible agcording to th thods known to fhe per8on skilledlin thef
art (see Sc 10). 1SOM 18 0 ON)f B 5 Ove OH
242321 Sche resénce a —sweh as, | forl exanptes

carbonat e et @c TH% eacti on peef e85l y proceeds at el evated
tenperatures. The addition of crown ether&, such as, for ex | e,
Kryptofix (K2.z. 2), can positiwely influence thg reaction,

particularly in conmbination with K2CO3 as a catalyzing 5 base. 28
Possi bl e sol vent g,,ahgpreferably aprotic solvents, but protic

sol vents or else aprotic solvent additives, such as, for exanple,

wat er, can al so be used. Customarily, acetonitrile, dinethyl

sul f oxi de26cadibgedigingbbyralyigiormaed gxidatiansofdghe inydioxyblinerdesivative 2By ring
radi oghem i | I | W = I ' i :
st ofr 1 T st e PRHGtning oo 28, Y o AR R R prorcrR B RS 27 s
treated i thedt B/ acidic mipavage peihRodeieetivearotnsdesads to the glutemicemist desivative
of 21 to g§. Purification of the conpound 21 is, however, possible in
principle, preferably by neans of preparative HPLC using a nonpol ar
phase, such as, for exanple, RP C-18. Mreover, purification by neans

of cartrigg j i e i QG I f icu0f i i . l: )
25, “ahose Sy ROREIPAREIING o HeSlERoRIN S e (L IRAAER, HeyibRBy 17 4
met hotb deBesitidreef the gtutemiciacis situgiuse bx meaing e ametkyharouposuchetst forzaemple, in

£, 55 Bl o oAy R 0 3 TR 1 o

in the arean ke pregaredas oW in Scheme 13. Thus, the acidic cleavage of the protective groups

tetraal kyl ameni m and t etd aal yl phosphoni u Car HBR%t e ana ;ﬂk@ssi Dt
np

of the compounds 31 and 32 succeeds by way of example, in order to obtain the compound
4-[F-18]fluoropropylglutamic acid (29) or 4-[F-18]fluorobutylglutamic acid (30) according to

20  the invention.

o G o 0
o I \Owo/
18 n NH, o ) NHBoc

n=3(29) n=3(31)
n=4(30) n =4 (32)
Scheme 13

Here, various organic acids (for example trifluoroacetic acid), but especially inorganic acids
25  such as, for example, hydrobromic acid, hydrochloric acid, sulfuric acid, perchloric acid or
phosphoric acid can be used. The purification of the compound 29 and 30 according to the

invention as set forth in formula (I) is possible by HPLC, where various purification steps
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000 0000 O NHBocr0O NHBoc TO 18F; 2522 Schene 11 20 Here, conpound 25
can be reacted with the appropriate [F-18] fluoride solution in the
presence of a base such as, for exanple, tetraal kyl anmoni um and

t etraal ky i t p i al.e o

reaction %@g?ﬁ?ﬁﬁﬁblgg%%?i%ggaa"ﬁsgr?%a{i&}}eogﬁl%EH%ﬂe(r&rip%'Ba ur és.g} haes'I~|r8r example,
addi ti on périficrtismbemsens of aruBR-GIS, caritidge raoipbrsepdrating ofaterigl¥?2. 2. 2) ,

can positivel yinf : ti.an, i RV i i :
with K2CO3 as y‘%e‘é%ﬁym ﬁ%ﬁglgé@?aqlbhgs?i%%fd%o%éﬁossylg{reesﬁre esrggsyl"ff‘% SIS was
aprotic, banviegogt iremsif araingously te theemaphodtdescrilisidvierihe liteditore(8s Hasersian, st

as, f e ¢ . use St-OJ 1R |
i et 1 BT O G 290820, Bo7R 508l Eblue HOECII ety AHREMRLIS Wifiatves
for the ratiaod3@ns feasitdd attarding athcomethiotd khewrd 8 tHel prysdrdskilked inrise art (see
Compound gghé}ﬁégmrily does not have to undergo purification, but

can be treated i mredi ately using the nethods described for the

reaction of 22 to 20. Purification of the conpound 22 is, however,
possible in principle, preferably by 37 neans of piegparatiye HPLC

usi ng a nonpol ar phase, such as, for exanple, RP C- 1i8. Morefpver,
purification by nmeans of cartridges is possible. ™
of F-19 reference conpounds 26, 27 and 28 can be carried Yt as shown
in 5 Schene 12. Schene 12 26 can be obtained by al kyl ati on and

oxi dation of the hydroxyproline derivative 24. By ring 30 openi ng of
t he pyrogl utam ne derivative 26, the open-chain refer enFe conmpound 27

Q

is obtained. The acidic cleavage of the protective groups |eads to
the glutam c acid derivative 28. Conpounds according torthe invention

in which the [F-18] is@tope i positioned in the 4-,15 posifion of
the glutamc acid strugture byl neans of an alkyl grpup, su as, for
exanple, in the caseCof ¥-[ K 18| uor opr opyl gl ut™agi @)~ or

4-[F-18] f1 uorobutyl gl ut ami c NMBodl (30) camte prepared! as own in
Schenme 13. Thus, the acidic cleavage of the prot ecti V@ gr § of the
conpounds 31 and 32 sugee By way of exanple, in ggqgg(d,_g)sé}bt ain

= ) .
O or ot vl or CE IR G AT C Brlg (o) sBTR (oM ors
Scheme 14
10
Here, the compounds 33 and 34 can be reacted with the appropriate [F-18] fluoride solution
in the presence of a base such as, for example, tetraalkylammonium and
tetraalkylphosphonium carbonate and potassium carbonate etc. The reaction preferably
proceeds at elevated temperatures. The addition of crown ethers, such as, for example,
15 Kryptofix (K2.2.2), can positively influence the reaction, particularly in combination with
K.CO; as a catalyzing base. Possible solvents are preferably aprotic solvents, but protic
solvents or else aprotic solvent additives, such as, for example, water, can also be used.
Customarily, acetonitrile, dimethyl sulfoxide or dimethylformamide are used as optimal
solvents for the radiochemical fluorination with [F-18] fluoride anions. The compounds 31
20 and 32 customarily do not have to be subjected to purification, but can immediately be
treated using the methods described for the reaction of 31 to 29 or 32 to 30. Purification of
the compounds 31 and 32 is possible, however, in principle, preferably by means of

preparative HPLC using a nonpolar phase, such as, for example, RP C-18.

25  The synthesis of the F-19 reference compounds 36 and 37 can be carried out by alkylation

of the glutamic acid derivative 35 (Scheme 15).
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20t he inventi on. HOOHOO ), NH2 18r4 )11 NHBoc n = 3 (29) n =3
(31) n =4 (30) n =4 (32) Schene 13 Here, various organic acids
(for exanple trifluoroacetic acid), but especially inorganic acids 25
such as, for exanple, hydrobrom c acid, hydrochloric acid, sulfuric
acid, perchloric acid or phosphoric acid can be used. The
purification of the conpound 29 and 30 according to& he inv@ntion as
set forth in formula (1) is possible by PLC, whete rieys -
purification steps can in principle be inserted (pstreamand®

i nserted downstream such as, for exanple, purification byHREans of
an RP-Cl18 cartridge or other separating materials. 35 The

radi ochem cal fluorination of brom de 33 or tosylate 34, whose
synthesis was carried out from 35 anal ogously to the method descri bed
inthe literature (S. Hanessian, et 5 al. J. Og. Chem}]2005, 70,
5070-5085), to give th8 [F-18%5Iabeled glutam c acid derivatives 31

and 32 is feasible accprding tjp the nmethods known t@ the p& son
skilled in the art (§ HH - 00 ~o _
o)
R NH, -

R NHBoc

38 R=(CH,),F 36 R =(CH,),F

39 R=(CH,),)F 37 R =(CH,),)F
Scheme 15

The cleavage of the protective groups leads to the fluoroalkylated glutamic acid derivatives
5 38and 39.

In a fourth aspect of the invention, compounds of the formula (IV) are used for the

preparation of compounds of the formula (I} or (11);

10 R™ Q (IV)

wherein
A" represents
a) hydroxyl,
15 b) branched or unbranched C;-Cs alkoxy,
¢} branched or unbranched hydroxy C,-Cs alkoxy,
d) branched or unbranched O-C,-C; alkyl—{O-C4-C, alkyl),-O-C4-C, alkyl,
e) N(C4-Cs alkyl),,
f) NH.,
20 g) N(H)-U",
h) N(H)-L""" or
iy O-L"",

G represents
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NHBoc 35 31 R = (CH2)318F33 R = (CH2)3Br 32 R = (CH2)4)18F34 R =
(CH2) 40Ts Schene 14 10 Here, the compounds 33 and 34 can be reacted
with the appropriate [F-18] fluoride solution in the presence of a
base such as, gﬁﬁ & [rpl e, tetraal kyl anmoni um and

t et raal kyl phosp Oni U’ car bonat e and pot assi um carbonate etc. The
reaction pref ebpivhgpchmdorestisanabedDevalealkylenper at ures. The addition

of croun ethers, , sHoR A% unh A FARBRE o AR PLOTi X (K2.2.2), can
positively influence the reaction, rrfcul’darly in conbination with
K2CO8 as a cat d) yanctgpdoasebrafobad OH@-SoalndnisCalealpylhf@1GHTjalkyporot i ¢

sol verg s, but Qj’@r\%‘vé@‘erﬁoér\{‘%;a%ﬁg%d @é@gggﬁwr%c sol vent additives, such

as, for exanpl €, er, can a stomarily, acetonitrile,
di met hyl sul f oRitipheoy!madithmedhy| f or mam de are used as optinal sol vents
for the radiochem cal fluorination wth [F-18] fluoride anions. The
conpounds 31 20 and 32 customarily do not have to be subjected to
puri fi cat Rdand Biitepresent medi atel y be treated using the nethods
descri bed for éﬂqaﬁgjction of 31 to 29 or 32 to 30. Purification of

t he conpounds Ts possi bl e, however, in principle,

pref et@bly by hedhs of preparative PLC using a nonpol ar phase, such

, f I RP_C-18.  25Th t hesi f Es19 ref
compounds 4B T trosiro Tt 4saoBLp LR NOB) SR S Ior BT Bt dPifezother
aci d deri watistittenBib ale besecdgins ndNB’ ,Boc 35 HO RNHBoc

E’ represents
15 a) chloro,
b} bromo,
¢) mesyloxy,
d) trifluoromesyloxy,
e) nonafluerobutyloxy or

20 f) tosyloxy,

Q" represents

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

25 ¢) N(H)-benzyloxycarbonyl,
d) N{(H)-ethoxycarbonyl,
e) N{H)-methoxycarbonyl,
f) N(H)-propoxycarbonyl,
g) N(H)-2,2,2-trichloroethoxycarbonyl,

30 h) N(H)-1,1-dimethylpropynvi,
i) N(H)-1-methyl-1-phenylethoxycarbonyl,
i) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N{H)-cyclobutylcarbonyl,
[} N(H)-1-methylcyclobutylcarbonyl,

35 m) N(H)-vinylcarbonyl,
n) N{H)-allylcarbonyl,
0) N(H)-adamantylcarbonyl,

41



38 R=(CH2)3F36 R = (CH2)3F 39 R= (CH2)4)F37 R = (CH2)4)F Schene 15
The cl eavage of the protective groups leads to the fluoroal kyl at ed
glutam c aci d derivatives 538 and 39. In a fourth aspect of the

i nventi on, (I'V) are used for the preparation
of corrpounds gPP ﬂ@s?men%':ﬂ%”ﬁ §am)l$® II): 10 A (1V) wherein A"
represents a) h}/hlﬂﬁ%wnaﬂwﬁka)bdmhnched or unbranched 01-05 al koxy, c)
branched or r@gﬁﬁﬁ&yrydroxy Cl- 05 al koxy, d) branched or

unbr anched 0 C (0-C1l-CAal kyl)"-0O Cl-adal kyl, e) N(Cil-05

al ky02, f) NI -&BN(I'H@@PZCNQI-D- U, h) N(H-L- or i) G represents a)
hydr oxyl, £) N(H)-trityl,

u) N{H}-p-methoxyphenyldiphenylmethyl,

v) N(H}-di{p-methoxyphenyl)phenylmethyl, or

x) N-(tert-butoxycarbonyl),,
10
L""" represents
a) branched or unbranched C;-Cs alkyl,
b) branched or unbranched C,-Cs alkenyl,
c) branched or unbranched C-Cs alkyl-(O-C;-C, alkyl),-O-C4~C4 alkyl, or
15 d} branched or unbranched C,-Cs alkynyl,

U’ represents
a) tert-butoxycarbonyl,
b) allyloxycarbonyl,
20 c) benzyloxycarbonyl, or

d) ethoxycarbonyl,

X" and X" independently of one another represent
a) branched or unbranched C;-Cs alkyl,
25 b) substituted or unsubstituted aryl,
¢) aralkyl, or
d) heteroaryl

where nis = 0, 1, 2 or 3 and all possible diastereomers and enantiomers are part of the

30  present subject of the invention.

The process for the preparation of the compounds of the general formula (1) or {Il) according
to the invention is distinguished in that the majority of the compounds as set forth in formula

(1) or (Il}) can be formed from a precursor compound of the compounds of the formula (IV)

35 after introduction of the "®F isotope.
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b) branched or unbranched 0-Cl-05 al kyl, c¢) branched or unbranched
0-C2-05 al kenyl, d) branched or unbranched 0-C1-05 al kyl-(0-Cra4
al kyl )n-O Crat al kyl or 5e) branched or unbranched 0-C2-05 al kynyl, f)

tri phenyl . ' ) drogen.or 10 E', with
t he provi gﬁé P ﬂe)agiéhte'@%q%pﬁ réj%gggéj&?rﬁé&}sn&%g F.ié@ee(r')?? rsal E?émb’ﬂa (B%)' cont ai ns an
E' and the other substituent in each case contains no E, E

epr esent i 438 pSROLPunc S Ron o HESY 85 Yol A o HOSPRP R Si¥aratin

e) nonafl uofo r t’osyl'o

N( H) - t er t ebednapopnds bbtglformula (1) or (H): N(H) - al | yl oxycar bonyl , 25c)

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

N( H) - et hoxycar bonyl, f) N(H)-propoxycarbonyl, g)

N(H) -2, 2,2-trichl oroet hoxycar bonyl 530h)R6N( H) -1, 1- di net hyl propynyl ,
i) N(H)-1-nmethyl-1-phenyl et hoxycar bonyl

wherein

10 G represents

a) hydroxyl,

b) branched or unbranched O-C;-Cs alkyl,

¢) branched or unbranched O-C,-C; alkenyl,

d) branched or unbranched O-C;-Cs alkyl—{O-C,-C, alkyl),-O-C4-C, alkyl,
15 e} branched or unbranched O-C,-Cs alkynyl, or

f) triphenylmethoxy,

R® and R® represent
c) hydrogen or
20 d) E,
with the proviso that exactly one of the substituents R® or R® contains an E’ and the other

substituent in each case contains hydrogen,

E’ represents
25 a) chloro,
b) bromo,
¢) mesyloxy,
d) trifluoromesyloxy,
e) nonafluorobutyloxy or
30 f) tosyloxy,

Q" represents

a) N-tert-butoxycarbonyl,
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Jj) N(H)-1-nmethyl-1-(4-Dbi phenylyl)ethoxycarbonyl, k)
N(H) - cycl obutyl carbonyl, 1) N(H)-1-nethyl cycl obutyl carbonyl, 35m
N( H) - vi nyl carbonyl, n) N(H)-allylcarbonyl, o) N(H)-adamantyl carbonyl,

p) N(H) -di phenw Wgtﬁ%;g&wl , ) N(H)-cinnanyl carbonyl, r)
-ben ,

N(H) -formyl, s

zoy 5t) N(H)-trityl, u)

N( H) - p- net hoxy phiétbghziiiptyeagpbongt hyl , v)
N( H) - di ( p- nmet thMW&QrB Igémyl met hyl, or N=<X. w) X " X)

N-(tert-but oxycarbony

L" represents a) branched or unbranched

Cl1-05 al kyl, b¥) Nmeetbbreydadonyinbr anched C2-05 al kenyl, ¢) branched or
unbr anghed Cl'ﬂ%%ﬁ&%é%oﬁ&ﬁt al kyl, or 15d) branched or unbranched

C2- 05 al kynyl ,

10

15

20

25

30

35

presents’'a) tert-butoxycarbonyl,
g) N-2,2,2-trichloroethoxycarbonyl,

h) hydrogen,

i) N~1-methyl-1-phenylethoxycarbonyl,
i} N-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N-cyclobutylcarbonyl,

1) N-1-methylcyclobutylcarbonyl,

m) N-vinylcarbonyl,

n) N-allylcarbonyl,

0) N-adamantylcarbonyl,

p) N-diphenylmethylcarbonyl,

q) N-cinnamylcarbonyl,

r) N-formyl, or

s) N-benzoyl,

where nis = 0, 1, 2 or 3 and all possible diastereomers and enantiomers are part of the

present subject of the invention.

The process for the preparation of the compounds of the general formula (1) or (i) according
to the invention is distinguished in that the majority of the compounds as set forth in formula
() or (I} can be formed from a precursor compound of the compounds of the formula (V)

after introduction of the "®F isotope.
The present invention relates to compounds of the general formula (V).

Preferred compounds for the introduction of the *®F isotope are
4,7,13,16,21,24-hexaoxa-1,10-diazabicyclo[8.8.8]-hexacosane K18F (crown ether salt
Kryptofix K18F),

K18F,

H18F,

KH"F,,

Cs'F,

Na'8F or
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b) allyl oxycarbonyl, 20c) benzyl oxycarbonyl, or d) ethoxycarbonyl, X
and X' independently of one another represent a) branched or
unbranched C1-05 al kyl, 25b) substituted or unsubstituted aryl, c)

aral kyl, e{:g% @ﬁﬂéﬁlﬁ}n altn(aerﬁ \qué eﬂaﬂ)nﬁylamﬂ'{on&?ﬂ ﬁlﬁ(ﬁ' 58 and al |

pOSSIb|e di omers and s are pr esent
subj ect of the invention. The process for the preparation of the

corrpounds-l-ﬂg p‘a&(épgﬁog{t%h %I%e@'l{) %OIQ'I‘D%)% s (5f tl@ é%erfgll A @2 Qﬁ a&d Processes

i nvention IS € naj or

set forthwharertbeﬁmrme(lsqtoms 1€F|a}1dég§rarbenséd)r rred from a precursor
corrpow\i'nzd of the compounds of the formula (1V) 35after introduction of
the 18F isotope. The present invention relates to conpounds of the
gener al f Bramela nidre)chirbinceatdrs ist or are peetendin @ sempovehof tha presenpsubjels of the

ot T hoeisaGs. b, R GRE O l RRRs , dfye o
hydr oxyl , thig isbmen drabuding bathlenamtoiests 8ndCal ﬁ@sswldx;dlastereomers, should be contained
herein. Compounds which contain at least one chiral center can be employed as a racemic

10  mixture, optionally as a diastereomer or diastereomer-enriched mixture or as an
enantiomer-enriched mixture. The racemic, enantiomer-enriched mixture or diastereomer

mixture can optionally be separated according to the methods known to the person skilled in

the art, so that the enantiomers or diastereomers can be employed individually. In those

cases in which a carbon-carbon double bond is present, both “cis” and “trans” isomers are

15 part of the present invention. In those cases in which tautomeric forms can be present, such

as, for example, keto-enol tautomerism, all tautomeric forms are contained in the present

invention, where these forms can be present in equilibrium or preferably in one form.

The compounds of the general formula | or Il according to the invention and their preferred

20 embodiments are used as medicaments.

The compounds of the general formula | or 1l according to the invention and their preferred
embodiments are used in the diagnosis of physiological or pathological states.

Preferably, these compounds are used in noninvasive PET-based diagnosis on the human
or animal body.

25  Particularly preferably, the compounds of the general formula | or Il according to the
invention and their preferred embodiments are used in the diagnosis of tumors. Examples of
tumors of this type are malignant tumors of the gastrointestinal or colorectal tract, carcinoma
of the liver, pancreas, kidney, bladder, thyroid gland, prostate, endometrium, ovary, testes,
melanomocarcinoma, small-cell and non-small-cell bronchial carcinoma, dysplastic

30 carcinoma of the oral mucosa, invasive oral cancer; breast cancer, including hormone-
dependent and hormone-independent breast cancer, squamous epithelial carcinoma,
neurological cancers including neuroblastoma, glioma, astrocytoma, osteosarcoma,
meningioma; soft-tissue sarcoma; hemangioama and endocrine tumors, including
hypophyseal adenoma, chromocytoma, paraganglioma, hematological tumors including

35 lymphoma and leukemias; or metastases of one of the abovementioned tumors.

The compounds of the general formula | or 1l according to the invention and their preferred

embodiments are used for the production of a medicament for the diagnosis of tumors.
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c) branched or unbranched 0-C2-05 al kenyl, d) branched or
unbranched 0-Cl1-05 al kyl - (0-Cl- C4al kyOr 0- C1- C4al kyl , 15e) branched or
unbranched 0 C2-05 al kynyl, or f) triphenyl methoxy, R5 and R6

repr esent P%g ro@gl?ra%@rofzt&g)t%ge aré’%%r%rtarﬁgtd?ﬁ& IoF @nd gtgﬂrﬂgﬁbgyoPWOrectal

of the su st| uents ont al ns " and the er substituent
in each clige. ceatciapme 19§ dihegdiver, Epanasgases kidney, 2bladden| dwoid gland, prostate,

b) brono, rH?ﬁMﬁnO%Va%(O%eisiés' fnl“!f,oxy, ifBha, small- cell ?nd non-$hall-cell bronchial

nonafluoro oxy or t os represents
Nl -tert- bg@r@mmp @Wstlc carcinoma of the or@j mucasd, ynmw@amrbbcgncer d;reast cancer,

N-benzy gvgp%ng]p@ d%é{o@ﬂf(ygﬁé bR one g5r)|dependent brédst cancer, squamous

N- et hoxycar b propoxycar bony
N- 2, 2, 2- t epbidislialr carcinoxgc aelwoleglcal hgnqeyajmg@mg-mguroblastoma glioma, astrocytoma,

N 1- net hy e O
N- 1- met hy st% %ﬁ&ﬂﬁl hgr%;n/w&)%%)hoxy%sglﬁ sar?oma hemangioama and endocrine tumors,

|nclud|ng hypophyseal adenoma, chromocytoma paraganglioma, hematological tumors

including lymphoma and leukemias; or metastases of one of the abovementioned tumors.
10

The invention relates to pharmaceutical preparations which contain at least one compound

of the formula | or Il and a pharmaceutically tolerable vehicle.

For the use of the compounds of the formula | or Il as medicaments, these are brought into
156  the form of a pharmaceutical preparation which, in addition to the active substance, contains

pharmaceutical, organic or inorganic inert carrier materiais suitable for enteral or parenteral

administration, such as, for example, water, gelatin, gum arabic, lactose, starch, magnesium

stearate, talc, vegetable oils, polyalkylene giycols etc.

20  The invention relates to an arrangement (kit) comprising at least one compound of the
formula I, 11, I, IV or V.
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10k) N-cycl obutyl carbonyl, 1) N 1-nethylcyclobutyl carbonyl,

m N-vinylcarbonyl, n) Nallylcarbonyl, 0)

N- adamant yl car bonyl, 15p) N-di phenyl net hyl carbonyl, q)

N-ci nnanyl carbonyl, r) N-formyl, or s) N-benzoyl, 20where n is = 0,
1, 2 or 3 _and all possible diastereoners and enantioners are part of
the presefxamiplest of the invention. The process for the preparation
of the conpounds of the general formula (I) or (1l1) according to the
i nvention is distinguished in that the majority of the conpounds as
set forthEin fgrgula 25(1) or (1l) can be formed froma precursor
conpound a onpounds of the fornmula (V) after introduction of

t he 18 | Sghihesis divk[f1&jflaotoglataaitiadid rel ates to conpounds of the
general formula ( . 30Preferred conmpounds for the introduction of

t he 18F i sotope

4,7,13, 16, 21, 24- doxa- 1, 10- di azabi cycl o[ 8. 8. 8] - hexqcosane Kl 8F
(crown ether sa’t ryptcpflx Kl 8F), KieF, Hief, 35KRL8F2, 185
Nal 8F or 1 trag | anmoni u saItE((ﬁ_lgt [F-1 etrabb BEUM
f1uoride). mn Net

N {\‘ "

N
) O
1
3 (SR>95%)

K2.2.2., [F-18]F,
MeCN, 80°C, 10 min

O
o Q OEt
Ho.ﬁ/H’j,OH HCI (SN
., 18
H,N s 18 F
x HCI
5 O
4

Synthesis of 3:

10  Diisopropylamine {0.031 ml, 0.22 mmol) was added to a suspension of complex 1 (0.1 g,
0.2 mmol) (J: Am. Chem. Soc., 1985, 107, 4252 or Tetrahedron Asymmetry, 1998, 9, 4249)
in E£tOH (0.4 ml) at room temperature (RT). The reaction mixture was stirred for 30 min and

subsequently treated with freshly distilled ester 2 (0.04 mi, 0.33 mmol) (Gazz. Chim. Ital.,
1981, 111, 249). The reaction was monitored by means of TLC (Si0,, AcOEY CHCI,, 1:1).

15  After completion of the reaction (~ 2.5 h), the reaction mixture was neutralized by the
addition of AcOH (1.5 ml; 2%). After this, CHCI, (15 ml) was added, the mixture was

washed with water (3 x 15 ml), and the organic phase was separated, dried over Na,SO,

and concentrated to dryness in vacuo. Preparative TLC (SiO,, AcOEt CHCI,, 1:1) yielded a

mixture of the complexes 3 (S,5,8) and 3 (8,R,5/R) in a ratio of 11:1 and a yield of 28% (Rf
20  0.52). Complex 3 (S,S,R) showed an Ry of 0.49. Complex 3 (S,S,R) was eluted from the
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The present invention relates to conpounds of the general formula (1)

or (I1) and processes where the fluorine isotopes 18F and 18F are

used. 5 |If one or nore chlral centers is or are present in a conpound

of the pr f vent d A

(11), for SHELY '%#Hg%%og 3| a2 ( &@yd”?g?%ﬁ"gp?%@dﬂ @%ﬁé’%ﬁ%@phy on
i somer, i ﬁéphﬁﬂeﬁgﬁb‘@tﬁ 1e31EtQH!&$ébssma<Meanifpa§@1 eldedi0a@3%eg 0206y of product.

shoul d be_cont ai ned herein o] contajn at | east one .

chi ral ceﬁf © %na%y%ﬁplf%”gg?% gil g@ﬁ%\ ’16% bhréz T8pthofall yNhs8-17.
a di ast er eQFRIBrRINIOL aGdlQNSedey) €N66.7beH, ATHIBI ©1.80; N\%.20 Ni, 8.67.

enant i omer >enti ched’m xture. The racem c, enantioner-enriched nixture

or di dstereoner mxture can optionally be separated according to the

et hods kaqp ojFubiELRMitadiic skid (in%ﬂrddioéé’tﬁ/eaétﬁndaﬁ'@ foP#pLid Rientification of 4-
enantioners or di astereomers can be enployed individually. In those

cases in i @lflugro-bratetanmia A doubl e bond is present, both "cis" and

"trans" i §9£@Jn§atﬁ:"neof1ﬁl-ﬁlﬂBIGIwanthhéhﬂrﬁﬁ@&Baé&l\éFent’l' A0 (7.2 MmERBSE SRR was
in which Tautoneric forns Suc for exanpl e

ket o- enol 2¢4as et t°s&r§u3&|ens'%e‘f %sé@ |n@m|bpwﬁl %l?%%ow% kef McﬁOHhEhe reaction
presefy i pwaikiveas stiRrer BOSSRA afnersrmas@@@nwtreéﬁawh 37 rﬁuoqab'rhmbf) eyl 2-
preferably in one form he conpounds of the general formul

or 11 acchiipargyiels: tThe Prﬁgaqsﬁquntharfea@tm wagp regratorast by aneatisod Fﬂeﬁt@w Si0;
are used gedmitABERLE). AR® HRP280dHud, th@ereﬂéii'aﬁr@és OmPlhe Afté?rtgis' the

according to the |nvent|on and the|¥4gre erred enbodi ments are use

in the di B§iHgsiasoReraizedbygrditien @ aﬂlmﬂaaa?/oc%trer@tfhawoum@ft@pamfy\cOH

t hese com%edﬁthaz@mugﬁmeom Wﬁ@'réﬁ(ﬂﬁb%ﬁxﬁ@omé%s@éré&wﬁér% eaanﬁlgfes of Ni-
human or ani nmal Particul arly preferably, the npound

genertt fBPRuft-B ql“%%el"l’asaléréépﬂff‘tﬁé The presinitalparas ﬁiter%dwafftanéuwashed with water
pref err edeubadinpre Al

of tum)rs of thln{smtype are ! %q}[lgrr:ca&r?fﬁ?ﬂhn\%fggg% n g@;?pﬂ%mﬁgﬁ@é{gﬁ%md to
or col or e@rtyaeSSt ina@evo.clavis Dr@@ﬁwreﬁwetsrr@peate@nthre@amesé@é'ee kihel méture from water.
bl adder, 0 e

mel anom)car Ci noﬁa&ggmﬁ %Hﬁoabggom gﬁn%H %HCBG?R%W %}hl aP acféré?cr)]%%%HCI‘*
dyspl ast i 3230 heanain rf(mhomfz Bthe, @rdmmmichBa) cantaives] @ enixtued ofddirRRB-[2S,4R)-4-
breast cancer, incl udi hor none- de@endent and hor none- i ndependent

br east0 caf@HO §cﬂ1n9ntﬂ)' 3Ae)-H-ErCHaMe worsatiotf k%l dYpliiay peakcl®s 193°C.

i ncl udi ng. neur obl_ast ma, astrocytom, o0Steosarcona

meni ngi on§IP%pF#44] §s(h% %@9@&%%%%%@@1%0%%@@@?Jﬁth B:8i B, 6.94; Ni

i ncl udi ngg, hwp@awéﬁalfor@!ﬁnﬁmm.@@mmcm 8%, @@q AYRTH; NP7 4.
henat ol ogi cal tunors including 351 ynphoma and [ eukem as;’ or

net ast asesepdrafifh off thehCornprRXeS RS é’é?ﬁéimﬁ%@b&umﬁ%r&ﬂé@%%ﬁﬂ@ Spatdi®n on
general faormula | or Il accordin e invention and

pr ef erredT%\f?BSB”' %‘?éFé‘ioé”'U%gd‘ 5fcg‘|‘mtﬂ'e”:"&6'6¢i@cﬁ -on of a nedi cament for
the d%agne@ln 1R N[- LZ% 4R)Eﬁ(%r@ll nrpgggyg‘naorzgi '&%g Cypfcg%gg-%ﬁ (c 0.035,

nallgnant s o €’gastrorntes |n

carci no , e e Y[ Oi

o ost ar e VEQH Bt ShADSE SRl AN AR 4 honC Eah R¥Rued for
and non- s@aHchNelNiOslﬁ%oannaﬁ dab.02;nem98.dyspl asti c car ci noma of the

oral nucosa, invasive oral cancer:; breast cancer, i ncl udlzg

hor none- d@%@ﬁ@érﬂ' B (3ot PotrE- G'H@é@eMﬁéﬂm PRieia 283 c@ﬁée@ [ArjtdRB4E (¢ 0.039,
epithelial carcinom, neurological cancers includi ngq neur obl ast oma,

gliom, a¥ePhlyEimeentaseapdysiscihmad (bhi fgithes: Hof488i Ns 84alCelsiated for

hemangy Oa@EH%'FﬂJSIQﬂQQ%')UWGﬂBWW‘\?oz'N‘Cé ogli ng hypophyseal adenoms,
chronocyt ona, parag ac& i oma, hematologi cal tunors includin hona

and | eukeRee@mpesitingiofshe sempiex and isplatior of e amine Aoided. 7 %Lgr(ﬁ 7 mpgol) of
The i nvenyigpplset @]@ME %oﬁlrb?efxfW&%%és%ﬂJedﬁﬁ %@%laéf' n@é@H‘@H'a%uﬁ&’PFﬁérﬂe@hask

| east one conpound of ornul a a pharnmaceutica
and treated with stlrrlng with 5.5 ml of HCI (6N). The reaction mixture was heated to reflux
for 16-20 min, concentrated to dryness, diluted with 50 mi of water, and the hydro-chloride

35 of the BPB was filtered off and carefully washed with 3 x 30 ml of water. The combined
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Exanple 1 5Synthesis of 4(F-18]fluoroglutamc acid 3 (S,R > 95%
| K2.2.2., [F-18]F-, MeCN, 80C, 10 mn 4 Synthesis of 3:
10D i sopropylamne (0.031 m, 0.22 mmpl) was added to a suspension of

Tor aneor 48 fngt o il b oo AR B3 oty B i o e

t enper at uﬁ@UG(OIR?F)NHaTMl;ﬁOGaBPBOB,SHﬂG(S wees mm\@ﬂihyréadrabtirm 80h AHClafd>x 30 mi).
b ; e |

ot ) ( cagh? coRERbA Ratlhdd chpER e bobalae BRirhect, benSulh ot fiugen

by neans efid fieatedSio0mfluad@Et / h.CHG Bplulion JwaslSukfseguertiyngineentaiedfto tdmgess,

ti =2 i on 1 trali ,
ddi 190 Spsdied Mg ST Mdd HT 4 Rho P $RubffRaliled] Rt poluton.
t he m xt ufiee wasnoEsliewasiitdiatad thar mednx of Sonriexchamge dHnematogmphy gqrhad@owex

dried. o . trated to dryn in
v S Bln 8% B GRS s hcgioe 1ot ed 1o doness
i Xt _ ‘ . 3> o T i . :
and & yi ol ar SETEL RS A et LS eSS b pRirbleolno)

4% Compe df e Sild | usi OH (3
« 40 ) B SubEDantey e Byt Mecse e mering doin)
Sephaﬂjex using a 1.3 EtOH/ C6H6 m xture. Purification yielded 0.052 g

(52% of product. Elenental analysis: found (%: C, 56.79; H 4.85;
Br, 12. 14F-18ra@ioldheling; 8. 17. C32H32Br N3Ni 05. Cal cul ated (% C,

56. 75 H 14 LR snBlivolitriedn-pressdré SveNarged ( Py filed with [0-18] water for 0 (p,n)'®F
reaction; cyclotron: Scanditronix MC 17; proton bombardment at 17 MeV. )

F-18 fluoride was concentrated in a QMA resin cartridge (Waters, Sep Pak Light QMA Part

15  No.: WAT023525) by application of the [F-18)/[O-18] target solution. The cartridge was
preconditioned with K;CQO; solution (10 ml; 0.5 M) followed by deionized water {15 ml).

[F-18] radioactive complex: [F-18]Fiuoride (15 — 300 mCi) was eluted from the QMA
cartridge by means of wash solution (2 ml, MeCN (2 ml)/tetrabutylammonium carbonate
20 (TBAC, 0.015 mi, 20% aqueous, pH 8)). The eluate was collected in a 5 ml vial and the

solvents were removed by azeotropic distillation at 130°C in a stream of nitrogen.

Nucleophilic substitution: The reaction vessel containing the dry [F-18] TBA fluoride was
cooled to 80°C (preceding step) and a solution of precursor 3 (S,S,R} (5 mg in MeCN (0.5
mi)) was added. The reaction mixture was kept at 80°C for 5 — 10 min. A sample of the

25 reaction mixture was investigated by means of radio-TLC (silica gel plate (Merck), eluent:
ethyl acetate/chloroform/acetic acid (4/1/1). Based on these radio-TLC data, an
incorporation of F-18 of 40 — 60% in 4 was determined.

Decomposition of the "*F-fluorinated Ni complex and release of 4-["®Flflucroglutamic acid
30 (A). HCI(6 N, 0.3 - 0.5 ml) was added to the MeCN solution of the F-18 glutamate-nickel
precursor and the mixture was treated at 140°C for 5 min. A sample of the resulting reaction

mixture was analyzed by means of radio-TLC (silica gel, eluent; n-butanol/acetic acid/water
(12/3/5).
The TLC analysis was carried out on a MiniGita TLC scanner (Raytest, Germany).

35 Decomposition of the '®F-fluorinated Ni complex and release of 4-["*Flfluoroglutamic acid
{B). HCI (2 N, 0.3 - 0.5 ml) was added to the MeCN solution of the F-18 glutamate-nickel
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5 4[ F-19] Fl uoro-L-glutam c acid (nonradioactive standard for HPLC
identification of 4- [F-18]fluoro-L-glutam c acid) Condensation of

Ni -BPB-Ay wth ethyl 2-fluoroacrylate. 1 m (7.2 mmol) of i-Pr2NH

was addedpaecudr tiod masmiscneesmertreaietﬁatgl 406C fordd r)'urOfSubl‘secBBBH)G|tywé5"lnélﬂrallzed

m of MeOH., Th r d.for 30
subsequenmtg} ﬁoﬁ %aé @ﬁ iLgl & @0 rfm iborp o hiﬂm e ol%ﬂthe resultmg reaction
f 1 uor oacr yiatre. wélélmaﬂ),rza rgaseafs dfhedmé'&@t (sitica vels elent: haiuesholycatie aiRi/water

of TLC on@9§ (AcOa/ CHC13 (2:3)). After about 250 hours, the
reaction )orrpl ete. After this, the m xture was neutralized by
addi t i®n Ohe 42Cranalybis avadasigdengoh adinizitasT SO dsnhen RalyteAt Gdrimbngd
with 25 mM of MeOH The resulting m xture of the diastereoisoneric
conpl exes of Ni- 15 BPB 4 F-d uOwe was precipitated. The precipitate
Wals 1; ilte @uﬁﬁéaﬁaﬁ.d'_r hesiued produat efiérethe (I—R?IXreﬁﬂnﬁﬂt)(p:je_Vms fs@sp) alsitgken up in
solid co x  was suspended in CCl4 and conc to dr in
vacuo. - TS SRR AR SEEC o AL TBnT SR Eop caEaegs (et it HFLBpE 80% of
Ers anzvvag egme ?aaleaacmgébmdestng%rezmwmid od thy ?@thugm Ty estidREvapdtucts were
I X C Al | 1 2) . e maln fraction

210, 30 s ort feGeath Hos brrisebp ok PO cadhiiranionke soitien ot (o an. 2 m

N| - BPB—(ZB shbpledwhs Ghaiadd bymearsadfiHPL@. 1.5/ 1. Melting point: 191 -

193C. [a] D25 +2477 (¢ 0.5, CHCI3). Elenental analysis: found (%: C,
61.76; H 5.02; N, 6.94; N 9.20. Calculated for C311-133FN3Ni O3 (%

C, 61.82; Iddntificalidn biNradio$HPLONIPunth: 7@11soﬁe3mar Rjdotit: Rhedbd@eqROTI &j&@dionasop),

?ggi 3\r/7§d29 &3" g%aﬁwgkoﬁw%hgﬁo g %PB?%?& m%ll)lphosphon]é acid, pH

Ni - BP& ( 28, ﬂ&);=4 it/ Giry) QY : ab‘ﬁel';itlbﬁgden&tdjl’( Gl&@ﬁ 116268€enes[ afth25 Bedkhén 170

6. 86, Cal EICAFIST Foi) APl S0 RIRLD: (5 Feio édfrssio  rag a5 by idrggloride

ng{d)flle? I\[dlﬁ%eérﬁ& ARturd: FfBGdB%ed Midd sugrapoine2 nAdIUv), 28&6activiyoiiekdbtion
+ C

taI anal SIS f oun
H, 4.86; % gméﬂ 1&%01%?%&' Q%’l'!e P§6 NN eﬁaw%‘f %@%EO%Q‘B%#”% the
5.02; N, fé8ncdemypmmedition of the conpl ex and isolation of the
am no,acid. 2.75 g (4.57 nmol) of Ni-BPB-4-F-d uOwe conpl ex were
di sso@ ed in 30 M of MeOH in a round-bottoned flask and treated with
stirring wehtificatién by rafio-FOC: éiﬁd\d)gelﬂme(maﬂi 600 eliext RHBROMARCOERTHRY (12:3:5).
reflux fo concen dto ness,. diluted with 50 nl of
wat er , Qe'tleﬁtéorh P?W’Pﬁg?ﬁg%i@”i% ICRaki9¥e b ered of f and
carefully washed vvlth 3 x 30 M of water. The conbined filtrates
contain t m n cid, BPB Si S.an aIt and. wer.e adj ust ed
S B LB T8y IR SR s Sere et e 20 P rien el esitimn:
extrazd i ozomhi-Nl-g-ld:B& 150 mnaonﬁma phERe: Nﬁlﬂiﬂol;e(doaﬁwﬁpht%pﬂbﬁcsaﬁdwﬁﬂ 3 flow:

Corr o oh R . A areh RS Bt Dl et i ) By 11 Fadiocbfbctor,

dryness, BVdietatibr:ezlOirim &mndmfduuﬁﬁdmdtnmbdaatm dbaifdd, 4vHith ct@IU88 with the
I ution... The am no, ac i sol at ed

strength ueous
rens of 1SR ORREUERr i gPAUHYE OB b Rep et BSOS Ph HRLC, the
form (el umbUnfEc%uch-GayaqaeganéZS_f jortt-ekthimiged artraifeC dasdribed MBleliolgly can be
poi nt,; >39 ?f% gcotgpom tion without nelting point).
(25, 49'BPUBFBYM0t ani ¢ acid: nelting point: >300C (deconposition
\IM t hout meak rpgsspuemds bbtaikothEpic&Mca\?ht}?){aa%xﬁnbcthéﬁm|?ag@ggt]9tof >i0ed ?nd/@ liééﬂ(’)ﬁécttwty
OW pressur g s et illed wt wat er for
(p,n)18F ? @c’f?@ Cég’fa %ﬂegﬁ @%éﬁ"?@@'?%lx MC 17; proton bonbardment
at 17 MeV. F-18 fluoride was concentrated in a QVA resin cartridge
(Waters, Sep Pak Light QVA Part 15No.: WAT023525) by application of
the [F-18]/[0-18] target solution. The cartridge was
35 Example 2

Synthesis of 2-amino-4-[F-19]jfluoroglutamine (HPLC standard)
Liquid ammonia (18 g) was added to a solution of 0.27 g (0.448 mmol) of Ni-BPB-4-F-
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preconditioned with K2CO3 solution (10 m; 0.5 M foll owed by
dei oni zed water (15 m ). fF-181 radi oactive conplex: [F-18]Fl uoride
(15 - 300 nCi) was eluted fromthe QVA cartridge by means of wash

Lo 0 Gl LG AT BT JUTE e et

vi al and stletigowvesleftsat\wdr for 2dndhe dolutiomwes torgsintraigidsn vaduat ararthatresiB@Gvas

Lgsgeft coRt ol nltﬂ}gﬁi RerEYS H‘Fgl %L(ﬁ?/ﬁuf)rl é%”%%ﬂgroo ééﬁ?eg%%%%as further

( pr ecedi ngurifiedmn Senhadex thau (&HdEtQhI Ex ) 846 gI0(2553MRYl, 6B%irgf NiFBREB-EMF-GIn

(0.5 ))Ws%qdlf@ﬁ tion mxture was kept at 80C for 5 - 10
m n. ;\%sa 1'e of % %F%'ge%fl on m xture was investigated by neans of

radi o- TLC (silica gel plate (Merck), eluent: ethyl
acet at elc%kﬁ’tﬁ@éi?% ARld- __Ia_q%@uéﬁ/ W.E%_Bafsed on these radio-TLC

data, an corporation o %in 4 was determ ned.
Deconposi E_@MP@FBHB -dar-GhéiMel ¢ M@]FI&QW& gl5ea 860 afCi) was eluted

44189f | uo I m ) S d
t he MeCN Fsrgliglut% b%n grtlé—é)gfgpgg‘f &l {eo#r\lll\?:’ Sq ?oorh%%og'r ggr 'ﬁﬁdl\%hg%? (zt mi)/
m xt ut@® wkeérabutylame‘dorammlom@rfam (BBAC.N0.0M suinBD% afuephe, pldd)). tThegeluate was

el uont - nCREERRdn T PRI L8P e S ERR e spP el wiack bl i g goorc i

carried oatstreamafMtieg&nt a TLC scanner (Raytest, Germany).

350ec OO Rbeaf! BB FhatEiat il OB o AT cp s

the MeCN sadled taoB0°6f ( pt‘d’[@dlﬁglﬁerglanﬁeamlehmﬂ afkheecurgrrditbRbA-BrrsluONle (5 mg in

t
XU VBl B ) B b0 1 e AU R Y g B, o minh st
sanpl e of of the neastidnt mn@xree'east lnwstngatet:lm)ermass ahadq«:z-EtICuylllmagabplaife (Merck),

r adi o- TLCeI{é.:nl bff) Shato RhRAbm R LR P b Lo L8l Sfo. f%%g 524? F-18

5The TLC ana oy Seanner

Ger many) . mIéor@pca’npﬁloéé@ |—(ﬁ|ﬁl% ‘ﬁrN; BﬂB;tdf—ﬁh@MmWaaﬁebrmmbé; HCl treat nment
(previous step) was taken up in 1 m of water and added to an anion
exchange cartridge (Waters, SAX-OH forn). 80% of the radioactive
produ?d s 1&-radibadtiv i@?&—%-@@r@_’@@ The radi oactive products

10el i ' ' .
sol uti on ReaR L0 85 FRRDH RC1 By BRAR, Ref WWEANE0R Bl Bued g Biuton
| dent i f i caf NeBPBy-F-&iiQ@MVeiRs € 5Puh:in Gl sbaf ZBE0H] e ntaotion Rirdwdyves heated

20 pl inj j . : . : - '
phase: NabDBOR Db AT ESehpp ER LAE HoNier de Gotlpa ) E TG Rt erci)
absor pt i oeludett etitybacetalegafordfonianctieadie ¢4/ M1)h The Beadtionrpréadd®ded quantitatively
radi o Oflft egltl&)@elgg(\“de&&%td 8PN|-I§IQI$ 4r_1[mG| - F-19 reference ((rac)-4-F-Qu

hydr ochl orid st er eomner /5 descri bed vide supra)):
12.22 mn (W); radioactivity detectlon (Beckman): 12.64 mn. A

SLrgle ¢ aBboanliNBrPoRk mas BB Ret W EPagoelil ShibLY LA reiease of 4
ref erence

(mesh 60) I%ﬂ!mﬂmlﬂﬁ_l'm @GN, 0.320.5 mna vEasHddedéd hetMe@N solution of the [F-18]
Phosphor | NE@EBA-@-'GIMIC?&I%@&W%W fFSated” #oglérrﬁmjét 140°C. Subsequently, the mixture

30  was neutralized using sodium hydroxide solution (2 N, 0.8 — 1.0 ml). A sample of the

resulting reaction mixture was analyzed by means of radio-TLC (silica gel, eluent: n-
butanol/acetic acid/water (12/3/5).
The TLC analysis was carried out on a MiniGita TLC scanner (Raytest, Germany).

35  Prepurification: The crude product after the HCI treatment {previous step) was taken up in

1 ml of water and added to an anion exchange cartridge (Waters, SAX-OH form). 70% of

the radioactive products were retained in the cartridge. The radioactive products were
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* HPLC purification: punp: Glson 305, injector: Rheodyne (20 pl
injection loop), colum: 25 Zorbax-NH2; 4.6 x 150 mm nobil e phase:
NaH2PO4 (10 mM / phosphoric acid, pH 3, flow 1 m/ mn, UV absorption

det ect or : efatddsfesm Hebcarthidge royerseaedstdﬁ aguéngketauml dloidecidhdiph 8@ 0.4 WY, 2 mi).
detection:; 210 nm__An i ndivi dual ﬁ'ﬂ!’??a(:ti ve peak was obtai ned, which
coel uted (AT Bpalyzsddy BEAFRINE LYt the resul ting product is

purified by nmeans of HPLC, the prepurlfl cation by neans of ani on

s posei ealtes S sFaSeu it Bl Ukoh D e Bhebimeriap it tos loop),

90% argl acélashhoZeibbx-iNH;; 06 x1550 o) rﬁ&Bue(pméé agitefd,q10 mM)/phosphoric acid, pH
di si ntegration) ntheS|s

| e
2- am no- 4* [&ﬂ%ﬁ'l“ﬁd‘f‘@glﬂif é‘H??fB ?']-Ilsﬁ@cg’craﬁd%ﬁ"df1§_|”E|lﬁeﬂe%1r‘ﬁ‘r%‘n?a3?°f@a§)170
was addedrddibdetefiri U0 e@ictiOn:2210 r{rﬁ M8an90|réfer@ﬁcé\ll((r588¢ #=Gin h)@rét@}d?lde

Feact ton BorangERbiasdras g o pten (B keng A5 iy sHolgeigtioactve peck was

concent r abB@inet whishUsbeftet Hiite tHeasietdlteampaund f i ed by preparative TLC
(5i 02 CHC13/ Me2C0 (3:1)). After this, the product was further

puri f1%d on Sephadex LH 20 (CBH6/EtOH (3:1). 0.15 g (0.255 mol , 57%

of N - BPBH#LE- Sirilichiidd: \Punfp3 Gik8h 3055 ibdter: rmﬁ;odﬁséﬁ gl mjgdtion loop), column:

2-am no-4-[F1 jstamne F181 lve |-£’B—4- (E uOve

conpl ex: £RO? 2u§%. EQJ N, mg'ai &é@ Re «J{T@dnwle %H‘?@”‘Q%ﬂd pH 3, fiow:

cartri dge1 o/ AN/ Sbsonstn Ebddibr: mSérZ (1) 1165 1nm§é?§%|6ng|}3 dB2ékrddh 170 radiodetector,
0 agueous

tetrabuty ni.um bona e . (TBAC .
L G D o g S S Ol P iy re
by azeptr ppérenek Eémbéuﬁdl ﬁrthéiﬁ'eshf&fh@ prodet 54 pEFRd Ay rﬁééﬁs()ﬁ‘elﬂPLC the previously
Nucl eophi l,i c B‘B‘?Stl tutiagn: The rg%gtl on vessel containin

[ F- 18] TBQP?CI” PrRRUGHtio BY Bipaps obation prdaaar AytriddgsAn & %cﬂ'%?e%?cﬁwﬂbn
of precur &Q\fasNosBBB-téUBfaTrﬂhB%l(&wmﬂ air8didshddr&dN pliftyDf B1920% ¥AE a dstiSSbtivity
The reacthﬁo:;: ? re m‘%?%tfg?t at 80C for 5-10 mn. A sanple of the
reaction T o s §a%et by neans of radio-TLC (silica gel
plate (Merck), eluent: ethyl acetate/chlorofornfacetic acid (4/1/1).

Based, on these radi o- TLC data, an F-18 incorporation of 40 - 60%in
Ni - BPE 4- F- G uOVe was det ermined. 20JF-181-radi oactive Ni-BPB 4

F-G@ n congkample A m xture of 1 m of t-BuOH and 1 g of dry NH3 (dried
over Na(]r—rig S

added tp a on of N -BPB-4-F-d (5-50rrC|)
in 0.5 ni B'\ﬁ‘ﬁ ~aro-3- égf "ﬂ?‘?&tﬁ?%g boyylig @ﬂ at 42C for 7 mn
until est {
O i e R O e o e

reacti on pf copleded Zfansirengih éetyalRBplathryorilioe cadot@te nedluticn in 15 ml of

Ni - BPB- 4- De itd f t 18F-f | ted N -BPB
Nomoi B anactoBtBe Co PR, i v rwas) mgied Y SVengipiing Ty apsigeam of
0.5 m) vagrogdred dntodditteMRidiaffb Wri1Q0° @f1m%f[a‘ﬁh§r§ﬂod§'ac%?&uﬂ¢|§m@srbdded

ni ckel precursor and treated for 5 mn at 140C. Subsequentl
m xture 38ndaemavet eghinzkyl enapergtiondT bis lagtdsterives repeatéchagdin. R sc!buubn of

means of ' Padid LTl | EbgBH AR TR RN EHRS g e ate
(12/3/'5) . (Chem. Pharm. Bull.,, 17, 5, (1969), 879-885) in 0.3 ml of anhydrous acetonitrile was
30 added to the residue and well stirred. After heating at 90°C for 15 min, 2 ml of 40%
strength aqueous hydrogen bromide solution were added. The reaction mixture was

stirred at an oven temperature of 130°C for 30 min and overpressure.
The crude product was analyzed radioanalytically by HPLC: pump: Gilson 305,
injector: Rheodyne (20 ul injection loop), column: Zorbax-NHy; 4.6 x 150 mm, mobile phase:
35  NaH;PO,4 (10 mM)/phosphoric acid, pH 3, flow: 1 ml/min, UV absorption detector: Gilson

116 in series with a Beckman 170 radiodetector, UV detection: 210 nm. "F reference (J.
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The TLC analysis was carried out on a MniGta TLC scanner (Raytest,
Germany). 35Prepurification: The crude product after the HC
treatnment (previous step) was taken up in 1 nm of water and added to

an ani on gyg %@fﬁf'(qgﬁe)g ‘g\fﬁg%qsm%d d%ﬁ@ d7e eﬁqeﬁ Bg'&mant) A single

radi oacti ve products’ were r cart e radi oac
product s vastiaactied peakdvds eiping@d vhieh eqaliged iith #ﬁarte‘?@rmceamwusd sodi um

hl orid | ut
of PPLC. 1 dent 11 BaT-gLe o] oteFlabpicf Rl YRS ABROYGA By MediR W HpL
Rheodyne perificgtion: rjusem: |le$on @6p) mJ@tcaroR{bﬁﬂdynzdﬁﬁad-lmrondow)x calsmnprgprbax-

bi | h /
(0 b BT EECAoh o KD, £ il il 18121
radi odet egioryV @Yseretiert deteator: ZGIIBOWMGRH ser@s wifbfseB_enlcrear( (17@1¢é)diddd¥e®m uv
hydr OC_hl Oﬁitgshong’ ZCM r'A( IThQIe réd’}gé E e\ék asd%tgﬁ\%\;iﬁo Cog'hg‘? ulta{lﬁously

8.45-mn Si n%Ie r I oact ai ne
t he ref erwitltéhec Frpefamdtce tOmptRLd (}duOrg |Cttm'm oi0; 1BuTP85 X 18381 63705lf the resultmg

150 T rBRERe Aue RemmtsiSl HELRa R bRl Rt eiaton ymgns of

m/ mh, Woabsmqngeanrtd@geecarobe dispéssan vlifto Iti wasSprdsibte ol dbhaia tide ploaact with
170 radi odet ect.or ctl o 210, nm,. A oactive peak
was obt ai ﬁé ?A?ﬂeEHG%NET /°t s i%ardéqa@f\é&%ﬁggw&nd If the

resulting product is purlfled by means of HPLC, the previously
described prepurification by nmeans of anion exchange cartridge can be
di spensed with. It was possible to obtain the product with a

radi ochenEgampm4ity of > 92% and a radi oactivity of 3- 31 nCi
(corrﬁ§te .1;_ r oF:! 0 anpl e 3 Synt hesis of

2-am no Mﬁﬁﬁ%@é@ﬁ% i carboxylic acid [F-18]

Fl uori de- mmahmineqmmmmcmmtw 3RloAd (19789, 6458 )nnvaiswerd Gelded tb di-trourliglit@mic

ol uti on Foid IS4ERHBIE LAFb GEPE b SICH, BRI PAAAE GGBATh e (100 m

renmoved the\wMDathmgsmrrecaasrascnartembenaturedguen4ahi aad beequenitip evashad ewith
of 120C. cet.or d renove

by cvapor SePsiEY sAOM GRSRESH O 4ot iRl 47 0 * R eRIccn B b ried

of di 21 hybver MgSO4, the solvent was removed in vacuo and the resulting orange-colored oil was

prarm  Bopaiis ) Hed bHggiicr St aE fion Set S FAAEMERE TDRHE ek coi

acetonit rolbtemudsco&t@m@ddlm:lprbducttkmcorasardel@ bﬁadesﬂﬂﬂd oftity-OBId Thé\tritg falcohol was
heating at_ 90 stren ueous ogenm ., .
bron de. cbvaeare e fBsEyfa 4fe ModlpuiBdlid i & P9btA diea Cer N LadEY agsiton o

oven t enpesainar aftef fillratdh Bod ré’rﬁoval rof ahe sowenuomeaurur e.colorless ollh@asC bbided.

prod a C 05,.. L

o ectr PR S TE 0 ThC Tt b BRClL e g A e O 7 H

150 mm nBbi Ne2 phedeulatd8GNaHBE)H: (715) Nrig)d. phosphorl c acid, pH 3, flow

1 mM/mn, UV absorption detector: Glson 116 in series with a Beckman

170 radi odetector, UV detection: 210 nm 19F reference (J. Og.

Chem ; 50¢-Bui#yl &hﬁﬂ&&garbﬂa&&ﬁ%ﬂ 5-Kydrpxypeaadaneatei vi ty detection

\(MB,? ﬁk?ﬁg) P ﬁ&/ﬁhfﬂﬁl X r(ﬁgl SIInImV aesalédc\fva c1s atogtcafonae ((j;yclo exylllnsog%%yl"ejtmlne solution
30 (3.0 ml, 15 mmol) in hexane (50 ml) in a three-necked flask. The solution was stirred at 0°C

for 30 min, subsequently cooled to -78°C and treated with di-t-butyl N-tritylglutamate (5.0 g,
10 mmol) in hexane (50 ml). The flask was provided with a gas inlet tube and connected to
a storage vessel, which contained paraformaldehyde and a gas inlet for argon. After the
formation of the carbanion, the paraformaldehyde was heated to 180°C and the resulting
35 formaldehyde gas was led into the reaction vessel in a stream of argon for 30 min. In the
course of this the bath temperature was kept at -78°C. Subsequently, the cooling bath was

removed and the reaction mixture was slowly warmed to room temperature and filtered in
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The purification of the [F-18]-1abel ed conpound was carried out by
means of HPLC purification: punp: G lson 305, injector Rheodyne (20
pl injection |oop), colum: Zorbax- 5 NH2; 4.6 x 150 mm nobile

phase: Nap@RE4, Q&Qod%ér@*b%glhgwo% R&ldHes. pﬁ)egﬂtrgtje% grdd'gd/ tyggatﬁnra{é}ﬂ, aqueous

absor ptl on detector son In series wt
r adi odet e@fgoniugy chieride ispition 2md eﬁtﬁactﬁd ﬂlﬁgll@thvla@h@a@t X \260 el hKThgagombined

bt d, h t h f
O g QBhi o 3fers) el SARE RO b\aife SR H BEAC Gl MEBOURRny
| s purl f| EaM@ypdmiman¥acep. HRMEC, Feﬁh’é”@pr ¥aliowissl yoildevssr idbged by means of flash
prepurg fi E%l{'l‘ﬁfb#%(plﬁgéfﬁl Oéceiﬁéfﬂfie@"z §I§5‘gﬂft§rafetrﬁ L Ap&s Qﬁtﬂ sg)R/ent mixture, a

di spensed w possi b too t he uct W t

r adi ochenf@alessueil vgs @btaa‘@dufflegt%%lgd(%i%)aawa& V0.8 (Mefl:) (EemBofal analysis
Exanpl e 441 I t u t m ) and
trityl chfsés?ﬂzrlqeé(mgﬁ‘gchhg I@ N %\A”gérrgulggg o5 ?%é?mt bmuty ‘gl ut ani ¢
acid hydrochloride (20.0 g, 68 mml SI GVA, cat#: G 7501), dissolved

|0 Medl 2 RN B diny i DEaBL AR IR -to?&éﬂcé@@rﬁ& abRBrmRL at ur e 1 of

24 h and te solution
(3 x)1Gndt-Relyk?- tmtsl-&parbtrﬁ@uMcgaﬁrmrdmbeptaa@atdr(ﬁwmz;o 13emmut)SEs dishalved

sol vent W@j %Frr%eﬁl 'a{}ud\’@gfd%e dZHI')eS'; %&énﬂ? %8& %gﬂ%ﬁdé (&Smg,

purified ash c romat'ogr aphy on SI exane

(30/ 70). 888 minph @nd dilm@lthnibtrmqwmln@m?a# et Otﬁempmﬁdmre added apatiseckaction
by a resi f I y

4 ssol vi ngwt? rg vg%% cfftl}’rlad %’t‘xr%&:téwﬁnééréﬁ]ur@ oggr}ﬁﬁiht Vﬁﬁﬁelc ﬁ@%r‘fa‘ﬁq%@ﬁera The
addi ti on tsfactierk mdure Afaseextiaictedrvth eihylmtat@h%vhltha)comhe% otgasist phases were

m xtu I . Yj.el T
T e b S
cal cayapoeaior. Ghe7@ud: prgdugt 8as Wissglved in aBiftley MeCl,, absorbed on NH, material

2 ”' ty' én %hs agglﬁaél f%olh%ﬂr%%%%?%h%gtﬂ &hg %é’ététbﬁh@k 852)0 Yield:

Cto a sopro am ne so

30’(3 0 rﬁ33 8, (7). Ehnmteér%\a(yse BhHeiNO folb& REbReH: 1. HoN: 2121eS 5.0
sol ution r ty f subsequently cooled to -78C
andtreaté\% EH %?fbtﬁb%c? 2t(f|%t3;‘lGIutanate (5.0 g, 10 nmmol) in
hexandd (50 m ). The flask was prow ded with a gas inlet tube and
connect edy gpnd zsfp S L

gas inlet~—Tor ' \ T T
par af or mafaksigdyels tﬂh@bwammm fllm@edmﬁ tnbeO Aeemblr) wag agﬁed oravedldismyafe

gas was l?ﬁiut ﬁt,[lﬁechSﬁFngfaﬁy %Eul?&@a&%@@ﬂﬂ%ﬁaﬁaﬁﬂ}gﬁé 888 Mdlol) in

In the cours erature
Su bs equen@lIlP}b’drCtLIseTth)b?r iy Thaixtueeswas heated ahrefluxtier 4 basttérdhe meéadtion enixture

t r

Fomove par SdEiodidh 300 (ERRERR; e PRI baeretel Bindidtd: alfoubjected to
aqueous adgRROUEBXYBEGN e X3 oﬂ’ﬁﬁpa@mvt'arihin dayerachrenategraphyli (Mesi)/MeDHe(20/10))
(3 x 250 | G e ' ' i .
Sul fat o apaleh Spran, S0 yRARM 61 MIARCE2 ML B k| MerhShrifaReeaHiNo:
r esul ti ngfopat CoiftghHor I7; a2 8peai¢uiated Gyl dadsdhy @iN:2ifash 5

chromat ography (ethyl acetate/Med 2 (10/90)). After renoval of the

sol vent m xture, a coI orless 0|I was obt ai ned Yield: 1.2 g, (25%.

TLC. & H-HEETS 2 {ad : e found C 74.5;

H 7.6 - B ’ YR |

75, A i d ey o B st
10t - But y| isgtope ISDIIAlomwealalched toha Spp-Giagk Sighy GV gdrtsige modtdeied 582 strgam of air.
1.00 I

Subsequent 9 T AEHaRRle s b, i, BlidRil i wIohd 252 Kiops soluton
di net hyl aIﬁZrm@ny KaiZn& ﬁ(ﬁ_ﬁlgflomgCCQ};., 2IminMiEON we v é nall dederaR3t inB). The solvents
r eact350n \%?ét dhfove@ 3t ?éd ol ﬁ% ﬁ*eaﬁpwrbgﬁmﬁ{e%gldﬁe QA& %&Potplc%ng% stiffed twice

at 120°C in a stream of argon with 1 ml of anhydrous MeCN. A solution of the tosylate

precursor of t-butyl 2-trityl-4-carbo-t-butyloxy-5-tolylsulfonic acid (2S)-heptanoate (4 mg) in
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25 had heen cooled to roomtenperature, the mxture was treated with
MeCl 2 and subjected to aqueous extraction (3 x). Preparative thin
| ayer chromat ography (MeCl12/ MeOH (90/10)) vyielded the product as a

Touna C YRR (Qp Sl pkpde (d osech ERFNR ) Bt P BR3BHRT e roactin
30 (F-18 1nixt@iet was Defiedt qt1120°éahbd0t miyutSubsgquedtif ) ﬂmrsq&emt aresategnoved in a
F- 18] Fl ugy.i - _ , _
15 7 SR ot R ERELAReA RCRY § 81680y R TPANR Pl oo ng e resie
Sep- Pack WwagHtea@dawihrHCli (@gh, 8:/3d- @5 exd) atn140°Ctfoer&nmid AasamplEhef the resulting

F- 18] 41 j I h tEi [ N .
5 coa) L B 808 VA LOBIL LS SR 981 A o R efoonc
m ), wat erciflva®d ("2/BJB). The sol vents 35 were renoved at 120C in a
¢ ; _ . . . g . ¢
1200 i ma o RS EE R E ofRTBICIR IS b hRiEy Rt SsfhiEReh o
the tosylate precursor of t-butyl
2-trityl-4- -5 i ' - ,
1 SRR LN sl LS B RGBSRk o
[ F- 1810 | udmlde waléreandeaddedoto an anion exolesgh eattedga{WaReC FA0-OH0formn .80% of
Sub the. sal [ . - argon. Th
corvent el A MR % BRIP4 08 Sl i s
was treat FdmwinthcaHGlige 6y Nnedhs3of-adquebusrispdiatn dr@Eef solutonniNaCl @.4 818 el). A
f th ' 5 ' ' I db f di o- TLC
(siioa ot mbigiheiEReba BY b YLBPPE® TG Vet er 112/3/5) - The Tec
anal ysis was carried out on a MniGta TLC scanner (Raytest,

: g fi i.0n; . af h .
(GS: ) - |J§@ﬁﬁf’%‘éﬂbr’§ b 2hdi8HipL Kot ASisBh A8 hnidlidr® Rnb o L S3LBR 00p),
ani on exchelnge: Zenbax-Nitye4.6\A1E mm, BAobil&ghbes: YaH.8%0( 0 ntMiéphosphoric acid, pH
di ti | _ . _ : : ; L
roducts wefSval it Ow, SRAEN, Mend® GRObLP ) SHiG. Wi €asichien 1o
chl ori de soliagetsstorNAGI dectioV] 210 min).. RA Sédpkfererms dreal)-ydeGlbhydreansride):

of HPLC. [ i ON.: i,0- p A lsan. 305, injector:
Chobaye. 1EIBALOY BRI A6k B B m By o S U0l Bl v
nmobi | 20 phalstaineiaHiiP@be(t€d with thehrefepdreeicompoun. pH 3, flow. 1 ml/mn,

UV absorption detector: Glson 116 in series wth a Beckman 170

radi odetector, UV detection: 210 nm R F-19 reference ((rac)-4-F-Qu

hydr ochl oHPUE) purifigatik®: mump( Bilspn r3fdi dgedtorv iRheodatee (20 ghinfdsticrk haeop)),: column:

wih the 7Rl AR Rerfiod R HERERAE Rty SO TIRRATELYES 2. row

i nj ect or: 1Rilemay hB/ d2@rpiloni dgtedon Gisdrodd in soileamith &ZBedlaxarNHA radliddletector,

150 ' se:. 2 . i C ' 4.3 .

i) o, O SRRt 210 R B PSR PRAR e ol I so el il e
170 radi ods¢rentcompdld. Hfehe cesuliimg [Réduahin pukified iyl reearedofddelt € vibe peakously
was obt ai whi it . 1 qund., | f the . .
Fasul't] noCerta e preelfcatbi By Heslls b 5 rerBRIE-SPTRR P e lpep{fSou i
descri bedltpraspossibledabbtam ive preducswith a aadiochemicai andty. of 2rA0f4 digpba cadiodwtivity
di spensed_w 4 h RS [ obtain the product with a

r adi ochemO%(,:\éa %8¢h3} 0‘}"'%2%368)({%&%9)3 radi oactivity of 20 -200 nC
(corr#rted for decay). 30 Exanple 5 Synthesis of 1-tert-butyl

2- met hyl x pe esul f onyl oxy- 5- oxopyrrolidine-1, 2- di carboxyl ate

(8a) (accm%ﬁo N. Sharma et al. Tetrahedron Lett. 2004, 45,

1403- 1406Synthesis efti-tont-batyll Z-n23hyl 4-mhktlanasolfpnylbxg-Gebxopypelidowat,2- and
0.18 9 (0482888 kte Ya) (according to N. Sharma et al. Tetrahedron Lett. 2004, 45, 1403-1406.)

A solution. of. 15.29 g (71.5 mmol) of sodium periodate and 0.18 g (0.87 mmol) of

35  ruthenium(lll) chloride hydrate in 230 ml of water was added to 5.78 g (17.9 mmol) of Boc-
gamma-MsO-proline methyl ester in 230 ml of ethyl acetate. The mixture was left at room
temperature for three days with vigorous stirring. Subsequently, the phases were separated,
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35 rutheniwum(111) chloride hydrate in 230 m of water was added to

5.78 g (17.9 mmol ) of Booganma- MsO-proline nethyl ester in 230 m of
ethyl acetate. The m xture was |eft at roomtenperature for three

days with I

he aqueoly SEBUS pAcd e RSt ol SPRo R R Y e Riiflani
t he conbi nb@lse@r‘garm slirpsidawitie SReme of isaprepdnel fdn 3§Dmm Bie imbdpreopanalried over
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C. 42.90; vy 4
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2-tert - bub®ByBad.Abnyl ani no- 4- net hanesul f onyl oxypent anedi car boxyl at e
(7a) (according to: X. Zhang Tetrahedron Lett. 2001, 42, 5335-5338.)
600 mg (1.78 mmol ) of 1-tert-butyl 2-methyl
4- met HaneSyhthesid obdin@tiangl @piyr#mitbdvmbgnﬂarrmcm-éwbeﬂlyhastdfowlca(ypentane-
di ssol ved I 3

" (0. 080 icanfgpIigte (70) (UERIAG R 28R rdvahellond ot BARR SRR
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(7o Yor o SHEAURIRY (ARefocks, SHOMRNBRNL GO SLRENP AL ORBLEEI BBl tre
found C ddéOproductowas: pNfoe:a 69 c@%oubmmmg@ph@ﬂﬂwa Hel, 206h@8melthane/
3.79. F-1 L o
> ter - bullSURRE R 2 b BB 008 ruo, (B0R) Pt ZePUSNSBRTY R o+
(7a) [F- 181]eﬁ1ameswlfﬂ>eylwaweptaepatcecbowyia& (Eybvererubtalrhgd aﬁeanelodﬁsstdde

[ 0-18] (p, - 18] ) 0 (
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from2the €2BtNi3dge usi ng a Kryptoflx 2 2.2/ K2C3B solution (5 g of
K2.2.2, 1 ng of K2CO3, MeCN (1.5ml), water (0.5m)). The solvent was
renmoved at 120C in a streamof nitrogen with addition of acetonitrile
(three tihd8 Igbq:ﬂr)g ofxdimptiivl 2- @ rimtioxyedrb dnylatriiyd-4-methanesulfonyloxypentane-

2-tert-bu Q)(-}éa}m no- 4- met hanesul f onyl oxypent ane- 30
di car boxy ate 1 mM of acetonitrile were added and the

resul ti ng[ﬁﬁS&IFlLlpedwss sréparedinf @ cyd@ran by m’earlsDOKIheAOt‘rﬂi(pm)[cﬂ-181geacmon The
about,60 r S

sooutf0Caghbs, Bk IRl WIS, Setosld LER SR SR -
The HPLC f8]fetridenwameludéd dnoed the cam@eewsar(gabdsrypﬁﬁx 8.9 2&3@0@@&1@0@)(5 g of

means of @2&%3@5%%A%L@CQB%@pWﬁ@gsﬁﬁ YRS s St Gs WorhByea 1288 in

acetonitri

2- t er t but azireamisbnijrogen wish 4dfiiFer1 8 ddetmitdlediiremtines ¢anlpoxyl ate (6a)

wer e obt aj LR za t he f

A[F-18]f 1 lSJ g}ﬁg 9(:1 g,[GaH@éﬁ &’ %I'n%gg)}l Ete ebu?0 rpo%y i?\gnﬁr%e?ﬁﬂ%sulfonyloxypentane-
2- t er3but dixgrbaxyiatay(¥ a)in ﬂonlsz Iéceispiltrileu mne@midearmmbarmklyagmlﬁu(e&aas $B&ed for
MBg of di

oter t- bul U8t DG ATST0oing &2 294 080 IE AP AHISIMES RIS P e gy @ Sicer
51 m ofPhlee:'adndgerlle were treated with 0.5 mM of 4N HClI. The

m xt ure 0]

Cor 1 "bat e hEEERelEba Halblrtd APEETCYs RogindoMarl ARIFF G 1 o6en wes

m xt ur e waikitdrbattie ategr(alounisd mh) aad @ddsd ty wiesns wf bHC 3 cartridgg. Bite hdddediate

(oil %t hwgg TR uv\r:iﬁ? "1 ml of acetonitrile. 533 MBq (34% d.c.) of dimethyl 2-tert-
butoxycarbonylamino-4-[F-18]fluoropentane dicarboxylate (6a) were obtained in a synthesis

time of 64 min.

56



After coolingsto roomtenperature, the solution was neutralized by
addition of about 1.5 m 10 of 2N NaOH. It was possible to react

di net hyl

(2-tert-butoxycar bonyI am no-4-[F- 18] fl uoropent anedi car boxyl at e (6a)
quantitatively (d.c i ve 4-[F-181fl uoroglutam c acid (5).

Bl o 6SYBiests iatbblFgHbioraghiamicoarid (. bt dgproteton of Gimatny 2.or

4- met hanegyld, oy} :a”an%gpwsahuw n%ar?ed. rﬁai y6af e (8a)
(ﬁ lﬁ?fbg ans o

[ F- 18] Fl uor| repar ed |nacy otron t he

[ 0- 18] (p, AP} MBrBYf dl@attwl Sitert-iitexycationglemins- ﬁn[lf @&]fl@@@per@cﬁdlmbow@d@tﬁa) in

to a T

from ?ﬁg Egﬁlﬁf:a g@hﬁ%g%{r%%gggpioﬁﬁ %F@HK-@('I% so? Ut on (I? nggrgr 5 min in

- 20K2. 2. 2, an opgn ofal patacairminge@N! 40T CHoitibpth teatperatyre). 54 fdrier 0Fhenl ob#MEE! was
was renov f l.on Of ° .

ncet oni (1 1 i B e Wk FRMeoRL Wi PR o\ AT Lifin =t 1407C (ol bat

2- et hyl mnﬁmrﬁarﬂ%sul f onyl oxy-5-oxopyrrolidine-1,2- dicarboxylate

8 1
Stitreq fAafenolfg® M oSl o ERMAN Dl A b) BRIBILERIAS m
vwas atiledobIN abiirs of a Silica- 25Pl us cartr| dge The internedi ate

f 8
0T ubed wit es pasebiel i breaf MBI GHEHB Edcarlotfiaind:d (3 BRopthfne-
car t r i dgedicapexylated fakataatiatively (dbt- moeaivm&[ﬁ@&iuwbgbtanagetzldrﬁsx rile.
421 MBq (23%d.c.) of 1-tert-butyl 2-nethyl

41F18] fl uor o- 5- oxopyrrol i di ne-1, 2-di car boxyl ate were obtained in a
synt hesi sExampled 95 nin. 30 Synthesis of 44F-18]fluoroglutanmc acid

o b- 51 oy Ebprilof1.tcht bR 224G ) Enfith o onyferd bicmyrqliding 1.2
2-met hyl dicarigptiate(8a)5- oxopyrrol i di ne- 1, 2- di car boxyl ate contai ned in
i xt ur e who SEaRHAE We ghlfed FE2bHoir B et Shbr b BRI reagipn. The
stirring. isafoper saldising ({2% d>Bpowes eadded atoua @eﬂ-H@CKsblgbt QWA veestridge. The [F-
6L SRR e B0 8l ANAREH AT, (i s o
K2. 2 2, 1 mg of K,CO3, MeCN (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).
5 mg (14.9 pmol) of 1-tert-butyl 2-methyl 4-methanesulfonyloxy-5-oxopyrrolidine-1,2-
dicarboxylate (8a) in 1 ml of acetonitrile were added and the resulting mixture was stirred for
10 min at 100°C. After cooling to about 60°C, the mixture was added by means of a Silica-
25  Plus cartridge.
The intermediate was purified by HPLC (C18, acetonitrile/water). The HPLC fraction was
diluted with water (about 50 ml) and added by means of a C18 cartridge. The intermediate
was eluted using 1 ml of acetonitrile. 421 MBq (23% d.c.) of 1-tert-butyl 2-methy! 4-[F-
18]fluoro-5-oxopyrrolidine-1,2-dicarboxylate were obtained in a synthesis time of 95 min.
30
Synthesis of 4-[F-18]fluoroglutamic acid (5) by deprotection of 1-tert-butyl 2-methyl 4-
[F-18]fluoro-5-oxopyrrolidine-1,2-dicarboxylate
221 MBq of 1-tert-butyl 2-methy| 4-[F-18]flucro-5-oxopyrrolidine-1,2-dicarboxylate contained
in 0.5 ml of acetonitrile were treated with 0.5 ml of 6N HCL. The mixture was heated at
35 130°C (oil bath temperature) for 10 min with stirring. After cooling to room temperature, the
solution was neutralized by addition of about 600 gl of 4N NaOH.
172 MBq (91% d.c.) of 4-[F-18]fluoroglutamic acid (5) were obtained.
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Synthesis of 1-tert-butyl 2-nethyl

442- (t ol uene-4-sul fonyl oxy) et hoxy] pyrrol i di ne-1, 2- di carboxyl ate 5A
solution of 2.45 g (10.0 mmol) of 1-tert-butyl 2-nethyl
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chlori ge bytderd tweaasi mmb2ed imvacob. W edewa:a;otautﬂwds tporiflzddly golgrbnrohrdmatography
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acetate (@069nN)3.46d t he conbl ned organic phases were stirred with 5

m of isopropanol for 30 mn. The m xture was dried over nmagnhesi um

sulfate, filtered and the solvent was renoved in vacuo. The crude

product wagnthesisfefcldtetbatyl 2nmetbil Boro-deRdpivertsdisufangeky)ethoxy]-

hexane/ et % of 1-tert-butyl 2-nethyl 5-oxo 4

[2 (tol ueﬁg']ﬂ(-)s al f !f)?%%hoxgﬁyrrol i di ne-1, 2-di carboxyl ate (23)

was o ai Aedolatsnra 0601 o7 | 245.0oMmol BGIEl sniamb apermdatey sng 2881 -gl 2T.M69%8mol) of
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foun syn?ﬁ%%T%mgI) cgnllo%@feh Fra?[e T2 83hCH \MiEfwaSaddd tlo.akty @ Rrvon Nt 1-tert-
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pyr rolidi staridg. Eubsewdmix,ythambawwerdlmetawﬁ thenaquemlis phase was extracted twice

di chI hu

car bonat gﬁ\&\g idc?:ka{gterﬁieo F@Lgﬁ{}%e ac%ﬂn)l(o?nl?r@gor\%gm% ST red"e% qu%g Sl of
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vacuo and C t ograph Si |

di ohl or ons ﬂ%ﬁgw{/a qgwg%%cﬂrﬂ \saéﬂg@STlpf%l 5@% %@u&pﬁggﬁ ff%datpy é{oILgmn chromﬁography

2- t ert - bufsdicy gel, herghaathpoactiRe) Odllue (24%4) of 1-tert- butyl 2-methyl 5-oxo-4~[2-(toluene-

col or usr SHENERYIRERERAIER TR0 S0 G0 las (epl B8 BRI R Blofhes
6. 36;3IN: Eleﬁ&'ntatahaluslatCQd‘lzrmgSSJfoﬁmj CH528738; 602; R: 84.1; fald@atedbEl 62@1; H:
of di net hgl9 bé but oxycar bonyl am no-412- ('t ol uene- 4-sul f onyl oxy) -

2
et hoxyl pent ahed:?car boxylate (25) [F-18] Fluoride was prepared in a
cyclotron by neans of 10 the [0-18](p,n)[F-18] reaction. The i sotope

P 18] 11 usrries R A 2B a A R APo Lt ol e 2,
K2CO3 sol ethoayjpebtanedicakBoryl@te (25ny of K2CO3, MeCN (1.5 ml), water
(0.5 ég ) 100 The S(B'Z\Qe mc\Mi 2t £ {m t()alﬂyla5 mez(%% !5 -OX0- 43[5 %ﬂj@ngh Quh‘tongc/)lgxy%thoxy]

pyrrolidine-1,2-dicarboxylate were dissolved in 3 ml of dichloromethane. 1 ml of methanol

and 6 mg (0.04 mmol) of potassium carbonate was added. The resulting mixture was stirred
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The internediate was purified by HPLC (C18, acetonitrile/water). The
HPLC fraction was 20 diluted with water (about 50 m) and added by
means of a Cl8 cartridge. The internediate was eluted with 1 m of

glcet ?E;{]‘ M b} Rrond RribePtlie BB ied hilis CSubslqliily, frdsolBft WA Yrfbved)in @hcuo and
2- t er t - buthex§ede Poeduchvea ol chigpiatemariet (sdikg oek ichinsamethabeixathanol).
e were obyai neq, 22) BoSynt fesi sqiBkinhvi tart. - A
2- am no- 4- (24F 181f | uor@gt hoxy) erllt angdl car tt)eor§<y P)éycgabogyl??&o4>gz (toluene-4
depr ot ect p@fprwbxn)ieﬁpp(yﬂppntanedlcar oxylate (25) were obtained as a colorless oil.

2-tertg buﬁw&ﬁ’él%ag/gr?"@1 31ﬁg§fé[wg suhg ! 04{59‘14 I?S%%V)N 2.88; calculated: C: 51.52; H:
pent anedi car boxyl at q of rret hy

2-tert-bubsByta?B86nyl am no- 4- (2-[ F- 18] fI uoroet hoxy) pent anedi -
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o e oVl D B 100 5 iy S0 LUBIREL Y50 5E RETRYER. bl e
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Lo ok IE I 05, IR 8 A ocin o

7.70; Z(N d:llggd wih watgrgebelit 50: M3 and@dded by mneang f aNE 1&¢agtridge. The intermediate
l1-tert-Bu I 0
ik e @g@m 1l of acetonitrle, In 2 synthesis tme of 76 min. 337 MBq (35% d.c) of

4- (2-fluoroet m‘% -oxopyrro di car b oxyl ate

of 4.3 g ¢ipwiiy! mabteyt- b}ﬁowgdrbgmlg@rnpo%lé’&[é-‘eﬂifcﬂJo:[oeith@cyQﬂEn&mmaybowlate were
r ut heni urrggé g orlde hydrate in 50 m of water was added to 1.45 g
(5 mol) 1-tert-butyl 2-nmethyl 4- 15

(2-fl uoroet hoxy)pyrrolidine-1,2-dicarboxylate in 80 m of

di chl & ongl figRgis THE ﬁ“aﬁﬁHé‘i 386168 orB thoR e h IR A S 1iEC adid §5
days W t h=vIgorou ; .
t he aqueodepistestion\q agthy ert PRYCe inoart- :

t he conbi wer e stl rred vmth 10 n1 of |sopropanol

for 30 m EftafeGRa iyié dried over sodiumsulfate, filtered and

t he sol veﬁ%’f wdéBq empbv atimethyl addert- btmoéyaammlamn@ﬂda%ﬂ 8lilagropinoky pentanedi-
by col urm %8@{)4}9Hyml(a"alcieféﬂltrﬂglwer@ﬁéé‘t'gﬁlmﬁ%rﬁlé nAeELR YRR The ffkire was
(179 of tert

4-(2-39 uoheﬂietﬂmcfwyﬂOanmxwﬁsvratlmrlgdahé:i@_ Q{ali bathbtexpesatere).28fenesoling to room
obtained AY 55;

N 55 ARy G IR W by el Sigh BA E7p0 4 k) Ko
2-tert- buE%ﬁ(ME@Zr(19@%5/1:1&thﬁQ-amI(IQ-4F(2ti5f16]§hlhm€%q3¢)weaheddlwbbxy;hy lagide(20) were
(27) 150 gg @,] q49 mmol) of 1-tert-butyl 2-nethyl

4- (2-fl uoroethoxy)-5-oxopyrrolidine-1,2- dicarboxylate (26) were
dissolved in 5 m of dichloromethane. 2 ml of nethanol and 6 ng (0.04

ol )39 BPhiRSIsUSP LRMHERNEH S-mih§t AELRGorobiifoxyfisitdildife-T2XdilE B oWBate
A solution of 2.45 g (10.0 mmol) of 1-tert-butyl 2-methyl 4-[hydroxy]pyrrolidine-1,2-
dicarboxylate (24) in DMF (10 ml) was added to a suspension of 0.65 g (15 mmol) of
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El emrental anal ysis Cl4H24FNO7: found C. 40.06; H 7.11; N 4.12;
calculated: C 49.85; H 357.17; N 4.15
2- Am no- 4- (2-fl uor oet hoxy) pent anedi car boxylic acid (28) 100 ng of

di met hyl  sodium hydride | n DMF 20 mj) Aﬁar 15 min, a solution of 1.90 g (15.0 mmoII) of 1-bromo-2-
3-tert-but oxycarbonyl am n uor oet hoxy) pent anedi'car boxyl at e

(27) wer eﬂ@nrggfblav%m PMFE0 ml) was peded. dhe betcbavasdisubisehuantly reaated ini 3 portions
m of HC

! oot R ITURESRELL R0 ShUCE PRR ISR Aok A i Yeghh waer
hydr ochl oandiethvhsicetale. eifted ke mdal@émrefhbelqnumsm@daw was Bxirastedi WIth‘ ethyl
5 wat

chr ong og%-g% t%mgﬂga&%@ne@ ﬁ')? @ﬁsg%m‘%%r% for rrn% d'}"ﬁlgsﬁé?%qﬂ%&éj and the
aq) . Exanpbleers wagyrrmiowed &1 wicudi e hsude product was purified by column chromatography
2-(3-bro Y, e )
ooy PSRBT Oy DA et o
2005, 70, pRoXiding B-d}cathqmd@@ yare®bidinedlM sol ution in THF) was added

at -78C t ) not i |

N Bocrs) u?g@ﬁ%ﬁél%@éggs% 8}4?9@3% l%g%@% ?H‘A&Fhlét frr e7§u !4*23% calculated: C: 53.60; H:
stirrdd fé6148: 4Bh at -78C. Subsequently, a sol uti on of 1.10 ¢ (5 45
mml ) of 1,3- dibronmopropane in THF (10 mM) was slow y added dropvm' se
at -78C. The mixture was 15 stirred for 60 min. It was quenched by

addi ti on bftedrBusyii szetwldr(ﬂcfblqgeilhlpﬂbhﬁ oxapyreolidipeA72-dicdrimatytade (26]

th dich i ,
satur at od” S5ATECE A7 1420 S BE o Banbudoangh. LS iR B Hibdsmany
sol vent weljoridaraxdsateiim 50 awiud water warcaddedde 1p4od (T mmels optrtarfhdyd Jyethyl 4-
Zgl g 0 Ch(?f%@&ﬁ%n(oﬁﬁlhé 32[ ﬁ% rbgg\}%xlln %ﬁ%l%f%ﬁ? ngghgaﬁé.gﬂwé fhixture was

br ono
20but oxyc@ﬁb@irﬂpbmﬁemn@eatw@n@mthraebwyIvatrewg@@)is wdirrimgo Bubsetpentls the phases

col orl ess ' . ' —=H:
coL o1 a2y eorB 2 ool CLITRRZENN Sk AR ooy anc e
| abel i ng mmbﬁna@prganlc phases were stirred with. 10 mI of isopropanol for 30 min. The mixture

2- ( 3-br OWQ/FIE:QH&E bydr Ldiden RukRY ﬁl?e[r@@ QM& r Ontvﬂdr?%ﬁ%lv&?rr? 9%(%9 o?Hfie crude

(33) [F-1 l'uoride was prepared In a cy nmeans
[ 0- 184Q p, piofpct1gds peddfiedi kncolmng qm@miperasby l(ﬁliqanng.lh%nMyl westated.d@as g

e car trl a0 e S g o R ol e B0 B et 28 wes

1 ng of KQQI@I&edIHECN (1.5 m), water (0.5 ni)). The solvent was

removed a 0 Wit dgi n .o .y
acet oni tHElI %?%%gég%]?r%%mw fo@j’& & ?TQBG pgr]rg? H ?531 %%%ﬂ?/tfad' C: 5114 .
2- ( 3- br on®pPONY4.52.4-t er t - but oxycar bonyl anm nopent anedi car boxyl ate (33)
in 144 of acetonitrile were added and the resulting m xture was

stirred for 10 min at 100C. After cooling to about 60C, the m xture
was addedDb‘yeﬁlmhmerb‘bumﬂparhmimrumOc:‘htz-ﬂlilm'gethm)ﬁwtanﬁtdéq:arbdkw{aty (2&}s

G uted i i0h T S R L e b el R i behb 8 e e HSicine-1.2-
car t ri dgedicahexylaiede®e wese élswalsedaims o dlisichlpramethand. Zaméepbmethandleand mg
a synt hes{osozf i gér%‘ )ﬂ%gasg?u% ﬁa’srﬁg %@%fgllsﬁﬂﬂé?j Fhe rggq tjngerﬁ?anelc'f s stirred g room

2-tert-bu oxyca am no- uor opr opy car box

te (:ﬂ) wempepdiurei fosdhree I8yms.hBulhsequéntly, the solvent was removed in vacuo and the
2- am no- 4: r i i

5depr ot ec?rlijgél 0‘?&% !NQ? b9@oWrPBﬁr’3Fr%’fb%%&@ Q‘ﬂé(é’ bblc d?cﬂoqorggtﬁgné?%ethanol). 145
2-tert- bumgx@@é(cr b@fnsﬂnm’ﬂnyho’é teriti3Aexyt8ibbhylemimer 4 (Bflyoroethoxy)pentanedicarboxylate
pent anedi % £o431) 346 MBg of dinethyl

2-tert-buto ycar on ?am no- 4- (34F- 18] f | uor opr opyl ) pent ane-

di car boxyElan'@n(ak)analms:s GriHofN@Qedoard €r 40.66er .1ty Hatd@; valttatéd 5Cndt9.85; H:

AN Hds TRg7M Xk e was

2-Amino-4-(2-fluoroethoxy)pentanedicarboxylic acid (28)
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heated with stirring at 130C (oil bath tenperature) for 10 mn. After
cooling to room 10t enperature, the solution was neutralized by

addi tion of about 650 pl of 2N NaOH 288 MBq (96%d.c.) of

2- arm no- 4, gsj hig, MO LRICANONREMOANEH R PRI S8 ekt ciickylate (27)

obt ai ned.
di net hyl 2wees tilsmlv@d(ytéﬂ bongf deOibard (reateduwitto ptiroipg ifhe hitrainesf HE (6N). The

di car boxy| n

2005, 70, e%%%’( &@ggﬁ%%h%%g(ﬁ/?%ﬂ”%f?' v F%rﬁctepﬁét?ﬁl\l? d&%argss g(]'%ggd with
at -78C t 60 anl obwataroancbthe hyd®chlofide 88s rilteleyl offf ardi eazeflly washed with 3 x 5 ml of
N- Boc-gl u t I

Stirr ] Al g &hind Bl @6 LG} icfted by metR Bk ekl it otfBbyy on o
mol ) of QOM&E?DWSX chloorio bt dpemi@luent: TANHI6q ) was sl owl y added

dropwi se at -78C. The mi xture was stirred 20 for 60 mn. It was
guenched by addition of anmmoni um chl oride solution, warnmed to RT and
extract ed_m;lnngﬁchl or onet hane. The conbi ned organi ¢ phases were

washed wi sodi ch i

sui fate. TRATES(Y S O MMt AR R AR DU B iR Hiane-
puri fitkd dscadmwe¢&3)damoo@1n@mqﬁ tenessian, gedl, J. e@@yChmezm%FaMﬂéSOSS)
10: 90 to h 0

2-tert- bu?oxyca ony Slhﬁ’sgl%ﬁo/a ér?fTE%;) %af)sr%ddregpai;l )-lse%tt%r?e%ol%tg)rnbc(’)fxll atge (3.83
(36) was wima) okedimeihy Me-Boelgluamates(26) €1 82 THROE0 mbuFﬁUe Ces B8 Bixtute was

780 N & %e%i kS YhAL §f-7doc Shoequdt ” aBdaiuddn. Gr 13 (519, 9565585, oo of 1.3-

2- Am n uoropropy ) pent ane ’xyI ic acl
di met hyI dlbromopropane in THF (10 ml) was slowly added dropW|se at -78°C. The mixture was

(36 Wor oLt B W%%%ﬁ”“‘%‘*?‘*%i@%ﬁ%’fﬁf HLABERHERERNERS TG fgmed 1o
(6N) wit hR§tandrex1|rgacte1ihmth digblorapnethéne. Uihe csairesiagrgenit phaedd weref washed with

15-20 m Ng d§Bor lﬂ’é %ﬂlof? eg&énﬁf %ndan daloucgv%g ftI]I sﬁﬂat{? TR& S%ﬁﬁérg rwxas?gr%oved

t he hydrocah ori caref y washed W
m of wat @rvacherdnthacrads gra@@civass ipsofieat byl colnmln-dhrometommyrfeiﬁmgelf ethyl

:\lag :g;’_ha t@fie&%ﬁe"@h ‘G PAY 5 d@dﬁ%ﬂ’ﬁjﬁﬁ)"e&f SRR - B-B8Moprop(h)-4-tent-

esi s0
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ar boxyl at i : ) &0 et ) .
2005, 70, 9@8%@%%@%@%"%@2%%&@% @H@%‘@@f L g N2, ﬁ%ﬁﬁ?@@bg- 45.46;
added at H78€1tM: 530l ution of 1.00 g (3.63 5 mmol) of dinethyl

N Boc-glutamate (35) in dry THF (20 m ). The resulting m xture was
stirred at -78C for 45 mn. Subsequently, a solution of 2.17 g (5.45
mol ) of &s18-laleliranefddiolethiyl t2eSyranenrapylHA-tértd utdyycanisomitianinopadtied-
drop se m xture was stirred for 60 mn. It was quenched
by a tlgitr?a{)q&glatzgﬁdm chl oride solution, warmed to ST and extracted
with d| c hlFet &jhebtidemwas Prapaceirini an exblarapan mephmskethe [k 8] (paslretB]weadtion. The

10 sat ur akeflo8 Ol HBLCHY 88 iSy)SGhY B A, Lo BlonP KAIATMAHLLE! She -

The sol vent Was Tt enbv cuo an hé Ccru urrfied
by col um1gfluaiiet was pigd {reml iheacagmldge exsmgl a zh(cmrta‘txez ﬁ@laﬁ@mmoamon d5 g of

(zgoﬁgzane ﬁﬁ%?% fon@ﬁ@(@?@ﬁt yﬁgy car g(@ at eé%&(}%%@%ﬁpg{sﬁgamo C

El eneift al inansttepsi of mmdlﬁmacélonﬁ% Ghree: timeslt mN. 2. 7;

g?lt glrjlt ?Lﬁgoxg aﬁ_’% érna ' é; g%}ﬁtr(xfr ?%—%ﬁoigproﬁl)lg t r?QL?tl ky'qc%rbonylgmrlrl'?otpg gane-

but yl ] pendiesrbdxydate §3X)ih dtral c(f@@tohit‘nl&&]eFd adﬂad@dvths remuﬁpgmexturewas stirred for

cyclotron . f r.eaction, 20 | sot ope.
corutt on 1S REERTy €At etlipd S8 Lo e Rk GfR &hacdiF oy tgh 8if Bfice-
[ F- 18] f | uBius dertridgs:. eI ut ed fromthe cart ridge using a Kryptofix 2.2.2/
KZCG%BSS ol JT"t'%eI ?nter(nSedgate walézpuznfuzad b%( EL8 f(C%g,Caac;etonl}{%%WWét%f).S qué )—lPL‘@%rgcrﬁon was

diluted with water (about 50 ml) and added by means of a C18 cartridge. The intermediate
was eluted using 1 ml of acetonitrile. In a synthesis time of 90 min, 346 MBq (46% d.c.) of
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The internediate was purified by HPLC (C18, acetonitrile/water). The
HPLC fraction was diluted with water (about 50 m ) and added by neans

of a Cl18 cartridge. The internediate 30 was eluted using 1 m of

acet fﬂ;,f " lnfethyl 2-@r U EFbSnyid R0 L (3R - 1B iordtepyEsh thAS Kb Seylat@[31) were
2-tert - bueb®{nedr bonyl am no- 4- (4[ F- 18] f | uor obut yppent anedi car boxyl at e
(32) were obtained. Synt hesi s of dinethyl

2-am no- 4- (4-fl uorobutyl)pentanedi carboxylic acid (30)

35depr ot eSynthesis2- ebr iZmneaéy@aifbmﬂm@r@pﬂwmp@mﬁmﬂsqaerl@buacyd) Mt by
ane- a4 Caﬂgﬂﬂéiﬁcﬁ'l (359 Sdildeal 2- tert-butlg)({ carpon Ia ino-4- 3|RF 18£ﬂuoropropyl)

di met hyl 2-tert - but oxycar bonyl am no-4- (44 uty tan
di car boxyP&ﬂ@"@Q@)ﬁrquﬂatm(?' f acetonitrile were treat ed with 0.5 m

of 4N NCl g ? he @qxt e dfmy %at%rﬁf\wt&ﬁ%ﬁ 9&.4004@@9e{rlmdr?@%bﬁ)pemane-

tenperature) for r 'coo oro mte
sol ution d)&gfh@éﬂ@ﬁea(ﬁi ingdmbof %Rﬁﬂ@ftlﬁ'l@rwwﬁ t@l@tﬁﬁtWIﬂo@%ml S UNHCINZ i migore was
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(30) we eS| S tert t oxycar
i no-41Q 3 famtmr@ib[ﬁ, e gsdytion wag»n&ullrabzeuwﬁddtt@n(OBayOL(tééam@fzﬂ\gNta@H S.

Hanessi anyp :

TSt ut 1 e MR SRe %l daat ey ol b SR enea Mo by were
mol ) of dbtﬁmelﬁlyl N-Boc glutamate (26) in dry THF (20 m). The
resulting mxture was 10 stirred for 45 min at -78C. Subsequently, a
solution of 0.84 g (5.45 mmol) of 1-brono-3- fluoropropane in THF (10

rﬂ) vvas sﬁwmh,eSiﬁdde@If drdipwithy at2-terBbutoryeanonylaminods(3diuarpprbpyhipeniane-
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crude product’ was purifi
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aq) . Exanplge. 04 180Bi ol ogi cal characterization:

2-Amino-4-(2-fluoropropyl)pentanedicarboxylic acid (38)

30 200 mg of dimethyl 2-tert-butoxycarbonylamino-4-(3-fluoropropyl)pentanedicarboxylate (36)
were dissolved in 75 ml of MeOH and treated with 1.5 ml of HCI (6N) with stirring. The
reaction mixture was heated to reflux for 15-20 min, concentrated to dryness, diluted with 50
ml of water, and the hydrochloride was filtered off and carefully washed with 3 x 10 ml of
water. The amino acid 38 was isolated in H® form by means of ion exchange

35  chromatography on a 50wx8 Dowex column (eluent: 5% NH; ag).

Example 9
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For the evaluation of the tunors cell uptake of [189glutam c acid,
cell uptake experinents were carried out in human A549
(non-smal |l -cell bronchial carcinoma) and HT29 (col oni c carci nom)

cells. Th )i I
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dicarboxylate (32)
812 MBq of dimethyl 2-tert-butoxycarbonylamino-4-(4-[F-18]flucrobutyl)pentane-
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The tunor/liver quotient, an inportant paraneter for the suitability
assessnent of a PET 10 tracer, for the fluorinated conpound in the
B16F1 nel anoma nodel is 3.6 (1 h p.i.) and 4.4 (2 h p.i.), and is

t hus hi gh : ; |4V, t :
oo o a8 SRFEH A g A06ra8 VABIRRAERY oIl 110, e e
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substrateejn%éﬂ- 11 &R QI =Y m r [ nt
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2 h (b) rE%bM,BLQi (Pé7oyd.c.rpiramine-sibiiorobrdylinestanedigaibonyliafacist (3@ hweren
Figures4, the distribution after 2 h is shown. 20Fi gure 5 shows the
resulting tissue quotients including tunor/nuscle tissue after |h.
Figure 6 Swothesishe pésuldimethwli sArtertihutoxyparbonyiamine3tfluasebuiybpertane-

ti ; i B, : fAt.h | |
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< kon, Shrio bty MEBLANELRA Bt OO LT e s s
10 stirred for 45 min at -78°C. Subsequently, a solution of 0.84 g (5.45 mmol) of 1-bromo-3-
fluoropropane in THF (10 ml) was slowly added dropwise at -78°C. The mixture was stirred
for 60 min. It was quenched by addition of ammonium chloride solution, warmed to RT and
extracted with dichloromethane. The combined organic phases were washed with saturated
~sodium chloride solution and dried over sodium sulfate. The solvent was removed in vacuo
15 and the crude product was purified by column chromatography (silica gel, ethyl
acetate/hexane 10:90 to 40:60). 0.596 g (47%) of dimethyl 2-tert-butoxycarbonylamino-4-(3-
fluorobutyl)-pentanedicarboxylate (37) was obtained.
Elemental analysis CigHzsFNQOg: found C: 54.94; H: 8.01; N: 4.04; calculated: C: 55.00; H:
8.08; N: 4.01.
20
2-Amino-4-(2-fluoropropyl)pentanedicarboxylic acid (39)
300 mg of dimethyl 2-tert-butoxycarbonylamino-4-(3-flucrobutyl}pentanedicarboxylate (37)
were dissolved in 100 ml of MeOH and treated with 5 ml of HCI (6N) with stirring. The
reaction mixture was heated to reflux for 15-20 min, concentrated to dryness, diluted with
25 100 ml of water, and the hydrochloride was filtered off and carefully washed with 3 x 25 ml
of water. The amino acid 38 was isolated by means of ion exchange chromatography on a

50wx8 Dowex column in H* form (eluent: 5% NH; aq).

Example 10
30  Biological characterization:

For the evaluation of the tumor cell uptake of ['®F]glutamic acid, cell uptake experiments
were carried out in human A549 (non-small-cell bronchial carcinoma) and HT29 (colonic
carcinoma) cells. The tumor cell uptake of the glutamic acid derivatives was compared to
['®F]FDG (gold standard for oncological PET investigations).

35  The results are shown in Figure 1.

Figure 2: Comparison of the time-dependent tumor cell uptake of ["*F]-4-glutamic acid [20 —
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h) OL, or i) 0-Z Grepresents a) hydroxyl, b) branched or
unbranched 0-C1-05 al kyl, c) branched or unbranched 0-C2-05 al kenyl,
d) branched or unbranched 0-Cl1-05 al kyl-(0-C1-C4 alkyl)n-O G -C4

?LE&s% Qg)dﬂn h@.@ |8ﬁ)b§-}ﬁ@ é@ﬁﬁm?z g%ﬂqgn %Mﬁﬁp in ?&543“%52&9 gells were

al koxy, d)ncbb%tﬁ@h‘é 850 kaivealc ired displacement expatiments) L-piutandb egidof1 mM) or

liglt;r gcgggg%%e:n IIVFH(/I s G%%@g-n@ir}%lue iétaﬁr an%ggtl%ﬁmcgf ggcgﬁgynyl

h) hydroxyl, i) branched or unbranched C1-05 al kyl or j) branched or
unbranghe ' hy At t

b e EURRSRLI k0 of 1RO i 9080 E2 o s s
subst i t uetiati tmeeacﬂuw@éedcogiwam am;d 1derivetisopshould rhepe epetential 49r tumor

g{ Encf;ed QEmBARFABA A dIn&tiPos dthe inBéntn@nched or unbranched C2-05

Analogous uptake results were achieved for [‘®F]-4-glutamine, 2-amino-4-(2-[F-18]fluoro-
ethoxy)pentanedicarboxylic acid and 2-amino-4-(3-[F-18]flucropropyl)pentanedicarboxylic
10  acid.

For the evaluation of the tumor enrichment and the tissue distribution in experimental
animals, ['®F)-4-glutamic acid was tested in a murine F9 teratocarcinoma model in NMRI
nude mice and a murine B16F1 melanoma model in C57BI6 mice.

15  For this, 1 x 10° cells (F9) or 5 x 10° cells (B16F1) respectively were suspended in 100 pl of
phosphate-buffered physiological saline solution and inoculated subcutaneously into the
right, rear flank of the corresponding experimental animal species (NMRIi for F9 and C57-
BI6 for B16F 1} {(Berndorff et al. Clin. Cancer Res. 2005, 11, 2005). After 14 days (F29) and
10 days (B16); the tumors achieved: a size of about 80 — 100 mm?. ["®F]-4-Glutamic acid

20 (370 kBq, in 100 pl of physiological saline solution) was administered intravenously to the
tail vein. After 15; 60 and 120 min in each case, the animals were killed, organ and tumor
removed, weighed and measured for radioactive content. The corresponding data are
summarized in tables 1 — 4.

The tissue distributions of ['*F]-4-glutamic acid were compared in the same tumor models

25  with those of C-14 labeled glutamic acid, where 111 kBq of ["C]5-glutamic acid was
administered intravenously and the animals were killed and analyzed after 30, 60 and 240
min (F9) and after 15, 60 and 120 min (B16F1) (tables 5-8).

In comparison to these results, C-14-labeled glutamic acid was investigated in both tumor

30 models. The corresponding organ distribution results are reproduced in tab. 5 — 9.

Surprisingly, ["*F]4-glutamic acid after intravenous injection (15 min) shows a maximal tumor
enrichment of 2.90% ID/g (F9 teratocarcinoma) or 3.55% ID/g (B16 melanoma) whereas the
maximal tumor enrichment at the similarly early time (30 min) for the natural substrate

35 ["“C]5-glutamic acid is only 0.81% ID/g in the FQ teratocarcinoma and at the same time 1.23
in the B16F1 melanoma.
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c) branched or unbranched Cl1-05 al kyl-(0-Cl1-C4 al kyl)-0-Cl1-C4 al kyl
or d) branched or unbranched C2-05 al kynyl, and Z represents a netal
cation equivalent, where nis 0O, 1, 2 or 3 and di astereoners and

teﬂg?t L\Opgrs@eéns ght@e?mqgﬁtﬂ)saa%n%@mm 15@ vﬁh&b@%g.ﬁﬁ@@ﬁr&; '}fr\é@q 5% ID/g in
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t ga t
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as clarne
char act er i ) andl 2 h4b) I‘ESID@’[INB|2+ 13) A corrpound as claimed in claim1
selected fromthe group consisting of conpounds having the fornul a:

018F0
Figure 3 shows the distribution after 1h.

In Figure 4, the distribution after 2 h is shown.
20  Figure 5 shows the resulting tissue quotients including tumor/muscle tissue after 1h.

Figure 6 shows the resulting tissue quotients including tumor/muscle tissue after 2h.
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HO) OH b) NH2 018FO H2NOH c¢) NH2 H2NOH d) 18FNH2 00 M e) lar---- NH2
f)° OH g) HO OH 00 H2NZ.Z)OH NH2 h) 18F

Patent claims

1) A compound of the general formula |

wherein
A represents
a) hydroxyl,
b) branched or unbranched C;-Cs alkoxy,
¢) branched or unbranched hydroxy C,-Cs alkoxy,
d) branched or unbranched O-C;-C; alkyl-(O-C;-C; alkyl),-O-C4-C,4 alkyl
e) N(C4-Cs alkyl)s,
fy NH,
g) N(H)-L,
h) O-L, or
i) O-Z,

G represenis
a) hydroxyl,
b) branched or unbranched O-C4-C; alkyl,
¢} branched or unbranched O-C,-Cs alkenyl,
d) branched or unbranched O-C;-Cs alkyl-(O-C,-C, alkyl),-O-C;-C,4 alkyl or
e) branched or unbranched O-C,-Cs alkynyl,

R' and R? represent
a) hydrogen,
b) 1BF,
¢) branched or unbranched ®F-C,-Cs alkoxy,
d) branched or unbranched "®F-C;-Cs alkyl,
e) branched or unbranched "®F-hydroxy-C4-Cs alkyl,
f) branched or unbranched "F-C,-C; alkenyl, or
g) branched or unbranched *F-C.-Cg alkynyl,

67



0O HO OH "F SoNH2 HOWOH ONH2 "F H2NCOH ONH2 8 1) 14) A conpound of
the general fornmula (11): wherein A represents a) hydroxyl, b)
branched or unbranched Cl-05 al koxy, c¢) branched or unbranched
hydroxy Cl1-08 bydeoxy, d) branched or unbranched 0-Cl-05

al kyl - (0- Cl_i)a4gllakn¥fl13d o tinrarihdl @1/-'(35 alkyl or
i) branched or unbranched C,-Cs alkoxy,
with the proviso that one of the substituents R or R? contains exactly one "®F isotope

and the other substituent in each case contains no ®F isotope,

L represents
a) branched or unbranched C;-Cs aikyl,
b) branched or unbranched C,-Cs alkenyl,
c¢) branched or unbranched C4-Cs; alkyl-(O-C,-C, alkyl),-O-C4-C,4 alkyl or
d) branched or unbranched C,-Cs alkynyl,

and
Z represents a metal cation equivalent,
where
nis=0,1,2o0r3and

diastereomers and enantiomers.

2) A compound as claimed in claim 1, characterized in that A represents OH, methoxy or
NHo,.

3) A compound as claimed in claims 1 or 2, characterized in that A represents OH.

4) A compound as claimed in claims 1 or 2, characterized in that A represents NHo,.

5) A compound as claimed in claims 1 to 4, characterized in that R' and R? are selected
from the group consisting of hydrogen, **F, ®F-methoxy, "®F-ethoxy, "®F-propoxy, "®F-
methyl, "®F-ethyl and "F-propyl, with the proviso that one of the substituents R' or R?

contains exactly one "°F isotope and the other substituent in each case is hydrogen.

B) A compound as claimed in claims 1 to 4, characterized in that R' is selected from the

group consisting of hydroxyl, CHs, C;Hs and C;H; , and R? represents °F.

7) A compound as claimed in claims 1 to 4, characterized in that R? is selected from the
group consisting of hydroxyl, CH,;, C,Hs and CsH; , and R’ represents '°F.
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e) N(Cl1l-05 al ky02, f) NH2, g0 N(H-U h) N(H-L", or i) O-Lt", G
represents a) hydroxyl, b) 0-Z", c) branched or unbranched 0-Cl-05

al kyl, d) branched or unbranched 0-C2-05 al kenyl, e) branched or

unbr an@)ed @nfpbuld aaldaihed 0 Ehin(s41 & KythanadRerGbd M tadi R/ Irepreterity '°F and R?
branched or unb{§a}]nched 0-C2-05 al kynyl, Rl and R2 represent a)

hydr ogen, "BJoSE8E W95 anched or unbranched 18F-C1-05 al koxy, d)
branched or unbranched 18F-Cl-05 al kyl, e) branched or unbranched

18F- C1- Q55 hyd | kyl, f).b h b d,18F-,C2- 05 al I
9 br aBnedeOPoU A ETRE FEHAES. b & (AR hyH GoyPPren ibr ALl
or unbr ancipestetis-H)dragekyl , or j) branched or unbranched Ci1-05

al koxy, with the proviso that exactly one of the substituents Rl or
R2 contai ns exactly one 18F isotope and the other substituent in each

case cagaidospeand &k disioledde clddns eiptees etHzBacterized in that G is selected from the
group consisting of OH, methoxy or ethoxy.

11)A compound as claimed in claims 1 to 10, characterized in that Z is selected from the

group consisting of Mg?, Ca*, Na* and K*.
12) A compound as claimed in claims 1 to 10, characterized in that Z is Ni?".

13) A compound as claimed in claim 1 selected from the group consisting of compounds

having the formula:
0 @]
18
a) F NH2 ’
0o °F 0]
b) NH2 ‘
0 ®F 0
o) NH, ’
O O
HzNwOH
18
d) F NH, '
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a) N(H)-tert-butoxycarbonyl, b) N(H)-allyloxycarbonyl, c)
N( H) - benzyl oxycar bonyl, d) N(H)-ethoxycarbonyl, e)
N( H) - met hoxycar bonyl, f) N(H)-propoxycarbonyl, e)
N(H)-2,2,2-tricHloroet hox¥carbonyl, f) N(H)-1, 1-di met hyl propynyl, g)
N(H) - 1- net hyl - 1-jphenyl et hgxycar bonyl, h)
N(H) - 1- net hyl y t hoxycar bonyl, i)
N(H) - cycl obut yI carbonyl | j) N(H)-1-nethyl cycl obutyl carbonyl, k)
N( H) - vi nyl car bo,glly 1) NH) -allylcarbonyl, m) N(H)-adanmantyl carbonyl,
n) N(H)-dephenyl'net hyl car bonyl, ,0) N(H)-cinnanyl carbonyl, p)
N(H) -formyl, qg) N(H)-benzoyl, r) N(H-trityl, s)
N( H) - p- net hoxyphenyl di phenyl net hyl, t)
u)

6] 0
HO OH
NH,
18
9) F
O 9]
H,N OH
NH,
18
h) F :
Q 9]
S0 NH,
18
i) F '
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N=<X. X" v) N-(tert-butoxycarbonyl)2, L' represents a) branched or
unbranched C1-05 al kyl, b) branched or unbranched C2-05 al kenyl, c)
branched or unbranched Cl1-05 al kyl-(0-C1l-C4 al kyl),-0-C1-C4 al kyl, or
d) branched or branchedl C2- 05 al kynyl, U represents a)

t ert-but oxycar bgnyl, I 'yl oxycarbonyl, c) benzyl oxycarbonyl, d)
et hoxycar bony\s; gioonyl or f) propoxycarbonyl, X and X

i ndependent |y of ope arfother represent a) branched or unbranched

Ci -05 al kyl, b) substitNibed or unsubstituted aryl or <¢) aralkyl, and
Z" represents a (etal cation equivalent, where nis =0, 1,2 or 3 and
di ast ereonmers and\ enanti oners.

18
j) F

0 0
Ao
§o NH,
18F
0 0

OH
§o NH,
1BF

1

0%

HO
k)

H,N
)
14) A compound of the general formula (l1):

wherein
A’ represents
a) hydroxyl,
b) branched or unbranched C;-C5 alkoxy,
c¢) branched or unbranched hydroxy C,-Cs alkoxy,
d) branched or unbranched O-C,-C5 alkyl-(O-C;-C, alkyl),-O-C4-C, alkyl,
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15) A conpound as clainmed in claim14, characterized in that A"
represents OH branched or unbranched Cl1-05 al koxy,
-NH-tert-butoxycarbonyl or NH2. 16)A conpound as clained in clains 14
or 15, charact eriegCi-@s blgl,, A" represents ethoxy. 17)A conpound as
clainmed in cl al Igié to 16, characterized in that A" represents NH2.
18) A conpound as )c fmed in claims 14 to 17, characterized in that Rl
and R2 are sel ectg@di(fy-om t he group consi sting of hydrogen, 18F,

18F- net hoxy, 18F h@ﬂi% 113r

r propoxy, 18F- 16E- et hyl and 18F- propyl, with the proviso

t hat one of the subdrfituents Rl or R2 contains exactly one 18F

i sotope and the other substituent in each case is hydrogen. 19)A
conmpound as clained in clains 14 to 17, characterized in that RL is
sel ected fr@nrepresegmitoup consi sting of hydroxyl, CH3, C2H5 and C3H7,
and R2 represents ﬁ8F 0) A conmpound as claimed in clainms 14 to 17,
characterized i n 'is selected fromthe group consisting of

hydr oxyl, CHS, CZ)I)-IB)-End C3H7, and Rl represents 18F. 21)A conpound as
clainmed in clai ms 0 C that Rl represents 18F
and R2 repr esent§ %%%ﬂf r%ﬁ%%éﬁ{)@bﬁéiagg claimed in clains 14 to
17, characteri zedl)bnanth@d oRthbr&ohes @Cs-Cl8keapld R1 represents
hydrogen. 23) A cogpoun s clainmed in_clai 4 to 22, characterized
et b s BB e SRR SCER S REC GG o s B sy k.
met hoxy and QOZ". fdkhdctearg aubtinased O PElkynyl;| ai ns 14 to 23,
characterized in that G represents ethoxy. 25)A conpound as clai ned
inclainms 14 to 24, characterized in that Z" is selected fromthe
group consi ®'iang R?fre;biatsenth Ca21" and My2+. 26) A conpound as cl ai med
inclains 14 to charact erized in that Z" is Ni2t. 27)A conpound
as clained in % #h> t o0 26, characterized in that Qis selected
fromthe groupb)cd’h?sl sti ng of N(H)-tert-butoxycarbonyl,

N ey o g B ooy S IS el 2, X ndependent . o
substituted or dpmmwbum@ramndd "B cp-)csan@l kyl . 28)A conpound as
T oA bR S Rl O SPIES L r
characterized f)n tiréraihe@or epsrasehlds ®F-C,-Cs alkenyl,
g) branched or unbranched ®F-C,-Cs alkynyl,

h) hydroxyl,

i) branched or unbranched C,-Cs alkyl, or

i) branched or unbranched C;-C; alkoxy,

with the proviso that exactly one of the substituents R' or R? contains exactly one

'8F isotope and the other substituent in each case contains no °F isotope,

Q represents
a) N{H)-tert-butoxycarbonyl,
b) N{H}-allyloxycarbonyl,
c} N(H)-benzyloxycarbonyl,
d) N{H}-ethoxycarbonyl,
e) N{H)-methoxycarbonyl,
f) N(H)-propoxycarbonyl,
e) N(H)-2,2,2-trichloroethoxycarbonyl,
f) N(H)-1,1-dimethylpropynyl,
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30) A conmpound as clained in claim14 selected fromthe group

consi sting of compounds having the fornmula: a) b) NH2 31)A

process for the preparation of conpounds of the general formula (1)
as clained in cl a@)MHETmetd-Tghenylethodyesrboryl,an aci di ¢ cl eavage of

t he protective grh(?ﬁﬁ}-g—%ﬁ&ﬂ%[H?%ﬂgﬁgthéﬁ}caib%wlh informula (11) as

clainmed in clains erein t acrd rs ofganic acid or
i norgani ¢ aci d. " ij3¥HAcpelodylsarbonylt he preparati on of conpounds of the

general formula (Jdnas i i i 14 to 30 by reacting a

precur sor corrpouﬁ)ol\](o aIi fﬂgﬁ"g?gﬁ&adt???qf’?"‘ﬂg clainmed in claim36 and

F-18 fluoride. 38)HN(WKdpvimdearborad, claimed in clains Ito 30 for use as a

medi canment. 34)A I laimed in clainms 1 to 30 for use in the
R e

di agnosi s of tu use of conpounds as clainmed in clains 1
to 30 for the progldH)edawbniylcadsngianent for the diagnosis of tunors.

36) A conmpound of nt) Rlﬁf-ﬁllﬁﬁ%ﬂyﬂnét‘ﬂgfllcgrbom,er ein
0) N(H)-cinnamylcarbonyl,
p) N(H}-formyl,
q) N(H)-benzoyl,
r) N(H)-trityl,
s) N(H)-p-methoxyphenyldiphenylmethyl,
t) N(H)-di(p-methoxyphenyl)phenylmethyl,

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

L’ represents
a) branched or unbranched C,-C; alkyl,
b) branched or unbranched C,-Cs alkenyl,
c) branched or unbranched C,-Cs alkyl-(O-C,-C, alkyl),-O-C4-C, alkyl, or
d) branched or unbranched C,-Cs alkynyl,

U represents
a) tert-butoxycarbonyl,
b) allyloxycarbonyl,
¢) benzyloxycarbonyl,
d) ethoxycarbonyl,
e) methoxycarbonyl or
f) propoxycarbonyl,

X" and X" independently of one another represent
a) branched or unbranched C4-Cs alkyl,
b) substituted or unsubstituted aryl or
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A" represents a) hydroxyl, b) branched or unbranched Cl-05 al koxy, c)
branched or unbranched hydroxy Cl1-05 al koxy, d) branched or
unbranched 0-Cl1-05 al kyl - (0-C1-C4al kyl ) n-0-C1-a4 al kyl, e) N(Cil-05

al ky02, f) NH2, g)aidlid).-U', h) N(H-L" or i) OL", G represents a)
hydr oxyl, b) O- 2 c) branched or unbranched 0-C1-05 al kyl, d)

br anched or unbr &nched 0- C2- 05 al kenyl, e) branched or unbranched

0- C1- 05 al kyl - (0-C1- C4al kyl ) n- 0- Cl C4a|ky|, f) branched or unbranched

0- C2-05 al k>2n¥<13pre§) ntsg?a n%et%]%%ﬁ%ﬁ% R3 and R4 represent a)

hydr ogen, brianched™ or Cl 05 al koxy, c) branched or
unbr anched E— C1-05 al kyl, d) branched or unbranched E-hydroxy-Cl-05

-al kyl , e%h@(e%”i%h:e[ﬁj, 1(’)5 Olggtz)arn%nched E- C2- 05 al kenyl ,

diastereomers and enantiomers.

15) A compound as claimed in claim 14, characterized in that A" represents OH, branched or
unbranched C;-Cs alkoxy, -NH-tert-butoxycarbonyl or NH,.

16) A compound as claimed in claims 14 or 15, characterized in that A" represents ethoxy.

17) A compound as claimed in claims 14 to 16, characterized in that A’ represents NH,.

18) A compound as claimed in claims 14 to 17, characterized in that R' and R? are selected
from the group consisting of hydrogen, F, "®F-methoxy, '®F-ethoxy, '®F-propoxy, "®F-
methyl, "®F-ethyl and "®F-propyl, with the proviso that one of the substituents R' or R?

contains exactly one '°F isotope and the other substituent in each case is hydrogen.

19) A compound as claimed in claims 14 to 17, characterized in that R' is selected from the

group consisting of hydroxyl, CHs, C;Hs and CsHy, and R? represents '°F.

20) A compound as claimed in claims 14 to 17, characterized in that R? is selected from the
group consisting of hydroxyl, CHa, C;Hs and C3H,, and R' represents '®F.

21) A compound as claimed in claims 14 to 17, characterized in that R' represents F and R?
represents hydrogen.

22) A compound as claimed in claims 14 to 17, characterized in that R? represents ®F and R’

represenis hydrogen.

23) A compound as claimed in claims 14 to 22, characterized in that G’ is selected from the
group consisting of OH, ethoxy, methoxy and OZ".

24) A compound as claimed in claims 14 to 23, characterized in that G’ represents ethoxy.
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77 f) branched or unbranched E-C2-05 al kynyl, g) hydroxyl, h)
branched or unbranched C1-05 al kyl, or i) branched or unbranched
Cl-05 al koxy, with the proviso that exactly one of the substituents

R3 or RA)Aawtrgionsd an cRirmed irt teinst teto 24 bbbidcterized imthabZhiscsetaeted from the

cont ai ns , . r At »chlanoes b) brono, c) nesyl oxy, d)
trifIuorogr@)élglcg))%/',£t Oefil%n’a I’%ro ﬁityspo'xy, or f) tosyloxy, Q@

represents a) N(H)-tert-butoxycarbonyl, b) N(H)-allyl oxycarbonyl, c¢)

4 DB BRI i R Aoy 2 v

N(H) -2, 2, 2-trichl oroet hoxycarbonyl, h) N(H)-1, 1-di nmet hyl propynyl, i)
NCH) - 1‘2&?&%%&@9@%@%3‘%9@ 044 E::Igirmbsoi1 ty l(o’ 26, characterized in that Q is selected from the
group consisting of N(H)-tert-butoxycarbonyl, N(H)-benzyloxycarbonyl and

\N=<

wherein

X

X and X’ independently of one another represent
a) branched or unbranched C,;-Cs alkyl,
b) substituted or unsubstituted aryl or

c) aralkyl.

28) A compound as claimed in claims 14 to 27, characterized in that Q represents N(H)-tert-
butoxycarbonyl.

29) A compound as claimed in claims 14 to 27, characterized in that Q represents

30)A compound as claimed in claim 14 selected from the group consisting of compounds
having the formula:
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Jj) N(H)-1-nmethyl-1-(4-Dbi phenylyl)ethoxycarbonyl, k)

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

N( H) - vi nyl carbonyl, n) N(H)-allylcarbonyl, o) N(H)-adamantyl carbonyl,
p) N(H)-di phenyl net hyl ca onyI d) N(H)-cinnanyl carbonyl, r)

N(H) -formyl, s) N(H)-b |, t) N(H-trityl, u)

N( H) - p- net hoxyphenyl d| phenyl et hyl , v)

N(I)-di ( p- met hoxyphenyl )Yphenyl net hyI N=<X. w) X'Or X)

N-(tert-but oxycar 02, L" repkeserds s a) branched or unbranched

C1-05 al kyl, b) bfanched or unpf anch -05 al kenyl, c) branched or
unbr anched Cl 05 a -€0Q- ,GP | kyl )/ - C4al kyl or d) branched or
unbranched C2-05 al ynyl,,N'U! 1? a) tert-but oxycarbonyl, b)

al I yl oxycar bonyl ,

a) ,

Ty

N|.

OO

31)A process for the preparation of compounds of the general formula () as claimed in

-——-2

claims 1to 13

by
- conducting an acidic cleavage of the protective groups on the compound as set forth
in formula (I1) as claimed in claims 14 to 30 wherein the acid is organic acid or

inorganic acid.”

32)A process for the preparation of compounds of the general formula (ll) as claimed in
claims 14 to 30

by
- reacting a precursor compound of in formula (lll) as claimed in claim 36 and F-18

fluoride.

33) A compound as claimed in claims 1 to 30 for use as a medicament.

34) A compound as claimed in claims 1 to 30 for use in the diagnosis of tumors.
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c) benzyl oxycarbonyl, or d) ethoxycarbonyl, X and X' independently
of one another represent a) branched or unbranched C1-05 al kyl, b)
substituted or unsubstituted aryl, c) alkylaryl or d) heteroaryl, and
Z" represents a netal cation equivalent, where nis =0, 1 or 2 and

di aster | [ Sa; ): : :
| L ELOTRS So80 ST Rl U ST BRI Al P8
(1V)  whefosithe digdnasiprfdamwatss a) hydroxyl, b) branched or unbranched
Cl- 05 al koxy, c¢) branched or unbranched hydroxy Cl-05 al koxy, d)
branched or unbranched 0-Cl1-05 al kyl -(0-01-C4 al kyl)-0-C1-C4 al kyl,

e) N(CB80S catrippord of the NmmulagllN( H) - U",

wherein
A" represents
a) hydroxyl,
b) branched or unbranched C;-C; alkoxy,
c) branched or unbranched hydroxy C4-Cs alkoxy,
d) branched or unbranched O-C;-Cs alkyl-(O-C;-C,4 alkyl),-O-C;-C, alkyl,
e) N(C4-Cs alkyi),
) NH,,
g) N(H)-U",
h) N(H)-L™ or
i) O-L",

G’ represents
a) hydroxyl,
b) O-Z7,
¢) branched or unbranched O-C;-Cs alkyl,
d) branched or unbranched O-C,-Cs alkenyl,
e) branched or unbranched O-C4-Cs alkyl—{O-C;-C, alkyl),-O-C;-C, alkyl,
f) branched or unbranched O-C,-Cs alkynyl, or
g) triphenylmethoxy,

R® and R* represent
a) hydrogen,
) branched or unbranched E-C,-C; alkoxy,
) branched or unbranched E-C;-C; alkyl,
d) branched or unbranched E-hydroxy-C4-C; -alkyl,
)

branched or unbranched E-C,-Cs alkenyl,
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h) N(H-L- or i) 0O-L-, G represents a) hydroxyl, b) branched or
unbranched 0-C1-05 al kyl, c) branched or unbranched 0-C2-05 al kenyl,
d) branched or unbranched 0-Cl-05 al kyl - (0-Cl1-C4al kyOr0-C1-C4 al kyl,
e) branched or urfpr brecicbed or @Gbr@ichal IByGyCs albyny,) tri phenyl met hoxy, R5

and R6 represent %a}) h%ggﬁgen or b) E, with the proviso that exactly
one of the substituents or R6 contains E' and the other
substituent in edghbrEamshed ontrairarshiy dhagetkyl,Bt represents a) chloro,

b) brono, c) mesy|o I £l uok ¥ o e) nonafl uorobutyl oxy or
f) tosyloxy, Q' r'Lp?éggﬁ%%Bgﬁgﬁho%hgggﬁﬁSb%{%Xycar bonyl , b)
N( H) - al | yl omithathb engiiso thiat Rikddtly e zof |t gobatihemid R? or R* contains an E and the

other substituent in each case contains no E,

E represents
a) chloro,
b) bromo,
¢) mesyloxy,
d) trifluoromesyloxy,
e) nonafluorobutyloxy, or

f) tosyloxy,

Q’ represents
a) N(H)-tert-butoxycarbonyl,
b) N(H)-allyloxycarbonyl,
¢) N(H)-benzyloxycarbonyi,
d} N(H)-ethoxycarbonyl,
e) N(H)-methoxycarbonyl,
) N(H)-propoxycarbonyl,
g) N(H)-2,2,2-trichloroethoxycarbonyl,
h) N(H)-1,1-dimethylpropynyl,
i) N(H)-1-methyl-1-phenylethoxycarbonyl,
j) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N(H)-cyclobutylcarbonyi,
1) N(H)-1-methylcyclobutylcarbonyl,
m) N(H)-vinylcarbonyl,
n) N{H)-allylcarbonyl,
o) N{H)-adamantylcarbonyl,
p) N(H)-diphenylmethylcarbonyl,
q) N(H)-cinnamylcarbonyl,
r) N(H}-formyl,
s} N{H}-benzovl,
t) N(H)-trityl,
u) N(H)-p-methoxyphenyldiphenylmethyl,
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d) N(H)-ethoxycarbonyl, e) N(H)-nethoxycarbonyl, f)
N(I)-propoxycarbonyl, g) N(H-2,2,2-trichl oroethoxycarbonyl, h)

N(H) -1, 1-di met hyl propynyl, i) N(H)-1-nethyl-1-phenyl et hoxycarbonyl ,
i) N(H) - 1- met hyl VIN(H)-di{ppmethpikypienbigpheosinizdmy , k)

N(H) - cycl obutyl carbonyl, 1)yN(H)-1-nethylcycl obutyl carbonyl, m

N( H) - vi nyl car bonyl , r?)NyL‘_glz) al Iyl carbonyl, o) N(H)-adamantyl carbonyl,
p) N(1)-di phenyl net hyl carbaonyl, q) N(H)-cinnanyl carbonyl, r)

N(H) -fornyl, s) N()H)-benzoyf, trN(H)-trityl, u)

NCH - 6 (p et oxs SN IERSTN A - W or )
N-(tert-butoxycarbonyl)2, IS represents
L™ represents
a) branched or unbranched C,-C;s alkyl,
b) branched or unbranched C.-Cs alkenyl,
¢) branched or unbranched C;-Cs alkyl-(O-C4-C4 alkyl),-O-C4-C4 alkyl or
d) branched or unbranched C,-Cs alkynyl,

U’ represents
a) tert-butoxycarbonyl,
b) allyloxycarbonyi,
¢) benzyloxycarbonyl, or

d) ethoxycarbonyl,

X" and X" independently of one another represent
a) branched or unbranched C;-Cs alkyl,
b} substituted or unsubstituted aryl,
c) alkyiaryl or
d) heteroaryl,

and

Z"" represents a metal cation equivalent,
wherenis =0, 1 or 2 and

diastereomers and enantiomers.

37)The use of compounds of the formula (IV) for the preparation of compounds of the
formula (1) or (II):

wherein
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a) branched or unbranched Cl1-05 al kyl, b) branched or unbranched
C2-05 al kenyl, c) branched or unbranched Cl-05 al kyl -(0-C1-C4

al kyl)-O-C1-A4 al kyl, or d) branched or unbranched C2-05 al kynyl, U
represents & 'trepresénis oxycar bonyl, b) allyl oxycarbonyl, c)

benzyl oxycar bonyl 2(? g% et hoxycarbonyl, X' and X' independently of
one anot her repre e branched or unbranched C1-05 al kyl, 81 D)
substituted or u@ébmhedjoretd‘lbaargdhed@ Gilatgdxgr vyl , or d) heteroaryl,

where n is = 0, % ngh ?@ﬁgg\%g&{ﬁ éng: %I oners. 38) A

conpound as cl ai ed in that the
conpounds are swdt)at‘ﬂr‘shéct)or LPE)Tarthagl%@t-C@slkyh(@-Cddhelhyaﬁ@eCe&él?yl, 600
MBg. 39) A corrpou%f)iNgé_el %lkﬂgd in claim38, characterized in that the
conmpounds are par 1"&r uitable in a dose range of 150 MBq -370

NBq. f) NHz,
g) N(H)-U
h) N(H)-L""" or
) oL,

G™" represents
a) hydroxyl,
b) branched or unbranched O-C;-Cs alkyl,
¢) branched or unbranched O-C,-C; alkenyl,
d) branched or unbranched O-C;-C; alkyl-(O-C;-C4 alkyl),-O-C4-C, alkyl,
e) branched or unbranched O-C,-Cs alkynyl, or
f) triphenylmethoxy,

R® and R® represent
a) hydrogen or
b) E’,
with the proviso that exactly one of the substituents R® or R® contains E’ and the other

substituent in each case contains hydrogen,

E’ represents
a) chloro,
b) bromo,
c) mesyloxy,
d) trifluoromesyloxy,
e) nonafluorobutyloxy or

f) tosyloxy,

Q" represents
a) N(H)-tert-butoxycarbonyl,
b) N(H)-allyloxycarbonyl,
c) N(H)-benzyloxycarbonyl,
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d) N(H)-ethoxycarbonyl,

e) N(H)-methoxycarbonyl,

) N(H)-propoxycarbonyl,

g} N(H)-2,2,2-trichloroethoxycarbonyl,

h) N(H)-1,1-dimethylpropynvl,

i) N{H}-1-methyl-1-phenylethoxycarbonyl,
1) N(H)-1-methyl-1-(4-biphenylyl)ethoxycarbonyl,
k) N(H)-cyclobutylcarbonyl,

[} N(H)-1-methyicyclobutylcarbonyl,

m) N{H)-vinylcarbonyl,

n) N(H)-allylcarbonyl,

o) N{H)-adamantylcarbonyl,

p) N(H)-diphenylmethylcarbonyl,

q) N(H)-cinnamylcarbonyl,

r) N{H)-formyl,

s} N(H)-benzovl,

t) N(H)-trityl,

u) N(H)-p-methoxyphenyldiphenylmethyl,
v} N(H)-di(p-methoxyphenyl)phenylmethyl,

or

x) N-(tert-butoxycarbonyl),,

L™ represents
a) branched or unbranched C;-Cs alkyl,
b) branched or unbranched C,-C5 alkenyl,
¢) branched or unbranched C;-C; alkylH{O-C,-C,4 alkyl),-O-C;-C4alkyl, or
d) branched or unbranched C,-Cs alkynyl,

U™ represents
a} tert-butoxycarbonyl,
b) allyloxycarbonyl,
c) benzyloxycarbonyl, or
d) ethoxycarbonyl,

X" and X" independently of one another represent
a) branched or unbranched C+-Cs alkyl,
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b) substituted or unsubstituted aryl,
c) alkylaryl, or
d) heteroaryl,

wherenis=0, 1 or 2 and

diastereomers and enantiomers.

38) A compound as claimed in claims 1 to 30, characterized in that the compounds are

suitable for PET diagnostics in a dose range of 37 — 600 MBq.

39) A compound as claimed in claim 38, characterized in that the compounds are particularly
suitable in a dose range of 150 MBq — 370 MBaq.
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