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Synthesis of High Specific Activity 
6-[18F]Fluorodopamine for Positron Emission 
Tomography Studies of Sympathetic Nervous 
Tissue 

We recently reported the synthesis of high specific ac­
tivity (+)- and (-)-6-[18F]fluoronorepinephrine (6-[18F]-
FNE) via the nucleophilic aromatic substitution reaction.1 

This represented the first synthesis of a no-carrier-added 
F-18 labeled catecholamine, making it possible to examine 
these molecules as potential tracers for the activity of the 
sympathetic nervous system at true tracer levels, well 
below the mass which would lead to vasoactive reactions 
or other pharmacological effects. PET (positron emission 
tomography) studies of racemic 6-[18F]FNE showed rapid, 
appreciable uptake and long retention in the baboon 
myocardium which is consistent with previous studies of 
unlabeled 6-FNE and of tritium-labeled norepinephrine 
itself.2'3 

Previous studies have shown that intravenously ad­
ministered 6-fluorodopamine (6-FDA) is converted to 
(-)-6-FNE in sympathetic nerve terminals.4 This led to 
the suggestion that fluorine-18 labeled 6-FDA might be 
a candidate for cardiac neuronal imaging with PET. 
Support for this was demonstrated recently by the ap­
plication of low specific activity 6-[18F]FDA in PET im­
aging of cardiac sympathetic innervation and function.5 

This elegant study demonstrated, in vivo, that 6-[18F]FDA 
serves as a substrate for neuronal uptake and vesicular 
storage. However, using electrophilic fluorination in the 
preparation of 6-[18F]FDA resulted in a specific activity 
of only 0.17 mCi//umol (1 mCi/mg). Because of the high 
mass associated with such a specific activity, its admin­
istration to anesthetized dog was accompanied by an in­
crease in mean arterial pressure and a decrease in heart 
rate. Although these effects were short lived (about 3 min), 
the need to be administer large amounts of physiologically 
potent molecules seriously limits their application in hu­
mans because of toxicity and the possibility that the 
process being traced may be obscured by pharmacological 
effects. 

For these reasons, and for the purpose of objectively 
comparing 6-[18F]FNE and 6-[18F]FDA, we report the 
no-carrier-added synthesis of high specific activity 6-
[18F]FDA via the nucleophilic aromatic substitution re­
action using [18F]fluoride ion. The kinetics of 6-[18F]FNE 
and 6-[18F]FDA were compared in the heart of the same 
baboon. 

Chemistry. The synthesis of 6-[18F]FDA is shown in 
Scheme I. Table I shows the time taken and relative yield 
(corrected for decay) for each step in the synthesis. Since 
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Scheme I. Synthesis of NCA 6-[18F]Fluorodopaminea 

CHO CHO 
1 2 
0 - \ 0 - \ OH 

CH=CHN02 CHJCHJNHJ, CH2CH2NH2 

3 4 5 

"(a) K18F, Kryptofix 222; (b) CH3N02, NH4OAc, HOAc; (c) 
LiAlH4; (d) HI, H3P02; (e) semi-prep HPLC. 

Table I. Time Elapsed and Relative Yield at Various Stages in 
the Radiosynthesis of 6-[18F]FDA 

relative yield, total time, 
step completed mCi (EOB) min 

[I8F]fluoride dried at 120 °C 10C) 0 
azeotropical ly with C H 3 C N 

fluorinat ion at 120 °C for 10 min, 68 18 
crude product extracted with 
CH2CI2 

nitropropene formation at 100 °C for 55 40 
5 min, solvent evaporated 

reduction, room temperature, 5 min 27 65 
and 50 °C, 5 min, crude product 
extracted with CH2C12 

hydrolysis at 170 °C for 10 min, 20 105 
6-[18F]FDA collected from 
semi-prep HPLC 

6-[18F]FDA is more stable than 6-[18F]FNE to the harsh 
conditions required for hydrolyzing the protected catechol 
moiety during the synthesis, a commercially available 
substrate, 6-nitropiperonal (1), was chosen as the precursor 
of 6-[18F]FDA rather than 3,4-0-isopropylidene-6-nitro-
benzaldehyde1 (precursor of 6-[18F]FNE). A higher ra­
diochemical yield for the nucleophilic aromatic substitution 
step (67-70% when a silicone-coated test tube was used 
as reaction vessel) was obtained as opposed to 45% when 
the isopropylidene-protected dihydroxy aromatic substrate 
was used. Condensation of the isolated crude fluorinated 
aldehyde 2 with nitromethane,6 followed by one-step re­
duction of the resulting nitropropene 3 with LiAlH4, 
yielded ethylamine 4. Subsequent hydrolysis with hydr-
iodic acid and purification by HPLC afforded 6-[18F]FDA 
in a synthesis time of 105 min with a radiochemical yield 
20% (EOB) and a specific activity of 2-5 Ci/jmiol (EOB). 

PET Studies of 6-[18F]FDA in Baboons. PET studies 
of 6-[18F]FDA in baboons were conducted as previously 
described for e-^FJFNE.1 The relative myocardial dis­
tribution of [13N] ammonia was measured to determine the 
homogeneity of blood flow. Rapid uptake and concen­
tration of the tracer in myocardial tissue and rapid 
clearance from blood were observed after intravenous in­
jection of 6-[18F]FDA. There was no change in vital signs 
at any time during the study. A peak concentration of 
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Figure 1. Time course of radiaoctivity in the baboon myocardium 
(left ventricular wall and septum) after injection of 6-[18F]FNE 
(O) and 6-[18F]FDA (D). 

0 .053% of t he injected dose / cc was observed a t 2.2 min 
post inject ion and decreased to half of t h e peak value by 
32 min. T h e biexponent ia l c learance of radioact iv i ty a t 
t imes grea ter t h a n 5 min showed average half-lives of 13 
and 117 min for t he early and late phases , respectively, in 
reasonable agreement with previous P E T studies . 5 These 
half-lives were d e p e n d e n t on t he s ta r t ing t ime chosen for 
t he decay curve analysis d e m o n s t r a t i n g t h a t t he process 
is not a s imple washout bu t requires a kinetic model with 
a t least two c o m p a r t m e n t s for a more accura te repre­
sentat ion. T h e rat io of myocard ium to p lasma was 4.5 a t 
5 min and 4.8 a t 100 min . T h e u p t a k e and c learance of 
fluorine-18 after the injection of 6- [ , 8 F]FDA and 6-[1 8F]-
F N E 1 were compared in t he s ame baboon (Figure 1). 
6 - [ 1 8 F]FNE shows more pro longed re t en t ion t h a n 6-
I 1 8F]FDA with 8 6 % of t h e peak value remain ing in t he 
h e a r t a t 60 min postinjection compared to 3 7 % for 6-
[ , 8 F]FDA. T h e more rapid clearance of 6-[1 8FlFDA with 
respect to 6- [ 1 8 F]FNE may be d u e to a n u m b e r of factors 
including inefficient /3-hydroxylation of 6-FDA in com­
parison to dopamine , thus leading to efflux ou t of s torage 
vesicles4 or different react ivi ty of t he two t racers toward 
the metabol iz ing enzymes such as M A O and C O M T . 6-
[18F] FDA-der ived P E T images of t he baboon hear t are 
shown on Figure 2. T h e myocard ia l d i s t r ibu t ion was 
similar to tha t obtained with 1 3NH3 , and 6-[ 1 8F]FNE (data 
no t shown). 

T o da te , several rad io t racers have been developed to 
s t u d y the neuronal ac t iv i ty of hea r t . T h e s e include 
[ 1 2 3 I ) -m-iodobenzylguanidine (MIBG), 7 " 9 6-[1 8F]fluoro-
m e t a r a m i n o l (6-[1 8F]FMR),1 ( >-1 2 a n d [ "C] -m-hydroxy-
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Figure 2. PET images of baboon heart at 7.0, 20.0,60.0, and 90.0 
min after injection of 6-[ l8F]FDA. 

ephedr ine [ m - [ " C ] H E D ] , 1 3 all of which are false t r ans ­
mi t t e r s which are relatively s table metabolical ly. As a 
resul t , t r acers are irreversibly bound dur ing the ent i re 
scanning t ime scale, potent ia l ly limiting their capacity to 
reflect t he turnover ra te of endogenous N E . 1 4 1 5 T h u s it 
has been recent ly suggested t h a t t racers more closely re­
sembl ing the ca techolamine neu ro t r ansmi t t e r s a n d par­
t icipating in their metabolic and storage functions may be 
more useful in diagnosing the range of neurona l impair­
ments . 1 5 

In s u m m a r y , th i s s tudy expands the util i ty of nucleo-
philic a roma t i c subs t i tu t ion by [18F] fluoride ion in t he 
synthes is of high specific act ivi ty F-18 labeled catechol­
amines . 1 6 T h e synthes is of 6-[1 8F]FDA uses a commer­
cially available subs t ra te (6-nitropiperonal) and proceeds 
in practical yield for P E T studies . For example , s ta r t ing 
with 100 mCi of [ l 8F] fluoride, 9 mCi of 6 - [ l 8 F]FDA is 
obta ined in a 2-h synthes is . T h i s would correspond to a 
total mass of 0.17 /jg for 1 mCi, abou t 6000 times less than 
for 1 mCi of electrophilically produced 6-[ l 8F]FDA. T h u s 
with NCA 6-[ 1 8F]FDA and 6- [ 1 8 F]FNE repor ted previ­
ously1 it is now possible to compare t he kinet ic behavior 
of these molecules a t t rue trace levels. Even though 6-FDA 
is known to be conver ted to 6 - F N E in vivo,4 t he p resen t 
s tudies have shown the kinet ic behavior of t he t racers to 
be s t r ik ingly different. Mechanis t ic s tud ies which are 
u n d e r w a y wi th 6-[ 1 8 F]FDA a n d wi th (+) - and (-)-6-
[ 1 8 F]FNE should allow the associat ion of biochemical 
processes with t he kinet ic p roper t i es of these molecules 
and allow the choice of the tracer with opt imal kinetic and 
biochemical proper t ies to p robe a range of s y m p a t h e t i c 
neuronal activities. Such a s tudy will not be hampered by 
the lack of availabil i ty of syn the t i c m e t h o d s for high 
specific act ivi ty F-18 labeled t racers . 
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Hydrophobicity Parameters for Platinum 
Complexes 

Since the discovery of the antitumor activity of cis-
[Pt(NH3)2Cl2], many analogues of the type cis-[PtA2X2] 
have been synthesized. In vivo the labile ligands, X, are 
replaced during substitution reactions with nucleophiles 
such as DNA while the nonleaving groups, A, remain at­
tached to the metal.1 Structure-activity studies have 
concluded that charged complexes are inactive because 
they are not sufficiently hydrophobic.2 However, hydro-
phobicities of charged platinum complexes have not been 
measured. 

The partition coefficient (log P) is a useful parameter 
for finding the optimal hydrophobicity of a series of 
molecules. It is usually calculated from the sum of par­
tition coefficients of the chemical fragments composing the 
molecule and values permitting such calculations have been 
tabulated.3"6 Since partition coefficients for Pt fragments 
were not available, we wished to determine hydrophobicity 
parameters for [>PtCl2] and [>Pt(H202)]2+. 

In order to measure hydrophobicity of these groups, we 
synthesized the molecules in Table I6 and measured their 
partition coefficients in an octanol/water emulsion. The 
nitrato derivatives may undergo hydrolysis in aqueous 
solution to form aqua complexes such as {czs-[PtA2-
(OH)(H20)]1+; N03-|, jcfs-[PtA2(H20)2]2+; 2N0s-}, and 
various dimers and trimers.7'8 Several pieces of evidence 
indicate that the nitrato complexes used in our experi­
ments formed uniquely diaqua complexes of the type 
jcts-[PtA2(H20)2]2+; 2N(V). Molar conductivities of 10"3 

to 10"4 M aqueous solutions of these compounds were 
between 230 and 280 (ohm cm2 mol)"1. Onsager plots of 
the conductivity had identical slopes for these molecules 
and for the doubly ionized model compounds |[Pt(ethyl-
enediamine)(NH3)2]2+; 2C1-) and j[Pt(l,2-diaminocyclo-

(1) Johnson, N. P.; Butour, J. L.; Villani, G.; Wimmer, F. L.; De-
fais, M.; Pierson, V.; Brabec, V. In Progress in Clinical Bio­
chemistry and Medicine; Clarke, M. J., Ed.; Springer-Verlag: 
Berlin, 1989; p 1. 

(2) Cleare, M. J.; Hoeschele, J. D. Bioinorg. Chem. 1973, 2, 187. 
(3) Hansch, C ; Fujita, T. J. Am. Chem. Soc. 1963, 86, 1616. 
(4) Hansch, C; Leo, A.; Unger, S. H.; Kim, K. H.; Nikaitani, D.; 

Lien, E. J. J. Med. Chem. 1973, 16, 1207. 
(5) Nys, G. G.; Rekker, R. F. Chim. Ther. 1973, 5, 521. 
(6) Souchard, J. P.; Wimmer, F. L.; Ha, T. T. B.; Johnson, N. P. 

J. Chem. Soc, Dalton Trans. 1990, 307. 
(7) Lim, M. C; Martin, R. B. J. Inorg. Nucl. Chem. 1976, 38,1911. 
(8) Gill, D. S.; Rosenberg, B. J. Am. Chem. Soc. 1982, 104, 4598. 

Table I. Partition Coefficients of the Complexes cis-[PtA2X2]
11 

A 

NH3 

CH3NH2 

(CH3)2CHNH2 

BucNH2 

PecNH2 

NH3 

CH3NH2 

BucNH2 

PecNH2 

HxcNH2 

HpcNH2 

4-HOCH2Py 
4-CH3COOPy 
Py 
4-(CH3)2NPy 
4-ClPy 

X 

CI 
CI 
CI 
CI 
CI 
N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

N 0 3 

logP" 

-2.19 ± 0.06 
-1.68 ± 0.04 
-0.32 ± 0.02 

0.36 ± 0.04 
0.81 ± 0.04 

-3.36 ± 0.11 
-3.28 ± 0.08 
-1.71 ± 0.12 
-1.14 ± 0.06 
-0.91 ± 0.14 
-0.35 ± 0.05 
-2.13 ± 0.06 
-1.41 ± 0.13 
-1.59 ± 0.12 
-0.83 ± 0.08 
-1.06 ± 0.24 

optimal 
dose, 

Mmol/kg 

27 
76 
ND 
147 
572 
3.5 
26 
43 
51 
97 
92 
ND 
ND 
105 
495 
183 

T/C, c % 

200 
175 
ND 
199 
172 
123 
161 
177 
193 
173 
133 
ND 
ND 
125 
110 
130 

0 Abbreviations are as follows: Buc, cyclobutylamine; Pec, cyclo-
pentylamine; Hxc, cyclohexylamine; Hpc, cycloheptylamine; and 
Py, pyridine. 'Mean ± range of 6-10 independent experiments. 
c Antitumor activity was measured against P388 murine leukemia.13 

Female DBA/2 mice were injected with 106 cells on day 0 and 
treated on day 1 with platinum compounds freshly dissolved in 
0.4% Klucel. T/C is the median survival time of treated mice with 
respect to untreated controls. 

hexane)(NH3)2]2+; 2C1"}. After dissolving 3 X 10"2 M 
compound in water for 2 h at 37 °C, 195Pt NMR spectra6 

contained a single peak corresponding to the monomer 
diaqua complex.8 

Solutions of nitrato complexes were freshly prepared in 
triply distilled water and chloro compounds in 0.15 M 
NaCl. In some experiments complexes were dissolved in 
octanol. Equal volumes of the two phases were shaken at 
300 agitations/min at 37 °C. At various times the two 
phases were separated, aliquots removed, and platinum 
concentrations determined in the octanol and the water 
phase with use of a Perkin-Elmer atomic absorption 
spectrometer Model 603 equipped with a graphite furnace.9 

Results are reported as log P where P is the concentration 
of platinum compound in the octanol phase divided by the 
aqueous phase. 

After 3 min the chloro compounds reached an equilib­
rium between octanol and water, log P was independent 
of concentration and of the phase in which the compound 
was initially dissolved. 

For the nitrato complexes, Pt passed from the aqueous 
to the organic phase during the first hour of agitation. In 
the extreme case, {cis-[Pt(Hpc)2(H20)2]

2+; 2N031, log P 
varied from -0.38 ± 0.05 to -0.008 ± 0.006. The kinetics 
were identical whether the emulsion was continuously 
agitated or not. Hence this phenomena appears to be 
independent of the partition between the two phases which 
occurs rapidly, log P did not change if complexes were 
kept in aqueous solution for 2 h at 37 °C prior to mea-

(9) 

(10) 
(11) 

(12) 

(13) 

In the case of the most hydrophilic compounds, the value of 
log P was determined from the platinum concentration in the 
octanol phase. The signal/noise ratio was >20, and the un­
certainty in Table I reflects primarily the precision of the 
atomic absorption measurements. 
Rekker, R. F.; Kort, H. M. Eur. J. Med. Chem. 1979,14, 479. 
Hansch, C ; Leo, A. Substituent Constants for Correlation 
Analysis in Chemistry and Biology; John Wiley and Sons: 
New York, 1979. 
Farrell, N.; Ha, T. T. B.; Souchard, J. P.; Wimmer, F. L.; Cros, 
S.; Johnson, N. P. J. Med. Chem. 1989, 32, 2240. 
Auclair, C ; Pierre, A.; Voisin, E.; Pepin, O.; Cros, S.; Colas, C; 
Saucier, J. M.; Verschuere, B.; Gros, P.; Paoletti, C. Cancer 
Res. 1987, 47, 6254. 

0022-2623/91/1834-0863$02.50/0 © 1991 American Chemical Society 


