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SYNTHESIS OF NOR-ß-CU, ß-CIT AND TRIMETHYLSTANNYL-ß-CT 

S. M. Ametamey, Carl-Gunnar Swann1 and C. Halldin1 

Division of Radiopharmacy, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland, 
^arolinska Institute, Dept. of Clinical Neuroscience, Psychiatry and Psychology, Karolinska 
Hospital, Stockholm, Sweden. 

A series of 3-ß-substituted phenyltropane derivatives have been reported to have high affinity 
for the dopamine and serotonin transporters (1, 2). A number of these compounds are 
commercially available but are delivered at rather high prices. In connection with our PET 
studies on dopaminergic systems it has become necessary to prepare large quantities of ß-
CIT, nor-b-CIT and the trimethylstannyl derivative for use in routine radiolabelling produc
tions. The synthesis of these compounds may appear simple since abundant literature is 
available (3, 4), however, on the practical level it is not so. Here we report our experience 
with the synthesis of die above mentioned compounds (scheme 1). 
Anhydroecgonine methyl ester 3 was prepared by refluxing cocaine 1 in cone. HCl for 20 
hours followed by dehydration and esterifiaction with methanol-hydrogen chloride in 75 % 
yield. The next crucial step which involves the conjugate addition of phenylmagnesium 
bromide to anhydroecgonine metiiyl ester 3 was performed at -60 °C to -40 *C. After hydro
lysis of the resulting magnesium complex at -78 °C witii trifluoroacetic acid, purification was 
effected witii flash chromatography to give 50 % and 29 % of the ß- and a-isomers 4a and 
4b respectively. The direct iodination of the key intermediate 4b to afford ß-CIT 5 proved 
tedious as no detailed procedure is available in the literature for this purpose. In the course of 
numerous experiments, it was established that the best results are obtained when 1:5 mixture 
of nitric and sulphuric acids in 100% acetic acid is employed at 42 °C. 
The trimediylstannyl derivative 6 was obtained from 5 in 52 % yield (yield not optimised) 
using the well known hexamethylditin reagent in the presence of palladium-tetrakis-
triphenylphosphine. 
Nor-ß-Crr 8 was obtained by N-demethylation of 4b according to the procedure of Millius 
et al. (4) followed by direct iodination. 
Autoradiographic studies using [125rj-ß-CIT (prepared by iododestannylation of 6) in human 
brain slices demonstrated as expected a high level of specific binding in the striatum. 
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COMPARISON OF [C-11]METHYL TRIFLATE AND [C-11]METHYL IODIDE IN THE 

SYNTHESIS OF PET RADIOLIGANDS SUCH AS [C-ll]ß-CIT AND [C-ll]ß-CFT. 

K- Nâgren*, C. Halldin, L. Müller, C.-G. Swahn and P. Lehikoinen*. *Radiopharmaceutical 

Chemistry Laboratory, Turku University Cyclotron/PET Center, Turku, Finland and 

Department of Clinical Neuroscience, Psychiatry and Psychology section, Karolinska 

Institute, Stockholm, Sweden. 

The dopamine reuptake system has during the last years been in the focus for studies of 

neurological diseases, psychiatric disorders and drug abuse liability with PET and SPECT. 

Presently, the most commonly used PET radioligands are phenyltropane derivatives such as 

[C-ll]ß-CIT and [C-ll]ß-CFT. 

These two radiopharmaceuticals has been prepared by methylation of the norcompounds 

using [C-ll]methyl iodide in 30-50% radiochemical yields (Müller et al., 1993; Dannais et 

al., 1993). Recendy a new reagent, [C-ll]methyl triflate, has been introduced (Jewett, 

1992).-We have performed a comparative study using these two C-ll labelled precursors in 

the preparation of [C-ll]ß-CIT and [C-ll]ß-CFT (Nâgren et al., 1994). 

[C-ll]Methyl triflate was trapped quantitatively in 100 u.L of solvent at 0°C. The results 

demonstrate that higher radiochemical yields, 60-80%, was obtained with a shorter reaction 

time (1 min) at a lower reaction temperature (60°C) using [C-ll]methyl triflate (Table 1). In 

addition, the amount of precursor could be considerably lowered (0.15 mg). A lower 

amount of precursor is especially important to simplify the final HPLC purification of the 

PET radioligands and considering the commercial availability and cost of these precursors. 

The comparison of [C-ll]methyl triflate and [C-ll]methyl iodide was also performed in the 

synthesis of some other commonly used PET radioligands and the results are presented in 

Table 1 (Nâgren et al., 1994). 

In conclusion, the results demonstrate that [C-ll]methyl triflate is the labelled reagent of 

choice, when compared with [C-ll]methyl iodide, for the preparation of N-methyl-C-11 

labelled PET radioligands. 

Acknowledgements - This work has been performed within the COST-B3 action, and was 

supported by grants from the Swedish Natural Science Research Council, the National 

Institute of Mental Health USA and Karolinska Institute. 
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TABLE 1 : Comparison of [1lC]methyl triflate and p'Cjmethyl iodide in the synthesis of some 11C-radioligands. 

Radiopharmaceutical [HCJMethyl iodide I1 ̂ Methyl triflate11 

[J1C]Deprenyl 

[1JC]MHED 

[nC]ß-CIT 

[nC]ß-CFT 

[nC]SCH 39166 

[nC]NNC756 

[nC]Nicotine 

[uC]a-CIT 

Reported values3 

25-40 

40-50 

30-50 

30 

30-50 

50-60 

50-60 

.̂ _̂ __ 

Reference 

MacGregor et al 1988 

Rosenspire et ai, 1990 

Müller et ai, 1993 

Dannais et er/., 1993 

ttzWàmetal, 1991 

Halldin et ai, 1993 

Halldinefö/., 1992 

Our experience" 

25-35b 

30-50b 

30-50 

50-60b 

30-50 

50-60 

50-60 

15-30 

50-60c 

65-75° 

60-70d 

70-80d 

55-65° 

45-60° 

60-70f 

70-90d 

aDecay corrected radiochemical yield (%) from [uC]methyl reagent to final sterile filtered product. bModified procedure. 
c1.0 mg precursor, d0.15 mg precursor, e0.3 mg precursor, f0.6 mg precursor,c,d,e,f Heating 1 min. at 60°C. 
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The metabolite pattern of [123I]ß-CIT determined with a gradient HPLC method 

Kim A. Bergström1, Christer Halldin2, Jyrki T. Kuikka1, Carl-Gunnar Swahn2, Jari 
Tiihonen3, Jukka Hiltunen4, Esko Länsimies1 and Lars Farde2. 
^uopio University Hospital and Kuopio University, Kuopio, Finland. "Karolinska 
Institute, Stockholm, Sweden. MAP Medical Technologies Inc., Jyväskylä, Finland. 

ß-CIT labeled with 1-123 or C- l l is a recently developed radioligand that binds to 

dopamine (DA) and serotonin (5-HT) transporters with a high affinity. A reliable kinetic 

model that can be used in SPET or PET studies with ß-CIT is lacking. A secular 

equilibrium in ß-CIT binding has not been demonstrated despite that brain uptake has 

been followed up to 20 hours. This indicates that quantitation by ratio methods is not 

feasible. Compartmental analysis or linear graphical analysis that can be applied need 

determination of unchanged [ I]ß-CIT. A careful determination of all metabolites of 

[123I]ß-CIT or [nC]ß-CIT in humans have not been thoroughly investigated (1-4). 

We have developed a gradient HPLC method for determination of the metabolite 

pattern of [123I] ß-CIT, which is a modification of a method previously described (5). 

Using this method the percentages of radioactive metabolites and the parent compound 

were determined from venous plasma from six normal volunteers (6). In one subject also 

arterial plasma were collected in order to assure the metabolite pattern that was apparent. 

The HPLC analysis of venous or arterial plasma showed the appearance of two 

metabolites of [123I]ß-CIT (Fig. 1). The first metabolite was polar and eluted with the 

void volume. The second metabolite was more lipophilic and eluted before the parent 

compound. The fraction of radioactivity from the parent compound declined rapidly 

within a few minutes after injection. The radioactivity fraction of the polar component 

increased also rapidly whereafter it decreased slowly. The lipophilic metabolite 

component increased continuously during 4 hours. After 4 hours the relative composition 

of plasma was (mean±SD, n=6) 23±3,33±11 and 44±8 for the parent compound, the polar 

metabolite and the lipophilic metabolite, respectively. 

Cocaine is metabolized spontaneously or by enzymes to the benzoylecgonine or to 

norcocaine in humans (7). Similarly, ß-CIT could be metabolized to the acid metabolite 2 

ß-carboxy-3ß-(4-iodophenyl)tropane or to nor-ß-CIT. The results of the present study 

motivate identification and characterization of the lipophilic metabolite. The lipophilic 

metabolite might be lipophilic enough to pass the blood-brain barrier and it might also 

have affinity to the DA transporter. The existence of the lipophilic metabolite of [123I]ß-

CIT does not support the use of simple ratio methods for quantitation of the DA 

transporter in brain. 
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Fig 1: The percentage of radioactivity (mean±SD, n=6) of parent compound (A), polar 
metabolite (B) and lipophilic metabolite (C) in human venous plasma versus time after 
intravenous injection of [ ^Ijß-CIT. 

References 

1. Kuikka, J., Bergström, K., Vanninen, E., Laulumaa, V., Hartikainen, P., and Länsimies, E. (1993) 
Initial experience with SPET examinations using [123I]-2ß-Carbornethoxy-3ß(4-iodophenyl)rropane 
([123I]ß-CIT) in human brain. Eur. J. Nucl. Med., 20:783-786. 

2. Innis, R., Seibyl, J., Wallace, E., Scanley, E., Laruelle, M., Abi-Dargham, A., Zea-Ponce, Y., Zoghbi, 
S., Chamey, D., Wang, S., Gao, Y., Neumeyer, J., Baldwin, R., Marek, K., and Hoffer, P. (1993) 
SPECT Imaging Demonstrates Loss of Striatal Dopamine Transporters in Parkinson's Disease. Proc. 
Natl. Acad. Sei. USA, 90:11965-11969. 

3. Brücke, T., Komhuber, J., Angelberger, P., Asenbaum, S., Frassine, H., and Podreka, I. (1993) 
SPECT imaging of dopamine and serotonin transporters with [123I]ß-CIT. Binding kinetics in the 
human brain. J. Neural. Transm., 94:137-146. 

4. Farde, L., Halldin, C, Müller, L., Suhara, T., Karlsson, P. and Hall, H. (1994) PET-study of [nC]ß-
CIT binding to monoamine transporters in the monkey and human brain. Synapse, 16:93-103. 

5. Swahn, C-G., Halldin, C, Farde, L., and Sedvall, G. (1994) Metabolism of the PET ligand 
[nC]SCH 23390. Identification of two radiolabeled metabolites with HPLC. Human 
Psychopharm., 9:25-31. 

6. Bergström, K.A., Halldin, C, Kuikka, J.T., Swanh, C-G., Tiihonen, J., Hiltunen, J., Länsimies, E., 
and Farde, L. (1994) Metabolite pattern of [123I]ß-CIT in relation to quantitation of the dopamine 
transporter. Synapse (submitted). 

7. Gatley, S., Yu, D-W., Fowler, J., MacGregor, R., Schlyer, D., Dewey, S., Wolf, A., Martin, T, 
Shea, C, and Volkow, N. (1994) Studies with differentially labeled [HCJcocaine, 
[Hcjnorcocaine, [HCjbenzoylecgonine, and [^C]- and 4'- [^FJfluorococaine to probe the 
extent to which [^Cjcocaine metabolites contribute to PET images of the baboon brain. J. 
Neurochem., 62:1154-1162. 



notes: 



c^esooi-si 

N.C.A. RADIOSYNTHESIS OF [123> 124I]-ß-CIT, PLASMA ANALYSIS AND 

PHARMACOKINETIC STUDIES WITH SPECT AND PET 

H. H. Coenen, K. Dutschka, J. Farahati, L. Geworski, S. P. Müller and Chr. Reiners 

Nuclear Chemistry and Radiopharmacy, Clinic for Nuclear Medicine, University of Essen. 

The cocaine congener ß-CIT (RTI-55) binds to the dopamine and serotonin transporter with 

equal affinity (K^ = 0.3 nM). Radiolabelled ß-CIT is gaining clinical interest for studies of 

neuro-degenerative and -psychiatric disorders with SPECT. Labelling of ß-CIT was examined 

by direct 123T_for_Br exchange using the CuCl-method (bromo-precursor RTI-51, gift from 

Dr. Carroll, Research Triangle Institute). With a 0.1 mM CuCl solution in acetic acid optimal 

radiochemical yields of only 40% were obtained at 160°C and 10 minutes reaction time, since 

[123l]methyliodide was formed as a side product. Preparative isolation was performed by 

HPLC on a 250x4.6 mm Kromasil 5-C18 column with CH3CN/H20/Et2NH = 60/40/0.2 as 

eluent. Iododestannylation with newer, HPLC-purified material (RBI) results in radiochemical 

yields of > 95% with equally high specific activity of >5000 GBq/umol. Identically [ l^Ij-ß-

CIT was prepared for PET studies. 

The metabolic stability of [^23i].ß-CIT was examined up to 20 h p.i. in blood plasma of four 

volunteers. After solid phase extraction of plasma samples on 'SepPak CI8 plus' cartridges 

with acetonitrile, further analysis was performed by HPLC. Relative plasma contents of 50% 

and 10% of the unchanged tracer were found at about 1.5 h and 15 h p.i., respectively. There 

were two major metabolites: a) the corresponding free carboxylic acid of ß-CIT which 

increases up to 60% of plasma activity 20 h p.i.; b) a polar compound (conjugate: glucuronate, 

glutaminate ?) which is not retained on SepPak with a maximum of 20% at 1.5 h p.i. and 

subsequent clearance from the plasma. Traces of unknown radioactivity in plasma could not 

unambiguously be identified as nor-N-methyl-ß-CIT. 

Whole body scintigraphy indicates retention or metabolism of the tracer in the liver and in the 

lung. Clearance from blood occurs rapidly with a minimum concentration at about 3 h p.i. and 

a consecutive small increase. More than 80% of blood activity was found in plasma. In 

agreement with literature data a maximum striatum-to-cerebellum ratio was found 24 h p.i. 

with SPECT. Kinetic studies with [124l']-ß-CIT and PET in a first volunteer confirmed 

maximal uptake in the striatum after 24 h and will help to delineate better the uptake in the 

brain stem (serotonin transporter) and to quantify the radiation dose caused by the long term 

binding of ß-CIT in striatum. 
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PET STUDIES ON THE PRESYNAPTIC DOPAMINE PvEUPTAKE MECHANISMS USING 
["C]ß-CIT IN THE HUMAN BRAIN 

Arto O. Laihinen, MD1, Juha O. Rinne, MD1, Hanna M. Ruottinen, MD1, Kjell Â. Nâgren, 

PhD2, Pertti K. Lehikoinen, PhD2, Vesa J. Oikonen, BSc3, Ulla H. Ruotsalainen, MSc3, Urpo 

K. Rinne, MD1 

department of Neurology, University of Turku, ^urku University Cyclotron / PET Center; 

Radiopharmaceutical Chemistry Laboratory, ^urku University Cyclotron / PET Center; PET 

Unit, Turku, Finland 

The cocaine analogue ß-CIT (2ß-carbomethoxy-3ß-[4-iodophenyl]tropane) has been labelled 

with [nC] for positron emission tomography (PET) of the dopamine reuptake sites, which have 

a markedly reduced density in post mortem studies on parkinsonian brains. Three normal 

subjects and nine parkinsonian patients were investigated. Each of them underwent a dynamic 

PET scan (25 time frames over 80 min) with [nC]ß-CiT. A dose of 2.77-5.71 mCi of this 

ligand was administered IV and a PET examination with an ECAT 931/08 PET camera was 

carried out. Ratios between the striatal and cerebellar uptake of this compound were calculated. 

[nC]ß-CIT accumulated significantly less in the putamen of the parkinsonian patients than in 

the normal subjects. The putamenxerebellum ratio in the parkinsonian patients was 1.59+0.14 

and in the normal subjects 1.80±0.20. Concerning caudate there was no significant difference 

between the parkinsonian patients and the normal subjects. These results imply that [nC]ß-CIT 

is a useful compound for studying the extent of presynaptic damage of dopaminergic neurons 

in Parkinson's disease. 
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[I-123]-ß-CIT BINDING IN THE HUMAN BRAIN: SPECT STUDIES IN 
PARKINSONIAN PATIENTS AND NORMAL CONTROLS 

T. Brücke, S. Asenbaum, P. Angelberger, J. Komhuber, A. Pozzera, S. Horny-kiewicz, 

C. Harasko-van der Meer, S. Wenger, W. Pirker, G. Koch, I. Podreka. 

Neurological University Clinic Vienna and Forschungszentrum Seibersdorf, Austria 

The cocaine analog 2-ß-carbomethoxy-3-ß-(4-iodophenyl)-tropane (ß-CIT) is a 

ligand which binds with high affinity to DA and 5HT transporters. In its [1231] labeled 

form it can be used for SPECT. Previous studies have shown that the binding of this 

ligand in the striatum is specific to the DA transporter, whereas binding in the brainstem 

seems to be due to the 5HT transporter.The purpose of the present study is to characterize 

the uptake of ß-CIT in the human brain, to compare the findings in normal controls with a 

group of PD patients and to correlate SPECT measurements with clinical findings. SPECT 

was performed in 11 controls and 37 patients with PD. I l l to 185 MBq of [1-123] ß-CIT 

were administered i.v. and images obtained at regular intervals after injection (2,4,16,20 

an 24 hrs) with a three-headed scintillation camera (Siemens Multispect). Regions of 

interest were drawn in the striatum, the brainstem and the cerebellum and the results 

expressed either as target - cerebellum (specific binding) or as ratio target /cerebellum. 

Binding kinetics showed a maximum of specific binding in the striatum after 20 hrs, 

whereas maximal binding in the brainstem was reached at around 4 hrs. Results in 37 

patients with PD clearly demonstrate the loss of dopaminergic nerve endings especially in 

the putamen with a marked reduction of the striatal/cerebellar ratio after 20 hours (controls 

8.7±1.7, PD 4.4±1.1, mean±SD). In patients with hemiparkinson (n=15) a clear and 

highly significant side to side difference is found with a reduction of striatal ßCIT binding 

which is more marked contralateral to the clinically affected side, but also reduced in the 

ipsilateral striatum. A good correlation is found between the severity of clinical symptoms 

according to Hoehn and Yahr and the reduction of ßCIT binding (p=0.0001). These data 

suggest that PD can be clearly diagnosed with this ligand, the dopaminergic cell loss 

quantified and hopefully a preclinical or very early diagnosis made possible. Such studies 

might also open the way for a better evaluation of neuroprotective strategies in PD. 
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EVALUATION OF mI-ß-CIT BINDING WITH SPECT IN CONTROLS, EARLY AND LATE 
PARKINSON'S DISEASE 

R.J. Vermeiden1,2. G. Tissingh1, A.G.M. Janssen3, J. Habraken2, E. Sokole-Busemann2, 
E.A. Van Royen2 and E.Ch Wolters1 

1 Department of Neurology, Vrije Universiteit, 2 Department of Nuclear Medicine, 
Academical Medical Center Amsterdam, 3 Cygne b.v. Technical University Eindhoven, 
The Netherlands. 

Parkinson's disease (PD) is a severe progessive neurodegenerative disease which is 
neuropathologically characterized by a loss of the dopamine (DA) containing cells in the 
substantia nigra. Moreover, it has been demonstrated that the DAergic cell loss in PD 
is accompanied by decrease in the presynaptic DA transporter, as measured with tritiated 
cocaine binding (Kaufman and Madras, 1991). More recently, ß-CIT, a iodinated cocaine 
analogue, was introduced as a suitable ligand for single photon emission computed 
tomography (SPECT) scanning of the DA transporter in vivo. In the present study we 
investigated 123I-ß-QT binding in healthy controls, patients with early and late PD, as 
a first attempt to visualize the progressive nature of this disease. 
Two healthy controls (female 20 years and male 27 years), two male patients with early 
PD (age 48 and 52 years, Hoehn and Yahr 1-2, duration of the disease: 1-2 years) and 
two patients with late PD (56 and 58 years; Hoehn and Yahr 3-4, duration of the 
disease 10-12 years). All subjects received potassium iodine (total ± 228 mg) orally in 
order to block thyroid uptake of free radioactive iodine. PD patients were asked to stop 
L-deprenyl one week prior to the experiment, whereas all other mediacation was 
continioned. 101-138 MBq 123I-ß-CIT was injected intravenously and tomogragraphic 
SPECT studies were performed with a specially brain dedicated SPECT camera 
(Strichman 810X). Atotal of four tomographic acquisitions was obtained during the 1th, 
3th, 6th and 24th hour following injection with 123I-ß-CIT. Selective striatal 123I-ß-CIT 
binding is calculated as (striatum-occipital cortex)/occipital cortex. 

Table I. Selective striatal binding of 123I-ß-CIT in control, early PD and late PD 

Hours p.i. CONTROL EARLY PD LATE PD 
RIGHT LEFT RIGHT LEFT RIGHT LEFT 

1 0.11-0.21 0.15-0.17 0.02-0.95 0.14-0.85 O.O6-00O.O5 0,29-0.05 

3 1.22-2.50 1.15-2.38 1.04-1.33 1.27-1.21 1.26-0.74 1.13-0.75 

6 2.43-3.10 2.38-3.20 1.32-1.78 1.64-1.54 1.47-0.74 1.37-1.04 

24 6.40-9.73 6.80-9.73 2.40-3.00 2.80-2.71 2.00-1.17 1.60-1.17 

123I-ß-CIT binding at 24 hours after injection is dramatically decreased in early and late 
PD. Remarkebly, there is a higher uptake of 123I-ß-CIT in the early PD patient as 
compared to the late PD patient. Although as yet incomplete, the present results 
implicate a potential role of 123I-ß-CIT as a diagnostical tool in PD. 

Kaufman MJ, Madras BK. Severe depletion of cocaine recognition sites associated with the 
dopamine transporter in Parkinson's-diseased striatum. Synapse 1991;9;43-49. 
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76Br-ß-CBT, a PET tracer for investigating dopamine neuronal 
uptake. 

B. Mazière1, Ch. Halldin2, Ch. Loc'h1, L Farde2, Ph. Hantraye1, L Müller2, E. 
Brouillet1, M. Mazière1-

1 - Service Hospitalier Frédéric Joliot, CEA, Orsay, France. 
2 - Department of Clinical Neurosciences, Karolinska Institute, Stockhom, Sweden. 

For PET studies of the monoamine uptake sites, ß-CIT, its fluoro analogue b-
CFT and various alkyl derivatives have been labelled with 11C and 18F. To investigate 
the role of the halogen in the selectivity of these tracers for the dopamine transporter, 
the bromo analog ß-CBT [2ß-carboxy-3ß-(4-bromophenyl) tropane] has been 
prepared and labelled with the positron emitter 76Br. 

76Br-ß-CBT has been prepared either by an eletrophilic substitution from the 
76 

tributyl-stannyl derivative with Br using peracetic acid as the oxidant , or by a 
nucleophiiic substitution reaction using ß-CIT and a Cu+ assisted bromo-deiodination 
hetero-isotopic exchange. In these conditions the tracer was obtained in 80% and 
60% radiochemical yields, respectively, with specific radioactivities around 20 
GBq/nmol. 

Pharmacological properties [affinity (Kd = 2.8 nM, Bmax = 500 pmole/g tissue, 
nH = 1) and selectivity (competition experiments using various selective 
monoaminergic transporter inhibitors)] were assessed in vitro in homogenates of rat 
striatal membranes. The tissular localisation of ß-CBT was assessed in ex vivo 
autoradiographic images obtained in coronal and horizontal slices, three hours post 
injections. 

The first PET imagings have been performed in baboons and the images 
obtained in a control animal after the iv administration of 15 MBq of 76Br-ß-CBT show 
a specific accumulation of the tracer in the basal ganglia. ß-CBT demonstrated a 
rapid and high uptake and 1 h post-injection, the radioactive concentration reached a 
plateau (0.13 % of the ID/g) that remained constant for at least 4 h. The uptake in the 
cortices remained very low, at the level of the cerebellum. 

These preliminary results suggest that ß-CBT labelled with bromine-76 which 
binds preferentially in the structures enriched in dopaminergic terminals, has the 
potential to be developed as a useful PET radiotracer for imaging the variation of the 
striatal dopamine transporter in pathological conditions. 



notes: 



[i23Tyi8pjN.(2-AMINOETHYL)-5-HALOGENO-2-PYRIDINECARBOXAMIDES, 
SITE SPECIFIC TRACERS FOR MAO-B MAPPING WITH SPET AND PET 

H.-F. Beer, L.D. Frey, M. Häberli, P.A. Schubiger 

Labazemid (Ro 19-6327), N-(2-aminoethyl)-5-chloro-2-pyridinecarboxamide 1, is well 

known to bind site specifically with KD=15.7 nmol/1 at the monoamine oxidase type B 

(MAO-B) and inhibits that enzyme (IC50=3.2*10'8 mol/1) time dependently and 

reversibly. Its 5-iodo analogue (Ro 43-0463, IC50=3 10-« mol/1) 2 was labelled with 123I 

using the halogen exchange reaction of the 5-bromo precursor (Ro 18-4950) 3 in 

presence of CUSO4 and ascorbic acid. After optimizing the reaction conditions by 

varying time (30 to 120 min), precursor concentration (1 to 3.5 mg) and temperature 

(130 to 200 °C) the labelling yield was found to be in the order of magnitude of 60 to 70 

%. HPLC purification using Lichrosorb RP-18, 5 um, 250*8 mm and 0.36 M 

H3P04/EtOH 97/3 with 0.01 M (NH4)HP04 at 1.5 ml/min gave a final activity 

concentration of 18.5 to 37 MBq/ml. 

Autoradiography with rat brain slices [l25I] 2 showed a radioactivity pattern 

corresponding to the distribution of MAO-B in the rat brain. Displacement with L-

Deprenyl proved the high specific binding of 2. Clinical investigations in human 

volunteers gave corresponding in vivo results. 

Because of the successful clinical results with 2 and the negligible influence of a change 

from one halogen to another in 5-position we designed a synthesis to prepare [18F] N-(2-

aminoethyl)-5 tuoro-2-pyridinecarboxamide 4 for transferring the promising SPET 

results to PET. We investigated the nucleophilic labelling of N-[2-(t-

butylcarbamoyl)ethyl]-5-nitro-2-pyridinecarboxamide 5 with [18F] F- and the electro-

philic labelling of N-[2-(t-butylcarbamoyl)ethyl]-5-trimethylstannyl-2-pyridinecarb-. 

oxamide 6 with [18F] F2. Using 50 mg 6 in 8 ml freon in preliminary experiments 44 

MBq of [18F] N-[2-(t-butylcarbamoyl)ethyl]-5-fluoro-2-pyridinecarboxamide 7 were 

obtained after treatment with the irradiated target gas (62 ml, 26 bar, Ne/0.06%F2, 

30 uA, 15 min) and purification with 8 ml CH2C12 over a NaS203/Si02 (20/80 w/w) 

column. The purity of the intermediate 7 was only 55%. On the contrary, labelling of 5 

with [18F] F- using the well known FDOPA procedure (20 mg 5, 22 mg kryptofix, 440 

MBq [18F] F-, 0.9 ml DMSO, 20 min, 135 °C, purification over Sep-Pak RP-18) resulted 

in 106 MBq nca 7 (40% yield decay corrected) with 100% purity. The progress in this 

work will be reported. 
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EVALUATION OF A NEW POTENTIAL 5HT2 TRACER FOR SPET : 

5-RADIOIODO-R91150 

J.J.R. Mertens*. J.E. Leysen**, D. Terriere*, P.M .F. Janssen**, W.Gommeren**. 

VUB-Cyclotron*, 1090 Brüssel, Belgium; Janssen Research Foundation**, 2340 Beerse, 

Belgium. 

5HT2-Receptors seem to play an important role in psychiatric disorders. A suitable ligand 

labelled with 1231 could offer the opportunity to perform SPE(C)T imaging of the receptor 

distribution in the living human brain. In 1990, 2-radioiodo-ketanserin was proposed as 

a potential 5HT2-receptor tracer for SPECT and this compound was applied for SPECT. 

This compound showed properties almost comparable to those of ketanserin, which means 

poorly selective for 5HT2 vis-à-vis H, and arreceptors and binding to serum proteins 

resulting in a rather poor receptor to blood ratio. Recently halogenated derivatives of 4-

amino-N-[l-[3-(4-fluorophenoxy)propyl]-4-methyl-4-piperidinyl]-2-methoxy benzamide 

were discovered as a new class of 5HT2 antagonists. The iodinated analogue 5-iodo-2-met-

hoxybenzamide showed a high affinity and high selectivity for 5HT2 receptors (Ki for 

inhibition of [3H]ketanserin binding to rat frontal cortex membranes 0.22 nM and a 

selectivity with regard to other neurotransmitter receptor sites of at least a factor 50). The 

pure N.C.A. radioiodinated analogue was obtained by direct electrophilic substitution 

coupled to efficient HPLC separation and mini-column recovery. Scatchard analysis of 

saturation binding to rat frontal cortex membranes of the 1-125 labelled compound reve

aled a linear plot yielding a Kd of 0.11 ± 0.01 nM and a Bmax value of 37.79 ± 0.75 

fmol/mg tissue. The binding occured reversibly on one single type of receptor, i.e. 5HT2. 

In vivo in rats over the course of 1-3 hrs post i.v. injection the frontal cortex(FC) to 

cerebellum(CB) ratio showed a steady state value of about 10 and the FC to blood ratio 

a value of 6. The striatum(ST) /CB and ST/blood amounted to about half that value. In 

the in vivo brain the binding in both FC and ST was saturable and reversible. Inhibition 

and displacement by Ritanserin and Ketanserin showed that binding to 5HT2 receptors 

was involved. Two hours after injection the %ID/g in FC was 0.24 and the ratio of 

radioactivity in the FC to the rest of the brain was at least 4. These results show that this 

new compound is really a promising tracer for 5HT2 receptors with SPE(C)T. 
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MECHANISM-BASED STRATEGIES FOR MAPPING HEART SYMPATHETIC NERVE 

FUNCTION. D. M. Raffel, J. R. Corbett, M. Schwaiger*, and D.M. Wieland. University of 

Munich, Munich, Germany* and University of Michigan, Ann Arbor, MI, USA. 

Research efforts in our laboratory have produced three carbon-11 labeled tracers that 

selectively localize in the sympathetic nerves of the heart. The sympathomimetic amines 

[HC]hydroxyephedrine (HED) and [1 ^phenylephrine (PHEN), and the neurohormone 

[1 ^epinephrine (EPI) all utilize the uptake-1 transporter to enter the sympathetic neurons of 

the heart. However, our recent studies suggest that these three tracers are subsequently retained 

in the neurons by different mechanisms. A detailed understanding of these retention 

mechanisms will allow meaningful kinetic analyses of the tracers and hopefully enhance their 

clinical value in assessing neuronal abnormalities in heart disease. These three heart neuronal 

mapping agents have been evaluated by: 1) in vivo drug intervention studies in rats; 2) 

preliminary studies in the isolated, perfused rat heart; and 3) PET imaging studies in dogs and 

humans. 

The tracers were synthesized by direct methylation of their respective chiral normethyl 

precursors with either carbon-11 labeled methyl iodide or methyl triflate followed by rapid 

HPLC purification. The syntheses were suitable for routine animal and clinical studies; chiral 

purities were >94% and specific activities were 400-500 Ci/mmol. 
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OH 
1 i l 

.CH-ÇH-NH 1 XH3 
CH, 

X ^ 
HED 

OH 
I 1 1 / CH-CH2NHX X H 3 

EPI 

HO. 

OH 
I 

,CH-CH2NH1 ^Hg 

PHEN 

OH 
1 11 

,CH-CD 2 NH 1 1 CH 3 

d2-PHEN 

In tissue-time activity studies, PHEN showed lower initial heart uptake than HED and 

EPI; all tracers effluxed slowly from the heart but PHEN washout was slightly faster. The 

effects of separate inhibitor pretreatments with desipramine (uptake-1). reserpine (vesicular 



transporter), and clorgyline (MAO A), post-treatment studies with desipramine, and kinetic 
comparisons between PHEN and d2-PHEN support different mechanisms of neuronal retention 
in normal heart for the three tracers: neuronal retention of HED is dependent on the continuous 
recycling action of the uptake-1 transporter, EPI retention is dependent strictly on vesicular 
storage, and PHEN retention is dependent on both vesicular storage and MAO oxidation. 

Comparative studies using the perfused rat heart model, which provide a clearer 
assessment of drug inhibitory effects, have confirmed and extended the in vivo findings. 
However, a reversal in heart efflux rates was observed for HED and PHEN which may derive 
from the higher flow rates used in this system. Determination of the deuterium isotope effect 
for MAO oxidation of d2-PHEN was found to be 2.3. 

All three agents gave excellent heart images in both dog and humans. Again, initial 
PHEN uptake in heart was lower than that observed for HED or EPI. As opposed to our in 
vivo findings in rats, however, the biological half-life of PHEN in dog and human heart was 
markedly shorter than the respective values for HED or EPI. Desipramine pretreatment of 
human volunteers lowered heart localization of PHEN and HED by similar amounts, ie. > 60%. 
Clinical evaluation of a wide range of heart pathologies is currently under investigation. 

The strengths and weaknesses of these three PET tracers for assessing diseases that 
impair the sympathetic nerves of the heart will be discussed in terms of our working model for 
neuronal retention that is evolving from these ongoing studies. 
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SOME NEW METHODS FOR THE SYNTHESIS OF CARDIAC 

NEUROTRANSMISSION PET RADIOTRACERS. 

K. Nâgren*, C. Halldin1, C.-G. Swahn1, O. Langer2, M. Mitterhauser2 and I. Zolle.2 

•Radiopharmaceutical Chemistry Laboratory, Turku University Cyclotron/PET Center, 

Turku, Finland, department of Clinical Neuroscience, Psychiatry and Psychology section, 

Karolinska Institute, Stockholm, Sweden and 2Univ. Klinik Nuklearmediziri, Vienna, 

Austria. 

Recently, the potential of PET has been demonstrated for the study of the sympathetic nerve 

system in the heart (Melon and Schwaiger, 1992). The endogenous transmitter of highest 

concentration in this system is (-)-norepinephrine (NE). 

Previously, PET radioligands for this system have been prepared via cyanohydrin synthesis 

using [C-11]cyanide, fluorination using [F-18]acetylhypofluorite, iV-methylation using 

[C-ll]methyl iodide and fluorination using [F-18]aldehydes (see Table 1). However, the 

only radiotracer that so far has been used in human PET studies is the N-methylated 

analogue of metaraminol, [C-11]MHED. A research program for the development of 

alternative methods for C-ll and F-18 labelling of radioligands from readily available 

no-carrier-added [C-ll]nitroalkanes, [C-ll]benzaldehydes and [F-18]benzaldehydes has 

recently been initiated. 

The potential of [C-ll]nitroalkanes for the preparation of cardiac radiotracers via 

condensation reactions with benzaldehydes was first demonstrated in the preparation of 

C-ll labelled dopamine, nz-tyramine and p-tyrarnine. [C-ll]Nitromethane was thereafter 

utilized in a selective condensation reaction with benzaldehydes for the synthesis of 

racemic [C-l^norepinephrine and some other C-ll phenylethanolamines. Recently, 

racemic erythro- and threo-[C-ll]rnetararninol was prepared from [C-l ljnitroethane using 

this selective condensation reaction. The use of C-ll or F-18 labelled benzaldehydes in 

condensation reactions with unlabelled nitroalkanes is presently evaluated. This approach is 

promising for the synthesis of racemic [C-l^norepinephrine and [C-ll]metaraminol, 

labelled in the 2-position, and high specific radioactivity [F-18]norepinephrine arid 

[F-18]metaraminol. The molecular structures of these compounds are illustrated in Table 1. 

Acknowledgements - This work has been performed within the COST-B3 action, and was 

supported by grants from the Swedish Natural Science Research Council, the National 

Institute of Mental Health USA and Karolinska Institute. 

Melon P. and Schwaiger M. (1992) Eur. J. Nucl. Med 19:453-464. 



TABLE 1. SOME EXAMPLES OF RADIOLIGANDS FOR PET EXAMINATION OF CARDIAC SYMPATHETIC NEUROTRANSMISSION: 
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AN HPLC-METHOD FOR DETERMINATION OF LIGAND 

METABOLISM DURING PET STUDIES WITH [UC]METARAMINOL 

AND [ " ^ N O R E P I N E P H R I N E . 

Carl-Gunnar Swahn. Christer Halldin, Kjell Nâgren* and Lars Farde. Department of Clinical 

Neuroscience, Psychiatry and Psychology Section, Karolinska instituted Stockholm, Sweden 

and 'Turku University Cyclotron/PET Center, Turku, Finland. 

The autonomic nervous system regulates the performance of the heart and the transmitter 

involved is mainly norepinephrine. Norepinephrine has previously been labelled with n C via 

[nC]cyanide (Fowler et al., 1974). We have labelled metaraminol and norepinephrine with n C 

by condensation of a [nC]nitroalkane with an appropriate aldehyde (Nâgren et al., 1994a,b) 

and used them as radioligands to image the heart of a cynomolgus monkey by PET (Nâgren et 

al., 1994b; Farde et al., 1994). In connection with these experiments we studied the 

composition of radioactivity in plasma by HPLC with a method previously used for several 

other ligands (Halldin et al., 1992; Swahn et al., 1994). 

Plasma (0.5 ml) was deproteinized with acetonitrile (0.7 ml). The supernatant after 

centrifugation for 1 min at 2000 g was analysed by HPLC. The liquid Chromatograph consisted 

of two Kontron 420 pumps, a 491 mixer, a Rheodyne 1761 injector with a 1 ml loop, a Waters 

u>Bondapak C18 column (7.8 x 300mm, 10 |im), a Kontron 432 UV detector operated at 275 

nm followed by a Packard Radiomatic Flo-one beta A-100 radioisotope detector (1 ml y-cell). 

The data were processed by a Kontron 450 data system. The column was eluted with a mixture 

of acetonitrile in 0.01 M phosphoric acid starting with 0% acetonitrile isocratically for 2 

minutes, to 50% from 2-5 minutes, back to 0% at 5.5 minutes and end of run at 9 minutes. 

The recovery of radioactivity after protein precipitation was 90-95%. Two experiments with 

injection of [1 ̂ Jmetaraminol in a cynomolgus monkey were performed. Analysis of plasma 

showed that already in the earliest sample obtained, at 6 minutes, there was only 14% left of 

unchanged compound. Confirmation of the identity was performed by injection of standards. 

Two experiments were also performed with [J1C] norepinephrine. In contrast to metaraminol 

the radioactivity in plasma consisted to about 90% of unchanged compound during the 30 

minutes time of the study. Identification of unchanged [* ̂ norepinephrine was confirmed by 

comparison with a standard of norepinephrine and metabolites such as normetanephrine, 

HMPG, DHPG and VMA. A comparison of the two radioligands is shown in Figure 1. 

The fact that the results indicate a comparatively slow rate of radioligand metabolism for 

f1 ̂ norepinephrine does not support the view that rapid metabolism may be a major drawback 

to the use of [llC]norepinephrine as a radioligand for PET. 
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76Br-MBBG (METABROMOBENZYLGUANIDINE), A PET TRACER TO 
INVESTIGATE THE NOR EPINEPHRINE NEUROLOGICAL AND VESICULAR 
TRANSPORTER. 
B. Mazière. C. Loc'h, K. Mardon, D. Raffel, H. Valette, C. Brustesco, P. Merlet, A. 

Syrota, 
Service Hospitalier Frédéric Joliot, CEA, Orsay, France 

For PET assessment of heart catecholamine reuptake, 76Br-
metabromobenzylguanidine (76Br MBBG) was prepared using a Cu+ nucleophilic 
aromatic bromodeiodination using gentisic, ascorbic and citric acids as reducing 
agents. The exchange between nca 76Br and the cold iodine of MIBG was 
performed at 165°C. Br-MBBG was produced in a 65% radiochemical yield with 
a specific activity of 20 MBq/nmol. 

In rats, biodistribution kinetic studies showed a high specific uptake of 76Br 
MBBG in heart (5% ID/g 2 h after injection) that decreased with a half-time of 5 h. 
The heart/lung, heart/liver and heart/blood radioactive concentration ratios 4 h 
after injection, were respectively 8, 12 and 48. Metabolic studies indicated that 
76Br-MBBG was rapidly metabolised in plasma, but in heart tissue 24 h after 
injection 85% of the radioactivity still represented unchanged radiotracer. 

Pharmacological blocking studies demonstrated that 76Br-MBBG uptake 
was inhibited 63% after desipramine and 12% after dexamethasone 
pretreatments. Chemical destruction of neurones with 6-hydroxydopamine 
reduced cardiac uptake by 84%. Initial bolus injection studies in an perfused 
working rat heart system have demonstrated a good extraction fraction and slow 
washout kinetics. 

The MBBG pharmacological properties were checked in dogs after the i.v. 
administration of 30 MBq of the radiotracer in dogs: In a control dog the 
myocardial uptake was high and stable while in a denervated dog a steep washout 
was observed. In a dog treated with tyramine (500 ug in 15 min), the reduction in 
MBBG heart content was 60%. 

Finally, MBBG was used in preclinical investigations in humans. After 
administration of 15 MBq of MBBG, the myocardial uptake was rapid and, after a 
very fast clearance period, the MBBG uptake remained in a plateau during the 
whole measurement period (80 min). 
In transplanted patients the MBBG uptake was, as expected, at a very low level. 

These preliminary results suggest that Br-76 MBBG can be a useful 
radiopharmaceutical for the PET assessment of clinical heart catecholamine 
reuptake disorders. 
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PET EXAMINATION OF THE MONKEY HEART WITH HIGH SPECIFIC 

RADIOACTIVITY ["^NOREPINEPHRINE AND ["C]METARAMINOL. 

Lars Farde. Christer Halldin, Kjell Nâgren*, Per Karlsson, Carl-Gunnar Swahn, Dianna Bone 

and Tetsuya Suhara. Department of Clinical Neuroscience, Psychiatry and Psychology Section, 

Karolinska institutet, Stockholm, Sweden and *Turku University Cyclotron/PET Center, 

Turku, Finland. 

(-)-Norepinephrine is the principal endogenous neurotransmitter of the mammalian sympathetic 

nervous system. A useful approach for the visualization of the sympathetic nervous system by 

PET has been to prepare analogues of norepinephrine such as [18F]fluorometaraminol and 

[lîÇJMHED which, unlike norepinephrine, are not metabolized by the enzymes monoamine 

oxidase and catechol-O-methyltransferase (Melon and Schwaiger 1992). Radiolabelled (-)-

norepinephrine may be advantageous to analogues in the sense that endogenous 

neurotransmitter will be tracked. Before the advent of PET, racemic f1 ̂ norepinephrine has 

been prepared from [^Qcyanide and the uptake was determined in the canine heart by 

dissection and counting (Fowler et al, 1974). To evaluate both norepinephrine and the analogue 

metaraminol as potential radioligands the preparation of high specific radioactivity (500-1000 

Ci/mmol (19-37 GBq/|imol)) racemic [* ̂ norepinephrine and [^Çjmetaraminol from 

[^Cjnitroalkanes was performed (Nâgren et al., 1994a,b). PET examination of racemic 

[11C]norepinephrine (Farde et al., 1994) and erythro-t1 ̂ metaraminol in Cynomolgus 

monkeys demonstrated rapid and high uptake of radioactivity in the monkey heart. In 

pretreatment experiments the monkeys were given 3 mg/kg of the selective norepinephrine 

reuptake inhibitor desipramine 1 hour before injection of the radioligands in the heart. The 

radioactivity was reduced by about 80-85% (Fig. 1). This marked reduction indicates that a 

large fraction of the radioactivity measured by PET in the heart represents specific uptake via 

the norepinephrine transporter. Both [^C]norepinephrine and [^C]metaraminol have potential 

as radioligands for imaging of cardiac sympathetic neurotransmission. On the basis of the 

present results with racemic radioligands a high specific uptake is expected in future studies 

with enantiomerically pure (-)-t1 ̂ norepinephrine and (1R, 2S)-erythro-[11C]metaraminol. 
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Figure 1. Time curves for radioactivity in the myocardium and lung of a Cynomolgus 
monkey following i.v. injection of (A) [nC]norepinephrine and (B) [^ÇJmetaraminol in 
control PET experiments (filled symbols) and pretreatment experiments (3 mg/kg) (open 
symbols). 
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SOURCES OF RADIOCHEMICAL IMPURITIES IN THE ^Tc/S-UNPROTECTED 

MAG3-SYSTEM 

B. Noll, B. Johannsen, H. Spies 

Technetium-99m mercaptoacetyltriglycine (MAG3) has been in use in nuclear medicine as 

renal function and imaging agent for several years. Because of known disadvantages of kits 

using the ligand in S-protected form and encouraged by studies done on Tc(V)/DMSA, having 

two unprotected thiol groups, we developed a new route to prepare 99mTc-MAG3 [1,2]. Due to 

differences in the reactivity of the free and protected thiol group in the MAG3 molecule 

different intermediates and by-products occur compared to the commonly used MAG3 kit [3]. 

To gain a better understanding of the complexation reaction studies with long-lived Tc-99 

were carried out. The mercapto group proved to be favoured against the amide nitrogen 

donors in the ligand molecule. ïn excess of ligand the inital formation of TcOL4 (L=MAG3) is 

induced, the chelate effect leads to TcOL2 and ultimately to the TcOL complex which is 

identical with the renal function agent prepared at „no carrier added" level. 

Accordingly, the intermediate TcOL4 and TcOL2 complexes are possible radiochemical 

impurities in the kit based preparation. Actually, they could be identified, their content in the 

radiopharmaceutical preparation is less than 5%. In conclusion, the reaction route with the 

unprotected ligand is elucidated, the nature of potential impurities is known and their 

occurrence in radiopharmaceutical preparations minimized. 

Additional radiochemical impurities (table 1) derived from oxidized ligand, MAG3 

methylester or cleaved ligand do not occur. 



Table 1 : Sources of possible impurities in the mTc-MAG3 kit preparation 

Impurities 

99mTcO-(MAG3)4 

99mTcO-(MAG3)2 

99mTc- MAG3 disulphide 

99mTc- MAG3 methylester 

99mTcO-MAG2 

Source 

Intermediate 

Intermediate 

Oxidation of the ligand during the kit 
preparation 

By-product of ligand synthesis, using 
methanol as solvent 

Clevage of a peptide bond in the ligand 
molecule under the alkaline conditions 
used [4] 

[1] Spies.H., B.Johannsen ; Inog.Chim.Acta, 48 (1981) 255. 

[2] Noll,B., B.Johannsen, H.Spies, R. Münze ; EP 0427360 (1990). 

[3] Noll, B., B.Johannsen, K.May, H.Spies ; Appl.Radiat.Isot. 43 (1992) 899 

[4] Okari,M.S., P.Adriaens, C.Van Nerom, G.Bormans, M.De Roo, A.Verbruggen: 

EurJ.Nucl.Med. 18 (1991) 672 

http://Appl.Radiat.Isot
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RADIOCHEMICAL PURITY OF 99mTc_HMPAO: CRITICAL PARAMETERS 
DURING KIT PREPARATION 

S. Seifert1, O. Muth2, K. Jantsch2, B. Johannsen1 

1 Institut für Bioanorganische und Radiopharmazeutische Chemie, 
Forschungszentrum Rossendorf 

2 Verein für Kernverfahrenstechnik und Analytik, Rossendorf 

The instability of the reconstituted HMPAO kit is characterised by the tendency of the 
primary lipophilic complex content to diminish with time, producing a secondary, less 
lipophilic, complex and pertechnetate. Responsible for the decomposition of the lipophilic 
complex are its own instability, high doses of radiation, the presence of excess Sn2+ ions 
and a pH greater than 9 [1,2]. The radiochemical purity specification of not less than 80 % 
lipophilic complex requires that the kit is used within 30 min of reconstitution. 
A number of approaches have been made to extend the post-reconstitution shelf life from 30 
min and to overcome the restrictions imposed on the eluate used [3,4,5]. Additions of weak 
chelating agents, oxidising agents, free radical scavengers, ethanol, pH-adjusting agents and 
metal ions which could form complexes with HMPAO were tested. The best results were 
achieved by the addition of cobalt chloride to the reconstituted kit which can extend the 
shelf life to at least 5 h post reconstitution [6]. 
Without adding any stabilizing agents a higher stability of the reconstituted kit is obtained if 
during the kit preparation the Sn2+/HMPAO solution is allowed to stand at room 
temperature for at least 1 h before freeze-drying. The time and temperature proved to be 
critical parameters as shown in Table 1. 
Using kits containing 0.5 mg HMPAO (94 % d,l form), 5.0 ng SnCl2 x 2 H2O and 4.5 mg 
NaCl in freeze-dried form results in the specified stabilities of the primary complex. The 
yields of primary and secondary complex and pertechnetate were determined by HPLC 
according to [7]. Traces of pertechnetate could be detected only after three houres. 2 - 3 % 
of reduced hydrolysed technetium were found on an average by TLC. 
At present too little information is available to explain the higher stability of 99mTc_ 
HMPAO preparations. A possible reason could be a time-dependent hydrolysis of stannous 
ions to a colloidal solution of stannous hydroxide. Investigations of freeze-dried samples of 
various Sn2+/HMPAO/NaCl solutions by electron microscope studies showed no 
differences. 
Another explanation could be that complex formation of Sn2+ and HMPAO which is 
accelerated by room temperature is responsible for the higher stability of the primary 



complex. Corresponding investigations by HPLC, TLC and electrophoresis studies with 

non-radioactive and radioactive were carried out. The results obtained do not indicate 

any complex formation of Sn^+ with HMPAO. 

Table 1: Stability of the primary complex as a function of time and temperature used during 

the kit preparation 

t[min] 

10 

60 
60 

120 

T[°C] 

0 

0 
20 

0 

number of 
batches 

6 
2 

6 
2 

stability as % primary complex 
10 - 120 min post reconstitution 

10 60 120 

90 ± 3 
92 ± 3 

94 ± 2 

94 ± 2 

5 8 + 8 

78 + 3 

86 + 6 
85 + 3 

77 + 12 

7 8 + 9 
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METABOLISM AND PHARMACOKINETICS OF 2-METHYL-l-(2-METHOXY-
PHENYL)-2-(3-PYRIDYL)-l-PROPANONE: A POTENTIAL RADIOLIGAND FOR 
FUNCTIONAL DIAGNOSIS OF ADRENAL PATHOLOGY 

M. Mitterhauser, C. Lee, G. Lin , I. Zolle and L. A. Damani 

Departments of Pharmacy and Pharmacology, Faculty of Medicine, Chinese 
University of Hong Kong, Shatin, New Territories, Hong Kong, and Universität 
Klinik fur Nuklearmedizin, Allgemeines Krankenhaus, A-1090 Vienna, Austria. 

The investigations into the development of metyrapone derivatives as radioligands for 
the functional diagnosis of adrenal pathology have lead to the identification of 2-
methoxyphenylmetyrapone [2-MPMP, 2-methyl-l-(2-methoxyphenyl)-2-(3-pyridyl)-l-
propanone], and related 2-phenyl substituted derivatives, as potent inhibitors of 
adrenal 11/3-hydroxylase, with high affinity for adrenal mitochondrial binding sites. 
The further development of these compounds requires that safety evaluation studies 
in laboratory animals be carried out, in order to evaluate the likely in vivo 
performance of these agents. The present communication describes some preliminary 
studies on the metabolism and pharmacokinetics of 2-MPMP in the rat. Male Wistar 
rats (250-300 g) were dosed 2-MPMP (i.v. 50 mg/kg), and serial arterial blood samples 
taken over a period of 8 hrs, and urine over a period of 0 - 24 and 24 - 48 hrs. 
Blood/urine samples (0.25 mL and 1.00 mL, respectively) were rendered alkaline (pH 
10-12, final aqueous phase volume 1.5 mL in both cases) and extracted with 10 mL of 
dichloromethane. Extracts were evaporated to dryness and reconstituted in 100 ßL of 
methanol. Analysis of the drug and seven potential metabolites (all chemically 
synthesised) and the internal standard (2-bromo derivative) was by silica TLC and 
sensitive and selective gradient reversed phase HPLC methods. 2-MPMP appears to 
have a very short ti. (about 15 min), the only blood metabolites observed being 2-
hydroxyphenylmetyrapone (2-OHPMP) and 2-MPMP Af-oxide. The major metabolites 
in urine are the glucuronide conjugates of 2-OHPMP (i.e. O-demethylation followed 
by O-glucuronidation) and 2-OHPMP iV-oxide (i.e. ./V-oxidation, O-demethylation 
followed by O-glucuronidation); these metabolites account for approximately 20% and 
50% of the administered dose respectively. The majority of the drug/metabolites are 
excreted in 0 - 24 hrs. Further studies are underway to ascertain the metabolism and 
pharmacokinetics of other 2-phenyl substituted derivatives, to identify the compound 
most suitable for further development. 



notes: 



OH ^ 0 0 ^ & 

COMPARISON OF NON-ISOTOPIC RADIOIODINE-FOR-BROMINE EXCHANGE 
METHODS FORN.C.A. LABELLING OF 2-IODOPHENYL-METYRAPONE 

A, Schirbel, H.H. Coenen; Nuklearchemie und Radiopharmazie, Universitätsklinikum Essen 

Radiolabelled analogs of metyrapone (2-methyl-l,2-di-3-pyridyl-l-propanone), an inhibitor of 

Hß-hydroxylase, have been suggested as radiopharmaceuticals for functional imaging of the 

adrenals. 2-Substituted derivatives of phenyl-metyrapone showed an even higher inhibition 

activity [1]. Recently, the preparation of 2-[123I]iodophenyl-metyrapone by Cu(I)-assisted 

radioiodine exchange on the 2-bromo-analog was examined [2]. In-situ-reduction of Cu(II) 

with SnCl2 [3] led to radiochemical yields of 91 % at 100 °C and 60 min reaction time in 

10 % aqueous acetic acid [2]. 

Here, an aqueous solution of radioiodide and Na2S20s was evaporated to dryness, 250 ug 2-

bromophenyl-metyrapone (gift from Dr. I. Zolle, University of Vienna) and 0.5 ug CuCl in 

55 ul acetic acid were added and heated. The product was isolated by HPLC: LiChrosorb 

RP-18 (Merck), 250x4 mm; CH3CN/H20/DEA = 50/50/0.2. The capacity factors of the 2-

bromo- and 2-iodo-analog were k , = 9.8 and 12.0, respectively. At 100 °C, similar 

radiochemical yields of 88 + 5 % were obtained after 60 min. However, direct addition of 

Cu(I) caused much higher yields at shorter reaction times than the in-situ reduction of Cu(II). 

The sigmoid time dependence with the Cu(II)-method is in agreement with a consecutive 

reaction and confirms the necessity [3] of Cu(I). With Cu(I)Cl in pure acetic acid the 

exchange reaction could be accelerated at 180 °C yielding 95 + 3 % within 5 min. 

Surprisingly, with these conditions 83 ± 3 % of 2-[123I]iodophenyl-metyrapone could be 

obtained without any addition of copper salts, probably due to the strong activating effect of 

the carbonyl group. A maximum specific activity of 5280 GBq/umol could be achieved. 

Since „cold" 2-iodophenyl-metyrapone was not available so far, it was prepared by heating a 

solution of 1 mg 2-bromophenyl-metyrapone and 5 mg Cul in 1 ml DMSO for 18 h at 140 

°C. The product (yield > 60 %) was purified by semi-preparative HPLC. Mass spectral data 

mlz: (relative intensity) 351 (M+,17), 231 (100), 203 (13), 120 (4), 104 (2), 92 (6), 76 (8), 

65 (2), 50 (3), 28 (1). Determination of the inhibition constant of this analog is now possible. 
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