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SUMMARY 

The radiolabelling of an iodinated analog of mazindol, 5-(4-[125I]-iodophenyl)-2,3-dihydro-5- 
hydroxy-5H-imidazo[2,l-a]isoindole, was performed in order to develop a potential tool for SPECT 
exploration of the presynaptic dopamine transporter in the human brain. Radiosynthesis was 
performed by iodide for bromide nucleophilic exchange from a brominated precursor. The reaction 
was carried out in the presence of the copper I catalyst and reducing and complexing agents. In these 
radiolabelling conditions, [125I] iodomazindol exhibited a tautomeric equilibrium. Therefore, in order 
to obtain the best labelling conditions, we studied variables such as copper I catalyst and brominated 
precursor concentrations, reaction temperature and heating time involved in the reaction. 
This study of the kinetics could be used as a pattern for the radiosynthesis of other compounds which 
can be present in a tautomeric equilibrium under particular conditions. Indeed, we describe a 
convenient procedure to obtain each tautomeric form with high radiochemical purity in optimum 
radiolabelling conditions . 
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INTRODUCTION 

E. Galinier et al. 

Dysfunction of the central dopaminergic system is involved in numerous pathological conditions such 
as Parkinson’s disease (1) and Schizophrenia (2). Therefore scintigraphic studies of the presynaptic 
dopamine transporter in the living human brain are of great value. For these explorations, it is 
important to synthesize new radiotracers, particularly radioiodinated products necessary for in vivo 
SPECT investigations. Indeed, compounds such as GBR (3,4) and[123/1251] RTI (5 - 7) were 
developed with the aim of evaluating this presynaptic function and better to understand the role and 
the disturbance of this process in neurological illnesses involving the central dopaminergic system 
(1,s). I n  virro studies with [3H] mazindol have shown that this ligand binds to the dopamine carrier 
with high affinity (9) and is suitable to detect modifications of the dopamine uptake system in these 
physiopathological situations. 
These results led us to carry out synthesis of the first radioiodinated analog of mazindol as a potential 
tool for SPECT explorations. For this goal, we prepared para brominated and para iodinated analogs 
of mazindol. The brominated product was used as precursor of the radioiodinated ligand, and then the 
iodinated compound was used to characterize the radioiodinated derivative and in vitro studies. 
Radiolabelling from the brominated precursor was performed by [ 12511 iodide for bromide 
nucleophilic exchange in the presence of the copper I catalyst. This paper describes a study developed 
to optimize the [1251] iodo mazindol radiolabelling according to certain variables involved in this 
reaction. 
This investigation was made more difficult by the presence in the radiolabelling conditions of the 
radioiodinated open tautomeric form of [125r] iodo mazindol. It is necessq to take into account this 
side product to obtain the best labelling efficiency and high radiochemical purity of the radioligand. 

RESULTS AND DISCUSSION 

Several methods (10-13) have been described in the literature for the preparation of 5-(4-chloro)-2,3- 
dihydro-5-hydroxy-5H-imidazo[2,I-a] isoindole or mazindol I and its congeners 2. and 2 (Fig. 1). 

- 1 x=c1 
2 X = B r  5 X = I  

X I  n 

Figure 1 : Maindoll, its para brominated 2 and para iodinated 2 analogs 

We synthesized (14) unradioactive para brominated 2 and para iodinated 3 derivatives of mazindol 
according to the one-pot procedure described by Houlihan (1 3). 

The radiolabelling was achieved from the brominated precursor 2 (scheme 1) by nucleophilic 
exchange of bromide for iodide. It is well known that this reaction is assisted by the copper I catalyst 
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but it appeared that the presence of copper I1 was a poison catalyst for the reaction. To avoid 
oxidative formation of copper 11, Mertens et a1 (15,16) and Gysemans et al(17) prepared copper I 
catalyst from cupric sulfate with an excess of reducing agents (stannous sulfate and gentisic acid) 
under nitrogen atmosphere (Equations 1 and 2). 

OH 0 

Equation 1 : Oxydo-reduction reaction between Cu2+ and gentisic acid 

2 CU‘+ + Sn2+ 2 2 c u + + s n 4 +  

Equation 2 : Oxydo-reduction reaction between Cu2+ and Sn2+ 

The reaction was performed in homogeneous catalyst conditions by forming copper I complex with 
acetic and citric acids. We applied these conditions to synthesize [1251] iodo mazindol & 

Scheme 1 : Radiolabelling of bromo mazindol2 

The method of Mertens et a1 (1 8) permitted us to obtain the expected radioligand & which was 
isolated, purified and identified by co-injection with its unradioiodinated analog 2 in HPLC. The 
HPLC system was equipped with double 2etection which consisted of U V and radioactivity 
detectors. 
Another radioiodinated compound with a higher retention time was separated by HPLC. This product 
was determined to be the open form (scheme 1). This assignment is in agreement with the 
tautomeric equilibrium of mazindol reported by Barcza et al(l9). These authors showed that in acid 
medium mazindol is preferentially under its open form. The presence of the two tautomeric forms 
(cyclic and open) was also observed by W L C  with para brominated 2 and para iodinated 2 
derivatives when they were heated in acid medium. The chromatogram exhibited two signals, the frst 
peak corresponding to starting material 2 or 2. According to Barcza et al(19), the second peak was 
assigned to the open tautomeric form (scheme 2). 
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Cyclic tautomeric form Open tautomeric form 

X = C1, Br, I or lZI 

Scheme 2 : Tautomeric equilibrium 

Biological experiments (in vitro and in vivo studies) established that only the cyclic tautomeric form 
of radioiodinated derivative & had an affinity for the dopamine carrier. Consequently, only this 
radiolabelled cyclic form was usable for brain exploration by SPECT. Therefore the operatory 
conditions of radiosynthesis could be optimized to promote the formation of the cyclic tautomeric 
form &. 

Some variables such as copper I and brominated precursor 2 concentrations, reaction temperature and 
heating time were investigated (Fig. 2 to 5 )  to determine the most suitable conditions for 
radiosynthesis. 
The method used to optimize the labelling of the radioiodinated ligand 4~ consisted of modifying one 
variable while the other three parameters were kept constant under conditions described by Mertens et 
al(15,16) andGysemans et a1 (17). 

Labelline efficiencv as a function of cope  r I concentration 

20 

10 
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Figure 2 : Labelling yield (R %) as a function of copper I concentration 

It is well known that without the copper I catalyst the iodide for bromide nucleophilic exchange is not 
possible from an aryl bromide. As expected, in the reaction conditions, the radiolabelling of the cyclic 
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form & increased with copper I catalyst concentration to reach a maximum of the radiochemical yield 
(26.5%) for [Cu+] = 7.37 
The labelled open form a, formed in acid medium and heating conditions, is in tautomeric 
equilibrium with the cyclic form &. Up to [Cu+] = 10.8 lo4 M. we observed that the ratio of the 
tautomeric forms was h > 4. Increased values of copper I concentration from [Cu+] = 10.8 M 
produced inversion of the proportion of tautomeric forms & c &. 
While yield from the cyclic form & decreased, we noted that the yield from the open form & tended 
towards a constant value. 
Moreover, the total yield of radiolabelling of the two isomers & and & remained under 50%. This 
phenomenon was probably due to the rate limiting effect of the copper I catalyst by formation of 
cuprous bromide and cuprous radioiodide which precipitated when the copper I concentration became 
higher. This saturation effect was described for copper I assisted radioiodination from bromophenyl- 
metyrapone by Mertens et al(20). 

M. 

The highest labelling efficiency in the cyclic tautomeric form h was obtained for [Cu+] = 7.37 
M. This value must be selected for further radiolabelling studies. 

Labelling efficiencv as a function of Dara brominated ~recu rsor 2 concentration 

1 
cyclic form 4a 
open form 4b 

0 2 4 6 8 1 0 1 2  -3 
[PBrmaz] 10 M 

Figure 3 : Labelling yield (R %) as a function of para brominated precursor 2 concentration 

Similarly to the previous study, we observed that the radiolabelling of the cyclic form h a n d  the open 
form & increased with brominated precursor concentration to reach a maximum of the radiochemical 
yield. However in this case the proportion between the two tautomeric forms was always > & 
Moreover, the maximum of radiochemical yield was 35% for h and 13.4% for & with the same 
precursor Concentration [a = 8.6 10-3 M. Total radiolabelling yield of the two isomers & and 
remained under 50% and decreased when precursor concentration increased from 8.6 10-3 M. 
The cause of this phenomenon was probably the opposite reactions (Equations 3 and 4) when the 
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20 - 

10 - 

bromide concentration became higher due to greater precursor 2 concentration Wertens et al(21)I. 
It is also possible that the rate limiting effect of the copper I catalyst was involved in the saturation of 
the labelling rate. 

0 cyclic form 4a 
openform4b 

N 

~ 1251- + 
/ \ 

H 
Br- + 

/ / 
2 5 ~  Br 

4a - 2 - 

Equation 3 : Opposite reaction of the cyclic tautomeric form by nucleophilic exchange of bromide for 
iodide 

Br 

Equation 4 : Opposite reaction of the open tautomeric form by nucleophilic exchange of bromide for 
iodide 

Labelline efficiencv as a function of reactio n temDe raturc 

0 100 200 

Figure 4 : Labelling yield (R %) as a function of temperature 
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Up to loO°C, radiolabelling of cyclic tautomeric form & slowly increased with temperature ; at 100°C 
we obtained 2.95% yield of radioiodinated derivative h. The open form & was virtually absent. 
However, from lW0C labelling of the two tautomeric forms quickly increased with temperature while 
the proportion of the two isomers was & > a. As anticipated, in acid medium and heating 
conditions, the labelling of the ligand & reached a maximum of 26.5% radiochemical yield observed 
at 15OOC. The open form & continued to increase with temperature from 150°C, while the cyclic form 
& decreased according to tautomeric equilibrium in acid medium. 

Labelling efficiency as a function of reaction timp 

"1 0 Cyclic form 4a . open form 4b 

(min) 
0 20 4 0  6 0  8 0  100 

Figure 5 : Labelling yield (R %) as a function of time 

Results showed that the labelling of the cyclic ligand & increased with reaction time up to 50 min 
(27% yield). From 50 min, the radiochemical yield of the compound &decreased while the labelling 
of the open form & quickly increased. 
At 90 min, we noted that the cyclic tautomeric form & completely disappeared to the profit of the 
open tautomeric form & (70% yield). 

It appeared that the best labelling conditions to obtain the radioiodinated ligand & consisted of using 
1.5 mg of brominated precursor 2 and 30 !.LL (7.37. 10-4M) of cupric sulphate solution with reducing 
and cornplexing agents. It was then necessary to heat the reaction mixture with sodium [1251J iodide 
for 50 min at 15OOC. Each tautomeric form (cyclic & and open &) was isolated. They were obtained 
without starting material after HPLC purification allowing characterization by co-injection with their 
unradioactive tautomeric form. 

CONCLUSION 

We showed in this work that the radiolabelling of bromo mazindol 2 can be performed by 
nucleophilic exchange assisted by the copper I catalyst in acid medium. Optimum conditions were 
determined to obtain the radioiodinated mazindol cyclic form &with about 30 - 35% yield. HPLC 
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Solution B pL 
[Cu+]10-4 M 

R(%) & 
R(%) 4!2 

allowed the separation of the two tautomeric forms & and a. These two forms were collected 
without added carrier and with a radiochemical purity > 95%. Biological experiments proved that 
only the cyclic form was valuable for SPECT explorations of the central dopaminergic system 
uptake. 
This paper also describes a strategy for the optimization of the labelling of compounds which can 
exist under several tautomeric forms. 

0 5 10 15 30 45 60 100 
0 1.25 2.50 3.75 7.37 10.8 14.0 21.7 
0 8.20 17.1 21.3 26.5 25.0 16.9 12.4 
0 3.80 8.60 10.0 12.3 24.4 26.8 27.9 

EXPERIMENTAL PART 

1- GENERAL 

HPLC analyses were performed on a LKB isocratic liquid chromatograph fitted with UV at 254 nm 
and radioactivity detectors, using a reverse phase column 10 RP 18 (25 cm x 4.6 mm) from 
Chrompack and MeOWl% ET3N-CH3C!@m buffer at pH 4.8 (40 : 60 v/v) as mobile phase 
flow : 1 mumin. 
Brominated 2 and iodinated 2 analogs of mazindol 1 were synthesized according described 
methodology (14). 

2- METHODS OF MEASUREMENT OF LABELLING 

Preparation of solution A and solution B 

Solution A comprised SnS04 (1 mg), gentisic acid (25 mg) and citric acid (35 mg) in water (2.25 mL) 
and glacial acetic acid (25 @). 

Solution B comprised CuSO4,5 H20 (32.5 mg) in H20 (10 mL). 

Measurement of labelline efficiencv as a function of cooper I concentration 

To determine the effect of the copper I concentration on the labelling efficiency, 1.5 mg of 
parabrominated analog 2 of mazindol, acetic acid (45 pL), solution A (455 pL), various quantities 
(5 pL to 100 pL) of solution B and [125g NaI in 0.1 N NaOH from Amersham (60 pCi, no carrier 
added, specific activity 2000-2200 Ci/mmol) were added to the sealed vial. The reaction mixture was 
stirred for 5 min and heated in a sand bath for 50 min at 150 'C, then the reactor was put in an ice 
bath to stop the reaction and an aliquot was taken from the vial for measurement of radiochemical 
yield by HPLC. 
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Precursor Q) mg 0.2 0.5 0.7 
Precursor (2) 10-3 M 1.43 2.86 4.30 

R(%) & 9.40 9.75 13.7 

R(%) 4h 4.40 6.94 10.2 
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1 .o 1.5 2.0 
5.73 8.60 11.50 
22.1 35.3 21.9 

9.75 13.4 9.16 

Measureme nt of labelling efficiencv as a function of Dara b rominated precurso r 2 concentration 

Temperature O C  

R(%) & 
R(%) & 

To determine the effect of the concentration of bromo precursor 2 on the labelling efficiency, various 
quantities (0.2 mg to 2.0 mg) of para brominated analog of mazindol, acetic acid (45 pL), solution A 
(455 pL, solution B (30 pL) and NaI in 0.1 N NaOH from Amersham (60 pCi , no carrier 
added, specific activity 2000-2200 CVmmol) were added to the sealed vial. The reaction mixture was 
stirred for 5 min and heated in a sand bath for 50 min at 150 O C ,  then the reactor was put in an ice 
bath to stop the reaction and an aliquot was taken from the vial for measurement of radiochemical 
yield by HF'LC. 

20 60 100 130 150 170 
0 1.30 2.95 14.3 26.5 6.15 
0 0 0 10.8 12.3 26.6 

urement of I W m g  ef-v as a fu- 

The variation of labelling efficiency as a function of reaction temperature was measured using the kits 
prepared as described below. In every kit, we introduced 1.5 mg of the bromo precursor 2 and 30 pL 

of the solution B. Each vial was placed in a sand bath and was heated to a chosen temperature. The 
vial was removed and put in an ice bath to stop the reaction after 50 min heating and the labelling 
efficiency was measured by chromatography. 

Measurement of labelling efficiencv as a function of reaction timc 

The variation of labelling efficiency as a function of reaction time was measured using the kits 
prepared as described below. In every kit, we introduced 1.5 mg of bromo precursor 2 and 30 pL of 
the solution B. Each vial was placed in a sand bath and was heated to 150 "C. The vial was removed 
and put in an ice bath to stop the reaction after a chosen reaction time and the labelling efficiency was 
measured by chromatography. 
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3- RADIOSYNTHESIS 

[125I] NaI in 0.1 N NaOH from Amersham (5.5 pL, 550 pCi, no-carrier-added, specific activity 
2000-2200 Ci/mmol) was added to a mixture of brominated precursor 2 (1.5 mg) in glacial acetic acid 
(45 pL), solution A (455 pL) and solution B (30 pL) in a sealed vial. The reaction was allowed to 
proceed at 150 *C for 50 min. Radiolabelled compounds were purified on a SEP-PAK C18 cartridge 
from Waters, using H2O for washing and MeOH (2 mL) for elution. The solvent was then removed 
under a stream of nitrogen and the residue was dissolved in the mobile phase MeOH / 1 % Et3N in 
CH3C@W buffer at pH 4.8 (40:60 v/v) used for HPLC. 
The appropriate fractions were collected and the mobile phase was eliminated on a SEP-PAK C18 
cartridge, using an excess of H2O. After elution with MeOH (2 mL) and evaporation of the solvent to 
dryness the no-carrier-added radiolabelled cyclic form h [R (%) = 20 a 25% - Rt = 35 min] and the 
open form [R (a) = 10 ii 15% - Rt = 55 min] were isolated with a radiochemical purity of 295%. 
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