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H.  DUGAS, C. SPINO, and M.  OUELLETTE. Can. J .  Chem. 61, 2540 (1983). 
The syntheses of novel spin-labeled analogues of butaclamol, a spin-labeled phcnylazil.idinium and two amino derivatives 

of butaclamol, are presented. Preliminary results of in vitro activity of these compounds on dop211mincrgie, scrotonincrgic, and 
adrenergic receptors correlate with the importance of the previously proposed lipophilic accessory binding site in CNS 
dopamine receptor. 
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H .  DUGAS, C. SPINO et M.  OUELLETTE. Can. J .  Cheni. 61, 2540 (1983). 
L'article prCsente la synthkse de nouveaux analogues marqucurs de spin de butaclamol, d ' u n  nmrqucur dc spin du type 

phcnylaziridinium et de deux derives amincs du butaclamol. Les rcsultats prclirninaires d'activitc in vitro dc ccs produits sur 
Ics recepteurs dopaminergique, ~Crotonincrgiquc ct adrincrgique sont en accord avec I'hypothtsc d 'un  site auxiliaire lipo- 
philique pour le recepteur de dopamine au systkrnc nerveux central. 

Introduction 
Spin-labeled (SL) drugs have become in the past ten years 

important molecular probes in studies of drug mechanisms at a 
molecular level. For example, a large number of drug ana- 
logues containing the nitroxide moiety have been synthesized 
and used to study the topography of specific binding sites in 
receptor macromolecules. 'The most representative efforts 
toward this goal include the preparation of SL-analogues of 
acetylcholine ( I  -3), SL-quaternary ammonium ligands (4, 5), 
SL-propranolol (6, 7), SL-narcotics (8), SL-steroids (9- 1 I), 
SL-phenytoin (12), SL-penicillin (I:), and a SL-analogue of 
N,N-dimethyl-2-phenylaziridinium (14). 

The antipsychotic agent butaclamol I and related compounds 
are rigid dopamine antagonists and may thus be very helpful 
probes in receptor mapping. Furthermore, the fact that the 
dopamine receptor is highly stereoselective for the (+)-isomer 
of butaclamol derivatives (15- 17), in both in vivo and in vitro 
experiments, renders the preparation of SL-analogues even 
more attractive as molecular monitors for the mapping of the 
dopamine receptor. 

In this report, we describe for the first time the synthesis of 
such SL-analogues, a new SL-analogue of phenylaziridinium 
as well as two arnino derivatives of butaclarnol. Preliminary 
biochemical tests on these compounds are also disclosed. 

Results and discussion 
Chemistry 

The ketone precursor 2 (15) was treated with 4-amino- 
2,2,6,6,-tetramethylpiperidinyl-I-oxyl in the presence of 
NaBH3CN to give 3 in 53% yield. In the presence of 
2-methyl-2-amino- l -propano1 and p-TsOH, 2 was converted to 
the oxazolidine 4a in 65% yield. Unfortunately, all attempts to 
obtain the COI-responding nitroxide 4b using the procedure of 
Waggoner er trl. (18), or variations thereof, were unsuccessful. 
'This is probably due to the presence in the molecule of another 
nitrogen atom which may also be partially oxidized during the 
process, resulting only in decomposition products. 

The SL-ester 5 was obtained in 17% yield by heating 
(+)-butaclamol with the acid chloride of 2,2,5,5-tetramethyl- 
pyrrolidinyl- 1-oxyl-3-carboxylic acid in the presence of AgCN 
(19). The methylamino compound 6a and the isobutylamino 
compound 6b were prepared by treatment of the ketone 2 with 
the corresponding amine in the presence of NaBH,CN and were 
obtained in 32% and 57% yield respectively. 

The preparation of the 2-phenylaziridinium precursor 100 is 
illustrated in Scheme I. Epoxystyrene 9 and N-methyl-4- 
amino-2,2,6,6-tetramethylpiperidinyl-1-oxyl 8, prepared from 
tampone 7 according to the procedure of Rosen (20), were used 
as starting materials. The compounds were coupled in the pres- 
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TABLE I .  Rcccptor binding assays" 

H-Spiropcridol 'H-LSD ' H - ~ ~ 4 1 0 1  
Compounds (dopaniinc) (scrotonirl) (a, -adrcncrgic) 

3 
40 
5" 
60 
6b 

100 
11 

(? )-Butaclamol 
Methyscrgide 
Prazosin 

"The in vitro tests were perk~rmed on rat striaturn (23)  (dopamine). col-tex (74) (serotonin), and forebrain 
( 2 5 )  (a,-adrencrgic). Although at Aycrst spiropcridol is used ri)utinely. Lazarcno and Nahorski (76) have 
shown recently that 'H-dompel-idonc would be a much better ligaiid to label doparnine receptors. 

"The concentration corresponds to the amount of drug-analogue used in the test and thc percentage 
represents thc amount of radioactive tracer displaced. 

' These standards are included for comparative purposes. 
"With the exception of 5, all compounds are racemic mixturcs. 

ence of water to give 100 as the ring-opening product in 98% 
yield. Treatment of 100 with mesyl chloride in dry benzene 
followed by a trace of HC1 gave the expected hydrochloride salt 
of the SL-mesyl amine 106 in 49% yield. The compound gives 
a typical three-line epr signal with L I ~  = 17.2 G in water. This 
salt is expected to cyclize instantaneously to the aziridinium 
chloride salt in aqueous buffer above pH 7 (21). 

The synthesis of a similar molecule 11, but with the nitroxide 
function in a different position, has already been reported (14). 
Originally the synthesis of the SL-amine 11 was developed 
with the objective of probing the geometry of the anionic 
site of acetylcholinesterase since the corresponding N.N- 
dimethyl-2-phenylaziridinium chloride has been shown to be a 
potent anionic-site-directed irreversible inhibitor (21, 22). 

However, the product turned out to be only a poor competitive 
inhibitor (Ki = 2. I x 10-3 M )  of bovine erythocyte acetyl- 
cholinesterase (14). The reason probably lies in the presence 
of a bulky spin label group on the aromatic ring. To overcome 
this problem, the synthesis of the N-SL analogue 100 was 
envisaged. 

Biochemistry 
The compounds cited in this article were tested on rat striatal 

membranes for dopaminergic activity (23), as well as rat cortex 
for serotoninergic (24) and rat forebrain for a,-adrenergic (25) 
activities, for compounds 100 and 11. The results are presented 
in Table 1. Generally, binding studies are not sufficient on their 
own to demonstrate the interaction of compounds with recep- 
tors, especially if only one concentration is used. Nevertheless, 
a general trend can be observed from these preliminary results 
even though the dopaminergic activity, represented in per- 
centage of inhibition of 'H-spiroperidol binding, is low. It 
seems that a bulky substituent at position 3 of butaclamol 
enhances the activity since the activity found is 60 = 3 > 60. 
On the other hand, the presence of a chemical group in the axial 
orientation reduces considerably the activity, as in 40 and 5. 
This observation is in agreement with the hypothesis of a lipo- 
philic accessory binding site for the tert-butyl group of butacla- 
mol, as proposed previously by Humber and co-workers (16). 

As for compounds 100 and 11, both are inactive in all three 
assays and thus further investigations of the covalent binding of 
these compounds to receptor macromolecules, using the 
present spin-labeling approach, is unwarranted. 

In conclusion, only the spin-label analogue 3 shows some 
promise for the study of its interaction with membrane systems 
in an attempt to ascertain the mode of action of this class of 
drugs. In particular, the molecule should allow monitoring of 
both dynamical and structural perturbations of the dopamine 
receptor macromolecules by neuroleptic agents at specific 
binding sites. Work is also in progress to bind covalently 6a 
and 60 to Sepharose gel for the eventual purification of solu- 
bilized dopaminergic D? receptor by affinity chromatography. 

Experimental 
Melting points were obtained with a Reichert micro hotstage appa- 

ratus and are uncorrected. Elemental analytical results were performed 
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