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Abstract--The purpose of this research is to study the relationship between chemical structure and inhibitory activity of some 
hydrazine-thiazole derivatives on rat liver mitoehondria monoamine oxidase (MAO). Forty-five compounds belonging to three 
series of hydrazine-thiazole derivatives, with either alkylic or arylic substituents in the thiazole ring, were tested. The highest 
inhibitory activity was observed with piperonyl derivatives 25 and 40, which contain a 4-methyl group in the thiazole nucleus. 
The structure-activity relationship of MAO inhibitors was established in relation to hydrophobic, electronic and steric hindrance 
parameters. A mechanism of enzyme inhibition was proposed based on the calculation of HOMO energies. 

Introduction 

Monoamine oxidase (MAO, EC 1.4.3.4) is a ubiquitous 
flavoenzyme, which is particularly abundant in the liver 
and brain) MAO is located in the outer mitochondrial 
membrane and catalyzes the oxidative deamination of 
several biogenic and exogenic amines. 2 There are two 
distinct isoforms of MAO (termed A and B) 3 which 
differ by their substrate and inhibitor specificity, tissue 
distribution and immunological characteristics. 4 
Although the primary structure of  the two isoenzymes is 
different, 5-7 the amino acids sequence at the covalently 
bound rav in  site is identical, g'9 Chemical modification 
studies suggest that there are two essential histidine 
and cysteine residues in the active site of  the 
enzyme.l°'~ 

In the central and peripheral nervous system, MAO 
catalyzes the metabolic transformation of amine neuro- 
transmitters; whereas, in the liver, MAO functions as a 
detoxicating enzyme against foreign amine compounds 
that enter the body) 2 Numerous compounds, belonging 
to a great variety of substituted hydrazines, behave as 
MAO inhibitors. 13-15 A common structural feature of 
substrates and inhibitors is an amino or imino group, 
which is assumed to play an essential role in 
orientation and complex formation at the active site of 
the enzyme. ~6 The presence of an aryl moiety is not an 
absolute requirement for enzyme inhibition; however, 
substitutions or modifications on the aryl ring influence 
the potency of inhibitors. '7 A general model for the 
interaction between MAO and substrates or inhibitors 
has been proposed. This model describes three binding 
sites on the enzyme: an amine binding site, a 
hydrophobic site and a nucleophilic site. 's Variation in 

the hydrophobic or electronic characteristics of 
substituents are expected to influence the binding of 
inhibitors to the enzyme surface. 19 

We have already described the synthesis of thiazol-2- 
yl-hydrazine derivatives and their potency as MAO 
inhibitors in rat brain mitochondria. 2° In addition, we 
have investigated, in lipid membrane models, the 
thermotropic behavior of  these thiazole derivatives in 
relation to both their partition coefficient and MAOI 
(MAO inhibitory) activity, to evaluate the relationship 
between lipophilicity and potency of inhibitorsY 

In this study, we have measured monoamine oxidase 
activity in the presence and absence of a series of 
thiazolyl-hydrazine derivatives containing alkyl and 
aryl substituents in the thiazole ring. The values 
obtained for the inhibitory activity of the thiazole 
derivatives were correlated to the hydrophobic 
characteristics of the compounds. The latter were 
evaluated on the basis of HOMO energy calculations. 

Results and Discussion 

The MAOI activities of the compounds examined are 
summarized in Table 1. Among the alkoxybenzoyl- 
thiazolhydrazines, the piperonyl and trimethoxyphenyl 
derivatives exhibited the highest MAOI activity. The 
presence of substituents in the fourth position of the 
thiazole ring potentiated the activity, which was higher 
in the case of phenyl (compounds 2 and 7), or 
methoxyphenyl (compounds 4 and 9) substituents. 
Compounds of the alkoxybenzylidene series were in 
general the most active; their activity was further 
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Table L In vitro MAOI activity on rat liver mitochondria of hydrazine-thiazole derivatives (10-4M) by kynuramine fluorimetric assay (see 
Experimental) 

Ar-- X - - N H ~  

Ar R X= - CO-NIl - X= - CH=N - X= - CH 2- N[.'I - 

Compound inhibition % Compound inhibition % Compound inhibition % 

[TRIMETHOXYPHENYL] 
3,4,5-(OCH3 )3-C6H2 H 1 29.0 + 0.07 16 37.6 + 0.90 31 33.5 + i .14 
3,4,5-(OCH 3 )3-C6H2 C6H s 2 62.1 + 1.91 17 65.4 + 0.19 32 43.8 + 0.00 
3,4,5-(OCHa )a'C6 H2 C6Ha'CH a (P) 3 56.1 + 0.22 18 67.8 +0.89 33 51.3 + 1.85 
3,4,5-(OCI-I~ )a-C6H2 C6H(-OCH 3 (p) 4 68.2 + 0.95 19 63.7 + 0.37 34 45.4 + 1.10 
3,4,5-(OCH~)a-C~H 2 CI~ $ 52.8 + 3.99 20 76.1 + 3.47 35 68.3 + 0.44 

[PIPERO~n'L] 
3,4-(O-CI-I 2 43)-C6 H 3 H 6 43.0 + 0.42 21 20.5 +0.63 36 38.4 + 0.22 
3,4-(O-CH 2-O)-C 6 H a C6H 5 7 65.6 + 0.89 22 76.3 + 1.46 37 52.0 + 0.60 
3,4-(O-CH 2..O)-ce H 3 C(tH(-CH 3 (p) 8 49.0 + 0.89 23 21.8 + 0.60 38 47.3 + 1.24 
3,4-(O-CH2-O)-CeH 3 CeH(43CH ~ (p) 9 65.8 + 0.38 24 29.3 + 0.35 39 48.2 + 1.22 
3,4-(O-CI-I 2..O)-c e H 3 CH 3 10 50.0 + 0.15 25 97.6 + 0.13 40 89.0 + 0.54 

[~'HYI.SYR~GYL] 
3,5-(OCHa)2-4-OC2Hs-C6H 2 H 11 22.9 + 2.64 26 36.7 + 1.52 41 26.3 + 1.10 
3,5-(OCH3)2-4-(~Hs-CeH 2 CsH 5 12 54.5 + 0.05 27 67.3 + 1.30 42 65.3 + 0.13 
3,5-(OCHa)2-4-OCzHs-CeH 2 CsH(-CH ~ (p) 13 37.4 + 0.13 28 48.5 + 0.85 43 60.7 + 1.86 
3,5-(OCHa)2-4-OC2Hs-CeH 2 CeH(=OC ~ (p) 14 40.0 + 0.57 29 53.2 + 2.41 44 70.3 + 1.22 
3,5-(OCHa)2-443C2Hs-CeH2 CH 3 15 36.0 + 2.35 30 70.5 + 0.17 45 47.4 + 0.01 

enhanced by the presence of a methyl group in the 
fourth position in the thiazole nucleus (compounds 20, 
25 and 30). The highest inhibition value (97.6%), in 
this series was obtained with the piperonyl derivative 
25. Alkoxybenzyl derivatives showed the lowest MAOI 
activity. However, the introduction of a methyl group in 
the thiazole ring (compounds 35 and 40), particularly 
with the piperonyl derivatives, substantially increased 
the activity. 

Substituents in the fourth position of the thiazole ring 
(R) also influenced the activity, which appeared higher 
for methyl substituted in the alkoxybenzylidene series 
and for phenyl or methoxyphenyl substituted in the 

alkoxybenzoyl series. Some difference between these 
results and those we obtained on rat brain 
mitochondria 2° could be due to specificity of inhibitor 
molecules on two distinct isoforms of MAO which are 
present in different proportions in brain and liver rat 
mitochondria. 

To further study the mechanism of MAO inhibition, we 
have selected the most potent compounds of the 
piperonyl series (9, 25 and 40), which contain the 
methyl or p-methoxyphenyl substituent in the fourth 
position of the thiazole ring. MAOI activity was 
concentration-dependent (9, 25, 40) in the range of 104 
to 10-2M (Fig. 1). Apparent (ICs0)values relative to 
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Figure 1. Concentration-dependent inhibition of MAO activity, in rat liver mitochondria, in the presence of different concentrations of 

compounds 9 ( ,) ,  25 (A), and 40 (O). Data are from a representative experiment performed in triplicate. 
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compounds 9, 25 and 40, were 57.4:1: 7.3, 13.2 +_ 2.5 
and 5.7 __. 1.2 gM, respectively. Kinetic analysis shows 
that compounds 25 and 40 influence the V ~  without 
changing the K,,  which is typical of a noncompetitive 
type of inhibition (Fig. 2). In addition, to evaluate the 
specificity of inhibition, we have assayed compounds 9, 
20, 25, 40 or 44 in the presence of ['4C]-5- 
hydroxytryptamine (5-HT), or ['4C]-~i-phenylethylamine 
(PEA), which are known substrates for MAO-A and -B, 
respectively. At I0 "4 M concentration, compounds 20 
and 25 selectively inhibited MAO-B, compound 9 
specificaUy inhibited MAO-A, compounds 40 and 44 
inhibited both MAO-A and -B (Table 2). 

Structure--activity relationships 

The analysis of the inhibition data reported in Table 1 

reveals interesting effects of the substituents. All MAO 
inhibitors contained two side-groups, Ar and R, located 
at the edge of the main group. A major difference 
among the substituents lies in their size and hydro- 
phobicity, while minor deviations are present in their 
electron-withdrawing or -donating power. Therefore, we 

Table 2. Selectivity of the inhibitors (10-4M) towards MAO types A 
and B in rat liver mitochondria, by radiochemical assay (see 

Experimental) 

Inhibitor MAO-A MAO-B 
Inhibition % Inhibition % 

9 29.5 + 0.35 0 
21} 0 64 .6+0 .19  
25 0 84.6 ± 0.28 
40 41.6 + 0.57 60.2:1:1.86 
44 52.3 ± 0.60 13.2 ± 2.35 
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Figure 2. Lineweaver-Burk plot: MAO activity was measured, under standard condition, with 2.5, 3.0, 5.0, 10, 15 I.tM kynuramine in the 
absence (A) o¢ presence of 25 (A) and 40 (B) at 10- s M (@) and 10 -4 M (O) concentration. The activity was expressed as p.mol -l min mg 

protein. 
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analyzed the biological effects in terms of the 
hydrophobic parameter, x, as reported in Figures 3A-C. 
Holding fixed the substituent Ar attached to the 
hydrazine group, we plotted the biological activity 
versus the parameter it of  the R group linked to the 
thiazole ring. The parameters x were calculated 
according to Rekker's fragmental constants method, 22'23 
whereas the biological activity parameter, expressed as 
per cent of inhibition, was measured as described in the 
Experimental section. A similar approach has been 
recently applied to the study of oxodiazolone 
derivatives, which exhibit MAOI activity. 24 Results 
indicated an increase in MAOI activity as a function of 
the lipophilic character of substituents in the aromatic 
ring. All curves exhibited a bell-shaped form where the 
MAOI activity increases with hydrophobicity, reaches a 
maximum and then decreases, suggesting two 
competing effects. While a drug's hydrophobicity is 
required to cross the mitochondrial membrane, too high 
a hydrophobicity of side groups could trap the substrate 
within the lipid membrane, impeding a rapid turnover 
and slowing down the overall reaction rate. 

Another interesting point is the effect of the side group 
Ar (Table 1). The average biological activity (obtained 
as the mean value of the activity data of 15 different 
compounds) was higher with trimethoxyphenyl 
substituted, followed by piperonyl, and then ethyl- 
syringyl. This result correlates with the size of the 
substituents, but is not consistent with their hydro- 
phobicity scale. These data suggest that steric 
hindrance of substituents linked to hydrazine residue 
may have a role at the enzyme's catalytic site. 

Inhibition mechanism 

An important point regarding the mechanism of 
inhibition is the reactivity difference, as related to the 
chemical structure of the hydrazinic groups -CO-NH- 
NH, -CH=N-NH-, or CH2-NH-NH-, labeled as classes a, 
b and c, respectively. 

It has been suggested that the first step of MAO- 
catalyzed amine oxidation is a one-electron transfer 
from the amino group to the flavine. This reaction 
would generate the amine radical cation, which can 
lose the proton to give a carbon radical. 25 On the other 
hand, several MAOIs seem to behave in a rather similar 
way, where the enzyme-inhibitor adduct is following an 
electron transfer from an amino group of  the inhibitor to 
a basic enzyme's residue (flavine or, more likely, one 
of MAO's six cysteine residues25). Based on this 
mechanism, we should expect a good relationship 
between the energy of HOMO (Higher Occupied 
Molecular Orbital) of various amines (hydrazines) and 
their inhibitory power. 

We calculated HOMO energies by a Quantum 
Mechanical program package (PM 3). 26-28. This 
computational tool is based on a Hartree-Fock 
Molecular Orbital (MO) procedure for rigorously 
calculating the electronic structure of medium-sized 

molecules. Useful parameters, such as atomic charge 
densities, dipole moments, energies of MO and 
ionization potentials, can be calculated. Moreover, 
automatic optimization of the energy versus 
geometrical parameters of the studied molecules gives 
very good estimates of bond distances and bond angles, 
together with the relative energies of possible 
conformations for molecules with internal degrees of 
freedom. The data obtained for the most stable 
molecular conformations with a full optimization of 
bond lengths and internal angles are Ar-CO-NH-NH-R: 
9.5 eV, Ar-CH=N-NH-R: 9.1 eV, Ar-CH2-NH-NH-R: 8.9 
eV. These results are consistent with experimental data 
of photoionization spectroscopy of related compounds. 29 
The differences of the HOMO energies among the 
hydrazines range up to 0.6 eV (--- 13.8 kcal mol-~). 
Since the minimum energy conformation of free MAOIs 
may be totally irrelevant to the conformation of bound 
inhibitor, we calculated HOMO energies of several 
MAOI conformers. Differences among HOMO energies 
with respect to the most stable conformation are in the 
range of about + 0.05 eV for most of the low-lying 
conformers. These results rule out the possibility that 
hydrazine HOMO energies are affected by inhibitor 
geometrical modification upon enzyme binding. 

HOMO energies variations are significant but not 
exceedingly large because they are reflecting amine 
nitrogen basicity caused by modification of its 
chemical environment. Hence, we expect higher 
HOMO energy values associated with less active 
compounds as verified in the Ar-CO-NH-NH-R group 
(Fig. 3A). The small variation of electronic (HOMO 
energies) and hydrophobic parameters agrees with the 
comparable biological activity of all investigated 
compounds. To better understand the biological activity 
of our compounds, we have also considered the 
hydrophobicity of the hydrazinic residues a, b and c. 
Such a contribution has to be added to that of 
substituents previously calculated. 

Since -CO-NH-NH- and -CH2-NH-NH- groups are less 
hydrophobic than -CH=N-NH-, we expect in the plots of 
Figures 3A-C the maximum of-CH=N-NH-class to be 
shifted toward smaller ~t values in comparison with the 
maxima of remaining classes. The analysis of the data 
supports this hypothesis, although further experiments 
are needed to reach more quantitative conclusions. 

The present work attempts to correlate the contributions 
of hydrophobic and electronic effects of a series of 
thiazole derivatives on the inhibition of monoamine 
oxidase enzyme activity. Electronic effects, as well as 
hydrophobicity, of the test compounds were modified by 
varying the Ar and R substituents attached to the 
hydrazine moiety or to the thiazole ring. These electron 
donating or withdrawing groups, however, generally 
modify also drug hydrophobicity, the optimum values 
being reached by the piperonyl derivatives which bear a 
4-methyl group in the thiazole nucleus. However, the 
role of side group substituents in the mechanism of 
MAO inhibition could be studied in a way which would 
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Figure 3, Plot of monoamine oxidase activity of inhibitors versus the hydrophobicity parameter x of substitutent R attached to thiazole ring. The 
letters A, B and C indicate the compounds containing trimethoxyphenyl, piperonyl and ethylsyringyl groups, respectively, linked to the 

hydrazine residue. The letters a, b and c refer to the benzoyl, henzylidene and henzyl series (see Table I). 
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optimize the values associated with the physico- 
chemical parameters we have examined. 

Experimental 

Chemistry 

The inhibitors of monoamine oxidase used in these 
experiments were synthesized in our laboratory. The 
three series of compounds are benzoyl-hydrazines, 
benzylidene-hydrazines, and benzyl-hydrazines. These 
compounds have the following alkoxyphenyl radicals 
(Ar) in the first position: 3,4,5-trimethoxyphenyl, 3,4- 
methylendioxyphenyl (piperonyl) and 3,5-dimethoxy-4- 
ethoxyphenyl (ethylsyringyl). In position 2 of the 
hydrazines, the thiazole nucleus is present, substituted 
or not by methyl or phenyl groups (R) in position 4. The 
structure of all the synthesized compounds was verified 
by elemental analysis and infrared, mass and tH NMR 
spectra. 2° 

Chemicals 

Kynuramine dihydrobromide and 4-hydroxyquinoline 
were purchased from Sigma Chemical Company 
(U.S.A.). The radioactive substrates, 5-hydroxy- 
tryptamine [side ehain-2,t4C] tryptamine ereatinine 
sulfate (57 ~tCi mmo1-1) and []-phenylethylamine [ethyl 
1,14C] hydrochloride (55 [tCi mmol -I) were obtained 
from Amersham Laboratories (Amersham, U.K.). The 
inhibitor molecules, slightly soluble in water, were 
dissolved in dimethylsulfoxide:H20 (3:1, v/v). Other 
analytical grade chemicals were supplied by C. Erba 
Reagenti (Milan, Italy). 

Mitochondrial preparation 

Crude mitoehondrial fraction was prepared from the 
liver of male and female albino rats, each weighing 
about 200--250 g. The animals were decapitated and 
their organs were rapidly removed. The tissue was 
homogenized in a Potter homogenizer with 9 volumes 
of ice-cold medium consisting of 220 mM mannitol, 70 
mM sucrose, 0.1 mM EGTA and 5 mM Hepes buffer 
(pH 7.5). Mitochondria were isolated by sequential 
centrifugation. The homogenate was centrifuged twice 
at 800 g for 10 rain at 4 °C; then resulting supernatant 
was centrifuged at 12,000 g for 20 rain. The 
mitoehondrial pellet was suspended (1:5, w/v) in 100 
mM phosphate buffer (pH 7.4), fractionated in 0.5 mL 
samples and stored at -70 °C. 

Determination of  MA O activity 

MAO activity in hepatic mitochondrial fractions was 
determined by fluorimetric or radioehemical assay. The 
fluorimetric method was carried out as described by 
Morinan and Garratt. 3~ Aliquots of 50 ~tL of 
mitochondrial suspension (800 lxg of protein), 820 [tL of 
50 mM phosphate buffer (pH 7.4) and 100 ttL of 
solubilizing solution (control) or inhibitor solution at 
the final concentration of 10 -4 M, were preincubated at 
37 °C for 5 min. The reaction was started by the 
addition of 30 ttL of 3.07 mM kynuramine (final cone. 
92 ~tM). The tubes were shaken for 15 min. After the 
addition of 300 ~tL of 0.4 M HC104, the tubes were 
mixed and centrifuged at 12,000 g for 30 s in a Hermle 
mieroeentrifuge to remove the precipitated proteins. The 
supernatant was transferred to test tubes containing 2 
mL of 1 M NaOH and the fluorescence was measured 
against a blank at ex = 315 nm and em = 380 nm in a 
Perkin-Elmer LS5 speetrofluorimeter. The product 
concentration (4-hydroxyquinoline) was calculated from 
a standard curve (0.25-3.00 nmol). The MAO activity 
was calculated as nmol of 4-hydroxyquinoline formed 
mg -I protein h -1 and expressed as per cent (+ S.E.) 
inhibition of the respective control. 

The MAO-A and -B activities were determined in the 
liver mitochondrial suspension by radiochemical assay 
(slightly modified from the assay by Mazouz et al.). 32 
An aliquot of 10 ttL of mitochondrial suspension (60 lxg 
protein), 150 ~tL of 100 mM phosphate buffer (pH 7.4) 
and 20 ~tL of DMSO:H20 (3:1, v/v), or the inhibitor 
diluted in DMSO:H20 (3:1, v/v), were preineubated for 
20 min at 37 °C in a shaking water bath. The reaction 
was started by adding 20 ~tL of [t4C]-5-hydroxy- 
tryptamine (5-HT) (20 ~tM, spec. act., 1.14 ~tCi btmol -l) 
for the MAO-A assay or [14C]-~-phenylethylamine 
(PEA) (80 ttM, spec. act., 1.10 lxCi ~tmol-') for the 
MAO-B assay. The total volume of the mixture was 200 
ttL. After incubating at 37 °C for either 40 min (MAO- 
A) or 10 rain (MAO-B), the reaction was stopped by 
adding 200 ~tL of 2 N HC1. The radioactive product 
formed during the incubation was extracted with 1 mL 
toluene:acetate mixtures and an aliquot of 500 lxL from 
the organic layer, obtained after centrifugation at 5000 
g for 5 min. The product was then counted in a 
scintillation cocktail using a LS 5000 CE Beckman 
counter. The assay was routinely performed in triplicate. 
A blank and a control were run together for each series 
tested. All experiments were performed under 
conditions in which the product formation was linear 
with the amount of enzyme and the time of incubation. 
The MAO activity was expressed as per cent inhibition 
(+ S.E.) as compared to the respective control sample. 

Protein determination 

Protein content of mitochondrial preparations was 
determined according to the method of Lowry et al. 3° in 
the presence of 0.01% sodium dodecyl sulfate, using 
bovine serum albumin as standard. 

Acknowledgement 

This work was supported by the Ministero dell' 
Universit~ e della Rieerca Scientifica e Tecnologica 
(MURST). 



Hydrazine-thiazole derivatives and rat liver MAO 1491 

R e f e r e n c e s  

1. Tenne, M;  Youdim, M. B. H. In Methods in Enzymology; 
Green, R.; Widder, IC J., Eds; Academic Press: New York, 
1987; Vol. 142, pp. 617-627. 

2. Hanng, R. H.; Faulkner, R. J. BioL Chem. 1981,256, 9211. 

3. Johnston, J. P. Biochem. Pharmacol. 1968, 17, 1285. 

4. Patel, N. T.; Fritz, R. R.; Abell, C. W. Biochem. Biophys. 
Res. Commun. 1984, 125, 748. 

5. Bach, A. W. J.; Lan, N. C.; Johnson, D. L.; Abell, C. W.; 
Bembenek, M. E.; Kwan, S. W.; Seeburg, P. H.; Shih, J. C. 
Proc. Natl. Acad. Sci. 1988, 85, 4934. 

6. Hsu, Y. P. P.; Weyler, W.; Chen, S.; Sims, K. B.; Rinehart, 
W. B.; Utterback, M. C.; Powell, J. F.; Breakefield, X. O. 2 
Neurochem. 1988, 51, 1321. 

7. Ito, A.; Kuwahara, T.; Inadome, S.; Sagara, Y. Biochem. 
Biophys. Res. Commun. 1988, 157, 970. 

8. Yu, P. H. Ca~ J. B/ochem. 1980, 59, 30. 

9. Nagy, J.; Salach, J. I. Arch. Biochem. Biophys. 1981, 208, 
388. 

10. Hiramatsu, A.; Tsumshiin, S.; Yasunobu, IC T. Eur. J 
Biochem. 1975,57,587. 

11. Gomes, B.; Kloepfer, H. G.; Oi, S.; Yasunobu, K. T. 
Biochem. Biophys. Acta 1976,438, 347. 

12. Srotlin-Benedetti, M.; Dostert, P. T.; Tipton, K. F. Prog. 
Drug. Metab. 1988, I1,149. 

13. Tipton, K. F. B/ochem. J. 1972, 128, 913. 

14. McKenna, K. F.; Baker, G. B.; Coutta, R. T. Naunyn- 
Schmiedberg's Arch. Pharmacol. 1991,343, 478. 

15. Yamada, N.; Takahashi, S.; Todd, IC G.; Baker, G. B.; 
Paetsch, P. R. J. Pharra. Sci. 1993, 82,934. 

16. Belleau, B.; Moran, J.Anrt N.Y. Acad. Sci. 1963, 107, 822. 

17. Johnson, C. L J. MecL Chem. 1976, 19,600. 

18. Zeller, E.; Arora, K.; Gume, D.; Huprikar, S. In 
Monoamine Oxidase: Structure, Function and Altered 
Functions; Singer, T.; Von Korff, R.; Murphy, D., Eds; 
Academic Press: San Diego, 1976; pp. 101-120. 

19. Fujita, T. J. Mea~ Chem. 1973, 16,923. 

20. Mazzone, G.; Pignatello, R.; Panico, A. M.; Mazzone, S.; 
Puglisi, G.; Pennisi, G.; Raciti, G.; Mazzone, P.; Matera, M 
Pharmazie 1992, 47,902. 

21. Castelli, F.; Pignatello, R.; Sarpietro, M. G.; Mazzone, P.; 
Raciti, G.; Mazzone, G. Z Phamt Sci. 1994,83,362. 

22. Leo, A. J. Chem. Rev. 1993, 93, 1281. 

23. Rekker, R. F. In The Hydrophobic Fragmental Constant; 
Elsevier: Amsterdam, 1977; pp. 350-354. 

24. Mazouz, F.; Lebreton, L.; Milcent, R.; Burstein, C. Eur. 2 
Med. Chem. 1990, 25,659. 

25. Silverman, R. B. Advances in Electron Transfer Chemistry; 
Mariano, P. S., Ed.; JAI Press: Greenwich, c r ,  1992; Vol. 2, 
pp. 177-213. 

26. Stewart, J. J. P. J. Comput. Chem. 1989, I0,209. 

27. Stewart, J. J. P. Z Comput. Chent 1989, 10, 221. 

28. Stewart, J. J. P. QCPE Bull 1989, 10, Program n 455 
version 5.00. 

29. Robinson, J. W. Handbook of Spectroscopy; CRC Press: 
Cleveland, OH, 1974; Vol. 1, pp 316, 333, 412. 

30. Lowry, O. H.; Rosebrough, N. J.; Farr, A. L.; Randall, R. J. 
J. B/oL Chem. 1951, 193, 265. 

31. Morinan, A.; Garratt, H. M. J. Pharmacol. Meth. 1985, 13, 
213. 

32. Mazouz, F.; Lebreton, L.; Milcent, R.; Burstein, C. Eur. 2 
Med. Chem. 1988, 23, 441. 

(Received in U.S.A. 24 April 1995; accepted 27 July 1995) 


