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Abstract-MPTP (I-methyl-Cphenyl-1,2,3,6_tetrahydropyridine) elicits motor deficits similar to those 
observed in Parkinson’s disease. Before exerting its neurotoxic action, MPTP must be activated by brain 
monoamine oxidase (MAO) to the neurotoxic metabolite MPP+ (l-methyl-4-phenylpyridinium). MPTP 
derivatives differ in their reactivity as MAO substrates and in their neurotoxicity. A structure-reactivity 
relationship study based on literature data was undertaken in order to determine the key features in the 
structure of MPTP and analogs that are responsible for the reactivity towards MAO. Thirty-three MPTP 
derivatives (including MPTP itself) were included in the study. To explain the reactivity towards MAO 
of the 33 MPTP analogs, different statistical methods (principal component analysis, multiple linear 
regression analysis) as well as the CoMFA (Comparative Molecular Field Analysis) approach, a new 
tool in structure-activity correlations, were used. Linear regression analysis failed to yield any predictive 
model, but suggested some trends. In contrast, the CoMFA approach was successful in correlating 
structural features and MAO reactivity. Coefficient contour maps showed where differences in the steric 
field (van der Waals’ interactions) are most highly associated with differences in MAO reactivity. Several 
positive (in the orrho- and mera-position of the phenyl group) and negative (in the paru-position of the 
phenyl group; beyond the N-methyl group) interaction regions were identified. Some structural features 
of the MAO active site could be postulated. First, the N-methyl group has the ideal size and elicits ideal 
interactions within the MAO active pocket, while smaller or larger groups are less favorable; second, 
paru-substituent on the phenyl ring produce steric hindrances and are unfavorable to reactivity; third, 
ortho- and meta-substituents may have stabilizing interactions within the active pocket and are favorable 
to the reactivity. Moreover the model derived by CoMFA allowed us to make succesful predictions of 
reactivity towards MAO for several additional tetrahydropyridines. 

Motor deficits similar to those observed in Parkin- 
son’s disease were reported in young drug addicts 
following self-administration of I-methyl-Cphenyl- 
4-propionoxypiperidine (MPPP$) (Fig. 1, I) 
a meperidine analog which was contaminated 
with 1-methyl-4-phenyl-1,2,3,6_tetrahydropyridine 
(MPTP) (Fig. 1, II) [l-4]. Administration of MPTP 
to monkeys elicited symptoms identical to those 
observed in humans exposed to MPTP, as conse- 
quence of a degeneration of nigrostriatal dopa- 
minergic neurons [5,6]. The same degeneration is 
observed in mice; rodents however are less senstitive 
to MPTP than primates [7-lo]. 

t To whom correspondence should be addressed. 
$ Abbreviations: CoMFA, Comparative Molecular Field 

Analysis; DA, dopamine; A(AHj, protonation enthalpy; 
MAO, monoamine oxidase; MAO-A. MAO-B, mono- 
amine. oxidase type A, tyl& B; MEP, molecular elec- 
trostatic potentials; MPDP+, 1-methyl-4-phenyl-2,3- 
dihydropyridinium; MO, molecular orbital; MPP+, l- 
meihyl-iphenylpyridinium; MPPP, 1-methyl-4-phenyl-4- 
propionoxypiperidine; MPTP, 1-methyl-4-phenyl-1,2,3,6- 
tetrahydropyridine; PLS, partial least-squares; QSAR, 
quantitative structure-activity relationships. 

The molecular basis of MPTP neurotoxicity caus- 
ing degeneration of the nigrostriatal system has been 
studied intensively. The cascade of events respon- 
sible for MPTP neurotoxicity and dopaminergic 
neuron death can be summarized as following: first, 
MPTP is oxidized to the neurotoxin which causes cell 
death, MPP+ (l-methyl-4-phenylpyridinium) (Fig. 
1, IV) [ll-141; second, MPP+ is transported and 
accumulated in dopamine (DA) neurons via the DA 
uptake system [15-181; third, MPP+ is transported 
and concentrated in the matrix of mitochondria 
[19,20] where it inhibits the NADH dehydrogenase 
[21-261, leading to cessation of oxidative phos- 
phorylation and ATP depletion, and resulting in 
neuron death [27]. 

The toxication of MPTP is mediated by mono- 
amine oxidase (MAO, amine:oxygen oxidoreductase 
(deaminating) (flavin containing), EC 1.4.3.4), prin- 
cipally MAO type B, and to a lesser extent MAO- 
A. This enzyme catalyses the oxidation of MPTP 
to the intermediate MPDP+ (1-methyl-4-phenyl-2,3- 
dihydropyridinium) (Fig. 1, III) which then spon- 
taneously disproportionates to form MPTP and 
MPP+. Brain MAO is the key enzyme that activates 
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Fig. 1. Some compounds discussed in the text. I, MPPP 
(1-methyl-4-phenyl-4-propionoxypiperidine); II, MPTP, l- 
methyl-4-phenyl-1,2,3,6_tetrahydropyridine; III, MPDP+, 
l-methyl-4-phenyL2,3dihydropyridinium; IV, MPP+, l- 

methyl-4-phenylpyridinium. 

MPTP to the neurotoxic metabolite MPP+. Oxi- 
dation of MPTP and analogs by MAO appears as a 
necessary (but not sufficient) condition for neuro- 
toxicity: a MPTP analog first has to be a MAO 
substrate in order to be neurotoxic. 

A number of MPTP analogs have been prepared 
and tested for their neurotoxicity [26-391, with the 
goal of determining the basic structural features (i) 
necessary to enhance reactivity as MAO substrate, 
and (ii) responsible for causing neurotoxicity [27,32, 
36-401. The MAO reactivity of these analogs was 
then rationalized in terms of the presence or absence 
of a substituent, but no correlations with physico- 
chemical properties are available. 

The present work was designed to identify the 
key features in the structure of MPTP and analogs 
responsible for their reactivity towards MAO and to 
correlate this reactivity with structural physico- 
chemical properties. Thirty-three MPTP derivatives 
(Table 1) were included in the study. Their substrate 
reactivity towards MAO were collected from the 
literature [27,29,31-37,39-421. As all sets of MAO 
reactivity values were incomplete and not directly 
comparable, we used qualitative indicators with 
three different levels to describe the MAO reactivity 
of these analogs. 

To correlate reactivity with structural features, 
we used traditional QSAR (quantitative structure- 
activity relationships) methods, as well as the 
CoMFA (Comparative Molecular Field Analysis) 
approach; CoMFA represents molecules by their 
steric and electrostatic fields, sampled at the inter- 
section of a three-dimensional lattice [43,44]. A 
table is constructed from the field values (steric and 
electrostatic) of all the compounds to be analysed 
[43]. Partial least-squares (PLS) statistics [45] are 
used to determine a linear expression (“three-dimen- 
sional QSAR”) from this unusually proportioned 

data table, with many more columns (field values) 
than rows (compounds). This PLS model is cross- 
validated, i.e. its predictive value is checked, and a 
final model derived. The results are represented 
graphically as a three dimensional “coefficient 
contour” map, which represents isocontour surfaces 
of the variable being contoured. This final model 
allows the regions in the steric and electrostatic fields 
most pertinent for activity to be found, and the 
regions in the contour map essential for or incom- 
patible with reactivity to be visualized. 

Whereas traditional QSAR analyses using dif- 
ferent statistical methods (principal component 
analysis, multiple linear regression analysis) failed 
to give any predictive model, we were able using the 
CoMFA approach to correlate structural features 
and MAO substrate reactivity. 

MATERIALS AND METHODS 

Compounds and structural calculations. Molecular 
models of the 33 MPTP derivatives (Table 1) were 
constructed using the SYBYL software (Tripos 
Associates) running on a VAX-8550 computer; the 
geometry of each derivative was minimized using 
the standard Tripos force field [46,47]; the space 
associated to the inter-ring torsional angle was 
searched on a 15” grid, and the final structure was 
minimized again. For each compound, only the 
geometry of minimal energy was retained. Deter- 
mination of the minimal energy of the geometry 
obtained with SYBYL was made using full geometry 
optimization with the semi-empirical AM1 quantum 
mechanical program method [48] (program 
AMPAC, QCPE No. 506), also running on a VAX- 
8550 computer; the molecular orbitals and the elec- 
tronic densities of the derivatives were also cal- 
culated by the program AMl. In recent studies 
[49,50], AM1 was proved to be superior to MINDO/ 
3 and MNDO parameterization for predicting mol- 
ecular geometries, in particular, for the heat of for- 
mation and the rotational barrier. 

The protonation enthalpy A(AH) is correlated 
with the p& [51]; it was calculated by subtracting 
the formation enthalpy of the non-protonated form 
from the formation enthalpy of the protonated form; 
the enthalpies were the ones calculated by AMl. 

Molecular and H,O-accessible surface areas were 
calculated with the program MOLSV (QCPE No. 
509) running on an Apollo DN 3000 workstation. 
van der Waals’ radii were taken from [52], and the 
Hz0 molecule was assumed to be a sphere of radius 
1.5 A. The HzO-accessible surface area was cal- 
culated by the program as being the ensemble of all 
the points occupied by the centre of the HZ0 sphere 
when it rolls on the molecular surface. 

Statistical analysis. Principal component analyses 
were performed using the SIMCA program [53]. In 
these analyses, we described the MAO substrate 
reactivity of the 33 MPTP derivatives using a 3-level 
scale (level 1 for low or very low reactivity, level 2 
for intermediate reactivity, and level 3 for marked 
reactivity, i.e. similar or higher than that of MPTP). 
TO describe structural features, the following par- 
ameters were used: 
- electronic densities on selected atoms; 
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Table 1. Structure and MAO reactivity of the MPT’P analogs used in this study 

R3 R4 R5 MAO reactivity* Ref. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Me 
H 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
Me 
H 
Me 
Me 
Me 
H 
Me 
Me 
Me 
Me 
Me 
Me 
Et 
2-Hydroxy-Et 
Isopropyl 
Propyl 
Butyl 
Cyclopropyhnethyl 
Ally1 
Benzyl 

H 
H 
Me 
H 
H 
H 
H 
H 
H 
H 
H 

: 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Et 

Phenyl 
Phenyl 
Phenyl 
Phenyl 
2’-Methylphenyl 
3’-Methylphenyl 
4’-Methylphenyl 
2’-Methoxyphenyl 
3’-Methoxyphenyl 
2’-Fluorophenyl 
3’-Fluorophenyl 
4’-Fluorophenyl 
4’Fhiorophenyl 
2’-Trifluoromethylphenyl 
3’Chlorophenyl 
4’Chlorophenyl 
4’Xhlorophenyl 
Cyclohexyl 
2’-Thienyl 
Benzyl 
Tert-butyl 
Ethyl carboxylate 
Et 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
Phenyl 
H H 

N,N’-Dimethylcinnamylamine 

H 
H 
H 
Me 
H 
H 
H 
H 
H 
H 

:: 

E: 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

3 
3 
2 
2 
3 
3 
2 
3 
2 

: 
2 

: 
3 
2 
2 
3 
2 
3 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
2 
3 

t 
33 
37 
37 
27 

27 
27 

:99 
27, 39 
41 
39 
27 
31 
41 
33 
32 
27 
27 
41 
36 
27 
41 
36 
27 
40 
40 
40 
40 
41 
37 

* The levels are: 1, low or very low reactivity; 2, moderate reactivity (<MPTP); 3, marked reactivity 
(3MPTP). 

t All references in the table. 

- the HzO-accessible surface of the C(5)H-C(6)H2 
group (C5-C6 edge); 

- the protonation enthalpy A(AH) of the nitrogen 
atom (as indicator of the pK,). 

Multiple linear regression analysis was performed 
using as physicochemical parameters the energy of 
the molecular orbital (MO) containing the nitrogen 
lone pair (= MO energy) an indicator of the ion- 
ization potential, the protonation enthalpy A(AH) 
of the nitrogen atom, and the HrO-accessible surface 
of the S-C6 edge in the tetrahydropyridine ring. 

CoMFA. The AM1 geometries and AM1 charges 
were used in the CoMFA approach. Both steric and 
electrostatic fields were considered. A “region” was 
defined with the automatic mode “molecular 
volume”, that creates a single grid overlapping each 
molecule by at least 4 A along all axes; the grid size 
was 2 A along all axes; the “probe atom” had the 

van der Waals’ properties of a sp3 carbon and a + 1 .O 
charge [43]. All analogs were aligned (congruently 
positioned in reference to a three dimensional frame) 
using the least-squares fitting of N(1) C(2), C(4), 
C(5), C(6), and C(1’) of each molecule to the cor- 
responding atoms of MPTP (Fig. 1, II) [43]. 

CoMFA was performed in two successive steps. 
In a first analysis, using five components and seven 
cross-validation groups, the optimal number of com- 
ponents was determined. The second run was per- 
formed without cross-validation, using the optimal 
number of component determined in the first analy- 
sis; the results of this second run were used for 
interpretation, drawing of the coefficients contour 
maps, and prediction of MAO reactivities for new 
derivatives. The coefficient contour maps were 
represented using the multiplication of standard 
deviations and coefficients. In a preliminary inves- 
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Table 2. CoMFA analysis: search for the optimal number 
of components (33 compounds, 7 cross-validation groups) 

Number of components 
1 2 3 4 5 

r2 0.473 0.511 0.536 0.566 0.560 
s 0.584 0.562 0.547 0.529 0.533 
F 4.843 5.642 6.250 7.040 6.868 

tigation, two different analyses were performed using 
two different alignment rules of the analogs, i.e. 
least-square fitting and automatic “field fit” pro- 
cedures. The differences were not statistically 
significant. 

RESULTS 

Statistical analysis 

Traditional QSAR analyses using different stat- 
istical methods such as principal component analysis 
and multiple linear regression analysis failed to give 
any predictive model. 

Principal component analyses using structural 
parameters (electronic densities, HzO-accessible sur- 
face, protonation enthalpy A(AH)) and a 3-level 
indicator of biological activity gave only non-signifi- 
cant results, probably because the variations of 
physicochemical parameters were too small and 
above all because biological activity was not 
described with quantitative values. 

For the 33 compounds in Table 1, multiple linear 
regression analysis led to a relationship between 
reactivity towards MAO and the three structural 
parameters protonation enthalpy A(AH), HzO- 
accessible surface and energy of the MO associated 
to nitrogen lone pair (MO energy); this relationship 
is expressed by Eqn 1. 

MAO substrate reactivity = 0.185 (50.107) A(AH) 

- 2.41(+ 1.47) MO energy 

+ 0.016 (kO.021) HzO-accessible surface 

- 4.09 (+16.93), 

(N = 33; r2 = 0.477; s = 0.584; F = 8.85). 

(1) 

The correlation coefficient is quite low, and the 
regression equation explains only about 50% of the 
variance; moreover, the third term of the equation 
(H20-accessible surface) is not significant, the 95% 
confidence limit on the coefficient being greater than 
the coefficient itself. However, this equation is inter- 
esting in that it indicates some trends. Thus, the 
protonation enthalpy A(AH) and the energy of the 
MO associated with the nitrogen lone pair contribute 
mainly to the correlation, the better MAO substrates 
having a lower MO energy and a higher protonation 
enthalpy. Other physicochemical parameters such as 
molar refractivity (MR), Hammett electronic con- 
stant (a) and the hydrophobic substituent constant 
(n) were also proved unsuccessful (equations not 
shown). 

CoMFA 

CoMFA was more successful than traditional 
QSAR in correlating structural features and MAO 
substrate reactivity of MPTP derivates. The analysis 
allowed a predictive model to be derived. 

As described in Materials and Methods, CoMFA 
was performed using cross-validation to determine 
the optimal number of principal components. The 
statistical evaluation of such analysis is represented 
in Table 2. We can see that the statistical parameters 
improve up to four components, but deteriorate 
when a fifth component is added. In consequence, 
the optimal number of components is four. The 
second run was performed without cross-validation, 
using the optimal number of components determined 
in the first step. The statistical parameters were as 
follows: N = 33; ? = 0.926; s = 0.211 and F = 87.78. 

Of the several possible graphical representations 
of CoMFA results we chose to represent the contour 
maps of the multiplication of standard deviations and 
coefficients, because they most clearly show where 
the differences in fields are best associated with 
differences in target activity. Figure 2 shows colour 
stereoscopic views of such maps, for the steric aspect 
only, of the MAO substrate reactivity. The elec- 
trostatic maps do not contain pertinent information 
(see later) and are not shown. To help in visual- 
ization, the molecule of a very good substrate of 
MAO (2’-Me-MPT’P) is added to the map in Fig. 2a 
and that of an unmetabolized analog (1-propyl-PTP) 
is added in Fig. 2b. The coloured polyhedra in each 
map surround all lattice points where the QSAR 
strongly associates changes in the steric field of 
MPTP analogs with changes in reactivity towards 
MAO. More specifically, the polyhedra surround 
lattice points where the scalar products of the associ- 
ated QSAR coefficients and the standard deviation 
of all values of MAO substrate reactivity correspond 
to a given percentage of the data range. Colour is 
used to code the type of these interactions. In these 
maps, green polyhedra surround steric regions associ- 
ated with an increase of MAO substrate reactivity 
(positive regions), whereas red polyhedra surround 
regions associated with a decrease in reactivity 
(negative regions). We note two major negative 
regions, one in the para-region of the phenyl group 
and one in the region of the N-methyl group of 
MPTP; indeed all known derivatives with a para- 
substituent on the phenyl ring have a reduced MAO 
reactivity compared to MPTP, and derivatives with 
a N-substituent longer than ethyl are inactive, the 
N-ethyl analog being less active than its N-methyl 
congener. A third negative region is located above 
the plane of the phenyl ring; it corresponds to the 
region occupied by the aliphatic side chain when the 
phenyl group is replaced by an aliphatic group; those 
derivatives with aliphatic chain have a reduced reac- 
tivity towards MAO. The major positive regions are 
located in the ortho- and meta-regions of the phenyl 
ring; indeed, the MPTP analogs that are the best 
MAO substrate described to date have an ortho- 
substituent on the phenyl ring, while those having a 
meta-substituent are also good MAO substrates. 

The model allows us to make predictions of reac- 
tivity towards MAO for analogs that are not included 
in the study (for example newly tested compounds). 
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Fig. 2. Stereoscopic views of the contour map showing the major steric features influencing MAO 
substrate reactivity. Green contours surround regions where a higher steric interaction increases 
reactivity (the contours represent 70% of the range of the standard deviation coefficient). Red contours 
represent regions where a higher steric interaction decreases reactivity (30% of the standard deviation 
range). (a) and (b) stereoscopic views represent the same contours, the added molecule also being 
different. In (a), the represented molecule (l-methyl-4-(2’-methylphenyl)-l,2,3,6-tetrahydropyridine) 
is a good MAO substrate; in (b), the molecule (I-propyl&phenyl-1,2,3,6_tetrahydropyridine) is not a 

MAO substrate. 
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Table 3. Values predicted by Coh@A for MAO reactivity of MF’TP analogs not included in the 
analysis 

R4 R4 

789 

Rl R4 

Predicted 
value 

Experimental 
value* Ref. 

34 
35 
36 
37 
38 
39 
w 
41$ 

Me 2’-Ethylphenyl 3.21 3 27 
Me 2’Xhlorophenyl 2.66 3 27 
Me 3’-Bromophenyl 3.05 3 27 
Me 2’,6’-Dimethylphenyl 3.14 
Me 1’-Methylpyrrol-2’-yl 2.71 3’ :; 
4’-Cyanobutan-l’-one Phenyl 1.07 1 41 
Me Phenyl 1.80 2 62 
Me Phenyl 2.63 1 33 

* Qualitative indicator; the levels are: 1, low or very low reactivity; 2, moderate reactivity (<MPTP); 
3, marked reactivity (PMPT’P). 

t 2-Methyl-1,2,3,4-tetrahydro$carboline, rigid analog of MP’IT where carbon C5 and C2’ are 
connected by a N-bridge. 

$ Piperidine analog of MPTP. 

Eight such compounds were available; their exper- 
imental and CoMFA-predicted reactivities (both 
described by qualitative indicators) are listed in 
Table 3; except for compound 41 (1-methyl-4-phen- 
ylpiperidine), the prediction corresponds to the 
experimental value. The experimental values for 
compounds 34-41 had been set aside from the begin- 
ning with the precise goal of testing the predictive 
capacity of the model. 

DISCUSSION 

Monoamine oxidase is the enzyme that transforms 
MPTP to the neurotoxic entity MPP+ [ll-141; to 
be neurotoxic, a MPTP analog has to be a MAO 
substrate. This stresses the importance of the MAO 
in the toxication mechanism of MPTP. For this 
reason, we decided to evaluate the relation between 
the structure of the analogs and their reactivity as 
MAO substrates, in order to propose a structure- 
reactivity model and make some predictions on new 
MPTP derviatives. 

It is not surprising that traditional QSAR methods 
failed to give any pertinent information. First, these 
methods are less appropriate when the biological 
activity is described by qualitative indicators as in 
our case. Second, the physicochemical parameters 
used to describe the structural features of the analogs 
showed very little variation, as the analogs inves- 
tigated make up an homogenous series (Table 1); all 
the analogs are tetrahydropyridines, and the modi- 
fications occur mainly on the phenyl ring (sub- 
stitution on the phenyl group or replacement of the 
phenyl ring) and on the nitrogen substituent. 

The most striking feature of this work is the suc- 
cessful application of the CoMFA approach to the 
structure-reactivity study of MPTP analogs. Indeed, 
the CoMFA overcame the two problems that were 
obstacles in a classical QSAR analysis, leading to a 
model with predictive character and allowing us to 
make reactivity predictions for new compounds. In 
the CoMFA analysis, cross-validation was used ta 
maximize the likelihood that the results have pre+ 
dictive validity. 

Molecular electrostatic potentials (MEP) have 
proven a powerful tool for characterizing the essen- 
tial electronic features of chemicals and their stereo- 
electronic complementarity with receptor sites [5@ 
591. The results of MEP calculations are represented 
graphically by means of isopotential curves plotted 
in some adequate plane. Comparing the maps of a 
set of analogs having superimposable skeletons and 
the same mechanism of action, it is possible to define 
a stereoelectronic pharmacophore [60], but the sub- 
jectivity of the visual comparison is a great drawback 
and the method has no QSAR applicability [61]. In 
contrast, the CoMFA method is based on the ener- 
gies of the steric and electrostatic interactions 
between the tested compounds and a “probe atom” 
placed at the intersections of a regular three-dimen- 
sional lattice (called “region”) and simulating all 
possible interactions with a receptor. CoMFA allows 
the mathematical comparison of the fields (steric 
and electrostatic) of a set of compounds, and three 
dimensional visualization of the regions that are 
favorable or detrimental to activity. Although the 
MEP approach is different from the CoMFA 
approach, both allow insight into features governing 
the specific interactions between a ligand and its 
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receptor, CoMFA having the great advantage that it 
takes much more structural information into account 
and that it compares mathematically the fields. 

As far as electrostatic fields are concerned, the 
present CoMFA analysis led to no conclusion. This 
is not surprising since the analogs examined here 
show too little variations in their electronic proper- 
ties. The derived model is thus purely a steric one, 
and characteristically it fails to predict correctly the 
reactivity of compound 41, an hexahydropyridine 
analog. 

The interpretation of the steric maps stresses the 
importance of phenyl substituents and of the N- 
methyl group for MAO reactivity of MPTP deriva- 
tives. Phenyl substituents in ortho- or meta-position 
have a positive effect on the reactivity, whereas 
substituents in para-position have a negative effect. 
Indeed, all analogs with a para-substituent tested to 
date have, if any, a low reactivity towards MAO; in 
contrast some analogs with an ortho-substituent are 
better MAO substrates than MPTP itself, and most 
ortho- and meta-derivatives prepared to date are 
good MAO substrates. The N-methyl group is impor- 
tant for reactivity; N-H, N-ethyl and N-ethanol 
MPTP analogs are less good MAO substrates than 
MPTP, whereas longer alkyl chains abolish reactivity 
towards MAO. Moreover, there is a third negative 
region above the plane of the phenyl ring. 

These results lead us to postulate some structural 
features of the MAO active site. MPTP analogs 
bearing an N-methyl moiety fit optimally in the active 
site of MAO; this group appears to have an ideal 
size and to elicit ideal interactions, presumably a 
hydrophobic interaction within the active pocket. N- 
H analogs are less active than the N-methyl deriva- 
tives; an N-ethyl or an N-ethanol moiety still fits into 
the active site, these groups being relatively small 
and quite gexible, but they induce steric hindrances 
impeding stabilizing interactions and resulting in 
reduced reactivity. N-Alkyl chains longer than N- 
ethyl are too hindered, impeding binding in the 
active site. The phenyl group also plays an important 
role in the reactivity, as obvious from the fact that it 
is surrounded of negative and positive regions. para- 
Substituents on the phenyl ring produce steric hin- 
drances reducing considerably the reactivity. On the 
other hand, ortho- and meta-substituents may have 
stabilizing interactions within the active pocket; as 
in the case of the N-methyl, there must be an optimal 
size for these substituents, the ortho-H and the ortho- 
ethyl analogs being less reactive than the ortho- 
methyl; longer alkyl chain have not been tested. 

The present results are still fragmentary, and 
further work is in progress to determine the con- 
formational features eliciting MAO-A and MAO-B 
selectivity. 
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