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activities or to inactive compounds [25-271. It 

has been thought that the role of the substituent at 4- 

position is to orient 5-methoxy group anti with respect 

to para-substituent [l]. This orientation could favour 
an easier access of the receptor(s) to the para region of 
the phenyl ring and to the lone pairs of 5-methoxy 

substituent. Gomez-Jeria et al. [28] have suggested 
that the receptor has a region controlling the size of 

the para-substituent, but not its lipophilicity. They 

have suggested that the electronic effect of the atom 
bonded at the para-position of the phenyl ring is 
important for the affinity. In order to obtain informa- 

tion about the mechanism(s) of action at the receptor 

site level, besides experimental work, many QSAR 
studies have been performed [9,17,29-471. The aim 

of this note is to carry out QSAR studies using 
minimum topologic differences (MTD) [48] as steric 
parameter, either single or associated with lipophili- 

city or/and electronic descriptors and to evaluate the 
prediction ability of the deduced models by the cross- 

validation technique. MTD method seems to have 
similar performances in cross-validation tests with 

the CoMFA method [49]. 
Before starting an MTD optimisation, monopara- 

metric linear regressions have been carried out 
between psychotomimetic potency [log MU (mesca- 

line units)] and some ‘local’ steric substituent con- 

stants as v Charton [50,51] and L, Bt, &, &, Bq, 
STERIMOL parameters [52] for the substituents 
bonded at 2-,3-,4-, and 5positions of the phenyl 
ring. Other simple linear correlations have been per- 

formed with electronic descriptors obtained from 
AM1 calculations. The electronic descriptors used 
here are HOMO and LUMO energies, molecular hard- 

ness, q [53] (defined as (I-A)/2, I and A have been 
taken as AM1 HOMO and LUMO energies), molecu- 

lar heat of formation, AHr, dipole moment, p, total net 
charge of substituents, Cq, and net charges on: (i) 

nitrogen atom, qN, (ii) ring atoms 2, 3, 4, 5 (see 
Table 1 for the atom numbering), q2, q3, q4 and q5, 
respectively, (iii) the atom bonded at para-position 

with respect to the alkylamine substituent, qpara. 
Monoparametric linear regressions between lipo- 
philicity and biological activity were also performed. 
As lipophilicity descriptors, either log P or average 
electrostatic field (AEF) have been used. AEF 
has been proposed as a candidate to substitute r 
hydrophobic parameter of Hansch [19-221. The 

electrostatic field on the van der Waals surface of 

a certain molecular region can characterise its 
polarity. Regions with a large field strongly attract 
water molecules, while small field regions do not 
attract them and therefore can be considered hydro- 

phobic. The value AEF is proportional to the over- 
all hydration ability of the molecule, and thus this 

descriptor can be used as a proportional measure of 
the hydrophobicity either of a certain region or of 
the whole molecule [19-221. 

The descriptors showing significant correlations 
with biological activity (except classical steric para- 
meters) have been associated with MTD descriptor 

and, applying the MTD optimisation method, bipara- 
metric linear regressions have been obtained. Using 

the same optimisation procedure, some triparametric 
linear correlations, for log MU, have been performed 

with MTD, log P and one of the ELUMO, q4 or qpara 
electronic descriptors. 

2. Methods 

In this study thirtyseven phenylalkylamines that 
exhibit psychotomimetic activity in human subjects 
[23] were evaluated. The compounds are divided 

into two sets: one of thirtyone compounds, listed in 
Table 1 and the second of six compounds having only 
a superior limit for biological activity. The linear 

regressions resulting from the correlations corre- 
sponding to the first set of compounds have been 
used to calculate the biological activities of the com- 

pounds from the second set. The psychotomimetic 
potency is usually expressed in terms of MU - the 

ratio of the effective dose of mescaline (3.5 mg/kg) to 
the effective dose of the tested compound. In this 
study, the potencies are expressed as log MU, where 
MU is taken as mmol mescaline/mmol of tested 

phenylalkylamine. The potency values are listed in 

Table 1. 
Minimum steric (topologic) difference, MTDi, is a 

measure of the steric misfit between the tested ligand 
“i” and the receptor cavity. Through atom by atom 
superposition (hydrogen atoms neglected) a hypermo- 
lecule is obtained, with j = 1,2,..., M vertices. For each 
molecule “i” from the series a vector xij is con- 
structed (xii = 1 for occupied and Xij = 0 for unoccupied 
vertices). The MTDi values are calculated according 
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18 

17 16 

NH, 

Fig. 1. The hypermolecule, the numbering of vertices and the maps corresponding to Eqs. l-5 (Table 5). 

Eq. 1 

Eq. 2 

Eq.3 

Eq. 4 

Eq.5 

Beneficial vertices 

I’:‘-‘: 1,2,5,9,18; 

, - -1: 1,2,5,9; 

{Cl - -1: 1x9; 

{ejE-l: 125918; 3 , 3 I 

{EjS-l: 125918; > I 9 P 

Detrimental vertices 

6, - 1: 8,13,15,17; 

E, = 1: 3,6-8,13,15,17; 

Ej - 1: 8,10,13,15,17; 

Ej 3 1: 8,11,13,15,17; 

ej = 1: 7,8,11,13,15,17; 

Indiferent vertices 

ej = 0: 3,4,6,7,10,11,12,14,16} 

cj = 0: 4,10-12,14,16,18} 

E, = 0: 3,4,6,7,11,12,14,16,18} 

E, = 0: 3,4,6,7,10,12,14,16} 

ej = 0: 7,8,11,13,15,17} 

to the formula: 

where s is the number of cavity vertices within the 
receptor map (hypermolecule vertices with ej = -1); ej 
= -1, 0, +1 for cavity (c), external (e) or wall (w) 
vertices. The values of ej are attributed through an 
optimisation procedure, maximising the ’ ‘ r’ ’ correla- 
tion coefficient of the equation: 
n 

Ai=o+oieir+oz~i2+... - PMTDi 

Uit, Uiz... are other parameters, (Y and p values are 
regression coefficients. Thus, beside an optimal 
regression equation, the attributions of vertices ej are 
also obtained (beneficial, indifferent or detrimental, 
respectively) [48]. 

Experimentally unknown lipophilicities have been 
calculated using Hansch hydrophobic fragmental con- 
stants. Barfknecht et al. [18] have measured log P for 
a series of phenylalkyl amines and have pointed out 
the non-additivity of rr values of metoxy groups 
bonded at different positions of polymetoxypheny- 
lalkylamines. Therefore, the lipophilicity has been 
calculated using the experimental log P values of phe- 
nylethylamine or amphetamine [54] to which rr values 
of different substituents were added, according to 
Anderson et al. [55]. These authors have analysed 
the T values of the various positional mono-, di-, 

and tri-methoxy configurations in a number of 
model compounds and compared the K mean values 
for different methoxy groups. 

The AEFi values corresponding to the set of 31 
compounds have been calculated by bond increment 
method [19-221. The rest of descriptors have been 
obtained from AM1 calculations. Using HyperChem 
2.0 package (Autodesk Inc.), molecular mechanics 
calculations have been performed for all molecules 
by using MM+ force field. The geometries resulted 
from MM+ optimisation have been fully optimised 
using the AM1 Hamiltonian [56]. The optimisation 
algorithm was Polak-Ribiere conjugate gradient with 
the gradient norm set to 0.01 kcal/A mole. For the 
molecules containing Br and I, for which there are 
no parameters in the HyperChem 2.0 AM1 program, 
AM1 calculations have been carried out by using the 
MOPAC 6.0 package [57]. There are no significant 
differences between the values of different electronic 
descriptors given by the AM1 methods included in the 
two packages. HyperChem 2.0 has been preferred for 
its facilities offered by the presence in the same pack- 
age of the two programs (MM+ and AMl) used for 
geometry optimisation. For the compounds having a 
chiral centre, R is generally more active than S isomer. 
Therefore, in the geometry optimisation process the R 
isomer has been considered. 

The hypermolecule for the MTD calculation 
has been obtained by maximum atom by atom 
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superposition of all molecules in the first set, resulting 

in a hypermolecule with 18 vertices (Fig. 1). The ver- 

tices of the common molecular core have been con- 

sidered as cavity vertices and they have not been 
numbered in the hypermolecule. The start map has 

been the same for all regressions and it has been cho- 
sen on a statistical basis. The vertices preferentially 
occupied by the very active compounds have been 
considered as cavity vertices (ei = -1) and those occu- 

pied by the low activity compounds (ej = 1) as wall 
vertices, and the rest of them were considered to be 

irrelevant (Ej = 0). 

3. Results and discussions 

From the full set of tested descriptors only five with 

the best statistic parameters have been further consid- 

ered in this study: ELuMo, log P, AEF, q4 and qpara. The 
values of the five selected descriptors are presented in 
Table 1 and the corresponding statistical results in 
Table 2. Although the statistical parameters of these 
five descriptors have rather low values, suppositions 

can be made regarding the implication of different 
factors of steric, lipophilic and electronic nature in 

the mechanism of action of phenylalkylamines. The 
correlation of log MU with ELUMo could be an argu- 

ment in the favour of a charge transfer (CT) mechan- 

ism in which the psychotomimetics play the role of 

the acceptor. A similar correlation has been recently 

obtained by Clare from CND0/2 calculations [44]. 
The correlation between psychotomimetic activity 

of the considered compounds and log P supports the 

implication of transport phenomena in the biological 
effects of phenylalkylamines. The same supposition 
can be made based on the correlations of log MU and 

AEF. These results agree with those obtained by dif- 

ferent authors [34,40,44,46,47]. 
The correlations between the ring net atomic 

charges (q2, q3, q4, q5) and biological activities could 
be due to a certain charge transfer between the ligand 
phenyl ring and the receptor site. This hypothesis is 

also supported by the correlation with ELuMo. The 
correlation of log MU with qpara, suggests also the 

implication of charge transfer in the biological effects 

of phenylalkylamines. 
Although a direct comparison between MTD and 

“classical” steric parameters is not quite correct 
(MTD is a global parameter representing the steric 
misfit of a certain compound with the receptor cavity, 
while the rest of steric parameters characterise the 

influence of steric properties of a certain substituent 

on the ligand-receptor interaction), Table 3 presents 
some linear correlations between biological activity 

Table 2 

Values of statistical parameters for all tested monoparametric linear regressions: log MU = ba+btX; n = 31 

X bo rz 9 F 

ELUMO 1.8918 -3.4071 0.500 0.567 14.0 
log P -0.3505 0.6575 0.416 0.613 9.96 
qpara 1.4007 3.0015 0.396 0.624 9.17 
94 0.8373 -4.5515 0.376 0.634 8.43 
AEF’ 11.1033 -0.6526 0.471 0.508 10.68 
EHOMO 6.5653 0.6365 0.068 0.774 1.03 
iur, 1.6717 0.0071 0.038 0.787 0.56 
II -0.5135 -0.3889 0.007 0.799 0.11 
P 2.0106 -0.4251 0.151 0.739 2.48 
Q 1.2733 0.1995 0.005 0.800 0.07 
qN 3.5328 7.2152 0.010 0.798 0.14 
q2 1.2414 3.3884 0.236 0.701 4.33 
43 0.8775 -3.7739 0.335 0.654 7.07 
4s 1.0327 4.4583 0.294 0.674 5.84 

* n = 27, n is the number of compounds; r = the correlation coefficient; s = the standard error in log MU; F = the F-test value; ba = model error 

plus measurement error; bl = regression coefficient; see for the significance of Eru~o, log P, qpara and AEF, EnoMo = the energy of the highest 

occupied molecular orbital (ev); AHr = the heat of formation (kcal mol“); p = the dipole moment (Debye units); n - the molecular hardness 

defined as (I-A)/2 (ev); Cq = the sum of the net atomic charges of the heavy atoms of all substituents; qN = the net charge on nitrogen atom; qz, 
q3, q4, q5 - the net charges on the ring atoms 2, 3, 4 and 5, respectively. 
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Table 3 
Mono and multiparametric QSARs for psychotomimetic activity of phenylalkylamines 

Regressional equation n R2 F s 

log (act) - 35.65E~~~~+19.07 13 0.567 14.4 - 
log (act) = 0.781ogP-1.48IP+11.15 11 0.884 
act = 7.918K-3.798 7 0.941 101 
log (act) - 45.16(3xJ‘ 1-4.298(4x~)- I+1288 6xp -5.592 23 0.846 35 0.251 
log (act) - 0.668 ‘~“-1.298 8 0.904 57 0.251 
act = 129 ‘xVc-4.45 4xr-14.54 10 0.941 3.02 
log (act) = 0.28E-0.2613.d-0.63 17 0.689 15.5 0.17 

log MU = -0.7065+1.37988,1* 28 0.172 2.60 0.748 
log MU = -2.2874+2.84348,2 28 0.362 7.10 0.657 
log MU = -4.6817-3.0958B,3 28 0.429 9.40 0.621 
log MU = -3.0076+2.7145B14 28 0.585 17.63 0.530 
log MU = -4.2143+4.13428,5 28 0.393 8.09 0.641 
log MU = -0.3833+2.6711~4 28 0.392 8.06 0.641 
log MU = 2.6077-0.513OMTD (a) 28 0.820 44.25 0.386 
log MU = -5.8398+2.2203B14+2.7624B,5 28 0.741 22.91 0.418 
log MU - -6.5878+1.9134B,4+1.4498B12+2.3479B15 28 0.820 26.25 0.349 
log MU - -7.1690+0.7815B11’+1.2365B12+1.8881E14+2.2106E15 @) 28 0.872 30.00 0.294 

The first seven equations are from Ref. (411, and the rest are obtained in this work. The number of compounds taken in correlation is 28 (the 
31 compounds from the first set (Table 1) except three compounds containing methylenedioxy group, for which no STERIMOL or Charton 
parameters are available); IP = ionisation potential; K = association constant with an electron acceptor; x - molecular connectivity index; E - 
interaction energy to 3-methylindole; 13.4 = indicator value for substituents at position 3 and 4; Br2, Br3, Br4, Bt5 - STERIMOL parameters for 
the substituent bonded at positions 2-,3-,4-, or 5-, respectively; Brl ’ - the B, parameter for the H or Me in alkylamine chain; v4 - Charton steric 
parameter for para substituent; MTD = minimal topologic difference; II - the number of observables taken in correlation; for the meaning of 
statistic indices s and F see Table 2; R = the multiple correlation coefficient. 

and “local” steric parameters. For three compounds 
containing a methylenedioxy-substituent there are no 
available STERIMOL and Y Charton parameters. 
Therefore, in these correlations only 28 compounds 
have been included. For comparison, Table 3 shows 
some equations obtained by different authors and col- 
lected by Gupta [41]. 

From all five STERIMOL parameters [48], B, cor- 
relates significantly with biologic activity. In Table 3 
B11 * represents Br parameter for H or Me in alkyla- 
mine chain, Br2, Br3, Br4 and B15 are B1 parameters 
for the substituents bonded at positions 2-, 3-, 4- and 
5, respectively. The most important correlation is 
obtained with Br4 parameter. Significant correlations 
are obtained also with Br3 and Bi5. There is a high 
intercorrelation (-0.8503) between Br2 and Br3 para- 
meters. Regarding the Y Charton parameters, their 
correlations with log MU are inferior to those 
obtained with the STERIMOL B1 parameters. The 
parameter ~4 in Table 3 represents the Y steric para- 
meter for the substituent bonded at the position 4 of 

the phenyl ring. Correlations obtained with “local” 
steric parameters agree with the experimental obser- 
vations regarding the steric influence of para-substi- 
tuent on the biological effects of phenylalkylamines. 
Statistical parameters for the equation containing four 
Br parameters are better than those of the MTD equa- 
tion. Using the best equation obtained with “local” 
steric parameters (Eq. (b), Table 3), and the equation 
obtained with MTD parameter (Eq. (a), Table 3), the 
log MU values for three molecules from the second 
set can be calculated. The results are shown in Table 
4. The number of compounds is too small for a reli- 
able comparison, however one can see that log MU 
values predicted by both equations are quite compar- 
able. One could conclude that MTD is as good as 
STERIMOL parameters. However, MTD gives more 
specific information about the receptor map and 
allows predictions also for substituents like methyle- 
nedioxy, for which no STERIMOL parameters are 
available. Also, steric influences between two or 
more substituents on the phenyl ring can be taken 
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Table 4 
Comparison between MTD (Eq. (a), Table 3) and Br STERIMOL parameters (Eq. (b), Table 3) 

Compounds Experimental Calculated activities with Eqs. (a) and (b) from Table 3 

(log MU) 

X R v31 [3'51 Es. (a) AL A20 %. @) ‘% Ah 

2,5-OMe, 4-I H < 1.80 1.64 1.59 0.21 0.05 2.33 0.53 0.69 
4-OMe H < -0.20 < 0.00 -0.50 0.30 0.50 -0.39 0.19 0.39 
2,3,4,-OMe Me < 0.57 < 0.30 0.54 0.03 0.24 0.45 0.12 0.15 

Calculated activities for three compounds from the second set. Al,, Alb - differences between upper limits of Sulgin’s data [23] and activity 
values calculated with Eqs. (a) and (b), respectively; A2,, A2b = differences between Rlopman’s data [36] and activity values calculated with 
Eqs. (a) and (b), respectively. 

into account within MTD method (via the set of ver- 
tices occupied by substituents), while no such influ- 
ence can be revealed by using STERIMOL 
parameters. 

Each one of the descriptors ELUMO, log P, qpara and 
q4 has been included in an optimisation process 
together with MTD parameter and a cross-valida- 
tion-like test has been applied. The last columns of 

Table 1 contain the different MTD values resulted 
when the MTD parameter alone, or MTD and one of 

ELUMO, logf', qpara and q4 descriptors have been sub- 
mitted to the optimisation process. Table 5 shows the 
receptor maps, statistic parameters and the equations 
resulted from the cross-validated optimisation proce- 
dure. As the AEF values for some of the most active 
compounds containing Br or I cannot be calculated, 

Table 5 
Optimised receptor maps and statistical parameters for mono and biparameter regression equations 

MTD (Eq. 1) ELUMO+m log P+MTB qpar,+hJTD q4+MTD AEF:.IIE- 

(Eq. 2) (Eq. 3) (Eq. 4) (Eq. 5) MTD’ 

(Es. 6) 

E - -1 125918 T 1 7 3 1,2,5,9 1,2,5,9 125918 7 > 1 > 125918 , I , , 
e-0 3 4 6 7 9 10, 7 > 7 4,10-12,14,16, 3 9 4 > 6 , 7 1 11,12, 346710, , 1 , 1 3,4,6,10,12, 

11,12,14,16 18 14,16,18 12,14,16 14,16 
E = +l 8,13,15,17 3,6-8,13,15,17 8,10,13,15,17 8,11,13,15,17 7,8,11,13,15,17 - 
bo 2.7100 3.2279 1.4538 3.0922 2.1703 6.7842 

( 2 0.1629) ( + 0.1893) ( Y? 0.2435) ( ? 0.1809) ( 5 0.1355) ( t 1.3875) 
b,(X) -1.6575 0.4202 1.5665 -2.6706 -0.2900 

( ? 0.4072) ( 2 0.0731) ( ? 0.3586) ( * 0.5130) ( -c 0.0925) 
b2 (MTD) -0.5454 -0.3246 -0.4036 -0.4615 -0.3639 -0.4120 

( ? 0.0508) ( ? 0.0393) ( lr 0.0408) ( 2 0.0463) ( -c 0.0333) ( r 0.0516) 
R2 0.799 0.854 0.870 0.867 0.882 0.832 
s 0.360 0.306 0.289 0.292 0.276 0.287 
F 55.72 52.78 60.28 58.84 66.89 37.72 
Rf, 0.672 (0.777) 0.714 (0.787) 0.781 (0.781) 0.766 (0.794) 0.788 (0.844) 
PRESS 4.31 4.11 4.23 3.98 3.01 

log MU = bO+blX+b2 MTD; X is one of the descriptors Eru~o, log P, qw, q 4 or AEF; n - 31; significance level - 99.5% for all equations; q 
para = the atom bonded at the phenyl ring at para position with respect to the alkylamine substituent; q4 - the atom 4 of phenyl ring; e = -l,O,l - 
the optimised receptor map containing beneficial (e I -1) irrelevant (E - 0), and detrimental (e = 1) vertices, respectively, see Fig. 1; in 
parentheses are standard errors in the regression coefficients bi; R -the multiple correlation coefficient; s = the standard error in logMU; F - the 
F-test value; R& = the value based on the residuals from the “leave-half-out” technique; the Rk values in parentheses correspond to the 
optimised receptor map as start map for optimisation of the “half’ series; PRESS - the sum of the squared differences between calculated 
(according to Eqs. (l)-(6)) and observed log MU values. * 

n = 27 (AEF for the compounds containing Br and I cannot be calculated by bond increment method). 
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Table 6 

M. Mracec et aLlJournal of Molecular Structure (Theochem) 367 (19%) 139-149 

Intercorrelation coefficients for descriptors included in statistically significant equations 

log P ELUMO q4 AEF’ 

log P 1.000 -0.479 0.412 0.418 -0.818 

AJZF’ -0.818 0.264 0.449 -0.513 1.000 

MTD -0.574 0.658 0.428 -0.443 0.438 

MTD(+log P) -0.324 0.581 0.420 -0.440 0.343 

M-w+E,vhto) -0.599 0.521 0.367 -0.421 0.624 

MW+d -0.576 0.574 0.336 -0.386 0.536 

M-W+q,w.) -0.558 0.640 0.397 -0.401 0.498 

MTD(+log P+ELUhlo) -0.219 0.405 0.350 -0.400 0.333 

MTD(+log P+q4) -0.184 0.480 0.3305 0.385 0.223 

MW+log P+c+arJ -0.324 0.581 -0.440 -0.402 0.343 

* n - 27; MTD(+Iog P), etc, correspond to the MTD values obtained by optimisation for biparametric regressions (MTD with log P, etc). 

the Eq. (6) from Table 5 has been obtained for only 27 
compounds of the first set with MTD values used in 
Eq. (1) (Table 1, values under MTD column). 

Starting from the following initial receptor map for 
all optimisation cases: 

6=-l 1,2,5,6,9 

S” 

i 

e=o 3,4,7,8,10 - 12,14,16,18 

E- +l 13,15,17 

the optimised receptor maps shown in the rows 2-4 of 
Table 5 have been obtained (see also Fig. 1). Eq. (1) 
and statistical parameters corresponding to the opti- 
mised MTD values are shown in the second column of 
Table 5. The correlational Eq. (1) explains about 80% 
of the data variance. Due to the essentially steric nat- 
ure of MTD descriptor, Eq. (1) strongly supports the 

Table 7 

hypothesis of the predominance of steric factors in the 
mechanism of action of the psychotomimetic com- 
pounds. The optimisation of MTD together with a 
supplementary descriptor yield the results from col- 
umn 3-6 of Table 5. The intercorrelation coefficients 
for the descriptors used in bi- or triparametric linear 
correlations are presented in Table 6. The most impor- 
tant intercorrelation is shown by log P and AEF. The 
descriptors associated in bi- or triparametric equations 
are not significantly intercorrelated. 

When MTD is optimised in combination with qpara 
or q4, in every case the optimised receptor map con- 
tains the same cavity vertices (Ej = -1) as the corre- 
sponding map resulted from MTD optimisation 
without supplementary descriptors (Table 5). Differ- 
ences only appear for the irrelevant (Cj = 0) vertices 7 
and 11. When MTD is optimised together with 

Experimental and calculated psychotomimetic potencies for the six phenylalkylamines from the second set 

Compounds Experimental Calculated activities with eqns (l)-(6) from Table 5 

X R v31 (441 [361 I II III IV V VI 

2,5-OMe,4-I H < 1.80 - 1.64 1.62 2.04 1.76 1.52 1.55 - 

3-OMe,4-OCHzO-4 H < 0.11 0.00 0.00 -0.02 0.36 0.03 0.02 0.07 -0.35 

2-OMe,3-OCHzO-4 H < 0.73 - 0.70 0.53 0.65 0.44 0.44 0.59 0.06 

3-OCH20-4 H < 0.14 0.00 -0.02 0.64 0.04 0.02 0.33 -0.27 

4-OMe H < -0.20 - < 0.00 -0.56 0.17 -0.32 -0.47 -0.21 -0.17 
2,3,4-OMe Me < 0.57 0.30 < 0.30 0.53 0.43 0.44 0.46 0.19 0.46 

R * (Ref. [23]) 0.902 0.788 0.949 0.893 0.895 

PRESS 0.25 0.53 0.13 0.27 0.26 

R * (Refs. [44,36]) 0.812 0.645 0.902 0.844 0.910 

PRESS 0.40 0.75 0.21 0.33 0.19 

For the comparison of the calculated and the experimental potencies according to Ref. [23], the upper limit of the experimental values was 
considered. 
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Hansch lipophilicities or LUMO energies, a different 
receptor map is obtained. This map seems more rea- 
listic from a chemical viewpoint, due to the absence of 
the vertex 18 from the cavity vertices. For the bipara- 
metric correlations presented in Table 5 (Eqs. (l)-(S)) 
the following vertices are shared in common by the 
final receptor maps: 

1 

e= -1 I,%% 9 

E’ 0 4,12,14,16 

e= +l 8,13,15,17 

For all biparametric optimisations the receptor maps 
are only slightly modified by the intervention of other 
than steric factors, emphasising the steric factor as 
important in psychotomimetics-receptor interaction, 

Using Eq. (l), corresponding to MTD optimised 
without supplementary parameters, or biparametric 
Eqs. (2)-(6) (Table 5), one can calculate the psycho- 
tomimetic activity for the test series. The results of 
these calculations are presented in Table 7. Except for 
the data obtained with ELu~o+MTD and AFF+MTD 
(Eqs. (2), () and (6)), the rest of the values reproduce 
the experimental trend quite well. Almost the same 
results are obtained with MTD+qrti,, (Eq. (4)) and 
MTD+q4 (Eq. (5)), (columns 4 and 5 from Table 6). 
Good predicted values are also given by the model 
obtained from MTD optimisation without supplemen- 
tary parameters (column 1 Table 6). The best values 
are obtained from MTD+log P (Eq. (3)). 

Due to the low number of test compounds, as well 
as their uncertain activities, the experimental data of 
the second set compounds are not suited for statistical 
tests. We computed, nevertheless (Table 7), R* and 
PRESS values, using the upper activity limits given 
by other authors [23,44,36]. The results of Shulgin 
[23] yield higher R2 and lower PRESS values. No 
comparison with the activities calculated with Br 
STERIMOL parameter (Eq. (b), Table 3) is possible, 
as such parameters are not available for methylene- 
dioxy-substituents. 

Three descriptor linear regressions between psy- 
chotomimetic activity and MTD, log P and q4, or 
MTD, log P and qpxa do not significantly improve 
the statistical values of resulted equations in compar- 
ison with the values of the biparametric equations. 
From the correlation of psychotomimetic potency 
with MTD, log P and ELUMo the following equation 

and statistical indices result: 

logMU = 2.071( 2 0.2364) - 1.3925( + 0.3293)ELuMo 

+ 0.3866( _f 0.0655)logP - 0.3751( + 0.0391)MTD 

(7) 

n = 31; R2 = 0.914; s = 0.235; F = 69.26; R2, = 0.815; 
PRESS = 3.576 (R*cv = 0.851; PRESS = 2.885)The 
values of R2cv and PRESS in parenthesis correspond 
to the final optimised receptor map. The intercorrela- 
tion coefficients are presented in Table 6. In this case 
the receptor map was much different in comparison 
with those obtained from biparametric regressions. 
Only two beneficial (E = -1) vertices, 1 and 5 resulted 
hereby, and more detrimental ones 3,8, 10, 13, 15,17, 
the rest of them being irrelevant. The predicted poten- 
cies have the following values: 2.06,0.15, 0.50, 0.50, 
0.14, 0.58. 

4. Conclusions 

Correlations using the MID method yield a good 
predictability for psychotomimetic phenylalkyla- 
mines, checked by the cross-validated R& (Table 5, 
Eqs. (l)-(5)). This result indicates the dominance of 
steric effects in receptor-phenylalkylamine interac- 
tions. MTD combined with electronic or lipophilicity 
descriptor gives generally the same optimised recep- 
tor map (beneficial and detrimental vertices). MTD 
optimised without supplementary parameters can 
include some electronic and lipophilic interactions, 
i.e., without supplementary parameters MTD is not 
a “pure” steric descriptor. When a multiple linear 
regression (MLR) treatment is applied, lipophilicity 
and electronic descriptors extract transport and elec- 
tronic effects from MTD and this becomes a “more 
pure” steric descriptor. Although the steric descrip- 
tors have a dominant effect on the phenylalkylamine 
potency, Hansch lipophilicity or AFF, and electronic 
descriptors (net charges on phenyl ring, or para- 
bonded atoms, LUMO energies) also contribute to 
the activity of these compounds. Moreover, electronic 
parameters support a possible CT mechanism of 
action, in which phenylalkylamines play the acceptor 
role. 

A rough comparison between the MID parameter 
and classical steric parameters for this series of 



148 hf. Mracec et al.fJoumal of Molecular Structure {Theochem) 367 (1996) 139-149 

compounds revealed that the MTD parameter is at 
least as good as STERIMOL parameters, but it has 
some advantages regarding the information about 
the receptor map and interactions between neighbour 
substituents. MTD also allows the inclusion of poly- 
anelated substituents, like methylenedioxy, for which 
no STERIMOL parameters are available. 
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