malel no. 8 pp. 323 - 332 1980

SECTOR PARTITION OF THE MOLECULAR VAN DER WAALS
SPACE AS A MEASURE OF STERIC EFFECTS

a) b)

I.Motoc a), 0.Dragomir-Filimonescu and I.Mugcutariu

a) Chemistry Research Centre,
Bulev.M.Viteazu 24, 1900 Timigoara 5
b) Department of Physics, The University,
Str.V,Pidrvan 4, 1900 Timigoara 5
Romania

(received: March 1980)

Summary. The paper presents a Monte Carlo method deve-
loped to perform the sector partition (i.e. octants, quadrants
etc.) of the molecular Van der Waals space. The resulted sector
volumes are useful as steric parameters in QSAR. The complete
1isting of the program which implements the described method
(NGVA program) and an illustrative application are also included.

1. Introduction

The quantitative treatment of steric effects is one of
the most difficult problems in the framework of quantitative
structure - activity relationships (QSAR) : "The problem of ste-
ric interactions represents the ultimate in difficulty of the
drug designer" (C. Hansch 1).

We propose here to use as steric parameters in QSAR the
sector volumes (i.e. octants, quadrants etc.) of the drug mole-
cules. The general strategy 1s to :

1) Consider a series of N bloactive compounds pcssessing
the same type of biological activity, elicited via the same
mechanism.

2) Compute the octant volumes of the molecules 1, 2,...,N.
The starting cartesian coordinates of the intersection point P
between three reference planes P(xo, Yor zo) are specified (fig.
1). We dencte the resulted octant volumes by VI, V2, & e Va.
Obviously, a convenient summation of the Vi, i=1-8, values
results to the quadrant etc. volumes (see Figure 2).

3) Compute the equation (1) :

BRi = a8 + ijvji " 16 35 24 hope N (1)

sector
volumes
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Pigure 1. The octant partition of the Van der

Waals molecular space.

The definition of octants

Binary code

O <4 O + O < O

Q O A 4~ © O A H~H
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Figure 2 :0ther sector partition derived from the octant

partition.
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where BRi stands for the biological response elicited by the
bioactive molecule i, 1 ¢ 1 {( N ; a and b, are determined by
means of the least square method. Equation (1) is characterized
by the correlation coefficient (r), Pisher statistics (F) and
Student t-statistics relative to the bJ regresaional coeffi-
cients.

4) Change with a prescribed increment, n.ax, n.ry and
naz (n=1, 2, ...and Ax = Ay = az =11, or 0.5 X etc.)
the coordinates of P(xo, Vor zo), namely P(xo + D.AX, ¥o + DAY,
z, + n.az). The coordinates vary in the following succession :
X >Y¥ > %z. Recompute the Vi values and the equation (1).

5) Prom among the equations (1), computed for the various
sector partitions of the Van der Waals molecular space, select
the best one, according to r or F values. The atatistically eig-
nificant hJ regressional coefficients with the VJ in the best
obtained equation show the positions where the steric effects
are important (b, < O denotes repulsive steric potential, and
bj > 0 an attractive ateric potential). The statistically irre-
levant b; coefficients (according to Student statistics) indi-
cate the positions where the steric effects are not important.

Finally, in order to obtain a OSAR for the considered
geries of bloactive compounds, one completes the selected equa-
tion in terms of V, to account for the other effeator/receptor
interactions, namely electronic, hydrophobic etc.

BR;, = a+ ZE: ijji + :EE: oy Dy (2)
k

sector
volumes

where D, are substituent constants which code the esleotronic
(0:0,0% 0y, Gg, F, R etc.), hvdrophobic (D : 7T, £) etc.
interactions.

The method here introduced may be regarded as a genera-
lizatien of the method recentiy proposed 2 by Testa and Purcell,
and it is related to OVA method introduced by one of us 3‘4.
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2. The Computation of the Octant Partition of the
Molecular Van der Waale space

In the framework of the Monte Carlo techniques 5. it is
an easy task to perform the octant partition computations. One
proceeds as follows :

1) Each molecule is desoribed by the Cartesian coordi-
nates and Van der Weals radii of the atoms.

2) One determines the parallelepiped of volume a, which
oiroumsocribes the considered molecule. Within this parallel-
epiped, one defines the octants i = 1, 2, ..., 8.

3) One_generates N, uniform random points P({x, y, 2)
within the octant i. From among the N, random points, one se-
lects the N, points which satisfy the system of inequations (3) 1

(xIJ -x)2 4 (yyy - 1)2 + (5p; - :)2 < R%J (3)

where (xIJ' g IIJ) are the. Cartesian coordinates of the
atoms (index I) in.molecule J, and Ry; stands for the Van der
Waals radius of the atom I in molecule J.

The vi values are computed according to relatien (4) :

vV, = a N,/N, (4)

The Vyo 1 =1, 2, +.., B8 values allow the computation
of other partitions (they are systematised in FPigure 2).

3. The NOVA Program

The NOVA program implements the above described methed
te cempute the octant partition of the Van der Waals molecular
space. The program is written in PYRTRAN IV and it was run on
the FELIX C-256 computer.

The necessary input data are systematized below.

The input data are given by cards, and they contain :

a) 1 to 64 : Molecule Description Seta (MDS)

b) error specification (EPS)

¢) an unlimited number of Run Control Data Sets (RCDS).
The end of MDS's and RCDS's will be marked by E@F cards.
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MDS contains :
1) A control oard, FPRMAT (548, I1, F8, 4) :

Column Content
1 - 32 name of the molecule
33 - 40 the author of the Van der Waals radii
to be used (BOYD or PAULIKG)
41 INPUT - an indicator variable
42 -~ 49 Y - biological activitiy of the consi-

dered moleculs.

If INPUT = 1, the molecule is described by the coordi-
nates of its atoms and by Van der Waals radii (one card for
each atom). PYRMAT (4 F 8.4). In this case the current MDS will
be ended with an E@JF card.

If INPUT = O, the atomic coordinates are computed by the
program, using the following data.

i) one card containing : N@AT, (IZAT (I), I = 1,3), KWIK,
RL2, R23, THETA, P@RMAT (5I3, 3F14.7).

ii) N@AT -~ 3 cards which contain : NA, NB, NC, ND,
IZAT(ND), ILAZY, RCD, TH BCT, PA BCD, PYRMAT (614, 3P14.7).

The meaning of the above variables is given in ref.7
(technical documentation of C@@RD program).

(v)

One card which specifies the relative value of the
expected error EPS, FIRMAT(F12.6).

(e)

The RCDS consista of a set of three cards :
i) card one, P@RMAT (B80Il) :

Column Content
1-3 IFCR(3), indicating the directions
which are fixed in an iterative
regression.
4 JREGRESS, a regression index
5 - 80 IMC@(64), a vector which indicates

the molecules considered in the
current run.
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11) ocard two, FIRMAT(3 F15.7) :

Column  Content

1 - 45 XC(3), starting point coordinates

1i1) card three, PFRMAT (F15.7) :

Column Content

1 =-15 PAREG, the value of increment (x, y, z).

The listing of the N@VA program is given in the Appendix.

4, Applications

As an illustration, let us consider the eighteen phenyl-

succinates I ¢collected in Table 1 (data from ref., 6).
The octant partition ccmputations were performed as shown

in formula II.

NHCOCH,CH,CO, e

NN
' P(2.78,0,0)

The resulted values are systematized in Table 1.
It ie interesting to note that the sector volumes may be
used to express the steric features as "serles expansion" :

- AFj,; = -4.318 + 0.028 WV (r = 0.366, & = 0.614,
P =1.162)
(4]
- arrel = =2.914 - 0.135 Val + 0.028 va

2
(r = 0.543, 8 = 0.554,
F = 1.947)
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rel = —3-439

o
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+ 0.167 WV - 0.326 V_ =~ 0.129 V_
1 2
(r = 0,781, 8 = 0.412,
P = 5.071)

stands for the hapten - antibody relative free

energy of combination, r is the correlation coefficient, s is
the standard deviation and P signifies the Fisher statistics.

2.
3.
4.
5.
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