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Content : In the frame of the set theory, a new steric
parameter, OV (overlapping volumes), is defined. General for-
malism and two theorems concerning OV are reported here. Fi-
nally, the paper reports a new definition of MSD (minimal
steric difference) and some topological considerations con-
cerning the initial formalism of MSD parameter.

1, Introduction

Several kinds of steric parameters have been proposed
and applied for structure - chemical activity relationships.
The steric parameters defined by Taft,l Hanoock,2 Palm,3
Charton,4 Becker5 and other are widely used.

In molecular biology the steric parameters of Amoore,6
A.I.ling:er,7
with applications, see Chapman and ShorterlB).

This paper deels with the definition, the computing me-
thod and two theoreme concerning a new steric parameter, OV.

A set theory coneideration of minimal steric difference
(MSD) leads to a relation between OV and MSD. Finally a topo-
logical consideration of MSD shows that MSD induces a Hans-
dorf space structure on the set M of molecules considered.

Rao,a Simong_le emong other, are used. (For review

2, general formagigg

SSE====s==ss==s===

The formalism of the set theory allows to define a new
steric parameter. Let us consider :
Definition 1 : a give? set is named a W2 - set if :
W, ={w/P, P } {iy
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where : w = (wx wy, w, )

P is the property which implies : "w are random points
T
with uniform repartition” and P implies : w fulfills the e-

quation
(wx-AIJ)2 + (w&—BIJ)Q + (wz-CIJ)2( R§J (2)
I=1,00ey N
(w 'LPQ) + (w -MPQ) + (w, NPQ) < RPQ (3)

Pw 1;au0s NQ

AIJ' BIJ’ CIJ are cartesian co-ordinates of atom i from
molecule J ; RIJ is the Van der Waals radius of atom I in mo-
lecule J ; NJ is the number of atoms of the molecule J.

LPQ' MPQ’ NPQ are cartesian co-ordinates of atom P from
molecule Q ; RPQ is the Van der Waals radius of atom P in mo-
lecule Q ; NQ is the number of atoms of the molecule Q.

Definition 2 : a given set is named a wl - get if :

wl “{W/Pv P]_' Pz} (4)
where : Pl is the property which implies : "w is within a pa-

rallelepiped Y, defined by ?;.
P2 is as : W2 C Wl

Definition 3 : a given set is named = W:j - get, j=1, 2
if
1 2 2
We{m /B (my o 02 4 (myoB P 4 (my -0 )? CRES (5)

I = l.c-'. NJ
respectively
2 2 2 2 2
W n{ma/P,(mzx-LPQ) + (mp ~tipg)® + (my,=Npo)? ¢ RPQ} (6)
where mj = (mjx’ mjy' m z) and P is the property : m:l are ran-
dom points with uniform repartition.

Since the points m, are obtained with a random number
generator their densities in the molecules J and Q respecti-



- 115 -

vely should tend to become equal. Therefore wl and W2 are

relative measures of the Van der Waals volumina of the cor-
responding molecules if the W) - sets are large enough.

3. The_steric_parameter OV

Definition 4 : The steric parameter OV 1s given by rela-

tion (7) :
ov =oC |W,| /| W) (1)

where | W, | end |w2‘ denote the cardinal numbers of the sets
wl and W2 respectively ; o« is the volume of the parallelepiped
X.

The following conclusions may be easily seen :
(i) the dimension of OV is L3;
(ii) the Monte Carlo technique is the computing method of OV
(iii) OV depends as well on the shape and structure of the

molecules J and Q as on the distance between them .

In a future note, we will report LFER computations ,
using this steric parameter.

Assuming that elements of Wi=1'2 and W are obtained
with a random number generator with the period X such :

x = wax( lwl, [wli} (8)

j=1,2

we have the following theorems :
Theorem 1 : Wlﬁ W2 is a measure of OV for a given set Wl.
By definition, we have :

ov =oo [ Wyl /| =W AWl wg) =Bl w0 W

where P = /|W1| ie a constant, because both 1Wl\ and < are
constanta if Wl is given. Q. E. D.
Finally, let us cbserve that OV is symmetrical function
of the structure and shape of the molecule J and Q because :
wow = wonwt

4, MINIMAL_ STERIC_DIFFERENCE

In the initial formulation,l}#'!? the minimal steric dif-
ference (MSD) is an approximative method for numerical evalu-
ation of the steric fit of (or difference between) a molecule
with respect to a standard. The method consisis in superimpo-
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sing the two molecules to be compared. MSD is the sum of the
nonoverlapping Van der Waals volumes of the two molecules,
but in the initial version, the (approximately) nonsuperpo=-
sable atoms are counted and taken as MSD.

16,17 of MSD consists in the exact

The improved version
evaluation of nonoverlapping volumes of molecules by means the
Monte Carlo technique.

We used MSD as steric parameter in multilinear structu-

re - biologic activity correlations, with good results%8 -20

5. MSD_:_Sets_theory considerations

Let us denote the complementary set of wl in w° by W

and of W2 in Wl by W2 , W ={w / wew, w¢wl} ; w -
B {w /w EWl, wd:we} . For a given set W, (this means that
wl
the same random generator with the period X »| wll ) we have
the following :

Proposition 1 : WU W is a measure of MSD.

Using the MSD definition'? and the Monte Carlo method
we obtain following expression : MSD =0 | WuWe| / | Wl\
where °C is the volume of parallelepiped Y.

Now, because Wl is given (say Card Wl = 100000), X is
a constant and it resulta that W'V W° is a measure of MSD.

MSD + 20V = o (1w /1w)) + |W?| /1wy ))
6. Relation_between OV_and MSD

and W are specified, because Wl, Wl, W2 are obtained with

21

For a given distance between the two molecules and for
|| , |#?| large enugh, the connection between MSD and OV
is given by

Theorem 2 : WlkJ(wl{\wzl is a measure of the Van der Wa-
als volume of the molecule Q = 2.

WEL:(wlr\wz) is a measure of the Van der Wa-
als volume of the molecule J = 1.
Indeed,
WU (Wl w2)=(Wlowdy A (Wow? )= (vl u w2) N W2 = W2 because
Mewl+Wouw? = w2 and Wuw! = wuw?
Wexf(wlf\w2)=(w2uwl)f\(W?sz)n Wlf\(wlLJW2)= wl because
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Wac,wlzj wouw!l = Wl and W2L1W2 = W1\1W2.

T. MSD_:_ topological considerations

Let be the set :22

M ={_mi/mi = moleculeé‘]ie §

N is the set of natural numbers.

We call M the fundamental space, and my the space points.

Assumptions considered in the initial, atom-per-atom,
formulation? of the MSD allow the following :

Definition 3 : The points of a cubic lattice L in Bucli-
dian EB space are the topological co-ordinates of every
my € M. (Each atom of my corregponds to a point of L).

Lemma 1 : For every mie,m there is a sublattice lié L
which describes the my structure.

The lemma can be proved easily, leaving it for the
reader.

Let us denote the set of all sublattices obeying Lemma 1
by P(L), then :

Lemma 2 : M and P(L) are isomorphic : M=P(L). Tndeed,
M and P(L) are numerable.

Corollary : It is equivalent to work with mieEM or with
lieL.

The corollary is proved by Lemma 2, and it will be lar-
gely used in the following.

The entries of lié L are wipq - approximative Van der
Waale volumes of the atoms located on the points (rpq) €1,

Definition 4 : The composition law

& : LxL — R+

is given by relation :

Tk Ly = B | wh - wl | where 1;, 1,€P(L)

1" 73" a11 r,p,q ™ rpq i* 73

e LjeeeyR 5 P &2y sse 3 P3G = Lyveny Q 3

R, P, Q€N
From (14) is obvious that :

119 1j ulje li
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and expressions such as :
are meaningless.

Thus :

MSD(mi,mJ) = MSD(mJ, mi) = 1

€1l, =1,81

i 3 3 i

my, my EM; 1, 13 € P(L)
Proposition 2 : MSD induces a Hausdorff space structure
on M.

Indeed, we can define the function § :
§: P(L) x P(L) ———r R+

as follows :
2
9(11, 15 = (e 1p
S has the following properties :

2 1070, $ (14, 1j) =S (1;, 15) , ¥ 1;, 15 P(L)
‘5(11, 1,) =0 y %1y € P(L)
Sy, 1) (S, 1) + S35, 1), 14, 14, 1 € P(L)

Thus, § is a metrics, and (P(L),S ) ie a metric space.
Acording to a well-known theorem23 in topology (P(L),% )
is a Hausdorff space. From P(L)~M we have that (M,S ) is a
Hausdorff space also, and the theorem is proved.

Disscusion

Dugundji, Ugi et a1.24726 ysing PIEM sets, have obtai-
ned the metrics :

D(BnE) = ’eij - bijl

L
where D(B,E) represents the constitutional distance between
two molecules. Our metrics g(li, 13), represents the structu-
ral distance between two molecules.
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