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Summary. The MTD and SIBIS methods are compared, with
emphasis upon their limitations. Both methods use very simi-
lar procedures to describe molecular stereochemistry, but
different steric fit parameters and different optimization
procedures are used. The main difficulty in extending those
methods to molecules with high flexibility, as large as oli-
gopeptides, is the description of molecular stereochemistry
- the construction of the hypermolecule (the investigated
receptor space).

l. Introduction

Methods to account for steric fit in quantitative struc-
ture—activity relations were developed in the last yearal,
starting from the minimal steric difference (MSD)-concept
for steric misfit2. The MTD-methoda’’ > ® allows to establish
QSAR's for series of usual drug molecules with widely diffe-
rent stereochemistry. A large number of parameters are used
in the MTD-method to describe molecular stereochemistry, but
the correlation of calculated and experimental biological
activities for test series of molecules (not used in obtai-
ning the regressional equation) indicates the MTD results as
aignificant%' Thus, a linear correlation coefficient r=0.747
was obtained for a test series of N=25 estrogenic steroidsi
r=0,816 for N=16 cardiotoxic aglycone86 and r=0,.846 for 24
oK —aryloxypropionic acids with auxinic activitys. The SIBIS-
methodg_l5 uses a more elaborate optimization procedure and
steric fit parameters and can be applied to the same type
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of molecules as the MTD-method.

At present, it is not possible to extend these methods
to flexible molecules of the size of oligopeptides or larger.
Considerable difficulties appeared in MTD—studiesa'l6 even
for a series of 79 o« -aryl- and X-aryloxy-propionic acids
with auxinic activity. Therefore we will discuss here the
MTD and SIBIS-methods with special emphazis upon their limi-
tations and the approximations of the procedures used in
describing molecular stereochemistry and steric fit.

2. Description of molecular stereochemistry

The description of molecular stereochemistry is based,
both in the MTD and the SIBIS-methods, upon a connected graph
- the hypermolecule ( H ) or, as very suggestively called
within the SIBIS-method, the investigated receptor space
(IRS). This graph is a model for tridimensional molecular
stereochemistry.

The ﬁ or IRS-graph is obtained by the approximative atm
per atom superposition procedure (H-atoms neglected) of the
first MSEhpaper% The vertices of the graph correspond to ap-
proximative atomic positions, the edges to possible bonds
between atoms. The superposition of the N molecules "i" of
the studied series yields M vertices "j" and the occupation
or nonoccupation of vertex "j" in molecule "i" is characte-
rised by the xij—parameter. The stereochemistry of molecule
"i" is described by the Xjqs Xypreens xiM—vector.

The superposition procedure involves several steps at
which difficulties may appear :

i) The relative orientation of the molecules must be in-
dicated before they can be superimposed; some groups, occu-
pying always the same positions within the receptor, must be
found. This is easy if a few polar groups or a large part of
the molecular core are common to the active molecules., If
not, a preliminary pattern recognition approach will be re-
quired to find out a common constellation of atoms - the
"pharmacophore"g.'11
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ii) Molecules with chains of (' -bonds have several low
energy conformations, which are isoenergetic within a few
kT-unites and the conformation fitting best the receptor will
be adopted. The best fitting conformation may be guessed as
the one superimposing best upon a highly active rigid mole-
cule. This rule may be not sufficient if flexible molecules
prevail; several conformations for each molecule will have
to be considered, increasing the number M of vertices in the
investigated receptor space%

iii) Low (iscenergetic) energy conformations are usually
considered as those in which intramolecular ‘i-electronic
interactions are not interrupted and in which two vertices
occupied by nonbonded atoms are separated by at least one un-
occupied vertex. The planar conformation of FIG.1l, in which
the CH3—group occupies vertex j=1, the

3 ’/,Cﬁi\\ 7 CH-group, j=% and j=6 is empty, should
ﬁw} be allowed according to this rule, bgt
ﬁ”T H the Heu.C (of CH3) distance is 1.45 A,
sl _46) while the sum of van der Waals distan-
\\573— ces is 2.7 R; considerable steric strain
must therefore appear.
FIGURE 1 iv) If cycles of different sizes

(especially condensed cycles) are to be
superimposed, for example a cyclopentyl moiety upon a phenyl
or cycloheptyl moiety, the superposition of certain atoms
(their attribution to one j-vertex or another) becomes ambi-
guous. The same is true for superposition of atomic triplets
with large differences in bond lengths and angles {(e.g. the
CCC constellations of a cyclopropyl and of a cyclopentyl
group).

These difficulties appear especially if one tries to
establish QSAR's for oligopeptides differing by several ami-
noacid residues. The already existing three dimensional mo-
lecular modeling techniques, like the one devised by Gund}7
could offer a solution for a computerized hypermolecule con-
struction in such cases. Once a "pharmacophoric" constella-
tion has been found, several conformations can be generated
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and compared by such techniques. Conformational energy calcu-
lations would allow a more rigorous selection of low energy
conformations. Algorithms can be devised within such tech-
niques in order to contract nearby atoms in unique vertices.
Separate structural information concerning the molecules or
the receptor can be considered in such techniques.

3. The optimization procedure

The M vertices of the hypermolecule are the M structural
variables which describe the stereochemistry of the receptor;
more exactly of the receptor space "investigated" by the stu-
died series of molecules. In all MTD and SIBIS studies publi~
shed up to now, the number N of molecules in the studied se-
ries is less than 3 times the number M of vertices, as re-
quired by Topliss and Edwards}8 but it is difficult to see
how the stereochemistry of receptor-effector interactions
could be described by a lower number of structural variables.
Actually, the success of methods such as MTD or SIEIS is due
to the fairly small number of structural variables in the hy-
permolecules.

The optimization procedures of MTD and SIBIS assign the
vertices "j" to the receptor (r)-region, i.e., cavity (c)- or
wall (W) regions, or to irrelevant (i)-regions, such as to
minimize the sum :

N
Y = le (a; - A2 (1)
1=

of the gquadratic differences between experimental and calcu-
lated biological activity.

For the MTD method, the xij's which characterize occupa-
tion or nonoccupation of vertex j in molecule i are given by
(for the sake of simplicity) :

=1 if j is occupied in molecule i

X 5= (2)
=0 if j is empty in molecule i

and the steric misfit is given by the minimal steric diffe-
rence, MTD :
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M
MTD, =s + j§=1 € 4745 (3
with £.= -1, O or +1 for c¢-, i- and w-type vertices respec-

tively and s is the number of c-vertices. The regressional
equation i of the type :

A= &= MTD (4)

The beneficial and detrimental contributions of atoms in c-
and w-vertices, respectively, are considered of equal magni-
tude, which is certainly a crude approximation. The optimiza-
tion is started with the "start map" So' a collection of

Eg, Eg,..., ﬁﬁ -values, corresponding to a reasonable,
probable, shape of the receptor, as indicated by structures
of active and inactive molecules? The result is the "optimi-
zed receptor map", S%, the optimal ¢7%, &E,..., gﬁ -assig-
nements of the M vertices to the c¢—-, i- and w-regions. The
reliability of the Ej—assignements is assessed by calcula~
ting the increase AY( gj) of Y produced by each, separate

gﬁ by Ej substitution in the optimized map, S*.6 If seve-
ral conformations are possible for a given molecule, the one
yielding the lowest NMTD-value must be considered. Other struc-
tural variables can be included into « . The optimization
procedure can be performed also by hand if only MTD is con-~
sidered as structural variable and the series of molecules

is not too large.

The prediction of the most active possible molecule is
the principal aim of the SIBIS method and kI,--Austell9 steric
parameters are used to characterize atoms or groups of dif-
ferent size in the j-vertex :

= kP if j is occupied by a "P"-atom in i
x =
1J =0 if j is empty in i
The SDééand SD: - (steric difference)-parameters are calcu-
lated for the atoms of molecule "i" in ¢~ and in w-regions,
respectively :
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NS
SD:1 =L % g 3 SDy = %4 (6)
all jineg 19 a w

In the informaticnal SIBIS—versionl? the X4 ~values are mul-
tiplied by uncertainly factors related to an informational
content, The regressional equation is of the type :

D 2 *
A = atb SD; + ¢ SDy (7)

The optimization procedure starts from a derived space,
<IRS> init * with the vertices of the most active molecule
considered as c-vertices, and the other ones as w-vertices.
An optimal ( IRS) opt is obtained by changes in vertex Es-u
signments,but these are limited by connectivity conditions™
all c-type and i-type vertices must give, each separately,
a single connected graph. A redundant i-type vertex is in-
troduced at the beginning of the optimization procedure and
is connected with those vertices for which one wishes to
check the steric relevance. In < IRS) Opt,the c—-graph gives
the shape of the most active predicted molecule.

The optimized map, S%, of the MTD-method depends rather
strongly upon the start map, SO; local, nonabsolute Y - mi-
nima may result in the optimisation procedurel.'5 Even for
strong "perturbations® (interchanges) of the experimental
A;-values, the correlation coefficient r decreases only mo-
derately?® A reliability of less than 95% results for most
vertex assignments?’a’zl Nevertheless, MTD~papers on diffe-
rent series of compounds (estrogenic steroids and stilbes-
trol derivatives'®21r2?) yield identical assignments for
most common vertices. Different assignments result for ver-
tices occupied by hydrophobic groups in one series and by
hydrophylic groups in the other series.

The optimized map, ( IRS) opt of the SIBIS-method is
almost independent of the start-vertex attributions ( the
<IRSY jnit ). In a SIBIS-study on 13 carboxypeptidase in-
hibitors (carboxylic acids)ll only 2 our of the 19 vertices

of (IRSY opt change assignments for 4 different (IRS) j,i¢.
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The stability to perturbations of Ai—values is also improved
(unperturbed r=0.814, strong perturbation r=0.554, in the
cited studyll). Reliability tests in SIBIS-studies seen to
have been performed only upon r and the a,b and c-coeffi-
cients of the regressional equations (7). Use of the infor-
mational correction for the xij's, yields - for the three
cited examples, almost no increase of r, a strong increased
t-Student test value for the b-coefficient, but almost no
t-increase for the c-coefficien‘t}0

The connectivity conditions of the SIBIS-optimization
procedure are responsible for the improved stability of this
methoa}l Such conditions could be used to account for inde-
pendent structural information concerning the receptor - if
available. The connectivity conditions formulated in ref.11
can force the < IRS) ot = to describe the receptor as a
single cavity with a single entrance. This seems rather re-
strictive for the high steric complexity possible for biolo-
gical receptors. As example, the receptor responsible for
cardiotoxieity of aglycones, as indicated by the optimised
map of a MTD-study, should be a cleft with a wide lateral
opening, while a SIBIS-study givgs a quite different(lRS)opt
(I.Motoc, personal communication). The check upon a test se-
ries of 16 cardiotoxic aglycones, not used in the optimiza-
tion procedures, is satisfactory only for the results of the
MTD study.

4, Nature of steric fit parameters

Binding of effector molecules to biological receptors
implies both attractive forces, largely due to hydrophobic
bonding, and repulsive forces, due to deformation (conforma-
tional changes) of the receptor cavity by steric misfit.
Matching or mismatching of electrical charges or hydrogen
bonding groups on the receptor and effector may also inter-
vene, as well as other types of intermolecular forces. Ste-
ric misfit will be irrelevant for cavity regions with high
flexibility. It is thus difficult to separate a pure steric
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fit (misfit) - effect.

The separate consideration of cavity and wall vertices
in the SIBIS-method is certainly a significant improvement
over the MTD-method, but assignments of vertices to the c-,
w—, or i-regions may be due, accidentally, to matching or
mismatching of different intermolecular force types also in
the SIBIS-method.

A variant of SIBIS, the HIBIS-method accounts specially
for hydrophobic bonding}2 The atoms situated at different
vertices are characterised by Rekker'sz3 fragmental constants
(let us term them f,., in analogy with x; ). The vertices
are now assigned to only two regions: receptor-(r), inclu-
ding both c- and w-regions, and irrelevant ones -{i).

The regressional equation of HIBIS is :

2

A=a+ bt + of (8)

i (9)

- all jinr fij
The optimization procedure is the same as for SIBIS and an
optimized derived space, ¢ IRS) H (to discern from ¢ IRS > 5
of SIBIS) results.

An attempt to combine the SIBIS and HIBIS method, for
a series of 20 dihydropholate reductase inhibiting triazine
derivatives was described}3 in which SDJ , SDJ and f are
used as structural parameters, but the < IRS) H and <IRS>S,
obtained by separate optimization procedures, are not iden-
tical.

It would be interesting to characterise attractive efec-
tor-receptor forces by f, repulsive forces by SD, according
to a regressional equation :

A=a+ bf+ cfl + asDX¥ (10)

with f defined according to eq.(9), SDi-according to (5) and
(6). A unique assignment of vertices to the c-, w- and i-re-
gions (r=c+w) should pe performed by a SIBIS-type optimiza-
tion procedure.
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5. Conclusions

The empirical procedurel’2 to describe molecular stereo-

chemistry, used in the MTD and SIBIS studies published till
now, can be used to molecules up to the size of steroidal
hormones, di- or tri-peptides. The simplicity of the MTD-me-
thod recommends it especially for preliminary trial-and-er-
ror studies, to search a crude receptor model and to discern
pertinent intermolecular force-features. The receptor map
(the derived optimized < IRS) ) and the regressional equa-
tion can be obtained by the SIBIS-method, or a combined SI-
BIS-HIBIS method (in the sense of eq.(10) of the previous
paragraph), but one must avoid excessively restrictive vertex—
connectivity conditions. The ability to account for more
than one conformation for each molecule should be included
into the optimization procedure.

For oligopeptides or macromolecules as effectors, com-
puter algorithms for constructing the hypermolecule ( the
IRS ) are to be created. The number M of vertices, the ste-
reochemical structure variables, will dramatically surpass,
hereby, the number N of studied molecules. Several receptor
models able to "explain" the biological activities will re-
sult, and separate structural information concerning the
receptor and effectors would be required to discern between
them.

Acknowledgements are due to dr.I.Motoc from the Che-
mical Research Centre of Timigoara for communication of re-
sults concerning a SIBIS-study of cardiotoxic aglycones.
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Appendix, Test of MTD vs, SIBIS results for cardiotoxic

aglycones.
The MTD-method was applied for a series of thirty cardio-

toxie aglycones in a previous paper§ The hypermolecule re-
sulted by superposition of these thirty molecules with the
corresponding vertex numerotation is depicted in FIG.2 and
the corresponding optimised receptor map is characterised by
following vertex-assignments :

o5 30 gy=-1) 5 1,12,14
S* 415 jlgy= 0) : 2,4-11,13,15-20,22-24
w i gl B4= +1) : 3,21

Vertices j=25-45, occupied in all the 30 molecules, can have
any assignment in the MTD-method. The corresponding regres—
sional equation is :

A = 0.437-1,71MTD-0,.135HF ; 1r=0.916, s=0,34 (11}
HF is the hydrophobicity relatively to dihydroxylated carde-
nolides, calculated according to Rekketr.z-5

In a SIBIS-study on the same series, dr.I.Motoc (J.Org.
Chem., submitted) obtained the following optimal IRS and re-
gressional equation :

c ; jt Ej= -1) : 1,12,15,25-45
<IRS ) opt g LI £5= 0) : 2,4,8-11
w o il €5 +1) : 3,5-7,1%,14,16-24

A=18,795+0.8625D,-0,4265SD, ~0,428HF ; r=0.82, 8=0.48 (12)
In the optimization procedure of this SIBIS study, only ver-
tices j=2,%,8-10,16 were connected to the redundant, i type
vertex, j=46. The Austel steric parameters are kp=1 for all
atoms and groups involved.

The test series, used also in the previous paper (ref.s),
is listed in TAB.l. The occupied vertices j (xij=l),HF,MTD,
SDg and SDy - values for the test - molecules are also lis-
ted, as well as the experimental activities,A,and those cal-
culated by the MTD-method, ﬁ(ll) and by the SIBIS-method,
A(12). For the experimental vs. calculated activity correla-
tion, r=0.81 is obtained with the MTD-method, but only r =
= 0,10 with the SIBIS method.
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Name 3(xy4=1) HF  MTD SD_ SD, A  A(11) a(12)
Hellebri- 1,2,4-7,17 -2.24 0 5 22 +0.73 +0,71 +0.37
genin
12- -OH- 1,2,4-6,12, -0.58 0 4 23 +0,68 +0.51 +0.95
-Bufalin 14,20
Gamabufo- 1,2,4-6,12, -1,44 0 4 23 +0.60 +0.63 +1,32
talin 14.19
Scilla~ 1,2,4,5,12, +0.05 0 2 2% +0.45 +0,43 +1.54
renin 14
Strophan- 2,4-7,12,14, -2.47 1 5 22 +0.11 -0.94 +0.48
tidin 17
Sarmento- 2,4-T7,12,14, =-4.14 1 6 22 -0.07 -0.71 +0.76
genin 17,19
Digitoxi- 2,4-6,12,14 0.00 1 3 22 -0.06 -1.27 +0.27
genin
Bufotalinin 1,2,4-6,12,17 -1,41 1 3 24 -0.17 -1.08 +2.70
Glaucori- 2,4-6,12,14, -3.,51 1 5 22 -0.2% -0.80 +0.88
genin 17522
Strophan-  2,4-7,12,14, -2.19 1 5 22 -0.24 -0,98 +0.36
tidol 17
3-epi- 1,3%-6,12,14, -0.87 1 5 2% -0,40 -1.16 +0.65
-Bufalin 20
Uzari- 7-10,12,14 0.00 1 3 22 -0.49 -1.27 +0.27
genin
Pachygenol 7-10,12,14,17 -1.85 1 4 22 =2,00 -1,02 +0.64
%-epi-Digi- 36,12,14 0.00 2 4 22 -2.00 -2.98 -0,16
toxigenin
Resibufo- 1,2,4-6,12,15 -0,03% 1 2 24 -2.00 -1.27 +2.43
genin
%-epi-Peri- 3-7,12,14 -1.67 2 5 22 =-2.00 -2.76 +0,13
plogenin
28
[0}
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