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Future Outlook for the Construction of Biologically Active Compounds

O.A.Raevskii and A.M.Sapegin

The state of the art in regard to studies on the relation between structure and properties expressed by chemical compounds,
especially biological activity, has been assessed, the determination of structure-activity relationships being the only feasible
alternative to costly empirical screening. It has been shown that in this area of research, which embraces the fields of
chemistry, physics, mathematics, and biology, further advances will only be possible by means of a compatible language for
the computer-aided description of structure, and methods for revealing structure-property relationships and quantitative
criteria of properties.
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I. INTRODUCTION

Progress in science and technology is concomitant with the
growth in number of chemical compounds used in industry, agri-
culture, medicine, and domestic life. On account of the virtually
limitless scope for synthesizing new compounds, chemistry ensures a
constant improvement in the exploitable properties of available
substances. At present there are approximately ten million known
chemical compounds. However, together they represent a negligible
portion of the inifmite number of total possible compounds. This is
especially evident from the data presented in communication.1 If
merely fifty substituents well characterised in organic chemistry are
used for substitution in various combinations into seven free posi-
tions of naphthalenecarboxylic acid alone, 7.8 χ 1012 chemical com-
pounds may be obtained. It clearly follows that there is a high
probability that compounds may be synthesized which have mark-
edly superior properties to those of existing chemicals. In this
regard the question of what strategies to adopt in order to obtain
highly effective compounds in the shortest possible time with mini-
mal effort is of major importance. The use of comprehensive tests
for properties (i.e. total screening) in order to find new preparations
is a very expensive excercise (with this approach in order to intro.-
duce one new compound, 12000 — 15 000 chemical compounds must
be synthesized and thoroughly examined). For this reason it is
necessary to elaborate sound principles for the construction of com-
pounds with the desired properties.

According to references 2,3 the development of concepts on chem-
ical structure was closely linked to the identification of an interrela-
tionship between structure and the properties expressed, initially at
the qualitative level3'4 but subsequently with the discover)' of the
periodicity of the elements there was a gradual transition to the
quantitative determination of structure-activity relationships.5

The problem of establishing structure-activity relationships
becomes of particular interest and significance in the search for
biologically active compounds. Conventional approaches such as
isolation of biologically active compounds from natural sources,
synthesis of analogues of natural compounds, study of folk medicine,
and extensive biological trials cannot keep pace with the rapidly
increaseing demand for new preparations. For this reason from the

middle of the nineteenth century a new approach to the search for
biologically active compounds began to develop, i.e. determination
of the relationship between the structure of a compound and the
biological activity expressed by the compound (structure-activity
relationship). Justification of this approach was demonstrated by
the work of Richardson, who for the first time was able to demon-
strate qualitatively the relationship between the structure of certain
organic compounds and their physiological activity,6 and also by the
studies of Crum-Brown and Fraser, who made the first attempt to
construct a mathematical model representing the relationship
between structure and activity.7 The basic principles for establish-
ing quantitative structure-activity relationships have now been
defined (see reference3 for the historical aspects of the determination
of structure-activity relationships). The following schematic illu-
strates current concepts on the mode of action of biologically active
compounds based on quantitative structure-activity relationships:8

Compound in original form

Pharmaceutical stage:
disintegration of the prepared form

Compound available for absorption

Pharmacokinetic stage:
absorption
distribution
metabolism
excretion

Compound prepared for action

Pharmacodynamic stage
compound—receptor interaction
effect on regulator systems

The interrelationship between the structure of a compound and its
biological effect following the introduction of the compound into the
body becomes specific and fully expressed only at the pharmaco-
dynamic stage. As regards other processes associated with the
transformation of compounds, enzyme inhibition, diffusion of com-
pounds in different organs, etc., information (although steadily
growing9) is sometimes extremely limited and therefore it is difficult
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to determine quantitative structure-activity relationships. Thus the
problem of the quantitative structure-acitivity relationship is a
special case of the structure-property relationship. However, on
account of the complexity of the application of the structure-activity
relationship to biological specimens, it is necessary to go beyond the
traditional framework of the structure-activity problem and to focus
attention not only on methods for detecting relationships and on the
development of experimental investigations into structure and the
form of the description but also on the quantitative determination of
biological activity and on the production of a detailed description of
the biological processes themselves.

There are currently thousands of publications devoted to anlalyses
of quantitative structure-activity relationships. In a specialised
journal (Quantitative Structure-Activity relatinships) commenced
publication in 1981 in addition to original articles a large number of
abstracts of studies on quantitative structure-activity relationships
published in other issues including monographs and reviews are
cited.10"20 However, in most cases these studies are either special-
ised and focus on a single approach or problem (i.e. regression
analysis,18 the use of computers,19 application of quantitative struc-
ture-activity relationships to the analysis of pesticide activity20) or
mainly concentrate on a description of mathematical methods for
analysis of quantitative structure-activity relationships.16·17

In the present review emphasis is place on the basic principles of
the construction of compounds with desired properties21·22 which
constitute the physicochemical foundation for the determination of
quantitative structure-activity relationships. In this case the
research worker should have reliable quantitative information on the
level of biological activity that the chemicals possess.18 When the
objective is to establish the quantitative structure-activity relation-
ship there is a tendancy to construct a model which describes the
interaction between compound and receptor and to use a method for
determining the relationship between the correct (within the limits of
the method used) representation of the structure of the compound
and the activity which it expresses.

II. MOLECULAR RECOGNITION, THE PLATFORM OF THE
STRUCTURE-ACTIVITY RELATIONSHIP

It has now become evident that, when the wide range of proper-
ties possessed by chemical compounds is analysed, intermolecular
interactions with potential partners should be examined. The so-
called "problem of recognition in chemistry" is based on a large
amount of information which indicates that a particular molecule Ao
(the recogniser) reacts or forms a complex in solution only with one
particular moleculer effector Bo in a mixture of sometimes a very
large number of possible effectors B,·.23"25

Historically it was the analytical chemist who first encountered
the qualitative aspect of recognition in the search for compounds
which effectively bind specific ions in multi-component solutions.
With advancements in chemistry the problem of recognition has
extended into organic and physical chemistry. In this reagard it is
relevant to mention the fundamental studies of van't Hoff concern-
ing the development of the principles of the theory of solutions26

which may be regarded as the transition to a study of the quanti-
tative aspect of recognition. As mentioned in2 5, when these pro-
cesses are described quantitatively, the accuracy of the recognition of
chemical compounds increases by an order of magnitude in sequence
from the selective donor-acceptor interaction of Η-bonding of mole-
cules containing a single electron donor and acceptor centre, and

subsequently to the selective complex-formation of metal ions with
polydentate ligands, and to selective catalytic reactions and ulti-
mately to enzyme reactions. In the same sequence there is an
increase in the size and complexity of the structure of molecules
which are involved in the recognition process.

The methods currently adopted to investigate recognition in
chemistry usually involve systems of selective complex formation
between macrocyclic polyethers and cryptands (see Refs.27, 28].
However, even for these relatively simple compounds complex sta-
bility is dependent on many factors, and it is therefore difficult to
establish the principles of molecular recognition. It is therefore
essential to establish a clear definition of the basic principles
involved in the recognition process.

According t o 2 3 " 2 5 recognizer Ao should bind with a particular
type of molecule Bo, i.e. with the correct effector from a solution
containing Ν types of molecule: Bo, Bj, B2..., B^-i of random
concentration. The number of possible false recognition events is
defined as Pf. Then the degree of recognition may be expressed as
the number of correct recognitions which is dependent on the total
number of possible effects Ν and the proportion of false recognition

In the simplest case formation of complex A0B,· may be repre-
sented by the equation:

with a reaction constant of

[A0B,]

[Ao] [B,]
= Koi = exp (— ); i = 0, 1, . . . , Ν — 1

and the number of possible false recognitions Pf will be equal to

N-l N-l

Σ IA°B;1 Σ IBil K»t
P,=

N-i

[ A 0 B 0 ] + ^[AoB;]

1 = 1

from which it follows that recognition becomes more accurate the
greater is the value of the ratio of the correct recognition binding
constant to the false recognition binding constant, or the greater the
difference between the free energies (AAG) of formation of com-
plexes AoB,· (AGOi) and AoBo (AGoo) respectively:

MG4=AGoi—AG00.

Thus highly specific recognition demands a relatively large differ-
ence between the capacity of the recognizer Ao to interact with the
correct effector Bo and with a false effector. When AAG values are
sufficiently high, recognizer Ao is able to distinguish one effector Bo

from Ν other effectors B,·. Thus a targeted search for compounds
with the desired properties could tend towards the construction of
molecules the structure of which ensures maximum binding with the
recognizer responsible for the property under investigation.

These aspects of the question of recognition with respect to bio-
logical specimens were further developed in studies by Fischer,29 who
by 1894 had already established that spatial compatibility affects the
interaction between substrate and enzyme. This formed the basis of
the so-called "lock and key" principle or "complementarity princi-
ple". This principle has now been changed to the generally-accepted
concept that formation of enzyme-substrate complexes, which play
an important role in enzyme catalysis, is determined by the fine
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structure of active and effective centres and the unique structure of
the overall enzyme molecule which ensure high catalytic activity and
the specific action of the biocatalyst.30

Another important contribution to the development of the struc-
ture-activity concept is associated with Hansch, who in the sixties
proposed an empirical model for biological activity based on the
linear relationship between the free energy of the process under
investigation and physicochemical parameters of the compounds.
This model is the most widely used instrument in studies concerning
optimization of the biological activity of chemical compounds.1'31

Development of the ideas of Fischer and Hansch has so far
introduced two independent approaches to structure-activity rela-
tionship determinations associated with the selection of common
structural elements in different compounds with one particular type
of activity and with the optimization of biological activity in a
homologous series of chemical compounds. It will later be demon-
strated that, in order to make a transition to a qualitatively new
level of interpretation of the problem of quantitative structure-acti-
vity relationships, these, approaches should be unified within the
same systemic study. Definition of the problem in this manner
implies that the structure of the compounds has been adequately
determined and correctly described, including the special features of
the electron-topographic and conformational structure of the mole-
cules.

III. CORRECT COMPUTER-AIDED DESCRIPTION OF STRUC-
TURE FOR ESTABLISHING A STRUCTURE-ACTIVITY RELA-
TIONSHIP

Before commencing a study on the relationship between structure
and activity, a method for presenting the original data should be
selected.14 A great deal of effort has been devoted to the selection
of a system of parameters which may be either determined exper-
imentally or by calculation and which would fully describe the
structure. In the present review four main approaches for describ-
ing the structure of compounds are considered.

1. Fragment Code for Substructure Superimposition

A fragment code for substructure superimposition (FCSS) was
proposed at the beginning of the seventies.32 In the analysis of
chemical structure based on this strategy potentially active centres
named "descriptor centres" are identified and atoms containing
mobile p- and π-electrons or a full electrostatic charge are related to
these centres. They are all heteroatoms, nitrogen, oxygen, sulfur,
phosphorus, halogens, and metals, and also rings and pairs of car-
bon atoms linked by multiple bonds. A detailed list of descriptor
centres is presented in Ref.33. Initially for each compound a set of
linear descriptors is produced on the basis of the structural formula,
and each descriptor is represented by a seven-digit number (two of
the numbers were designated to the descriptor code and the chain
length. The property of conjugation was represented by one figure,
which was unity in the presence of conjugation and zero when there
was no conjugation). A calculation of the characteristics of the
cyclic fragments when the compounds were coded for analysis of
their similarity is presented in Ref.34. FCSS has been found to be
useful in statistical studies on the large amount of information
available on biologically active compounds. A method was subse-
quently proposed for coding the structure of a chemical compound

by using the descriptor centre concept while retaining the topology of
the molecular structure as a single entity in the form of a connection
matrix for descriptor centres (CMDC).33 In this matrix diagonal
elements represent descriptor centre codes and non-diagonal elements
may represent the distances between respective descriptor centres (in
the case of a matrix for descriptor centre geometry) or the number
of linkages between them. This approach has been used in a num-
ber of studies16·17 for identifying the common elements in the struc-
tures of compounds possessing a specific type of biological activity.

2. Topological and Geometric Descriptor Systems

The advent of systems of topological and geometric descriptors is
the natural development of a language for the description of chem-
ical structures. The Wiswesser system has become the most widely
used of the line-formula notation methods.35 However, in view of
the limitations inherent to linear coding systems, the main limitation
having already been mentioned, nowadays the coding of structures
with the aid of a connection matrix with a wide set of molecular
descriptors is preferred. The latter include mainly topological
descriptors, fragment descriptors, substructure descriptors, connec-
tion descriptors, and environment descriptors, etc. They are all
designed to obtain a more accurate description of the vicinity of
active centres in molecules.14 As with FCSS, a deficiency of this
coding method is that it is not the structure of the chemical com-
pounds but their structural formula which is coded. This method
for describing structure may be somewhat improved, if geometric
descriptors are used in addition to topological descriptors. Geomet-
ric descriptors, which describe the general form and size of the
molecules, imparts a three-dimensional structure to the compound
diagram. Conformational calculations of equilibrium distances
between the active centres by molecular mechanics techniques pro-
vide a more complete description of the structure of compounds.36

However in this case also it is not possible to reveal the electronic
properties of the active centres, which determine their ability to
undergo intermolecular interaction. This circumstance significantly
affects the identification of real interrelationships between the struc-
ture of chemical compounds and the activity which they express.

3. Quantum Chemical Methods Used for Describing Structure

Quantum chemical calculations of molecular structures have been
used in structure-property relationship determinations since the time
when they first appeared, and also at present as a result of progress
in computer technology these methods are becoming more widely
used in studies on the relationship between structural parameters of
molecules and their properties, especially their biological proper-
t i e s 19,21,37-39

Currently-available computer programmes cover virtually the
entire range of quantum chemical calculations from elementary
schemes for the complete neglect of differential overlap (CNDO) to
strict non-parametric approaches: CNDO/2, CNDO/BV, CNDO/S,
INDO, INDO(S), MINDO/2, MINDO/3, MNDO, VRDDO, and
the ab initio STO-39 calculation. However, the attraction of quan-
tum chemical calculations for structure-activity relationship deter-
minations is mainly that the most stable molecular conformations
are determined in which the active centres are accessible for inter-
action with a receptor or that molecular physicochemical character-
istics associated with the transport of the compound to the bio-tar-
get are evaluated. By transferring the "centre of gravity" of the
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quantum chemical calculations to the electronic properties of the
molecules, it has been possible to attempt identification (construc-
tion) of compounds with the desired properties within essentially
new classes of compounds. The above-mentioned approaches do
not offer such possibilities.

It is evident that the use of quantum chemical calculations for
structure-activity determinations is a promising approach. Further
development of computer technology and transition to non-empirical
calculations40 will undoubtedly lead to an increase in the role of
quantum chemistry in the determination of structure-property rela-
tionships. Nowadays calculation of the electronic structure of large
numbers of chemical compounds will be difficult to achieve even
with the use of semi-empirical methods, on account of the huge
demands on computer time. In this regard it will be necessary to
devise a system of calculation which would be relatively simple and
also which would effectively provide the correct description of the
electronic structure within the limits of structure-activity relationship
determinations. An attempt has been made41 to fill the connection
matrix of descriptor centres with a quantum chemical content, which
takes into account the electronic structure of the molecules.

However, one should note that quantum chemistry is by no
means a natural source of information on the electron-topographical
structure of molecules. Moreover, in view of the above-mentioned
difficulties, information obtained as a result of quantum chemical
calculations is not always sufficiently reliable and accurate. Hence
in the future development of methods for determining structure-
property interrelationships, in addition to these calculations, physi-
cochemical approaches to structure-activity relationship determina-
tions will be elaborated and such approaches will be directly associ-
ated with experimental studies on the physicochemical properties of
molecules or their fragments.

4. The Physicochemical Approach to Structure-Activity Rela-
tionship Determinations

Extensive use of physicochemical properties in structure-activity
relationship determinations began with the studies of Hansch et

aj i,5,3i -p̂ g cQjnpiete s e t of diverse parameters used in calculations
according to the Hansch equation have been described.18*42 All of
these parameters may be separated into three groups. The first
group includes parameters associated primarily with hydrophobic
properties, the logarithm of the partition coefficient (log P), the
lipophilicity parameter (π), thin-layer chromatography parameter
QogK'), parachor (Pr), molar volume (Vm), molecuar weight (M),
logarithm of partition in water (log Caq), partial pressure (p), the
Hildebrandt solubility parameter (σ*), molar attraction constant
(Fa), entropy constant (af*) and others. The second group
includes various induction and resonance constants (σ*, σ°, σ7, σΛ,
etc), radical substitution constants (ER), Swain and Lupton param-
eters (F, R), polarizability (a), molecular refraction (MR), dipole
moment (μ), ionization potential (IP), spectral frequencies (v), ioni-
zation constants (pKa, pK\>), and other characteristics associated with
electronic properties. Finally the third group consists of parameters
characterising steric effects of intramolecular interactions, Taft's
steric parameters (Es and E^), van der Waals radii (rv), molecular
binding potential (χ), etc. Although many of the above-mentioned
parameters do not reflect in the pure state only hydrophobic, only
electronic, or only steric properties, the separation of these param-
eters is extremely useful, for example in relation to the problem of

multi-collinearity in the selection of parameters for a model in
accordance with the scheme for the action of biologically active
compounds.

Although the Hansch equation has been effectively used on many
occasions, one should however emphasise that this approach and
various modifications of this approach "operate" only within the
narrow range of related compounds. Replacement of only one
active centre in the molecule leads to a change in the nature of
intermolecular interactions and consequently to the perturbation of
previously-established correlations between physicochemical param-
eters describing the compound and the property expressed. In this
regard the previously described approaches in which common struc-
tural elements may be selected would seem to be preferable, since a
broad range of compounds could be studied. The question consequently
arises, can the Hansch approach be extended for analysis of different
orders and classes of compounds by combining this approach with
other methods of differentiating common structural fragments. This
concept described in Ref.43 was realised for the first time in struc-
ture-activity determinations in which the following cases were exam-
ined. In the traditional descriptor analysis of the similiarity of
structures a set of descriptor centres with their classification in terms
of the types of atoms and nature of the linkages is used. In an
intramolecular environment the boundaries separating the electronic
properties of the descriptor centres may become diffuse and this will
complicate the separation of activities. It is therefore evident that
descriptor centre classification should be based not on the type of
atom but on its ability to participate in intramolecular interactions.

The enthalpy of complex formation (AH), which is proportional
to the free energy (AG) of the interaction between molecules con-
taining one electron-donor or acceptor centre, may provide a
quantitative measurement of this interaction.25 A wide range of
experimental data on AH values has now been obtained by means of
which it is possible to predict the thermodynamic properties of a
whole variety of donor-acceptor pair combinations, and therefore
one might suggest a new classification of the descriptor centres.
For this purpose it is necessary either to have experimental data on
AH values for all possible donor molecules with a given acceptor or
to find a system of empirical parameters with the aid of which the
AH value for the interaction between any donor — acceptor pair may
be evaluated. In the first variant (see for example the donor num-
bers of Gutman44) there are significant limitations such as inade-
quate solubility of certain complexes or the possibility that an irre-
versible reaction may occur. The second variant has much more
potential, and the two equations presented in4 5 '4 6 are extensively
used for achieving this objective. In the latter modification of the
equation45 the enthalpy of complex formation is expressed as the
sum of three paired products of six types of parameter. The form-
ula based on the classification of donor —acceptor interactions and
described in report43 is much simpler.

According to report46 the enthalpy of complex formation is pro-
portional to the product of two dimensionless values, the /-acid
(acceptor Pf) and y-base (donor EJ) factors.

where Hu is a coefficient determined according to a particular
standard complex. In the development of this approach43 a com-
mon scale of donor and acceptor factors has been proposed which is
constructed on the basis of the following modification of equation
(1):

AHil=\AHil\EiEj,
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where Et = P,·. In later studies21·22'47 not only neutral but also
charged donors and acceptors were included in this approach. A
descriptor centre classification based on this common scale has been
proposed48 for the analysis of structure-activity relationships. A list
of Ει values for 70 extensively used acceptors and Ej values for 230
diverse electron-donor compounds is presented in communication.22

Even with this relatively small group of data enthalpy values of com-
plex formation may be calculated for more than 16 000 complexes.

From the analysis of a large group of experimental data on com-
plex formation, the relationship may be established between E,{EJ)
values and substitution constants characterising induction effects and
the conjugation effect.49·50 In this approach it was essential to cal-
culate the values for these constants for complex functional groups.
In this regard empirical equations have been derived52·53 which
describe the transfer of the induction effect via carbon, oxygen, and
sulfur atoms. The creation of an automated system for evaluating
EfiEj) values should be regarded as the final stage in the introduction
of donor-acceptor factors into the actual construction of biologically
active compounds. Recently the authors of this review proposed
and derived an algorithm on a NORD-10 minicomputer for calcu-
lating the value E,{EJ) with the automatic determination of the Taft
constant of complex functional groups according to the structural
formula programmed into the computer and the described types of
atoms, t The mathematical software was thus created for providing
a physicochemical approach to the description and classification of
compounds in terms of electronic properties of descriptor centres
used for selecting the structural elements responsible for a particular
type of biological activity. Clarity and the high content of easily
interpreted principles of the classification are features of this
approach, and this classification is sufficiently straightforward for
widespread use and it is already used at the qualitative level for
constructing compounds with the desired properties.54

In addition to the correct evaluation of the electronic properties
of descriptor centres, of no less importance is the accurate descrip-
tion of the spatial structure of the molecules, taking into account the
dynamics of intramolecular motion, tautomeric and conformational
transitions, and large- and small-amplitude oscillations. In this case
it is evident that inclusion of descriptor centres in the previously-
described connection matrix as non-diagonal elements in the values
for the number of linkages between the respective descriptor centres
is not consistent with current concepts on the spatial structure of
molecules. Inclusion of equilibrium distances17'33 in the connection
matrix and the use of moments of inertia and molecular volumes21

as descriptors is naturally more appropriate, but does not overcome
the problem of correctly describing the spatial structure of the mole-
cules. The use of the concept of the spatial structure of a molecule
in the form of a radial distribution plot, as practised in gas chro-
matography, has been proposed55 as a simple method for describing
molecular structure which in general satisfies the requirements of the
"ideal" method. An interesting attempt to use an analogous trans-
formation of molecular structure in order to separate tranquilisers
and sedatives56 is noteworthy, and this method was found to be
much more effective than the use of fragment descriptors with this
material.57

The methods described for representing molecular structure reflect
to a satisfactory extent the structure of the compounds, when a com-
puter is used for determining structure-activity relationships.^
Moreover, selection of the form of description of a molecular
structure is closely linked with the particular objective of the study
(classification of compounds in terms of the type of bio-activity
expressed, an information search for related compounds, identifi-
cation of common structural elements, a quantitative prediction of
the order of bioactivity, etc.) and also with the method used for this
purpose. From this point of view the question of optimal confor-
mity between the form of description of a structure and the method
selected for treatment of the structure information is very important.

IV. METHODS FOR DETERMINING STRUCTURE-ACTIVITY
RELATIONSHIPS

The numerous methods available for determining structure-
activity relationships can be divided into the following two major
groups according to the type of problem in quesion:21 methods
directed towards the optimisation of properties in a series of related
compounds and methods designed for the identification of common
structural fragments in molecules of chemicals exhibiting a certain
type of bio-activity.

1. Optimisation of Properties in a Series of Related Compounds

This group of methods involves the use of different multi-param-
eter regression models linking the structural parameters of the com-
pounds with their bio-activity.58"62 The main strategies for proces-
sing structural information used in structure-activity determinations
for optimising the properties in a series of related compounds are
presented in Table 1.

The successful use of the Hansch model described in the previous
section has led to the appearance of many generalisations and modi-
fications for "screening" of different sets of physicochemical and
structural parameters and regression models. Even as early as the
seventies more than 2000 regression dependences had been derived
for more than 20 000 chemical compounds,63 relating hydrophobic,
electronic, steric and other properties of substituents to biological
activity expressed by the compound. Certain of these relationships
were used both for predicting efficacy64"66 and also for determining
the mode of action of biologically active compounds.18'67 How-
ever, many of these, according toHansch,68 were "astonishingly
deformed". They included equations which were unrealistic in the
physical sense or ineffective for predicting biological activity but
which had high correlation coefficients.

The existence of these equations indicates that the high values of
the correlation coefficient R, the square of which is numerically
equal to the contribution of the bio-response function variance
(σ2 - σ2) "explained" by the regression dependence

where <sy is the bio-response function variance, and σ is the residual
variance, is an essential condition but would not ensure a good

tA.M.Sapegin, O.A.Raevskii, V.V.Chistyakov, and I.V.Martynov,
Khim.-farmatsevt. zhurn., 1987, 21(9), 1098.

JO.A.Raevsky, QSAR in Drug Des. Toxicology, D.Hadzi et al.,
(editors), Elsevier, Amsterdam, 1987, p.31.
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regression model. This may be attributed to the fact that for a
regression analysis there are certain limitations, and that infringement
of the latter leads to "mishaps" with regression coefficients,69 which
characterise the contribution of each of the structure parameters of
the compound to the bio-activity value.

Table 1. Main Methods for Optimising Properties in a Series of
Related Compounds.

Form of analysis

Multidimensional
statistical

Multidimensional
scaling

Correlative

Factorial

Regression and
dispersion

Method of processing
information

Calculation of the statistical
characteristics of the
distribution of random
values, means, scatters, etc.

Reduction of the scale of
multidimensional space with
the object of omitting data
and variables which do not
provide sufficiently
informative data

Identification of relationships
between variables based on
a correlation matrix

"Reduction" of information
by introducing new variables
representing linear
combinations of the original
data

Construction of a functional
relationship between
independent variables and
the response (dependent
variable)

Field of use

Omission of incorrect data and
analysis of "rejections"

Selection of compounds which
provide the greatest amount
of information

Testing the hypothesis
concerning the independence
of the parameters in the
model

Determination of the
"structure" of the data, the
extent to which the items
and parameters in the model
may be grouped

Determination of the
quantitative relationship
between structural
parameters and the
bioactivity expressed by the
compounds

Refs.

[72-76]

[73-75]

[78,119]

[79-82]

[31,61-68]
[85-87]

For example in communication70 attention is drawn to the irra-
tional use of the Hansch model proposal concerning the normal rule
for the distribution of the variables included in this model. Analy-
sis of fourteen possible distribution rules for the variables in the
Hansch model showed that, regardless of the hydrophobicity char-
acteristics of the biologically-active compound, the best model for
describing the transport of a compound to the bio-target is the
exponent of a power rule for the size distribution of the hydropho-
bicity parameter with a clearly pronounced assymetry. The struc-
ture of this distribution indicates that the probability of the substrate
reaching the site of action increases in proportion to its hydropho-
bicity in accordance with the power rule and decreases in accordance
with the exponential rule. The presence of asymmetry indicates that
random events in a given system are not always mutually-indepen-
dent. The presence of a correlation between "independent" param-
eters is one of the most widespread reasons for the low predictive
capacity of the derived relationships. The emergence of models,
which do not effectively predict quantitative structure-activity rela-
tionships, in addition to "technical" features of the regression analy-
sis, is associated with a number of fundamental difficulties: a) in
establishing the uniformity of the mode of interaction between the
group of compounds under investigation and the same receptors;
b) in selecting a regression model conforming to the mode of action
of the compound; c) in selecting variables which adequately describe
the property under analysis; d) in the use of bioactivity data
obtained by different research workers (the problem of accuracy and
reproducibility of a biological experiment); e) in establishing the
relationship of the resultant biological activity of a compound, which
affects many physiological processes occurring in the body.

On account of the above-mentioned difficulties and because there
is currently no alternative to a regression analysis for obtaining a
quantitative prediction of the magntitude of bioactivity, an alterna-
tive proposition would be to construct regression models after a
preliminary qualitative analysis of the available data had been car-
ried out. In this case an analysis of a quantitative structure-activity
relationship could have the following sequence. In the first stage
of the preliminary or, as otherwise termed, the "exploratory"§
analysis, the general structure of the data is established. For this
purpose one may use graphic display of the multidimensional space
of the data, and also automated methods of classification and sta-
tistical treatment of the information. At this stage within the limits
of the structure-activity determination two problems may be
resolved, i.e. to separate classes of related compounds, and to con-
vert to a set of a significantly smaller number of informative param-
eters describing the structure of the compounds. In the following
stage the hypothesis concerning the independence of parameters in
the model may be checked with the aid of correlation analysis
methods.78 If necessary, by using factorial analysis methods, fac-
tors which represent a linear combination of the original parameters
in the model may be introduced into the regression model.79"82 It
has been recommended18 that the following rules should be obeyed,
when the final regression model is being constructed: 1) at the pre-
liminary analysis stage as many independent parameters as possible
should be examined as model variables; 2) to select from the various
combinations of variables those which contain parameters related to
the different types of interaction (for example log Ρ and σ 8 3 ) ; 3) to
disregard regression coefficient variables with a low level of signifi-
cance; 4) to select a model with the lowest standard deviation, when
the values of the correlation coefficients are similar; 5) in order to
exclude random correlations, at least five —six results of the biological
tests for each parameter tested in the model should be included;84

6) other conditions being equal to give preference to simpler models;
7) with the objective of reducing and simplifying the calculations and
avoiding fundamental errors to take into account the reality of the
proposed model from the point of view of the phenomenon under
examination.

One should also take into account the potentialities of modern
regression analysis in regard to the evaluation of the quality of the
regression dependences obtained.85"87 By correct construction of the
regression dependence, a model describing the action of the biologi-
cally active compound may be obtained which has high predictive
capacity and it is thereby possible to resolve the problem of optimis-
ing properties in a series of related compounds. However, it remains
an open question whether it is possible to predict bioactivity of com-
pounds which differ in structure. Resolution of this problem is
dependent on the identification of common structural elements.

2. Identification of Common Structural Elements in Biologically
Active Compounds

The suggestion that the biological activity of a compound results
from the presence of certain molecular substructures (pharmaco-
phores) patterns the basis for the search for common structural

§P.F.Velleman and D.C.Hoaglin, "Applications, Basics and
Computing of Exploratory Data Analysis", Duxbury Press, Boston,
1981, p.354.
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elements in compounds. A typical feature of this approach is the
use of pattern recognition techniques (PRT)87"89 for dividing com-
pounds into active and inactive species according to a set of struc-
tural parameters. In these terms the Free-Wilson model,90 based on
the additive contribution of substructures in substituents to the bio-
activity value, occupies an intermediate position between quantitative
regression models and qualitative models of pattern recognition
techniques. With this simple model it is possible to narrow down
significantly the area in which searches are made for effective bio-
logically active compounds. For example, when testing compounds
in which substituents may occupy four positions or when the number
of the substitutions is changed from three to five, use of the Free-
Wilson method reduces the number of bio-tests required from 120 to
eleven.18 However, since information is used at the qualitative level
concerning the presence or absence of certain types of pharmaco-
phores in the structural formula of compounds, a quantitative pre-
diction of the bio-activity value is often found to be unreliable.
Thus attempts have been made to improve this model by linking the
latter with the mode of action of compounds91"94 or by including the
mutual effect of the substituents in the examination.95 However, in
the latter case there is a sharp increase in the number of variables in
the model and the model becomes difficult to operate.

In the case of items which may be described by a large number of
parameters, pattern recognition techniques based on the automatic
classification of items according to similarity or lack of similarity are
found to be more effective.96 Methods related to the three types of
analysis (Table 2) are most frequently encountered in the literature
concerning structure-activity determinations.

Table 2. Main Methods for Identifying Common Structural Ele-
ments and Classification of Compounds.

Form of analysis

Discriminant

Lineal" instruction
machine

Logical-
structural

Cluster

Modelling of
spatial structure
properties of
the molecule

Method of processing
information

Construction of separating
hyperplanes according to an
instruction selection
consisting of two classes of
items

Non-parametric discriminant
analysis, based on the
correction of an incorrect
classification by means of
the inverse relationship in
the iterational process

A form of discriminant analysis
based on the use of the laws
of inductive logic

Classification of items
according to similarity or
differences with the aid of
optimisation of the
efficiency function

Calculation and construction
of three-dimensional images
of molecules by quantum
chemistry and molecular
mechanics methods with the
aid of molecular graphics

Field of use

Selection of informative
parameters of the model
for describing the structure
and classification of the
compounds into active and
inactive

Ditto

Ditto

Classification of compounds
according to types of activity

Determination of the steric
specificity of substrate-
receptor interaction

Refs.

[14,77,
97-101)

[14,88]

[17]

[102-107]

[110-116,
119]

analysis a selection of the most informative parameters from the
point of view of separating the compounds is presented, a separating
surface is constructed, and the effectiveness of the resultant discrimi-
nant model is tested on instruction and examination selections of
compounds. Certain data cited in the literature99"101 serve as exam-
ples of the successful use of discriminant analysis.

Logical structural analysis17 uses algorithms of discriminant
analysis methods in which information is presented in a natural form
for the research worker. Many procedures for processing infor-
mation are directed towards the dialog mode of computer operation.

Cluster analysis102 involves the grouping of items as concentra-
tions of points in multidimensional space which describe these items
of the parameters. This kind of analysis is clearly associated with
multidimensional scaling techniques (mapping of the points of multi-
dimensional space on a surface of smaller dimensions) and numerical
taxonomy (separation of items into pre-determined classes). The
absence of empty clusters is a distinctive feature of cluster analysis
techniques. Cluster analysis methods may be used in structure-
activity determinations either independently104"106 or in combination
with other methods.77'107·108

In all automatic classification methods the studied topological and
topographic features of molecular structure are represented in the
form of a set of indexed parameters, geometric descriptors which are
coordinates of the compounds like points in the multidimensional
space of the parameters. In recent years with the development of
computer graphics it has become possible to produce a visual three-
dimensional image of the molecular structure on the graphic display
screen of a computer.108"110 This has initiated yet another
approach in structure-activity relationship studies, the molecular
modelling of the spatial structure of compounds.

The most productive approach was found to be the use of
methods for modelling the three-dimensional structure of molecules
in order to study the spatial specificity of the substrate-receptor
interaction by the "lock and key" principle,110 especially when the
electronic pattern of the molecule is represented as surfaces sur-
rounding a nuclear skeleton of the molecular conformation27

obtained with the aid of a quantum-chemical calculation111 or the
molecular mechanics method.36 By using this approach it is
possible to determine the similarity between the electron-topograph-
ical properties of the molecules which is not discernable with the
other analytical methods. The quantitative aspect of the calculation
of steric specificity of the substrate-receptor interaction has been
developed in a regression analysis,112-115 although a trend towards

Discriminant analysis97"101 is based on the division of compounds
into active and inactive species by constructing a separating hyper-
plane or some other surface in the space of the parameters of the
compounds which describe their structure. In the limits of this

the combined use of molecular modelling techniques and regression
analysis has recently become apparent115"116 and this should ulti-
mately lead to a system approach to the determination of structure-
activity relationships.

3. The System Approach to the Analysis of Structure-Activity
Relationships

The concept of the system approach to the analysis of structure-
activity relationships involves the creation of a single model for the
search for biologically active compounds covering both qualitative
and quantitative and also a priori information on the class of com-
pounds studied within the limits of the expert system, which includes
a corresponding group of methods for determining structure-activity
relationships. The usefulness of this approach is dictated by the
need to take into account all information available to the research
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worker and also by the selection of the optimal method for process-
ing the information. In fact, if for example the problem of binding
between receptor and substrate is defined as a problem of finding the
distribution density function of the probability of complex formation
according to a set of parameters characterising the structure of the
substrate, it becomes apparent that there is a link between this
problem and that of the reduction in the dependences under condi-
tions of the inverse incorrect problem.87 From the theory for the
resolution of similar problems117 one might conclude that the quality
of the result obtained is to a marked extent dependent on the degree
of detail in which a specific problem is investigated and the selection
of the corresponding method for resolving the problem. Since at
the various levels and stages of the analysis of structure-activity
relationships the research worker presents information differing in
quantity, quality and form in which it is presented and usefulness,
there obviously is a need to use not one method for determining
structure-activity relationships but a range of methods in a sequence
which would ultimately lead to a quantitative prediction of the mag-
nitude of the biological activity possessed by an unexamined com-
pound on the basis of parameters characterising the structure of the
compound.

The first stage towards combining qualitative and quantitative
methods of analysis of structure-activity relationships within a single
model was the elaboration of a physicochemical strategy similar to
that described in Section III.

The potential of a system analysis of structure-acitivity relation-
ships in this approach was linked with the formation of a unified
description of the electron-topographical properties of molecules
based on a single donor-acceptor model representing the substrate-
receptor interaction, in which the model parameters could be
extended as indicator variables at the automatic compound classifi-
cation stage and as quantitative variables on reduction of the struc-
ture-activity regression dependences. This poses the problem of
optimising the properties in the series of compounds with different
structural formulae including those which belong to different classes
but which have similar donor-acceptor and topographic properties of
the descriptor centres.

The present tendency to integrate the methods and approaches in
the structure-activity relationship determination is also reflected in
the packages of programmes currently being elaborated.

V. SOFTWARE PACKAGES FOR DETERMINING STRUCTURE-
ACTIVITY RELATIONSHIPS

In order to perform the methods and approaches considered for
the analysis of structure-activity relationships, relevant software
packages must be produced. Currently-available software packages
differ both in function and in the extent to which they cover the
problem to be resolved, and also in the class of computer in which
they may be used. Software packages designed according to the
modular principle with a dialog operation regime are most conveni-
ent. Such packages are usually designed for use in mini-computers,
and on account of the ease with which new programmes can be
incorporated into the package, they undoubtedly have an advantage
over other software packages in regard to the production of an
expert system for determining structure-activity relationships based
on a laboratory mini-computer.

By way of an example four of these packages will be examined in
which previously-described approaches to the analysis of structure
activity relationships are performed: automatic classification based

on methods for recognition of samples (ADEPT), logical-structural
method (TOPLOG), molecular modelling (MOLY), and physico-
chemical (RASTR) approaches.

The ADAPT software packages14 based on processed information
contains the structural formulae of the compounds. Any of them
may be entered into the computer by building its image on a graphic
display monitor with the aid of a special set of commands in the
interactive mode. The structural formulae entered are stored in the
form of a connection matrix on discs (disc drives). It is envisaged
that there could be facilities for the addition, exclusion, alteration,
and recalling of the stored structures of compounds. Structure-
activity relationship analysis is based on the methods of parametric
and non-parameteric statistics and recognition of the items: linear
regression, discriminant analysis; a linear instruction machine, and
classification according to the number of close neighbours. The
ADEPT system operates on the basis of a 16-bit MODCOMP 11/25
minicomputer and together with the data bank occupies approxi-
mately 2 Megabites of memory on magnetic discs.

The software package TOPLOG17 offers the user a more
advanced system of input, editing, and information conversion to a
form which is acceptable to the research worker. This is reflected in
the file system of the package which counts 14 types of files with
different functions. The package includes a procedure for achieving
a logical-structural approach like that described in reference 17. A
distinctive feature of the TOPLOG package is the inclusion of an
algorithm for selecting common structural fragments of molecules
based on an analysis of graphic representations of structural formu-
lae of the compounds under investigation. The package consists of
14 programmes with a total capacity of approximately 8000 fortran
operators and it may be run in an HP-1000 minicomputer.

In contrast to the packages described in which the main type of
information is the structural formula of compounds, in the MOLY
package10'118 in order to construct a biologically-active compound a
stereoscopic three-dimensional image of the molecule is used in
which its properties are represented (for example surfaces of electro-
static potential). With the aid of molecular modelling techniques it
is possible to obtain parameters of the molecule structure which
reflect the spatial specificity of the interaction between substrates
and receptors and which may be used for constructing regression
models of quantitative structure-activity relationships. The MOLY
package contains approximately 15000 fortran operators and occu-
pies 1 Megabite of memory.

In the RASTR (recognition of active structures)^! software pack-
ages procedures are included which provide a physicochemical
approach for the detection of common fragments of biologically
active compounds according to the electron-topographic properties
in structure-activity determinations. A feature of this package is
that a system approach to the analysis of structure-activity relation-
ships may be achieved by using a set of previously-examined
methods at different stages of the study (Tables 1 and 2). This is
achieved by means of a unified description of the electron-topo-
graphic properties of the molecules from the position of a single
donor-acceptor model of the substrate-receptor interaction. For
example one possible operational variant with the RASTR package
may be as follows. The structural formula of a compound and

iJO.A.Raevskii and A.M.Sapegin, Khim.-farmatsevt. zhurn., 1987,
21, 1338; A.M.Sapegin, A.N.Razdol'skii, V.V.Chistyakov, and
O.A.Raevskii, Khim.-farmatsevt. zhurn., 1987, 21, 1341.
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information on the type of atoms contained in the formula are
introduced from the computer terminal. With the aid of an INPUT
programme (Fig.l) these data are converted into a connection matrix
and are entered into the compound file on a magnetic disc. Infor-
mation from this file is used for calculating a descriptor centre
geometry matrix, a physicochemical "portrait" of the molecule
describing donor-acceptor and topo-graphic properties of the active
centres in the substrates. Diagonal elements of the descriptor centre
geometry matrix are coded on the basis of calculated values of
donor-acceptor factors in the descriptor centres in accordance with a
unified scale of a donor-acceptor interactions. An algorithm for
calculating the donor-acceptor factor of the descriptor centre (DAF
programme) is constructed in order to analyse the tree of a graphic
representation of the compound's structural formula using a data
bank of Taft constants for different types of atoms and correlation
equations for calculating the Taft constant of complex substituents
and the donor-acceptor factor of the descriptor centre.50'52"53

Extra-diagonal elements of the descriptor centre geometry matrix
contain information on the topography of the descriptor centres in
the form of the distance between respective descriptor centres for
equilibrium conformations calculated by the molecular mechanics
method36 (programme MM2). The descriptor centre geomtry
matrix is formed by the CMGDC programme which operates in
two modes: analysis of structure-activity relationships, and in a
mode for logging the descriptor centre geometry matrix into the data
bank.

Operating configuration for the main nucleus of the RASTR
package Programmes: INPUT, Input; DAF, calculation of donor-
acceptor factors; MM2, calculation of equilibrium conformations of
molecules by the molecular mechanics method; CMGDC, formation
of descriptor centre geometry matrix; SLCT, selection of common
structural fragments; SPECTR, construction of the spectrum of
interatomic distances; RMDL, construction of regression models;
TR, transformation of regression models of the pharmacophores into
the spectrum of interatomic distances; files: FC, compounds; FS,
structures; FD, structures in data bank; FA, activities (of phar-
macophores); FI, images (spectra of interatomic distances); FM,
regression models.

With the aid of the SLCT programme common structural frag-
ments are selected for the compound under investigation (FC file)
and compounds stored in the data bank (FD file). The procedure
for searching for common structural fragments is analogous to that
used in the TOPLOG package.24 It differs only in that in this
instance the common structural fragment is considered to be not a
strict identity of the elements in the structural formula of the com-
pound but their closeness with respect to electron-topographic
properties which may be regulated by the research worker. The
isolated fragments are potential pharmacophores and are entered
into the biologically active structure file (FA file).

The descriptor centre geometry matrix of common structural
fragments in the biologically active compounds which are contained
in the FA file may be represented (with the aid of a SPECTR pro-
gramme) as a range of interatomic distances, which is convenient for
a visual comparison of the structures of the compounds or as a set
of structural parameters for constructing regression models of
structure-activity relationships. Interatomic distance spectra are
stored in the "Images" file (FI file).

Thus at the stage described above the problem of identification of
potential pharmacophores is qualitatively resolved, i.e. on the basis
of indicator parameters of the donor-acceptor model a concept can
be formed concerning the electronic and spatial properties of the
active centres in substrates responsible for a particular kind of bio-
logical activity.

The next important step is to determine the quantitative relation-
ship between structural parameters of the compound and the magni-
tude of the biological response. In the RASTR package examined
the original information for the construction of regression models
(RMDL programme) is the information from the FI file. The
search for the optimal regression dependence is based on the prin-
ciple of the structural minimisation of mean empirical risk.87 The
predictive capacity of the model is assessed according to a test selec-
tion of data.

Results obtained at the regression analysis stage may be repeat-
edly used in the RASTR package for designing a more accurate
model or for constructing a new model. These data are stored in
the FM file. As a result of the file organisation for transfer of
information between programmes in the package, the system is
highly flexible as regards the inclusion of standard or original
methods for processing information at any stage in the study, and
may accept all kinds of quantitative structure-activity relationship
analysis, the main condition for constructing an advanced expert
system.

All programmes in the package have been written in FORTRAN-
77 language and are used in a NORD-10 minicomputer (OZU capa-
city, 128 kilobites).

The programme packages examined indicate that nowadays the
software covers a wide range of algorithms for processing structural
information and thereby creates the basis for a system approach to
the analysis of structure-activity relationships. This objective could
be achieved in practice by elaborating a problem-orientated expert
system for the construction of compounds with desired properties.

VI. CONCLUSION

In order to search for effective biologically active synthetic com-
pounds in accordance with the basic principles of constructing com-
pounds with desired properties, the following problems must be
resolved: 1) identification of the compound interacting with the
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receptor; 2) determination of the electron and spatial structure of
the compound; 3) the correct description of the structure within the
limits of the computer used; 4) derivation of statistically significant
data on the biological activity of the compounds; 5) optimisation of
a method or group of methods for resolving specific problems rela-
ted to the determination of structure-activity relationships.

Table 3. Examples of correct predictions of structure-activity
relationships.119

Type of compound Form of bioactivity

Benzothiadiazines
Propinylamines
N-(Pheno.\yethyl)-cyclopropyl-amii
/3-Carbolines
Sulphonamides
Carbanoylpiperidines
Ketoncs
Benzylpyridinium ions
Steroids
Esters
Dopamine esters
Peptidyl-p-nitroanilines
Polycyclic aromatic hydrocarbons
Isatin-fl-isothiosemicarbazones
Pyrazoles
Cytidine derivatives
Nitrosourethanes
Mitomycins
Hydantoin derivatives
Rifamycin amides
Sulphonamides
Erythromycins
Quinoxaline-1,4-dioxides
Phenanthrenes
Phenylamidinourethanes
Naphthoquinones
Tuberines
Methoxychlorines
N-Hydroxypyridones
Pyridine derivatives
Trifluoromethane sulphonamides
Alkylarylcarboxylic compounds
Aromatic esters
Piperidinoacetanilides
Pyrimidones
Urethanes
Phenylacetamides
Pyridylmethanes
Pronazines
Aromatic and aliphatic acids
Benzothiopine derivatives
Carboxylated esters
Axcrylates
Copper chelates
Pyramine amines
Azapurine-6-ones
Phenyloxazolidines
Carbonoylethylamines
Triazines
Benzdiazepines
Cyanocyclohexylamines
Piperidinoacetanilides
Somatostatin analogues
Steroids
Azacycloalkanes
Organosilicon amines
Inda-l,3-diones
Sulphones
Alkobenzylalkylamines
Spirobarbituric acids
Adenosine analogues
Trimethoprim analogues

Hypotensivc action
Monoamine oxidase inhibition
Monoamine oxidase inhibition
Monoamine oxidase inhibition
Carboanhydrase inhibition
Choline esterase inhibition
Chymotrypsin inhibition
Inhibition of complement
Binding with progesterone receptor
Papain hydrolysis
Hydrolysis of arylamidases
Subtilisin hydrolysis
Hydroxylation of microsomal oxidas*
Antiviral curcinogenicity
Ditto
Cytostatic. immunodepressive
Cytostatic
Ditto
Ditto
Antibacterial
Ditto
Ditto
Ditto
Antimycoplasma activity
Ditto
Ditto
Ditto
Insecticidal
Fungicidal
Ditto
Herbicidal
Ditto
Ditto
Phytoactivity
Inhibition of the Hill reaction
Herbicidal
Hypnotic
Spasmolytic
Neuroleptic
Anti-inflammatory
Neuroleptic
Antithrombic
Toxicity
Cytotoxicity
Immunodepressive
Immunodepressive
Radioprotectant
Cholinolytic
Dehydrofolate reductasc inhibition
Anti-pentylene tetrazolium activity
Fungicidal
Anti-serotonin activity
Antidiabetic
Progesterone activity
Analgetic
Fungicidal
Toxicity
Antibacterial
Toxicity
Sedative
Hypotensive
Antibacterial

An incorrect approach to the resolution of any of the above-
mentioned problems could impede the determination of the "true"
structure-activity relationship or even lead to the proposal of a false
relationship. For example identification of the substrate with a

substance introduced into the body (i.e. disregard of the possibility
that chemical and biochemical transformations of the chemical may
occur during transportation from the site of administration to the
bio-target) sometimes causes complications in the detection of com-
mon structural fragments among compounds expressing a particular
kind of biological activity. Approximation of a model describing
the electronic and spatial structure of compounds automatically
affects the predictive potential of the model. The efficiency of the
latter may also be determined by selecting a method for processing
the information, i.e. its compatibility with the form of the presen-
tation and level of information on the structure and properties of the
molecules.

There are now many examples in the literature concerning the
correct prediction of the biological activity of compounds (Table
3).19 However, most of these studies are concerned with the opti-
misation of properties within a series of related compounds. A
qualitatively new level in quantitative structure-activity relationship
determinations, which would lead to the identification of essentially
new classes of effective compounds, would only be attainable by
using methods for the selection of common structural fragments
within a diverse range of compounds with subsequent optimisation
of the useful properties which they express.

This leads to the need to develop a system approach to the deter-
mination of structure-activity relationships which should include, in
addition to the previously-considered questions, an extended section
of chemical data120 and artificial intelligence.121 The ultimate stage
in a system investigation of a structure-activity relationship could
include a plan for synthesis and technological schemes for producing
the new compounds,122'123 Development of this strategy should
eventually transform an empirical approach for structure-activity
relationship determinations into a fundamental scientific approach
exploiting the advances in chemistry, physics, biology, and informa-
tion technology. A powerful platform will thereby be created for
the cost-effective construction of compounds with desired properties
for the needs of industry, agriculture, and medicine.

. - - o O o - - -

While this review was being prepared for publication a significant
number of papers appeared in the literature on studies dealing with
virtually all aspects of the question of targeted screening and the
construction of effective biologically-active compounds. Worthy of
mention are a paper presented at the Sixth European Symposium on
Quantitative Structure-Activity Relationships124 and a monograph125

in which the fundamentals of the construction of systems for deter-
mining the main kinds of bioactivity for large numbers of com-
pounds are presented.

The approach concerned with the three-dimensional perspective of
molecular structure by molecular graphics techniques126"131 based on
empirical132'133 and quantum-chemical134'135 calculations of molec-
ular conformations or the corresponding X-ray data136'137 is pro-
gressing in an interesting manner. Considerable attention is being
focused on the elaboration of models for describing structure with
the aid of sets of descriptors138"149 and on the visual representation
of results obtained from the statistical analysis of structural infor-
mation.150-153

Closer examination of the physicochemical content of quantitative
structure-activity relationship models154"157 including the radical
changes in programming technology in expert systems together
with the pharmacodynamic and pharmacokinetic stage158"164 should
be included in the new trends in structure-activity determinations.
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The creation of an expert system for quantitative structure-activity
relationships could become essential for the formation of a unique
"programme" theory for the targeted search and construction of
biologically active compounds.
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