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An effective method for the molecular screening of compounds within a particular range of formation enthalpies has been 
developed; this approach is identical to the classification problem and is handled by the method of logical correlations, the 
inclusion of a substance in a given range of enthalpies being determined by the presence of informative local features in 
the structural topology of the compound; the high predictive ability of the method is demonstrated by the screening of 
high-energy nitrocompounds. 

The design of molecular systems with predetermined physical subsequent design of substances with the desired properties is 
and chemical properties is an important and complex problem symbolic mathematics, i.e. the logical-structural approach' of 
in chemistry. An efficient solution depends to a large extent on pattern recognition t h e ~ r y , ~  applied to molecular  graph^.^ 
the knowledge of 'structure-property' cause-and-effect Application of the logical-structural approach is connected 
relationships. At present, these relationships are still formal- with two notions: an informative molecular descriptor and a 
ized rather poorly. One of the methods which allows the most logical correlation. An informative molecular descriptor is a 
adequate formalization of empirical chemical knowledge and feature of the compound's structural topology which has a 
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significant correlation with the given property. A logical corre- 
lation is a set of rules determining which substructures must be 
present or absent in the structural formula of a compound in 
order for the value of the required property to lie within a 
certain range. 

Our approach can be briefly described as follows. A given 
training set is divided into two classes of compounds in 
accordance with the value of the specified property. For 
compounds of the '+' class, this value must lie within the 
desired range, for those of the ' - ' class, this is not true. All the 
compounds from the training set (from both class ' + ' and class 
' - ') are then decomposed into simple structural fragments 
(such as, for example, atoms in a certain valence state, func- 
tional groups, aromatic and heteroaromatic rings, or substruc- 
tures of other types). All the various simple fragments, 
obtained from the compounds after this decomposition (we 
shall call them 'fragments of dimension 1') are united in a single 
set. On the basis of this set, a logical matrix T is constructed, 
with rows corresponding to the compounds from the training 
set and columns corresponding to the obtained fragments. The 
values of its elements indicate the presence (T, = 1) or absence 
(T,, = 0) of the q-th fragment of dimension 1 in the structure of 
the p-th compound from the training set. 

On the basis of the constructed matrix, the computer carries 
out a search for those fragments of dimension 1 whose presence 
or absence in the structure of the given compound correlates 
closest with the presence of this compound in the ' +' or ' - ' 
class (such fragments may be referred to as informative molecu- 
lar descriptors). When such descriptors are found, we can 
formulate the simplest rules ('precursors' of more complex 
rules) which must be fulfilled for compounds of class ' + ' and 
not fulfilled for elements of class '-'. These rules may be 
presented in the form Q'~II',", where k is the number of the 
fragment which is considered in the rule; the index i corres- 
ponds to the dimension (at the described stage, i =  1); ll'? is the 
predicate for the presence of fragment k in the given structure, 
k = 1 if the fragment is present in the structure and k = 0 if 
it is not; Q'$ is either a 'blank' (if the rule requires the presence 
of the k-th fragment in the structure in order to consider the 
compound as belonging to the ' + ' class) or a logical negation 
(the absence of the fragment is required). 

However, in the overwhelming majority of cases, only a small 
number of compounds from the training set can be correctly 
classified using a single descriptor. Therefore, the computer 
forms specific 'subrules'. Within their framework, the presence 
or absence of several fragments is considered simultaneously 
(the number of descriptors included into a subrule can be varied 
within a certain range, specified by the user of the program). 
This is shown by eqn. (I), 

where j is the number of the subrule, the index (i) represents the 
highest possible dimension of fragments in the given subrule (at 
the stage we are considering now, i = 1); j,, j2, . . ., j,, . . ., j,, are 
the numbers of the fragments used as descriptors in this 
subrule. 

Examples of the subrules found, which include fragments of 
dimension 1, can be seen in Nos. 1-7 of Table 1. For instance, 
subrule 7 states that a compound belongs to a class of sub- 
stances with high enthalpies of formation (the ' + ' class) if its 
structure contains a 1,2,3-triazole ring and an azoxy group (i.e. 
Q':,' and Q':,' are 'blanks'); subrule 2 requires the presence of 
an azido group (i.e Q z )  is a 'blank') and the absence of 
alphatic carbon atoms (i.e. Qx) is a logical 'not', a logical 
negation). The obtained subrules, which include fragments of 
dimension 1, are united into the so-called partial rule with the 
help of a logical 'or' (disjunction) [eqn. (2)], 

where L is a logical 'or', 1 is the number of subrules Pj in the 

Table 1 Subrules of the decisive rule determing the inclusion of a 
compound into a class of substances with (A,H > 100 kcal mol-') 

No. Type of rule 

" A  logical 'not'. An aliphatic carbon atom, i.e. not included in a 
macrofragment such as a furazan or a furoxan ring, or other aromatic 
cycles. 

partial rule. Yet, as a rule, only a small number of molecules 
from the training set can be correctly classified with the help of 
the obtained partial rule R"'. This is due to the fact that the 
fragments included in this rule can still be present (or absent) 
both in some compounds from the '+' class and in some 
compounds from the ' - ' class. 

Then, for molecules which remain non-classified after the 
partial rule R") is applied (and only for these molecules), the 
computer generates fragments of dimension 2. These fragments 
may be considered as all the possible pairwise combinations of 
those fragments of dimension 1 which are present in the 
non-classified molecules (for example, the ethylene fragment in 
the 8th line of Table 1 is a combination of two ethylene-type 
carbon atoms, and, since the atoms are fragments of dimension 
1, the dimension of the ethylene fragment is 2). On the basis of 
the newly generated fragments, the logical matrix is extended. 
It becomes possible to formulate new subrules for the com- 
pounds which were not classified at the previous stage. These 
subrules P,'z)may include descriptors both of dimension I and 
of dimension 2. From these subrules, the partial rule R(*) is 
formed with the help of a logical 'or'. 

If the training set contains compounds which cannot be 
classified with the help of the partial rules R(I) and R('), then 
various fragments of dimension 3 are generated for these 
compounds (by pairwise combination of fragments with di- 
mension 2 and dimension 1). In the way described above, 
the subrules Py'  and the partial rule R(3) for the fragments 
of dimension less than or equal to 3 are formulated, and so 
on. 

Thus, the decisive rule R is a logical sum of partial rules R(') 
@)I, 

where k is the dimension of the fragments which ensures that 
the number of non-classified compounds in the training set is 
decreased to a certain given limit. From the formal-logical 
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point of view, all the rules obtained in this way are logical 
correlations. 

It should be noted that our algorithm makes it possible to 
carry out the necessary search among fragments of smaller 
dimension, while their dimension is increased only for those 
molecular graphs which have not yet been classified. Thus, we 
obtain the solution best protected from artefacts and 
randomness. 

In order to evaluate the predictive ability of the logical 
correlations found at different stages of the process, the 
obtained rules are tested on compounds from a given control 
set. 

This approach was realized as a set of computer programs5 
In order to demonstrate its work, we shall use computer 
screening of high-energy nitrocompounds as an example. 

The search for 'structure-enthalpy of formation' corre- 
lations was based on a training set composed of nitrocom- 
pounds of different chemical classes: nitro- and polynitro- 
alkanes, nitroamines (cyclic and acyclic), aromatic and hetero- 
aromatic compounds and others. The whole data base (more 
than 400 compounds) was divided into two sets: class ' - ' (3 10 
compounds with enthalpies < 100 kcal mol- I )  and class ' + ' 
(95 compounds with A,HO > 100 kcal mol-I).? The decisive 
rule R (a logical correlation) was used to classify molecular 
structures from the test set (it consisted of 28 compounds from 
class ' + ' and 28 compounds from class ' - '. The predictive 
ability, calculated as the ratio of the number of correctly 
classified structures to the total number of structures in the test 
set, was 96.43%. Table 1 below shows the subrules which form 
the partial rules and the decisive rule of 'structure-property 

t 1 cal = 4.184 J.  

(A,HO)' logical correlations for the classification of test com- 
pounds. 

Comparison of the fragments on which the decisive rules are 
based leads us to the conclusion that there exists a structural 
conditionality of such a property as the enthalpy of formation. 
Thus, with the help of the logical-structural approach, it 
became possible to reveal the key fragments and their relation- 
ship and to create a non-contradictory basis of rules. Using this 
basis, it is possible to predict high-energy substances and to 
organize a constructive search based on computer design of 
high-enthalpy compounds. There is every reason to believe that 
this approach will also be effective for searching 'structure- 
property' correlations in the case of other physical and chemi- 
cal characteristics and of substances for various applications. 
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