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A general scheme is described in which molecular fragments are coded from molecular connectivity
values. Specifically a fragment is described by the difference between a simple connectivity index of
a certain order and the valence connectivity index of the same order. This numerical value is then used
to search for that particular fragment among stored fragment values associated with a molecular
connectivity calculation. Examples illustrate the method.
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INTRODUCTION

Substructure or fragment searching through large com-
pound data bases has become a prominent procedure in in-
dustrial drug design, government lab chemical hazard study,
and academic research. Preliminary studies or predictions
identify a critical molecular fragment which is part of a phar-
macophore, active site, or toxicophore. Some scheme must
be employed to identify molecules in a large data base con-
taining that critical fragment.

Substructure searching is based upon examination of
machine-readable codes in files. The most common types of
codes are the linear types (1) and the well-known connection
table. In substructure or fragment searching, the intent is to
obtain from a large data base all molecules which contain the
query substructure.

It is judged that substructure searching is more difficult
than structure searching because the usual use of hash tables
and canonical structure schemes is ineffective. As Willett
states, ‘‘It is not possible to associate a specific and unique
identifying code with a query substructure which could then
be used to identify those compounds that contained it (2).
The usual strategy involves the use of a number of non-
unique characteristics as screens on a data file. These char-
acteristics are necessary but not sufficient to guarantee
unique identification.

The typical substructure searching strategy is carried
out in a two-step process. A screen search is first carried out
to obtain the set of molecules which might contain the query
substructure. In the second step the presence of the sub-
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structure is determined by a detailed atom-by-atom matching
procedure. Such a process is a subgraph isomorphism prob-
lem. Such procedures are very time-consuming (3) and most
efforts in substructure searching are being focused on the
screening methods (4,5).

One approach to structure searching is the use of a ca-
nonical form of the connection table such as proposed by
Morgan (6). A particular application of this scheme leads to
the SEMA name (7,8). Mauer and Lewis (9) introduced a
hashing function to calculate a code from the connection
table. Such systems have been described by Bawden et al.
(10) and by Freeland et al. (11).

When searching is performed using substructure codes,
the problem becomes more complex and time-consuming
(12,13). Craig and Ebert (14) developed manually derived
fragment codes. Various fragment codes have been devel-
oped from connection tables (15). Adamson et al. (16) in-
cluded atom-centered fragments which are similar to the
work of Feldmann (17).

The basic problem is to find an index which uniquely or
characteristically encodes the structure of a molecular group
or fragment. The index must be relatively independent of the
environment since that group or fragment will be found em-
bedded in a molecule data base. The index must be simply
calculated, unambiguous, and capable of being modified to
reflect different structural environments. An excellent can-
didate for such an index arises from differential molecular
connectivity indexes.

DIFFERENTIAL MOLECULAR
CONNECTIVITY INDEXES

In earlier studies, we have shown that a significant
amount of information is resident in the numerical value of
the difference between the simple and the valence molecular
connectivity indexes of several orders, m, ™X — ™X" (18
20). We can refer to this differential as A™X. The derivation,
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significance, and use of molecular connectivity indexes are
well documented and a program is available which facilitates
the calculation (18).

The A™X value for a fragment is essentially a value as-
sociated with the non-Csp> atoms of that fragment. To illus-
trate, consider the ethylamine molecule (fragment):

CH, - CH, - NH, » ~\NH,

If we reduce the molecule to the hydrogen-suppressed
graph and then calculate the first-order simple and valence
connectivity subgraphs, we see the results in Table 1.

The A'X value is 'X — XV = 0.299. This index reflects
the electronic structure of the nitrogen and its immediate
environment in just the alpha position. The electronic iden-
tity of the — NH? resides in the 8" value for this heteroatom:

= -mZ-Z" -1

where Z" are the valence electrons, Z is the total number of
electrons, and 4 is the count of hydrogen atoms on the het-
eroatom.

Note that the differential index A'X excludes the CH,
—CH, — subgraph from the numerical result since the 8 and
3" values for these two atoms (groups) are identical. We can
conclude that the index A'X = 0.299 is a characteristic index
for all molecular fragments in which a primary amine is
bonded to one CH, group. This characteristic makes it pos-
sible to identify this fragment in any molecule in any struc-
tural circumstance.

Using this same reasoning, we may characterize numer-
ically the ethylamine fragment —CH,—CH,—NH, by in-
voking the second-order information resident in A%2X = 2X —
2X". This value arises from calculations of the simple and
valence connectivity indexes of the fragment in question. In
thiscase 2X = (2-2-1)"%*and 2X¥ = (2 - 2 - 3)7%5. The
differential index A2X = 0.500 — 0.289 = 0.211 is charac-
teristic of the ethylamine fragment.

We can now say that any molecule in a data base which
has a second-order subgraph differential of A’X = 0.2111is a
candidate molecule for the presence of an ethylamine frag-
ment.

If the fragment is — CH,—CH,—CH,—, then the A%X
value is zero and the presence of this fragment in a molecule
would not be recognized. The likelihood of there being an
interest in such a fragment is small since heteroatoms and
non-Csp® atoms are the focus of attention in biological prob-
lems. We are usually interested in such a fragment when it is
appended to a heteroatom or when it bridges two heteroat-
oms which we deem are significant in drug design.

Table I. Information in the X — XV Index

Simple index, Valence index,

Subgraph (8, 8)7%% (®;8)~9?
- 0.707 0.707
-NH, 0.707 0.408
Sum of subgraph
indexes Ix = 1.414 XY = 1.115
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MOLECULAR-GROUP IDENTITIES

Using this same concept, we can characterize any mo-
lecular group or fragment with an index of some appropriate
order and then use this index to search for candidate mole-
cules possessing such a fragment.

In Table II the characteristic indexes for some common
functional groups which might be targets of data-base
searches are calculated. We cannot say at this time that any
characteristic index is uniquely associated with one group.
Our feeling based on extensive experience is that redundan-
cies would be very rare. If such a situation were to arise,
then unique descriptions would be found using other models
of the fragment leading to other orders of A™X.

Further refinements in the description of the groups in
Table II are possible guided by the particular requirements
of a data-base search. Suppose, for example, that we wished
to encode and then search for carboxyl groups attached to
aromatic rings rather than aliphatic structures. The aromatic
carboxyl group would be modeled to include the ipso atom of
the ring:

R 0
\ C/
’  —
AN
- OH

Using order 3 cluster indexes, A3X, = 0.333, A’XY =
0.046, and A’X_, = 0.288. The corresponding index for ali-
phatic acid groups —CH,—COOH is A*X, = 0.344,

Again referring to the examples in Table II, if we wished
to encode, then search selectively for, different classes of
amines, we could appropriately model the fragments to in-
clude the desired environment. For aliphatic primary
amines, — CH, — NH,, A'X = 0.299; for aliphatic secondary
amines, — CH,— NH—-CH, —, A2X = 0.104. The latter case
is distinguished from —CH,— CH, —NH,, which has A’X =
0.211. Finally, a tertiary amine in the environment
(—CH,); — N is characterized by the third-order cluster dif-
ferential index A*X, = 0.046.

Using the same approach, we can characterize various
environments of functional groups, calculate the character-
istic differential connectivity index, and then use it in a
search of a data base for the presence of that fragment.

Table II. Characteristic A™x Indexes of Several Common Function-

al Groups
Group (fragment) Order, m, of Value of
structure index A™x
—COOH 2 0.616
-CO-0- 2 0.624
-NO, 2 0.633
-CN 1 0.483
—Ph 5 0.070
Aryl-Cl 1 0.010
Aryl-Br 1 —0.405
-N(CH,-), 2 0.065
- CH,0H 1 0.391
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LARGE-FRAGMENT IDENTITIES

Beyond a search for functional groups, it is possible to
search for larger fragments of interest. Preliminary research
may identify a molecular fragment believed to be critical to
the action of an agonist or antagonist, to a substrate or in-
hibitor, or to some pharmacodynamic property.

As an example let us assume that the essential molecu-
lar fragment for cholinergic activity has been identified as

0]
I o N
SN e TN

To search a data base for these atoms in this arrange-
ment we must begin with the highest order which embraces
all of the atoms in the fragment. Here it would be the fifth-
order path differential connectivity index. Specifically A5Xp
= 0.083. We can be certain that wherever this value occurs
among the subgraph indexes in molecules in a data base,
then we will capture those molecules containing this frag-
ment.

The question arises, however, as to whether we may
capture other fragments composed of the same atoms but in
a different order. Specifically will we capture molecules con-
taining the fragment with the ether oxygen and methylene
carbon interchanged with a search index of A’X = 0.083?

The answer is yes. This value of A’X will pick up
‘“‘noise’’ consisting of the same atoms in a different order.

How can we refine the search to eliminate these frag-
ment isomers and capture just the desired fragment? The
answer lies in a second-echelon search within just the frag-
ments identified by A°X. Table III shows the A™X values
calculated for subfragments of the two fragments noted
above. Within the fragments isolated by the descriptor A5Xp
= 0.083, those fragments containing A2X = 0.325 are dis-
criminated from the others as being the fragments sought for.
Alternatively, we can exclude the unwanted fragment by
rejecting those containing A2X = 0.264. Several approaches
to this issue are equally useful. The choice of models and
their selection and rejection depend upon the problem being
pursued.

A second example illustrates the versatility of the ap-
proach. Consider searching for this phenethyl t-amine frag-
ment in a large molecular data base.
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o
A simple approach to modeling this fragment is to adopt
the fragment

as the search structure. In this case A’X, = 0.055. The
search will reveal molecules containing phenethylamine
fragments with all possibilities of phenyl-ring substitution.
The search will also find all fragments

\ N
c—/ '\
V4

as unwanted ‘‘noise.”’

If the search is based upon a model in which the com-
plete ring is a part, then this fragment will be discovered with
AgXp = 0.022. This model, however, will not reveal phen-
ethylamine fragments in which one or two more ring posi-
tions are substituted.

Ring-substituted fragments of this class may be isolated
using the appropriate model and calculating the AX, » value
for the search. Specifically for monosubstituted A3X =
0.018, for disubstituted A3X = 0.014, for trisubstituted A3X
= 0.011, and so forth. A further refinement in the search can
reveal desired positional arrangements of ring substitution
by using a second-echelon search among fragments, search-
ing for ortho, meta, para, etc., relationships.

DATA CONFIGURATION

It is obvious that the data base must be configured for
searches based upon molecular connectivity indexes of var-
ious orders, simple and valence weighted. Each molecule is
entered as a connection matrix with the valence weights in-

Table III. A™X Profiles for a Fragment

Fragment A°X, A*X, A’X, A%,
? N
N 0.083 0.162 0.230 0.325
S No N\ N\ 0.056 0.102 0.144
0.085 0.149
0.026
0 NS
I (o] N 0.083 0.162 0.230 0.264
NS \/ . 0056 0.102 0.144
0.085 0.149

0.121
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cluded. This is the standard procedure for instituting a mo-
lecular connectivity analysis of a molecule.

From this input, the simple and valence-weighted in-
dexes of all orders and types are calculated and made acces-
sible to a search procedure. The program MOLCONN writ-
ten by Hall* has been developed with this use in mind.

After the decision is made as to how to model the frag-
ment, the appropriate A™X index is fed to the data base. If
second-echelon searching is required, each candidate frag-
ment in the candidate molecules is treated as a complete
molecule and subgraphs within are searched to discriminate
among connectivity isomers.

In calculating the A™X value for a modeled fragment, it
is advisable to use five decimal places to obviate any possi-
ble redundancies at a lower level of precision. At this level,
only structural isomerism would produce redundant values
of A™X.

This general method affords a quick, reliable method to
search for any fragment in a molecular data base.
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