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In this paper we introduce structural codes that are easy to derive for most molecular skeletal 
forms of chemical interest yet satisfy numerous desirable properties, being linear, unique, 
reconstructable, derivable and decodable by hand, brief, based on familiar symbols, easily 
comprehensible, and efficient. Codes in general imply a resolution of the following problems: 
(1) canonical numbering of atoms; (2) graph isomorphism; (3) discernment of the symmetry 
of the structure (graph). Our approach resolves these problems in a remarkably simple way, 
at least for the examples selected. The approach is based on an extension of the N-tuple codes 
of h o p  and co-workers, which apply only to trees (acyclic graphs). By excising selected vertices 
in a polycyclic graph, one arrives at subspanning trees for the polycyclic graph for which N-tuple 
codes of Knop et al. are adopted. Subsequently, such an incomplete code is augmented by the 
listing of adjacencies for the vertices, which represent ring closures. This paper presents numerous 
illustrations of the compact codes and discusses the rules that govern construction of the compact 
codes and the relative ease of the search for the codes. In order to more clearly show the relative 
simplicity of the new codes, we end with a comparison of the compact codes with a selection 
of alternative codes currently in use. 

INTRODUCTION 

The history of chemical nomenclature and the search for 
codes with desirable qualities is old and continuing. As early 
as 188 1, Friedrich Konrad Beilstein' initiated a nomenclature 
system that is still of interest and serves as a basis for the 
naming of numerous structures. In 1900, Adolph von Bayer* 
suggested the nomenclature for bridged bicyclic molecules, 
which is still the basis for the systematic naming of compounds 
like norbornane etc. Already, the extension of the nomen- 
clature to tricyclic systems pointed to some difficulties. Besides 
digits used to indicate the number of carbon atoms in indi- 
vidual bridges, one needs labels to indicate the particular 
bridges in polycyclic structures. For example 

is named (by IUPAC rules) tricyclo[3. 1.0.02~6]hexane. Observe 
two kinds of uses of digits: 3.1.0.0 indicates structural data, 
the number of carbon atoms in the four branches of the 
structure, and 2,6 is a label referring to selected carbon atoms. 

Much progress followed the early interest in chemical no- 
menclature. Coding is important not only for chemical doc- 
umentation but also for enumeration of isomers and the con- 
struction of graphs. Finally, structural codes are of interest 
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Table I. List of Requirements of Codes as Proposed by Read4 
(1) codes should be a linear string of symbols 
(2) coding algorithm should produce a unique code 
(3) structure should be recoverable by a clearly defined process 
(4) coding should be simple; preferably, it should be possible to code 

a compound by hand (without the use of a computer) 
(5) decoding process should be simple, preferably one that can be 

carried out by hand 
(6) coding process should not depend on chemical intuition or 

properties of chemicals 
(7) coding should not depend on any list of names or other 

nonsystematic items 
(8) codes should be brief 
(9) codes should be pronounceable 
(10) symbols used should be familiar (available on standard 

(1 1) codes should be easily comprehensible 
(1 2) coding and decoding algorithms should be efficient 

in structureproperty and structureactivity studiese3 Recently, 
Read4 reviewed desirable qualities for codes for chemical 
structures. These are listed in Table I .  Various codes pro- 
p e d  in the past satisfy to some degree several of the suggested 
desirable features, but no code has been found that would 
satisfy all the requirements satisfactorily. Not all the re- 
quirements are, however, equally important, nor can they be 
resolved with similar efforts. Of the attributes required of 
codes, according to Good~on ,~  the ones most difficult to comply 
with are that names be based on linear character strings to 
permit lexicographic ordering and that names be brief. This 
means that codes should be short and that standard symbols 
(e.g., digits, letters, and other common mathematical or ty- 
pographical symbols, such as brackets, slashes, asterisks, etc.) 

typewriter or computer keyboard) 
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