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ABSTRACT 

Displaying the structure of a chemical compound 
in graphical form, as the end point of a 
Chemical Information System, is essential if 
mechanization is to be acceptable to the organic 
chemist. In practice, from the chemists 
viewpoint, any system proposed for Data 
Processing will be incomplete without this 
facili ty, and the quality of the output must be 
consistent with the state of the art in this 
area. This paper gives details of a computer 
program for the regeneration of organic chemical 
structures derived from the Wiswesser notation. 

La representation graphique de la structure des 
composes chimiques, comme point final d'un 
syst~me d'information, est essentiel si la 
meca nisation doit etre acceptable au chimiste 
organicien. Du point de vue du chimiste, tous 
systemes proposes pour le traitement de donnees 
sera incomplet sans cette facilite, de plus la 
qual! t~ du graphique obtenu doit etre 11 la 
pointe du progres dans ce domaine. Cet article 
donne des details d'un programme d'ordinateur 
regenerant des structures de chimie organique 
derivant de notation Wiswesser. 

IRTRODUCTIOR 

The chemical literature is enormously large. 
Many different kinds of chemical compounds exist 
and many new ones are discovered every day. 
Hence, the information chemists whose job it is . 
to search the chemical literature, are faced 
with the impossible task of searching tens of 
thousand s of compounds, and therefore must rely 
to an increasing extent on the support of 
automated systems. Even with the aid of a 
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computer, these chemical compounds must be 
encoded, preferably in a linear form, to 
facilitate the creation of a data-bank, and to 
ass i st in the subsequent retrieval process [1]. 
One technique commonly used is the Wiswesser 
Line Notation (WLN) which encodes the chemical 
compound using a series of alphanumeric and 
special symbols [1,2]. While WLN can give a 
compact linear form for chemical compounds, it 
unfortunately does not give their structural 
composition - which is the most important 
information required by the chemist. 
Furthermore, it is very difficult for a chemist 
to decode the WLN manually due to the complex 
rules used in the encoding process. In view of 
the above, a software package has been developed 
to decode the WLN and display on a graphic 
terminal the structural form of the chemical 
code entered. This display package was written 
in Fortran IV and implemented on a XEROX Sigma 9 
computer with a Tektronix 4015 display terminal. 

The Wiswesser Line Notation (WLN) [2] is a 
precise and concise means of expressing the 
structural formula of chemical compounds. It 
uses letter symbols to denote functional groups, 
and numbers to express the lengths of alkyl 
chains and the sizes of rings. These symbols 
are specified in sequential order from one end 
of the molecule to the other, and the 40 symbols 
used employ the ten numerals, 26 capital 
letters, three special characters (&, - and I), 
and the blank. Alternate starting points and 
the choice of alternate paths through the 
structure, are governed by the position of the 
symbol in the alphabet. 
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A short list of WLN symbols follow: 

All the international atomic symbols 

used except K, U, V, W, Y, Cl, and Br. 
are 

Two letter atomic symbols in organic 

notation are placed between hyphens. 

Single letters preceded by a blank space 

indicate ring positions. 

Numerals preceded by a space are multipliers 

of preceding notation symbols, or, within 

ring symbols (L ••• J or T ••• J) show the 

number of multicyclic points in the ring 

structure. 

Numerals not preceded by a space show ring 

si.zes (if withi.n the ring signs) 

e lsewhere, numerals show the length of 

i.nternally saturated, unbranched alkyl 

cha ins and segments. 

Single letters not preceded by a blank space 

have the following meaning: 

A, B, E, F, G, I, J, K, M, N, 0, P, Q, 

S, V, W, Z correspond to functional 

group (e.g. -CO-) or atoms. 

L ••• J or T ••• J are used as enclosing 

symbols for a carbocyclic or 

heterocyclic ring notation. 

X or Y are used as an alkyl br;mch 

symbol. 

&, punctuation mark. 

Pbl1oBopby of t.e Proaraa 

The program is composed of 5 modules viz: 

1. The input a nd mapping module - which 

maps the input string of characters into 

a string of integer numbers to 

facili tate the decoding process and to 

detect any illegal Wiswesser character, 

2. The ring decoding module - which detects 

the boundary of a ring code in the WLN, 

the ring size, the bridge, the 

unsaturations and the spiro locations. 

It also detects the locants of the ring, 

the multicyclic atoms in the molecule 

and the perifused atoms. 

This module converts the information 

re c eived fr om the WLN into a connecting 

tabl e , where an entry is provided for 

e ach element considered as a node in the 

display. The table is 20 words wide and 

cons is ts of: 
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1 Internal pointer showing 

the size of the table. 

2 - 3 X and Y coordinates for 

this node (filled during 

execution of the conversion 

mod~~e) • 

4 - 11 4 two-words entries, a 

pointer to the node to be 

linked, and its angle (in 

degree). 

12 counter showing the degree 

of sa tura t ion. 

13 - 14 internal counters used to 

compute bond direction. 

15 number of characters to be 

represented at the node. 

16 

17 

18 

19 

20 

pointer to the character 

stack. 

multicyclic flag. 

multiplier flag, 

chain flag. 

spiro flag. 

3. A chain decoding module - which decodes 

a chain of elements (or chains of 

substituents) on a previously defined 

ring notation, and provides information 

on the same cQnnecting table as 

described above. 

4. A routine to carry conversions from the 

connecting table to a drawing table -

which provides the absolute coordinates 

on the screen for each of the nodes in 

the connecting table, and creates a 

drawing table giving the absolute 

coord i na tes of the starting and the 

ending points for each vector to be 

drawn. 

5. A structure display module - which 

develops a drawing factor to frame the 

virtua.l window for aesthetical display 

purposes on the screen. This module 

creates the screen graphic display from 

graphic segment coordinates stored in 

the drawing table and from a string of 

characters and their coo~dinates stored 

in the connecting table. 

Program operation is archieved by having the 

monitor (the main routine) call the input 

module, after which the latter will sequentially 

scan the WLN string and call the ring decoder or 
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the chain decode r as appropriate. At the 
conclusion of this execution , the monitor will 
call the conversion and drawing modules. 

These last two modules are concerned with the 
plotting of each atom and bond acco rding to a 
free plotting routine. The conversion routine 
ac tually computes the (X,Y) coordinates required 
to position each atom and its associated bonds 
co rrectly . 

Positional linking of a tom ic g roups is a 
specific case of linear plotting, but 
directional changes become necessary when a 
branching unit is app roached. The program must 
derive th e approp riate a ngl es (or "new 
directions") of track to plot atoms and bonds of 
side branches, & ring atoms also require special 
consideration . The rout i. ne must compute the 
coordinates for ring atoms and bonds to give a 
closed ring diagam of regu lar polygonal figures. 
Complexities in plotting arise in attempting to 
overcome any overwriting errors, as the program 
must not only recognize a situation where an 
o'verwriting confli c t is likely to occur, but 
must then have the ahi li ty to mod i fy its 
tracking route to avoid the er ror. As well as 
h av in g the a bi lit y t o plot Cl structur e without 
errors, the display program must he able to 
co nstruct an image which will he rearl ,~ ly 

recognisable to the eyes of a chemist . 

A lar ge set of error mes sages are coded under 
the supervision of the monitor, and each module 
may return an error code to th e monitor. 
Typically, errors messages can be generated as a 
result of invalid '..JL il characters, invalid WLN 
codes or code not implemented wi thin the g r aphic 
display (e . g . Kelat€', some kind of complex 
bridges , AminoAcid co ntaction codes etc ... ). 

Co.parison of ~his graphic sys~e. vi~h 
o~hers puh1ished in ~he Che.ica1 Li~era~ure 

This system is coded with a view to its being 
used a t the end of a complete Chemical 
Information system based on the WLN Data Base . 
The g r aphic output module was created for a 
Tektronix on-line graphic console. However, as 
the core of the g raphics system presents the 
output module with a s tack of XY coord inates of 
the starting and ending points of segments to be 
drawn, the later ca n be rewritten for any kind 
of high re s olution graphic device i.e. a 
plotter, a dot matrix printer or any kind of 
g raph ic terminals with at least 1000 x 1000 dot 
r esolution . 

The following papers were identified thrl)ugh a 
computer search of the chemlcal literature, and 
!Ire concerned with printing devices used in the 
representation of chemica l structure derived 
from WLN codes: 

Rogers [3) employed a method of expanding 
WLN codes, creating a connecting table 
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called CROSSBOH and displaying the structure 
using a modified print chain. Outputs are 
not compat ihle with current organic 
chemist ry practices. 

Carhart [4] and Feldman (5] used a teletype 
t o represent the chemical structure through 
the use of a modified print element. 

A bet ter representation was obtained by 
Cottardi (6] but he was primarely concerned 
with the graphic dev ice , not the WLN 
decoding. An effective and logical 
methodology was presented by Hyde [7] in his 
"Structure Disp lay", however, there appears 
to have been little more specific work 
conducted in this area since 1975. 

CONCLUSION 

This computer program was developed in 1977 (as 
a thesis requirement for a Masters in Computer 
Science) by W. M. Verhestel under the 
stlpervision of r: . Y. Stlen at Conc o rdia 
Uni.versity. While it i s considered that the 
proposed methodology has co ns ide r a ble potential, 
it is also recognised that changes may be 
necessary t o accommodate changes in WLN 
standards. 
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IJUi CODE 
ZlYVGM1VMY1V01VO 

CI'U TIME SPEtlT • • ~G S<:C. 

rig. BrDnching Chain 

WLN CODE 
TSM CN BUTJ B1NR~!R 

CPU TIME SPENT • .46 SEC. 
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WLN CODE 
ZR CYR CEt.311VR 

CPU TIME SPENT • .81 SEC • 

~!f 2 

Fig. 2 Chain of Benzene Ring J 

ULN CODE 
T D6 8656 LMJ ca FO! GO! 

CPU TIME SPENT • 

Fig. 3 B8nzen c nnd other Rings FiG. il Po I yfuscd Sub st it. U 2 rl 
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tJLN CODE 
T F5 D6 B656 CN GO ID OM HHJ 

CPU TIME SPENT • .1l2 SEC. 

O--~ 
o 

Fig. 5 Polyfused Heteroelements 

~ILN CODE 
T B6 H676 COJ 

C~U TIME SPENT • .44 SEC. 

o 
Fig. 7 Polyfused Rings 

tJLN CODE 
L E5 6666 MUTJ A E FUIO FQ 00 

CPU TIME SPENT. .1l5 SEC. 
OH 

'cH\O 

H 
Fig. 6 Polyfused Rine s 

WLN CODE' 
T5NYI1U EHJ Al SUI'I E i R 

CPU TInE SPENT • 
.44 SEC. 

Fi g . 8 

---I! 
( 

~" 

Cycllcs fl ings 
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WLN CODE 
T6NJ B02N2~2 FXOR DR~&- BT50J 

CPU TIME SPENT • 

CH2CH3 

j 
CH2CH3 CcH2)2 -......, 

.89 SEC. 
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L!LN CODE 
T6HJ BN2Nl&1&1- 3T5SJ EE 

CPU TIME SPENT • .!lO SEC. 

Fig. 10 Brilnching Chains of 
Heterocyclcs 

Fig. 9 Chains of Polyfused Rings 

WUI CODE 
T66 CNJ H- HT66 CNJ D- AL6TJ C- AL6TJ 

CPU TIME SPENT • .86 SEC. 

Fig. 11 Chains of Heterocyclcs 

IJLN CODt 
L666 96 CG JADC 5 EHJ 

TIME SPEliT • .49 SEC. 
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