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Abstract. The well-known problem of the generation of isomers
are treated by the methods of mathematical linguistics. The
main result 4is that all acyclic compounds can be generated

by generalized grammars.

l. Introduction

There is a necessity to know all the structural isomers of
a chemical compound given by its molecular formula. These
problemns are usually treated by graph-theoretical methods
/see Balaban [1]/.

VWe suggest that the apparatus of mathematical linguistics
be used for the solution of the generation of isomers. We fesl
that the advantage of this method lies in its simplicity and
its easy and efficient application even on a small or
medium-sized computer.

The subject of this work is only the generation of
aliphatic compounds and we did not want to make our
discussions complicated that is why the simplest such
compound the methane and its derivatives are excluded from
our research.

The next section will be dealing with coding the chemical
compounds in a simple but adequate way. In the 3, 4, 5
sections alkanes, alkenes, substituated compounds are disserted
respectively. The notations used in this paper are the same as
in the standard textbooks /see for instance [2]/.

7o whom all correspondence shoud be addressed
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2. Coding of aliphatis compounds

To solve the prohlem posed in the introduction one needs
to code chemical compounds. In this section a linear code
will be formulated which has a close relationship with the
chemical nomenclature. Although there are several linsar
codes in the literature, however this one is very simple and
sufficient to our goal.

There are essentially two parts of a cheiical compound
from the point of viaw of the generation of isomers: the
chzins consisting of carbon /C/ atoms and the functional
groups. The internal structure of the latter we are not
interested in.

The carbon atoms in the chain and the functional groups can
be classified according to the number oi bonds they are joined
to non-H atoms. A € atom can be P /it is linked by one
bond to non-H atom/, £ /two bonds/, T /three bonds/, &
/four bonds/. It is possible to introduce similar notation to
functional groups buf since we restrict ourselves to
monovalent groups we do not do that.

Lot k/x/ denote the number of x type C atoms in one
molacule. The follewing definitions are necessary to
formulate the coding systen.
Definition 1, The elements of

A s{\P- PP eli(p) = 2 + k(T) + 2x(a) ,\?E{P.S.T.Q]*}
are callsed alkanes.

It can bs seen that a bijection existis between A and
the set of all structural forwmulae of saturated acyclic
hydrocarbons.

The next definition generalizes definition 1 to coumpounds
having double bonds as well.

Definition 2. The elements of

B -{Ye {P.S,T.QF'k(P)+2k(S)+3k(T)+4k(Q) . 2(n+i-1)}

are called n-i-alkenes.
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/n, i are the number of C atows and double bonds
respectively, 1 triple bond counbs 2 double bonds./

The coding as it is given in definition 2 casy to
reconstruct Lhat it can cope with such cases when one or more
I atoms of the carbon chain are substituted by a muncvalent
functional group /ncminated by ¥, thelr nuwber in one
wolacule is k/F/ /. There are m differsnt such groups

F = P -
{ i}1-1

Definition j. The elements of
L
c-{lve (P,S.T,Q.F} |k (®)+2k () +3k (7)+4x(Q) -k (B) = 2 (n+1-1)j

are called n-i-k/F/ alkenes.

3. The pensration of alkane isomers

the soluticn of this problem is interesting not only in
iteell scince other aliphatie structures are formsd fronm
zenerated alkanes.
et GI-(V,Z,K,RO) e a grantar there

J = iP,S.T.Q] "
Vayu {x} ;
- : K>PYP
Ry = { r; ¢ Sq STy P

r, :S?S?S-—QQPfP
’ : *
1.9 .y efs A}
Tha foliowing: baecrem will give an iusiphs to the relationchip

be vwoen pramaars and gensrabion ol iomers.
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Theorem l.
L/Gl/ is equal to the set of all isomers of alkanes.

Proof.

1. L/Gl/ contains only alkanes because the product of the
rule T, is alkane /see definition 1, all conditions are
satisfied/, and Ty and T, leave invariant the equation for
the number of carbon atoams.

2. The whole set of alkanes is contained in L/Gl/. Let us
take an arbitrary word YeA . It will be shown that Y€ IJGI/.
We are searching for such words from which Y can be derived
by using either rule Ty or rule Ty If such a word exists
then let us denote it by Yy , if not then Y can be derived
from K by applying thoe rule Toe In Y1 k/S/ must be larger
and k/T/ or k/i/ smaller then in Y but ¥,€A . This
procedure can be continued up to that point when there is not
any @ and T 1left in the word. Then this word can be derived
from K by using the rule r , that isYe L/G,/.

4, Generation of n—i-alkenes

To solve the problem mentioned in the title of this section
we need some definitions about generalized gramuars. There are
plenty of them in the literature dealing with mathematical
linguistics. Cur notions follow the line proposed by Stotzki
/sea LB]/.

Let G= (V 22K, R) be a grammar where the rules in R are
labelled by symbols from another alphabet}: « /We have done it
up to now as well but only for the sake of convenience.
Henceforth it belongs to the essence of the discussion./

Let o,P EV® be two words and o(';}'@.

Definition 4.

The characteristics of a derivation OC%’(-’J is a word
©,Q2- ©n e(E')* where @¢ is the label of the derivation
%, - X ()(°=o£ g Xn=l3),

=1



Let G =(V,Z,K,R) and G'-(V: Z’,K:R') be ©wo yramuars.
Definition 5.

The ordered pair of grammars GG=/G,G / is called
generalized grammar if ' contains the labels of the rules in
R and in G only such derivations are permitted of which
at least one characteristics is contained in L/G'/. ‘

Let Gn’i-(c, G.) be a generalized grammar where G -(V.E.K.R),

2,V,K are the same as in the previous section,
R = Rou{rB,rA,ryrs,rT} 4

ry 3 SP=1T5

Tyt 5SS =TT

rg ¢ TP->»(S

T ¢ TS QT

r7 s TT->QQ
It is worth mentioning that r —r7 are such context-free rules
that on the left=hand side terminal symbols stand only.
According to a well=known theorem of mathematical linguistics
these rules can be altered that only grammatical symbols remain
on the left-hand side. However we do nct do this alteration
for the sake of simplicity.

’ , 1]
G -(V,Z.K:R') where Z'. {ro.rl.r?....r?},
i 1) ’
v -ZU{K,A,Bl.Bz.BJ.....B:L} i
’r") H K'—- rOA
ri H A—»rlA
r;'_, 1 A——rzA
R=Q 7y ryeph > 7y rryeyB  I=,2)s J=3.4,5,6,7)
r; H B]_-#r3 eJBE

ré H Ba-s-l“1 E:'JB3

£ ]
\Tis2 ¢ B 1" Tyeyg
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/For instance, rL means that rewriting can be made for all
Jed./
Theerem 2,

Supposing that in rg ]WF n-2, then L/Gn’i/ is equal to
the set of all n-i-alkenss.

Proof,

/It is only the skeleton of the proof. The detailed one is
very similar tc that of the last theore@./

There are only n-i-alkenes in L/G™T/ tecause of the
structure of G™Y. It i true that T through r7 give the
whole set of possible transformations /this statement is of
chemical nature/ therefors L/G™'L1/ contains all the

n-i-alkenes.

5. Generation cf n-i-l-alkenes

Here the notations used previously are not defined only the
new ones are explainsd.
Let G =(V.Z:,K,R) be a grammar whers

B s {P,S.T,Q.Fl,PQ.....Fm},

v -}:U{K},
R = [ro,rl.rz,....r7.r8.r9,r10} 0
/R is understood to contain not only the labels but the rules
themselves as well/, the new rules are:
rg 1 P"SFJeJ'
. — 1]
rg : S TrdeJ
rot T—-—QFJGJ'
I'e {1.2,3......-} g
IO § ) 10
Let G'.(E,V,K,R ) be another grammar where :E - ri}
is the set of characteristics for G, i=1
* » ’
e ZU{"-“l-*‘a-"g-----“1-"1-02-—-"%}'

R'x R » » y »
o' F1? 2"""'1+1'r1+2"1+3'°""'1+e+1§
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and the definition of the new rules is the following

rlez ¥ Bia T Ty50
Bl &y =P Therily & ={8’9’m}
Piyg G —>T3. 1405

N
iz | @ Tier
Let Gn’i’l = /G,G'/ be a generalized grammar.
Theorem 3, .

Supposing that in L lw]: n-2 then L/Gn’l’z/ is equal
to the set of n-i-f-alkenes.

The proof of the theorem » is completely analogous to that
of the theorsms 1 and 2.

Remark.

Tha elements of L/Gn’l'e/ are not isomers of proper
chemical sense, here Fi—s are regarded as one substance.
A slight meodification of the Gn’l’e gramnar gives the

isomers correspon@ing to the usual chemical convention.
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