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BITRACT
A topological representation of the Diels-Alder
reaction is reported. In non-symmetrical systems,
the chances of two bonds formation or breaking
differ. The algebraic demonstration, thas, shows
that a two-step mechanism is more favourable in
non-symmetrical systems.

INTRODUCTION

In recent years the use of graph thet:»:',yz'3 is
becoming popular for studying various problems in 0h.l1!tl74:9
In chemistry the term molecular topology is generally used to
represent molecular graphe. In molecular graphs the atoms are
represented by vertices and the chemical bonds by edges. These
graphs are used to construct a number of matrices associated
with the-z. Several v.nthors"'g have used these matrices to con-
struct topological indices to characterise the molecular sys-
tema in terms of physical and chemical behaviour and to calou-
late molscular orbital energies, in the frame-work of Hiickel
Molecular Orbital thoary'? Chemical graphs in different sense
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are used by others to explain the reaction mechanism or

the nature of transition states in wvarious organic reactions.
More recently , sinlno!1n16'17 discussed the topology of che-
mical reaction networks in terms of all possible reaction
mechanisms or pathways as a function or the number of reaction
steps or speciesa.

In our previous 'ork"'aw. have developed a
topological representation of bond breaking and bond formation
in the chemical reactions invoving carbon skeletoms, in which
the elementary transformation operations were applied to the
ad jacency matrix of the reamctant graph. In the present investi-
gation we have discussed the Diels-Alder and the retro-Diele-
Alder resctions'920 Diels-Alder reactions are important im
organic syntheses as they involve an addition of two carbon
skeletons to produce a six membered ring in all caseezl Resulte
of the topological methods are in agreement with the observed
experimental facts and also some new results are obtained with
respect to the regioselectivity in Diels-Alder reactions of the
non-symmetrical dienes and dienophiles. Ugizz has also dis-
cussed the similar idea based on the bond and electron (BE)
matrices. Whereas in the present communication we have disocu-
ssed the problem in the light of adjacency matrices.

NATRIX COMPUTATION

Diels-Alder reactions are (4+2) -eycloadditionz3
reactions in which a double bond adde 1,4 to a conjugated
diene, so that the product is alwvays s six-membered ring. The
double bond compound is called a dienophile. A general reactior
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The topological representation of this process is,
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The double pbonds are represented by dotted lines in the graph.
The retro-Diels-Alder reaction of cyclohexene is represented
in the same manner,

: »l
24 6 2¢" 6
y e + |
3 5 z,I-. 45
4 o4

The elementary rows/columns transformation operations applied
to the adjacency matrix are, thus , shown to represent a gene-
ral bond formation/ bond breaking process.

TION 18

There are two possible mechanisms for ihe Diels-
Alder reaction which have been connidcrod2? i) Concerted,
pericyclic, invoving a cyclic siz-membered transition state
and no intermediate, and 1i) a two step pathway with a diradical
intermediate. The topological method predicts both of these
mechanisms. But a two step mechanism is more favourabie for the
reactions involving non-symmetrical diemnes and dienophiles.
The concerted one step pathway is predicted by the #gual chan-
ces of pond formation ana bond breaking in the Diels-Alder and
retro-Diels-Alder reaction in symmetrical systems, in terms of
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equal chances of rows/ columns transformationm,

.
I' : concerted
+ —_—
5 one-step
.

In retro-biels-Alder reaction , the graphs are shown as,
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In non-symmetrical systems, the reaction may be
represented in general,
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The graphical representation of the process 1is,
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The vertex (O) 41is a side group. The matrix transformation
is represented by an overall transforaation,
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100000 100010
1010000 1010000
0101000 0101000
0010000 ~ 0010100
0000010 0001010
0000101 1000101
0000010 0000010

The formation of bond 1,6 is followed by a transformation Ry +
Rq/ €4 #C;  1.e. row T is added to row 1 and column 7 1s added
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to column 1. But if we proceed to make the bond 4,5 zrirst ,
wve have to rollow the operation 05 + (03 ~C4) and Rg +

(R3 = Ry) , i.e. row 5 is adaed to rov 3 mimus row 1. This
operation is one step longer than the operation performed to
make the bond 1,6 . This shows that the formation of 1,6
bond ies easy and in the actual mechanism it may form first.
Thus the chances of tormation ror the two bonds differ and
the reaction will proceea through & two step pathway.

The retro-Diels-Alder reaction of a non-symme-
trical system is represented by,

1 1
7 ’,. 7
2 6 4
(F—
3 i 5 B ég

The topology of the process 1is represented by seven vertex
graphe., In matrix transformation, to break the bond 1,6 first
one should operate as,

0100010 0100000
1010000 1010000
0101000 - 0101000
co10100 BB/ loo10100
00010100 — looo1010
1000101 0000101
0000010 0000010

and then to break the bond 4,5 , the operations should be,

0100000
1010000
101000
Ry-RgHly /04-Cxt0g 0010000
0000010
0000101
0000010

to get the fimal result. But if one breaks the bond 4,5 first
he has to perform the operations,
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( R1-RT) -33 1‘35/((}1‘ 0‘7) -Cs 4'05

to get the desired result. This process includes the operation
R1-37 i.e. the breaking of vhe bond 1,6 . Hence, it is concl-
uded that the chances of breaking of the bonde 1,6 and 4,5
differ and it is easier to break the bond 1,6 first than bond
4,5. This simply means that the vertex of higher degree pro-
vides more chances of rows/ columns transformation in the adja-
cency matrix. o explain the reaction mechanism, we can say
that the reaction proceeds through a two step pathway and is
not a concerted one. In general , for non-symmetrical sysvems
the Diels-Alder and the retro-Diels-Alder reactions could pro-
ceed through a two step pathway. Two step mechanism is recently
discussed by Doinra !

I )3 DIERNOPH

It is known 23 that the reaction is easy and
rapid when the dienophiles are of the form,

~C=G-2 or  2-C=C-7

where Z and z’uro CHO, COOH , COR , COOR , COC1l etc. The topo-
logical results are in agreement with these observed facts, The
presence of a side group or substituent provides more chances
of rows/columns transformations. This is explained above by
taking seven vertex graphs. The process may be extended to re-
present a number of other similur reactions, for example +the
reaction of twe dionaszs and the reaction of butadiene and
1l°pron.g7 The structures generated by matrix transformations
show & clear agreement with the possible adductes obtained in
these reactions.

ISTRY TOCHEMIS

The stereochemistry of the Diels-Alder reactions
is explained in terms of the nature of the producte and their
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representative graphs. The regioselectivity can be discussed
by matrix transformation method. The formation of isomeric
adducts from non-symmetrical dienes and diemophiles, is shown

o — O
L7 — N0,

In these reactione mixtures of products are obtained. Usually
the 'orthd and ‘para’ products are favoured’> This regio-
selectivity is explained by molecular orbital mthodlgg Expe~-
riments show that, the 'orthe and ‘para’ produsts are more
tlbl.’? Molecular orbital cnlcuhtionazg predict that
‘meta' producte should predominate over the 'orthe' or 'para!
Topological calculations based on the matrix tranaformation
are in agreement with the thoocry2? For example , in the
following reaction,

o :
A2 08 L.
08 — Xk
G gy Y6 4 v 8

as,

and
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The operations R +Rgh C +C and Rg+ RS/ CgtCgs  leads to
the formation of bonds 2,6 ana 5,7 , while no direct oper-
ation leads to the formation of bonde 2,7 and 5,6 . Thus,
the matrix meplpulation yields 'meta'’ isomer ana not the
'ortho'.

DISCUSSION

The detailed mechanism of the Diels-alder
reaction is still unknown. Whether the reaction is one-step
concerted or two-step biradical process, is a matter of die-
cussion. The course of a chemical reaction cannot be followed
directly by any known experimental technique. Therefore the
theoretical caloulations can give an idea about the reaction
mechanism. In recent years, various attempts have been made
from time to time to study the Diels-Alder reaction theore-
tically, e.g., CNDO°' or computer -assiged Roothan-Hall’2
calculations and semiempirical procedures (MINDO/2 and MINDO
/3)33 . Molver and Eomornich?? applied MINDO/2 procedure
and Diwar24s3> applied MINDO/3 procedures. Dewar24125
has shown that the transition state 1s very unsymmetric, one
of the mew CC bonds being formed rirst. In 1978 , Dewar->
pubiished the same unsymmetrical nature of the tramsition
state in retro-Diels-Alder reaction.

The topological results in this imvestigation
provide an idea about the reaction mechanism. in non-symmetri-
cal systems, the mechanism is explained in terms of the
chances of bond formation or bond breaking, consiaering the
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peven vertex graphs. In matrix transformation method, we have
aeen18 that a vertex of higher degree provides more chances
of rows/columns transformations. This shows that it is easy
to form or break the bond which ie nearer to the substituent,
as in the case of substituted dienes or dienophiles. The reac-
tion in non-symmetrical systems thus, proceeds through & non-
concerted <two step path, i.e., one of the two CC bonds should
break first, supporting Dewar's 24425 work.

The structure-activity relationships and the
nature of the dienophile show that the reaction is activated
by substituents irrespective whether it is electron withdrawing
in some cases or electron donating in other cases. The topology
of the reaction is 1n favour with the obeerved rncts23. The
method can also be extended to similar reactions involving
heterocyclic conpounda?s
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