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AbstractÐAngular groups attached to non-cyclic p-electron systems like amidine or 1,3-butadiene do not exhibit the AGIBA effect,
whereas when attached to aromatic systems they act in an ambiguous wayÐthe effect is much more local than in the cases observed in
monocyclic systems (benzene, s-triazine). The above picture is based upon ab initio calculations at B3LYP/6-3111Gpp level of theory for
2,3,6,7- and 1,4,5,8-tetramethoxynaphthalene, 9,10-dimethoxyphenanthrene, 4,9- and 4,10-dinitrosopyrene derivatives of C2 or i symmetry,
and X-substituted 1,3-butadiene (X�NO, CHO, NvNH, CHvCH2 and OCH3) at B3LYP/6-31Gp for C- substituted derivatives of forma-
midine substituted derivatives of formamidine (X�NO, CHO, NvNH, CHvCH2, OCH3 and CH2CH3). q 2000 Published by Elsevier
Science Ltd.

Introduction

Angular groups attached to p-electron delocalised ring(s)
systems like benzene, s-triazine or phenalene cation, lead to
an increase in the bond length alternation: the double
bonded groups, ±XvY cause the elongation of the cis
bond and a shortening of the trans-one, whereas ±X±Y
groups act in the opposite way: they elongate the trans-
bonds and shorten the cis ones (Scheme 1).1±5

This effect has also been observed experimentally for ring
systems with equalised bond lengths such as boraxine6 and
borazine.7 Despite the bond length equalisation they are not
considered as aromatic.8±11Additionally the observed effect
may be treated as an illustration of the Hiberty±Shaik
hypothesis.12±14 Namely, that lack of bond alternation in
benzene is not due to the p-electrons but to the s frame-
work, if AGIBA is considered to be not only due to
rehybridisation but also due to p-electron interactions3,4

between the bent substituent and the ring.

In the case of the p-electron systems in which bond alter-
nation already does exist, the effect has not yet been studied
except the case of 2,7,11,16-tetra-methoxyperylene with the
C2 symmetry.15 In this case two different situations were
considered: (i) when the methoxy group is oriented along
the single bond (substitution in positions 2 and 11) and (ii)
when the methoxy group is oriented along the double bond
(substitution in positions 7 and 16). It was found that the
effects observed in the cis bonds are very small whereas
those in the trans bonds are substantially larger.

The purpose of this report is to answer the question
formulated in the title: does the AGIBA effect work in the
p-systems which already exhibit bond alternation?

Results and Discussion

Three kinds of systems have been chosen: (i) aromatic
systems like: naphthalene, phenanthrene and pyrene in
which bond alternation already exists, (ii) non-cyclic
derivatives of formamidine in which the p-electrons are
delocalised in some of their dimers existing in the crystal-
line state16 and hence may be expected to have some kind of
an elastic p-electron system, and (iii) butadiene-1,3 which is
a typical ole®nic system. The model molecules were
optimised at B3LYP/6-3111Gpp (i) and (iii) and B3LYP/
6-31Gpp (ii).17

Aromatic systems

Aromatic systems, except benzene and some other mono-
cylic systems usually have some kind of bond alternation.
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Naphthalene, phenanthrene and pyrene were chosen to
study to what extent the angular groups affect the molecular
geometry in the way expected by the AGIBA effect.

Naphthalene

Naphthalene has signi®cantly alternated bond lengths (in AÊ )
as shown in Scheme 2.

The AGIBA effect is composed of two contributions:3 (i) the
rehybridisation effect and (ii) p- electron interactions. In the
case of single-bonded angular groups (like methoxy) it
seems that the main effect is due to the changes in bond
angle3 and hence rehybridisation19 is dominant.3 In the case
of double-bonded groups (like nitroso), both components of
the AGIBA effect oppose each other: the rehybridisation vs
p-electron interactions.3 Therefore, for further studies, the
double bonded-group (nitroso) was chosen as a substituent,
as our interest is mainly focused on the p-electron nature of
interactions.

Two kinds of substitution may induce the AGIBA effect: in
both 1, 4, 5, 8- and in 2, 3, 6, 7-tetra-nitrosonaphthalenes
(Scheme 3). The bonds 1,2; 3,4; 5,6 and 7,8 should become
longer and the bonds 3,4 and 6,7-shorter.

In order to detect these changes in a numerical way the
HOSE model20,21 has been applied to calculate the weights
of the canonical structures presented in Scheme 4.

Application of the HOSE model allows one to calculate the
weights of the canonical structures for the whole naphtha-
lene moiety as well as for a particular fragment. The global
HOSE characteristics for 2,3,6,7- and 1,4,5,8-tetranitroso-
napthalenes and the parent molecule are presented in
Table 1.

A decrease in contribution of the canonical structure 1
should indicate that the AGIBA effect does work in these
cases. Partial double bonds represented in the hybrid struc-
tures 213 by symmetrically equivalent bonds become
longer and this leads to a signi®cant change in a canonical
structure distributionÐto a decrease in weight of the
canonical structure with double bonds as in structure 1.
Indeed, a small decrease in weight of the canonical structure
1 is observed. In order to check whether these changes are
really due to the AGIBA effect and not to the electron-
accepting property of the nitroso group, analogous
computations were carried out for 1,4,5,8- and 2,3,6,7-tetra-
cyanonaphthalenes, TCNN14 and TCNN23, respectively.
Table 1 presents in the last two columns the results for
cyano-substituted derivatives.

The decrease in weights of the canonical structure 1 is
similar in both cases. This means that the AGIBA effect
for the nitroso-substituted naphthalene is rather doubtful,
at least from the viewpoint of the changes in molecular
geometry of the whole molecule.

It is known that structural changes due to the topology of the
rings fused to each other are very strong22,23 thus the AGIBA
effect which is energetically rather weak15 may be masked.
A typical analysis of the AGIBA effect performed by use of
the HOSE model, was based on the whole-moiety canonical
structures, and was very successful for monocyclic systems.
In order to overcome the strong topological pattern of the
molecular geometry, a more local treatment was proposed.
Table 2 shows the canonical structures of the fragment of
the naphthalene moiety directly associated with the substi-
tuted carbon atoms, omitting that part which is associated
with the fusion of both rings.

If the AGIBA effect works, then the weight of canonical
structure III should be decreased, since both double bonds
should be elongated. This is ful®lled only in the case of
1,4,5,8 tetranitrosonaphthalene, when the weight for this
canonical structure goes down to 66.9% whereas for all
other cases it is over 80%. Since the AGIBA effect consists
of a contribution from rehybridization of the substituted
carbon atoms, the respective bond angles are given.

Scheme 2. NaphthaleneÐexperimental18 and calculated at B3LYP/6-
3111Gpp (in parenthesis) molecular geometry.

Scheme 3.

Scheme 4.

Table 1. Canonical structure weights (in %) for naphthalene (N) and its 2,3,6,7-tetranitroso-derivative (TNN23), 1,4,5,8-tetranitroso-derivative (TNN14),
2,3,6,7-tetracyanonaphthalene (TCNN23) and 1,4,5,8-tetracyanonaphthalene (TCNN14)

Structure/geometry (N) Experimental18 (N) Theoretical TNN23 TNN14 TCNN23 TCNN14

1 51.3 48.1 44.2 40.5 45.4 42.1
213 48.7 51.9 55.8 59.5 54.6 57.9
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Following computational experiments3,19 the bond angle
lower than 1208 causes the C1C2 bond to be longer.
However, a comparison of the angles for 1,4,5,8-tetra-
nitroso- and 1,4,5,8-tetracyano-derivatives shows that in
the case of the cyano derivatives there is no effect, whereas
for the nitroso derivatives a large decrease in weight is
observed. This can be taken as evidence that the AGIBA
effect does works for 1,4,5,8-nitrosoderivative.

Phenanthrene

Another illustrative example is 9,10-dimethoxyphenan-
threne (hereafter abbreviated DMP). Five canonical
structures may be drawn for phenanthrene moiety (Scheme
in Table 3), of which structure 8 is the one least representa-
tive for the unsubstituted moiety. In the case of DMP the
situation changes dramatically. The 9,10 CC bond becomes
signi®cantly longer and hence the canonical structure 8
increases from 12.2% for the unsubstituted phenanthrene
to 19.3% in DMP. The HOSE-calculated canonical weights
are shown in Table 3.

In the case of DMP the methoxy groups work similarly as
for o-dimethoxybenzene derivatives.24 In this case a
decrease in the double bond character of the 9,10 bond is
observed and as a consequence an increase in weight of the
canonical structure 8 with a single bond there. In the case of
phenanthrene the AGIBA effect works, but mostly as an
effect of rehybridisation.

Pyrene

4,10- and 5,10-Dinitroso pyrene derivatives provide another
illustration to the point that the AGIBA effect is observed
very locally. The optimised geometry of pyrene and the
above two derivatives shows that the double bond in pyrene
moiety becomes longer when the nitroso groups are present,
i.e. supporting the conclusion that the AGIBA effect works.
The effect is rather local since due to the topological
requirements the further part of the molecule does not
follow the changes which are supposed to be caused by
AGIBA (Scheme 5).

Formamidine derivatives

In the crystalline state formamidine derivatives form dimers
in which, depending on the nature of substituent(s),16 the
p-electron skeleton may vary from the fully delocalised one
to a fully localised structure, where the difference between
CN bond lengths is as large as 0.078 AÊ .16 Hence the p-elec-
tron structure may be assumed to be a rather mobile one, and
it may therefore serve as a good model to study the AGIBA
effect. To some extent it might resemble the benzene
derivatives, in which the bond alternation appears even if
the energetic effect is small.15

In this study, only the monomers of C-substituted forma-
midines were taken into consideration with the following
substituents XY: NO, CHO, NvNH, CHvCH2 and OMe.
By analogy with our former studies the NCX angle was
changed from the optimal one to the lower values by 5 and
10 degrees. In the case of `classic' situations (benzene and
s-triazine derivatives) these kind of changes (approaching

Table 2. Canonical structure weights for naphthalene (experimental value
for naphthalene in brackets) and for 2,3- and 1,4-disubstituted derivatives

Compound

(%) (%)

85.0 (82.0) 15.0 (18.0)

66.9 33.1

86.4 13.6

88.5% 11.5

87.0 13.0

Table 3. Canonical structure weights for phenanthrene and 9,10-dimethoxy-
phenanthrene

Canonical structures Exp.20 (calcd) (%)

22.4 (20.4) 19.4

21.5 (20.4) 19.4

22.0 (27.1) 26.7

21.9 (16.4) 15.7

12.2 (15.7) 19.3
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the XY group to the ring) always caused a signi®cant
increase of the difference between two subsequent bond
lengths,1,3which may be a numerical measure of the
AGIBA effect. The analysis of structural data for the
C-substituted formamidines is carried out using the follow-
ing criteria:

(i) analysis of the difference D1 in bond length of the C±N
and CvN bonds as compared with the value for unsubsti-
tuted formamidine. If the AGIBA effect dominates, the
difference for the cis conformation of XvY vs CvN should
be smaller for XvY substituents and larger for X±Y
substituents.

(ii) analysis of the changes in CN bond lengths between the
optimised structure CN(08) and the one forced to have its
NCX bond angle smaller by 108, CN(108). If the AGIBA
effect dominates, the difference D2�{CvN (108)}±{CvN
(08)} for the cis conformer should be positive.

Since in the case of X±Y groups mostly the rehybridisation
effect works,4 in this analysis we concentrate on the XvY
substituents, where the p-electron interaction through space
must outweigh the rehybridisation effect,3,4 and hence
results for these kind of substituents are more decisive.
The results of these analyses are presented in Table 4.

As can be seen in Table 4, none of the requirements that
would point to the existence of the AGIBA effect is present.
Firstly, the D1 values should be smaller for the XvY sub-
stituents in conformation (B) than for formamidine itself.
Secondly, the D2 values should be positive for conformation
B with the XvY substituents. It may thus be concluded that
the AGIBA effect does not act in the p -electron skeleton of
substituted formamidines.

Additionally it is worth mentioning that much larger
changes in bond length due to the change of conformation
of the XY group by 108 are observed for the CX bond itself,
numerically this is 5 to 10 times larger. This may be a sign

that the mesomeric interactions between the amino and
imino nitrogen atoms and the XY groups dominates over
the AGIBA effect, which in principle is weak, whereas some
of the XY substituents are more strongly electron accepting
than the CvN group: s for CvNPh�0.42, for CHO�0.47
and for NvO�0.65.25 Nevertheless in the cases of benzene
derivatives where the competition between AGIBA and
mesomeric effects might appear, these two effects could
be separated.24

1,3-Butadiene-derivatives

Analysis of the planar, fully optimised geometry of 2,3-
disubstituted 1,3-butadiene derivatives (XY: NO, CHO,
NvNH, CHvCH2, OMe and CH2CH3 leads to the conclu-
sion that in those cases AGIBA does not function at all.
Most indicative here would be a change in length of the
double bonds in these systems in the cis conformation to
the XY groups. However, these changes are very small and
mostly in the incorrect direction. For the fully optimised
geometry, the CvC double bond lengths are: 1.319 AÊ for
the NO derivative and 1.320 AÊ for NvNH. They are shorter
than for OMe (1.325 AÊ ) and CH2CH3 (1.324 AÊ ) thus oppo-
site to that required by the AGIBA effect. For the planar,
constrained conformations the double bond lengths in these
derivatives of 1,3-butadiene are (1.322 AÊ ) and (1.322 AÊ ),
(1.326 AÊ ) and (1.326 AÊ ) respectively. In unsubstituted 1,3-
butadiene the length of double bonds is of 1.322 AÊ .
Undoubtedly, the AGIBA effect is not observed in buta-
diene-systems.

Conclusion

The results above-presented allow us to draw the following
conclusions. If the angular groups are attached to non-cyclic
p-electron systems, like formamidine or butadiene-1,3, then
the AGIBA effect is not observed. If those groups are
attached to the cyclic p-electron alternated systems
(naphthalene, phenanthrene, pyrene) there are no unequivo-
cal conclusions, but AGIBA usually works locally: partial
double bonds become less double as predicted by the
AGIBA model, but more distant parts of the molecule do
not follow the requirements of the AGIBA effect. A possible
explanation of these rather local effects observed for poly-
cyclic aromatic systems can be sought in the fact that strong
topological requirements control molecular geometry and
the AGIBA effect is too weak to overcome them. The
strengths of `topological' enforcements in molecular
geometry of polycyclic benzenoid hydrocarbons is well
documented22,23 and hence such an explanation can be
treated a very probable hypothesis.

Scheme 5.

Table 4. Differences are given in AÊ

Molecule/conformation D1 D2 D2 0

Formamidine 0.077
Nitroso (A) 0.068 0.003 20.001
(B) 0.087 20.008 0.002
Formylo (A) 0.071 0.004 20.002
(B) 0.087 20.005 0.003
Diazo (A) 0.075 0.002 20.002
(B) 0.085 0.001 0.000
Methoxy (A) 0.098 0.002 0.001

0.088 20.002 0.002
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