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Abstract. Triplet states of 4nn-clectron annulenes exhibit partly aromatic character with an increase of
aromaticity as the size of the ring increases. Small effects of dearomatisation are due to bond
elongation. Singlet states arc antiaromatic, their dearomatisation is mosﬁy due to the bond length
alternation. Correlation analysis applied to basic indices of aromaticity (5('H), NICS, HOMA and x)
practically shows the lack of any correlation in sub-groups consisting of triplets or singlets.
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Introduction
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Aromaticity oI moileculies 1 their excited states nas iong oeen supject or great interest.  Almost thuty

years ago Baird' suggested that 4nm electron annulenes in the triplet state are aromatic rather than antiaromatic.

This view was later supported by many studies.”® Very recently high level ab initio calculated’ magnetic
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shifts for triplets of 4nm annulenes are like that for benzene (7.8 ppm) whereas those for singlets resemble rather

olefinic systems. Magnetic susceptibilities, diamagnetic susceptibility exaltations and nucleus independent
pounds - NICS vah
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and positive for smglets, magnetic susceptibilities are more negative for triplets than for singlets. Aromatic
stabilisation energies computed for triplet states of C4H; and CsHs' support their higher stability than for
singlets.” Bond lengths for triplets have no alternation, whereas a strong alternation is observed for singlets.

However. these results are not conclusive

However, these results are n nclusive, since the equality of bond length n

ot a good criterion of
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aromaticity: five membered rings in fulierene Cgo are not aromatic = in spite of

alternation. The same is true for radialene.'*

The aim of this report is to show how far a decrease in the aromatic character depends on the bond
elongation as compared with a decrease due to the bond alternation. Molecular geometry allows us to analyse

° Dedicated to Professor Christian Reichardt (Marburg) for his 65th birthday.
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HOMA =1 — a(Rop — R,)* - %/, £ (R — RY* = 1 — EN - GEO )

where n’is the number of bonds taken into the summation and « is an empirical constant fixed to give
HOMA = 0 for the hypothetical Kekule structures of aromatic systems (with bond lengths as in 1,3-butadiene), \’
and 1 for the system with all bonds equal to the optimal value Roy which is equal to 1.388 A for CC bonds. Ry,
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Recently this kind of approach has been successfully applied to show quantitatively the reasons for the
decrease of aromaticity of the central rings in triphenylene- and phenanthrene-like systems'* where the nature of

the low aromatic character could till now be only qualitatively described by the Clar clasification:'® as ,.empty”

y
HOMA, EN and GEO terms of equation (1). Table I presents these data compared with other aromaticity

characteristics.

Table I. Aromaticity characteristics of 4nm-electron annulenes.
S and T stand for singlet and triplet states, respectively.

compound  Point 5(H’  NICS’ Magnetic HOMA EN GEO
group susceptibility (x)°
CH, S(Dy,) 5.9 27.6 77 -3.99 1.16 3.84
T(Dsn) 7.4 -53 -22.8 0.30 0.70 0.00
CsHs' S(Cx) 52 492 4.8 -1.34 0.51 1.83
TOs) 8.0 .45 284 067 033 0.00
CeHs* S(Cy) 7.0 11.0 -13.7 029 039 032
T(Dsg) 8.5 -1.5 -28.2 061 0.39 0.00
CH; S(C2) 3.1 429 247 018 018 064
TOw) 17 119 -64.5 083 017 000
CeHy SDx) 60 3.0 462 021 008 LI2
T(Dgn) 8.1 -12.4 -81.6 0.94 0.06 0.00
CsHy' S(Cy) 1.0 9.1 030 0.13 057
T(C,) 8.6 97 091 008 001

CeHs 7.8 9.7 -51.3 0.99 0.01 0.00
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information on the nature of dearomatisation in the singlet and triplet states of 4nm-annulenes. It is in line with

the classification for antiaromatic (singlets) and aromatic (triplets). However, the dearomatisation of triplets is
rved and shown to be due to the bond elongation - the EN term decreases from 0.70 for C;H, to 0.06 for
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CsHs. Evidently as the size of the ring increases, this stimulates a lesser dearomatisation, which, except in the
case of CsHs', is due only to the bond elongation. In that case a small component of the term due to the bond
alternation appears (GEO=0.01). Contrary to that picture, singlets are mostly dearomatised due to the strong

bond alternation (the GEQ term), which expressed as a percentage contribution is about 80% (except 44.6% for
—~ ¥y 2+\
Lells )

The whole sample of singlets and triplets of 4nm-electron annulenes is a convenient family to study the

dimensionality of aromaticity. Topologically it is a uniform group, and the differences are only in the electronic
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tn oenmatrv and nther nron
i Wiilwi Pl\lllvl LW WA MILWOW ﬂ]h’t\llllﬂ A LRI svuy lll“] VY AW VilwWE Wi ViW

S 10 SwUlIvU Y Gl

into two sub-groups - triplets and singlets, which differ significantly in electronic structure. Moreover, it should
be emphasised here that aromaticity is usually defined for ground states of molecules,”'® and the further
discussion should be considered as an approximate approach to the problem - in analogy to the ground states.

Therefore in our analysis we have taken into account four sub-samples: (i) the lowest energy states
(singiets or tripiets), (ii) excited states (singlets or tripiets), (iii) tripiet states, and (iv) singiet states. For ali sub-
samples we have applied factor and correlation analyses taking into account the values of HOMA, NICS, S(‘H)
and ¥y .
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Application of the factor analysis revealed that for all four cases two or three factors are necessary to
explain 90.4 - 100% of the total variance. However, the interpretation of these factors after rotating is not clear

- probably due to a very low correlation between descriptors and the small size of the sample.

Correlation analysis of these four sub-samples shows that only in a few cases there is a significant
correlation between aromaticity indices: for sub-sample (i) only correlation between HOMA and NICS is
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significant (at a = 0.01), correlation coefficient r = 0.97. However istributio

n of points on the scatter plot
shows that correlation is due to one point and a cluster of four others; for sub-sample (ii) only correlation

ion between nd
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NICS is significant (at a = 0.05), r = 0.92. Correlation is dominated by two clusters; for sub-sampie (iv) there are
no significant correlations.

In order to illustrate low intercorrelations between aromaticity indices, Tables II - V present the full

ansvrenl
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Table II. Correlation coefficients (and significance levels) for sub-sample (i) with ground state molecules.
S('H) NICS %
NICS -0.7138
(0.1757)
X -0.2219 0.8021
(0.7199) (0.1025)
HOMA 0.7422 -0.9742 -0.7026
(0.1509) (0.0050) (0.1857)
Table I1I. Correlation coefficients (and significance levels) for sub-sample (ii) with exited state molecules
3(‘H) NICS x
NICS -0.8887
(0.0438)
x -0.8598 0.8485
(0.0617) (0.0692)
HOMA 0.4652 -0.7916 -0.6119
(0.4298) (0.1105) (0.2727)
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Tabie 1V. Correlation coefficients (and significance ieveis) for sub-sampie (i) with moiecuies in the tripiet state.

S('H) NICS x
NICS 0.3280
(0.5900)
x -0.0630 0.9182
(0.9198) {0.0278)
HOMA 0.4205 -0.6808 -0.8637
(0.4809) (0.2058) (0.0592)

Table V. Correlation coefficients (and significance levels) for sub-sample (iv) with molecules in the singlet state.

s NICS "
U\ i l} LNENNT L
NICS -0.6968
0 101M
\\l. 17 l\l}
x -0.7215 0.8744
(0 1680 (0 0524)
\V IV\)/} \U.UJHW’
HOMA -0.1539 -0.2130 -0.0224
(0.8049) (0.7308) (0.9715)

The following conclusions can be drawn:
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(1) Aromaticity indices are defined for moiecuies in their ground states. " In these cases some of the molecules

have triplet ground state, others singlet. Analysis of the whole sample is therefore not justified.
(ii) All the information for the studied systems was computed at high levels of ab-initio technique, but its

r nnonharo, cinolv charoed and doublv charoed svetems
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aromatic character of 4nn-electron annulenes is exhibited in these cases in a striking way. Very low correlation



trongly suggests a multidimensional character of aromaticity or inadequate description of the aromatic character
in these kinds of molecular state. The small size of the sample used in this study makes these conclusions even
stronger.

A positive conclusion may be that
benzene in the ground state - is due to two mechanisms: depending on either bond elongation (in triplet states)
or bond length alternation (more than 75% of the variation in all singlet states (except CsHs>")). These results are

fully in line with the concept of multidimensional character of aromaticity introduced by Katritzky et al*** and

others >*?’
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