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Abstract. Ring current contributions to 1H-chemical shifts of

[4m] annulenes and their doubly and quadruply charged ions have been in-

1985

(4m+2] - and

vestigated by means of simple molecular orbital theory. Either bond length

alternation or double bond fixation has been introduced in the perimeter

in order to achieve closed shell systems. A diamagnetic ring current is

gbtained for all annulenes with (4m+2) w-electrons and a paramagnetic one

for those with (4m) m-electrons.
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1. Introduction

The diatropism [1] of neutral [n]annulenes with n = 4m+2 and the para-
tropism [1] of those with n = 4m have been rationalized by assuming a dia-
magnetic (n = 4m+2) and paramagnetic (n = 4m) ring current (RC) [2]. The
RC model can be considered as the conceptual simplest way of describing the
response of a conjugated molecule to an external magnetic field [3]. In re-
cent years di- and even tetraanions of [4m+2]- and [4m]annulenes have been
prepared [1,4,5] whereas only few corresponding dications are known hither-
to [6]. Such annulenes are either (4m'+2) or (4m') w-electron systems with
m' = mor m' = mtl, Although the observed [1,4-6] dia- and paratropism of
the charged (4m'+2) and (4m') m-annulenes was expected [5] the RC effects
in doubly or quadruply charged annulenes have not been studied theoreti-
cally except for the special case of doubly charged [4m]annulenes [7].
Therefore we present in this communication an investigation of the RC con-
tribution toc proton chemical shifts in neutral, double and gquadruple nega-

tively or positively charged [nlannulenes with even n.

2. Electronic Structures of [n]Annulenes

An ideal perimeter is characterized by a single bond length and reso-

nance integral with negative standard value B. The orbitals ¢, 6 = Ez 1 C_st
J = ]
and the associated energies Ej are given analytically as [8]

1/2 i e &
[(2_6j0—6jﬂ)/n] cos[2nj(s-1)/n] if &0
c, = 2 (n
38 1/2
(2/n) sin(2rj(s-1)/n] LES % 0
sj = 2 Beos(2nj/n} (2)

where j takes the values 0,*1,...,*2m,2m+1 if n = 4m+2 and 0,*1,...,
1(2m-1) ,2m if n = 4m. The resulting orbital scheme is displayed in Fig. 1.
Doubly charged [4m+2])annulenes and neutral and quadruply charged [4m]annu-
lenes, i.e. all (4m') w-systems, exhibit open shell structures due to or-
bital degeneracy. Clearly this prevents the straightforward application of

Hiickel type theory.
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Fig. 1. Orbital energy schemes for annulenes with (4m+2) and (4m) carbon

atoms. The orbital occupations are given for the neutral compounds.
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without strong non-bonded interactions [4m+2]annulenes show almost ideal
perimeters [9], see for example la and EE in Fig. 2, whereas [4m]annulenes
exhibit bond length alternation (BLA) [10], see 22. Experimental structures
are unknown for doubly and quadruply charged annulenes with larger n. Cal-
culations with a v-SCF force field approach [11,12] demonstrate that also
charged annulenes with (4m'+2) m-electrons should be characterized by al-
most ideal perimeters (e.g. 254: and 292l). on the other hand the charged
(4m') m-electron annulenes possess perimeters with lower symmetry, see for

2- y +
example 1b lcz*, 2b2

and 2249' which can be approximately treated sim-
ply by introducing bond fixation (BF). Thus we can study all (4m'+2) n-spe-
cies by assuming ideal perimeters whereas BLA must be taken into account
with neutral [4m]annulenes and BF with all charged (4m') m-compounds. Neu-
tral and charged [4m+2]annulenes of type d4a (cf. Fig. 2) can also be stud-
ied by means of the BF approach since their perimetcrs are adequately de-
scribed by structures 4b [12,13] which exhibit two very short bonds between
the sp-hybridized carbon atoms.

In the BF model for [n]annulenes we associate a resonance integral kB
with k # 1 with atom pairs m+1/m+2 and 3m+2/3m+3 if n = 4m+2 respectively
1/2 and 2m+1/2m+2 if n = 4m. It is a sufficient approximation in our con-
text to neglect all mixing between different orbitals which then turn out
to be identical to those given by eq. (1). The associated energies are

given as follows:

23[9(k)cos(21j/n)+(-)jv Vonf(k)] if n o= 4m+2
oj ]E
2811+ (v__ v p+1)£(k))cos(2Ti/n) if n = 4m
o] ]i

Here we use the symbols f(k) = (2/n) (k-1), g(k} = 1+f(k), and Vo™ 0, +1,
-1 if i = 3j, 1 <3, 1> j. The energy gap between the highest occupied or-
bital (HOMO) and the lowest unoccupied orbital (LUMO) is given as

-4BE (k) if n = 4m+2, g = 12

“Lumc” “HomMo i

-4gf(k)sin{2n/n) if n = 4m, q = *4

where g is the charge. BF lifts the degeneracy of all orbitals except of
























