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Oxygen-, imino-," and/or sulfur-bridged [18]annulenes are studied using the Ag-index of
aromatic stabilization. Theoretical predictions, which indicate that these compounds should
differ among themselves in their aromatic properties, correlate nicely with the available experi-
mental findings. Unknown compounds of this class: [18}annulene imino-dioxide and [18]-
annulene oxide-imino-sulfide are predicted to be aromatic and good candidates for preparation.
The same prediction is also reached for 1,10-diaza| 18 Jannulene.

J. Heterocyclic Chem., 13, 505 (1976).

A set of conjugated systems with a peripheral 18 7-
electrons exhibiting interesting aromatic properties have
been recently reported by Badger and co-workers (2-9).
In these systems the internal hydrogen atoms of [18]-
annulene (see Figure 1) have been replaced by heteroatom
bridges (see Figure 2).

Figure 2. Atomic and skeletal structure of bridged [18]-

annulenes.
1X=Y=2=0 [18Jannulene trioxide
2X=Y=0,Z=S [18]annulene dioxide-sulfide
Figure 1. [18]annulene. 3X=0,Y=2=S [18]annulene oxide-disulfide
4 X=Y=Z7Z=S [18 ]annulene trisulfide
. . . .. i . 5 X=Y=0,Z=NH [18]annulenc imino-dioxide
From the combinatorial point of view (if we consider only 6 X=0,Y=2=NH [18]annulene diimino-oxide
O-, NH-, and/or S-bridges) there are ten such systems 7 X = Y7= 7 = NH [18]annulene triimino
possible, but only the following have actually been pre- 8 X=Y=5,Z=NH [18]annulene imino-disulfide
g?redi [llf}an(m)llfng)trlio;(i]de (ONE LN EL IS 9 X=§8Y - 7 =NH [18}annulene diimino-sulfide
loxide-sulfide (2) (5,8), [18]annulene oxide-disulfide (3) O Ve = ide-imino-
(4,6), [18 Jannulene trisulfide (4) (2,3). and [18 Jannulene su}gsz =0,Y=5,Z=NH [18]annulene oxide-imino
imino-disulfide (8) (9). In addition, the synthesis of [18]- .
annulene oxide-imino-sulfide (10) was announced in ref-
erence 9. compound [18]annulene (10-13) and that they also differ
Experimental evidence (e.g., reactivity, nmr and uv among themselves. Thus. for example, the chemical shift
spectra) (2.9), indicates that these compounds differ con- criterion ascribes aromatic character to trioxide (1) and

siderably in their aromatic character from the parent dioxide-sulfide (2), and polyene (non-aromatic) character
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HMO (a) Energies (in 8 units) of Bridged Annulenes, Corresponding Reference Structures, and
Values of Aromatic Stabilization per Electron (Ag/N)

Status (b)

Molecule E (Conjugated . (Reference Ag/N Theoretical Experimental
T Molecule) T Structure) Prediction Evidence

[18 Jannulene 23.035 22.680 0.020 A aromatic (10-13)
[18]annulenc
trioxide (1) 35.321 34914 0.017 A aromatic (4,7)
[18]annulene
dioxide-sulfide (2) 33.780 33.502 0.012 A aromatic (4,7)
[18]annulene
oxide-disulfide (3) 32.239 32.090 0.006 NA polyenic (4.6)
[18]annulene
trisulfide (4) 30.701 30.678 0.001 NA polyenic (2,3)
[18 ]annulene
iminodioxide (5) 34.994 34.751 0.010 A unknown
[18 Jannulene
diimino-oxide (6) 34.669 34.588 0.003 NA unknown
[18]annulene
triimino (7) 34.346 34.425 -0.003 NA unknown
[18]annulene
imino-disulfide (8) 31.916 31.927 0.000 NA polyenic (9)
[18 Jannulene
diimino-sulfide (9) 33.131 33.176 -0.002 NA unknown
[18 Jannulene
oxide-imino-sulfide (10) 34.139 33.339 0.033 A unknown

to oxide-disulfide (3), trisulfide (4), and imino-disulfide
(8), respectively. This difference in the aromatic character
may be attributed partially to the greater aromaticity of
thiophene (pyrrole) than the furan ring system (14) (thus,
for example. one may think of [18]annulene trisulfide as
three thiophene units joined by ethylene groups) and
partially to the greater steric requirements of the sulfur
atoms and/or imino groups when compared with oxygen
atoms.

Earlier theoretical studies have been concerned only
with the individual systems of this series in the course of
their synthesis being published ([18]annulene trisulfide,
{18]annulene trioxide) (15,16). No theoretical study com-
paring 1-10 has been reported besides the single attempt
(17) to compare 1-4 by considering the correlation of the
change in the bond order of the C5-C¢, C;,-Cy,, and

Cy7-Cis bonds with the localization of ethylene group
charge density, i.e. with the smaller charge density delocal-
ization of the 7 system as a whole. Therefore, it appears
that bridged annulenes are a suitable set of molecules to
study using the index of aromatic stabilization (Ag) of
Milun, et al. (18), which is close in its concept (19) to the
REPE (resonance energy per electron) index of Hess and

Schaad (20). Besides the intrinsic theoretical interest in
this series, there is considerable interest in the chemistry
of these molecules according to several review articles of a
recent date (13, 21-23).

The index of aromatic stabilization per electron (Ag/N)
is evaluated using the simple relation (18-20):

Ag/N=(1 /N){E7T (conjugated structure) - E; (reference structur(},

where N is the total number of 7 electrons in the system
(18 here). The Eg (reference structure) in the present
work is approximated by

E (reference structure) = n E; (five-membered heterocycle)
+n E_+ny E.

where E_ and E. are parameters usually interpreted (24)
as “polyene” single (EC.C, EC.N, . . .) and double (ECc=C,
EC=N, . . .) bond energies, respectively, and n, n;, and n,
are the numbers of five-membered heterocycles, single and
double bonds, respectively. The Ey (conjugated structure)
and Eq (five-membered heterocycle) are calculated using
Huckel theory (though generally speaking any other more
sophisticated m-approximation MO theory could be em-
ployed) and the heteroatomic parametrization scheme of
Hess and Schaad (25-27). The values of EC.C (0.52 ) and
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Figure 3. 1,4:8,11-bisimino[14 Jannulene.

HL—CH,

Figure 4. 18 m-electron porphin.

EC=c (2.00 B) are adopted from our earlier work (18,28).
The results of our calculations are listed in the Table.
(Ag/N) index indicates 1, 2, 8, and 10 to be .aromatic
according to criterion (Ag/N) > 0.010 8 and the others
nonaromatic. Quite correctly [18]annulene is predicted
to be aromatic. Experimental evidence (2-13) is in accor-
dance with calculations. For example, the uv spectrum of
[18Jannulene trioxide is remarkably similar to that of
tridehydro[18 Jannulene and similar to that of {18 Jannul-
ene itself. As the other extreme [18]annulene trisulfide
reacts with bromine by addition. 1t is interesting to note
that [18]annulene imino-dioxide (5) is predicted to be
borderline aromatic. but this compound is still unknown.
Therefore, if there are any difficulties involved in the
preparative work on this compound, they must be related
to unfavourable stercochemistry of NH group within [18]-
annulene ring. On the other hand, this compound is
certainly a better candidate for synthesis than [18]annulene
imino-disulfide (8) which preparation has been reported
years ago (9).

The most interesting prediction of our model is that
(18]Jannulene oxide-imino-sulfide (10) should be aromatic
compound. Unfortunately, the synthesis of 10, announced
in reference 9, has not been published yet. Of course, the
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Figure 5. 1,10-diaza[ 18 Jannulene.

simplicity of the model may lead to an erroneous predic-
tion in this case because it neglects the unfavourable
effects due to the size of S and NH.

Though our results agree well with the known facts
about the molecules of this series, we have tested our
model on some related molecules and have obtained agree-
ment with experiment again. For example, a recent
synthesis of [14]annulene diimino (11) (see Figure 3),
by Flitsch and Peters (29) has shown that this compound
is aromatic. (Ag/N) for this molecule is 0.016 8. Because
of this, we hope that our predictions may produce a
stimulus for further preparative efforts leading to com-
pounds 5 and 10.

Note that 18 m-electron porphin (30) (tetrahy droporphin
(12), see Figure 4) is also related to heterobridged-annul-
enes, and may be regarded as a derivative of the hypo-
thetical 1,10-diaza[18 Jannulene (13) (see Figure 5).
(Ag/N) values are 0.053 B and 0.063 8 for tetrahydropor-
phin and 1.10-diaza[ 18 Jannulene, respectively. Therefore,
the latter compound seems to be also a good candidate for
preparation.
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