Tetrahedron Letters No.49, pp. 4307-4310, 1969, Pergamon Press. Printed in Great Britain.

THE NUCLEAR MAGNETIC RESONANCE SPECTRUM AND AROMATIC CHARACTER OF
1,6;8,13-PROPANO-[ 14]ANNULENE (la)

Wolfgang Bremser and John D. Roberts
Gates and Crellin Laboratories of Chemistry (1b)
California Institute of Technology
Pasadena, California 91109

Emanuel Vogel
Institut filr Organische Chemie der Universitit Kéln
{Received in USA 12 September 1969; received in UK for publication 18 September 1969)
To corroborate the postulated aromaticity of [14)annulenes (2) we have analysed te pmr
spectra of the recently synthesized 1,6;8,13~propano~[ 14]annulene (3) (I) and its 2-nitro d« riva—

tive (I). 16b 16a

17

15 X

The hydrocarbon I has two planes of symmetry and its fourteen protons appear as three types of
spin systems: AA'BB' (H,, H;, Hy, Hs, and Hy, Hjyo, Hna, Hiz2), and A, (H7, Hyy) for the ring pro-
tons, and A,B; (Hjs, Hi7, Higa, Hiep) for the bridge protons., At 220 MHz, the AA'BB!' system be-
comes essentially AA'MM! (Fig. 1la) but spinning sidebands overlapped to some extent with the

I, X =H
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n = 11, X = NGO,
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]

lines of low intensity, making the analysis less certain, However, the 60-MHz spectrum (Fig. 1b)
as calculated from the results of the computer analysis of the 220~MHz spectrum was in good
agreement with experiment which indicates the general correctness of the coupling constant
assignments,

In the nitro derivative II, there is no symmetry and the resulting nine—~spin system for
the ring protons could only be partly interpreted. The low—field doublet of Hy and singlet of Hj,
are well separated from the resonances of the other protons. In the upfield portion of the spect~
rum, the doublet of Hs; and the singlet of Hy partially overlap, while Hy appears as a doublet of
doublets at the high~field end of the multiplet for the highly coupled four—spin system of the resi-
dual ring protons (Hp to Hj;). Furthermore, spinning sidebands increased the difficulty of inter—
pretation of line intensities. No attempt was made to assign the lines in this complex pattern in
detail. The shift and coupling parameters which have been derived for I and II are summarized
in Table 1.

The comparison of the chemical shifts of the protons in several related compounds as
shown in Table II indicates that the resonance frequencies of the peripheral protons in I are in
general accord with those of other bridged annulenes. The downfield shift resulting from the -ring
current is slightly greater in the [ 14 ]annulenes than in the [ 10]annulenes, as predicted from
simple theoretical models (6). The aromatic character of I is further confirmed by the resonance

frequency of the'bridged protons 15 and 17, which corresponds to a shielding of 3.1 ppm relative
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to adi~1,6;8,13-bismethano~-[ 14]annulene (7). The similarity of the vicinal coupling constants
J3 4 and J4 5 indicates that the wm—electrons are largely delocalized and that the C-C bonds should
be about of equal length (8). The coupling constant J1 5.17° which can only be observed in the nitro

compound,. is a good example of a long~range coupling resulting from the perfect W~configuration

(9).
The substituent effects AW and AJ associated with the nitro group (see Table I) may not be

directly comparable to the corresponding effects of nitro on the bridged [ 10]Jannulenes (5) because
the nitro derivative had low solubility in chloroform and had to be measured in methylene chloride,
which provides a potential solvent effect. On top of this, the perturbing influence of bromine on

a 10 wr—electron system appears to differ from its perturbation on a 14 m—electron system (5).
Nevertheless, the results are in rather good agreement with the substituent effects reported pre~
viously (5, 10), which provides additional evidence that the w—electron system of I is similar to
the aromatic systems of naphthalene and the bridged [10]annulenes (11), (See Table II).

The spectra were recorded on Varian HR-220 and A-56/60A spectrometers. The line
positions were determined using audio sideband calibration and are statistical averages obtained
from several scans in both field directions, The starting parameters were refined by the iterative
computer program LAOCOON (12), The standard deviation of the calculated from the experimen-
tal line positions was in all cases less than 0.1 Hz, On this basis, the errors in chemical shifts

and coupling constants are estimated to be less than 0,002 ppm and 0.1 Hz, respectively.
50H — 20K |

la (220 MHz) 1b (60 MHz)
Figure 1. The AA'BB' spectra (above) of the peripheral protons in 1,6;8,13~propano~[ 14]annulene
(I) at 220 MHz and 60 MHz including the computer-simulated spectra (below). The long~range
coupling constants in the low—field part and the singlet of the protons 7 and 14 are not reproduced
in the theoretical spectra.
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