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Abstract-The cation radicals can be generated by annulation of 

the dibenzo groups to the cyc1[3.2.21azine system. The use of 

unpaired electron density as a prohe for electmnic structure s h m  

(ESR analysis) that the 1,2,3,4-dibenzocycl l3.2.21azines consti- 

tute a novel 18n peripheral conjugate system in spite of large 

resonance stabilization of benzene nucleus. 

Peripheral conjugate heterocyclic systems such as bridged heteroannulenes and 

cyclazines are desired in order to obtain experimental evidence regarding our re- 

cognition of the net energy changes associated with n-electron delocalizations. 1 

Specifically, the unpaired electron distribution of an anion radical species from 

cyclI3.2.2lazine (3 has been clarified by an ESR spectroscopy, offering validity 
to a n-electron approximation for this type of compounds. " However, neither 

cation radical formation from cycl[3.2.21 azines and therefore nor their ESR study 

has been reported; this suggests considerable stability of this l0n-peripheral 

system. 4 

This communication reports preliminary results on the first observation of cation 

radicals from the cycl[3.2.2]azine system in which two benzene nucleus are annulated 

at 1,2,3,4 positions, e.g. 1,2,3,4-dibenzocycl[3.2.2]azines (2 .5 '6  In contrast to 

1, cation radical species can be readily generated from 3 upon oxidation with 
c.2 



Fig. ESR 

I 

0 . 5  mT 
t------j I 

spectrum of the cation radical of 2a 
CV 

- 2 7 7 4 -  



HETEROCYCLES, Voi 23, No i 1 .  1985 

AgC104, though attempts to form stable anion radical species were unsuccessful. 

6-Benzoyl-1,2.3,4-dibenzocyc1[3.2.2lazine (2h) gave both radical species through 
N 

the conventional oxidation and reduction methods. These facts reflect a strong 

effect of the annulation of the dibenzo-groups to the Ion-peripheral conjugate 

system. Fig. 1 shows a well-resolved ESR spectrum of the cation radical produced 

from 2a by oxidation with AgClO in CH C1 at room temperature. From the non- 
rU 4 2 2 

overlapping spectral region, several reliable values of proton hyperfine coupling 

constants were determined, e.g. two large proton coupling constants, 0.334 and 

0.318 mT come from two groups of the two equivalent protons attached to the di- 

benzo-groups. According to MacConnel relation between ESR coupling constants and 

unpaired electron density, these coupling constants strongly suggest a large amount 

of unpaired electron density on the dibenzo-peripheral system. An inspection of the 

7 ESR spectra of 2a and 2 shows that the proton at the position 1 has also a large 
N 

hyperfine coupling constants (ca. 0.4 mT), whereas almost negligible hyperfine 

coupling constants of the nitrogen atom were observed in both ESR spectra of 2a 
'V 

and 2b. These results clearly indicate a virtual delocalization of the unpaired ,., 
electron over the 18" peripheral conjugate system and in other words a large 

perturbation by extending the peripheral conjugate system from 10n to 18n. These 

coupling constants simulated by computer were compared with the predicted un- 

paired electron density calculated from the ~iickel MO method where the same in- 

tegral parameters as were used for 12'3 were employed (Table 1). The unpaired 
N 

electron distributes greatly to the peripheral conjugate system, especially on the 

dihenzo-groups. The experimental values are found to be slightly greater than the 

calculated ones. 

The HOMO and LUMO energy levels are also influenced by extending the conjugate 

system. Fig. 2 shows a comparison of these two energy levels of I and 5. Both HOMO 
r.2 

and LUMO energy levels of 2 shift upward as compared to those of&. This shift is 

in qualitative agreement with easier oxidation and harder reduction of 2a than 1. 
-4 .-., 

Indeed, 2a is readily oxidized and hardly reduced under conventional conditions, - 
while 1 is easily reduced but has been unsuccessful to yield cation radicals. 2b, 

A, - 
7 which has an electron-withdrawing group at the position 1 can form an anion 

radical species hy alkali metal reduction.' This implies that the HOMO and LUMO 

energy levels lie at the suitable positions so that both oxidation and reduction 

are allowed. 



Table 1. Hyperfine Coupling Constants for the Cation Radicals 2 (and 2) 

Coupling const.a Calcd. coupling const. Assignment 

[mTI hT1 Positions c 

0.415 ( - - - - - )  0.217 1 

0.334 (0.309) 0.263 8 

0.318 (0.288) 0.206 6 

0.268 (0.232) 0.108 5 

0.087 (0.077) 0.067 7 

0.069 (0.069) 0.029 2 

0.0 (0.018) 0.031 N 

[a] Values obtained by computer simulation of the spectrum. 1n parentheses 

values for g. [b] Obtained by McConnell equation, a =Q p ,  where Q =2.8 mT. 
H H H 

For HMO parmters, see ref. 2 and 3. [cl Numbering is as depicted in 2. Some of - 
these assignments are only tentative. Confirmation employing specifically 

deuterium labeled 2a is envisaged. 
N 
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Fig. 2. HOMO and LUMO levels of l- and 2 
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In conclusion, the characteristic behavior of 2 is apparently due to the large --. 
(18") peripheral conjugate systems, e.g.,due to the significant perturbation by 

the dibenzo-groups. 
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