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STABILIZATION OF CABBENIUM IONS BY AN a-AZIDO GROUP 

Shmaryahu Iioz* and J. L. Wolk 
Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel 52900. 

Abstract. The ability of the azido group to stabilize an a carbcnium ion was calculated to be intermediate between that of 
OH and NH2, The bam’cr for the decompition o/the title compound into N2 and HzC=N+ is 4.6 kcnllmol. 

Organic azides exhibit a rich and colorful chemistry and are very useful 

in modern synthesis .I However, because of their high reactivity, 

relatively, little is known about the azido group as a substituent 

affecting the reaction center as opposed to being the reaction center 

itself.2 Even less is known about its ability to stabilise a neighboring 

carbenium. Resonance structures of alkyl azides indicate that the azido 

group is capable of stabilizing an adjacent positive center since in one of 

these structures a n:qative charge is placed on Nl. 

R-Nl-N2'N3 <-> R-N=& 

Reactions such as electrophilic bromination of azidobenzene (which is 

faster from that of toluene),3 the facile electrophilic attack on vinyl 

azides, 4 and the succesive substitution of Cl in CH2Cl2 by N3-,5 are only a 

few examples which also point to this effect. However, unlike the thio, 0x0 

and amino groups, the ability of the azido group to stabilize an a 

carbenium ion is not well recoqnised. 

In this study, we were primarily interested in quantitative comparison 

of the stabilization of a carbenium ion by the azido group with that of 

other more common substituents. Such a comparison can be performed by using 

the isodesmic reaction shown in equation 1 for azide. 

N3CH3 + CH3+ -> N3CH2+ + CH4 (1) 

(1) (2) 

Energy au. -202.86738 -39.23064 -202.00740 -40.19517 

Using Gaussian 866 and the 6-31G* basis set,7 we have calculated the 

structures and energies of the four species in equation 1. The geometrical 

parameters for 1 and 2 along with their Mulliken atomic charges are given 

in scheme 1. 

As expected, in 2, the Nl-N2 bond becomes longer and the C-N1 bond 

shorter compared to 1 as a result of the introduction of the positive 
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charge. This is associated with an increase in the double bond character in 

the latter bond at the expense of the former. Less expected is the N-N-N 

bending in the carbenium by 12O, showing some resemblance to butadiene in 

its S-trans conformation. An additional contribution to the observed in- 

plane bending of the N3 array comes most probably from electrostatic 

repulsion between the neighboring hydrogen and the terminal nitrogen atom. 

These two atoms are positively charged (0.31 and 0.12 charge unit 

respectively) and the electrostatic repulsion between them amounts to 

0.12*0.31*300/3.3=3.7 kcal/mol! The presence of electrostatic interactions 

in the system is also evident from comparison of the two H-C-N angles in 2. 

The difference between these two angles is affected even to a larger extent 

by the repulsion from the central nitrogen atom. 

Using the energies of the species in equation 1, it was found that the 

methyl cation stabilization energy of the azido group is 65.6 kcal/mol. 

This stabilization energy is compared in Figure 1 with that of other 

substituents whose methyl cation stabilization energies were calculated by 

Hopkinson and Lien' using the same basis set. 

The location of the azido group between OH and NH2, which are the known 

to be the best groups to stabilize an Q carbenium ion in solution, is 

remarkable. Although crossover can and most probably will occur upon 

moving from the gas phase to solution due to the high polarizability of 

the azido group (which is more important in the gas phase)," this result 

is unanticipated. 

Finally, we have calculated the transition state for the decomposition 

of the azidocarbenium and confirmed its identity by force constant 

analysis. Its geometrical parameters are given in scheme 1. From its energy 

(-201.99999 au) and that of 2, one obtains an activation energy of 4.6 

kcal/mol for its decomposition into N2 and H2C=N+. This low activation 

barrier is highly surprising since, in spite of the general instability of 

azides, their derivatives have rather high activation energies for the 

expulsion of N2. These could be in the range of 30 to 45 kcal/mol for Me, 

Et and similar azido derivatives.II This difference of an order of 

magnitude in activation energy between for example methyl azide and 2, most 

probably stems from the difference in the N-N bonding in the two species. 

In the former, one of the resonance structures (see above) has a double 

bond character between these two atoms, whereas in 2 the lone pair on N1 is 

delocaiised onto the carbenium center and accordingly does not strengthen 

the N-N bond. This is evident from the comparison gf C-N and N-N bond 
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lengths in 1 and 2 (scheme 1). Thus, it can be anticipated that higher 

stability of azidocarbenium with respect to a split of N2 can be achieved 

by substituting the hydrogens in 2 by carbenium stabilizing groups, such as 

Mea, thereby enabling observations of azidocarbenium derivatives in 

solution. 
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