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Abstract - Molecular mechanics and semiempirical AM1 calculations indicate 

that N-acyi- and N-alkyiarylnitrenium ions generated by heterolysis of 

appropriate precursors are n-cations formed by the leaving group following a 

trajectory which moves it progressively out of the plane of the aromatic nucleus 

so that the transition state has appreciable n-cation character. 

There seems to be general agreement that aryinitrenium ions, species thought to be involved in the action 

of carcinogenic aromatic amines and amides,' are tr-cations in which the positive charge is appreciably 

delocalized over the aryl ring m- and para-carbons.2 What is not so obvious is the geometry of the 

transition state leading to the arylnitrenium ions formed by thermal heterolysis of appropriate N-X bonds. 

Haberfield and ~ e ~ o s a ~  reported that while ly-acetoxy-E-acetylani l ine (1)  solvolyzed readily, 

N-acetoxy-N-U-butylaniline (2) was stable under the same conditions. They proposed that the lowest 

energy conformation of 1 was as shown below (with the lone pair of electrons jn the dane of the 

b a ,  conjugated with the carbonyl group but not the benzene ring) and that this permined easy ionization 

to give n-nitrenium ion 3, in which the charge would be delocaiized into the aromatic ring. Since such a 

deiocalization should be partially present in the transition state this would facilitate the solvolysis. On the 

other hand, the N - U - b u t y l  derivative (2) was proposed to have the lowest energy conformation as 
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shown, in which the lone pair would conjugate with the ring. According to this hypothesis, ionization from 

this conformation would lead to a high energy o-cation (4) in which the orbital developing the charge 

would not be conjugated with the aromatic ring.3,4 

Data in the literature speak against such an interpretation. in N-tosyloxyoxindole (5) the benzene ring, 

N-atom, and carbonyl group have to be almost coplanar (cf. proposed geometry of I ) ,  but solvolysis at 

room temperature in alcohols gives the 5-alkyloxyoxindole, presumably the rr-delocalized nitrenium 

ion5 (See also the cyciization of the N-acylnitrenium leading to acetamidodihydrophenanthrenes6). 

Similar solvolysis of  N-m.buty l -&-chloroani l ine gave Q- and p - c h l o r o - & - w - b u t y l a n i l i n e ,  

reportedly yia a delocaiized rr-nitrenium ion7 (cf. 4).  N-M-Butylphenylhydroxyiamines in TFSAITFA 

C-arylate aromatic substrates yia the delocalized cation,%nd N-(2,6-dimethylphenyI)hydroxylamine 

undergoes the Bamberger rearrangement with mild acid yia a free arylnitrenium ion.9 Finally, one might 

argue that if the M - b u t y l  group in 2 were almost in the plane of the ring, then the much less bulky 

aCetyl group in 1 should also be, with the added advantage that the nitrogen n-electrons would then be 

delocalized over bPlh the carbonyl and the phenyl group. 

We have carried out MMX force field calculations10a to try and predict what the lowest energy 

conformations of  1 and 2 would be. MMX could not be used to compute the geometry of 

Q-acety l - ! !L~-butyIhydroxylamine,~~ and ALCHEMY Illob was used instead. The global minimum 

energy structures so derived are shown in Figure 1. It is clear from Figure l a  that the nitrogen atom in 1 '  

remains sp2 as expected and the computed dihedral angle between N-C(=O) and phenyl is 14". This is in 
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excellent agreement with the torsion angle of 15.3' observed for crystalline 

N-acety lpheny lhydr~xy lamine,~~ and clearly contradicts proposed3 geometry 1. For the N-&pbutyl  

compound (Figure l b )  the torsional angle between N-0(-C) and phenyl is 37", while that between N- 

C(Me3) and phenyl is 84.5" i.e. the O-N-C(Me3) angle is 121' and the W-bu ty l  group is almost 

orthogonal to the benzene ring, as might have been expected on the basis of steric hindrance between the 

W-buty l  and the elthp-hydrogens. If an sp2 nitrogen is introduced for 2 in the starting conformation 

and the geometry is minimized in ALCHEMY the final geometry retains the sp2 nitrogen but the N- 

C(Me3)IPh dihedral angle is 21.8". The actual geometry is probably somewhere in between the two. 

Figure 1: (a) MMX-computed geometry of 1 
(b) ALCHEMY 11-computed geometry of 2 

MNDO calculations on N-formyl-N-phenylnitrenium confirm that the positive charge is delocalized over 

the aromatic nucleus.l3 One can visualize two possibilities for producing the p-cation from 5 (and from 

almost coplanar I ) ,  say: (i) 'least motion' heterolytic cleavage of the N-0 bond leading to a 0-cation, 

followed by a fast rr- to a-electron demotion, or (ii) heterolytic N-0 cleavage concommitent with an out of 
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the plane trajectory of the leaving group, so that a rehybridization of the N is occurring to the 

transition state and a rr-cation is formed directly. 

To test these two possibilities we have carried out A M l t 4  SCF-MO c a l c ~ l a t i o n s ~ ~  on a model compound. 

namely N-acetoxy-2-pyrrolidin-5-one (6) and an Q-prolonaled derivative (7 ) .  Figure 2(a) shows the 

computed geometry of the parent (6). The C( l ) -C(2)-N(3)-0( t t )  dihedral angle is 1 3 8 . 5 ' . ~ ~  The angle 

becomes more acute in the protonated species (Figure 2(b)): 133.3". As the N - 0  bond stretches the angle 

is 1 0 l o  in the transition state (Figure 2(c)), and the breaking bond is almost orthogonal to the plane of 

the ring. Clearly, hypothesis (ii) above obtains, and the heterolysis follows a trajectory in which the 

leaving group moves out of the plane, leading directly to the conjugated n-nitrenium ion. This must also be 

happening with ( I , ) ,  but with ( Z ' ) ,  going to a similar T. S, leading to the formation of a rr-cation would 

result In severe interactions between the M - b u t y l  group and the --hydrogens, hence the difficulty 

encountered3 in its formation. That the N - 0  bond in 6 is out of the plane of the ring suggests that it has 

N-Oy.$ -CH, 
some dipolar character hi 

0 
and this is confirmed by the fact that in the Q-protonate species 

the angle becomes more acute (since the nitrenium ion itself is a rr-cation). 

3 

o b c 

Figure 2: Plots of AM1 calculations tor 6 (a), 7(b) and T. S. (c) 
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