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We report the generation of an iminodiazonium ion (a-azido 
carbocation) in acetonitrile and the first direct demonstration 
that such species are chemically competent to serve as the 
reactive intermediates of classic Schmidt rearrangement reac- 
tions. 

The Schmidt reaction of aldehydes and ketones in strongly 
acidic media containing hydrazoic acid is a versatile approach 
to amides, lactams, and The most widely accepted 
mechanism involves rearrangement with loss of molecular 
nitrogen of putative iminodiazonium ions (e.g. 2, Scheme l).Lss6 
However, the direct rearrangement of azidohydrins (e.g. 3), 
which are precursors to iminodiazonium ions, has also been 
invoked in order to account for some experimental observa- 
t ion~.~,’  We have shown*-9 that ring-substituted benzylic 
iminodiazonium ions, generated as intermediates in the sol- 
volyses of the corresponding gem-diazides (e.g. 1) in aqueous 
trifluoroethanol, give quantitative yields of the solvent adducts 
(chiefly benzaldehydes). Under these conditions, there are no 
products resulting from loss of molecular nitrogen, khyd >> 
kSchmidt, where khyd and k S c b d t  are first-order rate constants for 
capture of the iminodiazonium ion by water and Schmidt-type 
rearrangement, respectively (Scheme l).8,9 These results raised 
questions about the chemical reactivity of iminodiazonium ions, 
and they led us to address experimentally the possibility that, 
in essentially anhydrous organic solvents, Schmidt-type rear- 
rangement of iminodiazonium ions would compete with their 
nucleophilic capture by water (kschmidt 2 khYd).lo Such experi- 
ments might finally resolve the question of the chemical 
competence of iminodiazonium ions as the reactive intermediates 
of Schmidt reactions. 

The time course for the acid-catalyzed (3 mM DzS04) reaction 
of diazido(4-methoxypheny1)methane (1,O.l M) in CD3CN was 
followed by monitoring changes in the concentrations of the 
reactant and products by ‘H NMR spectroscopy.’la At early 
reaction times, the major product is 4-methoxybenzaldehyde 
(95% of 4 is formed during disappearance of the fiist 40% of 
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l), but at later times there is a dramatic reversal, and the major 
product becomes 4-methoxybenzonitrile (92% of 5 is formed 
during disappearance of the last 60% of l).llb These data are 
in qualitative agreement with the mechanism shown in Scheme 
1. At early reaction times, 4 results from the scavenging by 2 
of residual water, [HzOIres, in the solvent ([H20],,< [ l ]  and 
khyd > kSchmidt), but at later times, in the now ‘‘W’ solvent, the 
predominant product becomes 5 (kschrmdt > khyd). 

In a second type of experiment, the acid-catalyzed (3 mM 
H2S04) reaction of 1 (0.1-0.2 mM) in “anhydrous” acetonitrile 
([l] .c [HzO],, ) gave a very high total yield of the Schmidt- 
type products 4-methoxybenzonitrile (5, 86%) and 4-methoxy- 
formanilide (6, 2%), along with 12% of 4.12*13 The addition of 
0.023 M water to this solvent leads to a 3.5-fold decrease in 
kobsd (s-l) for the disappearance of li5 and a large increase in 
the yield of 4, the ultimate product of hydrolysis of 1, at the 
expense of the Schmidt-type products 5 and 6 (Figure 1). These 
results are inconsistent with a bimolecular substitution reaction 
of water with 1, because a 7.5-fold increase in kobsd would be 
required in order to account for the observed increase in the 
yield of 4. They provide strong evidence that, as observed in 
aqueous  solvent^,^^^ the reaction of 1 in acetonitrile proceeds 
by a DN + AN ( S ~ l ) ’ ~ 9 ’ ~  mechanism through an iminodiazonium 
ion intermediate (2, Scheme 1). 

The ratio of the benzaldehyde (4) to the Schmidt-type 
products (5 and 6), [ArCHO]/[Schmidt], shows a very strong 
second-order dependence on the concentration of added water 
in acetonitrile, [H2Oladd,  (Figure 1). Nonlinear curve-fitting of 
the product data to eq 1,18 derived for the mechanism shown in 
Scheme 1, using a concentration of residual water in the solvent 
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1.  Part of the water in acetonitrile will undergo protonation by the sulfuric 
acid catalyst ([HzSO~] = 3 mM) to give H 3 0 i  which cannot act as a 
nucleophile to trap 2. Equation 1 makes no distinction between free water 
and H30+ and will therefore probably fail at low [H2OIadd. This might 
account for some of the deviations from the fit shown in Figure 1. but our 
data do not allow us to address this point in detail. 
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for capture of the charged iminodiazonium ion.20-23 The 
barriers to carbocation-anion combination reactions in the gas 
phase are expected to be considerably lower than those in 
aqueous solution, because of the larger thermodynamic driving 
force for neutralization of ions in the gas phase. By contrast, 
our results suggest that the reaction of the neutral nucleophile 
water with delocalized carbocations in aqueous solution may 
be faster than that in the gas phase, because localized charge 
on oxygen in the transition state can be stabilized by an 
interaction with a second molecule of water that can be described 
as “solvation”. 

There is no mechanistically reasonable path for formation of 
the benzonitrile 5 by direct rearrangement with loss of molecular 
nitrogen of the azidohydrin 3: such a rearrangement would give 
only 4-methoxybenzamide (not observed) and/or 4-methoxy- 
formanilide (6). The limiting yield of 100% 4 at high [H2OIadd 
shows that, under our reaction conditions (low [Hf] and [HN3]), 
there is no significant rearrangement of the azidohydrin 3 to 
give the formanilide 6; 3 reacts solely by the irreversible loss 
of HN3 to give 4. The product ratio [5]/[6] = 40 is strictly 
independent of [H20]add,24 which shows that both the benzoni- 
trile 5 and the formanilide 6 are formed from the same 
intermediate, the iminodiazonium ion 2. This demonstrates that 
2 is chemically competent to serve as the reactive intermediate 
of the Schmidt rearrangement reaction of the benzaldehyde 4. 

Schmidt-type rearrangement of azidohydxins is much more 
likely to take place for species such as 7, which are putative 
intermediates of intramolecular Schmidt-type reactions of alkyl 
azides with cyclic ketones.25 Here, the direct rearrangement 
of 7 is favored because there is no mechanistically reasonable 
pathway for formation of the observed lactam products from 
the highly unstable dication 8.25 
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Figure 1. Dependence on the concentration of added water in 
acetonitrile, [H~o]~dd, of the ratio of 4-methoxybenzaldehyde (4) to 
Schmidt-type products (5 + 6) obtained from the acid-catalyzed (3 
mM [HzSO~]) reaction of diazido(4-methoxypheny1)methane (1). The 
circles and squares represent data from two separate experiments. The 
inset is an expansion of the region of [H*Oladd < 0.008 M. The curves 
show the fit of the experimental data to eq 1, derived for the mechanism 
shown in Scheme 1 (see text). 

of [H20Ires = 1 mM (determined by Karl Fischer titrati~n),’~ 

partitioning of the iminodiazonium ion 2 between capture by 
water in termolecular and bimolecular processes, respectively, 
and Schmidt-type rearrangement with loss of molecular nitrogen. 

gives kT/kSchmidt 7700 M-2 and kB/kschmidt = 70 M-’ for 

The ratio kT/kB 100 M-’ shows that, in the relatively 
nonpolar solvent acetonitrile, where formation of localized 
charge is unfavorable, the presence of a second molecule of 
water in the transition state for addition of water to the highly 
delocalized 2 provides substantial stabilization of the developing 
localized positive charge at the oxygen of the attacking water 
molecule. This may correspond to classical general base 
catalysis or to stabilization by hydrogen bonding without formal 
proton transfer. The attack of alcohols on several acyl halides 
in organic solvents is also catalyzed by a second molecule of 
alcohol, although the catalysis is smaller than that found here 

(19) Karl Fischer titration was carried out using a Metrohm 684 KF 
coulometer at the University of Western Ontario, Canada. 
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