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Abstract

In this research, the Curtius rearrangement reaction of malonyl azide (MA) was investigated for the
syn-syn and anti-anti conformers in the gas phase and aqueous solution. In the gas phase, the syn-syn
and anti-anti conformers of MA, their corresponding transition states for rearrangement reactions, were
optimized using Density Functional Theory (DFT) at the computational levels of B3LYP and B2PLYP
with the 6-311++G(2d,d,p) basis set. In solution, calculations were performed at the B3LYP/6-
311++G(2d,d,p) level. The syn-syn conformer is energetically more stable than the anti-anti conformer
and undergoes the Curtius rearrangement through a concerted one-step mechanism via a single
transition state. In contrast, the anti-anti conformer follows a stepwise two-step mechanism, involving
two transition states, to complete the rearrangement. The syn-syn and anti-anti conformers produce
syn-2-isocyanatoacetyl azide and anti-2-isocyanatoacetyl azide as their respective products via the
Curtius rearrangement. In the concerted mechanism, the Gibbs free energy of activation for the
forward reaction is lower than that of the reverse reaction, with the reverse activation energy being
more than three times higher than the forward pathway. In the stepwise mechanism, the first step is
endothermic, while the second step is exothermic. In solution, the activation energy barriers for both
the concerted mechanism and the second step of the stepwise pathway decrease slightly. Overall, it can
be concluded that in solution, the Curtius rearrangement processes proceed more rapidly via both the
concerted and stepwise mechanisms.

Keywords: Malonyl azide, Curtius rearrangement, Transition state, Solvent effect, Concerted mechanism, Stepwise
mechanism, Density functional theory
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