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Theoretical Study on Nitrogenous Heterocyclic Assisted
Aldimine Condensation
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(State Key Laboratory of Chemical Resource Engineering, College of Chemistry, Institute of Computational Chemistry,
Beijing University of Chemical Technology, Beijing 100029, China)

Abstract Imines and the intermediate methylamine by the aldimine condensation of primary amines with aldehydes have a
potential application in the field of pharmacy, life science, catalysis, material science, efc. In this reaction, the hydrogen
transfer in the dehydration step normally prefers the pathway via a water bridge in aqueous solution or a directly dehydration
in organic solvent. It is a different mechanism for the aldimine condensation of amine owning neighbouring nitrogenous het-
erocycle. Herein we investigated the mechanism of aldimine condensation of primary amine containing nitrogenous hetero-
cycle with aldehyde in dichloromethane under acidic conditions using density functional theory (DFT) at ®B97X-D/6-31+
+G(d,p) level, the calculated results show that compared with specific acid catalysis, the heterocyclic nitrogen with stronger
basicity is easier to be protonated than the oxygen of carbonyl group. The whole reaction proceeds two hydrogen transfer
steps via nitrogen bridge owning an energy span of 13.08 kcal/mol. The rate-determing step is the second hydrogen transfer
step. In each step the heterocyclic nitrogen is a bridge to assist the hydrogen transfer, which could reduce the free energy
barrier of the aldimine condensation. It is unfavorable for the reaction pathway via directly hydrogen transfer with a
four-membered ring transition state owning a free energy barrier of 32.73 kcal/mol, and the reaction pathway via a water
bridge is not located. Meanwhile, the energy barriers increased for systems in which the N atom in heterocycle of primary
amine is replaced by P/As atoms. The rate-determining step changes from the second hydrogen transfer step for N system to
the first hydrogen transfer step for As system. The position effect of adjacent nitrogen atom is also investigated. The y posi-
tion owns the highest reactivity of the aldimine condensation, which implies that the ring strain plays an important role in the
aldimine condensation of primary amine containing nitrogenous heterocycle with aldehyde. This theoretical study may pro-
vide insights to unveil the nature of aldimine condensation of aldehyde and primary amine owning nitrogeneous heterocycle.
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Figure 1 Reaction mechanism of aldimine condensation of amine and
aldehyde in neutral and acidic conditions
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Figure 2 The reaction pathways of the aldimine condensation of amine with nitrogenous heterocycle and aldehyde in acidic conditions
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Figure 3 Free energy profiles for the aldimine condensation of amine with nitrogenous heterocycle and aldehyde in acidic conditions (all energies are

denoted in kcal/mol)
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Figure 4 The optimized geometries of stationary points along the condensation of amine with nitrogenous heterocycle and aldehyde in acidic conditions
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Table 1 Bond orders of the key optimized geometries of stationary
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Relative free
Chemical bond Mayer Wiberg  energy
Gl(kcalemol ")

Stationary points

4b H(D—N@) 0798 0863  0.00
4bP H(D—N@) 0861 0917  0.00
4bAs H()—NQ2) 0864 0920  0.00
TS1 H(D—N@2) 0526 0629 085
TSIP H(D—N@) 0312 039  11.05
TS1As H(D—NQ2) 0279 0322  20.56
5 H(D—N(1) 0812 0882  0.00
sp H(D—P(1) 0913 0930  0.00
5As H(D—As(1) 0926 0955  0.00
TS2 H(D—N() 0286 0427  13.08
TS2P H(D—P(1) 0500 0.623  12.30
TS2As H()—As(1) 0547 0672 943
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