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Modulating regioselectivity of 1,3-dipolar cycloaddition by carbon nanotube confinements: A
dispersion-corrected density functional theory study (Kyoto Institute of Technology) OShuta
Fukuura, Takashi Yumura

Dispersion-corrected density functional theory (DFT) calculations and QM/MM ONIOM
methods were employed to investigate whether the nanotube confinement has an impact on
modulating regioselectivity of 1,3-dipolar cycloaddition. In particular, we traced 1,3-dipolar
cycloaddition of phenylacetylene with phenyl azide (entry 1) and phenylacetylene with benzyl
azide (entry 2) inside an armchair (m,m) carbon nanotube (8 < m < 10). In either entry 1 or 2,
two N-C bonds are formed to yield 1,4- and 1,5-triazole products along 1,4- and 1,5-approach
reactions. DFT calculations for entry 1 revealed that though activation energy (£.) of 1,4-
approach remains ~17 kcal/mol regardless of tube diameter, that of 1,5-approach strongly
depends on the tube diameter and increases up to 22.3 kcal/mol as tube diameter decreases. On
the other hand, entry 2 did not show such trends of E.. This difference between entries 1 and 2
come from whether a methylene group exists between phenyl and acetylene moieties.
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ShiEAFLY Figure 1. Optimized structures of transition states in entry 1 with tube surroundings.
The values in kcal/mol indicate the energy of transition state relative to the first
HKICERT 5, complex between the two reaction species.
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