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The Reactivity of 1-Formyl and 3-Formyl Azulenes for Nucleophilic Addition

Toshiyva OKAJIMA,* Yuko KONOMI, Tomokazu MAEDA,and Shinji KUROKAWA

The reactivity of 1-formyl and 3-formyl azulenes for nucleophilic addition of two
amines (hydroxylamine and tosylhydrazine) has been investigated by experimental
and theoretical methods.

The following points were clarified by this study.

(1) The experimental results show that both 1-formyl and 3-formyl group are
highly reactive for nucleophilic addition of these amines. ab Initio MO calculation
(Becke3LYP/6-31+G*//RHF/3-21G) predicted that the reactivity of [-formyl and 3-
formyl group is almost the same. 4-Methyl group has little influence for the
reactivity of 3-formyl group, in spite of the plausible steric congestion in its
transition structure (TS).

(2) The calculational results suggest that conjugative interaction between
electron-withdrawing acetyl group and azulene unit has little influence for the
reactivity of 1-formyl group.

(3) 3-Acetyl group is unreactive for nucleophilic attacking of these amines, which
is attributable to higher activation energy (by 24.5kJ/mol (Becke3LYP/6-
31+G*//RHF/3-21G)) than 3-formyl group.
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Fig.1 Stereoviews of RHF/3-21G TSs (TS-1 and TS-1') for nucleophilic addition of 3-
Formylguaiazulene (2) and 2' (4-H) with NH;: in acidic condition. Energies (kJ/mol) are at
Becke3LYP/3-21G(Becke3LYP/6-31+G*)//RHF/3-21G. Atomic distances are in angstroms and angles
in degrees. Dihedral angles 0 ghed and 8 ehef are + 16.8 and -14.5° for TS-1, respectively
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Fig.2 Stereoviews of RHF/3-21G TSs (TS-2 and TS-2-Ac) for nucleophilic addition of 3 and 4 with
NH; in acidic condition. Energies (kJ/mol) are at Becke3LYP/3-21G(Becke3LYP/6-31+G*)//RHFE/3-21G.
Atomic distances are in angstroms and angles in degrees. Dihedral angles 6 ghcd and € gphef are -16.3
and +11.0° for TS-2, respectively
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Fig.3 Stereoviews of RHF/3-21G TS for attacking of NH; to carbonyl carbon of 1-formyl group of 2-
Ac' in acidic condition. Atomic distances are in angstroms and angles in degrees. 3-Acetyl group and
azulene ring are in the same plane. Energies (kJ/mol) are at Becke3LYP/3-21G(Becke3LYP/6-
31+G*)//RHF/3-21G.
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Fig.4 Stereoviews of RHF/3-21G TS for attacking of NH; to carbonyl carbon of acetyl group of 2-Ac
in acidic condition. Energies (kJ/mol) are at Becke3LYP/3-21G//RHF/3-21G. Atomic distances are in
angstroms and angles in degrees. Dihedral angles 8 gped and @ epef are +5.6 and -39.4° respectively
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