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Annual Research Highlights

(1) “Generation of Amino(ylide)carbenes and
Evaluation of Their Electron-donating Ability”

Amino(ylide)carbenes 1 and 2 replacing one nitrogen
atom of N-heterocyclic carbenes (NHC) by a carbon atom
of phosphorus and sulfur vylides, respectively, were
generated, and their formation was confirmed by their
trapping experiments with elemental sulfur. And Rh
carbonyl complexes 3 and 4 bearing 1 and 2, respectively,
as ligand were synthesized. Their crystal structures were
determined by the X-ray crystallographic analysis,
suggesting the existence of electron donation from each
ylide carbon to the carbene center like the nitrogen atom.
In their IR spectra, carbonyl stretching vibration of 3 was
observed at the lowest wavenumber among those of
known Rh carbonyl carbene complexes, indicating that 1
had the highest electron-donating ability among known
NHCs. Similarly, it was revealed that 2 has comparable
electron-donating ability to those of the improved NHCs.
Theoretical calculations clarified that the high
electron-donating ability of amino(ylide)carbenes was
caused by the high o-donating property, derived from the
replacement of the nitrogen by the less electronegative
ylide carbon. Furthermore, we also succeeded in
synthesizing the Pd complex with 1 and revealed that it
was very useful as a catalyst for Buchwald-Hartwig
coupling reaction.

1. (1)-1) Angew. Chem. Int. Ed., 47, 1141-1144 (2008).
2. (1)-5) Chem. Commun., 2008, 6233-6235.

(2) “Substituent Effects on Structures and Properties
of Boryl-substituted Azobenzenes and Control of Their
Fluorescence Properties by Acid-Base Reactions”

Azobenzenes 5 bearing a boryl group at the 2-position
were synthesized. Intramolecular interaction between
boron and nitrogen atoms was observed in the
2-(diarylboryl)azobenzenes. The existence and strength of
the interaction were revealed to depend strongly on the
substituents on both the boron atom and the benzene ring.
The efficiency of the photoisomeraization of these
azobenzenes was affected by the strength of the interaction,
and some derivatives did not show photoisomerization.
Azobenzenes 6 bearing a perfluorinated substituent
emitted  fluorescence upon irradiation, and the
fluorescence was quenched and recovered by addition of
an acid and a base, respectively. The control of fluorescent
property by acid-base reactions could be interpreted by
changes in energy levels of the molecular orbitals.

1. (1)-2) Tetrahedron, 64, 7774-7781 (2008).
2. (1)-3) Chem. Lett., 37, 960-961 (2008).

(3) “Synthesis of Hypervalent Compounds Bearing a
Sulfur(IV)-Sulfur(ll) Bond and Reversible Bond
Cleavage by Reduction”

Compound 7 bearing a hypervalent bond between
sulfur(1V) and sulfur(ll) atoms, i.e. a sulfur-substituted
sulfurane, was successfully synthesized and isolated as a
stable crystal. The X-ray crystallographic analysis
revealed that the sulfur-sulfur bond is an apical bond in a
pseudotrigonal bipyramidal structure. Thermolysis of 7
gave the corresponding thiirane and cyclic sulfenate,
showing the reductive reactivity on the tetravalent sulfur
atom as shown in general hypervalent sulfur compounds.
Compound 7 was reduced by lithium aluminum hydride to
undergo cleavage of the sulfur(IV)-sulfur(ll) bond and the
sulfur(IV)—oxygen bond to afford compound 8 that had
both thiol and sulfide moieties. Considering that
sulfur-substituted sulfurane 7 was synthesized by
oxidation of 8, this bond can be cleaved and formed by
reduction and oxidation, respectively, similarly to usual
sulfur(1l)-sulfur(Il) bonds.

1. (1)-6) Angew:. Chem. Int. Ed., 47, 9430-9433 (2008).
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1. (1)-2) Tetrahedron, 64, 7774-7781 (2008).
2. (1)-3) Chem. Lett., 37, 960-961 (2008).
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