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Fig. 1 Catalytic oxidative transformation of aryl amines

2. EBR-®BR-ER

AW TIE, ZNETOWROF 2R E LTT I DX 7 AFRLIERLOGIZ &
BEERAT O BRSO MMBER A Rk 2 G L7z,

AN =V ET U ETHEER~T BBRIT, RBRW., EWIEES 1. B OZFOME
REMESFHRICHI T 2B CTH Y . ZORRAESIE DB ITAMS L FIT BT 2 EER
BED 1O ThHD, HxlL, 33448 T 8T A MUV T 2= VT I U EBRESRNT FTARY—%
RWC MBEICHE &85 &L 9FNH v 7 U Z RIS ICHEIT L, N-EBEH D LS — LR
IR THROND Z LA R LTS (Fig.2) 9 ARISITEFR BICkkx REMEEHT 50
VXY =)V DE SIS FTRE T ® D & BT AABIUSIZEE T % 5% Rh/C fiftfi 2 0.1 mol%
UTETHELTHLRROICHEIT L2 LD, REY—ZME s U CEAMREE LR L
Tn5,

Bn 5% Rh/C E“
MeO. N OMe
MO e R
CF3CgHs, t, air
MeO OMe MeG OMe

Fig. 2 Catalytic intramolecular oxidative coupling for synthesis of multi-substituted carbazoles
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Fig. 3 Catalytic intramolecular oxidative coupling of diarylamines
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Table 1 Optimization for catalytic oxidative cyclization of diarylamines

Me
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o
Entry Catalyst (5 mol%) Time (h) Yield (%)
1 5% Rh/C 4 94
20 5% Rh/C 4 98
3 5% Rh/ALLOs 4 71
4 5% Pd/C 1 63
5 5% Pd/Al,O3 0.75 55
6 5% Ru/C 24 40
7 5% Ru/ALLOs 23 0
8 3% Cu/C 30 20
9 No catalyst 22 No reaction

Reaction conditions: diarylamine (0.40 mmol), catalyst (5.0 mol%), TFA (5 equiv.) in CF3CsHs at room

temperature under an oxygen atmosphere (balloon). [*! The reaction was performed on 2.0 mmol scale.
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Fig. 4 Catalytic oxidative cyclization of diarylamines
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Nitrogen-containing heterocycles are ubiquitous
and privileged structures in a wide range of useful
and functional molecules such as medicines,
agrochemicals, natural products, and biologically
active compounds. Thus, efficient synthetic
methods of nitrogen-containing heterocycles
have been widely studied so far and become one
of the most important research topics in synthetic
organic chemistry. Among them, oxidative
transformations of aryl amines have attracted
much attention in recent years, but there are many
issues to be addressed from the viewpoint of
green chemistry. In this study, we have developed
an efficient and catalytic one-step synthetic
method of nitrogen-containing heterocycles via
tandem oxidative cyclization of aryl amines
under an environmentally benign catalytic and
mild

developed a heterogeneous metal catalyzed

aerobic conditions. Previously, we

aerobic intramolecular oxidative coupling of

3,3°,4,4’-tetramethoxydiphenylamines, provid-

ing N-substituted 2,3,6,7-tetramethoxy-
carbazoles in high yields. Therefore, as a new
development on this research, we first studied
intramolecular oxidative coupling of 3.4-
dimethoxy-substituted diarylamine as a substrate.
Surprisingly, the expected intramolecular
coupling product, carbazole, was not obtained at
all, but tandem intermolecular oxidative
coupling-dearomative spirocyclization reaction
proceeded continuously to yield nitrogen-
containing spirocyclic molecule in a single step.
We started to optimize the reaction conditions and
found that the tandem reaction proceeded
efficiently by using a heterogeneous catalyst
under an oxygen atmosphere to afford high yields
of the spirocyclic products. Since nitrogen-
containing spirocyclic molecules are expected to
exhibit various biological activities and
functionalities, we anticipate that this efficient
to medicinal

methodology will contribute

chemistry and functional molecule synthesis.



