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Development of High Performance Heterogeneous Catalysts for Truly Powerful
Liquid-Phase Organic Synthesis
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In this study, we have developed highly active catalysts and efficient
catalytic reaction systems for realizing environmentally-friendly new oxidation reactions using molecular
oxygen as the terminal oxidant. By utilizing the acid and oxidation properties of heteropoly acids,
thiadiazole synthesis through oxidative dimerization of thiocamides and regioselective oxidative cyanation
of quinolines have been developed. We have developed oxidative a -functionalization of amines and
oxidative nucleophilic strategy for functionalization of thiols. Furthermore, several dehydrogenative
cross-coupling reactions have been realized by using supported gold catalysts.
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Figurel Scope of the HgPV3;Mo0904-catalyzed
oxidative dimerization of primary thioamides.
Reaction conditions: 1 (0.5 mmol), HgPV3Mo0yO4
(5 mol%), ethanol (4 mL), O, (1 atm), 30 °C. Yields
were determined by HPLC or GC using naphthalene as
an internal standard. In the oxidative dimerization of
aliphatic thioamides, nitriles were formed as
byproducts to some extent (10% for entry 8, 18 % for
entry 9). Values in the parenthese are the isolated
yields after complete conversion of 1. 2 HPV;5MoyOy
(0.4 mol%). ® Acetonitrile (4 mL).
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Figure2. Scope

of the

H;PV4Mog0,4-catalyzed

oxidative C-H cyanation of quinoline and its

derivatives.

Reaction

conditions:

1 (0.5 mmol),

TMSCN (2 mmol), H,PV,Mo0g04y (10 mol%), DMSO
(2mL), O, (1 atm), 100 °C, 24 or 48 h. Yields were
determined by GC using naphthalene as the internal
standard. The values in the parentheses are the isolated
yields of 2.
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Figure3. Cyanation of various tertiary amines.
Reaction conditions: OMS-2 (50 mg), amine
(0.2 mmol), trimethylsilyl  nitrile (0.4 mmol),
acetonitrile (2 mL), 80 °C, O, (1 atm). Yields were
determined by GC analysis using biphenyl or

naphthalene as an internal standard. [a] OMS-2
(100 mg).
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Hgure 4. Scope ot the OUMS-2-catalyzed cyanation
and trifluoromethylation. Reaction conditions: OMS-2
(50 mg), KF (0.25 mmol), substrate (0.5 mmol),
TMS-Nu (2 mmol, Nu = CN, CF;), DMF (2 mL),
30°C, O, (1 atm).Yields were determined by GC
analysis.
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Entry Alkyne Time  Yield [%]®
[%] 3 Others

1 R=H (1a) 1 93(91) 6

2 R\ __ R=2Me(ib) 1 90 9

3 —/ — R=3Me(lc) 1 86 13

4 R=4-Me(1d) 1 95(92) 5

5 R = 4-F (1e) 1 94(90) 6

6 R = 4=Br (1) 1 81(77) 19

7 R=4-CF;(1g) 1 90(83) 9

g R=4-NO; (1h) 2 85(80) 14

9t R=4-NH, (1i) 12 54 (51) 339

10 O (1j) 1 85(78) 14

12 C'\/\/\ A1 1

/\/\/\ (1k) 1 98 1

95(89) 4

13 O—: (1m) 1 58 35

Figure 5. Cross-dehydrogenative coupling of various
terminal alkynes and 2a. [a] Reaction conditions: Into
a Pyrex glass reactor were successively placed
Au/OMS-2 (1.9 mol%, 40 mg), 1 (0.5 mmol), and
toluene (1 mL), and then a toluene solution of 2a
(0.55 M, 1 mL) was added to the reaction mixture over
1 h by a syringe pump at 80 °C under 1 atm of O.,.
[b] Yields were based on 1 and determined by GC
analysis. Values in the parentheses were the isolated
yields. The hydrosilylation was a major side reaction.
[c] Reaction conditions: Into a Pyrex glass reactor
were successively placed Au/OMS-2 (1.9 mol%,
40 mg), 1 (0.5 mmol), 2a (0.75 mmol), and toluene
(2mL) in a single step, and then the mixture was
heated at 100°C under 1atm of O,. [d]The
N-silylation of the alkynylsilane product was also
proceeded (13 %).
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