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In this study, we have designed an organic solvent-soluble tungstate monomer.
The tungstate monomer could act as an efficient catalyst for N-silylation of indoles. By using the
tungstate monomer as the precursor, we have successfully synthesized various kinds of lacunary
polyoxometalate-based molecular catalysts. They exhibited the high catalytic performance for acylation of
alcohols and dehydration of primary amides to nitriles. Furthermore, several high performance solid
catalysts could be developed through immobilization or heterogenization of the molecular catalysts.
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Figurel. N-Silylation of various indoles with

dimethylphenylsilane. =~ Reaction  conditions:
Rhy(OAc)s (1 mol% with respect to indoles),
TBA,WO, (2mol%), indole (0.5 mmol),

dimethylphenylsilane (2.5 mmol), acetonitrile
(2mL), Ar (1 atm), 50 °C. Yields were based on
indoles and determined by GC analysis. [a]
Rh,(0OAc)4 (2 mol%), TBA,WO, (4 mol%).
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Tablel1. Hydrosilylation of various substances
with dimethylphenylsilane using a combined
catalyst of TBA,WO, and Rh,(OAc),.")

Entry Substrate Product Yield [%]
(0] OSiMe,Ph
1 )J\ )\ 96
Ph Ph
(0] OSiMe,Ph

2% \%\ 1

3 PR Xg  Ph” OOSiMe,Ph  >99

4 o M osiMePh 99
5 CO, 0% DOSiMe,Ph 63
6 Ph/\ Ph/\/SiMeZPh 99
7NN \Hg\/SiMezPh 77
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SiMe,Ph
S OSiMe,Ph

[a] Reaction conditions: TBA,WO, (2 mol% with
respect to substrate), Rhy(OAc); (1 mol%),
substrate (0.5 mmol),  dimethylphenylsilane
(1 mmol), acetonitrile (2 mL), 50 °C, Ar (1 atm),
2h. [b] TBA,WO, (0.5 mol% with respect to
dimethylphenylsilane), Rh,(OAc), (0.25 mol%),
dimethylphenylsilane (1 mmol), CO, (1 atm). [c]
Dimethylphenylsilane (2 mmol). [d] 1,4-Dioxane
(2 mL).
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Figure 2. Proposed molecular structure of |.
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Table 2. Acylation of alcohols catalyzed by 1.1

entry alcohol acylating agents product yield (%)
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[a] Reaction conditions: | (0.4 mol% with respect
to alcohol), alcohol (1 mmol), acylating agent
(1.5 mmol), CH;CN (1 mL), 313 K, 1 min. The
values in parentheses were isolated yields. [b] 2a
(1.0 mmol), 293 K. [c] | (1 mol% with respect to
1a), 333 K. [d] | (2 mol% with respect to 1a),
THF (1 mL), MS 4A (0.50 g), 293 K, 150 min.
[e] | (1 mol% with respect to 1d). [f] 20 min. [g]
2a (1 mmol), 60 min. [h] | (2 mol% with respect
to 1j), 3j (0.5 mmol). [i] | (2 mol% with respect
to 2a), 1k (3 mmol), 2a (1 mmol), 353 K, 30 min.
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Figure 3. Dehydration of various primary amides
catalyzed by |Il. Reaction conditions: 1l
(2.5 mol%), amide (0.5 mmol), toluene (2 mL),
reflux (bath temperature: 130 °C). The reactor
was equipped with a basket containing molecular
sieves 3A (0.5 g) at the upper. [a] The 3rd reuse.
[b] I1 (0.5 mol%), o-xylene (2 mL), reflux (bath
temperature: 160 °C).
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