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Precise control of supported metal structure on metal oxide and their activity for
organic transformtions
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Syntheses of useful chemicals and functional materials by the use of highly
active catalysts is fundamental technology, and thier further invention are of great significance. In the
present study, we found that zirconium oxide or cerium oxide supported ruthenium catalysts were
remarkably effective for the construction of heterocyclic compounds via functionalization of alkynes. The
cycloaddition of carboxylic acid with alkynes afforded ghthalide derivatives, and carbonylative
cycloaddition of aldehydes with alkynes gave y -hydroxybutenolides in high yields. The present supported
catalysts could be easily recovered and reused after both reactions, which indicates that they showed
high environmental compatibility.
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Scheme 1. Coupling of aromatic acid with alkyne by supported Ru catalysts
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Table 1. Scope of substrates
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2 Reaction time 40 h. ” Ru/CeO, and HCO,Na were used. ¢ The ratio of the regioisomers
was determined by H NMR. 9 Reaction time 72 h. © Yield was determined by GLC.
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Scheme 2. Possible reaction mechanism
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Scheme 3. [2+2+1] carbonylative cycloaddition of aldehyde with alkyne, followed
by oxidation by Ru/CeO,
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Table 2. Scope of substrates
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4c (R p-Me)  66%
4d (R = m-OMe) 70%

4g (R = p-Me) 76% 4h 61% 4i31%
(Ar = p-MeO-CgHy) (Ar = p-MeO-CgH,) (Ar = p-MeO-CgHy)
[a] Reaction conditions: (1) 1 (3.0 mmol), 2 (1.0 mmol), Ru/CeO, (125 mg,

2.5 mol% as Ru), HCO,Na (0.15 mmol), Xantphos (0.10 mmol), DMA (2.0
mL), 160 °C, 3 h, CO (1 atm, balloon), (2) stirring overnight at rt under air.
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