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Cross- and stereo-selective, and catalytic oxidative coupling of enolate species
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Selective oxidative cross-coupling of enolate species is a most direct
method to synthesize unsymmetrical 1,4-dicarbonyl compounds found in natural products,
pharmaceutical compounds, functional materials, and their precursors, and therefore is an important
reaction. Furthermore, in order to achieve this cross-selective reaction, it must be controlled so
that similar enolates are differentiated in the reaction. Thus, such cross-coupling is still not
easy and the development of the catalytic reaction is even more challenging. In this study, we aimed

to develop such a reaction, and achieved the oxovanadium(V)-catalyzed aerobic oxidative
cross-coupling of enolate species with high cross-selectivity.
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@ Yield of 3 = 100% x moles of 3/moles of 1. Yield was calculated by the integral ratio of the peaks for 3 and internal standard
(phenanthrene or 1,3,5-trimethoxybenzene) in *H NMR spectrum of the crude mixture. Isolation of the products 3 was carried out by
silica-gel chromatography. ! Conditions A: 1 (0.5 mmol), 2a (0.6 mmol), VO(OPr-i)2Cl (1.3 mmol), THF (16.5 mmol ), -35 °C, 24 h.
Conditions B: 1b (0.5 mmol), 2 (0.5 mmol), VO(OEt)Cl> (1.25 mmol), rt, 20 h. Conditions C: same as conditions B except the
temperature (-70 °C). Amounts of substrates and reagents: 1b (0.1 mmol), 2a (0.11 mmol), VO(OEt)Cl- (0.25 mmol). [ VO(OPr-i).Cl
(1.4 mmol) was used. [ It is also described in our previous paper.[ [l Reaction scale is small (0.05 mmol of 1f). 1 1.5 equivalents of
2d were used. 91 5.5 equivalents of 2a for entry 11 and 5 equivalents of 2b for entry 12 were used, respectively.
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2 Standard conditions. Amount of starting materials used [4a: 1.0 mmol, 5a: 2.0 mmol, VO(OEt)Cl2: 0.4 mmol, CH2Cl2: 10 mL]. Flask: 50
mL round-bottomed flask. » Calculated based on the integral ratio toward the internal standard (1,3,5-trimethoxybenzene) in the crude 'H
NMR spectrum. ¢ Isolated yield in parentheses. ¢ 1,2-Dichloroethane was used instead of CH2Clz as a solvent. ¢ Purified with recycle
preparative GPC to remove a little amount of impurity after column chromatography. 4 eq of 5a were used.
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