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Development of new tandem reactions by using bis(oxazoline) ligands
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In our early work, we found that bis(oxazoline) (box) ligand enhances the
1t -electrophilicity of palladium (I1). In this work, we were successful in developing
cyclization-carbonylation-cyclization-coupling (CCC-coupling) reaction and an efficient synthetic method
of 5-methoxy-3(2H)-furanones utilizing characteristic property of the box-Pd(1l) complexes. The former
reaction is useful for the synthesis of symmetrical ketones bearing two pharmaceutically important
heterocycles, such as indoles, benzofurans, benzothiphenes, and quinolones. In the latter reaction,
steroidal compounds bearing spirofuranone structure at C17 were obtained in good yield from alkyne
substrates in one-step reactions.
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Entry R! R T[h  Yield of
2 [%]

1[5l b : -(CHo)e- 17 2b:68
2lat! 1c: Me Ph(CHz). 22 2c:72
3lab] 1d : Me CH3(CHz), 16 2d:63
429 le: Et CH3(CHz)s 3  2e:60
glacl 1f : Me iBu 20 2f: 60
glacl 1g : Et Et 4 2g:60
7% 1h:CHs(CHp)io CHs(CHy 3 2h:73
8% 1i:CHy(CH)iz CHs(CH), 3 2i:73
gl 1j : Me Ph 21 2j:58

[a] [Pd(tfa)2((x)-Phbox)] (5 mol %) was employed. [b]
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Conditions : Ligand, Pd(tfa),, p-benzoquinone (1.5 equiv.), CO, MeOH, 45 °C

Entry Ligand Pd(tfa), Time Yield
(mol %) [mol %] [h] [%]
1 (RR)- Phbox 5 1 87
(7.5)
2 (RR)- Phbox 12 1 97
(15)
34 (RR)- Phbox 5 1 92
(7.5)
40 (RR)- Phbox 5 1 72
(7.5)
5 (S9- Phbox 12 4 10
(15)
69 [Pd(tfa),((£)-Phbox)] (5 mol %) 1.5 96

[a] C17-epimer was used as substrate. [b] >CO was employed
and it was incorporated into C5’ position. [c] rt.
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Conditions™: (R,R)-Phbox(7.5 mol %), Pd(tfa), (5 mol %), p-benzoquinone
(1.5 equiv.), CO, MeOH.
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Conditions: [Pd(tfa),((x)-Phbox)] (5 mol%), p-bezoquinone (1.5 eq),
CO, MeOH, 45°C, 1-7h.
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