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Creation of Transition Metal Difluorocarbene Complexes and Their Application to
Catalytic Syntheses of Organofluorine Compounds
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Fluorine-substituted transition metal carbene complexes are promising
intermediates for the synthesis of organofluorine compounds. Thus, the preparation and utilization
of the complexes were investigated. 1,1-Difluoroallenes were treated with aldehydes in the presence
of a gold(l) catalyst. [3 + 2] Cycloaddition proceeded and the expected gold(l) carbene complexes
bearing a tetrahydrofuran ring were generated. beta-Hydrogen migration and subsequent
dehydrofluorination of the complexes facilitated the regioselective synthesis of 2-fluorofurans. The

utilization of free difluorocarbene was also investigated. (Regioselective) syntheses of 1,
1-difluoroalkenes and 2-fluorothiophenes by the reaction with thiocarbonyl compounds were developed.
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cat. A: 4 mol% AuCls; cat. B. 3 mol% AuCI(PPh3), 3 mol% AgSbFg.
9F NMR yield based on an internal standard PhCF.
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Table 2.
Entr Ar Yield / %
Y =\
1 Ph 5a 47 Ar,NYN\Ar
2 CeHyp-Me 5b 73
3 CgHap-Ph 5c 69 IPr Ar = CgH32,6-i-Pr,
4 CgHap-Br 5d 38

Unpublished results. '°F NMR yield based on an internal
standard PhCF3. R = CH,CH,Ph.
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Table 3.
Entry Ar Yield / % (catalyst)
1 Ph 5a 77
2 CGH4-m-OMe 5b 72
3 CeHa-p-Cl 5c 76
4 CeHa-p-NO 5d 84

9F NMR yield based on an internal standard PhCF5. R = CH,CH,Ph.
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Table 4.
Entry R! Y t/h Yield/ %  Method
1 CgHyp-OMe  CgHy4p-OMe 5 10a 77 A
2 Ph CgH40-Ph 2 10b 89 A
3 o-Tol o-Tol 0.5 10c 77 A
4 Ph SPh 1 11a 87 B
5 n-pentyl SPh 0.5 11c 70 A
6 Ph SMe 0.5 11d (82) A

Isolated yield ['°F NMR yield based on an internal standard (CF3),Cp-Tol, in
parentheses]. Method A: 5 mol% proton sponge, TFDA (2 equiv) over 1 min,

reflux; method B: 5 mol% proton sponge, TFDA (2 equiv) over 5 min, 60 °C
then 100 °C. Proton sponge = 1,8-bis(dimethylamino)naphthalene.
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FTuaF A7 028N Method A: conventional heating, reflux; method B: microwave, 140 °C.
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