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Scheme Sup-1. Thianthrene 5-oxide (SSO) as a probe for the electronic character of oxygen-transfer reactions. 

Figure Sup-1. Optimized geometries (B3LYP/II) of the transition states for ethylene epoxidation with dimethyldioxirane (DMDO), m-chloroperbenzoic acid (MCPBA), and methyloxodiperoxorhenium(VII) [ReO(O2)2(CH3)].

Figure Sup-2. Predominant orbital interactions of donation d and backdonation b according to the CDA of the transition states for ethylene epoxidation with DMDO and MCPBA. 

Standard density functional (DFT) methods for oxidations:









 














































(�) 	For geometry optimizations, Becke’s three-parameter hybrid functional (B3)� NOTEREF _Ref482503187 \h � \* MERGEFORMAT �3� together with the correlation functional of Lee, Yang, and Parr (LYP)� NOTEREF _Ref482503200 \h ��4� were employed as implemented in Gaussian 98.� NOTEREF _Ref482503211 \h ��5� Our standard basis set II� NOTEREF _Ref482503226 \h ��6� was used, which consists of relativistic small-core ECPs� NOTEREF _Ref482503243 \h ��7� and valence basis set splittings (441/2111/21) for Re and (441/2111/31) for Mo, while the 6-31G(d)� NOTEREF _Ref482503264 \h ��8� all-electron basis set was employed for the other atoms. All stationary points were characterized by the calculation of vibrational frequencies. The zero-point energy (ZPE) corrections are unscaled. Improved total energies were calculated at the B3LYP level using the same ECP and valence basis set at Re and Mo, but totally uncontracted and augmented with one set of f-type polarization functions (( = 0.869 for Re and ( = 1.043 for Mo),� NOTEREF _Ref482503292 \h ��9� together with the 6-31+G(d) basis set at the other atoms.� NOTEREF _Ref482503317 \h ��10� This basis-set combination is denoted III+.� NOTEREF _Ref482503182 \h ��2� 
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