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Fig. S1  ORTEP drawing of 1c with atomic numbering scheme for selected atoms (50% probability 
thermal level): (a) side view and (b) top view. 
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Fig. S2  ORTEP drawing of 1d with atomic numbering scheme for selected atoms (50% probability 
thermal level): (a) side view and (b) top view. 
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Fig. S3   NMR spectra (600 MHz) due to the aromatic protons of 1a in CD2Cl2 at various temperatures. 

 

 
Fig. S4   NMR spectra (600 MHz) due to the aromatic protons of 1c in CD2Cl2 at various temperatures. 
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 (a)                                                                                  (b) 

 
Fig. S5   The observed 1H NMR spectra (600 MHz) due to the aromatic protons region of 1e in CD2Cl2 
at various temperatures (a) and the calculated spectra with the best-fit rate constants for the inter-
conversion (b). 

 

 

 

Table S1 shows the results of QC calculations on 1a employing the 6-311+G(d) basis sets for Se and 
the 4-31G(d) basis sets for C and H (basis sets-A) at the MP2 level. 1a (A: pd) and 1a (B: pd) are 
optimized to be less stable than 1a (A: pl) by 19.4 and 30.2 kJ mol–1, respectively, on the potential 
energy surface. Frequency analysis is applied on the optimized structures of 1a with the same method. 
Whereas all frequencies are positive for 1a (A: pl), only one imaginary frequency is predicted for each 
of 1a (A: pd) and 1a (B: pd). The sum of electronic and thermal Gibbs free energies at 298.15 K for 1a 
(A: pd) and 1a (B: pd) relative to 1a (A: pl) amount to 27.0 and 37.0 kJ mol–1, respectively. The 
evaluated energy difference for 1a (B: pd) on the potential energy surface (30.2 kJ mol–1) is about 6 kJ 
mol–1 smaller than the observed activation energy for GR (36.4 kJ mol–1). However, the calculated 
activation energy (37.0 kJ mol–1) is very close to the observed value for GR if the sum of electronic and 
thermal Gibbs free energy at 298.15 K is considered. 
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Table S1  Results of QC calculations with and without the frequency analysis on 1a (A: pl), 1a (A: pd), 
and 1a (B: pd) at the MP2 level.a 

Compd 1a (A: pl) 1a (A: pd) 1a (B: pd) 
Symmetry Cs Cs Cs 

Eb/au –3396.0128 –3396.0054 –3396.0013 

ΔEb/kJ mol–1 0.0c 19.4 30.2 

ν1
d (character)/cm–1 8.5 (A") –41.2 (A") –34.4 (A") 

ν2
e (character)/cm–1 48.6 (A') 33.6 (A') 44.4 (A') 

ZPCf/au 0.3533 0.3537 0.3534 

TCFg/au 0.3031 0.3060 0.3057 

EF
h/au –3395.7097 –3395.6994 –3395.6956 

ΔEF
h/kJ mol–1 0.0c 27.0 37.0 

Meaning minimum TS for IR TS for GR 
a The 6-311+G(d) basis sets being employed for Se and the 4-31G basis sets for C and H (basis sets-A). 
b Values on the energy potential surface. c Taken as the standard. d Lowest frequency obtained by the 
frequency analysis. e Second-lowest frequency obtained by the frequency analysis. f Zero-point 
correction. g Thermal correction to Gibbs free energy at 298.15 K. h Sum of electronic and thermal 
Gibbs free energies at 298.15 K. 

 
 
 
 
Table S2  Results of QC calculations on 1a, 1b', 1e and 1f at the MP2 level.a,b 

Compd E(A: pl) ΔE(A: pd)c ΔE(B: pd)c ΔΔEd 

 au (kJ mol–1) kJ mol–1 kJ mol–1 kJ mol–1 

1a –3398.4101 (0.0)e 25.1 34.0 8.9 

1b' –3453.6003 (0.0)e 20.4f 29.0 8.6 

1e –3490.4203 (0.0)e 29.6 39.1 9.5 

1f –3602.4129 (0.0)e 30.0 39.9 9.9 
a The 6-311+G(d) basis sets being employed for Se and the 6-31G(d) basis sets for H, C, N and O 
(basis sets-B). b The Cs symmetry being assumed. c ΔE = E(A or B: pd) – ΔE(A: pl). d ΔΔE = ΔE(B: 
pd) – ΔE(A: pd). e Taken as the standard. f The C1 symmetry being assumed. 
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Optimized structures given by Cartesian coordinates for 1a, 1b', 1e and 1f, together with the total 
energies and the method for the calculations. 
 
 
The 6-311+G(d) basis sets being employed for Se and the 6-31G(d) basis sets for C and H at the MP2 
level.  
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