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Figure S1. Energy profiles for the rate-determining step of pathway c for (E)-3-phenylacrylaldehyde 

and (E)-but-2-enal (carbene as a base to abstract hydrogen atom); the relative energies are given in 

kcal/mol. 
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Figurer S2 Energy profiles for proton migration assisted by t-BuO− for aldehyde ; the relative energies 

are given in kcal/mol.
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Figure S3. Energy profiles for direct proton migration and assisted by t-BuO− for (E)-3-

phenylacrylaldehyde and (E)-but-2-enal; the relative energies are given in kcal/mol. 
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Figurer S4 Optimized structures for paths shown in Figure S1, S2 and S3, with selected structural 

parameters (bond lengths in Å).
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Table S1. Thermodynamic Properties (Relative Free Energies and Activation Free Energies in Gas 

Phase and in Solution) of the Structures in Figure 3a

System ΔErel
gas ΔGrel

gas ΔE≠
gas ΔG≠

gas ΔErel
sol ΔGrel

sol ΔE≠
sol ΔG≠

sol
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R1+R3 0 0 0 0

TSa1 1.5 14.6 1.5 14.6 10.0 25.8 10.0 25.8

1a -27.2 -13.1 -30.4 -14.4

TSa2 -37.5 -5.9 -10.3 7.3 -30.6 10.2 -0.3 24.6

2a -44.1 -13.5 -35.7 -2.6

TSa3 -44.6 -14.5 -0.5 -1.0 -31.7 1.0 4.0 3.6

3a -53.8 -23.8 -44.8 -4.1

TSa4 -39.1 -8.2 14.7 15.5 -24.8 12.3 20.0 16.3

4a -50.1 -19.3 -39.7 0

TSa5 -29.0 2.3 21.2 21.5 -21.1 16.9 18.6 16.9

5a -36.0 -4.4 -32.0 7.2

TSa6

6a+R2

-41.9

-36.8

-0.3

-21.1

-5.8 -4.9 -26.2

-31.37

14.1

-15.2

5.9 6.9

TSb3 -13.8 16.6 30.3 30.1 -6.7 29.3 29.0 31.9

3b -63.8 -31.1 -54.1 -10.9

TSb4

4b

-23.6

-31.6

7.3

-3.2

40.2 38.4 -7.3

-19.9

32.5

17.2

46.8 43.4

TSb5 -17.4 11.7 14.2 14.8 -2.8 31.4 17.1 14.2

5b

TSb6

-25.7

-19.2

3.6

11.8 6.6 8.2

-18.9

-10.4

19.6

27.5 8.5 7.9

6b -47.6 -16.3 -36.2 3.4

TSb7 -31.3 -0.6 16.3 15.6 -7.4 20.7 28.8 17.3

TSc1+R2 16.4 27.1 16.4 27.1 25.9 35.1 25.9 35.1

1c+R2 3.1 16.1 5.6 21.4

TSc2 -6.7 22.1 -9.8 6.0 2.9 41.5 -2.7 20.1
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a These values, in kcal/mol, were calculated at the M06-2X/6-31G (d, p) level of theory and included the 

zero-point energy correction, using single-point integral equation formalism polarizable continuum 

model (IEFPCM) calculations at the M06-2X/6-311++G (d, p) level of theory to model the effect of the 

solvent . 

Table S2. Thermodynamic Properties (Relative Free Energies and Activation Free Energies in Gas 

Phase and in Solution) of the Structures in Figure 5 a

System ΔErel
gas ΔGrel

gas ΔE≠
gas ΔG≠

gas ΔErel
sol ΔGrel

sol ΔE≠
sol ΔG≠

sol

R1+R3 0 0 0 0

TSd1 0.8 14.2 0.8 14.2 6.9 22.8 6.9 22.8

1d -2.9 10.0 -3.3 13.3

TSd2 37.5 51.3 40.3 41.2 43.1 59.5 46.5 46.2

2d -10.3 3.2 -1.2 16.9

3d -18.7 8.5 -6.1 30.2

TSd3 -7.6 22.8 17.8 19.6 1.8 40.8 7.9 10.6

4d -32.3 -0.9 -31.9 9.1

TSd4 -20.0 11.8 12.3 12.7 -6.6 30.1 25.2 20.9

5d -61.6 -30.1 -52.8 -11.4

TSd5 -50.3 -17.7 11.3 12.5 -42.9 -3.6 9.9 7.9

6d -57.4 -24.8 -47.8 -6.2

TSd6 -51.2 -18.9 6.1 5.8 -36.1 -2.0 11.7 4.3

7d -61.0 -31.4 -49.0 -10.5

TSd7 -29.5 -0.7 31.5 30.7 -19.9 15.8 29.2 26.3

8d -78.7 -51.4 -64.1 -25.2

a These values, in kcal/mol, were calculated at the M06-2X/6-31G (d, p) level of theory and included the 

zero-point energy correction, using single-point integral equation formalism polarizable continuum 

model (IEFPCM) calculations at the M06-2X/6-311++G (d, p) level of theory to model the effect of the 

solvent . 
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