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Table S2 Observed vicinal 1H−1H and 13C−1H coupling constants of EA-1 and EA-1−13C a

Solvent b Temp (◦C) JO
CH JHH J′HH JN

CH JN
HH

C6D6 15 3.33 6.66 4.72 3.50 5.85
25 3.33 6.66 4.72 3.50 5.85
35 3.35 6.60 4.72 3.50 5.85
45 3.36 6.60 4.78 3.50 5.85
55 3.38 6.60 4.79 3.50 5.85

CDCl3 15 3.12 6.79 3.87 3.32 5.74
25 3.18 6.78 3.90 3.32 5.74
35 3.19 6.78 3.93 3.32 5.74
45 3.24 6.78 3.98 3.31 5.74
55 3.27 6.75 4.02 3.31 5.74

(CD3)2SO 25 3.19 6.52 4.96 3.76 5.70
35 3.20 6.52 5.02 3.76 5.70
45 3.24 6.52 5.08 3.76 5.70
55 3.25 6.48 5.14 3.76 5.72

D2O 15 3.10 6.77 3.80 3.80 −c

25 3.13 6.76 3.80 3.80 −
35 3.15 6.75 3.91 3.80 −
45 3.17 6.74 3.95 3.78 −
55 3.17 6.74 3.97 3.78 −

aIn Hz. b Symbols: C6D6, benzene-d6; CDCl3, chloroform-d; (CD3)2SO, dimethyl-d6 sulfoxide (abbre-
viated as DMSO-d6); D2O, deuterium oxide (water-d2). c Not available.
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Table S3 Trans fractions of the O−C, C−C, and C−N bonds of EA-1, determined from NMR experiments

Bond a

b: O−C c: C−C d: C−N

JO
CH JHH and J′HH JN

CH JN
HH

Solvent Temp (◦C) Set A b Set B c Set C d Set D e Set E f Set F g Set G h Set H i

C6D6 15 0.40 0.42 0.14 0.22 0.10 0.16 0.10 0.11
25 0.40 0.42 0.14 0.22 0.10 0.16 0.10 0.11
35 0.40 0.42 0.14 0.23 0.10 0.16 0.10 0.11
45 0.40 0.41 0.15 0.23 0.10 0.16 0.10 0.11
55 0.39 0.41 0.15 0.23 0.10 0.16 0.10 0.11

CDCl3 15 0.46 0.48 0.07 0.14 0.16 0.22 0.15 0.14
25 0.45 0.46 0.07 0.15 0.16 0.22 0.15 0.14
35 0.44 0.46 0.07 0.15 0.16 0.22 0.15 0.14
45 0.43 0.45 0.08 0.15 0.17 0.22 0.15 0.14
55 0.42 0.44 0.08 0.16 0.17 0.22 0.15 0.14

(CD3)2SO 25 0.44 0.46 0.17 0.25 0.01 0.08 0.17 0.15
35 0.44 0.46 0.17 0.26 0.01 0.08 0.17 0.15
45 0.43 0.45 0.18 0.27 0.01 0.08 0.17 0.15
55 0.43 0.44 0.19 0.27 0.01 0.08 0.16 0.14

D2O 15 0.47 0.48 0.06 0.14 0.00 0.07 − j − j

25 0.46 0.47 0.07 0.14 0.00 0.07 − −
35 0.45 0.47 0.07 0.15 0.00 0.07 − −
45 0.45 0.46 0.08 0.15 0.00 0.07 − −
55 0.45 0.46 0.08 0.15 0.00 0.07 − −

a See Fig. 2a. b With the coupling constants calculated from a Karplus equation proposed by Tvaroška and Gajdoš:38

JG1 + JG2 = 2.42 Hz and J′T + J′G = 9.53 Hz. c With the coupling constants calculated from MO calculations at the
B3LYP/6-311++G(3df,3pd) level: JG1 + JG2 = 2.26 Hz and J′T + J′G = 9.87 Hz. d With the coupling constants of 2-
methylmorpholine: e.g., JT = 11.62, JG = 2.35, J′T = 11.62, J′G = 3.33, J′′G = 1.21, and J′′′G = 2.51 Hz for the
chloroform solution. For the details, see reference17. e With the coupling constants calculated from MO calculations at
the B3LYP/6-311++G(3df,3pd) level: JT = 11.12, JG = 4.82, J′T = 10.07, J′G = 2.25, J′′G = 1.96, and J′′′G = 1.82 Hz. f

With the coupling constants calculated from a Karplus equation proposed by Kao and Barfield:39 JG1 + JG2 = 1.96 Hz and
J′T + J′G = 7.56 Hz. g With the coupling constants calculated from MO calculations at the B3LYP/6-311++G(3df,3pd)
level: JG1 + JG2 = 1.57 Hz and J′T + J′G = 8.03 Hz. h With the coupling constants calculated from a Karplus equation
proposed by Ludvigsen et al.:40 JC1 +JC2 = 8.13 Hz and J′E+J′C = 12.09 Hz. i With the coupling constants calculated from
MO calculations at the B3LYP/6-311++G(3df,3pd) level: JC1 + JC2 = 5.16 Hz and J′E + J′C = 12.48 Hz. j Not available.
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Table S4 Trans fractions of the O−C, C−C, and C−N bonds of EA-1, evaluated from MO calculations

Bond a

b: O−C c: C−C d: C−N
Solvation

Solvent model Temp (◦C) B3LYP b M06-2X c MP2 d B3LYP b M06-2X c MP2 d B3LYP b M06-2X c MP2 d

Benzene IEFPCM 15 0.34 0.37 0.13 0.11 0.19 0.17
25 0.34 0.37 0.14 0.11 0.20 0.17
35 0.34 0.37 0.14 0.12 0.20 0.17
45 0.34 0.37 0.15 0.12 0.20 0.17
55 0.34 0.37 0.15 0.13 0.20 0.18

Chloroform IEFPCM 15 0.66 0.39 0.41 0.19 0.16 0.13 0.07 0.13 0.12
25 0.65 0.39 0.41 0.19 0.16 0.14 0.08 0.14 0.12
35 0.64 0.39 0.41 0.20 0.17 0.14 0.08 0.14 0.13
45 0.63 0.39 0.41 0.20 0.17 0.15 0.08 0.14 0.13
55 0.63 0.39 0.40 0.21 0.18 0.15 0.09 0.14 0.13

CPCM 15 0.66 0.40 0.41 0.20 0.16 0.14 0.06 0.11 0.10
25 0.66 0.40 0.41 0.20 0.17 0.14 0.06 0.11 0.10
35 0.65 0.40 0.41 0.21 0.17 0.15 0.07 0.11 0.11
45 0.64 0.40 0.41 0.21 0.18 0.15 0.07 0.12 0.11
55 0.64 0.40 0.41 0.22 0.18 0.16 0.07 0.12 0.11

DMSO IEFPCM 25 0.70 0.45 0.45 0.24 0.20 0.17 0.04 0.08 0.08
35 0.70 0.45 0.45 0.24 0.21 0.17 0.05 0.08 0.08
45 0.69 0.45 0.45 0.25 0.21 0.18 0.05 0.08 0.08
55 0.68 0.44 0.45 0.25 0.21 0.18 0.05 0.09 0.08

CPCM 25 0.70 0.45 0.45 0.24 0.20 0.17 0.04 0.08 0.07
35 0.70 0.45 0.45 0.25 0.21 0.17 0.04 0.08 0.08
45 0.69 0.45 0.45 0.25 0.21 0.18 0.05 0.08 0.08
55 0.68 0.45 0.45 0.25 0.21 0.18 0.05 0.08 0.08

Water IEFPCM 15 0.45 0.45 0.20 0.17 0.07 0.07
25 0.45 0.45 0.20 0.17 0.08 0.07
35 0.45 0.45 0.21 0.17 0.08 0.08
45 0.45 0.45 0.21 0.18 0.08 0.08
55 0.45 0.45 0.22 0.18 0.08 0.08

a See Fig. 2a. b At the B3LYP/6-311+G(2d,p)//B3LYP/6-311+G(2d,p) level. c At the M06-2X/6-311+G(2d,p)//B3LYP/6-311+G(2d,p) level. d At the
MP2/6-311+G(2d,p)//B3LYP/6-311+G(2d,p) level.
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Table S5 Observed vicinal 1H−1H coupling constants of U-1 and U-2 a

U-1 U-2

Solvent Temp (◦C) JN
HH JHH J′HH JHH J′HH

CD3OD 15 −b 6.89 5.34 6.49 2.92
25 − 6.89 5.41 6.44 2.95
35 − 6.87 5.47 −b −b

45 − 6.81 5.54 − −
55 − 6.74 5.59 − −

(CD3)2SO 25 5.81 7.20 5.39 6.65 2.61
35 5.76 7.15 5.40 −b −b

45 5.70 7.14 5.51 − −
55 5.70 7.02 5.57 − −

a In Hz. b The satellite of U-2 was broadened at temperatures above 25 ◦C.
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Table S6 Trans fractions (pt’s) of U-1 and U-2: Comparison between NMR experiments and MO calculations

U-1 a U-2 a

c & e: N−C d: C−C h & j: O−C i: C−C

NMR MO b NMR MO b MO b NMR MO b

Medium Temp (◦C) Set A c Set B d Set C e Set D f Set E g Set F h

Gas 15 0.16 0.13 0.47 0.24
25 0.16 0.14 0.46 0.24
35 0.16 0.14 0.46 0.25
45 0.17 0.14 0.46 0.25
55 0.17 0.14 0.45 0.25

Methanol 15 0.19 0.18 0.23 0.14 0.65 0.07 0.15 0.12
25 0.19 0.19 0.24 0.15 0.64 0.08 0.15 0.13
35 0.19 0.19 0.24 0.15 0.63 − j − j 0.14
45 0.19 0.20 0.25 0.16 0.62 − − 0.14
55 0.19 0.21 0.26 0.16 0.62 − − 0.15

DMSO 25 0.18 0.17 0.19 0.18 0.21 0.15 0.64 0.04 0.11 0.13
35 0.21 0.18 0.19 0.18 0.22 0.15 0.63 − j − j 0.13
45 0.23 0.20 0.19 0.19 0.23 0.16 0.63 − − 0.14
55 0.23 0.20 0.19 0.20 0.24 0.16 0.62 − − 0.14

a For the bond symbols, see Figs. 2c and 2d. b At the MP2/6-311+G(2d,p)//B3LYP/6-311+G(2d,p) level with the IEFPCM solvation
model. c With the coupling constants calculated from a Karplus equation proposed by Ludvigsen et al.:40 JC1 + JC2 = 7.98 Hz and
J′E +J′C = 12.44 Hz. d With the coupling constants calculated from MO calculations at the B3LYP/6-311++G(3df,3pd) level: JC1 +JC2

= 4.77 Hz and J′E + J′C = 13.03 Hz. e With the coupling constants of 2-methylpiperazine:11 JT = 11.92, JG = 2.77, J′T = 11.92, J′G
= 3.19, and J′′G = 1.92 Hz for the methanol solution; JT = 11.49, JG = 2.74, J′T = 11.49, J′G = 3.05, and J′′G = 2.14 Hz for the
DMSO solution. f With the coupling constants calculated from MO calculations at the B3LYP/6-311++G(3df,3pd) level: JT = 10.33,
JG = 4.51, J′T = 10.38, J′G = 2.62, and J′′G = 1.65 Hz g With the coupling constants optimized for ethylene oxides:41 JT = J′T = 11.4
Hz and JG = J′G = J′′G = 2.3 Hz. h With the coupling constants calculated from MO calculations at the B3LYP/6-311++G(3df,3pd)
level: JT = 11.33, JG = 4.96, J′T = 10.73, J′G = 1.39, and J′′G = 2.49 Hz. j Not available.
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