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1. Theoretical results of the isomerisation reaction of 1-methylcyclopropene 1a involving vinylidene 3a
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Fig. 1 C4H6 potential-energy surface calculated at the B3LYP/6-311+G(2d,p) level of theory.

Table 1 Calculated total energies (ET), zero-point vibrational energies (ZPVE), energies (incl. ZPVE) relative to cyclopropene 1a and number of imaginary frequencies (NImag) at the B3LYP/6-311+G(2d,p) level of theorya

ET/Hartrees
ZPVE/Hartrees (B3LYP/6-31G*)
ET/kcal mol−1
NImag

1a
−155.992637
0.083923
0.00
0

TS1a
−155.927183
0.079645
38.39
1

3a
−155.950018
0.082547
25.88
0

TS3a
−155.931071
0.081235
36.95
1

4a
−156.030771
0.083773
−24.02
0

a Calculations with thermal (scaled) correction under experimental pyrolysis condition (T = 500 K, P = 50 Torr) differ by less than 0.5 kcal mol−1.

Table 2 Calculated potential energies (incl. ZPVE) of different level of theory relative to cyclopropene 1a

B3LYP/6-31*
B3LYP/6-311+G(2d,p)
CCSD(T)/6-31*

1a
0.00
0.00
0.00

TS1a
41.04
38.39
41.98

3a
28.39
25.88
26.97

TS3a
39.45
36.95
40.01

4a
−21.74
−24.02
−21.17

Table 3 Calculated and experimentally obtained activation energies in kcal mol−1

B3LYP/6-31*
B3LYP/6-311+G(2d,p)
CCSD(T)/6-31*
Experimental1

1a→3a→4a
41.04
38.39
41.98
37.5
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Fig. 2 Calculated structures of the vinylidene 3a involved reaction path at the B3LYP/6-311+G(2d,p) level of theory.

2 Theoretical results for the isomerisation reaction of 1,3-dimethylcyclopropene 1b and 1-ethylcyclopropene 2b involving vinylidene 3b
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Fig. 3 C5H8 potential-energy surface of the vinylidene intermediate involved path calculated at the B3LYP/6-311+G(2d,p) level of theory.

Table 4 Calculated total energies(ET), zero-point vibrational energies (ZPVE), potential energies (incl. ZPVE) relative to cyclopropene 1b at the B3LYP/6-311+G(2d,p) level of theory and number of imaginary frequencies (NImag)


ET/Hartrees
ZPVE/Hartrees (B3LYP/6-31G*)
ET/kcal mol−1
NImag

1b
−195.321100
0.112986
0.00
0

TS1b
−195.256600
0.108878
37.90
1

3b
−195.274970
0.112194
28.45
0

TS2b
−195.252400
0.109480
40.91
1

2b
−195.318000
0.113719
2.40
0

TS3b-Me
−195.256075
0.111203
39.68
1

TS3b-Et
−195.258549
0.111037
38.03
1

4b
−195.355700
0.113799
−21.20
0

Table 5 Calculated potential energies (incl. ZPVE) at different levels of theory relative to cyclopropene 1b

B3LYP/6-31*
B3LYP/ 6-311+G(2d,p)
CCSD(T)/6-31*

1b
0.00
0.00
0.00

TS1b
40.52
37.90
41.40

3b
31.00
28.45
29.14

TS2b
43.49
40.91
44.49

2b
2.42
2.40
2.51

TS3b-Me
42.25
39.68
42.93

TS3b-Et
40.51
38.03
41.08

4b
−18.88
−21.20
−18.20

Table 6 Calculated and experimentally obtained activation energies in kcal mol−1

B3LYP/6-31*
B3LYP/6-311+G(2d,p)
CCSD(T)/6-31*
Experimental2

1b→3b
40.52
37.90
41.40
38.62

2b→3b
41.08
38.50
41.97
37.91

1b→3b→2b
43.49
40.91
44.49
39.70

1b→3b→4b
40.52
38.03
41.40
38.81

2b→3b→1b
41.08
38.50
41.97
37.48

2b→3b→4b
41.08
38.50
41.97
38.09
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Fig. 4 Calculated structures of the cyclopropene-to-cyclopropene isomerisation including vinylidene 3b at the B3LYP/6-311+G(2d,p) level of theory.
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Fig. 5 Calculated structures on the vinylidene 3b to pent-2-yne 4b reaction path at the B3LYP/6-311+G(2d,p) level of theory.

3. Theoretical results of the isomerisation reaction of 1,3,3-trimethylcyclopropene 1c and 1-isopropylcyclopropene 2c involving vinylidene 3c
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Fig. 6 C6H10 potential-energy surface of the relevant species giving rise to the vinylidene intermediate calculated at the B3LYP/6-311+G(2d,p) level of theory.

Table 7 Calculated total energies (ET), zero-point vibrational energies (ZPVE), energies (incl. ZPVE) relative to cyclopropene 1c at the B3LYP/6-311+G(2d,p) level of theory and number of imaginary frequencies (NImag)


ET/Hartrees
ZPVE/Hartrees (B3LYP/6-31G*)
ET/kcal mol−1
NImag

1c
−234.64862161
0.14062980
0.00
0

TS1c
−234.58480690
0.13686920
37.68
1

3c
−234.60017460
0.14059410
30.38
0

TS2c
−234.57750730
0.13789940
42.91
1

2c
−234.64352283
0.14209930
4.12
0

TS3c-Me
−234.58158370
0.13947260
41.34
1

TS3c-iPr
−234.58345160
0.13941700
40.13
1

4c
−234.68124942
0.14211400
−19.54
0

Table 8 Calculated energies (kcal mol−1 incl. ZPVE) at different levels of theory relative to cyclopropene 1c

B3LYP/6-31*
B3LYP/6-311+G(2d,p)
CCSD(T)/6-31*

1c
0.00
0.00
0.00

TS1c
40.34
37.68
41.07

3c
32.88
30.38
31.34

TS2c
45.56
42.91
46.44

2c
4.23
4.12
4.20

TS3c-Me
43.95
41.34
44.39

TS3c-Et
42.37
40.13
42.44

4c
−17.16
−19.54
−16.45

Table 9 Calculated and experimentally obtained activation energies (in kcal mol−1)


B3LYP/ 6-31*
B3LYP/6-311+G(2d,p)
CCSD(T)/6-31*
Experimental3

1c→3c
40.34
37.68
41.07
39.18

2c→3c
41.33
38.79
42.24
38.39

1c→3c→2c
45.56
42.91
46.44
40.94

1c→3c→4c
42.37
40.13
42.44
40.50

2c→3c→1c
41.33
38.79
42.24
37.61

2c→3c→4c
41.33
38.79
42.24
39.71
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Fig. 7 Calculated structures of the cyclopropene-to-cyclopropene isomerisation including vinylidene 3c at the B3LYP/6-311+G(2d,p) level of theory.
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Fig. 8 Calculated structures of the vinylidene 3c to alkyne 4c reaction path at the B3LYP/6-311+G(2d,p) level of theory.
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