Table S1. Calculated activation energies (AE */kcal mol™), reaction energies (AE/kcal mol™?),
activation Gibbs free energies (AG*/kcal mol™), activation enthalpies (AH*/kcal mol™? ), and
activation entropies (AS*/cal mol*K™?) in gas phase at meta pathways of the 1,3-dipolar

cycloaddition between TVE (1) and 3-o0xo0-1,2-pyrazolidinium ylides (2a-e) at the

O 00 N o b wN k-

[
o

11
12
13
14
15
16
17
18
19
20
21
22
23
24

B3LYP/cc-pVDZ levels of theory.

Reaction  TSs AE#  AE: AG*  AH AS*

1+2a—5a TS3a 27.20 -11.14 34.07 26.98 -42.19
1+2a—6a TS4a 1586 -11.12 2654 13.80 -40.84
1+2b—5b TS3b 22.82 -1053 29.08 16.93 -40.73
1+2b—6b TS4b 1432 -1053 26.86 17.00 -47.37
1+2¢—5¢ TS3c 2054 -11.46 3349 20.75 -42.72
1+2¢—6¢ TS4c 1399 -1161 26.82 16.13 -47.03
1+2d—5d TS3d 20.65 -11.38 3341 2090 -41.97
1+2d—6d TS4d 14.19 -1154 26.77 16.21 -45.34
1+2e—5e¢ TS3e 20.75 -11.16 33.63 21.00 -42.35
1+2e—6e TS4e 1480 -11.36 27.69 16.33 -48.83
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Table S2. Calculated reaction Gibbs free energies (AG// kcal mol™), reaction enthalpies (AH(/
kcal mol™?) and reaction entropies (AS,/ cal mol*K™) in gas phase at ortho and meta pathways
of the 1,3-dipolar cycloaddition between TVE (1) and 3-oxo-1,2-pyrazolidinium ylides (2a-
2e) at the B3LYP/cc-pVDZ level of theory.

Reaction TSs AGy AH: ASr
1+2a—3a TSla -245 -16.59 -47.43
1+2a—4a TS2a -2.75 -16.62 -46.56
1+2b—3b TS1b -2.08 -15.94 -41.06
1+2b—4b TS2b -2.11 -16.10 -42.06
1+2¢—3¢ TSlc -2.69 -16.95 -47.83
1+2¢—4¢ TS2c -257 -16.89 -48.06
1+2d—3d TS1d -2.77 -16.84 -47.20
1+2d—4d TS2d -2.60 -16.80 -47.50
1+2e—3e TSle -2.49 -1657 -47.23
1+2e—4e TS2e -2.06 -16.44 -48.27
1+2a—5a TS3a  2.63 -11.38 -47.00
1+2a—6a TS4a 251 -11.48 -46.97
1+2b—5b TS3b 297 -10.76 -40.51
1+2b—6b TS4b 205 -10.76 -40.41
1+2¢—5¢ TS3c 186 -11.69 -45.46
1+2¢—6¢  TS4c 201 -11.96 -46.86
1+2d—5d TS3d 196 -11.60 -45.52
1+2d—6d TS4d 186 -11.86 -46.04
1+2e—5e TS3e 281  -11.42 -47.75
1+2e—6e TS4e 211  -11.67 -46.23
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Table S3. Calculated reaction Gibbs free energies (AG// kcal mol™), reaction enthalpies (AH/

kcal mol™?) and reaction entropies (AS/ cal moltK™?) in gas phase for the elemination of

ethanol from cycloadduct 4 at the B3LYP/cc-pVDZ level of theory.

Reaction TSs  AGr AH; ASr

4a—7a  TSha -12.16 -13.08 -3.08
4b —7b TS5b -10.83 -11.94 -3.25
4¢c —7¢ TShc -10.74 -11.46 -2.40
4d —»7d TSbd -10.75 -11.26 -1.69
4e —7e  TSbe -10.32 -10.80 -1.58
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Table S4- Calculated activation energies (AE # soi / kcal mol™) and reaction energies (AEr sol /
kcal mol?) in DMSO at orthoand meta pathways of the 1,3-dipolar cycloaddition between
TVE (1) and 3-0x0-1,2-pyrazolidinium ylides (2a-2e) and the elemination of ethanol from

cycloadduct 4 at the B3LYP/cc-pVDZ level of theory.

Reaction  TSs AE#sq AErsol
1+2a—3a TSla 21.10 -12.66
1+2a—4a TS2a 7.99 -11.62
1+2b—3b TS1b  20.62 -14.17
1+2b—4b TS2b 6.14 -13.50
1+2¢—3¢ TSlc 2341 -12.56
1+2¢—4¢ TS2c 9.81 -11.49
1+2d—3d TS1d 23.38 -12.48
1+2d—4d TS2d 10.08 -11.36
1+2e—3e TSle 24.03 -11.77
1+2e—4e TS2e 11.49 -10.76
1+2a—5a TS3a 33.65 -17.16
1+2a—6a TS4a 19.48 -18.81
1+2b—5b TS3b  23.05 -16.44
1+2b—6b TS4b  19.52 -18.33
1+2¢—5¢ TS3c  30.07 -14.48
1+2¢—6¢ TS4c  22.06 -16.25
1+2d—5d TS3d 29.79 -14.86
1+2d—6d TS4d 21.92 -16.52
1+2e—5e TS3e  30.00 -14.61
1+2e—6e TSde 22.92 -16.14
4a—7a TS5a 23.68 -7.94

4b —7b TS5b  24.06 -6.46

4¢c —>7c¢ TS5¢c  25.72 -6.68

4d —7d TS5d  27.66 -6.71

4e —7e TS5e  26.23 -5.79
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Table S5. Calculated activation energies (AE */kcal mol™?), activation Gibbs free energies
(AG*/ kcal mol™?), and reaction energies (AE(/kcal mol™?) at ortho pathway of the 1,3-dipolar
cycloaddition between TVE (1) and 3-0x0-1,2-pyrazolidinium ylides 2a-2e and the
elemination of ethanol from cycloadduct 4 at the MPWB1K/cc-pVDZ level of theory.

Reaction  TSs AE*  AG"  AE:
1+2a—3a  TSla 13.27 2847 -26.03
1+2a—4a TS2a 2.88 19.18 -24.09
1+2b—3b  TSlb 1248 3153 -23.31
1+2b—4b  TS2b 159 1796 -21.36
1+2¢—3¢ TS1lc 1245 28.81 -23.90
1+2¢—4c TS2c 1.66 17.18 -21.36
1+2d—3d TS1d 1261 2835 -24.15
1+2d—4d TS2d 1.86 17.37 -21.56
1+2e—3e TSle 1283 28.98 -23.71
1+2e—4e  TS2e 233 16.20 -20.96
4a—7a TS5a 2457 4129 -7.94
4b —7b TS5b 2422 42.09 -6.47
4¢c —7Tc¢ TS5¢c 24.67 4024 -6.68
4d —7d TS5d 26.77 43.13 -6.71
4e—Te TS5e 2496 43.15 -5.79
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Table S6. Calculated activation energies (AE */kcal mol™) and reaction energies (AE/kcal
mol™?) of the 1,3-dipolar cycloaddition between 1-ethoxybut-3-en-2-one 1a and 1-ethoxy-
4,4 4-triflourobut-1-ene 1b with 3-oxo-1,2-pyrazolidinium ylide 2a at the B3LYP/cc-pVDZ

level of theory.

Reaction TSs AE*  AEr
la+t2a—3aa TSlaa 21.38 -21.03
la+t2a—4aa TS2aa 17.81 -19.92
la+t2a—baa TS3aa 21.69 -16.37
lat2a—6aa TS4aa 22.08 -14.47
4aa—Taa TS84 5609 37)
1b+2a—3ba TSlba 23.63 -13.16
1b+2a—4ba TS2ba 1557 -12.25
1b+2a—5ba TS3ba 29.85 -9.35
1b+2a—6ba TS4ba 21.19 -2.18
4ba—7ba TSR 3756 542
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122 Figure S1- The geometrical optimized of transition states for meta pathways of the 13DC
123 reactions between TVE 1 and 3-oxo-1,2-pyrazolidinium ylieds 2a-2e at the B3LYP/cc-



124  pVDZ level of theory. Bond distances are given in A, wiberg bond indices are given in

125  parenthesis and the natural charges (GEDT) of TSs are also given.



