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Table S5 includes relative ratios and Pearson correlation coefficients R for the five most
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relevant Vinter energy terms coming from IQA partitioning along the activation IRC path
associated with the zw-fype 32CA reaction between nitrone 3 and ethylene 5.
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Analysis of the potential energy surface associated with the 32CA reaction
between nitrone 3 and ethylene 5

Due to the symmetry of both reagents, the zw-fype' 32CA reaction between nitrone 3
and ethylene S can only take place through a single pathway. A molecular complex, MC, a
transition state TS, and the final isozazolidine 6 were found along that pathway, indicating
that this 32CA reaction takes place through a one-step mechanism. The relative energies of

the stationary points are given in Table S1.

Table S1. B3LYP/6-311G(d,p) gas phase absolute and relative energies of the stationary
points involved in the 32CA reaction of nitrone 3 with ethylene 5.

E DE
nitrone 3 -169.847794
ethylene 5 -78.613979
MC -248.465461 -2.3
TS -248.440555 13.3

isoxazolidine 6 -248.506267 -27.9

The MC formed at the earliest stage of the reaction is 2.3 kcal'mol-! below the
reagents. This low negative relative energy of MC suggests a non-polar character for the
reaction, as strongly stabilised Electron Density Transfer Complexes (EDTCs) are
associated with polar processes?. Note that although nitrone 3 is classified as a moderate
nucleophile? and a moderate electrophile® with a nucleophilicity N index of 2.93 eV and an
electrophilicity ® index of 1.06 eV, ethylene 5 is one of the most unreactive species,
N=1.87 eV and ©=0.73 eV, being classified as a marginal nucleophile and a marginal
electrophile. The activation energy associated with TS is 13.3 kcal-mol~!, the reaction
being exothermic by about 28 kcal-mol~!.

The geometry of TS is represented in Figure S1. The distances between the C1/C5 and
03/C4 atoms, 2.163 and 2.153 A, respectively, shows a rather symmetric structure in which
formation of the new single bonds has not started yet. Note that the formation of C—C and
O-C single bonds generally begins at distance ranges of approximately 2.0-1.9 4 and 1.8-
1.7 A 5. Nonetheless, these data suggest that, despite the shorter O3—C4 distance at TS,
formation of the C1-C5 single bond is slightly more advanced than that of the O3-C4
bond.
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Figure S1. The B3LYP/6-311G(d,p) gas phase optimised geometry of the TS associated
with the 32CA reaction between nitrone 3 and ethylene 5.

Finally, the global electron density transfer (GEDT)* at the TS was computed to
quantify the polar character of the reaction. Reactions with GEDT values lower than 0.10 e
have been classified as non-polar process, while GEDT values higher than 0.20 e
characterise polar processes*. The GEDT at TS, -0.01 e, is negligible, which confirms the
non-polar character of this zw-type 32CA reaction and allows classifying it as of null
electron density flux (NEDF)®. This non-polar character accounts for the relatively high

activation energy of the zw-fype 32CA reaction between nitrone 3 and ethylene 5 .
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Table S2. ELF valence basin populations (in average number of electron, e), relative
energies with respect to the first structure of the IRC (AE, in kcal-mol-!'), IRC values (in
A-amu'?), and C1-C5 and O3—-C4 distances (in Angstroms, A), for the last structures of
Phases I — I1I along the activation IRC path of the zw-#ype 32CA reaction between nitrone 3
and ethylene 5. These structures are labelled as “Sx(-1)”, where the “(-1)” index refers to
the structure immediately before the parent Sx structures, whose ELF analyses are given in
Table 1 of the main text.

Structures S1 S1'(-1) S2(-1) S3(-1) TS
d(C1-C5) 3.413 3.206 2.342 2.282 2.163
d(03-C4) 2.984 2.871 2.273 2.233 2.153
AE 0.0 0.5 11.8 12.9 13.9
IRC -7.84 -6.51 -1.05 -0.70 0.00
V(C1,N2) 3.69 3.69 3.89 2.64 2.36
V(N2) 1.01 1.35
V(N2,03) 1.46 1.46 1.32 1.29 1.24
V(C4,C5) 1.70 1.69 1.66 1.50 3.14
V'(C4,C5) 1.66 1.66 1.55 1.69

V(03) 3.01 2.99 2.97 2.98 2.95
V'(03) 2.84 2.83 2.85 2.85 2.86
V(C1) 0.35 0.47
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Table S3. Relative ratios (defined in the main text and drawn from Table 2) and Pearson
correlation coefficients R of the twelve IQA terms with largest REG; values along the
activation IRC path associated with the zw-fype 32CA reaction between nitrone 3 and
ethylene 5.

Energy term  Ratio R

V(C4,C5) 1.00 0.97
V(C1,N2) 0.51 0.96
V(N2,03) 0.50 0.97
Va(C1L,N2)  0.43 0.85
Eintra(03) 0.32 0.99
Eintra(C4) 0.31 0.99
V(N2,C8) -0.12 -0.99
Va(N2,03) -0.12 -0.95
V.u(C4,C5) -0.19 -0.97
Einra(N2) -0.47 -0.89
Vc(03,C4) -0.78 -0.98
V,(C1,C5) -0.92 -0.97

Table S4. Twelve largest REG; values and Pearson correlation coefficients R
corresponding to the full IQA partitioning with D3(BJ) dispersion corrections along the
activation IRC path associated with the zw-fype 32CA reaction between nitrone 3 and
ethylene 5.

Energy term REG R
V(C4,C5) 4.01 0.97
Vi(C1,N2) 2.05 0.97
Vi(N2,03) 1.99 0.97

Vu(C1,N2) 1.76 0.87
Eintra(03) 1.27 0.99
Eintra(C4) 1 24 099

Vi(N2,C4) -0.47 -0.99
Va(N2,03) -0.48 -0.96
Va(C4,C5) -0.78 0.98
Eintramz) -192 -091
V(03,C4) 3.1 -0.99
V,(C1,C5) 3.69 -0.98
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Table S5. Relative ratios (drawn from Table 3) and Pearson correlation coefficients R for

the five most relevant

V'AB

mter energy terms calculated by IQA partitioning along the

activation IRC path associated with the zw-fype 32CA reaction between nitrone 3 and

ethylene 5.

Energy term Ratio R
Vinter(C1,N2) 1.00 0.92
Vinter(C4,C5) 0.86 0.97
Vineer(N2,03) 0.40 0.97
Vineer(03,C4) -0.93 -0.98
Vinter(C1,C5) -1.01 -0.97

Table S6. Relative ratios (drawn from Table 4 where available) and Pearson correlation
coefficients R of the twelve fully-partitioned IQA terms with largest REG; values along
Phases I — III of the activation IRC path associated with the zw-fype 32CA reaction
between nitrone 3 and ethylene 5.

Phase I-1 Phase I-2 Phase 11 Phase 111

Etréernﬁy Ratio R Etrirrﬁy Ratio R Etréerm%y Ratio R Etréerrriy Ratio R
V(C4,C5) 1.00 099 | V,(C4,C5) 1.00  0.98 | V,(C4,C5) 1.00  1.00 | V,(C4,C5) 1.00 0.96
Einra(C4) 0.99 1.00 | V,(N2,03) 0.50 0.98 | V4(C1,N2) 0.71 1.00 | V4(C1,N2) 0.83 0.95
Einra(C5) 0.76 1.00 | V,((CI,N2) 050 097 | V,(CI,N2) 0.53 1.00| V,(CI,N2) 0.53 0.96
Eina(C1) 0.76  0.99 | Eiyra(C4) 040 099 | V,(N2,03) 049 1.00]| V,(N2,03) 0.50 0.96
Einra(03) 0.71 1.00 | Eiyra(O3) 0.39 1.00 | Eiya(O3) 0.21  1.00 | Eiywa(O3) 0.19 097
Eina(N2) 048 097 | Eiuwa(C5) 0.25 098 | Einw(C4) 0.18  1.00 | Eiywa(C4) 0.16 0.97
V(03,C5) -0.27 -1.00| V,(N2,C4) -0.14 -1.00| V4(N2,03) -0.13 -1.00 | V4(N2,03) -0.15 -0.96
VaN2,C4) -0.31 -1.00 | V,(N2,C5) -0.15 -0.99 | V4(C4,C5) -0.19 -1.00 | V4(C4,C5) -0.19 -0.96
V. (N2,C5) -049 -1.00| V4(C4,C5) -0.20 -0.98 | Einwa(C1) -0.24  -0.98 | E;nra(C1) -0.30 -0.94
Va(CI,N2)  -0.54 -0.95 | Einra(N2) -0.33 -0.84 | V(03,C4) -0.65 -1.00 | V,(03,C4) -0.65 -0.96
V(C1,C5) -1.09 -1.00 | V,(03,C4) -0.86 -1.00 | Ei,a(N2) -0.69 -1.00 | E;pra(N2) -0.76 -0.96
V(03,C4) -1.37 -1.00| V,(C1,C5) -0.93 -099| V,(CI1,C5) -091 -1.00]| V,(C1,C5) -0.94 -0.96
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Description of the Ramer-Douglas-Peucker algorithm.

The Ramer-Douglas-Peucker (RDP) algorithm’® is a method that is mainly used in
image processing and cartography to cut down the number of points of polylines (i.e. lines
defined by multiple segments) while maintaining a reasonable graphic resolution of the
image. In the context of potential energy surfaces, which is at the base of this combined
BET and IQA-REG study, this algorithm can be used to consider the minimal number of
points on which to run the IQA-REG analysis, thereby reducing its computational cost,
while obtaining chemically meaningful results.

The RDP algorithm is heuristic because it defines the number of points through a cut-
off parameter usually named &, which is dimensionless. When applied to potential energy
surfaces it is then useful to translate the parameter to a more meaningful metric such as an
RMSE, which is expressed in units of energy. This is carried out by a mixture of recursive
cross-validation and linear interpolation. Thus, the algorithm outputs the number of most
suitable points to consider along the activation energy path given a specific RMSE of
tolerance.

For instance, applied to the activation IRC path of the 32CA reaction between nitrone
3 and ethylene 5, the RDP algorithm yielded only 11 geometries out of a total of 136 with
an RMSE of confidence value of 0.05 kcal'mol! (see Figure S2). This represents a
substantial reduction in the number of geometries, which saves much computation time

given the high cost of IQA calculations.
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Figure S2. Eleven most suitable geometries to represent the full activation IRC path of the
32CA reaction between nitrone 3 and ethylene 5 with an RMSE value of 0.05 kcal-mol-!.
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