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Computational Details

All the electronic structure calculations (geometry optimizations, frequencies calculation and energy evaluations) were carried out
using Gaussian 16 software.! The energetic parameters studied were computed as:

AGyp; = (G(FLP-H*/ H) — G(FLP) — G(H>)) (S1)
HA = —(G(FLP-H") — G(FLP) — G(H")) (S2)
PA = (G(FLP-H*) — G(FLP) — G(H")) (S3)

Where G(X) values were obtained as the sum of electronic energy (E) with the Def2-TZVP basis set with SMD(benzene) implicit
solvent effect and the thermal corrections obtained with the 6-31G(d,p) basis set at 298 K (Ginermal_corr):

G = E(SMD(benzene)-M06-2X/def2-TZVP) + Gupermal con(M06-2X/6-31G(d,p)) (S4)

The inclusion of diffuse functions in the HA and CDFT parameters calculation was tested using the Def2-TZVPD basis set. The
observed deviations in HA are less than 0.5 kcal/mol compared to the values obtained using the Def2-TZVP basis set.

Table S1. HA and CDFT parameters obtained with Def-2-TVPD basis set.

FLP HA @ I ©
HH égﬁé) (ii) (811347‘) (gézg)
H/CF; (333) (} :Z?) (855) (gﬁfﬁg)
H/PFtB (iggé) é:gg) (822;) ((0):;‘3‘3)
H/C4Fs (;2;) (igg) (8: 1 225;) (gjiig)
H/FMes (;(o)ﬁ; é:g;) (8: 1 2?) (gé(l)i)

The Ginermal_corr Were computed employing the quasi-rotor-rigid-harmonic-oscillator (QRRHO) approximation with the GoodVibes
package.?? This level of theory has been shown to reliably describe small molecule activation by FLPs.* We used a G(H") value of
-6.275 kcal/mol, as recommended by Bartmes et al. for a free proton>.

The global reactivity indices were computing employing the frontier molecular orbital approximation (FMO), i.e., the ionization
potential (I) and electron affinity (A) are approximated to the negative of the highest occupied molecular orbital (HOMO) and lowest

unoccupied molecular orbital (LUMO) energies, respectively (1 =7 €HOMO and A==y 0). In this way, the electronic chemical

potential () and chemical hardness (') are defined as:

I+A €nomo T ELumo

= ~ S5
" 5 2 (S5)
n=1I1-A~eyyo=Enomo (56)
Thus, the electrophilicity can be written as:
2
W (-1-4° (nomo *+ €Lumo)
2n 8U-4A)  8(eyymo ~ Enomo)



The Fukui function was also computed employing the FMO approach as the square of the HOMO and LUMO:
FE) = [Yrmo®|* (58)
£~ ) = [Wromo™)* (59)
The local electrophilicity is obtained as the product of electrophilicity index and Fukui function:
0t =wf (@) (510)
In the same way, the local philicity when the system donates electrons is defined as:
w (r)=owf () (511)
The condensed-to-atom Fukui function was computed using the “fragment of molecular response” (FMR) approach:®-38
1. First, we perform a topological analysis of the electron density in the reference state of the FLP (neutral species) to obtain

the atomic spatial domains as defined by the Quantum Theory of Atoms and Molecules (QTAIM).?
2. Then, separately, we compute the Fukui function employing the FMO approximation as described previously.

+
3. Finally, we integrate the Fukui function over the atomic domains obtained in step 1, obtaining the f values.

+ +_ o+
After obtaining the f values, the condensed-to-atom electrophilicity is obtained as: Wy =wf . The topological analysis of p(r)

+
and the integration of f (1) over atomic basins was performed in the Multiwfn 3.8 package.!?

We have also computed the electrophilicity employing the definitions of the electroaccepting and electrodonating power:!!

wt = %) a+34)%  (enomo+ 3eLum0)”
T 2p 16(I-4)

(512)
16(5LUM0 - EHOMO)

o = () @I+ (3¢homo + eLumo)’
T 2p 16(I-4)

(513)
16(£LUM0 - SHOMO)

+ + ot
In this sense the local electrophilicity and philicity of an electrodonating molecule are defined as: @ M=w"f" () and

- _ - + -
w” =w (7). The results employing @ and @ are presented in Figure S5.
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Figure S1. Hydride affinity versus the condensed-to-boron electrophilicity for all systems (left), for aromatic substituents in nitrogen (center) and
for aliphatic substituents in nitrogen (right).
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Figure S2. Hydride affinity versus the condensed-to-boron electrophilicity divided by B-N internuclear distance for all systems (left), for aromatic
substituents in nitrogen (center) and for aliphatic substituents in nitrogen (right).

e aromatic e aromatic
110 o aliphatic 1004 o aliphatic
S 100 R? = 0.66 © R2=0.91
E E R? = 0.88
= = 80 :
[ ©
£ % =)
Z 80 Z 60
= =
- £
o a0 o 40 4
= h=]
B B
= I 204
(@) o ®
30 35 40 45 50 55 6.0 65 1 2 3 4 5 6 7
1/f3 Ywi
RZ = 0.68 @ aromatic R2 = 0.87 @ aromatic
1204 RZ=0.63 o aliphatic 1204 R2=0.94 o aliphatic
© ©
£ £ 100
© 100 S
o )
= Fy
= ‘2 80
£ 8o LS
m o
e 3
= 2 60
2 o0 =B
- =
40 4
- o () (d)
-1.8 -1.6 -14 -1.2 -1.0 -2.00 -1.75 -1.50 -1.25 -1.00 -0.75 —0.50 -0.25
In(f}) In(wg)

Figure S3. Hydride affinity versus the inverse of condensed-to-boron Fukui function (a), the inverse of condensed-to-boron electrophilicity (b), the
logarithm of condensed-to-boron Fukui function (c), and the logarithm of condensed-to-boron electrophilicity (d). The shaded area around the

regression line represents the confidence interval for the regression. A narrower confidence interval indicates that the regression line is estimated
with more precision.
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Figure S4. Proton affinity versus the inverse of condensed-to-nitrogen Fukui function (a), the inverse of condensed-to-nitrogen philicity (b), the
logarithm of condensed-to-nitrogen Fukui function (c), and the logarithm of condensed-to-nitrogen philicity (d). The shaded area around the
regression line represents the confidence interval for the regression. A narrower confidence interval indicates that the regression line is estimated
with more precision.

260 =
°® ° R? = 0.57
100 1
o
© 3 250
£ E
£
= 801 =
L S
= = 240
o >
£ =
£ 60 z
£ £
© ©
© S 2301
=] ]
5 Y 8
= o
220 4
201 (a) (b)
1 2 3 4 H 6 03 04 05 06 07 08 09 10
Vwj wy
120 { 260 :
R? = 0.88 ° ° o
110 4 255 °
£ 100 2 250
=] =
S 901 S 2454
ﬁ 0
%‘ 80 - 2 2401
= =
I £
s 10 E 2354
@
= ] c
= & 2 230
o o
£ 50 LS
225
9071 (9] 2204 d)
-2.00 -1.75 -1.50 -1.25 -1.00 -0.75 -0.50 -0.25 -14 =12 -10 -08 -0.6 —-04 =02 0.0
In(wg) In(wy)

Figure S5. Hydride affinity versus the inverse of condensed-to-boron electrophilicity (a), proton affinity versus the inverse of condensed-to-nitrogen
philicity (b), hydride affinity versus the logarithm of condensed-to-boron electrophilicity (c) and proton affinity versus the logarithm of the
condensed-to-nitrogen philicity. The correlation coefficients are included in each plot. The electrophilicity was computed as defined by Gazquez et
al. in the context of the electroaccepting and electrodonating power.'!
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Figure S6. Hydride affinity versus the inverse of condensed-to-boron Fukui function divided by B-N internuclear distance (a), the inverse of
condensed-to-boron electrophilicity divided by B-N internuclear distance (b), the logarithm of condensed-to-boron Fukui function divided by B-N
internuclear distance (c), and the logarithm of condensed-to-boron electrophilicity divided by B-N internuclear distance (d). Proton affinity versus
the inverse of the condensed-to-nitrogen Fukui function divided by B-N internuclear distance (e) and the logarithm of the condensed-to-nitrogen
Fukui function divided by B-N internuclear distance (f). The shaded area around the regression line represents the confidence interval for the
regression. A narrower confidence interval indicates that the regression line is estimated with more precision.
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Figure S7. Relationships between energetic parameters shown in Figure 2 of the main text but calculated without the entropic corrections to the
energy (only containing enthalpic corrections to the electronic energy).

AH, =-0.80(HA) + 65.082; R®>= 0.90 (514)
Aromatic: 2

AH, =-0.78(HA) + 44.918; R®= 0.94 (515)
Aliphatic: 2

+
In the same way, the “ B relates the HA for all the systems, calculated without the entropic corrections to the energy, as:

1

HA=-12.15—+123.81; R*= 0.86 (516)
wp

HA=39.74In (w}) +127.56; R*= 091 (517)



References

O 00 3 N L AW

—_— —
— O

J. R. M. J. Frisch, G. W. Trucks, H. B. Schlegel, G. E. Scuseria, M. A. Robb, X. L. Cheeseman, G. Scalmani, V. Barone, G. A.
Petersson, H. Nakatsuji, B. M. Caricato, A. V. Marenich, J. Bloino, B. G. Janesko, R. Gomperts, D. Mennucci, H. P. Hratchian, J.
V. Ortiz, A. F. Izmaylov, J. L. Sonnenberg, A. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, N. R. Petrone,
T. Henderson, D. Ranasinghe, V. G. Zakrzewski, J. Gao, J. G. Zheng, W. Liang, M. Hada, M. Ehara, K. Toyota, R. Fukuda, T. V.
Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. J. B. K. Throssell, J. A. Montgomery, Jr., J. E. Peralta, F.
Ogliaro, R. J. J. Heyd, E. N. Brothers, K. N. Kudin, V. N. Staroverov, T. A. Keith, S. S. Kobayashi, J. Normand, K. Raghavachari,
A. P. Rendell, J. C. Burant, R. C. Iyengar, J. Tomasi, M. Cossi, J. M. Millam, M. Klene, C. Adamo, A. J. W. Ochterski, R. L.
Martin, K. Morokuma, O. Farkas, J. B. Foresman and D. J. Fox, 2016.

G. Luchini, J. V. Alegre-Requena, I. Funes-Ardoiz and R. S. Paton, F'/1000Research, 2020, 9, 291.

I. Funes-Ardoiz and R. S. Paton, GoodVibes: version 2.0.3, Zenodo, 2018.

F. Huang, J. Jiang, M. Wen and Z.-X. Wang, J. Theor. Comput. Chem., 2014, 13, 1350074.

J. E. Bartmess, J. Phys. Chem., 1994, 98, 6420-6424.

P. W. Ayers, R. C. Morrison and R. K. Roy, J. Chem. Phys., 2002, 116, 8731-8744.

P. Bultinck, S. Fias, C. Van Alsenoy, P. W. Ayers and R. Carbo-Dorca, J. Chem. Phys., 2007, 127, 034102.

R. A. Miranda-Quintana, Chem. Phys. Lett., 2016, 658, 328-330.

R. F. W. Bader, Atoms in Molecules: A Quantum Theory, Oxford University Press, Oxford, 1990.

T. Lu and F. Chen, J. Comput. Chem., 2012, 33, 580-592.

J. L. Gazquez, A. Cedillo and A. Vela, J. Phys. Chem. 4, 2007, 111, 1966—-1970.



