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1 Experimental >C NMR chemical shifts

Table S1: Experimental carbon 1 '3C NMR chemical shifts®? for ortho (o-), meta (m-), and para (p-) isomers of
the X-R-benzene compounds in CDCl; and DMSO-d.

F Cl Br I
R CDCl; DMSO CDCl; DMSO CDCl; DMSO CDCl; DMSO

H 163.10 162.20 134.47 133.10 122.73 121.70 94.59 94.82
o-NH, 15194 150.67 119.47 117.03 109.53 107.41 8436 83.06
m-NH, 164.12 163.30 135.00 133.38 123.26 122.06 95.13  95.12
p-NH, 156.69 154.18 123.34 118.66 11042 10597 79.56 75.62
0-NO, 15573 154.61 12732 12481 114.69 112.82 86.41 87.69
m-NO, 162.56 161.72 135.69 134.00 123.09 122.02 93.68 94.87
p-NO, 16646 165.72 141.60 140.09 130.20 129.35 102.89 104.40

@ in ppm. ? Experimental error is 0.1 ppm.

2 DFT benchmark

Different combinations of DFT functionals (B3LYP, KT2, BP86, or PBEQ), basis sets (TZ2P or QZ4P) and
inclusion or not of solvation model (COSMO - chloroform) were performed to choice the most accurate
level of theory for the C1 chemical shifts calculations. The results for B3LYP, KT2, and BP86 are showed
in Table S2 and S3, while data obtained by PBEO are in Table S4 and S5.
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Table S2: Percentage errors (in %) of the C1 chemical shifts calculated at the B3LYP, KT2, and BP86 functionals using TZ2P or QZ4P basis sets in
isolated-phase or CHCl; (COSMO) for X-R-benzene compounds. Errors were determined in comparison to experimental data (Table S1).

B3LYP KT2 BP86
TZ2P Qz4p TZ2P Qz4p TZ2P Qz4p

R X isolated CHCI; isolated CHCI; isolated CHCl; isolated CHCI; isolated CHCIl; isolated CHCI,

F 3.65 3.32 3.27 2.96 3.86 3.50 4.67 4.35 4.33 4.00 4.55 4.25

Cl 5.84 4.71 5.39 4.30 5.65 4.56 5.90 4.83 6.79 5.70 6.35 5.28

H Br 7.81 6.77 7.41 6.51 8.07 6.98 8.36 7.38 9.61 8.54 9.23 8.29

I 9.86 9.34 10.23 9.92 1370 13.01 15.04 1446 15.18 1451 1553 1499

Average  6.79 6.04 6.58 5.92 7.82 7.01 8.49 7.76 8.98 8.19 8.92 8.20

F 3.03 2.98 2.13 2.09 4.66 4.42 4.61 4.38 4.35 4.21 3.84 3.71

Cl 3.88 3.43 2.73 2.45 5.46 4.80 4.56 4.08 5.30 4.71 3.82 3.36

0-NH, Br 5.86 5.40 5.09 4.86 7.92 7.18 7.42 6.86 8.29 7.61 7.22 6.72
I 7.70 7.17 7.11 7.16 13.57 13.10 13.84 1357 13.63 13.06 1299 12.63

Average  5.12 4.75 4.27 4.14 7.90 4.88 5.11 4.72 5.39 4.90 6.97 6.61

F 3.78 3.43 3.47 3.13 3.64 3.28 4.73 4.33 4.13 3.79 4.52 4.16

Cl 6.11 4.81 5.71 4.47 5.22 4.04 5.62 4.39 6.23 4.99 5.87 4.59

m-NH, Br 7.92 6.76 7.63 6.59 7.24 6.05 7.76 6.63 8.65 7.45 8.41 7.28
I 10.17 9.42 10.68 10.06 1246 11.63 1397 13.17 13.67 12.87 1411 13.29

Average  7.00 6.11 6.87 6.06 7.14 6.25 8.02 7.13 8.17 7.28 8.23 7.33

F 2.80 2.38 2.30 1.86 3.95 3.47 4.26 3.74 3.94 3.47 3.64 3.14

Cl 4.82 291 3.69 1.77 5.88 3.94 5.06 2.97 6.24 4.13 4.69 2.50

p-NH, Br 6.44 4.58 5.40 3.72 7.94 5.90 7.15 5.11 8.69 6.59 7.23 5.14
I 8.30 6.75 7.05 5.65 1366 11.66 1337 1127 1394 11.81 12.60 10.46

Average  5.59 4.16 4.61 3.25 7.86 6.24 7.46 5.77 8.20 6.50 7.04 5.31
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Table S3: Percentage errors (in %) of the C1 chemical shifts calculated at the B3LYP, KT2, and BP86 functionals using TZ2P or QZ4P basis sets in
isolated-phase or CHCl; (COSMO) for X-R-benzene compounds. Errors were determined in comparison to experimental data (Table S1).

B3LYP KT2 BP86
TZ2P Qz4p TZ2P Qz4p TZ2P QzA4p

R X isolated CHCI; isolated CHCI; isolated CHCl; isolated CHCI; isolated CHCl; isolated CHClI,

F 4.96 4.18 4.57 3.80 5.70 5.45 6.06 6.01 5.87 5.66 5.77 4.87

Cl 6.40 5.58 6.06 5.16 8.21 7.47 8.56 7.93 7.31 6.66 6.69 6.17

0-NO, Br 8.95 8.22 11.44 7.94 12,57  11.19  13.11 1286 13.63  10.35  10.28 9.96
I 1278 1253 1340 1339 21.10 2140 2285 2324 20.07 2001 20.12 20.38

Average  8.27 7.63 8.87 7.57 11.90 11.38 12,65 1251 11.72 10.67 10.72  10.35

F 3.02 2.57 2.92 2.52 3.67 3.19 4.61 4.30 4.23 3.75 4.53 4.23

Cl 4.63 3.51 4.63 3.62 4.94 4.03 5.50 4.75 6.28 5.25 6.07 5.22

m-NO, Br 6.48 5.37 6.52 5.58 7.49 6.49 8.10 7.37 9.13 8.06 8.97 8.18
I 8.25 7.59 9.20 8.75 13.44 1277 1519 1488 1499 1427 15.62 15.24

Average  5.60 4.76 5.82 5.12 7.39 6.62 8.35 7.83 8.66 7.83 8.80 8.22

F 3.42 3.78 3.35 3.79 3.72 3.98 4.64 5.10 4.18 4.50 4.46 4.95

Cl 5.71 6.26 5.52 6.26 5.28 5.94 5.85 6.77 6.46 7.18 6.27 7.22

p-NO, Br 7.80 8.73 7.77 9.01 7.98 9.08 8.63 10.12 9.52 10.64 9.43 10.88
I 1097 1379 11.33 1455 1420 17.18 1593 1947 1571 1885 1635  19.93

Average  6.98 8.14 6.99 8.40 7.80 9.05 8.76 10.37 8.97 10.29 9.13 10.75




Table S4: Percentage errors (in %) of the C1 chemical shifts calculated at the PBEO functional using TZ2P or
QZAP basis sets in isolated-phase or CHCl; (COSMO) for X-R-benzene compounds. Errors were
determined in comparison to experimental data (Table S1).

PBEO
TZ2P QzA4P TZ2P/CHCl, TZ2P/CHCl,
R X isolated CHCI; isolated CHCI, Extra functions® Extra functions® + fy.”
F 2.07 1.66 1.74 1.32 1.71 1.68
Cl 3.39 222 2.97 1.87 3.07 2.83
H Br 5.23 4.09 4.78 3.78 4.87 3.16
I 7.64 6.98 8.07 7.55 7.86 1.54
Average  4.58 3.74 4.39 3.63 4.38 2.30
F 1.18 0.97 0.31 0.12 1.30 1.27
Cl 0.68 0.08 0.37 0.83 1.26 1.05
o-NH, Br 242 1.73 1.36 0.97 2.77 1.13
I 4.49 3.60 3.58 3.50 4.73 1.42
Average  2.19 1.60 1.41 1.36 2.52 1.22
F 2.25 1.80 1.98 1.51 1.86 1.83
Cl 3.70 2.41 3.38 2.15 3.27 3.04
m-NH, Br 5.43 4.15 5.04 3.92 4.92 3.24
I 8.82 8.01 8.60 7.84 8.08 1.93
Average  5.05 4.09 4.75 3.86 4.53 2.51
F 1.08 0.49 0.56 0.05 0.84 0.82
Cl 2.02 0.11 0.92 1.17 1.22 1.01
p-NH, Br 3.47 1.30 2.23 0.21 2.58 0.74
I 5.68 3.61 4.22 2.27 4.50 2.84
Average  3.06 1.38 1.98 0.93 2.29 1.35

¢ Diffuse (AddDiffuseFit) and fit (FitType QZ4P) functions were added. ® Terms from the DFT
exchange-correlation response kernel (fy-) were included to improve the SO contribution.
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Table S5: Percentage errors (in %) of the C1 chemical shifts calculated at the PBEO functional using TZ2P or
QZAP basis sets in isolated-phase or CHCl; (COSMO) for X-R-benzene compounds. Errors were
determined in comparison to experimental data (Table S1).

PBEO
TZ2P QZAP TZ2P/CDCl, TZ2P/CDCl,
R X isolated CDCI; isolated CDCIl; Extra functions® Extra functions® + fy.”
F 3.63 2.82 2.56 2.33 2.96 2.90
Cl 4.50 3.44 4.10 3.03 4.28 3.99
0-NO, Br 7.19 6.06 9.11 5.53 6.64 4.67
I 11.83 11.11 1220 11.57 11.79 4.42
Average  6.79 5.86 6.99 5.62 6.42 4.00
F 1.60 1.11 1.53 1.08 1.38 1.36
Cl 2.41 1.30 2.45 1.45 2.42 2.18
m-NO, Br 4.31 3.17 4.24 3.26 4.20 2.44
I 6.73 6.00 7.57 7.04 7.13 0.52
Average  3.76 2.90 3.95 3.21 3.78 1.63
F 1.99 222 1.94 2.26 2.39 2.34
Cl 3.40 3.81 3.27 3.83 4.58 4.34
p-NO, Br 5.45 6.15 5.28 6.24 6.84 5.18
I 8.93 11.24 9.26 11.90 11.27 5.50
Average  4.94 5.86 4.94 6.06 6.27 4.34

@ Diffuse (AddDiffuseFit) and fit (FitType QZ4P) functions were added. ® Terms from the DFT
exchange-correlation response kernel (fy-) were included to improve the SO contribution.
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3 Individual contributions of the C1 shielding

Table S6 displays the decomposition of the C1 isotropic NMR shielding constants into the diamagnetic,
paramagnetic, and spin-orbit contributions.

Table S6: The C1 shielding (¢'*)*? and the diamagnetic (6%1)?, paramagnetic (¢P2)%, and spin-orbit (¢5°)?
contributions obtained for X-R-benzene compounds.

R X O.dia obara GSO Gtotal

F 24153 -22551 131 17.33

Cl 250.51 -209.25 3.77 45.03

H Br 247.87 -206.51 17.13 58.49
251.92 -203.47 41.73 90.18

F 24238 -21426 124 29.36

Cl 251.10 -191.85 3.34 62.59

o-NH, Br 24825 -188.81 14.73 74.17
252.09 -184.49 35.06 102.66

F 240.72 -22596 129 16.05

Cl 24991 -209.41 3.68 44.18

m-NH, Br 24726 -206.38 16.84 57.72
251.40 -203.12 40.64 88.92

F 24173 -217.84 1.26 25.15

Cl 250.69 -195.65 3.66 58.70

p-NH, Br 248.02 -191.28 17.03 73.77
25221 -184.99 41.54 108.76

F 24098 -21931 1.17 22.84

Cl 249.63 -202.56 3.29 50.36

0-NO, Br 246.66 -199.83 1629 63.12
250.56 -199.46 42.09 93.19

F 24098 -22394 121 18.25

Cl 250.39 -209.63 3.31 44.07

m-NO, Br 247.74 -207.03 16.28 56.99
25197 -205.16 42.17 88.98

F 24128 -22983 1.15 12.60
Cl 250.57 -218.81 3.14 3490
p-NO, Br 24789 -21749 15.69 46.09
I 25238 -218.19 4032 74.51

2 in ppm. b Gtotal — Gdia 4 ghara GSO.
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4 NLMO contributions to the C1 shielding

NLMO contributions for diamagnetic, paramagnetic, and spin-orbit terms of the C1 shielding are dis-
played in Table S7 - S15 for X-R-benzenes.

Table S7: NLMO contributions? to ¢4 term of the C1 shielding for X-benzenes.

Parent X-benzene
NBO F Cl Br )|

CR (C1) 203.44 203.45 203.47 203.48
CR (C2-C6)> 0.04 0.04 0.04 0.04

CR(X)  -001 -001 -002 -0.07
LP,(X) 195 175 139 124
LP,(X) 112 131 LI LI2
LP,(X) 134 118 103 1.07
Cerco 844 1009 1050 11.53
Cerce 844 1009 1050 11.53
Cen.cs 047 053 056 051
Cescu 0.13 010 -0.10 -0.10
Cescs 013 -0.10 -0.10 -0.10
Ces.co 047 053 056 051
el 1894 1957 19.67 19.57
Oerx 408 088 215  0.11
oo 052 054 058  0.59
Cern 007 011 009 0.1
Ccun 005 005 005 004
e 007 011 010 0.12
e 052 054 058  0.60
all o* 000 000 001  0.03
all 7* 000 000 000 -0.01

So¢ 24153 25051 247.87 251.92

¢ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three =
orbitals. ¢ Sum of all NLMO contributions.
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Table S8: NLMO contributions? to ¢ term of the C1 shielding for X-benzenes.

Parent X-benzene
NBO F Cl Br 1
CR (C1) -0.05 -0.03 0.01 0.03

CR (C2-C6)>  -1.05 -1.09 -1.21 -1.26
CR (X)* 0.00 0.04 -0.01 -0.01

LP,(X) 685 447 405  -3.70
LP,(X) 038  -0.60  0.33 1.27
LP,(X) 137 332 303 323
ot 7330  -65.03 -65.52 -65.77
Ocrce 7330  -65.03 -65.52 -65.77
Ocrcs 132 -1.14 091  -0.67
Ocsca 005  -0.14 -021  -0.39
Ocncs 005  -0.14 -021  -0.39
Ocs.co 131 -1.14 091  -0.67
P 2704 -1477 -10.63  -6.64
Ocix 3196 -41.80 -41.71 -41.95
ety 305 441 539  -6.04
Cosn 055 068 -086  -0.94
Ccur 048 041  -043 035
Cesay 0.55  -0.68  -0.86  -0.95
ot 305 441 539  -6.04
all ¢* 000 000 000 0.0
all 7* 000 000 000  0.00
Yol 22551 -209.25 -206.51 -203.47

¢ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three =
orbitals. ¢ Sum of all NLMO contributions.
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Table S9: NLMO contributions? to ¢5° term of the C1 shielding for X-benzenes.

Parent X-benzene
NBO F Cl Br 1

CR(CI) 088 1.54 6.02 1559
CR (C2-C6)* 0.00 0.00 0.03 0.00
CR(X) 000 001 004 0.16
LP,(X) 004 017 099 250
LP,X) 000 000 002 0.04
LP,(X)  -0.01 000 002 0.08
Ger.co 007 009 1.00 -0.52
Cerce 0.07 009 1.00 -0.52
O3 002 002 -0.02 -0.05
Cency 0.00 -0.01 -0.03 -0.03
Cencs 0.00 -0.01 -0.03 -0.03
Oes.co 002 002 -0.02 -0.05

Tecd 0.0l -0.01 025 036
Oorx 007 049 135 956
o -0.01 -0.04 001 -0.09
Cean 0.01 000 001 -0.11
e 0.00 000 000 0.0
e 0.0 000 001 -0.11
e 0.01 -0.04 001 -0.09
02 001 012 057 175
Ol o 001 012 057 175
O x 020 124 535 11.58

all other o* 0.00 0.00 0.02 0.09
all #* -0.02 -0.03 -0.04 -0.13

3l 131 377 17.13 41.73

¢ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three =
orbitals. ¢ Sum of all NLMO contributions.
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Table S10: NLMO contributions? to 6% term of the C1 shielding for X-NH,-benzenes.

Parent 0-X-NH, m-X-NH, p-X-NH,
NBO F Cl Br I F Cl Br I F Cl Br I

CR (C1) 203.40 20341 20343 20344 20345 203.46 203.48 203.49 20341 20342 20344 20345
CR (C2-C6)*  0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

CR (X)° 001 002 -003 -007 -002 -002 -002 -007 -001 -002 -003 -0.07
CR (N) 000 000 000 000 000 000 000 000 000 000 000  0.00
LP,(X) 192 172 138 123 194 174 139 124 193 173 139 124
LP,(X) 115 126 106 106 110 127 108 110 111 131  LII 112
LP;(X) 126 116 104 108 133 117 104 107 128 113 102 105
LP (N) 060 069 070 070 019 0I5 0I5 016 023 025 025  0.09
ocrco 773 961 989 1079 782 964 1002 1111 831 999 1036 11.46
Oercs 940 1079 11.13 1211 850 1028 1067 1179 831 999 1036 1146
Cer.c 054 054 057 054 049 054 057 052 040 046 049 044
Ocaca 0.14 -011 -011 -0.11 -0.05 -004 -003 -003 -004 -004 -003 -0.03
Ocacs 013 011 010 -0.10 -0.15 -013 -0.13 -0.12 -0.04 -004 -003 -0.03
oes.co 055 060 063 057 042 049 052 047 040 046 049 044
e 1950 2005 20.16 20.06 1873 1940 1951 1941 1941 2005 20.17 2024
oc1x 405 076 235 012 409 080 -221 001 406 078 222 0.00
. - - - - 058 059 063 063 049 052 054 057
Sear 008 009 011 0.2 - - - - - - - -
ocam 007 011 010  0.12 - - - - 011 015 014 0.6
Cear - - - - 0.05  -003 -004 -0.03 - - - -
Ccan 005 004 004 004 007 007 007 006 - - - -
Ccar - - - - - - - - 004  -004 -004 -004
s 007 010 010 0I1 006 010 009 010 012 015 014  0.16
Oce 049 050 055 057 054 056 060 061 049 052 054 057
oNH® 0.14 013 010 -0.11 -0.18 017 -0.18 -0.17 -0.12 012 -0.12 -0.12
all o* 000 000 001 002 000 000 001 003 000 000 001 002
all 7* 000 000 000 000 000 000 000 000 000 000 000 -0.01

Y ol 24238 251.10 248.25 252.09 240.72 24991 24726 251.40 241.73 250.69 248.02 25221

@ in ppm. ? Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three z orbitals. ¢ Sum of oy contributions. / Sum of all NLMO
contributions.
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Table S11: NLMO contributions? to ¢?*® term of the C1 shielding for X-NH,-benzenes.

Parent 0-X-NH, m-X-NH, p-X-NH,
NBO F Cl Br I F Cl Br I F Cl Br I
CR (C1) -0.03 -0.02 0.01 0.03 -0.06 -0.04 0.00 0.02 -0.07 -0.04 -0.01 0.02
CR (C2-C6)*  -1.07 -1.10 -1.25 -1.37 -1.06 -1.10 -1.25 -1.32 -0.96 -1.02 -1.15 -1.21
CR (X)¢ 0.00 0.04 -0.01 0.02 0.00 0.03 -0.01 0.00 0.00 0.04 0.00 0.02
CR (N) -0.01 -0.02 -0.03 -0.04 -0.01 -0.01 -0.01 -0.02 0.00 -0.01 0.01 -0.01
LP,(X) -6.16 -3.93 -3.55 -3.20 -7.05 -4.60 -4.14 -3.77 -6.52 -4.11 -3.69 -3.37
LP,(X) -0.43 -0.71 0.04 0.72 -0.50 -0.58 0.38 1.38 -0.56 -0.57 0.33 1.23
LP5(X) -1.15 -2.81 -2.44 -2.55 -1.30 -3.29 -3.01 -3.24 -1.28 -2.96 -2.56 -2.47
LP (N) -0.99 0.18 -0.06 0.26 -0.80 -0.75 -0.79 -0.83 -0.59 0.23 0.40 0.17
oc1.Cc2 -65.42  -57.84 -59.87 -6139 -74.09 -6517 -66.06 -6597 -69.71 -60.03  -60.56  -60.25
e -69.35 6035 -59.67 -5921 -74.03 -6480 -6431 -63.65 -69.71 -60.03 -60.56 -60.25
0Co-C3 -1.74 -1.66 -1.61 -1.54 -1.12 -0.91 -0.66 -0.38 -1.27 -1.16 -0.90 -0.67
0C3.c4 0.12 -0.05 -0.06 -0.19 -0.16 -0.29 -0.36 -0.57 -0.08 -0.24 -0.32 -0.50
0C4-C5 0.09 -0.09 -0.16 -0.33 -0.12 -0.31 -0.37 -0.61 -0.08 -0.24 -0.32 -0.50
0C5.C6 -1.18 -1.05 -0.86 -0.63 -1.19 -1.05 -0.83 -0.61 -1.27 -1.16 -0.90 -0.67
PR -29.21  -1448  -10.06 -5.18 -25.55  -13.64 -9.43 -5.42 -27.05  -12.93 -8.17 -2.28
0c1X -30.14  -38.25  -38.03  -37.87 -32.06 -43.03 -4336 -44.41 -3143 -4136 -4052  -40.32
OcoH - - - - -2.89 -4.35 -5.31 -6.01 -2.90 -4.22 -5.18 -5.87
OCoR -2.25 -2.53 -2.36 -2.03 - - - - - - - -
0c3H -0.37 -0.42 -0.57 -0.63 - - - - -0.56 -0.69 -0.87 -0.97
OC3R - - - - -0.32 -0.36 -0.39 -0.42 - - - -
Oc4-H -0.47 -0.41 -0.44 -0.36 -0.49 -0.41 -0.45 -0.38 - - - -
OC4R - - - - - - - - -0.38 -0.30 -0.29 -0.25
0cs.H -0.75 -0.90 -1.03 -1.12 -0.47 -0.64 -0.81 -0.91 -0.56 -0.69 -0.87 -0.97
0Cc6-H -2.75 -4.09 -5.16 -5.94 -2.77 -4.16 -5.23 -5.99 -2.90 -4.22 -5.18 -5.87
on-H’ -1.00 -1.36 -1.64 -1.94 0.08 0.05 0.02 -0.01 0.06 0.06 0.03 0.00
all o™ 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
all z* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
> ol -214.26  -191.85 -188.81 -184.49 -22596 -209.41 -206.38 -203.12 -217.84 -195.65 -191.28 -184.99

@ in ppm. ? Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three z orbitals. ¢ Sum of oy contributions. / Sum of all NLMO

contributions.
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@ in ppm. ? Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of three z orbitals. ¢ Sum of oy _y contributions. / Sum of all NLMO

contributions.

Table S12: NLMO contributions? to 65° term of the C1 shielding for X-NH,-benzenes.

Parent 0-X-NH, m-X-NH, p-X-NH,
NBO F Cl Br I F Cl Br I F Cl Br I
CR (C1) 088 1.44 535 1358 087 150 597 1537 085 149 612 1574
CR (C2-C6)> 0.00 0.00 000 -0.01 0.00 000 000 000 0.00 000 000 -0.02
CR (X)¢ 000 001 003 014 000 001 003 016 0.00 0.01 0.04 016
CR (N) 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00
LP;(X) 004 015 09 222 004 016 1.00 248 0.04 0.17 1.01 250
LP,(X) 0.00 000 000 001 000 000 002 003 000 000 0.02 0.03
LP;(X) 0.00 000 002 006 000 000 002 008 000 000 002 0.07
LP (N) 000 000 002 004 000 000 000 0.00 0.00 0.00 0.01 0.00
oci-C2 004 003 -020 -106 007 009 005 -047 008 013 0.09 -041
0Cl1-C6 006 011 016 -0.19 0.09 014 016 -028 0.08 0.13 0.09 -041
0Co-C3 001 -0.01 -0.08 -039 001 002 005 -005 0.02 002 007 -0.02
0C3ca 0.00 000 001 003 000 -001 -0.01 -0.02 0.00 -001 -0.01 -0.03
0C4-C5 0.00 -0.01 -0.01 -003 0.0 -0.01 -0.01 -0.05 0.00 -0.01 -0.01 -0.03
0C5.C6 002 002 008 001 002 002 007 -004 002 002 007 -002
o -0.01 0.00 024 040 -001 0.00 023 032 -001 -001 019 021
0c1-X 006 044 294 856 007 047 315 924 006 048 326 9.65
Oco-H - - - - -0.01 -0.05 -0.08 -0.11 -0.02 -0.05 -0.09 -0.13
OCca2R 0.00 -0.01 -0.02 0.01 - - - - - - - -
0caH 0.00 001 -0.02 -0.06 - - - - 0.00 0.00 -0.04 -0.09
OC3R - - - - 0.00 000 -0.02 -0.04 - - - -
Oca-H 0.00 000 000 001 000 000 -0.01 -0.01 - - - -
OC4-R - - - - - - - - 0.00 000 000 0.00
0cs.H -0.01 000 -0.05 -0.12 -0.01 0.00 -0.05 -0.12 0.00 0.00 -0.04 -0.09
Oc6-H -0.01 -0.05 -0.08 -0.12 -0.01 -0.05 -0.09 -0.14 -002 -005 -009 -0.13
ong’ -0.01 -0.05 -0.20 -044 0.00 0.00 0.00 -0.03 000 000 000 0.00
C&co -0.02 008 050 160 0.00 0.09 050 161 000 0.10 056 1.68
oo 003 0.12 051 .36 003 0.13 0.61 .74 000 0.10 056 1.68
0cyx 019 1.10 467 953 019 119 525 1094 019 116 522 1120
all other¢*  0.00 0.00 0.01 003 000 000 0.04 015 000 000 0.02 0.10
all z* -0.03 -0.04 -0.05 -0.11 -0.02 -0.02 -0.04 -0.12 -0.01 -0.02 -0.04 -0.10
Yot 124 334 1473 3506 129 3.68 16.84 40.64 126 3.66 17.03 4154
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Table S13: NLMO contributions? to 6% term of the C1 shielding for X-NO,-benzenes.

Parent 0-X-NO, m-X-NO, p-X-NO,
NBO F Cl Br I F Cl Br I F Cl Br I

CR (C1) 203.41 20342 20344 20346 20342 203.44 203.45 203.47 203.44 20346 20347 203.49
CR (C2-C6)*  0.03 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.03 0.03
CR (X)¢ 0.15 -0.05 -0.05 -0.03 0.05 -0.02 -0.03 -0.05 0.01 -0.04 -0.02 -0.03

CR (N) 000 000 000 000 000 000 000 000 000 000 000  0.00
CR (O)¢ 000 000 000 000 000 000 000 000 000 000 000  0.00
LP,(X) 196 174 138 121 196 175 139 124 197 177 141 125
LP,(X) 124 136 112 108 117 139 116 116 116 137 114 114
LP,(X) 140 134 118 119 141 127 L12 113 155 135 119 119
LP,(0) 074 071 071 071 041 041 040 040 032 032 032 032
LP,0Y¥ 027 016 -0.17 -020 -0.16 016 -0.16 -0.15 -0.14 -0.14 -0.14 -0.14
LP,(0) 013 011 011 011 001 004 004 004 002 002 002 002
oL 625 788 814 890 776 951 989 1097 854 1015 1060 11.72
oerco 932 1044 1067 1165 822 988 1030 1136 854 1015 1060 11.72
6o 068 069 073 070 033 038 041 035 039 045 047 043
Ocaca 012 010 -010 -0.10 -0.02 000 000 001 -0.10 -008 -007 -0.07
Ocacs 012 -010 010 -009 -0.15 -0.13 -0.13 -0.12 -0.10 -008 -007 -0.07
es.cs 050 058 060 053 045 051 053 049 039 045 047 043
e 1836  19.14 1923 1908 1888 1945 1956 1945 1822 1887 1898  18.87
orx 376 152 -137 118 397 135 <159 079 419 114 -193 057
. - - - - 057 060 064 065 051 053 058 062
Cear 043 037 038 035 - - - - - - - -
ocam 007 009 006  0.10 - - - - 011 016 014 015
Cear - - - - 007 008 008 008 - - - -
Coan 005 005 005 004 008 008 008 007 - - - -
Ccar - - - - - - - - 005 005 005 005
s 006 011 010 012 005 009 008 010 011 016 014 015
oo 050 049 055 057 048 051 055 056 051 054 057  0.60
ono’ 023 022 022 -022 -011 011 -0.11 -0.11 -0.10 -0.10 -0.10  -0.10
™o 020 019 019 019 004 004 004 004 004 004 004 004
all o* 000 000 000 000 000 000 000 000 000 000 000  0.00
all 7* 000 000 000 000 000 000 000 000 000 000 000  0.00

D otal® 24098 249.63 246.66 250.56 240.98 250.39 247.74 25197 241.28 250.57 247.89 252.38

“ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of contributions from two oxigen atoms. ¢ Sum of three 7 orbitals. / Sum of
on.o contributions. & Sum of all NLMO contributions.
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Table S14: NLMO contributions? to ¢?*® term of the C1 shielding for X-NO,-benzenes.

Parent 0-X-NO, m-X-NO, p-X-NO,
NBO F Cl Br I F Cl Br I F Cl Br I
CR (C1) -0.03 -0.01 0.01 0.03 -0.07 -0.05 -0.01 0.01 -0.09 -0.06 -0.02 0.00
CR (C2-C6)*  -1.11 -1.16 -1.30 -1.39 -0.98 -1.04 -1.18 -1.26 -0.91 -0.96 -1.12 -1.21
CR (X)¢ -0.01 -0.02 -0.06 -0.06 0.06 0.02 -0.10 0.03 0.00 0.00 0.00 0.00
CR (N) -0.02 -0.02 -0.03 -0.04 -0.01 -0.01 -0.02 -0.02 -0.01 -0.01 -0.01 0.02
CR (0)? -0.04 -0.04 -0.05 -0.05 -0.03 -0.03 -0.04 -0.05 -0.02 -0.04 -0.04 -0.04
LP{(X) -7.68 -5.23 -4.63 -4.12 -1.34 -4.79 -4.25 -3.78 -7.64 -5.05 -4.48 -4.03
LP,(X) -0.09 -0.64 0.13 0.95 -0.58 -0.74 0.18 1.13 -0.72 -0.87 0.02 0.94
LP;(X) -1.36 -3.90 -3.91 -4.68 -1.41 -3.81 -3.67 -4.17 -1.57 -4.24 -4.26 -5.16
LP,(0)* -0.89 -0.95 -1.04 -1.09 -0.49 -0.53 -0.51 -0.66 -0.44 -0.48 -0.56 -0.64
LP,(0)? -1.59 -1.33 -1.53 -1.86 -0.32 -0.35 -0.46 -0.53 -0.34 -0.36 -0.44 -0.48
LP;(0O) -0.51 -0.53 -0.52 -0.48 -0.39 -0.35 -0.41 -0.46 -0.29 -0.31 -0.39 -0.45
0Ci-C2 -67.92  -60.14 -61.50 -6193  -72.88  -63.24 -6427 -63.18 -7345 -63.09 -63.08 -62.07
0C1-C6 -72.00  -62.64 -60.08 -59.10 -71.76  -61.87 -6041  -59.64 -7345 -63.09 -63.08 -62.07
0Co-C3 -1.58 -1.74 -1.65 -1.75 -1.19 -1.13 -0.83 -0.59 -1.76 -1.64 -1.36 -1.08
0C3-C4 0.18 0.08 0.04 -0.05 -0.17 -0.30 -0.34 -0.49 -0.09 -0.19 -0.23 -0.44
0C4-C5 0.16 -0.06 -0.16 -0.35 -0.18 -0.35 -0.43 -0.67 -0.09 -0.19 -0.23 -0.44
0cs5.C6 -1.39 -1.24 -1.18 -0.94 -1.48 -1.45 -1.29 -1.11 -1.76 -1.64 -1.36 -1.09
et -24.59  -12.51 -8.31 -4.98 -25.21  -13.87 -9.95 -6.60 -25.19  -1497  -11.21 -8.52
0c1X -33.98  -4480 -4746  -50.89 -34.00 -4759 -4895 -51.68 -3693 -5385 -55.62 -59.80
OcoH - - - - -2.69 -4.02 -4.89 -5.55 -2.54 -3.85 -4.89 -5.68
OCoR -1.28 -1.05 -0.66 -0.15 - - - - - - - -
0c3H -0.71 -0.66 -0.81 -0.84 - - - - -0.24 -0.40 -0.58 -0.69
OC3R - - - - -0.02 -0.03 -0.06 -0.10 - - - -
OcaH -0.50 -0.44 -0.48 -0.42 -0.48 -0.42 -0.44 -0.38 - - - -
OC4-R - - - - - - - - 0.00 0.02 0.02 0.02
0cs.H -0.59 -0.75 -0.84 -0.91 -0.36 -0.55 -0.70 -0.79 -0.23 -0.40 -0.57 -0.70
0c6-H -2.43 -3.61 -4.76 -5.46 -2.52 -3.82 -4.90 -5.67 -2.54 -3.85 -4.89 -5.68
ono’ 0.19 0.35 0.44 0.44 0.28 0.36 0.49 0.58 0.24 0.30 0.44 0.54
N-O 0.46 0.48 0.51 0.54 0.28 0.33 0.41 0.47 0.25 0.37 0.48 0.60
all o* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
all z* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
D otal® -219.31  -202.56  -199.83  -199.46 -223.94 -209.63 -207.03 -205.16 -229.83 -218.81 -217.49 -218.19

“ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of contributions from two oxigen atoms. ¢ Sum of three 7 orbitals. / Sum of
on.o contributions. & Sum of all NLMO contributions.
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Table S15: NLMO contributions? to 5° term of the C1 shielding for X-NO,-benzenes.

Parent 0-X-NO, m-X-NO, p-X-NO,
NBO F Cl Br I F Cl Br I F Cl Br I
CR (C1) 090 159 636 1658 086 148 631 1644 082 137 6.11 1573
CR (C2-C6)> 0.00 0.00 000 -0.01 0.0 000 000 000 0.00 000 000 0.00
CR (X)¢ -0.10 -055 -211 -273 -0.10 -0.53 -1.88 -251 -0.11 -049 -1.77 -252
CR (N) 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00
CR (0)? 0.00 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00
LP;(X) 005 019 107 254 004 016 105 263 0.03 014 101 252
LP,(X) -0.01 -0.02 -0.06 -0.04 0.00 0.00 0.02 003 000 0.00 002 004
LP;(X) -0.01 -0.01 0.02 009 000 0.00 002 009 0.00 -001 001 0.07
LP,(0)? 0.00 000 -0.01 -003 000 000 000 0.01 0.00 0.00 0.00 0.00
LP,(0)? -0.02 -0.03 -0.11 -023 0.00 0.00 -001 -005 000 -002 -004 -0.08
LP;(0O) 0.00 000 -0.02 -005 000 000 0.00 000 0.00 0.00 000 0.00
oci-C2 004 002 -012 -08 010 0.14 010 -033 0.15 027 040 025
0C1-C6 008 016 038 025 012 025 040 024 015 027 040 025
0Co-C3 000 000 -003 -023 0.01 001 003 -007 0.01 002 007 -001
0C3.C4 0.00 000 000 -0.01 000 000 000 -0.02 0.00 -0.01 -0.01 -0.04
0C4-C5 0.00 -0.01 000 -0.03 -0.01 -0.01 -0.01 -0.04 0.00 -0.01 -0.01 -0.04
0C5.C6 002 003 012 008 002 003 011 006 0.01 0.02 0.07 -0.01
oot -0.01 000 032 059 000 000 029 045 -001 0.00 030 058
0c1-X 008 053 373 11.11 006 052 356 1063 0.05 049 339 10.08
CCoH - - - - -0.02 -0.04 -0.07 -0.08 -0.02 -0.07 -0.12 -0.22
OCoR -0.01 -0.01 -0.01 -0.01 - - - - - - - -
0C3H 0.00 0.00 -0.03 -0.09 - - - - -0.01 0.00 -0.04 -0.10
OC3.R - - - - 0.00 000 0.00 -0.02 - - - -
Oca-H 0.00 000 000 001 000 000 -0.01 0.00 - - - -
OC4R - - - - - - - - 0.00 000 -0.01 -0.01
0cs.H -0.01 0.01 -0.04 -0.10 -0.01 0.00 -005 -0.11 -0.01 0.00 -0.04 -0.10
0C6-H -0.01 -0.13 -0.16 -032 -0.02 -008 -0.13 -0.25 -0.02 -0.07 -0.12 -0.22
ono’ 000 000 000 000 000 000 000 0.00 0.00 0.00 0.00 0.00
N-O 0.00 000 -0.02 -006 000 000 000 0.00 0.00 0.00 0.00 0.00
C&cn -0.05 006 059 218 -005 0.03 038 147 -002 0.08 051 1.61
0o 006 016 057 139 004 017 073 197 -002 0.08 051 1.61
0y x 020 133 592 1225 019 120 546 1162 0.18 111 511 11.04
all others*  0.00 0.00 -0.01 -0.01 000 001 0.04 016 000 000 0.02 0.09
all 7* -0.03 -0.03 -0.06 -0.18 -0.02 -0.03 -0.06 -0.15 -0.03 -0.03 -0.08 -0.20
> otal® 1.17 329 1629 42.09 121 331 1628 4217 115 3.14 1569 4032

@ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of all core X contributions. ¢ Sum of contributions from two oxigen atoms. ¢ Sum of three 7 orbitals. / Sum of

on.o contributions. ¢ Sum of all NLMO contributions.
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Figure S2: 7z NLMO contributions to ¢, (a, d), 65, (b, e), and o33 (¢, f) components of the C1 ¢P*? for X-
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Table S16: Atomic hybrid contributions percentage of C1 (%C1) to o,  antibonding NBO for X-R-benzenes.

%C1
R F Cl Br I

H 71.87 56.38 53.52 47.70
o-NH, 71.95 56.75 54.01 48.36
m-NH, 7199 56.59 53.77 47.96
p-NH, 71.86 56.52 53.71 47.97
0-NO, 71.08 54.60 51.29 44.98
m-NO, 71.47 5551 52.44 46.40
p-NO, 71.64 55.65 52.57 46.51

*

Table S17: CMO z contributions to the 6, component of the cP** term associated with 7 — o,  interactions
for X-R-benzenes.
CMO -1 CMO 7-2 CMO -3
R F Cl Br I F Cl Br I F Cl Br I

H -10.19 -47.27 -4147 -3099 -090 -0.80 -0.82 -0.80 -40.16 17.54 38.34 69.84
o-NH, -6.65 -36.775 -33.89 -2522 -2565 1153 2476 38.07 -3096 -2.44 345 24.66
m-NH, -331 -31.88 -24.18 -22.66 -30.84 1334 30.58 53.05 -486 236 493 13.66
p-NH, -6.00 -3383 -2642 -1827 -0.86 -0.78 -0.79 -046 -32.50 12.01 2582 59.46
0-NO, -1031 -43.46 -3793 -2831 -2.61 -252 -2775 -1.65 -3628 1831 3926 63.09
m-NO, -7.89 -43.40 -3695 -2745 -1.58 -040 -041 -1.00 -3792 19.56 40.51 65.79
p-NO, -824 -4425 -37.68 -2791 -0.82 -0.75 -0.76 -0.75 -3554 19.24 39.00 60.64

Table S18: CMOs aél_x energies (in eV) for X-R-benzenes.

CMO ¢

C1-X

R F C Br I
H 461 118 003 -0.67
o-NH, 457 129 0.07 -0.63
m-NH, 4.66 1.19 008 -0.63
p-NH, 451 129 0.11 -0.57
0-NO, 510 0.88 -027 -0.94
m-NO, 4.62 096 -021 -091
p-NO, 476 1.02 -0.17 -0.89
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Table S19: CMOs z-1, z-2 and #-3 energies (in eV) for X-R-benzenes.

CMO z-1 CMO z-2 CMO r-3
R F Cl Br I F Cl Br I F Cl Br I

H -10.64 -11.52 -11.30 -11.12 -7.73 -7.74 -7.75 -7.770 -7.36 -7.26 -7.19 -6.89
o-NH, -11.04 -11.84 -11.68 -11.56 -7.40 -7.33 -7.27 -7.04 -6.30 -630 -6.31 -6.26
m-NH, -11.21 -11.69 -11.58 -11.47 -739 -731 -724 -696 -6.33 -6.34 -6.35 -6.30
p-NH, -11.06 -11.64 -11.52 -1142 -7.67 -7.69 -7.770 -7.65 -6.16 -6.16 -6.17 -6.08
0-NO, -11.16 -12.05 -11.83 -11.64 -8.29 -8.18 -8.16 -8.14 -7.89 -7.71 -7.59 -7.22
m-NO, -11.18 -11.97 -11.77 -11.61 -836 -8.36 -835 -829 -789 -7.72 -7.59 -7.21
p-NO, -11.19 -1198 -11.77 -11.60 -8.27 -826 -8.25 -820 -8.00 -7.81 -7.68 -7.28

8IS

Table S20: CMOs z*-1, z*-2 and n*-3 energies (in eV) for X-R-benzenes.

CMO 7z*-1 CMO r*-2 CMO 7*-3
R F Cl Br I F Cl Br I F Cl Br I

H -0.60 -0.62 -0.64 -0.64 -0.26 -0.59 -0.63 -0.60 391 3.64 3.49 3.07
o-NH, -035 -0.53 -0.56 -0.57 0.06 -0.05 -0.08 -0.07 4.19 390 3.80 3.80
m-NH, -0.36 -0.54 -0.57 -0.58 0.06 -0.12 -0.14 -0.13 3.75 3.60 340 3.03
p-NH, -0.57 -0.57 -059 -0.56 0.19 -0.12 -0.15 -0.17 4.01 3.73 3.63 3.19
0-NO, -0.82 -1.04 -1.06 -1.09 -030 -0.57 -0.59 -0.52 3.72 330 322 294
m-NO, -0.83 -1.04 -1.06 -1.06 -0.13 -0.27 -0.29 -0.26 3.61 3.40 3.28 292
p-NO, -1.05 -1.05 -1.06 -1.02 0.00 -0.28 -030 -0.30 3.73 349 337 3.5
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Figure S3: 6¢.c; (@, d), 0¢y.c6 (b, €), and o x (¢, f) NLMO contributions to the isotropic P term of the C1
shielding for X-R-benzenes (in ppm). Top row: NH, substituent. Bottom row: NO, substituent.

Table S21: Parent NBO percentage of 6, and o¢;.cg NLMOs for X-R-benzenes.

Ocic2 Oc1-c6
R F Cl Br 1 F Cl Br )|

H 99.3593 99.2845 99.2915 99.2683 99.3593 99.2845 99.2915 99.2683
o-NH, 99.0923 99.0296 99.0451 99.0297 99.2849 99.2053 99.2123 99.1862
m-NH, 99.2290 99.1493 99.1536 99.1271 99.3289 99.2416 99.2458 99.2193
p-NH, 99.3278 909.2496 99.2554 99.2311 99.3278 99.2496 99.2554 99.2311
0-NO, 99.1680 99.0356 99.0420 99.0249 99.1859 99.0350 99.0236 98.9721
m-NO, 99.0981 99.0275 99.0303 99.0030 99.3787 99.2965 99.2993 99.2728
p-NO, 99.3752 99.2976 99.3011 99.2726 99.3752 99.2976 99.3011 99.2726
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Figure S4: Sum of 6¢|_, 6¢y.c6» and oc;.x NLMO contributions to ¢y, (a, d), 05, (b, €), and o33 (c, f) com-
ponents of the oP*? term of the C1 shielding tensor for X-R-benzenes (in ppm). Top row: NH,
substituent. Bottom row: NO, substituent.

Table S22: Atomic hybrid contributions of the carbon of interest (%C1) to 6¢.x NLMOs for X-R-benzenes.

Oc1-x

R F Cl Br I

H 28.07 43.36 46.10 51.70
o-NH, 2799 43.01 4564 51.08
m-NH, 2796 43.14 4584 5142
p-NH, 28.08 4323 4592 51.45
0-NO, 28.86 45.11 4827 54.30
m-NO, 28.47 4422 47.16 52.96
p-NO, 28.30 44.09 47.03 52.86

Table S23: ¢*

Cl-X
Ocix
X H o-NH, m-NH, p-NH,
F 0.03362 0.02945 0.03300 0.03313
Cl 0.03241 0.03035 0.03214 0.03136
Br 0.03657 0.03511 0.03632 0.03515
I 0.03640 0.03665 0.03617 0.03479
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5 AVDD atomic charges

o contributions for AVDD atomic charges (in me™) for X-NH,-benzenes (Fig. S5) and X-NO,-benzenes
(Fig. S6) calculated in relation to X-benzene values caused by the formation of the C-N bond.

Ot‘

EE

-3

o-F-NH,

p-CI-NH, p-Br-NH

Figure S5: The ¢ contribution for AVDD atomic charges (in me™) for X-NH,-benzenes calculated in relation
to X-benzene values caused by the formation of the C-N bond. Negative values indicate accumula-
tion of electronic density, while positive values denote electron density depletion and positive charge
accumulation.
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Figure S6: The o contribution for AVDD atomic charges (in me™) for X-NO,-benzenes calculated in relation
to X-benzene values caused by the formation of the C-N bond. Negative values indicate accumula-
tion of electronic density, while positive values denote electron density depletion and positive charge
accumulation.
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Table S24: Atomic hybrid contributions (%) of C1 and C2 to the ;.o NLMO for X-benzene and X-NO,-

benzenes.

X-benzene  0-X-NO,-benzene m-X-NO,-benzene p-X-NO,-benzene
X %Cl  %C2 %C1 %C2 %C1 %C2 %C1 %C2

F 4954 4990 48.44 50.82 48.88 50.31 49.52 49.94
Cl 50.33 49.06 49.22 49.93 49.61 49.52 50.30 49.09
Br 4994 4945 4884 50.32 49.20 49.94 49.89 49.51
I 4943 4993 48.32 50.83 48.66 50.45 49.34 50.02

a) b) ©)
-80 S -110 p -60 5 X0,
C1-C2 C1-C6 C1-X “oenzene
+— 0-X-NO,
-90 s 2
- 1204 -804 m-X-NO,
100 - B —— ——p-X-NO,
£ _— £ g -1004
g 10 — S 1301 2
- ~ Z
s -1201 ] < -1204
H . — E — - £
-3 2 g
= 1304 e N = -1404 =0
© _ © 6 140
-140 - — —=— X-benzene —=— X-benzene|
+—0-X-NO, -150 4 ——0-X-NO, _1604
-150 m-X-NO, m-X-NO,
——p-X-NO, —+—p-X-NO,
-160 T T T T = -160 T T = -180 T T T T
F al Br I F Cl Br 1 F Cl Br 1
X X X

Figure S7: 6¢_c, (@), and 0 (b) NLMO contributions to ¢;; component, and o¢;_x (¢) NLMO contributions
to 0,, component of the ¢P** mechanism for C1 of the X-NO,-benzenes (in ppm).
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Figure S8: The cP?"® mechanism of the C1 shielding tensor versus the dihedral angle C,-C,-N-O () for 0-X-NO,-
benzene (in ppm). The arrows indicate the torsional angle and shielding in the equilibrium geometry.
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