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Supplementary Information for ‘The unexpected roles of ¢ and n orbitals in electron
donor and acceptor group effects on the '3C NMR chemical shifts in substituted ben-
zenes’

1 Experimental >*C NMR chemical shifts

Table S1: Experimental carbon 1 '3C NMR chemical shifts®? for R group in ortho (o-), meta (m-), and para (p-)
position related to C1 of R-benzene compounds in CDCl; and DMSO-d.

R
Solvent H o-NH, m-NH, p-NH, 0-NO, m-NO, p-NO,

CDCl, 128.55 11529 12945 11873 123.65 129.48 134.76
DMSO-d, 128.25 113.84 12876 115.61 123.22 129.77 135.19

@ in ppm. ? Experimental error is 0.1 ppm.

2 Individual contributions of the C1 shielding

Table S2 displays the decomposition of the C1 isotropic NMR shielding constants into the diamagnetic
and paramagnetic contributions.

Table S2: The C1 shielding (6,.,,;*?) and the diamagnetic (c4;,%) and paramagnetic (0para”) contributions obtained
for R-benzene compounds.

R

Og, 24187 24272 241.04 242,10 24144 24150 241.66
o -187.99 -173.47 -188.27 -175.65 -184.24 -187.96 -195.96

para

Cow 5388 6925 5277 6645 5720 5354 4570

a; b —
N ppm. ~ Oy = Ogia + O-para'
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3 NLMO contributions to the C1 shielding

NLMO contributions for diamagnetic and paramagnetic terms of the C1 shielding are displayed in Ta-
ble S3 and S4, respectively, for R-benzenes.

Table S3: NLMO contributions? to o;, term of the C1 shielding for R-benzenes.

Parent R

CR (C1) 203.54 203.50 203.54 203.50 203.55 203.54 203.55
CR (C2-C6)>  0.03 0.04 0.04 0.04 0.03 0.03 0.03
CR (N) - 0.00 0.00 0.00 0.00 0.00 0.00

CR (O)° - - - - 0.00 0.00 0.00
LP (N) - 0.57 0.09 0.24 - - -
LP,(O)° - - - - 0.73 0.41 0.32
LP,(O0)* - - - - -040  -0.15 -0.14
LP;(O) - - - - 0.07 0.01 0.02
Ocica 7.79 6.77 7.23 7.60 5.56 7.30 791
Oc1-co 7.79 8.47 7.86 7.60 8.46 7.66 791
Ocacs 0.39 0.50 0.41 0.33 0.66 0.25 0.32
0c3.ca -0.12  -0.12  -0.04 -0.04 -0.12 -0.01 -0.09
Ocacs -0.12  -0.12  -0.14 -0.04 -0.13 -0.14  -0.09
0cs.co 0.39 0.45 0.35 0.33 0.41 0.37 0.32
P 18.87 1947 1877 1936 1842 18.86 18.29
ocin 2.30 2.81 2.16 2.32 3.23 2.39 2.26
Ocon 0.40 - 0.46 0.39 - 0.46 0.41
Ocor - -0.02 - - 0.32 - -
Ocan 0.08 0.08 - 0.12 0.07 - 0.12
Oc3R - - -0.06 - - 0.07 -
Ocan 0.05 0.05 0.07 - 0.05 0.08 -
Ocar - - - -0.04 - - 0.05
Ocs.n 0.08 0.08 0.06 0.12 0.06 0.06 0.12
Ocen 0.40 0.37 0.41 0.39 0.40 0.38 0.41
onp’ - -0.18  -0.17  -0.12 - - -
oo’ - - - - -022  -0.11  -0.10

Tno - - - - 029 004  0.04
Yoot 24187 24272 241.04 242,10 24144 24150 241.66

@ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of contributions from two oxigen atoms. ¢ Sum
of three x orbitals. ¢ Sum of oy contributions. / Sum of On.o contributions. ¢ Sum of all NLMO
contributions.
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Table S4: NLMO contributions® to ¢, term of the C1 shielding for R-benzenes.

para

Parent R

CR (C1) 0.01 0.02 0.01 0.01 0.02 0.01 0.01
CR (C2-C6)> -0.94 -0.94 -0.94 -0.85 -1.05 -0.91 -0.82

CR (N) - 001 000 000 -0.01 -0.01  0.00
CR (O - - - - 0.04 003 -0.02
LP (N) - 0.06  -0.63  -0.01 - - -

LP,(O)" - - - - 1.04  -035  -0.42
LP,(0)" - - - - 240 =030 -0.16
LP,(0) - - - - 0.68  -030  -0.22
et -56.14  -52.61  -5836 -50.95 -60.91 -59.07 -54.35
Oerce -56.14  -51.60 -5471 -50.95 -51.11 -4931 -54.35
ey 226 270 205 239 299 243 -2.66
Cency 015 -0.08  -032  -029 005  -033  -027
Cescs 015 000  -037  -029 006 -042  -027
Ocs.cs 226 2202 208 239 -165 216  -2.66
el 344 242 211 188 213 319 421
o 5862 -52.67 -59.10 -58.16 -5547 -6275 -69.69
Corn -3.30 - 334 322 - 299 -3.07
Corn - -2.47 - - -1.35 - -

Corn 048  -0.26 - 042 -0.71 - -0.08
Cern - - -0.32 - - 0.00 -

Cean 034 -036  -0.33 - 039 -0.34 -

Ceun - - - -0.28 - - 0.03
Cosn 048  -0.73 043 042  -059  -030  -0.08
Ceon 330 294 317 322 279 325 3.05
Oxn’ - 162 -0.02  0.06 - - -

ono’ - - - - 027 021 0.6
Txo - - - - 067 026 022
Youf 18799 -17347 -18827 -175.65 -18424 -187.96 -195.96

¢ in ppm. ® Sum of core carbon 2-6 contributions. ¢ Sum of contributions from two oxigen atoms. ¢ Sum
of three z orbitals. ¢ Sum of oy contributions. / Sum of 6y, contributions. ¢ Sum of all NLMO
contributions.
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Table S5: Atomic hybrid contributions (%) of C1 and C2 to the o¢;_c, NLMO for R-benzene.

R

%C1 49.67 48.89 49.17 49.50 48.57 4893 49.56
%C2 49.67 5024 50.04 49.81 50.62 50.14 49.79

Table S6: Atomic hybrid contributions (%) of C1 and C6 to the 6. NLMO for R-benzene.

R

%C1 49.67 50.05 49.81 49.50 50.15 49.79 49.56
%C6 49.67 49.16 4949 49.81 4892 49.56 49.79

Table S7: Atomic hybrid contributions (%) of C1 and H to the 6,y NLMO for R-benzene.

R
H o-NH, m-NH, p-NH, 0-NO, m-NO, p-NO,

%C1 61.07 60.88 6098 6099 6232 61.59 61.46
%H 3795 38.14 38.01 38.02 3656 3740 37.55
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