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Methods

Minimised geometries and molecular surfaces were calculated using Spartan '08 with
DFT/B3LYP/6-311G*, unless otherwise indicated. ionisation energies and electrostatic
potentials are plotted on the 0.002 electrons/bohr? density surface. lonisation energy
surfaces emphasising minima are scaled from the average local ionisation energy
minimum on the molecular surface, Ismin (red) to Is min +0.4 eV (blue) of each molecule.
A step-by-step guide describing how this was done is provided on the following page.
Is meta@nd Is para Values for the plots in Figures 3 and S17 were taken on the 0.002
electrons/bohr® average local ionisation energy surface directly over the centre of the
carbon atoms perpendicular to the plane of the aromatic ring as shown in Figure S1.
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Step-by-step guide for calculating ionisation energy surfaces using Spartan ‘08:

1) Open the ‘Model Kit’ structure drawing tool by selecting ‘New’ from the ‘File’ menu,
and draw a structure of interest. Using benzene as an example, click the "Rings" button
and left click in the drawing window.
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2) Click the ‘Setup’ menu and select ‘Surfaces’ to open the surfaces window.
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3) Click the ‘Add’ button and select ‘ionization’ from the ‘Property’ drop-down menu.
Additionally, electrostatic surfaces can be added by selecting ‘potential’, while the
HOMO and LUMO visualisations are available under the ‘Surface’ drop-down menu.
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4) Select ‘Calculations’ from the ‘Setup’ menu in the main program window. In the
window that opens, select ‘Density Functional’ from the ‘with’ menu, then select the
required functional and basis set. In this work, the B3LYP functional was used with the
6-311G* basis set. Click ‘Submit’ to save and start the calculation.
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5) After the calculation is complete, open the surfaces window by selecting ‘Surfaces’
from the ‘Setup’ menu, and check the box to the left of the ‘density’ ‘ionization’ entry.
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6) To scale the surface appropriately, open the properties window by selecting
‘Properties’ from the Display menu in the main program, and left-click click anywhere on

the surface of the molecule.
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7) The surface can be scaled by changing the values in the ‘Property Range’ boxes. The
procedure used in this work leaves the minimum value unchanged and the maximum
value is adjusted to the min+0.4 eV. The surface can be made transparent by selecting
this option from the ‘Style’ drop-down menu. Furthermore, the model can be changed to
‘Ball and Spoke’ via the ‘Model’ menu in the main program window. To read a value
from a specific point on the surface, place the cursor over that point. The value at the
cursor point is shown on the left of the properties window as “Val: 9.787659” eV in this
example.
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Method Selection:

We quickly established that average local ionisation energy calculations performed using
Density Functional Theory (DFT) successfully rank the relative nucleophilicities of
aromatic carbons and heteroatoms where previously used Hartree-Fock (HF) methods
sometimes fail (Figure S2) > ®%_ Indeed, average local ionisation energies calculated
using DFT have been shown to be theoretically robust ,** and were also employed in the
most detailed assessment of local average ionisation energies prior to the present study
(21 aromatic molecules)?.

Correlations of average local ionisation energy minima calculated using DFT and various
basis sets against experimental reactivity parameters were also found to be better than
corresponding calculations performed using HF (Figures S16-S17).

Is meta
Is para

Figure S1. Example showing the positions on the 0.002 electrons/bohr® average local
ionisation energy surface corresponding to /s meta @nd s para in the example of
trifluoromethyl benzene.
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Figure S2. Experimental reactivity patterns for a range of aromatic substrates and
corresponding average local ionisation energy surfaces at the 0.002 electrons/bohr®
surface calculated using the methods shown. Examples where the calculation correctly
ranks the relative nucleophilicities of different reactive sites are highlighted with a green
background. References for the observed reactivity patterns are given in the captions of
other Supporting Figures.
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Figure S3 (on preceding page). Comparison of surface-encoded ionisation energy
surfaces, electrostatic potentials, HOMO and HOMO-1 lobes of monosubstituted
benzenes in relation to their experimental reactivity in electrophilic aromatic substitution
reactions. Surface-encoded ionisation energies account for the reactivity of
monosubstituted benzenes and the magnitude of these minima correspond with the
relative nucleophilicities of these molecules. There is no obvious link between purely
electrostatic or orbital-based models and the reactive behaviour of this series of
molecules. The ionisation energy surfaces emphasising the relative reactivity of different
molecules in the second row are plotted on a standardised scale from 8.7 eV (red) to 10.7
eV (blue). Electrostatic potentials are scaled from the lowest potential on each aromatic
ring (red) to this value plus 15 kJ mol™ (blue). HOMO and HOMO-1 lobes correspond to
0.032 electrons/bohr®. References for the observed reactivity patterns are given in the
captions of the other Supporting Figures.
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Cationic Phenyl Derivatives
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Figure S4. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is min) at the 0.002 electrons/bohr®
surface for cationic monosubstituted benzenes. Calculations were performed using the
LACVP combination of basis sets where DFT/B3LYP/6-311G* was not supported.
References for the observed reactivity patterns are given below.
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Metalated Aromatics Employed in ipso-Substitution & Cross-Coupling
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Figure S5. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is mi») at the 0.002 electrons/bohr®
surface for phenyl derivatives used in metal-catalysed cross-coupling reactions and ipso-
substitution reactions. Calculations were performed using the LACVP combination of
basis sets where DFT/B3LYP/6-311G* was not supported. References for the observed
reactivity patterns are given below.
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Heterocyclic Derivatives Employed in Coupling Chemistry
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Figure S6. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is min) at the 0.002 electrons/bohr®
surface for heterocycles used in metal-catalysed cross-coupling reactions. Calculations
were performed using the LACVP combination of basis sets where DFT/B3LYP/6-
311G* was not supported. References for the observed reactivity patterns are given

below.
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Multiply-Substituted Benzenes
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Figure S7. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (s, min) at the 0.002 electrons/bohr®
surface for multiply-substituted benzenes. References for the observed reactivity patterns

are given below.
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5-Membered Heterocycles
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Figure S8. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is mi») at the 0.002 electrons/bohr®
surface for 5-membered heterocyclic rings. References for the observed reactivity

patterns are given below.
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Fused 5-Membered Heterocycles
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Figure S9. Experimental reactivity patterns an

OOOO

N-t-Bu-BN-indole
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d corresponding calculated average local

ionisation energy surfaces and minimum values (Is, min) at the 0.002 electrons/bohr®
surface for fused 5-membered heterocycles. References for the observed reactivity

patterns are given below.

Indole
Formylation
Mannich reaction®®’

Halogenation®®

Nitration’’

Oxidation with osmium tetroxide (unfilled
arrow)?®

71, 206

Benzofuran

Nitration”” 210 211

Formylation??
Hydroxyalkylation'"

Addition at carbon (unfilled arrow)*
Benzothiophene

Halogenation?+%’

Nitration'" #° 218

Acetylation?*?

Hydroxyalkylation'"

Addition at carbon (unfilled arrow)?
Addition at sulfur (hashed arrow)'**
Indolisine

Nitrosylation, formylation*

S§20

Acylation?!
Nitration??

Imidazo[1,2-a]pyridine and cation
pK, of conjugate acid = 8.3%%
Bromination*

Chlorination?*

Acylation?®

Nitration?*

Imidazo[1,5-a]pyridine and cation
pK of conjugate acid = 5.5?%
Acylation®®®

Nitration?*’

Pyrazolo[1,5-a]pyridine
pK, of conjugate acid = 1.
Formylation, acylation??®

223
4

N-tert-Bu-BN-Indole
Bromination, Mannich Reaction, Michael
Addition, Deuteriation, Acylation®



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Biphenyl & Naphthalene Derivatives
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Figure S10. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Zs min) at the 0.002 electrons/bohr®
surface for biphenyl and naphthalene derivatives. References for the observed reactivity
patterns are given below.
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Pyridine Derivatives
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Figure S11. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is, min) at the 0.002 electrons/bohr®
surface for pyridine derivatives. References for the observed reactivity patterns are given

below.
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Quinoline Derivatives
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Figure S12.Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is min) at the 0.002 electrons/bohr®
surface for quinoline derivatives. References for the observed reactivity patterns are

given below.
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7-Membered Aromatics
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Figure S13. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (Is, min) at the 0.002 electrons/bohr®
surface for 7-membered aromatics. References for the observed reactivity patterns are

given below.
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Figure S14. Experimental reactivity patterns and corresponding calculated average local
ionisation energy surfaces and minimum values (s, min) at the 0.002 electrons/bohr® surface for
polycyclic aromatics. Values in parentheses refer to the values taken over regions with double-
bond character as discussed in the main text. References for the observed reactivity patterns are

given below.
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Figure S15. HOMOs and HOMO-1 orbitals and energies for theoretically challenging aromatic
molecules calculated using DFT/B3LYP/6-311G*. The locations of the largest HOMO lobes indicate that
the Frontier Molecular Orbital approximation for predicting nucleophilicity fails in many situations.
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Figure S16. Correlations of experimental nucleophilicity parameters, N with average local ionisation

energy minima /s min calculated using the methods indicated at the 0.002 electrons/bohr® surface (Table
S3).
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Figure S17. Correlations of experimental reactivity parameters with average local ionisation energies
calculated using HF/6-311G* at the 0.002 electrons/bohr® surface: (a), Average local ionisation energies
taken over the meta and para positions vs. the corresponding Hammett substituent constants. (b),
Nucleophilicity parameters determined by Mayr and co-workers. (c), Experimental partial rate factors
for a range of electrophilic substitution reactions at different carbon positions in substituted benzenes.
(d), A scale of average local ionisation energies including representative examples. Tables S1-S3
contain the associated data and references. The main text contains a version of this figure plotted using
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Figure S18. Correlation of experimental partial rate factors for (a) bromination, (b) chlorination, and
(c) nitration taken from individual experimental studies vs. average local ionisation minima taken over
each reactive position calculated using DFT/B3LYP/6-311G* at the 0.002 electrons/bohr® surface. Table
S2 contains the associated data and references.
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Figure S19. Correlation of experimental percentage yields (from Figure 4) and those derived from
partial rate factors for a range of electrophilic aromatic substitution reactions (y-axis) vs. those predicted
using the equation given above (x-axis). nj is the number of equivalent aromatic positions j that are
available for substitution, fj is the experimental partial rate factor at each position j (Table S2), m is the
gradient of the graph determined in Figure 3c (m = -21.194), and Is; is the average local ionisation
energy taken over each position j (calculated using B3LYP/6-311G* at the 0.002 electrons/bohr®
surface). Figure 4 in the main text and Table S2 contain the associated data and references. In general,
yields can be predicted with £25% accuracy. The outliers marked with hollow circles correspond to
examples where steric effects have an important influence on the observed product ratios (iodobenzene
and some polymethylbenzenes), which are not taken into account in the ionisation energy model.
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Table S1. Hammett o, and o substituent constants and corresponding calculated average local ionisation
energy values /s meta and s para taken directly over the centre of the carbons in the meta and para positions
when viewed perpendicular to the plane of the ring (as shown in Figure S1). ® Entry numbers refer to
Table | of reference %°.

DFT/B3LYP/6-311G* HF/B3LYP/6-311G*

Entry"  Substituent O % Ismeta/eV  Ispara/ev  lsmeta/eV Isparalev
2 Br 0.39 0.23 9.69 9.61 12.63 12.56
5 Cl 0.37 0.23 9.71 9.60 12.64 12.53
7 SOCI 1.20 111 10.42 10.54 13.24 13.51
15 F 0.34 0.06 9.62 9.41 12.61 12.30
18 SO.F 0.80 0.91 10.38 10.50 13.24 13.52
28 | 0.35 0.18 9.71 9.66 12.62 12.60
31 NO 0.62 0.91 9.98 10.14 12.74 12.93
32 NO. 0.71 0.78 10.13 10.24 13.02 13.26
37 N3 0.37 0.08 9.42 9.41 12.53 12.13
43 H 0.00 0.00 9.25 9.25 12.13 12.13
45 OH 0.12 -0.37 9.32 8.96 12.39 11.84
49 SH 0.25 0.15 9.49 9.27 12.46 12.19
50 B(OH), -0.01 0.12 9.31 9.43 12.17 12.34
51 NH; -0.16 -0.66 9.09 8.62 12.20 11.58
52 NHOH -0.04 -0.34 9.18 8.87 12.21 11.76
53 SO,NH, 0.53 0.60 9.88 9.96 12.76 12.97
59 NHNH, —-0.02 —-0.55 9.21 8.76 12.33 11.68
60 SiHs; 0.05 0.10 9.43 9.48 12.27 12.37
61 CBrs 0.28 0.29 9.79 9.83 12.65 12.71
62 CCIF, 0.42 0.46 9.87 9.91 12.72 12.82
66 CCl; 0.40 0.46 9.86 9.92 12.69 12.79
70 CF; 0.43 0.54 9.83 9.90 12.70 12.83
75 OCF3 0.38 0.35 9.81 9.74 12.73 12.64
76 SOCF; 0.63 0.69 9.99 10.08 12.95 13.11
78 SO,CF3 0.83 0.96 10.33 10.45 13.21 13.53
80 0OSO,CF3 0.56 0.53 9.96 9.91 13.01 12.98
81 SCF3 0.40 0.50 9.83 9.94 12.67 12.86
84 CN 0.56 0.66 10.06 10.10 12.94 13.05
85 NC 0.48 0.49 9.98 9.90 12.83 12.72
89 N=C=0 0.27 0.19 9.69 9.50 12.65 12.40
90 OCN 0.67 0.54 10.05 9.87 13.04 12.78
91 SO,CN 1.10 1.26 10.51 10.64 13.38 13.67
92 N=C=S 0.48 0.38 9.87 9.71 12.98 12.81
93 SCN 0.51 0.52 10.04 10.09 12.89 13.04
94 SeCN 0.61 0.66 10.00 10.08 12.86 13.00
97 C(NO,); 0.72 0.82 10.44 10.52 13.39 13.63
102 OCHCI, 0.38 0.26 9.89 9.79 12.75 12.61
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103 CHF: 0.29 0.32 9.61 9.64 12.52 12.56
104 OCHF; 0.31 0.18 9.72 9.51 12.67 12.54
105 SOCHF; 0.54 0.58 9.95 9.99 12.89 13.03
106 SO,CHF; 0.75 0.86 10.16 10.31 13.03 13.35
107 SCHF; 0.33 0.37 9.78 9.82 12.66 12.78
109 NHSO,CF; 0.44 0.39 9.82 9.69 12.80 12.83
111 NHCN 0.21 0.06 9.72 9.40 12.76 12.28
117 CHO 0.35 0.42 9.78 9.89 12.58 12.75
118 COOCH 0.37 0.45 9.63 9.78 12.47 12.71
119 CHzBr 0.12 0.14 9.57 9.56 12.43 12.41
120 CHCI 0.11 0.12 9.58 9.58 12.44 12.43
121 OCH.CI 0.25 0.08 9.56 9.28 12.61 12.17
122 CHzF 0.12 0.11 9.37 9.32 12.34 12.23
123 OCH:F 0.20 0.02 9.52 9.21 12.56 12.12
124 SCH:F 0.23 0.20 9.73 9.78 12.59 12.70
125 CHal 0.10 0.11 9.59 9.58 12.45 12.40
126 NHCHO 0.19 0.00 9.41 9.21 12.40 12.01
127 CONH; 0.28 0.36 9.58 9.65 12.42 12.60
133 Me —-0.07 -0.17 9.19 9.11 12.09 11.96
139 NHCONH; —-0.03 -0.24 9.25 8.98 12.25 11.84
142 OMe 0.12 -0.27 9.24 8.91 12.28 11.79
143 CH,OH 0.00 0.00 9.52 9.52 12.40 12.40
144 SOMe 0.52 0.49 9.72 9.73 12.64 12.70
147 S(O)OMe 0.50 0.54 9.70 9.76 12.56 12.75
148 SO:;Me 0.60 0.72 10.01 10.10 12.89 13.10
150 0OSO:Me 0.39 0.36 9.57 9.37 12.69 12.39
151 SMe 0.15 0.00 9.49 9.51 12.29 12.37
152 SSMe 0.22 0.13 9.61 9.62 12.49 12.56
154 NHMe -0.21 -0.70 9.04 8.57 12.16 11.48
155 CH:NH; -0.03 -0.11 9.10 9.08 12.02 11.95
158 N(COF), 0.58 0.57 10.00 10.05 12.93 12.98
160 COCFs 0.63 0.80 10.00 10.17 12.80 13.06
161 SCOCF; 0.48 0.46 9.87 9.95 12.72 12.85
162 OCOCF;3 0.56 0.46 9.89 9.81 12.81 12.68
165 CF,CF3 0.47 0.52 9.86 9.94 12.74 12.90
166 OCF,CF3 0.48 0.28 9.78 9.61 12.80 12.50
167 SO,CF.CF3 0.92 1.08 10.33 10.49 13.21 13.55
169 N(CF3). 0.40 0.53 9.91 9.95 12.77 12.89
175 C=CH 0.21 0.23 9.56 9.50 12.43 12.41
176 OCF,CHFCI 0.35 0.28 9.77 9.69 12.68 12.58
177 NHCOCF; 0.30 0.12 9.69 9.52 12.70 12.33
179 OCF,CHF; 0.34 0.25 9.66 9.48 12.66 12.36
180 SCF,CHF; 0.38 0.47 9.74 9.82 12.59 12.76
185 CH2CF3 0.12 0.09 9.51 9.50 12.41 12.42
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186 CH,SOCF; 0.25 0.24 9.65 9.66 12.56 12.59
187 CH,SO,CF; 0.29 0.31 9.77 9.80 12.66 12.74
188 CH,SCF5 0.12 0.15 9.45 9.50 12.41 12.38
189 CH,CN 0.16 0.18 9.67 9.65 12.58 12.55
193 CH=CH, 0.06 -0.04 9.34 9.26 12.23 12.11
198 oxiranyl 0.05 0.03 9.36 9.30 12.23 12.17
199 OCH=CH, 0.21 -0.09 9.46 9.14 12.47 12.01
200 COMe 0.38 0.50 9.61 9.74 12.46 12.61
201 SCOMe 0.39 0.44 9.50 9.51 12.38 12.47
202 OCOMe 0.39 0.31 9.50 9.39 12.43 12.25
203 COOMe 0.37 0.45 9.55 9.66 12.37 12.61
205 SCH=CH, 0.26 0.20 9.53 9.39 12.38 12.41
210 NHCOOMe -0.02 -0.17 9.32 9.03 12.30 11.89
211 NHCOMe 0.21 0.00 9.30 9.09 12.25 11.89
212 CONHMe 0.35 0.36 9.50 9.57 12.44 12.54
214 CH,CONH, 0.06 0.07 9.59 9.54 12.54 12.47
219 Et -0.07 -0.15 9.20 9.12 12.11 11.97
221 OCH,CH; 0.10 -0.24 9.21 8.88 12.27 11.80
222 CH(OH)Me 0.08 -0.07 9.34 9.29 12.21 12.14
223 CH,OMe 0.08 0.01 9.30 9.25 12.17 12.13
224 SO,Et 0.66 0.77 9.98 10.08 12.85 13.08
225 SEt 0.18 0.03 9.48 9.50 12.34 12.43
230 NHEt -0.24 -0.61 9.03 8.55 12.13 11.50
231 N(Me), -0.16 -0.83 8.99 8.54 12.10 11.43
236 N=NNMe2 -0.05 -0.03 9.13 8.96 12.13 11.96
239 PO(OMe), 0.42 0.53 9.60 9.73 12.44 12.65
250 C=CF; 0.41 0.51 9.94 9.95 12.80 12.83
251 CF=CFCFst 0.39 0.46 9.88 9.89 12.73 12.84
253 CF,CF,CF; 0.44 0.48 9.88 9.97 12.75 12.92
254 CF(CFa). 0.37 0.53 9.85 9.091 12.75 12.88
255 SO,CF,CF5 0.92 1.09 10.33 10.48 13.21 13.57
256  SO,CF(CFs), 0.92 1.10 10.33 10.48 13.19 13.55
257 SCF,CF,CF; 0.45 0.48 9.87 9.94 12.72 12.90
258 SCF(CFs) 0.48 0.51 9.88 9.95 12.70 12.89
262 CH(CN), 0.53 0.52 9.99 9.99 12.91 12.92
263  CHC=HCFs—c 0.16 0.17 9.61 9.63 12.43 12.43
264 CH=HCF4t 0.24 0.27 9.74 9.71 12.59 12.55
266 CH=HCN-t 0.24 0.17 9.91 9.90 12.77 12.75
267 C=CMe 0.21 0.03 9.25 9.13 12.14 11.97
268  N(Me)COCF; 0.41 0.39 9.81 9.82 12.68 12.72
269 CH=CHCHO 0.24 0.13 9.80 9.80 12.62 12.60
270 cyclopropyl -0.07 -0.21 9.20 9.16 12.07 12.02
272 CH=CHCH; 0.02 -0.09 9.26 9.14 12.14 11.98
276 COEt 0.38 0.48 9.53 9.65 12.35 12.59
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277 COOEt 0.37 0.45 9.60 9.71 12.42 12.60
278 CH,OCOMe 0.04 0.05 9.46 9.47 12.34 12.30
288 isopropyl -0.04 -0.15 9.18 9.12 12.06 11.95
294 OCH,CH,CHjs 0.10 -0.25 9.20 8.87 12.29 11.76
307 SiMes —-0.04 -0.07 9.24 9.28 12.10 12.17
317 C(CF3)s 0.55 0.55 9.85 9.94 12.76 12.94
346 COCHMe; 0.38 0.47 9.61 9.72 12.41 12.60
348 NHCOCH(Me); 0.11 -0.10 9.35 9.09 12.30 11.91
352 (CH2)sCH3 —-0.08 -0.16 9.18 9.11 12.09 11.96
360 N(Et). —-0.23 -0.72 8.96 8.44 12.09 11.31
434 N(CsHv)2 —-0.26 -0.93 8.97 8.47 12.07 11.36
504 N(C¢Hs)2 0.00 -0.22 9.31 9.10 12.23 11.93
527 Si(CeHs)3 —-0.03 0.10 9.25 9.33 12.08 12.21
529 C(C¢Hs)3 -0.01 0.02 9.20 9.18 12.10 12.07
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Table S2. Experimental partial rate factors for electrophilic substitution in different positions of
aromatic substrates and their corresponding average local ionisation energies, /s j. Average local
ionisation energies were calculated using the methods indicated at the 0.002 electrons/bohr® surface (as
shown in Figure S1). % yields were calculated from DFT ionisation energies using the equations given

in Figure S19. Predicted % yields are and are associated with an error of up to £25% (Figure S19).
21,44, 74, 322, 323.

Experimental partial rate factors are taken from references

S38

Ave. Local lonisation
Energy, Is; leV In (experimental partial rate factor), In(f;)
(predicted % yields) (corresponding % yields where all partial rates known)
E & * b)) c = c c
s z9 s S g . S e 5 2 8
Compound = @ s o i S & 2 = o K
g 5é @ £ 5 g - -
° & 5 2 8 8 ©§ £
Benzene 1 9.25(100%) 12.12 0.0 (100%) 0.0 (100%) 0.0 (100%) 0.0 (100%) 0.0 0.0 0.0 0.0
Toluene 2 9.07(70%)  11.94 6.40 (68%) 6.40 (60%)
3 9.18 (7%) 12.10 1.70 (1%) 1.59 (0%) 0.74 0.67 0.39 0.81 1.57
4 9.09 (23%) 11.98 7.78 (31%) 6.70 (40%) 3.89 3.21 1.75 3.15 6.61
1,2-dimethylbenzene 3 9.02 (60%) 11.91 8.06 (20%) 7.9 (43%)
4 9.04 (40%) 11.94 9.44 (80%) 8.2 (57%)
1,3-dimethylbenzene 2 8.91 (48%) 11.78 12.66 12.6
4 8.94 (51%) 11.78 14.05 12.9
5 9.13 (0%) 12.07
1,4-dimethylbenzene 2 9.03(100%) 11.92 8.29 (100%) 8.0 (100%)
1,2,3-trimethylbenzene 4  8.88 (95%) 11.76 15.43 (100%)
5 8.99 (5%) 11.91 10.82 (0%)
1,2,4-trimethylbenzene 3 8.86 (52%) 11.76 14.51 (20%)
5 8.87 (42%) 11.75 15.89 (80%)
6 8.97 (5%) 11.88 9.67 (0%)
1,3,5-trimethylbenezene 2 877 (100%) 11.60 19.8 (100%)  17.9 (100%)
1,2,3,4-tetramethylbenzene 5 8.83 (100%) 11.72 17.27(100%)
1,2,3,5-tetramethylbenzene 4 8.73 (100%) 11.60 20.95 (100%)
1,2,4,5-tetramethylbenzene 3 8.82 (100%) 11.73 15.89 (100%) 15.4 (100%)
Pentamethylbenzene 6 8.67(100%) 11.53 22.34 (100%) 20.5 (100%)
Nitrobenzene 2 10.31 (3%) 13.41 -18.3 (6%)
3 10.14 (92%) 13.03 ~15.6 (92%)
4 10.24 (6%)  13.26 -18.7 (2%)
t-Butylbenzene 2 9.08 (66%) 11.91
3 9.16 (17%) 12.03 1.80 1.68 1.34 0.62 1.22 2.56
4 9.12 (17%) 11.95 6.70 5.99 4.05 2.67 2.86 6.49
Chlorobenzene 2 9.66 (28%) 12.66 -1.4 (33%)
3 9.71 (10%) 12.65 -7.09 -8.11 -7.09 -5.4 (1%) 2_17 -4.17 -2.28 -7.48
4 9.59 (62%) 12.53 -1.93 -0.97 -2.05 0.0 (67%) 1_20 -0.62 -1.01 -2.07
Bromobenzene 2 9.65 (31%) 12.70 -1.7 (33%)
3 9.69(13%)  12.64 -6.93 -1.24 -6.90 -5.6 (1%) 117 424 244 755
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Fluorobenzene

lodobenzene

A W N b

9.59 (56%)
9.47 (23%)
9.60 (1%)

9.38 (76%)
9.71 (26%)
9.71 (26%)
9.65 (47%)

12.56
12.47
12.61
12.31
12.73
12.64
12.60

-2.79

1.52

1.47

-2.30

-2.28

-0.25

-0.3 (67%)
~1.6 (14%)
5.9 (0%)
0.9 (86%)
~1.4 (31%)
5.1 (1%)
0.1 (69%)

1.57 -1.57
368 -0.83
0.76  -0.30

-1.31

1.08

-2.49

0.41
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Table S3.Experimental nucleophilicity parameters, N and corresponding average local ionisation energy
minima /s min taken nearest to the carbons marked with arrows. Average local ionisation energies were
calculated with the methods indicated and taken at the 0.002 electrons/bohr® surface. This data is plotted
graphically in Figures 3, S16 and S17. ®n.s. denotes entries with atoms not supported by a particular basis

set.
2
Sz -~ - - -~ — — —
= S 18 |8 I 5| Ey|E | 4 5 | 3
c o * (O]
Structure S5 - é* c"':z c_'I’ZD 56 39 = 1 0_"70_ g (% é
o £ o oo | @ | 0% 0 |0 | | @> ; o
S S > = o = o = o (R o = o = O © © 2
= o L @ L o L o L L @ L ™ L < [ [ Q
Z a n [aly?e) 0o 0o [al] [N [a N [a | T T x
Me
-4.47 | DCM 9.02 | 9.06 9.01 9.07 8.98 8.97 9.02 11.94 11.94 324
Me
“@ —354 | DCM 8.86 8.88 8.82 8.92 8.78 8.77 8.84 11.76 11.75 324
Me
OMe
~ 2.48 DCM 8.55 8.57 8.58 8.55 8.53 8.53 8.63 11.47 11.42 324
OMe
OMe
~ 0.13 DCM 8.71 8.73 8.68 8.72 8.64 8.64 8.75 11.59 11.57 324
Me
6.66 ACN 8.34 | 837 8.32 8.38 8.29 8.28 8.28 10.93 10.93 32
A
OMe
© -1.18 | DCM 8.86 8.89 8.87 8.88 8.83 8.82 8.91 11.78 11.75 826
/ \ 324
Me@q. 1.26 DCM 871 | 873 8.65 8.77 8.60 | 8.59 8.74 11.81 11.83
v 361 |DCM |[836 |839 |837 |844 |838 |838 |852 |1130 |[1132 | ¥
[e)
[/ >\ - 324
N 5.85 DCM 7.83 | 7.87 7.87 7.89 786 | 7.86 7.80 10.74 10.72
Me
U ) g 1.36 DCM | 855 |859 |86l |865 |864 |863 |876 |11.48 11.52 2
(o)
Me
ﬂh 10.67 | ACN 7.68 7.70 7.65 7.68 7.63 7.63 7.61 10.57 10.50 825
Me N
N
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v
Me/@w,e 8.69 ACN | 766 |768 |760 |770 |759 |759 |7.60 | 10.53 10.52 %5
N
Me
v
e N 801 |ACN |767 |770 |760 |771 |7.67 |766 |763 |1057 |1055 |
Me ” Me
Me
Me
T 1163 |ACN | 768 |770 |760 |768 |759 |7.60 |760 |10.56 10.48 %5
Me N -
H
‘ OMe
aa 6.22 DCM | 805 |808 |805 |807 |805 |805 |804 |10097 10.95 s
N
(/\/\© 5.55 DCM |814 |818 |815 |818 |816 |816 |[810 | 1101 11.00 s
N
(/\/IQ 575 | DCM |812 |815 |814 |816 |807 |807 |805 |10.98 1097 | ¥
N
we
Me:,Sim 2.16 DCM |[833 |835 |847 |848 |851 |850 |844 |11.16 11.24 s
O
v COOH 3.97 ACN | 850 |853 |[847 |[853 |853 |853 |850 |11.36 11.33 2
7]
N
H
‘ OMe
Me—< | 7.26 ACN |793 |795 |791 |796 |78 |789 |7.90 |10.82 10.82 s
N
H
‘ Me
Me%j@/ 7.22 ACN | 791 |793 |78 |795 |78 |789 |78 |10.78 10.79 Nl
N
Me’(/j@ 6.91 ACN 7.97 | 7.99 7.96 8.01 7.97 796 | 7.91 10.83 10.84 s
N
Y c
Mew 6.08 ACN 830 |830 |827 |83 |825 |[825 |831 |11.18 11.19 1
N
‘ MeO
/] 5.41 ACN | 800 |804 |[802 |803 |803 |802 |7.96 |1087 10.84 Nl
N
H
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7] o 3.87 ACN 8.37 | 841 8.38 8.41 839 | 8.39 8.40 11.23 11.21 821
N N/
H
‘ CN
7] 2.83 ACN 8.76 8.80 8.76 8.80 8.78 8.78 8.71 11.63 11.62 827
N
‘ Br
(/\/]@ 4.38 ACN 8.44 | 8.46 8.44 8.49 8.44 8.44 8.46 11.36 11.33 821
N
‘ Cl
(/\/|©/ 4.42 ACN 8.44 | 8.47 8.42 8.48 842 | 842 8.46 11.33 11.32 821
B
‘ 326
EtSSi@ 2.20 DCM 8.36 | 8.38 8.52 8.50 852 | 851 8.45 11.20 11.25
Bu35i\/o\ 2.37 DCM 8.40 8.42 8.51 8.49 8.53 8.52 8.53 11.21 11.25 326
U\ g -101 |DCM |88 |889 |883 |[892 |880 |879 |892 |11.97 12.00 326
S
MesSi)@ -080 | DCM |865 |867 |872 |879 |875 |874 |888 |11.65 11.70 e
BUSSH;Q 3.63 DCM ’n.s. n.s. n.s. n.s. n.s. 8.62 n.s. n.s. n.s. 326
5 )@ 1.53 DCM | ns. n.s. n.s. n.s. n.s. 8.85 | ns. n.s. n.s. 326
usSn s
a[/,&\ 4.63 DCM | 7.88 |793 |797 |793 |798 |798 |7.88 |10.81 10.77 =
N
Y
me— | 6.54 DCM 7.95 7.97 7.90 8.00 7.88 7.88 7.87 10.80 10.82 821
N
M
‘ OH
7] 644 | ACN |810 |814 |813 |[814 |814 |813 |813 | 1104 11.02 =
N
‘ Me
(/j@/ 6.00 ACN 8.08 | 812 8.07 8.12 8.07 8.08 8.04 10.97 10.96 821
N
‘ NH;
(/j@/ 7.22 ACN 7.95 7.97 7.96 7.96 7.97 7.97 7.80 10.90 10.88 821
N
H
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