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Computational procedure

Calculations and analyses were carried out for 2-iodophenol at two conformations (¢ = 0° and 180°) and
2,6-bis(4-ethynyl-3-iodo-N-methylpyridinium)-4-fluoroaniline in the bidentate conformation (G2XBme?*-
bidentate according to the notation in Refs. S1 and S2), whose structures are shown in Fig. S1. The coordinate
system was defined so that (1) for 2-iodophenol, the iodine atom was placed at the origin, the C-1 bond was
taken along the z axis (C on the —z side), and the molecular plane was placed on the yz plane, and (2) for
G2XBme?*-bidentate, the nitrogen atom of the amino group was placed at the origin, the N...F direction was
taken along the y axis (F on the +y side), and the H...H direction in the amino group was taken parallel to the
z axis. For both molecules, the structure was optimized, and then the electron density and the electrostatic
properties were calculated, with the ®B97XD functional>*3* of the density functional theory (DFT) and the
def2SVP basis set3>5¢ using the Gaussian 09 program,®’ followed by the analyses carried out with our original
programs. By using the def2SVP basis set, the relativistic effect is taken into account with the effective core
potential for the iodine atom. Additional calculations were also conducted for some related molecules as

described below.

The electron density p)(r) was calculated at the evaluation points r taken in a rectangular box of 10.0 x
15.3 x 15.6 A3 for 2-iodophenol and 11.8 x 18.2 x 28.6 A for G2XBme?*-bidentate (determined so that each
boundary of the box is at least 5 A from any atom in the molecule), with the interval of 0.02 A. Then, the
analyses were carried out in the following two ways. First, to clearly see the anisotropic nature of the
distribution of the valence electrons on the I atom(s), the electron density calculated for the iodide ion (I7),
which is spherically isotropic, was subtracted from that of each molecule, superimposing the location(s) of
the T atom(s), following the procedure developed in the previous studies.5®S° Second, to see the changes in
the electronic structural properties induced by the presence of the nearby hydrogen-bond donating group, the
electron density difference was calculated between 2-iodophenol and iodobenzene, and between G2XBme?*-
bidentate and 1,3-bis(4-ethynyl-3-iodo-N-methylpyridinium)-benzene (G1XBme?**-bidentate according to
the notation in Refs. S1 and S2). In this case, only the structural parameters related to the substituted atoms
(the hydrogen atom substituting the hydroxyl group in 2-iodophenol, and the hydrogen atoms substituting
the amino group and the fluorine atom in G2XBme?*-bidentate) were optimized with the locations of the

other atoms being fixed.

In addition to these, the first type of calculations was carried out for iodobenzene to check the anisotropy
of the electron density on the I atom in the absence of the OH group, and the second type of calculations was
carried out for nitrobenzene and benzonitrile to compare the effects of the nature of the functional group

attached to the benzene ring on the electron density changes.

For 2-iodophenol, whose structure is simple enough to analyze the electrostatic properties, the
electrostatic potential around the molecule was calculated, and was fitted by atomistic models to see the
contributions of different parts in the molecule to the electrostatic potential. The evaluation points of the

electrostatic potential were taken, similar to the previous studies,3®5!%S!! with the interval of 0.4 A in a
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rectangular box of 20 x 24 x 30 A3, with the molecule being placed at the center, but the points within 1.6 A
from hydrogen atoms or within 2.8 A from any other atoms of the molecule were excluded. Then, the
following three models developed in the previous studies®®S were tried: (1) the charge-only model, where
electric partial charges are placed only on the atomic sites, (2) the quadrupole model, where an electric
quadrupole is placed on the I atom in addition to the electric partial charges on all the atoms, and (3) the
extra-point model, where an electric partial charge is placed at the extra point located close to the I atom in
addition to the electric partial charges on all the atoms. In this extra-point model, the minimum of the electron
density difference of the first type, [ (r)] = [ V) Imolecute — [F"(F)Jiodide, ON the z > 0 side was taken as
the location of the extra point. It is found that this location (z = 1.04 A) is the same among the two
conformations of 2-iodophenol [shown in Fig. 1a and b in the main text] and iodobenzene (shown in Fig. S2).

The parameters of these models derived from the fitting are shown in Table S1.

As shown in Fig. 2a and b in the main text, the electrostatic potential along the z axis is best reproduced
with the extra-point model. As a result, based on this model, the contributions to the electrostatic potential
was examined by decomposing the molecule into the following three parts: (i) the (C)-L...EP part, with the
full electric partial charges on the I atom and the extra point (EP), and the neutralizing electric charge on the
C, atom, (ii) the (C)—O—H part, with the full electric partial charges on the OH group and the neutralizing
electric charge on the C; atom, and (iii) the rest of the molecule, with the full electric partial charges on the
Cs, C4, Cs, and Cg atoms and the hydrogen atoms bonded to these, and the residual electric charges on the C;

and C; atoms.
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Supplementary Figures

(@)

Fig. S1. Structures of (a) 2-iodophenol at ¢ = 0°, (b) 2-iodophenol at ¢ = 180°, and
(c) G2XBme?*-bidentate.
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Fig. S2. Two-dimensional contour plot of Idx A PN(r)] [i.e., integration along the x axis of pV(r)
calculated in three dimensions r = (x, y, z)] calculated at the ®B97XD/def2SVP level for the electron
density difference taken between iodobenzene (CsHsl) and the iodide ion (I), i.e., J(r)] =

[°V(F) Tiodobenzene — [/°"(F)Jiodide. The contours in the two-dimensional plot are drawn with the interval of
0.36 x 10”2 a¢? in the range from —9 x 102 a¢% to 9 x 102 ay2, with the color code shown on the left-hand
side. (Note that the plot is saturated in the spatial region of the benzene ring because the electron density

difference is taken with the iodide ion.) The atomic positions are indicated with black filled circles.
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Fig. S3. Two-dimensional contour plots of j dx J p)(r)] calculated at the ®B97XD/def2SVP level for the
electron density difference taken between (a) nitrobenzene and benzene, i.e., [ FV(r)] = [0V(r)Initrobenzenc —
[/°V(F)Jbenzene, and (b) benzonitrile and benzene, i.e., JFV(r)] = [FV(F)Jvenzonitrite — [0°V(F)]benzene. The
contours in the two-dimensional plots are drawn with the interval of 0.72 x 10 a¢? in the range from —18 x
1073 aop® to 18 x 107 @y, with the color code shown on the left-hand side. (Note that each plot is saturated
in the spatial region of the nitro or nitrile group because the electron density difference is taken with the

benzene molecule.) The atomic positions are indicated with black filled circles.
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Supplementary Table

Table S1. The electric partial charges and quadrupole moment obtained from the fitting to the electrostatic potential around 2-iodophenol at two conformations

(@=0°and 180°).

p=0° @=180°
property atom®  charge-only model quadrupole model extra-point model charge-only model quadrupole model extra-point model
partial charge /e  Ci 1.1880 0.2331 0.1856 1.3688 0.2566 0.2115
C: -1.1926 —0.0159 0.2487 —-1.2407 0.0591 0.3389
Cs 0.8245 -0.1752 —0.2241 0.8763 -0.2172 —0.2637
Cq —0.7929 —0.2439 -0.2575 —0.7955 —0.1697 —0.1865
Cs 0.4319 —0.0440 —0.0494 0.4445 —0.1051 -0.1110
Cs —0.8291 —0.2513 —0.2652 -0.9912 —0.3154 -0.3310
1 0.1343 —0.0572 -0.5176 0.1397 —0.0703 —0.5711
o —0.5836 —0.4442 —0.4313 —0.6999 —0.4662 —0.4563
H(OH) 0.3231 0.3566 0.3550 0.4195 0.4010 0.4015
H(Cs) —0.0307 0.1874 0.2003 —0.0613 0.1717 0.1843
H(Cy) 0.2261 0.1595 0.1667 0.2250 0.1465 0.1544
H(Cs) 0.0599 0.1259 0.1303 0.0693 0.1458 0.1506
H(Cs) 0.2409 0.1692 0.1760 0.2455 0.1632 0.1708
extra point” 0.2827 0.3075
quadrupole / ea¢> 1 2.5049 2.7312

“ The carbon atoms are numbered according to the [IUPAC nomenclature.
b Located atz=1.04 A.
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