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S1. NMR Spectra
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Figure S1. 3,3',5,5'-Tetrachloro-1,4-dihydro-4,4'-bipyridine (12).
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Figure S2. 3,3',5,5"-Tetrachloro-[4,4-bipyridine] 1-oxide (13).
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Figure S3. 3,3',5,5"-Tetrachloro-[4,4'-bipyridine] 1,1’-dioxide (14).
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Figure S4. 2-Bromo-3,3',5,5'-tetrachloro-4,4'-bipyridine (15).
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Figure S5. 3,3',5,5'-Tetrachloro-[4,4 -bipyridine]-2-carbonitrile (16).
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Figure S6. 2-Bromo-3,3',5,5'-tetrachloro-[4,4"-bipyridine] 1-oxide (17).
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Figure S7. 3,3',5,5'-Tetrachloro-2'-cyano-[4,4'-bipyridine] 1-oxide (18).
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Figure S8. 2-Bromo-2,3,3',5,5'-pentachloro-4,4'-bipyridine (19).



Compounds 2020, 2

p9-9-210302.20.fid @ 0
@ &
|

T T
55 5.0
f1 (ppm)

[ |

T T
10.0 9.5 9.0

p9-9-210302.10.fid

_-135.07
~132.39
129.88
113.93

-
\

1129.66

PRARI0963 1050
£% 5

14208
14122
13507
13239
129.08
129.66
1393

3 m 18
1 (ppm)

19 47 43141 1% 137 135

|t | |

A

65000

- 60000

I 55000

I 50000

45000

40000

35000

I 30000

I 25000

|- 20000

15000

- 10000

5000

I--5000

1500

1400

1300

1200

1100

1000

900

- 800

700

600

500

400

300

200

100

T T T T T T T T T
200 190 180 170 160 150 140 130 120 110

L e L s B B L S B e B
100 90
1 (ppm)

Figure S9. 2,3,3',5,5'-Pentachloro-[4,4'-bipyridine]-2-carbonitrile (20).
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Figure S10. 3,3',5,5'-Tetrachloro-2’-iodo-[4,4'-bipyridine] 1-oxide (21).
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Figure S11. 2,3,3',5,5'-Pentachloro-2’-iodo-4,4'-bipyridine (22).
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Figure S12. 2’-Bromo-3,3',5,5'-tetrachloro-[4,4'-bipyridine]-2-carbonitrile (23).
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Figure S13. 2-Bromo-3,3',5,5'-tetrachloro-2’-iodo-4,4"-bipyridine (24).
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Figure S15. 2-Bromo-3,3',5,5'-tetrachloro-2’-phenyl-4,4'-bipyridine (26).
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S2. X-Ray Diffraction

Table S1. Intermolecular interaction energies (kJ/mol) in the packing of solid state structure of 24. R

is the distance between molecular centroids (mean atomic position) in A.

20

Entry Sym. op. R E_ele E_pol E_dis E_rep E_tot
1 2-x, 1=y, 1-z 7.82 -22.6 -1.2 -37.1 28.0 -32.9
2 X, —y+3/2, z-1/2 6.82 -19.3 -0.4 -36.9 30.2 -26.6
3 1+x, —y+3/2, z+1/2 9.21 -18.6 -1.6 -21.3 18.5 -23.0
4 1-x, 1-y, 1-z 5.96 259 -0.3 -31.6 36.1 -21.8
5 -1+x,y,z 7.93 -5.8 0.4 -15.7 11.1 -10.8
6 1-x, y+1/2, —=z+1/2 8.10 0.3 -0.3 -9.6 4.9 -4.5
7 -1+x, y, —1+z 12.08 -11.9 -0.4 -6.1 16.5 -1.9

Table S2. Intermolecular interaction energies (kJ/mol) in the packing of solid state structure of 18.

Largest differences between 18 and 13 are highlighted in bold. R is the distance between molecular

centroids (mean atomic position) in A.

Entry Sym. op. R E_ele E_pol E_dis E_rep E_tot
1 1-x, 1~y, —z 9.87 -44.2 -6.8 -12.8 28.1 -35.7
2 2-x,1-y,1-z 8.37 -29.2 -3.7 -27.2 29.0 -31.0
3 1-x, 1-y,1-z 7.04 -20.5 -2.8 -24.9 22,7 -25.5
4 1+x, —y+3/2, z+1/2 10.15 -21.4 -2.3 -8.8 7.8 -24.7
5 X, ~y+3/2, z-1/2 7.52 -15.7 -2.0 224 19.5 -20.6
6 1-x, y+1/2, —z+1/2 6.52 -13.0 -1.2 -27.5 21.4 -20.3
7 -1+x,y,z 7.27 -1.8 -0.6 -13.4 7.8 -8.0
8 2-x, y+1/2, ~z+1/2 8.33 -1.9 -0.3 -6.2 6.5 -1.9
9 2-x, 2=y, 1-z 11.01 24 -0.3 -1.8 0.1 04

Table S3. Intermolecular interaction energies (kJ/mol) in the packing of solid state structure of 13

Largest differences between 18 and 13 are highlighted in bold. R is the distance between molecular

centroids (mean atomic position) in A.

Entry Sym. op. R E_ele E_pol E_dis E_rep E_tot
1 1-x, 1-y, —z 9.39 -54.1 -8.2 -12.7 37.9 -37.2
2 2-x, 1-y,1-z 7.93 -2.4 -0.3 -17.9 9.3 -11.3
3 1-x, 1-y,1-z 6.88 -9.0 -0.1 -18.6 15.4 -12.3
4 1+x, -y+3/2, z+1/2 9.66 -26.0 -3.4 -10.6 16.1 -23.9
5 X, ~y+3/2, z-1/2 7.38 -9.4 -1.3 -18.5 12.8 -16.4
6 1-x, y+1/2, -z+1/2 6.23 -19.4 -1.0 -27.7 24.4 -23.7
7 -1+, y, z 7.27 -3.7 -0.2 -12.3 6.3 -9.9
8 2-x, y+1/2, —z+1/2 8.26 4.2 -0.1 -5.7 8.3 -1.6
9 2-x,2-y, 1-z 10.66 1.7 -0.1 -2.4 0.2 -0.7
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Figure S19. Packing in the solid-state structure of 24. Interaction between x,y,z, and 2-x, 1-y, 1-z
molecules. Representative distance is given in A. Only the major component disorder is shown.

Figure S20. Packing in the solid-state structure of 24. Interaction between x,y,z, and x, -y+3/2, z-1/2
molecules. Representative distance is given in A. Only the major component disorder is shown.

Figure S21. Packing in the solid-state structure of 24. Interaction between x,y,z, and 1+x, ~y+3/2, z+1/2
molecules. Representative distance is given in A. Only the major component disorder is shown.

Figure S22. Superimposition of the molecular environment about a central molecule (displayed as
ball and sticks) showing the isostructural relationship between 18 (colored as atom type) and 13 (light

gray).

21
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Figure S23. Focus on the region centered on ~CN group in 18, showing the largest differences between
18 (colored as atom type) and 13 (light gray) crystal structures.

Figure S24. Packing in the solid-state structure of 18. Interaction between x,y,z, and 2-x, 1-y, 1-z
molecules. Representative distances are given in A.

Figure S25. Packing in the solid-state structure of 13. Interaction between x,y,z, and 2-x, 1-y,1-z
molecules. Representative distance is given in A.
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Figure S26. Packing in the solid-state structure of 18. Interaction between x,y,z, and 1-x, 1-y,1-z
molecules. Representative distances are given in A.

Figure S27. Packing in the solid-state structure of 13. Interaction between x,y,z, and 1+x, -y+3/2, z+1/2
molecules. Representative distances are given in A.

013
3152 -

CI3 C5
c9

Figure S28. Packing in the solid-state structure of 18. Interaction between x,y,z, and x, -y+3/2, z-1/2
molecules. Representative distances are given in A.
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Figure S29. Packing in the solid-state structure of 13. Interaction between x,y,z, and x, -y+3/2, z-1/2
molecules. Representative distances are given in A.

Figure S30. Packing in the solid-state structure of 13. Interaction between x,y,z, and 1-x, y+1/2, -z+1/2
molecules. Representative distances are given in A.

S3 Theoretical Calculations

Table S4. Electrostatic potential maxima (Vsmaxy kcal/mol) on the molecular surface p = 0.002 a.u. of

24.
Atomic Site V's,max
I1 32.54
Hi12 32.08
Hé6 31.87
Cl4/C12/C13/Cl1 23.38/23.35/23.00/22.92
Brl 22.69
nt-holes (Brl/BrH/IBr/IH) a 21.89/21.84/21.39/21.37

2 rt-holes XY are identified as belonging to the pyridine ring bearing X halogen, on the side of Y atom
of the second pyridine ring.
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Figure S31. Electrostatic potential mapped on the p = 0.002 a.u. electron density isosurface of 13.
Coloring from red =-0.05 a.u. to blue = +0.05 a.u.

Figure S32. Electrostatic potential mapped on the p = 0.002 a.u. electron density isosurface of 18.
Coloring from red = -0.05 a.u. to blue = +0.05 a.u.
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+0.15

Figure S33. Integrated Bader atomic charges for isolated 24 molecule.
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«
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Figure S34. Integrated Bader atomic charges for isolated 13 molecule.

-1.14

Figure S35. Integrated Bader atomic charges for isolated 18 molecule.

Study of the Type-II Hal---Hal Interactions in 24

The four molecules (x,y,z; —-1+x,y,~1+z; —x,1-y,~z; 1-x,1-y,1-z) forming a cyclic four membered
ring of type-II Hal--hal interactions (Figure S18) were extracted from the crystal structure of 24. All
possible configurations corresponding to positions of I and Br were constructed with Hall-4=I or Br
and HalX’ being Br if HalX=I and conversely. For each generated tertramer the position of iodine,
bromine and hydrogen atoms were optimized (B3LYP-D3, Def2TZVPP) while keeping the carbon,
nitrogen and chlorine atoms frozen; the resulting final relative energies are listed in Table S5.
Boltzmann populations (T = 293 K) were then deduced for each configuration, and population for
each HalX = 1-4 site obtained by proper summations. The fractional iodine occupations obtained are:
Hall = 0.60; Hal2 = 0.25; Hal3 = 0.60; Hal4 = 0.25 (fractional bromine occupations are complementary
to 1.00).

Hal1’

Hal4’

Figure S36. Tertamer extracted from the experimental structure of 24 and used for the modeling of
I/Br substation disorder. HalX/HalX" are I/Br or Br/L
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Table S5. Type-II hal--hal bonds four membered ring tetramer relative energies. Hall-2-3-4
numbering corresponds to Figure S18.

Hal1-2-3-4 AE (kJ/mol)
IBrIBr 0.00
BrBrIBr 2.10
IBrBrBr 2.11
BrBrBrBr 3.98
BrBrll 4.21
IIBrBr 4.23
BrIBrBr 4.54
BrBrBrl 4.55
[IIBr 4.56
IBrII 4.57
BrIBrl 4.80
BrlIBr 5.19
IBrBrl 5.21
BrllI 7.08
IIBrI 7.08
III1 8.92

From the single crystal X-ray structure determination a fractional occupancy of 0.7441(13) is

obtained for iodine on sites Hall and Hal3 (related by the inversion center), and of 0.2559(13) on sites
Hal2 and Hal4 (complementary values for bromine atom). The fact that for the tetramer calculations
the populations for iodine (or bromine) on sites Hall (resp. Hal3) and Hal2 (resp. Hal4) are not
complementary comes from the fact that no translational symmetry is imposed during these
calculations (e.g. x,y,z and —1+x,y,~1+z), contrarily to what is done during the experimental X-ray
structure refinement. The global iodine population average over all sites ((0.60+(1-0.25))/2 = 0.675) is
close to the experimentally obtained population (0.7441(13)).
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