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1. General section:

Reactions were carried out in dry glassware and under inert atmosphere of purified argon or nitrogen
using Schlenk techniques. CH,Cl, and THF were used directly from a solvent purification system MB
SPS-800. Dried deuterated solvents were dried over molecular sieves. 2-bromo-3-(4,4,5,5-tetramethyl-
1,3,2-dioxaborolan-2-yl)pyridine and 1,2,4,5-tetrafluoro-3,6-diiodobenzene were prepared according to
protocols described by others.S'*® Compounds 1 and 2, 3-(8-bromonaphthalen-1-yl)pyridine and 4-(8-

bromonaphthalen-1-yl)pyridine were synthesized according to our previously reported protocols.>'

NMR: 'H, °C, and*'P NMR as well as COSY spectra were recorded on a Bruker Avance III, Bruker
Avance 400, Bruker Avance-III-300, Bruker Avance DRX-300, Bruker Avance 500 or Bruker Avance
600. Chemical shifts are expressed as parts per million (ppm, 6) and referenced to external 85% H3POs
(*'P), or solvent signals ("H / '*C): CDCl; (7.27 / 77.16 ppm) as internal standards. Signal descriptions
include: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet and br = broad. All coupling

constants are absolute values and J values are expressed in Hertz (Hz).

Mass spectrometry: MS and HRMS were measured at the Institute of Organic Chemistry of the
University of Heidelberg. A Bruker ApexQe FT-ICR was used for ESI spectra and a JEOL JMS-700 MS
for EI'. GCMS was performed with a GC system 7890a from Agilent Technologies.

X-Ray crystallography: X-ray crystal structure analyses were measured on Bruker Smart CCD or
Bruker Smart APEX instrument using Mo-Ka radiation. Diffraction intensities were corrected for
Lorentz and polarization effects. An empirical absorption correction was applied using SADABS®*
based on the Laue symmetry of reciprocal space. Heavy atom diffractions were solved by direct methods
and refined against F2 with the full matrix least square algorithm. Hydrogen atoms were either
isotropically refined or calculated. The structures were solved and refined using the SHELXTLS
software package. The crystal structure of 1 (CCDC 2023735) was obtained by crystallization from
DCM, crystals of adduct 1 (CCDC 2023736) and adduct 2 (CCDC 2023737) were grown by slow
diffusion of n-pentane into a saturated solution of DCM, the crystal structure of 2 (CCDC 1418421) was

obtained according to a previously reported method.5'®

Attempts for the co-crystallization of 2 Results
Slow concentration from MeOH Unsuccessful
Slow concentration from chloroform Unsuccessful
Slow concentration from dichloromethane Unsuccessful
Vapor diffusion of pentane into dichloromethane Unsuccessful
Liquid diffusion of MeOH into dichloromethane Unsuccessful
Liquid diffusion of MeOH into chloroform Unsuccessful
Liquid diffusion of pentane into dichloromethane Successful
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Theoretical calculations: All DFT calculations were carried out by using the Amsterdam Density
Functional (ADF) program.>* TZ2P basis set which is of triple-{ quality and has been augmented with
two polarization function sets: 2p and 3d on hydrogen, 3d and 4f on fluorine and iodine atoms.
Energies were calculated at the wB97X-D* level of the generalized gradient approximation (GGA).%
This range—separated hybrid functional that includes non-local correlation (W10) and dispersion correc-
tions (by means of Grimme’s D3 BIDAMP model)*” has been shown to be of adequate accuracy for the
treatment of similar compounds showing halogen bonding interactions (X-bond).® Relativistic effects
were accounted for by using the zero™-order regular approximation (ZORA).%

Intermolecular interactions were computed by using the fragment analysis feature included on ADF
suite of programs. With this method the wavefunction of the complete system is compared to the sum
of the wavefunctions of the fragments and the difference is analyzed within the Kohn-Sham MO con-

ceptual framework according to the Energy Decomposition Analysis (EDA)®'* as

AEint(az AVeIstat(é) + AE‘Paull‘(é) + AEoi(é) + AEdisp(é) (1)

Herein, AVeswi(4) 1s the classical Coulombic interaction between the unperturbed charge distribution of
each of the two fragments. The term AEpaui(¢) describes the Pauli repulsions between occupied orbitals
of the two fragments and is responsible for steric repulsion. The term AEqi(4) stands for the stabilizing
orbital interaction energy, including charge transfer (such as HOMO-LUMO interactions). Finally,
AEisp(8) corresponds to the dispersion interactions.

The electron density distribution is analyzed using the Voronoi deformation density (VDD)
method for computing atomic charges.>'' The VDD atomic charge (Qa) is computed as the numerical
integral of the deformation density in the volume of the Voronoi cell of atom A, that is, the compartment
of space bounded by the bond midplanes on and perpendicular to all bond axes between nucleus A and

its neighboring nuclei (Eq. 2).

Qa =1 [(r) — Xo po(r)] dr @)

Here, p(r) is the electronic density of the molecule and Y5 pg (1) is the superposition of atomic densi-
ties pg(r) of a fictitious promolecule without chemical interactions where all atoms are considered neu-
tral. Therefore, Qa directly measures the charge that flows out of (Qa > 0) or into (Qa < 0) the Voronoi
cell of atom A due to chemical interactions, and not the charge value of the atom A.

Electrostatic surface potentials (PES) mapped on the 0.001 a.u. electron isodensity and the es-
timated maximum and minimal values (Vsmax and Vsmin respectively) as well as at selected points were

computed with the ADFview program.

Steady-state spectroscopy: Absorption and emission spectra were recorded from DCM solutions using

a Jasco V660 and Jasco FP6500 spectrometer, respectively.
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Fluorescence quantum yields ®: Quantum yields in solution were calculated relative to quinine sulfate

S12

in 0.1 M sulfuric acid as a reference (® = 0.54 according to the literature® ~) from five dilutions and

using the formula:
@, = Dy (Grad,/Grady) (ns*/ng’)

®,: quantum yield of sample X
®y: quantum yield of the reference
Grady: Gradient from the plot of integrated fluorescence intensity vs absorbance of the sample x
Grady: Gradient from the plot of integrated fluorescence intensity vs absorbance of the reference
ny: refractive index from the solvent employed with the sample X
ng: refractive index from the solvent employed with the reference

Quantum yields in the solid state were measured with a calibrated Ulbricht sphere; values are an average

from at least two independent measurements.

Fluorescence lifetimes t: The fluorescence decays were recorded with a HORIBA Scientific
Fluorocube single photon counting system operated with HORIBA Scientific DataStation version 2.2.
Fluorescence lifetimes were acquired by an exponential fit according to the least mean square with

commercially available software HORIBA Scientific Decay Data Analyses 6 (DAS6) version 6.4.4.

Deactivation pathways constants: Radiative decay constant (k;) was calculated according to the
following equation: k. = @ / 1; while the non-radiative decay constant (ks) was calculated using the

following formula: k= (1-®) / 7.
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2. Experimental Details

2.1. Synthetic procedures
(Compound 1) 7-phenylbenzo[4,5]phosphinolino[2,3-b]pyridine 7-oxide

The synthesis was performed by following our previously reported protocol.'® The product was
obtained by washing with pentane and then ethyl acetate (Yield: 51%). "H NMR (600 MHz, CDCl;) &
8.83 (d,J =4.40 Hz, 1 H), 8.60 (t, J/ = 7.29 Hz, 1 H), 8.44 (d, J = 7.43 Hz, 1 H), 8.29 (dd, J = 14.03, J
=7.15Hz, 1 H), 8.19 (d, J = 8.25 Hz, 1 H), 8.07 (d, /= 7.98 Hz, 1 H), 7.75 (t,J = 7.98 Hz, 1 H), 7.72
(t,J=7.15Hz, 1 H), 7.61 (dd, J = 12.65,J="7.98 Hz, 1 H), 7.55 (dd, J = 8.25, J=4.40 Hz, 1 H), 7.44
(t,J=7.43Hz, 1 H),7.36 (t,J =7.57 Hz, 2 H). "C{'H}{*'P} NMR (151 MHz, CDCl;): § 150.9, 150.7,
135.0, 134.7, 134.0, 133.6, 131.9, 131.8, 131.7, 131.5, 129.1, 128.5, 127.4, 127.2, 126.7, 126.5, 126.0,
125.4.3"P{'"H} NMR (243 MHz, CDCl5): § 4.69 (s, 1 P). HRMS (EI") calcd. for C2;H;4NOP 327.08075,
found 327.07894.
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2.2. Crystallographic data

Compound 1
a) b)
124.203)° ==,
\‘; 112.24(3)°
123.563)°
c)

Figure S1. X-ray structures of 1 (50% probability level ellipsoids). a) front view, b) side view, c) top
view, and d) crystal packing. Hydrogens have been omitted for clarity. Bond distances are in angstrom

and angles in degrees.

Compound 25'¢

a) b) 125.1601) -~ B 1.482(3)
{ > 110.36(2)°

N

Figure S2. X-ray structures of 2 (50% probability level ellipsoids). a) front view, b) side view, c) top
view, and d) crystal packing. Hydrogens have been omitted for clarity. Bond distances are in angstrom

and angles in degrees.
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T 117.299(7)
L }.1.4906(16)

Figure S3. X-ray structures of: a) co-crystal of 1 with A, b) co-crystal of 2 with A and c) 3D assembly
of co-crystal of 1 with A. (50% probability level ellipsoids). Bond distances are in angstrom and angles

in degrees.
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Figure S4. Zig-zag structures formed by hydrogen bonds obtained by X-ray diffraction of adduct 1 (co-
crystal of 1 with A): a) top view, b) front view, c) zig-zag structures bonded through =-stacking (see
Table S2 for distances). d) Quadrangular structures formed by the linkage of zig-zag motifs through =-

stacking. Colors indicate the zig-zag motifs.
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Compound 2
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Figure S5. Zig-zag structures formed by hydrogen bonds obtained by X-ray diffraction of adduct 2 (co-
crystal of 2 with A): a) top view, b) front view, c) zig-zag structures bonded through =-stacking (see
Table S2 for distances). d) Quadrangular structures formed by the linkage of zig-zag motifs through =-

stacking. Colors indicate the zig-zag motifs.
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Table S1. Seclected crystallographic data of 1, adduct 1 and adduct 2.

Compound 1 Adduct 1 Adduct 2
Empirical formula C1HisNOP Cy7Hi4FsLNOP CsoH14FsIzNOP
Molecular weight 327.30 729.16 930.09
Temperature 200(2) K 200(2) K 200(2) K
Wavelength 0.71073 A 0.71073 A 0.71073 A
Crystal system orthorhombic triclinic triclinic
Space group P2,2,2, P-1 P-1
Z 4 2 2
alol 7.4610(7) A; o = 90° a(;lg 5251 Zgé(g)é Zz 2'99. 331726()93&0
b=10.7286(4) A b=13.1997(9) A
B 9.0095(8) As p =907 B = 72.5399((9))o B = 97.4134212))o
oy 23.283(2) A: y = 90° c=13.1032(5) A c=13.3554(9) A
vy =64.1678(8)° v = 105.2813(9)°
Volume 1565.0(3) A® 1230.85(8) A’ 1468.30(17) A’
Density (calculated) 1.389 g/cm® 1.97 g/em® 2.10 g/cm’
Absorption coefficient 0.182 mm™ 2.67 mm’ 3.31 mm’
Crystal shape plate brick plank
Crystal size 0.060 x 0.050 x 0.040 | 0.147x0.110x 0.104 | 0.192 x 0.142 x 0.102
mm’ mm’ mm’
Crystal colour colourless colourless colourless
Theta range for data
1.75 to 22.02° 1.6 to 32.4° 1.6 to 31.3°

collection

Index Ranges

-8<h<8, -10<k<10,

-15<h<15, -16<k<16,

-12<h<12, -18<k<19,

-27<1L27 -19<1<19 -19<1<19
Reflections collected 10079 57841 32986
2752 (R(int) = 8497 (R(int) = 8898 (R(int) =
Independent reflections
0.1036) 0.0367) 0.0238)
Observed reflections 1642 (1> 2o (1) 6865 (1> 20 (1) 7480 (1> 20 (1)

Absorption correction

Semi-empirical from

equivalents

Semi-empirical from

equivalents

Semi-empirical from

equivalents

Max. and min.

transmission

0.96 and 0.84

0.75 and 0.70

0.77 and 0.70

Refinement method

Full-matrix least-

squares on F*

Full-matrix least-

squares on F?

Full-matrix least-

squares on F?
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Data/restraints/parameters 2752/0/217 8497 /0 /325 8898 /0 /379
2
Goodness-of-fit on F 1.01 1.03 1.02
Final R indices R1=0.071, R1 =0.025, R1=0.023,
(1>2sigma(l)) wR2=0.124 WR2 = 0.051 wR2 =0.048
Absolute structure
-0.4(2)
parameter
Largest diff. peak and
8 . P 0.33 and -0.29 eA" 0.73 and -0.65 eA™ 0.88 and -0.87 eA™
ole

Table S2. Selected bond angles and distances of 1 and 2, before and after forming the co-assembly with

TFDIB.
Compound 1 Compound 2

n-m in the co-assembly (A) 3.348 (3) 3.478 (4)

P-O distance (A) 1.484 (5) 1.491 (4)

P-O distance in the co-assembly (&) 1.4906 (16) 1.491 (2)
P-O angle (°) 124.2 (3) 124.73 (3)
P-O angle in the co-assembly (°) 117.29 (7) 126.38 (8)

(P)O---1 distance (A) 2.786 (2) 2.816 (2)

N---I distance (A) 2.947 (2) 2.849 (2)

(P)O:--I-C angle (°) 128.95 (8) 174.7 (1)

N---I-C angle (°) 162.16 (8) 178.63 (9)

C-I(O) distance in the TFDIB after co-assembly (A) 2.096 (2) 2.093 (3)
C-I(N) distance in the TFDIB after co-assembly (A) 2.092 (2) 2.103 (2)
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2.3. DFT Calculations

Isolated species SCF Coulpot dimeric x-stacked species SCF.Coulpot
l'o.us‘ﬁ Ia.
00175 00200
I -00150 I -0.0100
-00475 -0.0400
Vemax ()=40.056  Vs,min (O)=-0.087 Vs,min (0)= -0.08 Vi,min (0)=~0.061 Vs,min (0)=-0.064
Vs (N)=—0.065 Vg (N)=-0.056 I Vs (N)=-0.056 Vg (N)=-0.055 .
-0.0800 -0.0700
A 1 2 1.1 222
First X-bonding interaction SCF.Coulpot
Vs max (1)= +0.045 v, ()= +0.045 Vs max (I)= +0.043 l
Ve min (0)=-0.064 X )= Vamax (I)= +0.040 Vmin (0)=~0.075
v: v(n’l‘n) =031 Vs,min (0)=-0.081 z"(w) 9: ;:60‘9 s.min (O): ooirs
s (N)=-0.
1
I -0.0150
-0.0475
A---1(0) A---1(N) A---Z(O) A---Z(N) .4“”

Figure S6. Electrostatic surface potentials (ESP) mapped on the 0.001 a.u. electron isodensity and the
estimated maximum and minimal values (Vsmax and Vsmin) at the O as well as at the N atom computed

at wBP97-XD/TZVP level. Color scale and V; values are in a.u.
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Table S3. EDA of the interaction energy of [-bonded complexes computed at wB97—XD/TZVP level

in kcal mol™. See equation (1) for further definition of each term.

entry Interaction AVeistat AEpauii AE,i AEdisp AFEine
1 1(PO)---A -15.09 12.94 -7.49 -3.49 | -13.12
2 1(N)---A -14.57 13.06 -6.28 -5.03 | -12.82
3 2(PO)---A -11.22 8.96 -5.47 -1.96 -9.69
4 2(N)---A -16.84 16.97 -7.29 -2.10 -9.27
5 1(PO)-A---(OP)1 | -14.45 13.11 -7.12 -3.50 | -11.97
6 1(PO)-A---(N)1 -14.57 13.05 -7.23 -3.52 | -12.26
7 1(N)-A---(OP)1 -13.04 13.45 -6.02 -5.07 | -10.69
8 1(N)-A---(N)1 -14.32 13.16 -6.16 -5.06 | -12.37
9 2(PO)-A---(OP)2 | -10.15 9.08 -5.17 -1.97 -8.21
10 2(PO)-A---(N)2 -15.33 15.86 -6.45 -2.09 -8.01
11 2(N)-A---(OP)2 -10.42 9.06 -5.24 -1.97 -8.57
12 2(N)-A---(N)2 -16.38 17.09 -6.99 -2.11 -8.39
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Table S4. EDA of the interaction energy for the formation of the dimers and X—bonded complexes
considering dimers computed at the wB97-XD/TZVP level of theory. All contributions are in kcal
mol™'.

entry Interaction AVelstat AEpauii AE i AEgisp AEint
1 1---1 ~18.14 6.06 | —7.65 | —15.40 | -35.13
2 2---2 ~13.34 276 | —5.41 | -1536 | -31.34
3 Dim'(PO)---A ~15.82 13.27 | =7.30 | —4.94 | -14.79
4 Dim'(N)---A ~15.82 13.48 | =6.78 | —-6.19 | -15.30
5 Dim*(PO)---A ~12.67 9.81 | -5.79 | —4.02 | -12.67
6 Dim*(N)---A —18.47 17.47 | -820 | -3.92 | -13.12
7 Dim'(PO)-A---(OP)Dim' ~16.02 13.39 | —7.08 | —4.99 | -14.70
8 Dim'(PO)-A---(N)Dim' ~14.04 13.63 | —6.52 | —6.11 | -13.04
9 Dim'(N)-A---(OP)Dim' —15.54 13.38 | —7.12 | -5.02 | -14.30
10 Dim'(N)-A---(N)Dim' ~15.88 13.58 | —=6.60 | —-6.26 | -15.16
11 Dim?*(PO)-A---(OP)Dim? —12.34 990 | -5.63 | —4.06 | -12.13
12 Dim?*(PO)-A---(N)Dim? —-17.24 16.38 | —7.51 | -3.99 | -12.37
13 Dim?*(N)-A---(OP)Dim* ~12.07 992 | —5.64 | —4.07 | -11.86
14 Dim*(N)-A---(N)Dim* ~18.20 17.58 | =7.95 | -3.96 | -12.52

Within the EDA framework, the interaction energy is decomposed as: a) electrostatic interaction (AVeistat(4)): it represents the
classical Coulombic interaction between the unperturbed charge distribution of each of the two fragments; b) Pauli repulsions
(AEpaui(¢)) between occupied orbitals of the two fragments: it is responsible for steric repulsion; c) AEqi(¢) stands for the sta-
bilizing orbital interaction energy including charge transfer; d) dispersion energy (AEqisp): it corresponds to the dispersion in-
teractions
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2.4. Spectroscopic data

Table S5. Summary of the photophysical properties of 1 and 2.5'

Compound 1 Compound 2
A 0.12 0.14
7 (ns)™ 0.87 0.9
Absorp. Amax (nm)! 334, 349 336, 351
Emission Apax (nm)'® 364(sh), 381 367(sh), 383
k: (10%s™) 1.38 1.56
Knr (10°s™) 10.1 9.56

[a] Fluorescence quantum yields relative to quinine sulfate in 0.1 M H2SO4, @ = 0.54. [b] Fluorescence lifetimes.
[c] Molar extinction coefficient of the absorption maxima. [d] Absorption maxima recorded from CH2Cl> solu-

tions. [e] Emission maxima recorded from CH2Cl: solutions. (sh) = shoulder.
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2.5. NMR data

"H NMR (600 MHz, CDCl;) of 1
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BC{1H} NMR (151 MHz, CDCl;) of 1
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