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Materials and instruments

All available reagents and solvents were obtained from standard chemical suppliers
and used without further purification unless mentioned. All reaction were carried out at
Argon atmosphere and anhydrous conditions unless otherwise indicated. The column
chromatography for purification and concentrated was prepared with 200-300 mesh
silica gel.

The NMR spectra were obtained using a Bruker AM-400 MHz or an Ascend-600
MHz instrument. High-resolution mass spectra (HRMS) were recorded on a GCT
Premier mass spectrometer using EI-TOF (electron ionization-time of flight), Agilent
Technologies 7250 GCQTOF (EI), and Xevo G2 TOF MS (ESI). Single-molecule
conductance measurements were carried out using the Xtech scanning tunneling
microscope break junction (STMBJ) instrument, and the data were analyzed using XMe
open-source code. The UV-vis absorption spectra were recorded on a Shimadzu UV-

2600 absorption spectrophotometer.



Experimental Section:

Anthracene derivatives were synthesized according to the reported literature with
structural modifications.!> The final products were fully characterized by H nuclear
magnetic resonance ('H NMR) and mass spectra. Except for the compounds with poor
solubility in solution, the other compounds were characterized by '*C NMR.

General procedure for the coupling of terminal alkynes to bromoanthracene

To a 100 mL Schlenk tube was charged with bromoanthracene (1.0 equiv.), 4-
ethynylpyridine hydrochloride (1 equiv. or 2.4 equiv.), PPh; (10 mol%), Pd (OAc), (5
mol%), Cul (5mol%), then the tube was degassed and backfilled with Argon 3 times.
After that, the Et;N and toluene were added, the mixture was allowed to stir at 110 °C
overnight. The solution was quenched with water, extracted with DCM, dried with
MgSO,4. MgSO, was filtered and the solvent was evaporated. The residue was purified

by column chromatography on silica gel.

4-(anthracen-9-ylethynyl) pyridine (Py-H)
& )= N

General procedure was followed with 9-bromoanthracene (0.78 mmol, 200 mg, 1.0
equiv.) and 4-ethynylpyridine hydrochloride (0.78 mmol, 109 mg, 1.0 equiv.) and
purification by flash column chromatography on silica gel (DCM) afforded Py-H as
yellow powder (86 mg, 39%);'H NMR (600 MHz, CDCls) 6=8.71 (d, J= 5.0 Hz, 2H),
8.60 (d, /= 8.6 Hz, 2H), 8.52 (s, 1H), 8.06 (d, J = 8.4 Hz, 2H), 7.66 (m, 4H), 7.56 (m,
2H).



4-((10-bromoanthracen-9-yl)ethynyl)pyridine (Py-Br)

General procedure was followed with 9,10-dibromoanthracene (0.60 mmol, 200 mg,
1.0 equiv.) and 4-ethynylpyridine hydrochloride (0.60 mmol, 84 mg, 1.0 equiv.) and
purification by flash column chromatography on silica gel (DCM) afforded Py-Br as
brown yellow powder (107 mg, 50%); '"H NMR (600 MHz, CDCl3) 8= 8.72 (d, /= 5.9
Hz, 2H), 8.65 (m, 4H), 7.69 (m, 4H), 7.63 (d, J = 5.9 Hz, 2H).

9,10-bis(pyridin-4-ylethynyl)anthracene (Py-Py)

General procedure was followed with 9,10-dibromoanthracene (0.60 mmol, 200 mg,

1.0 equiv.) and 4-ethynylpyridine hydrochloride (1.44 mmol, 200 mg, 2.4 equiv.) and
purification by flash column chromatography on silica gel (DCM) afforded Py-Py as
orange powder (98 mg, 43%); '"H NMR (400 MHz, CDCls) &= 8.74 (d, /= 5.7 Hz, 4H),
8.67 (m, 4H), 7.72 (m, 4H), 7.65 (d, J= 5.8 Hz, 4H).

4-(anthracen-2-ylethynyl)pyridine (2-Py-H)

General procedure was followed with 2-bromoanthracene (0.78 mmol, 200 mg, 1.0
equiv.) and 4-ethynylpyridine hydrochloride (0.78 mmol, 109 mg, 1.0 equiv.) and
purification by flash column chromatography on silica gel (PE:DCM=3:1) afforded 2-
Py-H as brown yellow powder (86 mg, 40%); 'H NMR (400 MHz, CDCls) &= 8.65 (d,

J=4.1Hz, 2H), 8.43 (d, J=2.6 Hz, 2H), 8.28 (s, 1H), 8.04 (m, 3H), 7.54 (m, 3H), 7.46
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(d, J=5.6 Hz, 2H); 3C NMR (150 MHz, CDCls) 6= 149.8, 132.9, 132.5, 132.2, 131.5,
130.8, 128.6, 128.3, 128.2, 127.2, 126.7, 126.4, 126.2, 126.0, 125.6, 118.8, 94.7, 87.5;
HRMS(EI): [M]" Calcd for C,;H3N: 279.1048; found: 279.1051.

4-((6-bromoanthracen-2-yl)ethynyl)pyridine (2-Py-Br)

ROG®

\
N N
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General procedure was followed with 2,6-dibromoanthracene (0.60 mmol, 200 mg, 1.0
equiv.) and 4-ethynylpyridine hydrochloride (0.60 mmol, 84 mg, 1.0 equiv.) and
purification by flash column chromatography on silica gel (PE:DCM=3:1) afforded 2-
Py-Br as brown yellow powder (100 mg, 47%); '"H NMR (400 MHz, CDCl;) &= 8.65
(d, J =2.5 Hz, 2H), 8.40 (s, 1H), 8.32 (s, 1H), 8.25 (s, 1H), 8.19 (s, 1H), 8.01 (d, J =
8.8 Hz, 1H), 7.91 (d, J=9.0 Hz, 1H), 7.56 (dd, J= 8.9 Hz, 1.6 Hz, 2H), 7.46 (d, /= 5.3
Hz, 2H); 3C NMR (150 MHz, CDCl;) 6= 149.9, 133.1, 132.8, 131.4, 131.4, 131.0,
130.3, 130.0, 129.9, 129.5, 128.5, 127.9, 127.0, 125.6, 125.5, 120.4, 119.3, 94.4, 87.8;

HRMS(EI): [M]* Calcd for C;;H,BrN: 357.0153; found: 357.0150.

9-bromo-10-fluoroanthracene

9,10-dibromoanthracene (500 mg, 1.49 mmol) was dissolved in anhydrous THF (30
mL). The solution was cooled to -78°C using low-temperature reactor. n-Butyl lithium
(1.6 M, 1.3 mL, 1.93 mmol) was added to the solution and stirred for 20 minutes. N-
fluorobenzenesulfonimide (704 mg, 2.23 mmol) was added at -78°C and the reaction
mixture was stirred overnight slowly warming to room temperature. The reaction was
quenched with water and the crude product was extracted using EA. The crude product
was purified using column chromatography with PE. This yielded light yellow powder

(307 mg, 75%)."H NMR (400 MHz, CDCls) 5= 8.52 (d, J = 8.8 Hz, 2H), 8.31 (d, J =
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8.6 Hz, 2H), 7.66 (m, 2H), 7.58 (m, 2H).

4-((10-fluoroanthracen-9-yl)ethynyl)pyridine (Py-F)

)  _
F: \/N
W

General procedure was followed with 9-bromo-10-fluoroanthracene (0.73 mmol, 200
mg, 1.0 equiv.) and 4-ethynylpyridine hydrochloride (0.73 mmol, 102 mg, 1.0 equiv.)
and purification by flash column chromatography on silica gel (PE: EA=4:1) afforded
Py-F as yellow powder (120 mg, 55%); '"H NMR (400 MHz, CDCl;) 6= 8.71 (d, J =
4.8 Hz, 2H), 8.59 (d, J= 8.7 Hz, 2H), 8.34 (d, /= 8.6 Hz, 2H), 7.69 (t, /= 7.0 Hz, 2H),
7.62 (m, 4H); *C NMR (150 MHz, C,D,Cl,) 6= 156.2, 154.5, 150.0, 133.6, 133.6,
131.6, 128.1, 126.4, 126.4, 126.3, 126.3, 125.7, 121.3, 121.2, 119.1, 119.0, 111.5,
111.4,97.5, 90.5; HRMS(EI): [M]* Calcd for C,;H,FN: 297.0954; found: 297.0956.

9-bromo-10-chloroanthracene

A solution prepared by dissolving 9-chloroanthracene (200 mg, 0.94 mmol) in CHCl;
(10 ml) was combined with a mixture of NBS (435 mg, 2.44 mmol) dissolved in CHCl;
(10 ml) and CH;COOH (10 ml). Under ice-bath conditions, the latter mixture was
slowly added to the former solution, and the reaction was allowed to proceed at 40°C
for 4 hours. After the reaction, KOH aqueous solution was added to neutralize
CH3COOH, the crude product was extracted by DCM and purified by PE column
chromatography. This yielded light yellow powder (260 mg, 95%). '"H NMR (400 MHz,
CDCl,) 6= 8.60 (m, 4H), 7.65 (m, 4H).

4-((10-chloroanthracen-9-yl)ethynyl)pyridine (Py-Cl)



General procedure was followed with 9-bromo-10-chloroanthracene (0.69 mmol, 200
mg, 1.0 equiv.) and 4-ethynylpyridine hydrochloride (0.69 mmol, 96 mg, 1.0 equiv.)
and purification by flash column chromatography on silica gel (PE: EA=4:1) afforded
Py-Cl as yellow powder (130 mg, 60%); '"H NMR (400 MHz, CDCl3) 6= 8.72 (d, J =
5.8 Hz, 2H), 8.66 (m, 2H), 8.60 (m, 2H), 7.70 (m, 4H), 7.62 (dd, J = 4.5 Hz, 1.5 Hz,
2H); BC NMR (150 MHz, C,D,Cl,) 6= 150.0, 133.1, 131.6, 131.4, 128.6, 127.7, 127.6,
126.9, 125.7, 125.5, 115.8, 98.8, 90.6; HRMS(EI): [M]" Calcd for C,;H;,CIN:
313.0658; found: 313.0660.



STMBJ measurements

The single-molecule conductance was measured using a custom-built STMBJ setup
that has been described in our group. 3-* The STM tip was freshly cut and flamed from
a gold wire (0.25 mm diameter, 99.99%), which were burned to be bead and attached
to the piezo. The gold was evaporated on a silicon wafer to fabricate the substrate,
which was placed below the tips. In the STMBJ measurement, the gold tip is firstly
controlled by a stepper motor to get to the approximate position to contact the substrate,
thereafter the tip is controlled by a piezo stack with the approach/retract at the speed of
10 nm/s. During the measurements, 3 pL of 1 mM target molecule in 1,24-
trichlorobenzene (TCB) was prepared and dropped onto the substrate in situ. As a result,
the single-molecule junctions can be established and broken repeatedly. The current
was used as the feedback signal to control the movement of the gold tip. During the
repeated opening and closing cycles, the conductance versus displacement traces were
collected, and the traces from the opening cycles were used to perform further analyses.
The bias was kept at 100 mV and the real-time conductance was recorded using an /-V
converter with a sampling rate of 20 kHz. The data were analyzed using the XMe open-

source code (https://github.com/Pilab-XMU/XMe DataAnalysis).



https://github.com/Pilab-XMU/XMe_DataAnalysis

Table S1. Single molecule conductance values and stretching distances (with 0.5 nm snapback
correction) for Py-X (X = H, F, Cl, Br) and Py-Py.

molecule HC/stretching distance LC/stretching distance
Py-H 10344Gy/0.81 nm
Py-F 10-334Go/0.71 nm
Py-Cl 103-59G/0.71 nm 10493G(/0.95 nm
Py-Br 103-52G(/0.73 nm 10493Gy/1.31 nm
Py-Py 10-39Gy/1.56 nm
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Fig. S1. The conductance and junction formation probability (JFP) of Py-Cl and Py-Br were
measured at different concentrations in TCB solvent under a bias voltage of 0.1 V. (a) 1D and 2D
conductance histograms of Py-Br at different concentrations (1 mM, black; 0.1 mM, blue; 0.01 mM,
purple). (b) 1D and 2D conductance histograms of Py-Cl at different concentrations (1 mM, black;

0.1 mM, blue; 0.01 mM, purple).
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Fig. S2. Conductance measurements at different solvents of Py-Br. (a) Logarithmically binned 1D
conductance histograms at different solvents of Py-Br. (b-c) The typical 2D conductance-

displacement histograms at TCB, TD and PC of Py-Br measurement window respectively.
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Fig. S3. (a) Single conductance—displacement traces for HC (light purple) and LC states (purple)
of the Py-Br junction. (b) 2D correlation analysis of the single-molecule conductance traces for

Py-Br.
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Fig. S4. Conductance characterization of 2-Py-H and 2-Py-Br. (a) Logarithmically binned 1D
conductance histograms for 2-Py-H and 2-Py-Br. (b-c) The typical 2D conductance-displacement
histograms of 2-Py-H and 2-Py-Br.
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Flicker Noise Analysis

The conductance data used for flicker noise analysis were collected from an approach
similar to STM-BJ. When a molecular plateau was detected during the break junction
process, the tip stopped moving and remained stationary for 0.2 s, during which the
current was recorded at a sampling rate of 100 kHz. A digital band-pass filter of 100 to
1000 Hz was applied to preprocess the experimental data to isolate the effects of low-
frequency vibration and high-frequency noise. We removed the parts in the curve,
which obviously does not belong to the molecular junction to eliminate their
interference, most of which are due to breakdown of the junction before reaching 0.2 s.
After that, we performed a discrete Fourier transformation on the data and integrated
the amplitude in the range of 100—1000 Hz to obtain the noise power of the trace. For
each trace, we normalized the noise power by the averaged conductance of that trace
and constructed the 2D histograms of normalized flicker noise power against

conductance.
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Fig. S5. Two-dimensional histograms of normalized flicker noise power against conductance for
Py-CI-LCs (10-423Gy, Low Conductance state), Py-Br-LCs (10-*%3Gy, Low Conductance state),
and Py-Py.
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Fig. S6. Two-dimensional histograms of normalized flicker noise power against conductance for
Py-H, Py-F, Py-CI-HCs and Py-Br-HCs.
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UV-vis absorption spectra
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Fig. S7. Normalized absorption spectra of Py-Br and Py-H (0.1 mM in TCB solution) at different

temperatures.
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Fig. S8 Absorption spectra of Py-Br (red) and Py-Cl (green) (0.01 mM in TCB solution).
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Theoretical calculations

All electronic structures in this work were conducted using the Gaussian 16 suite of the
program.> The molecules investigated were fully optimized by the m062x/6-31+G*©,
including empirical dispersion corrections DFT-D3 method’-®, and were performed
using the tight convergence criterion, which was always followed by the calculation of
harmonic vibrational modes. To calculate the BE using SIESTA, we employed a
counterpoise method to correct for basis set superposition errors that are inherent with
the localized orbital basis sets that were employed. In the case of dimers, two monomers
were defined as entity A and entity B. The ground state energy for the total system was
calculated using SIESTA and was denoted EAB AB, with the DFT parameters defined
previously. The energy of each entity was then calculated on a fixed basis, which was
achieved through the use of ghost atoms. Hence, the energy of one monomer in the
presence of the fixed basis was defined as EAB A and for the other monomer as EAB
B. The BE was then calculated using the following equation

BE = EAB AB-EAB A-EAB B

The ESP was calculated using Gaussian 16 at the level of B3LYP/6-311G.

Table S2. Binding energy of Py-H, Py-F, Py-Cl and Py-Br n-stacked dimers.

Sample AH(Kcal/mol)
Py-H-n-stacked dimer -16.1778544
Py-F-n-stacked dimer -16.45612442
Py-Cl-n-stacked dimer -18.48957453
Py-Br-n-stacked dimer -18.76523963
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Table S3. Binding energy of Py-Br-n-stacked dimer in heptane and chlorobenzene solvents.

solvent AH(Kcal/mol)
heptane -12.5510081
chlorobenzene -11.74403024
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Fig. S9. The optimized molecular structures of Py-H, Py-F, Py-Cl, Py-Br and Py-Py.
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Fig. S10 Dipole moments of Py-H, Py-F, Py-Cl and Py-Br.
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Fig. S11. The frontier molecular orbitals (HOMO/LUMO) electron density distribution of Py-H,
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Fig. S12. The optimized molecular n-stacked dimers structures of Py-H, Py-Br-F, Py-Cl and Py-

Br.
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Fig. S13. The frontier molecular orbitals (HOMO/LUMO/LUMO+1) electron density distribution
of Py-Br Monomer, Py-Br-n-stacked dimer, Py-Cl Monomer and Py-Cl-n-stacked dimer.

The enhanced intermolecular interaction of n-stacked dimers of Py-Cl and Py-Br compared to
those of Py-F and Py-H is also related to energy level splitting, as the electronic coupling between
the frontier orbitals of the two monomers can be estimated through their splitting into bonding and

antibonding combinations.

a
/ Py-Br \
monomer dimer

b
/ Py-Cl
monomer dimer

0 0 0- 0
L+1:-0.73 L+1:-0.72
L+1:-1.93 L+1:-1.94
-2 =0:2.06 -2 Gozwo M -2 tvo204 -2 o204
4 gap:4.83 ~4\LH gap:a.64 4 Lt gapa.83 4L gapa.68
-6 -6 -6 1 -6
\ H-0:-6.89 W6—7‘1/ \ H-0:-6.87 un/

Fig. S14. (a) Calculated energy level diagram of monomer and n-stacked dimer of Py-Br. The
splitting of energy levels LUMO and LUMO+1 is indicated by AL. (b) Calculated energy level
diagram of monomer and n-stacked dimer of Py-Cl. The splitting of energy levels LUMO and

LUMO-+1 is indicated by AL.
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The geometry optimization and transmission functions of the single-molecule device
were calculated using GGA and PBE functional with the NEGF approach in Atomistix
Tool Kit (ATK) package.”!® To construct the single-molecule device models, the
molecule structures were firstly optimized by Gaussian 16. The optimized molecular
structures were then placed between two gold electrodes to construct the single-
molecule junction. The initial Au-N bond distance was set at 0.23 nm. The geometries
of molecules and the gold clusters are optimized in a gas atmosphere with k-points
sampling (2 x 2 x 132) with a force threshold of 0.05 eV/A. The single-{ polarized
(SZP) basis set was used for Au atoms and the double- polarized (DZP) basis set was
used for other atoms, with a real-space grid defined with an equivalent energy cut-off
of 75 Hartree. The devices were then fabricated to calculate the transmission
coefficient, and the transmission spectra dependent on the energy of molecular orbitals
were also obtained.

The transmission coefficient 7€ at Ef of the electrodes represents the magnitude and
the trends of molecular conductance. Due to the uncertainties of the gold electrode
contact configuration, solution environment, and the inherent limitations of DFT
calculations, the calculated Fermi level (Er DFT) often deviates from the experimental
value, and thus EFr is usually treated as a free parameter.!!-!2 The charge transport for
pyridyl-anchored molecules was reported to be electron-dominated. Hence, we
rationally shift the Fermi level toward LUMO resonance. The dashed line represents
the Fermi level at which the calculated molecular conductance trend is qualitatively

consistent with the experimental results.
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Fig. S15. (a) The optimized device configurations for Py-H, Py-F, Py-Cl and Py-Br. (b)
Calculated transmission functions for Py-H (gray), Py-F (cyan), Py-Cl (green) and Py-Br (red).
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NMR and MS Spectra

va'L
§6L
85 .L-

€5°L,
4

€9° /s

v9'L]
9/
99/

G088\
90'8’

258
658\
09'8”
118
118"

79 78 77 76 15 T4 73

8.0
1 (ppm)

82 81
Fig. S16. '"H NMR-spectrum (600 MHz, CDCl;) of Py-H

8.3

8.4

87 86

8.8

29 L
€9'L
99/
99/
/9 N,,
190
19/
89'/L
89/
69 L

098
098
1978
1981
1981
98
¢9'8
€981
798
vw.m,,,
o8 —_
1L°87
2.8

Br

JL

T

7.3

7.4

7.5

oz~
Y0y

8 T

7.9

8.1

8.2

8.4

8.5

8.6

3.8

f1 (ppm)

Fig. S17. 'H NMR-spectrum (600 MHz, CDCl;) of Py-Br

22



9L,
69/

e —
OLLf
L] .
2Ll

¥9'8 ~
G9° m/r .
99'g"

19° ﬁ

/g

R

oo’y

F16°¢

72

7.8 7.6 7.4

8.0

1 (ppm)

Fig. S18. 'H NMR-spectrum (400 MHz, CDCI;) of Py-Py

8.2

8.4

124 N;
o DV
0g ;

LG Er

1S L7
AWk
¥G'/
WA

66L|
108,

208+

€0’ a
08!

8C'8-

rad-N
cr'g’

98\
G9'g’

T2

78 77 76 175 74 1.3

7.9

1 (ppm)

Fig. $19. 'H NMR-spectrum (400 MHz, CDCl;) of 2-Py-H

8.0

23



MO NOOANT™DN~N~D
W OWONN®O— O ©
O N
+ ONNNNNNN G I~
| e e — L —— | I

‘ =N
150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)
Fig. S20. 13C NMR-spectrum (150 MHz, CDCl;) of 2-Py-H
4 Waters GCT Premier
20241048 363 (6.050) Cm (363-(22+103)) TOF MS El+
100+ 279.10611.27e4
=

280.1085

277 0877

260.0778 N
251.0793 2811136

113.0376 139.5505 2240614 249.088]| 7
100.0313

5 620219 69U gr gy S 150.0488 476 0510 200 0625 i . ill,.-?53.0030 262,101
1 T T T T . ! ‘ e

40 ' 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

Fig. S21. EI-MS spectrum of 2-Py-H

24



vy L

oL

ve 'Ly
¥G' L7
a5° 2

68 L\
16"
86/
10'8”

618"
SC 8"
¢E 8-
0v 8.

598

c9'g’/

. 20"
Lo

- 86°C
00"
00°L

o

_J
K
507

"

8.3

<

<

8.4

8.5

T

8.7

8.1 80 =9 78 HE T8

8.2

8.6

1 (ppm)

Fig. S22. '"H NMR-spectrum (400 MHz, CDCl3) of 2-Py-Br

70

BL'1L8-

B8R,
10°22)y
68°.Z)
€582
€562 1
£6'621|
6662} ¢
¥8ZEL”

98'6¥1 -

140

50 40 30 20 10

60

1 (ppm)

Fig. S23. 13C NMR-spectrum (150 MHz, CDCl;) of 2-Py-Br

120 110 100 90 80

130

150

25



5

Waters GCT Premier
20241049 1637 (27.304) Cm (1637-(40+99))

TOF MS El+
1001 om0, 1058
2
279.1035
2770875
N 360.0174
250.0767 @
HE0PEE, jocivire 240615 RO P 361.0207
L oo s T s misams | g | vengn o0 et
4 ' 60 ' 80 | 100 120 140 = 160 180 = 200 = 220 = 240 = 260 = 280 | 300 = 320 = 340 = 360
Fig. S24. EI-MS spectrum of 2-Py-Br
oo — QO<t<IFTstFANNOOLL ™M
b ® CRCR R R g
o0 00 o0 00 | e e el o o L L S S
gL et P ———— e ——
f ."f‘ "‘II‘ ."I‘
. ! e
o Tp) = =
Q o o ™
8.7 8.6 8.5 8.4 8.3 8.2 8.1 8.0 7.9 7.8 7.7 7.6 7.5 7.4 T3 7.2
1 (ppm)

Fig. S25. '"H NMR-spectrum (400 MHz, CDCl;) of 9,10-dibromoanthracene

26



85/
65 L

09 2%

19°27
GO/
192
69"

ceE™
re'8”

LG8
658"
698\
1.8

8.0
1 (ppm)

Fig. S26 '"H NMR-spectrum (400 MHz, CDCl;) of Py-F

7.8 177 T6 T5 T4 T3 T2

7.9

87 86 85 84 83 82 81

8.8

\ /"

€5°06-
A RAL
19°6Z
@N.@NL\
9Z'9Z}1
L9z 1
ozl
10'8Z)

66611\
6 S~
vz o5’

100

150

160

60 50 40 30 20 10

70

90

130 120 110

140

Fig. S27. 13C NMR-spectrum (150 MHz, CDCl;) of Py-F

27



Waters GCT Premier
TOF MS El+

F
20241162 408 (6.800) Cm (408-(52+88))
100+ 207.0966..  177ed
=
2951003
WE
296 0868
~
268.0662
299.1056
122.0330 242.0524 2660523 |7
1120299 1485470
4 570703 851016.99.0230. © % | " | 165.0381 1920343 995 g0 2200684 I, =% 5
0 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 260 290 300

40 50 60 70 80

Fig. S28. EI-MS spectrum of Py-F

OO0~ OW W<t Mo
© 0L © © ©©
00 00 00 00 00 M~ M~~~
= | = S S
o3 ¢
Cl Br
\ )i
o o
o -
87 86 85 84 83 82 81 8O0 T9 78 Fr¥ ¥6 TS5 774 T3 T2
1 (ppm)

Fig. S29. 'H NMR-spectrum (400 MHz, CDCI;) of 9-bromo-10-chloroanthracene

28



19°/

1Q- 7

29,
29/
99°/
99/
19
V1WA
89°/1
89/
69/
69/
0L'L
QL
1568
858
85'8
8G'Q
658
6581
€9'8
€981
%.ﬁ
98,

G9'g
59'8
128
zL8

r\.uw.‘

Cl

74 73 72

7.5

T8 T

7.9

8.0

1 (ppm)

8.4 8:3 8:2 8.1
Fig. $30. '"H NMR-spectrum (400 MHz, CDCls) of Py-Cl

8.5

Cl

L5066~

€848¢,
12°6TL

06°9C)

85°/Z11
€L°1Th
65'8T)-
1S°LEL]
eLeel

00°0G1-

100

140

150

80 70 60 50 40 30 20 10

1 (ppm)

110 90
Fig. S31. 13C NMR-spectrum (150 MHz, C,D,Cl,) of Py-Cl

120

130

29



PyClI Waters GCT Premier
20241133 953 (15.890) Cm (953-(105+159)) TOF MS El+
313.0660. 1.44e4

100
=]
315.0627
4
262 0892
277.0872
183.0353
250.0760
278.0931 316.0668
b
108.017 184.0408 224.0595 248.0600 2791007 312.0867
-7 125 0371 166.5304 316.1956
550175750218 gorrioe02t0 [ | ) s [, 2230s18.| 2370678 294.0598
i A e e L e A s AL I AR B W R W A MRS R LARRS bty mz
40 60 80 100 120 140 160 180 200 220 240 260 260 300 320

Fig. S32. EI-MS spectrum of Py-Cl

30



References

—

S. Grimme, S. Ehrlich and L. Goerigk, J. Comput. Chem., 2011, 32, 1456—1465.

A. Jouaiti and M. Hosseini, Helv. Chim. Acta, 2009, 92, 2497-2506.

. Q. Zou, X. Chen, Y. Zhou, X. Jin, Z. Zhang, J. Qiu, R. Wang, W. Hong, J. Su, D.-

H. Qu and H. Tian, J. Am. Chem. Soc., 2022, 144, 10042—10052.

R. Wang, A. Tang, Z. Li, Y. Li, D. Qu and H. Li, CCS Chem., 2023, 6, 465-472.

J. P. Perdew, K. Burke and M. Ernzerhof, Phys. Rev. Lett., 1996, 77, 3865-3868.

. M. Brandbyge, J.-L. Mozos, P. Ordejon, J. Taylor and K. Stokbro, Phys. Rev. B,

2002, 65, 165401.

F. Jiang, D. I. Trupp, N. Algethami, H. Zheng, W. He, A. Alqorashi, C. Zhu, C.

Tang, R. Li, J. Liu, H. Sadeghi, J. Shi, R. Davidson, M. Korb, A. N. Sobolev, M.

Nabher, S. Sangtarash, P. J. Low, W. Hong and C. J. Lambert, Angew. Chem. Int.

Ed., 2019, 58, 18987-18993.

8. L.J.ODriscoll, J. M. Hamill, I. Grace, B. W. Nielsen, E. Almutib, Y. Fu, W. Hong,
C.J. Lambert and J. O. Jeppesen, Chem. Sci., 2017, 8, 6123—-6130.

9. M. J. Frisch, Gaussian 16, Gaussian, Inc., Wallingford CT, 2016.

10. A. C. Aragones, N. L. Haworth, N. Darwish, S. Ciampi, N. J. Bloomfield, G. G.
Wallace, 1. Diez-Perez and M. L. Coote, Nature, 2016, 531, 88-91.

11. S. Grimme, J. Antony, S. Ehrlich and H. Krieg, J. Chem. Phys., 2010, 132, 154104.

12. S. Grimme, S. Ehrlich and L. Goerigk, J. Comput. Chem., 2011, 32, 1456—1465.

W

b

hd

(@)

~

31



