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1. General methods
All NMR spectra were recorded in DMSO-d6 solution at room temperature (293 K), unless otherwise

noted, on a Bruker AV-300 spectrometer operating at 300.13 MHz for 'H, 282.40 MHz for '°F, or Bruker
AV-400 (400.13 MHz for 'H, 376.50 for '°F, 100.61 for 3C and 40.54 MHz for '’N), or Bruker DRX-500
(500.13 MHz for 'H, 125.76 MHz for 13C), or Bruker AV-600 (600.30 MHz for 'H, 150.95 MHz for '3C and
60.83 MHz for 'SN). 'H, °F and '3C spectra were referenced internally in ppm, & 2.50 for 'H (to DMSO-ds),
8 0.00 for '°F (to C¢F¢) and 6 39.50 for 3C (to DMSO-ds). N chemical shifts for DAPs 9, 10, 12, 13, and
15 were obtained indirectly from 'H-'>N HMBC experiment and referred to ammonia (0 ppm). 2D NMR
experiments were performed on the Bruker AV600 spectrometer or on the Bruker AV400 spectrometer,
equipped with a 5 mm zaxis field-gradient probehead. Bruker programs for pulse sequence were used.
Typical parameters for 2D NMR experiments were as follow. Spectral width was optimized to cover all
signals. FID data was processed with zero-filling and sine-bell function weighting applied prior to Fourier
transformation, in order for the resolution to be optimized appropriately. Delay times for relaxation are set to
2-3 s in all 2D NMR experiments. COSY: cosygpqf - pulse program, gradient pulses for selection was used,
4 K x 256 ("H-'H COSY) or 8 K x 512 ("F-!°F COSY) time-domain data matrix, 1 scan for each FID. 'H—
13C HSQC: hsqcetgp - pulse program, echo/antiecho acqution mode, 1 K x 512 time-domain data matrix,
GARP composite pulse decoupling during acquisition, 1-8 scans for each FID. 'H-13C HMBC: hmbcgpndqf
- pulse program, delay for evolution was specified for 7 Hz long-range coupling, 4 K x 512 time-domain
data matrix, 8-16 scans for each FID. 'H-""N HMBC: hmbcgpndqf - pulse program, delay for evolution was
specified for 3 or 6 Hz long-range coupling, 4 K x 512 or 4 K x 640 time-domain data matrix, 16-32 scans
for each FID.

Fluorescence measurements were made using a Cary Eclipse Fluorescence Spectrophotometer
by Varian. Emission spectra were recorded within the range of 440 — 740 nm in quartz cuvettes
with a light-absorbing layer thickness of 1x1 cm by varying the excitation wavelengths for
determination of the Stokes shift values. Excitation and emission slit sizes were set at 5 nm. The
scan rate was set at 600 nm/min with a data interval of 1.000 nm and an averaging time of 0.1
second. The excitation filter was set to auto, the emission filter set to open. To compare the
fluorescence intensities of all samples excitation was set at 430 nm and the PMT detector voltage
set to 650 V.

Gas phase calculations of the structures for the fluoro-phenylenediamines and fluoro-phenylenediimines
were performed at the DFT level using the functional B3LYP with the basis set 6-31G(d). Atom charges
were obtained from NBO-analysis.! All calculations were performed with default parameters using the
GAMESS program.?

Images of calculated structures were built by the MOLDEN program.® Cartesian coordinates, total
energies of the stationary structures and other results of these calculations are shown in Supp. Inf. (Fig. S1

and Table S1).



The quantum chemical calculation of the chemical shifts of the 'H, '°F, 13C and >N nuclei was performed at

PBEO0/6-311+G(2d,p) level using ORCA program, v. 5.03.%



2. Numbering of the optimized structures protonated fluorinated o-PDAs B and phenylenediimines C

Fig. S1. Structures and numbering of the optimized structures protonated fluorinated o-PDAs B and fluorinated
phenylenediimines C (B3LYP with the basis set 6-31G(d)) and charges on N,C-atoms obtained from NBO-
analysis.
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Table S1. Cartesian coordinates of the optimized
phenylenediimines C by B3LYP/6-31G(d), GAMESS.
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F -2.3306394614 -0.5841549481 0.0000000000
N -0.0096037121 -2.0535692988 0.0000000000
N 2.3764181035 -0.8374791057 0.0000000000
F -2.1442841941 2.1288432728 0.0000000000
H 0.1795614986 3.1932762815 0.0000000000
H 2.3380843200 1.9220305454 0.0000000000
H 3.2763281654 -0.3454874359 0.0000000000
H 0.8727234835 -2.5652556647 0.0000000000
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C 0.7391877429 0.6214830089 0.0000000000
C -0.7164798198 0.7794472101 0.0000000000
F 2.6108657915 -0.7830553257 0.0000000000
F 1.4513946571 1.7371477375 0.0000000000
N -1.3537154952 1.8869270095 0.0000000000
N -2.8487340154 -0.3229793326 0.0000000000
H 0.9863406812 -2.7463809388 0.0000000000
H -1.4853532019 -2.6635069847 0.0000000000
H -3.4947967757 -1.1066347026 0.0000000000
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4. Fig. S2. Absorption (1) and emission (2) spectra of 2,3-diaminophenazines.
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5. Quantum chemical calculations of relative values of chemical shifts of signals in 'H, '°F, 13C, >N spectra

Table S2. Calculated and experimental 'H, 13C, N and '°F chemical shifts (8, ppm). Difference (A) in chemical shift for a and b isomers.

Nuclear and position

C1 Cc2 C3 C4 Cc6 Cc7 Cc8 C9 Cda Cb5a C9a C10a
A
aC1-bC1 aC2-bC2 aC3-bC3 aC4-bC4 aC6-bC9 aC7-bC8 aC8-bC7 aC9-bC6 aC4a-bC4a aC5a-bC9a aCY%a-bCh5a aC10a-bC10a

10a calc 142.42 132.16 145.21 102.98 156.93 112.34 126.57 124.3 137.64 131.98 139.72 130.63
10b calc 142.86 131.81 145.56 102.48 123.87 127.3 111.82 157.36 138.77 141.06 130.63 129.54
10a exp 138.34 130.45 144.69 98.11 156.28 110.67 125.75 124.27 139.48 131.13 140.42 131.93
10b exp 138.62 130.34 144.86 97.81 123.97 126.28 110.3 156.6 140.22 141.51 130.07 131.21

A 10a-10b calc -0.44 0.35 -0.35 0.5 -0.43 0.52 -0.73 0.43 -1.13 1.35 -1.34 1.09
A 10a-10b exp -0.28 0.11 -0.17 0.3 -0.32 0.37 -0.53 0.3 -0.74 1.06 -1.09 0.72
12a calc 142.61 131.85 146.04 102.37 143.66 149.12 117.89 124.74 137.93 132.45 136.33 130.19
12b calc 142.39 132.73 145.19 102.83 124.25 118.56 148.72 144.05 138.2 137.67 131.02 129.76
12a exp 138.34 130.29 145.56 97.63 142.31 147.02 116.91 124.68 139.72 131.63 136.76 131.63
12b exp 138.32 131.24 144.65 97.89 124.35 117.45 146.75 142.67 139.82 137.82 130.54 131.4

A 12a-12b calc 0.22 -0.88 0.85 -0.46 -0.39 04 -0.67 0.49 -0.27 1.43 -1.34 0.43

A 12a-12b exp 0.02 -0.95 0.91 -0.26 -0.36 0.27 -0.54 0.33 -0.1 1.09 -1.06 0.23
13a calc 141.94 133.01 144.8 103.31 157.33 104.85 160.48 107.7 137.17 129.68 139.19 131.13
13b calc 143.04 131.46 146.33 101.92 107.4 160.95 104.24 157.8 139.34 140.62 128.33 129.17
13a exp 138.15 131.46 144.59 98.41 156.94 103.26 159.34 107.3 139.24 128.7 139.91 132.52
13b exp 138.78 130.27 145.85 97.5 106.9 159.68 102.86 157.3 140.91 141.02 127.63 131.09

A 13a-13b calc -1.1 1.55 -1.53 1.39 -0.47 0.61 -0.47 0.3 -2.17 1.35 -1.43 1.96

A 13a-13b exp -0.63 1.19 -1.26 0.91 -0.36 0.4 -0.34 0.4 -1.67 1.07 -1.11 1.43
15a calc 142.16 132.64 145.61 102.75 145.02 141.56 151.36 108.92 137.53 129.86 134.63 130.81
15b calc 142.62 132.31 145.94 102.32 108.6 151.78 141.11 145.44 138.92 136.03 128.47 129.49
15a exp 138.01 130.86 145.07 97.73 143.5 149.36 108.37 139.26 128.7 134.91 132.02
15b exp 138.28 130.77 145.2 97.46 107.98 149.68 143.87 140.36 136.02 127.57 130.97

A 15a-15b calc -0.46 0.33 -0.33 0.43 -0.42 0.45 -0.42 0.32 -1.39 1.39 -1.4 1.32

A 15a-15b exp -0.27 0.09 -0.13 0.27 -0.37 -0.32 0.39 -1.1 1.13 -1.11 1.05
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Continuation of Table S2

Nuclear and position

N2 (2-NH,) N3 (3-NH,) N5 N10 H2 (2-NH,)  H3 (3-NH,) H4 H6orF6  H7orF7  HB8orF8  H9orF9 F1
A
aN2-bN2  aN3-bN3  aN5-bN5 aN10-bN10  aH2-bH2 aH3-bH3  aH4-bH4 aH6-bH9 or aH7-bH8 or aH8-bH7 or aH9-bH6 or  aF1-bF1
aF6-bF9  aF7-bF8  aF8-bF7  aF9-bF6
10a calc 58.33 72.52 289.31 29031 4.69and3.77 4.33and4.55  7.28 32.83 7.45 7.73 7.96 4.25
10b calc 57.70 73.05 298.92 281  371and4.68 456and4.39  7.22 7.89 7.74 7.45 33.26 4.98
10a exp 58.8 71 289.3 290.4 6.39 6.67 6.85 35.84 7.42 7.55 7.83 6.94
10b exp 58.5 71.3 300.2 6.38 6.68 6.82 7.75 7.56 7.41 36.22 7.12
A 10a-10b calc 0.63 -0.53 -9.61 9.31 0.04 -0.04 0.06 -0.43 0 -0.01 0.07 -0.73
A 10a-10b exp 0.3 0.3 -10.9 0.01 -0.01 0.03 -0.38 0.01 -0.01 0.08 -0.18
12a calc 57.93 72.82 285.63 20226 467and3.73 441and4.60  7.25 7.45 26.42 7.62 7.98 4.9
12b calc 59.13 72.73 300.93 27739 3.81and4.72 455and4.33  7.22 7.91 7.63 25.36 7.91 4.35
12a exp 58.8 732 284.9 291.6 6.38 6.79 6.84 8.53 23.45 7.68 7.87 7.08
12b exp 60.7 713 301.4 6.50 6.67 6.82 7.8 7.69 22.95 9.38 6.63
A 12a-12b calc 1.2 1.09 -15.3 14.87 -0.07 0.07 0.03 -0.46 1.06 -0.01 0.07 0.55
A 12a-12b exp 1.9 1.9 -16.5 -0.12 0.06 0.02 -0.85 0.50 -0.01 0.07 0.45
13a calc 59.7 72.12 291.25 286.84 4.73and3.85 427 and4.53  7.27 39.27 7.28 53.47 7.57 3.71
13b calc 57.21 74.34 295.33 282.81 3.66and4.65 4.61and4.47  7.16 7.48 54.28 7.26 39.74 5.69
13a exp 61 70.8 290.5 6.52 6.66 6.84 40.41 7.58 51.81 7.62 6.63
13b exp 58.5 73.5 296.8 6.37 6.80 6.79 7.52 52.43 7.56 40.8 7.36
A13a-13b calc 2.49 2.22 -4.08 4.03 0.14 -0.14 0.11 -0.47 0.02 -0.81 0.09 -1.98
A13a-13b exp 2.5 27 6.3 0.15 -0.14 0.05 -0.39 0.02 -0.62 0.1 -0.73
15a calc 59.23 73.37 287.75 28879 4.71and3.81 4.36and4.58  7.25 12.97 6.19 30.97 7.71 4.44
15b calc 58.56 73.93 297.32 27952 3.75and4.70 4.59 and 4.41  7.18 7.62 31.78 5.14 13.49 5.13
15a exp 60.4 72.5 286.3 6.49 6.76 6.82 13.03 2.71 27.52 7.87 6.76
15b exp 60.2 72.9 297.9 6.48 6.78 6.78 7.76 28.19 2.17 13.53 6.76
A 15a-15b calc 0.67 -0.56 -9.57 9.27 0.04 -0.03 0.07 -0.52 1.05 -0.81 0.09 -0.69
A 15a-15b exp 0.2 0.4 -11.6 0.01 -0.02 0.04 05 0.54 -0.67 0.11 0
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6. 'H, '°F and '*C NMR spectra of the synthesized DAPs 9-16

'H NMR spectrum of 9 (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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BC{*H} NMR spectrum of 9 (DMSO-d6), Bruker AV-600 (*H — 600.30, *3C — 150.95 MHz)
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1H-13C correlation NMR spectra of 9 (DMSO-d6), Bruker AV-600 (*H — 600.30, *3C — 150.95 MHz)
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1H->N HMBC spectrum of 9 (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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IH NMR spectrum of 10a and 10b (DMSO-d6), Bruker AV-400 (*H — 400.13 MHz)
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F NMR spectrum of 10a and 10b (DMSO-d6), Bruker AV-400 (**F — 376.50, 'H — 400.13 MHz)

mE
o
(=1
]
o o
@
. 2 N
11°2192 — & 110
T Le P69~
I~ - .
— \ Z1 L—"
00" 0897 —"¢ N 00’}
2 S | o
M=
E
[=5
o
08 6LVET
Q.mmmmﬁy __ ,,Eaum
09" 06VET—7
[<=}
0c-96pe1/ = J
© o
8
0€°T2Z9€ET A
8679795 T\ ‘— | o
Dﬁ.mmmmﬁﬂ\\ & [
18" LEOET - ¥
=
I z
= =
)
Y A
J».ml..ll./.lT.
4 /./ - £8°GE~
Aszl T S 0z 98—
P
D _wx_. T_l

741}

[

EE

e

ppm

25



F{*H} NMR spectrum of 10a and 10b (DMSO-d6), Bruker AV-400 (*°F — 376.50, *H — 400.13 MHz)
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Cross-peaks in 1°F-1°F COSY spectrum of 10a and 10b (DMSO-d6), Bruker AV-400 (*°F — 376.50)
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BC{*H} NMR spectrum of 10a and 10b (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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1H-13C correlation NMR spectra of 10a and 10b (DMSO-d6), Bruker AV-600 (*H — 600.30, 13C — 150.95 MHz)
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The part of the *H->N HMBC spectrum of 10a and 10b (DMSO-d6), Bruker AV-400 (*H — 400.13, **N — 40.54 MHz)
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The part of the *H->N HMBC spectrum of 10a and 10b (DMSO-d6), Bruker AV-600 (*H — 600.30, **N — 60.83 MHz)
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H NMR spectrum of 11 (DMSO-d6), Bruker AV-400 (*H — 400.13 MHz)
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IH-1H COSY spectrum of 11 (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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19F NMR spectrum of 11 (DMSO-d6), Bruker AV-400 (**F — 376.50 MHz)
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BC{*H} NMR spectrum of 11 (DMSO0-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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IH-13C correlation NMR spectra of 11 (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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IH NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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Multiplets in 'H NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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19F NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-300 (**F — 282.40 MHz)
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Multiplets in *°F NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-300 (*°F — 282.40 MHz)
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|s|:

BF{*'H} NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-400 (*°F — 376.50 MHz, 'H — 400.13 MHz)
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19F-19F COSY spectrum of 12a and 12b (DMSO-d6), Bruker AV-400 (*°F — 376.50)
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B3C{*H} NMR spectrum of 12a and 12b (DMSO-d6), Bruker AV-400 (*3C — 100.61 MHz, *H — 400.13 MHz)
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The part of the *H-13C correlation NMR spectra of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30, *3C — 150.95 MHz)
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The part of the *H-13C correlation NMR spectra of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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The part of the *H->N HMBC spectrum of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)

b-N2

b-N3
a-N3

b-H4
a-H4 || 2-3-NH2 a-2-NH2
|
[ b-3-NH:2 b-2-NH:2
A VAN
-E
L2
,|JHN=89 Hz . 4
- 58.8 ppm i
’ C @ ” o
0. —§& 60.6 ppm L
~ JHN=89 Hz | I
-2
JHN=89 Hz I
e
@ 0 0 71.2 ppm
e O |
JHN=89 Hzl Lo
-8
T T T T T T T T T T 5N
6.8 6.6 6.4 6.2 6.0 [ppm] 1H

46



The part of the *H->N HMBC spectrum of 12a and 12b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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IH NMR spectrum of 13a and 13b (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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19F NMR spectrum of 13a and 13b (DMSO-d6), Bruker AV-400 (**F — 376.50 MHz)
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Multiplets in °F NMR spectrum of 13a and 13b (DMSO-d6), Bruker AV-400 (*°F — 376.50 MHz)
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Simulated and experimental °F signals of 13a and 13b (DMSO-d6), Bruker AV-400 (1°F — 376.50 MHz), DAISY Spectrum Simulation Module 3.5.2, TopSpin

Red lines — simulated signals
Blue lines — real signals
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BF{*H} NMR spectrum of 13a and 13b (DMSO-d6), Bruker AV-400 (*°F — 376.50 MHz, H —400.13 MHz)
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BC{*H} NMR spectrum of 13a and 13b (DMSO-d6), Bruker DRX-500 (*H — 500.13, 13C — 125.76 MHz)
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The part of the *H-13C correlation NMR spectra of 13a and 13b (DMSO-d6), Bruker AV-400 (*H — 400.13, 3C — 100.61 MHz)
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The part of the *H-13C correlation NMR spectra of 13a and 13b (DMSO-d6), Bruker AV-400 (*H — 400.13, *3C — 100.61 MHz)
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The part of the *H->N HMBC spectrum of 13a and 13b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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The part of the *H->N HMBC spectrum of 13a and 13b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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H NMR spectrum of 14 (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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1F NMR spectrum of 14 (DMSO-d6), Bruker AV-300 (°F — 282.40 MHz)
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BC{*H} NMR spectrum of 14 (DMSO0-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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1H-13C correlation NMR spectra of 14 (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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IH NMR spectrum of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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19F NMR spectrum of 15a and 15b (DMSO-d6), Bruker AV-300 (**F — 282.40 MHz)
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Multiplets in *>F NMR spectrum of 15a and 15b (DMSO-d6), Bruker AV-300 (*°F — 282.40 MHz)
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BF{*'H} NMR spectrum of 15a and 15b (DMSO-d6), Bruker AV-300 (*°F — 282.40 MHz, 'H — 300.13 MHz)
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BC{*H} NMR spectrum of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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1H-13C correlation NMR spectra of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30, 3C — 150.95 MHz)
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The part of the *H->N HMBC spectrum of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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The part of the *H->N HMBC spectrum of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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The part of the *H->N HMBC spectrum of 15a and 15b (DMSO-d6), Bruker AV-600 (*H — 600.30, >N — 60.83 MHz)
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'H NMR spectrum of 16 (DMSO-d6), Bruker AV-600 (*H — 600.30 MHz)
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1F NMR spectrum of 16 (DMSO-d6), Bruker AV-300 (*°F — 282.40 MHz)
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B3C{*H} NMR spectrum of 16 (DMSO-d6), Bruker AV-600 (*H — 600.30, 13C — 150.95 MHz)
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