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Section 1. Cyclic voltammograms
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Figure S-1.1: Cyclic voltammograms of compounds 1, 4, 2, PBI-Cls, 8, 9, and 12.
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Section 2. Spectroscopy related data

Figure S-2.1: Structures of compound PBI-Cl, (left) and PBI-(OPh)4 (right).
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Figure S-2.2: Fluorescence decay-curves of compounds 1, 4, 2, 8, 9 and relevant model compounds (5, 3, and 11) in
toluene after excitation at 400 nm.

Table S-1: Optical properties of the model compounds 5, 3, PBI-Cl4, 11, and PBI-(OPh)4 in toluene.

Compound | Aaps(nm) £ Jem(NM) D 7 (ns)°
(M1cm™)
5 507 28700 560 0.92 6.09
3 529 25100 589 0.79 6.42
PBI-Cls4 523 45000 552 0.95 5.11
11 560 43200 606 0.72 6.73
PBI-(OPh): | 581 61700 611 0.76 5.79

3 Fluorescence quantum yield. ® Fluorescence life-time.
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Section 3. Structure elucidation of compounds 2, 3, 4, 6, 9, 12, and 15 by 1D
and 2D NMR Spectroscopy

3.1 Compound 2:

The structure of compound 2 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H, 3C, *3C-APT and DEPT-135, *H-'H COSY, *H-**C HSQC, *H-**C HMBC, and
H-1H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown in Figure S-3.1. The
signals of all through-bond coupled protons were identified using *H-tH COSY spectrum (Figure S-3.2).
The evidences of the regiospecific substitution at 7- and 12-positions were provided by the *H-*C HMBC
experiment (Figure S-3.3), which clearly showed the cross couplings of ester carbonyl carbons (C*® and C*°)
with perylene core protons (H® and H'') and butyl-chain protons (H?® and H%°). Furthermore, the imide
carbonyl carbon atoms C*® and C'* exhibited the cross couplings with perylene core protons H? and H°. The
crucial and final confirmation to the proposed structural assignment was provided by 1D 'H-'H NOESY
experiments (Figure S-3.4) in which through-space cross couplings between H°—HP®, H*-H2®! and
H25-H2324 were clearly observed. The identification of all proton-attached carbon atoms was achieved by
'H-13C HSQC spectroscopy (Figure S-3.5).
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Figure S-3.1: *H NMR spectrum (CDCI3, 400 MHz) of compound 2 with complete assignments of proton signals
(aromatic region at the top and aliphatic region at the bottom).

SI-5



Hb

H20_H19.21

Cross-coupling

H3-Hb
Cross-coupling

9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2
f2 (ppm)

H25-28

H29,30

31,32 433,34
H23:24 H H

I

7.0

6.8

l“.
H33:34_}43536
H23.24_py25-28 Cross-coupling 0.5
Cross-coupling
F1.0
oA 1.5
i
Cross-coupling oo
A F2.5
H23.24 < H29.30_}3132 B “
Cross-coupling v 130
3.5
H29:30 £8 £ [
[IEI !Hh
4.5
4.5 4.0 3.5 3.0 2.0 1.5 1.0 0.5

2.5
f2 (ppm)

Figure S-3.2: *H-'H gCOSY NMR spectrum (CDCI3, 400 MHz) of compound 2 with the indication of
through-bond coupled protons (aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.3: *H-3C gHMBC NMR spectrum (CDCI3, 400 MHz) of compound 2 with the indication of
important long-range cross-couplings between proton and carbon atoms (zoomed spectrum at the top and
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Figure S-3.4: 'H-'H 1D NOESY NMR spectra (CDCI3, 400 MHz) of compound 2 with the indication of
through-space cross-couplings between crucial protons (H*—HP coupling at the top,
H2-H8!! coupling at the middle, and H?5-H?24 coupling at the bottom).
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Figure S-3.5: *H-C gHSQC NMR spectrum (CDCI3, 400 MHz) of compound 2 (Aromatic part at the top and
aliphatic part at the bottom).
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3.2 Compound 3:

The structure of compound 3 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H, $3C, *C-APT and DEPT-135, *H-!H COSY, H-1*C HSQC, *H-*C HMBC, and
'H-'H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown in Figure S-3.6. The
signals of all through-bond coupled protons were identified using *H-tH COSY spectrum (Figure S-3.7).
The evidences of the regiospecific substitution at 7- and 12-positions were provided by the *H-*C HMBC
experiment (Figure S-3.8), which clearly showed the cross couplings of ester carbonyl carbons (C*® and C*°)
with perylene core protons (H® and H') and butyl-chain protons (H?® and H%°). Furthermore, the imide
carbonyl carbon atoms C* and C** exhibited the cross couplings with perylene core protons H? and H®. The
crucial and final confirmation to the proposed structural assignment was provided by 1D *H-'H NOESY
experiments (Figure S-3.9) in which through-space cross couplings between H3-H8! and H2°-H?32* were
clearly observed. The identification of all proton-attached carbon atoms was achieved by H-C HSQC
spectroscopy (Figure S-3.10).
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Figure S-3.6: 'H NMR spectrum (CDCI3, 400 MHz) of compound 3 with complete assignments of proton signals
(aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.7: 'H-'H gCOSY NMR spectrum (CDCI3, 400 MHz) of compound 3 with the indication of
through-bond coupled protons (aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.8: *H-3C gHMBC NMR spectrum (CDCI3, 400 MHz) of compound 3 with the indication of
important long-range cross-couplings between proton and carbon atoms (zoomed spectrum at the top and
full spectrum at the bottom).
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Figure S-3.9: *H-'H 1D NOESY NMR spectra (CDCI3, 400 MHz) of compound 3 with the indication of

through-space cross-couplings between crucial protons (H*-H8!* coupling at the top and H*>-H%2* coupling at the
bottom).
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Figure S-3.10: *H-13C gHSQC NMR spectrum (CDCI3, 400 MHz) of compound 3 (Aromatic part at the top and

aliphatic part at the bottom).
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3.3 Compound 4:

The structure of compound 4 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H-, 13C-, 3C-APT and DEPT-135, *H-!H COSY, H-*C HSQC, *H-*C HMBC,
and *H-'H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown in Figure S-3.11.
The signals of all through-bond coupled protons were identified using *H-*H COSY spectrum (Figure S-
3.12). The evidences of the regiospecific substitution at 7-position were provided by the *H-*C HMBC
experiment (Figure S-3.13), which clearly showed the cross couplings of ester carbonyl carbon C® with
perylene core protons H® and butyl chain protons H?°. Furthermore, the imide carbonyl carbon atoms C*3
and C* exhibited the cross couplings with perylene core protons H? and H°. The crucial and final
confirmation to the proposed structural assignment was provided by 1D *H-'H NOESY experiments (Figure
S-3.14) in which through-space cross couplings between H°—H® and H3-H® were clearly observed. The
identification of all proton-attached carbon atoms was achieved by *H-*C HSQC spectroscopy (Figure S-
3.15).
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Figure S-3.11: *H NMR spectrum (CDCI3, 400 MHz) of compound 4 with complete assignments of proton signals
(aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.12: *H-'H gCOSY NMR spectrum (CDCI3, 400 MHz) of compound 4 with the indication of
through-bond coupled protons (aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.13: *H-1*C gHMBC NMR spectrum (CDCI3, 400 MHz) of compound 4 with the indication of
important long-range cross-couplings between proton and carbon atoms (zoomed spectrum at the top and

full spectrum at the bottom).
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Figure S-3.14: 'H-'H 1D NOESY NMR spectra (CDCI3, 400 MHz) of compound 4 with the indication of
through-space cross-couplings between crucial protons (H*-H® coupling at the top and
H2-H?8 coupling at the bottom).
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Figure S-3.15: *H-1*C HSQC NMR spectrum (CDCI3, 400 MHz) of compound 4 (Aromatic part at the top and
aliphatic part at the bottom).
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3.4 Compound 6:

The structure of compound 6 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely 'H, BC, HOMO 2DJ, ¥C-APT and DEPT-135, H-'H COSY, H-*C HSQC,
'H-13C HMBC, and *H-'H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown
in Figure S-3.16. The signals of all through-bond coupled protons were identified using *H-'H COSY
spectrum (Figure S-3.17). The first evidences of regiospecific substitution of 4-methoxyphenoxy- and 4-tert-
butylphenoxy at 7- and 12-positions, respectively, were provided by the *H-*C HMBC experiment (Figure
S-3.18). This clearly showed the cross couplings of ester carbonyl carbons (C*° and C6) with perylene core
protons (H! and H®) and butyl-chain protons (H?® and H*). Furthermore, the imide carbonyl carbon atoms
C® and C exhibited the cross couplings with perylene core protons H? and H°. The crucial and final
confirmation to the proposed structural assignment was provided by 1D *H-'H NOESY experiments (Figure
S-3.19) in which through-space cross couplings between H-HP, H2-H?8, and H°-H*! were clearly observed.
The identification of all proton-attached carbon atoms was achieved by *H-'3C HSQC spectroscopy (Figure
S-3.20).
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Figure S-3.16: 'H NMR spectrum (CDCI3, 400 MHz) of compound 6 with complete assignments of proton signals
(aromatic region at the top and aliphatic region at the bottom). Note: The signals of following protons are overlapping,
but resolved in Homonuclear J-resolved (HOMO 2DJ) spectrum: H23 & H24; H31 & H32; H35 & H36.
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Figure S-3.17: *H-'H gCOSY NMR spectrum (CDCI3, 400 MHz) of compound 6 with the indication of

through-bond coupled protons (aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.18: 'H-3C gHMBC NMR spectrum (CDCI3, 400 MHz) of compound 6 with the indication of

important long-range cross-couplings between proton and carbon atoms (zoomed spectrum at the top and

full spectrum at the bottom).

SI-25



Hb

72 71 70 69 68 67
f1 (ppm)

90 85 80 75 70 65 6.0 55 50 45 4.0
f1 (ppm)

Ha

i WWWNMWWM

7.0 6.9

74 73 72 71
f1 (ppm)

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00
f1 (ppm)

He

Wﬂmm%
Hit wmwmm‘unwww

7.4 7.3 7.2 7.1 7.0 6.9
f1 (ppm)

45 40 35 30 25 20 15 10 05 00
f1 (ppm)
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Figure S-3.20: *H-1*C HSQC NMR spectrum (CDCI3, 400 MHz) of compound 6 (Aromatic part at the top and

aliphatic part at the bottom).
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3.5 Compound 9:

The structure of compound 9 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H, 3C, *3C-APT and DEPT-135, *H-'H COSY, *H-**C HSQC, *H-**C HMBC, and
'H-'H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown in Figure S-3.21. The
signals of all through-bond coupled protons were identified using *H-tH COSY spectrum (Figure S-3.22).
The first evidences of presence of 4-methoxyphenoxy-groups at 7, 12-positions and 4-tert-butylphenoxy-
groups at 1, 6-positions were provided by the H-3C HMBC experiment (Figure S-3.23). This clearly
showed the cross couplings of carbonyl carbons (C'° and C%) with perylene core protons (H® and H!) and
2-ethylhexyl-chain protons H?%. Furthermore, the other set of carbonyl carbons C!3 and C* exhibited the
cross couplings with perylene core protons H? and H®. The crucial and final confirmation to the proposed
structural assignment was provided by 1D H-'H NOESY experiments in which through-space cross
couplings between important protons were investigated. These experiments further confirmed the presence
of 4-tert-butylphenoxy-gropus at 1, 6-positions by clearly showing through-space cross couplings between
HI—Hf, He-H?%, and H?*?*-H25 protons (Figure S-3.24). Similarly, the presence of 4-methoxyphenoxy-
gropus at 7, 12-positions was proved by through-space cross couplings between H°—H® and H*-H&*! protons
(Figure S-3.25). The identification of all proton-attached carbon atoms was achieved by *H-3C HSQC
spectroscopy (Figure S-3.26).
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Figure S-3.21: 'H NMR spectrum (CDCl,, 400 MHz) of compound 9 with complete assignments of proton signals.
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Figure S-3.22: *H-'H gCOSY NMR spectrum (CDCly, 400 MHz) of compound 9 with the indication of
through-bond coupled protons (aromatic region at the top and aliphatic region at the bottom).
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Figure S-3.23: *H-3C gHMBC NMR spectrum (CD,Cl,, 400 MHz) of compound 9 with the indication of
important long-range cross-couplings between proton and carbon atoms (zoomed spectrum at the top and
full spectrum at the bottom).
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Figure S-3.26: *H-3C HSQC NMR spectrum (CDCl,, 400 MHz) of compound 9 (Aromatic part at the top and

aliphatic part at the bottom).
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3.6 Compound 12:

The structure of compound 12 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H, 3C, $3C-APT and DEPT-135, *H-'H COSY, *H-*C HSQC, *H-*C HMBC, and
'H-'H NOESY. The complete assignment of peaks in the *H-NMR spectrum is shown in Figure S-3.27. The
signals of all through-bond coupled protons were identified using *H-'H COSY spectrum (Figure S-3.28).
The first evidences of presence of 4-tert-butylphenoxy-groups at 7, 12-positions and 4-methoxyphenoxy-
groups at 1, 6-positions were provided by the H-3C HMBC experiment (Figure S-3.29). This clearly
showed the cross couplings of carbonyl carbons (C'° and C%) with perylene core protons (H® and H!) and
2-ethylhexyl-chain protons H?. Furthermore, the other set of carbonyl carbons C** and C** exhibited the
cross couplings with perylene core protons H? and H®. The crucial and final confirmation to the proposed
structural assignment was provided by 1D 'H-'H NOESY experiments in which through-space cross
couplings between important protons were investigated (Figures S-3.30 & S-3.31). These experiments
further confirmed the presence of 4-tert-butylphenoxy-gropus at 7, 12-positions by clearly showing through-
space cross couplings between H—H', and H—H8! protons (Figure S-3.30). The identification of all proton-

attached carbon atoms was achieved by *H-3C HSQC spectroscopy (Figure S-3.32).
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3.7 Compound 15:

The structure of compound 15 was unambiguously confirmed by a series of systematic 1D and 2D-NMR
measurements, namely *H, 3C, *3C-APT and DEPT-135, *H-'H COSY, *H-**C HSQC, *H-**C HMBC, and
'H-'H NOESY. The complete assignment of peaks in the tH-NMR spectrum is shown in Figure S-3.33. The
signals of all through-bond coupled protons were identified using *H-*H COSY spectrum (Figure S-3.34).
The first evidences of presence of 4-methoxyphenoxy-group at 7-position, 4-tert-butylphenoxy-group at 12-
position, and 4-methoxycarbonylphenoxy-groups at 1, 6-positions were provided by the *H-3C HMBC
experiment (Figure S-3.35). This clearly showed the cross couplings of carbonyl carbon C* with perylene
core proton H! and 2-ethylhexyl-chain protons H?°. Similarly, cross couplings of carbonyl carbon C*® with
perylene core proton H® and 2-ethylhexyl-chain protons H?® were observed. Furthermore, the other set of
carbonyl carbons C'2 and C* exhibited the cross couplings with perylene core protons H? and H°. The
crucial and final confirmation to the proposed structural assignment was provided by 1D *H-'H NOESY
experiments in which through-space cross couplings between important protons were investigated. These
experiments further confirmed the presence of 4-methoxycarbonylphenoxy-groups at 1, 6-positions by
clearly showing through-space cross coupling between H™-H25 protons (Figure S-3.36). Similarly, the
presence of 4-tert-butylphenoxy-group at 12-position was proved by through-space cross couplings between
He—H!! protons (Figure S-3.36). The identification of all proton-attached carbon atoms was achieved by
1H-13C HSQC spectroscopy (Figure S-3.37).
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Figure S-3.33: *H NMR spectrum (CD,Cl,, 400 MHz) of compound 15 with complete assignments of proton signals.
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Figure S-3.35: 'H-*C gHMBC NMR spectrum (CD,Cl,, 400 MHz) of compound 15 with the indication of
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Figure S-4.8: *H and *C NMR spectra of compound 9.
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Figure S-4.10: *H and **C APT NMR spectra of compound 11.
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Figure S-4.11: 'H and **C NMR spectra of compound 12.
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Figure S-4.14: 'H NMR spectrum of compound 15 (aromatic part at the top and aliphatic part at the bottom).
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Figure S-4.15: *3C NMR spectrum of compound 15 (aromatic part at the top and aliphatic part at the bottom).
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Section 5. High-resolution mass spectra of newly synthesized compounds
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Figure S-5.1: HR mass spectrum of compound 2.
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Figure S-5.2: HR mass spectrum of compound 3.

SI-63



Relative Intensity

100+

907 23324

Composition:Cs1HasClsNOs

Mono Isotopic Mass:905.22890

Description:

Relative Intensity

100

893.21144 ],
L B e e e e e e LA e e e

850 900 950 1000
m/z

Created:2/20/2018 2:29:09 AM
Average Mass:907.27098 Nominal Mass:905
Created by:Accutof

007.22738
50 ‘
. ‘I.. .....
T T T T T T T T T T T T T T T T T 1 T T T T T T T T T T T T T T T
800 850 900 950 1000
miz
Mass ‘ Intensity ‘ Cale. Mass Mass[’?';f:r?]rence 12Cc ‘ H | 3Cl ‘ 4N | 160 | Unsaturation Number
905.23101] _802811.30] _ 905.22890] 233 51 46 El 1 q 280

Relative Intensity

Figure S-5.3: HR mass spectrum of compound 4.
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Figure S-5.4: HR mass spectrum of compound 5.
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Figure S-5.5: HR mass spectrum of compound 6.
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Figure S-5.6: HR mass spectrum of compound 7.
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Figure S-5.7: HR mass spectrum of compound 8.
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Figure S-5.8: HR mass spectrum of compound 9.
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Figure S-5.9: HR mass spectrum of compound 10.
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Figure S-5.10: HR mass spectrum of compound 11.
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Figure S-5.11: HR mass spectrum of compound 12.
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Figure S-5.12: HR mass spectrum of compound 13.
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Figure S-5.13: HR mass spectrum of compound 14.
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Figure S-5.14: HR mass spectrum of compound 15.
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