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1. Instrumentation and Materials

Reaction progress was monitored by thin layer chromatography (TLC), employing aluminum 
sheets coated with silica gel type 60 F254 (0.2 mm thick, Merck) and either a 254 or 365 nm 
UV lamp. Purification and separation of the synthesized products was performed by normal-
phase column chromatography, using silica gel (230–400 mesh, 0.040–0.063 mm, Merck) and 
size exclusion chromatography, using Bio-BeadsTM S-X1 (styrene divinylbenzene beads, 40-80 
μm bead size, Bio-Rad). Eluents, along with the relative ratios in the case of solvent mixtures, 
are indicated for each particular case. Nuclear magnetic resonance spectra (1H, 13C, 19F NMR) 
were recorded on Agilent MR400, Bruker AV-400, Bruker DRX-500 or Varian MR600 
spectrometers at the Department of Chemistry of The University of Texas at Austin (UT 
Austin). The deuterated solvent employed in each case is indicated in brackets, and its residual 
peak was used to calibrate the spectra using literature reference δ ppm values.1 The peaks 
marked with asterisks indicates residual solvent signals. The NMR spectroscopic solvents were 
purchased from Cambridge Isotope Laboratories or Fischer Scientific. All spectra were 
recorded at room temperature. High resolution ESI mass spectrometry was carried out using an 
Ion Spec Fourier Transform mass spectrometer (9.4 T). Electrospray ionization (ESI) mass 
spectra were recorded on an Agilent Technologies 6530 Accurate-Mass Q-TOF instrument 
housed in the Department of Chemistry, UT Austin. Ultraviolet-visible (UV-Vis) spectra were 
recorded using spectroscopic grade solvents using a Varian Cary 5000 spectrophotometer 
housed in the in the Department of Chemistry, UT Austin. The logarithm of the molar extinction 
coefficient (ε) is indicated in brackets for each maximum. Electrochemical characterizations 
were performed with a three-electrode setup on AutoLab PGStat 30 instrument from the 
Departamento de Química Orgánica of Universidad Autónoma de Madrid. The measurements 
were carried out in dichloromethane using 0.1 M tetrabutylammonium hexafluorophosphate 
(TBAPF6) as electrolyte and compound concentration of approx. 10–4 M. A platinum rod was 
used as working electrode, platinum wire served as counter electrode and Ag/AgCl as reference 
electrode. Ferrocene (Fc) was used as the internal standard and all the potentials were noted 
relative to the Fc/Fc+ couple. Scan rate was 100 mV s–1. The data were recorded with the NOVA 
2.0 software.  Chemicals were purchased from commercial suppliers and used without further 
purification. Dry solvents were purchased from commercial suppliers as anhydrous grade or 
thoroughly dried before use employing standard methods. Solid, hygroscopic reagents were 
dried in a vacuum oven before use. The synthesis and characterization of naphthobipyrrole and 
4-azidotetrafluorobenzaldehyde has been previously reported.2,3
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2. Synthetic Procedures and Characterization Data

Synthesis and characterization of aldehyde precursors 

2,6-Difluoro-3,5-dimethoxybenaldehyde
O

F F

O O

O

O O

SelectfluorTM (2.5 eq.)

MeCN (0.3 M)
25°C, 16 hrs

32%

Using an ice bath, a solution of crude 3,5-dimethoxybenzaldehyde in acetonitrile (15 mL) was 
cooled to 0°C. To this solution, SelectFluorTM (5.2 g, 11 mmol, 2.5 equiv.) was added portion-
wise while the temperature was kept below 0°C. The resulting mixture was stirred at 15°C for 
16 hours. The reaction mixture was concentrated to remove solvent. The residue was diluted 
with water (10 mL) and neutralized with saturated aqueous NaHCO3. The product was extracted 
with ethyl acetate (10 mL x3). The collected organic fraction was then washed with brine (10 
mL) and water (10 mL) before being dried over Na2SO4 and concentrated in vacuo. The 
resulting crude product was purified via silica gel column chromatography using hexanes: ethyl 
acetate = 4:1 as the eluent. Yield 0.28 g, 32%, light yellow crystalline solid. 1H NMR (400 
MHz, CDCl3) δ 10.35 (s, 1H), 6.88 (t, J = 8.0 Hz, 1H), 3.91 (s, 6H). 13C NMR (101 MHz, 
CDCl3) δ 184.72, 147.41, 144.81, 143.75, 106.87, 57.47. 19F NMR (376 MHz, CDCl3) δ -
147.76 (d, J = 7.9 Hz). HRMS (ESI positive): m/z [M+Na+] Calculated for C9H8F2O3: 
225.0334, found: 225.0338.

4-((4-Bromophenyl)thio)-2,3,5,6-tetrafluorobenzaldehyde

O
K2CO3 (3 eq.)

THF (0.1 M)
25°C, 18 hrs

70%
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In a 250 mL round bottomed flask, a mixture of pentafluorobenzaldehyde (2.0 g, 10.2 mmol, 1 
equiv.) and 4-bromobenzenethiol (1.93 g, 10.2 mmol, 1 equiv.) was dissolved in THF (100 
mL). The solution was then deoxygenated for 10 minutes by bubbling with nitrogen gas. To the 
resulting solution, K2CO3 (4.23 g, 30.6 mmol, 3 equiv.) was added in one portion. Then, the 
resulting mixture was stirred at 25°C for 18 hours. The reaction mixture was concentrated to 
remove solvent. The residue was diluted with water (30 mL) extracted with ethyl acetate (10 
mL x3). The combined organic fractions were then washed with brine (10 mL) and water (10 
mL) before being dried over Na2SO4 and concentrated in vacuo. The resulting crude product 
was purified via silica gel column chromatography using hexanes: ethyl acetate = 4:1 as the 
eluent. Yield 2.6 g, 70%, yellow powder. 1H NMR (400 MHz, CDCl3) δ 10.29 (s, 1H), 7.49 – 
7.44 (m, 2H), 7.32 (d, J = 8.4 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 182.52, 134.01, 133.23, 
133.10, 133.07, 131.40, 130.51, 123.90, 115.32, 77.80, 77.48, 77.16, 0.46. 19F NMR (376 MHz, 
CDCl3) δ -132.18 – -132.34 (m), -144.34 – -144.51 (m). HRMS (ESI positive): m/z [M+Na+] 
Calculated for C13H5BrF4OS: 364.9253, found: 364.9253.
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Synthesis and characterization of naphthorosarin macrocycles

General procedures for the synthesis of naphthorosarin macrocycles 
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1) ArCHO (1.2 eq.)
TFA (0.55 eq.)
DCM (0.003 M)
25°C, 48 hrs
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2) DDQ (3 eq.)
2.5 hrs

General procedure A (without iminium catalyst):4 A 1 L round-bottomed flask was charged 
with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) and aldehyde (1.2 equiv.). Dry 
dichloromethane (300 mL, 0.0015 M) was then added to dissolve the solids. The reaction 
mixture was bubbled with nitrogen for 15 minutes and the flask fully covered with aluminum 
foil. Trifluoroacetic acid (20 μL, 0.26 mmol, 0.55 equiv.) was then slowly added via syringe. 
The reaction mixture was kept stirring at room temperature for 72 hours under a nitrogen 
atmosphere. After this time, DDQ (352 mg, 1.55 mmol, 3.2 equiv.) was added, and the reaction 
mixture was stirred for a further 2.5 hours open to air and light. Once the reaction was deemed 
complete based on a TLC analysis, excess triethylamine (0.5 mL) was added to the reaction 
flask and the whole solution was passed through a plug of neutral alumina. Excess 
dichloromethane (about 200 mL) was used to elute fully the dark purple fraction. The resulting 
solution was then evaporated to dryness. The crude product obtained in this way was purified 
via silica gel column chromatography (doped with 1% triethylamine) to obtain the desired solid. 
Detailed column conditions are given below for each particular rosarin compound. Finally, 
recrystallization of the solid obtained after removing the volatiles following chromatography 
from dichloromethane/methanol yielded naphthorosarin as a dark brown solid. 

General procedure B (with iminium catalyst): A 1 L round-bottomed flask was charged with 
naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) and aldehyde (1.2 equiv.). Then dry 
dichloromethane (300 mL, 0.0015 M) and pyrrolidine (20 μL, 0.242 mmol, 0.5 equiv.)  was 
subsequently added. The reaction mixture was bubbled with nitrogen for 15 minutes and the 
flask fully covered with aluminum foil. Trifluoroacetic acid (0.22 mL, 2.91 mmol, 6 equiv.) 
was then slowly added via syringe. The reaction mixture was kept stirring at room temperature 
for 72 hours under a nitrogen atmosphere. After this time, DDQ (352 mg, 1.55 mmol, 3.2 
equiv.) was added, and the reaction mixture was stirred for a further 2.5 hours open to air and 
light. Once the reaction was deemed complete as judged by TLC analysis, excess triethylamine 
(0.5 mL) was added to the reaction flask and the whole solution was passed through a plug of 
neutral alumina. Excess dichloromethane (about 200 mL) was used to elute fully the dark purple 
fraction. The resulting solution was then evaporated to dryness. The crude product was purified 
via silica gel column chromatography (doped with 1% triethylamine) to give the desired solid. 
Detailed column conditions are given below for each particular rosarin compound. Finally, 
recrystallization of the solid from dichloromethane/methanol as per Procedure A yielded 
naphthorosarin as a dark brown solid. 
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NRos-1
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (78.1 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient of 
1:1 to 1:2. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-
1 as a dark brown solid. Yield 12.5 mg, 8% (procedure B) 1H NMR (600 MHz, THF-d8) δ 7.13 
– 7.11 (m, 6H), 7.08 (d, J = 6.9 Hz, 3H), 7.00 (d, J = 7.5 Hz, 6H), 6.95 (dq, J = 6.0, 2.7 Hz, 
6H), 5.20 (s, 6H), 2.42 (s, 18H). 13C NMR (151 MHz, THF-d8) δ 148.78, 144.21, 135.81, 
134.77, 130.72, 127.83, 127.32, 125.57, 124.24, 123.48, 123.34, 119.05, 29.63. HRMS (ESI 
positive): m/z [M+H+] Calculated for C69H48N6 : 961.4013, found: 961.4011. UV-Vis (CH2Cl2): 
λmax (nm) (log ε(dm3 cm-1 mol-1)): 485 (4.6), 571 (4.3).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (114 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient of  
1:1 to 1:2. Finally, recrystallization of the solid from dichloromethane/methanol yielded 
NRos-2 as a dark brown solid. Yield 28 mg, 15% (procedure A); 37 mg, 20% (procedure B). 
1H NMR (400 MHz, THF-d8) δ 7.00 (d, J = 19.1 Hz, 12H), 5.13 (s, 6H). 19F NMR (376 
MHz, THF-d8) δ -140.02, -154.77, -160.95. The yield (procedure A), 1H NMR and 19F NMR 
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spectra roved concordant with previously published data.4 UV-Vis (CH2Cl2) : λmax (nm) (log 
ε(dm3 cm-1 mol-1)): 463 (5.1), 588 (4.7).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (129 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient of 
1:1 to 1:2. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-
3 as a dark brown solid. Yield 21 mg, 18% (procedure A); 37.8 mg, 15% (procedure B). 1H 
NMR (600 MHz, THF-d8) δ 7.27 (d, J = 6.8 Hz, 6H), 7.11 (dt, J = 7.1, 3.6 Hz, 6H), 6.96 (dd, 
J = 6.0, 3.4 Hz, 6H), 5.15 (s, 6H). 13C NMR (151 MHz, THF-d8) δ 132.47, 131.97, 126.95, 
124.83, 124.51, 123.78, 120.46, 117.07, 117.04, 116.88, 112.74, 112.60. 19F NMR (376 MHz, 
THF-d8) δ -109.50. HRMS (ESI positive): m/z [M+H+] Calculated for C63H27Br3F6N6 : 
1218.9824, found: 1218.9791. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-1 mol-1)): 472 (5.1), 
570 (4.8).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (107 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient of 
1:1 to 1:2. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-
4 as a dark brown solid. Yield 23 mg, 12% (procedure A); 31 mg, 16% (procedure B). 1H NMR 
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(400 MHz, THF-d8) δ 7.04 (dt, J = 6.9, 3.6 Hz, 6H), 6.99 (dt, J = 5.9, 3.5 Hz, 6H), 5.14 (s, 6H). 
13C NMR (151 MHz, THF-d8) δ 146.58, 144.95, 143.50, 141.95, 132.81, 131.33, 127.81, 
125.35, 125.16, 122.44, 121.18, 111.31. 19F NMR (376 MHz, THF-d8) δ -142.30 – -142.58 
(m), -152.03 – -152.28 (m). HRMS (ESI positive): m/z [M+H+] Calculated for C63H21F12N15: 
1216.1986, found: 1216.1973. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-1 mol-1)): 473 (4.8), 
585 (4.5).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (192 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient of 
1:1 to 1:2. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-
5 as a dark brown solid. Yield 35 mg, 13% (procedure A); 50 mg, 19% (procedure B). 1H NMR 
(400 MHz, THF-d8) δ 7.48 (d, J = 8.2 Hz, 6H), 7.31 (d, J = 8.2 Hz, 6H), 7.05 (dt, J = 7.5, 3.7 
Hz, 6H), 6.98 (dt, J = 6.0, 3.7 Hz, 6H), 5.13 (s, 6H). 13C NMR (151 MHz, THF-d8) δ 149.04, 
147.39, 145.85, 144.29, 133.61, 133.28, 132.92, 132.22, 130.78, 127.13, 124.63, 124.56, 
123.06, 120.51, 116.52, 114.87. 19F NMR (376 MHz, THF-d8) δ -130.97 (dd, J = 24.7, 12.0 
Hz), -138.86 (dd, J = 24.7, 11.9 Hz). HRMS (ESI positive): m/z [M+H+] Calculated for 
C81H33Br3F12N6S3: 1650.9360, found: 1650.9456. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-

1 mol-1)): 470 (4.9), 572 (4.7).

NRos-6
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (100 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient 1:2 
to 1:3. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-6 
as a dark brown solid. Yield 8.6 mg, 7% (procedure A); 24.3 mg, 15% (procedure B). 1H NMR 
(600 MHz, THF-d8) δ 6.97 (d, J = 7.1 Hz, 6H), 6.94 – 6.87 (m, 6H), 6.64 (d, J = 8.5 Hz, 6H), 
5.20 (s, 6H), 3.92 (s, 9H). 13C NMR (151 MHz, THF-d8) δ 157.31, 155.66, 151.13, 150.14, 
138.07, 132.22, 131.25, 126.84, 125.19, 124.31, 121.92, 113.88, 62.13. 19F NMR (376 MHz, 
THF-d8) δ -127.16. HRMS (ESI positive): m/z [M+H+] Calculated for C66H36F6N6O3 : 
1075.2826, found: 1075.2795. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-1 mol-1)): 481 (5.0), 
575 (4.7).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (118 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient 1:2 
to 1:4. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-7 
as a dark brown solid. Yield 7.5 mg, 4% (procedure A); 22 mg, 12% (procedure B). 1H NMR 
(600 MHz, THF-d8) δ 7.09 (dd, J = 6.0, 3.4 Hz, 6H), 6.95 (dd, J = 6.0, 3.4 Hz, 6H), 6.81 – 6.76 
(m, 3H), 5.14 (s, 6H), 3.81 (s, 18H). 13C NMR (151 MHz, THF-d8) δ 150.72, 145.01, 144.33, 
142.73, 133.81, 131.69, 126.73, 124.96, 124.45, 120.58, 114.47, 101.97, 57.37. 19F NMR (376 
MHz, THF-d8) δ -143.29 (d, J = 8.1 Hz). HRMS (ESI positive): m/z [M+H+] Calculated for 
C69H42F6N6O3: 1165.3143, found: 1165.3145. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-1 mol-

1)): 476 (5.1), 575 (4.8).
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A 1 L round bottomed flask charged with naphthobipyrrole (100 mg, 0.484 mmol, 1 equiv.) 
and 2,6-dimethylbenaldehyde (100 mg, 0.58 mmol, 1.2 equiv.). The general procedures were 
then followed to obtain a crude product. This crude product was purified via silica gel column 
chromatography (doped with 1% triethylamine) using hexanes: dichloromethane, gradient 1:2 
to 1:3. Finally, recrystallization of the solid from dichloromethane/methanol yielded NRos-8 
as a dark brown solid. Yield 12 mg, 7% (procedure A); 26 mg, 15% (procedure B). 1H NMR 
(600 MHz, THF-d8) δ 7.11 (dd, J = 6.1, 3.3 Hz, 6H), 6.96 (dd, J = 6.0, 3.4 Hz, 6H), 6.56 (d, J 
= 9.3 Hz, 6H), 5.20 (s, 6H), 3.77 (s, 9H). 13C NMR (151 MHz, THF-d8) δ 162.92, 162.59, 
161.01, 133.82, 131.62, 126.76, 125.00, 124.39, 120.63, 105.40, 99.27, 99.08, 56.55. 19F NMR 
(376 MHz, THF-d8) δ -112.26. HRMS (ESI positive): m/z [M+H+] Calculated for 
C66H36F6N6O3 : 1075.2826, found: 1075.2824. UV-Vis (CH2Cl2): λmax (nm) (log ε(dm3 cm-1 

mol-1)): 481 (5.0), 585 (4.7).
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3. NMR Spectra 

2,6-Difluoro-3,5-dimethoxybenaldehyde

Figure S3.1. 1H NMR spectrum (CDCl3) of 2,6-difluoro-3,5-dimethoxybenaldehyde

Figure S3.2. 13C NMR spectrum (CDCl3) of 2,6-difluoro-3,5-dimethoxybenaldehyde
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Figure S3.3. 19F NMR spectrum (CDCl3) of 2,6-difluoro-3,5-dimethoxybenaldehyde

4-((4-Bromophenyl)thio)-2,3,5,6-tetrafluorobenzaldehyde

Figure S3.4. 1H NMR spectrum (CDCl3) of 4-((4-bromophenyl)thio)-2,3,5,6-
tetrafluorobenzaldehyde
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Figure S3.5. 13C NMR spectrum (CDCl3) of 4-((4-bromophenyl)thio)-2,3,5,6-
tetrafluorobenzaldehyde

Figure S3.6. 19F NMR spectrum (CDCl3) of 4-((4-bromophenyl)thio)-2,3,5,6-
tetrafluorobenzaldehyde
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NRos-1

Figure S3.7. 1H NMR spectrum (THF-d8) of NRos-1

Figure S3.8. 13C NMR (THF-d8) NRos-1
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NRos-2

Figure S3.9. 1H NMR spectrum (THF-d8) of NRos-2

Figure S3.10. 19F NMR spectrum (THF-d8) of NRos-2
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NRos-3

Figure S3.11. 1H NMR spectrum (THF-d8) of NRos-3

Figure S3.12. 13C NMR spectrum (THF-d8) of NRos-3
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Figure S3.13. 19F NMR spectrum (THF-d8) of NRos-3

NRos-4

Figure S3.14. 1H NMR spectrum (THF-d8) of NRos-4
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Figure S3.15. 13C NMR spectrum (THF-d8) of NRos-4

Figure S3.16. 19F NMR spectrum (THF-d8) of NRos-4
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NRos-5

Figure S3.17. 1H NMR spectrum (THF-d8) of NRos-5

Figure S3.18. 13C NMR spectrum (THF-d8) of NRos-5
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Figure S3.19. 19F NMR spectrum (THF-d8) of NRos-5

NRos-6

Figure S3.20. 1H NMR spectrum (THF-d8) of NRos-6



S20

Figure S3.21. 13C NMR spectrum (THF-d8) of NRos-6

Figure S3.22. 19F NMR spectrum (THF-d8) of NRos-6
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NRos-7

Figure S3.23. 1H NMR spectrum (THF-d8) of NRos-7

Figure S3.24. 13C NMR spectrum (THF-d8) of NRos-7
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Figure S3.25. 19F NMR spectrum (THF-d8) of NRos-7

NRos-8

Figure S3.26. 1H NMR spectrum (THF-d8) of NRos-8
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Figure S3.27. 13C NMR spectrum (THF-d8) of NRos-8

Figure S3.28. 19F NMR spectrum (THF-d8) of NRos-8
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4. Mass Spectra

Figure S4.1. HRMS of 2,6-difluoro-3,5-dimethoxybenaldehyde (ESI-TOF, pos. mode, 
acetonitrile) 

Figure S4.2. HRMS of 4-((4-bromophenyl)thio)-2,3,5,6-tetrafluorobenzaldehyde (ESI-
TOF, pos. mode, acetonitrile) 
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Figure S4.3. HRMS of NRos-1 (ESI-TOF, pos. mode, acetonitrile) 

Figure S4.4. HRMS of NRos-3 (ESI-TOF, pos. mode, acetonitrile) 
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Figure S4.9. HRMS of NRos-4 (ESI-TOF, pos. mode, acetonitrile) 

Figure S4.8. HRMS of NRos-5 (ESI-TOF, pos. mode, acetonitrile) 



S27

Figure S4.6. HRMS of NRos-6 (ESI-TOF, pos. mode, acetonitrile) 

Figure S4.7. HRMS of NRos-7 (ESI-TOF, pos. mode, acetonitrile) 
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Figure S4.5. HRMS of NRos-8 (ESI-TOF, pos. mode, acetonitrile) 

5. UV-vis Spectra

Figure S5.1. UV-vis absorption spectrum of NRos-1 (in CH2Cl2).
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Figure S5.2. UV-vis absorption spectrum of of NRos-2 (in CH2Cl2).

Figure S5.3. UV-vis absorption spectrum of of NRos-3 (in CH2Cl2).
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Figure S5.4. UV-vis absorption spectrum of NRos-4 (in CH2Cl2).

Figure S5.5. UV-vis absorption spectrum of NRos-5 (in CH2Cl2).
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Figure S5.6. UV-vis absorption spectrum of NRos-6 (in CH2Cl2).

Figure S5.7. UV-vis absorption spectrum of NRos-7 (in CH2Cl2).
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Figure S5.8. UV-vis absorption spectrum of NRos-8 (in CH2Cl2).

6. Electrochemistry

Figure S6.1. Cyclic (closed curves) and differential-pulse voltammograms (open graphs) of 
NRos-2 (a), NRos-3 (b), NRos-6 (c), NRos-7 (d) and NRos-8 (e) recorded in CH2Cl2 at room 
temperature using Bu4NPF6 as the electrolyte.
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7. Computational studies

All reported structures were optimized at the DFT level using the B3LYP5 functional. The 
standard 6-31G(d,p) basis set was used for all atoms considered. Analytical harmonic 
frequencies were computed at the same level of theory to confirm the nature of the stationary 
points. All of the calculations were carried out by the methods implemented in the Gaussian 16 
package.6 TD-DFT calculations were carried out at the CAM-B3LYP/6-31+G(d,p) level of 
theory. For the mechanistic studies, the reported energy values correspond to the Gibbs Free 
(G) energies. Transition state geometries were connected with reactants and products via 
Intrinsic Reaction Coordinate (IRC) calculations. Solvent (CH2Cl2) effects were also 
considered through the Polarizable Continuum Model (PCM).

TD-DFT calculations 

Table S7.1. 
Selected transition properties of NRos-2 calculated at the CAM-B3LYP/6-31+G(d,p) level of 
theory. [a]Oscillator strength. [b]MOs involved in the transitions (H and L denoting HOMO and 
LUMO).

Excited state Energy (nm) f[a] Orbitals[b] (coefficient)
S1 1006 0.0000 HL (69%)
S2 541 0.0789 H-3L+2 (11%)

H-2L+2 (12%)
H-1L (64%)
H-1L+1 (12%)

S3 541 0.0789 H-3L (11%)
H-2L (64%)
H-2L+1 (12%)
H-1L+2 (12%)

S4 478 0.0000 H-3L (57%)
H-2L+1 (15%)
H-2L+2 (22%)
H-1L+1 (22%)
H-1L+2 (15%)

S5 436 1.1656 H-1L (13%)
HL+1 (67%)

S6 436 1.1656 H-2L (13%)
HL+2 (67%)

Excited state Energy (nm) f[a] Orbitals[b] (coefficient)
S1 1088 0.0000 HL (69%)
S2 532 0.0889 H-3L+1 (14%)

H-2L (63%)
S3 532 0.0889 H-3L+2 (14%)

H-2L (13%)
H-2L+1 (12%)
H-1L (63%)

S4 471 0.0000 H-3L (56%)
H-2L+1 (21%)
H-2L+2 (16%)
H-1L+1 (16%)
H-1L+2 (21%)

S5 435 1.2324 HL+1 (67%)
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Table S7.2. Selected transition properties of NRos-3 calculated at the CAM-B3LYP/6-
31+G(d,p) level of theory. [a]Oscillator strength. [b]MOs involved in the transitions (H and L 
denoting HOMO and LUMO).

Table S7.3. Selected transition properties of NRos-6 calculated at the CAM-B3LYP/6-
31+G(d,p) level of theory. [a]Oscillator strength. [b]MOs involved in the transitions (H and L 
denoting HOMO and LUMO).

S6 435 1.2324 HL+2 (67%)

Excited state Energy (nm) f[a] Orbitals[b] (coefficient)
S1 1040 0.0000 HL (69%)
S2 519 0.1091 H-3L+1 (13%)

H-2L (53%)
H-2L+2 (11%)
H-1L (38%)
H-1L+1 (11%)

S3 519 0.1091 H-3L+2 (13%)
H-2L (38%)
H-2L+1 (11%)
H-1L (53%)
H-1L+2 (11%)

S4 463 0.0000 H-3L (57%)
H-2L+1 (25%)
H-1L+2 (25%)

S5 431 1.3314 H-2L (11%)
HL+1 (67%)

S6 430 1.3319 H-1L (11%)
HL+2 (67%)

Excited state Energy (nm) f[a] Orbitals[b] (coefficient)
S1 1070 0.0000 HL (69%)
S 523 0.0942 H-3L+2 (14%)

H-2L (63%)
H-2L+2 (11%)
H-1L (14%)
H-1L+2 (11%)
HL+1 (10%)

S3 523 0.0942 H-3L+2 (14%)
H-2L (14%)



S35

Table S7.4. Selected transition properties of NRos-7 calculated at the CAM-B3LYP/6-
31+G(d,p) level of theory. [a]Oscillator strength. [b]MOs involved in the transitions (H and L 
denoting HOMO and LUMO).

Table S7.5. Selected transition properties of NRos-8 calculated at the CAM-B3LYP/6-
31+G(d,p) level of theory. [a]Oscillator strength. [b]MOs involved in the transitions (H and L 
denoting HOMO and LUMO).

8. Supporting References

H-2L+1 (11%)
H-1L (63%)
H-1L+2 (11%)
HL+2 (10%)

S4 463 0.0000 H-3L (56%)
H-2L+1 (26%)
H-1L+2 (26%)

S5 434 1.2517 H-2L (11%)
HL+1 (67%)

S6 434 1.2528 H-1L (11%)
HL+2 (67%)

Excited state Energy (nm) f[a] Orbitals[b] (coefficient)
S1 1070 0.0000 HL (69%)
S2 523 0.0991 H-3L+2 (11%)

H-2L (22%)
H-2L+1 (12%)
H-1L (61%)
H-1L+2 (12%)

S3 523 0.0990 H-3L+1 (11%)
H-2L (61%)
H-2L+2 (12%)
H-1L (22%)
H-1L+1 (12%)

S4 464 0.0000 H-3L (56%)
H-2L+1 (27%)
H-1L+2 (27%)

S5 434 1.2687 H-2L (13%)
HL+1 (67%)

S6 434 1.2687 H-1L (13%)
HL+2 (67%)
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