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Fig. S1 UV/vis spectra of oP(DA)n in cyclohexane, dichloromethane, and methanol. 
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Fig. S2 UV/vis spectra of oP(D)4 and oP(A)4. 
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Fig. S3 Fluorescence spectra of oP(D)4. The spectra are taken at identical concentrations and instrumental settings. 
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NMR Spectra of oP(DA)6 

 
Fig. S4 1H NMR spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6. 
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Fig. S5 DQFCOSY spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6. 
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Fig. S6 HMQC spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 (aromatic region). 
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Fig. S7 HMBC spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 (aromatic region). 
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Fig. S8 EXSY spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6. 
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Fig. S9 1H NMR spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 + TFA. 
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Fig. S10 DQFCOSY spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 + TFA. 
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Fig. S11 HMQC spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 + TFA. 
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Fig. S12 HMBC spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 + TFA. 
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Fig. S13 EXSY spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)6 + TFA. 
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Fig. S14 Calculated (GIAO/PCM/WP04/6-31G(d)//B3LYP/6-31+G(d,p)) vs experimental chemical shifts for oP(DA)6 + 

TFA. (a) Calculated for AAA geometry vs I. (b) Ha and Hb for all four conformers. 

Data for Optimized Geometries 

Table S1 Energies and zero-point energy corrections for all optimized geometries (B3LYP/6-31+G(d,p)). 

Compound Imag. Freq. Energy (Eh) ZPC (Eh) Total (Eh) 
oP(DA)6 AAA 0 −1726.081719 0.578929 −1725.502789 
oP(DA)6 AAB 0 −1726.082441 0.579103 −1725.503338 
oP(DA)6 BAA 0 −1726.081146 0.579011 −1725.502134 
oP(DA)6 BAB 0 −1726.081374 0.579179 −1725.502196 
[oP(DA)6 + H+] AAA 0 −1726.455757 0.593752 −1725.862005 
[oP(DA)6 + H+] AAB 0 −1726.455561 0.593940 −1725.861621 
[oP(DA)6 + H+] BAA 0 −1726.455415 0.593884 −1725.861531 
[oP(DA)6 + H+] BAB 0 −1726.455866 0.594051 −1725.861814 
oP(DA)8 0 −2188.204903 0.739974 −2187.464929 
oP(DA)8 + H+ 0 −2188.580514 0.754913 −2187.825601 

 

Synthesis of oP(DA)2 and oP(DA)3 

(H3C)2N NO2

(H3C)2N

NO2

Br

N(CH3)2

Br Br

Br

NO2
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oP(DA)2

oP(DA)3  
Scheme S1 Reagents and conditions: (a) 4-nitrophenylboronic acid pinacol ester, Pd(PPh3)4, Na2CO3(aq), toluene, EtOH; (b) 

4-dimethylaminophenylboronic acid, Pd(OAc)2, SPhos, K3PO4, THF, water. 

 N,N-Dimethyl-4-(4-nitrophenyl)aniline (oP(DA)2): A Schlenk tube was charged with 4-bromo-

N,N-dimethylaniline (200 mg, 1.0 mmol), 4-nitrophenylboronic acid pinacol ester (249 mg, 1.0 mmol), 
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and Pd(PPh3)4 (23 mg, 0.02 mmol), then evacuated and backfilled with argon (3×). Degassed toluene (4.0 

mL), ethanol (0.6 mL), and 2 M Na2CO3(aq) (2.0 mL) were added under the positive pressure of argon. 

The mixture was heated at 100 °C for 24 h, then diluted with EtOAc (10mL), washed with brine (10 mL). 

The aqueous layer extracted with EtOAc (3 × 10 mL). The organic layers were dried over MgSO4, 

filtered, and concentrated. The crude product was purified by flash chromatography (3:1 

hexanes:EtOAc) and then recrystallized from abs. ethanol to afford 197 mg (81%) of oP(DA)2 as deep 

red solid: m.p. 249.4°C; 1H NMR (CDCl3, 500 MHz) δ 3.05 (s, 6H), 6.84 (m, 2H), 7.58 (m, 2H), 7.69 (m, 

2H), 8.25 (m, 2H). The 1H NMR spectrum is in agreement with previous reports.1 Prior to UV/vis and 

fluorescence spectroscopy, the compound was again recrystallized from EtOH. 

 2-Bromo-4'-nitrobiphenyl: The same procedure as for oP(DA)2 was used with 1,2-dibromobenzene 

(236 mg, 1.0 mmol) and 4-nitrophenylboronic acid pinacol ester (249 mg, 1.0 mmol) as starting 

materials. The crude product was purified by flash chromatography (6:1 hexanes:EtOAc) to afford 80 mg 

(29%) of 2-bromo-4’-nitrobiphenyl as a yellow solid: 1H NMR (CDCl3, 500 MHz) δ 7.28 (td, 1H, J = 7.7, 

1.8 Hz), 7.32 (dd, 1H, J = 7.6, 1.4 Hz), 7.43 (td, 1H, J = 7.3, 1.0 Hz), 7.60 (m, 2H), 7.72 (dd, 1H, J = 8.0, 

1.0 Hz), 8.30 (m, 2H); 13C NMR (CDCl3, 125 MHz) δ 122.2, 123.4, 127.8, 130.1, 130.6, 131.0, 133.6, 140.5, 

147.4, 147.6; MS (APCI) calc’d for C12H9BrNO2 (M+H+) 277.9, found 277.9. 

 oP(DA)3: A Schlenk vacuum tube was charged with 2-bromo-4'-nitrobiphenyl (276 mg, 1.0 mmol), 

4-(dimethylamino)phenylboronic acid (198 mg, 1.2 mmol), Pd(OAc)2 (44.9 mg, 0.20 mol), SPhos (98.5 

mg, 0.24 mmol), and K3PO4 (849 mg, 4.0 mmol), then evacuated and backfilled with argon (3×). 

Anhydrous THF (2.0 mL) was added followed by water (0.5 mL). The reaction mixture was degassed by 

three freeze-pump-thaw cycles, then sealed and heated at 90 °C overnight. The reaction mixture was 

then cooled, diluted with EtOAc (20 mL), and washed with water, acidifying the aqueous layer with 1 M 

HCl (15 mL). The aqueous layer was extracted with EtOAc, and the combined organic layers washed 

with water and brine, dried over MgSO4, filtered, and concentrated. The crude product was purified by 

flash chromatography (12:1 hexane:EtOAc) to afford 219 mg (69%) of oP(DA)3 as red solid, which was 

recrystallized from abs. ethanol prior to further analysis: m.p. 140.7 °C; 1H NMR (CDCl3, 500 MHz) δ 

2.95 (s, 6H), 6.61 (m, 2H), 6.97 (m, 2H), 7.35 (d, 2H, J = 7.8 Hz), 7.40 (s, 2H), 7.47 (s, 2H), 8.11 (m, 2H); 
13C NMR (CDCl3, 125 MHz) δ 40.5, 112.2, 123.4, 127.0, 128.3, 128.9, 130.4, 130.7, 130.8, 130.9, 138.1, 

141.1, 146.4, 149.4, 149.6; MS (ESI) calc’d for C20H19N2O2 (M+H+) 319.1, found 319.2; HRMS (ESI) calc’d 

for C20H19N2O2 (M+H+) 319.1447, found 319.1439. 
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Synthesis of oP(D)4 and oP(A)4 

OTf

N(CH3)2

NO2

oP(D)4

oP(A)4

S1

a

b

75%

83%

 
Scheme S2 Reagents and conditions: (a) 4-dimethylaminophenylboronic acid, Pd(OAc)2, SPhos, K3PO4, THF, water; (b) 4-

nitrophenylboronic acid, Pd(OAc)2, SPhos, K3PO4, THF, water. 

 oP(D)4: The same procedure as for oP(DA)3 was used with S12 (100 mg, 0.264 mmol) instead of 2-

bromo-4'-nitrobiphenyl as starting material. Purification by flash chromatography (4:1 hexane: EtOAc) 

and recrystallization from hexanes/CH2Cl2 gave 69.6 mg (0.199 mmol, 75%) of oP(D)4 as a white solid: 

m.p. 128.5 °C; 1H NMR (CDCl3, 500 MHz) δ 2.89 (s, 6H), 6.42 (m, 2H), 6.55 (m, 2H), 6.70 (m, 2H), 7.01 

(t, 2H, J = 7.3 Hz), 7.07 (t, 1H, J = 7.3 Hz ), 7.16 (dd, 1H, J = 7.3, 1.4 Hz), 7.2–7.4 (m, 7H); 13C NMR 

(CDCl3, 125 MHz) δ 40.7, 112.1, 125.8, 126.1, 127.0, 127.2, 127.3, 129.2, 129.7, 129.95, 129.99, 131.64, 

131.65, 139.6, 140.6, 141.0, 141.2, 149.0; MS (MALDI) calc’d for C26H24N (M+H+) 350.19, found 349.87; 

HRMS (ESI) calc’d for C26H24N (M+H+) 350.1909, found 350.1919. 

 oP(A)4: The same procedure as for oP(DA)3 was used with S1 (100 mg, 0.264 mmol) and 4-

nitrophenylboronic acid as starting materials. Purification by flash chromatography (7:3 

hexanes:CH2Cl2) and recrystallization from abs. ethanol gave 77.4 mg (0.220 mmol, 83%) of oP(A)4 as an 

off-white solid: m.p. 136.6 °C; 1H NMR (CDCl3, 500 MHz) δ 6.51 (d, 2H, J = 7.0 Hz), 6.65 (d, 2H, J = 8.5 

Hz), 6.98 (t, 2H, J = 7.6 Hz), 7.0–7.2 (m, 3H), 7.35–7.55 (m, 6H), 7.81 (d, 2H, J = 8.5 Hz); 13C NMR 

(CDCl3, 125 MHz) δ 122.6, 126.2, 127.6, 127.7, 127.8, 128.2, 128.7, 129.2, 129.6, 129.8, 130.1, 131.6, 

132.0, 138.8, 139.0, 140.3, 140.4, 140.7, 146.0, 147.8; MS (MALDI) calc’d for C24H17CuNO2 (M+Cu+)3 

414.67, found 413.82; HRMS (ESI) calc’d for C26H23NNa (M+Na+) 374.1157, found 374.1157. 
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NMR Spectra 

 
Fig. S15 1H NMR spectrum (500 MHz, CDCl3) of oP(A)3-OTf. 

 
Fig. S16 13C NMR spectrum (125 MHz, CDCl3) of oP(A)3-OTf. 
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Fig. S17 1H NMR spectrum (500 MHz, CDCl3) of oP(A)5-OTf. 

 
Fig. S18 1H NMR spectrum (500 MHz, CDCl3) of oP(A)7-OTf. 
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Fig. S19 1H NMR spectrum (500 MHz, CDCl3) of oP(DA)4. 

 
Fig. S20 13C NMR spectrum (125 MHz, CDCl3) of oP(DA)4. 
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Fig. S21 1H NMR spectrum (500 MHz, 0 °C, CDCl3) of oP(DA)8. 

 
Fig. S22 1H NMR spectrum (500 MHz, CDCl3) of 2-bromo-4'-nitrobiphenyl. 
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Fig. S23 13C NMR spectrum (125 MHz, CDCl3) of 2-bromo-4'-nitrobiphenyl. 

 
Fig. S24 1H NMR spectrum (500 MHz, CDCl3) of oP(DA)3. 
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Fig. S25 13C NMR spectrum (125 MHz, CDCl3) of oP(DA)3. 

 
Fig. S26 1H NMR spectrum (500 MHz, CDCl3) of oP(D)4. 
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Fig. S27 13C NMR spectrum (125 MHz, CDCl3) of oP(D)4. 

 
Fig. S28 1H NMR spectrum (500 MHz, CDCl3) of oP(A)4. 
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Fig. S29 13C NMR spectrum (125 MHz, CDCl3) of oP(A)4. 

Cartesian Coordinates for Optimized Geometries 

Table S2 Optimized Cartesian coordinates for oP(DA)6 AAA. 
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Table S3 Optimized Cartesian coordinates for oP(DA)6 AAB. 
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Table S4 Optimized Cartesian coordinates for oP(DA)6 BAA. 
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Table S5 Optimized Cartesian coordinates for oP(DA)6 BAB. 
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Table S6 Optimized Cartesian coordinates for [oP(DA)6 + H+] AAA. 
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Table S7 Optimized Cartesian coordinates for [oP(DA)6 + H+] AAB. 
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Table S8 Optimized Cartesian coordinates for [oP(DA)6 + H+] BAA. 
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Table S9 Optimized Cartesian coordinates for [oP(DA)6 + H+] BAB. 
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Table S10 Optimized Cartesian coordinates for oP(DA)8. 
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Table S11 Optimized Cartesian coordinates for [oP(DA)8 + H+]. 
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