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1. Experimental section 

1.1 General 

All reagents were purchased from commercial suppliers and used as received without 

further purification. Anhydrous dichloromethane (DCM), N, N-dimethylformaldehyde 

(DMF) was distilled from CaH2. Toluene and THF were distilled from 

sodium-benzophenone immediately prior to use. The 
1
H NMR and 

13
C NMR spectra 

were recorded on Bruker DPX 300 or DRX 500 NMR spectrometer with 

tetramethylsilane (TMS) as the internal standard. The chemical shift was recorded in 

ppm and the following abbreviations were used to explain the multiplicities: s = 

singlet, d = doublet, t = triplet, q = quartet, m = multiplet. EI-mass spectra were 

recorded on Agilent 5975C DIP/MS mass spectrometer. MALDI-TOF mass spectra 

were measured on a Bruker Autoflex MALDI-TOF instrument using 1,8,9- 

trihydroxyanthracene as a matrix. UV-vis absorption and fluorescence spectra were 

recorded on Shimadzu UV-1700 spectrometer and RF- 5301 fluorometer, respectively. 

The solvents used for UV-vis and fluorescence measurements are of HPLC grade. 

The electrochemical measurements were carried out in anhydrous and degassed DCM 

containing 0.1 M tetra-n-butylammonium hexafluorophosphate (Bu4NPF6) as the 

supporting electrolyte at a scan rate of 0.05 V/s at room temperature. A gold disk was 

used as working electrode, platinum wire was used as counting electrode, and 

Ag/AgCl (3 M KCl solution) was used as reference electrode. The potential was 

calibrated against the ferrocene/ferrocenium couple. 

 

1.2 Synthetic procedure and characterization data 

Compounds 4,
1
 5

2
 and 7

3
 were synthesized according to a literature procedure. 
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To a solution of 5 (297 mg, 1 mmol) and 2,4-dimethylpyrrole (114 mg, 1.2 mmol) in 

degassed anhydrous DCM (40 mL) was added POCl3 (0.2 mL, 2.1 mmol) under Ar 

atmosphere. The solution was stirred at room temperature for 24 h until the completed 

consumption of 5 (monitored by TLC), then poured into 100 mL of a saturated 

NaHCO3 solution. The organic layer was wash with brine and water, dried over 

anhydrous Na2SO4. The solvent was removed under vacuum to afford a crude product 

6 as a brown solid. The crude product 6 was then dissolved in degassed anhydrous 

DCM (30 mL) and Et3N (0.8 mL, excess), and then BF3·OEt2 (0.9 mL, excess) were 

successively added under argon atmosphere. The resulting mixture was stirred at 

room temperature for 2 h. After removing the solvent under reduced pressure, the 

residue was purified by column chromatography (silica gel, DCM: hexane = 1: 3) to 

afford pure product 1 (176 mg, 42%) as a deep-red solid.
 1
H NMR(CDCl3, 300 MHz): 

δ 7.83 (d, J = 8.6 Hz, 1H), 7.36 (m, 1H), 7.17 (d, J = 8.2 Hz, 1H), 7.10 (m, 1H), 7.04 

(m, 4H), 6.97 (m, 4H), 6.84 (m, 2H), 6.25 (s, 1H), 2.76 (s, 3H), 1.38 (s, 3H) ppm. 
13

C 

NMR (CDCl3, 75 MHz): δ 166.2, 149.8, 145.5, 145.1, 138.2, 136.6, 134.7, 133.4, 

132.4, 130.9, 130.2, 129.7, 128.7, 127.9, 126.8, 126.5, 123.0, 121.8, 115.6, 30.4, 16.3. 

HR MS (EI): m/z = 422.1759 [M
+
] and 402.1696 [M

+
-F]; calcd. for C27H21BF2N2: 

422.1766 (error: -1.62 ppm). 

 

A mixture of compound 7 (1.59 g, 4 mmol), phenylboronic acid (585 mg, 4.8 
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mmol) , toluene (80 mL), and Na2CO3 aqueous solution (2 M, 8 mL) was degassed 

by bubbling through argon stream for 15 min. Then Pd(PPh3)4 (231 mg, 0.20 mmol) 

was added and the mixture was further degassed for 10 min. The reaction was heated 

at 110 o
Cfor 24 h. After cooling down to room temperature, the mixture was poured 

into water and extracted with DCM. The organic layer was washed by water and brine, 

dried over anhydrous Na2SO4. The solvent was removed under vacuum and the 

residue was purified by column chromatography (silica gel, EA: hexane = 1: 10) to 

afford pure product 8 (1.22 g, 88%) as a white solid. 
1
H NMR (CDCl3, 300 MHz): δ 

8.06 (d, J = 8.2 Hz, 1H), 7.79 (t, J = 7.9 Hz, 3H), 7.70 (s, 1H), 7.61 (m, 2H), 7.46 (m, 

2H), 7.39-7.21 (m, 5H), 2.3 (s, 3H) ppm. 
13

C NMR (CDCl3, 75 MHz): δ 145.7, 136.2, 

133.7, 130.6, 130.0, 129.6, 128.6, 128.2, 127.6, 125.6, 124.7, 124.2, 123.7, 121.1, 

114.5, 22.2. MS (ESI): m/z = 347.24 [M
+
]; calcd. for C21H17NO2S: 347.10. 

 

To a solution of 8 (695 mg, 2.0 mmol) in EtOH (100 mL) and DMSO (12.5 mL), 10% 

aq. NaOH (5.0 mL) was added slowly. The reaction mixture was stirred at 50 
 o

Cfor 

100 min until no more starting material existing (monitored by TLC), the solution was  

concentrated under vacuum, poured into water (100 mL), and extracted with EtOAc. 

The combined organic layer was dried over anhydrous Na2SO4, the solvent was 

removed under reduced pressure to give the crude product 9 (360 mg, 94%) as s white 

solid. TLC analysis shows that the product obtained was sufficiently pure to be used 

without further purification. To a solution of compound 9 (150 mg, 0.78 mmol) and 

benzaldehyde (41 mg, 0.39 mmol) in 15 mL of methanol, ethanol (2.6 mL) and 

concentrated hydrochloride acid (1.0 mL) were successively added at 0
 o
Cunder argon 

atmosphere.
4
 The resulting mixture was allowed to slowly warm to room temperature, 
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and stirred at this temperature overnight. The mixture was concentrated under vacuum 

and poured into ice-water (40 mL), the white precipitate was isolated by filtration, 

dried under vacuum, and then dissolved in degassed anhydrous DCM (30 mL). After 

an addition of DDQ (106 mg, 0.47 mmol), the solution was stirred under refluxing 

condition for 2 h under argon atmosphere.  After cooling, Et3N (1.0 mL, excess) and 

BF3·OEt2 (1.2 mL, excess) were successively added. The mixture was then stirred at 

room temperature for 2h. The solvent was removed under reduced pressure, and the 

residue was purified by column chromatography (silica gel, DCM: hexane = 1:6 to 

1:2) to afford pure product 2 (40 mg, 20%) as a deep blue solid. 
1
H NMR (CDCl3, 500 

MHz): δ 7.92 (d, J = 8.3 Hz, 2H), 7.46 (m, 2H), 7.21 (d, J = 8.5 Hz, 2H), 6.94-6.87 

(m, 10H), 6.80 (m, 4H), 6.69 (m, 1H), 6.49 (m, 2H) ppm. 
13

C NMR (CDCl3, 125 

MHz): δ 153.4, 149.6, 144.4, 136.6, 133.7, 133.6, 132.7, 132.0, 131.0, 129.7, 129.3, 

127.5, 126.8, 126.7, 123.9, 123.1, 116.5. HR MS (EI): m/z = 520.1939 [M
+
] and 

501.1935 [M
+
-F]; calcd. for C35H23BF2N2: 520.1922 (error: 3.22 ppm). 

 

LDA (4.55 mL, 2M solution in heptane/THF/ethylbenzene, 9.07 mmol, 1.2 eq) was 

slowly added to a well-stirred solution of compound 7 (3.0 g, 7.56 mmol) in dry THF 

at -78゜C under a nitrogen atmosphere. The solution was stirred for 1.5 h and after 

that a solution of 2-iodo-benzoyl chloride (2.41g, 9.06mmol) in dry THF (3 mL) was 

added dropwise.
5
 The reaction mixture was allowed to slowly warm to room 

temperature and the stirring was proceeded until no more starting material 7 was 

detectable by TLC. Then the reaction mixture was concentrated under vacuum, 

poured into water (40 mL), and extracted with DCM. The combined organic layer was 

dried over anhydrous Na2SO4, the solvent was removed under reduced pressure and 

the crude product was purified by column chromatography (silica gel, DCM: hexane 

= 4:1) to give pure product 11 (1.95 g, yield 21%) as a light yellow solid. 
1
H NMR 
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(CDCl3, 300 MHz): δ 8.02 (m, 2H), 7.80 (d, J = 8.2 Hz, 2H), 7.46-7.09 (m, 8H), 2.28 

(s, 3H) ppm. 
13

C NMR (CDCl3, 75 MHz): δ 188.8, 146.2, 142.8, 140.5, 137.8, 136.8, 

134.9, 133.7, 132.5, 130.5, 128.7, 128.5, 128.3, 125.5, 124.1, 115.6, 95.6, 22.3 ppm. 

MS (ESI): m/z = 649.70 [M
+
+Na]; calcd. for C22H15I2NO3S: 626.89. 

 

A solution of compound 11 (0.50 g, 0.80 mmol) and activated copper powder (0.150 g, 

2.39 mmol) in anhydrous DMF (15 mL) was heated at 140 
o
Cfor 3 h. After cooling, 

the reaction mixture was poured into water (200 mL) and extracted with diethyl ether. 

The organic layer was washed with water and brine, dried over anhydrous Na2SO4, 

the solvent was removed under reduce pressure to afford 12 (283 mg, 95%) as a dark 

orange solid. 
1
H NMR (CDCl3, 300 MHz): δ 8.25 (d, J = 8.6 Hz, 1H), 7.97 (d, J = 8.4 

Hz, 2H), 7.66 (d, J = 7.9 Hz, 1H), 7.46 (m, 1H), 7.42(m, 1H), 7.37-7.11 (m, 5H), 7.07 

(m, 1H) ppm. 
13

C NMR (CDCl3, 75 MHz): δ 181.0, 146.3, 143.4, 143.1, 137.6, 136.5, 

136.1, 135.4, 134.3, 130.6, 129.5, 129.2, 128.0, 125.4, 124.8, 123.3, 122.4, 120.7, 

116.4, 22.3 ppm. MS (ESI): m/z = 374.18 [M
+
+H]; calcd. for C22H15NO3S: 373.08. 

 

To a solution of 12 (150 mg, 0.402 mmol) in EtOH (20 mL) and DMSO (2.5 mL), 

10% aq. NaOH (1.0 mL) was added slowly. The reaction mixture was stirred at 50゜

o
C for 40 min, concentrated under vacuum, poured into water (100 mL), and extracted 

with EtOAc. The combined organic layer was dried over anhydrous Na2SO4, filtered 

and evaporated under reduced pressure. The crude product was recrystallized from 

hexane to give the pure product 13 (0.06 g, 68%) as a dark red solid. 
1
H NMR 
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(d6-DMSO, 300 MHz): δ 12.04 (br, 1H), 7.83 (d, J = 4.8Hz, 1H), 7.38-7.26 (m, 4H), 

7.24 (d, J = 4.2Hz, 1H), 7.16 (t, J = 4.2Hz, 1H), 7.02 (t, J = 4.1Hz, 1H) ppm. 
13

C 

NMR (d6-DMSO, 125 MHz): δ 183.6, 143.0, 134.2, 133.9, 126.7, 126.2, 123.12, 

121.8, 121.4, 120.6, 119.3 ppm. MS (ESI): m/z = 220.01 [M
+
+H]; calcd. for C15H9NO: 

219.07.  

 

To a solution of compound 13 (40 mg, 0.183 mmol) and 2,4-dimethylpyrrole (21 mg, 

0.22 mmol) in degassed anhydrous DCM (20 mL) was added POCl3 (0.2 mL). The 

solution was stirred at room temperature for 24 h and then TEA (1 mL) was added to 

neutralize the solution. The solvent was removed under vacuum and the residue was 

somehow purified by column chromatography (Al2O3, hex: DCM = 1:1) to give the 

crude product 14 as a deep brown solid. The crude product 14 was then dissolved in 

degassed anhydrous DCM (20 mL). Et3N (0.8 mL, excess) and BF3·OEt2 (1.0 mL, 

excess) were successively added. The resulting mixture was further stirred for 2h, 

concentrated under vacuum and then purified by column chromatography (silica gel, 

EA: hexane = 1:9) to afford pure product 3 (15 mg, yield 24%) as a deep brown solid. 

1
H NMR (CDCl3, 500 MHz): δ 7.35 (m, 2H), 7.21 (d, J = 3.8 Hz, 1H), 7.09 (m, 1H), 

6.83-6.98 (m, 3H), 6.55-6.60 (m, 1H), 6.34 (s, 1H), 2.71 (s, 3H), 2.47 (s, 3H) ppm. 

13
C NMR (CDCl3, 125 MHz): δ 171.6, 148.1, 147.4, 146.5, 144.2, 138.2, 138.1, 137.4, 

133.2, 129.3, 128.2, 128.1, 126.2, 125.1, 124.8, 121.9, 121.4, 115.6, 29.7, 16.7 ppm. 

HR MS (EI): m/z = 344.1295 [M
+
]; calcd. for C21H15BF2N2: 344.1296 (error: -0.52 

ppm). 
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2. Summary of electrochemical properties 

 

Compounds Eox
1
 

(V) 

Ered
1
 

(V) 

 

Ered
2
 

(V) 

 

HOMO 

(eV) 

 

LUMO 

(eV) 

Eg
a
 

(eV) 

Eg
b
 

(eV) 

4 1.05 -1.68 - -5.68 -3.32 2.36 2.40 

1 1.11 -1.24 - -5.79 -3.69 2.10 2.23 

2 1.20 -0.70 - -5.88 -4.19 1.69 1.76 

3 0.78 -0.85 -1.61 -5.44 -4.08 1.36 1.28 

Table S1. Summary of electrochemical properties of compounds 1, 2, 3 and 4. Eox
n
 

and Ered
n 

are the half-wave potentials for respective redox waves with Fc/Fc
+ 

as 

reference. HOMO and LUMO energy levels were calculated from the onset of the 

first oxidation and reduction waves according to equations: HOMO = -(4.8 + Eox
onset

) 

and LUMO = - (4.8 + Ered
onset

).
6
 a) Obtained from cyclic voltammograms. b) Obtained 

from the low energy absorption onset in the absorption spectra. 
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3. TD-DFT calculations 

Time-dependent DFT (TD-DFT) calculations have been performed at the 

B3LYP/6-31G* level of theory,
7-11

 as implemented in the Gaussian 09 program 

package. The geometries of 1, 2 and 3 were fully optimized in gas phase using the 

default convergence criteria without any constraints and confirmed by frequency 

calculations. UV-vis-NIR absorption spectra were generated assuming an average 

UV-vis width of 4000 cm
-1

 at half-height using the SWizard program.
12

 

 Hartree eV 

LUMO+5 

LUMO+4 

LUMO+3 

LUMO+2 

LUMO+1 

LUMO 

HOMO 

HOMO-1 

HOMO-2 

HOMO-3 

HOMO-4 

HOMO-5 

HOMO-6 

HOMO-7 

HOMO-8 

HOMO-9 
 

0.00356 

-0.0002 

-0.00699 

-0.01669 

-0.01802 

-0.10254 

-0.19835 

-0.21138 

-0.24122 

-0.24946 

-0.25088 

-0.25959 

-0.26407 

-0.27759 

-0.28277 

-0.3112 
 

0.10 

-0.01 

-0.19 

-0.45 

-0.49 

-2.79 

-5.40 

-5.75 

-6.56 

-6.79 

-6.83 

-7.06 

-7.19 

-7.55 

-7.69 

-8.47 
 

Table S2. Calculated energy levels of molecule 1. 

 

calcd. (nm) ƒ composition (H = HOMO, L= LUMO, L+1 

= LUMO+1, etc.) 

562.6 

443.6 

336.3 

277.1 

0.0528 

0.6114 

0.0892 

0.1501 

H-0->L+0(+67%)  H-1->L+0(33%) 

H-1->L+0(+64%)  H-0->L+0(+33%) 

H-5->L+0(+76%)  H-6->L+0(+16%) 

H-8->L+0(+57%)  H-7->L+0(+14%)                                 

H-0->L+3(11%)  H-0->L+2(+6%) 

Table S3. Calculated absorption spectral data for 1. 
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Figure S1. Calculated absorption spectrum for 1. 

 

 Hartree eV 

LUMO+5 

LUMO+4 

LUMO+3 

LUMO+2 

LUMO+1 

LUMO 

HOMO 

HOMO-1 

HOMO-2 

HOMO-3 

HOMO-4 

HOMO-5 

HOMO-6 

HOMO-7 

HOMO-8 

HOMO-9 
 

-0.00698 

-0.0085 

-0.01727 

-0.01753 

-0.02285 

-0.11814 

-0.20099 

-0.21251 

-0.21893 

-0.23966 

-0.24824 

-0.2534 

-0.25512 

-0.25854 

-0.26456 

-0.28129 
 

-0.19 

-0.23 

-0.47 

-0.48 

-0.62 

-3.21 

-5.47 

-5.78 

-5.96 

-6.52 

-6.75 

-6.90 

-6.94 

-7.04 

-7.20 

-7.65 
 

Table S4. Calculated energy levels of molecule 2. 

 

calcd. (nm) ƒ composition (H = HOMO, L= LUMO, L+1 

= LUMO+1, etc.) 

661.4 

484.0 

0.0896 

0.8039 

H-0->L+0(+77%)  H-2->L+0(23%) 

H-2->L+0(+75%)  H-0->L+0(+24%) 
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366.2 0.1375 H-7->L+0(+59%) H-8->L+0(+33%) 

H-9->L+0(+5%) 

Table S5. Calculated absorption spectral data for 2. 

 

 

Figure S2. Calculated absorption spectrum for 2. 

 

 Hartree eV 

LUMO+5 

LUMO+4 

LUMO+3 

LUMO+2 

LUMO+1 

LUMO 

HOMO 

HOMO-1 

HOMO-2 

HOMO-3 

HOMO-4 

HOMO-5 

HOMO-6 

HOMO-7 

HOMO-8 

HOMO-9 
 

0.04563 

0.02938 

-0.00124 

-0.00677 

-0.01382 

-0.11955 

-0.19068 

-0.21611 

-0.24805 

-0.25601 

-0.26271 

-0.29382 

-0.30382 

-0.31807 

-0.33494 

-0.33704 
 

1.24 

0.80 

-0.03 

-0.18 

-0.38 

-3.25 

-5.19 

-5.88 

-6.75 

-6.97 

-7.15 

-8.00 

-8.27 

-8.66 

-9.11 

-9.17 
 

Table S6. Calculated energy levels of molecule 3. 
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calcd. (nm) ƒ composition (H = HOMO, L= LUMO, L+1 

= LUMO+1, etc.) 

930.5 

536.8 

401.1 

376.2 

198.5 

 

190.4 

 

185.1 

0.0207 

0.1767 

0.1934 

0.2463 

0.1196 

 

0.1435 

 

0.1320 

H-0->L+0(+97%) 

H-1->L+0(+91%)  H-2->L+0(+6%) 

H-2->L+0(+49%)  H-3->L+0(44%) 

H-3->L+0(+39%)  H-2->L+0(+33%) 

H-4->L+0(+17%)  H-0->L+1(+7%) 

H-1->L+4(+31%)  H-0->L+6(+18%) 

H-3->L+3(+17%)  H-4->L+1(+14%)                               

H-3->L+2(7%) 

H-3->L+1(+30%)  H-2->L+2(+15%)             

H-5->L+1(13%)  H-17->L+0(+13%)   

H-0->L+6(8%)  H-4->L+3(+7%) 

H-4->L+3(+33%)  H-19->L+0(+24%)                                

H-1->L+5(17%)  H-3->L+3(6%) 

Table S7. Calculated absorption data for 3. 

 

 

Figure S3. Calculated absorption spectrum for 3. 
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5. Appendix:
 1
H NMR and

 13
CNMR spectra and HR-EI mass spectra 

5.1 
1
H NMR and 

13
CNMR spectra 

1
H NMR spectrum of 4 (500 MHz, CDCl3, RT): 

 

13
C NMR spectrum of 4 (125 MHz, CDCl3, RT): 
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1
H NMR spectrum of 5 (500 MHz, d6-DMSO, RT): 

 

13
C NMR spectrum of 5 (75 MHz, CDCl3, RT): 
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1
H NMR spectrum of 1 (300 MHz, CDCl3, RT): 

 

13
C NMR spectrum of 1 (75 MHz, CDCl3, RT): 

 

 

 

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



Electronic Supplementary Information (ESI)    ChemCommun 
 

 18 / 22 

1
H NMR spectrum of 2 (500 MHz, CDCl3, RT): 

 

13
C NMR spectrum of 2 (125 MHz, CDCl3, RT): 
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1
H NMR spectrum of 12 (300 MHz, CDCl3, RT): 

 
13

C NMR spectrum of 12 (75 MHz, CDCl3, RT): 

 

 

 

8 
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1
H NMR spectrum of 13 (500 MHz, d6-DMSO, RT): 

 
13

C NMR spectrum of 13 (125 MHz, d6-DMSO, RT): 
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1
H NMR spectrum of 3 (500 MHz, CDCl3, RT): 

 
13

C NMR spectrum of 3 (125 MHz, CDCl3, RT): 
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5.2 HR-EI mass spectra 

Compound 1: 

A:\24oct12_eihr\1024wu-ny1001-c1-AV 24/10/2012 05:05:59 PM NY1001
EIHR

1024wu-ny1001-c1-AV #1 RT: 3.55 AV: 1 NL: 3.20E6

T: + c Full ms [ 400.08-434.48]

402 404 406 408 410 412 414 416 418 420 422 424 426 428 430 432 434

m/z

0

10

20

30

40

50

60

70

80

90

100

R
e

la
ti
v
e

 A
b

u
n

d
a

n
c
e

402.1696

422.1759

401.1694
403.1759

407.1514 423.1778
404.9760 421.1757

407.4587406.4516
430.9728416.9760 420.4682 424.1813408.4625 428.9739418.4523411.9736 415.4243 431.9783427.4217

1024wu-ny1001-c1-AV#1 RT: 3.55

T: + c Full ms [ 400.08-434.48]

m/z= 421.90-422.42

m/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Compositionm/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Composition

 422.1759  2896877.0   100.00  422.1766    -1.62    17.5 C 27 H 21 N 2 11B 1 F 2

 

Compound 2: 

A:\24oct12_eihr\1024wu-ny1002-c1-AV 24/10/2012 05:32:51 PM NY1002
EIHR

1024wu-ny1002-c1-AV #1 RT: 4.87 AV: 1 NL: 3.69E6

T: + c Full ms [ 500.19-533.98]
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1024wu-ny1002-c1-AV#1 RT: 4.87

T: + c Full ms [ 500.19-533.98]

m/z= 520.04-520.36

m/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Compositionm/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Composition

 520.1939  2190730.0   100.00  520.1939    -0.08    29.0 C 39 H 24 N 2

 520.1922     3.22    24.5 C35H23N2 11B1F2

 

Compound 3: 

A:\24oct12_eihr\1024wu-ny1003-c1-AV 24/10/2012 04:32:21 PM NY1003
EIHR

1024wu-ny1003-c1-AV #1 RT: 3.95 AV: 1 NL: 5.71E6

T: + c Full ms [ 325.02-359.98]
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1024wu-ny1003-c1-AV#1 RT: 3.95

T: + c Full ms [ 325.02-359.98]

m/z= 343.93-344.34

m/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Compositionm/z Intensity Relative Theo. 

Mass

Delta 

(ppm)

RDB 

equiv.

Composition

 344.1295  5708443.0   100.00  344.1296    -0.52    14.5 C 21 H 15 N 2 11B 1 F 2
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