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Synthetic Details 

All reactions were performed under nitrogen. Solvents were distilled from appropriate drying 

agents prior to use. Commercially available reagents were used without further purification unless oth-

erwise stated. All reactions were monitored by TLC with Merck pre-coated glass plates (0.20 mm with 

fluorescent indicator UV254) and were visualized with UV light irradiation at 254/366 nm. Flash col-

umn chromatography was carried out with use of silica gel from Merck (230-400 mesh). Mass spectra 

were obtained on a JEOL SX-102A instrument operating in electron impact (EI) or fast atom bombard-

ment (FAB) mode. The 1H and 13C NMR spectra were obtained on Bruker spectrometers operating at 

frequencies as indicated for each compound. FT-IR spectra were recorded on a Nicolet magna-IR 550 

series II. Melting points were uncorrected. 

 

 

7-Hydroxyquinoline-8-carbaldehyde (1c). Chloroform (15 mL) was added to a mixture of 7-

hydroxyquinoline (1.00 g, 6.9 mmol) in a solution of NaOH (7.00 g in 8 mL water). The reaction was 

stirred at 92 oC for 20 h. After cooling, the reaction was filtered, washing with water, and the filtrate 

was extracted into chloroform, which was separated and evaporated to give a residue that was purified 

by column chromatography (1:1 EtOAc/hexane) to give 7-hydroxyquinoline-8-carbaldehyde (0.38g, 

32%) as a yellow solid: 1H NMR (400 MHz, CDCl3):δ 13.13 (s, 1H), 11.22 (s, 1H), 8.87-8.86 (m, 1H), 

8.07-8.05 (m, 1H), 7.92 (d, J = 9.2 Hz, 1H), 7.37-7.34 (m, 1H), 7.20 (d, J = 9.2 Hz, 1H). 13C NMR (100 

MHz, CDCl3):δ 197.4, 165.9, 153.7, 148.3, 137.2, 136.3, 120.6, 120.0, 118.8, 112.6. ESI-MS: m/z 174 

(M+H)+ 
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7-Hydroxyquinoline-8-carboxylic acid (1). To a stirred solution of 7-hydroxyquinoline-8-carbaldehyde 

(1c, 0.40 g, 2.3 mmol) in EtOH (6 mL), a solution of AgNO3 (0.95g, 5.6 mmol) in distilled water (12 

mL) was  added slowly followed by the addition of a solution of KOH (1.26 g, 22.5 mmol) in water (25 

mL) during 1 h. The reaction mixture was stirred at room temperature for an additional 8 h. It was fil-

tered, aqueous layer washed with ether (2×15 mL) and neutralized with dil. HCl and extracted into ether 

(3 x 30 mL). Organic layer was washed with water, dried  (Na2SO4), evaporated solvent and residue pu-

rified by column chromatography (Silica Gel, hexane:EtOAc, 6:4) to give 1 (0.27 g, 62%) as a yellow 

solid. 1H NMR (400 MHz, DMSO-d6):δ17.66 (s, 1H), 16.51 (s, 1H), 8.93 (d, J = 6.0 Hz, 1H), 8.82 (d, J 

= 6.0 Hz, 1H), 8.13 (d, J = 9.2 Hz, 1H), 7.66-7.63 (m, 1H), 7.30 (d, J = 9.2 Hz, 1H). 13C NMR (100 

MHz, DMSO-d6): δ 173.31, 172.22, 144.27, 142.90, 141.91, 133.48, 125.54, 122.42, 117.20, 100.19. 

ESI-MS: m/z 190 (M+H)+ 

 

 

 

7-Methoxyquinoline-8-carbaldehyde (2). 7-Hydroxyquinoline-8-carbaldehyde (1c, 0.35 g, 2.0 mmol) 

and K2CO3 (0.35 g, 2.5 mmol) were dissolved in 10 mL DMF. The CH3I was added to the mixture 

under confined condition, and the reaction was stirred overnight at room temperature. The CH3I was 

removed by evaporation. The reaction mixture was diluted by the 50ml water and extracted with EtOAc. 

The organic layer was dried over MgSO4 and moved by evaporation. The crude material was purified by 

column chromatography using EtOAc/petroleum (1:1) to yield 0.30g (80%) of 2. 1H NMR (400 MHz, 

CDCl3):δ 11.22 (s, 1H), 8.87(m, 1H), 8.07-8.05(m, 1H), 7.90 (d, J = 8.4 Hz, 1H), 7.37-7.34(m, 1H), 

7.17(d, J = 8.4 Hz, 1H), 4.02(s, 3H). ESI-MS: m/z 188 (M+H)+ 

 

7-Methoxyquinoline-8-carboxylic acid (1a). To a stirred solution of 7-methoxyquinoline-8-

carbaldehyde (2) (0.37 g, 2.0 mmol) in EtOH (5 mL), a solution of AgNO3 (0.68 g, 4.0 mmol) in distill-

ed water (12 mL) was  added slowly followed by the addition of a solution of KOH (0.90 g, 16.0 mmol) 

in water (25 mL) during 1 h. The reaction mixture was stirred at room temperature for an additional 8 h. 

It was filtered, aqueous layer washed with ether (2×15 mL) and neutralized with dil. HCl and extracted 

into ether (3×30 mL). Organic layer was washed with water, dried  (Na2SO4), evaporated solvent and 
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residue purified by column chromatography (Silica Gel, hexane : EtOAc,1:1) to give 1a.1H NMR (400 

MHz, CDCl3):δ 8.92-8.91 (m, 1H), 8.09-8.07 (m, 1H), 7.56 (d, J = 8.4 Hz, 1H), 7.37-7.3 (m, 1H), 7.26 

(d, J = 8.4 Hz, 1H), 4.02 (s, 3H). ESI-MS: m/z 204 (M+H)+ 
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Computational Details 

The structures, energies, and vibrational frequencies of the normal form, tautomer forms, and tran-

sition states of the double-proton transfer system of compound 1 in the gas phase were calculated using 

the B3LYP/6-311+G(d,p) method on the ground electronic state and using CIS/6-311+G(d,p) method 

on the first excited state. Time-dependent DFT with the B3LYP functional (TD-B3LYP) and 6-

311+G(d,p) basis set was also used to calculate the structures of normal form and tautomer form of 

compound 1 on the first excited state. Single-point excited state energies were also calculated using the 

TD-B3LYP theory and the EOM-CCSD theory with the 6-311+G(d,p) basis set at the structures calcu-

lated at CIS/6-311+G(d,p) level. The vertical excitation energies of compound 1 at ground-state geome-

try was calculated using the TD-B3LYP/ 6-311+G(d,p) method. The vertical emission energy of the tau-

tomer from the first excited state geometry was also predicted by TD-B3LYP/ 6-311+G(d,p) method. 

The EOM-CCSD calculation was performed using the Molpro 2009.1 program,S1 and all other electron-

ic structure calculation was performed usng the Gaussian 09 program.S2 
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Scheme S1. Ground-State Energetics Calculated by the B3LYP/6-311+G(d,p) Method 
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Figure S1. Frontier orbitals of 1. HOMO (left) and LUMO. (right) 
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Figure S2. Time-resolved femtosecond fluorescence up-conversion of deuterated compound 1 moni-

tored at 460 nm (blue open circles, ○) and 580 nm. (red open squares, □) Solid lines depict corres-

ponded fitting curves (blue and red) and instrument response function.(black) Inset: The depiction of 

relaxation dynamics within 5 ps. 


