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Section 1. Synthesis of S-DPM

1.1. Synthesis of 2’-hydroxychalcone

An appropriate amount of benzaldehyde (2.12 g, 20 mmol) and 2’-hydroxy 

acetophenone (2.72 g, 20 mmol) were put in 35 mL EtOH with stirring until complete 

dissolution. Then, 5.6 g potassium hydroxide(100 mmol) was added. The reaction 

mixture was stirred at room temperature for 12 h. After that, the reaction mixture was 

poured into a 100 mL ice water, acidified with cold 18%HCl (pH = 4), extracted with 

ethylacetate (380 mL). The organic layer was washed with water and brine, followed 

by drying over anhydrous Na2SO4 and then the solvent was evaporated. The residues 

was purified by column chromatography on a silica gel column (n-hexane: 

ethylacetate, 7:3). The organic solvents were removed by evaporation to give a faint 

yellow solid 3.24 g (67.5%). IR (KBr) υmax (cm-1): 3400 (b, OH), 3058.89, 2925.88, 

1658.67 (C=O), 1602.74, 1564.16, 1488.94 (C=C), 1217.00 (C-O). 1H-NMR (400 

MHz, DMSO-d6): δH (ppm): 11.50 (1H, s, C2’-OH), 8.25 (d, 1H, H-6, J = 7.32 Hz), 

8.06 (d, 1H, H-β, vinylic, J = 15.60 Hz), 7.95 (d, 2H, H-2’, H-6’, J = 8.72 Hz), 7.82 (d, 

1H, H-α, vinylic, J = 16.00 Hz), 7.56 (m, 3H, H-3, H-4, H-5), 7.00 (d, 2H, H-3’, H-5’, 

J = 8.28 Hz). 13C-NMR (75MHz, DMSO-d6): δC (ppm): 193.50, 161.90, 143.28, 

136.45, 135.49, 133.43, 130.96, 130.87, 129.03, 122.51, 120.71, 119.20, 117.75. 

QTOF-MSES+: [M +]+(in ESI) = 224.25 (100%); Analysis calculated for C15H12O2: C, 

80.20%; H, 6.68%; Found: C, 80.16%; H, 6.70%.

1.2. Synthesis of 2’-hydroxyldihydropyrimidobenzimidazole (DPM) 

DPM was prepared according to ref.[1] with a minor modification. An 

https://www.baidu.com/link?url=oYR-m15lGtck8KMbxrgiyJJM0rUqFdsh9tfLICgzlLWYjH4WVGGnMbGNHlJady_ebyO2_s9xjDHzlOBWJPF2GSJpgcLSOHKJrXKmP9wurbm&wd=&eqid=81053d650002da7f0000000557dffa89
https://www.baidu.com/link?url=_5UWpo-pXSAA_whu0J86xLGDvoncTYDYCpOYpwA0F03pvfsZTXpGgoLBU7TU2KtH65cwfUC7590oPx5CxjwcIPLT2caMVCYJAOOnW1bcXLS&wd=&eqid=d7c3281500027d2c0000000557dffacc
https://www.baidu.com/link?url=nNVp6U3PBKsDm_ckoq0i_LtG1iAvtt079Uoncx5rE4QCFS5MZcrlLXVgZwxdt0coYWFsn3QklfhsFK9GN3WIl3HwDeBhr8Vbk-R1YsiJLQW&wd=&eqid=b08dada8000099ec0000000557dfffb4
https://www.baidu.com/link?url=gN1LnanH3xF7ScQgu82DgrGcfPjRtDDHKr9HRmQ60J_8HqgeZjUW1aWsPHeeOkV3ZYbXz9sr8r1G-Z9ZkvH0P99q4m4hkI5D7d6woQPbpZBas2PWugwZmmPSGntRZ7Rc&wd=&eqid=eb7a6f0d0003de660000000657a3eea7
https://www.baidu.com/link?url=gN1LnanH3xF7ScQgu82DgrGcfPjRtDDHKr9HRmQ60J_8HqgeZjUW1aWsPHeeOkV3ZYbXz9sr8r1G-Z9ZkvH0P99q4m4hkI5D7d6woQPbpZBas2PWugwZmmPSGntRZ7Rc&wd=&eqid=eb7a6f0d0003de660000000657a3eea7
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appropriate amount of 2’-hydroxychalcone (2.24 g, 10.0 mmol) and 2-

aminobenzimidazole (1.33 g, 10.0 mmol) were stirred in ethanol (50 mL). After 

dissolution, 5.6 g potassium hydroxide (250.0 mmol) was added to it. The reaction 

mixture was heated in an oil bath at 76 0C for 6h. After cooling to room temperature, 

the pH of the reaction mixture was adjusted to 7 by the addition of concd. HCl. After 

removal of organic solvents, the resulting brown residue was dissolved in ethyl 

acetate, and the solution was washed with brine. After evaporation of organic layers, 

the residue was dissolved in a minimal amount of CH2Cl2 and charged onto a silica 

gel column packed with CH2Cl2. The column was eluted stepwise with ethyl acetate-

petroleum ether (7:3). The organic solvents were removed by evaporation to give a 

faint brown solid 1.74 g(52.6%). DPM: brown crystals mp:122～123 ℃. IR (KBr) 

max(cm-1)3580, 3410 (b,OH), 3376, 3318,(C=N) 2180, 2240, 2838, 2256(C=N), 1673, 

1576, 1511, 1489(C=C), 1369, 1315, 1259(C-O), 1225, 1174, 1116, 1077, 1035, 1009, 

853, 839, 810, 789, 748, 726(C-H) .1HNMR δ: 8.01 (s, 2H), 7.57–7.31 (m, 6H), 5.88 

(s, 2H), 3.88 (ddd, J = 13.9, 9.4, 6.1 Hz, 2H), 2.87–2.70 (m, 1H), 1.67–1.43 (m, 2H), 

1.30 (dt, J = 14.7, 7.3 Hz, 3H), 0.87 (t, J = 7.3 Hz, 3H);  3C NMR (75 MHz, CDCl3): 

δ 118.1, 120.3, 121.7, 123.9, 124.8, 125.6, 127.9, 129.1, 129.3, 130.2, 131.2, 131.8, 

136.6, 157.2, 154.6, 178.5. MS (ESI): m/z 362.42 [M+Na]+. Analysis calculated for 

C22H17N3O(339.42):C, 77.80%; H, 5.00%; N, 12.37%. Found: C, 77.81%; H , 5.07%; 

N, 12.35%.

1.3. Synthesis of S-DPM 

2-(2’-oxo-(2,4-dinitrobenzenesulfonyl)-phenyl)-3,4-2H-4-(phenyl)-

https://www.baidu.com/link?url=NEKpwEF8_5rllwqfm4y2v22OqRv0GXUxVYewiLXtDBZDRBCVxQDasE0VtInnDxZQdkjqPykLZHIYoaVGqh_tq4_cMxlAsqXXjF4czPWGV5C&wd=&eqid=d2c59992000d1b9f0000000657a30c89
https://www.baidu.com/link?url=GyVhFUSJfXivRaTp_Zt6dK8IHrrELclP1xbYRN64Xdy6dWTkuWa2bMpN9l6Wc6xFtdjGM3Jvmehtvf-LkohSidMot_jwmGe4Fjl4o-EFbYvfA71YeUjpAtPSNbpcXfZb&wd=&eqid=bcff50e000027c6d0000000657a3e9a2
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pyrimido[1,2-a]-benzimidazole(S-DPM) was synthesized according to previous 

typical literature[2] with minor modifications. 2,4-dinitrobenzenesulfonyl chloride 

(2.67 g, 10mmol) was added to a mixture of compound 2 and Et3N (20 mmol) in 

dichloromethane(80 mL). The resulting solution was stirred for 4 h at room 

temperature. After completion of the reaction, the mixture was washed with brine (25 

mL3) and the organic layer was dried over MgSO4. After filtered, the solvent was 

evaporated under reduced pressure. The residues was purified by column 

chromatography on silica gel with 5:2 petroleum ether:ethyl acetate (v/v) to afford 

probe S-DPM(2.8 g, 75.1%) as a pale yellow solid. M.P. 162–164 °C; IR (KBr, cm1): 

3301, 3023, 2896, 1669, 1579;1H NMR (300 MHz, DMSO-d6): d 3.08 (dd, 1H, J = 

6.3, 17.4 Hz,CH2), 3.90 (dd, 1H, J = 8.4, 8.7 Hz, CH2), 5.45 (dd, 1H, J = 6.3, 8.9 Hz, 

5-H of pyrimidine), 6.70 (t, 1H, J = 7.2 Hz, Ar-H), 6.98 (d, 2H,J = 7.8 Hz, Ar-H), 

7.15 (dd, 2H, J = 7.5, 8.7 Hz, Ar-H), 7.69–7.76(m, 4H, Ar-H), 7.41–7.67 (m, 6H, Ar-

H);13CNMR (75 MHz, DMSO-d6): 163.1, 146.9, 144.3, 142.6, 139.4,131.7, 128.9, 

128.8, 127.4, 127.3, 127.1, 126.4, 125.8, 119.2,118.4, 112.8, 63.1, 43.1; HRMS: calcd 

for [M + H]+ C30H25N5SO7:573.12; found: 573.05. Analysis calculated for C30H25N5S 

O7:C, 62.93%; H, 4.41%; N, 12.21%, O,16.78%. Found: C, 62.94%;H , 4.37%; N, 

12.22%, O,16.75%.

https://www.baidu.com/link?url=8yNDZ0EoUAkBExyO_qoFGZWf-Uyn4V4LXAQ_WXquXJ4h3xpeIFupgIg9yNF80EQAxbU-M17mqbJUhMQU48Oh5qhrLe5kQlpXWg3TLgu2brC&wd=&eqid=b7474620000af27b0000000558118b75
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Fig. S2 UV-vis spectra (A) and fluorescence spectra changes (B) of 30 μM DPM and S-DPM in ethanol-
HEPES solutions(pH 7.4, 2:3, v/v). Excitation wavelength is 365 nm.
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Fig. S3 Linear relationship between the fluorescence emission peaking at 521 (under 

365 nm excitation) of S-DPM and Cys concentrations in the range of 1-150 μM at pH 

7.4. 
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Fig. S4 (A) Fluorescence responses of the S-DPM at different pH values. (B) 
Recovery time of S-DPM with the addition of Cys. (C) The time of fluorescence 
enhancement of S-DPM after adding a 25 M Al3+solution. (D) The ratio of S-DPM 
to Al3+.
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Table S1 Determination of the fluorescence quantum yield(FQY) of DPM, S-DPM 

and DPM-Al3+

Sample Solvent FQY 

DPM ethanol-

HEPES
0.173

S-DPM ethanol-

HEPES
0.006

DPM-Al3+ ethanol-

HEPES
0.865

Absorbance in the 1 cm fluorescence cuvette were kept under 0.1 at the excitation wavelength of 360 nm. The 

analytes quinine sulfate, DPM, S-DPM and DPM-Al3+ were dissolved in the ethanol-HEPES solutions (10 mM, 

pH 7.4, v/v = 2:3). The ESIPT emission of DPM was used to estimate its FQY.
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