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Synthesis and characterization of the compounds
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3-Br R = Br
3-H R = H
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PF-Pd R = F
PCl-Pd R = Cl
PBr-Pd R = Br
PH-Pd R = H
POMe-Pd R = OMe

Piperidine Et3N, DCM

MeCN

Scheme S1. Synthetic route of the probes.

3-F (orange solid, yield 67 %), 1H NMR (400 MHz, DMSO-d6): δ 10.43 (s, 1H), 7.61 

– 7.54 (m, 1H), 7.33 – 7.22 (m, 2H), 7.17 (d, J = 16.1 Hz, 1H), 6.93 (t, J = 8.7 Hz, 1H), 6.80 

(s, 1H), 2.57 (s, 2H), 2.48 (s, 2H), 0.98 (s, 6H). 13C NMR (101 MHz, DMSO-d6): δ 170.8, 

156.7, 152.8, 150.4, 147.1, 137.4, 128.2, 126.1, 122.5, 118.3, 115.1, 114.5, 113.6, 75.9, 42.7, 

38.5, 32.1, 27.9. HR-ESI-MS: m/z calcd. for C19H16FN2O [M-H]-, 307.1252; found, 

307.1252.

3-Cl (orange solid, yield 71 %), 1H NMR (400 MHz, DMSO-d6): δ 10.74 (s, 1H), 7.79 

(d, J = 2.0 Hz, 1H), 7.47 (s, 1H), 7.25 (d, J = 32.0 Hz, 2H), 6.98 (d, J = 8.5 Hz, 1H), 6.84 (s, 

1H), 2.60 (s, 2H), 2.51 (s, 2H), 1.01 (s, 6H). 13C NMR (101 MHz, DMSO-d6): δ 170.7, 156.7, 

154.9, 137.0, 129.5, 128.9, 128.9, 128.2, 122.5, 120.9, 117.2, 114.5, 113.6, 76.0, 42.7, 38.5, 

32.1, 27.9. HR-ESI-MS: m/z calcd. for C19H16ClN2O [M-H]-, 323.0957; found, 323.0956.

3-Br (orange solid, yield 80 %), 1H NMR (400 MHz, DMSO-d6): δ 10.82 (s, 1H), 7.93 

(d, J = 2.0 Hz, 1H), 7.52 (dd, J = 8.5, 2.0 Hz, 1H), 7.34 – 7.14 (m, 2H), 6.96 (d, J = 8.4 Hz, 

1H), 6.84 (s, 1H), 2.59 (s, 2H), 2.50 (s, 2H), 1.00 (s, 6H). 13C NMR (101 MHz, DMSO-d6): 

δ 170.72, 156.66, 155.92, 136.91, 132.58, 129.48, 129.35, 128.11, 122.50, 116.92, 114.46, 

113.63, 110.57, 75.93, 42.67, 40.53, 40.32, 40.11, 39.90, 39.69, 39.48, 39.27, 38.50, 32.10, 

27.88. HR-ESI-MS: m/z calcd. for C19H16BrN2O [M-H]-, 367.0451; found, 367.0450.

3-H (orange solid, yield 76 %), 1H NMR (400 MHz, DMSO-d6): δ 10.01 (s, 1H), 7.56 

(d, J = 8.4 Hz, 2H), 7.30 – 7.12 (m, 2H), 6.80 (d, J = 6.0 Hz, 3H), 2.59 (s, 2H), 2.52 (s, 2H), 

1.01 (s, 6H). 13C NMR (101 MHz, DMSO-d6): δ 170.7, 159.8, 157.2, 138.7, 130.3, 127.5, 

126.7, 121.8, 116.3, 114.6, 113.8, 75.2, 42.7, 38.6, 32.1, 27.9. HR-ESI-MS: m/z calcd. for 
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C19H17N2O [M-H]-, 289.1346; found, 289.1346.

3-OMe (orange solid, yield 69 %), 1H NMR (400 MHz, DMSO-d6): δ 9.63 (s, 1H), 

7.35 (d, J = 1.4 Hz, 1H), 7.31 – 7.17 (m, 2H), 7.10 (dd, J = 8.2, 1.5 Hz, 1H), 6.84 – 6.76 

(m, 2H), 3.83 (s, 3H), 2.60 (s, 2H), 2.53 (s, 2H), 1.01 (s, 6H). 13C NMR (101 MHz, DMSO-

d6): δ 170.7, 157.3, 149.3, 148.4, 139.2, 128.1, 126.9, 123.5, 121.7, 116.0, 114.6, 113.9, 

110.8, 75.0, 56.0, 42.7, 38.6, 32.1, 27.9. HR-ESI-MS: m/z calcd. for C20H19N2O2 [M-H]-

, 319.1452; found, 319.1452.

PF-Pd (yellow solid, yield 55 %), 1H NMR (400 MHz, CDCl3): δ 7.36 – 7.31 (m, 1H), 

7.29 – 7.25 (m, 2H), 6.95 (d, J = 3.9 Hz, 2H), 6.86 (s, 1H), 6.08 – 5.92 (m, 1H), 5.45 (dd, J 

= 17.2, 1.3 Hz, 1H), 5.39 – 5.34 (m, 1H), 4.78 (d, J = 5.8 Hz, 2H), 2.61 (s, 2H), 2.46 (s, 2H), 

1.09 (s, 6H). 13C NMR (101 MHz, CDCl3): δ 169.01, 155.46, 152.80, 152.32, 139.09, 

135.41, 134.38, 130.63, 124.42, 123.83, 123.72, 119.89, 115.28, 115.09, 113.25, 112.47, 

79.69, 69.86, 42.95, 39.17, 32.04, 28.01. HR-ESI-MS: m/z calcd. for C23H22FN2O3 

[M+H]+, 393.1609; found, 393.1610.

PCl-Pd (yellow solid, yield 60 %), 1H NMR (400 MHz, CDCl3): δ 7.59 (d, J = 2.0 Hz, 

1H), 7.42 (dd, J = 8.5, 2.0 Hz, 1H), 7.27 (d, J = 7.3 Hz, 1H), 6.95 (s, 2H), 6.87 (s, 1H), 6.06 

– 5.96 (m, 1H), 5.46 (dd, J = 17.2, 1.3 Hz, 1H), 5.36 (dd, J = 10.4, 1.1 Hz, 1H), 4.78 (dt, J 

= 5.8, 1.2 Hz, 2H), 2.61 (s, 2H), 2.45 (s, 2H), 1.09 (s, 6H). 13C NMR (101 MHz, CDCl3): δ 

169.0, 152.8, 152.3, 147.6, 135.2, 134.1, 130.7, 129.1, 127.6, 126.7, 124.4, 123.7, 119.8, 

113.2, 112.4, 79.7, 69.8, 42.9, 39.1, 32.0, 28.0. HR-ESI-MS: m/z calcd. for C23H22ClN2O3 

[M+H]+, 409.1313; found, 409.1317.

PBr-Pd (yellow solid, yield 59 %), 1H NMR (400 MHz, CDCl3): δ 7.76 (d, J = 1.9 Hz, 

1H), 7.47 (dd, J = 8.5, 2.0 Hz, 1H), 7.27 (d, J = 2.8 Hz, 1H), 6.95 (s, 2H), 6.86 (s, 1H), 6.06 

– 5.96 (m, 1H), 5.50 – 5.41 (m, 1H), 5.38 – 5.31 (m, 1H), 4.79 (d, J = 5.8 Hz, 2H), 2.61 (s, 

2H), 2.45 (s, 2H), 1.09 (s, 6H). 13C NMR (101 MHz, CDCl3): δ 169.0, 152.8, 152.3, 148.8, 

135.5, 133.9, 132.2, 130.7, 127.4, 124.5, 123.7, 119.9, 116.7, 113.2, 112.5, 79.7, 69.8, 42.9, 

39.1, 32.0, 28.0. HR-ESI-MS: m/z calcd. for C23H22BrN2O3 [M+H]+, 453.0808; found, 

453.0813.

PH-Pd (yellow solid, yield 67 %), 1H NMR (400 MHz, CDCl3): δ 7.53 (d, J = 8.7 Hz, 

2H), 7.23 (d, J = 8.7 Hz, 2H), 7.07 – 6.91 (m, 2H), 6.85 (s, 1H), 6.04 – 5.97 (m, 1H), 5.49 – 
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5.31 (m, 2H), 4.76 (dt, J = 5.9, 1.2 Hz, 2H), 2.61 (s, 2H), 2.47 (s, 2H), 1.09 (s, 6H). 13C NMR 

(101 MHz, CDCl3): δ 169.2, 153.5, 153.1, 151.8, 135.6, 133.6, 130.9, 129.5, 128.6, 123.8, 

121.7, 119.8, 113.4, 112.6, 79.0, 69.4, 43.0, 39.2, 32.0, 28.0. HR-ESI-MS: m/z calcd. for 

C23H23N2O3 [M+H]+, 375.1703; found, 375.1714.

POMe-Pd (yellow solid, yield 48 %), 1H NMR (400 MHz, CDCl3): δ 7.17 – 7.11 (m, 2H), 

7.07 (dd, J = 8.2, 1.8 Hz, 1H), 7.02 (d, J = 16.1 Hz, 1H), 6.94 (d, J = 16.1 Hz, 1H), 6.86 (s, 

1H), 6.05 – 5.95 (m, 1H), 5.44 (dq, J = 17.2, 1.4 Hz, 1H), 5.33 (dd, J = 10.4, 1.2 Hz, 1H), 

4.75 (d, J = 5.8 Hz, 2H), 3.92 (s, 3H), 2.61 (s, 2H), 2.47 (s, 2H), 1.09 (s, 6H). 13C NMR 

(101 MHz, CDCl3): δ 169.3, 153.6, 152.8, 151.5, 141.1, 136.0, 134.9, 131.0, 129.5, 123.8, 

122.8, 120.8, 119.3, 113.4, 112.7, 110.4, 78.8, 69.4, 56.0, 42.9, 39.1, 32.0, 28.0. HR-ESI-

MS: m/z calcd. for C24H25N2O4 [M+H]+, 405.1809; found, 405.1817.
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Comparison of PF-Pd with some recently reported ratiometric probes for Pd

Table S1. Comparison of PF-Pd with some recently reported ratiometric probes for Pd

Structure Analyte
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Spectroscopic measurement of Pd0

Fig. S1. Absorption spectra of 10 μM probe (a) before and (b) after treated with 5 μM 

Pd(PPh3)4 in pH 7.4 phosphate buffer (10 mM, 20% DMSO).

Fig. S2. (A) Effects of reaction time on the fluorescence ratio (I665/I517) of 10 μM PF-Pd in 
the absence (black) and presence (red) of 3 μM Pd(PPh3)4 in pH 7.4 phosphate buffer (10 
mM, 20% DMSO). (B) The Ln[(Rmax-Rt)/Rmax]~t plot within 5 min, where Rmax is the 
maximum of I665/I517, Rt is I665/I517 of indicated time.

Fig. S3. Ratio (I665/I517) of PF-Pd (10 μM) in phosphate buffer (10 mM, 20% DMSO) with 

different pH in the absence cc(black) and presence (red) of 3 μM Pd(PPh3)4. λex = 440 nm.
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Fig. S4. (A) Chromatograms of different systems: (a) PF-Pd; (b-d) PF-Pd reacting with 
Pd(PPh3)4 in (b) pH 6.0, (c) pH 7.4 or (d) pH 9.0 phosphate buffer; (e) Prepared 3-F. The 
chromatography peaks were recorded by the absorbance at 440 nm (isoabsorptive point) with 
mobile phase of 80% MeOH and 20 % H2O (0.1 % TFA). (B) Absorption spectra of 3-F 
under different pH.
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Fig. S5. Ratio (I665/I517) of PF-Pd (10 μM) in phosphate buffer (10 mM, 20% DMSO) with 

low concentrations of Pd(PPh3)4. λex = 440 nm.
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Colorimetric analysis of Pd0 by PF-Pd

Fig. S6. Color changes of the PF-Pd loaded test strips in response to1 mM of different metal 

ions.

Fig. S7. Color of 3-F at different pH conditions.

Biocompatibility of PF-Pd

Fig. S8. The viability of 4T1 cells after treated with various amount of PF-Pd for 24 h. The 

viability of cells without PF-Pd is defined as 100%. The results are presented as mean ± 

standard deviation (n = 6). 
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Fluorescence imaging

Fig. S9. Fluorescence and DIC images of blank 4T1 cells. Green channel: λex = 405 nm, 

λem = 480 nm-550 nm; red channel: λex = 405 nm, λem = 620 nm-680 nm. Scale bar: 200 

μM.

Fig. S10. (A) Fluorescence and DIC images of 4T1 cells under different conditions. (a) 

Cells treated with 10 μM PF-Pd for 30 min. (b-f) Cells pretreated with 10 μM PF-Pd for 30 

min, then incubated with (b) 20 μM PPh3, (c) 5 μM PdCl2, (d) 5 μM PdCl2 + 20 μM PPh3, 

(e) 5 μM Pd(OAc)2 or (f) 5 μM Pd(OAc)2 + 20 μM PPh3 for 30 min. Green channel: λex = 

405 nm, λem = 480 nm-550 nm; red channel: λex = 405 nm, λem = 620 nm-680 nm. Scale 

bar: 200 μM. (B) Relative ratio of the fluorescence images from panel A (ratio of image a 

is defined as 1.0). The results are presented as mean ± standard deviation (n = 3). 

Significant differences compared to image a (N.S.: no significant difference; *p < 0.05) are 

performed by Student’s t-test.
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NMR spectra of the compounds

Fig. S11. 1H NMR spectrum of 3-F in DMSO-d6 (400 MHz, 298 K).

Fig. S12. 13C NMR spectrum of 3-F in DMSO-d6 (100 MHz, 298 K).
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Fig. S13. 1H NMR spectrum of 3-Cl in DMSO-d6 (400 MHz, 298 K).

Fig. S14. 13C NMR spectrum of 3-Cl in DMSO-d6 (100 MHz, 298 K).
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Fig. S15. 1H NMR spectrum of 3-Br in DMSO-d6 (400 MHz, 298 K).

Fig. S16. 13C NMR spectrum of 3-Br in DMSO-d6 (100 MHz, 298 K).
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Fig. S17. 1H NMR spectrum of 3-H in DMSO-d6 (400 MHz, 298 K).

Fig. S18. 13C NMR spectrum of 3-H in DMSO-d6 (100 MHz, 298 K).
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Fig. S19. 1H NMR spectrum of 3-OMe in DMSO-d6 (400 MHz, 298 K).

Fig. S20. 13C NMR spectrum of 3-OMe in DMSO-d6 (100 MHz, 298 K).



S16

Fig. S21. 1H NMR spectrum of PF-Pd in CDCl3 (400 MHz, 298 K).

Fig. S22. 13C NMR spectrum of PF-Pd in CDCl3 (100 MHz, 298 K).
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Fig. S23. 1H NMR spectrum of PCl-Pd in CDCl3 (400 MHz, 298 K).

Fig. S24. 13C NMR spectrum of PCl-Pd in CDCl3 (100 MHz, 298 K).
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Fig. S25 1H NMR spectrum of PBr-Pd in CDCl3 (400 MHz, 298 K).

Fig. S26. 13C NMR spectrum of PBr-Pd in CDCl3 (100 MHz, 298 K).
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Fig. S27. 1H NMR spectrum of PH-Pd in CDCl3 (400 MHz, 298 K).

Fig. S28. 13C NMR spectrum of PH-Pd in CDCl3 (100 MHz, 298 K).
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Fig. S29. 1H NMR spectrum of POMe-Pd in CDCl3 (400 MHz, 298 K).

Fig. S30. 13C NMR spectrum of POMe-Pd in CDCl3 (100 MHz, 298 K).
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