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Chemicals and instruments.

Column chromatography was carried out on silica gel (200-300 mesh, Qingdao Ocean
Chemicals) with the indicated eluents. Toluene was freshly distilled from Na under
nitrogen. All other reagents and solvents were used as received. 4,4-difluoro-8-(4-
hydroxyphenyl)-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene  (1)! was prepared
according to the published procedures.

"H NMR spectra were recorded on a Bruker DPX 400 MHz spectrometer in CDCl; or
DMSO-d6 and the chemical shifts were reported relative to internal SiMe,. MALDI-TOF
mass spectra were measured on a Bruker Microflex™ LRF spectrometer with dithranol as
the matrix. Elemental analyses were performed on an Elementar Vario MICRO CUBE
elemental analyzer. Electronic absorption spectra were recorded on a Lambda U-750
spectrophotometer. Steady-state fluorescence spectroscopic studies were performed on a
Hitachi F4500 fluorophotometer. The slit width was 10 nm for excitation and emission.

The photon multiplier voltage was 700 V.
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Cell culture and confocal microscopy study.

A549 cells were cultured in DMEM supplemented with 10% (v/v) FBS, 100 U/mL
penicillin and 100 pg/mL streptomycin in an atmosphere of 5% CO, and 95% air at 37 °C.
Then the cells were incubated for 24 h prior to the imaging experiments. Stock solutions of
probe A and B (1.0 mM) were prepared in centrifuge tubes with DMSO, each working
solution (5 uM) was prepared in a centrifuge tube with the corresponding stock solution

(50 pL) and DMEM culture medium (5 mL).

Intracellular pH calibration of A549 cells. Cells were treated with probes A or B (5 uM)
for 15 min, and then incubated at 37 °C for 15 min in high K* buffer of various pH values
(pH 3.0-6.0) in the presence of 10 pM nigericin and 5 pM monensin. Fluorescence
imaging experiments were performed at 37 °C on a Nikon AIRSi+ confocal laser
scanning microscope with live cell imaging system and excitation at 488 nm through 100x
oil immersion objective lens; fluorescence emissions were collected through the channels
of 515-565 nm (Green channel) and 650-700 nm (Red channel) for probe A, 515-565 nm
(Green channel) and 675-725 nm (Deep red channel) for probe B. The ratio of the
average fluorescence intensities from the two channels R (Jyreen/lreq) Was estimated

using Image pro-plus (Universal Imaging Corp.) software.

Co-localization fluorescence imaging. In this experiment, A549 cells were incubated
with probes A or B (5.0 uM) at 37 °C for 15 min, washed three times with PBS (pH 7.4),
and then incubated with LysoTracker™ Blue DND-22 (100 nM) for another 15 min.
Before fluorescence imaging, the adherent cells were further washed three times with PBS

(pH 7.4) to remove the excess dyes. Fluorescence imaging experiments were performed on
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a Nikon A1RSi+ confocal laser scanning microscope with excitations at 405 nm (for
DND-22), 561 nm (for probe A) and 640 nm (for probe B) through 100% oil immersion
objective lens; four color channels were used for these experiments: red fluorescence
channel (650-700 nm) for probe A, deep red/infrared channel (675-725 nm) for probe B,
and blue channel (425-475 nm) for LysoTracker™ Blue DND-22, respectively. The

background fluorescence was zeroed by adjusting the voltage of the photomultiplier tube.

Cell cytotoxicity assays. Probes A or B were first dissolved in DMSO to give 1 mM
solution, which was diluted to appropriate concentration (2.5 uM, 5 uM, 10 uM, 20 uM)
with DMEM containing 0.1% Cremophor EL (v/v). A549 cells were cultured in DMEM
supplemented with 10% FBS and then seeded into a 96-well plate. After cultured in an
incubator for 12 h at 37 °C under 5% CO,, A549 cells were incubated with probes A or B
(100 pL/well) at concentrations of 2.5-20 uM. For 15 min later, the medium was
exchanged with fresh DMEM and the cells were cultured in an incubator at 37 °C under 5%
CO, for another 24 h before cell viability was measured using the methyl thiazolyl
tetrazolium (MTT) assay. The medium was exchanged to 50 pL (5 mg/mL) MTT solution
each well followed by incubation for 4 h. The MTT solution was carefully removed and
DMSO (150 uL) was added each well. A Tecan Sunrise™ microplate reader was used to
measure at OD490 nm. An untreated cell population under the same experimental

conditions was used as the reference point to establish 100% cell viability.
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Synthesis and Characterization.
3-[(4-N,N-dimethylaminophenyl)ethenyl|-4,4-difluoro-8-(4-hydroxyphenyl)-1,3,5,7-
tetramethyl-4-bora-3a,4a-diaza-s-indacene (2)

Compound 1 (112 mg, 0.33 mmol) and 4-(N,N-dimethylamino)benzaldehyde (49 mg,
0.33 mmol) were added to a mixture of toluene (20 mL), glacial acetic acid (0.25 mL) and
piperidine (0.30 mL). The mixture was stirred and heated under reflux for 72 h. Any water
formed during the reaction was removed by a Dean-Stark apparatus. The crude product
was concentrated under vacuum, then purified by silica gel column chromatography using
EtOAc/hexane = 1:3 as the eluant. The second blue colored fraction was collected and the
solvent was removed under reduced pressure to yield 2 (17 mg, 11 %). 'H NMR (DMSO,
400 MHz, 293K): 6 9.80 (s, 1H, -OH), 7.47 (d, J = 12.0 Hz, 2H, N(CH3),-Ph-H), 7.44 (d, J
=16.0 Hz, 1H, ene-H), 7.24 (d, ] = 16.0 Hz, 1H, ene-H), 7.13 (d, J = 8.0 Hz, 2H, BDP-Ph-
H), 6.92 (d, J = 8.0 Hz, 2H, BDP-Ph-H), 6.89 (s, 1H, BDP-a-H), 6.78 (d, J = 12.0 Hz, 2H,
N(CHjs),-Ph-H), 6.11 (s, 1H, BDP-a-H), 3.00 (s, 6H, N-CH3), 2.45 (s, 3H, -CHj3), 1.48 (s,
3H, -CH3), 1.42 (s, 3H, -CH3). 13C NMR (DMSO, 400 MHz, 293K): 6 158.0, 154.1, 151.6,
151.2, 142.7, 140.1, 139.6, 138.4, 132.8, 129.3, 128.9, 124.6, 123.6, 120.3, 118.0, 115.9,
112.8,112.2,79.2,14.5, 14.2, 14.0. MALDI-TOF-MS: m/z Calcd for C,sHpsBF,N3;0 (M¥)
471.2; Found 471.8. Anal. Calcd for C,sH,sBF,N;O: C, 71.35; H, 5.99; N, 8.91. Found: C,
71.53; H, 6.04; N, 8.93.
3,5-bis[(4-N,N-dimethylaminophenyl)ethenyl|-8-(4-hydroxyphenyl)-1, 7-dimethyl-4,4-
difluoro-4-bora-3a,4a-diaza-sindacene (3)

Compound 1 (112 mg, 0.33 mmol) and 4-(N,N-dimethylamino)benzaldehyde (98 mg,
0.66 mmol) were added to a mixture of toluene (20 mL), glacial acetic acid (0.50 mL) and
piperidine (0.60 mL). The mixture was stirred and heated under reflux for 72 h. Any water

formed during the reaction was removed by a Dean-Stark apparatus. The crude product
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was concentrated under vacuum, then purified by silica gel column chromatography using
EtOAc/hexane = 1:3 as the eluant. The third green colored fraction was collected and the
solvent was removed under reduced pressure to yield 3 (30 mg, 15 %). 'H NMR (DMSO-
ds, 400 MHz, 293K): 6 9.79 (s, 1H, -OH), 7.46 (d, J = 16.0 Hz, 4H, N(CH;),-Ph-H), 7.41
(d, J = 12.0 Hz, 2H, ene-H), 7.30 (d, J = 12.0 Hz, 2H, ene-H), 7.16 (d, J = 8.0 Hz, 2H,
BDP-Ph-H), 6.93 (d, J = 8.0 Hz, 2H, BDP-Ph-H), 6.86 (s, 2H, BDP-a-H), 6.79 (d, ] = 12.0
Hz, 4H, N(CHj3),-Ph-H), 3.00 (s, 12H, N-CH3), 1.48 (s, 6H, -CH3;). 3C NMR (DMSO-d,
400 MHz, 293K): ¢ 158.0, 152.0, 151.0, 149.5, 140.7, 136.9, 136.3, 129.7, 128.9, 128.7,
128.2, 125.3, 124.0, 117.5, 115.9, 113.4, 112.2, 67.1, 54.9, 35.8, 30.8, 25.1, 21.1, 14.4.
MALDI-TOF-MS: m/z Calcd for Cs;H3,BF,N,O (M*) 602.3; Found 602.2. Anal. Calcd
for Cs,H3:BF,N4O: C, 73.76; H, 6.19; N, 9.30. Found: C, 73.86; H, 6.13; N, 9.27.
3-/(4-N,N-dimethylaminophenyl)ethenyl]-4,4-difluoro-8-[4-(3-morpholinopropoxy)-
phenyl]-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-indacene (A)

Compound 2 (20.0 mg, 0.042 mmol), N-(3-chloropropyl)morpholine (10 uL, 0.064

mmol) and anhydrous potassium carbonate (30.0 mg, 0.22 mmol) were added to acetone

(25 mL). The mixture was stirred at 50 °C for 48 h and tracked with TLC. Then the
mixture was cooled to room temperature, filtered and washed with sufficient amount of
acetone. After removal of the solvent under vacuum, the crude product was dissolved in
CH,Cl, and washed with H,O. The organic layer was dried with anhydrous sodium sulfate,
and the crude product was purified by silica gel column chromatography using
CH,Cl,/C,HsOH = 100:1 as the eluant to yield Probe A (7.5 mg, 30 %). 'H NMR (CDCl;,
400 MHz, 293K): 6 7.50 (d, J = 8.0 Hz, 2H, N(CH3;),-Ph-H), 7.48 (d, J = 12.0 Hz, 1H, ene-
H), 7.21 (d, J = 12.0 Hz, 1H, ene-H), 7.18 (d, J = 8.0 Hz, 2H, BDP-Ph-H), 7.00 (d, ] = 8.0
Hz, 2H, BDP-Ph-H), 6.68 (d, J = 8.0 Hz, 2H, N(CH3;),-Ph-H), 6.59 (s, 1H, BDP-a-H), 5.96

(s, 1H, BDP-o-H), 4.08 (t, J = 6.0 Hz, 2H,
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-CHy), 3.74 (t, ] = 6.0 Hz, 4H, morpholine-CH,), 3.02 (s, 6H, N-CH3), 2.58 (t, ] = 6.0 Hz,
2H, -CH,), 2.58 (s, 3H, -CH3), 2.49 (t, J = 6.0 Hz, 4H, morpholine-CH,), 2.02 (m, 2H, -
CH,), 1.48 (s, 3H, -CH3), 1.43 (s, 3H, -CH;). *C NMR (CDCl;, 400 MHz, 293K): 6 159.6,
154.8, 153.0, 151.2, 141.0, 139.2, 137.8, 133.6, 131.8, 129.8, 129.4, 127.6, 124.9, 120.5,
117.7, 115.1, 114.6, 112.2, 67.2, 66.5, 55.8, 54.0 40.4, 26.7, 22.8, 15.1, 14.7, 14.6, 14.3.
MALDI-TOF-MS: m/z Caled for C;sHyBFoN,O, (M™) 598.3; Found 598.6. Anal. Calcd
for C35H4BF2N4O,: C, 70.23; H, 6.90; N, 9.36. Found: C, 70.31; H, 6.94; N, 9.30.
3,5-bis[(4-N,N-dimethylaminophenyl)ethenyl|-8-[4-(3-morpholinopropoxy)phenyl|-1,7-
dimethyl-4,4-difluoro-4-bora-3a,4a-diaza-sindacene (B)

Probe B was synthesized by compound 3 (253 mg, 0.042 mmol) and N-(3-
chloropropyl)morpholine (10 pL, 0.064 mmol) using a similar procedure to Probe A. The
crude product was purified by silica gel column chromatography using CH,Cl,/C,H;OH =
100:2 as the eluant to yield Probe B (18 mg, 60 %). 'H NMR (CDCl;, 400 MHz, 293K): 0
7.58 (d, J =12.0 Hz, 2H, ene-H), 7.50 (d, J = 16.0 Hz, 4H, N(CH;),-Ph-H), 7.20 (d, ] = 8.0
Hz, 2H, BDP-Ph-H), 7.17 (d, J = 12.0 Hz, 2H, ene-H), 7.00 (d, J = 8.0 Hz, 2H, BDP-Ph-
H), 6.72 (d, J = 12.0 Hz, 4H, N(CHjs),-Ph-H), 6.59 (s, 2H, BDP-a-H), 4.09 (t, ] = 6.0 Hz,
2H, -CH,), 3.75 (t, J = 6.0 Hz, 4H, morpholine-CH,), 3.03 (s, 12H, N-CH3), 2.57 (t, ] = 8.0
Hz, 2H, -CH,), 2.50 (t, ] = 6.0 Hz, 4H, morpholine-CH,), 2.03 (m, 2H, -CH,), 1.48 (s, 6H,
-CHj3). 13C NMR (CDCl;, 400 MHz, 293K): J 159.5, 152.9, 151.0, 141.1, 136.6, 136.3,
133.5, 130.1, 129.2, 127.9, 1254, 117.3, 115.2, 115.0, 112.3, 67.2, 66.5, 55.8, 54.0 40.4,
26.2, 15.0. MALDI-TOF-MS: m/z Calcd for Cy4Hs50BF,NsO, (M™) 729.4; Found 729.9.
Anal. Calcd for C4HsoBF>NsO,: C, 72.42; H, 6.91; N, 9.60. Found: C, 72.55; H, 6.94; N,

9.55.
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Scheme S1 Synthesis of probes A and B: (i): 4-(N,N-dimethylamino)benzaldehyde,
Piperidine, AcOH, PhMe, 115 °C, reflux; (ii): N-(3-chloropropyl)morpholine, K,COs,

Acetone, 55 °C, reflux.
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Table S1 Photophysical properties of A and B in several solvents.

Aabs Aem AVimax
solvent log &ax (OX
(max/nm) (max/nm) (nm)
Toluene 607 5.07 641 34 0.84
CHCl; 605 5.02 650 45 0.59
A THF 600 5.03 652 52 0.38
Acetone 597 5.03 664 67 0.13
CH;CN 596 5.01 674 78 0.03
Toluene 699 5.13 724 25 0.08
CHCl; 697 5.08 726 29 0.05
B THF 692 5.10 729 37 0.05
Acetone 692 5.08 730 38 0.02
CH;CN 691 5.04 731 40 0.01

2 Fluorescence quantum yields were determined by reference to H,TPP in benzene (®= 0.13).2
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Theoretical Calculations.

The energy levels of the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) were determined by the density functional theory
(DFT) calculations carried out by B3LYP-D3(0) method with 6-311G(d) basis set.>->
Besides, tetrahydrofuran was used to simulate the mixed solution environment with the
solvation model based on density (SMD).® All the calculations were carried out by

Gaussian 09 program.’

Table S2 The frontier molecular orbital energy levels (in eV) of A, AP, B, BP1, BP2,
morpholine moiety (N-methylmorpholine) and protonated morpholine moiety

(protonated N-methylmorpholine).

A AP B BP1 BP2  morpholine morpholine + H*
LUMO  -2.58 -3.19 259 -3.13 -3.57 1.22 -0.17
HOMO -4.84 -5.78  -455 514 -5.84 -5.80 -8.06
Gap 2.26 2.58 1.96  2.00 2.26 7.02 7.89
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Probe A Probe B

Fig. S10 (a) The correlation of probe A (red channel) and LysoTracker™ Blue DND-22
(blue channel). (b) The correlation of probe B (deep red channel) and LysoTracker™ Blue

DND-22 (blue channel).
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Fig. S11 (a) Intensity profiles within the ROI (orange lines in Fig. 2a) of probe A and
DND-22 across A549 cells. (b) Intensity profiles within the ROI (orange lines in Fig. 2b)

of probe B and DND-22 across A549 cells.
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Fig. S12 Cell viability (%) estimated by a MTT assay versus incubation in different

concentration of A and B (2.5 - 20 uM).
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images represent the ratio of fluorescence intensity between green channel and red channel
(Ugreen'lreq). (b) Quantified relative fluorescence intensity at various pH. (c) Ratio of

Lyreen!leq at various pH. Scale bars = 20 pm.
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