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Experimental Section

General Considerations. All chemicals used herein were used as received from
commercial suppliers (Aldrich, Acros, and Junsei companies). The synthetic details for the
preparation of the dipyrromethanes and for the BODIPY systems follow literature methods.'
'H and ">C NMR spectra were acquired using a Bruker Avance 400 MHz spectrometer. TMS
was used as an internal standard. "H and >C NMR spectral signals were calibrated internally
by the respective protio impurity or carbon resonance of the CDCl; (‘H: & 7.24; °C: § 77.0).
A high resolution hybrid tandem LC-MS/MS spectrometer was used for mass data collection.

Data was acquired by the research support staff at KAIST.

Absorption and Emission Spectroscopy. For cuvette determinations of

photophysical properties, all compounds were dissolved in acetonitrile in preparing a

BODIPY solution of concentration 1.0 x 10° M. UV-vis absorption and emission

measurements were obtained using a CARY 300 Bio UV—vis spectrometer and a Shimatzu
RF-5301 PC spectrophotometer, respectively. Emission spectra are obtained through the
excitation at Apm,x from the absorption spectrum of each compound. Fluorescein in 0.1 N
NaOH (®f = 0.92)* was used as a standard to calibrate quantum yield values. The
compound has different solubilities, and measurements in water for ROS detection are

described below.

Cell culture details. SH-SY5Y human neuroblastoma cells were maintained in a
DMEM medium supplemented with 100 U/mL penicillin, 100 pg/mL streptomycin, 2 mM L—

glutamine, and 10% (v/v) heat—inactivated fetal bovine serum at 37 °C and 5% (v/v) COs,.
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Every other day, cells were re—cultured with a fresh medium.

Protocol for Determinations of ROS in neuronal cultures. Briefly, SH-SYSY
cells were seeded onto coverslip in a six—well plate (~2x10° cells per well) 1 day before the
experiment. Compound 4 (1.1 x 10~ M) was pre—treated in culture media during 30 min
and without washing, NaOCl (0.5 x 10 M) was added in culture media of live cells. All
incubation was retained at 37° C in a CO, incubator. After this time, the cells were washed
with Hank's Balanced Salt Solution (HBSS ). Without mounting, fluorescence staining was
promptly visualized by an Olympus fluorescence microscope (BX61; New Hyde Park, NY,

USA).

Synthetic procedures.

For compounds 1 and 2. The synthesis of 1 was performed via a standard
procedure.3 Firstly, Cul (0.5 mol %) and benzotriazole (1.0 mol %) were mixed in 2-3 mL
DMSO. Aryl halide (0.50 g, 1.9 mmol) was then added and stirred the for 10 min. Next, aryl—
thiol (0.71 g, 4.75 mmol) and Cs,CO; (0.85 g, 2.66 mmol) were added and the reaction
mixture was stirred for 10—12 h at 90-95 °C. The reaction was then monitored by TLC.
After completion of the reaction, 30 mL of ethylacetate was added and this layer was washed
with water (3 times with 10 mL). Solution was dried on Na,SO4 and pumped off through use
of a rotoevaporator. The viscous mass was then subjected to column chromatography

(dichloromethane/methanol) to afford the desired pure compound 1 (Yield = 0.350 g, 55.1%).

Synthesis of 2 was accomplished via an esterification reaction of compound 1.* The

reaction was carried out in a small round-bottom flask in DMF solvent (3—4 mL), by the

S3



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

reaction of compound 1 (0.472 g, 1.4 mmol) with ethyl bromide (0.18 mL, 2.1 mmol) and
potassium carbonate (0.23 g, 1.7 mmol) at room temperature with heating to 120 °C for 8§-10
h. The reaction was monitored by thin layer chromatography (TLC). After completion of
reaction, the reaction mixture was cooled to room temperature; then, the compound was
extracted with ethyl acetate / water. Ethyl acetate solution was kept on Na,SO, for drying for
10-20 minutes, and was then filtered. The solvent was then pumped off through the use of a
rotoevaporator to get crude compound 2. The purification of compound 2 was completed by

silica—gel column chromatography (hexane/dichloromethane = 1:1; Yield = 0.520 g, 100%.).

Compound 1 spectral data: Yield =0.350 g, 55.1%. "H NMR (CDCls, & 7.24, 400
MHz): & 9.97 (s, 1He), 8.17 (dd, *Jyi / *Inu = 1.5 / 7.9 Hz, 1Ho), 7.58 (s, 1Hy), 7.44 (ddd,
n /I /dun=1.6/8.1/8.1 Hz, 1H,)), 7.27 (ddd, I/ *dpn / *Jum=1.1/75/75
Hz, 1H0), 6.90 (dd, *Jyy / *Jnu = 1.1/ 8.5 Hz, 1H,5). *C NMR (CDCls, § 77.0, 400 MHz)

=183.8, 170.4, 145.8, 143.5, 142.5, 134.2, 132.3, 129.6, 126.7, 125.8, 125.4, 118.2. ESI-MS

(positive mode, CHCl; + CH3;OH) = = [M + CH3;0H + Na]" = 414.9285 (cal.), 414.9074

(exp.).

Compound 2 spectral data:  Yield = 0.520 g, 100%. "H NMR (CDCl, & 7.24, 400
MHz): § 9.93 (s, 1Hg), 8.02 (ddd, *Jyp/ *Jun/*Inu=0.4/1.6/7.8 Hz, 1Ho), 7.53 (s, 1Hy),
7.35 (ddd, Vpn /un /Jun=1.6 /7.4 /8.2 Hz, 1Hy)), 7.20 (ddd, pn / Inn /pn =
1.1/7.4/8.0 Hz, 1Hy0), 6.87 (ddd, It / pn / *Jun=0.4/1.4/8.1 Hz, 1H},), 4.14 (q,
7.1 Hz, 2Hy4), 1.40 (t, *Jy i = 7.1 Hz, 3H,s). °C NMR (CDCl;, § 77.0, 400 MHz) = 183.8,

168.0, 145.5, 144.3, 141.2, 133.1, 131.2, 129.4, 127.0, 126.7, 125.7, 117.8, 61.6, 14.2. ESI-
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MS (positive mode, CHCI; + CH30H) = [M + CH30H + Na+ 2H]" = 426.9649 (cal.),

426.9454 (exp.).

General procedure for the one—pot synthesis of BODIPY. Aryl aldehyde and
dimethylpyrrole were added to a two—neck flask in 20 mL of dichloromethane at ice—bath
temperature; sparging with nitrogen for 10 min was then undertaken to remove atmospheric
oxygen. Trifluoroacetic acid (TFA) was added dropwise and the materials were allowed to
react under N, for ~1 h. Thin layer chromatography (TLC) assaying revealed the formation of
a new spot at Ry = ~ 0.4 (for 3, hexane/ethylacetate = 1:1), and 0.45 for 4
(hexane/dichloromethane = 1:1), thus indicating the consumption of the starting aldehyde and
signifying the formation of dipyrromethane—based species. The resultant solution was
neutralized with N,N—di—isopropylethylamine to maintain a pH of ~7; the solution volume
was maintained to ~50 mL with dichloromethane. The solution temperature was retained at
ice—cold temperature; p—chloranil (tetrachloro—p—benzoquinone) was added slowly and
stirred for ~3 h to complete the oxidation reaction. The resultant solution was neutralized
with N,N—di—isopropylethylamine, followed by 10 min of additional stirring. Boron
trifluoride etherate was then added; the reaction was kept stirring for the next 2 h at room
temperature. A thin layer chromatography (TLC) assay revealed the expected orange—red spot
at R =~ 0.2 for 3 (hexane/ethylacetate = 1:1) and Rs = 0.8 for 4 (in dichloromethane). The
solvent of the reaction mixture was pumped off via rotoevaporation and the crude solid
material was used for silica gel column chromatography (eluent: hexane/ethylacetate = 1:1
(for 3), hexane/dichloromethane = 1:1 (for 4)). Here, PTLC can sometimes be used as a last
purification step to improve analytical purity if necessary, subsequent to column

chromatography.
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Compound 3 spectral data: Yield = 0.145 g, 16.2 %. 'H NMR (CDCls, & 7.24,
400 MHz): & 7.94 (dd, *Jyu /Iy =1.6 / 7.8 Hz, 1H,3), 7.48 (dd, 1/ *Jyn=1.1/8.1 Hz,
1H16),7.33 (ddd, *Jnp / *Jun / *Inn =1.6 / 7.3 / 8.0 Hz, 1H;5), 7.22 (ddd, *Jpn / *Inw’Jun
=1.2/7.6 /7.6 Hz, 1H,4), 6.95 (s, 1Hy0), 5.93 (s, 2H2), 2.3 (s, 6Hg), 1.61 (s, 6H9). *C NMR

(CDClL3, 6 77.0, 400 MHz) = 169.2, 156.3, 142.3, 141.3, 138.5, 133.1, 132.7, 132.2, 131.9,

131.3, 131.1, 131.0, 128.6, 126.7, 121.6, 117.2,14.6, 13.0. 'B-NMR (CDCls, BFs-OEtz, &

0.00): 5.34 (t, 32.75 Hz). ESI-MS (positive mode, CHCl; + CH;OH) = [M + Na]* =

585.0265 (cal.), 585.0071 (exp.); [M + H-C-HsO:S]* = 408.0279 (cal.), 408.3075 (exp.).

Compound 4 spectral data: Yield =0.220 g, 34.65 %. 'H NMR (CDCls, 6 7.24,
400 MHz): d 7.86 (dd, 4/ 3Ju-u=1.6 / 7.8 Hz, 1Hs), 7.43 (dd, 1.1 / 8.0, 4Ju-1 / 3Jr-u =
1Hz6), 7.29 (ddd, ¥Yu-n/ 3Ju-n / 3[u-n=1.6 /8.0 / 7.3 Hz, 1H1s), 7.12 (ddd, *[a-n / 3[a-n / 3Jn-
n=1.2/7.7/7.7 Hz, 1Hu), 6.94 (s, 1Hu), 5.94 (s, 2Hz), 4.31 (q, 3Ju-n = 7.1, 2Has), 2.50 (s,
6Ha), 1.65 (s, 6Hz1), 1.32 (q, 3Jrn = 7.1 Hz, 3Hu). 13C NMR (CDCls, 8 77.0, 400 MHz) =
166.0, 156.2, 142.2, 141.0, 138.1, 133.2, 132.5, 131.9, 131.3, 131.0, 131.0, 130.1, 129.6,
126.4, 121.5, 117.1, 61.0, 14.6, 14.1, 14.0. '"'B-NMR (CDCls, BF3-OEt,, § 0.00): 5.34 (t, 32.8

Hz). ESI-MS (positive mode, CHCI; + CH3;0H) = [M +Na+2H]*= 613.0578 (cal.),

613.0395 (exp.); [M + 2H-F]* =571.0696 (cal.), 571.0517 (exp.).
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Figure S1.2: >C NMR spectrum of 1.
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Figure S2.1: 'H NMR spectrum of 2.
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Figure S6. Absorption spectra of compound 4 (1x10-° M) with hypochlorite ion (1x10-> M,

~15 equiv.) in acetonitrile.
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~15 equiv.) in acetonitrile (Aexc = 506 nm).
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Figure S8. Emission spectra of compound 4 (1.0 x 10-° M) with permanaganate, chromium

VI, and iron III (1x10-° M, ~15 equiv.) in acetonitrile (Aexc = 506 nm).
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Figure S9. Enlarged version of Figure 4 from the text.
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