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1. General methods

MCEF-7 cells were obtained from ATCC, and A2780 and A2780ADR cells were obtained from
Sigma-Aldrich. The CellTiter-Blue reagent was purchased from Promega (Catalogue number:
G8081). CellTiter-Blue assay readings were taken with a BioTek Synergy H1 hybrid 96-well plate
reader. Fluorescence activated cell sorting (FACS) data was obtained by running samples on Canto
- BD FACSCanto™ II Analyzer instrument, equipped with BD FACS carousel loader and 2 lasers
(blue: 488 nm, red: 633 nm). Post-experiment data analysis was performed with FACSDIVA and
FCSExpress 5 flow software. Confocal microscopic images were captured using LSM710 Zeiss
instrument (63X magnification using oil-immersion objective) and processed with Zen and ImageJ
software. All reagents were purchased from Sigma-Aldrich, Fisher Scientific or TCI America
unless otherwise specified and were used as received.

2. Experimental Procedures Synthesis.

~o NO,

Synthesis of 4,5-Dimethoxy-2-nitrobenzyl chloride. 4,5- Dimethoxy-2-nitrobenzyl alcohol (2)
(3.0 g, 14.0 mmol) was treated with SOCI, neat (10mL, 138.8 mmol) and allowed to stir at RT for
30 min. The SOCI, was removed under reduced pressure and the remaining SOCI, was quenched
with addition of water (100 mL), the aqg. layer was extracted (3 X 50 mL) with DCM, dried over
magnesium sulfate and evaporated under reduced pressure to give a solid residue, which was passed

over silica gel column (eluted with ethyl acetate/hexane 1:1) to isolate the title compound (2.95 g,
98%) as a pale yellow solid.

IH NMR (400 MHz, CDCls) § ppm 7.69 (s, 1 H) 7.11 (s, 1 H) 5.01 (s, 2 H) 4.01 (s, 6 H) 3.94 (s, 3
H) *NMR matches previously reported compound®?

HRMS (ESI): CoH10CINOg; calculated. (M+H)* 332.0371, found = 332.0369

. -
PPh,CI
_o

~o NO,
Synthesis of (4,5-dimethoxy-2-nitrobenzyl)triphenylphosphonium chloride (3): 4,5-Dimethoxy-
2-nitrobenzyl chloride (6.0 g, 25.8 mmol) in toluene (30 mL) was added triphenyl phosphine (5.54
g, 21.1 mmol) and the reaction mixture was then heated to reflux and allowed to stir overnight. The
reaction mixture was cooled on ice and cold hexane (30 mL) was added which caused a precipitate
to form. The reaction mixture was filtered to afford the title compound (5.84 g, 98%) as a brown
solid.

IH NMR (400 MHz, CHLOROFORM-d) & ppm - 7.93 (d, J=2.26 Hz, 1 H) 7.70 - 7.84 (m, 8 H)
7.61-7.68 (m,5H) 7.42 - 7.59 (m, 1 H) 6.12 (5, 1 H) 6.09 (5, 1 H) 3.91 (d, J=2.01 Hz, 6 H)

HRMS (ESI): C27H2sCINO4P; calculated. (M-Cl)* 458.1515, found = 458.1507
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o NO,
Synthesis of 1,2-dimethoxy-4-nitro-5-vinylbenzene. Phosphonium salt 3 (0.5 g, 1.01) mmol) was
suspended in a 37% formaldehyde solution (4 mL, aqueous). The mixture was stirred for 15 min,
and then an aqueous solution of 15% Na>COz (0.5 mL) was added intermittently via syringe. Each
subsequent addition was made after the purple color of the phosphorane had dissipated. When the
addition of the base was complete, the mixture was stirred at room temperature for 2 h, and then
extracted with DCM (3x20 mL). The 3 combined organic extracts were dried over anhydrous
magnesium sulfate and evaporated. The crude product was purified by flash chromatography
through silica gel with DCM as eluent to afford the title compound as a yellow solid (0.200 g, 95%).

IH NMR (400 MHz, CHLOROFORM-d) & ppm 7.58 (s, 1 H) 7.28 - 7.35 (m, 1 H) 6.97 (s, 1 H)
5.64 (d, J=17.36 Hz, 1 H) 5.43 (d, J=11.00 Hz, 1 H) 3.93 - 4.02 (m, 6 H)

13C NMR (CDCI3, 100 MHz):6 = 153.7, 145.9, 139.9, 133.6, 129.9, 117.8, 110.3, 110.2, 57.0,
56.4. *NMR matches previously reported compoud®

HRMS (ESI): C1oH11NOy; calculated. (M+H)* 210.0760, found = 210.0762

OH
/O OH
o NO,

Synthesis of 1-(4,5-dimethoxy-2-nitrophenyl)ethane-1,2-diol (4): To a mixture of 1,2-dimethoxy-
4-nitro-5-vinylbenzene (150 mg, 0.516 mmol) in dichloromethane (4 mL), N-methyl morpholine
oxide (NMO) (50 mg, 0.5 mmol) in water (0.5 mL), OsO4 (0.1 mL, 0.02 mmol, 4% in water) was
added. The reaction mixture was vigorously stirred at RT for 48 h. The reaction mixture was
quenched with Na»SOs (0.45 g in 4.5 ml water) and stirred for an additional 24 h. The
dichloromethane layer was separated and the aqueous phase was extracted with ethyl acetate (100
mL). The combined organic layers were dried over sodium sulfate and evaporated under vacuum.
The resulting solid was purified by silica gel column (eluted with hexane/ethyl acetate, 1:1) to
isolate the title compound (0.119 g, 95%) as a white solid.

IH NMR (400 MHz, CHLOROFORM-d) & ppm 7.49 (s, 1 H) 5.47 (br dd, J=7.46, 2.32 Hz, 1 H)
3.96 - 4.08 (m, 1 H) 3.88 - 3.94 (M, 4 H) 3.85 (s, 3 H) 3.45 - 3.50 (m, 1 H)

HRMS (ESI): C10H13NOs; calculated. (M+H)* 244.0815, found = 244.0819

o
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Synthesis of 3-(4-(4,5-dimethoxy-2-nitrophenyl)-1,3-dioxolan-2-yl)propanenitrile. A solution of
4 (0.100 g, .411 mmol), 4,4-dimethoxybutanenitrile (5, 0.126 mL, 0.126 mmol), and pyridinium p-
toluenesulfonate (0.05g, 0.12 mmol) in dry benzene (50 mL) was refluxed in Dean-Stark apparatus
(protected from light). Progress of the reaction was monitored by TLC (1:1 hexanes: EthOAc) and
benzene was replenished as it was distilled. After completion the reaction, as indicated by absence
of diol on TLC, the reaction mixture was diluted with ether (100 mL), and washed with saturated
NaHCOs solution and brine prior to drying with sodium sulfate. The ethereal layer was evaporated
to obtain a residue, which was purified further by rinsing with cold ether (3 X 20 mL) to obtain
acetal 1.20 as a light brown solid (0.120 g, 95%).

IH NMR (400 MHz, DMSO-ds) 5 ppm 7.70 (d, J=2.45 Hz, 2 H) 7.22 - 7.31 (m, 2 H) 5.50 - 5.66
(m, 1 H) 5.12 (t, J=4.40 Hz, 1 H) 4.61 - 4.64 (m, 1 H) 4.39 (t, J=7.95 Hz, 1 H) 3.87 (s, 3H) 3.93(s,
3H) 3.75-3.80 (M, 1 H) 3.61 - 3.68 (M, 1 H) 2.62 - 2.65 (M, 2 H) 2.13-2.19 (m, 2H) 2.01 - 2.07 (m,
2 H)

HRMS (ESI): C14H16N20g; calculated. (M+Na)* 331.0906, found = 331.0913
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o NO,
Synthesis of 3-(4-(4,5-dimethoxy-2-nitrophenyl)-1,3-dioxolan-2-yl)propanal (6): A solution of
nitrile 1.20 (0.100 g, .324 mmol) in DCM (25 mL) was cooled to -78 °C and treated dropwise with
Dibal-H (.324 mL of 1 M in hexanes, .324 mmol) within 10 min. The reaction mixture was allowed
to warm to room temperature during 4 h after which was diluted with DCM (50 mL) and saturated
sodium potassium tartrate solution (75 mL). The separated organic layer was washed with water and
brine then dried with magnesium sulfate. The crude organic material was evaporated to leave a
brown residue that was purified by flash chromatography on silica gel. Elution with 50% ethyl
acetate in hexanes furnished 6 as a white solid (0.086 g, 86%).

IH NMR (400 MHz, DMSO-ds) 5 ppm 9.72 (s, 1 H) 9.69 (s, 0.3 H) 7.27 (5, 1 H) 7.20 (s, 0.3 H)
5.53 - 5.58 (M, 1 H) 5.09 (t, J=4.52 Hz, 1 H) 4.56 — 4.60 (M, 0.3 H) 4.34 (t, J=8.07 Hz, 1 H) 3.87
3.93(m, 8 H) 3.73-3.76 (m, 1 H) 2.65 - 2.68 (s, 2 H) 2.58 — 2.61 (m, 0.6 H) 2.10 - 2.17 (M, 2 H)
1.99 - 2.03 (m, 0.6 H)

13C NMR (CDCI3, 100 MHz):6 = 203.1, 203.0, 153.9, 148.1, 139.1, 132.8, 108.5, 103.8, 73.9,
72.1,56.6, 38.0, 37.9, 25.9.

HRMS (ESI): C14H17NOyv; calculated. (M+Na)* 334.0902, found = 334.0894



Synthesis of compound 1. A stirred solution of doxorubicin hydrochloride (0.051 g, 0.085 mmol)
and aldehyde 1.21 (0.025 g, 0.080 mmol) in CH3CN-50mM NaOAc pH 5.0 (2:1) (10 mL) was
treated with NaBH3sCN (0.015 g, 0.24 mmol). The mixture was stirred under inert atmosphere at
room temperature in the dark for 1 h. The reaction was monitored by TLC (1:10 DCM:MeOH).
After completion, the reaction mixture was diluted with H.O (8 mL) and then extracted repeatedly
(10 x 10 mL) with CHCI3-MeOH (5:1). The combined extracts were dried and evaporated to give a
red film which was purified by preparative TLC using CHCls- MeOH (10:1.4) as eluent. The
solution was dried under high vacuum to afford 1.24 (0.030 g, 45%) as a red film.

IH NMR (400 MHz, DMSO-ds) 8 ppm 8.32 (s, 1 H) 7.40 - 7.59 (m, 1 H) 6.99 - 7.17 (m, 1 H)
5.30 - 5.48 (m, 1 H) 5.17 - 5.28 (m, 1 H) 4.83 - 5.06 (m, 1 H) 4.58 (s, 1 H) 4.50 (ddd, J=8.60,
6.84, 3.64 Hz, 1 H) 4.15 - 4.43 (m, 1 H) 4.01 - 4.15 (m, 1 H) 3.83 - 4.00 (m, 2 H) 3.63 - 3.81 (m,
6 H) 3.35 - 3.53 (m, 1 H) 2.91 (br d, J=16.81 Hz, 1 H) 2.72 (br d, J=4.52 Hz, 1 H) 2.60 - 2.69
(m, 1 H) 2.01 - 2.26 (m, 2 H) 1.89 (s, 1 H) 1.56 - 1.84 (m, 5 H) 1.04 - 1.33 (m, 4 H)

MS (ESI): C41Ha7N2017; calculated. (M+H)* 839.28, found = 839.20

o

o NO,

N-(3-(4-(4,5-dimethoxy-2-nitrophenyl)-1,3-dioxolan-2-yl)propyl)cyclohexanamine (7). A stirred
solution of cyclohexylmine (0.011 mL, 0.091 mmol) and compound 6 (0.030 g, 0.096 mmol) in
CH3CN/50mM ag. NaOAc pH 5.0 (2:1) (10 mL) was treated with NaBH3CN (0.004 g, 0.06 mmol).
The mixture was stirred under inert atmosphere at room temperature in the dark for 1 h. The
reaction was monitored by TLC (1:10 CH2Cl.:MeOH). After completion, the reaction mixture was
diluted with H20 (8 mL) and then extracted (3 x 10 mL) with CH.Cl2:MeOH (5:1). The combined
extracts were dried and evaporated to give a colorless oil which was purified by column
chromatography Hexanes- EtOAc (2:1) as eluent. The solution was dried under high vacuum to
afford the title compound as a white solid (0.026 g, 69%).

IH NMR (400 MHz, DMSO-ds) *H NMR (400 MHz, CDCls) § ppm 7.57 - 7.72 (m, 1 H) 7.14 -
7.32 (M, 2 H) 5.49 - 5.76 (m, 1 H) 4.95 - 5.18 (m, 1 H) 4.43 (dd, J=8.80, 7.83 Hz, 1 H) 3.81 -
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4.00 (M, 5 H) 3.65 - 3.78 (M, 2 H) 3.44 - 3.63 (m, 1 H) 3.15 - 3.39 (M, 1 H) 2.06 - 2.18 (m, 1 H)
1.91-1.99 (m, 1 H) 1.61 - 1.89 (m, 5 H) 1.13 - 1.37 (m, 6 H) 1.00 - 1.10 (m, 1 H) 0.73 - 1.00 (m,
2 H)0.44-0.73 (m, 1 H)

MS (ESI): C20H30N20s; calculated. (M+H)* 395.2176, found = 395.2172

Cell viability assay: The cell viability was determined using CellTiter-Blue assay, a
homogeneous, fluorometric method. The assay is principled on the ability of living cells to convert
resazurin to a fluorescent product resorufin.S! Thus, the fluorescent intensity directly correlate to
the number of living cells. Cytotoxicity tests were carried out in the following cell lines (passage
number not exceeding 15): MCF-7 (human breast carcinoma), A2780 (human ovarian carcinoma)
and A2780ADR (doxorubicin resistant human ovarian carcinoma). Approximately 5000 cells were
seeded in 96 well tissue-culture plates in Dulbecco’s Modified Eagle Medium (DMEM) containing
10% Fetal Bovine Serum (FBS) and were incubated for 24 h at 37 °C and 5% CO.. Cells were
treated with various concentrations of 1, doxorubicin, 2P-dox and linker in 0.1% DMSO-DMEM
for 2 h in absence of light. One such plate was exposed to light (380 nm, 9.0 mW.cm) for 30 min
in phenol-red free DMEM (kept on ice to prevent local overheating) while another identical plate
was kept unexposed in similar conditions. The plates were then incubated for 72 h in dark, after
which CellTiter-Blue reagent (20 ul) was added and further incubated for 3-4 h at 37 °C. Emission
intensities were recorded at 590 nm. Cells treated with 0.1 % DMSO-DMEM did not show any
significant cell death as compared to cells alone in both dark and light conditions. The inhibitory
concentration (ICso) values were determined by nonlinear regression analysis using GraphPad
Prism5 and obtained from two independent set of experiments, each of which was performed in
triplicate for each concentration.

FACS assay for cellular uptake: MCF-7 cells (~ 10°) were plated in six well plates and allowed
to attach for 24 h at 37 °C and 5% CO.. Cells were then treated with 1 or doxorubicin (10 uM in
0.1% DMSO-DMEM) for 2 h, after which the media was aspirated. Cell were washed with PBS,
trypsinized and collected by centrifugation. The pellets were taken in 500 pL PBS and
homogenized to form single cell suspensions. Flow cytometric analysis of these samples was
measured using excitation (488 nm) and emission (585 nm) channels in the red region along with
proper controls. All the experiments were performed in duplicate to ascertain the results.

Confocal microscopy: Confocal microscopic images (63X) were captured using oil immersion
lens of LSM710 Zeiss instrument. MCF-7 cells (~ 10°) were allowed to adhere to cover slips in a
12-well tissue culture plate for 24 h. They were treated with compounds 1 or doxorubicin (10 uM
in 0.1% DMSO-DMEM) for 2 h in light-protected conditions. After treatment, the media was
aspirated, cells were washed with PBS and stained with 4,6-diamidino-2-phenylindole,
dihydrochloride (DAPI, nuclear stain, 300 nM in PBS) for 5 min at room temperature. Cells were
thoroughly washed to remove the excess dye. The cover slips were transferred carefully to slides
containing AntifadeGold reagent (1 ul). They were fixed by coating the sides with quick-dry
transparent nail-enamel. Cells treated with only 0.1% of DMSO were also stained with DAPI and
used as controls to eliminate cellular auto-fluorescence and background signals. Experiments were



performed in duplicate and multiple images were recorded from each cover slip to confirm the
results.
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Fig. S1. Compound 1, a mixture of 4 diastereomers, but leads to a single major Dox-containing
product as observed by HPLC. A 20 mM solution of compound 1 in PBS buffer was irradiated under
360 nm light (9.0 mW/cm?) and aliquots were removed at various time points (0 min, blue; 20 min,
green, and 60 min, red.). These aliquots were analyzed by RP-HPLC at A = 480 nm.
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Fig. S2 (a) Bar diagram showing of MCF-7 cells kept in media containing 0.1% DMSO and exposed to
different light dosages (380 nm, 9.0 mW.cm™) by varying the time of exposure as indicated in the figure.
There was no significant reduction in viability of cells for 30 mins of exposure. Cellular viability curves as
obtained from CellTiter-Blue assay in (b) MCF-7, (c) A2780 and (d) A2780ADR cell lines treated with
compound 1 for 2 h followed by either light exposure (purple triangles, 380 nm, 9.0 mW/cm?, 30 min) or
kept unexposed (black squares).
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Fig. S3. Cellular viability curves as obtained from CellTiter-Blue assay in (b) MCF-7, (c) A2780 and (d)
A2780ADR cell lines treated with 2P-Dox for 2 h followed by either light exposure (purple triangles,
380 nm, 9.0 mW/cm?, 30 min) or kept unexposed (black squares).
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Fig. S4. Cellular viability curves as obtained from CellTiter-Blue assay in (a) MCF-7, (b) A2780 and (c)
A2780ADR cell lines treated with doxorubicin for 2 h followed by either light exposure (purple
triangles, 380 nm, 9.0 mW/cm?, 30 min) or kept unexposed (black squares).
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Fig. S5. Cellular viability curves as obtained from CellTiter-Blue assay in (a) MCF-7, (b) A2780 and (c)
A2780ADR cell lines treated with control compound 7 for 2 h followed by either light exposure (purple
triangles, 380 nm, 9.0 mW/cm?, 30 min) or kept unexposed (black squares).
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Fig. S6. Histograms depicting cellular uptake of compound 1 (blue) and doxorubicin (red) in MCF-7
cells after 2 h of treatment as obtained from flow cytometric analysis. A shift of the band to the right
denotes higher mean fluorescence intensity and hence higher cellular uptake of the compounds. Cells
alone (black) was taken as a control. (b) Bar diagram obtained from the same experiment showing
mean fluorescence intensity for cells alone (black), doxorubicin (red) and compound 1 (blue) in MCF-
7 cells.
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