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ABSTRACT: Hydropersulfides (RSSH) have received significant interest in the field of
redox biology because of their intriguing biochemical properties. However, because RSSH HOJ\¢
are inherently unstable, their study is challenging, and as a result, the details of their o

physiological roles remain ill-defined. Herein, we report strategies to release RSSH utilizing J/\‘juv
photoremovable protecting groups. RSSH protection with the well-established p- "°
hydroxyphenacyl (pHP) photoprotecting group resulted in inefficient RSSH photorelease
along with complex chemistry. Therefore, an alternative precursor was examined in which a
self-immolative linker was inserted between the pHP group and RSSH, providing nearly
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quantitative RSSH release following photolysis at 365 nm. Inspired by these results, we also
synthesized an analogous precursor derivatized with 7-diethylaminocoumarin (DEACM), a visible light-cleavable photoprotecting
group. Photolysis of this precursor at 420 nm led to efficient RSSH release, and in vitro experiments demonstrated intracellular

RSSH delivery in breast cancer MCF-7 cells.

B INTRODUCTION

Recent studies have revealed the prevalence and importance of
hydropersulfides (RSSH) in redox biology." For example,
cysteine hydropersulfide (Cys-SSH) and glutathione hydro-
persulfide (GSSH) are abundant in mammalian cells and
tissues.” " The sulfurtransferase enzymes, cystathionine p-
synthase (CBS) and cystathionine y-lyase (CSE), both of
which utilize cystine (Cys-SS-Cys) as a substrate, are proposed
to be involved in the biosynthesis of Cys-SSH.>* In addition,
Cys-SSH is also produced by cysteinyltRNA synthetase
(CARS) and subsequently translationally incorporated into
proteins.” RSSH species possess unique chemical character-
istics, including strong antioxidant,’ reducing,l’8 and nucleo-
philic properties,”'® that may potentially combat toxicologi-
cally relevant oxidants and electrophiles. Emerging evidence
suggests that RSSH are involved in the regulation of redox
signaling and antioxidant functions.”''™"° However, the
inherently unstable nature of RSSH has limited their study.
Small molecules that can efficiently generate RSSH under
physiological conditions are important research tools for
investigating their roles in cellular processes.''® Several
donor molecules have been developed that release RSSH in
the presence of specific stimuli such as cellular thiols,'® reactive
oxygen species (ROS),"" ™" p and enzymes.”* "¢
Interestingly, several recent studies show that pharmacological
application of RSSH species can inhibit/prevent cellular
damage resulting from oxidative/electrophilic stress.”'>*”
However, many RSSH precursors suffer from limitations,
including a lack of controllable release kinetics and electro-
philic byproduct formation. The photochemical release of
biomolecules from light-sensitive precursors has been a
longstanding strategy in biological research as it offers both
spatial and temporal control over the administration of effector
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species. For instance, Singh and co-workers have reported an o-
nitrobenzyl protected photoprecursor to RSSH that offers
spatiotemporal control over the release of N-acetyl L-cysteine
hydropersulfide (NAC-SSH) (Scheme 1a).”* However, this

Scheme 1. Previously Reported Light-Activated
Hydropersulfide and Hydrogen Disulfide Precursors
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precursor releases potentially toxic 4,5-dimethoxy-2-nitro-
sobenzaldehyde and 4,5-dimethoxy-2-nitrosoacetophenone as
byproducts. In addition, Singh and co-workers have also
developed a visible light-triggered hydrogen disulfide (H,S,)

photoprecursor with real-time monitoring ability of byproduct

Received: May 4, 2022
Published: September 9, 2022

https://doi.org/10.1021/acs.joc.2c01049
J. Org. Chem. 2022, 87, 12644—12652


https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sahil+C.+Aggarwal"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Vinayak+S.+Khodade"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Sarah+Porche"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Blaze+M.+Pharoah"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="John+P.+Toscano"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.joc.2c01049&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?goto=supporting-info&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?fig=abs1&ref=pdf
https://pubs.acs.org/toc/joceah/87/19?ref=pdf
https://pubs.acs.org/toc/joceah/87/19?ref=pdf
https://pubs.acs.org/toc/joceah/87/19?ref=pdf
https://pubs.acs.org/toc/joceah/87/19?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.2c01049?fig=sch1&ref=pdf
pubs.acs.org/joc?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.joc.2c01049?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/joc?ref=pdf
https://pubs.acs.org/joc?ref=pdf

The Journal of Organic Chemistry

pubs.acs.org/joc

release with the p-hydroxyphenacyl benzothiazole photo-
protecting group (Scheme 1b).*

Herein, we report our efforts to develop efficient photo-
chemical precursors to RSSH. Owing to several advantageous
properties of the p-hydroxyphenacyl (pHP) photoprotecting
group, including clean photoreaction with high quantum yield
and generation of 3p-hydroxyphenylacetic acid (pHPAA) as a
benign byproduct,” we initially explored the use of pHP to
mask the terminal sulfur atom of RSSH. However, inefficient
RSSH release along with undesired photochemistry was
unfortunately observed. Introduction of self-immolative spacer
between the RSSH moiety and the pHP photoprotecting group
improved the RSSH release efficiency. Based on these results,
we also synthesized and examined an analogous precursor
derivatized with 7-diethylaminocoumarin, a visible light-
cleavable photoprotecting group. This photoprecursor also
produces RSSH efficiently and was used to demonstrate
intracellular RSSH delivery.

B RESULTS AND DISCUSSION

Photoprecursor 1a, utilizing the pHP photoprotecting group,
was synthesized, as shown in Scheme 2. Briefly, 4-

Scheme 2. Synthesis of Hydropersulfide Precursor 1la
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hydroxyphenacyl bromide was treated with hydrogen sulfide
(H,S) in pyridine under anhydrous conditions to obtain 4-
hydroxyphenacyl thiol (2) in 39% yield. Thiol 2 was then
treated with activated disulfide 3 in a disulfide exchange
reaction to afford RSSH photoprecursor 1a. As expected, in the
absence of light, 1a is stable in pH 7.4 phosphate-buffered
saline (PBS) at ambient temperature for 24 h (Supporting
Information, Figure S44).

We tested RSSH release by photolyzing (Rayonet, 350 nm)
precursor la (100 pM) in the presence of S-methyl
methanethiosulfonate (MMTS, 10 equiv). MMTS was chosen
because it does not have any absorbance at 350 nm and has
been used previously as an efficient RSSH trap.”””" The
photodecomposition of la was monitored by ultra-perform-
ance liquid chromatography—mass spectrometry (UPLC—
MS). We observe RSS-SMe (4a) formation, albeit in low
yield, indicating some RSSH photorelease (Scheme 3). We
also observe additional products including thioether Sa,
thioester 6a, dialkyltrisulfide (S;), and dialkyltetrasulfide (S,),
indicating that other undesired photochemical pathways are
operative.

With RSSH release from 1a, we anticipated the formation of
pHPAA as a byproduct (Scheme 3). However, UPLC analysis
shows no evidence of pHPAA formation. Instead, we observe
the solvolysis product, p-hydroxyphenacyl alcohol (pHPOH),
in 7% yield (Scheme 4, Path A). The lack of pHPAA formation
combined with inefficient 4a and pHPOH formation indicates
that the desired C-S bond heterolytic cleavage pathway to
release the persulfide anion is a minor contributor, analyzed by

Scheme 3. Photoproducts Observed from Precursor la in
the Presence of MMTS
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Scheme 4. Proposed Photodecomposition Pathways for la
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high performance liquid chromatography (HPLC) (Scheme 4,
Path A). Alternatively, the C-S bond in photoprecursor 1a may
undergo homolytic cleavage to generate the p-hydroxyphenacyl
radical and perthiyl radical (Scheme 4, Path B). Perthiyl
radicals are quite unreactive and mainly dimerize to give
tetrasulfides (k = 6 x 10° M™' s71).**7** We postulate that the
formation of S, from 1la photolysis is likely derived from
initially produced perthiyl radicals. The p-hydroxyphenacyl
radical can be reduced to give p-hydroxyacetophenone
(pHAC).*>*> However, HPLC analysis shows only 8% pHAc
formation (Supporting Information, Figure S42), indicating
that homolytic cleavage is also likely not a major pathway.

A time course analysis reveals that thioether Sa is formed
within 1 min of 1a photolysis (Supporting Information, Figure
S14). Furthermore, Sa can also undergo secondary photolysis
to release thiol and the presumed spirodienedione inter-
mediate, which can subsequently react with released thiol to
form thioester 6a (Scheme 4, Path C). Hence, we measured
the yield of Sa shortly after 1a photolysis and observed 58%
formation (Supporting Information, Figure S41), indicating
that thioether formation is a significant contributor.

Next, we explored the mechanism of Sa formation. Based on
previous reports, positioning of a disulfide adjacent to a
carbonyl or olefin can lead to thiosulfoxide formation, which
subsequently leads to sulfur extrusion and thioether generation
(e.g, Scheme 4, Path C).**™* We tried to characterize the
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extruded sulfur by trapping with triphenylphosphine-based
probe P2 (Figure 1).*" However, attempts to characterize the

PPh,
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Figure 1. Cysteine analogue 1b, triphenylphosphine-based sulfane
sulfur probe P2, and compounds 7 and 8.

trapped extruded sulfur were inconclusive because of the lack
of selectivity of the probe toward elemental sulfur vs additional
sources of sulfane sulfur (e.g, S,, S3, and 4a) that are present in
the reaction mixture. We also synthesized compounds 7 and 8
with a two and three methylene spacer, respectively, between
the carbonyl and RSSH moiety (Figure 1) to examine potential
sulfur extrusion from these compounds. Because photo-
chemistry observed with the pHP photoprotecting group is
highly dependent on leaving group ability, we did not expect
RSSH photorelease from these compounds. Photolysis of
either 7 or 8 for 1 h shows no photodecomposition along with
a lack of corresponding thioether formation, analyzed by
UPLC-MS (Supporting Information, Figure S25), indicating
that the S-S bond in these compounds is stable to photolysis at
350 nm. Consistent with previous work,”” these results suggest
that proximity of the carbonyl relative to the disulfide is
important for thioether formation. Similarly, we observe
analogously complex photochemistry with cysteine analogue
1b (Figure 1, and Supporting Information, Figure S20).
Overall, these results demonstrate that direct attachment of
RSSH with the pHP group is not a viable approach to
photorelease RSSH efficiently.

Inspired by the results of lack of thioether formation from 7
and 8, we turned to photoprecursor 13 with a self-immolative
carbamate linker installed between the RSSH moiety and the
pHP protecting group to minimize thioether formation and
maximize RSSH release.”’ The synthesis of photoprecursor 13
is outlined in Scheme S. The hydroxy group of ketone 9 was
activated using 4-nitrophenyl chloroformate to obtain carbo-
nate 10, which was then reacted with tert-butyl methyl (2-
(methylamino)ethyl) carbamate in the presence of triethyl-
amine to provide compound 11 in 79% yield. Removal of the
Boc protecting group using trifluoroacetic acid (TFA)

Scheme 5. Synthesis of Hydropersulfide Precursor 13
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furnished the deprotected amine, which was immediately
reacted with S-perthiocarbonyl chloride (which was obtained
by N-acetylpenicillamine methyl ester reaction with chlor-
ocarbonylsulfenyl chloride) in the presence of triethylamine to
give 12 in 70% yield. Finally, the removal of the tert-
butyldiphenylsilyl (TBDPS) protecting group with triethyl-
amine trihydrofluoride afforded 13 in 84% yield. As expected,
13 is stable in pH 7.4 PBS buffer at ambient temperature in the
dark over 24 h, demonstrating its stability toward hydrolysis
(Supporting Information, Figure S44).

Photolysis of 13 (100 #M) at 350 nm in the presence of 10
equiv of MMTS in pH 7.4 buffer showed its disappearance
over 90 min along with concomitant formation of RSS-SMe 4a,
analyzed by UPLC-MS (Figure 2). Of note, 4a was found to be

4a
2 - / t =90 min
N Al fbﬂ t=60 min
s U t =20 min
N L =10 min
T 1
t=0 min

3354 45 5 55 6 65 7 75 8

Retention Time (min)

Figure 2. UPLC-MS chromatograms of RSSH trapping in ammonium
bicarbonate buffer (pH 7.4, SO0 mM) showing the photolysis of 13
(100 M) at 350 nm in the presence of MMTS (1 mM) over time.
Aliquots were taken at the time points indicated, quenched with 1%
formic acid, and analyzed by UPLC-MS. The asterisk indicates RS-
SMe formation (Supporting Information, Figure S15).

unstable under our experimental conditions (350 nm
irradiation), leading to RS-SMe formation (Supporting
Information, Figure S15). We also observe the expected
byproduct 1,3-dimethyl-2-imidazolidinone (DMI) in 98%
yield, indicating nearly quantitative release of RSSH. More-
over, HPLC analysis shows eflicient formation of pHPAA
(86%) with a small amount of pHPOH (6%), presumably
formed via trapping of intermediate 14 with H,O (Scheme 6)
(Supporting Information, Figure $S43).

Based on the observed byproducts and the extensive studies
of Givens and co-workers,”*' we propose that 13 undergoes
photocleavage to release intermediate 14 and the carbamate
intermediate 15 (Scheme 6). Intermediate 14 presumably
undergoes a rapid photo-Favorskii rearrangement leading to
the fleeting spirodienedione intermediate 16, which is quickly
trapped by water giving pHPAA.’>*' Because decarboxylation
of carbamates is reported to be on the millisecond timescale
under physiological conditions,””*’ we believe that alklyl-
amine-substituted perthiocarbamate intermediate 17 is rapidly
produced Subsequent intramolecular cyclization of 17 (t;,, =
1.4 min)*" leads to efficient RSSH release and trapping by
MMTS. These data also confirm that RSSH is indeed the
species reacting with MMTS.

Although 13 shows efficient RSSH release, the use of UV-
light as a trigger for RSSH release is not ideal because of low
penetration into tissues, and long exposure may cause
phototoxicity in biological systems. Hence, we synthesized

https://doi.org/10.1021/acs.joc.2c01049
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Scheme 6. Proposed Mechanism for Photorelease of RSSH
from Precursor 13
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photoprecursor 21 containing the 7-diethylaminocoumarin
(DEACM) photoprotecting group, which has absorption at
longer wavelengths compared to the pHP group.” The
synthesis of photoprecursor 21 is illustrated in Scheme 7.

Scheme 7. Synthesis of Hydropersulfide Precursor 21
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Initially, carbonate 18 was obtained using reported methods,**
followed by reaction with tert-butyl methyl(2-(methylamino)-
ethyl) carbamate in the presence of diisopropylethylamine
(DIPEA) to produce compound 19 in 79% yield. Removal of
the Boc protecting group using TFA furnished the deprotected
amine 20, which was immediately reacted with S-perthiocar-
bonyl chloride in the presence of triethylamine to provide 21
in 51% yield. As expected, 21 is found to be stable in pH 7.4
PBS buffer at ambient temperature in the dark over 48 h,
demonstrating its stability toward hydrolysis (Supporting
Information, Figure $45).

Photolysis of precursor 21 at 420 nm in the presence of
MMTS in pH 7.4 buffer shows efficient formation of RSS-SMe
4a (90% yield) and the expected byproduct, DMI (95% yield),
analyzed by UPLC-MS. Notably, RSS-SMe was found to be
stable under 420 nm irradiation. HPLC analysis shows the
other expected byproduct, diethylamino coumarin alcohol
(DEACM-OH), albeit in lower yield (47%). We also observe
diethylamino coumarin aldehyde (DEACM-CHO) formation
(10%) (Figure 3) (Supporting Information, Figure $33), likely
derived from photooxidation of DEACM-OH (Scheme 8).
Careful analysis of UPLC chromatograms revealed minor
peaks corresponding to compounds 23 and 24, presumably
formed through trapping of cation 22 by amine 17 and
persulfide anion, respectively ((Scheme 8) and Supporting

DEACM-CHO

NP2 4 t=120min

L (\ " }\ t =60 min

—/\,\M
A ‘\ t=15min

-—21
t=0min
3354 455556657758 859
Retention Time (min)

Figure 3. (a) Reaction scheme showing hydropersulfide release from
21 upon photolysis in the presence of MMTS. (b) UPLC-MS
chromatograms of RSSH trapping in ammonium bicarbonate buffer
(pH 7.4, 50 mM) showing the photolysis of 21 (25 uM) at 420 nm in
the presence of MMTS (250 uM) over time. Aliquots were taken at
the time points indicated, quenched with 1% formic acid, and
analyzed by UPLC-MS.

Information, Figure S33). An additional minor peak corre-
sponding to thioether 28§ is also observed, likely derived from
secondary photolysis of disulfide 24 via sulfur extrusion. These
additional products account for the low yield of DEACM-OH.
The quantum yield of disappearance of 21 was found to be ®
= 0.27 =+ 0.06 using the potassium ferrioxalate actinometer.*>*°

To determine the potential utility of 21 for biological
applications, we first examined its reactivity with thiols. About
86% of 21 remains following incubation with 5 equiv of N-
acetylcysteine in PBS (pH 7.4) for 2 h at 37 °C (Supporting
Information, Figure S46), indicating the suitability of this
precursor for biological studies.

We then sought to determine whether 21 can release RSSH
in cells following photolysis as a trigger. The cytotoxicity of 21
on MCF-7 cells using the Cell Counting Kit-8 (CCK-8) assay
reveals no toxicity at concentrations up to 50 M (Supporting
Information, Figure S47). Also, the DMI and DEACM-OH
byproducts at S0 gM exhibited no cytotoxicity (Supporting
Information, Figure S47). In addition, photolysis at 420 nm
(1500 W, LED lamp) for 45 min has no effect on MCF-7 cell
viability (Supporting Information, Figure S48). Next, we
measured the ability of 21 to photorelease RSSH within cells
using SSP4 (Figure 4b), an established fluorescent probe that
has been used to detect intracellular sulfane sulfur levels
qualitatively.*” When MCEF-7 cells are pretreated with 21 for
20 min and photolyzed with 420 nm light, we observe a clear
increase in SSP4-derived fluorescence (Figure 4a), indicating
intracellular RSSH release. Released RSSH in cells may also
undergo a disproportionation reaction leading to polysulfide
formation, which can also react with SSP4 to give a
fluorescence signal. Next, we compared RSSH release
efficiency of 21 with RSSH precursor 26 (Figure 4b) under
similar experimental conditions. Precursor 26 undergoes
neutralization under physiological conditions to produce
intermediate 17 (the same intermediate also produced
following photolysis of precursor 21) that releases RSSH.
Importantly, the SSP4 fluorescence signal in the case of
photoprecursor 21 is much hlgher compared to its non-
photoprotected analogue 26.”" The short half-life of precursor
26 (1.4 min) can lead to relatively rapid decomposition prior

https://doi.org/10.1021/acs.joc.2c01049
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Scheme 8. Proposed Mechanism of RSSH Release from Precursor 21
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Figure 4. (a) Intracellular RSSH release in MCF-7 epithelial cells.
MCEF-7 cells were pretreated with RSSH photoprecursor 21 and
precursor 26 at 25 yM and incubated for 20 min at 37 °C. Cells were
exposed to 420 nm light for 30 min and then treated with SSP4 (10
uM) and CTAB (100 uM) for 20 min at 37 °C. Fluorescence
intensity was measured at Ex 482 nm Em 515, and results are
expressed as the mean + SEM (n = 3 for each treatment group) with
three independent experiments. (b) Structure of RSSH precursor 26
and sulfane sulfur probe SSP4.

to intracellular uptake, which results in a lower SSP4 response.
Thus, DECAM photoprecursor 21 provides utility by
enhancing intracellular RSSH delivery over its nonphotopro-
tected analog.

B CONCLUSIONS

Herein, we describe photoprecursor optimization to enable
efficient RSSH release in a controlled manner. Complex
photochemistry is observed with direct attachment of RSSH to
the pHP protecting group. Therefore, we incorporated a self-
immolative linker, which leads to clean and efficient RSSH
release along with the formation of the expected byproducts,
pHPAA and DMI. We also synthesized visible light-activated
precursor 21 that releases RSSH following photolysis at 420
nm. Moreover, we demonstrate that photoprecursor 21 can
release RSSH in MCEF-7 cells as measured by the SSP4
fluorescence probe. We also tested compound 26, which lacks
the photoprotecting group, but analogously releases RSSH,
and find that it is unable to increase intracellular RSSH levels.
We hope that visible light photoprecursor 21 will find use as a
research tool for the spatiotemporal delivery of RSSH to aid
our understanding of RSSH chemical biology.

B EXPERIMENTAL PROCEDURES

General Information. Analytical thin layer chromatography
(TLC) was performed on silica gel on TLC Al foils with fluorescent
indicator F254 plates (Sigma-Aldrich). Visualization was accom-
plished with UV light (254 nm) or staining with KMnO,. Starting
materials, solvents, and reagents were received from commercial
sources (Sigma-Aldrich, Oakwood Chemical, and TCI), unless
otherwise noted and were used without purification. Deuterated
solvents (Cambridge Isotope Laboratories) were used for NMR
spectroscopic analyses. NMR spectra were obtained on a Bruker 400
MHz NMR spectrometer. In the case of "H NMR in CDCl,, chemical
shifts are reported relative to tetramethylsilane (6 = 0). The other
spectra are referenced internally according to residual solvent signals
of deuterated chloroform (CDCl;, *C NMR; § = 77.16 ppm),
DMSO-dg (*H NMR; § = 2.50 ppm, *C NMR; § = 39.52 ppm), and
deuterated acetonitrile (ACN-d,, "H NMR; & = 1.94 ppm, *C NMR;
& = 1.32 ppm, 118 ppm). Photolyses were carried out either with a
Rayonet Photochemical Mini-Reactor Model RMR-600 utilizing 6 X
RMR-3500A° lamps or Designers Edge model L-1923 1500 W, LED
lamp. Photolyses were carried out in borosilicate glass vials for
compound 21 and quartz cuvettes for compounds 1a and 13. High-
resolution mass spectra were obtained on a Waters Acquity Q-ToF
MS/MS instrument. The products of RSSH release from compounds
la, and 13 were quantified using a high-performance liquid
chromatography (HPLC, Agilent 1100 series) system with a
Phenomenex C-18 reverse phase column (250 mm X 4.6 mm, §
pm). UPLC—MS analysis was carried out with a Waters Acquity/
Xevo-G2 UPLC-MS system equipped with an ACQUITY UPLC
BEH C18 column (2.1 mm X S0 mm, 1.7 ym). The mass signals for
products of RSSH trapping with S-methylmethanethiosulfonate
(MMTS) were obtained via deconvolution using MassLynx 4.1
software. In addition to the protonated molecule [M + H]*, we also
observe [M + Na]* adducts during ESI-MS analysis. MCF-7 human
epithelial cells were obtained from the American Type Culture
Collection. Cells were grown in Dulbecco’s minimal essential medium
(DMEM), supplemented with fetal bovine serum (FBS) 10%,
penicillin 100 U/mL, and streptomycin 100 pg/mL. The pH
measurements were performed using a Fisher Scientific Accumet
AB1S pH meter. The photolysis of cells was carried out with a
Designers Edge model L-1923 (1500 W) LED lamp. Fluorescence
readings of cells in 96 well plates were measured on SpectraMax M2
and SpectraMax M2e Multidetection Readers.

Experimental Procedure and Spectroscopic Data. 7-(4-
Hydroxyphenyl)-2-mercaptoethan-1-one (2). This compound was
prepared according to the literature report.** A 1 M solution of 4-
hydroxyphenacyl bromide (3.5 g, 16.36 mmol, 1 equiv) in
tetrahydrofuran (THF) was transferred dropwise at —15 °C to a
solution of pyridine (35 mL) purged with H,S gas. The resulting
mixture was stirred for an additional 10 min with continuous purging
of H,S gas. Upon completion of the reaction (analyzed by TLC), the
solution was brought to 0 °C and quenched with cold 1 M HCI. The
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aqueous layer was extracted with ethyl acetate (3 X 60 mL). The
combined organics were washed with brine and dried over Na,SO,.
The volatiles were removed under reduced pressure, and the crude
material was purified with flash column chromatography on silica gel
with 50% ethyl acetate in hexanes as the eluent to give 2 as a white
solid (1.06 g, 39% yield). '"H NMR (400 MHz, DMSO) & 10.42 (s,
1H), 7.86 (d, ] = 8.7 Hz, 2H), 6.85 (d, ] = 8.8 Hz, 2H), 3.97 (d, ] =
6.9 Hz, 2H), 2.77 (t, ] = 7.2 Hz, 1H). '*C {IH} NMR (101 MHz,
DMSO) 6 194.2, 162.8, 131.6, 126.9, 115.8, 30.6.

Methyl 2-Acetamido-3-((2-(4-hydroxyphenyl)-2-oxoethyl)-
disulfaneyl)-3-methylbutanoate (1a). Methyl 2-acetamido-3-
(benzo[d]thiazol-2-yldisulfaneyl)-3-methylbutanoate (220 mg, 0.59
mmol, 1 equiv) was added in one portion to a solution of 2 (100 mg,
0.59 mmol, 1 equiv) in dichloromethane (6 mL). Triethylamine (90
mg, 124 uL, 0.89 mmol, 1.5 equiv) was added dropwise over 1 min
and stirred for an additional 30 min at room temperature. Upon
completion of the reaction (analyzed by TLC), the reaction was
quenched with 1 M HCI, and the aqueous layer was extracted with
ethyl acetate (3 X 10 mL). The combined organics were washed with
brine and dried over Na,SO,. The volatiles were removed under
reduced pressure, and the crude was purified via flash column
chromatography on silica gel with 60% ethyl acetate in hexanes as the
eluent to give la as a white solid (50 mg, 23% yield). 'H NMR (400
MHz, DMSO) § 10.43 (s, 1H), 8.26 (d, ] = 8.7 Hz, 1H), 7.82 (d, ] =
8.9 Hz, 2H), 6.84 (d, ] = 8.9 Hz, 2H), 4.58 (d, ] = 8.8 Hz, 1H), 4.30—
4.11 (m, 2H), 3.61 (s, 3H), 1.87 (s, 3H), 1.32 (s, 3H), 1.29 (s, 3H).
3C {1H} NMR (101 MHz, CD,CN) § 193.6, 171.4, 171.1, 162.8,
132.1, 128.7, 1162, 59.4, 52.9, 52.6, 47.2, 25.8, 24.3, 22.7. HRMS
(ESD): m/z caled for C;sH,,NO:S,* [M + H]" 372.0934, found
372.0943.

Methyl 2-Acetamido-3-((2-(4-hydroxyphenyl)-2-oxoethyl)thio)-
3-methylbutanoate (5a). Methyl 2-acetamido-3-mercapto-3-methyl-
butanoate (157 mg, .77 mmol, 1.1 equiv) was added to a solution of
2-bromo-1-(4-hydroxyphenyl)ethan-1-one (150 mg, 0.70 mmol, 1
equiv) in THF (7 mL). Triethylamine (106 mg, 146 uL, 1.0S mmol,
1.5 equiv) was added dropwise over 1 min, and the reaction was
stirred at room temperature for 1 h. The volatiles were removed under
reduced pressure. The crude was redissolved in ethyl acetate (20 mL),
washed with brine, and dried over Na,SO,. The volatiles were
removed under reduced pressure, and the crude was purified via flash
column chromatography on silica gel with 60% ethyl acetate in
hexanes as the eluent to give compound Sa as a white solid (100 mg,
42% yield). "H NMR (400 MHz, CDCL,) 6 7.88 (d, ] = 8.8 Hz, 2H),
7.47 (s, 1H), 6.89 (d, ] = 8.8 Hz, 2H), 6.81 (d, ] = 8.8 Hz, 1H), 4.69
(d, J = 8.7 Hz, 1H), 4.07-3.92 (m, 2H), 3.74 (s, 3H), 2.13 (s, 3H),
1.46 (s, 3H), 1.45 (s, 3H). *C {1H} NMR (101 MHz, DMSO) §
194.3, 171.0, 170.1, 162.8, 131.6, 127.5, 115.7, 58.9, 52.2, 47.5, 35.7,
26.1, 25.5, 22.7. HRMS (ESI): m/z caled for C,gH,,NOS+ [M + H]
+ 340.1213, found 340.1211.

Methyl N-Acetyl-S-((2-(4-hydroxyphenyl)-2-oxoethyl)thio)-
cysteinate (1b). This compound was synthesized similar to 1la.
Briefly, triethylamine (176 mg, 242 yL, 1.74 mmol, 1.5 equiv) was
added dropwise over 2 min to a solution of 3 (195 mg, 1.16 mmol, 1
equiv) and methyl N-acetyl-S-(pyridin-2-ylthio)cysteinate (333 mg,
1.16 mmol, 1 equiv) in DCM (12 mL) and stirred at room
temperature for 1 h. Upon completion of the reaction (analyzed by
TLC), the reaction was quenched with DI water and the aqueous
layer was extracted with DCM (3 X 10 mL). The combined organics
were washed with brine and dried over Na,SO,. The volatiles were
removed under reduced pressure, and the crude was purified via flash
column chromatography on silica gel with 70% ethyl acetate in
hexanes as the eluent to give compound 1b as a white solid (200 mg,
50% yield). "H NMR (400 MHz, DMSO) & 10.46 (s, 1H), 8.40 (d, ]
= 7.4 Hz, 1H), 7.86 (d, ] = 8.8 Hz, 2H), 6.85 (d, ] = 8.8 Hz, 2H),
4.57—4.48 (m, 1H), 4.36—4.21 (m, 2H), 3.61 (s, 3H), 3.13—3.06 (m,
1H), 2.99-2.80 (m, 1H), 1.84 (s, 3H). *C {I1H} NMR (101 MHz,
DMSO) § 193.3, 171.5, 170.0, 162.9, 131.8, 127.2, 115.8, 105.0, 52.6,
51.5, 44.9, 22.8. HRMS (ESI): m/z caled for C,H;{NOS," [M +
H]" 344.0621, found 344.0627.

Methyl N-Acetyl-S-((3-(4-hydroxyphenyl)-3-oxopropyl)thio)-
cysteinate (7). N-Acetylcysteine methyl ester (73 mg, 0.41 mmol)
was added to a solution of 23 (100 mg, 0.34 mmol, 1 equiv) in DCM
(5 mL) at room temperature and stirred for S min. Triethylamine (52
mg, 72 #L, 0.52 mmol, 1.5 equiv) was added dropwise over 1 min and
stirred at room temperature for 30 min. Upon completion of the
reaction (analyzed by TLC), the reaction was quenched with DI water
and the aqueous layer was extracted with ethyl acetate (3 X 20 mL).
The combined organics were washed with brine and dried over
Na,SO,. The volatiles were removed under reduced pressure, and the
crude was purified via flash column chromatography on silica gel with
50% ethyl acetate in hexanes as the eluent to give 7 as a semisolid (40
mg, 33% yield). '"H NMR (400 MHz, CDCl;) 6 7.92 (d, ] = 8.8 Hz,
2H), 6.92 (d, ] = 8.8 Hz, 2H), 6.53 (d, ] = 7.6 Hz, 1H), 4.95—4.91 (m
1H), 3.80 (s, 3H), 3.37—3.33 (m, 2H), 3.28—3.18 (m, 2H), 3.11 (t, ]
= 6.9 Hz, 2H), 2.11 (s, 3H). '*C {1H} NMR (101 MHz, CDCl;) §
196.9, 171.2, 170.9, 161.9, 130.7, 128.8, 115.7, 52.9, 52.1, 40.1, 37.6,
32.9, 23.0. HRMS (ESI): m/z calcd for C;sH,(NOS,” [M + HJ*
358.0777, found 358.0772.

Methyl N-Acetyl-S-((4-(4-hydroxyphenyl)-4-oxobutyl)thio)-
cysteinate (8). This compound was prepared according to the
procedure used for compound 7. N-Acetyl cysteine methyl ester (94
mg, 0.53 mmol, 1.2 equiv), 25 (135 mg, 0.44 mmol, 1 equiv), and
NEt; (67 mg, 92 uL, 0.66 mmol, 1.5 equiv) were added in DCM (S
mL). Upon completion of the reaction (analyzed by TLC), the
reaction was quenched with DI water and the aqueous layer was
extracted with ethyl acetate (3 X 20 mL). The combined organics
were washed with brine and dried over Na,SO,. The volatiles were
removed under reduced pressure, and the crude was purified via flash
column chromatography on silica gel with 50% ethyl acetate in the
hexane eluent to give 8 as a semisolid (70 mg, 42% yield). 'H NMR
(400 MHz, DMSO) 6§ 10.34 (s, 1H), 8.45 (d, J = 7.9 Hz, 1H), 7.85
(d, J = 8.8 Hz, 2H), 6.85 (d, ] = 8.8 Hz, 2H), 4.63—4.50 (m, 1H),
3.63 (s, 3H), 3.13-3.05 (m, 1H), 3.03 (t, ] = 7.1 Hz, 2H), 2.97—2.88
(m, 1H), 2.78 (t, J = 7.2 Hz, 2H), 1.99—1.90 (m, 2H), 1.86 (s, 3H).
BC {1H} NMR (101 MHz, CDCl;) § 198.6, 171.3, 171.0, 161.8,
130.7, 129.0, 115.6, 52.9, 52.0, 40.2, 38.0, 36.1, 23.4, 23.0. HRMS
(ESD): m/z caled for C;sH,,NOS,* [M + H]* 372.0934, found
372.0927.

2-(4-((tert-Butyldiphenylsilyl)oxy)phenyl)-2-oxoethyl (4-Nitro-
phenyl) Carbonate (10). 1-(4-((tert-Butyldiphenylsilyl)oxy)phenyl)-
2-hydroxyethan-1-one (9) was synthesized according to the literature
procedure without any alterations.*” A 1 M solution of 4-nitrophenyl
chloroformate (774 mg, 3.84 mmol, 1.5 equiv) was transferred
dropwise over S min to a solution 9 (1.0 g, 2.56 mmol, 1 equiv) in
DCM (10 mL) at 0 °C and stirred for another 5 min. Triethylamine
(415 mg, 571 pL, 4.10 mmol, 1.6 equiv) was added dropwise over S
min at 0 °C, and the reaction was stirred overnight. Upon completion
of the reaction (analyzed by TLC), the reaction was quenched with
DI water and the aqueous layer was extracted with DCM (3 X 10
mL). The combined organics were washed with brine and dried over
Na,SO,. The volatiles were removed under reduced pressure, and the
crude was purified via flash column chromatography on silica gel with
10% ethyl acetate in hexanes as the eluent to give 10 as a white flaky
solid (400 mg, 28% yield). 'H NMR (400 MHz, CDCL,) & 8.30 (d, |
= 9.3 Hz, 2H), 7.80—7.68 (m, 6H), 7.53—7.36 (m, 8H), 6.87 (d, ] =
8.8 Hz, 2H), 5.40 (s, 2H), 1.14 (s, 9H). *C {1IH} NMR (101 MHz,
CDCl,) 6 189.2, 161.1, 155.6, 152.4, 135.4, 131.8, 130.3, 129.8, 128.0,
126.9, 125.3, 121.8, 120.2, 105.0, 69.2, 26.4, 19.5. HRMS (FAB): m/z
caled for C3;H,sNO-Si [M + H]" 556.1786, found 556.1799.

tert-Butyl (2-(4-((tert-Butyldiphenylsilyl)oxy)phenyl)-2-oxoethyl)
Ethane-1,2-diylbis(methylcarbamate) (11). tert-Butyl methyl(2-
(methylamino)ethyl)carbamate (457 mg, 2.58 mmol) was added to
a solution of 10 (718 mg, 1.29 mmol, 1 equiv) in DCM (13 mL) at 0
°C and stirred for 10 min at the same temperature. Diisopropylethyl-
amine (501 mg, 675 uL, 3.88 mmol, 3 equiv) was added dropwise and
stirred at room temperature for 2 h. Upon completion of the reaction
(analyzed by TLC), the reaction was quenched with DI water and the
aqueous layer was extracted with DCM (3 X 20 mL). The combined
organics were washed with brine and dried over Na,SO,. The volatiles
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were removed under reduced pressure and the crude was purified via
flash column chromatography on silica gel with 40% ethyl acetate in
hexanes as eluent to give 11 (mixture of rotamers) as a clear viscous
oil (618 mg, 79%). '"H NMR (400 MHz, CDCl;) & 7.77-7.67 (m,
6H), 7.49—7.36 (m, 6H), 6.83 (d, ] = 8.7 Hz, 2H), 5.31-5.20 (m,
2H), 3.56—3.34 (m, 4H), 3.06 (s, 1H), 2.99 (s, 2H), 2.92 (s, 3H),
1.47 (s, 9H), 1.13 (s, 9H). 3C {1H} NMR (101 MHz, CDCl;) 6
191.8, 160.6, 155.6, 135.4, 132.0, 130.2, 129.7, 128.0, 127.7, 120.0,
66.5, 472, 35.7, 28.4, 26.4, 19.5. HRMS (ESI): m/z calcd for
CyyHyuN,O4Si* [M + H]* 605.3041, found 605.3046.

Methyl 13-Acetamido-1-(4-((tert-butyldiphenylsilyl)oxy)phenyl)-
5,8,12,12-tetramethyl-1,4,9-trioxo-3-oxa-10,11-dithia-5,8-diazate-
tradecan-14-oate (12). Trifluoroacetic acid (3 mL) was added
dropwise over 1 min to a solution of 11 (410 mg, 0.68 mmol, 1 equiv)
in DCM (3 mL) at 25 °C. The reaction was stirred at room
temperature for 45 min. Upon completion of the reaction (analyzed
by TLC) the volatiles were removed under reduced pressure and used
immediately for the next step.

S-Perthiocarbonyl Chloride. A 1 M solution of chlorocarbo-
nylsulfenyl chloride (75 mg, 48 L, 0.57 mmol, 1.3 equiv) was added
dropwise over 2 min to a solution of methyl 2-acetamido-3-mercapto-
3-methylbutanoate (90 mg, 0.44 mmol, 1 equiv) in DCM (S mL) at 0
°C, the reaction was stirred at 0 °C for 45 min. The volatiles were
removed under reduced pressure at room temperature and used
immediately for the next step.

A 1 M solution of S-perthiocarbonyl chloride (146 mg, 0.49 mmol)
in DCM was transferred to a cold solution of 2-(((2-(4-((tert-
butyldiphenylsilyl) oxy)phenyl)-2-oxoethoxy)carbonyl) (methyl)-
amino)-N-methylethan-1-aminium 2,2,2 trifluoroacetate (391 mg,
0.63 mmol, 1 equiv) in DCM (5 mL) and stirred for 5 min.
Triethylamine (74 mg, 102 uL, 0.73 mmol, 1.2 equiv) was added
dropwise at 0 °C and stirred for 30 min at room temperature. Upon
completion of the reaction (analyzed by TLC), the reaction was
quenched with DI water and the aqueous layer was extracted with
DCM (3 X 20 mL). The combined organics were washed with brine
and dried over Na,SO,. The volatiles were removed under reduced
pressure and the crude was purified via flash column chromatography
on silica gel with 70% ethyl acetate in hexanes as eluent to give 12
(mixture of rotamers) as a clear viscous oil (260 mg, 70% yield over 2
steps). '"H NMR (400 MHz, CDCl;) § 7.78—7.66 (m, 6H), 7.56 (s,
1H), 7.51-7.35 (m, 6H), 6.82 (d, J = 8.7 Hz, 2H), 5.38—5.11 (m,
2H), 4.56 (d, J = 8.3 Hz, 1H), 3.79—3.69 (m, 4H), 3.68—3.43 (m,
3H), 3.24-2.95 (m, 6H), 2.06 (s, 3H), 1.47 (s, 3H), 1.35 (s, 3H),
1.12 (s, 9H). *C {1H} NMR (101 MHz, CDCl;) § 191.7, 170.4,
160.7, 135.4, 135.4, 132.0, 130.3, 129.7, 128.0, 127.6, 120.0, 66.6,
60.4, 59.3, 52.5, 52.1, 48.3, 26.5, 26.4, 26.0, 22.9, 19.4. HRMS (ESI):
m/z caled for C3gHoN;04S,Si" [M + H]* 768.2803, found 768.2807.

Methyl 13-Acetamido-1-(4-hydroxyphenyl)-5,8,12,12-tetrameth-
yl-1,4,9-trioxo-3-oxa-10,11-dithia-5,8-diazatetradecan-14-oate
(13). Triethylamine trihydrofluoride (76 mg, 77 uL, 0.47 mmol, 1.5
equiv) was added dropwise to a solution of 12 (241 mg, 0.31 mmol, 1
equiv) in THF (3 mL) at 0 °C and stirred at room temperature for 1
h. Upon completion of the reaction (analyzed by TLC), the volatiles
were removed under reduced pressure. The crude was redissolved in
ethyl acetate (10 mL) and washed with brine and dried over Na,SO,.
The volatiles were removed under reduced pressure and the crude was
purified via flash column chromatography on silica gel with 90% ethyl
acetate in hexanes as the eluent to give compound 13 (mixture of
rotamers) as a white solid (140 mg, 84% yield). '"H NMR (400 MHz,
CD;CN) 6 8.20 (s, 1H), 7.86 (d, J = 8.7 Hz, 2H), 7.50 (d, ] = 7.2 Hz,
1H), 6.92 (d, J = 8.7 Hz, 2H), 5.40—5.10 (m, 2H), 4.61—4.39 (m,
1H), 3.76—3.62 (m, 4H), 3.65—3.42 (m, 3H), 3.22—2.82 (m, SH),
1.97 (s, 3H), 1.38 (s, 3H), 1.32 (s, 3H). *C {1H} NMR (101 MHz,
CD;CN) § 192.1, 170.4, 170.3, 162.0, 155.4, 130.2, 126.7, 115.4, 66.8,
$9.2, 52,0, 51.7, 25.1, 24.4, 21.8. HRMS (ESI): m/z caled for
Cy,H,,N;048," [M + HJ* 530.1625, found 530.1636.

tert-Butyl ((7-(Diethylamino)-2-oxo-2H-chromen-4-yl)methyl)
Ethane-1,2-diylbis(methylcarbamate) (19). A solution of tert-butyl
methyl(2-(methylamino)ethyl)carbamate (342 mg, 1.82 mmol, 1.5
equiv) in DCM (7 mL) was added to a solution of (7-(diethylamino)-

2-0x0-2H-chromen-4-yl)methyl (4-nitrophenyl) carbonate (18) (500
mg, 1.21 mmol, 1 equiv) in DCM (20 mL) at 0 °C and stirred for §
min at the same temperature. Diisopropylethylamine (235 mg, 307
uL, 1.82 mmol, 1.5 equiv) was added dropwise and stirred at room
temperature for 2.5 h. Upon completion of the reaction (analyzed by
TLC), the reaction was quenched with DI water and the aqueous
layer was extracted with DCM (3 X 10 mL). The combined organics
were washed with brine and dried over Na,SO,. The volatiles were
removed under reduced pressure and the crude was purified via flash
column chromatography on silica gel with 50% ethyl acetate in
hexanes as the eluent to give 19 (mixture of rotamers) as a yellow
semisolid (618 mg, 79%); 'H NMR (300 MHz, CDCL,) & 7.29 (d, ] =
9.0 Hz, 1H), 6.56 (dd, ] = 9.0, 2.5 Hz, 1H), 6.49 (d, ] = 2.5 Hz, 1H),
6.10 (s, 1H), 5.24 (d, J = 3.8 Hz, 2H), 3.57—3.30 (m, 8H), 3.00 (s,
3H), 2.87 (s, 3H), 1.43 (s, 9H), 1.19 (t, J = 7.1 Hz, 6H); *C {1H}
NMR (101 MHz, CDCl;) 6 162.0, 161.9, 156.3, 156.2, 155.5, 150.7,
150.4, 124.5, 124.4, 108.7, 106.0, 97.8, 79.7, 62.5, 62.4, 46.9, 46.6,
46.0, 44.7, 36.0, 34.9, 34.6, 28.4, 12.4; HRMS (ESI): m/z calcd for
CoyHayN,O4" [M + H]* 462.2599, found 462.2595.

Methyl 12-Acetamido-1-(7-(diethylamino)-2-oxo-2H-chromen-
4-yl)-4,7,11,11-tetramethyl-3,8-dioxo-2-oxa-9,10-dithia-4,7-diaza-
tridecan-13-oate (21). Trifluoroacetic acid (1 mL) was added
dropwise over 1 min to a solution of 19 (407 mg, 0.88 mmol, 1 equiv)
in DCM (10 mL) at 25 °C. The reaction was stirred at room
temperature for 45 min. Upon completion of the reaction (analyzed
by TLC), the volatiles were removed under reduced pressure to
obtain 2-((((7-(diethylamino)-2-oxo-2H-chromen-4-yl)methoxy)-
carbonyl) (methyl)amino)-N-methylethan-1-aminium 2,2,2-trifluoroa-
cetate (20), which was used immediately for the next step. A 1 M
solution of methyl 2-acetamido-3-((chlorocarbonyl)disulfaneyl)-3-
methylbutanoate (264 mg, 0.88 mmol, 1 equiv) in DCM was
transferred to a cold solution of 20 (419 mg, 0.88 mmol, 1 equiv) in
DCM (5 mL) and stirred for S min. Triethylamine (196 mg, 269 uL,
1.94 mmol, 2.2 equiv) was added dropwise at 0 °C and stirred for 60
min at room temperature. Upon completion of the reaction (analyzed
by TLC), the reaction was quenched with DI water and the aqueous
layer was extracted with DCM (3 X 20 mL). The combined organics
were washed with brine and dried over Na,SO,. The volatiles were
removed under reduced pressure, and the crude was purified via flash
column chromatography on silica gel with 80% ethyl acetate in
hexanes as the eluent to give 21 (mixture of rotamers) as a yellow
solid (283 mg, 51% yield over 2 steps). "H NMR (400 MHz, CDCl,)
5742 (bs, 1H), 7.31 (d, ] = 8.9 Hz, 1H), 6.58 (dd, J = 9.0, 2.5 Hz,
1H), 6.51 (d, J = 2.5 Hz, 1H), 6.09 (s, 1H), 5.24 (d, J = 5.3 Hz, 2H),
4.53 (d, ] = 8.4 Hz, 1H), 3.72 (s, 3H), 3.66—3.49 (m, 4H), 3.41 (q,]
= 7.1 Hz, 4H), 3.14—3.01 (m, 6H), 2.07 (s, 3H), 1.45 (s, 3H), 1.33
(s, 3H), 1.20 (t,] = 7.1 Hz, 6H); *C {1H} NMR (101 MHz, CDCl,)
5 1704, 167.4, 162.0, 161.9, 156.3, 156.2, 155.6, 150.7, 150.7, 150.3,
124.5, 124.4, 108.7, 106.0, 105.9, 97.7, 62.5, $9.2, 53.5, 52.5, 52.1,
48.1, 46.5, 44.7, 36.0, 35.6, 34.7, 26.4, 25.7, 22.9, 12.4;. HRMS (ESI):
m/z caled for C,sH,oN,OgS," [M + H]* 625.2360, found 625.2369.

General Procedure of Photolysis of RSSH Precursors. In
general, RSSH precursors and MMTS were dissolved in DMSO to
afford a 10 mM and 50 mM stock, respectively, unless stated
otherwise. Briefly, MMTS (10 equiv) and precursor (1 equiv) were
added in pH 7.4 ammonium bicarbonate (50 mM, 4.85 mL) buffer.
The mixture was pre-incubated for 10 min at 37 °C. An aliquot of the
resulting solution (3 mL) was transferred to a quartz cuvette and
photolyzed with 6 X RMR-3500A° lamps in a Rayonet Photochemical
Mini-Reactor Model RMR-600 or with a Designers Edge model L-
1923 (1500 W) LED lamp for the desired time. The protocol for LED
irritation followed a literature procedure.’® Samples were irradiated
from a distance of 10—15 cm. An aliquot of the reaction mixture (500
uL) was withdrawn at specified time points and transferred to
precooled 1% formic acid (500 uL) and analyzed using UPLC-MS or
HPLC (see the Supporting Information for more details).

Cell Culture. MCF-7 human epithelial cells were obtained from
the American Type Culture Collection. Cells were grown in
Dulbecco’s minimal essential medium (DMEM), supplemented with
fetal bovine serum (FBS) 10%, penicillin 100 U/mL, and
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streptomycin 100 pg/mL. They were propagated in T75-flasks, split
before reaching 70—80% confluence (usually every day or every
second day). Cells were passaged to black/clear bottom tissue culture-
treated 96-well microtiter plates at the specified density in 180 uL
volumes and incubated for 24 h.

Cytotoxicity Study of 21. Cells were seeded at a density of 2.5 X
10* cells/well. After 24 h, the media was replaced and compound 13
was added in 20 yL volumes using DMSO:H,0 (<0.01% DMSO) as
the vehicle. Cells were incubated for an additional 24 h before media
was removed and washed twice with PBS (pH 7.4). Then, 100 uL of
media containing 10% v/v CCK-8 (DoJindo) was added and the cells
were incubated for 3 h prior to obtaining absorbance at 450 nm. The
relative % viability was calculated as 100 times the ratio of the Abs450
(cells treated with compound 10—100 xM) over Abs450 (vehicle
treated).

Hydropersulfide Delivery and Intracellular Detection with
SSP4. Cells were seeded at a density of 2.5 X 10* cells/well. After 24
h, the media is removed, then, 25 uM 21 and 26 (prepared by
previous methods) are introduced to the cells and incubated for 20
min at 37 °C and 5% CO,. Media was aspirated gently and washed
with DMEM, high glucose, and HEPES (phenol red and serum free)
twice. The cells were then photolyzed in the same media with a
Designers Edge model L-1923 (1500 W) for 30 min. The cells were
then subsequently washed twice with serum free media and treated
with 10 M SSP4 and 100 yM CTAB in a 100 uL volume and
incubated at 37 °C for 20 min. The SSP4/CTAB solution was
removed, and the cells were washed two times with fresh HBSS.
Finally, 100 pL of HBSS is added to the wells, and the fluorescence
readings were obtained at 482 Ex/51S Em.
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