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Abstract

Hydrogen sulfide (H,S) is an endogenously produced gaseous signaling molecule with important
roles in regulating organelle function and stress. Because of its high reactivity, targeted delivery of
H>S using small molecule H,S donors has garnered significant interest to minimize off-target
effects. Although mitochondrially-targeted H,S donors, such as AP39, have been reported
previously and exhibit significantly higher potency than non-targeted donors, the expansion of
targeted HoS delivery to other subcellular organelles remains largely absent. To fill this key unmet
need, we report a library of organelle-targeted H,S donors that localize H,S delivery to specific
subcellular organelles, including the Golgi apparatus, lysosome, endoplasmic reticulum, and
mitochondria. We measured H,S production in vitro from each donor, confirmed the localization
of H,S delivery using organelle-specific H,S responsive fluorescent probes, and demonstrated
enhanced potency of these targeted H,S donors in providing protection against organelle-specific
stress. We anticipate this class of targeted H,S donors will enable future studies of subcellular
roles of H,S and the pathways by which H,S alleviates subcellular organelle stress.
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Introduction

Site specific labeling or delivery to subcellular organelles provides a powerful method to
affect subcellular machinery and processes. Much like different cell types play fundamental
roles in biological structure, function, and assembly, different subcellular organelles carry
out specific tasks required for cellular function. For example, the endoplasmic reticulum
(ER) is essential for the assembly of proteins; the Golgi apparatus packages these proteins
and transports them; the lysosome digests cellular waste; and the mitochondria provide
energy to exert these functions. Malfunction of any of these organelles can result in

disease. Mitochondrial dysfunction and resulting oxidative stress are linked to a variety

of diseases such as Parkinson’s disease, type 2 diabetes,? and cardiovascular diseases.3
Unfolded protein buildup results in ER stress, which can lead to neurological diseases

like Alzheimer’s disease and amyotrophic lateral sclerosis (ALS).* The Golgi apparatus is
additionally involved in neurological diseases where Golgi fragmentation has been observed
in neurons of patients with Alzheimer’s disease, ALS, and Creutzfeldt-Jakob disease.® This
relationship between organelle dysfunction and disease motivates the development of both
research tools and therapeutic approaches that can help resolve specific organelle stress and
aid in treating different diseases.

One such candidate is hydrogen sulfide (H,S), an endogenously produced gaseous
signaling molecule with important roles in regulating organelle function and stress. HoS
regulates mitochondrial biogenesis and oxidative stress,® attenuates ER stress in a variety
of disease states,” and protects against Golgi stress by regulating intracellular Ca2*
levels.8 Several of these effects are initiated through persulfidation of cysteine residues

on proteins, which is an oxidative posttranslational modification stemming from H,S
oxidation to form persulfide and polysulfide intermediates that can subsequently undergo
transpersulfidation.® Subcellular production of H,S is moderated by three main enzymes
including by cystathionine -y-lyase (CSE) and cystathionine p-synthase (CBS), which are
generally localized in the cytosol, and 3-mercaptopyruvate sulfur transferase (3-MST),
which is localized in the mitochondria. There is also evidence that CBS and CSE are

not solely confined to the cytosol but rather localize in various organelles under certain
conditions. For example, CBS has been shown to accumulate in the mitochondria in liver
ischemia, 10 and both CBS and CSE can be transported to the nucleus upon modification by
small ubiquitin-like modifier (SUMO) proteins.1! Localization of these enzymes could be
Nature’s way of directing H,S to the site of therapeutic need while reducing off-target
effects. Developing chemical tools that can mimic this enzymatic localization of HyS
production could be one way to better understand subcellular roles of H,S and investigate
potential therapeutic effects of subcellular H,S delivery.

Current strategies to investigate subcellular roles of H,S include the use of chemical probes
to visualize H,S distribution,12-18 regulation of CSE expression, and administration of
exogenous sources of H,S. Inorganic sulfide salts are often used as exogenous sources

of H,S but produce a large bolus of H,S upon dissolving in water. This approach is not
compatible with investigating subcellular H,S effects as large amounts of these salts are
required to observe any physiological effects and excess H»S can lead to different biological
outcomes due to off-target effects. To address these challenges of H,S delivery, small
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molecule donors have been developed to control the rate of H,S release and localization of
H,S delivery.1% H,S donors can be tuned to react with specific analytes or environments at
the site of therapeutic interest to produce H,S or contain targeting groups to help localize
delivery.

Few organelle-targeted HoS donors have been developed, all of which target HoS delivery
to either the mitochondria or the lysosome (Figure 1a).20-24 AP39, which is targeted to

the mitochondria by a pendant triphenylphosphonium cation, is the most well-established
targeted H,S donor and exhibits significantly higher potency in promoting antioxidant

and cytoprotective effects than non-targeted donors.2% This high potency has made AP39

an attractive donor for investigating the therapeutic effects of H,S. For example, AP39

has demonstrated promising therapeutic effects in ischemia injury, with AP39 treatment
resulting in protection against myocardial reperfusion injury, and neuroprotective activity

in brain ischemia models.2>-26 Additionally, AP39 has demonstrated protective roles in
Alzheimer’s disease (AD) where AP39 attenuated special memory deficits and inhibited
brain atrophy in a mice AD model.2” All these conditions heavily involve mitochondrial
function and reactive oxygen species production, which suggests the mitochondria-targeting
feature of AP39 could be important in promoting these therapeutic effects. Also targeting
the mitochondria, HSD-B releases H5S in response to reactive oxygen species, and was
demonstrated to provide cytoprotection in a hypoxia/reoxygenation injury model in H9c2
cardiomyocytes. Two donors with lysosomal targeting groups have also been reported.
UTS-2, which releases H,S after thiol-mediated cleavage of the trisulfide, was demonstrated
to localize to the lysosome and show minimal cytotoxicity. Lyso-pHTCM was demonstrated
to provide increased HS release in acidic environments, but was not investigated in cellular
environments. Despite evidence of other subcellular roles of H,S, the expansion of targeted
H,S delivery to other organelles remains largely absent. In addition, whether subcellular
targeting to other organelles can provide a more general approach to increase H,S donor
potency and to inform on local concentration requirements to generate biological outcomes
remains an open question.

To address this key unmet need, we developed a library of organelle targeted H,S donors
using a caged thiocarbamate scaffold. Caged thiocarbamates (TCMs) are highly tunable
H,S donors that undergo an activatable 1,6-elimination to release carbonyl sulfide (COS),
which is rapidly hydrolyzed by the ubiquitous enzyme carbonic anhydrase (CA) to produce
H,S.28 Within the last decade, several examples of TCMs, as well as others approaches,2%-31
have been developed including those activated by light,32-34 cysteine,3° mildly acidic
environments, 36 reactive oxygen species,3” and esterases.38-39 Here, we appended known
organelle-targeted groups onto the esterase-activated TCM scaffold to localize H,S delivery
within specific subcellular regions (Figure 1b), providing a set of chemical tools to
investigate subcellular H,S effects. Due to the reactivity of H,S, we hypothesized that
targeting H,S delivery within the cell to the area of therapeutic need would significantly
enhance the efficacy of small molecule H,S donors in resolving organelle stress.
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Results and Discussion

Donor Design

Synthesis

To investigate the effects of subcellular H,S delivery, we prepared a library of organelle-
targeted caged thiocarbamate COS/H,S donors. The caged thiocarbamate (TCM) scaffold
is highly tunable and modular, which allows for simple attachment of targeting groups.
We chose to use an esterase-activated thiocarbamate due to the widespread distribution

of esterases throughout the cell, which should enable activation and COS production in
diverse cellular environments. Different CA isoforms have been reported previously to be
distributed throughout the cell including the matrix compartment of the mitochondria,*°
the lysosome,*! the membrane of the ER,*2 the Golgi apparatus,*3 and the cytosol.#4
This ubiquitous distribution of CA should enable conversion of COS into H,S regardless
of the subcellular location of COS delivery. Although early work with esterase-activated
thiocarbamates showed cytotoxicity in BEAS 2B human lung epithelial cells, related work
with increased ester steric bulk or thiocarbamate isomers showed high biocompatibility
in other cell lines.3% 45 Building from these prior insights, we selected the phenyl ester
thiocarbamate scaffold because of its low cytotoxicity, moderate release rate, and ease of
installation.

To localize H,S delivery to the mitochondria, lysosome, endoplasmic reticulum (ER), and
Golgi apparatus, we appended known organelle targeting groups onto the thiocarbamate
scaffold using azide/alkyne click chemistry. This approach has the added benefit of
generating a triazole linkage between the donor and targeting group, which is significantly
more resistant to cleavage than the commonly-used ester linkage in AP39. We used the well-
established triphenylphosphonium and morpholine groups to target the mitochondria and
lysosome, respectively. We used the p-toluenesulfonamide group, which binds potassium
ATP channels on the membrane of the ER, to target the ER.16 Lastly, we used a
phenylsulfonamide group to target the Golgi apparatus due to its affinity for cyclo-
oxygenase-2, which is maximally present in the Golgi apparatus of cancerous cells.15: 46
Both of the sulfonamide-based targeting groups have been used previously to localize small
molecule probes to these corresponding organelles.15-16. 46

To prepare the donors, we first synthesized 4-ethynl aryl isothiocyanate (2) by treating
4-ethynyl aniline with 1,1”-thiocarbonyldiimidazole. The thiocarbamate alkyne coupling
partner (TCM alkyne) was prepared by coupling 4-(hydroxylmethyl)phenyl benzoate (1)
and 2 in the presence of DBU (Scheme 1). Azides of the organelle-targeted groups

were prepared according to literature procedures.*’~>1 The azide targeting groups were
appended to the TCM alkyne using a copper catalyzed azide-alkyne cycloaddition

reaction with copper sulfate and sodium ascorbate in the presence of #ris((1-benzyl-4-
triazolyl)methyl)amine (TBTA). In our hands, the Cu-catalyzed click reaction required
significant optimization, likely due to coordination of the sulfur-containing thiocarbamate to
the Cu catalyst. We also found that the TBTA ligand often co-eluted with the thiocarbamate
products, which required careful chromatographic separation of the product. Despite these
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challenges, this route allows for an efficient and modular approach to attaching different
targeting groups to COS/H5S releasing motifs.

H,S-Release Measurements—After preparing the library of organelle-targeted donors,
we next evaluated H,S release in the presence of porcine liver esterase (PLE) and carbonic
anhydrase (CA) using an H,S-selective electrode. For each targeted donor, we measured
the H,S release using the TCM (50 pM) in PBS (10 mM, pH 7.4) containing PLE (5

U mL™1), and CA (25 ug mL™1) under nitrogen over the course of 60 min. All targeted
donors exhibited H,S production in the presence of both CA and PLE (Figure 2). Over

the course of 60 min, we observed 9-30% H,S release efficiency, depending on the donor
targeting groups. These release efficiencies are above those for AP39 (~10% over 24 h).52
We observed that the sulfonamide based TCMs (ERTCM and GolgiTCM) exhibited lower
efficiencies of H,S release compared to MitoTCM and LysoT CM. We hypothesized that
this decrease in H,S production could be due to potential coordination of the sulfonamide
targeting group to the Zn(1l) site in CA. Despite the decreased efficiency for these two
donors, the H,S release is comparable with that of AP39 and can be used to increase HyS
levels in live cells (vide infra).

Live-Cell Imaging of Localized H,S Delivery—We next evaluated the localization of
H-S delivery from the targeted donors using live-cell fluorescent imaging. To visualize and
confirm H,S production within live cells, we prepared the organelle-targeted H,S-responsive
fluorescent probes Mito-HS,® Na-H,S-ER,16 Lyso-AFP,17 and Golgi-NH,15 which target
the mitochondria, ER, lysosome, and Golgi apparatus, respectively (Scheme 2). We note
that prior cell imaging studies with AP39 used to support mitochondrial localization

were performed with a non-targeted coumarin-azide fluorescent probe. Although a strong
correlation between a non-targeted probe and a targeted dye provides strong evidence

for donor specificity, there are several challenges with this approach that are difficult to
overcome with slow releasing H,S donors. We chose to use organelle-targeted fluorescent
H,S probes because H»,S is membrane permeable and could disperse throughout the cell
once produced if not trapped in the local area of delivery. Furthermore, non-targeted H,S
probes could diffuse throughout the cell after reacting with H»S and complicate direct
observation of where H»S delivery was localized. With the targeted probes in hand, we next
imaged each targeted TCM in the presence of an organelle-targeted probe and commercial
organelle-targeted dye.

To investigate the subcellular localization of H,S release from targeted donors, we

first incubated HeLa cells were incubated with the desired probe (Mito-HS, Lyso-AFP,
Na-H,S-ER, or Golgi-NH) and a complementary organelle marker dye (MitoTracker™,
LysoTracker™, ER-Tracker™, or BODIPY ™ TR Ceramide) for 30 min. After washing
with PBS (pH 7.4, 10 mM), the cells were then incubated for 1 hour with either a

targeted TCM (MitoTCM, LysoTCM, ERTCM, or GolgiTCM) or the non-targeted TCM
alkyneas a control compound. As shown in Figure 2, a bright fluorescent response
indicating H,S production was observed with only 200 nM of targeted TCM, whereas

the vehicle treatment had minimal fluorescence (Figure 3, Figures S2-S5). Notably,

these results support that organelle targeted delivery allows for a significantly lower
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donor concentration required to produce a visible turn-on response when compared

to previously reported cell imaging experiments of non-targeted small molecule H,S

donors (50-100 pM).35: 37-38, 45, 53-55 Fyrthermore, the fluorescent response for each
targeted donor overlapped with the organelle marker dyes with high Pearson’s coefficients
further confirming localization, (MitoT CM/Mito-HS/MitoTracker™: 0.96, LysoT CM/Lyso-
AFP/LysoTracker: 0.94, ERTCM/Na-H,S-ER/ERTracker™: 0.95, GolgiTCM/Golgi-NH/
BODIPY™ TR Ceramide: 0.92).

To confirm that the observed turn-on fluorescent response was due to the organelle-targeting
character of the TCMs, we next imaged the TCM alkyne donor alongside the targeted
TCMs as a non-targeted control compound. Treatment with TCM alkyne resulted in
significantly lower fluorescence than all targeted TCMs except for LysoTCM (Figure 4).
This observation corroborates our hypothesis that appending directing groups onto the H,S
donor scaffold enables localization of H,S delivery, but also suggests that non-targeted
TCMs (and potentially other small molecule H,S donors) may also accumulate in the
lysosome. Considering the mildly acidity of the lysosome (pH 4.5 — 5.5) and the pKj of
H,S (7.4), about 99% of H,S released within the lysosome should be in the protonated and
gaseous form (H»S vs HS™). Because the diprotic form of H,S is membrane permeable,
H>S released within the lysosome would likely diffuse out of this organelle and into the
cytoplasm, which would also be consistent with the unconfined fluorescence response
typically observed with non-targeted donors. Moreover, lysosomal accumulation of H,S
donors could also contribute to the higher concentrations required to observe cellular H,S
production and to produce physiological effects than with non-targeted H»S donors.

To demonstrate that H»S release from targeted donors was specific to the targeted organelle,
we also performed a separate cell imaging experiment in which we compared the response
of mitochondrially-targeted Mito-HS probe, in the presence of MitoTCM, AP39 (a known
mitochondrially-targeted H,S donor), and ERTCM (Figure 5). Both MitoTCM and AP39
had comparable fluorescence responses as expected, but a minimal fluorescence response
was observed for ERTCM. This diminished fluorescence in the presence of ERTCM
further demonstrates the specificity of H,S delivery with the targeted TCMs as H,S
production is enhanced only in the designated region of interest.

Cell Proliferation Experiments

Having confirmed the subcellular H,S delivery and localization from the targeted TCMs, we
next investigated the ability of these donors to protect against specific subcellular stress. We
incubated H9C2 rat cardio myoblasts with Monensin, a known Golgi stressor, and varying
concentrations of GolgiTCM. To evaluate the ability of GolgiTCM to protect against Golgi
stress-induced cell death, we assessed the cell viability after 19 h of incubation using

a Cell Counting Kit-8 (CCK-8). As shown in Figure 6, we observed a dose-dependent
rescue of cell viability in the presence of GolgiTCM. These protective effects were
observed at concentrations as low as 200 nM of GolgiTCM, whereas non-targeted sources
of H,S (TCM alkyne and NaSH) demonstrated no rescue of cell viability within the

same range of concentration (1 uM). These results highlight the potency of localized

H,S delivery in resolving organelle-specific stress. To test whether the protective effective
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of GolgiTCM was due to Golgi-targeted H,S delivery, we additionally investigated the
ability of MitoTCM and LysoT CM to protect cells against Golgi stress-induced cell

death. Whereas MitoT CM resulted in the same rescue of cell viability as GolgiTCM,
LysoTCM further decreased the cell viability at the same concentration. H,S has previously
been reported to induce cell death via lysosomal destabilization, albeit in primary mouse
cortical neurons and likely through ionotropic glutamate receptor activation.6 Although we
observed H,S production by each donor with cellular imaging, the COS hydrolysis activity
of different CA isoforms throughout the cell have not been investigated and therefore the
differences in cell protection could also be a result of COS versus H,S effects. Further study
of COS hydrolysis by different CA isoforms and the development of chemical probes to
study COS production in cells are needed to help distinguish the effects of COS from H,S.
From these results, we hypothesize that H,S can provide cytoprotective effects against Golgi
stress through multiple pathways throughout the cell and we anticipate organelle-targeted
sources of H,S will enable investigation of these specific pathways. Furthermore, the
localization of H,S can result in contrasting effects depending on the subcellular organelle
which highlights the significance of targeted delivery of H,S.

Conclusions

We prepared the first library of organelle targeted H,S donors to increase the available
tools for investigating the subcellular effects of H,S. These donors can be prepared using

a modular click chemistry approach to append different targeting groups onto an esterase-
activated TCM scaffold. Appending directing groups onto TCMs enabled subcellular
localization of H,S delivery, which was confirmed using live-cell fluorescent imaging and
targeted HoS-responsive probes. We also observed lysosomal localization of non-targeted
TCM donors, which could help explain the higher concentrations required to produce
physiological effects with non-targeted donors, further highlighting the importance of
targeting H,S delivery. We demonstrated that the organelle targeted donors have enhanced
potency in protecting cells against organelle-specific stress. When compared to other small
signaling gases like nitric oxide (NO), H»S is sometimes thought to have a lower biological
relevance due to the higher concentrations necessary to generate biological effects (apart
from mitochondria-targeted delivery by AP39). This work demonstrates that substantially
lower levels of H,S can produce biological effects if H,S delivery is directed to a specific
site of therapeutic interest. Moreover, these benefits of targeting are observed in other
organelles beyond the mitochondria. We anticipate this class of targeted TCMs will enable
future studies of H,S activity within specific organelles and provide new opportunities to
investigate therapeutic effects of H,S in diseases associated with specific organelle stress.

Experimental Section

Methods and Materials

Reagents were purchased from Sigma-Aldrich, Tokyo Chemical Industry (TCI), Fisher
Scientific, Combi-Blocks, and VWR and used directly as received. Silica gel (SiliaFlash
F60, Silicycle, 230-400 mesh) and preparatory TLC plates (SiliaPlate Prep TLC, Silicycle,
1000 um thickness) was used for column chromatography. Deuterated solvents were
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purchased from Cambridge Isotope Laboratories (Tewksbury, Massachusetts, USA). 1H,
31pf1H}, and 13C{1H} NMR spectra were recorded on Bruker 500 MHz and 600 MHz
NMR instruments. Chemical shifts are reported in ppm relative to residual protic solvent
resonances for *H and 13C{1H} NMR spectra. Mass spectrometric measurements were
performed by the University of Illinois, Urbana Champaign MS facility or on a Xevo
Waters ESI LC/MS instrument. H,S electrode data were acquired with a World Precision
Instruments (WPI) 1SO-H2S-2 sensor connected to a TBR4100 Free Radical Analyzer or a
Unisense H,S Microsensor Sulf-100 connected to a Unisense Microsensor Multimeter. All
air-free manipulations were performed under an inert atmosphere using standard Schlenk
techniques or an Innovative Atmospheres No-filled glovebox.

H»>S Electrode Materials and Methods

Phosphate buffered saline (PBS) tablets (1X, CalBioChem) were used to make buffered
solutions (PBS, 140 mM NaCl, 3 mM KCI, 10 mM phosphate, pH 7.4) in Millipore

water. Buffer solutions were sparged with N, and stored in an N,-filled glovebox. Carbonic
anhydrase (CA) from bovine erythrocytes (=3,500 W/A units/mg) and porcine liver esterase
(PLE, =15 U/mg) was obtained from Sigma-Aldrich. A 10 mg/mL CA stock solution and a
1000 U/mL PLE stock solution was prepared in deoxygenated buffer (PBS, 10 mM, pH 7.4)
in a glovebox immediately prior to use. Thiocarbamate stock solutions were prepared in an
N,-filled glovebox in DMSO and stored at —25 °C until immediately before use.

General Procedure for H,S Electrode Experiments

Scintillation vials containing 20.0 mL of phosphate buffer (10 mM, pH 7.4) were prepared
in an N,-filled glovebox. The CA stock solution (50 pL, 10 mg/mL) and PLE stock

solution (100 L, 1000 U/mL) were injected into the vials. Outside of the glove box, the
WPI/Unisense electrode was inserted into the vial with a split-top septum. The measured
current was allowed to equilibrate before starting the experiment. With moderate stirring, the
thiocarbamate stock solution (100 pL, 10 mM in DMSO) was injected and H,S release was
monitored using the electrode.

Cell Imaging

HeLa cells (ATCC CCL-2) were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin at 37

°C under 5% CO,. Poly-D-lysine coated glass-bottom imaging dishes (MatTek) were
seeded with HeLa cells at 10,000 cells/cm? overnight. The cells were then washed and
incubated with an H,S-responsive fluorescent probe (Mito-HS, Lyso-AFP, Na-H,S-ER,

or Golgi-NH) and a commercial organelle-targeted dye (MitoTracker, LysoTracker, ER-
Tracker, or BODIPY TR Ceramide) in FBS-free DMEM for 30 min. Cells were then washed
with PBS and incubated with either a targeted TCM (MitoTCM, LysoTCM, ERTCM, or
GolgiTCM), TCM alkyne, or vehicle (DMSO, 0.5%) in FBS-free DMEM for 60 min prior
to being washed with PBS and imaged in FluoroBrite DMEM. Imaging was performed in
replicate on a Leica DMi8 fluorescent microscope using DIC for bright field imaging and
CY5 and GFP filter cubes for fluorescence imaging. Image workup was done in LAS X and
Pearson’s Coefficients were calculated in F1J1.57
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Cell Viability Experiments

Synthesis

HIC2 cells (ATCC) were cultured in Dulbecco’s modified Eagle’s medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin at 37
°C under 5% CO,. Cells were seeded at 10,000 cells/well in a 96-well plate overnight,
then washed and incubated in FBS-free DMEM containing Monensin (0.5, 1, 2, and 3 pM)
and incubated for 19 h. Cells were then washed with PBS, and a CCK-8 solution (1:10

in FBS-free DMEM) was added to each well. The cells then were incubated for 1-2 h at
37 °C under 5% CO,. The absorbance at 450 nm was measured using a microplate reader,
and the cell viability was measured and normalized to the vehicle group. Upon selection of
the optimal Golgi stressor concentration, cells were treated with vehicle control or 1 pM/3
UM Monensin in the presence or absence of various concentrations of GolgiTCM, TCM
alkyne, or NaSH for 19 h. Cell viability was accessed using the CCK-8 assay as described
above. Results are expressed as mean + SD (7= 12). P values were calculated using a
Student’s t test in Excel compared to DMSO alone.

1-Ethynyl-4-isothiocyanatobenzene (2).—4-Ethynylaniline (0.50 g, 4.3 mmol, 1.0
equiv) was dissolved in anhydrous CH,Cl, (20 mL). The reaction was cooled to 0 °C, and
then a solution of 1,1’-thiocarbonyldiimidazole (0.761 g, 4.27 mmol, 1.0 equiv) in CH,Cl,
(5 mL) was added dropwise. The reaction mixture was stirred at 0 °C for 1 h, warmed

to room temperature, and stirred for an additional 1 h. The crude reaction mixture was
evaporated and purified by column chromatography (12-100% EtOAc/Hexanes) to isolate a
white solid (0.585 g, 86%). 'H NMR (600 MHz, CDCl5) &: 7.46 (d, /= 8.6 Hz, 2H), 7.17
(d, J=8.5 Hz, 2H), 3.16 (s, 1H). 13C{1H} NMR (151 MHz, CDCl3) &: 137.1, 133.5, 131.8,
125.9, 121.3, 82.6, 79.3. HRMS (ES+ TOF) (m/z): [M]* calc’d for CgHsNS 159.01427;
found 159.01439.

TCM alkyne.: 4-(Benzoyloxy)benzenemethanol (1) (201 mg, 0.876 mmol, 1.0 equiv) and 2
(146 mg, 0.920 mmol 1.05 equiv) were combined in anhydrous THF (10 mL) under No. The
reaction mixture was cooled to 0 °C before adding DBU (148 pL, 0.964 mmol, 1.10 equiv).
The reaction mixture was warmed to room temperature and stirred for 4 h. The reaction was
quenched with brine (10 mL) and extracted with EtOAc (3 x 10 mL). The combined organic
layers were dried over anhydrous MgSQy, filtered, evaporated, and purified by silica column
chromatography (2-32% EtOAc/Hexanes) to obtain the product as a white solid (157 mg,
46%). 'H NMR (500 MHz, DMSO-a, 60 °C) 6: 11.25 (s, 1H), 8.14 (d, J= 6.8 Hz, 1H),
7.75 (t, J= 7.4 Hz, 1H), 7.62 (t, J= 7.8 Hz, 2H), 7.56 (d, /= 8.3 Hz, 2H), 7.44 (d, J

=8.3 Hz, 2H), 7.33 (d, J= 8.5 Hz, 2H), 5.61 (s, 2H), 4.03 (s, 1H). 13C{*H} NMR (126
MHz, DMSO, 60 °C) &: 187.0, 164.3, 150.3, 138.4, 133.7, 133.2, 131.8, 129.5, 129.3, 128.8,
128.7,121.8,121.7, 117.7, 83.0, 80.0, 70.5. TOF MS (ASAP+) (m/z): [M + H]* calc’d for
Co3H1gNO3S, 388.1007; found, 388.1015.

Azide Targeting Groups

MitoN3 was prepared according to previous reports.47=48
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(6-Bromohexyl)triphenylphosphonium bromide.—1,6-Dibromohexane (0.94 mL,
6.1 mmol, 1.0 equiv) and triphenylphosphonium bromide (0.532 g, 2.03 mmol, 0.33 equiv)
were combined in MeCN (35 mL) and refluxed for 12 h. After cooling to room temperature,
the solvent was evaporated, and the crude mixture was dissolved in DI water (10 mL)

and extracted with EtOAc (3 x 20 mL). The crude product was purified by column
chromatography (10% MeOH/CH,Cl,) to afford a white powder (1.07 g, 34%). IH NMR
(500 MHz, DMSO-gg) &6: 7.90 (m, 3H), 7.83 - 7.72 (m, 12H), 3.62 — 3.51 (m, 2H), 3.49 (t,
J=6.7 Hz, 2H), 1.74 (p, J= 6.8 Hz, 2H), 1.62 — 1.44 (m, 4H), 1.39 (m, 2H). 13C{H} NMR
(126 MHz, DMSO-g) 6: 134.9 (d, J=2.9 Hz), 133.6 (d, /= 10.1 Hz), 130.2 (d, /= 12.3
Hz), 118.5 (d, /= 85.8 Hz), 34.9, 31.8, 28.9 (d, /= 16.8 Hz), 26.7, 21.6 (d, /= 4.2 Hz), 20.2
(d, J=50.0 Hz). 31P{1H} NMR (202 MHz, DMSO-d) 6: 24.03.

(6-Azidohexyl)triphenylphosphonium bromide.—(4-
bromobutyl)triphenylphosphonium bromide (0.5 g, 1 mmol) was dissolved in EtOH/H,0
(1:1, 1.2 mL). NaN3 (77 mg, 1.2 mmol, 1.2 equiv) was added, and the reaction mixture
was shielded from light and heated to 100 °C overnight. The reaction mixture was cooled
to room temperature, and the solvent was evaporated. The crude product was purified by
column chromatography (10% MeOH/CH,Cl,) to afford a white solid (0.438 mg, 95%). 1H
NMR (600 MHz, CDCl3) 6: 7.91 — 7.82 (m, 6H), 7.82 — 7.76 (m, 3H), 7.70 (m, 6H), 3.94 —
3.85(m, 2H), 3.24 (t, J= 6.7 Hz, 2H), 1.72 (m, 2H), 1.63 (h, J= 8.1 Hz, 2H), 1.54 (m, 4H),
1.39 (m, 2H). 13C{H} NMR (151 MHz, CDCls) 6: 135.1 (d, J= 3.0 Hz), 133.9 (d, /= 10.0
Hz), 130.6 (d, J=12.6 Hz), 118.6 (d, /=85.8 Hz), 51.3, 29.9 (d, /= 16.3 Hz), 28.6, 26.5,
22.8 (d, J=49.7 Hz), 22.8 (d, J= 4.5 Hz). 31P{H} NMR (202 MHz, CDCl5) &: 19.66.

LysoN3 was prepared according to the reported procedures.*9

Trifluoromethanesulfonyl azide (TfN3).—NaN3 (1.17 g, 18.0 mmol, 6.0 equiv) was
added to water (3 mL) and CH,Cl, (1.1 mL) and cooled to 0 °C. Once cooled, Tf,0 (0.5
mL, 3 mmol, 1.0 equiv) was added dropwise over 5 minutes to the reaction solution and
stirred for an additional 2 h at 0 °C. The organic phase was separated, and the aqueous
phase was extracted with CH,Cl, (3 mL). The combined organic layers were washed with
saturated aqueous NaHCO3 (10 mL) and reserved for the next step.

4-(2-Azidoethyl)morpholine.—4-(2-Aminoethyl)morpholine (130 mg, 1.00 mmol, 1.0
equiv) was dissolved in CH,Cl, (0.7 mL) and cooled to 0 °C. NEt3 (0.42 mL, 3.0 mmol,
3.0 equiv) and a solution of CuSO4¢5H,0 (13 mg, 0.050 mmol, 0.05 equiv) in water

(0.17 mL) was added to the reaction mixture. The reserved solution of TfN3 was added
dropwise followed by addition of MeOH (0.7 mL). The reaction mixture was stirred at
room temperature overnight, then quenched with saturated aqueous NaHCO3 (10 mL), and
extracted with CH,Cl, (3 x 10 mL). The combined organic layers were washed with brine,
dried over MgSQOy, and purified by column chromatography (5% MeOH/CH,Cl,). The
product was isolated as a yellow solid (146 mg, 94%). 1H NMR (500 MHz, CDCl3) &6: 3.73
(t, J= 4.7 Hz, 4H), 3.37 (t, /= 6.0 Hz, 2H), 2.61 (t, /= 6.0 Hz, 2H), 2.52 (t, /= 4.6 Hz, 4H).
13C{IH} NMR (126 MHz, CDCls) 6: 66.7, 57.6, 53.6, 47.9.
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ERN3 was prepared according to the modified reported procedure.? 2-Chloroethaneamine
HCI (0.40 g, 3.5 mmol, 1.0 equiv) was dissolved in water (4 mL). NaN3 (0.682 g, 10.5
mmol, 3.0 equiv) was added, and then the reaction mixture was heated to 80 °C for 24

h. The reaction mixture was basified with NaOH (1 M) and then extracted with CH,Cl,

(3 x 2 mL). Sulfonyl chloride (0.667 g, 3.50 mmol, 1.0 equiv) was then added to the
combined organic layers at room temperature. The resultant reaction mixture was stirred

for 3 h, concentrated under vacuum, and purified by column chromatography (25% EtOAc/
Hexanes). The product was isolated as a clear oil (0.301 g, 35%). 'H NMR (500 MHz,
CDCl3) 6: 7.76 (d, J= 8.3 Hz, 2H), 7.32 (d, /= 8.0 Hz, 2H), 4.96 (t, /= 6.5 Hz, 1H), 3.40 (t,
J=5.7 Hz, 2H), 3.11 (g, J= 6.0 Hz, 2H), 2.43 (s, 3H). 13C{'H} NMR (126 MHz, CDCl3) &:
144.0, 136.9, 130.0, 127.2,51.0, 42.5, 21.7.

GolgiN3 was prepared according to the reported procedures.*®: 51 4-(2-Azidoethyl)-
benzenesulfonamide. TfN3 was freshly prepared according to the procedure above. 4-(2-
Aminoethyl)benzenesulfonamide (201 mg, 1.00 mmol, 1.0 equiv) was dissolved in CH,Cl,
(3 mL) and MeOH (6 mL). The reaction mixture was cooled to 0 °C and then CuSO4*5H,0
(13 mg, 0.050 mmol, 0.05 equiv) was added. The freshly prepared TfN3 was then added
dropwise. The reaction mixture was stirred at room temperature for 16 h, and then the
solvents were removed under vacuum. The crude product was redissolved in EtOAc,
washed with brine, and dried over MgSO,. The filtered and evaporated crude product was
purified by column chromatography (10% MeOH/CH,Cl5). The product was isolated as a
pale-yellow solid (177 mg, 78%). 1H NMR (500 MHz, DMSO-d) 6: 7.76 (d, J= 7.9 Hz,
2H), 7.47 (d, J= 7.9 Hz, 2H), 3.62 (t, J= 7.1 Hz, 2H), 2.93 (t, /= 7.1 Hz, 2H). 33C{1H}
NMR (126 MHz, DMSO-g) 6: 142.6, 142.4, 129.3, 125.7, 51.1, 34.1.

General Procedure for the Synthesis of Targeted Thiocarbamates

The TCM alkyne (1.0 equiv), azide coupling partner (1.08 equiv), and TBTA (1.0 equiv)
were dissolved in CH,Cl, (2.6 mL). An aqueous solution of sodium ascorbate (2.0 equiv)
and CuSOy4*5H,0 (2.0 equiv) was prepared and mixed thoroughly to generate an orange
suspension containing copper (1) catalytic species. The copper (1) solution was added to

the CH,Cl, reaction mixture, and the resultant mixture was shielded from light and stirred
vigorously at room temperature for 1 h. Water (10 mL) was then added, and the mixture was
extracted with CH,Cl, (3 x 10 mL). The combined organic phases were dried over MgSQy,
filtered, and evaporated under reduced pressure. The reaction was then purified by column
chromatography.

MitoTCM was prepared with MitoN3 and TCM alkyne according to the general procedure
above and purified by column chromatography (10% MeOH/DCM) to isolate a white solid
(13 mg, 68%). 1H NMR (600 MHz, DMSO-a) 6: 11.21 (s, 1H), 8.46 (s, 1H), 8.14 (d, J=
6.6 Hz, 2H), 7.97 — 7.85 (m, 3H), 7.85 — 7.70 (m, 17H), 7.62 (t, J= 7.8 Hz, 2H), 7.58 (d, J=
8.1 Hz, 2H), 7.34 (d, J= 8.3 Hz, 2H), 5.62 (s, 2H), 4.36 (t, J= 7.0 Hz, 2H), 3.62 — 3.38 (m,
2H), 1.83 (p, J= 7.1 Hz, 2H), 1.53 (m, 4H), 1.41 — 1.22 (m, 2H). 13C{IH} NMR (151 MHz,
DMSO-a) 6: 187.0, 164.3, 150.3, 145.6, 134.6 (d, /= 3.2 Hz), 133.8, 133.3 (d, /= 10.2
Hz), 130.0 (d, /= 12.3 Hz), 129.5, 129.3, 128.8, 128.7 (d, J= 2.9 Hz), 128.4, 125.9, 125.1,
122.5,121.7,120.8, 118.6, 118.1, 49.1, 48.3, 28.9 (d, /= 3.3 Hz), 24.7, 21.4 (d, /= 4.3 Hz),
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20.3 (d, J=50.1 Hz). 3IP{IH} NMR (202 MHz, DMSO) &: 24.0. HRMS (ES+ TOF) (m/z):
[M]* calcd for C47H44N403SP 775.2872; found 775.2850.

LysoTCM was prepared with LysoN3 and TCM alkyne according to the general procedure
above with the following modifications: the reaction was run in the absence of TBTA for 16
h at room temperature. The reaction was worked up according to the generalized procedure
above and purified by column chromatography (5% MeOH/CH,ClI,) to isolate a white solid
(13 mg, 53%). 1H NMR (600 MHz, DMSO-a) &: 11.19 (s, 1H), 8.46 (s, 1H), 8.14 (d, J=
6.7 Hz, 2H), 7.80 (d, J= 7.9 Hz, 2H), 7.75 (t, J= 7.4 Hz, 1H), 7.61 (t, J= 7.8 Hz, 2H),

7.58 (d, /=8.1 Hz, 2H), 7.33 (d, J= 8.5 Hz, 2H), 5.62 (s, 2H), 4.51 (t, /= 6.3 Hz, 2H),
3.68 — 3.48 (m, 4H), 2.81 (t, J= 6.4 Hz, 2H), 2.45 (t, J= 4.6 Hz, 4H). 13C{1H} NMR (151
MHz, DMSO) 6: 187.0, 164.3, 150.3, 145.5, 137.4, 133.8, 133.4, 129.5, 129.3, 128.8, 128.7,
127.4,125.2,122.5,121.7, 121.2, 70.4, 65.9, 57.1, 52.8, 46.6. HRMS (ES+ TOF) (m/2):
[M+H]* calcd for CogH3gN504S 544.2019; found 544.2014.

ERTCM was prepared with ERN3 and TCM alkyne according to the general procedure
above and purified by column chromatography (10% MeOH/DCM) to isolate a white solid
(10 mg, 25%). 1H NMR (600 MHz, DMSO-g) 6: 11.29 — 11.07 (m, 1H), 8.36 (s, 1H),

8.14 (d, /= 6.9 Hz, 2H), 7.83 — 7.69 (m, 5H), 7.69 — 7.59 (m, 5H), 7.58 (d, J= 8.2 Hz,

2H), 7.34 (d, J=6.2 Hz, 4H), 5.62 (s, 2H), 4.44 (t, J= 6.1 Hz, 2H), 3.39 - 3.26 (m, 2H),
2.33 (s, 3H). 13C{H} NMR (151 MHz, DMSO0) &: 205.9, 187.0, 164.3, 150.4, 145.6, 142.5,
137.3, 133.8, 133.4, 129.5, 129.4, 129.3, 128.8, 128.7, 127.3, 126.2, 125.2, 122.5, 121.7,
121.2,49.2, 42.2, 30.3, 20.6. HRMS (ES+ TOF) (m/z): [M+H]* calcd for C3,H3oN505S,
628.1688; found 628.1688.

GolgiTCM was prepared with GolgiN3 and TCM alkyne according to the general procedure
above with the following modifications: the reaction was run in the absence of TBTA and
sonicated for 1 h before stirring at room temperature overnight. The reaction was worked up
according to the generalized procedure above and purified by column chromatography (5%
MeOH/CH,Cl,) to isolate a white solid (14 mg, 36%). 1H NMR (600 MHz, DMSO-g) &:
11.19 (s, 1H), 8.46 (s, 1H), 8.14 (d, J= 6.9 Hz, 2H), 7.90 — 7.69 (m, 6H), 7.66 — 7.59 (m,
5H), 7.41 (d, J=8.3 Hz, 2H), 7.33 (d, /= 8.5 Hz, 2H), 7.17 (s, 2H), 5.61 (s, 2H), 4.70 (t, J
= 7.1 Hz, 2H), 3.32 (t, J= 7.2 Hz, 2H). 13C{1H} NMR (151 MHz, DMSO) &: 187.1, 164.3,
150.3, 145.6, 142.4, 141.5, 133.8, 133.3, 129.5, 129.3, 128.9, 128.7, 127.3, 126.3, 125.5,
125.2,122.5,122.1,121.7, 120.8, 70.4, 49.9, 34.9. HRMS (ES+ TOF) (m/z): [M+H]" calcd
for C31HogN505S, 614.1523; found 614.1532.

Mito-HS was prepared according to the reported procedure.18

4-Bromo-1,8-napthalic anhydride (0.50 g, 1.8 mmol, 1.0 equiv) was dissolved in DMF (7.2
mL), and then a suspension of NaN3 (0.178 g, 2.70 mmol, 1.5 equiv) in water (0.3 mL) was
added. The reaction mixture was stirred vigorously for 5 h at room temperature and then
poured into ice water to precipitate the product. The product was filtered off as a yellow
solid (0.378 g, 88%).

(3-Ammoniopropytriphenyl phosphonium bromide (60 mg, 0.15 mmol, 1.0 equiv) and
4-azido-1,8-naphtalic anhydride (36 mg, 0.15 mmol, 1.0 equiv) were combined in MeOH
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(7.5 mL) and NEt3 (0.85 mL) was added. The reaction mixture was heated to reflux for 8

h, cooled to room temperature, and the solvents were removed under vacuum. The crude
product was purified by column and then by using a preparatory TLC plate (10% MeOH/
CH,Cl,) to yield 9.8 mg of product (11% yield). IH NMR (500 MHz, CD30D) & 8.59 (d, J
=7.5Hz, 1H), 8.57 (d, /= 8.0 Hz, 1H), 8.53 (d, /= 8.2 Hz, 1H), 7.93 - 7.69 (m, 19H), 7.67
(d, J=8.0 Hz, 1H), 4.34 (t, J= 7.1 Hz, 2H), 3.70 — 3.53 (m, 2H), 2.15 (m, 2H).

Lyso-AFP was prepared according to the reported procedures.1# 17 4-Bromo-1,8-napthalic
anhydride (120 mg, 0.43 mmol, 1.0 equiv) and 4-(2-aminoethyl)morpholine (57 pL, 0.434
mmol, 1.0 equiv) were combined in EtOH (15 mL) and heated to reflux for 3 h. The reaction
mixture was cooled to room temperature and filtered to afford a yellow solid (58 mg, 69%).
The resulting product (LysoBr) was carried forward without further purification. LysoBr
(60.0 mg, 0.154 mmol, 1.0 equiv) was dissolved in DMF (3 mL). A solution of NaN3 (18
mg, 0.28 mmol, 1.8 equiv) in H,O (0.5 mL) was added dropwise. The reaction mixture was
stirred at 100 °C for 8 h, then quenched with H,O (10 mL) and extracted into CH,Cl> (3

x 20 mL). The combined organic layers were washed with a 5% LiCl solution in H,O (5 x
20 mL) and brine (1 x 20 mL), then dried over MgSQy, filtered, and evaporated. The crude
product was purified by column chromatography (5% MeOH/CH,CI,) to isolate a yellow
solid (13 mg, 23%). H NMR (500 MHz, CDCls) &: 8.64 (d, J= 7.3 Hz, 1H), 8.59 (d, /= 7.7
Hz, 1H), 8.46 (d, J= 8.4 Hz, 1H), 7.75 (t, J= 7.9 Hz, 1H), 7.48 (d, /= 8.1 Hz, 1H), 4.34 (t, J
=7.0 Hz, 2H), 3.68 (t, J= 4.7 Hz, 4H), 2.70 (t, J= 7.0 Hz, 2H), 2.60 (s, 4H).

Na-H,S-ER was prepared according to the reported procedures.16: 58 4-Bromo-1,8-
napthalic anhydride (51.4 mg, 0.215 mmol, 1.0 equiv) and A-(2-aminoethyl)-4-
methylbenzenesulfonamide (60 mg, 0.28 mmol, 1.3 equiv) were combined in EtOH (0.5
mL) and heated to reflux. The reaction mixture was stirred for 3 h, then cooled to

room temperature, filtered, and dried to give a white solid (67 mg, 66% yield). The
benzenesulfonamide (66.7 mg, 0.141 mmol, 1.0 equiv) was combined with NaN3 (45.8

mg, 0.705 mmol, 5.0 equiv) in 3 mL of DMF and stirred at 50 °C for 8 h. Water (10 mL)
was added, and the reaction mixture was extracted with CH,Cl, (3 x 20 mL), washed with 5
% LiCl (4 x 20 mL) and brine (1 x 20 mL), dried over MgSQy, filtered, and evaporated. The
crude product was purified by column chromatography (3:1 EtOAc/Hex) to isolate a yellow
solid (12 mg, 20%). *H NMR (500 MHz, DMSO-a) &: 8.50 (d, /= 7.3 Hz, 1H), 8.45 (t, J=
8.4 Hz, 2H), 7.87 (t, /= 8.0 Hz, 1H), 7.77 (d, /= 8.1 Hz, 1H), 7.73 (t, /= 6.3 Hz, 1H), 7.57
(d, J=8.5Hz, 2H), 7.22 (d, J= 7.9 Hz, 3H), 4.10 (t, /= 6.7 Hz, 3H), 3.08 (g, /= 6.5 Hz,
3H), 2.25 (s, 4H).

GolgiNH was prepared according to the reported procedures.® 4-Bromo-1,8-napthalic
anhydride (478 mg, 2.00 mmol, 1.0 equiv) and sulfanilamide (344 mg, 2.00 mmol, 1.0
equiv) were dissolved in acetic acid (5 mL) and refluxed for 8 h. The reaction mixture was
cooled to room temperature for 1 h, and the precipitate was filtered and dried to yield a grey
solid (0.326 g, 38%). The crude product (GolgiBr) was carried over to the next step without
further purification. GolgiBr (60.0 mg, 0.139 mmol, 1.0 equiv) and NaN3 were dissolved

in DMSO (3 mL) and stirred at 100 °C for 2 h. The reaction was quenched with H,0 and
extracted into DCM (3 x 20 mL). The combined organic layers were washed with brine (20
mL), dried over MgSOQy, filtered, and evaporated. The crude product was purified by column
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chromatography (75% EtOAc/Hex) to yield (9 mg, 16%). 1H NMR (500 MHz, DMSO-a)
8:8.57 (d, /= 7.3 Hz, 1H), 8.55 - 8.50 (m, 2H), 7.97 (d, /= 8.5 Hz, 2H), 7.96 — 7.90 (m,
1H), 7.83 (d, /= 8.0 Hz, 1H), 7.62 (d, /= 8.5 Hz, 2H), 7.51 (s, 2H).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(a) Current library of organelle-targeted donors with targeted organelle indicated below.

(b) Targeted delivery of carbonyl sulfide (COS)/H,S via esterase-activated caged
thiocarbamates.
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a) H,S release from organelle targeted TCMs (50 uM) in the presence of PLE (5 U
mL~1) and CA (25 pg mL™1) in PBS (10 mM, pH 7.4) using an H,S-selective electrode.
Experiments were performed in triplicate, and the release curves shown are the mean values
(n=3). b) Rates of H,S release reported as initial rates (uM s~1) and pseudo 15t-order rate
constants (kops) With results expressed as mean = S.E. (7= 3).
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GFP (H,S Probe) Cy5 (Dye) Overlay
a) Mito-HS MitoTracker™

MitoTCM

b) Lyso-AFP LysoTracker™

¢) Na-H,S-ER ER-Tracker™

d) Golgi-NH BODIPY™ TR Ceramide
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Figure 3.
Live-cell imaging of localized H,S production in HelLa cells. (a) Mitochondria-localized

H,S delivery from MitoTCM (200 nM) in the presence of Mito-HS (10 uM) and
MitoTracker™ (50 nM). (b) Lysosome-localized H,S delivery from LysoTCM (200 nM)

in the presence of Lyso-AFP (10 uM) and LysoTracker™ (50 nM). (c) ER-localized H,S
delivery from ERTCM (200 nM) in the presence of Na-H,S-ER (10 pM) and ER-Tracker™
(1 uM). (d) Golgi-localized H,S delivery from GolgiTCM (200 nM) in the presence of
Golgi-NH (5 pM) and BODIPY ™ TR Ceramide (2 pg/mL).
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Figure 4.
Fluorescent turn-on response of targeted HoS probes in the presence of targeted TCMs

compared to non-targeted control (TCM alkyne). HelLa cells were treated with probe (5 uM
Mito-HS, 10 uM Na-H,S-ER, 5 uM Golgi-NH, or 10 uM Lyso-AFP) and (a) No exogenous
H,S (b) Targeted TCM (200 nM), or (c) TCM alkyne (200 nM).
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Figure5.
Live-cell imaging of 200 nM (a) MitoTCM (b) AP39 and (c) ERTCM in the presence of

Mito-HS (10 uM) and MitoTracker™ (50 nM).
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Figure®6.
GolgiTCM and MitoTCM protect against Golgi stress-induced cell death. H9C2 cells were

treated with Monensin (1 or 3 uM) and either DMSO (0.5%), GolgiTCM (GT, 0.2, 0.5,
or 1 pyM), MitoTCM (MT, 1 uM), LysoTCM (LT, 1 pM), non-targeted TCM alkyne (NT,
1 uM), or NaSH (HS™, 1 uM). Cell viability was assessed using a CCK-8 kit. Results are
expressed as mean £ SD (n=12). ***p < 0.001, ****p < 0.0001.
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Scheme 1.

Synthesis of organelle-targeted COS/H,S donors.
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Scheme 2.
Selected organelle-targeted H,S-responsive fluorescent probes.

JAm Chem Soc. Author manuscript; available in PMC 2023 May 28.

Page 25

N /©/
~S
\(\/ g o
Na-H,S-ER

ﬁo

N
Lyso-AFP



	Abstract
	Graphical Abstract
	Introduction
	Results and Discussion
	Donor Design
	Synthesis
	H2S-Release Measurements
	Live-Cell Imaging of Localized H2S Delivery

	Cell Proliferation Experiments

	Conclusions
	Experimental Section
	Methods and Materials
	H2S Electrode Materials and Methods
	General Procedure for H2S Electrode Experiments
	Cell Imaging
	Cell Viability Experiments
	Synthesis
	1-Ethynyl-4-isothiocyanatobenzene (2).
	TCM alkyne.


	Azide Targeting Groups
	(6-Bromohexyl)triphenylphosphonium bromide.
	(6-Azidohexyl)triphenylphosphonium bromide.
	Trifluoromethanesulfonyl azide (TfN3).
	4-(2-Azidoethyl)morpholine.

	General Procedure for the Synthesis of Targeted Thiocarbamates

	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Scheme 1.
	Scheme 2.

