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1. Introduction 
 

For many years hydrogen sulfide (H2S) has been known as a toxic gas that causes impairment upon 
prolonged exposure and in some cases death, but recent studies have suggested it also plays an important 
role in cell biology. Studies have revealed that mammals can produce H2S in a controllable manner and that its 
catabolic and metabolic reactions are associated to numerous signaling pathways of physiological and 
pathological relevance. The endogenous generation of H2S, in various tissues and organs has been attributed 

to three enzymes: cystathionine-β-synthetase, cystathionine-γ-lysase and 3-mercaptopyruvate 

sulfurtransferase. H2S can also have a chemical origin; being produced from FeS clusters as well as bound 
sulfane sulfur [1-4].  

 Given the newfound appreciation of the therapeutic potential and biological relevance of H2S, donor 
molecules that emulate enzymatic production of H2S are needed as this trait is not exhibited by commonly 
used inorganic H2S-donors such as NaSH, Na2S and CaS.  In contrast to these inorganic salts, organic H2S 
donors have been shown to release H2S in both a controllable manner and within accepted physiological 
concentrations, and as such development of more of these molecules has a high level of interest [5]. Currently, 
several types of organic H2S-donors have been developed with diverse mechanisms of H2S production, for 
instance, recent work has involved hydrolysis and activation by biothiols [6]. In addition to systems which 
release H2S upon internal stimuli, like those noted, it is expected 
that a platform capable of generating H2S upon external stimulus 
would be of great interest. Such donors could provide steady, 
localized H2S concentrations in desired locations and times. The 
use of photo-activation based H2S donors could potentially fit this 
outline. Herein, the design, synthesis and H2S-release profiling of 
two types of photocaged- H2S donors A and B (Scheme 1) is 

reported.  
 

2. Experimental design and results 

Synthesis of “caged” thiophosphoamide H2S donors 

 Current research has shown that, when placed in aqueous solutions, phosphorothiolate-based donors 
release H2S gas. We envisioned that if a photo-activated protecting group was installed on this backbone, H2S 
could only be generated upon stimulation with light. With this in mind, a series of “caged” phosphorothiolate-

based H2S donors 6a-6c were prepared as outlined in Scheme 2. Freshly distilled trichlorophosphine 1 was 

treated with 1-2 dithiolethane to yield 2. This was then treated with aniline in the presence of base to give 3 

that was subsequently used in situ to react with S8 in CS2 to produce 4. Upon reaction of common substrate 4 

with various alcohols, we were able to obtain a series of phosphorothiolate compounds 5a-5c. By simply 

reacting 5a-5c with 2- nitro benzylbromide in the presence of 2,6-lutidine, “caged” phosphorothiolate-based 

H2S donors 6a-6c were obtained. 
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Examining H2S release from 6a-6c 

In order to investigate the H2S releasing capabilities of 6a-6c under UV-irradiation, we first explored the 

amount of H2S released by these new phosphorothiolate compounds 5a-5c.  Dz-N3, a selective fluorescence 
sensor, was used to monitor H2S generation [7]. In these studies, a 100 µM solution of a respective donor and 

200 µM Dz-N3 were prepared in a 1:1 ACN/PBS (pH=7.4) mixture. As expected, compounds 5a-5c released 

H2S upon hydrolysis in aqueous/organic solutions (Figure 1). With this in hand, compounds 6a-6c were tested 

to observe whether they could produce H2S upon UV-irradiation. Unfortunately, no gas formation was observed 
from these compounds (data not shown) likely due to oxidation of H2S under photolysis conditions. Because 
these compounds release small levels of H2S, the remaining H2S exist at concentration too low to be detected 
due to insufficient sensitivity of the selected H2S probe.  
 

 
 
Figure 1. Time dependent H2S release profiles of donors 5a-c and GYY4137 [8]. 

 
Synthesis of “caged” gem-dithiol based-H2S donors 

 It was theorized that a new platform which allows for the release of H2S upon activation with light was 
based on the structure of geminal-dithiols (gem-dithiols) could be used as a controllable H2S donor. It is known 
that gem-dithiols are unstable species that, particularly in aqueous environments, are known to decompose 
and release H2S as a byproduct. Therefore we envisioned gem-dithiols could be useful templates for H2S 
donor design. Installation of a selectively removable protecting group on thiol groups of gem-dithiols should 
lead to stable derivatives as H2S donors and manipulation of 
the deprotection strategy could yield a controllable H2S donor 
molecule. As shown in Scheme 3, the target compounds were 

of similar form to 7, in which the thiols were protected with 
photosensitive 2-nitrobenzyl groups. Upon exposure to UV 

radiation, the gem-dithiol intermediate 7A should be produced and subsequent hydrolysis would liberate H2S.  
The synthesis of this type of donor is illustrated in Scheme 4.  Commercially available 2-nitrobenzyl 

bromide 8 was treated with thiourea in THF to produce the thiouronium bromide salt 9.  Hydrolysis of 9 in the 

presence of sodium meta-bisulfite (Na2S2O5) provided 2-nitro benzenemethanethiol 10 in high yield. Finally 

compound 10 was coupled with acetone in the presence of catalytic amount of TiCl4 to give a model donor 7a.  
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 Scheme 4 

Examining H2S release from “caged” gem-dithiol 

The H2S generation capability of model donor 7a was tested using the standard methylene blue method 

to monitor H2S generation. In this study, a 200 µM solution of 7a in a 1:1 ACN/PBS (pH=7.4) mixture. The 
compound appeared to be stable and no H2S release was detected. However, when the solution was 
subjected to UV irradiation at 365 nm, time-dependent H2S production was observed. The concentrations of 
H2S reached a maximum of ~36 µM in about 7 min and dropped afterwards, presumably due to volatilization of 
H2S gas (Figure 2A). 

     
Figure 2. A) Time dependent release of 7a with and without UV irradiation. B) H2S-release of 7b in HeLa cells: left, 7b (200 µM) and 

WSP-1 (50 µM), no UV-irradiation; right, 7b (200 µM) and WSP-1 (50 µM), UV-irradiation. C) Chemical structure of 7b. 
 
Finally a cell based assay was conducted to address whether these donors could be used to selectively deliver 
H2S to cells. In this study, HeLa cells were first incubated with 7b (200 µM), a water-soluble “caged” gem-

dithiol, for 30 min. The mixture was then exposed to UV-light (365 nm) for 15 min (Figure 2B and 2C). After 
that, cells were washed and re-suspended in new media. The cells were incubated in WSP-1 [9] (50 µM) to 
monitor H2S in cells. As expected the cells’ fluorescence greatly increased upon irradiation. 
 
 

3. Conclusion and future work 
 

In summary, the synthesis and evaluation of two different classes of H2S donors has been described. 
Although photolabile phosphorothiolate compounds were found to not release H2S upon UV irradiation, the 
parent donors were found to be as potent as commonly used GYY4137 [8]. In addition a new H2S donor 
template, based on a gem-dithiol backbone, was discovered. It is expected that this class of donor can allow 
for both spatial and temporal control of H2S release, and could be used in the study real time of H2S activities. 
The screening of other photo-labile groups and examination of different activation mechanisms to unmask the 
potential of the gem-dithiol template is ongoing. 
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