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Abstract 

Sulfenyl fluorides are organic compounds of sulfur in formal oxidation state +2 with the formula R–S–F. 

Although the chloride, bromide, and iodide analogues have been extensively described in the literature, organic 

sulfenyl fluorides remain essentially unstudied. These structures have been implicated as putative intermediates in 

established processes to access polyfluorinated sulfur species; however, definitive and direct evidence of their 

existence has not been achieved, nor has a systematic understanding of their reactivity. Here, we report the synthesis, 

isolation, and spectroscopic characterization of several arenesulfenyl fluorides, including structural analysis of 2,4-

dinitrobenzenesulfenyl fluoride by single-crystal X-ray diffraction. The functional group undergoes direct, efficient, 

and highly regioselective anti-addition to alkenes and alkynes, as well as insertion by carbenes. The resulting α- or β-

fluoro thioether adducts can be readily transformed into useful fluorinated motifs, for example by modification of the 

sulfur groups (to sulfonamides or sulfonyl fluorides), by sulfur elimination (to generate formal C–H fluorination 

products), or by Julia–Kocienski olefination (to form vinyl fluorides). Thus, we establish that sulfenyl fluorides are 

unexpectedly accessible and stable compounds. Further, they serve as versatile reagents for the production of 

fluorinated organic compounds.  
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Introduction 

Discovered by Theodore Zincke in 1911, arenesulfenyl halides are significant if somewhat unusual class of 

compounds in organic chemistry.1-3 Most notably, they have been employed as reagents for the protection of cysteine 

side chains4 and for the difunctionalization of alkenes,5-6 alkynes,7 and diazo compounds.8 Arenesulfenyl halides suffer 

from limited stability and are prone to decomposition by disproportionation to aryl disulfides and elemental halogens. 

Therefore, only sufficiently electron-deficient arenesulfenyl halides can be stored for more than a few days.9,10 

Intriguingly, while organic sulfenyl chlorides, bromides, and iodides have been reported in the literature, studies of 

organic sulfenyl fluorides are conspicuously scarce.11-14 This disparity is especially striking given that, from a 

thermodynamic perspective, the typical disproportionation reaction might be expected to be the least favorable for the 

fluoride compared to other halides.15 Moreover, organic sulfur trifluorides, tetrafluorides, and pentafluorides have 

been well known for decades – so, why do the corresponding monofluorides remain known?16,17 

To date, the vast majority of discussions involving arenesulfenyl fluorides have evoked them as hypothetical 

and unobserved reactive intermediates. Nevertheless, significant effort has been devoted to attempted preparations.18,19 

In 1946, Heal reported some of the earliest endeavors using various arenesulfenyl chlorides with AgF, HgF2, HgF, or 

HF, but in these, only undesired fluorinated products were obtained.20 Following this work, Kharasch reinvestigated 

the reaction of arenesulfenyl chlorides and aryl disulfides with HF(l) and F2 (g), obtaining only the trifluoride 

(ArSF3).21 The same study found that direct fluorination of thiophenols with elemental fluorine gas was unsuccessful, 

as was the treatment of arenesulfenyl chlorides with SbF3 and HgF2. Later, Seel suggested that a species with a 

characteristic 19F NMR chemical shift of -150 ppm, formed upon mixing phenyl disulfide with SF4 might correspond 

to a sulfenyl fluoride, but he was unable to isolate the compound.22 Purrington proposed that treatment of 

benzenesulfenyl chloride with AgF results in the in situ formation of benzenesulfenyl fluoride, which was again too 

unstable to isolate, but was associated with a 19F NMR chemical shift of -173 ppm.23 By comparison with our own 

NMR data provided below, we believe that neither of the species (Seel and Purrington) were correctly assigned. A 

final example from Furin claims that reaction of perfluorinated aryl disulfides with AgF2 furnished the corresponding 

sulfenyl fluorides in >70% yield; however, based on comparison with multiple literature sources, 24-26 we propose that 

the procedure instead generated the sulfinyl fluorides. 

 Aside from these attempts to synthesize organic sulfenyl fluorides, several intriguing studies have also been 

published on perhaloalkyl and amino analogues, which are considered to be extremely unstable.27 The first example, 

trichloromethanesulfenyl fluoride (Cl3CSF), was reported by Kober and coworkers.28 However, compelling evidence 

was later uncovered that contradicts the structural assignment in this work.29,30 Later, several perfluoroalkyl and 

dialkylaminosulfenyl halides had been reported, with 19F NMR spectroscopy as the main structural evidence.31  

It is notable that several areneselenyl- and tellurenyl fluorides have been synthesized, isolated, and 

characterized.32-35 Therefore, the absence of synthetic methods for accessing organic sulfenyl fluorides appears specific 

to this combination sulfur and fluorine, as compounds bearing heavier analogues of either atom are easily prepared. 

As part of our research on organosulfur compounds, we became interested in reexamining the status of organic sulfenyl 

fluorides as isolable species. Here, we describe the first synthesis, isolation, and unequivocal characterization of 
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arenesulfenyl fluorides. Additionally, we report observations on the reactivity of these compounds, which exhibit 

promising fluorination capabilities towards a variety of alkenes, alkynes, and diazo compounds. 

 

 
Scheme 1. Discovery and exploration of arenesulfenyl fluorides. (a) Summary of the current progress in 
arenechalcogenyl halides; (b) Synthesis of arenesulfenyl fluorides; (c) Reactivity of arenesulfenyl fluorides with 
putative reaction mechanisms included aOdenberger Chemischen Werke.60 bM = Pb, Hg, Ag. cM = Ag, Hg. 
 
Results and Discussion 

Synthesis 

At the outset, we explored several types of approaches to synthesize arenesulfenyl fluorides. All strategies 

involving oxidative transformations from thiophenols or aryl disulfides were unsuccessful, resulting in the formation 

of sulfinyl fluorides, sulfur trifluorides, and/or sulfonyl fluorides.36 The Hu group recently reported some reactions of 

aryl diselenides (and a few disulfides and ditellurides) that could proceed through a monofluoride intermediate upon 

oxidation by the mild oxidant N-fluorobenzenesulfonimide (NFSI).37 Starting with various disulfides, we attempted 

to stop these transformation at the point of sulfenyl fluoride formation, but were ultimately unsuccessful, obtaining 

only further oxidized products.  

To avoid the risks of overoxidation associated with common oxidative halogenation strategies, we chose to 

attempt a halogen exchange (Halex) strategy, involving substitution at the sulfur of arenesulfenyl halides effected by 
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nucleophilic fluoride reagents. Prior work by Jensen and coworkers demonstrated the bifunctional utility of thallium 

fluoride (TlF) which serves as a fluorine source and a chloride scavenger due to the relative insolubility of thallium 

chloride (TlCl).38,39 When we treated 2,4-dinitrobenzenesulfenyl chloride (1a) with TlF (Table 1, Entry 1) at rt, near 

quantitative conversion to the sulfenyl fluoride (1b) was observed after 24 h. Though precautions were taken to 

exclude oxygen, a small amount of sulfinyl (1c) and sulfonyl fluorides (1d) were each observed. When a sulfenyl 

bromide was instead used as starting material, only trace 1b was detected by 19F NMR analysis of the crude mixture 

(Table 1, Entry 2). Encouraged by the efficiency of Halex with TlF, we turned our attention to evaluating alternative 

and more practical fluoride sources with lower toxicity, though Purrington had previously reported negative results 

with a variety of fluoride salts.22 In our hands, 1a was unreactive to LiF, KF, RbF, and AgF (Table 1, Entries 3-6) but 

engaged in a Halex reaction with CsF in modest yield  (Table 1, Entries 7 and 8). Excess CsF appeared to be important: 

decreasing the quantity of CsF to a single equivalent (Table 1, Entry 9) resulted in low reactivity and incomplete 

conversion. In the case of soluble organic fluorides (M = n-Bu4N, Me4N40), rapid decomposition of sulfenyl chloride 

1a to a complex mixture took place (Table 1, Entries 10 and 11).  

The Halex reaction with CsF occurred with similar yields in ethereal (THF, 2-MeTHF, Et2O, and MTBE) and 

chlorinated (CH2Cl2, CHCl3) solvents, with CH2Cl2 providing best results (97% yield at 75 °C). When ethereal 

solvents were used, additional side products from fluorinative cleavage of the ether were observed, and the use of 1,2-

dichloroethane led to unproductive decomposition of the starting material. We elected to use CH2Cl2 for subsequent 

reactivity studies. We note that the purification of arenesulfenyl chlorides by recrystallization prior to use appears to 

be important. Batches of sulfenyl chlorides, both commercially available and prepared in our laboratory have been 

found to contain impurities not easily detected by 1H NMR but which can cause diminished yields for the preparation 

of arenesulfenyl fluorides with either TlF or CsF (see Supporting Information for arenesulfenyl fluoride 

decomposition). 

 
Table 1. Optimization of the Halex reaction conditions  

 
entrya,b MF equiv MF solvent 1b 1c 1d 

1c TlF 2.0 MTBE 94 3 1 
2c TlF 1.0 THF <1 0 0 
3 LiF 5.0 MTBE 0 0 0 
4 KF 5.0 MTBE <1 0 0 
5 AgF 5.0 MTBE 0 0 0 
6 RbF 5.0 MTBE 4 0 <1 
7 CsF 3.0 MTBE 87 5 2 
8e CsF 3.0 CH2Cl2 97 3 <1 
9 CsF 1.0 CH2Cl2 13 <1 <1 
10 TMAF 5.0 MTBE 0 0 0 
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11 TBAF 5.0 MTBE 0 0 <1 
 aCalculated yields based on 19F NMR spectroscopy using a 0.5 mL aliquot passed through a syringe 
filter and 10 μL of 1,3,5-trifluorobenzene as an external standard. bEntry 1 was performed on 10.0 
mmol scale, entries 2-4 and entries 9-11 were performed on 1.0 mmol scale, entries 5-7 were 
performed on 0.5 mmol scale, and entry 8 was performed on 25.0 mmol scale. crt, 12 h. d2,4-
dinitrobenzenesulfenyl bromide was used. e60 h, 75 °C. 
 
Efforts to generalize this Halex method to prepare various arenesulfenyl fluorides were met with mixed 

success (see Supporting Information). In several cases (e.g., from 1-napthalenesulfenyl chloride or 4-

nitrobenzenesulfenyl chlorides), significant quantities of oxidized products such as 2c, 2d, and 2e were observed based 

on 19F NMR analysis. These results suggest that the corresponding sulfenyl fluorides do in fact form in situ, but they 

react too rapidly to form overoxidized species, presumably through a disproportionation pathway. In general, 

substrates containing an ortho-NO2 group reacted well to form sulfenyl fluorides such as 3a and 4a in modest yield. 

Despite the currently limited scope of accessible sulfenyl fluorides, these characterizable examples establish the 

definitive existence of the functional group and provide a convenient starting point for the rigorous study of diverse 

reactivity of sulfenyl fluorides.  

 

 
Scheme 2. Preparation of additional arenesulfenyl fluorides. (a) Unsuccessful attempts to synthesize 1-
naphthalenesulfenyl fluoride. (b) Synthesis of arenesulfenyl fluorides 3b and 4b. aM = Li, Na, K, Ag, Cs, and Tl 
bCalculated yields based on 19F NMR spectroscopy using 10 µL of 1,3,5-trifluorobenzene (C6H3F3) as an internal 
standard. 
 

In their pure form or as highly concentrated solutions, arenesulfenyl fluorides are significantly more sensitive 

than their chloride counterparts. Although it is possible to isolate such compounds in crystalline form (vide infra), 

bulk concentration of reaction mixtures under reduced pressure led to significant decomposition to a complex mixture 

of products, even when conducted with exclusion of oxygen. With prolonged storage at above concentrations of ca. 

0.8 mol L-1, spontaneous and unpredictable decomposition can occur (usually over the course of days), accompanied 

by visible darkening of the solution. This instability complicated most attempts at solvent swapping after initial 

preparation. Fortunately, we discovered that solutions of the arenesulfenyl fluoride below 0.8 mol L–1 could be stored 

in a -20 oC freezer for at least 1 to 2 months in glassware pretreated with a small quantity of slurried CsF. The 
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arenesulfenyl fluorides we prepared appear sensitive to atmospheric moisture and prolonged exposure to light below 

420 nm. 

 

Structure 

Structural determination of the arenesulfenyl fluorides (1b, 3b, and 4b) were based on routine 1H, 19F, and 13C NMR 

spectroscopy. The sulfur-bound fluorine atom displayed characteristically upfield 19F NMR chemical shifts of –206 to 

–222 ppm, consistent with predicted chemical shifts from GIAO calculations (–193 ppm for 1b). 1H–19F PANSY 

COSY experiments provided additional support for our assignment based on the expected scalar couplings between 

the 19F and aromatic 1H nuclei. The 19F chemical shifts we observed are incompatible with those reported by Seel, 

Purington, and Furin, which appear closer to those of sulfinyl fluorides.21-25 

With care, it is possible to prepare single crystals of 2,4-dinitrobenzenesulfenyl fluoride (1b) suitable for X-

ray diffraction analysis (monoclinic, P21/n). The S–F bond length of 1.66 Å is longer than observed in ArSF5 

compounds (1.56 - 1.58 Å)41-43 and comparable to the theoretical model (1.70 Å at B3LYP/6-311+G(d,p)). The 

enhanced stability of arenesulfenyl fluorides bearing an ortho-nitro group may result from attractive donor-acceptor 

interactions involving the sulfenyl fluoride and oxygen atom of the nitro group.44,45 In the crystal structure, an S---O 

distance of 2.25 Å (well below the sum of covalent radii, 3.32 Å), a nearly linear ∠O---S-F angle of 175.16°, and near 

planarity of the entire molecule are consistent with significant n(O) to σ*(S–F) donation 

 

 
Figure 1. Summary of X-ray diffraction data for arenesulfenyl fluoride (1b) and related compounds. (a) Comparison 
of key bond lengths, bond angles, and S1—O1 distances. Ar = 2-nitrophenyl, DFT calculations performed using 
B3LYP/6-311+G(d,p). (b) Perspective view of 1b showing 50% probability displacement 

 
Comparative UV-Vis spectrophotometry of 2,4-dinitrobenzenesulfenyl fluoride (1b), chloride (1-Cl), and bromide (1-

Br) in solution revealed a notable shift of the peak absorption at 402 nm for 1b compared to the same transition in 1-

Cl (384 nm) and 1-Br (390 nm). By time-dependent density functional theory (TD-DFT), this transition is attributed 

to a � to �* transition, whose bathochromic shift may reflect a stronger degree of charge transfer in the n(O) to �*(S–

X) interaction. Greater absorbance of 1b in the visible range is consistent with its elevated proclivity for decomposition 

by ambient light. 
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Figure 2. UV-Vis spectra of 2,4-dinitrobenzenesulfenyl halides in THF. 
 
Reactivity 

Arenesulfenyl fluorides display rich reactivity towards numerous common functional groups. In this study, 

we chose to focus on diazo compounds (carbene precursors), alkenes, and alkynes, as the corresponding 

transformations involved addition of both the fluorine and the sulfur component and may have synthetic utility for the 

preparation of diverse fluorinated structures. We evaluated the reactivity of sulfenyl fluorides 1b and 3b with carbenes 

and carbenoids using ethyl α-diazoacetate as a precursor under photochemical, thermal, and transition-metal 

activation. Thermal activation appeared to be the most effective, producing the S–F insertion product 5a in up to 97% 

yield at 45 °C. Interestingly, this adduct was not observed when the reaction was conducted with catalytic Rh2(OAc)4. 

Sulfenyl fluoride 3b is generally more reactive than the dinitro version 3a, and the carbene insertion reaction 

proceeded at rt in high yield. 

 

 
Scheme 3. Arenesulfenyl fluoride addition to ethyl diazoacetate. a2.0 equiv, 45 °C. b1.0 equiv, rt. 
 

This synthesis of fluorinated thioethers functions well on a range of α-diazo carbonyl compounds, although 

some optimization of the reaction temperature was required for each example. Common electron-withdrawing groups, 

including esters, ketones, imides, and their α,β-unsaturated versions were tolerated by the reaction conditions. In the 

case of cholesteryl acetate, the trisubstituted alkene was preserved during the transformation (5c). Cyclic diazo ketones 

did not successfully convert under these conditions due to competing Wolff rearrangement. 
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Scheme 4. Substrate scope for the addition of arenesulfenyl fluorides to α-diazo carbonyl compounds. aIsolated yields. 
b60 °C. c70 °C. 
 

Arenesulfenyl fluorides react with alkenes with exclusive anti-selectivity, presumably through the 

intermediacy of an epi-sulfonium intermediate, and typically with high regioselectivity. The sense of regioselectivity 

is consistent with SN2-type ring opening of an epi-sulfonium species at the more substituted carbon. In most cases, 

elevated temperatures are required for reaction with 2,4-dinitrobenzenesulfenyl fluoride (1b), and the more reactive, 

2-nitro version 3b could be used at rt to better effect. 
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Scheme 5. Substrate scope for the addition of arenesulfenyl fluorides to alkenes. 
 

Similar trans-selective, 1,2-addition reactivity towards alkynes was observed, providing fluoroalkenes with 

high stereo- and regiochemical purity. Although the exact mechanism, and whether a sulfonium intermediate is 

involved, is less definite, we consistently observed fluorine addition occurring at the terminus more capable of 

stabilizing partial carbocation character. Interestingly, the observed regioselectivity for sulfenyl fluorides is in direct 

contrast to the outcomes observed by their chloride analogues, in which the chloride adds to the less-substituted 

carbon.46,47 The reaction works well with a range of alkynes and, because it does not generate a large concentration of 

nucleophilic fluoride, tolerates potentially electrophilic groups such as an alkyl chloride, an alkyl tosylate, a nitrile, 

and an allylic bromide. The stereo- and regiochemical assignments were confirmed by single crystal X-ray diffraction 

analysis for representative products 7f and 7h. Alkynes directly bonded to some heteroatomic substituents, such as 

ynamides 7j and 7k as well as alkynyl thioether 7l, reacted to form a mixture of E/Z isomers. The loss of 

stereospecificity potentially originates from intermediate formation of a stabilized vinyl cation adjacent to the electron-

donating substituents.48-50 Evidently, bromine is insufficiently donating by resonance to cause this erosion of 

stereospecificity, as an alkynyl bromide reacted in good yield and with high E-selectivity (7m). Interestingly, the 

addition of 1b to parent propargyl bromide resulted in a separable mixture of regioisomers (7o and 7p), both as 

exclusively the E stereoisomer. 
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Scheme 6. Substrate scope for the addition of arenesulfenyl fluorides to alkynes. a14% recovered starting material. 
bE/Z stereochemical assignments were determined by 1H-19F 2D NOESY correlations. c41% recovered starting 
material. 
 
Derivatization 

Having established the reactivity of arenesulfenyl fluorides with α-diazo compounds, alkenes, and alkynes, 

we wondered whether the products could be easily converted to useful fluorinated compounds. Although the scope of 

isolable arenesulfenyl fluoride reagents appears limited to those with ortho-nitro substituents, we found that the 

resulting electron-deficient –SAr group provides convenient opportunities for further synthetic elaboration. As an 

example, oxidation of 5a, derived from ethyl α-diazoacetate, with excess m-CPBA yielded sulfone 8, which was 

employed in a Julia olefination to synthesize vinyl fluoride 10 with modest stereocontrol.51,52 Alternatively, thioether 

5d, was oxidized with m-CPBA, and the resulting sulfoxide rapidly eliminated to furnish fluoroalkenoate 10 in good 

yield and with high stereoselectivity.53  
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Scheme 7. Synthetic elaboration of α-diazo carbonyl adducts. (a) Julia-Kocienski olefination approach. (b) syn-
Thermal elimination approach. Ar = 2,4-dinitrophenyl. 
 
 Thermal elimination of the aryl thioether was also possible with the adducts derived from sulfenyl fluoride 

addition to alkenes. Oxidation of thioether 6d with m-CPBA provided the corresponding sulfoxide as a mixture of 

diastereomers, which upon heating afforded fluorinated olefin 12.54 To avoid isomerization of the double bond to the 

internal alkene, presumably catalyzed by evolved hydrofluoric or arylsulfenic acid, use of a mild base (collidine) was 

required. 

 

 
Scheme 8. Synthetic elaboration of alkene adduct 6d via a syn-thermal elimination strategy. Ar = 2-nitrophenyl. 

 
Finally, taking advantage of the electron-deficient nature of the aryl thioethers prepared by our procedure, 

we proposed that the arene could be efficiently removed by nucleophilic aromatic substitution, allowing for the 

installation of other sulfur functional groups.55-59 After oxidation of alkyne-derived adduct 7i to the sulfone, treatment 

with piperidine at room temperature resulted in rapid dearylation to form the fluorinated sulfinate, which was identified 

by 19F NMR spectroscopy (δ = -97.0 ppm) but not isolated. Through addition of an appropriate electrophile, either 

NFSI or the combination of NCS with a secondary amine, this sulfinate could be transformed into a sulfonyl fluoride 

or sulfonamide, retaining the previously installed fluorine and its stereochemical relationships.  
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Scheme 9. Synthetic elaboration of alkyne adduct 7i.  Ar = 2,4-dinitrophenyl. 
 
Conclusions 

In summary, we report the first isolation and definitive characterization of organic sulfenyl fluorides. These 

compounds were found to engage in addition reactions with carbenes, alkenes, and alkynes to afford thiofluorinated 

adducts with excellent regio- and stereoselectivity where applicable. The thioether products could be conveniently 

elaborated into a variety of useful fluorinated motifs. The promising synthetic potential of arenesulfenyl fluorides as 

reagents warrants further study, and a systematic exploration of additional reactivity is ongoing in our group.  
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The Supporting Information is available free of charge at http://pubs.acs.org. Experimental procedures, computational 

data, and compound characterization data are available in the Supporting Information. Crystallographic data for the 

structures reported in this article have been deposited at the Cambridge Crystallographic Data Centre under deposition 

numbers CCDC 2359079 (1b), 2359081 (7f), and 2359080 (7h). Copies of the data can be obtained free of charge via 

https://www.ccdc.cam.ac.uk/structures/. 

 

AUTHOR INFORMATION 

Corresponding Author 

*Richard Y. Liu – Department of Chemistry and Chemical Biology, Harvard University, Cambridge, Massachusetts 

02138, United States; orcid.org/0000-0003-0951-6487; Email: richardliu@chemistry.harvard.edu  

 

Authors 

Nathan H. Faialaga‡ – Department of Chemistry and Chemical Biology, Harvard University, Cambridge, 

Massachusetts 02138, United States; orcid.org/0000-0002-6149-3406 

  

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

13 
 

Dana P. Gephart‡ – Department of Chemistry and Chemical Biology, Harvard University, Cambridge, Massachusetts 

02138, United States; orcid.org/0000-0001-6336-1899 

  

Breno D. Silva – Department of Chemistry and Chemical Biology, Harvard University, Cambridge, Massachusetts 

02138, United States; orcid.org/0009-0009-3335-8678 

 

Author Contributions  

N.H.F. and D.P.G. contributed equally to this work. 

 

Notes 

The authors declare no competing interests. 

 

ACKNOWLEDGMENT 

This work was supported in part by the Corning Fund for Faculty Development and the Aramont Fellowship Fund for 

Emerging Science Research at Harvard University. N.H.F., D.P.G., and R.Y.L. are grateful for support from the 

Richard and Susan Smith Family Foundation. The authors thank Dr. Shao-Liang Zheng at Harvard University for 

determination of the X-ray crystal structures and Dr. Dongtao Cui for advice on NMR spectroscopy experiments. The 

authors acknowledge Naoki Naito, Ariel Wang, Aquila Wolff, Eva Bayer, and Yoshiya Sekiguchi for advice on the 

preparation of this manuscript. 

 
References 

1. Zincke, T. Über eine neue Reihe aromatischer Schwefelverbindungen. Ber. Dtsch. Chem. Ges. 1911, 44, 769-771, 

DOI: 10.1002/cber.191104401109 

2. Zincke, T.; Farr, F. Über o-Nitrophenylschwefelchlorid und Umwandlungsprodukte. Justus Liebigs Ann. Chem. 

1912, 391, 57-88, DOI: 10.1002/jlac.19123910106 

3. Zelčans, G.; Hutton, T. K.; Rios, R.; Shibata, N. Benzenesulfenyl Chloride. in Encyclopedia of Reagents for 

Organic Synthesis (EROS) (John Wiley & Sons, Ltd, 2013), DOI: 10.1002/047084289X.rb019.pub3 

4. J. Spears, R.; McMahon, C.; Chudasama, V. Cysteine protecting groups: applications in peptide and protein 

science. Chem. Soc. Rev. 2021, 50, 11098–11155, DOI: 10.1039/D1CS00271F 

5. Turner, R. A.; Connor, R. Arenesulfenyl Chlorides. I. Addition to Unsaturated Compounds. J. Am. Chem. Soc. 

1947, 69, 1009-1012, DOI: 10.1021/ja01197a009 

6. Kharasch, N.; Buess, C. M.; Strashun, S. I. Derivatives of Sulfenic Acids. VII. Addition of Sulfenyl Halides to 

Olefins. J. Am. Chem. Soc. 1952, 74, 3422–3423, DOI: 10.1021/ja01133a510 

7. Truce, W. E.; Hill, H. E.; Boudakian, M. M. Acetylenic Sulfur Compounds. I. Preparation and Characterization 

of p-Tolymercaptoacetylene and 1-Phenyl-2-phenylmercaptoacetylene. J. Am. Chem. Soc. 1956, 78, 2760-2762, 

DOI: 10.1021/ja01593a030 

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

14 
 

8. McKervey, M. A.;  Ratananukul, P. Regiospecific synthesis of α-(phenylthio)cycloalkenones and of α-phenyl-α-

(phenylthio)ketones via α,α-addition of phenylsulphenyl chloride to α-Diazoketones. Tetrahedron Lett. 1983, 24, 

117-120, DOI: 10.1016/S0040-4039(00)81343-X 

9. Matsueda, R.; Aiba, K. A stable pyridinesulfenyl halide. Chem. Lett. 1978, 951-952, DOI: 10.1246/cl.1978.951 

10. Kharasch, N.; Langford, R. B. 2,4-Dinitrobenzenesulfenyl Chloride. Org. Synth. 1964, 44, 47, DOI: 

10.15227/orgsyn.044.0047 

11. Kharasch, N.; Potempa, S. J.; Wehrmeister, H. L. The Sulfenic Acids and their Derivatives. Chem. Rev. 1946, 39, 

269-332, DOI: 10.1021/cr60123a004 

12. Fries, K. Über α-Anthrachinon-sulfensäure. Ber. Dtsch. Chem. Ges. 1912, 45, 2965-2973, DOI: 

10.1002/cber.19120450323 

13. Sase, S.; Aoki, Y.; Abe, N.; Goto, K. Stable Sulfenyl Iodide Bearing a Primary Alkyl Steric Protection Group with 

a Cavity-shaped Framework. Chem. Lett. 2009, 38, 1188–1189, DOI: 10.1246/cl.2009.1188 

14. Goto, K.; Holler, M. Synthesis and crystal structure of an arenesulfenyl iodide with unprecedented stability. Chem. 

Commun. 1998, 1915–1916, DOI: 10.1039/A805449E 

15. O’Reilly, R. J.; Balanay, M. P. A quantum chemical study of the effect of substituents in governing the strength 

of the S-F bonds of sulfenyl-type fluorides toward homolytic dissociation and fluorine atom transfer. Chem. Data 

Coll. 2019, 20, 100186, DOI: 10.1016/j.cdc.2019.100186 

16. Savoie, P. R.; Welch, J. T. Preparation and Utility of Organic Pentafluorosulfanyl-Containing Compounds. Chem. 

Rev. 2015, 115, 1130-1190, DOI: 10.1021/cr500336u 

17. Sheppard, W. A. Arylsulfur Trifluorides and Pentafluorides. J. Am. Chem. Soc. 1960, 82, 4751-4752, DOI: 

10.1021/ja01502a083 

18. Ishikawa, N.; Maruta, M. Unexpected Reactions of Perfluoro Inner Olefins with Thiols – Supposed 1,4 – 

Elimination of RS-F –. Chem. Lett. 1977, 6, 967-970, DOI: 10.1246/cl.1977.967 

19. Ajenjo, J.; Klepetářová, B.; Greenhall, M.; Bím, D.; Culka, M.; Rulíšek, L.; Beier, P. Preparation of 

(Pentafluorosulfanyl)benzenes by Direct Fluorination of Diaryldisulfides: Synthetic Approach and Mechanistic 

Aspects. Chem. Eur. J. 2019, 25, 11375–11382, DOI: 10.1002/chem.201902651 

20. Emeléus, H. J.; Heal, H. G. The alkyl- and aryl-substituted fluorides of sulphur, selenium, tellurium, and iodine. 

J. Chem. Soc. 1946, 1126-1131, DOI: 10.1039/JR9460001126 

21. Chamberlain, D. L.; Kharasch, N. Derivatives of Sulfenic Acids. XVIII. Synthesis of 2,4-Dinitrophenyl Sulfur 

Trifluoride and Antimony(III) Halide Adducts with p-Toluene-sulfenyl Chloride. J. Am. Chem. Soc. 1955, 77, 

1041-1043, DOI: 10.1021/ja01609a074 

22. Seel, F.; Budenz, R.; Flaccus, R. D.; Staab, R. Zur frage der existenz des phenylschwefelmonofluorids und seines 

chemischen verhaltens. J. Fluor. Chem. 1978, 12, 437–438, DOI: 10.1016/S0022-1139(00)82986-3 

23. Purrington, S. T.; Correa, I. D. The preparation of .beta.-fluoro thioethers. J. Org. Chem. 1986, 51, 1080–1083, 

DOI: 10.1021/jo00357a026 

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

15 
 

24. Furin, G. G.; Terent’eva, T. V.; Yakobson, G. G. Aromatic fluoro derivatives. LII. Preparation and reactions of 

aromatic polyfluoro derivatives of sulfur and selenium. Izv. Sib. Otd. Akad. Nauk SSSR Seriya Khimischeskikh 

Nauk 1972, 14, 78–88. 

25. Yakobson, G. G.; Furin, G. G.; Terent’eva, T. V. Reaction of Polyfluoroaromatic Compounds with Sulfur in the 

Presence of Antimony Pentafluoride. Russ. Chem. Bull. 1972, 21, 2075, DOI: 10.1007/BF00854656 

26. Sheppard, W. A.; Foster, S. S. Pentafluorophenylsulfur(IV) derivatizes. J. Fluor. Chem. 1972, 2, 53-62, DOI: 

10.1016/S0022-1139(00)83114-0 

27. Haas, A.; Niemann, U. Preparation and Reactions of Perfluorohalogenoorganosulfenyl Halides**English 

translation by Dr. N. Welcman, Department of Chemistry, Technion-Israel, Institute of Technology, Haifa, Israel. 

in Advances in Inorganic Chemistry and Radiochemistry (eds. Emeléus, H. J. & Sharpe, A. G.) vol. 18 143–196 

(Academic Press, 1976), DOI: 10.1016/S0065-2792(08)60029-1 

28. Kober, E. A New Class of Sulfenyl Derivatives; Perhalogenated Aliphatic Sulfenyl Fluorides. J. Am. Chem. Soc. 

1959, 81, 4810-4812, DOI: 10.1021/ja01527a016 

29. Senning, A. Interesting Errors in Sulfur Chemistry 1 Trichloromethanesulfenyl Fluoride. Sulfur Reports 1981, 1, 

399, DOI: 10.1080/01961778108082420 

30. Seel, F.; Gombler, W.; Budenz, R. Isomeric Chlorides and Fluorides of Sulfenic Acids. Angew. Chem. Int. Ed. 

1967, 6, 706-707, DOI: 10.1002/anie.196707062 

31. Kozel, V. N.; Rozhenko, A. B.; Pashinnik, V. E.; Shermolovich, Y. G. Dialkylamido Sulfoxylic Acid Fluorides, I: 

Synthesis and Reactions with Olefins. Phosphorus Sulfur Silicon Relat. Elem. 2009, 184, 1149–1160, DOI: 

10.1080/10426500902855182 

32. Poleschner, H.; Seppelt, K. First Detection of a Selenenyl Fluoride ArSe-F by NMR Spectroscopy: The Nature of 

Ar2Se2/XeF2 and ArSe-SiMe3/XeF2 Reagents. Chem. Eur. J. 2004, 10, 6565–6574, DOI: 

10.1002/chem.200400596 

33. Poleschner, H.; Ellrodt, S.; Malischewski, M.; Nakatsuji, J. -Y.; Rohner, C.; Seppelt, K. Trip2C6H3SeF: The First 

Isolated Selenenyl Fluoride. Angew. Chem. Int. Ed. 2012, 51, 419–422, DOI: 10.1002/anie.201106708 

34. Maslakov, A. G.; McWhinnie, W. R.; Perry, M. C.; Shaikh, N.; McWhinnie, S. L. W.; Hamor, T. A. Reactions of 

Some ortho-Tellurated Compounds with Intramolecular Co-ordinate Bonds. J. Chem. Soc. Dalton Trans. 1993, 

619-624, DOI: 10.1039/DT9930000619 

35. Majeed, Z.; McWhinnie, W. R.; Hamor, T. A. Observations on the synthesis and chemistry of a complete series 

of phenylazophenyl(C,N’)tellurium(II) halides (fluorides, chloride, bromide, and iodide). J. Organomet. Chem. 

1997, 549, 257-262, DOI: 10.1016/S0022-328X(97)00531-7 

36. Umemoto, T.; Singh, R. P.; Xu, Y.; Saito, N. Discovery of 4-tert-Butyl-2,6-dimethylphenylsulfur Trifluoride as a 

Deoxofluorinating Agent with High Thermal Stability as Well as Unusual Resistance to Aqueous Hydrolysis, and 

Its Diverse Fluorination Capabilities Including Deoxofluoro-Arenesulfinylation with High Stereoselectivity. J. 

Am. Chem. Soc. 2010, 132, 18199–18205, DOI: 10.1021/ja106343h 

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

16 
 

37. Li, J.; Ma, C.; Xing, D.; Hu, W. Catalyst-Free gem-Difunctionalization of Fluoroalkyl-Substituted Diazo 

Compound with Diselenide or Disulfide and NFSI. Org. Lett. 2019, 21, 2101-2105, DOI: 

10.1021/acs.orglett.9b00382 

38. Nakanishi, S.; Myers, T. C.; Jensen, E. V. Synthesis of Alkyl Fluorides from Alcohols via Fluoroformate Esters J. 

Am. Chem. Soc. 1955, 77, 3099-3100, DOI: 10.1021/ja01616a049 

39. Adcock, J. L. et al. 18. Fluorination with Thallium(I) Fluoride and Organo-Substituted Thallium(I) Fluorides. 

in Organo-Fluorine Compounds vol. E 10 a (Thieme Verlag, Stuttgart, 1998), DOI: 10.1055/b-0035-111182 

40. Schimler, S. D.; Ryan, S. J.; Bland, D. C.; Anderson, J. E.; Sanford, M. S. Anhydrous Tetramethylammonium 

Fluoride for Room-Temperature SNAr Fluorination. J. Org. Chem. 2015, 80, 12137–12145, DOI: 

10.1021/acs.joc.5b02075 

41. Espiet, J. C. G.; Cintrón Cruz, J. A.; Piñero Cruz, D. M. Structural characterization and Hirshfeld surface analysis 

of 2-iodo-4-(pentafluoro-λ6-sulfanyl)-benzonitrile. Acta. Cryst. 2020, E76, 231-234, DOI: 

10.1107/S2056989020000365 

42. Bornemann, D.; Pitts, C. R.; Ziegler, C. J.; Pietrasiak, E.; Trapp, N.; Kueng, S.; Santschi, N.; Togni, A. 

Pentafluoro(aryl)- λ6-tellanes: From SF5 to the TeF5 and TeF4CF3 Groups. Angew. Chem. Int. Ed. 2019, 58, 12604-

12608, DOI: 10.1002/anie.201907359 

43. Guzyr, O. I.; Kozel, V. N.; Rusanov, E. B.; Rozhenko, A. B.; Fetyukhin, V. N.; Shermolovich, Y. G. Enhanced 

preparation of aryl and heteryl sulfur pentafluorides using mercury (II) oxide – hydrogen fluoride media as a 

fluorinating reagent. J. Fluor. Chem. 2020, 239, 109635, DOI: 10.1016/j.jfluchem.2020.109635 

44. Kucsman, A.; Kapovits, I.; Czugler, M.; Parkanyi, L.; Kalman, A. Intramolecular Sulphur-Oxygen Interaction in 

Organosulphur Compounds with Different Sulphur Valence State: An X-ray Study of Methyl-2-Nitrobenzene-

Sulphenate, -Sulphinate, -Sulphonate and 2-Nitrobenzenesulphenyl Chloride. J. Mol. Struct. 1989, 198, 339-353, 

DOI: 10.1016/0022-2860(89)80048-1 

45. Hamilton, W. C.; Laplaca, S. J. The Molecular Structure of the Methyl Ester of o-Nitrobenzenesulfenic Acid. J. 

Am. Chem. Soc. 1964, 86, 2289-2290, DOI: 10.1021/ja01065a040 

46. Schmid, G. H.; Modro, A.; Lenz, F.; Garratt, D. G.; Yates, K. Reactions of sulfenyl halides and their derivatives. 

14. Effect of acetylene structure on the rates and products of addition of 4-chlorobenzenesulfenyl chloride. J. Org. 

Chem. 1976, 41, 2331-2336, DOI: 10.1021/jo00875a025 

47. Iwasaki, M.; Fujii, T.; Nakajima, K.; Nishihara, Y. Iron-Induced Regio- and Stereoselective Addition of Sulfenyl 

Chlorides to Alkynes by a Radical Pathway. Angew. Chem. Int. Ed. 2014, 53, 13880–13884, DOI: 

10.1002/anie.201408121 

48. DeKorver, K. A.; Li, H.; Lohse, A. G.; Hayashi, R.; Lu, Z.; Zhang, Y.; Hsung, R. P. Ynamides: A Modern 

Functional Group for the New Millennium. Chem. Rev. 2010, 110, 5064-5106, DOI: 10.1021/cr100003s 

49. Chen, Y. -B.; Qian, P. -C.; Ye, L. -W. Bronsted acid-mediated reactions of ynamides. Chem. Soc. Rev. 2020, 49, 

8897-8909, DOI: 10.1039/D0CS00474J 

50. Bello, D.; O’Hagan, D. Lewis acid-promoted hydrofluorination of alkynyl sulfides to generate α-fluorovinyl 

thioethers. Beilstein J. Org. Chem. 2015, 11, 1902-1909, DOI: 10.3762/bjoc.11.205 

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/


   
 

17 
 

51. Pfund, E.; Lebargy, C.; Rouden, J.; Lequeux, T. Modified Julia Fluoroolefination: Selective Preparation of 

Fluoroalkenoates. J. Org. Chem. 2007, 72, 7871-7877, DOI: 10.1021/jo070994c 

52. Zajc, B.; Kake, S. Exceptionally Mild, High-Yield Synthesis of a-Fluoro Acrylates. Org. Lett. 2006, 8, 4457-4460, 

DOI: 10.1021/ol0616236 

53. Wong, A.; Welch, C. J.; Kuethe, J. T.; Vazquez, E.; Shaimi, M.; Henderson, D.; Davies, I. W.; Hughes, D. L. 

Reactive resin facilitated preparation of an enantiopure fluorobicycloketone. Org. Biomol. Chem. 2004, 2, 168-

174, DOI: 10.1039/B312180C 

54. Lu, X.; Long, T. E. o-Nitrophenyl Sulfoxides: Efficient Precursors for the Mild Preparation of Alkenes. J. Org. 

Chem. 2010, 75, 249-252, DOI: 10.1021/jo902248z 

55. Prakash, S.; Ni, C.; Wang, F.; Hu, J.; Olah, G. A. From Difluoromethyl 2-Pyridyl Sulfone to Difluorinated 

Sulfonates: A Protocol for Nucleophilic Difluoro*sulfonato)methylation Angew. Chem. Int. Ed. 2011, 50, 2559-

2563, DOI: 10.1002/anie.201007594 

56. Zhou, Q.; Ruffoni, A.; Gianatassio, R.; Fujiwara, Y.; Sella, E.; Shabat, D.; Baran, P. S. Direct Synthesis of 

Fluorinated Heteroarylether Bioisosteres. Angew. Chem. Int. Ed. 2013, 52, 3949-3952, DOI: 

10.1002/anie.201300763 

57. Bao, R.; Feng, Y.; Deng, D.; Huang, D.; Sun, X. Sulfinic acids in organic synthesis: a review of recent studies. 

Asian J. Org. Chem. 2021, 10, 1-14, DOI: 10.1002/ajoc.202100331 

58. Manne, S. R.; Chandra, J.; Mandal, B. Synthesis of o-Nitroarylamines via Ipso Nucleophilic Substitution of 

Sulfonic Acids. Org. Lett. 2019, 21, 636-639, DOI: 10.1021/acs.orglett.8b03730 

59. Hong, J.; Li, C.; Zhao, K.; Wang, X.; Feng, R.; Chen, X.; Wei, C.; Gong, X.; Zheng, F.; Zheng, C. Stereoselective 

Fluorosulfonylation of Vinylboronic Acids for (E)-Vinyl Sulfonyl Fluorides with Copper Participation. Org. Lett. 

2024, 26, 2332-2337, DOI: 10.1021/acs.orglett.4c00711 

60. Steinkopf, W. Über aromatische sulfofluoride. J. Prakt. Chem. 1927, 117, 1-82, DOI: 10.1002/prac.19271170101 

 

https://doi.org/10.26434/chemrxiv-2024-t8f81 ORCID: https://orcid.org/0000-0002-6149-3406 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-t8f81
https://orcid.org/0000-0002-6149-3406
https://creativecommons.org/licenses/by-nc-nd/4.0/

