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Abstract: A simple and practical synthesis of sulfonyl fluorides from 

sulfonamides is reported. The method capitalizes on the formation of 

the sulfonyl chloride by virtue of the reaction of Pyry-BF4 and MgCl2, 

and subsequent in situ conversion to the more robust and stable 

sulfonyl fluoride by the presence of KF. The mild conditions and high 

chemoselectivity of the protocol enables late-stage formation of 

sulfonyl fluorides from densely functionalized molecules. 

The synthesis of complex organic molecules bearing 

sulfonyl fluorides in their structure has gained tremendous 

momentum due to their successful activity in the field of 

chemical biology.[1],[2] Due to its unique chemical properties, 

several sulfonyl fluorides have been utilized as warheads in 

chemical biology to target aminoacid residues and act as 

activity-based probes (Figure 1).[3] 

 

Figure 1. Examples of functionalized arylsulfonyl fluorides as activity-based 

probes. 

Numerous synthetic approaches to sulfonyl fluorides are 

available in the literature, starting from a myriad of different 

starting materials.[4] Early syntheses can be found from the 

sulfonyl hydrazide,[5] thiosulfonate,[6] sulfonyl chloride,[2],[7] sul-

fonic acids,[8] sulfonate salts[9] among others (Figure 2A).[10] 

However, most of these traditional methods are restricted in 

terms of functional group compatibility and synthetic steps are 

required to obtain the starting materials. In more recent 

approaches, Willis and Bagley[11] and Ball[12] independently ad-

dressed these issues and reported elegant Pd-catalyzed 

strategies for the synthesis of sulfonyl fluorides using simple and 

readily available aryl halides as starting materials, DABSO (solid 

SO2 surrogate) and an electrophilic fluorinating agent. Recently, 

Noël and co-workers have also provided a new electrochemical-

based method to convert aryl- and alkylthiols and disulfides into 

the corresponding high-valent S(VI) fluoride compounds.[13] 

Although these represent tremendous advances for the 

synthesis of highly functionalized sulfonyl fluorides, methods to 

forge the S‒F bond from alternative starting materials would 

truly expand the palette of opportunities in this field. In this 

regard, we realized that methods to convert primary 

sulfonamides into the corresponding sulfonyl fluoride are 

virtually non-existant. Based on the vast number of biologically 

relevant compounds bearing sulfonamides and the growing 

interest in their modification in drug discovery programs,[14] we 

envisaged that a method to convert sulfonamides into sulfonyl 

fluorides would be highly beneficial. 

 

Figure 2. (A) Overview of the synthetic methods to obtain sulfonyl fluorides. 

(B) Synthesis of sulfonyl chlorides through activation of sulfonamides. 

We have recently reported on the use of Pyry-BF4 (1), as a 

highly chemoselective reagent for the modification of amino 

groups.[15] One particular application is the selective activation of 

sulfonamides by Pyry-BF4 (1) thus converting them into the 

corresponding sulfonyl chloride in the presence of MgCl2 (Figure 

2B).[16] Although great electrophiles, sulfonyl chlorides suffer 

from high instability and fast hydrolysis rates, which results in 

troublesome isolation procedures.[2] Herein, we present a 

strategy which enables the conversion of aryl- and 

alkylsulfonamides into more robust, bench-stable sulfonyl 

fluorides in one operation. The simplicity of operation and the 

robustness of the method combined with the high 

chemoselectivity profile enabled the preparation of sulfonyl 

fluorides in late-stage contexts, which is demonstrated in the 

modification of six different biologically relevant compounds. 
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Table 1. Optimization of the reaction conditions. 

 

[a] Yield determined by 1H and 19F NMR using 4-fluoroanisole as internal 

standard. [b] Yield of isolated pure material. 

Our investigations started by exploring the modification of 

simple benzensulfonamide (2), in the presence of Pyry-BF4 (1) 

and MgCl2. After optimization of the reaction parameters, it was 

found that the addition of KF (6.0 equiv.) in MeCN at 60 °C 

followed by an aqueous quench at 25 °C afforded clean 

formation of benzenesulfonyl fluoride (3) in excellent yields as 

judged by 1H and 19F NMR (Table 1, entry 1, 97%). The 

presence of all the reagents was necessary for the reaction to 

proceed (entries 2-5). These control experiments suggest the 

formation of the sulfonyl chloride and in situ conversion to the 

sulfonyl fluoride when KF is solubilized by the H2O in the quench. 

Remarkably, this transformation proceeds in the same reaction 

flask without isolation of any of the intermediates. This is in 

contrast to previously reported methods where purification of the 

corresponding sulfonyl chlorides is required followed by a 

fluoride source in combination with 18-crown to successfully 

undergo nucleophilic displacement of the chloride.[2],[7] A 

decrease on the amount of KF resulted in much lower yields of 3 

(entries 6 and 7). The replacement of KF by KHF2 afforded 

similar yields of 3, suggesting that similar species might be 

involved in solution when using both KHF2 and KF (entry 8).  

With the optimized conditions in hand, we performed a pre-

liminary scope of the substitution pattern on the aryl group 

(Figure 3, top). Gratifyingly, the presence of π-extended sys-

tems (4) or electron-donating groups (5-8) did not influence the 

reactivity and excellent yields of sulfonyl fluoride were obtained. 

Halogenated groups in the aryl ring such as trifluoromethyl (9), 

bromo (10) and chloro (11 and 12) posed no difficulties. The 

presence of electron-withdrawing groups such as nitro (13) or 

ester (14) also boded well with these conditions. Interestingly, 

sulfonamides bearing a free hydroxyl group (15) or having a 

protected aniline with Fmoc (16) were both successfully 

converted to the corresponding sulfonyl fluoride. Unfortunately, 

free amino groups or anilines protected with Boc did not afford 

the desired product (17 and 18). In the former, direct reaction of 

the Ar‒NH2 with 1 occurs thus capturing the pyrylium reagent; in 

the latter case, fluoride-induced deprotection of the Boc group is 

most likely the reason for the lack of S‒F formation. Free 

carboxylic acids did not engage in sulfonyl fluoride formation 

(19). The conversion of alkylsulfonamides was also explored; as 

shown in Figure 3 (bottom), primary and secondary alkyl 

sulfonamides smoothly reacted to afford the alkylsulfonyl fluoride 

(20-22). On the other hand, sulfonamides bearing tertiary groups 

such as tert-butyl were not amenable for reaction with this 

protocol (23). 

 

Figure 3. Scope of simple aryl and alkylsulfonamides in the pyrylium mediated 

sulfonyl fluoride formation. Reaction conditions: sulfonamide (0.25 mmol, 1.0 

equiv.), 1 (1.5 equiv.), MgCl2 (1.5 equiv.) and KF (6.0 equiv.) in MeCN (1.2 

mL) at 60 °C for 2 h; then H2O (1.0 mL) was added and stirred for 1 h at 25 °C. 

Yields of isolated pure material. [a] Using 2.0 equiv. of 1 and MgCl2 at 100 °C 

for 3 h. [b] Using 2.0 equiv. of 1. 

Due to the high chemoselectivity profile of 1 towards amino 

groups, we sought out to explore the formation of sulfonyl 

fluorides in late-stage contexts. Hence, a variety of complex 

sulfonamides bearing different functionalities were tested (Figure 

4). For example, sulfonamide bearing a cyano group and a 

benzoate moiety afforded clean formation of the sulfonyl fluoride 

(24, 90%). The presence of heterocycles such as pyridine 

bearing a chloride handle did not affect the reactivity and the 

sulfonyl fluoride was obtained in high yields (25, 83%). 

Benzamides containing bioisosteres of MeO such as the 

trifluoromethoxy group (OCF3) also engaged in sulfonyl fluoride 

formation in good yields (26, 70%). Urea-derivatives boded well 
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with this protocol as exemplified by the high yield of 27 (90%). 

As aforementioned, primary sulfonamides are widely present in 

biologically active compounds[17] and as a result, the chemical 

libraries of pharmaceutical and agrochemical industries contain 

substantial amounts of compounds bearing this scaffold.[14] 

Hence, we concurred to capitalize on this functionality for 

biologically active sulfonamide-bearing compounds to forge the 

corresponding sulfonyl fluoride. In this regard, a glibencamide 

precursor bearing an amide engaged in sulfonyl fluoride 

formation in high yields (28, 80%). Despite the presence of a 

nucleophilic tertiary amine, the antipsychotic (±)-sulpiride 

smoothly afforded the corresponding sulfonyl fluoride in good 

yields (29, 69%). Celecoxib, a pyrazole-bearing drug featuring a 

trifluoromethyl group afforded excellent yields of sulfonyl fluoride 

(30, 90%). The presence of a secondary amine and a furan did 

not pose any complications and a benzylated furosemide 

derivative successfully delivered 31 in 54% yield. Herbicide 

oryzalin, which contains two nitro groups and a tertiary amine 

also afforded the sulfonyl fluoride albeit in lower yields (32, 32%). 

Finally, hydrochlorothiazide, a cyclic secondary sulfonamide 

bearing an unprotected secondary amine in its core also reacted 

and afforded acceptable yields of 33 (43%). 

 

Figure 4. Functionalization of densely functionalized sulfonamides. Reaction 

conditions as reported in Figure 3. [a] Reaction carried out in tBuOH and 

quenched with MeCN:H2O mixture; [b] Using 4.0 equiv. of 1 at 100 °C. 

In conclusion, we have developed a practical, 

straightforward and simple method to convert primary 

sulfonamides into important sulfonyl fluorides. The method 

capitalizes on the use of a pyrylium salt (Pyry-BF4, 1) in 

combination with MgCl2 and KF. The high chemoselectivity of 

the protocol permitted the formation of sulfonyl fluorides in late-

stage contexts for complex and densely functionalized 

molecules. We believe this method could find rapid adoption in 

the chemical biology arena thus providing new avenues in the 

identification of drug candidates and expanding the synthetic 

methods for the synthesis of aminoacid targeting warheads 

Acknowledgements 

10.1002/ejoc.202000022

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



COMMUNICATION          

4 

 

Financial support for this work was provided by Max-Planck-

Gesellschaft, Max-Planck-Institut für Kohlenforschung and 

Fonds der Chemischen Industrie (FCI-VCI). M.P. is thankful to 

the Ministerio de Ciencia, Innovación y Universidades for 

providing a PhD fellowship. We thank Dr. Alejandro Gomez-

Palomino for assisting with the synthesis of Pyry-BF4. We are 

thankful to Prof. Dr. A. Fürstner for discussions and generous 

support 

Keywords: pyrylium • sulfonamides • sulfonyl fluorides • late-

stage modification • fluorine 

[1] (a) D. A. Shannon, C. Gu, C. J. McLaughlin, M. Kaiser, R. A. L. van der 

Hoorn, E. Weerapana, ChemBioChem 2012, 13, 2327-2330; (b) A. 

Narayanan, L. H. Jones, Chem. Sci. 2015, 6, 2650-2659; (c) A. S. 

Barrow, C. J. Smedley, Q. Zheng, S. Li, J. Dong, J. E. Moses, Chem. 

Soc. Rev. 2019, 48, 4731-4758; (d) T. A. Fattah, A. Saeed, F. Albericio, 

J. Fluor. Chem. 2018, 213, 87-112. 

[2] (a) J. Dong, L. Krasnova, M. G. Finn, K. B. Sharpless, Angew. Chem. 

Int. Ed. 2014, 53, 9430-9448, and references therein. 

[3] For selected examples, see: (a) B. R. Baker, W. F. Wood, J. A. Kozma, 

J. Med. Chem. 1968, 11, 661-666; (b) B. R. Baker, W. F. Wood, J. Med. 

Chem. 1969, 12, 214-216; (c) B. R. Baker, J. A. Hurlbut, J. Med. Chem. 

1969, 12, 221-224; (d) Q. Zheng, J. L. Woehl, S. Kitamura, D. Santos-

Martins, C. J. Smedley, G. Li, S. Forli, J. E. Moses, D. W. Wolan, K. B. 

Sharpless, Proc. Natl. Acad. Sci. 2019, 116, 18808-18814; (e) F. Liu, H. 

Wang, S. Li, G. A. L. Bare, X. Chen, C. Wang, J. E. Moses, P. Wu, K. B. 

Sharpless, Angew. Chem. Int. Ed. 2019, 58, 8029-8033; (f) D. Gahtory, 

R. Sen, S. Pujari, S. Li, Q. Zheng, J. E. Moses, K. B. Sharpless, H. 

Zuilhof, Chem. Eur. J. 2018, 24, 10550-10556; (g) N. P. Grimster, S. 

Connely, A. Baranczak, J. Dong, L. B. Krasnova, K. B. Sharpless, E. T. 

Powers, I. A. Wilson, J. W. Kelly, J. Am. Chem. Soc. 2013, 135, 5656-

5668; (h) A. J. Brouwer, A. Jonker, P. Werkhoven, E. Kuo, N. Li, N. 

Gallastegui, J. Kemmink, B. I. Florea, M. Groll, H. S. Overkleeft, R. M. J. 

Liskamp, J. Med. Chem. 2012, 55, 10995-11003; (i) C. Gu, A. Shannon, 

T. Colby, Z. Wang, M. Shabab, S. Kumari, J. G. Villamor, C. J. 

McLaughlin, E. Weerepana, M. Kaiser, B. F. Cravatt, R. A. L. van der 

Hoorn, Chemistry & Biology 2013, 20, 541-548. 

[4] P. K. Chinthakindi, P. I. Arvidsson, Eur. J. Org. Chem. 2018, 3648-3666. 

[5] L. Tang, Y. Yang, L. Wen, X. Yang, Z. Wang, Green Chem. 2016, 18, 

1224-1228. 

[6] M. Kirihara, S. Naito, Y. Nishimura, Y. Ishikuza, T. Iwai, H. Takeuchi, T. 

Ogata, H. Hanai, Y. Kinoshita, M. Kishida, K. Yamazaki, T. Noguchi, S. 

Yamashoji, Tetrahedron 2014, 70, 2464-2471. 

[7] T. A. Bianchi, L. A. Cate, J. Org. Chem. 1977, 42, 2031-2032. 

[8] J. –G. Kim, D. O. Jang, Synlett. 2010, 20, 3049-3052. 

[9] (a) R. E. Banks, M. K. Besheesh, S. N. Mohialdin-Khaffaf, I. Sharif, J. 

Chem. Soc. Perkin Trans. 1. 1996, 2069-2076; (b) F. Toulgoat, B. R. 

Langlois, M. Medebielle, J. –Y. Sanchez, J. Org. Chem. 2007, 72, 

9046-9052. 

[10] For alternative specific methods for the synthesis of sulfonyl fluorides, 

see: (a) J. W. Tucker, L. Chenard, J. M. Young, ACS Comb. Sci. 2015, 

11, 653-657; (b) S. W. Wright, K. N. Hallstrom, J. Org. Chem. 2006, 71, 

1080-1084; (c) R. Xu, T. Xu, M. Yang, T. Cao, S. Liao, Nat. Commun. 

2019, 10, 3752. 

[11] (a) A. T. Davis, J. M. Curto, S. W. Bagley, M. C. Willis, Chem. Sci. 2017, 

8, 1233-1237; (b) T. S. –B. Lou, S. W. Bagley, M. C. Willis, Angew. 

Chem. Int. Ed. 2019, 58, 18859-18863. 

[12] A. L. Tribby, I. Rodriguez, S. Shariffudin, N. D. Ball, J. Org. Chem. 2017, 

82, 2294-2299. 

[13] G. Laudadio, A. de A. Bartolomeu, L. M. H. M. Verwijlen, Y. Cao, K. T. 

de Oliveira, T. Noël, J. Am. Chem. Soc. 2019, 141, 11832-11836. 

[14] (a) P. S. Fier, K. M. Maloney, J. Am. Chem. Soc. 2019, 141, 1441-

1445; (b) P. S. Fier, S. Kim, K. M. Maloney, J. Am. Chem. Soc. 2019, 

141, 18416-18420. 

[15] (a) D. Moser, Y. Duan, F. Wang, Y. Ma, M. J. O’Neill, J. Cornella, 

Angew. Chem. Int. Ed. 2018, 57, 11035-11039; (b)  

[16] A. Gomez-Palomino, J. Cornella, Angew. Chem. Int. Ed. 2019, 58, 

18235-18239. 

[17] The First Miracle Drugs: How the Sulfa Drugs Transformed Medicine 

(Ed.: J. E. Lesch), Oxford University Press, Oxford, 2006. 

 

10.1002/ejoc.202000022

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.



COMMUNICATION          

5 

 

 

Table of Contents 

 

 

 

A simple and practical synthesis of sulfonyl fluorides from sulfonamides is reported. The method capitalizes on the formation of the 

sulfonyl chloride by virtue of the reaction of Pyry-BF4 and MgCl2, and subsequent in situ conversion to the more robust and stable 

sulfonyl fluoride by the presence of KF. The mild conditions and high chemoselectivity of the protocol enables late-stage formation of 

sulfonyl fluorides from densely functionalized molecules. 

10.1002/ejoc.202000022

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.


