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Abstract

The concept of “click chemistry” is both potentially transformative and temptingly simple. Since 2014,
Sharpless has extended the “click reaction” to the reaction involving sulfonyl fluorides, namely the
hexavalent sulfur fluorine (VI) exchange reaction (SuFEx). Based on the special reactivity-stability
balance (Stability-Reactivity) of high-valent organic sulfur, the hexavalent sulfur-fluorine (VI) ex-
change reaction (SuFEx) is a promising field for the next-generation click reaction. Among various
sulfur (VI) halides, sulfonyl fluorides are the most popular connection hubs in SuFEx click reactions.
Due to their unique properties and wide applications, sulfonyl fluorides have attracted more and
more attention in recent years. Sulfonyl fluorides have become important synthetic intermediates
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and cornerstones in the fields of organic synthesis, drug discovery and materials science due to their
balanced potential reactivity and stability and compatibility with biological systems. In this paper, the
application of sulfonyl fluoride compounds in organic synthesis is described in detail, and its applica-
tion in materials science and medicine is briefly introduced.
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Figure 1. The hexavalent sulfur-fluorine exchange reaction (SUFEX)
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Figure 2. Suzuki Miyaura coupling reaction of phenylsulfonyl fluoride
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Figure 3. Fluorosulfonyl azides convert primary amines to azides
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Figure 4. Fluorosulfonyl azides convert primary amines to azides
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Figure 5. Sulfonyl fluoride (Pyfluor) was used as a deoxyfluorination reagent
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Figure 6. Radical sulfonylation of alkenes through cooperative organosuperbase activation and photoredox catalysis
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Figure 7. DBU catalyzed reaction of p-toluenesulfonyl fluoride with silyl ether

7. DBU L 3o FR R 3 5 P B Bk e 2

NT B PIRREZERIE VG, 2024 4, AORF[EIF[L91HRIE T — /BB R R £
O R A AL A HLAEAL SUFEX [ Ri(] 8). 7E 10 mol% N-Z23A R ZK(NHC) AL R, 7E NHC
A HOBt M AR, AR i B B I Aot S R s i & A s i IO, 1S EIREER EE . e, Bl
#hy WAL, PR AN 49%~99%. I VEN A T 190 Z ARG b, SRR 25 FRORAR
frEY . HIEEHEFLRI, NHC Rl BEME A LA N 0 ) Brognsted B, I8 eGSR BTG BE Bl i » X
FEAEH S BENE FHEEES FREMMIER, b5 K 5HEBERT SUFEX B, U RERGER, JH1EbE
EUEREIVE. HAh, 4-A 57T AR IR BOOX AN AR 7= AR IR TE HF . 12 RESRPHIRAN . i
VIERVEE) 2 PR, S FE IME BB S IR A T — R A T

O\\S,,O v R2OH NHC (10 mol%) O\\S,,O
R'F MeCN, RT, 24 h R OR2

Figure 8. NHC-catalyzed S-O bond formation between sulfonyl fluorides and alcohols

[# 8. NHC &L BV IEEL |ANEE x M2 RK S-O

6) S-O I [20]

TR P A 5 i i A AR S 7 A R e A5, e —Fii s S-N B BB 7V . IR Bl i e i
UL F S AE 1979 EARIE[21], 42 A AR NI FISEILM . 2014 45, Tolmachev FIFEIH[22] AFF T AE
FH Jot TR I o<1 A 42 (A 5 A ) FE e B BT e 5 B R 80 R B AR 7 o AR 38085 5 A [R] S B g e ik
FEHEAT RS, RZR T SR o A 5 S I b 0 7E 2 A OB R IR L. BEAER W, T &7
BANERZ OB By J23R55) ke, RIE SR A 5 i IR S A Bt e e A WD R B ML 0, P i RHE
SERE b (R BELOR (e, BT S A0 DU E K 22 OIS O T 08 IR

BTk, 2021 4, ZR[23140R0E T M TG IE A T, T I SRR GRUA I I 1 Tk
RE, G BT I S BRI A S (] 9). LRI, 1EETF K T — Ml F HOBt (1-F2 58 9 =)
AEET IR RIEAG R G, =80 & RO T AN R RR R 1) 7V, P 2R ik 87%~99%. ¢ Sl J& %o 1% B or
FEOR B SRAR L, AR A ARG, B A SO i) & sorh A 55 0.02 mol%ff it sfl . i 1id F
KR EA LT BT 25 Fedratinib (oG A4, BoR T HAEAME R R T .

7) S-O BT [24]

Z W RBEIARANAFE R —DNEES S, DMERR 7 X E &R E. SERME

DOI: 10.12677/amc.2025.132018 165 MRME 2= AT


https://doi.org/10.12677/amc.2025.132018

AT

FOTIEMEE, 20 RN B PR OSSR BB SRR B IR AR AT R
a R ERE L BRAETTE . MR A R IS ARk, AL AL IAE 2 Ay RN PR E T2

N .
0 0
), O - HOBt/TMDS ' R2
S + R'R*NH RN
R™°F DMSO or NMP |"«”

R = Ar, Alkyl, and ArO

Figure 9. Amidation of sulfonyl fluoride with fluorosulfate
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Figure 10. Palladium-catalyzed remote hydrosulfonamidation of alkenes
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Figure 11. Polysulfonate formation
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Figure 12. Examples of [18F]SF-based prosthetic compounds
& 12. EF[18F]ISF L&l

DOI: 10.12677/amc.2025.132018 167 MRME 2= AT


https://doi.org/10.12677/amc.2025.132018

AT

BTt AL D38 P CAF T 250 vt [32] il 77U [33] LA S L AR B [34] 45 U7 1HD, 17y HLA T Sl AL 73k B
AR E AR RIEVE . B0, 4-(2-FHE £35) Z I S (AEBSF) A& 22 2R B 1 i (1 AN W] 104 77035, it
BT A G AR 5 — PRI ST A2 Ol G R 3 ) PP e Bt 9 (p-APMISF) 2 L 22 IR o 1 g1
#HIHU[36], AnfREE AR AN REML A, T H A 2B A

4. gk

1IN=A

ZiEpid, RIS A ML SR R SE R NSUER I T BRI . A SR
BT BRGNS P AR FER, SR e E S AT I E L R R C-X
S-N #A1 S-O B BhAh, bsmif 7R AL e 2 A “ 8" SRR AR o XL M 1Y
PUBELE T I SRR AR AR s XA e BER I 2 M 52 0 . BRA R G AA BT AT B4t
AICGEN A T R RADEREWE . REWAMEH R ST IR, R 7 HAEM R 22
SRS RNE . a, ASCIRIR T AL Y TE R 24 2 U S

&E 3k

[1] Kolb, H.C., Finn, M.G. and Sharpless, K.B. (2001) Click Chemistry: Diverse Chemical Function from a Few Good
Reactions. Angewandte Chemie International Edition, 40, 2004-2021.
https://doi.org/10.1002/1521-3773(20010601)40:11<2004::aid-anie2004>3.0.c0;2-5

[2] Dong, J., Krasnova, L., Finn, M.G. and Sharpless, K.B. (2014) Sulfur(V1) Fluoride Exchange (SUFEXx): Another Good
Reaction for Click Chemistry. Angewandte Chemie International Edition, 53, 9430-9448.
https://doi.org/10.1002/anie.201309399

[3] Nie, X, Xu, T., Hong, Y., Zhang, H., Mao, C. and Liao, S. (2021) Introducing a New Class of Sulfonyl Fluoride Hubs
via Radical Chloro-Fluorosulfonylation of Alkynes. Angewandte Chemie International Edition, 60, 22035-22042.
https://doi.org/10.1002/anie.202109072

[4] Chinthakindi, P.K., Kruger, H.G., Govender, T., Naicker, T. and Arvidsson, P.l. (2016) On-Water Synthesis of Biaryl
Sulfonyl Fluorides. The Journal of Organic Chemistry, 81, 2618-2623. https://doi.org/10.1021/acs.joc.5b02770

[5] Meng, G., Guo, T.,Ma, T., Zhang, J., Shen, Y., Sharpless, K.B., and Dong, J.J. (2019) Modular Click Chemistry Libraries
for Functional Screens Using a Diazotizing Reagent. Nature, 574, 86-89. https://doi.org/10.1038/s41586-019-1589-1

[6] Li, A, Chang, L., Ji, X., Melman, N. and Jacobson, K.A. (1999) Functionalized Congeners of 1,4-Dihydropyridines as
Antagonist Molecular Probes for As Adenosine Receptors. Bioconjugate Chemistry, 10, 667-677.
https://doi.org/10.1021/bc9900136

[7] Davie, B.J., Valant, C., White, J.M., Sexton, P.M., Capuano, B., Christopoulos, A., et al. (2014) Synthesis and Pharma-
cological Evaluation of Analogues of Benzyl Quinolone Carboxylic Acid (BQCA) Designed to Bind Irreversibly to an
Allosteric Site of the M1 Muscarinic Acetylcholine Receptor. Journal of Medicinal Chemistry, 57, 5405-5418.
https://doi.org/10.1021/jm500556a

[8] Nielsen, M.K., Ugaz, C.R., Li, W. and Doyle, A.G. (2015) PyFluor: A Low-Cost, Stable, and Selective Deoxyfluorina-
tion Reagent. Journal of the American Chemical Society, 137, 9571-9574. https://doi.org/10.1021/jacs.5b06307

[9] Bennua-Skalmowski, B., Klar, U. and Vorbrueggen, H. (2008) Amine-Induced Decomposition of Perfluoroalkanesul-
fonyl Fluorides. Synthesis, No. 8, 1175-1178.
[10] Kurzawa, T. (2015) 1,1,2,2,3,3,4,4,4-Nonafluorobutane-1-Sulfonyl Fluoride (NfF). Synlett, 26, 1422-1423.
https://doi.org/10.1055/s-0034-1380501
[11] Hyatt, J.A. and White, A.W. (1984) Synthesis of Aryl Alkyl and Aryl Vinyl Sulfones via Friedel-Crafts Reactions of
Sulfonyl Fluorides. Synthesis, No. 3, 214-217. https://doi.org/10.1055/s-1984-30774

[12] Smedley, C.J., Zheng, Q., Gao, B., Li, S., Molino, A., Duivenvoorden, H.M., et al. (2019) Bifluoride lon Mediated
SuFEX Trifluoromethylation of Sulfonyl Fluorides and Iminosulfur Oxydifluorides. Angewandte Chemie International
Edition, 58, 4552-4556. https://doi.org/10.1002/anie.201813761

[13] Wu, X. and Gao, B. (2023) Hydrosulfonylation of Unactivated Alkenes and Alkynes by Halogen-Atom Transfer (XAT)
Cleavage of SYi-F Bond. Organic Letters, 25, 8722-8726. https://doi.org/10.1021/acs.orglett.3c03628

[14] Frye, N.L., Daniliuc, C.G. and Studer, A. (2022) Radical 1-Fluorosulfonyl-2-Alkynylation of Unactivated Alkenes.

DOI: 10.12677/amc.2025.132018 168 MRME 2= AT


https://doi.org/10.12677/amc.2025.132018
https://doi.org/10.1002/1521-3773(20010601)40:11%3c2004::aid-anie2004%3e3.0.co;2-5
https://doi.org/10.1002/anie.201309399
https://doi.org/10.1002/anie.202109072
https://doi.org/10.1021/acs.joc.5b02770
https://doi.org/10.1038/s41586-019-1589-1
https://doi.org/10.1021/bc9900136
https://doi.org/10.1021/jm500556a
https://doi.org/10.1021/jacs.5b06307
https://doi.org/10.1055/s-0034-1380501
https://doi.org/10.1055/s-1984-30774
https://doi.org/10.1002/anie.201813761
https://doi.org/10.1021/acs.orglett.3c03628

AT

[15]

[16]

[17]
(18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

Angewandte Chemie International Edition, 61, e202115593. https://doi.org/10.1002/anie.202115593

Wu, X., Zhang, W., Sun, G., Zou, X., Sang, X., He, Y., et al. (2023) Turning Sulfonyl and Sulfonimidoyl Fluoride
Electrophiles into Sulfur(\V1) Radicals for Alkene Ligation. Nature Communications, 14, Article No. 5168.
https://doi.org/10.1038/s41467-023-40615-0

Zhao, X., Chen, D., Zhu, S., Luo, J., Liao, S., Zheng, B., et al. (2023) Fluorosulfonylvinylation of Unactivated C(sp®)-H
via Electron Donor-Acceptor Photoactivation. Organic Letters, 25, 3109-3113.
https://doi.org/10.1021/acs.orglett.3c00950

Ykman, P. and Hall, H.K. (1976) One-Step Conversion of Alkoxytrimethylsilanes to Alkyl Benzenesulfonates. Journal
of Organometallic Chemistry, 116, 153-159. https://doi.org/10.1016/s0022-328x(00)91790-x

Gembus, V., Marsais, F. and Levacher, V. (2008) An Efficient Organocatalyzed Interconversion of Silyl Ethers to To-
sylates Using DBU and p-Toluenesulfonyl Fluoride. Synlett, No. 10, 1463-1466. https://doi.org/10.1055/s-2008-1078407

Lin, M., Luo, J., Xie, Y., Du, G., Cai, Z., Dai, B., et al. (2023) SuFEx Reactions of Sulfonyl Fluorides, Fluorosulfates,
and Sulfamoyl Fluorides Catalyzed by N-Heterocyclic Carbenes. ACS Catalysis, 13, 14503-14512.
https://doi.org/10.1021/acscatal.3c03820

Wang, W., Li, J., Xu, L. and Dong, J. (2024) N-Fluorosulfonyl Guanidine: An Entry to N-Guanyl Sulfamides and Sulfa-
mates. Organic Letters, 26, 3202-3207. https://doi.org/10.1021/acs.orglett.4c00716

Krutak, J.J., Burpitt, R.D., Moore, W.H. and Hyatt, J.A. (1979) Chemistry of Ethenesulfonyl Fluoride. Fluorosulfonyleth-
ylation of Organic Compounds. The Journal of Organic Chemistry, 44, 3847-3858. https://doi.org/10.1021/jo01336a022

Bogolubsky, A.V., Moroz, Y.S., Mykhailiuk, P.K., Pipko, S.E., Konovets, A.l., Sadkova, 1.V, et al. (2014) Sulfonyl
Fluorides as Alternative to Sulfonyl Chlorides in Parallel Synthesis of Aliphatic Sulfonamides. ACS Combinatorial Sci-
ence, 16, 192-197. https://doi.org/10.1021/c0400164z

Wei, M., Liang, D., Cao, X., Luo, W., Ma, G., Liu, Z., et al. (2021) A Broad-Spectrum Catalytic Amidation of Sulfonyl
Fluorides and Fluorosulfates. Angewandte Chemie International Edition, 60, 7397-7404.
https://doi.org/10.1002/anie.202013976

Lin, L., Wang, P., Dong, T., Tsui, G.C. and Liao, S. (2023) Radical Fluorosulfonyl Heteroarylation of Unactivated Al-
kenes with Quinoxalin-2(1H)-Ones and Related N-Heterocycles. Organic Letters, 25, 1088-1093.
https://doi.org/10.1021/acs.orglett.2c04315

Hou, C,, Liu, Z., Gan, L., Fan, W., Huang, L., Chen, P., et al. (2024) Palladium-Catalyzed Remote Hydrosulfonamidation
of Alkenes: Access to Primary N-Alkyl Sulfamides by the SUFEx Reaction. Journal of the American Chemical Society,
146, 13536-13545. https://doi.org/10.1021/jacs.4c03283

Yang, B., Wu, H., Schnier, P.D., Liu, Y., Liu, J., Wang, N., et al. (2018) Proximity-Enhanced SuFEx Chemical Cross-
Linker for Specific and Multitargeting Cross-Linking Mass Spectrometry. Proceedings of the National Academy of Sci-
ences, 115, 11162-11167. https://doi.org/10.1073/pnas.1813574115

Firth, W.C. (1972) Preparation of Aromatic Polysulfates and Copoly(Sulfate CARBONATES). Journal of Polymer Sci-
ence Part B: Polymer Letters, 10, 637-641. https://doi.org/10.1002/pol.1972.110100810

Dong, J., Sharpless, K.B., Kwisnek, L., Oakdale, J.S. and Fokin, V.V. (2014) SuFEx-Based Synthesis of Polysulfates.
Angewandte Chemie International Edition, 53, 9466-9470. https://doi.org/10.1002/anie.201403758

Wang, H., Zhou, F., Ren, G., Zheng, Q., Chen, H., Gao, B., et al. (2017) SuFEx-Based Polysulfonate Formation from
Ethenesulfonyl Fluoride-Amine Adducts. Angewandte Chemie International Edition, 56, 11203-11208.
https://doi.org/10.1002/anie.201701160

Durie, K., Yatvin, J., Kovaliov, M., Crane, G.H., Horn, J., Averick, S., et al. (2018) SuFEx Postpolymerization Modifi-
cation Kinetics and Reactivity in Polymer Brushes. Macromolecules, 51, 297-305.
https://doi.org/10.1021/acs.macromol.7b02372

Inkster, J.A.H., Liu, K., Ait-Mohand, S., Schaffer, P., Guérin, B., Ruth, T.J., et al. (2012) Sulfonyl Fluoride-Based Pros-
thetic Compounds as Potential 18F Labelling Agents. Chemistry—A European Journal, 18, 11079-11087.
https://doi.org/10.1002/chem.201103450

Liu, Z., Li, J., Li, S., Li, G., Sharpless, K.B. and Wu, P. (2018) SuFEx Click Chemistry Enabled Late-Stage Drug Func-
tionalization. Journal of the American Chemical Society, 140, 2919-2925. https://doi.org/10.1021/jacs.7b12788

Wang, N., Yang, B., Fu, C., Zhu, H., Zheng, F., Kobayashi, T., et al. (2018) Genetically Encoding Fluorosulfate-i -
Tyrosine to React with Lysine, Histidine, and Tyrosine via SUFEX in Proteins in Vivo. Journal of the American Chemical
Society, 140, 4995-4999. https://doi.org/10.1021/jacs.8b01087

Jones, L.H. and Kelly, J.W. (2020) Structure-Based Design and Analysis of SUFEx Chemical Probes. RSC Medicinal
Chemistry, 11, 10-17. https://doi.org/10.1039/c9md00542k

DOI: 10.12677/amc.2025.132018 169 FRME 22 AT U


https://doi.org/10.12677/amc.2025.132018
https://doi.org/10.1002/anie.202115593
https://doi.org/10.1038/s41467-023-40615-0
https://doi.org/10.1021/acs.orglett.3c00950
https://doi.org/10.1016/s0022-328x(00)91790-x
https://doi.org/10.1055/s-2008-1078407
https://doi.org/10.1021/acscatal.3c03820
https://doi.org/10.1021/acs.orglett.4c00716
https://doi.org/10.1021/jo01336a022
https://doi.org/10.1021/co400164z
https://doi.org/10.1002/anie.202013976
https://doi.org/10.1021/acs.orglett.2c04315
https://doi.org/10.1021/jacs.4c03283
https://doi.org/10.1073/pnas.1813574115
https://doi.org/10.1002/pol.1972.110100810
https://doi.org/10.1002/anie.201403758
https://doi.org/10.1002/anie.201701160
https://doi.org/10.1021/acs.macromol.7b02372
https://doi.org/10.1002/chem.201103450
https://doi.org/10.1021/jacs.7b12788
https://doi.org/10.1021/jacs.8b01087
https://doi.org/10.1039/c9md00542k

AT

[35] Markwardt, F., Drawert, J. and Walsmann, P. (1974) Synthetic Low Molecular Weight Inhibitors of Serum Kallikrein.
Biochemical Pharmacology, 23, 2247-2256. https://doi.org/10.1016/0006-2952(74)90554-1

[36] Vaz, W.L.C. and Schoellmann, G. (1976) Specific Fluorescent Derivatives of Macromolecules Reaction of Dansyl Flu-
oride with Serine Proteinases. Biochimica et Biophysica Acta (BBA)-Protein Structure, 439, 194-205.
https://doi.org/10.1016/0005-2795(76)90175-6

DOI: 10.12677/amc.2025.132018 170 MRME 2= AT


https://doi.org/10.12677/amc.2025.132018
https://doi.org/10.1016/0006-2952(74)90554-1
https://doi.org/10.1016/0005-2795(76)90175-6

	磺酰氟化物的应用
	摘  要
	关键词
	Applications of Sulfonyl Fluorides
	Abstract
	Keywords
	1. 引言
	2. 磺酰氟化物在合成化学中的研究
	3. 磺酰氟化物在材料化学、医药学领域中的应用
	4. 总结
	参考文献

