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Classical sulfone synthesis

What is your synthetic experience of sulfones in the lab?

Sulfur Ylides (Gnaim, 2020)Relevant Baran GMs

Sulfur in Organic Synthesis (Yan, 2016) Sulfur Containing Natural Products (Knouse, 2019)

Reviews

Chem. Eur. J. 2019, 25, 11193.

Org. Biomol. Chem., 2015, 13, 1592. Cur. Top. Med. Chem., 2016, 16, 1200.

Synthesis 2016, 48, 1939.

Cur. Org. Syn., 2020, 17, 271.

Syn. Commun., 2019, 49, 3227.

Chem. Eur. J. 2018, 24, 11852. Synlett, 2019, 30, 1149. 

Adv. Synth. Catal. 2018, 360, 386. Reviews; sulfone synthesis via radical chemistry

1) sequential oxidation from sulfide

Group Meeting includes; Group Meeting does not include;

-sulfonylation via C-H activation

-detailed sulfone amide synthesis-examples and comparison of SO2 surrogates

-radical sulfonylation using SO2 surrogates

-other S(IV), S(VI) chemistry -update of organosulfur nomenclature

2) substitution or cross-coupling using S(IV) reagent

Real-world sulfone synthesis

Most sulfones are introduced as potentially removable group 

after using its electronic character

Why don’t we frequently perform sulfone synthesis in academic lab?

Chem. Commun., 2019, 55, 1013. Asian J. Org. Chem. 2015, 4, 602. 

How to get a S(IV) reagent?

Which oxidant was frequently used? mCPBA or H2O2 + metal catalyst

Eur. J. Org. Chem. 2020, 1274. 

-general chemistry of SO2

285 sulfur-containing FDA-approved drug

sulfone 3% (8 drugs)/ sulfoxide 4%, sulfonamide 25% (72 drugs)

Top. Curr. Chem. 2018, 376, 5.

sulcotrione (Mikado), mesotrione (Callisto), topramezone (Clio)

tembotrione (Laudis), tefuryltrione (Bodyguard), isoxaflutole (Balance)

fluensulfone (Nimitz)
nematicide

carbamoyl–sulfonyl–triazole class of herbicides

cafenstrole ((Himeadow), epronaz for controlling grass in rice fields

methyl sulfone-containing herbicides

Sulfur-Containing Agrochemicals. 2019, Springer

chlormezanone (1960), eletriptan (2002), tinidazole (2004) dapsone (2005)

vismodegib (2012), ceritinib (2014), apremilast (2014), lifitegrast (2016)

Pharmaceutical

Agrochemical

Material (polysulfone)

high-performance thermoplastics that have sulfone moiety

electronics and electrical, vehicle construction, 

food industry, medical industry

poly(arylene sulfone) (PAS), poly(bisphenol-A sulfone) (PSF)

polyether sulfone (PES), polyphenylenesulfone (PPSU)

polysulfone (PSU)

Vinyl Sulphones (Shi, 2008)

-sulfonyl fluoride and SO2F2 chemistry

Chan-Lam coupling

Prof. Dawei Ma couplingaryl sulfinate / alkyl sulfinate

Sulfones have been called both 

“chemical chameleons” and “pluripotent”

Prof. Barry M. Trost

Lack of the available sulfone source? Less-developed methodology for simple synthesis?Non-natural product? 1
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Representative examples for SO2 surrogates

Categories by reactivity to SO2 surrogates 

a charge transfer complex that can be used as a sulfur dioxide surrogate

Org. Lett., 2011, 13, 4876.commercially avaliable $30/g

Sulfur dioxide (SO2)

SO2 surrogates

Structure

Properties & Reactivity

Source & Availability

Pioneers; M. C. Willis (UK), Jie Wu, Xuefeng Jiang (China), G. Manolikakes (Germany), V. Mascitti; A. Shavnya & A. S. Tsai (Pfizer, CT), D. R. Gauthier, Jr.; P. S. 

Fier & K. M. Maloney (Merck, NJ), F. D. Toste, K. B. Sharpless, M. Xian (USA), C. Lee (Korea)

review; Asian J. Org. Chem. 2015, 4, 602. 

▪ a ubiquitous commodity chemical, produced from the aerobic combustion of elemental sulfur or sulfur 

containing ores 

▪ primary use as a feedstock in industrial processes for producing bulk chemicals such as sulfuric acid 

(Contact process), sulfuryl chloride, and metal sulfite salts

▪ difficult-to-handle nature of the gaseous reagent, combined with the lack of user-friendly and efficient 

synthetic methods.

▪ a toxic and foul-smelling pungent gas (b.p. -10°C)

One strategy to overcome limitation is to employ an equivalent, or surrogate, so that the gaseous reagent 

is no longer needed.  the organic chemistry of sulfur dioxide has seen a revival, the application of 

easy-to-handle and stable SO2 surrogates reinvigorating academic research.

Lee (2020)Shavnya & Tsai 

(Pfizer 2018)

Fier & Maloney

(Merck, 2019)

Shavnya & Tsai 

(Pfizer 2016)

Willis, Wu (2011)

Jiang (2020)

Sharpless (2014) Gauthier, Jr.

(Merck, 2016)

Shavnya, Mascitti, 

Toste  (Pfizer, 2013)

Wang (2002) Xian (2017)

Common use in organic chemistry

Innate reactivity

▪ the smell of burnt matches.

▪ colorless gas

▪ The sequential oxidation of sulfur dioxide followed by its hydration is used in the production of sulfuric acid.

hydroxymethanesulfinate

0.03$/g, industrial product

Rongal-registered of BASF

Chem. Rev. 2012, 112, 1650.

In French, “rongeage” means discharge,

rongalite is commonly used as a bleaching agent

in the printing and dyeing industry, decoloring

agent for some organic compounds and also for

sugar juice, caramel, etc.

At 80 °C, in aqueous solution, rongalite was found

to decompose to produce sodium sulfite, sodium

sulfide, formaldehyde, and water and liberate

sulfur dioxide and hydrogen sulfide.

HOMO LUMO

Frontier orbital of SO2 

2
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Chem. Commun., 2012, 48, 7753.

Cu-catalyzed; Chem. Sci., 2017, 8, 3249.

Cu-cat. Sulfonylative Suzuki-Miayura Coupling

DABSO chemistry for sulfone synthesis (M. C. Willis group, Oxford, UK)

Chem. Sci., 2014, 5, 222.

One-pot three-component sulfone synthesis 

Angew. Chem. Int. Ed., 2013, 52, 12679.

Org. Lett. 2014, 16, 150.

Angew. Chem. Int. Ed., 2014, 53, 10204.

Angew. Chem. Int. Ed., 2016, 55, 747.

Three-component, one-pot sulfone synthesis (aryl,alkyl sulfone)

Pd-cat synthesis of ammonium sulfinates

ligand-free, fast reaction, redox neutral

Org. Biomol. Chem., 2012, 10, 4007.

First reported three-component coupling examples using DABSO (not sulfone synthesis)

Aryl sulfinate-aryl halide coupling

Ni-catalyzed; ACS Catal. 2019, 9, 10668. 3
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sodium salts of 3-methoxy-3-oxopropane-1-sulfinate (SMOPS)

benzothiazole-2-sulfinate (BTS)

Hydroxymethanesulfinate (Rongalite™)

Sulfonylation from sulfoxylate equivalent Tetrahedron Lett., 2002, 43, 8479.

Org. Lett., 2017, 19, 3819.

Org. Lett. 2016, 18, 5848. Org. Lett. 2020, 22, 4593.Site-Selective C−H Functionalization−SulfinationReaction of Alkyl Halides with Rongalite

General reactivity 

source of sulfoxylate dianion (SO2-)

most efficient surrogate for synthesis of symmetric sulfones

Chem. Ber. 1908, 41, 3397.

4First example of selective sulfonylation using simple Rongalite

$48/g
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Silyloxymethanesulfinate (TBSOMS-Na)as a sulfoxylate equivalent Chem. Sci. 2020, DOI: 10.1039/d0sc02947e

Rongacyl (Pfizer) Adv. Synth. Catal. 2018, 360, 1768.

shelf-stable, safe, non-hydroscopic,

free-flowing solid in one simple step

without chromatography

more effective sulfoxylate equivalents with improved stability and reactivity

Angew. Chem. Int. Ed. 2014, 53, 4404. 

Org. Lett. 2013, 15, 6226.

Inorganic sulfur dioxide surrogates

Angew. Chem. Int. Ed. 2015, 54, 13571.

orange solid, C2-symmetric dimer has been 

confirmed by single crystal X-ray

Palladium-Catalyzed Sulfination of Aryl and Heteroaryl Halides (Pfizer)

bench stable for a period of a year

synthesized from Ronglite

(2-steps, 97% yield)

5
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J. Am. Chem. Soc. 2019, 141, 1441. J. Am. Chem. Soc. 2019, 141, 18416.

NHC-Catalyzed Deamination of Primary Sulfonamides Reductive Cleavage of Secondary Sulfonamides

concept

proposed mechanism

concept

Patrick S. Fier, Kevin M. Maloney

Department of Process R&D, Merck & Co., Inc., Rahway, NJ

Late-stage functionalization

Late-stage functionalization 

6
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Miscellaneous; Sulfone synthesis via radical chemistry

steric hinered sulfone sythesis

Synthesis of b-Keto sulfones & allylic sulfone

Adv. Synth. Catal. 2017, 359, 2999.

Org. Chem. Front., 2019, 6, 36.

Chem. Commun., 2019, 55, 2214.

Org. Lett. 2018, 20, 3605.

Chem. Commun., 2019, 55, 2062.

Chem. Commun., 2018, 54, 11172.

Chem. Eur. J. 2017, 23, 8176.

Synthesis of sulfones using various radical precursors & radical acceptors

3-component coupling

Electrochemical oxidative C-S cross-coupling for sulfone synthesis 

only reported using sulfinate sulfonyl hydrazide, not reported using SO2 surrogates

Tetrahedron 2015, 71, 2119.Tetrahedron 2015, 71, 5525.

J. Mol. Catal. A 1999, 139, 235.

Classical example: Keim sulfinic acid synthesis

Review: Synlett 2019, 30, 1149. Org. Lett. 2020, 22, 6319.

Recent example

For indole substrate; Eur. J. Org. Chem. 2017, 2746.

7
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Multicomponent Reductive Cross-Coupling of an Inorganic SO2 Surrogate

Angew. Chem. Int. Ed. 2020, 59, 1346. 

Sodium dithionite-mediated decarboxylative sulfonylation

Angew. Chem. Int. Ed,, 2020, 59, 8907.

Summary of SO2 Surrogates

sulfonylation with organolithium, Grignard

Pd, Cu, Ni-catalyzed sulfonylation with aryl 

Halide and boronic acid

radical chemistry with well-known precursors

commercially available commercially available

selective sulfonylation

only applicable in alkyl-alkyl sulfone

mild conditions, use inexpensive 

reagents not sensitive to air/moisture

commercially available

Pd, Au catalyzed sulfonylation

with aryl halide and boronic acid

arylation with iodonium salt

Substrate scope

synthesized from Rongalite synthesized from Rongalite

slowly decompose under acidic 

conditions to release sulfur dioxide.

synthesized from hydrolysis of

OMe sulfinate ester 

8

one-pot three component coupling

one-pot three component coupling

only applicable arylation

one-pot, two-step sulfonylation two-step sulfonylation

two-step sulfonylation
0.03$/g 0.07$/g$30/g

Substrate scope Substrate scope
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Appendix: Nomenclature of organosulfur (not include heterocycles)

Reference; Official MCW Sulfur Nomenclature Guide (Willis group, Oxford), 9IUPAC Nomenclature of Organic Chemistry


