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DABSO – A reagent to revolutionize organosulfur chemistry 
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Abstract The introduction of easy-to-handle SO2 surrogates has transformed 
the field of sulfur chemistry, enabling methodologies utilising SO2 to be carried 
out without specialized apparatus, and paving the way for the development of 
new methodologies. This review highlights some of the varied and significant 
developments associated with one of the most prominent SO2 surrogates: 
DABSO.  
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1 Introduction 

Although	cheap	and	abundant	gaseous	SO2	can	be	used	in	many	
interesting	reactions	for	the	synthesis	of	high-value	compounds,	
the	challenges	associated	with	handling	SO2	gas,	such	as	the	use	
of	 specialised	 equipment,	 high	 toxicity	 and	 environmental	
concerns,	 have	 prevented	 the	 wide	 adoption	 of	 such	
methodologies	 and	 have	 hindered	 their	 further	 development.	
The	 requirement	 to	 use	 a	 large	 excess	 of	 SO2	 can	 also	 be	
detrimental	 due	 to	 overreaction,	 or	 reaction	 and	 catalyst	
poisoning.	

The	 introduction	 of	 easier	 to	 handle	 surrogates	 for	 SO2	means	
that	many	of	these	challenges	can	be	avoided	or	mitigated.1	This	
has	 resulted	 in	 a	 resurgence	 in	 the	 development	 of	 new	
methodologies	incorporating	SO2	into	high-value	products.	

	

2 DABSO 

The	Lewis	acidity	of	the	sulfur	atom	in	SO2	enables	the	formation	
of	 1:1	 charge-transfer	 complexes	 with	 Lewis	 bases	 such	 as	
amines.	 The	 interaction	 between	 ammonia	 and	 SO2	 had	 been	
noted	on	several	occasions	in	the	19th	century,	but	it	wasn’t	until	
1900	where	 the	products	 of	 this	 interaction	were	 isolated	 and	
studied.2	A	wide	variety	of	amine-SO2	charge-transfer	complexes	
have	 since	 been	 prepared,	 and	 their	 structures	 and	 properties	
studied	 using	 a	 wide	 variety	 of	 techniques.3	 Prior	 to	 2010,	
however,	 reports	of	 their	 synthetic	uses	were	scarce,	and	even	
fewer	of	those	incorporated	the	SO2	motif	into	the	product	to	give	
valuable	sulfinyl-	or	sulfonyl-containing	products.4	

The	 bench-stable	 Lewis	 adduct	 formed	 between	 1,4-
diazabicyclo[2.2.2]octane	 (DABCO)	 and	 two	 molecules	 of	 SO2.	
DABCO·(SO2)2,	 henceforth	 referred	 to	 as	 DABSO,	 was	 first	
prepared	by	Mello	and	co-workers	 in	order	to	study	 its	Raman	
spectrum.5	DABSO	can	be	readily	prepared	by	refluxing	DABCO	
in	liquid	SO2	(Scheme	1),6	although	alternative	preparations	have	
been	developed	using	the	Karl	Fischer	reagent7	or	using	sodium	
sulfite	 as	 the	 source	 of	 SO2.8	 It	 is	 available	 commercially	 from	
multiple	 vendors.	 Due	 to	 its	 ease	 of	 preparation,	 favorable	
physical	properties,	and	high	proportion	(>50%)	of	its	molecular	
weight	as	SO2,	DABSO	was	identified	as	an	ideal	choice	to	study	
the	use	of	amine-SO2	Lewis-adducts	as	SO2	surrogates.	

 
Scheme 1 Preparation of DABSO. 

3 Reactions with Nucleophilic Reagents 

In	order	to	demonstrate	the	utility	of	DABSO	in	synthetic	organic	
chemistry,	 Willis	 and	 co-workers	 reported	 its	 use	 as	 a	
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replacement	 for	 gaseous	 SO2	 in	 a	 series	 of	 reactions.9	
Organometallic	reagents	had	previously	been	used	 in	reactions	
with	 gaseous	 SO2	 for	 the	 synthesis	 of	 sulfinates	 and	 their	
derivatives.10	Willis	 and	 co-workers	 demonstrated	 that	 aryl	 or	
alkyl	Grignard	reagents	could	be	combined	with	DABSO	to	give	a	
sulfinate	salt	 intermediate	 (Scheme	2A).	Reaction	with	sulfuryl	
chloride	 to	 give	 a	 sulfonyl	 chloride	 followed	 by	 addition	 of	 an	
amine	 gave	 sulfonamide	 products.	 Yields	 were	 comparable	 to	
those	 obtained	 by	 Barrett	 and	 co-workers	 following	 a	 similar	
synthetic	sequence	using	the	gaseous	reagent,	and	the	reactions	
with	DABSO	could	be	achieved	without	a	large	excess	of	SO2.	

Rudkevich	 and	 co-workers	 previously	 demonstrated	 that	
sulfamides	 could	 be	 prepared	 using	 iodine	 and	 pyridine	 in	
combination	with	SO2	gas.11	It	was	proposed	that	these	reactions	
involved	 the	 in	 situ	 formation	 of	 sulfuryl	 iodide	 (SO2I2),	which	
then	 reacts	with	 2	molecules	 of	 aniline.	Willis	 and	 co-workers	
demonstrated	 that	 DABSO	 can	 be	 effectively	 used	 in	 the	 same	
transformation	with	comparable	yields,	but	only	2	equivalents	of	
DABSO	 were	 needed,	 whereas	 previously	 it	 is	 estimated	 that	
~100	equivalents	of	SO2	were	required	(Scheme	2B).9	

Willis	 and	 co-workers	 also	 demonstrated	 that	 cheletropic	
reactions	 are	 possible	 using	 DABSO	 instead	 of	 SO2	 gas	 in	 the	
synthesis	 of	 a	 sulfolene	 using	 2,3-dimethylbutadiene	 (Scheme	
2C).9	Bischoff	and	Martial	later	showed	that	cheletropic	additions	
using	DABSO	could	be	accelerated	by	the	additon	of	Lewis	acids	
such	as	BF3.OEt2.12	

 
Scheme 2 A: Grignard addition to DABSO. B: Sulfamide synthesis using DABSO, 
C: Cheletropic addition to diene using DABSO. 

Kopka	and	co-workers	showed	that	in	situ	generated	aryllithium	
reagents	can	be	used	to	generate	 lithium	sulfinates	by	reaction	
with	 DABSO,	 which	 can	 be	 oxidatively	 chlorinated	 using	 N-
chlorosuccinimide	(NCS)	to	generate	a	sulfonyl	chloride	that	 in	
turn	reacts	with	an	amine	to	give	a	sulfonamide	product	(Scheme	
3A).13	An	alternative	two-step	procedure	was	developed	by	Willis	
and	 co-workers	 to	 prepare	 sulfonamides.	 The	 sulfinate	
intermediate	is	prepared	from	Grignard	reagents,	organolithium	
or	organozinc	nucleophiles	and	DABSO.	Free	amine	and	aqueous	
sodium	hypochlorite	are	then	added	to	form	an	electrophilic	N-
chloroamine	intermediate,	which	reacts	with	the	sulfinate	to	give	
a	sulfonamide	product	(Scheme	3B).14	

 
Scheme 3 A: In situ aryllithium generation and addition to DABSO. B: 
Sulfonamide synthesis using N-chloroamine intermediates. 

Sulfone	 products	 can	 also	 be	 obtained	 from	 organometallic	
reagents	 by	 further	 reaction	 of	 the	 in	 situ	 sulfinate	 salts.	 The	
Willis	group	demonstrated	this	reactivity	by	using	alkyl	halides,	
epoxides	 or	 diaryliodonium	 salts	 to	 synthesize	 sulfones	 from	
Grignard	or	organolithium	reagents	(Scheme	4A).15	Shavnya	and	
co-workers	also	prepared	sulfone	products,	but	used	organozinc	
reagents	 to	 prepare	 the	 intermediate	 sulfinate	 salt	 (Scheme	
4B).16	Waser	 and	 co-workers	 prepared	 alkynyl	 sulfones	 from	
Grignard	reagents	using	ethynyl-benziodoxolone	(EBX)	reagents	
as	alkynyl	electrophiles	(Scheme	4C).17	

 
Scheme 4 A: Sulfone synthesis from sulfinates. B: Sulfone synthesis using 
organozinc reagents. C: Alkynyl sulfone synthesis using EBX reagents. 

Sulfinates	derived	from	aryllithium	addition	to	DABSO	have	been	
used	in	a	Pd-catalyzed	coupling	with	aryl	halides	to	give	sulfones	
in	a	one-pot	procedure	(Scheme	5).18	XantPhos-type	ligands	were	
found	 to	 be	 key	 for	 reactivity	 in	 the	 Pd-catalyzed	 step,	 as	
previously	demonstrated	by	Bernini	and	co-workers,19	but	in	this	
one-pot	procedure,	aryl-aryl	exchange	between	the	sulfinate	and	
XantPhos	 was	 observed	 as	 a	 side-product.	 Electron-poor	
XantPhos	 analogues	 containing	 3,5-bis(trifluoromethyl)phenyl	
groups	 were	 found	 to	 prevent	 this	 side-reaction,	 allowing	 the	
desired	sulfone	to	be	formed	in	good	yield.	

 
Scheme 5 Sulfone synthesis via Pd-catalyzed coupling of sulfinates. 
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Methods	utilising	organometallic	 reagents	have	also	been	used	
for	the	synthesis	of	S(IV)	functional	groups,	including	sulfoxides	
and	 sulfinamides.	 The	 Willis	 group	 generated	 sulfinates	 from	
organometallic	addition	to	DABSO,	and	subsequent	reaction	with	
trimethylsilyl	 chloride	 (TMS-Cl)	 gave	 a	 sulfinate	 silyl	 ester	
(Scheme	6A).20	This	electrophilic	intermediate	then	reacts	with	a	
second	 organometallic	 nucleophile	 to	 give	 unsymmetrical	
sulfoxide	products	in	a	one-pot	procedure.	A	related	procedure,	
also	developed	by	 the	Willis	 group,	 prepares	 sulfinyl	 chlorides	
from	 sulfinates	 using	 thionyl	 chloride	 (Scheme	 6B).21	 These	
electrophilic	 intermediates	 are	 then	 reacted	 with	 amine	
nucleophiles	to	give	sulfinamide	products.	

 
Scheme 6 A: Sulfoxide synthesis via nucleophilic addition to a sulfinate silyl 
ester intermediate. B: A: Sulfinamide synthesis via amine addition to a sulfinyl 
chloride intermediate. 

Zhang	 and	 co-workers	 disclosed	 an	 AlCl3-promoted	 Friedel	
Crafts-type	 reaction	 of	 arenes	 and	 DABSO	 to	 give	 sulfinates	
(Scheme	7A).22	Formation	of	an	SO2-AlCl3	adduct	was	proposed	
to	enable	nucleophilic	attack	from	the	arene	to	give	the	sulfinate	
product.	 Electron-rich	 arenes	 performed	 best	 in	 this	
transformation,	with	electron-poor	arenes	giving	no	reaction.	

Wu	 and	 co-workers	 prepared	 γ-keto	 sulfones	 from	
cyclopropanols,	DABSO	and	Michael	acceptors	(Scheme	7B).23	It	
was	 observed	 that	 the	 reaction	 did	 not	 proceed	 via	 a	 radical	
process,	 but	 instead	 a	 sulfinate	 intermediate	 was	 observed,	
which	undergoes	a	Michael	addition	to	give	a	sulfone.	Reaction	of	
the	 sulfinate	 intermediate	with	C-electrophiles	 to	give	other	γ-
keto	sulfones	was	also	later	demonstrated.24	

Mascitti	 and	 co-workers	 showed	 that	 sulfonamide	 products	
could	be	prepared	 from	N-tosylhydrazones	 (Scheme	7C).25	The	
mechanism	remains	unclear,	but	was	shown	to	proceed	through	
a	 non-radical	 pathway.	 The	 N-tosylhydrazone	 could	 also	 be	
prepared	in	situ	from	a	ketone,	and	the	reaction	was	shown	to	be	
compatible	with	primary	and	secondary	amines.	

 
Scheme 7 A: Friedel-Crafts-type sulfination of arenes using DABSO and AlCl3. 
B: Synthesis of γ-keto sulfones from cyclopropanols, DABSO and Michael 
acceptors. C: Synthesis of sulfonamides from N-tosylhydrazones. 

4 Metal-Catalyzed Reactions 

SO2	can	act	as	a	versatile	ligand	for	metals.	Its	amphoteric	nature	
due	to	a	high-lying	HOMO	capable	of	electron-donation	as	well	as	
a	 low-lying	 LUMO	 enabling	 back-donation,	 results	 in	 efficient	
binding	 to	 soft	 metal	 centres.26	 The	 first	 transition	 metal-SO2	
complex	 was	 identified	 in	 1938,27	 and	 structural	 and	
spectroscopic	 properties	 of	 these	 complexes	 have	 been	 well-
studied	since.28	

The	 molecular	 orbital	 properties	 and	 transition	 metal	
coordination	 modes	 of	 SO2	 are	 notably	 similar	 to	 carbon	
monoxide.26b	 Metal-catalyzed	 carbonylations,	 involving	
migratory	insertion	of	CO	into	a	metal-carbon	bond,	are	widely	
used	methodologies.29	However,	reports	of	the	analogous	use	of	
gaseous	SO2	are	scarce.		

Migratory	 insertion	 of	 SO2	 to	 metal-carbon	 bonds	 has	 been	
demonstrated	 previously.	 Klein	 and	 co-workers	 demonstrated	
the	 first	 migratory	 insertion	 to	 give	 a	 palladium-sulfinato	
complex	 intermediate	 in	 a	 hydrosulfination	 reaction	 utilising	
ethylene	and	SO2,	giving	a	mix	of	vinyl	sulfone	products	(Scheme	
8A).30	 Other	 examples	 of	 metal-catalyzed	 reaction	 of	 SO2	 and	
alkenes	have	also	been	reported,31	and	an	example	of	sulfinic	acid	
synthesis	 from	a	aryldiazonium	salt	was	reported	by	Keim	and	
co-workers	 (Scheme	 8B).32	 These	 examples	 demonstrate	 the	
potential	 for	 the	 use	 of	 metal	 catalysis	 for	 the	 synthesis	 of	
valuable	sulfonyl-derived	products.	

 
Scheme 8 A: Pd-catalyzed hydrosulfination of ethylene and SO2 gas. B: Pd-
catalyzed synthesis of sulfinic acids from aryl diazonium salts and SO2 gas. 

The	relative	lack	of	metal-catalyzed	reactions	using	gaseous	SO2,	
aside	from	challenges	associated	with	handling	the	toxic	gas,	may	
be	a	result	of	the	poisoning	of	metal	catalysts	due	to	the	use	of	a	
large	 excess	 of	 gaseous	 SO2.	 Use	 of	 SO2	 surrogates	 allow	 for	
precise	 control	of	 SO2	 loading,	 and	 consequently,	 following	 the	
introduction	 of	 DABSO,	 new	 metal	 catalyzed	 sulfinylation	
reactions	were	reported.		

4.1 Palladium-Catalyzed Reactions 

In	 the	 first	 reported	 synthetic	 use	 of	 DABSO,	 Willis	 and	
coworkers	introduced	a	metal-catalyzed	sulfonylative	reaction	of	
aryl	halides	(Scheme	9).6,	33	In	this	three-component	Pd-catalyzed	
reaction,	 aryl	 halides,	 DABSO	 and	 hydrazines	were	 coupled	 to	
give	N-aminosulfonamides.	It	was	noted	that	low	DABSO	loading	
was	shown	to	improve	the	yield,	supporting	the	hypothesis	that	
high	 SO2	 loading	 could	 hamper	 reactivity	 due	 to	 catalyst	
poisoning.	 Primary	 sulfonamides	 could	 be	 prepared	 from	 a	
dibenzylated	 N-aminosulfonamide	 via	 a	 2-step	 deprotection	
sequence,	 extending	 the	 utility	 of	 this	 transformation.	 The	
reaction	was	 later	demonstrated	 to	work	on	 large	 scale.34	This	
method	 was	 subsequently	 extended	 to	 prepare	 benzosultams	
from	2-(2-iodoalkenyl)aryl	bromides	by	subjecting	the	alkenyl	N-
aminosulfonamide	to	a	further	Pd-catalyzed	cyclisation	step.35	
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Scheme 9 Pd-catalyzed synthesis of N-aminosulfonamides from aryl halides. 

Alternative	 substrates	 have	 also	 been	 used	 to	 prepare	 N-
aminosulfonamide	 products	 using	 Pd-	 catalysis.	 Wu	 and	 co-
workers	used	Pd-catalysis	to	prepare	N-aminosulfonamides	from	
arylboronic	acids	(Scheme	10A).36	No	ligand	was	required,	and	a	
balloon	 of	 O2	 was	 used	 to	 complete	 the	 catalytic	 cycle.	 The	
authors	 demonstrate	 good	 functional	 group	 compatibility.	 Wu	
and	 co-workers	 later	 demonstrated	 that	 aryl	 iodides	 could	 be	
generated	 in	 situ	 using	 gold(III)	 catalysis	 (Scheme	 10B).37	 The	
subsequent	 Pd-catalyzed	 sulfonylation	 reaction	 proceeded	
effectively	to	give	N-aminosulfonamide	products	in	one-pot	from	
unactivated	arenes.	The	reaction	was	shown	to	perform	best	with	
electron-rich	 arenes,	 although	 electron-poor	 examples	 were	
demonstrated,	albeit	with	low	yields.		

 
Scheme 10 A: N-aminosulfonamides from boronic acids. B: N-
aminosulfonamides from arenes via in situ generation of aryl iodides. 

In	 order	 to	 deliver	 a	 versatile	 method	 for	 the	 preparation	 of	
diverse	sulfonyl	derivatives,	 the	Willis	group	and	a	group	 from	
Pfizer	 independently	 developed	 Pd-catalyzed	 syntheses	 of	 aryl	
sulfinates	 from	 aryl	 halides.	 The	 Willis	 group	 used	 DABSO	
(Scheme	11),38	whereas	the	group	from	Pfizer	used	K2S2O5	as	an	
alternative	 SO2	 surrogate.39	 The	 Willis	 group	 used	 a	
Pd(OAc)2/PAd2Bu	 catalytic	 system,	 and	 it	was	 noted	 that	 their	
reaction	 solvent,	 isopropanol,	 could	 also	 act	 as	 the	 reductant,	
removing	the	requirement	for	an	additional	reducing	agent	such	
as	sodium	formate	to	maintain	Pd(0)/Pd(II)	turnover.	Both	aryl	
iodide	and	bromide	substrates	could	be	used,	although	 iodides	
were	found	to	give	higher	yields.	From	the	sulfinate	intermediate,	
sulfones	were	prepared	using	various	C-based	electrophiles,	and	
sulfonamides	were	prepared	via	the	addition	of	amines	to	in	situ-
generated	sulfonyl	chlorides,	demonstrating	the	versatility	of	the	
reaction.	Willis	later	demonstrated	that	the	in	situ	preparation	of	
an	N-chloroamine	 using	 sodium	hypochlorite	 could	 be	 used	 to	
access	sulfonamide	products	without	the	formation	of	a	sulfonyl	
chloride	 intermediate.40	 Lautens	 and	 co-workers	 showed	 that	
cyclic	 sulfonated	 products	 could	 be	 prepared	 through	 a	 Pd-
catalyzed	 intramolecular	 Heck	 reaction	 followed	 by	 a	 Pd-
catalyzed	reaction	with	DABSO	to	prepare	a	sulfinate,	from	which	
sulfones,	sulfonamides	and	sulfonyl	fluorides	were	prepared.41	

 
Scheme 11 Pd-catalyzed synthesis of sulfonyl derivatives from aryl halides. 

Sulfonyl	fluorides	are	valuable	products.	They	are	hydrolytically	
stable,	but	under	the	correct	conditions	can	undergo	sulfur(VI)	
fluoride	 exchange	 (SuFEx)	 “click	 chemistry”	 reactions.42	 Willis	
and	 co-workers	 used	 the	 preparation	 of	 sulfonyl	 fluoride	
products	using	NFSI	to	showcase	a	new	catalyst	system	for	the	
synthesis	 of	 aryl	 sulfinates,	 this	 time	 focusing	 on	 improving	
yields	 for	 aryl	 bromide	 substrates	 (Scheme	 12A).43	 Key	 to	 the	
improved	system	was	the	use	of	AmPhos	as	the	ligand,	which	can	
also	be	used	as	part	of	a	preformed	Pd/AmPhos	complex,	giving	
an	improved	yield	of	sulfinate,	whilst	avoiding	the	generation	of	
reduction	 side-products.	Willis	 and	 co-workers	 later	 expanded	
upon	 this	 work	 in	 the	 preparation	 of	 cyclic	 alkenylsulfonyl	
fluorides	 from	 alkenyl	 triflate	 substrates	 (Scheme	 12B).44	 The	
varied	reactivity	of	these	cyclic	alkenylsulfonylfluoride	products	
was	demonstrated	in	a	series	of	functionalizations.	

 
Scheme 12 A: Pd-catalyzed synthesis of sulfonyl fluorides. B: Pd-catalyzed 
synthesis of cyclic alkenylsulfonyl fluorides. 

Willis	and	co-workers	used	arylboronic	acids	under	 ligand-free	
palladium	catalysis	to	provide	a	new	redox-neutral	route	to	aryl	
sulfinates	(Scheme	13A).45	This	method	could	be	used	to	access	a	
broad	range	of	sulfonyl-containing	products,	 including	sulfones	
and	sulfonamides	in	a	one-pot	procedure.	It	was	noted	that	the	
sulfones	could	be	prepared	in	a	one-step	procedure	by	inclusion	
of	 the	 electrophile	 in	 the	 Pd-catalyzed	 sulfination	 step.	 This	
method	required	a	significantly	reduced	reaction	time	compared	
to	those	using	aryl	halides	as	starting	materials.	

Pentafluorophenyl	(PFP)	sulfonate	esters,	stable	alternatives	to	
sulfonyl	chlorides,	were	prepared	by	Willis	and	co-workers	in	a	
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two-step	procedure	(Scheme	13B).46	The	intermediate	sulfinate	
was	 prepared	 using	 previously	 optimised	 Pd-catalyzed	
conditions	 from	 arylboronic	 acids	 or	 aryl	 halides.	 This	 was	
followed	by	a	copper-catalyzed	oxidative	step	to	prepare	the	PFP	
sulfonate	 esters	 using	 pentafluorophenol.	 The	 utility	 of	 PFP	
sulfonate	 esters	 as	 electrophiles	 was	 demonstrated	 by	 the	
preparation	of	a	selection	of	sulfonamides,	sulfonyl	fluorides	and	
sulfonate	 esters.	 In	 a	 related	 procedure,	 Tu	 and	 co-workers	
prepared	 aryl	 sulfonamides	 via	 the	 Cu-catalyzed	 coupling	 of	
sulfinates	with	O-benzoyl	hydroxylamines	(Scheme	13C).47	

 
Scheme 13 A: Pd-catalyzed synthesis of sulfinates from arylboronic acids. B: 
Pd/Cu-catalyzed synthesis of pentafluorophenyl sulfonate esters. C: Pd/Cu-
catalyzed synthesis of sulfonamides using O-benzoyl hydroxylamines. 

4.2 Other Transition Metal Catalysis 

Due	 to	 the	 high	 cost	 and	 relatively	 scarcity	 of	 palladium,	 the	
development	 of	 catalytic	 methods	 using	 less	 expensive	 and	
readily	available	first	row	transition	metal	catalysts	is	important.	
Wu	and	co-workers	developed	an	alternative	procedure	for	the	
preparation	 of	 N-aminosulfonamides	 from	 triethoxysilane	
reagents	using	Cu-catalysis	and	an	XPhos	ligand	under	oxidative	
conditions	 (Scheme	14A).48	Notably,	 this	method	 is	 compatible	
with	 alkyl	 substrates,	 where	 the	 aforementioned	 Pd-catalyzed	
methods	are	only	compatible	with	aryl	or	alkenyl	substrates.	Wu	
and	co-workers	later	developed	methods	for	the	preparation	of	
sulfones	 from	 triethoxysilanes	 using	 copper	 or	 cobalt	 catalysis	
(Scheme	14B).49		

 
Scheme 14 A: Cu-catalyzed synthesis of N-aminosulfonamides from 
triethoxysilanes. B: Cobalt or copper-mediated synthesis of sulfones from 
triethoxysilanes. 

Willis	 and	 co-workers	 showed	 that	 Ni-catalysis	with	 a	 3,4,7,8-
tetramethylphenanthroline	 (tmphen)	 ligand	 could	 be	 used	 to	
prepare	 sulfinates	 from	 boronic	 acids	 (Scheme	 15).50	 This	
methodology	 was	 compatible	 with	 a	 broad	 scope	 of	 boronic	
acids,	 and	 a	 wide	 variety	 of	 sulfonyl-derived	 products	 were	
prepared	 in	 this	 one-pot	 two-step	 procedure.	 Similarly,	 use	 of	
ruthenium	catalysts	was	demonstrated	by	Turks	and	co-workers	
for	the	synthesis	of	aryl	sulfinates	and	their	derivatives.51		

 
Scheme 15 Ni-catalyzed synthesis of aryl sulfinates from arylboronic acids. 

Whilst	 the	 aforementioned	 methods	 provide	 new	 routes	 to	
sulfinate	 intermediates,	 multiple	 reaction	 steps	 are	 generally	
needed	 for	 the	preparation	of	 sulfonyl-derived	products.	Willis	
and	 co-workers	 developed	 an	 approach	 analogous	 to	
carbonylative	Suzuki	Miyaura	couplings	to	access	biaryl	sulfones	
(Scheme	 16A).52	 This	 copper-catalyzed	 sulfonylative	 Suzuki-
Miyaura	 coupling	 requires	 no	 ligand	 or	 base	 to	 give	 biaryl	
sulfones.	An	electron-rich	bipyridine	ligand	was	needed	in	order	
to	obtain	high	yields,	and	the	authors	also	noted	that	the	addition	
of	a	stoichiometric	amount	of	NaBF4	interrupted	the	coupling	to	
give	 a	 sulfinate	 salt,	 providing	 an	 alternative	 to	 previous	
palladium-catalyzed	 methods.	 Cantat	 and	 co-workers	 later	
developed	a	sulfonylative	Hiyama	coupling	from	triethoxysilanes	
to	prepare	biaryl	sulfone	products	(Scheme	16B).53		

 
Scheme 16 Cu-catalyzed sulfonylative Suzuki-Miyaura cross-coupling. B: Cu-
catalyzed sulfonylative Hiyama coupling.  

Willis	 and	 co-workers	 developed	 a	 3-component	 synthesis	 of	
sulfonamides	 from	 arylboronic	 acids,	 DABSO	 and	 amines	 in	 a	
sulfonylative	Chan-Lam	type	coupling	(Scheme	17).	An	electron-
rich	 bipyridine	 ligand	 was	 again	 found	 to	 be	 important,	 and	
addition	 of	 base	 gave	 an	 improved	 yield.	 The	 authors	
demonstrated	 a	 broad	 scope	 for	 the	 boronic	 acid	 and	 amine	
components,	 including	a	selection	of	pharmaceutically	 relevant	
fragments.	

 
Scheme 17 Cu-catalyzed sulfonylative Chan-Lam coupling. 
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Addition	of	C-centered	radicals	to	sulfur	dioxide	to	give	sulfonyl	
radicals	is	well	established	in	synthetic	chemistry,	with	methods	
from	 Reed	 and	 later	 Meerwein	 exploiting	 radical	 addition	 to	
gaseous	 SO2	 to	 prepare	 sulfonyl	 chlorides	 from	 alkanes	 and	
aryldiazonium	salts	respectively	(Scheme	18A).54	

Sulfonyl	 radicals	 derived	 from	 alternative	 precursors	 such	 as	
sulfinate	salts,	or	sulfonyl	chlorides,	have	also	been	utilized	for	
the	preparation	of	sulfonyl	products	(Scheme	18B).55	

 
Scheme 18 A: Meerwein synthesis of sulfonyl chlorides using SO2. B: Sulfonyl 
radicals from sulfinates and subsequent addition to radical traps. 

The	 introduction	of	 solid	 surrogates	 of	 SO2,	 as	well	 as	modern	
methods	for	the	generation	of	radicals	from	various	precursors,	
has	 resulted	 in	 a	 rapid	 development	 of	 new	 methods	 for	 the	
synthesis	of	sulfonyl-derived	products.56		

5.1 Aryldiazonium salts 

During	the	development	of	a	Pd-catalyzed	aminosulfonylation	of	
aryldiazonium	salts,	Wu	and	co-workers	noticed	that	the	reaction	
proceeded	 efficiently	 in	 the	 absence	 of	 the	 catalyst.	 Based	 on	
experimental	 and	 computational	 studies,	 it	 was	 found	 to	 be	
operating	via	a	radical	pathway	(Scheme	19).57	The	reaction	was	
proposed	to	proceed	via	the	initial	formation	of	a	hydrazine-SO2	
charge-transfer	 complex,	 from	which	 electrostatic	 interactions	
between	 this	 complex	 and	 the	 diazonium	 salt	 are	 proposed	 to	
initiate	 the	 transformation	 by	 homolytic	 cleavage	 of	 the	 S-N	
bond,	single-electron	transfer	(SET)	and	loss	of	N2	to	give	an	aryl	
radical	and	a	hydrazine	radical	 cation.	The	aryl	 radical	adds	 to	
SO2	 to	 give	 a	 sulfonyl	 radical,	 which	 combines	with	 hydrazine	
radical	to	give	the	N-aminosulfonamide	product.	A	broad	range	
of	hydrazines	and	aryldiazonium	salts	were	compatible	with	the	
methodology	 and	 subsequent	 methods	 utilising	 N-
aminosulfonamides	 as	 precursors	 to	 other	 sulfonyl	 products	
have	been	developed.58	

 
Scheme 19 Metal-free aminosulfonylation of aryldiazonium salts. 

Subsequently,	Wu	and	 co-workers	demonstrated	 that	 a	 similar	
reaction	could	also	be	carried	out	starting	from	anilines	(Scheme	
20A).59	The	in	situ	preparation	of	aryldiazonium	salts	using	tert-
butyl	 nitrite	 (tBuONO)	 and	BF3·OEt2	 as	 a	 Lewis	 acidic	 additive	
was	followed	by	addition	of	DABSO	to	give	N-aminosulfonamide	
products.	Yields	were	found	to	be	comparable	to	those	using	the	
aryldiazonium	salt	starting	materials.	

Radical	methodologies	utilising	SO2	can	also	be	used	to	prepare	
structurally	 complex	 sulfonyl-containing	 molecules.	 For	
example,	2-allyloxyaniline	or	its	diazonium	salt	derivative	can	be	
used	 to	 prepare	 cyclized	 products	 via	 aryl	 radical	 generation,	
intramolecular	 5-exo-trig	 cyclization	 and	 subsequent	 alkyl	
radical	addition	to	SO2	(Scheme	20B).60	

 
Scheme 20 A: Aminosulfonylation of anilines via in situ aryldiazonium salt 
formation. B: Cyclization and aminosulfonylation from aryldiazonium salts. 

The	addition	of	sulfonyl	radicals	to	alkenes	and	alkynes	has	been	
previously	used	for	the	synthesis	of	sulfone	products.	Feng	and	
co-workers	 used	 a	 combination	 of	 tert-butylhydroperoxide	
(TBHP)	 and	 tetrabutylammonium	 iodide	 (TBAI)	 to	 give	 aryl	
radicals	 (Scheme	 21A),61	 whereas	 Wu	 and	 co-workers	 used	 a	
Cu(II)	catalyst	to	generate	aryl	radicals	(Scheme	21B).62	In	both	
methods,	 aryl	 radical	 addition	 to	 DABSO,	 and	 subsequent	
sulfonyl	radical	addition	to	an	alkene	followed	by	oxidation	gives	
a	 cationic	 intermediate.	Deprotonation	of	 this	 cation,	 or	 iodide	
addition	and	elimination,	gave	vinyl	or	allyl	sulfone	products.		

 
Scheme 21 Synthesis of sulfones via sulfonyl radical to alkenes. 

During	 the	 development	 of	 a	 synthesis	 of	 3-sulfonated	
coumarins,	Wu	and	co-workers	noticed	in	a	control	experiment	
that	a	copper	catalyst	was	not	necessary	 in	 the	 transformation	
(Scheme	 22).63	 In	 their	 proposed	 mechanism	 the	 DABCO-SO2	
charge-transfer	complex	could	undergo	a	homolytic	cleavage	of	
the	 S-N	 bond	 and	 SET	 to	 give	 an	 aryl	 radical,	 similar	 to	 the	
mechanism	 proposed	 using	 hydrazines.	 This	 new	 metal-free	
method	 proceeded	 to	 give	 the	 3-sulfonated	 coumarins	 by	
sulfonyl	 radical	 addition	 to	 alkyne,	 spirocyclization	 onto	 an	
arene,	oxidation,	rearrangement	and	deprotonation	to	give	the	3-
sulfonated	coumarin	product.	
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Scheme 22 Metal-free synthesis of 3-sulfonated coumarins. 

Following	these	studies,	the	combination	of	aryldiazonium	salts	
and	DABSO	has	been	extensively	used	for	preparation	of	sulfone	
products.	Sulfonyl	radical	addition	to	alkenes	or	alkynes	gives	a	
β-sulfonyl	radical,	which	can	then	be	quenched	by	hydrogen	atom	
transfer	 (HAT),64	 or	by	 reaction	with	 in	 situ	 generated	 radicals	
(Scheme	23).65		

A	SET	step	can	be	used	 to	prepare	a	 carbocation	 intermediate,	
from	 which	 deprotonation	 gives	 alkene	 or	 alkyne	 products	
(Scheme	23B).	The	DABCO	radical	 cation,	derived	 from	radical	
generation,	can	be	used	in	this	SET	step,63	but	copper	catalysts	or	
photocatalysts	have	also	been	employed	to	facilitate	this.66	Using	
this	reaction	framework,	Wu	and	co-workers	demonstrated	that	
sulfonyl	 radical	 addition	 to	 silyl	 enol	 ethers,	 SET	 to	 generate	 a	
carbocation,	 and	 desilylation	 could	 be	 used	 to	 prepare	 β-keto	
sulfones.67		

Several	methods	have	also	been	used	to	prepare	β-functionalized	
sulfones	 via	 addition	 of	 nucleophiles	 to	 cation	 intermediates	
(Scheme	23C).68	Intramolecular	nucleophile	addition	can	also	be	
used	 to	 prepare	 cyclized	 products,69	 and	 the	 combination	 of	
several	 radical	 addition	and	cyclization	 steps	has	been	used	 to	
prepare	complex	sulfonyl-containing	molecules.70	

 
Scheme 23 A: Deprotonation or desilylation from cationic intermediates. B: 
Trapping of cationic intermediates using (intramolecular) nucleophiles. 

Methods	involving	the	trapping	of	the	sulfonyl	radical	with	other	
in	 situ	 generated	 radicals	 provides	 an	 alternative	 route	 to	
sulfonyl-containing	products.71	An	example	reported	by	Wu	and	
co-workers	uses	 in	situ	generated	alkoxy	radicals	to	prepare	O-
aminosulfonates,	 and	 further	 demonstrated	 their	 utility	 in	 the	
synthesis	of	sulfonamides	(Scheme	24).72	

 
Scheme 24 Trapping with in situ-generated radicals. 

Metal	catalysts	can	also	be	used	 to	capture	 the	sulfonyl	radical	
intermediate.	 For	 example,	Wu	 and	 co-workers	 used	 a	 copper	
catalyst	 in	 the	 synthesis	 of	 aryl	 sulfonamides	 using	 N-
chloroamines	(Scheme	25).73	The	proposed	mechanism	involves	
oxidative	 addition	 of	 the	 N-chloroamine	 to	 give	 a	 Cu(III)-
intermediate.	Subsequent	capture	of	the	sulfonyl	radical	gives	a	
proposed	Cu(IV)-intermediate,	from	which	reductive	elimination	
gives	 the	 sulfonamide	 product.	 This	 method	 provides	 the	
sulfonamide	product	in	one-step,	but	has	been	shown	to	only	be	
compatible	with	secondary	chloramines.	Sulfonyl	radical	capture	
by	 metal	 catalysts	 has	 also	 been	 used	 to	 prepare	 sulfones,74	
sulfonate	esters,75	and	sulfonyl	fluorides.76	

 
Scheme 25 Copper-catalyzed coupling of diazonium salts and N-chloroamines. 

5.2 Other aryl radical precursors 

Whilst	 a	 large	 body	 of	 research	 has	 been	 carried	 out	 using	
aryldiazonium	 salts,	 their	 relative	 instability	 and	 potentially	
explosive	 nature	 means	 the	 development	 of	 methods	 utilising	
alternative	radical	precursors	is	desirable.		

Aryl	 radicals	 can	 also	 be	 generated	 from	 C-X	 bond	 homolysis	
using	UV	light.	Wu	and	co-workers	demonstrated	the	preparation	
of	N-aminosulfonamides	 from	 aryl	 halides,	 DABSO,	 hydrazines	
and	TBAI	(Scheme	26A).77	Aryl	chlorides,	bromides	and	iodides	
were	compatible	with	the	methodology,	and	this	chemistry	was	
also	 found	 to	 be	 compatible	 with	 alkyl	 halides.	 A	 5-exo-tet	
cyclization	prior	 to	 SO2	 capture	 has	 also	 been	used	 to	 prepare	
cyclized	products.778Wu	and	co-workers	demonstrated	 the	use	
of	aryl/alkyl	halides	in	the	preparation	of	sulfone	products.79	

In	 the	 presence	 of	 oxygen	 and	 copper,	 aryl	 radicals	 can	 be	
prepared	 from	 aryl	 hydrazines	 with	 loss	 of	 N2.	 Wu	 and	 co-
workers	 used	 aryl	 hydrazines	 in	 a	 preparation	 of	 aryl	
sulfonamides	via	capture	of	the	sulfonyl	radical	with	copper	and	
reductive	 elimination	 with	 an	 amine	 (Scheme	 26B).80	 The	
reaction	 was	 compatible	 with	 primary	 and	 secondary	 amines,	
and	both	electron-rich	and	electron-poor	aryl	hydrazines	were	
tolerated.	The	authors	later	used	a	related	radical	generation	to	
prepare	 β-hydroxysulfones	 from	 sulfonyl	 radical	 addition	 to	
alkenes	and	coupling	with	a	peroxyl	radical.81	
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Scheme 26 A: Preparation of N-aminosulfonamides via UV irradiation of 
aryl/alkyl halides. B: Cu-catalyzed preparation of aryl sulfonamides via radical 
generation from aryl hydrazines under aerobic conditions. 

Aryl	 radicals	 can	 be	 generated	 from	 diaryliodonium	 salts	 by	
oxidative	 quenching	 of	 an	 excited	 photocatalyst.	 Wu	 and	 co-
workers	 exploited	 this	 to	 prepare	 thiophosphates	 from	
diarylphosphine	 oxides	 using	 an	 Ir-photocatalyst	 (Scheme	
27A).82	Related	methods	were	also	developed	for	the	preparation	
of	 sulfones.83	 Photoinduced	 catalyst-free	 methods	 were	 also	
developed	 for	 the	 generation	 of	 aryl	 radicals	 from	
diaryliodonium	 salts.84	Manolikakes	 found	 that	 a	 photocatalyst	
was	 not	 required	 during	 their	 synthesis	 of	 sulfonylated	
coumarins	 (Scheme	27B).84a	 The	 authors	 proposed	 that	 visible	
light-induced	 SET	 from	 a	 charge-transfer	 complex	 that	 forms	
between	 DABSO	 and	 diaryliodonium	 salts	 generates	 aryl	
radicals.84b	

 
Scheme 27 A: Photocatalyzed synthesis of thiophosphates from 
diarylphosphine oxides, diaryliodonium salts and DABSO. B: Metal-free 
photoinduced synthesis of sulfonylated coumarins using diaryliodonium salts. 

5.3 Alkyl radical precursors 

The	 preparation	 of	 diverse	 alkyl	 sulfonyl	 derivatives	 using	 the	
aforementioned	methods	is	challenging	due	to	poor	reactivity	or	
poor	 functional	 group	 tolerance.	 Recent	 developments	 in	 the	
generation	of	alkyl	radicals	under	mild	conditions	in	combination	
with	 DABSO	 has	 enabled	 the	 development	 of	 several	 new	
methodologies	for	the	preparation	of	alkylsulfonyl	products.	

Reductive	quenching	of	an	excited	photocatalyst	can	be	used	to	
generate	radicals	 from	potassium	trifluoroborate	salts.	Wu	and	
co-workers	used	this	methodology	with	DABSO	to	form	sulfonyl	
radicals,	 and	 addition	 to	 electron-poor	 alkenes	 followed	 by	
reduction	and	protonation	gave	alkyl	sulfone	products	(Scheme	
28).85	Wu	and	co-workers	 later	reported	related	procedures	 to	
prepare	 sulfones	 from	 trifluoroborate	 salts	 using	 alkynes	 and	
allyl	halides.86	

 
Scheme 28 Preparation of sulfones from alkyltrifluoroborates and alkenes. 

Alkyl	radicals	can	also	be	generated	from	4-substituted	Hantzsch	
esters	 by	 reductive	 quenching	 of	 an	 excited	 photocatalyst.	Wu	
and	 co-workers	 used	 this	 process	 in	 combination	with	DABSO	
and	vinyl	azides	(Scheme	29).87	Addition	of	a	sulfonyl	radical	to	
the	 vinyl	 azide,	 followed	 by	 loss	 of	 N2	 and	 reduction	 gives	
enamine	 products.	 The	 transformation	 was	 shown	 to	 be	
compatible	 with	 both	 primary	 and	 secondary	 radicals,	 and	
variation	 of	 the	 aryl	 component	 of	 the	 vinyl	 azide	 was	 also	
tolerated.	Sulfonyl	radicals	derived	from	4-substituted	Hantzsch	
esters	could	also	be	combined	with	electron-deficient	alkenes	to	
provide	other	sulfone	products.88	

 
Scheme 29 Preparation of sulfones from 4-substituted Hantzsch esters. 

Vicinal	di-	or	trifluoroalkylation	and	hydrosulfination	of	alkynes	
was	 explored	 by	 Wu	 and	 co-workers.	 For	 example,	 they	
developed	 a	 difluoromethylation	 procedure	 using	 a	
photocatalyst	 to	 prepare	 difluoroalkyl	 radicals	 from	 ethyl	 2-
bromo-2,2-difluoracetate	(Scheme	30A).89	SET	from	hydrazine	to	
Togni’s	reagent	generates	trifluoromethyl	radicals,	which	add	to	
the	 alkyne	 and	 then	 to	 DABSO	 give	 a	 sulfonyl	 radical.	
Combination	with	the	previously	formed	hydrazine	radical	gave	
an	N-aminosulfonamide	product	(Scheme	30B).	90	

Liu	and	co-workers	developed	a	related	process	using	SET	from	
zinc	to	generate	the	fluoroalkyl	radicals	(Scheme	30C).91	Addition	
to	 an	 alkene	 or	 alkyne	 followed	 by	 trapping	 with	 a	 sulfonyl	
radical	 anion	 or	 addition	 to	 SO2	 and	 reduction	 by	 zinc	 gives	 a	
sulfinate	product.	The	authors	demonstrate	compatibility	with	a	
wide	 variety	 of	 functional	 groups,	 using	 a	 diverse	 selection	 of	
fluoroalkyl	bromides,	and	prepare	a	variety	of	sulfonyl	fluorides	
and	 sulfones	 to	 demonstrated	 the	 versatility	 of	 this	
transformation.	
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Scheme 30 A: Vicinal difluoroalkylation and aminosulfonylation of alkynes. B: 
Vicinal trifluoromethylation and aminosulfonylation of alkynes. C: Vicinal 
fluoroalkylation and fluorosulfonylation of alkenes and alkynes. 

Willis	and	co-workers	developed	a	method	 for	 the	synthesis	of	
alkyl	sulfinates	and	their	derivatives	from	Katritzky	pyridinium	
salts	(Scheme	31).92	This	method	forms	alkyl	radicals	by	photo-
or	thermally	induced	SET	from	an	EDA	complex	formed	between	
a	 Katritzky	 salt,	 Hantzsch	 ester	 and	 an	 amine	 additive.	 This	
method	was	shown	to	have	good	functional	group	tolerance,	and	
conditions	were	developed	for	use	of	α-secondary,	α-primary	and	
benzylic	starting	materials.	The	versatility	of	the	procedure	was	
demonstrated	 through	 the	preparation	of	a	variety	of	 sulfones,	
sulfonamides,	and	sulfonyl	fluorides.	

 
Scheme 31 Deaminative synthesis of alkyl sulfinates from Katritzky pyridinium 
salts via EDA complex formation. 

Larionov	and	co-workers	developed	a	decarboxylative	route	 to	
sulfinates	 from	 carboxylic	 acids	 (Scheme	 32).93	 Based	 on	 DFT	
computational	 studies,	 the	mechanism	 is	 proposed	 to	 procced	
through	the	formation	of	a	hydrogen-bonded	complex	between	
the	 carboxylic	 acid	 and	 an	 acridine	 photocatalyst.	
Photoexcitation	 results	 in	 a	 proton-coupled	 electron	 transfer	
(PCET),	generating	an	alkyl	radical	with	loss	of	CO2.	Alkyl	radical	
addition	 and	 subsequent	 HAT	 from	 the	 dihydropyridine	
intermediate	 gives	 a	 sulfinic	 acid	 intermediate.	 Then	 copper-
catalyzed	 S-N	 bond	 formation	 with	 either	 electrophilic	 N-
centered	coupling	partners,	or	nucleophilic	coupling	partners	in	
the	presence	of	an	oxidant,	gives	a	sulfonamide	or	sulfonyl	azide	
product.	 The	 authors	 demonstrated	 that	 the	methodology	was	
compatible	with	a	broad	variety	of	carboxylic	acids	and	amines.	

 
Scheme 32 Photocatalyzed decarboxylative synthesis of sulfonamides. 

Gong	and	co-workers	developed	a	photocatalyzed	asymmetric	C-
H	functionalization	of	alkanes	(Scheme	33).94	The	photocatalyst	
is	excited	to	its	triplet	state,	and	subsequent	HAT	from	an	alkane	
provides	the	alkyl	radical,	which	is	trapped	by	DABSO	to	give	a	
sulfonyl	 radical.	 The	 chiral	 Ni	 complex	 coordinates	 to	 the	 α,β-
unsaturated	 N-acylpyrazole,	 blocking	 one	 face	 to	 attack	 by	
sulfonyl	 radical.	 Sulfonyl	 radical	 addition	 sets	 the	
stereochemistry,	 and	 SET	 and	 proton	 transfer	 provides	 the	
enantioenriched	sulfone	products.	The	methodology	was	shown	
to	 be	 compatible	 benzylic,	 secondary	 and	 primary	 substrates,	
giving	moderate	 to	good	yields,	high	 regioselectivity,	 and	good	
enantioselectivity	of	up	to	95%	ee.	

 
Scheme 33 Photocatalytic asymmetric C-H sulfinylation of alkanes. 

Formation	of	an	EDA	complex	with	DABSO	and	O-aryl	oximes	can	
enable	generation	of	an	N-centered	radical	by	photoinduced	SET	
and	N-O	bond	homolysis.	In	a	report	from	Wu	and	co-workers,	a	
5-exo-tet	cyclisation	followed	by	addition	to	DABSO	and	then	to	
silyl	 enol	 ethers	 gave	 sulfonated	 3,4-dihydro-2H-pyrroles	
(Scheme	34A).95	Another	method	from	Wu	and	co-workers	uses	
1,5-H-abstraction,	followed	by	addition	to	DABSO	and	cyclisation	
to	give	1H-benzo[d][1,2]thiazine	2,2-dioxide	products.96	

Metal	catalyzed	SET	can	be	used	to	generate	N-centered	radicals	
from	N-acyl	oximes	by	N-O	bond	homolysis.	Ring-opening	results	
in	 a	 C-centered	 radical,	 and	 addition	 to	 SO2	 then	 generates	 a	
sulfonyl	 radical.	 Wu	 and	 co-workers	 used	 this	 method	 with	 a	
variety	of	radical	traps,	such	as	2H-azirine,97	to	prepare	sulfone	
products	containing	a	nitrile	functional	group	(Scheme	34B).98	
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Scheme 34 A: Photoinduced cyclization from O-aryl oximes. B: Metal-catalyzed 
cyclization from O-acyl oximes. 

6 Conclusion 

Whilst gaseous SO2 is cheap and widely available, and the molecular 
orbital properties of SO2 enable a variety of reactivity, its synthetic 
use has been limited. The introduction of DABSO as an SO2 surrogate 
has enabled the rapid development of a broad range of new methods 
for the preparation of valuable pharmaceutically relevant products. 
These include the versatile syntheses of many diverse functional 
groups, or the preparation of complex sulfonyl-containing products. 
Whilst other SO2 surrogates, such as inorganic metal sulfites, are also 
used by synthetic organic chemists, DABSO remains a popular choice, 
and new methods continue to be reported in the literature. 
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