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TBAI-catalyzed selective synthesis of sulfonamides and -aryl 
sulfonyl Enamines: coupling of arenesulfonyl chlorides and 
sodium sulfinates with tert-amines
Hongmei Jiang,ab Xiaoyue Tang,a Zhihui Xu,b Huixian Wang,a Kang Han,a Xiaolan Yang,a Yuanyuan 
Zhou,a Yong-Lai Feng,a Xian-Yong Yu,c and Qingwen Gui*ab

A simple, practical and metal-free method has been developed for synthesis of sulfonamides and -arylsulfonyl enamines 
via a selective cleavage of C-N and C-H bonds through an iodine-catalyzed oxidation of arenesulfonyl chlorides and sodium 
sulfinates with tert- amines. The method uses commercially available, inexpensive catalysts and oxidants, actually has a wide 
substrate scope and operational simplicity.

Introduction
The C-N bond is one of the most abundant chemical bonds and 
widely exists in the natural products, which is also found in the many 
pharmaceuticals, dyes and functional molecules. A mild and 
convenient approach to formation and transformation of C-N bond 
is among a hot topic in organic chemistry.1 Transformation of C-N 
bond is generally hard, due to the high C-N bond dissociation energy 
as well as the stability of unactivated N-containing compounds.2 Over 
the past few decades, transition-metal catalysis processes have been 
proved a powerful tool for this transformation.3 However, it is worth 
pointing out that the use of transition metals has some inherent 
drawbacks, including cost and toxicity. Transition metal-free catalysis 
for the cleavage of C-N bond, on the other hand, has been rarely 
discovered. Only a few such catalysis methods have been reported, 
and stoichiometric bond breaking agents are usually required.4 
Therefore, development of a new and efficient transition metal-free 
method to induce cleavage of C-N bond under mild conditions is still 
a challenge.

Sulfonamides and arylsulfonyl enamines occur widely in 
biologically active compounds and pharmaceutical interesting 
molecules, due to their well-known biological activities such as 
anticancer, antibacterial, anti-inflammatory, antitumor and HIV 
protease inhibitory activities.5 In addition, sulfonamides are a type of 
amine protecting group, owing to their easy removability.6 

Consequently, various methods have been developed for the 
synthesis of sulfonamindes. Traditionally, sulfonamides are prepared 

through the nucleophilic attack of a primary or secondary amines to 
sulfonyl chlorides in the presence of additional base.7 Subsequently, 
transition metal catalysis processes were developed, including cross-
coupling of primary sulfonamides and aryl halide or boronic acids,8 a 
Chan-Lam type coupling using sulfonyl azides with boronic acids,9 
and an oxidative coupling reaction of sulfinate salts with amines.10 

Recently, Sun et al. has developed an elegant work for Cu2O-
catalyzed oxidative synthesis of sulfonamides by coupling of 
commercial available arenesulfonyl chlorides with tertiary amines 
(Scheme 1, a).11 Although these methods are available and can be 
used to easily build the S-N bond,12 the reactions produce a large 
quantity of toxic waste, and need a long reaction time and transition 
metal usage. Therefore, an alternative and facile catalytic method is 
needed to synthesize sulfonamides efficiently. 
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Scheme 1. Methods for the synthesis of sulphonamides

During the past few years, molecular iodine and its salts have 
emerged as efficient catalysts in synthetic chemistry.13 As a non-
metallic element, iodine has diverse valence states as well as 
moderate redox potentials, which make it easy to gain or lose 
electrons like transition metal. In addition, iodine is cheap, readily 
available, water tolerable and eco-friendly element. As a result, 
iodine-mediated or iodine-catalyzed coupling reactions have been 
widely developed. Recently, various green and efficient methods for 
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synthesis of sulfonamides using sulfinates or sulfonyl hydrazides to 
react with amines have been built up via I2-mediated approach.14 

However, most of them suffer from the lack of commercially 
available starting materials and the poor functional group tolerability 
(primary and secondary amines).15 Moreover, high reactivity of 
primary or secondary amines may be destructive for some amine-
sensitive functional groups. In 2017, Sheykhan et al. described a 
green electro-oxidative reaction of sulfonyl chlorides with tertiary 
amines respectively (Scheme 1, b).16 Herein, we have reported a 
novel TBAI (tetrabutylammonium iodide) -catalyzed process to 
synthesize sulfonamide and β-arylsulfonyl enamines via a selective 
cleavage of C-N and C-H bonds of tertiary amines (Scheme 1, c).

Results and discussion
We first investigated the S-N formation reaction between 
benzenesulfonyl chloride (1a) and1-ethylpyrrolidine (2a). A series of 
reaction conditions were investigated (Table 1). As shown in Table 1, 
PhI(OAc)2 was not an effective catalyst when using TBHP as the 
oxidant (Table 1, entry 1). Further catalyst screening revealed that 
TBAI was the best catalyst to KI, I2 (Table 1, entries 2-4). Other 
oxidants such as H2O2, Oxone, m-CPBA and O2 were also tested, but 
the reactions did not proceed smoothly (Table 1, entries 5-8). In 
addition to THF, other solvents including DMSO, DMF, CH3CN, 
toluene, DCM and EtOAc were tested, and the results indicated that 
THF was the best choice (Table 1, entries 9-14). The reactions were 
conducted with a 1:1 (1a:2a) ratio of substrates to obtain 
benzenesulfonamide 3a in a modest yield. When the amount of 1a 
or 2a increased, the reaction showed lower activation under the 
same conditions (Table 1, entries 15-16). Both TBAI and TBHP were 
essential for efficient conversion (Table 1, entries 17-18).

Table 1. Optimization of reaction conditionsa

SO2Cl N

Catalyst
Oxidant
Solvent

S N
O

O
1a 2a 3a

Entry Catalyst (5 mol%) Oxidant (2.0 eq) Solvent Yield (%)b

1
2
3
4
5
6

TBHP THF trace
KI TBHP THF 42
I2 TBHP

H2O2

Oxone
m-CPBA

O2

THF

THF
THF
THF

THF

<10

0
0
0

0

TBHP THF 90TBAI
TBAI
TBAI
TBAI

TBAI

7

8

15c

16d

TBHP THF 78TBAI
TBHP THF 81TBAI

PhI(OAc)2

9
10
11

12

13
14

TBHP DMSO traceTBAI
TBHP DMF 0TBAI
TBHP CH3CN 22TBAI

TBHP toluene 15TBAI

TBHP DCM 25TBAI
TBHP EtOAc traceTBAI

17 TBHP THF trace
aReaction conditions: 1a (0.3 mmol), 2a (0.3 mmol), THF (3.0 mL), 4 
h, 80 oC. TBHP: tert-butyl hydroperoxide, 5.0-6.0 M in decane, H2O2 
30%wt in water. bIsolated yield. c1a:2a = 1:1.5. d1a:2a = 1.5:1.

In general, the reactions were carried out by TBAI in THF and then 
adding 1-ethylpyrrolidine followed by the addition of arylsulfonyl 
chloride at 80 oC. Under this mild conditions, a 90% isolated yield of 
N,N-diethyl benzenesulfonamide 3a was obtained. Encouraged by 
the preliminary results, we explored the functional group tolerance 
for the synthesis of various sulfonamides under the standard 
conditions. Both electron-donating and electron-withdrawing groups 
were well tolerated in this reaction. For example, arylsulfonyl 
chloride containing electron-withdrawing groups such as chloro, 
cyano groups transformed into the desired products in 65-88% yield 
(3b-3g). On the other hand, coupling of 1-ethylpyrrolidine with 
electron-rich arylsulfonyl chlorides afforded the sulfonamide in even 
better yields (3h-3j). Because of the steric hindrance, ortho- and 
meta- substituent groups gave a slightly lower reaction yield (3l-3m). 
Moreover, coupling with 1- or 2-Naphthalenesulfonyl chloride also 
proceeded uneventfully, albeit in moderate yields, and did not 
significantly affect the catalytic efficiency (3n-3o). Heteroaromatic 
sulfonyl chlorides could be tolerated in this reaction as well, 
achieving the desired product in better yields (3q-3r). It should be 
noted this reaction could be scaled up to gram sacle effectively under 
the standard conditions (Table 2, 3p). Thus, this simple protocol can 
be considered as a practical and efficient method to access various 
sulfonamides.

Table 2. Scope of arylsulfonyl chlorideab

S
O

O
NR

R = H (3a) 90%
R = F (3b) 85%
R = Cl (3c) 86%
R = Br (3d) 88%
R = I (3e) 88%
R = CN (3f) 91%
R = NO2 (3g) 65%
R = CH3 (3h) 92%
R = tBu (3i) 91%
R = OCH3 (3j) 98%

S
O

O
N S

O

O
N

S
O

O
N S

O

O
N

S
O

O
NPh

S
O

O
NF3C

S
O

O
N

N

S
O

O
N

S

3k 83%

Cl

3l 73% 3m 75%

3n 90% 3o 94%

3p 81%c 3q 95%

3r 93%

aReaction conditions: 1 (0.3 mmol), 2a (0.3 mmol), TBAI (5 mol%), 
THF (3.0 mL), 4 h, 80 oC. TBHP: tert-butyl hydroperoxide, 5.0-6.0 M 
in decane. bIsolated yield. c1p (5 mmol), 2a (5 mmol). 

     We next set out to explore the substrate scope of tertiary amines, 
which could be applicable to this reaction process. Various tertiary 
amines were investigated under the optimized conditions. As shown 
in Table 3, both aliphatic and aromatic tertiary amines reacted 
smoothly with 4-Methoxybenzenesulfonyl chloride to get the target 
products with a yield from 88% to 97%. When the tertiary amine with 
two different substituent groups such as N,N-Dipropylethylamine, 
Dimethyl-N-propylamine, N,N-Diethylaniline and N,N-
Dimethylaniline were involved, the final products  were also 
obtained with a high selectivity and a yield of over 89% (4b-4e).  It 
was found that tribenzylamine reacted smoothly with 4-
methoxybenzenesulfonyl chloride to afford the target product in 88% 
yield (4f). Other cyclic and heterocyclic tertiary amines, such as 1-
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ethylpiperidine and 4-ethyl morpholine, were used as the starting 
materials, and the corresponding sulfonamides were obtained with 
a yield of over 95% (4g-4h). Using N-methyl-N-ethyl aniline as the 
substrate, the reaction of  4-methoxybenzenesulfonyl chloride with N-
methyl-N-ethyl aniline gave a mixture of sulfonamides in THF (see 
the Supplementary Information).

Table 3. Scope of tertiary aminesab

SH3CO
O

O
N SH3CO

O

O
N

R3 = CH2CH3, 4a, 94% R3 = CH2CH3, 4b, 93%

SH3CO
O

O
N

R3 = CH3, 4c, 91%

SH3CO
O

O
N

Ph

R3 = CH2CH3, 4d, 89%

SH3CO
O

O
N

Ph

R3 = CH3, 4e, 89%

SH3CO
O

O
N

R3 = CH2Ph, 4f, 88%

Ph

Ph

SH3CO
O

O
N

R3 = CH2CH3, 4g, 95%

SH3CO
O

O
N

R3 = CH2CH3, 4h, 97%

O

H3CO SO2Cl N
R3

R1R2
TBAI (5 mol%)

TBHP (2.0 equiv)
THF, 80 oC, 8 h

H3CO S N
O

O R2

R1

aReaction conditions: 1j (0.3 mmol), 2 (0.3 mmol), TBAI (5 mol%), 
THF (3.0 mL), 8 h, 80 oC. TBHP: tert-butyl hydroperoxide, 5.0-6.0 M 
in decane. bIsolated yield.

On the other hand, β-functionalization of unactivated substrates is 
always a challenging target, such as transition metal catalysts or 
strong oxidants are often need. When we investigated the reaction 
of sodium arylsulfinates with triethylamine under the standard 
condition, we surprisingly found trimethylamine β-arylsulfonyl 
enamines in the products. Good to excellent yields of β-arylsulfonyl 
enamines were obtained in most cases. The sulfonylation showed 
excellent functional group tolerance, and sodium arylsulfinates 
bearing both electron-donating and electron-withdrawing group 
were explored. Sodium arylsulfinates possessing an fluoro-, bromo-, 
nitro- group on the para of benzene ring would generate the 
products in good yields (5e-5g). Some of these functional groups are 
useful for further synthetic transformation. Generally, the sodium 
arylsulfinates bearing an meta-CF3 or Methyl-, ortho-methyl groups 
lead to evident decrease of reaction yield (5h-5j). Moreover, 2-
naphthyl，4-phenyl, and 2-thiophen containing substituents were 
particularly reactive, expanding the synthetic utility of the protocol 
in this work significantly (5k-5m). In addition, other tertiary amines 
were efficiently transformed into their corresponding β-arylsulfonyl 
enamines as well (5n-5o).

Table 4. Synthesis β-arylsulfonyl enaminesab

S
O

O

N
S
O

O

N
S
O

O

N
H3CO

S
O

O

N
tBu S

O

O

N
F S

O

O

N
Br

S
O

O

N
O2N S

O

O

N
F3C

Cl S
O

O

N

S
O

O

N
S
O

O

N
S
O

O

N
Ph

S
O

O

N

S S
O

O

N
S
O

O

N

5a 62% 5b 65% 5c 64%

5d 65% 5e 68% 5f 72%

5g 60% 5h 55% 5i 48%

5j 42% 5k 55% 5l 68%

5m 60% 5n 67% 5o 63%

Ph

Ar SO2Na N
Et

R2 R1 TBAI (5 mol%)
TBHP (2.0 equiv)

CH3CN, 80 oC, 8 h Ar S
O

O

N
R1

R2

aReaction conditions: sodium arylsulfinates (0.3 mmol), tertiary 
amines (0.3 mmol), TBAI (5 mol%), TBHP (2.0 eq.), CH3CN (3.0 mL), 
8 h, 80 oC. TBHP: tert-butyl hydroperoxide, 5.0-6.0 M in decane. 
bIsolated yield.

Control experiments were further conducted to investigate the 
reaction mechanism. When a radical scavenger was added to the 
reaction system, yield of the desired product decreased. The yields 
of sulfonamide 4a were 30%, 11%, and less than 1%, respectively, in 
the presence of TEMPO, BHT, and hydroquninone. The results 
indicated that the reaction was inhibited by theradical scavenger. 
Moreover, the reaction did not  proceed smoothly in the presence of 
iodine alone, implying that I2 did not react with substrates during this 
transformation. Therefore, we could reasonably deduce that the 
formation of sulfonamide might involve the conversion of tertiary 
amine to secondary amine. As shown in Scheme 2c, diethylamine 
with 4-methoxybenzenesulfonyl chloride could be converted to 
sulfonamide 4a with a yield of 98%. When powdered molecular 
sieves were added to the reaction mixture, the yield dropped 
exceedingly. This experimental result indicates that H2O have an 
effect on the C-N bond cleavage (Scheme 2d). β-arylsulfonyl 
enamines 5c was obtained in CH3CN solvent, which indicates that 
N,N-diethylethenamine may be the intermediate product (Scheme 
2e).
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SO2Cl N
standard conditions

radical inhibitors
S N
O

O

TEMPO
BHT

hydroquinone

30% yield
11% yield

trace

a)

b) SO2Cl N
I2 (2.0 equiv.)

S N
O

OTHF

MeO

MeO

MeO

MeO

4a

4a, trace

SO2ClMeOc) HN standard conditions S N
O

O
MeO

4a, 98% yield

SO2Cl N
standard conditions
4Å molecular sieves

S N
O

O
d) MeO MeO

4a, no reaction

SO2Na N
standard conditions

S
NO

O
e) MeO MeO

5c, 70% yield

Scheme 2. Control experiment

Based on the findings in this study and reports from previous 
studies,11,14-17 we proposed a tentative mechanism for the oxidative 
amidation of arylsulfonyl chloride with tertiary amines as nitrogen 
sources (Scheme 3). In first step, tert-butoxyl or tert-butylperoxy 
radicals were produced from the decomposition of TBHP in an iodide 
(I-) ion catalytic system. The radicals produced in the first step will 
abstract a hydrogen atom from the C-H bond adjacent to a nitrogen 
atom to form a radical 6a, which will be oxidized to form animinium 
ion 6b. The ion 6b was an intermediate product and will be quickly 
hydrolyzed and form a diethylamine 6c. Finally, 6c reacted with 1j to 
form the target product 4a. However, the animinium ion 6b was 
converted into enamine 6d in CH3CN. Subsequently 6d reacted with 
a sulfonyl radical to give 6e. Finally, β-hydride elimination of 6e 
provided the β-arylsulfonyl enamines 5.

tBuOOHOH

I1/2 I2

tBuO

N

6

tBuOOH2O tBuOOH OH

N

6a

N

6b

H2O

N
H
6c

S

MeO

O

O

Cl

MeO

S
O

O

N

4a

1j

tBuOO or tBuO

N

6d

ArSO2
Ar S

O

O

N- H+, e-

Ar S
O

O

N

6e5

Scheme 3. Proposed catalytic cycle

Conclusions
In conclusion, we herein report a novel method to synthesize 
sulfonamides and β-arylsulfonyl enamines through a metal-free 
catalyzed selective cleavage of tertiary amines. The method is simple 
and easy to operate, and has been demonstrated tobe possibly 
applied to synthesis of multifarious sulfonamides, β-arylsulfonyl 
enamines and related compounds.

Experimental Section
General experimental procedures for sulfonamides

A mixture of benzenesulfonyl chloride 1a (0.3 mmol), 1-
ethylpyrrolidine 2a (0.3 mmol), TBAI (5 mol%), tert-Butyl 
hydroperoxide (0.6 mmol) and THF (3.0 mL) was sealed in a 25 mL 
tube with a Teflon lined cap. The tube was then placed in an oil bath, 
stirred and heated at 80 °C for 4 h. After cooling to room temperature, 
the reaction mixture was quenched with water (20 mL) and extracted 
with dichloromethane (25 mL × 3). The combined organic layers were 
dried with anhydrous Na2SO4 and the solvent was removed under 
vacuum. The crude product was purified over a column of silica gel 
(eluent: hexane/ethyl acetate = 8: 1) to afford the desired product 3a. 

General experimental procedures for β-arylsulfonyl enamines

A mixture of sodium benzenesulfinates (0.3 mmol), tertiary amines 
(0.3 mmol), TBAI (5 mol%), tert-Butyl hydroperoxide (0.6 mmol) and 
CH3CN (3.0 mL) was sealed in a 25 mL tube with a Teflon lined cap. 
The tube was then placed in an oil bath, stirred and heated at 80 °C 
for 8 h. After cooling to room temperature, the reaction mixture was 
quenched with water (20 mL) and extracted with dichloromethane 
(25 mL × 3). The combined organic layers were dried with anhydrous 
Na2SO4 and the solvent was removed under vacuum. The crude 
product was purified over a column of silica gel (eluent: hexane/ethyl 
acetate = 2: 1) to afford the desired product. 

A gram-scale synthesis of 1-(biphenyl-4-ylsulfonyl)pyrrolidine (3p)

A solution of 4-biphenylsulfonyl chloride (5.0 mmol, 1.26 g), 1-
ethylpyrrolidine 2a (5.0 mmol, 0.50 g), TBAI (5 mol%, 0.092 g), tert-
Butyl hydroperoxide (10 mmol, 2.0-2.4 mL) in THF (50 mL) was stirred 
and heated at 80 °C for 4 h. After cooling to room temperature, the 
reaction mixture was quenched with water (200 mL) and extracted 
with dichloromethane (100 mL × 3). The combined organic layers 
were dried with anhydrous Na2SO4 and the solvent was removed 
under vacuum. The crude product was purified over a column of silica 
gel (eluent: hexane/ethyl acetate = 8: 1) to afford the desired product 
3p (81% yield, 1.42 g).
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