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A General Iodine-mediated Synthesis of Primary Sulfonamides 
from Thiols and Aqueous Ammonia 

Jian-Bo Feng,
a,b

 Xiao-Feng Wu
a,b*

A general and efficient methodology for preparing primary 

sulfonamide has been developed. In the presence of iodine as 

the catalyst and TBHP (70% in water) as the oxidant, a wide range 

of primary sulfonamides were prepared from the corresponding 

thiols and aqueous ammonia in moderate to good yields.  

Sulfonamide and its derivatives are very important structural moiety in 

biological compounds for their pharmaceutical activities including 

anticonvulsant,
[1]

 anticancer,
[2]

 antitumor,
[3]

 anti-inflammatory
[4]

 

antibacterial
[5]

 and HIV protease inhibitory activities.
[6]

 Additionally, due 

to their easy removability, sulfonamides have also been utilized as 

protecting groups for both oxygen and nitrogen functionalizations.
[7]

 As 

a consequence, numerous endeavours have been devoted to the 

construction of sulfonamides. The traditional procedures are based on 

the reaction of sulfonyl chlorides with amines.
[8]

 Catalytic procedures 

with transition metals Pd,
[9]

 Cu,
[10]

 Ru,
[11]

 Fe,
[12]

 and Ir
[13]

 as the 

catalysts have been developed as well. However, drawbacks still exist 

such as harsh reaction conditions, limited substrates scope, 

expensive transition metals catalysts demanding and so on. On the 

other hand, among all the sulfonamides, primary sulfonamides are 

known as zinc-binding groups (ZBGs) and presenting in natural 

products such as (−)-altemicidin and psammaplin C. But new synthetic 

procedure for primary sulfonamides synthesis is still limited. Notably, 

Song and co-workers developed an interesting iodine-mediated 

procedure in 2015.
[14]

 The reaction proceeds at room temperature in 

water under metal- and base-free conditions, good yields of 

sulfonamides can be prepared from the corresponding sodium 

sulfinates and amines or ammonia. As our continuing interest in 

developing green synthetic methodologies,
[15]

 here we would like to 

report our newly developed procedure on the direct synthesise of 

primary sulfonamide from thiols and aqueous ammonia under metal-

free conditions. 

Initially, a variety of iodide salts and iodine in the combination with 

TBHP were tested. As shown in table 1, all of them could afford the 

desired sulfonamide in moderate to good yields while no desired 

product could be detected under the catalyst-free condition (Table 1, 

entries 1-5). Among them, 89% of isolated yield can be achieved with 

iodine as the catalyst (Table 1, entry 2). Interestingly, decreasing the 

reaction temperature or the loading of catalyst or oxidant all lead to 

lower yields (Table 1, entries 2, 6, 7). Then different solvents were 

examined, although the desired primary sulfonamide can be obtained 

but acetonitrile still shown to be the most suitable solvent (Table 1, 

entries 8-12). TBHP is proven to be the best oxidant for this reaction 

system, after the testing of other organic oxidants (Table 1, entries 13-

16). 

Table 1. Optimization of reaction conditions.
a
 

 

Entry Catal. Oxidant Solvent Yield (%)
b
 

1 - TBHP CH3CN 0 

2 I2 TBHP CH3CN 
89 

64
c
 

3 KI TBHP CH3CN 60 

4 NaI TBHP CH3CN 58 

5 TBAI TBHP CH3CN 56 

6 I2 TBHP CH3CN 58
d
 

7 I2 TBHP CH3CN 57
e
 

8 I2 TBHP DMSO 24 

9 I2 TBHP DCE 63 

10 I2 TBHP 1,4-Dioxane 85 

11 I2 TBHP H2O 9 

a: Department of Chemistry, Zhejiang Sci-Tech University, Xiasha 

Campus, Hangzhou, Zhejiang Province 310018, People’s Republic of 

China. E-mail: xiao-feng.wu@catalysis.de 

b: Leibniz-Institut für Katalyse e.V. an der Universität Rostock, Albert-

Einstein-Strasse 29a, 18059 Rostock, Germany 

Electronic Supplementary Information (ESI) available: [general procedure, 

analytic data and NMR spectrum]. See DOI: 10.1039/x0xx00000x 
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12 I2 TBHP EtOAc 78 

13 I2 H2O2 CH3CN 0 

14 I2 DTBP CH3CN 0 

15 I2 TBP CH3CN 37 

16 I2 CHP CH3CN 32 

a: reaction condition: thiol (1 mmol), NH3 (5 equiv.; 25% in H2O), TBHP (5 equiv.; 

70% in water), CH3CN (1 mL), 100 ℃, 16 h; b: isolated yields; c: 80℃; d: I2 (5 

mol%); e: TBHP (4 equiv.; 70% in water). H2O2 (30 wt. % in H2O). DTBP: di-tert-

butyl peroxide. TBP: tert-butyl perbenzoate. CHP: cumene hydroperoxide. TBAI: 

tetrabutylammonium iodide. 

 

With the best reaction conditions in hand, a variety of functional group 

substituted substrates were tested subsequently. The obtained results 

shows, the yields of the desired products were found not influenced by 

the strict effects or electronic effects. In general, good yields can be 

achieved in all the tested cases. Interestingly, the 1H-

benzo[d]imidazole-2-thiol can be tolerated well under this reaction 

condition and give 1H-benzo[d]imidazole-2-sulfonamide in 70 % yield 

(Table 2, entry 22). 

Table 2. Synthesis of Primary Aromatic Sulfonamides.
a
 

 

Entry Substrate Product 
Isolated 

yield 

1 

 
 

89% 

2 

 
 

94% 

3 

 
 

65% 

4 

 
 

80% 

5 

 
 

42% 

6 

 
 

55% 

7 

 
 

64% 

8 

 
 

62% 

9 

 
 

60% 

10 

 
 

75% 

11 

 
 

70% 

12 

 
 

60% 

13 

 
 

75% 

14 

 
 

88% 

15 

 
 

87% 

16 

 
 

80% 

17 

 
 

86% 

18 

 
 

72% 

19 

 
 

56% 

20 

 
 

86% 

21 

 
 

87% 

22 

  

70% 

a: reaction condition: I2 (20 mol%), thiol (1 mmol), NH3 (5 equiv.; 25% in H2O), 

TBHP (5 equiv.; 70% in water), CH3CN (1 mL), 100 ℃, 16 h. 

 

Then aliphatic and benzylic thiols were tested under our condisitons as 

well (Table 3). Moderate to good yields of the target products can be 

produced from decane-1-thiol, cyclohexanethiol and phenylmethanethiol 

successfully. In addition to ammonia, 2-methylpropan-2-amine was 

applied as well and give the desired product N-(tert-

butyl)benzenesulfonamide in 97% yield (Scheme 1). Notably, N-(tert-
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butyl)benzenesulfinamide can be isolated by decreasing the TBHP 

added.  

 

Table 3. Synthesis of Primary Aliphatic Sulfonamides.
a
 

 

Entry Substrate Product Isolated yield 

1  
 

57% 

2 

 
 

46% 

3 

  

71% 

a: reaction condition: I2 (20 mol%), thiol (1 mmol), NH3 (5 equiv.; 25% in H2O), 

TBHP (5 equiv.; 70% in water), CH3CN (1 mL), 100 ℃, 16 h. 

 

 

Scheme 1. The synthesis of N-(tert-butyl)benzenesulfonamide. 

 

In order to get some understanding of the reaction pathway, several 

control experiments were performed. Disulfide as the possible 

intermediate was applied as starting material and treated under the 

optimal conditions. Unfortunately, only 48 % of the corresponding 

sulfonamide was obtained (Scheme 2, eq. a). S-phenyl 

benzenesulfonothioate which is considered as an oxidative 

intermediate of disulfide was tested under standard conditions as well, 

47 % of the primary sulfonamide was afforded (Scheme 2, eq. b). We 

suspect that sulfonic acid which produced in situ from thiol might be 

the intermediate, but no corresponding product could be found with 4-

methylbenzenesulfonic acid under our best conditions (Scheme 2, eq. 

c). These experiments exclude the possibility of them as 

intermediates. Additionally, no sulfonamide could be detected when 

TEMPO (2 equiv.) was added to the reaction mixture under our 

standard conditions.  

 

 

Scheme 2. Control experiments. 
 

 

Based on these results and literature,
[16]

 a possible reaction pathway 

is been proposed (Scheme 3). Initially, thiol is been transformed into 

the corresponding radical which reacted with ammonia to give 

sulfinamide as the intermediate. Then sulfinamide can be further 

oxidized into the desired amide as the terminal product.  

 

Scheme 3. Proposed reaction pathway for the synthesis of sulfonamide. 

In conclusion, we have developed an efficient, practical and green 

methodology for the synthesis of primary sulfonamides. Various types 

of thiols can be applied as the substrates and give the desired 

sulfonamides in good to excellent yields.  
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An efficient, practical and green methodology for the synthesis of 
primary sulfonamides has been developed. Various types of thiols 
can be applied as the substrates and give the desired 
sulfonamides in good to excellent yields. 
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