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General information

All experiments were conducted with a round-bottom flask. Flash column chromatography 

was performed over silica gel (200-300 mesh). 1H NMR spectra were recorded on a Bruker 

AVIII-500M spectrometers, Chemical shifts (in ppm) were referenced to CDCl3 (δ = 7.26 

ppm), DMSO-d6 (δ = 2.50 ppm) as an internal standard. 13C NMR spectra were obtained by 

using the same NMR spectrometers and were calibrated with CDCl3 (δ = 77.0 ppm), DMSO-

d6 (δ = 39.6 ppm). Unless otherwise noted, materials obtained from commercial suppliers 

were used without further purification, and the most starting materials were purchased from 

Adamas.

General Procedure for the Preparation of Sodium Sulfinates (2c-2e, 2f-2o)[1]:

4-Methoxybenzenesulfinic acid sodium salt (2c) was prepared by heating 2.5 g (20 mmol) of 

sodium sulfite, 2.06 g (10 mmol) of 4-methoxybenzenesulphonyl chloride, and 1.68 (20 mmol) 

g of sodium bicarbonate in 10 mL of water at 80 oC for 4 h. After cooling to room 

temperature, water was removed under vacuumand the residue was extracted by ethanol, 

recrystallization as a white solid, the yield was 62% (1.2 g). Similarly, other sodium 

arenesulfinates (2d, 2e, 2f-2o) was prepared from their corresponding sulphonyl chlorides.

General procedure A for preparation of sulfonamides from amines and sodium 

sulfinates: To a round-bottom flask was added the corresponding sodium sulfinates (1 mmol) 

and I2 (0.5 mmol), the mixture was stirred at room temperature for 20 min, then EtOH (2 mL) 

and amine (0.5 mmol) was added. The resulting solution was continued to stir at room 

temperature for 3 h. Upon completion of the reaction, 10% sodium thiosulfate solution (20 

mL) was added, aqueous layers was extracted with ethyl acetate (20 mL) thrice. The combine 

organic layers were dried over anhydrous Na2SO4. The solvents were removed via rotary 

evaporator and the residue was purified with flash chromatography (silica gel).
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N-phenylbenzenesulfonamide (3aa),[2] the same procedure was used for aniline and sodium 
benzenesulfinate. The reaction gave 88.5 mg of N-phenylbenzenesulfonamide (3aa) in 76% 
isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.82-7.80 (m, 2H), 7.54-
7.51 (m, 1H), 7.44-7.41 (m, 2H), 7.24-7.21 (m, 2H), 7.11-7.09 (m, 3H). 13C NMR: (125 MHz, 
CDCl3, ppm) δ 138.9, 136.4, 133.0, 129.3, 129.0, 127.2, 125.4, 121.6.

S
N
H

O

O

O

N-(4-methoxyphenyl)benzenesulfonamide (3ba),[3] the same procedure was used for 4-
methoxyaniline and sodium benzenesulfinate. The reaction gave 105.2 mg of N-(4-
methoxyphenyl)benzenesulfonamide (3ba) in 80 % isolated yield as a white solid. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.74-7.72 (m, 2H), 7.53-7.50 (m, 1H), 7.43-7.40 (m, 2H), 7.03 (s, 
1H), 6.99 (d, J = 9.0 Hz, 2H), 6.74 (d, J = 9.0 Hz, 2H), 3.73 (s, 3H).13C NMR: (125 MHz, CDCl3, 
ppm) δ 157.9, 138.8, 132.8, 128,9, 128.7, 127.2, 125.3, 114.4, 55.4.

S
N
H

O

O

N-(o-tolyl)benzenesulfonamide (3ca),[3] the same procedure was used for o-toluidine and 
sodium benzenesulfinate. The reaction gave 56.8 mg of N-(o-tolyl)benzenesulfonamide (3ca) 
in 46% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.74 (d, J = 7.0 
Hz, 2H), 7.54 (t, J = 7.5 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.31 (t, J = 7.5 Hz, 1H), 7.15-7.07 
(m, 2H), 6.74 (s, 1H), 1.99 (s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 139.6, 134.3, 132.9, 
131.7, 130.7, 128.9, 127.0, 126.9, 126.3, 124.6, 17.5.

S
N
H

O

O

N-(m-tolyl)benzenesulfonamide (3da),[4] The same procedure was used for m-toluidine and 
sodium benzenesulfinate. The reaction gave 67.9 mg of N-(m-tolyl)benzenesulfonamide (3da) 
in 55 % isolated yield as a white solid. 1H NMR (500 MHz, CDCl3) δ 7.82 (dd, J = 8.0, 1.0 Hz, 2H), 
7.54-7.51 (m, 1H), 7.45-7.42 (m, 2H), 7.23 (s, 1H), 7.11-7.08 (m, 1H), 6.91– 6.89 (m, 3H), 2.25 (s, 3H). 
13C NMR: (125 MHz, CDCl3, ppm) δ 139.3, 139.0, 136.3, 132.9, 129.0, 127.2, 126.1, 122.2, 
118.4, 21.3.

S
N
H

O

O

N-(p-tolyl)benzenesulfonamide (3ea),[2] the same procedure was used for p-toluidine and 
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sodium benzenesulfinate. The reaction gave 98.8 mg of N-(p-tolyl)benzenesulfonamide (3ea) 
in 80 % isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.79-7.77 (m, 
2H), 7.52 (t, J = 7.5 Hz, 1H), 7.42 (t, J = 7.5 Hz, 2H), 7.09 (s, 1H), 7.02 (d, J = 8.0 Hz, 2H), 
6.97 (d, J = 8.0 Hz, 2H), 2.26 (s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 138.9, 135.4, 
133.6, 132.8, 129.8, 127.2, 122.3, 20.8.

S
N
H

O

O

iPr

N-(4-isopropylphenyl)benzenesulfonamide (3fa, 116752-56-8), the same procedure was 
used for 4-isopropylaniline and sodium benzenesulfinate. The reaction gave 151.1 mg of N-
(4-isopropylphenyl)benzenesulfonamide (3fa) in 91% isolated yield as a white solid. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.81-7.79 (m, 2H), 7.52 (t, J = 7.5 Hz, 1H), 7.42 (t, J = 8.0 Hz, 
2H), 7.16 (s, 1H), 7.07 (d, J = 8.5 Hz, 2H), 7.00 (d, J = 8.5 Hz, 2H), 2.85-2.79 (m, 1H), 1.18 
(d, J = 6.5 Hz, 6H). 13C NMR: (125 MHz, CDCl3, ppm) δ 146.3, 139.1, 133.8, 132.8, 128.9, 
127.2, 127.1, 122.2, 33.4, 23.9

S
N
H

O

O

tBu

N-(4-(tert-butyl)phenyl)benzenesulfonamide (3ga),[4] the same procedure was used for 4-
(tert-butyl)aniline and sodium benzenesulfinate. The reaction gave 119.9 mg of N-(4-(tert-
butyl)phenyl)benzenesulfonamide (3ga) in 83 % isolated yield as a white solid. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.79 (d, J = 7.5 Hz, 2H), 7.55-7.51 (m, 1H), 7.45-7.42 (m, 2H), 
7.24 (d, J = 8.5 Hz, 2H), 6.99 (d, J = 8.5 Hz, 2H), 6.92 (s, 1H), 1.25 (s, 9H). 13C NMR: (125 
MHz, CDCl3, ppm) δ 148.6, 139.2, 133.5, 132.9, 128.9, 127.2, 126.1, 121.7, 34.3, 31.2.

S
N
H

O

O

F

N-(4-fluorophenyl)benzenesulfonamide (3ha),[5] the same procedure was used for 4-
fluoroaniline and sodium benzenesulfinate. The reaction gave 79.0 mg of N-(4-
fluorophenyl)benzenesulfonamide (3ha) in 63% isolated yield as a white solid. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.77-7.75 (m, 2H), 7.56-7.53 (m, 1H), 7.45-7.42 (m, 2H), 7.09 (s, 1H), 
7.20 (s, 1H), 7.07-7.04 (m, 2H), 6.93-6.90 (m, 2H), 2.26 (s, 3H). 13C NMR: (125 MHz, CDCl3, 
ppm) δ 161.6, 159.7, 138.6, 133.1, 132.1, 129.1, 127.2, 124.7, 124.6, 116.2, 116.0.

S
N
H

O

O
Cl

N-(3-chlorophenyl)benzenesulfonamide (3ia),[4] The same procedure was used for 3-
chloroaniline and sodium benzenesulfinate. The reaction gave 66.8 mg of N-(3-
chlorophenyl)benzenesulfonamide (3ia) in 50% isolated yield as a white solid. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.84-7.82 (m, 2H), 7.5-7.54 (m, 1H), 7.48-7.45 (m, 2H), 7.38 (s, 1H), 
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7.15-7.13 (m, 2H), 7.07-7.05 (m, 1H), 6.99-6.97 (m, 1H). 13C NMR: (125 MHz, CDCl3, ppm) 
δ 138.6, 137.7, 134.9, 133.3, 130.3, 129.2, 127.2, 125.3, 121.1, 119.1.

S
N
H

O

O

Cl

N-(4-chlorophenyl)benzenesulfonamide (3ja),[3] the same procedure was used for 4-
chloroaniline and sodium benzenesulfinate. The reaction gave 86.8 mg of N-(4-
chlorophenyl)benzenesulfonamide (3ja) in 65% isolated yield as a white solid. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.79 (d, J = 7.0 Hz, 2H), 7.55 (t, J = 7.0 Hz, 1H), 7.45 (t, J = 7.0 Hz, 
3H), 7.18 (d, J = 8.5 Hz, 2H), 7.04 (d, J = 9.0 Hz, 2H). 13C NMR: (125 MHz, CDCl3, ppm) δ 
138.5, 134.9, 133.2, 130.9, 129.4, 129.1, 127.2, 123.0.

S
N

O

O

N-methyl-N-phenylbenzenesulfonamide (3ka),[6] the same procedure was used for N-
methylaniline and sodium benzenesulfinate. The reaction gave 56.8 mg of N-methyl-N-
phenylbenzenesulfonamide (3ka) in 46% isolated yield as a white solid.1H NMR: (500 MHz, 
CDCl3, ppm) δ 7.57-7.53 (m, 3H), 7.46-7.43 (m, 2H), 7.31-7.24 (m, 3H), 7.09-7.07 (m, 2H), 
3.17 (s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 141.4, 136.4, 132.7, 128.8, 128.7, 127.8, 127.3, 
126.6, 38.1.

S
N
H

O

O

N-benzylbenzenesulfonamide (3la),[2] the same procedure was used for phenylmethanamine 
and sodium benzenesulfinate. The reaction gave 79.0 mg of N-benzylbenzenesulfonamide 
(3la) in 64% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.87-7.85 (m, 
2H), 7.59-7.56 (m, 1H), 7.51-7.48 (m, 2H), 7.26-7.24 (m, 3H), 7.19-7.17 (m, 2H), 5.00 (s, 
1H), 4.14 (d, J = 6.0 Hz, 2H). 13C NMR: (125 MHz, CDCl3, ppm) δ 139.9, 136.2, 132.6, 129.1, 
128.6, 127.9, 127.8, 127.0, 47.2.

S
N
H

O

O
N

N-(pyridin-3-yl)benzenesulfonamide (3ma),[3] The same procedure was used for pyridin-3-
amine and sodium benzenesulfinate. The reaction gave 19.9 mg of N-(pyridin-3-
yl)benzenesulfonamide (3na) in 17% isolated yield as a white solid. 1H NMR: (500 MHz, 
DMSO-d6, ppm) δ 10.58 (s, 1H), 8.27-8.24 (m, 2H), 7.77-7.75 (m, 2H), 7.62 (d, J = 7.5 Hz, 
1H), 7.56 (d, J = 7.5 Hz, 2H), 7.51-7.49 (m, 1H), 7.28 (dd, J1 = 8.0 Hz, J2 = 5.0 Hz, 1H). 13C 
NMR: (125 MHz, DMSO-d6, ppm) δ 145.5, 141.9, 139.1, 134.5, 133.3, 129.5, 127.5, 126.7, 
124.1.
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N,N-diethylbenzenesulfonamide (3na),[2] the same procedure was used for diethylamine and 
sodium benzenesulfinate. The reaction gave 87.3 mg of N,N-diethylbenzenesulfonamide 
(3ma) in 82% isolated yield as a white solid.  1H NMR: (500 MHz, CDCl3, ppm) δ 7.82-7.80 
(m, 2H), 7.56-7.53 (m, 1H), 7.50-7.47 (m, 2H), 3.24 (q, J = 7.0 Hz, 4H), 1.12 (t, J = 7.0 Hz, 
4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 140.4, 132.2, 129.0, 126.9, 42.0, 14.1.

S
N

O

O

1-(phenylsulfonyl)pyrrolidine (3oa),[7] the same procedure was used for pyrrolidine and 
sodium benzenesulfinate. The reaction gave 66.5 mg of 1-(phenylsulfonyl)pyrrolidine (3oa) 
in 63% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.82 (d, J = 8.0 
Hz, 2H), 7.58 (t, J = 7.5 Hz, 1H), 7.52 (t, J = 7.5 Hz, 2H), 3.23 (t, J = 6.0 Hz, 4H), 1.75-1.72 
(m, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 136.9, 132.5, 128.9, 127.4, 47.9, 25.2.

S
N

O

O

1-(phenylsulfonyl)piperidine (3pa),[7] the same procedure was used for piperidine and 
sodium benzenesulfinate. The reaction gave 79.8 mg of 1-(phenylsulfonyl)piperidine (3pa) in 
71% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.76-7.74 (m, 2H), 
7.60-7.57 (m, 1H), 7.54-7.51 (m, 2H), 2.98 (t, J = 5.0 Hz, 4H), 1.65-1.61 (m, 4H), 1.43-1.39 
(m, 2H). 13C NMR: (125 MHz, CDCl3, ppm) δ 136.3, 132.5, 128.9, 127.6, 46.9, 25.1, 23.5.

S
N

O

O
O

4-(phenylsulfonyl)morpholine (3qa),[8] the same procedure was used for morpholine and 
sodium benzenesulfinate. The reaction gave 107.8 mg of 4-(phenylsulfonyl)morpholine (3qa) 
in 95% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.77-7.75 (m, 2H), 
7.64-7.61 (m, 1H), 7.57-7.54 (m, 2H), 3.74 (t, J = 5.0 Hz, 4H), 3.00 (t, J = 5.0 Hz, 4H). 13C 
NMR: (125 MHz, CDCl3, ppm) δ 135.1, 133.0, 129.1, 127.8, 66.1, 46.0.

S
N
H

O

O

N-(prop-2-yn-1-yl)benzenesulfonamide (3ra),[9] The same procedure was used for prop-2-
yn-1-amine and sodium benzenesulfinate at 0 oC-rt. The reaction gave 57.5 mg of N-(prop-2-
yn-1-yl)benzenesulfonamide (3ra) in 59% isolated yield as a light yellow oil. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.90 (d, J = 8.0 Hz, 2H), 7.60 – 7.57 (m, 1H), 7.52 (t, J = 7.5 Hz, 2H), 
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5.04 (s, 1H), 3.84 (s, 2H), 2.07-2.06 (m, 1H). 13C NMR: (125 MHz, CDCl3, ppm) δ 139.5, 
132.9, 129.0, 127.3, 77.8, 73.0, 32.8.

S
N

O

O

N,N-diallylbenzenesulfonamide (3sa),[10] the same procedure was used for diallylamine and 
sodium benzenesulfinate at 0 oC-rt. The reaction gave 99.5 mg of N,N-
diallylbenzenesulfonamide (3sa) in 42% isolated yield as a light yellow oil. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.82 (d, J = 7.5 Hz, 2H), 7.58-7.55 (m, 1H), 7.50 (t, J = 7.5 Hz, 2H), 5.63-5.55 
(m, 2H), 5.15 – 5.12 (m, 4H), 3.81 (d, J = 6.5 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 140.4, 
134.5, 129.0, 127.1, 119.0, 49.3.

S
N

N
S
O

O
O

O

N,N'-(ethane-1,2-diyl)bis(N-methylbenzenesulfonamide) (3ta, 60395-33-7), the same 
procedure was used for N,N'-dimethyl-1,2-ethanediamine (0.25 mmol) and sodium 
benzenesulfinate. The reaction gave 60.7 mg of N,N'-(ethane-1,2-diyl)bis(N-
methylbenzenesulfonamide) (3ta) in 66% isolated yield as a white solid.  1H NMR: (500 
MHz, CDCl3, ppm) δ 7.79-7.77 (m, 4H), 7.61-7.59 (m, 2H), 7.53 (t, J = 8.0 Hz, 4H), 3.23 (s, 
4H), 2.83 (s, 6H). 13C NMR: (125 MHz, CDCl3, ppm) δ 137.3, 132.9, 129.2, 127.3, 48.8, 35.8.

S
N

O

O
N

1-(phenylsulfonyl)-1H-benzo[d]imidazole (3ua),[11] the same procedure was used for 
benzimidazole and sodium benzenesulfinate. The reaction gave 51.6 mg of 1-
(phenylsulfonyl)-1H-benzo[d]imidazole (3ua) in 40% isolated yield as a white solid. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 8.39 (s, 1H), 7.99 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 1H), 
7.77 (d, J = 7.5 Hz, 1H), 7.61 (t, J = 7.5 Hz, 1H), 7.51 (t, J = 8.0 Hz, 2H), 7.41-7.34 (m, 2H). 
13C NMR: (125 MHz, CDCl3, ppm) δ 144.0, 141.1, 137.5, 134.7, 130.7, 129.7, 127.1, 125.6, 
124.8, 121.1, 112.4.

S
N

O

O
N

1-tosyl-1H-benzo[d]imidazole (3ub),[12] the same procedure was used for benzimidazole and 
sodium 4-methylbenzenesulfinate. The reaction gave 65.3 mg of 1-tosyl-1H-
benzo[d]imidazole (3ub) in 48% isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, 
ppm) δ 8.38 (s, 1H), 7.88-7.85 (m, 3H), 7.76 (d, J = 7.5 Hz, 1H), 7.40-7.33 (m, 2H), 7.29 (d, J 
= 7.5 Hz, 2H), 2.37 (s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 146.2, 144.0, 141.2, 134.5, 
130.7, 130.3, 127.2, 125.5, 124.7, 121.0, 112.4, 21.6.
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S
N

O

O
NMeO

1-((4-methoxyphenyl)sulfonyl)-1H-benzo[d]imidazole (3uc),[12] the same procedure was 
used for benzimidazole and sodium 4-methoxybenzenesulfinate. The reaction gave 46.1 mg 
of 1-((4-methoxyphenyl)sulfonyl)-1H-benzo[d]imidazole (3uc) in 32% isolated yield as a 
white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 8.38 (s, 1H), 7.92 (d, J = 9.0 Hz, 2H), 7.84 
(d, J = 8.0 Hz, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.39-7.33 (m, 2H), 6.93 (d, J = 9.0 Hz, 2H), 3.81 
(s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 164.5, 143.9, 141.2, 130.7, 129.6, 128.6, 125.4, 
124.6, 121.0, 114.9, 112.4, 55.8.

S
N

O

O
NF3C

1-((4-(trifluoromethyl)phenyl)sulfonyl)-1H-benzo[d]imidazole (3ud, 1030365-08-2), the 
same procedure was used for benzimidazole and sodium 4-(trifluoromethyl)benzenesulfinate. 
The reaction gave 70.1 mg of 1-((4-(trifluoromethyl)phenyl)sulfonyl)-1H-benzo[d]imidazole 
(3ud) in 43% isolated yield as a white solid.1H NMR: (500 MHz, CDCl3, ppm) δ 8.38 (s, 1H), 
8.13 (d, J = 8.0 Hz, 2H), 7.88-7.86 (m, 1H), 7.79 (d, J = 8.0 Hz, 3H), 7.45-7.38 (m, 2H). 13C 
NMR: (125 MHz, CDCl3, ppm) δ 144.0, 140.9, 136.3 (q, J = 33.8 Hz), 130.6, 127.7, 126.9 (q, 
J = 3.8 Hz), 126.0, 125.3, 122.7 (q, J = 271.3 Hz), 121.4, 112.3.

S
N

O

O
N

5,6-dimethyl-1-(phenylsulfonyl)-1H-benzo[d]imidazole (3va, 325810-41-1), the same 
procedure was used for5,6-dimethyl-1H-benzo[d]imidazole and sodium benzenesulfinate. The 
reaction gave 100.1 mg of 5,6-dimethyl-1-(phenylsulfonyl)-1H-benzo[d]imidazole (3va) in 70% 
isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 8.27 (s, 1H), 7.98-7.96 (m, 
2H), 7.63 (s, 1H), 7.63-7.58 (m, 1H), 7.51-7.48 (m, 3H), 2.37 (m, 3H), 2.32 (s, 3H). 13C NMR: 
(125 MHz, CDCl3, ppm) δ 142.4, 140.4, 137.7, 135.0, 134.5, 133.9, 129.6, 129.1, 126.9, 
121.0, 112.5, 20.6, 20.1

S
N
H

O

O
O2N

4-nitro-N-phenylbenzenesulfonamide (3ae),[13] the same procedure was used for aniline and 
sodium 4-nitrobenzenesulfinate. The reaction gave 44.5 mg of 4-nitro-N-
phenylbenzenesulfonamide (3ae) in 32% isolated yield as a white solid. 1H NMR: (500 MHz, 
DMSO-d6, ppm) δ 10.61 (s, 1H), 8.36 (t, J = 9.0 Hz, 2H), 7.99 (t, J = 9.0 Hz, 2H), 7.27-7.23 
(m, 2H), 7.11-7.05 (m, 3H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 149.9, 144.9, 137.0, 
129.5, 128.4, 124.9, 124.7, 120.8.
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HN
O

O

S
O

O

(S)-methyl 4-methyl-2-(phenylsulfonamido)pentanoate (3wa, 68305-82-8), the same 
procedure was used for methyl L-leucinate hydrochloride, sodium benzenesulfinate and Et3N 
(1 eq). The reaction gave 52.7 mg of (S)-methyl 4-methyl-2-(phenylsulfonamido)pentanoate 
(3wa) in 37% isolated yield as a colorless oil. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.84-7.83 
(m, 2H), 7.58-7.55 (m, 1H), 7.51-7.48 (m, 2H), 5.14 (d, J = 10 Hz, 1H), 3.96-3.92 (m, 1H), 
3.41 (s, 3H), 1.80- 1.73 (m, 1H), 1.51-1.44 (m, 2H), 0.89 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.5 
Hz, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 172.6, 139.6, 132.8, 128.9, 127.3, 54.3, 52.3, 
42.3, 24.2, 22.7, 21.3.

HN
O

O

S
O

O

(S)-methyl 3-phenyl-2-(phenylsulfonamido)propanoate (3xa),[14] the same procedure was 
used for methyl L-phenylalaninate hydrochloride, sodium benzenesulfinate and Et3N (1 eq). 
The reaction gave 57.4 mg of (S)-methyl 3-phenyl-2-(phenylsulfonamido)propanoate (3xa) in 
36% isolated yield as a colorless oil. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.76-7.40 (m, 2H), 
7.56-7.53 (m, 1H), 7.46-7.43 (m, 2H), 7.25-7.23 (m, 3H), 7.07-7.05 (m, 2H), 5.15 (s, 1H), 
4.25-4.20 (m, 1H), 3.47 (s, 3H), 3.04-3.03 (m, 2H). 13C NMR: (125 MHz, CDCl3, ppm) δ 
171.1, 139.5, 134.8, 132.7, 129.3, 129.0, 128.6, 127.3, 127.1, 56.6, 52.4, 39.3.

S
N

O

O
O

4-tosylmorpholine (3qb),[15] the same procedure was used for morpholine and sodium 4-
methylbenzenesulfinate. The reaction gave 85.5 mg of 4-tosylmorpholine (3qb) in 71% 
isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.63 (d, J = 8.0 Hz, 2H), 
7.34 (d, J = 8.0 Hz, 2H), 3.73 (t, J = 4.5 Hz, 4H), 2.97 (t, J = 4.5 Hz, 4H), 2.43 (s, 3H). 13C 
NMR: (125 MHz, CDCl3, ppm) δ 143.9, 132.0, 129.7, 127.8, 66.1, 45.9, 21.5.

S
N

O

O
O

4-(m-tolylsulfonyl)morpholine (3qf),[16] the same procedure was used for morpholine and 
sodium 3-methylbenzenesulfinate. The reaction gave 98.8 mg of 4-(m-
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tolylsulfonyl)morpholine (3qf) in 82% isolated yield as a white solid. 1H NMR: (500 MHz, 
CDCl3, ppm) δ 7.55-7.53 (m, 2H), 7.45-7.42 (m, 2H), 3.73 (t, J = 5.0 Hz, 4H), 2.99 (t, J = 5.0 
Hz, 4H), 2.44 (s, 3H). 13C NMR: (125 MHz, CDCl3, ppm) δ 139.3, 134.9, 133.8, 128.9, 128.1, 
124.9, 66.1, 46.0, 21.4.

S
N

O

O
O

MeO

4-((4-methoxyphenyl)sulfonyl)morpholine (3qc),[17] the same procedure was used for 
morpholine and sodium 4-methoxybenzenesulfinate. The reaction gave 113.1 mg of 4-((4-
methoxyphenyl)sulfonyl)morpholine (3qc) in 88% isolated yield as a white solid.1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.68 (d, J = 9.0 Hz, 2H), 7.01 (d, J = 9.0 Hz, 2H), 3.87 (s, 3H), 
3.72 (t, J = 5.0 Hz, 4H), 2.96 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 163.2, 
129.9, 126.6, 114.3, 66.0, 55.6, 46.0.

S
N

O

O
O

tBu

4-((4-(tert-butyl)phenyl)sulfonyl)morpholine (3qg, 324526-64-9), the same procedure was 
used for morpholine and sodium 4-(tert-butyl)benzenesulfinate. The reaction gave 103.4 mg 
of 4-((4-(tert-butyl)phenyl)sulfonyl)morpholine (3qg) in 73% isolated yield as a white solid. 
1H NMR: (500 MHz, CDCl3, ppm) δ 7.67 (d, J = 8.0 Hz, 2H), 7.54 (d, J = 8.0 Hz, 2H), 3.74 (t, 
J = 4.5 Hz, 4H), 2.99 (t, J = 4.5 Hz, 4H), 1.34 (s, 9H). 13C NMR: (125 MHz, CDCl3, ppm) δ 
156.8, 131.9, 127.7, 126.0, 66.1, 45.9, 35.2, 31.4.

S
N

O

O
O

F3C

4-((4-(trifluoromethyl)phenyl)sulfonyl)morpholine (3qd, 457960-71-3), the same 
procedure was used for morpholine and sodium 4-(trifluoromethyl)benzenesulfinate. The 
reaction gave 57.5 mg of 4-((4-(trifluoromethyl)phenyl)sulfonyl)morpholine (3qd) in 39% 
isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 7.88 (d, J = 8.0 Hz, 2H), 
7.82 (d, J = 8.0 Hz, 2H), 3.74 (t, J = 4.5 Hz, 4H), 3.03 (t, J = 4.5 Hz, 4H). 13C NMR: (125 
MHz, CDCl3, ppm) δ 138.9, 134.7 (q, J = 32.5 Hz), 128.3, 126.3 (q, J = 3.8 Hz), 123.1 (q, J = 
271.3 Hz), 66.0, 45.9.

S
N

O

O
O

F3C

4-((3-(trifluoromethyl)phenyl)sulfonyl)morpholine (3qh, 613657-76-4), the same 
procedure was used for morpholine and sodium 3-(trifluoromethyl)benzenesulfinate. The 
reaction gave 67.8 mg of4-((3-(trifluoromethyl)phenyl)sulfonyl)morpholine (3qh) in 46% 
isolated yield as a white solid. 1H NMR: (500 MHz, CDCl3, ppm) δ 8.00 (s, 1H), 7.95(d, J = 
7.5 Hz, 1H), 7.89 (d, J = 7.5 Hz, `H), 7.73 (t, J = 7.5 Hz, 1H), 3.76 (t, J = 4.5 Hz, 4H), 3.02 (t, 
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J = 4.5 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 136.6, 131.9 (q, J = 33.8 Hz), 130.0, 
129.7 (q, J = 3.8 Hz), 124.7 (q, J = 3.8 Hz), 123.1 (q, J = 271.3 Hz), 66.0, 45.9.

S
N

O

O
O

O2N

4-((4-nitrophenyl)sulfonyl)morpholine (3qe),[18] the same procedure was used for 
morpholine and sodium 4-nitrobenzenesulfinate. The reaction gave 70.7 mg of 4-((4-
nitrophenyl)sulfonyl)morpholine (3qe) in 52% isolated yield as a white solid..  1H NMR: 
(500 MHz, CDCl3, ppm) δ 8.40 (d, J = 8.5 Hz, 2H), 7.94 (d, J = 8.5 Hz, 2H), 3.75 (t, J = 4.5 
Hz, 4H), 3.05 (t, J = 4.5 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 150.3, 141.3, 128.9, 
124.4, 66.0, 45.8.

S
N

O

O
O

Br

4-((4-bromophenyl)sulfonyl)morpholine (3qi),[19] the same procedure was used for 
morpholine and sodium 4-bromobenzenesulfinate. The reaction gave 59.4 mg of 4-((4-
bromophenyl)sulfonyl)morpholine (3qi) in 39% isolated yield as a white solid.. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.69 (d, J = 8.5 Hz, 2H), 7.61 (d, J = 8.5 Hz, 2H), 3.74 (t, J = 5.0 
Hz, 4H), 2.99 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 134.2, 132.4, 129.3, 
128.2, 66.0, 45.9.

S
N

O

O
O

F

4-((4-fluorophenyl)sulfonyl)morpholine (3qj),[15] the same procedure was used for 
morpholine and sodium 4-fluorobenzenesulfinate. The reaction gave 91.8 mg of 4-((4-
fluorophenyl)sulfonyl)morpholine (3qj) in 75% isolated yield as a white solid.. 1H NMR: 
(500 MHz, CDCl3, ppm) δ 7.78-7.75 (m, 2H), 7.25-7.21 (m, 2H), 3.73 (t, J = 5.0 Hz, 4H), 
2.98 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 165.3 (d, J = 253.8 Hz), 131.1 
(d, J = 3.8 Hz), 130.5 (d, J = 8.8 Hz), 116.4 (d, J = 22.5 Hz), 66.0, 45.9.

S
N

O

O
O

F

4-((3-fluorophenyl)sulfonyl)morpholine (3qk),[17] the same procedure was used for 
morpholine and sodium 3-fluorobenzenesulfinate. The reaction gave 77.2 mg of 4-((3-
fluorophenyl)sulfonyl)morpholine (3qk) in 63% isolated yield as a white solid.. 1H NMR: 
(500 MHz, CDCl3, ppm) δ7.56-7.54 (m, 2H), 7.47-7.45 (m, 1H), 7.35-7.31 (m, 1H), 3.74 (t, J 
= 5.0 Hz, 4H), 3.02 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 162.4 (d, J = 
255.6 Hz), 137.3 (d, J = 6.5 Hz), 130.9 (d, J = 7.6 Hz), 123.5 (d, J = 3.4 Hz), 120.2 (d, J = 
21.1 Hz), 115.0 (d, J = 24.1 Hz), 66.0, 45.9.



12

S
N

O

O
O

F

4-((2-fluorophenyl)sulfonyl)morpholine (3ql, 613657-01-5), the same procedure was used 
for morpholine and sodium 2-fluorobenzenesulfinate. The reaction gave 38.0 mg of 4-((2-
fluorophenyl)sulfonyl)morpholine (3ql) in 31% isolated yield as a white solid.. 1H NMR: (500 
MHz, CDCl3, ppm) δ 7.84-7.81 (m, 1H), 7.62-7.58 (m, 1H), 7.31-7.28 (m, 1H), 7.25-7.22 (m, 
1H), 3.74 (t, J = 5.0 Hz, 4H), 3.18 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ 
159.0 (d, J = 255.0 Hz), 135.3 (d, J = 8.7 Hz), 131.3, 124.5 (q, J = 5.0 Hz), 117.3 (d, J = 10 
Hz), 66.3, 45.7 (d, J = 1.3 Hz).

S
N

O

O
O

4-(naphthalen-2-ylsulfonyl)morpholine (3qm),[20] the same procedure was used for 
morpholine and sodium naphthalene-2-sulfinate. The reaction gave 84.5 mg of 4-(naphthalen-
2-ylsulfonyl)morpholine (3qm) in 61% isolated yield as a white solid.. 1H NMR: (500 MHz, 
CDCl3, ppm) δ 8.33 (s, 1H), 8.00-7.98 (m, 2H), 7.93 (d, J = 8.0 Hz, 1H) 7.75-7.73 (m, 1H), 
7.69-7.61 (m, 2H), 3.74 (t, J = 5.0 Hz, 4H), 3.07 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, 
CDCl3, ppm) δ 134.9, 132.2, 132.1, 129.3, 129.2, 129.2, 129.0, 127.9, 127.6, 122.9, 66.1, 46.1.

S
N

O

O
O

N

4-(quinolin-8-ylsulfonyl)morpholine (3qn),[20] the same procedure was used for morpholine 
and sodium quinoline-8-sulfinate. The reaction gave 83.4 mg of 4-(quinolin-8-
ylsulfonyl)morpholine (3qn) in 60% isolated yield as a white solid.. 1H NMR: (500 MHz, 
CDCl3, ppm) δ 9.05-9.04 (m, 1H), 8.23 (dd, J1 = 7.5 Hz, J2 = 1.5 Hz, 1H), 8.24-8.22 (m, 1H), 
8.04-8.02 (m, 1H), 7.60 (t, J = 7.5 Hz, 1H), 7.52 (q, J = 4.0 Hz, 1H) 3.69 (t, J = 5.0 Hz, 4H), 
3.43 (t, J = 5.0 Hz, 4H). 13C NMR: (125 MHz, CDCl3, ppm) δ13C NMR (126 MHz, CDCl3) δ 
151.1, 144.1, 136.4, 136.3, 133.6, 133.2, 128.9, 125.4, 122.0, 66.8, 46.3.

S
O

NO

O
4-(cyclopropylsulfonyl)morpholine (3qo),[15] the same procedure was used for morpholine 
and sodium cyclopropanesulfinate. The reaction gave 77.4 mg of 4-
(cyclopropylsulfonyl)morpholine (3qo) in 81% isolated yield as a white solid. 1H NMR: (500 
MHz, CDCl3, ppm) δ 3.75 (t, J = 5.0 Hz, 4H), 2.27 (t, J = 5.0 Hz, 4H), 2.27-2.24 (m, 1H), 
1.16-1.15 (m, 2H), 1.00-0.98 (m, 2H). 13C NMR: (125 MHz, CDCl3, ppm) δ 66.4, 46.1, 25.0, 
4.2.
General procedure B1 for preparation of sulfonamides from ammonia in water and 
sodium sulfinates: To a round-bottom flask was added the corresponding sodium sulfinates 
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(0.5 mmol) and I2 (0.5 mmol), the mixture was stirred at room temperature for 20 min, 
thenammonium hydroxide (1 mL) was added. The resulting solution was continued to stir at 
room temperature for 3 h. Upon completion of the reaction, 10% sodium thiosulfate solution 
(20 mL) was added, aqueous layers was extracted with ethyl acetate (20 mL) thrice. The 
combine organic layers were dried over anhydrous Na2SO4. The solvents were removed via 
rotary evaporator and the residue was purified with flash chromatography (silica gel).

General procedure B2 for preparation of sulfonamides from ammonia in water and 
sodium sulfinates: To a round-bottom flask was added the corresponding sodium sulfinates 
(0.5 mmol) and I2 (0.5 mmol), the mixture was stirred at room temperature for 20 min, then 
EtOH (1 mL) and ammonium hydroxide (1 mL) was added. The resulting solution was 
continued to stir at room temperature for 3 h. Upon completion of the reaction, 10% sodium 
thiosulfate solution (20 mL) was added, aqueous layers was extracted with ethyl acetate (20 
mL) thrice. The combine organic layers were dried over anhydrous Na2SO4. The solvents 
were removed via rotary evaporator and the residue was purified with flash chromatography 
(silica gel).

S
NH2

O

O

benzenesulfonamide (4a),[21] the procedure B1 was used for sodium benzenesulfinate. The 
reaction gave 58.9 mg of benzenesulfonamide (4a) in 75% isolated yield as a white solid. 1H 
NMR: (500 MHz, DMSO-d6, ppm) δ 7.85-7.83 (m, 2H), 7.60-7.57 (m, 3H), 7.37 (s, 2H). 13C 
NMR: (125 MHz, DMSO-d6, ppm) δ 144.2, 131.9, 129.0, 125.7.

S
NH2

O

O

4-methylbenzenesulfonamide (4b),[2] the procedure B2 was used for sodium 4-
methylbenzenesulfinate. The reaction gave 61.2 mg of benzenesulfonamide (4a) in 72% 
isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.71 (d, J = 8.0 Hz, 
2H), 7.36 (d, J = 8.0 Hz, 2H), 7.27 (s, 2H), 2.37 (s, 3H). 13C NMR: (125 MHz, DMSO-d6, 
ppm) δ 142.0, 141.5, 129.4, 125.7, 21.0.

S
NH2

O

O

3-methylbenzenesulfonamide (4f),[22] the procedure B1 was used for odium 3-
methylbenzenesulfinate. The reaction gave 42.7 mg of 3-methylbenzenesulfonamide (4f) in 
50% isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.65-7.62 (m, 
2H), 7.45-7.41 (m, 2H), 7.40 (s, 2H), 2.38 (s, 3H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 
144.2, 138.6, 132.5, 128.9, 126.0, 122.9, 21.0.
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S
NH2

O

O
MeO

4-methoxybenzenesulfonamide (4c),[23] the procedure B2 was used for sodium 4-
methoxybenzenesulfinate. The reaction gave 58.9 mg of 4-methoxybenzenesulfonamide (4c) 
in 63% isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.76 (d, J = 
9.0 Hz, 2H), 7.21 (s, 2H), 7.08 (d, J = 9.0 Hz, 2H), 3.82 (s, 3H). 13C NMR: (125 MHz, 
DMSO-d6, ppm) δ 161.8, 136.3, 127.8, 114.1, 55.7.

S
NH2

O

O
F3C

4-(trifluoromethyl)benzenesulfonamide (4d),[24] the procedure B2 was used for sodium 4-
(trifluoromethyl)benzenesulfinate. The reaction gave 56.2 mg of 4-
(trifluoromethyl)benzenesulfonamide (4d) in 58% isolated yield as a white solid. 1H NMR: 
(500 MHz, DMSO-d6, ppm) δ 8.04 (d, J = 8.5 Hz, 2H), 7.97 (d, J = 8.5Hz, 2H), 7.62 (s, 2H). 
13C NMR: (125 MHz, DMSO-d6, ppm) δ 147.9, 131.8 (q, J = 31.3 Hz), 126.7, 126.3 (q, J = 
3.8 Hz), 123.7 (q, J = 271.3 Hz),

S
NH2

O

O
F

4-fluorobenzenesulfonamide (4j),[23] the procedure B2 was used for sodium 4-
fluorobenzenesulfinate. The reaction gave 669.1 mg of 4-fluorobenzenesulfonamide (4j) in 79% 
isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.89-7.87 (m, 2H), 
7.43-7.39 (m, 4H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 163.8 (d, J = 248.8 Hz), 140.7 (d, 
J = 3.8 Hz), 128.7 (d, J = 8.8 Hz), 116.1 (d, J = 21.3 Hz).

S
NH2

O

O
F

3-fluorobenzenesulfonamide (4k),[25] the procedure B2 was used for  sodium 3-
fluorobenzenesulfinate. The reaction gave 66.5 mg of 3-fluorobenzenesulfonamide (4k) in 76% 
isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.69-7.60 (m, 3H), 
7.52 (s, 2H), 7.49-7.45 (m, 1H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 161.7 (d, J = 246.3 
Hz), 134.7 (d, J = 6.3 Hz), 131.5 (d, J = 7.5 Hz), 121.9 (d, J = 3.8 Hz), 119.0 (d, J = 20.0 Hz), 
112.8 (d, J = 23.8 Hz).

S
NH2

O

O

F

2-fluorobenzenesulfonamide (4l),[26] the procedure B1 was used for - sodium 2-
fluorobenzenesulfinate. The reaction gave 31.5 mg of 2-fluorobenzenesulfonamide (4l) in 36% 
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isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 7.82-7.79 (m, 1H), 
7.67-7.64 (m, 3H), 7.43-7.40 (m, 1H), 7.38-7.35 (m, 1H). 13C NMR: (125 MHz, DMSO-d6, 
ppm) δ 158.2 (d, J = 251.3 Hz), 134.7 (d, J = 8.8 Hz), 131.7 (d, J = 8.8 Hz), 128.5, 124.7 (d, J 
= 3.8 Hz), 117.1 (d, J = 20.0 Hz).

S
NH2

O

O
O2N

4-nitrobenzenesulfonamide (4e),[27] the procedure B1 was used for sodium 4-
nitrobenzenesulfinate. The reaction gave 82.8 mg of 4-nitrobenzenesulfonamide (4e) in 82% 
isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 8.41 (d, J = 9.0 Hz, 
2H), 8.07(d, J = 9.0 Hz, 2H), 7.74 (s, 2H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 149.5, 
149.3, 127.4, 124.6.

S
NH2

O

O

naphthalene-2-sulfonamide (4m),[28] the procedure B1 was used for sodium naphthalene-2-
sulfinate. The reaction gave 65.2 mg of naphthalene-2-sulfonamide (4m) in 63% isolated 
yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 8.44(s, 1H), 8.12 (t, J = 8.5 Hz, 
2H), 8.02 (t, J = 8.0 Hz, 1H), 7.90 (dd, J1 = 8.5 Hz, J2 = 1.5 Hz, 1H), 7.70-7.64 (m, 2H), 7.47 
(s, 2H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 141.3, 134.0, 131.8, 129.2, 129.1, 128.5, 
127.9, 127.6, 125.8, 122.2.

S
NH2

O

O

N

quinoline-8-sulfonamide (4n),[29] the procedure B1 was used for sodium quinoline-8-sulfinate. 
The reaction gave 72.8 mg of quinoline-8-sulfonamide (4n) in 70% isolated yield as a white 
solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 9.08 (dd, J1 = 4.5 Hz, J2 = 1.5 Hz, 1H), 8.55 
(dd, J1 = 4.5 Hz, J2 = 1.5 Hz, 1H), 8.32-8.30 (m, 1H), 8.27-8.26 (m, 1H), 7.76-7.70 (m, 2H), 
7.27 (s, 2H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 151.3, 142.7, 139.4, 137.2, 133.1, 
128.6, 128.5, 125.6, 122.5.

S
O

NH2O

cyclopropanesulfonamide (4o),[30] the procedure B1 was used for sodium 
cyclopropanesulfinate. The reaction gave 19.4 mg of cyclopropanesulfonamide (4o) in 32% 
isolated yield as a white solid. 1H NMR: (500 MHz, DMSO-d6, ppm) δ 6.78 (s, 2H), 2.51-
2.46 (m, 1H), 0.90-0.88 (m, 4H). 13C NMR: (125 MHz, DMSO-d6, ppm) δ 32.2, 5.1.

S
O

NH2O

methanesulfonamide (4p),[31] the procedure B1 was used for sodium methanesulfinate. The 
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reaction gave 10.9 mg of methanesulfonamide (4p) in 23% isolated yield as a white solid. 1H 
NMR: (500 MHz, DMSO-d6, ppm) δ 6.81 (s, 2H), 2.91 (s, 3H). 13C NMR: (125 MHz, DMSO-
d6, ppm) δ 43.2.

General procedure for preparation of 4-tosylmorpholine (3qb) from N-iodomorpholine 
hydroiodide and sodium p-toluenesulfinate :
N-iodomorpholine hydroiodide (1q’) was prepared according to the previous report[32] by 
addition of morpholine (2 mmol) to a solution of iodine (2 mmol) in methanol. The orange 
precipitate was filtered, washed, dried in vacuo and used without further purification or 
characterization.
To a round-bottom flask was added the corresponding sodium p-toluenesulfinate (1 mmol) 
and N-iodomorpholine hydroiodide (0.5 mmol), then EtOH (2 mL) was added. The resulting 
solution was stirred at room temperature for 3 h. Upon completion of the reaction, 10% 
sodium thiosulfate solution (20 mL) was added, aqueous layers was extracted with ethyl 
acetate (20 mL) thrice. The combine organic layers were dried over anhydrous Na2SO4. The 
solvents were removed via rotary evaporator and the residue was purified with flash 
chromatography (silica gel). The reaction gave 102.4 mg of 4-tosylmorpholine (3qb) in 85% 
isolated yield as a white solid.

General procedure for preparation of 4-tosylmorpholine (3qb) from morpholine and 
tosyl iodide:
Tosyl iodide (2b’) was prepared according to the previous report[33] by adding an equivalent 
amount of a ethanol solution of iodine (2 mmol) to a aqueous solution of sodium p-
toluenesulfinate (2 mmol). The yellow tosyl iodide precipitated and was collected and 
recrystallized from carbon tetrachloride.
To a round-bottom flask was added the corresponding tosyl iodide (0.5 mmol) and 
morpholine (0.5 mmol), then EtOH (2 mL) was added. The resulting solution was stirred at 
room temperature for 3 h. Upon completion of the reaction, 10% sodium thiosulfate solution 
(20 mL) was added, aqueous layers was extracted with ethyl acetate (20 mL) thrice. The 
combine organic layers were dried over anhydrous Na2SO4. The solvents were removed via 
rotary evaporator and the residue was purified with flash chromatography (silica gel). The 
reaction gave 64.0 mg of 4-tosylmorpholine (3qb) in 53% isolated yield as a white solid.
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