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Structures of Starting Materials 2a-2h 

 

S
N3

OO

Br

S
N3

OO

Me

S
N3

OO
S

N3

OO

F3C

S
N3

OO

O2N

S
N3

OO
S

N3

OO
S

N3

OO
Me

O

Me

2a 2b 2c 2d

2e 2f 2g 2h  

 

Structures of Starting Materials 10a-10h 
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Experimental Section 

General Methods: All melting points were determined on a Yanaco melting 

point apparatus and are uncorrected. IR spectra were recorded as KBr pellets on a 

Nicolet FT-IR 5DX spectrometer. The 1H NMR (300 or 400 MHz) and 13C NMR (75 

or 100 MHz) spectra were recorded on a JEOL JNM-ECA spectrometers 300 or 400 

in CDCl3. TMS was used as an internal reference and J values are given in Hz. HRMS 

were obtained on a Bruker micrOTOF-Q II spectrometer. PE is petroleum ether 

(60−90 oC). All starting materials 2a-2h and 10a-10h are known compounds. The 

compounds 2a-2c and 10a-10h were purchased directly and 2d-2h were easily 

prepared according to the reported procedure (Pi, C; Cui, X.; Wu, Y. J. Org. Chem. 

2015, 80, 7333.). 

12a

Ts
N N

Me

Me

   

A typical procedure for preparation of N-[(dimethylamino)methylene]-4- 

methylbenzenesulfonamide (12a). To a stirred solution of 3-butyn-2-one (9a, 136 

mg, 2 mmol) and CuI (19 mg, 0.1 mmol) in DMF (10a, 2 mL) was added TsN3 (2a, 

197 mg, 1 mmol). After the mixture was heated under 60 oC for 15 min, it was cooled 

to room temperature. The system was extracted with EtOAc and washed with brine. 

After the organic layer was dried over MgSO4, the solvent was evaporated on 

rotavapor. The residue was purified by a flash chromatography (silica gel, petroleum 

ether/ethyl acetate = 1:1) to give the pure product 12a (219 mg, 97%) as white solid, 

mp 135–136 oC (lit.[1] mp 132–133 °C). 1H NMR (400 MHz, CDCl3)  8.13 (s, 1H), 

7.78 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 3.12 (s, 3H), 3.01 (s, 3H), 2,40 (s, 

3H); 13C NMR (100 MHz, CDCl3)  159.0, 142.4, 139.5, 129.3 (2C), 126.5 (2C), 41.4, 

35.5, 21.5. 

The products 12b-12t were prepared by the similar procedure. 
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12b

Ts
N N

Et

Et

   

N-[(Diethylamino)methylene]-4-methylsulfonamide (12b). 234 mg (92%), 

white solid, mp 76–77 oC (lit.[1] mp 77–78 °C); 1H NMR (400 MHz, CDCl3)  8.14 (s, 

1H), 7.76 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 3.47 (q, J = 7.3 Hz, 2H), 3.38 

(d, J = 7.3 Hz, 2H), 2.40 (s, 3H), 1.25 (t, J = 7.3 Hz, 3H), 1.14 (t, J = 7.3 Hz, 3H); 13C 

NMR (100 MHz, CDCl3)  158.0, 142.2, 139.7, 129.2 (2C), 126.3 (2C), 47.0, 40.8, 

21.4, 14.5, 12.0. 

12c

Ts
N N

  

N-(1-Piperidinylmethylene]-4-methylsulfonamide (12c). 253 mg (95%), white 

solid, mp 150–151 oC (lit.[1] mp 147–149 °C); 1H NMR (400 MHz, CDCl3)  8.12 (s, 

1H), 7.76 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 3.57 (t, J = 5.5 Hz, 2H), 3.40 

(t, J = 5.5 Hz, 2H), 2.38 (s, 3H), 1.65–1.53 (m, 6H); 13C NMR (100 MHz, CDCl3)  

157.0, 142.0, 139.5, 129.0 (2C), 126.1 (2C), 51.6, 44.3, 26.1, 24.6, 23.6, 21.2. 

 

12d

Ts
N N

O

  

N-(4-Morpholinylmethylene)-4-methylsulfonamide (12d). 188 mg (70%), 

white solid, mp 171–172 oC (lit.[1] mp 176–177 °C); 1H NMR (400 MHz, CDCl3)  

8.20 (s, 1H), 7.77 (d, J = 7.8 Hz, 2H), 7.27 (d, J = 7.8 Hz, 2H), 3.74 (t, J = 5.0 Hz, 

2H), 3.67 (s, 4H), 3.49 (d, J = 5.0 Hz, 2H), 2.40 (s, 3H); 13C NMR (100 MHz, CDCl3) 

 157.6, 142.7, 139.0, 129.4 (2C), 126.5 (2C), 66.8, 65.9, 50.3, 44.2, 21.5. 

 

12e

Ts
N N

Ph

Me

  

N-[(N-Methyl-N-phenylamino)methylene]-4-methylsulfonamide (12e). 104 
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mg (36%), white solid, mp 117–118 oC (lit.[2] mp 108 °C); 1H NMR (400 MHz, 

CDCl3)  8.56 (s, 1H), 7.82 (d, J = 8.3 Hz, 2H), 7.42 (t, J = 7.8 Hz, 2H), 7.33–7.28 (m, 

3H), 7.19 (d, J = 8.2 Hz, 2H), 3.43 (s, 3H), 2.41 (s, 3H); 13C NMR (100 MHz)  158.2, 

143.0, 142.7, 138.8, 129.7 (2C), 129.3 (2C), 127.2, 126.6 (2C), 121.9 (2C), 35.9, 21.4. 

12f

Ts
N N

Me

Me

Me

   

N-[(Dimethylamino)ethylidene]-4-methylsulfonamide (12f). 125 mg (52%), 

white solid, mp 123–124 oC, (lit.[3] mp 122–123 °C); 1H NMR (400 MHz, CDCl3)  

7.82 (d, J = 8.2 Hz, 2H), 7.25 (d, J = 8.2 Hz, 2H), 3.08 (s, 3H), 3.07 (s, 3H), 2.48 (s, 

3H), 2.39 (s, 3H); 13C NMR (100 MHz, CDCl3)  165.8, 141.7, 141.1, 129.0 (2C), 

126.1 (2C), 38.8, 38.7, 21.3, 17.8. 

 

12g

Ts
N N

Me

    

N-(1-Methylpyrrolidin-2-ylidene)-4-methylsulfonamide (12g). 174 mg (69%), 

white solid, mp 127–128 oC (lit.[4] mp 145 °C); 1H NMR (400 MHz, CDCl3)  7.81 (d, 

J = 8.3 Hz, 2H), 7.25 (d, J = 8.3 Hz, 2H), 3.45 (t, J = 7.3, Hz, 2H), 3.03 (t, J = 8.2, Hz, 

2H), 2.97 (s, 3H), 2.40 (s, 3H), 2.08–2.01 (m, 2H); 13C NMR (100 MHz, CDCl3)  

169.8, 141.9, 140.5, 129.0 (2C), 126.4 (2C), 51.6, 31.9, 30.6, 21.3, 18.9. 

 

12h

Ts
N N

Me

Me

N
MeMe

  

N-[Bis(dimethylamino)methylene]-4-methylsulfonamide (12h). 204 mg (76%), 

yellow solid, mp 139–140 oC (lit.[5] mp 142–144 °C; 1H NMR (400 MHz, CDCl3)  

7.81 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 7.8 Hz, 2H), 2.93 (s, 12H), 2.38 (s, 3H); 13C 
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NMR (100 MHz, CDCl3)  161.8, 143.1, 140.9, 128.9 (2C), 125.5 (2C), 40.4 (4C), 

21.3. 

12i

Ph
S

N

OO

N

Me

Me

   

N-[(Dimethylamino)methylene]benzenesulfonamide (12i). 197 mg (93%), 

white solid, mp 130–131 oC (lit.[6] mp 128–129 °C); 1H NMR (400 MHz, CDCl3)  

8.15 (s, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.50-7.44 (m, 3H), 3.12 (s, 3H), 3.01 (s, 3H); 

13C NMR (100 MHz, CDCl3)  159.1, 142.3, 131.7, 128.6 (2C), 126.2 (2C), 41.4, 

35.4. 

 

12j

Ph
S

N

OO

N
Et

Et

   

N-[(Diethylamino)methylene]-benzenesulfonamide (12j). 199 mg (83%), white 

solid, mp 75–76 oC (lit.[1] mp 73–75 °C); 1H NMR (400 MHz, CDCl3)  8.16 (s, 1H), 

7.88 (d, J = 7.2 Hz, 2H), 7.52–7.31 (m, 3H), 3.47 (q, J = 7.3 Hz, 2H), 3.38 (q, J = 6.9 

Hz, 2H), 1.24 (t, J = 7.3 Hz, 3H), 1.13 (t, J = 6.9 Hz, 3H); 13C NMR (100 MHz, 

CDCl3)  158.0, 142.5, 131.5, 128.5 (2C), 126.1 (2C), 46.9, 40.8, 14.3, 11.9. 

 

12k

Ph
S

N

OO

N

   

N-(1-Piperidinylmethylene)-benzenesulfonamide (12k). 229 mg (91%), white 

solid, mp 149–150 oC (lit.[7] no mp was reported); 1H NMR (400 MHz, CDCl3)  8.14 

(s, 1H), 7.89 (d, J = 7.6 Hz, 2H), 7.51–7.44 (m, 3H), 3.60 (t, J = 5.5 Hz, 2H), 3.42 (d, 

J = 5.0 Hz, 2H), 1.67–1.66 (m, 4H), 1.59–1.57 (m, 2H); 13C NMR (100 MHz, CDCl3) 

 157.3, 142.5, 131.6, 128.6 (2C), 126.3 (2C), 51.8, 44.6, 26.3, 24.7, 23.8. 
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OO
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N-(4-Morpholinylmethylene)-benzenesulfonamide (12l). 191 mg (75%), white 

solid, mp 137–138 oC (lit.[7] no mp was reported); 1H NMR (400 MHz, CDCl3)  8.24 

(s, 1H), 7.89 (d, J = 7.4 Hz, 2H), 7.55–7.46 (m, 3H), 3.74 (t, J = 4.6 Hz, 2H), 3.67 (s, 

4H), 3.52 (t, J = 5.0 Hz, 2H); 13C NMR (100 MHz, CDCl3)  157.7, 141.9, 131.9, 

128.7 (2C), 126.4 (2C), 66.7, 65.8, 50.2, 44.1. 

 

12m

Ph
S

N

OO

N
Me

Me

N
MeMe

   

N-[Bis(dimethylamino)methylene]benzenesulfonamide (12m). 163 mg (64%), 

white solid, mp 130–131 oC (lit.[8] no mp); 1H NMR (400 MHz, CDCl3)  7.93–7.91 

(m, 2H), 7.44–7.42 (m, 3H), 2.92 (s, 12H); 13C NMR (100 MHz, CDCl3)  161.7, 

145.7, 130.5, 128.2 (2C), 125.3 (2C), 40.3 (4C). 

 

12n

S
N

OO

N

Me

Me

Br
   

N-[(Dimethylamino)methylene]-4-bromobenzenesulfonamide (12n). 253 mg 

(87%), white solid, mp 139–141 oC (lit.[9] mp 139–140 °C); 1H NMR (400 MHz, 

CDCl3)  8.14 (s, 1H), 7.75 (d, J = 8.7 Hz, 2H), 7.59 (d, J = 8.2 Hz, 2H), 3.15 (s, 3H), 

3.02 (s, 3H); 13C NMR (100 MHz, CDCl3)  159.1, 141.4, 131.7 (2C), 127.9 (2C), 

126.4, 41.4, 35.4. 
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S
N

OO

N

Br
  

N-(1-Piperidinylmethylene)-4-bromobenzenesulfonamide (12o). 298 mg 

(90%), white solid, mp 132–133 oC; IR (KBr)  2983, 2868, 1624, 1311, 1140 cm-1; 

1H NMR (400 MHz, CDCl3)  8.12 (s, 1H), 7.75 (d, J = 8.2 Hz, 2H), 7.59 (d, J = 7.8 

Hz, 2H), 3.59 (t, J = 6.0 Hz, 2H), 3.44 (t, J = 5.0 Hz, 2H), 1.68–1.67 (m, 4H), 

1.60–1.55 (m, 2H); 13C NMR (100 MHz, CDCl3)  157.2, 141.5, 131.7 (2C), 127.9 

(2C), 126.2, 51.8, 44.5, 26.2, 24.7, 23.7. HRMS (ESI-TOF) (m/z): calcd for 

C12H15BrN2O2S, [M+Na]+ 352.9930; found 352.9934. 

 

12p

S
N

OO

N
Me

Me

N
MeMe

Br
  

N-[Bis(dimethylamino)methylene]-4-bromo-benzenesulfonamide (12p). 250 

mg (75%), white solid, mp 153–154 oC (lit.[10] no mp); IR (KBr)  2952, 2864, 1611, 

1463, 1158 cm-1; 1H NMR (400 MHz, CDCl3)  7.80 (d, J = 8.7 Hz, 2H), 7.58-7.56 

(m, 2H), 2.92 (s, 12H); 13C NMR (100 MHz, CDCl3)  161.6, 144.8, 131.3 (2C), 

127.1 (2C), 124.9, 40.3 (4C). HRMS (ESI-TOF) (m/z): calcd for C11H16BrN3O2S, 

[M+Na]+ 356.0039; found 356.0036. 

 

12q

S
N

OO

N

Me

Me

F3C
 

N,N-dimethyl-N'-((4-(trifluoromethyl)phenyl)sulfonyl)formimidamide (12q). 

207 mg (74%),White solid, mp 167–168 oC (lit. [11] no report); 1H NMR (400 MHz, 

DMSO-d6)  8.27 (s, 1H), 8.00 (d, J = 8.2 Hz, 2H), 7.89 (d, J = 8.7 Hz, 2H), 3.16 (s, 

3H), 2.92 (s, 3H); 13C NMR (100 MHz, DMSO-d6)  160.2, 146.9, 131.6 (q, J = 31.5 
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Hz, 1C), 126.9 (2C), 126.2 (q, J = 2.9 Hz, 2C), 122.6 (q, J = 271.7 Hz, 1C), 41.0, 

35.2. 

12r

S
N

OO

N

Me

Me

O2N
  

N-[(Dimethylamino)methylene]-4-nitrobenzenesulfonamide (12r). 141 mg 

(55%), white solid, mp 197–199 oC (lit.[11] mp 197–201 °C); 1H NMR (400 MHz, 

CDCl3)  8.31 (d, J = 8.7 Hz, 2H), 8.17 (s, 1H), 8.08 (d, J = 8.7 Hz, 2H), 3.19 (s, 3H), 

3.06 (s, 3H); 13C NMR (100 MHz, CDCl3)  159.4, 149.5 148.1, 127.8 (2C), 124.0 

(2C), 41.7, 35.7. 

12s

Ph S
N

OO

N

Me

Me

   

N-[(Dimethylamino)methylene]-benzylsulfonamide (12s). 99 mg (44%), white 

solid, mp 117–118 oC (lit.[12] 135–137 oC); 1H NMR (300 MHz, CDCl3)  7.50 (s, 1H), 

7.36–7.28 (m, 5H), 4.26 (s, 2H), 2.99 (s, 3H), 2.93 (s, 3H); 13C NMR (75 MHz, 

CDCl3)  160.2, 130.9 (2C), 130.2, 128.3 (2C), 128.2, 59.6, 41.0, 35.2. 

 

12t

S
N

OO

N

Me

Me

  

N-[(Dimethylamino)methylene]propylsulfonamide (12t). 75 mg (42%), 

colorless oil; IR (KBr)  2968, 2822, 1633, 1281, 1120 cm-1; 1H NMR (300 MHz, 

CDCl3)  8.04 (s, 1H), 3.13 (s, 3H), 3.04 (s, 3H), 3.01–2.96 (m, 2H), 1.86–1.78 (m, 

2H), 1.04 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3)  159.3, 55.5, 41.2, 35.2, 

17.3, 12.9. HRMS (ESI-TOF) (m/z): calcd for C6H14N2O2S, [M+Na]+ 201.0668; 

found 201.0665. 
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OO

N

Me

Me

Me

O

Me

12u   

(1R)-N-[(Dimethylamino)methylene]camphorsulfonamide (12u). 212 mg 

(74%), white solid, mp 108–109 oC; IR (KBr)  3452, 2961, 2889, 1734,1627, 1297, 

1137 cm-1; 1H NMR (300 MHz, CDCl3)  8.04 (s, 1H), 3.46 (d, J = 1.4 Hz, 1H), 3.16 

(s, 3H), 3.02 (s, 3H), 2.96 (d, J = 1.4 Hz, 1H), 2.67–2.68 (m, 1H), 2.35 (d, J = 1.9 Hz, 

1H), 2.09–2.00 (m, 2H), 1.91 (d, J = 1.8 Hz, 1H), 1.78–1.71 (m, 1H), 1.45–1.38 (m, 

1H), 1.12 (s, 3H), 0.86 (s, 3H); 13C NMR (75 MHz, CDCl3)  215.1, 159.6, 58.3, 50.6, 

47.8, 42.5, 42.4, 41.2, 35.2, 26.8, 24.6, 19.8, 19.6. HRMS (ESI-TOF) (m/z): calcd for 

C13H22N2O3S, [M+Na]+ 309.1243; found 309.1246. 

 

OMe

OCOCH2COCH3

6a   

Preparation of 2-methoxyphenylacatoacetate (14). To a stirred solution of 

3-butyn-2-one (68 mg, 1 mmol), 2-methoxyphenol (124 mg, 1 mmol) and CuI (19 mg, 

0.1 mmol) in DMF (2 mL) was added methanesulfonyl azide (171 mg, 1.4 mmol). 

The mixture was heated under 50 oC for 1 h and then cooled to room temperature. The 

system was extracted with ethyl acetate and brine. After the organic layer was dried 

over MgSO4, removal of the solvent under vacuum gave the crude product as a 

residue, which was purified by a flash chromatography (silica gel, PE : EtOAc = 2 : 1) 

to give 139 mg of the product 14 (67%) as a colorless oil. It was a mixture with enol 

structure (6:1) (lit.[13] mp 62–63 °C); 1H NMR (300 MHz, CDCl3)  11.83 (s, 0.18H), 

7.26–7.19 (m, 1.6H), 7.08–7.05 (m, 1.16H), 6.98–6.95 (m, 2.41H), 5.29 (s, 0.19H), 

3.83 (s, 0.5H), 3.82 (s, 3H), 3.68 (s, 2H), 2.38 (s, 3H), 2.03 (s, 0.5H) [peaks for the 

major product: 7.26–7.19 (m, 1H), 7.08–7.05 (m, 1H), 6.98–6.92 (m, 2H), 3.83 (s, 

3H), 3.68 (s, 2H), 2.38 (s, 3H)]. 13C NMR (75 MHz, CDCl3)  199.9, 165.1, 150.8, 

139.3, 127.2, 122.6, 120.7, 112.4, 55.7, 49.8, 29.9. 
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  12b, 1H NMR (400 MHz, CDCl3) 
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  12c, 1H NMR (400 MHz, CDCl3) 
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  12c, 13C NMR (100 MHz, CDCl3) 
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  12d, 1H NMR (400 MHz, CDCl3) 

 

 
S18 



Ts
N N

O   12d, 13C NMR (100 MHz, CDCl3) 

 
 

S19 



  12e, 1H NMR (400 MHz, CDCl3) 
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  12e, 13C NMR (100 MHz, CDCl3) 
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  12f, 13C NMR (100 MHz, CDCl3) 
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  12g, 1H NMR (400 MHz, CDCl3) 
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  12g, 13C NMR (100 MHz, CDCl3) 
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  12h, 1H NMR (400 MHz, CDCl3) 
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  12h, 13C NMR (100 MHz, CDCl3) 

 
 

S27 



4i

S
N

OO

N
Me

Me
  12i, 1H NMR (400 MHz, CDCl3) 
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  12j, 1H NMR (400 MHz, CDCl3) 
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  12k, 1H NMR (400 MHz, CDCl3) 
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  12k, 13C NMR (100 MHz, CDCl3) 
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  12m, 1H NMR (400 MHz, CDCl3) 
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  12m, 13C NMR (100 MHz, CDCl3) 
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  12n, 1H NMR (400 MHz, CDCl3) 
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  12n, 13C NMR (100 MHz, CDCl3) 
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  12o, 1H NMR (400 MHz, CDCl3) 
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  12o, 13C NMR (100 MHz, CDCl3) 
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  12p, 1H NMR (400 MHz, CDCl3) 
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  12p, 13C NMR (100 MHz, CDCl3) 
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  12q, 1H NMR (400 MHz, DMSO-d6) 
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  12q, 13C NMR (100 MHz, DMSO-d6) 
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  12r, 1H NMR (400 MHz, CDCl3) 
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  12r, 13C NMR (100 MHz, CDCl3) 

 
 

S47 



  12s, 1H NMR (300 MHz, CDCl3) 
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  12s, 13C NMR (75 MHz, CDCl3) 
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  12t, 1H NMR (300 MHz, CDCl3) 
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  12t, 13C NMR (75 MHz, CDCl3) 
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  12u, 1H NMR (300 MHz, CDCl3) 
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  12u, 13C NMR (75 MHz, CDCl3) 
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OMe

OCOCH2COCH3

  14, 1H NMR (300 MHz, CDCl3) 

 

 
S54 



 

OMe

OCOCH2COCH3

  14, 13C NMR (75 MHz, CDCl3) 
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