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N

CN

N

CO2i-Pr

CO2i-Pr

 

(Z)-diisopropyl 2-(cyano(phenyl)methylene)hydrazine-1,1-dicarboxylate (3a). Oil. IR 

(CH2Cl2) ν 2985, 2940, 2228, 1791, 1763, 1358, 1304, 1231, 1094, 910 cm-1; 1H NMR 

(CDCl3, 300 MHz, TMS): δ 1.38 (12H, d, J = 6.3 Hz, CH3), 5.12-5.21 (2H, m, CH), 7.51 (2H, 

t, J = 6.9 Hz, Ar), 7.61 (1H, t, J = 7.8 Hz, Ar), 8.04 (2H, d, J = 7.5 Hz, Ar). 13C NMR (CDCl3, 

75 MHz): δ 21.6, 73.0, 109.8, 127.9, 129.1, 130.4, 133.2, 146.0, 150.4. MS (ESI) m/z 318.2 

(M++1). HRMS (ESI) Calcd. for C16H19N3O4 requires (M++1) 318.1376, Found 318.14538. 
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CN

N

CO2i-Pr

CO2i-Pr

Br  

(Z)-diisopropyl 2-((4-bromophenyl)(cyano)methylene)hydrazine-1,1-dicarboxylate (3b). 

mp. 94-96 oC; IR (CH2Cl2) ν 2985, 2938, 2228, 1798, 1764, 1376, 1300,1094, 910 cm-1; 1H 

NMR (CDCl3, 300 MHz, TMS): δ 1.38 (12H, d, J = 6.3 Hz, CH3), 5.13-5.22 (2H, m, CH), 

7.65 (2H, d, J = 8.7 Hz, Ar), 7.89 (2H, d, J = 8.7 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 21.6, 

73.3, 109.5, 128.2, 129.1, 129.4, 132.3, 143.6, 150.4. MS (EI) m/z 309 (M+-86, 2.43), 269 

(6.13), 267 (7.11), 223 (5.91), 195 (7.81), 114 (10.90), 44 (5.86), 43 (100.00), 41 (17.73). Anal. 

Calcd for C16H18BrN3O4 (%) (395.05): C, 48.50; H, 4.58; Br, 20.17; N, 10.60; O, 16.15 Found: 

C, 48.39; H, 4.57; N, 10.58. 
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N

CN

N

CO2i-Pr

CO2i-Pr

Cl  

(Z)-diisopropyl 2-((4-chlorophenyl)(cyano)methylene)hydrazine-1,1-dicarboxylate (3c). 

mp. 81-83 oC; IR (CH2Cl2) ν 2985, 2939, 2228, 1798, 1764, 1300, 1094, 837 cm-1; 1H NMR 
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(CDCl3, 300 MHz, TMS): δ 1.38 (12H, d, J = 6.3 Hz, CH3), 5.12-5.22 (2H, m, CH), 7.49 (2H, 

d, J = 8.4 Hz, Ar), 7.97 (2H, d, J = 8.4 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 21.6, 73.3, 

109.6, 129.0, 129.4, 139.6, 143.7, 150.4. MS (EI) m/z 265 (M+-86, 3.49), 223 (9.16), 179 

(7.16), 151 (8.82), 43 (100.00), 42 (4.60). Anal. Calcd for C16H18ClN3O4 (%) (351.09): C, 

54.63; H, 5.16; Cl, 10.08; N, 11.94; O, 18.19 Found: C, 54.73; H, 5.28; N, 12.01. 
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N

CN

N

CO2i-Pr

CO2i-Pr

CF3  

(Z)-diisopropyl 

2-(cyano(3-(trifluoromethyl)phenyl)methylene)hydrazine-1,1-dicarboxylate (3d). Oil. IR 

(CH2Cl2) ν 2987, 2941, 2228, 1799, 1767, 1377, 1232, 1097 cm-1; 1H NMR (CDCl3, 300 MHz, 

TMS): δ 1.41 (12H, d, J = 6.6 Hz, CH3), 5.15-5.24 (2H, m, CH), 7.68 (1H, dd, J1 = 7.8 Hz, J2 

= 8.1 Hz, Ar), 7.85 (1H, d, J = 7.8 Hz, Ar), 8.20 (1H, d, J = 8.1 Hz, Ar), 8.29 (1H, s, Ar). 19F 

NMR (CDCl3, 282 MHz): δ -68.6. 13C NMR (CDCl3, 75 MHz): δ 21.6, 73.6, 109.4, 123.3 (q, 

J = 271.4 Hz), 124.2 (q, J = 3.7 Hz), 129.6 (q, J = 3.2 Hz), 129.8, 130.9, 131.4, 131.7 (q, J = 

33.2 Hz), 141.8, 150.4. MS (ESI) m/z 386.2 (M++1). HRMS (ESI) Calcd. for C17H18F3N3O4 

requires (M++1) 386.1249 Found 386.13197. 
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N

CN

N

CO2i-Pr

CO2i-Pr

Cl  

(Z)-diisopropyl 2-((2-chlorophenyl)(cyano)methylene)hydrazine-1,1-dicarboxylate (3e). 

Oil. IR (CH2Cl2) ν 2986, 2939, 2225, 1799, 1766, 1590, 1377, 1311, 1093 cm-1; 1H NMR 
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(CDCl3, 400 MHz, TMS): δ 1.40 (12H, d, J = 6.4 Hz, CH3), 5.15-5.22 (2H, m, CH), 7.39-7.43 

(1H, m, Ar), 7.50-7.52 (2H, m, Ar), 7.70 (1H, d, J = 7.6 Hz, Ar). 13C NMR (CDCl3, 100 MHz): 

δ 21.6, 73.2, 109.6, 127.4, 129.9, 130.7, 131.4, 133.1, 133.4, 144.0, 149.9. MS (ESI) m/z 

352.2 (M++1). HRMS (ESI) Calcd. for C16H18ClN3O4 requires (M++1) 352.0986 Found 

352.10558. 
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N

CN

N

CO2i-Pr

CO2i-Pr

 

(Z)-diisopropyl 2-(cyano(p-tolyl)methylene)hydrazine-1,1-dicarboxylate (3f). Oil. IR 

(CH2Cl2) ν 2985, 2939, 2229, 1797, 1762, 1305, 1094, 910 cm-1; 1H NMR (CDCl3, 400 MHz, 

TMS): δ 1.37 (12H, d, J = 6.0 Hz, CH3), 2.44 (3H, s, CH3), 5.12-5.19 (2H, m, CH), 7.31 (2H, 

d, J = 8.0 Hz, Ar), 7.93 (2H, d, J = 8.0 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.6, 72.8, 

109.9, 127.8, 127.9, 144.4, 147.0, 150.4. MS (ESI) m/z 332.0 (M++1), 354.0 (M++Na). HRMS 

(ESI) Calcd. for C17H21N3O4 requires (M++Na) 354.1430, Found 354.14226. 
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N

CN

N

CO2i-Pr

CO2i-Pr

MeO  

(Z)-diisopropyl 2-(cyano(4-methoxyphenyl)methylene)hydrazine-1,1-dicarboxylate (3g). 

Oil. IR (CH2Cl2) ν 2985, 2939, 2228, 1795, 1764, 1606, 1308, 1095 cm-1; 1H NMR (CDCl3, 

300 MHz, TMS): δ 1.36 (12H, d, J = 6.3 Hz, CH3), 3.89 (3H, s, OCH3), 5.10-5.19 (2H, m, 

CH), 7.01 (2H, d, J = 9.0 Hz, Ar), 8.00 (2H, d, J = 9.0 Hz, Ar). 13C NMR (CDCl3, 75 MHz): δ 

21.6, 55.5, 72.7, 109.9, 114.5, 122.8, 130.0, 147.5, 150.4, 163.9. MS (ESI) m/z 348.2 (M++1). 

HRMS (ESI) Calcd. for C17H21N3O5 requires (M++1) 348.1481, Found 348.15603. 
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N

CO2i-Pr

CO2i-Pr

 

(Z)-diisopropyl 2-(cyano(3,5-dimethylphenyl)methylene)hydrazine-1,1-dicarboxylate 

(3h). Oil. IR (CH2Cl2) ν 2985, 2939, 2229, 1789, 1763, 1609, 1233, 1095 cm-1; 1H NMR 
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(CDCl3, 400 MHz, TMS): δ 1.37 (12H, d, J = 6.4 Hz, CH3), 2.39 (6H, s, CH3), 5.12-5.19 (2H, 

m, CH), 7.23 (1H, s, Ar), 7.65 (2H, s, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.1, 21.7, 72.9, 

110.0, 125.7, 130.2, 135.2, 138.9, 147.5, 150.4. MS (ESI) m/z 346.2 (M++1). HRMS (MALDI) 

Calcd. for C18H23N3O4 requires (M++Na) 368.1588, Found 368.15808. 
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N

CN

N

CO2i-Pr

CO2i-Pr

MeO

MeO

OMe  

(Z)-diisopropyl 

2-(cyano(3,4,5-trimethoxyphenyl)methylene)hydrazine-1,1-dicarboxylate (3i). Oil. IR 

(CH2Cl2) ν 2985, 2941, 1842, 2229, 1798, 1762, 1504, 1351, 1130 cm-1; 1H NMR (CDCl3, 

400 MHz, TMS): δ 1.38 (12H, d, J = 6.0 Hz, CH3), 3.93 (6H, s, OCH3), 3.94 (3H, s, OCH3), 

5.13-5.20 (2H, m, CH), 7.28 (2H, s, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.7, 56.3, 61.0, 73.0, 

105.3, 110.0, 125.5, 142.8, 146.7, 150.4, 153.5. MS (ESI) m/z 408.0 (M++1). HRMS (ESI) 

Calcd. for C19H25N3O7 requires (M++Na) 430.1585 Found 430.15769. 
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N

CN

N

CO2Et

CO2Et

 

(Z)-diethyl 2-(cyano(phenyl)methylene)hydrazine-1,1-dicarboxylate (3j). Oil. IR (CH2Cl2) 

ν 2985, 2938, 2228, 1802, 1768, 1102 cm-1; 1H NMR (CDCl3, 400 MHz, TMS): δ 1.37 (6H, t, 

J = 7.6 Hz, CH3), 4.40 (4H, q, J = 7.6 Hz, CH2), 7.52 (2H, t, J = 8.0 Hz, Ar), 7.62 (1H, t, J = 

7.6 Hz, Ar), 8.05 (2H, d, J = 7.2 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 14.0, 64.4, 109.6, 

128.0, 129.1, 130.2, 133.5, 147.4, 150.5. MS (ESI) m/z 290.2 (M++1), 312.2 (M++Na). HRMS 

(ESI) Calcd. for C14H15N3O4 requires (M++1) 290.1063 Found 290.11353. 
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N

CN

N

CO2Et

CO2Et

Br  

(Z)-diethyl 2-((4-bromophenyl)(cyano)methylene)hydrazine-1,1-dicarboxylate (3k). mp. 

82-84 oC; IR (CH2Cl2) ν 2984, 1937, 2228, 1802, 1767, 1588, 1310,1006 cm-1; 1H NMR 
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(CDCl3, 400 MHz, TMS): δ 1.38 (6H, t, J = 7.2 Hz, CH3), 4.41 (4H, q, J = 7.2 Hz, CH2), 7.66 

(2H, d, J = 8.8 Hz, Ar), 7.90 (2H, d, J = 8.8 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 14.0, 

64.6, 109.3, 128.5, 129.2, 132.4, 145.2, 150.5. MS (ESI) m/z 368.0 (M++1). HRMS (ESI) 

Calcd. for C14H14BrN3O4 requires (M++1) 368.0168 Found 368.02421. 
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N

CN

N

CO2Et

CO2Et

MeO  

(Z)-diethyl 2-(cyano(4-methoxyphenyl)methylene)hydrazine-1,1-dicarboxylate (3l). Oil. 

IR (CH2Cl2) ν 2984, 2939, 2229, 1799, 1761, 1605, 1176, 1103 cm-1; 1H NMR (CDCl3, 400 

MHz, TMS): δ 1.36 (6H, t, J = 7.2 Hz, CH3), 3.89 (3H, s, OCH3), 4.38 (4H, q, J = 7.2 Hz, 

CH2), 7.01 (2H, d, J = 9.2 Hz, Ar), 8.01 (2H, d, J = 9.2 Hz, Ar). 13C NMR (CDCl3, 75 MHz): 

δ 14.1, 55.6, 64.3, 109.8, 114.7, 122.9, 130.3, 148.7, 150.7, 164.2. MS (ESI) m/z 320.2 

(M++1). HRMS (ESI) Calcd. for C15H17N3O5 requires (M++1) 320.1168 Found 320.12407. 
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N

CN

N

CO2i-Pr

CO2i-Pr

O  

(E)-diisopropyl 2-(cyano(furan-2-yl)methylene)hydrazine-1,1-dicarboxylate (3m). Oil. IR 

(CH2Cl2) ν 3131, 2986, 2940, 2234, 1791, 1794, 1095 cm-1; 1H NMR (CDCl3, 400 MHz, 

TMS): δ 1.37 (12H, d, J = 6.0 Hz, CH3), 5.12-5.19 (2H, m, CH), 6.65 (1H, dd, J1 = 1.6 Hz, J2 

= 3.6 Hz, Ar), 7.25 (1H, dd, J1 = 0.8 Hz, J2 = 3.6 Hz, Ar), 7.72 (1H, dd, J1 = 0.8 Hz, J2 = 1.6 

Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.6, 73.1, 108.8, 113.0, 119.1, 135.6, 145.9, 147.9, 

150.3. MS (ESI) m/z 308.2 (M++1). HRMS (ESI) Calcd. for C14H17N3O5 requires (M++1) 

308.1168 Found 308.12402. 
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N

CN

N

CO2i-Pr

CO2i-Pr

S  

(E)-diisopropyl 2-(cyano(thiophen-2-yl)methylene)hydrazine-1,1-dicarboxylate (3n). Oil. 

IR (CH2Cl2) ν 3107, 2984, 2938, 2230, 1795, 1763, 1309,1093 cm-1; 1H NMR (CDCl3, 400 

MHz, TMS): δ 1.37 (12H, d, J = 6.0 Hz, CH3), 5.11-5.18 (2H, m, CH), 7.20 (1H, dd, J1 = 4.4 
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Hz, J2 = 5.2 Hz, Ar), 7.64 (1H, dd, J1 = 1.2 Hz, J2 = 5.2 Hz, Ar), 7.75 (1H, dd, J1 = 1.2 Hz, J2 

= 4.4 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.6, 72.9, 109.2, 128.2, 133.3, 134.3, 135.2, 

141.6, 150.3. MS (ESI) m/z 324.2 (M++1). HRMS (ESI) Calcd. for C14H17N3O4S requires 

(M++1) 324.0940 Found 324.10089. 

 

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

 21

N

CN

N

CO2i-Pr

CO2i-Pr

 

(Z)-diisopropyl 2-(cyano(naphthalen-1-yl)methylene)hydrazine-1,1-dicarboxylate (3o). 

Oil. IR (CH2Cl2) ν 2985, 2939, 2226, 1798, 1761, 1511, 1093 cm-1; 1H NMR (CDCl3, 400 

MHz, TMS): δ 1.42 (12H, d, J = 6.0 Hz, CH3), 5.18-5.25 (2H, m, CH), 7.55-7.67 (3H, m, Ar), 

7.91-7.93 (1H, m, Ar), 8.00-8.03 (1H, m, Ar), 8.05 (1H, d, J = 8.0 Hz, Ar), 8.99 (1H, d, J = 8.4 

Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.7, 73.0, 110.7, 124.7, 125.5, 127.0, 127.3, 128.5, 

128.8, 130.0, 131.1, 133.9, 148.7, 150.1. MS (ESI) m/z 368.0 (M++1), 389.9 (M++Na). HRMS 

(ESI) Calcd. for C20H21N3O4 requires (M++Na) 390.1424 Found 390.14222. 
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N

CN

N

CO2i-Pr

CO2i-Pr

S  

(Z)-diisopropyl 2-(cyano(thiophen-3-yl)methylene)hydrazine-1,1-dicarboxylate (3p). Oil. 

IR (CH2Cl2) ν 3107, 2984, 1938, 2230, 1795, 1763, 1561, 1093 cm-1; 1H NMR (CDCl3, 400 

MHz, TMS): δ 1.37 (12H, d, J = 6.4 Hz, CH3), 5.12-5.19 (2H, m, CH), 7.44 (1H, dd, J1 = 2.8 

Hz, J2 = 5.2 Hz, Ar), 7.68 (1H, dd, J1 = 1.2 Hz, J2 = 5.2 Hz, Ar), 8.08 (1H, dd, J1 = 1.2 Hz, J2 

= 2.8 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.7, 73.0, 110.1, 125.3, 128.0, 132.1, 133.9, 

141.8, 150.4. MS (ESI) m/z 323.9 (M++1). HRMS (ESI) Calcd. for C14H17N3O4S requires 

(M++Na) 346.0832 Found 346.08304. 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

 23

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

 24

Typical reaction procedure for the preparation of 4.  

To a stirred solution of acyl cyanide 1 (0.3 mmol) and Ph3P (0.3 mmol) in anhydrous toluene 

(2.0 mL) under argon was added diisopropyl azodicarboxylate/diethyl azodicarboxylate 2 (0.3 

mmol) at 20 degree, the mixture was maintained at 20 degree to stir for the time needed. The 

solvent was removed under reduced pressure on a rotary evaporator. The residue was 

subjected to column chromatography on silica gel (300-400 mesh) to afford the products 4.  

 

N

CN

N

O O

O O

 

(4a) Oil. IR (CH2Cl2) ν 2986, 2940, 1783, 1626, 1214, 1095 cm-1; 1H NMR (CDCl3, 400 MHz, 

TMS): δ 1.34 (6H, d, J = 6.0 Hz, CH3), 1.48 (6H, d, J = 6.0 Hz, CH3), 4.91-4.99 (1H, m, CH), 

5.31-5.38 (1H, m, CH), 7.42-7.52 (3H, m, Ar), 7.92-7.95 (2H, m, Ar). 13C NMR (CDCl3, 100 

MHz): δ 21.2, 21.4, 74.9, 76.6, 110.9, 127.2, 128.8, 131.4, 131.8, 138.4, 148.6, 155.7. MS 

(ESI) m/z 318.0 (M++1), 340.1 (M++Na). HRMS (ESI) Calcd. for C16H19N3O4 requires 

(M++Na) 340.1268 Found 340.12676. 
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N

CN

N

O O

O O

Br  

(4b) Oil. IR (CH2Cl2) ν 2986, 1939, 2225, 1783, 1622, 1213, 1095 cm-1; 1H NMR (CDCl3, 
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300 MHz, TMS): δ 1.35 (6H, d, J = 6.3 Hz, CH3), 1.48 (6H, d, J = 6.3 Hz, CH3), 4.90-4.99 

(1H, m, CH), 5.30-5.39 (1H, m, CH), 7.58 (2H, d, J = 8.7 Hz, Ar), 7.80 (2H, d, J = 8.7 Hz, Ar). 

13C NMR (CDCl3, 75 MHz): δ 21.2, 21.4, 75.0, 76.8, 110.6, 126.5, 128.5, 130.3, 132.1, 137.3, 

148.5, 155.9. MS (ESI) m/z 395.9 (M++1), 418.9 (M++Na). HRMS (ESI) Calcd. for 

C16H18BrN3O4 requires (M++Na) 418.0373 Found 418.03621. 

 

 

 



Supplementary Material (ESI) for Organic and Biomolecular Chemistry 
This journal is © the Royal Society of Chemistry 2009 

 27

N

CN

N

O O

O O

Cl  

(4c) Oil. IR (CH2Cl2) ν 2987, 2940, 2225, 1783, 1622, 1214, 1094 cm-1; 1H NMR (CDCl3, 

400 MHz, TMS): δ 1.35 (6H, d, J = 6.0 Hz, CH3), 1.48 (6H, d, J = 6.0 Hz, CH3), 4.91-4.98 

(1H, m, CH), 5.31-5.38 (1H, m, CH), 7.42 (2H, d, J = 8.4 Hz, Ar), 7.87 (2H, d, J = 8.4 Hz, Ar). 

13C NMR (CDCl3, 100 MHz): δ 21.2, 21.5, 75.1, 76.8, 110.7, 128.4, 129.2, 129.9, 137.2, 

138.0, 148.5, 155.9. MS (ESI) m/z 352.0 (M++1), 373.9 (M++Na). HRMS (ESI) Calcd. for 

C16H18ClN3O4 requires (M++Na) 374.0878 Found 374.08694. 
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N

CN

N

O O

O O

 

(4d) Oil. IR (CH2Cl2) ν 2986, 2940, 2879, 2225, 1782, 1627, 1377, 1095 cm-1; 1H NMR 

(CDCl3, 400 MHz, TMS): δ 1.34 (6H, d, J = 6.4 Hz, CH3), 1.47 (6H, d, J = 6.4 Hz, CH3), 2.40 

(3H, s, CH3), 4.91-4.98 (1H, m, CH), 5.30-5.37 (1H, m, CH), 7.24 (2H, d, J = 8.0 Hz, Ar), 

7.82 (2H, d, J = 8.0 Hz, Ar). 13C NMR (CDCl3, 100 MHz, TMS): δ 21.2, 21.4, 21.5, 74.9, 76.4, 

111.0, 127.2, 128.7, 129.5, 138.4, 142.5, 148.6, 155.3. MS (ESI) m/z 332.0 (M++1), 354.0 

(M++Na). HRMS (ESI) Calcd. for C17H21N3O4 requires (M++Na) 354.1424 Found 354.14211. 
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N

CN

N

O O

O O

MeO  

(4e) mp. 75-77 oC; IR (CH2Cl2) ν 2986, 1939, 2225, 1783, 1627, 1214, 1095 cm-1; 1H NMR 

(benzene-d6, 400 MHz, TMS): δ 0.96 (6H, d, J = 6.0 Hz, CH3), 1.14 (6H, d, J = 6.0 Hz, CH3), 
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3.23 (3H, s, OCH3), 4.67-4.74 (1H, m, CH), 5.16-5.23 (1H, m, CH), 6.61 (2H, d, J = 8.8 Hz, 

Ar), 7.94 (2H, d, J = 8.8 Hz, Ar). 13C NMR (benzene-d6, 100 MHz): δ 21.0, 21.2, 54.9, 74.6, 

76.4, 111.6, 114.6, 124.7, 129.3, 138.7, 149.2, 155.8, 162.9. MS (ESI) m/z 348.1 (M++1). 

HRMS (ESI) Calcd. for C17H21N3O5 requires (M++Na) 370.1373 Found 370.13749. 
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N

CN

N

O O

O O

 

(4f) Oil. IR (CH2Cl2) ν 2986, 2939, 2225, 1782, 1627, 1207, 1086 cm-1; 1H NMR (CDCl3, 300 

MHz, TMS): δ 1.36 (6H, d, J = 6.0 Hz, CH3), 1.48 (6H, d, J = 6.0 Hz, CH3), 2.35 (6H, s, CH3), 

4.92-5.01 (1H, m, CH), 5.29-5.39 (1H, m, CH), 7.12 (1H, s, Ar), 7.55 (2H, s, Ar). 13C NMR 

(CDCl3, 75 MHz): δ 21.1, 21.2, 21.4, 74.8, 76.4, 111.1, 125.0, 131.2, 133.6, 138.5, 138.7, 

148.6, 155.3. MS (ESI) m/z 346.0 (M++1), 368.0 (M++Na). HRMS (ESI) Calcd. for 

C18H23N3O4 requires (M++Na) 368.1581 Found 368.15692. 
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N

CN

N

O O

O O

MeO

MeO
OMe  

(4g) Oil. IR (CH2Cl2) ν 2986, 2942, 2842, 2226, 1784, 1628, 1590, 1212, 1096 cm-1; 1H NMR 

(CDCl3, 400 MHz, TMS): δ 1.31 (6H, d, J = 6.4 Hz, CH3), 1.48 (6H, d, J = 6.0 Hz, CH3), 3.92 

(9H, s, OCH3), 4.90-4.97 (1H, m, CH), 5.30-5.37 (1H, m, CH), 7.19 (2H, s, Ar). 13C NMR 

(CDCl3, 100 MHz): δ 21.2, 21.4, 56.2, 61.0, 74.9, 76.5, 104.4, 110.9, 126.6, 138.0, 141.4, 

148.4, 153.4, 155.2. MS (ESI) m/z 407.9 (M++1), 429.9 (M++Na). HRMS (ESI) Calcd. for 

C19H25N3O7 requires (M++Na) 430.1585 Found 430.15792. 
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MeO
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(4h) Oil. IR (CH2Cl2) ν 2985, 2942, 2842, 2227, 1789, 1633, 1590, 1206 cm-1; 1H NMR 

(CDCl3, 400 MHz, TMS): δ 1.33 (3H, t, J = 7.2 Hz, CH3), 1.48 (3H, t, J = 7.2 Hz, CH3), 3.91 

(3H, s, OCH3), 3.92 (6H, s, OCH3), 4.31 (2H, q, J = 7.2 Hz, CH2), 4.57 (2H, q, J = 7.2 Hz, 

CH), 7.19 (2H, s, Ar). 13C NMR (CDCl3, 100 MHz, TMS): δ 13.8, 14.0, 56.2, 61.0, 66.2, 68.0, 

104.4, 110.8, 126.5, 138.4, 141.5, 148.9, 153.4, 155.9. MS (ESI) m/z 380.0 (M++1). HRMS 

(ESI) Calcd. for C17H21N3O7 requires (M++Na) 402.1272 Found 402.12674. 
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N

CN

N

O O

O O

MeO  

(4i) Oil. IR (CH2Cl2) ν 2985, 2940, 2842, 2225, 1785, 1630, 1604, 1261, 1205 cm-1; 1H NMR 

(CDCl3, 400 MHz, TMS): δ 1.35 (3H, t, J = 7.2 Hz, CH3), 1.46 (3H, t, J = 7.2 Hz, CH3), 3.86 

(3H, s, OCH3), 4.32 (2H, q, J = 7.2 Hz, CH2), 4.55 (2H, q, J = 7.2 Hz, CH), 6.95 (2H, d, J = 

9.2 Hz, Ar), 7.87 (2H, d, J = 9.2 Hz, Ar). 13C NMR (CDCl3, 100 MHz, TMS): δ 13.7, 14.0, 

55.5, 66.2, 67.7, 111.0, 114.3, 124.0, 129.0, 138.5, 149.1, 155.4, 162.7. MS (ESI) m/z 320.0 

(M++1), 341.9 (M++Na). HRMS (ESI) Calcd. for C15H17N3O5 requires (M++Na) 342.1060 

Found 342.10585. 
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N

CN

N

O O

O O

 

(4j) Oil. IR (CH2Cl2) ν 3051, 2985, 2939, 2223, 1778, 1628, 1217, 1093 cm-1; 1H NMR 

(benzene-d6, 300 MHz, TMS): δ 0.79 (6H, d, J = 6.3 Hz, CH3), 1.17 (6H, d, J = 6.3 Hz, CH3), 

4.56-4.65 (1H, m, CH), 5.24-5.33 (1H, m, CH), 7.00 (1H, t, J = 7.8 Hz, Ar), 7.24 (1H, t, J = 

7.8 Hz, Ar), 7.42 (1H, t, J = 8.4 Hz, Ar), 7.49 (1H, d, J = 8.1 Hz, Ar), 7.54 (1H, d, J = 8.1 Hz, 

Ar), 7.95 (1H, d, J = 8.1 Hz, Ar), 9.20 (1H, d, J = 8.4 Hz, Ar). 13C NMR (benzene-d6, 75 MHz, 

TMS): δ 21.0, 21.2, 74.8, 76.8, 112.4, 125.1, 126.4, 126.7, 128.2, 128.5, 129.0, 130.7, 131.1, 

132.5, 134.4, 140.4, 149.2, 156.4. MS (ESI) m/z 368.0 (M++1). HRMS (ESI) Calcd. for 

C20H21N3O4 requires (M++Na) 390.1424 Found 390.14189.  
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N

CN

N

O O

O O

S  

(4k) Oil. IR (CH2Cl2) ν 3105, 2986, 2940, 2227, 1783, 1626, 1218, 1095 cm-1; 1H NMR 
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(CDCl3, 400 MHz, TMS): δ 1.34 (6H, d, J = 6.4 Hz, CH3), 1.46 (6H, d, J = 6.0 Hz, CH3), 

4.91-4.98 (1H, m, CH), 5.28-5.35 (1H, m, CH), 7.36 (1H, dd, J1 = 2.8 Hz, J2 = 4.8 Hz, Ar), 

7.52 (1H, dd, J1 = 1.2 Hz, J2 = 4.8 Hz, Ar), 7.90 (1H, dd, J1 = 1.2 Hz, J2 = 2.8 Hz, Ar). 13C 

NMR (CDCl3, 100 MHz, TMS): δ 21.2, 21.4, 74.9, 76.4, 111.2, 124.9, 127.4, 129.2, 133.8, 

134.9, 148.5, 155.2. MS (ESI) m/z 323.9 (M++1), 345.9 (M++Na). HRMS (ESI) Calcd. for 

C14H17N3O4S requires (M++Na) 346.0832 Found 346.08309. 
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N

CF3

N

CO2i-Pr

CO2i-Pr

Cl  

(Z)-diisopropyl 

2-(1-(4-chlorophenyl)-2,2,2-trifluoroethylidene)hydrazine-1,1-dicarboxylate (6). Oil. IR 

(CH2Cl2) ν 2986, 2941, 1752, 1594, 1281, 1147 cm-1; 1H NMR (CDCl3, 300 MHz, TMS): δ 

1.21 (12H, d, J = 6.0 Hz, CH3), 4.84-4.93 (2H, m, CH), 7.31 (2H, d, J = 8.7 Hz, Ar), 7.44 (2H, 

d, J = 8.7 Hz, Ar). 13C NMR (CDCl3, 100 MHz): δ 21.4, 72.7, 119.7 (q, J = 275.8 Hz), 126.7, 

129.1, 137.4, 150.3, 158.0 (q, J = 33.5 Hz). 19F NMR (CDCl3, 282 MHz): δ -73.94. MS (ESI) 

m/z 395.2 (M++1). HRMS (MALDI) Calcd. for C16H18ClF3N2O4 requires (M++Na) 417.0811 

Found 417.07994. 
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N

CN

H
N

CO2i-Pr

 

(Z)-isopropyl 2-(1-cyano-2,2-dimethylpropylidene)hydrazinecarboxylate (7). Oil. IR 

(CH2Cl2) ν 3226, 2979, 2211, 1760, 1513, 1222, 1108 cm-1; 1H NMR (CDCl3, 400 MHz, 

TMS): δ 1.27 (9H, s, CH3), 1.32 (6H, d, J = 6.0 Hz, CH3), 5.04-5.11 (1H, m, CH), 8.52 (1H, s, 

NH). 13C NMR (CDCl3, 100 MHz): δ 21.9, 27.4, 36.7, 70.8, 109.5, 132.1, 151.7. MS (ESI) 

m/z 212.1 (M++1). HRMS (EI) Calcd. for C10H17N3O2 requires (M+) 211.1321, Found 

211.1321.  
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N

CN

H
N

CO2Et

 

(Z)-Ethyl 2-(1-cyano-2,2-dimethylpropylidene)hydrazinecarboxylate (8). Oil. IR (CH2Cl2) 

ν 3239, 2971, 2211, 1766, 1514, 1216, 1031 cm-1; 1H NMR (CDCl3, 400 MHz, TMS): δ 1.27 

(9H, s, CH3), 1.34 (3H, t, J = 7.2 Hz, CH3), 4.31 (2H, q, J = 7.2 Hz, CH), 8.54 (1H, s, NH). 

13C NMR (CDCl3, 100 MHz): δ 14.4, 27.4, 36.8, 62.7, 109.4, 132.3, 152.2. MS (ESI) m/z 

198.1 (M++1). HRMS (EI) Calcd. for C9H15N3O2 requires (M+) 197.1164, Found 197.1168. 
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X-ray crystal structure compound 3c  

 

 

The crystal data of 3c have been deposited in CCDC with number 713523. Empirical Formula: 
C16H18ClN3O4; Formula Weight: 351.78; Crystal Color, Habit: colorless, prismatic; Crystal 
System: Monoclinic; Lattice Type: Primitive; Unit cell dimension: 0.378 x 0.346 x 0.267 mm; 
Lattice Parameters: a = 10.8230(18)Å, b = 6.4408(11)Å, c = 25.686(4)Å, α = 90o, β = 
100.893(3)o, γ = 90o, V = 1758.3(5)Å3; Space group: P2(1)/c; Z = 4; Dcalc = 1.329 g/cm3; F000 
= 736; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0457, 0.1049.  
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X-ray crystal structure compound 4g 

 

 

The crystal data of 4g have been deposited in CCDC with number 724590. Empirical Formula: 
C19H25N3O7; Formula Weight: 407.42; Crystal Color, Habit: colorless, prismatic; Crystal 
System: Triclinic; Lattice Type: Primitive; Unit cell dimension: 0.450 x 0.423 x 0.351 mm; 
Lattice Parameters: a = 7.5749(13)Å, b = 12.355(2)Å, c = 12.896(2)Å, α = 99.071(3)o, β = 
102.604(3)o, γ = 106.451(3)o, V = 1098.1(3)Å3; Space group: P-1; Z = 2; Dcalc = 1.232 g/cm3; 
F000 = 432; Diffractometer: Rigaku AFC7R; Residuals: R; Rw: 0.0579, 0.1325.  
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