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Synthesis of racemic 4-non-substituted 2-substituted 2,3-allenyl hydrazines. 

Racemic 4-non-substituted 2-substituted 2,3-allenyl hydrazines 4 were prepared 

according to the procedure described in the Supporting Information of our previous 

report1 by the reaction of dialkyl azodicarboxylates with the corresponding 

2,3-allenols. 

(1) 3-(n-Hexyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine (4a) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C6H13 n-C6H13

4a0 oC for 1 h
then rt for 1 h

    THF

 

Under an atmosphere of argon, a solution of diethyl azodicarboxylate (1.675 g, 9.62 

mmol) in 6 mL of THF was added dropwise to a solution of triphenyl phosphine 

(2.520 g, 9.61 mmol) and 3-(n-hexyl)penta-3,4-dien-2-ol (1.346 g, 8.00 mmol) in 25 

mL of THF at 0 °C with stirring. After being stirred at 0 °C for 1 h and then at room 

temperature for an additional 1 h, the reaction mixture was evaporated and the residue 

was purified by flash chromatography on silica gel (eluent: petroleum ether/ether = 

6:1) to afford 1.823 g (70%) of 4a: liquid; 1H NMR (300 MHz, CDCl3) δ [6.32 (bs), 

6.16 (bs), 1 H], 4.91-4.52 (m, 3 H), 4.31-3.99 (m, 4 H), 2.16-1.74 (m, 2 H), 1.47-1.09 

(m, 17 H), 0.83 (t, J = 6.6 Hz, 3 H); MS (ESI) m/z (%) 327 ([M+H]+); IR (neat) 3297, 

2930, 1956, 1758, 1712, 1518, 1467, 1412, 1383, 1310, 1222, 1064 cm-1; HRMS (EI) 

calcd for C17H30N2O4 (M+) 326.2206; Found 326.2190. 

 

(2) 3-(n-Hexyl)penta-3,4-dien-2-yl N,N-bis(isopropoxycarbonyl)hydrazine (4b) 
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CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2
iPr

PriO2C

(1.2 equiv.)

CH3
NCO2

iPrPriO2CHN

n-C6H13 n-C6H13

4b0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diisopropyl azodicarboxylate (260 mg, 94%, 1.21 mmol), triphenyl 

phosphine (317 mg, 1.21 mmol), and 3-(n-hexyl)penta-3,4-dien-2-ol (169 mg, 1.00 

mmol) in THF (2+4 mL) afforded 221 mg (62%) of 4b: Eluent for chromatography 

on silica gel: petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.11 

(bs), 5.93 (bs), 1 H], 5.04-4.87 (m, 2 H), 4.87-4.53 (m, 3 H), 2.17-1.75 (m, 2 H), 

1.48-1.10 (m, 23 H), 0.86 (t, J = 6.8 Hz, 3 H); MS (ESI) m/z (%) 355 ([M+H]+), 377 

([M+Na]+), 409 ([M+MeOH+Na]+); IR (neat) 3303, 2932, 1956, 1753, 1709, 1468, 

1404, 1386, 1305, 1225, 1110 cm-1; HRMS (MALDI/DHB) calcd for C19H34N2O4Na 

([M+Na]+) 377.2411; Found 377.2418. 

 

(3) 3-(n-Hexyl)penta-3,4-dien-2-yl N,N-bis(tert-butoxycarbonyl)hydrazine (4c) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2
tBu

ButO2C

(1.4 equiv.)

CH3
NCO2

tBuButO2CHN

n-C6H13 n-C6H13

4c0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of di-tert-butyl azodicarboxylate (330 mg, 1.43 mmol), triphenyl 

phosphine (315 mg, 1.20 mmol), and 3-(n-hexyl)penta-3,4-dien-2-ol (169 mg, 1.00 

mmol) in THF (2+4 mL) afforded 236 mg (61%) of 4c: Eluent for chromatography on 

silica gel: petroleum ether/ether = 20:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.00 

(bs), 5.72 (bs), 1 H], 4.90-4.48 (m, 3 H), 2.15-1.75 (m, 2 H), 1.55-1.16 (m, 29 H), 

0.87 (t, J = 6.8 Hz, 3 H); MS (ESI) m/z (%) 405 ([M+Na]+) , 437 ([M+MeOH+Na]+); 
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IR (neat) 3319, 2930, 1956, 1749, 1705, 1478, 1392, 1367, 1318, 1164 cm-1; HRMS 

(MALDI/DHB) calcd for C21H38N2O4Na ([M+Na]+) 405.2724; Found 405.2740. 

 

(4) 3-(n-Butyl)nona-1,2-dien-4-yl N,N-bis(ethoxycarbonyl)hydrazine (4d) 

n-C5H11
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

n-C5H11
NCO2EtEtO2CHN

n-C4H9 n-C4H9

4d0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (214 mg, 1.23 mmol), triphenyl phosphine 

(315 mg, 1.20 mmol), and 3-(n-butyl)nona-1,2-dien-4-ol (196 mg, 1.00 mmol) in THF 

(2+4 mL) afforded 147 mg (42%) of 4d: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; solid; m.p. 50-52 oC (petroleum ether/ether); 1H NMR 

(300 MHz, CDCl3) δ [6.14 (bs), 5.97 (bs), 1 H], 4.85-4.68 (m, 2 H), 4.68-4.34 (m, 1 

H), 4.33-4.05 (m, 4 H), 2.20-1.78 (m, 2 H), 1.77-1.52 (m, 2 H), 1.52-1.07 (m, 16 H), 

0.94-0.80 (m, 6 H); MS (EI) m/z (%) 354 (M+, 1.97), 355 (M+, 0.63), 81 (100); IR 

(neat) 3291, 2932, 1956, 1760, 1711, 1467, 1411, 1381, 1300, 1221, 1062 cm-1; Anal. 

Calcd. for C19H34N2O4: C, 64.38; H, 9.67; N, 7.90. Found: C, 64.45; H, 9.82; N, 7.64. 

 

(5) 3-Cyclopropylnona-1,2-dien-4-yl N,N-bis(ethoxycarbonyl)hydrazine (4e) 

n-C5H11
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

n-C5H11
NCO2EtEtO2CHN

4e0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (629 mg, 3.61 mmol), triphenyl phosphine 

(953 mg, 3.63 mmol), and 3-cyclopropylnona-1,2-dien-4-ol (541 mg, 3.00 mmol) in 
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THF (5+12 mL) afforded 559 mg (55%) of 4e: Eluent for chromatography on silica 

gel: petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.15 (bs), 

5.98 (bs), 1 H], 4.95-4.54 (m, 3 H), 4.33-4.07 (m, 4 H), 1.71-1.58 (m, 2 H), 1.58-1.03 

(m, 13 H), 0.87 (t, J = 6.5 Hz, 3 H), 0.74-0.58 (m, 2 H), 0.47-0.21 (m, 2 H); MS (ESI) 

m/z (%) 339 ([M+H]+), 361 ([M+Na]+), 393 ([M+MeOH+Na]+); IR (neat) 3293, 2932, 

1953, 1760, 1712, 1467, 1409, 1381, 1301, 1217, 1062 cm-1; HRMS (MALDI/DHB) 

calcd for C18H30N2O4Na ([M+Na]+) 361.2098; Found 361.2107. 

 

(6) 3-(n-Pentyl)dodeca-1,2-dien-4-yl N,N-bis(isopropoxycarbonyl)hydrazine (4f) 

n-C8H17
HO

+
PPh3 (1.2 equiv.)

N
N

CO2
iPr

PriO2C

(1.2 equiv.)

n-C8H17
NCO2

iPrPriO2CHN

n-C5H11 n-C5H11

4f0 oC for 1 h
then rt for 1 h

    THF

 

  The reaction of diisopropyl azodicarboxylate (265 mg, 94%, 1.23 mmol), triphenyl 

phosphine (315 mg, 1.20 mmol), and 3-(n-pentyl)dodeca-1,2-dien-4-ol (252 mg, 1.00 

mmol) in THF (2+4 mL) afforded 217 mg (50%) of 4f: Eluent for chromatography on 

silica gel: petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, CDCl3) δ 

6.13-5.81 (m, 1 H), 5.07-4.87 (m, 2 H), 4.85-4.68 (m, 2 H), 4.64-4.36 (m, 1 H), 

2.15-1.76 (m, 2 H), 1.69-1.06 (m, 32 H), 0.96-0.78 (m, 6 H); MS (ESI) m/z (%) 439 

([M+H]+), 461 ([M+Na]+), 493 ([M+MeOH+Na]+); IR (neat) 3281, 2927, 1956, 1759, 

1710, 1467, 1385, 1295, 1110 cm-1; HRMS (MALDI/DHB) calcd for C25H46N2O4Na 

([M+Na]+) 461.3350; Found 461.3353. 

 

(7) 1-Cyclohexyl-2-(n-pentyl)buta-2,3-dien-1-yl N,N-bis(isopropoxycarbonyl)- 
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hydrazine (4g) 

HO
+

PPh3 (1.2 equiv.)

N
N

CO2
iPr

PriO2C

(1.2 equiv.)

n-C5H11

4g
0 oC for 1 h
then rt for 1 h

    THF PriO2CN
NHCO2

iPr

n-C5H11

 

The reaction of diisopropyl azodicarboxylate (260 mg, 94%, 1.21 mmol), triphenyl 

phosphine (315 mg, 1.20 mmol), and 2-(n-pentyl)-1-cyclohexylbuta-2,3-dien-1-ol 

(223 mg, 1.00 mmol) in THF (2+4 mL) afforded 85 mg (21%) of 4g: Eluent for 

chromatography on silica gel: petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, 

CDCl3) δ 6.10-5.75 (m, 1 H), 5.06-4.85 (m, 2 H), 4.82-4.60 (m, 2 H), 432-3.99 (m, 1 

H), 2.17-1.90 (m, 2 H), 1.85-1.53 (m, 6 H), 1.49-0.76 (m, 26 H); MS (ESI) m/z (%) 

431 ([M+Na]+), 463 ([M+MeOH+Na]+); IR (neat) 3272, 2926, 1957, 1756, 1709, 

1468, 1404, 1385, 1292, 1110 cm-1; HRMS (MALDI/DHB) calcd for C23H40N2O4Na 

([M+Na]+) 431.2880; Found 431.2889. 

 

(8) 3-(n-Butyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine (4h) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C4H9 n-C4H9

4h0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (219 mg, 1.26 mmol), triphenyl phosphine 

(317 mg, 1.21 mmol), and 3-(n-butyl)penta-3,4-dien-2-ol (145 mg, 1.03 mmol) in 

THF (2+4 mL) afforded 183 mg (59%) of 4h: Eluent for chromatography on silica gel: 

petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.22 (bs), 6.03 

(bs), 1 H], 4.93-4.56 (m, 3 H), 4.33-4.06 (m, 4 H), 2.10-1.79 (m, 2 H), 1.50-1.16 (m, 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



 S7

13 H), 0.88 (t, J = 7.1 Hz, 3 H); MS (EI) m/z (%) 298 (M+, 2.72), 299 (M++1, 2.18), 

81 (100); IR (neat) 3298, 2934, 1956, 1758, 1712, 1467, 1412, 1383, 1311, 1222, 

1064 cm-1; HRMS (EI) calcd for C15H26N2O4 (M+) 298.1893; Found 298.1902. 

 

(9) 4-(n-Butyl)hexa-4,5-dien-3-yl N,N-bis(ethoxycarbonyl)hydrazine (4i) 

C2H5
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

C2H5
NCO2EtEtO2CHN

n-C4H9 n-C4H9

4i0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (215 mg, 1.23 mmol), triphenyl phosphine 

(317 mg, 1.21 mmol), and 4-(n-butyl)hexa-4,5-dien-3-ol (155 mg, 1.00 mmol) in THF 

(2+4 mL) afforded 147 mg (47%) of 4i: Eluent for chromatography on silica gel: 

petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.15 (bs), 5.97 

(bs), 1 H], 4.87-4.68 (m, 2 H), 4.64-4.30 (m, 1 H), 4.30-4.05 (m, 4 H), 2.20-1.79 (m, 2 

H), 1.70-1.53 (m, 2 H), 1.51-1.08 (m, 10 H), 1.04-0.78 (m, 6 H); MS (ESI) m/z (%) 

313 ([M+H]+), 335 ([M+Na]+), 367 ([M+MeOH+Na]+); IR (neat) 3297, 2960, 1956, 

1759, 1711, 1466, 1411, 1382, 1300, 1218, 1061 cm-1; HRMS (MALDI/DHB) calcd 

for C16H28N2O4Na ([M+Na]+) 335.1941; Found 335.1956. 

 

(10) 3-(n-Pentyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine (4j) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C5H11 n-C5H11

4j0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (315 mg, 1.81 mmol), triphenyl phosphine 
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(480 mg, 1.83 mmol), and 3-(n-pentyl)penta-3,4-dien-2-ol (234 mg, 1.52 mmol) in 

THF (3+5 mL) afforded 341 mg (72%) of 4j: Eluent for chromatography on silica gel: 

petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.22 (bs), 6.02 

(bs), 1 H], 4.91-4.58 (m, 3 H), 4.31-4.06 (m, 4 H), 2.06-1.77 (m, 2 H), 1.49-1.14 (m, 

15 H), 0.87 (t, J = 6.8 Hz, 3 H);; MS (EI) m/z (%) 312 (M+, 2.29), 313 (M++1, 0.99), 

95 (100); IR (neat) 3300, 2933, 1956, 1759, 1712, 1467, 1411, 1383, 1310, 1221, 

1064 cm-1; HRMS (EI) calcd for C16H28N2O4 (M+) 312.2049; Found 312.2048. 

 

(11) 2-(n-Pentyl)buta-2,3-dien-1-yl N,N-bis(ethoxycarbonyl)hydrazine (4k) 

HO
+

PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

NCO2EtEtO2CHN

n-C5H11 n-C5H11

4k0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (323 mg, 1.85 mmol), triphenyl phosphine 

(482 mg, 1.84 mmol), and 2-(n-pentyl)buta-2,3-dien-1-ol (217 mg, 1.55 mmol) in 

THF (3+6 mL) afforded 340 mg (74%) of 4k: Eluent for chromatography on silica gel: 

petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.55 (bs), 6.35 

(bs), 1 H], 4.84-4.72 (m, 2 H), 4.31-4.15 (m, 4 H), 4.12-3.90 (m, 2 H), 1.97-1.83 (m, 2 

H), 1.50-1.35 (m, 2 H), 1.32-1.18 (m, 10 H), 0.87 (t, J = 6.6 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 205.9, 156.8, 155.8, 104.5, 78.0, 62.2, 61.6, 53.8, 31.3, 29.4, 27.0, 

22.3, 16.0, 14.3, 13.9; MS (ESI) m/z (%) 299 ([M+H]+), 321 ([M+Na]+), 353 

([M+MeOH+Na]+); IR (neat) 3305, 2930, 1959, 1716, 1468, 1445, 1414, 1382, 1263, 

1216, 1061 cm-1; HRMS (MALDI/DHB) calcd. for C15H27N2O4 ([M+H]+) 299.1965; 

Found: 299.1975. 
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(12) 3-(n-Pentyl)penta-3,4-dien-2-yl N,N-bis(tert-butoxycarbonyl)hydrazine (4l) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2
tBu

ButO2C

(1.5 equiv.)

CH3
NCO2

tBuButO2CHN

n-C5H11 n-C5H11

4l0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of di-tert-butyl azodicarboxylate (528 mg, 2.29 mmol), triphenyl 

phosphine (481 mg, 1.83 mmol), and 3-(n-pentyl)penta-3,4-dien-2-ol (236 mg, 1.53 

mmol) in THF (3+5 mL) afforded 415 mg (74%) of 4l: Eluent for chromatography on 

silica gel: petroleum ether/ether = 10:1; liquid; 1H NMR (300 MHz, CDCl3) δ [6.00 

(bs), 5.72 (bs), 1 H], 4.85-4.50 (m, 3 H), 2.12-1.79 (m, 2 H), 1.54-1.13 (m, 27 H), 

0.87 (t, J = 6.9 Hz, 3 H); MS (ESI) m/z (%) 391 ([M+Na]+); IR (neat) 3318, 2979, 

1956, 1753, 1705, 1392, 1367, 1318, 1250, 1155, 1054 cm-1; HRMS (ESI) calcd for 

C20H36N2O4Na ([M+Na]+) 391.2567; Found 391.2585. 

 

(13) 3-Phenethylpenta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine (4m) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

4m0 oC for 1 h
then rt for 1 h

    THF

Ph Ph

 

The reaction of diethyl azodicarboxylate (637 mg, 3.66 mmol), triphenyl phosphine 

(954 mg, 3.64 mmol), and 3-phenethylpenta-3,4-dien-2-ol (570 mg, 3.03 mmol) in 

THF (5+12 mL) afforded 781 mg (74%) of 4m: Eluent for chromatography on silica 

gel: petroleum ether/ether = 4:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.42-7.08 (m, 

5 H), 6.22-5.54 (m, 1 H), 5.01-4.58 (m, 3 H), 4.35-4.04 (m, 4 H), 2.88-2.61 (m, 2 H), 

2.44-2.03 (m, 2 H), 1.41-1.10 (m, 9 H); MS (ESI) m/z (%) 369 ([M+Na]+); IR (neat) 
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3297, 2982, 1955, 1757, 1709, 1602, 1496, 1467, 1411, 1383, 1310, 1222, 1063 cm-1; 

HRMS (MALDI/DHB) calcd for C19H27N2O4 ([M+H]+) 347.1965; Found 347.1969. 

 

Synthesis of optically active terminal 2-substituted 2,3-allenyl hydrazines. 

Optically active 2,3-allenyl hydrazines (R)- or (S)-4 were prepared according to the 

procedure described above for the racemic 4 by the reaction of diethyl 

azodicarboxylate with the corresponding optically pure (S)- or (R)-2,3-allenols, which 

were easily obtained from the kinetic enzymatic resolution of the racemic 

2,3-allenols.2 

(1) 2(R)-3-(n-Butyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine  

(R)-(4h) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C4H9 n-C4H9

 >99% ee (R)-4h0 oC for 1 h
then rt for 1 h

    THF

 

  The reaction of diethyl azodicarboxylate (140 mg, 0.80 mmol), triphenyl phosphine 

(209 mg, 0.80 mmol), and (S)-3-(n-butyl)penta-3,4-dien-2-ol (92 mg, 0.66 mmol, 

>99% ee) in THF (1+3 mL) afforded 147 mg (75%) of (R)-4h: Eluent for 

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; [α]20
D = + 85.2 (c = 

0.9, CHCl3); 1H NMR (300 MHz, CDCl3) δ [6.26 (bs), 6.10 (bs), 1 H], 4.91-4.57 (m, 

3 H), 4.28-4.05 (m, 4 H), 2.10-1.77 (m, 2 H), 1.47-1.12 (m, 13 H), 0.87 (t, J = 7.1 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 205.9, 156.8, 156.0, 104.6, 78.0, 62.4, 61.8, 

54.1, 29.6, 29.3, 22.3, 16.1, 14.4, 13.8; MS (ESI) m/z (%) 177 ([M-C9H15+2H]+), 299 

([M+H]+); IR (neat) 3294, 2933, 1957, 1758, 1710, 1412, 1384, 1311, 1223, 1065 
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cm-1; HRMS (MALDI/DHB) calcd. for C15H27N2O4 ([M+H]+) 299.1965; Found: 

299.1977. 

 

(2) 2(S)-3-(n-Butyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine  

(S)-(4h) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C4H9 n-C4H9

 96% ee (S)-4h0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (120 mg, 0.69 mmol), triphenyl phosphine 

(180 mg, 0.69 mmol), and (R)-3-(n-butyl)penta-3,4-dien-2-ol (80 mg, 0.57 mmol, 

96% ee) in THF (1+3 mL) afforded 133 mg (78%) of (S)-4h: Eluent for 

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; [α]20
D = – 74.2 (c = 

0.5, CHCl3); 1H NMR (300 MHz, CDCl3) δ [6.22 (bs), 6.03 (bs), 1 H], 4.93-4.56 (m, 

3 H), 4.33-4.06 (m, 4 H), 2.10-1.79 (m, 2 H), 1.50-1.16 (m, 13 H), 0.88 (t, J = 7.1 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 205.9, 156.9, 156.0, 104.6, 78.1, 62.4, 61.8, 

53.9, 29.5, 29.3, 22.3, 16.0, 14.4, 13.8; MS (ESI) m/z (%) 177 ([M-C9H15+2H]+), 299 

([M+H]+); IR (neat) 3297, 2933, 1957, 1757, 1711, 1414, 1383, 1311, 1223, 1065 

cm-1; HRMS (MALDI/DHB) calcd. for C15H27N2O4 ([M+H]+) 299.1965; Found: 

299.1973. 

 

(3) 2(R)-3-(n-Pentyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine  

(R)-(4j) 
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CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C5H11 n-C5H11

 >99% ee (R)-4j0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (142 mg, 0.82 mmol), triphenyl phosphine 

(213 mg, 0.81 mmol), and (S)-3-(n-pentyl)penta-3,4-dien-2-ol (103 mg, 0.67 mmol, 

>99% ee) in THF (1+3 mL) afforded 154 mg (74%) of (R)-4j: Eluent for 

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; [α]20
D = + 96.5 (c = 

0.65, CHCl3); 1H NMR (300 MHz, CDCl3) δ [6.21 (bs), 6.01 (bs), 1 H], 4.91-4.58 (m, 

3 H), 4.31-4.06 (m, 4 H), 2.06-1.77 (m, 2 H), 1.49-1.14 (m, 15 H), 0.87 (t, J = 6.8 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 205.9, 156.8, 155.8, 104.5, 78.0, 62.2, 61.6, 

53.8, 31.3, 29.4, 27.0, 22.3, 16.0, 14.3, 13.9; MS (ESI) m/z (%) 177 

([M-C10H17+2H]+), 313 ([M+H]+); IR (neat) 3298, 2932, 1956, 1758, 1711, 1411, 

1383, 1311, 1222, 1064 cm-1; HRMS (MALDI/DHB) calcd. for C16H29N2O4 ([M+H]+) 

313.2122; Found: 313.2118. 

 

(4) 2(S)-3-(n-Pentyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine  

(S)-(4j) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C5H11 n-C5H11

 >99% ee (S)-4j0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (150 mg, 0.86 mmol), triphenyl phosphine 

(225 mg, 0.86 mmol), and (R)-3-(n-pentyl)penta-3,4-dien-2-ol (110 mg, 0.71 mmol, 

>99% ee) in THF (1+3 mL) afforded 173 mg (78%) of (S)-4j: Eluent for 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



 S13

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; [α]20
D = – 92.0 (c = 

0.75, CHCl3); 1H NMR (300 MHz, CDCl3) δ [6.21 (bs), 6.02 (bs), 1 H], 4.90-4.52 (m, 

3 H), 4.31-4.08 (m, 4 H), 2.20-1.79 (m, 2 H), 1.49-1.14 (m, 15 H), 0.87 (t, J = 6.6 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 205.9, 156.8, 155.9, 104.5, 77.9, 62.2, 61.6, 

53.9, 31.3, 29.5, 27.0, 22.3, 16.0, 14.3, 13.9; MS (ESI) m/z (%) 177 

([M-C10H17+2H]+), 313 ([M+H]+); IR (neat) 3298, 2932, 1956, 1758, 1712, 1412, 

1383, 1311, 1222, 1064 cm-1; HRMS (MALDI/DHB) calcd. for C16H29N2O4 ([M+H]+) 

313.2122; Found: 313.2118. 

 

(5) 2(R)-3-(n-Hexyl)penta-3,4-dien-2-yl N,N-bis(ethoxycarbonyl)hydrazine  

(R)-(4a) 

CH3
HO

+
PPh3 (1.2 equiv.)

N
N

CO2Et

EtO2C

(1.2 equiv.)

CH3
NCO2EtEtO2CHN

n-C6H13 n-C6H13

 >99% ee (R)-4a0 oC for 1 h
then rt for 1 h

    THF

 

The reaction of diethyl azodicarboxylate (125 mg, 0.72 mmol), triphenyl phosphine 

(188 mg, 0.72 mmol), and (S)-3-(n-hexyl)penta-3,4-dien-2-ol (107 mg, 0.64 mmol, 

>99% ee) in THF (1+3 mL) afforded 132 mg (64%) of (R)-4a: Eluent for 

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; [α]20
D = + 69.8 (c = 

0.85, CHCl3); 1H NMR (300 MHz, CDCl3) δ [6.22 (bs), 6.03 (bs), 1 H], 4.90-4.52 (m, 

3 H), 4.31-4.13 (m, 4 H), 2.20-1.79 (m, 2 H), 1.49-1.14 (m, 17 H), 0.87 (t, J = 6.8 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 206.0, 156.8, 155.9, 104.5, 78.0, 62.3, 61.7, 

53.9, 31.6, 29.5, 28.8, 27.3, 22.5, 16.1, 14.4, 14.3, 13.9; MS (ESI) m/z (%) 177 

([M-C11H19+2H]+), 327 ([M+H]+); IR (neat) 3297, 2930, 1957, 1758, 1712, 1413, 
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1383, 1310, 1222, 1064 cm-1; HRMS (MALDI/DHB) calcd. for C17H31N2O4 ([M+H]+) 

327.2278; Found: 327.2274. 

 

Pd(PPh3)4-catalyzed coupling-cyclization reaction of 4-non-substituted 

2,3-allenyl hydrazines with aryl iodides. General procedure: Under an atmosphere 

of argon, Cs2CO3 (1.1 equiv.), aryl iodide (1.2 equiv.), Pd(PPh3)4 (5 mol %), 1 or 4 

(0.2 or 0.25 mmol), and CH3CN (2.5 or 3 mL) were added sequentially to an 

oven-dried Schlenk tube equipped with a stirring bar and the resulting reaction 

mixture was stirred at 80 °C. When the reaction was complete as determined by TLC 

analysis, ether was added and the mixture was filtered to remove the solid. After 

adding some silica gel and evaporation, the residue was purified by flash 

chromatography on silica gel (eluent: petroleum ether/ether) to afford the product. 

 

The reaction of 2,4-non-substituted 2,3-allenyl hydrazine 1 with 

4-bromoiodobenzene or 4-cyanoiodobenzene. 

(1) 3-(n-Octyl)-4-(1’-(4’’-bromophenyl)vinyl)-1,2-bis(ethoxycarbonyl)-1,2- 

diazetidine (2a) and 3-(n-octyl)-5-(4'-bromobenzyl)-1,2-bis(ethoxycarbonyl)- 

2,3-dihydro-1H-pyrazole (3a) (Scheme 1) 

CH3CN, 80 oC, 2 h
n-C8H17

NCO2EtEtO2CHN
+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

EtO2CN NCO2Et

n-C8H17

Br

+ EtO2CN
N
CO2Et

n-C8H17

BrI

Br
(1.2 equiv.)1 2a 3a

  The reaction of 1 (85 mg, 0.25 mmol), 4-bromoiodobenzene (85 mg, 0.30 mmol), 
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Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 55 mg (44%) of 2a (more polar) and 44 mg (36%) of 3a (less polar). Eluent 

for chromatography on silica gel: petroleum ether/ether = 15:1. 2a: liquid; 1H NMR 

(300 MHz, CDCl3) δ 7.46 (d, J = 8.6 Hz, 2 H), 7.22 (d, J = 8.6 Hz, 2 H), 5.65 (s, 1 H), 

5.45 (s, 1 H), 4.75 (d, J = 5.1 Hz, 1 H), 4.36-4.15 (m, 4 H), 3.87-3.78 (m, 1 H), 

1.86-1.62 (m, 2 H), 1.36-1.12 (m, 18 H), 0.86 (t, J = 6.6 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 161.0, 160.6, 143.7, 136.6, 131.6, 128.4, 122.3, 115.7, 69.1, 69.0, 

62.7, 62.4, 34.6, 31.7, 29.3, 29.11, 29.08, 24.4, 22.6, 14.4, 14.3, 14.0; MS (ESI) m/z 

(%) 497 ([M(81Br)+H]+), 495 ([M(79Br)+H]+), 519 ([M(81Br)+Na]+), 517 

([M(79Br)+Na]+); IR (neat) 2928, 1753, 1713, 1629, 1588, 1489, 1373, 1322, 1099, 

1009 cm-1; HRMS (MALDI/DHB) C24H35N2O4
79BrNa ([M+Na]+) 517.1672; Found 

517.1656. 3a: liquid; 1H NMR (300 MHz, CDCl3) δ 7.40 (d, J = 8.4 Hz, 2 H), 7.11 (d, 

J = 8.4 Hz, 2 H), 4.88 (bs, 1 H), 4.63-4.55 (m, 1 H), 4.26-4.13 (m, 4 H), 3.89 (bs, 2 H), 

1.47-1.18 (m, 20 H), 0.86 (t, J = 6.8 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 158.0, 

155.2, 141.9, 136.6, 131.4, 130.7, 120.4, 112.2, 63.9, 62.3, 34.6, 31.8, 29.4, 29.3, 29.2, 

29.1, 24.8, 22.6, 14.4, 14.1; MS (ESI) m/z (%) 497 ([M(81Br)+H]+), 495 

([M(79Br)+H]+); IR (neat) 2927, 1715, 1657, 1488, 1373, 1317, 1012 cm-1; HRMS 

(MALDI/DHB) C24H35N2O4
79BrNa ([M+Na]+) 517.1672; Found 517.1662. 

 

(2) 3-(n-Octyl)-4-(1’-(4’’-cyanophenyl)vinyl)-1,2-bis(ethoxycarbonyl)-1,2- 

diazetidine (2b) and 3-(n-octyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)- 

2,3-dihydro-1H-pyrazole (3b) (Scheme 1) 
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CH3CN, 80 oC, 3 h
n-C8H17

NCO2EtEtO2CHN
+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

EtO2CN NCO2Et

n-C8H17

CN

+ EtO2CN
N
CO2Et

n-C8H17

NCI

CN
(1.2 equiv.)1 2b 3b

  The reaction of 1 (85 mg, 0.25 mmol), 4-cyanoiodobenzene (69 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 18 mg (16%) of 2b (more polar) and 65 mg (59%) of 3b (less polar). Eluent 

for chromatography on silica gel: petroleum ether/ether = 5:1. 2b: liquid; 1H NMR 

(300 MHz, CDCl3) δ 7.64 (d, J = 8.6 Hz, 2 H), 7.47 (d, J = 8.6 Hz, 2 H), 5.76 (s, 1 H), 

5.55 (s, 1 H), 4.78 (d, J = 4.8 Hz, 1 H), 4.37-4.13 (m, 4 H), 3.88-3.77 (m, 1 H), 

1.90-1.76 (m, 1 H), 1.73-1.60 (m, 1 H), 1.39-1.12 (m, 18 H), 0.86 (t, J = 6.8 Hz, 3 H); 

13C NMR (75.4 MHz, CDCl3) δ 160.9, 160.6, 143.5, 142.4, 132.3, 127.5, 118.4, 118.0, 

111.9, 68.9, 68.8, 62.8, 62.5, 34.6, 31.7, 29.3, 29.1, 24.4, 22.6, 14.4, 14.3, 14.0; MS 

(ESI) m/z (%) 442 ([M+H]+), 464 ([M+Na]+); IR (neat) 2927, 2228, 1753, 1714, 1606, 

1505, 1373, 1322, 1098 cm-1; HRMS (MALDI/DHB) calcd. for C25H35N3O4Na 

([M+Na]+) 464.2520; Found: 464.2508. 3b: liquid; 1H NMR (300 MHz, CDCl3) δ 

7.56 (d, J = 8.1 Hz, 2 H), 7.33 (d, J = 8.1 Hz, 2 H), 4.97 (bs, 1 H), 4.66-4.55 (m, 1 H), 

4.25-4.10 (m, 4 H), 4.07 (d, J = 16.5 Hz, 1 H), 3.93 (d, J = 16.5 Hz, 1 H), 1.50-1.15 

(m, 20 H), 0.84 (t, J = 6.6 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 157.9, 155.0, 

143.2, 140.6, 132.1, 129.5, 118.8, 112.7, 110.3, 63.9, 62.4, 62.3, 35.1, 34.5, 31.7, 29.3, 

29.2, 29.1, 24.8, 22.5, 14.33, 14.28, 14.0; MS (ESI) m/z (%) 442 ([M+H]+), 464 

([M+Na]+), 496 ([M+MeOH+Na]+); IR (neat) 2928, 2228, 1714, 1657, 1608, 1505, 

1466, 1374, 1317, 1176, 1070 cm-1; HRMS (MALDI/DHB) calcd. for C25H35N3O4Na 
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([M+Na]+) 464.2520; Found: 464.2537. 

 

The reaction of 4-non-substituted 2-substituted 2,3-allenyl hydrazines with aryl 

iodides. 

(1) 3-Methyl-4-(n-hexyl)-5-(4'-nitrobenzyl)-1,2-bis(ethoxycarbonyl)-2,3-dihydro- 

1H-pyrazole (5a) (Scheme 2) 

(1.2 equiv.)4a 5a

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

NO2

O2N

 

  The reaction of 4a (82 mg, 0.25 mmol), 4-nitroiodobenzene (75 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 83 mg (74%) of 5a: Eluent for chromatography on silica gel: petroleum 

ether/ether = 8:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.10 (d, J = 8.6 Hz, 2 H), 7.34 

(d, J = 8.6 Hz, 2 H), 4.69 (q, J = 6.5 Hz, 1 H), 4.23 (d, J = 16.8 Hz, 1 H), 4.20-4.06 

(m, 4 H), 3.83 (d, J = 16.8 Hz, 1 H), 2.25-2.12 (m, 1 H), 2.08-1.96 (m, 1 H), 1.53-1.37 

(m, 1 H), 1.36-1.09 (m, 16 H), 0.81 (t, J = 6.3 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) 

δ 157.7, 155.5, 146.4, 146.2, 132.0, 128.8, 127.6, 123.4, 62.3, 62.2, 61.2, 31.8, 31.3, 

29.0, 28.4, 24.6, 22.4, 18.6, 14.4, 14.2, 13.9; MS (ESI) m/z (%) 448 ([M+H]+), 470 

([M+Na]+), 502 ([M+MeOH+Na]+); IR (neat) 2931, 1712, 1679, 1599, 1522, 1375, 

1346, 1046 cm-1; HRMS (MALDI/DHB) calcd. for C23H34N3O6
 ([M+H]+) 448.2442; 

Found: 448.2444. 
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(2) 3-Methyl-4-(n-hexyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)-2,3-dihydro- 

1H-pyrazole (5b) (entry 1, Table 1) 

(1.2 equiv.)4a 5b

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 2.5 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

CN

NC

 

  The reaction of 4a (67 mg, 0.21 mmol), 4-cyanoiodobenzene (55 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 69 mg (79%) of 5b: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 8.3 Hz, 

2 H), 7.32 (d, J = 8.3 Hz, 2 H), 4.71 (q, J = 6.5 Hz, 1 H), 4.29-4.07 (m, 5 H), 3.82 (d, 

J = 16.2 Hz, 1 H), 2.24-2.14 (m, 1 H), 2.10-2.00 (m, 1 H), 1.53-1.38 (m, 1 H), 

1.35-1.13 (m, 16 H), 0.85 (t, J = 6.5 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 157.7, 

155.5, 144.0, 132.1, 131.9, 128.8, 127.5, 118.9, 109.9, 62.24, 62.19, 61.1, 32.0, 31.3, 

29.0, 28.4, 24.5, 22.4, 18.6, 14.3, 14.2, 13.9; MS (ESI) m/z (%) 428 ([M+H]+), 450 

([M+Na]+), 466 (M+K+), 482 ([M+MeOH+Na]+); IR (neat) 2931, 2228, 1712, 1678, 

1608, 1375, 1318, 1047 cm-1; HRMS (MALDI/DHB) calcd. for C24H34N3O4
 ([M+H]+) 

428.2544; Found: 428.2548. 

 

(3) 3-Methyl-4-(n-hexyl)-5-(4'-acetylbenzyl)-1,2-bis(ethoxycarbonyl)-2,3-dihydro- 

1H-pyrazole (5c) (entry 2, Table 1) 
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(1.2 equiv.)4a 5c

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 2.5 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

COMe

MeOC

 

The reaction of 4a (82 mg, 0.25 mmol), 4-acetyliodobenzene (74 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 81 mg (73%) of 5c: Eluent for chromatography on silica gel: petroleum 

ether/ether = 8:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.87 (d, J = 8.4 Hz, 2 H), 7.30 

(d, J = 8.4 Hz, 2 H), 4.71 (q, J = 6.5 Hz, 1 H), 4.26-4.09 (m, 5 H), 3.83 (d, J = 16.5 

Hz, 1 H), 2.57 (s, 3 H), 2.25-2.15 (m, 1 H), 2.09-1.99 (m, 1 H), 1.53-1.39 (m, 1 H), 

1.35-1.13 (m, 16 H), 0.84 (t, J = 6.6 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 197.7, 

157.7, 155.5, 144.1, 135.1, 132.5, 128.3, 128.1, 127.1, 62.2, 62.1, 61.0, 31.9, 31.3, 

29.0, 28.4, 26.5, 24.5, 22.4, 18.6, 14.3, 14.2, 13.9; MS (EI) m/z (%) 444 (M+, 3.65), 

385 (M+-2xCH3-C2H5, 19.21), 371 (M+-CH3-2xC2H5, 15.59), 357 

(M+-CH3-C2H5-C3H7, 100); IR (neat) 2930, 1739, 1712, 1683, 1607, 1375, 1318, 

1267, 1047 cm-1; HRMS (EI) calcd. for C25H36N2O5 (M+) 444.2624; Found: 

444.2619. 

 

(4) 3-Methyl-4-(n-hexyl)-5-(4'-(methoxycarbonyl)benzyl)-1,2-bis(ethoxy- 

carbonyl)-2,3-dihydro-1H-pyrazole (5d) (entry 3, Table 1) 

(1.2 equiv.)4a 5d

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 2.5 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

CO2Me

MeO2C
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The reaction of 4a (66 mg, 0.20 mmol), 4-iodobenzoic acid methyl ester (63 mg, 

0.24 mmol), Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 

mL of CH3CN afforded 72 mg (77%) of 5d: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.91 (d, J = 8.4 Hz, 

2 H), 7.23 (d, J = 8.4 Hz, 2 H), 4.68 (q, J = 6.5 Hz, 1 H), 4.23-4.05 (m, 5 H), 3.87 (s, 

3 H), 3.79 (d, J = 16.5 Hz, 1 H), 2.22-2.10 (m, 1 H), 2.06-1.94 (m, 1 H), 1.50-1.36 (m, 

1 H), 1.35-1.07 (m, 16 H), 0.81 (t, J = 6.2 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 

167.0, 157.8, 155.5, 143.8, 132.6, 129.5, 128.0, 127.2, 62.2, 62.1, 61.0, 51.9, 31.9, 

31.3, 29.0, 28.4, 24.6, 22.4, 18.6, 14.3, 14.2, 13.9; MS (ESI) m/z (%) 461 ([M+H]+), 

483 ([M+Na]+), 499 ([M+K]+), 515 ([M+MeOH+Na]+); IR (neat) 2931, 1721, 1678, 

1611, 1375, 1317, 1279, 1107 cm-1; HRMS (MALDI/DHB) calcd. for C25H37N2O6
 

([M+H]+) 461.2646; Found: 461.2643. 

 

(5) 3-Methyl-4-(n-hexyl)-5-(2'-(methoxycarbonyl)benzyl)-1,2-bis(ethoxy- 

carbonyl)-2,3-dihydro-1H-pyrazole (5e) (entry 4, Table 1) 

(1.2 equiv.)
4a 5e

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I
MeO2C

CO2Me

 

The reaction of 4a (65 mg, 0.20 mmol), 2-iodobenzoic acid methyl ester (65 mg, 

0.25 mmol), Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 

mL of CH3CN afforded 70 mg (76%) of 5e: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.88 (d, J = 7.8 Hz, 
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1 H), 7.45-7.33 (m, 1 H), 7.31-7.19 (m, 2 H), 4.73 (q, J = 6.5 Hz, 1 H), 4.49 (d, J = 

17.7 Hz, 1 H), 4.29-4.15 (m, 3 H), 4.06 (q, J = 7.1 Hz, 2 H), 3.90 (s, 3 H), 2.23-2.10 

(m, 1 H), 2.05-1.92 (m, 1 H), 1.51-1.36 (m, 1 H), 1.34-1.12 (m, 13 H), 1.07 (t, J = 7.1 

Hz, 3 H), 0.83 (t, J = 6.6 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 167.9, 157.7, 

155.2, 139.8, 132.6, 131.7, 130.3, 129.2, 128.7, 127.3, 125.9, 62.2, 62.0, 61.0, 51.9, 

31.4, 29.9, 29.0, 28.3, 24.5, 22.4, 18.8, 14.4, 14.0, 13.9; MS (ESI) m/z (%) 483 

([M+Na]+); IR (neat) 2930, 1717, 1676, 1375, 1318, 1262, 1077, 1048 cm-1; HRMS 

(MALDI/DHB) calcd. for C25H36N2O6Na ([M+Na]+) 483.2466; Found: 483.2454. 

 

(6) 3-Methyl-4-(n-hexyl)-5-(4'-bromobenzyl)-1,2-bis(ethoxycarbonyl)-2,3-di- 

hydro-1H-pyrazole (5f) (entry 5, Table 1) 

(1.2 equiv.)4a 5f

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

Br

Br

 

  The reaction of 4a (82 mg, 0.25 mmol), 4-bromoiodobenzene (85 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 87 mg (72%) of 5f: Eluent for chromatography on silica gel: petroleum 

ether/ether = 10:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.35 (d, J = 8.3 Hz, 2 H), 

7.05 (d, J = 8.3 Hz, 2 H), 4.67 (q, J = 6.4 Hz, 1 H), 4.20-4.08 (m, 4 H), 4.07 (d, J = 

16.5 Hz, 1 H), 3.69 (d, J = 16.5 Hz, 1 H), 2.22-2.10 (m, 1 H), 2.08-1.95 (m, 1 H), 

1.49-1.37 (m, 1 H), 1.37-1.07 (m, 16 H), 0.84 (t, J = 6.5 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 157.8, 155.6, 137.3, 133.0, 131.2, 129.8, 126.9, 119.8, 62.2, 62.1, 
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61.1, 31.4, 31.3, 29.1, 28.4, 24.6, 22.4, 18.6, 14.34, 14.26, 13.9; MS (ESI) m/z (%) 

483 ([M(81Br)+H]+), 481 ([M(79Br)+H]+), 505 ([M(81Br)+Na]+), 503 (M([79Br)+Na]+), 

537 ([M(81Br)+MeOH+Na]+), 535 ([M(79Br)+MeOH+Na]+); IR (neat) 2930, 1739, 

1712, 1678, 1488, 1375, 1318, 1047, 1012 cm-1; HRMS (ESI) C23H33N2O4
79BrNa 

([M+Na]+) 503.1516; Found 503.1509. 

 

(7) 3-Methyl-4-(n-hexyl)-5-benzyl-1,2-bis(ethoxycarbonyl)-2,3-dihydro-1H- 

pyrazole (5g) (entry 6, Table 1)  

(1.2 equiv.)4a 5g

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

 

The reaction of 4a (82 mg, 0.25 mmol), iodobenzene (62 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 69 mg (68%) of 5g: Eluent for chromatography on silica gel: petroleum 

ether/ether = 10:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.28-7.14 (m, 5 H), 4.69 (q, 

J = 6.4 Hz, 1 H), 4.20-4.07 (m, 5 H), 3.77 (d, J = 16.2 Hz, 1 H), 2.25-2.13 (m, 1 H), 

2.10-1.97 (m, 1 H), 1.51-1.39 (m, 1 H), 1.37-1.13 (m, 16 H), 0.85 (t, J = 6.8 Hz, 3 H); 

13C NMR (75.4 MHz, CDCl3) δ 157.9, 155.7, 138.3, 133.5, 128.1, 128.0, 126.7, 126.0, 

62.12, 62.07, 61.0, 31.9, 31.4, 29.1, 28.5, 24.6, 22.5, 18.7, 14.3, 14.2, 13.9; MS (ESI) 

m/z (%) 403 ([M+H]+), 425 ([M+Na]+); IR (neat) 2930, 1739, 1713, 1678, 1599, 1496, 

1375, 1318, 1047 cm-1; HRMS (ESI) calcd. for C23H35N2O4 ([M+H]+) 403.2591; 

Found: 403.2595. 
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(8) 3-Methyl-4-(n-hexyl)-5-(4'-methylbenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5h) (entry 7, Table 1) 

(1.2 equiv.)4a 5h

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 7 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

Me

Me

 

The reaction of 4a (83 mg, 0.25 mmol), 4-methyliodobenzene (65 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 52 mg (49%) of 5h: Eluent for chromatography on silica gel: petroleum 

ether/ether = 10:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.11-6.99 (bs, 4 H), 4.68 (q, 

J = 6.4 Hz, 1 H), 4.23-4.09 (m, 4 H), 4.08 (d, J = 15.9 Hz, 1 H), 3.73 (d, J = 15.9 Hz, 

1 H), 2.30 (s, 3 H), 2.23-2.13 (m, 1 H), 2.05-1.95 (m, 1 H), 1.49-1.38 (m, 1 H), 

1.36-1.12 (m, 16 H), 0.85 (t, J = 6.5 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 157.9, 

155.7, 135.4, 135.2, 133.7, 128.8, 127.8, 126.5, 62.1, 62.0, 61.0, 31.4, 29.1, 28.4, 24.6, 

22.4, 20.9, 18.6, 14.3, 14.2, 13.9; MS (ESI) m/z (%) 417 ([M+H]+); IR (neat) 2929, 

1742, 1713, 1678, 1515, 1375, 1318, 1253, 1047 cm-1; HRMS (MALDI/DHB) calcd. 

for C24H36N2O4Na ([M+Na]+) 439.2567; Found: 439.2559. 

 

(9) 3-Methyl-4-(n-hexyl)-5-(4'-methoxybenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5i) (entry 8, Table 1) 

(1.2 equiv.)4a 5i

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 5 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

OMe

MeO
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The reaction of 4a (83 mg, 0.25 mmol), 4-iodoanisole (70 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 42 mg (38%) of 5i: Eluent for chromatography on silica gel: petroleum 

ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.09 (d, J = 8.9 Hz, 2 H), 6.78 

(d, J = 8.9 Hz, 2 H), 4.67 (q, J = 6.4 Hz, 1 H), 4.144 (q, J = 7.2 Hz, 2 H), 4.141 (q, J = 

7.1 Hz, 2 H), 4.04 (d, J = 15.9 Hz, 1 H), 3.76 (s, 3 H), 3.70 (d, J = 15.9 Hz, 1 H), 

2.23-2.12 (m, 1 H), 2.06-1.93 (m, 1 H), 1.50-1.36 (m, 1 H), 1.35-1.11 (m, 16 H), 0.84 

(t, J = 6.8 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 157.9, 155.7, 133.9, 130.4, 128.9, 

126.3, 113.5, 62.11, 62.06, 61.0, 55.1, 31.4, 31.0, 29.1, 28.5, 24.6, 22.5, 18.6, 14.4, 

14.3, 13.9; MS (ESI) m/z (%) 433 ([M+H]+), 455 ([M+Na]+), 487 ([M+MeOH+Na]+); 

IR (neat) 2931, 1739, 1712, 1678, 1613, 1512, 1375, 1318, 1248, 1039 cm-1; HRMS 

(ESI) calcd. for C24H36N2O5Na ([M+Na]+) 455.2516; Found: 455.2518. 

 

(10) 3-Methyl-4-(n-hexyl)-5-(4'-acetylbenzyl)-1,2-bis(isopropoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5j) (entry 1, Table 2) 

(1.2 equiv.)4b 5j

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2

iPr PriO2CN
N
CO2

iPr

C6H13

CH3PriO2CHN

I

COMe

MeOC

 

The reaction of 4b (71 mg, 0.20 mmol), 4-acetyliodobenzene (59 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 72 mg (76%) of 5j: Eluent for chromatography on silica gel: 

petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.86 (d, J = 8.4 Hz, 
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2 H), 7.30 (d, J = 8.4 Hz, 2 H), 5.02-4.85 (m, 2 H), 4.69 (q, J = 6.5 Hz, 1 H), 4.23 (d, 

J = 16.5 Hz, 1 H), 3.80 (d, J = 16.5 Hz, 1 H), 2.57 (s, 3 H), 2.26-2.14 (m, 1 H), 

2.10-1.97 (m, 1 H), 1.53-1.39 (m, 1 H), 1.37-1.07 (m, 22 H), 0.84 (t, J = 6.6 Hz, 3 H); 

13C NMR (75.4 MHz, CDCl3) δ 197.7, 157.5, 155.3, 144.3, 135.1, 132.7, 128.24, 

128.23, 127.1, 69.7, 60.8, 31.9, 31.4, 29.0, 28.4, 26.5, 24.6, 22.4, 21.81, 21.79, 21.7, 

21.6, 18.5, 13.9; MS (ESI) m/z (%) 473 ([M+H]+), 495 ([M+Na]+); IR (neat) 2931, 

1708, 1685, 1607, 1375, 1310, 1266, 1109 cm-1; HRMS (MALDI/DHB) calcd. for 

C27H40N2O5Na ([M+Na]+) 495.2829; Found: 495.2822. 

 

(11) 3-Methyl-4-(n-hexyl)-5-(4'-acetylbenzyl)-1,2-bis(tert-butoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5k) (entry 2, Table 2) 

(1.2 equiv.)4c 5k

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 5 h

n-C6H13

CH3
NCO2

tBu ButO2CN
N
CO2

tBu

n-C6H13

CH3ButO2CHN

I

COMe

MeOC

 

The reaction of 4c (77 mg, 0.20 mmol), 4-acetyliodobenzene (59 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 71 mg (70%) of 5k: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.83 (d, J = 8.1 Hz, 

2 H), 7.29 (d, J = 8.1 Hz, 2 H), 4.59 (q, J = 6.5 Hz, 1 H), 4.17 (d, J = 16.7 Hz, 1 H), 

3.75 (d, J = 16.7 Hz, 1 H), 2.55 (s, 3 H), 2.20-2.08 (m, 1 H), 2.07-1.94 (m, 1 H), 

1.50-1.04 (m, 29 H), 0.79 (t, J = 6.2 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 197.7, 

156.8, 154.5, 144.6, 135.1, 132.7, 128.3, 128.2, 126.8, 81.4, 80.9, 60.4, 31.9, 31.4, 
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29.0, 28.4, 28.0, 26.5, 24.6, 22.4, 18.6, 13.9; MS (ESI) m/z (%) 523 ([M+Na]+); IR 

(neat) 2930, 1707, 1685, 1607, 1572, 1367, 1266, 1155 cm-1; HRMS (MALDI/DHB) 

calcd. for C29H44N2O5Na ([M+Na]+) 523.3142; Found: 523.3148. 

 

(12) 3-(n-Pentyl)-4-(n-butyl)-5-(4'-nitrobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5l) (entry 3, Table 2) 

(1.2 equiv.)4d 5l

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3.5 h

n-C4H9

n-C5H11
NCO2Et

EtO2CN
N
CO2Et

n-C4H9

n-C5H11EtO2CHN

I

NO2

O2N

 

The reaction of 4d (71 mg, 0.20 mmol), 4-nitroiodobenzene (60 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 63 mg (66%) of 5l: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.11 (d, J = 8.4 Hz, 

2 H), 7.35 (d, J = 8.4 Hz, 2 H), 4.65-4.56 (m, 1 H), 4.25 (d, J = 16.4 Hz, 1 H), 

4.22-4.03 (m, 4 H), 3.84 (d, J = 16.4 Hz, 1 H), 2.24-2.12 (m, 1 H), 2.08-1.96 (m, 1 H), 

1.68-1.55 (m, 1 H), 1.50-1.09 (m, 17 H), 0.88 (t, J = 6.8 Hz, 3 H), 0.82 (t, J = 6.9 Hz, 

3 H); 13C NMR (75.4 MHz, CDCl3) δ 158.3, 155.5, 146.5 146.3, 132.5, 128.9, 126.6, 

123.4, 65.6, 62.3, 62.1, 31.93, 31.90, 31.6, 28.2, 27.1, 24.7, 22.4, 22.2, 14.4, 14.3, 

13.93, 13.86; MS (ESI) m/z (%) 476 ([M+H]+), 498 ([M+Na]+), 530 

([M+MeOH+Na]+); IR (neat) 2932, 1713, 1679, 1599, 1522, 1375, 1346, 1316, 1049 

cm-1; HRMS (MALDI/DHB) calcd. for C25H38N3O6 ([M+H]+) 476.2755; Found: 

476.2770. 
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(13) 3-(n-Pentyl)-4-cyclopropyl-5-(4'-nitrobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5m) (entry 4, Table 2) 

(1.2 equiv.)4e 5m

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3.5 hn-C5H11
NCO2Et

EtO2CN
N
CO2Et

n-C5H11EtO2CHN

I

NO2

O2N

 

The reaction of 4e (68 mg, 0.20 mmol), 4-nitroiodobenzene (60 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 58 mg (63%) of 5m: Eluent for chromatography on silica gel: 

petroleum ether/ether = 8:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.10 (d, J = 8.7 Hz, 

2 H), 7.36 (d, J = 8.7 Hz, 2 H), 4.40-4.31 (m, 1 H), 4.26 (d, J = 16.5 Hz, 1 H), 

4.19-4.01 (m, 5 H), 1.65-1.51 (m, 1 H), 1.48-1.12 (m, 14 H), 0.86 (t, J = 6.8 Hz, 3 H), 

0.82-0.70 (m, 2 H), 0.56-0.47 (m, 1 H), 0.45-0.37 (m, 1 H); 13C NMR (75.4 MHz, 

CDCl3) δ 158.1, 155.3, 146.4, 146.2, 134.4, 128.9, 126.8, 123.4, 65.3, 62.3, 62.1, 33.1, 

32.1, 31.4, 24.7, 22.4, 14.31, 14.28, 13.9, 6.4, 6.0, 4.9; MS (ESI) m/z (%) 460 

([M+H]+), 482 ([M+Na]+); IR (neat) 2932, 1712, 1599, 1523, 1372, 1346, 1316, 1252, 

1110, 1022 cm-1; HRMS (MALDI/DHB) calcd. for C24H33N3O6Na ([M+Na]+) 

482.2262; Found: 482.2257. 

 

(14) 3-(n-Octyl)-4-(n-pentyl)-5-(4’-nitrobenzyl)-1,2-bis(isopropoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5n) (entry 5, Table 2) 
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(1.2 equiv.)4f 5n

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 7 h

n-C5H11

n-C8H17
NCO2

iPr PriO2CN
N
CO2

iPr

n-C5H11

n-C8H17PriO2CHN

I

NO2

O2N

 

  The reaction of 4f (88 mg, 0.20 mmol), 4-nitroiodobenzene (60 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 81 mg (72%) of 5n: Eluent for chromatography on silica gel: 

petroleum ether/ether = 8:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.10 (d, J = 8.6 Hz, 

2 H), 7.36 (d, J = 8.6 Hz, 2 H), 5.01-4.82 (m, 2 H), 4.66-4.53 (m, 1 H), 4.27 (d, J = 

16.7 Hz, 1 H), 3.82 (d, J = 16.7 Hz, 1 H), 2.25-2.12 (m, 1 H), 2.08-1.96 (m, 1 H), 

1.69-1.53 (m, 1 H), 1.48-1.08 (m, 31 H), 0.89-0.77 (m, 6 H); 13C NMR (75.4 MHz, 

CDCl3) δ 157.9, 155.2, 146.5 146.4, 132.5, 128.9, 126.5, 123.3, 69.8, 69.7, 65.3, 32.3, 

31.9, 31.8, 31.5, 29.45, 29.42, 29.2, 28.2, 24.9, 24.7, 22.6, 22.3, 21.9, 21.8, 21.7, 14.0, 

13.9; MS (ESI) m/z (%) 439 ([M-C6H4NO2+2H]+), 461 ([M-C6H4NO2+H+Na]+), 560 

([M+H]+), 582 ([M+Na]+), 614 ([M+MeOH+Na]+); IR (neat) 2930, 1709, 1678, 1600, 

1523, 1375, 1345, 1310, 1108 cm-1; HRMS (MALDI/DHB) calcd. for C31H49N3O6Na 

([M+Na]+) 582.3514; Found: 582.3519. 

 

(15) 3-Cyclohexyl-4-(n-pentyl)-5-(4’-cyanobenzyl)-1,2-bis(isopropoxycarbonyl)- 

2,3-dihydro-1H-pyrazole (5o) (entry 6, Table 2) 

(1.2 equiv.)4g 5o

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 4 h

n-C5H11

PrO2
iCN PriO2CN

N
CO2

iPr

n-C5H11

NHCO2Pri

I

CN

NC
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  The reaction of 4g (78 mg, 0.19 mmol), 4-cyanoiodobenzene (52 mg, 0.23 mmol), 

Pd(PPh3)4 (11 mg, 0.0095 mmol), and Cs2CO3 (68 mg, 0.21 mmol) in 2.5 mL of 

CH3CN afforded 74 mg (76%) of 5o: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.51 (d, J = 8.1 Hz, 

2 H), 7.29 (d, J = 8.1 Hz, 2 H), 4.98-4.84 (m, 2 H), 4.47 (bs, 1 H), 4.25 (d, J = 16.5 

Hz, 1 H), 3.79 (d, J = 16.5 Hz, 1 H), 2.23-2.11 (m, 1 H), 2.07-1.95 (m, 1 H), 1.80-1.58 

(m, 4 H), 1.56-0.82 (m, 25 H), 0.80 (t, J = 6.9 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) 

δ 158.6, 154.7, 144.3, 132.8, 131.8, 128.9, 124.1, 119.0, 109.8, 70.2, 69.8, 69.7, 69.5, 

39.7, 32.0, 31.5, 30.6, 28.2, 26.3, 26.1, 25.7, 25.0, 22.2, 21.9, 21.85, 21.79, 21.75, 

13.8; MS (ESI) m/z (%) 510 ([M+H]+), 532 ([M+Na]+), 564 ([M+MeOH+Na]+); IR 

(neat) 2929, 2228, 1709, 1679, 1608, 1506, 1373, 1311, 1108 cm-1; HRMS 

(MALDI/DHB) calcd. for C30H43N3O4Na ([M+Na]+) 532.3146; Found: 532.3156. 

 

(16) 3-Methyl-4-(n-butyl)-5-((4’-benzyloxycarbonyl)benzyl)-1,2-bis(ethoxy- 

carbonyl)-2,3-dihydro-1H-pyrazole (5p) (entry 7, Table 2) 

(1.2 equiv.)4h 5p

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C4H9

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C4H9

CH3EtO2CHN

I

CO2Bn

BnO2C

 

  The reaction of 4h (60 mg, 0.20 mmol), 4-iodobenzoic acid benzyl ester (81 mg, 

0.24 mmol), Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 

mL of CH3CN afforded 80 mg (78%) of 5p: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.98 (d, J = 8.1 Hz, 
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2 H), 7.45-7.31 (m, 5 H), 7.26 (d, J = 8.1 Hz, 2 H), 5.35 (s, 2 H), 4.71 (q, J = 6.5 Hz, 

1 H), 4.27-4.04 (m, 5 H), 3.82 (d, J = 16.2 Hz, 1 H), 2.28-2.13 (m, 1 H), 2.09-1.95 (m, 

1 H), 1.52-1.11 (m, 13 H), 0.87 (t, J = 7.2 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 

166.3, 157.7, 155.5, 144.0, 136.0, 132.6, 129.6, 128.5, 128.1, 128.02, 127.97, 127.1, 

66.4, 62.2, 62.1, 61.1, 31.9, 30.6, 24.3, 22.5, 18.6, 14.3, 14.2, 13.7; MS (ESI) m/z (%) 

509 ([M+H]+), 532 ([M+Na]+); IR (neat) 2931, 1716, 1678, 1610, 1375, 1316, 1271, 

1100 cm-1; HRMS (MALDI/DHB) calcd. for C29H36N2O6Na ([M+Na]+) 531.2466; 

Found: 531.2471. 

 

(17) 3-Ethyl-4-(n-butyl)-5-(2'-(methoxycarbonyl)benzyl)-1,2-bis(ethoxycarbonyl)- 

2,3-dihydro-1H-pyrazole (5q) (entry 8, Table 2) 

(1.2 equiv.)
4i 5q

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C4H9

C2H5
NCO2Et

EtO2CN
N
CO2Et

n-C4H9

C2H5EtO2CHN

I
MeO2C

CO2Me

 

  The reaction of 4i (75 mg, 0.24 mmol), 2-iodobenzoic acid methyl ester (75 mg, 

0.29 mmol), Pd(PPh3)4 (14 mg, 0.012 mmol), and Cs2CO3 (86 mg, 0.26 mmol) in 3 

mL of CH3CN afforded 82 mg (76%) of 5q: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.88 (d, J = 7.5 Hz, 

1 H), 7.44-7.33 (m, 1 H), 7.31-7.19 (m, 2 H), 4.65 (dd, J = 6.8 and 3.5 Hz, 1 H), 4.51 

(d, J = 17.7 Hz, 1 H), 4.29-4.16 (m, 3 H), 4.11-4.00 (m, 2 H), 3.90 (s, 3 H), 2.23-2.11 

(m, 1 H), 2.04-1.92 (m, 1 H), 1.82-1.68 (m, 1 H), 1.49-1.35 (m, 2 H), 1.34-1.15 (m, 6 

H), 1.07 (t, J = 7.1 Hz, 3 H), 0.96 (t, J = 7.4 Hz, 3 H), 0.84 (t, J = 6.9 Hz, 3 H); 13C 
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NMR (75.4 MHz, CDCl3) δ 167.9, 158.3, 155.0, 139.8, 133.1, 131.7, 130.3, 129.3, 

128.7, 125.8, 125.4, 66.4, 62.1, 61.9, 51.8, 30.5, 29.9, 25.3, 24.4, 22.5, 14.4, 14.0, 

13.7, 9.1; MS (ESI) m/z (%) 447 ([M+H]+), 469 ([M+Na]+); IR (neat) 2933, 1716, 

1678, 1601, 1576, 1375, 1303, 1271, 1079 cm-1; HRMS (MALDI/DHB) calcd. for 

C24H34N2O6Na ([M+Na]+) 469.2309; Found: 469.2321. 

 

(18) 3-Methyl-4-(n-pentyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5r) (entry 9, Table 2)  

(1.2 equiv.)4j 5r

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C5H11

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C5H11

CH3EtO2CHN

I

CN

NC

 

The reaction of 4j (78 mg, 0.25 mmol), 4-cyanoiodobenzene (69 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 85 mg (82%) of 5r: Eluent for chromatography on silica gel: petroleum 

ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 8.1 Hz, 2 H), 7.32 

(d, J = 8.1 Hz, 2 H), 4.71 (q, J = 6.6 Hz, 1 H), 4.29-4.09 (m, 5 H), 3.82 (d, J = 16.8 

Hz, 1 H), 2.26-2.13 (m, 1 H), 2.11-1.98 (m, 1 H), 1.55-1.41 (m, 1 H), 1.37-1.14 (m, 

14 H), 0.85 (t, J = 6.8 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 157.6, 155.5, 144.0, 

132.1, 131.9, 128.8, 127.5, 118.9, 109.9, 62.22, 62.17, 61.1, 32.0, 31.5, 28.1, 24.5, 

22.2, 18.6, 14.3, 14.2, 13.8; MS (ESI) m/z (%) 414 ([M+H]+), 436 ([M+Na]+); IR 

(neat) 2932, 2228, 1712, 1678, 1608, 1506, 1375, 1318, 1253, 1046 cm-1; HRMS (ESI) 

calcd. for C23H32N3O4 ([M+H]+) 414.2387; Found: 414.2394. 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2009



 S32

(19) 4-(n-Pentyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)-2,3-dihydro-1H- 

pyrazole (5s) (entry 10, Table 2) 

(1.2 equiv.)4k 5s

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C5H11

NCO2Et
EtO2CN

N
CO2Et

n-C5H11

EtO2CHN

I

CN

NC

 

The reaction of 4k (75 mg, 0.25 mmol), 4-cyanoiodobenzene (69 mg, 0.30 mmol), 

Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 3 mL of CH3CN 

afforded 73 mg (73%) of 5s: Eluent for chromatography on silica gel: petroleum 

ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.56 (d, J = 8.3 Hz, 2 H), 7.31 

(d, J = 8.3 Hz, 2 H), 4.59-4.37 (bs, 1 H), 4.32-4.06 (m, 6 H), 3.99-3.74 (bs, 1 H), 2.18 

(t, J = 7.4 Hz, 2 H), 1.46-1.36 (m, 2 H), 1.34-1.16 (m, 10 H), 0.87 (t, J = 6.9 Hz, 3 H); 

13C NMR (75.4 MHz, CDCl3) δ 158.1, 155.1, 143.9, 132.7, 131.9, 128.9, 122.5, 118.9, 

110.0, 62.5, 62.2, 54.6, 31.9, 31.4, 27.5, 25.4, 22.2, 14.3, 14.2, 13.8; MS (ESI) m/z (%) 

400 ([M+H]+), 422 ([M+Na]+); IR (neat) 2931, 2227, 1712, 1681, 1608, 1505, 1375, 

1320, 1224, 1020 cm-1; HRMS (MALDI/DHB) calcd. for C22H30N3O4 ([M+H]+) 

400.2231; Found: 400.2235. 

 

(20) 3-Methyl-4-(n-pentyl)-5-(4’-pyridinylmethyl)-1,2-bis(tert-butoxycarbonyl)- 

2,3-dihydro-1H-pyrazole (5t) (entry 11, Table 2)  

(1.2 equiv.)4l 5t

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 11 h

n-C5H11

CH3
NCO2

tBu
ButO2CN

N
CO2

tBu

n-C5H11

CH3ButO2CHN N

I N

 

  The reaction of 4l (75 mg, 0.20 mmol), 4-iodopyridine (50 mg, 0.24 mmol), 
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Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 78 mg (86%) of 5t: Eluent for chromatography on silica gel: 

petroleum ether/ethyl acetate = 3:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.44 (d, J = 

5.9 Hz, 2 H), 7.13 (d, J = 5.9 Hz, 2 H), 4.59 (q, J = 6.5 Hz, 1 H), 4.11 (d, J = 16.7 Hz, 

1 H), 3.68 (d, J = 16.7 Hz, 1 H), 2.19-2.07 (m, 1 H), 2.06-1.94 (m, 1 H), 1.49-1.11 (m, 

27 H), 0.79 (t, J = 6.9 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 156.8, 154.4, 149.4, 

147.9, 131.8, 127.3, 123.5, 81.5, 81.1, 60.4, 31.5, 31.3, 28.1, 28.0, 24.6, 22.2, 18.6, 

13.9; MS (ESI) m/z (%) 446 ([M+H]+); IR (neat) 2931, 1708, 1678, 1599, 1368, 1335, 

1256, 1156 cm-1; HRMS (ESI) calcd. for C25H40N3O4 ([M+H]+) 446.3013; Found: 

446.3031. 

 

(21) 3-Methyl-4-phenethyl-5-pyrazinylmethyl-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5u) (entry 12, Table 2)  

(1.2 equiv.)4m 5u

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 4 hCH3
NCO2Et

EtO2CN
N
CO2Et

CH3EtO2CHN

N

N

N

N

Ph

I
Ph

 

  The reaction of 4m (70 mg, 0.20 mmol), iodopyrazine (50 mg, 0.24 mmol), 

Pd(PPh3)4 (12 mg, 0.010 mmol), and Cs2CO3 (72 mg, 0.22 mmol) in 2.5 mL of 

CH3CN afforded 72 mg (84%) of 5u: Eluent for chromatography on silica gel: 

petroleum ether/ether = 1:1; liquid; 1H NMR (300 MHz, CDCl3) δ 8.39 (s, 1 H), 8.35 

(s, 1 H), 8.18 (s, 1 H), 7.22-7.00 (m, 5 H), 4.71 (q, J = 6.3 Hz, 1 H), 4.25-4.02 (m, 5 

H), 3.79 (d, J = 16.5 Hz, 1 H), 2.85-2.72 (m, 1 H), 2.71-2.47 (m, 2 H), 2.44-2.28 (m, 1 

H), 1.25 (d, J = 7.5 Hz, 3 H), 1.21 (t, J = 7.5 Hz, 3 H), 1.13 (t, J = 7.1 Hz, 3 H); 13C 
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NMR (75.4 MHz, CDCl3) δ 157.8, 155.2, 153.8, 144.0, 143.5, 142.2, 140.3, 131.8, 

128.3, 128.2, 126.6, 126.2, 62.4, 62.2, 61.0, 34.4, 32.6, 26.6, 18.5, 14.3, 14.2; MS 

(ESI) m/z (%) 425 ([M+H]+); IR (neat) 2979, 1711, 1681, 1402, 1375, 1319, 1254, 

1050 cm-1; HRMS (MALDI/DHB) calcd. for C23H28N4O4Na ([M+Na]+) 447.2003; 

Found: 447.1997. 

 

(22) 3-Methyl-4-phenethyl-5-(4'-phthalimidobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5v) (entry 13, Table 2)  

(1.2 equiv.)
4m 5v

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 7 hCH3
NCO2Et

EtO2CN
N
CO2Et

CH3EtO2CHN

Ph PhI

NPhth

PhthN

 

The reaction of 4m (88 mg, 0.25 mmol), 4-phthalimidoiodobenzene (106 mg, 0.30 

mmol), Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (90 mg, 0.28 mmol) in 2.5 mL 

of CH3CN afforded 68 mg (47%) of 5v: Eluent for chromatography on silica gel: 

petroleum ether/ether = 1:1; solid; m.p. 123-124 oC (petroleum ether/ethyl acetate); 

1H NMR (300 MHz, CDCl3) δ 7.97-7.92 (m, 2 H), 7.81-7.76 (m, 2 H), 7.30-7.16 (m, 

5 H), 7.11 (d, J = 8.4 Hz, 2 H), 7.04 (d, J = 8.4 Hz, 2 H), 4.81 (q, J = 6.4 Hz, 1 H), 

4.22-4.11 (m, 4 H), 4.04 (d, J = 16.2 Hz, 1 H), 3.67 (d, J = 16.2 Hz, 1 H), 2.87-2.76 

(m, 1 H), 2.72-2.50 (m, 2 H), 2.44-2.33 (m, 1 H), 1.28 (d, J = 6.3 Hz, 3 H), 1.20 (t, J = 

6.9 Hz, 6 H); 13C NMR (75.4 MHz, CDCl3) δ 167.3, 158.1, 155.4, 140.4, 138.0, 134.3, 

134.1, 131.6, 129.5, 128.7, 128.5, 128.3, 126.2, 126.1, 125.7, 123.6, 62.3, 62.2, 60.8, 

34.4, 31.4, 26.7, 18.5, 14.4, 14.2; MS (ESI) m/z (%) 568 ([M+H]+), 585 ([M+NH4]+), 
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590 ([M+Na]+), 606 ([M+K]+); IR (neat) 2980, 1783, 1719, 1676, 1606, 1514, 1378, 

1317, 1254, 1220, 1049 cm-1; Anal. Calcd. for C33H33N3O6: C, 69.83; H, 5.86; N 7.40. 

Found: C, 69.69; H, 5.93; N 7.23. 

 

(23) 3-Methyl-4-(n-pentyl)-5-(3'-methoxybenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (5w) (entry 14, Table 2)  

(1.2 equiv.)4j 5w

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 5 h

n-C5H11

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C5H11

CH3EtO2CHN

I

MeO

MeO

 

The reaction of 4j (133 mg, 0.43 mmol), 3-methoxyiodobenzene (120 mg, 0.51 

mmol), Pd(PPh3)4 (25 mg, 0.022 mmol), and Cs2CO3 (154 mg, 0.47 mmol) in 4 mL of 

CH3CN afforded 129 mg (72%) of 5w: Eluent for chromatography on silica gel: 

petroleum ether/ether = 7:1; liquid; 1H NMR (300 MHz, CDCl3) δ 7.14 (t, J = 7.8 Hz, 

1 H), 6.82-6.65 (m, 3 H), 4.68 (q, J = 6.4 Hz, 1 H), 4.22-4.03 (m, 5 H), 3.73 (d, J = 

16.2 Hz, 1 H), 3.73 (s, 3 H), 2.25-2.09 (m, 1 H), 2.08-1.92 (m, 1 H), 1.50-1.36 (m, 1 

H), 1.36-1.09 (m, 14 H), 0.82 (t, J = 6.8 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 

159.4, 157.7, 155.6, 139.8, 133.3, 128.9, 126.6, 120.3, 113.5, 111.3, 62.1, 62.0, 60.9, 

54.8, 31.7, 31.5, 28.0, 24.5, 22.2, 18.5, 14.2, 13.8; MS (ESI) m/z (%) 419 ([M+H]+), 

441 ([M+Na]+); IR (neat) 2932, 2228, 1712, 1678, 1601, 1375, 1318, 1258, 1047 cm-1; 

HRMS (MALDI/DHB) calcd. for C23H34N2O5Na ([M+Na]+) 441.2360; Found: 

441.2347. 
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Synthesis of optically active 2,3-dihydro-1H-pyrazoles.  

(1) 3(R)-Methyl-4-(n-butyl)-5-((4’-benzyloxycarbonyl)benzyl)-1,2-bis(ethoxycar- 

bonyl)-2,3-dihydro-1H-pyrazole (R)-(5p) (entry 1, Table 3) 

(1.2 equiv.)(R)-4h (R)-5p

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C4H9

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C4H9

CH3EtO2CHN

I

CO2Bn

BnO2C

 

  The reaction of (R)-4h (69 mg, 0.23 mmol, >99% ee), 4-iodobenzoic acid benzyl 

ester (93 mg, 0.28 mmol), Pd(PPh3)4 (14 mg, 0.012 mmol), and Cs2CO3 (82 mg, 0.25 

mmol) in 3 mL of CH3CN afforded 91 mg (77%) of (R)-5p with 99% ee as 

determined by HPLC analysis (Chiralcel AD-H, n-Hexane : i-PrOH = 85 : 15, 0.7 

mL/min, 254 nm, tr 9.5 min (major), 12.5 min (minor)); [α]20
D = + 46.7 (c = 1.00, 

CHCl3); Eluent for chromatography on silica gel: petroleum ether/ether = 6:1; liquid; 

1H NMR (300 MHz, CDCl3) δ 7.99 (d, J = 8.0 Hz, 2 H), 7.49-7.32 (m, 5 H), 7.27 (d, J 

= 8.0 Hz, 2 H), 5.35 (s, 2 H), 4.71 (q, J = 6.3 Hz, 1 H), 4.26-4.06 (m, 5 H), 3.82 (d, J 

= 16.5 Hz, 1 H), 2.28-2.14 (m, 1 H), 2.09-1.95 (m, 1 H), 1.51-1.12 (m, 13 H), 0.87 (t, 

J = 6.9 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 166.3, 157.7, 155.5, 144.0, 136.0, 

132.6, 129.6, 128.5, 128.03, 127.97, 127.1, 66.4, 62.2, 62.1, 61.1, 31.9, 30.6, 24.3, 

22.5, 18.6, 14.3, 14.2, 13.7; MS (ESI) m/z (%) 509 ([M+H]+); IR (neat) 2932, 1714, 

1679, 1611, 1375, 1316, 1271, 1101, 1044 cm-1; HRMS (MALDI/DHB) calcd. for 

C29H36N2O6Na ([M+Na]+) 531.2466; Found: 531.2460. 

 

(2) 3(S)-Methyl-4-(n-butyl)-5-(4’-(benzyloxycarbonyl)benzyl)-1,2-bis(ethoxy- 
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carbonyl)-2,3-dihydro-1H-pyrazole (S)-(5p) (entry 2, Table 3) 

(1.2 equiv.)(S)-4h (S)-5p

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C4H9

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C4H9

CH3EtO2CHN

I

CO2Bn

BnO2C

 

  The reaction of (S)-4h (62 mg, 0.21 mmol, 96% ee), 4-iodobenzoic acid benzyl 

ester (85 mg, 0.25 mmol), Pd(PPh3)4 (12 mg, 0.011 mmol), and Cs2CO3 (75 mg, 0.23 

mmol) in 3 mL of CH3CN afforded 81 mg (77%) of (S)-5p with 95% ee as 

determined by HPLC analysis (Chiralcel AD-H, n-Hexane : i-PrOH = 85 : 15, 0.7 

mL/min, 254 nm, tr 9.5 min (minor), 12.4 min (major)); [α]20
D = – 45.8 (c = 1.05, 

CHCl3); Eluent for chromatography on silica gel: petroleum ether/ether = 6:1; liquid; 

1H NMR (300 MHz, CDCl3) δ 7.98 (d, J = 8.3 Hz, 2 H), 7.48-7.31 (m, 5 H), 7.27 (d, J 

= 8.3 Hz, 2 H), 5.35 (s, 2 H), 4.71 (q, J = 6.4 Hz, 1 H), 4.25-4.08 (m, 5 H), 3.82 (d, J 

= 16.5 Hz, 1 H), 2.26-2.14 (m, 1 H), 2.09-1.97 (m, 1 H), 1.50-1.11 (m, 13 H), 0.87 (t, 

J = 6.9 Hz, 3 H); 13C NMR (75.4 MHz, CDCl3) δ 166.3, 157.8, 155.5, 144.0, 136.0, 

132.6, 129.6, 128.5, 128.1, 128.04, 127.99, 127.1, 66.4, 62.2, 62.1, 61.1, 31.9, 30.6, 

24.3, 22.5, 18.6, 14.3, 14.2, 13.7; MS (ESI) m/z (%) 509 ([M+H]+); IR (neat) 2932, 

1714, 1679, 1611, 1375, 1316, 1271, 1101, 1044 cm-1; HRMS (MALDI/DHB) calcd. 

for C29H36N2O6Na ([M+Na]+) 531.2466; Found: 531.2462. 

 

(3) 3(R)-Methyl-4-(n-pentyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (R)-(5r) (entry 3, Table 3) 
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(1.2 equiv.)(R)-4j (R)-5r

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C5H11

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C5H11

CH3EtO2CHN

I

CN

NC

 

  The reaction of (R)-4j (81 mg, 0.26 mmol, >99% ee), 4-cyanoiodobenzene (71 mg, 

0.31 mmol), Pd(PPh3)4 (15 mg, 0.013 mmol), and Cs2CO3 (93 mg, 0.29 mmol) in 3 

mL of CH3CN afforded 88 mg (82%) of (R)-5r with 98% ee as determined by HPLC 

analysis (Chiralcel OD-H, n-Hexane : i-PrOH = 90 : 10, 0.7 mL/min, 254 nm, tr 4.4 

min (minor), 6.2 min (major)); [α]20
D = + 55.5 (c = 1.05, CHCl3); Eluent for 

chromatography on silica gel: petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, 

CDCl3) δ 7.56 (d, J = 8.1 Hz, 2 H), 7.32 (d, J = 8.1 Hz, 2 H), 4.71 (q, J = 6.4 Hz, 1 H), 

4.29-4.06 (m, 5 H), 3.82 (d, J = 16.5 Hz, 1 H), 2.28-2.14 (m, 1 H), 2.11-1.97 (m, 1 H), 

1.56-1.40 (m, 1 H), 1.39-1.11 (m, 14 H), 0.85 (t, J = 6.9 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 157.6, 155.5, 144.0, 132.1, 131.9, 128.8, 127.5, 118.9, 109.9, 62.2, 

62.1, 61.1, 32.0, 31.5, 28.1, 24.5, 22.2, 18.6, 14.3, 14.2, 13.8; MS (ESI) m/z (%) 414 

([M+H]+); IR (neat) 2931, 2228, 1712, 1679, 1608, 1505, 1402, 1375, 1319, 1254, 

1046 cm-1; HRMS (MALDI/DHB) calcd. for C23H32N3O4 ([M+H]+) 414.2387; Found: 

414.2388. 

 

(4) 3(S)-Methyl-4-(n-pentyl)-5-(4'-cyanobenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (S)-(5r) (entry 4, Table 3) 
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(1.2 equiv.)(S)-4j (S)-5r

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C5H11

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C5H11

CH3EtO2CHN

I

CN

NC

 

  The reaction of (S)-4j (97 mg, 0.31 mmol, >99% ee), 4-cyanoiodobenzene (85 mg, 

0.37 mmol), Pd(PPh3)4 (18 mg, 0.016 mmol), and Cs2CO3 (112 mg, 0.34 mmol) in 4 

mL of CH3CN afforded 107 mg (83%) of (S)-5r with 96% ee as determined by HPLC 

analysis (Chiralcel OD-H, n-Hexane : i-PrOH = 90 : 10, 0.7 mL/min, 254 nm, tr 4.4 

min (major), 6.3 min (minor)); [α]20
D = – 62.5 (c = 1.10, CHCl3); Eluent for 

chromatography on silica gel: petroleum ether/ether = 6:1; liquid; 1H NMR (300 MHz, 

CDCl3) δ 7.56 (d, J = 8.0 Hz, 2 H), 7.32 (d, J = 8.0 Hz, 2 H), 4.71 (q, J = 6.5 Hz, 1 H), 

4.29-4.08 (m, 5 H), 3.83 (d, J = 16.8 Hz, 1 H), 2.26-2.14 (m, 1 H), 2.11-1.98 (m, 1 H), 

1.54-1.40 (m, 1 H), 1.38-1.12 (m, 14 H), 0.85 (t, J = 6.8 Hz, 3 H); 13C NMR (75.4 

MHz, CDCl3) δ 157.6, 155.4, 144.0, 132.1, 131.9, 128.8, 127.4, 118.8, 109.9, 62.2, 

62.1, 61.1, 31.9, 31.4, 28.0, 24.4, 22.1, 18.5, 14.3, 14.1, 13.8; MS (ESI) m/z (%) 414 

([M+H]+); IR (neat) 2932, 2228, 1712, 1679, 1608, 1505, 1402, 1375, 1319, 1254, 

1046 cm-1; HRMS (MALDI/DHB) calcd. for C23H32N3O4 ([M+H]+) 414.2387; Found: 

414.2385. 

 

(5) 3(R)-Methyl-4-(n-hexyl)-5-(4'-acetylbenzyl)-1,2-bis(ethoxycarbonyl)-2,3- 

dihydro-1H-pyrazole (R)-(5c) (entry 5, Table 3) 
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(1.2 equiv.)(R)-4a (R)-5c

+

Pd(PPh3)4 (5 mol %)
Cs2CO3 (1.1 equiv.)

CH3CN, 80 oC, 3 h

n-C6H13

CH3
NCO2Et

EtO2CN
N
CO2Et

n-C6H13

CH3EtO2CHN

I

COMe

MeOC

 

  The reaction of (R)-4a (55 mg, 0.17 mmol, >99% ee), 4-acetyliodobenzene (50 mg, 

0.20 mmol), Pd(PPh3)4 (10 mg, 0.0087 mmol), and Cs2CO3 (61 mg, 0.19 mmol) in 2 

mL of CH3CN afforded 53 mg (71%) of (R)-5c with 97% ee as determined by HPLC 

analysis (Chiralcel AD-H, n-Hexane : i-PrOH = 80 : 20, 0.7 mL/min, 254 nm, tr 7.4 

min (major), 7.9 min (minor)); [α]20
D = + 54.0 (c = 0.95, CHCl3); Eluent for 

chromatography on silica gel: petroleum ether/ether = 5:1; liquid; 1H NMR (300 MHz, 

CDCl3) δ 7.87 (d, J = 8.1 Hz, 2 H), 7.29 (d, J = 8.1 Hz, 2 H), 4.71 (q, J = 6.4 Hz, 1 H), 

4.26-4.08 (m, 5 H), 3.83 (d, J = 16.5 Hz, 1 H), 2.58 (s, 3 H), 2.27-2.14 (m, 1 H), 

2.10-1.97 (m, 1 H), 1.52-1.38 (m, 1 H), 1.36-1.12 (m, 16 H), 0.84 (t, J = 6.3 Hz, 3 H); 

13C NMR (75.4 MHz, CDCl3) δ 197.7, 157.7, 155.6, 144.1, 135.2, 132.6, 128.3, 128.2, 

127.2, 62.22, 62.16, 61.1, 31.9, 31.4, 29.0, 28.4, 26.5, 24.6, 22.4, 18.6, 14.4, 14.2, 

13.9; MS (ESI) m/z (%) 445 ([M+H]+), 467 ([M+Na]+); IR (neat) 2930, 1712, 1683, 

1607, 1375, 1318, 1267, 1047 cm-1; HRMS (MALDI/DHB) calcd. for C25H36N2O5Na 

([M+Na]+) 467.2516; Found: 467.2528. 
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The following 1H/13C NMR spectra (pp S43-S70) display very broad multi peaks due to the presence of rotamers and conformers, etc. For a 

similar report, see: F. Menard, M. Latutens Angew. Chem. Int. Ed. 2007, 8, 47, 2085. 
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