
 S1

Supporting Information 

 

Synthesis of A New Spiro-BOX Ligand and Its Application in 

Enantioselective Allylic Cyclization Based on Carbopalladation of 

Allenylhydrazines 

 

Wei Shu and Shengming Ma* 

 

State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic 

Chemistry, Chinese Academy of Sciences, 345 Lingling Road, Shanghai 200032, P. R. 

China and Shanghai Key Laboratory of Green Chemistry and Chemical Process, 

Department of Chemistry, East China Normal University,3663 North Zhongshan 

Road, Shanghai, 200062, P. R. China 

Fax: (+86)21-64167510          E-mail: masm@mail.sioc.ac.cn 

 

 

Table of Contents S1 

General Information S2 

Experimental detail and analytical data S2-S17 

1H NMR/13C NMR Spectra and HPLC Reports S18-end 

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



 S2

General Information. NMR spectra were taken with a Varian Mercury-300 (300 

MHz for 1H NMR, 75.4 MHz for 13C NMR) and Varian Mercury-400 (400 MHz for 

1H NMR, 100.5 MHz for 13C NMR) spectrometer in CDCl3. Chemical shifts were 

recorded in ppm relative to TMS in CDCl3 and coupling constants were reported in 

Hz. The high resolution mass spectra were recorded on a Finnigan MAT 8430 

spectrometer. Other mass spectra were obtained on a Shimadzu GCMS-2010 or 

Shimadzu LCMS-2010 spectrometer. IR studies were carried out on a Perkin-Elmer 

983 spectrometer. All reactions were carried out in a oven dried Schlenk tube with a 

screw cap under Ar atmosphere. THF, DME, and anisole were dried over sodium wire 

with benzophenone as the indicator and distilled freshly before use. 

 

1. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-phenylethenyl)pyrazolidine 

(R-3aa) 

Ph

N
N

BnO2C CO2Bn

CO2Bn

CO2Bn

(R)-3aa

BnO2C

N
HN

CO2Bn

CO2Bn

CO2Bn
PhI

0.45 equiv Ag3PO4
THF, 80 oC, 51.5 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

1a 2a  

 

Typical Procedure: To a Schlenk tube with a screw cap were added Pd(dba)2 (3 mg, 

0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), and 1 mL of THF. The resulting 

mixture was stirred for 2 h at room temperature, which was followed by sequentially 

introduction of Ag3PO4 (19 mg, 0.045 mmol), 1a (64 mg, 0.10 mmol), iodobenzene 

2a (25 mg, 0.12 mmol), and 1 mL of THF at rt. The resulting solution was stirred at 
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80 oC. When the reaction was completed as monitored by TLC, the solvent was 

evaporated under vacuum, and the residue was purified by chromatography on silica 

gel (eluent: petroleum ether : ethyl acetate = 5:1) to afford 61 mg of (R)-3aa (85%) as 

a vicous oil. 93% ee (determined by HPLC analysis (Chiralcel AD-H, hexane/i-PrOH 

= 80/20, 0.8 mL/min, 230 nm), tr 34.8 min (major), 37.9 min (minor)); [α]20 D = - 5.2 

(c = 0.95, EtOAc); 1H NMR (400 MHz, CDCl3): δ 7.28-7.06 (m, 21 H), 7.05-6.98 (m, 

4 H), 5.55 (s, 1 H), 5.44-5.38 (m, 1 H), 5.13-4.78 (m, 9 H), 3.00 (dd, J = 13.2, 8.4 Hz, 

1 H), 2.47 (dd, J = 13.2, 2.8 Hz, 1 H); 13C NMR (100.5 MHz, CDCl3): δ 167.8, 166.0, 

157.0, 153.3, 143.6, 138.4, 135.5, 135.3, 134.9, 134.4, 128.40, 128.36, 128.2, 128.15, 

128.12, 128.07, 128.0, 127.8, 127.6, 126.6, 113.7, 72.2, 68.5, 68.3, 68.2, 68.0, 61.3, 

41.3; MS (ESI): m/z 749 (M+K+), 733 (M+Na+); IR (neat): 1738, 1586, 1498, 1455, 

1397, 1337, 1276, 1189, 1104, 1069 cm-1; HRMS calcd. for C43H39N2O8 [M++1]: 

711.2701; Found: 711.2735. 

 

2. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4"-methylphenyl)ethenyl- 

pyrazolidine (R-3ab) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

Me

Me

1a (R)-3ab2b  

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 
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Ag3PO4 (19 mg, 0.045 mmol), 1a (64 mg, 0.10 mmol), 2b (26 mg, 0.12 mmol) 

afforded 52 mg (71%) of (R)-3ab as a viscous oil. 93% ee (determined by HPLC 

analysis (Chiralcel OD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 214 nm), tr 6.3 min 

(major), 7.9 min (minor)); [α]20 D = - 8.0 (c = 1.25, EtOAc); 1H NMR (400 MHz, 

CDCl3): δ 7.24-7.07 (m, 18 H), 7.01-6.91 (m, 6 H), 5.51 (s, 1 H), 5.42-5.37 (m, 1 H), 

5.11-4.78 (m, 9 H), 2.99 (dd, J = 13.6, 8.8 Hz, 1 H), 2.49 (dd, J = 13.6, 3.2 Hz, 1 H), 

2.23 (s, 3 H); 13C NMR (100.5 MHz, CDCl3): δ 167.8, 166.0, 157.0, 153.3, 143.4, 

137.6, 135.6, 135.5, 135.4, 134.9, 134.5, 129.1, 128.41, 128.37, 128.3, 128.2, 128.14, 

128.09, 128.06, 127.9, 127.6, 126.4, 112.9, 72.2, 68.4, 68.25, 68.15, 68.0, 61.3, 41.4, 

21.0; MS (ESI): m/z 763 (M+K+), 747 (M+Na+), 725 (M++1); IR (neat): 1738, 1609, 

1586, 1513, 1498, 1455, 1399, 1337, 1275, 1191, 1100, 1069, 1003 cm-1; HRMS 

calcd. for C44H40N2O8Na [M+Na+]: 747.2677; Found: 747.2704. 

 

3. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(3’’-methylphenyl)ethenyl)- 

pyrazolidine (R-3ac) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I N
N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3ac2c

Me

Me

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (66 mg, 0.10 mmol), 2c (26 mg, 0.12 mmol) afforded 

68 mg (90%) of (R)-3ac as a viscous oil. 92% ee (determined by HPLC analysis 
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(Chiralcel OD-H, hexane/i-PrOH = 80/20, 0.7 mL/min, 214 nm), tr 8.0 min (major), 

10.2 min (minor)); [α]20 D = - 5.2 (c = 1.20, EtOAc); 1H NMR (400 MHz, CDCl3): δ 

7.24-7.07 (m, 18 H), 7.04 (d, J = 7.6 Hz, 1 H), 7.02-6.96 (m, 3 H), 6.88 (s, 1 H), 6.84 

(d, J = 7.6 Hz, 1 H), 5.54 (s, 1 H), 5.44-5.39 (m, 1 H), 5.13-4.78 (m, 9 H), 3.00 (dd, J 

= 13.2, 8.8 Hz, 1 H), 2.49 (dd, J = 13.2, 2.4 Hz, 1 H), 2.19 (s, 3 H); 13C NMR (100.5 

MHz, CDCl3): δ 167.8, 166.0, 157.0, 153.3, 143.7, 138.4, 138.0, 135.6, 135.4, 134.9, 

134.5, 128.6, 128.42, 128.36, 128.3, 128.2, 128.15, 128.12, 128.07, 128.0, 127.6, 

127.2, 123.7, 113.4, 72.2, 68.5, 68.3, 68.2, 68.0, 61.3, 41.4, 21.4; MS (ESI): m/z 763 

(M+K+), 747 (M+Na+); IR (neat): 1739, 1602, 1585, 1498, 1455, 1398, 1338, 1274, 

1187, 1069 cm-1; HRMS calcd. for C44H40N2O8Na [M+Na+]: 747.2677; Found: 

747.2701. 

 

4. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-bromophenyl)ethenyl)- 

pyrazolidine (R-3ad) 

0.45 equiv Ag3PO4
THF, 80 oC, 62 h

10 mol% Pd(dba)2
12 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

Br

Br

1a (R)-3ad2d  

 

The reaction of Pd(dba)2 (5 mg, 0.0088 mmol), (Ra,S,S)-L3 (7 mg, 0.011 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (61 mg, 0.096 mmol), 2d (34 mg, 0.12 mmol) 

afforded 63 mg (83%) of (R)-3ad as a viscous oil. 93% ee (determined by HPLC 
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analysis (Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 214 nm), tr 16.2 min 

(major), 27.4 min (minor)); [α]20 D = - 11.5 (c = 1.10, EtOAc); 1H NMR (300 MHz, 

CDCl3): δ 7.31-7.07 (m, 20 H), 7.01-6.96 (m, 2 H), 6.87-6.82 (m, 2 H), 5.55 (s, 1 H), 

5.38-5.32 (m, 1 H), 5.13-4.90 (m, 6 H), 4.86-4.76 (m, 3 H), 2.99 (dd, J = 13.5, 8.7 Hz, 

1 H), 2.42 (dd, J = 13.5, 2.7 Hz, 1 H); 13C NMR (100.5 MHz, CDCl3): δ 167.6, 165.9, 

157.0, 153.2, 142.8, 137.4, 135.5, 135.3, 134.8, 134.4, 131.5, 128.5, 128.43, 128.40, 

128.37, 128.23, 128.19, 128.1, 128.0, 127.6, 121.8, 114.5, 72.2, 68.5, 68.3, 68.2, 68.1, 

61.1, 41.2; MS (ESI): m/z 829 (M(81Br)+K+), 827 (M(79Br)+K+), 813 (M(81Br)+Na+), 

(811 (M(79Br)+Na+), 790 (M(81Br)++1), 788 (M(79Br)++1); IR (neat): 1738, 1587, 

1498, 1455, 1397, 1339, 1273, 1189, 1070, 1008 cm-1; HRMS calcd. for 

C43H37N2O8
79BrNa [M+Na+]: 811.1626; Found: 811.1619. 

The reaction with 5 mol% catalyst is slow! 

 

5. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-acetylphenyl)ethenyl)- 

pyrazolidine (R-3ae) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I N
N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3ae2e

O

O

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (64 mg, 0.10 mmol), 2e (30 mg, 0.12 mmol) afforded 
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57 mg (75%) of (R)-3ae as a viscous oil (eluent: petroleum ether : ethyl acetate = 3:1). 

95% ee (determined by HPLC analysis (Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 

mL/min, 214 nm), tr 22.9 min (major), 37.1 min (minor)); [α]20 D = -20.5 (c =1.70, 

EtOAc); 1H NMR (400 MHz, CDCl3): δ 7.73 (d, J = 8.0 Hz, 2 H), 7.25-7.07 (m, 20 

H), 7.01-6.96 (m, 2 H), 5.63 (s, 1 H), 5.45-5.40 (m, 1 H), 5.18 (s, 1 H), 5.11-4.77 (m, 

8 H), 3.03 (dd, J = 13.6, 8.8 Hz, 1 H), 2.48 (s, 3 H), 2.42 (dd, J = 13.6, 2.8 Hz, 1 H); 

13C NMR (100.5 MHz, CDCl3): δ 197.4, 167.6, 165.9, 157.0, 153.2, 143.2, 143.0, 

136.2, 135.4, 135.3, 134.8, 134.3, 128.48, 128.45, 128.38, 128.37, 128.22, 128.18, 

128.1, 128.0, 127.7, 126.7, 115.7, 72.2, 68.6, 68.3, 68.2, 68.1, 61.0, 41.3, 26.5; MS 

(ESI): m/z 775 (M+Na+), 753 (M++1); IR (neat): 1738, 1683, 1604, 1560, 1498, 1455, 

1402, 1340, 1266, 1187, 1103, 1068, 1013 cm-1; HRMS calcd. for C45H40N2O9Na 

[M+Na+]: 775.2626; Found: 775.2624. 

 

6. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-methoxylcarbonylphenyl)- 

ethenyl)pyrazolidine (R-3af) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

MeO2C

CO2Me

1a (R)-3af2f  

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (63 mg, 0.10 mmol), 2f (31 mg, 0.12 mmol) afforded 
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58 mg (76%) of (R)-3af as a viscous oil. 93% ee (determined by HPLC analysis 

(Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 230 nm), tr 22.4 min (major), 

30.5 min (minor)); [α]20 D = - 11.1 (c = 1.25, EtOAc); 1H NMR (400 MHz, CDCl3): δ 

7.81 (d, J = 8.0 Hz, 2 H), 7.26-7.07 (m, 18 H), 7.05 (d, J = 8.0 Hz, 2 H), 7.01-6.97 (m, 

2 H), 5.63 (s, 1 H), 5.44-5.39 (m, 1 H), 5.16 (s, 1 H), 5.12-4.76 (m, 8 H), 3.82 (s, 3 H), 

3.02 (dd, J = 13.6, 8.8 Hz, 1 H), 2.41 (dd, J = 13.6, 2.4 Hz, 1 H); 13C NMR (100.5 

MHz, CDCl3): δ 167.6, 166.6, 165.9, 157.0, 153.2, 143.02, 142.97, 135.4, 135.3, 

134.8, 134.3, 129.7, 129.3, 128.5, 128.44, 128.42, 128.39, 128.38, 128.2, 128.1, 128.0, 

127.7, 126.5, 115.5, 72.2, 68.6, 68.4, 68.3, 68.1, 61.0, 52.1, 41.3; MS (ESI): m/z 808 

(M+K+), 791 (M+Na+), 769 (M++1); IR (neat): 1722, 1608, 1498, 1455, 1402, 1342, 

1280, 1187, 1112, 1068, 1017 cm-1; HRMS calcd. for C45H40N2O10Na [M+Na+]: 

791.2575; Found: 791.2557. 

 

7. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-cyanophenyl)ethenyl)- 

pyrazolidine (R-3ag) 

0.45 equiv Ag3PO4
THF, 80 oC, 66 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

NC

CN

1a (R)-3ag2g  

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (64 mg, 0.10 mmol), 2g (28 mg, 0.12 mmol) 
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afforded 58 mg (78%) of (R)-3ag as a viscous oil. 94% ee (determined by HPLC 

analysis (Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 214 nm), tr 24.6 min 

(major), 43.9 min (minor)); [α]20 D = - 14.2 (c = 1.00, EtOAc); 1H NMR (300 MHz, 

CDCl3): δ 7.38 (d, J = 9.0 Hz, 2 H), 7.29-7.08 (m, 18 H), 7.07-6.95 (m, 4 H), 5.63 (s, 

1 H), 5.40-5.33 (m, 1 H), 5.14 (s, 1 H), 5.13-4.90 (m, 5 H), 4.88-4.76 (m, 3 H), 3.02 

(dd, J = 13.8, 8.7 Hz, 1 H), 2.38 (dd, J = 13.8, 2.7 Hz, 1 H); 13C NMR (100.5 MHz, 

CDCl3): δ 167.6, 165.9, 156.9, 153.2, 143.1, 142.7, 135.4, 135.2, 134.8, 134.3, 132.2, 

128.6, 128.4, 128.30, 128.27, 128.2, 128.0, 127.7, 127.3, 118.5, 116.7, 111.4, 72.2, 

68.7, 68.4, 68.3, 68.2, 60.9, 41.2; MS (ESI): m/z 774 (M+K+), 758 (M+Na+), 736 

(M++1); IR (neat): 2227, 1738, 1606, 1498, 1455, 1399, 1339, 1275, 1190, 1068, 1003 

cm-1; HRMS calcd. for C44H37N3O8Na [M+Na+]: 758.2473; Found: 758.2454. 

. 

8. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-phenylphenyl)ethenyl)- 

pyrazolidine (R-3ah) 

0.45 equiv Ag3PO4
THF, 80 oC, 56 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

Ph

Ph

1a (R)-3ah2h  

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (64 mg, 0.10 mmol), 2h (34 mg, 0.12 mmol) 

afforded 70 mg (88%) of (R)-3ah as a viscous oil. 92% ee (determined by HPLC 
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analysis (Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 230 nm), tr 17.9 min 

(major), 31.4 min (minor)); [α]20 D = - 14.8 (c = 1.55, EtOAc); 1H NMR (400 MHz, 

CDCl3): δ 7.49-7.45 (m, 2 H), 7.40-7.32 (m, 4 H), 7.28-7.07 (m, 21 H), 7.01-6.97 (m, 

2 H), 5.59 (s, 1 H), 5.48-5.44 (m, 1 H), 5.18 (s, 1 H), 5.13-4.79 (m, 8 H), 3.04 (dd, J = 

13.6, 8.8 Hz, 1 H), 2.54 (dd, J = 13.6, 2.4 Hz, 1 H); 13C NMR (100.5 MHz, CDCl3): 

δ 167.8, 166.0, 157.0, 153.3, 143.1, 140.6, 140.4, 137.3, 135.5, 135.4, 134.9, 134.4, 

128.7, 128.6, 128.43, 128.41, 128.38, 128.36, 128.2, 128.13, 128.09, 128.0, 127.6, 

127.4, 127.1, 126.9, 113.7, 72.2, 68.5, 68.3, 68.2, 68.0, 61.2, 41.4; MS (ESI): m/z 826 

(M+K+), 809 (M+Na+), 786 (M++1); IR (neat): 1737, 1600, 1586, 1498, 1487, 1455, 

1399, 1336, 1272, 1189, 1102, 1069, 1006 cm-1; HRMS calcd. for C49H42N2O8Na 

[M+Na+]: 809.2833; Found: 809.2829. 

 

9. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(4’’-(4’’’-bromophenyl)phenyl)- 

ethnyl)pyrazolidine (R-3ai) 

0.45 equiv Ag3PO4
THF, 80 oC, 64 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I N
N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3ai2i

Br

Br

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (64 mg, 0.10 mmol), 2i (43 mg, 0.12 mmol) afforded 
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62 mg (71%) of (R)-3ai as a viscous oil. 92% ee (determined by HPLC analysis 

(Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 230 nm), tr 25.5 min (major), 

42.0 min (minor)); [α]20 D = - 18.7 (c = 1.25, EtOAc); 1H NMR (400 MHz, CDCl3): δ 

7.47 (d, J = 8.4 Hz, 2 H), 7.36-7.31 (m, 4 H), 7.24-7.07 (m, 20 H), 7.01-6.97 (m, 2 H), 

5.59 (s, 1 H), 5.47-5.42 (m, 1 H), 5.17 (s, 1 H), 5.13-4.79 (m, 8 H), 3.04 (dd, J = 13.6, 

8.8 Hz, 1 H), 2.52 (dd, J = 13.6, 2.8 Hz, 1 H); 13C NMR (100.5 MHz, CDCl3): δ 167.7, 

166.0, 157.1, 153.3, 143.1, 139.33, 139.28, 137.8, 135.5, 135.4, 134.9, 134.4, 131.9, 

128.5, 128.44, 128.42, 128.37, 128.20, 128.18, 128.15, 128.1, 128.0, 127.6, 127.1, 

126.9, 121.7, 114.0, 72.2, 68.5, 68.3, 68.2, 68.1, 61.2, 41.4; MS (ESI): m/z 889 

(M(81Br)+Na+), 887 (M(79Br)+Na+); IR (neat): 1738, 1587, 1498, 1483, 1455, 1392, 

1340, 1275, 1186, 1070, 1002 cm-1; HRMS calcd. for C49H41N2O8
79BrNa [M+Na+]: 

887.1939; Found: 887.1941. 

 

10. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(3",4"-dimethylphenyl)- 

ethenylpyrazolidine (R-3aj) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I N
N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3aj2j

Me

Me

Me

Me

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (63 mg, 0.10 mmol), 2j (28 mg, 0.12 mmol) afforded 
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56 mg (76%) of (R)-3aj as a viscous oil. 95% ee (determined by HPLC analysis 

(Chiralcel OD-H, hexane/i-PrOH = 60/40, 0.5 mL/min, 230 nm), tr 15.9 min (major), 

18.8 min (minor)); [α]20 D = - 11.6 (c = 1.20, EtOAc); 1H NMR (400 MHz, CDCl3): δ 

7.25-7.07 (m, 18 H), 7.01-6.97 (m, 2 H), 6.93 (d, J = 7.6 Hz, 1 H), 6.85 (s, 1 H), 6.78 

(d, J = 7.6 Hz, 1 H), 5.50 (s, 1 H), 5.43-5.37 (m, 1 H), 5.12-4.77 (m, 9 H), 3.00 (dd, J 

= 13.6, 8.8 Hz, 1 H), 2.50 (dd, J = 13.6, 2.8 Hz, 1 H), 2.14 (s, 3 H), 2.10 (s, 3 H); 13C 

NMR (100.5 MHz, CDCl3): δ 167.8, 166.0, 157.1, 153.3, 143.5, 136.6, 136.3, 136.0, 

135.6, 135.4, 134.9, 134.5, 129.7, 128.43, 128.38, 128.35, 128.27, 128.2, 128.14, 

128.10, 128.06, 128.0, 127.7, 127.6, 124.0, 112.7, 72.2, 68.5, 68.3, 68.1, 68.0, 61.3, 

41.5, 19.8, 19.4; MS (ESI): m/z 777 (M+K+), 761 (M+Na+); IR (neat): 1740, 1608, 

1586, 1499, 1455, 1399, 1337, 1274, 1188, 1069, 1003 cm-1; HRMS calcd. for 

C45H42N2O8Na [M+Na+]: 761.2833; Found: 761.2821. 

 

11. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(3",5"-dimethylphenyl)- 

ethenylpyrazolidine (R-3ak) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn + I N
N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3ak2k

Me

Me

Me

Me

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (64 mg, 0.10 mmol), 2k (28 mg, 0.12 mmol) 

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



 S13

afforded 62 mg (83%) of (R)-3ak as a viscous oil. 93% ee (determined by HPLC 

analysis (Chiralcel OD-H, hexane/i-PrOH = 60/40, 0.5 mL/min, 230 nm), tr 8.2 min 

(major), 9.6 min (minor)); [α]20 D = - 4.1 (c = 1.35, EtOAc); 1H NMR (400 MHz, 

CDCl3): δ 7.24-7.07 (m, 18 H), 7.02-6.97 (m, 2 H), 6.81 (s, 1 H), 6.68 (s, 2 H), 5.52 (s, 

1 H), 5.43-5.38 (m, 1 H), 5.13-4.78 (m, 9 H), 3.01 (dd, J = 13.6, 8.8 Hz, 1 H), 2.49 

(dd, J = 13.6, 2.8 Hz, 1 H), 2.16 (s, 6 H); 13C NMR (100.5 MHz, CDCl3): δ 167.8, 

166.0, 157.1, 153.3, 143.8, 138.5, 137.9, 135.6, 135.4, 134.9, 134.5, 129.5, 128.42, 

128.38, 128.35, 128.21, 128.18, 128.14, 128.11, 128.06, 128.0, 127.6, 124.4, 113.2, 

72.2, 68.4, 68.3, 68.2, 68.0, 61.3, 41.5, 21.3; MS (ESI): m/z 777 (M+K+), 761 

(M+Na+), 739 (M++1); IR (neat): 1740, 1599, 1498, 1455, 1397, 1338, 1275, 1188, 

1070, 1003 cm-1; HRMS calcd. for C45H42N2O8Na [M+Na+]: 761.2833; Found: 

761.2818. 

 

12. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(2’’-(2’’,3’’-dihydrobenzo- 

[b][1’’,4’’]dioxin-6’’-yl))ethenyl-pyrazolidine (R-3al) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn +
I N

N CO2Bn

CO2Bn

BnO2C CO2Bn
1a (R)-3al2l

O

O

O

O

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1a (66 mg, 0.10 mmol), 2l (31 mg, 0.12 mmol) afforded 
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59 mg (74%) of (R)-3al as a viscous oil. 93% ee (determined by HPLC analysis 

(Chiralcel AD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 230 nm), tr 19.7 min (major), 

25.0 min (minor)); [α]20 D = - 14.9 (c = 1.20, EtOAc); 1H NMR (400 MHz, CDCl3): δ 

7.25-7.07 (m, 18 H), 7.03-6.98 (m, 2 H), 6.67-6.62 (m, 2 H), 6.53-6.50 (m, 1 H), 5.47 

(s, 1 H), 5.36-5.31 (m, 1 H), 5.11-4.79 (m, 9 H), 4.13 (s, 4 H), 2.99 (dd, J = 13.2, 8.4 

Hz, 1 H), 2.52 (dd, J = 13.2, 2.0 Hz, 1 H); 13C NMR (100.5 MHz, CDCl3): δ 167.8, 

166.0, 157.0, 153.3, 143.3, 142.7, 135.6, 135.4, 134.9, 134.5, 131.9, 128.42, 128.39, 

128.37, 128.3, 128.2, 128.12, 128.09, 128.06, 128.0, 127.6, 119.7, 117.1, 115.4, 112.6, 

72.2, 68.5, 68.24, 68.17, 68.0, 64.3, 64.2, 61.2, 41.4; MS (ESI): m/z 807 (M+K+), 791 

(M+Na+), 769 (M++1); IR (neat): 1739, 1609, 1579, 1508, 1455, 1398, 1284, 1248, 

1188, 1067, 1003 cm-1; HRMS calcd. for C45H40N2O10Na [M+Na+]: 791.2575; Found: 

791.2551. 

 

13. 1,2,3,3-Tetrakis(ethoxycarbonyl)-5-(R)-(1’-(4’’-acetylphenyl)ethenyl)- 

pyrazolidine (R-3be) 

CO2EtEtO2C

N
HN

CO2Et

CO2Et + I N
N CO2Et

CO2Et

EtO2C CO2Et
1b 2e (R)-3be

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3O

O

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1b (38 mg, 0.098 mmol), 2e (30 mg, 0.12 mmol) 
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afforded 41 mg (83%) of (R)-3be as a viscous oil (eluent: petroleum ether : ethyl 

acetate = 2:1). 93% ee (determined by HPLC analysis (Chiralcel OD-H, 

hexane/i-PrOH = 60/40, 0.7 mL/min, 214 nm), tr 6.4 min (major), 8.1 min (minor)); 

[α]20 D = - 34.8 (c = 1.35, EtOAc); 1H NMR (400 MHz, CDCl3): δ 7.93 (d, J = 8.4 Hz, 

2 H), 7.44 (d, J = 8.4 Hz, 2 H), 5.78 (s, 1 H), 5.46-5.41 (m, 2 H), 4.32-3.98 (m, 6 H), 

4.14 (q, J = 6.8 Hz, 2 H), 3.07 (dd, J = 13.2, 8.4 Hz, 1 H), 2.60 (s, 3 H), 2.49 (dd, J = 

13.2, 3.2 Hz, 1 H), 1.33-1.22 (m, 9 H), 1.19 (t, J = 7.2 Hz, 3 H); 13C NMR (100.5 

MHz, CDCl3): δ 197.5, 168.0, 166.1, 157.1, 153.5, 143.8, 143.5, 136.4, 128.6, 126.9, 

115.4, 72.1, 63.1, 62.6, 62.5, 60.9, 41.5, 26.6, 14.4, 13.9, 13.7; MS (ESI): m/z 527 

(M+Na+), 505 (M++1); IR (neat): 1745, 1685, 1604, 1568, 1467, 1405, 1377, 1337, 

1267, 1192, 1072, 1038 cm-1; HRMS calcd. for C25H32N2O9Na [M+Na+]: 527.2000; 

Found: 527.2007. 

 

14. 1,2-Bis(benzyloxycarbonyl)-3,3-bis(ethoxycarbonyl)-5-(R)-(1’-(4’’-bromo- 

phenyl)ethenyl) pyrazolidine (R-3cd) 

0.45 equiv Ag3PO4
THF, 80 oC, 48 h

10 mol% Pd(dba)2
12 mol% (Ra,S,S)-L3

CO2EtEtO2C

N
HN

CO2Bn

CO2Bn + I
N
N CO2Bn

CO2Bn

EtO2C CO2Et

Br

Br

1c (R)-3cd2d  

 

The reaction of Pd(dba)2 (6 mg, 0.011 mmol), (Ra,S,S)-L3 (8 mg, 0.013 mmol), 

Ag3PO4 (19 mg, 0.45 mmol), 1c (51 mg, 0.10 mmol), 2d (34 mg, 0.12 mmol) 
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afforded 57 mg (86%) of (R)-3cd as a viscous oil. 95% ee (determined by HPLC 

analysis (Chiralcel OD-H, hexane/i-PrOH = 85/15, 0.7 mL/min, 230 nm), tr 9.6 min 

(major), 16.4 min (minor)); [α]20 D = -9.1 (c =1.20, EtOAc); 1H NMR (400 MHz, 

CDCl3): δ 7.43 (d, J = 8.0 Hz, 2 H), 7.35-7.26 (m, 10 H), 7.18 (d, J = 8.0 Hz, 2 H), 

5.66 (s, 1 H), 5.44-5.39 (m, 1 H), 5.30 (s, 1 H), 5.28-5.16 (m, 3 H), 5.07 (d, J = 12.4 

Hz, 1 H), 4.17-4.09 (m, 1 H), 4.08-3.99 (m, 3 H), 3.07 (dd, J = 13.6, 8.8 Hz, 1 H), 

2.52 (dd, J = 13.6, 3.2 Hz, 1 H), 1.111 (t, J = 6.8 Hz, 3 H), 1.107 (t, J = 6.8 Hz, 3 H); 

13C NMR (100.5 MHz, CDCl3): δ 167.9, 166.0, 156.9, 153.3, 143.2, 137.6, 135.5, 

135.4, 131.6, 128.44, 128.35, 128.3, 128.2, 128.1, 127.6, 121.9, 114.4, 72.2, 68.6, 

68.3, 62.5, 61.1, 41.3, 13.7, 13.6; MS (ESI): m/z 689 (M(81Br)+Na+), 687 

(M(79Br)+Na+), 667 (M+(81Br)+1), 665 (M+(79Br)+1); IR (neat): 1738, 1587, 1489, 

1455, 1394, 1338, 1273, 1196, 1072, 1009 cm-1; HRMS calcd. for C33H33N2O8
79BrNa 

[M+Na+]: 687.1313; Found: 687.1309. 

The reaction with 5 mol% catalyst is slow! 

 

15. 1,2,3,3-Tetrakis(benzyloxycarbonyl)-5-(R)-(1’-(3”-thienyl)ethenyl)- 

pyrazolidine (R-3am) 

0.45 equiv Ag3PO4
THF, 80 oC, 44 h

5 mol% Pd(dba)2
6 mol% (Ra,S,S)-L3

CO2BnBnO2C

N
HN

CO2Bn

CO2Bn +
N
N CO2Bn

CO2Bn

BnO2C CO2Bn

S

1a 2m (R)-3am

I

S

 

 

The reaction of Pd(dba)2 (3 mg, 0.0053 mmol), (Ra,S,S)-L3 (4 mg, 0.0063 mmol), 
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Ag3PO4 (19 mg, 0.45 mmol), 1a (66 mg, 0.10 mmol), 2m (26 mg, 0.12 mmol) 

afforded 63 mg (85%) of (R)-3am as a viscous oil. 92% ee (determined by HPLC 

analysis (Chiralcel OD-H, hexane/i-PrOH = 60/40, 0.7 mL/min, 214 nm), tr 8.4 min 

(major), 13.7 min (minor)); [α]20 D = + 7.2 (c = 1.00, EtOAc); 1H NMR (400 MHz, 

CDCl3): δ 7.29-7.09 (m, 19 H), 7.00-6.95 (m, 2 H), 6.91 (dd, J = 5.2, 1.4 Hz, 1 H), 

6.85 (bs, 1 H), 5.50 (s, 1 H), 5.30-5.25 (m, 1 H), 5.17 (s, 1 H), 5.12-4.78 (m, 8 H), 

3.11 (dd, J = 13.6, 8.8 Hz, 1 H), 2.60 (dd, J = 13.6, 2.8 Hz, 1 H); 13C NMR (100.5 

MHz, CDCl3): δ 167.7, 165.9, 156.9, 153.2, 139.3, 138.6, 135.5, 135.3, 134.9, 134.4, 

128.43, 128.41, 128.36, 128.3, 128.22, 128.18, 128.14, 128.09, 128.0, 127.6, 126.0, 

125.8, 120.7, 112.3, 72.3, 68.5, 68.3, 68.2, 68.1, 61.2, 41.7; MS (ESI): m/z 755 

(M+K+), 739 (M+Na+), 717 (M++1); IR (neat): 1738, 1632, 1586, 1498, 1455, 1399, 

1340, 1278, 1187, 1069, 1003 cm-1; HRMS calcd. for C41H36N2O8SNa [M+Na+]: 

739.2085; Found: 739.2070. 
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