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1. General methods  

Unless otherwise stated, all reagents were purchased from commercial suppliers and used 

without further purification. All reactions were carried out in air and using undistilled solvent, 

without any precautions to exclude moisture unless otherwise noted. Organic solutions were 

concentrated under reduced pressure on an EYELA N-1001 rotary evaporator. Reactions were 

monitored by thin-layer chromatography (TLC) on silica gel precoated glass plates (0.2 ± 0.03 

mm thickness, GF-254, particle size 0.01–0.04 mm) from Yantai Chemical Industry Research 

Institute, P. R. China. Chromatograms were visualized by fluorescence quenching with UV light at 

254 nm. Flash column chromatography was performed using silica gel (particle size 0.04 – 0.05 

mm) from Yantai Chemical Industry Research Institute, P. R. China.
 1
H and 

13
C NMR spectra were 

recorded in CDCl3 or DMSO-d6 on Varian Inova (400 MHz or 300 MHz and 100 MHz or 75 MHz, 

respectively) spectometer. Chemical shifts (δ ppm) are relative to the resonance of the deuterated 

solvent as the internal standard (CDCl3, δ 7.26 ppm for proton NMR, δ 77.23 ppm for carbon 

NMR; DMSO-d6, δ 2.50 ppm for proton NMR, δ 39.52 ppm for carbon NMR). 
1
H NMR data are 

reported as follows: chemical shift (δ, ppm), multiplicity (s = singlet, d = doublet, q = quartet, m = 

multiplet), coupling constants (J) and assignment. Data for 
13

C NMR are reported in terms of 

chemical shift (δ, ppm). IR spectra were recorded on a Varian 1000 FT-IR spectrometer. Mass 

spectra were carried out using Agilent 6120 Quadrupole LC/MS system with ESI resource. 

High-resolution mass spectra (HRMS) for all the compounds were determined on Micromass 

GCT-TOF mass spertrometer with ESI resource. High performance liquid chromatography (HPLC) 

was performed on an Agilent 1200 Series chromatographs using a AD-H. X-ray data were 

recorded on a Rigaku Mercury CCD/AFC diffractomrter. Optical rotations are reported as follows: 

[α] D
25

 (c in g per 100 mL, solvent).  

 

2. Experimental section  

 

Table S1 Effect of solvents 

 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S3 

 

entry
a
 solvents time(min) yield(%)

b
 ee(%)

c
 

1 1,4-Dioxane 45 94 67 

2 THF 45 90 25 

3 Et2O 30 92 25 

4 Acetionitrile 20 89 10 

5 PhCl 28 92 42 

6 EtOAc 20 85 13 

7 DCM 20 87 7 

8 Cyclohexane 30 88 52 

9 Benzene 10 76 62 

10 Ethylbenzene 20 96 57 

11 Isopropylbenzene 5 75 47 

12 tert-Butylbenzene 20 83 36 

13 o-xylene 2 98 66 

14 m-xylene 45 98 63 

15 p-xylene 45 95 66 

16 Mesitylene 10 95 67 
a
 All reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2 

equiv) and 1d (0.02 mmol, 10 mol %) in corresponding solvents (0.5 mL) 

at room temperature. 
b
 Isolated yields. 

c
 Determined by chiral HPLC 

(Daicel Chirapak AD-H column). 

 

Table S2 Further investigating 

 

entry
a
 solvents additive

b
 temp.(

o
C) time(h) yield(%)

c
 ee(%)

d
 

1 toluene – –20 5 99 78 

2 o-xylene – –20 5 98 72 

3 m-xylene – –20 5 99 74 

4 mesitylene – –20 5 93 80 
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5 mesitylene – –15 3.5 94 79 

6 mesitylene – –40 12 96 79 

7
 e
 mesitylene – –40 12 90 –72 

8 mesitylene diethyl phosphite –15 2 92 77 

9 mesitylene PhCOOH –15 1 90 80 

10 mesitylene amino alcohol
f
 –15 3 93 79 

11 mesitylene PhOH –15 1.5 92 81 

12 mesitylene 4-NO2C6H4OH –15 27 93 65 

13 mesitylene 4-MeOC6H4OH –15 2.5 92 82 

14 mesitylene 2-
t
Bu-4-MeC6H3OH –15 2 96 77 

15 mesitylene (R)-BINOL –15 27 92 74 

16 mesitylene (S)-BINOL –15 27 94 86 
a
 All reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2 equiv) and 1d (0.02 mmol, 

10 mol %) in mesitylene (0.5 mL). 
b
 10 mol % additive was used. 

c
 Isolated yields. 

d
 Determined 

by chiral HPLC (Daicel Chirapak AD-H column). 
e
 Catalyst 1j (10 mol %) was used instead of 1d. 

f
 (1R, 2S)-(+)-2-amino-1,2-diphenylethanol was used. 

 

Table S3 Screening of other catalysts 

 

entry catalysts solvents temp. (
°
C) time (h) yield (%)

b
 ee (%)

c
 

1 1k mesitylene –15 15 89 66 

2 1l mesitylene –15 16 91 75 

3 1m mesitylene –15 22 93 85 

4 1n mesitylene –15 8 91 75 

5 1o mesitylene –15 75 95 80 

6 1p mesitylene –15 6 94 81 

7 1q mesitylene –15 2 94 76 

8 1r mesitylene –15 0.5 90 84 

9 1s mesitylene –15 5 95 76 
a
 Unless otherwise noted, reactions were carried out with 2a (0.2 mmol), 3 (0.24 mmol, 1.2 
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equiv) and 1 (0.02 mmol, 10 mol %) in mesitylene (0.5 mL) at –15 
°
C. 

b 
Isolated yields. 

c 

Determined by chiral HPLC (Daicel Chirapak AD-H column). 

 

 

Scheme S1 Unexpected β-eliminative N–N bond cleavage with 2q-s as substrates. 

3. Typical experimental procedure  

3.1 General procedure for the preparation of unreported quinine derived catalysts. 

 

    Catalyst 1f, 1n, 1o, 1p, 1r and 1s which were described in this paper were prepared according 

to the similar reported procedures.
1,2 9-amino (9-deoxy) epi-quinine (II) was obtained via the 

classic Mitsunobu and Staudinger reactions from Quinine (I) and subsequently transformed into 

isothiocyanate (III) which was used as a common electrophile in the following reactions with 

corresponding primary amines to give those catalysts. 

3.2 General procedure for the preparation of racemic amino nitriles 4  

Racemic amino nitriles described in this paper were prepared by nucleophilic addition of the 

azomethine imines with TMSCN: the azomethine imines (0.2 mmol), TMSCN (0.24 mmol, 1.2 

equiv) were combined into a vessel, 0.5 mL DCM was added via syringe and the system was 
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stirred at room temperature until the reaction was complete (detected by TLC). The solvents were 

evaporated under reduced pressure and the residue was purified by column chromatography on 

silica (n-hexane/ethyl acetate = 1/1) to give amino nitriles 4 as solids. 

3.3 General procedure for cinchona alkaloid-derived multiple hydrogen-bonding 

catalyst 1h catalyzed asymmetric Strecker reaction 

Azomethine imines 2 (0.2 mmol) and the catalyst 1h (0.002 mmol, 1 mol %) were added to a 

vessel, to this vessel was carefully added TMSCN (30.54 μl, 1.2 equiv) in one portion at -15 °C, 

after that 0.5 mL mesitylene was injected into the system via syringe. The system was stirred at 

the same temperature until the reaction was detected complete by TLC. Then 1 mL 

dichloromethane was added and the amino nitriles 4 were obtained after purification by flash 

chromatography on silica (n-hexane/ethyl acetate = 1/1).  

9-amino (9-deoxy) epi-quinine (II) 

1
H NMR (300 MHz, CDCl3) δ = 8.74 (s, 1H), 8.03 (d, J = 7.5 Hz, 1H), 7.73 – 

7.51 (m, 2H), 7.50 – 7.37 (m, 1H), 6.04 – 5.79 (m, 1H), 5.18 –4.98 (m, 2H), 

4.70 (d, J = 7.5 Hz, 1H), 3.97 (s, 3H), 3.48 – 3.25 (m, 3H), 3.18 – 2.86 (m, 5H), 

2.30 (s, 1H), 2.00 (t, J = 13.4 Hz, 1H), 1.62 (s, 1H), 1.21 – 1.06 (m, 1H), 0.97 

(s, 1H); 
13

C NMR (75 MHz, CDCl3) δ = 157.62, 147.67, 144.49, 140.48, 

131.92, 131.60, 128.56, 121.68, 119.78, 114.56, 101.21, 62.37, 55.42, 49.32, 47.15, 39.14, 27.42, 26.42, 

24.87, 23.05 ppm. 

isothiocyanate (III)  

[α]D
25

 = 40.59 (c 0.17, CHCl3); 
1
H NMR (300 MHz, CDCl3) δ = 8.68 (d, J = 

4.5 Hz, 1H), 7.96 (d, J = 9.2 Hz, 1H), 7.38 (d, J = 4.5 Hz, 1H), 7.32 (dd, J = 

9.2, 2.5 Hz, 1H), 7.25 (s, 1H), 5.67 (ddd, J = 16.9, 10.4, 6.3 Hz, 1H), 5.40 (d, J 

= 10.0 Hz, 1H), 5.16 – 5.03 (m, 2H), 3.95 (d, J = 19.6 Hz, 3H), 3.78 (dd, J = 

13.4, 10.4 Hz, 1H), 3.67 – 3.44 (m, 2H), 3.32 – 3.11 (m, 2H), 2.69 (s, 1H), 

2.11 (d, J = 15.9 Hz, 1H), 2.05 – 1.81 (m, 3H), 1.72 – 1.57 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ = 

164.10, 157.82, 147.68, 144.38, 141.83, 138.37, 131.78, 127.12, 121.40, 119.79, 116.78, 101.39, 66.46, 

65.66, 57.07, 55.76, 46.12, 38.64, 27.57, 26.11, 25.38 ppm; IR (KBr) max: 2934.6, 2379.9, 2053.5, 

1627.2, 2539.8, 1236.2, 1026.3, 926.5, 846.1, 713.1, 619.4 cm
-1

; ESI-MS (%): m/z = 366.2 [M+H]
+
; 

HRMS (ESI): m/z = 366.1645 (calcd for C43H60N4O3S+H
+ 

= 366.1635). 
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Catalyst 1f 

White solid; 83% yield; [α]D
25

 = –135.12 (c 0.62, CHCl3); 
1
H 

NMR (300 MHz, CDCl3) δ 8.88 (s, 2H), 8.73 (d, J = 4.6 Hz, 1H), 

8.04 (s, 1H), 7.98 (d, J = 9.2 Hz, 1H), 7.47 (s, 1H), 7.41 – 7.32 (m, 

1H), 6.93 (d, J = 17.9 Hz, 1H), 6.74 (s, 1H), 5.74 –5.55 (m, 1H), 

5.10 (dd, J = 13.7, 9.4 Hz, 2H), 4.11 (dd, J = 14.2, 7.1 Hz, 1H), 

4.02 (d, J = 14.1 Hz, 3H), 3.83 – 3.72 (m, 1H), 3.57 (dd, J = 15.0, 

9.4 Hz, 3H), 3.20 –3.03 (m, 1H), 3.02 – 2.88 (m, 1H), 2.66 (d, J = 7.8 Hz, 1H), 2.17 – 2.05 (m, 1H), 

1.94 (s, 1H), 1.74 – 1.54 (m, 3H), 1.33 – 1.22 (m, 1H), 1.20 – 1.07 (m, 1H), 0.89 – 0.78 (m, 2H); 
13

C 

NMR (75 MHz, CDCl3) δ 178.0, 158.4, 147.5, 144.7, 143.2, 136.5, 131.3, 127.9, 122.7, 120.4, 117.5, 

102.4, 59.8, 58.9, 55.9, 53.2, 41.5, 36.5, 32.1, 26.7, 24.5, 23.5, 22.8, 11.4; IR (KBr) max: 3273.8, 

3069.3, 2934.6, 2488.0, 1628.3, 1544.3, 1357.9, 1233.2, 1034.9, 920.1, 840.9, 673.5 cm–1
; ESI-MS 

(%): m/z = 441.2 [M+H]
+
; HRMS (ESI): m/z = 441.2328 (calcd for C24H32N4O2S+H

+
 = 441.2319). 

Catalyst 1n 

White solid; 76% yield; [α]D
25

 = –90.95 (c 0.21, CHCl3); 
1
H NMR (300 

MHz, CDCl3) δ 8.76 – 8.53 (m, 1H), 8.11 – 7.72 (m, 3H), 7.54 – 7.40 (m, 

1H), 7.39 – 7.26 (m, 2H), 7.15 (d, J = 6.4 Hz, 1H), 7.12 – 6.95 (m, 1H), 

6.52 (s, 1H), 5.84 (s, 1H), 5.64 – 5.42 (m, 1H), 5.14 – 4.97 (m, 1H), 4.88 

– 4.74 (m, 1H), 3.92 (s, 3H), 3.79 – 3.52 (m, 1H), 3.40 (s, 1H), 3.24 – 

3.04 (m, 2H), 3.04 – 2.89 (m, 1H), 2.89 – 2.67 (m, 2H), 2.65 – 2.45 (m, 

1H), 2.39 – 2.25 (m, 1H), 2.14 (s, 1H), 1.90 – 1.78 (m, 2H), 1.39 – 1.14 (m, 6H), 1.14 – 1.04 (m, 4H), 

0.98 – 0.88 (m, 3H); 
13

C NMR (75 MHz, CDCl3) δ 181.4, 157.8, 147.8, 147.6, 147.2, 144.5, 141.0, 

131.3, 130.3, 129.9, 128.8, 128.4, 124.3, 124.1, 123.4, 122.1, 118.8, 114.5, 102.5 98.4, 67.3, 61.3, 55.5, 

49.1, 41.0, 39.3, 33.9, 28.7, 28.3, 27.8, 27.3, 24.9; IR (KBr) max: 3179.9, 2945.7, 2356.9, 1629.9, 

1518.8, 1238.9, 1031.5, 919.5, 841.4, 671.4 cm–1; ESI-MS (%): m/z = 543.3 [M+H]
+
; HRMS (ESI): 

m/z = 543.3164 (calcd for C33H42N4OS+H
+ 

= 543.3152). 

Catalyst 1o 

White solid; 73% yield; [α]D
25

 = –103.75 (c 0.32, CHCl3); 
1
H NMR (300 MHz, 

CDCl3) δ 8.62 (s, 1H), 7.98 (d, J = 8.9 Hz, 1H), 7.74 (s, 2H), 7.32 (dd, J = 23.3, 
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10.2 Hz, 4H), 7.15 (s, 2H), 5.63 (dd, J = 16.3, 8.1 Hz, 2H), 5.08 – 4.85 (m, 2H), 4.55 (s, 2H), 3.95 (s, 

3H), 3.26 (s, 2H), 2.99 (d, J = 10.8 Hz, 2H), 2.71 (s, 1H), 2.52 – 2.16 (m, 2H), 1.89 (s, 2H), 1.60 – 1.52 

(m, 1H), 1.30 (d, J = 11.4 Hz, 2H), 0.89 (s, 1H); 
13

C NMR (75 MHz, CDCl3) δ 182.4, 158.0, 147.6, 

144.7, 140.1, 137.5, 131.7, 128.6, 127.9, 127.6, 127.1, 122.1, 102.1, 60.8, 55.8, 54.8, 49.1, 40.9, 38.8, 

33.9, 32.9, 27.1, 25.4; IR (KBr) max: 3410.8, 2926.4, 2379.2, 1629.3, 1550.7, 1388.4, 1236.4, 1026.1, 

847.5, 703.9 cm–1
; ESI-MS (%): m/z = 473.2 [M+H]

+
; HRMS (ESI): m/z = 473.2382 (calcd for 

C28H32N4OS+H
+ 

= 473.2370). 

Catalyst 1p 

White solid; 66% yield; [α]D
25

 = –94.12 (c 0.68, CHCl3); 
1
H NMR (300 MHz, 

CDCl3) δ 8.75 (d, J = 3.0 Hz, 1H), 8.04 (d, J = 9.0 Hz, 1H), 7.75 (s, 1H), 

7.44–7.41 (m, 1H), 7.40 – 7.38 (m, 1H), 5.79 – 5.61 (m, 2H), 5.05 – 4.98 (m, 

1H), 4.98 – 4.95 (m, 1H), 4.00 (s, 3H), 3.48 – 3.13 (m, 6H), 2.88 – 2.68 (m, 

3H), 2.34 (s, 1H), 1.79 – 1.55 (m, 4H), 1.44 – 1.33 (m, 1H), 1.08 – 0.97 (m, 

3H); 
13

C NMR (75 MHz, CDCl3) δ 181.9, 157.9, 147.6, 144.8, 140.8, 131.8, 

127.9, 121.9, 120.2, 102.1, 60.9, 55.8, 55.3, 41.1, 39.2, 27.6, 27.3, 25.7, 14.1; IR (KBr) max: 3313.8, 

3072.2, 2932.5, 1621.5, 1544.2, 1236.3, 1031.4, 918.8, 846.8, 667.4 cm–1
; ESI-MS (%): m/z = 411.2 

[M+H]
+
; HRMS (ESI): m/z = 411.2223 (calcd for C23H30N4OS+H

+
 = 411.2213). 

Catalyst 1r 

White solid; 86% yield;
 

[α]D
25

 = –111.16 (c 0.86, 

CHCl3); 
1
H NMR (300 MHz, CDCl3) δ 8.72 (s, 1H), 8.02 

(d, J = 5.3 Hz, 1H), 7.81 – 7.28 (m, 4H), 5.58 (dd, J = 

16.7, 8.4 Hz, 1H), 5.34 (s, 1H), 4.87 (t, J = 12.1 Hz, 2H), 

4.38 (s, 1H), 4.12 – 3.87 (m, 5H), 3.17 (dd, J = 25.4, 

13.5 Hz, 1H), 3.01 (s, 2H), 2.65 (d, J = 13.6 Hz, 2H), 

2.46 (s, 1H), 2.24 (s, 1H), 2.07 (d, J = 12.6 Hz, 1H), 1.98 (s, 1H), 1.93 – 1.68 (m, 3H), 1.60 (d, J = 20.6 

Hz, 4H), 1.51 – 1.13 (m, 11H), 1.07 (s, 3H), 0.88 (s, 4H), 0.62 (d, J = 33.8 Hz, 4H), 0.43 (d, J = 33.8 

Hz, 4H); 
13

C NMR (75 MHz, CDCl3) δ 181.8, 177.4, 171.1, 158.4, 147.7, 144.9, 141.0, 132.4, 127.6, 

121.8, 120.2, 114.7, 100.9, 62.9, 60.3, 59.8, 56.7, 55.6, 55.5, 55.4, 55.2, 43.5, 41.9, 41.7, 41.1, 40.7, 

40.3, 39.7, 39.5, 37.9, 37.7, 33. 7, 28.8, 27.9, 27.3, 25.5, 24.4, 21.6, 21.0, 19.9, 18.7, 14.1, 13.2; IR 
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(KBr) max: 3545.5, 2941.8, 2496.3, 1950.1, 1719.7, 1544.8, 1020.6, 846.5, 741.5 cm–1
; ESI-MS (%): 

m/z = 713.5 [M+H]
+
; HRMS (ESI): m/z = 713.4455 (calcd for C43H60N4O3S+H

+ 
= 713.4459). 

Catalyst 1s 

Yellow solid; 43% yield; [α]D
25

 = –138.63 (c 0.81, CHCl3); 
1
H NMR (300 

MHz, CDCl3) δ 8.71 (d, J = 4.1 Hz, 1H), 8.03 (d, J = 9.3 Hz, 1H), 7.46 – 7.29 

(m, 4H), 7.18 – 7.12 (m, 2H), 7.00 (s, 1H), 5.74 – 5.58 (m, 1H), 5.37 (s, 1H), 

4.97 (dd, J = 2.9, 1.1 Hz, 1H), 4.92 (s, 1H), 3.87 (s, 3H), 3.10 (s, 3H), 2.87 (s, 

1H), 2.69 – 2.44 (m, 5H), 2.21 (s, 1H), 1.73 (s, 2H), 1.66 – 1.47 (m, 5H), 1.32 

(s, 1H), 0.92 – 0.69 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 181.0, 158.2, 147.6, 

144.8, 137.2, 135.8, 132.0, 129.2, 129.1, 128.6, 127.4, 126.1, 122.2, 120.4, 

114.8, 100.8, 55.6, 54.9, 52.9, 49.1, 40.6, 39.2, 33.9, 28.8, 27.6, 27.3, 25.6, 24.9, 19.1; IR (KBr) max: 

3278.7, 3056.4, 2929.9, 2354.3, 1926.7, 1629.6, 1522.9, 1348.5, 1234.1, 1032.2, 913.7, 842.8, 739.6 

cm–1
; ESI-MS (%): m/z = 513.3 [M+H]

+
; HRMS (ESI): m/z = 513.2691 (calcd for C31H36N4OS+H

+
 = 

513.2683). 

 (S) 2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a 

White solid; 97% yield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 93/7, 

flow rate: 1.0 mL·min
–1

, λ = 254.4 nm, t (major) = 40.098, t (minor) = 36.087]; [α]D
25

 

= –107.18 (c 0.59, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.91 (s, 1H), 7.57 – 7.50 

(m, 2H), 7.48 – 7.42 (m, 3H), 4.95 (s, 1H), 3.58 (s, 1H), 3.53 – 3.44 (m, 1H), 2.65 (s, 

2H); 
13

C NMR (75 MHz, CDCl3) δ 175.4, 131.1, 129.8, 129.2, 128.3, 117.0, 62.8, 

49.3, 29.8; IR (KBr) max: 3451.3, 3189.5, 2200.1, 1692.3, 1072.1, 929.6, 699.9 cm
1

; ESI-MS (%): 

m/z = 202.1 [M+H]
+
; HRMS (ESI): m/z = 202.0965 (calcd for C11H11N3O+H

+ 
= 202.0975). 

(S) 2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b 

White solid; 98% yield, 92% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 20.234, t (minor) = 13.614]; [α]D

25
 

= –89.57 (c 0.23, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.64 (t, J = 7.32 Hz, 1H), 

7.55 – 7.38 (m, 2H), 7.21 – 7.12 (m, 1H), 5.19 (s, 1H), 3.80 – 3.61 (m, 1H), 3.60 – 

3.44 (m, 1H), 2.75 (s, 1H), 2.61 – 2.46 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ 175.7, 
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158.6, 132.2, 132.1, 130.2, 124.9, 118.9, 118.7, 116.4, 116.3, 116.0, 56.5, 49.9, 29.6; IR (KBr) max: 

3460.3, 3158.1, 2848.9, 2114.2, 1697.3, 1494.7, 1094.7, 944.6, 804.9, 665.9 cm
1

; ESI-MS (%): m/z = 

220.1 [M+H]
+
; HRMS (ESI): m/z = 220.0881 (calcd for C11H10FN3O+H

+ 
= 220.0881). 

(S) 2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c 

White solid; 95% yield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 17.480, t (minor) = 

23.212]; [α]D
25

 = –106.25 (c 0.32, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.61 – 

7.42 (m, 2H), 7.12 (t, J = 8.44 Hz, 2H), 4.87 (s, 1H), 3.83 – 3.35 (m, 2H), 2.62 (s, 

2H); 
13

C NMR (75 MHz, CDCl3) δ 175.5, 165.0, 161.7, 130.3, 130.2, 127.0, 

116.9, 116.4, 116.1, 62.1, 49.2, 29.8; IR (KBr) max: 3457.9, 3154.4, 2020.4, 1692.9, 1422.8, 1084.5, 

862.4, 638.1 cm
1

; ESI-MS (%): m/z = 220.1 [M+H]
+
; HRMS (ESI): m/z = 220.0886 (calcd for 

C11H10FN3O+H
+ 

= 220.0881). 

(S) 2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d 

White solid; 98% yield, 89% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 28.720, t (minor) = 16.028]; [α]D

25
 

= –100.27 (c 0.38, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.73 – 7.65 (m, 1H), 7.49 

– 7.43 (m, 1H), 7.42 – 7.34 (m, 2H), 5.33 (s, 1H), 3.74 – 3.57 (m, 1H), 3.55 – 3.38 

(m, 1H), 2.86 – 2.69 (m, 1H), 2.67 – 2.45 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ 

175.7, 134.3, 131.4, 130.4, 130.3, 129.2, 127.6, 116.6, 59.8, 50.1, 29.7; IR (KBr) max: 3464.8, 3168.3, 

2098.8, 1708.1, 1458.9, 1040.3, 942.0, 753.5, 650.6 cm
1

; ESI-MS (%): m/z = 236.1 (100) and 238.1 

(38) [M+H]
+
 for 

35
Cl and 

37
Cl isotopic pattern; HRMS (ESI): m/z = 236.0575 (calcd for 

C11H10ClN3O+H
+ 

= 236.0585). 

(S) 2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e 

White solid; 98% yield, 97% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 13.448, t (minor) = 

11.605]; [α]D
25

 = –105.28 (c 0.36, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.09 

(s, 1H), 7.55 (s, 1H), 7.47 – 7.36 (m, 3H), 4.94 (s, 1H), 3.79 – 3.32 (m, 2H), 

2.69 (s, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.5, 135.0, 133.1, 130.5, 129.97, 
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128.4, 126.4, 116.6, 62.2, 49.3, 29.8; IR (KBr) max: 3476.6, 3186.5, 2239.4, 1694.9, 1427.8, 1083.6, 

1016.779, 892.2, 677.9, cm
1

; ESI-MS (%): m/z = 236.1 (100) and 238.1 (38) [M+H]
+
 for 

35
Cl and 

37
Cl 

isotopic pattern; HRMS (ESI): m/z = 236.0582 (calcd for C11H10ClN3O+H
+ 

= 236.0585). 

(S) 2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f 

White solid; 99% yield, 93% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 28.720, t (minor) = 

16.028]; [α]D
25

 = –110.94 (c 0.32, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.57 – 

7.34 (m, 4H), 4.90 (s, 1H), 3.76 – 3.37 (m, 2H), 2.90 – 2.42 (s, 2H); 
13

C NMR 

(75 MHz, CDCl3) δ 175.5, 135.9, 129.6, 129.4, 116.6, 62.3, 49.4, 29.7; IR (KBr) 

max: 3449.7, 3173.0, 2238.9, 1685.2, 1408.2 1088.1, 858.3, 685.3 cm
1

; ESI-MS (%): m/z = 236.1 

(100) and 238.1 (38) [M+H]
+
 for 

35
Cl and 

37
Cl isotopic pattern; HRMS (ESI): m/z = 236.0574 (calcd 

for C11H10ClN3O+H
+ 

= 236.0585). 

(S) 2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4g 

White solid; 99% yield, 87% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min–1
, λ = 210.8 nm, t (major) = 17.439, t (minor) = 12.347]; [α]D

25
 

= –50.57 (c 0.44, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.94 (s, 1H), 7.70 (d, J = 

7.68 Hz, 1H), 7.65 (d, J = 7.96 Hz, 1H), 7.48 – 7.38 (m, 1H), 7.37 – 7.28 (m, 1H), 

5.30 (s, 1H), 3.76 – 3.58 (m, 1H), 3.53 – 3.35 (m, 1H), 2.90 – 2.68 (m, 1H), 2.66 – 

2.43 (m, 1H); 
13

C NMR (75 MHz, CDCl3) δ 175.6, 133.6, 131.5, 130.7, 130.3, 128.1, 124.5, 116.6, 

62.0, 49.9, 29.6; IR (KBr) max: 3467.6, 3187.1, 2239.9, 1693.9, 1431.2, 1024.3, 943.8, 758.2 cm
1

; 

ESI-MS (%): m/z = 280.0 (94) and 282.0 (100) [M+H]
+
 for 

79
Br and 

81
Br isotopic pattern; HRMS (ESI): 

m/z = 280.0072 (calcd for C11H10BrN3O+H
+ 

= 280.0080). 

(S) 2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4h 

White solid; 99% yield, 95% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 12.783, t (minor) = 

18.109]; [α]D
25

 = –72.80 (c 0.50, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.32 

(bs, 1H), 7.69 (s, 1H), 7.56 (d, J = 7.52 Hz, 1H), 7.48 (d, J = 7.32 Hz, 1H), 7.39 

– 7.29 (m, 1H), 4.93 (s, 1H), 3.81 – 3.26 (m, 2H), 2.68 (s, 2H); 
13

C NMR (75 

MHz, CDCl3) δ 175.4, 133.2, 132.8, 131.13, 130.6, 126.8, 123.0, 116.4, 62.1, 49.3, 29.7; IR (KBr) max: 

3451.6, 3167.0, 2239.5, 1689.2, 1418.0, 1079.1, 936.9, 874.7, 785.5 cm
1

; ESI-MS (%): m/z = 280.0 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S12 

 

(94) and 282.0 (100) [M+H]
+
 for 

79
Br and 

81
Br isotopic pattern; HRMS (ESI): m/z = 280.0069 (calcd 

for C11H10BrN3O+H
+ 

= 280.0080). 

(S) 2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4i 

White solid; 97% yield, 97% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min
–1

, λ = 254.4 nm, t (major) = 12.783, t (minor) = 

18.109]; [α]D
25

 = –96.36 (c 0.33, CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.72 (s, 

1H), 7.56 (d, J = 8.28 Hz, 2H), 7.40 (d, J = 8.20 Hz, 2H), 4.92 (s, 1H), 3.84 – 

3.20 (m, 2H), 2.63 (s, 2H); 
13

C NMR (101 MHz, CDCl3) δ 175.7, 132.6, 130.4, 

130.1, 124.4, 116.8, 62.6, 50.2, 29.9; IR (KBr) max: 3436.8, 3150.1, 2293.6, 1679.7, 1481.3, 1080.1, 

937.5, 865.1, 718.5 cm
1

; ESI-MS (%): m/z = 280.0 (94) and 282.0 (100) [M+H]
+
 for 

79
Br and 

81
Br 

isotopic pattern; HRMS (ESI): m/z = 280.0074 (calcd for C11H10BrN3O+H
+ 

= 280.0080). 

(S) 2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j 

White solid; 90% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min
–1

, λ = 210.8 nm, t (major) = 9.580, t (minor) = 

12.821]; [α]D
25

 = –78.18 (c 0.17, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.68 

(bs, 1H), 7.78 – 7.62 (m, 4H), 5.03 (s, 1H), 3.79 – 3.28 (m, 2H), 2.65 (s, 2H); 

13
C NMR (101 MHz, CDCl3) δ 175.7, 135.2, 132.4, 132.1, 129.0, 128.9, 126.4, 

126.4, 125.2, 122.5, 116.6, 62.8, 50.0, 29.9; IR (KBr) max: 3439.2, 3176.1, 2238.4, 1689.9, 1421.8, 

1328.1, 1016.7, 937.6, 875.0, 808.2, 659.6 cm
1

; ESI-MS (%): m/z = 270.1 [M+H]
+
; HRMS (ESI): m/z 

= 270.0840 (calcd for C12H10F3N3O+H
+ 

= 270.0849). 

(S) 2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k 

White solid; 95% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min
–1

, λ = 254.4 nm, t (major) = 34.166, t (minor) = 16.694]; [α]D
25

 

= –114.38 (c 0.32, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.54 (d, J = 7.40 Hz, 1H), 

7.48 – 7.37 (m, 1H), 7.11 – 7.01 (m, 2H), 6.93 (d, J = 8.28 Hz, 1H), 5.29 (s, 1H), 

3.87 (s, 3H), 3.71 – 3.58 (m, 1H), 3.55 – 3.41 (m, 1H), 2.69 (s, 1H), 2.59 – 2.40 (m, 

1H); 
13

C NMR (75 MHz, CDCl3) δ 175.5, 156.8, 131.5, 129.8, 120.9, 119.5, 117.3, 111.2, 56.4, 55.9, 

50.0, 29.7; IR (KBr) max: 3491.6, 3168.8, 2835.1, 2032.4, 1706.6, 1471.0, 1095.6, 1021.8, 837.7, 

749.8, 654.9 cm
1

; ESI-MS (%): m/z = 232.1 [M+H]
+
; HRMS (ESI): m/z = 232.1072 (calcd for 

C12H13N3O2+H
+ 

= 232.1081). 
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(S) 2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l 

White solid; 97% yield, 83% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min
–1

, λ = 254.4 nm, t (major) = 15.166, t (minor) = 

23.874]; [α]D
25

 = –96.99 (c 0.47, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

8.25 (brs, 1H), 7.43 (d, J = 8.04 Hz, 2H), 6.94 (d, J = 8.00 Hz, 2H), 4.89 (s, 

1H), 3.82 (s, 3H), 3.59 – 3.32 (m, 2H), 2.60 (s, 2H); 
13

C NMR (75 MHz, 

CDCl3) δ 175.4, 160.6, 129.7, 122.9, 117.1, 114.5, 62.2, 55.4, 49.1, 29.7; IR (KBr) max: 3449.0, 

3180.1, 2230.0, 1683.8, 1407.6, 1249.5, 1023.7, 841.1, 647.9 cm
1

; ESI-MS (%): m/z = 232.1 [M+H]
+
; 

HRMS (ESI): m/z = 232.1075 (calcd for C12H13N3O2+H
+ 

= 232.1081). 

(S) 2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m 

White solid; 98% yield, 90% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min–1
, λ = 254.4 nm, t (major) = 21.059, t (minor) = 

24.922]; [α]D
25

 = –80.44 (c 0.23, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 

6.66 (d, J = 1.36 Hz, 2H), 6.49 (s, 1H), 4.84 (s, 1H), 3.82 (s, 6H), 3.68 – 

3.41 (m, 2H), 2.65 (s, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.3, 161.2, 

133.2, 116.8, 106.1, 101.6, 62.9, 55.5, 49.3, 29.8; IR (KBr) max: 3446.5, 

3158.5, 2243.6, 1687.8, 1461.5, 1065.4, 834.4, 747.1, 690.9 cm
1

; ESI-MS (%): m/z = 262.1 [M+H]
+
; 

HRMS (ESI): m/z = 262.1175 (calcd for C13H15N3O3+H
+ 

= 262.1186). 

(S) 2-(benzo[d][1,3]dioxol-5-yl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4n 

Yellow solid; 93% yield, 85% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min
–1

, λ = 210.8 nm, t (major) = 20.523, t (minor) = 

22.498]; [α]D
25

 = –94.81 (c 0.14, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.00 

(bs, 1H), 7.06 – 6.92 (m, 2H), 6.83 (d, J = 7.68 Hz, 1H), 6.01 (s, 2H), 4.82 (s, 

1H), 3.70 – 3.32 (m, 2H), 2.64 (s, 2H); 
13

C NMR (75 MHz, CDCl3) δ 180.4, 

148.9, 148.4, 124.7, 122.2, 116.8, 112.6, 108.5, 101.7, 62.6, 49.7, 29.7; IR (KBr) max: 3433.7, 3155.1, 

2292.3, 1960.2, 1683.0, 1498.2, 1240.9, 1031.9, 921.4, 797.9 cm
1

; ESI-MS (%): m/z = 246.1 [M+H]
+
; 

HRMS (ESI): m/z = 246.0868 (calcd for C12H11N3O3+H
+ 

= 246.0873). 

 (S) 2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4o 
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White solid; 99% yield, 87.3% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 

85/15, flow rate: 1.0 mL·min
-1

, λ = 254.4 nm, t (major) = 14.979, t (minor) = 

17.002]; [α]D
25

 = -83.14 (c 0.26, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 8.02 

(s, 1H), 7.94 – 7.77 (m, 3H), 7.54 (d, J = 5.76 Hz, 3H), 5.07 (s, 1H), 3.83 – 

3.29 (m, 2H), 2.62 (s, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.4, 133.6, 132.9, 

129.2, 128.5, 128.3, 127.9, 127.8, 127.3, 126.9, 125.1, 117.0, 62.9, 49.3, 29.8; IR (KBr) max: 33449.9, 

3151.5, 3039.5, 2007.5, 1684.8, 1426.7, 1371.6, 1079.2, 859.2, 751.3, 632.9 cm
1

; ESI-MS (%): m/z = 

252.1 [M+H]
+
; HRMS (ESI): m/z = 252.1123 (calcd for C15H13N3O2+H

+ 
= 252.1131). 

(R) 2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p 

White solid; 99% yield, 74% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min
–1

, λ = 254.4 nm, t (major) = 16.289, t (minor) = 26.215]; [α]D
25

 

= –66.82 (c 0.22, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 7.59 (s, 1H), 7.48 (s, 1H), 

6.61 (d, J = 3.04 Hz, 1H), 6.48 – 6.39 (m, 1H), 4.93 (s, 1H), 3.64 (s, 1H), 3.59 – 3.48 

(m, 1H), 2.50 (s, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.7, 144.6, 144.0, 115.3, 

111.9, 111.2, 56.2, 49.5, 29.6; IR (KBr) max: 3455.6, 3151.1, 1696.0, 1499.4, 1311.8, 1072.0, 954.8, 

760., 607.1 cm
1

; ESI-MS (%): m/z = 192.1 [M+H]
+
; HRMS (ESI): m/z = 192.0770 (calcd for 

C9H9N3O2+H
+ 

= 192.0768).  

(S) 2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q 

White solid; 90% yield; chiral GC and RPC (CH3CN and water as eluant) also 

failed to detect its enantioselectivity; [α]D
25

 = +99.23 (c 0.26, CHCl3); 
1
H NMR 

(400 MHz, CDCl3) δ 8.82 (s, 1H), 8.42 (s, 1H), 8.31 (d, J = 8.28 Hz, 1H), 7.92 

(d, J = 7.52 Hz, 1H), 7.80 – 7.60 (m, 1H), 5.07 (s, 1H), 3.87 – 3.41 (m, 2H), 

2.75 – 2.53 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.6, 148.6, 134.1, 133.4, 

130.4, 124.8, 123.5, 116.0, 62.3, 50.7, 29.7; IR (KBr) max: 3396.4, 3172.9, 2093.3, 1702.9, 1094.8, 

921.3, 814.9, 669.3 cm
1

; ESI-MS (%): m/z = 247.1 [M+H]
+
; HRMS (ESI): m/z = 247.0814 (calcd for 

C11H10N4O3+H
+ 

= 247.0826). 

(S) 4-(cyano(3-oxopyrazolidin-1-yl)methyl)benzonitrile 4r 

White solid; 87% yield, chiral GC and RPC (CH3CN and water as eluant) also 

failed to detect its enantioselectivity; [α]D
25

 = –64.80 (c 0.25, CHCl3); 
1
H NMR 
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(400 MHz, CDCl3) δ 7.99 (brs, 1H), 7.74 (d, J = 7.84 Hz, 2H), 7.67 (d, J = 7.92Hz, 2H), 4.97 (s, 1H), 

3.73 – 3.39 (m, 2H), 2.88 – 2.45 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 175.6, 136.2, 132.9, 129.1, 

117.9, 116.3, 113.6, 62.6, 49.9, 29.7; IR (KBr) max: 3443.0, 3150.1, 2005.8, 1931.5, 1369.5, 1072.5, 

807.5, 649.9 cm
1

; ESI-MS (%): m/z = 227.1 [M+H]
+
; HRMS (ESI): m/z = 227.0920 (calcd for 

C12H9N4O+H
+ 

= 227.0927). 

(S) 2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t 

White solid; 95% yield, 12% ee [Daicel Chiralcel AD-H, hexanes/i-PrOH = 85/15, 

flow rate: 1.0 mL·min
-1

, λ = 254.4 nm, t (major) = 8.334, t (minor) = 14.499]; [α]D
25

 

= +31.25 (c 0.16, CHCl3); 
1
H NMR (400 MHz, CDCl3) δ 9.12 (s, 1H), 3.55 (d, J = 

8.28 Hz, 1H), 3.47 – 3.40 (m, 2H), 2.92 – 2.48 (m, 2H), 1.98 (d, J = 12.08 Hz, 2H), 

1.83 – 1.54 (m, 4H), 1.36 – 1.11 (m, 3H), 1.11 – 0.89 (m, 2H); 
13

C NMR (75 MHz, 

CDCl3) δ 175.7, 117.7, 65.5, 50.1, 38.6, 30.1, 29.9, 29.8, 26.0, 25.4, 25.2; IR (KBr) max: 3168.8, 

2229.1, 1688.8, 1374.5, 1090.4, 741.4 cm
1

; ESI-MS (%): m/z = 208.1 [M+H]
+
; HRMS (ESI): m/z = 

208.1435 (calcd for C11H17N3O+H
+ 

= 208.1444). 

3-(cyano(3-nitrophenyl)methyleneamino)propanamide 5q 

White solid; >95% yield; 
1
H NMR (300 MHz, CDCl3) δ 8.71 (s, 1H), 8.26 (d, J = 

25.38 Hz, 2H), 7.92 – 7.49 (m, 1H), 6.40 – 5.70 (m, 2H), 4.50 – 4.00 (m, 2H), 3.00 

– 2.45 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 172.9, 141.2, 136.6, 132.6, 128.1, 

117.8, 115.7, 112.9, 109.0, 54.6, 35.7; IR (KBr) max: 3195.2, 2256.6, 1966.3, 

1649.9, 1527.4, 1425.2, 1346.1, 1095.5, 929.7, 803.4, 744.1, 689.2, 634.3 cm
1

; 

ESI-MS (%): m/z = 247.1 [M+H]
+
; HRMS (ESI): m/z = 247.0816 (calcd for 

C11H10N4O3+H
+ 

= 247.0826). 

3-(cyano(4-cyanophenyl)methyleneamino)propanamide 5r 

White solid; >95% yield; 
1
H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 9.12 Hz, 

2H), 7.78 (d, J = 9.12 Hz, 2H), 5.99 – 5.36 (m, 2H), 4.55 – 3.97 (m, 2H), 3.00 

– 2.53 (m, 2H); 
13

C NMR (75 MHz, CDCl3) δ 172.9, 141.2, 136.6, 132.6, 

128.1, 117.8, 115.7, 108.9, 54.7, 27.7; IR (KBr) max: 3197.7, 2932.4, 2226.8, 

1942.0, 1648.9, 1420.2, 1029.9. 854.7, 772.3, 644.3 cm
1

; ESI-MS (%): m/z 

= 227.1 [M+H]
+
; HRMS (ESI): m/z = 227.0921 (calcd for C12H9N4O+H

+ 
= 227.0927). 

3-(cyano(pyridin-2-yl)methyleneamino)propanamide 5s 
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White solid; 96% yield; 
1
H NMR (400 MHz, DMSO-d6) δ 8.63 (d, J = 3.76 Hz, 

1H), 7.94 – 7.73 (m, 2H), 7.54 – 7.20 (m, 2H), 6.79 (s, 1H), 4.17 – 3.79 (m, 2H), 

2.60 – 2.42 (m, 2H); 
13

C NMR (101 MHz, DMSO-d6) δ 177.5, 156.4, 154.8, 148.4, 

143.0, 132.0, 126.3, 115.1, 59.8, 40.5; IR (KBr) max: 3168.5, 2925.1, 2229.6, 

1665.3, 1427.6, 1056.6, 924.9, 801.9, 628.7 cm
1

; ESI-MS (%): m/z = 203.1 

[M+H]
+
; HRMS (ESI): m/z = 203.0920 (calcd for C10H10N4O+H

+ 
= 203.0927)  

4. X-ray data of chiral 4h and 4i 

4.1 Crystal structure determination of compound 4h:  

Crystal data and structure refinement for 4h: 

      Identification code                cd212477  

      Empirical formula                C11H10BrN3O  

      Formula weight                    280.13  

      Temperature                      293(2) K   

      Wavelength                      0.71073 A  

      Crystal system, space group       Orthorhombic,  P2(1)2(1)2(1)  

      Unit cell dimensions             a = 5.6282(9) Å   alpha = 90 deg.  

                                    b = 9.0457(14) Å  beta = 90 deg. 

                                    c = 22.768(4) Å   gamma = 90 deg.  

      Volume                        1159.2(3) Å ^3  

      Z, Calculated density             4,  1.605 Mg/m^3  

      Absorption coefficient            3.528 mm^-1  

      F(000)                            560  

      Crystal size                    0.276 x 0.211 x 0.143 mm  

      Theta range for data collection   2.42 to 25.49 deg.  

      Limiting indices               -6<=h<=6, -10<=k<=10, -26<=l<=27  

      Reflections collected / unique     6749 / 2154 [R(int) = 0.0442]  

      Completeness to theta = 25.49     99.9 %  

      Absorption correction            Empirical  

      Max. and min. transmission       1.00000 and 0.42118  

      Refinement method             Full-matrix least-squares on F^2  
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      Data / restraints / parameters      2154 / 1 / 149   

      Goodness-of-fit on F^2          1.063  

      Final R indices [I>2sigma(I)]     R1 = 0.0462, wR2 = 0.1173  

      R indices (all data)             R1 = 0.0557, wR2 = 0.1220  

      Absolute structure parameter     0.008(16)  

      Largest diff. peak and hole       0.719 and -0.746 e.A^-3 

 

Figure S1. Packing of moleculars in a unit cell of 4h 
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Figure S2. OPTEP drawing of 4h (40% thermal ellipsoids) 

The crystal was prepared from the solution of 4h in DCM and n-hexane. CCDC 902498 contains 
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the supplementary crystallographic data for this paper. These data can be obtained free of charge 

from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif. 

4.2 Crystal structure determination of compound 4i:  

Crystal data and structure refinement for 4i: 

      Identification code               cd212479  

      Empirical formula                 C11H10BrN3O  

      Formula weight                    280.13  

      Temperature                       293(2) K  

      Wavelength                       0.71073 Å  

      Crystal system, space group       Triclinic,  P1  

      Unit cell dimensions          a = 5.5927(10) Å   alpha = 113.882(4) deg.  

                                 b = 9.9073(17) Å    beta = 91.874(4) deg.  

                                 c = 11.448(2) Å   gamma = 99.063(4) deg.  

      Volume                        569.50(18) Å ^3  

      Z, Calculated density             2,  1.634 Mg/m^3  

      Absorption coefficient            3.591 mm^-1  

      F(000)                            280  

      Crystal size                      0.265 x 0.145 x 0.112 mm  

      Theta range for data collection       1.96 to 26.00 deg.   

      Limiting indices                  -6<=h<=6, -12<=k<=10, -14<=l<=13    

      Reflections collected / unique       3448 / 2757 [R(int) = 0.0186]  

      Completeness to theta = 26.00       99.6 %  

      Absorption correction             Empirical  

      Max. and min. transmission        1.00000 and 0.36709   

      Refinement method               Full-matrix least-squares on F^2  

      Data / restraints / parameters       2757 / 44 / 324  

      Goodness-of-fit on F^2            0.947  

      Final R indices [I>2sigma(I)]     R1 = 0.0355, wR2 = 0.0814  

      R indices (all data)              R1 = 0.0523, wR2 = 0.0880  

      Absolute structure parameter      -0.006(7)  
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      Largest diff. peak and hole       0.332 and -0.344 e.A^-3 

 

Figure S3. Packing of moleculars in a unit cell of 4i 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S21 

 

 

Figure S4. OPTEP drawing of 4i (40% thermal ellipsoids) 
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The crystal was prepared from the solution of 4i in DCM and n-hexane. CCDC 902501 contains 

the supplementary crystallographic data for this paper. These data can be obtained free of charge 

from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif. 
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13
C NMR spectra  

9-amino (9-deoxy) epi-quinine (II) 
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isothiocyanate (III)  

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S24 

 

 

 

Catalyst 1f  
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Catalyst 1n 
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Catalyst 1o 
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Catalyst 1p 
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Catalyst 1r 
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Catalyst 1s 
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2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a 
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2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b 
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2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c 
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2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d 
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2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e 
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2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f 
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2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4g 
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2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4h 
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2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4i  
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2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j 
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2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k 
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2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l 
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2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m 
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2-(benzo[d][1,3]dioxol-5-yl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4n 
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2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4o 
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2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p 
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2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q 
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4-(cyano(3-oxopyrazolidin-1-yl)methyl) benzonitrile 4r 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S48 

 

 

 

2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t 
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3-(cyano(3-nitrophenyl)methyleneamino)propanamide 5q 
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3-(cyano(4-cyanophenyl)methyleneamino)propanamide 5r 
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3-(cyano(pyridin-2-yl)methyleneamino)propanamide 5s 
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7. HPLC spectra 
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2-(3-oxopyrazolidin-1-yl)-2-phenylacetonitrile 4a 

 

 

 

 

2-(2-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4b 
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2-(4-fluorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4c 
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2-(2-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4d 

 

2-(3-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4e 
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2-(4-chlorophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4f 
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2-(2-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4g 

 

2-(3-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4h 
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2-(4-bromophenyl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4i 
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2-(3-oxopyrazolidin-1-yl)-2-(4-(trifluoromethyl)phenyl)acetonitrile 4j 

2-(2-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4k 
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2-(4-methoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4l 
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2-(3, 5-dimethoxyphenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4m 

 

2-(benzo[d][1,3]dioxol-5-yl)-2-(3-oxopyrazolidin-1-yl)acetonitrile 4n 
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2-(naphthalen-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4o 
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2-(furan-2-yl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4p 

 

2-(3-nitrophenyl)-2-(3-oxopyrazolidin-1-yl) acetonitrile 4q 

Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2013



 

S64 

 

 

4-(cyano(3-oxopyrazolidin-1-yl)methyl)benzonitrile 4r 
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2-cyclohexyl-2-(3-oxopyrazolidin-1-yl) acetonitrile 4t 
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