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(A) General information:  
1H NMR spectra were recorded at 400 MHz or 600 MHz on commercial instruments. The chemical 
shifts were recorded in ppm relative to tetramethylsilane and with the solvent resonance as the internal 
standard. Data were reported as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = 
triplet, m = multiplet, br = broad), coupling constants (Hz), integration. 13C NMR data were collected 
at 100 MHz or 150 MHz on commercial instruments with complete proton decoupling. Chemical shifts 
were reported in ppm from the tetramethylsilane with the solvent resonance as internal standard. All 
experiments were monitored by analytical thin layer chromatography (TLC). Enantiomeric excesses of 
products were determined by chiral HPLC analysis on Daicel Chiralcel AD-H/ IA/IB/IC in comparison 
with the authentic racemates. Optical rotations were reported as follows: [α]D

T (c: g/100 mL, in 
CH2Cl2). ESI-HRMS spectra were recorded on a commercial apparatus. The various chalcones were 
mostly prepared according to the literature procedures except standard one. Hydrazide, 
dichloromethane were commercially available and purified by usual methods before use. Molecular 
sieve was dryinged at 500 oC for 2.5 hours, and the various lewis acids also were commercially 
available and directly used without further purification. Catalysts L1-L13 were synthesized according 
to the previous literatures in our group.1  
 

(B) General procedure for the asymmetric aza-Micheal reaction of hydrazide and chalcone 

The mixture of ligand L7 (3.7 mg, 0.006 mmol, 6 mol%), Sc(OTf)3 (2.5 mg, 0.005 mmol, 5 mol%), 
benzoyl hydrazine 1a (13.6 mg, 0.1 mmol), chalcone 2a (40.2 mg, 0.20 mmol) and 4ǺMS (60 mg) were 
stirred in CH2Cl2 (2.0 mL) for 16-20 h at 25 oC. The completion of the reaction was monitored by TLC 
and purified by flash chromatography on silica gel (Eluent: petroleum ether /ethyl acetate = 3/1) to 
give the pure product 3a in 78% yield with 93% ee.  
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 (C) Optimization of conditions 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Entrya  L-Metal（ L/M）  Add.(Ant.) 1a /2a (mmol) Sov. (mL)b  
Yield c  

(%) 

Eed  

(%) 

1 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 58 78 

2 L2/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 40 45 

3 L3/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 30 18 

4 L4/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 55 54 

5 L5/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 32 41 

6 L6/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 24 75 

7 L7/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 72 -37 

8 L8/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 28 -19 

9 L9/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 78 13 

10 L10/Sc(OTf)3  (1.0/1.0) 10 mol% - 1.0/1.0 CH2Cl2  (0.5mL) 33 -44 

11 L11/Sc(OTf)3  (1.0/1.0) 10 mol% - 1.0/1.0 CH2Cl2  (0.5mL) 68 1 

12 L12/Sc(OTf)3  (1.0/1.0) 10 mol% - 1.0/1.0 CH2Cl2  (0.5mL) 28 34 

13 L13/Sc(OTf)3  (1.0/1.0) 10 mol% - 1.0/1.0 CH2Cl2  (0.5mL) 21 -9 

14 L1/La(OTf)2   (1.0/1.0) 10 mol% - 1.0/1.0 CH2Cl2  (0.5mL) 34 0 

15 L1/Y(OTf)3    (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 78 3 

16 L1/Ca(OTf)2   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 30 1 

17 L1/Zn(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.5mL) 22 4 

18 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (0.2mL) 82 26 

19 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (1.0mL) 51 83 

20 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (2.0mL) 48 88 

21 L1/Sc(OTf)3   (1.0/1.0) 10mol%  - 1.0/1.0 CHCl3  (2.0mL) 31 82 

22 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH2ClClCH2 (2.0mL) 40 85 

23 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 EA (2.0mL) 47 68 

24 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 CH3CN (2.0mL) 60 55 

25 L1/Sc(OTf)3   (1.0/1.0) 10 mol%  - 1.0/1.0 THF (2.0mL) 31 60 

26 L1/Sc(OTf)3   (1.0/1.0) 10mol%  - 1.0/1.0 PhMe (2.0mL) 49 64 

27 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  - 1.0/1.0 CH2Cl2  (2.0mL) 52 90 

28 L1/Sc(OTf)3   (1.0/1.2) 10 mol%  - 1.0/1.0 CH2Cl2  (2.0mL) 49 80 

29 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  - 2.0/1.0 CH2Cl2  (2.0mL) 64 91 

30 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  - 1.5/1.0 CH2Cl2  (2.0mL) 57 90 

31 L1/Sc(OTf)3   (1.2/1.0) 10 mol%   1.2/1.0 CH2Cl2  (2.0mL) 50 88 

L1: R = 2,6-iPrC6H3 n=1 m=1
L2: R = 2,6-Et2C6H3 n=1 m=1
L3: R = 2,6-Me2C6H3 n=1 m=1
L4: R = tBu n=1 m=1
L5: R = 2,6-iPrC6H3 n=2 m=1
L7: R = Ph n=1 m=1
L8: R = CH2Ph n=1 m=1
L9: R = adam n=1 m=1
L10: R = CHPh2 n=1 m=1
L11: R = 2,6-iPrC6H3 n=1 m=0
L12: R = 2,6-iPrC6H3 n=1 m=2
L13: R = Anthtyl n=1 m=1
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a  Unless otherwise noted, reactions were carried  in one pot, at 25 oC for 12 h. b  EA = ethyl acetate, THF = tetrahydrofuran, 
c  Isolated yield.  d  Determined by HPLC analysis. e  Reactions were carried for 20 h. 

(D) Other substrates for catalytic asymmetric conjugate addition of chalcones and hydrazides  

 
 
 

 
 
 
 
 
 
 
 
 
a   
 
 
 
 
 
 

a  
Unless otherwise noted, the reactions were carried out with 5 mol% L7 /Sc(OTf)3 (1.2/1.0),  0.1 mmol hydrazide 1 ,  and 2.0 equiv 
chalcones 2  in CH2Cl2 (2.0 mL) at 25 oC for 16-20 h.  b  Isolated yield. c  Determined by HPLC analysis.  d  The reaction was carried 
out with 0.1 mmol acetylhydrazine 1b and 2.0 equiv chalcone 2a ,  using 10 mol% catalyst.   

(E) The discussion for the reactivity and yield issues  

The electronic property and steric hindrance of the 
substituted groups at the aromatic ring R1 had marked 
influence on reactivity. In addition, another reaction 
phenomenon in this system was found that a little unknow 
compound was exited and further confirmed to be 
hydrazone through reverse Mannich reaction.2 Under the alkaline condition or heating, the product 3a 

32 L1/Sc(OTf)3   (1.2/1.0) 10 mol%   1.0/1.5 CH2Cl2  (2.0 mL) 54 84 

33 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  3 Ǻ  MS 20 mg 2.0/1.0 CH2Cl2  (2.0 mL) 62 91 

34 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  4 Ǻ  MS 20 mg 2.0/1.0 CH2Cl2  (2.0 mL) 66 93 

35 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  5 Ǻ  MS 20 mg 2.0/1.0 CH2Cl2  (2.0 mL) 67 92 

36 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  4 Ǻ  MS 10 mg 2.0/1.0 CH2Cl2  (2.0 mL) 58 93 

37 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  4 Ǻ  MS 40 mg 2.0/1.0 CH2Cl2  (2.0 mL) 69 93 

38 L1/Sc(OTf)3   (1.2/1.0) 10 mol%  4 Ǻ  MS 60 mg 2.0/1.0 CH2Cl2  (2.0 mL) 73 93 

39 e  L1/Sc(OTf)3   (1.2/1.0)  5 mol%  4 Ǻ  MS 60 mg 2.0/1.0 CH2Cl2  (2.0 mL) 78 93 

Entrya  R1 R2 Hydrazide 1  Yieldb  (%) Ee c  (%) 

1 3-PhOC6H4  Ph 1a 78 80 

2 2-Thienyl Ph 1a 51 71 

3 3-NO2C6H4  Ph 1a 90 71 

4 4-CNC6H4  Ph 1a 82 72 

5 3-ClC6H4 Ph 1a 82 80 

6 3-CF3C6H4 Ph 1a 92 70 

7 2-ClC6H4 Ph 1a 68 82 

8 CCl3 Ph 1a 99 10 

9 EtCO2 Ph 1a 95 19 
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still existed stably, whereas, it was slowly transformed into 5a in the catalytic environment. Thus, 
controlling the reaction time was another important factor. 

(F) The analytical and spectral characterization data of reaction products 

1) Product 3a: 

solid; 78% yield, 93% ee. [α]D
28 = 39.8 (c 0.068 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 17.6 min (minor) and 19.4 min (major); 1H NMR (400 
MHz, CDCl3) δ 7.94 (d, J = 7.4 Hz, 2H, Ar-H and NH-C=O), 7.63 – 7.26 (m, 
14H, Ar-H), 5.71 (s, 1H, C-NH-N), 4.82 (dd, J = 7.8, 5.1 Hz, 1H, N-CH-Ph), 

3.46 (qd, J = 16.9, 6.5 Hz, 2H -CH2C=O) ppm; 13C NMR (151 MHz, CDCl3) 198.21, 167.00, 140.84, 
136.69, 133.32, 132.85, 131.71, 128.81, 128.64, 128.59, 128.22, 128.05, 127.72, 126.83, 60.92, 44.40 
ppm; HRMS (ESI-TOF) calcd for C22H20N2O2 ([M+Na+]) = 367.1422, Found: 367.1421. 
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2) Product 3b: 

solid; 81% yield, 95% ee. [α]D
23 = 36.3 (c 0.039 in CH2Cl2). HPLC DAICEL 

CHIRALCEL ADH, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 20.8 min (major) and 23.4 min (minor); 1H NMR (400 
MHz, CDCl3) δ 7.94 (dd, J = 8.6, 5.5 Hz, 2H, Ar-H and NH-C=O), 7.59 – 7.30 
(m, 11H, Ar-H), 7.08 (t, J = 8.6 Hz, 2H, Ar-H), 5.69 (s, 1H, C-NH-N), 4.81 

(dd, J = 7.7, 5.2 Hz, 1H, N-CH-Ph), 3.42 (ddd, J = 21.8, 16.8, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR 
(101 MHz, CDCl3) 196.59, 167.06, 164.58, 140.69, 133.14, 132.77, 131.75, 130.92, 130.83, 128.82, 
128.59, 128.10, 127.69, 126.82, 115.85, 115.63, 60.85, 44.23 ppm. HRMS (ESI-TOF) calcd for 
C22H19FN2O2 ([M+Na+]) = 385.1328, Found: 385.1332. 
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3) Product 3c: 

solid; 77% yield, 96% ee. [α]D
28 = 41.0 (c 0.016 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 22.5 min (major) and 27.3 min (minor); 1H NMR 
(400 MHz, CDCl3) δ 7.85 (d, J = 8.5 Hz, 2H, Ar-H and NH-C=O), 7.61 – 7.27 
(m, 13H, Ar-H), 5.68 (s, 1H, C-NH-N), 4.81 (dd, J = 7.6, 5.2 Hz, 1H, 

N-CH-Ph), 3.42 (ddd, J = 21.8, 16.8, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (101 MHz, CDCl3) 196.98, 
167.10, 140.62, 139.80, 134.99, 132.74, 131.77, 129.62, 128.95, 128.83, 128.60, 128.12, 127.69, 
126.82, 60.80, 44.25 ppm. HRMS (ESI-TOF) calcd for C22H19ClN2O2 ([M+Na+]) = 401.1033, Found: 
401.1032. 
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4) Product 3d: 

solid; 75% yield, 89% ee. [α]D
28 = 24.2 (c 0.018 in CH2Cl2). HPLC DAICEL 

CHIRALCEL IA, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 17.1 min (minor) and 19.4 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.87 (s, 1H, NH-C=O), 7.79 (d, J = 7.8 Hz, 1H, Ar-H), 7.63 – 
7.54 (m, 3H, Ar-H), 7.48 (dd, J = 26.9, 7.7 Hz, 4H, Ar-H), 7.33 (dt, J = 32.1, 

7.4 Hz, 6H, Ar-H), 4.82 (dd, J = 7.4, 5.3 Hz, 1H, N-CH-Ph), 3.71 (dd, J = 12.4, 5.1 Hz, 1H, C-NH-N), 
3.43 (ddd, J = 21.8, 16.9, 6.4 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 196.96, 167.19, 
140.52, 138.18, 134.98, 133.24, 132.69, 131.80, 129.97, 128.84, 128.61, 128.31, 128.16, 127.72, 
126.85, 60.72, 44.31 ppm; HRMS (ESI-TOF) calcd for C22H19ClN2O2 ([M+Na+]) = 401.1033, Found: 
401.1039. 
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5) Product 3e: 

solid; 82% yield, 91% ee. [α]D
20 = 31.6 (c 0.017 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 
λ = 254 nm, retention time: 26.7 min (major) and 32.6 min (minor); 1H 
NMR (600 MHz, CDCl3) δ 7.78 (d, J = 8.2 Hz, 2H, Ar-H and NH-C=O), 
7.56 (d, J = 8.3 Hz, 4H, Ar-H), 7.47 (t, J = 7.6 Hz, 3H, Ar-H), 7.41 (s, 1H, 
Ar-H), 7.37 (t, J = 7.1 Hz, 4H, Ar-H), 7.31 (t, J = 7.2 Hz, 1H, Ar-H), 5.68 (s, 

1H, C-NH-N), 4.81 (dd, J = 7.8, 5.1 Hz, 1H, N-CH-Ph), 3.41 (ddd, J = 21.7, 16.8, 6.5 Hz, 2H, 
-CH2C=O). ppm. 13C NMR (151 MHz, CDCl3) 197.17, 167.08, 140.62, 135.40, 132.74, 131.96, 131.79, 
129.72, 128.86, 128.62, 128.15, 127.69, 126.81, 60.80, 44.25 ppm;HRMS (ESI-TOF) calcd for 
C22H19BrN2O2 ([M+Na+]) = 445.0528, Found: 445.0535. 
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6) Product 3f: 

solid; 74% yield, 94% ee. [α]D
29 = 27.9 (c 0.034 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 
λ = 254 nm, retention time: 28.4 min (minor) and 31.4 min (major); 1H 
NMR (600 MHz, CDCl3) δ 7.92 (d, J = 8.8 Hz, 2H, Ar-H and NH-C=O), 
7.69 – 7.27 (m, 11H, Ar-H), 6.90 (d, J = 8.8 Hz, 2H, Ar-H), 5.71 (s, 1H, 

C-NH-N), 4.80 (dd, J = 7.8, 4.9 Hz, 1H, N-CH-Ph), 3.86 (s, 3H, -OCH3), 3.40 (ddd, J = 21.3, 16.5, 6.5 
Hz, 2H, -CH2C=O)ppm. 13C NMR (151 MHz, CDCl3) 196.78, 166.85, 163.67, 141.01, 132.91, 131.67, 
130.56, 129.83, 128.80, 128.58, 128.01, 127.69, 126.82, 113.79, 61.16, 55.49, 44.18. HRMS (ESI-TOF) 
calcd for C23H22N2O3 ([M+Na+]) = 397.1528, Found: 397.1522. 
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7) Product 3g: 

solid; 71% yield, 94% ee. [α]D
28 = 32.6 (c 0.032 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 20.2 min (minor) and 22.6 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.93 (d, J = 7.6 Hz, 2H, Ar-H and NH-C=O), 7.64 – 7.31 
(m, 12H, Ar-H), 7.17 (d, J = 7.5 Hz, 2H, Ar-H and C-NH-N), 4.84 – 4.71 (m, 

1H, N-CH-Ph), 3.56 – 3.31 (m, 2H, -CH2C=O), 2.34 (s, 3H, -CH3). ppm. 13C NMR (101 MHz, CDCl3) 
197.92, 166.96, 144.20, 140.92, 134.24, 132.88, 131.68, 129.33, 128.79, 128.57, 128.36, 128.02, 
127.72, 126.85, 61.03, 44.32, 21.66 ppm. HRMS (ESI-TOF) calcd for C23H22N2O2 ([M+Na+]) = 
381.1579, Found: 381.1591. 

 

 

 

 

8) Product 3h: 

solid; 70% yield, 94% ee. [α]D
28 = 28.4 (c 0.031 in CH2Cl2). HPLC DAICEL 

CHIRALCEL IA, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 13.8 min (minor) and 15.2 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.73 (d, J = 1.1 Hz, 2H, Ar-H and NH-C=O), 7.62 – 7.54 (m, 
3H, Ar-H), 7.46 (dd, J = 15.3, 7.4 Hz, 3H, Ar-H), 7.34 (ddt, J = 15.6, 13.4, 6.8 

Hz, 7H, Ar-H), 4.81 (dd, J = 8.0, 4.9 Hz, 1H, N-CH-Ph), 3.72 (s, 1H, C-NH-N), 3.45 (ddd, J = 21.7, 
16.8, 6.5 Hz, 2H, -CH2C=O), 2.37 (s, 3H, -CH3)ppm. 13C NMR (151 MHz, CDCl3) 198.53, 167.00, 
140.83, 138.44, 136.70, 134.12, 132.81, 131.71, 128.80, 128.77, 128.58, 128.51, 128.05, 127.73, 
126.85, 125.45, 63.76, 60.98, 44.42ppm; HRMS (ESI-TOF) calcd for C23H22N2O2 ([M+Na+]) = 
381.1579, Found: 381.1577. 
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9) Product 3i: 

solid; 75% yield, 90% ee. [α]D
28 = 21.5 (c 0.021 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 22.2 min (minor) and 24.5 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.67 (d, J = 3.7 Hz, 1H, NH-C=O), 7.62 (d, J = 4.9 Hz, 1H, Ar-H), 
7.56 (t, J = 12.9 Hz, 3H, Ar-H), 7.46 (t, J = 8.0 Hz, 3H, Ar-H), 7.34 (dt, J = 13.9, 

6.4 Hz, 5H, Ar-H), 5.61 (s, 1H, C-NH-N), 4.80 (dd, J = 7.7, 5.1 Hz, 1H, N-CH-Ph), 3.38 (ddd, J = 20.8, 
15.9, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 191.14, 167.07, 144.09, 140.56, 134.25, 
132.74, 132.46, 131.76, 128.83, 128.60, 128.21, 128.15, 127.64, 126.84, 63.75, 61.34, 45.28ppm; 
HRMS (ESI-TOF) calcd for C20H18SN2O2 ([M+Na+]) = 373.0987, Found: 373.0981. 
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10) Product 3j: 

solid; 68% yield, 90% ee. [α]D
29 = 20.2 (c 0.030 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 
λ = 220 nm, retention time: 11.3 min (minor) and 14.0 min (major); 1H NMR 
(600 MHz, CDCl3) δ 8.43 (s, 1H, NH-C=O), 8.02 (d, J = 8.6 Hz, 1H, Ar-H), 
7.95 – 7.84 (m, 3H, Ar-H), 7.63 – 7.50 (m, 6H, Ar-H), 7.39 (dtt, J = 18.4, 

14.8, 7.4 Hz, 8H, Ar-H), 5.76 (s, 1H C-NH-N), 4.93 – 4.80 (m, 1H, N-CH-Ph), 3.60 (ddd, J = 21.4, 
16.6, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 199.10, 197.98, 140.92, 138.89, 133.53, 
131.70, 130.07, 129.95, 129.63, 129.30, 128.84, 128.51, 128.07, 128.01, 127.73, 127.46, 126.81, 64.99, 
61.10, 44.50ppm; HRMS (ESI-TOF) calcd for C26H22N2O2 ([M+Na+]) = 417.1579, Found: 417.1568. 
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11) Product 3k: 

solid; 65% yield, 87% ee. [α]D
28 = 17.9 (c 0.017 in CH2Cl2). HPLC DAICEL 

CHIRALCEL IA, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254nm, retention time: 30.8 min (minor) and 37.3 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.44 (dddd, J = 58.6, 26.1, 14.0, 1.9 Hz, 14H, Ar-H and 
NH-C=O), 6.05 (dd, J = 26.7, 1.7 Hz, 2H, -O-CH2-O-), 5.71 (s, 1H, C-NH-N), 

4.79 (s, 1H, N-CH-Ph), 3.60 – 3.14 (m, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 196.28, 
166.94, 151.98, 148.22, 140.86, 132.84, 131.70, 128.80, 128.58, 128.04, 127.69, 126.83, 124.65, 
107.98, 107.87, 101.88, 61.08, 44.17ppm; HRMS (ESI-TOF) calcd for C23H20N2O4 ([M+Na+]) = 
411.1321, Found: 411.1319. 
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12) Product 3l: 

solid; 87% yield, 86% ee. [α]D
21 = 32.5 (c 0.043 in CH2Cl2). HPLC DAICEL 

CHIRALCEL IB, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 13.1 min (major) and 17.0 min (minor); 1H NMR (400 
MHz, CDCl3) δ 7.60 (d, J = 7.2 Hz, 3H, Ar-H and NH-C=O), 7.51 – 7.43 (m, 
5H, Ar-H), 7.41 – 7.29 (m, 8H, Ar-H), 6.71 (d, J = 16.1 Hz, 1H, =CH-Ar), 

5.60 (s, 1H, C-NH-N), 4.75 (dd, J = 7.8, 5.3 Hz, 1H, N-CH-Ph), 3.73 (s, 1H, CO-CH=), 3.16 (ddd, J = 
21.3, 16.1, 6.6 Hz, 2H, -CH2C=O) ppm. 13C NMR (101 MHz, CDCl3) 198.23, 167.05, 143.57, 140.67, 
134.27, 132.78, 131.76, 130.67, 128.94, 128.81, 128.62, 128.42, 128.10, 127.69, 126.86, 125.99, 63.77, 
61.03, 46.62.ppm; HRMS (ESI-TOF) calcd for C24H22N2O2 ([M+Na+]) = 393.1579, Found: 393.1587. 
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13) Product 3m: 

solid; 67% yield, 91% ee. [α]D
18 = 33.1 (c 0.027 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 18.4 min (minor) and 21.5 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.92 (d, J = 7.6 Hz, 2H, Ar-H and NH-C=O), 7.61 – 7.31 
(m, 11H, Ar-H), 7.04 (t, J = 8.6 Hz, 2H, Ar-H), 4.84 – 4.80 (m, 1H, N-CH-Ph), 

3.43 (ddd, J = 22.1, 16.8, 6.5 Hz, 2H-CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 197.97, 167.19, 
163.22, 161.59, 136.63, 136.59, 133.40, 132.70, 131.82, 129.42, 129.36, 128.67, 128.63, 128.18, 
126.82, 115.70, 115.56, 60.22, 44.34 ppm; HRMS (ESI-TOF) calcd for C22H19FN2O2 ([M+Na+]) = 
385.1328, Found: 385.1331. 
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14) Product 3n: 

solid; 69% yield, 84% ee. [α]D
29 = 41.5 (c 0.051 in CH2Cl2). HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 19.7min (minor) and 24.2 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.92 (d, J = 7.9 Hz, 2H, Ar-H and NH-C=O), 7.57 (dd, J 
= 15.9, 7.6 Hz, 3H, Ar-H), 7.50 – 7.33 (m, 10H, Ar-H), 5.62 (s, 1H, C-NH-N), 

4.90 – 4.74 (m, 1H, N-CH-Ph), 3.42 (ddd, J = 22.2, 16.8, 6.5 Hz, 2H-CH2C=O) ppm. 13C NMR (151 
MHz, CDCl3) 197.75, 167.21, 139.43, 136.58, 133.74, 133.44, 132.65, 131.87, 129.15, 128.95, 128.69, 
128.66, 128.18, 126.82, 60.27, 44.23 ppm. HRMS (ESI-TOF) calcd for C22H19ClN2O2 ([M+Na+]) = 
401.1033, Found: 401.1023. 
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15) Product 3o: 

solid; 72% yield, 86% ee. [α]D
28 = 36.7 (c 0.044 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 21.0 min (minor) and 26.0 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.91 (d, J = 7.9 Hz, 2H, Ar-H and NH-C=O), 7.61 – 7.34 
(m, 13H, Ar-H), 5.63 (s, 1H, C-NH-N), 4.84 – 4.75 (m, 1H, N-CH-Ph), 3.42 

(ddd, J = 22.3, 16.9, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 197.76, 167.26, 139.93, 
136.54, 133.46, 132.61, 131.89, 129.52, 128.69, 128.65, 128.18, 126.85, 121.89, 60.31, 44.14 ppm. 
HRMS (ESI-TOF) calcd for C22H19BrN2O2 ([M+Na+]) = 445.0528, Found: 445.0509. 
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16) Product 3p: 

solid; 62% yield, 91% ee. [α]D
28 = 31.7 (c 0.019 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 
λ = 254 nm, retention time: 17.4 min (minor) and 22.4 min (major); 1H 
NMR (600 MHz, CDCl3) δ 7.93 (d, J = 7.6 Hz, 2H, Ar-H and NH-C=O), 
7.63 – 7.32 (m, 12H, Ar-H), 7.17 (d, J = 7.5 Hz, 2H, Ar-H), 4.82 – 4.73 (m, 

1H, N-CH-Ph), 3.44 (ddd, J = 21.5, 16.8, 6.4 Hz, 2H, -CH2C=O), 2.34 (s, 3H,-CH3) ppm. 13C NMR 
(151 MHz, CDCl3) 198.35, 166.95, 137.74, 136.71, 133.30, 132.85, 131.69, 129.47, 128.63, 128.57, 
128.23, 127.61, 126.85, 60.67, 44.37, 29.70 ppm; HRMS (ESI-TOF) calcd for C23H22N2O2 ([M+Na+]) 
= 381.1579, Found: 381.1575. 
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17) Product 3q: 

solid; 71% yield, 91% ee. [α]D
28 = 30.4 (c 0.028 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 16.0 min (minor) and 17.6 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.93 (d, J = 7.9 Hz, 2H, Ar-H and NH-C=O), 7.65 – 7.33 
(m, 9H, Ar-H), 7.30 – 7.20 (m, 4H, Ar-H), 7.11 (d, J = 6.3 Hz, 1H, C-NH-N), 

4.78 (dd, J = 8.0, 4.9 Hz, 1H, N-CH-Ph), 3.45 (ddd, J = 21.7, 16.8, 6.5 Hz, 2H, -CH2C=O), 2.35 (s, 
3H,-CH3) ppm. 13C NMR (151 MHz, CDCl3) 198.35, 166.96, 140.69, 138.47, 136.70, 133.31, 132.85, 
131.69, 128.82, 128.68, 128.63, 128.57, 128.42, 128.23, 126.86, 124.71, 60.92, 44.36, 29.71ppm; 
HRMS (ESI-TOF) calcd for C23H22N2O2 ([M+Na+]) = 381.1579, Found: 381.1578. 
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18) Product 3r: 

solid; 67% yield, 94% ee. [α]D
22 = 38.6 (c 0.030 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 16.1 min (minor) and 17.8 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.94 (d, J = 7.7 Hz, 2H, Ar-H and NH-C=O), 7.60 – 7.26 (m, 
12H, Ar-H), 7.12 (d, J = 5.8 Hz, 1H, Ar-H), 5.70 (d, J = 3.3 Hz, 1H, C-NH-N), 

4.84 – 4.73 (m, 1H, N-CH-Ph), 3.45 (ddd, J = 21.6, 16.8, 6.5 Hz, 2H, -CH2C=O), 2.36 (s, 3H, -CH3) 
ppm. 13C NMR (151 MHz, CDCl3) 198.33, 166.89, 140.77, 138.49, 136.72, 133.31, 132.90, 131.69, 
128.82, 128.69, 128.64, 128.59, 128.39, 128.24, 126.83, 124.70, 60.93, 44.46, 21.46 ppm; HRMS 
(ESI-TOF) calcd for C23H22N2O2 ([M+Na+]) = 381.1579, Found: 381.1585. 

∗
ONH

HN

O Ph

3q

Me

∗
ONH

HN

O Ph

3rMe

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 13

15
.7

93

17
.4

25

AU

0.00

0.20

0.40

? ?
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00

 

16
.0

96

17
.8

47

AU

0.00

0.10

0.20

? ?
10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00

 

19) Product 3s: 

solid; 64% yield, 97% ee. [α]D
22 = 33.5 (c 0.018 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, 
λ = 254 nm, retention time: 27.1 min (minor) and 34.5 min (major); 1H 
NMR (600 MHz, CDCl3) δ 7.92 (d, J = 7.8 Hz, 2H, Ar-H and NH-C=O), 
7.74 (ddd, J = 15.5, 10.5, 8.9 Hz, 1H, Ar-H), 7.62 – 7.33 (m, 11H, Ar-H), 

6.88 (d, J = 8.5 Hz, 2H, Ar-H and C-NH-N), 4.77 (dd, J = 7.8, 5.2 Hz, 1H, N-CH-Ph), 3.79 (s, 3H, 
-OCH3), 3.44 (ddd, J = 21.9, 16.8, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 198.47, 
167.08, 159.31, 136.68, 133.33, 132.76, 132.65, 131.73, 128.89, 128.63, 128.58, 128.22, 126.87, 
114.12, 63.76, 60.32, 55.27, 44.27 ppm; HRMS (ESI-TOF) calcd for C23H22N2O3 ([M+Na+]) = 
397.1528, Found: 397.1533. 
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20) Product 3t: 

solid; 51% yield, 94% ee. [α]D
28 = 48.3 (c 0.041 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ 
= 254 nm, retention time: 25.1 min (minor) and 32.1 min (major); 1H NMR 
(600 MHz, CDCl3) δ 7.96 (d, J = 7.6 Hz, 2H, Ar-H and NH-C=O), 7.62 – 7.34 
(m, 18H, Ar-H), 5.73 (s, 1H, C-NH-N), 4.87 (dd, J = 7.8, 5.1 Hz, 1H, 

N-CH-Ph), 3.50 (ddd, J = 21.9, 16.8, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 198.20, 
167.07, 140.90, 140.65, 139.87, 136.68, 133.37, 132.81, 131.76, 128.81, 128.67, 128.62, 128.24, 
128.16, 127.50, 127.40, 127.07, 126.85, 60.65, 44.36 ppm; HRMS (ESI-TOF) calcd for C28H24N2O2 
([M+Na+]) = 443.1735, Found: 443.1740. 
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21) Product 3u: 

solid; 42% yield, 88% ee. [α]D
22 = 37.7 (c 0.016 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 21.2 min (minor) and 25.0 min (major); 1H NMR (600 
MHz, CDCl3) δ 8.03 – 7.77 (m, 4H, Ar-H and NH-C=O), 7.63 – 7.21 (m, 12H, 
Ar-H), 5.64 (s, 1H, C-NH-N)), 4.95 (dd, J = 7.7, 5.2 Hz, 1H, N-CH-Ph), 3.70 (s, 

1H, N-CH-Ph), 3.47 (ddd, J = 21.9, 16.8, 6.5 Hz, 2H, -CH2C=O)ppm. 13C NMR (151 MHz, CDCl3) 
198.41, 167.19, 141.60, 136.63, 133.39, 132.68, 131.81, 128.66, 128.62, 128.22, 126.88, 126.65, 
126.39, 122.83, 63.76, 56.54, 43.78 ppm; HRMS (ESI-TOF) calcd for C20H18SN2O2 ([M+Na+]) = 
373.0987, Found: 373.0981. 
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22) Product 3v: 

solid; 75% yield, 97% ee. [α]D
22 = 46.4 (c 0.029 in CH2Cl2) HPLC DAICEL 

CHIRALCEL IC, 2-propanol/n-hexane = 30/70, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 19.6 min (major) and 30.5 min (minor); 1H NMR (400 
MHz, CDCl3) δ 8.38 (d, J = 7.7 Hz, 1H, NH-C=O), 7.85 (ddd, J = 43.7, 17.1, 
7.5 Hz, 5H, Ar-H), 7.66 – 7.26 (m, 13H, Ar-H), 5.72 (dd, J = 8.4, 3.2 Hz, 1H, 

C-NH-N), 3.78 – 3.44 (m, 3H, N-CH-Ph and -CH2C=O ) ppm. 13C NMR (101 MHz, CDCl3) 198.50, 
167.13, 136.66, 136.49, 134.12, 133.38, 132.77, 131.65, 131.40, 128.98, 128.64, 128.52, 128.48, 
128.28, 126.84, 126.55, 125.84, 125.49, 123.39, 63.76, 43.85ppm; HRMS (ESI-TOF) calcd for 
C26H22N2O2 ([M+Na+]) = 417.1579, Found: 417.1563. 
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23) Product 3w: 

solid; 64% yield, 91% ee. [α]D
22 = 56.5 (c 0.042 in CH2Cl2) HPLC DAICEL 

CHIRALCEL IB, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 12.7 min (major) and 14.4 min (minor); 1H NMR 
(400 MHz, CDCl3) δ 7.98 – 7.77 (m, 6H, Ar-H and NH-C=O), 7.63 (d, J = 
8.6 Hz, 2H, Ar-H), 7.59 – 7.36 (m, 8H, Ar-H), 7.29 (t, J = 7.6 Hz, 2H, 
Ar-H), 5.81 (d, J = 6.5 Hz, 1H, C-NH-N), 4.99 (dd, J = 7.6, 5.3 Hz, 1H, 

N-CH-Ph), 3.53 (qd, J = 16.9, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (101 MHz, CDCl3) 198.13, 
167.13, 138.30, 136.67, 133.38, 133.18, 132.75, 131.72, 128.66, 128.24, 128.00, 127.72, 126.91, 
126.27, 126.09, 125.42, 61.02, 44.36 ppm; HRMS (ESI-TOF) calcd for C26H22N2O2 ([M+Na+]) = 
417.1579, Found: 417.1570. 
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24) Product 3x: 

solid; 61% yield, 91% ee. [α]D
28 = 19.3 (c 0.013 in CH2Cl2) HPLC DAICEL 

CHIRALCEL IA, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 27.5 min (minor) and 32.4 min (major); 1H NMR (600 
MHz, CDCl3) δ 7.93 (d, J = 7.7 Hz, 2H, Ar-H and NH-C=O), 7.64 – 7.34 (m, 
9H), 7.00 (s, 1H, Ar-H), 6.90 (d, J = 7.9 Hz, 1H, Ar-H), 6.77 (d, J = 7.9 Hz, 

1H, Ar-H), 5.63 (s, 1H, C-NH-N), 4.73 (dd, J = 7.5, 5.4 Hz, 1H, N-CH-Ph), 3.71 (dd, J = 13.3, 6.2 Hz, 
2H, -O-CH2-O-), 3.41 (ddd, J = 21.9, 16.7, 6.5 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 
198.18, 167.06, 147.97, 147.27, 133.36, 131.76, 128.65, 128.60, 128.21, 126.86, 121.31, 108.38, 
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107.76, 101.10, 63.75, 60.66, 44.48 ppm; HRMS (ESI-TOF) calcd for C23H20N2O4 ([M+Na+]) = 
411.1321, Found: 411.1331. 
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25) Product 3y: 

solid; 60% yield, 85% ee. [α]D
22 = 24.6 (c 0.025 in CH2Cl2) HPLC DAICEL 

CHIRALCEL IC, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 254 
nm, retention time: 18.8 min (minor) and 23.0 min (major); 1H NMR (600 MHz, 
CDCl3) δ 7.92 (d, J = 7.6 Hz, 2H, Ar-H and NH-C=O), 7.76 - 7.48 (m, 11H, 
Ar-H), 7.25 (d, J = 10.9 Hz, 1H, Ar-H), 5.74 (s, 1H, C-NH-N), 5.25 (s, 1H, 
N-CH-Ph), 3.41 (d, J = 6.4 Hz, 2H, -CH2C=O) ppm. 13C NMR (151 MHz, CDCl3) 

197.77, 167.20, 136.99, 136.39, 134.54, 133.94, 133.55, 132.63, 131.81, 129.65, 129.40, 128.70, 
128.60, 128.26, 127.58, 126.94, 56.89, 42.78 ppm; HRMS (ESI-TOF) calcd for C22H18Cl2N2O2 
([M+Na+]) = 435.0643, Found: 435.0635. 
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26) Product 3z: 

solid; 56% yield, 81% ee. [α]D
22 = 19.5 (c 0.010 in CH2Cl2) HPLC DAICEL 

CHIRALCEL AD-H, 2-propanol/n-hexane = 20/80, flow rate = 1.0 mL/min, λ = 
254 nm, retention time: 21.0 min (minor) and 26.0 min (major); 1H NMR (400 
MHz, CDCl3) δ 8.03 (d, J = 7.9 Hz, 2H, Ar-H and NH-C=O), 7.92 – 7.28 (m, 
11H, Ar-H and C-NH-N), 4.74 – 4.64 (m, 1H, N-CH-Ph), 3.36 (dd, J = 14.7, 9.2 

Hz, 2H, -CH2C=O), 2.47 – 2.27 (m, 3H,-CH3) ppm. 13C NMR (101 MHz, CDCl3) 198.13, 169.29, 
144.90, 128.95, 128.47, 127.67, 126.27, 122.12, 60.66, 44.41 ppm; HRMS (ESI-TOF) calcd for 
C17H18N2O2 ([M+Na+]) = 305.1266, Found: 305.1276. 
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(G) Copies of NMR and MS spectra for products  

1) Product 3a: 

20-Mar-2010
10:32:37

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100320_JQA_01 1 (0.017) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:58) TOF MS ES+ 

1.33e4367.1421

345.1611

225.1040

209.0978
137.0731

105.0364 138.0746 195.1420

226.1080

327.1514303.2083227.1137
247.0919

368.1461

384.1181

549.3795385.1198

448.3056386.1148 505.3500

565.3754

569.2521
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2) Product 3b: 

28-Sep-2010
14:29:51

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_34 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:36) TOF MS ES+ 

1.27e4385.1332

225.1024

137.0722

123.0251 138.0744
225.0052159.0544

363.1521

226.1061

227.0926
316.3211288.2927247.0874 345.1425

401.1069

402.1100

403.1090
563.1956

463.1622429.1563 503.1112 546.4048 564.1923
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3) Product 3c: 
18-Nov-201020:07:22

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_45 9 (0.154) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:35) TOF MS ES+ 

3.48e3401.1032

379.1220

361.1219328.1854318.2863314.1564 346.3224 373.0861

381.1197

385.1275

403.1021

417.0782

404.1029

405.0996

419.0739

420.0702
445.1237435.1476 485.2990453.1988 478.4592 495.1100

 
 
 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 22

 

 

4) Product 3d: 

18-Nov-201019:57:55

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_40 9 (0.154) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:35) TOF MS ES+ 

4.73e3401.1039

379.1217

361.1107

318.3007313.5941 328.1839 346.2975351.2297

363.1089

364.1182

381.1206

382.1235

383.1059

417.0771

403.1013

404.1052

405.1011

419.0755

420.0790

445.1324421.0854
439.1473 497.1613461.0994 485.3010481.1568

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 23

 

 
 

 

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011



 24

5) Product 3e: 
15-Nov-201018:14:46

m/z
390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465 470 475 480 485 490 495

%

0

100
101115_JQ_36 15 (0.257) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:36) TOF MS ES+ 

492447.0513
445.0535

425.0716423.0705

407.0567
405.0626

397.1228

408.0636

409.0856 421.6638

426.0755

443.0337427.0584

448.0574

463.0255

461.0221

449.0546

450.0117

464.0339

465.0334
474.2255
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6) Product 3f: 
18-Nov-201018:20:57

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_38 3 (0.051) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:36) TOF MS ES+ 

2.62e3397.1522

375.1707

357.1488351.2343
328.2116318.3132309.2265 373.2131

376.1747

381.1824
382.1836

413.1260

398.1559

399.1536

400.1611

414.1299

415.1256

441.1782416.1252 460.2592 485.2658467.3862 491.1884
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7) Product 3g: 

28-Sep-2010
14:26:25

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_35 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:36) TOF MS ES+ 

1.75e3225.1039

223.1111

119.0505 137.0760
207.0963158.0547

381.1591
359.1771

226.1066

288.2902

227.1039
247.0833

316.3216

289.2870
341.1628

397.1346

398.1315

557.2333399.1367
546.3859400.1415 425.1979 453.1920 502.3770 558.2463 584.2949
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8) Product 3h: 

15-Nov-201018:11:10

m/z
350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425

%

0

100
101115_JQ_37 32 (0.547) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (2:58) TOF MS ES+ 

1.74e3381.1577

359.1752

357.2902355.1734

360.1811

361.1839
379.1214370.1488 373.2676

382.1611

397.1329

383.1659

384.1718
392.8324

398.1322

399.1304

417.3059409.2030401.8245 413.2751 425.2201
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9) Product 3i: 
18-Nov-201020:02:30

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_47 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:36) TOF MS ES+ 

1.93e3373.0981

351.1168

333.1015328.1946318.3098 350.8128

352.1180

353.1199

370.0860

389.0714374.1029

375.0994

376.1061

390.0720

391.0760

417.1213392.0760
401.1500 485.3266433.0674 441.3109 459.3623 496.4422
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10) Product 3j: 
18-Nov-201020:13:22

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_32 29 (0.496) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:35) TOF MS ES+ 

1.83e3417.1568

395.1761

379.1205

318.2905314.1762
373.0844362.3309328.1924 351.2231 381.1154

401.1047

403.0990

414.1422

418.1601
433.1317

419.1573

420.1741

434.1331

435.1353
485.2834

436.1205 461.1779 480.2281 487.2797
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11) Product 3k: 
18-Nov-201018:10:27

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_33 24 (0.410) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (5:36) TOF MS ES+ 

1.39e3411.1319

389.1497

371.1404

328.1927
305.1999 318.2744

369.1083
345.1747

372.1449

374.2623

395.1561

396.1635

397.1619

427.1067412.1339

413.1479

413.3773

428.1082

429.1060
485.2971431.2086

455.1863 480.2911474.2589 487.3118
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12) Product 3l: 
18-Nov-201019:51:05

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_43 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:36) TOF MS ES+ 

4.44e3393.1587

371.1768

353.1689
333.1507328.2116318.3137

372.1821

377.1823

394.1616

409.1325

395.1670
410.1390

425.1864
412.1329 489.2317485.2980426.1871 437.1768

453.1793 469.2199 491.2404
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13) Product 3m: 

28-Sep-2010
14:07:54

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_5 34 (0.582) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:36) TOF MS ES+ 

2.55e3385.1331

243.0942

137.0702
105.0334

122.0429

227.0870

149.0485 213.0960

363.1519

244.0961

316.3250288.2910245.1016 345.1393

401.1072

402.1104

403.1073
563.1996

404.1162 453.1441 539.1103474.1960 511.2209 564.2195
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14) Product 3n: 
18-Nov-201020:16:08

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_25 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:35) TOF MS ES+ 

811401.1023

379.1220361.1116

341.1401318.3057 351.2194

363.1065

364.1166

381.1215

382.0849

403.1013

417.0715

404.1040

405.1012

419.0732

420.0835
445.1122433.1153 485.3022473.2746452.1340 495.1852
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15) Product 3o: 

28-Sep-2010
14:11:10

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_6 11 (0.188) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:35) TOF MS ES+ 

1.78e3447.0517

445.0509

303.0140

137.0702

105.0350

122.0630

288.2934

243.0983
183.9607138.0716

210.9584

287.0059

244.2725

425.0682

316.3231

385.1324

317.3305 363.1432 405.0596

463.0232

464.0285

465.0017
546.3914493.0239

591.4855
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16) Product 3p: 
15-Nov-201018:06:59

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
101115_JQ_21 4 (0.068) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:59) TOF MS ES+ 

5.87e3381.1575

239.1176

223.1128
105.0351

137.0719 215.0376161.0715

359.1765

240.1209

341.1458

327.1725241.1194
261.1007 301.0406

382.1618

397.1321

398.1341
557.2314399.1359

474.2097460.2622 490.2205
556.1509 558.2282597.2882
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17) Product 3q: 

28-Sep-2010
14:37:45

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_20 9 (0.154) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:36) TOF MS ES+ 

3.31e3239.1181

223.1107105.0339

118.0645 137.0714
205.1006159.0598

381.1578

359.1768

341.1655

240.1218

288.2935
241.1247

261.1005
316.3248

302.2920

397.1309

398.1330

557.2364399.1336

477.2240400.1259
437.1774

548.2252499.2152
557.7369
558.2319597.2947
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18) Product 3r: 

18-Nov-201018:24:27

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_19 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:36) TOF MS ES+ 

4.25e3381.1585

359.1747

341.1679

328.1966318.2994
342.1694

360.1783

365.1813
366.1821

397.1319
382.1612

383.1601

384.1707

398.1325

399.1327

425.1804400.1157 444.2666 485.2958477.2352453.1673 499.2065
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19) Product 3s: 
18-Nov-201018:13:54

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_27 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:36) TOF MS ES+ 

5.70e3397.1533

375.1712

357.1604328.2035318.2958311.2699 351.2279 373.1783

376.1725

382.1797

413.1271

398.1548

399.1606

400.1636

414.1308

441.1767415.1272

416.1334 426.2044 457.1554442.1809
485.2896461.2360 496.4151
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20) Product 3t: 

15-Nov-201017:57:01

m/z
350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550

%

0

100
101115_JQ_28 7 (0.120) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:59) TOF MS ES+ 

1.06e3443.1740

421.1919

349.1417
403.1950363.1012

390.3616374.3622 415.2140

422.1909
437.1893

430.1013

444.1756

459.1477

445.1712

445.4344

460.1562

474.2265 490.2149
541.0990496.2105 519.1462 536.1517
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21) Product 3u: 
18-Nov-201020:02:30

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_47 5 (0.086) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:36) TOF MS ES+ 

1.93e3373.0981

351.1168

333.1015328.1946318.3098 350.8128

352.1180

353.1199

370.0860

389.0714374.1029

375.0994

376.1061

390.0720

391.0760

417.1213392.0760
401.1500 485.3266433.0674 441.3109 459.3623 496.4422
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22) Product 3v: 

18-Nov-201019:55:05

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_22 10 (0.171) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (3:35) TOF MS ES+ 

601417.1563

395.1755

377.1609

373.2085
351.2177318.2869305.1928 333.1328

378.1495

379.1783

396.1761

397.1868

433.1316418.1626

419.1762

420.1694

434.1337

435.1335

485.3100436.1406 480.2678
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23) Product 3w: 

18-Nov-201018:28:24

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_23 4 (0.068) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:36) TOF MS ES+ 

4.85e3417.1570

395.1754

377.1652

328.1985315.1776305.1826
373.2103359.1711351.2249

378.1737

396.1791

401.1804

402.1919

433.1312

418.1602

419.1645

420.1685

434.1335

435.1336
485.2971461.1824436.1333

445.2054
480.2654

487.2990
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24) Product 3x: 

18-Nov-201020:00:07

m/z
300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500

%

0

100
101118_JQ_30 6 (0.103) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (4:35) TOF MS ES+ 

1.34e3411.1331

389.1500

371.1444

362.3368351.2163328.1912305.2311

372.1383
390.1537

395.1661

427.1057412.1341

413.1443

414.1417

428.1152

429.1046
485.3096451.2695430.1225 455.1376 474.2632 491.2107
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25) Product 3y: 

28-Sep-2010
14:33:25

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600

%

0

100
100928_JQ_17 6 (0.103) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:36) TOF MS ES+ 

5.40e3435.0635

293.0256

137.0703

105.0338

118.0645

239.1189

171.9732 225.1032
200.9691

288.2943
240.1207

295.0238
413.0826

395.0717

297.0211 385.1305

363.1524317.3217

437.0631

451.0387

453.0366

553.1160515.1304454.0370

456.0412 512.5081
517.1311

569.0905 596.6014
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26) Product 3z: 

28-Sep-2010
14:43:12

m/z
270 272 274 276 278 280 282 284 286 288 290 292 294 296 298 300 302 304 306 308 310 312 314 316 318 320

%

0

100
100928_JQ_3 14 (0.239) AM (Cen,4, 80.00, Ar,10000.0,0.00,0.70); Sm (SG, 2x3.00); Cm (1:35) TOF MS ES+ 

616283.1445

275.2072

270.1041
274.2712

276.2154

277.6067

305.1276

284.1490
288.2905

287.1126

302.1161
289.2913

293.1068295.5957 299.0636

316.3163

306.1287

307.1263
313.1367

317.3339

318.3024
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(H) The information of single crystal X-ray diffraction analysis. 

CCDC 801220 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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