
 

Supporting information: 

A Simple and Readily Accessible Ferrocene-Based Bifunc-tional 

Amine-Thiourea as an Organocatalyst for Highly Enantioselective 

Nitro-Michael Addition 

Wei Yao, Xueyin Liu, Ru Jiang, Shengyong Zhang*, Weiping Chen* 

 

 

CONTENTS: 

I. Preparation of ferrocene-based bifunctional amine-thiourea(RC,SFc)-1 

II. General procedure for Michael addition 

III. NMR Spectra 

IV. HPLC Charts of Michael addition products 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Electronic Supplementary Material (ESI) for Catalysis Science .
This journal is © The Royal Society of Chemistry 2014



General information 
The 1H and 13C NMR spectra were recorded on a Bruker AV-400 spectrometer using TMS as an 

internal reference. Coupling constant (J) values were given in Hz. HRMS were recorded on 

ZAB-HS spectrometer with ES ionization (ESI). All commercially available reagents were used as 

received. Solvents and reagents were purified and dried by standard methods prior to use. Products 

were purified by flash column chromatography on silica gel purchased from Qingdao Haiyang 

Chemical Co., Ltd. All reactions involving air or moisture sensitive species were performed under 

inert atmosphere in oven-dried glassware. Enantiomeric excesses (ee) were determined by HPLC 

analysis using an Agilent 1100 Series instrumentwith Daicel Chiralpak AD-H column, as 

indicated. Optical rotation data were measured on a Jasco DIP-1000Digital Polarimeter at the 

indicated concentration with unit g/100mL. 

 

I. Preparation of ferrocene-based bifunctional amine-thiourea(RC,SFc)-1: 

      

NMe2

Fe
NMe2

Fe N3

NMe2

Fe NH2

NMe2

Fe N
H

H

N
H

S

CF3

CF3

1) t-BuLi, TBME,
0°C~rt, 1 h

2) p-toluenesulfonyl
azide, TBME,
-78°C~rt, 5 h

H2, 5% Pd-C

MeOH, rt, 4 h

3,5-(CF3)2C6H3NCS

CH2Cl2, rt, 4 h

(R)-2 (RC,SFc)-3

(RC,SFc)-4 1
93% 86%

82%

 

 
To a degassed solution of (R)-(+)-N,N-dimethyl-1-ferrocenylethylamine (R)-2 (Ugi’s  

amine, >99% ee, 6.0 g, 23.3 mmol) in TBME (15 mL) was added dropwise at 0°C a solution of 

t-BuLi in pentane (1.7M, 16.47 mL, 28.0 mmol). After stirring for 1 h at ambient temperature, the 

mixture was cooled to -78°C. A solution of p-tosylazide (5.52 g, 28.0 mmol, 1.2 equiv) in TBME 

(15 mL) was added dropwise. The mixture was stirred at –78°C for 5 h, warmed to 0°C, stirred for 

10 min, and then Na4P2O7.10H2O (11.60 g, 26 mmol, 1.1 equiv) in H2O (250 mL) was added. 

After stirring overnight at room temperature, the mixture was extracted with CH2Cl2 (3×50 mL). 

The combined organic solutions were dried over MgSO4 and the solvent was removed in vacuo. 

The crude product was purified by column chromatography to afford a red brown oil (RC,SFc)-3 

(5.7 g, 82%). 1H NMR (400 MHz, CDCl3): δ 4.44 – 4.37 (m, 1H), 4.24 (s, 5H), 4.09 – 4.01 (m, 

2H), 3.81 (q, J = 6.9 Hz, 1H), 2.13 (s, 6H), 1.49 (d, J = 6.9 Hz, 3H); 13C NMR (101 MHz, CDCl3): 

δ 97.95, 80.82, 69.72 , 65.14 , 63.35 , 59.41 , 55.42 , 40.55 , 15.21. 

(RC,SFc)-3 (2.76 g, 9.3 mmol) was dissolved in MeOH (60 mL). The solution was degassed by 

passing nitrogen for 5 min. Then 5% Pd/C (0.36 g) was added and the mixture was stirred for 4 h 

at a H2 pressure of 1bar. The mixture was filtered through Celite and the Celite washed with a 

small amount of CH2Cl2. The solvent was removed and resulting yellow oil was kept under 

nitrogen, to furnish  (RC,SFc)-4（2.39 g, 93%). 1H NMR (400 MHz, CDCl3): δ 4.27 – 4.10 (m, 



2H), 4.04 (s, 5H), 3.86 (d, J = 22.9 Hz, 2H), 2.24 (s, 6H), 1.43 (d, J = 6.4 Hz, 3H); 13C NMR (101 

MHz, CDCl3): δ 105.81, 70.00, 69.54, 62.70, 60.91, 58.23, 57.39, 39.85, 10.56. 

To a solution of (RC,SFc)-4 (1.36 g, 5 mmol) in DCM (30 mL) was added to a solution of 

3,5-Difluorophenyl isothiocyanate (2.66 g, 5.5 mmol) in DCM (30 mL) slowly. The mixture was 

stirred at room temperature for 4 h and then purified by column chromatography to afford 

(RC,SFc)-1 (2.34 g, 86%) as yellow crystals. mp: 196.1 – 198.0ºC; [α]25
D = −82.1 (c = 1 in CHCl3);

 

1H NMR (400 MHz, CDCl3): δ 7.99 (s, 2H), 7.59 (s, 1H), 4.38 (s, 1H), 4.23 (s, 5H), 4.19 (s, 1H), 

4.14 – 4.17 (m, 1H), 4.02 (d, J = 6.4 Hz, 1H), 2.21 (s, 6H), 1.40 (d, J = 6.8 Hz, 3H); 13C NMR(101 

MHz, CDCl3): δ 184.50, 141.97, 131.72 (q, J = 33 Hz), 123.19, 123.15 (d, J = 271 Hz), 117.94, 

92.09, 88.75, 70.31, 64.95, 64.20, 55.81, 39.18, 7.99; HRMS (ESI) Calcd for C23H23F6FeN3S+H 

(M+H)+:544.0944, Found: 544.0951. 

 

II. General procedure for Michael addition. 

The catalyst (RC,SFc)-1 (10.8 mg, 0.02 mmol) was added to a vial containing 2,4-pentanedione 

(0.04 g, 0.4 mmol) and nitroolefin (0.2 mmol) in 1 mL of dried toluene. After 60 hours of stirring 

at room temperature, TLC analysis indicated completion of the reaction. The reaction mixture was 

concentrated and purified by column chromatography to afford the Michael addition product. 

Spectral data match those previously reported.1-5 

 

 
III. 1H and13C NMR Spectra 
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   1388.

xy-phenyl)-2
Hz, CDCl3): δ
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n.a. 15.992 

al:   

O

O

)[4], white soli

4 Hz, 2H), 4

9 (s, 3H), 1.9
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255.6102 

mAU*min
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MB* 260.9
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0.00     

  

  

2,4-dione (7m
), 7.08 (d, J =

30 (s, 3H), 1.9

ngth = 210 nm

e; [α]25
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   2222.

 

    mAU

MB* 90.15

MB 897.9
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