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Abstract: Three chiral N-ferrocenylmethylaminoalcohols were synthesized from readily available 
natural L-valine, leucine and phenylanine, and used as chiral ligands in the enantioselective addition 
of diethylzinc to aldehydes. 
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Catalytic asymmetric carbon-carbon bond formation is one of the most active research 
areas in organic synthesis.  In this field, the application of chiral ligands in enantioselective 
addition of diethylzinc to aldehydes has attracted much attention.  Various ligands such as 
chiral amino alcohols1, amino thiols2, piperazines3, quaternary ammonium salts4, 1, 
2-diols5, oxazaborolidines6 and transition metal complex with chiral ligands7 have been 
reported.  In recent years, much effort has been made to study chiral ligands with 
ferrocenyl group because of the inherent nature of their planar chirality8.  In this letter, we 
wish to report the synthesis of three chiral ferrocenylmethyl aminoalcohols from readily 
available natural L-valine, leucine and phenylalanine, and their application to 
enantioselective addition of diethylzinc to aldehydes. 
 
Results and Discussion 
 
The synthetic route is shown in Scheme 1.  The methyl ester of amino acid 2a-c was 
synthesized by esterifying the corresponding amino acid 1a-c with methanol-thionyl 
chloride.  Treating 2a-c with excess of phenyl magnesium bromide gave the chiral amino 
alcohol 3a-c.  The N, O-acetal 4a-c was obtained by stirring 3a-c and equal molar amount 
of ferrocenecarboxaldehyde in methylene chloride at room temperature, the diastereo- 
meric mixture of 4a-c was reduced with NaBH4 in EtOH to obtain N-ferrocenyl- 
methylaminoalcohol 5a-c. 

The results of enantioselective addition of diethylzinc to aldehydes promoted by 
chiral ligands 5a-c are shown in Table 1.  
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Scheme 1  Synthesis of N-ferrocenylmethylaminoalcohols from Amino Acids 
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Table 1  Diethylzinc addition to aldehydes in toluene promoted by 5a-c 

R-CHO
R

OH
Et2Zn, toluene

10 mol% of Ligand, r.t., 48 h  
Entry Ligand R- Yield (%)a ee (%) Config. c 

1 5a C6H5- 92 68 b S  
2 5ad C6H5- 94 45 b S  
3 5b C6H5- 96 83 b S  
4 5c C6H5- 77 75 b S  
5 5b m-ClC6H4- 96 94 c S  
6 5b p-CH3OC6H4- 66 86 c S  
7 5b C6H5CH=CH- 97 89 c S  
8 5c m-ClC6H4- 95 92 c S  
9 5c p-CH3OC6H4- 87 81 c S  
10 5c C6H5CH=CH- 58 87 c S  

a Isolated yields; b Determined by HPLC analysis using a chiral OD column; c Based on the reported 
specific rotations in reference1; d Solvent: n-Hexane 

 
Experimental 
 
Melting points were measured in capillaries and uncorrected.  Optical rotations were 
measured at 589 nm ( Na D line ) on a WZZ-1 polarimeter.  1H NMR spectra were 
recorded at 400 MHz, chemical shifts (δ) were reported in parts per million (ppm) relative 
to tetramethylsilane (TMS); A Varian Inova-400 was used.  Infrared spectra were recorded 
on Niclet Avatar 360 FT-IR.  
 
 
 



Synthesis of Chiral N-Ferrocenylmethylaminoalcohols 1027

General procedure for synthesis of chiral N-ferrocenylmethylaminoalcohols 5a-c: 
 
A mixture of aminoalcohol 3a-c (7.4 mmol), ferrocenecarboxaldehyde (1.6 g, 7.4 mmol) 
and methylene chloride (40 mL) was stirred at room temperature for two days.  After 
methylene chloride was removed under reduced pressure, the residue was filtrated through 
a pad of silica gel eluting with a solvent of petroleum ether/ethyl acetate (V:V=8:1).  After 
the solvent was removed under reduced pressure, the residue was refluxed with ethyl ether 
and filtrated to obtain brown solid 4a-c.  The diastereomers of 4a-c (3 mmol), 95% ethyl 
alcohol (25 mL), THF (25 mL) and NaBH4 (18 mmol) was stirred overnight at room 
temperature.   The solvent was removed under reduced pressure, the residue was stirred in 
an ice-water bath and 100 mL saturated aqueous solution of ammonium chloride was 
added cautiously, then the mixture was extracted with methylene chloride (3×30 mL).  The 
combined extracts were washed with water, dried over magnesium sulfate, concentrated to 
dryness and recrystallized from methylene chloride / n-hexane to give yellow crystals of 
5a-c.  
5a: Yield 61%. m.p. 172~173°C, [α]22

D -37.8 (c 1.0, CHCl3). Anal. calcd for C28H31FeNO: 
(%) C 74.17, H 6.89, N 3.09; Found C 74.06, H 6.82, N 3.06. IR (KBr, cm-1): 3347, 3215 
(NH, OH). 1H NMR  (CDCl3/TMS, δ ppm): 0.70 (d, 3H, J=6.4Hz, CH3), 0.98 (d, 3H, J=6.4 
Hz, CH3), 1.33 (bs, 1H, NH), 1.99~2.06 (m, 1H, CH), 3.00 (d, 1H, J=12.8 Hz,  FcCHH), 
3.17 (d, 1H, J=12.8 Hz, FcCHH), 3.59 (s, 1H, CH), 3.99~4.08 (m, 9H, C5H4FeC5H5), 5.27 
(s, 1H, OH), 7.14~7.73 (m, 10H, 2×C6H5).  
5b: Yield 77%. m.p. 138~140°C, [α]22

D -28.2 (c 0.6, CHCl3). Anal. calcd for C29H33FeNO: 
(%) C 74.52, H 7.12, N 3.00; Found C 74.74, H 7.11, N 2.97. IR (KBr, cm-1): 3373, 3084 
(NH, OH). 1H NMR (CDCl3/TMS, δ  ppm): 0.83 (d, 3H, J=5.7 Hz, CH3), 0.85 (d, 3H, 
J=7.1 Hz, CH3), 1.12~1.58 (m, 4H, (CH3)2CHCH2, NH), 2.93 (d, 1H, J=12.7 Hz, FcCHH), 
3.12 (d, 1H, J=12.7 Hz, FcCHH), 3.68 (d, 1H, J=8.5 Hz, NCH), 3.94~4.05 (m, 9H, 
C5H4FeC5H5), 4.79 (s, 1H, OH), 7.16~7.70 (m, 10H, 2×C6H5).  
5c: Yield 67%. m.p. 195~196°C, [α]22

D -41.1 (c 0.4, CHCl3). Anal. calcd for C32H31FeNO: 
(%) C 76.65, H 6.23, N 2.79; Found C 76.43, H 6.13, N 2.74. IR (KBr, cm-1): 3425, 3319 
(NH, OH). 1H NMR  (CDCl3/TMS, δ ppm): 1.34 (bs, 1H, NH), 2.35~2.96 (m, 4H, 2×CH2), 
3.65 (s, 1H, NCH), 3.72~4.05 (m, 9H, C5H4FeC5H5), 5.00 (s, 1H, OH), 7.17~7.77 (m, 15H, 
3×C6H5). 
 
Typical procedure for the addition of diethylzinc to aldehydes promted by 5a-c: 
 
A solution of 0.2 mmol of chiral ligand in 20 mL of dry toluene was cooled to 0 oC and 
diethylzinc (0.5 mL, 4.8 mmol) was added under nitrogen atmosphere.  After 20 min, 2 
mmol of aldehyde was added while stirring.  The reaction mixture was gradually warmed 
to room temperature and stirred for 48 h.  The reaction was quenched by addition of 10 mL 
of 10% hydrochloric acid at 0 oC, then the layers were separated and the aqueous layer was 
extracted with diethyl ether.  The combined organic layers were washed with saturated 
NaHCO3 and NaCl solutions successively before drying over anhydrous Na2SO4.  After 
the solvent was removed under reduced pressure, the residue was purified by column 
chromatography (ethyl acetate: petroleum ether= 1:10) and distilled in vacuum to afford 
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the optically active secondary alcohol. 
 
 
Acknowledgment 
 
Project supported by the Key Laboratory of Organic Synthesis, Jiangsu Province. 
 
 
References 
 
1.  a) M. Kitamura, S. Okada, S. Suga, R. Noyori, J. Am. Chem. Soc., 1989, 111, 4028; b) K. Soai, S. 

Niwa, M. Watanabe, J. Org. Chem., 1998, 53, 927. 
2.  J. C. Anderson, M. Harding, Chem. Commun., 1998, 393. 
3.  M. Ishizaki, K. Fujita, M. Shimamoto, O. Hoshino, Tetrahedron: Asymmetry, 1994, 5, 411. 
4.  K. Soai, M. Watanabe, J. Chem. Soc., Chem., Commun., 1990, 43. 
5.  C. Rosini, L. Franzini, D. Pini, P. Salvadori, Tetrahedron: Asymmetry, 1990, 1, 587. 
6.  N. N. Joshi, M. Srebnik, H. C. Brown, Tetrahedron Lett., 1989, 30, 5551. 
7.  M. T. Reetz, R. Steinbach, B. Wenderoth, Synth. Commun., 1981, 11, 261. 
8.  (a)B. Malézieux, R. Andrés, M. Gruselle, M.-N. Rager, S. Thorimbert, Tetrahedron: Asymmetry, 

1999, 10, 3253. (b) W. P. Deng, X. L. Hou, L. X. Dai, Tetrahedron: Asymmetry ,1999, 10, 4689. 
(c) S. Bastin, F. Agbossou-Niedercorn, J. Brocard, L. Pélinski, Tetrahedron: Asymmetry, 2001, 
12, 2399. (d) S. Bastin, J. Brocard, L. Pélinski, Tetrahedron Lett. 2000, 41, 7303. (e) M. J. 
Vilaplana, P. Molina, A. Arques, C. Andres, R. Pedrosa, Tetrahedron: Asymmetry, 2002, 13, 5. (f) 
K. Okamoto, T. Kimachi, T.  Ibuka, Y. Takemoto, Tetrahedron: Asymmetry, 2001, 12, 463. 

9.  K. Soai, A. Ookawa, T. Kaba, K.Ogawa, J. Am. Chem. Soc., 1987, 109, 7111. 
 
Received 25 July, 2003 
 
 


