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Abstract- A concise route to (S)-phenylalanine has been 
established starting from (R)-epichlorohydrin. 

(S)-Phenylalanine' (9) is an important amino acid not only as an essential component in human 

nutrition but also as a synthetic intermediate of a variety of biologically active compounds. We 

repon herewith a concise synthesis of (S)-phenylalanine (9) starting from (R)-epichlorohydrin (1) 

which is available in a large quantity by fermentation2 as well as by chemical conversion from D- 
mannitol.3 

Reaction of 1 with phenyllithium in the presence of copper (I) cyanide afforded the chlorohydrin 

2, in 93% yield, which on exposure to powdered sodium hydroxide in ether gave (R)-3-phenyl- 
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1,2-epoxypropane4 (3) in 89% yield. Upon treatment with lithium acetylide ethylenediamine 

complex in dimethyl sulfoxide at room temperature followed by potassium ten-butoxide in the 

same reaction flask at the same temperature, 3 furnished the internal acetylene 5 directly in 80% 

yield via the spontaneous acetylene migrations of the initially formed terminal acetylene 4. 

Employing the Mitsunobu reactions 5 was transformed into the phthalimide 6 in 91% yield with 

inversion of the chirality. After partial hydrogenation of 6 on Lindlar catalyst the resulting cis- 

olefin 7 was oxidized with ruthenium oxide7 to give (S)-N-phthaloylphenylalanine (8) in 72% 
overall yield. Since conversion of 8 into (S)-phenylalanine 9 as well as reversion of the latter 

into the former has already been established8 in good yield, respectively, the present synthesis 

implies a formal synthesis of (S)-phenylalanine (9). The present method may be generally 
applicable to the synthesis of other cl-amino acids possessing (S)-configuration. 
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EXPERIMENTAL 

Optical rotations were measured with a JASCO-DIP4 automatic polarimeter. Mass spectra were 

recorded with a JEOL-OlSG-2 instrument, ir spectra with a JASCO A102 spectrophotometer, 

and 'H nmr spectra on JEOL-JNM-FX9OA (90 MHz) andlor JEOL-JNM-GX500 (500 MHz) 

spectrometers. Reactions were carried out under argon except hydrogenation. 

(R)-l-Chloro-2-hydroxy-3-phenylpropane (2) - To a stirred solution of CuCN (5.32 

g. 59.4 mmol) in  THF (50 ml) was added phenyllithium (2.6 M in cyclohexane-ether) (45.73 ml, 

119 mmol) dropwise at -90 "C. After 30 min, (R)-epichlorohydrin (>98% ee) (1) (5.0 g, 54.1 

mmol) in THF (10 ml) was added dropwise to the mixture at -45 "C and the stirring was 

continued for 90 min at the same temperature. The mixture was treated with sat. aq. NH,CI and 

extracted with ether. The extract was washed with sat. aq. NaHC03 and brine, and dried over 

MgS04. After evaporation of the solvent, the residue was chromatographed on a silica gel 

column (250 g) using EtzO-hexane (1 :9 vlv) as eluent to give 2 (8.39 g, 93%): bp 94 "Cl18 
mmHg (Kugelrohr); [ a ] ~ ' ~  -3.72" (c  1.02, CHC13). Ir (film) v max: 3400 cm-l; 1H nmr (CD&) 6: 

2.20 ( lH ,  d, J=5.2 Hz, exchangeable with DzO), 2.90 (2H, d, J=6.6 Hz), 3.47-3.62 (2H, m), 3.90 
- 4.20 ( l  H, m), 7.29 (5H, m); Mass (mlz): 170 (M+), 91 (100%). Anal. Calcd for CsHl1CIO: C 

63.35, H 6.50, C1 20.78. Found: C 63.04, H 6.54, Cl 20.28. 

(R)-3-Phenyl-l,2-epoxypropane (3) - A suspension of powdered NaOH (120 mg. 3.0 

mmol) and 2 (171 mg, 1 .O mmol) in ether (3.0 ml) was stirred at room temperature for 2 h. The 

mixture was diluted with ether and washed with brine. After dried over MgS04, the organic layer 

was evaporated and the residue was chromatographed on a silica gel column (5 g) using Et20- 
hexane (1.4 vlv) as eluent to give 3 (1 19 mg, 89%): bp 94 -96 "Cl18 mmHg (Kugelrohr); [cl]$" 

+ l  .34' ( c  1.19, CHG13). Ir (film) v man: 1605, 1500 cm-1; 1H nmr (CDCI3) 6: 2.54 ( lH ,  dd, J=2.4, 

7.7 Hz), 2.70- 2.90 (3H, m). 3.07 - 3.25 ( lH ,  m), 7.25 (5H, m); Mass (miz): 134 (M+), 91 (100%). 

Calcd for C9Hlo0: 134.0731 (M) .  Found: 134.0726 (M+). 





REFERENCES 

1. J. H. Jones, 'Comprehensive Organic Chemistry," eds. D. H. R. Barton and W. D. Ollis, 

Pergamon, Oxford, 1979, Vol. 2, p. 81 5. 

2. Japanese patent: 59-254607 and 60-179096. 

3. J. J. Baldwin, A. W. Raab, K. Mensler, B. H. Arison, and D. E. McClure, J. Org. Chem., 1978, 
43, 4876. 

4. S. Takano, M. Yanase, Y. Sekiguchi, and K. Ogasawara, Tetrahedron Lett., 1987, 28, 1783. 
5. (a) S. Takano, Y. Sekiguchi, N. Sato, and K. Ogasawara, Synthesis, 1987, 139. (b) S. 

Takano, Y. Sekiguchi, and K. Ogasawara, J. Chem. Soc., Chem. Commun., 1987,555. (c) 

S. Takano, Y. Sekiguchi, Y. Shimazaki, M. Takahashi, and K. Ogasawara, Chemistry Lett., 

1987, 1905. (d) S. Takano and K. Ogasawara, J. Syn. Org. Chem. Jpn., 1987, 45, 1157. 

6. 0. Mitsunobu, Synthesis, 1981, l .  
7. P. H. J. Carlsen, T. Katsuki, V. S. Martin, and K. B. Sharpless, J. Org. Chem., 1981, 46, 

3936. 
8. (a) E. Hoffmann and H. Schiff-Shenhav, J. Org. Chem., 1962, 27, 4686. (b) J .  C. Sheehan, 

D. W. Chapman, and R. W. Roth, J. Am. Chem. Soc., 1952, 74. 3822. 

Received, 24th May, 1989  


