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Synthesis of Homochiral a-Amino Acids by Reductive 
Amination of a-Ketoacids via 3_Substituted- 5-Phenyl- 

3,44ehydromorpholin-2-ones: Synthesis of (S)- and 
(R)-2-Aminobutanoic Acid 

Geoffrey G. Cox and Laurence M. Harwaod* 

Ah&w& 2-Oxobutanoic acid has been converted to (R)- or (S)-Uminobutanoic acid via highly 
diasmreocontrolled hydrogenation of the corresponding homochii 3-ethyl-Sphenyl-3.4 
dehydmmwpholin-Lone derivatives. 

WC have made extensive use of 3-substituted S-phenylmorpholin-2-ones (1) as chitxl templates for the 

synthesis of substituted proliie derivatives, by relaying the chital infomation at C-3 through the sequence of 

axomethine ylid formation and trapping.1 The morpholin-&one templates are prepared by the method of 

Caplar,2 commencing with the requisite N-protected u-amino acid and proceeding via imines (2), 

diastereoselective hydrogenation of which furnishes the desired morpholin-2-one templates (Scheme 1). 
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Scheme 1 

An alternative construction of the morpholin-2-one template (1) might be envisaged to proceed via 

cyclocondensation of (R)- or (S)-phenylglycinol and a-ketoacid derivatives, with the key step being 

diastereoselective reduction of the imine system (3) which is regioisomeric with (2) above (Scheme 2). 
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Scheme 2 

Such a template has been considered previously, but it was reasoned that a single phenyl group at C-5, 

occupying a quasi-equatorial environment, would provide im&fi&mt diasmmofacial distiucdon.3 Moreover, 

these workers were able to demonstrate diaswc hydrogenation of the 5,6-,ryx-diphenyl template (4) 

derived from mcemic elrrhr~2~~l~phenzdiphenylethanol. judging the complete stemoco ntroltobca 

consequence of one of the phenyl groups occupying a qrrasi-axial position. (Scheme 3). 
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Altbougb stable to silica, the crude product was sufficiently pure to examine tbe dia&w~&eetivity of 

the hydrogenation stop. However, (‘7) was found to undergo hydrogenation slowly under the conditions 

previously employal successfully with substrates (4)3 and regioisomeric substrates (2) (10% Pd/C, Hz, 

EtOAc)tqEvenmacsignit”lcsntly,tbkIuctionemlvcdto~shrmixnaedthederircdproduct(8)eogcther 

with the C-3 epimerk material (9) (Scheme 5). Subsequently, a variety of reduction conditions was 

~~ti~tn~thediastereomricratio.ThtteprcsonFativesampltshowninscbemc5showsthatthe 

desired material (8) is formed in disappointing diastereomeric excess with those conditions that result in 

hydmgenation with the exception of Adams’ catalyst in CH$& which gave a satisfacmry diasmmomeric ratio 

of >15 : 1 (8) : (9). 
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Scheme 5 

Recrystallisation of the material derived by hydrogenation over Adams’ catalyst gave the desired 
(3S,5@-3&hyl-5-phenylmorpholin-2-one (8) in 100% de. and 53% yield from (7); ([a&,= -111.5 (c = 

1.14, CHC13) [(3&55)-(S), [a],,= +103.3 (c = 1.13, CHCl3)]). Subsequent hydrogenolysis of (8) to 

furnish 2-aminobutanoic acid (10) also proved to be more probletnatical than in our previous work, but was 

eventually achieved in 55-5996 yield using Pearlman’s catalyst under elevated hydrogen pressure lPd(OH)2, Hz 

(6 atm.), MeOH : Hz0 (10 : 1). CP3CQH (1 equiv.)] followed by trituration of the pmduct with ether and ion 
exchange chromatography of the ether insoluble matcrial((~10) [a]$ +7.82 (c = 1.10, H20); (R)-(lO), 

[a]DB -7.84 (C = 1.11, Ro)), lit.’ (RHlO) [a]Da -7.94 (C = 4, H20)). 

In conclusion, we have shown that homochiral syx-3-ethyl-5-phenylmorpholin-2-one (7) can be 

synthesised with equal facility in either enantiomeric series from phenylglycinol in 5 steps and 32.5% overall 

yield without the need for chromatographic purification. Subsequent stepwise hydrogenation and 

hydmgenolysis furnishes the homochiral2-aminobutanoic acid. We are currently investigating the scope and 

generality of this route for the synthesis of unnatural amino acids 
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AU novel compounds gave spectroscopic data in accordance with their assigned structmes. All except (7), 

gave satisfactory microanalytical data. Selected data: (5,!?)-(S) M.p.= 136-138’C, found C, 65.65, H, 

8.13, N, 5.80 Ct3HtgN03 requires C, 65.8, H, 8.02, N, 5.91; 8H (200 MHz, CDC13) 7.43-7.21 (tn. 5 

H). 5.43-5.18 (bs. 1 H), 4.93-4.71 (bs, 1 H), 3.w3.72 (bs, 2 H), 2.65-2.45 (bs. 1 H). 1.42 (s, 9 H); 

[a]~” +38.7 (C 1.06, CHc13). (5&o) M.p.=138-139-C, [t%]$3 -41.9 (C 1.0, CHC13). (5~x6) M.p.= 

86-88.C. found C, 63.41. H, 7.45, N, 4.76, Ct7H23N05 requires C, 63.55, H, 7.17, N, 4.36; vmax 

(KBr) 3387,3087,3066,2979, 1736, 1688 cm -‘; 8H(500 MHz, CDQ3) 7.39-7.30 (m, 5 H), 5.10 (bs. 2 

H), 4.51-4.42 (m, 2 H), 2.85-2.81 (q, J 7.2, 2 H), 1.11 (t,J 7.2, 3 H); [a]D23 +29.5 (c 1.12, CHCl3); 

(5R)-(6) M.p.= 89-91.C. found C, 63.32, H, 7.15, N, 4.08; [u]D= -32.4 (C 1.82, CHC13). (5S)-(7) 

M-p.= 67-69’C; SH (500 MHz, CDC13) 7.46-7.29 (m, 5 H), 4.91-4.87 (m, 1 H), 4.61-4.57 (dd, J 11.57 

& 4.52, 1 H), 4.25-4.20 (t. J 11.2, 1 H), 2.9&2.73 (m, 2 H), 1.26 (t. J 7.4, 3 Et); 8C (125.7 MHz, 

CDCl3) 163.9, 151.1. 137.0. 128.9, 128.3. 127.1, 71.4, 59.4, 27.8. 10.2; vmax (KBr) 3065. 3028. 2937, 

1725. 1651, 700, 664 cm-l; [aloU +233 (c 1.07, CHCl3). (5&o) M.p.= 65-67’C, [o]D23 -243 (c 

1.04, CHC13). (3R,5S)-(S) M-p.= 44-45-C; found C, 70.00, H, 7.37, N, 6.69 Ct2HtsNO2 requites C. 

70.24, H. 7.36, N, 6.83; SH (500 MHz. CDC13) 7.45-7.33 (m, 5 H). 4.36-4.23 (m, 3 H), 3.81-3.79 

(dd, J 7.0, 4.1, 1 H). 3.81-1.88 (m, 3 H). 1.10-1.07 (t. J 7.4, 3 H); 8C (125.7 MHz, CDC13) 169.8. 

137.9, 128.9, 128.7, 127.1, 74.7, 60.0, 57.4, 26.2, 10.0; [0l]$3 +103.3 (C 1.13, CHC13). (3s. 5&o-() 

M-p.= 41-44’C. found C. 70.54, H, 7.68, N, 6.82; [alo 23 -111.5 (C 1.14, am3). (s)-(m) &-I (500 

MHZ, D20) 3.68-3.65 (t, J 5.9, 1 H), 1.89-1.81 (m, 2 H), O.w.92 (t. J 7.5, 3 H); [~]$3 +7.82 (C 

1.10, H20); (@-o-(O) [a]D23 -7.84 (c 1.11, D20) lit.7 [C%]D”, -7.94 (c 4.0. H20). 

As quoted for (R)-(10) by Aldrich Chemical Company. 
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