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Abstract. The title heterocycles. which are useful chiral precursors for the 

asymmetric synthesis of a-amino acids, can be prepared in enantiomerically 

pure form via the separation of diastereomeric derivatives incorporating (S)- 

a-methyl-benzylamine. 

Introduction. 

a-Amino acids are finding increasing use in pharmaceutical and agricultural chem- 

istry, in the food industry, in molecular biology, etc. Among the available methods to 

synthesize a-amino acids in optically active form, 
2 

methodologies based on the homologa- 

tion of glycine derivatives offer the greatest versatility.3 In particular, the success- 

ful development of the imidazolidinones CR)- and LS)-$ as precursors of (RI- or 6)-a- 

amino acids4 (Scheme I) has prompted the elaboration of several synthetic approaches to 

enantiomorically pure :. 

Scheme I 

glycine (R)- or (z)-a-amino acid 

First, a multistep degradation of imidazolidinones derived from serine5 or mothio- 

nine6 afforded small amounts of C.S)-$ (Scheme II). 
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Scheme II 

HO 0 \ 

X = OH, serine 

X = CH2SMe, methionine cs,-t 

Much better results were obtained by the resolution of the 

mandelic acid, 
7 

imidazolidinone 2, with 

followed by acylation under Schotten-Baumann conditions. (Scheme III). 
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now an alternative route for the preparation 

which makes use of (Sl-a-methyl-benzylamlne 
8 

of enantio- 

I(S)-a-MDA1 

as the chiral adjuvant for the resolution step. 

Results and Discussion. 

As shoun in Scheme XV. carbobenzylozyglycfne9 was converted to its acid chloride 

with oxalyl chloride/DUF. lo and then treated with (Sl-a-methyl-benzylamine to afford the 

crystalline chiral amide 2 in 65% yield. Hydrogenolysis of ,3 permitted the quantitative 

removal of the Z-protecting group, and condensation with pivalaldehyde (azeotropic sepa- 

ration of water) afforded imine $ in 85% yield. Cyclization was then achieved upon 

treatment with benzoic anhydride I1 to furnish a 57:43 diastereomeric mixture of (R.S)- 

and CS.Sl-2, in 66% yield. 
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CH 

Y 

Ph CH3 

Y 

Ph 

HO 0 0 

1. H2/Pd(C) 

ZHN 
2. (S)-a-MBA 2. &-BuCHO 

Z = PhCH20C0 
i a 

CH 

Y 

Ph 

1. H2/Pd(OH)2 

2. NaOH, CH31 
> (RI-& 

N 0 

(PhCO)20 

+T 

fractional 

crystallization 

A 
N 

I 

flash chromatography 

BZ 

@,S)-Z 

1. H2,'Pd(OH)2 

> cs,-J, 
2. NaOH, CH31 

Separation of (R.S)- and (S.S)-,$ warn beat carriad out by InItIal crymtallIzatIon 

(from methanol) of the (R,S) Isomer, mp 1g5-186°C, followad by flmih chromatography of 

the mother liquor to obtain the (S.S) Isomer. mp 126-127%. am well am an additional 

amount of the (R.S) diastereomer. The efficiency of this process was ca. 62X. 

Conversion of (R,S)- and (S,S)-2 to (RI- and (.S)-t was completed by hydrogenolytic 

cleavage of the benzylic amine moiety, 
12 

followed by methylation under basic conditions. 

The combined yield of these two steps was a low 31%. largely due to the difficulties en- 

countered during removal of the benzyl group from an amide. It should be pointed out, 

houever. that 

yields (Scheme 

enantiomerically pure (R.S): and CS,S,-2. 

IV), may be used directly for the aeyamtetric 

which are obtained 

syntheaim of a-amino 

In good 

acids.13 

swanat-y. 

A neu method for the preparation of enantiomerically pure lmidazolidinones (RI- and 

(Sl-; Is now available. Attractive features of this method are the use of inexpensive 

(Sl-a-methyl-benzylamine am chiral adjuvant in the separation step. and the potential of 

the precurmor (R.S)- and (S,S)-2 heterocyclem am chiral glycine templates. 



Experimental Part, 

General. TLC: l¶erck-DC-Fz4 plates; detection by UV light. Flash colurm chromatogra- 

PhYZ l4 Merck silica gel (0.040-0.063 mo). M,p.: Mel-Temp apparatus; not corrected. 

Qptical rotations were determined in a Per-kin-Elmer 241 polarimeter, at the sodium 

D-line. 'H NMR spectra: Varian EM-360 (60 MHz), Varian EM-390 (90 XHz), and Jeol CSX-270 

(270 MHz) spectrometers. 13C MR spectra: Jeol FX-90Q (22.49 MHz) spectrometer. Chemical 

shifts (6) in ppm downfield from the internal DES reference; the coupling constants (53 

Elemental analysis were obtained at the microanalytica laboratory, ETH-Ziirich, 

was added. The ice-uater bath was removed and stirring continued at ambient temperature 

for 90 minutes. The solution was cooled to -lS°C and treated with 9.75 mL (9.17 g, 76 

arool1 of (S)-(-)-phenylethylaine diluted in 150 mL of CHzC12. The reaction mixture uas 

stirred at -15OC for 9 h. under nitrogen atmosphere, and then treated with 100 mL I H HCl 

(cold) and 100 mL of cold water. The organic phase was separated and shaken with satu- 

rated mqusoum NaHoo3 CZ I 150 rL), dried over anh. Na2SGI and concentrated to afford 

IO.33 g (70% yield) of ;z as l white solid; mp 91-9Z°C. (alroc = -75.2 (c - 1, ethanol). 

'H NW? (90 MHz, d 1.4 (d, J - 7.2 Hz, 3 HI. 3.78 (d, J - 6 Hz, 2 HI, 5.05 CDClaI (q, J = 

7.2 Hz, 1 WI, 5.05 (0, 2 HI, 5.88 (t, .J = 6 Hz, 1 HI, 7.0 (b, 1 HI, 7*3 (a, 5 H), 7-4 (=, 

5 HI. 13C m (22.49 MHz, CDCla) B 22.69, 44.33, 48.67, 66.82, 125.92, 127.11, 127.76, 

327.98, 128.36, 128.36, 136.0, 142.88, 156.53* 168.12. 

2-Amirm-N' -(a-phenylethyl)acstamIde. In a hydrogenation flask was placed 8 g (25.6 mm11 

of ;2, 30 ml., of methanol and 0.8 g of 10X WC. The f&ask was presrsurized to 10 atm Hz 

and shaken at ambient temperature for 90 min. The reaction mixture was filtered over 

celite and concentrated to afford 4.5 g (quantitative yield) of the desired product as a 

yellow liquid; (Ul 29oc = -84,5 (c = 1, ethanol). 'B NMR 

7.2 Hz, 3 HI, 1.85 ;s, 2 

(90 MHz, CDC131 6 1.5 (d, J = 

H), 3.4 (s, 2 HI, 5.2 (dq, J a 6 Hz, J1 = 7.2 Hz, 1 HI, 7.4 (s, 

5 HI, 7.6 (b, 1 HI. 13C NPIR (22.49 MHz, CDC13) d 22.01, 44.55, 48-12, 126.03, 127.17, 

128.52, 143.26, 171.70. 

-1) of triethylaminc and 7.15 mL (5.67 g. 66 -1) of pivalaldehyde. The resulting 

mixture was heated to reflux for 5 h, and then allowed to cool to room temperature to be 

The organic phase uas dried over washed with two 30-d portions of distilled water. 

anh. Wa2s0, and concentrated to afford 6.89 g (85X yield) of t as a yellowish viscous 

oil; [orlroc = -?3,8 [c = 1, ethanol). %I NMR (90 MHz, CDC13) 6 1.1 (s, 9 HI, l-5 (d, 

J = 7.2 Hz, 3 HI, 4.05 (8, 2 HI, 5.25 (dq, 5~6 Hz, J1 = 7.2 Hz, 1 Ii), 7.3 (b, 1 HI, 7.4 

(8, 5 HI. '"C NMR (22.49 MHz, ClX13) 6 22.07, 26.35, 36.26, 47.91, 125.54, 126.89, 

128.30, 143.09, 169.15, 174.68. 
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(R.S)- and (S.S~-l-&nzoyl-2-t-butyl-3-~a-phenylethyl~-l.3-imidazolidin-4-one [(R.Sb and 

(s.s)-21. In a 25O-mL round-bottom flask. provided with stirring bar and condenser. was 

placed 2 g (8.13 lllmol) of imine t, 2.02 g (8.93 rrmoll of benzoic anhydride and 10 mL of 

freshly distilled benzene. The resulting solution was heated under reflux for 7 h, and 

then concentrated to afford a yellow semisolid, which was dissolved in CH2C12. washed 

with aqueous saturated NaHW3 (2 x 25 mL). dried over anh. NazsO, and concentrated to 

afford 2.1 g (66% yield) of the crude product as a 57:43 mixture of the expected dia- 

stereomers. 

Separation of (R,S)-s- mnd (S,S)-5. 
?I A chromatographic colua (40 cm length, 4 cm dim- 

ter) was packed with 230-400 msb milica gel before the separation of 408 mg of ths mix- 

ture of (R.Sb and (S.S)-2. Elution with hexane-ethyl acetate-methylene chloride, 8:1:1 

afforded first the less polar diastereomer, later identified as (S,S)-2, 108 mg (61.7% 

recovery); mp 126- 127'C; (al~'C = t60.5 (c = 1. CH2C12). Further elution afforded 

then the more polar (R.S)-2; 150 mg (64.5% recoveryf; q p 185-186%; (al~°C = t45.5 (C = 

1, CHH2C12L 

(R. S,-2: ‘H m (270 mZ, cm3) 6 0.98 (8. 9 HI. 1.77 (d. J = 7.3 Hz, 3 HI, 3.95 (AB. 

J ~c_ = 15.8 Hz. 1 H). 4.23 (A& J = 15.8 Hz. 1 H). 4.65 (q. J - 7.3 Hz. 1 HI. 5.74 (s, 

1 H), 7.26-7.61 (m. 10 H). 13Cgwm (22.49 NHz. CLiC13) 6 20.33. 25.75, 39.51, 54.14. 

58.96. 81.88. 126.89, 128.09. 128.47, 131.45, 134.10. 141.14, 170.34, 171.16. 

Anal. CaIcd for CPZH26Na02: C, 75.48; H, 7.48; N, 7.99. Found: C. 75.24; H, 7.63; 

N. 7.90. 

(S.S)-2: 'H NlIR (270 MHz. CDC13) 6 1.10 (s, 9 H), 1.98 (d, J = 7.3 Hz. 3 If), 3.77 (,lB, 

J = 15.8 Hz, 1 H), 4.14 (AB. J 

1';). 

q 15.8 Hz. 1 H). 4.82 (q, J = 7.3 Hz. 1 H) 5.85 (s, 

7.26-7.56 (m. IO HI. 13CgL (22.49 NHx. CDC13) 6 17.14. 25.91. 39.68, 53.71, 

55.60. 79.93, 126.73. 127.44. 127.87. 128.30, 128.30. 131.23, 133.99, 140.55, 170.13, 

170.88. 

Anal. Calcd for Cz2Hz6Nz02: C, 75.40; H. 7.48; N. 7.99. Found: C. 75.33; H. 7.49; 

N, 7.87. 

Procedure for the hydrogenolysis of (R,S)- or (S,S)-2. The appropriate diastereomer (0.8 

g, 2.3 -1). 25 rL of ethanol. 0.16 g of 20% W(C) and 0.1 mL of acetic acid were placed 

in a hydrogenation flask and exposed to hydrogen (24-30 atm) with stirring and heating 

(50~60%) during 72 h. The catalyst was then rsmoved by filtration (celite). and the 

filtrate was concentrated at reduced pressure to afford 0.23 g (41% yield) of the desired 

product. (R)- or (S)-l-benzoyl-2-tert-butyl-3(H)-l.3-imidazolidin-~-one, which was re- 

crystallized from methanol-water (8:2). Melting point 217-219°C; 'H NM (60 mz. mi3) 

6 1.05 (8. 9 HI, 4.05 (dd. J,_ = 15 Hz. 2 H), 5.79 (s. 1 HI, 6.7 (b. 1 H). 7.64 (1. 

5 H). 

(R)- and (S)-l-~nzoyl-2-tert-butyl-3-methyl-l,3-iaidazolidin-4-one. (RI- and (S)-1. The 

N-H procursor obtained from the hydrogenolysis (0.072 g. 0.3 pmol). 15 mL of CH3CN. 0.036 

g (0.027 it, 0.3 -1) of (CH~)280, and 0.012 g (0.3 lpmol) of NaClH were mixed and heated 

to 55% for 2 h and then concentrated at reduced pressure. The solid residue was dis- 

solved in ethyl acetate and washed with water. The usual workup procedure afforded the 
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crude product, which was recrystallized from hexane-methylone chloride (8:Z) to afford 

0.059 g (77% yield) of the desirsd product. 

(RI-t: mp I42-144% (lit.3a mp 143-l44OC. Call, = -123 (c = I. CH2C11) [lit.3a 

[alo = -128O (c = I. Cl$Cl*)l. 

(S,-$ [(I]~ = +122O [lit.3e [a],, = +127 (c = 1. CB2C12)l. 
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