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Abstract: The (S,S)- and the lS,R)-oxazolines 3, both readily available from L-threo- 

nine, are deprotonated with lithium diisopropylamide (LDA, + 5) and alkylated diastereoselec- _ 

tively (>95 % ds) to yield the 4.4-disubstituted oxazolines 7. The product of methylation - 

(7a, E = CH3) is shown to be formed with relative topicity d-1.2. - 

Aminoacids are among the least expensive enantiomerically pure starting materials for or- 

ganic synthesis 2a) (pool of chiral building blocks2b) ). In our search for methods of alkylat- 

ing hydroxy-3a-d) and aminoacids3d-i) without racemization4) and without the use of external 

chiral auxiliaries5) , we have now succeeded in converting threonine into a-branched allothreo- 

nine derivatives of both senses of chirality. This required to find an enolate derived from 

threonine, i.e. an enolate bearing a Pleaving group which would not eliminate 
3a,b,c,f,i,6) 

, 

see 1. After many unrewarding attempts with mono- and di-lithiated derivatives of the oxazoli- - 

1 2 3 
a:(4S,5w=trans 
5:(4S,5S)= cis 

dine 2 and of phthalylthreonine 3, the 2-phenyl-oxazoline 4 turned out to be an ideal precur- 

sor3iT. 
- 

Following literature procedures , 7) threonine can be converted either to the trans- 

-isomer 4a with retention at both asymmetric carbon atoms 7a) - or to the cis-isomer 4b with in- - 
version of configuration at the B-carbon 7b) . Both diastereomers are of 298 % configurational 

and enantiomeric purity (by capillary GC and specific rotation, see Table). 

Addition of 4 to a 10 % molar excess of ca. - 0.17 M LDA in tetrahydrofuran (THF) with 

stirring at -75'C generates solutions of the enolate 2. These are stable up to ca. -35Oc, 
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when decomposition with B-elimination begins, leading to the isolation after workup of E/Z- 
-- 

-mixtures of methyl a-benzoylamino-crotonate (6_). Quenching the enolate solutions with acetic 

acid or deuteroacetic acid produces ca. l:l-mixtures of unlabelled or of 4-deuterio-cis- and 

-trans-oxazolidines 4. In contrast, reactions with carbon electrophiles such as primary and 

secondary haloalkanes, aldehydes, and ketones lead to the products 7 highly diastereoselec- 

COOCH, 

H&s 
H I 

Vs Bz N-C 

!HCH 3 

m-5 s-5 6 - 

E coon 

COOCH, 

%C, 

C’-‘, 3 
H C’+, 

CH, 
” (E=CH,) 

7.3 7b !! 

tively, see the Table. With the less reactive alkylating reagents, activation by a cosolvent 

such as hexamethyl phosphoric acid triamide (HMPT) or dimethyl propylene urea (DMPU)*) great- 

ly improves the yields. 

The stereochemical course of methylation of the enolate 5 follows from nuclear overhauser - 

effect (NOE) measurements with the product 3, E = CH3 (see Table). We assume that the other 

products 1 are formed in the same way, i.e. with a relative topicity A.& of the 1.2-induction. 

This would mean that the directing effect of the substituent on the enolate 2 is opposite to 

that observed with enolates of 5-substituted alkyl 1.3-dioxolan-4-carboxylates 3b,c,9) . 

Further examples of alkylations of the enantiomeric enolates 5, hydrolyses of the prod- 

ucts? to free allothreonine aminoacids of type 8, and conversions to other a-alkylated B-he- 

terosubstituted and B.y-unsaturated aminoacids, as well as alkylations of the corresponding 

derivative of f3-phenyl-serine will be subject of the full paper. 
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Table. - Products 7 of alkylation of the enolates 5. - Unless stated otherwise, the yields - 

(y) are those of distilled (Kugelrohr) or flash-chromatographed products. - The diastereo- 

selectivities (% ds)3d) were determined by capillary GC or 13C-NMR . - After addition of 

the alkyl halides to the solution of 5_, the mixture was stirred at -75'C for 2 - 4 hr and 

then allowed to warm to O°C overnight; the reactions with benzaldehyde and with acetone 

were quenched with acetic acid after 5 - 10 min. at -75'C. - The loID measurements were 

all done at ambient temperature. 

4a from methyl threoninateeHC1 and methyl iminobenzoate 7a) , 71 % y, 98.6 % ds, b.p. - 

105°C/6.10-5 Torr, loID = t96.7' (c = 1.18, CHC13). 

4b from methyl N-benzoyl-threoninate and SOC127b), 84 % y, 98.4 % ds, m.p. 74.5-76.5'C, - 

loID = t69.2' (c = 9.0, C2H50H). 

5 

2, 

&, 

7a. 

3, 

E_z m.p. 108.5-109.5'; 5 m.p. 71.5-73.0°C; NMR assignment cf. 10) . 

E = CH3: from 4a and CH31, 94 % y, 93.3 % ds, loID = t9.5' (c = 0.98, CHC13). - 

E = CH3: from 4b and CH31, 93 % y, 94.6 % ds, loID = -9.5' (c = 1.14, CHC13); - 

difference NOE of the 5-CHO with irradiation at 4-C-CH3 frequency. 

E=C2H5: _ from 4a and C2H51, ca. 25 % DMPU cosolvent, 91 % y, 94.7 % ds, 

IalU = +55.7' (c = 1.15, CHC13). 

E = C2H5: from + and C2H51, ~a. 17 % HMPT cosolvent, 94 % y, 94.7 % ds, 

loID = -54.25' (c = 0.91, CHC13). 

E = CH2CH2CH(CH3)2: from 3 and (CH3)2CHCH2CH2Br, ~a. 17 % HMPT cosolvent, 62 

>98 % ds, loID = t65.4' (c = 1.14, CHC13). 

E = CH(CH3)2: from 4a and 2-iodopropane, ca. 17 % HMPT cosolvent, 85 % y, _ 

98.4 % ds, 1alU = t97.4 (c = 0.99, CHC13). 

E = CH2-CH=CH2: from 4b and ally1 bromide, 96 % y, 98.7 % ds, loID = -28.0' 

(c = 1.17, CHC13). - 

% Y, 

E, E = CH2C6H5: from + and benzyl bromide, 93 % y, >99 % ds, 1alU = t4.6' (c = 0.92, 

CHC13). 

E, E = C(OH)(CH3)2: from 4b and acetone, 68 % y, >99% ds, 1olU = -27.5' (C = 1.22, _ 

CHC13). 

*, E = CH(OH)C6H5: from 4b and benzaldehyde, 72 % y, _ -70 % ds (crude product 'H-NMR), 

only two of the four possible diastereomers are formed: diastereomer A, 20 % y, 

>99 % configurational purity, IcllU = +24.9' (c = 1.31, CHC13); diastereomer 8, 

52 % y, >99 % configurational purity, 1alU = t19.5 (c = 0.84, CHC13). 

- 



3314 

1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

9) 

10) 

REFERENCES AND FOOTNOTES 

Part of the projected Ph.D. thesis of J.D.A., ETH-ZUrich. 

a) Review: A. Kleemann, them. zt. 106, 151 (1982). - K. Drauz, A. Kleemann, and J. Mar- 

tens, Anqew. Chem. 94, 590 (1982); Ibid. rnt. Ed. Enql. 2, 584 (1982). - b) Pool of 

chiral building blocks: D. Seebach, H.-O. Kalinowski, Nachr. Chem. Tech. 4, 415 (1976) 

and "EPC (enantiomerically pure compounds) syntheses", - D. Seebach, E. HungerbUhler, in 

"Modern Synthetic Methods 1980", vol. 2 (R. Scheffold, Ed.), Salle + Sauerlander, Aarau 

(Switzerland) 1980, p. 91 - 171. 

a) D. Wasmuth, D. Arigoni, and D. Seebach, Helv. Chim. Acta 65, 344, 620 (1982) and ref. 

cited therein. - b) R. Naef, D. Seebach, Anqew. Chem. 93, 1113 (1981); Ibid. Int. Ed. 

Enql. 0, 1030 (1981). - c) W. Ladner, Anqew. Chem. 94, 459 (1982); Ibid. Int. Ed. Enql. 

11, 449 (1982). - d) D. Seebach, R. Naef, Helv. Chim. Acta 64, 2704 (1981). - e) D. See- 

bath, R. Naef, and G. Calderari, unpublished results, ETH-ZUrich, Tetrahedron, in pre- 

paration. - f) D. Seebach, D. Wasmuth, Anqew. Chem. 93, 1007 (1981); Ibid. rnt. Ed. Enql- 

0, 971 (1981). - g) D. Seebach, M. Bees, R. Naef, and W.B. Schweizer, J. Am. Chem. SOC. 

1983, in print. - h) R. Naef, D. Seebach, Helv. Chim. Acta, in preparation. - i) For 

corresponding achiral enolates derived from 2-phenyl-thiazol-4-yl-carboxylic acid see: 

W. Adam, V. Ehrig,Synthesis 1976, 817. 

R. Lohmar, W. Steglich, Chem. Ber. 113, 3706 (1980). 

a) Aminoacids as chiral auxiliaries: U. Schollkopf, J. Nozulak, and U. Groth, synthc>sis 

1982, 686 and ref. cited therein. - b) Chiral Schiff-bases: T. Oguri, T. Shioiri, and 

S.-I. Yamada, Chem. Pharm. Bull. 25, 2287 (1977) and ref. cited therein. 

L.-C. Yu, P. Helquist, J. org. Chem. 46, 4536 (1981). 

a) Cf. the ethylester: R.A. Moss, T.B.K. Lee, J. Chem. SOC., Perkin I, 1973, 2778. - 

b) D.F. Elliot et al., J. Chem. SW. (London) 1948, 310; ;i;49, 539; 1950, 62. 

T. Mukhopadhyay, D. Seebach, H~V. Chim. ~cta 65, 385 (1982). 

A discussion of this difference will be given in a forthcoming full paper. 

L. Somekh, A. Shanzer, J. org. Chem. 48, 907 (1983). - A. Srinivasan, R.W. Stephenson, 

and R.K. Olsen, J. Org. Chem. 42, 2256 (1977) and ref. cited therein. 

(Received in Germany 16 May 1983) 


