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Abstract:. Ex~-diastereoselective 1,3-dipolar cyeloadditions of azomethine ylides derived from or- 
amino acid esters to (2R)-3-Benzoyl-4-methylen¢-2-phenyloxazolidin-5-one (1) are reported. The 
cycloaddition products are conveniently converted to polyftmctional prolines in high enantiomeric 
purity. 

The 1,3-diploar cycloaddition reactions of azomethine ylides derived from N-alkylidene o~-amino acid 

esters to electron deficient alkenes is an extremely powerful method for the synthesis of polyfunctional 

prolines. 1-5 The asymmetric version of these reactions has been realised by employing a chiral auxiliary 

attached to either the dipolarophile 3 or the azomethine ylide 4 or the use of a chiral metal complex catalyst. 5 

As part of a continuing program we have been interested in the asymmetric synthesis of novel non- 

proteinogenic amino acids using the chiral oxazolindinones (1) 6 and (2). 6-8 We have recently reported that (1) 

and (2) undergo highly exo-diastereoselective Diels-Alder reaction with dienes to give chiral carbocyclic 

amino acid derivatives in high enantiomeric purities.6, 9 Other workers have demonstrated that (2) undergoes 

diastereoselective 1,2-addition reactions with alkyl radicals 10 and nitronate anions 11 and cyclopropanation 

reactions. 12 We now report that (1) undergoes highly regioselective and exo-diastereoselective 1,3-diploar 

cycloaddition reactions with azomethine ylides derived from N-benzylidene ~-amino acid esters. The 

cycloaddition products are conveniently converted to polyfunctional prolines in high enantiomeric purity. 
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It is well documented that azomethine ylides can be prepared in situ from the reaction of N-alkylidene a-  

amino acid esters and a variety of metal cations in the presence of a base.2,3(a-f) In this study with (1) and 

imines (3), we found that the metal salt/base/solvent combination of LiBr/DBUfI'ttF2(a,b,e,g),3(a'e) was far 

superior to AgOAc/DBU/THF2C°,d-g),3(b,0 or LiBr/Et3N/MeCN2(a,b,e,g),3(a-e) in terms of chemical reactivity 

and product diastereoselectivity. The results of this study are summarised in Table 1. The azomethine ylides 
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(4) were generated in situ from (3) in the presence of (1) by treating a THF or MeCN solution of (1), (3) and 

the metal salt with base (DBU or Et3N) at -780(2. The reaction mixtures were maintained at -78°(2 for several 

hours or warmed to the temperatures specified in Table 1 before being quenched with saturated aqueous 

NH4C1 solution. In each case the diastereoselectivities of these reactions were measured on the crude reaction 
products by IH NMR analysis (Typically H2 in (5) (8 5.76-5.88, s) was observed upfield of H2 in (6) (8 

6.04-6.35, s)). In each case a mixture of exo-(5) and endo-(6) products were formed and these could be 

conveniently separated by column chromatography. The yields in Table 1 refer to the combined yield of (5) 

and (6) after chromatographic separation. 

Scheme I R 1 Rt 
N ~  base/M+ 

~- ph,,,,," ~ ph , ~ ' ~  CO2R 2 CO2 R2 

M 
(3) method a: LiBr/DBU/TI-IF 
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method c: AgOAc/DBU/THF 
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(7); R = CH2Pr i ([(g]D 25 + 69, c 0.3, CHCI3) 

(7); R = CH2Ph ([Ct]D 28 + 83, c 0.6, CHCI3) 

In all but one case (Table 1, entry 6) the reactions were completely regioselectiv¢ and showed good to high 

diastcreoscle~fivity in favour of the exo-diastcreoiomcr (5) over the endo-diastcreoiomcr (6). The structures 
of (5) (R 1 = CH2Pr i) and (6) (R 1 = CH2Pr i and CH2Ph) were determined by single-crystal X-ray structural 

analysis and the structural assignments of the other adducts (5) and (6) (R 1 = H, Me, Ph and CH2Ph) were 
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based on the similarity of their 1H NMR spectra to those of (5) (R 1 = CH2Pr i) and (6) (R 1 = CH2Pri). When 

LiBr/Et3N/MeCN was used the diastereoselectivities were generally lower except in the case of (3) (R 1 = Ph) 

(Table 1, entry 8) where an enhanced exo-diastereoselectivity (93 : 7) was realized. When AgOAc/DBU in 

THF was employed the diastereoselectivity was in general much lower (64-55 : 36-45) and the reactions did 

not proceed at an appreciable rate below 00C. In the case of the glycine derivative (3) (R 1 = H) (Table 1, 

entry 12), the LiBr/Et3N or DBU method gave two as yet unknown structures, while a 43 : 57 mixture of (5) 

(R 1 = H) and (6) (R 1 = H) resulted when AgOAc/DBU in THF was used. 

The adducts (5) (R 1 = CH2Pr i, CH2Ph) were converted to the highly functionalised proline derivatives (7) (R 

= CH2Pr i, CH2Ph) upon mild treatment with sodium carbonate in methanol. The enantiomeric purity of (7) 

(R = CH2Pr i) was determined to be 92% based on IH NMR analysis of its diastereomeric carbamate 

derivatives from treatment with (S)-(+)1-phenylethylisocyanate. 

Table 1. 1,3-Dipolar cycloaddition products from azomethine ylides (4) and (1). 

Entry Imine (2) Method Tm-e(h)/I'emp.(0C) Yield(%) Diastereoselectivity 

R 1 R 2 (5) : (6) 

1 Me Me a 6/-78 52 82 : 18 

2 Me Me b 8/0 69 76 : 24 

3 Me Me c 20/RT 83 58 : 42 

4 CH2Pr i Me a 30/-20 61 94 : 6 

5 CH2Pr i Me b 10/0 62 82 : 18 

6 CH2Pr i Me c 30/RT 67 57 : 37 : 6 

7 Ph Me a 20/-78 50 83 : 17 

8 Ph Me b 20/0 59 93 : 7 

9 CH2Ph Et a 9/-78 45 85:15  

10 CH2Ph Et b 3/0 51 78 : 22 

11 CH2Ph Et c 30/RT 51 64 : 36 

12 H Et c 6/RT 88 43 : 57 

In summary, we report that the 1,3-dipolar cycloaddition reactions of (1) and the azomethine ylides (4) 

proceed with good to high exo-diastereoselectivity and that the cycloaddition adducts can be converted to 

highly functionalised prolines in high enantiomeric purity. The preference for exo-cycload~tion adducts can 

be rationalised by assuming chelation between the lithium cation and the N-benzoyl carbonyl group and the 

azomethine ylide (4), as shown in the possible transition state structure (8). While endo-cycloaddition adducts 
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are generally favoured in these types of reactions, l,2(a.e.g)3(a,c'e,g).4C°,c.g, h) exo-diastereoselective azomethine 

ylide cycloadditions are not uncommon.4(e), 13 

M 
Ph, * ~ N ~ . . . . . .  CO2R 2 
O..,r" 

Ph.., II H,  , R 1 
|1  O I # 

: 
":" 

ph,.,"-~) 
(8) 

References 
1. (a) Grigg, R; Kemp, J.; Shcldrick G.; Trotter, J. J. Chem. Soc., Chem. Commun. 1978, 109. (b) Grigg, R; 

Gunaramc, H. Q. N. Tetrahedron Lett. 1983, 24, 4457. (c) Grigg, R; Gunaratne, H. Q. N.; Kemp, J. J. 
Chem. Soc., Perkin Trans. 1 1984, 41. (d) Grigg, R; Kemp, J.; Warnock, W. J. J. Chem. Soc. Perkin 
Trans. 1 1987, 2275. (e) Confalone P. N.; Earl, R. A. Tetrahedron Lett. 1986, 27, 2695. (0 DeShong, P.; 
Kell, D. A. Tetrahedron Lett. 1986, 27, 3979. For the reactions of the analogous N-benzylidene a-amino 
acids see: Aly, M. F.; Younes, M. I.; Metwally, S. A. M. Tetrahedron 1994, 50, 3159. 

2. (a) Tsuge, O.; Kanemasa, S.; Yoshioka, M.J. Org. Chem. 1988, 53, 1384. (b) Barr, D. A.; Grigg, R.; 
Gunaratne, H. Q. N.; Kemp, J.; McMeekin, P.; Sridharan, V. Tetrahedron 1988, 44, 557. (c) Barr, D. A.; 
Grigg, R.; Sridharan, V. Tetrahedron Lett. 1989, 30, 4727. (d) Amornraksa, K.; Barr, D.; Donegan, G.; 
Grigg, R.; Ratananukul, P.; Sridharan, V. Tetrahedron 1989, 45, 4649. (e) Kanemasa, S.; Yoshioka, M.; 
Tsuge, O. Bull. Chem. Soc. Jpn. 1989, 62,869. (f) Grigg, R.; Montgomery, J.; Somasunderam, A. 
Tetrahedron 1992, 48, 10431. 

3. (a) Kanemasa, S.; Yamamoto, H. Tetrahedron Lett. 1990, 31, 3633. (b) Barr, D. A.; Dorrity, M. J.; 
Grigg, R.; Malone, J. F.; Montgomery, J.; Rajviroongit, S.; Stevenson, P. Tetrahedron Lett. 1990, 31, 
6569. (c) Kanemasa, S.; Yamamoto, H.; Wada, E.; Sakurai, T.; Urushido, K. Bull Chem. Soc. Jpn. 1990, 
63, 2857. (d) Kanamasa, S.; Hayashi, T.; Tanaka, J.; Yamamoto, H.; Sakurai, T. J. Org. Chem. 1991, 56, 
4473. (e) Anunziata, R.; Cinquini, M.; Cozzi, F.; Raimondi, L.; Pilati, T. Tetrahedron: Asymmetry 
1991, 2, 1329. (f) Patzel, M.; Galley, G.;Jones, P. G.; Chrapkowski, A. Tetrahedron Lett. 1993, 34, 
5707. 

4. (a) Rouden, J.; Royer, J.; Husson, H.-P. Tetrahedron Lett. 1989, 30, 5133. (b) Anslow, A. S.; Harwood, 
L. M.; H. Phillips, H.; Watkin, D. Tetrahedron: Asymmetry 1991, 2, 997. (c) Anslow, A. S.; Harwood, 
L. M.; H. Phillips, H.; Watkin, D.; Wong, L. F. Tetrahedron: Asymmetry 1991, 2 1343. (d) Harwood, 
L. M.; Lilley, I. A.Tetrahedron Lett. 1993, 34, 537. (e) Deprez, P.; Royer, J.; Husson, H.-P. 
Tetrahedron: Asymmetry 1991, 2, 1189. (f) Takano, S.; Moriya, M.; Ogasawara, K. Tetrahedron: 
Asymmetry 1992, 3, 681. (g) Williams, R. M.; Zhai, W.; Aldous, D. J.; Aldous, S. C. J. Org. Chem. 
1992, 57, 6527. (h) P. Garner, P.; Dogan, O. J. Org. Chem. 1994, 59, 4. 

5. Allway, P.; Grigg, R. Tetrahedron Lett. 1991, 32, 5817. 
6. Pyne, S. G.; Dikic, B.; Gordon, P.; Skelton, B. W.; White, A. H. Aust. J. Chem. 1993, 46, 73. 
7. Zimmermann, J.; Seebach, D. Helv. Chim. Acta. 1987, 70, 1104. 
8. Beckwith, A. L. J.; Pyne, S. G.; Chai, C. L. L.; Dikic, B.; Gordon, P.; Skelton, B. W.; White, A. W. 

Aust. J. Chem. 1993, 46, 1425. 
9. (a) Pyne, S. G.; Dikic, B.; Gordon, P.; Skelton, B. W.; White, A. H. J. Chem. Soc., Chem Commun. 

1991, 1505. (b) Pyne, S. G.; Safaei-G., J.; Hockless, D. C. R.; Skelton, B. W.; Sobolev, A. N.; White, A. 
W. Tetrahedron 1994, 50, 941. 

10. Beckwith, A. L. J.; Chai, C. L. L. J. Chem. Soc., Chem Commun. 1990, 1087. 
11. Crossley, M. J.; Tansey, C. W. Aust. J. Chem. 1992, 45, 479. 
12. Chinchilla, R.; Najera, C.; Garcia-Granda, S.; Menendez-Valazquez, A. Tetrahedron Lett. 1993, 34, 

5799. 
13. (a) Garner, P.; Ho, W. B. J. Org. Chem. 1990, 55, 3973. (b) Garner, P.; Ho, W. B.; Shin, H. J. Am. 

Chem. Soc. 1992, 114, 2767. 

Acknowledgment: J. S.-G. thanks The Islamic Republic of Iran for a Ph D scholarship. Partial financial 
support from the Bioactive Molecules Research Program at the University of Wollongong and the Australian 
Research Council is gratefully acknowledged. 

(Received in UK 1 November 1994; revised 7 February 1995; accepted 10 February 1995) 


