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Abstract:  Lewis acid promoted conjugated additions of vinylmagnesium bromide to chiral ot,13- 
unsaturated N-acyl oxazolidinones are described. A series of enatiomerically pure [5-branched 4-pentenoic 
acid derivatives have been synthesized with high diastereoselectivity. © 1997 Elsevier Science Ltd. 

The conjugate addition of organometallic-Lewis acid reagents to 0c,D-unsaturated acyl compounds which 

contain a chiral auxiliary is a highly useful method in asymmetric organic synthesis/-4 Various products have 

been prepared with high diastereoselectivity via conjugated addition of organometallics to chiral oxazoline, 2 

ester, 3 amide 4 or imide s derivatives. As part of our efforts to design and synthesize topographically constrained 

unusual D-branched amino acids, 6 we have developed an efficient procedure to prepare these important 

intermediates. 7 Using this methodology, the asymmetric Michael addition of various Grignard reagents to N- 

acyl oxazolidinones in the presence of CuBroMe2S complex was carried out with high stereoselectivities and 

yields. 7 However, in our initial attempts to synthesize D-branched glutamic acids, the conjugated addition of 

vinylmagnesium bromide to the Michael acceptor, (2"E)(4R)-cinnarnoyl-4-phenyl-2-oxazolidinone did not work 

well using the previously developed reaction conditions. 7 Various Lewis acid systems have been developed to 

promote 1,4-addition of  sterically highly crowded cx,13-enones and unreactive cx,D-unsaturated esters. 5a.8 

Recently, excellent yields were obtained using the RCu-TMEDA-TMSCI or RCu-TMEDA-Bu2BOTf systems 

for conjugated addition to a variety of 0t,[~-enones and enoates. 5~9 Unfortunately, however, the addition of 

vinylmagnesium bromide to (2"E)(4R)-cinnamoyl-4-phenyl-2-oxazolidinone still did not work well in the 

presence of 1.0 equivalent of the copper complex using the reported procedures, and the starting materials were 

recovered. Surprisingly we found that this reaction worked very well when promoted by TMEDA-TMSCI or 

TMEDA-Bu~BOTI a° without using a copper complex. We wish to report here a variety of  Lewis acid-TMEDA 
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promoted  Michae l  addit ions o f  v i n y l m a g n e s i u m  bromide  to chiral a,13-unsaturated imides  to afford [3-substituted 

N-acyloxazol id inones  in h igh  yields and optical purity (Table 1). 

Scheme I 

1.2 eq. T M E D A  Ph 

P h l l ~  1.1 eq. TMSC1 or B u 2 B O T f  ~ ' 

R,~_~N.,~O + ~'~ MgBr _78~_300C, 2 hrs " R ' ~ " ~  N~'I~" O 
o o \ \  o o 

Table 1. Lewis  a c i d - T M E D A  promoted  addition o f  v iny lmagnes ium bromide to N-acyloxazol id inones  ~ 

Entry R 4- Lewis acid Copper complex Yield (%)b mp (°C)~ [~]D ~ de (%)d 

1 CH 3 R TMSC1 83 89-90 -57.37 (c = 1.12) >90% 

2 CH 3 S TMSCI 78 89-90 +59.73 (c=0.44) >90% 

3 (CH3)2CH R TMSCl 82 97-98 -53.21 (c=l.01) >90% 

4 (CH3)2CH TMSCI 84 101-102 +52.42 (c=1.03) >90% 

5 CH3OCH2CH 2 R TMSCI -~ 

6 CH3OCH2CH2 R 1.0 eq. CuBr,Me2S -f 

7 C6H5 R Bu2BOTr 86 +1.6 (c=1.03) >95% 

8 C6H 5 R 0.2 eq. CuBr*Me2S -g 

9 C6H5 R 1.0 eq. CuBreMe2S -g 

10 C6H 5 R TMSCI 0.2 eq. CuloTMEDA 42 h 

11 C6H 5 R TMSC1 1.0 eq. CuloTMEDA _e 

12 i C6H 3 R TMSC1 8T 130-131 +1.7 (c=l.12) >95% 

13 C6H5 S TMSCl 84 126-127 -2.2 (c=1.03) >95% 

14 m-CH~OC6H4 R TMSCl 78 114-116 +3.7 (c=l.02) >95% 
/ 

15 H3CO ~ R TMSC1 87 139-141 +6.28 (c=l.08) >95% 

16 ~ R TMSC1 89 155-156 -3.40 (c=l.03) >95% 

"All react ions were carried out  on a 2 -mmol  scale except  for reaction 15 (Table 1) wh ich  was  run  on  a 1-mmol  

scale, b The  yield was  calculated f rom the weight  of  product  after co lumn  chromatography  purification. All new 

c o m p o u n d s  were fully caracterized by N M R ,  MS and IR. c Uncorrected.  d de>90% m e a n s  it was  very hard to 

determine the exact  % and de>95% means  we  did not  find any dias tereoisomers  f rom ~H-NMR. • Starting 

material was  recovered,  t A highly  polar c o m p o u n d  was  formed,  g Gave  a complicated mixture ,  h Starting 

material also was  recovered.  ~ Reaction was  carried out  on a 100 m m o l  scale. J After crystallization f rom 

EtOAc/Hexane ,  colorless needles .  
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Table 1 summarizes the results of TMSCI or Bu2BOTf-activated addition of vinylmagnesium bromide to 

N-acyloxazolidinones, in comparision with the CuBreMe2S or CuleTMEDA complex mediated addition 

reactions. The 1,2-addition product was the major pathway when using 1.0 eqivalent of CuBreMe2S complex 

(runs 8 & 9) and the starting material was recovered when using the CuleTMEDA complex (run 11). Even with 

0.2 equivalents of CuleTMEDA complex, the reaction was not completed in 12 hours. Without using the copper 

complex, both Lewis acids exibited good reactivities and led to almost complete conversion of all starting 

materials within 6 hours except in reaction 5 in which the starting material was recovered. A highly constrained 

substrate (reaction 15) went very well within 8 hours. 

In summary, we have developed a vinylmagnesium bromide-Lewis acid system for the rapid, highly 

diastereoselective 1,4-addition to chiral imides. These reaction conditions are currently under investigation for 

other Grignard reagents. Finally, these l-branched 4-pentenoic acid derivatives can be easily converted into 

corresponding novel l-branched glutamic acids and derivatives using chemistry previously elaborated in our 

laboratory. 7 

General Procedures: Vinylmagnesium bromide (1M in THF '°, 2.1 mL, 2.1 mmol) was placed in a 25 mL 

two necked flask and cooled to -78°C. Then TMEDA (1M in THF, 2.4 mL, 2.4 mrnol) was added by syringe 

followed by TMSCI (1M in THF, 2.2 mL, 2.2 mmol) or Bu2BOTf (1M in Et20, 2.2 mL, 2.2 mmol). The 

resulting mixture was stirred for a few minutes and then the N-acyloxazolidinone in THF (I0 mL) was added 

dropwise followed by stirring at -78 to -30°C for 6-8 hours. Then saturated ammonium chloride (5 mL) was 

added, and the mixture was warmed to room temperature. The organic layer was separated, and the aqueous 

layer was extracted with ether (2 x 20 mL). The combined organic layers were dried and the solvents removed 

by rotary evaporation. The products were purified by flash column chromatography (EtOAc:Hexane, v/v, 

40:60). 
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