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Abstract 

Essentially enantiopure syn-propionate aldols (>98% ee) were prepared by a chiral oxazaborolidinone-promoted 
asymmetric aldol reaction, followed by a diastereoselective radical reduction with Bu3SnH and Et3B, which was 
carried out under chelation control. © 1999 Elsevier Science Ltd. All rights reserved. 
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Diastereoselectively divergent synthesis of essentially enantiopure syn- and anti-propionate aldols 
using chiral Lewis acid mediated asymmetric aldol reactions has not been realized yet) If such a 
diastereoselective synthesis is possible, the reaction might provide to be the most refiable and powerful 
means of constructing chiral acyclic skeletons biosynthetically incorporating propionate moieties from 
the viewpoint of practical synthesis, compared with the asymmetric aldol reactions with chirai auxiliaries. 
During the course of applying our chiral oxazaborolidinone-promoted asymmetric aldol reaction to enan- 
tioselective acycfic stereoselection, 2 it occurred to us to expand this convenient reaction into a diastereo- 
selective synthesis of syn- and anti-propionate aldols with high enantioselectivity. A preliminary trial 
could be achieved by using a silyl ketene acetal (E:Z=1:3), derived from ethyl 2-(methylthio)propionate, 
to give essentially enantiopure syn- and anti-propionate aldols but without diastereoselection. 2d The 
problem of non-diastereoselection in the reaction was addressed by focusing on a clue to the solution in 
the desulfurization process but several trials for the stereoselective desulfurization resulted in failure. We 
disclose herein a versatile solution toward a practical synthesis of essentially enantiopure syn-propionate 
aldols, which was achieved by using a new silyl nucleophile 2 giving an a-bromo substituent in the 
resulting aldol in the asymmetric aldol reaction (Scheme 1). 

The bromo substituent in 2-bromo-1-ethoxy-2-methyl-1-trimethylsiloxyethane 2 (74-75°C/15 mmHg, 
E:Z=I:2) has dual roles; the first is a suitable steric bulkiness of the silyl nucleophile in order to achieve 
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Scheme 1. 

Table 1 
Synthesis a of essentially enantiopure syn-propionate aldols through the asymmetric aldol reaction (A) 

and the following radical reduction with Bu3SnH (B) 

RCHO + 
R'~-r 'OEtMe u R" " ~ .  "OEt Me OEt 

2 Me 4 

Aldehyde Yield~ s)rP41 ~ % ee 
Entry (R) (%) of syn Isome~ ~ 

1 I:h 87 5:1 >G8 

2 (CHa)=CH 83 >70 : 1 >ge 

3 PhCI-~H2 80 6 : 1 >g8 

4 CH3CH=CH2 79 5 : 1 >ge 

• Both pro,~,*~s, A and B, were carried out w#hout separation of =z-bromo aldoi Isomers. Chlral bomne I was used in 
the ,=idol reaction (A). Reactions (O'C) (B) of non-protected bromo aldols were carried out with 2 equlv of Busen and 
0.2 equlv of BaB, end 5 equiv Of I~Br=-OE~ in CH=CI~. b Isolated overall yields. °Deterrr~ed by HPLC 
analysis Of Wopionate eldots using • Daicel Chlral~ OD column with 0.2 - 5% 2-1xopenol In hexsne. 

very high enantioselectivity in the aldol condensation process 2 and the second is a promising eliminable 
function of the resulting aldol intermediate in the radical reduction process. 3 The asymmetric aldol 
reaction of benzaldehyde with 2 smoothly proceeded (-78°C, 3 h) in the presence of a stoichiometric 
amount of chiral oxazaborolidinone 1 to give a mixture of c~-bromo aldol 3 (each isomer 98% ee) in 
89% yield with anti selectivity (5:1). 4 The following radical reductions of the separated syn- and anti-3 
were carried out according to the conditions reported by Guindon 3 in the radical reduction of a series 
of a-bromo-[~-alkoxy esters with Bu3SnH and catalytic Et3B in the presence of MgBr2.0Et2 (chelation 
control). Each reduction resulted in syn selection with almost the same level. The stereocenter at the 
ct of 3 scarcely affected the stereochemical outcome in the radical process. It is noteworthy, from the 
standpoint of practical synthesis, that the chelation conditions are valid for the case involving [~-hydroxy 
function like 3 without protection. 

The results obtained with a variety of aldehydes are summarized in Table l; in each run essen- 
tially enantiopure syn-propionate aldols were diastereoselectively obtained in good overall yield. The 
chelation-control conditions in process B surely guaranteed the expected moderate syn selection. When 
the steric branch of the R group was increased, the syn selectivity was substantially enhanced (entry 2). 

In conclusion, we have achieved an effective access to the practical synthesis of essentially enantiopure 
syn-propionate aldols by using a chiral oxazaborolidinone-mediated aldol reaction coupled with a 



6449 

stereoselective radical reduction. Further investigation to search for ant/diastereoselectivity in our system 
is now underway. 

Acknowledgements 

We thank the Ministry of  Education, Science and Culture, Japan, for  Grant-in-Aid for scientific 
research (numbers 9554046 and 10640525). 

References 

1. Gawley, R. E.; Aub~, J. Principles of Asymmetric Synthesis; Amsterdam: Pergamon, 1996. The chiral oxazaborolidinone- 
mediated asymmetric aldol reactions were prone to anti predominance while Yamamoto's chiral boranes derived from 
tartaric acid resulted in high syn selectivity. See: (a) Kiyooka, S.-i.; Kaneko, Y.; Kume, K. Tetrahedron Lett. 1992, 33, 
4927-4930. (b) Parmee, E. R.; Hong, Y.; Tempkin, O.; Masamune, S. Tetrahedron Lett. 1992, 33, 1729-1932. (c) Fumta, 
K.; Maruyama, T.; Yamamoto, H. Synlett 1991, 439 A.~0. 

2. (a) Kiyooka, S.-i. Rev. Hetereoatom Chem. 1997, 17, 245-270 and references cited therein. (b) Kiyooka, S.-i.; Hena, M. A. 
Tetrahedron: Asymmetry 1996, 7, 2181-2184. (c) Kiyooka, S.-i.; Maeda, H. Tetrahedron: Asymmetry 1997, 8, 3371-3374. 
(d) Hena, M. A.; Terauchi, S.; Kim, C. S.; Horiike, M.; Kiyooka, S.-i. Tetrahedron: Asymmetry 1998, 9, 1883-1890. (e) 
Kiyooka, S.-i.; Maeda, H.; Hena, M. A.; Uchida, M.; Kim, C. S.; Horiike, M. Tetrahedron Lett. 1998, 39, 8287-8290. (f) 
Hena, M. A.; Kim, C. S.; Horiike, M.; Kiyooka, S.-i. Tetrahedron Lett. 1999, 40, 1161-1164. 

3. (a) Guindon, Y.; Jung, G.; Gu~rin, B.; Ogilvie, W. W. Synlen 1998, 213-220 and references cited therein. (b) Guindon, 
Y.; Rancourt, J. J. Org. Chem. 1998, 63, 6554-6565. (c) Guindon, Y.; Faucher, A. M.; Bourque, E.; Caron, V.; Jung, 
G.; Landry, S. R. J. Org. Chem. 1997, 62, 9276-9283. (d) Guindon, Y.; Liu, Z.; Jung, G. J. Am. Chem. Soc. 1997, 119, 
9289-9290. 

4. After separation with silica gel flash column chromatography, syn- and anti-3 both showed 98% ee, determined by HPLC 
with Daicel Chiralcel AD and OD columns. The assignment of syn and anti configurations was confirmed by NOE 
experiments of the acetonide derivatives obtained after reduction of the ester moiety. 


