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ALDOL CONDENSATIONS OF CHIRAL ETHYLKETONES: 
CONTROL BY CHIRAL BORON REAGENTS. 

Ian Paterson* and M. Anne Lister 
Universily Chemical Luboratoty, Lenrfield Road, Cambridge CB2 IEW, UK. 

Summary: The chiral reagents (+)- and (-)-Ipc)2BOTf, in the presence of Et3N, are used to control the aldol 
condensation reactions of chiral ethylketone 5 with prochiral aldehydes. The SS isomer, 6 or 8, or SA 
isomer, 7 or 9, is then formed in >99% ee and with up to 93% diastereoselectivity. 

The use of chiral boron reagents,lv2 such as (+) and (-)-1,s to control the enautio- and diastereoselective 

aldol condensation reactions of ketones with aldehydes is a powerful and practical alternative to chiral auxiliary 

methodology.4 We recently describedtb a concise approach to polypropionate-type fragments based on sequential 

ethylketone aldol condensations, where the diallqdboron enolate of 2, obtained using nBu2BOTf or 9-BBNOTf, gave the 

SS (i.e. 1,2-~yn-2,4-~yn) isomer 3 with good selectivity. This high substrate stereoselectivity, 2 --f 3, could be further 

improved by using the appropriate chiral boron triflate la of matched chiral influence, i.e. (+)-1. However, in the 

mismatched case using the enantiomeric reagent (-)-1, while the stcrcoselcctivity towards SS could be decreased, it could 

not be pushed over enough to make the SA (1.2~.~yn-2,4-&m) isomer major.5 We now report that these chiral boron 

reagents can be used to control the aldol addition reactions of the readily available chiial ethylketones (+)-5 and (-)-5. By 

proper choice of reagent chimlity (see Scheme l), the SS isomers, 6 and 8, and SA isomers, 7 and 9, can each be 

obtained in enantiomerically pure form with up to 93% diastereoselectivity. These aldol products may then be used in the 

synthesis of a wide range of pmpionate-derived natural products.6 
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The commercially available (R)-(-)-methyl-3-hydroxy-2-propionate 10 was best converted into 

ethylketone (+)-5 via the N-methoxy-N-methylamide derivative 11. This route avoided any racemisation of the substrate, 

which was found to be a problem when 5 was prepared via the aldehyde 12.7 Benzylation of 10 using benxyl2,2,2- 

trichloroacetimidates (2: 1 hexaneKHzCl2, cat. TfOH, 2O’C. 2 h) was followed by conversion into the amide 11 by the 

method of Weinreb9 (MqAlN(OMe)Me, PhMe, 70°C, 1 h) and addition of ethyhnagnesium bromide (THF, O°C) to give 

(+)-5, [U]02’=+23.00 (c 8.2, CHCl3) , in 62% overall yield. This material was judged to be of at least 979% ee.10 
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0 Table 1. Aldol condensation reactions of ethylketone 5 using achiral 
10 dialkylboron triflate reagents in CH2C12. 

product compositionb 

entry aldehyde reagent (Q SA ss AS + AAC sycantid SA:SS 96 yielde 

1 1 J-I 0 CHo 
I \ “BuzBOTf (Oy 8 8 84 1:s 1:l 66 

2 9-BBNOTf (O)f 12 13 75 1:3 1:l 66 

3 1 II CHO 

nBu2BOTf (Oy <2 4 94 1:16 - 57 

4 “Bu2BOTf (-78)g 41 48 11 8:l 1:1.2 76 

u Enoliadon tempemtute. 6 Isomer ratios detennixd by weighing isolated conpneot~ after HPLC sepatation. c Ratios of 1.2~-rmn’ 
isomer in the range 4-7: 1, pajor isomer not determined. d Ratio for (SA + SS)/(AS + AA). c Isolated yield after chromatography. 
f In the presence of 2 e&v. ipr2NEt. 8 In the presence of 2 equiv. Et3N. 

We initially examined the aldol condensation of 5 using achiral boron reagents (Scheme 2) to check if 

there was any significant enohsation stereoselectivity and/or enolate x-face diastereoselectivity resulting from the ketone 

chiral centm. Bnolisation of 5 with either nBu2BOTf&N or 9-BBNOTf/EtsN (OY!, CH$lz) followed by aldol addition 

to furfural gave a mixture of all 4 possible diastereomeric adducts (entries 1 and 2. Table 1). Under these conditions, the 

1,2-anti products, 14 and 15, predominated (>75% of the mixture with 5:l selectivity). Whereas the SA and SS 

isomers, 6 and 7, were formed in roughly equal amounts. Similar results were obtained for methacrolein (entries 3 and 

4), although the relative proportion of 1,Zsyn products could be enhanced by enolisation with nBu2BOT@PqNEt at low 

temperature. While there was some selectivity towards one of the 1,Zann’ products (entries l-3), these results showed 

that little or no stereocontrol towards either the SS or SA adduct was possible in this reaction using achiral boron 

reagents (f$ our earlier resultstb for 2 + 3). 
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We next turned our attention to the use of the chiral reagents (+)-1 (prepared from (-)-a-pinene) and (-)-1 (from 

(+)-a-pinene) in the presence of Et3N (2 equiv.) as base. For optimum results, we found that it was best to prepare the 

triflates beforehand by reaction of triflic acid with the appropriate enantiomeric form of (1pc)zBH in hexane solution and 

to use these stock solutions for enolate formation. This improved pmcedurett gave better conversions than reactions using 

the in sit+ generated t&late in dichloromethane. The results for aldol condensations of (+)-5 and (-)-5 mediated by these 

reagents with several aldehydes are given in Table 2. The highest yields of aldol products (up to 82% isolated) were 

obtained with freshly prepared reagent. lt 

Table 2. Aldol condensation reactions of chiral ethylketones (+)- and (-)-5 using chiral boron triflates with Et3N in 
CH2C12. Enolisation (OT, 2 h), condensation (OT, 12 h), and oxidative workup (Hz@, pH7 buffer/MeOH) conditions 
are standard. 

product compositions 

entry ketone (9% ee)o aldehyde reagent SA (%I ee)a SS (% eep SA :SS % yieldc 

1 (+)-5 (97) 1 (+I-1 7 (64) 93 (>99) I:13 74 

2 (+)-5 (54)d (+)-I 28 (72) 72 (>95) 1:2.6 51 

3 (+)-5 (97) CHO (-)-I 93 (>99) 7 (64) 13:l 62 

4 (-)-5 (84Y (-)-I 13 (9) 87 (99) 1:6.7 82 

5 (+)-5 (97) VCHO (-1-l 92 8 11:l 51 

6 (+)-5 (97) M&HO (-1-l 92 8 11:l 65 

7 (+)-5 (97) (+I-1 10 90 1:9 64 

8 (+)-5 (97) 0 I \ (-)-I 92 8 11:l 60 

9 (-)5 (84)c 1 0 CHO (+I-1 89 11 8:l 53 

10 (-)-5 (84Y (-)-I 14 86 1:6 81 

a see footnote IO. b ISO- ratios determimd by weighing isolat+d conrPaenn aftg HPLC separation; 1,2-u& homers were 4% of 
the product mixture. c Isolated yield aftex chmmatogqhy. d Preparrd via alde.hy& 12, see foomote 7. e pnpered via dd&y& CMIII- 
12, six footnote 7. 

In the aldol addition to methacrolein. the combination of (+)-1 with (+)-5 of 97% ee gave rise to a 1:13 ratio of 

SA and SS adducts in 74% yield (entry 1). Careful HPLC analysis of the product mixture showed ~2% of 1,Zanri 

isomers. Moreover, determination of the enantiomeric puritylo of the SA and SS isomers showed that the major SS 

isomer had >99% ee, while the minor SA isomer had 64% ee (based on 7 as the major enantiomer). The chiral reagent, 

therefore, as well as controlling enolisation Z-stereoselectivity and enolate fiface selectivity, is also functioning as a 

resolving agent and upgrading the enantiomenk purity of the major diastereomer. This resolution effect was mom dramatic 

when the reaction was repeated on (+)-5 of 54% ee (entry 2). This led to a reduced SA:SS ratio of 1:2.6 with ee values 

now of >95% for the major SS and 72% for the SA (NB now based on 9 as the major enantiomer). The corresponding 

methacrolein addition reaction (entry 3) using the enantiomeric reagent, i.e. (-)-1, with (+)-5 (97% ee) gave a complete 

reversal in stereoselectivity leading now to a 13:l ratio of SA (>99% ee) and SS (64% ee). Again there was 4% of 1,2- 

anti isomers formed. 
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The generality of these stereochemical trends was confirmed by carrying out similar aldol condensations of (+)-5 

(97% ee) with crotonaldehyde (entry 5), acetaldehyde (entry 6), and furfural (entries 7 and 8). The SS isomer was 

formed preferentially-with (+)-1, while the SA isomer was preferred with (-)-1. In each case, ZXl% diastereoselectivity 

was obtained (1,2-ad-isomers comprised 4% of the product). In the case of furfural, the enantiomeric ethylketone (-)-5 

@repared7 in 84% ee from the Q-isomer of 10) led to selective formation of the SA isomer from reagent (+)-1 and the 

SS isomer from (-)-1 (entries 9 and 10; see also entry 4 for methacrolein). These products correspond to structures 9 

and 8, R=2-furyl, in Scheme 1. 

In suw, use of the chiral ethylketone 5 with the chiral boron triflate reagent 1 in the appropriate chit-a@ 

combination permits the stereoselective synthesis of each of the aldol isomers 6,7,8, and 9 in optically pure form. These 

products should be of value in the synthesis of macrolide and polyether antibiotics. Application of these same principles to 

the aldol condensation reactions of other chiral ketones should also be possible. 
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