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ENANTIOSELECTIVE ALDOL CONDENSATIONS: 

THE USE OF KETONE BORON ENOLATES WITH CHIRAL LIGANDS ATTACHED TO BOR0N.T 

Ian Paterson*, M. Anne Lister, and Cynthia K. McClure 

University Chemical Laboratory, Lensfield Road, Cambridge CB2 1 EW, U.K. 

Summary Aldol condensation between diethylketone and simple aldehydes using (lpc)2BOTfliPr2NEt in CH,CI, gives 

syn-adducts in good ee (66-90%) and with high diastereoselectivity (290%). Other chiral dialkylboron triflate reagents 

examined give lower ees. 

The aldol condensation reaction of boron enolates, la-9 which affords high levels of relative stereocontrol 

(Z enolate + syn vs E enolate + anti aldol), has recently become important in the area of absolute stereocontrol through the 

use of specially designed chiral auxiliarieslbsC attached to the carbonyl carbon. The alternative use of readily-available chiral 

ligands on boron, as in enolates 1Z or lE, to directly promote enantioselective C-C bond formation between simple carbonyl 

compounds and aldehydes is an attractive idea which has not been nearly so well demonstrated.2 A particularly appealing 

application is to the synthesis of 6-hydroxyketones4 of high ee with predictable relative and absolute stereochemistry. We now 

report our initial results on the enantioselective synthesis of a-methyl+hydroxy ethylketones by aldol condensation of 

diethylketone with aldehydes using the chiral dialkylboron triflate reagents 2,3, and 4 (Scheme). Syn aldol adducts, 5 and 6, 

are obtained with high diastereoselectivity (SO%) and, with the more selective reagents 2 and 3, in enantiomeric excesses of 

66-90%. These aldol products may then be subjected to a second stereocontrolled aldol condensation on the other side of 

the ketone carbonyl group to give useful chiral fragments for macrolide construction.5 
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Inspired by Meyers’ earlier work2 on chiral boron azaenolate addition to aldehydes and the recent results of 

Brown’s group for chiral allylboranes,3 the direct enolization of diethylketone using (-)-diisopinocampheylboron triflate (2) 

prepared in situ from (-)-(I~c)~BH 6 and triflic acid, in the presence of iPr2NEt was first studied. Using acetaldehyde as a 

representative aldehyde (Table l), the aldol addition selectively gave the (2R, 3S)-stereoisomer 5 (R=Me)7 with varying ee8 

fDedicated to Professor R.A. Raphael on the occasion of his 65th birthday 
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and yield depending on the reaction solvent (entries l-3). Of the solvents tried, dichloromethane was found to give the best 

enolisation stereoselectivity and, in the aldol step, the highest ee (82%) as well as chemical yield. The favoured (R )- 

configuration7 at the hydroxyl bearing chiral centre of the adduct obtained using 2 is in agreement with that found for Meyers’ 

and Brown’s reactions.203 A similar mechanism for asymmetric induction by the Ipc ligands is probably operating in all of these 

cases. We next briefly explored the effect of structural variation in one of the chiral ligands on boron keeping the other 

constant as Ipc. The unsymmetrical dialkylboranes L*(lpc)BH were prepared” in each case from the appropriate cycloalkene 

(1 -phenylcyclopentene’ ‘, 1-methylcyclohexene, and 1-phenylcyclohexene) by asymmetric hydroboration, followed by 

w i. L!(lpc)BOTf, 
‘PrsNEt 

+ R 

0 
ii. RCHO 

iii. HsO, 
HO 0 

5 6 

Table 1. 

Enantioselective aldol condensation between diethylketone and acetaldehyde (R=Me): effect of 
solvent and ligands. Enolisation (-78X - O°C, 5h) and condensation (-78OC - O°C, 2h) 
conditions are standard. 

entry l? solvent major syn ee(%)e entry L* solvent major syn ee(%)s 

1 

16 

1 
Et,0 5 51 e 

\t* - 1 
2 hexane 5 56 5b cf CH,CI, 6 33 

3 (2) CH,Cls 5 a2 (7) 

ph Fh 

43 
v 

- .I 
- I 

CH,CI, 6 52 6’ 

0 

CH,CI, 6 33 

(4) (8) 

aThe borane was made in and crystallised from Et20 at -30°C. b The borana was made in Et20 at -30% and aged 
in THF at 0%. CThe borane could not be satisfactorily crystallised and SO the triflate was not stereochemically pure. 

selective crystallisation, using IpcBH2 (prepared from (+)-a-pinene). As with (IpQ2BOTf, the corresponding triflates 4t1, 7, and 

8, respectively, were freshly prepared in situ by the addition of trifluoromethanesulphonic acid to a suspension of the borane 

in dichloromethane. Although the aldol condensation with acetaldehyde in all of these cases (entries 4-6) proceeded in lower 

ee than with the C2-symmetric reagent 212, the enantiomeric adduct 6 (Fl=Me) was now clearly preferred. These smaller 

ligands (L’), which have opposite configuration”and chiral influence relative to Ipc, presumably selectively 

take up a controlling axial position in the diastereomeric aldol transition states 9 and 10 derived from lZ, which now lead to the 

favoured formation of 6. 

Using the optimum conditions’3*14 already determined, we next looked at the enantioselective aldol 

condensation of diethylketone with several different simple aldehydes using reagents 2, 3, and 4 (Table 2)15. The synzrnri 

selectivity obtained with these chiral reagents (>lO:l) was generally at least as high as that found for the corresponding 

reaction with nBu2BOTf/iPr2NEt1f. Enantiomeric excesses in the range 66-90% towards 5t6 were obtained using triflate 2 

(entries 1,3,5, 7, 8, and 9). The highest ee of 90% was observed with methacrolein (entry 3) which was also reproducible on a 

larger scale (40 mmol). A slightly lower ee value of 80% was obtained for butanal (entry 5) and furfural (entry 9). In most cases 

good yields of aldol adducts were obtained using 2. An exception was condensation with isobutyraldehyde (entry 8), which 

proceeded in only a moderate yield and gave the lowest ee (66%) encountered. This suggests that the present procedure 

works best for sterically undemanding aldehydes. The enantiomeric reagent 3 (prepared from (-)-a-pinene of 82% ee”a) gave 

roughly comparable results to 2 in aldol addition to furfural, but now in favour of the formation of 6 (R=P-furyl; entry 10 vs entry 

9). In comparison, the other chiral triflate 4 proved to be less useful. It also favoured 6 (entries 2, 4, and 6) but with 

consistently lower ee (28-52%). 
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Table 2. 

Enantioselective aldol condensations of diethylketone with aldehydes.13*14 

entry aldehyde reagent syn:ant? major syn16 ee(%)*r15 yield(%)b 

1 
2 s 

97:3 
9713 

80 
60 

: H f 95:5 96:4 z: 75,75d 52 
0 

2 97:3 97:3 f fl: 92 65 

a H 2 96:4 5 66 45 

0 
c 

190 3 96:4 96:4 :: ::c 
0 

‘Determined by ‘H-NMR. bErcept where otherwise slated, isolated yields after chromatography 
(flash column or HPLC) are based on ketone (2-7 mmol scale) using 2-3 equiv. of aldehyde. ‘isolated yield 
based on aldehyde using 1.5 equiv. of ketone. dReaction carried out on a 40 mmol scale using 1.5 equiv. aldehyde. 

In summary, reagent 2, which is readily made in optically pure form from inexpensive (+)-a-pinene (ca 

92%ee), and its enanliomer 3, prepared from (-)-a-pinene (ca 82%ee), are useful reagents for the simple stereocontrolled 

synthesis of syna-methyl-b-hydroxykelones like 5 and 6. Furthermore, these chiral dialkylboron triflates are potentially useful 

in influencing the stereochemistry of aldol condensations between simple ketones and chiral aldehydes, as well as that 

between chiral ketones and aldehydes.5 We are now looking at their use with other ketones as well as the stereocontrolled 

preparation of (IPc)~B enolates by other means.” 
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qN%O ref AN?0 o-(v) * r~=+3230(c,sc 

T0Sb 0 
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