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Abstract 

(4R-trans)-2-(l-Methylethenyl)-1,3,2-dioxaborolane-4.5-dicarboxylic acid, bis- 
ethyl ester upon oxidation with trimethylamine oxide gives a chit-al enol borate that 
condenses with aldehydes to give optically active 4-hydroxy-2-alkanones in 55-77s 
yield and 41-65s e.e. 

Introduction 

In the addition reaction of allylic (or heteroallylic) organometalic compounds to 
prochiral aldehydes, the absolute configuration of the newly formed stereogenic 
centres can be controlled by choice of chiral auxiliary ligands bound to the metal. 
This strategy has been widely exploited in synthesis of optically active homoallylic 
alcohols using, for example, chiral allylic boranes [l], boronates [2], and stannanes 
[3]. On the other hand little work has been done along these lines in the case of 
enolates, which represent a very important class of heteroallylic systems [4]. 

We describe here the preparation and the condensation with aldehydes of the 
bis-ethyl ester of (4R-truns)-2-(1-methylethenyloxy)-l,3,2-dioxaborolane-4,5-di- 
carboxylic acid [5 *], which acts as a chiral synthetic equivalent of the acetone 
enolate [6 * 1. 

We use as the chiral starting material the vinylic boronate 1, which is easily 
accessible on a 20-30 g scale through standard boron chemistry [7] and (R, R)-di- 
ethyl tartrate (DET) as the chiral auxiliary ligand (eq. 1). 

* Reference numbers with asterisks indicate notes in the list of references. 
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Oxidation of 1 by trimethqlamine oxide (TMANO) 18) yieldh tile en,)1 borate 2. 
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these ions are preceded by the lo B-containing peak); mass spectrum (negative ions) 
228 (M- - C,H,, ll’%), 227 (100%) 226 (22%) 114 (11%). 113 (31%). The boronate 
1 can be stored at 0” C as a 0.5-0.7 M solution in anhydrous CH,Cl, under an inert 
atmosphere for several weeks without appreciable decomposition. 

Synthesis of ketols (3): typical procedure. To a 0.7 M solution of 1 in CH,Cl, is 
added a 1 M solution of anhydrous TMANO (1 equiv.) in CH,Cl, at 20” C. After 

45 min the ‘H NMR spectrum of the mixture reveals the disappearance of TMANO 
(S 3.2 ppm), and quantitative formation of trimethylamine (6 2.4 ppm). (Small 
amounts of acetone are always observed in the ‘H NMR spectrum of the reaction 
mixture, and are probably due to residual water in the TMANO solution; the drying 
of commercial TMANO dihydrate is therefore critical for obtaining good chemical 
yields.) The solvent and the amine are taken off under vacuum, the residue is 
dissolved in CH,Cl,, and the solution cooled to -40°C. The aldehyde is then 
added and the mixture stirred for 3 h at - 40 o C, and the temperature then allowed 
to raise to -20°C. After 2 h at - 20°C the mixture is poured into a pH 7 
phosphate buffer solution. After extraction with ether, the ketols are isolated by 
flash-chromatography on silica gel with 2/S V/V ether/cyclohexane as eluent. 

4-Hydroxy-4-phenyl-2-butanone. IR (Ccl,) 3450, 1702, 700 cm-‘; ‘H NMR 
(Ccl,) 2.0 (s, 3H), 2.6 (m, 2H), 3.6 (m, lH, OH), 4.8 (m, lH), 7.1 (s. SH) ppm. 

4-Hydroxy-4-cyclohexyl-2-butanone. IR (neat) 3450, 1700 cm-‘; ‘H NMR 
0.85-1.9 (llH), 2.2 (s, 3H), 2.5 (m, lH), 2.6 (m, lH), 3.0 (s, lH, OH), 3.8 (m, 1H) 

ppm. 
4-Hydroxy-6phenyl-2-hexanone. IR (neat) 3450, 1715, 1610, 1500, 700 cm-‘; 

‘H NMR 1.4-2.0 (m, 2H), 2.1 (s, 3H), 2.3-3.0 (m, 4H), 3.5 (s, lH, OH), 4.0 (m, lH), 
7.3 (s, 5H) ppm. 

(E)-5-Methyl-4-hydroxy-5-hepten-2-one. IR (neat) 3420, 1710, 830 cm-‘; ‘H 
NMR 1.6 (s + d, 6H), 2.2 (s, 3H), 2.5-2.75 ( m, 2H), 4.45 (m, lH), 5.55 (m, 1H) ppm. 

4-(4.Quinolyl)-4-hydroxy-2-butanone. IR (Nujol) 3100, 1710, 1590, 1570, 1510, 
1360, 1080, 860, 815, 760 cm-‘; ‘H NMR 2.2 (s, 3H), 2.5-3.15 (2dd, 2H), 5.5-6.1 
(broad, lH), 5.9-6.1 (m, IH), 7.35-7.7 (m, 3H), 7.95 (m, 2H), 8.6 (d, J4.5 Hz, 1H) 

ppm. 

Results and discussion 

The results of the reaction of 2 with some representative prochiral aldehydes are 
shown in Table 1. Normally optical yields of 50-60% e.e. are obtained, and this 
level of enantioselectivity is comparable with that reported for other approaches to 
optically active ketols lacking substituents in the (Y position with respect to the 
carbonyl group [4,6 * 1. 

In investigating the absolute stereochemistry of the products obtained in the 
absence of literature correlations between the ketols reported in this work and 
stereochemically defined molecules, we established the S configuration for the 
laevorotations of 4-hydroxy-4-phenyl-2-butanone (runs 1,2) and of 4-hydroxy-4- 
cyclohexyl-2-butanone (run 3) by independent synthesis through ozonization of 
authentic (S)-l-phenyl-3-methyl-3-buten-l-01 and (S)-l-cyclohexyl-3-methyl-3- 
buten-l-01 (eq. 3) prepared by a previously reported method [3b,c]. 
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A rationale for the enantioselectivity observed can be derived by Inspecting the 
two trajectories of approach A and B. of the aidehyde to the enc#~~~t~ 2 (Fig. 11. 

In considering the mode of approach we assumed that (i) the mnl borarc 2 
adopts the planar U-shaped conformation sh<:w~n in Fig. 1, a xugge~tcd b\ 
Hoffmann [%*I on the basis of NOE effects and of ab inititl STG?C; calculatio& 
on closely related boron derivatives. and (ii) the aldehvde ouvgen mo\~ towards the 
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boron atom in order to allow a preliminary stabilizing B-O complexation. Forma- 
tion of the Lewis acid-aldehyde adduct takes place prior to the C-C bond formation 
in a variety of Lewis acid-mediated additions to aldehydes [lo]. and this complexa- 
tion facilitates the nucleophilic attack on the aldehyde by lowering the energy of the 
n*(CO) orbital and by increasing the positive charge at the carbonyl carbon. The 
main difference between pathways A and B is that the former forces the groups R 
and CO&H, closer together, making it less favourable with respect to B. If this is 
the case, when (R,R)-diethyl tartrate is used and the priority of R precedes that of 
the CH,COCH, fragment according to the CIP system, the S enantiomer must be 
formed, exactly as was found in runs 1-3. 

The new procedure described here is convenient, it does not require expensive 

starting materials or tedious preparations of special chiral ligands. In order to 
improve this procedure we are looking for alternatives to the use of TMANO in the 
oxidation step, and are seeking other chiral auxiliaries in order to upgrade the 
enantio-selectivity of the condensation. 
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