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Boron-mediated reactions in organic synthesis ~~~rescnt some of the mast powetiul tools for enantio and 

dimtereoselwive reactioml Two of them attracted our attention, since they could be relevant to the aldol like 

strnctw: boron mediated aldol condensation and reduction of i%hydroxy ketones. 

The studies by Paterson2 have clearly shown the way to build up. in enantio and diastereoselective 

fashion, the general syn aldol adduct 2 statting from the chiral boron enolate of typo 1: with the use of (+) or (-) 

diisopinocampheyl botinrte (L = *lpc) the e.e. of tbe final products reached up to 91% with d.e. up to 96% 

(see figure 1, eq, 1). The isolated aldol adducts are often subsequently reduced to the syn-syn diastereoisomer 

3a or to the syn-awl diastemoisomer 3b by recently developed methodologies, since these swctutes constitute 

important propionate subunits present in many aatwal polyketides.3 

Among the recent methods4 for the diastereoselcctive reduction of B_hydroxy ketones or ketoestcrs of 

typz 4 to the corresponding syn 1,3 dials 5, the use of boron chelating agents such us nBu3B4s or EtzBOM& 

has been successfully reported ( figure 1, eq.2). 
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A one-pot aldol-reduction sequences (see figure 2). with bomn promoting the aldol reaction as 

cnolbxinate and then the subsequent reduction through tbe aldol chelate 6 ( with a syn relationship between 

methyl and hydroxyl groups), would be a valuable tool for obtaining polypmpionate structures like 7 with a 

syn-syn relationship of the thrc.5 stereogenic centers.d 
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Figure 2 

We have explored such an assumption using the enol diisopinccampheylborinates of several ethyl 

ketones7, as illustrated in Tablel, reacting them with methacmlein and (E)-cmtonaldehyde which appeared to 

afford the highest cnanlio and diaste~sclcctive aldol adducts 

After the aldol reaction had gone to completion, NaBH4 was added and, after the appropriate time and 

standard work up procedure, mixtures of diols were obtained. In order tc assigo the correct relative 

configuration wimin the I,3 dials, and to separate the diastereotic mixhue, compounds 10 and l2 have been 

directly isolated: the other dials had to be de&at&d as acetonides ( compounds 8.11 ) or pmethoxy 

bcnxylidenacetals (wmpound 9)* and then separated. After deprotection, the major isomers were analyxed as 

their Masher derivatives9 to deteme their enantiomeric excess. 

The results are illustrated in Table 1, with five examples. In all the reported examples the synlsyn 

diastereoisomers 812 were the major product with fair to good diastezeoselection The use of a mild reducing 

agent such as NaBHq would also be. valuable in presence of other reducible groups such as esters, instead of the 

reported use of LiiH+~JO 

Typical experimental procedure: a (-hliisopinocamphcylborane tri!late solution (1.95 mm01 , 1.9 M in 

hexane), prepared according to ref.2, was diluted with CHzCIz (8 m!_) , under argon with stining.Tne solution 

was cooled at -78Y and added of i-bNEt (3 mmol) and ketone ( 1.5 mmol). After 3h rhe aldehyde (2-4 mmol, 

freshly distilled) was added. and after lh the solution was warmed at -20” C and left overnight Then NaEII& (3 

mmol) was added and left for a further 2A h. The reaction mixture was then quenched with acetic acid and 

neutralized with satd. Na#ZOJ. The mixture was then extra& with A&Et ( 10 mL) and the organic layers 

were evaporated in vacua. The residue was diluted with Et20 (3 mL) and added of 3N NaOH (3 mL) and Hz02 

304& ( 4 mL) . After stirring at mom temp. for 4 h, the organic layer was separated and the aqueous layer, 

saturated with NazCO3, was extmcted with AcOEt ( 20 mL). The organic layers, washed with brine, were then 

dried over Na2S04 and evaporated in vacua. The yellow oil was purified by flash chromatography affording 

mixrue of dials, which were analyscd by IH-NMR for the determination of the diastcreomtic excess or 

derivatized as acetonides (see above). 
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Table 1 

Al&l-reduction reaction of enol (-)-diisopinocampheyborinates with aldehydes 

Entry ktone/aldehyde Major steroisomer 

1 EtCOEffmethacrolein 

2 EtCOCH2iPr/methacmlein JULY/ 

3 EtCOPh/methacrolein 

4 EtCOEUcrotonaldehyde 

5 EtCOiPr/methacrolein 

0 

- (111 
;H b 

/uA (12) 

& &I 

d.e. (%)” e.g. (%)a yield( 

66 92 56 

77 

93 

91 59 

96 43 

75 

70 

66 52 

90 46 

a) yields referred to the isolated major stereoisomers) 

The fair overall yields of the isolated products reflect the complex diastereomeric mixture obtained in the 

double asymmetric induction, and need to he optimized, to avoid the problems during the tmrinate esters work 

up. The overall diastereomeric excess of the aldol condensation and of the subsequent reduction seems quite 

sensitive to the substrates used, as has already ken noted.6 The reported e.e.s are similar to those obtained in 

the related aldol condensations.2 The bulky isopinocamphcyl substitucnt on the chelating boron atom, can alao 

be responsible for the results and studies are needed to better undcrstpod the role in different boron awbstitutents 
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During our studies we have find out a single example of a relati one-pat procedure toward the 

synthesis of polypmpionafe natural pducts (Paterson, I.; Channon, J.A. Tetrahedron Left., 1!%2,_%?, 

7W800: Paterson, 1.: Perkins, M.V. ibidem, X01-8Ud ).ln this case the aldol condensation of a chii 

dicyclobexyl enolborinate with (E)-2-methyl-pentenal afforded an anti-unti isomer which was reduced “in 

sim”, with LiB&, to the corresponding anti-an&syn stereotetrad, with good diastereoselection. 

The diastereoselective reduction of complex aldol adducts to the syn dials does not appear always 

stmighfforward: in a recent report (Evans, D.A., Ng., H.P.; Clark, J.S.; Rieger, D.L.Qrrabe&on, 

1992.48, 2127-2142) the use of two of the most useful procedures with DIBAL (ref. 4c) and 

EtzBOMeINaB~ (ref.4e ) resulted in anti diastereoselectivity for the former and decomposition for the 

latter, the optimal reagent ( Zn(BH&) exhibited a fair (4~1) syn selectivity. 

‘Ike use of simple methyl ketones was not verifted since the optical purity of the aldol adducts appeared 

substantially lower than with the use of ethyl ketones (see ref. 2) 

The mixture of diols was then functionalizd as acemnides by standard procedure, analy& by ‘H-NMR 

and 1 3C-NMR experiments in or& to assign the syn r or nnti 1.3 dials relative configuration (see : 
a) Evans, D.A., Rieger, R,L.; Gage, J,R. Tetrahedron I!&.. 1990,31,7099-71OO.b) Rychnovsky, 

S.D.; Skalitzky, D.J. ibidem, 1990,32, 945-948. 

Tbe correspondiig Masher derivatives, on the purified and deprotected dials, were prepared according 

to : Chen, T.H.; Nwe, K.T. 1. Org. Chem., 1992,57,6107-6111.The enantiomeric purity was 

checked by 1H-NMR and CC/MS, in comparison with men& coqxnmds prepared following the 

previous procedure with the use of nBaBOTf. 

The use of LiBQ on some subsnates ( entries 1,3 and 4 in Table 1). did not give any appreciable 

improvMnent of the chemical yield and diastereosclectivity. 
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