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Abstract : In the presence of BINOL-Ti complex as a chiral promoter, the Mukaiyama aldol addition of
racemic anti o-methyl-B-hydroxy enol silanes to propanal gives dihydroxy ketones bearing four stereocenters
with good de and ee up to 50%. The major anti diastereoselectivity is in opposite to the syn diastereoselectivity
obtained using TiCl, and HO-protected enol silanes. © 1999 Published by Elsevier Science Lid. All rights reserved.

Recently, we have demonstrated that the combination of allyltitanation and Mukaiyama aldol coupling provide
a short entry to the racemic polypropionate five carbon stereosequences[1].

However, polypropionate-derived natural products are optically active molecules[2], and the methods are
needed which allow for the preparation of enantiopure products. Our strategy could be applied to the
construction of the polypropionate chirons by introducing the asymmetric Mukaiyama aldol step : (i) using the
preformed optically active «-methyl-B-hydroxy enolsilanes[3], (ii) starting from racemic functionalized
enolsilanes of defined stereogenicity, and employing a chiral Lewis acid as catalyst. Reported herein are
attemps to achieve diastereo- and enantioselection in the above reaction, using the catalytic amount of chiral
binaphthol-derived titanium dichloride (BINOL-TiCl,)[4].
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Racemic anti a-methyl B-hydroxy enolsilane 1 (E, anti/syn=95/5) was preparefi as previously by allyltitanation
reaction[1]. Compound 1 was then used directly, without protection of the hydroxyl group[5], in the further
Mukaiyama step. In a representative procedure, to a mixture of 4A MS powder (1g) and binaphthol (0,11
mmol) in CH,Cl, (7 ml) was added ('PrO),TiCl, (0,10 mmol) at r.t. under Ar. The mixture was stirred during 2h
and cooled to -15°C. Thereafter propanal (1.1 mmol) was successively added followed by a dichloromethane
solution (10 ml) of enolsilane 1 (1.0 mmol). The mixture was stirred at -15°C until 1 has disappeared (TLC
monitoring). After brine quenching, the aqueous layer was extracted with CH,Cl, (3 X 100 ml). Separation by
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flash chromatography (hexane/ether=1/2) afforded two diastereomeric dihydroxy ketones 2 and 3. No traces of
diastereomers 4 and § were detected by 'H and GC-MS analyses of crude mixtures. Binaphthol can be easily
recovered from column in >80% yield without racemization.

The unique formation of 2 and 3 is noteworthy. Thus, the diastereoselectivity is here opposite (and
complementary) to that observed for the reactions involving TiCl,, in which only the stereoisomers 4 and 5 were
formed with highly favored syn stereoselectivity[1]. As depicted in table 1, the 2 (anti) / 3 (syn) ratio depends
on the configuration of BINOL. The highest 2/3 value=75:25 is achieved when the complex prepared from (S)-
binaphthol was employed, whereas the intermediate 2/3 value=67:33 was observed using a racemic ligand. Also
the ee varies markedly with the configuration of the ligand. As for the diastereoselection, the diastereofacial
selectivity achieves the best values (up to 50%) for the (8)-binaphthol as well.

Table 1: BINOL 2(%) 3(%)
S 75 (ee : 50%)* 25 (ee : 30%)**
R 58 (ee : 20%)™" 42 (ee : 6%y
S+R 67 33

? Determined by analysis of NMR spectra of the (S)-(-)-and (R)-
(+)-MTPA ester derivatives.

® Configuration of the major enantiomer : 3R, 4R,6R,7R.

¢ Configuration of the major enantiomer : 35,4S,6R,7S.

The stereochemical outcome of the reaction reported here is not entirely clear at present. The changeover of the
diastereoselection, relatively to the TiCl,~promoted Mukaiyama coupling of the hydroxy-protected enolsilanes,
can be rationalized, however by an « open transition state », that could involve the chelation-controlled
(synclinal) geometry[6]°. Further studies are in progress in the hope of clarifying and improving simple and
diastereofacial stereoselectivities.
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! Spectral data of 2 and 3 : 2: 'H NMR (CDCL) & 0.96 (1, J=7.3 He, 3H), 1.08 (d, J=7.1 Hz, 3H), 1.4-1.6 (m, 2H), 2.71
(pseudoquintet, J=7.3 Hz, 1H), 2.85 (br:s., D,0 exchangeable), 3.66 (ddd, J=3.1, 7.1, 7.1 Hz) : >C NMR (CDCL,) § 9.7, 13.9, 27.2,
50.9, 74.5, 219.6; MS m/z 202 (M", 10), 173 (14), 144 (25), 126 (8), 115 (100), 99 (23), 86 (53), 70 (70), 57 (100). Anal. Calcd for
C,Hy0, : C, 65.30 ; H, 10.97. Found C, 65.37 ; H, 10.83. 3 : 'H NMR (CDCI,) 8 0.94 (t, J=7.3 Hz, 3H), 0.97 (t, }=7.3 Hz, 3H), 1.10
(d, J=7.1 Hz, 3H), 1.12 (d, J=7.3 Hz, 3H), 1.3-1.6 (m, 4H), 2.66 (dq, J=3.0, 7.4 Hz, 1H), 2.80 (pseudoquintet, J=7.1 Hz, 1H), 3.64
(ddd, J=3.6, 7.5, 7.5 Hz,1H), 3.80 (m, 1H) : "C NMR (CDCl,) 8 9.2, 9.8, 10.5, 14.3, 27.0, 27.4, 49.4, 49.8, 72.7, 749, 221.3 ; MS
m/z 203(M+1, 50), 173 (6), 144 (40), 126 (6), 115 (100), 97 (23), 86 (53), 70 (50), 57 (68). Anal. Calcd for C H,;,0,:C,6530; H,
10.97. Found C, 65.79 ; H, 11.06.The stereochemical asignement of 2 and 3 was based on the 'H and "C NMR data of the
corresponding triols (DIBALH reduction). The absolute configurations and ee of 2 and 3 (Table 1) were determined by Mosher’s
method, using 'H and '°F NMR resonances of the (S)- and (R)-MTPA esters derivatives.

Also the diastereofacial selectivity for the major anti isomer is consistent with the chelation-controlled transition structure.




