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The diastereoselective addition of
1,3-bis(trimethylsilyloxy)-1-methoxybutadiene 2 to readily
available a-heterosubstituted aldehydes (S)-1 affords after
syn-diastereoselective reduction HMG-CoA-reductase-
inhibitor-precursors (S,R,S)-4 and 5 with various
substitution patterns and high enantiomeric and
diastereoisomeric excesses (ee = 93—> 96%; de =

95— > 96%) in good yields.

Owing to the importance of the 1,3-diol functionality as a key
structural feature in pharmaceutically active compounds, such
as HMG-CoA-reductase-(HMGR)-inhibitors! and macrolide
antibiotics,? an increasing number of methodologies have dealt
with their synthesis in a diastereo- and enantio-controlled
manner.3

Our approach to the diastereo- and enantio-selective synthe-
sis of 6-heterosubstituted syn-3,5-dihydroxy-esters A, repre-
senting the key structural feature of HMGR-inhibitors, is based
on the diastereoselective 1,2-addition of acetoacetate d*-
reagents D to chiral «-heterosubstituted aldehydes C followed
by syn-selective reduction of the resulting 5-hydroxy-3-
oxoesters B (Scheme 1).

The chiral «-heterosubstituted aldehydes C were prepared in
highly enantiomerically enriched form, following the procedure
of Reetz et al.* [(S)-1a~c; X = NBn;], or by application of the
SAMP-/RAMP-hydrazone methodology [(S)-1d-f; X = But
Me,Si, ButS], previously developed in our laboratories.1> The
ee’s of the chiral aldehydes could be determined by formation of
the Mosher esters® {(S)-MTPA-Cl [MTPA = «-methoxy-a-
(trifluoromethyl)phenylacetic acid], DMAP, CH,Cl,, 2 h, 0 °C}
after reduction to the corresponding alcohols {NaBH,, CH,Cl,,
1 h, —78-0 °C]. Integration of the two methoxy-signals in the
'H NMR spectrum indicated ee values of 93—>96% (Table
1).

The subsequent optimisation of the aldol reaction conditions
using several acetoacetate d*-reagents resulted in the applica-
tion of 1,3-bis(trimethylsilyloxy)-1-methoxybutadiene 2,7
which has so far found only limited applications in diastereo-
selective 1,2-additions to chiral «-substituted aldehydes.8a—<
Thus, adding the corresponding aldehyde (S)-1 and titanium
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Scheme 1 Retrosynthetic analysis of 6-heterosubstituted syn-3,5-
dihydroxyesters A

tetrachloride to a vigorously stirred solution of 2 in dichloro-
methane furnished 6-heterosubstituted 5-hydroxy-3-oxoesters
(§,R)-3 as single diastereoisomers (Table 1) in moderate to good
yields (54-87%).§ Finally, we reduced the keto group of the
aldol products (S,R)-3 diastereoselectively, using tri(butyl)-
borane—pivalic acid—sodium borohydride in THF-MeOH,*¢ to
afford the syn-diols (S,R,S)-4 with complete stereocontrol (X =
NBn;,, BuMe,Si) and fair to good yields (51-86%). However,
in the case of X = Bu'S only a 9:1 mixture of syn:anti-
dihydroxyesters (S,R,S)-4 could be obtained, as determined by
13C NMR spectra analyses.{ The relative configuration of the
newly created stereogenic centres could be assigned by 'H
NMR NOE measurements after conversion to the 1,3-dioxanes
(S,R,S)-5 [2,2-dimethoxypropane—BF;-OEt,—CH,Cl,] followed
by chromatographic purification or recrystallisation from
pentane. Thus, we were also able to increase the de’s of (S,R,S)-
5f,g to 95% (Table 1).

The determination of the ee’s of the 1,3-dioxanes (S,R,S)-5
was carried out by 'H NMR spectroscopy using the chiral
cosolvent (—)-(R)-1-(9-anthryl)-2,2,2-trifluoroethanol and by
comparison with the corresponding racemic compounds.|| In
conclusion, as is evident from the data given in Table 1, no
racemisation occurred in the whole reaction sequence. The
observed anri-selectivity of the Mukaiyama aldol reaction to
chiral aldehydes (S)-1, not prone to chelation, is in complete
agreement with similar Lewis acid promoted reactions of enol
silanes!? and can be rationalized by application of a Felkin~Anh
transition state.!!

In summary, the anti-selective nucleophilic 1,2-addition of
methyl acetoacetate d*-equivalent 2 to readily available highly
enantiomerically enriched «-heterosubstituted aldehydes fol-
lowed by syn-selective reduction of the keto group, as described
here, offers an efficient entry to 6-heterosubstituted 3,5-dihy-
droxyesters in high de and ee.** Starting from the enantiomeric
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Scheme 2 Reagents and conditions: i, 2 (3.0 equiv.), TiCly (2.1 equiv.),
CH,Cl,, —78 °C; ii, Bu3B (1.2 equiv.), CsHoCO,H (0.1 equiv.), NaBH, (1.5
equiv.); iii, MeC(OMe),Me (2-20 equiv.), BF;-OEt; (1-20 equiv.),
CH,Cl,, —78-0 °C
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Table 1 Enantioselective synthesis of HMG-CoA-reductase-inhibitor precursors (S,5,R)-5 via 1,2-addition of 1,3-bis-(trimethylsilyloxy)- butadiene 2 to
chiral a-heterosubstituted aldehydes (S)-1 followed by syn-stereoselective reduction of the keto group of (S,R)-3 to (S,R.5)-4

eed Yield Yield Yield

Starting [$-1] 1-3 354 455 dev eec § [«1BTS
material R X (%) (%) (%) (%) (%) (%) (¢, CH,Cl,)
(S)-1a Pri NBn, >9 60 67 55 >96  >96  —40.6(0.93)
(S)-1b But NBn, >96 71 51 68 >96 >96 —43.4 (0.84)
S)-1¢ Bn NBn, >96 71 61 81 >96 >96 —25.9(0.73)
(S)-1d Bn BuMe,Si 93 54 55 90 >96 93 +34.3 (0.79)
(S)-1e DCBn¢ ButMe,Si 95 60 52 90 >96 95 +36.5 (0.76)
S)-1f Bn ButS 93 87 78 83 95¢ 93 +15.5 (0.52)
($)-1g DCBn¢ Bu'S 94 81 86 67 95e 94 +8.8 (0.72)

a Determined after conversion into the corresponding MTPA-esters followed by 'H NMR analysis (Varian 300 MHz spectrometer). ¢ Determined by '3C
NMR spectroscopy after column chromatography. ¢ Determined by 'H NMR spectroscopy using (—)-(R)-1-(9-anthryl)-2,2,2-trifluoro- ethanol as chiral
cosolvent (Varian 300 MHz spectrometer). ¢ DCBn: 2,4-dichlorobenzyl. ¢ After recrystallisation from pentane.

aldehydes (R)-1 (X = R3Si, RS), accessible from the corre-
sponding RAMP-hydrazones, the asymmetric synthesis of
potential HMGR-inhibitor precursors is possible. This project is
under current investigation in our laboratories.
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Footnotes
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$ New chiral aldehydes (S)-1e,g were fully characterized by 1H NMR, 13C
NMR, IR, MS and elemental analyses.

§ Refs 8a,b emphasize the importance of precomplexation of the chiral
aldehyde to the Lewis acid to gain high diastereoselectivities. However,
following the inverse addition procedure, as described here, we obtained the
same selectivities and superior chemical yields.

{ Attempted optimisation of the reaction conditions (trialkyl- and
alkoxydialkyl-boranes, solvent, temperature, time) proved fruitless with no
improvement of the stereoselectivity of the syn-reduction. The reason for
the difference in behaviour of (S,R)-3f,g remains unclear.

|| Racemic compounds 5 were prepared in the same manner previously
described starting with racemic aldehydes 1.

** All new compounds gave correct analytical data (‘H NMR, 13C NMR,
IR, MS and elemental analyses or HRMS).
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