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(55)-1,1-Diethoxy-5-t-butyldiphenylsilyloxy-hex-3-en-2-one:
a new functionalized versatile chiral building block
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ABSTRACT : The ritle enone 3 is easily prepared from protected lactaldehyde. Highly
diastereoselective reduction of 3 is only obtained with CBS reagents.

Macrodiolides are very interesting natural products, both from the chemical and biological points of
view.1 They can be divided in two groups : the symmetrical 16 membered compounds with pyrenophorol 1
as a representalive example and non symmetrical 14 membered derivatives such as colletalol 2. Some years
ago, we started a program dealing with the search for a general strategy towards both classes of natural
macrodiolides, their diastereoisomers and some selected structural analogs. We have already shown, on
simple modcls, that the use of two consecutive Wittig reactions is particularly efficient for building
macrodiolides of any desired ring size.2 Taking advantage of this approach, we have now designed the new
chiral, non raccmic, enone 3 as a versatile key intermediate34. It is not only a very convenient fragment for
both scries but the cnone functionality should also allow the introduction of various substituents at the
desired positions of the required analogs.
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The purpose of this Letter is to report our preliminary results in this field with the synthesis of enone 3
and a few functional modifications, with special regard to the diastercoselectivity of the carbonyl group
reduction.

The enone 3 is easily prepared by Wittig reaction of protected lactaldehyde 4 5 with the known

phosphorane 5.6 [ is isolated in 86 % yield after chromatography and fully characterized by spectral and
analytical data.”
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The optical purity of enone 3 has been established via its corresponding Mosher's ester after
deprotection to the secondary alcohol by BugN+F- in the presence of acetic acid (1 eq.)8 followed by
esterification with Mosher's acid.? !H NMR analysis indicated that this ester was a 97/3 mixture of
diastereoisomers, thus establishing a 94 % d.e. for 3.10

The control of the diastereoselectivity during the reduction of the carbonyl group in enone 3 was
examined first. Although 1,4-addition reactions on y-alkoxy protected enones have been studied in detail, 1
it is intcresting to point out that very few studies concerning the 1,2-addition to such derivatives have been
reported. High diastereoselectivities have been observed only in a few cases with complex systems bearing
many extra stereogenic centers,12 having more rigid bicyclic systems 13 or having peculiar conformational
properties. 14 The reduction is usually non stereoselective on linear more flexible systems, as in the
synthesis of thromboxane B, 13 its thia analog !9 or other arachidonic acid metabolites. 17

The reduction of simple acyclic y-methoxy enones was also found non stereoselective, thus excluding a
vinylogous version of Cram's rule.]® However, taking into account the novelty of structure 3 and
especially the presence of the bulky silyl ether protecting group, it was of interest to perform a brief
systematic study of the 1,2-reduction.

OR
: CH(OEt),
3 > Mc/\/§<Rz
R = - SiPhatBu 6:R!'=ILR?=0H;7:R! =OH,R2=H
Table 1
Reaction Yield (%) 6/7
NaBH,4 - EtOH - 0°C 75 58:42
NaBH.; - EtOH - H20 - 0°C 99 50: 50
NaBH, - CeCl3 - MeOH - 30°C 86 53:47
LS - Selectnide - 78°C 50 33:67
DIBAL-H- -78°C 50 48: 52

AQ—O"-DIBALH 61 48 52

As shown on table 1, all attempts to use non-chiral, even bulky, reagents gave very little, or no,
asymmetric induction during the 1,2-reduction : mixtures of diols 6 and 7 being obtained in each case
(NMR analysis).

We then turned 1o chiral reducing agents (table 2)!2. While (S)-alpine borane gave both a poor yield
and a low d.e., good results were obtained using oxazaborolidines. As expected from literature data, best
diastercosclectivitics were obtained using CBS reagents 2021, Starting from each enantiomer, it is possible
to obtain in good overall yicld and with an exccllent diastereoselectivity both diastereaisomers 6 or 7.22



The absolute configuration of the newly created stereogenic center has been attributed by analogy with
results already obtained with several other enones ; for instance, in the prostaglandin series CBS reagents
from (S)-diphenylprolinol gave an (R)-alcohol 2023

Table 2
Reaction Yield (%) 6/7
(S)-Alpine borane neat - two weeks 40 60: 40
{S)-diphenyt prolinol - BH3 - MesS 92 12 ;: 88
(R)-diphenyl prolinol - BH3 - Me»S o5 90: 10
(S) - CBS reagent (@ 85 5:95
(R) - CBS reagent ®) 87 97:3

(a) oxazaborolidine obtained from (S)-diphenylprolinol and 7 Bu B(Ni Pra); &
() oxazaborolidine obtained from (R)-diphenylprolinol and 2 Bu B(Ni P

Catalytic hydrogenation (H3, Pd/C, 67 % yicld) of the double bond leads cleanly to the monoprotected
diols 10 and 11 required for macrodiolide synthesis.

OR OR
H CH(OEn, Ho = CH(OEt),
2 /\/}<
Me ~ R2 —‘———'—’P C Me & RZ
6 R! =H,R2 =OH 8
7 Rl=0OH,RZ2=H 9

It is also interesting to note that hydrosilylation of 3, in the presence of Wilkinson's catalyst gave, after
acidic work up, the corresponding silyl enol ether aldehyde 10 (32 % non optimized yield).2# This new
type of intermediate should be useful for the preparation of macrodiolides substituted in the 3-position.

OR 1 HSi B R
= 1 bt Z
z CH(OE1), 1 Rh(PPh3), ~ CHO
R = - SiPh »Bu o O
s 10 OSiEy

In conclusion, the enone 3 is a new, easily accessible, versatile intermediate. Due to its
functionalization, it may be useful not only in the synthesis of macrodiolides but also for many other types
of molecules.
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