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Synthesis of B-Hydroxy Carbonyl Compounds.
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Abstract: The ketones 1 and 2 can be transformed into a wide range of enantiomerically-pure anti
and syn a-methyl-B-hydroxy ketones and aldehydes. The o'-methyl group in § and 11 may be
retained, demonstrating the use of the lactate-derived group as an optional chiral auxiliary.

In recent years, the aldol reaction using chiral enolates has proved to be a powerful tool for acyclic
stereocontrol and the assembly of polypropionate natural products.! The use of a temporary chiral auxiliary
attached to a stereodefined enolate is a popular tactic, with removal of the auxiliary after the aldol step. In the
preceding paper,2 we have described the use of a new lactate-derived auxiliary for the asymmetric synthesis of
anti and syn aldols such as 1 and 2 (Scheme 1). Using boron enolate chemistry, the stereochemical outcome
of the aldol reaction is determined by the hydroxyl protecting group (Bn vs Bz) in the respective ketone
precursors 3 and 4. Notably, the anti aldol reactions of 3 are found to be especially selective (up to 200: 1 ds),
enabling reagent-control in additions to chiral aldehydes.
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In this paper, we demonstrate the manipulation of these aldol adducts to provide a wide range of
enantiomerically-pure, 8-hydroxy carbonyl compounds and derivatives. All of these compounds are useful
intermediates in the synthesis of polypropionate natural products. For example, addition of a metal hydride and
carbon nucleophile (RZMgX or R2Li) to the ketone carbonyl group in § and 6, respectively, leads to
monoprotected triols, such as 7 and 8. In contrast to more conventional auxiliaries, these stereotetrads may be
further elaborated, retaining the lactate-derived residue, into appropriate target structures. Glycol cleavage
provides the corresponding aldehyde, as in 7 — 9, or ketone, as in 8 — 10. Altematively, the o'-methyl group
in § and 11 may be retained, since reductive removal of the a’-oxygen substituent using Sml leads overall to
12 and 13, which correspond to the silyl-protected ansi and syn aldol adducts of diethylketone respectively.
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Anti aldol series As shown in Scheme 2, the anti aldo! adducts obtained? from the a'-benzoyloxy
ketones (R)- and (S)-3 can be transformed in various ways. The p-hydroxy group in 12 was first converted into
its TBS ether 13 using ters-butyldimethylsily! triflate.3 Similarly, 14 was converted into the silyl ether 15.
Reduction of the ketone group by LiBHj at 20 °C was accompanied by removal of the o'-benzoate, giving the
corresponding 1,2-diols, 13 — 16 and 15 — 17, with high diastereoseleéiivity (95% ds).43 Such mono-
protected 1,2,4-ftiols, having four contiguous stereocentres, can thus be prepared in only three steps from ethyl
ketone 3. For the general synthesis of protected propionaldehyde anti aldols, periodate glycol cleavage
proceeded smoothly, as in 16 — 18 and 17 — 19.9 A similar sequence of reactions performed on ketones 20
and 21 gave the corresponding aldehydes 22 (65%) and 23 (60%),7 thus enabling the iterative aldol
construction of elaborate polypropionate systems.

This new aldol / reduction sequence can be extended to the stereocontrolled construction of contiguous
polyols. Reduction of the lactate-derived ketone 242 by LiBHy4 at —78 °C gave the diprotected tetrol 25, which
was converted into acetonide 26 permitting a secure stereochemical determination by NMR analysis.
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Scheme 2 (a) 'BuMe;SiOTY, 2,6-lutidine, CH2Cly, ~78 °C, 2 b; (b) LiBH4, THF, 20 °C, 16 h; (c) NalOy, aq
MeOH, 20 °C, 15-60 min; (d) LiBH,, THF, 78 °C, 2 h; () (MeO);CMe3, CH,Clp, PPTS, 20 °C, 16 b; (f) Smlp,
THF, McOH, -78 °C, 15 min.

As an alternative to cleavage of the auxiliary group, the a'-methyl group in the aldol adduct may be
retained. Reductive removal® of the a'-benzoate substituent in the TBS-protected ketones 13 and 15 by Smly
gave the corresponding ethyl ketones 27 (82%) and 28 (89%) in enantiomerically-pure form. Notably, this
asymmetric synthesis of diethylketone aldols complements previous routes using chiral boron reagents.? By
using a second aldol reaction on the ethyl side, such ketones permit the highly stereocontrolled synthesis of
elaborate polypropionate systems.

Syn aldol series As shown in Scheme 3, the syn aldol adducts 2910 and 30, obtained from the
«'-benzyloxy ketone 4,2 can be transformed in a related fashion. Here, treatment8 of the TBS-protected ketones
31 and 32 with Sml; gave the corresponding ethyl ketones 33 (89%) and 34 (85%) in enantiomerically-pure
form. Such an aldol/ reduction sequence was also applied to the preparation of ketone 35 (from 36). This is a
key intermediate in the asymmetric synthesis of ebelactone A and B,11.12
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We have previously shown that ir situ reduction of dicyclohexylboron aldolate intermediates, as
generated by boron aldol addition reactions, provides a rapid entry into 1,3-diols with a high level of
stereocontrol.4b.13 This can now be extended to the use of carbon nucleophiles. Using the aldol reactions of
lactate-derived ketone 4, combined with in situ addition of Grignard reagents (or organolithium reagents),
provides the corresponding tertiary alcohols. For example, aldol addition of 4 to 2-ethylacrolein using
“Hex2BCl/ Ex3N in Et20 gave the intermediate boron aldolate, which was directly reacted with excess EtMgBr,
leading to isolation of the 1,3-diol 37 (92%) with 90% ds. In this one-pot sequence, three new stereocentres are
controlied. Following reductive debenzylation, glycol cleavage then gave the syn aldol adduct 38 (cf. 35).92
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Scheme 3 (a) 'BuMe,SiOTS, 2,6-lutidine, CH,Cly, —78 °C, 2 h; (b) Smly, THF, MeOH, ~78 °C, 15 min; (c)
“Hex2BCl, EtsN, Et0, -78 °C, 1 h; H2C=C(E\)CHO, -78 — 20 °C, 16 h; (d) as (c) then EtMgBr (for 37), MeMgBr
(for 39), or HoC=C(Me)MgBr (for 41), 0 °C, 2 h; (e) Li, di-tert-butylbiphenyl, THF, 20 °C, 1 h; (f) NaIOy4, aq. MeOH,
20 °C, 15-60 min; (g) Hp, 10% Pd/C, EtOH, 16 h.

The above procedure is particularly useful for the asymmetric synthesis of stereochemically defined
triols and aldol adducts from unsymmetrical ketones. A simple example is provided by the addition of MeMgBr
to the boron aldolate formed from 4 and isobutyraldehyde, which gave the anti 1,3-diol 39 in 80% yield with
90% ds.14 This result (as well as 4 — 37) presumably arises by chelation from the adjacent benzyl ether in the
Grignard addition step.15 A similar reaction with MeLi gave an 88% yield of a 2.5 : 1 mixture of 39 and its
epimeric tertiary alcohol.14 Debenzylation and oxidative cleavage then gave the methyl ketone 40, which
corresponds to the syn aldol adduct of butanone.16 Related transformations can also be performed on the anti
boron aldolates derived from ketone 3.17 A further example is provided by the addition of a vinylic Grignard
reagent to give the allylic alcohol 41, which was similarly transformed into the syn aldol adduct 42.

synor anti

Scheme 4

In summary, the boron-mediated aldol chemistry of 3 and 4 (and their enantiomers) enables the
practical asymmetric synthesis of syn and anti B-hydroxy carbonyl compounds and their derivatives in
enantiopure form. By varying R!, R2 and R3, as shown in Scheme 4, the aldol reactions of these lactate-



derived ketones should allow access to a wide variety of ketone aldols with complete regio- and stereochemical
control. This approach is most useful for the enantiocontrolled synthesis of ketone aldols, which otherwise are
not easily accessible. We are now applying these new methods to the synthesis of various polypropionate-
derived natural products.
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