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The Michael addition of carbon nucleophiles to conjugated
enones is one of the most powerful methods for carbon-carbon
bond formation. Due to its relevance in the synthesis of
biologically active compounds, much effort has centered on
carrying out this reaction in a stereoselective way.1 The
asymmetric introduction of nonfunctionalized fragments has
been satisfactorily solved by addition of organometallics.2

Likewise, chiral 5-oxocarbonyl compounds have been com-
monly synthesized from enones by asymmetric addition of silyl
enol ethers,3 enamines,4 imines,5 malonates,6 aminocarbene
complex anions,7 and other enolate and aza-enolate equivalents.
Many fewer possibilities can be found for asymmetric acylations
(f1,4 diketones), a good approach being the addition of
metalated aminonitriles.8 To complete this scenario, a good
methodology for the asymmetric addition of a formyl anion
equivalent (f4-oxoaldehydes) should be of great interest.9

Taking advantage of their aza-enamine character, we have
recently reported on the use of formaldehyde dimethyl-10 and
SAMP-hydrazones11 as neutral formyl anion and cyanide
equivalents in their Michael additions to conjugated nitroalkenes.
We now report the dimethylthexylsilyl (TDS) triflate-promoted12

regio- and diastereoselective addition of formaldehyde SAMP-

hydrazone [(S)-1] to prochiral cyclic and acyclic conjugated
enones (2a-g) (Scheme 1). The reaction proceeds in few
minutes at-78 °C in THF, and both the silyl enol ethers3,
primary products of the reaction, and the corresponding depro-
tected ketones4 can be isolated in good yields and with excellent
de’s (85-g98%). The results of these additions are collected
in Table 1.
Emphasis should be given to the fact thatquaternary

stereogenic centers14 (entries b and e) are easily created with
high diasteroselections and with the highest yields within the
series. Interestingly, the reaction takes place in the presence
of Et3N with similar results.15 The diastereoselectivities
observed, which are highly dependent on temperature, are not
much affected when reaction mixtures are allowed to warm up
before quenching. Thus, the process is essentially irreversible,
and kinetically controlled products are obtained. Experiments
changing the order of addition of the reagents demonstrated that
hydrazone-TDSOTf complexes are irreversibly formed and that
the precomplexed ketone is the reactive species. Racemization-
free cleavage of the chiral auxiliary to yield the desired
4-oxoaldehydes5 has been performed in good yields by either
ozonolysis16 or HCl-mediated hydrolysis. High-yielding oxida-
tive cleavage of adducts4 to 4-oxonitriles6 has also been easily
achieved by treatment with magnesium monoperoxyphtalate
hexahydrate (MMPP‚6H2O),17 giving additional worth to this
methodology. The results of the synthesis of compounds5 and
6 are summarized in Table 2.
The absolute configuration of the adduct (R,S)-4f was

determined by X-ray structure analysis,18 and that corresponding
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to 4a has been assigned (R,S) by comparison of the optical
rotation of the derived (+)-(R)-3-oxocyclopentanecarboxylic
acid [(R)-7] with literature data.19 Additionally, the empirical
rule developed by Lemie`re et al.20 was used to assign the 3S
and 3R configuration to the (2R,3R)-2,3-butanediol-derived
ketals of compounds6d and 6e, respectively. Assuming
uniform reaction pathways, the stereochemistry of b, c, and g
series compounds has been assigned by analogy. Summarizing,
the nucleophilic attack always occurs to the same face of the
enone, irrespective of its stereochemistry.21

In conclusion, this paper describes a new simple and efficient
methodology for the highly diastereoselective asymmetric
Michael addition of a neutral masked formyl anion and cyanide
equivalent to prochiral conjugated enones. The chiral formal-
dehyde SAMP-hydrazone and its enantiomeric RAMP-hydra-
zone11b,22 can be used for the enantioselective synthesis of

important chiral building blocks, some of them bearing qua-
ternary stereogenic centers. In our opinion, the excellent
enantioselectivity and predictable absolute configuration will
prove to have many applications in the field of natural product
synthesis.
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Table 1. Asymmetric Michael Additions of (S)-1 to Enones2

aDetermined by13C- and/or1H-NMR spectroscopy.b 95:5 Mixture
of cis and trans isomers.13 cUnstable compound.

Table 2. Synthesis of 4-Oxoaldehydes5 and 4-Oxonitriles6

product5 (7) product6

educt
yield
(%) [R]22D ee

yield
(%) [R]22D ee conf

4a (84)a (-21.8)a (99)a 90 +35.3 93b (R)
4b 87 -22.0 g98c 98 -54.2 g98c (R)
4c 94 +82.3 97c 70d +63.6 97c (R,R)
4d 78 +34.3 95e 83 -11.7 94b (S)
4e 69 +5.5 85c 87 -24.3 84b (R)
4f 79 -55.6f g 95 +15.3 >98h (R)
4g 88 -39.7f g 91 +8.1 96h (R)

aCharacterized as its corresponding acid7 (see ref 19).bDetermined
as de of its (2R,3R)-2,3-butanediol derived ketal.cDetermined as de
of compounds4. d Yield of pure (2R,3R)-isomer (see ref 13).eDeter-
mined by shift experiments using (R)-1-(9-antryl)-2,2,2-trifluoroethanol
as cosolvent.fMaximum values measured for freshly obtained products.
gRacemization occurs during ee determination with Eu(hfc)3. hDeter-
mined by shift experiments using Eu(hfc)3 in CDCl3.
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