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Abstract: The reactions of the Ti ate enolate 1 and the Li enolaie 2 with the chiral enone 3 were
studied. Both reactions are moderaiely sterecselective, loading 10 the synthesis of the 2.3-anti-3 4-anti and
the 2.3syn-3 dantl isomers with 78% and 82% selectivity, respecdvely. The addiion of 1 appears io iake
place via an inverse demand Diels-Alder reaction, rather than a conjugate addition. This finding can
explain the different siereochemical behavior of lithisem and titanium enclates in the addition to enones.

We recently reported that Ti “ate” complexes of ketone and ester enolates, obtained by treating the
corresponding Li enolates with 1 mol equiv of Ti(OiPr)4, add to unsaturated carbonyl compounds in a 1,4-
fashion with high regio- and stereoselectivity and offer various advantages in comparison with their Li
counterparts.! For ketone enolates, the use of the Ti complexes improves both the regioselectivity and the
stereoselectivity of the conjugate addition. The sense of selectivity is the same as for Li (i.e. when adding wE
enones, E enolates afford syn compounds, and Z enolates the gasi isomers).2 On the contrary, for ester enolates
the stereochemical cutcome of the addition is reversed on going from  Li to Ti. For instance, the Ti enolate of
t-butylpropionate 1 adds to E-configurated esters and ketones to give anti ketoesters with stereoselectivities up
10 95%, while the addition of the parent Li enolate 2 is 90-95% syn sclective (Figure 1).3
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Figure 1. Addition of ester enolates 1 and 2 to unsaturated ketones.

In this paper we report on the reaction of ester cnolates 1 and 2 with the chiral substrate 3, which led to
a deeper understanding of the stereodivergent behavior of the two enolates.

Enonc 3 was synthesized from 2-phenylpropanal, as previously reported.4 Addition of the lithium
enolate 2 (Figure 2) at 0 °C afforded a mixture of ketoesters, with the 2,3-syn-3 4-anti isomer 4 constituting
ca. the 80% of the product mixture.5 The same isomer was obtained by Heathcock and Uehling in the TiCly
catalyzed reaction of 3 with the t-butyldimethyl silylketencacetal of t-butylpropionate.6
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Figure 2. Addition of the lithium enolate 2 to 3.

On the contrary, reaction between 3 and the Ti enolate 1 at -30 9C (Figure 3), followed by NH,F
quenching, resulted in the formation of a ca. 5:1 mixwre? of the two enols 6 and 7, in quantitative yicld. These
enols were characterized by !H- and 13C-NMR of the crude reaction mixture.8 They appear to be stabilized by
H-bonding between the enol and the ester carboxy group (see Figure 3), which is revealed in the IR spectrum
by the low frequency of the carbonyl stretching (1715 cm-1), and in the H-NMR spectrum by the presence of
a DO exchangeable proton as a sharp singlet at 6.6 ppm. Transformation in a 5:1 mixture of ketoesters § and
49 takes place spontancously in a few hours. However, the enols could be trapped by treating the reaction crude
with tosylisocyanate. 10 The resulting N-sulfonylamides 8 (Figure 3) could be chromatographed on silica gel,
and were fully characterized.!!
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Figure 3. Addition of the titanium enolate 1 to 3.

The 2,3-anti-34-ansi configuration of the major ketoester § was established by X-ray analysis of the
corresponding acid 9 obtained in isomerically pure form by removal of the t-butylester with CF3002H, and
crystallization from pentane (Figure 4).12



6359

Figure 4. Synthesis and X-ray structure of ketoacid 9.

The formation of the enols 6 and 7 in the Ti mediated reaction, as opposed to the direct formation of
ketoesters in the Li mediated reaction, can be explained if the reaction between 3 and the Ti enolate 1 takes
place through a cycloadditive mechanism, rather than a nucleophilic addition to the activated double bond.
[4+2] Hetero-cycloadditions are known 10 occur between enones and electronrich dienophiles such as
enolethers and keteneacetals.!3 These cycloadditions (the so-called inverse demand Diels-Alder reactions) take
place thermally or under Lewis acid catalysis and, starting from ketene acetals, give rise to 2,2-dialkoxy-
dihydropyranes.131.14 Thus, cycloaddition of 1 and 3 followed by water quenching should afford the
hemiorthoesters 10 and 11 (Figure 5). Breakdown of these intermediates is expected to occur mainly by
opening of the ring and release of the enol form.13f. 15 At present we do not know whether the mechanism
that leads to the formation of 6 and 7 is concerted as for enolethers, 13 or stepwise as for enamines.1385 From
a stercochemical point of view, we can observe that, assuming a concerted mechanism and that the
stereochemistry of 1 is E,2 the selective formation of § over 4 can be explained with the models of Figure §.
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Figure 5. Proposed mechanism for the addition of 1 to 3.

Structures a and b show the approach of the enolate to the face of 3 predicted by the Felkin model.16
Both a and b allow the favorable interaction between the enolate oxygen and the carbonyl carbon which
generally leads to endo selectivity in these type of cycloadditions.132 Structure b should be disfavored by the
steric hindrance created by the metal ligands in the endo orientation.14
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More generally, the isolation of 6 and 7 sheds some light on the stereochemical divergence of lithium

and titanium ester enolates. The reaction of lithium enolates is a real nucleophilic addition to the activated
double bond and takes place through eight-membered cyclic transition structures, which dictate the
sterochemical outcome.3: 17 On  the contrary, the addition of the titanium enolate 1 is an inverse-demand [4+2]
cycloaddition, proceeding with endo  sclectivity.
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