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Summary: The favourable effect of lithium bromide enhancing the facial enantioselectivity in the
protonation of methyl tetralone enolate with a-sulfinyl alcohols is described. Theoretical calculations
1o propose a model to explain the stereochemical course of the protonation reaction.

vier Science Ltd. All r:nhtc reserved.
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Enantioselective protonation has become a field of intense research in recent years. Consequently
several procedures have been reported allowing direct access to chiral carbonyl compounds..l However, a
general understanding of the factors governing the enantioselectivity of the proton transfer is still an open
question. Our interest in both synthetic and mechanistic aspects of this kind of reaction, along with our current
work in the sulfoxide area prompted us to focus our attention to the behaviour of chiral a-sulfinylalcohols, a
class of compounds that have been found very effective enantioselective protonating reagents.2

We wish now to report our preliminary study on the effect of several factors that modify the
enantioselectivity in the protonation with a-sulfinyl alcohols® (1a-¢) and the result of theoretical calculations
which allow to propose a model to explain the stereochemical course of the reaction.

Compounds 2a-b* were used as precursors of enolate 3 which by protonation using 1 afforded ketone
(R)-4 with variable stereochemical outcome that highly depends on the structure of 1 and the reaction
conditions employed (see Scheme). The effect of several factors on the enantioselectivity have been analyzed;
namely the temperature of protonation, the type of enol precursor and finally, the presence of lithium salts in
the reaction medium. Based on previous reports by Kosugi et al’ sulfinylalcohol (S,Rs)-1a was used as
reference chiral proton source in this study, provided that the corresponding (R,Rs)-la diastereomer and
compounds 1b and l¢ lead to a lower level of asymmetric induction.”® Commercially available diethyl ether
solutions of methyllithium were employed in all cases. For this reason protonations were also carried out in
ethereal solutions adding the chiral alcohol (S,Rs)-1a in a mixture (1 :1) of diethyl ether : methylene chloride
or in pure methylene chloride as stated in the Scheme. Comparable results were obtained in both cases (entries
4, 5). In contrast the temperature plays a remarkable effect. Protonations were performed by chilling the
solution containing the chiral alcohol (S,Rs)-1a at —100 or -78 °C, then adding over a precooled solution of
the enolate at -75°C. An important enhancement of the enantioselectivity was observed at lower temperatures
(entries 2, 3). Conversely, no influence of the temperature of quenching5 (-30 or 0 °C) could be determined
even when lithium rerr-butoxide was present (entries 5, 6 and 7, 8). The lower temperature was assayed to
prevent the possible epimerization of the resulting ketone (R)-4 in the basic medium. In any case, the usual
work up was followed once the temperature reached 0°C.

Silyl enol ether 2a and enol acetate 2b were transformed into enolates 3a and 3¢ by treatment with
one or two eq. of methyllithium (1.6 M solution in diethyl ether, d = 0.701; 0.09 M in LiCl) respectively and
then submitted to protonation at -100 °C with (S,Rs)-1a to determine the effect of the type of enol precursor on
the enantioselectivity. Surprisingly, in contrast with previous reports 2P petone (R)—46 was obtained with only
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enolates.

In other series of runs, enolates were generated upon treatment of enol 2a or 2b with one or two eq.

lower enantiomeric excess we related this fact to its lower content in LiBr. Subsequently we attempted to

the other hand, when a saturated ether solution containing one additional eq. of lithium bromide was added to

present during the enolate generation step. This is in agreement with other observations reported related to the
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semiempirical methods.!""'> Tt has been assumed that both enolate and sulfinyl alcohol are coordinated to a
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sulfinyl alcohol, we have firstly carried out a
conformational analysis of the cyclic cncxatcs obtained by coordination of a lithium atom to (S,Rs)-1a and to
two water molecules simulating the solvent." } This study gave two cyclic conformers Sa and §b with a twisted
chair arrangement, which differ in the relative disposal of the alcohol hydrogen. The most stable conformer 5a
bears this hydrogen at the less hindered face of the chelate molecule with an axial orientation. Optimization of
the boat conformation 5S¢ which has been proposed previously as a model to explain the enantioselective

protonation of enolates with sulfiny! alcohols,™ leads to the aforementioned conformer 5a.
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Figure. PM3 geometries and heats of formation (in kcal/mol) for the comformers 5a, Sb and 5c¢, and the

transition structures TS-R and TS-S
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the enolate anion atfords two diastereomeric complex precursors for the enantioselective protonation. The

weak bond Li-O (enolate) in these complexes allows closer approach of the enolate carbon atom to the
hydroxy group, facilitating the proton transfer process. The same model was obtained by calculation for the
protonation of 3 with alcohols 1b and 1e.

Finally, the transition structures (TSs) associated with the two stereoisomeric proton transfer
pathways, TS-R and TS-S have been located. The PM3 calculations gave similar energies for these TSs, (see

Figure), showing that both diastereomeric paths can be competitive. These TSs are described as membered
rinoc in which tha nratan trancfer nraoceccec taka nlaca via a favanrahle intramolecular nathwav In the case of
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o thin Tomothe ~f hmanlima M T fod Farm o o ™ I lande i TR are 1 390 and 1 44N A whila in TQ.Q thaga
1a, tne iengins o1 oreaxing U-ni ana iorming C-nt 00nds il 13-R are 1.225 ana 1.44U A, Willi€ il 15=5 nese

values are 1.204 and 1.439A respectively. The normal mode analysis for these TSs gives only one high
imaginary frequency in each case (1753.0i and 1556.8i cm-', for TS-R and TS-S respectively) showing that
these processes are mainly associated with the hydrogen motion. From this theoretical study we can conclude
that the coordination of a lithium atom to both enolate and sulfinyl alcohol favours the intramolecular proton
transfer process. The experimental results indicate that the enantioselectivity is sensitive to experimental

environments as the lithium concentration, showing the difficulty for a correct modelization of these processes.
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However, despite the approximations used, this study allows us to characterise the reaction pathways tnat

place aurmg the enantioselective prownauon.
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