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â-Heterosubstituted carbonyl compounds are widespread in
natural products, and their synthesis has attracted much interest.
Unlike â-oxy and â-amino carbonyl compounds, which are
accessible through many different approaches,â-thio carbonyl
compounds can only be reached through a very narrow range of
synthetic routes.1 For instance, while the aldol and the Mannich
methodologies have been profusely developed in the former cases,
the aldol strategy involving thioaldehydes is of very limited use,
because of the poor electrophilicity of thioaldehydes, among other
reasons.2 The general practice so far documented for the prepara-
tion of â-thio carbonyl compounds is the conjugate addition of
thiols to R,â-unsaturated carbonyl systems. In recent years both
diastereo- and enantioselective versions of this approach have been
addressed with success. In the diastereoselective methods,3 a chiral
auxiliary is typically attached to the enoyl substrate prior to the
intermolecular attack of a thiol,4 while in the enantioselective
cases,5 both enoyl derivatives and enones have been reacted with
thiols in the presence of chiral ligand-metal complexes. Common
to both strategies is the use of arenethiols as the nucleophile.6 In
consequence, aryl sulfides are obtained, from which the dearyl-
ation process to yield the eventually desired free thiol is not always
straightforward. We report herein on a conceptually new strategy
for the asymmetric synthesis ofâ-mercapto carboxylic acids and
alcohols that formally effects the conjugate addition of simple
“SH-” to enoyl imides in a highly stereocontrolled way. The new

synthetic concept is outlined in Figure 1. This development is
founded upon the effective asymmetric induction that could
reasonably be expected in such an intramolecular process (I to
give II ), even if the stereogenic unit is remote from the bond-
forming atoms.7

To put this idea into practice, we succeeded in carrying out
the reaction ofN-enoyl oxazolidine-2-thionesIII , Figure 2, with
some Lewis acids to yield, after hydrolysis, the corresponding
â-mercapto carbonyl adductsVI . Our idea was inspired by the
well-documented tendency for allyl thiocarbamates and thioureas
to undergo electrocyclic intramolecular rearrangements.8 Given
the assumption thatN-enoyl oxazolidine-2-thionesIII upon
complexation with a Lewis acid would render speciesIV , a
subsequent electrocyclic cyclization followed by hydrolysis toVI ,
as described in Figure 2, is a plausible conjecture.

Accordingly, see Table 1, it was found that 0.01-0.05 M
solutions of substrates1-4 in methylene chloride react smoothly
with SnCl4 at -78 °C in a few hours to afford, after simple
aqueous workup, adducts5-8. As the results in the table show,
this unprecedented transformation is general for both aromatic
and aliphatic R groups and successfully tolerates structurally
different oxazolidine-2-thiones. Nevertheless, the presence of
aromatic groups in the substrate has a significant influence on
the reaction outcome. In fact, when R is an aromatic group, the
initially formed solid in the reaction9 did not evolve unless the
reaction mixture was allowed to reach room temperature. The
essentially perfect diastereocontrol exerted during the process for
R ) aliphatics (entries a-c, i-k, and n-o), regardless of the
auxiliary employed, is, however, lowered for the aromatic cases
(entries d-h, l, and m), presumably due to the higher reaction
temperatures used.10
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Figure 1. General principles of the new strategy: (1) attachment of a
chiral auxiliary; (2) intramolecular reaction promoted by an additive,
which also alters the auxiliary; (3) detachment of the product and of the
modified auxiliary; and (4) regeneration of the original auxiliary.

Figure 2. Possible course of the reaction fromIII to VI .
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Diastereomeric ratios for the adducts were conveniently
determined using13C NMR spectra from each crude reaction, and
were corroborated by HPLC for selected cases. Apart from SnCl4,
among the other Lewis acids tested, i.e., TiCl4, Ti(iPrO)4, BF3:
Et2O, ZnBr2, Me2AlCl, Cu(AcO)2, and Cu(TfO)2, only TiCl4 gave
rise to comparable results. The reaction also occurred with BF3:
Et2O and ZnBr2, although in lower chemical and stereochemical
efficiency. On the other hand, although the best reaction conditions
in terms of isolated yield of the adducts were obtained using 1.5
equiv of SnCl4, the reaction also proceeded, more slowly, with
substoichiometric amounts of the Lewis acid.11 Detachment of
the altered chiral auxiliary from the adducts, with simultaneous
liberation of the correspondingâ-mercapto alcohols or carboxylic
acids, could be carried out as illustrated in Scheme 1. For instance,
treatment of adducts5a and6a,b,i with sodium borohydride in a
mixture of THF-H2O12 gave rise to oxazolidinones9 and11 in
isolated yields of 85% and 95-99%, respectively, along with the
respective mercapto alcohols10 in 60-78% isolated yields. The
enantiomeric purity of the mercapto alcohols was determined by
HPLC analysis and comparison with racemic samples.13 On the
other hand, lithium peroxide assisted hydrolysis14 of both5a and

6a, after blocking of thiols as their symmetrical disulfides,
afforded the dicarboxylic acid12 as a glassy solid. Coupling of
this compound with (R)-(+)-R-methylbenzylamine gave rise to
the symmetrical diamide13 as the only diastereomer detected,
Chart 1. In addition, an X-ray structural analysis of crystalline
compound14, obtained from acylation of6a, allowed us to
confirm the assigned configuration of the newly created stereo-
genic center.

Finally, regeneration of oxazolidine-2-thiones from the recov-
ered oxazolidinones9 and 11 was achieved by treatment with
Lawesson’s reagent.15 In not fully optimized runs, we found that
treatment of oxazolidinone11with Lawesson’s reagent in dioxane
at reflux for 7 h gave rise to a complete reaction conversion (56%
conversion for9, after 3 days under same conditions), from which
experiment the corresponding pure oxazolidine-2-thione could be
isolated in 75% yield.

In conclusion, an unprecedented sulfur migration inN-enoyl
oxazolidine-2-thiones promoted by Lewis acids has been found,
which takes place with asymmetric inductions from perfect to
high, to afford â-mercapto imides. The removal of the chiral
auxiliary from these adducts providesâ-disulfide carbonyl
compounds andâ-mercapto alcohols in very good yields. In this
development, the chiral auxiliary plays a dual action as the chiral
controller of the process and, at the same time, the reagent.
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Table 1. SnCl4 Promoted Rearrangement ofN-Enoyl Chiral Imides
1-4 to â-Mercapto Carbonyl Derivativesa

a Reactions conducted on a 1 mmol scale, at-78 °C, except for R
aromatics, where the reaction mixture was warmed to room temperature
after the addition of SnCl4 at-78 °C. b Corroborated by HPLC in cases
i-k. c Yields of isolated pure compounds after column chromatography.
d Combined yield of the mixture of diastereomers after column
chromatography.

Scheme 1.Detachment of the Auxiliarya

a Conditions: (a) NaBH4, H2O-THF, room temperature, 2 h. (b) I2,
CCl4, room temperature, 1 h. (c) LiOH, H2O2, THF-H2O, 0 °C, 1 h.

Chart 1
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