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ABSTRACT

The optically active γ-hydroxy- r,â-acetylenic esters are obtained from the enantioselective reaction of methyl propiolate with both aliphatic
and aromatic aldehydes. These compounds can undergo regiospecific hydration in the presence of Zeise’s dimer, [PtCl 2(C2H4)]2, to generate
the optically active tetronic acids.

Optically activeγ-hydroxy-R,â-acetylenic esters are a class
of highly functional compounds with versatile synthetic ap-
plications.1,2 These compounds are generally prepared by
oxidation of the racemicγ-hydroxy-R,â-acetylenic esters to
the correspondingγ-oxo-R,â-acetylenic esters followed by
asymmetric reduction (Scheme 1).2 The racemicγ-hydroxy-
R,â-acetylenic esters are normally prepared from the treat-
ment of a propynoate, e.g., methyl propiolate, withnBuLi at
very low temperature, oftene -78 °C, followed by addition
to an aldehyde.1a Although it would be much more efficient
to synthesize the optically activeγ-hydroxy-R,â-acetylenic
esters by the asymmetric addition of methyl propiolate to
aldehydes, no such process was developed until recently.3,4

We discovered that 1,1′-bi-2-naphthol (BINOL) in combina-
tion with Et2Zn, Ti(OiPr)4, and HMPA can catalyze the
highly enantioselective reaction of methyl propiolate with
aromatic aldehydes at room temperature (Scheme 2).3 In this
paper, we describe a further expansion of the scope of the
substrates for this reaction to include various types of ali-
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Scheme 1. Synthesis of Optically Active
γ-Hydroxy-R,â-acetylenic Esters by Asymmetric Reduction
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phatic aldehydes. In addition, we have discovered that the
optically activeγ-hydroxy-R,â-acetylenic ester products can
undergo a regiospecific hydration to generate tetronic acids
while maintaining the optical purity. Herein these results are
reported.

We first used (S)-BINOL to catalyze the reaction of methyl
propiolate with aliphatic aldehydes in the presence of Et2Zn
and Ti(OiPr)4 to synthesize the optically activeγ-hydroxy-
R,â-acetylenic esters (Scheme 2). The results are summarized
in Table 1. Good enantioselectivity has been observed for

the reaction of methyl propiolate with a linear (entries 1 and
2), R-branched (entry 3), andâ-branched aliphatic aldehyde
(entry 4). High enantioselectivity was also observed for the

addition to anR,â-unsaturated aldehyde, though the yield is
not high (entry 5). The result in entry 6 for the addition to
anortho-substituted aromatic aldehydes was reported,3 and
it is included here because of the subsequent hydration study
(vide infra). On the basis of the previous study,3 the products
generated from (S)-BINOL should have aR-configuration
and those from (R)-BINOL should have aS-configuration.

The mechanism for the BINOL-catalyzed alkyne addition
to aldehydes is unknown at the current stage. An intermediate
shown in Scheme 2 is only a tentative hypothesis provided
to help us understand this process. The molecular modeling
structure of this intermediate was established with the PC
Spartan-Semiempirical PM3 program. In this intermediate,
the ethyl group on the zinc center is down in order to avoid
the steric interaction between itsR-sp3 carbon and the 3-H
of the (S)-BINOL ligand. The alkyl group of the aldehyde
is up in order to avoid the steric interaction with the ethyl
group on the zinc and to reduce the interaction with the
isopropoxy groups on the titanium. The alkynyl group on
the zinc will then attack thesi face of the aldehyde to give
the observed (R)-propargylic alcohol product.

We studied the hydration of the optically activeγ-hydroxy-
R,â-acetylenic esters by using Ziese’s dimer as the catalyst.5,6

In a refluxing CH3OH/H2O (3:1) solution, the hydration of
a γ-hydroxy-R,â-acetylenic ester occurred with water at-
tacking theâ-position specifically to generate tetronic acids
of general formula1 (Scheme 3). The 300 MHz1H NMR

spectra of these tetronic acids generally showed that both
the keto and enol tautomers were present in solution. This
compound belongs to the family of the biologically signifi-
cant tetronic acids.7,8 One of the best known examples of
tetronic acids is vitamin C (ascorbic acid).

In the catalytic hydration of the optically activeγ-hydroxy-
R,â-acetylenic esters, 2 mol % of the Zeise dimer was used.
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Scheme 2. Asymmetric Addition of Methyl Propiolate to
Aldehydes

Table 1. Results for the Enantioselective Addition of Methyl
Propiolate to Aldehydes Catalyzed by BINOL-HMPA-Ti

a Measured by analyzing the1H NMR spectrum of the mandelate acetate.
b Obtained by using a HPLC-chiral column.

Scheme 3. Regiospecific Hydration of
γ-Hydroxy-R,â-acetylenic Esters Catalyzed by Zeise’s Dimer
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The resulting product1 was then treated with acetic
anhydride and pyridine, which quantitatively converted both
the enol and keto tautomers of1 to the acetate2 (Scheme
3). The ee of the acetate was determined by using a GC-â-
cyclodextrin column. As the results summarized in Table 2

show, the enantiomeric purities of the tetronic acid products
are all very similar to those of the starting aliphatic

γ-hydroxy-R,â-acetylenic esters (entries 1-5). The γ-hy-
droxy-R,â-acetylenic ester derived fromo-methylbenzalde-
hyde also gave the hydration product with high enantiomeric
purity (entry 6). We tested the hydration of other aromatic
γ-hydroxy-R,â-acetylenic esters, but significantly reduced
enantiomeric purity was observed. It appears that the product
derived from theortho-substituted benzaldehyde has a stable
chiral configuration under the reaction conditions, whereas
the chiral configurations of the products derived frompara-
andmeta-substituted benzaldehydes are not especially stable.

The intermediate3 is proposed for the Pt(II)-catalyzed
hydration of theγ-hydroxy-R,â-acetylenic esters.5,6 In 3, the
electron-withdrawing effect of the ester group, the Lewis
acidity of the Pt(II) center, and the chelate effect in the
coordination of the acetyleneic ester to the Pt(II) center might
have all contributed to the observed regiospecific hydration.

In summary, we have demonstrated that the optically active
γ-hydroxy-R,â-acetylenic esters can be obtained from the
enantioselective reaction of methyl propiolate with both ali-
phatic and aromatic aldehydes. These compounds can under-
go regiospecific hydration in the presence of Zeise’s dimer,
a Pt(II) complex, to generate the optically active tetronic
acids. This work provides a new and efficient asymmetric
synthesis of the biologically significant tetronic acids.
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Table 2. Results for the Conversion of the
γ-Hydroxy-R,â-acetylenic Esters to2

a Obtained by using GC-â-cyclodextrin column.b Estimated (>95%
reliable) since baseline resolution was not achieved.
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