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The asymmetric hetero-Diels–Alder reaction of Danish-
efsky’s diene and an aldehyde catalyzed by 20 mol% chiral
H8-BINOL–Ti(IV) affords the corresponding 2-substitutent-
2,3-dihydro-4H-pyran-4-one with ees of up to 99% under
mild reaction conditions.

The formal hetero-Diels–Alder reaction between 1-methoxy-
3-(trimethylsilyloxy)buta-1,3-diene and aldehydes provides
useful access to dihydropyrones, a class of compounds with
extensive utility in organic synthesis.1 Asymmetric catalysis of
this reaction has been previously reported by a number of
investigators.2 Corey et al. found that the tryptophan-derived
oxazaborolidine catalyst gave good yields and moderate
enantioselectivities for the reaction of Danishefsky’s diene with
representative aldehydes.2a Keck et al. reported that catalysts
generated using 2+1 BINOL–Ti(O-i-Pr)4 in the presence of 4 Å

MS and 0.0003 equiv. of CF3CO2H led to dihydropyrones in
Et2O with good to excellent ee.2b Jacobsen and co-workers
developed some chiral (Salen)Cr(III) catalysts which afforded
cycloadducts with good enantioselectivity.2c However, progress
in the area of asymmetric hetero-Diels–Alder reactions has been
limited. A catalyst that can be used with a wide range of
substrates will be pursued.

5,5A,6,6A,7,7A,8,8A-octahydro-1,1A-bi-2-naphthol (H8-BINOL)
is a new atropisomeric diol ligand, which possesses a unique
structure compared to conventional BINOLs.3 Chan et al.
reported its outstanding asymmetric induction ability in the
asymmetric alkylation of aromatic aldehydes with triethylalu-
minium.4 Herein, we wish to describe that chiral H8-BINOL–
Ti(O-i-Pr)4 complexes are more effective catalysts than
BINOL–Ti(O-i-Pr)4 and others for the asymmetric hetero-
Diels–Alder reactions.

Our studies started with benzaldehyde as a test substrate. A
H8-BINOL–Ti(O-i-Pr)4–4 Å MS system was found to be the
most promising catalyst for this reaction. In toluene solvent and
at 0 °C, benzaldehyde gave (R)-2-phenyl-2,3-dihydro-4H-
pyran-4-one in 92% isolated yield with 97% ee (Table 1, entry
1). Further studies showed that several parameters were
important for both the reactivity and enantioselectivity of the
cycloaddition reaction. The best results were obtained when 1.1
equiv. of (R)-H8-BINOL were used per Ti. A solvent study
showed that toluene provided the best overall results.5 The yield
and enantioselectivity were also found to be dependent on
temperature. When the reaction was carried out below 0 °C,
dihydropyrone was obtained in lower conversion and enantiose-
lectivity. The optimal temperature ranged between 0 and 14 °C
depending on the aldehydes used. At rt, high yield (92%) and
enantioselectivity (93% ee) were also obtained (Table 1, entry

3). It should be noted that the ee of 93% was particularly high
at rt, since most precedent catalytic asymmetric hetero-Diels–
Alder reactions require a rather low temperature (278 to
230 °C) to attain a good level of enantioselectivity. The amount
of the catalyst was also revealed to be an important parameter
for the attainment of high enantioselectivity. When the amount
of catalyst was reduced to 10 mol%, the enantioselectivity of the
reaction was decreased considerably (Table 1, entries 1 and
2).

Encouraged by the result obtained for benzaldehyde (Table 1,
entry 1), we investigated a number of other aldehydes to probe
their behavior under the current catalyst conditions. As shown
in Table 1, the aromatic, heteroaromatic, conjugated and
aliphatic aldehydes afforded the corresponding product in
moderate to high isolated yield with quite high ee. A
comparison of the experimental results (Table 1, entries 1,
4–11) revealed the effect on enantioselectivity by ortho-
substitutents on benzaldehyde. This was probably due to the

Table 1 Asymmetric hetero-Diels–Alder reactions of diene and alde-
hydes
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strong steric hindrance effect of the ortho-substitutents, which
weakened the coordination of the aldehyde and consequently
lowered the enantioselectivity of reaction. These results are
consistent with Chan et al’s report about asymmetric alkylation
of aromatic aldehydes with triethylaluminium.4 The precise
structure of the catalyst is not clear at present. An investigation
of the mechanism is underway.

In conclusion, we have developed a new, highly efficient
method for the synthesis of chiral 2-substitutent-2,3-dihydro-
4H-pyran-4-one from aldehydes and Danishefsky’s diene using
chiral H8-BINOL-Ti(IV).3 High levels of enantioselectivity in
the synthesis of 2-substitutent-2,3-dihydro-4H-pyran-4-one
with wide substrate generality were obtained according to this
reaction.
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