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Abstract—Nafion-H catalyzes the Mukaiyama aldol condensation between aromatic aldehydes and the Danishefsky diene whereas
the corresponding imines directly undergo hetero Diels—Alder cyclization to form 2,3-dihydro-y-pyridones. Some chiral acetal
derived aldehydes were found to undergo Mukaiyama aldol condensation in the presence of Lewis acids but not with Nafion-H.
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The hetero Diels—Alder reaction? between a reactive
carbonyl compound or an imine and the Danishefsky
diene 1 (Scheme 1) is an excellent pathway to obtain
v-pyrones or y-pyridones due to its highly electron rich
nature. Aldehydes and imines react easily with 1. A
variety of achiral® as well as chiral* catalysts have been
used to catalyze this reaction. The achiral catalysts that
have been employed include MgBr,,> Znl,,° LiClO,,’
CF,;SO;H.® Likewise, metallocenium complex [Cp,Ce]*
[BPh,]~ catalyzes® hetero Diels-Alder reactions and
more recently, the use of microwaves has also been
found'® to accelerate the hetero Diels-Alder reaction.

Solid acid catalysts such as zeolites,'! clays,'”> and
Nafion-H'* have enjoyed immense popularity in
organic synthesis. They offer selectivities in addition to
making the work-up simpler involving mere filtration of
the catalysts. We have been interested in making use of
the zeolite H-ZSM 5,'*!> montmorillonite K 10'5 and
Nafion-H'>'® in various organic transformations.
Nafion-H was found by us!® to be an excellent catalyst

for ionic Diels—Alder reactions where the acetal moiety
of dienophiles remained unaffected. It was, therefore, of
interest to explore the behavior of Nafion-H towards
hetero Diels—Alder reactions. Since the acidity of
Nafion-H is comparable’® to 100% H,SO, we won-
dered if the second step involving exposure of the
Mukaiyama aldol products (Scheme 1) to tri-
fluoroacetic acid could be avoided to obtain the
cyclized products directly. Our efforts in this direction
using aldehydes and imines as dienophiles are described
in this letter. Accordingly, it was found that aromatic
aldehydes react readily with 1 to form the correspond-
ing Mukaiyama aldol products 2 (Scheme 1) (1.5-3.5
h/room temperature) upon treatment with Nafion-H
(30 mg/1 mmol of aldehyde). However, contrary to our
expectations, no trace of the cyclized product 4 was
formed. But, when the catalyst was removed by filtra-
tion and the filtrate treated with 0.1 ml of CF,CO,H,
the expected cyclized products were obtained in good
yields. Our results are summarized in Table 1. Interest-
ingly, the corresponding aromatic imines underwent
direct cyclization to 2,3-dihydro-y-pyridones upon
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Table 1. Hetero Diels—Alder reaction using aromatic aldehydes and imines and Nafion H as the catalyst
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Entry Aldehyde/Imine Ar W\ OMe @ %Yield/
_ (\i Time (h)
Me3SiO O
X~ Ar
Mukaiyama  cycloadduct
Product (4/5)
(2)
1 benzaldehyde 4a: X =0, Ar=Ph 62/2
2 PhCH=NPh 5a: X = NPh, Ar =Ph 72/10
3 3-tolualdehyde 4b: X =0; Ar = 3-Me-C¢H, 60/2
4 3-CH;-C¢H,CH=NPh 5b: X = NPh; Ar = 3-Me-C¢H, 81/16
5 2-nitrobenzaldehyde 4c¢: X = O; Ar = 2-NO,-C¢H, 65/1.5
6 2-NO,-C4H,CH=NPh 5¢: X = NPh; Ar = 2-NO,-CeH, 76/15
7 furfural 2d: Ar = 2-furyl 70/2
8 @ 4d: X = O; Ar = 2-furyl 89/10
o CH=NPh
9 3-pyridine aldehyde 2e: Ar = 3-pyridyl 72/3
10 X CH=NPh Se: Ar = 3-pyridyl 88/14
I -

11 4-tolualdehyde 4f: Ar = 4-tolyl 65/3
12 4-CH;-C¢H4,CH=NPh 5f: Ar = 4-tolyl 73/4
13 4-anisaldehyde 4g: Ar = 4-anisyl 64/3
14 4-OCH;-C¢sH4,CH=NPh 5g: Ar = 4-anisyl 77/12
15 4-bromobenzaldehyde 4h: Ar = 4-bromopheny! 62/3.5
16 4-Br-C¢H,CH=NPh 5h: Ar = 4-bromophenyl 74/13

treatment with Nafion-H (entries 2, 4, 6, 8, 10, 12, 14,
16: Table 1). No trace of the Mukaiyama imino aldol
product was formed suggesting that the Mukaiyama
imino aldol products, if formed, underwent direct
cyclization. Furthermore, unlike the reactions of fur-
fural and 3-pyridine aldehyde with 1 in which the
Mukaiyama aldol products were found to decompose
upon treatment with CF;CO,H, the corresponding
imines (Table 1, entries 8 and 10) underwent direct
cyclization with Nafion-H alone. After the reaction was
over, the catalyst was filtered off and the products
purified by column chromatography.

Our interest!’ in using chiral acetals in organic synthesis
led us to investigate whether the aldehyde 6'® would act
as a dienophile in the presence of Nafion-H as a
catalyst. Unfortunately, our attempts to effect this reac-
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tion met with no success. Some simple aliphatic alde-
hydes such as butyraldehyde and phenyl acetaldehyde
also did not react with 1 under the present reaction
conditions. However, 6 underwent a Mukaiyama aldol
condensation with 1 under the influence of Lewis acids
such as ZnCl,, Yb(OTf);, Znl, and even LiCIO,.
Among these, Znl, gave the best results leading to the
Mukaiyama aldol adduct 7 which was treated with
CF,CO,H to obtain the cyclized product 8'° in 70%
yield (Scheme 2). The diastereomeric ratio®® was only
60:40 indicating that the intermediate 9 is not very
rigid. In addition, the corresponding imine did not react
cleanly with 1 in presence of Nafion-H, but in the
presence of Znl,, it gave the cycloadduct 12'° in 90%
yield, via 11, in a diastereomeric ratio of 65:35. The
non-enolizable aldehyde 13?! did not react with 1 in the
presence of Nafion-H, but in the presence of Znl,, the
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corresponding cyclized product 15'° was formed, via 14,
in a diastereomeric ratio of 80:20. This suggests that the
intermediate 16 is more rigid than 9 offering a some-
what better diasteroselectivity. Efforts are underway to
explore whether other catalysts will give higher
diastereoselectivities in these reactions.
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In summary, our findings suggest that Nafion-H is a
good catalyst for effecting hetero Diels—Alder reactions
between aromatic aldehydes and imines. However, chi-
ral acetal derived aldehydes and imines are inert
towards Nafion-H, but respond well to Lewis acids,
especially Znl,.
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