Indium trichloride (InCl;) catalysed Diels—Alder reaction in water
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Indium trichloride (InCl;) is found to catalyse the Diels—
Alder reaction in water; the catalyst can be easily recovered
from water after the reaction is completed and can be
reused.

In recent years, aqueous Diels—Alder reactions have become of
significant interest due to the increased reactivity rates experi-
enced in water, especially when catalysed by a Lewis acid.
Breslow and co-workers and Grieco and co-workers! first
popularised the use of this reaction in water without a catalyst;
this was followed by the development of Diels—Alder reactions
with water-stable Lewis acids such as Yb(OTf);, Sc(OTf);
(Tf = trifluoromethanesulfonate) and lanthanide bis(trifluoro-
methanesulfonyl)amide [(CF3SO,);N]sLn. In some cases,
where chiral Lewis acids were used, moderate stereoselectivity
was obtained.?

In such water-catalysed reactions the Lewis acid must
possess stability in water, a high coordination numbers and a
fast coordination—dissociation equilibrium, and preferably be
reusable. Indium trichloride trihydrate fulfills these properties
as demonstrated by our recent research showing that indium
trichloride is an excellent catalyst for promoting the Mukaiyama
aldol reaction in water.? This result and subsequent studies on
indium trichloride’s stability in water suggest its untapped
potential as a Lewis acid for enhancing carbon—carbon bond
formations in aqueous media. This paper describes indium
trichloride catalysed Diels—Alder reactions between various
dienes and dienophiles in water. Preliminary studies have also
shown moderate diastereoselectivity with a chiral dienophile.

Indium trichloride (available from Aldrich) was first tested
for its effectiveness as a Lewis acid in the Diels—Alder reactions
of acrolein (acrylaldehyde) and methyl acrylate with cyclo-
pentadiene in water. Competitive experiments were carried out
with and without InCl; in D,O.§ The results are summarised in
Table 1.
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The reaction of acrolein with cyclopentadiene in the presence
of InCl; was completed in 2 h. However, the control reaction
without any catalyst only went to 60% completion confirming
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2 All reactions were carried out in D,O at room temp. and monitored by 'H
NMR spectroscopy. » Use of 10 mol% InCl; also increases the rate of the
reaction, albeit more slowly.

2 All reactions were carried out on a 0.5—1 mmol scale. » TIPSO = triisopro-
pylsilyloxy. ¢ Isolated yield. ¢ Endo : exo ratio determined by 'H NMR
spectroscopy. ¢ First run. / Second run. ¢ One regioisomer.
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the effectiveness of InCl; as a catalyst for the aqueous Diels—
Alder reaction. The reaction with the catalyst showed a high
endo to exo selectivity of 91:9 compared with 74:26 in the
absence of catalyst.

Similar results were observed when methyl acrylate was used
as dienophile: a higher yield and endo :exo selectivity was
observed in the presence of InCls. Having ascertained the ability
of InCl; to catalyse these Diels—Alder reactions, several dienes
were reacted with various dienophiles at ambient temperature in
water as solvent in the presence of 20 mol% of InCl; as catalyst.
The results of these experiments are summarised in Table 2.3

In general, the reactions were clean and the desired Diels—
Alder adducts were obtained in good to excellent yields. The
reaction works with either the cyclic or non-cyclic dienes. InCl3
can also be recovered for reuse after the reaction is completed;
the Diels—Alder adduct was extracted with diethyl ether and the
aqueous phase, containing the catalyst, was reused for a second
round of the reaction, showing the same catalytic effect.

When the Diels—Alder reaction was carried out with chiral
dienophile’ 1 with cyclopentadiene in the presence of InCl3, we
obtained the corresponding adduct in good yield with moderate
selectivity (73:27) (Scheme 1).

Further work to increase the diastereoselectivity is in
progress. Since the Diels—Alder reaction is one of the most
powerful structural transformations in organic synthesis, this
methodology will undoubtedly provide an easy entry to a wide
variety of natural products.
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Scheme 1 No catalyst: 74% yield, 12% de (endo : exo 85:15); InCl; (20
mol%): 94% yield, 28% de (endo : exo 95 : 5); InCl3 (120 mol%): 95% yield,
46% de (endo : exo 96/4)
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Footnotes

1 Experiments were carried out with acrolein (4 mg, 0.07 mmol),
cyclopentadiene (14 mg, 0.21 mmol) and InCl; (3 mg, 0.014 mmol) in 1.0
ml of D,0.

T A typical reaction procedure is as follows. Cyclopentadiene (0.25 ml, 198
mg, 3 mmol) was added to a stirred solution of methyl acrylate (0.09 ml, 86
mg, 1 mmol) and InCl; (44.2 mg, 0.2 mmol) in 5 ml of H,O. The mixture
was stirred at room temp. for 4 h, and then the product was extracted with
dichloromethane. After the usual workup, the crude product was chromato-
graphed on silica gel to give the pure adduct in 85% yield (129 mg).
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