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Hydrophobic effects in a simple Diels–Alder reaction in water
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Abstract—The endo/exo ratio for a simple Diels–Alder reaction carried out in water has been used to argue that hydrophobic effects
can dominate the geometries of the transition states.
� 2006 Elsevier Ltd. All rights reserved.
In this letter, we report the stereoselectivities of a simple
Diels–Alder (DA) reaction in water to demonstrate that
hydrophobic packing effects can dominate the geome-
tries of transition states. The simple explanation of stereo-
selectivities in DA reactions on the basis of secondary
orbital interactions (SOI)1,2 has been questioned.3 A
combination of solvent effects, steric interactions,
hydrogen bonds, electrostatic interactions, etc. can be
used in their place. The pioneering work of Rideout
and Breslow4 on the special role of water in DA reac-
tions suggested that both diene and dienophile dislike
water and tend to come closer (the hydrophobic effect)
in order to realize the reaction at a faster rate than in
the absence of water. Because of the hydrophobic pack-
ing of diene and dienophile, the endo stereoisomer is
preferred over the exo one.5 In order to demonstrate
the role of hydrophobic effects we measured the endo/
exo ratios for the DA reaction of cyclopentadiene 1
and methyl trans-crotonate 2a (Scheme 1) in water and
in other organic solvents. In the past, this reaction has
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Scheme 1. Diels–Alder reactions.
been reported in organic solvents to show endo/exo
ratios of 1:1.6,7 For this reaction, the convention
endo/exo refers to endocarboxy/exocarboxy.

The endocarboxy/exocarboxy ratios8 for the reaction of 1
with 2a (Table 1) show that the endocarboxy/exocarboxy

ratio obtained in water is lower than those obtained in
other solvents. The reaction of 1 with 2a in water was
expected to give a higher endocarboxy/exocarboxy ratio,
similar to that of the reaction of 1 with 2c or other
DA reactions discussed elsewhere.5 In general, DA reac-
tions in water offer higher endo/exo ratios as compared
to those in conventional organic solvents, but this was
not the case for the reaction of 1 with 2a. This reaction,
in n-heptane (a nonpolar solvent) gave an endocarboxy/
exocarboxy ratio lower than that in water. The highest
endocarboxy/exocarboxy ratio of 2.57, a twofold increase
as compared to that in water was obtained when
the reaction was carried out in the highly polar solvent,
N-methylformamide. The endocarboxy/exocarboxy value
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Table 1. endocarboxy/exocarboxy Ratiosa,b for the reaction of 1 with 2a in different solvents and for the reactions of 1 with 2b and 2c in water alone

Solvent endocarboxy/exocarboxy Isolated yield % Solvent endocarboxy/exocarboxy Isolated yield (%)

Water 1.28 78 DMSO 2.29 62
Methanol 2.09 60 Nitrobenzene 1.73 49
Ethanol 1.85 58 Formamide 2.09 69
Propan-1-ol 1.78 55 N-Methylformamide 2.57 65
Butan-1-ol 1.84 50 Ethylene glycol 2.14 68
Ethylene carbonate 1.95 50 n-Heptane 0.97 35
Reaction 1 + 2b in water 0.40c 60 Reaction 1 + 2c in water 1.97d 85

a Also implies the same as exomt/endomt.
b An average of triplicate data with a standard deviation of 0.03.
c From Ref. 9.
d From Ref. 10.
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in propan-1-ol, butan-1-ol, ethanol, ethylene carbonate,
methanol, formamide, ethylene glycol and DMSO
increases by 35%, 39%, 44%, 44%, 52%, 63%, 67% and
68%, respectively, as compared to that in water alone.

The methyl group is more hydrophobic than the carboxyl-
ate group, so the hydrophobic packing of the methyl
group in the transition state would lead to more endomt,
corresponding to more exocarboxy. This is exactly what
one finds in this water-mediated reaction of 1 with 2a.
This suggests that hydrophobic effects influence the
stabilization of the geometry of the transition states. A
similar change in the endocarboxy/exocarboxy selectivity
was observed for the exo-selective reaction of 1 with
methyl methacrylate 2b (Scheme 1) in water9 (Table 1)
and organic solvents.6,7 In the absence of methyl group
substitution, as in the reaction of 1 with methyl acrylate,
2c (Scheme 1), hydrophobic interactions become less
important and SOIs direct the reaction to be endocarboxy

selective leading to a higher endocarboxy/exocarboxy ratio
in water (Table 1).6,10

The endocarboxy/exocarboxy values in water were checked
after every 30 min before the completion of the reaction
to yield the ratio as 1.28 ± 0.08 (an average of six read-
ings) indicating that selective decomposition of either
endo or exo-product did not take place. Also the sepa-
rated endo and exo products were kept in water for
the same time without any change suggesting that the
endo product (56%) did not convert into the exo isomer
(44%) and vice versa.

In summary, it is possible to invoke the role of hydro-
phobic packing to explain the stereoselectivity of a
Diels–Alder reaction in water.
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