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Acrolein dis improved as a dienophile in the presence of the
K10 montmorillonite exchanged with iron(III). Cycloaddition occurs
with a number of dienes at room temperature and in high yield.
Dienes tested include butadiene, isoprene, cyclopentadiene,
cyclohexadiene, l-methoxycyclohexadiene, anthracene.

Acrolein 1is a choice dienophile for Diels-Alder cycloadditions with
normal electron demand : an electron-rich diene (HOMO) combining with an
electron-poor (LUMO) dienophile. It gives access to numerous functionalized

1,2) They lower the dieno-

cyclic olefins. Lewis acids catalyze the reaction.
phile LUMO, thus decreasing the energy gap between the frontier orbitals of
the reaction partners.

Another way to speed-up the reaction takes advantage of Le Chatelier's
principle : since the Diels-Alder reaction has a negative volume of activat-
jon, increasing the pressure reduces the energy barrier. Indeed, reticent
furan dienes can be coerced into cycloaddition by application of pressures of
ca. 15 kbars.3)

reactions involving furans are performed efficiently at ambient pressure,

We have shown ir an earlier study4 that such Diels-Alder

using as a catalyst the K10 montmorillonite ion-exchanged with ferric ions.

CHO
7
N + I K10-Fe(I11)

CHO
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The same catalytic system proved more generally its worth for Diels-Alder
reactions between unactivated hydrocarbon partners;5 and it gave, in organic
solvents such as methylene chloride, impressive stereoselectivities compara-
ble to those achieved by aqueous Diels-Alder reactions.7) It remains to define
optimum reaction conditions for a normal electron demand Diels-Alder reaction
catalyzed by K10-Fe(III); this is the goal of the present study, in which we
react acrolein with a number of dienes.

Why choose acrolein? Because of dits industrial importance. And also
because it is liable to polymerization : which makes a high yield Diels-Alder
cycloaddition more of a challenge to achieve. Thus success in meeting such a
goal would carry the more general significance of catalysis of the normal-
electron demand Diels-Alder, a reaction of crucial importance in organic
synthesis.

We started by focussing once more on the test reaction below. We had

already explored its promise :5)

CHO

/ rc H O
+ l K10-Fe(ITD) o
N 0 °C, 4 h

o
?

Preliminary runs at O °C in methylene ch]oride5’6)

gave these useful
indications

i. When the liquid reactants are impregnated on the modified clay without
solvent, homopolymers of acrolein and of the diene predominate. Conversely,
high dilutions (concentration below decimolar) produce selectively the desired
cycloadduct. An interpretation is preferential solvatation of Brgnsted acidic
sites leaving Lewis acidic sites free to catalyze the cycloaddition. Under
such high dilution conditions, methylene chloride gives better yields than
benzene, 1,4-dioxane, ether or acetonitrile.

ii. Addition of 10% (w/w) 4-t-butylphenol increases the yield and the
chemiselectivity. The phenol acts as a co-catalyst : under the same conditions
a polymerisation inhibitor, hydroquinone, leads to the same selectivity but
with a lower yield. The role of the phenol is believed to be the production of
radical cations when adsorbed onto a c]ay.8 Radical cations are now known to
catalyze Diels-Alder reactions, those between unactivated hydrocarbon partners
in particular.

The attempted cycloreversion on the tetrahydrobenzaldehyde product at O
°C and at 20 °C 1in the joint presence of the K10-Fe(III) catalyst and of
either maleic anhydride, as a diene trap, or of hexachlorocyclopentadiene, as
a dienophile trap, did not occur.

Accordingly, we proceeded with a Simplex optimization,1
11) on the same test reaction (Eq.1). A 90% yield

o\
/' a standard

procedure in our laboratory,
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was obtained for the reaction during four hours at 20 °C with 1.8 g of K10-
Fe(III) and 0.13 g of 4-t-butyiphenol for an equimolar mixture of the reaction
partners (15 mmol each) in 75 mL of methylene chloride.

Table 1. Diels-Alder Reaction of Acrolein with Different ODienes in the
Presence of the K10-Fe(III) Catalyst.

Diene Temperature Time Yield
°C h %
Butadiene 20 6 83
Isoprene 40 2.5 70
2,3-Dimethylbutadiene 20 4 903)
Cyclopentadiene 20 1 97
Cyclohexadiene 20 24 55
Anthracene 20 24 96

a) Addition of 0.13 g 4-t-butylphenol.

These conditions have been extended to other dienes (Table 1). The phenol
co-catalyst is a mixed blessing, since it can induce the competitive cycload-
dition of the diene on itse]f;g) and we have been able to dispense with it in
most cases, except for the test reaction itself. The reaction conditions
defined in the present study are a compromise between reaction temperature,
time and selectivity. For instance, isoprene does not add acrolein immediately
at room temperature and after 24 h side reactions take place. Moderate heating
activates the reaction which should be stopped early enough to prevent polyme-
rization or degradation of the cycloadduct.

The observed stereoselectivities are similar to those obtained with Lewis

)
12) close to the ones reached

acid catalysis, whereas the yields are higher,
13,14)

under much drastic conditions, at high temperature and pressure.
Thus, Diels-Alder cycloaddition with normal electronic demand, a reaction
central to organic chemistry, can be performed efficiently under mild condi-
tions.
Experimental procedure is as follow : K10-Fe(III) :15) To 1 L of a stirred
aqueous solution (1 M) of FeC13, 80 g of K10 clay are added. Stirring is
maintained for 24 h. The clay suspension is centrifuged, and the supernatant
solution is discarded. The clay catalyst 1is washed with distilled water
(suspension, stirring, centrifugation), and the washing cycles are repeated
untill disappearance of C1~ ions from the discarded water. The clay, after
drying overnight in an oven at 120 °C, is finely ground in a mortar.
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To the equimolar mixture of 15 mmol of the reactants in 50 mL or 75 mL of
CHZCI? is added 1,8 g of K10-Fe(III}. The catalyst is dried overnight at 120
°C prior to use. The suspension is stirred for a reaction time adapted to the
reactants as listed in Table 1. The clay is filtered off rapidly, whashed
twice with 10 mL of CH2C12 and the solvent is then evaporated. The residual
0il or solid is then analysed by NMR spectrometry (Bruker AC 200). We thank
ATOCHEM (E1f Aquitaine group) and CMRS for their Jjoint support of this
research. We thank Siid-Chemie (Munich) for the gift of the K10 sample.
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