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69 The Diels-Alder Reaction
The Diels-Alder reaction is one of the most interesting reactions in

organic chemistry. It is a reaction between an alkene and a conjugated
diene in which a six-membered ring is formed:
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diene dienophile adduct

The reaction appears to involve only a single step (one transition state).

Many different combinations of diene and dienophile will undergo
this reaction, and the experiments in this section illustrate a few of the
great variety of structures that can result

69.1 BUTADIENE (FROM 3-SULFOLENE) AND MALEIC
ANHYDRIDE

Diels-Alder reactions with butadiene must generally be carried out in a
pressure vessel, since the temperature at which reaction takes place
readily is usually far above the boiling point of butadiene, — 3°C. How-
ever, Sampie and Hatch (1) have described a convenient way o avoid
the use of a pressure vessel in the preparation of the Diels-Alder adduct
between butadiene and maleic anhydride. In their procedure, butadi-
ene s generated by the thermal decomposition of 3-sulfolene, a sort of
reverse Diels-Alder reaction itself:
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3-sulfolene butadiene

Apparently, at the temperature of the reaction, butadiene reacts
with maleic anhydride more rapidly than it can be lost from the reaction
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Note: The methyl groups shown (incorrectly) in the product should be H’s.

Plan to use the modified procedure on the next page.
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438 TRANSFORMATIONS

Procedure (Reference 1). Place 8.5 g (0.072 mole) of 3-sulfolene and
4:5 g (2.050 mole) of powdered maleic anhydride in a 125-mL Erlen-
meyer flask. Add 4 mL of xylene, fit the flask with a condenser, and
stopper the condenser with a plug of absorbent corton (Note 1). Swirl
the flask gently to effect partial solution. Remove the cotton plug and
cautiously heat the mixture 1o a slow boil (Notes 2 and 3). After boiling
the mixture for about one-half hour, allow it to cool for about S minutes
(Note 4) and then add 50 mL of toluene (Note 5) and 0.5 g of decoloriz-
ing carbon. Heat the suspension on the steam bath and filte it by
gravity. Reheat the filtrate until the product redissolves, and then add
with swirling 20-25 mL of petroleum ether (Note 5) until a slight
cloudiness persists. Rewarm the mixture until it is substantially clear,
and finally allow the solution to cool in an ice bath for crystallization.

Notes

1. The mixture will become quite cool. The absorbent cotton will
prevent water vapor from entering the flask and causing hydroly-
sis of the maleic anhydride.

2. Since sulfur dioxide will be evolved, the reaction must be run in
the hood or some provision must be made to absorb the fumes.

3. Because the reaction is cxothermic, some care must be taken to
avoid overheating at the beginning of the heating period.

4. If the cooling period is t0o long, the product will separate as 2
hard cake that wil be diffcult to redissolve.

5. The solvents should be dry in order to avoid hydrolyzing the
product to the corresponding diacid. Since the diacid is much
less soluble, it cannot be removed by crystallization.

Time: 3 hours,

Reference

1. T. E. Sample, Jr., and L. F. Hatch, 7. Chem. Educ. 45, 55 (1968).




Plan to use this…
Modified Diels-Alder Procedure

Using a powder funnel, add 3-sulfolene (4.25 g) and powdered maleic anhydride (2.25 g) into a dry, 50 mL round bottom flask.  Add 4 mL xylene, fit the flask with a condenser, and add a plug of cotton to the top of the condenser (Note 1).  Gently swirl flask to effect partial solution.  Remove cotton plug and cautiously heat the mixture to a slow boil (Notes 2 and 3).  Boil the mixture for 45 minutes, adding more heat during the last 15 minutes to maintain a steady reflux.  Allow the flask to cool for 1-2 minutes (*Note 4*) and then add 20 mL toluene (Note 5).  Heat the toluene solution as necessary to dissolve any solids.  Transfer to a 125 mL Erlenmeyer flask.  Add heptane until a slight cloudiness persists.  (You want a hot, saturated solution for a duel-solvent crystallization.)  Allow the solution to cool to room temperature and then in an ice bath.  Isolate the product by vacuum filtration.

Obtain a weight and melting point for the dry product.
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