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PART ONE: 2/26/07 & 2/28/07—FIRST, COME TO ACXIOM 119 FOR PRE-LAB
Diels-Alder Reaction + Intramolecular Nucleophilic Acyl Substitution :

A Huge Increase in Molecular Complexity in One Reaction Flask; 

A VERY Green Reaction
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Thomas E. Goodwin and Courtney Rogers, Department of Chemistry, Hendrix College, Conway, Arkansas 72032 USA (goodwin@hendrix.edu)

(Note that while the reactants are achiral, the product is chiral and has four chirality centers.  Although 16 stereoisomers of the product are possible, only two are produced: the one shown above, and its enantiomer.)

Reference

This experiment was modeled after one by K. F. McDaniel and R. M. Weekly, Department of Chemistry, Ohio University (J. Chem. Educ. 1997, 74, 1465-1467.  They adapted their experiment from one by R. Brettle, D. P. Cummings, J. Chem. Soc., Perkin Trans. 1 1977, 2835-2892.

GREEN COMMENTS: The original procedure (reference #1 above) called for boiling the two reactants in toluene (b.p. 110 oC).  That is a classical way to run Diels-Alder reactions, since most of them require quite a bit of heat in order to react.  We did not want to use toluene in the lab, so we sought a greener procedure.  Hendrix alumna Courtney Rogers worked with Dr. Goodwin to develop a much more environmentally friendly procedure as described below.  (Courtney is now a 1st year graduate student in the PhD program in organic chemistry at Stanford University.)  The procedure is run on a small scale, and requires no solvent at all.  The only energy required is from you, and since your energy ultimately comes from the sun, you will be using a renewable energy source for this green reaction.
AN ASYMPTOTIC APPROACH TO A PERFECT GREEN REACTION: This experiment illustrates a highly stereoselective reaction sequence that allows not only a discussion of Diels-Alder reaction characteristics, but also a review of nucleophilic acyl substitution.  Wender and Miller stated: “The ideal synthesis may be defined as one in which the target molecule is prepared from readily available starting materials in one, simple, safe, environmentally-acceptable, and resource-effective operation that proceeds quickly and in quantitative yield” (Wender, P. A.; Miller, B. L. Toward the Ideal Synthesis: Connectivity Analysis and Multibond-Forming Processes. In Organic Synthesis: Theory and Applications; Hudlicky, T., Ed.; Jai Press: Greenwich, 1993; pp 27-66).  This experiment approaches that ideal.  The facile intramolecular nucleophilic acyl substitution illustrates the relative nucleophilicity of an alcohol versus a carboxylic acid.  It also exemplifies a principle enunciated by the late R. B. Woodward: “We all know that enforced propinquity often leads on to greater intimacy” (Woodward, R. B., as quoted in Sharpless, K. B. Chem. Brit. 1986, 22, 38-44). That is, the higher probabilities of collision and favorable entropy change for intramolecular processes lead to more favorable reactions.  

UN-GREEN COMMENTS: CAUTION, (E,E)-2,4-hexadien-1-ol (the diene) and maleic anhydride are skin irritants and irritating to the mucus membranes.  Maleic anhydride is toxic.  Wear eye protection; wear gloves; avoid breathing the compounds or skin contact; don’t scratch your skin or eyes with your gloves; carry out the reaction and isolation in the hood; dispose of waste in the designated containers; wash your hands immediately after lab.  

Procedure:

1.  Preparation: Using an automatic pipet, carefully put 50 L of (E,E)-2,4-hexadien-1-ol (density 0.871 g/mL) into the bottom of a clean, dry, tared 10 mL beaker (that is, you want to know the weight of the empty beaker).  [Note: The diene has a melting point of 32 oC.  If you should find it solidified, contact a lab assistant and we can melt it with gentle heating from a “heat gun”.] NOTE: THE DIENE MAY TEND TO BE A BIT VISCOUS—GIVE IT TIME TO ENTER AND EXIT THE AUTOPIPET TIP!  Now add 44 mg of finely powdered, solid maleic anyhydride to the same beaker (NOTE: we’ll have it powdered for you already).  Use the small end of a clean, dry metal spatula to vigorously, continuously, and thoroughly mix and stir the mixture until complete liquefaction and resolidification occur.  (Try to avoid getting the mixture any higher up on the sides of the beaker than necessary.)  Watch closely at the changes in texture and appearance that the mixture undergoes, and write good observations in your notebook.  At this point you will have a white solid.  This will take about 10-15 minutes.  After solidification is complete, use a second spatula if necessary  to scrape the solid off the first spatula into the beaker.  Weigh the beaker so that you can get the mass of the product.  It is best to complete as many of the following as you have time to do; if necessary, some may be done during the next lab period (1) the simple tests carboxylic acid tests described; (2) obtain an infrared spectrum on your product; and (3) take a melting point (reported to be 159-161 oC). Whenever you finish for the day, write your name on the beaker with a Sharpie, and give it to the lab assistant.  NMR spectra will be run on selected samples.  You will analyze the spectra during your next lab period.  
