CHM 2201 Summer 2011 Department of Chemistry
Organic Chemistry Lab I Villamowa University

Diels-Alder Reaction
The Reaction of Cyclopentadiene with Maleic Anhydride to form
endo-Norbornene-3,6-dicarboxylic anhydnde

Peariod § — June 27, 2011
Bell, Clark & Taber, pagesz 271 — 272 {Expt 32B]
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Conduct this experiment in your hood. Wear gloves while handling the chenucals i thiz
experiment. Cyclopentadiene (and its dimer, dlm clopentadiene) 13 an uritant. i flammable. has
an unpleasant odor and is harmfil if inhaled — avoid breathing itz vapors. Maleic anhydride 15
corrosive and tomic—wear gloves while handling it.  Ethyl acetate and hexanes are flammable
liquds and rmitants.

1. Add 1.0 g of maleic anhydnde to a 50 mL Erlenmeyer flask.

Add 4 ml of ethyl acetate to the maleic anhydride and dissolve it by warming the

Erlenmeg.erﬂask on a steam bath.

Allow the resulting maleic anhvdnde solution to cool shghtly and then add 4 mlL of

hexanes.

4. Cool the resuliing solution n an ice bath for a minute or two and then immediately have a
TA add the cyclopentadiene to vour celd solution (as described mn Step 3). NOTE: If
vou cool for a prolonged period of time, the maleic anhydride may prempﬂate out of
solution; if this happens, vou should redlssﬂh'&ﬂmpmmpltated solids by warming on the
steambath and then bnefly cooling i an ice bath before addmg the cyclopentadiene (Step
5); a sclufion (no solids present!) 1s required for the next step.

5. Tothe cool maleic anhvdride solution, add 1.0 mL of cold cyclopentadiene (this will be
dlE[IIEﬂE-E:-Ii by the T. A atthe community hoods; bring vour Eﬂemnemr contaming the
maleic anhydride to the hood) and immediately after the cyclopentadiens addition gently
swirl the msultmg solution for 10— 15 seconds. A shght exothermic (heat releazing)
reaction should occur.

6. After the swirling 15 done, allow the flazk to stand i vour hood at room temperature for 3
— 10 munntes to ensure that the reachion 15 complete. If white sohds do not begin to form
after 10 minutes, try scratching the inzide of the Erlenmeyer flazk below the level of the
solufion to induce crystallization. To ensure that erystallization of vour product 13
complete, immerze the Erlenmeyer flask i an 1ce bath and allow the reaction mixture to
cool for several minutes.

1. After crystalhization of the product 1= complete, stir the crystalline mixiure with a spatula
to make sure there are no large chunks and filter off the solids using a Hirsch funnel with
suction filtration.

8. Add4 -5 ml of cold hexanes to the Erlenmeyer flazk to help wash out the remaining
solid product and pour this wash on the collected solids on the fimnel with the vacuum
Temalmng on.

9. Then allow the collected sohds to air dry by contmuing to suck air through the fummel for
5 — 6 mmutes.
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10. Weigh the dry collected solids, calculate your %s yield.

11. Determine the melting pomt range of the product and compare it to the literature valoe.
2. Have a TA help yvou take the IR spectrum of yvour product and compare 1t to the reference
IF. spectrum of endo-norbomene-3 6-dicarboxylic anhyvdnde that was distnbuted to vou
as a handout. Are they 1dentical? If not, can vou explamam differences between the 2
cira’?

13. ?;Fsign kev mfrared absorption bands in the spectra of maleic anhyvdride and the Dhels-
Alder product (erndo-norbomene-3 6-dicarboxylic anhydnde) which were provided to you
as handouts.

Some Information about Cyclopentadiene

Cyclopentadiene 13 not a stable compound since, even at room temperature, it readily underpoes a
Dhels-Alder reaction wath itself to form the stable dicyclopentadiene dimer. Dicyelopentadiene 13
commercially available and, on heatmg n a fractional distillation apparatus, re.a:hh undergoes a
reverse Diels-Alder reaction to form 2 molecules of cvclopentadiene. For this lab,
cyclopentadiens has been previcusly prepared by heating (crackang) the dicvclopentadiene dimer
and collecting the lower boiling cyclopentadiene using a fractionating column. The
cyclopentadiens 15 subsequently stored in an ultracold freezer (-80 °C) until it 15 needed. The
cold temperature slows the cvelopentadiene Diels-Alder reaction so that 1t is not a siznificant

problem dunng the week of this experiment.
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Stable at room temperature undergoes Diels- Alder reaction to slowly

form the dimenic compound.
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