
CHEM 327, Experiment 1

Experiment 1

Synthesis of a Crown Ether
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Benzo-15-crown-5

Background. The 1987 Nobel Prize in Chemistry was awarded to Charles Pederson, Donald
Cram, and Jean-Marie Lehn, three pioneers in complexation chemistry, the science of the designed
recognition and complexation of chosen ions or molecules. Over the past 30 years, this field has evolved
into a major subdiscipline of organic chemistry. Thousands of very large and impressive complexation
molecules have been synthesized.  The results gained from these studies have been of critical importance
in areas as diverse as biochemistry, physical organic chemistry, and bioinorganic chemistry. The field
began rather modestly. Charles Pederson at the Du Pont Company serendipitously discovered a
macrocyclic polyether as a minor byproduct of a failed reaction and noticed its unusual ability to
complex certain metal ions.

You will synthesize one of the first materials that Pederson prepared and then examine its
complexation properties. The procedure is adapted from Pederson's first paper. (Pederson, C.J., J. Chem.
Am. Soc. 1967, 89, 7017-7036) You should read this paper prior to the next class session.
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Step 1.  Bis(2-chloroethoxyethyl)ether

N

HO(CH2CH2O)3CH2CH2OH  +                  +    SOCl2 Cl(CH2CH2O)3CH2CH2Cl
toluene

 Tetraethylene glycol                 pyridine         thionyl                       bis(2-chloroethoxyethyl)ether
                                                                    chloride

All of the following steps must be done in the hood! Both pyridine and thionyl chloride are
strong irritants and health hazards!

Dissolve 5 g of tetraethylene glycol and 5 ml pyridine in 30 ml toluene in a three-neck flask. Fit
the flask with a West condensor and a dropping funnel.  Add a magnetic stirrer. With a heating mantle,
heat the mixture to reflux. (Don't forget to turn on the cooling water on the West condensor!)

While the mixture is heating, measure out 4.5 ml thionyl chloride. Make sure that the stopcock of
the funnel is closed. Then place the thionyl cloride in the funnel. When the solution is refluxing, add the
thionyl chloride dropwise. Be extra careful at this step; the ensuing reaction is very vigorous. After the
addition is complete, reflux the mixture for 20 hours. The mixture should slowly become yellow. If it
becomes red-brown and/or a black solid appears at the bottom of the flask, you are overheating the
mixture.  In this case, call your instructor immediately. You will not have to watch the mixture for 20
hours, of course. After making sure that you are not overheating the mixture, make sure that all of the
cooling lines are secure (use copper wire). You may then leave the lab (getting up to this step should be
easy within one lab period); your instructor will turn the heat off during the next morning.

Place a solution of 25 ml 3 N HCl in the dropping funnel. While stirring, add the HCl slowly to
the mixture, which will have been sitting in the hood since the reflux had been turned off. Transfer the
mixture to the separatory funnel. Drain off the aqueous layer, then add 25 ml of water to the organic
layer in the funnel. Shake the funnel, then drain off the aqueous layer. Place the organic layer in a round
bottom flask and remove the toluene on the rotary evaporator. The product is a liquid with a very high
boiling point; the literature value is 95 °C at 0.4 mm Hg pressure. Take a 1H and 13C NMR spectrum of
your product.
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Step 2: Benzo-15-Crown-5
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 Catechol            bis(2-chloroethoxyethyl)ether                                       Benzo-15-crown-5          

   NaOH

1-butanol
+ Cl(CH2CH2O)3CH2CH2Cl

This is a Williamson Ether Synthesis. The base removes one of the relatively acidic protons of
the catechol (a diphenol). The alcohol anion then attacks the dichloro compound, displacing one of the
chlorine atoms. Subsequently, the other OH group of the catechol gets deprotonated, and the above
process occurs a second time.

Dissolve 1.5 g NaOH in 2 ml of water in a test tube. You must wear gloves when handling the
NaOH pellets!

In a 100 ml round bottom flask, dissolve 2.0 g of catechol in 30 ml of 1-butanol. Put in a
magnetic stirrer, then add the NaOH solution. Stir for five minutes, then add 4.0 g of the bis(2-
chloroethoxyethyl)ether prepared in step 1. While stirring, heat the mixture to reflux with a heating
mantle. (Be sure to turn on the cooling water!) The mixture must then reflux for 24 hours. Make sure
that all cooling lines are secure before leaving the apparatus to reflux. Your instructor will turn off the
heat and water the next day.

After the reflux, cool the mixture. Add 2 ml 6 N HCl, then filter the mixture. Transfer the filtrate
to a round bottom flask, then remove the solvent on a rotary evaporator. You should obtain a solid (e.g.
the impure product) after all the solvent has been removed. Recystallize the crude product from heptane.
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Synthesis of a Crown Ether
Pre-Lab NMR Exercise (10 points)

Due in class, April 10, 2003

You find a 1H NMR and a 13C NMR attached to this handout. These two spectra were taken  at
the end of the work-up of the first step of the crown ether synthesis. They show the expected product of
step 1, bis(2-chloroethoxyethyl)ether,  and an impurity. The impurity is one of the other compounds (e.g.
one of the reactants or solvents) used in step 1.

Please: Identify the peaks that correspond to the product and show which hydrogens/carbons give
rise to which peak. Then identify the impurity and analyze its peaks. Finally,  suggest what you  could
do to remove the impurity.

Please note that this is very much a "real" problem that people doing research encounter on a
daily basis. Many organic reactions give the desired product and some undesired impurities. Sometimes
it turns out that the impurities are actually more interesting than the desired product. (viz. the discovery
of crown ethers) Unfortunately, this is not the case in the above problem.


