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Working with Hazardous Chemicals
The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;
the
full
text
can
be
accessed
free
of
charge
at
http://www.nap.edu/catalog.php?record_id=12654).
All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.
In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.
The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.

These paragraphs were added in September 2014. The statements above do not supersede any specific
hazard caution notes and safety instructions included in the procedure.
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1. Procedure
Caution! Crown ethers may be toxic.4 Due care should be exercised in the preparation and handling
of 18-crown-6. An explosion has been reported during the thermal decomposition of the crude 18crown-6-potassium salt complex; see (Note 8).
A 3-l., three-necked flask equipped with a mechanical stirrer, a reflux condenser, and an addition
funnel is charged with 112.5 g. (100.0 ml., 0.7492 mole) of triethylene glycol and 600 ml. of
tetrahydrofuran (Note 1). Stirring is begun and a 60% potassium hydroxide solution, prepared by
dissolving 109 g. (1.65 moles) of 85% potassium hydroxide in 70 ml. water, is added (Note 2). The
solution warms slightly. After about 15 minutes of vigorous stirring (the solution begins to develop
color and gradually becomes rust brown; (Note 3)), a solution of 140.3 g. (0.7503 mole) of 1,2-bis(2chloroethoxy)ethane (Note 4) in 100 ml. of tetrahydrofuran is added in a stream. After the addition is
complete, the solution is heated at reflux and stirred vigorously for 18–24 hours. The solution is allowed
to cool and the bulk of the tetrahydrofuran is evaporated under reduced pressure (Note 5). The resulting
thick, brown slurry is diluted with 500 ml. of dichloromethane and filtered through a glass frit. The salts
removed by filtration are washed with more dichloromethane to remove absorbed crown and the
combined organic solution is dried over anhydrous magnesium sulfate (Note 6), filtered, evaporated to
minimum volume (aspirator vacuum), and distilled under high vacuum using a simple distillation head.
The distillation should be carried out at the lowest possible pressure; a typical fraction contains 76–87 g.
(38–44%) of crude 18-crown-6 and is collected over 100–167° (0.2 mm.) (Note 7),(Note 8),(Note 9).
To 50 g. of the crude 18-crown-6 in a 250-ml. Erlenmeyer flask is added 100 ml. of acetonitrile. A
magnetic stirring bar is added, and the flask is equipped with a calcium chloride drying tube. The
resulting slurry is heated on a hot plate to effect solution. The solution is stirred vigorously as it is
allowed to cool to ambient temperature; fine white crystals of crown-acetonitrile complex are deposited.
The flask is allowed to stand in a freezer for 24–48 hours and is finally cooled in a −30° bath to
precipitate as much of the complex as possible. The solid is collected by rapid filtration (Note 10) and
washed once with a small amount of cold acetonitrile. The hygroscopic crystals are transferred to a 200ml., round-bottomed flask equipped with a magnetic stirring bar and a vacuum takeoff. The acetonitrile
is removed from the complex under high vacuum (0.1–0.5 mm.), with gentle heating ( 35°), over 2–3
hours. The pure colorless crown (28–33 g., 56–66%) (Note 11) crystallizes on standing, m.p. 38–39.5°
(Note 12).

2. Notes
1. The tetrahydrofuran may be used directly without drying or purification.
2. The potassium hydroxide may be added to the water in one portion, but the resulting base solution

should be allowed to cool to nearly room temperature before adding to the reaction mixture. If the
potassium hydroxide solution is cooled much below ambient temperature, the potassium hydroxide
begins to separate; hot potassium hydroxide solution could cause the tetrahydrofuran solution to boil.
3. The rate of darkening is related to the temperature of the solution and, if warm potassium hydroxide
solution is used, the color will develop somewhat more rapidly. Differences in the rate of darkening do
not appear to affect the yield or purity of product.
4. 1,2-Bis(2-chloroethoxy)ethane is available from Eastman Organic Chemicals.
5. As much water as possible should be removed during evaporation so that the salts will filter more
readily and the solution can be dried more easily.
6. Drying agents containing complexable cations, such as K+ or Na+, should be avoided.
7. There is generally a forerun (room temperature to ca. 100°) the size of which varies according to the
vigor of the previous evaporation steps (see (Note 5)).
8. In a large batch preparation of 18-crown-6 an explosion has been reported as a result of difficulties
occurring during this distillation step.5 In this instance the head temperature rose to near 200°. When the
system was vented to the atmosphere at this temperature an explosion occurred, apparently the result of
autoignition of 1,4-dioxane vapors. Dioxane is reported to undergo autoignition in air at temperatures in
excess of 180°. It is recommended that the head and pot be allowed to cool and then be vented with a
nitrogen atmosphere.
9. The material obtained in the distillation cut contains both alcoholic and vinylic impurities. The crown
may be purified by a second, more careful distillation followed by recrystallization, sublimation or by
chromatography in addition to the method described here (see Discussion).
10. The filtration should be conducted in a dry-box or by using an inverted funnel-nitrogen flow,
whichever is more convenient.
11. The yield of pure crown depends somewhat on the purity of the crude material used. Additional
crown may be obtained by combining mother liquors and repeating the distillation and complex
formation process.
12. The 1H NMR spectrum (CCl4) exhibits a singlet at δ 3.56.

3. Discussion
The compound known as 18-crown-6 is one of the simplest and most useful of the macrocyclic
polyethers. Its synthesis in low yield was first reported by Pedersen.5 Greene6 and Dale and Kristiansen7
have reported syntheses of the title compound from triethylene glycol and triethylene glycol di-ptoluenesulfonate. Both of these procedures use strong base and anhydrous conditions and achieve
purification by more or less classical methods. The combination of distillation and formation of the
acetonitrile complex affords crown of high purity without lengthy chromatography or sublimation.8,9
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Appendix

Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
acetonitrile (75-05-8)
nitrogen (7727-37-9)
potassium hydroxide (1310-58-3)
dichloromethane (75-09-2)
magnesium sulfate (7487-88-9)
dioxane (5703-46-8)
Tetrahydrofuran (109-99-9)
triethylene glycol (112-27-6)
1,4-dioxane (123-91-1)
18-Crown-6,
1,4,7,10,13,16-Hexaoxacyclooctadecane (17455-13-9)
18-crown-6-potassium
1,2-bis(2-chloroethoxy)ethane (112-26-5)
triethylene glycol di-p-toluenesulfonate (19249-03-7)
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