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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
A. Preparation of "precursor." A mixture of 100 g (0.666 mol) of p-tert-butylphenol, 62 mL of
37% formaldehyde solution (0.83 mol of HCHO), and 1.2 g (0.03 mol) of sodium hydroxide
(corresponding to 0.045 equiv with respect to phenol) (Note 1) in 3 mL of water is placed in a 3-L,
three-necked, round-bottomed flask equipped with a mechanical stirrer. The contents of the open flask
are allowed to stir for 15 min at room temperature, and then heated for 2 hr at 100–120°C by means of a
heating mantle (Note 2). The reaction mixture, which is clear and colorless at the beginning, becomes
light yellow after 30 min, a somewhat deeper yellow after 2 hr, and eventually changing to a thick slurry
as the water evaporates and finally turning to a deep yellow or brown-yellow very viscous mass. During
this period there is considerable frothing, and the reaction mixture fills most of the flask before
shrinking back to the original volume. Stirring is discontinued, the reaction vessel is removed from the
heating mantle, and the reaction mixture is allowed to cool to room temperature. To dissolve the residue
800–1000 mL of warm diphenyl ether (Note 3) is added to the flask and the contents are stirred, the
process generally requiring at least 1 hr.
B. Pyrolysis of the precursor. The 3-L, three-necked flask is fitted with a nitrogen inlet. The
contents of the flask are stirred and heated (110–120°C) with a heating mantle while a stream of
nitrogen is blown rapidly over the reaction mixture to facilitate the removal of the water as it is evolved.
During this period the color of the solution changes from yellow to a gray or a light brown. When the
evolution of water subsides and a solid starts to form (prior to attaining the reflux temperature) (Note 4),
the flask is fitted with a condenser, and the contents of the flask are stirred and heated to ca. 150–160°C
(Note 5) for a few minutes and then at reflux for 3–4 hr under a gentle flow of nitrogen (Note 6). During
this phase of the reaction the solid dissolves, and a clear dark-brown to grayish-black solution is formed.
The reaction mixture is cooled to room temperature (some solid separates), and the product is
precipitated by the addition of 1.5 L of ethyl acetate. The resulting mixture is stirred for 15–30 min and
allowed to stand for at least 30 min (Note 7). Filtration yields material that is washed twice with 100mL portions of ethyl acetate, once with 200 mL of acetic acid, twice with 100-mL portions of water, and
twice with 50-mL portions of acetone to yield ca. 66 g (61%) of crude product (Note 8). The white-tobeige-colored crude product is dissolved in ca. 1600–1800 mL of boiling toluene that is concentrated to
ca. 700–900 mL. On cooling, 61 g (49%) of product is obtained as glistening white rhombic crystals,

mp 342–344°C (Note 9) and (Note 10).

2. Notes
1. p-tert-Butylphenol from Aldrich Chemical Company, Inc., mp 98–101°C, and 37% formaldehyde
solution from Fisher Chemical Company, Certified ACS grade, were used.
2. Care should be taken not to allow the heating mantle to get so hot as to char the solid material on the
walls of the flask. Submitters have used an oil bath.
3. Diphenyl ether recovered from previous preparations of p-tert-butylcalix[4]arene can be used,
resulting in some cases in slightly higher yields of product.
4. Stirring accelerates the rate of water removal, but is not necessary.
5. In some cases a solid does not form, and the solution remains clear throughout.
6. Cyclic octamer rather than cyclic tetramer has occasionally been reported as the major product,
probably the result of insufficiently strenuous pyrolysis conditions (e.g., diphenyl ether not at reflux or
too rapid a flow of nitrogen).
7. It may be convenient to transfer the contents of the three-necked flask to an Erlenmeyer flask prior to
the addition of ethyl acetate.
8. The crude material is usually pure enough to be used in subsequent reactions without
recrystallization.
9. The product of crystallization from toluene is a 1 : 1 complex of p-tert-butylcalix[4]arene and
toluene, from which the toluene can be removed by drying under high vacuum (< 1 mm) and high
temperature (> 140°C) for an extended period of time (48 hr).
10. The melting point is measured in an evacuated melting-point tube.

3. Discussion
A prototype of this procedure was first published in 1941 by Zinke and Ziegler,2 although the
unambiguous identity of the product was not established until some years later.3 A few other palkylcalix[4]arenes have been prepared by this procedure, but for practical purposes it appears to be
restricted to p-alkylphenols in which the p-alkyl group is highly branched at the position adjacent to the
phenyl ring. Thus, p-tert-pentylcalix[4]arene and p-(1,1,3,3-tetramethylbutyl)calix[4]arene4 are among
the few other phenols that yield a tractable product in reasonable yield.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
p-tert-Butylcalix[4]arene
HCHO
p-tert-pentylcalix[4]arene

p-(1,1,3,3-tetramethylbutyl)calix[4]arene
acetic acid (64-19-7)
ethyl acetate (141-78-6)
sodium hydroxide (1310-73-2)
formaldehyde (50-00-0)
phenol (108-95-2)
nitrogen (7727-37-9)
acetone (67-64-1)
toluene (108-88-3)
diphenyl ether (101-84-8)
p-tert-butylphenol (98-54-4)
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