] A Publication
Organlc of Reliable Methods

for the Preparation

Syntheses of Organic Compounds

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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2,4,4-TRIMETHYLCYCLOPENTANONE

[Cyclopentanone, 2,4,4-trimethyl-]
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1. Procedure

In a 1-1. separatory funnel is placed a solution of 38.6 g. (0.25 mole) of isophorone oxide (Note 1) in
400 ml. of reagent grade benzene. To the solution is added 20 ml. (0.16 mole) of boron trifluoride
etherate (Note 2). The resulting solution is mixed by swirling, allowed to stand for 30 minutes, then
diluted with 100 ml. of ether and washed with 100 ml. of water (Note 3). The organic layer is shaken for
1-2 minutes with a solution of 40 g. (1.0 mole) of sodium hydroxide in 200 ml. of water (Note 4) and
then washed with a second 100-ml. portion of water. The combined aqueous solutions are cooled
briefly in running water and then extracted with two 50-ml. portions of ether. The ethereal extracts are
added to the benzene-ether solution (Note 5), and the combined solution, after drying over anhydrous
magnesium sulfate, is concentrated by distillation through a Claisen head. When the temperature of the
distillate reaches about 80° (Note 6), the residual liquid is fractionally distilled (Note 7) under reduced
pressure. The yield of 2,4,4-trimethylcyclopentanone, b.p. 61-62°/21 mm., n28 1.4278-1.4288, is 17.7—
19.8 g. (56-63%) (Note 8).

2. Notes

1. The preparation of isophorone oxide is described on p. 552

2. A practical grade of boron trifluoride etherate, purchased from Eastman Kodak Company, was
redistilled before use. The pure etherate boils at 126°.

3. If the organic layer is dried over magnesium sulfate and fractionally distilled at this point, both 2,4,4-
trimethylcyclopentanone and 2-formyl-2,4,4-trimethylcyclopentanone, b.p. 49-50° (2 mm.), ;1]2)5
1.4495, may be isolated. The pot residue from this distillation contains a small amount of the enol form
of 3,5,5-trimethyl-1,2-cyclohexanedione which crystallizes from petroleum ether as white needles, m.p.
92-93°,

4. The specified period of shaking is sufficient to ensure complete deformylation of the intermediate -
ketoaldehyde. Ordinarily, no difficulty is experienced with emulsification provided that the
recommended quantity (or more) of ether is added to the reaction mixture.

5. Acidification of the residual aqueous solution followed by extraction with ether permits the isolation
of about 1 g. of the enol form of 3,5,5-trimethyl-1,2-cyclohexanedione (Note 3).



6. At this point about 150-200 ml. of liquid remains in the still pot. If the distillation is continued, the
peppermint-like odor of the product, 2,4,4-trimethylcyclopentanone, can be detected in the distillate.
7. The submitters used a 24-cm. jacketed Vigreux column for this distillation. The checkers used a
simple type of Podbielniak column, 50 cm. in length, with heated jacket and partial reflux head; after
the last of the benzene had been distilled through the column, the following fractions were received:

Wt,g.  B.P./15 mm. n2?

0.7 35-54° 1.4288
0.7 54-55° 1.4278
7.5 55° 1.4278
9.5 55° 1.4278

4.9 Residue, m.p. 80-90°

Thus a rather good sample of product may be obtained without use of fractionating equipment.

8. If an appreciable quantity of higher-boiling material (consisting of 2-formyl-2,4,4-
trimethylcyclopentanone; (Note 4)) remains after the product has been collected, the residue should be
dissolved in ether and shaken with aqueous sodium hydroxide as described in the procedure. After the
ethereal extract has been dried over magnesium sulfate, distillation will permit the isolation of an
additional quantity of 2,4,4-trimethylcyclopentanone.

3. Discussion

2,4,4-Trimethylcyclopentanone has been prepared by the oxidation of 1-hydroxy-2,4,4-
trimethylcyclopentanecarboxylic acid with lead dioxide in sulfuric acid,? by the hydrogenation of 2,4,4-
trimethyl-2-cyclopentenone,®* by the Clemmensen reduction of dimethyldihydroresorcinol,>® by the
distillation of powdered 2,4,4-trimethyladipic acid with sodium hydroxide,” and by the saponification
and decarboxylation of ethyl 2-keto-1,4,4-trimethylcyclopentanecarboxylate.®® The rearrangement of
isophorone oxide'® appears to represent the optimum combination of favorable yield and convenient
procedure.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

petroleum ether



B-ketoaldehyde
sulfuric acid (7664-93-9)
Benzene (71-43-2)

ether (60-29-7)
sodium hydroxide (1310-73-2)
magnesium sulfate (7487-88-9)

dimethyldihydroresorcinol
boron trifluoride etherate (109-63-7)

Isophorone oxide (10276-21-8)

2,4,4-Trimethylcyclopentanone,
Cyclopentanone, 2,4,4-trimethyl- (4694-12-6)

2-formyl-2.4,4-trimethylcyclopentanone
3,5,5-trimethyl-1,2-cyclohexanedione
1-hydroxy-2,4,4-trimethylcyclopentanecarboxylic acid
2,4 ,4-trimethyl-2-cyclopentenone
2,4 4-trimethyladipic acid
ethyl 2-keto-1,4,4-trimethylcyclopentanecarboxylate

lead dioxide
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