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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 250-mL flask equipped with a reflux condenser is charged with 6.75 g (0.225 mol) of
paraformaldehyde (Note 1) and 16.57 g (0.075 mol) of N-methylanilinium trifluoroacetate (Note 2). A
solution of 7.30 g (0.05 mol) of α-tetralone (Note 3) in 50 mL of dry tetrahydrofuran (Note 4) is added
at room temperature. The N-methylanilinium trifluoroacetate dissolves, and the magnetically stirred
mixture is refluxed for 4 hr under a nitrogen atmosphere (Note 5). During this time a red color develops
and the paraformaldehyde dissolves after 2 hr. After 4 hr the heating oil bath is removed and the red
solution allowed to cool for 10 min. Diethyl ether (100 mL) is gradually added under efficient magnetic
stirring, which induces the separation of a red gum. The ethereal solution is decanted from the red gum
into a separatory funnel and washed with 50 mL of half-saturated sodium bicarbonate solution. The red
gum is triturated with 50 mL of diethyl ether, and the resulting ethereal solution is then used to extract
the washing water (Note 6). The combined organic layers are dried over magnesium sulfate. Filtration
and concentration of the extract, first on a rotary evaporator then under high vacuum, afford 8.05–8.6 g
of a heavy red oil (Note 7). Trituration of this oil with 70 mL of diethyl ether precipitates impurities and
causes some polymerization. Filtration through Celite and concentration under high vacuum give 6.8–
7.2 g (86–91%) of material that solidifies in a freezer (Note 8). Further purification by column
chromatography over silica gel affords analytically pure material (mp 46–46.5°C) but lowers the yield
to 70–82%.

2. Notes
1. Paraformaldehyde is sometimes sold commercially under the label "polyoxymethylene," and
commercial polyoxymethylene (Prolabo—France) was used.
2. This crystalline white salt can be obtained by adding dropwise 1 mol of commercial trifluoroacetic
acid (Fluka AG) to a stirred solution of 1 mol of commercial N-methylaniline (Fluka AG) in 1 L of dry
diethyl ether in a nitrogen atmosphere with cooling in an ice bath. After addition the solution is stirred
magnetically for 1 hr. The white precipitate that forms is filtered, washed with 100 mL of pentane, and
dried overnight in a desiccator under high vacuum. The salt (195 g, 88%) thus obtained had mp 66.5°C.
3. Commercial α-tetralone, 95% pure, was purchased from Fluka AG and used without purification.
4. Tetrahydrofuran was distilled from the ketyl prepared from benzophenone and sodium, but the
reaction does not suffer from moisture. Dioxane can also be used, but the iminium salt polymerizes
rapidly at the reflux temperature of this solvent (101°C). To avoid polymerization the Nmethylanilinium trifluoroacetate should be added in portions to the reaction mixture.
5. The reaction can be monitored by TLC. The α-methylene ketones exhibit higher Rf values than
starting material when eluted in a diethyl ether-pentane (1 : 1) solvent system.
6. Workup and isolation should be completed in minimum time to avoid polymerization of the product.
The heavy red gum thus obtained is soluble in methylene chloride and contains some β-methylene-αtetralone.

7. A TLC analysis reveals a major component accompanied by two minor, more polar impurities.
Because of the relative instability of α-methylene carbonyl compounds, isolation of these substances is
associated with dimerization or polymerization. This crude material exhibits satisfactory NMR and IR
data and can be used as such for many synthetic purposes.
8. The checkers found that storage of this material at room temperature results in the total conversion to
polymer in less than 12 hr. The stability of the product is greatly increased if it is stored at temperatures
below −5°C. The spectral properties are as follows: IR (CCl4) cm−1: 3065, 3030, 1680, 1620, 1604, 918;
1H NMR (CCl ) δ: 2.9 (singlet, 4), 5.37 (thin multiplet, 1), 6.17 (thin multiplet, 1), 7.3 (multiplet, 3),
4
8.07 (multiplet, 1).

3. Discussion
The procedure described herein demonstrates a general synthetic method to form α-methylene
ketones by direct methylene transfer. A number of methods have been previously described and
reviewed.2,3 The advantages of direct methylene transfer for the formation of α-methylene ketones are
the aprotic, nearly neutral conditions utilized. Although the reaction is not regiospecific, it is highly
sensitive to steric hindrance, and transfer occurs at the less hindered site of unsymmetrical ketones. The
reaction has been applied to cyclic and acyclic ketones4 and extended to the synthesis of vinyl ketones5
and α-methylenealdehydes. It is not applicable to γ- or δ-lactones, or strained cyclic ketones such as
norcamphor or cyclobutanone. With cyclohexanone, cyclopentanone,6 or aldehydes as substrates,
preformation of the iminium intermediate

is recommended prior to the addition of the carbonyl compound. This can be achieved by heating
the reagents to reflux in tetrahydrofuran for 20 min, followed by the addition of the carbonyl compound
at reflux temperature or lower, if necessary. When higher reflux temperatures are required, dioxane can
be used as a solvent. Addition in portions of N-methylanilinium trifluoroacetate to the reaction mixture
minimizes polymerization of the iminium intermediate. In some cases, large-scale experiments may
suffer from polymerization; it is recommended that the reaction be quenched before completion.

References and Notes
1. Laboratoire de Synthèse Organique, Université d'Aix-Marseille III, Rue Henri Poincaré, 13397
Marseille Cedex 13.
2. For a review see Tramontini, M. Synthesis 1973, 703–775.
3. Stork, G.; D'Angelo, J. J. Am. Chem. Soc. 1974, 96, 7114–7116; Holy, N. C.; Wang, Y. F. J. Am.
Chem. Soc. 1977, 99, 944–946; Ksander, G. M.; McMurry, J. E.; Johnson, M. J. Org. Chem.
1977, 42, 1180–1185; Paterson, I.; Fleming, I. Tetrahedron Lett. 1979, 995–998; Desolms, S. J.
J. Org. Chem. 1976, 41, 2650–2651; Danishefsky, S.; Kitahara, T.; McKee, R.; Schuda, P. F. J.
Am. Chem. Soc. 1976, 98, 6715–6717; Hayashi M.; Mukaiyama, T. Chem. Lett., 1987, 1293.
4. Gras, J. L. Tetrahedron Lett. 1978, 2111–2114.
5. Gras, J. L. Tetrahedron Lett. 1978, 2955–2958.
6. Disanayaka, B. W.; Weedon, A. C. Synthesis, 1983, 952.

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
polyoxymethylene

diethyl ether (60-29-7)
sodium bicarbonate (144-55-8)
Cyclohexanone (108-94-1)
nitrogen (7727-37-9)
Benzophenone (119-61-9)
sodium (13966-32-0)
Cyclopentanone (120-92-3)
methylene (2465-56-7)
Pentane (109-66-0)
methylene chloride (75-09-2)
magnesium sulfate (7487-88-9)
dioxane (5703-46-8)
N-Methylaniline (100-61-8)
Tetrahydrofuran (109-99-9)
α-Tetralone (529-34-0)
trifluoroacetic acid (76-05-1)
Cyclobutanone (1191-95-3)
Norcamphor (497-38-1)
diethyl ether-pentane
2-Methylene-1-oxo-1,2,3,4-tetrahydronaphthalene,
β-methylene-α-tetralone,
1(2H)-Naphthalenone, 3,4-dihydro-2-methylene- (13203-73-1)
N-methylanilinium trifluoroacetate
paraformaldehyde (30525-89-4)
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