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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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ALDOL REACTION
[1-Butanone, 3-hydroxy-3-methyl-1-phenyl-]

Submitted by Teruaki Mukaiyama and Koichi Narasaka1.
Checked by Kathleen Hug and Clayton H. Heathcock.

1. Procedure
A 500-mL, three-necked flask is fitted with a stirring bar, a rubber stopper, a 100-mL pressureequalizing dropping funnel, and a three-way stopcock that is equipped with a balloon of argon gas (Note
1). The flask is charged with 140 mL of dry methylene chloride (Note 2) and cooled in an ice bath.
Titanium tetrachloride (11.0 mL) (Note 3) is added by a syringe with stirring by a magnetic stirrer, and
a solution of 6.5 g of acetone in 30 mL of methylene chloride is added dropwise over a 5-min period.
On completion of this addition a solution of 19.2 g of acetophenone trimethylsilyl enol ether (Note 4) in
15 mL of methylene chloride (Note 5) is added dropwise over a 10-min period, and the mixture is
stirred for 15 min.
The reaction mixture is poured into 200 mL of ice water with vigorous stirring and the organic layer
is separated. The aqueous layer is extracted with two 30-mL portions of methylene chloride. The
combined methylene chloride extracts are washed with two 60-mL portions of a 1 : 1 mixture of
saturated aqueous sodium bicarbonate and water, and then with brine. The methylene chloride solution
is dried over sodium sulfate and the methylene chloride is removed using a rotary evaporator.
The residue is dissolved in 30 mL of benzene, and the solution is transferred to a chromatographic
column (50-mm diameter) consisting of 600 mL of silica gel. The product is eluted sequentially with (a)
1 L of 4 : 1 (v/v) hexane : ethyl acetate and (b) 1.5 L of 2 : 1 (v/v) hexane : ethyl acetate (flash
chromatography) (Note 6).
The initial ca. 900 mL of the eluent is discarded. Concentration of the later fractions (ca. 1.3 L)
under reduced pressure yields the pure product as an oil (Note 7). The total yield is 12.2–12.8 g (70–
74%).

2. Notes
1. All apparatuses should be oven-dried before use.
2. Methylene chloride was purified by distillation from phosphorus pentoxide, then from calcium
hydride, and was stored over Linde 4A molecular sieves.
3. Freshly distilled titanium tetrachloride (bp 152–153°C) was used. The checkers distilled the titanium
tetrachloride from calcium hydride.
4. The silyl enol ether may be obtained from the Fluka Chemical Corp., 255 Oser Avenue, Hauppauge,
NY 11788. Alternatively, it may be prepared by the following modification of the procedure of Walshe
and co-workers.2 The Walshe procedure is followed exactly with 36 g (0.30 mol) of acetophenone, 41.4
g (0.41 mol) of triethylamine, 43.2 g (0.40 mol) of chlorotrimethylsilane, 60 g (0.40 mol) of sodium
iodide, and 350 mL of acetonitrile. After extraction, the organic layer is dried over potassium carbonate
and then concentrated with a rotary evaporator under reduced pressure. The crude product is a mixture
of 97% of the desired silyl enol ether and 3% of acetophenone, as shown by gas chromatography. The
crude product is distilled in a Claisen flask at a pressure of about 40 mm. After a small forerun (ca. 3 g),
52.3 g (91%) of silyl enol ether, bp 124–125.5°C, is obtained. The purity of this material is
approximately 98%, as judged by gas chromatography and 1H NMR spectroscopy.

5. Submitters report using 60 mL of hexane.
6. 3-Hydroxy-3-methyl-1-phenyl-1-butanone is too unstable to be purified by distillation, and
decomposes to acetophenone and acetone.
7. The initial fractions are sometimes contaminated with a less polar by-product. These fractions are
condensed and purified again by column chromatography using 6 : 1 (v/v) hexane : ethyl acetate and
then 2 : 1 (v/v) hexane : ethyl acetate as developing solvents. The NMR spectrum (CDCl3) shows
singlets at δ 1.33 (6 H, CH3), 3.12 (2 H, CH2), 4.12 (broad, OH) and complex signals between 7.24–8.01
(5 H).

3. Discussion
This procedure illustrates a general method for the preparation of crossed aldols. The aldol reaction
between various silyl enol ethers and carbonyl compounds proceeds smoothly according to the same
procedure (see Table 1). Silyl enol ethers react with aldehydes at −78°C, and with ketones near 0°C.3
Note that the aldol reaction of silyl enol ethers with ketones affords good yields of crossed aldols, which
are generally difficult to prepare using lithium or boron enolates. Lewis acids such as tin tetrachloride
and boron trifluoride etherate also promote the reaction; however, titanium tetrachloride is generally the
most effective catalyst.
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Ketene alkyl silyl acetals may also be used as nucleophiles for the formation of β-hydroxy esters.4
The present reaction can be carried out equally well on large or small (mmole) scales. For small scale
applications, it is convenient to prepare a stock solution of titanium tetrachloride in methylene chloride.
(A rubber stopper is gradually destroyed by titanium tetrachloride; therefore, a Teflon stopper should be
used.) Titanium tetrachloride also promotes the aldol-type reaction between silyl enol ethers and acetals
to give β-alkoxy carbonyl compounds.5.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
silica gel
brine
acetophenone trimethylsilyl enol ether
potassium carbonate (584-08-7)

Benzene (71-43-2)
ethyl acetate (141-78-6)
acetonitrile (75-05-8)
sodium bicarbonate (144-55-8)
sodium sulfate (7757-82-6)
acetone (67-64-1)
Acetophenone (98-86-2)
sodium iodide (7681-82-5)
methylene chloride (75-09-2)
tin tetrachloride (7646-78-8)
hexane (110-54-3)
titanium tetrachloride (7550-45-0)
triethylamine (121-44-8)
argon (7440-37-1)
boron trifluoride etherate (109-63-7)
calcium hydride (7789-78-8)
CHLOROTRIMETHYLSILANE (75-77-4)
phosphorus pentoxide (1314-56-3)
3-Hydroxy-3-methyl-1-phenyl-1-butanone,
1-Butanone, 3-hydroxy-3-methyl-1-phenyl- (43108-74-3)
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