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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. 2,3-Dibromopropionaldehyde diethyl acetal. A 500-ml., three-necked, round-bottomed flask is 

equipped with a mechanical stirrer, a pressure-equalizing dropping funnel fitted with a calcium chloride 
drying tube, and a thermometer. The flask and dropping funnel are charged with 28.0 g. (0.500 mole) of 
freshly distilled acrolein and 80.0 g. (0.500 mole) of bromine, respectively. The acrolein is stirred 
rapidly and cooled to 0° in an ice–salt bath, then bromine is added at a rate such that the temperature is 
kept at 0–5°, until a permanent red color indicates a slight excess of bromine in the flask. A total of 78–
79 g. of bromine is added over a 1-hour period. The crude 2,3-dibromopropionaldehyde is stirred while 
a solution of 80 g. (0.54 mole) of freshly distilled triethyl orthoformate in 65 ml. of absolute ethanol 
(Note 1) is added over 15 minutes. The solution warms to 45° and is stirred for 3 hours, after which 
ethyl formate, ethanol, and triethyl orthoformate are removed on a rotary evaporator. Distillation of the 
residual liquid through a 15-cm. Vigreux column affords 107–112 g. (74–77%) of 2,3-
dibromopropionaldehyde diethyl acetal, b.p. 113–115° (11 mm.), as a pale-yellow liquid (Note 2). 

B. Propiolaldehyde diethyl acetal. A 500-ml., three-necked, round-bottomed flask equipped with a 
mechanical stirrer (Note 3), a double-walled condenser, and a pressure-equalizing dropping funnel is 
charged with 100 g. (0.295 mole) (Note 4) of tetrabutylammonium hydrogen sulfate (Note 5) and 20 ml. 
of water. The mixture is stirred, forming a thick paste to which a solution of 29 g. (0.10 mole) of 2,3-
dibromopropionaldehyde diethyl acetal in 75 ml. of pentane is added. The resulting mixture is stirred 
rapidly and cooled to 10–15° as a cold (10–15°) solution of 60 g. (1.5 moles) of sodium hydroxide in 60 
ml. of water is added over 10 minutes. About 5 minutes later the pentane begins to boil and continues to 
reflux for another 10–20 minutes. The mixture is stirred for 2 hours at room temperature, cooled to 5°, 
and made slightly acidic (Note 6) by adding ca. 120 ml. of cold (ca. 5°) 25% sulfuric acid. Stirring is 
stopped, the layers are allowed to separate for 30 minutes, and the upper organic layer is carefully 
decanted (Note 7). The lower, aqueous layer is filtered, removing sodium sulfate, extracted with three 
50-ml. portions of pentane, and, if desired, processed to recover the tetrabutylammonium salt (Note 8). 
The pentane solutions are combined, dried over anhydrous sodium sulfate, and evaporated. The 
colorless concentrate is distilled, giving 7.8–8.6 g. (61–67%) of propiolaldehyde diethyl acetal as a 
colorless liquid, b.p. 138–139° (760 mm.), 95–96° (170 mm.) (Note 9). 

2. Notes
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1. Absolute ethanol from a commercial supplier was used without further treatment. 
2. The submitters report a yield of 113–122 g. (78–84%), b.p. 113–115° (11 mm.) (lit.,2 b.p. 108–110°, 
10 mm.). The product obtained by the checkers was analyzed. Analysis calculated for C7H14Br2O2: C, 
28.99; H, 4.87; Br, 55.11. Found: C, 28.81; H, 4.88; Br, 55.37. The 1H NMR spectrum (CDCl3), δ 
(multiplicity, coupling constant J in Hz., number of protons, assignment): 1.27 (t, J = 7, 6H, 2 
OCH2CH3), 3.6–3.9 (m, 6H, 2 OCH2CH3 and CH2Br), 4.22 (apparent d of t, J = 4 and 7, 1H, CHBr), 
4.72 (d, J = 4, 1H, CH). 
3. The submitters used a 1-l. Erlenmeyer flask and a magnetic stirrer. The Erlenmeyer flask was 
recommended to minimize splattering of the pasty mixture into the condenser. The checkers preferred a 
500-ml., round-bottomed flask equipped as described above. 
4. The submitters found that the yield of product was reduced to ca. 50% when only 1 equivalent (0.2 
mole) of tetrabutylammonium hydrogen sulfate was used. 
5. The submitters purchased tetrabutylammonium hydrogen sulfate (97% pure) from Fluka AG, Buchs, 
Switzerland; it was obtained by the checkers from Aldrich Chemical Company, Inc. 
6. Care must be exercised during acidification, since excess sulfuric acid lowers the yield, presumably 
through hydrolysis of the acetal. 
7. The checkers often obtained a thick emulsion which separated into three layers after standing for ca. 
2 hours. When this occurred, the mixture was poured into 500 ml. of water, and the product was 
extracted with three 150-ml. portions of pentane. 
8. The following unchecked procedure has been provided by the submitters for the purpose of 
recovering the tetrabutylammonium salt. The aqueous layer, which contains 12 g. of sodium bromide, is 
extracted with two 100-ml. portions of dichloromethane. The solution is dried and evaporated, giving 
91–93 g. (96–98%) of crude tetrabutylammonium bromide which can be recrystallized from ethyl 
acetate or employed directly for regenerating the hydrogen sulfate salt. The submitters recommend that 
the bromide be accumulated from several runs and then converted to the hydrogen sulfate by the 
procedure of Brandström.3 A two-necked, round-bottomed flask fitted with a short distillation column 
and a dropping funnel is charged with 196 g. (0.609 mole) of recovered tetrabutylammonium bromide 
and 300 ml. of chlorobenzene. The contents of the flask are heated, and 92 g. (0.73 mole) of dimethyl 
sulfate is then added dropwise to the hot solution. The methyl bromide formed distills from the flask 
and is collected in a trap cooled with acetone–dry ice. As the rate of production of methyl bromide 
decreases, the heating is increased until the temperature at the top of the distillation column starts to rise 
rapidly. A solution of 1.5 ml. of concentrated sulfuric acid in 600 ml. of water is then cautiously added. 
The mixture is heated at reflux for 48 hours and evaporated to dryness under reduced pressure. After the 
residue has been dissolved in 500 ml. of dichloromethane, the resulting solution is washed with two 50-
ml. portions of water and dried with anhydrous sodium sulfate. Evaporation of the solvent provides 
202.5 g. of almost pure tetrabutylammonium hydrogen sulfate which can be recrystallized from isobutyl 
methyl ketone. 
9. The submitters report a yield of 8.6–9.5 g. (67–74%), b.p. 95–96° (170 mm.) (lit.,2 b.p. 138–139.5°, 
760 mm.). The submitters recommend that the product be distilled under reduced pressure. The spectral 
characteristics of the product are as follows: IR (liquid film) cm.−1: 3260 ( CH), 2125 (C C); 1H NMR 
(CDCl3), δ (multiplicity, coupling constant J in Hz., number of protons, assignment): 1.24 (t, J = 7, 6H, 
2CH3), 2.58 (d, J = 2, 1H, CH), 3.71 (apparent q of d, J = 7 and 2, 4H, 2CHAHBCH3), 5.21 (d, J = 2, 
1H, CH(OC2H5)2). 

3. Discussion 

The preparation of 2,3-dibromopropionaldehyde diethyl acetal described here is based on the 
procedure of Grard.2,4 The dehydrobromination of the dibromide to propiolaldehyde diethyl acetal has 
previously been carried out with potassium hydroxide in ethanol.2,4 and with sodium amide in liquid 
ammonia.5 In the present procedure the elimination is effected with aqueous sodium hydroxide in the 
presence of the phase-transfer agent, tetrabutylammonium hydrogen sulfate.6,7 The principal advantage 
of the phase-transfer procedure is its operational simplicity. The method has been used to prepare 
diphenylacetylene (75%), phenylacetylene (87%), p-tolylacetylene (77%), and 3-chloropropiolaldehyde 
diethyl acetal (70%).8 The halide reactants were the corresponding 1,2-dibromides in the first two 
examples and vinyl chlorides in the second two cases. The yields obtained with this method are better 
than those from traditional procedures, and the conditions are generally milder. In addition, the extent of 



substitution and dehalogenation, side reactions that frequently complicate the synthesis of 
acetylenes by elimination with alkoxide or amide bases, is diminished.9 The ability to recover efficiently 
the tetrabutylammonium salt enhances the practicality of this procedure.3 

Propiolaldehyde diethyl acetal has found numerous synthetic applications in the literature. The 
compound has been utilized in the synthesis of unsaturated and polyunsaturated acetals and aldehydes 
by alkylation of metallated derivatives,5,10,11,12,13 by Cadiot-Chodkiewicz coupling with halo 
acetylenes,13,14 and by reaction with organocuprates.15 Syntheses of heterocyclic compounds including 
pyrazoles,16 isoxazoles,16 triazoles,2 and pyrimidines17,18 have employed this three-carbon building block. 
Propiolaldehyde diethyl acetal has also been utilized in the synthesis of naturally occurring 
polyacetylenes19,20,21,22,23 and steroids.24 
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Appendix 
Chemical Abstracts Nomenclature (Collective Index Number); 

(Registry Number) 

1,2-dibromides 

ACETAL (105-57-7) 

ethanol (64-17-5) 

sulfuric acid,  
hydrogen sulfate (7664-93-9) 

ammonia (7664-41-7) 

ethyl acetate (141-78-6) 

sodium hydroxide (1310-73-2) 

Acrolein (107-02-8) 

bromide (24959-67-9) 

bromine (7726-95-6) 

sodium bromide (7647-15-6) 

sodium sulfate (7757-82-6) 

dimethyl sulfate (77-78-1) 

chlorobenzene (108-90-7) 

potassium hydroxide (1310-58-3) 

methyl bromide (74-83-9) 

triethyl orthoformate (122-51-0) 

ethyl formate (109-94-4) 

Pentane (109-66-0) 

isobutyl methyl ketone (108-10-1) 

dichloromethane (75-09-2) 

Phenylacetylene (536-74-3) 

sodium amide (7782-92-5)



Diphenylacetylene (501-65-5) 

tetrabutylammonium bromide (1643-19-2) 

Propiolaldehyde diethyl acetal,  
1-Propyne, 3,3-diethoxy- (10160-87-9) 

2,3-dibromopropionaldehyde (5221-17-0) 

2,3-Dibromopropionaldehyde diethyl acetal (10160-86-8) 

3-chloropropiolaldehyde diethyl acetal 

tetrabutylammonium 

tetrabutylammonium hydrogen sulfate (32503-27-8) 

p-tolylacetylene (766-97-2) 
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