] 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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1. Procedure

A. Isobutyryl chloride. A 1-1. three-necked flask is equipped with a 250-ml. dropping funnel, an
efficient stirrer sealed with a glycerol-lubricated rubber tube, and an efficient condenser (Note 1). The
water supplied to the condenser is cooled to 0°, and the flask is cooled in a large water bath. The
apparatus is set up in a hood, and a gas-absorption trap is attached to the top of the condenser.

In the flask is placed 542 g. (4.55 moles) of thonyl chloride; to this is added dropwise, and with
rapid stirring, 352 g. (4 moles) of isobutyric acid (Note 2). A vigorous evolution of hydrogen chloride
and sulfur dioxide takes place. When all the acid has been added, the water bath is heated to 80° and is
kept at this temperature for 30 minutes. Stirring is continued throughout the heating. The reaction
mixture is then distilled through a 30-cm. Vigreux column by means of an oil bath heated on a hot plate
(Note 3). The fore-run boiling up to 89° weighs 44 g. The isobutyryl chloride which is collected at 89—
93° weighs 351 g. The residue weighs 49 g. On combining the fore-run and residue and redistilling
slowly, an additional 33 g. of isobutyryl chloride is obtained; the total yield is 384 g. (90%).
Redistillation gives a faintly yellow product boiling at 90-92° (Note 4) and (Note 5).

B. Isobutyramide. In a 3-1. flask, equipped with an efficient stirrer and a 500-ml. dropping funnel,
and surrounded by an ice-salt freezing mixture, is placed 1.25 1. of cold concentrated aqueous ammonia
(about 28%). To this 318 g. (3 moles) of isobutyryl chloride is added dropwise with rapid stirring at
such a rate that the temperature of the reaction mixture does not rise above 15°, and the evolution of
white fumes (mostly ammonium chloride) does not become vigorous. Stirring is continued for 1 hour
after the addition of the acid chloride is finished.

The flask is heated by steam in a large can, and the reaction mixture is evaporated to dryness under
reduced pressure (Note 6). The dry residue of ammonium chloride and isobutyramide is boiled 10
minutes with 2 1. of dry ethyl acetate, and the boiling solution is filtered quickly through a fluted filter
paper on a large hot funnel. The residue on the filter is extracted in the same way with two 1-1. portions
of ethyl acetate. The combined ethyl acetate extracts are cooled to 0°, and the crystalline amide which
separates is removed by filtration. The filtrate is concentrated to about 300 ml. and chilled, and a second
crop of amide is collected (Note 7) and (Note 8). The two crops of isobutyramide are combined and
dried, first in an oven at 70° for 3 hours and then in a vacuum desiccator. The yield of glistening white
needles melting at 127-129° is 203-215 g. (78-83%) (Note 9). This material is suitable for the
preparation of isobutyronitrile.

2. Notes

1. A Friedrichs condenser is recommended. This efficient condenser has an inner cooling coil around
which the vapors pass and condense. The submitters used rubber stoppers throughout.

2. Eastman's technical grade of isobutyric acid was distilled, and the fraction boiling at 151-153° was
used.

3. The submitters used an electrically heated oil bath.

4. When 5 moles of thionyl chloride and 4 moles of isobutyric acid were used, the yield on the first
distillation was 83%, and redistillation of the fore-run gave an additional 7%. There was practically no
high-boiling material.



5. The submitters obtained the same percentage yields in runs four times as large.

6. The steam can should be large enough to contain the entire reaction flask; otherwise the evaporation
is very slow.

7. If the mixture of amide and ammonium chloride is not thoroughly dry, the ethyl acetate removed at
this point will contain water and must be dried and redistilled before further use.

8. The filtrate from the second crop of amide may be evaporated to dryness and the residue crystallized
from a mixture of ethyl acetate and ligroin (60-68°). It is profitable to work up this third crop of amide
only when the mother liquors from several runs are combined.

9. The submitters obtained the same percentage yield in runs twice as large.

3. Discussion

Isobutyramide has been prepared by the action of concentrated aqueous ammonia on isobutyryl
chloride ' or methyl isobutyrate; > by the action of liquid ammonia on ethyl isobutyrate; 3 by the
Willgerodt reaction with aqueous ammonium polysulfide; 4 by distillation of ammonium isobutyrate ° or
a mixture of isobutyric acid and potassium thiocyanate; ¢ by hydrolysis of isobutyronitrile; 7 and from
the ozonolysis of 2,3-dimethyl-6-isopropylpyridine.

This preparation is referenced from:

e Org. Syn. Coll. Vol. 4, 436
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
ligroin
thonyl chloride
ammonium polysulfide
hydrogen chloride (7647-01-0)
ammonia (7664-41-7)

ethyl acetate (141-78-6)

ammonium chloride (12125-02-9)



thionyl chloride (7719-09-7)
sulfur dioxide (7446-09-5)
potassium thiocyanate (333-20-0)
ethyl isobutyrate (97-62-1)
isobutyryl chloride (79-30-1)
Isobutyramide (563-83-7)
isobutyric acid (79-31-2)
Isobutyronitrile (78-82-0)
methyl isobutyrate (547-63-7)
ammonium isobutyrate (22228-82-6)
2,3-dimethyl-6-isopropylpyridine
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