] 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

The apparatus shown in Fig. 14 is constructed from a 1-1. distilling flask (4) and a 500-ml. distilling
flask (B) the side arm of which has been replaced by 10-mm. Pyrex tubing sealed at an upward angle to
the side arm of the larger flask (4). Charred cork stoppers are used, and a hydrogen chloride trap? is
connected to the water-cooled reflux condenser. The bent side arm (C) is insulated by a wrapping of
cloth. Reaction flask 4 is charged with 105 g. (0.89 mole) of hexamethyleneglycol,® 785 ml. (9.5 moles)
of concentrated hydrochloric acid, 130 ml. of water (Note 1), and 55 ml. of toluene (Note 2) and (Note
3). In flask B are put 350 ml. toluene and a few boiling chips. The apparatus is assembled, and the flasks
are heated in oil baths. The bath covering about two-thirds of flask 4 is kept at 95°; the one surrounding
most of flask B is kept between 160° and 165° (Note 4). As the reaction proceeds and the products are
removed by the continuous flow of toluene through the mixture, the organic-aqueous interface in A4 falls
steadily. After 9 hours the heating baths and condensers are removed, and water is added to 4 to force
the upper layer of toluene into B. The aqueous solution is siphoned out of 4, and then the toluene extract
in B is poured into a dropping funnel inserted through a stopper in the neck of a 500-ml. Claisen flask.
Some of the extract is run into the flask, and most of the toluene is removed by distillation at
atmospheric pressure while the remainder of the solution is slowly run into the flask. To remove the last
of the solvent, the pressure is lowered to 65 mm. while the bath temperature is kept at 100°.

Fig. 14.

The material obtained from two such runs is combined and fractionated through a Fenske-Whitmore
column* packed with glass helices. Distillation is carried out at a pressure of 8—12 mm., with a reflux
ratio of 5:1. After a fore-run of 5-15 g., about 45 g. (16%) of hexamethylene dichloride distils at 80—
84°/9 mm., n3® 1.4585-1.4565. An intermediate fraction of 10-20 g. distils at 84—-100° /9 mm., and



then 108-122 g. (45-50%) of hexamethylene chlorohydrin boiling at 100-104° /9 mm., n2’
1.4551-1.4557, is collected. If several runs are made the residues may be distilled from a Claisen flask
and the distillate combined with the intermediate fractions for refractionation. In this way the average
yield may be raised to 50—55%.

2. Notes

1. The use of concentrated hydrochloric acid without dilution results in violent bubbling during the
reaction.

2. In the original work of Bennett and Turner® a petroleum fraction of b.p. 90-120° was used. When the
submitters used Skellysolve L, b.p. 90-100°, the hexamethylene chlorohydrin was not sufficiently
soluble in it to be removed from the reaction mixture. A study of the solubility of hexamethylene
chlorohydrin in various commonly available solvents was made, and toluene was found to be the most
satisfactory.

3. The exact volume of free space below the side arm of 4 will vary somewhat according to the exact
dimensions of the flask and the adapter tube, and it may be desirable to make corresponding changes in
the volumes of hydrochloric acid and water used. In the apparatus constructed by the checkers the
aqueous phase expanded during the heating to such an extent that only about 5 ml. of toluene remained
in the neck below the side arm; this apparatus operated satisfactorily when the volumes of hydrochloric
acid and water were reduced to 720 ml. and 115 ml., respectively.

4. The bath temperature may be controlled by heating with an immersed loop of Nichrome resistance
coil, such as the heating element from an electrical appliance. The coil is connected to a 110-volt line in
series with a 27-ohm 5-ampere variable resistor and a 600-watt heater element, which may be cut out of
the circuit to lower the fixed resistance. An ammeter in the circuit helps to determine the proper
adjustment of the sliding contact of the resistor. To avoid an excessive load on the coil, the bath about B
should be heated in addition by a hot plate adjusted to give a temperature somewhat below 160°.

3. Discussion

Hexamethylene chlorohydrin has been prepared by the reaction of hydrochloric acid with
hexamethylene glycol, without a catalyst>®7 or in the presence of cuprous chloride.®
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
hydrochloric acid (7647-01-0)
toluene (108-88-3)

cuprous chloride (7758-89-6)



Hexamethylene glycol,
hexamethyleneglycol (629-11-8)

Hexamethylene chlorohydrin,
1-Hexanol, 6-chloro- (2009-83-8)

hexamethylene dichloride (2163-00-0)
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