] 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

Caution! This reaction must be carried out in an efficient hood because large amounts of hydrogen
cyanide are evolved. It is also recommended that tetracyanoethylene not be allowed to come into
contact with the skin.

A solution of 6.6 g. (0.10 mole) of malononitrile (Note 1) in 8.7 g. (0.11 mole) of pyridine and 25
ml. of water is prepared in a 125-ml. Erlenmeyer flask and stirred mechanically (no stirrer seal required)
as there is added rapidly in small portions a total of 12.8 g. (0.10 mole) of powdered recrystallized
tetracyanoethylene (Note 2). The resulting mixture is warmed on a hot plate as stirring is continued until
complete solution occurs (5-10 minutes, (Note 3)). The hot dark solution is poured into a swirled
solution of 12.1 g. (0.11 mole) of tetramethylammonium chloride (Note 4) in 500 ml. of water. The
resultant mixture is heated almost to boiling to give a dark-red solution, which is then allowed to cool
spontaneously to room temperature. After final cooling in an ice bath, the orange needles of
tetramethylammonium 1,1,2,3,3-pentacyanopropenide are collected by suction filtration and washed
with two 100-ml. portions of cold water. This product is dissolved in 500 ml. of hot water, decolorized
with about 5 g. of activated carbon, and allowed to crystallize as described above. The yield of bright
yellow-orange needles, m.p. 314-315° (Note 5), is 19.5-20.5 g. (81-85%).

2. Notes

1. Malononitrile, m.p. 30-31°, obtained from Winthrop-Stearns Corp., New York, N. Y., is satisfactory.

2. Tetracyanoethylene is available from the Aldrich Chemical Company, Inc., or may be prepared by a
simplified version of the procedure of Carboni.? In the simplified version, 99 g. of molten malononitrile
is added to 450 ml. of cold water in the apparatus of Part A. This is followed by about 250 g. of ice and
158 ml. of bromine. The bromine is added during 5-10 minutes, and during the addition enough ice
(about 200 g.) is added to maintain the temperature at 10—15°. The mixture is stirred at 20° for one hour.
A heavy layer of dibromomalononitrile is separated, and the aqueous layer is extracted with two 50-ml.
portions of 1,2-dichloroethane. The dibromomalononitrile and the extracts are combined, dried over
magnesium sulfate, and added to 750 ml. of dry 1,2-dichloroethane in the flask of Part B. Twenty grams
of copper power is added, and the mixture is heated to gentle reflux with stirring. An exothermic
reaction generally occurs; when it subsides, or after about 10 minutes, a second 20-g. portion is added,
and this process is continued until 120 g. has been added. The mixture is refluxed a total of 4-6 hours.
The solids are separated from the hot mixture on a fluted filter, which is washed with a little hot 1,2-



dichloroethane. The filtrate is stored overnight at 0—5°. Nearly colorless tetracyanoethylene crystallizes
out. It is separated on a Biichner funnel, washed with a little 1,2-dichloroethane, and dried in a vacuum
desiccator; weight 29-38 g. (30—40%). It is over 98% pure as judged by its € _(pure tetracyanoethylene
has kmaSHZCIZ 277 mp (g 12,050), 267 mp (g 13,600)). It is pure enough for most purposes, but can be
sublimed at 1 mm. (bath 130-140°) if very pure material is needed (private communication from E. L.
Martin and H. D. Carlson via B. C. McKusick).

3. The rate of solution depends upon the fineness of the tetracyanoethylene powder; however, solution
should occur soon after the temperature reaches 60—70°.

4. A technical grade of tetramethylammonium chloride is satisfactory, provided old samples that have
absorbed considerable water are not used.

5. In a heated block, the checkers observed melting points in the range 318-321°.

3. Discussion

Tetramethylammonium 1,1,2,3,3-pentacyanopropenide has been prepared by the base-catalyzed
hydrolysis of tetracyanoethylene,® and by the present method, which is more economical of
tetracyanoethylene.

4. Merits of Preparation

Tetramethylammonium  1,1,2,3,3-pentacyanopropenide  is  useful for  preparation of
pentacyanopropenide salts of other metal and quaternary ammonium cations by metathesis.’ The free
acid, which may be obtained by use of an ion-exchange resin,* has an ionization constant comparable to
that of a strong mineral acid (pK, < —8.5; the anion is not detectably protonated in 12 sulfuric acid).*
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
1-Propene-1,1,2,3,3-pentacarbonitrile, tetramethylammonium salt

copper power

sulfuric acid (7664-93-9)

hydrogen cyanide (74-90-8)
bromine (7726-95-6)

1,2-dichloroethane (107-06-2)

activated carbon (7782-42-5)



pyridine (110-86-1)
magnesium sulfate (7487-88-9)
Malononitrile (109-77-3)
Tetracyanoethylene (670-54-2)
dibromomalononitrile
Tetramethylammonium 1,1,2,3,3-pentacyanopropenide (53663-17-5)

tetramethylammonium chloride (75-57-0)
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