] 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! The preparation of chloropyruvic acid should be carried out in a fume hood, as should the
purification of 3-hydroxycinchoninic acid and its decarboxylation.

A. Chloropyruvic acid. In a 1-1. four-necked flask (Note 1) fitted with a sealed mechanical stirrer,
dropping funnel, thermometer, and reflux condenser protected with a calcium chloride tube is placed
249 g. (2.83 moles) of pyruvic acid (Note 2). The stirrer is started and 394 g. (2.92 moles) of sulfuryl
chloride (Note 3) is added dropwise over a period of 2 hours. During the addition the temperature is
maintained at 25-30° by cooling with a water bath.

The mixture is stirred at room temperature for an additional 60 hours (Note 4), during which time
the calcium chloride tube may become spent and need replacement. The viscous, light-yellow liquid
product is transferred to a large crystallizing dish and dried in a vacuum desiccator over soda-lime for
about 24 hours (Note 5).

The yield of light-yellow chloropyruvic acid is 333-340 g. (96-98%) (Note 6).

B. 3-Hydroxycinchoninic acid. A 3-l., four-necked flask (Note 1) is equipped with a sealed
mechanical stirrer, gas inlet tube, gas outlet consisting of a 1-mm. capillary (Note 7), and thermometer.
The flask is charged with a freshly prepared solution containing 448 g. (8 moles) of reagent grade (85%
minimum assay) potassium hydroxide and 900 ml. of water. The solution (hot from dissolution of
potassium hydroxide) is stirred and 147 g. (1 mole) of isatin (Note 8) is introduced. The solid quickly
dissolves to give an orange-yellow solution.



After replacement of the gas outlet the flask is flushed with nitrogen, and a nitrogen atmosphere is
maintained during the remaining operations (Note 9). The temperature is maintained at 20-25° by
cooling when necessary. The solution is stirred vigorously as 168.5 g. (1.375 moles) of chloropyruvic
acid (part A) is added gradually over a period of 2 hours (Note 10). After stirring has been continued for
an additional hour, the introduction of nitrogen and the stirring are terminated, the flask is stoppered,
and the mixture is allowed to stand at room temperature for 6 days.

At the end of the standing period the reaction mixture is cooled with stirring and maintained at 15—
18°. A solution containing 34 g. of sodium bisulfite in 60 ml. of water (Note 11) is added, and the
mixture is made acid to Congo red paper by the dropwise addition of reagent grade concentrated
hydrochloric acid (Note 12) (approximately 480 ml.). The yellow product that precipitates is separated
by suction filtration on a large (at least 15-cm.) Biichner (or sintered-glass) funnel and washed with
water saturated with sulfur dioxide. Drainage of the filter cake, whose consistency is that of putty, is
slow. Pressing with a large cork or use of a rubber dam is helpful. The pressed solid is suspended in 1.3
1. of water previously saturated with sulfur dioxide, and the mixture is mechanically stirred for 30
minutes.

After the product has been collected as before, the filter cake is pressed well, suspended in 800 ml.
of water, and dissolved by stirring and adding the minimum quantity of reagent grade concentrated
aqueous ammonia (approximately 60 ml.). A small amount of insoluble material is removed by
filtration. A saturated solution of 8 g. of sodium bisulfite is added to the filtrate. The orange-yellow
solution is stirred mechanically and made acid to Congo red paper by the dropwise addition of reagent
grade concentrated hydrochloric acid (approximately 80 ml.).

The product is again collected by filtration, washed with water, resuspended in 225 ml. of water,
collected, and pressed as dry as possible. The filter cake is thoroughly dispersed in 160 ml. of absolute
alcohol, then filtered, air-dried, and finally dried in a vacuum desiccator over concentrated sulfuric acid.
The bright-yellow solid is pulverized and redried. The yield is 115-135 g. (60-71%). When this product
is inserted in a bath preheated to 210° and the temperature is increased at a rate of 1° per 10 seconds,
decomposition with evolution of gas occurs at 219-220° (cor.) (Note 13).

C. 3-Hydroxyquinoline. A 1-1. beaker is fitted with a thermometer and mechanical stirrer and
clamped firmly on an efficient electric heater (Note 14). Diethyl succinate (400 ml.) (Note 15) is placed
in the beaker and heated to boiling (215-220°) with stirring. 3-Hydroxycinchoninic acid (part B) (94.6
g., 0.5 mole) is added in portions to the boiling solution by means of a metal spoon or Scoopula. Care is
taken to prevent too vigorous evolution of carbon dioxide. The addition requires 2—3 minutes, during
which time a temperature drop is noted unless good heating is maintained.

Stirring and boiling are continued until complete solution is effected. This requires about 6 minutes
(Note 16). The stirrer is withdrawn and the beaker is removed from the hot plate for a few minutes.
Finally, the solution is stirred and cooled first in a warm water bath and then in an ice bath. After 30
minutes the gray-brown solid is collected by suction filtration and washed with hexane. The product is
suspended in 250 ml. of hexane, filtered, and washed with hexane. After drying, the crude gray-colored
3-hydroxyquinoline weighs 57-63 g. (79-87%), m.p. 175-191° (cor.).

The crude product is suspended in 190 ml. of water and dissolved by the addition of the minimum
quantity (31-35 ml.) of concentrated hydrochloric acid. The solution is filtered in order to remove a
small amount of insoluble material. The filtrate is treated with decolorizing carbon (about 3.5 g.),
allowed to stand for 30 minutes, and filtered. The filtrate from the charcoal is stirred and treated
dropwise with concentrated aqueous ammonia (25-29 ml.) until precipitation is complete. The
precipitate is removed by filtration, washed with water (two 30-ml. portions), and dried. The yield at
this stage is 48—55 g. of material melting at 185—-195° (cor.).

The reprecipitated product is pulverized, dissolved in a boiling mixture of methanol (about 420 ml.)
and water (about 360 ml.), and treated with decolorizing charcoal for about 10 minutes. The boiling
mixture is filtered through a fluted filter paper placed on a large Pyrex funnel resting on a wide-mouthed
Erlenmeyer flask containing a little boiling solvent of the same composition. The filtrate is concentrated
to incipient precipitation (about 600 ml. volume) and allowed to cool. After drying, the yield of tan-



colored crystalline 3-hydroxyquinoline is 4447 g. (61-65%), m.p. 199-200° (cor.) (Note 17).

2. Notes

1. If suitable dual outlets are used, a three-necked flask is satisfactory.

2. Pyruvic acid from Matheson, Coleman and Bell was distilled just before use. Material boiling at 46—
47° at 4 mm. was employed.

3. Technical grade sulfuryl chloride from Matheson, Coleman and Bell was found satisfactory.

4. The stirring prevents foaming and promotes the evolution of the gases.

5. It is advisable to change the desiccant at least once during the drying period.

6. The chloropyruvic acid prepared in this manner is satisfactory for use in the next reaction without
purification. If often crystallizes to form a waxy solid or semisolid which is quite hygroscopic. The pure
anhydrous material is reported® to melt at 45°, while the monohydrate obtained by other methods*?
melts at 57-58°. The chloropyruvic acid is normally used immediately, but it has been stored
successfully in a desiccator at room temperature for a few days or for longer periods in an airtight
container in the refrigerator. Material which has been stored for long periods gives poorer yields in the
Pfitzinger reaction (part B) than that which has been freshly prepared.

7. When solids are added to the flask, the gas outlet is replaced by a powder funnel and nitrogen flow is
increased slightly. If a separatory funnel is used (cf. (Note 10)), a dual outlet is needed.

8. Commercial isatin from Eastman Kodak or Matheson, Coleman and Bell has been used, but poorer
yields are obtained (about 10% less) than when purified material is employed. Purification by
reprecipitation® or by recrystallization from glacial acetic acid® is equally satisfactory.

9. Maintaining an atmosphere of nitrogen minimizes the darkening of the reaction mixture due to air
oxidation.

10. If the chloropyruvic acid remains essentially as a viscous liquid, it may be introduced via a dropping
funnel containing a large-bore stopcock. If the material has set up to a waxy solid, it must be introduced
in portions through a powder funnel.

11. If no precautions are observed, the reaction mixture rapidly darkens after acidification when
exposed to air. The sulfur dioxide generated upon acidification of the sodium bisulfite largely prevents
this discoloration; however, the precipitated product should be collected without delay of more than a
few hours. The sulfur dioxide used in the wash water also protects the product.

12. At about the midpoint in the addition of acid, frothing tends to raise the precipitate out of the flask.
Addition of a I-ml. portion of ether controls the frothing. A second portion of ether may be required
later, but the frothing subsides as the addition proceeds.

13. 3-Hydroxycinchoninic acid of this purity is adequate for decarboxylation. A sample recrystallized
from dimethylformamide or 5N hydrochloric acid decomposes at 224° when observed as described
before.

14. 1t is advantageous to use a mechanical stirrer, but successful reactions have been carried out using
manual stirring. A run in which no stirring was employed gave acceptable results.

15. Commercial diethyl succinate from Carbide and Carbon Chemicals Co. or from Eastman Organic
Chemicals was found satisfactory. Nitrobenzene has been used successfully a number of times;
however, it is considered a less desirable solvent to handle.

16. The heating time is kept to a minimum in order to reduce the darkening of the solution, which
increases as the heating time is extended.

17. Once recrystallized, 3-hydroxyquinoline is pure enough for most purposes. One or two more
recrystallizations are required to produce white crystals, m.p. 201-202° (cor.).

3. Discussion

The method of synthesis described for chloropyruvic acid is essentially that reported.? This
procedure affords the product in excellent yields from readily available materials by a short, convenient
route. Other less acceptable methods involve chlorination of pyruvic acid with sulfur dichloride’ or
hypochlorous acid® and the treatment of ethyl chloro(l-hydroxyheptyl)- or (o-hydroxybenzyl)
oxalacetate y-lactone with 50% hydrochloric acid.>*?

The procedure described for the preparation of 3-hydroxycinchoninic acid is adapted from that
reported.” This synthesis is successful when bromopyruvic acid or its ethyl ester is substituted for



chloropyruvic acid.® The reaction of isatin with chloropyruvic acid to produce 3-
hydroxycinchoninic acid has been reported;'® however, no details or physical properties were given.
This method offers a decided advantage over the method involving diazotization of the difficultly
accessible 3-aminocinchoninic acid.!!

Until recent years the only syntheses of 3-hydroxyquinoline involved multistep processes, the last
step of which consisted of the conversion of 3-aminoquinoline to 3-hydroxyquinoline via the diazonium
salt.!>13:14 Small quantities of quinoline have been oxidized to 3-hydroxyquinoline in low yields by using
oxygen in the presence of ascorbic acid, ethylenediaminetetraacetic acid, ferrous sulfate, and phosphate
buffer.”> The decarboxylation of 3-hydroxycinchoninic acid in boiling nitrobenzene has been
reported.”!! The procedure described involves a simplified modification of this method.
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)
soda-lime
ethyl chloro(1-hydroxyheptyl)- or (a-hydroxybenzyl)oxalacetate y-lactone
alcohol (64-17-5)
sulfuric acid (7664-93-9)
hydrochloric acid (7647-01-0)
acetic acid (64-19-7)
ammonia (7664-41-7)

methanol (67-56-1)



ether (60-29-7)
sulfur dioxide (7446-09-5)
oxygen (7782-44-7)
nitrogen (7727-37-9)
ferrous sulfate (13463-43-9)
sodium bisulfite (7631-90-5)
carbon dioxide (124-38-9)
decolorizing carbon (7782-42-5)
sulfuryl chloride (7791-25-5)
potassium hydroxide (1310-58-3)

Nitrobenzene (98-95-3)

hypochlorous acid (7790-92-3)
Quinoline (91-22-5)
Isatin (91-56-5)

Pyruvic acid (127-17-3)
sulfur dichloride (10545-99-0)
dimethylformamide (68-12-2)

hexane (110-54-3)
Diethyl succinate (123-25-1)
phosphate

3-Hydroxyquinoline,
3-Quinolinol (580-18-7)

Chloropyruvic acid (3681-17-2)
3-Hydroxycinchoninic acid (118-13-8)
bromopyruvic acid (1113-59-3)

3-aminocinchoninic acid



3-aminoquinoline (580-17-6)
ethylenediaminetetraacetic acid (60-00-4)

ascorbic acid
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