] 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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CATALYST, RANEY NICKEL, W-6

[With high contents of aluminum and adsorbed hydrogen]
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NiAl: 4+ 6 NaOH & ———— 4+ 2 NaAlh 4+ 3 I,
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1. Procedure

Caution! The Raney nickel catalysts described below cannot be used safely under all conditions of
temperature, pressure, and ratio of catalyst to hydrogen acceptor which are employed with less
active nickel catalysts. They are particularly effective for low-pressure hydrogenations. No difficulty
has been encountered in their use of temperatures below 100°, or above 100° if the ratio of catalyst
to possible hydrogen acceptor is 5% or less. Outside these limits their use sometimes has led to
reactions proceeding with violence. In one case a hydrogenation proceeding at 125° and 5000 [b.
showed a pressure rise to considerably more than 10,000 Ib. before the reaction could be stopped or
the pressure released. Several instances of sudden increases in pressure have been noted when 10—
15 g. of catalyst was used with a similar amount of hydrogen acceptor in 100 ml. of ethanol in the
temperature range of 100—150° under 5000 [b. of hydrogen in a bomb of 270 ml. void. Accordingly
the catalysts should be used with caution for high-pressure hydrogenations.

W-6 Raney nickel catalyst. In a 2-1. Erlenmeyer flask equipped with a thermometer and a stainless-
steel stirrer are placed 600 ml. of distilled water and 160 g. of c.p. sodium hydroxide pellets. The
solution is stirred rapidly and allowed to cool to 50° in an ice bath equipped with an overflow siphon.
Then 125 g. of Raney nickel-aluminum alloy powder is added in small portions during a period of 25—
30 minutes. The temperature is maintained at 50 & 2° by controlling the rate of addition of the alloy to
the sodium hydroxide solution and the addition of ice to the cooling bath. When all the alloy has been
added, the suspension is digested at 50 + 2° for 50 minutes with gentle stirring. It is usually necessary to
remove the ice bath and replace it with a hot-water bath to keep the temperature constant. After this
period of digestion the catalyst is washed with three 1-1. portions of distilled water by decantation (Note

).

A glass test tube approximately 5.1 cm. in diameter and 38 cm. in length with a side arm sealed 6
cm. from the top is used as the container for washing the catalyst. The tube is closed with a rubber
stopper clamped or wired in place tightly enough to withstand a gas pressure of 0.5 atm. The stopper
contains three holes through which extend: (1) a tube 10 mm. in diameter reaching to the bottom of the
test tube, for admitting distilled water; (2) a T-tube for equalizing gas pressures; (3) a gas-tight bushing
through which the ¥4-in. shaft of a stainless-steel stirrer projects to the bottom of the washing tube. A 5-
1. aspirator bottle containing distilled water is so placed that water will flow from it through a stopcock
to the. bottom of the washing tube. The side arm of the test tube is connected by pressure tubing to a 5-1.
aspirator bottle that serves as an overflow from which the water may be allowed to flow through a
stopcock to a drain. A source of distilled water is connected to the reservoir. Other connections and the
general arrangement of the apparatus are shown in Fig. 8, and details of the construction of the gas-tight
brass bushing are given in Fig. 9. Rubber pressure tubing and stoppers used in making the connections
should be boiled with 5% sodium hydroxide and rinsed with water to remove sulfur. All connections
should be wired in place to withstand a pressure of 0.5 atm. (7.5 1b.).

Fig. 8. Apparatus for washing catalyst. It is convenient to have the inlet tube for wash water
sealed into the bottom of the chamber rather than introduced through the stopper as shown.
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Fig. 9. Gas-tight brass bushing. The gas-tight bushing for the shaft of the stirrer consists of three
parts: two cones (B) which fit the shaft snugly and are attached to it by set screws (E); and a
bushing (C) so cut that the cones fit into it at top and bottom. The two cones are placed on shaft 4
of the stirrer, above and below the bushing and attached to the shaft so that they fit snugly against
the bushing. A gas-tight seal is obtained by placing a drop or two of heavy lubricating oil between
each cone and the bushing. The over-all dimensions of the bushing are approximately 13 by 65
mm., and it is held in a rubber stopper (D).




Shaft (4), 0.25*
Cone (B)
Set screw (E)
Bushing (C)

i  Rubber
L&— stopper

(D)

Set screw (E)
Cone (B)

The catalyst sludge is transferred to the washing tube immediately after its third washing by
decantation. The last portions are rinsed from the flask into the washing tube with distilled water, and
the tube, reservoir, and overflow bottle are nearly filled with distilled water. The apparatus is assembled
rapidly, and hydrogen is introduced through the inlet while most of the water in the overflow bottle is
displaced through the outlet. The outlet then is closed, and hydrogen is admitted until the water in the
reservoir, washing tube, and overflow bottle is under a pressure about 0.5 atm. above that of the outside
atmosphere. The stirrer is operated at such a speed that the catalyst is suspended to a height of 18-20
cm. Distilled water from the reservoir is allowed to flow through the suspended catalyst at a rate of
about 250 ml. per minute. When the reservoir is nearly empty and the overflow bottle full, the drain
cock and distilled-water inlet are opened simultaneously to an equal rate of flow such that, as the
overflow bottle empties, the reservoir is filled, while the pressure in the system remains constant.

After about 15 1. of water has passed through the catalyst, the stirrer and the flow of water are
stopped, the pressure is released, and the apparatus disassembled. The water is decanted from the settled
sludge, which is then transferred to a 250-ml. centrifuge bottle with 95% ethanol. The catalyst is washed
three times by stirring, not shaking, with 150-ml. portions of 95% ethanol, each addition being followed
by centrifuging. In the same manner the catalyst is washed three times with absolute ethanol. One to two
minutes' centrifugation at 1500—-2000 r.p.m. is sufficient to separate the catalyst. All operations should
be carried out as rapidly as possible if a catalyst of the maximum activity is desired. The catalyst should
be kept in a closed bottle filled with absolute ethanol and should be stored at once in a refrigerator. The
total elapsed time from the beginning of the addition of the alloy to the completion of the preparation
should be not more than about 3 hours (Note 2), (Note 3), and (Note 4).

2. Notes

1. The procedure in the preparation of W-7 Raney nickel, after the digestion and the three decantations,
is to transfer the catalyst to a 250-ml. centrifuge bottle with 95% ethanol. It is then washed three times
by stirring, not shaking, with 150-ml. portions of 95% ethanol, with centrifuging after each addition. In
the same manner, the catalyst is washed three times with absolute ethanol and is at once stored in a
refrigerator in a closed bottle filled with absolute ethanol. The catalyst so prepared contains alkali. This
may be advantageous for various reasons in the hydrogenation of ketones, phenols, and nitriles. In



certain cases the alkali may have a harmful effect upon a hydrogenation.

2. The volume of the settled catalyst (W-6) in ethanol is about 75—80 ml. containing about 62 g. of
nickel and 7-8 g. of aluminum. The catalyst is extremely pyrophoric when exposed to the air in a dry
condition, and it should be kept wet with solvent at all times. It amounts to about 28 "half teaspoonfuls"
if it is so measured. The catalyst loses some of its special activity upon standing but seems to be quite
active for about 2 weeks when stored in a refrigerator. After this period it is similar in activity to the
Raney nickel made by an earlier procedure.! The W-3 to W-7 catalysts all lose their special activity
rather rapidly when stored under water.

3. A somewhat less active but nevertheless excellent catalyst, referred to as W-5, is made by the
procedure described above for W-6 except that it is washed at atmospheric pressure without the addition
of hydrogen to the system. The W-5 catalyst is similar in method of preparation and activity to the W-4
Raney nickel catalyst as prepared by Pavlic.?

4. Raney nickel prepared by the procedure described for W-6 will bring about the hydrogenation of
alkyne and alkene linkages, of aldehydes, ketones, oximes, nitriles, nitro compounds, and benzenoid and
pyridinoid nuclei under the conditions of temperature and pressure normally employed with platinum
and palladium catalysts.’ At higher pressures W-6 Raney nickel brings about reactions at a more rapid
rate and at lower temperatures than Raney nickel prepared by the older procedures.

3. Discussion

The various procedures for the preparation of Raney nickel* from the nickel-aluminum alloy differ
from one another in the method of adding the alloy, in the concentration of sodium hydroxide, in the
temperature and duration of digestion, and in the method of washing the catalyst free of sodium
aluminate and alkali. For convenience in reference, the Raney nickel catalysts prepared by various
procedures have been designated W-1,° W-2,! W-3,26 W-426 W-53 W-6,° and W-7.3 They have been
compared as to activity against f-naphthol.” A Raney nickel catalyst is available commercially from the
Gilman Paint and Varnish Company, Chattanooga, Tennessee.

This preparation is referenced from:

Org. Syn. Coll. Vol. 3, 181
Org. Syn. Coll. Vol. 3, 358
Org. Syn. Coll. Vol. 4, 603
Org. Syn. Coll. Vol. 5, 102
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Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

W-6 Raney nickel

Raney nickel-aluminum alloy powder



W-7 Raney nickel

W-4 Raney nickel

ethanol (64-17-5)
hydrogen (1333-74-0)

sodium hydroxide (1310-73-2)

B-naphthol (135-19-3)

sulfur (7704-34-9)
aluminum (7429-90-5)
platinum (7440-06-4)

nickel,
Raney nickel (7440-02-0)

palladium (7440-05-3)
nickel-aluminum

sodium aluminate (1302-42-7)
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