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¥Tokyo Metropolitan University ¥¥Yuki Gosel Kogyo Co., Lta.

Department of Chemistry Research Section
Faculty of Science 2-19, Maeno-Cho, Itabashi-Ku
Setagaya, Tokyo, JAPAN Tokyo, JAPAN

INTRODUCTION AND HISTORICAL BACKGROUND

The Urushibara catalysts have not received the widespread
reputation and utilization that their versatllity and ease of
preparation should command. The present review glves a brief
but nonetheless general survey of the preparation and the
applications of the Urushibara catalysts. The reader 1s
referred to the monographl on thils subject for a detailled
discussion of many aspects whlch are either covered only
cursorily or not at all in this review.

In 1951, Urushibara and hils colleagues discovered a new
type of hydrogenation catalysts prepared from precipitated
metals. In contrast to previous catalysts which were dis-
covered by chemists investigating catalytic reactions, the
Urushibara catalysts (abbreviated U-catalysts) were not the
result of research in an unknown field of catalytic chemistry
or of a mere accident. About twenty years ago, Urushibara
and his group undertook an investigation to find a new method

for the reduction of estrone to estradiol at the request of a
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hormone manufacturing company. Indeed, in 1933, Schwenk of
Schering A. G. had discovered a process suitable for industrial
purposes and obtalned a Japanese patent,2 which covered almost
all the methods of reduction known at that time. In another
Japanese patent3 issued to Schering A.G., the addition of

Raney alloy to an alkaline aqueous solution of estrone
efficiently combined the catalytically active Raney nickel

with nascent hydrogen, both belng generated by the actlon of
aqueous alkall on the Raney alloy.

Then, Urushibara got the idea that some common metal
powder might exhlbit catalytiec activity if it was combined
with nascent hydrogen. This simple concept was translated
into practical application by the preparation of a fine nickel
powder precipltated from an aqueous solution of a nickel salt
by another metal of greater ionlzation tendency such as zinc
or aluminum. Although the results obtalned in the early
stages of experimentation were quite disappointing, continued
Intensive research came to fruition by the preparation of a
new catalyst of high activlty, comparable to that of Raney
nickel. The catalysts thus obtained were named the Urushibara

catalysts after name of the discoverer.

1. GENERAL FEATURES OF THE U-CATALYSTS

The Urushibara catalysts comprise various catalysts
prepared by essentially similar processes. An extremely
simple procedure for preparing the catalysts is as follows.
The catalyst metal is precipitated in powder or fine granular
form from an aqueous solution of its salt, with another metal

of a greater ionization tendency. The precipitated metal 1is
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then digested with the appropriate base or acid. Catalytically
active nickel, cobalt, iron, copper and iron containing a small
portion of nickel or cobalt, are thus obtailned.

A shorthand nomenclature has been devised for the
Urushibara catalysts. The letter U (after the name of the
discoverer) 1s followed by the catalyst metal symbol. The
precipitating metal 1s zinc dust unless specified as described

below. The letter C appearing sometimes after the catalyst
metal symbol signifies that both the precipitatiocn and the
digestion processes were carried out at or below room temper-
ature. Then follows the digesting medium, abbreviated A for
acid (usually acetic acid or sometimes proplonic acid) or B
for alkali (almost invariably sodium hydroxide). The chemical
formula of ammonia 1s substituted for B when it is used as the
digesting medium; simllarly, HCl 1is added in parentheses when
hydrochloric acid is used as the digesting medium. The symbol
A placed after that of the digesting medium, such as AA or BA,
indicates that aluminum is used as the precipitating metal.
For the Urushibara iron catalysts, Roman numerals II and IIT
are placed in parenthesis after Fe to indicate from which iron
salt the catalyst metal was precipitated; in the case of iron,
the digesting medium 1s not specified unless different from
acetic acid. 1In especlally activated iron catalysts, the
activating metal content and its symbol are placed 1in paren-
theses. An (s) placed last denotes that the metal was pre-
cipitated by the simplified method. The following examples

will serve to illustrate those rules.

U-Ni-CAu: Catalyst metal 1s nickel, precipitated by zinc

dust and dligested wlth acetic acid; both processes
were conducted at or below room temperature.

U—Ni-AA5: Catalyst metal 1s nickel, precipitated by aluminum
grains and digested with (acetic) acid.

U-Co—A(s)(HCl)6: Catalyst metal is cobalt, precipltated by
zine dust via the simplified method and
digested with hydrochloric acid.
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U-Fe(III)-BA7: Catalyst metal is iron (from iron(III) salt),
precipitated by aluminum grains and digested
with sodium hydroxide.

U-Fe(II)7: Catalyst metal is iron (from iron(II) salt),
precipitated by zinc dust and digested with
(acetic) acid.

U—Fe(III)-Ni(Fe:l,Ni:0.01)7: Catalyst metal 1s iron (from
iron(III) salt) containing 1% of
nickel, precipitated by zinc
dust.

The salts most often used are the chlorides and sometimes
the acetates. The precipitating metal is usually zinc dust or
granular aluminum. The digestling reagent may be chosen from
among the following: caustic alkali, ammonla, acetlc acid,
propionic acid and hydrochloric acid. However, sodium hydrox-
ide or acetic acid 1is generally used. The digestlion process
(with the basic or acidic reagents), removes basic salts of
the precipitating metals covering the surface of the catalyst
to expose the actlve surface. The reduction of various
organic compounds with Urushibara nickel gives results which
are very similar to those obtained with Raney nickel.

The activation of precipitated nickel by a caustic alkall
remained unexplained for a long time, until it was discovered
that precipitated nickel, even 1f it was well washed with
water to remove soluble chloride lons completely, released
chloride ions on digestion with caustlic alkali. It was sug-
gested that a chloride, which was insoluble in water but
soluble in aqueous alkali, was adhering to the precipitated
nickel and X-ray diffraction studies showed this to be zinc

hydroxide chloride.8
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Commercial aluminum powder 1s too finely pulverlzed to
allow a moderate exchange reaction to take place since the
extremely violent reaction rendered the preparation very
difficult. Hence a procedure was devised in which aluminum
grains of moderate size were employed to produce precipitated
nickel under special conditions. The precipitated nickel,
subjected to treatment with caustic alkali solution, reacted
as expected and gave rise to a new type of U-catalyst,

U—Ni—BA.9

U-Ni-BA works well in the hydrogenation of benzene
to cyclohexane, which cannot be realized by ordinary U-Ni-A or
U-Ni-B prepared with zinc dust as the precipitating metal.
Although precipitated metals without digestion by alkall or
acld do not catalyze hydrogenatlon with hydrogen gas under
ordinary conditions, we recently found that various organic
compounds can be reduced when they were refluxed with water
In the presence of preciplitated nickel.lo An unique feature
of the reductions with precipitated nickel 1s the use of water
as a hydrogen donor, thus maklng the use of any acid or alkali
generally unnecessary.

The Urushlbara cacalysts can be used for hydrogenation
or reductions under a variety of reaction conditions,
including crdinary or high pressures at room or elevated
temperatures, and 1n elther the liquid or the vapor phase.
The most sultable modification of the catalyst is chosen for
the purpose at hand. The usage has been further extended to
other reactions, for 1instance, desulfurization, dehydro-

genatlon, and hydration.

The general characteristlcs common to various Urushibara
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catalysts may be summarized as follows:

(L

(2)

(3)

(4)

(5)

(6)

(7

The preparation of U-catalysts is rapid and very simple.
They can be prepared from commercial materials by simple
procedures in an hour or less, Their activities are never-
theless quite high.

The quality of the materials 1s not critical. In general,
"chemically pure" grade reagents serve the purpose. Tap
water may be used except for the last washing of the
finished catalyst, though the use of distilled

water 1s preferable throughout the whole procedure.

The dried precipitated metals, which are the precursors of
U-catalysts, can be stored for a long time without detri-
ment to the activity of the catalysts.

The handling of U-catalysts 1s safe and easy, as they are
not flammable upon short contact with air,* in contrast
to Raney catalysts which are pyrophoric.

Used catalysts can easlly be recovered and regenerated
without any noticeable decrease of thelr activity.

They may be used for multifarious purposes such as hydro-
genation under various conditions, dehydrogenation,
reductive desulfurization, and so on. The applications
and the activities of U-catalysts are comparable to Raney
catalysts.

Under selected conditions, U-catalysts can be used for
speclal purposes such as partlal and selective hydro-
genatlon, vapor-phase hydrogenation, etc.

#Isolated cases of ignition are probably the result of

unnecessarily long contact with air.
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2. PREPARATION OF SELECTED URUSHIBARA CATALYSTS

The preparation of Urushlbara catalysts is carried out
in two stages. The first stage involves the deposition of
metal by reaction between a soluble salt of the catalyst metal
and a metal which 1s more electropositive. The second stage
consists in the treatment of the precipitated metal with
alkall or acid to yield an active catalyst. It has been
established that the reaction conditions in the first stage
have a critical influence upon the activity of the catalyst
which 1is produced.

Zinc, aluminum, and magneslum have been tested for use as
the precipltating metal. Zinc dust has been used exclusively
in the preparation of ordinary Urushibara catalysts, owing to
its ease of handling.

Although no extensive experimentation has been carried
out in this respect, the size of the preparations of the
catalysts hereln described may be scaled up to about ten

times the quantlties given.

2.1. Standard Preparation of U-Ni-B'® and U-N1-a*°

2.la. Precipitated Nickel (Ppt-Ni)

Ten grams of zinc dust are placed in a 100 ml round-
bottomed flask and 3 ml of distilled water are added. Con-
tamination of the zinc dust with zinc oxide or hydroxide is
not harmful. An efficient mechanical stirrer nearly reaching
the bottom of the flask is installed and the flask 1s heated
on a bolling water-bath. Then a hot (heated to boiling)

solution of 4 g of nickel chloride (Ni012-6H2O) in 10 ml of
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distilled water is added cautidusly but rapidly (within a few
seconds [Note 1]) to the vigorously stirred mixture of zinc
dust and water. During the addition of the hot solution,
stirring must not be allowed to stop. When the vigorous re-
action subsides, the solid 1s collected on a sintered glass
funnel by suction and washed with about 200 ml of hot water.
The so0lid mass 1s transferred into a 300 ml beaker or Erlen-
meyer flask for digestlion. Decantation with several portions
of hot water in a beaker may be substituted for the washing

process.

NOTE 1. Since the dilscharge time of an ordinary pipet 1s too
slow for the addition of the nickel chloride solution to the
zinc dust (which inevitably

causes a reductlon in catalytic <:~;>
activity), a pipet whose tip
has been cut off allowing the
solution to run out quickly and
uniformly, should be used. The
apparatus shown in Fig. 1,
equipped with an inlet tube
through which the nickel
chloride solution can be poured CLO
from a beaker, allows the

uniform addition of solution Fig. 1. Flask for the
Preparation of the
Precipitated Metal

in 2 to 3 seconds.

(Reproduced by permission of the Univ. of Tokyo Press and

11 The Chemical Society of Japan)
2.1b. Preparation of U-Ni-B

The precipitated nickel containing excess zinc and
accompanying insoluble zinc compounds 1s activated to U-Ni-B
in the following way; to a 300 ml beaker or Erlenmeyer flask

containing 160 ml of 10% sodium hydroxide solution [Note 11
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is added the Ppt-N1 obtained above [Note 2]. It is recom-
mended that a part of the sodium hydroxide solution be used
to wash out the Ppt-N1 from a sintered glass funnel. Since
the Ppt-N1 reacts with the sodium hydroxide solution with
vigorous evolution of hydrogen, care should be taken that the
contents do not boil over. The reaction vessel 1s then heated
on a water bath at 50-55° with slow mechanical stirring for
15-20 min [Note 3]. The supernatant liquid is decanted, and
the remainder washed with two or three 40 ml porticns of dis-
tilled water, which has been boiled in advance and cooled to
50-60°. Each time the wash-water is decanted, and the cat-
alyst is washed with the solvent, e.g., ethanol, tc be used
in the subsequent reduction, and then transferred together
with the solvent to the reduction vessel. The solid should
always be covered with water or solvent after the alkalil
treatment, so that contact with air is minimized [Note 4].

The product 1s U-N1-B, a dark gray powder-like solid.
U-Ni-B, prepared from nickel chloride containing 1 g of nickel,
consists of about 0.95 g of nickel and 4-5 g of zinc, together
with small amounts of zinc oxide and zinc hydroxide, amounting

to 5-7 g in welght.

NOTE 1. The use of 80 ml of 10% sodium hydroxide solution
instead of 160 ml yields a more active catalyst; however, 1t
1s more bulky and the gross weight amounts tc as much as 10 g,
because the zinc 1is dissolved to a lesser extent.

NOTE 2. This procedure was designed so as to minimize contact
with alr. However, it has been verified that drying of the
precipitated nickel has little effect upon catalytic activity
and one may take an alternative procedure, in which the pre-
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cipitated nickel 1is first placed in a beaker, and sodium
hydroxide solution is added to it with stirring. The latter
process 1s preferred because liquid overflow due to the
vigorous reaction can easily be controlled.

NOTE 3. The activity of the catalyst 1s reduced when the
temperature at which the precipitated nickel is digested with
sodium hydroxide solution is too high, or when digestion con-
tinues too long that the evolution of hydrogen gas subsides.

NOTE 4. This is the recommended procedure for obtaining
catalysts of high activity although short contact with air is
not particularly harmful.

2.1lc. Preparation of U"—Ni-A12

The catalyst 1s prepared by digesting the precipltated
nickel with 160 ml of 13% acetic acid [Note 1], using the same
procedure as in the alkall digestion except that the mixture
is first stirred for 4-6 minutes at room temperature (or at
40° for about 4 min). The evolution of hydrogen éés gradually
subsides and most of the zinc and zinec compounds dissolve, a
black powder-like so0lid having adsorbed hydrogen floats on
the surface of the solutlion. When the solution becomes
greenish {Note 2], it 1s cautiously filltered and the black
s0lid 1is collected on a sintered glass funnel (with the same
caution so as to minimize contact with air). It 1s washed
with 200 ml of distilled water, which has been bolled in
advance and cooled to 50-60°, then finally with the solvent
to be used in the subsequent reduction. U-Ni-A obtailned in
this way contains 0.80-0.85 g of nickel and a small amount of
zinc, welghing 1.3-1.4 g in total,

U-N1-A 1s more conveniently used than U-Ni-B, a small

amount of sodium hydroxlde being added for the reduction of
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carbonyl compounds and nitriles.

NOTE 1. Catalyst of somewhat higher activity Is obtained
when 160 ml of 20% propionic acid is used instead o

acid and digestion i1s continued for L-5 min at 50°

NOTE 2. Part of the nickel dissclves in acetic zclid anc
produces a green color. When the solution is colorless,
stirring should be continued until the color develicps. In

order to obtain a catalyst of high activity, 1t is necessary

to allow digestion to proceed until green coloring develiops
However, the catalyst should be filtered as scon a3 the color
appears, because a longer digestion diminishes the nickel

content.

2.2. Preparation of U—N:‘L—NHB‘L3

Precipitated nickel (containing about 1 g of nickel) pre-
pared as in 2.la, is added to 100 ml of 14% agueous
ammonia and the mixture 1s stirred gently on a water bath at
50-60°. After 15-20 min digestion, thes evolution of hydrogen
gradually ceases. The mixture is left to stand for a wnile,
and the supernatant liquid is decanted. The sclid 1s then
washed twice by decantation, using 20 ml of methanol or
ethanol for each wash. U--Ni-NH3 thus obtained, 13 a grayish
black powder and welghs about 8.6 g.

It exhibits an activity comparable to that of Raney
nickel in the pressure hydrogenation of adiponitrile to

1,6-hexamethylenediamine.

b
2.3. U-Ni Catalysts Prepared from Nickel Acetate

Nickel acetate, in place of nickel chloride, gives an

Urushibara nickel catalyst of similar activity. As the re-
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action between nickel acetate and zinc dust is more violent
and accompanlied by strong bubbling of the reaction mixture, it
must be carrled out in a larger vessel with strong stirring.
The difficulty in separating the precipitated nickel
prepared from nickel acetate has led to the discovery of a
convenlent "one pot" preparation of active U-Ni-A and U-Ni-B
(however, the "one pot" operation 1s not recommended from

nickel chloride). These preparations are described below.

Preparation of U-Ni1-B from Nickel Acetate. A hot solution of
4.24 g of nickel acetate tetrahydrate in 20 ml of water 1s

added with stirring to a mixture of 10 g of zinc dust and

10 ml of water contained in a 500 ml beaker on a boillng water
bath. As the vigorous reaction takes place and the mixture
begins to inflate, strong agitation 1s required to prevent the
contents from spilling over.

When the reaction subsldes, 200 g of 10% sodium hydroxide
solution is cautiously added with stirring. The temperature
of the mixture 1s kept at 50-55° for 15 min with occasional
stirring. When the solid matter settles, the supernatant
liquor 1s decanted and the solid is washed with two 100 ml
portions of hot water, then with two 50 ml portlons of the
solvent to be used in the reductlion, e.g., ethanol. 1In thils
way a bulky catalyst, welghing as much as 8.5-10.5 g, 1is
obtained. The catalyst contains about 1 g of nickel, together
with conslderable amounts of zinc and zinc oxide and a very
small amount of alkali.

Preparation of U-Ni-A from Nickel Acetate. The precipitated
nickel 1s prepared as described above. Then 160 ml of 13%
acetic acld is added and the mixture is left standing with
occasional stirring until the evolution of hydrogen ceases

and a solid rises to the surface of the greenish solution.
The solid is collected on a sintered glass filter and washed
with 200 ml of hot water, then with 100 ml of ethanol. The
catalyst contains only small quantities of zinc and zinc
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oxide and weighs about 0.7 g.

Regarding the reduction of benzophenone, it has been
established that U-N1-B prepared from nickel acetate 1s some-
what more active than that from nickel chloride, whereas the

reverse 1s true with U-Ni-A.

2.4. Preparation of U-Ni-C Catalystsu

In order to obtain a precipitated metal of small particle
size, 1t 1s necessary to retard the rate of the exchange
reaction, which depends on several factors: the difference
in the standard electrode potentials of zinc and the catalyst
metal, the flneness of the zinc dust, the concentration of the
solution of metal chloride, the temperature at which the
precipitated metal 1s prepared, and the efficlency of agita-
tion. Of these, only the temperature can be easily controlled;
the other factors are mainly decided by the nature or quality
of chemicals. At low temperatures, the exchange reaction
takes place slowly and the metal separates out uniformly on
the surface of the zinc dust, thereby glving a catalyst of
small partlicle size. The precipitated nickel prepared at low
temperatures gives highly active Urushibara nickel catalysts,
U-N1-CA and U-Ni-CB. Theilr preparation, however, regquires soc
much tlme that speed of preparation, one unique characteristic

of the Urushibara catalysts, 1is lost.

Preparation of U-Ni-CB and of U-Ni-Ca

To a 100 ml flask containing 10 g of zinc dust and 4 ml
of water 1s added 10 ml of an agqueous solution containing
4,04 g of nickel chleoride, NiClz-6H20. The mixture is stirred
at room temperature, or while being cooled with water or ice,
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untll the green color of the nickel ion disappears. Stirring
may be interrupted after the first hour, as the lon-exchange
reaction 1s practically complete after this period. The
mixture should be left standing thereafter until the remaining
faint color disappears. The whole process requires 3-4 hours.
In the preparation of precipitated nickel on a large scale,

it 1s advisable to cool the mixture with lce during the ion-

exchange process. The slushy preciplitate 1s transferred to

a 300 ml beaker and washed with 200 ml of cold water. To
digest the precipitated nickel, 160 g of cold 10% sodium
hydroxlde solution is added to the beaker and the mixture is
stirred for an hour. Cooling with water or ice is often
required. When most of the solid settles, the upper liquor

18 carefully decanted and the solid is washed with two 100 ml
portions of cold water and then with two 50 ml portions of
solvent. The catalyst contains about 1 g of nickel containing
zinc, zinc oxide, and a trace amount of alkali, weighs 8-11 g,

Only the digestion process 1s different for U-Ni-CA. The
precipitated nickel prepared as above 1s transferred to a
500 ml beaker and 1s carefully treated with 200 ml of 10%
acetic acid while being cooled with water. After about 5 min,
the liberation of hydrogen subsides and a solid comes to the
surface of the green solution. The solid 1is collected on a
sintered glass filter and washed with 200 ml of cold water,
and then with 100 ml of solvent. The catalyst is a fine
powder and weighs 0.6 to 0.8 g. It contains 0.4-0.5 g of
nickel together with small amounts of zinc and zinc oxlide.

2.5. Simplified Methods for the Preparation of Urushibara

Ca‘calzsts6

2.5a. Precipitated Nickel (Ppt-Ni)

Commercial nickel chloride crystals (N1012-6H20), 4,04 g,
are added all at once to a 50 ml beaker containing 10 g of zinc
dust well mixed with ¥ ml of water. The mixture 1s stirred

with a glass rod and the reaction begins and abruptly becomes
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very vigorous; after a few minutes, the mixture inflates into
a slushy mass. It is then washed with 200 ml of cold water,
and the wash-water 1is removed by filtration or decantation.
The precipitated nickel weighs about 12.5 g and contains aboeut

1 g of nickel, together with zinec, zinc oxide, and zinc hy-

droxide chloride.

2.5b., U-Ni-B(s) and U-Ni-A(s)

The digestion process 1s the same as that descritbed for
U-Ni-B and U-Ni-A except that in the latter case 20% acetlc

acid is used instead.

2.6. Preparation of U-Ni-BA and U-Ni-AA

The nickel is precipitated from its chloride solution
with aluminum grains (40-80 mesh) instead of zinc dust. The
reactlion must be conducted below 70°.

U—Ni—BA,9 prepared by digestion with 20% sodium hydroxide
solution is a black powder, consisting of nickel and smalil
amounts of aluminum and alkali; it shows a speclfic activity
for hydrogenation of aromatic rings.

U—Ni—AA,5 prepared by digestion with 40% acetic acid,
saturated with sodium chloride (about 89 g of sodium chloride
are required to saturate 385 ml of 40% acetic acid), 1s par-
ticularly appropriate for vapor-phase hydrogenation.

For the quantities of nickel chloride using the previous
preparations, 10 g of commercial aluminum grains of the spec-
ified mesh size are cleansed first with either 3% sodium
hydroxide or 6N hydrochloric acid (CAUTION: vigorous re-
action). Great care should be exercised in controlling both
the precipitation and the digestion processes. The digestion
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process for U-Ni-BA requires more time than for U-Ni-B.

2.7. Preparation of Urushibara Cobalt, Copper and Iron

Catalysts
The preparation of the Urushibara cobalt (U-Co), copper

(U=Cu) and iron (U-Fe)7 catalysts follows along essentially
the same lines as that described for nickel; Reference 1 may
be consulted for specific details.

As cobalt and nickel have almost the same atomic welghts,
the procedure for nickel can be used for cobalt without
alterations. Precipitated copper hardly reacts with sodium
hydroxide solution, thus rendering U-Cu-B practically useless.
In the preparation of precipitated iron, it is best to utilize
the simplified method. Both Fe(II) and Fe(III) chlorides can
be used; the latter 1s preferred as no external heating is
necessary in the precipltation step. Trace amounts of nickel
or cobalt in the iron catalysts have been found to be bene-
ficlal in promoting hydrogenation. It 1s noteworthy that U-Fe
is particularly effective in the partial hydrogenation of
acetylenic compounds to cis-olefins, whereas U-Co 1is useful

for the reduction of nitriles.

3. APPLICATIONS OF THE U-CATALYSTS

Generally, Urushibara catalysts are very similar to Raney
catalysts in their catalytic action although much simpler to
prepare and safer to use. They are utilized mostly in hydro-
genatlion and reduction, but can also be used in dehydrogen-
ation and reductive desulfurization, and sometimes in re-

ductive alkylation, reductive condensation, hydration, etc.
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Urushibara catalysts are usually employed in liquid-~phase

hydrogenation under elther ordinary or high pressures, but can

also be used in the vapor phase.

Vapor-phase hydrogenations

are best accomplished with U-Ni-AA, which allows the use of

ordinary Sabatier apparatus.b

14
require a special apparatus

Catalysts such as U-Ni-A

such as 1llustrated in Fig.

U-N1-A or U-Ni-B 1s most conveniently used for the usual

hydrogenation.

The apparatus

consists of a
U-tube, 3 cm in
diameter and about
50 c¢cm long, made
of hard glass (1.5-
2.0 mm thickness).
About 3/4 of the
tube is filled
with granulated
pumice which has
been purified
beforehand by
heating with conc.
hydrochloric acid
to dissolve any
soluble matter.
One end of the tube
is filled with glass
wocl to support the
pumice grains.

Fig. 2.

thermometer:

dropping

funnel
. glass
lnlet wool
tube

H;

pumice
stone

catalyst on _|
pumice stone

oil bath—e

reaction
products

2.

Apparatus for Vapor-FPhase Hydrogenation

(Reproduced by permission of the copyright owners, Univ. of Tokyo Press
and The Chemical Society of Japan.)

Freshly prepared U-Ni-A 1s washed well with water and

then with ethanol to replace the water. Most of the ethanol

is decanted, and the catalyst, suspended in the remaining
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ethanol, 1s poured together with the solvent onto the pumice
stone in the U-tube. The catalyst settles on the pumice stone
as it flows through the tube. The tube is tllted towards the
glass wool-filled end to allow the catalyst to penetrate to
the lower end and to spread over the whole surface of the
grains of pumice. The tube 1is then fllled with a supplemental
amount of new pumice stone, and the remalning ethanol is
decanted. The end of the U-tube whilch has no glass wool 1is
fitted with a small dropping funnel, from which the sample
liquid 1is to be added onto the pumice stone. A side tube
underneath serves as the hydrogen inlet.

The other end of the U-tube 1s stoppered, and the side
tube is fitted with a condenser which connects with a receiver
for collectlng the product. The end of the apparatus may also
be connected to a receiver containing some absorbing agent,
or to a Dry Ice trap when it is required to collect gaseous
products. The U-tube 1s placed in an o1l bath.

The procedure of reduction with this apparatus 1s as
follows: +the oll bath is heated to the boliling point of
ethanol and hydrogen 1s passed through to remove the solvent
in the form of vapor. After removal of the solvent, the
temperature 1s ralsed. When the proper temperature 1s reached,
the liquid sample is added dropwise from the dropping funnel
into the tube. The liquld 1s vaporized on the hot pumice
stone and is allowed to pass together with hydrogen gas onto
the catalyst surface, where it 1s hydrogenated. The product
is then carried to the condenser by the hydrogen, cooled to
a 1liquid, and collected in the receiver. To carry out hydro-

genation effectively, the addition of the sample should be as
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slow as possible, so that 1t can be mixed with 2 sufficient
amount of hydrogen. The flow of hydrogen is continued for an
additional 30-60 min at the specified temperature £o complete
hydrogenation and at the same time, to expel the product.
Although specific directions may be obtained
from the references quoted in this review and in the monograph
previously cited,l in general, for each 0.1-0.2 mole of sub-
strate, the catalyst should contain approximately 1.0-1.5 g of
the catalyst metal. Quite obviously, this ratioc may be varied
depending on the difficulty of the hydrogenation and the
desired rate as well as on the temperature and the pressure

at which the hydrogenation is to be conducted.

3.1. Hydrogenation

3.1la. Alkenes and Alkynes

Alkenes and alkynes are easily reduced to the corre-
sponding saturated compounds in the liquid phase at either
ordinary or high pressures. Vapor phase hydrogenation is
equally suitable, particularly with U-Ni-AA which is the
preferred catalyst. Selected examples are given in Table I.
Apparently, the carboxylic acid group acts as a polison for
the catalyst as 1is shown by the fact that whereas cinnamic
acid 1s reduced with great difficulty, its sodium salt or

even better, 1its ester absorbs hydrogen very rapidly.

3.1b. Aromatic Compounds

Ring hydrogenation proceeds only at high temperature
and under pressure. U-Ni-BA appears to be the most widely

useful catalyst (Table II).
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3.1c. Carbonyl Compounds

At room temperature and at atmospheric pressure, the
corresponding alcohols are easily obtained in high yields
from aldehydes and ketones with any Urushibara nickel catalyst.
However, high pressure reduction at elevated temperatures is
the more convenient procedure for preparative purposes. Trace
amounts of alkall greatly facilitate the reduction in every
case.lg Under certain conditions, hydrogenolysis of the C-0
bonds occurs and the hydrocarbons are obtained with aryl
substituted compounds; oa-diketones can be selectively reduced

to the corresponding acyloins, if the reaction 1s interrupted

after the absorption of one mole of hydrogen.

3.1d. Aromatic Nitro and Nitroso Compounds

Under the proper set of conditlons, aromatic nitro
compounds are easlly reduced to amines. Good yields are
obtalned easily, provided that no traces of alkall is present
in the catalyst. This will thus dictate either the choice of

catalyst or the amount of care in preparing it (Table III).

3.1e. Nitriles, Oximes and Hydroxylamines

As 1s to be expected, secondary amlnes are always by-
products of the reduction of nitriles. Under the proper
conditions, the primary amines can be isolated 1in good yilelds.
Reductions at high temperatures and pressures seem to be
preferable (Table IV).

The reduction of oximes resembles that of nitriles,
secondary amines belng also formed as by-products. Trace

amounts of alkali (or ammonia) repress the formation of
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secondary amines to a great extent (Table IV).
N-benzylhydroxylamine has been reduced to benzylamine in
1 hr over U-Ni-B at moderate temperature and pressure, di-

benzylamine being formed in only 5% yield.

3.2. Hydrogenolysis

The bond between the a-carbon and oxygen of styrene oxlde
and of B-methylstyrene oxide is cleaved under relatively mild
conditions (50-70 kg/cmz, < 100°) with U-Ni-A. Toluene 1is the
major product of the reduction of benzyl chloride with U-Ni-B,
the bilbenzyl side-product becoming larger with increasing
amount of catalyst. Blbenzyl 1s the major product of the

reduction of benzyl bromide.

3.3. Dehydrogenation

The Urushibara catalysts can also be used as dehydro-
genatlon catalysts. In the presence of U-Ni-B, stigmasterol
and cholic acid undergo dehydrogenation to give the corre-
sponding 3-oxo compounds cyclohexanone used as the hydrogen

acceptor, 1s reduced to cyclohexanol.

CiHs CaHs
U-Ni-

HO 0
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OCH O0H

U-Ni-8
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o
X

HO
H OH

3.4, Reductive Desulfurization

Several examples of reductive desulfurization in the
presence of U-Ni-A of sulfur-containing sterolds have been

reported. When refluxed with the catalyst in ethanol or
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dioxane, the sulfur derivatives I-VI underwent desulfurization,
Similarly, the thioacetals of benzaldehyde, acetophencne, and
benzophenone gave the hydrocarbons. U-Ni-B did not give good

results.

3.5. Other Applications

The Urushibara catalysts sometimes cause N-alkylation.17

For example, as was described in Table II, N-ethylcyclohexyl-
amine was obtained as the main product when aniline was
reduced 1In ethanol in the presence of U-Ni-BA at 150-200° and
under an initial pressure of hydrogen of 75-95 kg/cmZ.
Another characteristic of the U-catalysts 1s theilr
ability to effect the hydration of nitriles to amides in
average to good yields when refluxed in water.22 The method
has the advantage that the reaction may proceed in a neutral
medium; U-Ni-B 1s the best catalyst to effect the hydration.
In many cases, hydrogenatlon occurs also and the amines are
obtained as by-procducts. In other instances, the formation

23

of complexes of nitriles with the catalyst metal was

observed.

4., PRECIPITATED METALS AS CATALYSTS

In spite of the earlier observation that the precipitated
metals do not catalyze hydrogenation unless activated by
digestion with acid or base, 1t was recently discovered that
they do act as catalysts when refluxed in water with various
organic compounds.10 The most favorable mole ratio of water
to cyclohexanone (used as standard) is 15:1., The addition

of dioxane as a cosolvent permits the reduction of organic

compounds which are insoluble in water. The precipitated

206



THE URUSHIBARA HYDROGENATION CATALYSTS

‘say ¢ ATuo J93je :m>mnmpcw>H0moo S® aueXolp Jo Tw Qf
fsay 91 "msﬁawmp:m>H0moo S® auexolp JO Tw oaﬁ
f8angXTW UOF3oBAL BY

06
66
O%
TE
9¢
T
1.

T

£

06
06
06
08
06
86
18

(%)
PToTX

sueanqliusydig-£°1
anQSmp:wQ|m|H>sumEl:
sueyjautiusydida
Toapiyzuag
auszuaqrAusd

TouooT® TAU3auayg~T

23eTdxoqaeoauejuad
-0T0oKkoL&x0aphy-¢g TAUIH

naozu:melovcw

ToysUaW-0Xa
wﬁocmmeOHozo
vmcﬁvﬂdaoana

ToyooTe TLAzUdDY
autptaAdTAyzswoutuy-§
sutweTAzuag
QUTTTUY
suazuaqriuid

p

jonpodag

*306 UBY3 J9342Q SBM DPTSTL ayj

13%woay 4Tes opTaoTYo0apPAY ay3 sedpejerosT
PaUTWIS3AD SPTSTA, fosTMIayq0 pPaTJToods SSITUN Say 2T J0F XnTFall

fpaasaooad suola)y Buisaess!jo ggg
$JUIATOSOD SB SUBXOIP JO TUW omn

fsay gg auyyg
€ 3NO PITAIED :oauonommm

E]
€
5 foda Aq

- e e me e e e e e e e

uom 2 1 suoud£g
00T fr 0T apTxo TA3TSoN
Ho: c 8 auousydozuag
ol 2 8 suouaydolsoy
0T 8°0 T suouequad
-oToLoLxoyjzaqaen-g
50f Z g suUoY3uUa
00t Li§ 0T 3UoOUBXaYOTOLD
mom 2 T 2pAYSPTRZUSQOITN-U
00T h 01 apAyspreZUaY
50h T G0 sutptaldouriy~-€
00T f 0T ,2TTd3TUOZUSY
00T Lif 0T 9UdZUSqOJI]TN
00T Y 0T auaakig
(Tw) (8)'380 3o (3)
J23EM juajuo) IN *9M punodwo)
e (IN-3dd) TOXMOTN Pa3®3TdTo8ad U3TM UOTIONPay ‘A FI4V]

207



13:30 27 January 2011

Downl oaded At:

K. HATA, I. MOTOYAMA AND K. SAKAI

metals can also be used in hydrogenation with hydrogen at high
temperatures and pressures. The major part of this study was
carried out with nickel although the other metals exhibited
similar catalytlc action. An additional advantage of the
precipitated metals is that they may be kept (even in air)

for a long time and yet retain their activity. A typilcal
procedure for the reduction with precipitated nickel is illius-
trated by the reductlon of styrene and selected examples are

given 1n Table V.lOb

Reduction of Styrene. A suspension of 10 g of styrene in

100 ml of water was refluxed for 12 hrs in the presence of
precipitated nickel containing L4 g of nickel. The solution

is filtered hot to remove the nickel which was washed with
water and then ether. The aqueocus filtrate was extracted with
ether and the combined organic phase was dried and evaporated.
VPC analysis showed the presence of 81% of ethylbenzene and
19% of styrene.
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