
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Organic Preparations and Procedures International
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t902189982

THE URUSHIBARA HYDROGENATION CATALYSTS A REVIEW
Kazuo Hataa; Izumi Motoyamaa; Koji Sakaib

a Department of Chemistry, Faculty of Science, Tokyo Metropolitan University, Setagaya, Tokyo,
JAPAN b Research Section Yuki Gosei Kogyo Co., LTD., Itabashi-Ku, Tokyo, JAPAN

To cite this Article Hata, Kazuo , Motoyama, Izumi and Sakai, Koji(1972) 'THE URUSHIBARA HYDROGENATION
CATALYSTS A REVIEW', Organic Preparations and Procedures International, 4: 4, 179 — 209
To link to this Article: DOI: 10.1080/00304947209355544
URL: http://dx.doi.org/10.1080/00304947209355544

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t902189982
http://dx.doi.org/10.1080/00304947209355544
http://www.informaworld.com/terms-and-conditions-of-access.pdf


O R G A N I C  PREPARATIONS AND PROCEDURES INT. 4( 4 ) ,  179-209 91972) 

THE URUSHIBARA HYDROGENATION CATALYSTS 

A REVIEW 

Kazuo HATA and Izumi MOTOYAMA 

Department of Chemistry, Facu l ty  of  Science 
Tokyo Metropol i tan Un ive r s i ty  

Setagaya, Tokyo, J A P A N  

and 

Koji  SAKAI 

Research Sec t ion  
Yuki Gosei Kogyo Co., LTD. 

2-19, Maeno-cho, Itabashi-Ku, Tokyo, J A P A N  

I n t r o d u c t i o n  and H i s t o r i c a l  Background ................. 180 

1. General Fea tu res  of  t h e  U - C a t a l y s t s  ................ 181 

2 .  P repa ra t ion  of Se lec t ed  U-Cata lys t s  ................ 186 

2 . 1 .  Standard P repa ra t ion  of  U-Ni-B and U-Ni -A 
2 . 2 .  P repa ra t ion  of  U-Ni-NH3 

2 . 3 .  U-Nickel Cata lys t s  from Nickel Acetate 

2 . 5 .  S impl i f i ed  Methods 
2 . 6 .  P repa ra t ion  of U-Ni -BA and U-Ni-AA 
2 . 7 .  P repa ra t ion  of U-Co, U-Cu, U-Fe Catalysts  

2 . 4 .  U - N i - C  

3 .  Appl icat ions of  U - C a t a l y s t s  ........................ 195 

3 .1 .  Hydrogenation 
3 .2 .  Hydrogenolysis 
3.3. Dehydrogenation 
3.4.  Reductive D e s u l f u r i z a t i o n  
3.5.  Other Applicat ions 

4 .  P r e c i p i t a t e d  Metals as Catalysts ................... 206 

References ......................................... 208 

@ 1972 by Organic P repa ra t ions  and Procedures,  Inc.  
@ 1971 by Un ive r s i ty  of Tokyo P res s ,  Inc .  
@ 1972 by Hals ted P r e s s ,  Inc.  
@ 1957 by The Chemical S o c i e t y  of Japan. 

17 9 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
0
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



K .  HATA,  I. MOTOYAMA A N D  K .  SAKAI 

THE URUSHIBARA HYDROGENATION CATO~LYSTS’ 

A REVIEW 

Kazuo Hata*, Icumi Motoyama* and Ko j i  Sakai**  

*Tokyo M e t r o p o l i t a n  U n i v e r s i t y  **Yuki Gosei  Kogyo Co.,  L t G .  
Department o f  Chemistry Research  S e c t i o n  
F a c u l t y  of Sc ience  2-19, Maeno-Cho, I tabashi -Ku 
Se tagaya ,  Tokyo, JAPAN Tokyo, JAPAN 

I N T R O D U C T I O N  AND HISTORICAL BACKGROUND 

The Urush iba ra  c a t a l y s t s  have no t  r e c e i v e d  t h e  widespread  

r e p u t a t i o n  and u t i l i z a t i o n  t h a t  t h e i r  v e r s a t i l i t y  and e a s e  of  

p r e p a r a t i o n  shou ld  command. The p r e s e n t  rev iew g i v e s  a b r i e f  

b u t  n o n e t h e l e s s  g e n e r a l  su rvey  of  t h e  p r e p a r a t i o n  and t h e  

a p p l i c a t i o n s  o f  t h e  Urush iba ra  c a t a l y s t s .  The reader i s  

r e f e r r e d  t o  t h e  monograph’ on t h i s  s u b j e c t  f o r  a d e t a i l e d  

d i s c u s s i o n  o f  many a s p e c t s  which are  e i t h e r  covered  only  

c u r s o r i l y  o r  no t  a t  a l l  i n  t h i s  r ev iew.  

I n  1951,  Urush iba ra  and h i s  c o l l e a g u e s  d i s c o v e r e d  a new 

t y p e  of  hydrogena t ion  c a t a l y s t s  p repa red  from p r e c i p i t a t e d  

metals.  I n  c o n t r a s t  t o  p r e v i o u s  c a t a l y s t s  which were d i s -  

covered  by c h e m i s t s  i n v e s t i g a t i n g  c a t a l y t i c  r e a c t i o n s ,  t h e  

Urush iba ra  c a t a l y s t s  ( a b b r e v i a t e d  U - c a t a l y s t s )  were n o t  t h e  

r e s u l t  o f  r e s e a r c h  i n  an  unknown f i e l d  o f  c a t a l y t i c  chemis t ry  

o r  o f  a mere a c c i d e n t .  About twenty  y e a r s  ago ,  Urush iba ra  

and h i s  group under took  an  i n v e s t i g a t i o n  t o  f i n d  a new method 

for t h e  r e d u c t i o n  o f  e s t r o n e  t o  e s t r a d i o l  a t  t h e  r e q u e s t  o f  a 
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THE URUSHIBARA HYDROGENATION CATALYSTS 

hormone manufacturing company. Indeed, i n  1933, Schwenk o f  

Schering A .  G .  had discovered a process  s u i t a b l e  f o r  i n d u s t r i a l  

purposes and obtained a Japanese pa t en t ,*  which covered almost 

a l l  t h e  methods of  r educ t ion  known a t  tha t  t i m e .  I n  another  

Japanese p a t e n t 3  i s s u e d  t o  Schering A.G. ,  t h e  a d d i t i o n  of  

Raney a l l o y  t o  an a l k a l i n e  aqueous s o l u t i o n  of  e s t r o n e  

e f f i c i e n t l y  combined t h e  c a t a l y t i c a l l y  a c t i v e  Raney n i c k e l  

w i t h  nascent hydrogen, both be ing  generated by t h e  a c t i o n  o f  

aqueous a l k a l i  on t h e  Raney a l l o y .  

Then, Urushibara got  the  i d e a  t h a t  some common metal  

powder might e x h i b i t  c a t a l y t i c  a c t i v i t y  i f  it was combined 

w i t h  nascent  hydrogen. T h i s  simple concept was t r a n s l a t e d  

into p r a c t i c a l  a p p l i c a t i o n  by t h e  p repa ra t ion  o f  a f i n e  n i c k e l  

powder p r e c i p i t a t e d  from a n  aqueous s o l u t i o n  of  a n i c k e l  salt 

b y  another  metal of g r e a t e r  i o n i z a t i o n  tendency such as z i n c  

o r  aluminum. Although t h e  r e s u l t s  obtained i n  t h e  ear ly  

s t a g e s  of experimentat ion were q u i t e  d i s a p p o i n t i n g ,  cont inued 

i n t e n s i v e  r e s e a r c h  came t o  f r u i t i o n  by the  p r e p a r a t i o n  of  a 

new c a t a l y s t  of high a c t i v i t y ,  comparable t o  t ha t  of Raney 

n i c k e l .  The c a t a l y s t s  t h u s  obtained were named t h e  Urushlbara 

c a t a l y s t s  a f t e r  name of  the d i scove re r .  

1. GENERAL FEATURES OF THE U-CATALYSTS 

The Urushibara c a t a l y s t s  comprise va r ious  c a t a l y s t s  

prepared b y  e s s e n t i a l l y  similar processes .  An extremely 

simple procedure f o r  p repa r ing  t h e  c a t a l y s t s  i s  as fol lows.  

The c a t a l y s t  metal i s  p r e c i p i t a t e d  i n  powder o r  f i n e  g ranu la r  

form from an aqueous s o l u t i o n  of i t s  s a l t ,  w i t h  another  metal 

of  a g r e a t e r  i o n i z a t i o n  tendency. The p r e c i p i t a t e d  metal 1s 
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t h e n  d i g e s t e d  wi th  t h e  a p p r o p r i a t e  base or a c i d .  C a t a l y t i c a l l y  

a c t i v e  n i c k e l ,  c o b a l t ,  i r o n ,  copper  and i r o n  c o n t a i n i n g  a small 

p o r t i o n  o f  n i c k e l  o r  c o b a l t ,  are t h u s  o b t a i n e d .  

A sho r thand  nomencla ture  h a s  been dev i sed  f o r  t h e  
Urush iba ra  c a t a l y s t s .  The l e t t e r  U ( a f t e r  t h e  name o f  t h e  
d i s c o v e r e r )  i s  fo l lowed by t h e  c a t a l y s t  metal symbol.  Tne 
p r e c i p i t a t i n g  metal i s  z i n c  d u s t  u n l e s s  s p e c i f i e d  a s  d e s c r i b e d  
below.  The l e t t e r  C a p p e a r i n g  sometimes a f t e r  t h e  c a t a l y s t  
metal symbol s i g n i f i e s  t h a t  b o t h  t h e  p r e c i p i t a t i o n  and t h e  
d i g e s t i o n  p r o c e s s e s  were c a r r i e d  o u t  a t  o r  below room temper-  
a t u r e .  Then f o l l o w s  t h e  d i g e s t i n g  medium, a b b r e v i a t e d  A f o r  
a c i d  ( u s u a l l y  a c e t i c  a c i d  o r  sometimes p r o p i o n i c  a c i d )  o r  B 

f o r  a l k a l i  ( a lmos t  i n v a r i a b l y  sodium h y d r o x i d e ) .  The chemica l  
formula  o f  ammonia i s  s u b s t i t u t e d  f o r  B when i t  i s  used  as t h e  
d i g e s t i n g  medium; s i m i l a r l y ,  H C 1  i s  added i n  p a r e n t h e s e s  when 
h y d r o c h l o r i c  a c i d  i s  used as t h e  d i g e s t i n g  medium. The symbol 
A p l aced  a f t e r  t h a t  o f  t h e  d i g e s t i n g  medium, such  as A A  o r  BA,  
i n d i c a t e s  t h a t  aluminum i s  used  as t h e  p r e c i p i t a t i n g  metal .  
For t h e  Urush iba ra  i r o n  c a t a l y s t s ,  Roman numerals  I1 and I11 
are  p laced  i n  p a r e n t h e s i s  a f t e r  Fe t o  i n d i c a t e  from which i r o n  
s a l t  t h e  c a t a l y s t  metal was p r e c i p i t a t e d ;  i n  t h e  c a s e  o f  i r o n ,  
t h e  d i g e s t i n g  medium is  n o t  s p e c i f i e d  u n l e s s  d i f f e r e n t  from 
a c e t i c  a c i d .  I n  e s p e c i a l l y  a c t i v a t e d  i r o n  c a t a l y s t s ,  t h e  
a c t i v a t i n g  metal c o n t e n t  and i t s  symbol are  p laced  i n  paren-  
t h e s e s .  An ( s )  p l a c e d  l a s t  d e n o t e s  t h a t  t h e  metal was p re -  
c i p i t a t e d  by t h e  s i m p l i f i e d  method. The f o l l o w i n g  examples 
w i l l  s e r v e  t o  i l l u s t r a t e  t h o s e  r u l e s .  

U - N i - C A  : C a t a l y s t  metal i s  n i c k e l ,  p r e c i p i t a t e d  b y  z i n c  4 

d u s t  and d i g e s t e d  w i t h  a c e t i c  a c i d ;  b o t h  p r o c e s s e s  
were conducted  a t  or below room t e m p e r a t u r e .  

5 U - N i - A A  : C a t a l y s t  metal i s  n i c k e l ,  p r e c i p i t a t e d  by aluminum 
g r a i n s  and d i g e s t e d  w i t h  ( a c e t i c )  a c i d .  

6 U-Co-A(s)(HCl) : C a t a l y s t  metal i s  c o b a l t ,  p r e c i p i t a t e d  by 
z i n c  d u s t  y& t h e  s i m p l i f i e d  method and 
d i g e s t e d  w i t h  h y d r o c h l o r i c  a c i d .  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

U-Fe(II1)-BA7: Catalyst  metal  is iron (from i r o n ( I I 1 )  s a l t ) ,  
p r e c i p i t a t e d  b y  aluminum g r a i n s  and d i g e s t e d  
wi th  sodium hydroxide.  

U-Fe(I1)": C a t a l y s t  metal is iron (from i r o n ( I 1 )  s a l t ) ,  
p r e c i p i t a t e d  by zinc d u s t  and d i g e s t e d  w i t h  

( a c e t i c )  a c i d .  

U-Fe(III)-Ni(Fe:l,Ni:0.01)7: Catalyst  metal  is iron (from 
i r o n ( I I 1 )  s a l t )  c o n t a i n i n g  1% of 
n i c k e l ,  p r e c i p i t a t e d  by  z i n c  
d u s t .  

The sal ts  most o f t e n  used are the c h l o r i d e s  and sometimes 

t h e  a c e t a t e s .  The p r e c i p i t a t i n g  metal i s  u s u a l l y  z inc d u s t  o r  

g ranu la r  aluminum. The d i g e s t i n g  r eagen t  may be chosen from 

among the fol lowing:  c a u s t i c  a l k a l i ,  ammonia, a c e t i c  a c i d ,  

propionic  a c i d  and hydrochlor ic  a c i d .  However, sodium hydrox- 

i d e  o r  a c e t i c  a c i d  is g e n e r a l l y  used. The d i g e s t i o n  process  

( w i t h  t h e  b a s i c  o r  a c i d i c  r e a g e n t s ) ,  removes b a s i c  sa l ts  of 

the p r e c i p i t a t i n g  metals covering the  s u r f a c e  of the  c a t a l y s t  

t o  expose the  a c t i v e  s u r f a c e .  The r educ t ion  of va r ious  

organic  compounds w i t h  Urushibara n i c k e l  g i v e s  r e s u l t s  which 

are very similar t o  those  obtained w i t h  Raney n i c k e l .  

The a c t i v a t i o n  of  p r e c i p i t a t e d  n i c k e l  by a c a u s t i c  a l k a l i  

remained unexplained f o r  a long  t ime,  u n t i l  i t  was discovered 

t h a t  p r e c i p i t a t e d  n i c k e l ,  even i f  i t  was w e l l  washed w i t h  

water t o  remove s o l u b l e  c h l o r i d e  Ions completely,  r e l e a s e d  

c h l o r i d e  i o n s  on d i g e s t i o n  w i t h  c a u s t i c  a lka l i .  It was sug- 

ges t ed  t h a t  a c h l o r i d e ,  which was i n s o l u b l e  i n  water but  

s o l u b l e  in aqueous a lka l i ,  was adhering t o  t h e  p r e c i p i t a t e d  

n i c k e l  and X-ray d i f f r a c t i o n  s t u d i e s  showed t h i s  t o  be z inc  

hydroxide c h l o r i d e .  8 
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Commercial aluminum powder i s  t o o  f i n e l y  p u l v e r i z e d  t o  

a l l o w  a moderate  exchange r e a c t i o n  t o  t a k e  p l a c e  s i n c e  t h e  

ex t r eme ly  v i o l e n t  r e a c t i o n  r ende red  t h e  p r e p a r a t i o n  ve ry  

d i f f i c u l t .  Hence a p rocedure  was d e v i s e d  i n  which aluminum 

g r a i n s  o f  modera te  s i z e  were employed t o  produce p r e c i p i t a t e d  

n i c k e l  under  s p e c i a l  c o n d i t i o n s .  The p r e c i p i t a t e d  n i c k e l ,  

s u b j e c t e d  t o  t r e a t m e n t  w i t h  c a u s t i c  a l k a l i  s o l u t i o n ,  r e a c t e d  

as expec ted  and gave r i s e  t o  a new t y p e  o f  U - c a t a l y s t ,  

U-Ni-BA.’  

t o  cyc lohexane ,  which cannot  be r e a l i z e d  by o r d i n a r y  U-Ni-A o r  

U-NI-B p repa red  w i t h  z i n c  d u s t  as t h e  p r e c i p i t a t i n g  metal .  

Although p r e c i p i t a t e d  metals wi thou t  d i g e s t i o n  by a l k a l i  o r  

a c i d  do n o t  c a t a l y z e  hydrogena t ion  w i t h  hydrogen gas  under  

o r d i n a r y  c o n d i t i o n s ,  we r e c e n t l y  found t h a t  v a r i o u s  o r g a n i c  

compounds can  be reduced when t h e y  were r e f l u x e d  w i t h  water 

i n  t h e  p re sence  of  p r e c i p i t a t e d  nickel.’’ 

o f  t h e  r e d u c t i o n s  w i t h  p r e c i p i t a t e d  n i c k e l  i s  t h e  u s e  of  w a t e r  

as a hydrogen donor ,  t h u s  making t h e  u s e  o f  any a c i d  or a l k a l i  

g e n e r a l l y  unnecessa ry .  

U - N i - B A  works w e l l  i n  t h e  hydrogena t ion  of  benzene 

An unique  f e a t u r e  

The Urush iba ra  c a c a l y s t s  can  b e  used f o r  hydrogena t ion  

or r e d u c t i o n s  under  a v a r i e t y  of r e a c t i o n  c o n d i t i o n s ,  

i n c l u d i n g  o r d i n a r y  o r  h igh  p r e s s u r e s  a t  room o r  e l e v a t e d  

t e m p e r a t u r e s ,  and i n  e i t h e r  t h e  l i q u i d  o r  t h e  vapor  phase .  

The most s u i t a b l e  m o d i f i c a t i o n  o f  t h e  c a t a l y s t  i s  chosen  for 

t h e  purpose  a t  hand. The usage  has  been f u r t h e r  ex tended  tc 

o t h e r  r e a c t i o n s ,  f o r  i n s t a n c e ,  d e s u l f u r i z a t i o n ,  dehydro-  

g e n a t i o n ,  and h y d r a t i o n .  

The g e n e r a l  c h a r a c t e r i s t i c s  common t o  v a r i o u s  Urush iba ra  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

c a t a l y s t s  may be summarized as fol lows:  

(1) The p r e p a r a t i o n  of U-catalysts  i s  r a p i d  and very s i m p l e .  

They can be  prepared from commercial m a t e r i a l s  b y  simple 

procedures i n  an hour or less. Their  a c t i v i t i e s  are never- 

t h e l e s s  q u i t e  high.  

( 2 )  The q u a l i t y  o f  t h e  materials i s  not c r i t i c a l .  I n  gene ra l ,  

"chemically pure" grade r eagen t s  s e rve  t h e  purpose.  Tap 

water may be  used except  f o r  t h e  las t  washing of  the  

f i n i s h e d  c a t a l y s t ,  though the use o f  d i s t i l l e d  

water  i s  p r e f e r a b l e  throughout the  whole procedure.  

( 3 )  'The d r i e d  p r e c i p i t a t e d  metals,which a r e  the  p recu r so r s  of  

U-ca ta lys t s ,  can be s t o r e d  f o r  a long t i m e  wi thout  d e t r i -  

ment t o  t h e  a c t i v i t y  of the  c a t a l y s t s .  

( 4 )  The handl ing of U-catalysts  i s  s a f e  and easy, as t h e y  a r e  

not flammable upon s h o r t  con tac t  w i t h  air,* i n  c o n t r a s t  

t o  Raney c a t a l y s t s  which are pyrophoric.  

( 5 )  Used c a t a l y s t s  can eas i ly  be recovered and r egene ra t ed  

without any n o t i c e a b l e  dec rease  of  t h e i r  a c t i v i t y .  

( 6 )  They may be used f o r  m u l t i f a r i o u s  purposes such as hydro- 

gena t ion  under va r ious  c o n d i t i o n s ,  dehydrogenation, 

r e d u c t i v e  d e s u l f u r i z a t i o n ,  and so on. The a p p l i c a t i o n s  

and the  a c t i v i t i e s  of U-catalysts  are comparable t o  Raney 

c a t a l y s t s .  

( 7 )  Under s e l e c t e d  c o n d i t i o n s ,  U-catalysts  can be used f o r  

s p e c i a l  purposes such as p a r t i a l  and s e l e c t i v e  hydro- 

genat ion,  vapor-phase hydrogenation, e t c .  

* I s o l a t e d  c a s e s  of i g n i t i o n  a r e  probably the  r e s u l t  Of 
unnecessa r i ly  long con tac t  with a i r .  
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K .  HATA, I .  MOTOYAMA AND K .  SAKAI 

2 .  PREPARATION OF SELECTED URUSHIBARA CATALYSTS 

The p r e p a r a t i o n  of  Urush iba ra  c a t a l y s t s  i s  c a r r i e d  o u t  

i n  two s t a g e s .  The f i r s t  s t a g e  i n v o l v e s  t h e  d e p o s i t i o n  o f  

metal by r e a c t i o n  between a s o l u b l e  sa l t  o f  t h e  c a t a l y s t  ne ta l  

and a metal which i s  more e l e c t r o p o s i t i v e .  The second s t a g e  

c o n s i s t s  i n  t h e  t r e a t m e n t  o f  t h e  p r e c i p i t a t e d  metal wi th  

a l k a l i  o r  a c i d  t o  y i e l d  an a c t i v e  c a t a l y s t .  It  has  been  

e s t a b l i s h e d  t h a t  t h e  r e a c t i o n  c o n d i t i o n s  i n  t h e  f i r s t  s t a g e  

have a c r i t i c a l  i n f l u e n c e  upon t h e  a c t i v i t y  o f  t h e  c a t a l y s t  

which i s  produced.  

Zinc ,  aluminum, and magnesium have been t e s t e d  f o r  u se  as 

t h e  p r e c i p i t a t i n g  metal .  Zinc d u s t  has  been used e x c l u s i v e l y  

i n  t h e  p r e p a r a t i o n  o f  o r d i n a r y  Urush iba ra  c a t a l y s t s ,  owing t o  

i t s  ease o f  h a n d l i n g .  

Although no e x t e n s i v e  e x p e r i m e n t a t i o n  has  been c a r r i e d  

o u t  i n  t h i s  r e s p e c t ,  t h e  s i z e  o f  t h e  p r e p a r a t i o n s  o f  t h e  

c a t a l y s t s  h e r e i n  d e s c r i b e d  may be  s c a l e d  up t o  about  t e n  

times t h e  q u a n t i t i e s  g i v e n .  

12 2 . 1 .  S t anda rd  P r e p a r a t i o n  o f  U - N i - B l 1  and U - N I - A  

2 . l a .  P r e c i p i t a t e d  Nicke l  (Ppt -Ni)  

Ten grams o f  z i n c  d u s t  are  p laced  i n  a 1 0 0  mL round- 

bottomed f l a s k  and 3 m l  o f  d i s t i l l e d  water are added. Con- 

t a m i n a t i o n  of t h e  z i n c  d u s t  w i t h  z i n c  ox ide  o r  hydroxide  i s  

n o t  harmful .  An e f f i c i e n t  mechanica l  s t i r r e r  n e a r l y  r e a c h i n g  

t h e  bot tom of  t h e  f l a s k  i s  i n s t a l l e d  and t h e  f l a s k  i s  hea ted  

on a b o i l i n g  water -ba th .  Then a h o t  ( h e a t e d  t o  b o i l i n g )  

s o l u t i o n  o f  4 g o f  n i c k e l  c h l o r i d e  (NiC12*6H20) i n  10  ml of  

18 6 
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THE URUSHIBARA HYDROGENATION CATALYSTS 

d i s t i l l e d  water i s  added c a u t i d u s l y  bu t  r a p i d l y  ( w i t h i n  a few 

seconds [Note 11) t o  t h e  vigorously s t i r r e d  mixture  of z inc  

d u s t  and water. During the  a d d i t i o n  of t h e  ho t  s o l u t i o n ,  

s t i r r i n g  must not be  allowed t o  s t o p .  When t h e  vigorous r e -  

a c t i o n  subs ides ,  t h e  s o l i d  i s  c o l l e c t e d  on a s i n t e r e d  g l a s s  

funnel  b y  s u c t i o n  and washed w i t h  about 200 ml of hot  water. 

The s o l i d  mass i s  t r a n s f e r r e d  i n t o  a 300 ml beaker or Erlen- 

meyer f l a s k  f o r  d i g e s t i o n .  Decantation w i t h  s e v e r a l  p o r t i o n s  

of  hot water  i n  a beaker may be  s u b s t i t u t e d  f o r  t h e  washing 

p rocess .  

NOTE 1. Since t h e  discharge t i m e  of an o rd ina ry  p i p e t  i s  t oo  
slow f o r  t h e  a d d i t i o n  of t h e  n i c k e l  c h l o r i d e  s o l u t i o n  t o  t h e  
zinc d u s t  (which i n e v i t a b l y  
causes  a r educ t ion  i n  c a t a l y t i c  
a c t i v i t y ) ,  a p i p e t  whose t i p  
has  been c u t  o f f  a l lowing t h e  
s o l u t i o n  t o  run out quickly and 
uniformly, should be used. The 
appa ra tus  shown i n  Fig.  1, 
equipped w i t h  a n  i n l e t  tube 
through which t h e  n i c k e l  
c h l o r i d e  s o l u t i o n  can be  poured 
from a beaker ,  al lows t h e  
uniform a d d i t i o n  of s o l u t i o n  Fig.  1. Flask f o r  t h e  

i n  2 t o  3 seconds.  P repa ra t ion  of t h e  
P r e c i p i t a t e d  Metal 

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

2 .  l b  . Prepa ra t ion  o f  U-Ni -B  

The p r e c i p i t a t e d  n i c k e l  con ta in ing  excess  z inc and 

accompanying i n s o l u b l e  z inc  compounds i s  a c t i v a t e d  t o  U-Ni -R  

i n  t h e  fol lowing way; t o  a 300 ml beaker o r  Erlenmeyer f l a s k  

con ta in ing  1 6 0  m l  of 10% sodium hydroxide s o l u t i o n  [Note 11 
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K .  HATA, I .  MOTOYAMA A N D  K .  SAKAI 

i s  added t h e  Ppt-Ni o b t a i n e d  above [Rote  2 1 .  It i s  recom- 

mended t h a t  a p a r t  o f  t h e  sodium hydrox ide  s o i u t i o n  be  used  

t o  wash o u t  t h e  Ppt-Ni from a s i n t e r e d  g l a s s  f u n n e l .  S i n c e  

t h e  Ppt-Ni r e a c t s  w i t h  t h e  sodium hydrox ide  s o l u t i o n  w i t h  

v i g o r o u s  e v o l u t i o n  of hydrogen ,  c a r e  shou ld  be t a k e n  t h a t  t h e  

c o n t e n t s  do n o t  b o i l  o v e r .  The r e a c t i o n  v e s s e l  i s  t h e n  heated 

on a water b a t h  a t  50-55' w i t h  s low mechanica l  s t i r r i n g  f o r  

15-20 min [Note 31. The s u p e r n a t a n t  l i q u i d  is d e c a n t e d ,  and 

t h e  r ema inde r  washed w i t h  two or t h ree  40 m l  p o r t i c n s  o f  d i s -  

t i l l e d  water, which has been  b o i l e d  i n  advance and c o o l e d  t o  

50-6OP. Each t ime t h e  wash-water is d e c a n t e d ,  aRd t h e  c a t -  

a l y s t  is washed w i t h  t h e  s o l v e n t ,  e . g . ,  e t h a n o l ,  t c  be  used  

i n  t h e  subsequen t  r e d u c t i o n ,  and t h e n  t r a n s f e r r e d  t o g e t h e r  

w i t h  t h e  s o l v e n t  t o  t h e  r e d u c t i o n  v e s s e l .  The s o l i d  shou ld  

a lways  be  covered  w i t h  water o r  s o l v e n t  a f t e r  t h e  a l k a l i  

t r e a t m e n t ,  s o  t h a t  c o n t a c t  w i t h  a i r  i s  minimized [Note 4 1 .  

The p roduc t  i s  U-NI -B ,  a d a r k  g r a y  powder- l ike  s o l i d .  

U - N i - B y  p r e p a r e d  from n i c k e l  c h l o r i d e  c o n t a i n i n g  1 g o f  n i c k e l ,  

c o n s i s t s  of  abou t  0 . 9 5  g of  n i c k e l  and 4-5 g o f  z i n c ,  t o g e t h e r  

w i t h  small amounts o f  z i n c  ox ide  and z i n c  hydrox ide  , amounting 

t o  5-7 g i n  w e i g h t .  

NOTE 1. The u s e  of  80 m l  o f  1 0 %  sodium hydrox ide  s o l u t i o n  
i n s t e a d  of  160 ml y i e l d s  a more a c t i v e  c a t a l y s t ;  however ,  i t  
i s  more bu lky  and t h e  gross  weight  amounts t c  as much as 1 0  g ,  

because  t h e  z i n c  i s  d i s s o l v e d  t o  a l esser  e x t e n t .  

NOTE 2 .  T h i s  p rocedure  was des igned  so as t o  mir.imize c o n t a c t  
w i t h  a i r .  However, i t  has been  v e r i f i e d  t h a t  d r y i n g  o f  t h e  
p r e c i p i t a t e d  n i c k e l  has l i t t l e  e f f e c t  upon c a t a l y t i c  a c t i v i t y  
and one may take a n  a l t e r n a t i v e  p r o c e d u r e ,  i n  which t h e  p re -  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

c i p i t a t e d  n i c k e l  i s  f irst  placed i n  a beaker ,  and sodium 
hydroxide s o l u t i o n  i s  added t o  it wi th  s t i r r i n g .  The l a t t e r  
process  i s  p r e f e r r e d  because l i q u i d  overflow due t o  t h e  
vigorous r e a c t i o n  can e a s i l y  be c o n t r o l l e d .  

NOTE 3 .  The a c t i v i t y  of t h e  c a t a l y s t  i s  reduced when t h e  
temperature  a t  which t h e  p r e c i p i t a t e d  n i c k e l  i s  digested w i t h  
sodium hydroxide s o l u t i o n  i s  t o o  h igh ,  o r  when d i g e s t i o n  con- 
t i n u e s  t o o  long t h a t  t h e  e v o l u t i o n  of hydrogen gas subs ides .  

NOTE 4 .  T h i s  i s  the recommended procedure f o r  o b t a i n i n g  
c a t a l y s t s  of high a c t i v i t y  a l though s h o r t  c o n t a c t  w i t h  a i r  i s  
not p a r t i c u l a r l y  harmful.  

12 2 . 1 ~ .  P repa ra t ion  o f  U-Ni-A 

The c a t a l y s t  i s  prepared b y  d i g e s t i n g  t h e  p r e c i p i t a t e d  

n i c k e l  w i t h  160  m l  o f  13% a c e t i c  a c i d  [Note 11, u s i n g  t h e  same 

procedure as i n  t h e  a l k a l i  d i g e s t i o n  except t ha t  the  mixture 

i s  f i r s t  s t i r red  f o r  4-6 minutes a t  room temperature  (or a t  

40" f o r  about 4 min).  The e v o l u t i o n  of hydrogen gas g radua l ly  

subs ides  and most of the  z inc  and zinc compounds d i s s o l v e ,  a 

black powder-like s o l i d  having adsorbed hydrogen f l o a t s  on 

t h e  s u r f a c e  of  t he  s o l u t i o n .  When t h e  s o l u t i o n  becomes 

g reen i sh  [Note 21, it i s  c a u t i o u s l y  f i l t e r e d  and t h e  b l ack  

s o l i d  i s  c o l l e c t e d  on a s i n t e r e d  glass funne l  ( w i t h  t h e  same 

c a u t i o n  s o  as t o  minimize c o n t a c t  with a i r ) .  It i s  washed 

wi th  200 ml of  d i s t i l l e d  water ,  which has been b o i l e d  i n  

advance and cooled t o  50-60°, t hen  f i n a l l y  w i t h  t h e  s o l v e n t  

t o  be used i n  t h e  subsequent r educ t ion .  U-NI -A obtained i n  

t h i s  way con ta ins  0.80-0.85 g of n i c k e l  and a small amount of 

z i n c ,  weighing 1.3-1.4 g i n  t o t a l .  

U - N I - A  i s  more convenient ly  used than  U-NI -B ,  a small 

amount of sodium hydroxide be ing  added f o r  t h e  r educ t ion  o f  
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K. HATA, I .  MOTOYAMA A N D  K. SAKAr 

ca rbony l  compounds and n i t r i i e s .  

NOTE 1. C a t a l y s t  o f  somewhat h i g h e r  a c t i v i - r y  2.s obtainei i  
when 1 6 0  ml o f  20% p r o p i o n i c  a c i d  i s  used ir?r, tead oC aL:e'ric 

a c i d  and d i g e s t i o r i  i s  con t inued  f u r ,  L-5 m i 1 1  at "..'. 
NOTE 2 .  P a r t  o f  t ,he n i c l i e l  d i s s o l v e s  ir. a c e t i c  ~1;j.d ;I~L 

produces  a g reen  c o l o r .  When t h e  s o i u t i o n  i s  c o l o 1 , l e s s ;  
s t i r r i n g  shou ld  be con t inued  u n t i l  t h e  color. d e v e l z p s .  I n  

o r d e r  t o  o b t a i n  a c a t a l y s t  of' h i g h  a c c i v l t b - ,  $ 5  i s  necessar:: 
t o  a l low d i g e s t i o n  t o  proceed u i i t i i  g reen  colorln[:, d e v e i o p s .  
However, t h e  c a t a l y s t  should  be f i l t e r e d  as S C G X  t s  the ; : ~ i o ~  
a p p e a r s ,  because  a l o n g e r  d i g e s t i o n  dimini .shes  the n i c k e l  
c o n t e n t .  

- .~ ,. 

2 . 2 .  P r e p a r a t i o n  o f  U - N i - N H  i' 3 

P r e c i p i t a t e d  n i c k e l  ( c o n t a i n i n g  about; 1 g 01' n i c k e i )  p r e -  

pared  as i n  2 . l a ,  i s  added t o  1 3 0  r n l  o f  :4% aqur3ous 

ammonia and t h e  mix tu re  i s  s L i r r e d  g e n t l y  on a w a t e r  b a t h  at 

50-60". A f t e r  15-20  min d i g e s t i o n ,  t h e  eva iu i i c ; :  oi' !iy!ii>agez 

g r a d u a l l y  c e a s e s .  The mix tu re  I s  l e f t  t o  s t a n d  f o r  a ~ ? ; i l e ,  

and t h e  s u p e r n a t a n t  l i q u i d  i s  d e c a n t e d .  The s o l i d  i s  t h r n  

washed t w i c e  by d e c a n t a t i o n ,  u s i n g  2 0  ml of  methanol  or 

e t h a n o l  f o r  each  wash. U-Ni-NI-! t h u s  o b t a l n e d ,  i s  a grayiskL 

b l a c k  powder and weighs about  8 . 6  Q. 
3 

It e x h i b i t s  an  a c t i v i t y  comparable  t o  t h a t  o f  Raney 

n i c k e l  i n  t h e  p r e s s u r e  hydrogena t ion  of  a d i p o n i t r i l e  t o  

1,6-hexamethylenediamine. 

i! 2 . 3 .  U - N i  C a t a l y s t s  P repa red  from Nicke l  Ace ta t e  

N icke l  a c e t a t e ,  i n  p l a c e  of n i c k e l  c h l o r i d e ,  g i v e s  an 

Urush iba ra  n i c k e l  c a t a l y s t  of s imi la r  a c t i v i t y .  A s  t h e  re- 
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THE URUSHIBARA HYDROGENATION CATALYSTS 

a c t i o n  between n i c k e l  a c e t a t e  and zinc d u s t  is more v i o l e n t  

and accompanied b y  s t r o n g  bubbl ing of t h e  r e a c t i o n  mixture ,  i t  

m u s t  b e  c a r r i e d  out  i n  a l a r g e r  v e s s e l  with s t r o n g  s t i r r i n g .  

The d i f f i c u l t y  i n  s e p a r a t i n g  t h e  p r e c i p i t a t e d  n i c k e l  

prepared from n i c k e l  a c e t a t e  has l e d  t o  t h e  d i scove ry  of  a 

convenient "one pot" p r e p a r a t i o n  of a c t i v e  U - N i - A  and U-NI -B  

(however, t h e  "one pot"  o p e r a t i o n  i s  n o t  recommended from 

n i c k e l  c h l o r i d e ) .  These p r e p a r a t i o n s  are desc r ibed  below. 

P repa ra t ion  of U-Ni -B  from Nickel Acetate .  A hot  s o l u t i o n  of 
4 . 2 4  g of  n i c k e l  a c e t a t e  t e t r a h y d r a t e  i n  20  m l  of water  is 
added w i t h  s t i r r i n g  t o  a mixture of 1 0  g of z inc  d u s t  and 
lG ml of water  contained i n  a 500 m l  beaker on a b o i l i n g  water 
ba th .  A s  t h e  vigorous r e a c t i o n  takes p l ace  and t h e  mixture 
begins  t o  i n f l a t e ,  s t r o n g  a g i t a t i o n  i s  r equ i r ed  t o  prevent the 
con ten t s  from s p i l l i n g  over .  

When t h e  r e a c t i o n  subs ides ,  200 g of 10% sodium hydroxide 
s o l u t i o n  i s  c a u t i o u s l y  added w i t h  s t i r r i n g .  The temperature  
of t h e  mixture i s  kept a t  50-55O f o r  15  min with occas iona l  
s t i r r i n g .  When t h e  s o l i d  ma t t e r  s e t t l e s ,  the  supe rna tan t  
liquor i s  decanted and the  s o l i d  i s  washed w i t h  two 100 m l  
p o r t i o n s  of hot  water ,  t hen  wi th  two 50 ml p o r t i o n s  of t h e  
so lven t  t o  b e  used i n  t h e  r educ t ion ,  e . g . ,  e thano l .  I n  t h i s  

way a bulky c a t a l y s t ,  weighing as much as 8.5-10.5 g,  i s  
ob ta ined .  The c a t a l y s t  c o n t a i n s  about 1 g of n i c k e l ,  t o g e t h e r  
w i t h  cons ide rab le  amounts of z inc  and zinc oxide and 6 very 
smali amount of a l k a l i .  

P repa ra t ion  of U - N i - A  from Nickel Acetate .  The p r e c i p i t a t e d  
nicKel is prepared as desc r ibed  above. Then 1 6 0  m l  of 13% 
a c e t i c  a c i d  i s  added and t h e  mixture i s  l e f t  s t and ing  w i t h  

occas iona l  s t i r r i n g  u n t i l  t h e  e v o l u t i o n  o f  hydrogen ceases  
and. a s o l i d  rises t o  t h e  s u r f a c e  of t h e  g reen i sh  s o l u t i o n .  
The s o l i d  is c o l l e c t e d  on a s i n t e r e d  g l a s s  f i l t e r  and washed 
w i t h  200 m l  of ho t  water, t hen  w i t h  100  m l  of  e thano l .  
c a t a l y s t  c o n t a i n s  only small q u a n t i t i e s  of  z inc  and z inc  

The 
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K .  HATA,  I .  MOTOYAMA AND K .  SAKAI 

o x i d e  and weighs abou t  0 . 7  g .  

Regard ing  t h e  r e d u c t i o n  o f  benzophenone,  i t  h a s  bee:? 

e s t a b l i s h e d  t h a t  U-Ni -B  p r e p a r e d  from n i c k e l  a c e t a t e  i s  some- 

what more a c t i v e  t h a n  t h a t  from n i c k e l  c h l o r i d e ,  whereas  t h e  

r e v e r s e  i s  t r u e  w i t h  U - N i - A .  

4 2 . 4 .  P r e p a r a t i o n  of  U - N i - C  C a t a l y s t s  

I n  o r d e r  t o  o b t a i n  a p r e c i p i t a t e d  m e t a l  o f  small p a r t i c l e  

s i z e ,  i t  i s  n e c e s s a r y  t o  r e t a r d  t h e  r a t e  o f  t h e  exchange 

r e a c t i o n ,  which depends  on s e v e r a l  f a c t o r s :  t h e  d i f f e r e n c e  

i n  t h e  s t a n d a r d  e l e c t r o d e  p o t e n t i a l s  o f  z i n c  and t h e  c a t a l y s t  

metal, t h e  f i n e n e s s  of t h e  z i n c  d u s t ,  t h e  c o n c e n t r a t i o n  o f  t h e  

s o l u t i o n  o f  metal c h l o r i d e ,  t h e  t e m p e r a t u r e  a t  which t h e  

p r e c i p i t a t e d  metal i s  p r e p a r e d ,  and t h e  e f f i c i e n c y  of agita- 

t i o n .  O f  these,  o n l y  t h e  t e m p e r a t u r e  c a n  be  e a s i l y  c o n t r o l l e d ;  

t h e  o t h e r  f a c t o r s  are ma in ly  d e c i d e d  by t h e  n a t u r e  o r  q u a l i t y  

o f  c h e m i c a l s .  A t  low t e m p e r a t u r e s ,  t h e  exchange r e a c t i o n  

t a k e s  p l a c e  s l o w l y  and t h e  metal s e p a r a t e s  o u t  u n i f o r m l y  on 

t h e  s u r f a c e  o f  t h e  z i n c  d u s t ,  t h e r e b y  g i v i n g  a c a t a l y s t  o f  

small p a r t i c l e  s i z e .  The p r e c i p i c a t e d  n i c k e l  p r e p a r e d  a t  low 

t e m p e r a t u r e s  g i v e s  h i g h l y  a c t i v e  Urush iba ra  n i c k e l  c a t a l y s t s ,  

U - N i - C A  and U - N i - C B .  T h e i r  p r e p a r a t i o n ,  however ,  r e q u i r e s  sc  

much t ime t h a t  speed  o f  p r e p a r a t i o n ,  one unique  c h a r a c t e r i s t i c  

o f  t h e  U r u s h i b a r a  c a t a l y s t s ,  is l o s t .  

P r e p a r a t i o n  o f  U-Ni-CB and o f  U-Ni -CA 

To a 1 0 0  m l  f l a s k  c o n t a i n i n g  1 0  g of  z i n c  d u s t  and 4 nl 
o f  water is added 1 0  m l  o f  a n  aqueous s o l u t i o r ,  c o n t a i n i n g  
4 . 0 4  g of n i c k e l  c h l o r i d e ,  NiC12*6H20. 
a t  room t e m p e r a t u r e ,  o r  w h i l e  b e i n g  c o o l e d  wi th  w a t e r  o r  i c e ,  

The m i x t u r e  i s  s t i r r e d  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

u n t i l  t h e  green c o l o r  of  t h e  n i c k e l  i o n  d i sappea r s .  S t i r r i n g  
may be i n t e r r u p t e d  a f t e r  the  f i r s t  hour,  as the  Ion-exchange 
r e a c t i o n  is p r a c t i c a l l y  complete a f t e r  t h i s  p e r i o d .  The 
mixture should be l e f t  s t and ing  t h e r e a f t e r  u n t i l  t h e  remaining 
f a i n t  c o l o r  d i sappea r s .  The whole process  r e q u i r e s  3-4 hours .  
I n  t h e  p repa ra t ion  of p r e c i p i t a t e d  n i c k e l  on a l a r g e  s c a l e ,  
i t  i s  adv i sab le  t o  cool  t h e  mixture wi th  i c e  d u r i n q  the  ion- 
exchange p rocess .  The s lushy p r e c i p i t a t e  i s  t r a n s f e r r e d  t o  
a 300 m l  beaker and washed w i t h  200 m l  of co ld  water .  To 
d i g e s t  t h e  p r e c i p i t a t e d  n i c k e l ,  1 6 0  g of  co ld  1 0 %  sodium 
hydroxide s o l u t i o n  is added t o  t h e  beaker  and t h e  mixture  i s  
s t i r r e d  f o r  an hour.  Cooling w i t h  water or i c e  i s  o f t e n  
r e q u i r e d .  When most of t h e  s o l i d  s e t t l e s ,  the  upper l i q u o r  
i s  c a r e f u l l y  decanted and t h e  s o l i d  i s  washed w i t h  two 100  m l  
p o r t i o n s  of cold water and then  wi th  two 50 m l  p o r t i o n s  of 
s o l v e n t .  The c a t a l y s t  c o n t a i n s  about 1 g of n i c k e l  con ta in ing  
z i n c ,  z inc oxide,  and a t r a c e  amount of  a lka l i ,  weighs 8-11 g. 

Only t h e  d i g e s t i o n  process  i s  d i f f e r e n t  f o r  U-NI -CA.  The 
p r e c i p i t a t e d  n i c k e l  prepared as above i s  t r a n s f e r r e d  t o  a 
500 m l  beaker and i s  c a r e f u l l y  t r e a t e d  w i t h  200 m l  of 1 0 %  
a c e t i c  a c i d  while  be ing  cooled w i t h  water .  Af t e r  about 5 min, 
t h e  l i b e r a t i o n  of hydrogen subsides  and a s o l i d  comes t o  t h e  
s u r f a c e  of t h e  green s o l u t i o n .  The s o l i d  i s  c o l l e c t e d  on a 
s i n t e r e d  g l a s s  f i l t e r  and washed w i t h  200 m l  of co ld  water, 
and then  w i t h  100  m l  of s o l v e n t .  The c a t a l y s t  i s  a f i n e  
powder and weighs 0.6 t o  0 .8  g .  It c o n t a i n s  0.4-0.5 g of 
n i c k e l  t o g e t h e r  w i t h  small amounts of z inc  and z inc  oxide.  

2 . 5 .  S i m p l i f i e d  Methods f o r  the  P repa ra t ion  o f  Urushibara 
6 C a t a l y s t s  

2.5a. P r e c i p i t a t e d  Nickel (Ppt-Ni) 

Commercial n i c k e l  c h l o r i d e  c r y s t a l s  (NIC12*6H20), 4 . 0 4  g, 

a r eadded  a l l  a t  once t o  a 50 m l  beaker c o n t a i n i n g  1 0  g of z inc  

d u s t  w e l l  mixed w i t h  4 ml of water. The mixture  i s  s t i r red  

w i t h  a g l a s s  rod and t h e  r e a c t i o n  begins  and ab rup t ly  becomes 
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K .  H A T A ,  I .  MOTOYAMA ANT2 K .  SAKF.1 

ve ry  v i g o r o u s ;  a f t e r  a few m i n u t e s ,  t h e  mixture i n f l a t e s  i n t o  

a s l u s h y  mass. I t  i s  t!ien washed w i t n  200 n,1 \?? z o l d  wates’, 

and t h e  wash-water i s  removed b y  f i l t r a t i o n  31’ S e c a n t a t l o r ? .  

The p r e c i p i t a t e d  n i c k e l  weighs about  12.5 g and o o n t a i r i s  about  

i g of n i c k e l ,  t o g e t h e r  w i t h  z i n c ,  z i n c  o x i d e ,  zinc? zl.nc !I::- 

d r o x i d e  c h l o r i d e .  

2 . 5 b .  U - N i - B ( s )  and U - N i - A ( s j  

The d i g e s t i o n  p r o c e s s  i s  t h e  same as %hat  d e s c r i b e d  for 

iJ-Ni-B and U - N i - A  e x c e p t  t h a t  i n  ‘:he l a t t e ?  c a s e  2:’; a c e t ; c  

a c i d  i s  used  i n s t e a d .  

2 . 6 .  P r e p a r a t i o n  of  U - X i - B A  and 1;-Ni-AA 

The n i c k e l  i s  p r e c i p i t a t e d  from i t s  chlor ia‘- .  s o l u t i o r .  

w i t h  aluminum g r a i n s  (40-80 mesh) i n s t e a d  of  z i n c  d u s t .  ?tie 

r e a c t i o n  must be  conducted  below 7 0 ” .  

U - N i - B A , ’  p r epa red  by d i g e s t i o n  w i t h  2 0 %  sod iun ,  hydrox ide  

s o l u t i o n  i s  a b l a c k  powder,  c o n s i s t i n g  o f  nickcel and smali 

amounts o f  aluminum and a l k a l i ;  i t  shows a s p e c i f i c  a c t i v l t y  

f o r  h y d r o g e n a t i o n  o f  a r o m a t i c  r i n g s .  

U - N i - A A , 5  p r e p a r e d  by d i g e s t i o n  w i t h  4 0 %  a c e t i c  a c i d ,  

s a t u r a t e d  w i t h  sodium c h l o r i d e  ( abou t  89 g of  sodium c h l o r i d e  

a r e  r e q u i r e d  t o  s a t u r a t e  385 m l  o f  40% a c e t i c  a c i d ) ,  is p a r -  

t i c u l a r l y  a p p r o p r i a t e  f o r  vapor-phase h y d r o g e n a t i o n .  

For  t h e  q u a n t i t i e s  o f  n i c k e l  c h l o r i d e  u s i n g  t h e  p r e v i o u s  

p r e p a r a t i o n s ,  1 0  g o f  commercial  aluminum g r a i n s  of  t h e  spec -  

i f i e d  mesh s i z e  are  c l e a n s e d  f i r s t  w i t h  e i t h e r  3% sodium 

hydrox ide  or 6 N  h y d r o c h l o r i c  a c i d  ( C A U T I O N :  v i g o r o u s  r e -  

a c t i o n ) .  Great c a r e  shou ld  be  e x e r c i s e d  i n  c o n t r o l l i n g  b o t h  

t h e  p r e c i p i t a t i o n  and t h e  d i g e s t i o n  p r o c e s s e s .  The d i g e s t i o n  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

process  f o r  U-Ni -BA r e q u i r e s  more time than  f o r  U-Ni -B .  

2.7.  Prepa ra t ion  of  Urushibara Cobal t ,  Copper and I r o n  

Catalysts  

The p r e p a r a t i o n  of the  Urushibara c o b a l t  (U-Co), copper 

(U-Cu) and i r o n  (U-Fe) 7 c a t a l y s t s  fol lows along e s s e n t i a l l y  

t h e  same l i n e s  as t h a t  desc r ibed  f o r  n i c k e l ;  Reference 1 may 

be  consul ted f o r  s p e c i f i c  de ta i l s .  

A s  c o b a l t  and n i c k e l  have almost t h e  same atomic weights ,  

t h e  procedure f o r  n i c k e l  can be used f o r  c o b a l t  without 

a l t e r a t i o n s .  P r e c i p i t a t e d  copper h a r d l y  r e a c t s  w i t h  sodium 

hydroxide s o l u t i o n ,  t h u s  r ende r ing  U-Cu-B p r a c t i c a l l y  u s e l e s s .  

I n  t h e  p r e p a r a t i o n  of p r e c i p i t a t e d  i r o n ,  it is b e s t  t o  u t i l i z e  

t h e  s i m p l i f i e d  method. Both Fe ( I1 )  and F e ( I I 1 )  c h l o r i d e s  can 

b e  used; t h e  l a t t e r  i s  p r e f e r r e d  as no e x t e r n a l  h e a t i n g  is 

necessary i n  t h e  p r e c i p i t a t i o n  s t e p .  Trace amounts of n i c k e l  

o r  c o b a l t  i n  t h e  i r o n  c a t a l y s t s  have been found t o  be  bene- 

f i c i a l  i n  promoting hydrogenation. It is noteworthy t h a t  U-Fe 

is p a r t i c u l a r l y  e f f e c t i v e  i n  t h e  p a r t i a l  hydrogenation of 

a c e t y l e n i c  compounds t o  c i s - o l e f i n s ,  whereas U-Co is u s e f u l  

f o r  t h e  r educ t ion  of n i t r i l e s .  

3 .  APPLICATIONS OF THE U-CATALYSTS 

GeEerally,  Urushibara c a t a l y s t s  a r e  very s imilar  t o  Raney 

c a t a l y s t s  i n  t h e i r  c a t a l y t i c  a c t i o n  although much s imple r  t o  

prepare and s a f e r  t o  Lise. They are u t i l i z e d  mostly i n  hydro- 

genat ion and r educ t ion ,  but can a l s o  be  used i n  dehydrogen- 

a t i o n  and r e d u c t i v e  d e s u l f u r i z a t i o n ,  and sometimes i n  r e -  

d u c t i v e  a l k y l a t i o n ,  r e d u c t i v e  condensation, hydra t ion ,  e t c .  

1 9 5  
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K .  HATA, I .  MOTOYAMA AND K .  SAKAI 

Urush iba ra  c a t a l y s t s  a r e  u s u a l l y  employed i n  l i q u i d - p h a s e  

hydrogena t ion  under  e i t h e r  o r d i n a r y  o r  h igh  p r e s s u r e s ,  b u t  can  

a l s o  be  used i n  t h e  vapor  phase .  Vapor-phase hydrogenat , ions 

are  b e s t  accompl ished  w i t h  U - N i - A A ,  which a l l o w s  t h e  u s e  of  

o r d i n a r y  S a b a t i e r  a p p a r a t u s  .5 

r e q u i r e  a s p e c i a l  a p p a r a t u s 1 4  such  a s  i l l u s t r a t e d  i n  F i g .  2 .  

U - N i - A  o r  U-Ni-B i s  most c o n v e n i e n t l y  used  f o r  t h e  u s u a l  

C a t a l y s t s  such a s  U - N i - A  

hydrogena t ion .  

The a p p a r a t u s  
c o n s i s t s  o f  a 
U-tube, 3 cm i n  
d i a m e t e r  and abou t  
50 cm l o n g ,  made 
of  h a r d  g l a s s  (1 .5-  
2 . 0  mm t h i c k n e s s ) .  
About 3/4 of  t h e  
t u b e  i s  f i l l e d  
w i t h  g r a n u l a t e d  
pumice which h a s  
been p u r i f i e d  
be fo rehand  by 
h e a t i n g  wi th  conc .  
h y d r o c h l o r i c  a c i d  
t o  d i s s o l v e  any 
s o l u b l e  mat ter .  
One end o f  t h e  t u b e  
i s  f i l l e d  wi th  g l a s s  
wool t o  s u p p o r t  t h e  
pumice g r a i n s .  

(Reproduced by permission 
and The Chemical Society 

1 thermometer 

dropping 
funnel 4 

prod reaction uc t s &- .H, 

Fig. 2, Apparatus f o r  Vapor-Phase Hydrogenatioc 

of t h e  copyright owners, Univ. of Tokyo Press 
of Japan. ) 

F r e s h l y  p repa red  U - N i - A  is washed w e l l  with wate r  and 

t h e n  w i t h  e t h a n o l  t o  r e p l a c e  t h e  w a t e r .  Most of t h e  e t h a n o l  

i s  d e c a n t e d ,  and t h e  c a t a i y s t ,  suspended i n  t h e  r ema in ing  
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THE URUSHIBARA HYDROGENATION CATALYSTS 

e thano l ,  i s  poured t o g e t h e r  w i t h  t h e  s o l v e n t  on to  t h e  pumice 

s tone  i n  t h e  U-tube. The c a t a l y s t  s e t t l e s  on the  pumice s tone  

as i t  flows through t h e  tube .  The tube is t i l t e d  towards t h e  

g l a s s  woo l - f i l l ed  end t o  a l low t h e  c a t a l y s t  t o  p e n e t r a t e  t o  

the  lower end and t o  spread over t h e  whole s u r f a c e  of  t h e  

g r a i n s  of pumice. The tube i s  then  f i l l e d  w i t h  a supplemental  

amount of new pumice s t o n e ,  and t h e  remaining e t h a n o l  is 

decanted.  The end of  t h e  U-tube which has no glass wool i s  

f i t t e d  w i t h  a small dropping funne l ,  from which t h e  sample 

l i q u i d  i s  t o  be added on to  the  pumice s t o n e .  A s ide tube 

underneath s e r v e s  as the  hydrogen i n l e t .  

The o t h e r  end of t h e  U-tube i s  s toppered,  and the  s i d e  

tube  i s  f i t t e d  w i t h  a condenser which connects  w i t h  a r e c e i v e r  

f o r  c o l l e c t i n g  t h e  product .  The end of t h e  appa ra tus  may a l s o  

be connected t o  a r e c e i v e r  c o n t a i n i n g  some absorbing agen t ,  

o r  t o  a Dry I c e  t r a p  when it i s  r equ i r ed  t o  c o l l e c t  gaseous 

p roduc t s .  The U-tube i s  placed i n  an o i l  ba th .  

The procedure of r e d u c t i o n  w i t h  t h i s  appa ra tus  i s  as 

fol lows:  t he  oil b a t h  i s  heated t o  the b o i l i n g  po in t  o f  

e t h a n o l  and hydrogen i s  passed through t o  remove the  s o l v e n t  

i n  t he  form o f  vapor. A f t e r  removal of  t he  s o l v e n t ,  t h e  

temperature  is r a i s e d .  When t h e  proper temperature  i s  reached, 

t h e  l i q u i d  sample i s  added dropwise from the dropping funne l  

i n t o  t h e  tube .  The l i q u i d  i s  vaporized on the  ho t  pumice 

s tone  and is  allowed t o  pass t o g e t h e r  w i t h  hydrogen gas onto 

t h e  c a t a l y s t  s u r f a c e ,  where it  i s  hydrogenated. The product 

is t hen  c a r r i e d  t o  t h e  condenser by the  hydrogen, cooled t o  

a l i q u i d ,  and c o l l e c t e d  i n  the  r e c e i v e r .  To c a r r y  out  hydro- 

gena t ion  e f f e c t i v e l y ,  the  a d d i t i o n  of the sample should be 8s 
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slow as p o s s i b l e ,  s o  t h a t  i t  c a n  be  mixed wi th  r, s u f f i c i e n t  

amount o f  hydrogen.  The f low o f  hydrogen i s  con t inued  f o r  Zn 

a d d i t i o n a l  30-60 min a t  t h e  s p e c i f i e d  t empera tu re  t o  c o n p l n t e  

hydrogena t ion  and a t  t h e  same t ime,  t o  e x p e l  t h e  p roducs .  

Although s p e c i f i c  d i r e c t i o n s  may b e  o b t a i n e d  

from t h e  r e f e r e n c e s  quoted  i n  t h i s  rev iew and i n  t h e  monograph 

p r e v i o u s l y  c i t e d , ’  i n  g e n e r a l ,  f o r  each  0 . 1 - 0 . 2  mole  o f  sub-  

s t r a t e ,  t h e  c a t a l y s t  should  c o n t a i n  approx ima te ly  1.0-1.5 g o f  

t h e  c a t a l y s t  metal .  Q u i t e  o b v i o u s l y ,  t h i s  r a t i o  nay be v a r i e d  

depending  on t h e  d i f f i c u l t y  o f  t h e  hydrogena t ion  and t h e  

d e s i r e d  r a t e  as we l l  as on t h e  t empera tu re  and t h e  p r e s s u r e  

a t  which t h e  hydrogena t ion  i s  t o  be conducted .  

3 .1 .  Hydrogenat ion  

3 . l a .  Alkenes and Alkynes 

Alkenes and a lkynes  are eas i ly  reduced t o  t h e  c a r r e -  

sponding  s a t u r a t e d  compounds i n  t h e  l i q u i d  phase a t  e i t h e r  

o r d i n a r y  or h igh  p r e s s u r e s .  Vapor phase  hydrogena t ion  i s  

e q u a l l y  s u i t a b l e ,  p a r t i c u l a r l y  w i t h  U - N i - A A  which i s  t h e  

p r e f e r r e d  c a t a l y s t .  S e l e c t e d  examples a r e  g iven  i n  Tab le  I .  

Apparen t ly ,  t h e  c a r b o x y l i c  a c i d  group a c t s  as  a po i son  for 

t h e  c a t a l y s t  as i s  shown b y  t h e  f a c t  t h a t  whereas c innamio 

a c i d  i s  reduced  w i t h  g r e a t  d i f f i c u l t y ,  i t s  sodium sa l t ,  or 

even b e t t e r ,  i t s  es ter  a b s o r b s  hydrogen very  r a p i d l y .  

3 . l b .  Aromatic Compounds 

Ring hydrogena t ion  proceeds  o n l y  a t  h igh  t e m p e r a t u r e  

and under  p r e s s u r e .  U-Ni -BA a p p e a r s  t o  b e  t h e  most wide ly  

u s e f u l  c a t a l y s t  ( T a b l e  11). 
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THE URUSHIBARA HYDROGENATION CATALYSTS 

3.1~. 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 alkali greatly facilitate the reduction in every 

case. Under certain conditions, hydrogenolysis of the C-0 

bonds occurs and the hydrocarbons are obtained with aryl 

substituted compounds; a-diketones can be selectively reduced 

to the corresponding acyloins, if the reaction is interrupted 

after the absorption of one mole of hydrogen. 

3.ld. Aromatic Nitro and Nitroso Compounds 

Under the proper set of conditions, aromatic nitro 

compounds are easily reduced to amines. Good yields are 

obtained easily, provided that no traces of alkali is present 

in the catalyst. This will thus dictate either the choice of 

catalyst or the amount of care in preparing it (Table 111). 

3.le. Nitriles, Oximes and Hydroxylamines 

Assis to be expected, secondary amines are always by- 

products of the reduction of nitriles. Under the proper 

conditions, the primary amines can be isolated in good yields. 

Reductions at high temperatures and pressures seem to be 

preferable (Table IV). 

The reduction of oximes resembles that of nitriles, 

secondary amines being also formed as by-products. Trace 

amounts of alkali (or ammonia) repress the formation Of 
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K .  HATA, I .  MOTOYAMA AND K .  S A K A I  

secondary  amines t o  a g r e a t  e x t e n t  ( T a b l e  I V ) .  

N-benzylhydroxylamine has been reduced  t o  benzylamine i n  

1 h r  ove r  U - N i - B  a t  modera te  t e m p e r a t u r e  and p r e s s u r e ,  d i -  

benzylamine b e i n g  formed i n  on ly  5% y i e l d .  

3 .2 .  Hydrogenolys is  

The bond between the  a-carbon and oxygen o f  s t y r e n e  ox ide  

and of B-methyls tyrene oxide  i s  c l e a v e d  under  r e l a t i v e l y  m i l d  

c o n d i t i o n s  (50-70 kg/cm', < 100') w i t h  U - N i - A .  Toluene i s  t h e  

major  p roduc t  o f  t he  r e d u c t i o n  o f  b e n z y l  c h l o r i d e  w i t h  U - N i - B ,  

t h e  b i b e n z y l  s ide -p roduc t  becoming l a r g e r  w i t h  i n c r e a s i n g  

amount of  c a t a l y s t .  B ibenzy l  i s  t h e  major  p roduc t  of  t h e  

r e d u c t i o n  o f  benzy l  bromide.  

3 . 3 .  Dehydrogenat ion 

The Urush iba ra  c a t a l y s t s  can  a l s o  be used  as dehydro-  

g e n a t i o n  c a t a l y s t s .  I n  t h e  p resence  of  U - N i - B ,  s t i g m a s t e r o l  

and c h o l i c  a c i d  undergo dehydrogena t ion  t o  g i v e  t h e  c o r r e -  

sponding  3-0x0 compounds cyclohexanone used a s  t h e  hydrogen 

a c c e p t o r ,  is reduced t o  cyc lohexano l .  
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T H E  U R U S H I B A R A  HYDROGENATION C A T A L Y S T S  

3.4. Reductive Desulfurization 

Several examples of reductive desulfurization in the 

presence of U-NI-A of sulfur-containing steroids have been 

reported. When refluxed with the catalyst in ethanol or 
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K .  H A T A ,  I .  MOTOYAMA AND K .  S A K A I  

d ioxane ,  t h e  s u l f u r  d e r i v a t i v e s  I - V I  underwent d e s u l f u r i z a t i o n .  

S i m i l a r l y ,  t h e  t h i o a c e t a l s  o f  benza ldehyde ,  ace tophenone ,  and 

benzophenone gave t h e  hydroca rbons .  U - N i - B  d i d  n o t  g i v e  good 

r e s u l t s .  

3 .5 .  Other  A p p l i c a t i o n s  

The Urush iba ra  c a t a l y s t s  sometimes c a u s e  N - a l k y l a t i o n  .'" 
For example,  as was d e s c r i b e d  i n  T a b l e  11, N-ethylcyc lohexyl -  

amine was o b t a i n e d  as t h e  main p roduc t  when a n i l i n e  was 

reduced  i n  e t h a n o l  i n  t he  p r e s e n c e  of U - N i - B A  a t  150-200° and 

unde r  a n  i n i t i a l  p r e s s u r e  o f  hydrogen o f  75-95 kg/cm . 2 

Another  c h a r a c t e r i s t i c  o f  t h e  U - c a t a l y s t s  i s  t h e i r  

a b i l i t y  t o  e f f e c t  t h e  h y d r a t i o n  of  n i t r i l e s  t o  amides i n  

a v e r a g e  t o  good y i e l d s  when r e f l u x e d  i n  w a t e r .  22 The method 

has t h e  advan tage  t h a t  t h e  r e a c t i o n  may proceed  i n  a n e u t r a l  

medium; U-Ni-B is t h e  b e s t  c a t a l y s t  t o  e f f e c t  t h e  h y d r a t i o n .  

I n  many c a s e s ,  hydrogena t ion  o c c u r s  a l s o  and t n e  amines a re  

o b t a i n e d  as by-products .  I n  o t h e r  i n s t a n c e s ,  t h e  f o r m a t i o n  

of  complexes o f  n i t r I l e ~ * ~  w i t h  t h e  c a t a l y s t  metal  was 

obse rved .  

4 .  PRECIPITATED METALS A S  CATALYSTS 

I n  s p i t e  o f  t h e  ea r l i e r  o b s e r v a t i o n  t h a t  t h e  p r e c i p i t a t e d  

metals do  n o t  c a t a l y z e  hydrogena t ion  u n l e s s  a c t i v a t e d  by 

d i g e s t i o n  w i t h  a c i d  o r  base, i t  was r e c e n t l y  d i s c o v e r e d  t h a t  

t h e y  do  a c t  as c a t a l y s t s  when r e f l u x e d  i n  water w i t h  v a r i o u s  

o r g a n i c  compounds. lo The most f a v o r a b l e  mole r a t i o  o f  water 

t o  cyc lohexanone  ( u s e d  as s t a n d a r d )  i s  15:l. The a d d i t i o n  

of d ioxane  as a c o s o l v e n t  p e r m i t s  t h e  r e d u c t i o n  of  o r g a n i c  

compounds which are i n s o l u b l e  i n  water. The p r e c i p i t a t e d  
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metals can  a l s o  be used  i n  hydrogena t ion  w i t h  hydrogen a t  h i g h  

t e m p e r a t u r e s  and p r e s s u r e s .  The major  p a r t  of t h i s  s t u d y  was 

c a r r i e d  o u t  w i t h  n i c k e l  a l though  t h e  o t h e r  metals e x h i b i t e d  

s imilar  c a t a l y t i c  a c t i o n .  An a d d i t i o n a l  advantage  of  t h e  

p r e c i p i t a t e d  metals is tha t  t h e y  may be k e p t  ( even  i n  a i r )  

f o r  a l o n g  t i m e  and y e t  r e t a i n  t h e i r  a c t i v i t y .  A t y p i c a l  

p rocedure  f o r  the  r e d u c t i o n  w i t h  p r e c i p i t a t e d  n i c k e l  i s  i l l u s -  

t r a t e d  by t h e  r e d u c t i o n  o f  s t y r e n e  and s e l e c t e d  examples a re  

g iven  i n  T a b l e  V.  10b  

Reduct ion  of  S t y r e n e .  A suspens ion  of  1 0  g o f  s t y r e n e  i n  
1 0 0  m l  o f  water was r e f l u x e d  f o r  1 2  h r s  i n  t h e  p resence  of  
p r e c i p i t a t e d  n i c k e l  c o n t a i n i n g  4 g of n i c k e l .  The s o l u t i o n  
i s  f i l t e r e d  h o t  t o  remove t h e  n i c k e l  which was washed w i t h  

water and t h e n  e the r .  The aqueous f i l t r a t e  was e x t r a c t e d  w i t h  

e t h e r  and t h e  combined o r g a n i c  phase  was d r i e d  and e v a p o r a t e d .  
VPC a n a l y s i s  showed t h e  p resence  o f  81% o f  e thy lbenzene  and 
19% of  s t y r e n e .  
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