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Description 

This  invention  relates  to  a  process  for  producing  polyhydroperoxy  aromatic  compounds.  More  particu- 
larly,  it  relates  to  a  process  for  producing  polyhydroperoxy  aromatic  compounds  by  oxidizing  aromatic 

5  hydrocarbons  having  two  or  more  secondary  alkyl  substituents,  such  as  diisopropylbenzene,  diisopropyl- 
naphthalene,  and  diisopropylbiphenyl,  with  molecular  oxygen. 

Oxidation  of  aromatic  hydrocarbons  having  two  or  more  secondary  alkyl  substituents  per  molecule,  e.g., 
p-diisopropylbenzene,  with  molecular  oxygen  produces  p-diisopropylbenzene  dihydroperoxide.  The  result- 
ing  dihydroperoxide  is  acid-decomposed  in  the  presence  of  an  acid  catalyst  to  produce  hydroquinone 

io  useful  as  a  starting  material  of  an  antioxidant  or  a  photographic  chemical.  Further,  2,6-dihydroxynaphthalene 
obtained  from  2,6-diisopropylnaphthalene  and  4,4'-dihydroxybiphenyl  obtained  from  4,4'-diisopropylbiphenyl 
are  useful  as  a  starting  material  of  liquid  crystal  polymers,  heat-resistant  resins,  etc. 

BACKGROUND  OF  THE  INVENTION 
75 

A  number  of  processes  for  producing  compounds  having  a  hydroperoxide  group  by  oxidation  of 
aromatic  hydrocarbons  substituted  with  an  isopropyl  group  are  known.  There  are,  for  example,  a  process  for 
producing  hydroquinone  from  p-diisopropylbenzene  via  p-diisopropylbenzene  dihydroperoxide  (see  JP-A- 
48-72144,  the  term  "JP-A"  as  used  herein  means  an  "unexamined  published  Japanese  patent  application"), 

20  a  process  for  producing  2,6-dihydroxynaphthalene  from  2,6-diisopropylnaphthalene  via  2,6-diisopropylnaph- 
thalene  dihydroperoxide  (see  JP-A-61-93156),  and  a  process  for  producing  4,4'-dihydroxybiphenyl  from 
4,4'-diisopropylbiphenyl  via  4,4'-diisopropylbiphenyl  dihydroperoxide  (see  JP-A-64-75440). 

US-A-4503262  discloses  a  process  for  preparing  2,6-diisopropylnaphthalene  dihydroperoxide  by  the 
oxidation  of  2,6-diisopropylnaphthalene  with  oxygen  in  a  basic  medium  and  in  the  presence  of  a  metal  ion 

25  such  cobalt,  manganese,  lead,  iron,  nickel,  copper,  vanadium,  chromium  and  mercury.  The  reaction  is 
carried  out  in  a  C5-1+  aliphatic  hydrocarbon  solvent.  GB-A-665897  discloses  a  similar  process  for  the 
preparation  of  a  monohydroperoxide  in  the  presence  of  cobalt,  manganese,  lead,  iron,  nickel,  vanadium, 
chromium  or  mercury. 

In  the  working  examples  disclosed  in  the  above-mentioned  publications,  the  reaction  is  carried  out  in  a 
30  reaction  vessel  made  of  Hastelloy®  B  or  C.  Should  the  same  reaction  be  performed  in  a  reaction  vessel,  the 

part  of  which  in  contact  with  the  reaction  mixture  is  made  of  an  iron-containing  metal,  which  is  cheaper  than 
that  made  of  Hastelloy  and  is  generally  employed  in  productive  industry,  the  reaction  is  virtually  suspended 
in  its  course,  and  the  conversion  of  the  secondary  alkyl  group  does  not  increase  any  more. 

35  SUMMARY  OF  THE  INVENTION 

An  object  of  the  present  invention  is  to  provide  a  process  for  producing  a  polyhydroperoxy  aromatic 
compound  in  high  yield  while  achieving  a  high  conversion  of  the  secondary  alkyl  groups  even  by  use  of  a 
reaction  apparatus  made  of  an  iron-containing  metal  generally  employed  in  industry. 

40  The  inventors  have  conducted  extensive  investigation  on  production  of  a  polyhydroperoxy  aromatic 
compound  by  oxidizing  an  aromatic  hydrocarbon  having  two  or  more  secondary  alkyl  groups,  such  as 
diisopropylbenzene,  diisopropylnaphthalene,  and  diisopropylbiphenyl,  with  molecular  oxygen  and,  as  a 
result,  found  that  the  above-mentioned  reaction  inhibition  can  be  prevented  even  in  using  a  reaction  vessel 
made  of  an  iron-based  metal  by  incorporating  a  specific  metal  ion  into  the  reaction  system,  thereby 

45  achieving  improved  conversion  and  excellent  selectivity.  The  present  invention  has  been  completed  based 
on  this  finding. 

That  is,  the  present  invention  relates  to  a  process  for  producing  a  polyhydroperoxy  aromatic  compound 
comprising  oxidizing  a  poly-secondary  alkyl-substituted  aromatic  hydrocarbon  with  the  secondary  alkyl 
groups  on  carbon  atoms  that  are  not  adjacent  to  each  other  on  the  aromatic  ring  thereof  with  a  molecular 

50  oxygen-containing  gas  in  a  basic  aqueous  solvant  in  the  presence  of  a  surface  active  agent,  wherein  a 
reaction  apparatus  with  its  part  in  contact  with  a  reaction  liquid  comprising  a  metal  containing  10%  by 
weight  or  more  of  iron  is  used,  and  the  reaction  is  carried  out  in  the  presence  of  a  metal  ion  selected  from  a 
cobalt  ion,  a  nickel  ion,  a  zinc  ion,  and  a  lead  ion. 

55  DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  poly-secondary  alkyl-substituted  aromatic  hydrocarbon  which  is  used  as  a  starting  material  in  the 
present  invention  is  an  aromatic  hydrocarbon  substituted  with  at  least  2,  and  preferably  2  to  4,  secondary 
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alkyl  groups. 
The  aromatic  nucleus  of  the  aromatic  hydrocarbon  comprises  from  1  to  8,  and  preferably  from  1  to  4, 

aromatic  rings.  Specific  examples  of  such  an  aromatic  nucleus  are  benzene,  naphthalene,  anthracene, 
biphenyl,  terphenyl,  and  binaphthalene. 

5  The  secondary  alkyl  groups  on  the  aromatic  nucleus  include  those  having  from  3  to  9,  and  preferably 
from  3  to  7,  carbon  atoms.  Specific  examples  are  isopropyl,  1-methylpropyl,  1-ethylpropyl,  1-methylbutyl,  1- 
ethylbutyl,  and  1-propylbutyl  groups. 

The  two  or  more  substituents  of  the  secondary  alkyl-substituted  aromatic  hydrocarbon  must  not  be  on 
the  ring-forming  carbon  atoms  which  are  adjacent  to  each  other. 

io  Specific  examples  of  such  hydrocarbons  are  m-  or  p-diisopropylbenzene,  m-  or  p-di-sec-butylbenzene, 
1  ,3,5-triisopropylbenzene,  2,6-diisopropylnaphthalene,  2,7-diisopropylnaphthalene,  1  ,4-diisopropylnaph- 
thalene,  1  ,5-diisopropylnaphthalene,  2,6-di-sec-butylnaphthalene,  4,4'-diisopropylbiphenyl,  3,3'-diisopropyl- 
biphenyl,  3,4'-diisopropylbiphenyl,  3,5-diisopropylbiphenyl,  4,4'-sec-butylbiphenyl,  4,4"-diisopropylterphenyl, 
3,3"-diisopropylterphenyl,  3,4"-diisopropylterphenyl,  and  6,6'-diisopropyl-1  ,1  -binaphthalene.  Preferred 

is  among  them  are  m-  or  p-diisopropylbenzene,  2,6-  or  2,7-diisopropylnaphthalene,  and  4,4'-diisopropyl- 
biphenyl. 

The  reaction  vessel  to  be  used  is  not  limited  in  form  but  is  made  of  an  iron-containing  metal.  The  term 
"iron-containing  metal"  as  used  herein  means  a  metal  containing  10%  or  more  of  iron,  such  as  carbon 
steel,  stainless  steel,  cast  iron,  and  Hastelloy  A. 

20  The  oxidation  reaction  of  the  aromatic  hydrocarbon  with  molecular  oxygen  is  generally  conducted  in  a 
basic  aqueous  solvent. 

Suitable  basic  compounds  to  be  used  include  alkali  metal  compounds,  such  as  alkali  metal  hydroxides, 
e.g.,  sodium  hydroxide,  potassium  hydroxide,  and  lithium  hydroxide;  alkali  metal  carbonates,  e.g.,  sodium 
carbonate  and  potassium  carbonate;  alkali  metal  hydrogen  carbonates,  e.g.,  sodium  hydrogen  carbonate 

25  and  potassium  hydrogen  carbonate;  alkali  metal  phosphates,  e.g.,  sodium  phosphate,  potassium  phosphate, 
sodium  hydrogen  phosphate,  potassium  hydrogen  phosphate,  sodium  dihydrogen  phosphate,  and  potas- 
sium  dihydrogen  phosphate;  and  alkali  metal  borates,  e.g.,  sodium  tetraborate.  These  basic  compounds 
may  be  used  either  individually  or  as  a  mixture  of  two  or  more  thereof  at  an  arbitrary  mixing  ratio. 

A  preferred  concentration  of  the  above-mentioned  alkali  metal  compound  in  an  aqueous  solvent  is  30% 
30  by  weight  or  less. 

The  basic  aqueous  solvent  is  used  in  an  amount  sufficient  to  maintain  the  reaction  mixture  at  a  pH  of  8 
or  higher.  More  specifically,  such  an  amount  ranges  from  0.1  to  10  parts  by  weight,  and  preferably  from  0.3 
to  5  parts  by  weight,  per  part  by  weight  of  the  aromatic  hydrocarbon.  If  it  is  less  than  0.1  part  by  weight, 
oxidation  does  not  sufficiently  proceed.  Amounts  exceeding  10  parts  by  weight  bring  no  further  effects,  only 

35  resulting  in  an  increase  of  a  basic  waste  water. 
Metallic  compounds  which  can  be  used  for  supplying  a  metal  ion  selected  from  cobalt,  nickel,  zinc,  and 

lead  ions  are  not  particularly  limited  as  long  as  they  dissociate  into  ions  in  a  basic  aqueous  solvents. 
Example  of  suitable  cobalt  compounds  includes  cobalt  acetate,  cobalt  acetylacetonate,  ammonium 

cobalt  sulfate,  cobalt  benzoate,  cobalt  chloride,  cobalt  bromide,  cobalt  hydroxide,  cobalt  naphthenate,  cobalt 
40  nitrate,  cobalt  phosphate,  and  cobalt  sulfate. 

Examples  of  suitable  nickel  compounds  include  nickel  acetate,  nickel  formate,  nickel  acetylacetonate, 
ammonium  nickel  sulfate,  nickel  chloride,  nickel  bromide,  nickel  carbonate,  nickel  hydroxide,  nickel 
naphthenate,  nickel  nitrate,  potassium  nickel  cyanide,  and  nickel  sulfate. 

Examples  of  suitable  zinc  compounds  include  zinc  acetate,  zinc  benzoate,  zinc  lactate,  zinc  chloride, 
45  zinc  bromide,  zinc  iodide,  zinc  carbonate,  zinc  nitrate,  zinc  phosphate,  and  zinc  sulfate. 

Examples  of  suitable  lead  compounds  include  lead  acetate,  lead  tetraacetate,  lead  citrate,  lead  oxalate, 
lead  chloride,  lead  iodide,  lead  carbonate,  lead  borate,  lead  metaborate,  lead  nitrate,  and  lead  sulfate. 

The  metallic  compound  is  used  in  an  amount  of  from  0.0001  to  5  mol%,  preferably  from  0.0005  to  2.5 
mol%,  and  more  preferably  from  0.001  to  1.0  mol%,  based  on  the  starting  aromatic  hydrocarbon. 

50  The  manner  of  addition  of  the  metallic  compound  is  not  particularly  restricted,  and  it  may  be  added  all 
at  once  at  the  commencement  of  the  reaction,  or  continuously  during  the  reaction,  or  in  divided  portions  at 
regular  intervals. 

The  reaction  system  preferably  contains,  as  an  additive,  ammonia,  an  ammonium  salt,  or  a  substance 
which  decomposes  in  the  reaction  system  to  release  ammonia. 

55  Examples  of  ammonia  or  ammonium  salts  include  ammonia  gas,  aqueous  ammonia  of  an  arbitrary 
concentration;  inorganic  ammonium  salts,  e.g.,  ammonium  sulfate,  ammonium  hydrochloride,  ammonium 
nitrate,  ammonium  borate,  ammonium  hydrogencarbonate,  and  ammonium  hydrogensulfate;  and  organic 
ammonium  salts,  e.g.,  ammonium  formate,  ammonium  acetate,  and  ammonium  citrate  ((NH4)3CgH507, 
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(NH4)2HCgH507,  and  NH+HzCgHsOz). 
Examples  of  the  substance  which  decomposes  in  the  reaction  system  to  release  ammonia  include  urea, 

methylurea,  1  ,1-dimethylurea,  1  ,3-dimethylurea,  cyanuric  acid,  isocyanuric  acid,  melamine,  biuret,  biurea, 
and  primary  amines. 

5  The  ammonia,  ammonium  salt  or  substance  capable  of  releasing  ammonia  is  added  in  an  amount  of 
from  0.01  to  300  mol%,  preferably  from  0.1  to  150  mol%,  and  more  preferably  from  1  to  50  mol%,  based 
on  the  starting  aromatic  hydrocarbon. 

If  desired,  the  reaction  system  may  further  contain  a  surface  active  agent.  The  surface  active  agent  to 
be  added  is  not  particularly  limited  and  includes,  for  example,  fatty  acid  soaps,  alkyl  sulfonates,  alkylben- 

io  zenesulfonates,  alkylnaphthalenesulfonates,  alkyl  ether  sulfonates,  alkylphosphates,  and  alkyl  ether  phos- 
phates.  These  surface  active  agents  may  be  used  either  individually  or  as  a  mixture  of  two  or  more  thereof 
at  an  arbitrary  mixing  ratio. 

Where  a  surface  active  agent  is  used,  it  is  added  in  an  amount  of  from  0.001  to  5%  by  weight,  and 
preferably  from  0.01  to  2%  by  weight,  based  on  the  starting  aromatic  hydrocarbon. 

is  Molecular  oxygen  which  is  used  for  oxidation  includes  oxygen  gas  and  air.  Oxygen  gas  may  be  used  as 
diluted  with  an  inert  gas,  e.g.,  nitrogen,  argon,  and  helium,  to  an  arbitrary  concentration.  It  should  be  noted 
that  pure  oxygen  is  preferred  where  the  oxidation  reaction  is  performed  under  pressure  in  an  apparatus  with 
no  vent  for  a  gaseous  phase.  When  air  or  diluted  oxygen  is  used,  it  is  advantageous  to  make  up  for  the 
consumed  oxygen  by  pure  oxygen.  Where  the  reaction  is  conducted  under  pressure  in  a  vented  apparatus, 

20  it  is  economically  advantageous  to  use  air. 
For  the  purpose  of  shortening  the  induction  period  of  the  oxidation  reaction,  a  radical  initiator  is 

preferably  used.  Examples  of  suitable  radical  initiators  include  2,2'-azobisisobutyronitrile,  1,1'-azobis- 
(cyclohexane-1-carbonitrile),  cumene  hydroperoxide,  and  t-butyl  hydroperoxide.  The  oxidation  product 
containing  a  hydroperoxide  of  the  aromatic  hydrocarbon  having  two  or  more  secondary  alkyl  groups  per 

25  molecule  may  be  used  for  that  purpose. 
The  radical  initiator  is  used  in  an  amount  of  from  0.005  to  1  %  by  weight  based  on  the  starting  aromatic 

hydrocarbon. 
The  oxidation  reaction  is  carried  out  by  feeding  molecular  oxygen  to  a  reaction  system  consisting  of  the 

basic  aqueous  solvent,  the  starting  aromatic  hydrocarbon,  the  metal  ion  source  and,  if  desired,  ammonia,  an 
30  ammonium  salt  or  a  substance  which  decomposes  in  the  reaction  system  to  release  ammonia,  a  surface 

active  agent,  a  radical  initiator,  etc.  while  stirring. 
The  reaction  temperature  ranges  from  60  to  150°C,  and  preferably  from  80  to  130°C.  If  the 

temperature  is  less  than  60  °C,  the  reaction  rate  is  considerably  low.  At  temperatures  higher  than  150°C, 
decomposition  of  the  hydroperoxide  group  is  significantly  accelerated. 

35  The  reaction  is  either  under  normal  pressure  or  under  pressure,  and  under  a  pressure  of  from  normal 
pressure  up  to  10  kg/cm2G  for  preference. 

The  reaction  time  usually  ranges  from  4  to  48  hours,  though  varying  depending  on  the  reaction 
temperature,  presence  or  absence  of  a  radical  initiator,  and  other  factors. 

The  polyhydroperoxide  compounds  which  are  produced  according  to  the  process  of  the  present 
40  invention  include  m-  or  p-bis(2-hydroperoxy-2-propyl)benzene,  2,6-  or  2,7-bis(2-hydroperoxy-2-propyl)- 

naphthalene,  and  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl. 
The  present  invention  is  now  illustrated  in  greater  detail  by  way  of  Examples. 
In  Examples,  all  the  percents  are  by  weight  unless  otherwise  indicated. 
Yields  of  the  products  obtained  were  calculated  according  to  equation: 

45 

Mole  n u m b e r   of  p r o d u c t  
Y i e l d   (mol%)  =  —  x  1 0 0  

Mole  n u m b e r   of  s t a r t i n g  
50  a r o m a t i c   h y d r o c a r b o n  

55 
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Conversions  of  the  secondary  alkyl  groups  were  calculated  according  to  equation: 

Mole  n u m b e r   of  s e c o n d a r y  
a l k y l   g r o u p s   r e a c t e d  

C o n v e r s i o n   (mol%)  =  x  1 0 0  
Mole  n u m b e r   of  s e c o n d a r y  
a l k y l   g r o u p s   in   s t a r t i n g  

a r o m a t i c   h y d r o c a r b o n  
70 

Composition  analysis  and  quantitative  determination  were  conducted  by  high  performance  liquid 
chromatography. 

75  EXAMPLE  1 

In  a  50  ml-volume  autoclave  made  of  SUS  316  (iron  content:  about  70%)  were  charged  7.15  g  (30.0 
mmol)  of  4,4'-diisopropylbiphenyl  (hereinafter  abbreviated  as  DIPBP),  18.0  g  (0.9  mmol)  of  a  0.2%  aqueous 
solution  of  sodium  hydroxide,  0.2  g  (3.0  mmol)  of  25%  aqueous  ammonia,  0.038  g  of  a  surface  active  agent 

20  "Nonsal  LN-1  "  (a  mixture  of  saturated  aliphatic  carboxylic  acid  sodium  salts,  produced  by  Nippon  Oils  & 
Fats  Co.,  Ltd.),  10  mg  of  2,2'-azobisisobutyronitrile  as  a  radical  initiator,  and  0.149  mg  (6  x  10_+  mmol)  of 
cobalt  acetate  tetrahydrate. 

Oxygen  was  introduced  into  the  autoclave  under  a  pressure  of  3  kg/cm2G,  and  the  reaction  mixture  was 
stirred  at  1500  rpm  at  100°  C  for  14  hours  to  conduct  oxidation  while  continuously  feeding  oxygen  so  as  to 

25  maintain  the  reaction  pressure  at  3  kg/cm2G.  During  the  reaction,  a  0.149  mg  (6  x  10_+  mmol)  portion  of 
cobalt  acetate  tetrahydrate  was  added  every  2  hours.  The  cobalt  acetate  tetrahydrate  added  totaled  up  to 
1.043  mg  (4.2  x  10~3  mmol),  which  corresponded  to  0.014  mol%  based  on  DIPBP. 

The  DIPBP  conversion  was  99.2  mol%,  and  the  yield  of  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl  was 
41.4  mol%.  In  addition,  4-(2-hydroxy-2-propyl)-4'-(2-hydroperoxy-2-propyl)biphenyl,  4,4'-bis(2-hydroxy-2- 

30  propyl)biphenyl,  4-(2-hydroperoxy-2-propyl)-4'-isopropylbiphenyl,  and  4-(2-hydroxy-2-propyl)-4'-isopropyl- 
biphenyl  were  produced  in  yields  of  31.3  mol%,  5.8  mol%,  10.3  mol%,  and  4.3  mol%,  respectively.  The 
conversion  of  the  isopropyl  groups  was  91.9  mol%. 

EXAMPLE  2 
35 

In  a  50  ml-volume  autoclave  made  of  SUS  316  were  charged  7.15  g  (30.0  mmol)  of  DIPBP,  18.0  g  (0.9 
mmol)  of  a  0.2%  aqueous  solution  of  sodium  hydroxide,  0.2  g  (3.0  mmol)  of  25%  aqueous  ammonia,  0.036 
g  of  "Nonsal  LN-1",  10  mg  of  2,2'-azobisisobutyronitrile,  and  1.485  mg  (6  x  10-3  mmol)  of  nickel  acetate 
tetrahydrate. 

40  Oxygen  was  introduced  into  the  autoclave  under  a  pressure  of  3  kg/cm2G,  and  the  reaction  mixture  was 
stirred  at  1500  rpm  at  100°  C  for  14  hours  to  conduct  oxidation  while  continuously  feeding  oxygen  so  as  to 
maintain  the  reaction  pressure  at  3  kg/cm2G.  During  the  reaction,  a  1.485  mg  (6  x  10-3  mmol)  portion  of 
nickel  acetate  tetrahydrate  was  added  every  2  hours.  The  nickel  acetate  tetrahydrate  added  totaled  up  to 
10.359  mg  (4.2  x  10-2  mmol),  which  corresponded  to  0.14  mol%  based  on  DIPBP. 

45  The  DIPBP  conversion  was  99.2  mol%,  and  the  yield  of  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl  was 
50.9  mol%.  In  addition,  4-(2-hydroxy-2-propyl)-4'-(2-hydroperoxy-2-propyl)biphenyl,  4,4'-bis(2-hydroxy-2- 
propyl)biphenyl,  4-(2-hydroperoxy-2-propyl)-4'-isopropylbiphenyl,  and  4-(2-hydroxy-2-propyl)-4'-isopropyl- 
biphenyl  were  produced  in  yields  of  24.9  mol%,  3.4  mol%,  12.5  mol%,  and  3.5  mol%,  respectively.  The 
conversion  of  the  isopropyl  groups  was  91.2  mol%. 

50 
EXAMPLE  3 

In  a  50  ml-volume  autoclave  made  of  SUS  316  were  charged  7.15  g  (30.0  mmol)  of  DIPBP,  18.0  g  (0.9 
mmol)  of  a  0.2%  aqueous  solution  of  sodium  hydroxide,  0.2  g  (3.0  mmol)  of  25%  aqueous  ammonia,  0.036 

55  g  of  "Nonsal  LN-1",  10  mg  of  2,2'-azobisisobutyronitrile,  and  0.659  mg  (3  x  10-3  mmol)  of  zinc  acetate 
dihydrate. 

Oxygen  was  introduced  into  the  autoclave  under  a  pressure  of  3  kg/cm2G,  and  the  reaction  mixture  was 
stirred  at  1500  rpm  at  100°C  for  8  hours  to  conduct  oxidation  while  continuously  feeding  oxygen  so  as  to 
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maintain  the  reaction  pressure  at  3  kg/cm2G.  During  the  reaction,  a  0.659  mg  (3  x  10-3  mmol)  portion  of 
zinc  acetate  dihydrate  was  added  every  2  hours.  The  zinc  acetate  dihydrate  added  totaled  up  to  2.636  mg 
(1.2  x  10-2  mmol),  which  corresponded  to  0.04  mol%  based  on  DIPBP. 

The  DIPBP  conversion  was  98.6  mol%,  and  the  yield  of  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl  was 
5  45.3  mol%.  In  addition,  4-(2-hydroxy-2-propyl)-4'-(2-hydroperoxy-2-propyl)biphenyl,  4,4'-bis(2-hydroxy-2- 

propyl)biphenyl,  4-(2-hydroperoxy-2-propyl)-4'-isopropylbiphenyl,  and  4-(2-hydroxy-2-propyl)-4'-isopropyl- 
biphenyl  were  produced  in  yields  of  25.2  mol%,  3.4  mol%,  14.6  mol%,  and  4.8  mol%,  respectively.  The 
conversion  of  the  isopropyl  groups  was  88.9  mol%. 

w  EXAMPLE  4 

In  a  50  ml-volume  autoclave  made  of  SUS  316  were  charged  7.15  g  (30.0  mmol)  of  DIPBP,  18.0  g  (0.9 
mmol)  of  a  0.2%  aqueous  solution  of  sodium  hydroxide,  0.2  g  (3.0  mmol)  of  25%  aqueous  ammonia,  0.036 
g  of  "Nonsal  LN-1",  10  mg  of  2,2'-azobisisobutyronitrile,  and  2.276  mg  (6  x  10-3  mmol)  of  lead  acetate 

75  trihydrate. 
Oxygen  was  introduced  into  the  autoclave  under  a  pressure  of  3  kg/cm2G,  and  the  reaction  mixture  was 

stirred  at  1500  rpm  and  at  100°  C  for  10  hours  to  conduct  oxidation  while  continuously  feeding  oxygen  so 
as  to  maintain  the  reaction  pressure  at  3  kg/cm2G.  During  the  reaction,  a  2.276  mg  (6  x  10-3  mmol)  portion 
of  lead  acetate  trihydrate  was  added  every  2  hours.  The  lead  acetate  trihydrate  added  totaled  up  to  1  1  .38 

20  mg  (3.0  x  10-2  mmol),  which  corresponded  to  0.1  mol%  based  on  DIPBP. 
The  DIPBP  conversion  was  96.5  mol%,  and  the  yield  of  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl  was 

37.8  mol%.  In  addition,  4-(2-hydroxy-2-propyl)-4'-(2-hydroperoxy-2-propyl)biphenyl,  4,4'-bis(2-hydroxy-2- 
propyl)biphenyl,  4-(2-hydroperoxy-2-propyl)-4'-isopropylbiphenyl,  and  4-(2-hydroxy-2-propyl)-4'-isopropyl- 
biphenyl  were  produced  in  yields  of  22.5  mol%,  3.2  mol%,  22.3  mol%,  and  6.9  mol%,  respectively.  The 

25  conversion  of  the  isopropyl  groups  was  81.9  mol%. 

COMPARATIVE  EXAMPLE  1 

Oxidation  of  DIPBP  was  carried  out  in  the  same  manner  as  in  Example  1,  except  for  using  no  cobalt 
30  acetate. 

The  DIPBP  conversion  was  82.5  mol%,  and  the  yield  of  4,4'-bis(2-hydroperoxy-2-propyl)biphenyl  was 
27.9  mol%.  In  addition,  4-(2-hydroxy-2-propyl)-4'-(2-hydroperoxy-2-propyl)biphenyl,  4,4'-bis(2-hydroxy-2- 
propyl)biphenyl,  4-(2-hydroperoxy-2-propyl)-4'-isopropylbiphenyl,  and  4-(2-hydroxy-2-propyl)-4'-isopropyl- 
biphenyl  were  produced  in  yields  of  7.1  mol%,  0.44  mol%,  38.7  mol%,  and  6.5  mol%,  respectively.  The 

35  conversion  of  the  isopropyl  groups  was  59.9  mol%. 

EXAMPLE  5 

In  a  50  ml-volume  autoclave  made  of  SUS  316  were  charged  6.37  g  (30.0  mmol)  of  2,6-diisopropyl- 
40  naphthalene  (hereinafter  abbreviated  as  DIPN),  18.0  g  (0.9  mmol)  of  a  0.2%  aqueous  solution  of  sodium 

hydroxide,  0.2  g  (3.0  mmol)  of  25%  aqueous  ammonia,  0.036  g  of  "Nonsal  LN-1",  10  mg  of  2,2'- 
azobisisobutyronitrile,  and  1.485  mg  (6  x  10-3  mmol)  of  nickel  acetate  tetrahydrate. 

Oxygen  was  introduced  into  the  autoclave  under  a  pressure  of  3  kg/cm2G,  and  the  reaction  mixture  was 
stirred  at  1500  rpm  and  at  100°C  for  8  hours  to  conduct  oxidation  while  continuously  feeding  oxygen  so  as 

45  to  maintain  the  reaction  pressure  at  3  kg/cm2G.  During  the  reaction,  a  1.485  mg  (6  x  10-3  mmol)  portion  of 
nickel  acetate  tetrahydrate  was  added  every  2  hours.  The  nickel  acetate  tetrahydrate  added  totaled  up  to 
5.94  mg  (2.4  x  10-2  mmol),  which  corresponded  to  0.08  mol%  based  on  DIPN. 

The  DIPN  conversion  was  92.8  mol%,  and  the  yield  of  2,6-bis(2-hydroperoxy-2-propyl)naphthalene  was 
33.4  mol%.  In  addition,  2-(2-hydroxy-2-propyl)-6-(2-hydroperoxy-2-propyl)naphthalene,  2,6-bis(2-hydroxy-2- 

50  propyl)naphthalene,  2-(2-hydroperoxy-2-propyl)-6-isopropylnaphthalene,  and  2-(2-hydroxy-2-propyl)-6- 
isopropylnaphthalene  were  produced  in  yields  of  19.1  mol%,  3.3  mol%,  25.2  mol%,  and  8.9  mol%, 
respectively.  The  conversion  of  the  isopropyl  groups  was  75.8  mol%. 

COMPARATIVE  EXAMPLE  2 
55 

Oxidation  of  DIPN  was  carried  out  in  the  same  manner  as  in  Example  5,  except  for  using  no  nickel 
acetate. 
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The  DIPN  conversion  was  89.6  mol%,  and  the  yield  of  2,6-bis(2-hydroperoxy-2-propyl)naphthalene  was 
29.7  mol%.  In  addition,  2-(2-hydroxy-2-propyl)-6-(2-hydroperoxy-2-propyl)naphthalene,  2,6-bis(2-hydroxy-2- 
propyl)naphthalene,  2-(2-hydroperoxy-2-propyl)-6-isopropylnaphthalene,  and  2-(2-hydroxy-2-propyl)-6- 
isopropylnaphthalene  were  produced  in  yields  of  11.9  mol%,  1.2  mol%,  35.3  mol%,  and  7.9  mol%, 

5  respectively.  The  conversion  of  the  isopropyl  groups  was  67.9  mol%. 
According  to  the  process  of  the  present  invention  characterized  in  that  a  specific  metal  ion  is  present  in 

the  reaction  system,  the  phenomenon  that  the  oxidation  reaction  virtually  stops  in  its  course,  failing  to  obtain 
an  increased  conversion  of  secondary  alkyl  groups,  which  phenomenon  has  been  conventionally  associated 
with  the  use  of  an  apparatus  made  of  an  iron-containing  metal,  can  be  eliminated.  Thus,  even  in  using  an 

io  apparatus  made  of  an  iron-containing  metal  generally  employed  in  production  industry,  a  high  conversion  of 
secondary  alkyl  groups  can  be  reached,  and  the  desired  polyhydroperoxide  can  be  obtained  in  a  high  yield. 

Claims 

is  1.  A  process  for  preparing  a  polyhydroperoxy  aromatic  compound  which  comprises  reacting  a  poly- 
secondary  alkyl-substituted  aromatic  hydrocarbon  with  the  secondary  alkyl  groups  on  carbon  atoms 
that  are  not  adjacent  to  each  other  on  the  aromatic  ring  thereof  with  a  molecular  oxygen-containing  gas 
in  a  basic  aqueous  solvent  in  the  presence  of  a  surface  active  agent,  wherein  a  reaction  apparatus  with 
its  part  in  contact  with  a  reaction  liquid  comprising  a  metal  containing  10%  by  weight  or  more  of  iron  is 

20  used,  and  the  reaction  is  carried  out  in  the  presence  of  a  metal  ion  selected  from  a  cobalt  ion,  a  nickel 
ion,  a  zinc  ion,  and  a  lead  ion. 

2.  A  process  as  claimed  in  claim  1,  wherein  said  aromatic  hydrocarbon  contains  from  1  to  8  aromatic 
rings. 

25 
3.  A  process  as  claimed  in  claim  1  ,  wherein  said  aromatic  hydrocarbon  has  from  2  to  4  secondary  alkyl 

groups. 

4.  A  process  as  claimed  in  claim  1  ,  wherein  said  secondary  alkyl  groups  each  have  from  3  to  9  carbon 
30  atoms. 

5.  A  process  as  claimed  in  claim  1,  wherein  said  metal  containing  iron  is  selected  from  carbon  steel, 
stainless  steel,  cast  iron,  and  Hastelloy®  A. 

35  6.  A  process  as  claimed  in  claim  1,  wherein  a  metallic  compound  supplying  said  metal  ion  is  present  in 
an  amount  of  from  0.0001  to  5  mol  %  based  on  said  aromatic  hydrocarbon. 

7.  A  process  as  claimed  in  claim  1  ,  wherein  said  surface  active  agent  is  present  in  an  amount  of  from 
0.001  to  5%  by  weight  based  on  said  aromatic  hydrocarbon. 

40 
8.  A  process  as  claimed  in  claim  1  ,  wherein  said  reaction  is  carried  out  in  the  presence  of  ammonia,  an 

ammonium  salt,  or  a  substance  which  decomposes  in  the  reaction  system  to  release  ammonia. 

9.  A  process  as  claimed  in  claim  8,  wherein  said  ammonia,  ammonium  salt  or  substance  which 
45  decomposes  in  the  reaction  system  to  release  ammonia  is  present  in  an  amount  of  from  0.01  to  300% 

by  weight  based  on  said  aromatic  hydrocarbon. 

10.  A  process  as  claimed  in  claim  1,  wherein  said  molecular  oxygen  is  pure  oxygen  or  air. 

50  11.  A  process  as  claimed  in  claim  1,  wherein  said  reaction  is  carried  out  at  a  temperature  of  from  60°  to 
150°C. 

12.  A  process  as  claimed  in  claim  1,  wherein  said  reaction  is  carried  out  under  normal  pressure  or  under  a 
pressure  up  to  1100  kPa  (10  kg/cm2G). 

55 
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Patentanspruche 

1.  Verfahren  zur  Herstellung  einer  aromatischen  Polyhydroperoxyverbindung,  das  eine  Reaktion  eines 
mehrfach  mit  einer  sekundaren  Alkylgruppe  substituierten  aromatischen  Kohlenwasserstoffs,  der  die 

5  sekundaren  Alkylgruppen  an  einander  nicht  benachbarten  Kohlenstoffatomen  am  aromatischen  Ring 
hat,  mit  einem  molekularen  Sauerstoff  enthaltenden  Gas  in  einem  waBrigen  basischen  Losungsmittel  in 
Gegenwart  eines  oberflachenaktiven  Mittels  umfaBt,  wobei  eine  Reaktionsapparatur  verwendet  wird, 
deren  mit  Reaktionsflussigkeit  in  Beruhrung  kommende  Teil  ein  Metall  enthalt,  das  10  Gew.-%  oder 
mehr  Eisen  enthalt;  und  die  Reaktion  in  Gegenwart  eines  Metallions,  ausgewahlt  aus  Kobaltion, 

io  Nickelion,  Zinkion  und  Bleiion,  durchgefuhrt  wird. 

2.  Verfahren  nach  Anspruch  1,  in  dem  der  aromatische  Kohlenwasserstoff  1  bis  8  aromatische  Ringe 
enthalt. 

is  3.  Verfahren  nach  Anspruch  1  ,  in  dem  der  aromatische  Kohlenwasserstoff  2  bis  4  sekundare  Alkylgruppen 
enthalt. 

4.  Verfahren  nach  Anspruch  1,  in  dem  die  sekundare  Alkylgruppen  jeweils  3  bis  9  Kohlenstoffatome 
haben. 

20 
5.  Verfahren  nach  Anspruch  1,  in  dem  das  Metall,  das  Eisen  enthalt,  aus  Kohlenstoffstahl,  nichtrostendem 

Stahl,  GuBeisen  und  Hastelloy®  A  ausgewahlt  ist. 

6.  Verfahren  nach  Anspruch  1,  in  dem  eine  metallische  Verbindung,  die  das  Metallion  liefert,  in  einer 
25  Menge  von  0,0001  bis  5  Mol%,  bezogen  auf  den  aromatischen  Kohlenwasserstoff,  vorhanden  ist. 

7.  Verfahren  nach  Anspruch  1  ,  in  dem  das  oberflachenaktive  Agens  in  einer  Menge  von  0,001  bis  5  Gew.- 
%,  bezogen  auf  den  aromatischen  Kohlenwasserstoff,  vorhanden  ist. 

30  8.  Verfahren  nach  Anspruch  1  ,  in  dem  die  Reaktion  in  Gegenwart  von  Ammoniak,  einem  Ammoniumsalz 
oder  einer  Substanz,  welche  sich  im  Reaktionssystem  unter  Freisetzung  von  Ammoniak  zersetzt, 
durchgefuhrt  wird. 

9.  Verfahren  nach  Anspruch  8,  in  dem  das  Ammoniak,  das  Ammoniumsalz  oder  die  Substanz,  die  sich  im 
35  Reaktionssystem  unter  Freisetzung  von  Ammoniak  zersetzt,  in  einer  Menge  von  0,001  bis  300  Gew.-%, 

bezogen  auf  den  aromatischen  Kohlenwasserstoff,  vorhanden  ist. 

10.  Verfahren  nach  Anspruch  1,  in  dem  der  molekulare  Sauerstoff  reiner  Sauerstoff  oder  Luft  ist. 

40  11.  Verfahren  nach  Anspruch  1,  in  dem  die  Reaktion  bei  einer  Temperatur  zwischen  60°  und  150  °C 
durchgefuhrt  wird. 

12.  Verfahren  nach  Anspruch  1,  in  dem  die  Reaktion  bei  Normaldruck  oder  einem  Druck  von  bis  zu  1100 
kPa  (10  kg/cm2G)  durchgefuhrt  wird. 

45 
Revendicatlons 

1.  Procede  de  preparation  d'un  compose  aromatique  a  groupement  polyhydroperoxy  qui  comprend  la 
reaction  d'un  hydrocarbure  aromatique  poly(alkyl  secondaire)substitue,  possedant  des  groupements 

50  alkyle  secondaire  sur  les  atomes  de  carbone  en  position  non  adjacente  les  uns  par  rapport  aux  autres 
sur  le  noyau  aromatique,  avec  un  gaz  contenant  de  I'oxygene  moleculaire,  dans  un  solvant  basique 
aqueux  en  presence  d'un  agent  tensioactif,  dans  lequel  on  utilise  un  appareil  de  reaction  dont  la  partie 
en  contact  avec  un  liquide  reactionnel  comprend  un  metal  contenant  au  moins  10  %  en  masse  de  fer 
et  dans  lequel  on  met  en  oeuvre  la  reaction  en  presence  d'un  ion  metallique  choisi  parmi  un  ion  cobalt, 

55  un  ion  nickel,  un  ion  zinc  et  un  ion  plomb. 

2.  Procede  selon  la  revendication  1,  dans  lequel  ledit  hydrocarbure  aromatique  contient  entre  1  et  8 
noyaux  aromatiques. 
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3.  Procede  selon  la  revendication  1,  dans  lequel  ledit  hydrocarbure  aromatique  possede  entre  2  et  4 
groupements  alkyle  secondaire. 

4.  Procede  selon  la  revendication  1  ,  dans  lequel  lesdits  groupements  alkyle  secondaire  possedent  chacun 
5  entre  3  et  9  atomes  de  carbone. 

5.  Procede  selon  la  revendication  1,  dans  lequel  ledit  metal  contenant  du  fer  est  choisi  parmi  I'acier  au 
carbone,  I'acier  inoxydable,  le  fer  fondu  et  Hastelloy®  A. 

io  6.  Procede  selon  la  revendication  1,  dans  lequel  un  compose  metallique  fournissant  ledit  ion  metallique 
est  present  a  raison  de  0,0001  a  5  %  en  mol  par  rapport  audit  hydrocarbure  aromatique. 

7.  Procede  selon  la  revendication  1  ,  dans  lequel  ledit  agent  tensioactif  est  present  a  raison  de  0,001  a  5 
%  en  masse  par  rapport  audit  hydrocarbure  aromatique. 

15 
8.  Procede  selon  la  revendication  1  ,  dans  lequel  on  met  en  oeuvre  ladite  reaction  en  presence  d'ammo- 

niac,  d'un  sel  d'ammonium  ou  d'une  substance  qui  se  decompose  dans  le  systeme  reactionnel  pour 
liberer  de  1'ammoniac. 

20  9.  Procede  selon  la  revendication  8,  dans  lequel  ledit  ammoniac,  ledit  sel  ammonium  ou  ladite  substance 
qui  se  decompose  dans  le  systeme  reactionnel  pour  liberer  de  I'ammoniac  est  present(e)  a  raison  de 
0,01  a  300  %  en  masse  par  rapport  audit  hydrocarbure  aromatique. 

10.  Procede  selon  la  revendication  1,  dans  lequel  ledit  oxygene  moleculaire  est  de  I'oxygene  pur  ou  de 
25  I'air. 

11.  Procede  selon  la  revendication  1,  dans  lequel  on  met  en  oeuvre  ladite  reaction  a  une  temperature 
comprise  entre  60  °  C  et  1  50  °  C. 

30  12.  Procede  selon  la  revendication  1,  dans  lequel  on  met  en  oeuvre  ladite  reaction  sous  pression 
atmospherique  standardised  ou  sous  une  pression  s'elevant  a  1100  kPa  (10  kg/cm2G). 

35 
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