
9 October 2006  1 DESCRIPTION  METHOD FOR PREPARING RUTHENIUM-CARRYING
ALUMINA AND  METHOD FOR OXIDIZING ALCOHOL 5 FIELD OF THE INVENTION The
present invention relates to a process for preparing  a ruthenium-carrying
alumina, and a process for producing  ketones, aldehydes, carboxylic acids
and the like by oxidizing 10 alcohols with a molecular oxygen in the
presence of a  ruthenium-carrying alumina as a catalyst. PRIOR ART As a
process for oxidizing alcohols, a process of  15 contacting the alcohols
with molecular oxygen in the presence  of a ruthenium catalyst is known.
For example, US Patent No.  4,996,007 proposes to carry out the above
oxidation reaction  in the presence of a ruthenium catalyst such as a
ruthenium- carrying alumina, a ruthenium-carrying carbon, etc. together 20
with an oxygen-activator such as dihydrodihydroxynaphthalene.
JP-A-11-226417 proposes to carry out the above oxidation  reaction in the
presence of a ruthenium catalyst such as
dichlorotris-(triphenylphosphine)ruthenium, tetrapropylammonium
perruthenate salt, a ruthenium-carrying  25 carbon, etc. together with
dioxybenzenes or their oxidized  derivatives. Furthermore, JP-A-2000-70723
proposes to carry  out the above oxidation reaction in the presence of a
ruthenium-containing hydrotalcite. However, the ruthenium catalysts used in
the above  30 conventional processes do not necessarily have sufficient
catalytic activities so that the desired conversion of the 



9 October 2006  2 alcohols is not achieved. Therefore, the conventional
processes may not be satisfactory in the productivity of  oxidized
products. SUMMARY OF THE INVENTION 5 One object of the present invention is
to provide a  process for preparing a ruthenium catalyst having a good
activity to oxidize alcohols. Another object of..the present invention is
to provide  a process for preparing ketones, aldehydes, carboxylic 10 acids
and the like at a high productivity by oxidizing  alcohols at a high
conversion using a catalyst prepared by  the process described above.
Accordingly, the present invention provides a process  for preparing a
ruthenium-carrying alumina comprising the  15 steps of suspending alumina
in a solution containing trivalent ruthenium and adding a base to the
suspension,  and a process for oxidizing an alcohol comprising the step  of
contacting the alcohol with molecular oxygen in the  presence of a
ruthenium-carrying alumina prepared by the 20 process described above.
Furthermore, the present  invention provides a process for preparing a
carbonyl  compound comprising oxidizing an alcohol by the oxidizing
process described above. DETAILED DESCRIPTION OF THE INVENTION 25 In the
process for preparing a ruthenium-carrying  alumina according to the
present invention, trivalent  ruthenium (ruthenium(III)) is utilized as a
ruthenium  source, and alumina is suspended in a solution containing,
trivalent ruthenium. . 



30 Examples of ruthenium compounds which can be used as 9 October 2006  3
sources of trivalent ruthenium include ruthenium halides  such as
ruthenium(III) chloride, ruthenium(III) bromide,  etc.; oxo acid salts such
as ruthenium(III) nitrate,  ruthenium(III) sulfate, etc.; and so on. They
may be used 5 as a mixture of two or more of them, if desired. Among  them,
ruthenium halides such as ruthenium(III) chloride are  preferable. Water is
usually used as a solvent of the ruthenium  solution, although a mixed
solvent of water and an organic  10 solvent, or an organic solvent alone
may be used, if necessary. The amount of the solvent is adjusted such that
a ruthenium concentration in the solution is usually from  0.1 mM to 1 M.
preferably from 1 mM to 100 mM. The kind of alumina to be suspended in the
ruthenium  15 solution is not limited, and various kinds of alumina such
as a-alumina, P-alumina, y-alumina, etc. may be used.  Among them,
y-alumina is preferably used. The amount of  alumina is adjusted such that
an ruthenium content in the  ruthenium-carrying alumina is usually from 0.1
to 20% by 20 weight, preferably from 0.5 to 10% by weight. Then, a base is
added to the suspension of alumina  prepared in the previous step to adjust
the pH of the  suspension to usually at least 8, preferably at least 10,
more preferably 12 to 14. If no base is added, the 25 activity of the
ruthenium-carrying alumina as a catalyst  for oxidizing alcohols is not
sufficiently high. Examples of the base include metal hydroxides such as
sodium hydroxide, potassium hydroxide, magnesium hydroxide,  



etc.; metal carbonates such as sodium carbonate, potassium 30 carbonate,
magnesium carbonate, etc.; metal acetates such 9 October 2006  4 as sodium
acetate, potassium acetate, etc.; ammonia; and  the like. They may be used
as a mixture of two or more of  them, if desired. After the addition of the
base, the suspension is 5 subjected to solid-liquid separation treatment.
Thereby,  the ruthenium-carrying alumina is recovered from the  suspension.
The solid-liquid separation treatment is  usually filtration or
decantation. The recovered  ruthenium-carrying alumina may optionally be
post-treated 10 such as washing with water, drying, etc. The
ruthenium-carrying alumina prepared by the above  process is preferably
used as a catalyst for oxidizing an  alcohol with molecular oxygen. This
oxidation reaction may  be carried out either in a liquid phase or in a gas
phase. 15 Preferably, it is carried out in the liquid phase. The amount of
the ruthenium-carrying alumina used in  the oxidizing process is usually
from 0.000001 to 1 mole,  preferably from 0.0001 to 0.1 mole, more
preferably from  0.001 to 0.05 mole, in terms of ruthenium per one mole of
20 the alcohol. The alcohol as a substrate to be oxidized may be a.
primary alcohol or a secondary alcohol, and may be a  monohydric alcohol or
a polyhydric alcohol. The alcohol  may be used as a mixture of two or more
of alcohols, if  25 desired. Preferably, the alcohol as a substrate is an
alcohol  represented by the following formula (1), (2) or (3): 



OH  30 R1-C-H (1)  I H 9 October 2006  5 wherein R' represents a hydrogen
atom; a hydrocarbon group  which may optionally be substituted with at
least one  substituent selected from the group consisting of a halogen
atom, a nitro group, an alkoxy group, a phenoxy group and 5 an acyloxy
group; or a heterocyclic group,  OH R2-C-R3 (2)  1 10 H wherein R2 and R3
represent independently each other a  hydrocarbon group which may
optionally be substituted with  at least one substituent selected from the
group consisting  of a halogen atom, a nitro group, an alkoxy group, a 15
phenoxy group and an acyloxy group; or a heterocyclic group,  while R2 and
R3 may be combined to form a ring together with the carbon atom to which
they are bonded,  OH OH 20 R4-C-X-C-R5 (3)  H H wherein X represents a
single bond or a divalent  hydrocarbon group, and R4 and R5 represent
independently  25 each other a hydrogen atom; a hydrocarbon group which may
optionally be substituted with at least one substituent  selected from the
group consisting of a halogen atom, a  nitro group, an alkoxy group, a
phenoxy group and an  



acyloxy group; or a heterocyclic group, while R4 and R5 may 30 be combined
to form a ring together with the carbon atoms  to which R4, R5 and X are
bonded. When R' in the formula (1) is a hydrocarbon group  which may
optionally be substituted with at least one  substituent selected from the
group consisting of a halogen 9 October 2006  6 atom, a nitro group, an
alkoxy group, a phenoxy group and  an acyloxy group, the hydrocarbon group
is preferably an  alkyl group, a cycloalkyl group, an alkenyl group, an
aryl  group, an arylalkyl group or an arylalkenyl group, each of 5 which
has 1 to 20 carbon atoms. The alkoxyl group and the  acyloxy group as a
substituent of the hydrocarbon group may  have 1 to 10 carbon atoms. When
R1 is a heterocyclic group, it preferably has at  least one hetero atom
selected from oxygen, nitrogen and 10 sulfur atoms. The heterocyclic group
is preferably a five- or six-membered ring. When R2 or R3 in the formula
(2) is a hydrocarbon  group which may optionally be substituted with at
least one  substituent selected from the group consisting of a halogen 15
atom, a nitro group, an alkoxy group, a phenoxy group and  an acyloxy
group, the hydrocarbon group is preferably an  alkyl group, a cycloalkyl
group, an alkenyl group, an aryl  group, an arylalkyl group or an
arylalkenyl group, each of  which has 1 to 20 carbon atoms. The alkoxyl
group and the 20 acyloxy group as a substituent of the hydrocarbon group
may  have 1 to 10 carbon atoms. When R2 or R3 is a heterocyclic group, it
preferably  has at least one hetero atom selected from oxygen, nitrogen  



and sulfur atoms. The heterocyclic group is preferably a  25 five- or
six-membered ring. When R2 and R3 are combined to form a ring together
with the carbon atom to which they are bonded, the ring is  preferably a
monocyclic or polycyclic ring having 5 to 20  carbon atoms 30 When X in the
formula (3) is a divalent hydrocarbon 9 October 2006  7 group, it is
preferably an alkylidene group, an alkylene  group or an arylene group each
of which has 1 to 20 carbon  atoms. When R4 or R5 in the formula (3) is a
hydrocarbon 5 group which may optionally be substituted with at least one
substituent selected from the group consisting of a halogen  atom, a nitro
group, an alkoxy group, a phenoxy group and  an acyloxy group, the
hydrocarbon group is preferably an  alkyl group, a cycloalkyl group, an
alkenyl group, an aryl 10 group, an arylalkyl group or an arylalkenyl
group, each of  which has 1 to 20 carbon atoms. The alkoxyl group and the
acyloxy group as a substituent of the hydrocarbon group may  have 1 to 10
carbon atoms. When R4 or R5 is a heterocyclic group, it preferably  15 has
at least one hetero atom selected from oxygen, nitrogen  and sulfur atoms.
The heterocyclic group is preferably a  five- or six-membered ring. When R4
and R5 are combined to form a ring together  with the carbon atoms to which
R4, R5 and X are bonded, the  20 ring is preferably a monocyclic or
polycyclic ring having 5  to 20 carbon atoms. Specific examples of the
alcohol represented by the  



formula (1) include methanol, ethanol, 1-propanol, 1- butanol, 1-pentanol,
1-hexanol, 1-heptanol, 1-octanol, 1 25 decanol, 1-eicosanol,
3-methyl-l-butanol, 3,3-dimethyl-l- butanol, 4-methyl-l-pentanol,
2-methyl-l-pentanol, 2,2- dimethyl-1-pentanol, 5-methyl-l-hexanol,
3-chloro-l- propanol, allyl alcohol, geraniol, benzyl alcohol, p-
methylbenzyl alcohol, p-methoxybenzyl alcohol, p 30 chlorobenzyl alcohol,
p-nitrobenzyl alcohol, 2 9 October 2006  8 phenylethanol,
2-(p-chlorophenyl)ethanol, cinnamyl alcohol,  furfuryl alcohol,
2-thiophenemethanol, etc. Specific . examples of, the alcohol represented
by the  formula (2) include 2-propanol, 2-butanol, 2-pentanol, 2- 5
hexanol, 2-heptanol, 2-octanol, 2-decanol, 2-eicosanol, 3 pentanol,
3-hexanol, 3-heptanol, 3-decanol, 3-eicosanol, 4- heptanol, 4-decanol,
4-eicosanol, 3-methyl-2-butanol, 3,3- dimethyl-2-butanol,
4-methyl-2-pentanol, 2-methyl-3- pentanol, 2,2-dimethyl-3-pentanol,
5-methyl-3-hexanol, 1 10 chloro-2-propanol, 1-bromo-2-propanol,
1-methoxy-2-propanol,  1-phenoxy-2-propanol, 1-acetoxy-2-propanol,
3-penten-2-ol,  1-phenylethanol, cyclopropylphenylmethanol, benzhydrol, 1-
(p-tolyl)ethanol, 1-(p-chlorophenyl)ethanol, 1-(p bromophenyl)ethanol,
1-(p-methoxyphenyl)ethanol, 1-(p- 15 phenoxyphenyl)ethanol,
i-(p-acetoxyphenyl)ethanol, 1- phenyl-2-propanol, 1-(p-tolyl)-2-propanol,
1-(p chlorophenyl)-2-propanol, 1-(p-bromophenyl)-2-propanol, 1-
(p-methoxyphenyl)-2-propanol, 1-(p-phenoxyphenyl)-2- propanol,
1-(p-acetoxyphenyl)-2-propanol, cyclopentanol, 20 cyclohexanol,
cycloheptanol, cyclooctanol, cyclododecanol,  exo-norborneol,
endo-norborneol, 1-indanol, 1-tetralol, 9- 



fluorenol, etc. Specific examples-of the alcohol represented by the
formula (3) include ethylene glycol, propylene glycol, 1,3- 25 propanediol,
1,2-butanediol, 1,3-butanediol, 1,4-butanediol, 2,3-butanediol,
1,2-pentanediol, 1,5-pentanediol, 1,2- hexanediol, 1,6-hexanediol,
1,2-heptanediol, 1,7- heptanediol, 1,2-octanediol, 1,8-octanediol,
1,2-decanediol,  1,10-decanediol, 3-methyl-1,2-butanediol,
3,3-dimethyl-1,2-. 30 butanediol, 4-methyl-i,2-pentanediol, 5-methyl-1,2 9
October 2006  9 hexanediol, 3-chloro-1,2-propanediol, 3-butene-l,2-diol, 4-
pentene-1,2-diol, 1-phenylethane-1,2-diol, 1-(4-
methylphenyl)ethane-1,2-diol, 1-(4-methoxyphenyl)ethane- 1,2-diol,
1-(4-chlorophenyl)ethane-1,2-diol, 1-(4 5 nitrophenyl)ethane-1,2-diol,
1-cyclohexylethane-1,2-diol,  1,2-cyclohexanediol, etc. Oxygen gas or an
air can be used as a molecular oxygen  source to be used in the oxidation
reaction, and the oxygen  gas or air may be diluted with an inert gas such
as 10 nitrogen, carbon dioxide, helium, etc. The contact of the alcohol
with molecular oxygen can  be carried out by placing a liquid containing
the alcohol  and the ruthenium-carrying alumina in the atmosphere of a
molecular oxygen-containing gas, or by bubbling the 15 molecular
oxygen-containing gas through such a liquid.  The oxidation reaction may be
carried out in the  presence of a solvent, which is less active to the
oxidation reaction than alcohol. Examples of such a  solvent include
halogenated hydrocarbons such as 20 dichloromethane, dichloroethane,
chloroform, etc.; esters  



such as isobutyl'acetat'e, tert-butyl'acetate, etc.;  nitriles such as
acetonitrile, etc.; aromatic hydrocarbons  such as toluene, etc.;
halogenated aromatic hydrocarbons  such as chlorobenzene, trifluorotoluene,
etc.; and the like. 25 When the solvent is used, the amount thereof is
usually  from 1 to 100,000 parts by weight, preferably from 10 to  10,000
parts by weight, per 100 parts by weight of the  alcohol. In the oxidation
reaction, a reaction temperature is  30 usually from 20 to 300C, preferably
from 50 to 200C, and 9 October 2006  10 a reaction pressure is usually from
0.1 to 10 MPa. The  oxidation reaction may.be carried out continuously or
batchwise. The above oxidation reaction produces various carbonyl  5
compounds as oxidation products from the alcohols as the  substrates. For
example, when the alcohol is a primary  alcohol, a corresponding aldehyde
and/or carboxylic acid  can be produced. When the alcohol is a secondary
alcohol,  a corresponding ketone can be produced. When the alcohol 10 is a
polyhydric alcohol, a corresponding polycarbonyl  compound can be.produced.
When the alcohol represented by the formula (1) is  used, an aldehyde
represented by the formula (4): 0  15 II (4 )  Rl-C-H wherein R1 is the
same as defined above, and/or a  carboxylic acid represented by the formula
(5):  0 



20 II (5)  R1-C-OH wherein R1 is the same as defined above, can be produced
as  an oxidation product. When the alcohol represented by the formula (2)
is  25 used, a ketone represented by the formula (6): 0  II (6)  Rz-C-R3
wherein R2 and R3 are the same as defined above, can be  30 produced as an
oxidation product. When the alcohol represented by the formula (3) is
used, a compound represented by the formula (7): O O II II ( 7 )  35
R6-C-X-C-R7 9 October 2006  11 wherein X is the same as defined above; and
R6 represents a  hydrogen atom or a hydroxyl group when R4 is a hydrogen
atom or R6 is the same as R4 when R4 is a group other than a  hydrogen
atom; and R7 represents a hydrogen atom or a 5 hydroxyl group when R5 is a
hydrogen atom or R 7 is the same  as R5 when R5 is a group other than a
hydrogen atom, can be  produced as an oxidation product. The oxidation
product or products can be recovered  from the reaction mixture by
optionally subjecting the  10 mixture to filtration, concentration,
washing, alkali treatment, acid treatment, etc. and then purifying the
product or products by distillation, crystallization, etc.  When the
ruthenium-carrying alumina prepared by the 



process of the present invention is used as a catalyst, the  15 alcohols
can be oxidized with molecular oxygen at a high  conversion. Thus, the
oxidation products such as ketones,  aldehydes, carboxylic acids, etc. can
be produced from the  alcohols with a good productivity by such a process.
EXAMPLES 20 The present invention will be illustrated by the  Examples,
which do not limit the scope of the invention in.  any way. In the
Examples, the reaction mixture was analyzed by  gas chromatography, and the
conversion of a substrate and  25 the selectivity to each product are
calculated by the  following formulas: Conversion  (molecular amount of
consumed substrate/molecular amount of  used substrate) x 100 30
Selectivity (%) _ 9 October 2006  12 (molecular amount of each
product/molecular amount of  consumed substrate) x 100 Preparation of
ruthenium-carrying alumina  5 (Examples 1-2 and Comparative Example 1)
Example 1 In 60 ml of aqueous solution of ruthenium(III)  chloride (8.3
mM), y-alumina (2.0 g) (Reference catalyst  JRC-ALO-4 of the Society of
Catalyst, specific surface 10 area : 177 m2/g) was added and suspended, and
the  suspension was stirred at room temperature for 15 minutes.  At this
time, the suspension had a pH of 2.1. Thereafter,  a 1 M aqueous solution
of sodium hydroxide was added to the  



suspension to adjust pH to 13.2, and then the suspension 15 was stirred at
room temperature for 24 hours. The  suspension was filtrated, and the
residual solid was washed  with water and dried to obtain a
ruthenium-carrying alumina  (2.1 g) (ruthenium content: 2.28% by weight,
specific surface area: 182 m2/g).  20 Example 2 In 60 ml of aqueous
solution of ruthenium(III)  chloride (8.3 mM), y-alumina (2.0 g) (KHS-24
manufactured  by Sumitomo Chemical Co., Ltd., specific surface area: 163
m2/g) was added and suspended, and the suspension was 25 stirred at room
temperature for 15 minutes. At this time,  the suspension had a pH of 2.3.
Thereafter, a 1 M aqueous  solution of sodium hydroxide (26.4 ml) was added
to the  suspension to adjust pH to 13.2, and then the suspension  was
stirred at room temperature for 24 hours. The 30 suspension was filtrated,
and the residual solid was washed 13 9 October 2006  with water and dried
to obtain a ruthenium-carrying alumina  (1.9 g) (ruthenium content: 2.45%
by weight, specific surface area: 187 m2/g).  Comparative Example 1 5 In 60
ml of aqueous solution of ruthenium(III)  chloride (8.3 mM), y-alumina (2.0
g) (Reference catalyst  JRC-ALO-4 of the Society of Catalyst, specific
surface  area: 177 m2/g) was added and suspended, and the suspension  was
stirred at room temperature for 24 hours. Then, the 10 resulting suspension
having a pH of 2.4 was filtrated, and  the residual solid was washed with
water and dried to  obtain a ruthenium-carrying alumina (2.0 g) (ruthenium
content: 1.74% by weight, specific surface area: 180 m2/g). 



Oxidation of Alcohol 15 (Examples 3-25 and Comparative Example 2)  Example
3 The ruthenium-carrying alumina prepared in Example 1  (0.044 g) was added
to and suspended in trifluorotoluene  (1.5 ml) and stirred at room
temperature for 5 minutes. To 20 the suspension, benzyl alcohol (0.108.g)
was added, and  oxidized by flowing oxygen through the suspension at 83C
for 24 hours while stirring. The reaction mixture was  analyzed. The
conversion of benzyl alcohol was 84%, and  the selectivity to benzaldehyde
was more than 99%. 25 Example 4 The ruthenium-carrying alumina prepared in
Example 1  (0.11 g) was added to and suspended in trifluorotoluene  (1.5
ml) and stirred at room temperature for 5 minutes. To  the suspension,
benzyl*alcohol (0.108 g) was added, and 30 oxidized by flowing oxygen
through the suspension at 83C 9 October 2006  14 for 1 hour while stirring.
The reaction mixture was  analyzed. The conversion of benzyl alcohol was
99%, and  the selectivity to benzaldehyde was more than 99%.  Example 5 5
The same procedures as in Example 4 were repeated  except that air was
flowed through the suspension in place  of oxygen, and the reaction time
was changed to be 4 hours.  The conversion of benzyl alcohol was 98%, and
the  selectivity to benzaldehyde was more than 99%. 10 Example 6 The same
procedures as in Example 4 were repeated  except that p-methylbenzyl
alcohol was used as a substrate  



in place of benzyl alcohol. The conversion of p- methylbenzyl alcohol was
more than 99%, and the selectivity 15 to p-methylbenzaldehyde was more than
99%.  Example 7 The same procedures as in Example 4 were repeated  except
that p-methoxybenzyl alcohol was used as a substrate  in place of benzyl
alcohol. The conversion of p 20 methoxybenzyl alcohol was more than 99%,
and the  selectivity to p-methoxybenzaldehyde was more than 99%.  Example 8
The same procedures as in Example 4 were repeated  except that
p-chlorobenzyl alcohol was used as a substrate  25 in place of benzyl
alcohol. The conversion of p chlorobenzyl alcohol was more than 99%, and
the selectivity  to p-chlorobenzaldehyde was more than 99%. Example 9. The
same procedures as in Example 4 were repeated  30 except that p-nitrobenzyl
alcohol was used as a substrate 15 9 October 2006  in place of benzyl
alcohol, and the reaction time was  changed to be 3 hours. The conversion
of p-nitrobenzyl  alcohol was 97%, and the selectivity to
p-nitrobenzaldehyde  was more than 99%. 5 Example 10 The same procedures as
in Example 4 were repeated  except that 1-phenylethanol was used as a
substrate in  place of benzyl alcohol. The conversion of 1-phenylethanol
was more than.99%, and the selectivity to acetophenone was  10 more than
99%. Example 11 The same procedures as in Example 4 were repeated  



except that cyclopropylphenylmethanol was used as a  substrate in place of
benzyl alcohol. The conversion of 15 cyclopropylphenylmethanol was, more
than 99%, and the  selectivity to cyclopropylphenylketone was more than
99%.  Example 12 The same procedures as in Example 4 were repeated  except
that cinnamyl alcohol was used as a substrate in  20 place of benzyl
alcohol, and the reaction time was changed to be 1.5 hours. The conversion
of cinnamyl alcohol was  more than 99%, and the selectivity to
cinnamaldehyde was  98%. Example 13 25 The same procedures as in Example 4
were repeated  except that geraniol was used as a substrate in place of
benzyl alcohol, and the reaction time was changed to be 6  hours. The
conversion of geraniol was 89%, and the selectivity to geranial was 97%.
30 Example 14 9 October 2006  16 The same procedures as in Example 4 were
repeated  except that 2-pentanol.was used as a. substrate in place of
benzyl alcohol, and the reaction time was changed to 5 be  hours. The
conversion of 2-pentanol was 90%, and the. 5 selectivity to 2-pentanone was
more than 99%.  Example 15 The same procedures as in Example 4 were
repeated  except that 2-octanol was used as a substrate in place of  benzyl
alcohol, and the reaction time was changed to be 2 10 hours. The conversion
of 2-octanol was 91%, and the  selectivity to 2-octanone was more than 99%.



Example 16 The same procedures as in Example 4 were repeated  except that
2-thiophenemethanol was used as a substrate in  15 place of benzyl alcohol,
and the reaction time was changed to be 1.5 hours. The conversion of
2-thiophenemethanol was  more than 99%, and the selectivity to 2-
thiophenecarboxyaldehyde was more than 99%. Example 17 20 The
ruthenium-carrying alumina prepared in Example 1  (0.22 g) was added to and
suspended in trifluorotoluene  (1.5 ml) and stirred at room temperature for
5 minutes. To  the suspension, cyclohexanol (0.100 g) was added, and
oxidized by flowing oxygen through the suspension at 83C 25 for 8 hours
while stirring. The reaction mixture was  analyzed. The conversion of
cyclohexanol was 53%, and the  selectivity to cyclohexanone was more than
99%. Example 18 The same procedures as in Example 17 were repeated  30
except that 3-penten-2-ol was used as a substrate in place 9 October 2006
17 of cyclohexanol, and the reaction time was changed to be 6  hours. The
conversion of 3-penten-2-ol was 84%, and the  selectivity to 3-penten-2-one
was more than 99%. Example 19 5 The same procedures as in Example 17 were
repeated  except that 1-octanol was used as a substrate in place of
cyclohexanol, and the reaction time was changed to 4 be  hours. The
conversion of 1-octanol was 80%, and the  selectivities to 1-octanal and
1-octanoic acid were 85% and  10 10%, respectively. 



Example 20 The same procedures as in Example 17 were repeated  except that
cyclopentanol was used as a substrate in place  of cyclohexanol. The
conversion of cyclopentanol was 92%, 15 and the selectivity to
cyclopentanone was more than 99%.  Example 21 The same procedures as in
Example 17 were repeated  except that cyclooctanol was used as a substrate
in place  of cyclohexanol, and the reaction temperature was changed 20 to
be 6 hours. The conversion of cyclooctanol was 81%, and  the selectivity to
cycloctanone was more than 99%. Example 22 The ruthenium-carrying alumina
prepared in Example 1  (0.11 g) was added to and suspended in
1-phenylethanol 25 (3.05 g) and stirred at room temperature for 5 minutes.
Then, 1-phenylethanol was oxidized by flowing oxygen  through the
suspension at 150C for 18 hours while stirring.  The conversion of
1-phenylethanol was 95%, and the  selectivity to acetophenone was more than
99%. 30 Example 23 9 October 2006  18 The ruthenium-carrying alumina
prepared in Example 1  (0.11 g) was added to and suspended in 2-octanol
(3.25 g)  and stirred at room temperature for 5 minutes. Then, 2- octanol
was oxidized by flowing oxygen through the 5 suspension at 150C for 24
hours while stirring. The  conversion of 2-octanol was 98%, and the
selectivity to 2- octanone was more than 99%. Example 24 The
ruthenium-carrying alumina prepared in Example 2  



10 (0.11 g) was added to and suspended in trifluorotoluene  (1.5 ml) and
stirred at room temperature for 5 minutes. To  the suspension, benzyl
alcohol (0.108 g) was added, and  oxidized by flowing oxygen through the
suspension at 83C  for 1 hour while stirring. The reaction mixture was 15
analyzed. The conversion of benzyl alcohol was 99%, and  the selectivity to
benzaldehyde was more than 99%.  Example 25 The ruthenium-carrying alumina
prepared in Example 2  (0.11 g) was added to and suspended in
trifluorotoluene (5  20 ml) and stirred at room temperature for 5 minutes.
To the  suspension, ethylene glycol (0.071 g) was added, and oxidized by
flowing air through the suspension at 83C for  5 hours and 10 minutes while
stirring. The reaction  mixture was analyzed. The conversion of ethylene
glycol 25 was 72%, and the selectivity to glyoxal was 91%.  Comparative
Example 2 The ruthenium-carrying alumina prepared in Comparative  Example 1
(0.044 g) was added to and suspended in  trifluorotoluene (1.5 ml) and
stirred at room temperature 30 for 5 minutes. To the suspension, benzyl
alcohol (0.108 g) 9 October 2006  19 was added, and oxidized by flowing
oxygen through the  suspension at 83C for 24 hours while stirring. The
reaction mixture was analyzed. The conversion of benzyl  alcohol was 23%,
and the selectivity to benzaldehyde was  5 more than 99%. 9 October 2006
20 CLAIMS  



1. A process for preparing a ruthenium-carrying  alumina, the process
comprising the steps of: suspending alumina in a solution containing
trivalent  5 ruthenium and adding a base to the suspension. 2. A process
for oxidizing an alcohol, the process  comprising the step of: contacting
the alcohol with molecular oxygen in the  10 presence of a
ruthenium-carrying alumina which is prepared  by suspending alumina in a
solution containing trivalent  ruthenium and adding a base to the
suspension. 3. A process for preparing a carbonyl compound, the  process
comprising the step of: 15 oxidizing an alcohol by the process according to
claim  2. 4. The process according to claim 3, wherein said  alcohol is an
alcohol represented by the formula (1):  0H 20 R1-C-H (1)  H wherein R'
represents a hydrogen atom; a hydrocarbon group  25 which may optionally be
substituted with at least one  substituent selected from the group
consisting of a halogen  atom, a nitro group, an alkoxy group, a phenoxy
group and  an acyloxy group; or a heterocyclic group, and said carbonyl
compound is an aldehyde represented by  30 the formula (4): 0 N (4)  R'-C-H



9 October 2006  21 wherein R' is the same as defined above, and/or a
carboxylic acid represented by the formula (5):  0 (5)  5 R'-C-OH wherein
R' is the same as defined above. 5. The process according to claim 3,
wherein said  alcohol is an alcohol represented by the formula (2):  OH 10
I R2-C-R3 (2)  H ,wherein R2 and R3 represent independently each other a 15
hydrocarbon group which may optionally be substituted with  at least one
substituent selected from the group consisting  of a halogen atom, a nitro
group, an alkoxy group, a  phenoxy group and an acyloxy group; or a
heterocyclic group,  while R2 and R3 may be combined to form a ring
together 20 with the carbon atom to which they are bonded, and said
carbonyl compound is a ketone represented by the  formula (6): 0 II (6)  25
R2-C-R3 wherein R2 and R3 are the same as defined above. 6. The process
according to claim 3, wherein said  alcohol is an alcohol represented by
the formula (3):  OH OH 30 I 1 



R4-C-X-C-R5 (3)  I I H H wherein x is a single bond or a divalent
hydrocarbon group,  35 and R4 and R5 represent independently each other a
hydrogen  atom; a hydrocarbon group which may optionally be  substituted
with at least one substituent selected from the 9 October 2006  22 group
consisting of a halogen atom, a nitro group, an  alkoxy group, a phenoxy
group and an acyloxy group; or a  heterocyclic group, while R4 and R5 may
be combined to form  a ring together with the carbon atoms to which R4, R5
and X  5 are bonded, and said carbonyl compound is a compound represented
by the  formula (7): o 0 II II (7)  10 R6-C-X-C-R7 wherein X is the same as
defined above; and R6 represent a  hydrogen atom or a hydroxyl group when
R4 is a hydrogen  atom or R6 is the same as R4 when R4 is a group other
than a  hydrogen atom; and R7 represents a hydrogen atom or a 15 hydroxyl
group when R5 is a hydrogen atom or R7 is the same  as R5 when R5 is a
group other than a hydrogen atom. 


