9 Cctober 2006 1 DESCRI PTION METHOD FOR PREPARI NG RUTHENI UM CARRYI NG
ALUM NA AND METHOD FOR OXI DI ZI NG ALCOHOL 5 FI ELD OF THE | NVEBNGLSIL DB6s
present invention relates to a process for preparing a ruthéniunmcarrying
al um na, and a process for producing ketones, aldehydes, carboxylic acids
and the |ike by oxidizing 10 al cohols with a nol ecul ar oxygen in the
presence of a rutheniumcarrying alumna as a catalyst. PRIOR ART As a
process for oxidizing alcohols, a process of 15 contacting the al cohols
wi th nol ecul ar oxygen in the presence of a rutheniumcatalyst is known.
For exanple, US Patent No. 4,996, (FERPOSEE to carry out the above

oxi dation reaction in the presence of a rutheniumcatalyst such as a

rut henium carrying alumna, a rutheniumcarrying carbon, etc. together 20
wi t h an oxygenlMERHOIMRSR HREPARING RUEVHEN HiMNh CARMEIINE Ml @MBIA AND

JP- A-11- 226417 proposes t0¥§?§é¥ Eﬁ%h5§§D§99&% gibgﬁbion reaction in the

presence of a rutheniumca

di chl orptris-(triphenyl phosphi ne) rut heni um tetrapropyl anmoni um

perrut henate salt, a rutheniumcarrying 25 carbon, etc. together with

di oxybenz2h@sb o?F t FdE r IBXFENT2@H  derivatives. Furthernore, JP-A-2000-70723

proposes to capfy ,oubehhe ;3RAKE 1% dali AL d §a5th 0B bBeLBe £Be$826R 0
rutheniun}contéﬁniﬁg %ﬁgrofglcykég%ibmever, ?ﬁg ru?ﬁen?un1catalysts uséﬁ in
the abovea 3futemviant+cmatyjmpcessesiio nendneeesserteys hafier s giradticamg
catal yti o el vt 67438, 5080 LR2ndgsii89a89ReLokotnY 1452 by oxidizing
10 alcochols with a molecular oxygen in the presence of a

ruthenium-carrying alumina as a catalyst.

PRIOR ART
As a process for oxidizing alcchols, 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 zruthenium-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 wused 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 conventi onal
processes may not be satisfactory in the productivity of oxXiyg L2006

products. SUVWMARY OF THE | NVENTION 5 One object of the present

to provide a

process for preparing a ruthenium catal yst having a good

activity to oxidize al cohols. Another objecf of..the present invention is

to provide a process for preparing ketonest al dehydes, carboxylic 10 acids

and the like at a high productivity by oxidizing alcohols at a high
conversion using a catal yst prepared by the process described above.

A di ly, t t i ti [ f '
Ut hent um war AR SR RS G PRy  fitere R e nBHPRIAP 5
in a solutionfHyedigtiNhdy Intd e dai BN di Al prodRAsEL ¢ Oy Nef

suspensi on,

and a process for oxidizing an al'cohol conprising the step

contacti ng thexldidesd ptiaduats ecul ar oxygen in the presence of a

rut heni um car
Furt her nor e,

rying._al um na reﬁared by the 20 process described above.
@%@“ﬁ?@%éﬁiTq NﬁFQﬁgvides a process for preparing a

e g o ST A RSN HE SRR ¢,

process

scri bed above.

PTI ON OF THE | NVENTI

process for prapaessy faorr gireganrimg a mutigen ialnu mata o rwvighd @ tdwod
present invention, trivalent ruthenium (rutheniun(lll)) is utilized as a

rut henium so

trival ent

10

15

20

25

30

@CEE VIdNd T GRisH A% BediHded in a sol ution containing,
rUthen'uﬂhother object of.the present invention is to provide

a process for preparing ketones, aldehydes, carboxylic

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

' steps of suspending alumina in a solution containing

trivalent ruthenium and adding a base to the suspension,
and a process for oxidizing an alcdhol comprising the step
of contacting the alcchol with molecular oxygen in the
presence of a ruthenium-carrying alumina prepared by the
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. o
DETATLED DESCRIPTION OF THE INVENTION

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.

Examples of ruthenium compounds which can be used as

2 ,
nventron is



30 Exanpl es of rutheni um conpounds which can be used as 9 October 2006 3
sources of trivalent rutheniuminclude ruthenium halides Su@QM% er 2006
ruthenium(111) chloride, rutheniunm(lll) brom de, etc.; oxo aci SAts such
as ruthenium(l1l) nitrate, rutheniun(lll) sulfate, etc.; and so on. They
may be used 5 as a mixture of two or nore OF them if desired. Among them
rut heni um hal i des such as rutheniunm{lIl1) chforide are preferable. Water is
usual |y used as a solvent of the ruthenium solution, although a m xed

sol vent of water and an organic 10 solvent, or an organic sol vent al one

may be used, i, 1Rk I;Eﬁ ﬁﬁ‘g q%ﬂf that
a rut heni um ccgr(tjcent ratl oﬁtltln e SO uftllf%n]{'l%hg %gé l#l?tol?néhjtﬁlﬁ

preferably fremch m¥ traxtH¥h idW ( i) kihboides) m‘ntttﬁeztmxﬁxetlsnt)srtﬁmiﬁhen the
ruthenium 15 solution is not limted, and various kinds of alum na such

as a-al uni na, SCal;uMiXfa,agid| st sudit. awm@nﬂgmﬂ%ﬂrig:xtat@n
y-alumna is preferabl d. T annu t  of IH%um’na S ust ed,such_t
an rut heni um & S%Ihﬁ'tl "ﬁ@ 5 rjl"ca'r'ry:t | lﬁﬂ‘naﬁg‘i’ Y |‘§F 13 0 1
to 20% bys 20 wai Ghipi gt thed rcgmn(bx% to¥ keby Veidyirethen amohipse is
added to the suspension of alumna prepared in the previous step to adjust
t he pH of thethemspendilenium Usidldes atudleast 8ytherreifuwrE@d L) athlogzisde ldge
nore preferably 12 to _14. If no base is added, the 25 activity of the
rutheniun}carPFQQfﬁﬁhﬁﬁ'na as a catalyst for oxidizing al cohols is not
sufficiently high. lies Eﬁ% el ude, Rt @(Irmeﬁﬁgﬂ“ as
sodi um hydr oxi de, po aSS|um (# nagnes%ﬁhthigéégygm

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, pP-alumina, y-alumina, etc. may be used.
Among them, y-alumina is prefeiably 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



etc.; nmetal carbonates such as sodi um carbonate, potassium 30 carbonate,
magnesi um car bonate, etc.; netal acetates such 9 Cctober 200§ o dotits eyl um
acetate, potassiumacetate, etc.; amonia; and the |ike. Théey nmay %e used
as a mxture of two or nore of them if desired. After the addition of the
base, the suspension is 5 subjected to solid-liquid separation treatnent.
Thereby, the rutheniumcarrying alumna is“recovered fromthe suspension.
The solid-liquid separation treatnment is wusually filtration or ‘
decantation. The recovered rutheniumcarrying alum na may optionally be

post-treated 10 sych as yashing ‘r’geéd{}:b%@%ﬁ{é’%%éyégg’ 5‘£5;-T§ﬁﬁmoni?érggﬁy

rut heni um carryi ng al umina prepa ove process Ts pre

used as a cat alpestlfigs. OUKEY iy e PBS@NPE M hik Dt € Colf dfEwdXyHeRordhbs
oxidation reaction may be carri'ed out either in a liquid phase or in a gas

phase. 15 Preftdremd yif idesireshyried out in the |liquid phase. The anount of
the rutheniumcarryi al um na  used in _the oxidizi process (s usually
from 0. 000001 to 1’#‘3?%? tt}b‘%a L] fc?%rﬁr}lf (c)}met otr}%? SHWHPRNSHYR o 18
preferably framy bl t GHOdO Kuid $6548a0iof WASHAERAPET PReraBye of
20 the al cohol . e al cohol as a §hlgtreu€?to bé?og%dlzed may be a¥g9§'
primary al cohdlheorretsaciomoarar mioehcl L urairh Ny becevemsd ofwaeln i thal cohol or

a pol yhydric al cohol. The al cohol  may be used as a m xture of two or nore
of al cohol s, (SUSEENSEY) r e FhEPEST AUt SePAFHAOH LEeatmRt ai® i s an

al cohol  repreagnied, ¥ 118 ¥ DY WM ord D re)r Rodeded
ruthenium~carrying alumina may optionally be post-treated
10 such as washing with water, drying, etc.. ‘

The ruthenium—ﬁarrying 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 0.0001hto.0.1 mole, more preferably from
0.001 to 0.05 mole, in terms of :ﬁthenium 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 R!-C-H . (1)

" H



OH 30 RI-GH (1) | H9 Cctober 2006 5 wherein R represents a hydrogen
atom a hydrocarbon group which may optionally be substitut it h

| east one substituent selected fromthe group consisting of %20#3?65&%6
atom a nitro group, an al koxy group, a phenoxy group and 5 an acyl oxy
group; or a heterocyclic group, OH R2-C (2) 1 10 Hwherein R2 and R3
represent independently each other a hydrdgcarbon group which may
optionally be substituted with at |east one substituent selected fromthe
group consisting of a halogen atom a nitro group, an al koxy group, a 15

h ; het I il e R2 and
P o b coneRafefll A7 Sl Uyde il AL '€ St aribh Srafp "
they are bondgichGhk n%@i&aﬂl%‘Eepéub§iitﬁtéhV‘@i‘£Ei At Xi1egBtespats a

single bond or a divale hydr ocar bon group, and R4 and R5 represent
i ndependent | ysubst theeénbt felectégdfbgentheogroup hgonstatbong gfoaphafibgenmy
optionally be substitufed with at Ieasihone substituent selected froglthe

gr oup consist?ﬂﬂmofaanh%¥%g%ﬁ°%90n?naa PEY 0957 RIp, 2 ARNGNRTXyIFPBEp AL
phenoxy group, angefloxy group; or a heterocyclic group, '
OH

R2-C-R° . (2)

I

10 H
wherein R? and R® represent independently each other a

hydrocarbon group which may optionally be substituted with
at least one substituent selected frbm 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 R?* and R® may be combined to form a ring together

with the carbon atom to which they are bonded,

OH OH
4 | ' 5 ‘
20 R -clz-x-ci:—R (3)
H H

wherein X represents a single bond or a divalent
hydrocarbon group, and R' and R’ represent independently
25 each other a hydrogen atom; a hydrocarbbn group which may
optionally be substituted with at least one substitueﬁt
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 R‘ and R®> may
30 be combined to form a ring together with the carbon atoms
to which R!, R® and X are bonded.
When R' in the formula (1) is a hydrocarbon group
which may optionally.bg‘substituted.with at least one

substituent selected from the group consisting of a halogen



acyl oxy group; or a heterocyclic group, while R4 and R5 nmay 30 be conbi ned

to forma ring together with the carbon atons to which R4, e
bonded. When R in the formula (1) is a hydrocarbon group wﬁﬁ@%&%aé08é

optionally be substituted with at | east one substituent selected fromthe
group consisting of a hal ogen 9 Cctober 200 6 atom a nitro group, an
al koxy group, a phenoxy group and an acyl oxy group, the hydrocarbon group
is preferably an al kyl group, a cycloal kyl group, an al kenyl group, an
aryl group, an arylal kyl group or an aryl al kenyl group, each of 5 which

has 1 to 20 carbon atons. The al koxyl group and the

substituent off%y R dHddR tﬁﬁ?‘{ﬁ’mﬁ%‘ r’?ggl‘m%avgerofq'o algﬁ%gar n%&éﬁ%%’\‘/@en
RL is a heterqgydld dg, RS afplilosdidomtigrdiists Qe fatas oy a4em
sel ected fron1ox3g§ﬁfgﬁ€#$g§é% and 10 sul fur atgﬁ%}ﬂﬁhe heterocyé?gc group
i s preferably aliylverarmp six-agpnbsldy t igrpupihan RALkenE 9uouhe dloraay b
(2) is a hydrocarbon group which na optionaHﬁgt) substituted wth at

| east one ~sulEHIGURren SETRAEY ¥ RS c}rf’gi]%%r}y HPUP mfAGRCh 5

atom a My t1 0 QP nAN Aldpdo Ulition HEAROIMHY WA LA HRKYehe

group, the hydrocarbon group 1s preferably an al kyl group,” a cycl oal kyl

group, an al kelgowrogh & Y4 substltuert afy s Hydroegrbom group may
aryl al kenyl group, each of which has 1 to 20 carbon atons. The al koxyl
group and t he veady|texyl GraagPens aEd@fbst i t uent of the hydrocarbon group

reterably  has at TEASE oNE Rl b oLar Setes| JEPeRt FenPhoryea R Tragas |
least one hetero atom selected from oxygen, nitfogen'and
10 sulfur atoms. The heterocyclic group is preferably a five-
or six-membered ring.

When R? or R® in the formula (2) is a hydrocarbon
group which may optionally be substituted with at least one
substituent selected from the group cpnsisting 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.cr 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 atphs. |

When R? or R® is a heterocyclic group, it preferably
has at least one hetero atoﬁ selected from oxygen, nitrogen
and sulfur atoms. The heterocyclic group is preferably a

25 five- or six-membered ring.

When R? and R° are combined to form a ring together
with the carbon atom to whiéh 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



and sul fur atonms. The heterocyclic group is preferably a 25 five- or

si x-nmenbered ring. Wien R2 and R3 are conbined to forma ringck%ﬁ%}g?ﬁ6
with the carbon atomto which they are bonded, the ring is preferably a
nonocyclic or polycyclic ring having 5 to 20 carbon atonms 30 When X in the
formula (3) is a divalent hydrocarbon 9 Cbtpber 2006 7 group, it is
preferably an al kylidene group, an al kyl ene® group or an aryl ene group each
of which has 1 to 20 carbon atons. When R4 or R5 in the fornula (3) is a
hydr ocarbon 5 group which nay optionally be substituted with at | east one

substituent selected.{romthe_ar cQnsi st eRn A1RP1e&hditro
group, an alkgiﬁugfo& ,15 %E%%%Eg ogg an 5a%ﬁ@§§§P@§§@3roéb, ?ﬁ%

hydrocar bon ggedap! srpasf akghlehedgroalpkplachr o whicty tlagalikto @0ougsrizn
al kenyl group, an aryl 10 group, an arylal kyl group or an aryl al kenyl
group, each oatomsi.ch has 1 to 20 carbon atons. The al koxyl group and the

acyl oxy group as a_substi,tuentsof the hydrocarb ar to 10
carbon at ons. V%enWsE“quR%rigs a”hettr}kﬁ' Y agf%hpl,é)iu%) lg?a/elf%raéi?/& 15 has
at | east gone 0L AH HRkePHRd hkaMy0OHed dlbat iitudeen widhd azullfdistatares.
The hetePocycB?%ﬁErgggegg pref ragly gyofive- or six-menbered ring. Wen R4
and R5 are coghbsedtuenfosalactiedy frogetther grouph cons icddngn ot &lpamit ch
R4, R5 and X are bonded, the 20 ring i.s preferably a nonocyclic or

pol ycyclic ri R§ORavPnGi&Troa §royPeafod CsHs ITi A & | SFoRP 3pd
al cohol repreg%ngsglgxyt@%oup, the hydrocarbon group is preferably an

alkyl group, a cycloalkyl group, an alkenyl group, an aryl
10 group, an arylalkyl groﬁp 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 R* or R® is a heterocyclic group, it preferably
15 has at least one hetero atom selected from oxygen, nitrogen
and sulfur atoms. The'heterocfclip Qroup is preferably a
five- or six-membered ring. | |
wWhen R* and R’ are combined to form a ring together
with the carbon atoms to which R*?, R® and X are bonded, the
20 ring is preferably a monoccyclic or polycyclic ring havihg 5
to 20 carbon atoms.
Specific examples of the alcohol repreéented by the
formula (1) include methanol, ethanol, l—propanol, 1-
butanol, l-pentanol, 1l-hexanol, 1—heptanbl, 1-octanol, 1-
25 decanol, l-eicosanol, 3-methyl-l-butanol, 3,3-dimethyl-1-
butanol, 4-methyl-l-pentanol, 2-methyl-l-pentanocl, 2,2-
dimethyl-1-pentanol, 5-methyl-l-hexanol, 3-chloro-1-
propanol, allyl alcchol, geraniol, behzyl alcohol, p-
methylbenzyl alcohol, p-methoxybenzyl alcohol, p-
30 chlorobenzyl alcohol, p-nitrobenzyl alcohol, 2-



formula (1) include nethanol, ethanol, 1-propanol, 1- butanol, 1-pentanol,
1- hexanol, 1-heptanol, 1-octanol, 1 25 decanol, 1-ei cosanol

3-met hyl -1 -butanol, 3,3-dinmethyl-I1- butanol, 4- nethyl-l-pentgr{?)‘ﬂolmrzoo6
2-nmet hyl -1 - pentanol , 2,2- dinethyl-1- pentanol 5- met hyl - | - hexanol ,
3-chloro-1- propanol, allyl alcohol, geranlgl benzyl al cohol, p-

net hyl benzyl al cohol, p-nethoxybenzyl al cohol, p 30 chl orobenzyl al cohol,
p-ni trobenzyl al cohol, 2 9 Cctober 2006 8 phenylethanol,
2- (p-chl orophenyl ) et hanol, cinnanyl al cohol, furfuryl alcohol,

Z, ! hoP e aRgh et PSE! bhera A Ml LAl S AT

hexanol , 2-hephgfalry12a0ebabgl,, 22tHeopheneméttian@dgneltc.3 pentanol ,
3- hexanol 3- heptanol, 3-decanol, 3-eicosanol, 4- heptanol, 4- decanol

4- ei cosanol , 3- netﬁyﬁcszGtauemplsSSDfdmh@tHﬂbcmnﬁumapaﬂsented by the

4- met hyl - 2- pe tano& % %é a Ben t anol , g neth&l-% entanol

5- net hyl - 3- hekGhBPE121 (20 &H Rrge2 25PEpRAGPL '1 BRYBNS tanol, 2-
1-met hoxy: 2- Phaganeh, 2%8?@5961 2RbeRaReh., b-RERLABY, 22%%%@%'nodl 3-
3-penten-2-ol, 1-phényl et Ranol, 'cycl opropyl phenyl net ha benzhydr ol -
(p- tolyl)ethapehtamoap thexapbényB}hepaanbl 13euebanmmphen¢hbeshmmm,,4-

1- ( p- met hoxyphenyl ) et hanol 15 phenoxyihenyl ) et hano
i - (p- acet oxypheR PP@ihaﬁoﬂecénﬁgheﬁyﬁlgoﬁﬁaﬁ noB-methyledrburapods ofarol |

1-(p Ch'Or09“&5*%@931959869§ho%}(ggﬁﬁgﬁggyp% éb%?ﬁgﬁroﬁaﬂgkhyl -3~

(p- met hoxyphen = pr opanol, propano

1- (p- acet oxyppenyhhel; propaddhethyl-oppehaanbl ,26-ngechphesdanekanol, 1-
cycl ohept anol , cycl ooctanol, cycl ododecanol exo- nor bor neol ,
endo-noEBorne%hlo{oradaﬁﬁpanqlteﬂer@mo“Q"PrOPan01r 1-methoxy-2-propanol,

l-phenoxy-2-propanol, l-acetoxy-2-propanol, 3-penten-2-ol,
l-phenylethanol,'cyclopropylphenylmethanol, benzhydrol, 1-
(p-tolyl)ethanol, l-(p-chlorophenyl)ethanol, 1-(p-
bromophenyl)ethanol, 1-(p-methoxyphenyl)ethanol, 1-(p-

15 phenoxyphenyl)ethanol, 1-(p-acetoxyphenyl)ethanol, 1-
phenyl-2-propanol, 1-(p-tolyl)-2-propanol, 1-(p-
chlorophenyl)-2-propanol, 1-(prromophenyl)—2—propanol, 1~
(p-methoxyphenyl)-2-propanol, 1l-(p-phenoxyphenyl)-2-
propanol, 1-(p-acetoxyphenyl)-2-propanol, cyclopentancl,

'20 cyclohexanol, cycloheptanol, cyc100ctahol, cyclododecanol,
exo-norborneol, endo-norborneol, 1l-indanol, 1-tetralbl, 9-
fluorenol, etc. . ' '

Specific examples of the alcohol represented by the
formula (3) include ethylene glycol, propylene glycol,l1,3-

25 propanediol, 1,2-butane&iol, 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-octanedicl, 1,8-octanediol, 1,2~decanediol,
1,10-decanediocl, 3-methyl-1,2-butanediol, 3,3-dimethyl-1,2-

30 butanediol, 4-methyl-1,2-pentanediol, S-methyl—l,Z—




fluorenol, etc. Specific exanples-of the al cohol -represented by the
f

ormula (3) include ethylene glycol, propylene glycol, 1,3- i ol ,
1, 2-but anedi ol, 1, 3-butanediol, 1,4-butanediol, 2,3-butanedi %ﬁ&&@e‘%‘iﬁ&@'

1, 2-pentanediol, 1,5-pentanediol, 1,2- hexanediol, 1,6-hexanediol,

1, 2- hept anedi ol , 1,7- heptanediol, 1,2-oct%pediol, 1, 8- oct anedi ol ,

1, 2-decanediol, 1,10-decanediol, 3-nethyl -1, 2-butanedi ol , _ ‘
3,3-dinethyl-1,2-. 30 butanediol, 4-nethyl-i,2-pentanediol, 5-nethyl-1,2 9
Cct ober 2006 9 hexanediol, 3-chloro-1,2-propanediol, 3-butene-I,2-diol, 4-

pent ene- 1, 2-dj = nylLet hane-1,25di o G410 Al 1 o _
nethylphenyl)%gkgﬁéggggfd?o%gi2§?4gﬁ%tthQBégﬁﬁP}étHaﬁgyef?z}dgop}?l’ 4
1- (4- chl or ophgajiteathang=didi di QLphén?ie’éhBhéLQPbeﬂibl?t hagg=1, 2-di ol ,

1- cycl ohexyl et hane-1, 2-diol, 1,2-cyclohexanediol, etc. Oxygen gas or an
air can be usedthylphenyiiethanexjgéndicdur te(fdembbhaoxyphenyilhetbangati on
reaction, and_the _oxygen as,.or aif may be diluted with an inert gas such
as 10 nitroge%{BEQFB n 4ré TEE?OHBPLGH¥Xé?EhaWﬁéicgﬁ@ée rof~{Az al cohol

wi th nol gcul af 4 agrbed; oyt by ' i gHi.d1ceontal,Ri Ng
t he al cohol a%%gf¥ﬁ§g?g?ﬂ%%$§%§cgf?ygﬁg!élgn?ﬁgf§%agﬁgeg?%g§p é?ehgkﬂé
mol ecul ar oxypgh-cptlahekagedds], oetby bubbling the 15 nol ecul ar
oxygen-containing‘gas t hrough such a_liquid. The oxidation reaction may be
carried out in thelXygeRcHasd oF ansalyefsn hpjesedsaseasmaterydarookrygen

B 7 Co M G I SRR T o R
chloroform e§&s;ofS48FSmay be diluted with an inert gas such as
10 nitrogen, carbon dioxidé, helium, etc.

The contact of the alcohoi 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-contaihing_gas through such a liquid.

The oxidation reaction may be carried oﬁt in the
presence of a solvent, which is less actiﬁe to the
oxidation reaction than alcohol. Examﬁles of such a
solvent include halogenated hydrocarbons such as

20 dichloromethane, dichloroethane, chloroform, etc.; esters

| such as isobutyl‘acetaté, tert—butyl‘acetate, etc.;
nitriles such as acetonitrile, étc.; aromatic hydrocarbons
such as toluene, etc.;.halogenated'arométic 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 300°C, preferably from 50 to 200°C, and



such as isobutyl'acetat'e, tert-butyl'acetate, etc.; nitriles such as
acetonitrile, etc.; aromatic hydrocarbons such as tol uene, ctober 2006

hal ogenat ed aromati ¢ hydrocarbons such as chl orobenzene, trlf uorofoluene,
etc.; and the like. 25 Wen the solvent is used, the amount thereof is
usually from1l to 100,000 parts by weight,,preferably from10 to 10,000
parts by weight, per 100 parts by weight of"the alcohol. In the oxidation
reaction, a reaction tenperature is 30 usually from 20 to 300C, preferably
from50 to 200C, and 9 COctober 2006 10 a reaction pressure is usually from
0-1 1o 10 May [REcr9¥hdflkb@eteadll aludi yhe oRf o0 1@ty o il NUGkR Y of
bat chwi se. The apbove oxi at ion reaction produces various carbonyl 5
conpounds as exidatien peadtdon hhgﬁbbheaatdaﬂob&ta&dwuanumuhﬂgranes For
exanpl e, when the al cohol is a primary alcohol, a corresponding al dehyde
and/ or carbox?ﬁt@hyéﬁé can be produced. Wen the al cohol is a secondary

al cohol, a corresp nd| ket on b r e I

pol yhydr| c al cohol g’%?’?sﬁ&‘ﬁ ga%‘d%blo ?(%gr g%%yg’ro\g)&%gu%rgangﬂgaﬁ-})oé{}ﬁed
Wen thesal copgly Bﬁﬁa@,Sﬁat %Sh@étfa.'&% b@l\ib%s( Froms thesadcono1d) dehtire
represented by tﬁe formula (4): (4) R-CHwerein RL is the

sane as defi nedbshomatesandfor axam@dboxwheo &died adgwhederitsead primagy or nul a
(5): O

alcohol, a corresponding aldehyde and/or carboxylic acid .
can be produced. When the alcohol is a secondary alcohol,
a corresponding ketone'cah be produced. When the aléohol
10 is a polyhydric alcohol, a correspondingrpolycarbonyl
compound can be.prodﬁced.
When the alcohol represented by the formula (1) is
used, an aldehyde represented by the fo;mula (4):

L8]
15 || (4)
: R'—-C-H

wherein R® is the same as defined above, and/or a
carboxylic acid represented by the formula (5):

0O
20 I (5)
R*-C-OH

wherein R' 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):
9]
| (6)
R*-C-R’

wherein R? and R® 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):

II II ‘ | ' (7)
35 R6-C=-X-C-R’



20 1l (5) R1-COH wherein RL is the sane as defined above, can be produced

as an oxidation product. Wen the al cohol represented by the A& I 2
is 25 used, a ketone represented by the fornula (6): 0 I ?%?3&%¥?%9§3)

wherein R2 and R3 are the sane as defined above, can be 30 produced as an
oxi dation product. Wen the al cohol repres ed by the fornula (3) is
used, a conpound represented by the formula (7): OOII Il ( 7 ) 35

R6-C- X-C-R7 9 Cctober 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,fAe.$3M 33 EﬁgWQQReRésiEe%iﬂ@guﬂb%hgﬁrahﬁaﬁfareﬁYQEQQQB a

atom and R7 represents a hydrogen atomor a 5 hydroxyl group when R5 is a
hydr ogen at orhparBgéni atbheogaae hydsoRy lwkeous whena Rjr bapa ohpdrogkan a
hydrogen atom can be _produced as an oxjdation jproduct. The oxidation
product or pratoBt8TcBh be BheovaRedasRoWheR Beds: fodrmup; Qrdedy than a

e na | , SoBVAFRA, biBms el K LEfphfplhll 8! bpRrogORcRbEt ol |
product @r pragHebgyy gfbapl Whehi @, ieryShplirbgeini abomedg. R’ \Herchdiesame
ruthenlun}carrylng alun1qg prepared by the :
as R’ when R® 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
Examplés, which do not limit the scope of the invention in .
any way.

In the Examples, the reaction mixture was analyzed by
gas chromatogfaphy, 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 (%) =



process of the present invention is used as a catalyst, the 15 alcohols
can be oxidized with nol ecul ar oxygen at a high conversion.

oxi dation products such as ketones, al dehydes, carboxylic aglggakﬁggﬁican
be produced fromthe alcohols with a good productivity by such a process.
EXAMPLES 20 The present invention will be illustrated by the Exanples,
which do not limt the scope of the inventilén in. any way. In the
Exanpl es, the reaction m xture was anal yzed by gas chromat ography, and the
conversion of a substrate and 25 the selectivity to each product are

calculated by the follow ng forpulas: Conyersion | ecul ar anount of
consuned substPatefibrecyraint @treack PEQ Ecgﬁ%gl?éggﬂrxaTBB“§0°% :

Selectivity (2 Re&CLRSL 200 1204 ol ecul ar anount of each
pr oduct/ nol ecu %?uaﬁnunt %#r coﬁsﬁned substrate) x 100 Preparation of

rut heniumcarrying alumna 5 (Exanples 1-2 and Conparative Exanple 1)
Example 1 In 60 m of aqueous solution of ruthenjun{lIl) chloride (8.3
mV), y-al uni nAr¢pavagion ref cFehlen bR FHEFYINRA NS A2 0f the Society of

Cat al yst, spegifi fac X - ded and suspended, and
t he sus%ensiﬁ#ﬁ%égfg%ifr%dgg?qééﬁbﬁ¥%%%%ra %%m orfg5 mnutes. At this
time, the suspeqwhpe had a pH of 2.1. Thereafter, a 1 Maqueous solution

of sodi um hydroxi de was added to the
In 60 ml of agueous solution of ruthenium(III)

chloride (8.3 mM), y-alumina (2.0 g) (Refsreﬁce catalyst
JRC-ALO-4 of the Society of Catalyst, specific surface

10 area : 177 m?*/g) was added and suspended; and the
suspension was stirred atrroom 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
suspsnsion 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 m?*/g). '

20 Example 2

In 60 ml of agqueous solution of ruthenium(III}-

chloride (8.3 mM), y-alumina (2.0 g) (KHS-24 manufactured
by Sumitomo Chemical Co., Ltd., specific surfacé area: 163
m?/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 suspehsion
was stirred at room temperature for 24 hours. The

30 suspension was filtrated, and the residual solid was washed



suspension to adjust pHto 13.2, and then the suspension 15 was stirred at
roomtenperature for 24 hours. The suspension was filtrated

resi dual solid was washed wth water and dried to obtain a 96%%%&@%06
rutheniumcarrying alumna (2.1 g) (rutheniumcontent: 2.28% by wei ght,
specific surface area: 182 n2/g). 20 Exanple 2 In 60 mM of aqueous
solution of rutheniun(lll) chloride (8.3 , y-alumna (2.0 g) (KHS-24
manuf actured by Sumitono Chemical Co., Ltd., specific surface area: 163
n2/g) was added and suspended, and the suspension mas 25 stirred at room

Ther eartor . S aEEL T BHidd fo FBain ATICRORIGhoRaP]i AP H Bhida

to the suspesi®ny) of Aekires i é@nﬁ@nﬂ arwls% hlﬁjﬂ Milﬁgﬁﬂ$p§pét§)fllcwas
stirred at roomtenperature for 24 hours. The .30 suspension was filtrated,

and the resi ciuifans jarems L&'éh@d’gl)?y 9 Cctober 2006 with water and dried
to obtain a ruthenjumcar al u (1.9 g) (rutheniumcontent: 2.45%
by wei ght, speC|fﬂ%3 '%% 3@5’ @%%a%ﬂlg) Conparative Exanple 1 5 In 60
i of_agieous sol Wi ofy G 14 NERGHA | dd 1yl d 8ok ndn pith ¥zl i na (2.0
g) (Reference catalyst JRC-ALG-4 of the Society of Catalys specific

surface areahloiide/@.3vawpdded land euspanded, (Redddencspansiyyt was
stirred at roomtenperature for 24 hours. Then, the 10 resulting suspension

having a pH ofRC-AL 9 [theSREieky oF Heatalythnl SRIFIELGRSURERRRd Wit h
wat er and drigd.d.0 1-8P4aig gawra‘ét RSN @ﬁlsg%nﬁewﬂ %gxc( ZoL @uéﬂéﬂé]ﬁm um

content: 1.7 y wei ght, “specific surface 18d
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—carryihg alumina (2.0 g) (ruthenium
content: 1.74% by weight, specific surface area: 180 m?/g).
Oxidation of Alcohol
15 (Examples 3-25 and Comparative Example 2)
Example 3
The ruthenium-carrying alumina prepared in Example 1
(0.044 qg) was added to and suspended in trifluorotoluene
(1.5 ml1) and stirred at room temperature for 5 minutes. To
20 the susPension, benzyl alc¢ohol (0.108 g) was added, and
oxidized by flowing oxygen through the suspension at 83°C
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 temperéture for 5 minutes. To
the suspension} benzyl alcohol (0.108 g) was added, and
30 oxidized by flowing oxygen through the suspension at 83°C



Oxi dation of Al cohol 15 (Exanples 3-25 and Conparative Exanple 2) Exanple

3 The rutheniumcarrying alumna prepared in Exanple 1 (0.0 dded
to and suspended in trifluorotoluene (1.5 m) and stirred a?ﬁngW¥gaog

tenperature for 5 mnutes. To 20 the suspension,  benzyl al cohol (0.108. Q)
was added, and oxidized by flow ng oxygen through the suspension at 83C
for 24 hours while stirring. The reaction nl4ture was analyzed. The
conversi on of benzyl alcohol was 84% and the selectivity to benzal dehyde
was nore than 99% 25 Exanple 4 The rutheniumcarrying alunmna prepared in

Example 1 (0.11 %? was added to and suspended in trifluorotoluene (1.5
m) and stirrd@®ratl ME0H WS tie Ing. 5 The HRACTHRN MR R on,

benzyl*alcohol g) ggge of=Ty

t hrough t he sus(|o'3‘e1 %gﬁn atﬂg% %olgde}{rj o%&%ﬂ%;for&%hi%%é\;\%%ystl rri ng.
The reaction rihe Wed atRSivialial iy asbn ZHIRIeIBAIE vd ® e bey |94 cohol  was
99% and the selectivity to benzal dehyde was nore than 99% Exanple 5 5

The sane procedure@E@@Wﬂ#BEkanple 4 were repeated except that air was

fl owed through the spenS|on |n | ace 0 an r tinme

was changed to be ﬁ'ﬂ‘? ¢ PHET rb;ﬁ/’%@f'?z]ﬁ gl"%:e Y Iee%aéa Y% and

the selecti viet;aéetg;t hepaal dehyaes \&a_waa e:ﬂﬁwyrﬁg%e J&m@@mlcm 6T }§) Scere
a

procedures as in mple 4 were repeated except that p-nethyl benzy
al cohol was usdd oxygersuldsid dthe 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 wefe repeated
except that p-methylbenzyl alcohol was used as a substrate
in place of benzyl alcehol, 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 proceduree as in Example 4 were repeated
except that p-methoxybenzyl alcohol was used as a substrate
in place of benzyl alcehol. 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



L

in place of benzyl al cohol. The conversion of p- nethyl benzyl al cohol was
nore than 99% and the selectivity 15 to p-nethyl benzal dehyd t han
99% Exanple 7 The sane procedures as in Exanple 4 were repgéﬁﬁgpﬁg@g%pt

t hat p-nmet hoxybenzyl al cohol was used as a substrate in place of benzyl

al cohol . The conversion of p 20 net hoxybenzyl al cohol was nore than 99%
and the selectivity to p-nethoxybenzal deh was nore than 99% Exanple 8
The sanme procedures as in Exanple 4 were repeated except that

p- chl orobenzyl al cohol was used as a substrate 25 in place of benzyl

al cohol . The conver si on _of chl ot obenzyl _al.cohol was, nore t.han_99% and
the sel ectivity P@B°6-8ﬁl8?85¥ﬁz§ 88ﬁ93e fad %gﬁerFﬁgﬁl@Q%FlﬁfhﬁﬁV%o9. The

same procedur g5, 430h"e BXAEPACRAPRL S ARBCREAYer3ofx68Dh-hiRkbeHybenzy|

al cohol was use S a substrate 9 COctober 200 i n place of benZyl

al cohol, and gheoneactkenstizpeandsthehardedttiovily 3ohpundtrohenzahdabhyiden
of p-nitrobenzyl alcohol was 97% and the selectivity to

p- ni t r obenzal daRymerenwibappP8%than 99% 5 Exanple 10 The sane procedures as
i n Exanplke 4 were gggﬁgggdloexcept that 1-phenyl et hanol was used as a
substrate in plac nzyl al cohol. The conversion of 1-phenyl ethanol

was nore than. 99% raadshie pebeeliuyebyakoiacekappieodewsre repearresl t han
99% Exanple 11 The sane procedures as in Exanple 4 were repeated
except that l-phenylethanol was used as a substrate in
place of benzyl alcohol. The conversion of l-phenylethanol
was more than .99%, and the selectivity to écetophenone was
10 more than 99%.
Example 11
The same procedures as in Examplé 4 were repeated
except that cyclopropylphenylmethanol was used as a
substrate in place of benzyl alcohol. The conversion of
15 cyclopropylphehylmethanol 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 convezsiOnAof geraniol was 89%, and the
selectivity to geranial was 97%.

30 Example 14



——

géﬁepf trathcrclgﬁropylphenylnetpanol was used as a substrate in place of
zyl al cohol . e conversion of 15 cycl opropyl phenyl net han e
than 99% and the selectivity to cycloproByIBKeﬁylkgtone wa S%%ﬁ%kgﬁgﬁ
99% Exanple 12 The same procedures as in Exanple 4 were repeated except
that cinnanyl alcohol was used as a substratg in 20 place of benzyl

al cohol, and the reaction time was changed to be 1.5 hours. The conversion
of cinnanyl alcohol was nore than 99% and the selectivity to

ci nnamal dehyde was 98% Exanple 13 25 The sane procedures as in Exanple 4

were repeated exc t Lk Lk &S &SP PRampBebstwaete repehteg of
benzyl al cohol, angfﬁ%e ré%gﬁgéﬁgtiﬁn m%s chang% to be 6 hou?g. The

conversi on of ges@mt othamvs2-§99ntamoll thas sebedtasi aysubsyeabai ah RA3ce79f

30 Exanple 14 9 Cctober 2006 16 The sane oced i N EX
repeated excépnznhtaleehl artid viaRe K8]C iorg.etg’ﬁ%:‘t’g%t‘léﬁ?ﬂg%agjﬁé gf%\gre

benzyl al cohol, and t reactio ' t h S he
conversi on of Yt an evﬁﬁpﬁﬁé%E%ﬁgofﬁgfﬁgﬁg%ﬁg%tﬁ%?tgé%b gﬂ%eﬁ?%none was
mor e t hang 99% g FX@PY £t St d NE-SéfiEa 606 eWas efors thakxassle 4 were '

repeated except that 2-'octanol was used as a substrate in place of benzyl
al cohol, and the regcamphetl®e was changed to be 2 10 hours. The conversion

of 2-octanol was 91y and the  SSLeeLLVhLYifongaRS18NENGeY8S aBegeEHAN 99%
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 alcchol, and the reaction time was changed
to be 1.5 hours. The cbnversion of 2-thiophenemethancl 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 trifluorotcluene
(1.5 ml) and stirred at room temperature for 5 minutes. To
the suspension, cyclohexanbl (0.100 g) was added, and
oxidized by flowing oxygen through the suspension at 83°c
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



Exanpl e 16 The same procedures as in Exanple 4 were repeated except that
2-t hi ophenenet hanol was used as a substrate in 15 place of hol
and the reaction tine was changed to be 1.5 hours. The conve?ggéﬁ$%?b6@

2-t hi ophenenet hanol was nore than 99% and the selectivity to 2-

t hi ophenecar boxyal dehyde was nore than 99% Exanple 17 20 The

rut heniumcarrying alum na prepared in Exanpfe 1 (0.22 g) was added to and
suspended in trifluorotoluene (1.5 nm) and stirred at roomtenperature for
5 mnutes. To the suspension, cyclohexanol (0.100 g) was added, and
oxi di zed by flow ng oxygen through the suspension at 83C 25 for 8 hours
whil e stirrin@®f BECkdgtanml i aad ridgweieeadinkon Aaddne was «mrged oko dre 6

cycl ohexanol % and the selectiviiy tq ¢ ohexanong, was re than
550 Example 10Uk & SObeRmAtt o | adiha @ B e Yabeatd Eag
except that 3-EMENAE WRS3UsER @b A-cidsidRiforid tHar gy Oct ober 2006
17 of cycl ohexanol, andthe reaction tine was changed to be 6 hours. The
conversi on of 3-pedx=ampglelldvas 84% and the selectivity to 3-penten-2-one
was nore than 99% anple 19 5 The sanme procedures as in Exanple 17 were
repeat ed 2 except tHat® £ANG MC%@?%{%&? dd EXaRLS k% WerS| yed

cycl ohexanol , &&gﬂwq: aniCi[—idm:%ﬂcgJ‘ﬁ ; Ghaged 4 g %&%?%%al%ba%d

conversion of 1-oc¢tanol was 80°¢ e selectivitles
1- oct anoi ¢ acicyoleihex@3aislanndl G LD Yedoasipec tiived Wwas changed to 4 be

hours. The conversion of l-octancol was 80%, and the ’
selectivities to 1-octanal and l-octanoic acid were 85% and
10 10%, respectively. |
Example Zd
The same procedures as in Example 17 were repeated
except that dyclopentanol was used és a substrate in place
of cfclohexanql. The conyersion of cyclopentanol was 92%,
15 and the selectivity to cyclopentapone_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 houfs. The conversion of cyclooctanol was 81%, and
the éelectivity 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 l-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 150°C for 18 hours while stirring.
The conversion of l-phenylethanol was 95%, and the
selectivity to acetophenone was more than 99%.

30 Example 23



Exanpl e 20 The sanme procedures as in Exanple 17 were repeated except that
cycl opentanol was used as a substrate in place of CyC|OhexaPQhﬁd;Q§006
conversion of cycl opentanol was 92% 15 and the selectivity to

cycl opent anone was nore than 99% Exanple 21 The sane procedures as in
Exanpl e 17 were repeated except that cycl ooctanol was used as a substrate
in place of cyclohexanol, and the reactionlgenperature was changed 20 to
be 6 hours. The conversion of cyclooctanol was 81% and the selectivity to
cycl octanone was nore than 99% Exanple 22 The rut heniumcarrying alum na

prepared in Exanmple. 1l .11 .9) was added t.o and suspended .in

D Bhenyl et hanol 25108 GStER M-SR 3a0% A R0 SHARSH & Gt es.
Then, 1-phenylgthangl) vas RHAFZeS Rnd |su¥dahdeey 360 21dWQiL (e, 25 g)
suspensi on at 150C for 18 hours while stirring. The conversion of

1- phenyl et hanandwes i¥5%d atd rdom tesipeceitnrtey fior & atiophesone Theen ndz-e t han

99% 30 Exanple 23 9 Cctober, 2006 18 The rutheniumcarrying alum na
prepared i n ERSHNE 11 wagp oridjzeash byaddoying oy aass f4iwh B2 oct anol

(3.25 9) 5 andGSLEER Al SLOBYRTRREALY §el0ls Sl e Hgy, mact ano
y. 0oC

was oxi dized ["ow ng oxygén through 't he suspensi on at or 24
hours whil e stohtergiohhef covcdaniodnwals 286Gt ikl s sHi%ctdnvd tyeco 2-
selectivity to 2- octanone was nore than 99% Exanple 24 The

r ut heni um car PFAGCREU WiaFa Merep Aha@ .99 *Exanpl e 2 .

Example 24
The ruthenium-carrying alumina prepared in Example 2
10 (0.11 g) was added to and suspended in frifluorotoluene
(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 83°C
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 83°C for
5 hours and 10 minuteé-while stirring. The reaction
mixture was analyzed. The conversion of ethylene glycol
25 was 72%, and the selecéivity 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)
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10 (0.11 g) was added to and suspended in trifluorotoluene (1.5 m) and
stirred at roomtenperature for 5 mnutes. To the'suspensior;,, QSIQJT&'OO

al cohol (0.108 g) was added, and oxidized by flow ng oxygen t(%rough t?le
suspension at 83C for 1 hour while stirring. The reaction m xture was 15
anal yzed. The conversi on of benzyl al cohol s 99% and the selectivity to
benzal dehyde was nore than 99% Exanpl e 25 The rutheniumcarrying alum na
prepared in Exanple 2 (0.11 g) was added to and suspended in
trifluorotoluene (5 20 m) and stirred at roomtenperature for 5 m nutes.
To the suspeRgEPHAdY|H0e it dded byP HlEivgsodefiat tiafshgiihaed by
flowing air through the suspension at 83C for hours and 10 m nutes while
stirring. The susgerision mtxt8F € ieor dalhouxs Wiicle gtvigrsinn. ofThe hyl ene

gl ycol 25 was 72% and the selectivity to glyoxal was 91% Conparatiyve
Exanpl e 2 The HEATSAILMCHULE MRS A IEST ep i SR ERALQY RSl o 1

(0.044 g) was t s%q{aj { L Ll YR

stirred at rog%%%g%ple%ﬁ%eﬁg’o orqglém%neul%%%gi‘%%{fh% suspeagllgeglr}{a %e‘?léz%/l
al cohol (0. 10fhaile THaM vy, 2006 19 was added, and oxidized by flow ng
oxygen through the suspension at 83C for 24 hours while stirring. The
reaction m xture was anal yzed. The conversion of benzyl alcohol was 23%
and the selectivity to benzal dehyde was 5 nore than 99% 9 Cct ober 2006
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1. A process for preparing a rutheniumcarrying alumna, the process
conprising the steps of: suspending alumna in a solution coré,»,t(% %&@006
trivalent 5 ruthenium and adding a base to the suspension. 2. process
for oxidizing an al cohol, the process conprising the step of: contacting
the al cohol with nol ecul ar oxygen in the presence of a

rut heni um carrying alumna which is prepare by suspending alumna in a
solution containing trivalent rutheniumand adding a base to the
suspension. 3. A process for preparing a carbonyl conpound, the process
conprising the step of: 15 oxidizing an @lgcafp! by the process according to
claim 2. 4. The process according to claim3, wherein said alcohol is an
al cohol represented.by phecéssmiba prpparGHg28 Rttlepigm-capryiiddei n R

represents a hydrogen atom a hydrocarbqn_%roug Zg whi ch may optionally be
substitut ed wailhmanal esbe BRECESELSPRPLARENGeL8E E§SPFoMthe group

aroup and. an acy! 829Pgraans bronha dp0a) ¥pLetloR SBRLadndNy, oF anRRe
conpoundsi s ap,ghdghydeangrresented-by 30 the formula (4): 0 N(4) R-CH
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 presenée of a ruthenium-carrying alumina which is prepared
by suspending alumina in a solution containing trivalent
ruthenium and adding a base to the suépension.
3. A.proceés for éreparing a qafbonyl compound, the
process comprising the step of:
15 : oxidizing an alcohol by thé process accordiﬂg to claim
2.

4. The process according to claim 3, wherein said

‘alcohol is an alcohol represented by the formula (1):

OH
20 |
R!-C~H (1)

H
wherein R' represents a hydrogen atom; a hydrocarbon group

25 which may optionally be substitﬁted 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
| (4)
R'-C-H



9 Cctober 2006 21 wherein R is the sane as defined above, and/or a

carboxylic acid represented by the fornmula (5): 0 (5 5 R - wg% I n
R is the sanme as defined above. 5. The process accordi ng togg?é$h1 ,68

wherein said alcohol is an al cohol represented by the formula (2): OH 10
| R2-CGR3 (2) H ,wherein R2 and R3 represeqt I ndependent|y each other a 15
hydrocarbon group which nmay optionally be Substituted with at |east one
substituent selected fromthe group consisting of a halogen atom anitro
group, an al koxy group, a phenoxy group and an acyl oxy group; or a

het erocycl i Cw“glﬁ‘%ygﬁ% yhile ,52% %&m%%&p%w, tondpsma ring

t oget her 20 ne carbon atomto ey are bonded, and said

car bonyl conpearsokel ic ket paereppesenteadbpythaefotmuial 4506): 0 11 (6) 25
R2- G- R3 wherein R2 aqg R3 are the sane as defined above. 6. The process
according to clain131%£ferein said alcohol is a?5§lcohol represented by

t he fornyla (3): ﬁ;i }§0 I 1

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
R*-C-R’ (2)

I

H :
wherein R®> and R® 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 grbup; or a heteroéyclic group,
while R?> and R® 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):

O
I (6)
25 R*~C-R’

wherein R? and R® are the same as defined above.
6. The process according to claim 3, wherein said

alcohol is an alcochol represented by the formula (3):

OH OH
30
R*-C-X-C-R’ (3)

H H
wherein X is a single bond or a divalent hydrocarbon group,

35 and R* and R® represent independently each other a hydrogen
atom; a hydrocarbon group which may optionally be

substituted with at least one substituent selected from the



R4-C-X-CR5 (3) | I HHwherein x is a single bond or a dival ent

hydr ocarbon group, 35 and R4 and R5 represent independentlygqgtgg?eg?ﬁg a
hydrogen atom a hydrocarbon group which may optionally be “substifuted

with at | east one substituent selected fromthe 9 Cctober 2006 22 group
consi sting of a halogen atom a nitro gr oup%z an al koxy group, a phenoxy
group and an acyl oxy group; or a heterocyclic group, while R4 and R5 may
be conbined to form a ring together with the carbon atons to which R4, R5
and X 5 are bonded, ‘and said carbonyl conpound is a compound represented

by the for mjlgilgﬁé) Egﬁsg.sltlin | of"h nh9oBenCaXof,Ra Wierel @rESu'Fﬁgtahﬂ same as

defi ned above; represent a hydrogen atom or a hydroxy roup when
R4 is a hydroggRoxgt gircap,Ra iphenbays gmoups aRdl wineacRioky grgupup o8t Her

than a hydrogen atom and R7 represents,a hydrogen gtomor. .a 15 hydgoxyl
group when R5%E§e§°ﬁy3ﬁé§eﬁré’tu&n ghige RS ‘H‘lé %a?f@Y 3%3 RORRHRE 51:(%'5;%%1:1?(
group other tgagiﬁgh¥g%%%%%rakﬁ@h the carbon atoms to which R*, R’ and X

5 are bonded, A .
and said carbonyl compound is a compound represented by the
formula (7):

0 O
. | | (7)

10 R®-C-X~-C-R’
wherein X is the same as defined above; and R® represent a

hydrogen atom or a hydi‘oxyl group when R* is a hydrogen‘
atom or R® is the same as R® when R* is a group other than a
hydrogen atom; and R’ represents a hydrogen atom or a

15 hydroxyl group when R’ is a hydrogen atom or R’ is the same

as R° when R® is a group other than a hydrogen atom.



