;e3evszz{d| }6TRqL DESCRI PTI ON PROCESS FOR PREPARI NG RUTHENI UM CARRYI NG
AL'UM NA AND PROCESS FOR OXI DI ZI NG ALCOHOL 5 FI ELD OF THE mmmm he
present invention relates to a process for preparing ar mmmmmmWrying
alum na, and a process for producing ketones, aldehydes, carhgxylic acids
and the |ike by oxidizing al cohols wthinol ecul ar oxygen i he presence 10
of a rutheniumcarrying alumna as a catal yst. PRI OR ART meﬁwﬁwﬂmww or
oxi di zing al cohols, a process of contacting the al cohols w r
oxygen in the presence of a rutheniumcatalyst is known. For exampl e, US 15
Pat ent No. 4,996, 007 proposes to cprsygroptTdRe above oxidation reaction in

the presence of a rutheniumcatal yst such as a rutheniumcarrying al um na,
a rut heni um c HRGGERP FOR FRERMRING RHRHFANT UM-CARRY 16, daAMEAA Wltlor such as

di hydr odi hydr oxynapht hal e - A-11-2264 o} o 20 carry out the
above oxi dation reaction Pﬁogﬁgég?ééeﬁggD%glgérgﬁﬁéﬁ9tn1catalyst such as

di chl orotris(triphenyl phosphi ne)rut henium tetrapropyl anmoni um perrut henate
salt, a rutheniumcarrying carbon, etc. together with di oxybenzenes or

t hei r 5oxi dFIBUDJEF| VHE | YRYENREORuUrt her nore, JP- A-2000- 70723 proposes to
carry out the above oxidatign reaction in the presence of a ruthenium

cont ai ni ng hydr 6P§I BFe8eNHolRVERLIPR I 212 Hesi T R BEPSRBR] £REd in the above

conventi on CRSSES e Ly uf 1 ei t tic

el vi'ti co S PRRERST or nORLREEREEPLA Yo I S H A Fbrolbe bR At

achi eved. phedeting, kétenespvabiehpdes proacissegl tdyadibis bgndathsf BLkOry in
the productivity of oxidized products. SUMMARY OF THE | NVENTION 5 One

obj ect of PHeOpidiahng| alephebs VithnelesylRr L¥rdrRskn fbhe ppEpeencR) a
rut hepi um cat al i activi Xidiz | cohol s. Anot her
objegp of %ﬁegp¥§é%%€¥+ﬁ€%n ?ggg?sgigﬁ%é%v%%égé?%ﬁ%éig ‘for preparing

ket ones, abrRebgderT carboxylic 10 acids and the |ike at a high productivity
by oxi di zi ng al cohols at a hi gh conversion using a catal yst prepared by the
process descri bd8 abpyvecesgcteri pyigizing plechols My aprocesprof/i des a

f ' heni i | uni i sing the 15 st
bf “suspencraBtabEipdac e’ 1Sl R thTmafefiAt ol gh ¥ i um and
addi ng a bpgeséficé hef SaISPEPRéRum 20k 21 PEOCES Sk &in OXi ¥b2 | Sgamph &l cehol

conprising the step of contacting the al cohol wth nolecul ar oxygen in the
preséhce oPabentitKeni 4n?26s0§7 noreposesatpremaredily tihe above

oxidation reaction in the presence of a ruthenium catalyst

such as a ruthenium-carrying alumina, a ruthenium-carrying
carbon, etc. together with an oxygen-activator such as
dihydrodihydroxynaphthalene. JP-A-11-226417 proposes to
20 carry out the above oxidation reaction in the presence of a
ruthenium catalyst such as dichlorotris-
(triphenylphosphine)ruthenium, tetrapropylammonium
perruthenate salt, a ruthenium-carrying carbon, etc.
together with dioxybenzenes or their oxidized derivatives.
25 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
conventional processes do not necessarily have sufficient

30 catalytic activities so that the desired conversion of the



20 process descri bed above. Furthernore, the present invention provides a
process for preparing a carbonyl conpound conprising oxidizing an al cohol
by the oxidizing process described above. DETAI LED DESCRI PTI ON OF THE
| NVENTION 25 In the process for preparing a rutheniumcarrying alumna
according to the present invention, trigalent ruthenium (ruthenium(11l)) is
utilized as a rutheniumsource, and alumna is suspended in a solution
containing trivalent ruthenium 30 Exanples of ruthenium conpounds which
can be used as 3 . sources of trivalent rutheniuminclude ruthenium
hal i des suabcehRolst hemot(Athlecbdor i Teerefdheni thel ddpvdiolongl etc.; oxo
acid salts such as rutheniun(lll) nitrate, rutheniun(lll) sulfate, etc.;
and so on.PTRAEYSHEy BRY uBRH BeaSahlsfaewery ofn t ke cProdietbyityiedf if
desired. Anpng.th heni um hal i des such as rutheniun(I11) chloride are
o I

pr ef er abl e: U y used as a solvent of the ruthenium solution

al t hough asguMeERyY SOF Vet efiviRteonand an organic 10 sol vent, or an organic
sol vent al one nay be used, if necessary. The anmount of the solvent is

adj usbed such tOme ebjechenfuhheopresentitinvenhnioheisctatpoevideusual |y
fromO0.1 nMto 1 N% Ereferab#g froml mMto 100 fﬂﬂ The kind of alumna to
be suspendBHECFRSEhECT PHERAGMY 52 SHF HRPRHIE CALR LY PHi BRI NG 929F ous ki nds

of al unina sHehi ey fodbkihide 48E6RGI4M Na, Y-alumina, etc. may be used.
Anong them y-alumna is preferably used. The anmpbunt of alum na is adjusted

such that an ruAhethem cbijeeht of nthéepresdrni imvertign nis atanprevide usual |y
fromO0.1 to 20% by 20 weight, preferably fromO0.5 to 10% by wejght. Then, a
base i s adBeBrPEeERelsPERRABANGT katORETa PIAPAYERE i CAFROPF LIS ous step to

10 "M8rc peerap ahd B¢ TEERG AF Anii Btdadie Tey fy SERELERY 70 The

rut heni um gaecoioDg &t uai NégRScenvet iy tusdig 0xi cdga Dgstl S:0dea Bed Sy ot
sufficientlg hi gh. Exanpl es of the base include nmetal hydroxides such as
sodi um hydEBRi BEOC®SS sdefehihodr aRP¥We; magnesi um hydroxi de, etc.; netal

] ° _ _ 0 _
car bonat o ot o. AeSeParhaler THAR Gt EneRE, BT RIS S JIRACER

acetate, efér;ppsp@ning &ntdutheniamecardPeindByLiRins esomsr BT tthie of two
or nore of them 1f desired. After the addition of the base, the suspension
i s 51Bubj estepstof sanspendgng dasepanat iona t ek ion . camexBbing t he

rutheniun}fanr%'n&EaIUﬂhna.is re&ovgéed framt he su%ﬁension. The

solid-1iquFtt¥ %3 tTORTPEaEBie 7SOtRYaT | _??IY?aE o P M at i on. The
recover ed aaahsnpwaégérfbfgoﬁwﬂﬂagrr@d SREHIHR! Edmbei PO -thLal€sh 10 such
as washing with water, drying, etc. The rutheniumcarrying alum na prepared

by the aboof peotasting phef alabhgl usith asokecatat ysxyden Ixithei ng an

al cohol with nDIecuIﬁr ox%gen..This oxi dation reaction nma q§ carried out
either in BEEFEOFE Qhaler BFRERATUMGGRTLRIRE 2 %ﬂ¥?%f@ﬁ%ﬂﬂ5ghi Yisi®arried

out bp theplbadsd BBSSPibed 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



The amount of the rutheniumcarrying alumna used in the oxidizing process
is usually from0.000001 to 1 nole, preferably fromO0.0001 to 0.1 nole,
nore preferably fromO0.001 to 0.05 nole, in ternms of ruthenium per one nole
of 20 the al cohol. The alcohol as a substrate to be oxidi zed may be a
primary al cohol or a secondary al cohol, zand nmay be a nonohydric al cohol or
a pol yhydric al cohol. The al cohol nmay be used as a m xture of two or nore
of alcohols, if 25 desired. Preferably, the alcohol as a substrate is an

al cohol represented by the followng formula (1), (2) or (3): OH 30 RI-CH

(1) H 5 wbereeh BE tepvaseAtSrath¥Ai@deindiqat AubNEhPeR RLMNigEQUP Which
may optlonallg_be substituted with at | east one substituent selected from
[

the group €8@B| asi nytbenaumilsgenchionide, nfuthepivnpIIE) bidmigegr oup, a
phenoxy gr and_5 an.gcyl r oup; _or het erocyclic, group, OH R--C-R3 (
2 ) 10 H m%ggérnoﬁﬁ ﬁﬁagRéaiﬁ%rggﬁﬁta?n 1 ﬂﬂéﬁT(§¥Ebcﬁl€¥ﬁ%$la hydr ocar bon
group Whi CRyHRY¥n PRk oRah | ¥ bsgid ut egy i N qﬂ%: st Liyent

sel ected frgn1tﬂe g?ou%bcoﬁg?g??ngé% a ﬂ%ﬁgggnégtoﬁ?ﬁ%Ynl Zﬂgr%%%# an

al kox$ groap, aamiftphenoXytgooop more aof athémxyigr@epired. a Apbggocyclic
group, while R2 and R3 may be conbined to forma ring together with the
carbon at oh{'€Br WRHERERHBY Badidesdeech s gribhemiumy 3D REhiopige Hake

wherein X éfgfg?ggig a single bond or a dival ent hydrocarbon group, and R4
and RS represent | ndépendently 25 each other a hydrogen atom a hydrocarbon

group whi ch maywapéronal hyubelgubsédtas edl ybivert beashe ONEISeRSaMt UENt
selected fromthe group consisting of a hal ogen atom a nitro group, an
al koxy groﬁ%}uﬁ;ﬁhené%ghQFﬁhpaamﬁx%ﬁ sRlveny of ovptenrand et e@pegnic C

whi d RS b jned to f i her with th
Carbal ot crel e of il SpdtndS SOIVATE rlithe b RitS I for mul o (1)
is a hydrmeé@@@ag*oupmei&hom @ptiwaééyv&etswsécgjdﬁt?éh Widh atnd€ast
e

one substituent selected fromthe group consisting of” a hal ogen

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



r 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 cycl oal 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 acyloxy group as a substitgent of the hydrocarbon group may
have 1 to 10 carbon atons. When Rl is a heterocyclic group, it preferably
has at | east one hetero atom sel ected from oxygen, nitrogen and 10 sul fur
atons. The heterocyclic group is preferably a five or six-nenbered ring.

Wen R2 or a3 sl ilhe abetarks Egi:a's%lﬁmhﬁ@@@_ﬁ%ébogtar OUBMIBIhEA ;BN
optional |y be substituted with at | east one substituént selected fromthe

group consitbei Agkef. aThayoyey & used as mi miztgreupf awoabkomprgr ofip, a
phenoxy gr KR and a ag ngy group, the hydrocarbon group is preferably an
al kyl grou% ey él &% F9%roup, an al kenyl group, an aryl group, an

aryl al kyl group n y o] o] t .20 carbon
atons. The aIkoQ&Fegrggg gﬁgksﬁéhZ%EaggfogéggrOEB@QEEE eﬁ%%%?tggnt of the

hydr obar bosuprjecpedayohsodid-iaqgifdcaeparaationstrdhemneR? . or TRaredya

het erocyclic group, it preferably has at | east one hetero atom sel ected
from oxygefh enFFFE&@&“EnHa§EY#HH alyminaTas Keceverod fEOBr 6BE i s

Porma ri ngoERsarnen-, Th%, ReTRaPRs Gt AR, Rea RR R FRES eif0® ddca, the

ring is prebeaablyfalepaescysl be aecpakyeyehi.c rhadrBayi8geq to 20 carbon
atons 30 Wien X in the formula_ (3) is a divalent hydrocarbon group, it
is preferaBPthﬁl&mkyﬁF@EhéggﬁéHBlnéankapéh@nglbupbgrPaﬁtatyﬁéhedgroup

RECAR BRI S RS CAL TR IR

The ruthenlum-carrylng 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 R'-C-H (1)

" H



substituent selected fromthe group consisting of a halogen atom a nitro
group, an al koxy group, a phenoxy group and an acyl oxy group, the

hydr ocarbon group is preferably an al kyl group, a cycl oal kyl group, an

al kenyl group, an aryl 10 group, an arylal kyl group or an aryl al kenyl
group, each of which has 1 to 20 carbonsatons. The al koxyl group and the
acyl oxy group as a substituent of the hydrocarbon group may have 1 to 10
carbon atons. When R4 or RS is a heterocyclic group, it preferably 15 has
at | east one hetero atom sel ected from oxygen, nitrogen and sul fur atons.
The het er ogjiereinIRDUepreguierapdrodeny erton; H hyRrdidsb igwbuphen R4
and RS are conbined to forma ring together with thé carbon atons to which
R4, RS andwklahemamn@pﬁlonhblzobe|ﬁgbsElpmb¢@r@btv at nbeasycone or
polycycllc r avi 5.10, 2 ar bo atone. eC|f| exa t he

D cono 1 cBPRBEAEREREy S EheSFERnEran 19E] AETiRC %%h%mg &F | &npfLodes

1- pr0p3n0|atémbUBaHQ£rolgPEH§an9h aikBﬁ?a@€$u éheky droGpaary, 1 25
decanol, 1-€icosanol, 3- f 1- but ano 3pd i met hyl - 1" but anol

4- netEyI 1apeatymoky grnePhYbrlaphatenQCycz;Q giromp hyl - 1- pentanol

5- et hyl - 1- hexanolgy 3- chl or o- 1propanol , allyl al cohol, geraniol, benzyl

al cohol , pnet hyl bepzyl al cohol, p-nethoxybenzyl al cohol, p 30 chl orobenzyl

al cohol, p-nitrg | al cohol, 2 8 phenyleg@pnol,

2- (p-chl or ophenyl ) et hanol , ci nnanyl al cohol, turfuryl al cohol,
2-thnophenenet hana§, etc. Specific exanples of the al cohol represented by
the formul LN tlgkg 3p | o 42 7 e 0 exanol ,

2- heptanolg %géé?aﬁol 21%ec %%% téﬁ@g% =4 enﬁlgeﬁégﬁok h§§h§xanol

3- hept anol hydredeaaboh, chepcwﬁﬁﬁhlmaﬁheptﬁdiﬁ)éllﬁ ke Camobt i butbg OB RED| |

3- et hyl - 2- but anol , 3, 3di net hyl - 2- but anol , 4-net hyl - 2- pent anol ,

2-net hyl - 3pEnl @At opeosubgbihyent. peheared  fxometlhe | 9EORR xGPRS1STing

hi 2- 2- | net |
o ohenoxy . 2bRoRanaheR 85Ra7 8\ RBERS axdal AR AIESRY SHERGE: atcnyi et hanol
cycl gpr ODYbHBﬁasé}rnQi:BaﬁOéndbSﬁZQ&‘ﬁ'lLQk éf@uﬁmdf)@tlli‘é‘ﬂ@fcacycllc group,

1- (p- chl or opheny %ethano (pbromop enyl)ethanol
1- ( p- met howhpheni yuuhdhomayib@pcpmbpmedo%ypﬁenwlpernagotogether

i Egcﬁfgﬁgéﬁgﬁeg¥lég%$ ggL%F%BhgnylBF%ﬁngﬁ%£§$$e%bé$%%§Lg:? 2- propanol ,

1(p- nethoxyphenyl)om [@panol , 1-(p-phenoxyphenyl)-2propanol,

1- (p-acet oxyphenyl ?rqpanol cycl opent anol, 20 cyclohexanol

cycl 8Reptanol, B <ol , cycl ododecanol , 6%b- nor bor neol ,

endo- norborneol, 1tindanol, 1-tetralol, 9 quorenoI etc. SpeC|f|c exanpl es
of the al cohol redﬁeséﬁted by the fornula (3) |nclude et hyl ene gl ycol,

propyl ene wherelin X, 88preseptacdi single2bbnd aveda odlivdl&atut anedi ol ,

1, 4- but anedi ol , 2, 3- but anedi ol - pent_anedi ol ent anedi ol
1 2hexanedPBPmEaEbﬂBxﬁﬁ‘éHPol ané Eghﬁtﬂ éﬁeéﬂeBFesfn‘?héBP&REBF‘SPﬂY

122981 ancdyoly otnBeos! ATAIAGLn druf°8oRgkSlaror CofisAHLOh may
4 nEthyI lpﬁtmenaamydbelsuBsﬂEthyédlwith &t 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 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 be substituted with at least one

substituent selected from the group consisting of a halogen



hexanedi ol , 3-chl oro-1, 2-propanedi ol , 3-butene-1,2-diol, 4
pentene-1, 2-di ol, 1-phenylethane-1, 2-diol,

1- (4met hyl phenyl ) et hane- 1, 2-di ol , 1-(4-met hoxyphenyl) et hanel, 2-di ol ,

1- (4-chl orophenyl ) et hane-1, 2-diol, 1-(4 5 nitrophenyl)ethane-1, 2-diol,

1- cycl ohexyl et hane- 1, 2-diol, 1,2-cycl ohéxanediol, etc. Oxygen gas or an air
can be used as a nol ecul ar 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 al cohol

wi th nol ecatam, oxygttrsagrdep ¢aan i bkaxy dmoyd aca nohendxyugxbwpnaadni ng t he
al cohol and the rutheniumcarrying_alumna in the atnospher ff a nol ecul ar
oxygen-con@ﬁiﬁ?ﬁboﬁﬁsgr%?Pbyt%ﬁb%Y¢¥@F§¥RP@£9FRW%Ch§é?régéié§l¥oﬂ?aining

gas throug%lgygh?Poﬁé?u%ﬁC¥%h§%9%%gaéf reggté§$?§§y ﬁéﬁﬁﬁrréﬁdaPyi in the

presence o ofven [ Ss”active to the OXi i'on reaction than

al cohol . E?ﬁﬁﬁbesaﬂfaﬁyﬂﬂlnyiobr@mp o1 canideryiba gl egir iyl oeachoos such
as 20 di chl oronet hane, dichl oroet hane, chloroform etc.; esters such as

i sobubyl awbighehaseltteu?l|carkentatonsc. ThetalkexyL GFOuR aRetbRetril e,

etc.; aromatic hydrocarbons_suc S eng, ; t o} iC
hydr ocar boﬁgygﬁ§% FEOLR 8?0%(3%9%%‘2}*—\5%‘%ﬁgr%tt?%fh%%% %‘?‘g&? ilg%'?{) hlg?#i ke.
25 Wien thgagel yeps 16 €88Bont B€omspunt thereof is usually from1l to

100, 000 parts by weight, preferably from10 to 10,000 parts by weight, per

100 parts by weWhen Bf isen dietsmicydlia grawg dat mrefenabilon has radact i on
tenperature is 30 usu f referably from50 to %OOC, and
n

MIg romZin mgc

10 a react#ﬁﬂsﬁrggguPEt? °ugkam §e POHED. AT B TR Hher 397 Hat _
reachjpon ”Bﬁé?ﬁrcéféhgg Ohe CRBLEPYOYS] Yo O rO@b IV Se £ d & BPOY ef D¥édat i on
reaction produces various carbonyl 5 conpounds as oxidation products from
t he al cohobg asxthmembebetlr airg. For exanpl e, when the alcohol is a primry

al cohol, a corresponding aldehyde and/or carhoxylic gcid can. be produced.

When the al cohoR¢B B §§&dﬁdéﬂyt§ﬁcéﬁ6WPlé éaﬁré§p8n YAgOoRArbRE can be
produced, Wl Usich AN gibibiam RobA e bepkoapn, serigagenonn

pol ycar bon conpoun en the represented by the

fornmul a (1kubstiigse@dntaBeakdebyderomptirsegiedp byohbest bngudbf 4 haleyén | |
(4) R-GHwherein RL is the same as_defined above, and/or a carboxylic
aci d 1Bepr egtamedabpithe g5PHANaaP531keXPOIrPuUPE)a RPhenexy WHEPRPnafd i s t he

A R A e S L ER R
the formul a1&¢): geolip, (8) clReiCaRRydhgreup, Rinaalk&Ryar grotip, saneangldef i ned
above, Cangggup, 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.
Wwhen R? or R® 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 R? and R® 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



30 produced as an oxidation product. \Wen the al cohol represented by the
formula (3) is used, a conpound represented by the formula (7): OOIIl Il (
~) 35R6 -CX-CR 11 wherein X is the sane as defined above; and R6
represents a hydrogen atom or a hydroxyl group when R4 is a hydrogen atom
or R6 is the sane as R4 when R4 is a grgup other than a hydrogen atom and
R represents a hydrogen atomor a 5 hydroxyl group when RS is a hydrogen
atomor R is the same as RS when RS is a group other than a hydrogen atom
can be produced as an oxidation product. The oxidation product or products
can be recgyelipd itoistperefepsblpnami alkyrideneopirons) |an sabfeténag the 10
m xture to filtration, concentration, washing, alkali treatnent, acid
treat ment , 9EPRP QRJARhBRY HERE f JFONP tPRCHrOHUER1GR BRHILickS Y @REPPRI ati on
crystallizg%igg, etc. When the rutheniumcarrying alum na prepared by the
process of A present invention is used as a catalyst, the 15 al cohols can
be oxi di zed wi tPhaR| REWAR0xNIEReaFo2miAlah (89NYer &i AdrdbEgbohhe oxi dati on
products such as ketones, al dehydes, carboxylic acids, etc. can be produced
from Bhe apronp|whikhhmaygeptiprably theisybsyityked skl s slemmMVMES 20
The present Jjnvention will be.illustrated by the Ex | es. - which ot
limt the §E%ﬁ%lg?e?ﬂes?keﬁﬁ??otr?% %%? %ﬁ@&pl%P?%%ggﬁg%ﬁ?%s? ﬁﬁﬁgg% ction
m xture wagrgRal yZRHELPY §ASuS ! 2NEd DRERPNYro@pd & NShEREMET §F Sfip OAnd
substrate and 25 the seléctivity to each product are calculated by the

fol | ow ng aorauyiexyConoepsi the (hpdrecvhribornguonp of s corsiemsably an
substrat e/ npl ecul ar anount of used. substrate) x. 100 30 Selectivitgy£~)

12b(nDIecuPékYénﬁﬁﬂFPofae%Xﬁlﬁ?%ﬁﬁ%tgﬁ%?%cu? raj DFORIN e
0 ! i i ) 5 1-2
and. Spar SEPUE7 bR ERLERLRE 2arouh 160 M SR 1AL RGNTL R S P cadhrBy o

rut heni umwhig¢hchasr i deo( 30 3cathon yatbmusi naThe. H1kPxy Refesgmcand atlae yst

JRC-ALO- 4 of the Society of Catalgst, specific surface 10 area . 177 nR/Q)
was added AfY1SK¥pekEavE, agnd FWRSELLRRRL| 0h GRe RYIFPRRALRAN (HEPP SAPLr at ur e

for 15 mn . thhS L] uspension had a pH of 2.1. Thereafter, a
1M aqueougggél6f$8nwgfcé%§§ﬁnéﬂ§%$bxide was added to the suspension to

adj ust pH to 13wRenaRrtl ¢herf tilke asheperdicgrliz yasupli itegraferabiy
tenperature for 24 hours. The suspension was filtrated, and the residual
sol i d5was hashat heagtwanerhgherdratemt sebethed Bromterygeim catEyPagn

aum 08§ 2afa%kal EHENSRLND COBhE her 8887 PYc LIS 1 PSELELFaty fgCe area:
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 monocyclic or polycyclic ring having 5
to 20 carbon atoms.
Specific examples of the alcohol represented by the
formula (1) include methanol, ethanol, l-propancl, 1-
butanol, l-pentanol, l-hexanol, 1l-heptanol, l-octanol, 1-
25 decanol, l-eicosanol, 3-methyl-l-butanol, 3,3-dimethyl-1-
butanol, 4-methyl-l-pentanol, 2-methyl-l-pentanol, 2,2-
dimethyl-l-pentanol, 5-methyl-l-hexanol, 3-chloro-1-
propanol, allyl alcohol, geraniol, benzyl alcohol, p-
methylbenzyl alcohol, p-methoxybenzyl alcohol, p-
30 chlorobenzyl alcchol, p-nitrobenzyl alcohol, 2-



20 Exanple 2 In 60 m of aqueous solution of rutheniun(lll) chloride (8.3
mV), y-alumna (2.0 g) (KHS-24 manufactured by Sum tono Chem cal Co., Ltd.
specific surface area: 163 n2/g) was added and suspended, and the
suspensi on was 25 stirred at roomtenperature for 15 mnutes. At this tine,
the suspension had a pH of 2.3. Thereaftger, a 1 M aqueous sol ution of

sodi um hydroxide (26.4 m) was added to the suspension to adjust pHto
13.2, and then the suspension was stirred at roomtenperature for 24 hours.
The 30 suspension was filtrated, and the residual solid was washed 13

wi th wat er paadydetBenb0, ObL ahOcA16HEPRBhYT) EBRANLNY &4 HAARF] (4:
(rutheniun?con?ent: 2.45 byaae?ght, Epec???c surfage %#g%@§%8%1§8?8}f
Conpar at i véuEfunplealcshoh, 62-hhiophenemetbasol yt ébo. of rut heniun(l11)

chloride (8.3 X-alunina i2.0 ) gRefirence catal yst JRC-ALO- 4 of the
Soci ety of CatggggF,féﬁeEF??E %ﬁr?ch &r84cohoY ReprsSamkeddb¥dthad
suspended, e(sus ' 2 ] d at enpe or,24 hours.
Then. the Torrutdl (FhoRacEagn FoRrphahary ZpheaR bk Fol cd” and the
resi dbal sbekdneods 2abbptamblh ebdetanodl, d2-@dcamoDpt2ididosanol, 3-

rutheniun}carr%ing alumna (2.0 gg (rutheniumcontent: 1.74%$ by weight,
speci fic sBFPEEBOAr ed~hexaNGD/ gF~heRtaRPL on3vfedprohol 348i¢esanplesis- 25

and Conpar gL anpl, anpl g ut heni um rying alumn

pr epar ed iﬁégggﬁgién? §8$%ﬁ§¥gyym§§§%% gﬁitogaﬁ%ggﬂggéﬂ§%ﬁ§?ﬂi’ng’g;
trifluorotdaimebhy(125butaneld simétkylar-peRtanenpes ahegyf 055 mnutes. To
20 the suspension, benzyl alcohol (0.108 g) was added, and oxidi zed by
f1owi ng oxBBRAARAL puFn2 tREMSERYENTRENBANGEC $onethy hodrkexdndk, si+rring.
The acti Xt yre wa al yzed. The conversjon, of benzyl_al cohol was
84% ignd tﬁ}glé}eﬁégfﬁ;‘l’?%n?g’ bﬁ%‘?’&%ﬁ TREQRR At ol TSN QY5 I5PEIBARP L 4 The
[ ut heni U £2pRehogy 2 Lt G%a it EPAL £ & oy b fodad Ot 113 Betin asldsy), o and
suspended in trifluorotoluene (1.5 m) and stirred at roomtenperature for
5 m nut es. 17pheneletbarnti ofyc beprypy phempl mé¢thasl g)bewshydidel, Bnd 30

oxi di zed by _f] ow o) en throug he suspension at. 83C 14 _ for 1 hour
whi | e stir??ﬁ 9Y§£89F€%g? bnﬁﬁf&T{htPQQEh \etdpnofye koiRersion of benzyl
al cohol wasr§RYphénh § SenSsd Lt Vidy @%-z Nap oy e fhan 99%
Exanpl e 5 5rThe@s§ﬁg %rocedures agﬁiﬁﬁgga %géyézggyrepeg?%d( xcept that
air has flphegoxypoenpl ) dehanshent+ op-ace hagehafy bpetgamoBndit he reaction

ti me was change o be 4 hours. The conversion of benzyl al cohol was 98%
and the se‘l’k&%%’?YgTéyplf%p%‘é‘h]zal HetRrdee Liak) ndrRE 9B ook - (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, l-indanol, l-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-1,2-pentanediol, 5-methyl-1, 2-



10 Exanpl e 6 The same procedures as in Exanple 4 were repeated except that
p- met hyl benzyl al cohol was used as a substrate in place of benzyl alcohol.
The conversion of p nethyl benzyl al cohol was nore than 99% and the
selectivity 15 to p-nethyl benzal dehyde was nore than 99%. Exanple 7 The
sanme procedures as in Exanple 4 were regeated except that p-nethoxybenzyl
al cohol was used as a substrate in placée of benzyl alcohol. The conversion
of p 20 net hoxybenzyl al cohol was nore than 99% and the selectivity to

p- met hoxybenzal dehyde was nore than 99% Exanple 8 The sane procedures as

in Exanpl enéxaﬁéaléfpegl@msfseptzlpféﬁ)yn&@i&iobfwteﬁécghf'd uged as a

substrate 25 in place of benzyl alcoh The conversion o ofo enzyl
al cohol penbeae%hah—éﬂéﬂ,ahdphhﬂyketh@me¥1I&—dbob,cth4obenzaIdehyde was

nmore than 99% The sane procedures as in Exanple 4 were repeated
30 except Fﬂﬁ%ygxﬁ$$¥§b%ﬁa§veaic%n O%aslnéﬁmm%ﬁﬁ%ﬁgﬂk@@Yhi%thangr|n pl ace

f b I d n be, 3 hours. The
gonvZPéYon 0?05961f?gbg%?@?i@f&%ﬁ@ﬁy%égﬁg¥@§ gﬁ%‘? ée} g?lvity to
p- ni t Bobenmitdehhery Wpst nane-1 hawd 80% ﬂ@@lmh@x% Eméammp&p,dur es as

I n Exanmpl e_4_were_repeated except that 1-phenylethanol was used as a
substrate tn? p?ﬁ%%pkﬁx%kﬁﬁ¥¢lal%B%ol The conversi on of 1 phenyl et hanol was

nore than 99% t | t et ophenone was re than 99%
Exanmpl e 11 The Qgg%é ur eésl)(a'glsi/r &é‘;kﬁﬁ) "gs%?ﬁe g ea‘f B xXTECR hat
cycl opr opysptieey! ﬂ@tm@n@éeavaﬁnug@éi anidatsitistred e idh Pl are Qe %Eﬁ

re an 99%

al cohol . The conversion of 15 cycl opropyl phenyl net hanol was no

and the se¥@8to¥i ertlmar,ym dﬂ)lb\ijtheriyh kant oireemiasgamrsacinaas 99$. Exanpl e
rocedures_.as i 4 mere rgpeated except that cinnanyl

a|coﬂ§|33£§ fEddrns %.5Rﬁ%t$éﬁ¥9 “helitm

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 acetate, 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 300°C, preferably from 50 to 200°C, and



20 pl ace of benzyl alcohol, and the reaction tine was changed to be 1.5
hours. The conversi on of cinnanyl al cohol was nore than, 99% and the
selectivity to cinnamal dehyde was 98% Exanple 13 25 The sanme procedures as
in Exanple 4 were repeated except that geraniol was used as a substrate in
pl ace of benzyl alcohol, and the reactiqg time was changed to be 6 hours.
The conversion of geraniol was 89% and the selectivity to geranial was
97% 30 Exanple 14 16 The sane procedures as in Exanple 4 were repeated
except that 2-pentanol was used as a substrate in place of benzyl al cohol,
and the reactéastibnepressahengeduseablpefhonrs.1The TONNMRLsi orhef
2-pentanol was 90% and the 5 selectivity to 2-pentanone was nore than 99%
Exanpl e 150¥hdatinp pracbiiOnReBa¥sbenCakbhpd cout weprt ivpeas by @Xcept t hat

2- oct anol %%é &ged as a substrate in place of benzyl alcohol, and the
reaction t c §38hanged to be 2 10 hours. The conversion of 2-octanol was
91% and the sepget hdbl¥ bRidaLEbANPESCYRSH "BF8dtEa8 9904 ol 28R BoAp1 The
sanme procedures as in Exanple 4 were repeated except that

2-t hi 6Spheneospbands aasowiddtagnaprodectat Erom the phdecehois beszizheal cohol
and the reaﬁéion i me was chanﬁeﬂ to be 1.§ hoErs The conversion of

2-t hi ophenBHBBREALESnast Abr EXENRNC go¥Ren nihe nalelhal 1§ 7 yPT Hnary

t hi ophenec | dgh c ot € T :

Ut hent um SaroRbey ‘8 oPrBBoMRLfg RRGeRde FIAEL CcdevILE 25idd 1o and
suspended tant bef pnodateduenwhéi. thel alaobost isradsetcondany t &hpehalure for
5 mnutes. To the suspension, cycl ohexanol éO.lOO g).. was added, and
oxi di zed b¥ FPEﬁFﬁgoﬁﬁyggnkFFPBﬁgﬂaPhEesHEB WSedn atherctb® 3broBohours

whil e stircing. i 1 Xt ur { on of
cyclgﬁexan%% §a§3328§83§§ ?EggééﬁécgiVI §g€§$%§%ﬁ%hé§§%%%€g§g§inDre t han
99% Exanpbgméauﬁaecaﬁnaeppgaaduégs as in Exanple 17 were repeated
When the alcohol represented by the formula (1) is
used, an aldehyde represented by the formula (4):

0]
15 | (4)
R'~C-H
wherein R! is the same as defined above, and/or a
carboxylic acid represented by the formula (5):
(o}
20 | (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):
I
(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):

O O
35 scl,! g 7 7
R®-C-X-C-R



30 except that 3-penten-2-of was used as a substrate in place 17 of

cycl ohexanol, and the reaction tinme was changed to be 6 hours. The
conversion of 3-penten-2-of was 84% and the selectivity to 3-penten-2-one
was nore than 99% Exanple 19 5 The sane procedures as in Exanple 17 were
repeat ed except that 1-octanol was usedlas a substrate in place of

cycl ohexanol, and the reaction tinme was changed to 4 be hours. The
conversi on of 1-octanol was 80% and the selectivities to 1-octanal and
1-octanoic acid were 85% and 10 10% respectively. Exanple 20 The sane

pr ocedur eswhsréin EXafpl thé 7sawee cas epefii red exlbepe ; tdmd RY degpergansd avas
used as a substrate in place of qgclohexanol. The_gonver

i on of
cycl opent aRBATQESN 92TPM18Y 43 Y FEOXE] FFPYP { YRR %yéﬁbﬁb%ﬁ Mas nore
t han 99% d .. r Sk Ni Y/ ed
excopt 1 hattaBCPE R A i Banll RS R Ghefp R WG oSS ERRROACC |

and the repgiregehcapenat 88 Rasapragart 20 thydmodemhaeton okhea conver si on
of cyclooctanol was 81% and the selectivity to cycloctgnone was nore than
99% Bxanphedeoxyhegravhevhem Rarks/ imdqyduadem ahaihare®’i ASEklgpisame (0. 11

0, U, 9ty ATt B LNy 5.8 A

roon1tenpe?§t re yPe s -oxidi"Zed

flow ng oxyggRutBAOHENahNEx$HSRESRI BRo@hcd50C for 18 hours while stirring.
The conversion of 1-phenylethanol was 95% and the selectivity to

acet ophenone watheoezidatnonoproducExernpprodects 1Gamhee rxe¢evenadcar ryi ng
alum na prepared. in Exapple 1.(0.11 was . add t o and suspended in

2- oct anol %§9§Sta? aﬁacgEPPr%ﬁﬁﬁPr?oﬁﬁm?Bﬁb%?%?ﬁ¥eS$B?e%th?£u€€§. Then, 2
oct aRgl : QX |, dLz i8], O thaeyen, t i 8&sPeMeapp at 150C for
g Al ¢ "oRiptLELTEl ?é;%#ﬁgﬁggnvgggiég% BAeLEH, | VEs iRy 98%  and t he

sel ecti vi t yreatidentt anond tmeatmerti hahc 998nd Exhem| puRiifyihmg the

rut heniumcarrying alumna prepared in_Exanple 2 10 (0,11 g) was added to
and suspenBEAAPRtt PFf PEBABEBFURKedigtELEpYigng SFYPERHLLFATHOMT t RPerat ure

for 5 m nutes. iERehh@h%ggepgmem_%ggygﬂg:osmmnsg?égg%g%%geg gfided. and

oxi di zed by flowng oX rough t ensi on our while
stirring. phecesscbifofhai presenvaintébnenahyiedusdlicasoaveasabysdf beazyl

al cohol was 99% and .

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 (%) =



the selectivity to benzal dehyde was nore than 99% Exanple 25 The

rut heniumcarrying alumna prepared in Exanple 2 (0.11 g) was added to and
suspended in trifluorotoluene (5 20 m) and stirred at roomtenperature for
5 mnutes. To the suspension, ethylene glycol (0.071 g) was added, and
oxidi zed by flowing air through the susggnsion at 83C for 5 hours and 10

m nutes while stirring. The reaction m xture was anal yzed. The conversion
of ethylene glycol 25 was 72%, and the selectivity to glyoxal was 91%
Conpar ative Exanple 2 The rutheniumcarrying alumna prepared in

Cbnparat'V?mgléaﬁhﬁrlaﬁguﬁﬂ4oﬂ)e&@ﬁ progdct PralebgYSPeARSEnt Not
trifluorotoluene (1.5 m) and stirred at roomtenperature 30 for 5 m nutes.

To the suspensined bwhsyratépokol000. 108 Q) 19 was added, and oxidi zed by
f low ng oxygen through the suspension at 83C for 24 hours while stirring.
The reaction m xture was anal yzed. The conversion of benzyl al cohol was

23% and | Bpopalatibk! by f@tﬁ&ﬂiﬁ{e\dégi‘ggaﬁ‘?y? fRfe than 99% 20 CLAING

1. A process preparing a ruthenium um na, the process

conpr bsi ng (EkemplLepslef: anﬂsoemﬁangtavennmampnealpolutlon cont ai ni ng
trivalent 5 ruthenium and adding a base to the suspension. 2. A process for
oxi di zi ng BEXamP&Bhél , the process conprising the step of: contacting the

al cohol wi th M FoULGT X8Rl 8ol boad Pl SECAE - flndn L NER ™ car TYing

al um na which isS prep ared endl umna Tn cont ai ni ng

trival ent gHiBeRRENY and ﬁﬁsﬂl r\g-a?!.lﬁ?ﬁfh L@ 101q SYRERY e Tatd Rigicess for
preparing a carbonyl ngund t he process conpr|5|©f the step-of: 15

oxi di zi ng éﬂcahbghéloﬁy feSprbekysoficeatalygt i cspeelfie. surfane process
Phooafli 09, 428 3" L mifY Sl Wded att WbPerided” ML URY 1 oPresented by

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 m?/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
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 suspension
was stirred at room temperature for 24 hours. The

30 suspension was filtrated, and the residual solid was washed



R1-C-H (1) H wherein Rl represents a hydrogen atom a hydrocarbon group 25
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 phenoxy group and an acyl oxy group; or a heterocyclic group, and
sai d carbonyl conpound is an al dehyde rggresented by 30 the formula (4): O
RI-CH 21 . wherein Rl is the sane as defined above, and/or a carboxylic
acid represented by the formula (5): OIl (5 5 R-COH wherein RL is the
sane as defined above. 5. The process according to claim3, wherein said

al cohol iswaghalv&ebp! an@paeseat € sytibe iof@%ﬁllé‘ni@r}l—c%%gn%aﬁmﬁ@né 2) |

H wherein R2 and R3 represent independently each ot her drocar bon
group whi chlrBygbptfrenhenjuneconberntt u2 edSHhibn weightst speeifibstit uent

sel ected fro t he roup $ES|§ ing of a halogen atom a nitro group, an

al koxy grotip* ﬁcﬁh ﬁ%%y g &t an acyl oxy group; or a heterocyclic
group, while R2q Egﬁ f@lfed to forma ring together 20 with the
carbon atomto mhl h ey are nded and said carbonyl conpound is a

ket ong represenInd6bym1h@ff@quﬁbﬂs(ﬁ@luflém ¢ ) reteiuarty RBr pherein R2 and
R3 are the sane as defined above. 6. The process according to claim 3,
wher ei n safblarédaol 83 mM) al coHoimingri@sdhtgad (Refierenas mataly®t OH OH 30

R4- C- X- G R S ent
hydrocarboﬁhgrgrd%,Jl %fFkﬁgpggéﬁgg¥gb$é%?%i%ﬂ%giﬁ%%%gﬁgént?gr%%c% ot her a
hydrogen aapea:alnydnbtg)r heis giddad Wi suspenciid ,0mald ke sudpsndidgned with
at | east one substituent selected fromthe 22 group consisting of a

hal ogen atV¥af Stirred @F&@maﬁe@l’*ﬁﬁ@“@oﬁb‘f o y dPhem, aphe an
oYl 287 O Sl Plad UGLBLREYSh s BLRY: D 48 s TP Bl g ©°
bonded,  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 m?/qg).
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 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 temperature 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



and said carbonyl conpound is a conpound represented by the formula (7): o
010 R6-C-X-CR wherein X is the sane as defined above; and R6 represent a
hydrogen atom or a hydroxyl group when R4 is a hydrogen atomor R6 is the
sanme as R4 when R4 is a group other than a hydrogen atom and R represents
a hydrogen atomor a 15 hydroxyl group when RS is a hydrogen atomor R is
the sane as RS when R5 is a group other than a hydrogen atom .AA
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was more than 99%.
5 Example 10
The same procedures as in Example 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 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
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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 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-2-0l was used as a substrate in place
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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 l-phenylethanol
25 (3.05 g) and stirred at room temperature for 5 minutes.
Then, l-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



f#10%@0& ()-Y '10% & ()-F'109%& ()- 109%& ()- 10 10
10! FS610%&' () - >Z>>>"??2?27?2uV4! I Ysz 109%& ()-!43 "10%>& ()-!>3
"109%& ()-Y 109& ()-YS 10%& ()- f#10%& ()-?@@@ A AAdEuV4! 1| s* 10%&' () - 3(
109 ()-1 " 109%& ()-3y "10%& ()-1!10%& ()-3 ,10%& ()- AABMBBBBBBavVK@'! 10 10
10F910%& ()-2! 10%& () -3-#10%& () - F! B-#3@¥& () - Ff, Y10%&' () - BBC) CC DFE"<VK@
TLSMBL10%ax @& () -y, ! [ SMB10%O0& () -y, ! SMBLOWWNL' () -y, |
10%& ()-L109%<& ()-y1l09%& () - FEBFOF) GCHHHHHz[ PE: ! ! 10< 10<
10<SN$10%K&'()-y,!CSN$10%77&'()-y,!CSN$10%77&'()-y,SN$10%&'()-y,!gSNﬁlO@&K@?
<& () -y, HAH (11 ti'h)e:EEthleniMml@E@&yﬁg équhiR%Bgée@red %&Oﬁ%ﬁ‘@ﬁ%é Y
F109& () - Y9! 10%&' ()-f10%& ()-J=J{J9Kf KpKKdIBPE: T! 1!l $109 ) -
| "10%& () {010%8) (YVaF ad@b&'t?-a#dOghspemdédﬂﬂﬂ@z+¢¢tahhlL(B@WBBEE:H
1I110%b&'&%-F/1 %b&'%)-F.FlO%b&f&é-Yf 10%b&fg)-!|)@#10%&f(%-l C10%& () -;
MVWKNYNZN] NARRNPEAF F o408k UEOPY. FeRBeE REUES - {2B0f UBipNtesoyxTheRy 2-
10xx! [ 8#104%x&n6) - rh &3 %99@2@- N&S&E’ﬁ aBi7deh hP3hdh (dné' Q
10 UNU& () -FI 10% U& () -110% Lgpl( - 5) % éh
5 suspension at 150°C 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 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 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 gq)
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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 23%, and the selectivity to benzaldehyde was

5 more than 99%.
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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

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 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):

o
1|| (4)
R*-C-H
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carboxylic acid represented by the formula (5):
0
I (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
R?’-C-R® (2)

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 group; or a heterocyclic 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):
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 alcohol 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



109%<& () - YI0%<& () - RemmmmmaBbC! 10 3 (&10%& () -! "YU OYR<R<& () - (
10%<& ()-F $ 109%& ()-11"10%& ()- $10%& ()-nnEnnnoXo~_@C!
10Y2Z10%<& () - Y2Z10%&' () - Y1109%& ()-!d- MP1O09YXX& () - ~Y*S
10%& () - (Y109%<&' () - Xonouovowoxo{ ooovW8! 1g 10% h& ()- 10% h& ()- 10%
h& ()-10T10T10T) +&6 109%& ()-!"&6" 10%&R2R) - cooppppyX7vW8! 1 >K3$10%"&' () -
3%10% )& ()-!H3$10%h& ()-!10!110%& ()-!8!10% & ()-
110% (& ()-pa(rbrgrrr{Y7vW8! 1!L03S&10% hl h& ()--!3S&10% & ()--
3S&1090& () --![3$10% {& ()-3%$10%
H&' ()-'CS$§.ﬂ9mcd:m\$:)st#sgs@)a*maqugén ya @@, 1995 K9 gx:lmlm, ari0 h h 10 h
h! VO3f , M10% h hé& é%,u 10%/&%2 I 3f I\/$10%A’\ A& (c} ~3f, MB10%AAL' () -
/'t et usu® ucRHERFY09 E#mmhwmgf QPR TN S 1A TR % -&

10%<&' Ok 4t 5) 0 mR<2 -19
9$10% (<) <8F}l’:%€€/%}]&i%‘ ;J‘Efﬁ%% LR R HAE E may BROCH 3?%3 ?—é e ng
23] c" kbaallﬁgn@%@getlrleﬁdwﬂghélﬂ}e: céthadlmtgoxﬁé}]tb wn-h:admfg &3] ahd Meadi ng

73] ¢c" "Headi ng 83]c" "Heading 93]0 A "Default Paragraph
Font]5" (G a58:b aghw +qsxz| ~

| ) A 3%{%(%,{%%&%%@%@[&4@0@@& def ghiddslamend, sfidRC

IVN" Pf Q&SS—;EWI(& fyv Vb#doef hj kI RmmXoopr/t uvgr st uvwxyz{|} ~6Ti mes New

RomanArl al Courier Root Ent r yWor dDocunent
"HEUR ()*+,-./01 45
<= >’>@BCDEFGHI JIQQL %‘EU\/\/\XYZ[\]’\_ abcdef ghi j ki rrgwo)pqrst uvwxyz{| } ~

wherein X is the same as defined above; and R® represent a
hydrogen atom or a 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; 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.



