PROCESS FOR PRODUCI NG CYCLOALKANOL AND/ OR
CYCLOALKANONE BACKGROUND OF THE I NVENTION 1. Field of
the Invention The present invention relates to a
process for producing cycloal kanol and/ or
cycl oal kanone by oxi di zi ng cycl oal kane wth nol ecul ar
oxygen. 2. Description of the Related Art As a nethod
for oxidizing hydrocarbon such as al kane cycl oal kane
aPROSESSNEOR PROMICING &YC@WN%&@&% ALKANONE
known a nmethod utilizing cobalt salt of carboxylic
acid as a catalyst (e.g., see U S. Patent No.
3957876). In addition, recently, a nethod utilizing
por phyrin conpl @ACZGROUND @Fy SHE [IANVENIHIONr oposed. As
a such catalyst, for instance, EP 0 471 501 A

1di spieseson €RaPif¥eftibhon, chrom um nanganese,
rut henium or copper wth perhal ogenat ed porphyrin as
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chrom um™ manganese, ruthenium cobalt or copper wth

gl & B%&%Qne‘ifﬂw #Pc?é ahkgﬁagﬁ b@%:@léﬁgingo’ g?c’j‘.‘oalkane with

cl oses a conpl ex 0 I ron romum manganese,

alt or copper with nitrated porphyrin
moa%%%ﬁlgan %%d EP 0 704 447 A discloses a conpl ex

of iron Mﬁth hal ogenat ed porphyrin as a |igand.
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2. Description of‘the Related Art

As a method for oxidizing hydrocarbon such as alkane,
cycloalkane and alkene with molecular oxygen, there has been
known a method utilizing cobalt salt of carboxylic acid as a
catalyst (e.g., see U.S. Patent No. 3957876). In addition,
recently, a method utilizing porphyrin complex as a catalyst
has been proposed. As a such catalyst, for instance, EP 0 471
501 Adiscloses a complex of iron, chromium, manganese, ruthenium
or copper with perhalogenated porphyrin as a ligand; EP 0 532
327Adisclose$acomplexofiron,chromium,manganese,ruthenium,
cobalt or copper with cyanated porphyrin as a ligand; EP ¢ 532
326 Adiscloses a complex of iron, chromium, manganese, ruthenium,
cobalt or copper with nitrated porphyrin as a ligand: and EP
0704 447 Adisclosesa compléx of ironwithhalogenated porphyrin

as a ligand.

SUMMARY OF THE INVENTION



However, the sufficient selectivity of a product, for
exanpl e the selectivity of cycl oal kanol and/ or
cycl oal kanone produced by oxidi zi ng cycl oal kane with

nol ecul ar oxygen, has not been achi eved by those

previ ous net hods descri bed above. The present

i nvention provides a process for producing

cycl oal kanol and/or cycl oal kanone by oxi di zi ng

cycl oHbkwenerui tthe suifddgientosedestilvitie off as@radusit, for
cobalt salt of carboxylic acid and cobalt conpl ex
ewninplpothbyseheasiaikiygafdecydbcalkiamgl tand her prwskralkanone
i nvention, cycloal kanol and/or cycl oal kanone can be

pRbadeeadpl emiayelagl kpotowikAngowith sebbesulat yoxygen, has
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starting naterial; which is oxidized with nol ecul ar
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correspondi ng cycl oal kanol ‘and/ or cycl oal kanone.
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adamant ane;_ cycl oal kane with a subs&ituent

- P0aik€no1 ana/
ri ng, ASGERALEY FRIHA BFERGHin{aKERAgn . cyoloalkanol and/or

nmet hyl cycl ohexane; and the |ike, which .
cycloalkanone can be produced from cycloalkane with good

selectivity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the present invention, cycloalkane isusedasastarting
material, whichis oxidizedwithmolecular oxygen in the presence
of a catalyst to produce corresponding cycloalkanol and/or
cycloalkanone.

Examples of the cycloalkane as the starting material
include monocyclic cycloalkane with no substituent on the ring,
such as cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclodecane and cyclooctadecane;
polycyclic cycloalkane such as norbornane, decalin and
adamantane; cycloalkane with a substituent on the ring, such
asmethylcyclopentane andmethylcyclohexane; and the 1ike, which

usually have about 3 to 20 carbon atoms. Two or more of them



usual |y have about 3 to 20 carbon atons. Two Or nore
of them 2 can be used together, if necessary.
Oxygen-contai ning gas is usually used as a source of
the nol ecul ar oxygen. The oxygen-contai ni ng gas may
be air or pure oxygen, or may be diluted air or pure
oxygen with an inert gas such as nitrogen, argon, or
helium Alternatively, oxygen-enriched air, which can
can Glet aisedd thyeathdimg ifumecessgery. to the air, nmay be
used as the oxygen-containing gas. In the present

i nvenbik@gencebatthindnly ghscid heawlls aged as a source of the
(hereinafter, it may be referred to as cobalt salt)
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be used together, if necessary. Preferred exangl

> f es._ of
the céBabke pHasevcinyentdns.icabalt gal ghaparooxylic acid

2- et hyl hexanoat e, cobalt naphthoate, cobalt oxal ate
(bgpginafter, it may be referred to as cobalt salt) and cobalt

complex with porphyrin as a ligand (hereinafter, it may be
referred to as cobalt complex) are used together as catalysts
for oxidizing cycloalkane with molecular oxygen. By employing
such catalyst system, cycloalkane can be oxidized and
cycloalkanol and/or cycloalkanone can be produced with good
selectivity.

The cobalt salt used in the present invention may be a
salt of monohydric or polyhydric aliphatic carboxylic acid,
alicyclic carboxylic acid or aromatic carboxylic acid. Two or
more of them can be used together, if necessary. Preferred
examples of the cobalt salt include cobalt acetate, cobalt
2-ethylhexanoate, cobalt naphthoate, cobalt oxalate, cobalt
laurate, cobalt palmitate, cobalt stearate and the like. The
cobalt salt is preferably a salt of aliphatic carboxylic acid,
more preferably a salt of aliphatic carboxylic acid having 2

to 20 carbon atoms, and further preferably a salt of aliphatic
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| aurate, cobalt palmtate, cobalt stearate and the
like. The cobalt salt is preferably a salt of
al i phatic carboxylic acid, nore preferably a salt of
al i phatic carboxylic acid having 2 to 20 carbon
atons, and further preferably a salt of aliphatic 3
carboxylic acid having 6 to 10 carbon atons. Anot her
cat al yst conmponent, cobalt conplex is typically
cagpogydrcedciy hiayingl I6owiond Of @ambloa @bpemsxg R1 X1 X7
X2 N, NRA/ jCORz (1) N X6 X3 X5 3 Xd (wherein,
each ahoXhetrociBalysieprngmrdnt r epbaddncemplbxdiodgerpically
atom a halogen atom a nitro group, a cyano group, a
reydicgearan bydthep £o0d loaliage Fakaeh By drigear bon group or
a sulfonyl group, each of Rl to R4 independently
repr nts,a hygdjogen atom a nitro group, a cyano
S?ﬁa hydr ocgr bon group or a hal ogenat ed

3 Jdn the formula (1) , when at | east
ting on the pyrrole ringis a

R’ (0

(wherein, each of X' to X’ independently represents a hydrogen
atom, a halogen atom, a nitro group, a cyano group, a hydrocarbon
group, a halogenated hydrocarbon group or a sulfonyl group, each
of R' to R* independently represents a hydrogen atom, a nitro
group, a cyano group, a hydrocarbon group or a halogenated
hydrocarbon group.)

In the formula (1), when at least one of X' to X® existing
on the pyrrole ring is a halogen atom, the halogen atom can be
a fluorine atom, a chlorine atom, a bromine atom or an iodine
atom. When at least one of 3{1 to X® 1s a hydrocarbon group, the
hydrocarbon group can be an aliphatic hydrocarbon group, an
alicyclic hydrocarbon group or an aromatic hydrocarbon group.

As used herein, an aliphatic hydrocarbon group is a residue
of aliphatichydrocarbonwhosehydrogenatomis removed therefrom,
which usually has about 1 to 20 carbon atoms. Specific examples

of the aliphatic hydrocarbon group include an alkyl group such



a fluorine atom a chlorine atom a brom ne atomor an
iodine atom Wen at |east one of X1 to X8 is a

hydr ocar bon group, the hydrocarbon group can be an

al i phatic hydrocarbon group, an alicyclic hydrocarbon
group or an aromatic hydrocarbon group. As used

herein, an aliphatic hydrocarbon group is a residue

of aliphatic hydrocarbon whose hydrogen atomis

alseame eyl hprcafpr oan e thvgilodr argpiakhyn tpeopatiogrodp | enZsopropyl
carbon atons. Specific exanples of the aliphatic

g&b@%ﬂcaﬁ ROy groagl, uske iavoaligl ggoapp swchutdlagraup and
nmet hyl group, an ethyl group, an n-propyl group, an
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a s-butyl” group and a t-butyl group; an al kenyl group
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group; a kynyl group Such as an et hynyl
I ; L ke. An
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chai n whose hydrogen atom on the aljiphatic chain is

grewp ey Decthe refldusm plieyeliphiziragarhnn ghpgpdiydrogen

hydr ocarbon group include a cycloalkﬁl group such as
agopy ohophepyliphatic mingdopgmpved therefrom or may be the

residue of alicyclic hydrocarbon having aliphatic chain whose
hydrogén atom on the aliphatic chain is removed therefrom.
Specific examples of the alicyclic hydrocarbon group include
a cycloalkyl group such as a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group and a cyclohexyl group; a cycloalkyl
alkyl group such as a cyclopentylmethyl group and a
cyclohexylmethyl group: and the like.

An aromatic hydrocarbon group is a residue of aromatic
hydrocarbon whose hydrogen atom is removed therefrom, which
usually has about 6 to 20 carbon atoms. The aromatichydrocarbon
group may be the residue of aromatic hydrocarbon v&hose hydrogen
atom on the aromatic ring is removed therefrom, or may be the
residue of aromatic hydrocarbon having aliphatic chain whose
hydrogen atom on the aliphatic chain is removed therefrom, or

may be the residue of aromatic hydrocarbon having aliphatic ring



group, a cyclopentyl group and a cycl ohexyl group; a
cycl oal kyl al kyl group such as a cycl opentyl net hyl

group and a cycl ohexyl methyl group; and the like. An
aromati ¢ hydrocarbon group is a residue of aromatic

hydr ocar bon whose hydrogen atomis renoved therefrom

which wusually has about 6 to 20 carbon atons. The
aromati ¢ hydrocarbon group may be the residue of
whbeBHL Y Er dyeli atanmbon tiwatiphdtiganingtisnrenoved therefrom.
aromatic ring is renoved therefrom or may be the
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whose hydrogen atomon the aliphatic chain is renoved

aE%rﬁféﬁ’%]sﬁh alkBy fiferdye ghr@sipdug ©d1 Al FfurCand a naphthyl
hydrocar

on having aliphatic ring 5 whose hydrogen
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i ncl ude .an ryl u h asa dpenhegroup, a tolyl
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iodine atom Wen at |east one of X1 to X8 is a fodi
asfilrerinegrbom, & Hhlagfe Aoy Gupregingeahoy oy pn todine
havi ng a hydrocarbon group anding
atom. When at least one of X' to X° is a sulfonyl group, the
sulfonyl group can be a group having a hydrocarbon group bonding
to unsubstituted (-S0;-) group. The hydrocarbon group in those
halogenated hydrocarbon group and sulfonyl group can be an
aliphatic hydrocarbon group, alicyclic hydrocarbon group or
aromatic hydrocarbon group as in the case of the hydrocarbon
group representing X! to X, and exemplified similarly as in
the hydrocarbon group representing X! to x°.

Whereas, in the formula (1), when at least one of R! to
R! existing on carbons linking the pyrrole rings is a hydrocarbon
group,thehydrocarbongroupcanalsobeanaliphatichydrocarbon
group, alicyclichydrocarbon group or aromatichydrocarbon group
as in the case of the hydrocarbon group representing x! to X8,
and exemplified similarly as in the hydrocarbon group

representing X' to X°.

When at least one of R® to R* is a halogenated hydrocarbon



to unsubstituted (-SO2-) group. The hydrocarbon group
in those hal ogenated hydrocarbon group and sul f onyl
group can be an aliphatic hydrocarbon group,

alicyclic hydrocarbon group or aromatic hydrocarbon
group as in the case of the hydrocarbon group
representing XL to X8, and exenplified simlarly as in

t he hydrocarbon group representing X1 to Xe. Wereas,
grnoughe siordrhdely Bs whdheathalaganagmd dfydreqarboy group
exi sting on carbons Ilnklng the pyrrole rings is a
depdfearartiony Xjr @opx® 1 hehédyioa Doge e 4 rigudrecarkém ageup can
an aliphatic hydrocarbon group, alicyclic hydrocarbon
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Mor eover, the
sulfonyl group can also be an aliphatic hydrocarbon group, an

alicyclic hydrocarbon group or an aromatic hydrocarbon group
as in the case of the hydrocarbon group representing X! to X%,
and exemplified similarly és in the hydrocarbon group
representing X' to X°.

In the formula (1), at least one of X' to X® is preferably
a halogen atom, and in this occasion, preferably others than
the halogen atom are a hydrogen atom, a hydrocarbon group or
a halogenated hydrocarbon group, and more preferably all of xt
to X® are halogen atoms. R'to R*are preferably a hydrogen atom,
a hydrocarbon group or a halogenated hydrocarbon group.

Such cobalt complex represented by the formula (1} can
be prepared by known methods, for example a method described
in Journal of Organic Chemistry, Vol. 32, p.476, 1967, and a
method described in Inorganic Chemistry, Vol. 31, p. 2044, 1992.

The cobalt complex may be used with being carried on a carrier



hydr ocar bon group in those hal ogenated hydrocarbon

group and sul fonyl group can also be an aliphatic

hydr ocar bon group, an alicyclic hydrocarbon group or

an aromati c hydrocarbon group as in the case of the

hydr ocar bon group representing X1 to X8, and

exenplified simlarly as in the hydrocarbon group
representing X1 to X8. In the fornula (1) , at |east

syt Gfs X6l ticaX8 dlsunpiref ertabiania, hedwgeortllnited jeplite,
this occasion, preferably others than the hal ogen

i8R Ik Hdade alkka. a hydrocarbon group or a
hal ogenat ed hydrocarbon group, and nore preferably al

of X1 01248 i &R cHrPBe ddnduet¥d & contacting
preferably a hydrogen atom a hydrocarbon group or a
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An oxidation reaction temperature is usually in the range
of 0 to 200°C, preferably 100 to 180°C, more preferably 130 to
180°C, further preferably 145 to 180°C. A reaction pressure is
usually in the range of 0.01 to 10 MPa, preferably 0.1 to 2 MPa.
Asolvent canbeemployedinthereaction, if necessary. Examples
of the solvent include a nitrile solvent such as acetonitrile
and_benzonitrile, and carboxylic acid solvent such as acetic
acid and propionic acid, and the like.

The post treatment operation after the oxidation reaction
is neot particularly limited. Examples of the post treatment
include a method comprising the steps of washing a reaction
mixture with water to separate fhe cobalt salt and the cobalt
complex therefrom, and then distilling the reaction product,
and the like. When cycloalkyl hydroperoxide 1s contained in
the reaction mixture, the reaction mixture may be subjected to

an alkaline treatment, reduction treatment or the like, to



the cobalt conplex used are, in the total anount of
both, usually 0.01 to 100 ppm by wei ght, preferably
0.1 to 50 ppm by weight to cycloal kane. Wight ratio
of the cobalt salt to the cobalt conplex is usually
100:1 to 1:100, preferably 20:1 to 1:20. An oxidation
reaction tenperature is usually in the range of 0 to
200C, preferably 100 to 180C, nore preferably 130 to
cb8&extf thhieh ary qirasfldydb Ihy drep e XESHEC. eas Flaacintgn a desired
pressure is wusually in the range of 0.01 to 10 MPa,
ayicdioalXaing 10 .o taydA ddlkanohesol vent can be enpl oyed in
the reaction, if necessary. Exanples of the solvent

i ncl ugded raishylitie oS Pyedivla 1Kaed 1as:aar died dnvidrecedanichto
benzonitrile, and carboxylic acid solvent such as

ARAAA kaMTnE BYdaPkOO® Mersd d arddychealkkaonthes used as
post treatnment “operation after the oxidation reaction
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treatment” 1 nclude a net’hod conprising the steps of
washing a reaction mxture with water to separate the
cobalt salt and the cobalt conplex therefrom and
E@%@%L iStilling the reaction product, and the |ike.

cl oal kyl hydroperoxide is contained in the

reaction m xture, .the reacti,on m xture be
subjegggdpfgsegﬁ &PW?PFﬁQntféhfﬁ%ﬁﬁﬁ Q%Qﬁi:iWﬁ¥e detail by
treatnment_or the like, t convert the c %Loa
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cycl oal kanone.

upon the scope of the present invention. Analysesof cyclohexane,
cyclohexanone, cyclohexanol and cyclohexyl hydroperoxide in a
reaction mixture were conducted by gas chromatography. Based
on results of the analysis, conversion of cyclohexane and

respective selectivities to cyclohexanone, cyclohexanol and

cyclohexyl hydroperoxide were determined.

Example 1
As catalysts, 0.0007 g (2.1x10°° mol) of cobalt(II)

2-ethylhexanoate and 0.0035 g (2.1x10°° mol) of cobalt(II)
5,10,15,20-tetrakis(pentafluorophenyl)-2,3,7,8,12,13,17,18-
octabromoporphyrin (compound of the formula (1), wherein X! to
X® are bromine atoms and R' to R* are pentafluorophenyl groups)
were dissolved in 2499.6 g (29.7 mol) of cyclohexane to prepare
feed liquid (catalyst/starting material solution). Into 1L

autoclave, 278 g of the feed liquid was introduced, and inside



The resulting cycloal kanol can be converted into
cycl oal kanone by a known net hod, and cycl oal kanone is

used as a starting material for produci ng oxine or

| actam EXAMPLES The present invention is described

in nore detail by follow ng Exanples, which should

not be construed as a limtation upon the scope of

the present invention. Analyses of cycl ohexane,

ofy theleyetrmmyascpressurafdio And Mpe wwifdxpltrogen, and then,
hydroperoxide in a reaction m xture were conducted by

@RSt @i Ot 0oe dfhthe Bgseem was irspkhsedftd bés5ihaliykiflowing
conversion of cycl ohexane and respective

rdalreglenyi t Ceatinuous! pdaxaihen aras yondhetaifoand hours with
cycl ohexyl hydroperoxi de were determ ned. Exanple 1 As

M $ : Mt d 6046 ni®l wiohialfloWing ai
S%?yl Ezgggo]g?ée)&andd O]f 0035496?%* 1x10-6 nol) of g atk 8o i.a

t%oﬁ%ﬁé Q)':Jé) en concentration in an exhaust gas 1 to 5% by volume
, 1 6{tetrak|s(pentafluorophenyl)- ,3,7,8,12,13,1
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are promne a

p%%%ts%&{erg?; ggﬁpanygpgrf’é@:‘?Aex%%\g rtq.m%i éé%:l]\c/rggtdé%].l 33?%“16& g:esult

cyClohexane prepar e

cat sif/startin terial solution).  lnt
SR RRIvaLS 355 Pt BB P P RO BE g onexane
UM %&%eggﬁ%gsﬁi SLOR 1821RhaSANGRS 1 8y 31.8ndk8no1 ana
cyclohexyl hydroperoxide were 27.0%, 33.3% and 30.2%,

respectively (total selectivity was 90.5%).

Example 2'

A procedure was conducted similarly as in Example 1, except
that residence time was 75 minutes. A conversion of cyclohexane
was 5.7%, and selectivities of cyclohexanone, cyclohexanbl and
cyclohexyl hydroperoxide were 31.4%, 34.4% and 19.2%,

respectively (total selectivity was 85.0%).

Comparative Example 1

Aprocedure was conducted similarly as in Example 1, except
that 0.0070 g (4.2x10°° mol) of cobalt(II)
5,10,15,20-tetrakis(pentafluorophenyl)-2,3,7,8,12,13,17,18-
octabromoporphyrin was used alone as a catalyst and cobalt(II)

2-ethylhexanoate was not used. A conversilon of cyclohexane was
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the tenmperature of the systemwas increased to 145C
with flowng nitrogen. Continuous reaction was
conducted for 4 hours with supplying the feed |iquid
at 4.6 g/min. with flowing air so as to nmake oxygen
concentration in an exhaust gas 1 to 5% by vol une
under conditions of reaction tenperature 145C,
reaction pressure 0.6 MPa, and residence tine 60
SuSiut end FEedractindsullds of cyrdlohsixaneing hevyaladtexanol and
m xture, a conversion of cycl ohexane was 4.1% and
SRl Ietdmil imairepenod idewarene 9 oyl deecnandand. 7%,
cycl ohexyl hydroperoxi de were 27.0% 33.3% and 30. 2%

reasRealivaly (Hotaal setleaatiwity wars 630,499, Exanple 2
A procedure was conducted simlarly as in Exanple 1,
except that residence tine was 75 mnutes. A
conversi on of cycl ohexane was 5.7% and selectivities

fnca% s cycl ohexanol and cycl ohexyl
cﬁ’f&ropéﬁg’% HEMLEH Qo 34, 4% and 10, 2%

respecgtivel total s I\t N s
Conpa v éyelg_)q(‘é:r?plwg Sl%,&’%(é‘{c?\gg urs\éﬁla'é%@&%n L'Jsctléld Comparative
Ef};lfmgm lilﬁar l% %%e%&%%%%t%ﬁ%%mti&ehﬁaso'7%07m01r9.1tes. A
5,10, 15, 20-t etr aki s( pent af | uorophenyl)-2,3,7,8,12,13, 1
RIS SO S0 FHTHRRFANE RS Tse et ss?%t?ﬁ%@%i of
and cobalt(ll) 2-ethyl hexanoate was not used. A .
shnhesiagensr. eyeilohexanel\grd gyclohexyl hydroperoxide were

31.7%, 35.7% and 10.7%, respectively (total selectivity was

78.1%).

Comparative Example 3

A procedure was conducted similarly as in Example 1, except
that cobalt(II)
5,10,15,20-tetrakis(pentafluorophenyl)-2,3,7,8,12,13,17,18-
octabromoporphyrin was not used and 0.0021 g (5.9x10°% mol) of
cobalt(II) 2-ethylhexanoate was used alone as a catalyst, and
a reaction pressure was 0.9 MPa. A conversion of cyclohexane
was 7.0%, and selectivities of cyclohexanone, cyclohexanol and
cyclohexyl hydroperoxide were 24.6%, 15.6% and 11.5%,

respectively (total selectivity was 51.7%).

Comparative Example 4

A procedure was conducted similarly as in Comparative
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5.5% and selectivities of cycl ohexanone, cycl ohexano
and cycl ohexyl hydroperoxi de were 29.4% 38. 3% and
15.7% respectively (total selectivity was 83.4%.
Conparative Exanple 2 A procedure was conduct ed
simlarly as in Conparative Exanple 1, except that
residence tinme was 75 mnutes. A conversion of

_ xgne £@ f
BAEBIE 3o stgh e Resitee i?" L3y 50 minutes. A
hydr o erOX|d 31.7% 35. 7% 1
PLERBRELON 5 LYeiphskabe) wak § dde oBY ffflectivities of
Conpar ati ve Examole 3 A procedure mas conduct ed
§YERPHPF‘91‘8§°i- CYsiohpEanol %SVClPHSf‘Y&o‘b‘éq‘WW’)‘O"me were
5, 10, 15, 20-t et r aki s(pent af | uor ophenyl )-2, 3,7, 8,12, 13,
26183, 022aBRonbfolphyRi nTaapestivedyd (A0t ad. @@zlfcgdvity was
(5.9x10"6 nmol) of cobalt(ll) 2-ethyl hexanoate was
64cH%alone as a catalyst, and a reaction pressure was
0.9 MPa. A conversion of cyclohexane was 7.0% and
sel ectivities of cycl ohexanone, cycl ohexanol and
cycl ohexyl hydroperoxi de were 24.6% 15.6% and 11. 5%
respectively (total selectivity was 51.7%.
Conparative Exanple 4 A procedure was conducted
simlarly as in Conparative 11

12




Exanpl e 3, except that residence tinme was 50 m nutes.
A conversion of cycl ohexane was 6.48, and
selectivities of cycl ohexanone, cycl ohexanol and
cycl ohexyl hydroperoxi de were 26.0% 22.28 and 16. 78,
respectively (total selectivity was 64.9% . 12 WHAT
IS CLAIMED IS: 1. A process for producing cycl oal kano
and/or a cycl oal kanone, conprising the step of
WHATdILZi agATMEDodBkane with nol ecul ar oxygen in the
presence of cobalt salt of carboxylic acid and cobalt
conplex with porphyrin as a |ligand. 2. The process
according to claim1, wherein the cobalt conplex wth

por phy(i m gfrdddHanst |Froa eIy Uk 1ealesesl edhd or a
the formula (1): X8 RL XI 7 XZ N NRa COjRa (1) N

381831 k&roRe K@ o858 nidy tl‘?@g{?eﬁﬁ)f&fcﬁiﬁlg cycloalkanewith
I ndependent [y represents a hydfogen atom~ a hal ogen

méiQHler n6§§8e19 ' Rne p‘fgggﬁcgr 8¢ pco'@af&’ dé’é).f:@rcﬁo %arboxylic

acid and cobalt complex with porphyrin as a ligand.

2. The process according to claim 1, wherein the cobalt
complex with porphyrin as a ligand is a compound represented

by the formula (1):

%7 x?
R R2 (1)
X3 Rr3 x4

(wherein, each of X' to X® independently represents a hydrogen
atom, a halogen atom, a nitro group, a cyano group, a hydrocarbon
group, a halogenated hydrogarbon group or a sulfonyl group, each
of R! to R* independently represents a hydrogen atom, a nitro

group, a c¢yano group, a hydrocarbon group or a halogenated

hydrocarbon group.)

3. The process according to claim 2, wherein at least

one of the X! to X® in the formula (1) is a halogen atom.

13



group, a hal ogenated hydrocarbon group or a sul fonyl
group, each of RL to R4 independently represents a
hydrogen atom a nitro group, a cyano group, a
hydr ocar bon group or a hal ogenated hydrocarbon
group.) 3. The process according to claim2, wherein
at least one of the X1 to X8 in the fornula (1) is a
hal ogen atom 13 4. The process according to anyone of
claimlto 3, wherein the cycloal kane is cycl ohexane.
14
4. Theprocessaccording toanyoneof claiml to 3, wherein

the cycloalkane is cyclohexans.
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