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
aRAOAERBNEORI PRODULCENG! &X CORAHEANOLhAND /BRs CYEQALKANONE
known a nmethod utilizing cobalt salt of carboxylic
acid as a catalyst (e.g., see U S. Patent No.
3957876). In addition, recently, a method utilizing

por phyrin conpl 8XCRSROUNSL BFYTHE TaVENDONT oposed. As
a such catalyst, for instance, EP 0 471 501 A
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ryt cobalt or copper with nitrated porphyrin
mgieguﬁﬁﬁghﬁygﬁﬁd EP 0 704 447 Adiscloses a conpl ex of

iron with hal ogenated porphyrin as a |ligand. SUMVARY
OF THE | NVENTI ON

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
327Adisclosesacomplexofiron,chromium,manganese,ruthenium,
cobalt or copper with cyanated porphyrin as a ligand; EP 0 532
326 Adiscloses a complex of iron, chromium, manganese, ruthenium,
cobalt or copper with nitrated porphyrin as a ligand; and EP
0704 447 Adiscloses acomplex of ironwith halogenated porphyrin

as a ligand.

SUMMARY OF THE INVENTION



1 However, the sufficient selectivity of a product,

for exanple 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
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cobalt salt of carboxylic acid and cobalt conpl ex
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i nvention, cycloal kanol and/or cycl oal kanone can be
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starting nmaterial, which is oxidized with nol ecul ar
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According to the present invention, cycloalkanol and/or

cycloalkanone can be produced from cycloalkane with good

selectivity.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In the present invention, cycloalkane is used as astarting
material, which is 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
asmethylcyclopentaneandmethylcyclohexane:andthelike,which

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



adamant ane; cycl oal kane with a substituent on'the
ring, such as nethyl cycl opentane and
net hyl cycl ohexane; and the |ike, which wusually have
about 3 to 20 carbon atons. Two or nore of them 2 can
be used together, if necessary. Oxygen-containing gas
is usually used as a source of the nolecul ar oxygen.
The oxygen-contai ning gas may be air or pure oxygen,
can vayubeddtbgéedenir i6r npuegsaxygen with an inert gas
such as nitrogen, argon, or helium Alternatively,
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pure oxygen to the air, may be used as the
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salt of nonohydric
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carboxyllc acid. Two or
(hereinafter, 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—ethylhéxanoate, 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



nore of them can be used together, if necessary.
Preferred exanples of the cobalt salt include cobalt
acetate, cobalt 2-ethyl hexanoate, cobalt naphthoate,
cobalt oxal ate, cobalt laurate, cobalt palmtate,
cobalt stearate and the like. The <cobalt salt is
preferably a salt of aliphatic carboxylic acid, nore
preferably a salt of aliphatic carboxylic acid having
carboryRccachbdnhaviong, 6and L0r chgbopr etemably a salt
of aliphatic 3 carboxylic acid having 6 to 10 carbon
at onmsanétinéhera oAl ad ty stompanortentpbadiatompbeypl ox typically
typically represented by the following formula (1):
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represents a hydrogen atom a halogen atom a nitro

gr oup ano gyoup, a hydrocarbon group, a

hal odenat ed hydf-ocar bon group or a sul fonyl group,

each R 4 _i,ndependent|y represents a hydrogen
3 gyoWp, a cyano group, a hydrocarbon

gr oup i Al-agenat ed hydrocarbon group.) In the

fo Ren | east e of X1 to X8 existing

o i gﬁ%s a hal'ogen atom the hal ogen

jzodi ne atom When at | east one of
carbon group, the

(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 f£fluorine atom, a chlorine atom, a bromine atom or an iodine
atom. When at least one of Xl to X® is a hydrocarbon group, the
hydrocarbon group can be an aliphatic hydrocarbon group, an
alicyclic hydrocarbon group or an aromatic hydrocarbon group.

Asusedherein, an aliphatichydrocarbon group is aresidue
of aliphatichydrocarbonwhose hydrogenatomis removed therefrom,
which usually has about 1 to 20 carbon atoms. Specific examples

of the aliphatic hydrocarbon group include an alkyl group such



hydr ocar bon group can be an aliphatic hydrocarbon
group, an alicyclic hydrocarbon group or an aronmatic
hydr ocar bon group. As used herein, an aliphatic
hydr ocarbon group is a residue of aliphatic
hydr ocar bon whose hydrogen atomis renoved therefrom
whi ch usually has about 1 to 20 carbon atons. Specific
exanples of the aliphatic hydrocarbon group i ncl ude
asia métlyyl group . aucétdy hgreupet 2y n-grepyl GHPUR hyp isopropyl
group, an n-propyl group, an isopropyl group, an
ghetipt \dn grbutylagrospbdny isgbatiyl greubutayE-groyp aneup and
a t-butyl group; an al kenyl group such as a vinyl
ad-Biryagrabpylan gLrepy lantbwp sechaas vl vyl grosp, an allyl
al kynyl group such as an ethynyl group and a
gPHABATI a MeAHH113NdgEbEp ) idefalRPngl ignailp such as an ethynyl
hydr ocarbon group'is a residue of alicyclic
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residue of alicyclic hydrocarbon having aliphatic chain whose
hydrogen 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 whose 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



al kyl group such as a cycl opentyl met hyl group and a
cycl ohexyl net hyl group; and the like. An aromatic
hydr ocarbon group is a residue of aromatic
hydr ocar bon whose hydrogen atomis renoved therefrom
whi ch usually has about 6 to 20 carbon atonms. The
aromati ¢ hydrocarbon group nay be the residue of
aromati ¢ hydrocarbon whose hydrogen atomon the
witd Serhilyidr ogemga temreentkece 1 iphat toming igmenyvedsherefrom.
resi due of aromatic hydrocarbon having aliphatic chain
SHEESE] ¢ inggers afothemtdmatdld pirdirocachanngteup eisvlgde an
therefrom or nmay be the residue of aromatic
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atom. When at least one of %' 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 Xx8.

Whereas, in the formula (1), when at least one of R to
R?! existing on carbons linking the pyrrole rings is a hydrocarbon
group, the hydrocarbon group canalsobe an aliphatichydrocarbon
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 (-S02-) 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 X1 to X8, and exenplified simlarly as in

t he hydrocarbon group representing X1 to X8. Wereas,
grouphesfinideirdy( 8 inwtbe halogesatese hylrrEarborng group
exi sting on carbons linking the pyrrole rings is a
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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 as 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 X!
to X® are halogen atoms. R’ toR*are preferably a hydrogen atom,
a hydrocarbon group or a halogenated hydrocarbon group.

Such cébalt 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



the sul fonyl group representing X1 to X8. Mbreover,
the hydrocarbon group in those hal ogenat ed
hydrocarbon group and sulfonyl group can also be an
al i phatic hydrocarbon group, an alicyclic hydrocarbon
group or an aromatic hydrocarbon group as in the case
of the hydrocarbon group representing X1 to X8, and
exenplified simlarly as in the hydrocarbon group
stuenr aseplinga)XlalomX8a, | titheifer mengmeriillgniteasizeolite,
one of X1 to X8 is preferably a halogen atom and in
hi8r&§tateagskoandpentenakky others than the hal ogen
atom are 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 not particularly limited. Examples of the post treatment
include a method comprising the steps of washing a reaction
mixture with water to separate the cobalt salt and the cobalt
complex therefrom, and then distilling the reaction product,
and the like. When cycloalkyl hydroperoxide is contained in

the reaction mixture, the reaction mixture may be subjected to

an alkaline treatment, reduction treatment or the like, to



cycl oal kane with nol ecul ar oxygen in the presence of
cobalt salt and the cobalt conplex. Anpbunts of the
cobalt salt used and the cobalt conplex used are, in
the total amount of both, usually 0.01 to 100 ppm by
wei ght, preferably 0.1 to 50 ppm by weight to
cycl oal kane. Weight ratio of the cobalt salt to the
cobalt conplex is usually 100:1 to 1:100, preferably
cgovertothe20ycApadkiydahvaropeaerids eefidiatnte @sdesired
usually in the range of 0 to 2000C, preferably 100 to
c§B8lv&lkanpd prefgcabhykagonee 1800C, further
preferably 145 to 1800C. A reaction pressure is
usual Tyei peshdtiaggeyoloAlRanbd t@nMBe, cpneketeld yingol
to 2 MPa. A solvent can be enployed in the reaction
ckb188CREABAY. bP@RHAEH mefthidde aalbveptlbalkadena is used as
nitrile solvent such as acetonitrile and
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acetic acid and propionic acid, and the like. The
post treatnent operation after the oxidation reaction
is not particularly limted. Exanples of the post
nt include a nethod conprising the steps of
washing a reaction mxture with water to separate the
- cobalt,salt _and.the cobal .connl retr a ;
EréprPBRG e, AEvERERph 150 BRSEE DI Ty ArelAEratl by
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subjected to _an aIkaIine_treaEnent, ﬂﬁngtion

uppgéﬂﬁﬁﬁogﬁopm@qy§%§eq51nven ion. yses of 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
%% 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



8 convert the cycloal kyl hydroperoxide easily into a
desired cycl oal kanol or cycl oal kanone. The resulting
cycl oal kanol can be converted into cycloal kanone by a
known net hod, and cycl oal kanone is used as a starting
materi al for producing oxinme or |actam EXAMPLES The
present invention is described in nore detail by

foll owi ng Exanpl es, which should not be construed as a

of ithid ayistam wps prtdweswrabeood . 6 MPpwidbnnitnogani and then,

Anal yses of cycl ohexane, cycl ohexanone, cycl ohexanol
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wer e conducted by gas chromat ography. Based on
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respective selectivities to cycl ohexanone,
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6 g (29.7 nol) of cgc[ohexane to grepare
of analysis of the reactionmixture, a conversion of cyclohexane
was 4.1%, and selectivities of cyclohexanone, cyclohexanol and

cyclohexyl hydroperoxide were 27.0%, 33.3% and 30.2%,

respectively (total selectivity was 90.5%).

Example 2
Aprocedurewas conducted similarly as in Example 1, except
that residence time was 75 minutes. A conversion of cyclohexane
was 5.7%, and selectivities of cyclohexanone, cyclochexanol 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 conversion of cyclohexane was

10



feed liquid (catalyst/ starting material solution).
Into 1L autoclave, 278 g of the feed Iiquid was

i ntroduced, and inside 9 of the system was pressured
to 0.6 MPa with nitrogen, and then, the tenperature
of the systemwas increased to 145C with fl ow ng

ni trogen. Continuous reaction was conducted for 4
hours with supplying the feed liquid at 4.6 g/ mn.
swbih Bhdwsedeaitividias otfo cyelehexpponesogysiohexanel and
in an exhaust gas 1 to 5% by volunme under conditions
c9tlbnasyilonyiesperakide w4T€ 29eadt,i 68 . 3fr assurls .03
MPa, and residence tinme 60 mnutes. Froma result of
r@%bﬁ&%a@&r (RethgagkileR Aty wasa 83QARgr.si on of

cycl ohexane was 4.1% and selectivities of

cycl ohexanone, cycl ohexanol and cycl ohexyl

hydr oper oxi de were 27.0% 33.3% and 30.2%
Cgﬁ%Q98E wglﬁxghgﬁglgselect|V|ty was 90.5% . Exanple 2

rocedure was-conducted simlarly as in Exanple 1,

A B e e
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of C hexanon | ohexanol o@gg
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respectlvel otaI select|V|§y Ié
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simlarly as in le 1, exc

cyclohexa%one cycloﬂgxanol and.cgclohexyl 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 ccbalt(II)
5,10,15,20-tetrakis(pentafluorophenyl)-2,3,7,8,12,13,17,18-
octabromoporphyrin was not used and 0.0021 g (5.9%x107% 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

11



that 0.0070 g (4.2x10-6 nol) of cobalt(Il)
5,10, 15, 20-t et raki s( pent af | uorophenyl )-2,3,7,8,12,13,1
7,18- octabromoporphyrin was used al one as a catal yst
and cobalt(1l) 2-ethyl hexanoate was not used. A
conversion of cycl ohexane was 10 5.5% and
sel ectivities of cycl ohexanone, cycl ohexanol and
cycl ohexyl hydroperoxi de were 29.4% 38.3% and 15. 7%
Exawpdet Bvebycepbt thateresidence kdmegwagyp0 minutes. A
Conparative Exanple 2 A procedure was conduct ed
cshweraibyu af twclohpaeaei ves Bxdfpl end, seleghiwifies of
resi dence tinme was 75 mnutes. A conversion of
c¢LbRBRAABRe VESYJldlexansll seldecytiohergldiydroperoxide were
cycl ohexanone, cycl ohexanol and cycl ohexyl
28Y050peb0oskdanuei g, 781, Féspdoti%eand (10ta% selectivity was
respectively (total selectivity was 78.19%.
Ggpgp?[ative Exanple 3 A procedure was conduct ed
simlarly as in Exanple 1, except that cobalt(Il)
5,10, 15, 20-t et raki s( pent af | uorophenyl )-2,3,7,8,12,13,1
7, 18- octabromoporphyrin was not used and 0.0021 g

(5 94250 Mhdod'a t% '$1d e S S U QAN GULIEAS of these

used ne as a ca a reaction pressure was
Egaﬁpygg'aﬁdCEE%%%%ngv%fE%%%b&%%%a@ith a horizontal axis
representing a conversion of cyclohexane and a vertical axis
representinga total selectivity of cyclohexanone, cyclohexanol
and cyclohexyl hydroperoxide. It can be seen that, by using
the cobalt complex and the cobalt salt together as catalysts
(Exampleé 1 and 2), a total selectivity of cyclohexanone,
cyclohexanol and cyclohexyl hydroperoxide was increased,
compared to the cases of using the cobalt complex only
(Comparative Examples 1 and 2) and the cases of using the cobalt

salt only (Comparative Examples 3 and 4).
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was 7.0% and selectivities 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 Exanple 3,
except that residence tine was 50 mnutes. A
conversion of cycl ohexane was 6.4% and selectivities
WRAT TyctpREMEDODS; cycl ohexanol and cycl ohexyl
hydr oper oxi de were 26.0% 22.2% and 16. 7%
respectively (total selectivity was 64.9%. Fig. 1
show a graph plotting reaction results of these

Exanp] es gnd-dmaradt - Jaadil @ oy di 6l Ra oL | andf 6t a

aX|s representing a conversion of cycl ohexane and a

c {)Jiﬁﬁgn%é S co'i'n &S0y ’&l{l?s fep Q)tf%xfrﬂz.e.ﬁ{g'![ ¥ytYollilkanewith
yc

exanoneé, Iohexan and cycl ohexy

m%%%éﬁ?groﬁ%? an ' in %'n’é B?e%%ﬂ& ?t cob¥1¥SEd0: df@arboxylic

X" and e co together as

2650 BNAXGABATE CRYBLBNCAARDl PRRAPRShoRE st L oane

hydr oper oxi de was |ncreased, conpared to the cases of
using the cobalt conplex only (Conparative Exanples 1

and 2) and the cases of using the _cobalt ﬁalt onIH
( Conpér atThe msegcgogﬂan%) to claim 1, wherein tHe cobalt

complex with porphyrin as a ligand is a compound represented

by the formula (1}:

6y

(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.)

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



12 WHAT IS CLAIMED IS: 1. A process for producing
cycl oal kanol and/or a cycl oal kanone, conprising the
step of oxidizing cycloal kane with nol ecul ar oxygen
in the presence of cobalt salt of carboxylic acid and
cobalt conmplex with porphyrin as a ligand. 2. The
process according to claim1l, wherein the cobalt
conplex with porphyrin as a ligand is a conpound
represented by the forrmula (1): (1) (wherein, each of
X1 to X8 independently represents a hydrogen atom a
hal ogen ateprecess aecordipng o eyponegbopaiml to 3, wherein
hydrocarbon group, a hal ogenated hydrocarbon group or
tRe SOV EDHNIkGhEURs €36hohekalé.t 0 R4 independently
represents a hydrogen atom a nitro group, a cyano
group, a hydrocarbon group or a hal ogenat ed
hydr ocarbon group.) 3. The process according to claim
2, wherein at least one of the X1 to X8 in the fornul a
(1) is a halogen atom 13 4. The process according to
any one of claiml1 to 3, wherein the cycl oal kane is
cycl ohexane. 14
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