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Description
Technical Field

[0001] The presentinvention relates to a process for the production of esters or lactones. More particularly, it relates
to a process of co-oxidizing a ketone or an alcohol, by molecular oxygen in the coexistence of another organic compound
to give a corresponding oxide, that is, an ester or a lactone.

Background Art

[0002] Chain orcyclic epoxy compounds, esters and lactones are important compounds as pharmaceuticals, perfumes,
dyes, organic intermediates and materials for polymeric resins.

[0003] Epoxy compounds and esters or lactones are, even though they are different in reaction materials, common
in that they are produced by oxidation reaction using perbenzoic acid, peracetic acid, trifluoroperacetic acid or another
peracid. For example, an epoxy compound is produced by the reaction of an alkene, a cycloalkane or another compound
having a non-aromatic ethylenic bond with the peracid. An ester or lactone is obtained by the reaction of a chain or cyclic
ketone with the peracid, i.e., by a so-called Baeyer-Villiger rearrangement (oxidation). The peracid is, however, unstable
and should be handled with extreme caution. In addition, an equivalent amount of a carboxylic acid is by-produced in
the reaction using the peracid.

[0004] As a production process for epoxy compounds is known a process of allowing a hypohalogenous acid to act
on an unsaturated compound to give a halohydrin, and treating the halohydrin with an alkali. This process is, however,
unable to be applied to olefins each having a complicated structure. Furthermore, there is known a process of allowing
amicroorganism to act on an unsaturated compound in the presence of oxygen to give a corresponding epoxy compound.
Such a process using a microorganism is, however, disadvantageous in productivity, because the concentration of a
substrate cannot generally be increased.

[0005] Japanese Unexamined Patent Publication No. 9-327626 discloses a process of oxidizing an unsaturated chain
hydrocarbon or an alkene, cyclohexanone or cyclohexanol by molecular oxygen in the presence of an imide compound.
According to this literature, however, an unsaturated chain hydrocarbon or an alkene predominantly gives a ketone or
an alcohol in which the adjacent position to a double bond is oxidized, and a corresponding epoxy compound is not
obtained. Cyclohexanone or cyclohexanol predominantly gives a corresponding dicarboxylic acid, but no corresponding
ester or lactone.

[0006] EP 0824962 A1 discloses an oxidation catalyst system and process for oxidation with same.

Disclosure of Invention

[0007] It is an object of the invention to provide a process which can produce, under mild conditions, corresponding
esters or lactones by the oxidation of ketones or their precursors, secondary alcohols, with facility and efficiency.
[0008] Afterintensive investigations to achieve the above objects, the presentinventors found that an effective solution
is the oxidation of a ketone (or its alcohol) by molecular oxygen with the use of an imide compound having a specific
structure as a catalyst and in the coexistence of a specific compound, or the oxidation of a secondary alcohol by molecular
oxygen in the presence of an imide compound catalyst having a specific structure and subsequent treatment with an
acid. By this configuration, a so-called Baeyer-Villiger type reaction proceeds to give a corresponding ester or lactone
with efficiency when a ketone or a secondary alcohol is used as a material. The presentinvention has been accomplished
based upon the above findings.

[0009] To be more specific, the invention provides a process for the co-oxidation of organic compounds, the process
including the step of:

oxidizing (A) a compound selected from (A2) a ketone represented by the following formula (2):

0
RE— &— RP (2)

(wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom at
a bonding site with the adjacent carbonyl carbon atom, where R2 and RP may be combined to form a ring with the
adjacent carbonyl carbon atom)

or an alcohol corresponding to the ketone, by molecular oxygen in the presence of an imide compound represented
by the following formula (1):
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,-Rl ]
e C\
:‘ ,N'—‘X (1)
*+.R2
R&-E
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(wherein each of R! and R2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an alkyl
group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl
group, or an acyl group, where R and R2 may be combined to form a double bond, or an aromatic or non-aromatic
ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups indicated in the
formula (1) may further be formed on the aforementioned R, R2, or on the double bond or aromatic or non-aromatic
ring formed together by R and R2) and together with a co-oxidizing agent (B) being oxidizable by the imide compound
and oxygen and being different from the compound (A2).

R' and R2 in the imide compound represented by the formula (1) may be combined to form an aromatic or non-
aromatic 5- to 12-membered ring, and R! and R2 may be combined to form a cycloalkane ring which may have a
substituent, a cycloalkene ring which may have a substituent, a bridged carbocyclic ring which may have a substituent,
or an aromatic ring which may have a substituent.

[0010] The ketone represented by the formula (2) includes, but is not limited to, cyclohexanones and other 3- to 20-
membered cycloalkanones.

[0011] As the compound (B), secondary alcohols are used.

[0012] In the process for the co-oxidation of organic compounds, the oxidation is performed further in the presence
of (C) at least one compound selected from the group consisting of (C1) compounds each having a carbonyl group
combined with an electron attractive group, (C2) metallic compounds, and (C3) organic salts each composed of a
polyatomic cation or a polyatomic anion and its counter ion, the polyatomic cation or anion containing a Group 15 or
Group 16 element of the Periodic Table of Elements, the element having at least one organic group bonded thereto.
[0013] In a further aspect, the invention provides a process for the production of esters or lactones (hereinafter may
be referred to as "the production process 1 of esters or lactones"), the process including the step of: oxidizing (A2) a
ketone represented by the following formula (2) or an alcohol corresponding to the ketone, by molecular oxygen in the
presence of the imide compound represented by the formula (1), together with a co-oxidizing agent (B) being oxidizable
by the imide compound and oxygen and being different from the compound (A2) to give a compound represented by
the following formula (3):

0
R8—{—o—g" (3)

(wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom at a
bonding site with the adjacent carbonyl carbon atom or oxygen atom, where R@ and RP may be combined to form a ring
with the adjacent carbonyl carbon atom and oxygen atom).

[0014] In this process, a ketone represented by the formula (2) may be used as a substrate, and a secondary alcohol
corresponding to the ketone may be used as the compound (B2).

[0015] The invention provides, in yet another aspect, a process for the production of esters or lactones (hereinafter
may be referred to as "the production process 2 of esters or lactones"), the process including the steps of: oxidizing a
secondary alcohol represented by the following formula (4):

OH
R2— {H— Rb (4)

(wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom at a
bonding site with the adjacent carbon atom, where R and RP may be combined to form a ring with the adjacent carbon
atom) by molecular oxygen in the presence of the imide compound represented by the formula (1), and treating the
oxidized compound with an acid to give a compound represented by the following formula (3):
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0
R3—{—0—R® (®

(wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom at a
bonding site with the adjacent carbonyl carbon atom or oxygen atom, where R@ and RP may be combined to form a ring
with the adjacent carbonyl carbon atom and oxygen atom).

[0016] In the process just mentioned above, the oxidation may be performed in the presence of a ketone. A ketone
corresponding to the secondary alcohol represented by the formula (4) can be used as the ketone, and a Lewis acid
may be used as the acid. In this production process, a 3- to 20-membered cycloalkanol (e.g., a cyclohexanol) may be
oxidized by molecular oxygen in the presence of the imide compound represented by the formula (1), and the oxidized
compound may be treated with an acid to give a corresponding lactone (e.g., an e-caprolactone).

[0017] In the present description, the "ketone, or its corresponding alcohol", or "secondary alcohol" each used as a
reactant in the aforementioned individual processes may simply be referred to as a "substrate". The "compound (B)
being oxidizable by the imide compound and oxygen and being different from the compound (A)" may be referred to as
a "co-oxidizing agent".

Best Mode for Carrying Out the Invention
[Substrate]

[0018] In the ketones of the formula (2) as the substrate, the "organic group having a carbon atom at a bonding site
with the adjacent carbonyl carbon atom" represented by R2and RP includes hydrocarbon groups and heterocyclic groups.
As such hydrocarbon groups, there may be mentioned, for instance, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-
butyl, t-butyl, pentyl, neopentyl, hexyl, octyl, decyl, dodecyl, pentadecyl, vinyl, allyl, 1-hexenyl, ethynyl, and 1-butynyl
groups, and other aliphatic hydrocarbon groups (alkyl groups, alkenyl groups or alkynyl groups) each having about 1 to
20 carbon atoms (preferably 1 to 15 carbon atoms, and more preferably 1 to 10 carbon atoms); cyclopropyl, cyclobutyl,
cyclopentyl, cyclopentenyl, cyclohexyl, cyclohexenyl, cyclooctyl, and cyclododecyl groups, and other alicyclic hydrocar-
bon groups (cycloalkyl groups or cycloalkenyl groups) each having about 3 to 20 members (preferably 3 to 15 members,
and more preferably 5 to 8 members) ; phenyl and naphthyl groups, and other aromatic hydrocarbon groups each having
about 6 to 18 carbon atoms.

[0019] Heterocyclic rings corresponding to the heterocyclic groups include, but are not limited to, heterocyclic rings
each containing an oxygen atom as a hetero atom (e.g., tetrahydrofuran, chroman, isochroman, furan, oxazole, isoxazole,
4-oxo-4H-pyran, benzofuran, isobenzofuran, and 4-oxo-4H-chromene), heterocyclic rings each containing a sulfur atom
as a hetero atom (e.g., thiophene, thiazole, isothiazole, thiadiazole, 4-oxo-4H-thiopyran, and benzothiophene), hetero-
cyclic rings each containing a nitrogen atom as a hetero atom (e.g., pyrrolidine, piperidine, piperazine, morpholine,
indoline, pyrrole, pyrazole, imidazole, triazole, pyridine, pyridazine, pyrimidine, pyrazine, indole, quinoline, acridine,
naphthyridine, quinazoline, purine).

[0020] The rings which may be formed by R@ and RP combined together with the adjacent carbonyl carbon atom
include cyclopropane, cyclobutane, cyclopentane, cyclopentene, cyclohexane, cyclohexene, cyclooctane, and cyclodo-
decane rings, and other alicyclic hydrocarbon rings (cycloalkane rings or cycloalkene rings) each having about 3 to 20
members (preferably 3 to 15 members, and more preferably 3 to 12 members) ; norbornane ring, norbornene ring,
adamantane ring, and other bridged cyclic hydrocarbon rings or bridged cyclic heterocyclic rings each having about 2
to 4 rings; tetrahydrofuran, chroman, isochroman, pyrrolidine, piperidine, and other non-aromatic heterocyclic rings each
having about 5 to 8 members.

[0021] The organic groups and the rings which may be formed by R2 and RP combined with the adjacent carbon atom
may have a substituent. Such substituents include, but are not limited to, a halogen atom, a hydroxyl group, a mercapto
group, an oxo group, a substituted oxy group (e.g., an alkoxy group, an aryloxy group, an acyloxy group), a substituted
thio group, a carboxyl group, a substituted oxycarbonyl group, a substituted or unsubstituted carbamoyl group, a cyano
group, a nitro group, a substituted or unsubstituted amino group, a sulfo group, an alkyl group (e.g., methyl, ethyl, t-butyl
group or another C4-C, alkyl group), an alkenyl group (e.g., a C,-C, alkenyl group), an alkenyl group (e.g., a C,-C4
alkynyl group), an alicyclic hydrocarbon group, an aromatic hydrocarbon group, and a heterocyclic group. Separately,
an aromatic or non-aromatic ring (a hydrocarbon ring or a heterocyclic ring) may be condensed to the aforementioned
rings.

[0022] Typical examples of the ketones represented by the formula (2) include acetone, methyl ethyl ketone, methyl
isopropyl ketone, methyl isobutyl ketone, methyl s-butyl ketone, methyl t-butyl ketone, methyl decyl ketone, ethylisopropyl
ketone, isopropyl butyl ketone, methyl vinyl ketone, methyl isopropenyl ketone, methyl cyclohexyl ketone, methyl phenyl
ketone, methyl 2-methylphenyl ketone, methyl 2-pyridyl ketone, cyclohexyl phenyl ketone, and other chain ketones;
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cyclopropanone, cyclobutanone, cyclopentanone, cyclohexanone, 4-methylcyclohexanone, 4-chlorocyclohexanone,
isophorone, cycloheptanone, cyclooctanone, cyclodecanone, cyclododecanone, cyclopentadecanone, 1,3-cyclohexan-
edione, 1,4-cyclohexanedione, 1,4-cyclooctanedione, 2,2-bis(4-oxocyclohexyl)propane, bis(4-oxocyclohexyl)methane,
4-(4-oxocyclohexyl)cyclohexanone, 2-adamantanone, and other cyclic ketones.

[0023] The substrates used in the invention include not only compounds fed from outside into a reaction system but
also compounds formed in the system under reaction conditions. By way of illustration, when a secondary alcohol is
subjected to the reaction, a corresponding ketone formed by the reaction is included in the substrate, and the unreacted
secondary alcohol coexistent in this step serves as a co-oxidizing agent.

[0024] According to the inventive production process 1 of esters or lactones, the use of a chain ketone as the substrate
yields a corresponding ester, and the use of a cyclic ketone as the substrate yields a corresponding lactone having
members one more than the material ketone. The inventive production process 1 of esters or lactones is especially
useful as a process of oxidizing 3- to 20-membered cycloalkanones (cycloalkanones; e.g., cyclohexanones) which may
have an alkyl group or another substituent, or cyclic ketones corresponding to bridged cyclic hydrocarbons each having
about 2 to 4 rings to form corresponding lactones (e.g., e-caprolactones).

[0025] Alcohols corresponding to the ketones represented by the formula (2) are represented by the formula (4). When
such alcohols are used as the substrates, they are oxidized to corresponding ketones in the reaction system, and are
further oxidized to target esters or lactones.

[0026] Separately, in the inventive production process 2 of esters or lactones, secondary alcohols represented by the
formula (4) are used as the substrate. The secondary alcohols include secondary alcohols corresponding to the ketones
mentioned as the substrate in the production process 1 of esters or lactones.

[0027] According to the production process 2 of esters or lactones, the use of a chain alcohol yields a corresponding
ester, and the use of a cyclic alcohol gives a corresponding lactone having members one more than the material alcohol.
The inventive production process 2 of esters or lactones is especially useful as a process of oxidizing 3- to 20-membered
cycloalkanols (cycloalkanols; e.g., cyclohexanols) which may have an alkyl group or another substituent, or cyclic alcohols
corresponding to bridged cyclic hydrocarbons each having about 2 to 4 rings to form corresponding lactones (e.g., e-
caprolactones) directly.

[Imide compound]

[0028] Ofthe substituents R! and R2in the imide compound represented by the formula (1), the halogen atom includes
iodine, bromine, chlorine and fluorine. The alkyl group includes, for instance, methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, s-butyl, t-butyl, pentyl, hexyl, heptyl, octyl, and decyl groups, and other straight- or branched-chain alkyl groups
each having about 1 to 10 carbon atoms. As preferred alkyl groups, there may be mentioned, for instance, alkyl groups
each having about 1 to 6 carbon atoms, and more preferably lower alkyl groups each having about 1 to 4 carbon atoms.
[0029] The aryl group includes phenyl, and naphthyl groups, for example; and the illustrative cycloalkyl group includes
cyclopentyl, and cyclohexyl groups. As the alkoxy group, there may be mentioned, for example, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, isobutoxy, t-butoxy, pentyloxy and hexyloxy groups, and other alkoxy groups each having about 1
to 10 carbon atoms, preferably about 1 to 6 carbon atoms, of which lower alkoxy groups each having about 1 to 4 carbon
atoms are especially preferred.

[0030] Examples of the alkoxycarbonyl group include methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropox-
ycarbonyl, butoxycarbonyl, isobutoxycarbonyl, t-butoxycarbonyl, pentyloxycarbonyl and hexyloxycarbonyl groups, and
other alkoxycarbonyl groups each having about 1 to 10 carbon atoms in the alkoxy moiety. Preferred alkoxycarbonyl
groups include alkoxycarbonyl groups each having about 1 to 6 carbon atoms in the alkoxy moiety, and especially lower
alkoxycarbonyl groups each having about 1 to 4 carbon atoms in the alkoxy moiety.

[0031] As the illustrative acyl group, there may be mentioned formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl,
isovaleryl, and pivaloyl groups, and other acyl groups each having about 1 to 6 carbon atoms.

[0032] The substituents R! and R2 may be identical to or different from each other. The substituents R! and R2 in the
formula (1) may be combined to form a double bond, or an aromatic or non-aromatic ring. The preferred aromatic or
non-aromatic ring is a 5- to 12-membered ring, and especially a 6- to 10-membered ring. It may be a heterocyclic ring
or condensed heterocyclic ring, but it is often a hydrocarbon ring. Such rings include, for example, non-aromatic alicyclic
rings (e.g., cyclohexane ring and other cycloalkane rings which may have a substituent, cyclohexene ring and other
cycloalkene rings which may have a substituent), non-aromatic bridged rings (e.g., 5-norbornene ring and other bridged
hydrocarbon rings which may have a substituent), benzene ring, naphthalene ring and other aromatic rings (including
condensed rings) which may have a substituent. The ring is composed of an aromatic ring in many instances. The ring
may have a substituent such as an alkyl group, a haloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group,
an alkoxycarbonyl group, an acyl group, a nitro group, a cyano group, an amino group, or a halogen atom.

[0033] Inthe formula (1), X represents an oxygen atom or a hydroxyl group, and the bond between the nitrogen atom,
N, and X is a single bond or a double bond.
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[0034] On R', R2, or on the double bond or aromatic or non-aromatic ring formed together by R' and R2 one or two
N-substituted cyclic imido groups indicated in the formula (1) may further be formed. By way of illustration, when R or
R2 is an alkyl group having 2 or more carbon atoms, the N-substituted cyclic imido group may be formed together with
adjacent two carbon atoms constituting the alkyl group. Likewise, when R and R2 are combined to form a double bond,
the N-substituted cyclic imido group may be formed together with the double bond. In case that R! and R2 are combined
to form an aromatic or non-aromatic ring, the N-substituted cyclic imido group may be formed with adjacent two carbon
atoms constituting the aforementioned ring.

[0035] Preferred imide compounds include compounds represented by the following formulae:

3
L9 : o ]
2= . Nz
N—x /N—'X Rs ) x
R2” ¢’ R2~ € i
)
é 0 RE 0
(1a) (1b) (1c)
R3 0 R3 0 3
4 ] i I
R N R C\ R N
S /
g0 R0 0
(1d) (le) (1£)

(wherein each of R3to R8 is, identical to or different from each other, a hydrogen atom, an alkyl group, a haloalkyl group,
a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxycarbonyl group, an acyl group, a nitro group, a cyano
group, an amino group, or a halogen atom; and, of R3 to R®, adjacent groups may be combined to form an aromatic or
non-aromatic ring; in the formula (1f), A represents a methylene group or an oxygen atom, and R'! and R2 have the
same meanings as defined above; and one or two N-substituted cyclic imido groups indicated in the formula (1c) may
further be formed on the benzene ring in the formula (1c)).

[0036] Inthe substituents R3to R, the alkyl group includes similar alkyl groups to those exemplified above, especially
alkyl groups having about 1 to 6 carbon atoms. The haloalkyl group includes trifluoromethyl group and other haloalkyl
groups each having about 1 to 4 carbon atoms, and the alkoxy group includes similar alkoxy groups to those mentioned
above, and especially lower alkoxy groups each having about 1 to 4 carbon atoms. The alkoxycarbonyl group includes
similar alkoxycarbonyl groups to those described above, particularly lower alkoxycarbonyl groups each having about 1
to 4 carbon atoms in the alkoxy moiety. As the acyl group, there may be mentioned similar acyl groups to those described
above, especially acyl groups each having about 1 to 6 carbon atoms, and the illustrative halogen atoms include fluorine,
chlorine and bromine atoms. The substituents R3 to R® are each a hydrogen atom, a lower alkyl group having about 1
to 4 carbon atoms, a carboxyl group, a nitro group, or a halogen atom in many instances. The ring formed together by
R3 to R® includes similar rings to the aforementioned rings which are formed together by R! and R2. Among them,
aromatic or non-aromatic 5- to 12-membered rings are particularly preferred.

[0037] As illustrative preferred imide compounds, there may be mentioned N-hydroxysuccinimide, N-hydroxymaleim-
ide, N-hydroxyhexahydrophthalimide, N,N’-dihydroxycyclohexanetetracarboximide, N-hydroxyphthalimide, N-hydrox-
ytetrabromophthalimide, N-hydroxytetrachlorophthalimide, N-hydroxychlorendimide, N-hydroxyhimimide, N-hydroxytri-
mellitimide, N,N’-dihydroxypyromellitimide, and N,N’-dihydroxynaphthalenetetracarboximide.

[0038] The imide compounds represented by the formula (1) can be prepared by a conventional imidation reaction,
for example by a process in which a corresponding acid anhydride is reacted with hydroxylamine, NH,OH, and the acid
anhydride group is ring-opened and then is ring-closed to give an imide.

[0039] Such acid anhydrides include succinic anhydride, maleic anhydride and other saturated or unsaturated aliphatic
dicarboxylic anhydrides, tetrahydrophthalic anhydride, hexahydrophthalic anhydride (1,2-cyclohexanedicarboxylic an-
hydride), 1,2,3,4-cyclohexanetetracarboxylic 1,2-dianhydride, and other saturated or unsaturated non-aromatic cyclic
polycarboxylic anhydrides (alicyclic polycarboxylic anhydrides), HET anhydride (chlorendic anhydride), himic anhydride,
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and other bridged cyclic polycarboxylic anhydride, (alicyclic polycarboxylic anhydrides), phthalic anhydride, tetrab-
romophthalic anhydride, tetrachlorophthalic anhydride nitrophthalic anhydride, trimellitic anhydride, methylcyclohexen-
etricarboxylic anhydride, pyromellitic anhydride, mellitic anhydride, 1,8;4,5-naphthalenetetracarboxylic dianhydride, and
other aromatic polycarboxylic anhydrides.

[0040] Typically preferred imide compounds include N-hydroxyimide compounds derived from alicyclic polycarboxylic
anhydrides or aromatic polycarboxylic anhydrides, of which N-hydroxyphthalimide and other N-hydroxyimide compounds
derived from aromatic polycarboxylic anhydrides are especially preferred.

[0041] Each of the imide compounds represented by the formula (1) can be used singly or in combination. The imide
compounds can be used as being supported by carriers. As such carriers, activated carbon, zeolite, silica, silica-alumina,
bentonite and other porous carries are frequently employed.

[0042] The amount of the imide compound can be selected within a wide range, and is, for example, from about 0.0001
to 1 mole, preferably from about 0.001 to 0.5 mole, and more preferably from about 0.01 to 0.4 mole relative to 1 mole
of the substrate. Itis frequently used in an amount ranging from about 0.05 to 0.35 mole relative to 1 mole of the substrate.

[Promoter (Co-catalyst)]

[0043] Inthe inventive processes (in especial, the process for co-oxidation of organic compounds, the process for the
production of epoxy compounds, and the production process 1 of esters or lactones), the promoter (co-catalyst) (C) can
be used in combination with the catalyst represented by the formula (1) to improve or enhance the rate and selectivity
of the reaction. Such promoters (C) are (C1) compounds each having a carbonyl group combined with an electron
attractive group, (C2) metallic compounds, and (C3) organic salts each composed of a polyatomic cation or a polyatomic
anion and its counter ion, which polyatomic cation or anion contains a Group 15 or Group 16 element of the Periodic
Table of Elements having at least one organic group bonded thereto. Each of these promoters (C) can be used singly
or in combination among the same kinds of promoters or the different kinds of promoters. For example, a combination
of one or more compounds (C1) each having a carbonyl group combined with an electron attractive group, and one or
more metallic compounds (C2) can be employed.

[0044] In the compounds (C1) each having a carbonyl group combined with an electron attractive group, the electron
attractive group combined to the carbonyl group includes, but is not limited to, fluoromethyl, trifluoromethyl, tetrafluor-
oethyl, phenyl, fluorophenyl, pentafluorophenyl, and other hydrocarbon groups each substituted with a fluorine atom.
As practical examples of the compounds (C1), there may be mentioned hexafluoroacetone, trifluoroacetic acid, pen-
tafluorophenyl methyl ketone, pentafluorophenyl trifluoromethyl ketone, and benzoic acid. These compounds are typically
useful when primary or secondary alcohols (a) are used as co-oxidizing agents. Furthermore, the use of these compounds
in the oxidation of (A2) ketones or alcohols corresponding to the ketones promotes the rate of a Baeyer-Villiger type
reaction. This is probably because these compounds are converted into highly reactive peroxides in the system.
[0045] The proportion of the compound (C1) falls in the range from about 0.0001 to 1 mole, preferably from about
0.001 to 0.7 mole, and more preferably from about 0.01 to 0.5 mole relative to 1 mole of the substrate.

[0046] Metallic elements to constitute the metallic compounds (C2) include, but are not limited to, any of metallic
elements of the Groups 1 to 15 of the Periodic Table of Elements. In the present description, the term "metallic element"
also means and includes boron, B. Examples of the metallic elements include, of the Periodic Table of Elements, Group
1 elements (e.g., Li, Na, K), Group 2 elements (e.g., Mg, Ca, Sr, Ba), Groups 3 elements (e.g., Sc, lanthanoid elements,
actinoid elements), Group 4 elements (e.g., Ti, Zr, Hf), Group 5 elements (e.g., V), Group 6 elements (e.g., Cr, Mo, W),
Group 7 elements (e.g., Mn), Group 8 elements (e.g., Fe, Ru), Group 9 elements (e.g., Co, Rh), Group 10 elements
(e.g., Ni, Pd, Pt), Group 11 elements (e.g., Cu), Group 12 elements (e.g., Zn), Groups 13 elements (e.g., B, Al, In),
Group 14 elements (e.g., Sn, Pb), Group 15 elements (e.g., Sb, Bi) and the like. Preferred metallic elements include
transition metal elements (elements of Groups 3 to 12 of the Periodic Table of Elements). Among them, elements of the
Groups 5 to 11 of the Periodic Table of Elements are preferred, of which elements of Group 6, Group 7 and Group 9
are typically preferred. Especially, Mo, Co and Mn are preferred. The valence of the metallic element is not particularly
limited. The metallic elements have a valence of about 0 to 6 in many instances.

[0047] As the metallic compounds (C2), there may be mentioned, for example, elementary substances, hydroxides,
oxides (including complex oxides), halides (fluorides, chlorides, bromides, iodides), salts of oxoacids (e.g., nirates,
sulfates, phosphates, borates, carbonates), oxoacids, isopolyacids, heteropolyacids, and other inorganic compounds
of the aforementioned metallic elements; salts of organic acids (e.g., acetates, propionates, prussiates, naphthenates,
stearates), complexes, and other organic compounds of the metallic elements. Ligands constituting the complexes
include OH (hydroxo), alkoxy (e.g., methoxy, ethoxy, propoxy, butoxy), acyl (e.g., acetyl, propionyl), alkoxycarbonyl
(e.g., methoxycarbonyl, ethoxycarbonyl), acetylacetonato, cyclopentadienyl group, halogen atoms (e.g., chlorine, bro-
mine), CO, CN, oxygen atom, H,O (aquo), phosphine (triphenylphosphine and other triarylphosphines) and other phos-
phorus compounds, NH5; (ammine), NO, NO, (nitro), NOj (nitrato), ethylenediamine, diethylenetriamine, pyridine, phen-
anthroline, and other nitrogen-containing compounds.
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[0048] Concrete examples of the metallic compounds (C2) include, by taking cobalt compounds as example, cobalt
hydroxide, cobalt oxide, cobalt chloride, cobalt bromide, cobalt nitrate, cobalt sulfate, cobalt phosphate, and other inor-
ganic compounds; cobalt acetate, cobalt naphthenate, cobalt stearate, and other salts of organic acids; cobalt acety-
lacetonato, and other complexes, and other divalent or trivalent cobalt compounds. As illustrative vanadium compounds,
there may be mentioned vanadium hydroxide, vanadium oxide, vanadium chloride, vanadyl chloride, vanadium sulfate,
vanadyl sulfate, sodium vanadate, and other inorganic compounds; vanadium acetylacetonato, vanadyl acetylacetonato,
and other complexes, and other vanadium compounds having a valence of 2 to 5. Examples of molybdenum compounds
include molybdenum hydroxide, molybdenum oxide, molybdenum chloride, molybdenum bromide, molybdenum sulfide,
molybdic acid or its salts, phosphomolybdic acid or its salts, silicomolybdic acid or its salts, and other inorganic acids;
molybdenum carbonyl, bis(acetylacetonato)dioxomolybdenum, chlorotricarbonyl(n-cyclopentadienyl)molybdenum, di-
bromobis(n-cyclopentadienyl)molybdenum, and other complexes, and other molybdenum compounds having a valence
of 0 to 6. Examples of compounds of the other metallic elements include compounds corresponding to the above-
mentioned cobalt, vanadium or molybdenum compounds.

[0049] Each of the metallic compounds (C2) can be used independently or in combination. In the oxidation of (A2) the
ketone or the alcohol corresponding to the ketone, the combination use of a compound containing V, Mo, Co, Mn, or
another transition metal (other than Fe) with a compound containing a platinum group metallic element (Ru, Rh, Pd, Os,
Ir, or Pt) or Fe as the metallic compounds (C2) can markedly improve the selectivity and give a target compound in high
yield. In this case, a combination use of a Co compound with Pt (dppb) (n-OH), (BH,), or another platinum group metal
hydrogen complex compound is typically preferred.

[0050] The proportion of the metallic compound (C2) is, for instance, about 0.0001 to 0.7 mole, preferably about 0.001
to 0.5 mole, and more preferably about 0.002 to 0.1 mole relative to 1 mole of the substrate. The metallic compound
(C2) is frequently used in a proportion of about 0.005 to 0.05 mole relative to 1 mole of the substrate. If a molybdenum
compound is used in combination with a cobalt compound or a manganese compound, the proportion of the molybdenum
compound is within the range similar to the above range, but the proportion of the cobalt compound or manganese
compound is, for example, about 0.0001 to 0.1 mole, and preferably about 0.0005 to 0.1 mole relative to 1 mole of the
substrate.

[0051] In the organic salts (C3), the Group 15 elements of the Periodic Table of Elements include N, P, As, Sb, and
Bi, and the Group 16 elements of the Periodic Table of Elements include, for example, O, S, Se and Te. Preferred
elements are N, P, As, Sb, and S, of which N, P and S are typically preferred.

[0052] The organic groups to be bonded to atoms of the elements include, but are not limited to, hydrocarbon groups
which may have a substituent, and substituted oxy groups. As the hydrocarbon groups, there may be mentioned, for
instance, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, decyl, tetradecyl, hexadecyl,
octadecyl, allyl, and other straight- or branched-chain aliphatic hydrocarbon groups (alkyl groups, alkenyl groups and
alkynyl groups) each having about 1 to 30 carbon atoms (preferably having about 1 to 20 carbon atoms); cyclopentyl,
cyclohexyl, and other alicyclic hydrocarbon groups each having about 3 to 8 carbon atoms; and phenyl, naphthyl, and
other aromatic hydrocarbon groups each having about 6 to 14 carbon atoms. Substituents which the hydrocarbon groups
may have include, but are not limited to, a halogen atom, an oxo group, a hydroxyl group, a substituted oxy group (e.g.,
an alkoxy group, an aryloxy group, an acyloxy group), a carboxyl group, a substituted oxycarbonyl group, a substituted
or unsubstituted carbamoyl group, a cyano group, a nitro group, a substituted or unsubstituted amino group, an alkyl
group (e.g., methyl, ethyl, or another C4-C, alkyl group), a cycloalkyl group, an aryl group (e.g., phenyl, or naphthyl
group), and a heterocyclic group. The preferred hydrocarbon groups include, for instance, alkyl groups each having
about 1 to 30 carbon atoms, and aromatic hydrocarbon groups (especially, phenyl group or naphthyl group) each having
about 6 to 14 carbon atoms. The substituted oxy groups include, but are not limited to, alkoxy groups, aryloxy groups
and aralkyloxy groups.

[0053] The polyatomic cation is, for example, represented by the following formula (5). This polyatomic cation consti-
tutes, with a counter anion, an organic onium salt represented by the following formula (6).

[Re AL ®)
[REmAT™Y" (6)

[0054] In the above formulae, R¢ is a hydrocarbon group or a hydrogen atom. The four Rs may be identical to or
different from each other, and at least one R¢ is a hydrocarbon group. The symbol A is an atom of Group 15 or Group
16 element of the Periodic Table of Elements. Two R°s may be combined to form a ring with the adjacent A, or two R¢s
may together form a double bond as one with A and simultaneously be combined with another R€ to form a ring with A.
The symbol m denotes 3 or 4. Y- is a counter anion, and Y is an acid radical. The above hydrocarbon group may have
any of the aforementioned substituents.

[0055] The rings which are formed by two R¢s with the adjacent A include, but are not limited to, pyrrolidine ring,
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piperidine ring, and other nitrogen-containing (or phosphorus-containing) heterocyclic rings each having about 3 to 8
members (preferably 5 or 6 members). Alternatively, two R®s may together form a double bond as one with A and be
combined with another R€ to form a ring with A. Such rings just mentioned above include pyridine ring, and other 5- to
8-membered nitrogen-containing heterocyclic rings. To these rings, a benzene ring or another ring may be condensed.
Such a condensed ring includes, for example, quinoline ring. In many cases, m is 4 when A is an atom of Group 15
elements of the Periodic Table of Elements, and, m is 3 when A is an atom of Group 16 elements of the Periodic Table
of Elements.

[0056] The atom A is preferably N, P, As, Sb or S, more preferably N, P or S, and particularly N or P. In the preferred
polyatomic cations, all the four RCs are organic groups (including cases where a ring containing A is formed).

[0057] Examples of the acid radical Y include, but are not limited to, fluorine atom, chlorine atom, bromine atom, iodine
atom, and other halogen atoms; nitrate radical (NO,), sulfate radical (SO,), phosphate radical (PO,), perchlorate radical
(ClOy,), and other inorganic acid radicals; acetate radical (CH3;CO,), methanesulfonate radical, benzenesulfonate radical,
and other organic acid radicals. Preferred acid radicals include halogen atoms and inorganic acid radicals, of which
chlorine atom, bromine atom and other halogen atoms are typically desirable.

[0058] Of the organic onium salts, typically preferred are organic ammonium salts, organic phosphonium salts, and
organic sulfonium salts, for instance. As concrete examples of organic ammonium salts, there may be mentioned te-
tramethylammonium chloride, tetraethylammonium chloride, tetrabutylammonium chloride, tetrahexylammonium chlo-
ride, trioctylmethylammonium chloride, triethylphenylammonium chloride, tributyl(hexadecyl)ammonium chloride, di(oc-
tadecyl)dimethylammonium chloride, and other quaternary ammonium chlorides, and corresponding quaternary ammo-
nium bromides, and other quaternary ammonium salts each having four hydrocarbon groups bonded to its nitrogen
atom; dimethylpiperidinium chloride, hexadecylpyridinium chloride, methyl quinolinium chloride, and other cyclic qua-
ternary ammonium salts.

[0059] Practical examples of the organic phosphonium salts include tetramethylphosphonium chloride, tetrabutylphos-
phonium chloride, tributyl(hexadecyl)phosphonium chloride, triethylphenylphosphonium chloride, and other quaternary
phosphonium chlorides, and corresponding quaternary phosphonium bromides, and other quaternary phosphonium
salts each having four hydrocarbon groups bonded to its phosphorus atom. Concrete examples of the organic sulfonium
salts include triethylsulfonium iodide, ethyldiphenylsulfonium iodide, and other sulfonium salts each having three hydro-
carbon groups bonded to its sulfur atom.

[0060] The polyatomicanionisrepresented by, forexample, the following formula (7). This polyatomic anion constitutes,
with a counter cation, an organic salt represented by the following formula (8).

[RIAO, ] )
24+ [RIAO (®)

[0061] In the above formulae, RY is a hydrocarbon group or a hydrogen atom; A is an atom of Group 15 or Group 16
element of the Periodic Table of Elements; q denotes 1 or 2; and Z9* is a counter cation.

[0062] Such hydrocarbon groups represented by RY include, in addition to similar groups to the above groups, resins
(polymer chains or their branched chains). Preferred A includes, but is not limited to, S and P. The numeral q is 1 when
A'is S or the like, and it is 2 when A is P or the like. As Z, there may be mentioned, for instance, sodium, potassium,
and other alkali metals; magnesium, calcium, and other alkaline earth metals, of which alkali metals are preferred. The
counter cation Z9* may be the polyatomic cation as mentioned above.

[0063] lllustrative organic salts represented by the formula (8) include methanesulfonates, ethanesulfoneates, oc-
tanesulfonates, dodecanesulfonates, and other alkylsulfonates; benzenesulfonates, p-toluenesulfonates, naphthale-
nesulfonates, decylbenzenesulfonates, dodecylbenzenesulfonates, and other aryl-sulfonates which may be substituted
with an alkyl group; sulfonic acid type ion exchange resins (ion exchangers) ; and phosphonic acid type ion exchange
resins (ion exchangers). Of these salts, a C4-C 5 alkyl-sulfonate, or a C4-C44 alkyl-aryl sulfonate is used in many cases.
[0064] The amount of the organic salt (C3) falls in the range, for example, from about 0.0001 to 0.7 mole, preferably
from about 0.001 to 0.5 mole, more preferably from about 0.002 to 0.1 mole and frequently from about 0.005 to 0.05
mole relative to 1 mole of the substrate. The use of the organic salt (C3) in an excess amount may reduce the reaction rate.
[0065] According to the invention, additional catalytic components or additives may be used. By way of illustration,
Molecular Sieves such as Molecular Sieve 3A, Molecular Sieve 4A, or Molecular Sieve 5A may be added to the reaction
system. The amount of the Molecular Sieve is, for example, about 1 to 1000 g, and preferably about 10 to 200 g relative
to 1 mole of the substrate. The Molecular Sieve is frequently used in combination with the metallic compound (C2) or
another promoter.
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[Oxygen]

[0066] The molecular oxygen to be used for the oxidation of the substrate includes, but is not limited to, pure oxygen,
and oxygen diluted with an inert gas such as nitrogen, helium, argon or carbon dioxide. Air is preferably used as the
molecular oxygen from the points of operating property and safety, as well as cost efficiency.

[0067] The amount of the molecular oxygen can be chosen depending on the species of the substrate but is generally
equal to or more than about 0.5 mole (e.g., equal to or more than 1 mole), preferably about 1 to 100 moles, and more
preferably about 2 to 50 moles relative to 1 mole of the substrate. Excess moles of the molecular oxygen relative to the
substrate is used in many cases.

[Co-oxidizing agent (B)]

[0068] The compound (co-oxidizing agent) (B) which is oxidizable by the imide compound and oxygen has to be a
compound which is oxidizable by the imide compound and oxygen and is different from the compound to be used as
the substrate. It may be either of same kinds as or of different kinds from that of the compound to be used as the substrate.
The co-oxidizing agents (B) include compounds described as the substrates in Japanese Unexamined Patent Publication
No. 8-38909 or Japanese Unexamined Patent Publication No. 9-327626 which discloses an oxidation reaction using
the imide compound as a catalyst.

[0069] The co-oxidizing agent (B) in accordance with the present invention is a secondary alcohol.

[0070] The secondary alcohols (a) include a wide variety of alcohols. These alcohols may be whichever of monohydric,
dihydric or polyhydric.

[0071] lllustrative secondary alcohols include 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol, 2-hexanol, 2-octanol,
4-decanol, 2-hexadecanol, 2-penten-4-ol, and other saturated or unsaturated aliphatic secondary alcohols each having
about 3 to 30 (preferably 3 to 20, and more preferably 3 to 15) carbon atoms; cyclobutanol, cyclopentanol, cyclohexanol,
cyclooctanol, cyclododecanol, cyclopentadecanol, 2-cyclohexen-1-ol, 3,5,5-trimethyl-2-cyclohexen-1-ol, 1,3-cyclohex-
anediol, 1,4-cyclohexanediol, 1,4-cyclooctanediol, 2,2-bis(4-hydroxycyclohexyl)propane, bis(4-hydroxycyclohexyl)
methane, 9-(4-hydroxycyclohexyl)cyclohexanol, and other saturated or unsaturated alicyclic secondary alcohols each
having about 3 to 20 members (preferably 3 to 15 members, more preferably 5 to 15 members, and especially 5 to 8
members); 1-phenylethanol, 1-phenylpropanol, 1-phenylmethylethanol, diphenylmethanol (benzhydrol), and other aro-
matic secondary alcohols; and 1-(2-pyridyl)ethanol, and other heterocyclic secondary alcohols.

[0072] Preferred secondary alcohols (a) include secondary alcohols (e.g., s-butyl alcohol and other aliphatic secondary
alcohols, cyclohexanol and other alicyclic secondary alcohols, 1-phenylethanol (a.-phenethyl alcohol), diphenylmethanol
(benzhydrol) and other aromatic secondary alcohols). Each of these alcohols (a) can be used singly or in combination.
[0073] Accordingtotheinvention, when the ketone represented by the formula (2) is used as the substrate, a secondary
alcohol corresponding to the ketone, i.e., the compound represented by the formula (4) is preferably used as the co-
oxidizing agent (B). In this case, the co-oxidizing agent is converted into the substrate in the system, and a target
compound can be obtained with efficiency, and can be purified with facility.

[0074] Each of the co-oxidizing agents (B) can be used independently or in combination as a mixture. The proportion
of the co-oxidizing agent (B) is, for example, about 0.1 to 200 moles, preferably about 0.5 to 100 moles, and more
preferably about 1 to 50 moles (especially 2 to 30 moles) relative to 1 mole of the substrate. The co-oxidizing agent can
be used as a reaction solvent. In this connection, when the substrate, e.g., the compound (A1) having a non-aromatic
ethylenic bond, is available at low costs, it is economically advantageous to use the substrate in an excess amount
relative to the co-oxidizing agent (B).

[0075] In the inventive processes, it is supposed that the co-oxidizing agent (i. e. a secondary alcohol) is oxidized in
the system to form a peroxide, and this peroxide is involved in the reaction of the ketone into an ester or a lactone.
[0076] In the production process 2 of esters or lactones, the oxidation reaction may be performed in the presence of
a ketone. Such ketones include a wide variety of ketones (aliphatic ketones, alicyclic ketones and aromatic ketones)
such as the ketones represented by the formula (2). The existence of a ketone in the system can give a target compound
in high yield by an acid treatmentin a successive step, probably because a stable peroxide is liable to generate. According
to a preferred embodiment of the production process 2 of esters or lactones, a ketone corresponding to the substrate,
the secondary alcohol represented by the formula (4), is used as the ketone. When such a ketone is used, a peroxide
represented by the following formula (9):
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HO o—o\ OH
N 7

(9)
R{ \R” R“/ \R"

(wherein R2 and RP have the same meanings as defined above) is formed as an intermediate in the oxidation reaction.
The intermediate has a symmetric structure and can therefore give a single ester or lactone by the acid treatment.
Accordingly, a target compound can be produced with efficiency and be purified with facility.

[0077] Each of the ketones may be employed singly or in combination. The proportion of the ketone is about 0 to 10
moles (e.g., 0.1 to 10 moles), preferably about 0.5 to 5 moles, and more preferably about 1 to 3 moles relative to 1 mole
of the substrate.

[Oxidation reaction]

[0078] The oxidation reaction is generally performed in an organic solvent. Such organic solvents include, but are not
limited to, acetic acid, propionic acid, and other organic acids; acetonitrile, propionitrile, benzonitrile, and other nitriles;
formamide, acetamide, dimethylformamide (DMF), dimethylacetamide, and other amides; hexane, octane, and other
aliphatic hydrocarbons; chloroform, dichloromethane, dichloroethane, carbon tetrachloride, chlorobenzene, trifluor-
omethylbenzene (trifluorotoluene), and other halogenated hydrocarbons; nitrobenzene, nitromethane, nitroethane, and
other nitro compounds; ethyl acetate, butyl acetate, and other esters; and mixtures of these solvents. In may cases,
acetic acid and other organic acids, acetonitrile, benzonitrile, and other nitriles, trifluorobenzene, and other halogenated
hydrocarbons, ethyl acetate and other esters are used as the solvent.

[0079] According to the inventive processes, the oxidation reaction smoothly proceeds even under comparatively mild
conditions. The reaction temperature can adequately be selected depending on, for example, the species of the substrate,
and is, for instance, about 0°C to 300°C, preferably about 20°C to 200°C, and more preferably about 30°C to 150°C.
The reaction is generally performed at a temperature ranging from about 40°C to 100°C. The reaction can be carried
out at atmospheric pressure or under pressure. When the reaction is conducted under pressure, the pressure is usually
about 1 to 100 atm (e.g. 1.5 to 80 atm), preferably about 2 to 70 atm. The reaction time can adequately be selected
within the range of, for example, 30 minutes to 48 hours according to the reaction temperature and pressure. The reaction
can be performed in a batch system, semi-batch system, continuous system or another conventional system, in the
presence of, or under flow of, molecular oxygen.

[0080] After the completion of the reaction, reaction product can be isolated and purified with facility in a conventional
manner. Such a conventional mannerincludes, for example, filtration, concentration, distillation, extraction, crystallization,
recrystallization, column chromatography and other isolation means, or any combination of these isolation means.
[0081] When (A2) the ketone represented by the formula (2) or an alcohol corresponding to the ketone is used as the
substrate, a Baeyer-Villiger type reaction proceeds to give a corresponding ester or lactone in satisfactory yield.
[0082] The co-oxidizingagent(B)is usually oxidized underreaction conditions to give a corresponding oxidized product.
For instance, the secondary alcohols are generally converted into ketones by the reaction.

[Acid treatment]

[0083] In the inventive production process 2 of esters or lactones, reaction products are treated with an acid after the
oxidation reaction. The acid includes protonic acids and Lewis acids. As examples of such protonic acids there may be
mentioned sulfuric acid, hydrochloric acid, phosphoric acid, methanesulfonic acid, and p-toluenesulfonic acid. Examples
of the Lewis acids include cerium chloride, titanium chloride, zirconium chloride, vanadyl chloride, iron chloride, cobalt
chloride, rhodium chloride, nickel chloride, copper chloride, copper acetate, zinc chloride, cadmium chloride, aluminum
chloride, aluminum bromide, indium chloride, tin chloride, and other salts (including halides) of Groups 3 to 15 metals
of the Periodic Table of Elements. Preferred acids include Lewis acids, especially, indium chloride, and other halides of
Groups 3 to 15 metals of the Periodic Table of Elements (particularly Group 13 metals of the Periodic Table of Elements).
Each of these acids can be used independently or in combination as a mixture.

[0084] The amount of the acid is, for example, about 0.001 to 1 mole, preferably about 0.01 to 0.7 mole, and more
preferably about 0.05 to 0.5 mole relative to 1 mole of the substrate. The treatment temperature is, for example, about
-10°C to 50°C, and preferably about 0°C to 30°C. The reaction is generally performed at or around room temperature
in many cases.

[0085] The acid treatment is usually performed in an organic solvent. As the organic solvent, the solvents to be used
in the oxidation reaction can be employed. In the production process 2 of esters or lactones, the reaction mixture obtained
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by the oxidation reaction maybe subjected to the acid treatment as intact or may be subjected to the acid treatment after
an adequate treatment such as solvent-exchange.

[0086] In general, when the secondary alcohol represented by the formula (4) is oxidized by molecular oxygen in the
presence of the imide compound represented by the formula (1), a peroxide, an intermediate of the oxidation reaction,
(e.g., the compound represented by the formula (9)) may frequently be remained. According to the inventive production
process 2 of esters or lactones, probably because the peroxide is rapidly decomposed into a target corresponding ester
or lactone, the target compound can be obtained in satisfactory yield. In this connection, only a heating treatment (e.g.,
at about 30°C to 100°C) of the oxidized product without the use of an acid can decompose the peroxide to improve the
yield of the ester or lactone.

[0087] After the completion of the reaction, the reaction product can be isolated and purified with facility by a conven-
tional method such as the aforementioned isolation means. The production process 2 of esters or lactones is very useful
as a process for obtaining esters or lactones directly from secondary alcohols.

[0088] According to the inventive process for the co-oxidation of organic compounds, chain or cyclic ketones can be
oxidized, under mild conditions, by simple operations with efficiency.

[0089] According to the inventive processes for the production of esters or lactones, corresponding esters or lactones
can be obtained, under mild conditions, from ketones (or their corresponding alcohols) or secondary alcohols by simple
operations with efficiency.

[0090] The presentinvention will now be described in more detail with reference to several examples below which are
not directed to limiting the scope of the invention.

EXAMPLE 25

[0091] A mixture of 2 mmol of cyclohexanone, 20 mmol of cyclohexanol, 0.4 mmol of N-hydroxyphthalimide, 0.6 mmol
of hexafluoroacetone trihydrate and 1 ml of benzonitrile was stirred at 80°C under oxygen atmosphere (1 atm) for 12
hours. Gas chromatographic analysis of products in a reaction mixture revealed that 1.532 mmol (yield 76.6% on cy-
clohexanone basis) of e-caprolactone was produced. The reaction mixture contained 5.83 mmol of cyclohexanone and
11.87 mmol (conversion rate: 40%) of cyclohexanol.

EXAMPLE 26

[0092] A mixture of 2 mmol of cyclohexanone, 20 mmol of cyclohexanol, 0.4 mmol of N-hydroxyphthalimide, 0.6 mmol
of hexafluoroacetone trihydrate, 0.001 mmol of cobalt (ll) acetate, and 1 ml of benzonitrile was stirred at 70°C under
oxygen atmosphere (1 atm) for 12 hours. Gas chromatographic analysis of products in a reaction mixture revealed that
0.612 mmol (yield 32.2% on cyclohexanone basis) of e-caprolactone was produced. The reaction mixture contained
5.15 mmol of cyclohexanone and 16.54 mmol (conversion rate: 17%) of cyclohexanol.

EXAMPLE 27

[0093] A mixture of 2 mmol of cyclohexanone, 20 mmol of cyclohexanol, 0.2 mmol of N-hydroxyphthalimide, 0.6 mmol
of hexafluoroacetone trihydrate and 3 ml of benzonitrile was stirred at 80°C under oxygen atmosphere (1 atm) for 12
hours. Gas chromatographic analysis of products in a reaction mixture revealed that e-caprolactone was produced in
yield of 54.0% (on cyclohexanone basis). The reaction mixture contained 5.08 mmol of cyclohexanone and 13.83 mmol
(conversion rate: 31%) of cyclohexanol.

EXAMPLE 28

[0094] A mixture of 3 mmol of cyclohexanone, 3 mmol of cyclohexanol, 0.3 mmol of N-hydroxyphthalimide, 1.5 mmol
of hexafluoroacetone trihydrate and 5 ml of benzonitrile was stirred at 80°C under oxygen atmosphere (1 atm) for 20
hours. Gas chromatographic analysis of products in a reaction mixture revealed that e-caprolactone was produced in
yield of 38. 4% (on cyclohexanone basis). The reaction mixture contained 3.00 mmol of cyclohexanone and 1.05 mmol
(conversion rate: 65%) of cyclohexanol.

EXAMPLE 29
[0095] The procedure of Example 25 was repeated, except that 4-methylcyclohexanone (2 mmol) and 4-methylcy-

clohexanol (20 mmol) were respectively used in stead of cyclohexanone and cyclohexanol. As a result, y-methyl-e-
caprolactone was formed in yield of 45.6% (on 4-methylcyclohexanone basis).
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EXAMPLE 30

[0096] The procedure of Example 29 was repeated, except that cyclohexanol (20 mmol) was used instead of 4-
methylcyclohexanol to give y-methyl-¢-caprolactone in yield of 54.8% (on 4-methylcyclohexanone basis). In the reaction
mixture were formed cyclohexanone (yield: 41.7% on cyclohexanol basis) and e-caprolactone (yield: 4.4% on cyclohex-
anol basis).

EXAMPLE 31

[0097] By repeating the procedure of Example 25 except that cyclopentadecanone (2 mmol) was used instead of
cyclohexanone, 15-pentadecanolide was formed in yield of 42.6% (on cyclopentadecanone basis). In the reaction mixture
were formed cyclohexanone (yield: 52.4% on cyclohexanol basis) and e-caprolactone (yield: 4.2% on cyclohexanol basis).

EXAMPLE 32

[0098] A mixture of 2 mmol of 2-methylcyclohexanone, 10 mmol of benzhydrol, 0.4 mmol of N-hydroxyphthalimide,
0.4 mmol of hexafluoroacetone trihydrate, and 2 ml of trifluoromethylbenzene (trifluorotoluene) was stirred at 70°C under
an oxygen atmosphere (1 atm) for 18 hours. Gas chromatographic analysis of products in a reaction mixture revealed
that 2-methylcyclohexanone was converted, at a rate of 86%, into e-methyl-¢-caprolactone in yield of 50% (on 2-meth-
ylcyclohexanone basis).

EXAMPLE 33

[0099] A mixture of 1 mmol of 2-methylcyclohexanone, 5 mmol of benzhydrol, 0.05 mmol of N-hydroxyphthalimide,
0.005 mmol of cobalt(ll) acetate, 0.02 mmol of [Pt(dppb)(.-OH)]>(BH,),, and 2 ml of ethyl acetate was stirred at 40°C
under an oxygen atmosphere (1 atm) for 23 hours. Gas chromatographic analysis of products in a reaction mixture
revealed that 2-methylcyclohexanone was converted, at a conversion rate of 49%, into e-methyl-e-caprolactone in yield
of 46% (on 2-methylcyclohexanone basis) at a selectivity of 94%.

EXAMPLE 34

[0100] A mixture of 1 mmol of 2-methylcyclohexanone, 5 mmol of benzhydrol, 0.1 mmol of N-hydroxyphthalimide,
0.002 mmol of cobalt (1) acetate, 0.02 mmol of [Pt (dppb) (n-OH)]»(BH,4), and 2 mi of ethyl acetate was stirred at 40°C
under an oxygen atmosphere (1 atm) for 23 hours. Gas chromatographic analysis of products in a reaction mixture
revealed that 2-methylcyclohexanone was converted, at a conversion rate of 64%, into e-methyl-e-caprolactone in yield
of 60% (on 2-methylcyclohexanone basis) at a selectivity of 93%.

EXAMPLE 35

[0101] A mixture of 1 mmol of 2-methylcyclohexanone, 5 mmol of benzhydrol, 0.05 mmol of N-hydroxyphthalimide,
0.002 mmol of cobalt (1) acetate, 0. 02 mmol of [Pt(dppb) (n-OH)]l,(BH,), and 1 ml of ethyl acetate was stirred at 40°C
under an oxygen atmosphere (1 atm) for 23 hours. Gas chromatographic analysis of products in a reaction mixture
revealed that 2-methylcyclohexanone was converted, at a conversion rate of 64%, into e-methyl-e-caprolactone in yield
of 60% (on 2-methylcyclohexanone basis) at a selectivity of 93%.

EXAMPLE 36

[0102] A mixture of 1 mmol of cyclohexanone, 5 mmol of benzhydrol, 0.1 mmol of N-hydroxyphthalimide, 0.001 mmol
of cobalt (Il) acetate, 0.02 mmol of [Pt(dppb) (n-OH)]»(BH,4), and 2 ml of trifluoromethylbenzene was stirred at 50°C
under an oxygen atmosphere (1 atm) for 18 hours. Gas chromatographic analysis of products in a reaction mixture
revealed that cyclohexanone was converted, at a conversion rate of 24%, into e-caprolactone in yield of 21% (on cy-
clohexanone basis) at a selectivity of 88%.

EXAMPLE 37
[0103] A mixture of 1 mmol of cyclohexanone, 5 mmol of benzhydrol, 0.1 mmol of N-hydroxyphthalimide, 0.001 mmol

of cobalt(ll) acetate, 0.02 mmol of [Pt (dppb) (n-OH)]»(BH,4), and 2 ml of dichloroethane (DCE) was stirred at 50°C under
an oxygen atmosphere (1 atm) for 23 hours. Gas chromatographic analysis of products in a reaction mixture revealed
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that cyclohexanone was converted, at a conversion rate of 46%, into e-caprolactone in yield of 26% (on cyclohexanone
basis) at a selectivity of 57%.

EXAMPLE 38

[0104] A mixture of 3 mmol of cyclohexanol, 0.3 mmol of N-hydroxyphthalimide, and 2 ml of acetonitrile was stirred
at 75°C under an oxygen atmosphere (1 atm) for 18 hours. To the obtained reaction mixture was added 0.6 mmol of
indium chloride (InCl3), and the resultant mixture was stirred at room temperature for 5 hours. Gas chromatographic
analysis of products in a reaction mixture revealed that e-caprolactone was formed in an amount of 0.264 mmol (yield
on cyclohexanol basis: 8.8%). The reaction mixture also contained 1.60 mmol (conversion rate: 47%) of cyclohexanol
and 0.526 mmol of cyclohexanone.

EXAMPLE 39

[0105] A mixture of 3 mmol of cyclohexanol, 3 mmol of cyclohexanone, 0.3 mmol of N-hydroxyphthalimide, and 2 ml
of acetonitrile was stirred at 75°C under an oxygen atmosphere (1 atm) for 18 hours. To the obtained reaction mixture
was added 0.6 mmol of indium chloride (InCl5), and the resultant mixture was stirred at room temperature for 5 hours.
Gas chromatographic analysis of products in a reaction mixture revealed that e-caprolactone was formed in an amount
of 0.711 mmol (yield on cyclohexanol basis: 24%). The reaction mixture also contained 0.349 mmol (conversion rate:
88%) of cyclohexanol and 3.73 mmol of cyclohexanone.

EXAMPLE 40

[0106] A mixture of 3 mmol of cyclohexanol, 6 mmol of cyclohexanone, 0.3 mmol of N-hydroxyphthalimide, and 1 ml
of acetonitrile was stirred at 75°C under an oxygen atmosphere (1 atm) for 14 hours. To the obtained reaction mixture
was added 0.6 mmol of indium chloride (InCl3), and the resultant mixture was stirred at room temperature for 5 hours.
Gas chromatographic analysis of products in a reaction mixture revealed that e-caprolactone was formed in yield on
cyclohexanol basis of 31%. The conversion rate from cyclohexanol was 95%.

EXAMPLE 41

[0107] A mixture of 3 mmol of cyclohexanol, 6 mmol of cyclohexanone, 0.3 mmol of N-hydroxyphthalimide, and 1 ml
of acetonitrile was stirred at 75°C under an oxygen atmosphere (1 atm) for 14 hours. To the obtained reaction mixture
was added 1.0 mmol of indium chloride (InCl3), and the resultant mixture was stirred at room temperature for 5 hours.

Gas chromatographic analysis of products in a reaction mixture revealed that there were formed e-caprolactone in yield
of 32%, a peroxide (a precursor of g-caprolactone) represented by the following formula:

HO 0—0 OH

in yield of 14% (60% in terms of e-caprolactone), and cyclohexanone in yield of 26%. The yields were all figures on
cyclohexanol basis. The conversion rate from cyclohexanol was 88%.

Claims
1. A process for the production of esters or lactones, said process comprising the step of:

oxidizing (A2) a ketone represented by the following formula (2):

0
Ré—{d— b (2)
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wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom
at a bonding site with the adjacent carbonyl carbon atom, where R2 and RP may be combined to form a ring
with the adjacent carbonyl carbon atom,

or an alcohol corresponding to said ketone, by molecular oxygen in the presence of an imide compound and a
co-catalyst (C), the imide compound being represented by the following formula (1):

§
o"Rl
/’ C\
A N=X (1)
."Rz ﬁ
0

wherein each of R! and R2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an
alkyl group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxy-
carbonyl group, or an acyl group, where R' and R2 may be combined to form a double bond, or an aromatic or
non-aromatic ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups
indicated in the formula (1) may further be formed on the aforementioned R, R2, or on the double bond or
aromatic or non-aromatic ring formed together by R and R2,

together with a co-oxidizing agent (B) being oxidable by said imide compound and oxygen and being different
from said compound (A2) to give a compound represented by the following formula (3):

0
Ré—f—o—g® (3)

wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom
at a bonding site with the adjacent carbonyl carbon atom or oxygen atom, where R and RP may be combined
to form a ring with the adjacent carbonyl carbon atom and oxygen atom,

wherein the co-oxidizing agent (B) is a secondary alcohol, and

wherein the co-catalyst (C) is (C1) a compound having a carbonyl group combined with an electron attractive
group, (C2) a metallic compound and (C3) an organic salt composed of a polyatomic cation or a polyatomic
anion and its counter ion, which polyatomic cation or anion contains a group 15 or group 16 element of the
periodic table of elements having at least one organic group bonded thereto.

2. Aprocess for the production of esters or lactones according to claim 1, wherein a ketone represented by the formula
(2)isused as a substrate, and a secondary alcohol corresponding to said ketone is used as said co-oxidizing agent (B).

3. A process for the production of esters or lactones, said process comprising the steps of:

oxidizing a secondary alcohol as the co-oxidizing agent (B) represented by the following formula (4):

OH
RA—{H—R® (4)

wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom
at a bonding site with the adjacent carbon atom, where R2 and RP may be combined to form a ring with the
adjacent carbon atom, by molecular oxygen in the presence of an imide compound and a co-catalyst (C), the
imide compound being represented by the following formula (1):
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]
o'Rl
J C\
' N=X (1)
."Rz ﬁ

wherein each of R and R2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an
alkyl group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxy-
carbonyl group, or an acyl group, where R and R2 may be combined to form a double bond, or an aromatic or
non-aromatic ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups
indicated in the formula (1) may further be formed on the aforementioned R, R2, or on the double bond or
aromatic or non-aromatic ring formed together by R! and R2, and

treating the oxidized compound with an acid to give a compound represented by the following formula (3):

0
RO fep— g® (3)

wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom
at a bonding site with the adjacent carbonyl carbon atom or oxygen atom, where R and RP may be combined
to form a ring with the adjacent carbonyl carbon atom and oxygen atom, and

wherein the co-catalyst (C) is (C1) a compound having a carbonyl group combined with an electron attractive
group, (C2) a metallic compound and (C3) an organic salt composed of a polyatomic cation or a polyatomic
anion and its counter ion, which polyatomic cation or anion contains a group 15 or group 16 element of the
periodic table of elements having at least one organic group bonded thereto.

A process for the production of esters or lactones according to claim 3, wherein the oxidation is performed in the
presence of a ketone.

A process for the production of esters or lactones according to claim 4, wherein a ketone corresponding to the
secondary alcohol represented by the formula (4) is used as said ketone.

A process for the production of esters or lactones according to claim 3, wherein a Lewis acid is used as said acid.
A process for the production of esters or lactones according to claim 3, wherein a 3- to 20-membered cycloalkanol
is oxidized by molecular oxygen in the presence of said imide compound represented by the formula (1), and the
oxidized compound is treated with an acid to give a corresponding lactone.

A process for the production of esters or lactones according to claim 3, wherein a cyclohexanol is oxidized by
molecular oxygen in the presence of the imide compound represented by the formula (1), and the oxidized compound
is treated with an acid to give a corresponding -caprolactone.

A process for the production of peroxides, said process comprising the step of:

oxidizing a secondary alcohol as the co-oxidizing agent (B) represented by the following formula (4):

OH
RE— &H— RY )

wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom

16



10

15

20

25

30

35

40

45

50

55

EP 1754 693 B9

at a bonding site with the adjacent carbon atom, where R2 and RP may be combined to form a ring with the
adjacent carbon atom,

by molecular oxygen in the presence of a ketone corresponding to the secondary alcohol and an imide compound
and a co-catalyst (C), the imide compound being represented by the following formula (1):

0
1
,"'R 2N
' ’N‘-'-X (1)
e R2 ﬁ
0

wherein each of R and R2 is, identical to or different from each other, a hydrogen atom, a halogen atom, an
alkyl group, an aryl group, a cycloalkyl group, a hydroxyl group, an alkoxy group, a carboxyl group, an alkoxy-
carbonyl group, or an acyl group, where R' and R2 may be combined to form a double bond, or an aromatic or
non-aromatic ring; X is an oxygen atom or a hydroxyl group; and one or two N-substituted cyclic imido groups
indicated in the formula (1) may further be formed on the aforementioned R, R2, or on the double bond or
aromatic or non-aromatic ring formed together by R' and R2 to give a compound represented by the following
formula (9):

HO 0—0 oH
N/ N/
c c

(9)
R{ \R" a"/ \R"

wherein R2 and RP have the same meanings as defined above, and

wherein the co-catalyst (C) is (C1) a compound having a carbonyl group combined with an electron attractive
group, (C2) a metallic compound and (C3) an organic salt composed of a polyatomic cation or a polyatomic
anion and its counter ion, which polyatomic cation or anion contains a group 15 or group 16 element of the
periodic table of elements having at least one organic group bonded thereto.

10. A process for the production of esters or lactones, said process comprising the step of:

treating the peroxide produced according to the process of claim 9 with an acid to give a compound represented
by the following formula (3):

0
RO~ f—0—R® (3)

wherein each of R2 and RP is, identical to or different from each other, an organic group having a carbon atom
at a bonding site with the adjacent carbonyl carbon atom or oxygen atom, where R and RP may be combined
to form a ring with the adjacent carbonyl carbon atom and oxygen atom.

Patentanspriiche

1. Verfahren zur Herstellung von Estern oder Lactonen, wobei besagtes Verfahren den folgenden Schritt umfasst:
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Oxidieren (A2) eines Ketons, das durch die folgende Formel (2) dargestellt ist:

0
R®— &— RP (2)

wobei jedes von R2 und RP gleich oder verschieden voneinander sind, und eine organische Gruppe bedeuten,
die ein Kohlenstoffatom enthalt, das an das benachbarte Kohlenstoffatom der Carbonylgruppe gebunden ist,
wobei R2 und RP miteinander verbunden sein kénnen, um zusammen mit den benachbarten Carbonylkohlen-
stoffatom einen Ring zu bilden,

oder eines Alkohols, der dem Keton entspricht, mit molekularem Sauerstoff in der Gegenwart einer Imidverbin-
dung und eines Co-Katalysators (C), wobei die Imidverbindung durch die folgende Formel (1) dargestellt ist:

i
l'-Rl C
] N=X (1)

wobei jedes von R und R2 identisch oder verschieden voneinander sind, und ein Wasserstoffatom, ein Halo-
genatom, eine Alkylgruppe, eine Arylgruppe, eine Cycloalkylgruppe, eine Hydroxylgruppe, eine Alkoxygruppe,
eine Carboxylgruppe, eine Alkoxycarbonylgruppe oder eine Acylgruppe bedeuten, wobei R! und R2 miteinander
verbunden sein kénnen, um eine Doppelbindung oder einen aromatischen oder nicht aromatischen Ring zu
bilden; wobei X ein Sauerstoffatom oder eine Hydroxylgruppe ist; und wobei eine oder zwei N-substituierte
cyclische Imidogruppen, die in der Formel (1) dargestellt sind, weiterhin an den vorstehend erwahnten die
Gruppen R' oder R2 oder an der Doppelbindung oder an dem aromatischen oder nicht aromatischen Ring,
welche bzw. welcher durch R! und R2 zusammen gebildet ist, gebildet sein kénnen,

zusammen mit einem Co-Oxidationsmittel (B), das durch besagte Imidverbindung und Sauerstoff oxidiert werden
kann, und das verschieden zu besagter Komponente (A2) ist, um eine Verbindung zu erhalten, die durch die
folgende Formel (3) dargestellt ist:

0
R9— d—0— R (3)

wobei jedes R2 und RP identisch oder verschieden voneinander sind, und eine organische Gruppe bedeuten,
die ein Kohlenstoffatom enthalt, das an das benachbarte Kohlenstoffatom der Carbonylgruppe oder Sauer-
stoffatom gebunden ist, wobei Ra und RP miteinander verbunden sein kénnen, um zusammen mit dem benach-
barten Carbonylkohlenstoffatom und Sauerstoffatom einen Ring zu bilden,

wobei das Co-Oxidationsmittel (B) ein sekundarer Alkohol ist, und

wobei der Co-Katalysator (C) und (C1) eine Verbindung ist, die eine Carbonylgruppe besitzt, die mit einer
Elektronen-ziehenden Gruppe verbunden ist, (C2) eine metallische Verbindung ist und (C3) ein organisches
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Salzist, das zusammengesetzt ist aus einem polyatomaren Kation oder einem polyatomaren Anion und seinem
Gegenion, wobei das polyatomares Kation oder Anion ein Gruppe 15- oder ein Gruppe 16-Element des Peri-
odensystems der Elemente enthalt, das mindestens eine organische Gruppe besitzt, die daran gebunden ist.

Verfahren fiir die Herstellung von Estern oder Lactonen gemaf Anspruch 1, wobei ein Keton, das durch die Formel
(2) dargestellt ist, als ein Substrat verwendet wird, und wobei ein sekundarer Alkohol, der dem Keton entspricht,
als besagtes Co-Oxidationsmittel (B) verwendet wird.

Verfahren fir die Herstellung von Estern oder Lactonen, wobei besagtes Verfahren die folgenden Schritte enthalt:

Oxidieren eines sekundaren Alkohols als das Co-Oxidationsmittel (B), das durch die folgende Formel (4) dar-
gestellt ist:

OH
R&— CH— R® (4)

wobei jedes R2 und RP identisch oder verschieden voneinander sind, und eine organische Gruppe bedeuten,
die ein Kohlenstoffatom enthélt, das an das benachbarte Kohlenstoffatom gebunden ist, wobei R und Rb
miteinander verbunden sein kénnen, um zusammen mit dem benachbarten Kohlenstoffatom einen Ring zu
bilden, mit molekularem Sauerstoff in der Gegenwart einer Imidverbindung und eines Co-Katalysators (C),
wobei die Imidverbindung durch die folgende Formel (1) dargestellt ist:

0

|
"_Rl C

' N=X (1)

wobei jedes von R! und R2 identisch oder verschieden voneinander sind, und ein Wasserstoffatom, ein Halo-
genatom, eine Alkylgruppe, eine Arylgruppe, eine Cycloalkylgruppe, eine Hydroxylgruppe, eine Alkoxygruppe,
eine Carboxylgruppe, eine Alkoxycarbonylgruppe oder eine Acylgruppe bedeuten, wobei R! und R2 miteinander
verbunden sein kénnen, um eine Doppelbindung oder einen aromatischen oder nicht aromatischen Ring zu
bilden; wobei X ein Sauerstoffatom oder eine Hydroxylgruppe ist; und wobei eine oder zwei N-substituierte
cyclische Imidogruppen, die in der Formel (1) dargestellt sind, weiterhin an den vorstehend erwahnten Gruppen
R oder R2 oder an der Doppelbindung oder an dem aromatischen oder nicht aromatischen Ring, welches bzw.
welcher durch R und R2 zusammen gebildet ist, gebildet sein kénnen, und

Behandeln der oxidierten Verbindung mit einer Sdure, um eine Verbindung zu erhalten, die durch die folgende
Formel (3) dargestellt ist:
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0
Re—f—0—Rr® (3)

wobei jedes R und RP identisch oder verschieden voneinander sind, und eine organische Gruppe bedeuten,
die ein Kohlenstoffatom enthalt, das an das benachbarte Kohlenstoffatom der Carbonylgruppe oder Sauer-
stoffatom gebunden ist, wobei Ra und RP miteinander verbunden sein kénnen, um zusammen mit dem benach-
barten Carbonylkohlenstoffatom und dem Sauerstoffatom einen Ring zu bilden, und

wobei der Co-Katalysator (C) (C1) eine Verbindungist, die eine Carbonylgruppe besitzt, die mit einer Elektronen-
ziehenden Gruppe verbunden ist, (C2) eine metallische Verbindung ist und (C3) ein organisches Salz ist, das
zusammengesetzt ist aus einem polyatomaren Kation oder einem polyatomaren Anion und seinem Gegenion,
wobei das polyatomares Kation oder Anion ein Gruppe 15- oder ein Gruppe 16-Element des Periodensystems
der Elemente enthalt, das mindestens eine organische Gruppe besitzt, die daran gebunden ist.

Verfahren fir die Herstellung von Estern und Lactonen gemaR Anspruch 3, wobei die Oxidation in der Gegenwart
eines Ketons durchgefiihrt wird.

Verfahren fiir die Herstellung von Estern und Lactonen gemal Anspruch 4, wobei ein Keton, das dem sekundaren
Alkohol, der durch die Formel (4) dargestellt ist, entspricht, als besagtes Keton verwendet wird.

Verfahren fir die Herstellung von Estern und Lactonen gemafl Anspruch 3, wobei eine Lewis-S8ure als besagte
Saure verwendet wird.

Verfahren fiir die Herstellung von Estern und Lactonen gemaR Anspruch 3, wobei ein 3- bis 20-gliedriges Cycloalkanol
oxidiert wird durch molekularen Sauerstoff in der Gegenwart von besagter Imidverbindung, die durch die Formel
(1) dargestellt ist, und wobei die oxidierte Verbindung mit einer Sdure behandelt wird, um das entsprechende Lacton
zu bilden.

Verfahren fiur die Herstellung von Estern oder Lactonen gemaf Anspruch 3, wobei ein Cyclohexanol oxidiert wird
durch molekularem Sauerstoff in der Gegenwart der Imidverbindung, die durch die Formel (1) dargestellt ist, wobei
die oxidierte Verbindung mit einer Saure behandelt wird, um ein entsprechendes g-Caprolacton zu bilden.

Verfahren fir die Herstellung von Peroxiden, wobei besagtes Verfahren den folgenden Schritt umfasst:

Oxidieren eines sekundaren Alkohols als das Co-Oxidationsmittel (B), der durch die folgende Formel (4) dar-
gestellt ist:

OH
R3— &H— R® (9)

wobei jedes R@ und RP identisch oder verschieden voneinander sind, und eine organische Gruppe bedeuten,
die ein Kohlenstoffatom enthilt, das an das benachbarte Kohlenstoffatom gebunden ist, wobei R und RP
miteinander verbunden sein kénnen, um zusammen mit dem benachbarten Kohlenstoffatom einen Ring zu
bilden,

durch molekularen Sauerstoff in der Gegenwart eines Ketons, das dem sekundéaren Alkohol enstpricht, und
einer Imidverbindung und eines Co-Katalysators (C), wobei die Imidverbindung durch die folgende Formel (1)
dargestellt ist:
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0
]

, N=X (1)

wobei jedes von R und R2 identisch oder verschieden voneinander sind, und ein Wasserstoffatom, ein Halo-
genatom, eine Alkylgruppe, eine Arylgruppe, eine Cycloalkylgruppe, eine Hydroxylgruppe, eine Alkoxygruppe,
eine Carboxylgruppe, eine Alkoxycarbonylgruppe oder eine Acylgruppe bedeuten, wobei R! und R2 miteinander
verbunden sein kénnen, um eine Doppelbindung oder einen aromatischen oder nicht aromatischen Ring zu
bilden; wobei X ein Sauerstoffatom oder eine Hydroxylgruppe ist; und wobei eine oder zwei N-substituierte
cyclische Imidogruppen, die in der Formel (1) dargestellt sind, weiterhin an den vorstehend erwahnten Gruppen
R oder R2 oder an der Doppelbindung oder an dem aromatischen oder nicht aromatischen Ring, welche bzw.
welcher durch R oder R2 zusammen gebildet ist, gebildet sein kénnen, um eine Verbindung zu erhalten, die
durch die folgende Formel (9) dargestellt ist:

HO 0—0 OH
\C/ \C/
Ra/ \R" R‘/ \R"

(9)

wobei R und RP dieselben Bedeutungen wie oben definiert besitzen, und

wobei der Co-Katalysator (C) (C1) eine Verbindungist, die eine Carbonylgruppe besitzt, die mit einer Elektronen-
ziehenden Gruppe verbunden ist, (C2) eine metallische Verbindung ist und (C3) ein organisches Salz ist, das
zusammengesetzt ist aus einem polyatomaren Kation oder einem polyatomaren Anion und seinem Gegenion,
wobei das polyatomare Kation oder Anion ein Gruppe 15- oder Gruppe 16-Element des Periodensystems der
Elemente enthalt, das mindestens eine organische Gruppe besitzt, die daran gebunden ist.

10. Verfahren fur die Herstellung von Estern oder Lactonen, wobei besagtes Verfahren den Schritt umfasst:

Behandeln des Peroxids, das gemal dem Verfahren nach Anspruch 9 hergestellt wurde, mit einer Saure, um
eine Verbindung zu erhalten, die durch die folgende Formel (3) dargestellt ist:

0
Re—d—0—R® (3)

wobei jedes R2 und RP identisch oder verschieden voneinander sind, und eine organische Gruppe aufweisen,
die ein Kohlenstoffatom enthalt, das an das benachbarte Kohlenstoffatom der Carbonylgruppe oder Sauer-
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stoffatom gebunden ist, wobei Ra und RP miteinander verbunden sein kénnen, um zusammen mit dem benach-
barten Carbonylkohlenstoffatom und dem Sauerstoffatom einen Ring zu bilden.

Revendications

1.

Procédé pour la production d’esters ou de lactones, ledit procédé comprenant I'étape d’oxydation (A2) d’une cétone
représentée par la formule (2) suivante:

i
R™—C—R"
2

(2)

dans laquelle chacun parmi R@ et RP, qui sont identiques ou différents 'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone de carbonyle adjacent, R?3
et RP pouvant étre combinés pour former un cycle avec 'atome de carbone de carbonyle adjacent,

ou d’un alcool correspondant a ladite cétone, avec de I'oxygene moléculaire en présence d’'un composé imide et
d’un cocatalyseur (C), le composé imide étant représenté par la formule (1) suivante :

1
L
’ N
| N=X 1)
. .R? ﬁ
0

dans laquelle chacun parmi R et R2, qui sont identiques ou différents I'un de 'autre, est un atome d’hydrogéne, un
atome d’halogéne, un groupe alkyle, un groupe aryle, un groupe cycloalkyle, un groupe hydroxyle, un groupe alcoxy,
un groupe carboxyle, un groupe alcoxycarbonyle, ou un groupe acyle, R! et R2 pouvant étre combinés pour former
une double liaison, ou un cycle aromatique ou non aromatique ; X est un atome d’oxygene ou un groupe hydroxyle ;
et un ou deux groupe(s) imido cyclique(s) N-substitué(s) indiqué(s) dans la formule (1) peut/peuvent en outre étre
formé (s) sur les R, R2 susmentionnés, ou sur la double liaison ou le cycle aromatique ou non aromatique formé
par R! et R2 ensemble,

conjointement avec un agent de co-oxydation (B) qui peut étre oxydé par ledit composé imide et 'oxygéne et qui
est différent dudit composé (A2), pour donner un composé représenté par la formule (3) suivante :

I
R*—C—-0—R®
(3)

dans laquelle chacun parmi R2 et Rb, qui sont identiques ou différents I'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone de carbonyle adjacent ou
un atome d’oxygéne adjacent, R2 et RP pouvant étre combinés pour former un cycle avec I'atome de carbone de
carbonyle adjacent et un atome d’oxygene adjacent,

dans lequel I'agent de co-oxydation (B) est un alcool secondaire, et

dans lequel le cocatalyseur (C) est (C1) un composé comportant un groupe carbonyle combiné avec un groupe
attracteur d’électrons, (C2) un composé métallique et (C3) un sel organique composé d’un cation polyatomique ou
d’un anion polyatomique et de son contre-ion, lequel cation ou anion polyatomique contenant un élément du Groupe
15 ou du Groupe 16 du Tableau Périodique des Eléments auquel est lié au moins un groupe organique.
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Procédé pour la production d’esters ou de lactones selon la revendication 1, dans lequel une cétone représentée
par la formule (2) est utilisée en tant que substrat, et un alcool secondaire correspondant a ladite cétone est utilisé
a titre dudit agent de co-oxydation (B).

Procédé pour la production d’esters ou de lactones, ledit procédé comprenant I'étape d’oxydation d’un alcool se-
condaire servant d’agent de co-oxydation (B) représenté par la formule (4) suivante :

OH
R™—CH—R"
(4)

dans laquelle chacun parmi R2 et Rb, qui sont identiques ou différents I'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone adjacent, R et RP pouvant
étre combinés pour former un cycle avec I'atome de carbone adjacent,

avec de I'oxygéne moléculaire en présence d’'un composé imide et d’un cocatalyseur (C), le composé imide étant
représenté par la formule (1) suivante :

L-Rb
’ N
!‘ I ',N’-=X (L
..R? 4

dans laquelle chacun parmi R! et R2, qui sont identiques ou différents I'un de I'autre, est un atome d’hydrogéne, un
atome d’halogéne, un groupe alkyle, un groupe aryle, un groupe cycloalkyle, un groupe hydroxyle, un groupe alcoxy,
un groupe carboxyle, un groupe alcoxycarbonyle, ou un groupe acyle, R et R2 pouvant étre combinés pour former
une double liaison, ou un cycle aromatique ou non aromatique ; X est un atome d’oxygene ou un groupe hydroxyle ;
et un ou deux groupe(s) imido cyclique(s) N-substitué(s) indiqué(s) dans la formule (1) peut/peuvent en outre étre
formé(s) sur les R1, R2 susmentionnés, ou sur la double liaison ou le cycle aromatique ou non aromatique formé
par R' et R2 ensemble, et

a traiter le composé oxydé avec un acide pour donner un composé représenté par la formule (3) suivante :

9
R*—C-0—R°
(3)

dans laquelle chacun parmi R@ et RP, qui sont identiques ou différents 'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone de carbonyle adjacent ou
un atome d’oxygéne adjacent, R2 et RP pouvant étre combinés pour former un cycle avec I'atome de carbone de
carbonyle adjacent et un atome d’oxygéne adjacent, et

dans lequel le cocatalyseur (C) est (C1) un composé comportant un groupe carbonyle combiné avec un groupe
attracteur d’électrons, (C2) un composé métallique et (C3) un sel organique composé d’un cation polyatomique ou
d’un anion polyatomique et de son contre-ion, lequel cation ou anion polyatomique contenant un élément du Groupe
15 ou du Groupe 16 du Tableau Périodique des Eléments auquel est lié au moins un groupe organique.

Procédé pour la production d’esters ou de lactones selon la revendication 3, dans lequel I'oxydation est réalisée en
présence d’une cétone.

Procédé pour la production d’esters ou de lactones selon la revendication 4, dans lequel une cétone correspondant
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a l'alcool secondaire représenté par la formule (4) est utilisée a titre de ladite cétone.

Procédé pour la production d’esters ou de lactones selon la revendication 3, dans lequel un acide de Lewis est
utilisé a titre dudit acide.

Procédé pour la production d’esters ou de lactones selon la revendication 3, dans lequel un cycloalcanol a 3 a 20
chainons est oxydé par de I'oxygéne moléculaire en présence dudit composé imide représenté par la formule (1),
et le composé oxydé est traité avec un acide pour donner une lactone correspondante.

Procédé pour la production d’esters ou de lactones selon la revendication 3, dans lequel un cyclohexanol est oxydé
par de I'oxygéne moléculaire en présence du composé imide représenté par la formule (1), et le composé oxydé
est traité avec un acide pour donner une caprolactone correspondante.

Procédé pour la production de peroxydes, ledit procédé comprenant I'étape consistant a oxyder un alcool secondaire
servant d’agent de co-oxydation (B) représenté par la formule (4) suivante :

OH
R*—CH—R’
(4)

dans laquelle chacun parmi R@ et RP, qui sont identiques ou différents 'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone adjacent, R et RP pouvant
étre combinés pour former un cycle avec I'atome de carbone adjacent,

avec de I'oxygéne moléculaire en présence d’une cétone correspondant a I'alcool secondaire et d’'un composé imide
et d’un cocatalyseur (C), le composé imide étant représenté par la formule (1) suivante :

]
o'Rl
o’ c\
' "N'-=X (v
--R? IC,

dans laquelle chacun parmi R! et R2, qui sont identiques ou différents I'un de I'autre, est un atome d’hydrogéne, un
atome d’halogéne, un groupe alkyle, un groupe aryle, un groupe cycloalkyle, un groupe hydroxyle, un groupe alcoxy,
un groupe carboxyle, un groupe alcoxycarbonyle, ou un groupe acyle, R! et R2 pouvant étre combinés pour former
une double liaison, ou un cycle aromatique ou non aromatique ; X est un atome d’oxygene ou un groupe hydroxyle ;
et un ou deux groupe(s) imido cyclique(s) N-substitué(s) indiqué(s) dans la formule (1) peut/peuvent en outre étre
formé (s) sur les R, R2 susmentionnés, ou sur la double liaison ou le cycle aromatique ou non aromatique formé
par R'! et R2 ensemble,

pour donner un composé représenté par la formule (9) suivante :

HO H

N
Cc
/

—0 O
N\ 7
C

Rb Ra/ \Rb

(9)

o)
/
AN
R

dans laquelle R2 et RP ont les mémes significations que celles définies ci-dessus, et
dans lequel le cocatalyseur (C) est (C1) un composé comportant un groupe carbonyle combiné avec un groupe
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attracteur d’électrons, (C2) un composé métallique et (C3) un sel organique composé d’un cation polyatomique ou
d’un anion polyatomique et de son contre-ion, lequel cation ou anion polyatomique contenant un élément du Groupe
15 ou du Groupe 16 du Tableau Périodique des Eléments auquel est lié au moins un groupe organique.

Procédé pour la production d’esters ou de lactones, ledit procédé comprenant I'étape de traitement du peroxyde
produit conformément au procédé de la revendication 9 avec un acide pour former un composé représenté par la
formule (3) suivante :

Q
R™—C—0-R°
(3)

dans laquelle chacun parmi R@ et RP, qui sont identiques ou différents 'un de l'autre, est un groupe organique
comportant un atome de carbone au niveau d’un site de liaison avec I'atome de carbone de carbonyle adjacent ou
un atome d’oxygéne adjacent, R2 et RP pouvant étre combinés pour former un cycle avec I'atome de carbone de
carbonyle adjacent et un atome d’oxygene adjacent.
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