1 SPECI FI CATI ON METHODS FOR OXI DI ZI NG ORGANI C
COVWOUNDS Technical Field [0001] The present
invention relates to oxidation methods of organic
conmpounds, and production processes of organic
conmpounds. More specifically, it relates to oxidation
nmet hods and producti on processes of organi c conpounds
by the catalysis of imde conpounds, which can reduce

cost for making up f the catal ysts
denaturated in the rgggghgﬁiiﬁéggkground Art [0002]

I m de conpounds such as N hydroxyi m de conpounds,
N- al koxyi m de conpounds, and N acyl oxyi m de conpounds
are known to act as very excellent catalysts in
METHRPaatPBnOSL PoE§HRI ORG otR¥SOUNPRg nol ecul ar
oxygen, since they show high reaction efficiencies
TechndchilgRiséHectivities and can be applied to a wi de
variety of substrates in the oxidation (e.g., Patent
Docifenty 1, 2 and 3). However, these im de conpounds
undergo denaturation and thereby gradually decrease

i n @apti prk¥ehl iheastien. rEhetdenabubatyam iy meesdls of
t hrough several processes, and nmain possible factors

orghRereebndbanas, f ahlioWs odud@4@3] p2ocesses of organic

compounds. More specifically, it relates to oxidation methods
and production processes of organic compounds by the catalysis
of imide compounds, which can reduce cost for making up for
losses of the catalysts denaturated in the reaction.
Background Art

[0002]

Imide compounds such as N-hydroxyimide compounds,
N-alkoxyimide compounds, and N-acyloxyimide compounds are
known to act as very excellent catalysts in oxidation of organic
compounds using molecular oxygen, since they show high reaction
efficienciesandhighselectivitiesandcxn1beappliedtx>awide
variety of substrates in the oxidation (e.g., Patent Documents
1, 2 and 3). However, these imide compounds undergo
denaturation and thereby gradually decrease in activity in
reaction. The denaturation may occur through several
processes, and main possible factors thereof are as follows.

[0003]




The i m de conpounds change i nto N hydroxyi m des before
they develop activities in the reaction. A possible
mechani sm for devel oping the activity is as follows.
Initially, oxygen atom and hydrogen atom of the

hydr oxyl group adjacent to the nitrogen atomof imde
easi |y undergo honobgenous dissociation to forma
radical. The forned radical w thdraws hydrogen from a

ggb%é@%ﬁ&& @&neg&gége Dyd %;ﬁg{oagqghg,%&g iy‘i%'%%%%?%@fore

oxl datl1 on reacti on. € ca Yy e Cco

returns to it.s .. ariginal, configuration, repeats th .
ehel I TR Ao L T LBl GHGACES e+ dlRIAS A fechanism
Fgmev r, . the radical formed from _the N hydroxyim de
for; %Wf%wgi%%@é‘s’%l"dld‘ey 6 PPstelhowat urlgiitially, oxygen
“term nation reaction” in which the radical is bound
atomyppdahygrogenaatami efl tierhedr éxvm grtmis goscang to the

be oxidized. As a result, the N hydroxyi m de
nitgogeot atemsef vimgleasaan lgcthdergotreom@aferidiss dissociation
N-hydroxyimde is lost. The resulting conpound derived

to fooimdNrhyidiceryi ntHe Sdehd @R dal fhendeawd Natdyen from
reaction further undergoes denaturation w thout

a si@lsRitRd tio He@ x 1Ml @6 iiHi46 20004k 5B 1aRLAG! of

possi bl e denaturation process, the imde noieties of

oxild%td@CrAROUNGS ff%ebsa@ggggkyﬁﬁddebxoﬁggég%%gt%fﬁgﬁg 10its

oxi dation reactions an reby "under °on’
orifpgl AL sssl DG Sanslualn prosease O
eléﬁg%%%ggtge radical chain. However, the radical formed from
the N-hydroxyimide inevitably induces, due to its own nature,
a "termination reaction” in which the radical is bound typically
to a radical formed from the substrate to be oxidized. As a
result, the N-hydroxyimide structure serving as an active site
of the N-hydroxyimide is lost. The resulting compound derived
- from N-hydroxyimide and formed in the termination reaction
further undergoes denaturation without returning to the
N-hydroxyimide.

[0004]

In another possible denaturation process, the imide
moieties of imide compounds may be hydrolyzed by water formed
in oxidation reactions and thereby undergo denaturation. In

yet another possible denaturation process, N-O bond

(nitrogen-oxygen bond) of imide compounds may be cleaved




typically by the action of a coexistent netal pronoter

(co-catalyst). In any case, when the i m de conpounds

are reused, |osses thereof due to denaturation in the

course of reaction nust be made up for regardl ess of

the reaction system such as batch system or

conti nuous system and this invites increased cost.

[ 0005] As possible solutions to these problens,

c n .4_a - di 0 t [ of

ey gty PR iEGansi drad® 3 SR80 HEBEoRS 21, EERTEE)

of hydroxyi m de conpound, . subjecting the sanme to
(cogoaBrtuPhc ol RENCIR0 PR 150 6 SOBRRP doatt Fg sl

the treated product with hydroxylam ne to reconstruct
losgeR hharexyi draettdertired bkoani adihs €Qjuse f reaction

t hereby regenerate the N hydroxyi m de conpound, and
musgshagnadre ulr dgenacgeedlesspolnthe nrexddben ofys tm ssuch as

technique is econom cally advantageous as conpared
batwht fiy$ bem cas epnihierneues sfiseésm, Nahg drloky i imivdie: e ipeurd sed

i s purchased or the conpound is produced after
cospurchasing materials for the conpound. However,

i sol ati on of denaturated N hydroxyim de conpounds

requpnes] much energy, since the amounts of such

N- hydr oxyi m de conpounds wused in oxidation of organic

e R e i A e

far .l s .due.to _denaturat.ion by regeneratin he
4 apdl ) SRRR° MR bR AN T R, O GOSN e, i strgcured

4
product (decomposed product) of a N-hydroxyimide compound,

subjecting the same to a certain treatment according to
necessity, reacting the treated product with hydroxylamine to
reconstruct a N-hydroxyimide structure as an active site to
thereby regenerate the N-hydroxyimide compound, and using the
regenerated compound in oxidation. This technique is
economically advantageous as compared with the cases where a
fresh N-hydroxyimide compound is purchased or the compound is
producéd.after‘purchasinglnaterials for the compound. However,
isolation of denaturated N-hydroxyimide compounds requires
much energy, since the amounts of such N-hydroxyimide compounds
used in oxidation of organic compounds with molecular oxygen
are generally very small. Additionally, it is difficult to
fully make up for losses due to denaturation by regenerating

the catalysts from the isolated N-hydroxyimide compounds.



[ 0006] Patent Docunent 1: Japanese Unexam ned Pat ent
Application Publication (JP-A) No. 08-38909, Patent
Docunent 2: Japanese Unexapi ned Patent Application
Publication (JP-A) No. 10-57814, Patent Docunent 3:
Japanese Unexam ned Patent Application Publication
(JP-A) No. 09-327626, Patent Docunent 4: Japanese
Unexam ned Patent Application Publication (JP-A) No.
11-}@@@@?, Pat ent Docunent 5: Japanese Unexam ned

Patent Application Publication (JP-A) No.
1-286765

20 I sclosure of Inventiqn_Problens o be
pat &3P\ RACHICRhe Tt nuBHEI GRS POBOTT L AER oFaT HOF yADRKL BB) bk
f the present invention is to provide a nmethod for
Pubg%FﬁF%?gg(ﬁﬁ*%?gﬂﬁi00§6ﬁ§8gﬁd and a process for
produci ng an organi ¢ conpound, which can easily,
PatephvBareneny, 2andappegpen¥neshpinaiePapehbr Appl bsat bén
a catalyst denaturated in the course of an oxidation
Pubtéastion ¢FPah)oNganilo-5@8apound with oxygen in the
presence of a catalyst containing a N hydroxyimde

PateﬁﬁpouadmeﬁthesUaphhbébedn@XMhihahd@atéﬁﬂpﬁygﬁiéétion
conmpound having a substituent on oxygen atom bound to

puqu@ae&bﬁog@@-momof obkdekogMeans for Solving the
- Probl ens

Patent Document 4: Japanese Unexamined Patent Application

Publication (JP-A) No. 11-188265,

Patent Document 5: Japanese Unexamined Patent Application
Publication (JP-A) No. 2001-286765.

.Disclosure of Invention

Problems to be Solved by the Invention

[0007]

Accordingly, an object of the present invention is to
provide a method for oxidizing an organic compound and a process
~for producing an organic compound, which can easily,
~conveniently, and inexpensively make up for a loss of a catalyst
denaturated in the course of an oxidation reaction of an organic
compound with oxygen in the presence of a catalyst containing
a N-hydroxyimide compound or N-(substituted oxy)-imide

compound (a compound having a substituent on oxygen atom bound
to the nitrogen atom of imide).

Means for Solving the Problems




[0008] After intensive investigations to achieve the
object, the present inventors have found that the

| oss of a catalyst can beeasily, conveniently, and

i nexpensively made up for by using, as the catalyst,
one derivable froma reaction product, a reaction

i nternmedi ate and/or a reaction byproduct, producing
the catal yst using the target product, reaction
intqbggghate and/ or reaction byproduct, and supplying
the "produced catalyst to the reaction system so as

t Kk f | f th tal yst _denat t ed
t he COGF SE G BUE £ TS HE HFBSeTR 2PHYBREI OIF ORagch, the

been achi eved based aon these findings. [ 0009]

pregsati APYshiterst Raver s8R FReEnERBNIPFOVPHES R tfdtfdd can
for _oxidizing an_organic conpound with oxygen in the

be ¢pakbnceopieng epailal yard ingxpiensh veRy medabpsior by using,
contains at | east one N hydroxy- or N-(substituted

as Ghy) danade stonmpogndiedeniakdld e rdmr egmmatadtdast poreluct, a
sel ected fromthe group consisting of a target

reapftdduct nta rimeddbicenahdl ermedi e €t i @b Por&Redt ,Olf'producing
byproduct, and the nethod includes the steps o

thePa@daiRg thBengatAbYSLr§EOMrdhuleaste £NE SPMRANEMediate
sel ected fromthe group consisting of the target

an%@yégctigﬁﬁ#%dﬁ@r %gli Qﬁé}alr?ﬂg? rtt%%cﬂrégau%ed catalyst

product ea rnmed ‘as a re he“reaction, an
co tL g DL SRR B AL XS DXL 00 RIS o
deﬂ% Qggﬂgé E%ntlg égfrégég &%gbggon. The present invention
has been achieved based on these findings.

[0009]

Specifically, the present invention provides a method for
oxidizing an organic compound with oxygen in the presence of
a catalyst, in which the catalyst contains at least one
N-hydroxy- or N-(substituted oxy)-imide compound derivable
from at least one selected from the group consisting of a target
product, a reaction intermediate, and a reaction byproduct, and
the method includes the steps of producing the catalyst from
at least one component selected from the group consisting of
the target product, reaction intermediate, and reaction
byproduct each formed as a result of the reaction, and using

the produced catalyst in the oxidation reaction so as to make

‘up for a loss of the catalyst due to denaturation in the reaction.




Cyclic N-hydroxy- or N (substituted oxy)-imde
conpounds are preferred as the N hydroxy- or
N-(substituted oxy)-imde conpound. [0010] In the
oxi dati on nethod, an undenaturated catal yst can be
recovered fromthe reaction mxture and used in the
oxidation reaction, in addition to the catal yst
produced fromat | east one conponent sel ected from

duct l
s AR B S LB e AL

resul t of ction. The at | east one conponent
prederaRacr rhin FREIGEOUT o G NStoHG Sof LERBS: GFgaT IhLde
product, reaction internediate, and reaction

uct is preferably at |east one of
pol ycar boxyl i c acids, polycarboxylic acid anhydrides,
~and [RO%0dres of them [0011] The oxidation nethod of
an organi ¢ conmpound according to the present

i nvént tbe ocandbeiannmeétioddf oin axidbzd gt e yeltedllsanean
represented by followng Fornmula (1): [Chem ca

- be Fotout Bed [f roflCHE} Rrelab): When ek Purd’ an@%@@@ﬂt%é‘%m.datlon
integer of 4 to 20, and the ring showmn in the fornula

rea{@ﬁio@@ subshigt vt ed, +Wi Icﬂeoééfggfﬁgﬁ’ C;ﬁﬁ?cft?@é’d Vi &l of 1@G st

east one selected fromthe gro nS|st|ng 0
.onebyc%%%%kg%gEg}e§§%h0§kgﬁngﬂgsgr88£ré@ NS IH% of a target
product, a reaction intermediate, and a reaction byproduct each
formed as a result of the reaction. The at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct is preferably at
least one of polycarboxylic acids, polycarboxylic acid

anhydrides, and mixtures of them.

[0011]
The oxidation method of an drganjx:compound_according to
the present invention can be a method for oxidizing a

cycloalkane represented by following Formula (1):

[Chemical Formula 1]
(CHy (1)

wherein "n" represents an integer of 4 to 20, and the ring shown

in the formula may be substituted, with oxygen to thereby yield




correspondi ng di carboxylic acids having carbon atons
in the nunber of "n" in principal chain, in which the
catal yst contains at |east, one cyclic N hydroxy- or
N- (substituted oxy)-imde conpound derivable from at
| east one selected fromthe group consisting of a
target product, a reaction internediate, and a
reacti on byproduct and represented by foll ow ng
I ImeaZ/“@ )m N OR (2).
=t (S ohperbsc iy ?%é%rte%ee PEUR s ls%fl%o‘“%fotrore(sﬁ.o%) ing
; represents dr.o en a r a anj c group,
SOTE IV TR go S Vi Lo ket S8y b
substituted, and the nethod |ncludes the steps of
COIFeSRIRIIAG Tt Ke COFbaRydf I Perhdst Negady cRgbshmedwart in the
sel ected fromthe group consisting of the target
numpegdet' n" Fer@atined padt ehatdi direwhapld theacatahyst contains
byproduct each forned as a result of the reaction,
at deresusiong dyelprooditteadreadyed yat NN sulbhe iodtdat ioxy) ~imide
reaction so as to nake up for a |loss of the catal yst

comibdirido déenatinat ifeBmi Att heakeaché 0se14OR] rrdheche group
nmet hod just nentioned above includes, for exanple,

condistamerBodi HEB&eE%rQéhgtz' Qgréa/&&p&%afn?eﬁ%é&ate, and

oxygen to 8 thereby yield at | east one selected from

a.réggtgélpl aC|d§Ia%%. 8%ﬁ8¥§h89 a?y %¥%|0P8§39?$

con a| ns

[Cﬂe%g%%lp%% selecEﬁd fromthe group
o
(), N-OR (2)
\/C\\O

wherein "m" represents an integer of 2 to (n-2); and R represents
hydrogen atom or an organic group, and wherein the ring shown
in the formula may be substituted, and the method includes the
steps of producing the catalyst from at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct each formed as
a result of the reaction, and using the produced catalyst in
the oxidation reaction so as tomake up for a loss of the catalyst
due to denaturation in the reaction.

[0012]

The method just mentioned above includes, for example,

(1) an embodiment for oxidizing cyclohexane with oxygen to




consi sting of N-hydroxy- or N-(substituted
oxy)-succinimde and N-hydroxy- or N (substituted
oxy) -glutarimde derived grom succinic acid and
glutaric acid, respectively, each as a reaction
byproduct, and the nmethod includes the steps of
produci ng the catal yst from succinic acid and/or
glutaric acid forned as a result of the reaction, and

j t i he i dati.on reaction
the b L A oo, BeLfb bl i B ErhE £ER8146Ne
denaturation in the reaction; (ji) .an enpodinment for
Of ST T W STt T Th FRVUEHLPOC HotQoyin Yihech the

at | east one selected fromthe group consisting of
cata{¥pbpenthAdng, atyeragEnearorelantiedl fitami Ehactaoupn
which the catalyst contains at | east one sel ected
congighintieo§r Jupydresssi sri Ng (sfibNthydtedyeoxgi -succinimide
N- (substituted oxy)-succinimde derived from succinic
andatihy dasosay + ead+ esulhytpi oetted oxgneglNthydmno¥y-dexfived from
N-(substituted oxy)-glutarimde derived from glutaric

sucathllcaacadt ahgely1ptaduet acand thepaethodiincLydasathe
steps of producing the catalyst fromsuccinic acid

rea@Rdbar pyBkubiakkC agid ther ma@g%a ntERHEE Phet B

feps of
reaction, and using the produced catalyst In B
[ [ r {i S e up far, _a_ l,oss .of the .
oroded Al O e i SRR B 18 el B FE sy 1% acta
i i) _an enbodine or _oxi di.zi ng _cycl ododecane w th

for%f?g i Forﬁsugﬁepgt§%§igﬁﬁcgﬂopea§9doﬁélgglEg?eBrPPBHFd

t he group consisting of cycl ododecanone,
'Catéggﬁgdbae%%ﬁuﬂ%l@£$&iabdé%%ﬁ%%ﬂnoﬁe TRk HP HAF ch loss of

catal yst includes at |east one selected fromthe group
the catalyst due to denaturation in the reaction; (ii) an

embodiment for oxidizing cyclopentane with oxygen to thereby
yield at least one selected from the group consisting of
-cyclopentanone, cyclopentanol, and glutaric acid, in which the
catalyst contains at least one selected from the group
consisting of N-hydroxy- or N-(substituted oxy)-succinimide
derived from succinic acid as a reaction byproduct, and

- N-hydroxy- or N-(substituted oxy)-glutarimide derived from
glutaric acid as a target product, and the method includes the
steps of producing the catalyst from succinic acid and/or
glutaric acid formed as a result of the reaction, and using the
produced catalyst in the oxidation reaction so as make up for
a loss of the catalyst due to denaturation in the reaction; and

(iii) an embodiment for oxidizing cyclododecane with oxygen to




consi sting of N-hydroxy- or N-(substituted
oxy)-succi nimde, and N hydroxy- or N (substituted
oxy) -glutarimde derived fyfom succinic acid and
glutaric acid, respectively, as reaction byproducts,
and the nethod includes the steps of producing the
catal yst from succinic acid and/or glutaric acid
formed as a result of the reaction, and using the
roduced. cat in_the _oxidation reaction so

enefEBY TEELETE oA B Re BRtar SEOBUGS (qgous Sofibisting

denaturation in the reaction. [0013] The oxidation
£ ‘%W%C%O%?g&mccl odoissATP lacedf dosgaeaedipe c acid, in

present invention can be a nethod for oxidizing a
whighnperifa tadystesent ede pyr tf bepawiong Fetanted ((3pm the group
[Chemical Formula 3] R RZRa (3) R3 Ro R4 wherein
conRa santgRbfaehyfiroggneoaN-ofsuh i ererdd fosym-eaciviotimdde,
and each represent a group convertible into carboxyl

andgy-ehupd tpov- oaxXil € aghiost i Rt e B x B3 gland R idleedé heveamaon
as or different from one another and each represent

suckyeriegerial emd y1halegen aaalqm el &rtl%q?;m %sgrr%%tlon
where two or nore of Ra, Rb, R d

byp%)ﬁuk%%scogyan@r?e 'ir%tfh%rcfr&ﬁ@lﬁﬁgga{ﬁé: s@e&ogﬁrﬁf@cﬁﬁcﬁng the

ring

catalyst from succinic acid and/or glutaric acid formed as a
result of the reaction, and using the produced catalyst in the
oxidation reaction so as make up for a loss of the catalyst due
to denaturation in the reaction.

[0013]

The oxidation method of an organic compound according to
the present invention can be a method for oxidizing a compound
represented by following Formula (3):

[Chemical Formula 3]
(3)

wherein R® and R® are the same as or different from each other
and each represent a group convertible into carboxyl group upon
oxidation; Rl, RZ, R3, and R* are the same as or different from
one another and each represent hydrogen atom, a halogen atom,

or an organic group, where two or more of R?, Rb, Rl, RZ, R3,




together wwth one or nore carbon atons constituting
the benzene ring, with oxygen to thereby yield at

| east one selected from tfyie group consisting of an
aromati c di carboxylic acid represented by follow ng
Formul a (4a) and an aromatic dicarboxylic acid
anhydri de represented by followi ng Fornula (4b):
[Chemical Formula 4] RL RO gZ COON RZ O R3 COON R3

andR§4ﬁ%.obe(é§&?¥éQé'Mp %Hpaﬁlarg%a¥£%cn?% naro L% h%ing'

sane as or erent om one ano r an

r esent drogen ato | ogen at . f
togs?ggﬁ.%ﬁg*% ohd SER-2 Biboln Hhe b %Em%%eahanmne
be conblned to form an aronatlc or nonaronmatic
ringy ﬁl?%q%%¥&ﬁn & tHhgire Yo 1fdFeat at gt @itgmselected from

constituting the benzene ring, in which the catalyst
‘thec GRPHPNSOAE 156480 6rfe 20y elropaltiicdd i ceshpayhdcderiidabl e

fromat |east one selected fromthe group consisting
repgksehgetiabgettoplodiicy, Farmedeat i(da)i aher sRdbabeatand a

reacti on byproduct and represented by foll ow ng
dichebaulyd icShcibChenieal dEorapt@sSltdd by following Formula

(4b) :

[Chemical Formula 4]

1
R ) R 0
RA COOH R
0
R COOH R {
R R
(4a) (4b)

wherein R% R?,If, and R* are the same as or different from one
another and each represent hydrogen atom, a halogen atom, or
an organic group, where two or more of R!, R?, R, and R? may
be combined to form an aromatic or nonaromatic ring together
with one or more carbon atoms constituting the benzene ring,
~in which the catalyst contains at least one cyclic imide

~compound derivable from at least one selected from the group
consisting of the target product, a reaction intermediate, and

a reaction byproduct and represented by following Formula (5):

[Chemical Formula 5]




2R 0OR3*OR (5 4 0 wherein Rl, R2, R3, and R4 are
the sane as or different fromone another and each
represent hydrogen atom a Palogen atom or an
organi ¢ group, where two of'nore of Rl1, R2, R3, and R4
may be conbined to forman aromatic or nonaromatic
ring together wth one or nore carbon atons
constituting the benzene ring; and R represents
hydrogen atom or an organic group, and the nethod

i ncl uges fphe steps of producing the catalyst from at

Qnellconponent sel ected fromthe group consisting
ta gR prGduct ,

reaction internedi ate, and
dyproduct each forned as a result of the
reacti'en, Gand using the produced catalyst in the
oxi dathi on reaction so as to nake up for a loss of the
catal¥§t due to denajuration in the reaction. In this
wheggd@ Rin& eakal 7o Rart e LheodieBe P ¥ oentlat fregst brem one
conponent selected fromthe group consisting of the
anogherating giechr BoryEsentabvdrpreprnestateda bya Fegemlaton, or
(4a) and the aromatic dicarboxylic acid anhydride
an oggrResentgetupy Foemel Zwodbr eack bdr REd BS &, resdlR* may
of the reaction and the produced catal yst can be used
be idoniheceXitdattoemn baagtbaatif00t4jondhemdxidati®f together
nmet hod of an organi ¢ conpound according to the

withf @3RN A¥eR! taRLEANabEmd FBHEEILHhOIngXtHt 2680 éhe ring;
compound 12

and R represents hydrogen atom or an organic group, and the
method includes the steps of producing the catalyst from at
least one component selected from the group consisting of the

target product, reaction intermediate, and reaction byproduct
each formed as a result of the reaction, and using the produced
catalyst in the oxidation reaction so as to make up for a loss
of the catalyst due to denaturation in the reaction. 1In this
case, the catalyst can be produced from at least one component
selected from the group consisting of the aromatic dicarboxylic
acid represented by Formula (4a) and the aromatic dicarboxylic
"acid anhydride represented by Formula (4b) each formed as a
result of the reaction and the produced catalyst can be used
in the oxidation reaction.

[0014]

The oxidation method of an organic compound according to

the present invention can be a method for oxidizing a compound




represented by following Fornmula (6): [Chem cal
Formula 6] R Re RC (6) R6 Rd 7 wherein Rc, Rd, and
Re are the sane as or diffgrent fromone another and
each represent a group convertible into carboxyl

group upon oxidation; and R5, R6, and R7 are the sane
as or different fromone another and each represent
hydrogen atom a hal ogen atom or an organic group,

. rep%%ﬁté@%g ?g?igwgggr For ulaR“?G R5, R6, and R7 may be

orm an |c or nonaromatic ring

Cht eE E nore carbon atons constituting
[Cheg CB nz8he" an W|th oxygen to thereby yield at

| east gne of an aromatic tricarboxylic acid
repreented by followi ng Formula (7a) and an aronatic
t rgec oxglic acid nonoanhydride represented by
foll g Formul a(§y7b): [Chemical Fornmula 7] RR5 0
HOOC 0 R6 COOH R6 R7 R7 0 (7a) (7b)
wherein R°, R?, and R® are the same as or different from one
another and each represent a group convertible into carboxyl
group upon oxidation; and R®, R6; and R’ are the same as or
different from one another and each represent hydrogen atom,
a halogen atom, or an organic group, where two or more of RS,
RY, R®, R°, R% and R’ may be combined to form an aromatic or
nonaromatic ring together with one or more carbon atoms
constituting the benzene ring, with oxygen to thereby yield at
least one of an aromatic tricarboxylic acid represented by

following Formula (7a) and an aromatic tricarboxylic acid

monoanhydride represented by following Formula (7b):

{Chemical Formula 7]

5
R R 0
HOOG COOH  HOOC
0
R® COOH RC (
R R’
(7a) (7b)

wherein R5, RG, and R’ are the same as or different from one
another and each represent hydrogen atom, a halogen atom, or

an organic group, where two or more of R%, R®, and R’ may be



wherein R5, R6, and R7 are the sane as or different
fromone another and each represent hydrogen atom a
hal ogen atom or an organj¢c group, where two or nore
of R5, R6, and R7 may be 1 conmbined to form an
aromatic or nonaromatic ring together wwth one or
nore carbon atons constituting the benzene ring, in
which the catalyst includes at |east one cyclic imde
ong und _derivable fromat |east one selected from
COW%%I%B ér%%;ﬁocf&héps%m@atb? A PRPGECTEFUELDNI Fidtg o ith
intermediate, and a reaction byproduct and . '
oner@preserftat By atemsove mt Forwing the)benzameriieg, in which
Formula 8 0 HOOC R6 *-OR (8) R7 0 wherein R5, R,
theapdtRIyateinheéudase ass lersdi oher eyclficormide camgolhed
and each represent hydrogen atom a hal ogen atom or

deranabilgafitem griolpaswhene dole @fed@remoth&yrdep cdhdiEting
may be conbined to forman aromatic or nonaronatic

of ki Bgr§egephedudt| N HHECOLoNDI B SHROL AL OFhd a reaction
constituting the benzene ring; and R represents

pyphyalegenat QELE AR +Qd %g)&%ﬁ&%&ﬁga%r@ma%md

I ncludes the steps of producing t catal yst from at

I 0 ent selected fromthe group
[Chg§%§%%t?§§m%?gP%g target product, reaction

internmedi ate, and reaction byproduct each fornmed as a
resul t pof bhe reacti on, and using the produced

HOOC
-0R (8)

wherein R5, RG, and R’ are the same as or different from one
another and each represent hydrogen atom, a halogen atom, or
an organic group, where two or more of R®>, R®, and R’ may be
combined to form an aromatic or nonaromatic ring together with
one or more carbon atoms constituting the benzene ring; and R
represents hydrogen atom or an organic group, and the method
includes the steps of producing the catalyst from at least one
component selected from the group consisting of the target

product, reaction intermediate, and reaction byproduct each
formed as a result of the reaction, and using the produced

catalyst in the oxidation reaction so as make up for a loss of
the catalyst due to denaturation in the reaction. 1In this case,
the catalyst is preferably produced from at least one component

selected from the group consisting of an aromatic tricarboxylic



catal yst in the oxidation reaction so as make up for a
| oss of the catalyst due to denaturation in the
reaction. In this case, the catalyst is preferably
produced from at | east one conponent selected from
the group consisting of an aromatic tricarboxylic 14
acid represented by Fornmula (7a) and an aronatic
tricarboxylic acid nonoanhydride represented by
. VA d r .t of .the teaciion
2 IR ol B3P o BT o D BT e Ao B R bR 5
.gxi dation reaction. [0015 The oxi dation nethod of an
2 e R in g S Ty BF CoRBupRebbnt SHRIBRERBRE 25
can be _a nethod for oxidizing a conpound represented
a r9iplopf i gerEE AN D Fheroihicad CrR6RAYPS i) PrREeRRDLY
Ri (99 RL Rg RO wherein Rf, Rg, Rh, and R are the
usedaijd hbeopxdiptépantrepctirone anot her  and each
represent a group convertible into carboxyl group
upohmOOxbdlati on; and R8 and RO are the sane as or
different fromeach other and each represent hydrogen

‘at 0The aoshiad OgEh dlc@Mod 8F AN oRGARA CCORIPYENd WRIE- dIMY to
or nore of Rf, RO, Rh, R, R

the present invention can be a method for oxidizing a compound

represented by following Formula (9):

{Chemical Formula 9]
(9)

wherein Rf, R9, R, and R* are the same as or different from one
another and each represent a group convertible into carboxyl
group upon oxidation; and R® and R® are the same as or different
from each other and each represent hydrogen atom, a halogen atom,
or an organic group, where two or more of Rf, RY, RP, R}, RS,
iandIf’may'be combined to form a nonaromatic ring together with
one or more carbon atoms constituting the benzene ring, with
oxygen to thereby yield at least one selected from the group
consisting of an aromatic tetracarboxylic acid represented by
following Formula (10a), an aromatic tetracarboxylic acid
monoanhydride represented by following Formula (10b), and an

aromatic tetracarboxylic acid dianhydride represented by




and R9 may be conbined to forma nonaromatic ring
together with one or rmre carbon atons constituting
the benzene ring, with %sqen to thereby yield at
| east one selected fromthe’ group consisting of an
aromatic tetracarboxylic acid represented by
follow ng Fornmula (10a), an aromatic tetracarboxylic
aci d nonoanhydride represented by follow ng Formla
glob), and an argmatic tetracarboxylic acid
foldpyaRGdFPaBULep dS€nted by 15 fol | owi ng Fornul a
(10c): [Chem cal Formula 10] RB RB 0 O R8 ::: HOOC O
[chgmlg@@;chrmglg 809 0 (10a) (10b) (10c) wherein R8 and
RO are the sanme as or different fromeach other and
each represent hydrog{én a om hak%ge atom or an

\ ‘ch _he cy
follag 1 For nu g v
rg%lpes 8%y h@? ow ng -or nufa (llhb) o each being
deri vatRPe fromat |ea®t one select8d fromthe group
consi st of the tar pr oduct action
i nterne ?e and &é%’&tl on byprgdg?t [ Chemi cal

wheE%&gukaégg R

gre the same as or different from each other
and each represent hydrogen atom, a halogen atom, or an organic
group, in which the catalyst contains at least one of a cyclic
imide compound represented by following Formula (1lla) and a
cyclicdiimide compound represented by following Formula (11b),
each being derivable from at least one selected from the group
consisting of the target product, a reaction intermediate, and
a reaction byproduct:

[Chemical Formula 11]

8 8
" ¢ o R o
HOOC
0R  RO- —OR
HOOC” {
R9 0 0 R9

(11a) (11b)
wherein R® and R® are the same as or different from each other
and each represent hydrogen atom, a halogen atom, or an organic
group; and R represents hydrogen atom or an organic group, and
the method includes the steps of producing the catalyst from

at least one component selected from the group consisting of



ROORO -RO -OR :)mf bR OC RO 0 0 9 0 (1l1a) (lib)
wherein R8 and RO are the sane as or different from
each other and each repregent hydrogen atom a

hal ogen atom or an organic group; and R represents
hydrogen atom or an organic group, and the nethod

i ncl udes the steps of producing the catalyst from at

| east one conponent selected fromthe group consisting

t t tign_int di at
the?%g%?. onﬂgséiﬁicgzuc?aﬁg’ié‘%nf srreihadiatPecer %‘a%hton |
t he produced catal yst in
bYPRAHE BACEeLRTTON 25 Ao SRikE: D S TE G4 9o aflﬁeusmg

- catalyst due to denaturation in the reaction. In this

thecpsedicad ¢atalyst in theepaigpityopr seackdon remmag make up
| east one conponent selected fromthe group

forcongisst phigtlod ddie larsdndtiect o detadcanalidoyl ic tae deaction.
represented by Fornmula (10a), the aromatic

In tlels acardyoxibi catasl gk thraroanEYEr aHRy HARIRERM edoRyat least
Formula (10b), and the aronmatic tetracarboxylic acid

onettEHbh €8 c 1LRRERSEFNE dhé)@f&tﬁ%ﬁsié{éﬁg o%a&tle teorprdic

as a result of the reaction, and the produced

tetTAAl3kyin Piele E:%%'ﬂé ed4 Emu 0¥ @3f)0Mc tic
_ reactlonyl 0016 g%ﬁ |on}5]'y e Breéghﬁjlnvé%€rgﬁa ie
tetht: %Qf%g%fiﬂ%%%é%S dg%banhydrlde represented by Formula
(10b), and the aromatic tetracarboxylic acid dianhydride

represented by Formula (10c), each formed as a result of the

reaction, and the produced catalyst is preferably used in the

oxidation reaction.

[0016]

In addition, the present invention provides a process for
producingenlorganiccompound,whichprocessincludesthesteps
of (A) oxidizing an organic compound with oxygen by the
catalysis of at least one N-hydroxy- or N-(substituted
oxy)—imide compound derivable from at least one selected from
the group consisting of a target product, a reaction
intermediate, and a reaction byproduct, (B) separating the
target product formed in Step A from at least one component
selected from the group consisting of a target product, reaction
intermediate, and reaction byproduct each formed as a result

of the reaction and being to be used for producing the catalyst




produci ng an organi ¢ conpound, which process includes
the steps of (A oxidizing an organic conpound wth
oxygen by the catalysis of,at |east one N hydroxy- or
N- (substituted oxy)-im de conpound derivable from at
| east one selected from the group consisting of a
target product, a reaction internediate, and a
reacti on byproduct, (B) separating the target product
formed in Step A from at_|least one c onent . selected
50 5 g1 TRESGRBUEC S 6ndPEe: 1 'O §04MYEE PPodusLenatiration
., reaction . internediate, and reaction byproduct each
10 EBPnER2GE1alr edtil t PTOFUERRIr 2ol FaW Shd i Heihd oo e 1east
used for producing the catalyst 17 so as to nmake up
onef GEPMRONEEE GRrEra ainy St egu ,t @ndle &) usapicdsy 1nign thige
reaction, (C) producing a catalyst using the at | east
catendy stopponiereds éparSdteed G rraSiSeppBA.and (D) suppl yi ng
the catalyst produced in Step Cto Step A [0017]
The [poaducti on process can further include the step of
(E) recovering an undenaturated catal yst froma

reaghieOprofli¥tibe BREcE88YEhhNButfifef BLAVAIEL the step of
undenaturated catalyst to Step A Advantages [0018]

(E)A%%%%@%anboakh%n é%g%yiét%Mﬁg%k%ﬁgg%a%§%¥§%$reaction

derivable fromat |east one select fromthe group
msE08 S S 0TI, ¢ POAEl B SPEL 2o catayot o
Step A.
Advantages

[0018]

According to the present invention, catalysts derivable
from at least one selected from the group consisting of a target
product, a reaction intermediate, and a reaction byproduct
catalyst are used, and the catalysts are produced from at least
one component selected from the target product, reaction
intermediate and reaction byproduct each formed as a result of
the reaction, and the produced catalysts are used in the
oxidation reaction so as to make up for losses of the catalysts
denaturated in the course of reaction. Such target products
must be separated from the reaction mixture somehow so as to
yield products. Likewise, reaction intermediates must be:

separated so as to return to the reaction system, and reaction

byproducts must be separated so as to be wasted. This




catal yst are used, and the catal ysts are produced from
at |l east one conponent selected fromthe target

product, reaction internmegiate and reaction byproduct
each fornmed as a result of the reaction, and the
produced catalysts are used in the oxidation reaction
so as to make up for losses of the catalysts
denaturated in the course of reaction. Such target

sepBFRHYEHSst &YISts BE é@M@f@ﬁl&; B%e%%%krrgsmg’géeﬂ) Ox%éﬁr)gllérs% of

sonmehow so as to yield products. action

b r ' b ted, so as.to return t

wel ALEISEHA T Bl upS PPl B B B ddhEh Huseaavst

. .geparated 0 as. to be wasted.  This 18 separation steE

LS IR 1 aly HERERERAF ShepS cogRegrass e generally
whet her or not they are supplied to the production of

larggrafthen theisge ooRpéaATSLSThePappudi gy, t hesges of the
conponents are generally larger than those of

categadvaltystge Pecdeni gyt 1dmsses bef velng egat by ystde dpe for,
to denaturation can be very easily nade up for, since

. sinthetlvatalkypdlys tearnbeepsositces Uusing onllyppat ofofhd harget
target product, reaction internediate, and/or

- prodeat!,i f8a &Y PsRdutle reReh atlr 484/ 88 R ARS¥nt b Phrddect each
reaction. In addition, there is no need of 1solating

fordREabur at eds ot aby st %le%%eci\M?li.ChIﬁxcitéﬁi{fon,t "at&e is no

anounts. Accordingly, the present invention can

nee%@%flx 1629% nhgﬂgk LV, nahf f.9rs @ ;

‘ | oss oFOa cétglyst %Eﬁ§§§o§§€§gigif %%%E%fflﬁ#gﬁﬁiaﬁ i

trééenideucggpo d(9q$at atgg in thetcourse.of (1
5 BAPEBRS 61 BTG O Lo ST SRYGER 1R CAheasily,
presence of the catal yst.

convenlently, and inexperisively make up for a loss of a catalyst

N-hydroxy- or N-(substituted oxy)-imide compound denaturated

in the course of oxidation of organic compounds with oxygen in

the presence of the catalyst.

Brief Description of the Drawings

[0019]

Fig. 1 is a schematic process chart as an embodiment of
the production process of organic compounds according to the
present invention} and

Fig. 2 is a schematic diagram of a catalyst production
system used in Examples.

- Explanations of Letters or Numerals
[0020]

11 Flask



Brief Description of the Drawings [0019] Fig. 1 is a
schemati c process chart as an enbodi nent of the
producti on process of orgaggc conmpounds according to
the present invention; and Fig. 2 is a schematic

di agram of a catal yst production systemused in
Exanpl es. Expl anations of Letters or Nunerals [0020]
11 Flask 19 12 Reflux Condenser 13 Dean- Stark

Fracti onat i Unit 14 Thernoneter 15 Agitating Bl ade
Bes?ENbdgﬁ?g?u%n¢?9gﬁasﬁﬁt the I nvention [0021]

Organi ¢ conpounds for use.in the present invention as
r avv?gmat ePﬁQg

.

PsShRERngEasheenfteasl Yottnited, as | ong
as they are such organic conpounds that at |east one

N- hydr oxyThermametstbstitut ed oxy) -inide conmpound

such as a cyclic N-hydroxy- or N-(substituted oxy)

-i nl8e cohpotativenBbadenduced fromat |east one of

target products, reaction intermediates (reaction
Besitnieriee dioat €a ragringe duftr ame’ awverttddmal s), and

reaction byproducts (reaction byproducts derived from

raw[gabeni al s),

Organic compounds for use in the present invention as raw
materials are not specifically limited, as long as they are such
organic compounds that at least one N-hydroxy- or
N- (substituted oXy) —imide compound such as a cyclic N-hydroxy-
or N-(substituted oxy)-imide compound can be induced from at
least one of target products, reaction intermediates (reaction
intermediates derived from raw materials), and reaction
byproducts (reaction byproducts derived from raw materials),
each formed upon oxidation with oxygen. According to the
present invention, N-hydroxy- or N-(substituted oxy)-imide
compounds such as cyclic:N-hydroxy- or N-(substituted
oxy)-imide compounds are used as catalysts.

[0022]

Representative examples of organic compounds used as the
rawmaterials include the compounds represented by Formula (1),
the compounds represented by Formula (3), the compounds

represented by Formula (6), and the compounds represented by

Formula (9).




each fornmed upon oxidation with oxygen. According to

the present invention, N hydroxy- or N-(substituted

oxy)-imde conpounds such_as cyclic N hydroxy- or

N- (substi t ut ed oxy)-inideZ%onpounds are used as

catal ysts. [0022] Representative exanples of organic

conpounds used as the raw materials include the

compounds represented by Forrmula (1), the conpounds

reprgﬁggﬁed by Formula (3), the conpounds represented

E Fa (6), and the conpounds represented by

Formula (9). 20 [0023] In the conpounds represented

by E&r fifacempoungts neggesseries! &y Foregée dfi)4 t'0"20.

The ring shown of Fornula (1) may have one or nore
repg@lsenitisuent SntEgerr efetti tooA0numies ri'my Showr efferalkinla

an integer of 5 to 15 and nore preferably 5, 6, 12 or
(1)1hayExanpl &se ofr toflter s Whskitti e sWhi the thgdd % on number

(cycl oal kane ring) of Formula (1) may have incl ude

"nhakogesrat 98y aﬁli‘?a\/ﬂeg%%&sswfé Ciy OBy HEVE NS ap1y 5,

nor e hal ogen atons, cycl oal kyl groups, aryl” groups,

6, ngQﬁyJQ{puE§a§gh%E g%ytggvgub%@§§§%8ggre ha%gggg ring

oms, “prot ect unprotecte %51 VhgF

r,otegted or_unprotecte roxy( hal o) al kyl groups,
(cfiielidte indNRotettele A Y baTpan i be Labap atoms,
unprot ected carboxyl group, protected or unprotected
alkyh 19 YRsU TP 5 b 6t Vo o i dad@gery 26 eps,
cyano group, nitro group, and o0xo
cycloalkyl groups, aryl groups, alkoxy groups which may have

one or more halogen atoms,.protected or unprotected hydroxyl
group, protected or unprotected hydroxy(halo)alkyl groups,
protected or unprotected amino groups, protected or unprotected
carboxylgroup,protectedorunprotectedsulfogroup,protected
or unprotected acyl groups, cyano group, nitro group, and oxo
group (=0). Protecting groups conventionally used in organic
synthesis can be used herein.

[0024]

The halogen atoms include fluorine atom, chlorine atom,
bromine atom, and iodine atom. Examples of the alkyl groups
which may have one or more halogen atoms include alkyl groups
each having about one to about fifteen carbon atoms, such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-butyl, and
hexyl groups, of which alkyl groups having about one to about

ten carbon atoms are preferred, and alkyl groups having about




group (=0 . Protecting groups conventionally used in
organic synthesis can be used herein. [0024] The
~hal ogen atons include fluogjne atom chlorine atom
brom ne atom and iodine atom Exanples of the alkyl
groups which may have one or nore hal ogen atons

i ncl ude al kyl groups each having about one to about
fifteen carbon atoms, such as nethyl, ethyl, propyl,

[ | .:bu ' utyl. t-butyl, and .hex
one PEBLIRE 5181 dnor] BOPHS St Tk PRy TaRoSE . e g loalkyl
about ten carbon atons are preferred, and al kyl
GrOBPERRY HaYI TP Wb GHE 29 AKE o HHR CSrPOBan BOHS atBHRD as
.are nore preferred; and_hal oal kyl groups having about
trléﬁéOﬂfem%gml PPc; 8eR tedlbor osténe, Jgewsas of which
trifluoronethyl and pentafl uoroethyl groups, of which
halpal&alkgtogp sy ivay _hguabong tonebout alsoutatrboncatrdon are
atons are preferred, and hal oal kyl groups having

predkautdonentichaboatl kgl xgreas b o wirgrabaie sheeto about six
preferred. The cycl oal kyl groups include, for

car®vanpt éns eyel Bet K yireFe@wpsl . Navh8 g RNAH1 KNI §8otPs akRUtde,
fifteen nmenbers, such as cycl opentyl group and

forC¥ehabexy! §auR1kyEX3mhes Havite abHutIhPURS &€ about
phenyl and napht hyl" groups. The al koxy groups whic

: i.ncl ,
cs TR 00, S HPLE LS8R 08 LSy ch st aroup.
fif b , h th . h ,
i A L

roups, of which al koxy groups havinq about one to
2 LgErg, TPRRS dHHITh MY ofRv e P EM TR G2 18AEn atoms include,

for example, alkoxy groups having about one to about fifteen
carbon atoms, such as methoxy, ethoxy, propoxy, isopropoxy,
butoxy, t-butyloxy, and hexyloxy groups, of which alkoxy groups
having about one to about ten carbon atoms are preferred, and
alkoxy groups having about one to about six carbon atoms are
more preferred; and haloalkoxy groups having about one to about
fifteen carbon atoms, such as trifluoromethoxy group, of which
haloalkoxy groups having about one to about ten carbon atoms
are preferred, and haloalkoxy groups having about one to about
éix carbon atoms are more preferred. Examples of the
hydroxy(halo)alkylgroupsincludehydrbxymethyl,hydroxyethyl,
hydroxypropyl, l-hydroxy-l-methylethyl, and
2,2,2-trifluoro-l-trifluoromethyl-1l-hydroxyethyl groups, of

which hydroxyalkyl groups having about one to about four carbon




al koxy groups havi ng about one to about six carbon
atons are nore preferred; and hal oal koxy groups
havi ng about one to about fifteen carbon atons, such
as trifluoronethoxy group,z%ﬁ whi ch hal oal koxy groups
havi ng about one to about ten carbon atons are
preferred, and hal oal koxy groups havi ng about one to
about six carbon atons are nore preferred. Exanpl es

of the_  hydroxy(hal o)al kyl groups include
atomoﬁﬁb@q’ﬂﬂ@kyﬁ%ﬂx" <§ﬁ§¢&P@>@¢é&lﬁy9:—”0uﬁ§dmkW gpput one to about
1- hydroxy-1-nethyl ethyl, and
foug, gazbpni fktgosoairet pirkifaorenet hhe | ahylroxygrhylnclude
groups, of which hydroxyal kyl groups havi ng about one
alipbasheoucyburocpshionw 229 abbasoad @ ohasks X ¢4 x carbon atoms,
(hal oal kyl') groups having about one to about four

suctabROFo2t9T5 acetRnef erbedonthe aeyhrgnioupsobielvde, and
al i phatic acyl groups having about oné to about six

: n o r ac I [
PR PRSP S Hmp A s MAROR ggpes

_ r QUP; % r%qﬁ%;c acyl groups such as benzoyl
Suc%r%%pbe?% 5@] IE)t'he conpounds represented by Fornul a
(1), @? ounds having no substituent on the
cycﬂg ne ring (cycl oal kanes), .and conpounds
havi ng one or nore al kyl groups having one to siXx
car Bén tREoRBIPSUBAS akCREE AGN L g oo, Formulie (dyol saresnads
- ring are preferred. Representative exanples of the
havd@gpogneisbstepresemedhsycrolaal hate)rine (cyclokdkxanes) ,
cycl opentane, cycl ododecane, and cycl opent adecane.
- .and compounds having one or more alkyl groups having one to six
carbon atoms, such as methyl group, on the cycloalkane ring are
preferred. Representative examples of the compounds
represented by Formula (1) are cyclohexane, cyclopentane,

- cyclododecane, and cyclopentadecane.

[0026]

Oxidation of compounds represented by Formula (1) with
éxygen by the catalysis of a N-hydroxy- or N-(substituted
oxy)-imide compound yields corresponding cycloalkanones,
cycloalkanols, and/or dicarboxylic acids having carbon atoms
in the number of "n" in principal chain as main products. The
proportions of these products can be controlled by
appropriately setting the reaction conditions such as type and
amount of the catalyst, reaction temperature, and reaction time.

The reaction also yields, as byproducts, dicarboxylic acids




[0026] Oxidation of conpounds represented by Fornul a

(1) with oxygen by the catalysis of a N hydroxy- or

N- (substituted oxy)-imde ionpound yi el ds

correspondi ng cycloalkanon% cycl oal kanol s, and/ or

di carboxylic acids having carbon atonms in the nunber

of "n" in principal chain as main products. The

proportions of these products can be controlled by

ro riately setting the reaction conditjons such as

havﬂgﬁ RROD AHOURE Tt & RETOSTaPY st SSPelReR ort” 10 Principal

tenperature, and reaction tinme. The reaction also
chajpe| ds, as byproducts, dicarboxylic acids 23 having

carbon atons in a nunber of less than "n" in principa

chailA02[®027] When cycl ohexane, for exanple, is used

as the conmpound represented by Fornula (1),

cyclibhexapoheheryaobphéxanekample, atls pigedci s, thy cdmpound

m xture of themis mainly produced, and succinic acid

repaBdeartedl Byarbemagiad,(1)Qr xaPlefaniohely RIAGWednol, or
When cycl opentane is used as the conpound represented

adlglchﬁﬁﬂlaor(e)m;%i%&%p%&t%@%ﬂ@&scﬁéh%ﬁ§ﬂgﬁ%@ud@a and

glutaric acid, or a mxture of hemis

suceﬁﬁq%Q§ ci%%%m%%ggbgﬁ rfgé%inofor%ﬁ%. é %%by produced.

by- pro cycl'ododecarie i's use

nd represent ed, by Fornul a cycl ododecan ,
e PR T Lo gIeahbAb e PBPe A n P S b b et L2
themis mainly produced, and succi nic acid and/ or
(1) g|Gyg@p@egép&onﬁercyclopentanol or glutaric acid, or a

mixture of them is mainly produced, and succinic acid, for
example, is by-produced. When cyclododecane is used as the
compound represented by Formula (1), cyclododecanone,
cyclododecanol, or dodecanedioic acid, or a mixture of them is
mainly produced, and succinic acid and/or glutaric acid, for
example, is by-produced.

[0028]

To produce a corresponding cycloalkanone, a
corresponding cycloalkanol or a corresponding dicarboxylic
acid having carbon atoms in the number of "n"™ in principal chain,
‘or a mixture of them using the compound of Formula (1) as a raw
material, the cyclic N-hydroxy- or N-(substituted oxy)-imide
compound represented by Formula (2) and derivable from at least
one selected from the group consisting of a target product, a

reaction intermediate, and a reaction byproduct is used as the




exanpl e, is by-produced. [0028] To produce a
correspondi ng cycl oal kanone, a correspondi ng
cycl oal kanol or a correspoggling di carboxylic acid
havi ng carbon atons in the nunber of "n" in principa
chain, or a mxture of themusing the conpound of
Formula (1) as a raw material, the cyclic N hydroxy-

or N-(substituted oxy) -imde conpound represented by
I

E a nd deri.vable fromat | t one_sel ected
catply Rt e ST oS Ring P R o ddcicagt one
reaction internedi ate, and a reaction byproduct is
COMPORE s Sﬁ}@c'}z?rée . PR FOnSESHipst ofs theodacegt
fromat |east one conponent selected fromthe group
- PToglhiediss tiaqg tdfont Hetiegmpsti atsrodust  reagddonoyproduct each .
i nternmedi ate, and reaction byproduct each forned as a
formmesulats ef rebelteatt tha aeact hen pandudes matdalaest caitalyst
used in the oxidation reaction so as make up for a
is eesl oh thbeoxadiatysh thiect Doflestdy akik@NupnNfdP& loss of
reaction. [0029] In Formula (2), "m' is an integer of
the? HedBft it [ty DendMudfSion e tr}feoe_ttéa#t Iypnunber
"m' is preferably 2 or 3. R represents hydrogen atom
or qqmgﬁganic group. The organic group in Ris
preferabl'y a group that can be converted i nto hydrogen

t L on,, di ti or , | e,
hyars) EER ARl PO ShcRRGPRER of of sEpEorRciRfn2)

| kyl ups i ncl udin al kyl groups havi ng about one
or e rout FORFPER bR APBRES sl 15 preferably 2 of 3. R

represents hydrogen atomor an organic group. The organic group

in R is preferably a group that can be converted into hydrogen
atom under reaction conditions upon, for example, hydrolysis.
Examples of such organic groups include alkyl groups including
alkyl groups having about one to about four carbon atoms, such
as methyl and t-butyl groups, alkenyl groups such as allyl group,
cycloalkyl groups such as cyclohexyl group, aryl groups such
as 2,4-dinitrophenyl group, aralkyl groups such as benzyl,
2,6-dichlorobenzyl, and triphenylmethyl groups; groups that
can form acetal or hemiacetal group with an adjacent oxygen atom,
including substituted methyl groups such as methoxymethyl,
methylthiomethyl, benzyloxymethyl, t-butoxy methyl, and
2-methoxyethoxymethyl groups, substituted ethyl groups such as
l-ethoxyethyl, l-methyl-l-methoxyethyl, and 2-methoxyethyl

groups; tetrahydropyranyl group, tetrahydrofuranyl group,




as nethyl and t-butyl groups, al kenyl groups such as

allyl group, cycloalkyl groups such as cycl ohexyl

group, aryl groups such as 2,4-dinitrophenyl group,

aral kyl groups such as benzyl, 2, 6-dichl orobenzyl,

and triphenyl met hyl groups; groups that can form

acetal or hem acetal group with an adjacent oxygen

atom including substituted nethyl groups such as

met hoxynet hyl, nethylthi onmet hyl, benzyl oxynet hyl ,
1-hydpagrgRy kit AYPUPENGUCH- RSt RoRySEREXEHeYhy BNgr oups,

substituted ethyl groups such as 1-ethoxyethyl,
1-hydperhpexlylngtderyetdsdl gaedrs- et doxystinfatigr sapyrated

tetrahydropyranyl group, tetrahydrofuranyl group, 25
or Unbyduoayadkytygrooupspssuak las itehydrakietdylc ard/l groups

1- hydroxyhexyl groups; acyl groups (e.g., aliphatic
havsaguspbet ortd tnsBbut atwshagHa RS ohBG! seN e Dfformyl,

al i phatic acyl groups having about one to about

acetyent m@g&%@a@t BBy rSUCh 1S h RPN, vRARWYN, pivaloyl,
propi onyl, butyryl, i Sobutyryl, “valeryl, pival oyl,

oyl oyl oyl oyly,
R0 bl O ATE) o SELATEY o IONEY e SETEY oy,

of .whi.ch aii gat'c acyl. groups havi ng apouyt. gne .t.0 .
mY TS0 i RAEAT boK . At BHD e PrePerrEaY dbdlibudbryiiohatic
roup; alicyclic acyl groups includin
acydy GEOYFRaREaArBo RHP Ur Giifs TUGHORE S1X carbon atoms are
%yclopentanecarbon | and cycl ohexanecar bonyl groups;
pre ﬁéﬁ?@@;caa@ypagﬁw OIS &1 PEHASY PCHAR PR Heydluding
groups); sulfonyl groups such as nethanesul fonyl,
cycéhdkesigichaippny 1t girfhuper evethhase syldlopgntanecarbonyl and
benzenesul fonyl, p-toluenesul fonyl, and
cydiapltdaaleeradutinfydnyroups; aromatic acyl groups such as
benzoyl and naphthoyl groups); sulfonyl groups such as
methanesulfonyl, ethanesulfonyl, trifluoromethanesulfonyl,
benzenesulfonyl, p-toluenesulfonyl, and naphthalenesulfonyl
groups, alkoxycarbonyl groups including (Cy1-Cy4
alkoxy)-carbonyl groups such as methoxycarbonyl,
ethoxycarbonyl, and t-butoxycarbonyl groups,
aralkyloxycarbonyl groups such as benzyloxycarbonyl group and
p-methoxybenzyloxycarbonyl group, substituted or
unsubstituted carbamoyl groups such as carbamoyl,
methylcarbamoyl, and phenylcarbamoyl groups, groups
corresponding to an inorganic acid (e.g., sulfuric acid, nitric

acid, phosphoric acid, or boric acid), except that hydroxyl

group (OH group) is removed therefrom, and substituted silyl




groups, al koxycarbonyl groups including (Cl-C4

al koxy) - car bonyl groups such as net hoxycarbonyl,

et hoxycar bonyl, and t-butoxycarbonyl groups,
aralkyloxycarbonyl groups such as benzyl oxycar bonyl
group and p-net hoxybenzyl oxycar bonyl group,
substituted or wunsubstituted carbanoyl groups such as
car banoyl , nethylcarbannyl and phenyl car banoyl

u grqu i ng gk parga ic.acid
oxofipRUBAeyO80UER ELLSSRED) n9-LR AL R AR Py 9510,
c.acid exce t hat roxyl group (OH group)

trlggn EﬁﬁégithépngBﬁghﬁﬁﬁ §&E§S g4PEBSsi Iyl 26 groups

such as trimethylsilyl, t-butyldinmethylsilyl,
 tri b8R3PUsilyl, and triphenylsilyl groups. [0030]

Preferred exanples of R include hydrogen aton groups

t haPredartedneaswpraksorfhBniiacétide hydupgent Atem; groups

adj acent oxygen atom groups that can be easily

- thatorarefoe acdtoa hydriogeia@ttom gupop wiyith ahysd facent oxygen -
i ncl udi ng groups corresponding to an acid such as

atof@l Be¥MbECtRgt decas Ubé 0t £ BE i chnfAF NG t_Chddrogen atom
carbami ¢ acid, sulfuric acid, phosphoric acid, or

upoBOh{&r &Ly &h s e’iﬁ%ﬂhdtllﬂ%l g]g'ﬁ% %lﬂies ofﬁrﬂﬁéq{jo an acid such

therefrom such as acyl  gro ony roups,
Koxy. ly 9L r grau ng. .
= Gl %Q%‘ésdpec et S y”t?%%ﬂr SsiRe FHHTEhLR acid
or @ such_ac roups, aliphatic
Sul?&xﬂ gPGaps R %9?&%‘&05&&%% o oG Guees AR ot OH
atops are preferred, and aliphatic acyl
~group 1s remo edtherefrom,snuﬂlasacylgroups sulfonyl groups,
alkoxycarbonyl groups, and carbamoyl groups. Among them, R is
especialy preferably represents hydrogen atom or an acyl group.
Of such acyl groups, aliphatic acyl groups having about one to

about twenty carbon atoms are preferred, and aliphatic: acyl

groups having about one to about six carbon atoms are more

preferred.

[0031]

The ring shown of Formula (2) may have one or more
substituents. The substituents herein are as the substituents
which the ring shown of Formula (1) may have.

[0032]

Representative examples of the cyclic imide compounds
represented by Formula (2) are compounds derivable from

succinic acid, including N-hydroxysuccinimide and




groups havi ng about one to about six carbon atons are
nore preferred. [0031] The ring shown of Fornula (2)
may have one or nmore subsiituents. The substituents
herein are as the substituents which the ring shown
of Formula (1) may have. [0032] Representative
exanpl es of the cyclic imde conpounds represented by
Formul a (2) are conpounds derivable from succinic
acid, .includi ng, N-hydroxysucci nimide and 27 N . . |
N (BER L AT DRy TSttt T A 0 SU SUTh e cetorysticoinimide;
N- acet oxysucci ni m de; and conpounds derivable from .
andg CORRPMEASC 9@ X iVREILGdifre™ M6y gicdcar iimcdeiddng N
(substituted.ox%giglutarinides such as
N-hydgeeyerydiaatiavide ded NFHesd stdipdaddexghglbearimides such
advant ageousl y used as a catal yst when, of the

as teapetodyglugpresamteed BizeBor ouhpo(i)ls cyol bal kanes
such as cycl ohexane, cycl opentane, and cycl ododecane

advahe ageetsdsy & seaWakedatlal yft00d2n, Ween t&eC @rR@dshds
represented by Fornmula (1) is used as a raw nateria

repir she ckbgatd shul gact) 0ry 1e 1%@Heet sRERME sy c1ohexane,
reacti on internediate, anavor reacti on byproduct each

f e i i ro .
YRS Shct o o SReg AR IR Ss S e
aciﬂ%oggﬁing carbon atons in the nunber of "n" in
cipa

pri chai n corresponding to the

When a compound represented by Formula (1) is used as a
raw material in the oxidation reaction, the target product,
reaction intermediate, and/or reaction byproduct each formed
as a result of the reaction and is used for the production of
catalyst can be any of dicarboxylic acids having carbon atoms
in the number of "n" in principal chain corresponding to the
compound of Formula (1) used as the raw material (main
products); and dicarboxylic acids having carbon atoms in a
number less than "n" (byproducts). Particularly, succinic
acid and/or glutaric acid is preferred as the raw material for
the catalyst, when, of the compounds represented by Formula (1),
cycloalkanes such as cyclohexane, cyclopentane, and
cyclododecane are used as the raw material.

[0034]

In the compounds represented by Formula (3), R* and R°

are the same as or different from one another and each represent




conmpound of Formula (1) used as the raw material (main
products); and di carboxylic acids having carbon atons
in a nunmber |ess than "n",{byproducts) Particularly,
succinic acid and/or glutaric acid is preferred as
the raw material for the catalyst, when, of the
conpounds represented by Fornula (1), cycl oal kanes

such as cycl ohexane, cyclopentane and cyclododecane
e _used as tg aw, mat er

In_the, ounds
@ oPfpe ST Ry TR0t iPa s e BRG Ry PR cOFHATERNE- s
or _diff t fromone another and each represent 28 a
'Exa8P$GE g n%g?tEEPBplﬁPBV@§FB€%$Il@FSuEaﬁﬁﬁﬁY$x989FPoﬁpon
Exanpl es of the group convertible into carboxyl groug
- oxigdpshonoiidatde® rgesiisderorgatiay igroa pa timri iy drogen bond
car bon- hydrogen bond at the benzyl position of the
-at @robehizglmow)tisuchfashabkphagioupsg, swvkersadeyl groups,
oxi di zed groups derived from al kyl groups

lowelroveteer det daxiedi ZedugouRs Gk espandirg1t gralisy
groups, except with a carbon atomat the 1-position

<1o%ralohﬂatergbgti@§z%%u @&odtgﬁ dwr@s%%@kdtlagc%bgmmgggeeps,
or an equival ent théreof), and Cycloal'kyl groups.

exc[e%&?\r?ith g@a%&y Etgﬁoéjtp%hk;f—&gsfjhﬁ{dd@f %l‘?{ylscff&ﬂggﬁélng

groups such as net pr opy

, i SQ o but obut s- but vl
notI 86{ ?Xfi t é’]fbox%lz L?/p %eﬁfly?guiwggf?ﬁe/ thereof), and
Cyéi fﬂ@lh%éY' ahd decyl groups. Anpong them al kyl

[0035]

The alkyl groups include primary or secondary alkyl
groups such as methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, s-butyl, pentyl, isopentyl, hexyl, isohexyl, heptyl,
octyl, 2-ethylhexyl, and decyl groups. Among them, alkyl
groups having about one to about four carbon atoms are preferred,
of which alkyl groups having about one to about three carbon
atoms, such as methyl group, ethyl group, and isopropyl group,
-are especilally preferred. The lower-order oxidized gfoups
derived from alkyl groups include hydroxyalkyl groups, formyl
group, formylalkyl groups, and alkyl groups having oxo group.
Examples of the hydroxyalkyl groups include hydroxy—alkyl
groups having about one to about six carbon atoms, such as
hydroxymethyl, 1l-hydroxyethyl, 1-hydroxypropyl,

l-hydroxy-l-methylethyl, and l-hydroxybutyl groups. Examples



groups havi ng about one to about four carbon atons are
preferred, of which alkyl groups having about one to
about three carbon atons,zguch as net hyl group, ethyl
group, and isopropyl group;” are especially preferred.
The | ower-order oxidized groups derived from al kyl

groups include hydroxyal kyl groups, fornyl group,

fornyl al kyl groups, and al kyl groups having oxo group.

anpl es of _the hydroxyal kyl  groups i ncl ude

of B BRetur ey kYT FEGRS o i e o Catrohley ) groups
carbon atons, such as hydroxynethyl, 1-hydroxyethyl,

such. &y dreRygreiiyl, 1=hoErpk§thvietdnd bt h9rmylpropyl groups.
andl - hydr oxybutyl groups. Exanples 29 of the

Examgdeyl of e gl supsydaup uteviiogngke @Cbudsiatkydiy agrighpsic
such as fornylnethyl, 1-fornylethyl, and

acyl- gecnpkpiopyhddngupiiphExanphegl ofrolies ahkyln@rappsc one
havi ng oxo group include aliphatic acyl groups

to &BEhtiNng cRldhdrabtemasyudli s cBayil Ngo AGOLSN PNE bltGryl,
about six carbon atons, such as acetyl, propionyl,

pen?%hb&ﬂh’anQﬁ@kﬁﬁQMﬁﬂ.%ﬁQnﬂﬁ%anQ%bngrgﬁgﬁ' ﬁgﬁggrégﬁg}

ower-order oxidiZed ‘groups correspon lhg to a
o ONRE DBUL U0 AU 8 RPN M5O B B o
to SR8 & SPa ot s vas B T 6 15 I %r oups
coriRpPRTRLRS o Bibr b e NAT OIS posoBE EAGTRGK: thres
and cycl oal kyl groups may each have one or nore
carheps fitegen g ewteRenPrafgsscdot Exeelsel 9f difectidigalkyl
the reaction. As the substituents Ra and
groups are cyclopentyl group and cyclohexyl group. These alkyl
groups, lower-order oxidized groups thereof, and cycloalkyl
groups may'each.have one or more substituents within ranges not
adversely affecting the reaction. As the substituents R®* and
R®, methyl group is typically preferred.

[0036]

In Formula (3), R}, Rz,'R3, and R® are the same as or
different from one another and each represent hydrogen atom,
a halogen etom, or an organic group. Examples of the halogen
atom are fluorine atom, chlorine atom, and bromine atom. The
organic group can be any group that does not adversely affect
the oxidation reaction and includes, for example, halogen atoms,

alkyl groups which may have one or more halogen atoms, phenyl

group, protected or unprotected hydroxyl group, and alkoxy




Rb, nethyl group is typically preferred. [0036] In
Formula (3), Rl, R2, R3, and R4 are the sane as or
different fromone anotheryand each represent hydrogen
atom a hal ogen atom or an organic group. Exanples
of the halogen atomare fluorine atom chlorine atom
and brom ne atom The organic group can be any group
t hat does not adversely affect the oxidation reaction

includes, .for exampl e, hal n_at ons al kyl
orofPS ALK Mg JE BrensPe BHECHED ARinas ofpe halogen
hen roup, protected or unprotected hydroxyl
atOE‘FOU%ELk&ﬂdgﬁgRBQyW%BCh RV 02 Vihi QU Ry T4 Pe haABIsR atom,
nore hal ogen atons. The hal ogen atons, al kyl groups
- ProfprcERdnay Hapsosreted hydsokalogenuar oand pléosyt gdovps
unpr ot ected hydroxyl group, and al koxy groups which

whighyméygve wnener ononer ddladgeerabtoBscaam be the same aasthe
the substituents which the ring shown of Fornmula (1)

subs®y thevnes wh@@37khkn riagmMéhawnd3bf FeemdNlamqne fhyRAave.
Rb, Rl, R2, R3, and R4 nay be conbined to form an

ar olygpsgjor nonaromatic ring together wth one or
nore carbon atonms constituting the benzene ring.

Exanpl gs-Qf1Lhe3ar 0@% in%[ g@% e RBeENZeNg1 I ing aﬁggand R

napht hal ene” ri ng. the hondronkti ¢ r

incl | .cycl oalkene _rings, .of which 5 or .6-nenbered
may B¢ B REH OF eCehCon b ot Mo ronde s P TG EPa t e
. clic ethers, of which those constifuting .5 or )
witd) et oF HOER PR EPRT KA QTS SoRib Gt Wi HYl G PSR ATy £ 10 -
and

Exaﬁ%les of the aromatic ring are benzene ring and naphthalene
ring. Examples of the nonaromatic ring include cycloalkene
rings,ofwhichfior6—memberedcycloalkeneringsarepreferred;
rings constituting cyclic ethers, of which those constituting
5 or 6-membered cyclic ethers, such as dihydrofuran ring and
dihydropyran ring, are preferred; and lactone rings, of which
5 or 6-membered lactone rings are preferred.

[0038]

Representative examples of the compounds represented by
Formula (3) are ortho-xylene, ortho-xylylene glycol,
ortho-phthalaldehyde, indan, and tetralin.

[0039]
When a compound represented by Formula (3) is oxidized
with oxygen by the catalysis of a N-hydroxy- or N- (substituted

oxy)-imide compound, the corresponding aromatic dicarboxylic




di hydropyran ring, are preferred; and |lactone rings,
of which 5 or 6-nenbered | actone rings are preferred.
[0038] Representative ex | es of the conpounds
represented by Formula (3) are ortho-xyl ene,

ort ho-xylyl ene glycol, ortho-phthal al dehyde, i ndan,
and tetralin. [0039] Wen a conpound represented by
Forrmula (3) is oxidized wth oxygen by the catalysis

acifly ﬁﬁguﬁagg{@ﬁéy%%?‘?%%ﬁ% 4 L el iR gy acia

represented by Fornmula (4a aromat i, .
anhﬁﬁfégﬁo ?P?%S%EFﬁd‘Qﬁﬂ%ﬂﬁWW$§ Kéépe§%ﬁﬁb@15§uﬁérﬁﬁf%bem 1s
(4b), or a mxture of themis obtained. The
obtgippert i Bhe REORHEsOT oduthese arashiadenerdl hedonsyolled
appropriately setting the reaction conditions such as
by aypeopahdtahpusetioing Hhe atalogston ceaditdons such as type
tenperature, reaction tine, and the presence or

andas@nce odf t ke bpdeatisen opetal dererd@4@urd, Nr&EQEHLUbARR ime,
(4a) and (4b), RlL, R2, R3, and R4 are the sane as or

anddithbepeakchtemeenanareldaei rakd HSRAGR tieRr 8pRFHL thydr.ogen
atom a hal ogen atom or an organic group. Two or nore

of RposofR2, R3, and R4 may be conbined to form an
aronatic or nonaromatic ring together wth one or

t 4
R T e e

i n Formul a V%en
as 8Ftﬁbgga%éﬁgrfggmaggeagnot eg an aép represent hydrogen

atom, a halogen atom, or an organic group. Two or more of R%
R%, R, and R? may be combined to form an aromatic or nénaromatic
ring together with one or more carbon atoms constituting the
benzene ring. The halogen atom, organic group, and aromatic
or nonaromatic ring are as in Formula (3). When ortho-xylene,
ortho-xylylene glycol, ortho-phthalaldehyde, indan, or
tetralin, for example, is used as the compound represented by
Formula (3), ortho-phthalic acid, ortho-phthalic acid
anhydride (anhydrous ortho-phthalic acid), or a mixture of them
is obtained as a main product.

[0041]

To produce a corresponding aromatic dicarboxylic acid,
aromatic dicarboxylic acid anhydride, or amixture of them using
the compound of Formula (3) as a raw material, the cyclic

N-hydroxy- or N-(substituted oxy)-imide compound represented




ort ho-xyl yl ene gl ycol, ortho-phthal al dehyde, indan, or
tetralin, for exanple, is used as the conpound
represented by Formula (3), ortho-phthalic acid,
ortho-phthalic acid anhydfi de (anhydrous
ortho-phthalic acid), or a mxture of them is
obtai ned as a main product. [0041] To produce a
correspondi ng aromati c di carboxylic acid, aromatic
di carpoxylic acid anhydrlde or a_mxture of them
by FRimyla i) o oiftd o R rimam () eastaopgusrheetpdl from
the cyclic N-hydroxy- or N-(substituted oxy) -imde
the cgrpepndonreprespat el 8he bprfernpradysy, andreectvanl e
fromat |east one selected from the group consisting
~intefmédeater getd proshict jom bypaciduan is nisedneditdteecatatlyat,
reaction byproduct is used as the catalyst, the

theC@d©d Vit iis produced from at 1east e oapRaReaR!t selected
selected fromthe group consisting of the target

froﬂrQﬁéC&roﬁﬁaEEhgﬂsthBEGEQEQh@t%ara@g pe86hEeN reaction

bypr odict each forned as a result the reaction and

1ntggﬁe858ggcegn8a£éé¥§£oh fﬁ?g?ﬁékt{hcqhe C ci%% F aesult

tion S0 as 0SS atalys

denat ration in the r actlon n
o HBe AR SR R B o e RacadWa tasofot Aol By
fron1one another and each represent hydrogen atom a
OXlﬁléltéﬁé‘nr%"t‘%Ho%rsoaﬁso’i“©5’ﬁ|‘%P GPEUD. Lo o6t glh%ﬂeat@rlmt due
R3, and R4 may be conbined to forman aromatic or
to ﬁ@ﬁgﬁ@ﬁgﬁp@ﬂrp@gthe reaction.

- [0042]

In Formula (5), RY, R?, R®, and R* are the same as or
different from one another and each represent hydrogen atom,
a halogen atom, or an organic group. Two or more of RY, R?, R3,
‘and R* may be combined to form an aromatic or nonaromatic ring
together with one or more carbon atoms constituting the benzene
ring. These halogen atom, organic group, and aromatic or
nonaromatic ring are as in Formula (3). The substituent R of
Formula (5) represents hydrogen atom or an organic group. The
organic group is as the organic groups in R of Formula (2).

[0043]

Representative examples of the cyclic imide compounds
represented by Formula (5) are compounds derivable from
ortho-phthalic acid or ortho-phthalic anhydride, including

N-hydroxyphthalimide; and N-(substituted oxy)phthalimides




together wth one or nore carbon atons constituting
the benzene ring. These hal ogen atom organic group,
and aromatic or * nonaromatif ring are as in Fornula
(3) . The substituent R of  Fornula (5) represents
hydrogen atom or an organi c group. The organic group
is as the organic groups in R of Formula (2). [0043]
Represent ati ve exanpl es of the cyclic i mde conpounds

ese La.(5 ounds_deriva
such B N R o RE P AL BeER o T Ee PR oL RRRAATAS. SHhyRlF i de.
udi n y xypht hal i m_de; and N-(substituted
e a&g 35 QE&Cﬁagélmsgcamxypmfhamemcaepounds
These conpounds can be advantageously used as the
repggesny st RieFOorBR1lehd 3¢ onpsithes XYlepees Ofthe-Bylylene
Formula (3), ortho-xylene, ortho-xylylene glycol,
glycptlhoophhhaphtdehyblé,ehyddan:;n@ant air aleitrailsnusedussdas a
raw material. [0044] Wen a conpound represented by
rawFoemelraal3) is used as a raw material in the
oxi dation reaction, the target product, reaction

i nt epoediat e, and/or reaction byproduct each forned
as a result of the reaction and to be used in

proguehi 9NcSfpbiea fégfgé@ﬁté@Q£P%%§mﬁl§QW§9ufg'used as a

represented by Fornula a) conpoun represented

rawb%a%%quhalg4Q%e %%Qd%ﬂﬁdﬁ‘ﬁ§%q£ %he a %%fget roduct,

corresponding to the compoun T8y mi Gse& &S

reagﬁéﬁpr%%%ggﬁgghg%etnagg?ogxéggé Egnr§§g§5éhct eagglformed

as a result of the reaction and to be used in production of the
catalyst includes a compound represented by Fermula (4a), a
compound represented by Formula (4b), and a mixture of them,
each corresponding to the compound of Formula (3) used as the
raw material in the oxidation reaction. Among them,
ortho-phthalic acid and/or ortho-phthalic anhydride is
preferred for the production of the catalyst when, of the
compounds of Formula (3), ortho-xylene, ortho-xylylene glycol,
ortho-phthalaldehyde, indan, or tetralin is used as the raw

material.

[0045]

R¥ of Formula (3), R¥ in Formulae (4a) and (4b), and R¥
of Formula (5), wherein k is 1, 2, 3 or 4, may be the same as
or different from one another, as they may change in the course

of the oxidation reaction or the production of catalyst.




ortho-phthalic acid and/or ortho-phthalic anhydride is
preferred for the production of the catal yst when, of
the conmpounds of Fornula (3), ortho-xyl ene,
ort ho-xyl yl ene glycol, ortho-phthal al dehyde, i ndan,
or tetralin is used as the raw material. [0045] Rk
of Formula (3), Rk in Fornulae (4a) and (4b), and Rk
of Forrmula (5), wherein k is 1, 2, 3 or 4, may be the
same _as__or different fromone another, as they may
chah884fh the course of the oxidation reaction or the
production of catalyst. 34 [0046] In the conpounds
r epLasidm ebrpoFstmrep regentRd bRdFoamdla Re)ar &°t IR, and
same as or different from one another and each

R°® aepresensame gaoupr CONFeetéht ef ko Ootar Hoxyhe Or HU SHHEH
oxi dation; and R5, R6, and R7 are the sane as or

repiekkartent ghbom congcarabher iard eachokeRr §380b upon
hydrogen atom a hal ogen atom or an Organi c group.

oxilAR i8h; e &, Re, Ry fRes  Brndfban@nds B?r IS ent from
conb Ic ring

onbined to forman aromatic or nonarona
t % , t ne._or._nor arbon ato constitutin
one; RHBLIRE ol ol & e T ORanOe: FEPe RS T e
roup upon oxidatigon is as in the.grqups.convertible .
or Py 8°aaPbEXYFOBP oup DG BATEAOIOR - I rVRandX RLR pfand R
Formula (3) . The. hal ogen atom and organic group are
mayz3e (pEHAICCgE fadhan af@rstdane € nenegpdaitd cRIinREogR her
and R4 of Formula (3) The aromatic or nonaromatic
wiﬁh.q@q 9ramorpgecarbon atoms constituting the benzene ring.
The group convertible into carboxyl group upon oxidation is as
in the groups convertible into carboxyl group upon oxidation
in R? and R® of Formula (3). The halogen atom and organic group
are as the halogen atoms and organic groups in R}, R?, R®, and
R* of Formula (3). The aromatic or nonaromatic ring is as the
rings formed by two or more of R®*, R®’, R}, R?, R®, and R! with
one or more carbon atoms constituting the benzene ring of

. Formula (3).

[0047]

Representative examples of the compounds of Formula (6)
are 1l,2,4-trimethylbenzene, 1,2,4-tris (hydroxymethyl)benzene,
and 1,2,4-triformylbenzene.

[0048]

When a compound represented by Formula (6) is oxidized

with oxygen by the catalysis of a N~hydroxy- or N-(substituted



rings forned by two or nore of Ra, R', R, R2, R3,
and R4 with one or nore carbon atons constituting the
benzene ring of Fornula ( %. [0047] Representative
exanpl es of the conpounds Formula (6) are 1, 2,
4-trimet hyl benzene, 1,2,4-tris(hydroxynethyl)benzene,
and 1,2,4-trifornyl benzene. [0048] Wen a conpound
represented by Formula (6) is oxidized wth oxygen by
taI i s of N- hydr ox or, N-(substjtuted 35
Oxyg“fri“l en‘F ‘8‘6 Mo Cf’ﬁéeé PP@%BQ@?WH%&&%%WOXY“C
tricarboxylic acid represented by Formula (7a),
acig, ppp¥pechEpevdoameadi’a) rnaﬁe@ﬁhyerﬁ@e:ar@km@s@m agid
by Formula (7b), or a m xture of them is produced.
monvﬁ@hﬁﬁépekiI@mse©$ntﬁ@§afﬁpemuéasVBan be a odnttuglel @fl them
by appropriately setting the reaction conditions such
is azotypedandThaovpnbpottibescafakjsse peadtic@s can be
tenperature, reaction time, and the presence or

conaksanee ofy dehydpatiaer 1 yoRALHINN +tHO0G4 -t ildh EQ&EHE@%nS
(7a) and (7b), R5, R6, and R7 are the sane as

sucli géefrﬁ% dl0menaL aOther apdigach r&%@ﬁ&rttemb%%g;%&e,

atom "~ a hal ogen atom or an organi c group.
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arorra i ¢ of nonaromatic rrng together W th

nor.e carbon atons constituting the benzene
operation

[0049]

In Formulae (7a) and (7b), R®, R%, and R’ are the same as
or different from one another and each represent hydrogen atom,
a halogen atom, or an organic group. Two or more of R>, R®, and
R’ may be combined to form an aromatic or nonaromatic ring
together with one or more carbon atoms constituting the benzene
ring. The halogen atom, organic group, and aromatic or
nonaromatic ring herein are as in Formula (6). When
1,2,4-trimethylbenzene, 1,2,4-tris(hydroxymethyl)benzene,
and/or 1,2,4-triformylbenzene, for example, is used as the
compound represented by Formula (6), trimellitic acid,

trimellitic anhydride, or a mixture of them is obtained as a

main product.
[0050]
To produce a corresponding aromatic tricarboxylic acid,

aromatic tricarboxylic acid anhydride, or a mixture of them




ring. The hal ogen atom organic group, and aromatic or
nonaromatic ring herein are as in Fornmula (6) Wen
1,2,4-trinmethyl benzene, 3
1,2,4-tris(hydroxynet hyl)benzene, and/or
1,2,4-trifornyl benzene, for exanple, is used as the
conpound represented by Fornmula (6), trinellitic acid,
trimellitic anhydride, or a mixture of themis

.Obtained as a _main product. [0050] To produce a .
-USl’&%raé% &%‘Eﬁ‘?‘}b“%&frrgtqr@ut d& bBRyR i'va&RFeriglonat FEclic
tricarboxylic acid anhydride, or a mxture of them 36
N-hydragyt het dbnpyunet b uFed e (16)idss campawndareprasenhed

cyclic N hydroxy- or N (substituted oxy) -imde
by Eonpelad(3 kpred et eiivalble Forowlat (18asandneesevabted from
fromat |east one selected from the group consisting

theofrbhp tangettphgdodt tha teagkioprodater medirakerignd a
reacti on byproduct is used as the catalyst, the

inté@habystel Sar @dHESE { 6B RIrJRAZ 1 ONBLPLIRMRNEatalyst,
selected fromthe group consisting of the target

theE?/Qgét'f%st rf@%ﬂ%cé&‘tﬁo%gitaig??é%é t%%gngo?lrént. selected

product each forned as a resu reaction
n h roduced.cat.al yst. IS used in the  oxidatiop.
erof by GrB0E YO TaRT B B thel Sk ot braceRal perchien
. tto dena uratign in the reaction. [0051] In Formula
- integpedipse, pBNdaRaa Ry 1P ePYRECSARE RCRITUMFEAsne Tesult
from one anot her and each represent hydrogen atom a
of ﬁgpoggﬁctlon, and the produced catalyst is used in the
oxidation reaction so as make up for a loss of the catalyst due
to denaturation in the reaction.

[0051]

In Formula (8), R°, R®, and R’ are the same as or different
from one another and each represent hydrogen -atom, a halogen
atom, or an organic group. Two or more of R®, R%, and R’ may
be combined to form an aromatic or nonaromatic ring together
with one or more carbon atoms constituting the benzene ring.
These halogen atom, organic group, and aromatic or nonaromatic
ring are as in Formula (6). Rof Formula (8) represents hydrogen
- atom or an organic group. The organic group herein is as the
organic groups in R of Formula (2).

[0052]

Representative examples of the cyclic imide compounds of

Formula (8) are compounds derivable from trimellitic acid or




atom or an organic group. Two or nore of R5, R6, and
R7 may be conbined to forman aromatic or nonaromatic
ring together wth one or;gore carbon atons
constituting the benzene ring. These hal ogen atom
organi c group, and aromatic or nonaromatic ring are
as in Formula (6) . R of Fornula (8) represents
~ hydrogen atom or an organic group. The organi c group
herei.n . s _as the . organic._ groups in R of Fornula (2).
tr%ﬁﬁﬁ%ﬁkl é%}éggﬁf%’i%éué& %s of the cyclic imde
conpoun of . Fornula (8). are ¢ ounds derjvabl e from
2~ GG Y Ay t%aﬂ“‘%lr‘f%ﬁflgﬁ‘cc e{substituted
i ncl udi ng = 2-carboxy- N hydroxypht hal i m de; and |
oxY) RiisehdyuiMle § SHsEt iasutetrang) PG ot e hdilen iggide .
2- car boxy- N-acet oxypht hal i m de. These conpounds can
Thespe advantagesus) e gsdrds gdreisdat asgd esvitem catefl yshevhen,
conmpounds represented by Formula (6),
of thy 4duparetdy |tgnzesented by Formula (6),
1,2,4-tris(hydroxynet hyl ) benzene, and/or
1, 2, 2:t4-inid frof mdbasizenel j 3, M@&J}J&iﬁéﬂ@l‘%fﬂé{zene ,
[ 0053] When a conpound represented by Formula (6) is

andiefd B9 the r FaWRheil Alnd N d hesQxidatdn f8aGtdQhia1 .

the target product’, reaction internediate, and/or

reac&hﬂﬁﬂbyproduct each formed as a result of the
reaction to be used in the production of catalyst

o SRR SPLeO e B RS (8o o
ra& éggerial in the oxidation reaction, the target product,
reaction intermediate, and/or reaction byproduct each formed
as a result of the reaction to be used in the production of
catalyst includes a compound represented by Formula (7a), a
compound represented by Formula (7b), and a mixture of them,
each corresponding to the compound of Formula (6) used as the
raw material. Specifically, trimellitic acid and/or
trimellitic anhydride is preferred for the production of the
catalyst when, of the compounds represented by Formula (6),
1,2,4~-trimethylbenzene, 1,2,4—tris(hydroxymethyl)benzene,
and/or 1,2,4-triformylbenzene is used as the raw material in
the oxidation reaction.

[0054]
RP of Formula (6), RP in Formulae (7a) and (7b), and RP

of Formula (8), wherein p is 5, 6 or 7, may be the same as or



each corresponding to the conmpound of Formula (6) used
as the raw material. Specifically, trinellitic acid
and/or trinellitic anhydride is preferred for the
production of the catalys st when, of the conpounds
represented by Fornula (6), 1,2,4-trinethyl benzene,
1,2,4-tris(hydroxynet hyl ) benzene, and/or
1,2, 4- trifornylbenzene is used as the raw material in
. %he 0 ation reactjon. 0054g RP of Formula (6), RP
diffRregt O&%Opﬁaim%laeﬁb%m% hgis ma¥ obGNGE AR (e course
~_wherein pis 5 6 or 7, may be the sane as or 38
of BhefexéAetEPBNTEAETARDL REr th§| peeduksy omapfchahgéysh.
the course of the oxidation reaction or the
prod@ogbbbn of catalyst. [0055] In the conpounds
represented by Formula (9), Rf, RO, Rh, and R are
t heIsative asompodtidd efeite SararadOng asehben aggd, edfghry, Rr?,
represent a group convertible into carboxyl group upon
andOx} Gild @he Ban@NdsRraferEbecaRMEras e Udd@Ebnkr @0kn
each other and each represent hydrogen atom a

repgéggﬂﬁn abggggokoﬂg %39%ﬂ'c n¥0H negglorrggpeuggan

eco

, r nat €_ri her with one, nor e carbon
OXlﬁfgr%% % co%s i gnr‘?l eq%hg Soaé?ﬁgﬁeorrgﬁg%elfﬁﬁt&rgﬂbea(:h other
convertible int carbox group upon oxidation is as
- and; %%C@F&P&f%mgwfims@n %’i?}ﬂr CalBORFEN Gy AFRAP organic
oxidation in Ra and Rb of Formula (3) . The hal ogen
- 9TORPom BRE OF i Ofr Bup Rar R'asRt h& hatogdh mevre sedbined

to form a nonaromatic ring together with one or more carbon atoms
constituting the benzene ring. The group convertible into

carboxyl group upon oxidation is as the groups convertible into
carboxyl group upon oxidation in R? and R® of Formula (3). The
halogen atom and organic group are as the halogen atoms and
organic groups in R}, R?, R3, aﬂdR4ofEbrmula(3). The aromatic
or nonaromatic ring herein is as the rings formed by two or more
of R?, RP, Rl, RZ, R3, and R* with one or more carbon atoms

constituting the benzene ring, of Formula (3).

[0056]

Representative examples of the compounds of Formula (9)
are 1,2,4,5-tetramethylbenzene (durene),
1,2,4,5-tetrakis (hydroxymethyl)benzene, and
1,2,4,5-tetraformylbenzene.

[0057]




organic groups in Rl, R2, R3, and R4 of Formula (3)
The aromatic or nonaromatic ring herein is as the
rings forned by two or hor ¢ of Ra, Rb, Rl, R2, RS,
and R4 with one or nore carbon atons constituting the
benzene ring, of Fornmula (3). [0056] Representative
exanpl es of the conpounds of Fornula (9) are
1,2,4,5-tetranet hyl benzene (durene),

1,24 5-tetrakis(hydroxynethyl)benzene,. an . .
T 2o perPAPBRtY DeRSERE 08T P ST e himpsHe
. represented by Fornmula (9) is oxidized with oxygen by

withyBYYIER DY) $61 C2LAJAIT'S 1Ry trUsRL Coll-hydroRy> or

N#gsubstituted oxy) -im de conpound, a correspondi ng '
N- (gugratite tedepry ai BéRY| Fempensds epresert syl mprandmgetic

(10a), aromatic tetracarboxylic acid nonoanhydride
tetrepredbontydd chycEor mepereselG®d kar dhatriuda (10a), aromatic

tetracarboxylic acid di anhydride represented by

tethrarcaubaxy10e¢) acdid adtiodniyeldfdd hepriesoficai ned.Foh®ila
proportions of these products can be controlled by

(1020Rr aRbhatekytsethbAgnbRG 1 Bagtt QN Lol 4+ oS Y Ahted
type and anount of the catal yst, reaction

by FeHRENA U(rl%ggksgﬁt 10 it Ere c?f‘dcﬁé?rr 6%%3;?:%{%%%,_5‘2{ he

absence of ration operation. ormul ae
SO NCUNE £ 13 L
appropriately setting the reaction conditions such as type and
amount of the catalyst, reaction temperature, reaction time,
and the presence or absence of dehydration operation.

[0058]

In Formulae (10a), (10b), and (10c), R® and R® are the
same as or different from each other and each represent hydrogen
atom, a halogen atom, or an organic group. The halogen atom
and organic group are as in Formula (9). When
1,2,4,5~-tetramethylbenzene (durene),
1,2,4,5-tetrakis (hydroxymethyl)benzene, and/or
1,2,4,5—tetraformylbenzene, for example, is used as the
compound represented by Formula (9), pyromellitic acid,
monoanhydrous pyromellitic acid (pyromellitic monoanhydride),
dianhydrous pyromellitic acid (pyromellitic dianhydride), or
a mixture of them can be obtained as a main product.

[0059]




atom a hal ogen atom or an organic group. The hal ogen
atom and organic group are as in Fornmula (9). Wen
1,2,4,5-tetranet hyl benzene,(durene),
1,2,4,5-tetrakis(hydroxyne% yl ) benzene, and/or
1,2,4,5-tetrafornyl benzene, for exanple, is used as
the conpound represented by Formula (9), pyronellitic
aci d, nonoanhydrous pyronellitic acid (pyronEIIitic

i d t
?Byg?ﬁ’néﬁﬂ{%e @ BRI SBPR L oo R 2 af
bt ai ned as_a mai.n product. [0059] 40 To produce a

be

aro@@?ﬁ&sESﬁ&Pﬁ@rgFBﬁﬂﬂﬂbaFéf*ﬁE%%%%ﬁﬁﬂ rddgei @rompsiat i c
tetracarboxylic acid nonoanhydride, aromatic

tetﬁéﬁ@é@@%ﬁdﬁﬂ peigciddaghydnydel der armbxtine wfe thlemt hedng
using a conmpound of Formula (9) as a raw nmateria

a cphpoopd! 0€ FormelacopaEme meprmaeetﬁdlbwjﬁgmmdkic imide
(1la) and/or the cyclic diimde conpound represented

comipypuhal Mépxoski)ed eacFddeninabiie a)f em/alr keast cppeic
sel ected fromthe group consisting of the target

diipfieduebm @uh@%?éb@@séﬁ%@& g1z 'E%tr%ul%n‘él@bf eaCldPRlerivable
bypr od ucF is used as the catal yst, the catalyst is

fro?rl:]%q:ucl%%stf A asteleg?t,séc} %ﬁ%g@%po?uc%a%‘%ﬂlr o@f the

e group consisting reac

cod LGRS, B el g o
v S QL o feaction, o6 as tmke R TOL & e
frorn?g%t Ilggst one component selected from the group consisting
of the target product, reaction intermediate, and reaction
byproduct each formed as a result of the reaction, and the
produced catalyst is used in the oxidation reaction, so as make
up for a losé of the catalyst due to denaturation in the reaction.

[0060]

In Formulae (1la) and (11b), R® and R® are the same as
or different from each other and each represent hydrogen atom,
a halogen atom, or an organic group. These halogen atoms and
organic groups are as in Formula (9). The substituent R in
Formula (1la) represents hydrogen atom or an organic group. The
organic groups herein are as the organic groups in R of Formula

(2) .

[0061]

Representative examples of the cyclic imide compounds of




[0060] In Formulae (Ila) and (Ilb), R8 and RO are the
same as or different fromeach other and each
represent hydrogen atom hal ogen atom or an
organi c group. These hal og atons and organic groups
are as in Formula (9). The substituent Rin Formula
(I'la) represents hydrogen atom or an organi c group.
The organic groups herein are as the organic groups

in,R Formula (2). [0061]. Representative aml es
ForIaFthgi?:ela TEe i i s fﬁfr%moaleﬁﬁf&)ma@&ld

conpounds derivable frompyronellitic acid and/or
andor oREFPIEL 4 1 hbRoBARPARNIEridgehsush as

N- hydroxypyronel litim de; and N-(substituted
N-hpyppypuireinkeiliiinédesuehdadi-Nsabstagyppdonel | i ti nmi de.

Represent ati ve exanples of the cyclic diimde
oxytpRpounndsdivfimiBesmsbah( kisbN-ace toaypounae 1detinaklee

frompyronellitic acid, pyronellitic nonoanhydri de,

RepaBdeatapy kenekhinbil e sdo@nRyer icde.1 i cSdeAmdsle compounds of
N, N - di hydroxypyronellitic diimde; and

ForMulNa- @i 86 PtOXY RWHRRIHdL 'aegqivggh efr&neﬁr&ﬁmw%acid,

can be advantageously used as the catalyst when,

pyr%&%}%?ggguﬂgﬁoQ%ﬁyggﬁgglaaﬁ%é%¥é%%5?mellitic dianhydride,

tetramet enzéne
sy 59y SO Ao ) B, s
N,NhQd&%%et%é&%%&%%gl&%%%%i%Himide; These compounds can be
advantageously used as the catalyst when, of the compounds of
Formula (9), 1,2,4,5;tetramethylbenzene (durene) ,
-1,2,4,5-tetrakis (hydroxymethyl)benzene, and/or
1,2,4,5-tetraformylbenzene is used as the raw material in the
oxidation reaction.

[0062]

When a compound represented by Formula (9) is used as the
raw material in the oxidation reaction, the target product,
reaction intermediate, and reaction byproduct, each formed as
a result of the reaction, for use in the production of catalyst
include a compound represented by Formula (10a), a compound
represented by Formula (10b), and a mixture of them, each
corresponding to the compound of Formula (9) used as the raw

material. Among them, at least one selected from the group

consisting of pyromellitic acid, pyromellitic monoanhydride,




[0062] When a conpound represented by Fornula (9) is
used as the raw material in the oxidation reaction,
the target product, reactjon internediate, and
reacti on byproduct, each f%rmed as a result of the
reaction, for use in the production of catalyst

i ncl ude a conpound represented by Fornula (10a), a
compound represented by Forrmula (10b), and a m xture

of then1 each _corresponding to the coqpound of
and Yy RRRel + oY 1 <SPy hEde aw reianrad Iafokbet RERfuGEion

| east one selected fromthe group consisting of

of By sidldlivdte vleind, opytberetompoendnartyahn el bg2Foandla
pyronel litic dianhydride is preferred for the

(9) pr ddcti bntebkambehgabahyshewhdnreat)t he conpounds .
represented by Fornmula (9),

1,214254cbtkekianaliybheneengl( Benesar, - and/or
1,2,4,5-tetraki s(hydroxynet hyl ) benzene, and/ or

1, 21ﬁz54tétE§E6§ﬁgﬁgﬁh9§?éen%orf%%aﬁﬁﬁgplgs héeHSgg g?e raw

e raw material in thé oxidation réaction

F lLae (10a), (10b),.and
_mat?%%l PhTHhe (’%ﬁa IoR Foa %185 and (11b) . wherein g
? ? may be the sane as or different from one
ano RQE since they may change in the course of t he
OX|d3t|on reactlon or _the production of cata

[ 00B4PE FREMEAFgEN + B %Eorlﬁu@ﬁ@ bdaat il éﬁba eaﬁﬁq dA0c),
in_the
and %q in Formulae (1la) and (11lb), wherein g is 8 or 9, may

be the same as or different from one another, since they may

change in the course of the oxidation reaction or the production

of catalyst.

[0064]

‘The oxygen for use in the oxidation reaction in the
present invention can be molecular oxygen. The molecular
oxygen can be any of pure oxygen, diluted oxygen with an inert
gas such as nitrogen, argon, or helium gas, and the air.

[0065]

One or more promoters (co-catalysts) can be used in
combination with the catalyst N-hydroxy- or N-(substituted
oxy)-imide compound in the oxidation reaction. The promoters
(co-catalysts) can be any of compounds comprising transition
metals or Group 13 elements of the Periodic Table of Elements.

Examples of such compounds are oxides, hydroxides, nitrides,




present invention can be nol ecul ar oxygen. The

nmol ecul ar oxygen can be any of pure oxygen, diluted
oxygen with an inert gas %ch as nitrogen, argon, or
helium gas, and the air. ? 065] One or nore pronoters
(co-catalysts) can be used in conbination with the
catal yst N-hydroxy- or N (substituted oxy) -imde
compound in the oxidation reaction. The pronnters

co-catal ysts an be any of .conmpounds co i sin
oxopEIRE T P L e it - PSaaC1S BReHERt S idRp I hcids or
Peri odi c Tabl e of Elenments. Exanples of such

- salégnbbengs far 8TERNAES 2CHYd Falitdes inpirgendes ac4g salts,
oxoaci ds or salts thereof, oxoacid esters,

halhdeer opotyaengdeses .safashthbrigodse ergarm’txemicdarséiet gised
inorganic acid salts, halides, and conpl exes. Each of

alonkese pnorombrisatdonbe Hsedlplakoo€ ohei trengbthahi metal
Exanpl es of the transition netal elenents are, of the

eleRenitediagelablre tok Beom®itis TAHIYP oF E2l@RBRSS Group 3
i ncl udi ng scandium (Sc), yttrium(Y), as well as

.elekn@&tt@aawcqu%ﬂl%e RS n3lGh asger iMPAiGe) @nd %%"%'Mmas

, and actinoid elements such as actlnlun1( C)

lan%%%?@né&%%%ﬂ%ﬂ%% S Suc%ﬁhﬁn(%gkg. n?@%f%h&@?@% , and

e R égm%sﬁagkgr%; e o e such
elenents such as nmanganese (\Vnh), technetlun1(Tc) and

as FRERPEHT( REY) @wpl%coré}%e%rs) isGERURS S| PbAME RS Stifeh as

ruthenlun1(Ru) Goup 9 elements such as cobalt (Co)
vanggd urh 6! @md(mh?bl@dll&b r0GePeRENesemEehs such as chromium

(Cr), molybdenum (Mo), and tungsten (W); Group 7 elements such
as manganese (Mn), technetium (Tc), and rheniumt(Re); Group 8
elements such as iron (Fe) and ruthenium (Ru); Group 9 elements
such as cobalt (Co) and rhodium (Rh); Group 10 elements such
as nickel (Ni), palladium (Pd), and platinum (Pt); and Group
11 elements such as copper (Cu). Preferred elements include
Ce, V, Nb, Cr, Mo, W, Mn, Fe, Ru, Co, Rh, Ni, and Cu. The Group
13 elements include boron (B), and aluminum (Al). Especially
preferred promoters (co-catalysts) include divalent or
trivalent cobalt compounds such as cobalt acetate and cobalt
acetylacetonate; divalent or trivalent manganese compounds
such as manganese acetate and manganese acetylacetonate; and

zirconium compounds such as zirconium oxoacetate.

[0066]




as nickel (N), palladium(Pd), and platinum (Pt); and

G oup 11 elenents such as copper (Cu) Preferred

elements include Ce, V, Nb, G, M, W M, Fe, Ru,

Co, Rh, Ni, and Cu. The CI%%p 13 el enments include

boron (B), and al um num (Al'). Especially preferred

pronoters (co-catalysts) include dival ent or

trivalent cobalt conpounds such as cobalt acetate and

cobalt acetylacetonate; divalent or trivalent .
nmangaR RO fie catiehvas Nohyganese stelalsuhagituted

nanganese acetyl acetonate; and zirconi um conpounds

- oxygnéhids gpmperndnrarobeesal ect¢d066ihitd a Hrwaghwanyeoknd
the catal yst N-hydroxy- or N-(substituted oxy) -imde

is,coopoerdmpan, bebsetett @000 hi o aaliswiad mange pndferably
for exanple, about 0.0000001 to about 1 nole,

- abojted e0edd 91 tababu. M0DHB1e! Anahodl-c@e® BBl eabd ©.00001
preferably about 0.00001 to about 0.4 nole, and

to Eb%ﬁ@eﬁthym@?@UtanOQPéq&Qn@Pgu£b9u§5). €t P8boht 0.35

nol e of the raw naterial orgahic conpou (substrate)
he n t 0 er (cQ-:cy st is, for
' mOléiaﬁ%Egﬁ %bout(%ﬁégfagg&% ogi %é n&omP Perably
bout . 005, to_about 10 , nole o
| S@gﬁcaﬁaiﬁq ﬁ?ar%f&?unforojf ceepainda écsmtﬁ.flrwaﬁ is, for
npound The ampunt of the_ pronoter (co-catal

exaﬂ@lerrora &3&ml- @OlaEiBuPbGu@O@)@lm%%‘?%erﬂnd BE SRS & ¥%1cy about
about 10 percent by nole, and preferably about 0.1

0. 0% genaboyt i) @alesabper b pare@ft the eatal vsteNativdeoxy-
to the substrate. The catal yst and the pronoter may

or @é—@ﬂmqﬁﬁkﬂuuqﬂ oxy)-imide compound. The amount of the

promoter (co-catalyst) is, for example, about 0.00001 percent
by mole to about 10 percent by mole, and preferably about 0.1
percent by mole to about 5 percent by mole, relative to the
- substrate. The catalyst and the promoter may be supplied to

the reaction system in one process, continuously, or

intermittently.

[0067]

The reaction temperature in the oxidation reaction can
be set according typically to the types of the raw materials,
catalyst and promoter, if used, and is, for example, about 0°C
to about 300°C, preferably about 30°C to about 250°C, and more
preferably about 40°C to about 200°C. The oxidation reaction
is generally often carried out at about 40°C to about 150°C.

The oxidation reaction can be carried out under atmospheric




the reaction systemin one process, continuously, or

intermttently. [0067] The reaction tenperature in

the oxidation reaction can be set according typically

to the types of the raw materials, catalyst and

pronoter, if used, and is, for exanple, about 0OC to

about 300C, preferably about 30C to about 250C, and

nore preferably about 40C to about 200C. The

oxi dation reaction is generally often carried out at
Pregfyie 40erPal aRRSUBDCOT TRECHA BIGSGH TCeABRBA Tdpad) -

be carried out under atnospheric 45 pressure (nornal

pres9Ge8)Y or under a pressure (under a load) [0068]

When the target product is an acid anhydride such as a

cyciWhenathd aahgdti depdtibe isgasthianidamiyedciodsluntiadd as a

whil e adding a dehydrating agent to the oxidation

cycléacthicar systyernidandite diesiddildmaaef beby-opreditesd while
water so as to accelerate the reaction. Exanples of

addibfg dehidratiang nageklend & AGHE W deS S 8% system

acetic anhydride.” Al'ternatively, the oxidation

vl . " \
andgt%ggailef‘]ﬂgngqﬁé‘.{jﬁgé???ﬁgg@& r_g%l% % rt}:ﬁ)%éélzggeg%%e the

W se. For~ exanp taf%e
be .f by f ' b Li, id h .
reaihr bORITPESACr S, TapOR Ber akiT8n PERE PO, “Sid
t hen cond Hgng a dehydration  reaction while adding a
[

anhyshydiest Sﬁ% FEnR T ih &ttt sfdfernagively, the

distilling off by-produced water. \Wen the target
oxigladdipgt reaction and dehydration reaction can be carried out

stepwise. For example, the target acid anhydride can be formed
by forming a carboxylic acid, such as a polycarboxylic acid,
upon pxidation reaction, and then conducting a dehydration

reaction while adding a dehydrating agent to the reaction system
or distilling off by-produced water. When the target product
is a polyanhydride having two or more acid anhydride groups,
such as a dianhydride, the targét polyanhydride may be formed
by forming a monoanhydride as a result of an oxidation reaction
and dehydration reaction, and then repeating the procedure of
an oxidation reaction and a dehydration reaction. The "at least
one component selected from the group consisting of the target
product, reaction intermediate, and reaction byproduct each
formed as a result of the reaction” for use as a raw material
for the production of catalyst in the present invention also

- includes such target products, reaction intermediates, and



I's a pol yanhydride having two or nore acid anhydride
groups, such as a dianhydride, the target
pol yanhydri de may be fornmed by formng a
monoanhydride as a result ¥ an oxidation reaction
and dehydration reaction, and then repeating the
procedure of an oxidation reaction and a dehydration
reaction. The "at |east one conponent selected from
the group consisting of the target product, reaction
reaghiernedraredughd pehatined bByprodastleaeh afopwidatbon
result of the reaction"” for use as a raw material for
- reathgopr addcéi enbefguahal yshydmathenpreseniohnventied out
al so includes such target products, reaction
stephrtiieenedi abese.and 46 reaction by-products obtained
as a result of an oxidation reaction and a subsequent

dehggggg'on reaction carried out stepw se as above.
[ 0069] he nmethod for producing the catal yst

N hyfleoxuengh £By @gﬁghh&ﬂ@e%gxx%wﬁeNEg%gB%Qg_u o

fromat [east one onen séel ec Fom e gr

,consi st of the, target product, reaction
N P e B e B P AR OB BT bHOE L LGERSE SHRoREOngRt
result of the reaction is not specifically limted and
seleghedpEropndhiet 84088 6PaPA§tEHIa oknbie §pRERESPEOduUct,

process of imde conpounds or using a known reaction.

- reaepapo] intremedigée, produteactieadiypredunterameti dlogged as
and reaction byproducts for use in the production of

a reavdltyef thae reaction is not specifically limited and can

be conducted according to a known synthesis process of imide

compounds or using a known reaction.

[0070]

The target products, reaction intermediates, and
reaction byproducts for use in the production of catalyst can
be highly pure substances that have been highly purified from
a reaction mixture but can also be a reaction mixture taken out
from an oxidation reactor without purification, or a mixture
with another component which can be obtained from the reaction
mixture after carrying out a simple separation and purification
operation (or device). The catalyst N-hydroxy- or
N-(substituted oxy)-imide compound may be produced from at
least one component selected from the group consisting of the
target compound reaction intermediate, and reaction by-product

each formed as a result of the reaction outside the oxidation




be highly pure substances that have been highly
purified from a reaction m xture but can al so be a
reaction m xture taken out4 from an oxi dation reactor
W t hout purification, or a frixture with another
conmponent whi ch can be obtained fromthe reaction
m xture after carrying out a sinple separation and
purification operation (or device). The catal yst
N- hydroxy- or N-(substituted oxy)-jmde conpound nay
 reagt 1bn, GYBEATY PENPROYCE el L ORRA CLFROREM Sl dd Frorne
the group consisting of the target conpound reaction
catial%ﬂ@%n%ayéi%pr@ﬁ@qe@laéfpwrwa&r g%@t ongpERMPERREE B3 the
a result of the reaction outside the oxidation 47
oxidaadinoresypdtiom sy salpoveinAlstidriatively or in
addition, the catalyst may be produced fromthe at
| eag006Aid conponent in the oxidation reaction system
(in situ). [0071] Wen the catalyst is produced using
a t gheet tpeodaeslyar Né HuadunE® &kl ¥Statgt€eproduct, a
conpound can be obtained by using part of the target

highnQdiclre $LRGE yLhe 1 hakgetoRpBAHE! cRASHLOESM: a ORIy using
purified so as'to yield a frnal product. In contrast,

. . : _ ti .

part, FEOEHLOPALOLELSRAALE, 2170.d SHS LORGRIPDRUCL g meen

i BPE) EIFRUSS 7E T3 VEOShGn OBy PEPEREFr edlt g Aot
t hese conponents for the production of catalyst not

& TR FUrTHETTRAFSA RF thef A ifte PYRROBSC Hes often

m xture with one or nore other conponents w thout
extracted as a mixture with one or more other components from

the reaction mixture (crude reaction mixture). Thus, it is
economically preferred to use these components for the
production of catalyst not after further purifying the mixture
but as the mixture with one or more other components without
purification. For example, when the catalyst imide compound
is induced from a reaction intermediate, the reaetion
intermediate is often recycled to the reaction system together
with an unreacted raw material, catalyst, solvent, and other
reaction intermediates after recovering all or part of the
target product and all or part of byproducts from the crude
reaction mixture. The mixture of the reaction intermediate,
unreacted raw material, catalyst, solvent, and other reaction
intermediates (or a mixture of some of these components) is

preferably used for the production of catalyst. When the other




purification. For exanple, when the catal yst imde
conpound is induced froma reaction internedi ate, the
reaction internmediate is often recycled to the
reacti on systemtogether % th an unreacted raw
materi al, catal yst, solvent, and other reaction
internmedi ates after recovering all or part of the
target product and all or part of byproducts fromthe
crude reaction mxture. The m xture of the reaction
compapepfédrhae, thgnreactdorr awteanediate éat dhgsmixture
sol vent, and other reaction internediates (or a
“inchiiReuaecofmpsoretofthbltesehdtipienéhes aicalyptetgnabbyis
used for the production of catalyst. Wen the other 48

- reacetpanetis ribanutd anenBetd ah ddded wedh ahg idbltd @ reatment
m xture include a conponent that inhibits the

befeatakust ps¥ALReSIS JeRGkHAARs . her & YEe, MBYrdSction
subjected to a suitable treatnment before the

tiQn at al o Ld I, S r £
oypB o AR e R tsFl ¥ bTrel SN Bl SR8k Byproducts
b oduct from.t.he cr.ude reaction nixture.
eroR BEEGREIRS TR e Mg o APRPERL G ouReR sthe
derived fromthe reaction byproduct the m xture is
-catalyss Hptge GOEP R 1RSSR Erom the 2@l yer Pyprrehct,
the other conponents than the reaction byproduct in
the gexturetin Prnaf@ndd vausedpbeerithe haediiahi phtaf agalyst.
catal yst synthesis reaction, the m xture nmay be
Whegulphec bsbietrocamponealisethanethaendadef or eogrieoduct in the
production of catalyst. The target product with one
nixgnmoriedleast iorcdmeraradi@ias,imiidite trlegeiat sareduct
with one or nore reaction byproducts can be used for
synthesis reaction, the mixture may be subjected to a suitable
treatment before the production of catalyst. The target
product with one or more reaction intermediates, or the target

product with one or more reaction byproducts can be used for

the production of catalyst.

[0072]

The target product, reaction intermediate, and reaction
byproduct for the production of catalyst are not specifically
limited, as long as they can be used in the production of catalyst.
Preferred examples of these components for easy reaction are
carboxylic acids including monocarboxylic acids such as acetic
acid and benzoic acid; dicarboxylic acids such as succinic acid,
-glutaric acid, ortho-phthalic acid, and terephthalic acid;

tricarboxylic acids such as trimellitic acid; tetracarboxylic




the production of catalyst. [0072] The target
product, reaction intermedi ate, and reaction
byproduct for the production of catal yst are not
specifically Ilimted, as ﬂ%ng as they can be used in
the production of catalyst. Preferred exanples of
t hese conponents for easy reaction are carboxylic
aci ds includi ng nonocarboxylic acids such as acetic
aci d and benzoi c_acid; dicarboxylic acids such as
acigigcey Al @sapyaome L it aFi aCHE EOrFEsmenshngar ¢ d aaihydrides
and terephthalic acid; tricarboxylic acids such as
to thEﬁél¢aanxx&ﬁQtaqigﬁnaoér%@&qhiqyaﬂic aciidsashypdr bdes are
pyromellitic acid; corresponding acid anhydrides to
pretfeesedcarbhoxplktuaesdsf ohemhi cmeygltiemcigblycarboxylic
anhydrides are preferred; and m xtures of them Anong
acildRgMcoRAeppaieaxy g1 yaeirsxEold espeNdintg/drides, and
pol ycar boxylic acid anhydrides, and m xtures of them

iR o @%efﬁsﬁ,a@%n%cﬂmab%wd 5o§9bg§bw9hc0§&é§rﬂﬁat
cyclic acid anhydrides, corresponding cyclic ac

cof BB B3 ST SR A SR ecffcl;ﬁcd
d.b
ort SR PSS B R DR B AL

or a carboxyllc aci d anhydri de (for exanple a
polﬁég%ﬁﬁxyllc acid anhydride) as the target product,
reaction internediate or reaction byproduct. The
hy dE®Yy lesanPd coa Be i 3¥iidrisle |enminaings carpbe easily
exanpl e, an

produced by reacting a hydroxylamine with a carboxylic acid (for

example, a polycarboxylic acid) or a carboxylic acid anhydride
(for example, a polycarboxylic acid anhydride) as the target
product, reaction intermediate or reaction byproduct. The
hydroxylamine can be free hydroxylamine as, for example, an
aqueous solution of hydroxylamine, or a salt of hydroxylamine.
The salt of hydroxylamine includes a hydrochloride, a sulfate,
and a nitrate. A base is generally used when a hydroxylamine
salt is used. Examples of the base are amines such as
triethylamine; nitrogen-containing heterocyclic compounds
such as pyridine; alkali metal alkoxides such as sodium
methoxide and sodium ethoxide; organic acid salts of alkali
metals, such as sodium acetate and potassium acetate; ammonia;
alkali metal hydroxides such as sodium hydroxide and potassium

hydroxide; alkali metal carbonates such as sodium carbonate;




aqueous sol ution of hydroxylam ne, or a salt of
hydr oxyl am ne. The salt of hydroxyl am ne includes a
hydrochl oride, a sulfate, and a nitrate. A base is
general |y used when a hydr¥xyl amine salt is used.
Exanpl es of the base are am nes such as
triethylam ne; nitrogen-containing heterocyclic
conmpounds such as pyridine; alkali netal al koxides
such as sodi um methoxi de and sodi um et hoxi de; organic
alkadidnebpt shpfArapral Farkepalkss sueh as sedivim hArdragen
and potassium acetate; ammonia; alkali netal
carhgdebsi desdsatkadsnsodhuirhhpdiceXi Hgdandigesasschnas
hydr oxi de; al kali netal carbonates such as sodi um
magnashbaomnahedrb8idal kabi cagtalbmhygeaegendear bonat es such
as sodi um hydrogen carbonate; and al kaline earth
met abohydr oxi des such as magnesi um hydr oxi de and
cal ci um hydroxi de. [0074] The anount of hydroxyl am ne
or i : a I
(o "emenfrt CERYc o IPRLRS ¥r PR} sheflo® £ oBRERat1y
referably about to about. 5 | e anpd r
abo%Feienr‘Oa 1y faboat }foffoe}é%%%]fes ?“2%,1 ggrﬂ{oﬁlleo gples).
t he nponent to be treated,. such as a pol ycarhoxyljc
pre @rr&.%g?h%bﬂ%r‘%m SRPHE a5 usad mate PREfRARLY Theut
reaction tenperature is generally about 0OC to about
1 tesgeoutant Merlefer BBy L Hfcthe apBReneRbCo Weefkreated,
pol ycarboxylic acid is used, the reaction may be
suckapsi @Polfcanpexel He stdid i nGhef hydyopybaduied ewt dre used
Alternatively or in addition, a scavenger for water
as Gasdbhytlt at iMg: agart)i offlyeBerature is generally about 0°C

to about 150°C, and preferably about 5°C to about 120°C. When
a polycarboxylic acid is used, the reaction may be carried out
while distilling off by-produced water. Alternatively or in
addition, a scavenger for water (a dehydrating agent) may be
added to the reaction system. The produced N-hydroxyimide
compound can be separated and purified after the completion of
the reaction by a conventional separation/purification
operation (or device) such as filtration, concentration,
extraction, crystallization, or recrystallization. The
N-hydroxyimide compound can be subjected to the oxidation
reaction as such a purified product or as a mixture with one
or more other components, or may be subjected to the oxidation

relation after a simple purification operation (or device).

[0075]




added to the reaction system The produced
N- hydr oxyi m de conpound can be separated and purified
after the conpletion of the reaction by a
conventi onal separation/pu?}fication operation (or
device) such as filtration, concentration,
extraction, crystallization, or recrystallization. The
N- hydr oxyi m de conpound can be subjected to the
oxidatiogn reaction as such a purified product or as a
i xt PNl FRPBhETUBRI ) DREYe COmRONEY SucChr afey e lic
subjected to the oxidation relation after a sinple
N- (supistiigatiesh caperafiisle Compgevicc€pn Heo@rsdueed fhrem the
N- (substituted oxy) -im de conpound such as a cyclic
profutCsgh dt-hiydired yoxyi el micthe cconpowudhcars ke qyodduced
fromthe produced N-hydroxyi m de conpound, such as a
N-heMieloixgy imitday domppuntdeb ¢ crpastithd by cad rdghlodoaceordigyg of
to the type of a substituent bound to the oxygen
a s@bemi theh teXRMRIE t ARhJINAG X WiHde e8pPaundpean he
produced by reacting a N hydroxyi mde conpound wth
- | | r di | ..qr or
R S R L SRR pbart el B Rl O
_win the .pr.esen f base. Mre. specifically, the .
N-byRr AR G EORRAU A EaR BeTHT GUUSEY By FeddTRy g ing
hydr oxyi m de conmpaound with acetic¢ anhydride or with
to gﬁ%@%if@@fﬂ%ﬂ%%% s 256t PRLEAPOTPEESTRORABNT To the
presence of a base such as triethylamne or pyridine.
aACYEhETRHBd B BN R-RERARIFE Rfed Pare) - i Kode ¥an the
be separated and purified after the
N-acetoxyimide compound can be produced by reacting a

N-hydroxyimide compound with acetic anhydride or with an acetyl
halide such as acetyl chloride in the presence of a base such
as triethylamine or pyridine. The produced N-(substituted
oxy)-imide compound can be separated and purified after the
completion of the reaction by a conventional
separation/purification operation (or device) such as
filtration, concentration, extraction, crystallization, or
recrystallization. As the N-hydroxyimide compound, the

N- (substituted oxy)-imide compound can be subjected to the
oxidation reaction as such a purified product or as a mixture
with one or more other components, or may be subjected to the

oxidation relation after a simple purification operation (or
device).

[0076]




conpl etion of the reaction by a conventiona

separation/purification operation (or device) such as

filtration, concentration, extraction,

crystallization, or recrﬁ@tallization. As the

N- hydr oxyi m de conpound, the N-(substituted

oxy)-im de conpound can be subjected to the oxidation

reaction as such a purified product or as a m xture

with one or nore other conponents, or may be subjected
t o ¥iHe N-dauwpatidriited epavom igfider camspupd esyh iofsi @atYehic

operation (or device). [0076] 52 The N-(substituted

- N-(axpjtituield exwpoimildsuchmpsuadcyehigldb (sabstoduted by

oxy)-im de conmpound can al so be produced by reacting
. reaat poyyeapbdbyyhirboaglldcoacadpokyaapboxyhtborgi lc acid
anhydride with a O substituted hydroxylam ne or a salt

anh{8ei @8fii t nTA® -Nudhir i e Hoqe8aPOHREns Wihaas1d EHELLSE.
N- hydr oxyi mi de conpound can al so be obtained, for

. ! he hUS- o
Theﬁﬁ?Hpafoxgym§gQ£§8§PP%PEdguggngg Qr8§ggﬁ9 N-hydrgﬁy%%lde

substitute y ound as a C
bstituted.oxy)-imde c ound to hydrolysis. to
conPRBRUREH) I B Kb aThlh ¢ DO HOE 1 £ RebdsybeRa the
atomwi th ydrogen . atom_ [0077] . The production of
th“?ﬁBr8§%8F93p‘&FPEFElFHEeng§¥9r%ﬂld?eﬁepPBHnéyéFgﬁw?Fna
sLtu& can be carried out, for exanple, by adding .
cy<hydr Uxy Fahehé ttbethexyx rdaiden crarernentsybydrplysis to
thereby replace the substituent bound to the oxygen atom with

hydrogen atom.

[0077]

The production of the catalyst within the oxidation
reaction system (in situ) can be carried out, for example, by
adding hydroxylamine to the oxidation reaction system.

[0078]

As is described above, according to the present invention,
~a loss of the catalyst due to denaturation can be easily made
up for by effectively using a target product, a reaction

intermediate, and/or a reaction byproduct each formed as a

result of the reaction.

[0079]

The process for producing an organic compound according
to the present invention is based on the oxidation method of

an oiganic compound according to the present invention. The




[0078] As is described above, according to the present
invention, a loss of the catalyst due to denaturation
can be easily nade wup for_by effectively using a
target product, a reaction®>internediate, and/or a
reacti on byproduct each forned as a result of the
reaction. [0079] The process for producing an organic
compound according to the present invention is based
on the oxidation nmethod of _an organic conpound
PTOZEEST dPRgPEEIW R NFr 88e R IPAV-ENCOBRO TR 25F0TRiageds the
for producing an organic conpound according to the
pregeasennlVeRtarn GRMPSHPESs &det BEepsepd dR)( ARigkizdngi AG
' an organi c conpound with oxygen by the catal ysis of
organileastponed Wi blydroxyen dry Nhiesubstilyyatiedobxat) -lidsde one
conmpound derivable from at |east one selected from
N-htykie ogfyeup rc Rrgissibisttd tofc edl toxfygetimipleo ddtivouadr e@gtivenle
internedi ate, and a reaction byproduct, (B)

frofeRanldshdoh 8 1dfGRld PrefUtie P%qucéﬁsﬁ@ﬂ@off@ma%et
| east one conponent selected fromthe group

pro@%@ﬁiséi_%c%&ogh%ﬁfgfﬁedfég Qﬁﬂiéqﬂﬁﬁﬁﬂﬁn1%%yﬁ%duct, (B)

u
i nt er medi ate, reaction byproduct eac

for as,a sult of the, reactiqn.angd bei to b
serhdaiifelFnd FaRtel BEaklfer FBEReA AG: A8 kAt 3 Jeast
a loss of the. cat l%st due to denaturation in the
One, EQEPPHRNY( é?lSFBSac h§mathEagBPYR { CART Yt 1@ 3 dggoet
one conponent separated in Step B, and (D) supplying

prodyetoat@ardt ofr ddtCadadd adicep 30 % Fecdg oR byproduct each

being formed as a result of the reaction and being to be used
for producing the catalyst so as to make up for a loss of the
catalyst due to denaturation in the reaction, (C) producing a
catalyst using the at least one component separated in Step B,
and (D) supplying the catalyst produced in Step C to Step A.
The process may further comprise the step of (E) recovering an
undenaturated catalyst from a reaction mixture and recycling
the recovered undenaturated catalyst to Step A, in addition to
those steps. Fig. 1 is a schematic process chart of an example
of the production process according to the present invention.

[0080]

In Reaction Step A, an organic compound (a substrate) fed
from a line 1 is subjected to an oxidation reaction with oxygen
'in the presence of a catalyst N-hydroxy- or N-(substituted

oxy)-imide compound derivable from a target compound, a



The process may further conprise the step of (E)
recovering an undenaturated catalyst froma reaction
m xture and recycling the recovered undenaturated
catalyst to Step A in addition to those steps. Fig.
1 is a schematic process chart of an exanple of the
production process according to the present invention.
[0080] In Reaction Step A, an organic conpound (a
substrate) fed, froma line 1 is subjected to an
reagiigat FBRCFRSELRER  WRRA/ B%ygeﬁealcﬁlpﬁebrzspégéﬁeté of® a
catal yst N-hydroxy- or N-(substituted oxy)-imde
reagipBudRPaler tyaioxr teemmReacgéoncdppdndanaddprise, for
reaction internediate, and/or a reaction byproduct. A ‘
exameaetianrappaoatﬁsrfoxidseihg RéaciubstBhep; Aacanpplying
conprise, for exanple, a reactor for oxidizing the
devsidbstbat eupp154ppl ¥hed sudetiree of, 0 hsUpBk¥i QgL hEnd an
substrate, the catal yst, and an oxygen-contai ni ng gas

oxyb%nLQ%nkﬁéﬁﬁgb g§EQQ>%%earégéﬁgkngﬂhhp%s a Iﬁﬁﬁﬁﬂkfg ne,

punp, and a sparger; a m xi ng device for adm xi'ng e
t t .
a cﬁakzgaag gumg? glléxgéw@gﬁi?ggvgagf}nfg o[gje%reggi %&uxmg

a_di schar deV|ce f.or dlschar in
the, SBEL PR LR n?#%}%sgno% S RSt G Aa T iR Such 3
react or. %00811 In Separation Step B, the target
stigrédict APHLEE T ¥asdInwd 10 ABEnERRC EEPR LI T ReHe and

group consisting of the target product, reaction
a di pebpABENatdE ViRl frgadi Pohabyproduceaghshn nixture and/or

a waste gas from the reactor.

[0081]

In Separation Step B, the target product and at least one
component selected from the group consisting of the target
product, reaction intermediate, and reaction byproduct each
formed as a result of the reaction (a component for the
production of catalyst) are separated from the reaction mixture
fed from Reaction Step.A‘via a line 2, which component for the
production of catalyst is to be used for producing the catalyst
so as to make up for a loss of the catalyst due to denaturation
in the reaction. The catalyst (undenaturated catalyst) may be
contained in the component for the production of catalyst or
may be separated from the component and returned via a line 5
to Reaction Step A (Catalyst Recycling Step E). The separation

- of the target product from the component for the production of




formed as a result of the reaction (a conponent for

the production of catalyst) are separated fromthe

reaction mxture fed fron1React|on Step Avia a line

2, which conmponent for t he®> production of catalyst is

to be used for producing the catalyst so as to nake

up for a loss of the catalyst due to denaturation in

t he reaction The catal yst (undenaturated catal yst)

may contained in the conponent for the pr.oducti on
Catéfwé&t §PPsPorConfiptss Separ SEPATRISANY RE TddrTaéRn

and returned via aline 5 to Reaction Step A
opetestiany stcRe @y Ifiidg rSiteiprk) confieatsepdcati od stéfl lefrdon,

target product fromthe conponent for the production
extabhchSiongatayyshltanabeonpnalticteedvisyrad 1ization, or using a

separation/purification operation such as filtration,
sep@@atedhr dbirohe shishidd al ifenterexyrasti®@8, a concentrator,

crystallization, or recrystallization, or using a

a dSSPRI BAL 9P, Q§Né§€r§5€8ra§1ér§é££fiiﬂgrQEVéQ%cﬁ%stalllzer.
Concent r at Or a distil f ator, an extractor,

The S}ta%laLtle%le rta(irgeac ngcg{&{%tal lé %:%rcovem%l g,q%ar atlﬁgl t 5 é

roduct overed via aI
rified.ac rd ng_t.0 ne eSSIt g ther %gF i.el ds.
a p

fuf?*‘lr% PHFGQEE SBEPEIOPCatD BFCTRS: bEpAYAL el TOmb oS 2

faor the groductlon of _catal yst |s subj ected to
fingdt BFYSECEr odtRET SiF SttepCf ERG a‘?e@air.aﬁ@dzlcomsppsaédf% the

the production of catalyst for nake wup for a
progeationa® éFadalaisfsis ankee Pt tofCated vednBonenetion Step

the production of catalyst is subjected to Catal yst
C viPpotlddinicod, 8bkpoG:dthie thenprodiect bon @ heetsdasy for make

conponent thereof may be recycled to Reaction Step A
up @brwasieathtutetad xiat=a vtsa .bewhefl part of the component for
the production of catalyst is subjected to Catalyst Production
Step C, the remainder or a necessary component thereof may be
recycled to Reaction Step A or wasted. The mixture to be fed
to Catalyst Production Step C via the line 4 may contain a
denaturated product of the catalyst N-hydroxy- or

- (substituted oxy)-imide compound.

[0082]

According to Catalyst Production Step C, the catalyst is
produced using the component for the production of catalyst fed
from Separation Step B via the line 4. An apparatus for
producing the catalyst may comprise, for example, a reactor for
- reacting reaction components; a device for supplying the

reaction components to the reactor, such as a charging line




to Catal yst Production Step Cvia the line 4 may
contain a denaturated product of the catalyst
N- hydroxy- or N-(substituted oxy)-imde compound.
[0082] According to CatalY%t Production Step C, the
catalyst is produced using the conponent for the
production of catalyst fed from Separation Step B via
the line 4. An apparatus for producing the catal yst
may conprise, for exanple, a reactor for reacting
- and/ g fj GRAEGAPONEHED: & BEvieE FevisepfPryi Agnikéng the
reacti on conponents to the reactor, such as a charging
reafitaenseompaedE s a whdr gisng puimpr e mi devgcdddcedfiosting
adm xi ng the reaction conponents, such as a stirrer;
thea rdevitéenf dempdjrastireg at kievieac tfioah adgmpeerayupld; o the
device for adjusting pH of the reaction systenm a

readevicgesat emx hausdyng Wﬁéxhxue&QﬁECﬁQtéﬁ by-oduced in
reaction to outside the system such as a

theMBbeEt SERA QI 1 Hevhees & deViLe Q% ﬁgg%ﬁétgiegggg%ﬁon

reaction mxture fromthe reactor; a a dev

.Qr. .Sep { uri. fying the produced. catal yst.
deifist Carked flto e sthlrar o PSR s R dpt e pem the
C taLystd grod%ced in_Catalyst Production Step Cis
oAt siI(PE RIFTAES B SReFANIST/ 8P LRInACT prpgiuced
to Catal yst Recycling Step E, the catal yst separated
cat@iyStecovered in Separation Step B (undenat urat ed

catalyst) is recycled via a line 5 to Reaction
[0083]

According to Catalyst Supplying Step D, the catalyst
produced in Catalyst Production Step C is supplied via a line
6 to Reaction Step A. According to Catalyst Recycling Step E,
the catalyst separated and recovered in Separation Step B
(undenaturated catalyst) is recycled via a line 5 to Reaction
Step A. The supply of the produced catalyst to Reaction Step
A, and the recycling of the undenaturated catalyst to Reaction
Step A can be conducted according to a conventional procedure,
such as a process of feeding these components to the reactor
as intact or after dissolving or suspending them in a suitable
solvent or medium. As a supplying device, a pump or a belt
conveyer, for example, can be used. The operations in the steps
may be carried out by any system such as a continuous system
or batch system. FEach step may use one or plural plies of

apparatus or equipment, such as a reactor.




Step A The supply of the produced catalyst to

Reaction Step A and the recycling of the

undenat urated catal yst to Reaction Step A can be

conduct ed according to a cdhventional procedure, such

as a process of feeding these conponents to the

reactor as intact or after dissolving or suspending

themin a suitable solvent or medium As a supplying

deV|ce a punp or a belt conveyer, for exanple, can
Exagplgsed. The operations in the steps nmay be carried

out by any system such as a continuous system or

bat dROS¢¥dt em Each step may use one or plural plies of

apparatus or equi pnent, such as a reactor. 57

Exaflee prieGed4d] intleatpreseritlli meeritlilos twatdedoen further

illustrated in further detail with reference to
detl¥anpi €8 redlcawinasht 6 Ex¥mpIe 1BaNGwW|, iWAilch bevsgepssaAfimit

the present invention. [0085] Exanple 1 In a 2000-cc

the 'é@ﬁ&@@%@'ﬂ‘@sé&% e Rlaped,#50 g of cycl ohexane,
of acetic acid, 0.690 g of

N—h %0% succinimde, and 9.960 g of cobalt acetate
tetrahydrate, and the autoclave was pressurized to 3
MPa_with. a.50:50 (by nole) gaseous m xture of oxygen
andQﬁ & e& The autoclave was held to 105C on an

oil bath for c out a reactiaon for forty-five
m nutes, Was? cggéédc oF oy iR ARt lGve were placed 450 g

of cyclohexane, 550 g of acetic acid, 0.690 g of
N-hydroxysuccinimide, and 9.960 g of cobalt acetate
tetrahydrate, and.the autoclave was pressurized to 3 MPa with
a 50:50 (by mole) gaseous mixture of oxygen and nitrogen. The
autoclave was held to 105°C on an oil bath for carrying out a
reaction for forty-five minutes, was cooled to room temperature,
and opened to release the pressure. The resulting reaction
mixture included a solid layer mainly containing adipic acid,
and a liquid layer. The liquid layer contained two separated
layers, i.e., an upper layer mainly containing cyclohexane, and
a lower layer mainly containing acetic acid. Each of these
layers was separated and analyzed to find that the conversion
from cyclohexane was 17.3% and the selectivities of adipic acid,
cyclohexanone, cyclohexanol, and succinic acid were 54.3%,
11.2%, 7.5%, and 4.2%, respectively.

Next, the lower layer of the liquid layer was concentrated



and opened to rel ease the pressure. The resulting
reaction mxture included a solid |ayer mainly
containing adipic acid, and a liquid |ayer. The
liquid layer contained two>8eparated |ayers, i.e
upper |layer mainly containing cyclohexane, and a
| ower layer nmainly containing acetic acid. Each of
these |layers was separated and anal yzed to find that
the conversion from cycl ohexane was 17. 3% and the
- at 360 Eind 10eTafr ddBpBckRa) dsingyehchexaneier and thereby
cycl ohexanol, and succinic acid were 54.3% 11.2%
yiedds% 4dnd 4 2% ar espeehicvrelty.. NEkt, cohechiometre lvemwasthed
the liquid |layer was concentrated 58 at 140C and 100

withotwo (bt deRag £ U g falt evaParaldQr and whkeeaMbncentrate
yielded 48.1 g of a concentrate. The concentrate was

wadashedy M tR ilee poﬁ‘BhQr@or%er@‘Qeré)f cﬁﬁ%ltl'n%dafb di Jh&ent

., an

mashed concentrate was .4 g 1n weight
tpat 0
by SRACHR BELECOTYEL ) gscg%t N -

: erce b ht _of  adj |c |d The
ac i 4 o ek i Hetfuforreeefiid Sl
combined with 30.2 of acetic acid. The flask had
beert U PPSF X3 "basbé%a]rﬁ%tdarknf% 210 gHati laplumnd was
thernoneter, and an agitating blade, and the
coppreSKath 3¢ et gidhnacehgc @vid -hadhe £ ¥asfi hd berderweipped
on an upper portion thereof. The flask was heated on
wigh @i Dedatdiankhdffaopichetingeunhen acehémandttebegand an
distilling, a 50 percent by wei ght aqueous
aghyalt oxy | lahadre, =0l wHoomasas Sted- i @ ke ibhasknat uaitahed a

of 0.39 g/hr, and the
reflux condenser on an upper portion thereof. The flask was
heated on an o0il bath, and from the time when acetic acid began
distilling, a 50 percent by weight aqueous hydroxylamine
‘solution was fed to the flask at a rate of 0.39 g/hr, and the
distillate was extrécted at a rate of 11.33 g/hr while feeding
acetic acid to the flask so as to keep the liquid level inside
the flask. Eight hours later, the extraction of distillate,
-and supply of aéetic acid and the aqueous hydroxylamine solution
were stopped, and the flask was cooled. The resulting mixture
(78.9 g) contained 4.37 g of N-hydroxysuccinimide and 0.24 g
of N-hydroxyglutarimide.
An aliquot of this mixture (12.44 g) was diluted with 540 g of

acetic acid, and placed together with 450 g of cyclohexane and

8.39 g of cobalt acetate tetrahydrate in a 2000-cc titanium



distillate was extracted at a rate of 11.33 g/hr while
feeding acetic acid to the flask so as to keep the
liquid level inside the flask Ei ght hours later, the
extraction of distillate, >And supply of acetic aC|d
and t he aqueous hydroxyl am ne solution were stopped,
and the flask was cooled. The resulting m xture (78.9
g) contained 4.37 g of N hydroxysuccinimde and 0.24 ¢
of _N- hydr oxy Iutarlnlde An aliquot of this mxture
aUtPTéaXﬁ' ?nﬁa ﬁl?HF%alﬁF?hW%ﬂOPﬁe%ﬁur%%%ﬁ|¥Pzﬁnwfa-&H&h a
| aced together with 450 g of cycl ohexane and 8.39 ¢
50: gﬂ édbpanplategasecust pakjdrat ef i eI A it feFium The
59 autoclave, and the autoclave was pressurized to 3
autbPaawetwesahe3a: 56 10BFC il &) cjdskeatis ti xd v ¢ caft @xygetion
and nitrogen. The autoclave was held to 105C on an
forof brbpt hi e ntiarute HuUtod leeatd iryom temptentyirti, vend opened
m nutes, cooled to roomtenperature, and opened to

to E:@'l%@%% EB@ RressWe. Theer @ég{ﬁtmﬁgnh&@ﬁeeceeh@amﬁgd a
solid |layer nalnly cont ai ni ng adi pi ¢ acid,

solhﬁqyégﬁkg‘ﬁ@é %ntrél glgf LB3bi E:edﬂ&fd Oré'ndTQeliéilgﬂﬁ qayer,

ayer separate I nt dyers, i.e
r | inl cont n|n C ohex n
as fygp& Ifgiléet rr% ﬁltg} contgfl'lnl n%luacaeltiaé{egcﬁag b%%%hse&arated

t hese lLayers was separated and anal yzed to find that
I0tEREWEL gﬁ% Son 1f-Fom &FclUEhEFand Wds MEA9, St Aife N9

selectivities of adipic acid, c cIohexanone
cycdpbiegReganshd ankPwet davfii Nadnd ywepRet 830 DYy agetjggacid.
7. 9% and 4.6% respectively. [0086]
Each of these layers was separated and analyzed to find that

the conversion from cyclohexane was 17.1%, and the
selectivities of adipic acid, cyclohexanone, cyclohexanol, and
succinic acid were 53.9%, 12.1%, 7.9%, and 4.6%, respectively.

[0086]

Example 2

In a 500-cc titanium autoclave were placed 6.3 g
of durene, 87.8 g of acetic acid, 1.165 g of
—-dihydroxypyromellitic diimide, 0.058 g of manganese

acetate tetrahydrate, 0.234 g of cobalt acetate tetrahydrate,
and 0.053 g of zirconium oxoacetate, and the autoclave was
pressurized to 4 MPa with a 50:50 (by mole) gaseous mixture of
oxygen and nitrogen. The autoclave was held to 120°C on an oil
bath to carry out a reaction for two hours, cooled to room

temperature, and opened to release the pressure. The resulting




Exanple 2 In a 500-cc titani um autocl ave were pl aced
6.3 g of durene, 87.8 g of acetic acid, 1.165 g of
N, N - di hydroxypyronel litic diimde, 0.058 g of
manganese acetate tetrahy®ftate, 0.234 g of cobalt
acetate tetrahydrate, and 0.053 g of zirconium
oxoacetate, and the autoclave was pressurized to 4
MPa with a 50:50 (by nole) gaseous m xture of oxygen
._and nitrogen. The autoclave was held to 120C on an oi
MIXBYER ¥8S cCemyieet valttheaddt-i2od Pératebl oy drdsis,e@ndothe
room tenperature, and opened to rel ease the pressure.
-autPhdaresubsi pgeédurnizetiute Wad M¥Pabwned withogén2 Jrioé
acetic anhydride, and the autoclave was pressurized

autbellve W heiithc fiiboegen adka 1 BetREAve Wasuhel debetion
120C on an oil bath to carry out a reaction for one

forh@Mé&mﬁﬁ@'@GokédﬁgpEbbﬁ”@éﬁﬁéﬂé@urénqﬂﬁP@ﬁ@Qe&Qx)release
rel ease the pressure. The m xture was further

theCBg@b§QQem”tfh% B @r CﬁaQJf%rEB$WQ£9&¥ﬂ%J E%.%pa65 g

diitm and t e aut OCl ave was pressuril ze

h_a.50:.50 t
A S ﬂiﬁﬁé“d?o“%%%%%en é% A was
pre?%tu'%&%%dC?an%s?%ﬂ% w?lg%eaﬁ%é Sy FG1EY Gaseinature of

pressure. The reaction mxture was anal yzed by
oxyWieghaperibrregere- | ilhe duthroameomapiald teIRX0°Ctonfameil

that pyronellitic acid and pyronellitic anhydride
bathete ebtraiynedti o actotabnyfet dtiofe8IWurihe auodtad ed moom

the flask was filtrated to renove
temperature, and opened to release the pressure. The reaction
mixture was analyzed by high-performance 1iquid chromatography
(HPLC) to find that pyromellitic acid and pyromellitic
anhydride were obtained in a total yield of 83%.

The mixture in the flask was filtrated to remove

. precipitates, the filtrate was placed in another flask,
concentrated on an oil bath at 150°C, and thereby yielded 31.5
g of a concentrate. The crystals were washedwith 5 cc of acetic
acid and 5 cc of acetone, subjected to vacuum drying at 130°C
‘for twelve hours, and thereby yielded 7.27 g of crystals. The
crystals were analyzed by NMR to find that they contained
pyromellitic anhydride and pyromellitic acid in a molar ratio
of the former to the latter of 100:7.

The crystals were then combined with a solution of 4.82

g of hydroxylamine hydrochloride and 46.6 g of pyridine, and




precipitates, the filtrate was placed in another

flask, concentrated on an oil bath at 150C, and

thereby yielded 31.5 g of a concentrate. The crystals

were washed with 5 cc of atktic acid and 5 cc of

acetone, subjected to vacuumdrying at 130C for

twel ve hours, and thereby yielded 7.27 g of crystals.

The «crystals were analyzed by NVR to find that they

contai ned pyronellitic anhydride and pyronellitic
heageidd aitn 88°@ofer fafteenominheebor Meften edwlingt erhof

100: 7. The crystals were then conbined with a sol ution
pregfipdt82e gaof fhydrakygtamhdevdsttrdotiltdr ildeganl Wdtér g The

of pyridine, and 61 heated at 80C for fifteen
cry®italsese rdAbbabiaedlwitth 20heof pr &z ppirtahe twasel ght rmafedus

and washed with 15 g of water. The «crystals were

acetarbhped ¥b1iht20n Gared w132 sRENGRRL aBYr ¥6h HUMFPLMEAUS: for
acetic acid solution and were stirred at room

thltr%@pﬁmwée f Ofhe t&ﬁefai@ %reesflilﬁ?acc%ﬁﬁ@%§h)§@r@hth 79

"t rated, mashe Wth a9 percent y we

of g@ggg@yée@e% e ﬁ?ﬂ}g gagjle%ﬂ Ol efg%'cﬁ%d <4 %ﬁb%% Hined

one room enperature

s. T uIt|n rystal s mereflltratad was
ot PR e ch‘teagfe 288 onBd %‘HEae%ta%e%itewsmsuasufer two
and t her eby i el ded 6. 68 0
houysy - Ehﬁya‘ﬁ%&%wan@;w%%sdwwad%ll%awdawwd with 5
reacti on of durene was conducted using the

cc afoveaioggar e iINAN atdi4dyar 6rypywenekl hbucsdi eniddéhbyeby
the procedure as above, and the resulting reaction

yieideduree 6flay cehdl,ZWedl iy ddRxGdyordrieid itthiat diimide.
pyronellitic acid and pyronellitic

An oxidation reaction of durene was conducted using the
above-prepared N,N'-dihydroxypyromellitic diimide by the
procedure as above, and the resulting reaction mixture was
analyzed by HPLC to find that pyromellitic acid and pyromellitic
anhydride were obtained in a total yield of 81%, which was
substantially the same result as in the first reaction.
Industrial Applicability

[0087]

In regard to the method of oxidizing an organic compound
with oxygen and the production process of an organic compound,
in the course of oxidation of organic compounds with oxygen in
the presence of a catalyst N-hydroxy-or N-(substituted

oxy)-imide compound, losses of the catalysts due to

~denaturation can be easily, conveniently, and inexpensively



anhydride were obtained in a total yield of 81% which
.was substantially the sane result as in the first
reacti-on. Industrial Applicability [0087] 1In regard
to the nmethod of oxidizin n organi c conpound wth
oxygen and the production process of an organic
conpound, in the course of oxidation of organic
conmpounds with oxygen in the presence of a catalyst
N- hydroxy-or N-(substituted oxy)-im de conpound,
madeodBes of the catalysts due to denaturation can be
easily, conveniently, and inexpensively 62 nmade up.
63 CLAIM5S 1. A nethod for oxidizing an organic
conmpound with oxygen in the presence of a catalyst,
wherein the catal yst conprises at | east one N hydroxy-
or N=(substituted oxy) -imde conpound derivable from
at | east one selected fromthe group consisting of a
target product, a reaction internediate, and a
reaction byproduct, and wherein the nmethod conprises.
the steps of: producing the catalyst fromat |east
one conponent selected fromthe group consisting of
the target product, reaction internediate, and
reaction byproduct each fornmed as a result of the
reaction; and : ' '




usi ng the produced catalyst in the oxidation reaction
so as to nmake up for a loss of the catalyst due to
denaturation in the reaction. 2. The nmethod of claim
1, wherein the at |east on®¥ N hydroxy- or
N- (substituted oxy)-imde conpound is a cyclic
N- hydroxy- or N-(substituted oxy)-imde conpound. 3.
The net hod of one of clains 1 and 2, further
conprising the steps of: recovering an undenaturated
catal yst froma reacti onCLA¥$ure; and using the
recovered undenaturated catalyst in the oxidation

1. reaétimehhofinfaddokidnzingtdme cadgatistcormducedviftrtoms64en
at | east one conponent sel ected fromthe group

in ebmlsipskisegcel oft e daarsgsisthr oduct, reaction
i nternmedi ate, and reaction byproduct each forned as a

resyhkbrefint BRer 83€h1 98t domghes8Bt DO Of seMhORe Rfdroxy-
claims 1 to 3, wherein the at | east one conponent

or ﬁe|§ﬁB§gl£ﬁ€88t&§y r%HPdggggﬁﬁﬁhﬂg El@gﬁl%afggﬁ.at least

pro uct, reaction interne reactl on rodu

onepoeﬁgct Sagt €h3e|9§h§dcﬂﬁﬁg%€h§¥% gctéggﬁﬁiééP ct a

ycar oxy acids

and n1xture er eof . The netho of cla|n11 for
reagl @z ity WSA;%Eﬁ'k PO Dwi

For mul a (1) [ Chemi cal Fornula 1 (cH2) (1)

wherein the method comprises t e steps of:

producing the catalyst from at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct each formed as
a result of the reaction; and

using the produced catalyst in the oxidation reaction so
as to make up for a loss of the catalyst due to denaturation
in the reaction.
2. The method of claim 1, wherein the at least one N-hydroxy-
or N-(substituted oxy)-imide compound is a cyclic N-hydroxy-
or N-(substituted oxy)-imide compound.
3. The method of one of claims 1 and 2, further comprising the
steps of:

recovering an undenaturated catalyst from a reaction
mixture; and

using the recovered undenaturated catalyst in the

oxidation reaction, in addition to the catalyst produced from



wherein "n" represents an integer of 4 to 20, and the
ring showmn in the fornmula nay be substituted, wth
oxygen to thereby yield %g | east one sel ected from
the group consisting of a 4%orresponding
cycl oal kanone, a correspondi ng cycl oal kanol, and a
correspondi ng di carboxylic acid having carbon atons in
the nunber of "n" in principal chain, wherein the
igtalyst coqgaéses at Ieast one cycllc N- hydr oxy-  or

at \EFShLIMT tIRTERPHAY -F 5 et KO rpdihd- e GiLPHB) 6onw~§ﬁf-ag of

| east one selected fromthe group consisting of a
thet hpgeet preduet, sepehdéphoAntaresedédiat eandndeaction

reacti on byproduct and 65 represented by follow ng
- bypFodnutaeé2h: fopthdnasah EesmilltaoZ] theC¥edEHZdm N- OR
(2) wherein "nf' represents an integer of 2 to (n-2)

4. arite RIRiceseMsy diedbegeTa BhOM 86 BN wAEGBANCLIK Q4P least
and wherein the ring shown in the fornmula may be

one%’&ﬁédbﬁé‘ﬁ@%el@&é@ erehnchd %f@d}b %@nEQQPEh?eéf B target

steps of: producing the catalyst fromat least one

| p;oaeglegtnsggcgﬁshemgr&lgamge 9LQuUp aL?Jf' 9 ctth%s at

proaduct reaction I hterne reac I on

A product each, f.orne resul t of the reactio .

1eagtho uélsr?gl%ﬁ?cedp%af}c%ae S5O, SPnPASEHRY 84 RALYEREDoxyLic
r actlgn SO to make up for a | oss of the catal yst

‘acigde PRIHERRPARALEGNACLT AHRYRELdeF opnd mixtures thereof .

. 5. The method of claim 1, for oxidizing a cycloalkane
represented by following Formula (1):

[Chemical Formula 1]
(CH,) S

wherein "n" represents an integer of 4 to 20, and the ring shown
in the formula may be substituted, with oxygen to thereby yield
at least one selected from the group consisting of a
corresponding cycloalkanone, a corresponding cycloalkanol,
and a corresponding dicarboXylic acid having carbon atoms in
the number of "n" in principal chain,

wherein the catalyst comprises at least one cyclic
N-hydroxy—- or N-(substituted oxy)-imide compound derivable
from at least one selected from the group consisting of a target

product, a reaction intermediate, and a reaction byproduct and



6. The nethod of claimb5, for oxidizing cycl ohexane

W th oxygen to thereby yield at |east one sel ected

fromthe group consisting of cyclohexanone,

cycl ohexanol , and adi pic atid, wherein the catalyst

conprises at | east one selected from the group

consi sting of N hydroxy- or N-(substituted

oxy)-succi ni mde and N hydroxy- or N-(substituted oxy)

-glutarimde derived fromsuccinic acid and glutaric
repgergntefedyeéoiveryndedermad aa (Eéacti on byproduct, and

66 wherein the nethod conprises the steps of.:
[Chpmodadi Agrtdacatial yst from succinic acid and/ or

glutaric acid forned as a result of the reaction; and

usbgg\ggg produced catalyst in the oxidation reaction

so/ as(Cfake up for a loss of the catalyst due to
dé€haf ur ditPdn in(2the reaction. 7. The method of claim

5, Nor_Gaxi di zi ng cycl opentane with oxygen to thereby
yield at*l east one selected fromthe group consisting
of cycl opentanone, cyclopentanol, and glutaric acid,
whegkdreih' fRETESCAICPSAN doivpricserl attq dast) s SRITePreFents
from the group consisting of N hydroxy- or '
hydxogenbetprueean oxsgasiue gnrur,dendevhesdifir ohe stigrd mhewn
acid as a reaction byproduct, and N hydroxy- or
in MNhes dostitlet edyody) suglsutianitadie arderi ved from
glutaric acid as a target product, and wherein the
met kee reamprhsemetheSiepprafses the steps of:
producing the catalyst from at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct each formed as
a result of the reaction; and
using the produced catalyst in the oxidation reaction so
as to make up for a loss of the catalyst due to denaturation
in the reaction.
6. Themethodof claim b5, for oxidizing cyclohexane with oxygen
to thereby yield at least one selected from the group consisting
of cyclohexanone, cyclohexanol, and adipic acid,
wherein the catalyst comprises at least one selected from
the group consisting of N-hydroxy- or N-(substituted
oxy)-succinimide and N-hydroxy- or N-(substituted

oxy)-glutarimide derived from succinic acid and glutaric acid,

respectively, each as a reaction byproduct, and



produci ng the catal yst fromsuccinic acid and/or
glutaric acid fornmed as a result of the reaction; and
usi ng the produced cataly % in the oxidation reaction
so as meke up for a |oss f the catal yst due to
denaturation in the reaction. 8. The nethod of claim
5, for oxidizing cycl ododecane with oxygen to thereby
yield at | east one selected fromthe group consisting
of cycl ododecanone, cycl ododecanol, and 67
dod@%%ﬁ%ﬂ?o?%eaﬁ?ﬁho EPBPRLFRE EAPaPySPS cofipri ses at

| east one selected from the group consisting of

‘N hpapeRgingthe ¢abdsy st fivsan segkglntaecidiandeor ahdtaric

N- hydroxy- or N-(substituted oxy) -glutarimde derived
acifir Sprsadchnai 8 aepdlandfglkbearieacadbd; andspectively,

as reaction byproducts, and wherein the nethod

conpeiiagstHd@raldepsotat plogUCi MG Hehex Cad el ¥s trdac@Mon so
succinic acid and/or glutaric acid forned as a result

- as fRhkkhepresptd ongsande L@'&é‘%éﬂ’@lﬁ@%%&@%ﬁh%ﬁ&ak&on in

t he OX|dat|on reaction so as nake up for a loss of

he E%a%%&%hySt due to denaturation in the reaction. 9.
e mefhod of claim1, for oxidizing a conpound

. FERESREPASE oPYol 2108, NEOEOLINGRRY /TSRS ne witn
- oxygen to thereby yield at least one selected from the group
consisting of cyclopentanone, cyclopentanol, and glutaric
acid,

wherein the catalyst comprises at least one selected from
the group consisting of N-hydroxy- or N-(substituted
oxy)-succinimide derived from succinic acid as a reaction
byproduct, and N-hydroxy— or N-(substituted oxy)-glutarimide
derived from glutaric acid as a target product, and

wherein the method comprises the steps of:

producing the catalyst from succinic acid and/or glutaric
acid formed as a result of the reaction; and

using the produced catalyst in the oxidation reaction so
kas make up for a loss of the catalyst due to denaturation in
the reaction.
8. The method of claim 5, for oxidizing cyclododecane with
oxygen to thereby yield at least one selected from the group

consisting of cyclododecanone, cyclododecanol, and




RZ Ra (3) R31 Rb 4 wherein Ra and Rb are the sane
as or different fromeach other and each represent a
group convertible into carboxyl group upon oxidation;
Rl, R2, R3, and R4 are the®5ame as or different from
one anot her and each represent hydrogen atom a
hal ogen atom or an organi c group, where two or nore
of Ra, Rb, R, R2, R3, and R4 may be conbined to form
an aromatic or, nonaromatic ring 68 together with one
dodgrapgrdodgr BGAdat ons constituting the benzene ring,
with oxygen to thereby yield at |east one sel ected
f r owhetrkengrlveigatedyisst ¢omp i san adr beast ondi sat bokgd ifeom
acid represented by follow ng Fornula (4a) and an
theapamabl condiicarimoxWfi M-agidtcayry did die- (rsefrsedenited by
followng Formula (4b): [Chem cal Formula 4] RL RO
oxyRZsGOMnRAiIRZ , CaaN R3-nyd ok drda)- ((Hp)stihereidn Rl,

R2, R3, and R4 are the sane as or different from one
oxy)—glutarimide derived from succinic acid and glutaric acid,
respectively, as reaction byproducts, and

wherein the method comprises the steps of:

producing the catalyst from succinic acid and/or glutaric
acid formed as a result of the reaction; and

using the produced catalyst in the oxidation reaction so
as make up for a loss of the catalyst due to denaturation in
the reaction.
9. The method of claim 1, for oxidizing a compound represented

by following Formula (3):

[Chemical Formula 3]

(3)

wherein R? and R® are the same as or different from each other
and each represent a group convertible into carboxyl group upon
oxidation; RY, R?, R®, and R?! are the same as or different from
one another and each represent hydrogen atom, a halogen atom,
or an organic group, where two or more of R?, RP, Rl, RZ, R3,

and R* may be combined to form an aromatic or nonaromatic ring




anot her and each represent hydrogen atom a hal ogen
atom or an organic group, where two or nore of Ri1,
R2, R3, and R may be conQ&ped to forman aromatic or
nonaromatic ring together “with one or nore carbon
atons constituting the benzene ring, wherein the
catal yst conprises at |east one cyclic imde conpound
derivable fromat |east one selected fromthe group
v consi sting of the target product, a reaction
COIFHISE HEGRPEC SEOTR TRER R Gt BFpFeRskt thing the benzene
. represented by following Formula (5) [Chem ca
ringoryita BYERI® tRereRY(BielR ®a eaY omgeseilgcRed from
R2, R3, and R4 are the sane as or different from one
the agvoner candiebthgr epr eseatrohytiicgdncarboxyaibabogen
atom or an organic group, where two or nore of R,
repR8seRBedang R4lhayinberecenmbilaed4bp hasamanzas@aaiecc or
nonaromatic ring together wth one or nore carbon
- dicatppRyCoRShtt MYy dPEIDENZSNEs & HiH bga@@lﬁgoﬁﬁﬁ@eﬁgﬂhﬁla
hydrogen atom or an organi c group, and wherein the
- (4pfret hod conprises the steps of: producing the catalyst
romat | east one conponent selected fromthe group

[Ch%ﬁﬁégitggg gﬁat target product, reaction
I'n

ermedrate, and reaction byproduct each forned as
1
R , R 9
R COOH R
0
R woH R (
R* R

(4a) (4b)
. wherein'RH RZ,Ig, and R? are the same as or'different from one
another and each represent hydrogen atom, a halogen atom, or
an organic group, where two or more of R', R%?, R®, and R? may
be combined to form an aromatic or nonaromatic ring together
'with one or more carbon atoms constituting the benzene ring,
wherein the catalyst comprises at least one cyclic imide
compound derivable from at least one selected from the group
consisting of the target product, a reaction intermediate, and

a reaction byproduct and represented by following Formula (5):

[Chemical Formula 5]




a result of the reaction; and using the produced
catalyst in the oxidation reaction so as to nmake up
for a loss of the catal yst due to denaturation in the
reaction. 10. The nethod of°claim9, further
conprising the steps of: producing the catalyst from
at | east one conponent selected fromthe group
consisting of the aromatic dicarboxylic acid
epresented by Formu| a (4a€ and the aromatic
Wheareégr%ox% R ragnd %nW&F 8 FUPP exenmredibferapiufzeom one
(4b) each forned as a result of the reaction; and
anogbiemiganbecprbduepdesantl gydrogenhatoni dathalogeacttican. or
11. The method of claim 1, for oxidizing a conpound
an oegaesengedupbywhekbo%wngoEommmbao&GRl,[E%em&paénd R* may
Formula 6] 70 R5 Re RC(6) R6 | 0 R7 wherein RC

be BdmbanddReoarerihhgnsaremasi €rofidd s edthaf1OMANE together
anot her and each represent a group convertible into

wmqaaea@xx& mQEQU@aHBQH xbHat LR+ hde Ry e @é}?zé??e Y& g;
4

t he same as or ferent fromone another and each

oo SN ST ) DI B,

wherein the method comprises the steps of:

producing the catalyst from at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct each formed as
a result of the reaction; and

using the produced catalyst in the oxidation reaction so
as to make up for a loss of the catalyst due to denaturation
in the reaction.
10. The method of claim 9, further comprising the steps of:

producing the catalyst from at least one component
selected from the group consisting of the aromatic dicarboxylic
acid represented by Formula (4a) and the aromatic dicarboxylic
acid anhydride represented by Formula (4b) each formed as a
result of the reaction; and

using the produced catalyst in the oxidation reaction.
11. Themethodof claiml, foroxidizingacxﬁ@oundrepresented
by following Formula (6):

[Chemical Formula 6]




Rd, Re, R5, R6, and R7 may be conbined to form an
aromatic or nonaromatic ring together with one or
nore carbon atons constityfing the benzene ring, with
oxygen to thereby yield at | east one of an aromatic
tricarboxylic acid represented by follow ng Fornula
(7a) and an aronmatic tricarboxylic acid nonoanhydride
represented by following Formula (7b): [ Cheni cal
Formulg 7] RS R0 HOOC COON HOOC 0 R6 , COOH 6 7 O
R R7 {(7a), (7b) wherein R5, R6, and R7 are the sane as
orRjFRerknt fromone another and each represent
hydr atom a k@&l ogen atom or an organic group,
whereXemopbr nore of R5, R6, and R7 may be conbi ned

to forl{n an aromatic or nonaromatic ring together with

one or nore carbon atons constituting the benzene

ring. ..71 4wherein the catal yst conprises at |east one
Whe&;‘?&%i B°f rk e adlﬂrp”%uﬁéfedéhevé@m@ PPoRrafiféggengnérom one

selected fromthe group consisting of a target
anoghsguend aafFkakePBRSENE e? NEEP @R ecorarat tidlreedatticogarboxyl

byproduct and represented by followi ng Fornula (8)
group upon oxidation; and R, R®, and R’ are the same as or

‘different from one another and each represent hydrogen atom,
a ‘halogen atom, or an organic group, where two or more of RS,
R%, R%, R°, R% and R’ may be combined to form an aromatic or
nonaromatic ring together with one or more carbon atoms
constituting the benzene ring, with oxygen to thereby yield at
least one of an aromatic tricarboxylic acid represented by
following Formula (7a) and an aromatic tricarboxylic acid

monoanhydride represented by following Formula (7b):

[Chemical Formula 7]

5
R R 0
HOOC COOH  HOOC
0
R COOH R® (
R R’
(7a) (7b)

: 5 6 7 .
wherein R’, R°, and R’ are the same as or different from one

another and each represent hydrogen atom, a halogen atom, or
an organic group, where two or more of R°, R®, and R’ may be
combined to form an aromatic or nonaromatic ring together with

one or more carbon atoms constituting the benzene ring,




[Chemical Formula 8] 50 HOOCR6 \ 1 -OR(8) 70

wherein R5, R6, and R7 are the sane as or different

fromone another and each represent hydrogen atom a

hal ogen atom or an organit group, where two or nore

of R5, R6, and R7 may be conbined to forman aromatic

or nonaromatic ring together with one or nore carbon

atons constituting the benzene ring; and R represents

hydrogen atom or an organi c group, and wherein the

met KBET8bApERS €8 4y 4t 6pEPEH SespRbodeeisgOnREC Yt i yaride

fromat | east one conponent selected fromthe group
componsidstengveblenhérvar get lprsduets seleactédrfrom the group

i nternedi ate, and reaction byproduct each fornmed as a
conseéstlihgobft hetaeget i pnodanid, usirgpdthiepriotieedttdiate, and

catalyst in the oxidation reaction so as make up for

a r@at©ssn Pyghanaat ahysteibiesé v 88 Mt Bbal b@ingNrothela (
reaction. 12. The nethod of claim 11, further

[Chggqggqsyggnhﬁ%v%teps of: producing the catal yst from
| east one conponent 72 selected fromthe group

conS|st ng of an aromatic tricarboxylic acid
repres@ntegd by Fornula (7a) and an aronmatic

t ndoearaxyli c
—0R (8)

wherein R5, R6, and R’ are the same'as or different from one
.another and each represent hydrogen atom, a halogen atom, or
an organic group, where two or more of R, R®, and R’ may be
combined to form an aromatic or nonaromatic ring together with
one or more carbon atoms constituting the benzene ring; and R
represents hydrogen atom or an organic group, and

wherein the method comprises the steps of:

producing the catalyst from at least one component
selected from the group consisting of the target product,
reaction intermediate, and reaction byproduct each formed as
a result of the reaction; and

using the produced catalyst in the oxidation reaction so
as make up for a loss of the catalyst due to denaturation in
the reaction.
12. The method of claim 11, further comprising the steps of:

producing the catalyst from at least one component




aci d nonoanhydri de represented by Formula (7b) each
formed as a result of the reaction; and using the
produced catalyst in the jdation reaction. 13. The
met hod of claim 1, for oxidizing a conmpound
represented by following Fornula (9): [Chem ca
Formula 9] R8 Rhn Rf (99 R Rg RO wherein Rf, Rg, Rh,
and R are the sane as or different fromone another

an h_represent a group.convertible into carboxyl _.
s 800e Mo 8% rein Ao R A R B S R e it ELvar e ghic
.different fromeach other and each represent hydrogen,
acCigi RIS UHEY BeBHILa ol adh agdgamiad Fadds, thhsrebeRBLiC
or nore of Rf, Rg, Rh, R, R8, and RO may be conbi ned
acigdonerpanky dohde oraniesentrerd toy&ohmanlai o) aechoforped as
~carbon atons constituting the benzene ring, with
a resygenofothherebytybel;daatl | east one sel ected fromthe
group consisting of an aromatic tetracarboxylic acid

repuesagt ele byrodeté@VAiga FPs U @ thk0aki dak idhOMBhtEion.
tetracarboxylic acid nonoanhydride represented by

13.f %EQW@@;@O@%E‘&'l%i&%PP)fOIa@Qi@:Dzi anad, our(ljd 6§presented

tetracarboxylic acid dianhydride represente

py EQhhOWiRg FaLmha (be%): 73

[Chemical Formula 9]
(9)

wherein Rf, RY, R®, and R' are the same as or different from one
another and each represent a group convertible into carboxyl
" group upon oxidation; and]fzand.R9axe the same as or different
from each other and each represent hydrogen atom, a halogen atom,
or an organic group, where two or more of Rf, RY, Rﬁ, Ri, Ra,
énd,R9n@y'be combined to form a nonaromatic ring together with
one or more carbon atoms Cohstituting the benzene ring, with
oxygen to thereby yield at least one selected from the group
consisting of an aromatic tetracarboxylic acid represented by
following Formula (10a), an aromatic tetracarboxylic acid

monoanhydride represented by following Formula (10b), and an

aromatic tetracarboxylic acid dianhydride represented by

following Formula (10c):




[Chem cal Formula 10 RBOOR8 :4: 000 0900
RO (I10a) (10b) (10c) wherein Re and RO are the sane
as or different fromeach other and each represent
hydrogen atom a hal ogen at®m or an organic group,
wherein the catal yst conprises at |east one of a
cyclic 1imde conpound represented by follow ng
Forrmula (11la) and a cyclic diimde conpound
represented by followi ng Fornula (l11b), each being
[Chgaric@abFe@fdm a]l east one sel ected fromthe group
consisting of the target product, a reaction
intermgdliate, and a R%eac i on [ Chemi cal

g&k@m_“ ' 13{30@) SPE@bO Rr [ n ar e()tqhel_gvrreRsag
O[-IOO%I ] e&)t()Hf I Q5 er

£ g0 0 0 g 0

(10a) (10b) (10¢)

wherein R® and R® are the same as or different from each other
and each represent hydrogen atom, a halogen atom, or an organic
group,

wherein the catalyst comprises at least one of a cyclic
imide compound represented by following Formula (lla) and a
cyclic diimide compound represented by following Formula (11b),
each being derivable from at least one selected from the group

consisting of the target product, a reaction intermediate, and
a reaction byproduct:

[Chemical Formula 11]

8 8
R™ ¢ o R ¢
HOOC
—-0R RO -OR
HOOC \
R9 0 0 R9
(11a) (11b)

wherein R® and R® are the same as or different from each other

and each represent hydrogen atom, a halogen atom, or an organic

group; and R represents hydrogen atom or an organic group, and
wherein the method comprises the steps of:

producing the catalyst from at least one component




and each represent hydrogen atom a hal ogen atom or
an organic group; and R represents hydrogen atom or
an organi c group, and whejein the nmethod conprises
the steps of: producing the catalyst fromat |east one
conponent 74 selected fromthe group consisting of
the target product, reaction internediate, and
reacti on byproduct each forned as a result of the
ion. a using the produced catalyst in the
se1£EBGh  Phom lhe, ht00 on Bt RERES pE T bR X pnat oFTodect
catal yst. due to denaturation in the reaction, 14. The

| reaﬁ%%%dl%*fe%fﬁ%ﬁsh%‘i%g IRF tHRAC o i anRiudte egclp§osmed as

produci ng the catalyst fromat |east one conponent

a rggnbeted Fhenrepetgpvapasensi sting of the aromatic
tetracarboxylic acid represented by Fornmula (10a), the
ar onatng thepradaceoxybtel pst dimbheamhydkit ten reaction so
represented by Fornula (10b), and the aromatic

- as hekeagprboxyd i Loaeick ditankydididest RR @seatadtlYation in
Formula (10c), each fornmed as a result of the

thel e@gtt©8n.and using the produced catalyst in the
oxi dation reaction. 15. A process for produci ng an

14 Or @ADL GRPAUNd GYNREI Skagghémpte%&ﬁogfpf’sﬂ{ : yt@qgteps of :

oxi di zi ng  an organi ¢ cohpoun ygen
cat is.of | east .on g—h droxy- o N—%substituted
oxy§¥¥§yaéngoﬁ%8uﬁa%aéyﬁga FEM Pom 82 SFe98E GRBPORERE
se%egt%d frg@ L .
selecte rom e group consisting of the aromatic
‘tetracarboxylic acid represented by Formula (10a), the aromatic
tetracarboxylic acid monoanhydride represented by Formula
(10b), and the aromatic tetracarboxylic acid dianhydride

represented by Formula (10c), each formed as a result of the
reaction; and

using the produced catalyst in the oxidation reaction.
15. A process for producing an organic compound, comprising
the steps of:

(A) oxidizing an organic compound with oxygen by the
catalysis of at least one N-hydroxy- or N-(substituted
oxy)-imide compound derivable from at least one selected from
the group consisting of a target product, a reaction
intermediate, and a reaction byproduct;

(B) separating the target product formed in Step A from

at least one component selected from the group consisting of




the group consisting of a target product, a reaction
internmedi ate, and a reaction byproduct; (B) separating
the target product fornmed in Step A from at |east one
conmponent sel ect ed fronwthéSQroup consisting of 75 a
target product, reaction internmedi ate, and reaction
byproduct each being forned as a result of the
reaction and being to be wused for producing the
catal yst so as to nake up for a |loss of the catalyst
a tafRet érasﬁsitu r%%%wqrhlflg@rmsééﬁ%n;ar{dcyeﬁ%aae jygreduct
catal yst using the at |east one conponent separated
eachnbgiag Bormad D)2 s wf the capatjsn prédeciny ittp be
Step Cto Step A 16. The process of claim 15,
usefuftheprednpingitrite tdatadtyep: eb abBlo medavep igraam loss of
undenaturated catalyst froma reaction mxture and
ther eayelliysg tdhe recoened rundenatiw ated reatoaliyst; to
Step A

(C) producing a catalyst using the at least one component

separated in Step B; and
(D) supplying the catalyst produced in Step C to
Step A.
16. The process of claim 15, further comprising the step of
(E) recovering an undenaturated catalyst from a reaction

mixture and recycling the recovered undenaturated catalyst to

Step A.



