»mopqr st uve3eQTQ DETTY' DESCRI PTI ON PROCESS FOR SEPARATI NG | M DE
COVPOUNDS 5 TECHNI CAL FI ELD This invention relates to a process for

separating, froma reaction m xture obtained by reacting a the
presence of the specific imde conpound, a reaction pr oduct ﬂ\m m‘ mmm“
conpound, a process for separating 10 t.he i m de conpou

catal yst, and a process for regeneratlﬂg the am de conpound whlgﬁs%as been
used in a reaction to be deactivated. BACKGROUND ART 15 By mmmmwﬂﬂmmﬁ

ami de conpound such as N hydroxypht d N—acetoxyp
variety of reactions (e. g., oxidaﬂg@%égigﬁiﬁﬁl ecul ar oxy

carboxyl ation, nitration, sulfonation, acylation, radlcal coup
reaction) can be snoothly carried out under 20 a mld condition. For

exanpl e, Japanese Pat eat i %ﬁbﬁ ~ . %% 96

(JP- A-8-38909) and Japiggnogggngtggn#% L“g&ﬁ) gg“@%i 83?'" gﬁ{“h% 327626/ 1997
(JP A-9-327626) disclose a process for oxidizing a sub 25 strate (e.g., a
hydr ocarbon, an al cohol) with a nol ecul ar oxygen in the presence of an

am de congound such as N hydroxypftSghieAfergd i f necessary, a - 2

This invention relates to a process for separating,
from a reaction mixture obtained by reaeting a substrate
in the presence of the specific imide compound, a reaction
product and the imide compound, a process for separating

10 the imide compound and a metal catalyst, and a process for
regenerating the imide compound which has been used in a

reaction to be deactivated.

BACKGROUND ART
15 By utilizing an imide compound such as N-
hydroxyphthalimide and N-acetoxyphthalimide, a variety of
reactions (e.g., oxidation with molecular oxygen,
carboxylation, nitration, sulfonation, acylation, radi-
cal-coupling reaction) can be smoothly carried out under
20 a mild condition.
For example, Japanese Patent Application
Laid-Open No. 38909/1996 (JP-A-~8-38909) and Japanese
Patent Application Laid-Open No. 327626/1997 (JP-
A-9-327626) disclose a process for oxidizing a sub-
25 strate (e.g., a hydrocarbon, an alcohol) with a
molecular oxygen in fhe presence of an imide compound

such as N-hydroxyphthalimide, and if necessary, a



co-catalyst to produce an al cohol, an al dehyde, a ketone, and a carboxylic
acid corresponding to the substrate. Moreover, Japanese Patent Application
Lai d- Open 5 No. 278675/1997 (JP-A-9-278675) discloses a process for
oxi di zing a conjugate conpound with the am de conpound. Japanese Pat ent
Application Laid-Open No. 316610/1998 (JP-A-10-316610) di scl oses a process
for oxidizing an ether in the presence df-the ani de conpound to produce an
10 ester, an acid anhydride, a |lactone or the |ike. W99/50204 di scl oses a

process for oxidizing a conmpound having a non-aronmatic ethylene bond with a
mol ecul ar oxyﬁ@ﬁQQ¥%i¥§Er59e@£94ﬂ°?hgniﬁLﬁ?Q&%poﬁﬂdaiﬂ@ %€~ oi di zi ng

agent to prodyce the cortespaondin xi de,. and a proce 15 for,_oxidizing
a ketone V\Athﬂg%ﬁﬁlee’cu?léﬁa SXfGé"quqWefﬁ‘é ﬁf’é’éjgnccoer]a?s?ﬂgagﬁgdetoco Bund and
a co-oxidizingugg%gégé[produce t he correspondi ng ester or |actone
Further, Japanese Patent Application Laid-Open No. 239730/ 1999

(JP- A-11- 239730) di SCYQSESBLP' 9§§§§e§grp%@aﬁﬁaﬁggggcﬁgfgﬁgsﬁéf&ﬁ%\éﬁ h a

nitrogen oxide in the presence o e am de conp tarn

correspongi ngngi.t 595698P2Y8Y. (3PdaR9P596656) 1 RisERBELENE Brodbss rebe Wi th
carbon nonoxi de and oxygen in the presence of the am de conpound to produce

the correspongingicahgoaybbnjaghte YORS6ARALA12R Shacinses ¢hmboand.
acyl ation reaction proceeds under a mld condition by reacting a substrate

wi th oxygen apdpan¥kei Paten@dpppentatibaat.ag@aybpeanneundiée1g/199s8acetyl)
in - 3 the presence of the am de conpound. Furthernore, the Lecture

Draft of SpriggrAnrual3ieetongastcibsascal pboceeky for dapanz{ngoan )
reports that an a, ~-unsaturated ester and an al cohol are reacted with
oxygen in theephegebnetlvé prdsdnad ofyphéhbhide dsosound alcapystincehaneby a
radi cal coupling reaction proceeds to form a-hydroxy-ybutyrol actone with
hi gh yi eld. Mestewer ant heid aahgtivider, epoiltistbhet ox lthér ddkebon such as an
adamant ane is reacted with oxygen and sul fur dioxide by using N 10

hydr oxypht hal WRP8€58204 disglpsest 8 popaeshefonr puigdrdhggasapmpanndaci d.
As nentioned above, the am de conpound has been utilized as a catal yst for
a wi de vari et Payingrgapnc arphatdeiethekane basd witha Rlequdiaryoxygehni de
conmpound 15 for a variety of reactions, there is proposed a grocess for

separating a ABakthPoRTHEERGE °fnthe Hvids §© REd PofoeREhPlaingapanese
Pat ent Application #aid- en hqﬁhll4702/19§§ SJP-A%% -114702) di scl oses a
process for s8F8P&t FAPECTLCR (55 CRFERERONGARIFP KT OB 8uRH°FPEMH 20 a
ti i Xt bt ai,ned b i.dizi b te in th f
oxi dat | oR°cat 405 PRLAHETRN e ReGARELHAFD. & HopRtularooavgel IR Heous
| t d - wat er - bl | le f | t
ore used 1o APeEReHRpClE I 1 YERbARRRCLAY 8 FoP G AT 2 aN8NT0! o

tngﬁ_ ag?g;)?zols&%?’g%&%\%n:tﬁ%r gﬂ?ﬁ%sﬁ%ﬁ'ﬂﬁt eis%% %rp*l%h%‘%o?ife.t he. .
, pectively. "Therefore, the process is suitable
for separating a wategyrther, Japanese Patent Application Laid-Open No.
239730/1999 (JP-A-11-239730) discloses a process for
20 reacting a substrate with a nitrogen oxide in the presence
of the imide compound to obtain the corresponding nitro
compound, and a process for reacting a substrate with carbon
monoxlide and oxygen in the presence of the imide compound
to produce the corresponding carboxylic acid. W099/41219
25 discloses that an acylation reaction proceeds under a mild

condition by reacting a substrate with oxygen and a

vicinal(adjacent) dicarbonyl compound (e.g., biacetyl) in



- 4 soluble reaction product and a non-water-soluble catalyst, but it is
difficult to separate a | ow polar or nonwater-sol uble reaction product and
a non-wat er-sol uble catalyst. Further, in the process, it is sonetines 5
difficult to separate a water-sol uble product from an agueous phase
dependi ng on the species of the oxidation reaction product. In particular,
when a reaction is carried out in the-cdexistence of a metal catalyst in
order to accelerate the reaction, it is difficult to separate 10 the
oxidation catalyst and the netal catalyst efficiently, as well as

separ ating t hdNPeREEEBRCHr 8Fushe IRdAef gompopnd; s Burthexmere o taparat e
recover and reuse the netal catal yst. Myreover, when an imde conpound is
utilized as 15eStHZEHTRLL Of SpELLg ANk MEEhingLE Chemicad: PoripEvceeds,
the imde conggugd Cha@&ﬁf into the correspondi ng Nnon-substituted i mde
conpound or NOEuARPRR (P Bk eRoFd s Shpdual o B -Wnsaturatesk epies and
attached to oxyge aho adj acent to nitrogen atom (e. g., N al koxyim de
conmpound) 20 33?8 PELQF% TRacied yith x¥eent ¥ncbhei BEREBRGe Slich a

I i b i d (h i naf , i f d
doact | vat Bd B ITBFYBREBA L LB AnPa Ao atA AP LY FBSOPLYNE FRdtcRon
product, and ther 9% t he ggglit of tgg %rticle IS dgterigrgted..ZS
Further, a de?PP@g dstPfctaf™bropee Fr|9e5°§9eﬁ s Ro¥K&Ydeact i vat ed
s hs a0aEyrSabtohdviSABLGR BISHET Woradykry S iRk kR e een
q . d . . g 5
(3P A 11 168250PoREEci ot Sy dRBCA L8, WP A ElariEn RS AR LBEEE00, e

conpound “‘thwithygk9péhaghﬁesﬁﬁfﬁg_ﬁibiid§d59r§¥§£g jjhe process can not

still provide a satiSfied regeneration yie I's, therefore, an object

of the pnesenhydrseypbh®halImitRVas!a 8aPaPEse ol PormitheCE6PLEYpSRARAEGLI NY @
reaction product and an i m de conmpound fromthe reaction 10 nixture” It is

anot her obj ecsudffohle meya@nti on to provide a process for conveniently
obtaining a reaction product with high purity.

As mentioned above, the imide compound has been
utilized as a catalyst for a wide variety of organic
synthetic reactions. After utilizing the imide compound

15 for a variety of reactions, there is proposed a process
for separating a reaction product and the imide compound.
For example, Japanese Patent Application Laid-Open No.
114702/1998 (JP-A-10-114702) discloses a process for
separating a reaction product and an imide compound from

20 a reaction mixture obtained by oxidizing a substrate in
the presence of an oxidation catalyst (the imide compound).
In this process, an agqueous solvent and a'non—water-soluble
solvent separable from the aqueous solvent are used to
distribute the oxidation reaction product into a phase of

25 the aqueous solvent and the imide catalyst into a phase
of the non-water-soluble solvent, respectively. There-

fore, the process is suitable for separating a water-



A further object of the invention is to provide 15 a process for
efficiently separating an i m de conpound and a netal catalyst froma

m xture containing the imde conpound and the netal catalyst. It is yet
anot her object of the invention to provide a process for efficiently
regenerating an imde conpound 20 which has been utilized in a reaction to
be deactivated by a sinple and convemni eéht- operati on. DI SCLOSURE OF

| NVENTI ON The present inventors did much investigation to 25 acconplish the
above objects, and as a result, found that an i m de conpound and a reaction
product can beodtbleireadtiareparduet and a nonysadielri-saliudbd eopatalysh, and / or
an - 6 extraction operation with the specific solvent , and that an

i mi de conpounBuiinditalaediffiguityto sepapateffi to¥npoyareptrB®Bd by a
crystallization, an absorption and/or an extraction operations. The present
i nventi on haswBter-solubdapreaptdonapraduatt Apdadonenftvatiergsclrhde, a
process of the present invention can realize the separation of a reaction
product and aﬁagﬁiﬂéteorﬁ'}bﬁmlfro#ﬂath%dﬁ¢%ﬁ$ﬁ xkturiks org ey reacting
a substrate in the presence of the im de conpound having an 10 im de unit
represent 8d bfiffdcndt| Qi REPREAKRI & Waferospluple product from an

aqueous_phase depending on the speclies of the oxidation
reaction product. In particular, when a reaction is
carried out in the coexistence of a metal catalyst in order
to accelerate the reaction, it is difficult to separate
10 the oxidation catalyst and the metal catalyst efficiently,

- as well as separating the reaction product. Therefore, it
is difficult to separate, recover and reuse the metal
catalyst.

Moreover, when an imide compound is utilized as
15 a catalyst for various reactions, as the reaction proceeds,
the imide compound changes into the corresponding N-

- non-substituted imide compound or N-substituted-oxyimide
compound in which a substrate is attached to oxygen atom
adjacent to nitrogen atom (e.g., N-alkoxyimide compound)

20 to deteriorate an catalytic activity considerably. Such
a catalyst which has been deéctivated (hereinafter,
sometimes referred to a deactivated catalyst) often
contaminates an article of the reaction product, and
thereby the quality of the article is deteriorated.

25 Further, a desired result can not be arrived even
when the deactivated catalyst is recycled to the reaction

system without the specific treatment. Thus, as a method



,NNX (1) CO wherein X represents an oxygen atom a hydroxyl group or an
acyl oxy group, by (Al) a solvent-crystallization step for crystallizing the
i mde conmpound with at |east one solvent 15 selected fromthe group

consi sting of a hydrocarbon, a chain ether and water, (A2) a
cooling-crystallization step for crystallizing the reaction product by
cooling, or (B) an extraction step for ®listributing the reaction product
into a phase of a water-insoluble solvent (or non-water-soluble 20 sol vent
) and the imde conpound into a phase of an aqueous solvent, respectively
by using the fqueregemssxtateirig thie tatalygtavhlcadlaswbéen dedctbeated,

~wat er-insol uble solvent separable fromthe aqueous solvent. In the

sol vent - cryst dapaneseohPaterp Apg)lcabhiéon LaydrOpem bdo. nh§8Re54aD98di phatic
hydr ocarbon having 4 to 16 carbon atons or -an alicyclic hydrocarbon having
4 to 16 carbohJBtdntl-288265p dhachosekea pmychssafor Ctréatkmy thaer or a
Cl 6al kyl C6_|Oaryl ether, and the reaction 5 product may be a conpound
sol ubl e i n t hdegotivated dmideysompoundiwidh & hygdroxyl andngadr @n aehdt i on
product of an alicyclic hydrocarbon or an alicyclic alcohol). In the _
cool i ng- cPyst HPWeYari obhet ppo¢@ss, cansnbteatihhi phovide posatisfiedt for
the reaction product 10 and is a good solvent for the imde conpound (e.g.,
a carboxylic Hegangrardenayheldecarbon) may be used as a reaction sol vent,
and the reaction product nay be an oxidation reaction product of an
alicyclic hydrocarbon!brig. nEReyefereupar opPiest ref skkerpresedtpound (in
particul ar, 13 an #ighatic carboxylic acid having 6 or _nore carbon atons,
an aromatic ¢ PKB&? PR W PIPVide aRresesadioroRtiichently saRakytiRgs

solvent may be water, and ontain se. Further, the reaction mxture
may be subj ec?e’&e?%tjr%PEg?g‘F ap aﬂ‘?raﬁa%ﬁn"%'ﬂ@%%% X9 EheEeRGEH M of t he
reactionlgrodHi§t§gg the i mde conpound. The water-insol uble solvent may be
a hydrocar bon, —an her, a carboxylic acid. The reaction product may be an

oxi dation reaction pr f | i.cyclic rocarbon, or. _an aromatic
hydr ocar bon having a ﬁgtﬁ%la%&ﬁ%e f?ﬁ er?et ofh¥ge Jc.nvengion to prov:[r&e

a process for conveniently obtaining a reaction product
with high purity.
A further object of the invention is to provide
15 a process for efficiently separating an imide compound and
a metal catalyst from a mixture containing' the imide
compound and the metal catalyst.
It 1s yet another object of the invention to provide
a process for efficiently regenerating an imide compound
20 which has been utilized in a reaction to be deactivated

by a simple and convenient operation.

DISCLOSURE OF INVENTION
The present inventors did much investigation to
25 accomplish the above objects, and as a result, found that
an imide compound and a reaction product can be efficiently

separated by a crystallization operation and /or an



25 group, and is water-insoluble (e.g., a cyclic alcohol, a cyclic ketone,
an al dehyde having a cyclic hydrocarbon group or a carboxylic acid having a
cyclic hydrocarbon g _ group). Furthernore, the reaction may be
conducted in the presence of a co-catalyst. The present invention also

i ncludes a process for 5 separating the imde conpound and a netal catalyst
froma mixture containing the netal cat@lyst and the inmide conpound. In the
process, the imde conpound and the netal compound by (C) a
solvent-crystallization step for crystallizing the imde conpound by using
a sol vent fore¥GréPﬁ§P§IPP§§@Fbﬂn W%ﬁhdﬁuahﬂmxﬁﬁﬁ@hSQ&Epntoraaﬁsbhﬁtng t he
net al cat al yst bX an absorption treatnent, or (E) an extraction step for

di stributing fRelf ﬂeCQ!@ﬁJH%GQ%?omatﬂhmtﬂY%F wanepe eEblabertEy| vent
and the netal catal into a phase_of an aqueous_ sol vent, respectively by
usi ng 15 the 5§B&% erPVeﬁtCEBﬁFEFHFHSt&PnheEBtaVﬁ?EPtkﬂﬂ gapgd/or an

wat er -i nsol ubl e _sol vent separable fromthe aqueous solvent. In the

sol vent - cryst §FtE2GEL6R QP@ﬁaFé?nstheTE%lBﬁﬁﬁeq¥le¥%ﬁﬁ%ﬂq|9§ﬁ|?ﬁpmay be an
aqueous sgl vent g 3 g gartlc lar water) . The imde conpound may be an
aromati c Pni dB°COMRIIARedahaseHeORethe ehoYryELnddDIBe soluble in an
aqueous solvent. In tgg absor tion steg gg) t he absg tion treatnent my
be conducted by using aHSr ofi- f@ﬁﬁﬁ@e? ©| prefent pYeRtiansEaR (E), the

acous 501 VeBk IO Dl L Sige 0o U 0L AL TSNP YA B RE °
retal catal ystoRy.i %@ﬁr-segaéltio FHLIREEOE ral 8aPE B RBL L RYETAT O"

al so i ncludes "a process regener ab ingTan"rmde co

deact i vat ed 'mgtsareeoyﬁ q{gﬁgeﬁla‘&r thBYi A g%h{g%u%& hg ngsn

conpound in a reaction egenera ng proces conmpound can
be regengpat edmehwgli @l Hab%sbﬁ%eﬁe@&t itwat ed1h BlyiRgCPBPRURE t(goqon.ve”

into a dicarboxylic acid or a salt t héreof, reacting the char xylic acid

or the salt thereof, or a reactive "

I N=X ()

wherein X represents an oxygen atom, a hydroxyl
group or an acyloxy group,
by (Al) a solvent-crystallization step for
crystallizing the imide compound with at least one solvent
15 selected from the group consisting of a hydrocarbon, a chain
ether and water,_(AZ) a cooling-crystallization step for
crystallizing the reaction product by cooling, or (B) an
extraction step for distributing the reaction product into
a phase of a water-insoluble solvent (or non-water-soluble
20 solvent) and the imide 6ompound into a phase of an aqueous
solvent, respectively by using the aqueous solvent con-
taining at least water and the water-insoluble solvent
separable from the agqueous solvent.

In the solvent-crystallization step (Al), the




10 derivative of the dicarboxylic acid with (i) a hydroxylam ne or (11)
O substituted hydroxylam ne, and treating with an acid. Incidentally, in
the present specification, the term"crystallization" includes a rinse or
repul p 15 treatnment conprising washing or crystallizing a desired conpound
with a relatively small anount of a solvent. BRI EF DESCRI PTI ON OF DRAW NGS
Figure 1 is a schematic flowchart for Zxplaining 20 the production process
of the present invention. BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the
process of the present invention, froma reaction mxture obtained by
reacti ng a suhgtiratarbont ihay2be paesabiphat ianhydroearioomdavingps esent ed by
the formula ( 1 ) shown below, a reaction product and the i m de conpound
are separ at ed16l sarhensepamat ongapratisgclibehydroearben avimgpbuna i s
separated as a crystalline conponent or non-crystalline conmponent by (A a
crystallizati @6 ¢é&rbdnaatams emnd ohst ehiailnaetbarwnay e soldi€nt dbkyl
crystallization, (A2)cooling-crystallization]operation, 5 or the imde
conpound can Bthesparatef; pldkwlr £t i @rwperthemn and Hthen reqaoddien sol vent
to shift the imde conpound into the aqueous solvent. [|Im de conpound]
5 product may be a compound soluble in the solvent for
crystallization (e.g., an oxidation reaction product of
an alicyclic hydrocarbon or an alicyclic alcohol).
In the cooling-crystallization step (A2), a
solvent which is a poor solvent for the reaction product
10 and is a good solvent for the imide compound (e.g., a
carboxylic acid and/or a hydrocarbon) may be used as a
reaction solvent, and the reactioﬁ product may be an
oxidation reaction product of an alicyclic hydfocarbon or
amethyl group-containing aromatic compound (in particular,
15 an aliphatic carboxylic acid having 6 or more carbon atoms,
an aromatic carboxylic acid).
In the extraction step (B), the aqueous solvent
may be water and may contain a base. Further, the reaction
mixture may be subjected to hydrolysis treatment in advance
20 of separation of the reaction product and the imide compound.
The water-insoluble solvent may be a hydrocarbon, an ether,
a carboxylic acid. The reaction product may be an
oxidation reaction product of an alicyclic hydrocarbon,
or an aromatic hydrocarbon having a methyl or methylene
25 group, and is water-insoluble (e.g., a cyclic alcohol, a

cyclic ketone, an aldehyde having a cyclic hydrocarbon

group or a carboxylic acid having a cyclic hydrocarbon



An imde conpound has an imde unit represented 10 by the follow ng formula
(1): 00 NX~~) CO Werein X represents an oxygen atom a hydroxyl group
or an acyl oxy group. Exanples of the acyl oxy group include, for exanple, an
acyl oxy group having about 1 to 6 carbon atonms such as 15 fornyl oxy,
acetyl oxy(acetoxy), propionyloxy, and butyryl oxy groups (preferably
Cl- 4acyl oxy group, in par ticular, acet&loxy group). Incidentally, in the
~formula (1) , Xrepresents an oxygen atomor a hydroxyl group, and the
bond between 20 nitrogen atom N and X is a single bond or a double bond. A
concret e exangkeup) .t he i m de conpound having the unit shown by the fornmula
(1) (hereinafter, sonetines referred to imde conpound of the fornula ( 1
) ) includes, for exaRprthemmovepdihel negmtdsenney ey canduicdiedodnnthe - 11
formula (2): 0, R C~NX (2) R C
presence of a co-catalyst.
The present invention also includes a process for
5 separating the imide compound and a metal catalyst from
a mixture containing the metal catalyst and the imide
compound. In the process, the imide compound and the metal
compound by (C) a solvent-crystallization step for
crystallizing the imide compound by using a solvent for
10 crystallization, (D) an absorption step for absorbing the
metal catalyst by an absorption treatment, or (E) an
extraction step for distributing the imide compound into
a phase of a water-insoluble solvent and the metal catalyst
into a phase of an aqueous solvent, respectively by using
15 the aqueous solvent containing at least water and the
water-insoluble solvent separable from the agqueous sol-
vent.
In the solvent-crystallization step (C), the
solvent for crystallization may be an aqueous solvent (in
20 particular water). The imide compound may be an aromatic
imide compound, and the metal catalyst may be soluble in
an aqueous solvent.
In the absorption step (D), the absorption
treatment may be conducted by using an ion-exchanger.
25 In the extraction step (E), the aqueous solvent

may be water, and the water-insoluble solvent may be a

hydrocarbon, an alcohol, anitrile, amixed solvent thereof.




Il O wherein RL and R2 are the sane or different, each representing a

hydr ogen atom a hal ogen atom an al kyl group, an aryl group, a cycloal kyl
group, a hydroxyl group, an 5 al koxy group, a carboxyl group, an

al koxycar bonyl group, or an acyl group; RlL and R2 may bond together to form
a doubl e bond or an aromatic- or non-aronmatic ring; the aromatic or
non-aromatic ring fornmed with RL and RO may have at |east one imde unit
represented by the fornula (1); and X has 10 the sane neani ng as defi ned
above. In the conpound of the formula (2), exanples of the hal ogen atom
desi gnat ed byThbemethit cattadysRimay B2 watkwdeoilaslse, bromi ne, chlorine,
and fluorine. Al kyl groups include, e.g., straight- or branched-chain alkyl
15 groups havi ng abouFuttherhbreartive ptesents utiveationt A¥so Bhdybdepr opyl ,

i sopropyl, butyl, isobutyl, s-butyl, tbutyl, pentyl, hexyl, heptyl, octyl,
and decyl groapprppeskcefalyl yeg€hefaking gnodpidepaompouhdr £yo@ladal kyl
groups). 20 Aryl groups include phenyl group and naphthyl group, and

" cycl oal kyl greéepstivetedeinideoconpbunilkyhighoiipsfemmedaby cewpbpyhngl ,

cycl ohexyl, and cycl ooctyl groups. Al koxy groups include al koxy groups
havi ng abdut theolmddeacphmpound ip aareastisnch By tike Hwegenextdfolyg propoxy
and but oxy groups, preferably Cl _6al koxy groups, and particularly

Cl_4al koxy grBGPSesAl kskecadmpéaycogpeoupd £aBl beeragRosyatedohyl

hydrolyzing the deactivated imide compound to convert into
a dilcarboxylic acid or a salt thereof, reacting the
dicarboxylic acid or the salt thereof, or a reactive

10 derivative of the dicarboxylic acid with (1) a
hydroxylamine or (ii) O-substituted hydroxylamine, and
treating with an acid.

Incidentally, in the present specification, the

term "crystallization" includes a rinse or repulp

15 treatment comprising washing or crystallizing a desired

compound with a relatively small amount of a solvent.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a schematic flow-chart for explaining

20 the production process of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
In the process of the present invention, from a
reaction mixture obtained by reacting a substrate in the
25 presence of an imide compound represented by the formula
(1) shown below, a reaction product and the imide compound

are separated. 1In the separating process, the imide



5 groups having about 1 to 10 carbons atons in an al koxy noiety, such as
nmet hoxycar bonyl , et hoxycarbonyl , propoxycar bonyl, isopropoxycarbonyl,

but oxycar bonyl, i sobutoxycarbonyl, t-butoxycarbonyl) pentyl oxycarbonyl, and
hexyl oxycar bonyl groups (preferably, Cl_6al koxy-carbonyl groups, nore 10
preferably Cl_4al koxy-carbonyl groups). As the acyl group, there may be
exenplified those having about 1 to & d&rbon atons, such as fornyl, acetyl,
propi onyl, butyryl, isobutyryl, valeryl, isovaleryl, and pival oyl groups.
15 The substituents Rl and R2 may be the sane or different . Moreover, in
the fornul a ( cémponntihésssbpairattedt asRa ergsBalimigeboonpbagather to form a
doubl e bond or an aromatic- or non-aromatic ring. Preferred aromatic- or
non- aromat i ¢ mongsrystadhdoe Sompofidntrepeizdd acoeystallpaationl p(AY) about 6
to 10-nenbered. ones . Though the ring may be a heterocycle or a condensed
heterocycl e, a spdveun&rbuystrddizatienywtabea. sGXaapkesonf such ring

i ncl ude non-aromatic alicyclic rings [e. g., cycloal kane rings which may
have a substi caystalddehtaoncylAdhesahtngscryntaltyzadbiohdeperiatdomnhi ch
may have a substituent, such as cycl ohexene ring; bridged hydrocarbon rings
whi ch nay5hav@ratb@bsmﬂﬂaeﬁpmpgu@ﬁ ggnsbﬁosgpﬂnehedrngpxtanation 13
aromatic rings (|nclud|ng a condensed rlng whi ch may have a substituent,
such as benzeRPerAkdOANWIEApANHANEROUS AS: Vﬁﬁtnﬁﬁyshﬁ§$aﬁb@simﬂﬁ@
aforenentioned ring i s constituted of an aromatic ring. 5 The ring may have
a substituent CONPRURE &ﬁtQI%9P gAayepusaspaveBtkyl group, a hydroxyl group,
an al koxy group a carbox oup , an al koxycarbonyl group , an acyl group
, anitro group ?aﬂ é?%ﬂ% an am no group and a hal ogen atom 10

-I'ncidental ly, the aropgatic- _.or non-ar ticrin onposed of t
substituents Rl and nﬁ91ﬂ8v8°ﬂP°P§ agndn| ﬁﬁaé EﬁpitrEﬁPE§§ﬁPﬁﬁdby t he

f I d t F I wh R1 R2
rggrgsgnéé)ag%§F%§F 5?038"%89|%§r9-n§eﬁ332 iérboﬁraféﬁgp iS th:ninidgrunit

shown by the formula (1) nay be forngd in the adjacent two carbon atons
constituting the al kyl group. Mor €r, when Rl and R2 nay bond together to
forma double bond, the imde unit 'sh&Mﬁxby the(gornula (1) may be forned
in the doubl e bond. Further, whe Cand R2 may' bond 20 together to form an
aromatic- or non-aromatic ring, the Am de unit shown by the fornula (1) may
be formed in the adjacent two carbon atons constituting the ring. The

preferred i mde conmpowRdgeit ACkUdepeaEBAYBdancsRYEEACH BN, Beniakrbrying
formul ae: - 14
group or an acyloxy group.
Examples of the acyloxy group include, for example, _
an acyloxy group having about 1 to 6 carbon atoms such as
15 formyloxy, acetyloxy(acetoxy), propionyloxy, and
butyryloxy groups (preferably C;_jacyloxy group, in par-
ticular, acetyloxy group).
Incidentally, in the formula (1), X represents an
oxygen atom or a hydroxyl group, and the bond between
20 nitrogen atom N and X is a single bond or a double bond.
A concrete example of the imide compound having
the unit shown by the formula (1) (hereinafter, sometimes

referred to imide compound of the formula (1)) includes,

for example, a compound represented by the following



R~-CR-CC~NXI ~NX XN\ RZCR CCO00O0(1a (1b) MR (1d RAR
(le) R4 R5 (1c) (1~ X wherein R3to R6 are the sane or different) each 5 10
representing a, hydrogen atom an al kyl group, a hal oal kyl group , a

hydr oxyl group , an al koxy group , a carboxyl group , an al koxycarbonyl
group, an acyl group, a nitro group, a cyano group, an am no group, or a
hal ogen atom each of the adjacent grod@s-of R3 to R6 nay be bond together
to forman aromatic- or non-aromatic ring ; A represents a nethyl ene group
or an oxygen atom and R1l, R2, and X have the sanme neani ngs as defi ned
above. As to fhemslbs{Rbuents R3 to R6, exanples of al kyl 15 groups,

al koxyl groups, al koxycarbonyl groups, acyl groups, and hal ogen atons are
simlar to those |listed above. Exanpl es of hal oal kyl groups include

hal oCl _6al kyl groups such as trifl udronethyl group. Usually, the

substituents R3 to R6 each §tBﬁii[i6(, In many instances, a hydrogen atom
N R?

/N==X @)

C
]
o

wherein R' and R? are the same or different, each
representing a hydrogen atom, a halogen atom, an alkyl group,
an aryl group, a cycloalkyl group, a hydroxyl group, an
5 alkoxy group, a carboxyl group, an alkoxycarbonyl group,
or an acyl group; R and R2 may bond together to form a double
bond or an aromatic- or non-aromatic ring; the aromatic-
or non-aromatic ring formed with R1 and R2 may have at least
one imide unit represented by the formula (1); and X has
10 the same meaning as defined above.
In the compound of the formula (2), examples of
the halogen atom designated by the sﬁbstituent R' or R?
include iodine, bromine, chlorine, and fluorine. Alkyl
groups include, e.g., straight- or branched-chain alkyl
15 groups having about 1 to 10 carbon atoms such as methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl, t-
butyl, pentyl, hexyl, heptyl, octyl, and decyi groups
(preferably, C,.galkyl groups, particularly C;_,alkyl
groups).
20 Aryl groups include phenyl group and naphthyl group,
and cycloalkyl groups include C;_;4 cycloalkyl groups such
as cyclopentyl, cyclohexyl, and cyclooctyl groups. Alkoxy

groups include alkoxy groups having about 1 to 10 carbon



- 15 a lower alkyl group having about 1 to 4 carbon atons, a carboxyl
group, a nitro group, or a halogen atom The im de conpounds are singly or
i n conbi nation. Exanples of a preferred i m de conpound include 5

N- hydr oxysucci ni m de, N-hydroxymal ei m de, N hydroxyhexahydropht hal i m de,

N, N' di hydr oxycycl ohexanet et r acar boxi m de, Nhydr oxypht hal i m de,

N- hydr oxyt et r abr onopht hal i m de, NhydroXyt et rachl or opht hal i m de,

N- acet oxypht hal i m de, 10 N-hydroxyheti m de, N hydroxyhi m nm de,
Nhydroxytrinmellitimde, N N -di hydroxypyronellitim de,

N, N' - di hydr oxatepst suanesane thaxporaéthiaky, Pheporydand buoxydgrewpdHe
prepared by a conventional imdation reaction, for exanple, by allow ng 15
a correspondi pgefierabiyhgrgadsoxy geaupsmncmd¢gart¢quknﬂluaQﬂﬁﬁikwxw

ri ng-open the acid anhydride group, and then closing the ring to form an

i mde. The acB#OHBBydri des include saturated or unsaturated aliphatic

di carboxylic acid anhydri des such 20 as succini c anhydride and nal efic
anhydri de; saturated g%kgﬁxgﬂﬁbgﬂﬁa goauns ohpelede yalkexyeapbenpbxyl i ¢ acid
anhydrides (alicyclic polycarboxylic acid anhydrides) such as

t et r ahydr ®pht BAPPRs favd nehahent deto A8 qashanspatoms e ar pdkaxmReiales

(1, 2-cycl ohexane_di carboxylic 25 acid anhydride), .1, 2-anhydri de of

1, 2, 3, 4cycl ohé?&ﬁé’tse‘f‘?’éﬁaﬂﬁiprBY&e|q}3h°d‘ryct?§é’(?"é’>lol PEOPRXYCAFBORYLi ¢ acid
anhydrldes (a|IC§C|ICﬁ§O| car boxylic - aci anh drldes% such as hetic
aci d anhydrldésa gORP EaéePBY%nh?HFPHXcaﬁﬁﬁnXionﬁFPE EBFYEQ BBQY@PC aci d
anhydri des su

as ghthah inhﬁdrld tetr bro htaah r|de
teargchgoroph HBP <EHARLEPPY FPFE HFMQFF 032 nh$t %¥Y PFIT:C
anmyar de. ToPPRACRGPReroaRiLl: s SHERTrEF ot el R Fre ol
- di anhydrj ﬁ R@ﬁ gggbiylé ﬂﬂéﬂ éﬁg%r|vegH?§%#§%C|Udes a 10 cyclic imde

conmpound roxy conp m‘an alicyclic

pol ycar boxy' ic anhydrmeuh@%fai& @&u, ONEREEL in¥ a\gbfer BELAB13 308 {:féo?e

pol ycar boxyl i c anhydride, for "exanpl &, an aronmdtic im conmpoun

hydr ophobi c 'Hh@@ngOQEQHHQLQk>% YarBbn! #66ha! D] fidHaEe £6 UnQ&eﬁgih as 15
N- hydr oxypht hal i m de and N acet oxyphthal im de]. Incidentally, such inide

conpounds canplkepibhkiz eslue% r{l CHo SopstyPl, Faldirvat yigbvhae&wonané a. g
, oxi dation reacti on, oxyI ation reacti on, ni tration reacti on,

sul f onati on r pavhlogl gebhghlon reaction, radi cal

15 The substituents R1 and R2 may'be the same or
different. Moreover, in the formula (2), the substituents
R1 and R2 may bond together to form a double bond or an
aromatic- or non-aromatic ring. Preferred aromatic- or
non-aromatic rings are about 5 to 12-membered ones,

20 particularly about 6 to 10-m§mberedhones. Though the ring
may be a heterocycle or a condensed heterocycle, a
hydrocérbon ring in many cases. Examples of such ring
include non-aromatic alicyclic rings-[e.g., cycloalkane
rings which may'have a substituent, such as cyclohexane

25 ring; cycloalkene rings which may have a substituent, such
as cyclohexene ring; bridged hydrocarbon rings which may

have a substituent, such as 5-norbornene ring]; and



20 coupling reaction). In particular, just contacting a substrate with
oxygen in the presence of the im de conpound can provide an al cohol, a

ket one, a carboxylic acid, and a | actone with high selectivity and yield.
The amount of the im de conpound of the fornmula 25 ( I ) can be selected
within a wide range, and may for exanple be about 1 x 10 6 nol ( 1 x 10-4
ml %) to 1 nol ( 100 nol %) , prefeddly about 1 x 10 5 nol (1 x 10 3
nol % to 0.5 nol - 17 510 15 ( 50 nmol %) , and nore preferably about
1 x104 ml (1 x 102 ml %) to O . 4 ol ( 40 mol %) relative to 1 nol
of a substrat @&comatidcapbygs I Hncilmdingh ¢andense®ripg) Which mayshave (35
nmol % of the im de conpound practically enployed. Incidentally, use of the
i m de conmpound@sSPhshifuert; v as bepzepesning and nepbthadenenring.

nodi fication of part or all of the im de conmpounds dependi ng upon the

speci es of thdyBaARYitaANres r dhet afarevadtioned ming dgptenstikabpies of
such deactivated or deconposed product (deactivated catal yst) include a

N- subst it ut ed 8 aRoAa¥eRaticurd®deyclic i m de compound having a unit
represented by the following formula (4), a cyclic acid anhydride having a
unit repr@sented by tRBefBLNGIAY Rarend Subdtityents suchgagpahedlli®li vati ve

thereof: 0 O na CNY S.O cCCcoo ~4% I%)ﬁvvnerein Y represents a hydrogen
atom or an al EE2PyrHhp: °E}§M§|9é’s°“cﬁ' Ry IR IR RIn 2P AYKATY, IFBHPexanyl e,
20 an oxy group suﬁsti;ut ed with tEE rou cor;es onding to a substrate (e.
g., hydrocar b&n§3ERHY aIEP B¢ 1AL R ﬁgy,cagaeny s9 °‘FR/drag'b9FB&n9r°uP'

group-substit %t ﬁgtgéygxgort(t)ﬁj,p a( gyagb’ group, an amino group and a halogen
atom.

10 Incidentally, the aromatic- or non-aromatic ring
composed of the substituents R1 and R2 may have at least
one imide unit represented by the formula (1) (usually,
one or two imide units). For example, when R' or R?
represents an alkyl group having 2 or more carbon atoms,

15 the imide unit shown by the formula (1) may be formed in
the adjacent two carbon atoms constituting the alkyl group.
Moreover, when R1 and R2 may bond together to form a double
bond, the imide unit shown by the formula (1) may be formed
in the double bond. Further, when R1 and R2 may bond

20 together to form an aromatic- or non-aromatic ring, the
imide unit shown by the formula (1)' may be formed in the
adjacent two carbon atomé constituting the ring.

The preferred imide compounds include compounds

expressed by the following formulae:



- 18 CGCs-2ocycl oal kyl oxy group). For exanple, when a cycl ohexane as a
substrate is oxidized, a conmpound can be produced which has a unit
represented by the fornula (4) wherein the group Y is cycl ohexyl oxy group.
5 Moreover, for exanple, when N hydroxyphthalimde as the imde 'conpound
is used, there are produced a phthalimde forned by reduction during a
reaction (a conmpound of the fornmula ¢ 44) -wherein the group Y is hydrogen
aton), N-substituted oxyphthalim de correspondi ng to a 10 substrate ( a
conpound of the formula ( 4 ) wherein the group Y isgdn al koxy group),
pht hal i ¢ anhydride f& nmed by hégrol'ﬁl s during a?reac |on|0|f ol | owed by
dehydrating to Rk\pg-@l ose (a ¢ . cand a ri ngopen
derivative thereof (a\lg _ﬁ(ar boxyl i ﬂ uch)é.a.@l/15 @: i (‘, These
deactivated cat al ts/ an' be rege he'\af sia |0n step for
regenerating t HR? conpounRk? [Cc?acat alyst] 2B Th& i m ¢¢e conpound may be
used in conbi nation jth a co- catalﬁt . As the go-cgjsal ygg ( sonetines
referred to as a netal catalyst or netal co-catalyst), there may be
mentioned a netal c ound, for ex e, such as tramgjtion
met al - cont ai ni ng coﬁl’p unds and con‘g nds cont aining a 25 G oup 13 el enent
of the Periodic Table of Elenents ( a . ., boron B, Al um num Al)
typified by a bororksconpound The coRéata st can be u ei ther singly or
i n conbi nation, t he t[ansml onyretal el ementy th&fe may be
nentioned, foR\Npsraqceg reqt sCof the IR of le of Elenents

(e. g., beS|des ~m Y, N:adxt hanoi o 2frentdg_syich as
- 'ant hanum La, ce

Ac ) , Goup R°eleng

tinold eIe ugh as actinium
g . .,

titanium Ti, zircormgeum &, hafnium Hk}, GOoup 5 el enentge (eog , vanadi um
V, niobiumNb, tantalumTa ) , Goup 6 elenents ( a . ., Cchromum Cr,
nol ybdenum Mo, tunggiggn W ( Goup 7 eﬂgmants 10 (e.g., (ffRnganese Vh) ,
G oup 8 elenments (e.g., iron Fe, rutheni'um Ru, osm um @) G oup 9 elenents
(e. g., cobalt Co, rhodiumRh, iridiumlr ) , Goup 10 elenent s ( a . g .
, nickel N, palladiumPd, pl atl numPt ) , and G oup 11 elenents ( e. g. ,
copper Cu, silver Ag, wgei:diﬁuk ofo tRfe aber ithdi samebbe aifisrEheneansh
Particularly, when conbined with an im de conpound of the fornmula (1), a
conpound cont Zepregeatliagt &dnoimbgdre akiom ,s anha by Cagroup Gaohpldadkgdent
such as Ti , a Goup 5 elenent such as V and Nb, ,a Goup 6 el ement such as
Cr, 20 Mo andgwpup.@ bydroxylegreonp s anhabkokh group,oaabebxyiegrogpch as Fe
and Ru, a G oup 9 elenent such as Co and Rh, a G oup 10 el enent such as N1
, a Group5 11 arefdkexygarbapytugrewp a @oiﬁlelCQqulmver@t ndeie groBpand Al
exhi bits high oxidation activit 25 There is no specific restriction on
t he species ofYRRE @508& aP?sP‘“%EB g%XPHPz| ﬁg’ agbadogpnpababt ePRCPr 6§ ded

that it contai HS ag enent sel ec%ed; from
e a jacent groups of R™ to R may be bond together to form

an aromatic- or non-aromatic ring ; A represents amethylene
group -or an oxygen atom; and Rl, R2, and X have the same
10 meanings as defined above.

As to the substituents R3 to R6, examples of alkyl
groups, alkoxyl groups, alkoxycarbonyl groups, acyl groups,
and halogen atoms are similar to those listed above.
Examples of haloalkyl groups include haloC;_galkyl groups

15 such as trifluoromethyl group. Usually, the substituents

3 6
R” to R each stands for, in many instances, a hydrogen atom,



- 20 elements |listed above and has the catalytic ability. The co-oxidizing
agent may be a hydroxide but is usually a netal oxide, a hydride, a
nitride, an oxygen acid or its salt, an oxygen acid ester, an organic acid
salt, an inorganic 5 acid salt, a halide, a coordination conpound
(conplex), "a heteropolyacid or its salt, which contains an el enent of
those |isted above. Further, as the bodén-conpound, there may be
exenplified boron hydrides (e. g., borane, diborane, tetraborane,

pent abor ane, decaborane), boric 10 acids (e. g., orthoboric acid,

met habori c acadlowerr ahkyilcgaoug) habbngt abo@salt so0od bdarbonaatehs(eag.,

ni ckel borate, nagnesium borate, nanganese borate) , boron oxi des such as
B203, bor azanearboryiegroupor aznhérobgronpanbdea halogenmatiem.and ot her

ni trogen-cont ai ni ng conpounds, BF3, BCl3, 15 tetrafl uoroborate and ot her

hal i des, and esters oThedimbdecompoands areesinyglyarmatia, cahieiyatbomat ). As
the organic acid salt , there may be nentioned, for exanple,

Cl- 30car boxyl at es ( C2ERdaoplesxgf at epréfenradatmbdet avmpound opnohades, salts
of naphthenic acid, octylate, 20 and stearates , and exanples of the

i nor gani cSaci §- hydroxysucailniaide, NohydrexymahdiphdephMtes. Moreover, as
the halide, there may be exenplified chlorides and bromdes . As a Iigand
of the conpleRYdFﬁ§Vg3#39Y§§°Ekéh?limiéé M. Nhydr oxo) ; al koxy groups such
as net hoxy, ethox propoxy and butoxy groups; acyl groups such as
acetyl and prthUé?PxQPUG§9h959R6§9EEﬂﬁéﬁypxémééﬁs Noch as net hoxycar bonyl

(acetato) and etho;&carbonﬁ groug - 21 acetyl acetonat o,
cycl opent adi eRYATGXEBRLPAAABAER - aNohEATaxKtesTehromPRRtAA4INLER Nl cO ON:

triaryl Ethg? phﬂxgrgff@h'oﬁaﬁpﬁﬁﬁ RbERAS AR e ﬁ-éﬁéﬂgﬁgpﬁ?ﬁéﬂﬁﬁﬁé aimng
oD oncto an R AYarExbRT AL NoGYabokvhinundln. K2 S i ol The. As to the
conpl ex or a gﬁ%%tﬁ{n&l tiln{ﬂﬁ% ﬁéra”ﬂiﬁ%&kbﬂéﬁ&?g@%ﬁ?%iﬁni‘ﬂ@ or

different kin be coor |na ein conmpl'exes$ incl ude

conpl exes connannLash%mpaabheﬁagghake%!.:sas%gﬁ@iaaed from those

menti oned above . The co ex  may constitute a conbination of a

transition netal el enppg Qﬂgda &b gn&hggnaﬁg ﬁytﬁgpgd B¢l gcted fromthe
above. For exanple, the preferred 15 conplex nmay be ceri unacetyl acet onat o,

vanadi unacet ytaaobakabaalCORPA4 BLEH HerletlidmAt 901‘@5&5}@%1& m&ehﬂaﬁshgnat 0,
or copperacetyl acetonato. A polyacid which forns th et er opol yaci d
cont ai Nns}15i N BEEYrEESESnding akgasdnwfd@r Dde ter&a Ot 1T eheaeokglanih8e
NH,OH to ring-open the acid anhydride group, and then
closing the ring to form an imide.
The acid anhydrides include saturated or
unséturated aliphatic didarboxylic acid anhydrides such
20 as succinic anhydride and maleic anhydride; saturated or
unsaturated non-aromatic cyclic polycarboxylic acid
anhydrides (alicyclic polycarboxylic acid anhydrides)
such as tetrahydrophthalic acid anhydride, hexahy-
drophthalic acid anhydrides (1, 2-cyclohexane dicarboxylic
25 acid anhydride), 1,2-anhydride of 1,2,3,4-
cyclohexanefetracarboxylic acid; bridged cyclic

polycarboxylic acid anhydrides (alicyclic polycarboxylic



20 G oup 6 elenents of the Periodic Table of Elenents, such as V (vanadic
acid), Mo (nolybdic acid), and W (tungstic acid) . There is no specific
restriction as to the central atom Concrete exanples of the heteropolyacid
are cobal t nol ybdate, cobal ttungstate, nolybdenuntungstate, 25
vanadi uimmol ybdat e, and vanadonol ybdenunphosphate. Wen a co-cat al yst
containing the Goup 7 elenent and/or fke-Goup 9 elenent [e.g., the

conbi nati on of the - 22 Goup 7 elenent-containing compound and the

G oup 9 el enment-containing conpound (in particular, the conbination of
nanganese-con@ﬁ#ﬂiﬁghydﬁﬁgaﬁd gncghcasahettonaaidi aghydnpderand himiepl oyed,
an aliphatic 5 dicarboxylic acid (in particular, adipic acid) or an
aromati ¢ car b8%¥fj anbyAgideer apht puPMatieci nplycarbokyildat agigravhyed. It is
preferred that the nmetal catalyst is soluble in the solvent crystallizable
of a reactiondpiéagceush as pbthalde aphpduhde¢ tatpabromephthakhcaqueous
sol vent such as water and water-containing solvent). The preferred netal

cat al yst incIGBBXdFiﬂeerté%ﬁﬁﬁhéoFoﬂhtbﬁbgﬁi%nhidnigaltnitEpPhEPal%Cacetate
) , aninorganic-acid salt ( a_. g . , sulfate ) , a halide (e. g.

chl oride)® anaBRydeidg. &xpmetlifigeanhypgsidaci Bethyleichahexenear, an
organic acid galt, | ex. The am_de _conpound or _a catalgtic system

conprised of th&C ﬁgaggggﬁpeﬁﬁe pahygdride nePypEoRedddtichranh¥eEhdadr yst nay
be a sol | d caPRLyCELSoRRBRAFLaRngaaah BF t PT. component. supported on &
Such as acti vaabEFnateReTRRREhrbB L i Pt AT aRhRARIA3SRa benton fe. As
catalyst, 25 the amoohiPaftEREPERTR pEEPREERE o PRphURaCHRERA0S Jo) T about

0.1 to 59qpar E?ﬁﬂc‘"ﬁﬁﬁﬁ@ Joﬂltp%tsd'l?\gg Béﬁep}d.q%%ﬁdé"%iro&@)uﬂﬁ &%%1?% port.

The amount of e co-catalys ! ative parts

the o cat al yotomei BE by e B Ry ) BT an o o I L by
about 1 x 10 Gebivel ¥Pof- dn"RkomHBiE PbEEARBLY¥yEREUANAydrife? FBY t0 0.1
| examplé, an aromatic imide compound (a hydrophobic imide
compound or a water-insoluble imide compound) such as
15 N-hydroxyphthalimide and N-acetoxyphthalimide].
Incidentally, such imide compounds can be utilized
as a catalyst for a variety of reactions (e.g., oxidation
reaction, carboxylation reaction, nitration reaction,
sulfonation reaction, acylation reaction, radical-
20 coupling reaction). 1In particular, just contacting a
substrate with oxygen in the presence of the imide coméound
can provide an alcohol, a ketone, a carboxylic acid, and
a lactone with high selectivity and yield.
The amount of the imide compound of the formula
25 (I) can be selected within a wide range, and .may for example

be about 1 x 10 ® mol (1 x 10 * mol %) to 1 mol (100 mol &),

preferably about 1 x 10> mol (1 x 10~ mol %) to 0.5 mol



mol ( 10 nmol %) , and is about 1 x 10 6 nol to 1 x 10 2 nol, and
particularly about 1 x 10 6 nol to 1 x 10 3 nol, relative to 1 nol of a
substrate. Wien the heteropolyacid or a salt thereof is used as the
co-catalyst ( the anmount thereof is , 10 relative to 100 parts by wei ght of
a substrate, about 0.1 to 25 parts by weight, preferably about 0.5 to 10
parts by weight , and nore preferably about 1 to 5 parts by weight . The
concentration of the co-catalyst in |iq uid-phase reaction systemis
usually about 1 to 10 , 000 ppm 15 preferably about 5 to 5 000 ppm and
nore preferabl{y0 axdus)l0and nibrdprpfierablyecalyhit hagi 504 molLdehtxal 0y, t he
ratio of the co-catalyst to the am de conpound is, for exanple, am de
conpound/ co- caohl¥)sto 0 .35mM&l (@ 05nEb $)moékat et £o)l mpled®nahibys tatechet, 90/ 10
to 20 20/80 (molar ratio), and jore preferal_o%y about 85/15 to 50/50 (nolar
rati o). [Subs¥ithejbduie bpecl@s oola (dubsfPat endls fbtteal t3Tumak (B9 i nit ed,
and includes various substrates disclosed in 25 Japanese Patent Application
Lai d- Open No.m@R7%Pcefl otire (Iride occonyomsi pradticaklhyempteyedn, an
al cohol, an al dehyde, a ketone, an ami ne, a heterocyclic conpound, a

5 Incidentally, use of the imide compounds in a

reaction sometimes results in deactivétion or modification
of part or all of the imide compounds depending upon the
specles of the reaction and a reaction_condition. The
typical examples of such deactivated or decomposed product
10 (deactivated catalyst) include a N-substituted or non-
substituted cyclic imide compound having a unit
represented by the following formula (4), a cyclic acid
anhydride having a unit represented by the following

formula (5), and a ring-opened derivative thereof:

15

0 0
1] 1
C C,

I N=y I o
¢ c
1] 1]
0

@) ()

wherein Y represents a hydrogen atom or an alkoxy

group.
Examples of the alkoxy group include, for example,
20 an oxy group substituted with the group corresponding to
a substrate (e.g., hydrocarbons such as a cycloalkane),

such as a hydrocarbon group-substituted oxy group (e.g.,



- 24 thiol, a sulfide, and an am de. The preferred substrate includes a
hydr ocar bon, an al cohol, an al dehyde and a ketone. As the hydrocarbon,
there may be nentioned a 5 saturated or unsaturated aliphatic hydrocarbon
whi ch may have a substituent, a saturated or unsaturated alicyclic

hydr ocar bon which may have a substituent [e.g., a cycloal kane, a cyclic

ol efin, a polycycloal kane, a bridged-c¥8ltc hydrocarbon having a tertiary
carbon atom (net hane 10 carbon)) a hydrogenati on product of a condensed
cyclic hydrocarbon], a condensed cyclic hydrocarbon containing a

non- aromati ¢ €ijngecyatbadkydopwr gratiphy drivge restanilec,0vdens ed ot hahest+ ¢
hydr ocar bon, an aromatic hydrocarbon in which a nethyl group or a nethyl ene
group i s boundnemsls swbatvateils oxigizad,t Aecamanrad eanobe preduced ed

al i phati c hydrocarbon, there may be nentioned C4-20saturated hydrocarbons
such as but anehi¢hkobas ameynpenrepreeserkedchy ochentormilaleCbhesherein

C4- 200l efi ni ¢ hydrocarbons such as 20 2-butene and isobutene; |inear and
branched al i phBei greyBr bchs berieleherydexyogrognt e di enes (e. g., butadiene
(1, 3-butadiene), isoprene (2-nethyl-1,3-butadiene)). The preferred

al i phat i c5hydr ocar borMoFeRYerle fiar e8P leat whan i hydraeephidral Hutde as

i sobut ene, branched 25 unsaturated hydrocarbons such as isobutene and

~ conj ugat e dieﬂﬁstgﬁchmbgebﬁ?@BPBﬂé 15s8pe@netherenare eredeeedt@d or
unsaturated aljcyclic - hydr ocarbon, preferred alicyclic hydrocarbons
i ncl ude al i cyBPRt a%&ﬂ%@%aﬁ%ﬁmgdh9¥lﬁﬁdﬂﬁBﬁ?HSdﬁﬁiﬁg ﬂeﬁ%@?gioﬁré?erably

232;&& lﬁkt Sbﬁﬁegﬁp”?ﬁﬁé@ﬁﬁﬁﬁ&%éi‘é&%@?@fw@ﬁ S50 &%b ?ﬁmé?;gsr; The
cyel opent ane, *E5mY oritxaRs HESRPRR coramenef LR AR, SREfeRbeiaRBnake & 7
cycl odecgge, gxsggyaggcgag RBSREE SR BorRUToL | el 38 e aroup

cycI ot et radecane cycC cane oel cosane, ocosaney

cyclotetracosgnFSC€%| ?tgﬁeg?ggaaang 5figr§$k df&d@oféfh8§|59”es nor e

preferably C4 Ic ol s I nclu or~ exanpl e,
C3_ 15 30cycl Hﬁhkéﬂ%i& p&ﬁifﬁsblayrgéc@%r’( CEOP) 5788 Sby ”@éﬁ}r&fé’é PhGoLY

C4 | 6cYcl oal kenes) such as cycl opropene, cyclobutene, opent ene,

cycl ohexene, gyf OBEQ§6n€a eMYbeeﬁaeae tﬁ&CfeﬂﬁﬂEHe(S?Wdaﬁﬁchoéﬁﬁgﬂe
cycl oal kadi enes (e.g., C3_30cYcl oal kadi enes, preferab

20cycl oal kadi epes, dé’ﬁiﬁaﬁ!ﬁéetﬁéféo@!,aﬁ@){@hﬁabkﬁﬂlené&iduﬁhcnsas
cycl opent adi ene, 1, 3-cycl ohexadi ene, 1,4
15 phthalic acid).

These deactivatéd.catalysts can be regenerated in
the aftermentioned step for regenerating the imide com-
pound.

[Co-catalyst]

20 The imide compound may be used in combination with
a co-catalyst. As the co-catalyst (sometimes referred to
as a metal catalyst or metai co-catalyst), there may be
mentioned a metal compound, for example, such as transition
metal-containing compounds and compounds containing a

25 Group 13 element of the Periodic Table of Elements (e.g.,

boron B, Aluminum Al) typified by a boron compound. The

co-catalyst can be used elther singly or in combination.



cycl ohexadi ene, 1, 3-cycl ohept adi ene and ot her cycl ohept adi enes,

1, 5-cycl ooct adi ene and ot her cycl ooct adi enes); cycloal katrienes (e.g., C4_
25 | 6¢cycl oal katri enes such as cycl ooctatriene); cycl oal katetraenes (e.g.,
C4_| 6¢cl oal kat etraenes such as cycl ooctatetraene), and so forth. - 26 As
bri dged cyclic hydrocarbons, there may be nentioned, for exanple, bicyclic
hydr ocarbons (e. g., pinane, pinene, -badnane, norbornane, norbornene, bicy
clo[3.2.1] octane, bicyclo[4.3.2]undecane), tricyclic 5 hydrocarbons (e. g.,
adamant ane, exotricy clo[5.2.1.02' 6] decane,

endotricycl o[ 5. 2. 1. 02A6] tireatreansieioncyetal syéehaces beerd emag. be
tetracyclo[4.4.0.12'5. 1~' | o] dodecane), and di cycl ohexadi ene,

di cycl opent adinentianddotfier idistearcef Gliotpes, e lambmige ot eHelPepiodict s of
these diners (e. g., dicyclohexane, dicyclopentane), their derivatives and
terpenes (e. Fapblesoofchlement®nc g pertessidescsechndimnsteapémestrimmocyclic
sesqui terpenes, bicyclic sesquiterpenes, tricyclic sesquiterpenes,

di t er penes, tHitéapthaspideelemnenpsnsachlaspbaythamanecsa ancerktanvee | ves
thereof. As a bridged cyclic hydrocarbon, bi-, tri- or tetracyclic

hydr ocar bdn h&amagiumdim: actdndd dcehementsisnchcas Eart iatioms Acf) ,t Geoupngs (i n
particul ar, about 6 to 14 constitutive carbon atons of the rings) such as
pi nane, 20 boftriRenisr o6 itheRyriedboMabie ofaBiements d evay ,beltapiayed in
many cases. The condensed pol ycyclic hydrocarbon containing a non-aromatic
ring such as gémppépgogﬁuﬂaZF;a afnium Hf), Group 5 elements (e.g.,

vanadiumV, niobium Nb, tantalumTa), Group 6 elements (e.g.,

chromium Cr, molybdenum Mo, tungsten W), Group 7 elements
10 (e.g., manganese Mn), Group 8 elements (e.g., iron Fe,

ruthenium Ru, osmium Os), Group 9 elements (e.g., cobalt

Co, rhodiumRh, iridium Ir), Group 10 elements (e.g., nickel

Ni, palladiumPd, platinumPt), and Group 11 elements (e.g.,

copper Cu, silver Ag, gold Au) of the Periodic Table of
15 Elements.

Particularly, when combined with an imide compound
of the formula (1), a compound containing a lanthanoid
element such as Ce, a Group 4 element such as Ti, a Group
5 element such as V and Nb, a Group 6 element such as Cr,

20 Mo and W, a group 7 element such as Mn, a Group 8 element
such as Fe and Ru, a Group 9 element such as Co and Rh,
a Group 10 element such as Ni, a Group 11 element such as
Cu, or a Group 13 element such as B and Al exhibits high
oxidation activity.

25 There is no specific restriction on the species
of the cg—catalyst (co-oxidizing agent or promoter)

provided that it contains an element selected from the



hydr ogenat ed condensed -pol ycyclic hydrocarbon includes 25 acenapht hene,
fluorene, tetralin, indene, indan, perhy droanthracene,

per hydr ophenant hr ene, perhydrophenal ene, perhydroacenapht hene, decali n,
hexahydr oi ndane and so on. - 27 In the condensed pol ycyclic hydrocarbon,
a 5- to 8-nenbered ring (in particular, 5- or 6-nenbered ring) may
practically be condensed. The pol ycyel 2@ hydrocarbons such as the condensed
5 polycyclic hydrocarbons and bridged cyclic hydrocarbons have at |east one
met hyl i dyne group (i.e., nethine carbon-hydrogen bond -CH) in the

bri dgehead poeiementsahtidted jaboote andpbast themsathlyitig sbititiet villee
rings). The aromatic hydrocarbon in which nethyl group or 10 nethyl ene
group i s boungotoxifdizingmaent mayderahysroxidenpotds wswally atmeétakt one
met hyl group or nethyl ene group being substituted on the aromatic ring. The
aromati c ri ngo¥afebea iy d ¢ dmidirigdeman oxygenosaidoprrihyg saltn
aromati c heterocyclic riqg . As exanpl es of such conpounds , 15 there may
be nentioned 8Bl 9¥¥gen (acid pster,) .an exganic agidr sadt hyabekperganic
mesitylene, 1,2, 3, 4tetranet hyl benzene, durene, 4-t-butyl-1-nethyl benzene,

et hyl benzene, 2ft8p§pbEnzanaalidernd, ceordipabiontonpewnd crromplex),

1- et hyl napht hal ene, 2-net hyl napht hal ene, 20 1, 5-di net hyl napht hal ene,

2, 5-di net hyl n@pheharenelyacid  at| ke nsasbnewhich contains an element
2-nethy|anthragene,Q-n&ihﬁlanthracene 4, 4' - di et hyl bi phenyl , di benzyl,

di phenyl met haRE, tBA§et [1RedyRRRY Rand Unthey t3frkliey ReFqm comppURS.

hyd b hayi b 1 4 hyl LN, i I le is 25

par 1 cul ar |y BREFS: 788, bRnexprerLFied RYEPOcaYBISF nEPuder (59EFP8on | ugat e
di . 0. L ' , (2 ds_havi - 28

car bon- hydr ogSAPEEARea ackaPBFEREY nefkaBBRRicuPRetteny Pixy

C4_20o0l f ¢ =b t - h
Yl ohexine and eIy 1 % bRorARROTELACLa: the hATRENE BEABY e OO OBEReC 01 £°
as cycl ohexensciﬁf), EHRNS ¢dat sl oF b%qwuesﬂpso(f&?d N §9cReAOBoRALEBL I C

ring (e.g., a cycloalkane ring or a heterocyclic ring) such as decalin,

tetralin and jmhyfe808m Bonatd) HEganeEd BoPUEEIS BV BAEI stchChsi ary
carbon atom (nethi ne carbon) such as adamant ane and norbornene, 10 (6)
aromatic hydr gy pastsrd4and)l Woriddhe, BkEzMHe, boron amide, boron
imide, and other nitrogen-containing compounds, BF;, BCl;,
15 tetrafluoroborate and other halides, and esters of boric
acid (e.g., methyl borate, phenyl borate).

As the organic acid salt, there may be mentioned,
for example, C;_jjcarboxylates (C,_,4carboxylates) such as
acetates, propionates, salts of naphthenic acid, octylate,

20 and stearates, and examples of the inorganic acid salt are
nitrates, sulfates, and phosphates. Moreover, as the
halide, there may be exemplified chlorides and bromides.

As a ligand of the complex, there may be exemplified
OH (hydroxo); alkoxy groups such as methoxy, ethoxy,

25 propoxy and butoxy groups; acyl groups such as acetyl and
propionyl groups:; alkoxycarbonyl groups such as

methoxycarbonyl (acetato) and ethoxycarbonyl groups;



met hyl ene group is bound to its aromatic ring ( a. g . , C6 _ to aromatic
hydrocarbons having 1 to 4 nethyl groups such as tol uene, (o-, m,
p-) xyl ene, p-t-butyltoluene; aromati c hydrocarbons in which nethylene group
is bound to its 15 aromatic ring such as di phenyl net hane). Exanples of the
al cohol s as a substrate include al cohol _derivatives corresponding to the
hydr ocar bons, and i ncl ude, for exanpre?lariphatic primary or pol yal cohol s,
alicyclic primary or polyal cohols , or aromatic primary or 20 polyal cohol s.
As the aliphatic primary al cohol, there may be nentioned, for exanple,
Cl_20 saturatEﬂeﬁwﬂéﬁﬁﬁpéaﬁp@oﬁBP%OPQP§ﬁ€ﬂ&BN} group; shalegerdakPMghat i c
al cohol s, nore preferably Cl 8 saturated all hati c al cohols) such as 25
met hanol , et h&HEh, as. EPéﬁaﬁBP)aPQOBFBﬁéﬁGP :hGNanBKY IR 0B tPBAOH0
1- pentanol, 2-pentanol, neopentyl al cohol, 1-hexanol, 1-octanol) 1-decanol,
1- dodecanol , HPQtyIPh°sP§9ru§IEBHBPuHﬁﬂ $UGEy 88cPRABPRIRS. 68-Gnsaur at ed’
aliphatic a|Cﬁ g ﬁg eferably C3-10 unsaturated allghatbc al cohol s) such
as allyl al colbi@ Fﬁﬁp FBShﬁPChpFEpﬁFéype&V&BHSFP tRe) ondPflol  and
ger ani ol

) h | | ho h d h
ol yeol p?gpyvéﬁiagggyc P}Pﬂﬁayrﬁaﬂr@%éﬂmtéaﬁﬁ%"%gwﬁiaeép'“be nG; ! ene

1, 3- but anedi o

giyégl pinacépigﬁé) I EﬂfLE%%%£ gﬁﬁigégé}F%iﬁ??ﬁéf?ggygghneopfﬂ%¥g
E§Z|o§ezfgagfgﬂg§%h éﬁalCP9£0y0P§h§B R§F“38y@F§%§P§§oﬁg;g§%| ecZﬁgl,as

et hyl cyel o 1ERBNSRoPECHCRaL e ALt = d ORI 11680 8F. ¥358RG%: o
bor neol . rent kgl @ABTRAY am@kersagpfefﬁagolnagmﬂebeggfai%Iaa PhgLgiped

allcycllc al cohol s 1 ncl ude conpounds havin ers, preferably 5

to 25 nmegbers, in parpregbited ééhﬁibi@%ﬁﬁﬂéiddéicom 1exes5céﬁt&§nﬂﬁgber5 )
such as cycl oal kanol 20 and pol ycycl oal kanol . The alicyclic pol yal cohols

include, for axef@heitiord-myedDheramditt Heledtddy Erohe¥nb8di Mbntioned
adanmant anedi ol and adanmant anetriol. The aromati c al cohols include, for

exanpl e, C6_ abo%@ar yrhalcomipllex nagfos adns i dtdd vF dlconbdnatdvehods

benzyl al cohol, salicyl alcohol, benzhydrol, and phenethyl al cohol. - 30

Anong t hese ahcbthahsltponmetalledement and actbyaiad thatc alrel suatably

preferred, and they are whichever of aliphatic alcohols, alicyclic al cohols

or aromatic akedecited Frometheehboved arcnhekempheludme(nyeﬁempednds havi ng

a hydr ox group at a noiety adjacent to unsaturated bond (e. g.,

unsaturai@d aFPpRAerc malyc brorerinnagedydece tanediel s such as allyl

al cohol s, benzyl alcohols, benzhydrol), (b) alicyclic alcohol (e.g., C5_ 10
| 6cycl oal kaNaPaé&&wa&@tX}é\Psﬁeaaaﬁep 50 %@Wrty}epeﬁemﬁep ) , (¢c)

alicyclic alcoh%h aving.a.tertiary carbon aton1gnethane carbon) such as
bor neol . rutheniumacetylacetonato, or copperacetylacetonato.

Apolyacidwhichformstheheteropolyacidcontains,
in many cases, at least one of the Group 5 elements or the
20 Group 6 elements of the Periodic Table of Elements, such
as V (vanadic acid), Mo (molybdic acid), and W (tungstic
acid). There is no specific restriction as.to the central
-atom. Concrete examples of the heteropolyacid are
cobaltmolybdate, cobalttungstate, molybdenumtungstate,
25 vanadiummolybdate, and vanadomolybdenumphosphate.
When a co-catalyst containing the Group 7 element

and/or the Group 9 element [e.g., the combination of the



Exanpl es of al dehydes.as a substrate include al dehyde derivatives
correspondi ng to the hydrocarbons, 15 and include, for exanple, aliphatic
al dehyde [Cl_ 20saturated aliphatic al dehydes (preferably Cl1_| Osaturated

al i phati c al dehydes) such as fornal dehyde, acetoal dehyde, propi onal dehyde,
but yl al dehyde, hexanal, octanal and nonanal; unsaturated aliphatic

al dehydes such as acrolein, 20 gerani-al22anrd citronellal; aliphatic

pol yal dehyde such as gl yoxal, mal onal dehyde, succi nal dehyde,

gl ut ar al dehyde, adi pi ¢ al dehyde, pinelic al dehyde, suberic al dehyde and
sebaci ¢ al dehGaepp dr edamentakcostpdadnguchmpoubdnanidtéhgdéroup 9

oxybenzal dehyde, ci nnanal al dehyde, salicyl al dehyde, 25 ani sal dehyde,

1- napht hyl al dek¢mentygenttpinipgagempahddhyds) papiikalardebhee,

i sopht hal al dehyde and terepht hal al dehyde; alicyclic al dehydes such as

f or nyl cycl oheg@mbination] ofhmangangsercontadnings comphund andoconal dehyde
and furfural._ Exanples of ketones as a substrate include ketone derivatives
cor r espondi ngPadtrrenkpandagr sempoundd li Asl emplogefior apxakppbatiti phatic
ketones, alicyclic ketones, aro matic ketones and heterocyclic ketones. The
al i phat i c2ket BAE8TPREVEE, apda é%&nﬁP§F1€E}aEGaFﬂéﬁéFiéckéﬂoﬁﬁsavpreferably
C2-12aliphatic ketones) such as acetone, nethyl ethyl ketone, diethyl

ket one, 10 diﬁFBB?FiEeFGFEPXWéPﬁyPcﬁpoﬁ§FrQBP¥Hé}iﬁePﬁ}p)b&Ffoiérone, and
pi nacol one. Thg al'cyclié ket.ones include, for exanple, 4- to 30-nenbered
alicyclic ket GhERtL¥yPrraugetones) such as cycl obut anone, cycl opent anone,

cycl ohexanone, 15 CYChEoF) SRl il RIP IO Re o VSRR D0, | 9T
Oyl oR OB, s AR S L SR, e,
cycl ohexjg imide compound (in particular, an agqueous solvent such as
water and water-containing solvent). The preferred metal
catalyst includes, for example, an organic acid salt (e.g.,
acetate), an inorganic acid salt (e.g., sulfate), a halide
(e.g., chloride), an oxide, a complex, a heteropolyacid,
15 in particular, an organic acid salt, a complex.
The imide compound or a catalytic system comprised
of the imide compound (1) and the above-described co-
catalyst may be either homogeneous or heterogeneous.
Further, the catalytic system may be a solid catalyst
20 comprising a catalytic component supported on a support
or carrier. The support is, in many instances, a porous
support such as active carbon, zeolite, silica, sil-
ica-alumina, and bentonite. As to the amount of catalytic
component supported on the support in the solld catalyst,
25 the amount of the imide compound of the formula (1) is about
0.1 to 50 parts by weight relative to 100 parts by weight

of the support. The amount of the co-catalyst supported



20 anedi one, cycl opentenone, cycl ohexenone, cycl ooctenone, cycl odecenone,
ment hone, and canphor. The preferred alicyclic ketones
i ncl udes-t 020-nenbered, in particular, 5- to 16-nenbered conpounds. The
aromati c ketones include, for exanple, 25 acetophenone, propiophenone,
benzophenone, deoxybenzoin, and 1-naphthal enone. The heterocyclic kétones
include, for exanple, heterocyclic ket @3es such as inden-1-one, - 32
1,2, 3-indantrione, fluoren-9-one, and pyranone. It is preferred that am nes
as a substrate are Erinary or secondar% am nes such as aliphatic am nes
such as net hyl&mi Felabivgiteil0 pardsybinvetghb nf Ithe seprerdi nebdyt ani ne,
di et hyl am ne, di butyl am ne, ethyl enedi am ne, 1, 4-butanedi am ne,
hydr oxyl am neQahdtet BAnBRENENEY ¥edeh&li c ani nes such as cycl opentyl ani ne
and cycl ohexyl am ne; aromatic am nes such as benzyl am ne and tol uidine. 10
Exanpl es of the het er 5R§chPeuRbnpEukhe ﬁ@'ﬁaEGb¥§¥ai§'iﬁ@IuﬁEaTE}e:
non-aronmatic hgterocyclic-conpounds or condensed cyclic hydrocarbong havi ng
a non- ar omat i BPRBLedoXydPi ¢ BIhEQ & - Ty molyy Rrefenabdivigheut di ¥edfzi ne,
i ndol i ne, isoin?o*in , ~.chronmene, xanthene, chroman, 15 isochroman), and

e 80@0? hy

non- ar omaPi c M8 i Lo MR BT 5L rabiye AV te Y cFi £0 hy BPcEPHBNS havi ng
21 Kyl or oups REgT hEOGRSE i 4748 18 ARBHE R okt LcRoRs ot 110 LR 5 oup)
et byl gt oup BPALTRURF TR D PBatal %1 fosPelaif Jof 300 ety FRLATBhari o
et or ooyl i o E8np e of 4 sBESTREES, MpER e RERe BbPIUREIA R FuA bt om a
about 110 6 CArRoR e pared hatag s RetidVar, (LB Mot Thiet 47 "7
2ret hyl t ppopheagagiedt 51 8 IgdH 1P RG Fe 1 GRETES AV R M e, about 0.1

to 25 parts by weight, preferably about 0.5 to 10 parts

by weight, and more preferably about 1 to 5 parts by weight.

The concentration of the co-catalyst in liqg-
uid-phase reaction system is usually about 1 to 10,000 ppm,
15 preferably about 5 to 5,000 ppm, andlnore preferably about

10 to 3,000 ppm on welght basis.

Incidentally, the ratio of the co-catalyst to the
imide compound is, for example, imide compound/co-catalyst
= 95/5 to 5/95 (molar ratio), preferably about 90/10 to

20 20/80 (molar ratio), and more preferably about 85/15 to
50/50 (molar ratio).
[Substrate]

The species of a substrate is not particularly

limited, and includes various substrates disclosed in
25 Japanese Patent Application Lald-Open No. 327626/1997
(JP-A~9-327626) such as a hydrocarbon, an alcohol, an

aldehyde, a ketone, an amine, a heterocyclic compound, a



- 33 .3-nethyl pyridine, 4-nethyl pyridine, 2, 5-dinethyl pyridine,

3-et hyl pyridine, and 2-net hyl qui none). Exanples of the thiols as a
substrate include, for exanple, ethanethiol and phenyl net hanet hi ol .
Exanples of 5 the sulfide include, for exanple, diethyl sulfide, nethyl
propyl sulfide and di phenyl sulfide. Mreover, exanples of the am des

i nclude, for exanple, formam de and ac@ﬁoanlde Incidentally, a substrate
substituted by various 10 substituents (e.g., a halogen atom an al kyl

group, an alk gro an ary roup, a heterocyclic group, an oxo group,
.a hydr oxyl gﬁ% dﬂﬁg‘H‘H?Hﬂﬁkyaﬂk?lPﬁ?ﬁﬁﬁreda5%B$B6&9¢ gr oup
an alkoxycarbo rou an acyl grou an am no grou a substituted
ani no group, a° Egéﬂﬁ §VGEB°a§bHPtangF$GB?°ﬁayaBea&§égY§§ andyBstrat e.
As the substrﬁ haV|ng such a substituent, there may be nentioned a
substrate hav ﬁ§°3ﬁ aIkyI gr oup contalnlng 2 or nore carbon atons ( a .

g
, C2-10al kyl groups s s et DI O butyl t - but hexyl and octyl
20 groups ) , a subst ﬁt ﬁaDYHéoaahePﬁ bhergpmay sbe @Zntiopg ofi ne ,

hi d b b . 9.,
et ones. sten S8- By BRCRANIR bR SR LA émﬁ?h%r%c‘é%?pg?%bﬁ"“ Frg’a
hydr oxyl group Qe 2 5&55t1t&2%€2%{% uchtg%5c¥péggg¥%£§%sgx§} tanol)

a sub 2 5 strate having a car ﬁs such

as_car boxyt ol HoREhaBEvBn BRI LAt RUSCER! SlBstfrygfBl PESL. 20 i ure

t her eof ( KAoi an es her héxyl acetate and

acet yl oxyt ol ughe) oal RahBe é%Q?E&E'&%e RSP EAIPE S0 2 brsagen

sol vent - crystalllzation Ste Spect es e su stra e |

particularly eyalieqa é%ecafb F 1A Venfé?ﬁ %Q@% Ons %&%h? ﬁbnéofns a

sol ubl e conpound in t e speC| chal ers or

water). £6 SUeBrBofiyhshr AyArobBRAL1IBRY ESaﬁeetb@nsdcoﬁaénséane&elien
alicyclic hydrocarbon [e. g., a cycl oaP kane, polycycl oal kane], “and an

alicyclic or nyapetagbahgohal cdfdénsed eyclicaﬁyafseaﬁboﬁOébﬁﬁaﬂﬂﬂh gto

t he cycl oal kane or the aromatic hydrocarbon]. As the cycl oal kane, there may
be nenti oned, at henaapomatienplingi sdchyakoal yapeihe-hgdrogénad@dyal oal kanes
(preferably C4_I6cYcl oal kanes, nore preferably C4_ 15 | 2cycl oal kanes), such
as cycl obut anepndynseﬂmﬂmcmhgldenaaebouycamtamﬁrmiﬂ,c hydfrooarnon,

met hyl cycl ohexane, ethyl cycl ohexane, dinethyl cycl ohexane,

chl or ocycl ohekanehight &orgtlyyl dromer @ oleddytlene ga;wlporisnbpund to

cycl ododecane, cycl opentadecane, and cy
15 an aromatic ring.

As the saturated or unsaturated aliphatic
hydrocarbon, there may be mentioned C,_j,saturated
hydrocarbons such as butane, isobutane, pentane, hexane,
octane and decane; C,_js0lefinic hydrocarbons such as

20 2-butene and isobutene; linear and branched aliphatic
hydrocarbons such.as conjugate dienes (e.g., butadiene
(1,3-butadiene), isoprene (2-methyl-1,3-butadiene)).
The preferred aliphatic hydrocarbons include branched
saturated hydrocarbons such as isobutene, branched

25 unsaturated hydrocarbons such as isobutene and conjugate
dienes such as butadiene, isoprene.

Among the saturated or unsaturated alicyclic



20 cl ooct adecane]. The cycl oal kanol includes an al cohol corresponding to
the cycloalkane [ a . g . ( a C4_l6alcohol such as hexanol]. The preferred
cycl oal kane includes a C4_ 10cYcl oal kane (preferably C5 8cycl oal kane) such
as 25 cycl ohexane, nethyl cycl ohexane and cycl ooctane. The pol ycycl oal kane
i ncl udes the above bridged cyclic hydrocarbon and the above conplete

hydr ogenat ed - 35 condensed pol ycycl®c -hydr ocarbon, and incl udes, for
exanple a conmpound having a tertiary carbon atom at bri dgehead position (
a ., a bIC clic hydrocarbon such_as bornane, norbornane and
norbornene %FE?EFP@“S RyefeEaeBoAligyRlis hydegeasbans. lngéugfundecane
hono brendane nd adamant ane, a tetracyclic hydrocarbon, terpene
hydr ogenat ed Bi&ﬂﬁﬁ%iﬁfh89588ﬁ§98n§op98989|ébaPBnﬁtFe ﬁ9d¢6@gﬁﬁﬁn (e. g.,
decal i n, perhydr antBﬁacene per hydrophenant hrene).. The pol ycycl oal kanol
i ncl udes an 1 rg g5 Yc%??%%ﬁ%ﬁﬂ%ﬁé gmbeEs oL 10y PABSLRYASE pROWL  an
al cohol haV|ng g %SrOXéL g at a bridgehead position such as

adamant anol , ddafafAb alifBPe ﬁt&FPWBﬂF PhoFﬁeSSEBa?QtWﬁ@bﬁFﬁeess

R AR b P e, ore o
G e S
compound a1 s, Sy al LAk 404 A0S0, PR e forr 2
s ol oA Sclatilolinh? RIChorlSpach S bEaLES, L1

may be nention or exa 'nsoél ubl e

car boxyl i ¢ aCbgc&baeeaﬁalce&eFouaaaxghgelEgesgasdacgﬂgycxg kagg.vhi ch 25

can forman aliphatic carboxylic aci avi or nore era 6 to 16

nmore pieferalhy, GCﬁelé@eirﬁééQQHeat8951008Ea§e8§ﬁ@¥|cﬁé?H@?EQEEﬂén'ng
aromati ¢ conmpound whi ch can - forman aromatic carboxylic acid

g., an aronat tgcpeligeashnsy! & gcaatétﬁaebsaﬁeanoereyaibﬁrdheahﬁaﬁﬁlIc
acid)]. As the cycl oal kane, ere may be nentioned the 5 aforenentioned

cycl oal kane (¢prefer@blyy6Cyc esichaadkanesf,emaley poefezapalyod kane), and the
af orenenti oned pol ycycl oal kane (e. g., a conpound having a tertlary car bon
atom at a bri ggeahelbahllanesy . ogenati on product of a condensed pol ycyclic
aromati ¢ hydrocarbon). 10 The aromatic conpound contai ning a nethyl group
The cyclic olefins include, for example, C;_
15 spcycloalkenes (preferably C,_,,cycloalkenes, more
preferably C,_,¢cycloalkenes) such as cyclopropene,
cyclobutene, cyclopentene, cyclohexene, cycloheptene,
cyclooctene, cyclononene, and cyclodecene; cycloalkadi-
enes (e.g., Cj_jocycloalkadienes, preferably Cqy-
20 20CYcloalkadienes, more preferably C,_ scycloalkadienes
such as cyclopentadiene, 1,3-cyclohexadiene, 1,4-
cyclohexadiene, 1,3-cycloheptadiene and other
cycloheptadienes, 1,5-cyclooctadiene and other
cyclooctadienes); cycloalkatrienes (e.g., C,.
25 16C¥Ccloalkatrienes such as cyclooctatriene); cyclo-

alkatetraenes (e.g., C4.jgccloalkatetraenes such as cy- .

clooctatetraene), and so forth.



i ncl udes, for instance, a conmpound having an aromatic ring substituted by
at least one (e.g. , about 1 to 10, preferably about | to 8) alkyl
group(s). The aromatic ring may be whichever an aromatic hydrocarbon ring
or an aromatic 15 heterocyclic ring. An aromatic hydrocarbon containing a
met hyl group includes various conpounds each having an aromatic hydrocarbon
ring (including di- or triaryl-Cl_3al R&ne such as di phenyl net hane,

tri phenyl met hane, di benzyl and stil bene) substituted by a methyl group, and
20 includes, for exanple, an aromatic hydrocarbon substituted with about 1
to 6 nethyl groups sueh Beidgedeprclic hydroaarheys enkhexe imay e benzene
(e. 9., 1,2,3trinethyl benzene, 1,3,5-trinethylbenzene), tetranethyl benzene
(e. g., 1,2, 3mgntienadet R9rpeKampde, 1bicyciioshydreeasbeys heazgne),
hexanet hyl benzene, 4-t-butyl - 1lnmet hyl benzene, 2-nethoxg-1-nethylbenzene,
1net hyl napht hBEBAB®. 2PLBERG nApRRABLenBOrPoLnane, snorberpenay| higKt hal ene,
2,5-dinethy|naﬂhihalene. The preferred aromati c_hydrocarbon containing a
met hyl group Fnelddéslacesan®ar BEYFeohddRoldPRBRCaNSL: i FELEUCKMEN about 1
to 4 (in garthealar out to 2) nethﬁé groups inab5 nolecule (e. g.)

tol uene, Ryl eREITPERFRAREn{PhEnz cABRMaNtate XPEEYEYT c conpound cont ai ni ng
a nethyl grou ere Y, nenti one co u avi ng, et erocyclic

ri ng substituB%ﬁEEyEalggtﬁaﬁeﬁFﬁﬁb,GP%Fﬂﬁyéggﬁﬁﬁ%QBn&rﬁyl?Ugaﬁ?ne)'

3-net hyl furan - h yia 10_3-net hyl pyrap, . 3, 4- di net hyl pyr an,
nethylchronan5?%5$§%°¥#§eéygf9?a§§°8ﬁ Z¥n§fhygﬁ§r?ﬂ¥ﬁe),

| uti di nes(2, 3di hyl pyr2di ne, 1@, 4- di et hyl pyrd di;ne, .2.5di_ngt hyl pyri di ne,
3,5-dinethylpg?ggéhg)p'golF?Uirm%égéuéghg?ﬂ éhd(ﬁicYCldhexégieﬂ@,
(e.g.,2,3,4-tgi L gl i Ll idi ne,

245 1 i et huToye AP ke Bfie rd Sthbl Tl UL dleis. irarogenatea

5- et hyl y gdol hy ki ) he.extr agh] (B) , the
speci es of thgrgﬁgg?%a¥£ ?ggﬁgtdﬁﬁngcSFééry P?%??égﬁggﬁﬁé't is preferred
that a SUb$tfal@¥BMb§QnE9ﬁ€§,atﬁ@ﬂ?°ﬂ€§ibé¥&0€saan&fEéﬂbéﬁego(eﬁ .,
elution-ability for a water-insol uble solvent. Such reaction progucts
include , formexeoptiic moneteppehek,abicgclic MmOndtéppahes, ameabel-(in
particular, a primary alcohol), an alicyclic nonol, an alicyclic diol), an
al dehyde, a kefldpeseaquatbppghes, abidytricUsesqiibbéipinéss €hicyclic
nonocar boxylic acid, an alicyclic nonocarboxylic acid, an aromatic

nonocar boxyl i seaguilteapenespaéiiitedpeneboxyritenpeneandtethateapoenasi c
carboxylic acids, a heterocyclic - 38 carboxylic acid), an epoxy
conpoundl5an peil¥terpengsi andnfigdlivdtives| &bevaef.an acetal, an ether, a
sulfide, an amde, a |lactam a Schiff base, an oxinme, a nitro conmpound, an
organi ¢ sul fur-contai Afng hEldged ayaldeahpdrocereans Bhvi ngraboor 5 to 30

, preferably about 6 to 30 carbon ataons .
tetracycllic hydrocarbon having about 7 to 16 constitutive

carbon atoms of the rings (in particular, about 6 to 14

constitutive carbon atoms of the rings) such as pinane,
20 bornane, norbornane, norbornene, adamantane may be

empioyed in many cases.

The condensed polycyclic hydrocarbon containing

a non-aromatic ring such as complete or partial

hydrogenated condensed polycyclic hydrocarbon includes
25 acenaphthene, fluorene, tetralin, indene, indan, perhy-

droanthracene, perhydrophenanthrene, perhydrophenalene,

perhydroacenaphthene, decalin, hexahydroindane and so on.



The particularly preferred reaction product includes a cyclic alcohol[e.
g., the aforenentioned alicyclic al cohol (Cs-iZ2cycloal kanol such as

cycl ohexanol ), an aromatic al cohol (e. g., a C~_|2aral kyl al cohol such as
benzyl 10 alcohol)], a cyclic ketone [e. g., the aforenentioned alicyclic
ket one (C6_I 2cycl oal kanone such as cycl ohexanone), the aforenentioned
aromatic ketone (C6_ i2aromatic ketone2duch as acet ophenone, benzophenone,
fluorenone)], an al dehyde having a cyclic hydrocarbon 15 group [the
aforenmentioned alicyclic aldehyde (e.g., C6_ |2aliphatic aldehyde such as
hexanal ) , tHhB HioFendansedd9lycyeddichifreagyeon easph - toB imepkered

al dehyde such as benzal dehyde)], an carboxylic acid having a cyclic

hydr ocar bon gFéRE (i PRTtiGnlaF o/fat PE 6 &dcr trg Hmay R@cté‘éﬂ%t ic

carboxylic acjd such as benzoic acid)]. As a substrate which fornms such
reaction prodR€tSONERBFeday be mentioned a hydrocarbon which forns a

wat er -i nsol ubl e conpound [i.n particular, an_alicyclic hydrocarbon (nono or
pol ycycl oal kane), an ER@RALYCYH LG Brdracsshonsdeshiargthergendens®dup or a

met hyl ene_gr ou #. As iuch substrates, there may_be nentioned the - 39
above cyc?oale geyel 5.PYQﬁE?EEQEPﬁaPRQnEFiBQé@e?¥ﬂﬁ%p(ﬁXﬁE@%ﬁ%&P%ﬁne )

o br !‘Sgi‘ﬁgég B%%%f%ﬁL?gééﬁgﬁyég@ﬁﬁﬁmﬁﬁﬁsﬂ8%%15& 1. %éhbé‘%ﬁeﬁﬁéﬁ‘%%g?;m &
gehe _ . de

or 5 et hyl ongoB BeaPHen TR 882 L RS NI B R 1R B e ar bon

[e. g.. a %ﬁgﬁﬁaegghllgogxg%gggf Eg{}siﬂgsg&hgagege%%%néﬁgo 4 met hyl

groups in a ecu suc uen Xyl'éne, ~an ar tic hydrocarbon

containing a nethylenﬁllﬁyg%%?gg1 i I 'ﬁ%ﬁﬂl QEﬁﬁa

tri phenyl net hane], a co% ense poP cycf%b yd%gggr_onxkbn a.ﬁ?ﬁ&?a°r
met hyl engg gfOﬂetﬁyignésgébﬁﬁffEeboéﬁd[BSaEthHEo{BISFini: HgtRgy! BLUS
conpound] The i m de conpound has the catalytic ability o? a garlety of

reacti ons (oxtempbandHRAAnicoat 1easRWYe AkkBy 1 HARiY 8P mdtny1@iddgrogpcti on,
sul fonation reaction, acylation reaction, radial-couplingreaction). 20

(Oxi dation repeingnyublstel tutiethbhOthe ea®natiidtihe ek agamadlcCainge
carried out in the presence of the im de conpound to form an oxidation

product such mayabeaWwhhbhéyvernofll dahgdematikehpdeocarbenbexubi oraand, an
epoxy conpound, a lactone, 25 an acid anhydride, an acetal and an ester
corr espondi ngaromahicheisnomye 1 leorieg anAsexamp bas wfasechlicempoundsxi di zed
to formthe correspondi ng al kenediol. For in

15 there may be mentioned toluene, (o-, m-, p-)xylene,
1,2,3-trimethylbenzene, mesitylene, 1,2,3,4-
tetramethylbenzene, durene, 4-t-butyl-l-methylbenzene,
ethylbenzene, propylbenzene, cumene, o0-, m- or p-
ethyltoluene, l-methylnaphthalene, 2-methylnaphthalene,

20 1,5-dimethylnaphthalene, 2,5-dimethylnaphthalene, 1-
methylanthracene, 2-methylanthracene, 9-methylanthracene,
'4,4'-dimethylbiphenyl, dibenzyl, diphenyimethane, and
triphenylmethane. Among them, a Cg_,, aromatic hydrocar-
bon-having about 1 to 4 methyl groups in its molecule is

25 particularly preferred.

The preferred hydrocarbons include (1) conjugate

dienes (e.g., butadiene, isoprene), (2) compounds having



- 40 stance, an oxi de obtained by oxidizing butadiene is a butenediol

(cis- or trans-formof 2-buten-1,4-diol, or 1-buten-3,4-diol), and a .
position of a hydroxyl group is not particularly limted. A conpound havi ng
a carbon s hydrogen bond at a noiety adjacent to unsaturated bond is

oxi dized at the noiety adjacent to unsaturated bond. Moreover, when an
alicyclic hydrocarbon is oxidized, a‘h?@rdxyl group or an oxo group is
introduced into the ring, or the ring is oxidatively cleaved dependi ng on
10 a condition to forma_dicarboxylic acid. Wen a condensed cyclic
conpound cont & $ATRCH-Rdregenbond at fympd epy; ad jacenty teyumestaratedp or an
OXO0 group is 'ntroguced into the non-aromatic ring, or the ring is cleaved
dependi ng on B9B8ndfrBon Ce-zodit@in§osiche agcidaP 8)a kBRAg8d &Pclic 15
hydr ocar bon hayi n tertiary carbon atom (nethine carbon atom is
oxi di zed, a h$§FEEVSe§PGUEyFi°Pi%PBﬂﬁc§H°PnPS FrelpBeraneyaRdr pon at om

.g., bridgeh i , i s introduced into the adj t
S0 ther et o BERENAFAGPEROBEndl SPOrE: Kindrd -MenHegd: FECHJBLEERRLORCRN 20
which a ngthyl gr.ou r.a netp Lene roup. i s hound to the aromatic ring is
oxi di zed, Ot heFerRGFORPEERS o (1 h & ARARRA S¥sldsh CPUDBRRG) SORERLN{BIm t he

di hgl | dehyd t b | i idd d
Condit1ons. 38 AARIREGMBEIFs Fotbal e  wi Bncury B8 kRoL ALPgr 886Rce of the

aci o For oxahsraroSiELLBT BR T SHBRYY B BIRCY ERerdfl A RRACF1ISERAY  ne
oxi dat 1 on deg) o8, EERPaEr o1 Ty Ake ey Htaft eCREREREY (e BBoh T,

2-methyl cycl OREYANPRELNEAE AFBOR] idiFdl lfhinintane?Ghd néYbstAEhYde | s

oxi di zed with oxygen in the presence of the I mde conpoun ormt he

correspondi Ng(63r Besmhits cabydroEarbsiaMhewndehPhetaydehydapl §r0xi di zed to
formadipic acid. 10 A ketone is oxidized with oxygen in the presence of

the imde conmetnglenefgrup s BOLNASPENDES AR Ibihgatedy. For .%ﬁarrpl e,
di et hyl ketone is oxidized to formacetic acid and propionic aC|df' nd

cycl ooct anonearsmaxii@i kpdrbOatboms Hbalnid 1a¢bdd NSt YHowps suek dszed in
the presence of the imde conpound to formthe corresponding Schiff base,
oxi me etc. A heluweneyckbpe,cmrpoprilxyiensj dpzedbtubyltohuehe; caromapasdi ng
al cohol, ketone or carboxylic acid. For exanple ( the heterocyclic conpound
(a) exenp|ihygyopnrbpgs in which methylene group is bound to its

15 aromatic ring such as diphenylmethane).

Examples of the alcohols as a substrate include
alcohol derivatives corresponding to the hydrocarbons, and
include, for example, aliphatic primary or polyalcohols,
alicyclic primary or polyalcohols, or aromatic primary or

20 polyalcohols.

As the aliphatic primary alcohol, there may be
mentioned, for example, C,_,, saturated aliphatic alcohols
(preferably C,.,, saturated aliphatic alcohols, more
preferably C,_.g saturated aliphatic alcohols) such as

25 methanol, ethanol, 1l-propanol, isopropanol, 1l-butanol,

isobutanol, l-pentanol, 2-pentanol, neopentyl alcohol,

l-hexanol, l-octanol, l-decanol, 1l-dodecanol, myristyl



20 itemof the substrate is oxidized to formthe correspondi ng conpound
havi ng a carbonyl group by converting a nethylene group adjacent to a

het eroatom (e. g., oxygen, sulfur, or nitrogen atom to a carbonyl group. In
the case of the heterocyclic conmpound ( b ) , a conpound having a nethyl
group 25 adjacent to an aromatic heterocycle is oxidized to formthe
correspondi ng heterocyclic al dehyde or 2feterocyclic carboxylic acid, and a
conmpound havi ng a net hyl ene group - 42 adjacent to an aromatic

het erocycl e is _oxidized to formthe correspondi ng heterocyclic ketone. Such
oxi dati on r eaddicOhals andydi-hexadecaaglouCsipn ansatworatied aldbhatigen. The
oxygen source iis not 5 particularly restricted, and pure oxygen or oxygen
diiuted with &t9ohals (preferabhy <>1:/|i-1(r vpeatunatedmlinhpdiic atcehebs)

di oxi de may be enployed. Fromthe viewpoints of not only operability and
safety but al SYCRBARMAYhialqohodnecEPELyalachpl TRropasgntl alcokgden can
be selected acgqrding.tqQ 10 the species of the substrate, and is usually,
relative to 1 F°@FHQW@ anes@eFediols . 5 nol or nmore (a. g . , about 1
nmol or moge ) prefeégblﬁ abggt 1 to 100 nol, and nore preferably about 2
to 50 nol > In many in8fakB&sdlipBatigcPpé¥aleobalyi thesatmavake B@Pgen

at nosphere contai ni.n n.excesg 15_nol e of _oxygen. Wien supplying the
reactor with %&P SlgF%g%fﬁghP ﬁ@lreREPPXAeHEyQGXCEéPrF€3m66ﬁyﬂﬁn& cl osed

f | wi Lth syffici I I '
Svance.  or weiNCRAoduPaPSBeyRRASHL obr AGPLERTPRABRS| | 4 oBuFANEEOLASe of
ti fl I b i [ fl t
i ch oorr esponde ReRerpalel 219 Ak RAT, RRPagRr ALy filorPtRece aat i on

reaction is cap §dy¥dilhn the coexistence of an aldehyde ( in particular,
25 Cl_6al dehyde such as acetoal dehyde), a ketone and/or an al cohol, the

oxi dat i omgr eacti on isAgpQﬁge?g%ggcigcpbggmﬁgxﬁgﬁéé%P?z}gﬁ%gECQéQOKXIic aci d

or an aromatic carboxylic acid wt eover, a

reaction is sERtieRedaLEEPER € brihariatosKbs iRFt RS ﬁorﬁ%éﬁbe%“erat or
e

or a radical pronoter. (O her reactions) 5 Further, 1™t presence of the

ani de conpounduchhass¢helopeatadod.,  cgchyheranblontyciohepehadiVith (i)
oxygen and carbon nonoxide, (11) a nitrogen oxide (e. g., NO NO2, N203),

(iii) a sul fucycliodetaeod.,, cgé2pdecanply ¢yelbahdeeanbanykyersaeaed, or (V)
a conmpound which is
canol, cyclotetradecanol, cycloeicosanol, methylcyclo-
15 hexanol, cyclohexen-1-0l, cycloocten-1-0l, cyclogeraniol,
borneol, menthol, adamantanol, camphenilol and borneol.
The preferred alicyclic alcohols include compounds having
5 to 30 members, preferably 5 to 25 members, in particular
5 to 20 members (e.g., 5 to 16 members) such as cycloalkanol
20 and polycycloalkanol.

The alicyclic polyalcohols include, for example,
1,2-cyclohexanediol, 1,4-cyclohexanediol, adamantanediol
and adamantanetriol. |

The aromatic alcohols include, for example, Cgq.

25 20aryl alcohol (preferably C,_;,aryl alcohol) such as benzyl
alcohol, salicyl alcohol, benzhydrol, and phenethyl

alcohol.



10 radically formable of a carbon-carbon bond to form( i ) a carboxylic
acid) (ii) a nitro conpound, (iii) an organic sulfur-containing acid (e.g.,
sul fonic acid), (iv) an acylation reaction product (an al dehyde, a ketone)
, or (v) a carbon-carbon bond form ng reaction product or a 15 derivative
thereof ( a. g. , an oxide ( a cyclized product such as |actone), which
corresponds to the substrate, respecti¥®y. For exanple, in the presence of
t he am de conpound, a bridged cyclic hydrocarbon having a tertiary carbon
atom 20 (methane carbon ) is reacted with oxygen and carbon nonoxide , a
nitrogen oxide ( a . Ymohg Khesgoalcohpds.)primaryupleqhads(and. g . |,
S02), 1, 2-dicarbonyl conmpound, or a conpound which is radically fornmable of
a carbon-carbﬁﬁCBBﬁGrYoa 6PHPASCBRD efred d&nd, dheyeargevodEhevieRhi ch i s

i ntroduced 25 with,a carboxyl group, a nitro group, a sulfo group, an acyl
group, a hydr8¥;PgﬁﬂhagﬁﬁpaéF°gﬂéskiEéiFﬁFéiFhélFBPP#§r9rc§FB@ﬁt&?on1 -
44 [Reactionaigéggg%] The above-exenplified reaction may be carried out in

t he ' absence vent inert to the reaction, but can be usually carried
out in thg presence o

| t. .5 f.th | t i
carboxyl i & acids such$gg Eg?ﬁggrﬁgiﬂf%§€£i$§1§84393p?gbyga?EgégﬁgfganlC
trichl ti id trifl ti i.d; d b h h ,
oot ane_and. benSuABe 4 BYS5 by AR Al e el Y.t AGERE HooRar Bt T aBR N o 10

th , di t t h id digch b d
LPTT1 or omet nEPRSLS 8, a7 "o paSRERRAchE, LIEPREELE 1 Soiph S 8RA FF AR
but anol, oct aa%ohai&hghﬁﬁxgg%:lﬁitgpsanaﬂgh ﬁénﬁﬁgz %;&ngi%hy' et hyl

ket one and net hyl 1sobuty et one; ers suéh-as acetate, 15 ethyl

acetate and bubikngaebale: (BhNGMS-HHERca1HABINYL BLNCE, diethyl ether and
dii sopropyl ether; nitro compounds” such as nitrobenZene, >nitronet hane, and

ni troethaoe; pidydlAEadN asudeedPbydi | M Uhd nzonitrile;
am des such agg f%rmam' de, acetam de, %0 %%n%ﬁﬁf%?umﬁnéggy%?& and

di met hyl acet anestaholgt, e(¢) aIh d§ctat 82bvaBLS hAPIRGTa tR¥thiagy 8hkhoni N the
oxi dation reaction, the solvent usually includes a carboxylic acid (e. g.,

acetic acid), atohy@mechihencazboal)cetich a4sebbanebi.2 25 et hyl hexanol), a
ket one, an ester, an ether, a nitro conpound, a nitrile, an am de, a
wat er - cont ai ni ng sol vBrampeeg. of ahdehgaescasacadsapsepdsesdhollugs such as
an acetic - 45

aldehyde derivatives corresponding to the hydrocarbons,

15 and include, for example, aliphatic aldehyde [C;.
205aturated aliphatic aldehydes (preferably C,_jgssaturated
aliphatic aldehydes). such as formaldehyde, acetoaldehyde,
propionaldehyde, butylaldehyde, hexanal, octanal and
nonanal; unsaturated aliphatic aldehydes such as acrolein,

20 geranial and citronellal; aliphatic polyaldehyde such as
glyoxal, malonaldehyde, succinaldehyde, glutaraldehyde,
adipic aldehyde, pimelic aldehyde, suberic aldehyde and
sebacic aldehyde]; aromatic aldehydes such as benzaldehyde,
oxybenzaldehyde, cinnamalaldehyde, salicylaldehyde,

25 anisaldehyde, l-naphthylaldehyde, vanillin (vanillalde-
hyde), phthalaldehyde, isophthalaldehyde and terephtha-

laldehyde; alicyclic aldehydes such as formylcyclohexane;



aci d aqueous solution ) . In many cases , the substrate may be used as a
solvent. Incidentally, as the watercontaining solvent , an aqueous sol ution
may be used which contains the organic solvent with the high concentration
5 (e.g., about 40 to 99% by wei ght, preferably about 60 to 95% by wei ght,
in particular, about 80 to 95% by weight) . [Reaction condition] The
reaction utilizing the imde conpound o¥l the formula (1) smoothly proceeds
even under relatively mld 10 conditions. The reaction tenperature can be
suitably sel ected according to the species of the im de conpound, the
reacting agenfeifFoCcNEldehsddehydesmsuch fsr ndgetinaldehydz0@od pref erabl y
about 30 to 250C, and nore preferably about 40 to 200C. Usually, the
reaction is efft&&u&@lat 15 a tenperature of about 40 to 150C (e.g. , about
50 to 100C) . Particularlé in the oxidation reaction, the reaction

tenperature is, for eiXApPdespEjtetrnes asoe syhstea ke inclia ketong 250C,

and nore preferahl bout 30 to 200C. Usually, the reaction is effected at
a 20 tenperat aﬁégﬁt%&&tc%r%?%‘gﬁlq itR tﬁ%ﬁg}'éﬁ‘i’ﬁ?,rbaﬁﬁutanfbi?‘él‘l%c )

Mor eover, .t he reaction.nma ffected under atnospheric pre re or under
appl i \éd pPess&rrPE. eﬁ!ﬁ‘g‘ﬁl@oﬁ %r?&%ﬁgﬁtg’%?i'oﬁlﬁﬁ?@%ﬁq%&‘%ﬁeﬁﬁre? t he
25 pressure is yguya | y about 0,100 at e, g., 1.5to 80 atm, preferably
bout 2 to 70"&t ﬁn" kﬁ%%&s %’é‘rtzﬁfl Yé’?&%t k§tppeso at - 46 Th
?eggti on ?i me (resi de;i), g t'e;ﬁsfien fl vc\)/sgreacti ons é Ca%abren sui tably seleect ed
within the range of |, § .ag b ?t&EOSFt?“ﬁFn&PS Pge4s HEUF?PmPiE?eFany

bout 2 m nut 4 d bl t i nut 8
hours . 5 depehat Horren kS rondp (RREECRARLY O T bt aT kO Boehe, | 1 ne
reaction tine sy B adekeller fRligheLetiidebliR [ 418t Ketondd -

about 30 minute to 48 hours ( prefeérably-about to urs, and ‘nore

pref erabhy abayiprd 1k r iﬁkgg I i i i tion,
when the 10 wat tgr gg%tent&% tﬁlﬁgh?g'acti ﬂt%g?%% %%%(%gg%*gge&m%?%i'n t he
range of 30 %aby pah@kblohel.ess (e.g. , about 0 to 30 % by weight ) ,
preferably about 3 to 20% by weight ( a. g . , about 3 to 18 % by wei ght),
nmore preferably about THet@11&y&l by wetdds (aciudedbedty dxampld, % -byovei ght)
relative to the 15 whol e reaction system the oxidation reaction is

accel erat ed, &0dmembefredmalliieyclfid kefiondisC i Syic iich Kidtidnee ) Sudhhals a
reaction product such as a carboxylic acid can be obtained in high yield.
The reacti on eyedabutancae .beycdiopendtanonei,n cygclohexanionsgus system a
batch system or a sem -batch system Mreover, the reaction may be carried
out by r@d&cti $¥cdioecitrngnieon cysdonemsnetehy cyciodaicaponsat eyclounde-t he
reactive distillation involving enploying a waterseparating apparatus ,
such as a dec&fPone. eHelpdedeicanongy rycleteiradeganene .n avd-o9Cnor e
steps . As re%ction aggaratus (reactor), use can be nmade of a conventi onal
one, and a pl (PSECEPORE  afESIoRICOSaRgReh e 27BEhVRTCIOhaRANaNeLy 20f - 47
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chlorocyclohexanone, 4-methoxycyclohexanone, cyclohex-
20 anedione, cyclopentenone, cyclohexenone, cyclooctenone,
cyclodecenone, menthone, and camphor. The preferred
alicyclic ketones include 5- to 20-membered, in particular,
5- to 16-membered compounds.
The aromatic ketones include, for example,
25 acetophenone, propiophenone, benzophenone, deoxybenzoin,
and l-naphthalenone. The heterocyclic ketones include,

for example, heterocyclic ketones such as inden-1-one,



[ Process for separating the imde conpound and the reaction product] 5 A
variety of reaction products (e.g. , an alcohol, an al dehyde, a ketone, a
carboxylic acid) are fornmed in the reaction m xture obtained by the
reaction (e. g., oxidation reaction). Further, the activity of the imde
conpound is deteriorated as the reactigg%proceeds , and the 10

af orenenti oned deactivated catal yst i's metimes formed. Moreover, plura
reaction products and plural imde conpounds may be contained in the
reaction nlxtqrg 3 rdEng to % uBresent i nvention, the reaction product
and the ini de ‘¢8riodRGPtEAOPEdi 3 FeNgdaOonPyafBE PETBROBEConposed

product) are separate fron1th§ rea %ﬁn nlx ure. The segaratlng operation
can be carried out by FAfScPYEERFFPYathal F@ nas a?A&)Su strate are

I - I, h fo
rystallizati BRATARY §9”088e2mo§a@?’m“ R4 BheRord Dpahalish Sndnescpurlt i ng
the 20 d I t t b
(B extracti ofSoReLhyidiifer " $Rbdralrifien  oPREYLARERScohBERTEMEACe o phase.
f th t d ter- | ubl
ol vent - Proi daREhTY Fhe réééttﬁ%%g%riﬁ LB A hey e tBSiBbRAA 25 rmy
b ted t A
Crystallizat %ﬁ‘f-ﬁbsf AR pPAL 1 AALhS AnFLEngRST R Re (e
conpound i s sa&ae%wcaaminegyghe lhgecPF%gB(%P;g?%?hh' ARgcommonent by the

sol vent-crystalliZzation (Al) or the coo I'zation (A2) according

to the speci e&yeﬁoﬁekggflﬁ&ﬁetl 8PoRALHY Chm ARG theer WslBehi Z?ﬁg}ﬂﬂe &rgl vent

crystallization step In the separating process atin
sol vent cryst altbiaaisaa.operation, the imde conmpound is crystallized with a
sol vent selected froma hydrocarbon, 10 . a chain ether and water froma

reactionl@ xture contBEkampleshefr €6t h@BepbegdLicaBémpsenisl d8 gonpound
(i ncluding a deconposed product) and recovered in the formof solid. Thus,

this process subativateagenlisid dia)semaratomgt ic teteaweyadldiBbrpbinase above
solvent as the reaction 15 product (e.g., oxidation reaction products of
the alicyclicomyagpndensed emdlibehgiirogairbonal bakibhy andohkaronatecconpound
i nsoluble in the above solvent (e.g., an aronmatic imde conpound). The

sol vent for ch9§P§PPY§é&Poniaan(begselByred.ZDYaczolﬂneg pbpenazipeci es of
t he reaction Rroduct . When the reaction product is |ow or weak pol ar
conpound ( an BQPH&PP@niﬁeéBQPéﬁnppoGDEnguéh ¥ankbapeyckchroman,

4- 160yc aIk é 5 greferred that a hydrocarbon or chain ether is
enployed BF9@ﬂP f ofNEr PORaprerRratisnhevpepcyadicegempernds groduct

is high olar co e. wat er - sol ubl e conpound; the oxidation
produgt gf a 88P§§9§F§a§¥3ﬁgchﬂvpﬁﬁcﬁFBPﬁﬁ BAviBah8anenyaromatic preferred

that wat er 'Sheterocyclic ring substituted by an alkyl group (e.g.,
alkyl groups having about 1 to 6 carbon atoms such as methyl,
ethyl group), (b) heterocyclic compounds having an aro-

20 matic heterocyclic ring and a methyl group or a methylene
group at a position adjacent to the aromatic heterocyclic
ring (e.g., heterocyclic compounds which has an aromatic
heterocyclic containing 1 to 3 heteroatoms selected from
an oxygen_atom, a sulfur atom and a nitrogen atom and

25 substituted by an alkyl group having about 1 to 6 carbon
atoms, such as 2-methylfuran, 2,5-dimethylfuran, 2-

methylthiophene, 2,5-dimethylthiophene, 2-methylpyridine,



- 49 enployed as the solvent for crystallization. In the present

I nvention, exanples of hydrocarbons which are enployed for crystallization
(or repul p) operation include, for exanple, aliphatic hydrocarbons 5 having
4 to 20 (preferably 4 to 16, nore preferably 5 to 12) carbon atons such as
pent ane, hexane, isohexane, heptane, octane, isooctane, 2-ethyl hexane and
decane; alicyclic hydrocarbons havi ng 836 20 (preferably 4 to 16, nore
preferably 5 to 12 ) carbon atons such as cycl opentane, 10 cycl ohexane and
cycl ooct ane; 3ronatic hﬁdrocarbons having 6 to 12 épreferably 7 to 10)
carbon at oms - SGRRtHY1BERIE4RE , thymediy Lognicides g, 2t dimeEhyperidbreover
as the chain ether, .there may be _nen tinned, for exanple, did -6alkyl ether
such as dieth FeggﬁépyrigiﬂﬁksBBpoﬁyWeEPMéﬂPiﬂoﬁﬁfyI met hyl ether and

di butyl ether; d _6al 10aryl ether such as anisol. These sol vents

|- OB

can be used singly prE¥ﬁmB%ﬁ§i°rFatt Snthipls g5 8ithtmat o iorlded S8Fvent
oxane. 20" aneHRPBYEr (LA G b ARG BRI Vet Tk A SRS e
di d 4al kyl t-b | t hyl h d ' | t

tlherEc_n?1 . %‘hee;ﬁ%ﬁ'&fﬁd%é’qﬁlﬁ%f f?’%ee%?l'ﬂg %grlddﬁﬁ?lyﬁﬁﬁghﬁiaﬁs'g’f‘%ggyﬁr wat er
enpl oyed in tB%oB&nggiki&gléﬁﬁlé%pﬁéﬁ%ﬂ[%ulfide. Moreover, examples

of the amides include, for example, formamide and
acetoamide.

Incidentally, a substrate substituted by various

10 substituents (e.g., a halogen atom, an alkyl group, an
alkenyl group, an aryl group, a heterocyclic group, an oxo
group, a hydroxyl group, an alkoxy group, a hydroxyalkyl
group, a carboxyl group, an alkoxycarbonyl group, an acyl
group, an amino group, a substituted amino group, a cyano

15 group, a nitro group) may be used as a substrate.

As the substrate having such a substituent, there
may be mentioned a substrate having an alkyl group
containing 2 or more carbon atoms (e.g., C,_;palkyl groups
such as ethyl, propyl, butyl, t-butyl, hexyl and octyl

20 groups), a substrate having a halogen atom (e.g., fluorine,
chlorine, and bromine atoms), a substrate having a carbonyl
group (e.g., ketones such as cyclohexanone and
adamantanone), a substrate having a hydroxyl group (e.g.,
alcohols such as cyclohexanol and adamantanol), a sub-

25 strate having a carboxyl group (e.g., carboxylic acids such
as carboxytoluene) or a derivative thereof (e.g., esters),

a mixture thereof (KAoil) and an ester thereof (e.g.,



25 operation varies according to the species of the operation (e. g.,
repul p or crystallization), the species and anbunts of the reaction product
and the imde conpound, and can - 50 be suitably selected within the
range of , for exanple ( about 50 to 100,000 parts by wei ght and about 100
to 10,000 parts by weight relative to 100 parts by weight of the imde
conpound contained in the m xture. 5-M3 edover, a solvent other than the
~hydrocarbon, the chain ether and water may be contained in the m xture
(process quuidé mﬂ%ch S sub%ected to the cr¥stallization or repulp
operation. FofYEIQHEKEL acetatei 8Rds@FeLRLo¥Ytaluenednt which has been
enpl oyed in a separatjng or urifgéngﬁo eration such as extraction and
t

crjstal s ze o bt or A ctsefi e BoREerd i plond ot bl 1
Eurthe[i_in pVﬁBE'FB¥FE?}E£€a?%8FsﬁBﬁPa?ﬁﬁggeF?FcFéEE$9? ?ﬁet edéhb' )
crystallizatl O@ 0 r u (0} ergtl (0} gar | U:[ a eI ng anot. er
| " g30rRfec LBonBr PrECho e et LY obinafadl hofinf e Bedfernds -
iglxgﬂi ggnpgghgke C'&E gthyﬁﬁ9 rggn or _the Eg in etﬂerF in cage g?anlc
water, ansaquinnt SoruBRbTEsErRAIRE' AGamSca, BEREOTRcotmHT IO, oy B8R vater.
20 Exanpl es ol giighs S0LYSOLEL | Py HESoal REEXARLEy SLAADL CoSOLYROLS, SUC as

acetic acid ant propronic acid, es suth as acertoni

pr opi oni 1| Sagngh b2 Ak iae 20H0ES GG b ke bollot BL 0F g 0o

hal ogenat ed hydr ocar bons su r onet hane;

1,2-dichIoroegﬁaggig??hgﬁoﬁga;gegﬁggg tel §l uogogeLhyl bgaggne: nitro

conpounds such as nitrobenzene and nitronet hane;  esters suth as ethyl -

51 acetate, Buiybydteh®kéneTe!hNh BRNAR3EGCARE BEN¥koRBPTBAREcoRYE! i C
ethers such as tetrahydrofuran and di oxane; al cohols such as nethanol,

et hanol aod i $@pgOpPYan al1UHIL cheregponditly €6 AE I Nk AW ERENY!
ketone. 5 Incidentally, in order to separate the im de conpound and the

reacti on prodacomatiechydebgarbbnis preferred in the crystallization (or
repul p) operation that the anmount (total amount) of the specific sol vent
(hydrocarbon, chai n eAbethercyelealkanat athetlei mayhbe liflenthchedn thet ure
is, for exanple, 50% by weight or nore, in particular 70% by wei ght or nore
(especi al | y 9ebeie-eseghiifiedocprloallkanee [eogt heCyhplycioald&anes ncl udi ng
a volatile conponent) in the reaction m xture.
(preferably C4_ ¢cycloalkanes, more preferably C,._
15 12€ycloalkanes), such as cyclobutane, cyclopentane,
cyclohexane, cycloheptane, cyclooctane, methylcyclohex-
ane, ethylcyclohexane, dimethylcyclohexane,
chlorocyclohexane, methoxycyclohexane, cyclooctane,
cyclononane, cyclododecane, cyclopentadecane, and cy-
20 clooctadecane]. The cycloalkanol includes an alcohol
corresponding to the cycloalkane [e.g., a C4_jgalcohol such
as hexanol].
The preferred cycloalkane includes a Cy4-
1oCycloalkane (preferably C5_gcycloalkane) such as
25 cyclohexane, methylcyclohexane and cyclooctane.

The polycycloalkane includes the above bridged

cyclic hydrocarbon and the above complete hydrogenated



The tenperature for crystallization treatnent 15 varies according to the
species of the treatnents ( and is usually the range of about -10Cto
+150C, preferably about 0 to +100C. The above treatnent can be carried out
in any manners such as batch manner and continuos manner. The treatnment may
be once or plural tinmes . Wen the t[eggnents 20 are carried out plural
times, two or nore different treatnent$“may be conbi ned. The
crystallization can be carried out by cooling and/or condensing the

lution. Incidentally, t Lp, t reat ment carried oyt by stirri
he mixtur ¢ CGRDAPAERY BOLGFYRLLROnAERERFRon T Bnd5 RLRAE b BP Rt by

comvent i onal  S3PIBIET od BoRuRd, FRTERGLAL tEREASEY FRAPPAL FoRMaRE - 53
W thout any + PEAPIERBEATBEL FE1od (i chreh bREYREDS vdrheit slieindy
treat ment. M)BS

ol DB RSB Wbk B R Pn,
recrystal bt 2ot oSLAChLAN. off SELLLRYLPA, 1031 s AL gole rom Lne
in operat | N Beabpael Shl U8pRahtsil 18 ERSkabLLES! boRzLaoks, cor 1 od ou

sol vent (or exggpene)),2nyareheAAtea BEBAGLY BY 8858855&50%&289&@%0“ a
by I e t

system during of "a reaction, “or cool i ng or condensing r=conpl etion

of the reacti giol@tle RyAPSSALHER (teh.eg.!,ma%aqqmOﬁeéhyafoéﬁiﬂra&eﬁg9'i ng the

hydr ocarbon, the chain ether or water into the reaction mxture (

- necessary, af peirchydbioptleadntAransyi.t aphe ﬁdﬂfai&lrﬁqméﬁibla&n&uhh@%t hAN,
condensati on, evaporation to dryness, control of liquid property,

extracti po, 2@leahbilngofhdsponding o ahieo8bolre EfdIdalkdidl Qe .g&RUAR t he

i mde conmpound. As the concrete exanple of the enmbodinent (ii), the imde
conpound can lkédcobodvhavdngsachydymtyl |greup eripanbetidgehebhiddpobytioht rati ng
off a participate froma 25 reaction (e. g., oxidation reaction) m xture,
condensi ng a Suchr aise adaméniddodg adapantedibdn edamavhaikmiefller ( in case
that the reaction product is non-polar conpound) , or - 53 water (in
case that the reacti oAnpkbegerarating procespaemiriising heecpdliing
(condensate) to crystallize or repulg the im de conpound. Moreover, the

i m de conpoun§T¥&fFagdizatdenr s§eRs (323 .séhpdsppcderdefisthg gubsiEaten

m xture g a . % . , oxidation
5 i5 not particularly limited, and the substrate may be

whichever a substrate which forms a water-soluble compound
at acrystallization temperature or a substrate which forms
a water-insoluble compound at a crystallization
temperature. The preferred substrate forms a water-

20 soluble compound (e.g., a compound which is in the form
of solid at an ordinary temperature (about 15 to 25°C)).
As such substrates, there may be mentioned, for example,
a substrate which forms water-insoluble carboxylic acid
[in particular, a cycloalkane or a polycycloalkane which

25 can form an aliphatic carboxylic acid having 6 or more
(preferably 6 to 16, more preferably 6 to 12) carbon atoms,

or a methyl group-containing aromatic compound which can



reaction), adding water to crystallize the reaction product and the im de
conpound, and addi ng a hydrocarbon or a chain ether into the resultant
crystal to crystallize or repulp the imde conpound. 10 Particularly, in
the solvent crystallization step (Al), when the specific imde conpound

(i nclusive of a deconposed product thﬁﬁﬁPf) is a conpound which tends to be
soluble in a mld or noderate-polar solVent , and to be insoluble in an
extrenely | ow pol ar or high-polar solvent, 15 the im de conpound can be

Cont il i g’ t hECREACT) SIS LR S ACHE dBhgounav srpRg e 1 °
tallizati | t ifl I t . f th
need o pr ovi S0 BRSO e 5300 Rropat At FAERRHYANE | m do

conmpound can ggiﬁgqveniently recovered. Thus, the process is advant ageous
from vi ewpoi nt” 0f ‘t'He cost. (Cooling-crystallization A2) In the
cooling-crystallizati Laon roduct . and t i m.de, conpound
are separated fronlth&gréégt%gﬁlégéﬁébg'bégggﬁspgylP?iﬂ&n?§8n88jge?ive
reacti on grodygl, j j nd _di_stridbuti t he.i_m de - 54
refintalonkd QuAsthnang ¢d o 4%%%%%%&3?6

conpound into the non-crystall'ine conpon ntg(d sérike . ‘The reaction

product |5 a_pearkrb iy SUCl R IENADLGdIAD AAgkha Gl ot and

may be, for 5 exanpl e, an ¢atZoh erivative (e.g., an ester

al dehyde, but gy loat ket & 040! aéodﬁéﬁaeﬂ&1na%fﬁggeaqr&ﬁuaaﬁ%a9;s§gC

acid. In particular, this process |Is advantageous tor separating i mde

conpound and atwi£¢ al Sigdlead CaMY b denatich proadc £ 9FPUBHauLER IS i n
the 10 formof solid at an anbient tenpé&%ture (pg%out 15 to 26C ) ) , for

exanpl e, a capedydlyicliaciatomatie hydfoehpbali.c carboxylic acid having 6 or
nore ( preferably 6 to 16 ( nore preferably 6 to 12 ) carbon atons , or an
aromati cl0arboxyl i c athe @eomalriancampsahdccpalktutanhgxyl metBgldggyap as an
15 aromatic dicarboxylic acid)], in particular, an aromatic carboxylic
acid. In the doeludgscr§eradrnstamdegnastagp@uiy haviiag aaciroxatic ¢angi ed out
in the presence of a solvent , and a solvent which is a poor solvent for

t he reaction pubgiditutedsbyl atsleasfoodes(s vent aboutt héoi ¥ dprefiewabdy may be
used. The reaction product and the i m de conpound are soluble in such a

sol vent as a PPRYE dnteplBledilkyl groupdsion Theparematic Bjngtiayzbag such
a solvent, the_ reaction product can be crystallized by cooling fromthe
reaction 25 mRighever,an gromatde Bydpegagben aisgr oFuBSd arematdiee sol vent

phase. Aﬁ t he r%gction ﬁplv nt, there may be nenti oned
5 heterocyclic ring. An aromatic hydrocarbon containing a

methyi group includes various compounds each having an
aromatic hydrocarbon ring (including di- or triaryl-C,_
jalkane such as diphenylmethane, triphenylmethane,
dibenzyl and stilbene) substituted by a methyl group, and

20 includes, for example, an aromatic hydrocarbon substituted
with.about 1l to 6 methyl groups such as toluene, (o-, m-,
pQ)xylene, trimethylbenzene (e.g., 1,2,3-
trimethylbenzene, 1,3,5-trimethylbenzene), tetramethyl-
benzene (e.g., 1,2,3,4-tetramethylbenzene, 1,2,4,5-

25 tetramethylbenzene), hexamethylbenzene, 4-t-butyl-1-
methylbenzene, 2-methoxy-1l-methylbenzene, 1-

methylnaphthalene, 2-methylnaphthaiene, 1,5-



- 55 the above exenplified solvent [e. g., a carboxylic acid (e. g.,
acetic acid), a hydrocarbon, an alcohol (e. g., nethanol, 2-ethyl hexanol),
a ketone, an ester, an ether, a nitro conpound, a nitrile, an am de, a
wat er-containing 5 solvent (e. g., an organic carboxylic aqueous solution
such as acetic acid aqueous sol ution) . In particular, in case that the
obj ecti've conmpound is a water-insol ubl 7cérboxylic acid [in particular, an
al i phatic carboxylic acid having 6 or nore (preferably 6 to 12) carbon
atons 10 or a ar%gaﬁic Ei gﬁx%lic acid%, t he_wat er-i nsol ubl e carboxylic
aci d can be effME‘8¥:PGP b £Peir 287 HMEEREIRBRBERBACAE Xt JTRE by using a
| ower carboxylicfacid (C1 4 gk necar boxylic acid such as acetic acid, in
particul ar waPEF-gﬁFﬁglﬂrgﬂ?g R Yé?%ﬁﬁ%%%naﬁ?QQQﬁﬂﬁﬂg'@emﬁtpyéﬂquﬂp

| Oal cohol h |, 2-ethyl 1), - i, ni I

s a roact; on BBLBRE & GpeioB5oMP S NFGRALbAN FORSELUBEACHAR BRORht Dy
i th ti i Xt t-h i xed | ution, Lch t aj th

obj ect i ve. compolftatin RE-EATEAF, POSNFoh 59 201 DEHRYL, BECBPSNLBcPvent )

d is heated itable t t . g., t 4 2000), t bout
20c to 180, Bodelulh §8a850: 0 R RRo0ty Fnfe pPereratPy BeBEEntd 1o oc:
n particulararound ger QofutEHBELE] K Ceoh BShAE LB s nl ho ECRERRYY, 2

or t and is a good

sol vent which is a 25 poor Sofven react ron produ

sol vent for tBthBid%hgegpﬂﬁggbg ﬁePtgone?.anaﬁﬁ8ppgrha6?¥ggg added to the

reaction mixtlire after conp Ion of reaction or a condensati on

of the crude heREEbBYoTLY! YiRg blbReratehehyed RERAYITERLLG! Ehe Present

invention, it is sui or “separating a water-ins oxylic acid

as an obj ecti RaRPIBOUDInE thy®eutAdl | BUALLAYPrG2RROXYLiSLAGIEyPURD oS

adi pic acid; an aromatic carboxylic acid such as benzenecarboxylic acid and

a heterotycl i g-mach9ipyiranacil-anfetig1pyeaRt | fetAydencomRALNdpWEbh, as a
reaction solvent, a Cl_4al kanecarboxylic acid (in particul ar,

C2_3al kanecar hangki ¢2a¢i 3-soech4ametnglpgradify) , 1Queidaheshal, 3¢ C1- 10al kyl
al cohol ) , a mxed solvent thereof , or a water-containing sol vent

t hereof. | nci démeshyypyradihe,cRrydtdlimethyilpprogdenati aps5€A) (the
solvent-crystallization step Al and cooling crystallization step A2 ) ,
when t he reactilpathylpyriddoecus, 35dimethglpyesdine)of caldddiens, a
reaction m xture nmay be condensed before the crystallization step (Al) or
(A2) in order (fogi n Gt trimgthylnynidineon2 3 § fetohmethylpynédiract i on
m xture nmay be subjected to the crystallization step without condensati on.
Mor eover 15a némécPytrametheleyridineyst mpthydipdapesere - Sont 4rning t he

obj ective Congggﬁglindole, 5-methylindole, 7-methylindole).

In the extraction process (B), the'species of the
substrate is not particularly limited, but it is preferred
that a substrate which forms a compound having an affinity

20 or elution-ability for a water-insoluble solvent. Such
reaction products include, for example, an alcohol (e.g.,
an aliphatic alcohol (in particular, a primary alcohol),
an alicyclic monol, an alicyclic diol), an aldehyde, a
ketone, a carboxylic acid (e.g., an aliphatic

25 monocarboxylic acid, an alicyclic monocarboxylic acid, an
aromatic monocarboxylic acid, an aromatic dicarboxylic

acid and other aromatic carboxylic acids, a heterocyclic



and a crystalline conmponent or a solvent phase (a noncrystalline conponent)
containing the imde conpound can be separated by the sinple neans such as
filtration, decantation, and centrifugation. The crystalline conpo 25 nent
may be, if necessary, purified by washing, recrystallization
(crystallization), extraction and the |ike. Further, the reaction product
or the imde conpound - 57 my be’s@ﬁafated fromthe non-crystalline
conponent by distribution (extraction), crystallization, filtration
(filtration and gash&nﬁ), iagor tion, distillation, drying or conbination
of these oper SBFORSY1Hheariflda 8N EREEYNGONRPUBE  r B8Ry BFERT? 0@RhACiGact i on
system if necessagry.after_regeneration. The afterpenti oned_nethod nay be
used as the r88§X§F§PFOna ?ﬁgaPe[($§ 358Y tiQHithEIbhé pRLELLE  c@Rpri sing

th t ti .10 b t ti ti i.th

ol vent  cont aPRLAG" ot TPELaR ~ Bt a5 ga 0 SXATS: LBIS 26 TRREOB ar abl e

f th I t [ d d, t im d

i stri but ed | Aflo°BOBHESe SUEiRS CRAEBAMABE! BRE- 81 DEAFOSAHDANpNaBEho! | he

I tively. Theref _.th i dvant

for the cose PRYAIBIRECE td 3ol ptberolly et Rig iR bobsbonsta
i | coh ' | dehyd [ Lic.hyd b

o oup, 2 car beust PEELERAREND Broflr Bl KR BE, RRCBYBK ApE M ReReover
‘he imd 1 e d Do . .

2>S<t r agt : E)nn Sb???tﬂgu[%%@biagkf ﬁi'ge coﬂggﬁ%bﬁg%?%%ql?%ﬁ a'}niI J;#%%g??c

pol ycar boxyl I ¢canigich 4l iahodr E%hf%g'c@@ﬁ%ﬁ%&a&%%é?Yé@d%%éﬁf%&ca

wat er -i nsol ubl e”1’mM de conpound [an | m de conmpoun rom an

alicyclic polﬁgabhalykbqgaohadeyggaghlﬁglahg@ﬁhbq Qﬂbﬁ@%@b%éxkgﬁ
anhydride], such an im de conpound can be efficiently separated by

sel ecti ngoan aitbhell)qn aokyelic ketoh8 [aNg.f UthBeafodemahtebABAL i Oned,
can be converted by hydrolysis.into a conpound which is water-sol uble and

is easy to regeneyeilect Retbfiei (CHE, c9ENVaNKkandnd Ehdh SeClyano-m de
conpound is suitable for the catalyst. 5 (Aqueous sol vent containing at

| east water) hexthenaguethe afbrementdohednamgmatibekRetonst ¢C,_an aqueous
sol vent which contains water as a nain conponent can be enpl oyed. The
agueous sol vempiayoemd e ketona esuchy| aemcetoplemimg, ieerezophehdre, ot her

wat er - sol ubl e 10 organic solvent (e.g., a O _3al cohol such as nethanol, a
ket one such a¥lyereBare)dn anhadldshyHeabadilpganecunsdicehydiipdasbaonan, a

| ower aliphatic carboxylic acid such as acetic acid ) . The content of the
organi c 48l veAEOPR {kBe pkegemsntdanedsalisycdignpldehydoufeegto 66% by

wei ght 15 (usually about Q to 25% by weight ) relative to water. As the
preferred aquedistRRAtAGAldghyde such,asfie¥anal) . the aforementioned

aromatic aldehyde (e.g., C,_j;aromtic aldehyde such as
benzaldehyde)], an carboxylic acid having a cyclic
hydrocarbon group [e.g., an aromatic carboxylic acid

20  (C,. ,aromatic carboxylic acid such as benzoic acid)].

As a substrate which forms such reaction products,

there may be mentioned a hydrocarbon which forms a wa-
ter-insoluble compound [1in particular, an alicyclic
hydrocarbon (mono or polycycloalkane), an aromatic

25 hydrocarbon containing a methyl group or a methylene
group].

As such substrates, there may be mentioned the



I nci dental ly, an aqueous sol vent containing a base may be enpl oyed as an
aqueous solvent. Wen the aqueous sol vent containing a base is enpl oyed,
anong the imde 20 conpounds, an acidic conpound, for exanple, an im de
conmpound having the unit shown by the fornula ( 1 ) wherein X is hydroxyl
group, and an imde conmpound having the unit shown by the forrmula (4)
wherein Y is hydrogen atomformthe 609Pe§ponding salts so that imde
conpounds are 25 efficiently distributed into the phase of the aqueous

sol vent. Fox exanpl e, when N hydroxyphthalimde is enployed in a reaction
as the inide @ORY6uR¥CLBPLIkanky (Eng-. Cis@CYsdeadkange| PERECEIRLY ning a
base as the aqueous solvyent in the distributjon (extractiaon) operation
after the realsigclaad )qugF 1o ¢heye RALYEY¢IraEkang) (ShepBPeERde whi ch
is deactivate Qroduct of /N5 hgdrgxgph%halinide formthe correﬁgonding
salts to be dP&¥tPHuPelierhisT¥nEaphoteatem At agbeiddelenderesitbrRover, to

the reaction mxture is ded t he aqueous sol ven{ cqntaining at | east base
and heat ed tog'h%‘#j]fﬁ%?t %pfﬁgul‘%’a?fiaoﬁoﬂ‘?%%ﬁ BOg Y&, agoraticiwo 10

| i qui d phases hat.,the residual imde conmpound of the fornula (1),
conpoundsghavpﬁér%ﬁgrbﬁPSS shown by the fornulae ( 4 ) and ( 5 ) which are

d tivated duct i m d d ring- d ivat i

ther eof are conver t e ThF It AEAEGRr baR oo thE & MOt BB 15 uni
h by th I ' e = (3) COHIij O0_Th f ,

he Tt ContRLE BRI RELEoL snlabbe For Lina Bt thedaBpge"' o °

di car boxyli ¢ SEoReErr g RERedBo IR, 8 TR Feront PRt £, b firoUaidh 1 1°

Nhydr oxypht hakubisde theea!By 04BAutN 13£bCaChE Ry £SgLbRpE M HCaCREPEATe 1N the

extraction operation after the reaction, eaction mxture 1s ygrolyzed
wi th thelequegughsakVeéBluene and xylene, an aromatic hydrocarbon
containing a methylene group such as dibenzyl,
diphenylmethane, triphenylmethane], a condensed polycy-
clic hydrocarbon containing a methylene group such as
fluorene. | |
15 [Reactions utilizing the imide compound]
The imide compound has the catalytic ability for
a varlety of reactions (oxidation reaction, carboxylation
reaction, nitration reaction, sulfonation reaction,
acylation reaction, radial-coupling reaction).
20 (Oxidation reaction)
The oxidation reaction of the hydrocarbon can be
carried out in the presence of the imide compound to'form
an oxlidatlion product such as an alcohol, an aldehyde, a
ketone, a carboxylic acid, an epoxy compound, a lactone,
25 an acld anhydride, an acetal and an ester corresponding

to the substrate. For example, a conjugate diene is

oxidized to form the corresponding alkenediol. For in-



- 60 containing a base so that al nost N hydroxyphthalimde and a
deactivated thereof are converted into phthalic acid salts to be
distributed into the phase of the agueous solvent. Incidentally, in the
present invention, the 5 hydrolysis treatnment with such an aqueous sol vent
is included in the extraction operatiog. The deactivated am de conpound
subjected to hydrolysis treatnment is’s Ptébly used in the afternentioned
regeneration nethod. As the base, an inorganic base or an organic base 10
is enpl oyed. The_i nor anicagase | n¢ anmoni a; an al kal

Iuges, for _exanpl e,
metal hydroxi 852868n 38 e¥idenPhyaies dBYaﬁﬂiBB%éggiB%ﬁ%%ﬁi 48: aan al kal |
nmet al hydr ogepcar bopat uch as sodiun1£ drogencarbonate and potassi um
hydrogencarboﬁggg?eaﬂogliﬁf?'n@FaFreﬁﬁb ﬁﬁ?e Suenbutensl sdgditt caPBonat e

d [ , kal i t tal_h id h | ci
Pydr oxi do: antaPRERhad: Bafinl het S8 o A L IPrL G ALEY SRPET dnf e Bobat e
Th icb ' : ' | i phat i ' h
s i et hyl anfas, PRFSEROTaRt Rl SBURRT ek b e %{W&@mﬁ”ﬁld

J : . h . byl anil i .

i e such astRerERsfi of AThEFREYCRaTSoP bl o Mheptud ey Bond £X°11 €

nitrogen-contg&ghggageggrgﬁ c*&%% ggggﬁgggggpgoaé %X{ﬁgégg?vﬁggaLkali net al

al koxi de such as sodi um net hoXi odi um OxI de. i nsol ubl e

solvent) A mater-insc&?%?ghéqugﬁgne |8¥fg%%£1%a drdcgg?%ﬁxigag jonis

| i qui d-separabl e fromthe aqueous solvent. I-1Nso | € sol'vent

i ncl udes, fOfd%é;iEl)&;}hﬁ:%WPﬁfb&ﬁrbé &mn g?cgoglfb@ﬂ iighihkﬁoﬁﬁg(egcfﬁ%?”’ an

alicyclic hydroca , an aronatic hydroc a hal ogenate

hydrocarbon) , tR8 AE@h@r thekBiRgess Tk’ tBveldy B1bhYe@CABBEAAING Bht M1 €,
an ether and a m xed sol vent thereof, and can be suitably Selectéd

accordi npt o ahsorsperics tof f6f 4 A2chirddxP1adusti@nd Wih anksraspgeauUNd.
These hydrophobi c (water-insoluble) solvents nmay be added after 10
conpl eti on of cyeatticompomind ¢yt Hn BP bay@d- fomatiRAE1H§N Sek¥a8DEed,
a hydroxyl group or an oxo group is introduced into the
non-aromatic ring, or the ring is cleaved depending on a
condition to a dicarboxylic acid. When a bridged cyclic
15 hydrocarbon having a tertiary carbon atom (methine carbon
-atom) is oxidized, a hydroxyl group is introduced into the
tertiary carbon atom (e.g., bridgehead site), or an oxo
group 1s introduced into the adjacent site thereto
depending on conditions. When an aromatic hydrocarbon.in
20 which a methyl group or a methylene group is bound to the
aromatic ring is oxidized, the methyl group or the methylene
group is oxidized to form the corresponding alcohol,
aldehyde, ketone or carboxylic acid depending on condi-
tions.
25 An alcohol is oxidized with oxjgen in the presence

of the imide compound to form the corresponding aldehyde,

ketone or carboxylic acid. For example, an alicyclic



When t he hydrophobic solvent is enployed as a reaction solvent, it can be
enpl oyed as the |iquidseparable solvent fromthe aqueous solvent after 15
conpl eti on of reaction. Mreover, when a hydrophobic substrate (e.g., a
hydr ocarbon, a ketone) is enployed as a substrate, the substrate is

enpl oyed as a reaction solvent, so that, the residual substrate can be
enpl oyed as a |iquid-separable sol verit ¥ 6m t he aqueous solvent after 20
conpl eti on of reaction. Anong t he hydrocarbons, the aliphatic hydrocarbon

i ncl udes, for e l,e,, an |ph tic dro rbon havin to 15 carbon atons
such as pentaﬁg Lad&, ©; 8&@? n&o % e F?GF@ﬁPSﬂQ?nSCF%ﬁﬁycFéﬁoctane

E!lg. ﬁSCEE?o 1%%5%? 8 Iﬁﬁix?afﬁ%%ﬁé%%a P amson ¢ hﬁgogpaﬁgasﬁgf o

gytLOEE‘:cSPPL%% SRR CRheRiey ro%-émﬁlapéf?lé Jr%‘h“e’%%fh%fd JGadhe Fxane.
T

oretorted al | YR & PoPYAEYhaRNERERonss BndReT R, 25y BV ARABAR navi ng

5 to 12 cgrbon 3o ns The aromati c hydrocarbon includes, for exanple, an
aromatic ydrocar yon having 6 to 12 carbon atons such as benzene, tol uene,

et hyl benzene, cunene, ﬁ%ld%ﬁd' ep'igm%z&i‘gugp Mc%%r} h egrlggnce

hal ogenat ed hydr ocarbon I nc for exanple orone

di chi or omet hagg. +8 |4l EBhpEARE XD eI ERbL Hdiltee rﬂunﬁlng]eskuaﬁs}mha“e

(Freon), dichl oroethane, trlch or oet hyl ene,

di chl or opent aagdach! P6ebeRaRPEe , da&biaféoaiaéﬁi?& aﬂQ 6&1&5)&9&098”%89{3 15
The al cohol includes an al cohol derivative of ﬁe af orenent 1 oned
hydrocarbon, aadpieclaedas, for exanple, an aliphatic alcohol, an alicyclic
al cohol and an aromatic al cohol. As the aliphatic alcohol, there my be
mentionetlp for exanpl &, ketoAki P adxk LA TBE A TEN Wxyte 16 4hkOpiBseaebon 20
atons such as butanol, heptanol, hexanol, nethyl hexanol, ethyl hexanol,
hept anol , oct afiothe dedaleoEompeuhtictalfioayn the catmapindidiecarbayybec
mentioned, for exanple, an alicyclic alcohol having 5 to 15 carbon atons
such as cycl oaeidnol Foneexgmpie| oftbathyl, ketbpecys| okbdhned, t@5form

cycl ohept anol and cycl ooctanol. As an aromatic al cohol, there may be

ment i oned, foﬁcéiéﬁpﬁéldaﬁnérDﬁﬁpﬂ@ndbc@mwd h@mﬂngYGlpocranoaebaw at ons

such as benzylalcohol and - 63 phenethyl alcohol. The ketone includes a
ket one derivaP¥}8iged: ke Lpsmesuherdge@cd@dr ocarbon, and includes, for
exanpl e, chain ketone and a cyclic ketone. As the chain ketone, 5 there

may be m‘eﬁtl oned, for?Bxampre 150xdidined ia kbeopresence of the imide

compound to form the corresponding Schiff base, oxime etc.

A heterocyclic compound is oxidized to form the
corresponding alcohol, ketone or carboxylic acid. For

example, the heterocyclic compound (a) exemplified in the

20 item of the substrate is oxidized to form the corresponding

compound having a carbonyl group by converting a methy'lene

gfoup adjacent to a heteroatom (e.g., oxygen, sulfur, or

nitrogen afom) to a carbonyl group. In the case of the

heterocyclic compound (b), a compound having a methyl group

25 adjacent to an aromatic heterocycle is oxidized to form

the corresponding heterocyclic aldehyde or heterocyclic

carboxylic acid, and a compound having a methylene group



having 4 to 15 carbon atonms such as ‘nethyl ethyl ketone, nethyl isobutyl

ket one and diisobutyl ketone. Mreover, as the cyclic ketone, there may be
menti oned, for exanple, a cyclic ketone having 5 to 15 carbon atonms such as
10 cycl ohexanone, nethyl cycl ohexanone, cycl oheptanone and cycl ooct anone. As
the ester, there may be nentioned, an ggter conpound having 3 to 20 carbon
atons, for exanple, C2_I|paliphatic Carfhoxylic acid-Cl_|oal kyl ester such
as nethyl 15 acetate, ethyl acetate, propyl acetate, isopropyl acetate,

butyl acetate aﬁetate %ggébacetate, i soanyl acetate, 2-ethyl hexyl

| ,
acet at e, nethép gééBFo_ﬁtQP 23 ¢ oRebeEPEYChat Is Fbiizafite I
i te, | i t t | ,.ethyl h te, ethyl 20
ot anoat o, olhol BhEPaRBARELaR Lt Ay PoRRLbRAPEONes  Aal | phati o Car boxyl i
id-C5 | | oal kyl est | | t at d |
Scetater O7) 2aromat | Sugh BHARTIon FeattT oot it Se e BartpaoSthdm,,

benzoate, ethyl benzoate. butyl_ benzoat di net hyl pht hal ate, .25 di et hyl
pht hal at e andxai BE‘PQFPBﬁFﬁa gt 8X¥Y3E 1 h t P e A MOtay be

i d ] d.h b f | -
an al i phat ¢ EPEFSSRTREIN RO R ten  Fop iR ARV SRR e pradnciElgese
! ; gand’ ane; “nitrop |
i i 1 obenzen®t R AT RBF el BReh BEPLE o HE 183 i BEEE TR cathh ¢y
pe ment | oned ;B Ab! faPyd UholdiRal2 FEGRME Wilkpotntd of AU Spiyd 7 —

| 2aromatic nitri such™ as benzonitrile. r, ere nmy

mentioned, fopp8¥ ' Let hy. ; L) opyl
et her, 10 di p&py?ﬁ&?%g@arﬁ?%ﬁ?;ﬁ&ﬁ%%ﬂ%& %ﬁ?gf)ﬁﬁétiiyﬁeg'gfélre? air-l gfni sol .

The pref erredudgler -THs Wmdift TF WaRlgenNcandes deh¥dtegaabedradngetone, an
ester, anitrile and an ether. Especially, a hydrocarbon having 5 to 15

carbon aions tha spécies o thexXaiBstLHeLONSXANS Ws¥al8Re) reRake@negohavi ng
4 to 15 carbon atons (e. g., nmethyl ethyl ketone, cycl ohexanone), an ester

conpound havi bgndl to¥ heCBubsbrateso (5 dnol 9r moret (W)g aACabaig, 1pheny!
acetate, nethyl benzoate), a nitrile having 7 to 12 carbon atons (e.g.,
benzonitril e) oambrz) 2prefbeabhpabomtdl ttd 100 errloandimore. pdéEepablycul arly
preferred water-insoluble solvent includes an aliphatic or alicyclic

hydr ocar bon habpn§ 8 to 39 mailbonlmtramy ains taneehertimuwenrtiom 12 car bon
atons. (Extraction operation) 25 The extraction can be carried out by
addi ng the aq@@siiedopytriander axywgaedmasplsingniconteindng ap exeessacti on

m xture after conpletion of reaction or its
15 mole of oxygen.

When supplying the reactor with molecular oxygen,
the reaction may be carried out in a closed system after
supplying a reactor with sufficient molecular oxygen in
advance, or with molecular oxygen flowing continuously.

20 In the case of continuous flow of molecular oxygen, oxygen
can be supplied in a flow rate which corresponds to the
amount of oxygen.

Incidentally, when the oxidation reaction is
carriedout in the coexistence of an aldehyde (in particular,

25 Ci.¢aldehyde such as acetoaldehyde), a ketone and/or an
alcohol, the oxidation reaction is accelerated to produce

an aliphatic dicarboxylic acid or an aromatic carboxylic



- 65 product resulted froma treatnent (e. g., a mxture subjected to the
treatment such as condensation, filtration, extraction, distillation and
crystallization), if necessary, subjecting to hydrolyze by heating or the 5
i ke, followed by mxing by stirring or the like to |Iiquid-separate.

I nci dental ly, when the hydrolysis trea%gent is carried out, the

wat er -i nsol ubl e sol vent may be added” after the hydrolysis treatnment.

I nci dentally, when the reaction product contains 10 an acidi c conmpound such
as a carboxylic,acid  the aqu s, sol vent. containing a base is enployed for
t he extractioﬂ?igdw%ﬁ%Ihfght clenpge. gMakeaner + & LEFGHOR e reacti on
product, the imde, conpound. (e.g. n j.mde coppound of _.the fornmula ( 2 )
Rherein' R anfoRBEHBRG eecnierated B (it GeSSIEER TR & =GRt onmt | c
ring having 5 %o 12, nmenbers % de ctivatgd catal yst and/or a hydrol yzed

pr oduct t her €8 pefﬂtgﬁcﬂrcas d%f? rPYHOLET di ¢ conmpound such as

di car boxylic a%d%ﬁﬁ t.he reacti,on product is recovered by a suitable nethod

(e. g., crystal |2£ﬁq(ﬁﬁa%ﬁ %Qﬁ% ation), the other 20 reaction product, the
i m de conpound, the qﬁgg lvated c I o e ¢t

t her eof rrr?;y be separa edﬁﬁe\ll'ﬁé ﬁét%gcﬁféﬁém%dé%;gﬁ(%ﬁ%%ﬁzvéejon'?‘;% the

hydr ophobi ¢ ( eL.-4 I ol v { tabl I d cordi ng
to the speci eé\ﬁ%f é‘tllblg‘?{r)éggt ?%)hé'pf o%l:ﬁ(:’f(gég?%gbcl?ﬁ dlgsbc%?r%gﬁ%g vggj%tgl S/"gf and
its deactivat d. 4 s, ad g 4fQr t L ght ratio)
L apout - cERrg8fiond ed Mo tilfad R aad BURAERERRE pEIa0 TR AR
preferably abggt Ro,l M,05).0(314)1a 80¥cHBUBkIHe2PRYE.0 s02)/ d1¥p #£/1. The
extraction may be ¢ rrf%& out i n whichever a 5 batch mannef or continuos
manner, and ngychfataiEhPBoRYl tompbhhdstage(ppeaatobmpsunafwneerssary. The
extracti on nunber of the reaction m xture with use of the hydrophilic
~solvent nod tpadhydLlophobiabDe iefita @aTHom -RAUE boRe ebdEBgm! 01) he
speci es of the oxidation reaction product 10 and the oxidation catalyst,
and is, for emanpbryliaboatid, t@ip) td mEtrousoapoyndjotiil)t an3otgaric The pH
of the extraction systemcan be suitably selected within the w de range
dependi ng on sh@fepecortabhihfeackdc{eog. prsdlfonitchecid)de(twdpannd

catal yst and 15 the deactivated catalyst, and is, for exanple, about 5 to
10, preferabl gcubation reagtioghprodhetctanlalstienyde he kisbtene yaoad(€at al yst
(including the hydrolyzed product) is recovered in the formof salt, pH may
be nore than &0cavhen-gazbppchendofonminggreaghien; predprbyed as 20 t he

aqueous solvent , the anount of the base is , for exanple , 1 equivalent or
nore (e.l9., 985dvative thexanf (4t ent 0 oxideeasy§lipsdipredustguch

equi val ents ( _nore preferab] bout 1 to equivalents relative to 1
equi val ent ofthéaFEPBE coWBiEﬁdCBEFﬁFPQPgﬁngPo§gﬁ ?HgétFQEEtion. 25 In the
present inventian xtraction nay be carried out with warm ng, the

he
extraction teﬁﬁgpggﬁ}geﬁgf for exanple, about 0 to 200C, preferably about 5
to 150C,

For example, in the presence of the imide compound,

a bridged cyclic hydrocarbon having a tertiary carbon atom

20 (methine carbon) is reacted with oxygen and carbon monoxide,

a nitrogen oxide (e.g., NO, NO,, N,03), sulfur oxide (e.g.,
S0,), 1,2-dicarbonyl compound, or a compound which is
radically formable of a carbon-carbon bond to form a

compound or a derivative thereof in which is introduced

25 with a carboxyl group, a nitro group, a sulfo group, an
acyl group, a hydrocarbon group or the like into the

tertiary carbon atom.



- 67 nore preferably about 10 to 130C, and the extraction is usually
carried out at about 15 to 100C. Particularly, when the hydrolysis
treatment is carried out with the aqueous solvent containing a base, it is
preferred that 5 the extraction is carried out with warm ng for the purpose
of efficient progress of the hydrolysi?. In this case, |liquid-separation
may be carried out after the tenperafu & rovers . If necessary, in order to
i nprove the extraction efficiency, the extraction may be effected under

applied 10 she ress y be effected under atnospheric pressure
or under appli Z@%%egts d]éiprf extraction oper at| on, the reaction
product having a hydr %N(nj gi 0 nd can 8 separated
by distributing the p ¥¥§5§Bﬁ%ﬁ rears L8Py ‘%SPgﬁﬁF at t he

Comound EFﬁc? 0”%%§3%%%9§£a2t54£§%9f:33¥§Fy£ 66 : achigraaPhFoift ne

20
recycl e or Yiﬁéeﬁ?ﬁ$f1¥h§a¥%§§9i%H§a§ét5%$ k%¥§§9§¥ OFrg BRAERRGa ed or o
sall ther gof diabbl DGR Uil 8o EnAOHER S SR ey RIS CBRYBE A T O the

am de conpoun Py Teacting w xy amne or an acid

i f necessary, a§fE8£m5¥d58h&S'§c$%}Q 281 Clﬁf8g gﬂ%§5a?£éall ring-cl osi ng

reaction) ring-opening reacfion I'beratio Further, the

di car boxy| 1 c 861 En3akbaBbeiBeaboabhe trielufEshEbbYLeoLAL 0 the agueous

sol vent - phase can be converted Into the mde conpound of the

fornula (1 )nbarbeasbbns ¥hEh Q!dEQKXhé”‘BétahE RRacBaAL¥nedf ter
liberation. An im de conpound regenerated thereby can be recycled and

reused to thenakagéh@bBedyhy@toch¥bohst BREADAS. chl8r6foemt ahysh1bs separated
and recovered by the extraction operation to recycle and reuse into the

reacti onieyst eomethahdentathyorbBenanéer sreboaAncdtiagrnorageon net hod may
be utilized as the regeneration of the imde conpound. 10 Incidentally, the
above Japanesdi€hlenbbénpeneatridbrifldefpmathiplbéndenad; lddhols such

(JP- A-10-114702) does not disclose about a deactivated catal yst, but the
process di scl asegethanha,| etbantl; eprapaheladbptadolo phtanaie Rhat the
deactivated catal yst exists. For exanple, 15 when the reaction product is a
extrenely hi gﬁtbwiaexgaﬁéomgm suchaal pcetaved, meyhybleddyilnge hpne
extraction solvent, the reaction product can be distributed into the

aqueous sol veARAdmeihyl 4s@butyli ketene nasfdiaks such 3 meihylorcehate,

deactivated catalyst are/is distributed into 20 the water-insol ubl e solvenf
phase. [ strPBHY'oﬂ?etate and butyl acetate; ethers such as dimethyl

ether, diethyl ether and diisopropyl ether; nitro com-
pounds such as nitrobenzene, nitromethane, and nitro-
ethane; nitriles such as acetonitrile, propionitrile and
benzonitrile; amides such as formamide, acetamide,

20 dimethylformamide (DMF), and dimethylécetamide; water:;
and mixed solvents thereof.

Particularly, 1in the oxidation reaction, the
solvent usually includes a carboxylic acid (e.g., acetic
acid), a hydrocarbon, an alcohol (methanol, 2-

25 ethylhexanol), a ketone, an ester, an ether, a nitro
compound, a nitrile, an amide, a water—confaining solvent

(e.g., an organic acid aqueous solution such as an acetic



In the present invention, the reaction product and the im de conpound may
be separated by a distillation operation. 25 The distillation is usually

carried out by using a distilling columm. The nunber of plates of the
distilling colum may for exanple be about 1 to 100, - 69 preferably
about 5 to 80, nore preferably about 10 to 70, and particularly about 10 to
60. The distilling operation may be codducted at an over head t enper at ure of

about 20C to 300C (preferably about 0 to 250C, nore preferably 5 about 20

to 200C, and par.éi cul ar| ablout 40 to 20006 , a bottomtenperature of about
20 to 400C, pP&f- r%%‘i’?mé%cﬁﬂ BHon) 30d@ BARY AReSHr S aBPY tEBEE MaY ¢ o

Co 1 WP, depBRaPREtoRs: ReS8THEREs oFMSLaeREAL Ity inf | TH5 YRISE- component

i de” conpoundPRCRBRagger o1 TREE a2t AanyRopeldr Fon v B SasRuubEenhy

e i
> Imy,g' : §B0QYAG L %é‘g }ypr @?%rté 8F35853Pﬁ§. %g’ok‘tf’agp 08

can be conducted for “exanpl €, MPa,

preferably ab o] t gpae(; ure .20 of ab -20C to
300C, preferagr% %%gfﬁf%“%b j%‘s%%%tr%o%ﬁﬁga%t’esgég 'y 2%0031%%2 Yt‘gegggg,s‘and
particularly ab P1Lé2 S99 process i s advantageous for the case
that the di fferg?\%ae bet ween a %%‘F\t']fng poi nt of the am de conpound 25 and

that of the reaction phedeshct ohAef1141meRAA Aot ompoARRCBENERAL her
t han the am de conpound and theoreacti on rE‘?oduct © ?Op The react‘lgon

m xture sonet fpeRutant a) Sméo LRIy 'FESidéis fevfen’ GABLIOPC18URILAGI Rl 142
reaction solvent, a co-catalyst such as a netal catalyst, a by-product [a

| ower cafboxykondatidnsharrhdereddeLon VeenpeRotinte Wanlasé Vaiives1p t her eof
(e. g., esters)], a reaction pronoter, a solvent enployed in a purification

step, as wel | seiethedr aacoraingr bdutiie apkdies ofi dhecompasndofpbaalydi ng
t he deactivated catalyst). Therefore, in the separation process (A) and ( B
) of the pres&he reaehingnagemt cani@rthd aubeantateqgnpadeds for example
' 0 to 300°C, preferably about 30 to 250°C, and more preferably
about 40 to 200°C. Usually, the reaction is effected at
15 a temperature of about 40 to 150°C (e.g., about 50 to 100°C).

Particularly, in the oxidation reaction, the
reaction temperature is, for example, about 0 to 300°C,
preferably about 15 to 250°C, and more preferably about 30
to 200°C. Usually, the reaction is effected at a

20 temperature of about 50 to 190°C (in particular, about 70
to 190°C).

Moreover, the reaction may be effected under
atmospheric pressure or under applied pressure. When
conducting the reaction under applied pressure, the

25 pressure is usually about 1 to 100 atm (e.g., 1.5 to 80
atm), preferably about 2 to 70 atm, and more preferably

about 3 to 50 atm.



10 or an inpurity in the reaction mxture is previously renoved, the
reaction m xture nmay be subjected to conventional separating and purifying
operation such as filtration, condensation, distillation, dilution,
controlling the Iiquid property, extraction, washing, crystallization, 15
drying, recrystallization, and colum ﬁgr omat ogr aphy, followed by subjected
to the separating operation (A or (B). " Mdireover, the reaction, mxture
obtained by the reaction nay be subjected to the separation step (A or 20

B i t hout t t t_ . t hj th fed terial f
Feaction (subsir at e) AhaEeas Ein Tite cESHag G st TiReed | nto
phast or an hNEBAY Gl Denre HheRLY Teikihad FLef it RNy 98- oo ucn

h i sti d ial [ d.th - I
Gi'gtrbut ed | BP8SBat SRR, 52, £ SchOREE Grend iy BboRE 2B biEe§ TFC cbove
- 71 ti t I - t

convent hgrihafiet Hth pb0cPBLLEGHRRy AIBIO d RSoRER S0UG Soufl

carboxylic acid precursor of "a derivative

i Ser P heiTan Aefleidifo 0n" eR0OPAaDPILA {RfioSHARIE S SAPa8sRE SOPAr At €d DY

di stributrion tract Ccrys I'za sor pti o, rolrysis,
saponificatio r gy L i 84 J . i :
filtration (e?gr?ﬁ?h '?d rH(:latZ ?%hegr%gqmgglhé @ Bgrs(lyllqﬁga‘(.iJF olr,'Y gggg%?ﬁa‘ﬁ%%l%f t hese
operations, i SCARRADY, eCUene +1 e i y ver,
fromthe r eacﬁlgn m xt E?é,é)'t%e' )rég’togﬂ_t g%:"% yst %cg?%tb%ng%é?%:feée%e%%Bgf _
conventional gBbled £9YE KEuts ! Wil hoPe praferdbly dbdif 3 £8B smgupashi ng)
. renmovi ng a solvent, condensation, drying, or a conbination of these 15

operations. Further, 1heid&P€AlDR, MnitHeCok fAStHYIE Hedd OB bFAERA! £108
treatment with an ion-exchange resin or the like, and the netal catal yst

may be eldm nebdtdr cagsset afedhantdeaetych ashydtenr e contrblNedy®witliin

I ncidentally, when a water-soluble co-catalyst (e. g., a salt of acetic
acid) 20 is ebheopamge tdfe 30et aby ot ghtston desxt (ecg ed atdwt vatter 3Drdm t he
reaction mxture to recycle without any treatnent, or to recycle after
regener ati on PH Weiahtor.npréfenabdyaboudr 3 d0c20t by wei gt die . gaf,t @bowtir ni ng
to ashes, the nmetal conponent nay be recovered, regenerated and recycled to
25 the reacti 8ntayk8 einby weigdvitlal Imprepprieferabilyr aboutodeoplbcésbes
(O(D)(E), the netal catalyst nmay be separated fromthe - 72 reaction

m xture prior Yed9hhe(@ePar ARYHt obdratli®ris PX) ¥8}ghs) radakdvel teatheyst nay
be separated fromthe product resulted fromthe separating operations

(A (B). ?gepaf”é??ﬁgr?ﬂ tioh ggYEbaBourheanBitationt BpachiaPyd®] 5 In anot her

r f th [ ng Lnv i.on h
process of t gcge 3ga ed, a%@“:t?e fotrm%tion of by-products is inhibited,

so that a reaction product such as a carboxylic acid can
be obtained in high yield.
The reaction operation can be carried out in a
20 continuous system, a batch system, or a semi-batch system.
Moreover, the reaction may be carried out by reactive
distillation accompanied by removal of water, or by the
reactive distillation involving employing a water-
separating apparatus, such as a decanter. The reaction may
25 be carried out in two or more steps. As reaction apparatus
(reactor), use can be made of a conventional one, and a

plurality of apparatuses may be used. When a plurality of



am de conpound and the netal catalyst can be separated froma m xture
contai ning the am de conpound and the netal catalyst . The m xture nmay be a
reaction m xture obtained by the reaction (e. g., oxidation reaction). 10
The above separating operation can be carried out by (O
solvent-crystallizing step for crystal I4'Pzi_ng t he am de conpound wth a
solvent for crystallization, (D) absorption step for absorbing the netal
catal yst by absorption treatnment, or (E) extraction step for using an 15

I I DI I d i | ubl bl
From the aqushRaEarGest af be F5ear ot if A fati first P ehiedtedi ) ©
cat al yst IntOi§hgeghgée?8&/§€?1%35%%%*f3f|Uble sol vent and the phase of the

aqueous sol ven respective vent-crystallization (C] In the

solvent cryst ol (aslasy 460 oAl STANL WD ISRl gl o ot ore

separated from am de conpoun th a

solvent for crystedbhZatdel 5 As the solvent for crystallization, a
variety of so?vents ?eg%rac?an sol vent) such as a hydrophobic sol vent can

pe enpl oyed dependi noa it SBleUfbabtion prddictildbagLe  hildf ol I Ne

metal catalyst . In many cas e netal catéfyst éxtracte

separated Wi thnag) §EHEEYS &OkdEShe; £6c%?§ogg¥f8u§cﬁ&i%@gééﬁ%p@§§g3ﬁgsa5

m xed sol vent of water and a water-solu vent may

the water-sol yhbersQ&YEoh miLehfe "BYtREnB by 0PRE Losceboye(gxgp!ified
aqueous sol vent, for exanple) a carboxylic acid ( a. g . ,

C2_3al kanecar 6pxiiht LoRCidhStion BS IeRitHerACithe activatgobe! thé. iMide
Cl_4al kyl al cohol such as net hanol, ethanol and isopropanol), a ketone, a

nitrile, an acompoudd@ iEhdeeevabeated adlthespbdedlion GRfbJERASLANG tigey Or in
conmbi nation. Incidentally, as a m xed solvent containing water, a m xed

sol vent tOnt aafiongmentitoned derapnivated afatalfyet dsasphetimbsufofméd. 95% by
wei ght, preferably about 25 to 90% by weight, and in particular about 30 to
90% by 15 wei Mareowverbepbupabyredachionhpraduebssasdl phuatral wimkdei s usual |y
used. The separating process utilizing the solventcrystallization step (O

i s advant ageotempeundscnayisee t pantatrednivetbenpeantion mbxtuoenti c ani de

conpound and the 20 netal catalyst is a conmpound soluble in the aqueous
sol vent (in particul fccerdin@rtasdheppregend] inyeakdon.stha reagtiamt of
acetic acid and a conplex). The am de conpound and the netal catal yst
separat ed by Pﬁ@dﬂ?§g¥H1F' almbre spmeerRe (HRrFlyking fhecdeastiviated
reaction iystenldwbreover t he anlfe congound ang %he net al catahzst may
be, if nbtess3FyIerafRARPARECINGT! BFE| BGPREAIRE FEQR: FBR Epapkipn

mixture. The separating operation can be carried out by
(A) crystallization [e.g., (Al) solvent-crystallization
or repulp with use of a solvent for crystallization, (A2)
cooling-crystallization] operation for separating the

20 imide compound as a crystalline or non-crystalline
component, or by (B) extraction operation for distributing
the imide compound into a phase of the aqueous solvent with
use of an aqueous solvent and a water-insoluble solvent.
Incidentally, the reaction product and the imide compound

25 may be separated by distillation operation according to
their species.

[(A) Crystallization]



- 74 Incidentally, the non-crystalline conmponent (the aqueous sol vent
phase) containing the netal catalyst may be recycled to the reaction system
wi t hout any treatnent, or the metal catalyst or the nmetal conponent nay be
5 recovered fromthe non-crystalline conponent, if necessary to regenerate
and recycle to the reaction system For exanple, the nmetal catal yst or the
met al conponent recovered may be, if-nd8essary, regenerated in the form of
carbonate or acetate, or after burning to ashes, it may 10 be recovered,
regenerated, and recycled to the reaction system The recover of the netal
catal yst or the netal Inctipenerystahlbzationi epevatidyy EAkonttentinhde net hod
such as crystallization, filtration (filtration and washi ng), absorption
(e.g., absorpEPBROBAE 1§ iseDexated astd carysmllildmeeswhmwe:nmtmlbin@ he

|'i ke}, renoving a solvent or condensati on, and a conbi nati on of

t hese nethodscovnﬂgéﬂﬁtPﬁnt§9e§°€typtrﬁrYﬁ§aéi%§@bi©@n(%lbp°¥ the  the

i mde conpound and the netal catalyst are separated fromthe nlxture by the
20 absor pti onceﬁéiaﬂrGHYS‘FF\F-%iﬁFBé@%(A%) RAECRGNE Foathy sPeried ofnd is
advant ageous for separating a_hydrophobic i m de conpound and a

wat er - sol ®bl et Hﬁt§Pa€5§8PyEF°dPﬁttﬁBdaB§Gr5FF€ﬂ gempoundyari ety of
absorbents, for, exa activated carbon, zeolite, silica, silica gel, 25
silica- alnlna) ($?H%$ %1%291%%@%3%H The specific surface area
of the porous absorbent naz be for. exa about_ 10 to 5,000 nR/g
preferably about 50 tbR th 7%eparapipd ngacﬁﬂﬁ “E*%??ﬁ%ﬂeﬁ%&ﬁ?nﬁbout 100 to

ckanpl o, an | FOYGERLALF ﬁggﬁgﬁﬁéggfi?'aﬂcFﬁﬁeiwiﬁa'néﬁﬁﬁﬁ%? w884’ non 1 ayer
structure suchgseaeolbbg yBLhi £ ﬂéﬁ@%eie%t@w%roan WaESSHERGRT havi ng

a layer struc e Suc ra SI I con-contalning mca 1te,

nectori tgy SYRtfesiA et apARSadds oy A Ospwg.rﬁfl}gﬂaoé%;;faiﬁﬂ?%hegZed

fl uori ne-cont ai ni ng hectorlte nmet al acl an organic

ion eXChangertﬁé”ré&b@ﬂoﬁobfﬁﬁﬁ6¥mﬁhd€¥HéL1dIHé %6ﬁBBhﬁd f1RLigagngagi ¢ ion

exchange resin having a quaternary amoni um base (e. ¢., trineth ylamoni um

base, dlnethyhebbaﬁegean?ﬂbaﬁb9§sshd ée&@@ErQ381ﬁ tﬁé ﬁéfmaagesafian havi ng
a primary, secondary or tertiary am no group; a ration exchange resin, for

15 exanpl e, aThukQNghasi préckss exchaveaatageolshavirngepasdtifngi & acid
group, a super-acidic ion exchange resin having an al kyl fluoride sulfonic

aci d group, acompbuad dolubda excBhegabbeei BolleehBgas €Rebewidktgoaup, a
phosphoric acid group or a phosphinic acid group; chelating resin, 20 for
exanpl e, 1an i prodnccéei.g. acoditinpedncirenating pesdnctpobfathee-typed
chelating resin; a resin having an acidic group and a basic group
(snake- cage reéadilgyrlic hydrocarbon and the alicyclic alcohol) and the
imide compound insoluble 1in the above solvent (e.g., an
aromatic imide compound).
The solvent for crystallization can be selected
20 according to the species of the reaction product. When the
reaction product is low or weak polar compound (an oxidation
reaction product such as monocyclic C,_;¢cycloalkane), it
1s preferred that a hydrocarbon or chain ether is employed
as the solvent for crystallization. When the reaction
25 product is high polar compound (e.g., a water-soluble

compound; the oxidation product of a polycycloalkane

having plural bridgeheads), it is preferred that water is



In the ion exchanger, the ion exchange capacity can be suitably sel ected,
and may be, for exanple, about 25 1 to 5 neg/m (dry resin). The ion
exchanger nmay be whi chever of gel-type or porous-type. Anong the ion
“exchangers, the ion exchange resin may have a crosslinked - 76

structure, if necessary. As the absorption operation with the absorbent,
there may be mentioned a variety of metfods which conprise contacting a
treated liquid containing at |east nmetal 5 catalyst [in particular, a
treated liquid containing the imde conmpound and the netal catalyst
(especi al | y aRMR&Q¥6As asothensplyentt Rorneryssaldinationr exanpl e, a net hod
whi ch conprises conducting the absorption treatnent by addi ng the absorbent
to the treated |iqui dIndhfePR8aehkilayers icohpexaeples efueydrecarons
absorption tregtnent by passing the treated |liquid through a absorption
appar at us suchnishaazs gmRle¥RAafArngrystasddsabdan. (9RerapYdbPhent

treat nent condition g a.. .. , the amount of the absorbent , the flow
anount of the®PPEREE nlFHS&H?ecaﬁ°5e3§€WBéFeda&éBBﬁH?ﬁghXQrBﬁthens
absorptio t he_ab bent, for exanple, the tenperature of

h i,sfi f
t he absorgeﬁtﬁ%ggégggiibfggquﬁﬁ#%F t4 &P & sBereTREefRFaRL¥orpbAnd and
the netal cat st,_separated by the absorption freatnmen be recycled to
th on 36Y<5eRBRR Buplns, Broht ad AN angonpEtARSantePREXRBEal cat o
}Se1r??c;;ggs Sé genert dV nd : cycled t 0t reag?io steﬁl Eg?a et
exanpl e, the ﬁgpéthat§%§§b30rifﬁgcﬁ8¥8r 26ﬁ%BXgﬁFnggoegae§¥ﬁ§9eﬁe, i f
: j f f 25
bur i ng Lo ety il hRatolatit Bavitd 310 2 lpPERARELY Y o8 16 e
ti t i I | S] th
xtract | on ot Bore 2T EARER STt 2) ddrbon ot diC AR GRS SEORATREE o,
deconposed pregetbnbxand dd@ FRLBbctANE!: Yol 18 HidROaT toh ! ﬂﬁvig&r action

operation with an aqueous solvent containing 5 at ['east water and

wat er - i nsol ubketsa ¢preFepatall ¢ €4 A0)t BArdeHeRESmS Wudhst BeAhbi but e
the im de conpound and the netal catalyst into the phase of the

wat er - i nsol ubkelaehegnikyaedet RAdpB8R¢1BENEBAcaqUEOUS Sol vent, respectively.
Thus, the process is advantageous for the case that the 10 i m de conpound
is a water-insol ubl e Mompouad, (asgtheachainnmatheri ntiere omapubd) mand t he
netal catalyst is a water-soluble conmpound. (Aqueous containing at |east
wat er) tioned, for example, diC,_galkyl ether such as diethyl ether,

15 diisopropyl ether, t-butyl methyl ether and dibutyl ether;
C1-681kyl-C¢_jparyl ether such as anisol.

These solvents can be used singly or in combination.
The particularly preferred solvent includes an aliphatic
hydrocarbon having 4 to 12 carbon atoms such as hexane,

20 an alicyclic hydrocarbon having 4 to 12 such as cyclohexane,
diC;_jalkyl ether such as t-butyl methyl ether, and a mixed
solvent thereof.

The amount to be used of the hydrocarbon, the chain
ether or water employed in the crystallization or repulp

25 operation varies according to the species of the operation'

(e.g., repulp or crystallization), the species and amounts

of the reaction product and the imide compound, and can



As the aqueous sol vent containing at |east water, 15 an aqueous sol vent
whi ch contains water as a main conponent can be enpl oyed. The aqueous
sol vent includes a m xed sol vent containing water and the ot her
wat er - sol ubl e organi c solvent (e.g., a Cl_3al cohol such as nethanol, a
ket one such as acetone, an ether such as di oxane and 20 tetrahydrofuran a
| ower aliphatic carboxylic acid such” aS%acetic acid) . The content of the
organi ¢ solvent in the m xed sol vent |s for exanple, about 0 to 60 % by
wei ght (usual |y about to 25 % by weight), preferably about 0 to 10 % by
wei ght rel ati @ SﬂJ&t\nshlé"r Seh@%%wafcbflerﬂwresgaq#eoﬁ@r@éﬂaaw FpeeE s
exenplified. évater-lnsoluble sol vent) A wat er-insol uble sol vent enpl oyed
in the ext PActq 490i-900; Barks éﬁfp‘dﬂtﬂpé 3n¢ Aboyt &aﬁé'duéOSQPQePﬂ‘rtqhe
wat er -i nsol ub] e sol vent ipcludes, for exa t he above exenplifi
wat er - i nsol ubP¥ gﬁi9@ﬁtrFiGF1¥§aﬁﬁl%ooaﬁaggﬁphztW%iﬂpﬂr%EaFB%aniﬁe g. ,
a hydrocar bon haV|ng 12 _carbon atons such as hexane ) , an alicyclic
hydr ocar bon (€gupoynd coaﬁaéP?eyﬁPlEhﬁyﬂiﬁEHFﬁon having 5 to 15 carbon
atonms such as cycl ohe aneé an aro tlc hydr ocar bon gﬂ% an aromatic

iy

hy?rocarb nhhaV|ng 6 %rﬁdvﬁﬁrﬁgﬁ; TRt s Eme55t5a@ rQRAED %ﬂdl ol
' 10
%?%@ﬂ%ﬁ it L ﬁ#ﬁ%@#ﬁ%ﬁﬁ
) ' 1
o sheranel, "Dt e LRt DA GO UL
atong such as net%é?fgtﬁ€$ré ?&%e %2&2%%%m%ékét%hggﬁ§€¥h§g§°%ggﬁé c%rbon
atoms such asaCyghoBRYYAREH nal ﬁé%ﬁaceﬁé?ged ﬁegaz gﬁéﬁabihbc ofarboxylic

aci d-Cl_| oal kyl ester suc as met atic-carboxylic
aci d- CSJ@cycPeﬂkyhngs;ﬁraﬂ% 3@&%&&&9&6&&% df&taﬂlﬁiahsﬁt er

such as phenyl acetate, a C7_I|2aronmatic carboxylic aci | oal kyl ester

such as net hybebépé&ogéhe brysﬁaﬂlli&tﬁ@ﬁpéﬂ”eruip oﬁerati@nnbfrﬁhéonpound
having 2 to 10 carbon atons), a nitrile (e. g., anitrile having 7 to 12

carbon atons presenteldwsntich ma§ be contddididd ehhere 23 xTuse @?rdb@%)/'
0

ether) and a m xed solvent thereof ] . The water-insoluble solvent can be
suitably sel etigdiddcorBrihéo, tire capiert eSo ofmpheve Ntlke sopgeatihg These
hydr ophobi c (wat er-insol ubl e) solvents may be added to the reaction

m xture aftereffhplentdw, ofhe eagts i limat oy die repullpyegeaatdonemayi on
solvent.ls be carried out by adding another solvent (e.g., 1in case
of the hydrocarbon and the chain ether, an organic solvent
compatible with the hydrocarbon or the chain ether; in case
of water, an aqueous solvent) with the hydrocarbon, the
chaln ether or water.

20 Examples of such solvents include, for example,
organlic solvents such as acetic acid and propionic acid;
nitriles such as acetonitrile, propionitrile and
benzonitrile; amides such as N,N-dimethylformamide;
halogenated hydrocarbons such as chloroform, dichlo-

25 romethane, 1,2-dichloroethane, chlorobenzene and

trifluoromethylbenzene; nitro compounds such as

nitrobenzene and nitromethane; esters such as ethyl



The preferred water-insoluble solvent includes, 5 for exanple, a

hydr ocarbon (an aliphatic or alicyclic hydrocarbon having 6 or nore carbon
atons, an aromatic hydrocarbon), an al cohol (an aliphatic alcohol having 4
.or nore carbon atons ) , a nitrile ( an aromatic nitrile ) and a m xed
solvent thereof. The particularly preferred 10 water-insol uble sol vent

i ncl udes an al cohol separable from wat et C an al cohol having 4 to 12 carbon
atons ) , the alcohol and a hydrocarbon (an aliphatic hydrocarbon having 6
to 12 carbon atons%, antrile aromatic al cohol) and the like. 15
Wien the hydr 8RbBER: sBRVEAL are éﬁgPoWGHhXé eréﬁéFPoﬁngoPVEﬁi it can be
enpl oyed as a I|gU|d segarable sol vent fromthe aqguequs solvent after

conpl eti on of PPRACRESH. VﬁﬂﬁﬁeﬁthﬁﬁénSHCHySFoﬁﬁ&ﬁﬁ@ygﬁﬁgPFaPea?g g., a

hydr ocar bon, ketone s e as a substrate, the 20 substrate_.is
erpl oyed as’ a dukgions) LS el sy%cghaafmﬁrhea%r SHhAPK AdatBoBROPY he

i dual b d d- bI I f h
ot SRR R ﬁ%za%eggﬂ%n@gﬁyd Gl
CarT1 e 08l 11 2,5 LGEy ARSI M0 LRCoRABEShbORegERRL el g | o1 ©
. product . Tha ohéaPnEhSnSXEhgckbggtiéﬂ B?gﬁﬁ E'8§f83E19¥ ddiﬁgighe aqueous

solvent and t er-rnsolubl e "sol'vent ure con |n|ng he am de

compound and pheelBLah 9A° Thyobrghhit1LaRLROTol KEULERIDLARISIRK |

reacting 5 th rate in the presence o

retal catal ystngt ths breRhEd (BE8diChnbufit) Br thelsfbKiNis LEIVLLED from

the treatment such as condensati on extraction |st| ["ati on

and crystalli 1a4@BkardBd, ”bhb&a anak'b&laat@&)teenkh&ﬁehoin the
l'i qui d-separate. 10 The ratio of the aqueous solvent and the hydrophobic

(water-impgol upbartsehvanktaes D€, stbt aitamsed £ BIC WAdhRd okOmbPE, SPeci es
of the am de conpound and the met al catalyst, and is, for exanple, t he

fornmer/the | aihepateticgharr gokoby-wahght arOhbtetQeé@ébianaqfeoabby 15
about 0.05/1 to 5/1, nore preferably about 0.1/1 to 3/1, and usually about
0.2/1 to 2/ 1. wéhghtxoramdvreh nelatibve adro ithe owiolien sofivehevéinalbding manner
or continuos manner, and nay be carried out in nultistage operations, if
necessary. The ¥rilapddieocoPonentidr iof thiee reaattioonmixtumes Wi th the
hydrophilic sol vent and the hydrophobic solvent is, for exanple, about | to
5 times, and usual |y EheutempepaBurener Thyséalideakdennbyebsmeatried out

with warm ng, the extraction tenperature is , for exanple, about 0 to 200C,
25 pref etfbl yvasdes aceerdipg Yo ghe @P601e§b9ﬁtt11% ixcatgemys, ang ds

preferably about 10 to 130C, and in nanf ased, the extraction is usually
carried out aPSHBdGY Gle FangeoRE apout -10°C to +150°C, preferably about

0 to +100°C. The above treatment can be carried out in any
manners such as batch manner and continuos manner. The
treatment may be once or plural times. When the treatments
20 are carried out plural times, two or more different
treatments may be combined. The crystallization can be
carried out by cooling and/or condensing the solution.
Incidentally, the repulp treatment can be carried out by
stirring the mixture containing a solid and a liquid. The
25 solid obtained by crystallization or repulp (imide com-
pound) can be separated by utilizing a conventional

solid-liquid separating means such as filtration and



- 81 necessary, in order to inprove the extraction efficiency, the
extraction may be effected under applied shearing stress, and may be

ef fect ed under atnospheric pressure or under applied pressure. 5 By the
extraction operation, the netal catalyst and the i m de conpound can be
shifted into the aqueous sol vent phase_and the water-insol ubl e sol vent
phase, respectively to separate the Fnﬁae'conpound and the netal catalyst.
The im de conpound and the nmetal catalyst 10 separated may be recycled to
the reaction s s%e Mor eover, the imde conpound and t he netal catalyst
may be, if neﬁ’ég 5%‘“9@529& at tRE FRPITANRY Jddids (GRIMBIRG (AP Bt em  The

separ at ed net al caéalgst ma Ee %eci%éed to the reaction system w t hout
purification GPUEPTeR pﬁrFP%P ¥sbywitheut o AEntTeRENeRE ABaL FeThe

[ f h he imd d dth I
catal yst] Ao RERIPBREA" EBotS FHLLABLE: FeReRFRR LLRDCERERFRER Contai ns a raw
material for peaction (substrat i, a 20.re ctionPso¥ve t a gy- roduct, a
reaction prongPEF?v3r30?5§nFegﬁg 80eBTPAUGE G PR ot FBHALLANDY 28 el | as
the imd d_(includi t d tivat t al th t al :
catal yst - STherahgeatiifiel L RE TR BonpE RACareE  RERAEPARELARa ot are
separat ed from{0e.i£achi 9By KLUEGs2P1ADPEGST LBRL,SREN, COgDOpERL or an

inmpurity int reaction m xtur previousty te 1on

mixture my bgagybhecheiubl BncORUEOLLOBRL SERRT ALL NG R DLY [YLNG: - 82

operation suc iltration, conden drst 1on, ~ext I on,

crystal | zati 9nqubpsr 2 il A k3. 162U BRI HOW BORK s8Br Area,

conbi nati on of these operations we y subjecting to t separati ng

operation (C), 5 ( D AnObpér&ting HP6EEYST£oihERe tHE1VEAELI ON is carried
out in the presence of a solvent, Tn order to Inprove the extraction

efficiengy, theyseatligatibnt (Ae) Y Berso8dessed( )i @ithoukbeogeprsat i ng
step (©, (D) or (E), or nay be subjected to the crystallization step

wi thout 10 cohglapsehirbsn, Miieehain dtlifer 620k HisXd Hea ol 86TveytLt he
reaction may be subjected to the separation step without purification. In

this case, théouneraessdofaw mahetieh Eomporant) oby(evhmpbsataépnand the
reaction product are 15 distributed into a crystalline or non-crystalline
conponent, or chahgdingpbbba csystemidusioiy efi aplresetdonan oaqbgoasodbhgent
phase, respectively, depending on each characteristic. The reaction
product, unref&t eandansingepfiprf cpmpdationnof ahblet Keabgipnodact s

distributed 20 into_each conponent or each phase can be recovered by the
above cohVent FE¥gtapjdiggqthe imide compound, or (ii) by adding the

hydrocarbon, the chain ether or water into the reaction
mixture (if necessary, after subjected to a suitable
treatment such as fiitration, condensation, evaporation
to dryness, control of liquid property, extraction,

20 ‘washing and crystallization) to crystallize or repulp the
imide compound.

‘As the concrete example of the embodiment (ii),
the imide compound can be recovered as a crystalline
component (solid) by filtrating off a participate from a

25 reaction (e.g., oxidation reaction) mixture, condensing
a filtrate, and adding a hydrocarbon or a chain ether (in

case that the reaction product is non-polar compound), or



[ The relationship between the separating step ( A) ( B) and the
separating step (C(D)(E)] The separating step (A) (B) for separating the

i mde 25 conpound and the reaction product may be carried out in

conbi nati on of the separating step ( C) ( D) ( E) for the imde conpound
and the netal catalyst, if necessary. reover, - 83 the separating step
(A) and (B) nmay be conbi ned each ot hér’7and the separating step (C, (D)
and (E) may be conbined each other. [Regeneration of the imde conpound] 5

The utilization, of he am de nd in the reaction (e.g., oxidation
reacti on) song?tﬁﬁs FBsHRPE FﬁagpgﬁF|FQPP ﬁoBfPFﬂ uﬁﬁ1&§ goﬁﬂgﬁﬁd to forma
dor vat i ve 1 nevmppSndT: Lnb8CachERLRe l PonderSEiE) ko cErTBERRkEBRHSE havi ng
anhydri de. thePSBRBorRE LiERa; REHpRubAL a% e’ compound_ havi ng the.unit
catalyet 15 LZedLS‘é{WYé%? S P SRR B BedtRgararoe €8
oo it o SOPLELA ool 50 LA e B2 RIS, o
SIS A T
with an acid beo&ﬁeen§ﬁaiﬁhéfﬁhfﬁa‘E%m&QHHRH“%nanEaSHg'a(ﬁ}dEESEESBnO
or a chain ether into the resultant crystal to crystallize
or repulp the imide compound.
10 Particularly, in the solvent crystallization step
(Al), when the specific imide compound (inclusive of a
decomposed product thereof) is a compound which tends to
be soluble in a mild or moderate-polar solvent, and to be
insoluble in an extremely low-polar or high-polar solvent,
15 the imide compound can be efficiently separated and
recovered as a solid by subjecting a mixture containing
the reaction product and the imide compound to the
crystallization step with the specific solvent. Therefore,
there is no need to provide a solvent-removing steb
20 exceptionally, and the imide compound can be conveniently
recovered. Thus, the process is advantageous from view-
point of the cost.
(Cooling-crystallization A2)
In the cooling-crystallization A2, the reaction
25 product and the imide compound are separated from the
reaction mixture by crystallizing the objective reaction

product (objective compound) and distributing the imide



The regenerating nethod is applied to an - 84 deactivated catal yst
resulted fromchange of at |east part of the am de conpound to an anot her
conmpound ( in particular, the conpound of the formula ( 4 ) or a ring-open
derivative thereof ) . Incidentally, when the dicarboxylic acid or its 5
salt , or the reactive derivative of tg? di carboxylic acid is forned as the
deactivatd catalyst , or when the hydroffysSis operation of the amide
conpound is carried out in the separating process (B), the am de catal yst
can be regenerated b he operation (i).o 11) without, 10 hydrolysis. In

t he regeneratFﬂﬂpﬂBPﬁo&?g?hgﬁ?eBBPTS%Y%Fﬂiﬁgﬁecﬁﬂmg?ﬁ?%E ?ﬁezﬂtﬁﬁgfvated
cat al yst resuhbed Eronlthe reaction nmay be subjected to the regeneration of
t he catal yst fRBAr any treatnment, or a systemcontaining the 15

deactivat ed catalyst oo colgyeo habE) TRaCERRlSE At |
d/ h b ; f i

and/or Lhe oLl ot syt DD AURMECREGRORS Rhe IARK SEPNEL ROER

means such 20edambAbl 8hi 89coR8RIR0RALLRRy GOt SLLL] Akl OB rex] [ BELLAN

crystallization. réover, e’ cofpoun s deacti vated

or modified hhigefgas!iyat ad GRLANY 1R SAHAC KBLEHC B ALYSEAB]

separated eac and the only activa catalyst nmhy be subjetted to

the 25 regenepatheBokyeaLMRBLAO" gﬁ?&eﬁgf{ﬁﬁi%daﬁﬂsﬁat al yst and

the activated am de conpound nmay be regeneration of the

cat al yst. - adanthgebudr 8bySkepht8Ri H§Ntn6aImPEe CBLMDEENAUANAY a2 gENET al
hydrol ysis net hod such as an al kali-hydrolysis and an acid-hydrolysis. As a

base to be usqdter-iAgodlibabicdisbld Ties g.t, N8 'RdnipdunewnEshi Q6 the above
5 exenplified base [ a . g . , an alkali netal hydroxide such as |ithium

hydroxi deg sod@orin dfy €b@Aacet antamst &5t itefipeyditaxedeabait abked 257 |
carbonate such as |ithium carbonate, sodium carbonate and potassi um
car bonat e; anfalrkekampieal ahgdrbgeptacbasatie[eugh, aanl alhphatis
hydr ogencar bonat e, sodi um hydr ogencar bonate and pot assi um
hydr ogencar borarboxyhigl acid haviag b ortedre | prefedebdych tas Lbagmeseum
hydr oxi de and cal ci um hydroxi de; ammoni a; an organi ¢ base such as
tri et hyl am nePaREeppPLYi h&P. 10: caxbeni atems horuge @riomatie aarborydicl ysi s,
t here '
acid (e.g., an aromatic polycarboxylic acid such as an
15 aromatic dicarboxylic acid)}, in particular, an aromatic
carboxylic acid.
In the cooling crystallization step (A2), the
reaction is carried out in the presence of a solvent, and
a solvent which is a poor solvent for the reaction product
20 and is a good solvent for the imide compound may be used.
The reaction product and the imide compound are soluble
in such a solvent as a reaction solvent at a reaction
temperature. By utilizing such a solvent, the reaction
product can be crystallized by cooling from the reaction
25 mixture, and the imide compound is distributed into the

solvent phase.

As the reaction solvent, there may be mentioned



15 may be nentioned, for exanple, an inorganic acid such as hydrogen
fluoride, hydrogen chloride, hydrogen brom de, hydrofluoric acid,
hydrochl ori ¢ acid, hydrobrom c acid, sulfuric acid, nitric acid and
phosphoric acid; an sulfonic acid such as benzenesul fonic acid,
p-toluenesul fonic acid 20 and net hanesykfonic acid. The ampunt of the base
or the acid is about 2 or nore equivalents (e. g., about 2 to 20
equi val ents), preferably about 2 to 10 equivalents, and nore preferably

b 2 5 [ ' iyal 1 | 25 of .th
catal yat (1 he Hoa5PoGH: ExbnTiryEa’ SoTvRlY: [BLF" 0 Ae BT hES B8Rt Vat e
tal yst d ti j | i d
enpl oyed, the (S 9 662atrg AL hInyhReLAEBLE, dn MPERRELC(BLT, S ot
f t to b [ h Ly i | t
el ative 1o 1neunEnon e EeRVERRAIRLE) { Fa YA/ Ao balBEL 0 LARLE S
catal yst o tBeni pklodiiiiia O hlErS1825 AT S adsloanpaihe
n wa

activated catalyst), a I n nmany cases, er 1s’'enployed in argengxcess.

~The hydrokysi g0t ¢BRE € 4 &, sa%.{g;asxff% E\:%Q‘ltbﬁ)ﬁb.gcé SIEPER %gg)oﬁgﬁgéﬁs -

species of the deactivated cata rofysis ne

general, 10 ahgWicdri® a?dACaqRE&h$ st 1 t, 1@nt xﬁ?ﬂ%%&d [
preferably about 50 to 1SOC.qI n the case%?)?qt hngI% i - hydr ol %E?s?he

di carboxylic @nad ¢kt obfetb®vbOLoMbauhd) 15Saf GAEBE. 1A8F14PLEhe case of the
aci d-hydrolysis , the dicarboxylic acid 15 of the formula (3) is forned.

The di car boxykatbagyiiandcifie[ $al patbee@Dar ¢ aan beliphet LONVEFbegyeagh ot her
by a conventional nethod (a reaction with a base or an acid). For exanple,

to an aqueousasdluhawingoft arnnoget iprdfenabbyybi toat2jl catbonsadofed an
acid to react , so that 20 a free dicarboxylic acid corresponding to the
above sal® caprbenf erpmdtitheamboyyliof athdlactHei watérsinaskubile about 2
or nore equivalents (e. g., about 2 to 10 equivalents), preferably about 2
to 6 equi val esarboxyhdcnactd cast drealeifif isdemtly coystadlizelefiremr thative to
1 equivalent ( 1 nol ) 25 of the dicarboxylic acid salt. As the reactive
derivative of TBREtdpBambBXPrecb¥cnainghar doway parhexylbaedciddéCyvative
obtai ned by actiyvating 87 _ a carboxyl group, for exanple, a nono- or
di ester, a noadbkaReeRTBeXThiC £G4 sHRRdAP RC e @fddundnreprbientad by the
formula ( 5) acid halide, which correspond_to the dicarboxylic

,_and_a
acid . Anong Vﬁéﬁf'?ﬂé“géchﬁﬁH9§¥%aﬁ 8fig) ¢ hangpdsPBetyffcIaci B1i s
particul fgl y %ae]f.cecgl{gfp'such as methanol, 2-ethylhexanol), or a wa-

ter-containing solvent as a reaction solvent.

The cooling crystallization can be carried out by
cooling the reaction mixture or the mixed solution, which
contains the objective compound and the crystallization

20 solvent (reaction solvent) and is heated to a suitable
temperature (e.g., about 40 to 200°C), to about -10°C to
150, preferably about 0 to 100°C, more preferably about 10
to 80°C, in particular around a room temperature.

Incidentally, if necessary, a solvent which is a

25 poor solvent for the reaction product and is a good solvent
for the imide compound (e.g., an alcohol) may be added to

the reaction mixture after completion of reaction or after



The nono- or diester of the dicarboxylic acid includes, for exanple, an

al kyl ester (in particular) a Cl_4al kyl ester) such as nethyl ester, ethyl
ester, isopropyl ester, isobutyl ester, and t-butyl ester; an 10 al kenyl
ester (in particular, C2 _4al kenyl ester) such as vinyl ester and allyl
ester; an aral kyl ester such as benzyl cgster; an aryl ester such as phenyl
ester. Anong them a nono-or di C _4al kyl" ester of the dicarboxylic acid or
the like is preferred. 15 The nono- or diani de of the dicarboxylic acid

i ncludes, f - [ d 1d | kyl 1d h hyl
am do. ot ny! SonaangRs RANCE; BBbLGFOER, BERCE ofikaRfbe sich as benzy!

i de. ethyl | HRPRYTd B8 "5 AFIYTARF R s benzyl
Tnclutes  for 20 exab EneoRFeEErred; SOGHAGE ob B BFEIRIL Tonct i ve

derivatives ObntBardbAArNOIK Iy AL €3 DELAIHISD RYr 8 IRILOAMIL CD 1 S
usual |y enpl oyed 1 n the production of the rrespondi ng reacti ve derivative
¢ b . ST '

o oyt o SeFRoRad SoEE 8 Qe NPl SR, 1 Shadt e

di carboxylic acid can be obtal ne carbo wth an

al cohol cgrr eéHEBQ%{%‘iiE%éﬂfsgéﬁiarvﬁ??%fﬁiéradi'ﬁ;t R a%?r%‘?ﬂ%ecé’fbé’i& L d

catalyst, if 8 necessary, I enmovi ng by-produced water-. reover,

the am de of hBEddbﬁéhb8§YBEﬁzéﬁEQafﬁax9§iBb&éiﬁegnﬁyarﬁéE%f?ﬁ%éﬁic.

di carboxylic acid with ammonia or an anine correspondi ng t esired

am de, if neceagpb¥ylict 461iPS ¥R eReChrémat QARG RDnpdRING whRheoysr . the
di carboxylic acid can be converted into an acid anhydride of the

di carboxylic aCi:daétaoﬁoafawaﬂtteare§_e4r&t1%<inlé\batﬂlﬁm§qriwla%iﬁi Jih pa¥y a
sui t abl e dehydrating agent (e. g., sulfuric acid, diphosphorus pentaoxide,

t hi onyl hal i deicphaggeads, ;alkanelarboxgdid¢ a¢ildakudh, ascadebsati deiapgi d
anhydri de, carbodiimde, acylimdazol). Incidentally, in this case, the
reacti onléray BB abecohell (Ci.,yalkyl erimmohuil Wateemilkedpsoduend. tikerédey, the
di carbocxylic acid can be converted into the correspondi ng acid halide by
action of a tfrodywakgrr-gentsining selvantnyherhbdri de, phosphorus, or a
hal i de of the phosphoric acid. In the present invention, when the

di carboxylic acid or Ipgidentally, alpcthe|ovygbalihzationfoperatiienr boxylic
acid is reacted with hydroxylam ne , the 20 reaction is usually carried out
in the presené®)ofthessplunnt-crestatlizptéan stepeAd ang BeoAidngdi oned an
al cohol such as nethanol, ethanol, _and isopropanol; an aromatic hydrocarbon

such as benzefiEYShalldrathen stepAddendren hrireastssh tuaaraded Prbn
211 phati £ hydtBoPBoR=80BhoReoeht SALYoRExaRck oAEEL aRemARESEE BAE Pan
phati ¢~ hydroc o] s pefit ; xahe; e t ;oan
alicyclic hydE8ﬁﬁER9@dsg§Po§§ t%ch%gzé%&ii%g%ion step (Al) or (A2) in
order to improve the crystallization efficiency, or the '
reaction mixture may be subjected to the crystallization
step without condensation. Moreover, anon-crystalline or
20 crystalline component containing the objective compound
and a crystalline component or a solvent phase (a non-
crystalline component) containing the imide compound can
be separated by the simple means such as filtration,
décantation, and centrifugation. The crystalline cofnpo-
25 nent may be, 1if necessary, purified by washing,
recrystallization (crystallization), extraction and the

like. Further, the reaction product or the imide compound



_ 89 _ nethylcycl ohexane; an ester such as ethyl acetate and butyl acetate,;
an et her such as diethyl ether, dioxane, tetrahydrofuran; an basic sol vent
such as pyridine; a nitril such as acetonitrile; a non-protonic polar
solvent 5 such as N, N-di net hyl f ormam de and di net hyl sul foxide. It is
preferred for reasons of inproving a_yiggld that as the dicarboxylic acid or
salt thereof used in the reaction, one isolated in the above step is

enpl oyed. Moreover, when a reactive derivative (e. g., acid anhy 10 dride)
of a di carboxyhi:.Cracikdph$ I bRat r QR 1hh | reg that a
reactive deriva?ive FSBPaFggao?¥§ﬂrgggt?§8 gg?%&%?%%ggogﬁgpégéﬁﬁro a

di carboxyl i ¢ gebdripakabgd (bkteaRBEIYRY 1 S0

hydr oxyl am ne, a Free %ygréxylaﬁghegnzy EEY%ES%%%?§§2§$'o?i%tégf%ggf

hydroxy|a”ine(?ﬁit?ﬁt@ﬁﬁlQﬁﬁdwanEHQBbefﬁgbgp@EoHYdﬁ?§¥kifgffoh? enpl oyed,
a basic solvent such as pyridine 1s”enployed; or an appropriate base ( an

organi ¢ base a\iA—hyQﬁgi Ber l%ﬂ.bgna%ish bg wfdsd Bﬁegageibﬁéﬁiﬂ{b Sipigem

I nci dental ly, en a salt of a dicarboxylic acid is enployed 20 as a raw

material §or eempbufAd, m 'tBeusceézbmadatBaﬁhe PFBhekhidh, sgstaht OF
hydroxyl ami ne can be enployed. The salt of hydroxyiam né includes an

i norgani c aci fleeabbasyCAf86r yshdtDEiste, Twef af@erfehtabfednfe B phat e;
an organic acid salt such as acetate. As the 25 base, there nay be

nentioned, fomagxbapheedaasakheersyefiegatibheimbyhadi.ne and piperidine; a

ni trogen containing heterocyclic conpound such as pyridine; an al kali netal
- 90 al koxi de B(Bh Estsadction et hoxi de and sodi um et hoxi de; an al kal

netal salt of an organic acid such as sodi um acetate and potassi um acet at e;
amoni a; an al kal i nefnlthey groxceds comprissi mp dhenedyoiokicke stegp PB) Assi um
hydroxi de; an alkali 5 netal carbonate such as sodi um carbonate and

pot assi uk? car BErexteraciien kaerakdonl with aogaaeecbs satlyentchontatntingm

hydr ogencar bonat e and pot assi um hydrogencarbonate; an al kali ne earth netal
hydr oxi de sucftaeaflyWesrgAnd amadeie aelatilsa amlweat Bararable fremanount
of hydroxylampe is usually about 1 nol or nore (e.g., about 1 to 10 nol),
preferably abShf 2apgoHs §PlygRtmptbeprepetasnyPEpelct1apd Shapimideati ve
to 1 nol of a treated conpqgnent such _as the dicarbox¥lic acid .

I nci dent al | y, CRYBPURG xPndiftyibutedednte & BBRFENPT thBeTHEtREACt on

tenperature ig, i ner a about .0 to, 150C, preferably about 5 to 120C. In
orggr to acceﬁgﬁggggigaéPﬁgﬁpgtﬁBeraBPPﬁﬁ ﬂﬁstBS ESPP%HH SBﬁVﬁPFh r enovi ng

Yo the 1 iBct i BasBeeBuydalo MR ethe SR BPOPaLAT YRR Pschirat e
| m de catalyStngaBabe $4RR 2hedraaeRuh bESH.BY 2:CRAYERLLQRAL BeRarating

and purifying neans, for exanple, condensati1 on, extraction,

crystalIizatieampaaﬁay%aabyerei5iboﬁafjqﬁ@ﬁ%ghxzkkhguﬁiyah?ghhéﬁyhga o 25

recrystallization is carried out under an acidic condition ( _
about 2 to 6) hav@nghabye1hcHydrbddnbdriTyeeupdtabisbokghibadid AbbegW th

hi gh yi el d.
a cyclic hydrocarbon group).

20 Moreover, as the imide compound, an imide compound
which has high affinity and extraction ability [e.g., an -
imide compound derived from an aliphatic polycarboxylic
anhydride] 1s preferred. However, in even case of a
water-insoluble imide compound [an imide compound derived

25 from an alicyclic polyéarboxylic anhydride or an aromatic

polycarboxylic anhydride], such an imide compound can be

efficiently separated by selecting an extraction solvent,



- 91 Wen the dicarboxylic acid or its salt, or the reactive derivative of
the dicarboxylic acid is treated with an acid after reacting with

O substituted hydroxylam ne, an O organi ¢ group-substituted 5 hydroxyl am ne
in which the organic group is attached at oxygen atom such as

0-al kyl -substituted hydroxylam ne, O.c glgalkyl-substituted hydr oxyl am ne,
O aral kyl substituted hydroxylam ne, a O aryl -substituted hydroxyl am ne
can be enployed as the O substituted 10 hydroxyl am ne. As

3 B T e MRk B B ATk o o 5

] ; ' ' Ot 15 '
R e e
cram . HYEkaRgTh N BUILAKILA 08 A%, SXCL RSO B LRIV LATL M

O-benzy hydr oyl 441 8. oBfiflo@nd" b~ SHPERL L £820,0veluexyl agi ne i ncl udes

O phenyl hydr oxyl am ne. reacfion Ccan be carri cofding to the

reaction 81 heslaabe XUl foel dofialind 146 JALk Tyskgeyl am ne. By the

reaction, for exaiple, N substituted oxy I'c1rm ound represent ed

by the 25 follow ng fREMAE dfledus EBLTEAL Softalhifky Gt least water,

an aqueous solvent which contains water as a main component
can be employed. The aqueous solvent includes a mixed
solvent containing water and the other water-soluble
10 organic solvent (e.g., a C;_jalcohol such as methanol, a
ketone such as acetone, an ether such as dioxane and
tetrahydrofuran, a lower aliphatic carboxylic acid such
as acetic acid). The content of the organic solvent in the
mixed solvent is, for example, about 0 to 60% by weight
15 (usually about 0 to 25% by weight) relative to water. As
the preferred aqueous solvent, water 1s exemplified.
Incidentally, an agqueous solvent containing a base
may be employed as an aqueous solvent. When the aqueous
solvelnt containing a base is employed, among the imide
20 compounds, an acidic compound, for example, an imide
compound having the unit shown by the formula (1) wherein
X 1s hydroxyl group, and an imide compound having the unit
shown by the formula (4) wherein Y is hydrogen atom form
the corresponding salts so that imide compounds are
25 efficiently distributed into the phase of the aqueous
solvent. For example, when N-hydroxyphthalimide is em-

ployed in a reaction as the imide compound, by using the



0 - 92 \Wierein Ris an organic group. The organic group of R includes
the correspondi ng organic groups to the O organic group-substituted hy 5
droxyl am nes. The typical exanples of the group includes, for exanple, an
al kyl group (in particular, Cl_4al kyl group) such as nethyl, ethyl,

i sopropyl, and t-butyl groups: a cycLoglkxl group such as cycl opentyl and
cycl ohexyl groups; an aral kyl group su as benzyl group;, an aryl group 10
such as phenyl group. The im de conpound of the formula (1) can be
regenerated b

treating. the N i {ut ed Lic imd d
Obtai ned t hor BOYCRRENSGHVERF (oOTFEL 1A% iRee, AEr tha ABPRORS SRLRPRY
ied out 15 ip th f lvent. 'As the, sol t
bove: exenpl i HPoknbndBERIBAEEAR) (SuhPeliom oBraratiBne hbeLERRent i oned

o 97 o EPALTARY S5 HAGSHGRN bRk ARISRABA B, "L TET,
e e
7 ol venest! | agiccR6biienkishiad @b e BokrkbofBifol BpdeAVdel g T

mol , more 25 RigkedplkyadbaLh %hapgﬁﬁgglgéekﬁaix ubBud EBAyRhelSUDSLI LUl ed

oxy cyclic imde conpound. e aci e enpl o as a solvent. - 93

The tenperature treatggrdbtfrantdCifle! feakPiof iRt Gre@P8ULafed Ort0C

preferably about 5 to 50C A fer treating wth an acid, the regenerated
am de catalyshqaaaubeséﬁpahereeneaﬂnmﬂglBteﬂeQ¥tab59aVSEh'Hea egcigrating
and 5 purifying neans in simlar mannef to the above. The am de cat al yst

r egengr ?t e?hbhyﬂbelﬁhéG@&ﬁd ahhd healktasanhikbueati ® sdrdiead eatel efoand

rense 20 eliquid phases so that the residual imide compound of the
formula (1), compounds having the units shown by the
formulae (4) and (5) which are deactivated product of the
imide compound and ring-opened derivatives thereof are

converted into a salt of a dicarboxylic acid having the

15 unit shown by the following formula (3).

0

:1:5—0H
con O
0

Therefore, the imide compound which has been
employed in the reaction can be distributed into the phase
20 of the aqueous solvent in the form of the dicarboxylic acid
salt with extremely efficient. For example, when N-
hydroxyphthalimide is employed in a reaction as the imide
compound, in the extraction operation after the reaction,

the reaction mixture is hydrolyzed with the aqueous solvent



reaction system [Process for regenerating the am de conpound] 10 The
regenerating process conprises: a reaction step for reacting the substrate
in the presence of the am de conpound of the fornmula (1), a separation step
for separating a reaction product fornmed in the reaction step and the

catal yst (including 15 an deactivated %@tquSt)’ a catal yst-regeneration
step for regenerating the am de conpou by hydrolyzing the deactivated
catalyst in the reaction step to convert into the dicarboxylic acid of the

. . . b | . .
Lot e (3 Ckohtaihghia KK Cer%?%'ﬁﬁ%gﬁn?QSﬁtﬁg&%ﬁ%Bgﬁf t%a%lﬁ?n‘&?ﬂ#’%nit .
' i bsti d_h ' Wi an
e gk vkl ?%%trﬁé%er.‘éﬂé‘aﬁsg%ﬁﬁanﬁgt aﬁ%ﬁ?}'}%‘%s@_@ner at ed
[ ' ' ' ' trating an
bvamie or t nat1tscho BbOHiEcibltBaoTREOELE bha4e O8] tnp otREDRE " O\

reaction stepgohlgngubst{ A ferttRP1y e A O] present invention, the

5 hydrolysis treatment with such an aqueous solvent is
included in the extraction operation. The deactivated
imide compound subjected to hydrolysis treatment is
suitably used in the aftermentioned regeneration method.

As the base, an inorganic base or an organic base

10 is employed. Thé inorganic base includes, for example,
ammonia; an alkali metal hydroxide such as sodium hydroxide
and potassium hydroxide; an alkali metal hydrogencarbonate
such as sodium hydrogencarbonate and potassium
hydrogencarbonate; an alkali metal carbonate such as

15 sodium carbonate and potassium carbonate; an alkaline
earth metal hydroxide such as calcium hydroxide; an
alkaline earth metal carbonate such as calcium carbonate.
The organic base includes, for'example, an amine [an
aliphatic amine such as dimethylamine, diethylamine,

20 trimethylamine, methylenediamine and ethylenediamine, an
aromatic amine such as N,N-dimethylaniline, a cyclic amine
such as morpholine, piperidine and pyrrolidine]; a basic
nitrogen-containing heterocyclic compound such as pyri-
dine; an alkall metal alkoxide such as sodium methoxide

25 and sodium ethoxide.

(Water-insoluble solvent)

A water-insoluble solvent employed in the



line 1 is subjected to reaction in the presence of the imde conpound. As
the i mde conpound, an only catalyst 5 regenerated in the regeneration step
may be used or the regenerated catal yst nay be used in conbination with
unused new catal yst. The regenerated catalyst is recycled fromline 5. As
the species of the reaction, there may Ke nentioned the above exenplified
reaction) for exanple, an 10 oxidation reaction, a carboxylation reaction,
a nitration reaction, a sulfonation reaction, an acylation reaction, a

radi cal - coupl | Ne} fﬂ% CL. J r ed in the_r Lon step

oRratTibhots Ll £8 LR BREE Al CHRTHalRobachREPRAE

conprises, for exanp a rea reacting e or &, a
PhDPLY areans e kAt8iRRhbAdn]Be 608 SnEaRANC oA dxbIEI2! B YS! 1O
(a. g. a charging Tine , "a chargling punp

the reactor ( : ( n , 4 mxing
means for i Xhy@rbBarbeacts V¢, CUPaNERhatid AHotp! o grrer),

and if necessary, a reaction tenperatgre-codﬁ o‘ﬁﬁ%g neans ?%?cgggérplling
a reaction 20nL@¥BeatbdhE: aﬂntaﬁéﬂﬁ'ﬂih . %cfa?’[)oﬁ),(Pﬁuﬁgiggehg%eﬁead' on

m xture fromthe reactor. In e separatling step, e reaction product and

the catalyst higacbedrBen)heaeabbkghodCabRbKS!) 0l EstEpar gl gdelpom the

reaction mxture supplied fromthe 25 reaction step via [ine _
separation of cofpoufiaGta M tRHAMIChnaEhs R rPh A Mda %%ﬁ.v@?ltcf}ﬁéksgf(?gg by

t he above separating nethod (A)(B) or a conventional separating -

nethod and a eadveahi BeaduBEHIP dde PR dbTdifgdto &nki kpedltikenor
apparatus, a condensation apparatus, a distillation apparatus, an

extraction appheatreactabnapsedptitoandppaealiddedc6mbbindchronas@gr aphy) .
The 5 reaction product separated is recovered though line 4 , and if

necessary fur hiydropbhobiigi (wptdarinsslalle pfsdliventepmapites agdded sEtarare
subjected to the regeneration step via line 3 to be regenerated.
| nci dent 301 y, campiefdon of nemctcioml yotd magdbe renployehels anreacsibpect ed
to the 10 regeneration step, the residual catalyst can be recycled to the
reaction stepS®RVBB&t regeneration. In the regeneration step, the
deactivated catal yst supplied via line 3 fromthe separating step is
regener at ed accor di ngWhent ke bydrephebds ppieert b$ emplpyedeasompound. 15
An apparatus for re enerating t he deactivated catal yst can conprise, for

n

exanpl e, a red€RGt1PBr SPA¥EREmgle FBBcPPvEmPARYEAeAE Shehlidgulle
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so that the residual substrate can be employed as a
liquid-separable solvent from the aqueous solvent after

20 completion of reaction.
Among the hydrocarbons, the aliphatic hydrocarbon
includes, for example, an aliphatic hydrocarbon having 5
to 15 carbon atoms such as pentane, hexane, isohexane,
heptane, isoheptane, octane, isooctane and decane. The
25 préferred aliphatic hydrocarbon includes a hydrocarbon

having 5 to 12 (in particular 6 to 10) carbon atoms. The

alicyclic hydrocarbon includes, for example, an alicyclic



In the recycle step, the regenerated catal yst - 96 recovered fromthe
regeneration step via line 5 is recycled to the reaction step. The recycle
of the regenerated catal yst can be carried out by a conventional nethod
such as supplying the regenerated catalyst to the reaction 5 system w t hout
any treatnment, or with dissolving or suspending in an appropriate solvent.

For exanple, as the recycle neans, a‘pﬁ%p, a beltconver or the |like can be
used. Incidentally) the operation in each step nay be carried out whichever
a continuous manner or a batch manner. 10 Moreover, a single or a plurality

of appar at useBY4dGeRaERCR haydagat tel SearbaR ftomssuch As V&t apeR ti@eused.

| NDUSTRI AL APPLI CABI LI TY OF THE | NVENTI ON According to the present

i nvention, fre¥thohesareonmethydgyelehexane ncdipstieleyeiRperaistrate in
the presence of, the imde conpound, the imde conpound and the reaction
product can b%tEY%FXFéﬂPH?a%%pa‘i”é‘t‘%@eﬁtﬁ‘?ﬂe@“}dfggﬂ?%t?%ct B mi xt ure,

the i m de conpound ang tTe net al catal yst. can be_al so separategi%1
) r-anong the

efficiently. PHPEREFREralig¥elichyosecarbemeinctudes amahis

can be o3 oi BRAFGORERENEPAYLRS "EnERPL ECARROR R EORF ng The AHOBR D
no eans be cHROFPRBEDRR MGHIER et ok FRAMBE 18 AROBRERG IV d8agiiRo T 1"
7 GerC. o UhReRKe( ¥ Y dbloftlEaRl LULANLUTLERSAQY PREGENA! " @

condenser and a pré&ssure-con er, were-a ) ) of
1 hons oo, sEryadfesat oS TR-) L BLISTIMBIAgprLGR: O 200 0
oS! oo r coROP Tl SIS RGeS 1300LARH, sor

10 example, chloromethane, dichloromethane, chloroform,
carbon tetrachloride, dichlorofluoromethane (Freon),
dichloroethane, trichloroethylene, dichloropropane,
dichloropentane, chlorobenzene, dichlorobenzene and
trichlorobenzene.

15 The alcohol includes an alcohol derivative of the
aforementioned hydrocarbon, and includes, for example, an
aliphatic alcohol, an alicycllic alcohol and an aromatic
alcohol. As the aliphatic alcohol, there may be mentioned,
for example, an aliphatic monoalcohol having 4 to 15 carbon

20 atoms such as butanol, heptanol, hexanol, methylhexanol,
ethylhexanol, heptanol, octanol, decanol. As the alicy-
clic alcohol, there may be mentioned, for example, an
alicyclic alcohollhaving 5 to 15 carbon atoms such as
cyclohexanol, methylcyclohexanol, ethylcyclohexanol,

25 cycloheptanol and cyclooctanol. As an aromatic alcohol,

there may be mentioned, for example, an aromatic alcohol

having 6 to 12 carbon atoms such as benzylalcohol and



tenperature of 75C was steadi ed, and a reaction was conducted for 4 hours
under applied pressure ( 40 kgf/cnR2; 10 3.92 MPa) with flowng air. The
system was substituted with nitrogen to be cool ed. The reaction m xture was
anal yzed by gas chromat ography and hi gh performance |iquid chromatography,
and, as a result, the conversion of cyclohexane was 19.5% 15 cycl ohexanone
and cycl ohexanol were fornmed in yield @a.5% (selectivity 74.4% and yield
1.6% (selectivity 8.2%, respectively. Mreover, in the reaction m xture,
9.080 g of N hydroxyphthalimde used as a catalyst, 0.109 g of phthali m de
whi ch was deaphénathylpaddabolof N 20 hydroxyphthalim de, 0.138 g of

pht hal i ¢ anhydri de which was al so deactivated product of

N hydr oxypht hal i ni de ‘Bx¢ sketonefircludes radtetone derivative df theated to
~renove an insoluble material, the filtrate was condensed to 25 distill off
cycl ohexane aafionemenhionefchydxocarbaeron anshdaglivdeisduéoraexamplel, 0 L of
cycl ohexane, stirred for 1 hour, and then filtrated to recover the catal yst
and _ 98 _ chaineckehppecangradorclitckebone N- Asirtdhe shaid ikeitene,

pht hal i m de and phthalic anhydride) in the formof solid. The filtrate did
not contaPn t KReEQiBayshe Mprntinnatoc fioFosEampleduan ahipkatic ketonpl e Al-2
A m xture of 25 ( 164 mmol ) of adamantanol, 5.36 i 32 ..8 mol ) of

N- hydr oxypht hEPT’?{Fﬂe“,t@ 15 1carhory atomsg syl ap BPtg?é gk R Y9N et onat o
[ V(acac) 3], 150 .nlL_of acetic acid and 150 nlL_of chl orobenzene was stirred
for 20 hours BBthYlgbeohytvi KetAne AN 41 LUyl ke oRE NSRS oxygen

as the cyclic ketone, there may be mentioned, for example,
a cyclic ketone having 5 to 15 carbon atoms such as.
10 cyclohexanone, methylcyclohexanone, cycloheptanone and
cyclooctanone.
As the ester, there may be mentioned, an ester
compound having 3 to 20 carbon atoms, for example, C,_
 joaliphatic carboxylic acid-C;_;palkyl ester such as methyl
15 acetate, ethyl acetate, propyl acetate, isopropyl acetate,
butyl acetate, hexyl acetate, amyl acetate, 1soamyl
acetate, 2-ethylhexyl acetate, methyl propionate, ethyl
propionate, butyl propionate, hexyl propionate, amyl
propionate, ethyl valerate, ethyl hexanoate, ethyl
20 heptanoate, ethyl octanoate and ethyl decanoate; C,_
saliphatic carboxylic acid-Cg_,pcycloalkylester such as
cyclohexyl acetate and cyclooctyl acetate; C,;_j,aromatic
carboxylic acid-C,_;palkyl ester such as methyl benzoate,
ethyl benzoate, butyl benzoate, dimethyl phthalate,
25 diethyl phthalate and dibutyl phthalate.
As the nitro compound, there may be mentioned a

nitro compound having 2 to 10 carbon atoms, for example,



After conpletion of reaction, the reaction m xture was anal yzed by gas
chromat ography and hi gh performance |iquid chromatography, and, as a
result, the conversion of adamantanol was 95.6% adanmant andi ol and
adamantantriol 15 were fornmed in yield 50 . 5% ( selectivity 52 . 8% ) and
yield 40. 7% (sel ectivity42.6%, respec%g vely. Mreover) in the reaction

m xture, 1.85 g of N-hydroxyphthallnlde‘%sed as a catalyst, 1.51 g of

pht hal i m de, and 0.40 g of phthallc anhydri de were contai ned. 20 The

mxture was sHT ALAPRER LS AIee §t°“‘§88ngﬁ"€ﬁ’eééofl Sgg‘iﬂa%ﬁiéfb& e
?ﬁ‘ﬁ?:el)?'.ﬁ’afhél' SorEball b eﬁ"fﬁiﬁtrr%l{‘ereq*‘r’%iea' BT At TR °€*ﬁg§| Rags "
crystall|ne o o e 500 SO i drBpop ieng T At e

crystalline dhﬂ Oﬁﬁ% not contaln t he catalyst and t he deconposed
product there eover the residual extract liquid was condensed to

100 g andg200 g of acggogﬁemgitggggd % ggg IQ%H%%E &H ¥§L§g£|ne was

filtrated to obtain 9 anman r|o Crys |ne I'd not

o | TPl

N- hydr oxypht haalintmiq@ sq.caﬁ%,weqm%nm@melo of V205, 240 ni of anisol and
60 nL of acetic acid was stirred for 3 hours at 85C and 1 atm (0. 101 MPa)

in an atnosphere of OA¥OERe He¥, EABRLARAP DeOheh £86HEAN £drBxAABERI, ON
m xture was anal yzed by gas chronatography and hi gh performance |qU|d

chronat ogr aphys, chiadn @ther euidh ast d@ethyQorRtdes, 0aidkopdapplt akberds
13. 0% adamant anol and adamant anone were forned in yield 11.3% (sel ectivity

86. 9% an® yi dipropsh Eetheact iddibityd @Uher,etpdiitiic mpthir eeher, and t he
reaction m xture, 2.12 g of Nhydroxyphthalim de used as a catal yst, 0.68 g
of 20 phthal i mndssoland 0. 18 g of phthalic anhydride were con tai ned. The
reaction m xture was condensed, 400 nL of hexane was added thereto, and the
m xture was stirred f@he2prefiesret SaterAinsolebbe syl vent iimsdludssea
material was filtrated to recover the catal yst and the deconposed 25
product ther edvanecazbamr @ kptepei.danTaster) tﬁl aliet@f]d% rﬂﬂd @sneiherthe

catal yst and the deconposed product thereof . - 100 To a
reactor were ACRSEIALIN .3 LYAYOSRTbORRAYIRG f’rﬁcdésm-qﬂﬂ%“ a%%%l(le Scet at e,

manganes
9 %5 hexane, cyclohexane, toluene), a ketone having 4 to 15

carbon atoms (e.g., methyl ethyl ketone, cyclohexanone),
an ester compound having 3 to 20 carbon atoms (e.g., ethyl
acetate, phenyl acetate, methyl benzoate), a nitrile |
having 7 to 12 carbon atoms (e.g., benzonitrile)'and an
20 ether having 4 to 12 carbon atoms. The particularly
preferred water-insoluble solvent includes an aliphatic
or alicyclic hydrocarbon having 5 to 12 carbon atoms and
an ether having 4 to 12 carbon atoms.
(Extraction operation)
25 The extraction can be carried out by adding the
aqueous solvent and the water-insoluble solvent to the

reaction mixture after completion of reaction or its



acetate and acetic acid, and reaction was conducted at 150C and 4 MPa in an
at nosphere of 50% of oxygen (balance N2) 5 to obtain a reaction m xture.
The conposition of the oxidation reaction mxture was 20 g of terephthalic
acid, 190 g of acetic acid, 0. 2 g of NHPI , 2 . 0 g of phthalic acid ( PA
) , 2. 59 of phthalimde ( Pl ) , 0. 3 g of phthalic anhydride (APA),
0.3 g of p-xylene, 0.4 g of 4-carboxybéénialdehyde 10 (4-CBA), 0.8 g of
p-toluic acid (p-TA), 0.1 g of cobalt acetate and 0.1 g of manganese
acetate. The reaction mxture was cooled to 80C at atnospheric pressure, a
crystal | i ne wRECANFE, FpeHlhedsbromng SueatrmeBt &Radt hedrBiXHUESwWas washed
with 60 g of acetic 13 aci d under the sane condition. In the resulting
crystalline, FHEJSP§F i b9t tBR FRepEmMERt: ERERhERaPPRAGRFAEHAR, 99. 794 and

NHPI dth tiyated t f tected.. Incidentall th

0 str i but i on FALEEeFLaRs SRAG it tRELbLEFESR B GHY AR DHARRAORY
terephthalic acid in a crystallin relgtive to.the cogﬁen ,of terephthalic
acid in an ox?gaPFSRSF35¥t|8H A?QfﬁPg. BxOXAralyze ¥ heating: 8F thee added

b ene, g 25,962 BXBLARL L0 HEANAPLY, oF9REh o352 pher RAOBReSS oot ate
-atmospher e Of1?8%181586¥93@e(baié%%ﬁ%ﬁ%%lly, when the hydrolysis
treatment is carried out, the water-insoluble solvent may
be added after the hydrolysis treatment.
Incidentally, when the reaction product contains
10 an acidic compound such as a carboxylic acid, the aqueous
solvent containing a base is employed for the extraction,
so that it tends to be difficult to separate the reaction
product, the imide compound (e.g., an imide compound of
the formula (2) wherein R1 and R2 bond each other to form
15 an aromatic or non-aromatic ring having 5 to 12 members),
deactivated catalyst and/or a hydrolyzed product thereof.
In such case, after the acidic compound such as dicarboxylic
acld of the reaction product is recovered by a suitable
method (e.g., crystallization, distillation), the other
20 reaction product, the imide compound, the deactivated
catalyst and/or a hydrolyzed product thereof may be
separated.
The ratio of the hydrophilic solvent and the
hydrophobic (water-insoluble) solvent can be suitably
25 selected according to the species of the reaction products,
the imide compound catalyst and its deactivated, and is,

for example, the former/the latter (weight ratio) = about



- 101 to obtain a reaction mxture. The conposition of the oxidation
reaction mxture was 20 g of terephthalic acid, 190 g of acetic acid, 0.1 g
of NAPI, 0.2 g of NHPI, 2.0 g of phthalic acid (PA), 2.5 g of phthalimde
(PI'), 0.2 5 g of phthalic anhydride (APA), 0.3 g of p-xylene, 0.4 g of

4- car boxybaenzal dehyde ( 4-CBA) , 0 . 8 g of p-toluic acid (p-TA), 0.1 g of
cobalt acetate and 0.1 g of manganese &€etate. The reaction mi xture was
cooled to 80C at 10 atnospheric pressure, a crystalline was filtrated at
80C and 300 , and the residue was washed with 60 g of acetic acid under
the same condPtPbdAl ta 1041 cBuefengbiyyabanti edS5{heteiS{}i bWeren rati o of
terephthalic acid was 99.8%' and NAPI and the 15 deactivated thereof were
not det ect ed. PEREABRBLYRAPUY Oz k/dadrod/ heranddsd@lhyx pbend, 0.2/1 to

Nhydr oxypht hal i m de (NHPI), cobalt acetate, manganese acetate and acetic
acid, and reaéften was conducted at 150C 20 and 4 MPa in an atnosphere of
50% of oxygen (balance N2) to obtain a reaction m xture. The conposition of
t he oxidation reacti of®is¥tFachien may ke cazggrchantcincyaichevey af
acetic acid, 0 . 2 3 of NHPI , 2 . 0 g of phthalic acid ( PA 2.5
pht hal i ni 3e (PpEch mapner oF cantinues manfef,dandemay PAPAFTTed Qubf

m xyl ene, 0.4 of . 3- car boxybaenzal dehyde é3-CBA , 0.8 of mtoluic acid
(mTA), 0.1 gigf mpgEiftage cpReEaEAGnS:; 11§ Beceas b¥es TR @t EACT ion 10

VIM?%I gif;hgrﬁgﬁtﬁﬁfﬁiﬁﬁé’f ér.g? %ﬁ&@%ﬁt i isl?s:é%f“ Eﬁﬁ%ﬁ?%ﬁ vashec
g;éstﬁglggg&tgﬁe élgtrlguglgn Yé?lB §ﬁEFs§?ﬂY%3?iga§0|§ m?se$§.§@6 aQ?oPHP
wer e added m%?éﬁéﬂﬁﬁ%‘&%‘gﬁ%pﬁ% ﬁ%e%ﬁngdégﬁwkggb%ﬁ?ma E?g?g?

VPa i n abat noaonchg ORI Clta BNy LI 8 {BF PRRARLT -Bbut R On

m xture. The ggMBOgikbaN hubleyOXbEAL 9NtbCaCELABSM XtUre was 20 g of
i sophthalic acid, 15 190 g of acetic acid, 0.1 g of NAPI, 0.2 g of NHPI

2.0 g of phthalic aci®héPu. of. Bh8 ektPRERRLAMEPELER! ¢anObé SutaBhyhalic
anhydride (APA), 0.3 g of mxylene, 0.4 g of 3-carboxybaenzal dehyde
(3-CBA), 0.8 gedbcretowtithiACtHe( WidA) rafigé Gepénaohgl bnachkakpeatndsO. 1 g
of manganese 20 acetate. The reaction m xture was cool ed to 80C at

at nospheri c ppéstheereactiostmtddunet )ehd iintidet edmpbuddCcatdl36d® anilg, and
the resi due was washed with 60 g of acetic acid under the same condition.
25 I n t hd5resthei dgactivatédicatalyet diagid ibut fon examplef abmphtShibi c aci d

was 98. 7% and NAPI and the deactivated thereof were not detected.
- 10, preferably about 6 to 8. When the catalyst or the

g of

deactivated catalyst (including the hydrolyzed product)

1s recovered in the form of salt, pH may be more than 10.

When a solvent containing a base is employed as

20 the aqueous solvent, the amount of the base is, for example,

1 equivalent or more (e.g., about 1 to 20 equivalents),

preferably about 1 to 10 equivalents, more preferably about

1l to 5 equivalents relative to 1 equivalent of the imide
compound catalyst employed in a reaction.

25 In the present invention, the extraction may be

carried out with warming, the extraction temperature is,

for example, about 0 to 200°C, preferably about 5 to 150°C,



- 103 Exanple A2-5 To a reactor were added ~-picoline, N
hydr oxypht hal i m de (NHPI), nicotinal dehyde, cobalt ace tate, manganese
acetate and acetic acid, and reaction was 5 conducted at 100C and 4 MPa in
an atnosphere of air to obtain a reaction m xture. The conposition of the
oxidation reaction mxture was 26 g of nicotinic acid, 233 g of acetic
acid, 0.1 g of NHPI) 3.0 g of phthal rc®édcrd (PA), 1.5 g of phthalimnide
(PI'), 0.1 g of phthalic anhydride (APA), 10 43 g of B-picoline, 0. 5 g of
ni cotinal dehyde, 3. 3 g of water, 0.5 g of cobalt acetate and 0.5 g of
manganese acelare.preferably abowt xkQrio V30 Conardste fxBacbigndsaind 80
nmHg, and the condensate was cooled to 25C at at m)gpheri C pressure. A
crystal | i ne wasuailyreastlied owT at abeubolb g 0056d tBar ke rrlYas
washed with 27 g of acetic acid under the sanme condition. In the resulting
crystal l'ine, ¥hendrBerhpdreobyisiattvestmantolsnperated ok with the NHPI and
the deactivated thereof were not detected. 20 Exanple A2-6 To a reactor
were added ~-BAEBPPReSCAVeREt ) PALRARInRdRASNARLY 15iRERTeETORNARRL cobal t
ace tate)_nanganese acetate and acetic acid, and reactjon was conducted at
140C and 2 MPARPPEETaGIhASr eaBFiad ot Wdkhayarming for the PIFRISRire. The
conposi tion of thg gx-jldat I on

of efficlent progress of the hydrolysis. In this case,

liquid-separation may be carried out after the temperature

lowers. If necessary, in order to improve the extraction

efficiency, the extraction may be effected under applied

10 'shearing stress, and may be effected under atmospheric

pressure or under applied pressure.

By the extraction operation, the reaction product
having a hydrophobic group and the imide compound can be
separated by distributing the phase of the hydrophobic

15 organic solvent and the phase of the aqueous solvent,
respectively.

Incidentally, the 1mide compound (inclusive of the .
deactivated catalyst) is recovered from the aqueous
solvent phase (in case of salt, followed by liberation)

20 to recycle or reuse into the reaction system. Moreover,
the deactivated or a salt thereof distributed into the
aqueous solvent can be converted into the imide compound
of the formula (1) by reacting with hydroxylamine or an
acid if necessary, after hydrolysis with an acid or an

25 alkali, ring-closing reaction, ring-opening reaction,
liberation, and the like. Further, the dicarboxylic acid

salt of the formula (3) distributed into the agqueous solvent



reaction mxture was 20 g of nicotinic acid, 307 g of acetic acid, 0. 05 g
of NAPI , 0. 1 gof NHPI ( 3. 0 g of phthalic acid - 104 ( PA) , 1. 8
g of phthalimde ( Pl ) , 0. 7 g of phthalic anhydride (APA), 20 g of
~-picoline, 0.2 g of nicotinal dehyde, 5.5 g of water, 0.3 g of cobalt
acetate and 0.3 g of nmanganese acetate. 5 The reaction m xture was
condensed at 60 to 80C and 80 mHgy. Tob68he condensate was added 62 g of

2et hyl hexanol and cooled to 25C at atnospheric pressure. A crystalline was
filtrated at 25C and 200 mmHg, and the residue was washed with 68 g of

met hanol undephase eanebé(cenveitédninto the imidet¢ompeundtef |[the, the
distribution ratio of nicotinic acid was 91% and NAPI and the deactivated
t her eof was nferwelactld byexeapttngwith hyfiroxylesdner, WEmecakkaryl, 2, 4,5
tetramet hyl benzene, N-acetoxyphthalim de (NAPI), cobalt acetate, nanganese
acetate and agfter htberatien:ecdft imddeaconpnundt eegenensel dite1®EhPra i n an
at nosphere of 60% of oxygen ( balance NZ ) to obtain a reaction m xture .
The 20 conposféRoheoreekeledi and peusedcte obhei keaetlorssBsbem. offur-
pyronmellitic acid, 65 g of acetic acid, 0.01 g of NAPI, 0.1 g of NHPI, 0.3
g of pht hl i ctheFRorea) the gorcatalystals nseparared and FReAVerRhpY
anhydri de (APA%, 1.6 g of water, 0,03 8 of cobalt acetate and 0.06 g of
manganese 25 Se8t§¥ETaghion greFakion xtor EeGESle odP@arewsgotP e YRGospheric
pressure, a crystalline was filtrated at. 50C _ - 105 and 200 pmHg, and the
resi due was mﬁéﬂﬁﬁiﬂPtﬁYEVeﬂ'oﬁQ£ﬁﬂqQF§&}¥#Lﬁﬂﬁﬁaqqﬂ¥@ﬁﬂﬁ%9Rﬁﬂﬁtion. I'n
the resulting_cr stal%ine, tﬂﬁ &istri uti0£a£at'o of1§¥ronellitic aci d was
99% and the H8EERPTAtignomeRRedJrayRe jatililzed 2y ths Fegenesatiqh ,
reactor were d p;t:Rhutyltol uene, Nhydroxyphthalimde (NHPI), cobalt
acetate and aggt?gea%%aaeaﬁﬂmngﬁ fon was conducted at 80C and 2 MPa in an

atnosphejg 10 of air $0.pRLAM Py ! CBd | 0ol X4 fneddCp£OSROS! 11 0N Of

Application Lald-Open No. 114702/1998 (JP-A-10-114702)
does not disclose about a deactivated catalyst, but the
process disclosed in the literature can be adopted to the
case that the deactivated catalyst exists. For example,

15 when the reaction product is a extremely high-polar
compound such as adipic acid, by selecting an extraction
solvenf, the reaction product can be distributed into the
aqueous solvent phase, and the imlde compound catalyst
and/or the deactivated catalyst are/is distributed into

20 the water-insoluble solvent phase.

[Distribution]

In the present invention, the reaction product and
the imide compound may be separated by a distillation
operation.

25 The distillation is usually carried out by using
a distilling column. The number of plates of the

distilling column may for example be about 1 to 100,



t he oxidation reaction mxture was 112.1 g of tbutyl benzoic acid, 16.8 g of
t - butyl benzal dehyde, 271.2 g of acetic acid, 0.9 g of NHPI, 0.2 g of
phthalic acid ( PA) , 2 . 7 g of phthalimde ( Pl ) , and O .1 g of cobalt
acetate . 15 The reaction mxture was supplied to a distillation colum (
colum plates : 10, reflux ratio : 5 pressure : 120 nmHg) and condensed.
The condensate was cooled to 2C at afnﬁgpﬁeric pressure, a crystalline was
filtrated, and the residue was washed with 50% by wei ght of acetic acid
aqueous 20 sol uti he sane condition. In the resulting

71 d

crystal | ine, Pﬁ%kgf Einﬁg‘%‘bﬁn‘r’r%'éoofm?gﬁﬁﬁﬁ%% apou¥ $8st9eéh - and
NHPI and the deactiv tqgﬁ%agéegf ﬁe e not det ect ed. ExagBIe A2-9 25 To a
reactor were ﬁageﬁf‘rc G 8P2°NK yiﬂ(%?yﬁﬂt hat 1§ridde teAkbng ORSERAF 190 cet at e,

bal t tyl t t d ti id d ti duct - 106
at 120C and 2REaDfnCQRANCREE AL, &Y pVeRgef FOMBBTAtUre PEaRbPRR i xt ur e.
Th iti 0 0f i.dati t. 1 Xt 32 .1 f i pi
260 g2t bruddp i GRS Rabioeanets B done fole more i de et ef fuber s ¢
oht ha i g (BP§uteRd gt 20°cy Anf pERELAML SrEF godut Ho 0’ 209%F S

t at do f | .. TIh Li i | ed
(o 30C at at ool L GRPELAARE CARBLRITEE: of Mot RCbh B PRl Al SE o S0c”
and 200 M. 3fUELNSHo°d B hidre® piEIBH I UL 50 005 SHAL Chng thp SOl ved

conpletely, and coo tnmospheric pressure to obtain

crystalline. ghﬁrgggﬁgglbgngbg@§. ii5rg@gdtgtzggggg?grgggkggigéggéﬁ n the

resulting crystalline, the distribution ratio I C acl % and

NHPI and the degckpdaigditPaSOhePEAE1AQ! ofCLAS! egec 8Bk €aHlod@ran
oxi dation reaction m xture containing 33 g 20 (0.22 nol) of

p-t-butyiool ubselidg3p8ihticmpbrdnt Ale [y !, RUakeI2al praauetr)2afada(l7. 5
mol ) of p-tbutyl benzal dehyde, 0. 2g(1. 77mmo1) of N-hydroxymal ei m de) 0.15 g (

1. 54 mmol) ohighéeirbodzingsbihtl compohen®2(8Ugl) arf inMei compbynd) de, was
"added water (30 nL), and m xed 25 conpletely, and allowed. to stand to

| i qui d- separ aMereéverhethet dishilbiggnopepatsionweanatdedohdueatdr biy30 ni)
and m xed conpletely to liquid-separate. The resulting - 107 aqueous and
or gani ¢ phaserefidnyingatlyer ddsthildatecit eanandyabphyrefihx rqdiid (e.g.,
chromat ography, and, as a result, the recover ratio of p-t-butyl benzoic
acid into t heabpytinPecOphiige5Qaspoeierahtyeabountt Doh tat 48, omopet

15 preferably about 1 to 30).

The distillation may be conducted with an
~evaporator. The evaporation operation can be conducted,
.for example, at a pressure of about 0.13 kPa to 2 MPa,
preferably about 1.3 kPa to 1 MPa, and at a temperature

20 of about -20°C to 300°C, preferably about 0 to 250°C, more
preferably about 20 to 250°C, and particularly about 40 to
200°C.

The process is advantageous for the case that the

difference between a boiling point of the imide compound
25 and that Qf the reaction product is large.
[Separation of a component other than the imide compound

and the reaction product]



5 butyl benzal dehyde into the organi c phase was 87% the recover ratio of

N- hydroxynal ei m de into the agueous phase was 82% the extraction ratio of
mal ei m de into the aqueous phase was 68% and the extraction ratio of

mal ei ¢ anhydride into the aqueous phase was 95% 10 Exanple B2 A m xture
containing 3 kg (20.2 nol) of p- tbutyltoluene 66. 03 g (0.405n01) of

N- hydr oxypht hal i mide, 2.5 kg of acetic78cid was allowed to react at 80C and
20 kgf/cnm2 (1. 96 MPa) in an atnosphere of oxygen for 2. 5 hours 15 to
obtain a reaction mxture containing 50.8 g (0.309 nol) of

p-t - butyl benzyl al cohofhe2pgagtion jm ¥§uﬁ%I§°@@t¥m@%u@9mtﬁ#Q%J@eﬁvde 1121.9

g (6.295 nol) of -tbutylben20|c acid, 12. (0.075 nol) of
NhydroxyphthaWPﬁ?Hé312§°r eactien @ﬁkpﬁﬁﬂagekﬁibﬁ?ﬁaFFﬁFdﬁobﬁﬁnEO 8 . 5¢
( 0. 057 nol é thallc anhydride_. To this reaction_m xture was added
2600 nL of waf ¥Htc§ﬂﬁ}} 86 retgl qatplyst aadY tRFPHMFHIEILe¥LEt and

for 1 hour to li UId eparate i nto an,aqueous phase and an organlc ghase

The resul ti ngcﬁﬁﬁBf% 1ig ey é}QPrPctl}ﬁl&?égc\RéW@ Qud) opydesl

chr omat og aph and % uid chro aphy, and, as a result, the recover

ratio of %BF§FB ?9I8Icoﬁ8 ?i tﬂer%?ﬁﬁﬁ?e %ﬁ%&%tﬁﬁs F5891YERL r ecover
ti f -t 108 | b to th h 97% th

ecover rati oe'BPlBY?dbg eSS .a#‘e".t ﬁesea%é, npe HhecEeagtions,

Mo th t f Nhyd b

amount of N SPROARES,HRE Y 'mna@ R nehd s bR RRkEYRES 4 i o

t he aqueous pQQ? ﬁ@g) 0@’ é{g% %rz¥§|éﬁ aga%qgﬁgﬁglﬁﬁgf Rﬂﬁt unt of

pht hal i m de con in € reaction

aqueous phase 5% 0%%e BPShhE FYERCIdAN 152 ERoTeally aaehcﬁa,egagme (on

basis 10 of the anount ydri cont al ned eact 1 on

m xture)1ont ookl ﬁﬂﬂﬁ?ﬂﬁy&*ﬂﬁ@ﬁe %80596@1 a1 BPrAdviodsdver &Ry &a Ni ng
166 g (1 nol) of fluorene, 16 g (0.1 mol) of N hydroxyphthal'imde, and 1000

mL of 15 acet tneagedcmana}nhﬁwéet ﬁa{reﬁét sabjéBeedf €6 &bnbBeHt$ohA1AN
at nosphere of oxygen to obtain a reaction m xture containing |44 g of

fl uorenone (ysepdr8@¥hg AhanpubefylfgCbpepatishus@rhaast FEleehd1vaS
distilled off, and to the reaction m xture was added 1000 nlL of di butyl

et her 20 and &6f@enkatfiofl,48160i21avli6h) asdutivhydeortdelaqrgouhesol ution.
After stirring at 97C for 1 hour, an aqueous phase and an organi ¢ phase
wer e separ at edliqiddt propestilyt, | egtoaghhon, prasbingr, eckysthdiliadt@édnsodi um
hydr oxi de aqueous sol ution, and m xed conpletely at 97C 25 to

li qui d- sépar afleYingy heegyiesadlpnatdonndantiecolymni chphmesogThphyesul ting

aqueous and organi c phases were anal yzed by gas chromatography and |iquid
Chronatographﬁollowed by subjected to the separating operation (A) or

(B).
Moreover, the reaction mixture obtained by the
reaction may be subjected to the separation step (A) or
20 (B) without any treatment. In this case, the unreacted raw
material for reaction (substrate), the co-catalyst and
by-products are distributed into a crystalline or non-
crystélline component, or a hydrophobic organic solvent
phase or an aqueous solvent phase, respectively, depending
25 on each characteristic. The unreacted raw material for
reaction and the co-catalyst distributed into each

component or each phase can be recovered by the above



- 109 and, as a result, the extraction ratio of fluorenone into the
organi ¢ phase was 98% the extraction ratio of the oxidation catalyst
and/ or the deactivated oxidation catalyst (conversion into sodium
pht hal ate) (on basis of 5 the anpbunt of N hydroxyphthalim de used in the
reaction) into the aqueous phase was 80% Exanple B4 A m xture containing
168 g (1 nol) of di phenyl net hane, 16'976071 nol ) of N-hydroxyphthal i m de,
and 1000 10 nL of acetic acid was allowed to react at 100C for 20 hours in
an at nosphere of ox¥ en to obtain a reaction mxture containing 146 g of
benzophenone E9PEFLH g@@@; BebhPhe reaction mixture, acetic acid was
distilled off, and to_the reaction m xture was added 1000 nlL of dibutyl
ether 15 and 1000 ni 57 PRTARCHATUNAMGRY ShedeY RERMCES oI EPPXR 1@
stirring at 97C,for 1 hour, an aqueous Ehase and an organic Phase wer e
separat ed. To2CHE PERTHEFY (& ¢l @PpRLSENALF PuRBRAVahdYEtRYER UM

o an 20 aqBORREoMads AAGeRTAR, SARTEoPRRGLS o A BBhE LARRED Bah ¢
e o resurt,  PRoSERPFRFPloRY, ALPbLPUbERS K RERBAGELAD) - { HEYBEGuh Bophace
doactivat ed oftabr, Sogapkiole Beardivesn babinBhfakibntial aie ) ( on
aaueous phace uas gyveat1BKy] SKRIIBHIBhERS 07, GPabBERFIBR) no 1500 o
0,045 g (0 16 41 “GToRoal B achi At e iaenarr e bind! f AEFRRE "Gl ooy G0
"Qacti on m xt b Canach OF iS5 ShAhAIUREP IS AelhpstiA B FaEoTE ° oo

g ( 0. 88 mkp eheCrehebesangysteR.47 9 (0.61 nol) of cyclohexanone, 1. 77
g( 0. 012 nmol ) of phthalimde and 1. 30 g ( O . 005 nol ) 10 of

N-cycl ohexyl oxypht hal Hetrééver! Ofrblieth8agéa@bibh Xhikuréy CtREExabg1Was
distilled off , and to the reaction m xture was added 30 nL of 2N (2 nol /L)
sodi um hydr oxcdtadgeséomaysbeuseparatbéliebynaxcogveht 8dhal omethbdusuend -
standing for 1 hour, an aqueous phase and an organi c phase were separated.
15 The aqueoussafitilbrgthon phages fickteranian aed bashingihr oembudngpay and
i quid chromat ography, and, as a result, the recover ratio of cycl ohexanol
into the orgamPrdvphisecondessSatiohe deybver gmia combinptiiomerfinbhesent o t he
organic Ehase was 90% the extraction ratio of phthalimde 20 (conversion

i nto soditBm pRPRERALENS|. nt Burtkengtdeuseptbien Mixthas is slulijectathbiat of
phthalimde in the reaction nixtureg was 89% and the extraction rario of
Ncycl ohexyl ox #PRPRRELAPIF SRR Y1 ER amien 2¥FhaRgm ERSAR Y thitls Kere

aqueous phase n_basi s of the_amunt of
9 P agg tgh meta{ catalyst may be eliminated, regenerated and

recycled to the reaction system. Incidentally, when a
water-soluble co-catalyst (e.g., a sait of acetic acid)
20 is employed, the metal catalyst is extracted with water
from the reaction mixture to recycle without any treatment,
or to recycle after regeneration in the form of carbonate
or acetate. Moreover, after burning to ashes, the metal
component may be recovered, regenerated and recycled to
25 the reaction system.
Incidentally, by the aftermentioned processes

(C)(D)(E), the metal catalyst may be separated from the



25 N-cycl ohexyl pht hal i m de) was 90% Exanple B6 A m xture containing 300 9
(2.02 nol) of p-t - 111 butyltoluene, 6.60 g (0.04 nol) of

N- hydr oxypht hal i m de, 0.10 g (0.0004 nol) of cobalt acetate and 293. 3g
(4.88 nol) of acetic acid was allowed to react at 80C and 20 kgf/cn2 ( 1.
96 MPa) for 3 hours in an atnosphere of oxygen to obtain 5 a reaction

m xture containing 162.5 g (1.09 nol7J 8? - butyl tol uene, 106.2 g (0.59
nol) of p-t-butyl benzoic acid, 17.7 g (O. 11 nol) of p-t- butylbenzaldehyde,
0.26 g (1.62 nnnl% of N-h droxyphthallnlde 3.98 g (27.1 rrm)lzjh

pht hal i mi de. BE8F éowiart\ngse BFLeT FP&P%FPPPF'BH%QPPGT%%S Y Bkt ure
with a condensation aratus, _and the deposited p-t- butylben20|c aci d was
recovered by PFIFP%t?gﬁal gatal¥st may be SeRATRkRY §5emnthespHPd dygt ( 0 .1

nmol /L) sodium oxi. d ueous solution, m xed co and al | oned to
stand to Ilunﬂggiﬁﬁpa Eo Tﬁ@eaﬁﬁgﬁﬁgtéﬂﬂ 9835?55 ng ghiééi ‘wer e anal yzed

Cecover ratio orSeBaRaing ks Al GORPREDS, REGLPRAIPECRhaCa ok bhos  he
extractio ratip pf hydro hthallnldefgg nver si on iap ?SIUH] alt of
N—hyﬂroxy hthallnldeh§ Qﬁg% iRresiess, @H3henBERFeBE H?E W ph %J|n1de
i 97%

ati o of - pht hant e ioHER A R8T RBIEIEa BN HERRY Fenitassl £ (e
amunt of Pt Baki giflgs! goht’esimgt 188 Thihe! Eobpbihg LHA BUCRUEapase vas

93% 25 Exanple resen an  oxi on Ca

(Nacet oxypht he&g;tggtw/%ﬁxg)..,m@e gag ool ik fre ondddnodest ate

and manganese ac ene was Ized 1 n ace ic acid solven

150C and 4 MPgy wagha §QJ%QE.OHX¥3€§] (bakaRa€ioh! £§99€ﬂ$nt)0 produce

terephthalic ac The reaction xture was cooling-crystallized to 80C at

5 atnosphgric pressurgnagbdvé idepat@t 1y op8Bat £6h idn WS chaTied vhath

acetic acid and filtrated to separate terephthalic acid. The filtrate and

washi ng |iqui dywece sembenedcepdtatelztngChtepafor cobystalerehyothe The
conponents in the condensed residue were anal yzed, and as 10 a result,

2.7
g of terepht hamideaconpodnd gith acsebilveati dorOcfygtallilzatdbaxygbjhal i m de
(NAPI), 0.2 g of Nhydroxyphthalimde (NHPI), 1.2 g of phthalic acid (PA),
1. 4 g of pht bhsorplidofr Btep fofr abdogbdhgphhbametadnbadailget( bxPA ) , 0. 3
g of p-xylene, 7. 8 g of 4-carboxybenzal dehyde ( 4-CBA) , 15 22. 3 g of
p-tol ui c aci dapgo¥prionQtregtméntotort (Edbektraction stepdfer usimgadnse were
cont ai ned.
15 aqueous solvent containing at least water and a water-
insoluble separable from the agqueous solvent to distribute
the imide compound and the metal catalyst into the phase
of the water-insoluble solvent and the phase of the agqueous
solvent, respectively.
20 [Solvent-crystallization (C)]

In the solvent crystallization (C), the imide
compound and the metal catalyst are separated from the
mixture by crystallizing the imide compound with a solvent
for crystallization.

25 As the solvent for crystallizatlion, a variety of

solvents (extraction solvent) such as a hydrophobic

solvent can be employed depending on the solubility



To the condensate was added 51 g of water) the precipitate was filtrated at
30C and 300 mmHg, and to the residue was added 61 g of water and washed
under the same 20 condition. The distribution ratio of the total cobalt
into the filtrate was 98.4% the distribution ratio of the total manganese
to the filtrate was 98.4% the distribution ratios to the filtration
residue of NAPI , NHPI , PA and Pl werd&399.2% 99.1% 77% and 85%
respectively. Inciden 25 tally, the distribution ratio neans to a ratio
(wei ght basis) of a conponent content in the filtrate or the filtration
resi due rel at Fharagtaritshpesafi therretal catadyst.. Inmanprasesathe Exanpl e
C2 In the presence of an oxidation catalyst (Nhydroxyphthalimde (NHPI))
and a netal cBehip)seatabreltls exlgagted oF sepghated Withaae 3quequsy| ene
was oxi dized in_acetic acid solvent at 150C and 4 MPa with 50% of oxygen
(bal ance: nit B84ERRLt 0 A5t SBGcRTVRPUH RN a¥pleTr ok & BaXeActoH SR tire was
cooling-crystallized to 80C at atnospheric pressure and filtrated, and the
resi due was 18E.WatR% apnd B wakercsqdnblensotyent Masy bepenppareds As
terephthalic acid. The filtrate and washing liquid were copbi ned and acetic

acid was T enpVB8 ¥at&TsSodmP B LBRPEndMar S MY ke memtiboRed thesRr¥e wer e
Serd 15’ 0 35eRemPLAFTEH auipuAPoRVEREL NEpE) SXaRBLe: of GafharYELSe g
(7 o, bR L5 Tl SRSl 4005 4400 0 S
B The condenafh a18RB6150806L 1 G inanBofiol "BRAR BRC ned iR 1T ot o

256 24,500 "itandiChid 10 iapbie) N5 AR B0 0L 08, chalysgshed

under the sane condition . ion rati cobalt into

25 the T14trapRed@Swiber2gb1iBfedsivbhts! 88n"BL! Bs84 é!’ﬂﬁﬁi?t B{E fRrhganese
9. 5% ot t

into the filtrate was 99.5% the distribution ratios t e fi rati on

resi due of NHEbmbPAa8LenP! Miifientalily, a%9% Mixed¥o19eat8L0nhtaeapagtively.
Example C3 In the presence of an oxidation catalyst (Nhydroxyphthal i m de

(NHPI)) and awseegl £alidledboleehtl Eohtatrlngaratidr TN §R0poe tacat 8£¢)
m Xyl ene was oxidized in acetic acid solvent at 150C and 4 MPa with 50% of

oxygen for example, about 5 to 95% by weight, preferably about

25 to 90% by weight, and in particular about 30 to 90% by
15 welght can bé employed. As the aquedus solvent, water is
usually used.

The separating process utilizing the solvent-
crystallization step (C) 1s advantageous for the case that
the imide compound is an aromatic imide compound and the

20 metal catalyst is a compound soluble in the agqueous solvent
(in particular, a water-soluble metal catalyst such as a
salt of acetic acid and a complex).

The imide compound and the metal catalyst separated
by the crystallization operation may be recycled to the

25 reaction system. Moreover, the imide compound é.nd the
metal catalyst may be, if necessary, regenerated and

recycled to the reaction system.




(bal ance: nitrogen) to produce isophthalic acid. The reaction m xture was
cooling-crystallized to 80C at atnospheric pressure and filtrated, and the
resi due was 10 washed with acetic acid and filtrated to separate

i sophthalic acid. The filtrate and washing liquid were conbi ned and acetic
acid was renoved therefrom The conponents in the condensed residue were
anal yzed, and as a result, 2.7 g of Tsaﬂhrhalic acid, 7.8 g of acetic acid,
15 0.35 g of N—hydroxyphthalinide (NHP1I), 1.2 g of phthalic acid (PA) 1.4
g of phthalimde (Pl'), 0.35 pht hal i ¢ anhydri de (APA),

m xyl ene, 7.8 g of 3059%%§9B€%&5YdéHVU@OP3ﬂGBRF3122n3 §°@P°ﬁ¢ﬂ§lbt%ea0|d
(mTA), 0.4 g of total cobalt, of total manganese 20 were contai ned.
To the condenggP@°W§ss%%M%’élt§l %ﬁ?ﬂ‘ Q&i’cfe’-!finit% tﬁ‘Pe@PEPﬂ-a?@t%¥sFlmQYat ed at
25C and 300 2EFQ the resi due was added 80 g of water and washed
under the sanBecHF tWﬁBengﬁ?FbﬂPl%YﬁF% W&"@P“tthénYo‘%%‘FaE‘B%'&H into
25 the filtrate yas 96 2% the_distribution ratio of the total mnanganese
into the fiItPEtggﬁaﬁegé 268 tahEsH; oF r FRGt Mehat afPBROBENRHPRY PA and PI to

the filtration resid %. 65 and 75%. respectivel
Exarrp: e II n Fﬁg‘s’lﬁréggﬁo@ BPeé‘r?“oﬂIa’a%%ﬁ /3"9%‘?“?‘?\50%'? ; ‘Fﬁﬁ%ﬁ’ myde
(NAPI)) and ay netal cata

8 écgba tl ? hﬁte gnd gg anege ac ate),
n}xylenebm?ZHOX| |§8?OFR ch r38¥8 8ol 9 t eaFeash ﬁyﬁ Ct?ﬁﬂSO@bof
ﬁfﬁ?ﬁ?e(mgs c%g %ébrgg ?ggd8g98§gai BQ Fﬁ% %ﬁ€$ cﬁ?g and
filtrated, andobhice £Sa'ﬂ§§ #8s 1P yesbedai! ﬁ&ﬁéﬁ?é‘&adjdﬁ“ghé Lopted to

separate ISOp C acl ICIUI wWer e conni ned

and acetic achg mamg@awsesw%ruﬁ&omgﬂ BESve i CORdRATES

resi due were anal yzed, an S a result I C aci

acetic agpd, be Qeaoﬁeﬁédkkﬁégéﬁé¥ﬂhéaalhﬁhdfe&ﬁwfgﬁ tQ @h@ Péaé%ion
hydr oxypht hal i m de ( NHPI g of phfhalic actd )

phthalim de (sPstgm. Orhe drécefePéPAnE xﬁ@fa/ﬁréa%izysﬂ@%ﬁ tn& rﬁegapf o
m xyl ene, 7.8 g of 3-carboxybenzal dehyde (3-CBA) , g of mtoluic acid

(mTA) , 0.4 gompohehtlcawhel taritiddMuty byf aldbitentaigilc me thodesaent ai ned.
To the condensate was added 51 g of water, the precipitate was filtrated at
30C and 300 nesigerysitalblzékelorsifiletwesl addEd 1&rarioh aatiewashiingdshed
under the sanme condition. The distribution ratio of the total cobalt into
25-the filtranbsemptdan2¢e.ghe dbsorpbdonoandaelimbhathent wiath amnganese
into the filtrate was 98.7% the distribution ratios to the filtration

resi due b9 NARPn- expnangepneahu Pr the 1iBe)weremo9ing; acgod¥ent2%r and

79% respectiveI% npl e C5
con ensation drying and a combination of these methods.

[Absorption step (D)] _
In the absorption step (D), the imide compound and
the metal catalyst are separated from the mixture by the
20 absorption operation. This process is not particularly
limited, and is advantageous for separating a hydrophobic
imide compound and a water-soluble metal catalyst.
In the absorption step, a variety of absorbents,
forexample,activatedcarbon,zeolite,silica,silicagel,
25 silica-almina, titania and magnesia can be used. The
specific surfaée area of the porous absorbent may be, for

example, about 10 to 5,000 mz/g, preferably about 50 to



In the presence of an oxidation catal yst (Nhydroxyphthalimde (NHPI)) and a
netal catalyst (cobalt 5 acetate and manganese acetate) with

ni coti nal dehyde as a co-oxidi zi ng agent) ~-picoline was oxidized in acetic
acid solvent at 140C and 2 MPa with air to produce nicotinic acid. Fromthe
reaction mixture, acetic acid was renoyved and to a condensate was added

2-et hyl hexanol. The m xture 10 was cooIPng-crystaIIized to 25C at

at nospheric pressure and filtrated, and the residue was washed with

nmet hanol and flltraiﬁd to_separate_nicotinic acid. The filtpate and washi ng
liquid were c8rBPASY /gand MOTERTRFRTRLY A 09 £or 3¢50 {He c%h%onents

in the condensed re5|g6§)mere 15 anal%zed and as a result, 94

ni cotini c aci BFef6ETE Sé’ré’ﬁﬂtl Inslindes ap onexeh REAGHr FORPt P?‘f"n' de

NHPI 113 f ,pht hal d pht hal de (P 26. 2 f
bht hal 1 ¢ anhy 8P &B°Fﬂgﬁljlg 60" gkehbhgek (aBodpe cxghangesin %8{1%{9 mangaﬁege
were contained, 2 copndensat e was add 9 100 g gf matii
precipi tate wA8Pfi P?PEt@ ruFtyge sHgh3es ﬁﬁ?g tendStiiche F ?Hﬁe was added

30 g of wat hed. under .t h ditjon. The distribut t
of the to afreiﬁlipﬁa.sﬂﬁoi#ﬂ&%&a&%&?ﬁﬁgiﬁ%é a‘égers W ugis v, BF] OQFLﬁ '

BN SUEM Tt R N
L pithal T gt ds(eah @mggppwa;mmmta A4 BT E-35, 4% 98% and

97% respectivVv resence o an~ oxXi 1on cat al yst

(Nacet oxypht ha&hr%l@% &H&F’fi&tfﬁg‘? i@%girégagq{ey&eoﬁ}%bahhélaggh%ts gand

rranganese acet at wth nico Co-ox1dl zin ent ~- pl coline

was oxi di zed pRoapRbIrecaacday?! Hﬁnéréhniéogoﬁngxghyﬁ?ew tgnahﬁibﬁ produce
nicotinic acid. Fromthe reaction mXture, acetic acid was renoved and to a

condensaji@ WagxeHaadelresin! s Blamphe, M Xt+ohglBPa¥de ion exchange
cooling-crystallized to 25C at atnDspherlc pressure and filtrated, and t he

resi due was waeked wavingehhghatesndryi hinfidhedmt BasePEAGE, Nitedmiefthc aci d.
The filtrate and washing |iquid were conmbined and the so vent was renoved

therefrom Thglammpalamnt bass,t Aémebhgeathdnbeammofivmr Basb)anal yzed, and as
aresult, 92 g of nicotinic acid, 160 g of 2-ethyl hexanol, 1.0 g of :
N acet oxypht hweaki-tbasiNAR) exXchinggeorelihyhaviygtd palimarge §ékEPhiiarky08 g of
phthalic acid (PA), 67 g of phthalimde (Pl), 24 g of phthalic anhydride
(APA), 11 g oPrt ¢ezitigsiyapming]gnoypoef at cailon0exghgngesteadng domt ai ned.
To the condensate was added 100 g of water, the precipitate was filtrated
at 30C ah® BOGXEWHQGraﬁdS¢6°FEea¢é§i§uéonaﬁxabéégeBGegiﬁfhﬂHﬂ@E &d washed
under the sanme caondition. The distribution ratio of the total cobalt into
25 the aqueou$UdEQ8dc,aS1d39EoNDPyha SPREr-Beidds Aeni xghange T&sin
manganese to he a ueouikgﬁase was, 98.2% the distribution ratios _to the
organi ¢ phase diunride sﬂiﬁoanﬁ%gﬁPuﬂAﬂ weRKPpRCiMChal i ¢

i 0 [0) [0)
?g;g e((:,I[D ;A‘z/ eﬁgd ;g%lrzégh%g ¥ :?.n Vﬁaa{veinggg 5 /c?ar%g & .[B ggr%l/fpafng 9go()Sphonic

acid group or a phosphinic acid group; chelating resin,
20 for example. an imidinoacetic acid-typed chelating resin,
polyamine-typed chelating resin; a resin having an acidic
group and a basic group (snake-cage resin)).
In the ion exchanger, the ion exchange capacity
can ba suitably selected, and may be, for example, about
25 1 to 5 meq/ml (dry resin). The ion exchanger may be |
whichever of gel-type or porous-type. Among the ion

exchangers, the ion exchange resin may have a crosslinked



In the presence of an oxidation catalyst (N 5 hydroxyphthalimde (NHPI))
and a netal catalyst (cobalt acetate and nanganese acetate), p-xylene was
oxidized in acetic acid solvent at 150C and 4 MPa with 50% of oxygen

(bal ance: nitrogen) to produce terephthalic acid. The reaction m xture was
cooling-crystallized to 80C at 10 atnnigheric pressure and filtrated, and

t he resi due was washed with acetic acid®and filtrated to separate
terephthalic acid. The conponents in the m xture obtained by conbining the
filtrate and shing liquid were anal yzed, and as a result, 0.14 g of
terephthalic § FHCtgfeT 3foPeESS§EE¥rc acid, 1. 49 of wat er (H20)' 0.02 g of

bl CryERt BRI ™ O€ ABr e aRenepfLdn BB %F? Lop ?h(gﬁé @b%?r'ag&%ene

0 0625 or T o LRSS Y etd REYESaha o Veiaitiah Sintedd whaSoFPBP LGS To ¢ he
f f

e O AR i
PK2 " 25

e it ™ Bas AR TR hﬁﬁﬁfct?#%ré.y{?ﬁﬁd@mr%& BlEBh el BEhGTEhe (0 )

into the Ton giehangenieshi UEA 2820 nbDEIOLSLENOULT 00EaEL @19k Lhe tota

manganese into exchange reS|n istribu PA

and Pl into tggugh&%&&éﬁ}efg#ﬁr&e g?ES?BtS&E' Vﬂﬂex&ﬂ?ige’%ﬁétﬁodt he

di stributic. eratio t basi e conponen sorbing in
the ion exchawagche&bmpeashaecsaaaeesgg ehe'abkegﬁkaaulqréskabh%eb&o the

corrponent content in one mxture € presence of

oxi dati on cat ahu:s_hg( thd GrfcriventPBb hald "E‘r@%t(é}ib\ﬂ);iliénda ihe'f‘hto@; whakal yst

(cobalt acetate and nmanganese acetate), p-xylene was oxidized in acetic
acid sol yent abmﬁ(iee&ndoﬂdﬁ@@mgtfhé%é&rwmertx(elaadrrfwﬁebynpaégmﬁp) to

produce terephthalic acid. The reaction m xture was cooling-crystallized to

80C at 15 at mhphtresatpdebbguil ahgolight addbslorpblon pparsd tlike stieh washed
with aceti.c acid and filtrated to separate terephthalic acid. The

conponent s i nat kelmmt coatabhhdngethbyabsoirtbentg t ke fabsorbentintraathi ng
| iquid were anal yzed, and as a result, 0.14 g of terephthalic acid, 82.7 g
of : ment condition (e.g., the amount of the absorbent, the flow
amount of the treated liquid) can be selected depending
15 on the absorption characteristic of the absorbent, for
example, the temperature of the absorbent treatment is
usually about 10 to 50°C.
The imide compound and the metal catalyst separated
by the absorption freatment may be recycled to the reaction
20 system. Moreover, the imide compound and the metal
catalyst is, if necessary regenerated and recycled to the
reaction system. For example, the metal catalyst or the
metal component recovered may be, 1f necessary,
regenerated in the form of carbonafe or acetate, or after
25 burning to ashes, it may be recovered, regenerated, and

recycled to the reaction system.

[Extraction step (E)]



20 acetic acid, 1.49 of water (H20), 0.01 g of N acetoxyphthalim de (NAPI),
0.01 g of N-hydroxyphthalimde (NHPI ) ( 0. 06 g of phthalic acid (PA , O

07 g of phthalimde ( Pl ), 0. O1l g of phthalic anhydride ( APA) ( O

1 g of p-xylene , 0. 4 g of 4-carboxybenzal dehyde ( 4-CBA) , 1. 14 g of
p-toluic 25 acid (p-TA), 0.09 g of totgb cobalt, 0.23 g of total manganese
were contained. To the m xture was add 3 g of an ani on exchange -
120 resin (manufactured by M tsubi shi Chenlcal | ndustries Limted, trade
name: strong acidic api exchange resin "SALQA(I-type). gel and
absor bent treat nent V\gg Pregessconpmidd ng the exijact S&%Bt?‘%l)uti on
ratio 5 of th

distribution tp% ﬁﬁg?ﬁ§%§8ﬁﬁﬁ ﬁ% ﬁhggﬁgxﬁggnaﬁﬁc QEQ%ﬁaﬁgég?éS?n was

ren S e gg@é&b"f”%‘*“’tﬁgfiﬁéﬁ% T R o

(cobal { acet  $ReERERLYR! oREH éaeatﬁ?gﬁﬁ}am ; 1% vah St fhutdl T
g agﬂeéﬂ]%a?%‘ﬁ%r Red i gL dent MEsias) EHRIST)

produce isop acl lzed to

B0C at at msphgg £aRk s Uy ANk d tiahed @0 e sl dggmie@an&aé gd with

acetic acid an 0 Separate ISO alic a e conponent s in

the mxture op}a lﬂggago %Ya%?%ﬁ'ﬂﬂ? £He %‘t S atfetﬁgdwg\ggi] i;JQStI.)il?HiQ wer e

anal yzed, and as a resu SO Ic acrd acetic

acid, 1. 49 ofoygbat éﬂ'@@he’pl’fbsé)gfg:l'fg a&h@&éé@&dﬂ)@d’@' t&kﬂécéN‘E’i} 0.06

g of phthalic acid (PA) , 0.07 g of phthalimde (
phthal i c anhygrhgde ¢tnéP rbcesQ 1s2a§v8ﬁt&bé&h§”§o£5tﬂe4cﬂs@fthat the
3- car boxybenzal dehyde (3-CBA) , 1.14 g of mtoluic acid (mTA), 0.09 g of

total cobalt, ifdidd gompouffalisnangateseinsbeub®st abmpdund (eldl, aa the
m xture was added 4. 3 g of a cation exchange resin (nanufactured by

M t subi shi Charbmakitndmstiei esmpounti¢dantlr 8He mawal shtadgsacidi a cation
exchange resin "Dl Al ON SK18 gel -type"), and absorbent treatnent was 5
carried out awak8E£-tsoiduBleocompolhd.di stribution ratio of the total cobalt
into the ion exchange resin was 95% the distribution ratio of the total
manganese i nto (Aauéoms exehbatpingsan eas©OMaenhd the distribution ratios
of NHPI , PA and Pl into the mxture treated were 99% 91% and 97% 10
respectively. Exanpl eApgthe aqueous solvent containing at least water,
15 an aqueous solvent which contains water as a main component
can be employed. The aqueous solvent includes a mixed
solvent containing water and the other water-soluble
organic solvent (e.g., a C;_zalcohol such as methanol, a
ketone such as acetone, an ether such as dioxane and
20 tetrahydrofuran, a lower aliphatic carboxylic acid such
as acetic acid). The content of the organic solvent in the
mixed solvent is, for example, about 0 to 60 % by weight
(usually about 0 to 25 % by weight), preferably about 0
to 10 % by weight relative to water. As the preferred
25 aqueous solvent, water 1is exemplified.

(Water-insoluble solvent)

A water-insoluble solvent employed in the



In the presence of an oxidation catal yst (Nhydroxyphthalimde (NHPI)) and a
netal catalyst (cobalt acetate and nmanganese acetate) with nicotinal dehyde
as a 15 co-oxidizing agent, ~-picoline was oxidized in acetic acid sol vent
at 140C and 2 MPa with air to produce nicotinic acid. Fromthe reaction

m xture, acetic acid was renoved, to the condensate was added

2- et hyl hexanol . The m xture was coolrnagcrystallized to 25C at at nospheric
pressure 20 and filtrated, and the residue was washed wi th methanol and
filtrated to se araﬁ ni cotinic acid. The conponents in the m xture

obt ai ned by cBRbFarf §°¥hie5f##q1}1£-esecﬂ?cra$&sqnfﬁ@m thei aquesus FAIKed: and as
a result, of nicotinic aci of 2-ethyl hexanol, 32 g of acetic
25 acid, 63 gTﬂ‘P t’%t?ﬁFchFﬂéUb_lLSosal‘é?nT?reH%weso £oy grample, the

NERRRGRE S TN T ERELR R gy “Sofventypron eenfly Tor ol ©
21,9 § of a BIHPBEE AT o&?ﬁ%ﬁfﬂéi{%ﬁ&@ %”b%ﬁ%%cﬁ“’it?a cal
type) | afd abeorban (1t SRR, a8 Hand) res'ﬁ;iw%??; RO The
the. di stri bu .?%tnb?a%f B SEchRite 4°rac%éaﬁ'gb2°h§§ta9$ﬂsﬁﬂ‘mxf$" gﬁgéﬁé%%@s“?is?ﬁ%
iﬁeéﬁ?aié?aﬁaéézﬁiéz?,ﬁgﬁé%ﬂ%Sé*éf’f; piiig eig n
obal tacetyl aceto %yé e 1 760 in

(cobalt acetate and c ) cycl ohexane was" oXI

acetic acid splyepitfitd?ananind Mpolé] D PR G0, The

reaction mixture was cooling-crysta Ilzed to 10C at atnosp rlc pressure

and 20 flbtratédgtpﬁ%lﬂ!&écﬁn@mé}lé(? aﬁhdalg&?ofqraipﬁiﬂbﬁa‘tﬁctﬁ‘@irﬁ%r | ayer
| i qui d separated were anal yzed, as a result , 4 g of cycl ohexane,

0.76 g of cychbbenabomavifgls ﬂoOiSCdﬁi:l@é‘!eXa/i:orﬁ’@eé@él@ ad $étah®l and
cycl ohexanol, 73.01 g of acetic acid, 0.58 g of succinic acid, 0.69 g of

glutaric 25 abexan8l, dW aliefycddigiadcahbd, having® ¢toofl5H2Arbon. atdmg of
NHPI , 0.45 g of PI, 0.66 g of PA 0.10 g of total cobalt were contained.
such as cyclohexanol, an aromatic alcohol having 6 to 12
carbon atoms such as benzylalcohol), a ketone (an aliphatic
15 ketone having 4 to 15 carbon atoms such as methyl ethyl
ketone, a cyclic ketone having 5 to 15 carbon atoms such
as cyclohexahone), an ester (e.g., a C,_jpaliphatic
carboxylic acid—Cl_ldalkyl ester such as methyl acetate,
a C,_jaliphatic carboxylic acid-Cy_;,cycloalkyl ester such
20 as cyclohexyl acetate, an aryl ester such as phenyl acetate,
a C,_jparomatic carboxylic acid-C;_jp,alkyl ester such as
methyl benzoate), a nitro compound (e.g. , a nitro compound
having 2 to 10 carbon atoms), a nitrile (e.g., a nitrile
having 7 to 12 carbon atoms), an ether (e.g., a chain ether
25 such as dibutyl ether) and a mixed solvent thereof]. The

water-insoluble solvent can be suitably selected according

to the species of the imide compound. These hydrophobic



- 123 To 50 g of the mxture was added 2.5 g of a cation exchange resin
(manufactured by Mtsubishi Chem cal Industries Limted, trade nanme: strong
acid cation exchange resin "Dl Al ON PK208 porous-type"), and absorbent 5
treatnment was carried out at 25C for 3 hours. The distribution ratio of the
total cobalt into the ion exchange resiin was 97.5% and the distribution
ratio of NHPI into the mxture treatéd7ﬂa§ 98% Incidentally, the
distribution ratio neans to a ratio (weight basis ) of the 10 conponent
cont ent absorZin% in the_ion $xchan eresin relative to the conponent
content in th&WARFGABSPLYBLE! E‘RéﬁgPESEﬂaYhﬁenW@%ﬁet%ftﬁe.O‘Q%a"{qt%% nol )
of cycl ohexane . 816 5 mmol) of N hydroxyphthalimde, 0.015 (0.025 15
mmol ) of cobaNF%Pfﬁc%?Eéﬁmt&%ﬂfgﬁﬁﬁﬁgg?nbear%matyr PPee'Vﬁ%gY%%ct ed at
100C for 6 hours_in_an tnnsggere of oxygen to obtain a reaction m xture
cont ai ni ng 2. 8%63gTEISLIABI $OL¥eRY el ohexane, 0.981 g (10 mol) of

| oh 0.731 2 | dj pi i 0 N-hvyd ht hal i m d
ol et ohati oToé afeRetred et erc18s0 Punte sol¥SnERdlNges " IT1 6.
To th - i 1 xt dded [ oh 0 nL d t 150
Ty eR R bR Ko g N B A I LEnar £E B A ECRRI ot
| d i t 25 [ ti i | furth
adted water anqanbeEabBi heulBo) 87 of moeR b iSuchERRE e o BE MR LG ous.
layer and an RE28LE Laxsrr;alhglégﬂseu ahaxgﬁ ﬁ‘QE'iJéh&QSHéf'ﬁ 1hg 1£4
| ayer were analyze 5y a'fiquid chromnatograp 9, and as a resu?Y, The

extract | on 1 abEngfo N rOXYBRLY2I4 Bids e BaSlSnele 1 RAGE1YguRg! | m de

contained in the reaction mxture) e organic layer was he
extraction 5 papiRe@f sBIVEALI FheBebBl 0 THE PALRNLEIARNE DMESeBRea the
extraction ratio of phthalic acid into the ‘organic |ayer was 65% and the

extracti oo rawateetifgbabbitldscaint aaetaaasan 1cHR61 sefarable from
cobalt(ll)acetylacetonato contained in the reaction mx 10 ture) into the

aqueous | ayer water968h afcehplch&Zingar GoXi2carbbnZbt ¢ing 154he A08b6No Df
adamantanol, 5. 36 g ( 32 . 8 mol ) of N hydroxyphthalimde, 0 .114 g ( O
328 Mol ) oaAndamabydrptarbene(shaatiphatioc ApArbcatbdh hawningi 6rtdbe and
150 nL of acetic acid was reacted at 85C for 20 hours in an atnosphere of
oxygen to obt akncarbencatams )i xa urididre dienigng adréhagicOa2cotoll) ahd
adamant anol, 13.9 (82.6 mml) of adamantandiol, 10.5 g (57.5 mmol) of
adanantantrioﬁhengyéﬁoxyphthalinide, pht hal i mi de, 20 phthalic acid,
vanadi unm(l11)acetyl acetonato, and benzonitrile. Fromthe reaction m xture,
acetic aéPd was di stiWpeg the hydsophebidefgdventass gmpdoredzafiarile to
300m., 300 nL of water was added at 26C theretq, and_m xed conpletely to be
| i qui d- separ aFEGCtAPB SO VEReodt Fapde eapPigyed A% aghhanidssepareblee
resul ting organ&c Igygr mag further added water _and nixeg cgggletely to be
| i qui dsepar at E§HVAPS AR°RGGBEL8INEQYS SRAVERToPELRFCPIpLetion, of

reaction. Further, when a hydrophobic substrate (e.g., a
hydrocarbon, a ketone) is employed as a substrate, the
20 substrate is employed as a reaction solvent, and after
completion of reaction, the residual substrate can be
employed as é liquid-separable solvent from the aqueous
solvent.
(Extraction opefation)
25 The extraction operation is carried out in a
similar manner to the operation described in the item of

the process for separating the imide compound and the



- 125 aqueous layer and the organic |ayer were analyzed by a liquid
chromat ography, and as a result, the extraction ratio of

N- hydr oxypht halim de into the organic |ayer (on basis of

N- hydr oxypht hal i m de contained in the reaction 5 m xture) was 80% the
extraction ratio of phthalimde into_tgﬁ organic |ayer was 86% the
extraction ratio of phthalic acid into"the organic |ayer was 75% and the
extraction ratio of vanadiun(lll)acetylacetonato (on basis of

vanadlun(lll)acet Iaceton to contained in the reaction 10 nto the
2RRcteR5 pRadhey %@1 3 BhfrexGracy Loty oy Degeatibe
e et e
“ Sl 7} of oBEvaYiadathd £h% AFBeehacte Vz%%wn@ry BYateheipekunls

2 pyr i di ﬁécé? Sayere s%‘%ﬁ%?ﬁiﬁsﬁi‘%%it”" 56 i WP AR P8y 1 di ne
o 400 mL ol ket SRR TE R 584 é%l%aé%tu%%et#éaﬁl%%%a’%%%?ﬁ 2.
Shaken subfl ChER! bns?aded! | REflo! Brelande! 8e0E egﬁgg%ggo@§%8%§mg?h'qu'd

phases he resultant organic Tayer was wat er,
hak ff t rt i nt iquid
shases. The adiocte T Ve e hs %‘tr%}%%%*{ @?ﬁﬁ?@r@éﬁ‘;ﬁ"-ﬁz%ﬁ%ﬂ%ﬁq”'

| quid chromuRguaRky £38f e tEeathbnt! BachXhEAEHABNEREL B o'

N-hydr oxypht hal i m on baslis o roxyp tha e containéd in the
reaction mxt ':E'i@.)trla"ﬂtign exthrdbt {dif, aiﬂéﬂliakﬂﬁ%n‘ﬂeézﬁt/alii@aﬁéﬁ?Ct' on

ratio of phthalim de info the organic |ayer was 85% the extraction ratio

of phthalic aand mik9ngheyok@drirénbare’ thas 19&% tandigtieacsbpachicen ratio
of cobalt(ll)acetylacetonato (on 5 basis of cobalt(ll)acetylacetonato

cont ai nedoi n the reactfhenratxbu6€) that aghbeuagyedvéntayrd the 97% Exanple
E4 The m xture of 30 . 68 kg ( 0 . 23 knol ) of adamantane, 5.51 kg (0.03
- knol ) of N hytydrpphbbdlci fwdaeeroifsoigble )( 8od@ehtkeoah) bef suitably

vanadi un(111)acetyl acetonato, 204.57 kg of acetic acid was reacted at 90C
for 4.5 hour s sedegtedt acecpirdlegotoothgespeciebt aEnther tmtdeonomprunde
containing 0 . 28 kg ( 0 . 002 knol ) of adamantane, 6 . 48 kg ( 0 . 04
knol ) of adamadttiemetal cgbakys¥. @nd 09, Kiwyt exampladihenfanmez/ths 10 .
73 kg ( 0. 06 knol ) of adamantandiol , 2 . 78 kg (0 . 02 knol of
adanmant ant ri olatyegg (WglghtNnrayde bxy Akt iGiMle 1 k022044 . oPrphierablyi de,

0. 05kg of vanadlun(lIhéacetylacetonato and acetic acid. Fromthe reaction

m xtur e, tacet BROXE 9-Q841dER 5/ e NOFe PERFRFADID abpuly 0ol Alniter 34id

stirred 20 at _4QC an t he_ precipit removed by filtration. To the
filtrate, the3® PEP u% &/3f%ﬁm% danol and 71 60 kg of n-heptane

s 805 15 T 100 ko SR o BT R
kg batch manner or continuos manner, and may be carried out
in multistage operations, if necessary. The extraction
20 number of the reaction mixture with the hydrophilic solvent
and the hydrophobic solvent 1s, for example, about 1 to
5 times, and usually about 1 to 3 times.
The extraction may be carried ouf with warming,
the extraction temperature is, for example, about 0 to 200°C,
25 preferably about 5 to 150°C (e.g., about 15 to 150°C), more
preferably about 10 to 130°C, and in many cased, the

extraction is usually carried out at about 15 to 100°C. 1If



25 of n-butanol and 61.37 kg of n-heptane was added and m xed at 25C
conpletely to be separated into an aqueous | ayer and an organic | ayer.
After the operation was repeated - 127 again, the aqueous |layer and the
organi c | ayer were analyzed by a liquid chromatography, and as a result,
the extraction ratio of N hydroxyphthal im de into the organic |ayer (on
basi s of N-hydroxyphthalim de cont ai ne@li A filtrate) was 5 100% the
extraction ratio of phthalimde into the organic | ayer was 100% and the

basi o of vanaBPUREPPE Acht R SRaf BEORbot Mo HERAEROR, PETLCLT IS 8306
O Berum e B8 BatpAnb o eAYBY, S8eThsty BaseSpmINY s a0l
bt ai n_an aquESEE=Ear aPd R BoCBREaF KR RBRT AAERERea o, RERAPPESa8Pd, To
t he aqueous SBhHEEOgPﬁaﬁﬁ?ggggﬁgg¥gted hydrochloric acid at ordinary

tenperature to conve ¢ acid, and phthalic acid was recovered

Neor Ha o 8 39, BY. B BReed0e on"hbREaPY AT N hERR YAV RE e e

recover ed phtgghighéch 1&@508ﬂpﬁggﬁhﬁﬁ {%e ? L e fﬁt?oghg?éQéggﬁgg’fand

further stirred for 3 hours w evati ng e tenperature orm

N- hydr oxypht hghh g [ - e a k was added
50 nL of 1IN hsggg%ﬁﬁo%ﬁgggc?3§ gﬁ% %g gréﬁgﬁéﬁgﬁknfggv%ﬂﬁ Phégé') 20 mmol

) was slowy gddpdctivelgBto ldtaidteVithe Shitbe! SSmpdlifd add'en® mb¥aE Was

stirred at 97C for 3 hours to obtain an aqueous sol ution contai ning

phthal i c aci dcabalilalti.c Pisé dintbte 'CoRYSERA BNdCORNEanstdD Gagaiystering the
aqueous solution. Then, after hy 5 droxylam ne hydrochl ori de 20H HC1 ( 1.

39 g 40 pool pepavatedmdywbd recytl@dto @helysadh 16h s{BEehtC MEF&Sv@R] hal i ¢
acid was added thereto, and stirred at 97C for 4 hour to form

N- hydr oxypht h&heniloid de2c8mpgoundl dndlthe meas)l eak3dlydt Tmag beaskifwas added
50 nmL of 2N hydrochloric acid, and powdery phthalimde (7.4 g, 0.05 nol)
was sl owl y addegessarytxegendrated andgredyiehed thoctne xteact was sysktemed at
97C for 3 hours to obtain an aqueous sol ution containing phthalic acid.
Pht hal i ¢ aci dTheseparatatuebyl cat@dysitngay be recycled to the reaction
system without purification or after purifying by a
15 conventional method.
[ The geparation of a component other than the imide
compound and the metal catalyst]
As mentioned above, the reaction mixture sometimes
contains a raw material for reaction (substrate), a
20 reaction solvent, a by-product, a reaction promoter, a
solvent employed in a purification step, as well as the
imide compound (including the deactivated catalyst) and
the metal catalyst. Therefore, when the imide compound and
the metal catalyst are separated from the reaction mixture,
25 in order that each component or an impurity in the reaction

mixture is previously removed, the reaction mixture may

be subjected to a conventional separating and purifying



15 and filtering the aqueous solution. Then, to a flask, were added the
phthalic acid, 100 nL of pyridine and 0.5 g of sulfuric acid, and stirred
for 3 hours at 100C with distilling off water formed by reaction to obtain
a m xture containing phthalic anhydride. Hydroxylam ne hydrochlo 20 ride
NH2OH HC1 (6.9 g, 0.1 nol) was added to the m xture and stirred at 50C for
3 hour to form N hydroxyphthalinide (5824-g, yield 70%. Exanple F4 To a
flask was added 50 ni of 1N sodi um hydroxi de 25 aqueous sol ution, and
powdery N-cycl ohexyl oxyphthalimde (4.9 g, 20 mmol ) was_ sl ow aﬂded
thereto with QPPFPhQn Sph ﬁﬁ)&%‘?@h&o%t icondgngatden. fdistol kOono obtain
an - 129 aqueous solution containing sodiumsalt_ of phthalic acid. To
the aqueous sBKLEPER1RAs sEWEHALI1ZREdORy dFEERYSEALLEZARLPR. cEPVERR | nto
phthalic acid, and phthaljc acid was recovered b¥ condensati on and
filtration. EOFPEBHrRBFX 523d 43 CPRBIPRT AN oF aEh@se soPeTabiong i di ne
and 0.05 g of | furic acid and stirred at 95C for 4 hours to obfajin a

m xt ur e cOntafﬂiﬁBwEﬁtHXIFEbéﬂﬂyﬁPngO F96r6§9¥55$%ﬁgrﬂﬁﬁ¥ﬁﬁﬁ%ﬂiG% NH2OH
HC1 (2.8 42 s added to the mxture, stirred at 50C for hour s
Lo Torm 10 PR E nallPRPOEC o e CieFaagtapn T samd S ORE ikt ur e of
1500 17.82 f |

N—hyd?o&yphthgﬂg agseg g 8 8%§2§1Y3“%8 gﬂDPfQSF ggb%TPrﬁxﬁtEF% was react ed
t 160C d 4 K t 2 h t
" obvain o m 0P8 EORRaPhFRG1331-ocSsPRACEPS BHEyESoBlang odalss' o
(0. 012 ol ) "ofSHRRaPELBE o2 End (sdpbbiabinbiutel) (€Y RPEGETE) o © O
cyclohexyloxyﬁgg %‘Ehﬂﬁffgéani8h éeéﬁ§5991 é&ﬂiSn E¥8§ Pf%ﬁgﬁt“as

distilled off roxi de aqueous utiron (30 niL)
was addeflpt heggh@encaRbat €l Yy nlxed for 2 hours at 97C and stood for 1 hour
to be liquid-separated into an aqueous |layer and an organic 25 |ayer.

Phthal i m de and N cychghgsverxyohé hpbastden RiRtar&t 6bPaiREd | By Othde
aqueous | ayer by converting into sodiumsalt of phthalic acid. To the

aqueous | ayer raagtion maP badifsidlited amb & eepapaitdoaCstepOowttRyett into
phthal i c acid, and phthalic acid was recovered by condensati on and
filtration. Aptuedfiigdtasul arimehligdraxd)) ehedmiddititedrahaterdaigfo40 mol )
was dissolved in 50 nL of pyridine, the 5 recovered phthalic acid was added
t hereto, and ¥reactddnaf substrate) and the reaction product are
15 distributed into a crystalline or non-crystalline
component, or a hydrophobic organic solvent phase or an
aqueous solvent phase, respectively, depending on each
characteristic. The reaction product, unreacted raw
material for reaction, and the by-products distributed
20 into each component or each phase can be recovered by the
above conventlional method.
[The relationship between the separating step (A)(B) and
the separating step (C)(D)(E)]
The separating step (A)(B) for separating the imide
25 compound and the reaction product may be carried out in

combination of the separating step (C)(D)(E) for the imide

compound and the metal catalyst, if necessary. Moreover,



97C for 4 hours. The m xture was condensed, filtrated and washed with
hexane to form N-hydroxyphthalimde ( 2 . 05 g, 0.013 nol). The
regeneration ratio of Nhydroxyphthalimde (a ratio of N hydroxyphthalim de
10 regenerated relative to N-hydroxyphthalim de used in the reaction) was
65% Exanple F6 A m xture of 1500 g (17.82 nol) of cycl ohexane, 3.16 g
(0.019 nol) of N hydroxyphthalinide, ~afd 0.045 g 15 ( 0 .18 mmvl ) of
cobalt acetate was reacted at 160C and 40 kgf /cnm2 ( 3 . 92 MPa ) in

at nosphere of oxygen for 2 hours to obtain a m xture containin% 1275 g
(15.13 nol) othe \ReRMEEMY step. (@ )gapd ) may) bercampingdeqashother 69 ¢
(0.92 nol) of cyclohexanone, 2.07 g (0.014 nol) of 20 phthalimde, and 0.78
g (0.003 nol )aBE The ReRAalARSFEHAAC)Ni d8) PROM(ENMRR RS icartingdir e,
cycl ohexane was disgélled off) 2N (2 nol/L) of sodium hydroxi de aqueous
sol ution ( 308#ER)OtRETadded thereto, mixed conpletely for 2 hours at 97C

d all dt d f 25 t.o .be |iquid- ted int
ayer and an orGIHAMEEFOr B 1H19 e RPIRIEDhoxyl oxypht hal | m de. ver ¢
distributed into th - 13 ti i nt di | t
of “phthalTc aci o, To The SERLHRTER qe (e ATAR (F PRyt G or ¢ aci d
t t ing hal | id ht hal i id d
condonsat | on SRRCFLPRr (618, SRt iRR F oot a3 AR CRES ORI 8 T 0, 50
mL of idi L f Ui id ' d at 95C.f 4 h
[o obtarn a neRearsvabied ol vie sheha il Raine e o § arRbgPRiabada "o S
hyd hlorid 2 G0 t ] d
Slirred at S0RTorrstrheprésenfed by eRE LommiEs FRICEE 4 HigRaH" NG
washed with cygleha¥spg tﬁezeaé,ga(P:rﬁ)gl?odﬁ@ythJ}s@ygé ayPiidapfade. The

' m de N

regeneration ratio of N hydroxyphtha aratio o ydr oxypht hal i m de

regener aj @d r@bﬂk/gﬁgdtﬂamgrﬁi@%ﬂﬁ&ie%&&% by the £6ARiiANY1yas 70%

15 - 132 CA . A process for separating a reaction product and an
am de conpound §1688YBok9atti 88141 ¥t Uak &81di ARHYAY18e! ERELEHE Sobplstrate

in the presence of the am de conpound having an am de unit represented by
the foll ow ngspondihg to the imide compound having the unit represented
by the formula (5).
In order to regenerate such deactivated catalyst,

15 the deactivated catalyst is subjected to a hydrolysis
treatment to convert into a dicarboxylic acid or its salt
shown by the following formula (3), followed by reacting
the dicarboxylic aclid or its salt, or a reactive derivative
of the dicarboxylic acid with (i) hydroxylamine or (ii)

20 O-substituted hydroxyl amine and then treating with an acid

to regenerate the imide compound.

0

I'c':—OH
c—OH (3)
0

The regenerating method is applied to an



(1): 0aCNXCDO wherein X represents an oxygen atom a hydroxyl 10 group
or an acyl oxy group, which conprises . (Al) a solvent-crystallization step
for crystallizing the am de conpound with at | east one sol vent sel ected
fromthe group consisting of a hydrocarbon, a chain 15 ether and water,

(A2) a cooling-crystallization step for crystallizing the reaction product
by cooling, or (B) an extraction step Pér'distributing the reaction product
into a phase of a water-insoluble solvent 20 and the am de conpound into a
phase of an agueouivsolvent ,. respectively by using the aqueous sol vent

cont ai ni ng at 4P@gE{Vakedcatril¥He raghd teAnEem thangs Q€ At dep8ERA%EL f rom

t he aqueous solvent, 2. A separating process according to claiml, - 133

wherein, in t RE %@%@géfV@H%WQQ%gP&WQQQﬁF?9&?9“Pﬂgqﬂﬂﬂ¥ﬁ%ﬁEkﬁFis an

oL phatlc YL Reat gt U0 bt Robuia PRl HReRir Abebl A Pt fve

di d _6al kyl e{:ﬂgéeof) . Incidentally, when the dicarboxylic acid or its

5 salt, or the reactive derivative of the dicarboxylic acid

is formed as the deactivatd catalyst, or when the hydrolysis
operation of the imide compound 1s carried out in the
separating process (B), the imide catalyst can be
regenefated by the operation (i) or (ii) without

10 hydrolysis.

In the regenerating method, the reaction mixture
contalining the deactivated catalyst resulted from the
reaction may be subjected to the regeneration of the
catalyst withput any treatment, or a system containing the

15 deactivated catalyst (a catalyst mixture) may be subjected
to the regeneration step of the catalyst after separating
the reaction product and/or the metal catalyst by the above
proéess, or after separating a by-product, a solvent, a
insoluble material or the like by a conventional means such

20 as filtration, condensation, distillation, extraction,
crystallization. Moreover, when part of the imide com-
pound is deactivated or modified, the deactlivated catalyst
and the activated catalyst are separated each other and
the only deactivated catalyst may be subjected to the

25 regeneration treatment or a mixture of the deactivated

catalyst and the activated imide compound may be subjected

to the regeneration of the catalyst.



5 or a Cl_6al kyl C6_10aryl ether. 3. A separating process according to
claim1, wherein the imde conpound is an aromatic i mde conpound, and the
reaction product is an oxidation reaction product of an alicyclic
hydr ocarbon or an alicyclic alcohol and 10 is soluble in the solvent for
crystallization in the solvent-crystallization step (Al). 4. A separating
process according to claiml1, wher ei i, 83 Solvent which is a poor sol vent
for the reaction product and is a good solvent for the imde conpound is 15
used as a reaction solvent in the cooling-crystallization step (A2). 5. A
separating process act¥t dHirebysistrept &R QG@EEE&PQOQ‘EHQY #&id, a
Cl | Oal cohol or a mf tgéi%?ntaining sol vent is used_as_a_reaction solvent
in 20 the cooPPRYTRTJWCHALYAIS BRtReE FYSkves g ajkalishyArpdysisand
according to cl ai %, erein, the reacH%Pn prodquct is.an oxidation reaction
product of an®3l ?‘% TP%E?@YE%% bdif & ﬁ’r‘ettrﬂ/ﬂ’egr‘ﬁﬁ? g’dht %ty aromatic
conpound in tge aol i ng. 25 cryaﬁallization ste éAQ e Agse arating '
process accor ?%go?%a5$£¥ﬁ}i: %F%iﬂa¥h%eim?5€1 B oERY 2RO%S aromatic
i m de congoung
xemplified base [e.g., an alkali metal hydroxide such as
lithium hydroxide, sodium hydroxide and potassium
hydroxide; an alkali metal carbonate such as lithium
carbonate, sodium carbonate and potassium carbonate; an
alkali metal hydrogencarbonate such as lithium
10 hydrogencarbonate, sodium hydrogencarbonate and potassium
hydrogendarbonate; an alkaline earth metal hydroxide such
as magnesium hydroxide and calcium hydroxide: ammonia; an
organic base such as triethylamine and pyridinel].
As an acid to be used in the acid-hydrolysis, there
15 may be mentioned, for example, an inorganic acid such as
hydrogen fluoride, hydrogen chloride, hydrogen brbmide,
hydrofluoric acid, hydrochloric acid, hydrobromic acid,
sulfuric acid, nitric acid and phosphoric acid; an sulfonic
acid such as benzenesulfonic acid, p-toluenesulfonic acid
20 and methanesulfonic acid.
The amount of the base or the acid is about 2 or
more equivalents (e.g., about 2 to 20 equivalents),
preferably about 2 to 10 equivalents, and more preferably
about 2 to 5 equivalents relative to 1 equivalent (1 mol)
25 of the catalyst (the deactivated catalyst or the total

amount of the deactivated catalyst and the activated

catalyst). Incidentally, when the acid is employed, the



- 134 and the reaction product is an aliphatic carboxylic acid having 6 or
nore carbon atons or an aromatic carboxylic acid in the
cooling-crystallization step (A2). 8. A separating process according to
claiml1l, 5 wherein,. in the extraction step (B), the aqueous solvent is
water. 9. A separating process according to claim1, wherein) in the
extraction step (B), the aqueous sol vef® contains a base. 10 10. A
separating process according to claiml1, wherein in the extraction step
(B), the reaction mxture is_subjected to hydrolysis treatnent in advance
of separ ati on26LatRAY rkaised it dhrcahnd ntiie ampyateonPbenamount of
separating process according_to claim10, 15 wherein the reaction m xture

i s hydrol yzed¥Bl¥ehstAgPanuggdednsthe hedrotysis s isvablte2 ap more
.separating process according to claiml1, wherein, in the extractjion step
(H), the wat ePIRL¥BLEREE Tedafdivie £Q 1oayivatenshbl modnerf dheceatalYsbm t he
group 20 consiiéiﬂa Ofﬁﬂ hﬁdrocarbon and an ether._13. A separating process .
according to ¢FBPnfleactiveted CAEANESE OFntheubPtaloamenet Qf tke as a

reaction 5 deactivated catalyst and the activated catalyst), and in
many cases, water is employed in large excess.

The hydrolysis temperature can be suitably
selected depending on the species of the deactivated
catalyst and the hydrolysis method, and is, in general,

10 about 0 to 300°C, preferably about 10 to 200°C and more
preferably about 50 to 150°C.

In the case of the alkali-hydrolysis, the
dicarboxylic acid salt of the formula (3) is formed, and
in the case of the acid-hydrolysis, the dicarboxylic acid

15 of the formula (3) is'formed. The dicarboxylic acid and
the salt thereof can be interconverted each other by a
conventional method (a reaction with a base or an acid).
For example, to an aqueous solution containing the
dicarbdxylic acld salt is added an acid to react, so that

20 a free dicarboxylic acid corresponding to the above salt
can be formed. The amount of the acid in this case, is about
2 or more equivalents (e.g., about 2 to 10 equivalents),
preferably about 2 to 6 equivalents, and more preferably
about 2 to 4 equivalents relative to 1 equivalent (1 mol)

25 of the dicarboxylic acid salt.

As the reactive derivative of the dicarboxylic acid,

there may be mentioned a derivative obtained by activating



solvent in the extraction step (B). 14. A separating process according to
claim1, 25 wherein the reaction product is an oxidation reaction product
of an alicyclic hydrocarbon, or an aromatic hydrocarbon having a nethyl or
met hyl ene group, and is - 135 water-insoluble in the extraction step
(B). 15. A separating process according to claim1, wherein the reaction
product is a cyclic alcohol, a cyclic Rétone, an al dehyde having a cyclic
hydrocarbon group or 5 a carboxylic acid having a cyclic hydrocarbon group
in the extraction step (B). 16. A separating process according to claim]1,
wherein the r@a‘&’??ﬁ?‘ﬂs 9EONBucERE §¥AMPLe pAcBeRer QF diesdeFend MRRRK t he
reaction mxture_is subjected to a_10 condensation step to separate t he
sol vent in ad9BndtaBidec i AGish a(S‘F‘Ytdfﬁ-qeeéét FB?\P%FBGUE?P%%%GFF% i P de
conmpound. 17. A sqgﬂﬁathﬁagrocess accordi to claim1, wherein_the

substrate is FBEtMRiA (v )aaapd; Bﬁa?cjp‘? 'o?"hécBOCEEFﬁF?gPd tas5 18. A
separating proces ord| ng to.claiml, wherein_ the imde con‘ggund s an
oxi dat i on catgp?s q oxyl c acid. Among them, the acid anhydride of

5 the dicarboxylic acid is particularly preferred.

The mono- or dilester of the dicarboxylic acid
includes, for example, an alkyl ester (in particular, a
C;.4alkyl ester) such as methyl ester, ethyl ester,
isopropyl ester, lsobutyl ester, and t-butyl ester; an

10 alkenyl ester (in particular, C,_,alkenyl ester) such as
vinyl ester and allyl ester; an aralkyl ester such as benzyl
ester; an aryl ester such as phenyl ester. Among them, a
mono-or 4iC,;_jalkyl ester of the dicarboxylic acid or the
like is preferred.

15 The mono- or diamide of the dicarboxylic acid
includes, fdr example, non-substituted amide, alkyl amide
such as methyl amide, ethyl amide and N,N-dimethyl amide;
aralkyl amide such as benzyl amide; aryl amide such as
anilide. The halide of the dicarboxylic acid includes, for

20 example, acid chloride and acid bromide.

These reactive derivatives of the dicarboxylic
acid can be produced by a method which is usually employed
in the production of the corresponding reactive derivative
from a carboxylic acid in general. For example, the ester

25 of the dicarboxylic acid can be obtained by reacting a
dicarboxylic acid with an alcohol corresponding to the

desired ester in the presence of an acid catalyst, if



oxi di zing the substrate, and the reaction product is an oxidation reaction
product corresponding to the substrate. 19 . A process for separating an

i m de conmpound and 20 a netal catalyst froma m xture containing the netal
catal yst and the inmde conpound having an imde unit represented by the
following fornmula (1): 0 a C,NX (1) CO - 136 wherein X represents an
oxygen atom a hydroxyl group or an ac§§oXy group, which conprises: (O a
solvent-crystallization step for crystal 5 lizing the imde conpound by
using a solvent for crystallization, (D) an absorption step for absorbing
the netal catBPFESSRTY aWiihEATAVHIO PYaRIRERCCAMAte: ) MgReaXeradiheon step
for distributing the imde 10 conpound into a phase of a water-insol uble
sol vent and tABideof theidlsarbexyble aniskeapibe;pbtglBedsLX Jieashing
respectively by ng t he agueous sol vent containing at | east water and the

wator -1 nsol Ubk A1EA Yid&Har 48| el bh SMORd a-9% 85 3MERE \RART e SRPTIH NGy
separating prggegﬁeaggg{gé Qm%fhglaig1§§%essary in the presence of a
5 condensing agent. Moreover, the dicarboxylic acid can be
converted into an acid anhydride of the dicarboxylic acid
(a compound represented by the formula (5)) by a suitable
dehydrating agent (e.g., sulfuric acid, diphosphorus
pentaoxide, thionyl halide, phosgene, phosphoric acid
10 halide, acid halide, acid anhydride, carbodiimide,
acylimidazol). Incidentally, in this case, the reaction
may be carried out with removing water by-produced.
Further, the dicarbocxylic acid can be converted into the
corresponding acid halide by action of a thionyl halide
15 such as thionyl chloride, phosphorus, or a halide of the
phosphoric acid.

In the present invention, when the dicarboxylic
acid or its salt, or a reactive derivative of the
dicarboxylic acid is reacted with hydroxylamine , the

20 reaction is usually carried out in the presence of a solvent.
As the solvent, there may be mentioned an alcohol such as
methanol, ethanol, and isopropanol; an aromatic
hydrocarbon such as benzene and toluene; a halogenated
hydrocarbon such as carbon tetrachloride, chloroform,

25 dichloromethane, 1,2-dichloroethane; an aliphatic
hydrocarbon such as pentane, hexane, heptane and octane;

an alicyclic hydrocarbon such as cyclohexane and



wherein, in the solvent-crystallization step (C), the solvent for
crystallization is an aqueous solvent. 21. A separating process according
to claim20, wherein, in the solvent-crystallization step (C), the 20
aqueous solvent is water. 22. A separating process according to claim 19,
wherein the am de conpound is an aronmatic imde conpound, and the netal
catalyst is at |east one conpound sereBfed fromthe group consisting of a
transition nmetal ele 25 nent-containing conpound and a conpound cont ai ni ng
a Goup 13 elenent _of the Periodic Table of Elenents and is soluble in an

aqueous sol veREtNY1CHE1oBeYaRe: an eherisugh af elhyd acetaby anddutyps A
separati ng proce%s accordi nﬂ to claim19, wherein, in the absorption step
(D), the absoPFEtahesr 8kt RLAPT| SUEhNASALEtRYLuetRgr andi®¥@RR changer. 5 24.
A separating gr cgis ac%ordi ng_to cl ?i m 13, wherein the nmetal catalyst is
at | east one 8% ¥grolpraneqan, BaAsifeSqryaptcBHSh s f By B5EALne; afisi ti on
netal el enent-gontaini conpound ng‘}a conpound cont ai ni a Ciou 13
element of t hRIBERERNET flbPESEPRAE b <8 MR TRECFOMIGSBP JAF RO LYERE (D)
25. A separating,proces co gi to clgim19, erei ' tg extraction
st ep (E),gt hesggﬁegﬁs sgrggﬂ?‘: ﬂ@am?!"ig%. a 858 ﬁ?falwﬁﬁui)gfi’é gg'accordi ng
to claim19, 15 whereip,,] xt tiqQn . ste ) .. Lhe ter-i s#uble
solvent is at |east o'lr[lg %r%#blteér}ee elfeeci'?f(e:o(f frre&ﬁ eggr H]BrBX%\ggs?i% eg a
hydrocarbon, gfai! §8N3le @ dirtddy’ 1393 dTb¥ a0 i Fede 6584  1n the
reaction, one isolated in the above step is employed.
Moreover, when a reactive derivative (e.g., acid anhy-
10 dride) of a dicarboxylic acid is employed in the reaction,
it is preferred that a reactive derivative isolated or a
reactive derivative obtained from a dicarboxylic acid
isolated is employed for the same reasons.
As the hydroxylamine, a free hydroxylamine may be
15 employed, or a salt of hydroxylamine may be employed. When
the salt of hydroxylamine is employed, a basic solvent such
as pyridine is employed, or an appropriate base (an organic
base or an inorganic base) 1s added to the reaction system.
Incidentally, when a salt of a dicarboxylic acid is employed
20 as a raw material for reaction, without using a basic
material, a salt of hydroxylamine can be employed.
The salt of hydroxylamine includes an inorganic
acid salt such as hydrochloride, sulfate, nitrate and
phosphate; an organic acid salt such as acetate. As the
25 base, there may be mentioned, for example, an amine such

as triethylamine and piperidine; a nitrogen containing

heterocyclic compound such as pyridine; an alkali metal



27. A separating process according to claim19, 20 wherein the imde
conpound is an aromatic i mde conpound, the netal catalyst is at |east one
conpound sel ected fromthe group consisting of a transition netal

el enent cont ai ni ng conmpounds and a conpound containing a Goup 13 el enent of
the Periodic Table of Elenments and is wa 25 ter-sol uble, the aqueous
solvent is water, and the water-insol'uff “solvent is at |east one menber
sel ected fromthe group consisting of a hydrocarbon having 6 or nore -
138 carbon atqns, .an al cohol having 4 or nore carbon atons, an aronmatic
nitrile and aaﬁ'ﬁ?§&%§oﬁ\i“éﬂta§ FoAdym matharide: and Sk un epherjdezganp
separating process,according to_claim19, 5 wherein the iim de conpound and
the metal cat Qﬁgéj'ia'f‘%t%ﬂ ﬁitd%fiaéhoﬁﬁ?‘aﬂ-%qc#%lsu&ki%ﬁ FoRdum agptetqte, and

the imde compound and the netal catal yst are separated froma reaction
T xture obt ai ABG BYCORGLR AERLARS  BHORIA  ORD L BEF chY 4505540 A

Dyt he- ol | owe NG RoR ety s ARG RE e eren RO FLF e S0 LkaR L ouygen
ompound ¥hi Rerer SAREAIRT . ARFb) Pl SPAE AL EBREBUARS: ROKAFERE on.
o | - ERsR o R e BB B e ™
fol l'owi ng for %hiuﬁl:ﬂydlz@g&léé.rb%nq{e and potassium hydrogencarbonate;
an alkaline earth metal hydroxide such as magnesium
hydroxide and calcium hydroxide.
10 The'amount of hydroxylamine is usually about 1 mol
or more (e.g., about 1 to 10 mol), preferably about 1 to
5 mol and more preferably about 1 to 3 mol relative to 1
mol of a treated component such as the dicarboxylic acid.
Incidentally, hydroxylamine may be used as a solvent.
15 The reaction temperature is, in general, about 0
to 150°C, preferably about 5 to 120°C. In order to
accelerate reaction, the reaction may be carried out with
removing water by-produced, or a scavenger of water (a
dehydrating agent) is added to the reaction system.
20 After completion of reaction, the regenerated
imide catalyst can be separated and purified by a
conventional separating and purifying means, for example,
filtration, condensation, extraction, crystallization,
recrystallization. Incidentally, the crystallization or
25 recrystallization is carried out under an acidic condition
(e.g., pH of about 2 to 6), so that a high-purity imide

catalyst can be obtained with high yield.



- 13) COHO - 139 reacting the dicarboxylic acid or the salt thereof ,
or a reactive derivative of the dicarboxylic acid with (i) a hydroxyl am ne
or (ii) O-substituted hydroxylam ne, and treating with an acid to
regenerate the 5 imde conpound. 30 . A regenerating process according to
claim?29 , wherein the deactivated im conpound is an i mde conpound
having a unit represented by the followng formula (4): 0 ~i C.NY (4) C
ii 0 10 wherein Y represents a hydrogen atom or an al koxy group, or a

ri ng-opened derivative, thereof eneratlggdfrocess according to

claim29 , wherein th ?%aEP?v@iﬁéFp9§¥f£% geidn t5r PRyt i QT akhY 15
e B8R o Plh "S5 Phi bbby e 18 L5 AIDNELL %S
with an acid after reacting with O-substituted
hydroxylamine, an O-organic group-substituted
5 hydroxylamine in which the organic group is attached at
| oxygen atom such as O-alkyl-substituted hydroxylamine,
O-cycloalkyl-substituted hydroxylamine, O-aralkyl sub-
stituted hydroxylamine, and O-aryl-substituted
hydroxylamine can be employed as the O-substituted

10 .hydroxylamine.

As O-alkyl-substituted hydroxylamine, there may
be mentioned, for example, O-C;_salkylsubstituted hy-
droxylamine such as O-methylhydroxylamine, O-
ethylhydroxylamine, O-isopropylhydroxylamine and O-t-

15 butylhydroxylamine. As O-cycloalkyl-substituted hydrox-
Ylamine, there may be mentioned, for example, O-
cyclopentylhydroxylamine, and O-cyclohexylhydroxylamine.
O-aralkyl-substituted hydroxylamine includes, for example,
O-benzylhydroxylamine, and O-aryl-substituted

20 hydroxylamine includes O-phenylhydroxylamine.

The reaction can be carried out according to the
reaction of the dicarboxylic acid or the like with
hydroxylamine. By the reaction, for example, N-
substituted oxy cyclic imide compound represented by the

25 following formula (6) is formed:



On CC (5 020 32. Aregenerating process according to claim 29, - 140
Wherein the regenerated imde conpound is recycled to the reaction system
33. A process for producing an organi c conpound, which conprises; 5
reacting an organi c substrate in the presence of an im de conpound havi ng
an imde unit represented by the folloging formula (1): 0. a C.NX11) CO
Wherein X represents an oxygen atom "a ﬁydroxyl 10 group or an acyl oxy
group separating a reaction product formed in the reaction step and the

i m de conmpound, regenerating the imde conpound by hydrolyzing a
deactivated i mde conmpound in the reaction step to be 15 converted into a
di carboxylic acid or sa ereof havi ng,a unit represented by the
fol l owi ng formul a (3)ah Eﬁﬁrﬁ an 'organid group

The organic group of R includes the'corresponding
organic groups to the O-organic group-substituted hy-
5 droxylamines. The typical examples of the group includes,
for example, an alkyl group (in particular, C,_jalkyl group)
such as methyl, ethyl, isopropyl, and t-butyl groups; a
cycloalkyl group such as cyclopentyl and cyclohexyl
groups; an aralkyl group such as benzyl group; an aryl group
10 such as phenyl group. |
The imide compound of the formula (1) can be
regenerated by treating the N-substituted oxy cyclic imide
compound obtained thereby with an acid.
The treatment with an acid is usually carried out
15 in the presence of a solvent. As the solvent, the .
above-exemplified one can be employed. As an acid, there
may be mentioned an inorganic acid such as hydrogen £luoride,
hydrogen chloride, hydrogen bromide, hydrofluoric acid,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric
20 acid, and phosphoric acid; a sulfonilc acid such as
methanesulfonic acid, ethanesulfonic acid, benzenesul -
fonic acid and p-toluenesulfonic acid. It is preferred
that the acid is anhydride. The amount of the acid is
usually about 1 to 5 mol, preferably about 1 to 3 mol, more
25 preferably about 1 to 2 mol relative to 1 mol of N-
substituted oxy cyclic imide compound. The acid may be

employed as a solvent.



- (3) COHO by reacting the dicarboxylic acid or the salt thereof , or a
reactive derivative of the dicarboxylic acid 20 with (i) a hydroxyl am ne or
(ii) an O substituted - 141 hydroxylam ne, and by treating with a acid
to regenerate the imde conpound, and, recycling the regenerated imnide
conpound to the reaction step. 5 34 . A _process according to any of claim1l
( 19 or 29 wherein the imde conpound P3 an imde conpound represented by
the following formula (2); 0, R~ C , NX(2)  R2CII 0 wherein R and R2

are the sanme or different, each 10 regéesenti ng .a hydrogen atom a hal ogen
atom an al kyl group, "B HUReRR IS %@/E‘F%a"l%h %}%lcﬁFbl,dal%ydﬁ%‘(yl group,

aroup: R1. andeRETRLS - BORIFR O SECHEY o Fer e 4D BoRBPBLIORE BT Can AFEAR i c- or
non-aromat i c £ir'ggi:i}18€v;viq:r1{)g%t iag::I.d, the regenerated imide catalyst can
be separated and purified by a conventional separating and
5 purifying means 1in similar manner to the above.

The imide catalyst regenerated by the process of
the present invention can be recycled and reused to the
reaction system.

[Process for regenerating the imide compoundl]
10 The regenerating process comprises:
| a reaction step for reacting the substrate in the
presence of the imide compound of the formula (1),

a separation step for separating a reaction product

formed in the reaction step and the catalyst (including
15 an deactivated catalyst);

a catalyst-regeneration step for regenerating the
imide compound by hydrolyzing the deactivated catalyst in
the reaction step to convert into the dicarboxylic acid
of the formula (3) or its salt, then reacting the

20 dicarboxylic acid or its salt, or a reactive derivative
of the dicarboxylic acid with (1) hydroxylamine or (ii)
O-substituted hydroxylamine, and treating with an acid,

and
a recycling step for recycling the imide catalyst
25 regenerated to the reaction step.

Figure 1 is a schematic flow chart 1llustrating

an example of the production process of the present



15 or non-aromatic ring conposed of RL and R2 may have at | east one i mde
unit represented by the formula (1); and X has the sanme neani ng as defined
above. 35. A process according to claim 34, wherein the imde conmpound is
an aromati c conpound wherein RL and R2 20 may bond together to form an
aromatic ring. .A99. AL;.ALu_.AL; L. A&&% A9a. A9&% A9; &9. A9a&. AL,
% ALr. A9aL. ALu. A9; E. A9a& AIL. A&&. A&N% A8: -
&9. A9a9. AONr . ALaL. A9a_. A9ur . A9. AQuL. A&L. A9_. A9u. AL; _. AL[ _. A9. A9;
r.A&ar. A9N. ALa. AQur . A9r A9u_. Ar. AON. A&r. A&GN. A9a. ALu. A&u A&. A&al. A9;
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y109%& () - z{| gg't_:%l%rgtocszgnll?e/bcar(z)ied out by a conventional method such

as supplying the regenerated catalyst to the reaction

5 system without any treatment, or with dissolving or
suspending in an appropriate solvent. For example, as the
recycle means, a pump, a beltconver or the 1like can be used.
Incidentally, the operation in each step may be carried
out whichever a continuous manner or a batch manner.

10 Moreover, a single or a plurality of apparatuses such as

a reactor or equipments in each step can be used.

INDUSTRIAL APPLICABILITY OF THE INVENTION
According to the present invention, froma reaction
15 mixture obtained by reacting a substrate in the presence
of the imide compound, the imide compound and the reaction
product can be efficiently sepa_rated. Further, from the
reaction mixture, the imide compound and the metal catalyst
can be also separated efficiently. Furthermore, according
20 to .the present invention, among the imide compound
separated, the imide compound deactivated by the reaction
can be efficiently regenerated.
EXAMPLES
The following examples are intended to describe
25 the present invention in more detail, but should by no means
.be construed to limit the scope of the invention.

- Example Al-1
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? f%ag;{k(ﬁ(kgé??%;PQ#§¢ 26%%&%9l):3f cycl% exane, 9.832 g (0.059(%01) 0

of N-hydroxyphthalimide, 0.296 g (0.0012 mol) of cobalt
5 acetate (II) tetrahydrate and 400 g of acetonitrile, and
heated to elevate a temperature under applied nitro-
gen-pressure (33 kgf/cmz: 3.24 MPa) with stirring. At a
temperature of 75°C was steadied, and a reaction was
conducted for 4 hours under applied pressure (40 kgf/cmz;

10 3.92 MPa) with flowing air. The system was substituted

with nitrogen to be cooled.
| The reaction mixture was analyzed by gas
chromatographyandhighperformanceliquidchromatography,
and, as a result, the conversion of cyclohexane was 19.5%,

15 cyclohexanone and cyclohexanol were formed in yield 14.5%
(selectivity 74.4%) and yield 1.6% (selectivity 8.2%),
respectively. Moreover, in the reaction mixture, 9.080 g
of N-hydroxyphthalimide used as a catalyst, 0.109 g of
phthalimide which was deactivated product of N-

20 hydroxyphthalimide, 0.138 g of phthalic anhydride which
was also deactivated product of N-hydroxyphthalimide
existed.

After the reaction mixture was filtrated to remove
an insoluble mafefial, the filtrate was condensed to

25 distill off cyclohexane and acetonitrile. To the con-
densed residue was added 100 mL of cyclohexane, stirred

for 1 hour, and then filtrated to recover the catalyst and



10
10/ L@!'10%&' ()- 'L@!' 109 ()- 9" 3"109%& ()-!9"3"109%& ()-T(\(()).*+z[ 9"P1! 9F!
109 ()-9!10%& ()-y!9!110%& ()-y! 9109 ()-!1wo! 109%&' ()-109& ()- +++z,, ---WJIG
91 10
10! OL3! 10%& () -y!{L3!'10%& ()-y!"L)!'10%& ()-9!{L)!'10%& ()-9!:9F! 10%& ()-----
R .uV7ly 109%& ()-10%&' ()-10%& () - 818%&"() Y10%&' () -1 &109& () -

0. ‘////080dE71y 1109 () -
S109&' () - &9109%& () Fle%&' g) 9S10%&' 1(:1)1 109&' & - B0} 000171 1dE71y F
3110%&' ()-9" - the; gompose product ereof -hydroxyphthalimide,
+y 109%&' ()-Y@ 0%&' fV(iO%&' - O#! 109& %1 1 1112B2v2wW2x2 2dYNC 10 10
10: - 10%&' ( 6%1 1961 309 Sh%lféb/&n yarddedode: 1y ;fy

%R % Y% -109%&' () - &109%&
égo/f;& % ) &%IO 4&&%@#&%0 ain thg catalyst and the decomposed

y109&' ()-!" LLOYRRE ( L1%%/\¥/\& () uVS10%&' ()- y10%& () - 445?5x555dEYNC
@ f 109%& () - 9LPFP8YEL (%Ch&F@ 0% ()-"y)109%& ()- & 10%& ()- -

%UALO%: () 55 6] 6677 dEﬁg 0 109: SLO%& () - 9810%& () - 9610%& () -

5109%& () -°3! 109 ()-77!7.787E737| 7rP1/ | &g10%&' ()-3!S

A mixture of 25 g (164 mmol) of adamantanol, 5.36

4 cC 3

g (32.8 mmol) of N-hydroxyphthalimide, 0.11 g (0.328 mmol)
of vanadiumacetylacetonato [V(acac);], 150 mL of acetic
acid and 150 mL of chlorobenzene was stirred for 20 hours
10 at 85°C and 1 atm (0.101 MPa) in an atmosphere of oxygen.
After completion of reaction, the :eaction mixture was
analyzed by gas chromatography and high performance liquid
chromatography, and, as a result, the conversion of
adamantanol was 95.6%, adamantandiol and adamantantriol
15 were formed in yield 50.5% (selectivity.sz.a%) and yield.
| 40.7% (selectivity 42.6%), respectively. Moreover, in the
reactioh mixture, 1.85 g of N-hydroxyphthalimide used as
a catalyst, 1.51 g of phthalimide, and 0.40 g of phthalic
anhydride were contalned.
20 The reaction mixture was condensed, 1.2 L of water
was added thereto, and the mixture was stirred for 2 hours
-at 50°C. After cooling, an insoluble material was
filtrated to recover the catalyst and the decomposed
product thereof in the form of solid. The filtrate was
25 extracted with 3L of ethyl acetate. The extract liquid was
condensed to 170 g, the resulting crystalline was filtrated

to obtain 11.2 g of adamantanediol. The crystalline did
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g and 200 g of acetone was added thereto. The resulting
crystalline was filtrated to obtain 9.9 g of adamantantriol.
5 The crystalline did not contain the catalyst and the
decomposed product thereof.
Example Al-3
A mixture of 27 g (200 mmol) of adamantane, 3.25
g (20 mmol) of N-hydroxyphthalimide, 0.183 g (0.1 mmol)
10 of V,05, 240 mL of anisol and 60 mL of acetic acid was stirred
for 3 hours at 85°C and 1 atm (0.101 MPa) in an atmosphere
of oxygen. After completion of reaction, the reaction
mixture was analyzed by gas chromatography and high
performance liquid chromatography, and, as a result, the
15 conversion of adamantane was 13.0%, adamantanol and
adamantanone were formed in yield 11.3% (selectivity
86.9%) and yield 0.9% (selectivity 6.9%), respectively.
Moreover, in the reaction mixture, 2.12 g of N-
hydroxyphthalimide used as a catalyst, 0.68 g of
20 phthalimide, and 0.18 g of phthalic anhydride were con-
tained. The reaction mixture was condensed, 400 mL of
hexane was added thereto, and the mixture was stirred for
2 hours at 50°C. After cooling, an insoluble material was
filtrated to recover the catalyst and the decomposed
25 product thereof in the form of solid. The filtrate did not
contain the catalyst and the decomﬁosed product thereof.

Example A2-1
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10! +9) I 109%& ()ace%%'%&asﬁglié%rﬁjd, and reaction was conducted at 150°C

and 4 MPa in an atmosphere of 50% of oxygen (balance N,)
5 to obtain a reaction mixture. The composition of the

oxidation reaction mixture was 20 g of terephthalic acid,
190 g of acetic acid, 0.2 g of NHPI, 2.0 g of phthalic acid
(PA), 2.5 g of phthalimide (PI), 0.3 g of phthalic anhydride
(APA), 0.3 g of p-xylene, 0.4 g of 4-carboxybaenzaldehyde

10 (4-CBA), 0.8 g of p-toluic acid (p-TA), 0.1 g of cobalt
acetate and 0.1 g of manganese acetate.

The reaction mixture was cooled to 80°C at
atmospheric pressure, a crystalline was filtrated at 80°C
and 300 mmHg, and the residue was washed with 60 g of acetic

15 acid under the same condition.

In the resulting crystalline, the distribution
ratio of terephthalic acid was 99.7%, and NHPI and the
deactivated thereof were not detected. Incidentally, the
distribution ratio means a ratio (weight basis) of the

20 content of terephthalic aclid in a crystalline relative to
the content of terephthalic acid in an oxidation reaction
mixture.

Example A2-2

To a reactor were added p-xylene, N-
25 acetoxyphthalimide (NAPI), cobalt acetate, manganese
acetate and acetic acid, and reaction was conducted at 150°C

and 4 MPa in an atmosphere of 50% of oxygen (balance N,)
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()- 910%& ()-196 gocfpaceticgi 49 (9-11ggxhi NABKor&42 g of NHPI, 2.0
210%&T()-IILlllggﬁ$h haliEL;é%g@§% },22.5 g of phthalimide (PI), 0.2
5 g of phthalic anhydride (APA), 0.3 g of p-xylene, 0.4 g
of 4-carboxybaenzaldehyde (4-CBA), 0.8 g of p-toluic acid
(p-TA), 0.1 g of cobalt acetate and 0.1 g of manganese
acetate.
The reaction mixture was cooled to 80°C at
10 atmospheric pressure, a crystalline was filtrated at 80°C
and 300 mmHg, and the residue was washed with 60 g of acetic
acid under the same condition.
In the resulting crystalline, the distributlon
ratio of terephthalic acid was 99.8%, and NAPI and the
15 deactivated thereof were not detected.
Example A2-3
To a reactor were added m-xylene, N-
hydroxyphthalimide (NHPI), cobalt acetate, manganese
acetate and acetic acid, and reaction was conducted at 150°C
20 and 4 MPa in an atmosphere of 50% of oxygen (balance N,)
to obtain a reaction mixture. The composition of the
oxidation reaction mixture was 20 g of isophthalic acid,
190 g of acetic acid, 0.2 g of NHPI, 2.0 g of phthalic acid
(PA), 2.5 gof phthalimide (PI), 0.3 g of phthalic anhydride
25 (APA), 0.3 g of m-xylene, 0.4 g of 3-carboxybaenzaldehyde

(3-CBA), 0.8 g of m-toluic acid (m-TA), 0.1 g of cobalt

acetate and 0.1 g of manganese acetate.
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In the resulting crystalline, the distribution
ratio of isophthalic acid was 98.5%, and NHPI and the
deactivated thereof were not detected.
Example A2-4
_ To a reactor were added m-xylene, N-
10 acetoxyphthalimide (NAPI), cobalt acetate, manganese
acetate and acetic acid, and reaction was conducted at 150°C
and 4 MPa in an atmosphere of 50% of oxygen (balance: N,)
to obtain a reaction mixture. The composition of the
oxldation reaction mixture was 20 g of isophthalic acid,
15 190 g of acetic acid, 0.1 g of NAPI, 0.2 g of NHPI, 2.0
g of phthalic acid (PA), 2.5 g of phthalimide (PI), 0.2
g of phthalic anhydride (APA), 0.3 g of m-xylene, 0.4 g
of 3-carboxybaenzaldehyde (3-CBA), 0.8 g of m-toluic acid
(m-TA), 0.1 g of cobalt acetate and 0.1 g of manganese
20 acetate.
The reaction mixture was cooled to 80°C at
atmospheric pressure, a crystalline was filtrated at 80°C

and 300 mmHg, and the residue was washed with 60 g of acetic
acid under the same condition.
25 In the resulting crystalline, the distribution

ratio of isophthalic acid was 98.7%, and NAPI and the

deactivated thereof were not detected.
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To a reactor were added B-picoline, N-
-hydroxyphthalimide (NHPI), nicotinaldehyde, cobalt ace-
tate, manganese acetate and acetic acid, and reaction was

5 conducted at 100°C and 4 MPa in an atmosphere of air to obtain
a reaction mixture. The composition of the oxidation
reaction mixﬁure was 26 g of nicotinic acid, 233 g of acetic
acid, 0.1 g of NHPI, 3.0 g of phthalic acid (PA), 1.5 g
of phthalimide (PI), 0.1 g of phthalic anhydride (APA),

10 43 g of f-picoline, 0.5 g of nicotinaldehyde, 3.3 g of water,
0.5 g of cobalt acetate and 0.5 g of manganese acetate.

The reaction mixture was condensed at 60 to 70°C
and 80 mmHg, and the condensate was cooled to 25°C at
atmospheric pressure. A crystalline was filtrated at 25°C

15 and 200 mmHg, and the residue was washed with 27 g of acetic
acid under the same condition.

In the resulting crystalline, the distribution
ratio of nicotinic acid was 98%, and NHPI and the
deactivated thereof were not detected.

20 Example A2-6

| To a reactor were added P-picoline, N-
acetoxyphthalimide (NAPI), nicotinaldehyde, cobalt ace-
tate, manganese acetate and acetic acid, and reaction was
conducted at 140°C and 2 MPa in an atmosphere of air to obtain

25 a reaction mixture. The composition of the oxidation

reaction mixture was 20 g of nicotinic acid, 307 g of acetic

acid, 0.05 g of NAPI, 0.1 g of NHPI, 3.0 g of phthalic acid
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5 The reaction mixture was condensed at 60 to 80°C
and 80 mmHg. To the condensate was added 62 g of 2-
ethylhexanol and cooled to 25°C at atmospheric pressure.
A crystalline was filtrated at 25°C and 200 mmHg, and the
residue was washed with 68 g of methanol under the same

- 10 condition.

In the resulting crystalline, the distribution
ratio of nicotinic acid was 91%, and NAPI and the
deactivated thereof was not detected.

Example A2-7
15 To a reactor were.added 1,2,4,5-
tetramethylbenzene, N-acetoxyphthalimide (NAPI), cobalt
acetate, manganese acetate and acetic acid, and reaction
was éonducted at 150°C and 5 MPa in an atmosphere of 60%
of oxygen (balance N,) to obtain a reaction mixture. The
20 composition of the oxidation reaction mixtufe was 3.3 g
of pyromellitic acid, 65 g of acetic acid; 0.01 g of NAPI,
0.1 g of NHPI, 0.3 g of phthalic acid (PA), 0.3 g of
phthalimide (PI), 0.1 g of phthalic anhydride (APA), 1.6
g of water, 0.03 g of cobalt acetate and 0.06 g of manganese
25 acetate.
The reaction mixture was cooled to 50°C at

atmospheric pressure, a crystalline was filtrated at 50°C
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ratio of pyromellitic acid was 99%, and the deactivated
5 thereof was not detected.
Example A2-8

To a reactor were added p-t-butyltoluene, N-
hydroxyphthalimide (NHPI), cobalt acetate and acetic acid,
and reaction was conducted at 80°C and 2 MPa in an atmosphere

10 of air to obtain a reaction mixture. The composition of
the oxidation reaction mixture was 112.1 g of t-
butylbenzolc acid, 16.8 g of t-butylbenzaldehyde, 271.2
g of acetic acid, 0.9 g of NHPI, 0.2 g of phthalic acid
(PA), 2.7 g of phthalimide (PI), and 0.1 g of cobalt acetate.

15 The reaction mixture was supplied toadistillation
column (column plates: 10, reflux ratio: 5, pressure: 120

- mmHg) and condensed. The condensate was cooled to 2°C at
atmospheric pressure, a crystalline was filtrated, and the
residue was washed with 50% by weight of acetic acid aqueous

20  solution (671 g) under the same condition.

In the resulting crystalline, the distribution
ratio of t-butylbenzoic acid was 96%, and NHPI and the
deactivated thereof were not detected.

Example A2-9

25 - To a reactor were added cyclohexane, N-

hydroxyphthalimide (NHPI), cobalt acetate, cobaltace-

tylacetonato and acetic acid, and reaction was conducted
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5 g of NHPI, 0.3 g of phthalic acid (PA), 0.2 g of phthalimide

(PI), 68.8 g of cyclohexane, 8.2 g of water, 0.1 g of cobalt
acetate and 0.8 g of cobaltacetylacetonato.

The reaction mixture was cooled to 30°C at
atmospheric pressure, and a crystalline was filtrated at

10 30°C and 200 mmHg.

Further, to the residue was added 25.9 g of water,
dissolved completely, and cooled to 30°C at atmospheric
pressure to obtalin a crystalline. The crystalline was
filtrated at 30°C and 200 mmHg.

15 In the resulting crystalline, the distribution
ratio of adipic acid was 60%, and NHPI and the deactivated
thereof were not detected.

Example Bl_

To an oxidation reaction mixture containing 33 g

20 (0.22 mol) of p-t-butyltoluene, 4.3 g (24.3 mmol) of
p-t-butylbenzoic acid, 2.8 g (17.5 mmol) of p-t-
butylbenzaldehyde ,0.2g(1.77 mmol) of N-hydroxymaleimide,
0.15 g (1.54 mmol) of maleimide, and 0.1 g (1.02 mmol) of
maleic anhydride, was added water (30 mL), and mixed

25 completely, and allowed to stand to liquid-separate.
Further, to the organic phase was added to water (30 mL)

and mixed completely to liquid-separate. The resulting
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5 butylbenzaldehyde into the organic phase was 87%, the
recover ratio of N-hydroxymaleimide 1nfo the agqueous phase
was 82%, the extraction ratio of maleimide into the agueous
phase was 68%, and the extraction ratio of maleic anhydride
into the aqueous phase was 95%.
10 Example B2 |
A mixture containing 3 kg (20.2 mol) of p-t-
butyltoluene, 66.03 g (0.405 mol) of N-hydroxyphthalimide,
2.5 kg of acetic acid was allowed to react at 80°C and 20
kgf /cm2 (1.96 MPa) in an atmosphere of oxygen for 2.5 hours
15 to obtain a reaction mixture containing 50.8 g (0.309 mol)
of p-t-butylbenzylalcohol, 206.8 g (1.275 mol) of p-t-
butylbenzaldehyde, 1121.9 g (6.295 mol) of p-t-
butylbenzoic acid, 12.2g (0.075 mol) of N-
hydroxyphthalimide, 22.0 g (0.150 mol) of phthalimide and
20 8.5 g (0.057 mol) of phthalic anhydride. To this reaction
mixture was added 2600 mL of water, mixed completely for
.1 hour, and then allowed to stand for 1 hour to lig-
uild-separate into an aqueous phase and an organic phase.
The resulting aqueous and organic phases were analyzed by
25 gas chromatography and liquid chromatography, and, as a
result, the recover ratio of p-t-butylbenzylalcohol into

the organic phase was 75%, the recover ratio of p-t-
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hydroxyphthalimide (on basis of the amount of N-

5 hydroxyphthalimide contained in the reaction mixture) into
the aqueous phase was 80%, the extractioh ratio (on basis
of the amount of phthalimide contained in the reaction
mixture) of phthalimide into the aqueous phase was 90%,
and the extraction ratlo of phthalic anhydride (on basis

10 of the amount of phthalic anhydride contained in the
reaction mixture) into the aqueous phase was 59%.
Example B3
A mixture containing 166 g (1 mol) of fluorene,
16 g (0.1 mol) of N-hydroxyphthalimide, and 1000 mL of
15 acetic acid was allowed to react at 100°C for 10 hours in
an atmosphere of oxygen to obtain a reaction mixture
containing 144 g of fluorenone (yield 80%). From the
.reaction mixture, acetic acid was distilled off, and to
the reaction mixture was added 1000 mL of dibutyl ether
20 and 1000_mL of 0.4N (0.4 mol/L) sodium hydroxide aqueous
solution. After stirring at 97°C for 1 hour, an aqueous
phase and an organic phase were separated. To the
resulting_organic phase were further added sodium
hydroxide aqueous solution, and mixed completely at 97°C
25 to liquld-separate to the aqueous phase and the organic
phase. The resulting aqueous and organic phases were

analyzed by gas chromatography and liquid chromatography,
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the organic phase was 98%, the extraction ratio of the
oxidation catalyst and/or the deactivated oxidation
catalyst (conversion into sodium phthalate) (on basis of
5 the amount of N-hydroxyphthalimide used in the reaction)
into the aqueous phase was 80%.
Example B4 |
A mixture containing 168 g (1 mol) of diphenyl-
methane, 16 g (0.1 mol) of N-hydroxyphthalimide, and 1000
10 mL of acetic acid was allowed to react at 100°C for 20 hours
in an atmosphere of oxygen to obtain a reaction mixture
containing 146 g of benzophenone (yleld 80%). From the
reactlon mixture, acetic acid was distilled off, and to
the reaction mixture was added 1000 mL of dibutyl ether
i5 and 1000 mL of 0.4N sodium hydroxide aqueous solution.
After stirring at 97°C for 1 hour, an aqueous phase and an
organic phase were separated. To the resulting organic
phase were further added sodium hydroxide aqueous solution,
and mixed completely at 97°C to liquid-separate into an
20 aqueous phase and an organic phase. The agqueous and
organic phases were analyzed by gas chromatography and
liquid chromatography, and, as a result, the extraction
ratio of benzophenone into the organic phase was 89%, the
extraction ratio of the oxidation catalyst and/or the
25 aeactivated oxidation catalyst (conversion into sodium
phthalate) (on basis of the amount of N-hydroxyphthalimide

used in the reaction) into the aqueous phase was 83%.
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A mixture contalning 1500 g (17.82 mol) of
cyclohexane, 3.16 g (0.019 mol) of N-hydroxyphthalimide,
and 0.045 g (0.18 mol) of cobalt acetate was allowed to
5 react at 160°C and 40 kgf/cm2 (3.92 MPa) for 2 hours in an
atmosphere of oxygen to obtain a reaction mixture
containing 1334 g (15.84 mol) of cyclohexane, 83.89 g (0.84
mol) of cyclohexanol, 59.47 g (0.61 mol) of cyclohexanone,
1.77 g (0.012 mmol) of phthalimide and 1.30 g (0.005 mol)
10 of N-cyclohexyloxyphthalimide. Fromthe reactionmixture,
cyclohexane was distilled off, and to the reaction mixture
was added 30 mL of 2N (2 mol/L) sodium hydroxide aqueous
solution. After mixing at 97°C for 1 hour and standing for
1 hour, an agqueous phase and an organic phase were separated.
15 The aqueous and organic phases were analyzed by gas
chromatography and 1liquid chromatography, and, as a result,
the recover ratio of cyclohexanol into the organic phase
was 85%, the recover ratio of cyclohexanone into the organic
phase was 90%, the extraction ratio of phthalimide
20 (conversion into sodium phthalate) into the aqueous phase
(on basis of the amount of phthalimide in the reaction
mixture) was 89% and the extraction rario of N-
cyclohexyloxyphthalimide (conversion into sodium phtha-
late) into the aqueous phase (on basis of the amount of
25 N-cyclohexylphthalimide) was 90%.
Example B6

A mixture containing 300 g (2.02 mol) of p-t-



10! +LO! 109& ()- !ULO! 109& ()- !'LH 109 ()- X' LH ! 109%& () - Xc

Z[OMA! 1191 109&' ()-9°110%& ()-19 1 10%& ()-! & 10%& ()-!S& 10%&' ()- MLOY& () -
| O'| "" F#GH#z[ 9+4 10!, Ls6! 109%& ()- 4y10% ()-!9Y% "10% ()--!&9Y%

"109& ()--!9Y% " 1098 ()--9! 10% & () - GHH#| #PH##* $UYO% 24

101 9°1 109 ()-19" 1 109 ()-! 1 10%& ()-! N J0%&' ()~ &109%: ()- 10

1008B8&&E A (2X674

101 OL' 1 109& ()-!9L' 1 109& ()-!qoL' ! 109& ()-!!9! 109& ()-1!9! 109& () -1 109%& () -

*~ =011 &I110% " & &10% & ()-!N&10% " (" & &l0% & ()- 10 10
(1(()(((()) 0‘nu ylto uene() 6260 g (0. (H mol) of ﬁydrggcyphtha%.img

| 109& ()-**4 0011 &1 109 & () - M 8& 1 1096 & () -M & 1096 () al &
10% " & 8 a10‘§6 - 409 +0 O fApm i)zOf cobal 3%%%11&19!31’@0/&9? f&g(()‘i 188 Mmeddq (& () -

1109 & ()- 10" 10" . 10""19° 6! 109" & .
4&10%' &-(%) //Gfﬁ‘s‘?iéﬁs%’r%gf@ﬁ 1&‘*@}9 Foskeaptyat 80 Cn%zpdfdbdssé/@“ | +881 10

e ()2 B A0% ()£ SHOEE O 3RS BAOLEE IO 8 LY,
10 e 30 b F bR RO Bty e -

t-butyltoluene, 106.2 g (0.59 mol) of p-t-butylbenzoic
acid, 17.7 g (0.11 mol) of p-t-butylbenzaldehyde, 0.26 g
(1.62 mmol) of N-hydroxyphthalimide, 3.98 g (27.1 mmol)
of phthalimide. Acetic acid was disfilled off from the

10 reaction mixture with a condensation apparatus, and the
deposited p-t-butylbenzoic acid was recovered by
filtration. To the filtrate was added 150 mL of 0.1N (0.1
mol/L) sodium hydroxide aqueous solution, mixed completely,
and allowed to stand to liquid-separate. The aqueous and

15 organic phases were analyzed by gas chromatography and
liquid chromatography, and, as a result, the recover ratio
of p-t-butylbenzaldehyde into the organic phase was 91%,
the extraction ratio of N-hydroxyphthalimide (conversion
into sodium salt of N-hydrbxyphthalimide) (on basis of the

20 amount of N-hydroxyphthalimide in the reaction mixture)
into the aqueous phase was 97%, the extraction ratio of
phthalimide (conversion into éodium phthalate) (on basis
of the amount of phthalimide in the reaction mixture) into
the agqueous phase was 93%.

25 Example Cl

In the presence of an oxidation catalyst (N-

acetoxyphthalimide (NAPI)) and a metal catalyst (cobalt
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5 atmospheric pressure and filtrated, and the residue was
washed with acetic acid and filtrated to separate
terephthalic acid. The filtrate and washing liquid were
combined and acetic acid was removed therefrom. The
components in the condensed residue were analyzed, and as

10 a result, 2.7 g of terephthalic acid, 7.8 g of acetic acid,
0.2 g of N-acetoxyphthalimide (NAPI), 0.2 g of N-
hydroxyphthalimide (NHPI), 1.2 g of phthalic acid (PA),
1.4 gof phthalimide (PI), 0.4 g of phthalic anhydride (APA),
0.3 g of p-xylene, 7.8 g of 4-carboxybenzaldehyde (4-CBA),

15 22.3 g of p-toluic aclid (p-TA), 0.4 g of total cobalt, 1.0
g of total manganese were contained.

To the condensate was added 51 g of water, the
precipltate was filtrated.at 30°C and 300 mmHg, and to the
residue was added 61 g of water and washed under the same

20 condition. The distribution ratio of the total cobalt into
the filtrate was 98.4%, the distribution ratio of the total
manganese to the filtrate was 98.4%, the distribution
ratios to the filtration residue of NAPI, NHPI, PA and PI
were 99.2%, 99.1%, 77% and 85%, respectively. Inciden-

25 tally, the distribution ratio means to a ratio (weight
basis) of a component content in the filtrate or the

filtration residue relative to a component content in the
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hydroxyphthalimide (NHPI)) and a metal catalyst (cobalt
5 acetate and manganese acetate), p-xylene was oxidized in
acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
(balance: nitrogen) to produce terephthalic acid. The
reaction mixture was cooling-crystallized to 80°C at
atmospheric pressure and filtrated, and the residue was
10 washed with acetic acid and filtrated to separate
terephthalic acid. The filtrate and washing liquid were
combined and acetic acid was removed therefrom. The
components in the condensed residue were analyzed, and as
a result, 2.7 g of terephthalic acid, 7.7 g of acetic acid,
15 0.35 g of N-hydroxyphthalimide (NHPI), 1.2 g of phthalic
acid (PA), 1.4 g 6f phthalimide (PI), 0.35 g of phthalic
anhydride (APA), 0.3 g of p-xylene, 7.8 g of 4-
carboxybenzaldehyde (4-CBA), 22.3 g of p-toluic acid
(p-TA), 0.4 g of total cobalt, 1.0 g of total manganese
20 were contained. |
To the condensate was added 51 g of water, the
precipitate was filtrated at 25°C and 300 mmHg, and to the
residue was added 80 g of water and washed under the same
condition. The distributionratio of the total cobalt into
25 the filtrate was 95.2%, the distribution ratio of the total
manganese into the flltrate was 99.5%, the distribution

ratios to the filtration residue of NHPI, PA and PI were
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hydroxyphthalimide (NHPI)) and a metal catalyst (cobalt
5 acetate and manganese acetate), m-xylene was oxidized in

acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
(balance: nitrogen) to produce isophthalic acid. The
reaction mixture was cooling-crystallized to 80°C at
atmospheric pressure and filtrated, and the residue was

10 washed with acetic acid and filtrated to separate:
isophthalic acid. The filtrate and washing liquid were
combined and acetic acid was removed therefrom. The
components in the condensed residue were anaiyzed, and as
a result, 2.7 g of isophthalic acid, 7.8 g of acetic acid,

15 0.35 g of N-hydroxyphthalimide (NHPI), 1.2 g of phthalic
acid (PA), 1.4 g of phthalimide (PI), 0.35 g of phthalic
anhydride (APA), 0.3 g of m-xylene, 7.8 g of 3-
carboxybenzaldehyde (3-CBA), 22.3 g of m-toluic acid
(m-TA), 0.4 g of total cobalt, 1.0 g of total manganese

20 were contained.

To the condensate was added 51 g of water, the
precipitate was filtrated at 25°C and 300 mmHg, and to the
residue was added 80 g of water and washed under the same
condition. The distribution ratio of the total cobalt into

25 the filtrate was 96.2%, the distribution ratio of the total
manganese into the filtrate was 99.2%, the distribution

ratios of NHPI, PA and PI to the filtration residue were
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Ir!10%¢ 5& (kc%%WELNggdﬁn §§&9ég& acetate), m-xylene was oxidized in
acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
(balance: nitrogen) to produce isophthalic acid. The
reaction mixture was cooling-crystallized to 80°C at
atmospheric pressure and filtrated, and the residue was
10 washed with acetic acid and filtrated to separate-
isophthalic acid. The filtrate and washing liquid were
combined and acetic acld was removed therefrom. The
components in the condensed residue were analyzed, and as
a result, 2.7 g of isophthalic acid, 7.8 g of acetic acid,
15 0.2 g of N-acetoxyphthalimide (NAPI), 0.2 g of N-
hydroxyphthalimide (NHPI), 1.2 g of phthalic acid (PA),
1.4 gof phthalimide (PI), 0.4 g of phthalic anhydride (APA),
0.3 g of m-xylene, 7.8 g of. 3-carboxybenzaldehyde (3-CBA),
22.3 g of m-toluilc acid (m-TA), 0.4 g of total cobalt, 1.0
20 g of total manganese were contained.

To the condensate was added 51 g of water, the
precipitate was filtrated at 30°C and 300 mmHg, and to the
residue was added 61 g of water and washed under the same
condition. The distribution ratio of the total cobalt into

25 the filtrate was 98.2%, the distribution ratio of the total
manganese into the.filtrate was 98.7%, the distribution

ratios to the filtration residue of NAPI, NHPI, PA and PI
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solvent at 140°C and 2 MPa with air to produce nicotinic

acid. From the reaction mixture, acetic acid was removed

and to a condensate was added 2-ethylhexanol. The mixture

10 was cooling-crystallized to 25°C at atmospheric pressure
and filtrated, and the residue was washed with methanol
and filtrated to separate nicotinicacid. The filtrate and
washing liquid were combined and the solvent was removed
therefrom. The components in the condensed résidue were

15 analyzed, and as a result, 94 g of nicotinic acid, 164 g
of 2-ethylhexanol, 2.8 g of N-hydroxyphthalimide (NHPI),.

113 g of phthalic acid (PA), 67.4 g of phthalimide (PI),
26.2 g of phthalic anhydride (APA), 11 g of total cobalt,
11.4 g of total manganese were contained.

20 To the condensate was added 100 g of water, the
precipitate was filtrated at 30°C and 300 mmHg, and to the
residue was added 30 g of water and washed under the same
condition. The distribution ratio of the total cobalt into
the aqueous phase was 95.5%, the distribution ratio of the

25 total manganese into the aqueous phase was 99.0%, the
distribution ratios to the organic phase and the filtration

residue of NHPI, phthalic acid (PA) and phthalimide (PI)
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co-oxidizing agent, B-plcoline was oxidized in acetic acid
solvent at 140°C and 2 MPa with air to produce nicotinic:
acid. From the reaction mixture, acetic acid was removed
and to a condensate was added 2-ethylhexanol. The mixture
10 was cooling-crystallized to 25°C at atmospheric pressure
and filtrated, and the residue was washed with methanol
and filtrated to separate nicotinic acid. The filtrate and
washing liquid were combined and the solvent was removed
therefrom. The components in the condensed residue were
15 analyzed, and as a result, 92 g of nicotinic acid, 160 g
of 2-ethylhexanol, 1.0 g of N-acetoxyphthalimide (NAPI),
1.8 g of N-hydroxyphthalimide (NHPI), 108 g of phthalic
acid (PA), 67 g of phthalimide (PI), 24 g of phthalic
anhydride (APA), 11 g of total cobalt, 11.4 g of total
20 manganese were contained.

To the condensate was added 100 g of water, the
precipitate was filtrated at 30°C and 300 mmHg, and to the
residue was added 30 g of water and washed under the same
condition. The distribution ratio of the total cobalt into

25 the agqueous phase was 98.4%, the distribution ratio of the
total mangan.ese to the aqueous phase was 98.2%, the

distribution ratios to the organic phase and the filtration
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In the presence of an oxidation catalyst (N-

5 hydroxyphthalimide (NHPI)) and a metal catalyst (cobalt
acetate and manganese acetate), p-xylene was oxidized in
acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
(balance: nitrogen) to produce terephthalic acid. The
reaction mixture was cooling-crystallized to 80°C at

10 atmospheric pressure and filtrated, and the residue was
washed with acetic acid and filtrated to separate
terephthalic acid. The components in the mixture obtained
by combining the filtrate and washing 1iquid were analyzed,
and as a result, 0.14 g of terephthalic acid, 82.7 g of

15 acetic acid, 1.49 of water (H,0), 0.02 g of N-
hydroxyphthalimide (NHPI), 0.06 g of phthalic acid (Pa),
0.07 g of phthalimide (PI), 0.01 g of phthalic anhydride
(APA), 0.2 g of p-xylene, 0.4 g of 4-carboxybenzaldehyde |
(4-CBA), 1.14 g of p-toluic acid (p-TA), 0.09 g of total

20 cobalt, 0.23 g of total manganese were contained.

To the mixture was added 4.3 g of a cation exchange
resin (manufacfured by Mitsubishi Chemical Industries
Limited, trade name: strong acidic cation exchange resin
"DIAION PK208 porous-type"), and absorbent treatment was

25 carried out at 25°C for 3 hours. The distribution ratio
of the total cobalt into the ion exchange resin was 96%,

the distribution ratio of the total manganese into the ion
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exchange resin was 92%, and the distribu
PA and PI into the mixture treated were 9.
respectively. Incidentally, the distributic
to the ratio (weight basis) of the component ¢
5 absorbing in the ion exchange resin or the component ¢
in the liquid relative to the component content in .ae
mixture.
Example D2
' In the presence of an oxidation catalyst (N-

10 acetoxyphthalimide (NAPI)) and a metal catalyst (cobalt
acetate and manganese acetate), p-xylene was oxidized in
acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
(balance: nitrogen) to produce terephthalic acid. The
reaction mixture was cooling-crystallized to 80°C at

15 atmospheric pressure and filtrated, and the residue was
washed with acetic acld and filtrated to separate
terephthalic acid. The components in the mixture obtained
by combining the filtrate and washing 1liquid were analyzed,
and as a result, 0.14 g of terephthalic acid, 82.7 g of

20 acetic acid, 1.49 of water (H,0), 0.01 g of N-
acetoxyphthalimidé {NAPI), 0.01 g of N-hydroxyphthalimide
(NHPI), 0.06 g of phthalic acid (PA), 0.07 g of phthalimide
(PI), 0.01 g of phthalic anhydride (APA), 0.1 g of p-xylene,
0.4 g of 4-carboxybenzaldehyde (4-CBA), 1.14 g of p-toluic

25 acid (p-TA), 0.09 g of total cobalt, 0.23 g of total
manganese were contained.

To the mixture was added 4.3 g of an anion exchange
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100, L. 1o%e (Feert. RBMETRtpbed, ByoKiebtpighs ehemagar Tnaustries
Limited, trade name: strong acidic anion exchange resin
"SA10A(I-type) gel-type"), and absorbent treatment was
carried out at 30°C for 3 hours. The distribution ratio

5 of the total cobalt into the ion exchange resin was 72%,
the distribution ratio of the total manganese into the ion
exchange resin was 65%, and the distribution ratios of NHPI,
PA and PI into the mixture treated were 99%, 97% and 95%,
respectively.

10 Example D3
In the presence of an oxidation catalyst (N-
hydroxyphthalimide (NHPI)) and a metal catalyst (cobalt
acetate and manganese acetate), m-xylene was oxidized in
acetic acid solvent at 150°C and 4 MPa with 50% of oxygen
15 (balance: nitrogen) to produce isophthalic acid. The
reaction mixture was cooling-crystallized to 80°C at
atmospheric pressure and filtrated, and the residue was
washed with acetic acid and filtrated to separate
isophthalic acid. The components in the mixture obtained
20 by combining the filtrate and washing 1liquid were analfzed,
and as a result, 0.14 g of isophthalic acid, 82.7 g of acetic
acid, 1.49 of water (H,0), 0.02 g of N-hydroxyphthalimide
(NHPI), O . 06 g of phthalic acid (PA), 0.07 g of phthalimide
(PI), 0.01 g of phthalic anhydride (APA), 0.2 g of m-xylene,
25 0.4 g of 3-carboxybenzaldehyde (3-CBA), 1.14 g of m-toluic
acid (m-TA), 0.09 g of total cobalt, 0.23 g of total

manganese were contained.
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resin (manufactured by Mitsubishi Chemical Industries

Limited, trade name: strong acidic cation exchange resin

"DIAION SK18 gel-type"), and absorbent treatment was

5 carried out at 25°C for 3 hours. The distribution ratio

of the total cobalt into the ion exchange resin was 95%,

the distribution ratio of the total manganese into the ion

exchange resin was 92%, and the distribution ratios of NHPI,

PA and PI into the mixture treated were 99%,

10 respectively.

Example D4

91% and 97%,

In the presence of an oxidation catalyst (N-

hydroxyphthalimide (NHPI)) and a metal catalyst (cobalt

acetate and manganese acetate) with nicotinaldehyde as a

15 co-oxidizing agent, f-picoline was oxidized in acetic acid

solvent at 140°C and 2 MPa with air to produce nicotinic

acid. PFrom the reaction mixture, acetic acid was removed,

to the condensate was added 2-ethylhexanol.

The mixture

was cooling-crystallized to 25°C at atmospheric pressure

20 and filltrated, and the residue was washed with methanol

and filtrated to separate nicotinic acid. The components

in the mixture obtained by combining the filtrate and

washing liquid were analyzed, and as a result, 9.4 g of

nicotinic acid, 160 g of 2-ethylhexanol, 32 g of acetic

25 acid, 63 g of f-picoline, 150 g of methanol, 0.5 g of

N-hydroxyphthalimide (NHPI), 10 g of phthalic acid (PA),

8 g of phthalimide (PI), 2.5 g of phthalic anhydride (APA),
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1.1 g of total cobalt, 1.1 g of total manganese were
contained.
To the mixture was added 21.9 g of a cation exchange

resin (manufactured by Mitsubishi Chemical Industries

5 Limited, trade name: chelating resin "CRllimidinoacetic
acid type"), and absorbent treatment was carried out at
25°C for 3 hours. The distribution ratio of the total
cobalt into the ion exchange resin was 94%, the distribution
ratio of the total manganese into the ion exchange'resin

10 was 91%, and the distribution ratios of NHPI, PA and PI
into the mixture treated were 99%, 92% and 95%, respec-
tively.

Example DS
In the presence of an oxidation catalyst (N-

15 hydroxyphfhalimide (NHPI)) and a metal catalyst (cobalt
acetate and cobaltacetylacetonato), cyclohexane was
oxidized in acetic acid solvent at 125°C and 2 MPa with air
to produce adipic acid. The reaction mixture was cool-
ing-crystallized to 10°C at atmospheric pressure and

20 filtrated to separate adipic'acid. The components in the
lower1ayerliquid§epa;atedwereanalyzed,andasairesult,
9.94 g of cyclohexane, 0.76 g of cyclohexanone, 0.18 g of
cyclohexyl acetate, 0.86 g of cyclohexanol, 73.01 g of
acetic acid, 0.58 g of succinic acid, 0.69 g of glutaric

25 aclid, 3.04 g of adipic acid, 2.60 g of H,0, 0.01 g of NHPI,

0.45 g of PI, 0.66 g of PA, 0.10 g of total cobalt were

contained.
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Industries Limited, trade name: strong acid cation ex-
change resin "DIAION PK208 porous-type"), and absorbent
5 treatment was carried out at 25°C for 3 hours. The dis-
tribution ratio of the total cobalt into the ion exchange
resin was 97.5%, and the distribution ratio of NHPI into
the mixture treated was 98%. Incidentally, the
distribution ratio means to-a ratio (welight basis) of the
10 component content absorbing in the ion exchange resin
relative to the component content in the mixture liquid.
Example E1
The mixture of 4.028 g (50 mmol) of cyclohexane,
0.816 g (5 mmol) of N-hydroxyphthalimide, 0.015 g (0.025
15 mmol) of cobalt(II)acetylacetonato and 200mlL of
benzonitrile was reacted at 100°C for 6 hours in an
atmosphere of oxygen to obtain a reaction mixture
containing 2.946 g (35 mmol) of cyclohexane, 0.981 g (10
mmol) of cyclohexanone, 0.731 g (2 mmol) of adipic acid,
20 N-hydroxyphthalimide, phthalimide, phthalic acid, co-
balt(II)acetylacetonato, and benzonlitrile. To the reac-
tion mixture were added cyclohexane (20 mL) and water (150
mL) at 26°C, and mixed completely to be liquid-separated
into an aqueous layer and an organic layer. To the
25' resulting organic layer was further added water and mixed
completely to be liquid-separated into an aqueous layer

and an organic layer. The aqueous layer and the organic
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mixture) into the organic layer was 79%, the extraction
5 ratio of phthalimide into the organic layer was 82%, the
extraction ratio of phthalic acid into the organic layer
was 65%, and the extfaction ratio of co-
balt(II)acetylacetonato (on basis of co-
balt(II)acetylacetonato contained in the reaction mix-
10 ture) into the aqueous layer was 95%.
Example E2
The mixture of 25 g (164.2 mmol) of adamantanol,
5.36 g (32.8 mmol) of N-hydroxyphthalimide, 0.114 g (0.328
mmol) of vanadium(III)acetylacetonato, 150mL of

15 benzonitrile and 150 mL of acetic acid was reacted at 85°C
for 20 hours in an atmosphere of oxygen to obtain a reaction
mixture containing 1.41 g (9.2 mmol) of adamantanol, 13.9
g (82.6 mmol) of adamantandiol, 10.5 g (57.5 mmol) of
adamantantriol, N-hydroxyphthalimide, phthalimide,

20 phthalic acid, vanadium(III)acetylacetonato, and
benzonitrile. From the reaction mixture, acetic acid was
distilled off. To a condensate was added benzonitrile to
300mL, 300 mL of water was added at 26°C thereto, and mixed
completely to be liquid-separated into an aqueous layer

25 and an organic layer. To the resulting organic layer was

further added water and mixed completely to be liquid-

separated into an aqueous layer and an organic layer. The
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aqueous layer and the organic layer were analyzed by a
liquid chromatography, and as a result, the extraction
ratio of N-hydroxyphthalimide into the organic layer (on
basis of N-hydroxyphthalimide contalned in the reaction
mixture) was 80%, the extraction ratio of phthalimide into
the organic layer was 86%, the extraction ratio of phthalic
acid into the organic layer was 75%, and the extraction
ratio of vanadium(III)acetylacetonato (on basis of
vanadium(III)acetylacetonato contained in the reaction
mixture) into the agueous layer was 93%.
Example E3

The mixture of 9.3 g (100 mmol) of 2-methylpyridine,
1.6 g (10 mmol) of N-hydroxyphthalimide, 0.15 g (0.5 mmol)
of cobalt(II)acetylacetonato, 250mL of acetic acid was
reacted at 100°C for 6 hours in an atmosphere of oxygen to
obtain 2-pyridinecarboxylic acid (picolinic acid: yield
77%) with 2-methylpyr1d1ne conversion of 82%. From the
reaction mixture, acetic acid was distilled off. 400 mL
of benzonitrile and 400 mL of water were added thereto,
shaken sufficiently, and allowed to stand to be separated
into two liquid phases. To the resultant organic layer was
further added 400 mL of water, shaken sufficiently, and
allowed to stand to be separated into two liquid phases.
The aqueous layer and the organic layer were analyzed by
a liquid chromatography, and as a result, the extraction
ratio of N-hydroxyphthalimide (on basis of N-

hydroxyphthalimide contained in the reaction mixture) into
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ratio of phthalic acid into the organic layer was 66%,-and
the extraction ratio of cobalt(II)acetylacetonato (on
5 basis of cobalt(II)acetylacetonato contained in the
reaction mixture) into the aqueous layer was 97%.
Example E4
The mixture of 30.68 kg (0.23 kmol) of adamantane,
5.51 kg (0.03 kmol) of N-hydroxyphthalimide, 0.05 kg
10 (0.0001 kmol) of vanadium(III)acetylacetonato, 204.57 kg
of acetic acid was reacted at 90°C for 4.5 hours in an
atmosphere of oxygen to obtain a.reaction mixture
containing 0.28 kg (0.002 kmol) of adamantane, 6.48 kg (0.04
kmol) of adamantanol, 2.95 kg (0.02 kmol) of adamantanone,
15 10.73 kg (0.06 kmol) of adamantandiol, 2.78 kg (0.02 kmol)
of adamantantriol, 0.88 kg of N-hydroxyphthalimide, 0.22
kg of phthalimide, 0.05 kg of vanadium(III)acetylacetonato,
and acetic acid. From the reaction mixture, acetic acid
was distilled off, added 110.31 kg of water and stirred
20 at 40°C, and the precipitate was removed by filtration. To
the filtrate, the mixture of 71.60 kg of n-butanol and 71.60
kg of n-heptane was added and mixed at 25°C completely to
be separated into an aqueous layer and an organic layer.
To the resulting aqueous layer, the mixture of 61.37 kg
25 of n-butanol and 61.37 kg of n-heptane was added and mixed
at 25°C completely to be separated into an aqueous layer

and an organic layer. After the operation was repeated
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basis of N-hydroxyphthalimide contained in filtrate) was
5 100%, the extraction ratio of phthalimide into fhe organic
layer was 100%, and the extraction ratio of vana-
dium(III)acetylacetonato into the agqueous layer (on basis
of vanadium(III)acetylacetonato contained in the fil-
trate) was 83%.
10 Example F1
-To a flask was added 50 mL of 3N sodium hydroxide
aqueous solution, and powdery phthalimide (8.8 g, 0.06 mol)
was slowly added thereto with stirring. Then, the mixture
was stirred at 97°C for 2 hours to obtain an acjueous solution
15 containing sodium salt of phthalic acid. To the aqueous
solution was added diluted hydrochloric acid at ordinary
temperature to convert into phthalic acid, and phthalic
aclid was recovered by condensation and filtration. Then,
after hydroxylamine hydrochloride NH,OH * HC1 (8.3 g, 0.12
20 mol) was'dissolved in 100 mL of pyridine, the recovered
phthalic acid was added thereto, stirred at 50°C for 1 hour,
and further stirred for 3 hours with elevating the
temperature to 95°C to form N-hydroxyphthalimide (7.3 g,
yield 75%).

25 Example F2

To a £flask was added 50 mL of 1N hydrochloric acid,

and powdery phthalimide (2.9 g, 20 mmol) was slowly added
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5 droxylamine hydrochloride NH,OH * HC1 (1.39 g 40 mmol) was
dissolved in 100 mL of pyridine, the recovered phthalic
acid was added thereto, and stirred at 97°C for 4 hour to
form N-hydroxyphthalimide (2.3 g yield 71%).
Example F3
10 To a flask was added 50 mL of 2N hydrochloric acid,
and powdery phthalimide (7.4 g, 0.05 mol) was slowly added
thereto with stirring. Then, the mixture was stirred at
97°C for 3 hours to obtain an aqueous solution containing
phthalic acid. Phthalic acid was recovered by condensing
15 and filtering the aqueous solution. Then, to a flask, were
added the phthalic acid, 100 mL of pyridine and 0.5 g of
sulfuric acid, and stirred for 3 hours at 100°C with
distilling off water formed by reaction to obtain a mixture
containing phthalic anhydride. Hydroxylamine hydrochlo-
20 ride NH,OH * HC1l (6.9 g, 0.1 mol) was added to the mixture
and stirred at 50°C for 3 hour to form N-hydroxyphthalimide
(5.74 g, yleld 70%).
Examp‘le F4
To a flask was added 50 mL of 1N sodium hydroxide
25 aqueous solution, and powdery N-cyclohexyloxyphthalimide
(4.9 g, 20 mmol) was slowly added thereto with stirring.

The mixture was stirred at 97°C for 5 hours to obtain an
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5 added the phthalic acid, 50 mL of pyridine and 0.05 g of
sulfuric acid and stirred at 95°C for 4 hours to obtain a
mixture containing phthalic anhydride. Hydroxylamine
hydrochloride NH,OH * HC1 (2.8 g, 40 mmol) was added to the
mixture, stirred at 50°C for 3 hours to form N-

10 hydroxyphthalimide (2.6 g, yield 81%).

Example fS
A mixture of 1500 g (17.82 mol) of cyclohexane,
3.16 g (0.019 mol) of N-hydroxyphthalimide, and 0.045 g
(0.18 mmol) of cobalt acetate was reactéd at 160°C and 40

15 kgf/cm2 (3.92 MPa) in atmosphere of oxygen for 2 hours to

obtain a mixture contaiﬁing 1334 g (15.84 mol) of

cyclohexane, 83.89 g (0.84 mol) of cyclohexanol, 59.47 g

(0.61 mol) of cyclohexanone, 1.77 g (0.012 mol) of

phthalimide, and 1.30 g (0.005 mol) of N-

20 cyclohexyloxyphthalimide. From the reaction mixture,
cyclohexane was distilled off, 2N (2 mol/L) of sodium
hydroxide aqueous solution (30 mL) was added thereto,
completely mixed for 2 hours at 97°C and stood for 1 hour
to be liquid-separated into an aqueous layer and an organic

25 layer. Phthalimide and N-cyclohexyloxyphthalimide were
distributed into the aqueous layer by converting into

sodium salt of phthalic acid. To the aqueous layer was
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filtration. After hydroxylamine hydrochloride NH,OH * HC1
(1.39 g, 40 mmol) was dissolved in 50 mL of pyridine, the
5 recovered phthalic acid was added thereto, and stirred at
97°C for 4 hours. The mixture was condensed, filtrated and
washed with hexane to form N-hydroxyphthalimide (2.05 g,
0.013 mol). The regeneration ratio of N-
hydroxyphthalimide (a ratio of N-hydroxyphthalimide
10 regenerated relative to N-hydroxyphthalimide used in the
reaction) was 65%.
Example F6
A mikture of 1500 g (17.82 mol) of cyclohexane,
3.16 g (0.019 mol) of N-hydroxyphthalimide, and 0.045 g
15 (0.18 mmol) of cobalt acetate was reacted at 160°C and 40
kgf/cm2 (3.92 MPa) in atmosphere of oxygen for 2 hours to
obtain a mixture containing 1275 g (15.13 mol) of
~ cyclohexane, 130.8 g (1.31 mol) of cyclohexanol, 89.69 g
(0.92 mol) of cyclohexanone, 2.07 g (0.014 mol) of
20 phthalimide, and 0.78 g (0.003 mol) of N-
cyclohexyloxyphthalimide. From the reaction mixture,
cyclohexane was distilled off, 2N (2 mol/L) of sodium
hydroxide aqueous solution (30 mL) was added thereto, mixed
completely for 2 hours at 97°C énd allowed to stand for 1
25 hour to be liquid-separated into an aqueous layer and an
organic layver. Phthalimide and N-

cyclohexyloxyphthalimide were distributed into the
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acid. To the aqueous layer was added diluted hydrochloric
acid to convert into phthalic acid, and phthalic acid was
recovered by condensation and filtration. To a flask were
5 added the phthalic acid, 50 mL of pyridine and 0.05 g of
sulfuric acid and stirred at 95°C for 4 hours to obtain a
mixture containing phthalic anhydride.‘ Hydroxylamine
hydrochloride NH,OH * HC1 (2.8 g, 40 mmol) was added to the
mixture and stirred at 50°C for 3 hours. The mixture was
10 condensed, filtrated and washed with cyclohexane to 2.21
g (0.013 mol) of N-hydroxyphthalimide. The regeneration
ratio of N—hydroxyphfhalimide (a ratio of N-
hydroxyphthalimide regenerated relative to N-

hydroxyphthalimide used in the reaction) was 70%.
15
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an imide compound from a reaction mixture obtained by

5 reacting a substrate in the presence of the imide compound
having an imide unit represented.by the following formula
(1):

IE\N“X
1 N= 1
¢ )]

wherein X represents an oxygen atom, a hydroxyl
10 group or an acyloxy'group,

which comprises :

(Al) a solvent-crystallization step for
crystallizing the imide compound with at least one solvent
selected from the group consisting of a hydrocarbon, a chain

15 ether and water,

(A2) a cooling-crystallization step for
crystallizing the reaction product by cooling, or

(B) an extraction step for distributing the
reaction product into a phase of a water-insoluble solvent

20 and the imide compound into a phase of an aqueous solvent,
respectively by using the aqueous solvent containing at
least water and the water-insoluble solvent separable from
the aqueous solvent.

2. A separating process according to claim 1,
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1 10&10%&'() %ak%@%&aQbm%@%QM@n(hlicyclic hydrocarbon having 4 to 16
carbon atoms, and the chain ether is a diC;_galkyl ether
5 or a C;_galkyl Cq_,garyl ether.

3. A separating process according to claim 1,
wherein the imide compound is an aromatic imide compound,
and the reaction product is an oxidation reaction product
.of an alicyclic hydrocarbon or an alicyclic alcohol and

10 is soluble in the solvent for crystallization in the
solvent-crystallization step (Al).

4. A separating process according to claim 1,
wherein, a solvent which is a poor solvent for the reaction
‘product and is a good solvent for the imide compound is

15 used as a reaction solvent in the cooling-crystallization
step (A2).

5. A separating process according to claim 1,
wherein a C;_jcarboxylic acid, a C;_jpalcohol or a wa-
ter-containing solvent is used as a reaction solvent in

20 the cooling-crystallization step (A2).

6. A separating process according to claim 1,
wherein the reaction product is an oxidation reaction
product of an alicyclic hydrocarbon or a methyl group-
containing aromatic compound in the cooling-

25 crystallization step (A2).
7. A separating process according to claim 1,

wherein the imide compound is an aromatic imide compound
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and the reaction product is an aliphatic carboxylic acid
having 6 or more carbon atoms or an aromatic carboxylic
acid in the cooling-crystallization step (A2).

8. A separating process according to claim 1,

5 wherein, in the extraction step (B), the aqueous solvent
is water.

9. A separating process according to claim 1,
wherein, in the extraction step (B), the aqueous solvent
contains a base.

10 10. A separating process according to claim 1,
wherein in the extraction step (B), the reaction mixture
1s subjected to hydrolysis treatment in advance of
separation of the reaction product and the imide compound.

ll1. A separating process according to claim 10,

15 ~wherein the reaction mixture is hydrolyzed by using an
aqueous solvent containing a base.

12. A separating process according to claim 1,
wherein, in the extraction step (B), the water-insoluble
solvent is at least one member selected from the group

20 consisting of a hydrocarbon and an ether.

13. A sepérating process according to claim 1,
wherein the water-insoluble solvent is used as a reaction
solvent in the extraction'step (B).

l4. A separating process according to claim 1,

25 wherein the reaction product is an oxidation reaction
product of an alicyclic hydrocarbon, or an aromatic

hydrocarbon having a methyl or methylene group, and is
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water-insoluble in the extraction step (B).

15. A separating process according to claim 1,
wherein the réaction product 1is a cyclic alcohol, a cyclic
ketone, an aldehyde having a cyclic hydrocarbon group or

5 a carboxylic acid having a cyclic hydrocarbon group in the
extraction step (B).

l6. A separating process according to claim 1,
wherein the reaction is conducted in the presence of a
solvent, and the reaction mixture is subjected to a

10 condensation step to separate the solvent in advance of
separation of the reaction product and the imide compound.

17. A separating process according to claim 1,
wherein the substrate is reacted in the additional presence
of a co-catalyst.

15 | 18. A separating process according to claim 1,
wherein the imide compound is an oxidation catalyst for
qxidizing the substrate, and the reaction product is an
oxldation reaction product corresponding to the substrate.

19. A process for separating an imide compound and

20 a metal catalyst from a mixture containing the metal
catalyst and the imide compound having an imide unit

represented by the following formula (1):

0
1]

IC‘N=X
9/ (1)
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wherein X represents an oxygen atom, a hydroxyl
group or an acyloxy group,

which comprises:

(C) a solvent-crystallization step for crystal-
1lizing the imide compound by using a solvent for
crystallization,

(D) an absorption step for absorbing the metal
catalyst by an absorption treatment, or

(E) an extraction Step for distributing the imide
compound into a phase of a water-insoluble solvent and the
metal catalyst into a phase of an aqueous solvent,
respectively by using the aqueous solvent containing at
least water and the water-insoluble solvent separable from
the aqueous solvent.

20. A separating process according to claim 19,
wherein, in the solvent-crystallization step (C), the
solvent for crystallization is an aqueous solvent.

21. A separating process according to claiﬁ 20,
wherein, in the solvent-crystallization step (C), the
aqueous solvent is water.

22. A separating process according to claim 19,
wherein the imide compound is an aromatic imide compound,

and the metal catalyst is at least one compound selected

~from the group consisting of a transition metal ele-

ment-containing compound and a compound containing a Group
13 element of the Periodic Table of Elements and is soluble

in an aqueous solvent in the solvent-crystallization step
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23. A separating process according to claim 19,
wherein, in the absorption step (D), the absorption
treatment is conducted by using an ion-exchanger.

24. A separating process according to claim 19,
wherein the metal catalyst is at least one compound selected
from the group consisting of a transition metal ele-
ment-containing compound and a compound containing a Group
13 element of the ?eriodic Table of Elements in the
absorption step (D).

25. A separating process according to claim 19,
wherein, in the extraction step (E), the aqueous solvent
is water.

26. A separating process according to claim 19,
wherein, in the extraction step (E), the water-insoluble
solvent is at least one member selected from the group
conslsting of a hydrocarbon, an alcohol, a nitrile and a
mixed solvent thereof.

27. A separating process according to claim 19,
wherein the imide compound is an aromatic imide compound,
the metal catalyst is at least one compound selected from
the group consisting of a transition metal element-
containing compounds and a compound containing a Group 13
element of the Periodic Table of Elements and is wa-
ter-soluble, the aqueous solvent is water, and the wa-
ter-insoluble solvent is at least one member selected from

the group consisting of a hydrocarbon having 6 or more

. @O%: ()-9, 10%& () -

b@
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an aromatic nitrile and a mixed solvent thereof in the

extraction step (E).

28. A separating process according to claim 19,
5 wherein the imide compound and the metal catalyst are an
oxlidation catalyst for oxidizing a substrate, and the imide
compound and the metal catalyst are separated from a
reaction mixture obtained by the oxidation reaction of the
substrate.
10 29. A process for regenerating an imide compound
having an imide unit represented by the following formula
(1):

IZ:N-—-X )

wherein X represents an oxygen atom, a hydroxyl
group or an acyloxy group,

15 . from a deactivated imide compound which is formed
by employing the imide compound in a reaction, which
comprises hydrolyzing the deactivated imide compound to
convert into a dicarboxylic acid or a salt thereof having

a unit represented by the following formula (3),

20
0

C—OH @)
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reacting the dicarboxylic acid or the salt

‘thereof, or a reactive derivative of the dicarboxylic acid

with (1) a hydroxylamine or (ii) O-substituted

hydroxylamine, and treating with an acid to regenerate the

5 imide compound.
30. A regenerating process according to claim 29,

whereln the deactivated imide compound is an imide compound

having a unit represented by the following formuia (4):

?
IC‘N"Y
N= 4
¢ 4)
o)

10 wherein Y represents a hydrogen atom or an alkoxy
group,
or a ring-opened derivative thereof.
31. A regenerating process according to claim 29,
wherein the reactive derivative of the dicarboxylic acid
15 having the unit r_epresented by the formula (3) is a cyclic
anhydride having a unit represented by the following

formula (5).

I;O ®)

20 32. A regenerating process according to claim 29,
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an imide compound having an imide unit represented by the

following formula (1):

Iz}wx )

wherein X represents an oxygen atom, a hydroxyl
10 group or an acyloxy group
| separating a reaction product formed in the
reaction step and the imide compound,
regenerating the imide compound by hydrolyzing a
deactivated imide compound in the reaction step to be
15 converted into a dicarboxylic acid or s salt thereof having

a unit represented by the following formula (3),

Q
3
c—oH ©
o
by reacting the dicarboxylic acid or the salt

thereof, or a reactive derivative of the dicarboxylic acid

20 with (i) a hydroxylamine or (ii) an O-substituted
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5 34. A process according to any of claim 1, 19 or
29 wherein the imide compound is an imide compound

represented by the following formula (2);

wherein R' and R? are the same or different, each
10 representing a hydrogen atom, a halogen atom, an alkyl group,
an aryl group, a cycloalkyl group, a hydroxyl group, an
alkoxy group, a carboxyl group, an alkoxycarbonyl group,
or an acyl group; R1 and Rz may bond together to form a double
bond or an aromatic- or non-aromatic ring; the aromatic-
15 or non-aromatic ring composed of R! and R® may have at least
one imide unit represented by the formula (1); and X has
the same meaning as defined above.
35. A process according to claim 34, wherein the
imide compound is an aromatic compound wherein R1 and R2

20 may bond together to form an aromatic ring.



