) *+,-./012e3eBQ : ; DvFB P6PTBGhQ 4 F E B Z003 DESCRI PTI ON *~~i ss* PROCESS
FOR SEPARATI NG | M DE COVPOUNDS 5 TECHNI CAL FI ELD This invention relit s to
a process for separating, froma reaction m xture obtained by reacpiH%EQMB
substrate in the presence of the specific imde conpound, a reaction
product and the i m de conmpound, a prqpeﬁe_for separating 10 the imde
conpound and a netal catalyst, and a process for regenerating” THiA
conmpound whi ch has been used in a reaction to be deactivated. b
ART 15 By utilizing an im de conpo N hydroxypht hal i m d 0
N- acet oxypht hali m de, a variety of%ﬁggﬁ%f e. g., oxidation mﬁﬁﬁﬁg
nol ecul ar oxygen, carboxylation, nitration, sulfonation, acylation,
radi cal -coupling reaction) can be snoothly carried out under 20 a mld

condition. For exanpl n R | i 1,0 1.d- Open No.

38909/ 1996 (JP- A- 8. 38 %&Eﬁd?ﬁiﬁogﬁﬁ%&%ﬁﬁ@n#ﬁi@bl EQQ?bﬂﬁggai d- 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 nol ecul ar oxygen in the

presence pf an i m de conpound su y ht hal i m de, and if
necessary? a O4FES 2003-}%?é§¥£%a gﬁgéﬁPto produce an al cohol, an

Vorcover, Japanast ParEet RGBTt ear St gk bl *
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t he am de conpound.
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 the presence of an imide compound

such as N-hydroxyphthalimide, and if necessary, a
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Japanese Patent Application Laid-Open No. 316610/ 1998 (JP-A-10-316610)

di scl oses a process for oxidizing an ether in the presence of the am de
conpound to produce an 10 ester, an acid anhydride, a | actone or t B¢ REBKA0]
W99/ 50204 di scl oses a process for oxidizing a conpound having a
non-aromati c et hyl ene bond with a nol ecul ar oxygen in the presence of the
am de conpound and a co-oxi di zi ng agehtztb produce the correspondi ng

epoxi de, and a process 15 for oxidizing a ketone with a nol ecul ar oxygen in

the presence of the am de conpound and a cQ-oxidi zi ng agent to produce the
cor r espondi ngCeSCATHYFHcLBNOT NG HeR! FAFRASK e F%geﬁ?dﬂ\ﬁﬁldieo’atq on
Lai d- Open No. 2%%7%9/19%% éJP—A%&}-%§9730éigiscloses a ﬁtoce§§ fég 20
reacting a sub(gt Cate Wit et od% ki a8 nct%erepsf%%% &89 % ne*%ni de
conmpound to o%h@g}fgféporresponding nitro conmpound, and a process for
reacting a substrate wth carbon nonoxi de and oxygen in the presence of the
am de conpound to pr C i r i e JIAV)] 219 25
di scl oses that an acSﬁggggﬁgféagééﬁﬁgﬁgg%%%ﬂggdﬁ3§¥hgﬂhl dqﬁﬁxggﬁ#%ﬁ by
reacting g SURLI av86 s Ro9yyesp-Ans. 215698 nab{adiaeentd sloidondr
conpound (e.g., biacetyl) In 04 FEB 2003 - 3 the presence of the

i mde CO”DOUD@xiﬁﬁaiﬁgrﬁnﬁén'hgﬁtéeééﬂﬁéuﬁha&it@ftﬁ%"iﬁihé“HBﬁBodﬁ&ﬂ'ng of
Chem cal Society of Japan ( i9 9 ) reports that an a, [err]-unsaturated
ester and an @h@ﬁhebeaPQtéﬁ@ChPﬁlﬂb&hi@KygsﬂdL@pé@eN@re§£%%¢b}ﬁ9§% _

N- hydroxypht hal im de as a catalyst, thereby a radical coupling reaction
proceeds to fqum-a-hygdBasgighutysolaséong prbbebs ghoyi ekidiMrgamer, the
literature reports that a hydrocarbon such as an adamantane is reacted with
oxygen and sultherdioxtiltke gdresesicegoll 1Be hiyndidex ypintposinidrit depasdaece atral yst t o
formthe correspondi ng sulfonic acid. As nentioned above, the imde
conpoundlBas ke&erut phi 2edldasnhydaideysa lactoneioe Viaeibike of organic
synthetic reactions. After utilizing the imde conpound 15 for a variety of
reactions, th@pé9V§OﬁpépéééélasﬁﬁoéeB§°¢%$Ss%%@f%£$&%F%P9eﬁuﬂqmﬁp¢ﬂQMUct
and the imde_ _conpound. For exanple, Japanese_Patent Application Laid-Qpen
No. 114702/ 1998V{iR8-3anep-212mgdicHdaienesbend wdddsad medecydparAtYIRP a
reaction produyct and an i mde compound from 20 a_reacti on m xture obtained
by oxi di zi ng 4Ps5BE(PEPECRTS 196 Teesdide SPTRRUEY AL BrE QA PAINY he

i mde conmpound) . .Ip this. process, an aqueous solveni and.a

non-wat er - sol EﬁFéltsg? \P&?dlgceepa z?bF%rf?%ﬁ??ﬁﬁn%qe[?eooxuls&es’oF\r/lgn? BfUEEd to
distribu th i LQR._react| r t i S 5 gueous
sol vent g%d t%89?8%§§&g§P§|§s%b?§?§ gggﬁagemgge?ﬂggﬁoﬁ¥gé?%r%éo ubl e

sol vent, respgeliskaly. ofNehel 2hedet BEMPEREESSnd Sa SEb18RI &My fting a
wat er 04 FEB 200 - 4 soluble reaction product and a non-wat er-sol ubl e
catal yst, but tiot proadickf el bokeesppAlRhE astew §p! Bactsn8onwat er - sol ubl e
reacti on product and a non-water-sol uble catalyst. Further, in the process,
it is sonetines 5 diffuevhert gapnasaiPatentipplichthba Ipridtozienf Nom an
aqueous phase dependi ng on the species of the oxidation reaction product.

I n particul ar 2381680 /a900actUPeA-i1d-2apsrBe) discilosebeacpescesenterof a net al
catalyst in order to accelerate the reaction, it is difficult to separate
10 t he ogibdat ireactdngl 3 stuteritrdtieewithad nddtralgest oxffe ciretheypresenee| as
separating the reaction product. Therefore, it is difficult to separate,
recover and r efséhehdmideakcomppandsto dbtebdnethewhenrespepdieg cohpoend is

utilized as .
compound, and a process for reacting a substrate with carbon

monoxide 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



15 a catalyst for various reactions , as the reaction proceeds the imde
conpound changes into the correspondi hg Nnon-substituted ini de conpound or
N-substi t ut ed- oxyi mi de conpound in which a substrate is attached td oOKyRg03
atom adj acent to nitrogen atom (e. g., N al koxyimde conpound) 20 to
deteriorate an catalytic activity considerably. Such a catal yst which has
been deactivated (hereinafter, sonetifed Teferred to a deactivated

catal yst) often contam nates an article of the reaction product, and
thereby the quality of the article is deteriorated. 25 Further, a desired
resul t can notthBePaespnea efehhehémifipecompenandat dnntdegimese i dheecycled to
the reaction systemw thout the specific treatnent . Thus , as a nethod O
4 F E 8 2003 Lestuxrg D¥aferér aPTHod dinuad MegtingifcfhamicpéeFreiakY i vat ed,
Japanese Patent_ Application Laid-Open No. 188265/1999 (JP-A-11-188265)

di scl oses a pPécdaBarorlttParergritfetiabadn ¢afeynsatysatsfpeskarvit®d a

hydr oxyl am ne or an acid. 5 However, the process can not still provide a
satisfied regéRePadCrbRlyprEpdreprted wikbrexpgen bk bBhf cR¥eIPNEPOPr esent
invention to provide a process for efficiently separating a reaction
product and aN-PHIgex¥BhRpBahd™iAEnAENe FRERIYBR. 1BhaF&PYIr2. T34i¢alanot her

obj ect of the invention to provide a process for conyeniently obtaining a
reaction prod&@FP&FPﬁ ﬁFBﬁtSBPiP§9°ﬁ9$ﬁrfﬂe§°5ﬁj%é¥y FOX¥he!invention is to

eral catal ysBRERAohPREUPE ROt R ne PP ARCEonbbarh SRR {HeS o a

catal yst. 11 L3 uel 0ol 0en, ol SSiogln SN I ERLLON, 10 M OYide. 4. prgcess

for efficientl'y“regenérating an i1 de compoun been"utili zed
in a reaction_t.q.b tLxat aqS| d epi ent operation.

DI SCLOSURE OFWF%0E§¥$§%SThéap§g%gﬁf F%bggégrggd?ggﬁéc investigation to 2 5
acconpl i §§ t he RS pARKEE R aedd aaéat?aiyﬁs@!tb For¥RE LbPte SPohdl A

conpound and a“reacfion product can be efficiently separated by a
crystallizati guieRerat keagand /or an

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.
11470271998 (JP-A-10-114702) discloses a process for
separating a reaction product and an imide compound f£rom

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



O4FEBZ00 - 6 extraction operation with the specific solvent, and that
an am de conpound and a netal catalyst can be efficiently separated by a
crystallization, an absorption and/or an extraction operations. Th94qg%%ﬁ&t
i nventi on has been 5 acconplished based on the above findings. Thus,
process of the present invention can realize the separation of a reaction
product and an ami de conpound from a reéction mixture obtained by reacting
a substrate in the presence of the am de conpound having an 10 ami de unit
represented by the following formula (1): 0Oii C,NXCL ) CO wherein X

represents an sodujere zeaatianprddwot agd euponrwalte mesdlblegcatplyby . (Al) a
sol vent-crystallization step for crystallizing the am de conpound wth at

| east one sol Vart 5 isel|ddtfdeUhitorha Isepgrate @odowspoAgrobranbpdr ocar bon, a
chain ether and water, (A2) a cooling-crystallization step for

crystal | i zi ng Wt eku p‘?&ﬂﬂ.td{onb)@r@@)&qtn@}ldoﬁ pBR-wWAatextsadubde step
for distributing the reaction product into a phase of a water-insoluble
sol vent (or notak¥st soFystthezo 4Bl $BAt Progadst hbtah$ deorebime®d into a
phase of an aqueous sol vent, respectively by using the aqueous sol vent con
tai ni ng at® | edskfiAawit &R seRataced Widemrisiod ubdiey @rodyesatfapmeanr om t he
aqueous solvent. In the solvent-crystallization step (Al), the 0 4 FEB
z003 hydr ocardBIEaHs RSt danesidinig omy dhec Ps6iefavEnghe e¥idatdapbon
atoms or an alicyclic hydrocarbon having 4 to 16 carbon atons, and the
chain ether neyf %PQH&%Eﬁﬂﬂ?ylIBtH@thFuéaEZ_BEFRy? ¥82fbPY 118t her, and

the reaction 5 product nma a conmpound sol uble in the solvent faqr
crystallizatid Jixéieéfou nyrbgﬁ‘&a‘t’?%’gy?%%cf? &F %W@&@gtc%?ag sBI’i“c?EgFE
hydrocar bon Ort&”héﬂéf@@ééé:éﬂéuyygékion, 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 deactivated (hereinafter,
sometimes referred to a deactivated catalyst) often
contaminates an article of the reaction product, and
thereby the quality of the article is deterijiorated.
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



In the cooling-crystallization step (A2), a solvent which is a poor sol vent
for the reaction product 10 and is a good solvent for the imde conpound
(e.g., a carboxylic acid and/or a hydrocarbon) may be used as a redbkfﬁﬁumﬁ
sol vent, and the reaction product nay be an oxidation reaction product of
an alicyclic hydrocarbon or a nethyl group-containing aromatic conpound(in
particular, 15 an aliphatic carboxylit &ctd having 6 or nore carbon atons |,
an aromatic carboxylic acid). In the extraction step (B), the aqueous
solvent may be water and may contain a base. Further, the reaction m xture
may be subj ectf@F regpparafryRgsthe catadisti vhigh e bgenoiesepivatedn of the
reacti on product and the im de conpound. The water-insol uble sol vent nay be
a hydr ocar bon JapangsigePatgntappprirptigni faifthepeaaler oh8Br68UEP%Rmy be an
oxi dation reaction product of an alicyclic hydrocarbon, or an aromatic

hydr ocar bon hdviBrd -3 Lrd88yi6 5dr ddechpsesea2prgeedp, fandtreakdner thasol ubl e
(e.g., a cyclic alcohol, a cyclic ketone, an al dehyde having a cyclic

hydr ocar bon grd®@stdivadedat FPEpPaeng Wekh adudlropdlianingiescy 86hd.- 0 4 F
E B 2003 _8_ group). Furthernore, the reaction_my be conducted in the
presence Of atWeyvaTal &€ PTRECHFeS8At NPhy EALLSNPAPYAPNE| §8EdSEipocess
for 5 separating the imde conpound and a netal catalyst froma mxture
cont ai ni ng t h&SAAETat4PR ¥d€19nd the inide conpound . In the process , the

i i d d and th | d by (Q .a sol - | lizati

For orystal i zing o tmide ORPBANACEy HOSPRISStsBt (Ehe PRSGDE ~ o
tallizatian, (D) b ' tep for.absqrhi tal catalyst b

an abeor pt 1 on TR o TEASA BEBPaED: BT Stag HoP NP PPBEECARS he

| m deconpound J Qégc%iBH%ﬁoﬁc@a%tgﬁ'-'nﬁ%o' dBhBo8RL “Ein ;Uik%y%gsc@%

I
catal yst into a phase of ‘an aqueous solvent, respective asrng %5 t he
aqueous @l vent; \i ning at |east water and the water-insol ubl e sol vent
separabl e fromthe aqueous solvent. In the solvent-crystallization step

(C), the solvent for grygkabhbZRés Wb @Yt REr AheA1WGRNT 199l ¥8Nproviad0
particular water) . The im de conpound nmay be an aromatic i m de conpound,

and the netal L£agrdssls Ty konyehtibhe lynodhadgiagua seh¥enbn pRohiet
absorption step (D), the absorption treatnent may be conducted by using an

i on- exchanger .wizh Ihidhheuwittyacti on step (E), the aqueous sol vent nmay be
wat er, and the water-insoluble solvent may be a hydrocarbon, an al cohol,
anitrile, a m xed sol wefurittherecobjectOo4 EhE Bn2608iongis Thepmetaile
catal yst may be water-soluble. Furthernore, the present invention also

i ncl udes 1& pr ccesocksg fayefsigipn§linseépariet tropoubdide sranpird andat ed
i mde conmpound which is fornmed by enploying 5 the i mde conpound in a
reaction. In tQKﬂqQﬁﬁﬂﬁﬂﬁﬁﬁﬂﬁ} from a mixture containing the imide

compound and the metal catalyst.
It is 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



process, the imde conpound can be regenerated by hydrolyzing the
deactivated i m de conpound to convert into a dicarboxylic acid or a salt

t hereof, reacting the dicarboxylic acid or the salt thereof, or ar §¢§9V®3
10 derivative of the dicarboxylic acid with (i) a hydroxyl am ne or ?5

O substituted hydroxylam ne, and treating with an acid. Incidentally, in
the present specification, the tern1"6ri%rallization" i ncludes a rinse or
repul p 15 treatnent 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 %%%%@H%nfqm%mrt wigh &hpl aparhfioosekeery odnst itbatpr ocess
of the present invention. BEST MODE FOR CARRYI NG OQUT THE I NVENTION I n the
process of the2prigiigfa compennidoands a gisaly €a&ailyn tneae lre edifiigiiead Lyy
reacting a substrate in the 25 presence of an imde conpound represented by
the fornula ( SeHaBHERM BBl DETES tehktBH Y oAl tabaeF e gindd oxompound
are separated. In the separating process, the imde 04 FEB?2003 - to
conpound i s sePRtEREELAR WPeFFEIDT i ndheopgesent dnvedliepybag ppas
conmponent by (A) a crystallization [(Al) a solvent-crystallization with a
sol vent fot cr?‘é?%?*gﬁ??%n?iﬁ@?c%ﬂ%-@?% HInERIon] operation, 5 or the
i mde conpound can be separated by extraction operation w th an aqueous
solvent to shift the i o) 3 fifo e PRARSSTs iyiepdAeD PRR de
conpound] An imde. conpound has .an ini_de unit represented 10 by .the

fol | owi ng for nﬁ?%fj('z_lﬁrgi}f geea,rﬁ_t)kolnlof Etrdzactlo pro uc% an ary imide

compound from a reaction mixture obtained by reacting a

substrate in the presence of the imide compound having an

10 imide unit represented by the following formula (1):
0
1l
C\
C/N =X (1)
I
0

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, (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 (or non-water-soluble
20 solvent) and the imide compound 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 aqueous solvent.

In the solvent-crystallization step (Al), the



Wherein X represents an oxygen atom a hydroxyl group or an acyl oxy group.
Exanpl es of the acyloxy group include, for exanple, an acyl oxy group having
about 1 to 6 carbon atons such as 15 fornyl oxy, acetyloxy(acetoxy)B4FEB 03
propi onyl oxy, and butyryl oxy groups (preferably Cl _4acyl oxy group, in pgg
ticular, acetyloxy group). Incidentally, in the formula ( 1) , X
represents an oxygen atom or a hydroxyl 7group, and the bond between 20
nitrogen atomN and X is a single bond or a double bond. A concrete exanple
of the imde conpound having the unit shown by the formula (1)
(hereinafter, mg)mqaﬁprr @faar hed amo alliipie téenpydndcatbohehfvingl 4 o))

I ncl udes, for exanple, a conpound represented by the follow ng 04 FEB
2003 - 11 forlfulcagbon groms. or-ag-~alfxyc2icRhydrpragbahehavian®l4ahd R2 are
the sane or different, each representing a hydrogen atom a hal ogen atom
an al kyl groupi6 &rop agewgp, and chhe cdladyl egheypmay hode 3dG:-gadkpl an 5
al koxy group, a carboxyl group, an al koxycarbonyl group, or an acyl group;
Rl and R2 may S96RF Uyt Kgr-ei‘- Ybrée-ao@d®yibl €theind and stheregagiion or
non-aromatic ring; the aromatic or non-aromatic ring formed with Rl and R2
my have & | @FQdusie may ke @hicompoynds selalley iphgheosmivgnt1£orand X has

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 reaction product may be an
oxidation reaction product of an alicyclic hydrocarbon 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



10 the sane neani ng as defined above. In the conmpound of the formula (2),
exanpl es of the hal ogen at om desi gnated by the substituent RL or R2 include
i odi ne, bromne, chlorine, and fluorine. A kyl groups include) e.qg.[04FEB 2003
straight- or branched-chain al kyl 15 groups having about 1 to 10 carbon
atons such as nethyl, ethyl, propyl, isopropyl, butyl, isobutyl, s-butyl,
tbutyl, pentyl, hexyl, heptyl, octyl,‘aﬁd'decyl groups (preferably,

Cl _6al kyl groups, particularly Cl1_4al kyl groups). 20 Aryl groups include
phenyl group and napht hyl group, and cycl oal kyl groups include C3_lo

cycl oal kyl grd%ﬁ@u%gch as cycl opentyl, cycl ohexyl, and cycl ooctyl groups.

Al koxy groups include al koxy groups having about 1 to 10 carbon 0 4 FEB
2003 - 12 atons, sucH WtHEIMREE, tBEhBRFCLHPB IR bengonduekedgtn die
preferably Cl1_6al koxy groups, and particularly Cl_4al koxy groups.

Al koxycar bonyl PE@eREe | fiE| U de0 FX A4S bonyl 5 groups having about 1 to 10
carbons atons in an al koxy noiety, such asnet hoxycarbonyl, ethoxycarbonyl,

propoxycar bonyl , i sopropdRFescHdn§nveptioR @by bdiFludesod RENGRSS KOy | |

t - but oxycar bonyl , pentyl oxycarbonyl, and hexyl oxycarbaonyl groups (

pr ef er abl y° Cl%%?%?ﬁ%a?%%nwl%gcﬁfﬁ@?u%r@di@ Mededr ftplyst from
Cl_4al koxy- car bonyl groups) . As. the acyl group,, there may he exenplified
those having a%dﬂ¥xﬁ_¥% %O BHH % IR “,‘e'g%]cff?%l"sa]fﬁmn ; Hl?etjﬂ‘l e

5 e Cubst (SeNend” ards B artse e R Coo 814 b Fi i T
the formula (2 he.subsii{uen Rl .and R2 . band together to forma
doubl e bond org%%pél?%?m c{éi)ral n%gn]:‘éer%tnﬁcflf%s?E?f%l.z%rlecfners%ee&’ a#c(’fmti c- or

non-aromati c ré%ﬂ%‘éﬂfﬁ-ﬁ%ﬁ%ﬁﬂ?%tﬂ"% @%}&%‘gﬁ%w%sﬁ&/ récjl%xﬁf 'é’o bout 6

to 10-nenbered € ring eterocycl e or a condensed

heterocyc|@ achystQEasbop: rﬂpqu)naﬁstfys&fﬁ@fon ?@HDE% Qéséyﬁfnv\#.:%% may

i ncl ude non-aronmatic alicyclic rings [e. ¢., cycloal kane rings

have a substithepil Sa€l1pSt OF! ANXFECrPo1 bk Nere S PR] ke gj nas Wwhi ch
may have a substituent, such as cycl ohexene ring; bridged hydrocarbon rings

whi ch may haveegtsabtioh uetdp fHCAigErIvNeiber BRECIMdg]compsund Grdkd- E B
2003 - 13 aromatic rings (including a condensed ring) which may have a
substituent ( asyphasksobenwaherr ingoaublaaditvealteard ritregmetah cwplygist ances
, the aforenentioned ring is constituted of an aromatic ring.
into a phase of an agqueous 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 agqueous 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.



5 The ring may have a substituent such as an al kyl group , a hal oal kyl
group ( a hydroxyl group , an al koxy group , a carboxyl group , an
al koxycarbonyl group , an acyl group , a nitro group, a cyano grouf§4 EfB 2003
am no group and a hal ogen atom 10 Incidentally, the aromatic- or
non-aromati c ring conposed of the substituents RL and R2 may have at | east
one imde unit represented by the formuPa- (1) (usually, one or two imde
units). For exanple, when Rl or R2 represents an al kyl group having 2 or
nore carbon atons, 15 the imde unit shown by the fornula (1) may be forned
i n the adj acertha viet@dr Isait adveits meyndei wattengsehebaekyl group. Moreover,
when Rl and R2 nmay bond together to forma double bond, the imde unit
shown by the fornmul a Furtheggpree the mirsent Haveéadioa pbad. irciufies, when
Rl and R2 may bond 20 together to forman aromatic- or non-aromatic ring,
the imde unita SHORLSSy ficle Te@emgratdny payipddporpmbonndt isomdpacent two
carbon atons constituting the ring. The preferred imde conpounds include
conpounds expriesdd vataddmigie] eampgundr Whiigh: 1s formed by employing 0 R-
C~N==XRZ CO0O (la) R R4~ R5, CDs O(1ld) 00O RLCC~-NX XN\ RZCCOO0 (1
b) R3 R4 @ =xfheNRige £ogprunfl dp RITgactiof==)}1IT e rearner@BFAIC A ~NX
RS ~ C
process, the imide compound can be regenerated by
hydrolyzing the deactivated imide compound to convert into
a dicarboxylic acid or a salt thereof, reacting the
dicarboxylic acid or the salt thereof, or a reactive
10 derivative of the dicarboxylic acid with (i) 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. In the separating process, the imide



Rs O (1~ wherein R3 to R6 are the sanme or different, each 5 10 representing
a hydrogen atom an al kyl group, a hal oal kyl group , a hydroxyl group , an
al koxy group , a carboxyl group an al koxycarbonyl group, an acyl ghag%, a
nitro group, a cyano group, an am no group, or a hal ogen atom eac £ B 2083
adj acent groups of R3 to R6 may be bond together to forman aromatic- or
non-aromatic ring ; A represents a nethyfl ene group or an oxygen atom and
R1, R2, and X have the sanme neani ngs as defined above. As to the
substituents R3 to R6 , exanples of al kyl 15 groups, al koxyl

gr oups, al koxyczanpawid dgrsogsparatiedyrasups cryisd alaliiogecompomendr ersi milar to
those |isted above. Exanpl es of hal oal kyl groups include hal od _6al kyl
groups such ashan-idyyafradidiney icogponentibnalld )y a chryst¢aldtizaddons [ RB1jo R6
each stands for, in many instances, a hydrogen atom 04 FEB 2003 - 15
a |l ower al kyl a@rsalyveantAarysdisdutizhttion widhban saflyest &ocar boxyl group, a
nitro group, or a halogen atom The im de conpounds are singly or in

conbi nati on. BEyPladstigatigm.ef B2 ) edollindecryapalihdizehipndemration,

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

N, N' di hydrfoxy S| Bitexididies qompaunskioand de Rieparakpghbiakikiirastion

N- hydr oxyt et r abr onopht hal i m de, Nhydroxytetrachl oropht hal i m de,

N- acet oxypht h&ReH aelon (¥ iNh Al RAHeOSTiS@d VeRthQr SiyHhitnitheddmide
Nhydroxytrinmellitimde, N, N -di hydroxypyraonellitim de,

N, N - di hydr oxyFRAIRRURd eifdtttiec APSAUR FOLVERE i ni de conmpound can be
prepared by a c%nve tional im_dation reaction, for exanple, by allow ng 15
a correspondi ng Ld8RGCafRPBPIBE It 0 react with hydroxyl am ne NH20H to

ri ng-open the acid anhydr.i de group, and . then closi.ng the ring to form an

i mi de. The acid anhydrided™ cF&d%o qupﬁfeano?mﬁﬂgaPﬂthEﬁngFﬁHngc

di car boxwyly c I r a ucci ni ¢ anhydride and mal efic
anhydri d)ell;d sa?& ;%%}Q%Dr lfg@g}qi;%qé@qaoﬁ-@r'onati c cyclic polycarboxylic acid
anhydrides (alicyclic polycarboxylicyacid anhydrides) such as
tetrahydrophthalic acid anhydri de €xahydropht hal i ¢ aci d anhydri des

(1, 2-cycl ohexane di carboxylic 25 ;Eid)ﬁﬁ&ydrideh, 1, 2-anhydri de of

1, 2, 3, 4cycl ohexanet et racar boxyl i cactd; bridged cyclic pol ycarboxylic acid
anhydrides (alicyclic polycarboxylic6 O04FES8 2003 - 16 acid

anhydri des) such as hetic acid anhydride and himc acid anhydride; and
aromati c pol ycar boxyl iwheaeiith anhreghriegdentsuan asypkhhalibom,aahfigdirdeyl

t et rabronopht hal i ¢ anhydri de, tetrachl orophthalic anhydride, nitrophthalic
5 anhydri de, tgrom) |oxnt ian adwidriyagrawst.hyl cycl ohexene tri carboxylic acid
anhydride, pyrronellitic anhydride, nellitic anhydride, and 1,8;

4, 5napht hal enet et r acarix@nplies @k thedaninxir gresp iacdade.civrmexrpmplef.er r ed
conpound includes a 10 cyclic imde conpound [an N-hydroxyi m de conpound
derived from &P AGYAARY §TPEPyRAY BB yAR I adthy8r P derERPR G tAMS, Sk @6ri ved
froman aromatjc pol] ycarboxylic anhydride, for exanple, an aromatic im de
cormpound & hy%‘?’ffg‘ﬁo‘{?%' iarﬁ%é’]ﬂi%ﬁoﬁ‘rwa \ngé}l_qqg' X¥bl &% de conpound)

such as

butyryloxy groups (preferably C,_,acyloxy 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



15 N-hydroxyphthal i m de and N-acetoxyphthalimde]. Incidentally, such imde
conpounds can be utilized as a catalyst for a variety of reactions (e.g. ,
oxi dation reaction, carboxylation reaction, nitration reaction, squ@ngFB?MB
reaction, acylation reaction, radical 20 coupling reaction). In particula
just contacting a substrate mnth oxygen in the presence of the imde
conpound can provide an al cohol, a ketohk,-a carboxylic acid, and a |actone
with high selectivity and yield. The amount of the imde conpound of the
formula 25 ( I ) can be selected within a wi de range, and nmay for exanple
be about 1 x 1fowmabd (21:x 10 4 nmol %) to 1 mol ( 100 nmol o ) ,
preferably about 1 x 10 5 nol ( 1 x 10 3 mol %) to O . 5 nol 0 4 FE8
2003 - 17 5 10 15 ( 50 mol %) , anyl nore preferably about 1 x 10 4 nol (

1x 102l ~) to0O. 4 mol ( 40 nbl ~ ) relative to 1 nmol of a
substrate, with about 1 x 10 4 x 10 2 nol o) to 0.35 mol (35 mol %
of the im de conpound practwcally enpNeyXd. | (@i dentally, use of the imde
conmpounds in a reaction soneki ults in deactivation or nodification
of part or all of the imde conpounds dependi ng upon the species of the
reaction and a reaction condltlon the typi cal exanples of such deactivated
or deconposed product (deacti C i ncl ude ubstituted or
nonsubstituted cyclic 9ﬁfﬁ§Q: ﬂd§i§§% %%8 TAPe e b?aFﬂ

e 5 WP R e SR
cocCccoo C4
group. Exanpl es o% ¥%2§%§igky group Iﬁ%ﬁ_ng%ﬂQOQF 3Qﬁ9£6826&Qh oxy éroup

substituted wijmshe @f&t&t? (ool 44 ggg?ggl Qgﬁagéaaé géoca r?onygl group,

hydrocarbons such as cycl oal'kane); “slc
group-substit U&?anoéé’yﬂrg%ﬂp(, &' 8nd R? may bond together to form a double

bond or an aromatic- or non-aromatic ring; the aromatic-
or non-aromatic ring formed with Rl 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 substituent R! or R?
include iodine, bromine, chliorine, 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 decyl groups
(preferably, C;_galkyl groups, particularly C,_jalkyl
groups) .

20 Aryl groups include phenyl group and naphthyl group,
and cycloalkyl groups include C;_;45 cycloalkyl groups such
as cyclopentyl, cyclohexyl, and cyclooctyl groups. Alkoxy

groups include alkoxy groups having about 1 to 10 carbon



04 FEB?2003 - is ~s-2ocYcloal kyl oxy group). For exanple, when a

cycl ohexane as a substrate is oxidized, a conpound can be produced which
has a unit represented by the fornula (4) wherein the group Y is 04FEBZUU§
cycl ohexyl oxy group. 5 Mreover, for exanple, when N hydroxyphthalim de as
the imde conmpound is used, there are produced a phthalimde fornmed by
reduction during a reaction (a conpoundtdf-the formula ( 4 ) wherein the
group Y is hydrogen aton), N-substituted oxyphthalim de corresponding to a
10 substrate ( a compound of the forrmula ( 4 ) wherein the group Y is an

al koxy group) ,atpimshabichamnd yeitihdeyf, oe birokpy prygrootyyand Wlitraxyggaonpact i on
foll owed by dehydrating to ring-close (a conpound of the forrmula (5)) and a
ri ngopen der i veteferatilar €af (4 kel @arvwpd.i endcpdrsichlaslyphahkbky aci d) .
These deactivated catal ysts can be regenerated in the afternenti oned step
for regeneratigmpugse i m de conpound. [ Co-catalyst] 20 The i m de conpound
may be used in conbination with a co-catalyst . As the co-catalyst (
sonetimes referred toAd&koxyeardonydt girpspsoingdude edkoayehybohylt here may
be nentioned a nmetal conpound, for exanple, such as transition

met al - contiai nigrpurmbavhng abed tchipdihdareons aitemsgimans i®axypnd Be ty enent
of the Periodic Table of Elenents a. g. , boron B, Alum num Al)

typi fi ed by a $BHbAsESFPFOIREarteaYdo- eBraxy22rkeny be PESRPAX¥FLAREPNY gl y or
in conbination. 0 4 FEB 2003 - 19 As the transition netal elenent, there
may be nenti oneIPPEROXFATRNY L .G *y carbioditls § obnd opycaghoaytabl e of
El enents (e. g.,, besides scandium Sc and yttriumY, |anthanoid el enents
such as | ant hgﬁ'lf?ﬁq_%ﬁyctaé:rt?mloe,p%lté’&?d‘ryi PERY 15 BNt P *FHORFFEL “such as

actiniumAc) ,_ Gaup 4 elenments of the Periodic Table of El enents a. g.
, titanium Ti ,bQZWOchﬁPHHF pr ’?ﬁ%%'kﬁ:)-,saé?‘&féf“é’a& SRE Mt E- s 'g‘.“,og:?anadi um
V , niobi Nb ant.al um Ta roup 6 e] enents a. g. , chromumCr,
mol ybdend‘tﬁnl\/b,pqeugneg%qbglr'}' 1';‘a%§%ﬁ%’9a€?%%irlt%rﬂlbpi é:’. g., manganese M),

G oup 8 elenments (e.g.pe kEQn ni i Ru 1 " | ement s
(e. g., cobalt Co , rﬁosd:t&% ?Qﬁflié%gd#ﬁ’mt?&r ) Ta%%%e%l%;&tjgh?sg. g .
, nickel N . palipadipnRds pbad IR akohsaNgu&h U fblnRliEmaRkevl @ - 0.

, copper Cu, silver Ag, gold Au) of the Periodic Table of 15 El enents.
Particul arly, phepiasabi nedysyil aBobltgeytomnpalaey Df ididiuwl aanl) ., a
conpound containing a |l anthanoid el enent such as Ce , a G oup 4 el enent
such as Ti , gpiFalgyb @it such as V and Nb) a G oup 6 el enent such as
Cr, 20 Mo and W a group 7 el enment such as I\/h,za G oup 8 el enent such as Fe
and Ru, assoup 9 el ermet bt its1e6a said Bhd R GnaypbdOtle¢ es@m¢ such as Ni,
a Goup 11 el enent such as Cu, or a Goup 13 elenent such as B and Al

exhi bi ts hi gh &ifEenénh. adoregiomer . 2Bn Ther tormuba (2hectite subsdtitiveniten on

t he species of the co-catal yst (co-oxidizing agent or pronoter) provided
that it contaiths aifl & eRait §§ﬂe<§?§§t¥1ﬁ§rrFPh§°rm~a4dEE812093nd 90 aB| enents
| i sted above and has the catalytic ability. The co-oxidi zi ng agent nmay be a
hydr oxi de but FECTRLEFT P& HRAArWaHE Hadrdr FFeLezTRA F’lirﬂg?tgﬁ'o?%en

acid or its salt) an oxygen acid ester n organic aci.d salt, an inorganic
no —aromag%% rfhgs are agoék é)é%llz—membere dnes, 9

20 particularly about 6 to 10-membered ones. Though the ring
may be a heterocycle or a condensed heterocycle, a
hydrocarbon 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 ringl:; and



5 acid salt, a halide, a coordination conmpound (conplex), a heteropolyacid
or its salt, which contains an el enent of those |isted above. Further as
the boron conpound, there may be exenplified boron hydrides (e. UQqQ%qmm
di borane, tetraborane, pentaborane, decaborane), boric 10 acids (e
orthoboric acid, nethaboric acid, tetraboric acid), borates (salts of borr C
acid) (e.g., nickel borate, nagnesiunThB?ate, manganese borate) , boron

oxi des such as 8203, borazane, borazene, borazine, boron am de, boron

i mde, and other nitrogen-containi ng conpounds, BF3, BCl3, 15

t et r af | uor obor @F@MaHLC GiRgs hhncae@}ne@dceerlenee@frw)r whighmayehaye,

met hyl borate, phenyl borate). As the organic acid salt, there may be

ment i oned, forae%&?ﬁﬂlé:ue@lt 368ENHBS ReRZENE £31J42R¢ MPBH hadenes GéRJas
acetates, propjonates, salts of naphthenic acid, octylate, 20 and
stearates, andlRWaRy ¢BSEANCRE .| HeR glémr@mea‘t&%&ﬂtrwe If ePREEdtusars at es,
and phosphates Moreover, as the halide, there may be exenplified chIorldes
and broni des. 2§ %PI?E@WEF%ﬁ ¥¥Egconplex t here nay be exenplified OH

(hydr oxo) al koxy grou such as net hox et hox 25 praopoxy and_but oxy
groups ; atyl groups ﬁ%%’sﬂgaé‘@tyypaé{ﬁd p?‘btﬁ%%jl'rle‘b? aa?l EBX?&EtVBonyI

%E%“Séo?f’h asg%%%r?%ﬁiﬁ%% %‘éﬁ%ié&#@mﬁ@?gé B o BB O
Comounds. Such® S THRINGhIREIPe. 7 2 Xégqe’?v G frPRE - <t e B80S,
NG amm n6) . Ny ROF Y SEPRRy T4 AR PG &b 26?1191"”%9%“%?‘?}%"4‘11%?09%

di ethyl enetriagipng, pyridine and phenant hr oline. As to the conplex or a
conpl ex salt, a single ligand or |igands of the same or different kinds may

be coordi p@t ed therei n.[nc;{hé:’r{'@efﬂf e(ih‘éog%ﬁéﬁcw@i-%%}r&la@t)&%sr&ﬁ@t ai ni ng
a transition metal elenent selected fromthose nmentioned above. The conpl ex

may be constitybmPosia dof orrY NAl Al ternt & RANSHET BT WD} Alavel aENkaghd a
ligand that are suitably selected fromthe above. For exanple, the
preferred 15 conpl £xid@yubEt Csspreeaeied agettteatfarmAmadilyrgaeiplaggt onat o,
cobal t acetyl acetonato, rutheniunmacetyl acetonato, or coppergcetylgcetonato
A pol yaci d whi ehef or newé hinihd¢ enmjoos yaciForcexbapie,, whenmaRy casRS , at

| east one of the Goup 5 elenments or the 20 G oup 6 el enents of the

Peri odi c Tabl ereprésementan alkil sroup( hananic?2aef dyoravsamaginy bdiomsaci d) ,
and W (tungstic acid) . There is no specific restriction as to the central
atom Conk? et eteealplde Wilt mhaver byopsbpyseraudnel EbUrAY kst isgaed in

cobal ttungstate, nol ybdenum ungstate, 25 vanadi unmol ébdate and

vanadonol ybdenEWE)I"i'gs-'ﬁFF&Pé YheE rQOBcF‘iOé‘ESdF%?t?:BHFéP Wg? ?Héyngﬁ’b‘P?

| t d/ the & t t ft 04 FE
B 2003 - 27  IOEFOVEEI GHRER FodithRn frr%'88rr~§e e ”att'r?g e dgubre
el ement - cont ai pl.ng GQIPERRG, (| n”irP%'i] ?H'[»f‘ the Pgrﬁﬁ’.i’? Xa}% formed

nmanganese- contalnlhg coip ound &nd ~cobal contarning c 'S enpl oyed,

an aliphatic 5,gi gﬁgb@g%u(ge%% (IRl C Uy RadaﬂacRa%adQ ©5ndn

aromati c car boxyl IC acl t hal'i'c aci'd)
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 atoms constituting the ring.
The preferred imide compounds include compounds

expressed by the following formulae:



ciently produced. It is preferred that the netal catalyst is soluble in the
sol vent crystallizable of a reaction product or an 10 i m de conpound ( in
particul ar, an aqueous sol vent such as water and water-containing @Qlﬂﬁﬁﬂb
The preferred metal catal yst includes, for exanple, an organic aci

(e. g. , acetate ) , an inorganic acid salt (a. g. , sulf ate ) , a
halide (e. g., chloride), an oxide, & )1 ex, a heteropolyacid) 15 in
particular, an organic acid salt, a conplex. The imde conpound or a

catal ytic system conprised of the injde conpound.(1) ghd t

above-described co catal yst may,be e (t her honogejjeous| or h terogeneous

Further, the caRalytig system ca solid catg 0_o®nprising a
catalytlc conponent sgﬁg_ ted on Kt Of=< rri ort is, in
many i nstances, uppo%ks c as actlve 3 ite, silica,
silica-alum na, Ré ntonite t oyt he anount 3? c conponent
supported on the supgyrt |n the solig catal yst 29 t heganoudt of the im de

conmpound of the formula ( 1 ) is about 0.1 to 50 parts by weight relative
to 100 parts by melth of the suppo1b The anount of (fche co-cat al yst
supported 200 - IS { telative to 100 parts by weight of the
support, about 0 1to 30 parts by meight The anopunt of the co-catalyst is,
for exanple, about gix 10 6 mol to O.R8 preferably Qbout 1 x 10 5 5 nol
to 0.3 nol, nore preferaply aboiﬁ 1 x 10 é) to 0.1 nmopl ( ﬁo mol ~ )

"

4

'y

and i s about 1R , to 1 C\and parR @gbout 1 x 10 6
mol to 1 x ZO 3 el afj-v@ to 1 u ansygpstrate ' nth{a
het er opol yaci d A hereof sis pt~g8 the co-ca S he anount

thereof is , 1 eﬁto 100Rparts by wei ght ofRitsUhstraﬁe about 0.1

to 25 parts by weigpt, pobeferably ab®ft 0.85 to 10 partsghy weight , and
nore preferably about 1 to 5 parts by wei ght

(1d) (1e) | (1)

wherein R> to R6 are the same or different, each
representing a hydrogen atom, an alkyl group, a haloalkyl
group, a hydroxyl group, an alkoxy group, a carboxyl group,

5 an alkoxycarbonyl group, an acyl group, a nitro group, a
cyano group, an amino group, or a halogen atom; each of
the adjacent groups of R3 to R® may be bond together to form
an aromatic- or non-aromatic ring ; A represents amethylene
group or an oxygen atom; and Rl, Rz, 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

R3toR6eachstandsfor,innmnyinstances,eahydrogenatom,



The concentration of the co-catalyst in |liqg uid-phase reaction systemis
usual ly about 1 to 10, 000 ppm) 15 preferably about 5 to 5, 000 ppm and
nore preferably about 10 to 3,000 ppm on wei ght basis. Incidentallyg4tFrEg2003
ratio of the co-catalyst to the imde conpound is, for exanple, imde
conpound/ co-catalyst - 95/5 to 5/95 (myl ar ratio), preferably about 90/10
to 20 20/80 (nolar ratio), and nore ﬁréﬁbfably about 85/15 to 50/50 (nolar
ratio). [Substrate] The species of a substrate is not particularly limted,
and includes various substrates disclosed in 25 Japanese Patent Application
Lai d- Open No. B2re7Eg) 8d&¥ 1l ImORrohayingeprbeuthl ako at hgarpear sbems am

al cohol, an al dehyde, a ketone, an am ne, a heterocXcIic conpound, a 0 4
F E B 200 - 24anoxanl 9xoyp.f ed@itzed 9ZQRmi @E. aThalppenefE@®  substrate

i ncl udes a hydrocarbon, an al cohol, an al dehyde and a ketone. As the
hydrocarbon, there mafhBelRifeicRPunds saeus RGHY OF dAsGOMPHRRELeR | phat i c
hydr ocar bon which may have _a substituent, a_saturated or unsaturated

al i cyclic hydrocar bonEffMedesapthaversfegpseti inife ¢empound i3elede kane, a
cyclic olefin, a polycycloal kane, a brid%pd cyclic hydrgcarbon having a
tertiary Qarbdly rﬂWﬁ%&ﬂﬁ%ﬁ%mﬂgecaNbgﬂﬁ,oéyﬁ9a?6ﬂéﬁﬁti3ﬁ product of a

condensed oYChl p MR OSaRbal dpsandszedycysl o hydr ooar bon containing 3
Py e b A RS RSB 2Bl Y1 aoup o ety ene

hydroxyphthalimide, N-hydroxytetrabromophthalimide, N-
hydroxytetrachlorophthalimide, N-acetoxyphthalimide,

10 N-hydroxyhetimide, N-hydroxyhimimide, N-
hydroxytrimellitimide, N,N'-dihydroxypyromellitimide,
N,N’' -dihydroxynaphthalenetetracarboximide.

The imide compound can be prepared by a

conventional imidation reaction, for example, by allowing

15 a corresponding acid anhydride to react with hydroxylamine
NH,OH to ring-open the acid anhydride group, and then
closing the ring to form an imide.

The acid anhydrides include saturated or

unsaturated aliphatic dicarboxylic 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-
cyclohexanetetracarboxylic acid; bridged cyclic

polycarboxylic acid anhydrides (alicyclic polycarboxylic



As the saturated or unsaturated aliphatic hydrocarbon, there may be
ment i oned C4_2osat urated hydrocarbons such as butane, isobutane, pentane
hexane, octane and decane; C4_2ool efinic hydrocarbons such as 20 @EFE g,
and i sobutene; |inear and branched al i phatic hydrocarbons such as ¢ @aﬁ@
di enes (e. g., butadiene (1, 3-butadiene), isoprene
(2-methyl -1, 3-but adi ene)). The preferréé al i phati c hydrocarbons include
branched sat urated hydrocarbons such as isobutene, branched 25 unsaturated
hydrocarbons such as_isobutene and conjugate dienes such as butadi ene,

i soprene. Anmp@§ichanyydyidesd éiﬂlcbn%t{lﬁg%@dagiﬁlc@@h](@ride- and¢HsimwpY3 - 25
hydrocar bon, preferred alicyclic hydrocarbons include_ alicyclic

hydr ocar bons ﬁ&ﬂﬂn@ngﬂéﬁﬂds ténéoaﬁﬁﬁﬁéi§ PPLEFRFRBKYLEpoELIR aphys
menbers, and in particular about 3 to 20 nenbers (for exanple, about 5 to
20 menbers, 59FdFesi SLFY aBophtbatdcianhydpide) . tehsabyeneRrkAREEC| ncl ude,
for instance, C3_ 3ocYcl oal kane such as cycl obut ane, cycl opent ane,

cycl ohexane, W&YgﬁééﬁanéetE?EP&BEPHHEha&EI%‘i%lﬁ%ﬁéae Vi rrrhkalic

cycl oundecane, §plododecane clotride_ 10 _cane, éclotetradecane

cy
cycl ooct adeca@PY&Fdigei t5dMrd11L)E BRBY¥AEIAR) REEhLcyeichexaRe or
cycl otri acont ef er abl 2ocYcl oal kanes r ef er abl -
TLevel oal kanedF LomRBoRT R, BeRdr PRGY AL GdePYFB?m%ighg’r‘é Sehyafage:
3ocycl oal kenes ég_ ferabb dC4 ZOC%QIOﬁ Ee nore preferably
c4 Iscycloalkgﬁ SGchR™ Eﬁ?POp Bfehe®: &y2T obut ene, cycl opent ene,

cycl ohexene, 3%53?%%§L Fbg%iaac ggghogongeyaﬁfggiﬁycEgdecene

cycloalkadlenes F'enés, pre y

2ocycl oal kadi enes, WKQEPE@RSE QEXZ%TLQEWC@ {:]ex LERES1 RUENaES a

cycl opent adi ene) 1, 3-cycCl ohexadr en dr ene,

1, 3-cycl glgept Qﬂp‘cﬁ'l% ﬁﬂﬂd@tcﬁﬁr{pdﬁﬂ& (Pgﬁm-&?jcﬁﬂﬁsylnﬁ@a Q:Y)Fn gankags £PEegnd

ot her cycl ooctadi enes); cycloal katrienes (e.g.”, C- 6cycl oal katri enes
such as cycl oggicat & an@kycayel MM;&S&:@}H&%aﬁﬁyﬂmd@A iealkabgs r aenes
such as cycl ooctatetraene), and so forth. F E B 2003 - 26 As bridged

cyclic hydrocatdiared Fhome afmurdmatent pemgdarf:ekyﬂarrahnydbmycI fér

hydr ocarbons (e. g., pinane, pinene, bornane, norbornane, norbornene, bicy

cl o[ 3. 2. 1] oct axamplliecy ahofdoia £} o ntteitde eompioungy ¢lai hbydrophobic imide
compound or a water-insoluble imide compound) such as

15 N-hydroxyphthalimide and N-acetoxyphthalimidel].

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). In particular, just contacting a
substrate with oxygen in the presence of the imide compound
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

6

be about 1 x 10 " mol (1 x 10_4 mol %) to 1 mol (100 mol %),

preferably about 1 x 10™° mol (1 x 102 mol %) to 0.5 mol



5 hydrocarbons (e. g., adamantane, exotricy clo[5.2.1.02' 6] decane,
endotricyclo[5.2.1. 02" 6] decane), tetracyclic hydrocarbons (e. g.,
tetracyclo[4.4.0.12'S. | ~. 1 o] dodecane), and di cycl ohexadi ene, 04FEBZNB
di cycl opent adi ene and ot her di nmersof dienes, hydrogenated 10 products of
these diners (e. g., dicyclohexane, dicyclopentane), their derivatives and
terpenes (e. g., nonocyclic nnnoterpéhé%l'bicyclic nonot er penes, nonocyclic
sesqui terpenes, bicyclic sesquiterpenes, tricyclic sesquiterpenes,
diterpenes, triterpenes, tetraterpenes, 15 polyterpenes,and derivatives
thereof. As a 6?9 89dd®ty@ndmayerpeefeerblpiaboutr 1 x 40 t stodaéfck il

hydr ocar bon having about 7 to 16 constitutive carbon atons of the rings (in
particul ar, abtRk 58 tQ014 madn64P medi ¥ b redasavest @ Adnok of fesubagEateuch as

pi nane, 20 bornane, norbornane, 4norbor nene, gdamantane may be enpl oyed in
many cases. THELEbrRtded pollfcychot bl ¥ ok@ir b®Alcdnt &PnPrgSamadnl{dbomati c
ring such as conplete or partial hydrogenated condensed polycyclic

hydr ocar bon i MQudes o5 tHedaysten soapongo PERS L icaldyl emplrygane, i ndan
per hy droant hracene, perhydrophenant hrene, perhydrophenal ene,
perhydroaébnaphthene,Lﬂ&iﬂqq¥ﬁlﬂgkaﬁ§&rSFanﬁelﬁﬁéesﬁoﬂﬁ9und6 ¥nFag B 2003

- 27 1In the condensed pol ycyclic hydrocarbon, .a 5- to 8-nmepbered ring (in
particular, 5-ESACEAABBPEIIET FEPtiEs b GERFEAVAYIBE YoRABHELEAC AR

I lic hyd h t he, cond d>5 I li.c hyd b d
Dol yoyel o hY L poarons, SE" Rtk Do PRNengRd B OB S b e prpons an
nmet hi ne car bons-&é/&re(()%eonf q;%%d.fe%'é%dnn atn eabrrle%% ri%zﬁalg cg)(rr)%l%élt_ions. d/ or

junction positions Usi Ny sites between ring Pe hy Bcar bon

 unction posi ton . ocar|
0 VOLEN oL B0 oGhmd 0o LSRG AL S OUNL A I PERTBLLE 1110
subst i tutieyl oy ddiRe ST Calteligrs cING RN 1 N SR BB aWEChBKEr Of an

aromati ¢ hydrocarbon ring or an aromatic heterocyclic ring. Asexanpl esof
such conpoundssugst fiffed 1B MRAlde0 RfhpbAnYe RBviner a WnitP-) XYyl ene,
1,2, 3-trinethyl benzene, nesitylene, 1,2, 3, 4tetranet hyl benzene, durene,
4-1 - but yl - 1- meddprtdssiaaiie byetthy Fon2emdngpropmubanzane, aCugenec acidm or
pet hyl t ol uene, 1-nmethyl napht hal ene, 2-nethyl napht hal ene, 20

1, 5- di met hyl nagitiyat iatee ,had;ingliaremiyl naphiesented by nhiehyfloandblviagene,

2- met hyl ant hr acene, 9- net hyl ant hr acene, 4, 4' -di net hyl bi phenyl, di benzyl,
di phenyl met han&rmnid t (5 jphemd reettiarge optmedg detrdva td ves therepdnrat i c

hydr ocar bon having about 1 to 4 nmethyl groups in its nolecule is 25
particul &3y preferred.

5=°

0o
1]
C\
:[ /N=Y I /
C
1]
o

(4) (5)

o=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.,



The preferred hydrocarbons include ( 1 ) conjugate dienes (e. g.,

but adi ene, isoprene), (2) conpounds havi ng 04 FEDB 2003 - 28 a

car bon- hydrogen bond at a noiety adjacent to unsaturated bond (e.g.

C4_2ool feins such as 2-butane), (3a) 5- to 16-nenbered cycloalkanesoédEBZEB
cycl ohexane and net hyl cl ohexane, (3b) 5- to 16-nenbered cycl oal kene such 5
as cycl ohexene, (4) condensed cyclic -cd®pound contai ning a non-aronmatic
ring (e.g., a cycloalkane ring or a heterocyclic ring) such as decalin,
tetralin and fluorene, ( 5 ) bridged cyclic hydrocarbons having a tertiary
carbon at om ( rfet higrcealdanosudroap Jadakant anamphd , nehénr acpyclabexs)
aromati ¢ hydrocarbons in which nethyl group or nethylene group is bound to
its aromatic rdnggagea gubstamileolaronedizedydr compbond dalyibegptoducddnet hyl
groups such as toluene, (o-, m, p-)xylene, p-t-butyltoluene; aromatic

hydr ocar bons iwhigh di@smét mplidngegregpnitedbbungheofprmulsd b4 bnwhéreinng such
as di phenyl net hane). Exanples of the al cohols as a substrate include

al cohol deri vatey @5t Nesisomticdghesyilheyhgaoo®ar bons, and include, for
exanpl e, aliphatic primary or polyal cohols, alicyclic prinmar

pol yal coh® s , or ar oMREEOVEE. nEPY esanmTl ey MEIn th@rOMPhh%ahiméﬂati c
primary al cohol, there may be nentioned, for exanple, Cl_20 saturated

al i phatic al c@®l %riW¥QQ%993PQEPd12SS&F@Faté@ﬁéplﬁﬁétPEOQPEGQOPS nor e
preferably Cl_s saturated aliphatic alcohals) such as 25 nmethangl, ethanol,
1- propanol , i de fQﬁﬂéﬂuﬂy ngﬁﬁﬁﬁgﬁoluri“ﬁeﬁt&ﬁBPtlgnpéﬁtano
neopent yl alcohol 0 t 1- decano 1- dodec

04 F £ & 2005 i S0 faﬁauiaafg@aér@eaﬁ&r B35 st deuRRREa5BR phat i ¢
al cohol s (pref |y .o .u s rated hat.i.c al cohaol s) ;such_ _as allyl

21 cohol - ¢r ot it cuRbe R I °§r88%§r315ﬁ%ﬁgr‘r'SFpaﬁalagr 58 L as

h I
Lhe a1 P 55“1‘*4*?4 ft%“e?hﬁ%&ﬁr JB¥, g Blph AT Srendlf e ﬁ%ugr

L, 4-but anedi oly sk G @4HBY Yroup)?- BREAAIIO anBSARIRLY leothkEOby Pi nacol
and glycerin. 10 As the alicyclicC primary al cohol, there may be nentroned

alicyclic prlfﬂydkdlygﬂyﬂddﬁﬁﬂgn&.5eh@t§@n”§6ﬁ@b&e8U§9 a§h9MEEQ@ﬁgt@BO|
cycl ohexanol , cycl oheptanol, cycl ooctanol, cyclodecanol, cycl oundecanol,

cycl ododecanolmrcg/dmse.t r(&d@ibﬁkﬁﬁundcy)@ QbleC FDARILa mashhyhkewcko ring-

hexanol , cycl ohexen- 1- of , cycl ooct en- 1- ol , cycl ogerani ol , borneol, nenthol,
adamant anol , caphetediotat@ing drereolf. (Ghdijaaeberyadd calaicdic lsmehalagohol s

i ncl ude conpounds having 5 to 30 nenbers , preferably 5 to 25 nenbers , in
particul &5 5 tRh2@enisgid).e.g. , 5 to 16 nmenbers) such as cycl oal kanol 20
and pol ycycl oal kanol . The alicyclic polyal cohols include, for exanple,

1, 2- cycl ohexanedi ol , Eheseydrabiuated siatakustmcandee deganerated in
adamant anetriol . The aromatic al cohol s i ncl ude, for exanple, C6_ 25 2oaryl

al cohol ( pref hfpIaftermentinned i@ oo, asdiegatipg élh@oﬁﬁ'ildesglci“byl
al cohol , beanngSi and phenet hyl al cohol . 0 4 FEB 2003 - 30

[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 metal 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 either singly or in combination.



Anong these al cohols, primary al cohols and secondary al cohols are
preferred, and they are whichever of aliphatic al cohols, alicyclic alcohols
or aromatic alcohols. 5 The preferred al cohols include (a) conpoundﬁ ??giqﬂ
a hydroxyl group at a noiety adjacent to unsaturated bond (e. g., 4 20
unsaturated aliphatic alcohols and aromatic al cohols such as allyl

al cohol s, benzyl al cohols) benzhydrol),14b) alicyclic alcohol (e.g., C5_ 10
, | 6cycl oal kanol such as cycl ohexanol and net hyl cycl ohexanol ) , ( ¢ )
alicyclic alcohols having a tertiary carbon atom (nethi ne carbon) such as
borneol . Exanpl es of &sdéhgdéraasijionbmetalecelpvente bheraydaydbei vatives
correspondi ng to the hydrocarbons, 15 and include, for exanple, aliphatic
al dehyde [ Cladeafturon prrphastance ddnanss 3(plementd|of Chel Beniodiaced

al i phatic al dehydes) such asformnal dehyde, acetoal dehyde, propional dehyde,
but yl al dehyde, TaRbeni9di Elemeatal (and- noprsides weamddum 8¢ anfpwatréum

al dehydes such as acrolein, 20 geranial and citronellal; aliphatic

pol yal dehyde stcHathanpddalel emendsalsyehy as, 13n&bppundbaydeerium Ce,

gl ut aral dehyde, adi pic_al dehyde, pinelic aldehyde, suberic al dehyde and
sebaci ¢ aldehyRAFIaT i, F8¢ | ¥tk 64 8BGEES SHeh 28 AehiRiIm &e)behFaNBehyde,
ci nnanmal al dehyde, salicyl al dehyde, 25 ani_sal dehyde, 1-naphth¥[aldehyde,

vani I 1in (vani4 PAPRER}ASE thmPRELAAGERARLe 95 EIRMRRLEI (foifl get Ahgnium

t erepht hal al dehyde;, alicyclic al dehydes_such asfornyl cycl ohexane; 04FE
B z003 - 31 er Qi |Zfenh 1§Hbﬁf§s ﬁF@BPiﬁaPEéﬁ?BEsa & :Burfural

Lo The hydr oc BB SER AR RERHAAT 5 PG ARG Caf R A SDhees
i l'ic ket . ti d [ h
a1 i phati ¢ ket ongomsthf GG b1 FEACREE I RLSLERE) S RAe M8t or bl

C2_I 2al i pltat | ¢ diof NG BHEAAMACC ARy FELALICRERY L kgl ONgofli LY

ket one, 10 di propyl’ ketone, methyl’ propyl kefone, methyl bty et one, and

pi nacol one. Tha,tHdbi iR, KeERARER 68§ Uekourd U eaERIS (4-.4L0 38pAREDeEred
alicyclic ketones (cyclic ketones) such as cycl obutanone, cycl opentanone,

cycl ohexanone,cgl5rEy e i e ®ha NoREd 1@y ¢ N WIHUPES e ¥mbadeCc@ANE, nE¥kbounde
canone, cycl ododecanone, cycl otetradecanone, cycl ooctadecanone,

cycl oei cosanons,, Babtalyhm pd, ofexaionePtetdnd cychphe e ts (e.g.,

2, 6-di et hyl cycl ohexanone, 4chl orocycl ohexanone, 4-net hoxycycl ohexanone,
cycl ohex 20 anszpmme,Cwydidpent dgngoldy dudhextetbrePeryotidocTehdrept
cycl odecenone, nent hone, and canphor. The preferred alicyclic

ket onesi A uddblemgrtsvenbered, in particul ar,

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 co-catalyst (co-oxidizing agent or promoter)

provided that it contains an element selected from the



5- to 16-nmenbered conpounds. The aromatic ketones include, for exanple, 25
acet ophenone, propi ophenone, benzophenone, deoxybenzoin, and

1- napht hal enone. The heterocyclic ketones include, for exanple, 0

het er ocycl i ¢ ketones such as inden-1-one, 04 FE 8 2003 - 32 4 FEB 2003
1,2, 3-indantrione, fluoren-9-one, and pyranone. It is preferred that am nes
as a substrate are primary or secondar\fm nes such as aliphatic anines
such as net hyl am ne, ethylam ne, propylam ne, butylam ne, 5 dinethyl ani ne,
di et hyl am ne, di butyl am ne, ethyl enedi am ne, 1, 4-butanedi am ne,

hydr oxyl ani ne @krinenttfaddisiednaboyeiandhas thenestalyhiasbdiditapenThean ne
and cycl ohexyl am ne; aromatic am nes such as benzyl am ne and tol uidine. 10
Exanpl es of teotrtidigdyng agepbmayube & kxdroxide bustis usupddy g mptal
non-aromati ¢ heterocyclic conpounds or condensed cyclic hydrocarbons having
a non- ar onat i O¥ideer geyyidrddei.ng petride, Br ARYIAN &0Id &, igispsedti.ne,

i ndol i ne, isoindoline, chronene, xanthene, chroman, 15 isochroman), and
non-aronati c AR GXNGAAN B¢1oRpEaRdsanrokgaic R & \v@litc pdApeseBsAS havi ng
a non-aromati c heterocyclic ring substituted by an al kyl group ée. g.,

al kyl groups hEfAhFEAHEPoutd Paldde .c & KORTALHAE 190c FORRORBLH Y COMPALR)[.
group), (b) heteroe%glic conpounds having an_aro 20 matic heterocyclic ring

and a nethyl ot REFGORPIHANN Ofe o ditar ¥PP6Y B2 48Fa8BneLEH e
SO 1C et o 08 LA b MSHSLRRNE! e RERCHRSS RGNS 0 o
atom o sulfuroSERAP 1 IR AP RAN, il o Dyt
2 5 ST o GTEL MO SehIs e et e
L8 O A T LRSS et LALLM RS BBt
Exanpl es of 5 ibgs pubbirdeesNCdaities ofe0bof@Mli%) deehny/nsildi ¢eratet,hy!

magnesium borate, manganese borate), boron oxides such as

B,0;, borazane, borazene, borazine, 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,_,scarboxylates) 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;



propyl sulfide and di phenyl sulfide . Mreover , exanples of the am des

i nclude, for exanple, formam de and acetoam de. Incidentally, a substrate
substituted by various 10 substituents (e.g., a halogen atom an almm
group, an al kenyl group, an aryl group, a heterocyclic group, an oxo gf%%QMJ
a hydroxyl group, an al koxy group, a hydroxyal kyl group , a carboxyl group
, an al koxycarbonyl group , an acyl grddp,- an am no group, a substituted
am no group, a cyano 15 group, a vitro group) may be used as a substrate.
As the substrate having such a substituent, there nay be nentioned a
substrat e haviafg tarl agleganagiooueYedopgintiadg enydr gwonp : chrbogeat afomg a . :
, CZ | oal kyl groups such as ethyl, propyl, butyl, t-butyl, hexyl and octyl
20 groups ) , SaduRs rlemHae w¢da bFendgen &QConCN:aoxygen atpmaoHp@e |
chlorine, and bromne atons ) , a substrate having a carbonyl group (e.g.,
ket ones such dLARD)ioRBESRRHOTUSH FoaPLvERdSasesE ps(Phosnbineale . Haviag a
hydroxyl group (. a . ., alcohols such as cycl ohexanol and adamant anol),
a sub 2 5 strdid-arRinhysphdaensiaph @sodpiphgnylghosphdaepox@ndc aci ds such
as carboxytoluene) or a derivative thereof (e. g., esters), a mxture
thereof (RAoi N HRFERT CONtAiNinG erp@undy such a5 HHg (EmEipg) .-N@4NO,

cycl ohexyl acetatecand acetyLoxytquene%. In the separating grocess

conpri sing t hd it entNQsr (BEEFRELAri 6FP¥LEpefARNinenedifEhYds of the sub
strate is not particularly limted, but it is preferred .. 5 that a
substrate whi éﬁ‘eftd%?g“lé‘%mplﬂ}]léh@&nﬁ&&@fﬁ%apﬁ ropdleri A% oFQehie
(hydrocarbons, chain ethers or.water As such a.substrate, .t here y be
ont | oned, 1 ol TBAEH SF SnCaRPLER) FeLhy cf Etigin ey Sr1103R08 REne.

pol ycycl oal ka angl | i . aro j ¢ al A Q.. , an
al cohol corregg%% I'ng ?%:?Hg&%§gpgaﬁégﬁg g%&{%g g?%%@%?égﬁéd?ggggﬁgh]. As

Ege cycl qgf kane, ther%x‘é&%r%d”@%%?@ﬁgs Jt[rﬁ‘@l@cf’é)\é% Qg EBE@aEM?hQal kane
. g., C4_2ocYcl oal kanes (preferably C4_|scYcl oal kanes, nore preferably
CA_ a transition metal element selected from those mentioned
above. The complex may be constituted of a combination of
a transition metal element and a ligand that are suitably
selected from the above. For example, the preferred
15 complex may be ceriumacetylacetonato,
vanadiumacetylacetonato, cobaltacetylacetonato,
rutheniumacetylacetonato, or copperacetylacetonato.
A polyacid which forms the heteropolyacid contains,
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



15 | 2cycl oal kanes), such as cycl obut ane, cycl opentane, cycl ohexane,

cycl ohept ane, cycl ooctane, nethyl cycl ohexane, ethyl cycl ohexane,

di met hyl cycl ohexane, chl orocycl ohexane, net hoxycycl ohexane) cycloog%g ﬁ’
cycl ononane, cycl ododecane, cycl opentadecane, and cy 20 cl ooct adec ?.Zﬁﬁ
cycl oal kanol includes an al cohol corresponding to the cycloalkane [ a . ¢
, a 4 _lsal cohol such as hexanol]. The ef erred cycl oal kane includes a C4_
Zocycl oal kane (preferably C5 8cycl oal kane) such as 25 cycl ohexane,

met hyl cycl ohexane and cycl ooctane. The pol ycycl oal kane i ncl udes the above
bri dged cycl i GCrgutr ot @laiendhdCai@iguage conpsuade apdditbgefaper 9 0 4 F E B
2003' - 35 condensed polycyclic hydrocarbon, and includes, for exanple, a
conpound havi refenandytgentaiguisbreonpeowngt (Hn pgavdaylpssithen ( a . g . , a
bi cyclic hydrocarbon such as bornane, norbornane and norbornene, a
tricyclic 5 hyermudradsens wh manganegeciconst ad ningz' coppadadaasd kormobr endane
and adamantane, a tetracyclic hydrocarbon, terpene), hydrogenated product

of condensed pleyaniaigrigmtiganpepnddadisoempdoygd. @acalliphatic

per hydr oant hr acene, perhydrophenant hrene). The pol ycycl oal kanol includes an
10 al cohol5 cor¢ PR HE T ik EibRRIEIGUdATca R PEE. §c1d3noFl 88hol havi ng
a hydroxyl group at a bridgehead position such as adamantanol, ]

adanant adi ol , HcRBANATHNIEY i A S Feraphidadise 86493 odsr BEERG t he

cooling crystal]ization ste A2), the species of the substrate 15 is not
particul arly I?¥EQ€;¥ QﬁﬂﬁQ$§ésubstrate may be whi chever a substrate which

forms a water-sol ubl e _gconpound. at tallization tenperature_or.a
substrate which forns I; %t%qf?ﬁ%ﬁaqjﬁﬁé%c%gﬁﬁﬂla agaﬁﬁlés?ﬂ FP%BH‘Sn
tenperature. The .pref S f water 20 sal ubl e .conpgund (e.
0P a conpoundt huitien spL VRt HETH ERLEL AL F KT E ol Rt S At o
(about 1 o] : -1 here i -

exanpl e ,516a subs arP?atd?%'\}'&)/r?)l'ldlg]{?i1 ?35%&5\{&?@“}1—&%’30nuggg¥8g§boxy élr@p%%céx ng n
particul ar, a yed0ahepstor - SoRPAYEYES R3hKaRR )W Bhe T3 Lk RbRAL

al i phatic carboxylic acid having 6 or nore ( preferably 6 to 16 , nore
preferably 6 t@adlystanbridakoFor eREmplILHYbr AP acAtHE NG . gL omat i c
conmpound whi ch can 04 F EB?2003 - 36 forman aromatic carboxylic acid
(e. g., an ar ca@étatp) paaihoxganic acid sath @s an aubpatéd, d hanhasyl i c

acid)]. As the cycloal kane, there may be nentioned the 5 aforenentioned
cycl oal kane (e(egy,., ChleGYid alahangide, a complex, a heteropolyacid,

e

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 solid 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



preferably C6_I 2cycl oal kane), and the aforenenti oned pol ycycl oal kane (e.

g., a conpound having a tertiary carbon atomat a bridgehead, a

hydr ogenati on product of a condensed pol ycyclic aromatic hydrocarbgﬂ% &0
The aromatic conpound contai ning a nmethyl group includes, for inst 5E 2003
conpound having an aromatic ring subgti%u[ed by at least one ( a . g. ,
about 1 to 10 ( preferably about 1 to é) al kyl group(s). The aromatic ring

may be whi chever an aromatic hydrocarbon ring or an aromatic 15
het i ing. Al ti d b i ni t hyl
'l udes vari s EEABoANaS AL AR bRy Crvas SRECTE HRiFUBRPBEN FPRY

(including di-, qr tri | - C1 .3al kane such as di phenyl net hane,
tri phenyl net h&n ) & enﬁﬂr%ﬁ&“’sﬁﬁl@zlﬁe) substituted by a nmethyl group, and

20 includes, for exangh%, an .aronatie hydroc ggontsubst%tgted mﬁih about 1
to 6 nethyl groups such a8 orueng, % 0 C CRr A YBT) x§r eh8T EFFMRtHyYI benzene

(e o 12 33 Maatroinh ohed 047 HFS Be IR e, e
oyt nap Rt AP ee T2 Vi Ry R P aef 1 Lo, FBL YL ene: 2
hydr ocar bon canaatnsel B et oot 1g 10 EB e LR RS o pon
el ey e (H BAPYIGPLAELS PRt A6 BOLROx holD o TELAMEAOEOUPS I
heterocyclic GYMRAWE FORLAIYY ¥kt TekRKh ﬂ{é)%ftetrgﬁbﬁygﬁildb@r eghhgned a

conmpound having a heterocyclic ring substituted by a nethyl group, for

exanpl e, 2- metthdddgfis dsd@ldty theéd, cadBidy, Rykddnodidt THEH Ryl an,

3, 4-di net hyl pyran, nethyl chromane, pico lines (2-, 3- or 4-nethyl pyridine),
| uti di ne(2, 3diamritiwtepytiol dD0epart ¢ -t RetilgNtpyEi dlidiths th i ,mablyitpyr Ldi ne,
3, 5-di et hyl pyridine), collidines

(e.q., 2,3, 4-t riarethydgutrs diynered ghts- priefetrapllyy abdunep . 55to 10 parts
2,4,6-trinmethyl pyridine), methylindoles (e.g., 4nethylindole,

5- net hyl i ndol &y veighhyldntiubed prefarablaxabautilohofr peets Ky Bejghtt he
species of the substrate is not particularly limted, but it is preferred
that a substrate whi clfheocencgniaasdond ofaknggcancatplyptyinolag-
elution-ability for a water-insol uble solvent. Such reaction products
include , f oris-RhAse reartiPRHGItam 4s ugpally gRoytihhatdt UATBRBI (in
particul gr, a prigrary alcohol), .an_aljcyclic nol , an icyclic.diol), an
al dehyde,al5a k Hﬁ#é?réﬂt?afagB?ﬁ ? 5°aéi'hb§é’.p“b'. Fggnmﬁ*? &Fﬁaﬁecr y Sbout
nonocar boxyl i cid, licycli car lic acid, an aromatic

nonocar boxyl i glgc#od,s"g(%]b(grp(??rryatcinc%cﬁ@gglﬁb%%%q’% acid and other aromatic
carboxylic acids, a h%ﬂﬁfﬁﬁ@“ﬂdfﬁy, 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).
[Substratel
The species of a substrate is not particularly
limited, and includes various substrates disclosed in
25 Japanese Patent Application Laid-Open No. 327626/1997
(JP-A-9-327626) such as a hydrocarbon, an alcohol, an

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



04 FEB 2003 - 38 carboxylic acid), an epoxy conpound, an ester, an acid
anhydri de, a lactone, an acetal, an ether, a sulfide, an amde, a |lactam a
Schiff base, an oxime, a nitro compound, an organic sul fur-containifg Fq_tgiﬁm
a hydrocarbon, each 5 having about 5 to 30 , preferably about 6 to 30
carbon atons . The particularly preferred reaction product includes a
cyclic alcohol [ a. g . , the af or erferftd 6ned alicyclic al cohol

(Cs-i 2cycl oal kanol such as cycl ohexanol), an aromatic al cohol (e. g., a
C~_| 2aral kyl al cohol such as benzal 10 al coholr%]g a cyclic ketone [ce. g.,
the af or enent iBH& ald SydfideketBRe2t @Ry c|TH RARSRETSHCRUBStrate

cycl ohexanone), the aforenentioned aromati.c ketone (C6_ | 2aromat.i c ket one
such as acet opfidHies Fe iSRG ISREOR /f PRoPFORO, 3Bn24RgBK{&e2RdVRANg a
cyclic hydrocarbon 15 group [the aforenentioned alicyclic aldehyde (e.g.,
C6_ i 2al i phat i]iefaﬂ‘t?ehyde such as hexanal ) , the aforenentioned aromatic

al dehyde (e.g., C~ |2arontic aldehgde such.as benza dehgde;%, an carboxylic
acid having a cyclic Wdrd€al¥IRoGRERRMY e th§Te BAYaPEEERLIRARHORYI i ¢ aci d

20 (C- 12 ti b | id h b i id1l. As bst rat
GRSl IR B R SRR it PR
whi ch f ter-i |, ybl d [i ticul | | i
i oL LT LsaLubL o BTN L PO LENSL 8 LA PG

t ai ni t hyl . t hyl < LAS h bstrates, th
coniain g RSP sl TRYIHEOIS SRk S8p30ER ol s, there

oo, A M U SR By PR BSCOTS v

pol ycycl oal ka a conpoun arbon atom at a

posi tion, a hydfogehaliaeRcRr-BdHMaPing £e8deRaeY @M&y%'qoﬁl MeFRLLE S

hydrocarbon). The aromatic hydrocarbon containing a nethyl group or a

et hyl eng (gr oghdgisd Hdes hfdodRnaiflod, PriRnRI0WE ar edRbeasByudegeankon [e.
g., a C6_|loaromatic hydrocarbon substituted by about 1 to 4 nmethyl groups

in a nol ecul e nArsEdrsn ) 0ldeadendedy lkgad i cahyarodarbenhydneaanbag
contai ning a nethyl ene group such as di benzyl, diphenyl net hane,

tri phenyl met hana]on -camammeteins ad ngo Ispeyc lasc ahpdiradanbhydrogeaatiog a

met hyl ene group such as fluorene. 15 [Reactions utilizing the imde
conmpound] The condEnshpolmdyhaicihtwlmataxtbadrn canmtanat fohydreaairbbnp of
reactions (oxidation reaction, carboxylation reaction) nitration reaction,
sul fonati on reketwhireh @ wedbhydngrenrt . melfdhylens @Houry iseReundnto 20
(Oxidation reaction) The oxidation reaction of the hydrocarbon can be
carried ot irRh HRFMRIBSEHENE- the i ni de conpound to form an oxidation

roduct such as an al cohal, an al dehyde, a ketone, carb l.Lic acid, an
gpox; congound, a | actthdhesaiyra Fé QﬁhV&FF&EFaéﬁ%aégﬁBBééﬁb an ;ster

cOrFSSPONALng i SR e By BTN U PRI 00 0 20
hydrocarbons such as butane, isobutane, pentane, hexane,
octane and decane; C,_,p0lefinic 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



04 FEB 2003 - 40 stance, an oxide obtained by oxidizing butadiene is a
butenedi ol (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 gﬂg@ﬂﬁﬂﬁ
having a carbon 5 hydrogen bond at a noiety adjacent to unsaturate &
oxi dized at the noiety adjacent to unsaturated bond. Moreover, when an
alicyclic hydrocarbon is oxi dized, & ﬁ?droxyl group or an oxo group is
introduced into the ring, or the ring is oxidatively cleaved dependi ng on
10 a condition to form a dicarboxylic_acid. Wen a condensed cyclic
conmpound cont@Wﬁﬁ%&@ibﬁ@n-@F@ﬁ&FF@drﬁﬁécN§léﬁiHYQESFaEbﬁ9Hré§9KUQPoup or an
0xo0 group is introduced_ into the non-aromatic ring, or _the ring is cleaved
dependi ng on &ld&E¥GliCohvdFogagbeRshbRYILNY FbPrYt ah§ﬁ a0bMPBEedsSeyclic 15
hydr ocarbon having a_tertjary carbon atom (nmethi ne carbon atom is

oxi di zed, a hydH ﬁﬁabd%ébo}% 3 T SGuBEHPPRE 3TME HePATALFUdATbBROWE om
(e.g., bridgehead site), or an oxo group is introduced into the adjacent
site thereto defEhdithgegpecsnditeorosampien aRO8FoRatrc2RyBrBRE Sen in 20
which a nethyl group.or a_nethylene _group is hound to the aromatic ring is
oxidized,5theeﬁgpﬁﬁal&ﬂb@ﬁ°8F h&© h?ﬁ@ﬁ@rﬁ oup is oxidized to formthe
correspondi ng al cohol , _al deh

d Kk b | i idd d
conditions. 25 An alcgﬁﬁlCV§¥8§%5F§%§n%Pghu§§;ggﬁxihgfﬁghﬁ?eggggelgg ?Re
imd dt th di dehyd t b |
weid. For exanpPEolBATKRIE, ERFA IECOYE R AREY Syct AR . F3' 00t Led 1o
f th i | i | | I [ di

orm the corr%aggggka & '%ﬁ%&k&ﬁ%%%%%e c§§P¥%§BQOX¥§bioﬁ8hgngepen I'hg on

t he oxidation ree. Her et hytc ohexanol " 1'§ oxi dizéd to form
2-nmet hyl cycl o pYely! ﬁg“i%&&ﬂﬁﬁﬂi et h bAbferagsl d R dghyde is
oxi di zed with xygen%ﬁh t'he presengéagﬁ'tﬁkégnigeecgnpéuﬁgétg #brn1the

correspong Ng GRINOHII16 tatirddetahes X @yl 8octdbBbanal derigeieogyhdi zed to
formadi pic acid. 10 A ketone is oxidized with oxygen in the presence of

the imde comaibdded<and,t gy 1tetsRvdane ,Carbexribe racicdnthae exanpl e,
di et hyl ketone is oxidized to formacetic acid and propionic acid, and
cycl ooct anone (igrre®dritasgd d,0, forahculxiries ,aticte Preferamlye d,s oxidized in
the presence of the im de conpound to formthe corresponding Schiff base ,
oxime etc . AjReveloas}khnestonpound is oxidized to formthe correspondi ng
al cohol, ketone or carboxylic acid. For exanple , the heterocyclic conpound
( a) exenplified in (The zycliencdefins dobdudat efpr expubied £o-formthe
correspondi ng conpound having a carbonyl group by converting a nethyl ene
group adjl@centsof¥Chondkenss: brFeEeFablyxGgencyYSliPRrLkenss . nMPFBgen atom) to
a carbonyl group. In the case of the heterocyclic conpound ( b ) , a
conmpound havi ﬁtfpeaf A G oafy PPl enGs "’t‘{‘?har?sarcé’ BFOR Y -ocycl e is

TR
EAAIRRE I C s s ke M RN M S S

cyclooctene, cyclononene, and cyclodecene; cycloalkadi-
enes (e.g., C,y_jpcycloalkadienes, preferably C,_

20 2oCycloalkadienes, more preferably C,_,¢cycloalkadienes
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¥cloalkatrienes such as cyclooctatriene); cyclo-

alkatetraenes (e.g., C,_j¢ccloalkatetraenes such as cy-

clooctatetraene), and so forth.



04 FEB 2003 - 42 adjacent to an aromatic heterocycle is oxidized to
formthe correspondi ng heterocyclic ketone. Such oxidation reaction is

usual 'y carried out in an atnosphere of oxygen. The oxygen source i § g ZBUJ
particularly restricted, and pure oxygen or oxygen diluted with an inert
gas such as nitrogen, helium argon, or_gcarbon dioxide may be enpl oyed.
From the viewpoi nts of not only operabi%gty and safety but al so econony,

air is preferably used. The ambunt of oxygen can be sel ected according to
10 the species of the suhstrate, and is usually, relative to 1 nol of the
substrate , 0 . 5 nol %% We(d £ycldce hy doG @ PPNy | thergpmay bepreferably
about 1 to 100 nol, and nnredgreferabhy about 2 to 50 nol. In many

i nst ances, t he"$RENYh i T HFFRILGu P IFVFNL OGP CRERSHShd fe Jeant ai ni ng

an excess 15 nole of oxygen. WWen su pId%/i ng the reactor with nol ecul ar
aeibé'o

oxygen , the rBHRIR%Hn e 0T onRPrRaNEys APTRPINEREaf PdCYSuppl yi ng
a reactor with sufficient nol ecul ar oxygen inh advance, or w th _nol ecul ar
oxygen fl owi ngcjz%ﬁi%uloﬂ%‘ﬁﬁnﬁo%WWﬁ@a?e' 2(r)llfu anfloud THCHF A€ nol ecul ar
oxygen, o en_can be suppljed in a flow rate which corresponds to the
arr)tl)gnt of )%y &r??ﬁ:]f%%’ﬂ#aﬁy?' Mmﬁm'dﬁ’?oﬁﬁcé’écti OIEI) is carried out

inth i st lbdehyd i ti 5 ,8al.dehyd h
acet oal denyde) S TSC ket ohe? andiBroaR: aPROREF LoTbSL fint 1 O TRREAIOR 1o
| ted t i j i b l,i i.d ti
oy At B ) Y AR 2 L L
reaction is so ccobe oe . ener at or
or a radical pggégggfﬁézgfhé? reggkggﬁgﬁeg'Féb?hgggg?%g?ﬁéégfééghcg of the

i m de conpoundg; @@ﬂ . I I Se I i (i)
oxygen and car%%%\};?rlonoxi déeﬁé(illél )ﬁng onﬁtﬁ%ggﬁgg%o%g@%%ﬁésgf ?%N%‘,égﬁ\ggftgﬁzw) ,

(i) a supfurppsdaeiets ol thédk?)aimd™e @ Mg C) naldiciaharle ,conpound, or (V)
a conmpound which is 10 radically fornable of a carbon-carbon bond to form

(i) a carboxyl dftcpeldperitdane B, ilidir claRiciHl ved idnd derPed@ds e.g.,
sul fur-containing acid (e.g., sulfonic acid), (iv) an acylation react ion

product ( an ahomdyylelic andediarpenes prbicyclia eardierpearesqn momadyf-or m ng
reaction product or a
clic sesquiterpenes, bicyclic sesquiterpenes, tricyclic
sesquiterpenes, diterpenes, triterpenes, tetraterpenes,
15 polyterpenes and derivatives thereof.
As a bridged cyclic hydrocarbon, bi-, tri- or
tetracyclic 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
employed 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.



15 derivative thereof ( a. g . , an oxide , a cyclized product such as
| act one), which corresponds to the substrate, respectively. For exanple, in

the presence of the im de conpound, a bridged cyclic hydrocarbon thGP? ?
tertiary carbon atom 20 ( nethine carbon ) is reacted with oxygen a B 2003
carbon nonoxide , a nitrogen oxide ( a.. g . , NO NO2 , N203 ) , sulfur
oxide ((a. g. , S02), 1,2-dicarbonY|280ﬁpound, or a conpound which is
radically fornmable of a carbon-carbon bond to forma conpound or a
derivative thereof in which_is introduced 25 with a carboxyl group, a vitro
group) a sul f dPgrRRIFONEAN AL IPUYHRHELIC RYAFocarFrBon: G dufoot-nerbered into
the tertiary carbon atom 0 4 F E B 2003 - 44 [Reaction solvent] The
above- exenpl i FiB8 (TRRPAFBACHAPT S COF G EeMberedring) ARYpRacHical kbl vent
inert to the reaction, but can be usually carried out in the presence of a
sol vent. 5 Ex&®Rpre8dshsefle sol vent are organic carboxylic acids such as
formc acid, acetic acid, propionic_acid, trichloroacetic acid_and

trifluoroacetic acid; TRYRVHHOHC HYAROoSeTRERENEUCH @SafbefRPIRITe;

hal ogenat ed hydr.ocar bons.  such as_chloroform _dichlo 10 ronet hane,

di chl or oePhan®°1¥5¥FnCt BYHELRREPPRE, 2B cRFHIEBL nSEREL G lydrocarbons
trifluoronethﬁlbenzgnﬁ; a£coho|ss§§h aé nmet hanol , ethanol,ﬁgro anol ,

but anol , oct aftgV® 3&t hGPAEXSAGI MekBYIAEEPEUEROUR SLefone™eFRIRSI CRF Ry

ket one and nethyl .isobutyl. ket ong; .est t hyl, acetate,, 15 eth
acetate and bi?f’él'hgiﬁf’gf%;bo&ié?gugu%h%% %ﬁ&%@?ﬁpﬁéﬁuﬁp&?&q/%¥ her )a/md
dii | . L.t ] it i th , d
i tr oot hane; a8k’ bAsgRIBRLTIE AR IRY, B8y BRPRASE FraBLY  en it i1 e:

am des such as for m%gg,a%%gﬁdl%%a@b%t Qﬁl‘;ﬂ#ﬁrﬂgg&é{l%g%;g@l  the

dinethylacetanide; wat er ; solvents t hereo ( _
OX'dat'Oﬁpreaﬁkkﬁ91e5E9g§8h¥e@E B%Hﬂh'%o'Eﬁéugﬁémétgér99ﬁ§|h&yaﬁéda(e- g.,

acetic acid), a hydrocarbon, an al cohol (nethanol,

compound having at least one methyl group or methylene group
being substituted on the aromatic ring. The aromatic ring
may be whichever of an aromatic hydrocarbon ring or an
aromatic heterocyclicring. Asexamples of such compounds,

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, 0-, 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, diphenylmethane, 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



25 et hyl hexanol ), a ketone, an ester, an ether, a nitro conpound, a

nitrile, an amde, a water-containing solvent ( a. g . , an organic acid
aqueous sol ution such as an acetic 04 F EB?2003 - 45 acid aqueﬂi%
solution ) . In many cases , the substrate may be used as a sol vent Y% FEB 2003

Incidentally, as the watercontaining sqlvent , an aqueous sol ution may be
used which contains the organic sol ven#8witth the hi gh concentration 5
(e.g., about 40 to 99~ by weight, preferably about 60 to 95~ by weight, in
particular, about 80 to 95~ by weight) . [Reaction condition] The reaction
utilizing thed frpeorohpduagepbanseat ¢ mOLgty adjacenfoitnl yngrBeeatrd even
under relatively mld 10 conditions. The reaction tenperature can be

sui tably sel e®08d d€clrdi fg-taPlified nsps8CEs agf 2rhataprde €8Apolndtot he
reacti ng agent and the substrate, and is for examl)I e 0 to 300C, preferably
about 30 to 236CleaRgeTAs @Yﬁrlélaékéﬁw §86bt 230cyelobexanesand| v, the
reaction is effected at 15 a tenperature of about 40 to_150C ( a

about 50 to 106EhylcloheXang.alpp) vn thd Sorieaherss PE&%PPéhenPh%u@éactl on
tenperature is, for_exanple, about 0.to 300C, pref erably about 15 to 250C,
and rore pref @SaBV§18B6%ENSe {H) Rrjrde rlﬁ'sﬁjialclyf Wh@OWBQEPiioﬁﬁOIPEaJe‘H%%t ed at
a 20 tenperature of about 50 to 190C ( in ilagk about 70 to 190C ) .
Mbr eover , thearé'é’&'laﬁ'r?"ﬁﬁﬁ'ooél&lgf Erdd- uﬁd P BH%rF&nSr‘éESﬁre or under

2P| 9 B eSSy S SOUhL| I i el POSEL, FRRLLCR eSS ) Lhe
about 2 to 70 (%t)”brlﬁ%eﬁ‘)é%cﬂ%fﬁyé}’écyaﬁ?é’#é havtl%gSO Mt iary dafbh 2003
atom (methine carbon) such as adamantane and norbornene,

10 (6) aromatic hydrocarbons in which methyl group or
methylene group is bound to its aromatic ring (e.g., Cg_3g
aromatic hydrocarbons having 1 to 4 methyl groups such as
toluene, (o-, m-, p-)}xylene, p-t-butyltoluene; aromatic
hydrocarbons 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, l-propanol, isopropanol, l-butanol,
isobutanol, 1l-pentanol, 2-pentanol, neopentyl alcohol,

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



- 46 The reaction time (residence tine in flowreac tions ) can be
suitably selected within the range of , a. g . , about 1 mnute to 48
hours , preferably about 2 mnutes to 24 hours , and nore preferale4q@gqu
5 mnutes to 8 hours , 5 depending on the reaction tenperature and
pressure. Further, the reaction tinme may be suitably selected within the
range of , a . g . , about 30 mnute t2%48 hours , preferably about 1 to 36
hours, and nore preferably about 2 to 24 hours . Incidentally, in the

oxi dation reaction, when the 10 water content of the reaction systemis
controll ed w talechdk arshge-ldxa@lkcannl wel.ghi wrsdtessated aljgphaticabout 0
to 30 ~ by weight ) , preferably about 3 to 20 o by weight ( a . ¢

about 3 to 18 altghaks dptrefemabdyl-£f gualslarvabdet allimhdisleally:oﬂmlg;ht

(e.g., about 4 to 10 ~ by weight) relative to the 15 whol e reaction system
t he oxi dati on seecktasoalilylaxledtlrhi etotyidalbehdédr matapmargyfl alcohol,

by- product si si nhi bited, so that a reaction product such as a carboxylic
acid can be obthfremellohiapd \estahiolhe reacti on operation can be carried
out in a 20 continuous system a batch system or a sem -batch system

Mor eover, I he reacti ofRsdihehaaldphatdd melyplaodadti (rhediesmalyl dei oen-
acconpanled by renoval of water, or by the reactive distillation involving
enpl oyi ng a vva'fk@%%%a?%hﬁr@%uﬂﬂa)f%hs proaltlwr% . vgedanttarime thyd eneact i on
may 25 be carried out in two or nore ste . As reaction apparatus
(reactor), usedt¥FPbe hutrPwhanedishverdt tQQ%§1°énd1a4thMQWQQ}Q¥

appar atuses may be used._ Wien a pluralit 0 4 FEB 200 -

appar at uses ma » fehearedigh, §pBaP&FGgeﬁg9lbé“%ﬁﬁﬁ@ﬁ@eﬂlYﬁO%eﬂ%&?qg%ﬂ(N in

parall el . [Proceg or separating the imde conpound and the reaction
ST

product] 5 A VAP action products ( a. g ., an al cohol, an
al dehyde, ket one, oxyI ar.e for th reactlon m xture
obtainedlég t he reactlc%t?1 ailcyc prlmarylgi Jh tnle may be

mentioned alicyclic primary alcohol having 5 to 30 members
such as cyclopentanol, cyclohexanol, cycloheptanol,
cyclooctanol, cyclodecanol, cycloundecanol, cyclodode-
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, Cg4.

25 50aryl alcohol (preferably C,_;,aryl alcohol) such as benzyl
alcohol, salicyl alcohol, benzhydrol, and phenethyl

alcohol.



oxi dation reaction). Further, the activity of the imde conpound is
deteriorated as the reaction proceeds , and the 10 aforenenti oned
deactivated catalyst is sonetinmes formed. Moreover, plural reactio
products and plural imde conmpounds may be contained in the reactigﬁFEBzmﬂ
m xture. According to the present invention, the reaction product and the
i mde conmpound ( including the deactivai®d 15 or deconposed product) are
separated fromthe reaction m xture. The separating operation can be
carried out by (A) crystallization [e. g., (Al) solvent-crystallization or
repulp with use of a Folongntthesre alysthalllsi,z@trioadry( A2ohols and
cooling-crystallization] operation for separating the 20 i mde conpound as
a crystalline secomidaxy \wicalldlise acenpoefatrred; duyd (Bewdareawhicheoper at i on
for distributing the imde conmpound into a phase of the aqueous sol vent
with use of amfcakipatsicl eltolaris a addtoyreliins @ldohe 150 loreriromartdicdent al | y,
the reaction product and the i m de conpound 25 nay be separated by
distillation opktehddon according to their species. [(A) Crystallization]
O04FEBR2003 - 48 1In the crystallization operation (A), the imde
conpound i%s separ at ed The prgfiergd ialeowo Lisodncldydieal(hi)neonpopodent by t he
sol vent - crystalllzatlon(éAl) or the cooling-crystallization (A2) according
to the speci esh@dVimy aHydrexyl gnoppaiustnairY pdJipgendé toupsatyratsd vent
crystallization ste In the separati process utilizing

sol vent cryst al PPt {)%fg opeiEta g atase qlmpg@ ols angsaxomeidg with a
sol vent selected froma hydrocarbon, 10 a chaln ether and water from a

reaction m xt lﬁjec?:l'b?ﬂ%u‘?ﬂ at%é‘lr%ctq]tﬁ?hﬁrltﬁju&e%ifd- H€IhelFe conpound
(including a 0 ggﬁg ct). and recover d.in the fgrmof solid. Thus,
this ﬁrocess [ %ﬁ&éﬁ égﬂc#l Q§Q%3#ﬁb§hd Sstuble in the above
sol vent 3@1the reaq pr.oduct

d d f
the alic iC h?@ﬁo g%SHO&nEUF aﬁfgg %PP§§5P§%L§F?r§%gBYﬁ8 E Oagczingound

insol uble in th Vv he
sol vent for CFY%F%P¥y2atI ngg%ﬁ gégge ectedﬂggkggcgn%lndﬁﬁ' € spe@ies of
the reaction pé@&h'cimetﬁ/}l}?@ dd s Y HBiGledis. | ow or weak pol ar

conmpound ( an oxidation reaction product such as nonocyclic C4

| 6cYcl oal kane ) , it igkampAfe Idd ditdhyddyy #0GaiheR tefatehank1eidher is
enpl oyed as the solvent for crystallization. Wen the reaction 25 product

i s high pol ar gDdgopdel derivehtive shaidiresydild it of A atied hyidie caxibdals,on
product of a polycycl oal kane having plural bridgeheads ) , it is preferred
that water5is and #ndliddd 2603 example, aliphatic aldehyde [C,._
spoSaturated aliphatic aldehydes (preferably C;_;psaturated
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;



- 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 hydrocarbonsgg ﬂﬁy@@p
4 to 20 (preferably 4 to 16, nore preferably 5 to 12) carbon atons suc
pent ane, hexane, isohexane, heptane, octane, isooctane, 2-ethylhexane and
decane; alicyclic hydrocarbons having %o 20 (preferably 4 to 16, nore
preferably 5 to 12) carbon atonms such as cycl opentane, 10 cycl ohexane and
cycl ooctane; aromatic hydrocarbons having 6 to 12 (preferably 7 to 10)
carbon atons sedterascygdrizead dehyldesnsuchy lasnaignd isahdebydecaad Mor eover,
as the chain ether, there may be nen tinned) for exanple, did _6al kyl ether
such as di et hyfurfiural,. 15 dii sopropyl ether, t-butyl nethyl ether and
di butyl ether; Cl_6al kyl-C6_|oaryl ether such as anisol. These sol vents can
be used singly or in Exempdesi of keienemeasi 88w irgrefimalades sevene
includes an aliphatic hydrocarbon having 4 to 12 carbon atons such_ as
hexane, 20 an d8%igadiiveshgereesporditateihoghydracashbens asndytnehedane
di A _4al kyl ether such as t-butyl nmethyl ether, and_a m xed sol vent
t hereof . Phe dRfumxamplige @ddphaitich&eppdescapBdeycilie kiedionest,hé@roor water
enpl oyed in the crystallization or repulp 25 operation varies according to
the speci es ofMatHe€ dirdroasisoRnde hegerocysils setepgstal |ization), the
speci es and anounts of the reaction_product and the im de conpound, and can
0 4 FE 8 2003 The aliphatic ketones include, for example, C,_

spaliphatic ketones (preferably C,_,,aliphatic ketones)

such as acetone, methyl ethyl ketone, diethyl ketone,

10 dipropyl ketone, methyl propyl ketone, methyl butyl ketone,
and pinacolone.

The alicyclic ketones include, for example, 4- to
30-membered alicyclic ketones (cyclic ketones) such as
cyclobutanone, cyclopentanone, cyclohexanone,

15 cyclooctanone, cyclononanone, cyclodecanone, cyclounde-
canone, cyclododecanone, cyclotetradecanone, cyclooc-
tadecanone, cycloeicosanone, 2-methylcyclohexanone, 2-
ethylcyclohexanone, 2,6-dimethylcyclohexanone, 4-
chlorocyclohexanone, 4-methoxycyclohexanone, cyclohex-

20 anedione, cyclopentenone, cyclohexenone, cyclooctenone,
cyclodecenone, menthone, and camphor. The preferred
alicyclicketones include 5- to 20-membered, in particular,

5- to l6-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-1l-one,



- 50 be suitably selected within the range of , for exanple , about 50 to
100 , 000 parts by weight and about 100 to 10 , 000 parts by wei ght
relative to 100 parts by weight of the im de conpound contained in th

m xture. 5 Moreover, a solvent other than the hydrocarbon, the chaiALéf%QZM3
and water may be contained in the m xture (process liquid) which is
subjected to the crystallization or re p operation. For exanple, a
reaction solvent or a solvent which has been enployed in a separating or 10
purifying operationsuch asextraction and crystallization before the

crystal | i zat i o %r3 Tidla - Tgdtet ifdhagen-19e Mheosand PIFEROPNEn may be
contained in the mxture (process liquid). Further, in order to inprove the
separating efficientlyt dife Roferaed fRetoRmdnescpdl p 6PEFAFRSR ABES 15 be
carried out by adding another solvent (e. g., in case of the hydrocarbon
and the chai n REHELY 0ZnSBFGRAREY SPMIAGR SEGHpasi PR Eic AL NAFdFBERr bon or
the chain ether; in case of water, an aqueous solvent) with the

hydr ocar bon, tHe R&AHL AN, GthEkaEineso Eempaadng: Syt 1eg1ipent s

i nclude, for exanple, organic_ solvents such as acetic acid_and propionic
acid; nitrdile AR o T8 ATNSpi GHBEHHEndRe et paienedie; am des
such as N, N-di net h Iforngnide; hal o eng?ed Qégroqarbons such as c¢hl orof orm
di chl o 25 ronEEf"iLi’aﬂ%', 114obytehral sRtfandY IARRarGBERSARA ghfjanolamine;;

trifluoromethylpenzene; nitro conpounds _such a%y i_.t .obenzene and
ni t r omet hane; D c"’f“ma%eseﬁ’r%‘ as) ¥ FPE theg fNdacetate, butyl

acetate, nethy Earfileh et z . C e r a
t et rahydrofuraér?[%(g%eﬁ%xane;de'ala?(é)#gll%g%s%@%ggg %\%JE aansgfbg%ezﬁlhlza#%q'eanad

i sopropyl alcqmﬁﬁiéﬁﬁémes such as acetone and ethyl nethyl ketone. 5
Incidentally, Tn order to separate the inide conpound and the reaction

product efd ectivel y, o UL 1 RS o1 6ALbIEALHAR 68" of ePUl P)

operation that the amount (total anount) of fhe specific solvent
(hydrocarbon, &hdtr£tdencbavel{£) honlr-adimaed cl e o1 £ ebmpouiiast ur e
is, for exanple, 50 o by weight or nore, in particular 70~ by wei ght or
nmore (especi aldy Hhddysa®i @l id Hcdrcild \Raviiaid e ndelaa-oneltient
(including a volatile conmponent) in the reaction m xture. The tenperature
for crystalli Zedterodyachtarenind X ev.ay.i e pyacogr diyrgzbd inkee pppereziok,t he
treatnments , and is usually the range of about -10C to +150C, preferably
about 0 to +100Glolifkee, almwindgldatevemhmmrense c@nthedeoutchneman, nanner s
such as batch manner and conti nuos manner. The treatnent rmay be once or
plural tikRes .i39@Feman}r idrdns IR ¢ etear@cyel s GoAPONSSs 0Tt wo or
nore different treatnents may be conbined. The crystallization can be
carried out byCRRABTRE S orC dBHIRAEGTRP A A0ING iSO AL 1y, the

repul p treatnment._can be carrjed oyt by stirring the mxture containing a
Solid and a | ITREFOCPHELIE THYG R TP by AP oL, SRR I el p

(L e, Commoungh SRS ALT Aoin 44 LSRRI i | 1 o

trif ti t i ; | t
CEM {1182 N b SERER! o) TSP SAIRAL RS @ SplalvS
treat ment,, Mreovel zhettfé‘%:Jc%%‘iti'cOEiHbO&'H&t GRRA H38LAISH Pherhylene

conventional isolation neans such aS condensation, crystallization,

recrystallizatyph,p &t ha 6&9@1014@&4] deatt @R, t68! AWBinLhH O FRIQA AR il om t he
filtrate (nother | quor fromwhich the imde conmpound has been separated

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,



An operating process for the solvent 10 crystallization (Al) is carried out
(i) with use of the hydrocarbon, the chain ether or water as a reaction

sol vent (or excess of a reaction conponent) by conpositionchangi ng }é E
system during of a reaction, or by cooling or condensing after conﬂ? f 2003
of the reaction to 15 crystallize the inmde conpound, or (ii) by adding the
hydr ocar bon, the chain ether or water” id% ¢ the reaction mxture (if
necessary, after subjected to a suitable treatnent such as filtration,
condensation, evaporation to dryness, control of liquid property,
extraction, Z@Wﬂwwlﬁ%ﬁs‘{a‘mtﬁﬁmd#@c?yétélllﬂﬁ BYSOPYF&BUNP. t he

i m de conpound. As the concrete exanple of the enbodinent (ii), the imde
conmpound can b $EEH\RFIEAINE g A, S-Aeithyd aednpBRent ( solid) by filtrating
off a participate froma 25 reaction (e._ g.) oxidation reaction) mxture,
condensing a filtrateEX3fPlegdphdhe ERéPdE Apansehsratmilncdider, £orn case
that the reaction product is non-polar conpound ) , or 0 4 FE B 2003 -
53 water (in CRWPIhaetharetbietand phegvtietRanethial - cFH®S Phto a
resi due (condensate) tq crystallize or repulp the imnmde _conpound. Moreover,
the inide %om%&u%&y}dﬁelg%%‘b%r dPraexample o) FL Y b SiddisiengmathEdct i on
mxture ( a . ., oxi.dation reaction adding water to crystallize the
reaction prodtﬁg’{o%st 14 gedc ?‘r%%‘?&jl %ﬁdéla‘g% nJOZeRYEroc S¥BBRIEF a
chain ether into the resultant cr st%l to crystallize or repulp the imde
conpound, 10 Pk (I ARAPS R0 oEnEempleal FPEIARIAS RS (AL) , when
the specific ié%']éitteoézlg.rgjound (i nclusive of a deconposed product thereof) is
a conpound whic ehds 10 be soluble in a nild or noderate- pol ar sol vent (

and to be insoluble iri"fa“?.d%tt%tﬁ??'XSL%%G%%?“@&%M&@!S%EP.hﬁ 15 the

i m de compound can be efficien recovere a so by

subj ecti ngh a Mudd L RANIAI @ 1l | Be naGREEHOB BROJUA! 23RG1 BE ol 4
conmpound to the crystallizationstep wththe specificsolvent. Therefore,

there is no negtkdly PLRBLBE @n HAMEFLohs MY hBEetbeRcd9ceyEomb | Ainbky, and
the i m de conpound can be conveniently recovered. Thus) the process is

advant ageous fgxsapy) ewpgidiox9fl gheuppsdn 1Ganty RGoy,Seahlyazakiyank4d) | n
the cooling-crystallization A2, the reaction 25 product and the im de
conpound are segpaumi edchrboxyhegr@aet aanabkatycarbynel ygtahp j zamngceyhe

obj ective reaction product (objective conpound) and distributing the imde
0 4 F E B 2003xodp, agoapdund¥onm, teheuhstitnyetiatthine gorgmwnentyaaosol vent
phase). The reaction product is a reaction product crystallizable with a
reacti on 5ol ved¥QuURN rfHyt o5t 9HAND )5 Maya sl asedn agl @osybsdaateat i ve (e. g.)

an ester) or an )
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,_jpalkyl 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.,



al dehyde , but is usually an alcohol , a ketone , preferably a carboxylic
acid. In particular, this process is advantageous for separating the imde
conpound and a water-insol uble compound ( a . g . , a conpound whig@pgg?wg
the 10 formof solid at an anbient tenperature ( about 15 to 25C ) ) , Tfor
exanple, a carboxylic acid [e. g., an aljphatic carboxylic acid having 6 or
nore ( preferably 6 to 16 , nore prefbﬁ%%ly 6 to 12 ) carbon atons ) or an
aromatic carboxylic acid (e.g., an aromatic pol ycarboxylic acid such as an
15 aromatic dicarboxylic acid)], in particular, an aromatic carboxylic
acid. In the OSHMEXRFY A 1atREh asedy loxytolusdeleact i on is carried out
in the presence of a solvent , and a solvent which is a poor solvent for
the reaction product 2@ dM® iSCPRTFSIRIs BFPESESt SPMPR SLRIdENE0FRdUNd may be
used. The reaction product. and the im de conmpound are soluble_in such a

sol vent as a rvﬁtiii‘gqﬁ’%ﬁﬁ]\ﬂe‘rﬁaté’tona steRctlifdn + disesResies BF e S¥Png such
a solvent, the reactipndﬁ{oduct can be crystallized by cqoling from_.the

. al | /,CQ

reaction 25 mS&RRE HhddhearhidlaFtgodrditedy duti Bkt &8 PRESSEREIsol vent -
™ the. afbve Bt TIRFIRS, Lo EaTe 2 SRIBMA COmROURY 80 Ghe acot

e above i Ao i i S goe acetic
aci d a hydrocarbon, an al cahol. (£. g.,. nethanol., 2-ethyl hexanol), a
keto%é, anyest%ﬁ%C %ﬂ%ﬂﬁYeé}:%qﬁé59§%ﬁ§ﬂﬂ§d,cgaﬁPtFFsgf%aﬂraWng¥)a
wat er - cont ai nin ol.v .. 0.,..an organi¢c carboxvlic ueous_sol ution
such as aceti cAsgcs?lg?laaué%#g%F%t i %re] m.%%l hepr%\‘?ﬂ][c)‘fﬁ/ea#’, f?)ﬁ: Sﬁﬂpﬁﬁat t he
obj ecti ve conpgy j wat i car boxyl j i in particular, an
aljiphati c car box%icé%%l?h qfr%b_sag'lb:)bﬁ %r'?'(’p)r%fdfy%ég%%ig[nfd 22) car bon
atoms 10 or an, ARl S BaRoXY | dfa gﬁ# Hyi dRA MatRr HiaRltdl a1camaxylic

acid can be efficiently crystallize romthe reaction mxture by using a

| over carpxyl e, Al &n( flcofdh kedeedRMFInG 1R kHeSEeE 581186184 i @gkd, N
particul ar water-sol uble carboxylic acid), an alcohol (e.g., ClL_ 15
| oal cohol suchamsna®idanmrocardiyl.hexanol ), or a wa
As the cycloalkane, there may be mentioned, the
above-exemplified cycloalkane [e.g., C4_jpcycloalkanes
(preferably C,_j;¢cycloalkanes, more preferably C,_

15 12C¥cloalkanes), 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_j;galcohol such
as hexanol].

The preferred cycloalkane includes a C,_
10Cycloalkane (preferably Cs;.gcycloalkane) such as

25 cyclohexane, methylcyclohexane and cyclooctane.

The polycycloalkane includes the above bridged

cyclic hydrocarbon and the above complete hydrogenated



ter-contai ning solvent as a reaction solvent. The cooling crystallization
can be carried out by cooling the reaction m xture or the m xed sol ution,
whi ch contains the objective conmpound and the crystallization 20 sgl&gﬁt
(reaction solvent) and is heated to a suitable tenperature (e.g., 6 2
to 200C), to about -10C to 150, pref eraé) y about 0 to 100C, nore preferably
about 10 to 80C) in particular around atoomtenperature. Incidentally, if
necessary, a solvent which is a 25 poor solvent for the reaction product

and is a good solyent for the imde conpound ( a . . ., an alcohol ) may
be added to t HEORTERESS PN KRN Ll GAE SErcR i i Anicdudeon TOF after 0
4 FEB 2003 - 56 condensation of_the crude reaction m xture. In the
preferred enbotHABRLE of 2t FRIBRRIG RAVIRE A itGFtiary, sarhoraton &t

separating a water-insoluble carboxylic acid as an ob}'__ecti ve conpound (a

06_| oal i phat i cPBLAIPRRAY NS FdOR §8ch- ad AdCHCL 18 YArora T oRetych as
carboxylic acid such as benzenecarboxyli¢ acid and a heter.ocyclic

car boxgl i ¢ aci WTIAYS t MROTPIRATE qq&é’é”&ﬁ%ﬁ% it 1YEIE S eact i on

sol vent, Cl_Aal kanecar boxyl.ic acid (i tJ cqul ars. C2_3al kanecar boxylic
aci d such s at¥ ?%c"é’g'i’%ﬁ,s P AF ﬁ?oéﬁqc?@'j'éallky?]%?%ﬁ%ﬁz ekéorﬁ?&e)é

sol vent there r- ining sq%ve t thereof. . lIncidentally, in
the crystalli (z)él ?rgé]arg%‘é% i%@l a?lel"{e %o evtern qyg:lﬁsct a?lmqrzoa alrg)r?ns't ep Al and

X | Za POn St AMTZITON Ytep AL a
The prasence. of t5P8he (o b aodthdses MG IO RO ACh BRIYCEIR e
pr esence | Fort i X{Ur & o e
il icrency.  oroTRaer e daRoateh L8y Ste R L PRy Rl el T ol on

step without COBQFH?&%%@MM). aTﬂ%npgiyé§éi$aﬂﬁa&63r 2h Sfydd &lahi ne

conponent containing t obj ective conpound and a crystalline conponent or

a sol ventj phasgl ¢anHP Bk st dnidiH gC LIPS Ribb ve0By 81 Bh ah HE (&M gle, agnpound
can be separated by the sinple nmeans such as filtration, decantation, and

centrifugati onaldéiRoLrystind ianayd@sRe128roapt atty vrd.ddehaifr posdtiion
purified by washing, recrystallization (crystallization), extraction and
the |ike. Furtéech aheadamaniam s cllaamradiled i radnagdrgtmired]. 0 4 F E 8
2p03 - 57 may be separated fromthe non-crystalline conponent by
di stribution (extractibn)thesgpaabkingt boaress|conpriging itilte aoiodnngnd
washi ng), absorption, distillation, dryi ngi1 or conbi nation of these
operations. Therygfaklization step (A2), the species of the substrate
15 is 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



5 conmpound may be recycled to the reaction system if necessary after
regeneration. The afternenti oned nethod may be used as the regeneration

met hod. [(B) Extraction] In the process conprising the extraction s B

, 10 by extraction operation with an agueous sol vent contai ni ng at bngséB 2003
wat er and a water-insol uble solvent separable fromthe aqueous solvent, the
reaction product and the inide conpound3@re distributed into a phase of the
wat eri nsol ubl e sol vent and a phase of the aqueous solvent, 15 respectively.
Ther ef or e, the@grocess i s advant ageous]ag or trae: (;'ase that the reaction
product is wat&ermnpan| ypewatbrpAankbyylde\adi .holan axopadliic ket one |,
an al dehyde havigg a cyclip hxgéfcarbon group , a carboxylic acid having a
cyclic hydrocapdbyicgrersyliom 83y Jasman [Rrrdnitde ddpeatrekyld® | mi de
conpound which has high affinity and extraction ability [e.g., an imde
conpound deri v@@i€}bm an al i phatic pol ycarboxylic anhydride] is preferred.
However) in even case of a water-insoluble imde conpound [an im de
conpound derived 25 frifn e fychralikanso| hemieonay Peamenpdicaedothgn
1 ci ent 1§ CoREPRENER bYoRed dOIs TR HPREXt (et orf o OETISALIDE) F £ 8 2003
efficien S 4 016S ,

- 58 and furmgéfﬁgggfftaneg{éi%ﬂ%ggg Sgci:)o&\g;fgf %I{%‘drol sisinto a
conpound whi ¢ Y s'od-ubF¥C sy2R TR Q i mde
conmpound, and thijs sugh%f]gﬁ m de corrapound is_suitable for the catal \T/‘st. 5
(Aqueous sol veH? EBHER P e gast \ﬁQF'i?P}mtﬂshm}‘]‘fﬂé;%&u‘é?ﬁE%Wﬁé’ﬂﬁbo
containing a ast__wat er . an aqueaus.sol vent. which_co ns er as a

mai 0 component *EaR a5eh RAnPeEBadd TR RRA S BRPARAE Ik A S oRdRARS

sol vent contai pj h er-sol ubl e 10 organi c sol vent
(e.g., a CL3al ﬁ%ﬂg‘f%&gﬁ %&%€§%$J§Oag%qoonﬁe' such as acetone, an ether
such as djpoxane and t [ r Il i.C.car i id such
as aceti gi(gci d) . The%%%%%.ﬁ%‘?%@@r%gﬁfgoglo a@%%:ngi n ot eg'ﬂ?iﬁ'xggos | vent

is, for exanpl gycphQss %&piggg/%baew sehpa&é%d@/aﬁb@wm&i@ﬁﬁ% by

wei ght) relative to water. e preferred aqueous ‘solvent, water Is

exenplified. |gghdentatid byodt 28HERWHesSPLYENT AL R0 2 phaFR i yoe

enpl oyed as an aqueous sol vent. Wen the aqueous sol vent containing a base
is enpl oyed, agpogtt hetd s ylea oy L iais) . arheciaftomat@Bpetingd, mhgr bexanpl e,
an i mde conmpound having the unit shown by the formula ( 1 ) wherein X is
hydr oxyl groupwhatcle@er i ah derananpiot oy deod axbdmheriny tors lvadomdthies f or nul a
(4) wherein Y is hydrogen atomformthe corresponding salts so that imde
conpoundsl@r e Réteftdcyckie Ininy st Anbatremat h¢ chydmeoqrnatsen afonttweiraqe@us

sol vent. For exanple, when N hydroxyphthalimde is enployed in a reaction
as the imde coepbyhdIroyp utiepder varjons onpQoes e hayidsianol vent
contai ning a base as the aqueous solvent in the distribution (extraction)
operation afteRTPHatieRYREPCAERRN (g uEinNUiARD Qioh il Gak ety ki -

pht hal i m de which is deactivated product of N 5 hydroxyphthali mde formthe
cor r espondi ng s%}¥§9?(FQRP(ﬂ%ﬂqQHﬁﬁﬂﬁ}WQﬁn?qﬁuaﬁﬂ#&ggngﬁ alfueous

sol vent. Moreoyer, £9) (1% §39bb80) XSS £elifed49°Y £2ny1 group, ana

20 includes, for example, an aromatic hydrocarbon substituted
with about 1 to 6 methyl groups such as toluene, (o-, m-,
p-)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-1l-
methylbenzene, 2-methoxy-l-methylbenzene, 1-

methylnaphthalene, 2-methylnaphthalene, 1,5-



aqueous sol vent containing at |east base and heated to hydrolyze, and the
reaction mxture is separated into two 10 |iquid phases so that the
residual imde conmpound of the forrmula (1), conpounds having the un0ﬁ§E82m3
shown by the fornulae ( 4 ) and ( 5 ) which are deactivated product of the
i mde conpound and ring-opened derivatiufs thereof are converted into a
salt of a dicarboxylic acid having tHe 35 unit shown by the foll ow ng
formula (3). O0ii GOH- (3~ COHnN O Therefore, the imde conpound which
has been enpl oyed in the reaction can be distributed into the phase 20 of
the aqueous sdlWtRYIRaRiERadeRcor 4 v ddmedhydppphthadeaesal The t h
extrenely efficient. For exanple, when Nhydroxyphthalimde is _enployed in a
reaction as t RF$TRTFREEGHOBENC hﬁdFﬂ%aEQ%;?eﬁﬁfiWrb‘ﬂEQﬁ MeAhYit 8FORRe
reaction, the reaction mxture is hydrolyzed with the agueous sol vent 04
F E B 2003 - 6ffc Sa?nrﬁlsngoaar%ﬁsté }E)Ygﬁé‘fa%ﬁ’%§Pbﬁktﬁ§'/&}§8§ﬁrﬁ%ép?%de and

a deacti vated i herepof, are converted into qhthalic acid_.salts to be

distributed i m o9 He GHaRATHATAGROMTs Ts Py édt Mty itagXeEPey 1R & ¢ he
ti L the 5 hydrqlysjs t t with | vent
P el uadtt 1 Mol Gl on HofRlehe oy Lhn8 -o bt er it By TR aE e dnpound

subj ected to hydrol ysi,s trzﬁtnent i sed

1 .Sui t abl y %n.the after n%ioned

regeneration nethod. AS th ebggnggﬁan8P888¥8 h&88 8FnéﬂgoFgﬂﬁgﬁy ase 10

i I d. The. i ' i ncl i | &, ia; | kal i

et al hyer oxi i i R g e HEntithed 3" SBHAINE PATIRY, A an ol kal i
tal hyd : j t i

vl ogencar bonad £t S 2 L L B 8B e S8 282 bonat o

and pot assi um&%ﬂg@,tez-m@ﬂﬁiﬂaae, %amefthssqtf%&amdrzomeceﬁyii&%aaS, cal ci um

hydroxi de; an a al'kaline earth nmetal carbonate such as cal Ci um carbonate .

The organic basand i} 1siasan f &, @MY@y 1dyram, Neeka1@hirehdheC pAkBe such
as di net hyl am ne, diethylam ne, 20 trinethylam ne, nethyl enedi am ne and

et hyl enedi am neined @-oNeE4 eraM-iR thydpyad dind)di methyliaeisi(2ng- a cyclic
am ne such as norpholine, piperidine and pyrrolidine]; a basic

ni t r ogen- cont alimeichylgvariobivied i @ ,clodimethydpytridingyr i2disre; an al kal i net al
al koxi de such as sodi um et hoxi de 25 and sodi um et hoxi de.
dimethylpyridine, 3,5-dimethylpyridine), collidines

(e.g., 2,3,4-trimethylpyridine, 2,3,5-trimethylpyridine,
15 2,4,6-trimethylpyridine)}, methylindoles (e.g., 4-
methylindole, 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



(Water-insol uble solvent) A water-insoluble solvent enployed in the 04F
E B 2003 - 61 extraction is |liquid-separable fromthe agueous solvent. The
wat er -i nsol ubl e sol vent includes, for exanple, a hydrocarbon (e. an

al i phati c hydrocarbon, an alicyclic hydrocarbon, an aromatic hydrgléfBBQMBa
hal ogenat ed 5 hydrocarbon), an al cohol, ket one, an ester, a nitro
conpound, a nitrile, an ether and a nix%ﬁ.éolvent thereof , and can be
suitably sel ected according to the species of the reaction product and the

i m de conpound. These hydrophobi c (water-insol ub)e) solvents nmay he added
after 10 conpl‘é?]?lb‘ﬁ%]flelea@fcf‘?bn,a%rﬁ?_% RGNy &R £STETe B B 9sol vent .

When t he hydrophobjc, sol vent i.s enpl oyed as_a reaction solvent, it can be
enpl oyed as t h%’%Yéﬁ’r%%eﬁ‘agﬁté’%I 9BHFCF§BFTY'[% Sffoud SHFdRe afPer 15
conpl etion of reactiaon reove a hydrophobi c _supstrate (e.q., a
hyar ocar bon. . AEI6Ne La€ b et B ake i ahrBedne ; act Lt Eplpbtnd.

enpl oyed as a reaction, sol ubstrate can_be

vent, so that, the residual
T o LA o U A
i n(r:rlp udes, Tor RXGHHY gﬁogﬁngltlgp%gt Pﬁ%ﬁ&l‘%&%%%%u%gv‘f%aOgcﬁ‘%b‘l%a 8PSon at ons
and docane. TEo oA R SAE R R F s R PR 6D W e bon
nydr ogarbon | e Giieg IPRREE P Pk ereilettl g B1 1ol St
hydr ocar bon hayé quéyégoﬁ%g% Oﬁu&ﬁoé@ %iy}rﬁéx ﬁll_)o'pe?m a(ﬁqmro d ohexane,

nethylcyclohexad%, di et cycl ohexane, cycl ohexane, cyc ept ane and

cyclopctane. Thecoh&l efé &4. alad cyel i sramey et dibl naldrless agbdycyclic 5
hydrocarbon having 5 to 12 carbon atons.” The aromati c hydrocarbon i ncl udes,

for exanpl®, aMm S6RFBS|C AYSFOLDE hadedayi Mg, H. | ahle? drydeperdi¥iesuch as
benzene, toluene, ethyl benzene, cunene, (o-, m, p-)xylene and

p-tbutyl t ol uenglidpel hallogedswd etc hy dtpebsdikandwd usiesh doreddl exanpl e,
chl or onet hane, dichl oronet hane) chloroform carbon tetrachloride,
di chl or of | uor dnexd@omre { Frtos) g f air erind rotr o dvh reec ondarti doch [ keertmeteh (IGgne)
di chl or opr opane, di chl oropentane, chl orobenzene, dichl orobenzene and
t ri chl or obenzen@roms thiee kgitonieolsvchc rgdeseiaphkeoohel Benrgorhenenef the
af orenenti oned_hydrocarbon, and includes, for exanple, an aliphatic
al cohol , an al ftye¥erong tbhotn axtiehvads Jing & ipiic hxdracarfiomhatic
al cohol, there ma bﬁ nentioned, for exanple, an alj anic nonoal cohol
having 4 ® 159E91BohtB® 2t orelheRtirnad Ja"r?b‘?l,l%é?}t‘geﬁ& e {&cfhrol Ce-
met hyl hexanol , et.hyl hexano ept anol., octanol ecanol .. As the ali clic
al cohol , therelﬁ’?&ﬁ'%&ﬁﬁﬁfﬁgﬁgg,gef%‘fc%fﬁ Fﬁ?ngﬁ?alﬁ?afp&e&e nﬁ%vi ng 5
to 15 carbon a h ohexanol , ne I ,
et hyl cycl ohex a%%{;ﬁ?agg& c?/%?%%% a{:g(;l Sil'a'ndc 7696%%%%?%%0$r8§@§n NS ¢
al cohol , ther { pnegl, bé?fiqg fﬁ]ﬁgﬁgﬁgié: sohel having 6
to 12 carbon :?%ﬁ%agﬁ%ﬁygéigénzylé§%o 0 an?ic é§

hydrocarbon group [e.g., an aromatic carboxylic acid

20 (C,_iaromatic 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 [in 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



0 4 FEB z003 - 63 phenethyl alcohol. The ketone includes a ketone
derivative of the aforenentioned hydrocarbon) and includes) for exanple a
chain ketone and a cyclic ketone. As the chain ketone, 5 there mayp %
menti oned, for exanple, an aliphatic ketone having 4 to 15 carbon ato#@zmn
such as nethyl ethyl ketone, methyl isobutyl ketone and diisobutyl ketone.
Mor eover, as the cyclic ketone, theré‘ﬁ%&'be nmentioned, for exanple, a
cyclic ketone having 5 to 15 carbon atonms such as 10 cycl ohexanone,

met hyl cycl ohexanone, cycl ohept anone and cycl ooctanone. As the ester, there
may be menti orRRVerc¥skealkanth ditnd -hafang & aleakase .b@refiesmbLyf or
exanple, C2_ ioaliphatic carboxylic acid-Cl IoaIkX ester such as nethyl 15
acetate, et hylcsaaaéi’ﬁil@albﬁﬁﬂlt ofcehataboviespplppyFlaatkane (aepporpd: at e)
hexyl acetate qy acetate, isoanyl acetate, 2-ethylhexyl acetate, nethyl
propi onate, etSYING obilATRIHATYD @3HPH GtioBhAtte 2 ﬁ@%?gebﬁéﬁlﬁﬁéﬂéloanyl

pr opi onat e, eth val erate, ethyl hexanoate, eth 20 heptanoate, ethyl

oct anoat e and %%ﬂwoé@&éﬁéat‘é’r‘@w’ﬁaﬁ%HQP?S“E&%M?XF“C aromatic

aci d- C5_| ocycl oal k Iester such as cycl ohexyl acetate and cycl ooctyl

acetate; O | 2¥ Qﬁﬁ’boxyllc aci d-C1_| oal kyl ester such as nethyl
benzoate, ethyl benzoa e, but oat e) . di net hyl , pht hal at e, 25 di et hyl
pht hal ate and di butyl ALP A Elc %Fﬁga%PPPd“EU%Hﬁaﬂﬁ hayope
mentioned a nitro co nd haV| 0 carjpon atonﬁ1 3 ﬁngle) 04
F E B 2003 - 6% & elcgﬁﬂ nd “Sdc 25

1T opropane Ay %%ﬁmeﬁgedﬁt’% TS B SR e
| substituted by about 1 to 4 methyl groups in a molecule
10 such as toluene 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 variety 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 oxidation product such as an alcohol, an aldehyde, a
ketone, a carboxylic acid, an epoxy compound, a lactone,
25 an acid anhydride, an acetal and an ester corresponding

to the substrate. For example, a conjugate diene is

oxidized to form the corresponding alkenediol. For in-



ni~troxylene . 5 As the nitrile, there may be nentioned a nitrile having 7
to 12 carbon atons, for exanple, a C~_|2aromatic nitrile such as
benzonitrile. As the ether, there may be nentioned, for exanple, aOQW@yyWJ
et her such as diethyl ether, diisopropyl ether, 10 di propyl ether, dibuty
ether, t-butyl nmethyl ether and anisol. The preferred water-insoluble

sol vent includes a hydrocarbon, a ketof€, ~an ester, a nitrile and an ether.
Especially, a hydrocarbon having 5 to 15 carbon atons ( a . g . , 15
hexane, cycl ohexane, toluene), a ketone having 4 to 15 carbon atons (e. g.,
net hyl ethyl R&EEHRE: @?cPGHQﬁaﬁBﬁé}Pean¥sP&ﬂ%éé#ﬁauﬁétﬁﬁ@?ﬂg 3st@ 20
carbon atons et hyl acetate, phenyl acetate, nethyl benzoate), a

a . - (ethy p
nitrile havin u?epﬁ%iflcéFﬁéﬁ SFokEaps-§ormpehzdnPrtrrsl - 4ndlah - 20%et her
having 4 to 12 carbon _atons. -The particularly preferred water-insol uble
sol vent i ncl ude®UERRaRidndird )or 286 2 \RIFEL ORI & BIATREVILNGTOUPo1s2
carbon atons and an ether having 4 tQ 12 carbon atons. (Extraction
operation) 25D0Pke PAELLSHLASH Y ddmbLedar (4 eGOBRPURY BRVARY 3 RATRRROUS
sol vent and the mater-Lg;gluble sglvent to the reaction m xture after

conpl eti oR of B¥EEOERHn i% 2 mplgty gdpaseps to gnsaugatad PeREI £&d from
t t t N 1 bj ted t he t t t
Condensat on. SFifiizel Bttt PRAPEE RAdREEPF] £0i BRCARIZEFo0 BPRRzat i on), i
, bj ecti t o _hydrol by h i he 5 i foll db
E]egfaéarg?ssf ?:r‘r ieﬁg'n?,?:“P%S%‘y’ﬁ%g PBSn; g, %i‘iégg}%eﬁz?ﬁe?a%ﬁ?% i‘%i O%ﬁmgnb; he
oo yel R S Pl of W ke R

added after thé hydr . Inc a , when the reac

product contaidg L9ngn £iGs ﬂﬂ@pgyr&ﬁi\‘&@i%_}% &1%}'1219,‘8@/ hiegeﬁﬁkﬂg bhe

aqueous sol vent containing a base 1s enployed r the extraction,” so that

it tendsipo be dbhlieybh tP roeRas @i%atﬂ%xrryq%ﬁ heRapr o a EHRALALHA
conmpound (e.g., an imde conpound of the formula (2) wherein RL and R2 bond

each ot her t o dy@1Acléompo i @BBhE1i AL NGH O8RbELIE RInlgad BEi8ikeal?
menbers ) , deactivated catal yst and/or a hydrolyzed product thereof. In
such case, aftehydreoxyd dgroupospodndozbchraapdieaihexyliiceacifdtof thbe
reaction product is recovered by a suitable nethod (e. g.) crystallization,
distillation) noanh@rmadic2@ingacorotherothgtis tdleaved depemddmgd ont he
deactivated catal yst and/or a hydrol yzed product thereof nmay be separated.
The ratio of tdeadiyidospitiol pcdsoayeexyhibd adkd hy dheghabbrifgedecyadsl ubl e)
sol vent can be suitably 25 sel ected according to the species of the

react i on15r oddigtidrocanbon hpydng ghyetd acat aRYBPNAEPT tidedddae ¢arbar and

i for ex I he forper/the | r i ght rat| =
s, fTor examp a?:’on}) Es c?xirpdeiz/éd,ea l%t(él?ox f\egz%utp i%t ir?%rodl?ggéltinto 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 oxygen in the presence
of the imide compound to form the corresponding aldehyde,

ketone or carboxylic acid. For example, an alicyclic



O4FEBZ003 - 66 0.01/1 to 10/1, preferably 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. The
extraction may be carried out in whichever a 5 batch manner or conﬂi4rﬁf®32003
manner, and nmay be carried out in nultistage operations, if necessary. The
extracti on nunber of the reaction m xture with use of the hydrophilic

sol vent and the hydrophobi c sol vent carfbe sel ected accor di ng to the

speci es of the oxidation reaction product 10 and the oxidation catalyst,)
and is, for exanple, about 1 to 5 tines) usually about 1 to 3 times. The pH
of the extractdliPhgtigmaddized Fo Lomn dheecodgesPeRdinghaliryelignge
dependi ng on the species of the reaction product, the am de conpound

catal yst and %me &éa@?ﬂV&%HOEXi&PyéFlg dPRERGLNG O dhgnprédalpent 5 to
10, preferably about 6 to 8. Wien the catal yst or the deactivated catal yst
(i ncl udi ng t hélafkA! yE£eaCELS84T ) 2 tBeERELGEFEoheFRRML Fpomidized to, pH
may be nore than 10 . Wen a solvent containing a base is enpl oyed as 20
the aqueous sdiQ/htd-MeImiftoRsxanplednq fSunthers 2ametdyladd@dcyal ent
or nore (e. g., about 1 to 20 equivalents), preferably about 1 to 10

equi val ent>s, rﬂfrjed'preferabl y about 1 to 5 equivalents relative to 1

resent I nventi on, ¢ he PR TRBRYRDA St SLred PRt SO R AP RGPREREP B
te )C()t aggtcl) on Be?fle:rtgtelé{rgzb S’cofm%rou%)éagg lfedrmaQ?xgtc(g)rz.teospZOOnO(ﬁlng}3 rcgfrggggll_yl_cabout S
acid. For example, adipic aldehyde is oxidized to form
adipic acid.

10 A ketone is oxidized with oxygen in the presence
of the imide compound to form the corresponding carboxylic
acid. For example, diethyl ketone is oxidized to form
acetic acid and propionic acid, and cyclooctanone is
oxidized to form suberic acid.

15 An amine is oxidized in the presence 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 corresppnding
compound having a carbonyl group by converting a methy.lene
group adjacent to a heteroatom (e.g., oxygen, sulfur, or
nitrogen atom) 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



- 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 tk@“pgggme
of efficient progress of the hydrolysis. In this case, |iquid-separation
may be carried out after the tenperaruﬂ@ I"owers . If necessary, in order to
i nprove the extraction efficiency, the extraction may be effected under
applied 10 shearing stress, and may be effected under atnospheric pressure
or under appl i3 aseads foe anBRTORA tdct hederenyeper asi onidipedr tacfeon
product having a hydrophobic group and the im de conpound can be separ ated
by di stributi ride FOIEIeSsPONGHNGh bekpgosyRdBCc KeLopegani ¢ sol vent and t he
phase of the aqueous solvent, respectively. Incidentally, the imde
conpound ( inclusive SUchhexydatien Haaramigsuyuably carmiady ottoimt he
aqueous sol vent phase (in case of salt, followed by |iberation) 20 to
recycl e or re@e atmosphieaer OfcORyIedyst The RBYSSReFourpR HeaRetvated or a
salt thereof distributed into the agueous solvent can be converted into the
i m de compoun®Ft N APV EE AL Tt Y. AELCPYRY QHYIAS OB R Pehéubedan aci d
i f necessary, after hydrolgsis with an acid or. an 25 al kal i, ringﬁclosing

reaction, ri nd"-ﬁﬁbﬂ?r’r@"% 5 SHchy ?%BFzEFPSﬁP'Mj_t% PTREN B PREPOT he
oo o516 B b RSP 3 UL P e e

d of the f | 1 i i th hyd | am i ,
2 ter Tt ber at (e R H e AR AP RGeSO e b5 ChRTBEeFaBYE eq and
reused to the \{)s;e/eacft ! ‘fﬁesﬁ&‘?m: gf”m?%c_ié}?r %e ts@ie%%éﬁagglc)ﬁ‘hihﬁt ggpar at ed

and recovered he“extraction operation to recycle and reuse 1nto the

Lo T, RSCARHL O sho WP LA OnE e suigRaOR B¢
1 mol of the substrate, 0.5 mol or more (e.g., about 1 mol
or more), preferably about 1 to 100 mol, and more preferably
about 2 to 50 mol. In many instances, the reaction is
carried out under oxygen atmosphere containing an excess

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
carried out in the coexistence of an aldehyde (in particular,

25 C,.galdehyde such as acetoaldehyde), a ketone and/or an

alcohol, the oxidation reaction is accelerated to produce

an aliphatic dicarboxylic acid or an aromatic carboxylic



10 Incidentally, the above Japanese Patent Application Laid-COpen No.

114702/ 1998 (JP-A-10-114702) does not discl ose about a deacti vated

catal yst, but the process disclosed in the literature can be adoptéb4fBBﬂMB
case that the deactivated catal yst exists. For exanple, 15 when the
reaction product is a extrenely high-polar conpound such as adipic acid) by
sel ecting an extraction solvent , the r*eaction product can be distributed
into the aqueous sol vent phase, and the im de conmpound catal yst and/or the
deactivated catal yst are/is distributed into 20 the water-insoluble sol vent
phase. [Distr i":lﬁ}tcf/d’ri-]tm Righe eFfd€d/NCYny RTRPVEE hed reRRS T M pkvduct and
the imde conpound may be separated by a distillation operation. 25 The

di stillation iSOMeddaesy acsedied@ted: 1by thei rgexiatsprel PhgacsrdimalThe

nunber of plates of the distilling_colum may for exanple be about 1 to
100, 0 4 F B9eRFE9T ogoa FRddeAdbPFORRSET -5 to 80, nore preferably about
10 to 70, and particularly about 10 to 60. The distilling operation may be

conducted at an(QFBRReBB2EELAPRFAt ure of about 20C to 300C (preferably about

0 to 250C,_ nore preferablé 5 abhout 20 to 200C, and particularly about 40 to
200C) ( abottom t enpERELRLE ofNabBEt PEBSEBCR00E, the B8 GOBROWRAB0 to

300C and ferably .about 50 to.250C f _about 0.13
e o2 o, ISEARAR Boda: 9735 BAAPOCTRRR) AEPERARHGIOR. ERalEbec) oo

fal 10 hoi | i nt t ti duct d
o highar < boi | iS58 APRCBREBRENRORERLaE ) i i astEouRBu Rt Ao Fedver ) ¢ he
distilli ti t flupd.ng the distill

su tabl e rer | a0 e Faoef SEHRY of GrEsE Ll el g6y SRaben (5910 a0

more 15 pref er@%i*aa.tmlgarko&x%lg’@om Dhgadi g l(krzt 508 H@Xuga %ﬂ@gﬂcﬁgd wi th

A oper dueted,

an evapor at or. e evaporati ation can be conduct or exanple, at

a pressung of fﬂ&%ﬂaﬁ%yl%o%ﬁﬁbhg 8VFaca PG 54 on aRIE b $okka (9 4 Ma,
and at a tenperature 20 of about -20C to 300C, preferably about 0 to 250C)

nore pref er ablyaalauh 140 abga250€: ) a8 th Perd IdoMpdiuna ,aRQyt )4ant 6rg@lEc. The
process i s advantageous for the case that the difference between a boiling
poi nt of the idgiXFircoomraictidy akdd at. gof, sheafpaaet aendpr,oduet) aa | arge.
acylation reaction product (an aldehyde, a ketone), or (v)
a carbon-carbon bond formiﬁg reaction product or a
15 derivative thereof (e.g., an oxide, a cyclized product such
as lactone), which corresponds to the substrate,
respectively.
For example, in the presence of the imide compound,
a bridged cyclic hydrocarbonlhaving a tertiary carbon atom
20 (methine carbon) is reacted with oxygen and carbon monoxide,
a nitrogen oxide (e.g., NO, NO,, N,O03), 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.



[ Separation of a conponent other than the im de conpound and the reaction
pr oduct ] 04 FEB 2003 - ~0 The reaction m xture sonetinmes contains a
raw material for reaction (substrate), a reaction solvent) a co-catgp] {Eg 2003
such as a netal catalyst, a by-product [a | ower carboxylic acid than e
obj ective conpound or derivatives 5 thereof (e. g., esters)], a reaction
pronoter, a solvent enployed in a puri fi%cation step, as well as the
reaction product and the im de conpound ( including the deactivated
catalyst). Therefore, in the separation process (A) and r (B) of the
present inventi bﬁ?apﬁlgﬁdﬁl’t’ﬁ%&each conponent 10 or an inpurity in the
reaction mxture is previously renoved, the reaction mxture nmay be

subj ected to convent i 3R&l aReYRreX¢TRl Hhke P Feackiieg Bp¥ka caxrigdhoas
filtration, condensation, distillation, dilution, controlling the liquid
property) ext ABcth8mPsRRFe Af acFoLrent itnantoko 4le digagigon. but can
recrystallization, and col um chronatography, followed by subjected to the
separating op&eatishldx) cerrigp optbr dgvéhe PRESEBSEt PEnanfRiURBLobt ai ned by

the reaction may be subjfect ed to the separation strgg) A or 20 ( B

wi t hout ary trE@%‘t‘"rPéﬁ“ts of | the ol viede aret AEI YNt @ SARP XYM raceAsaF Ul
reaction (substraftg),. t he .co-cat al.yst and b%-Br_oducts are distributed into
a crystalline 35 To5MS) &A% i REES By, PEPPACRY&r 86H8hi ¢ or gani ¢ sol vent

Char act er | ot | &SRR HRASREA ST ABEeFFA LAaF OPERELEOROAA the. co-cat al ysit
04 F BB 2008 Pt ieRILARER, o8 nERRRS" BREAREIARE, BBROKRGRG (V. O
by- product s, %a&%rg}é‘?f%'e{(dg Pﬁ@c&&%ﬁﬁ%&gﬁ s cﬂlorogBrﬁll,Catj'.g 18 @

derivative thereéof , an a e corresponding’'to the substrate )

can 5 bejgepandndHihedl Hildhlbiriotnams!, " 26irben) tetiriehabkigation,
absorption) hydrolysis, saponification, neutralization, distillation (e.

g., evaporati @ichllddduetizicdd 4%a &rifiubrbakitfy188Hz8880 I NBohds/5A6NOT a
conbi nati on of these operations, if necessary to recycle 10 to the reaction
system Mreowy mefthandle etdaciolgn proplaniod,, bheamelal ocababist 2ray be
separated by a conventional nmethod such as filtration (e.g., filtration and
washi ng), renatihylhexamolenke tonas et aomcetdonengmebhya eddigdi katona of
these 15 operations. Further) the reaction mxture is subjected to

absor ption treéndmathyltiscdmtivvnkekohanges teass sugh asamdtilyd, agatathe net al
catal yst may be elim nated, regenerated and recycled to the reaction
system Wici d@fttatl pcetiade andabetyireptateo-addiens sucheasgdimgthyilt of
acetic acid) 20.is enployed) the nmetal catalyst iis extracted with water
fromthe react§$¥PTm jifr%‘ytlo erderc PR AW IHEQPTRRY 1t £EREHEnP ISP C8Mecycl e

ft ti in t f f bonat e . te. M er, aft
bur ni ng to as RIS A5 CogoRenzansy bd treRsLRRs . PBfeRdtEPed and

ooyl o 0 R RS R ShE e A A e OB R ERAT
B 2003 - 72 benzonitrile; amides such as formamide, acetamide,
20 dimethylformamide (DMF), and dimethylacetamide; water:
and mixed solvents thereof.
Particularly, in 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-containing solvent

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



reaction mxture prior totheseparation operations(A)(B), or the netal

catal yst may be separated fromthe product resulted fromthe separatin
operations (A)(B). [Separating the i m de conpound and the net al ca1%4§gBIM5
I n anot her process of the present invention, the imde conpound and the
nmetal catalyst can be separated froma m xture containing the imde
compound and the metal catalyst . The #dxture nay be a reaction mxture
obtained by the reaction (e. g., oxidation reaction). 10 The above
separating operation can be carried out by (C solvent-crystallizing step
for crystalli Zicid agwepus droBbisund iRt RanyY seAasast ther supgtrateimay i on,
(D) absorption step for absorbing the netal catalyst by absorption

treat ment, or beEpsest Agcei 6Alyens -f ofnekdentahlys agudruyatignent
containing at |east water and a water insoluble separable fromthe aqueous
sol vent to di sontgdndnghgoiviedt, cnpde@uandoinbionimay bgt uEgdtwhigh t he
phase of the water-insoluble solvent and the phase of the aqueous sol vent,
respectivel y. ceatpgsisyEhe- eFganie | sokweninh Widh) thes hihghsepnepptration
crystallization (C, the imde conpound and the netal catalyst are

separ at ed 5f r orh€t-I9e nPRPULe4Byt@rY2Y AY Walept -herefrgabdynpborl WWikea
solvent for crystallization. 25 As the solvent for crystallization, a

vari ety of sol%PénP¥ Yekehbctibrasdivader sabAubsty éﬁ@pHBHV%l%%ﬁLent can
be enpl oyed dep?ndi nﬁ,on the solubility ,-~-..,~, 04 FES820Q- 73
characteri sti cs!BPAEhECRetAMALE@r st . Tn many cases ( the metal catal yst
is extracted or separgted w th.an aguepus sqlvent ... As the aquepus, sol vent
, water or a m xed soﬁ‘s}gnfeﬁ?pﬁB?e?gjaﬁﬁzjan%va}}eer-lgl&fiﬁbfzgmg&]ggn?gng?e be
enpl oyed. As - SOl solv t here b i above
exenplified aq%t?t(ar%@s,l\ggg‘li\)e%lﬁ?g?%?yeé%?rg};?éeqs a Car ggéfi ‘gegg?%{’t%gd’?igg. (

C2_3al kangcar N i d h i I : .
C_1:4al kqug)l cow&}co %ls' n@tf aﬁ%??egct? aﬁ%ﬁ%ﬁ%g‘f%%gé%ga%ﬁl aﬁ]fe}?one) a
nitrile, an andAgct4d LReseaiabetsSohdl i Sy @ $heaink8eUsslpshn@!l Y or in

conmbi nation. Incidentally, as a m xed solvent containing water, a m xed

sol vent cont aithdGedRi@hg AghePahdi e Gubstiritecxampl &8s 8BQUExAmMPDe 95% by
wei ght, preferably about 25 to 90% by weight, and in particular about 30 to

90% by 15 wei ghtoGan°d¢ prieFledn®dy #Asouheoages0x Sahdaitice paéLeraslysual |y
used. The separating process utilizing the solventcrystallization step (O
i s advant ageowbdur 40héoca9e°cC haUstuad liyni dbecoppotmdni $saaféeohediati m de
conmpound and the 20 nmetal catalyst is a conmpound soluble in the aqueous
sol vent (li5n pa& tewpenatupe wit @boubl4dte LR GI(eoat-al Jreut POhtad09°Shtt of
acetic acid and a con‘E)I ex). The_im de conpound and the nmetal catal yst
separated by the crysPAticylpgAYopdhath8nokkfabéoreEGRFEHOR0 the 25

reaction system NMoreover, the imde conmpound and the netal ca%"éll ygt may
be, if necessdSACH G e EMREER TS ey P& SKGPHE - BREOPTEON L0sB8MC: 0 4 F

© 52000 - T SRty i 0Dl e SOBRenl { LG 0ygouS
reaction syst etrg ‘%toh8”t @snlyafff?tt@gtreaction 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.



or the metal catalyst or the nmetal conponent may be 5 recovered fromthe
non-crystalline conponent , if necessary to regenerate and recycle to the
reaction system For exanple, the netal catalyst or the netal corrpomam;-Bz
recovered may be, if necessary, regenerated in the form of carbonate 003
acetate, or after burning to ashes, it may 10 be recovered,

regenerated, .and recycled to the reacti4h system The recover of the netal
catal yst or the netal conponent can be carried out by a conventional nethod
such as crystallization, filtration (filtration and washi ng)) absorption
(e.g., absorption and e Meagttiion wime dresddeosectimangs Fféswnreacthe
like), renpving a solvent or condensation, drying and a conbi nation of

t hese net hods.tigwsbcgn be sitidipbly) pelactad wibduipthernranap of .De)g. ,t he

i mde conpound and the netal catalyst are separated fromthe m xture by the
20 absor pti on apettatl sinutei o ptdbedgsi.spnefepablycabenrt 2 migutes tand is
advant ageous for separating a hydrophobic i mde conpound and a

wat er - sol ubl e #bthflunsat angdsmore rpxeferaixlsr gboyt Btepnutes drq & povrs,
absorbents, for exanple, activated carbon, zeolite, silica, silica gel, 25
silica-al M na, d¢PeRHMing A theymkeactiom tsanesatureh@ndp PEesisireur f ace area
of the porous absorbent may be, for exanple, about 10 to 5,000 n?/g,
preferably abdRTBEL% o thegteagt Pogtimgamay ke suipablyed-effehyiéhin
preferably about 100 to %, 500 nﬂég. The preferred absorbent includes an

i on exchanger , t#9F2098nDF e © -Fn i ABY YA BHE . X AR IS PrEE eERBAnger
havi ng a non-1ayer _stru re such as zeolite, silica, silica al mna; an

i on exchanger %’WF\S Lo ﬁgy’@urﬁ'r ﬁﬁ‘?ﬁ'roé'es%ﬁg%igatfje’f Fﬁogitﬁl 58r?—‘£BHP§Fni ng

m ca, nontnorillonite, hect.orite..synthesized . fluorine |ithiumcaontaining
taenilolite, synthesi rz]'[gncf: eﬁ’c}:rallr}ée{ci'jﬂtefz?enioﬁ(ddﬁigpgrf?%‘?{h%?alw‘ikeaﬁ t%hgf
Phosphor i £, aci e A% AIAHR Ge! il SLCRATEE 5(8BCAN Oohd ANGNANGE chER N Tor
exanpl e, a strong-basic 1on exchange resin having a quaternary ammni um

base (e. g., th&BldNgATEOI) UMRAG81gfkBEMYAS! hang amgBBLEM bES Yo 2@
weak- basi c i on exchange resin having a primary, secondary or tertiary am no

group; a cati Qﬁ{l%ﬁbﬁlﬂge prsidvat15f aBou €289 204 By Weight- 6€1 §li Cabsiit
exchange resin having a sulfonic acid group, a super-acidic Ion exchange

resin having am e kyd ¥ byowedghsyl, faore peetlegably, aoueak-tacild & bgn
exchange resin having a carboxyl group, a phosphonic acid group or a
phosphi ni ¢ aciwedgloup(e ahel abouty Besbnl029 Hyrwedaginp) eelativa diondheet i C
aci d-typed chel ating resin, polyam ne-typed chelating resin; a resin having
an aci di ctyr ouphahel redesian grysien(.s idle-cagatien mepction is
accelerated, and the formation 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



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 may be whichever of gel-type or porous-type. Anong the iof4 FEp 3
exchangers, the ion exchange resin may have a crosslinked O4FEB 20&%0
- 76 structure, if necessary. As the absorption operation with the
absorbent, there may be nentioned a vardi’ety of methods which conprise
contacting a treated liquid containing at | east nmetal 5 catalyst [in
particular, a treated liquid containing the i mde conpound and the netal

cat al yst (espé@PPanatugesag@gdobs ssedenthy pppRratuAemaysbebesnnected
exanple , a nmethod which conprises conducting the absorption treatnment by i
addi ng t he abd®r Iseaiieso anld oy dat P@arpildeld, a nmet hod which 10 conpri ses
conducting the absorption treatment by passing the treated liquid through a
absor pti on appafBrasesachorssaprebalitng cone alnidr) cormpabrdranttthearhe
absorbent treatnment condition ( a . g . , the anount of the absorbent , the
fl ow anount offededione@reducitdui d) can be sel ected depending 15 on the
absorption characteristic of the absorbent, for exanple, the tenperature of
t he absorBent treat meft VREigtYiad Feassden1predushe (erie /i andeledpbund and
the nmetal catal yst separated by the absorption treatnent may be recycled to
the reaction 28 &ldebwdenppekeirperha FﬁFgexléﬁ'ﬁoﬁﬁHdénﬂr?h OFBed| iRat al yst

is, if necess%'r;%/ reg%tq:erat eq#nd recycled to the reaction system For
exanpl e, the retal®Eat s dr e © F‘&Peéoﬁﬁoﬁgﬁt TPAELYeRedCnly  be, if
necessary) reg}g{gr t.ed in_the fqorm arbonat e or i%ﬁﬁgt at aft(ger! 25

f
burning to ashés; °ﬁa§e68tf'88 Verfgléft oenatSsa s Vatd P%Z;;‘/B{aeﬁm% t he
eact 00 SyS! Gy LA SEA G hs oft §o5cE 805 L0 e eSS

conprising the extraction ste e am de conpoun I hct'udrng the

deact | valgd ol dloeapasalaPhadlet vhe 880400 P ale GBIALYRbRESpAUR. | €Ct ed
Wt vent a

to the extraction operati on an aqueous contal nl ng | east

water and a Wacledvasol Yah@a3olvark 19aParabheth afat peuddyeonsgsol vent to
distribute the am de conpound and the netal catalyst into the phase of the

wat er - i nsol ubldnpRurerdt maRd veheophaseeal ihhenadqreaetisal merturbespectively.
Thus, the process is advantageous for the case that the 10 am de conpound

is a water-insolubl e sepedidg(€odthe Praddrimtingreatiidn ,C@RBOLBAst Ao t he
nmetal catalyst is a water-soluble conpound.
product and the imide compound (including the deactivated
15 or decomposed product) are separated from the reaction
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, (AZ2)
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 agueous 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]



(Aqueous containing at | east water) As the aqueous sol vent containing at

| east water, 15 an aqueous sol vent which contains water as a main conponent
can be enployed. The aqueous sol vent includes a m xed sol vent contfgj F‘l}ﬂ‘ﬁ{]ﬂ}
wat er and the ot her water-sol uble organic solvent (e.g., a Cl_3al cohol such
as net hanol, a ketone such as acetone, an ether such as di oxane and 20
tetrahydrofuran, a |l ower aliphatic car lf}gxyl ic acid such as acetic acid)

The content of the organic solvent in the mxed solvent is, for exanple,
about 0 to 60 % by wei ght (usually about 0 to 25 % by weight), preferably
about 0 to 10 % by welghtheeFa¥rtallbdzakien. opgrakionr &k by ride 2Bnidpieous
solvent, water is exenplified. (Water-insoluble solvent) A water-insoluble
sol vent enpl ofF@poyndhdés separgted BspgoFrystallingprapenoprystalline

| i qui d-separabl e fromthe aqueous sol vent. The water-insol uble sol vent

i ncl udes, for covpoReat be thgoselugpfprryFéalhhzakionsbhlbl erstheent [for
exanpl e, an aliphatic hydrocarbon ( a . ., a hydrocarbon having 5 to 5
12 car bon atoﬁ@@d@ﬂ‘%ﬂ?éﬁ&ﬁéz)ﬁt}oan(é??c@?ﬁqliﬂlfﬁﬂjﬁ@céhﬁoﬁp?caefs &f. ( an
alicyclic _hydrocarbon having 5 to 15 carbon atons such as cycl ohexane), an
aromati c Rydr & F&REEoF Pradustonnti EhRydPddar 68HPAARRNg 6 to 12 carbon
atons such as p-t-?utﬁl t ol uepe. and X:Yl ene%l, a hal ogenat ed hydrocarbon 10
(e. g., dichlor6F8LKERL) CTRACEI LAY IS e phbki ¢ primary al cohol having 4
to 15 carbon atons sugh %ﬁ but anol _and hexanol, ap aljc cliﬁ al cohol havi ng
5 to 15 carbon atons stchPgsSEhRFBheRanBFOCaRS A bkt 7+ 23hEe having 6 to
12 carbon atons _such.as henzyl al cohol ) a ketgne an _aliphatic 15 ketone
having 4 to 1§r(¥asﬁ:§g'hllazta(%r}s°nsﬁgﬁr5§lﬁgfh;IPeef‘ﬂﬂﬁek(é‘ 'Bﬁgl,mé g?cl i c ketone
having 5 to 1 at . SlC S o .

cycl ohexanone%,rggs{\&ceigt%re%?g’}ﬂg{.jg séo%éej%aﬁ%lp c<311:te‘|dc fgé%%xrﬂ?ﬁgcargén !

act d- CL_110A| ki cRRlfio SN of RLOY Iri26PhalEacid Snd kBB B8R DRNY LT ©

aci d-C5_locYc ester such 20 as cycl ohexyl acetate, an ar ter

such as phenylii@edlc®ion Hrohdet Oamd |ths A bbmpdahd: Fintoabkil gster
such as nethyl benzoate) , a vitro conpound (e.g. , a vitro conpound havi ng

2 to 10 carbometcuipsed plodiuclty a8d @ecofefblll iheth@vidsm/of0sdigar bon
atons ) , an ether ( a. g . , a chain ether 25 such as dibutyl ether) and
a m xed sol vermhusherdfs proctse wat advantabeblie sorveepacanihg auitably
sel ected according to the species of the imde conpound. These hydrophobic
compound soluble in the above solvent as the reaction
15 product (e.g., oxidation reaction products of the
alicyclic hydrocarbon and the alicyclic alcohol) and the
imide compound insoluble in 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
is 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



04FEBR2003 _ 79 _ (water-insoluble) solvents may be added to the
reaction mxture after conpletion of reaction, and nay be enployed as a
reaction solvent. The preferred water-insol uble solvent includes, 03 F‘Egr
exanpl e, a hydrocarbon (an aliphatic or alicyclic hydrocarbon having 2893
nore carbon atonms, an aromatic hydrocarbon), an al cohol (an aliphatic

al cohol having 4 or nore carbon atons )49, anitrile ( an aromatic nitrile )
and a m xed solvent thereof. The particularly preferred 10 water-insol uble
sol vent includes an al cohol separable fromwater ( an _al cohol having 4 to
12 carbon at orfDLloYad, & s, tdeh S0 lygd ta fioFd CE¥ELtB4ALEAR1QN phat i ¢ hydr ocar bon
having 6 to 12 carbon_atons), a nitrile (e.g., aromatic_ al cohol) and the
like. 15 Wen the hydd@pHedPEessPFetvent 6¥euPiss L5 RAeFPEATEBNSent , it
can be enployed as a |iquid-separable solvent fromthe aqueous sol vent
after conpl et i"OH-B¥ arr@agﬂp&r?.yeﬂlrftcﬂfethY\ﬁﬁé‘ﬁl&ZW&PBpNBEi EeRUdBdrate (e.g.,
a hydrocarbon, a ketone) is enployed as a_substrate, the 20 substrate is
enpl oyed as a IREFALIGR dAGIewe. £oF sreBPlconpildPraLicr RrdzecArgRONENe

resi dual substrate can be | oyed a |1 gquid-separabl e _solyent fromthe
aqueous sol vemt@Vimsd L0 ?ggPBBéfﬁfgﬁm QS&FH\? 'eE@FﬁcPFSﬁeGBQﬁXt Poh®i s
carried out | sim.l ar nner_to the operatiopn descrihed in the item of

t he process fglrza)sézﬁfrbaﬁq e Siurﬂ?‘dé"scé’r‘?%%@r?&'aﬁﬁ’?ﬁg' igohegaper 7003

heptane, octane, isooctane, 2-ethylhexane and decane;
alicyclic hydrocarbons having 4 to 20 (preferably 4 to 16,
more preferably 5 to 12) carbon atoms such as cyclopentane,
10 cyclohexane and cyclooctane; aromatic hydrocarbons having
6 to 12 (preferably 7 to 10) carbon atoms such as benzene,
toluene, xylene and ethylbenzene.
Moreover, as the chain ether, there may be men-
tioned, for example, diC;_galkyl ether such as diethyl ether,
15 diisopropyl ether, t-butyl methyl ether and dibutyl ether;
C,_¢alkyl-C¢.,0aryl 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;_4alkyl 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



- so reaction product . That is , the extraction can be carried out by
addi ng t he aqueous sol vent and the water-insoluble solvent to a m xture
containing the imde conpound and the netal catalyst or the reacti ofi4 FEB 2003
m xture obtained by reacting 5 the substrate in the presence of the imde
conpound and the netal catalyst or its ﬁ?reat ed product (a. g. , a
mxture resulted fromthe treatment suc® as condensation, filtration
extraction, distillation and crystallization), and m xing by stirring or

the like to liquid-s rate. 10_The ratjo of the aqueous solvent and the
hydr ophobi ¢ (\Rgt%lﬂl?;@ﬁ\r ﬁsﬁ@)’t%lmﬂ‘c%eEéngﬁict@ogsir%iaé‘lﬁl@d akeBEding to
the species of the jmde conpound and the netal catalyst, and is, for

exanpl e, the P& hFBrYthd%GPREES PYWedPnt, aRd @#bout LBB %0 30 08P paxtsy 10 /
1, preferably 15 ahout 0.Q5/1 to 5/1, nmore preferably about 0.1/1 to 3/1,
and usual 'y abSuMedIBt1 TRGEFAYe $Re 108 PAELEORY MG OBt GFr FBE SBiden

whi chever a batch nanner or .co tinu%%?nann and may be carried out in

mul ti st age op&CHRCSRY crPtFdReds Py ] h@lﬁgﬁrﬁction 20 nunber of the

o for eRanpl e, aboul®Tepsts. ¢ AndSIvaRG HENSFI bhaBoles IYOPSCRFhed: The

E E? I %ﬁ%hﬁ%jﬂ{%ﬁf’?@fl ot %tﬁé?freﬁégg%? tyé,]%btﬁﬁ’i{e%f Eil?o%t&%“?’g?gg g;zbbﬁt |
extraction i sqg)s}ﬁ’é%s% %Jé&?li%?j%}g%%%a%ga%%&je%%% dt ggcl%’(?c.cg?gaigiggﬁlg% 2003
extract | on ey i B EceRs AEATR aiet ST | FRaB LN ETVent e
effected undery algiRgRACHNG di B2SUbHRER eHlB‘i%geath! 8dsBpasatifg 3rby t 29

extraction operation, the netal catalyst and the im de conpound can b

shifted ot 0 tHuridqueQUSpSPat Lo spkases ardrhbeivatala Epgotublezsekyant
phase, respectively to separate the im de conpound and the netal catal yst.

The i m de comafvteanthe loaryeriadllicatdlonsorl@epappr apedaraynbefr ehgcl ed to
the reaction system Moreover) the imde conpound and the nmetal catalyst
may be, if neqgassaEnt isyentiabaethyabd cacyairezl tin the micdnineopspseem The
separated netal catalyst nay be recycled to the reaction system w t hout
purification driafitdr. pEnrtheng by ardsrcbaviémpiroval thet separaTheg
separation of a conponent other than the im de conpound and the netal

catal yst] As mfifticdendlabotbe erestabiirahion @urmeRYdieoPeratden BANs a raw
material for reaction (substrate), a 20 reaction_solvent, a by-product, a

react i on 1 omRecanFissl vt b¥npAg)ag AROAPEEr FPLYER 0N Bep, 1BSCRERI as
the imd i ncl udi the d tivated t al yst dth t al
e comepne (op g e feact et ol ety andne e
separated fromd{he [.8aCl | on, H&ér%?gegpéﬂ qq:r PRk él’l%é’l S?ﬁgrgoﬁgﬁiﬁt or an

inmpurity in t he TFEaCTT ON' WXt ur e sy ‘renov € feaction

mxture may DS YEN! Chd AqhatllY SRNeAY) HARA’ AhingyARdCRUBLhY! Rie 0 4 F

E 8 2003 - operation such as filtration, condensati Istillation,

extraction, crysial lddald ¥b JAagystallization, colum chromatography, and
a conbination of these operations foll owed by subjecting to the separating

operationd C), 5 ( D JEmples bf sMehe@wdkenvliednthadecagbirorxiatpaar,ri ed
out in the presence of a solvent, in order to inprove the
organic 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



extraction efficiency, the reaction m xture nmay be con densed prior to the
separating step (C), (D) or (E), or may be subjected to the crystallization
step without 10 condensation. Mreover, the reaction m xture obtai nggFBg 2003
the reaction may be subjected to the separation step without purification.
In this case, the unreacted raw material for reaction (substrate) and the
reaction product are 15 distributed imnt®d & crystalline or non-crystalline
conponent, or a hydrophobic organi c solvent phase or an aqueous sol vent
phase, respectively, depending on each characteristic. The reaction
product, unre@&ed@teawbWivdr iagiethde .r Bgthivdn beargatreapg- ptbtdct s
distributed 20 i nto each conponent or each phase can be recovered by the
above convent PeRFICaRE:hETC i@ therst isvgbhias Betwabydrréusapanadi ng step
(A) (B) and the separating step (C)(D)(E)Jﬂ The separating step (A) (B) for
separ ati ng t héiofage :251eehpdaniieh@st Rethaneli ontinniu@ndnd§OoBECRYELr | ed
out in conbination of the separating step ( C) ( D) ( E) for the imde
compound and EHERSH keieRp§ssuch fasacedoaeyandidlemethyd Refopep 2003 -
83 the separating step (A and_(B) may be conbi ned each other, and the
separating step (C), (BFridsated)Ymaybere6rbitRedcRaERTEt KBR. iIMRAGenerati on
of the imde co og&%{ 5 The utilization of the im de conpound in the
reaction (e.gCc° A T GG 198RSty 8EERCS VR LYnadti $8ti on of

the im de conpou to%qrm co O%ﬁ havi n ttze unit represented by the
formula (4) oPTEHALS ﬁéh%ﬁqi&ﬁ lllﬁ&té%f‘) 8% RSB n°3§FF‘$&PPve of
the imde that the amount (total amount) of the specific solvent
| (hydrocarbon, chain ether or water) contained in the
10 reaction mixture is, for example, 50% by weight or more,
in particular 70% by weight or more (especially 90% by
weight or more) relative to the whole solvent (including
a volatile component) in the reaction mixture.
The temperature for crystallization treatment
15 varies according to the species of the treatments, and is
usually the range of about -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



10 conpound having the unit represented by the formula (1), a dicarboxylic
acid or an acid anhydride thereof corre sponding to the i m de conpound
having the unit represented by the fornula (5). In order to regeneb&tf€Bg003n
deactivated catal yst, 15 the deactivated catalyst is subjected to a
hydrolysis treatnent to convert into a dicarboxylic acid or its salt shown
by the following fornula ( 3 ) , fol l'owed by reacting the dicarboxylic acid
or its salt, or a reactive derivative of the dicarboxylic acid with (i)
hydroxylam ne or (ii) 20 O substituted hydroxyl am ne and then treating
with an acid teent &k kon he Thei gepasapsedndmidej compopnd €8y eCOH 0 The
regenerating nethod is applied to an 04 FES8 2003 - 84 deactivated
catal yst resul¥@sed o chaPjea bifs tatwitdeitt gyt tgieatmentniode aédeound to an
anot her conpound ( in particular , the conpound of the fornmula ( 4 ) or a
ring- open deri%@Risetethet@othg suitphlee feganerafiad treadmeatboxylic acid
or its 5 salt , or the reactive derivative of the dicarboxylic acid is
formed as the MeERIV<At d-RatBe3Etiom PRKBICE R Rer d{%f"sllaste@pé’tyatai on of the
i mde conmpound is carried out in the separating process (B), the imde
catal yst can beORERRWEPRA kI I HELH RGNS FPH )asorco(fﬁ%“%ﬁittll%‘ut 10
hydrolysis. In the re eneratlng?nnthod the reaction m xture caontai_ning the
f

deacti vat ed cafSY§ERIHELAH Y (TR EHE AR50 - nﬁ;ﬁtﬁécst&tﬂ Nac@dF Hid t he
the 15 deacti viRbiPRarSr b Sealana Y, dhas, oy Hratebe 2{*\8%%1656‘{ EL”Q
andi or the. met TSREE by B %ﬁs‘%%?v"@rd& 8@@‘@?“"‘@9*‘%% e%reef?%tﬁ'g‘%gﬁ e

means such 20 as i1t AT IHEAEHE %%G?En S R .Vﬁﬂt' ol
crystal | i gati 0Qry MpL £OYLL 5 d Gufie (“19 id u's% deagiovat ed

or nodified, t e deactlvateegipcat yst ang he actlva catal yst are

separ at ed eaCchhPiheEaAbsh | h:?xeoéﬂxa{nﬁi%;%ﬁtalrv@é cdtedt a4 )ési-e;i@h/l&ﬁ‘ sduRjepgt ed to
the 25 regeneration treatnment or a mxture of the deactivated catal yst and

the activated {8t dex€ospovda nByadel Gl Rfddteit) thie dagananatdmn of the
catal yst. 04 FEB 2003 - 85
changing of a system during of a reaction, or by cooling
or condensing after completion of the reaction to
15 crystallize the imide compound, or (ili) by adding the
hydrocarbon, the chain ether or water into the reaction
mixture (if necessary, after subjected to a suitable
treatment such as filtration, 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 hydrolysis treatnent can be carried out by a general hydrolysis nethod
such as an al kali-hydrolysis and an aci d-hydrolysis. As a base to be used
in the al kali-hydrolysis, there nay be nentioned the above 5 exenp@%ﬁgﬁﬁ
base [ a. g . , an alkali netal hydroxide such as |ithium hydroxide, 003
sodi um hydr oxi de and potaSS|un1hydrOX|de an al kali netal carbonate such as
|'i t hi um carbonate, sodi um carbonate and3 pOt assi um car bonate; an al kal

nmet al hydrogencarbonate such as lithium 10 hydrogencarbonate, sodium

hydr ogencar bonat e and pot assi um hydrogencar bonat e;; an al kali ne earth netal
hydr oxi de scha§§rné@ﬁe§?ﬁﬁ1HQGFoghﬁer%ﬁﬁtéapcPEﬂ¢H9Hrb&l@epoéﬁﬁnnla an
organi ¢ base such as triethylam ne_and pyrldlne% an acid to be used in
t he aci d- hydr@PW§P§ndﬂhéP§°13 ragidee nteendersate hrtexempt 2l iz e ¥ gani ¢
acid such as hydrogen_ fluori de, hydrogen chl oride) hydrogen brom de,
hydrof | uoric &&PH4iPh{BeodRiLEei EOBEPUNAhydr obromi ¢ acid, sul furic acid,
nitric acid and phosphoric acid; an sulfonic acid such as benzenesul fonic
aci d) p- t ol uenesul f onMBTEEVET 20t dHeler SATOAIGh MEYa PP TEGPRCERD AT of t he
base or the acid |s_about 2 or nore U|valen ? about, 2 to 20

equi val enPs) , apFetid Y FoRIGEE 129 o I-'1 %ﬂnﬁrbé‘llé‘r’n:g’sl &nd- moVEL R EESR abl y

bout 2 to 5 | |, at t 5 f th
2a?glyst ?theeg %3953 ad§&38:§§Fe§r%?h g%%?ﬁﬁf ﬁé %PeoFe%ﬁ lﬁﬁactiiated

tal yst d th [ a I t wh
wtidmthp&tzf Figag E’at 48 o S dag Be 9&3:?2 86 rd?yr?.z
nore equi val e% ds J]tn:lv\%téﬁ ) n%&&?{%a?eé 1%Q§t ty‘ﬂ’%é’]’f lttghdé]'s}éyt?éq?yé%/e(t he

deacti vat ed c%&a&¥§hl? th@e ﬁhélcaﬂBUHBdOf the 5 deactivated catalyst and
the activated cafa ), In many cases, water is enployed in |arge

excess. [ge hydr0|y5'§a&€ﬁ€ﬁi§£ﬂ§ejﬁﬁEhQQy§P%éﬁ@k¥g%%|QQ&%@tQ%BﬁQHéﬁQ on
the species of the deactivated cafalyst and the rolysis method, and is,

in general, (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 step

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



10 about 0 to 300C, preferably about 10 to 200C and nore preferably about
50 to 150C. In the case of the al kali-hydrolysis, the dicarboxylic acid
salt of the formula (3) is forned, and in the case of the acid-hydﬂdlngRMJ
the dicarboxylic acid 15 of the formula (3) is forned. The dicarboxylic
acid and the salt thereof can be interconverted each other by a
conventional nmethod (a reaction with aase or an acid). For exanple, to an
aqueous sol ution containing the dicarboxylic acid salt is added an acid to
react , so that 20 a free dicarboxylic acid corresponding to the above salt
can be for ned.COMROWMb UMt wfthenh@oacicayishalpigec gempongnibbat selvenkor e

equi valents (e. g., about 2 to 10 equivalents), preferably about 2 to 6
equi val ents, &ARASPre preferably about 2 to 4 equivalents relative to 1
equivalent ( 1 nmol ) 25 of the dicarboxylic acid salt. As the reactive
derivative of the di cdtSo¥pRcEigni @rofueteifng BeamEAPR oREAIECEHeri vati ve
obt ai ned by activating 0 4 FEB 2003 __ s~ __a carboxyl group, for
exampl e, a morfFYHrldiigade withyfodeagitaRPdeOLl¥ANEei ananR9ArPRe Far
conmpound represented by the formul a (15 ). ) ,, and an acid halide, which
correspond® t o PHERfiarfodiqohodeideT KRSyt hend - v h8RaBSEeRANGEr PBe of 5
the dicarboxylic acid is @articul rl referred. The nopno- or _diester of

t he dicar boxqu](fleibxdtf'i Ry uﬁ%é{sqag'rlﬁﬁgnﬁ}%?h%%' & Kpitonsy PTRFeraBtYi cul ar,

a Cl_4al kyl ester) .such as nethyl _ester, ethyl ester, isopropyl ester,
sobiityl bst et SARPYSHE e or TRoRertl h kbR EAER ST E AT  cul ar
CZ_4al kenyl es&cﬁ;%ntsaggcehous f/lrnysl ester ,an h%l l'}ﬁlid ster 'Bogﬂgagr%kgl ester
such as benzyl ester;”an aryl” ester SuchH as pﬁeny SSUBP! nohg them a

nono- QI’ di d _%M_iqgﬂubq:r EQ thggr(ﬁ:?.l I 8 &ﬁlll X Lf‘Hd RHECbligel}nS he

preferred. 15 e nono- or diam di car yl'rc acid rncludes, for

exanpl e, 1on- Ssihst bEWEH REL G aftb¥¥ht ABnffersitttAaBBLs 85128ec ) ¢ hy!

am de and N, N-di net hyl am de; aral kyl am de such as benzyl am de; aryl

am de such as @iy |dséinplelha Ralrdvdxyafict heid ¢arlaexyhkhCadgépHak el udes , f or
20 exanple, acid chloride and acid brom de. These reactive derivatives of

t he di car boxyldfrmsiyl caacha paeihg edobymerdgiphed otabaly 6Stala63l myrenpl oyed
in the production of the corresponding reactive derivative froma
carboxylic acigreflempiey 6lto ER) exanpl erombe casapraimadfid bervorgiboxyl i c
acid can be obtained by reacting a dicarboxylic acid with an al cohol
correspondi ng da®id hee des.i ragd agsimart iion poiy carbosydd cohcad sucl est ahyst, if
0 4 FES8 2003 _ 88 _necessary, with renoving by-produced water. Moreover,
the ani dd%f ta3RORAHT Wdoprbexydilg aahdbé. ot Aardd Wl areadhi agomatic

di carboxylic acid with ammonia or an am ne corresponding to the desired
amide) if neceS¥HIXYMG A esence of a 5 condensing agent. Moreover, the

di carboxylic acid can]lé’(e) onvertrled into an.acid, _anhydride E thg

di car boxyl d R 5N SR 0y e e PoPaPa 28 ) Thep
e oo
t hi onyl hali de, p'#]osg%ne, 8 0%8 ofT ¢ ‘é]ci 21"618 %a I Se, acl % ﬁal i 5é, acid

anhydri de, car haghi ey nBK! 4 1983000 VIGHIBBLALLY - d ot S poBRGos e

reaction may be carried ou DVI Ng Wat er by- prod _ er, the
di carbocxy i ¢ ¢4 sC%“PBgdCQ&i’&éﬁx?dfdzmtﬂet i1 G8T LSRHPAR HhPBledubakl de by
action of a thionyl halide

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 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 U4FEBZM}
hydroxyl am ne , the 20 reaction is usually carried out in the presence of a
solvent . As the solvent , there may b% menti oned an al cohol such as

nmet hanol , et hanol, and i sopropanol; aromati c hydr ocar bon such as benzene
and tol uene; a hal ogenat ed hydrocarbon such as carbon tetrachl ori de,
chloroform 2 i chl or onet ha g 1,.2-dichl or ethane Ii atic

hydr ocar bon SE@W 5@ yénfA7EP ﬁg%ﬁﬁesohgﬁPg €afd’ oét% Bo ﬁf%?léﬁﬁ?lc

hydr ocar bon sgch as c clohexan and ZOO3

met hyl cycl ohe Sié: 8§ﬂgra§&§H 8?&§P°35 ?ﬁtea%_%P%u?9+ 8 efate; an
et her such- as d| m@ e h §H§h3§§n te;lﬁqu{of%5agstgg bgﬁlgtﬁ vent

such as pyrldlne n|t tonl ," a non-protonic po

I t 5 | 1 t hyl
;S)(r)etlgpred fsg(r: reasons %k |n€%ov?hg§giglgé?%gtaﬂl Ia%asxt‘iﬂ%{) ng'ﬁ‘(:)xy I'c acid or
sal t thergof s qgre'n'%wi] 8! eqGt b P anPé‘%aEr%%th?h% Acihéélf‘s QBQ he&i%ﬁ dri de)

enpl oyed. Moreover en a’ react ve derivatirve (e , aC|

of a di carboxyld goaeld 4oy PARLAYEE ddLdiiomgact kﬂrbaf@lduslﬂ charaade that a

reacti ve derivative iso ate or a reactive derivative obtained froma

di carboxylic agisd wael%hg@cm&venebnﬁsanOEStQewéeae igssPaB1eAs the
hydroxyl am ne, a free hydroxylam ne may be 15 enployed, or a salt of

hydr oxyl am ne daboxg 19 laeyad [ idhpartheusar! &b ayﬂpmwi@r&mm%ml oyed,
a basic solvent such as pyridine Is enployed, or an appropriate base ( an
organi ¢ base @cidhhavangals orbasee (praddedbly &htor EALtcarbey Shtoms
Incidentally, when a salt of a dicarboxylic acid is enployed 20 as a raw
mat eri al 1foor reaacn aromstticodhrbexydie haidd, maherwateraisadluble
hydroxyl am ne can be enpl oyed. The salt “of hydroxyl ani ne i ncl udes an

i norgani ¢ aci ¢agdloxyddchagddhgam dutlefifiigd endllyf argstailliaed &ndmphisgphat e;
an organic acid salt such as acetate. As the 25 base, there may be
ment i oned, forre@ciheme mixkuxei B¥ vgdRJasd iPWéFh?ﬂﬁh@ﬁﬁlbﬂdaﬁiﬁefthne a

ni trogen containing heterocyclic conpound such as pyridine; an al kali netal
0 4 F E B 2003alkghecarpesydicapii suchoas aroeth@eife ARPIBELCHIRE hoxi de;

an al kali netal salt nor nic.acid h as sodiu etate
pot assi um acet®t&xr- Eﬁt?l'blll? % ?ﬁ igﬁ h?ﬂr?}ii’a}égg g‘ﬁ as’ sgm um
hydr oxi d po drOX|de t al te such as

d b
sodi um cgrSggnaf’gi r?i gof’a 1 3fn 0 ‘F’b’%‘h '%tly]lgﬁ’fanr?ét%r Onacﬁ dEncar bonat e
such as sodi ur:get;_.y Q:ro‘?&%'l ri%% %e1‘3eﬁ@daBOEai‘EhHﬂQXdég%Qﬁgf bonate; an

al kal i ne earth netal such as nmagnesi um hydroxi de and cal ci um

hydroxi de. 10 The armwme Séoi'i/ﬁlé@%ﬁﬂl&qaa%l%%uéhh%é‘%%l%ﬁht%¥m)re
(e.g., about 1 to 10 nol), preterably about 1 to 5 nol and nore preterably

about 1 to 3 BYolfiflgath¥erdati dPiniStutet bt 104l rixBIOBENLLEHAN Weiéhe
di carboxylic acid . Incidentally, hydroxylam ne may be used as a sol vent.

15 The reacti @ortaIne aher ebijectivegesmpalindadndt tRet Oris4) 1 pret eombl y
about 5 to 120C. In order to accelerate reaction, the reaction my be
carried @ wsdivesto\iregctdoar soivenaduand, ier haasedveogar saltabler (a
dehydrating agent) is added to the reaction system
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



20 After conpletion of reaction, the regenerated i mde catal yst can be
separated and purified by a conventional separating and purifying neans,
for exanple, filtration, condensation, extraction, crystallizati on,U
recrystallization. Incidentally, the crystallization or 25 4 FEB 2003
recrystallization is carried out under?ﬁ'm_ acidic condition (e. g., pH of
about 2 to 6)) so that a high-purity i™ de catal yst can be obtained wth

hi gh yi el d. 04 F EB 2003 - 91 Wen the dicarboxylic acid or its salt,

or the reactive“gerivgtive ff t he di carboxyl.i ¢ acjiﬁ&is treated with an acid
after reactin§ORAERSBLLOBPT ( theF W%ﬁ%m W% gani ¢
group-substituted 5 droxyl am ne in which . the or r%ihc %r%g% its attached at
oxygen atom such as %I%-%ﬂ%@ﬁ’ie{h ee&lqﬁ%}[’"&?ﬁ é’%?ne,e resen

O cycl oal kyl -substjtuted hydroxyl am n I it
hyd)r/oxyl amyne,lméﬁﬁlcg’l%r ﬁt- %ﬁﬁﬁ)&ﬁaﬁf&? %f/greg?% ?rﬁn}lﬁzél%aa%tegé%el%ﬁ'gyég as the
O substituted ]l | amd ne. - al - 1Mt hyd Lpe, th
may be nmenti oﬁgg‘?g\?{g;féiaacﬁirpﬁ gg ﬁfgﬁ’atﬁ& s%%@?ﬂl{ﬁe%dﬁ?y]d’%géébgﬁgg sucﬁre
as O nethylh i DE, .. A i pe,. 0z I '

and O 15 buEor Yy e e P o e e o e,
there may be i , gﬁ% cg.-‘%f:l' ty/ ]

O cycl ohexyl h%?%xﬁ?gﬁi %ée%%l}?éra ﬁb su stc?%dtled/d yd;%xmﬂ%dr%ﬁlﬁc%ﬁudes, for
exanpl e, O bepgyhb¥ gl 9X V4 HH ) analPle Qg i Rl deUESHp SOn 8 WA 1aKY hani ne

i ncl udes O phenyl hydroxyl am ne. The reaction can be carried out according
to the reacti gnrehcténdi6avdRKy!a ccAGhUk@hetlEpbikeid 4BidY iR Xydes ne. By

the reaction, for exanple, N substituted oxy cyclic imde conpound
represented byithea?y ¢pl,aowaAgchobouyBi¢bacid swehraat dbeticCaclldPR C
10 an alcohol (C;.;palkyl alcohol), a mixed solvent thereof,
or a water-containing solvent thereof.
Incidentally, in the crystallization operation
(A) (the solvent-crystallization step Al and cooling
crystallization step A2), when the reaction is carried out
15 in the presence of a solvent, a reaction mixture may be
condensed before the crystallization 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,
decantation, and centrifugation. The crystalline cohpo—
25 nent may be, if necessary, purified by washing,

recrystallization (crystallization), extraction and the

like. Further, the reaction product or the imide compound



0 04 FEB2003 - 92 Werein Ris an organic group. The organic group
of R includes the correspondi ng organic groups to the O organic
group-substituted hy 5 droxylam nes . The typical exanples of the g}bBEBQmB
includes , for exanple, an alkyl group (in particular, Cl1_4alkyl group)
such as nethyl, ethyl, isopropyl, and % butyl groups; a cycloal kyl group
such as cycl opentyl and cyclohexyl i 3uﬁs; an aral kyl group such as
benzyl group; an aryl group 10 such as phenyl group. The i m de conpound of

he ormul b d i b |
?m-edeoig“npﬁu%a?aarb 5 ﬁ%@re%éséb?e RhannSRr GEYeRaTH B ROMROUPTh SR acla | &
I h t t | th
above: bxempl | BraRRORALIER Bs%%ﬁpii G5 emRAtan doathahe ﬁw’?%fﬁ%'ht  oned
i i hyd d
E‘Pohi”ﬁégaﬂ'yﬁrifﬁﬂ 13%55 4 yaPBensdy | EoREFRT far GOFDAELSGPR cul fur e
acid, nitric .Aq %m%%%‘% ok Sfa%thebeﬁgﬁa?%ﬁ?ac'ﬂles‘i &

nethanesulfonlc aC| Resaifon ¢ zenesulfonic acid and

p-tol uenegul f%‘n&:g% 'ddmahrt bleS r gE?E@e tgﬁ& %QSc@E gf,@&gyd{ de. The

anount of the acrd 1s usdally ab pre erabl'y abouf 1 to 3

mol , nmore 25 py @ce%rs%'%lyyag%# éw% dl?a re"r%e' %@t%?ménﬁ%n & msHhsd | tuted

oxy cyclic im e conpoun e enpl oyed as a so vent. 04 FE

8 2003 - 93 The RMRFeal larseth@e%a@n%hbiaa Aetflohs, for exanple, about 0
to 100C, preferably about 5 to 50C” After treating wwth an acid, the

regenerated im depgagatyaétean) be separated and purified by a convent i onal
separating and 5 purifying neans in simlar manner to the above. The im de

catal yst regenerated by tHe proeeesscoiptiEiny ehenéxtreetiomatepn(ve,
recycled and reused to the reaction system i [Process for regenerating the

i m de coapoundly éftraetiecyeperaition Pititensagoamis sedveatr eactanmisg ep for
reacting the substrate in the presence of the inide conpound of the formnula
(D), at least water and a water-insoluble solvent separable from
the agqueous solvent, the reaction product and the imide
compound are distributed into a phase of the water-
insoluble solvent and a phase of the aqueous solvent,
15 respectively. Therefore, the process is advantageous for
the case that the reaction product is water-insoluble
compound (a cyclic alcohol, a cyclic ketone, an aldehyde
having a cyclic¢ hydrocarbon group, a carboxylic acid having
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] is preferred. However, in even case of a
water-insoluble imide compound [an imide compound derived
25 from an alicyclic polycarboxylic anhydride or an aromatic

polycarboxylic anhydride], such an imide compound can be

efficiently separated by selecting an extraction solvent,



a separation step for separating a reaction product fornmed in the reaction
step and the catal yst (including 15 an deactivated catalyst), a

catal yst-regeneration step for regenerating the inide conpound by 04 FEB 2003
hydrol yzi ng the deactivated catalyst in the reaction step to convert into
the di carboxylic acid of the fornula (3) or its salt, then reacting the 20
di carboxylic acid or its salt, or a re ive derivative of the dicarboxylic
acid with (i) hydroxylam ne or (ii) O substituted hydroxyl am ne, and

treating with an_acid,. and a recycling step for recycling the jrnide

catal yst 25 r RPhef Y o ‘?%éafr%&?ﬁ“gﬁoé’te . clﬁ"*i“ggfaecQn’l"gr’é‘agchgmatti c flow
chart illustrati n ex | e of the oducti on prqcess of .the_present 0
4 FE B 2003 Beprol¥sis dge ﬁ°’t"ﬂ8u$‘éa‘%ﬂ’r%‘?m 8 &3 etrﬁéogHBéFr aba Sippl i ed
fromline 1 is subjected to reactio in.thg presence .of t&e .rilm' de_conpound.
As the inide cHHpou ?j,reaQFrbefﬁE&ecéioal §r 18108, SRBPERE - | AE nEPYRGERER at i on

b d or, th d I ' nbi [
i h undsed EZ%'?%%E#H?%F dremside gt soi fof° clRaupE cd | om | i ne 5.
w | . _ |
xerpl i 11 0 T oadtiR o Forcavanp) £onERLATHg, RroFRAke e eef 200"

car boxyl ati on reacti Ofhg ani Lyglhdl Jod36hOBonta B UAL 108ckCRgLON, an

acyl ation reaction, a radical=coupling reaction. eacfion apparatus used

in the reactiog %hﬁ%oﬁ%@cfi@@r& whigh AR yal ef%%ﬁé?rfaifnoéoxﬁﬁé’ﬁéﬁf‘g the

organic substrate,” a supply neans for 15 supplying the reactive conponent

and the catal ygdn tKk tdMbIRALd OF The@aqufous: s81¢ERE HAELLAEE a mikddr gi Ng
punp ) , a mxing neans for mxing the reactive conponent and the catal yst

(e. g., stirreidiverd ddntEnfSRMAter BAECHNAN otBEBREVALBECsE0abLAl | i Ng
means for controlling a reaction 20 tenperature, an exhaust neans for

exhaust i ng t heorgacic @oltertlur(e . ior.Qmat 0¢_jeAachol shieht Be mephandl nga st ep,
the reaction product and the catal yst (including the deactivated catal yst)
are separ at ed Xetoond maclead iapetone,uan edhelr edchr as tihexdber andti on step
via line 2. The separation of the reaction product and the catal yst can be
carried out bytetmahysinefwesrar & iloyererAdphat)cBrasborytbnvanidosetch
separating 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 is exemplified.
Incidentally, an aqueous solvent contalning a base
may be employed as an aqueous solvent. When the aqueous
solvent 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 is 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 4 F EB 2003 - 95 nethod and a conventional separating apparatus (e.g

a filtration apparatus, a condensation apparatus, a distillation apparatus,
an extraction apparatus) an absorption apparatus, a col umm chronatq)ég?%)%/}.
The 5 reaction product separated is recovered though line 4 , and 0
necessary further purifying. Part or a%l of the separated catal ysts are
subjected to the regeneration step via“Fine 3 to be regenerated.

I ncidentally, when part of the catalyst used in the reaction is subjected
to the 10 regeneration ste t he resjdual catal yst. can be reg¥cled to the
reaction stepaﬁuﬁﬁﬁﬁt5Pé§§ﬁ§r%???ﬁ9n4qﬂtqu94§@g§ﬁeFBF|%%u%?%i Qheent

deacti vat ed cat al st su I|ed via line 3 fromthe separat e
regener at ed acdor F?BtF@@eﬁ%?"éf?ﬁﬁlﬁPg]c%B%r%T’ ?he? *ﬁ?ﬁ 1E%rrpound 15

QﬂaﬁBfiraL“?23%¥5&9¥%$r?&éﬂ?ﬁ IR B §8H€gﬁ%¥%m% sl e '

d d I f

(g 4 cﬁaﬁgw%QJWF%@S%ﬁgeﬁaEE? o tBl ¥%§9?%Ec?%eﬁcé'X?xfﬁgpﬁgiﬂi
for mxing 20 SARGHROREH (Re BorraLhbfdile Bufilfcpogessary 2

reaction terrpe COI’] I'ng nmeans 1or con a reac I on

tenperat ure, %.@@1&%@& 9 L0 it gpggg 6enthg! bl 9909£*9§1$@s¥reaction
system an exhatlst means for ex I'ng e reac ron mxture fromthe
reactor, a 25 separat f t

purifying the fegenergtggaaggfg:%gttg%dfgﬂ%gfgﬁsmi?{ %gﬂr 2%:(!)[/ e step, t he
regenerated calqieltls solvint Boftading 28 16868VEEEH Ah@Mhideedcggneration

step via line s recycled to the reaction step. The recycle of the

regenerat ed CaiydinsilyzeaNah8 G fe@dt98h RYxBufNieRleparaltedeihed swish as
supplying the regenerated catalyst to the reaction 5 system w t hout any

treat nentio or Miguiddphaekki 8¢ thatumeidsigival amiagpeompoaha solueat . For
exanpl e, as the recycle neans, a punp, a beltconver or the |ike can be
used. | nci dentfairdmplat He)opebapound'snhaan:hgsthp mytbeshawni by thé whi chever
a continuous manner or a batch manner. 10 Moreover, a single or a plurality
of appar at usefogweliags (4) ramtt(G) whiehuapesiractivatash productant beheised.

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

i nvention, frdmide egmpoundlengi xingeoppnafinddrbyatévesi bpereafiva¥eate in
the presence of the imde conpound, the imde conpound and the reaction
product can b&odMerdiedninfosaparateef FudinaFPoxyLictaeid haying st ure,
the imde corrpound and the netal catal 1‘\]/st can be I§o separ at ed

ef fi ci entlPy. MIHtth&hoyRe PY,LRE fPhdowing formula

0

IE':—OH
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 agqueous solvent



20 to the present invention, anong the im de conpound separated, the imde
conpound deactivated by the reaction can be efficiently regenerated.
EXAMPLES The fol |l owi ng exanples are intended to describe 25 the preB¢mEp 2003
i nvention in nore detail, but should by no nmeans be construed to limt the
scope of the invention. Exanple Al-1 8 4 F E B 2003 - 97 To an autocl ave
(volunme 1L) made of titani um and equpr d with a condenser and a
pressure-controller, were added 50 g ( 0 . 594 nol ) of cyclohexane , 9 .

TR S M AT
i ek s e b LG ol ol o
\_}\A’rlghrggg}[/v: (r)\g i?g:z'rrﬁg E?s?éﬁ?ﬁgugg‘%s%ﬂgt vﬁ’lf#ehi(ﬁo h af%‘?eboé‘lscool ed.
per f or mance | Faéivangh\rl\gf&%%%ﬁ&yb% 'gi?ste{]gehgf%%%&q[ ?L%It% %é&ggr?glerqgﬁe on of

Vel iaBe (BEpEBayoit, cE4ELACAERENS, SRCh AE LORIAP adfidniofamd 11

respectively. ; Mgl h LN SH&SFM fon 9 IR GeRictivatea
N- hydr oxypht hé%%ﬁgéﬁu%gd{?g‘% gx%g?g ';L/st)g%. 109 gn of p thgl icm' (Yea v?/hi ch was

deact i vat ed P&ﬁgﬁﬁtcgﬁpghge byg5exvelt b8l hipufs1ydid Sbréatthedbiiiyl i C

anhydri de which was al so deacti Vvated product of N hydroxyphthalim de

existed. AfteguliRapigagsé@idlivhelaetéemehitibhaliefedénéL£4PY6n method.
As the base, an inorganic base or an organic base

10 is employed. The inorganic base includes, for example,
ammonia; an alkali metal hydroxide such as sodium hydroxide
and potassiumhydroxide; 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 alkali metal alkoxide such as sodium methoxide

25 and sodium ethoxide.

(Water-insoluble solvent)

A water-insoluble solvent employed in the



an insoluble material, the filtrate was condensed to 25 distill off

cycl ohexane and acetonitrile. To the con densed resi due was added 100 niL of
cycl ohexane, stirred for 1 hour, and then filtrated to recover thgj ¢pgajyst
and 04 F EB 2003 _ 98 _ the deconposed product thereof

(N- hydr oxypht hal i m de, phthalim de and Rht hal i c anhydride) in the form of
solid. The filtrate did not contain t'hg catal yst and the deconposed product
thereof . 5 Exanple Al-2 A mixture of 25 g ( 164 mmol ) of adamantanol, 5 .
36 g (32.8 muol ) of /N hydroxyphthal i md 0.11 g,{0.328 nmol ) .of

vanadi umacet yE¥tERGLALH f@(%&;ﬁe eEHLe Sfog‘cgﬁ?ca‘é‘&?%uso\ LMt of

chl orobenzeneTg%s ) irrgd fgr %0 ho:[]rs %O.atlS(iC an‘g 1 atmé](e). 101 MPa) in
an at nosphere BRYGERIOAPLBP LR oRPFEEP BN BFLPESE i T $¥E R E2ctT on mixture

?Efoﬁgf‘éézﬁgr%d%?eéé‘éﬁégﬁ &2 BV RO pR e ST RARS ah v ke o5 e
Seroctivity 5y78tghRaRAR, Db b Smd EChTar b Ton ) 4 fated Pe%%?%ef v

sel ect | vil fid i e &

catalyst 51, PEEESREERER) T Eh hFcotlo B A REehe) P IRaT I & A de ver e

contai ned. 20 GERHAACTA YL LEPTRY" gn AHAOUIRS ileh SobyBhy i Gedias added

thereto , and t m xture was stirr or 2 hours at 50C. After cooling, an

i nsol ubl e mat ﬁhidabawaﬁe;éﬁifeﬁgﬁﬂ defl AR flcchbP@ingt 8bYehe a8k s dgconposed

product thereof in the formof solid. The filtraté was 25 extracted with 3L

of ethyl acetah@ rehbBeidnt paeluttddhd YRS £RIEENS&bd¥nd /0 Thedehe resul ting
crystalline was filtrated to obtain 11.2 g of adamantanedi ol. The

crystalline dhgdrophéblcH watd¥3insdihbldPboto8has mddecabatidrtand t he
deconposed product thereof . Moreover, the residual extract liquid was
condensedot o tofipdeandn26D mpaaftiamat and mag beldaglolyedets. a eadteisad ti ng
crystalline was filtrated to obtain 9 . 9 g of adamantantriol . 5 The
crystalline diseélventcontain the catal yst and the deconposed product

t hereof. Exanple Al1-3 A m xture of 27 g (200 nmol) of adamantane, 3.25 g
(20 mmol ) of N-hydr oxYhénhthée nhyidrophalgBe gs¢ventmisd Jemmleifed/Z5 a 240 ni of
ani sol and 60 nlL of acetic acid was stirred for 3 hours at 85C and 1 atm
(0.101 MPa) i meastderrosSphEeBteof 1bxGaRNPE ALTRECYRAARERA bII¥EATtion, the
reaction m xture was_anal yzed b 8as chr omat o‘gra hy and high perf or mance
liquid chronat&8RZERYE §H§Y38§ ér Bste, agrRecds %ﬁ‘@"e‘?’éi% ®f adamant ane

was 13. 0% adamantanol and adanpnt ano were forned in.yield.11..3%
(ool et 0Bty 8BMF Y0 BF o FRSOEDOR o T (hm  Whedhgn HsRebiRig 5.
Mor eover, in i 1 Xt.ur of pht.hal i M as a
catal yst, O. 6%“3)5%?%%% gﬁf ﬂ]éf i%‘ihgrec?l%fr%t&%S agNnégggﬁ%{hg%i %h%%%?:% wer e
contai ned. The LHAACHIAL ML %‘B_s‘&’%ﬁt%oﬂdémﬁﬁgye&% eﬂ:e%tﬁ?iﬂ%ﬁd@& ,added
thereto, and the mxture was stirred for 2 hours at 50C. After cooling, an
i nsol ubl e mat g6l ghatasnbi Fesahed1t Sub8EPHEE A BatahyBbyéddas he deconposed
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 preferred aliphatic hydrocarbon includes a hydrocarbon

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

alicyclic hydrocarbon includes, for example, an alicyclic



25 product thereof in the formof solid. The filtrate did not contain the
catal yst and the deconposed product thereof. Exanple A2-1 0 4 FEB 2003
- 100 To a reactor were added p-xylene, N hydroxyphthalim de (NHPD},FEB 2003
cobalt acetate, nmanganese acetate and acetic acid, and reaction was
conducted at 150C and 4 MPa in an atnosphere of 50~ of oxygen (bal ance Nz)
5 to obtain a reaction m xture. The cbn%gsTtion of the oxidation reaction
m xture mas 20 g of terephthalic acid, 190 g of acetic acid, 0. 2 g of

?Hgl of pht hal ?Idyéﬁ W?I b5 Xg’hg S 4o Bod )SQébef%‘Hl %%ggu%gltqhﬁalayg g8ehthnd, -

4- b b Id de 10 (4- TA 0.1 f
cobal ¢ acet at eCKFLP eﬁa@eofmwﬁ%ﬁf@e et il ok, o mﬁ °
cooled to 80C at, a eri c pressur I|n filtragted at 80C
d 300 %‘ai‘ﬁ%&é %?é% oxtanee 1508¢i d und

?Ee sanenzzgdltl P Q LesH %%allln%i e dlstr|% g%lragpoegf
terephthalic a%rg S % j;)k %c c? l%oep d ac]’tu vat 86 1 1’1 wer e not
det ect ed t b

ofe teﬁeezo %:gflltﬂﬁ?}g#é%(eregﬁ?‘ﬂirﬁ ::é ?.%JI Oilqnéa?dg?lys | ﬁehr%él g é’k\{}\%{?g th((jaISI °)

content of ter 31-8@:?80:?%@ hBed" I@%Q%ﬁn e ! t%fﬁ%‘aﬂéh?ﬁ%ocgﬁgﬂ' e A2-2

To a reactor me p- xy ene, acet oxyp Pl'), cobalt

acetate. MRNOSREIENGCE! 8 Ol AN ARG |G udihd SRGLIAR VagIcAAdYCt ed at

150C and 4 MPa I n an atnosphere of 50% of oxygen (bal ance
ethylbenzene, cumene, (o-, m-, p-)xylene and p-t-

: butyltoluene. The halogenated hydrocarbon includes, for

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 alicyclic 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 alcohol having 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



04 FEB?2003 - 101 to obtain a reaction mxture. The conposition of the
oxi dation 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 aci d (PA, 2. 5]49FEHZUU§
phthalimde (Pl), 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 nﬁﬁganese acetate. The reaction

m xture was cooled to 80C at 10 at nospheric pressure ) a crystalline was
filtrated at 8Q0C and 300 nngg and the residue was washed with 60 g of
acetic acid umiENethy1s2hEobBAdition. In the resulting crystalline, t he
distribution ratio o d was and_ t 15

f hth |
deacti vat ed t her eof wgh Foagtég?gﬂheﬁxﬁnf? 09@ @?ﬁ%y i Y ortR®re added

I , Nnhyd I d NHP bal d
acelic ati o SPS aieh%ﬁyésﬂaa%l%%(’ FRL PR TL Mt

composi t1 on o WS SERAHE: 3 b%ll%?%&yﬁl(ﬁ%ﬁp%blél zﬁ“e R dishats i aI.“S
;92 §f Sln Ehflm e ﬂ‘aer%z “‘?'gtl‘b“e e laﬂ%l i 6% lfﬁllféﬁ%%é )b
m?ol uic agi d J%g)% 8 118 %ffﬁ&g% acés,?xa?neQ% ﬁ 8§X Y?ralg%igonrg%e

Aot i o peltrtaB 1288y ol @ Rttt leeegwgs LS4, 80C a

at mospheric pres a cr I ne was and 300 mmHg, and

the residue wog YRENGF14d Re€Bn8, HndeEhay BE mbitidiHed h?o%%:&ﬁ%@' tion. 5

In the resulting crystalline, the distribdtion ratio of isophthalic acid

was 98. 5k and Nidylc1ard Kehdndeaativgt 6dtbheseghrvBheatohs dehekt £6. Exanpl e
A2-4 To a reactor were added m xylene, N 10 acetoxyphthalim de (NAPI),

cobal t aqet at ydThpXandRedChethglandlonakafions], dcydléheéptanond ARG
conducted at 150C and 4 MPa in an atnosphere of 50~ of oxygen ( bal ance :

N2 ) to obtai myclosatianomeni Xt ure. The conposition of the oxidation
reaction mxture was 20 g of isophthalic acid, 15 190 g of acetic acid, 0.1
g of NAPI, 0.2 g of NBBI th2. 8sgenf phehel mayabe dné¢ipdloneéd 5 an céstEm hal i m de
(PI), 0.2 g of phthalic anhydride (APA)) 0.3 g of mxylene, 0.4 g of

3- car boxybaenzsmhewnde hayiaBAB, to. 80gcatrbant atame. afpd example, 0C4. g of

cobalt acetate and 0.1 g of manganese 20 acetate. The reaction m xture was
cool ed to 80Cigfliphatic carboxylic acid-C;_;jalkyl ester such as methyl

15 acetate, ethyl acetate, propyl acetate, isopropyl acetate,
butyl acetate, hexyl acetate, amyl acetate, isoamyl
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,_
galiphatic carboxylic acid-Cg_;p,cycloalkylester such as
cyclohexyl acetate and cyclooctyl acetate; C,_;,aromatic
carboxylic acid-C;_j;galkyl 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,



at nospheric pressure, a crystalline was filtrated at 80C and 300 nmHg, and
the resi due was washed with 60 g of acetic acid under the sane congi%iﬁn.
25 In the resulting crystalline, the distribution ratio of isophth fiFEB 28034
was 98.7s, and NAPI and the deactivated thereof were not detected. 04F
E B 2003 - 103 Exanmple A2-5 To a reach r were added (3-picoline, N

hydr oxypht hal i mi de (NHPI), nicotinal de 8de, cobalt ace tate, nmanganese
acetate and acetic acid, and reaction was 5 conducted at 100C and 4 MPa in
an atnosphere_of _air.to.obtain a reaction mxture.. The conposition of the
oxi dat i on reaéPiBilﬁPﬁgaFen&é§°2%°ﬁP%?n i TBER e BhRPe of acetic
acid, 0.1 g of NHPI, 3.0 g of phthalic _acid (PA <2 0.0f phthalimde
(P1Y. 0T o oPiBRPREPPERS ARRIARIEOPRRRRRE (ah g2pmal 1P A1 Po ARG £°)
ni cotinal dehyde,.3_. 3.¢g.0f water, Q.5. cobalt ac d 0,5 g of
manganese acef 3? rel. a?hglgﬁggﬂlﬁﬁn%f xgﬁgjég]\i/é)ée%%%’?ehs%aﬁa%ag%e ﬁf@ and 80
nmHg, and thenigggﬁgigbg was cooled to 25C at atnospheric pressure. A
crystalline was TiTtrated at 25C 15 and 200 nmHg, and the resi due was

washed wi 4h 27 g of agelife agidyuleridie SATPLEAREHEI Al ) it aoul ti ng

crystalline, the distribution ratio o nic acid was nd NHPI and

the deact | val gdviHEr 90t VS eiYond&kBRESIeor leRuSIY © of'2;0, b ddtaRS! OF

wer e added (3-picoli ne,
nitrile such as benzonitrile.

As the ether, there may be mentioned, for example,

: a chain ether such as diethyl ether, diisopropyl ether,

i0 dipropyl ether, dibutyl ether, t-butyl methyl ether and
anisol.

The preferred water-insoluble solvent includes a
hydrocarbon, a ketone, an ester, a nitrile and an ether.
Especially, a hydrocarbon having 5 to 15 carbon atoms (e.g.,

15 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

agqueous solvent and the water-insoluble solvent to the

reaction mixture after completion of reaction or its



acet oxypht hal i m de (NAPI), nicotinal dehyde) cobalt ace tate, manganese
acetate and acetic acid, and reaction was conducted at 140C and 2 PPE iﬁgan
at nrosphere of air to obtain 25 a reaction m xture. The conpositidh 6£Bd
oxidation reaction mxture 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 04 F EB 200
- 104 ( PA) , 1. 8 g of phthalindetd I ) , 0. 7 g of phthalic
anhydride (APA), 20 g of (3-picoline, 0.2 g of nicotinal dehyde, 5.5 g of
water, 0.3 g of cobalt acetate and 0.3 g of nanganese acetate. 5 The
reaction m xt predwat readdheddfrnomod tresdt@nihd 8@ .nndgmikduree condensat e
was added 62 g of 2ethyl hexanol and cooled to 25C at atnospheric pressure.
A crystal | i neswhgettetr §pethat tpeTrmert 290chmg), coandensat iaisi due was washed
with 68 g of nethanol under the sanme 10 condition. In the resulting

crystal line, thdtgpsipnheXtairctione Gistildatinnand cgyesaldizatisnlINAPl and
the deactivated thereof was not detected. Exanple A2-7 15 To a reactor were
added 1, 2, 4, 5ifenpapeshyYbeftbiect acke hyPrmivae hvddealimng) oxcdbel t
acetate, manganese acetate _and acetic acid, and reaction was conducted at
150C and B MPaikg . aficatRB¥EBhBY Mb¥ing-byfs TN (WFalthecd® T obtain a
reaction mxture. The 20 conposition of the oxidation reaction m xture was

3.3 g of pyrokefAPifrgeRaratess Porertally amhgn he Bragod¥sidpl 0.1 g of
Rt bl ¢ anhy GFRAERERBAYS c2g g apuba e %83 -ghap ThbEal o lvantiedana 0. o6
St mospher o ppessiRed EEepthel FRENERTH AN "S0c™ 0% Pen 2003 -
under the same condit P BRSPRCEIEY 1 AR HAS Eolbioh Rbchihe BB U,

ot ect o Vhcany 4°h3%e hiboR SHgh A CaRHERRII LAY Ml gRERous M

Nhydr oxypht hakbi gt Nebhda1£00R2 ! baSET £ %@1%3@%%65 Bfd dxtaREHRACt i on was
conducted at 80C and 2 MPa in an atnosphere 10 of air to obtain a reaction

m xture. The genpratti®neddst Be W& idiatfiuiteaot s@paraid U Waacklidnl g of
t butyl benzoic acid, 16.8 g of t-butyl benzal dehyde, 271.2 g of acetic acid,
0.9 g of NHPI prBddcg,othphifilié ccampaurid RA.g. 2 an dng.def cahipoalndricde ( Pl )
, and 0 .1 g of cobalt acetate . 1 )
the formula (2) wherein R* and R™ 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
acid 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



15 The reaction mxture was supplied to a distillation colum ( col um
plates : 10 , reflux ratio : 5, pressure : 120 mmHg) and condense@ Ehe
condensate was cooled to 2C at atnospheric pressure, a crystalline hdi&B 2003
filtrated, and the residue was washed with 50~ by wei ght of acetic acid
aqueous 20 solution (671 g) under the §€n§ condition. In the resulting
crystalline, the distribution ratio of T-butyl benzoic acid was 96% and
NHPI and the deactivated thereof were not detected. Exanple A2-9 25 To a

reactor were ad cycl ane hydroxynht hal | i (NHRI )., cobalt acetate,
cobal t acet yl a@e&gzﬁt oaﬂgfgt:e‘?##\lea%q‘%fy a%ﬁoqr}eadc'{q% s X ddd & o0 4 F E
B 2003 - 106 _at_12 and 2 .MPa i n ) r oxygen, t tain a
reaction m xt%?%?e Otgl% A tOi.&AqO?otfjeﬂgﬂDn%:P:ggﬁﬁ}ga l??%% dr)ﬁ%u%é) was 32
.1 g of adi p'ﬁ 1acid, 6 . 0 gof glutaric acid, 4.1 g of succinic acid,
164.6 g of acetic acid, 0.04 5 g of NHPI , O 3 g of phthalic acid ( PA) ,

0 2 g of phthalim da{ Bledce 8 ol BeOLaLYELANGENS hiciiefl 0l Vol el

0. 1 g of cobalt ac e an cobaltacetyl acetonato. The reaction
m xt ure S C rj SS : (i was

il trated at 10 SDAEPoss SSrEIRECR hapRer; “Hhe naliod AR 2575
of vater, di sgpl iep LorRbe! ShdraBith£ 00l £hd Qi ahBDERRERLEBRESSUT ©

to obtain a crystalline.” The crystalline was filtrated at 30C an 0 mMtg.

15 In the respyhhbef oF YhbatdddEion M xduTlel P e balike @lfyd&dighqi%ci d was
60~, and NHPI and the deactivated thereof were not detected. anple Bl To

an oxi dati on §6BeéhPNand X£hé EnFRIEpHob I Sl erd) ddh e Mdledtfed
p-t-butyltoluene, 4.3 g (24.3 mmol) of p-t-butyl benzoic acid, 2.8 g (17.5

mol ), of p-t batybbemaluebydesgrdi e bf 7leropklida tilohytsasyen prudiest 0. 15 g
(1. 5 mol) of maleimde, and 0.1 g ( 1 . 02 mmol) of malefic anhydride,
was addedd wat@mnd (8e rdxlidanicdnmiceddl®s tconpdelsl yfornekamp kenechttomtstland to

| i qui d-separate. Further, to the organic phase was added to water (30 nlL)
and m xed conppebetimes, |wspatlvepeout el Thed rigimgsing 0 4 Et d 2003 -
107 aqueous and organi c phases were anal yzed by gas chronmat ogir aphy and

| i qui d chr omat ogr aphyTheyrRH f thes @¥tragid ane &xsdem £ano bgf suitably
p-t-butyl benzoic acid into the organi c phase was 93% the extraction ratio
of p-t 5 butyFeEachedewitRin nke tHde pnde darending ofyghe SPECAES er

rati o of N-hydroxymal ei mi de intq the aqueous ghase was, 82% .the extraction

rati o of mal e?hi iTRATHIHND REQANGE - phRgeinide s PR O ad¥Stadli%n ratio
f | ef ] dride intg t h 95% 10 EX | A

i xture Hont aPUF e iaatad Satatyeh; Bh8 oy oo SEHEP 86 SRE (D505 ol )

f N-hyd hal L.1j 5 f j i 80C
and 20" kgt | opb0 | WEEESTanTy atthf' L4 0 Bhel U8 BabRlpes' o EREL ) OV

obtain a reacy] j i i | s
p-t-butyl benz?/?g?gﬁ%ﬂ%%ﬁS%%%E%é?l@g%%q}r%jlr% %&pﬁygﬁgggg%zg%rggﬁfge), 1121.9

g (6.295 nol )i ofrddrred ReNE8eCrafh ot Ih1d9 O R4S PRINoXE than 10.
Nhydr oxyphthalimde , 22 . 0 g ( 0 .150 nol ) of phthalimde and

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,



208 . 5g( 0. 057 nol ) of phthalic anhydride . To this reaction m xture
was added 2600 nlL of water, m xed conpletely for 1 hour, and then abl% gm
to stand for 1 hour to liquid-separate into an aqueous phase and an 6r§§ @
phase. The resulting aqueous and organi c phases were anal yzed by 25 gas
chromat ography and |iquid chromatograp y,_and, as a result, the recover
rati o of p-t-butyl benzyl al cohol into the organic phase was 75% the recover

ratio of p-t 0O04r ~~ ~3 - 108 butyl benzal dehyde into the organic phase
97~, th ' f_.Dc 1 | b i i dyi o h
was 06— nor BG5S PrRECLEE ARt U XS EPON ot R aEsdoRoR bt s o

(he amunt of BT IYSCRO L e 18] Labe " sRERLan pbure) | o
of PNl | Singnt gl Les TEAELLANT A WLy DRKGLR da o (ne
basis 10 of thﬂé‘HHEnéoP\frerBﬁt@@ﬂféi%dé %&r{e%?’ltta'i%e%ﬂe‘fe&%dr eRGE! on

m xture) into e aqueous ase was e B3 A"m xture containing

166 g (1 4ol )+RE d44UA N 18 Shflida Bolt) wn Nt ne*yeP i prgeseand 1000

nmL of 15 acetic acid was allowed to react at 100C for 10 hours I'n an

at mosphere of o8X¥HLYciOnOpPdIrdsd R 10 HYdtd iy iGONt fhNtAYs 14458, of
fluorenone (yield 80~). Fromthe reaction m xture, acetic acid was

distilled of f1ighdalsepéifat Lot a9 bdicarHiedGst added didRefpeehtdicbut yl
et her, 20 and 1000 nL of 0.4N (0.4 nol/L) sodium hydroxi de aqueous sol ution.

After stirringower®7/C foheteBetly, ain aspiat opidseovd d I extgaBtionhase
were separated. To the resulting organic phase were further added sodi um
hydr oxi de aquepfiscsehay| othe axtractdsdnc naypl bé dffexdtdV @indert applied

| i qui d-separate to the aqueous phase and the organi c phase. The resulting
aqueous bhd oshearinphssessswerandmay Zeel eif eraed hngleat edmesipheard | i qui d
chr omat ogr aphy, 04 F EB?2003 - zo9 and, as a result , the extraction
rati o of fluoPE@®SRrened Unden rapdl ke RRRSSMES-98~, the extraction ratio of
the oxidation catalyst and/or the deactivated oxidation catal yst
(conversion into sodiBmtiet authretien PREEGE R the eagipiai pspduct

N- hydr oxypht hal i m de used in the reaction) into the aqueous phase was 80-~.
Exanpl e B4 A REYIRY 2 dprAnanhiohy-c1 85 oyP #nfpthe o’f'“’o‘?%t’r‘gmﬂ°"r?&0ﬁ3ﬁe?‘316 g
(0.1 rmol) of N hydroxyphthalinmde.. and 1000.10 nlL of ~acetic acid. was

al l owed to re%%?g’é?gﬁ%o f ’rs"zﬁd‘h%‘h’r’ég the phasd o tht” BydtopHobsl

15 organic solvent and the phase of the aqueous solvent,
respectively.

Incidentally, the imide 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
agqueous 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



in an atnosphere of oxygen to obtain a reaction m xture containing 146 g of
benzophenone (yield 80~). Fromthe reaction m xture, acetic acid was
distilled off, and to the reaction m xture was added 1000 ni of dibp¢yEBZMB
ether 15 and 1000 nL of 0.4N sodi um hydroxi de aqueous sol ution. After
stirring at 97C for 1 hour, an aqueous ghase and an organi ¢ phase were
separated. To the resulting organic bhg e were further addedsodi um
hydr oxi de aqueoussol ution, and m xed conpletely at 97C to |iqui d-separate
into an 20 aqueous phase and an organic phase, The %gyeous aqg rgani c
139

phases were aR3P§%edaByPHacoRRFEHEE o EphY P ent® R hy, and,
lt, th t ti t] f b h I, Nt i h

o5 apresul . "Lhe ey o) bon Lot Lo o, Ao Rlenone o 196 GLGaRG phase

of "the. anpunt S6EEK, PYRSRAEHE haPrideaa.Sapatpa S F ety o Hearyl” Poc' S
h 830, 003 - | | ] Xt

contai ni g 156800 E1regc et nf Fodven do nute ARG, Filh ol ¥

N- hyd ht hal.i.n 0,04 . t [ d

to 5t onch at ChEGROES s *Hhie 57 data AL o Wi et Hla etV B Don

: . . : : ) | . | .

o Dygen (0 gilekgeas aih BT 4 SN AILIOB d8q ) o

CyClOhexanonerféthansgsge . 03 TN ta19ly PRl edfmedRd ohea30 9 ( O

005 nmol ) 10 of N-cycl ohexyl oxyphthal 1 m dé.” Fronthe reaction m xture,

cycl ohexane waggdhatrhth6fl méthod andy te el TPAG i) tHe irdfentaatadied 30 ni
of 2N (2 nol /L) sodi um hydroxi de aqueous solution. After mxing at 97C for

1 hour and stagditRg iMidd B86mMpourd. aqueous phase and an organi ¢ phase were
separated. 15 The aqueous and organi c phases were anal yzed by gas

chromat ogoaphy and | i fheideht @By potled abared, Bgmaneasii|Hatddte recover ratio
of cycl ohexanol into the organic phase was 85~, the recover ratio of

cycl ohexanoneAppi.dcahitonr Gahd cOpémashio wakl 9102 / 1988 ekIP gt Ol Y4i02) of

pht hal i m de 20 (conversion into sodium phthalate) into the aqueous phase
(on basi s of fhesanotindis¢lp$se habout e dendtievateat tdatraliisdt urtadt wihe 89~ and
the extraction rario of hbyclohexyloxx ht hal i m de (conversion into sodi um
pht hal at e) i nP&OERES @LrRoLrs¢thdde then g‘a%x%t@re taan pepadeptedoye the

N-cycl ohexyl pht hal i m de) was 90~. Exanple B6 A m xture containing 300 g
(2.02 mol) Och§? 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
solvent, the reaction product can be distributed into the
aqueous solvent phase, and the imide 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,



0 F E B 2003 - 111 butyltoluene, 6.60 g (0.04 nol) of

N- hydr oxyphthalimde, 0. 10 g ( O . 0004 nol ) of cobalt acetate and 293 .
3g ( 4. 88 nol ) of acetic acid was allowed to react at 80C and @qshgfmm
/cn2 (1. 96 MPa) for 3 hours in an atnosphere of oxygen to obtai

reaction mxture containing 162.5 g (1,99 _nol) of p t-butyltoluene, 106.2 g
(0.59 nol) of p-t-butyl benzoic acid, 19.7 g (0.11 nol) of
p-t-butyl benzal dehyde, 0.26 g (1.62 mml) of N-hydroxyphthalimde, 3.98 g
(27.12 mol ) o h i C.AacCi A f 10
reaction m xt 8F g%\??hig gﬁ?\%@?\f%ﬂ 8?’a@%%?%r%sfeggrﬁ&%?ﬁggggpggﬁ%?% !
p-t-butyl benzql e (% frhtrahiOn. i te was
added 150 ni %#’aof : iﬁ‘%@%&’{:ﬁg%\(ﬁgf’ﬁL Qé&i él;Jdr)n h?é{reogﬁagIg%}%lggl?fgségl%[}?logln, m xed
conpl etel y, apdyabbouslahrshand b biGHisdCPafpl fardlie o and 15
organi ¢ phases re analyzed by gas chromatography an i qui

chromat ogr aphy oe@Ad, 385°@ (peatklrab1{EhdGEQVEE IF40 Rbre preferably

p-t-butyl benzal dehyde into"the organi c phase was 91~, the extraction ratio

of N-hydrexyphblaki o deo (S5uveer éh@n;f:éﬂi)cél)&jtlﬁma'i%dt Qo to 200°C), a

N- hydroxyphthalimde ) ( on basis of the 20 ambunt of N hydroxyphthalim de
in the reacti gatitbmt téfpetat@rd Er ABBARUZ0 PhERDONRS Pridfertdlel HUARRL | ON

rati o of phthalimde (conversion into sodium phthalate) (on basis of the
amount of pht Bal itBi deotd drite nicaRe ipreFeFablly’ abolutt 60t B8 280RDUEMPRASE Was
93% 25 Exanple Cl In the presence of an oxidation catalyst (N

acet oxypht hal anmpgtessNMARI b abdud 0El 3l kEated yBIMELoatdferdbldyy abdout 2003 -
112 acetate and nmanganese acetate ) ( p-xylene was oxidized in acetic acid
sol vent at 15QC3akHadtbPa MPalh dé€pendingygentidaspecihes roff raogeower-o produce
terephthalic acid. The reaction m xture was cooling-crystallized to 80C at
5 at nosphéri cbpiédngrpoimtl ¢ompongretd, (eaigd .t hereastior peduetheahdiia h
acetic acid and filtrated to separate terephthalic acid. The filtrate and
washi ng |i qui Bigbes-bokbingPaint goBPPRCRE (B vihs, REnbHbde GRS - The
conmponents in_the condensed _residue were anal yzed, and as 10 a result, 2.7
g of terepht h¥Preoyerqd, thegdgsbilhingererstion oay kg genduqiRd dht hal i ni de

NAPI ), 0.2 f__Nhyd thal imd NHPI : ht hal i id (PA),
V0 of ot rarihryaa e &2 Tal 4 Grediranfe behnburtfio (Sl 0. 3
f p-xyl 7. 4- b b | dehyd 4- 15 22.3 f
g- '?ol Ei )éyagirlgaPSP?A?',BEOFﬂc 601%¥%f§%g%g’ga ‘Bg“ﬁ%% 4t00't a'ﬁ'c’]?ﬁanggngse wer e
cont ai negs Toggggegggggnggg twst%\d?@p 51 g of water) the precipitate was
at an 0

filtrate 0 ,an the residue was added 61 g of water

and washed under the $REesL0r £O1EH {0 Mmay e HRidididd QA tatdP of the total
cobalt into the filtrate was 98 .4k the distribution ratio of the total

nmanganese to eRapbrhtbal € Mes Gpthatin dpstraithuhi 88n 'Hd icthdutidE,
filtration residue of NAPI , NHPI , PA and Pl were 99.20, 99.1% 77~ and

85~, respecti ¥ekryexhmplidenat a pressure of about 0.13 kPa to 2 MPa,

4
h

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 of the reaction product is large.
[Separation of a component other than the imide compound

and the reaction product]



25 tally, the distribution ratio means to a ratio (weight basis) of a
conponent content in the filtrate or the filtration residue relative to a
conponent content in the 0 4 F E B 2003 - 113 condensate. Exan@k@Egszn
the presence of an oxidation catalyst (N hydroxyphthalimde (NHPI)) and a
nmetal catalyst (cobalt 5 acetate and ganese acetate ) , p-xylene was
oxi di zed 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

o8l dug wad 10 veshed W (PR T W S PAC oSO b4 FaPat B
aci @ veis.r enoUBHTHE drvome e FoNBERERFRCE b (he ST En AN taus vere
S8 o Beefefe ik buch 45 B AEAL CRRRAL. % B rofulia 2iogeg! | ¢

of byl ene, TEDRREH SR han e’ fo B o ERARDanA T BBl AVER, 0 el
(p-TA), Os4 0 Rl LoFaleC ba'%slt%rsf)) P SUR NIRRT 20 MRbeyEAR! &) Ned

To the condensafe was added of " wat er precipitate was filtrated at

25C and 300 nghigh opdd {0 o RRirf1esicate onastagdess 81 s Waleereabd 1Washed
under the same condition. The distribution ratio of the total cobalt into

25 the filtrapgod@st Hna tReOimidd@diiptuniddyiheudthy art deBettiohikd
manganese into the filtrate was 99.5% the distribution ratios to the
filtration reshgaeyof) N\HinherB4oxied Ph ¥Bé&Eseparation process (A) and
) (B) of the present invention, in order that each component
10 or an impurity in the reaction mixture is previously removed,
the reaction mixture may be subjected to conventional
separating and purifying operation such as filtration,
condensation, distillation, dilution, controlling the
liquid property, extraction, washing, crystallization,
15 drying, recrystallization, and column chromatography,
followed 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. 1In this case, the unreacted raw
material for reaction (substrate), the co-catalyst and
by-products are distributed into a crystalline or non-
crystalline 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



0 ~ FE8 2003 - 114 99.4k 70s, and 800, respectively. Exanple C3 In the
presence of an oxidation catalyst (Nhydroxyphthalimde (NHPI)) and a netal
catal yst (cobalt 5 acetate and nanganese acetate), mxylene was ox{diZgdgin
acetic acid solvent at 150C and 4 MPa with 500 of oxygen (bal ance:
nitrogen) to produce isophthalic acid._The reaction m xture was
cooling-crystallized to 80C at at m)sbh?a}ib pressure and filtrated) and the
resi due was 10 washed with acetic acid and filtrated to separate

i sophthalic acid. The filtrate cT@md washing liquid were conbi ned and acetic
aci d was reno%eRVeREF@RRbNMeTRRA omponents in the condensed residue were

anal yzed, and as a result, 2.7 of iso halic acid, 7.8 f acetic acid,
150 35 g of Nhydroxi‘blﬁ’?ﬁ&llf:ﬁilgﬁ '(‘?ﬂiﬁnﬂ‘-’f ?ﬂﬁ%-grgﬁuﬁﬁﬁhaﬁ' F%rg(??{éﬁ(lﬁA), 1.4
of phthalimde, (Pl 0. 35 of phthali nhydri de (APA 3 f
vyl by GRETaBAd i, O ha eS8 e e BrgsBot aci g
mTA), 0.4 f total cobalt .0 of total nes t ai ned.
gl'o th)e condegggf%t?/{la%’ g&dggdgﬁyéeo?&\lﬁaﬁsﬁo%@ﬁgngggﬁ%iﬁ%é% &fm%ee)f %%9 rated at
25C and 0 rrgyg an t i f shed
under thggsarre c%%‘c? ?%%d.gﬁh&ef%#%%ﬁﬁ gﬁeqf%ag%i%fn c3t’he ottﬁq&ggb\gglt into
25 the filtr S =t h };idfg I i i fosthe total nanganese
into the fil ?{r:g?fggy\%gggéﬁab?ﬁtﬁ% |sitlt|£l[3gij't icggar#@étélloc%t&f \HPI , PA ang Pl to
the filtrati opgheshfipatess, afsti AERRIM g IkarifhallorS, and 75,
respectively. Exanple C4 In the presence of an oxidation catalyst (N

acet oxypht hal £ ggat Now! ?é.é‘.nﬂ £1 Tetad 1 St o SlasHiohp) U dry3GRf e sAnd

manganese acetate), mxylene was oxidized in acetic acid solvent at 150C
and 4, MPa wi t BolP1natiewyeertHdw apeeatibhEQ0en)ndcedia8ta® reephal ic
acid. The reaction m xture was cooling-crystallized to 80C at atnospheric
pressurel@nd tol that edacedon tdestesi due was 10 washed with acetic acid and
filtrated to separate isophthalic acid. The filtrate and washing |iquid
wer e conbi ned and aceMoxreewawn, wasom drimy grtadidrosf mimtuTies dhwepmedrtls in t he
condensed residue were anal yzed, and as a result, 2.7 g of isophthalic
acid, 7.8 g otahatyst may dbe 1semrTALDOIN-aAGNepHionali meddodNsrch, 0.2 ¢
of N

as filtration (e.g., filtration and washing), removing a
solvent, condensation, drying, or a combination of these
15 operations. Further, the reaction mixture is subjected to
absorption treatment with an ion-exchange resin or the l1ike,
and the metal catalyst may be eliminated, regenerated and
recycled to the reaction system. Incidentally, when a
water-soluble co-catalyst (e.g., a salt 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



hydr oxyphthalimde (NHPI'), 1.2 g of phthalic acid (PA), 1 . 4 g of
phthalimde ( Pl ) , 0. 4 g of phthalic anhydride ( APA) , 0.3 g of

m xyl ene, 7.8 g of 3-carboxybenzal dehyde (3-CBA) , 22. 3 g of mtol Qi4ckERCipgh
(mTA) , 0. 4 g of total cobalt, 1. 0 20 g of total nanganese were

contai ned. To the condensate was added% 1 g of water, the precipitate was
filtrated at 30C and 300 nmmHg, and to e residue was added 61 g of water
and washed under the sanme condition. The distribution ratio of the total

cobalt into 25 the. filtrate was 98 . 2k the distribution. rati t he total
manganese i nt BEERELPR F‘P—F‘&PEe\Hslcé%FC‘?‘?f‘etﬁ?é’atﬁas,ttqulbﬁ??{iﬁ&r%’?f c@‘)gb)t'he

99, 20 95, 99 oFothe gtebat Lyt MACH; SeparpteccsTeR ERE BFOSBRte of an
(cobal 1 5 acetatBLnd FEBaHes SRARAES WP 0N HAIEyde as &

140G and 2 vpa ianteae i, e ot e e i sl ARl s8ealnkE,

2. ot hyl heRanol . The. S TR RECCEaD 7hobRr Bt AAVEALIEh  ene

at mospheri ¢ p?xlﬂ?ﬁé”c%n@&%nfd a8 F@me £ chRG1 48T ! %ﬁ%‘ﬁ?ﬁﬁ% Wgtr?g' washi ng

met hanol and trated to separate nicotinic-aci

i qui d wer e cqii pedr@Neoh H1 SOLY Ve WD I TEHRSHIIETRIA YRe Ft0MPONENt S

in the condensed residue were 15 anal yzed, and as a result, 94 g of

ni cotinic acidatdPgse. ofr AlikrLBEXAPbe & Bedlc 1 oNtmliketiirey Rivitaahied de
(NHP1), 113 g of phthalic acid (PA), 67.4 g of phthalimde (Pl), 26. 2 g of
pht hal i ¢ anhygyi gRe (APA¢tiod (4. §f, ttialatadinldegctlibrd .0 of total nanganese
were contai ned. 20 To the condensate was added 100 g of water, the
precipitade was filtrenedbatve3fépanat 80§ opeintididchn bacamsicelieouras added
30 g of water and washed under the same condition. The distribution ratio
of the total bpbé&€) solventecrypisdlisi zinas e teps £ Sryistaldiigtimigodhieon rati o
of the 25 total nmanganese into the aqueous phase was 99.0k the distribution
rati os to theinigancempourd with thedliventatfiazh arwsthld igratdem ., (ht hal i c
acid (PA) and phthalimde (Pl 0 4 FEB2003 - 117 were 99.40, 98% and
970, respecti@gﬁyrpg(ﬁlﬁrpﬂi%e o ahronhringe e ffetad Gatddnisoh Bat al yst (N
acetoxyphthalimde (NAPI)) and a netal catal yst (cobalt 5 acetate and

manganese acefRERYPHLOR tHiedmendi.deryde) &xtracsion atePnEeagiing an

"(3-picoline was oxidi zed in acetic acid
15 aqueous solvent containing at least water and a water-

insoluble separable from the agqueous solvent to distribute

S See L

the imide compound and the metal catalyst into the phase
of the water-insoluble solvent and the phase of the aqueous
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 crystallization, a variety of
solvents (extraction solvent) such as a hydrophobic

solvent can be employed depending on the solubility



solvent at 140C and 2 MPa with air to produce nicotinic acid. Fromthe
reaction m xture, acetic acid was renoved and to a condensate was added

2- et hyl hexanol . The mixture 10 was cooling-crystallized to 25C at 04 FEB 2003
at nospheric pressure and filtrated, and the residue was washed with

met hanol and filtrated to separate nlagélnic acid. The filtrate and washi ng
i quid were conbi ned and the sol vent renoved therefrom The conponents
in the condensed residue were 15 anal yzed, and as a result, 92 g of

ni cotinic acid, 160

R g R RO S AR T
corn, T o SR EK Totih vt gl il o5 AR LG 2 S ¢ e
and to thegrengagn&és 35 %ﬁﬁ%ﬁ?ﬁ @Ptaﬁﬁagﬁgﬁﬁﬁa )i 1§H&V§3§QHFQ
Chnae wae of SEMEtEr Atld ShERREOG SIS R AT Bel i dyed 1 ARTLCOLS
the filt P%??ﬁﬁwgiﬁg%rz-%@%%‘}&o%ﬁ“%t ARy Be Wbay oA ArlyaSe AN
acid ( PA) angyBhuah g ofalEhls WEO Budl V%00 Wl KA 1 |

respecti vel Yy e presence Ol an OXI at’i on ca

hydr oxypht hal jgi ded. I\AHPI % ﬁa&siaaeas& ,Z:g%&e'éatd £GORAL a86€ #.@ta%i@’d

manganese acetate), e was OXI i'n acetic acid solvent at 150C

and 4 MPa wi tBnSQYeeﬁopxwe@ (& qaiﬁylalhbﬁgfnéuéﬁ’ agqﬁgﬁﬁaﬁsiepht halic
acid. The reaction m xture was cooling-crystallized to 80C at 10

at nmospheri ¢ peenaHo® amd fddgroa#afbl Bn@d kBeohesi duei ¥es aadie@miidel acetic
acid and filtrated to separate terephthalic acid. The conponents in the

m xture Dbt ai Thdsbywabab soDgbldesdivénid ecanberasdeidGilngly dmeme
anal yzed, and as a result, 0.14 g of terephthalic acid, 82.7 g of 15 acetic
acid, 1.49 of cmbénattﬁﬂ), Ihdidegp tallly, hgdra)mypbﬁhmlmme coNtRlining 06 g of
phthalic acid (PA), 0.07 g of phthalimde (Pl), 0.01 g of phthalic
anhydri de (APwaten, 2aglie=redp5@1rené conainigig yaterbdRr yireopert ety o . ( 4- CBA) ,
1.14 g of p-toluic acid (p-TA), 0.09 g of total 20 cobalt, 0.23 g of total
manganese wer E0EoR¥aNPLE . Wlﬂhé X tre Riayeddddd Dref@rg’lbdﬁ’ &boxiti on
exchange resin_(nmanufactured gg M t subi shi Chemi cal Industrles Llnlted

m

trade name: stPohd W PYcveie e hhgantdsudarppReel RO 9
por ous-t absor bent rea% q%% s 25 carried, out, at %?C for 3
he

ours T8 ) kpiBBh o to Bl GT S © BEBSPES| FOLVERE: A T dffange
resin was 96%BSEQE19'§££aP“t'°“ ratio of the total manganese into the ion

The separating process utilizing the solvent-
crystallization step (C) is 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 and the
metal catalyst may be, if necessary, regenerated and

recycled to the reaction system.



04 F EB 2003 - 119 exchange resin was 92~, and the distribution ratios
of NHPI , PA and Pl into the mxture treated were 98 0 , 97 o and 98 0
respectively. Incidentally, the distribution ratio nmeans to the ratDé FEB 2003
(wei ght basis) of the conmponent content 5 absorbing in the ion exchange
resin or the conponent content in the Liquid relative to the conponent
content in the mxture. Exanple D2 IA Fﬁe‘presence of an oxi dation catal yst
(N 10 acetoxyphthalim de (NAPI)) and a nmetal catal yst (cobalt acetate and
manganese acetate) , ? xyl.ene was oxi dized in acetic acid solvent at 150C
and 4 MPa with 50~ of IBR}EERTRBAY addte PRArCEYERRLLANEGRMRRNERY ddttenal i ¢
acid. The reaction m xture was cool i ng-cr, s_talli]zed to. 80C at 15

at mospheri c pPOYEQPE SAYVEPF(PRARS) aﬂ%@-“ﬂ& guRett SRl WimaY acetic
acid and filtrated to_separate terephthalic acid.. The conponents in the

m xture obt ai REITHFYELRBI 1R fdet neas +?‘i‘a?tye‘”%ﬁ’i'ﬂw%§§ﬁpﬁgaq‘¥cﬁﬁed’%%t'

anal yzed, and as g resgl , 0’!:14 1:of t rephtg%ic acid, 82.7 %fOf 20 acetic
acid, 1.49 of altdf PR 6;, g BiYg oPT NEAR PRSI H TR i e BNARS, 0.01 g of
N- hydr oxypht hal i m de Pl 0. 06 g.of -phthalic acid (PA 0..07 g of
phthal i m G ( ZeroyeEefHon tng rgp- S A IRACENGo R E pR eceqpary, ' 9
p-xylene , 0.4 9 - 0 e y - P- uic 25
acid (p-TA), %0 Oggéeﬁf.‘ 2-? 5):? a?xgogéﬁefggg é}é}%fcP %%?%*Jnnés%%%ée{i'e V\F/Ié:’rgje

contai ned. To fxlgﬁF Xt d 3 { O rg@g&g@ﬁ?e 04FE
8 2003 - 120 ores ;lﬂa(’rrg%%f g@?a?eggg?fﬁit:sﬂgiﬁ?%g{r% _cé;? ndustries

Lim ted, tradecagiRre! nagupali o CnébhodafYC AN AN 4y S (K ledutpe)

gel -type"), and absorbent “treatment was carried out at 30C for 3 hours. The

di stribution 3t £8rBoRdté bt hekehteOhst }aﬂt@%ﬁfﬁ‘iﬁ@&cﬁé@h@@?}eﬁ Gy Was

72% the distribution ratio of the total nmanganese Irnto the ion exchange

resin wagob5 ¥e rasdvekeddi gbgehotaodd| adn@srédydddd to Rtherkbddtidi 0 the
m xture treated were 99% 97% and 95% respectively. 10 Exanple D3 In the

presence of agyexefatiThe cCeécdyeat Ny metdl altaliydd OXHRhe) matdla net al

catal yst (cobalt acetate and manganese acetate), mxylene was oxidized in

acetic aci d scomponeat d&i®eandrdidfPouti by HeUnyendipgal métioddlsuale:

nitrogen) to produce isophthalic acid. The reaction m xture was

cool i ng- cryst &isl credtabl get hon atfiiddmaddion (fddsuatiandand Iwashiqy) .and t he

resi due was washed with acetic acid and filtrated to separate isophthalic

aci d. The conp®§eEP§iPR (BeIni x2bferpbian nand Ll Pyinsiemiwkth e filtrate

and washing liquid were anal yzed, and as . a result, 0.14 g of isophthalic

acid, 82137 gigp-s¥ehppogcrasSin or therlikebr TEBOYiNg (@ (3P{veNt or

N- hydr oxypht hal i mi de ( NHPI ) 0. 06 of phthalic aci PA) , 0.07 of

pht hal i mi de (CBPQF“?E‘SW“O _dL](:ﬁl%? r"i'al‘ﬁgllf‘i’gﬂﬁgf’f‘ol%igl(‘g e)’“‘?“t?‘?*'g 2 g of

m xylene , 25 0 4 - 0, nzal dehyde ( 3-CBA) , 1. 14 g of
Rudg e tlen SR SR

mtoluic acid ( otal cobalt, 0.23 g of total nanganese
were contai ned. 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 i1s advantageous for separating a hydrophobic
imide compound and a water-soluble metal catalyst.
In the absorption step, a variety of absorbents,
for example, activated carbon, zeolite, silica, silica gel,
25 silica-almina, titania and magnesia can be used. The
specific surface area of the porous absorbent may be, for

example, about 10 to 5,000 mz/g, preferably about 50 to



04 FEB2003 - 121 To the mxture was added 4. 3 g of a cation exchange
resin (manufactured by M tsubishi Chem cal Industries Limted, trade nane:
strong acidic cation exchange resin "D AlON SK18 gel -type"), and ap%¢EBend3
treatment was 5 carried out at 25C 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 7‘1-’)n’exchange resin was 92~ , and the
distribution ratios of NHPI , PA and Pl into the m xture treated were 99 0
, 91~ and 97~ _, 10 respectively. Exanmple D4 In _the presencezof an_ oxidation
catal yst (Nny8r89Fhv Ha‘?’?‘irf“&ée(lﬁrﬁ%?@ri’dago%tlé?lo Egl:’als;?&m()g%‘balTPeacet ate
and nanganese_acet at eé i th_nicotinal dehyde as a 15 co-oxi di zi ng .agent
(3-pi col'| ne WRESERFEFS @YSOTpERE ine LidF SBAoB AxcHEngdRRc SAH AP t h ai r
to produce nicotinic acid.,Fromthe reac({i on m xture, acetic .acid was

removed, to tAB LBREEARET 1R CEERANPSE (3R 408 SRGNANEEE RAVERS: das

i ng- tallized t 5C at_at her i 20 d.filtrated, d
coe 110,V L1 Lo 0 B £ RaPIE1 £ areeULn A0 v ol
acid. Theg congmgr%? ad i eaz,@cééﬁggrqpé@i gl%t ?ngg”%’érg#é‘@u}é]esééz{: iate and

washi ng |7 qui d"wer e’ analyze as are nicotinic acid, 160
of 2-ethylh |l s _of k Ci - DI I 50 of
methanol 0. SERTEE RS eRo Sy BRE AL s i fioSpFlonsed; flekBRacly) D00
8 g of phthal i gj ; : 1t i j : 04F

E B 2003 - 125%%&‘3%2%?)%% l%éob%?{,i‘?ﬂé%“o @%ﬁdﬁ%ﬁ&gﬁéﬁ %Nere

cont ai ned. TOs%HEhQHEé'& o Wesr 3G rhind iy AbcRofateOMmexshange: bEsi N
(manuf actured by M tsubishi Chem cal Industries 5 Limted, trade nane:

chel ating respRosfitbtidl e1@PCein Corfdrth d Yith' )exciithgdis Qe dnildreat ment  was
carried out at 25C for 3 hours. The distribution ratio of the total cobalt

into theidon exehange resim, T 84¥mpleheadstidndubasit ratn exehaniye t ot al
manganese into the ion exchange resin 10 was 91% and the distribution
rati os of NHPresPA hadify & ndua térnarw tanneor imateserdree Q9% trdaétand 95%
respec tively. Exanple D5

ylammonium base, dimethylethanoclammonium base), a

weak-basic ion exchange resin having a primary, secondary

or tertiary amino group; a cation exchange resin, for

15 example, a strong-acidic ion exchange resin having a
sulfonic acid group, a super-acidic ion exchange resin
having an alkyl fluoride sulfonic acid group, a weak-acidic
ion exchange resin having a carboxyl group, a phosphonic
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 be suitably selected, and may be, for example, about

25 1l 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 15 hydroxyphthalim de (NHPI))
and a netal catalyst (cobalt acetate and cobaltacetyl acetonato),

cycl ohexane was oxidized in acetic acid solvent at 125C and 2 MPa W;égEﬁi@S
to produce adipic acid. The reaction m xture was cool ing-crystalli @
10C at atnospheric pressure and 20 filfrated to separate adipic acid. The
conponents in the lower layer liquid’s ﬁa?ated were anal yzed, and as a
result , 9.94 g of cycl ohexane, 0.76 g of cycl ohexanone, 0.18 g of

cycl ohexyl acetate, 0.86 g of cyclohexanol, 73.01 g of acetic acid, 0.58 g
of succinic aéFHPcépﬁg'glgfnﬁF%§%§F$°25 acid, 3. 04 g of adipic acid, 2 .
60 g of H20, 0 .OL g of NHPI , 0.45 g of PI, 0.66 g.of PA 0.1 of total
cobalt were contai ned?S the apserRs 1?9e?ﬁi?°nRY£§9g}qﬁ aPSOTRERr ¢ was

added 2.5 of _a cation exchange resin nuf actured by. M.t subi shi Cheni cal
et o1 os L kneuh Tay Becheniloied FoRArAATH G tehodzcindh Bl sen A on
PK208 porous-t ent. 5 treat ment, was carr.ied out at. 25C for 3

" d
hours. The di gXBfF%E{ngnaf ?g%)p% HHE DO BRI ac{oleﬁ‘set M5+ change

resin was_97. 5% nd, t di st,r. bution_ratio,of Pl.into . he .ndxture
Ponted ol oBatalffel iy PAAIQUEN of 2hElrRl HhL14 UG M e,

ated vls oF S RS VS Tl |
ecin rel ari vaniBe, RBfSHRE ARR"EHL AORAF o TRR (P AAy W ST e

Th i xt : I f
N—ﬁyorrr éx;:oﬁt ﬁé ?%Qégsqaol(‘%?g }gi 5%1:183&@1/@ nmo of fggba t I]“I%S'a%g}téy ggietonato
and 200n of RenZANEbhbkes¥EScoREEE e tHd UbdOfpHrdiP Wi d thett %%ms]phere

of oxygen to obtain a reaction mxture containing 2.946 g (35 nmol’) o

cycl ohexane, B3a88igitHe ApFeRblnef t& Xhleotpyatean.idhidlaind thsaWwnlichl adipic
acid, 20 N hydroxyphthalimde, phthalimde, phthalic acid, co

bal t (11) aget ycampt 088k Ocordic haily ald hbkérpt@ohhtrégtfieit Wy Patisung wer e
added cycl ohexane ( 20 nL ) and water ( 150 nL) at 26C, and m xed

conpl etely tothe trepted Sdpprizdt edrouygb arbsgrption agparahds asuch @ani C

| ayer. To the 25 resulting organic |ayer was further added water and m xed
conpl et el y t oabeolumni destpininedthetabsorkenteouTheapdsozbensin tvegdni c

| ayer. The aqueous | ayer and the organic 04 F EB 2003 - 124 |ayer were
anal yzed by amengigandiiiiomat eggaptipe ameunt of the ghsonbeatexthediliovn ratio
of N-hydroxyphthalimde (on basis_of hkn¥droxyphthalinide contained in the
reaction m xt aPepntnef the breatsed ligekdhvaamdw sedechad sepeddingd atio of

pht hal i mi de into the organic | ayer was 82% . the extraction ratio of

pht hal i c12ci d°PntBet ARSBFRELPR FRIERCVRIELTEYG AhdthhERSTREN S 0f3Tati o of

cobal t (11) acetylacetonglo (on bagi s, of ohal 1A IASKIY! Assiqmate gont al ned

usually about 10 to 50°C.

The imide compound and the metal catalyst separated

by the absorption treatment 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 carbonate or acetate, or after

25 burning to ashes, it may be recovered, regenerated, and
recycled to the reaction system.

[Extraction step (E)]



10 ture) into the aqueous | ayer was 95% Exanple E2 The m xture of 25 g
(164.2 mmol ) of adamantanol, 5. 36 g ( 32 . 8 mol ) of

N- hydroxyphthalimde , 0 . 114 g ( 0 . 328 mmol) of 04 FEB 2003
vanadi un(111)acetyl acetonato, 150nL of 15 benzonitrile and 150 nL of acetic
acid was reacted at 85C for 20 hours in_an atnosphere of oxygen to obtain a
reaction mxture containing 1. 41 g ( 7. -2 mol ) of adamantanol , 13 . 9
g (82.6 mml) of adamantandiol, 10.5 g (57.5 nmol) of adamantantri ol

N- hydr oxypht hal i m de, _pht hal i m de, 20 phthalic_acid, ,

vanadi un( 1 11) acetyl acéF‘o‘n‘Pﬁ B,roaﬁasa‘e?{%g?ﬁ%ws gh‘*lﬁ’b‘iﬁ%@?’éﬁ&??o@% xture,

J00nL. 300 i LBE wide enpauade | {paBALpReFRE COSRRELTREED SO IFERR y t o be
resul | no”orgatpedeeRSoRd Sk e i lataP i e Sfrecdhs To e
2003 - 195  abH5GACHRPPPERACIRE BEEANPR PAPEPTRCTRLERRT \ SR TP | qui d
chr omat oggaph%t_ fgédise@?:&%grrte%gd %’wé[t%er -%1)55;92.;{1% %ns%g\tiér?t %ffeparable from

t
N- hydr oxypht hal™i'm rganic la on SI'S™ 0

N- hydr oxypht hal.i.m t gl i i A e %. t he
extraction ra’iE H?ngﬁgﬁtg %a?!l)?n@%é{ |ntnc% ﬁ%@ﬁd&%ﬂf@eﬁ@%#&%@%@%ﬂf ? %rhcie
extracti on rat.i t i id. 40t LOaRi V: % d the
xtracti on ratrs AP tHRaaraEyfF| $ts Ghe, BheselBE! fuo Yol ot doin R

vanadi un( | 11) ag8tn3Coh@RREDHENY 8ERAE AGubbEs RAGEen?) Adspacstiylyl nto the
aqueous | ayer was 93% Exanple E3 The mixture of 9 . 3 g ( 100 mmX ) of 2
-nmet hyl pyri di neus,lthe §rocé8s"iBl anvahtdgbydsoryphihal édsdetha® thd> g ( O
. 5 mol ) of cobalt(ll)acetyl acetonato, 250nL of acetic acid was 15
reacted ab 10Gfitier compound HB anwat8esphebtubleOxyfiptuh8 081 @i N an
2-pyridi necarboxylic acid (picolinic acid: yield 77% wi th 2-nmethyl pyridi ne
conver si on of ag?MatBEcodmide cempbund)nartiuthe meealccatallysasidiatill ed
of f. 400 nmL of benzonitrile and 400 nL of water were added thereto, 20
shaken suffi cwetelry sodutdlel compdund.stand to be separated into two liquid
phases . To the resultant organic |layer was further added 400 niL of water,
shaken suffi ci ehhgyeousdcentaiing cattlerst owakerkparated into two liquid
phases. The aqueous |ayer and the organic |ayer were analyzed by 25 a

li qui d chronat ogr aphy®Sathe 2Jugouss§PLvVepkectaiRind Rt depgtofater.

oy el S (el Al AR e Rl B e
e, et ae | R SR, S o D e R,
CeLRe | T PR RSBV P RHATNE PReE RS Blienge
saueoss | et obgantl sobyafll o5, T CLibussl, fon 88 fofofly, 2 ! )

(0. 0001 knol ) kakonanadichak! hiaeshyl aaRt 8RALL. s8OH- & HUoRhnéCghaC acid was
reacted at 90C for 4.5 hours in an atnosphere of oxygen to obtain a

reacti on20i xt gee rabyiddiofutan) a 28wkf &19phaf2 &abboxyOicaglei@néwdle , 6 .
48 kg ( 0 . 04 knol ) of adamantanol, 2 . 95 kg ( 0 . 02 knol ) of

adanant anone, as5ad€tic Atild) .( The dimtemt of tHe adganntaswlivdnt An.th® kg ( O
. 02 knol ) of adamantantriol, 0.88 kg of N hydroxyphthalimde, 0.22 kg of
pht hal i m de, OmA%leg eblvanadisn(fort)exatylacattonet @ tandoagebycwebghit From
the reaction m xture, acetic acid was distilled off, added 110.31 kg of

wat er and sti {nsttally about 0 to 25 % by weight), preferably about 0

to 10 % by weight relative to water. As the preferred
25 aqueous solvent, water is exemplified.
(Water-insoluble solvent)

A water-insoluble solvent employed in the



20 at 40C, and the precipitate was renoved by filtration. To the filtrate,
the m xture of 71. 60 kg of n-butanol and 71. 60 kg of n-heptane was added
and ni xed at 25C conpletely to be separated into an aqueous |ayer 8ddFEBr003
organic layer. To the resulting aqueous |ayer, the m xture of 61.37 kg 25
of n-butanol and 61.37 kg of n-heptane was added and m xed at 25C
conpletely to be separated into an a'qu7e%u's | ayer and an organic | ayer.
After the operation was repeated 0 4F EB 2003 - 127 again, the aqueous
| ayer and the organic |ayer. were anal Kée by a lirﬂe;i d chromat ggra hy, and
ns ool 1 PREFEST ot Lo SOPaRARY Br PRGPHITEAGHERES: BPOTERE- o gan ¢
| ayer (on basis of N hydroxyphthalim de contained in filtrate) s 5 100%
the extracti o"ﬁh?a‘f%%ﬂfb?ﬁﬁﬁﬂ%ﬁf&vi%to ingd ugesanfer &?@F‘pbvﬁs %9% and

the extraction ratio of vanadjun(lll).acetyl acetonato into_the aqueous | ayer
bas! < of _Sefit ShRi SEER s SREeF e SOantn (ERE PRPOPLT

(83&) ?gl SExgrrpl e Fll?ftfﬁa ffa K \{{/as added 50 niL o:‘ 3N Isng}l m t'%drgx'gé e

aqueous sol ut?%yﬁa,l?}’(ftr}(ﬁ/\b¥§§oﬁﬁfﬁgﬁ 0% { g QYSFOS‘T“ g mL)*}a)vvva% stovvl y

added theg et 0) M éé]:bsotn' E-lli:loﬂgsq%ﬁ s h%gagézt uaru?.avﬁ%g%td.:ilrjcrmﬁ %?{’cggg% or 2

hours to ©Obtarn an agueous so ion ont ail ni ng thalic
acid. To the ueous, .S I O i | Q-1 } t

ordi nary tenpgér;%ﬁh'r %nt%i%éo%%%?ﬁ?ggggPﬁglﬁ%§5q€%§ ﬁlﬁtﬁ:ﬁ%é&ggl d was
recovered by j iytrati I rexylam

hydr ochl or | 3T géli"sié*%f’lfg}g“{é)lz f‘t pemal 1% nyd )b%\?égﬁgi X 100 nL
of pyri di ne, idnseLouabdlrial havasleves psldatkudieidtiohs Shbhgd al 50C

for 1 hour, and further stirred for 3 hours with elevating the tenperature
to 95C to forp fhyeyoeoidisldnd dg7llené)., 2 Galvigehdtéd¥hya2dck¥ponl e F2 To
a flask was added 50 nL of 1N hydrochloric acid, and powdery phthalim de
(2.9 g, 2® Mmpé)gvadichivirymedtiade ) , Car i dohd 12088 alibtatiichpreinary t h
stirring. Then, the m xture was stirred at 97C for 3 hours to obtain an
aqueous sol utabrolahtlEawning HHtddls caaboth aRlomsalsuchaasdbwhanoédcandred by
condensing and filtering the aqueous solution. Then, after hy 5 droxylam ne
hydr ochl or i dehé¥@idl ~ aACalicyclio gloghohdiavingnd te skploaathonnatodsnl of
pyridine, the recovered phthalic acid was added thereto, and stirred at 97C
for 4 hour tostehmNayedobexgmolal AR geonat e pleaiell having=gapl 2F3 10 To
a flask was added 50 nL of 2N hydrochloric acid, and powdery phthalim de
(7.4 g, 0.05 #@dFhorRAsonssMNGh ag zZydaleehodit it ketPperi@n ‘Tiél%f,la'%‘é m xture
was stirred at 97C for 3 hours to obtain an agueous sol ution_cont aj ni ng

pht hal i ctaici KeERHNTERE 4 thd S SaEPOPeA RS SHABNES P 1BY Lhngth Yt t eri ng

th | ut i . Then,, t fl k dded th ht hal i id, 100
ot el R tE 0 s Byeilact ReRoppaRanids £ 3 4B rroboRor Lo ot Tt

m_tﬁfdpy[!ﬂ " tion to_optaj i xture contait
Wi istilli me ction to_oht ai re cont ai
pht hal i ¢ anhy%"?i%%‘?l{@éd%“x@’toégrﬁ (r%‘é‘b )r(?f&%%cﬁledgzo A é-w%}ﬁﬁﬂhﬁ% 9g, 0.1
nol ) was adde, s AN LU @ an I, r r m

N- hydr oxypht hg?]!hg‘lo e (?8%1‘%’%19%%13&710&%%%g%%ﬁefa%élmégﬂgh!f ?ggﬁégxg's added
50 nL of 1IN s@diunaivshsrddl@arboxylic acid-Cy_jocycloalkyl ester such

20 as cyclohexyl acetate, an aryl ester such as phenyl acetate,
a C,_j,aromatic carboxylic acid-C,;_;palkyl 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



25 aqueous solution, and powdery N-cycl ohexyl oxyphthalimde (4.9 g, 20
nmmol ) was slowy added thereto with stirring. The m xture was stirred at
97C for 5 hours to obtain an 0 4 FEB 2003 - 129 aqueous squtﬂéﬁEBZMB
contai ning sodiumsalt of phthalic acid. To the aqueous solution was added
di l uted hydrochloric acid to convert_ig;o_phthalic acid, and phthalic acid
was recovered by condensation and filtration. To a flask were 5 added the
phthalic acid, 50 nL of pyridine and 0.05 g of sulfuric acid and stirred at

9H§§r oxy! am ne RphFECRPaPLHE Rt *Eexa‘i%?tfﬁéﬁi*?”6?’%@%&1@%“%%%?0%@ to
xyl am ne'H t _ g d
(26 0, vi of igsEpESeflsel cond1 et 3 67 A Eac el i UGS KRGl €

cycl ohexane, 1 N- hydr oxypht hali m de, and 0.045 g ( O
.18 mmol ) ofggo a??ggggégtggkggggéacted at 160C and 40 15 kgf/cnR (3.92

MPa) i n atnosphere of Y. _ i ] XL urs i ni ng
1334 g (1584 m0l) of TheorErsred YRS LR AUAE Qe U ol
59.47 g (f.61 I cl T e I i |d m de, and
1.30 g (O.QOOSfBrr!tE)I %xgﬁ'p%mgz%?%ﬁg%?@y%’?héﬁm de{.@Far%crg]i’%g%fcti on

m xture, cyclgharapar¥es Having! €doP hordNedrbé®! dtdm®f HPHAERABAY OXi de
aqueous solution (30 nL) was added thereto, conpletely mxed for 2 hours at

97C and st oodnh{;8kodabBbh)l OaRealbsib - c8Pd Pifitht it GidbRAURNA ggwer and
an organic 25 Tayer. Phthalim de and N-cycl ohexyl oxyphthalim de were

di stributed i BronéFe cagRAUStORY Rl iiieenyar(am@rona®isoti til 5&) tand
phthalic acid. To the aqueous |ayer was 0 4F EB 2003 - 130 added

di | uted hydroahhiaxed soidenrd thevest.i rMmhe Partalcud aadiyd preféredhal i c acid
was recovered by condensation and filtration. After hydroxyl am ne
hydrochl d0i dewhit2@Hinsbilabld sed ventdiincimdgs wasakiaisnl seplarabbe firomof
pyridine, t hewater (an alcohol having 4 to 12 carbon atoms), the alcohol

and a hydrocarbon (an aliphatic hydrocarbon having 6 to

12 carbon atoms), a nitrile (e.g., aromatic alcohol) and

the like.

15 When the hydrophobic solvent is employed as a
reaction solvent, it can be employed as a liquid-separable
solvent from the agueous solvent after completion 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 a liquid-separable solvent from the aqueous
solvent.

(Extraction operation)
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



5 recovered phthalic acid was added thereto, and stirred at 97C for 4
hours. The m xture was condensed) filtrated and washed w th hexane 23 E%M?
N- hydroxyphthalimde ( 2 . 05 g, 0.013 nol). The regeneration rati 04
Nhydr oxypht hal i m de (a ratio of N-hydroxyphthalim de 10 regenerated
relative to N-hydroxyphthalimde used Pg the reaction) was 65~. Exanple F6
A mxture of 1500 g (17.82 nol) of cyclohexane, 3.16 g (0.019 nol) of

N- hydr oxypht hal i m de, and 0.045 g 15 ( 0 . 18 nmol ) of cobalt acetate was

eacted 2l 100CAARKILAT (holZ: APl 1, AUIRSTAS S0 ORI L0 2
I
Gyt oneryl cxyaSLaS TS, pF ORI SRR L S cEHBLORBTAN S, |

distilled off; e aqueous~solution

was added { Nepel e oA ML £l Obn RiUOHES dle G AHY AldYRY L0

stand for hour I'qui d-separate 0 an aqueous” ['ayer

organi ¢ 18yer cnentigkLebe, 200chbYErolende B i\ A Bl Golfotnd Sl Dut ed

into the 0 gueous layer by converting into sodiumsalt

of phthalic ag¢id. us--l; i e ic acid
p ¢he mdfal Ratad ,Q ‘zﬁ &%Fﬁgﬁﬁga%ﬁ?\mé Ykeq. ,yglli,ﬁséghfife

to convert into phthalic aci was recovered by

condensation adullitklir 8tbANthdOtfebtmelt WBich s ddithddwatidal i ¢ acid, 50
nL of pyridine and 0.05 g of sulfuric acid and stirred at 95C for 4 hours

to obtain a mexhgrateen! AxtraetAldnhadi st animiidiand drgis@uihazateon),
hydr ochl oride NH2ZOH ~ HO ( 2 . 8 g, 40 mol ) was added to the m xture and

stirred at 50@enfioniihgubg stibeingxédrehadbikd wordepselsdpddatai.ed and
washed wi th cycl ohexane to 2.21 g (0.013 nol) of N hydroxyphthalimde. The
regener attbon rati o of The hyaitbxypfit tied | aqqueoysa sadiviem tofandhytdveoxypht hal i m de
regenerated relative to Nhydroxyphthalimde used in the reaction) was 70-~.
15 0 4 F E 8y200Bhobic3pwatkinAingo lublke preowkeant arars darsatiitraply reacti on
product and an i m de conpound froma reaction m xture obtained by 5
reactiilg a sgsdeFcied agepruding bp thepirseies nfithe dmigle wompogindup in

t he presence of the ~. m de cornpound havingpan imde unit represented by

the fol | owi ng2P8rthe Beta}.caralvst \axd|if). €oF axapidei khey EorderdddRt s an
o~rygen aton‘lgtgggr?égkght ratio) = about 0.01/1 to 10/1, preferably

15 about 0.05/1 to 5/1, more preferably about 0.1/1 to 3/1,
and usually about 0.2/1 to 2/1.

The extraction may be carried out in whichever a
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 is, for example, about 1 to
5 times, and usually about 1 to 3 times.

The extraction may be carried out 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. If



J.0 group yr an acyl oxy group, which conprises . (Al~ a

sol vent-crystallization step for crystallizing the imde conpound wth at
| east one solvent selected fromthe group consisting of a hydrocdlb®bB 2803
chain 15 ether and water, (A2) a cooling-crystallization step for
crystallizing the reaction product by ggol ing, or (B) an extraction step
for distributing the reaction product to a phase of a water-insoluble
sol vent 20 and the im de conpound into a phase of an aqueous sol vent,

respectively by using the a9ueous sol vent ntai ning, at | .t _water and the
wat er - i nsol ubPéC§5F9gﬁt 1R Ohded] EofWQ‘fFe%gﬁu%EEa H%ﬁ&?lfle/&cgepar ating

' t | ai,m 1, 0 4 E 003_- 133 . ' inth
ol vont - or yot ST S3EFORCLPROIERIDS EHESTORS BB PRRLIAY AN
hydr ocarbon haying 4 to.16 carbop_ato or. an_alicyglic hydrocarbaon havin
4yto 16 car boﬁ¥|§ gﬁs,a g&\thgecﬁgﬁﬁc%ﬁé}nqe; ﬁ%ﬂlf’ﬁiéﬁ%gf‘ﬁ TEIhEr® STor \altl ?
Cl_6al kyl C6_l o r¥l et Eer. 3.eA 1§e$ar ating process according to claim1,
wherein the if‘hngg 0898 Elﬁg PEC3R"SY omati ¢ i ni de conpound, and the reaction

21 Peyel i cSal conol andSlotie SFERPLAH nballbf e kAN Hatedyal o' 2

alicyclic™al cohol and I'S SO In ol vent crysta

the Sol vent - coyat ahbi 13 8" ShEBuAAE dan e AREPALA LI RAL CRMARAOT ding O

claim1l, wherein, a solvent I's a poor solvent action

product and | so3vaAedpRaLYCIhal hie Rl £ SAMPAL KbIverS inRth 35 2
reaction solvent in the cooling-crystallization step (A2). 5. A separating
process accor ¢elget@ivkdy™d separate the imide compound and the metal
\ catalyst. The imide compound and the metal catalyst
10 separated may be recycled to the reaction system. Moreover,
the imide compound and the metal catalyst may be, if
necessary regenerated and recycled to the reaction system.
The separated metal catalyst may be recycled to the reaction
system without purification or after purifying by a
15 conventional method.
[The separation 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



wherein a Cl_4carboxylic acid, a Cl_loal cohol or a wa ter-containing
solvent is used as a reaction solvent in 20 the cooling-crystallizat%%%
step (A2). 6. A separating process according to claim1l) wherein t 4 2003
reaction product is an oxidation reaction product of an alicyclic

hydr ocarbon or a methyl group containing aromatic conmpound in the cooling
25 crystallization step (A2). 7. A sép%?ating process according to claim1,
wherein the imde conpound is an aromatic i m de conpound 04 F EB 2003 -

134 and the reaction product is an aliphatic carboxylic acid having 6 or
nore carbon R®R#E2BIORFUhoasthid teatdon cendengatiorhdistillation,

cooling-crystallization step (Aﬁi: 8. A separatiQ%EPyocqss according to
claimi1, 5 we¥eraction herestahtizahier epre@yst SOLER i s
water. 9. A separating process according to claim1, wherein, in the
extraction stepremtogrePhucdnd 3 oFUrbingbinnidh Hhes orema tigpnsa
separating process according to claim1, wherein in the extraction step

(B), the reacEPbkoiedtBy eSuRIieehingt &R tRe HRRNILING aReatdMn i(§F)advance
of separation of the reaction product and the imde conpound. 11. A
separatimy proReLE 4Edor MAECPVeE! AMAML EPe1BedmeteR A% ABTFEEETWh 1M xt ure
I's hydrolyzed usi ng an agueous, sol vent coq&aining_a base. 12. A

b
separating prBE%sgr%i REYi My FoSUEEHT 1,10 order to “improve the

extraction efficiency, the reaction mixture may be con-
densed prior to the separating step (C), (D) or (E), or
may be subjected to the crystallization step without

10 condensation.

Moreover, the reaction mixture obtained by the
reaction may be subjected to the separation step without
purification. 1In this case, the unreacted rawmaterial for
reaction (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 conventional 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,



wherein, in the extraction step (B), the water-insoluble solvent is at

| east one nenber selected fromthe group 20 consisting of a hydrocarbon and
an ether. 13. A separating process according to claimi1, wherein tHRé FEB 2003
wat er -i nsol ubl e solvent is used as a reaction solvent in the extraction
step (B). 14. A separating process apcggding to claim1, 25 wherein the
reaction product is an oxidation reaction product of an alicyclic

hydr ocarbon, or an aronmatic hydrocarbon having a nmethyl or nethyl ene group,

di 0 4 E B 2003 - 13 ter-i luble int t ti t B
15 B separ at PG SRR AEPR: (Y PRACS) HRY Do menbineti et affed b bduct
i [ | cohal lic ket , h i i
hydrocar bon gPotptes SRt g AR 1cls RBY Ada el ae ik FBbRESn or oup
in the extractio _s%ﬁg (B). 16. A separating process according to claim 1,
wherein the r%%%gl% - conducted in the presence of a solvent, and the

reaction m xt uraﬁge.isesu j ect e tt%&a .1Q eonden%ati n step to separate the
solvent in adv Uy Rt on THES SR Yr oduct and the i ni de

corrpound.517. A separ,f,alluia n%%{%]g%ale foglﬁgqcfrtq{en%r&ioded imrB&de\q r%'hg t he

substrate”is reacted Th tl _ presence of a“co-catalyst. 15 18. A
P oo by SFASFPRCPEY 10 SR Lo RSERN S LT ANIAIA LS o
an inactivation of the imide compound to form a compound having
the unit represented by the formula (4) or a ring-open
derivative thereof, a ring-open derivative of the imide
10 compound having the unit represented by the formula (1),
a dicarboxylic acid or an acid anhydride thereof corre-
sponding 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 acid 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.

The regenerating method is applied to an



oxi dation reaction product corresponding to thesubstrate. 19 . A process
for separating an imde conpound and 20 a netal catalyst froma mxture
containing the netal catalyst and the inide conpound having an i ni db4 hbB 2003
represented by the following formula (1): 0ii C,NNX (1 ~CO O4FEB
2003 - 136 wherein X represents an nggeq atom a hydr oxyl group or an
acyl oxy group, which conprises: (C a | vent-crystallization step for
crystal 5 lizing the imde conmpound by using a sol vent for crystallization,
(D) an absorptjion stegﬁf or taI at al ys% bsorption

treat nent, or JEEFtaNa fir‘a?:%)g‘ﬁrfstrgg GFdd 5P iR TgC ﬁiaa B3t onpound
Lﬂtaieaoi’“iﬁeaage TS o %Sl'éﬁsciﬁix“éi‘éxrﬁ%datgiaa g, tati %—i fent
cont ai ni ng at eastmyatrelé 3%12 i fol ubIlQ sal vent 3 J]e from
the aqueous s PFehP ‘i% P I?e%B ‘b S & TiREoPRPR(IE ¥t 19,
e S st el LA (Al s o
Lo,chalm 80, MSee! By 4l s si'végatsai R Sk
wherein the i Tsdfoﬁﬁ)éﬁjggr{%e' éeggtf\;é){@tc %aﬁg‘sqe o@%@i’i‘%‘?’ne hydrolysis
operation of the imide compound is carried out in the
separating process (B), the imide catalyst can be
. regenerated by the operation (i) or (ii) without
10 hydrolysis.

In the regenerating method, the reaction mixture
containing the deactivated catalyst resulted from the
reaction may be subjected to the regeneration of the
catalyst without 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
process, 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 deactivated 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.



and the netal catalyst is at |east one conpound selected fromthe group
consisting of a transition netal ele 25 nent-containing conpound and a
conmpound containing a Goup 13 el enent of the Periodic Table of El e t
and is soluble in an aqueous solvent in the solvent-crystalIizati&ﬁpgﬂkﬁm3
04FEB?2003- 137 (C. 23. A sepgrﬁéiqg process according to claim19,
wherein, in the absorption step (D), t absorption treatnment is conducted
by using an ion-exchanger. 5 24. A separating process according to claim
19, wherein the netal catalgst

oroup Const g o s S AR B
the' 10 absor {’ﬁ?ﬁ?}lgbﬁ?} v mREBEH UM AY S&Eegvlaeﬁra?xalffrbz? m 1,
separating pr ggeggtigé gfiﬁ?ﬁgsgg-é%ﬁ nqt %@%%e%% é}oﬁffﬁ?t Wa&tg‘te'r action
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el enent cont ai Ni ng conpdunds—and a conpouhd contai ning a Goup 13 el enent of

the Periodic Egﬁ!r‘éxﬁge'?' §HER1Ra®DdmbBaPcdrbbfiht & 05O Cas t NP RANROUS
solvent is watér, and the wa
carbonate, sodium carbonate and potassium carbonate; an
alkali metal hydrogencarbonate such as lithium
10 hydrogencarbonate, sodium hydrogencarbonate and potassium
hydrogencarbonate; an alkaline earth metal hydroxide such
as magnesium hydroxide and calcium hydroxide; ammonia; an
organic base such as triethylamine and pyridine].

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 bromide,
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). 1Incidentally, when the acid is employed, the



ter-insoluble solvent is at | east one nmenber selected fromthe group

consi sting of a hydrocarbon having 6 or nore 0 4 FEDB 2003 - 138 carbon
atons, an al cohol having 4 or nore carbon atons, an aromatic nitrll p@? 3
m xed sol vent thereof in the extraction step (E). 28. A separating proce é@
according to claim19, 5 wherein the 'éE de conpound and the netal catalyst

are an oxidation catalyst for oxidizing a substrate, and the inide conpound
and the netal catalyst are separated froma reaction m xture obtained by

t he oxidation reaction of the ,substrate.. 10, 29. rocess for regenerating
an i mde conpful MAK Dfy Ush |ﬁpdgﬁﬁn??t?%$F%%éﬂWﬁﬂﬁby the PBPLBH HS fornul a

Group o an’ SENER YRR “’“ef%e' e FeRimsdeads, He0B a8 mobmAhEC | s
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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
dicarboxylic acid 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



04 FE S8 2003 - 139 reacting the dicarboxylic acid or the salt thereof |,
or a reactive derivative of the dicarboxylic acid with (i) a hydrOﬁylﬂFine
or (ii) O-substituted hydroxylam ne, and treating with an acid to 4 FEB 2003
regenerate the 5 imde conpound. 30 . A regenerating process according to
claim?29 , wherein the deactivated im conpound is an imde conpound
having a unit represented by the followWng formula (4): 0 ~i C,NY (4) CO
10 wherein Y represents a hydrogen atom or an al koxy group, or a

ri ng-opened derivative thereof, 31. A regeneratin rocess according to
claim?29 , mh@r%?%’?’f@ FELUP; EOR &3R8 re 2dRORP: O BAPBERTH | 2 MR 15

navi ng & uni t OF cHFBERE o ik SPBYATHARG (7 o MRS SPRF S eEL BY 20 32
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33. A processtggrdfgékngy"c?%cg%gankﬁoggqﬁﬁﬁﬂdthghgggdcggﬁgééfﬁé of
5 the dicarboxylic acid is particularly preferred.
The mono- or diester of the dicarboxylic acid
includes, for example, an alkyl ester (in particular, a
C;-4alkyl ester) such as methyl ester, ethyl ester,
| jisopropyl ester, isobutyl ester, and t-butyl ester; an
10 alkenyl ester (in particular, C,_jalkenyl 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 diC,_jalkyl ester of the dicarboxylic acid or the

like 1is preferred.

15 The mono- or diamide of the dicarboxylic acid
includes, for 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



5 reacting an organic substrate in the presence of an imde conpound havi ng
an imde unit represented by the following fornula (1): 0 a C,NX (1 % 0
wherein X represents an oxygen atom a hydroxyl 10 group or an acyldk@ EB 2003
group separating a reaction product formed in the reaction step and the

i m de conpound, regenerating the imde gorrpound by hydrolyzing a
deactivated i m de conpound in the r eact? on step to be 15 converted into a
di carboxylic acid or s salt thereof haV|ng a unit represented by the
followi ng formul a élg% Oii CGCOH - (3) O4 0 by reacting the dicarboxylic
acid or the sBffef 5éof‘"1tho‘Fe’&OYJééﬂ:PYvBr@I‘éF?‘%@Ma\F@rof Masegvesr B&eyl i c
acid 20 with (i) .a droxylam ne or (ii) .an O-substituted 0 4 F EB 2003
- 141 hydrox?F‘éiiﬁl the diegrberntihgcii fan Rerhtadneddendeacdinge ini de

conpound, and, recycling the regenerated i m de conpound to the reaction
step. 5 34. A2 %F(%%%Oxé’gcid? 8FhY Yot APMERig| oF Ani1gmine T TESPPRAIRG ei n t he

I m de compoun an_inde_co und, represented by the follow ng fornula
(2): 0 |Fp, goc:he deglred amide, if necessary 13/the presenceg%f
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



" ~NX (2) A\\ ZRCIl O wherein RL and R2 are the sane or different, each
10 representing a hydrogen atom a halogen atom an al kyl group an aﬂ‘#EBZMB
group, a cycloal kyl group, a hydroxyl group) an al koxy group) a carboxyl
group, an al koxycarbonyl group, or an acyl group; R and R2 may bond
together to forma double bond or an argmatic- or non-aromatic ring; the
aromatic 15 or non-aromatic ring conﬁo§ d’of R and R2 may have at | east
one imde unit represented by the forrmula (1); and X has the sane meani ng
as defined abovg ig? A process according to claim34 , wherein the imde
conpound is afeiry F&OBSPFﬁBGF\cP%éF%Fr? 35 ¢ tRY LacekRt HERE RWget her to
forman aromatic ring. 0.4 F EB 2003 _- 142 ABSTRACT A reaction product
and an imde GGRYBERA ERnShBetefurht 88 fiehPElretler ondhP%X3R% e obt ai ned by
reacting a 5 ugséhgte i_n the gre ence of _the imde coqﬁgund_having an

i mi de unit re%P 8g°fYTeRe £BI PERLFGSPLYRRFaSEEY: a9 RYELdNes¢ ;&) C 0

wherein X represents an oxygen atom .a hydroxyl group or an acyl oxy group
by (A1) a sol PAATLL SUFRIAT SEEEORIEELSeH of naR-Bpeeme bp Rgr FRLYoR b
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that as the dicarboxylic acid or salt thereof used in 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) is 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



15 a phase of a water-insoluble solvent and the i mde conpound into a phase
of an aqueous solvent , respectively by using the aqueous sol vent
containing at |east water and the water-insol ubl esol vent separ abl e fr zrtFEg 2003
aqueoussol vent. Further, the imde conpound and the nmetal catalyst can

20 separated froma mxture cont ai ni ng the i mde conmpound and the netal
catalyst by (C) a solvent-crystalli zat P8n- step for crystallizing the imde
conmpound by using a solvent for crystallization, (D) an absorptl on step for
absorbing the netal catalyst by an absorption treatnment, or (E) an 04F
E 8 2003 - 1481 k@%ﬂﬂ&cﬁpeﬁ ag &0ddym methexhdeian sedim aEhesdBeanninto a
phase of a water-insoluble solvent and the metal catalyst into a phase of
an aqueous sof&ALI FetaLSLeP ARy ohdrRiCIar hgueB s §80FuM agRkRER ni ng at
| east water and the 5 water-insoluble solvent separable fromthe agueous
soI vent . . ALRDA Rokagshuy aaetat qq ammonia; an alkali metal hydroxide
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for example, an alkyl group (in particular, C;_,alkyl 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 imlide 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 fluoride,
hydrogen chloride, hydrogen bromide, hydrofluoric acid,
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric

20 acid, and phosphoric acid; a sulfonic 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.
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reaction system.
i [Process for regenerating the imide compound]
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 (i) 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 illustrating

an example of the production process of the present
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compound. As the imide compound, an only catalyst
5 regenerated in the regeneration step may be used or the
regenerated catalyst may be used in combination with unused
new catalyst. The regenerated catalyst is recycled from
line 5. As the species of the reaction, there may be
mentioned the above exemplified reaction, for example, an
10 oxidation reaction, a carboxylation reaction, a nitration
reaction, a sulfonation reaction, an acylation reaction,
a radical-coupling reaction. An reaction apparatus used
in the reaction step comprises, for example, a reactor for
reacting the organic substrate, a supply means for
15 supplying the reactive component and the catalyst to the
reactor (e.g., a charging line, a charging pump), a mixing
means for mixing the reactive component and the catalyst
(e.g., stirrer), and if necessary, a reaction tempera-
ture-controlling means for controlling a reaction
20 temperature, an exhaust means for exhausting the reaction
mixture from the reactor.
In the separating step, the reaction product and
the catalyst (including the deactivated catalyst) are
separated from the reaction mixture supplied from the
25 reaction step via line 2. The separation of the reaction

product and the catalyst can be carried out by the above

separating method (A)(B) or a conventional separating
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5 reaction product separated is recovered though line 4, and
if necessary further purifying. Part or all of the
separated catalysts are subjected to the regeneration step
via line 3 to be regenerated. Incidentally, when part of

\ the catalyst used in the reaction is subjected to the
10 regeneration step, the residual catalyst can be recycled
to the reaction step without regeneration.

In the regeneration step, the deactivated catalyst
supplied via 1line 3 from the separating step is regenerated
according to the regeneration process of the imide compound.

15 An apparatus for regenerating the deactivated catalyst can
comprise, for example, a reactor for reacting a reactive
component such as the deactivated catalyst, a supply means
for supplying the reactive component (e.g., acharging line,
a charging pump) to the reactor, a mixing means for mixing

20 the reactive component (e.g., stirrer), and if necessary
a reaction temperature-controlling means for controlling
a reaction temperature, a pH-controlling means for con-
trolling pH of the reaction system, an exhaust means for
exhausting the reaction mixture from the reactor, a

25 separation and purification means for separating and

purifying the regenerated catalyst and the like.

In the recycle step, the regenerated catalyst
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catalyst can be carried 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 like 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 separated. 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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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
chromatography and high performance 1liquid chromatography,
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 material, 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
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5 Example Al-2
A mixture of 25 g (164 mmol) of adamantanol, 5.36
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 reaction 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 52.8%) and yield
40.7% (selectivity 42.6%), respectively. Moreover, in the
reaction mixture, 1.85 g of N-hydroxyphthalimide used as
a catalyst, 1.51 g of phthalimide, and 0.40 g of phthalic
anhydride were contained.

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



3 10% U8 ()- 10% U& ()-L10% U& ()- 10% U& ()-10% UE ()-Y: 10%

U&' () - K~~~~+eDaBnbC 3 10% L&' ()-t, ! 10% U&' ()-1{ LALO%IE () - Y10%

U8 ()-"y 10% U& () - L10% U& () - DY dEnbC 3,9 10% U& () - s+10%U&() s, 0444 2003
G ()L 10% Ug ()~ 19409 U () - #10% U& () -A4pxmhC 3& - 109 () - U10 U
10 U : 10% o5

not contain the catalyst and the decomposed product thereof.
Moreover, the residual extract liquid was condensed to 100
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
e 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 decomposed product thereof.

Example A2-1
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To a reactor were added p-xylene, N-
hydroxyphthalimide (NHPI), 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,)

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 gof 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 acid 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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to obtain a reaction mixture. The composition of the
oxidation reaction mixture 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 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.
l 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 distribution
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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and 300 mmHg, and the residue was washed with 60 g of acetic
acid under the same condition.
5 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
oxidation 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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5 conducted at 100°C and 4 MPa in an atmosphere of air to obtain
a reaction mixture. The composition of the oxidation
reaction mixture 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 gof B-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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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 conducted 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 mixture 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 pyromellitic acid was 99%, and thé 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-
butylbenzoic 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 gof 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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, 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 obtain 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, 0.2 g (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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10XX 5 butylbenzaldehyde into the organic phase was 87%, the
recover ratio of N-hydroxymaleimide into the aqueous phase
was 82%, the extraction ratio of maleimide into the aqueous
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 obtain51reactionlnixture 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-
uid-separate into an agueous phase and an organic phase.
The resulting agqueous 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 extraction ratio (on basis
of the amount of phthalimide contained in the reaction
mixture) of phthalimide into the aqueous phase was 90%,

| and the extraction ratio 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 mlL 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 liquid-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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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 contaihing 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 (yield 80%). From the
reaction mixture, acetic acid was distilled off, and to
the reaction mixture was added 1000 mL of dibutyl ether
15 and 1000 mL of 0.4N sodium hydroxide agqueous 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 agueous solution,
and mixed completely at 97°C to liquid-separate into an
20 aqueous phase and an organic phase. The aqueous 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 deactivated 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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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. From the 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-
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of acetic acid was allowed to react at 80°C and 20 kgf/cm
(1.96 MPa) for 3 hours in an atmosphere of oxygen to obtain
5 a reaction mixture containing 162.5 g (1.09 mol) of p-
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 distilled 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 agqueous and
15 organic phases were analyzed by gas chromatography and
ligquid 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-hydroxyphthalimide) (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 sodium phthalate) (on basis
of the amount of phthalimide in the reaction mixture) into
the agueous phase was 93%.
25 Example C1

In the presence of an oxidation catalyst (N-

acetoxyphthalimide (NAPI)) and a metal catalyst (cobalt
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10%& () - d=ar dsr‘lta%‘#i%%c?ﬁ&@t'uﬁl%‘ﬁ" tholing.orystatiised o 80°C at
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 gof phthalic anhydride (APA),
0.3 g of p-xylene, 7.8 g of 4-carboxybenzaldehyde (4-CBA),
15 22.3 g of p-toluic acid (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
precipitate 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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()- @‘910%@& ()was]t% mz:h]-%%%tlc 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 of 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 distribution ratio of the total cobalt into

25 the filtrate was 95.2%, the distribution ratio of the total
manganese into the filtrate was 99.5%, the distribution

ratios to the filtration residue of NHPI, PA and PI were
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isophthalic 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 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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0%&Z& () - 10_V%E%'H.Gn 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 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 (PAa),
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-toluic 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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910%r&’ ()-9"1 %@%Agybhthalimide (NHPI)) and a metal catalyst (cobalt
5 acetate and manganese acetate) with nicotinaldehyde as a
co-oxidizing agent, B-picoline 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, 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 agueous 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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1 109Z& ()-"dBC In the presence of an oxidation catalyst (N-
acetoxyphthalimide (NAPI)) and a metal catalyst (cobalt
5 acetate and manganese acetate) with nicotinaldehyde as a
co-oxidizing agent, B-picoline 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 aqueous phase was 98.4%, the distribution ratio of the

total manganese 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 liquid 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 (manufactured 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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respectively. Incidentally, the distribution ratio means
to the ratio (weight basis) of the component content
5 absorbing in the ion exchange resin or the component content
in the liquid relative to the component content in the
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 acid and filtrated to separate
terephthalic acid. The components in the mixture obtained
by combining the filtrate and washing liquid 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-
acetoxyphthalimide (NAPI), 0.01 g of N-hydroxyphthalimide
(NHPI), 0.06 g of phthalic acid (PA), 0.07 g of phthalimide
(PI), 0.01 gof 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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"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 resinwas 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 liquid were analyzed,
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), 0.06 g of phthalic acid (PA), 0.07 g of phthalimide
(PI), 0.01 gof 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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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 resinwas 92%, and the distribution ratios of NHPI,
| PA and PI into the mixture treated were 99%, 91% and 97%,
10 respectively.
Example D4
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, P-picoline 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,
to the condensate was added 2-ethylhexanol. The mixture
was cooling-crystallized to 25°C at atmospheric pressure
20 and filtrated, 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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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 D5
In the presence of an oxidation catalyst (N-

15 hydroxyphthalimide (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
lower layer 1liquid separated were analyzed, and as a result,
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 acid, 3.04 g of adipic acid, 2.60 g of H,O0, 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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the mixture treated was 98%. Incidentally, the
distribution ratio means to a ratio (weight 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 200mL of
benzonitrile was reacted at 100°C for 6 hours in an
atmosphere of oxygen to obtalin 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 benzonitrile. 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 agqueous layer and an organic layer. To the
25 resulting organic layer was further added water and mixed

completely to be liquid-separated into an agqueous layer

and an organic layer. The aqueous layer and the organic
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extraction ratio of phthalic acid into the organic layer
was 65%, and the extraction ratio of co-
balt(II)acetylacetonato (on basis of co-
j 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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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(Il)acetylacetonato, 250mL of acetic acid was
15 reacted at 100°C for 6 hours in an atmosphere of oxygen to
obtain 2-pyridinecarboxylic acid (picolinic acid: yield
77%) with 2-methylpyridine conversion of 82%. From the
reaction mixture, acetic acid was distilled off. 400 mL
of benzonitrile and 400 mL of water were added thereto,
20 shaken sufficiently, and allowed to stand to be separated
into two 1liquid 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
25 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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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 layver.
To the resulting agqueous 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 agueous layer

and an organic layer. After the operation was repeated
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by a 1liquid chromatography, and as a result, the extraction
ratio of N-hydroxyphthalimide into the organic layer (on
basis of N-hydroxyphthalimide contained in filtrate) was
100%, the extraction ratio of phthalimide into the organic
layer was 100%, and the extraction ratio of wvana-
dium(III)acetylacetonato into the aqueous layer (on basis
of vanadium(III)acetylacetonato contained in the fil-
trate) was 83%.

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 aqueous solution
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
acid was recovered by condensation and filtration. Then,
after hydroxylamine hydrochloride NH,OH * HC1 (8.3 g, 0.12
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%).

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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97°C for 3 hours to obtain an aqueous solution containing
phthalic acid. Phthalic acid was recovered by condensing
and filtering the aqueous solution. Then, after hy-

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 *HCl (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, yield 70%).

Example F4
To a flask was added 50 mL of 1N sodium hydroxide

25 agqueous 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



10//1& s.110% /& ()-!s. ! 109 ()- %! 10%GI& () -yt So] zwX6r S40

1! sY98 109AJU& () - gs! 10%

U& ()-s!_s!109%JU& ()-s! @D 109VE () -! K" 1096KUXU& () - ! K" 1096KUXU& ()-zé\g%[&@
40 1 10%& ()-&810%& ()- 10UU 10UU 10UU & ! 10%JU&' ()-!.! 10%JU&" ()* 280,
U& ()-g[:WKzX9rS40 1°110%& ()-& ! 10%8S& ()- & 110%rzré& ()- &

1092 & ()-! X 109& ()-! X! 109%& () - xNOPQ zt4P10' 10% h& ()- 10ff 10ff 10ff!"
J110% f& ()-1/1109%KX& () -9 10%& ()-S' % 1090N& ()-S hS@Wo{Y: P10 F! 10%

h&' ()-S!h F! 1090h& ()-S #10%}{%-: ! c#lO%h&é}ﬁ(‘l) - 1 A#10%-h~h& () - : 10%

h& () - oYLZ} [ MPEYePYShSplYpian FiHing gegism $&1t of phihagis acid.

& ()-'s/s! 10%h& () -s% 10% h&'l%!z,-S! S9%8 109Mh& (l)- S}\ 1 M210 10 h!"10%h& ()-:
1"10% i & () - : 7o R @RuRLuS) So Y ignyas Rgder d1bet @ hyfrochderdg ggid

uzY: M10 10 h 4@0% h&' ()~ "4 10%&: () -, !~ 96 1090h& (), ! % 109hh& () -,
s!10% h& () - @F° SPRysRteintoaritbaligapideg and phthalic acid was

109%&' () - L10%& () - 10%&' () -S' 10%& (#-_3 10hh 1Qhh 10hh! " s6! 10%h& () - JzdEuV70
10 3 109& () - SESOECCrIged R 9onadFieneany foySFeoidon).- L e pELeFRTRER/70

101 10900 SO, (el 00 34 5O LIE (U o.05 g or
109 () - L+10% (), 1 10%&16) and” s FPrr 08 21 QEFRLL () 1o L0 DIEL LA -40%
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 F5
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 reacted at 160°C and 40
15 kgf/cm2 (3.92 MPa) in atmosphere of oxygen for 2 hours to
obtain a 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 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 agqueous 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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(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 mixture 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 and allowed to stand for 1
25 hour to be liquid-separated into an aqueous layer and an

organic layer. Phthalimide and N-

cyclohexyloxyphthalimide were distributed into the
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aqueous layer by converting into sodium salt of phthalic
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,0H * 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-hydroxyphthalimide (a ratio of N-
hydroxyphthalimide regenerated relative to N-
hydroxyphthalimide used in the reaction) was 70%.

15
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1. Aprocess for separatinga reaction product and

an imide compound from a reaction mixture obtained by

5 reacting a substrate excluding an isoprenocid having an

allylic groupin the presence of the imide compound having

an imide unit represented by the following formula (1):

IZ:N=X ()

1]

0

wherein X represents an oxygen atom, a hydroxyl

10 group or an acyloxy group,

which comprises :

(A1) 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 agueous 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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U&I()_ILlo%)U%hg%éin%oin the solvent-crystallization step (Al), the
hydrocarbon is an aliphatic hydrocarbon having 4 to 16
carbon atoms or an alicyclic hydrocarbon having 4 to 16
carbon atoms, and the chain ether is a diC,_galkyl ether

5 or a Cy_galkyl Cq_jparyl 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 reactlon 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,_;palcohol 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,
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. A separating process according to claim 1,
wherein in the extraction step (B), the reaction mixture
is subjected to hydrolysis treatment in advance of
separation of the reaction product and the imide compound.

11. A separating process according to claim 10,
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
consisting of a hydrocarbon and an ether.

13. A separating process according to claim 1,
wherein the water-insoluble solvent is used as a reaction
solvent in the extraction step (B).

14. A separating process according to claim 1,
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 reaction product is a cyclic alcohol, a cyclic
ketone, an aldehyde having a cyclic hydrocarbon group or
a carboxylic acid having a cyclic hydrocarbon group in the
extraction step (B).

16. 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
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.

18. A separating process according to claim 1,
wherein the imide compound is an oxidation catalyst for
oxidizing the substrate, and the reaction product is an
oxidation reaction product corresponding to the substrate.

19. A process for separating an imide compound and
a metal catalyst from a mixture containing the metal
catalyst and the imide compound having an imide unit

represented by the following formula (1):

Izij ()
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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-

5 lizing 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

10 compound into a phase of a water-insoluble solvent and the
metal catalyst into a phase of an agqueous solvent,
respectively by using the aqueous solvent containing at
least water and the water-insoluble solvent separable from
the aqueous solvent.

15 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 claim 20,
wherein, in the solvent-crystallization step (C), the

20 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-

25 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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(C).
23. A separating process according to claim 19,
wherein, in the absorption step (D), the absorption
treatment is conducted by using an ion-exchanger.
5 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 Periodic Table of Elements in the
10 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,
15 wherein, in the extraction step (E), the water-insoluble
solvent is at least one member selected from the group
consisting of a hydrocarbon, an alcohol, a nitrile and a
mixed solvent thereof.
27. A separating process according to claim 19,
20 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-
25 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



K& ()-m+10%Z& ()-! (@10%& ()- , &S10%Z& ()-?{bC 10
1094& () -s10%& () - S&10%H&' ()- 10Z 10Z 10Zs9OMLOY%Z&' () - mL710%Z& () - M dEbC
10 109H& () -109H& () -!10%4& () - 10%4& ()-Y 109& ()- 1091& ()_lA?tbq' FE’@ZUUS
F f1094& ()- '{F, 10%{& ()-OF, 10%&k ()-OF, 109& ()-F, 10%& ()-!F
10%' ()-19rdEbC 10 )!10%H&'()-3'10%H&}£)-Y%10%H&f()- #10%4&' () -!109& () -
"10%4& ()- @dYNC 10 - 138°-
carbon atoms, an alcohol having 4 or more carbon atoms,
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
oxidation 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):

9

IC‘N"X
9, (1)
0

wherein X represents an oxygen atom, a hydroxyl
group or an acyloxy dgroup,

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

II(':—OH
— (3)

0
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reacting the dicarboxylic acid or the salt
thereof, or a reactive derivative of the dicarboxylic acid
with (i) 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,
wherein the deactivated imide compound is an imide compound

having a unit represented by the following formula (4):

o
il
T

N=Y (4)
l4
C
n
0o

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 represented by the formula (3) is a cyclic
anhydride having a unit represented by the following

formula (5).

IZ:O ®)

20 32. A regenerating process according to claim 29,
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33. A process for producing an organic compound,
which comprises;
5 reacting an organic substrate in the presence of
an imide compound having an imide unit represented by the

following formula (1):

0
1]
T
N=X 1
C (1)
1]
0

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
o (3)
0
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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wherein R1 and R2 are the same or different, each
10 representing a hydrogen atom, a halogen atom, an alkyl group,
an aryl group, a cycloalkyl dgroup, a hydroxyl group, an
alkoxy group, a carboxyl group, an alkoxycarbonyl group,
or an acyl group; R and R? 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 R2 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.



