- 1 - DESCRI PTI ON PROCESS FOR PRODUCI NG CYCLI C N- HYDROXY | M DE COVPOUNDS
Technical Field [0001] The present invention relates to processes for
producing cyclic N hydroxyim de conpounds. Mre specifically, it relates
to processes for producing a corresponding cyclic N-hydroxyim de conpound
by allow ng a polycarboxylic acid or a cyclic acid anhydride thereof to
react wth hydroxylamne or a salt thereof. Such cyclic N hydroxyim de
conpounds are useful typically as oxidizing agents for use in devel opers

for photographs, reagents for sy i q{;l preparing peptides, oxidizing
catal ysts, internedi ates for synt ﬁtggﬁ%{&ﬁ O:&Irepari ng insecticides, and

initiator VA T ' ecalg‘é _ r W del y
known pr oiPeEIsdsHeEs o@rld%rﬁo uc[‘:'drz%]dcyc |%P%ﬁy%@%%@o%€ﬁ%§é%r e !
processes 1l oW ng yclic acid anhydride to react wt ydr oxyl am ne.
Japanese Cﬁ%%g#f%%%qgﬁﬁégt Application Publication No. 2001-233854

di scl oses a pr ot of producing a cyclic N-hydroxyi mde conmpound by
allowing a cyclic acid anhydride to react with hydroxylamne in a

carboxylic acigl sglyept Jm&@{ﬁ%ﬁ,m{%\/\@éeﬁ% %g nnot be sai

to_be
industrially satisfactory, since the yield o CYery ¢ Oﬁleﬁ?gPS)%{}P’m de

conpound %&éfﬁ%tﬁﬁﬂfﬁfgx§{Mﬁéé“%éﬁbéﬁﬂﬁg?nm%gg(giecifically, it

relates to processes for producing a corresponding cyclic

N-hydroxyimide compound by allowing a polycarboxylic acid or
a cyclic acid anhydride thereof to react with hydroxylamine
or a salt thereof. Such cyclic N-hydroxyimide compounds are
useful typically as oxidizing agents for use in developers for
photographs, reagents for synthetically preparing peptides,
oxidizingcatalysts, intermediates for syntheticallypreparing

insecticides, and initiators for polymerization reactions.

Background Art

[0002]

Widely knownprocesses forproducing cyclicN-hydroxyimide
compounds are processes of allowing a cyclic acid anhydride
to react with hydroxylamine. Japanese Unexamined Patent
Application Publication No. 2001-233854 discloses a process
of producing a cyclic N-hydroxyimide compound by allowing a
cyclicacidanhydridetoreactwithhydroxylamineinacarboxylic
acid solvent. This process, however, cannot be said to be
industrially satisfactory, since the yield of the cyclic

N-hydroxyimide compoundonthebasisof thecyclicacidanhydride



2 is as lowas 60%to 70% Japanese Patent No. 3288682 discloses a
process of producing a cyclic N hydroxyimde conpound by allowing a cyclic
acid anhydride to react with a hydroxylbami ne salt in a solvent w thout
addi ng a base. The yield of the cyclic N hydroxyimde conpound accordi ng
to this process significantly varies from40%to 90% and a higher yield is
achi eved when the hydroxylam ne salt is used in an anount of about two
times by nole that of the cyclic acid anhydride. [0003] As is described
above, the conventional processes of producing a cyclic Nhydroxyimde
conpound byS efelPeAE PBRA thdOReentaPEYRET Ead@nd HanyHaafBaddshyareryl ani ne
show I ow yields of the cyclic N-hydroxyi m de conpound on the bases of the
cyclic ack PERFSRT i e RFRFAGTIRG 3 ow et 1 iNaArYdro¥iesdefcemrowyd|IRE  aci d
anhydride. A possible solution to inprove this is recovery and reuse of
unr eact ed YLPYEAE AYahhG RGide 2nhyariApst ¢ mpacdswibkia BYEESKYLgPieal |y for
facilities for recovery and is econom cally disadvantageous. The yield of
the cyclicSaN Ajdt 8Ry VAT S ‘ddippbunddigicner eased iy Y gl A¢ famh @ £¥€44 Canount
of hydroxylam ne to the cyclic acid anhydride, but this invites a

decr eased VT PYFEFY HRL {2t €OBPORYHr 3XGPEM BE BAITRES aPEdCe®Lonomi cal | y

di sadvant ageous, _%0004] Most processes for (g}r oduci ng _cyclic N-hydroxyi m de
conmpounds teSRtbedRFhY dirtheht STt OF SR ITE adnf anhbydhicde yield is .

achieved when the hydroxylamine salt is used in an amount of
about two times by mole that of the cyclic acid anhydride.

[0003]

As is described above, the conventional processes of
producing a cyclic N-hydroxyimide compound by the reaction
betweenacyclicacidanhydride andhydroxylamine showlowyields
ofthecyclicN—hydroxyimidecompoundmnlthebases<ﬁfthecyclic
acid anhydride and offer low utilization rates of the cyclic
acidanhydride. Apossiblesolutionto improvethis is recovery
and reuse of unreacted cyclic acid anhydride, but this invites
extra cost typically for facilities for recovery and is
economically disadvantageous. The yield of the cyclic
N-hydroxyimide compound is increased by using an excess amount
of hydroxylamine to the cyclic acid anhydride, but this invites
a decreased utilization rate of hydroxylamine and is also
economically disadvantageous.

[0004]

Most processes for producing cyclic N-hydroxyimide

compounds described in documents use a cyclic acid anhydride,



'3 but few enploy a dicarboxylic acid, as a raw material conmponent to be
reacted with hydroxylam ne or a salt thereof. Consequently, it is
substantially inpossible to yield a eyelic N-hydroxyim de conpound from a
di carboxylic acid which is resistant to conversion into a cyclic acid
anhydride. Even in the case of a dicarboxylic acid being readily converted
into a cyclic acid anhydri de, demands have been nade to provide a process
of producing a cyclic N hydroxyi mde conpound directly fromthe
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N-hydr Oxy'er gﬁecc%@@g%dg d‘ﬁ‘crat}b%xyllc acid being readily converted into

a cyclic acid anhydride, demands have been made to provide a

process of producing a cyclic N-hydroxyimide compound directly

from the dicarboxylic acid, bypassing a cyclic acid anhydride.

This process avoids the step of converting the dicarboxylic

acid into a cyclic acid anhydride and is economically very

advantageous typically in plant cost.

[0005]

Patent Document 1: Japanese Unexamined Patent Application
Publication No. 2001-233854

Patent Document 2: Japanese Patent No. 3288682

Disclosure of Invention

Problems to be Solved by the Invention

[0006]

Accordingly, an object of the present invention is to
provide aprocess for producing cyclic N-hydroxyimide compounds
ingoodyields fromany of cyclicpolycarboxylic acid anhydrides
and polycarboxylic acids.

Another object of the present invention is to provide a

process for producing cyclic N-hydroxyimide compounds with a



4 high utilization rate of the raw material conponent. Means for Sol ving
the Problens [0007] After intensive investigations to achieve the objects,
the present inventors have found that g corresponding cyclic

N- hydr oxyi m de conmpound can be produced in a good yield by allow ng a
cyclic polycarboxylic acid anhydride or a polycarboxylic acid to react with
hydr oxyl am ne or a salt thereof while renoving water fromthe reaction
system The present invention has been achi eved based on these findings.
[0008] Specifically, the present invention provides a process for
produci ng BYED i et N hglk by Midge ebnporineey mahprial ngemprenertep of al | ow ng
a cyclic polycarboxylic acid anhydride, a polycarboxylic acid, or a

m xture ofMedem £or reakting the hjEpXksMam ne or a salt thereof in an
organi c solvent while carrying out dewatering to thereby yield a
correspondi ng chRI47% N hydroxyi mi de conpound. [0009] The cyclic

pol ycar boxylic acid anhydri de includes a_ conpound represented by foll ow ng
Formula (1): [c@Heéfialntgymiiea vestiqiRerncotRe achieve the objects,

the present inventors have found that a corresponding cyclic
N-hydroxyimide compound can ‘be produced in a good yield by
allowing a cyclic polycarboxylic acid anhydride or a
polycarboxylicacidtoreactwithhydroxylamineorasalt thereof
while remoVing water from the reaction system. The present
invention has been achieved based on these findings.

[0008]

Specifically, the present invention provides a process
for producing cyclic N-hydroxyimide compounds, comprising the
step of allowing a cyclic polycarboxylic acid anhydride, a
polycarboxylic acid, or a mixture of them to react with
hydroxylamine or a salt thereof in an organic solvent while
carrying out dewatering to thereby yield a corresponding cyclic
N-hydroxyimide compound.

[0009]

The cyclic polycarboxylic acid anhydride includes a
compound represented by following Formula (1):

[Chemical Formula 1]



‘n/ (1) Re Rf 0\'0 wherein Re, Rb, Re, Rd, Re and Rf are the sane as or
different fromone another and each represents hydrogen atom a hal ogen
atom an al kyl group, a hal oal kyl greup, -an aryl group, an aral kyl group,
a cycl oal kyl group, hydroxyl group, an al koxy group, carboxyl group, a
substituted oxycarbonyl group, a substituted or unsubstituted carbanoyl
group, an acyl group, an acyloxy group, sulfo group, a substituted

oxysul fonyl group, a substituted or unsubstituted sul fanoyl group, nitro
group, a subs Tfutg@ or unsubstituted am no group, a substituted or
unsubsti tuted ono group, or a substituted or unsubstituted
phosphonooxy up,\@here at Jgast two of Ra, Rb, Re, Rd, Re and Rf may be
conbined to a doubl e boné with an adjacent carbon-carbon bond or to
forman aromat} - Cy.non-aromatic ring with an adjacent carbon atom or
carbon chain, “dhd wlere the conpound may have two or nore cyclic acid
anhydri de skeletons per nolecule; and n denotes 0, 1 or 2. [0010] The
cycl i ¢ polwardiox R, cRAciRY, aRfy it dedcah des tfier saexanpl er difFeashtone
conpound sel ected fronsuccinic anhydride, glutaric anhydride, phthalic
anhydri de,f1tan wekl anothanhymi iscdesh rppresehltist hgd nogeandiysht| dehapypgenel 1itic
di anhydri de, 1, 8-naphthal enedi carboxylic anhydride, - 6 -

2, 3- napht el @nedh edklydgrtdup aahydoriadé&yl group, anaryl group, anaralkyl

group, a cycloalkyl group, hydroxyl group, an alkoxy group,
carboxyl group, a substituted oxycarbonyl group, a substituted
or unsubstituted carbamoyl group, an acyl group, an acyloxy
group, sulfo group, a substituted oxysulfonyl group, a
substituted or unsubstituted sulfamoyl group, nitro group, a
substituted or unsubstituted amino group, a substituted or
unsubstituted phosphono group, or a substituted or
unsubstituted phosphonooxy group, where at least two of R?,
R®, R®, RY, R® and anmy'be combined to form a double bond with
an adjacent carbon-carbon bond or to form an aromatic or
non-aromatic ring with an adjacent carbon atom or carbon chain,
andwherethecompoundmayhavetwoornmrecYclicécidanhydride
skeletons per molecule; and n denotes 0, 1 or 2.

[0010]

The cyclic polycarboxylic acid anhydride can be, for
example, at least one compound selected from succinicanhydride,
glutaricanhydride, phthalicanhydride, trimelliticanhydride,
pyromellitic monoanhydride, pyromellitic dianhydride,

1,8-naphthalenedicarboxylic anhydride,



, 4,5, 8-napht hal enet etracar boxyl i ¢ nonoanhydri de,

1,4,5

1, 4,5, 8-napht hal enet et racar boxyl i ¢ di anhydri de,

2, 3, 6, 7-napht hal enet et racar boxyl i c manganhydri de, and

2, 3,6, 7-napht hal enet etracar boxyl i c di anhydride. [0011] The pol ycarboxylic
acid includes a conpound represented by followng Fornmula (2): [Chem cal

Formula 2] ~'" ft COOH Re Rd_ n (2) COON e Rf wherein Re, Rb, Re, Rd, Re
and Rf are the sanme as or different from one another and each represents
hydrogen atom a hal ogen atom an al kyl group, a hal oal kyl group, an aryl
group, an aratkyPhthpbepediceykersal kyl agrvdpidaydroxyl group, an al koxy
group, carboxyl group, a substituted oxycarbonyl group, a substituted or
unsubstitu%eﬁr%e@b%%@@?h@¥%@%PebﬁagﬁybOQth9,m@hOQEQYékydegroup, sul fo
group, a substituted oxysul fonyl group, a  substituted or unsubstituted

sul fanoyl 4rdup, Snnepltiypbepetatragpspexvit d dranhgdbsdet ut ed ani no group,
a substituted or_ unsubstituted phosphono group, or a substituted or
unsubst i t uf et PhospRPRBoXYCIPbEpraGAEPexat IFengroaNRYdfite, am®, Re, Rd, Re

and Rf may_be conbined to forma double bond with )
2,3,6,7-naphthalenetetracarboxylic dianhydride.

[0011]
The polycarboxylic acid includes a compound represented
by following Formula (2):

[Chemical Formula 2]

a

R
Rb COOH
RS
RINn (2)
COCH
R® Rf

wherein R®, R®, R®, R%, R® and Rf are the same as or different
from one another and each represents hydrogen atom, a halogen
atom, analkyl group, ahaloalkyl group, anaryl group, anaralkyl
group, a cycloalkyl group, hydroxyl group, an alkoxy group,
carboxyl group, a substituted oxycarbonyl group, a substituted
or unsubstituted carbamoyl group, an acyl group, an acyloxy
group, sulfo group, a substituted oxysulfonyl group, a
substituted or unsubstituted sulfamoyl group, nitro group, a
substituted or unsubstituted amino group, a substituted or
unsubstituted phosphono group, or a substituted or
unsubstituted phosphonooxy group, where at least two of R?,
Rb;Ifﬂ R?, R® and Rf may be combined to form a double bond with

an adjacent carbon-carbon bond or to form an aromatic or



‘an adj acent carbon-carbon bond or to forman aromatic or - 7 non-aromatic
ring with an adjacent carbon atom or carbon chain, and where the conpound
may have two or nore pairs of carboxy 7 groups capable of formng a cyclic
i mde skeleton per nolecule; and n denotes O, 1 or 2. [0012] The

pol ycarboxylic acid can be, for exanple, at |east one conpound sel ected
fromsuccinic acid, glutaric acid, adipic acid, phthalic acid, trinellitic
acid, pyronellitic acid, 1, 8-naphthal enedicarboxylic acid,

2, 3-napht hal enedi car boxylic acid, 1,4,5,8-naghthalenetetracarboxylic aci d,
and 2,3, é%‘%&ﬂﬂ%%ﬁéfi@t%@h@ﬁcﬁ&l%@%F&?ﬁ POCIEM OF P& 1ROpEBALBE i on
process, it is_ pref Lred t hat an organi c  solvent capabl e of undergoi ng
azeot r opy %4 WG FRPsCORRQURL MY [Nage S&i0 OBfMAre 2t DR fs6PFEREYANd t he
reaction is carried t%¥%ile_rennvinﬁ water fromthe reaction system by

u .
azeot r opy g%ﬁ%@FfﬂBaBgSa i COSBILVEM CYFhLEnRIskelehendrpompdprale’
distillate can be recycl dvto the reaction system after renoving water
therefronfﬂ¥ﬂéld%35$%%5§; nt* c¢an be, for exanple, at |east one sol vent
sel ected fron1gﬁﬁﬁggylic acids, esters, ketones, aliphatic hydrocarbons,
ca

alicyclic hydr ns, aromatic hydrocarbons, alcohols, and hal ogenated

hydrocar bons. ﬂﬁ%p%glycarboxylic acid can be, for example, at least one

compound selected from succinic acid, glutaric acid, adipic
acid, phthalic acid, trimellitic acid, pyromellitic acid,
1,8-naphthalenedicarboxylic acid,
2,3-naphthalenedicarboxylic acid,
1,4,5,8-naphthalenetetracarboxylic acid, and
2,3,6,7-naphthalenetetracarboxylic acid.

[0013]

In the production process, it is preferred that an organic
solvent capable of undergoing azeotropy with water is used as
all or part of a reaction solvent and the reaction is carried
out while removing water from the reaction system by azeotropy
with the organic solvent. In this case, the azeotropic
distillatecanberecycledtothereactionsystem, after removing
water therefrom. The organic solvent can be, for example, at
least one solvent selected from carboxylic acids, esters,
ketones, aliphatic hydrocarbons, alicyclic hydrocarbons,
aromatichydrocarbons, alcohols, andhalogenatedhydrocarbons.

[0014]

The reaction in the production process is also preferably



The reaction in the production process is also preferably 8 carried out
whil e continuously or intermttently adding an aqueous hydroxyl am ne
solution to the reaction system [0Ql%] _The production process can include
a first step of allowing a cyclic polycarboxylic acid anhydride, a

pol ycarboxylic acid, or a mxture of themto react with hydroxylam ne or a
salt thereof 1in an organic solvent f or predetermned tine wthout
dewatering, and a second step of carrying out the reaction while
conducting dewatering. This enbodiment is specifically useful in the case
wher e the Gagared ot ventle scentsiolweulc apabletofntorentgy sadding an

dehydr ati on- condensati on product w th hydroxylam ne, such as a

nmonocar boxgdiueows i ey e neprohiee t g0 Bitgien cae bore atonst Londvesiteiges [ 0016]
According to the present invention, cyclic N hydroxyimde conpounds can be
produced in godd®Odixdl ds fromany of cyclic polycarboxylic acid anhydrides
and pol ycarboxylic acids, and the utilization rates of. raw nateri al
conponent s can e PEpguctieamriogeisrprayéaclBdear fbest Eiter ohadlovhag
Drawings [0017] [FIG 1] FIG 1 is a schenatic diagram show ng a reactor
used in EXAVPLES BOtYCHIPPFY G C aFpiFlmhydy kdey Ma@@r@gkfaﬁpéﬁm ng a
reaCtorusggamixtureofthemtoreactwithhydroxyla‘mineorasaltthereof

inanorganic solvent for predetermined timewithout dewatering,
and a second step of carrying out the reaction while conducting
dewatering. Thisembodiment is specificallyuseful inthe case
where the organic solvent is a solvent capable of forming a
dehydration-condensation product with hydroxylamine, such as
a monocarboxylic acid having one to eight carbon atoms.

Advantages

[0016]

According to the present invention, cyclic N-hydroxyimide
compounds can be produced in good yields frbm any of cyclic
polycarboxylic acid anhydrides and polycarboxylic acids, and
the utilization rates of raw material components can be
significantly improved.

Brief Description of the Drawings

[0017]

[FIG. 1] FIG. 1 is a schematic diagram showing a reactor used
in EXAMPLES 1 to 6.
[FIG. 2] FIG. 2 is a schematic diagram showing a reactor used

in COMPARATIVE EXAMPLES 1 to 5.



‘Ii'n COVPARATI VE EXAMPLES 1 to 5. 9 - Reference Nunerals [0018] 1,11 flask
2,12 reflux condenser 3 Dean-Stark fractionating unit 4,14 thernoneter
5,15 m xing inpeller Best Mde for Carrying Qut the Invention [0019]

[ Cyclic polycarboxylic acid anhydride, and pol ycarboxylic acid] According
to the present invention, a cyclic polycarboxylic acid anhydride, a

pol ycarboxylic acid, or a mxture of them (for exanple, a mxture of a
cyclic polycarboxylic acid anhydride with a correspondi ng polycarboxylic
acid) is used as one_of the raw material conmponents. Each of such cyclic
pol ycar box3A iSRG MR ies  andpol ycarboxyl i ¢ aci ds can be used in
conbi nation as % gixture. When there are optical isoners in the cyclic
polycarboxylic[ Rdid anhydri des and pol ycarboxylic acids, it is possible to
use one optical isonmer alone or a mxture of plural different optical

i somers. [0020]-/ Y*he cycl £d35& ycarboxylic acid anhydride is not
1

2,12 reflux condenser

3 Dean-Stark fractionating unit
4,14 thermometer

5,15 mixing impeller

Best Mode for Carrying Out the Invention

[0019]

[Cyclicpolycarboxylicacidanhydride, and polycarboxylic
acid]

According to the present invention, a cyclic
polycarboxylic acid anhydride, a polycarboxylic acid, or a
mixture of them (for example, a mixture of a cyclic
polycarboxylic acid anhydride with a corresponding
polycarboxylic acid) is used as one of the raw material
components. Eachofsuchcyclicpolycarboxylicacidanhydrides
andpolycarboxylicacids canbeused in combinationas amixture.
When there are optical isomers in the cyclic polycarboxylic
acid anhydrides and polycarboxylic acids, it is possible to

use one optical isomer alone or a mixture of plural different

optical isomers.
[0020]
The cyclic polycarboxylic acid anhydride is not

specifically limited, as long as it is a compound having at



specifically limted, as long as it is a conpound having at 10 |east one
cyclic acid anhydri de skel eton per nolecule. Such cyclic polycarboxylic
aci d anhydri des are generally repre§ep%eg by followi ng Fornula (1):
[Chem cal Formula 3] 0 A\ O (1) wherein Ais a bivalent organic
group having two or nore atons in its principal chain. [0021] The
pol ycarboxylic acid is not specifically limted, as long as it is a
conpound havi ng at | east one pair of carboxyl groups (two carboxyl groups)
capable of formng a cyclic imde skeleton per nolecule. Such
pol ycar boxddd st agiadsyarlé cgenedadhlyydr epe eslent @domypdmimodwiaund eFor Bukh (11):
[Chem cal Formula 4] COOH A \~(Il) - COON wherein Ais as defined above.
[ 0022] Exariptleisc afolthentihomy kit arigdmmehyloupes mye ayendiadl ent
hydr ocarbon groups such as al kyl ene groups, al kenyl ene groups,

represented by following Formula (I):

[Chemical Formula 3]

Py

C

\
Ao p ©
\\~—C

Yo

wherein A is a bivalent organic group having two or more atoms
in its principal chain.

[0021]

The polycarboxylic acid is not specifically limited, as
long as it is a compound having at least one pair of carboxyl
groups (two carboxyl groups) capable of forming a cyclic imide
skeletonpermolecule. Suchpolycarboxylicacidsaregenerally
represented by following Formula (II):

[Chemical Formula 4]

(I1)

wherein A is as defined above.

[0022]

Examples of the bivalent organic group in A are bivalent
hydrocarbon groups such as alkylene groups, alkenylene groups,

arylene group, and bivalent alicyclic hydrocarbon groups; and



‘aryl ene group, and bivalent alicyclic hydrocarbon groups; and - 11

bi val ent groups each conprising two or nore of these groups wth or

wi thout the interposition of a |linkage group such as oxygen atom or sul fur
atom [0023] Exanples of the al kyl ene group are straight- or
branched- chai n al kyl ene groups each havi ng about one to about twenty
carbon atons, such as nethyl ene, ethylene, propylene, trinethylene,
tetramet hyl ene, pentanet hyl ene, and hexanet hyl ene groups, of which those
havi ng abqut aone to about twelve carbon atons are preferred, and those
havi ng abgihvat {9 ABBUE FBUICOTRBSH N4k S 8e MRS e Ofr ’éhléi?eal?foERénpl es
of the alk | ene . group are straight- or branched-chain al kenyl ene groups
each haviﬁB%Q%GHiwﬂ OPE EESU%nFﬁEﬁ?§}t§GEh°%§3@Pﬁyﬁéﬁégroﬁﬁdsﬁﬁépéﬁylene
groups, of which those having about two to about twenty carbon atons are
pr ef er r ed, O%HFTt SR Vi BHoR*®wo  to about four carbon atons are nore
preferred. Examl of the arylene group are o-phenylene, and 1,

8- napht hyl ene 358§§§. The bival ent alicyclic hydrocarbon groups include,

172 cyel ohokyl SHETEISTNET SHE GHIRARIForE QUFbAIE S e ot
1:c cl ohexen-1 ..2-yl ne.ah 4-cycl ohexen-1, 2-yl ene groups; and bival ent
pol zcycl i éraaﬁdctﬁ/ec#/_i Yrb AL YHEPCdgEAEP &t clﬁlgagbogEc%lP? =22ab8uy| ene,

i n- - - - r bor nen-5, 6-yl ene_gr oups.
decal i n-1 ’t8wé/r|1te§pec’ar%%rnbgrtgm%’, guXLegse’meacr}ldylennoe,b%th% ene, ropylgne,p

trimethylene, tetramethylene, pentamethylene, and
hexamethylene groups, of which those having about one to about
twelve carbon afoms are preferred, and those having about two
to about four carbon atoms are more preferred. Examples of
the alkenylene group are straight- or branched-chain alkenylene
groups each having about two to about twenty, such as vinylene,
and propenylene groups, of which those having about two to about
twenty carbon atoms are preferred, and those having about two
to about four carbon atoms are more preferred. Examples of
the arylene group are o-phenylene, and 1, 8-naphthylene groups.
Thebivalent alicyclichydrocarbon groups include, for example,

_cycloalkylene groups such as 1,2-cyclopentylene and
1,2-cyclohexylene groups; cycloalkenylene groups such as
l-cyclohexen-1, 2-ylene and 4-cyclohexen-1, 2-ylene groups; and
bivalent polycyclic alicyclic groups (bridged groups) such as
decalin-2, 3-ylene, decalin-1,8-ylene, norborn-2, 3-ylene, and
norbornen-5, 6-ylene groups.

[0024]



[0024] 12 These bival ent hydrocarbon groups such as al kyl ene groups may
each have one or nore substituents. Exanples of the substituents are a
hal ogen atom an al kyl group, a haloalkyl_ group, an aryl group, an aralkyl
group, a cycloal kyl group, hydroxyl group, an al koxy group, carboxyl
group, a substituted oxycarbonyl group, a substituted or unsubstituted
car banoyl group, an acyl group, an acyloxy group, sulfo group, a
substituted oxysul fonyl group, a substituted or unsubstituted sulfanoyl
group, nitro group, a substituted or unsubstituted am no group, a
substituted or Tinesgbisiva lewd hyldosphahongyg oopps sardh as subistliengt @doops
unsubsti tuted phosphonooxy group. [0025) The hal ogen atom i ncl udes i odi ne,
bromi ne, ckaoréarh draive fdnorémnanciteo b Exiarpiress of Exaapdlelylofgtdbep ar e
straight- or branched-chain al kyl groups having about one to about thirty
carbon at ot sEndigried emgbleyhabogenoaeomp @btk wamoprcarbbaloatl bud,
suchasnet hyl , et hyl , propyl , i sopropyl, butyl ,isobutyl, s-butyl, t-butyl,
hexyl , decg¥ourlodRit\HLY] etncadecyn, agad kylewadewyl ageyapsalkxanprespoef the
hal oal kyl group are straight- or branched-chain hal oal kyl groups each
havi ng abofdr@ael U@ oslpe RN ERkORY ¢aeBRN IRy lagidoppefeepubbyibboad one to
about twenty carbon atons, such as chloronethyl, and trifluoroneth{l
gr oups. [Omyﬁqarbonyl group, a substituted or unsubstituted carbamoy

group, an acyl group, an acyloxy group, sulfo group, a

substituted oxysulfonyl group, a substituted or unsubstituted

sulfamoyl group, nitro group, a substituted or unsubstituted

amino group, a substituted or unsubstituted phosphono group,

and a substituted or unsubstituted phosphonooxy group.

[0025]

The halogen atom includes iodine, bromine, chlorine and
fluorine atoms. Examples of the alkyl group are straight- or
branched-chain alkyl groups having about one to about thirty
carbon atoms, and preferably about one to about twenty carbon
atoms, suchasmethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
s-butyl, t-butyl, hexyl, decyl, dodecyl, tetradecyl, and
hexadecyl groups. Examples of the haloalkyl group are
straight- or branched-chain haloalkyl groups each having about
one to about thirty carbon atoms, and preferably about one to
about twenty carbon atoms, such as chloromethyl, and
trifluoromethyl groups.

[0026]

The aryl group includes, for example, phenyl, tolyl, xylyl,



*The aryl group includes, for exanple, phenyl, tolyl, xylyl, 13 and

napht hyl groups. The aral kyl group includes, for exanple, benzyl,

2- phenyl et hyl , and 1-phenyl ethyl groups3 JThe cycloal kyl group includes,
for exanple, cyclopentyl and cyclohexyl groups. The al koxy group includes,
for exanple, alkoxy groups each having about one to about thirty carbon
atons, and preferably about one to about twenty carbon atons, such as

nmet hoxy, ethoxy, isopropoxy, butoxy, t-butoxy, hexyloxy, octyloxy,

decyl oxy, 0 t etradecyl oxy, and. octadecyl oxy groups. [0027] The
subst i t ut éadldg %gFggﬁﬁr%ﬁRﬁm %HEI HREkY  Grapahpreudess IRy arkRBRYScar bonyl

But oxycar BEHYL" 28 %ﬁs{ﬂi’e}%@amﬂeﬁyc“b"”y' 19T boiear bonyl . and
Breé?gre?gljox%@aag%% Q?)‘{Q)O%gslﬂbﬁ;}f |ch Cl 20 al koxy ca%ggg%%/ly %;gdgrpzoﬁ;le,
vl oul ky oy TRy S R APe 35‘8?%}?b%gupaﬂi}g&iglég?g%grﬁ?gﬁﬁﬁﬁE)@'such as
oy /SRS 80 BNA XEa bl SLop L LS e e
s~y g o e o s €7 Sty ooy i
metal lic Sm‘ﬁeﬁﬁ%%&fm %9%58°§¥Q%£P°Q%qug% %oxy, t-butoxy, hexyloxy,

octyloxy, decyloxy, dodecyloxy, tetradecyloxy, and

octadecyloxy groups.

[0027]
The substituted oxycarbonyl group includes, for example,

Ci-30 alkoxy-carbonyl groups such as methoxycarbonyl,

ethoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl,

t-butoxycarbonyl, hexyloxycarbonyl, decyloxycarbonyl, and

hexadecyloxycarbonyl groups, of which C;_,, alkoxy-carbonyl

groups are preferred; cycloalkyloxycarbonyl groups such as

cyclopentyloxycarbonyl, and cyclohexyloxycarbonyl groups, of

which 3- to 20-membered cycloalkyloxycarbonyl groups are

preferred; aryloxycarbonyl groups such as phenyloxycarbonyl,

and naphthyloxycarbonyl groups, of which C¢_,,aryloxy—-carbonyl

groups are preferred; aralkyloxycarbonyl groups such as

benzyloxycarbonyl group, of which C;_,; aralkyloxy—carbonyl

groups are preferred; metalloxycarbonyl groups (carboxyl group

converted into ametallic salt) such as sodiooxycarbonyl group.

[0028]



[0028] - 14 The substituted or unsubstituted carbanoyl group |ncludes
for exanpl e, carbanoyl: N (hydrocarbon group)-substituted carbanoyl groups
and N, N-di (hydrocarbon group)-substitu ?d car banoyl groups, such as
N- net hyl car banoyl , N, N-di et hyl car banoy and N-phenyl car banmoyl groups.
[ 0029] The acyl group includes, for exanple, aliphatic saturated or
unsaturated acyl groups |nclud|ng C 30 aliphatic acyl groups such
asfornyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, pivaloyl,
hexanoyl , octanoyl, decanoyl Iauroyl nyristoyl, pal mtoyl, and stearoyl
groups, of mhi&meﬁWQﬁnﬁﬁwiédggana@pbtigu@e@&amhammﬁﬁqﬁqwminatedeacetw
group; alicyclic acyl groups including cycloal kanecarbonyl groups such as
cycl opent afee aghonmyl e anck gyahanex dire tay dorgd riypo upse urand ulsg onatied acy|
groups such as benzoyl and napht hoyl groups. [0030] The acyl oxy group
i ncl udes, ¢arbaxayd| @rowbs phiad ik, Nsdt (ryd eecarbom st e edhilaelyd oxyedr oups
|nclud|ng d 30aI| hatic acyloxy group such as fornyl oxy, acetyl oxy,
propi ony| osgrbarmpy rgi@wgs,|%@@@t@$ymrmgthyh¢@#®¢mmyl pi val oyl oxy,
hexanoyl oxy, octanoyl oxy, decanoyl oxy, | auroyl oxy, ri stoyl oxy,
pal i t oyl XN~ @&iee st ebedYPIRGY hr owpd , Noph ey t$OWs 20 acyl oxy
groups are preferred acet oacetyl oxy group; allcycllc acyl oxy groups
i ncl udi ng [0029]
The acyl group includes, for example, aliphatic saturated
or unsaturated acyl groups including C,_3;, aliphatic acyl groups
suchas formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl,
pivaloyl, hexanoyl, octanoyl, decanoyl, lauroyl, myristoyl,
palmitoyl, and stearoyl groups, of which aliphatic C;_,; acyl
groups are preferred; acetoacetyl group; alicyclic acyl groups
including cycloalkanecarbonyl groups such as
cyclopentanecarbonyl and cyclohexanecarbonyl groups; and
aromatic acyl groups such as benzoyl and naphthoyl groups.

[0030]

The acyloxy group includes, for example, aliphatic
saturatedorunsaturatedacyloxygroups includingC;_jj,aliphatic
acyloxy group such as formyloxy, acetyloxy, propionyloxy,
butyryloxy, isobutyryloxy, valeryloxy, pivaloyloxy,
hexanoyloxy, octanoyloxy, decanoyloxy, lauroyloxy,
myristoyloxy, palmitoyloxy, and stearoyloxy groups, of which
aliphatic C;,7 acyloxy groups are preferred; acetoacetyloxy
group; alicyclic acyloxy groups including

cycloalkanecarbonyloxy group such as cyclopentanecarbonyloxy,



-cycl oal kanecar bonyl oxy group such as cycl opent anecar bonyl oxy, 15 and

cycl ohexanecar bonyl oxy groups; and aromatic acyl oxy groups such as

benzoyl oxy and napht hoyl oxy groups. [0031] The substituted oxysul fonyl
group includes, for exanple, alkoxysulfonyl groups such as nethoxysul f onyl
group; cycl oal kyl oxysul fonyl groups such as cycl ohexyl oxysul fonyl group;
aryl oxysul fonyl groups such as phenyl oxysul fonyl group; aral kyl oxysul fonyl
groups such as benzyl oxysul fonyl group; and netalloxysul fonyl groups
(sulfo group converted into a netallic salt) such as sodi ooxysul fonyl
group. ExafPl €¥CsPherencsaBlenyLeEd wiouRssusd Pramed iswd ¢y ggeepp are
sul fanoyl; N-(hydrocarbon grqgg)-substituted sul fanoyl groups and N, N-di
(hydr ocar B3 yrisuPenzup<tsi st et mapitdmydomy clisipsuch  as

N- net hyl sul f anoyl , N, N-di net hyl sul fanoyl, and N-phenyl sul fanmoyl groups.
Exanpl es of thd08938dtituted or unsubstituted amino group are

N- (hydrocarbon_ group)-substituted am no groups and N, N-di (hydrocarbon
group) - subst i t FP&EISEARPhLLEEBE XY cPTHEL FECHY| Bt hedes etiny axpmBLe,

di met hyl am no, di et hyl am no, and phenyl am no groups. The substituted or
unsubst i t it FFRHPS | TG udes e igro @y brespHono: and

0- (hydr ocar bon

qgoggéf-substituted phosphono groups such as
met hy| phospHoAT <% ?&4%ﬁ8§bﬁHﬂHP%HEH¥Fﬁﬁbéﬁm%%ﬁe%ﬂkp%ﬁi#kﬁ®mﬁhosphono

. The substituyted or unsubstituted phosphonooxy grou
groups é%oup;aryToxysulfonylgroupssucgasé%enylog§§hlf££ylgroup;

aralkyloxysulfonyl groups such as benzyloxysulfonyl group; and
metalloxysulfonyl groups (sulfogroup converted intoametallic
salt) such as sodiooxysulfonyl group. Examples of the
substituted or unsubstituted sulfamoyl group are sulfamoyl;
N-(hydrocarbon group)-substituted sulfamoyl groups and

N, N-di (hydrocarbon group) -substituted sulfamoyl groups, such
as N-methylsulfamoyl, N,N-dimethylsulfamoyl, and
N-phenylsulfamoyl groups. Examples of the substituted or
unsubstituted amino group are N-(hydrocarbon

group) —substituted amino groups and N,N-di (hydrocarbon
group)-substituted amino groups, such as methylamino,
ethylamino, dimethylamino, diethylamino, and phenylamino
groups. The substituted or unsubstituted phosphono group
includes, for example, phosphono; and O- (hydrocarbon
group)-substituted phosphono groups such as methylphosphono,
dimethylphosphono, phenylphosphono, and diphenylphosphono
groups. The substituted or unsubstituted phosphonooxy group

includes, for example, phosphonooxy; and O- (hydrocarbon



i ncl udes, for exanple, phosphonooxy; and O-(hydrocarbon - 16 -
group) - substituted phosphonooxy groups such as nethyl phosphonooxy,

di met hyl phosphonooxy, phenylphosphopog y, and di phenyl phosphonooxy groups;
and O netal -substituted phosphonooxy groups such as

0, 0' - di sodi ophosphonooxy group. [0032] Wen there are plural substituents,
at least two of the substituents nmay be conbined to forman aromatic or
non-aromatic ring with an atomconstituting A The aronmatic or
non-aromatic ring is preferably a ring having about five to about twelve

menber s angirsperct$ulest 1 yuips@fgt@bdlyorrosxngghawp Higsabiouds si X  to about ten
menbers. The ring can be a heterocyclic ring or fused heterocyclic ring

but is of trestlay hylls oclasihonxy ) ndime Hxahphesplobnsoeh, ri ngs are cycl oal kane
rings which may be substituted, such as cycl ohexane ring; cycl oal kene

ri ngs whi cphempyplhesshudistdtyi eand sdiphasy tylcd shlexenexy i qgouds i dged ri ngs

i ncl udi ng bridged hydrocarbon rings which may be substituted, -such as

5- nor bor nedrene t al:salpsit &t obad | chosplgsnédoxyg | gdougsf sseld asi ngs) which may be
substituted, such as benzene ring and naphthalene ring. The ring often
conpri ses @O aromatdcophagphoifhexyi agonmy have one or nore substituents
exenplified as the substituents which the bival ent hydrocarbon group may
have, such as EH3kyl group, a hal oal kyl group, hydroxyl group, an

al koxy group, carboxyl group, a substituted oxycarbonyl group,

When there are plural substituents, at least two of the
substituents maybe combined to forman aromatic ornon-aromatic
ring with an atom constituting A. The aromatic or non-aromatic
ring is preferably a ring having about five to about twelve
members and specifically preferably a ring having about six
to about ten members. The ring can be a heterocyclic ring or
fused heterocyclic ring but is often a hydrocarbon ring.
Examples of such rings are cycloalkane rings which may be
substituted, such as cyclohexane ring; cycloalkene rings which
may be substituted, such as cyclohexene ring; bridged rings
including bridged hydrocarbon rings which may be substituted,
such as 5-norbornene ring; and aromatic rings (including fused
rings) which may be substituted, such as benzene ring and
naphthalene ring. The ring often comprises an aromatic ring.
The ring may have one or more substituents exemplified as the
substituents which the bivalent hydrocarbon group may have,
such as an alkyl group, a haloalkyl group, hydroxyl group, an

alkoxy group, carboxyl group, a substituted oxycarbonyl group,

an acyl group, an acyloxy group, nitro group, cyano group, amino



~an acyl group, an acyloxy group, nitro group, cyano group, amno 17 -
group, and a halogen atom [0033] A preferred cyclic polycarboxylic acid
anhydride is represented by Fornmula ({).-A preferred pol ycarboxylic acid
is represented by Forrmula (2) . The sane groups as above can exenplify the
hal ogen atom al kyl group, hal oal kyl group, aryl group, aral kyl group,
cycl oal kyl group, al koxy group, substituted oxycarbonyl group, substituted
or unsubstituted carbanoyl group, acyl group, acyloxy group, substituted
oxysul fonyl group, substituted or unsubstituted sul famoyl group,
subst i t ut EF B urfsithst iAMIPTaf T gr oup, substituted or unsubstituted
phosphono group and substituted or unsubstituted phosphonooxy group in
Ra, Rb, Rc, Rd[!OR¢33dnd Rf in Fornul ae (1) and (2). [0034] At least two of
Re, Rb, Rc, Rd, Re and Rf. may he conbined to forman aromatic or
non-aromatic rPn§IREERTEA &d’cééé“npoéé’%r?oxa\’tl&% Gcicaepéydersien 1sExanpl es
of the aromatic or non-aromatic rlng herei n include the sanme aromatic or
non- ar omati PTG SnERTBYLat (Least? B (o e rilyGentexuhichache

bi val ent E%/drocarbon group_in A may _have. The ring may have_ one or nore

subst i t uent ré‘é’ﬁ?e?ﬂqt&ﬁje@ 2B8YBUIEUdR) as BRE aTABR GiBWS 28 2RRVGaFRY

group, hydr ou an al kox ou car boxyl grou a substituted

oxycar bonﬁxetﬁ/ O HD %a gbﬂ&&?”@'oﬁﬁloagkyl group, aryl
group, aralkyl group, cycloalkyl group, alkoxy group,
substituted oxycarbonyl group, substituted or unsubstituted
carbamoyl group, acyl group, acyloxy group, substituted
oxysulfonyl group, substituted or unsubstituted sulfamoyl
group, substituted or unsubstituted amino group, substituted
or unsubstituted phosphono group, and substituted or
unsubstituted phosphonooxy group in R?, R®, R®, RY, R® and Rf
in Formulae (1) and (2).

[0034]

At least two of R?®, R®, R, RY, R® and Rf may be combined
to forman aromatic or non-aromatic ring with an adjacent carbon
atom or carbon chain. Examples of the aromatic or non-aromatic
ring herein include the same aromatic or non-aromatic rings
formed by at least two of substituents which the bivalent
hydrocarbon group in A may have. The ring may have one or more
substituents as mentioned above, such as an alkyl group, a
haloalkyl group, hydroxyl group, analkoxygroup, carboxyl group,
asubstitutedoxycarbonyl group, anacyl group, anacyloxygroup,

nitro group, cyano group, amino group, and a halogen atom.



nitro group, cyano group, am no group, and a hal ogen atom 18 - [0035] _

Represent ative exanples of the cyclic polycarboxylic acid anhydride are

conpounds represented by follow ng Formilae (1a) to (11) [Chem cal Fornula
5] - 19 RI ORLOG6R5 ~ORI2 Il R2 RFIR1 QO 0 R3/ Raj RIS CRACRO
Rio Coo R4 0 O (1a) (1b) (ic) RI50RI8 OO0 R O II Il 11 1l HOOC/ C\
HOOO / C\ /CC\ ~6\ 1 CHOOO\ I ¢ O\CC 11 11 11 R17 0 R19 0 O Rzl

0 11 (1d) (le) (If) R23 RR2 R29 R28 R33 R32 R24 C 0 /0 k» 40 HOOC C CC
- 0-0~-a25R\/ C HO\/ Q p

[0035]

Representative examples of the cyclic polycarboxylic acid
anhydride are compounds represented by following Formulae (la)
to (11):

[Chemical Formula 5]



0000 R6 R7 RO R31R4 R35 (1g) (ih) 00 R37 R36 0 R42 R43 0 O R46

R47 0 CO R7T8 / /| CHOOC/ /| CQ CP46e CHOOC\ | \ I cCA4 A5 11 11 O RR
00O (1)) (1k) (11) wherein each of R to R49 represents hydrogen atom a
hal ogen atom an al kyl group, a hal oal kyl group, an aryl group, an aral kyl

group, a cycloal kyl group, hydroxyl group, an al koxy group, carboxyl
group, a substituted oxycarbonyl group, a substituted 20 or unsubstituted
car banoyl group, an acyl group, an acyloxy group, sulfo group, a
substituted oxysul fonyl group, a substituted or unsubstituted sul fanoyl
group, nitro group a substituted or unsubstit ut e ami no group, a
substituted or unsubstltuted ph hop® group, R®r_z suaétltuted or
unsubsti t ut ed % s honooxy gro e at | east of Fg to R99 nmay be
conbined to f uble bond R h an)adjacent ion- gar bon bond or to
form an aronatl C non aromatitc N.ng’/ with aﬁiadj«centccarbon atom or

car bon chai n. 03 The sanme grGups Sgnd rings asRébove can exenplify the
hal ogen atom aIkyI group, hal oal kyl group, aryl grou ar al kyl group,
cycl oal kyl group,(1al koxy group, sub®pituted oxycarboﬁy group,

15 18 20

e S F
]
HoOC C\ HOOC C\ ,C N
0 /° % /
4 </ HOOC c c c
R0 R 0 o 0
(1d) (1e) (1f)
R23 R22 R29 Rzg R33 R32

L= =g
\ﬁ S
I A
P >
o? N7 o
e
§ o
S =
o O
2 \o s Re
o
OO N2
o O
o? No” o

R26 R27 R 0 R31 R 4 R35
(1g) (1h) (11)
R37 RBG 0 R42 R43 0 0 R46 R47 0
i Co HOOC I ¢ ¢
O Xy « I
0
3 /
3 ¢/ Hooe . ¢’ \ﬁ C
i
R4o R41 8 R44 R45 8 0 R48 R49 0

(13) (1k) (11)

wherein each of R! to R*® represents hydrogen atom, a halogen
atom, analkyl group, ahaloalkyl group, anaryl group, anaralkyl
group, a cycloalkyl group, hydroxyl group, an alkoxy group,

carboxyl group, a substituted oxycarbonyl group, a substituted



substituted or unsubstituted carbanoyl group, acyl group, acyloxy group,
substituted oxysul fonyl group, substituted or unsubstituted sul fanoyl '
group, substituted or unsubstituted _amino group, substituted or

unsubsti tuted phosphono group, and substituted or unsubstituted
phosphonooxy group in RL to RO9 and the aromatic or non-aromatic ring
formed by at least two of RL to R49 with an adjacent carbon atom or carbon
chain in Forrmulae (la) to (11). [0037] Specific exanples of the conmpounds
represented by Fornulae (la) to (11) are succinic anhydride, glutaric

anhydri de,or phihad ol ey rdad®artayiimejddud,c aanbygrni deoupyr anehtiylbgy21 -
nmonoanhydri de, pyronellitic dianhydride, 1, 8-naphthal enedicarboxylic
anhydri de,gr&B, naphf dadened) carddxyt itcutaadyskysiel fonyl group, a
1, 4,5, 8-napht hal enet etracar boxyl i ¢ nonoanhydri de,
1, 4, 5, 8- naplib dial enet@taacasbosylitatddanhydeindgl group, nitro group, a
2, 3,6, 7-napht hal enet et racar boxyl i ¢ nonoanhydri de, and
2, 3, 6, 7- naphit ¢1al emet@t o cardhdxyt i ttuidedrdmydne deroup 00883 ulRept esead abt ve
exanpl es of the polycarboxylic acid are conpounds represented by foll ow ng
For mul ae (@ajulteti2ijed piChemhcad Forup) aob]a - 2ZoFRBEOLOOOH &ss Rsa COCH Rse
1 R60
unsubstituted phosphonooxy group, where at least two of R! to
R*® may be combined to form a double bond with an adjacent
carbon-carbon bond or to form an aromatic or non—-aromatic ring
with an adjacent carbon atom or carbon chain.

[0036]

The same groups and rings as above can exemplify the halogen
atom, alkyl group, haloalkyl group, aryl group, aralkyl group,
cycloalkyl group, alkoxy group, substituted oxycarbonyl group,
substituted or unsubstituted carbamoyl group, acyl group,
acyloxy group, substituted oxysulfonyl group, substituted or
unsubstituted sulfamoyl group, substituted or unsubstituted
aminogroup,substitutedcn:unsubstitutedphosphonogroup,and
substituted or unsubstituted phosphonooxy group in R' to R*°
and the aromatic or non-aromatic ring formed by at least two
of R' to R* with an adjacent carbon atom or carbon chain in

Formulae (la) to (11).
[0037]
Specificexamples of the compounds represented by Formulae
(1a)'to (11) are succinic anhydride, glutaric anhYdride,

phthalic anhydride, trimellitic anhydride, pyromellitic



“RSI1_ _.1IT Res R COOH 52 R Rsa COOH R57 COOH R COOH ..58 Rss R65 R66
R67 (2a) (2b) (2c) R68 R72 R7s R6OR | COOH HOOC COON HOOO COCH R74 R7o
COOH .73 COOH HOOC COOH R7s (2d) (2e91(2f) R 78 R77 R84 R 83 R6a R97 COON
R79 COON HOOC $5-86 COON /C : R-90 R80 COOH HOOO COOH 0 COON Rat Rae R R
R(2g) (2h) (2i) R92 Rsl R98 RO97 R103 R4 (e COCH RO001] HOOC / COOL{ COON
RCOOH HOOC I \ | COON se R1I0' R 2 R105 Rios (2)) (2k) (21) wherein each
of R50 to R 36 represents hydrogen atom a halogen atom an al kyl group, a

nyoroxyl GBIt Pt T BRSO, o substi Lut o0 oxycar bony!
group, a %H S-—trLatpttei‘fjalenedicarboxylic anhydride,
2,3-naphthalenedicarboxylic anhydride,
1,4,5,8-naphthalenetetracarboxylic monoanhydride,
1,4,5,8-naphthalenetetracarboxylic dianhydride,
2,3,6,7T-naphthalenetetracarboxylic monoanhydride, and
2,3,6,7-naphthalenetetracarboxylic dianhydride.
[0038]
Representative examples of the polycarboxylic acid are

compounds represented by following Formulae (2a) to (21):

[Chemical Formula 6]



or unsubstituted carbanmoyl group, an acyl group, an acyl oxy 23 group,
sul fo group, a substituted oxysul fonyl group, a substituted or
unsubstituted sul famoyl group, nitro_gsoup, a substituted or unsubstituted
am no group, a substituted or wunsubstituted phosphono group, or a
substituted or unsubstituted phosphonooxy group, where at |east two of R50
to R104 may be conbined to forma double bond with an adjacent

car bon-carbon bond or to forman aromatic or non-aromatic ring wth an

adj acent carbon atom or carbon chain. [0039] The sane groups and rings as
above can exenplgfy the hal ogen _afom al kyl grougﬁfﬁ f’oal kyl group, aryl

group, aral kyl f0H cycloalkyﬁ aog, al koxy %é N @ubstituted
oxycarbonyl groud, substituted®dy unsubstituted rbanoyl group, acyl
f

i

group, acyl oxyk oy, Ssubstit ufle o§¥sulfonyl gr ., Sypgtituted or
unsubsti tuted suktanoyl group, Sk firtdted or unsyss 'gyted am no group,
substituted or unsubstituted phosphono group, and sEWStituted or
unsubsti tuted phogplyonooxy group i n2R50 to R106, andcthe aromatic or
non-aromatic ring formed by at least two of R50 to R D6 with an adjacent
carbon atomor carfon chain in Forgiul ae (2a) to (21) g“[0040] Specific
exanpl es of the, conpounds represented by Formul (24)_to 1) are

i F ©0Rci d, 1% ogH phtf@?‘% CO& imel litic

COOH e COOH HoOC COOH
R74 R76
(2d) (2e) (2f)
R78 R77 R34 R33 R88 R87

0
N
O COOH HOOC Q COOH /C O COOH
0
80 \
R COOH HOOC COOH é; COCH
0

RBI R32 R 85 R86 R9 RQO
(2g) | (2h) (21)
RQZ R91 R98 R97 RIOS R104
R93 COOH R"" COOH HOOC OO COOH
A 100,
R COOH R COOH HOOC COOH
R95 R96 Rl()l RIOZ R105 R106
(23) : (2k) - (21)

wherein each of R*® to R'°® represents hydrogen atom, a halogen
atom, analkyl group, ahaloalkyl group, anaryl group, anaralkyl
group, a cycloalkyl group, hydroxyl group, an alkoxy group,
carboxYlgroup,aasubstitutedoxycarbonylgroup,easubstituted

or unsubstituted carbamoyl group, an acyl group, an acyloxy



-1, 8- napht hal enedi carboxylic acid, 24 - 2,3-naphthal enedi carboxylic acid,
1, 4,5, 8-napht hal enetetracarboxylic acid, and

2, 3,6, 7-napht hal enetetracarboxylic acig3 -[0041] LHydroxylam ne or a salt
thereof] According to the present invention, hydroxylamne or a salt
thereof is used as the other raw material conponent. Exanples of the salt
of hydroxylam ne are salts of strong acids, such as hydrochlorides,
hydr obr om des, sulfates, nitrates, and phosphates. Wen a salt of
hydroxylami ne is used, the salt may be converted into free hydroxyl am ne
or a weak HGW safttiOIIIRIR 03 | SR Hel Byt ¢ e YHgL FPY 5 ¥OuR £t i a base
before use or jn the reaction system Exanples of the base are alkal

metal  hydro¥idest ik Oarsuﬁéﬂl&%ﬂ%fﬁtﬁy’d?B%ﬁé@?yén@r%xae Uth E Ry G e 2

al kal i ne earth netal hydroxides such as npgnesi um hydroxi de, and cal ci um
hydroxide;s%ﬁi%&ﬁum%?é¥rdﬁ? ke s@E M0 pBF &R utn TWP BbhEeSd aPl sodi um
carbonate; al kaline eart tal carbonates such as. cal ci um carbonat e;

al kal i net%TS&bS&ﬁEEﬁﬁéréhTéghﬁ%% FERPP asChot a¥eh Bt WY E?dgeh carbonate, and
sodi um hydrogen carbonate; alkali netal al koxi des such as sodiu met hoxi de
and sodi un‘iué%ﬁ%%ﬂ lft%iﬁ%@aﬂqo@oé’éﬁyd%ﬁpps eLf 1eh ruLeaﬁﬁtEV%,oﬁ %150? &@i ng

al kali metalysacetates such a ot assium _acetate and sodi um acetate. The
anount of ?%elﬁﬁggb?scfébiﬁ%ﬁl§b °fD % %ﬂ%?%%l%ﬂ?g,w o 2P adfy24erb 2

equi val ents, .and nor.e . . .
q Carbon-carbon bond or to form an aromatic or non-aromatic ring

with an adjacent carbon atom or carbon chain.

[0039]

The same groups and rings as above can exemplify the halogen
atom, alkyl group, haloalkyl group, aryl group, aralkyl group,
cycloalkyl group, alkoxy group, substituted oxycarbonyl group,
substituted or unsubstituted carbamoyl group, acyl group,
acyloxy group, substituted oxysulfonyl group, substituted or
unsubstituted sulfamoyl group, substituted or unsubstituted
amino group, substituted or unsubstituted phosphono group, and
substituted or unsubstituted phosphonooxy group in R*° to RS,
and the aromatic or non-aromatic ring formed by at least two
of R*® to R!® with an adjacent carbon atom or carbon chain in
Formulae (2a) to (21).

[0040]

Specific examples of the compounds represented by Formulae
(2a) to (21) are succinic acid, glutaric acid, adipic acid,
phthalic acid, trimellitic acid, pyromellitic acid,

1,8-naphthalenedicarboxylic acid,



preferably 1 to 1.5 equivalents, to the salt of hydroxylamne. - 25 -

[ 0042] Hydroxylam ne or a salt thereof can be used as intact or in the
formof a solution such as an aqueous splution or a dispersion. The anount
of hydroxylam ne or a salt thereof is generally 0.5 to 10 equival ents,
preferably 1 to 2 equivalents, and nore preferably 1 to 1.5 equival ents,
to the acid anhydride group of the cyclic polycarboxylic acid anhydride or
to the pair of carboxyl groups (pair of two carboxyl groups) capable of
formng a cyclic imde skel eton of the polycarboxylic acid. Wen a mxture
of a cycli<, pohyrlathbokyhediaerlbdoanhydradedand a pol ycarboxylic acid is
used, the anmount of the hydroxylamne or a salt thereof is relative to the
total anouht4ob, $heapletll | embiyelt Fdeagpoxpl apdached, pand of carboxyl groups.
[0043] [Reaction] The reaction between a cyclic polycarboxylic acid
anhydri de, 2a3 pb} yrarbbiyslenee¢dracrraonykiarecos- t hem and hydr oxyl ami ne
or a salt thereof is carried out in an organic solvent. Exanples of the
organi ¢ sol vent[&}4%llcar boxylic acids including carboxylic acids each
havi ng about one to about twenty carbon atonms, such as formc acid, acetic
aci d, propioni cllBd®xyIaring onad caltsdhrsaefl aci d, pentanoi ¢ acid,
hexanoi ¢ acid, heptanoic acid, octanoic acid, nonanoic acid, decanoic
acid, undecandecIHI dotlddrth a1ne R d 1 rae tiety, a deeaesivd- agding, or a

salt thereof is used as the other raw material component.
Examples of the salt of hydroxylamine are salts of strong acids,
such as hydrochlorides, hydrobromides, sulfates, nitrates, and
phosphates. When a salt of hydroxylamine is used, the salt
may be converted into free hydroxylamine or a weak acid salt
of hydroxylamine by treating the salt with a base before use
or in the reaction system. Examples of the base are alkali
metal hydroxides such as potassium hydroxide, and sodium
hydroxide; alkaline earth metal hydroxides such as magnesium
hydroxide, and calcium hydroxide; alkali metal carbonates such
as potassium carbonate, and sodium carbonate; alkaline earth
metal carbonates such as calcium carbonate; alkali metal
hydrogen carbonates such as potassium hydrogen carbonate, and
sodiumhydrogen carbonate; alkali metal alkoxides suchas sodium
methoxide and sodium ethoxide; carboxylic acid salts of alkali
metals, including alkali metal acetates such as potassium
acetate and sodiumacetate. The amount of the base is generally
1 to 5 equivalents, preferably 1 to 2 equivalents, and more

preferably 1 to 1.5 equivalents, to the salt of hydroxylamine.



-al cohol s such as nethanol, ethanol, and isopropyl alcohol; 26 aromatic
hydr ocar bons whi ch may be substituted, such as benzene, toluene, xylenes,
and nitrobenzene; aliphatic hydrocarbops —such as pentane, hexane, and

hept ane; alicyclic hydrocarbons which may be substituted, such as

cycl ohexane and net hyl cycl ohexane; esters such as ethyl acetate and butyl
acetate; ethers such as diethyl ether, dioxane, and tetrahydrofuran (THF);
ket ones such as ethyl nethyl ketone; hal ogenated hydrocarbons such as
carbon tetrachloride, chloroform and nethylene chloride; nitriles such as
acetonitrile; df%fe&d such as N, N-di net hyl formani de (DMF); and mixture of

t hese sol vents. Water can be used as a solvent for dissolving the reaction
raw mat erial s. FHRE ORPERITST ofhdstA L s dIRRReE can be weteded MeCdppiopri at e
wi thin ranges_not_ adversely affecting the reaction and is usually about 10
to about '%bo@%afr?@nb%f viei Pt Ut PR BEGh| §S aBIRIBEOYD HPBEUELPD0VE Pparts by
wei ght , aag%nnre referably about 50 to about 700 parts _ by weight, to 100
parts by PR he ﬁ@t alrosrtt fk YATGRY L PHinR 2Fdx5A e th@Ednhydr i de
and the pol ycarh i acig used jn the reaction. (0044] A significant
feature ofg%/rh%r%fﬁggn F AR TOh 3 5eRET r PERG S TR Vi hEOre et gA LGRTSe

conducting_dewaterin ter to he rempved includes, for, exanple, water
used as a.%%sgﬁﬁfa?Bgfe%$§§%ﬂvFﬂ&“ﬁyﬁﬂEéVP}ePﬁé'1%h§b?dﬁ*?%ﬂﬁﬁﬁ@éﬂﬁ§ls, and
water by group of the cyclic polycarboxylic acid anhydride or to the
pair of carboxyl groups (pair of two carboxyl groups) capable
of forming a cyclic imide skeleton of the polycarboxylic acid.
When a mixture of a cyclic polycarboxylic acid anhydride and
a polycarboxylic acid is used, the amount of the hydroxylamine
or a salt thereof is relative to the total amount of the acid
anhydride group and the pair of carboxyl groups.

[0043]

[Reaction]

The reaction between a cyclic polycarboxylic acid
anhydride, a polycarboxylic acid, or a mixture of them and
hydroxylamine or a salt thereof is carried out in an organic
solvent. Examples of the organic solvent are carboxylic acids
including carboxylic acids each having about one to about twenty
carbon atoms, such as formic acid, acetic acid, propionic acid,
butyric acid, isobutyric acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid,

undecanoic acid, dodecanoic acid, and tetradecanoic acid;

alcohols such as methanol, ethanol, and isopropyl alcohol;



produced in reactions including neutralization reaction 27 between a ,
hydroxyl ami ne salt and a base. The dewatering nethod is not specifically
limted and includes, for exanple, a_ngpthod of physically separating and
removi ng water, a nethod of chemically renoving water, and a conbi nati on
of these. The nethod of physically separating and renoving water includes
(a) a nmethod of absorbing or adsorbing water in the reaction system by
arrangi ng a substance capabl e of absorbing or adsorbing water in the
reaction systemor by allowng the reaction mxture to circulate in a

col um or dmenetfid hgdrocéhbohe wulsdtramces subsd itbyed, metdioas béndesei | |11 ng
off water in the reaction system alone or by azeotropy with an organic
sol vent capablenaf xyleleegoianyd azcotolopyzens h akatehat Ihehptgaracosod vent
capabl e of undergoing azeotropy with water can be used as all or part of
t he reactisuckholsvpentatise hekhod, ofndHantorid )y alédmwilig hwdrerairhohades,
for exanple, (c) a nmethod of arranging a substance capabl e of

subst ant i aftich rmaydrsi pllystebictedg mch asateelomexdee raadti on system

[ 0045] Exanples of the substance capabl e of absorbing or adsorbing water
for use i mMmeheyheyhbeh¢egnar ecrbbeeubach sieveshysiae¢ebatgednddeetyat ed
carbon, and hi gh-pol yner desiccants. [0046] Exanples of the organic

sol vent capadtetef endergosagh ®§e@%¢bbylmﬁthemat@¢OX®meus@n¢n t he met hod
(b) are carboxylic
tetrahydrofuran (THF); ketones such as ethyl methyl ketone;

halogenated hydrocarbons such as carbon tetrachloride,
chloroform, and methylene chloride; nitriles such as
acetonitrile; amides such as N, N-dimethylformamide (DMF), and
mixture of these solvents. Water can be used as a solvent for
dissolving the reaction raw materials. The amount of these
solveﬁts can be selected as appropriate within ranges not
adversely affecting the reaction and is usually about 10 to
about 5000 parts by weight, preferably about 30 to about 2000
parts by weight, and more preferably about 50 to about 700 parts
by weight, to 100 parts by weight of the total of the cyclic
polycarboxylic acid anhydride and the polycarboxylic acid used

in the reaction.

[0044]

A significant feature of the present invention is carrying
out the reaction while conducting dewatering. Water to be
removed includes, for example, water used as a solvent for
dissolving typically the reaction raw materials, and water by

produced in reactions including neutralization reaction



-acids such as formc acid, acetic acid, propionic acid, butyric - 28 acid,
i sobutyric acid, and isovaleric acid; ester such as nethyl chloroacetate,
met hyl acrylate, ethyl acetate, methyly7propionate, isopropyl formate,
propyl formate, butyl formate, 1isobutyl formate, ethyl propionate, nethyl
butyrate, nethyl isobutyrate, propyl acetate, isopropyl acetate, diethyl
carbonate, isoanyl nitrate, isoanyl f ormate, isobutyl acetate, butyl
acetate, butyl butyrate, ethyl isobutyrate, nmethyl isovalerate, propyl
propi onate, .isoanyl acetate, ethyl_ isovalerate, butyrate, nethyl
caproat e, JHOMRAD 2isEHAH ARG S3bE GRd aiksssut v éPe"t?éit?ﬁﬂln%@ﬁEbaﬂe
phenyl acetate i sobutyl_ butyrate, |sobutﬁuélsobutyrate benzyl acetate,

ethyl benZcafet qgﬁﬁ%ﬁHCQ%ﬁb&%?FEFQE”H%%H? Pfinaifk 8Xamplepyd MBERSBat e,
i sobut yl zQate, and isoa benzoate; ketones such as ethyl nethyl
ket one, Z‘Hg %ﬁﬁﬁnei égéﬁﬁﬁg NG P NP AR, 2 drREDO

4- et hyl - entaﬂ ne; aI| hatlc _ydrocarbons such as hexane; alicyclic

hydrocarbo aFHHﬁF%é“H?HﬁBE&#Hbﬁ&f§ﬁ€ﬁeas BBRzene,
phenol , tolaeng Iene and naphthalene al cohal s such as et hanol,

al l'yl al cd¥dt OptIr“ (7ot 310 SERAGIE LR B RGO lglabmatler aPEOHEES

2, butanol, Lert Jbutyl, aboohal, Lurfuryl alcohol., Ao pentanal . Lsgamy

cycl ohexanol ,.1- hexanol , benzyl al cohol hept ang t anol 2- oct anol, and
i soany|  al BHHoT® PRAIG§ETAL: CF%%?B%%‘F%SﬁEaEE E%R,S%T;t?)dtﬁlotéfilsﬁfﬁllfigl de,

chl orof or Mal® el h¥1|t neergglc 1091 Systemor by allowing the reaction mixture

to circulate in a column or tank filled with the substance,
and (b) a method of distilling off water in the reaction system
alone or by azeotropy with an organic solvent capable of
undergoing azeotropy with water. The organic solvent capable
of undergoing azeotropy with water can be used as all or part
of the reaction solvent. The method of chemically removing
water includes, for example, (c) a method of arranging a
substance capable of substantially irreversibly reacting with
water in the reaction system.

[0045]

Examplesofthesubstancecapableofabsorbingoradsorbing
water for use in the method (a) are molecular sieves, silica
gel, activated carbon, and high-polymer desiccants.

[0046]

Examples of the organic solvent capable of undergoing
azeotropy with water for use in the method (b) are carboxylic

acids such as formic acid, acetic acid, propionic acid, butyric



trichl oroethyl ene, cis-I,2-dichloroethylene, 29 -

trans-1, 2-di chl oroet hyl ene, 1, 2-di chl oroet hane, 1, 2-dichl oropropane,

| - chl oropropane, 2-chl oropropane, 1-chdorobutane,

1- chl or o- 2- net hyl propane, and chl orobenzene; ethers such as

epi chl orohydrin, ethyl ether, nethyl propyl ether, 1,2-dinethoxyethane,

i sopropyl ether, 1,2-diethoxyethane, anisole, phenetole, cineole, and

phenyl ‘ether; nitriles such as acetonitrile and acrylonitrile; aldehydes

and acetals such as chloral, paral dehyde, trioxane, and safrole;

sul f ur - com@idhi Agobohpoundsisycindssoarbemidiasuld; detenistich asoapbuhds such

as nitronet hane and nitrobenzene; nitrogen-containing heterocyclic

conpounds Sudr @acelipesi digidyl peidiates, ey hydpyratde negetand. ni coti ne;

and phenols such as phenol. [0047] Each of these organic solvents can be

used al onerxrprionattonbiseatiopyl Peongte hamopydr boxykie, doitds, fesmets,

ketones, aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic

hydr ocar bohsobat ebhabanatand eidl g @ratrdcriajdr,o varthyds baty ratgpi vakhyl

preferred. [0048] In the nmethod (b), it is preferred to renove water from

t he azeot ropPleudysati¢) areorntd aectakycl esepeoprli aceltaior gadiethygbl vent to

the reaction system for saving the anmount of the organic solvent capable

of under gocpah@bglz@*@e@,r égyamﬂ_mi,m@e_, isoamyl formate, isobutyl acetate,
butyl acetate, butyl butyrate, ethyl isobutyrate, methyl
isovalerate, propyl propionate, isocamyl acetate, ethyl
isovalerate, propyl butyrate, methyl caproate, propyl
isobutyrate, isopropyl isobutyrate, methyl benzoate, phenyl
acetate, isobutyl butyrate, isobutyl isobutyrate, benzyl
acetate, ethyl benzoate, isoamyl isobutyrate, methyl cinnamate,
propyl benzoate, isobutyl benzoate, and isocamyl benzoate;
ketones such as ethyl methyl ketone, 2-pentanone, 3-pentanone,
3-methyl-2-butanone, and 4-methyl-2-pentanone; aliphatic
hydrocarbons such as hexane; alicyclic hydrocarbons such as
cyclohexane; aromatic hydrocarbons such as benzene, phenol,
toluene, m-xylene, and naphthalene; alcohols such as ethanol,
allyl alcohol, l-propanol, 2-propanol, l-butanol, isobutyl
alcohol, 2-butanol, tert-butyl alcohol, furfuryl alcohol,
l-pentanol, iscamyl alcohol, 2-pentanol, tert-amyl alcohol,
cyclohexanol, 1-hexanol, benzyl alcohol, 1-heptanol, 1-octanol,
2-octanol, and isocamyl alcohol; halogenated hydrocarbons such

as carbon tetrachloride, chloroform, methylene chloride,

trichloroethylene, cis-1,2-dichloroethylene,



"I'n this case, the azeotropic distillate is recycled to the - 30 reaction
system after renoving water therefrom for exanple, by bringing water in
contact with a substance capabl e of -apsorbing or adsorbing water. The

above-exenplified substances capabl e of absorbing or adsorbing water can
be used herein. Wen the organic sol vent capabl e of undergoing azeotropy
wth water is a solvent that is separated into an organic |ayer and an

aqueous layer in its azeotropic conposition, a nmethod is also acceptable

in which the azeopttopi istil]late is separated, the aqueous |ayer is
removed, a%]ﬁarf%_gf’oébcgﬁcﬁ&flmf%?g?ﬁ?%%e ]rsff‘gjc‘g]&}%ﬂo?Bh?%%' reaction system
Representatiye,. ex | es of the organic solvent capabl e of undergoing
ol oy of (A g P A, RSBt Tolbone
and xyl enes. aml e . he a _
irreversigfycﬁééﬁég$ﬁfgft ﬁ%ﬁgfof%rnﬁg yﬁﬁIFﬁ@nﬁéﬁﬁﬁgCgéfrﬁpgnzéﬁﬁvn[!|ke
aci d anhydgjide noncyclic id .anhydrid rrespondi to carboxylic
aci ds eacH&Hg%?%ggg<mﬁe e or %ﬁ%¥l%%ﬁ§ﬁ§%:% dﬁﬁﬁﬂaﬁggrgﬁ§ e§ fﬁcetlc
anhydri de B i.0nj nhydri de, romthe vi ewpoint. o e
reaction rg?%,&%ﬁékﬁgé ?F%%ngteﬁ%%?ﬁ %¥£ %EhﬁﬁngiaEI9l%5%86¥eﬁﬁﬁﬂ%r,
pr ef er abl yar?:@ of)é, gﬂecweecrdlea,n%irﬁ%ro%eqr %];1%" SﬁleXy?erck?err;hlr%hcerri'lelsn such
consi deration

as acetonitrile and acrylonitrile; aldehydes and acetals such

as chloral, paraldehyde, trioxane, and safrole;

sulfur-containing compounds such as carbon disulfide; nitro

compounds such as nitromethane and nitrobenzene;

nitrogen-containingheterocyclic compounds suchaspiperidine,

pyridine, 3-methylpyridine, and nicotine; and phenols such as

phenol.

[0047]

Each of these organic solvents can be used alone or in
combination. Among them, carboxylic acids, esters, ketones,
aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons, alcohols, and halogenated hydrocarbons are
typically preferred.

[0048]

In the method (b), it is preferred to remove water from
the azeotropic distillate and to recycle the residual organic
solvent to the reaction system, for saving the amount of the
organic solvent capable of undergoing azeotropy with water.

In this case, the azeotropic distillate is recycled to the



of stability of the product, it is generally 200C or lower, 31 preferably
180C or lower, and nore preferably 160C or lower. The reaction pressure is
not specifically limted. Wen a solvgfnt_having a | ow boiling point under
normal pressure is used as the reaction solvent, it is preferred to
pressurize the reaction systemand to elevate the reaction tenperature,
for increasing the reaction rate. [0051] The reaction node can be any nobde
such as a batch node, a sem batch node and a continuous node. In the batch
node, the raw materials, solvent and other conponents are placed in a
react or, frfadPvieen By sdtear pifigrt hempeaed i wat earidated nadacfognexpnpdaet i s
extracted after the conpletion of the reaction. In the sem batch node, the
reaction iy dp¥Enedwmatgn | euntaciuoustly § et Hgpnte rgakre ©f the raw
materials, solvent and other conponents to a reactor, and the reaction
product i3PEXERHRY U ALXITRHY ot | dhcofrheeggarilddiadh t he
continuous node, the reaction is carried out while continuously feeding

al | or pariuitamees sAPFRLEr P hlads IR EhOr A DEhErd WedsporRAtee tged
reactor, and the reaction product (reaction mxture) is continuously

extract ed. N§OD5?]  Whede tARdREANS e MRt FHRFP1E Whakrdeir@ddld , such as
acetic acid salt of hydroxylamne] , if contained in an aqueous sol ution,
i s suscept?BPetIPheat M R det shpesedrdf it tedfosergrated into an

organic layerandanaqueous layer initsazeotropiccomposition,
a method is also acceptable in which the azeotropic distillate
is separated, the aqueous layer is removed, and the organic
layer alone is recycled to the reaction system. Representative
examples of the organic solvent capable of undergoing azeotropy
with water and separating from water are cyclohexane, toluene,

and xylenes.

[0049]

Examples of the substance capable of substantially
irreversibly reacting with water for use in the method (c) are
chain—-like acid anhydrides (noncyclic acid anhydrides)
corresponding to carboxylic acids each havingabout one to about
twelve carbon atoms, such as acetic anhydride and propionic
anhydride.

[0050]

From the viewpoint of the reaction rate, the reaction
temperature is genérally 50°C or higher, preferably 70°C or
higher, and more preferably 90°C or higher. 1In consideration

of stability of the product, it is generally 200°C or lower,



‘to heat for a long tine. If an aqueous solution of free 32 hydroxyl am ne,
for exanple, is added at once to the reaction system a |arge anount of
water is present in early stages of —tde feaction. Thus, unreacted

hydr oxyl am ne is deconposed as a result of heating in the presence of such
a large amount of water, and the yield of the cyclic N hydroxyi m de
conpound on the basis of hydroxylam ne may often decrease. Consequently,
an aqueous solution of free hydroxylamne is preferably fed to the

reaction system consecutively (continuously or intermttently) In this
connecti o rﬁﬁﬁ?%&ﬁéﬁ % ¢ faterein a%%FVV“%Pé§§§I@Plﬁhé69éé@FlbﬁW9§r|es
depending&ﬁp t he dematerlng capability of the reaction system [0053] As

a result § FEFFEAQN (ﬂfe%§Q£ﬁﬂ%%:q@qnﬁﬁQﬁéﬁ HelY ottt cdheéssondi ng

to the reactlon raw materi LS fornmed. . For exanple, the cyclic .
pol ycar boxdA Ec ‘Qﬁﬁ&&?ﬁﬁg Pé&ﬂ@@éHPé@thn§8FnBP§m€ﬂ)pr?ﬁéure 1s _
polyoar DOLLP 010 L eResentod L or 0 (L) e abaaibce oL Lhem 1
CoPrese S Pred ot e, Far e, L1 L o ol ol a Tl AN G (111)
the reactth rﬁ%%%ésfgg]the reaction rate.
[0051]
The reaction mode can be any mode such as a batch mode,
a semibatch mode and a continuous mode. In the batch mode,
the raw materials, solvent and other components are placed in
a reactor, followed by starting the reaction, and the reaction
product is extracted after the completion of the reaction. In
the semibatch mode, the reaction is carried out while
continuously feeding all or part of the raw materials, solvent
and other components to a reactor, and the reaction product
is extracted after the completion of the reaction. In the
continuous mode, the reaction is carried out while continuously
feeding all or part of the raw materials, solvent and other
components to a reactor, and the reaction product (reaction
mixture) is continuously extracted.
[0052]
Free hydroxylamine [including a weak acid salt, such as
acetic acid salt of hydroxylamine], if contained in an aqueous

solution, issusceptibletoheat andisdecomposedafterexposing

to heat for a long time. If an aqueous solution of free



33 . be separated and purified, for exanple, by separation nmeans suchas
filtration, concentration, extraction, crystallization, recrystallization
or colum chromat ogr aphy,. or a conbinatjon of these. [0054] The process
according to the present invention can produce cyclicN hydroxyim de

conpounds in high yields fromany of cyclic
and pol ycarboxylic acids and

the raw material conponent, as conpared with conventional processes.

advant ages are achi eved probably for the foll owi ng reasons.

pol ycar boxylic acid anhydri des
significantly inprove the utilization rate of

These

Taki ng the

pr oduct i orhydreryamioxys el sixqinge ef,r dm sddefindt orarehydr ittle veasbiennic

aci d and hydroxyl am ne as an exanpl e,

the reaction is supposed to proceed

accordi ng 3vstenmeactliegge avehnnhi emwadtastisapedsentt e dagtlowitageschéne.

[ 0055]

NH20H CO +t @@ AN COH~- Thus N1 @sed hydo =@ afriH80H; d¢capposed as

a result of heating in the presence of such a large amount of
water, and the yield of the cyclic N-hydroxyimide compound on
the basis of hydroxylamine may often decrease. Consequently,
an aqueous solution of free hydroxylamine is preferably fed
to the reaction system consecutively (continuously or
intermittently). In this connection, the amount of water in
early stages of the reaction varies depending on the dewatering
capability of the reaction system.

[0053]

As a result of the reaction, a cyclic N-hydroxyimide
compound corresponding to the reaction rawmaterials is formed.
For example, the cyclic polycarboxylic acid anhydride.
representedby Formula (I), thepolycarboxylicacid represented
by Formula (II), or amixture of them, if used as a rawmaterial,
yields a cyclic N-hydroxyimide compound represented by
following Formula (IIT):

[Chemical Formula 7]
—
Ao o (I11)
N

N
o

wherein A is as defined above.

After the completion of the reaction, the reaction product can

[Chemical Formula 8 34 0 + NH20OH 0 (4) ( 31) 00000 OH+



++H20 OH 0- +H20 0 4) 0 0 0O O (s) (9) (5) (6) (7) [0056] Upon the reaction
of succinic anhydride (3) as a cyclic acid anhydride wth hydroxyl am ne
(4), succinic anhydride (3) initiallystzndergoes ring opening to forma

ri ng- opened product (5) having a carboxyl group at one end and a

N- hydr oxycar bamoyl group at the other. The two term nal groups of the

ri ng-opened product (5) intranmolecularly forman ammoniumsalt to forma
conmpound (6), one water nDIecuIe then | eaves the conmpound (6) to thereby

forn1N—hydroxySUCC|nlnlde .. 1f a large ambunt of water is present in
t he reactlQﬁl%SRﬁﬁﬂﬁ QIﬂ?Q(ﬂqﬁﬁfl@@r9%¥b£?§%@@ﬁnlﬁWdéeP¢¥a@h@§r§@é§sreverse
reaction wt and readily returns via the ammoniumsalt (6) to the

ri ng- openethc ?%é&éFréﬁﬁon'ﬂﬂ?qqqﬁf%ﬁkﬂ%nﬁ%ﬁ%ﬁ&%%OQ5FrV§FﬁﬁéFZﬁéa@ﬂs with
water, forns an annnnlun]salt é of succinic acid and hydroxyl am ne and

i s deconpo<ed ¥ %JLPLJC?%JCO%(H% COGYmANGN T FRAF BXYRBARY Ny 4 CIpRENALEEN vy,
there are equilibria in the respective steps fromsuccinic acid (9) to

N- hydr oxys cHHT T de (7), and these equilibria govern the yield of 35
N—hydroxySUCC|g (7) Probably for this reason, the use of an excessive
anount of hydr §£1 ine (4) to succinic anhydride (3) inproves the yield

of N-hydroxysugginimde (7 he basi s
y y qT%e procesg a?ccor ing to the present invention can produce

cyclicN-hydroxyimide compounds inhighyields fromanyof cyclic
polycarboxylic acid anhydrides and polycarboxylic acids and
significantly improve the utilization rate of the raw material
component, as compared with conventional processes. These
advantages are achieved probably for the following reasons.
Taking the production of N-hydroxysuccinimide from succinic
anhydride or succinic acid and hydroxylamine as an example,
the reaction is supposed to proceed according to a reaction
mechanism illustrated in the following scheme.
[0055]

[Chemical Formula 8]



of succinic anhydride (3). [0057] When succinic acid (9) which is a
di carboxylic acid corresponding to succinic anhydride (3) is used as the
starting material, simlar equilibrLa3@rg establ i shed and the fundanental
of the reaction is the sane as the reaction using succinic anhydride (3)
In the case of succinic acid (9) used as a starting material, the
reactions to yield N-hydroxysuccinimde (7) by-produce water one nol ecul e
nore than the case of succinic anhydride (3) used as a starting naterial,
as illustrated in the scheme. Water serves o proceed the equilibria from
the product to the raw materials. onsequ tIy, a process using succinic
acid (9) as a raw material is nore disaﬁiéoqugpus for producing
N- hydr oxysuccinim de (7) than a process i ng (guccinic anhydride (3) as a
raw material, fromthe viewpoint of reactilon nechanlsn1 This is because
the fornmer process by-produces water mor &t han the latter process.
Probably for this reason, nost processes described in docunents use a
cyclic acid gnhydride asfa taw materi al few enplgy a dicarbqﬁyll
wever,

acid. [0058 (%n t he proge accordin he presenj inventjon,
36 the redcti mmgowuﬁi UWT _ viNigHyate Wtﬁ: dui ONn
system an qg;llbrl it he schéh®

from > 1 awtiat e als to
t he product.OThi s probablly @onfri butes 0
(9) (8) (5) (8) (7)

[0056]

Upon the reaction of succinic anhydride (3) as a cyclic
acid anhydride with hydroxylamine (4), succinic anhydride (3)
initially undergoes ring opening to form a ring-opened product
(5) having a carboxyl group at one end and a N-hydroxycarbamoyl
group at the other. The two terminal groups of the ring—-opened
product (5) intramoleculérly form an ammonium salt to form a
compound (6), one water molecule then leaves the compound (6)
to thereby form N-hydroxysuccinimide (7). If a large amount
of water is present in the reaction system, the formed
N-hydroxysuccinimide (7) undergoes reverse reactionwith water
and readily returns via the ammonium salt (6) to the ring-opened
product (5). The ring-opened product (5) further reacts with
water, forms an ammonium salt (8) of succinic acid and
hydroxylamine and is decomposed to succinic acid (9) and
hydrbxylamine (4) . Specifically, there are equilibria in the
respective steps fromsuccinicacid (9) toN-hydroxysuccinimide

(7), and these equilibria govern the yield of



‘to high yield of a target cyclic N hydroxyi mde conpound from any of a
cyclic acid anhydride and a pol ycarboxylic acid used as the raw material.

[ 0059] One of preferred enbodi nents-ofsthe present invention is an

enbodi nent conprising a first step of allowng a cyclic polycarboxylic
acid anhydri de, a polycarboxylic acid, or a mxture of themto react with
hydr oxyl am ne or a salt thereof 1in an organic solvent f or predeterm ned
time without dewatering, and second step of carrying out the reaction
whil e conducting dewatering. This enbodi ment is typically advantageous
when the Yr W%%f&lw%dﬁdm Riraéaééwpéaﬁdt%s Lrseeacﬁqm the E8Em of a
solution in_the or%anlc sol vent _wi t hout _i sol ati on when t he organic
sol vent i LLRREXEE5FLVEAQRABH %%W@ﬁ?xvﬂaalam@d&é@%%@cwewnamérf-ﬁ@
organic so{vent is a 1_g}f%/ent ca able of formng . a dehgdratlon condensati on
product wi t¥ APIPSLYI Né61F yrh Yﬁ%&ﬁﬁ?§§cépl@ﬁgeo'ﬁbﬁpdj§b G8hE
capable of formn a <§eﬁ%g°n condensati on product w th hydroxyl am ne
are alipH %P?ﬁ%‘ ‘%y?? §Wkh as formic acid, acetic acid,

trifluoroacetlﬁégggg propi onic acid, butyric acid, isobutyric - 37 acid,
val eric acid, Hdi ¢ acid, heptanoic acid, octanoic acid, and decanoic

acid; alicycli car boxyl.i c. aci ds. such cIohe anecar boxylic acid; and
sul foni ¢ aZids$gﬁa ég%unlc aéa 653 é%lch)/ &&carboxylf@ acid

corresponding to succinic anhydride (3) is used as the starting
material, similar equilibria are established and the
fundamental of the reaction is the same as the reaction using
succinic anhydride (3). In the case of succinic acid (9) used
as a starting material, the reactions to yield
N-hydroxysuccinimide (7) by-produce water one molecule more
than the case of succinic anhydride (3) used as a starting
material, asillustratedinthe scheme. Water serves toproceed
the equilibria from the product to the raw materials.
Consequently, aprocessusing succinicacid (9) asarawmaterial
ismore disadvantageous for producing N-hydroxysuccinimide (7)
than a process using succinic anhydride (3) as a raw material,
from the viewpoint of reaction mechanism. This is because the
former process by-produces water more than the latter process.
Probably for this reason, most processes described in documents

use a cyclic acid anhydride as a raw material and few employ
a dicarboxylic acid.

[0058]

Intheprocess according to the present invention, however,



met hanesul foni ¢ aci d. Anong them nonocarboxylic acids each having about
one to about eight carbon atons, preferably about one to about four carbon
atons, such as formc acid, acetic gc%g,_and propi onic acid, are
preferred, of which aliphatic nonocarboxylic acids are specifically
preferred. [0061] The reaction tenperature in the first step is as the
above-nentioned reaction tenperature. The reaction tine in the first step
is, while varying depending typically on the species of the raw materi al
conponents and organi ¢ solvent, generally about 0.5 to about 40 hours,
pref er abl ytlaboreagtion apowrrlbedhovm’s, whahte noemopied evabéy fbouttiet o about
20 hours. It is preferred that the process noves to the second step at

the time whedcthenysesdenf ame the gaquiclidiiia Nrhydreosgpheinge moyenpoond i n
the first step is maxing out and increases little. The reaction in the
second st eph¢ srams nmaie ralzovee tiveiheopeddureact Tlors trempstdtvuicentThbuteact i on
time in the second step is, while varying depending typically on the
speci es of te Helgly awerst ef | alt agwigpoAFat ¢ calidh pegany Ensde vammpowehéral y
about 0.5 to about 40 hours, preferably about 1 to about 15 hours, and
mor e pref epABIGE @beiEl2ct achBanhvidr iuesd popeRycarlexy heemdichgised thi s
process, the formation of a reaction product between hydroxylam ne and an
organi ¢ sof¥ehbeused @materhelreaction solvent is inhibited to thereby

roduce a target
P g [0059]

One of preferred embodiments of the present invention is
an embodiment comprising a first step of allowing a cyclic
polycarboxylic acid anhydride, a polycarboxylic acid, or a
mixture of them to react with hydroxylamine or a salt thereof
inanorganicsolvent forpredetermined time without dewatering,
and second step of carrying out the reaction while conducting
dewatering. This embodiment is typically advantageous when
the produced cyclic N-hydroxyimide compound is used in the form
of a solution in the organic solvent without isolation (e.g.,
when the organic solvent is used as a reaction solvent in a
subsequent step) and the organic solvent is a solvent capable
of forming a dehydration-—condensation product with
hydroxylamine.

[0060]

Examples of the organic solvent capable of forming a
dehydration-condensation product with hydroxylamine are
aliphatic carboxylic acids such as formic acid, acetic acid,

trifluorocacetic acid, propionicacid, butyricacid, isobutyric



-cyclic N-hydroxyi mde conpound in a good yield and to increase the
utilization rate of hydroxylam ne, even if hydroxylamne is reactive with
the organic solvent. These advantages @re- obtai ned probably for the
foll owi ng reasons. Upon conparison between the target cyclic

N- hydr oxyi m de conmpound fornmed from hydroxylam ne with a pol ycarboxylic
acid and a dehydration-condensati on product of hydroxylamne with a
reactive conpound other than the polycarboxylic acid (e.g., a

nmonocar boxyl.ic acid such as acetic acid), in general, the fornmer is stable
with regarfitt P& Tdire PGy Awiherarnegar aCtlé bﬁ@tﬁﬁayﬁaﬁpégl) BGEaRAEC] at t er

i s advantageous with regard to,k6 enthalpy (wth regard to kinetics). A chain
N- hydr oxy E5ishodmdé &§idiy eddrcgi ﬁério@é@ftl.lénarﬁéﬁﬁeéﬁch as

hydr oxyl am pol ycar boxyl i c aC|d is |less  thernodynam cally stable
than the f§?§§%9ﬁﬂHqQ?$& %%f?ﬁl He 2RDripbUNHuta G950tk t3hl e than a

dehydr ati on- conden ion pr.oduct between hydroxyl am ne and a reactjve
conpound &t ng FHE FEicar BBRYPI thei dOnEsfERpiehtl§ aciRe each
dehydrati qn- conde glon rod ct of droxylamne with a reactive conpound
other tha %Wﬁ@%B Har D% HA & SEFﬁq' r E8dPrY 2FORFed S BATY ebaygbs of

t he reactlon but th eh dra on condensat i on product is.converted via
the chai n Y lﬁkﬁg FE BTG SrhE YChr Gt 8§@FFcaﬂ}ﬂyd?8§§Fﬁlde

conmpound w t.h the ass%ﬂg of time, This reaction is _an ﬂUI |b ium

reaction afd$ediit & &k GrenRr&terred, of whic atic

monocarboxylic acids are specifically preferred.

[0061]

The reaction temperature in the first step is as the
above-mentioned reaction temperature. The reaction time in
the first step is, while varying depending typically on the
species of the raw material components and organic solvent,
generally about 0.5 to about 40 hours, preferably about 2 to
about 25 hours, and more preferably about 5 to about 20 hours.
It is preferred that the process moves to the second step at
the time when the yield of the target cyclic N-hydroxyimide
compound in the first step is maxing out and increases little.
The reaction in the second step is as the above-mentioned
reaction temperature. The reaction time in the second step
is, while varying depending typically on the species of the
raw material components and organic solvent, generally about
0.5 to about 40 hours, preferably about 1 to about 15 hours,
and more preferably about 2 to about 10 hours.

[0062]



water is renoved in early stages of the reaction, this equilibrium
reacti on does not proceed, and the dehydration-condensation product of
hydroxylamne with a reactive conpounglsother than the polycarboxylic acid
(the reaction solvent in this case) remains in a considerable proportion.
However, when the reaction is carried out without renoving water fromthe
reaction systemin early stages of the reaction, and the dewatering
procedure is started after the equilibriumreaction sufficiently proceeds,
t he amount of the produced dehydrati on-condensati on product of

hydr oxyl am ne Adcadrdig dohéhisegebicesscotrpeudidrmstsmal bf andeaheivar get
cyclic N hydroxyi mde conpound can be efficiently produced. [0063] This
w |l be expiedued deglwpenwihvidroefideance aodt ae duddovd mplvectiemseblyataki ng

t he production of N hydroxysuccinimde as a result of the reaction between
succi ni ¢ ddiel raedtiydy eryvenicnes dinhidridgtdd tactdeasby mwdders a2 Sacgehi ¢ aci d
(9) reacts with hydroxylamne (4) to forma conpound (5)

( N- hydr oxyesyekl aiNc hyseiok yisvioent deponadi iy aageed vdelld grduiy ancoresend and
a N-hydroxycarbanoyl group at the other, and this conpound in turn yields
N- hydr oxysteidiniig@a{ion rapededxiyyanereliuingl sven ddchydwpriilagénec acid
(10) as a solvent to form N-hydroxyacetic - 40 acid amde (11) The

ent hal py (¥H) r¢kell Yoor)thiddreasedmnir shierasrider Theseopdyantegep are7) >
(11) > (5), and the free energy (AGQ (kcal/nol) decreases in the order of
(9)+(4)+(r@@tglwqg0probably’for the following reasons. Upon comparison

between the target cyclic N-hydroxyimide compound formed from
hydroxylamine with a polycarboxylic acid and a
dehydration-condensation product of hydroxylamine with a
reactive compound other than the polycarboxylic acid (e.g.,
a monocarboxylic acid such as acetic acid), in general, the
former is stable with regard to free energy (with regard to
thermodynamics) but the latter is advantageous with regard to
enthalpy (with regard to kinetics). A chain N-hydroxy
monoamide formed as a result of the reaction between
hydroxylamine and a polycarboxylic acid is less
thermodynamically stable than the target cyclic N-hydroxyimide
compound but is more stable than a dehydration-condensation
product between hydroxylamine and a reactive compound other
than the polycarboxylic acid. Consequently, the
dehydration-condensation product of hydroxylamine with a
reactive compound other than the polycarboxylicacidis readily
formed in early stages of the reaction, but the

dehydration-condensation product is converted via the chain



> (5) > (7). Specifically, target N hydroxysuccinimde (7) 1is nore

t hernodynam cal |y stable than N hydroxyacetic acid amde (11), but the
latter is nmore readily formed than thesdorner kinetically. Consequently,
N hydroxyacetic acid amde (11) is nore readily formed in early stages of
the reaction, and this conmpound is converted via the conmpound (5) into

N- hydroxysuccinimde (7) with the passage of tinme. This reaction is an
equilibriumreaction and requires the presence of water. If dewatering is
conducted in early stages of the reaction, this equilibriumreaction does
not procedl;NHPRY RYHATHetAbE Qg tHFIN: hyse by et Y&r @&y Bnkds de (11)
is obtained as a final product. However, by caring out the reaction

t hrough t HPIRGERA K JHheRrRERINPE helfeactlindd wieasdion déwateri ng and
t he second step, of proceeding the reaction while carrying out dewatering
as in the SBOVELREHT Fref Bt 696, reRUAFEEokPSURES FERFALCY Mat@an bef

ef ficient IV)I/ 1Pr oduced while  reducing the formati on of N-hydroxyacetic acid
am de (11)V2t§H06%]TTRNER o FRFhuistages af the eppctieiy dHDS0 0 0

‘ " > C NH OH H20_ NHzOH + H20 N - OH + 2H20
"(NH-OHeqéffgbfiué:reaé%ion(hoesciét proceed, and the

dehydration-condensation product of hydroxylamine with a
reactive compound other than the polycarboxylic acid (the
reaction solvent in this case) remains in a considerable
proportion. However, when the reaction is carried out without
removing water from the reaction system in early stages of the
reaction, and the dewatering procedure is started after the
equilibrium reaction sufficiently'proceeds, the amount of the
produced dehydration-condensation product of hydroxylamine
with the other reactive compound is small, and the target cyclic
N-hydroxyimide compound can be efficiently produced.

[0063]

Thiswillbeexplainedbelowwithreference tothe following
scheme by taking the production of N-hydroxysuccinimide as a
result of the reaction between succinic acid and hydroxylamine
in acetic acid as a solvent. Succinic acid (9) reacts with
hydroxylamine (4) to form a compound (5) (N-hydroxysuccinic
acid monoamide) having a carboxyl group at one end and a
N-hydroxycarbamoyl group at the other, and this compound in
turn yields N-hydroxysuccinimide (7). Hydroxylamine (4) also

reactswithaceticacid (10) as asolvent to formN-hydroxyacetic



0O(1li) (4) OHO0O '(5) (7) EXAMPLES [0065] The present invention will be
illustrated in further detail wth reference to several exanples bel ow
which by no nmeans limt the scope of Qe_pr esent invention. [0066]
EXAMPLE 1 In a 300-m three-necked flask equi pped with a Dean-Stark
fractionating unit having an inner capacity of 20 ml and having a reflux
condenser on its top, a thernoneter, and a Teflon (registered trademark)
mxing inpeller as illustrated in FIG 1 were placed 13.0 g of
hydr oxyl am ne hydrochloride, 22.0 g of potassiumcarbonate, 50 g of acetic
aci d, and &d grotde cficlloheLare endhd 1plye (DEANn-(Btalkmblactieonatbrg Unit was
filled wth cycl ohexane. The tenperature was held at 65C on an oil bath.
One hour |&teprde?. di (§)of(43uddOnix (deid (Was “added amd thhef meexeueegiyn t he
flask, and the tenperature of the oil bath was raised until reflux began
in the ref (A% cOmpdnserl )ndentredsesoinhehe opdefr the(PDeatd)St 61 K). >Héafling was
term nated eight hours later. Water by-produced in the reaction underwent
- 42 azeotrbpy Wi th cySpsieetdnelland telrgedi dt-hyldaveysookcedimidehd7)ref | ux
condenser was separated into two layers, i.e.,an organic

is more thermodynamically stable than N-hydroxyacetic acid

amide (11), but the latter ismore readily formed than the former

kinetically. Consequently, N-hydroxyacetic acid amide (11)

is more readily formed in early stages of the reaction, and

this compound is converted via the compound (5) into

N-hydroxysuccinimide (7) with the passage of time. This

reaction is an equilibrium reaction and requires the presence

of water. If dewatering is conducted in early stages of the

reaction, this equilibrium reaction does not proceed, and a

considerable amount of N-hydroxyacetic acid amide (11) is

obtainedasa final product. However, bycaringout the reaction

through the first step of proceeding the reaction without

dewatering and the second step of proceeding the reaction while

carrying out dewatering as in the above-mentioned process,

N-hydroxysuccinimide (7) can be efficiently produced while

reducing the formation of N-hydroxyacetic acid amide (11).

[0064]

[Chemical Formula 9]



-layer and an aqueous |l ayer in the Dean-Stark fractionating unit. The
organi c | ayer (cycl ohexane |layer) was recycled to the flask. The reaction
m xture was anal yzed by hi gh-performangge 1liquid chromatography (HPLC) to
find to have a N hydroxysuccini m de concentration of 16.4 percent by

wei ght. This corresponds to a yield on the basis of succinic acid of
94.7% [0067] COVPARATIVE EXAMPLE 1 In a 300-m three-necked flask

equi pped with a reflux condenser, a thernoneter and a Teflon (registered
trademark) mxing inpeller as illusjrated in FIG 2 were placed 13.0 g of
hydr oxyl am ne hydrochl oride, 22.0 g Jgf potassium carbonate, and 50 g of
acetic acid, and the tenperature s HRld at 65C on an oil bath. One hour
later, 17.71 g of SUCCiﬁ%Ethid wasN¢added to the mixture in the flask, and
the tenperature of the @il bath wasprais until ref 1ux gan in the ref

| ux condens Nmnt ed t@ox he fl ask(9)The A egebi on m xt ur s sanpl ed and
anal yzed by HPLC eveHy ere—holikt o=Frrer { ha,, t ht Héoreereriat jNobil + 80
N- hydr oxysucci(pjym de stopped i@creasing fave hours | ater d becane

constant thereafter. The concentration of N hydroxysuccininide at that tinme
was 8.9 percent by weight. This correspofds to a yield on'he basis of
succinic acid of 10.4% - 43 - [0068] EXAMPLE 2

EXAMPLES

[0065]

The present inventionwillbeillustrated in furtherdetail
withreferencetoseveralexamplesbelowwhichinznomeanslimit
the scope of the present invention.

[0066]

EXAMPLE 1

In a 300-ml three—-necked flask equipped with a Dean-Stark
fractionating unit having an inner capacity of 20 ml and having
a reflux condenser on its top, a thermometer, and a Teflon
(registered trademark) mixing impeller as illustrated in FIG.
1 were placed 13.0 g of hydroxylamine hydrochloride, 22.0 g
of potassium carbonate, 50 g of acetic acid, and 3.0 g of
cyclohexane, and the Dean-Stark fractionating unit was filled
with cyclohexane. The temperature was held at 65°C on an oil
bath. One hour later, 17.71 g of succinic acid was added to
the mixture in the flask, and the temperature of the oil bath
was raised until reflux began in the reflux condenser mounted
to the top of the Dean-Stark. Heating was terminated eight

hours later. Water by-produced in the reaction underwent



In a 300-mL three-necked flask equi pped with a Dean-Stark fractionating
unit having an inner capacity of 20 m and having a reflux condenser on
its top, a thernonmeter, and a Teflon_ ééegistered t rademar k) m xi ng
inpeller as illustrated in FIG 1 weré& placed 37.41 g of a 50 percent by
wei ght aqueous hydroxyl am ne solution, 150 g of acetic acid, 2.4 g of
cycl ohexane, and 53.1 g of succinic acid, and the Dean-Stark fractionating
unit was filled with cycl ohexane. The tenperature of the oil bath was
raised until reflux began in the reflux condenser nounted to the
Dean- St ar kazddgat opng wiegch clyelnhexibed , sbexdhohke sdi it €l a tWateero ligd tthetAgueous
hydr oxyl am ne sol ution and water by-produced as a result of the reaction
under went waz€bix opydenthroead sdexaneed andotthve tagetrs) dt.e .ol edganmnct he ref
| ux condenser was separated into two layers, i.e., an organic |layer and an
aqueous | ayayer antiken Bgamo st dArkerfirache Grani—1%g aurk £fradtheomsigany anliiayer
(cycl ohexane | ayer) was recycled to the flask. The reaction m xture was
anal yzed ™Dye HPb@ntioc ffayrtk { oybhavkeeraie hpdem) yercceny ol de toorivenfaaki.on  of
13.4 percent by weight. This corresponds to a yield on the bases of
succi ni ¢ adthel wfad@4l GYmixG08% waBEXAMPLEZ&d Iy & i300pdr fidumeerasedkgd ifll ask
equi pped with a Dean-Stark - 44 fractionating unit having an inner
capaci ty ofhponatognaphaviii).Cla trrefliing cordens er Nehydirextyspccantihédgonet er
and a Teflon

concentration of 16.4 percent by weight. This corresponds to

a yield on the basis of succinic acid of 94.7%.

[0067]

COMPARATIVE EXAMPLE 1

In a 300-ml three-necked flask equipped with a reflux
condenser, a thermometer and a Teflon (registered trademark)
mixing impeller as illustrated in FIG. 2 were placed 13.0 g
of hydroxylamine hydrochloride, 22.0 g of potassium carbonate,
and 50 g of acetic acid, and the temperature was held at 65°C
on an oil bath. One hour later, 17.71 g of succinic acid was
added to the mixture in the flask, and the temperature of the
0il bath was raised until reflux began in the reflux condenser
mounted to the flask. The reaction mixture was sampled and
analyzed by HPLC every one hour to f£find that the concentration
of N-hydroxysuccinimide stopped increasing five hours later
and became constant thereafter. The concentration of
N-hydroxysuccinimide at that time was 8.9 percent by weight.

This corresponds to a yield on the basis of succinic acid of

10.4%.



(registered trademark) mxing inpeller as illustrated in FIG 1 were

pl aced 150 g of acetic acid, 2.4 g of cyclohexane, and 53.1 g of succinic
acid, and the Dean-Stark fractionatingggnit was filled with cycl ohexane.
The tenperature of the oil bath was raised until reflux began in the
reflux condenser on the top of the Dean-Stark. Sinultaneously with the
begi nning of reflux, a 50 percent by wei ght aqueous hydroxyl am ne sol ution
was fed to the flask at a flowrate of 4.0 g per hour using a tubular
constant rate punp. Heating was term nated nine hours later. Water in the
aqueous hydr ox\lI%8%ide sol uti on and water by-produced as a result of the
reacti on underwent azeotropy wth cyclohexane, and the distillate cool ed
in the reflux EoH&édseér was separated into two |layers, i.e., an organic

| ayer and an aqueous |layer in the Dean-Stark fractionating unit. The
organi c |ayer @eyeIBHethELragenpcligs Fregklesdippechelthaskeanthtarkact i on
m xture was anal yzed by HPLC to find to have a N hydroxysuccini m de
concent r at A lofOnRE InGapdénta vingeinghiner FRra ddry et pdhad ans hayieed on
the basis of succinic acid of 91.9% [0070% COMPARATI VE EXAMPLE 2 To a
flask havifhgran FPhrietnCPERT t9° of L9080k df CheFremerr s aand | 2 uBeFheRd in
FIG 2 wegf |l aced 12.34 g of a 50 percent 45 by weight agueous

hydr oxyl am Fed EteAS O FeTg ey Bedine HRet lehRd 17193t 5abedsideElfi-c aci d.

The tenperature of the ojil bath ,
P f’were placed §$.4f'g of a 50 percent by weight aqueous

hydroxylamine solution, 150 g of acetic acid, 2.4 g of
cyclohexane, and 53.1 g of succinic acid, and the Dean-Stark
fractionating unit was filled with cyclohexane. The
temperature of the oil bath was raised until reflux began in
the reflux condenser mounted to the Dean-Stark. Heating was
terminated sixhours later. Water in the aqueous hydroxylamine
solution and water by-produced as a result of the reaction
underWentazeotropywithcyclohexane,andthedistillatecooled
in the reflux condenser was separated into two layers, i.e.,
an organic layer and an aqueous layer in the Dean-Stark
fractionating unit. The organic layer (cyclohexane layer)
was recycled to the flask. The reaction mixture was analyzed
by HPLC to find to have a N-hydroxysuccinimide concentration
of 13.4 percent by weight. This corresponds to a yield on the
bases of succinic acid of 64.9%.

[0069]

EXAMPLE 3

In a 300-ml three-necked flask equipped with a Dean-Stark



was raised until reflux began in the reflux condenser nounted to the
flask. The reaction m xture was sanpl ed and anal yzed by HPLC every one
hour to find that the concentration of ,, N-hydroxysucci ni m de stopped
increasing five hours later and becane constant thereafter. The
concentration of N-hydroxysuccinimde at that tine was 4.5 percent by
weight. This corresponds to a yield on the basis of succinic acid of
20.8% [0071] EXAWMPLE 4 In a flask having an inner capacity of 100 ml of a
reactor equipped with a Dean-Stark fractioning colum having an inner
capaci ty dofrddtidnasing uostriaethdg anFlGed capae iplyace® 0121 3hd having 50
percent by wei ght aqueous hydroxyl am ne solution, 0. 8 g of cycl ohexane,
50 g of acetrefhot d;oratehddr 8in gitod gt ar i tthemoirktand drve Delzant Strar k
fractionating unit was filled with cyclohexane. The tenperature of the oil
bat h was réaisgdstaned tneeferamk)beganng ningdeel Fexf alukl tosdemsed impEnced t o
the Dean-Stark. Heating was termnated five hours later. Water in the
aqueous hydrexeypdricesl $60ugi@h cared iwaber dby2 pf oglurfedyad chexesel, t anfl  t he
reacti on underwent azeotropy with cycl ohexane, and the distillate cooled
in the refduxl condenserinegs aséparane@dhenboant dbatrbyarasstionading anibr ganic
l'ayer and an aqueous |ayer in the - 46 Dean-Stark fractionating unit. The
organi ¢ | ay@$ {idhiddbmakaneyclaexyingas Trer feipe riad uriseof | Jlvk oiThbakbact i on
m xture was

was raised until reflux began in the reflux condenser on the

top of the Dean-Stark. Simultaneously with the beginning of
reflux, a 50 percent by weight aqueous hydroxylamine solution
was fed to the flask at a flow rate of 4.0 g per hour using
a tubular constant ratepump. Heatingwasterminatedninehours
later. Water in the aqueous hydroxylamine solution and water
by-produced as a result of the reaction underwent azeotropy
with cyclohexane, and the distillate cooled in the reflux

condenser was separated into two layers, i.e., an organic layer
and an aqueous layer in the Dean-Stark fractionatingunit. The
organic layer (cyclohexane layer) was recycled to the flask.
The reaction mixture was analyzed by HPLC to find to have a
N-hydroxysuccinimide concentration of 19.2 percent by weight.

This corresponds to a yield on the basis of succinic acid of

91.9%.
[0070]
COMPARATIVE EXAMPLE 2
To a flask having an inner capacity of 100 ml of a reactor

as illustrated in FIG. 2 were placed 12.34 g of a 50 percent



~analyzed by HPLC to find to have a N-hydroxyglutarimde concentration of
4.9 percent by weight. This corresponds to a yield on the basis of
glutaric acid of 36.7% [0072] COWMPARAJIVE EXAMPLE 3 The procedure of
COVMPARATI VE EXAMPLE 2 was repeated, except for using 19.81 g of glutaric
acid instead of 17.71 g of succinic acid. The concentration of
N- hydr oxyglurari m de stopped increasing six hours |ater and becane
constant thereafter. The concentration of N hydroxyglurarimde at that
time was 3.0 percent by weight. This corresponds to a yield on the basis
of gl utariky geighsfaqpeaes O3]yl EXAMPEELBtThe, prbgediireedfi EXAMRLE 2 was
repeated, except for using 21.92 g of adipic acid instead of 19.81 g of
glutaric &1 ldsdd Jitf ExAPEYacThe cHire demPsriadhref oR-HyelcdxXyRatpi ni de
in the reaction m xture_sanpled eight hours later was 2. 9 percent by
wei ght. THI&S &ereeshBRas Lt Behlyx dePash iphehpaes sl w cagidsinseraspunsfd19. 7%
[0074] COVPARATI VE EXAVPLE 4 The procedure of COVPARATI VE EXAMPLE 2 was
repeat ed, exdép flagk. fdheuseagt dangpigtere aMpisempdied enst aadlyred7r. 71 g
of succinic acid. The concentration of N hydroxyadi pi m de stopped

by HPLC every one hour to find that thé concentration of

N-hydroxysuccinimide stopped increasing five hours later and

became constant thereafter. The concentration of

N-hydroxysuccinimide at that time was 4.5 percent by weight.

This corresponds to a yield on the basis of succinic acid of

20.8%.

[00711]

EXAMPLE 4

In a flask having an inner capacity of 100 ml of a reactor
equipped with a Dean-Stark fractioning column having an inner
‘capacity of 10 ml as illustrated in FIG. 1 were placed 12.34
g of a 50 percent by weight aqueous hydroxylamine solution,
0.8 gof cyclohexane, 50 gof aceticacid, and 19.81 g of glutaric
acid, and the Dean-Stark fractionating unit was filled with
cyclohexane. The temperature of the oil bath was raised until
reflux began in the reflux condenser mounted to the Dean-Stark.
Heating was terminated five hours later. Water in the aqueous
hydroxylamine solution and water by-produced as a result of
the reaction underwent azeotropy with cyclohexane, and the
distillate»cooled in the reflux condenser was separated into

two layers, i.e., an organic layer and an aqueous layer in the



increasing six hours |ater and becane constant thereafter. The
concentration of N hydroxyglurarimde at that tinme was 0.8 percent by

wei ght. This corresponds to a yield 9n4%h§ basis of glutaric acid of 5.4%
[0075] EXAMPLE 6 In a flask having an inner capacity of 100 ml of a
reactor equipped with a Dean-Stark fractioning colum having an inner
capacity of 10 m as illustrated in FIG 1 were placed 12.34 g of a 50
percent by wei ght aqueous hydroxyl am ne solution, 50 g of xylene, and
17.71 g of succinic acid, and the Dean-Stark fractionating unit was filled
w th xyl eneeafh®tdenperatipeatdhgtire tai | Thatdrgsasi a baged (uptibheebhex began
“in the reflux condenser nounted to the Dean-Stark. Heating was term nated
ei ght hourkayat ervaditecy¢ied heo athuedlisa dlydr Gyl areede isal otikonreandswat er
by- produced in the reaction underwent azeotropy with xylene, and the

di still at eamabyzedilny t heL¢ efo| iknd ondensee aaS-hgeépaxnyedtantrnidew | ayers,
i. e. , an organic |ayer and an aqueous |layer in the Dean-Stark

fracti onattogcemiratiive of darfl eelrapert byxyeeget| ayBris was nesgyprided tbo t he
flask. The reaction mxture was cooled to roomtenperature, and a solid
was preci prtatetdd omhehgobadinasffgleratred, agas dfi@d.at.55C in vacuo and
was weighed to find that the weight was 14.2 g. The concentration - 48 of
N- hydr oxysucci niddde in this solid was anal yzed by HPLC to find to be 48.7

percent by weight. This corresponds to a yield
COMPARATIVE EXAMPLE 3

The procedure of COMPARATIVE EXAMPLE 2 was repeated, except
forusing 19.81 gof glutaric acid instead of 17.71 g of succinic
acid. The concentration of N-hydroxyglurarimide stopped
increasing six hours later and became constant thereafter. The
concentration of N-hydroxyglurarimide at that time was 3.0
percent by weight. This corresponds to a yield on the basis
of glutaric acid of 12.9%.

[0073]

EXAMPLE 5

The procedure of EXAMPLE 2 was repeated, except for using
21.92 g of adipic acid instead of 19.81 g of glutaric acid used
in EXAMPLE 4. The concentration of N-hydroxyadipimide in the
reaction mixture sampled eight hours later was 2.9 percent by

weight. This corresponds to a yield on the basis of adipic

acid of 19.7%.
[0074]
COMPARATIVE EXAMPLE 4

The procedure of COMPARATIVE EXAMPLE 2 was repeated, except



-on the basis of succinic acid of 40.4% [0076] COVPARATIVE EXAMPLE 5 In a
flask having an inner capacity of 100 mMl of a reactor as illustrated in

FIG 2 were placed 12.34 g of a 50 pergent by wei ght aqueous hydroxyl am ne
solution, 50 g of xylene, and 17.71 g of succinic acid. The tenperature of
the oil bath was raised until reflux began in the reflux condenser nounted
to the flask. The reaction m xture was sanpled and anal yzed by HPLC every
one hour to find that the concentration of N hydroxysuccinim de stopped
increasing eight hours |ater and  becane constant thereafter. The reaction
m xt ure waLcBLBE 2} 007 Goff tahiperatgie iapbead i iLd - vdsg pfeehprinied. The
solid was filtrated, was dried at 55C in vacuo and was weighed to find
that the &ight WA§ E£Ing8NGratienc e mhwakhiosy ask piRisled sERPSSeci ni ni de in
this solid was anal yzed by HPLC to find to be 9.6 percent by weight. This
cor r espond* G5 &P %P 4= GP U ShEr RS F‘éldd?e%%%i?ﬁpét%g&h@freﬁff%r I 0'817?]
EXAMPLE 7 In a flask equi pped with a Dean-Stark fractionating unit were

pl aced 10 PHFEPEIET 125 N dhiri e, v oor frbie Rletiratacione wy @0 g of
hexane, and the m xture was heated on a bath at - 49 100C. After checkin

. : : g
that refl BEWETHN BhdeRE tenpBi- 8t GPETS8PORAR FeatyigH dhiowt he PadéRed 74C,

6. 66 of a 50 percent
9 of glLPtaric acid of 5.4%.

[0075]

EXAMPLE 6

In a flask having an inner capacity of 100 ml of a reactor
equipped with a Dean-Stark fractioning column having an inner
capacity of 10 ml as illustrated in FIG. 1 were placed 12.34
g of a 50 percent by weight aqueous hydroxylamine solution,
50 g of xylene, and 17.71 g of succinic acid, and the Dean-Stark
fractionating unit was filled with xylene. The temperature
of the oil bath was raised until reflux began in the reflux
condenser mounted to the Dean-Stark. Heating was terminated
eight hours later. Water in the aqueous hydroxylamine solution
and water by-produced in the reaction underwent azeotropy with
xylene, and the distillate cooled in the reflux condenser was
separated into two layers, i.e., an organic layer and an agqueous
layer in the Dean-Stark fractionating unit. The organic layer
(xylene layer) was recycled to the flask. The reactionmixture
was cooled to room temperature, and a solid was precipitated.
The solid was filtrated, was dried at 55°C in vacuo and was

weighed to find that the weight was 14.2 g. The concentration



by wei ght aqueous hydroxyl am ne sol uti on was added dropwi se. The m xture
was stirred for two hours while controlling its tenperature to a range
from70C to 74C and renoving water. _The reaction mxture was anal yzed by
HPLC to find that N, N -di hydroxypyronellitic diimde was produced in a
yield of 70%w th a conversion frompyronellitic anhydride of 80% [0078]
COVPARATI VE EXAMPLE 6 In a flask were placed 10 g of pyronellitic anhydride
and 90 g of acetic acid, and the m xture was heated on a bath at 80C.
After the tenperature of the m xture reached 77C, 6.66 g of a 50 percent
by wei ght @filetys]dopgrsoxcydiammieles dhuthoe sweisid addeanadi ppadi S8y HPRE toxt ur e
was stirred for two hours while <controlling the tenperature thereof to a
range fronfiixCtioobe 8@C.7 phecertdiy erighxt urehivas canalspoed sbyo HPEC=1ad fi nd
that N, N -di hydroxypyronellitic diimde was produced in a yield of 42%
with a conversierdsom e roanetinic caanhyalf i 4@. 5. 70% [0079] EXAMPLE 8 A
200-m three-necked flask was equi pped with a punp for feeding acetic
acid, a liquid-Iéd] neter, and a Dean-Stark fractionating unit. The
Dean-Stark fractionating unit was equipped with a punp for liquid
extracti on. Th&AMRARAI-IVBY SIXAMEE ret er ganged with the punp for feeding
acetic acid and was so configured as to keep the liquid level in the flask
const ant In a flask having an inner capacity of 100 m1 of a reactor

as illustrated in FIG. 2 were placed 12.34 g of a 50 percent

by weight aqueous hydroxylamine solution, 50 g of xylene, and

17.71 g of succinic acid. The temperature of the oil bath was

raised until reflux began in the reflux condenser mounted to

the flask. The reaction mixture was sampled and analyzed by

HPLC every one hour to find that the concentration of

N-hydroxysuccinimide stopped increasing eight hours later and

became constant thereafter. The reaction mixture was cooled

to room temperature, and a solid was precipitated. The solid

was filtrated, was dried at 55°C in vacuo and was weighed to

find that the weight was 13.23 g. The concentration of

N-hydroxysuccinimide in this solid was analyzed by HPLC to find

to be 9.6 percent by weight. This corresponds to a yield on

the basis of succinic acid of 7.1%.

[0077]

EXAMPLE 7

In a flask equipped with a Dean-Stark fractionating unit
were placed 10 g of pyromellitic anhydride, 90 g of acetic acid,

and 20 g of hexane, and the mixture was heated on a bath at



by feeding acetic acid. In the flask were placed 54.9 g of acetic acid, and
50.8 g of a salt between hydroxylam ne and succinic acid (a 1:1 salt of
hydr oxyl am ne and succinic acid), and fde_m xture was held under reflux
for ten hours. The content in the reactor was analyzed by HPLC at this
point of time to find that N hydroxysuccini m de and N hydroxyacetan de were
produced in vyields of 70.1% and 9.8% respectively. The punp nounted to
the Dean-Stark fractionating unit was then set in notion so as to extract
the mxture in the fractionating unit at a rate of 10 g per hour, and the
punp for flEEbCng AfeeT cChrslinasthasgrefdax hegnst pod sbeasempekadprehe
liquid level in the flask constant. The content in the reactor was

anal yzed Bf HbECrEiagd iRsund xtarer repsheind4thatt Mhyadiodx s G€cParaedé and

N- hydroxyacet anmi de were produced in yields of 94.6%and 3.7%

respect i vél¥ WeLgBSORIUEONPARNT &Y EMPE B Tl Uheos ats afldent repwageti ¢ aci d
and the salt between hydroxylam ne and succinic_ acid as EXAMPLE 8 were

pl aced i n Th @S g as Gt id sexAvmLEWS, haNdst WBihexcarEread inel dtander
reflux. At the beginning of reflux, the punp mounted to the Dean-Stark
fracti onatiSTPUHRA I HRLS & TPRIFotiroR t/8°ext? atd"G Red FeRPUied Haths -
fractionating unit at a rate of 10 g per hour, 51 and the punp for feeding
acetic aci L EPB AT HbtTDh dRDLKeRD RPIFEGUEEQ Tevél thatthe f1ask

constant. Ten Q?urs | at er . . , ,
N,N'-dihydroxypyromellitic diimide was produced in a yield of

70% with a conversion from pyromellitic anhydride of 80%.

[0078]

COMPARATIVE EXAMPLE 6

In a flask were placed 10 g of pyromellitic anhydride and
90 g of acetic acid, and the mixture was heated on a bath at
80°C. After the temperature of the mixture reached 77°C, 6.66
g of a 50 percent by weight aqueous hydroxylamine solution was
added dropwise. The mixture was stirred for two hours while
controlling the temperature thereof to a range from 77°C to
80°C. The reaction mixture was analyzed by HPLC to find that
N,N'-dihydroxypyromellitic diimide was produced in a yield of
42% with a conversion from pyromellitic anhydride of 70%.

[0079]

EXAMPLE 8

A 200-ml three-necked flask was equipped with a pump for
feeding acetic acid,'a liquid-level meter, and a Dean-Stark
fractionating unit. The Dean-Stark fractionating unit was

equipped with a pump for liquid extraction. The liquid-level



the content in the reactor was anal yzed by HPLC to find that
N- hydr oxysucci ni m de and N hydroxyacetam de were produced in vyields of
54. 4% and 44.5% respectively. | ndusgr%gl _Applicability [0081] According
to the present invention, cyclic N hydroxyim de conmpounds can be produced
in good yields fromany of cyclic polycarboxylic acid anhydrides and
pol ycarboxylic acids, and the utilization rate of the raw materi al
conponent can be significantly inproved. The resulting cyclic
N- hydr oxyi m de conpounds are useful typically as oxidizing agents for use
in devel opetsr famgehbtiaghaphs, pueadent Sckaingyatbet ccatiy amt epar sbg
pepti des, oxidizing catalysts, internmediates for synthetically preparing
i nsecti ci desnfagdredias atoksepothepdiyaedi katdebnin edct ifdask coh2tan€LAl M5
1. A process for producing cyclic N hydroxyim de conpounds, conprising the
step of albpwieedingyatéttipohytdr boxylic acid anhydride, a pol ycarboxylic
acid, or a mxture of themto react wth hydroxylam ne or a salt thereof
in an organi c sl vért fhhskewerarplaced ddt. dewafexcagit eadiir elmyl p0eBd a
correspondi ng cyclic N-hydroxyi m de conpound. 2. The process for producing
cyclic N hydrforydanitdeetwrpoungdroagtontiagndosetaimid,aqitterein: 1 kelcyclic
pol ycarboxylic acid anhydride is a conpound represented by foll ow ng
For mul a (19f hydroxylamine and succinic acid), and the mixture was held
under reflux for ten hours. The content in the reactor was
analyzed by HPLC at this point of time to find that
N-hydroxysuccinimide and N-hydroxyacetamide were produced in
yields of 70.1% and 9.8%, respectively. The pump mounted to
the Dean-Stark fractionating unit was then set in motion so
as to extract the mixture in the fractionating unit at a rate
of 10 g per hour, and the pump for feeding acetic acid was also
set inmotionsoas tokeeptheliquidlevel inthe flask constant.
The content in the reactor was analyzed by HPLC five hours later
to find that N-hydroxysuccinimide and N-hydroxyacetamide were
produced in yields of 94.6% and 3.7%, respectively.
{0080]
COMPARATIVE EXAMPLE 7
The same amounts of acetic acid and the salt between
hydroxylamine and succinic acid as EXAMPLE 8 were placed in
the same reactor as EXAMPLE 8, and the mixture was held under
reflux. At the beginning of reflux, the pump mounted to the

Dean-Stark fractionating unit was set in motion to extract the

mixture in the fractionating unit at a rate of 10 g per hour,



‘[Chemical Formula 1] RRa Re (1) Rd n Re REQ\p wherein R, R', RC, Rd,
Re and Rf are the sane as or different fromone another and each
represents hydrogen atom a hal ogen —agpm. an al kyl group, a hal oal kyl
group, an aryl group, an aral kyl group, a cycloal kyl group, hydroxyl

group, an al koxy group, carboxyl group, a substituted oxycarbonyl group, a
substituted or unsubstituted carbanoyl group, an acyl group, an acyl oxy
group, sulfo group, a substituted oxysul fonyl group, a substituted or
unsubstituted sul fanoyl group, nitro group, a substituted or unsubstituted
am no gr o9 R Jo&d teedings astticueEd SpHaspReKe §ebupn BPLHOD
substituted or - 53 _unsubstituted phosphonooxy group, where at |east two
of Ra, R&F° KeePrdie Redand W%yn@%ggﬁ?h@fﬁ?%-m AeaGIES bBRATWI t h

an adj acent car bon-carbon bond or to forman aromatic or non-aromatic ring
with an adiMc&M R DR SRS BRCEQF LBRS chad hy 2edrY Wi tond1eenpBakd may
have two Qr @%{e cyclic acid anhydride skel etons per nolecule; and n

denot es 0,N T XYY 656! FohYPrBdierREARY ERi €1 MFREAhTge
comeunds' S5ier e gelalnd apereln (he,cxel o pol yearbonyl ¢ acic
9|Utaric‘%HH%%@%&%l‘ﬁggﬁﬁéa fﬁgyyride, trimellitic

[0081]

According to the present invention, cyclic N-hydroxyimide
compounds can be produced in good yields from any of cyclic
polycarboxylic acid anhydrides and polycarboxylic acids, and
the utilization rate of the raw material component can be
significantiy improved. The resulting cyclic N-hydroxyimide
compounds are useful typically as oxidizing agents for use in
developers for photographs, reagents for synthetically
preparing peptides, oxidizing catalysts, intermediates for
synthetically preparing insecticides, and initiators for

polymerization reactions.



anhydride, pyronellitic nonoanhydride, pyronellitic dianhydride,

1, 8- napht hal enedi car boxyl i c anhydri de, 2, 3-naphthal enedi carboxylic
anhydride, 1,4,5,8- naphthalenetetracag%ogylic nonoanhydri de,

1, 4,5, 8- napht hal enet etracar boxyl i ¢ di anhydri de,

2, 3, 6, 7- napht hal enet et racar boxyl i ¢ nonoanhydri de, and
2,3,6,7-naphthalenetetracarboxylic di anhydride. 4. The process for
produci ng cyclic N-hydroxyi m de conpounds according to claiml1, wherein

t he pol ycarboxylic acid is a conpound represented by follow ng Fornul a
(2): [Chemical Fornula 2] - 54 - . RA&LEOOH Re Rd (2) COOH Re Rf wherein

Ra, Rb, R ﬁﬂ, ge and Rffare t he same as.or different, ({0n1one agother and
each represents egse% QE IR OD HAIDGER LSO Y TP WA A4 FBRBOUBYRal oal ky!

, | k | k . -hyd

o oun. an Srtesst oY ety SPEERY 4 LT EitaE %%f@g&&%n%%é{oup, a
b d bst

oroup - surter et R b T et Ru S A oRb  BEBEREE o P BEB f Bedtor

“”S“bSt't“tedh%“'E%Qg amg%%%%ffﬂtlttgégggfleanorganicsolventwhile

carrying out dewatering to thereby yield a corresponding cyclic

N-hydroxyimide compound.

2. Theprocess forproducingcyclicN-hydroxyimide compounds
according to claim 1, wherein the cyclic polycarboxylic acid
anhydride is a compound represented by following Formula (1):
[Chemical Formula 1]

a
ﬁR C//O

RS \

e P 1)

R®gf C\\o

wherein R®*, R®, R®, R% R® and Rf are the same as or different
from one another and each represents hydrogen atom, a halogen
atom, analkyl group, ahaloalkyl group, anaryl group, anaralkyl
group, a cycloalkyl group, hydroxyl group, an alkoxy group,
Carboxylgroup,zasubstitutedoxycarbonylgroup,zisubétituted
or unsubstituted carbamoyl group, an acyl group, an acyloxy
group, sulfo group, a substituted oxysulfonyl group, a

substituted or unsubstituted sulfamoyl group, nitro group, a
substituted or unsubstituted amino group, a substituted or

unsubstituted phosphono group, or a substituted or



substituted or unsubstituted am no group, a substituted or wunsubstituted
phosphono group, or a substituted or unsubstituted phosphonooxy group,
where at least two of Ra, Rb, Re, Rd,-Re and RE may be conbined to forma
doubl e bond with an adjacent carbon-carbon bond or to forman aromatic or
non-aromatic ring with an adjacent carbon atom or carbon chain, and where
the conmpound may have two or nore pairs of carboxyl groups capabl e of
formng a cyclic imde skel eton per nolecule; and n denotes 0, 1 or 2. 5.
The process for producing cyclic N hydroxyinm de conpounds according to
claim1, wrendistitthe esbiprescbonddxy apialin,s witerd eastlease compodn®’sel ect ed
fromsucm nlc aC|d gautarlc acid, adipic acid, phthalic acid, trinellitic
acid, pyr &rel Rit RE, & dnd B @amalp@tdmm@raﬂ cta?rﬁoxmla clcadildy bonB5wi th
2, 3- naphthalenedlcarboxyllc acid, 1,4,5, 8-naphthal enetetracarboxylic acid,
and 2, 3, 6,an mmmtemlélmmmylb@@mrd.tc&fom gor cosssaitfior gor oduci ng
cycli cN-hydroxyi m de conpounds according to any one of clainms 1 to 5,
further commriasionptusi ngngav tdy gardy asmntenarbapatiican of aardegohagn,
azeotropy with water as all or part of a reaction solvent and carryi ng out
the react iz whhrpdheepompoignaapsrhdrohve v nese cyon isystiembhydzéder opy
with the organic solvent. 7. The process for producing
cyclicN hﬁiﬁ%a@ﬁ%%@@bﬁwme;a@mm menaraes &1.m16,0f Ukt her conpri si ng
recycling an azeotropic

. Theprocess forproducingcyclicN-hydroxyimide compounds

according to claim 1, wherein the cyclic polycarboxylic acid
anhydride is at least one compound selected from succinic
anhydride, glutaricanhydride, phthalicanhydride, trimellitic
anhydride, pyromellitic monoanhydride, pyromellitic
dianhydride, 1,8-naphthalenedicarboxylic anhydride,
2,3—naphthalénedicarboxylic anhydride,
1,4,5,8-naphthalenetetracarboxylic monoanhydride,
1,4,5,8-naphthalenetetracarboxylic dianhydride,
2,3,6,7-naphthalenetetracarboxylic monocanhydride, and
2,3,6,7-naphthalenetetracarboxylic dianhydride.

4. Theprocess forproducingcyclicN-hydroxyimide compounds
according to claim 1, wherein the polycarboxylic acid is a
compound represented by following Formula (2):

[Chemical Formula 2]



distillate after renoving water therefromto the reaction system 8. The
process for producing cyclic N hydroxyi m de conpounds according to one of
claims 6 and 7, wherein the organic so% ent is at |east one selected from
carboxylic acids, esters, ketones, altphatic hydrocarbons, alicyclic

hydr ocar bons, aromatic hydrocarbons, al cohols, and hal ogenat ed

hydr ocarbons. 9. The process for produci ng cyclic N hydroxyi m de conpounds
according to any one of claims 1 to 8, further conprising carrying out the
reaction while continuously or intermttently adding an aqueous

hydr oxyl ani ne sgljut i @}to t he reaction system 10. The process for

pr oduci ng cyckgc N- oxyi m de conpounds according to any one of clains 1
to 5,‘conprisE a first stef@of allowing a cyclic polycarboxylic acid
anhydride, - 56 Pycarboxylic acid, or a mxture of themto react with
hydr oxyl am ne @ega salt thereof in an organic solvent for predeterm ned
time without dewatering, and a second step of <carrying out the reaction
whil e con i watering.  41. .dhe ecess for producin lic
N—hydroxy?ﬁg%%gg%gﬁbo%hﬁgﬁgcg%fd%néiCg%CI%ﬁ?nHﬂf %%Wﬁwﬁﬁwo hgxgﬁﬁﬁﬁpg

sol vent ' fﬁ&ﬁioglevgﬂ%}tﬁ%‘%agkﬁZeogcll'ﬁlg:re‘?r%%e%tdseﬂyg%lgtglagnéggnw%nFﬁ%’ilo%gn

product wi roxylamne: rocess fo uci ng cyclic

N- hydr oxyi m n cqrdi tQ -C 1 rein the ar
sol vent i%lgﬁhgﬁgba b&%ﬁ§§'§§%$%%%ﬁ%k§on 1%hég¥%g%%9 A a %@Ey&

n

on a
group, a cycloalkyl group, hydroxyl group, an alkoxy group,

carboxyl group, a substituted oxycarbonyl group, a substituted
or unsubstituted carbamoyl group, an acyl group, an acyloxy
group, sulfo group, a substituted oxysulfonyl group, a
substituted or unsubstituted sulfamoyl group, nitro group, a
substituted or unsubstituted amino group, a substituted or
unsubstituted phosphono group, or a substituted or
unsubstituted phosphonooxy group, where at least two of R%,
R®, R%, R% R°® and Rf may be combined to form a double bond with
an adjacent carbon-carbon bond or to form an aromatic or
non-aromatic ring with an adjacent carbon atom or carbon chain,
and where the compound may have two or more pairs of carboxyl
groups capable of forming a cyclic imide skeleton per molecule;
and n denotes 0, 1 or 2.

5. Theprocess forproducing cyclicN-hydroxyimide compounds
according to claim 1, wherein the polycarboxylic acid is at
least one compound selected from succinic acid, glutaric acid,
adipicacid, phthalicacid, trimelliticacid, pyromelliticacid,

1,8-naphthalenedicarboxylic acid,



- 55 -

2,3-naphthalenedicarboxylic acid,
1,4,5,8-naphthalenetetracarboxylic acid, and
2,3,6,7-naphthalenetetracarboxylic acid.

6. Theprocess forproducingcyclicN-hydroxyimide compounds
according to any one of claims 1 to 5, further comprising using
an organic solvent capable of undergoing azeotropy with water
asall orpart of areaction solvent and carryingout the reaction
while removing water from the reaction system by azeotropy with
the organic solvent.

7. Theprocess for producingcyclicN-hydroxyimide compounds
accordingtoclaimé6, further comprisingrecyclinganazeotropic
distillate after removing water therefrom to the reaction
system.

8. Theprocess forproducingcyclicN-hydroxyimide compounds
according to one of claims 6 and 7, wherein the organic solvent
is at least one selected fromcarboxylicacids, esters, ketones,
aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons, alcohols, and halogenated hydrocarbons.

9. Theprocess forproducing cyclicN-hydroxyimide compounds
accordingtoanyoneofclaims1to8, further comprisingcarrying
out the reaction while continuously or intermittently adding
an aqueous hydroxylamine solution to the reaction system.

10. The process for producing cyclic N-hydroxyimide
compounds according to any one of claimé 1 to 5, comprising

afirst stepofallowingacyclicpolycarboxylicacidanhydride,



- 56 -

a polycarboxylic acid, or a mixture of them to react with
hydroxylamine or a salt thereof in an organic solvent for
predetermined time without dewatering, and a second step of
carrying out the reaction while conducting dewatering.

11. The process for producing cyclic N-hydroxyimide
compounds according to claim 10, wherein the organic solvent
is a solvent capable of forming a dehydration-condensation
product with hydroxylamine.

12. The process for producing cyclic N-hydroxyimide
compounds according to claim 11, wherein the organic solvent

is a monocarboxylic acid having one to eight carbon atoms.



