- 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 conmpounds. Mre specifically, it relates
to processes for producing a correspopding cyclic N-hydroxyim de conpound
by all owi ng a pol ycarboxylic acid or “a cyclic acid anhydride thereof to
Teact with 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 synthetically preparing peptides, oxidizing
catal ysts, intermedi ates for synthetlcal&y preparing insecticides, and
dnitiators for polynerization r et NBackground Art [0002] Wdely

known pro f oxyim_de ounds are
processes%§§é§$? ﬁg%qﬁgﬂﬂﬁgﬁgkgigﬁégaﬂﬁ ‘ﬁgy]Wgtﬁé§9ﬁngpﬁﬂshydroxylanine.
Japanese 5Q85§f&£fq?@9f9 Application Publication No. 2001-233854

di scl oses process producing a cyclic N-hydroxyimnm de conpound by

allowing a cygjdogjacid anhydride to react with hydroxylamne in a
carboxylic acid solvent Thi s process, however, cannot be said to be

industrially sgid pEastRf invelntgent he &l @oogré&gs%ckbf pridt¥gpgxyi m de

conpound on the basis of the cyclic acid anhydri
cyclic N-hydroxyimide compounds. More specifically, 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,intermediatesforsyntheticallypreparing
insecticides, and initiators for polymerization reactions;
Background Art

[0002]

WidelyknownprocessesforproducingcyclicN—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
cyclicacidanhydride toreactwithhydroxylamine inacarboxylic
acid solvent. This process, however, cannot be said to be
industrially satisfactory, since the yield of the cyclic

N-hydroxyimide compoundonthebasisof the cyclicacidanhydride




2 is as low as 60%to 70% Japanese Patent No. 3288682 discloses a
. process of producing a cyclic N-hydroxyim de compound by allowing a cyclic
aci d-anhydride to react with a hydroxylamne salt in a solvent w thout
addi ng. a base. The yield of the cyclic N hydroxyim de conpound accordi ng
to this process  significantly vari 8s2from 40%to 90% and a hi gher yield -
is achieved when the hydroxylam ne salt is used in an anount of about two
tinmes by nole that of the cyclic acid anhydride. [0003] As is described
above, the conventional processes of producing a cyclic N hydroxyim de :
conpound by the reaction between a cyclic acid anhydride and hydroxyl am ne
show | ow yishds owods t60& ity FORC NFapedremeyPat et donBAssdsandifeldxases of the
cyclic acid anhydride and offer low utilization rates of the cyclic acid
anhydri de.a Anogssisbbé popdt¢ong to dymdov¥-hiydsokgimbdoempovaddbyeuse of
unreacted cyclic acid anhydride, but this invites extra cost typically for
faciliti e¥lowingcd ¢eey)igrmridanbydnbis tal rsacti vatdhanhugdeoxwlamine yiel d of
the cyclic _N-hydroxyi m de conpound is increased by using an excess anount
of hydr oxyidf Heatelmee tefidihtridinghmpasede, Thruy e+ ofithe geslicg
decr eased é{;’l i zati,on rate of hydroxylam ne and.is also economcally
di sadvant &5" GEoxyaBHge CR?B%?“’&%%@&“EOF%FBH%C?W%I i ¢ N-hydroxyi m de
conpounds scg_%sn%.r i%%gth.g} x(rjgg:ll:'ense rsomu%%%atgygé)%,c aancci da %ngg{rl gféld 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 show lowyields
of the cyclic N-hydroxyimide compound on the bases of the cyclic
acid anhydride and offer low utilization rates of the cyclic
acidanhydride. Apossiblesolution to improve thisis 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 conponent to be
.reacted with hydroxylamine or a salt thereof. Consequently, it is
substantially inpossible to yield a cyclic N-hydroxyim de conmpound 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 hydroxyimde conpound directly fromthe

di carboxylic acid, bypassing a cyclic acid anhydride. This process avoids
the step of converting the dicarboxylic acid into a cyclic acid anhydride
and i s ecBRbRCWaFTRL MR 1 CAFPRNRY AdEAT drypT eafawmahke plahcospskent 0005]

Pat ent -Docunent 1: Japanese. Unexani ned Patent Application Publication No.
2001- 233859 PAtEc &’H‘E?ﬁ hydrgxybapee o énsans. thoBseB2 Di scl osure of

I ti Pr obl to be .Sol by .t I ti, 00Q6] A i ngly,

obj oct of CORES BT fﬁ&sﬁﬁbﬁ%aritﬂta@"lyp{‘%a%”j@g%%ep{%gés dfa;‘i%%f{:)%ﬂciynga”
yclic N |G i L Vi \ cyclic
STy car b iy RS OORBHAS £hlh 4000 AR I E R ERLRIGENE. b ect of

the presepts] AN QN doBivhPsPEAVIHE & KI8T amiPHN NI £¥EL T C
N-hydroxyi m de conpounds wth a
in the case of a dicarboxylic acid being readily converted into
a cyclic acidvanhydride, demands have been madé 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.

[6005]

Patent Document 1l: 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 cyclicN-hydroxyimide compounds
ingood yields 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 a correspondi ng cyclic

-N- hydr oxyi m de conpound can be producgd in a good yield by allomnng a
cyclic.polycarboxylic acid anhydride or a pol ycarboxylic acid to react with
~hydroxyl ami 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 cyclic N-hydroxyi m de conpounds, conprising the step of allow ng
a cyclic polghcatbéighttorcrakanhly dhedeawamapet yehrdoxydnentaci d, or a

m xture of themto react with hydroxylanmine or a salt thereof in an
organi ¢ sdfepast Teti Pelving riiqdPritlegewat ering to thereby yield a
correspondi ng CéC|IC N- hydr oxyi m de conmpound. [0009] The cyclic
polycarboxyllc gog! anhydri de includes a conpound represented by foll ow ng

Formula (1): eni cal_ Formul g 0
(1) [g?ter fhten31ve 1nvLst1gatlons to 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 remoﬁing 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 cyciic polycarboxylic acid anhydride includes a
compound represented by following Formula (1):

[Chemical Formula 1]




Re Rd n {1) Re Rf 00 wherein Re, Rb, Rc, Rd, Re and Rf are the same as or
different. fromone another and each represents hydrogen atom a hal ogen
atom an al'kyl group, a hal oal kyl group, an aryl group, an aral kyl group,
a cycl oal kyl "group, hydroxyl group,_q?_glkoxy 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 substituted or unsubstituted am no group, a substituted or
unsubsti t ut ed Mbsgnpno group, or a substituted or wunsubstituted
phosphonooxy “Wwhere at least two of Re, Rb, Rc, Rd, Re and Rt may be
conbined to R nla\gouble bopnd with an adjacent carbon-carbon bond or to
form an ar onkfve or/ non-arggatic ring with an adjacent carbon atom or
carbon chain, pe 'ﬁfere t he conpound may have two or nore cyclic acid
anhydri de- skel Bt on per nolecule; and n denotes 0, 1 or 2. [0010] The
cyclic polécarboxylic acid aphydride can be, for exanple, at |east one

conpound ¥eeERiRdF r B RiecRhi BarmmdR dere tgleusanecaanhy driifferepht hal i ¢

anhydride, trinellitic anhydride, pyronellitic nonoanhydride, pyronellitic
di anhydr i 48°™ °PegapgphehaAréhearh anpepens sakygendaeatem, 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, tr 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,
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 fromsuccinicanhydride,
glutaricanhydride,phthalicanhydride,trimelliticanhydride,
pyromellitic monoanhydride, pyromellitic dianhydride,

1,8-naphthalenedicarboxylic anhydride,




2, 3- napht hal enedi car boxyl i ¢ anhydride, 1,4,5, 8-naphthal enetetracarboxylic
nonoanhydride,. - 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- napht hal enet etracar boxyl i c di%nhydride. [0011] The pol ycarboxylic
acid includes a conpound represented °by following Formula (2): [ Chemi cal
"Formula 2] |,R COON Rdc (2) GCoOH ReEf wherein Ra, Rb, Rc, Rd,Re and Kf
are the sane as or different fromone another and each represents hydrogen
atom -a halogen 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,

car boxyl @2oimaphthelisnietdtedboxytbae borpdmgrdsup, a substituted or
unsubstituted carbanoyl group, an acyl group, an acyloxy group, sulfo
group, a slwﬁnﬁd&nna@héﬁ?gﬁnﬁﬁﬁyragﬁthRXYLic sgpornhydedder unsubstituted
sulfanDyIu?rou , hitro group, a substituted or _ unsubstituted am no group,

a subst it utety o8 nAREHHSLPREE 8B pFRIMNOHG rdaphyeEidesubsti t ut ed or
unsubstitu gg' sphonooxy group, ere at | east of Ra, Rb, R Rd, Re
and Rf nrayé @&Orﬂﬂarﬁ’g’&%ﬁéeflg?;ﬁ‘ﬁgaﬁ%ﬂ‘b‘?’@’ %@%Oﬁﬁh\{}g“de' and
'~ 2,3,6,7-naphthalenetetracarboxylic dianhydride.
 [0011]
The polycarboxylic acid includes a compound represented
' by following Formula (2):
[Chemical Formula 2]
' a
.RPR
RC

Rd
COCH
R® rE

COOH
| 2

" 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 Ra;
Rb., ‘Rc, 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 adj acent carbon atom or carbon chain, and where the conpound
may have two or nore pairs of carboxyl groups capable of fornming a cyclic
i m de skel eton per nolecule; and n_dfnptes 0, 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-naphthal enetetracarboxylic
acid, and 2,3, 6, 7-napht hal enetetracarboxylic acid. [0013] In the

product i oRCPreEeRatiq ring wirdsan pddacpat cagbongdvincor sekbentcheapabl e of
under goi ng azeotropy with water is used as all or part of a reaction

sol vent agradt“r‘i?eel?eeféﬁ SRR URG MEYeRa Ve W WAF | RO T BBV RGO IWefB&PORY &m t he

reaction systemb eot .Wth the organic solvent. In _this case, the
azeot r opi gléo'(i?gt‘jla%?gﬁg Océﬁg%xﬂlrr‘%éﬁxcg&ct tHeskebrtovReE AR LSS t er
renovi ng ter eref rom. The ,organi ¢ sol vent can be, for exanple, at

| east oneagglge%%ggg?%c’e be%rcarboxylic acids, esters, ketones,

al i phatic hydr rjons, alicyclic hydrocarbons, aromatic hydrocarbons,
al cohol s, and hal ogenat ed hydrocarbons. [0014]

The polycarboxylic acid can be, for example, at least one
compound selected from succinic écid, 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 continuausly or intermttently adding an aqueous hydroxyl an ne ,
solution to the reaction system [0015] The production process can include
a first step of allowing a cyclic poéycarboxylic acid anhydride, a
polycarboxylic acid, - or a mxture of"themto react with hydroxylanine or a
salt thereof in an organic solvent for predeterm ned tinme wthout

dewat ering, - and a second step of carrying out the reaction while
conducting dewatering. This enbodi ment is specifically useful in the case.
where the organic solvent is a solvent capable of formng a '
dehydr at i @@xredrdenshat viohlraghicinugushyhydr bniyeami tiesnisiychddsngaan

nonocar boxylic acid having one to eight carbon atons. Advantages [0016]
Accor di ng adiecHe présenylamientsoditiepckp ctihe hyerebdamisgéteBonpounds can be
produced in good yields fromany of cyclic polycarboxylic acid anhydrides
and polycarbox999ﬁ5hcids, and ‘the utilization rates of. raw materi al
conmponents can

be signjficantly inpraoved. Brief Descriptli of, the
Dr avi ngs. [ 00171 PEPEACH{ o PEocYst £5h et urar £-Bragt ARPEMNG S T eact or
:’nggt 0:’ nugégngf£sp%l§ga§boiﬁi% ag d Ekg‘ydgié‘ig, % I;s&hyecrg]l: iog{y !'Lg%rcalm,Show ng a
' or amixture of themto react withhydroxylamine or a salt thereof
inanorganic solvent for predeterminedtime without dewatering,
" and a second step of carrying out the reaction while conducting
dewatering. Thisembodiment isspecificallyuseful 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 ffom 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.




in COVWARATI 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 mixing inpeller Best Mbde for Carrying Qut the Invention [0019]
[Cyclic pol ycarboxylicacid anhydride, ;and pol ycarboxylic acid] According
to the present invention, a cyclic pd0lycarboxylic acid anhydride, a

pol ycarboxylic acid, or a mixture of them (for exanple, a mixture of a
cyclic polycarboxylic acid anhydride with a corresponding polycarboxylic
acid) is used as one of the raw material conponents. Each of such
cyclicpol ycarboxylic acid anhydrides and pol ycarboxylic acids can be used
i n conmbi nACTERSRSE AN WISEke.  Wien there are optical isomers in the cyclic
pol ycar boxyl ic cid anhydri des and pol ycarboxylic acids, it is possible to
use one optica‘o@ggner alone or a mxture of plural different optica

i soners. [00201 lfhe cyc%&gsgolycarboxylic acid anhydride is not

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,andpolycarboxylic
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 canbe used in combination as 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 polygarboxylic 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 anhydride skel eton per nolecule. Such cyclic polycarboxylic
aci'd anhydrides are-generally represented by followng Fornula (I):
-[Chemical Fornmula 3] 410 A ~0 (I) _CI\ wherein Ais a bivalent organic
.group having two or nore atons intd princi pal chain. [0021] The

pol ycarboxylic acid is not specifically limted, as long as it is a
conpound having at |east one pair of carboxyl groups (two carboxyl groups)
capable of formng a cyclic imde skeleton per nolecule. Such

- pol ycarboxylic acids are generally represented by following Formula (I1):
[ Chem cal leastubme 4yclirc 6CON #nl{ydnide0BGkElwhenarer Aclscasedefdundd above.
[ 0022] Exanpl es of the bivalent organic group in A are bival ent

hydr ocar bowycgioupslgaahbasy bl kHadse aghydpsdeal kenydermraddyups, aryl ene
group, and bivalent alicyclic hydrocarbon(%;oups; and

represented by following Formula

V[Chemical Formula 3]

A 0 (D)

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 oné pair of carboxyl
groups {two carboxyl groups) capable of forming a cyclic imide
skeletonpermolecule. Suchpolycarboxylicacidsaregenerally
represented by following Formula (II):

[Chemical Formula 4]

A In

wherein A ié 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




- 11 ‘bivalent 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 kylene group are straight- or:
branched- chai n al kyl ene groups each having about one to about twenty
carbon atons, such as nethyl ene, ethylene, propylene, trinethylene,
tetramet hyl ene, pentanet hyl ene, and hexanethyl ene groups, of which those
havi ng about one to about twelve carbon atonms are preferred, and those
havi ng about two to about four carbon atons are nore preferred. Exanples
of the a%ken | ene group are straight- orb ranched-chain al kenyl ene groups
each havi R§Vabsit ‘i’%&i"ﬁ% SAFBUECTREREINT stith osmorpyeeridieseagdopPepenyl ene

groups, of .which those hayving about two to_abqut twenty carbon atons are
pref erred!*&Ad°t Wd&g‘%ﬁvﬁﬁ ngfrﬁﬁpotwl%ogb%d’tmﬁ{éﬁﬁ SEPMRFUH0RE are nore

preferred.. of ¢ arylene group are o-phenylene, and 1
8-naphthyPéEéggP%ﬁé%.orfﬁgﬁ%Fv FERe alicyclic hydrocarbon groups include,

for exanpl e, ﬁyﬁiﬂalkylene groups such as 1, 2-cycl opentyl ene and
1, 2-cycl ohexyl ene dgroups; cycl oal kenyl ene groups such as

1-cyc|ohexen-IEggmﬁr@@eo@ngﬂécggkgﬂgﬁgqﬁ&n%;%&%ngtggggggédgfd' bi val ent

pol ycyclic alicyclic groups (bridged groups) such as in-2,3-yl ene,
decal i n- | pBaytree-cHIDal RyLede YWr®s 88h HAQLRGrANrdofe W &R oHEOUPS.

10024] twenty carbon atoms, such as methylene, ethylene, propylene,
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
thealkenylenegrouparestraight—orbranched~chainalkenylene
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.
vThebivalentalicyclichydrocarbongroupsinclude,forexample,

.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—Z,B—ylene,and
norbornen-5, 6-ylene groups. |

[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 hal oal kyl group, an aryl group, an aral kyl group, 4 ‘
cycl oal kyl group, hydroxyl group, an_al koxy group, carboxyl group,. a
substituted oxycarbonyl group, a SubétTtuted 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
unsubstituted phosphono group, and. a substituted or unsubstituted
phosphonooxy  gftege biy@0254 hyHeohatbgepratpssiuchl asled ky benagrobpem ne,
chlorine and fluorine atonms. Exanples of the al kyl group are straight- or
br anched- olai aaeh Kydveyrangphaprgg sabstitugntso Gsauplesiof ythear bon at ons,
and preferabl¥_about one to about twenty carbon atons, such as nethyl,
ethyl, pr&pprtituepromye abiriPgen sty yan 2lKueyPupry -ddwdloalkekyl ,  decyl ,
dodecyl, tetradecyl, and hexadecyl graoups. Exanpl es_  of  t he hal oal kyl group
are strai9gRbPr of FEHc REQ BmaPR A5 DR Kk P OYPoupsCEatA HEKA 95 4Bout - one to

about thirt cgrgon at ons ?Ed r ef er abl y . about qge_to Iﬁp u mgnty car bon
at ons, su@H%§§ EhIGEPERet HY A4S gﬁﬂ%ﬁwﬁﬁ%ﬁ%ﬁ¥rﬁﬁ %ﬁbﬁﬁ%;fﬁﬁ%f%f The ary
group i“¢%&9@§rb£n§i é?SHB? %’SBQSQ¥£utééﬂd%lUn§¥£¥Lituted 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,

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,




13. and napht hyl groups. The aral kyl group includes, for exanple, benzyl,
.2-phenyl ethyl, and 1-phenyl ethyl groups. The cycloal kyl group includes,
for exanple, cyclopentyl and cyclohexyl groups. The al koxy group includes,
for exanple, . al koxy groups each havijng _about one to about thirty carbon
atonms,  and preferably about one to about twenty carbon atons, such as

nmet hoxy, ethoxy, isopropoxy, butoxy, t-butoxy, hexyloxy, octyl oxy,

decyl oxy, dodecyl oxy, tetradecyl oxy, and octadecyl oxy groups. [0027] The
substi tuted oxycarbonyl group i ncl udes, for exanple, Cl 30 al koxy-carbonyl

groups such as mnet hoxycar bonyl et hoxycar bonyl , i sopropoxycar bonyl
butoxycarBBﬁﬂaphqm%hgﬁ%ﬁﬁérb3h9@r 54%%VH&FB@%V@GSdé@?ﬁ%%?@éﬁbonyl and
hexadecylgf C ? wg 3 20 al koxy-carbonyl groups are
preferred; %ﬁ R@? oy D uﬁgegﬁ%ﬁF%¥9 ERUPSpent ¢ oxycar bonyl |

292Ig;fL§P i%L%i%% rbod&%dggaﬁgés’pF8Fe??%ﬁp£%ﬂ)ﬁXéi%ﬁﬁPﬁg ;ggﬁroups such as
phenyl ocYeRLhgRiyy SALIPPILRY| LR Ml SERYMRe Ol A Ehepc o qucr
as benZYEQ§M§9@Q%ﬁ$Eéﬁawﬂ%vﬁy éﬁB&Hb&gﬁg%b@ﬁ@&%l&@§%a%ﬁ%9% s, groups are
preferred; netall oxycarbonyl groups (carboxyl group ~converted into a
netal lic sabtprefsfarby SHHRO¥KEALHOWIud iRty EQPBEL atoms, such

as methoxy, ethoxy, isopropoxy, butoxy, 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, isopro?oxycarbonyl, 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 Cg4_,, 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]




_ 14 The substituted or unsubstitutedcarbanoyl group includes, .for

- exanpl e, carbanoyl ; 'N-(hydrocarbon group)-substituted carbanoyl groups and
N, N- di (hydrocarbon group)-substituted carbanmoyl groups, such as ' ‘

N- et hyl car banoyl, N, N-di net hyl car banoyl , and N-phenyl car banmoyl groups.

- [0029] The. acyl group includes, fof'é%aﬁple al i phatic saturated or
unsaturated acyl groups |nclud|ng Cl 30 aliphatic acyl groups such
asfornyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, pivaloyl,
hexanoyl,zoctanoyl, decanoyl Iauroyl nyristoyl, pal m toyl, and stearoyl

~groups, of which aliphatic C1_20 acyl groups are preferred; acetoacetyl
group; alicycl Tlee agyst Drwigbor inshbist hig: oyt axdd deanyd cardugniyic lgrdesps such as

cycl opent anecar bonyl and cycl ohexanecar bonyl groups; and aromatic acyl

groups sudlerasxbupley| carkhmapht Moyhygroopsbon [ DO8Q]) “Bwsadylorg gr oup
includes, for exanple, aliphatic saturated or unsaturated acyl oxy groups
|ncludlngc@rbawayﬂpﬁéﬁmmﬁ g/ Mo dgribugregenben JuauR)l-expstacetgtoxy,

pr opi onyl oxy but yryl oxy, i sabutyryl ox valeryloxy, pi val oyl oxy,
hexanoy - oS3 OGRO%HoFF ORES d%éﬁhd?iéi %X %ﬂ@ﬁ ‘nyri st oyl oxy,

alnltoylgf ggnd £a | oxy. groups, phatlc Cl_20 acyl oxy
groups ar ﬁ @FFE& %gé j¥5£§ P§?B§g Y KX EFIoxy groups
|nclud|ng cyc Qgggﬁnecarbonyloxy group such as cyclopentanecarbonyloxy,

The acyl group includes, for example, aliphatic saturated
or unsaturated acyl groups including C;_35 aliphatic acyl groups
-suchas formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl,
pivaloyl, hexanoyl, octanoyl, decanoyl, lauroyl, myristoyl,
palmitoyl, and stearoyl groups, of which aliphatic C;_,4 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,;_j,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,.5 acyloxy groups are preferred; acetoacetyloxy
group; alicyclic acyloxy groups including

cycloalkanecarbonyloxy group such as cyclopentanecarbonyloxy,




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 f onyl
‘group includes, for exanple, alkoxysulfonyl groups such as nethoxysul fonyl
group; cycl oal kyl oxysul fonyl groups §ugh as cycl ohexyl oxysul fonyl group;
aryl oxysul fonyl groups such as phenyloxysul fonyl group; aral kyl oxysul f onyl
groups such as benzyl oxysul fonyl group; and netall oxysul fonyl groups
(sulfo group converted intoa netallic salt) such as sodi ooxysul f onyl
group. Exanples of the substituted or unsubstituted sul fanoyl group are
sul famoyl ; N (hydrocarbon group)-substituted sul famoyl groups and N, N-di
(hydr ocar Bod HrdpPexangbsrbeny ek s ardapdy bndrosoepstisgclylogy groups

N- net hyl sul f anoyl, N, N-di et hyl sul fanoyl, and N-phenyl sul fanmoyl groups.
Exanpl es éPCPhésshﬁé%?Ylﬁ%Xi%ﬂd NaRBLBSYLPKY cFrWRSI0 group are

N- (hydr ocar bon oup) - substituted am no groups and N, N-di (hydrocarbon
group) - substltEH@%lanlno groups, such as nethylanino et hyl am no,

di hyl ami d h b tuted
unsubst i tut oo BRoSHRBRSLbF S5 o HaraaLs SHuP et ees feapdRee and
0- (hyd d_ph h

ne§h§|Lﬁg§%% gsgiggﬁ% ospﬁ%ﬁo a8 ﬁ%ﬁﬂ$hﬁosp ono, %Hpg?phenylphosphono
groups. Tt&gciegﬂyww&hﬁorgnswﬁhbgug thggsm%%@%lg&%mfwﬁ udes, for

exanpl e, osphonooxy; and rocar
group; aryloxysulfonyl groups such as phenyloxysulfonyl group;
aralkyloxysulfonyl groups such as benzyloxysulfonyl group; and
metalloxysulfonyl groups (sulfogroup convertedintoametallic
- 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




- 16 - group)-substituted phosphonooxy groups such as nethyl phosphonooxy,
‘di-met hyl phosphonooxy, phenyl phosphonooxy, and di phenyl phosphonooxy groups;
and = 0- net.al - substituted phosphonooxy groups such as - : e
-0, 0" -di sodi ophosphonooxy group. (0032].. Wien there are plural
substituents, at l|east two of the suistituents may be conbined to form an
~aromatic or non-aromatic ring with an atomconstituting A. The aromatic or
“non-aromatic ring is preferably a ring having about five to about twelve
menbers. and specifically preferably a ring having about six to about ten
menbers. The ring can be a heterocyclic ring or fused heterocyclic ring
but is of teeoup)kpdbstatbiosd rpigephdavexyl ggoabs sseth rdsngs are cycl oal kane
rings which may be substituted, such as cycl ohexane ring; cycl oal kene

ri ngs whi clethydphbeprbohsexy utdidiethydiphaspbyobokexene ring; bridged rings

i ncl udi ng -bri dged hydrocarbon rings which may be substituted, such _as

5- nor bor né@ferwilpgosahaneedivmtand dipgenyilrbpashere s afoupisigendwhi ch may be
substituted, such as benzene ring and naphthalene ring. The ring often
conpri ses CaeirdnatPEt+ Freed PHRSEIORG Oy IRAVRS oFeCbr@Sor e substi t uent's
exenplified gs the . substituents which the bival ent hydrocarbon group may
have, sué%Ch§d&ﬁ°9FR§€°§ﬁQﬁﬂfo%¥I%598§Pkyl group, hydroxyl group, an

al koxy group, g@BQnyI group, a substituted oxycarbonyl group, an acyl
group, an acyl oxy group, nitro group, cyano group, am no

When there are plural substituents, at least two of the
substituentsmaybe combined to forman aromatic or non-aromatic
'ring with an atom constitutingA. 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
fusedvheterocyclic 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 coﬁprises 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




17 - group, and a hal ogen atom [0033] A preferred cyclic polycarboxylic
,acid anhydride is represented by Fornula (1). A preferred polycarboxylic
acid is represented by Formula (2). The sane groups as above can
‘exenplify the hal ogen atom al kyl ar qup.. hal oal kyl group, aryl group,

aral kyl group, cycloal kyl group, al koxy group, substituted oxycarbonyl
group; substituted or unsubstituted carbanmoyl group, acyl group, acyl oxy
group, substituted oxysulfonyl group, substituted or unsubstituted

sul fanoyl group, substituted or unsubstituted am no group, substituted or
unsubsti t ut ed phosghono group, and substituted or wunsubstituted
phosphono&¥9U8r o3 i # HeLOY! 4OM-Rd, Re and Rf in Formulae (1) and (2).
[0034] At leaaﬁxﬁﬁp of Re, Rb, Re, Rd, Re and Rf may be conbined to form
an aromatic or-non-‘aromatic ring with an adjacent carbon atom or carbon

T, Sa o, Mt AT, BV S BP0 T

sane aronmatic Or non-aromati c ri

unich L he J8L¥Bbentca XEASALIN BT OUR LA AN BBYSea BB LN gy have one

or nore substituents as nenti one sSucC roup, a
hal oal kyl igr eeipre SUAQX Yy G6eMR1ANAl KOXHEr QR CALREEYLs AR caft

substituted oxycarbonyl group, an acyl group, an acyloxy group, nitro
gr oup, Cy@&@mglﬂﬂjﬂ,th@mili]lb@é’rpﬁﬁoma&qk@rlk@&ﬂﬁnhﬁi@é‘lkyl 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®, RP, RY, R%, R® and Rf
in Formulae (1) and (2). 4

[0034]

At least two of R?®, R?, R°, RY, R® and RE 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. Thé ring may have one or more
substituents as mentioned above, such as an alkyl group, a
haloalkyl group, hydroxyl group, analkoxy group, carboxyl group,
asubstitutedoxycarbonyl group, anacyl group, anacyloxygroup,

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




18 [0035]: Representative exanples of the cyclic polycarboxylic acid
anhydri de are. conpounds represented by follow ng Formulae (1a) to (11): o
[Chemical Formula 5] 19 Rli 0 RR 011 R5 0121l RCRCORC OR\ OR
CR/ RI3 C  p,4 11 11 p RORIO C'_Oll'giqo (la) (Ib) (1c) isORis 00 R
20RO IF 1L 1T 11N HOOCgOCHOIOCC//C\ CC\ H11 111 J6 CHOOC\ CC\
Cll1 ft Rts 0 0 0 (1d) (le) R23 R22 R29 Rte R33 Rae

[0035]

Representative examples of the cyclic polycarboxylic acid
anhydridearecompoundsrepresentedbyikﬂlowingEbrﬁulae(1a)
to (11):

[Chemical Formula 5]




R24 Da q0 HOWNC CC2500, 0$CHOOC CO O ~0 R6 RVRRai R 4 Ras
(ig) (1h) (1i) R37 R36 0 R42 'R43 0 0 R46 R4&7 p Q :iCu('>~CQ 11 11 11
p\ C\ I\ | ¢ RAOR4A 1l 44 45 1111 484911 ',.., ORRpPORRO (1i)
(1k) (11) - wherein each of R to R99,pepresents hydrogen atom a hal ogen
atom an al kyl group, a hal oal kyl group, an aryl group, anaral kyl group, a
cycl oal kyl " group, hydroxyl group, an al koxy group, carboxyl group, a '
substituted oxycarbonyl group, a substituted 20 or unsubstituted carbanoyl
group, an acyl group, an acyloxy group, sulfo group, a substituted

oxysul fonyl group, a substituted or unsubstltuted sul fanoyl group, nitro
group, a substhtuﬁed or -unsubstid uted anm no gro&p & substituted or
unsubsti tut ed %phono group, Aubstit ug substituted
phosphonooxy § \ where at QMD of R t 9 i
form a doubl ey d ith an ad ent Lcarbon- Gk d or to forman
ammmicornoma@mmicrnm

R10 \\ R" 0
(1a) (1b) (1c)
ng 0 R18 PI R Rzo 8
H
HOOC C\ HoOC N ° C\
: 0 0 0 0
48 4 HOOC o/ N /
RY ] R g 8 e I
(1d) (1e) (1f)
R23 R22 Rzg Rzg R33 R32
0 0 0 0
y /i 1\ /4
R% C C o
Q y  Hooe Q “ / Q \
P ﬂ % P
25
0 0 0
R%  R" R R N
(ig) (1h) (1i)
R37 Rae 0 R42 R43 0 0 R46 R47 0
7 C. HOOC C c ¢
C sy "y L I
g 7 Hooc , o/ \IC' ¢
R40 R41 il R44 R45 8 0 R48 R49 il

(13) (1k) (1)

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




w th an adjacent carbon atom or carbon chain. [0036] The same groups and
ri ngs as above can exenplify the hal ogen atom al kyl group, hal oal kyl
group, aryl group, aral kyl group, cycloal kyl group, alkoxy group,
substituted oxycarbonyl group, substjtuted or unsubstituted carbanoyl
group, acyl group, acyloxy group, S®sti t ut ed oxysul fonyl group,
substituted or  wunsubstituted sul famoyl group, substituted or unsubstltuted
am no group, substituted or unsubstituted phosphono group, and substituted
or unsubstituted phosphonooxy group in R to RA9 and the aromatic or
non-aromatic ring formed by at least two of RL to R4A9 with an adjacent
carbon at @m unschsbobutddigrribrnoFdr gudae, (dm)adyd iohp, [@03yla8yeci fic
exanpl es of the conpounds represented by Fornulae (la) to (11) are
succi ni c &eyEdri deligl greun.c arsmpetiigatedppran} corrhyadouge, atrimel litic
anhydride, pyromellitic 21 - mpnoanhydride, pyromellitic dianhydride,

1, 8- napht rfall%éﬁéap*éaﬁﬂbb&ylpﬁebaﬁhw?%éulffmyﬁa%@w élﬁéapc%%&:y g ¢

anhydri de, a hthalenetetrgfarboxyllc nDnoan dr.i de,

14,5, 8- nasﬁlk?lsﬁé%ﬁ‘éflg? IRl ARROAT PREIP, = Substituted or

2,3,6,7-nap ale racar hoxyl i ¢ _monoanhydri.de

2.3, 6.7 naRNERAF ChEr 6t (RGTROI 9% BPanAyr i Do tadee
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 aromatié 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
amino group, substituted or unsubstituted phosphono group, 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 anh?dride,

phthalic anhydride, trimellitic anhydride, pyromellitic




Representative exanples of the polycarboxylic acid are conpounds
. represented by following Fornmulae (2a) to (21): [Chem cal Formula 6] 22
R50 R55°R54 .2 1 R60 RSt COOH COOH ( COOH R5fi RS 52 R COOH R57 R COOH
R53 COON R58. Rye R55 R66 R67 (2a) —(%IHI)CE(C%) ‘e 12 Ras R Res / COOH HOOC
CCON HOOC COCH R70 \ | COOH Ja COON ()OOH R71 R74 R76 (2d) (2e) (2f)
R78 R77 R84 Rea Rea Re7 COOH COON C 0 R7 COCH HOOC $SR85 BCOOH HOOC CO \/
COON 0 $9,90
monoanhydride, pyromellitic dianhydride,
1,8-naphthalenedicarboxylic anhydride,
2,3-naphthalenedicarboxylic anhydride,
1,4,5,8-naphthalenetetracarboxylic monoanhydride,
1,4,5,8—ﬁaphthalenetetracarboxylic dianhydride,
2,3,6,7-naphthalenetetracarboxylic monoanhydride, and
2,3,6, T-naphthalenetetracarboxylic dianhydride.
[0038]
Representative examples of the polycarboxylic acid are

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

[Chemical Formula 6]




R81 R52 R R-(2g) (2h) (2i). Rs2 Ref RsH Re7 8103 8104 Rsa / COCH R99 / /

./ COON HOOC/ CoOH Re'\ | COOH 10 \ | COON HOOC | \ | COON Rss R96 8101
-8102 8105 Rlas (27) (2k) (21) wherein each of R5 to R106 represents

. hydrogen atom a halogen atom an alkyl group, ahal oal kyl group, an aryl
group, anaral kyl- group, a cycloaIKy@ group, hydroxyl group, an al koxy
group, carboxyl group, ‘a substituted oxycarbonyl group, a substituted or
unsubstituted carbanmoyl group, an acyl group, an acyloxy 23 group, sulfo
group, a substituted oxysul fonyl group, a substituted or unsubstituted
sul fanoyl group, nitro group, a substituted or unsubstituted am no group,
a substituted oge unsubstituted g#tosphono group, @'R4 substituted or

unsubsti tut ed @ztzzMDnooxy gr oup, e at IeasRs @fy RS0 to R104 may be
conbined to form a double bond®4f th an adj acen car bon-carbon bond or to
forman aromat¥f cHhon- ar omaRi’c\r | with an j aceyty carbon atom or

car bon chai n. [8639] The sane and ringsRras xapove can exenplify the

: U
hal ogen atom al kyl group, haloéﬁkyl group, arylfﬁﬁoup, aral kyl group
cycl oal kyl group,2al koxy group, s(3tituted oxycarBonyl group, substituted
or unsubstituted carbanmoyl group, %cyl group,

75
R® R R
R69 COCH HOOC COOH HOOC COOH
R COOH e COOH HOOC COOH'
71 & R®
R R
(2d) ' (2e) (2f)
R'IB R77 Rg4 R33 RBB R87

0
7 : %
R COOH HOOC COooH / COOH
0
80 \
R COOH HOOC COOH //C COCH
: 0

RSI Rsz R 5 Rss R 9 R90
(2g) . (2h) (21)
R92 R91 . R98 R97 R103 Rl04
R93 COOH R”" COOH HOOC OO COOH
4 100,
¢ COOH R COOH HOOC COOH
R95 R96 RIOI R102 ) R105 RIOG
(23) o (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,
carboxyl group, a substituted oxycarbonyl group, a substituted

or unsubstituted carbamoyl group, an acyl group, an acyloxy




acyl oxy group, substituted oxysul fonyl group, substituted or wunsubstituted ;
sul fanoyl group, substituted or unsubstituted am no group, substituted or
‘unsubstituted phosphono group, and substituted or unsubstituted

phosphonooxy group in R50 to R106, d the aromatic or non-aronmatic ring

formed by at least two of RBO to RL6°with an adjacent carbon atom or
carbon chain in Fornulae (2a) to (21). [0040] Specific exanples of the
conpounds represented by Fornmulae (2a) to (21) are succinic acid, glutaric
acid, adipic acid, phthalic acid, trinellitic acid, pyronellitic acid,

1, 8- napht hal enedi car boxylic acid, 24 - 2, 3-naphthal enedi carboxylic acid,

1, 4, 5, 8- ngphthal enkfetgrmur, bexghbstatited aplysulfonyl group, a

2, 3,6, 7-napht hal enet etracar boxylic acid. [0041] .[Hydroxylam ne or a salt
t hereof ] ASE8FdFnEed ©1 HespeesEHitechvadfppayl gy N ahraausupa asal t
thereof is used as the other raw materi al conponent. Exanples of the salt
of hydr oxFHRAFhEUERS LalUrSUsrtitibng aBia’, Ir&tivh 2asuhylibekedretes,

hydr obr om des ulfates, nitrates, and hosphat es. en a salt of
hydroxylaHPﬁEbFEl%EﬁﬁéBRqﬂ§p are gﬁﬁﬁpbeogd%v%gﬁﬁﬁitpﬁgg PFee hydroxyl ani ne
oL o ek S8Ry ML STLIGBY AL L0 LI ERLt, iaeg, e
"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.

4[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
substifuted 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]

Specificexamples 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,




et al . hydroxi des such as potassi um hydroxi de, and sodi um hydroxi de;

‘al kal ine earth netal hydroxi des such as magnesi um hydroxi de, and cal ci um
hydr oxi de; alkali netal carbonates such as potassium carbonate, and sodium .
carbonate; -al kaline earth netal carbonates such as cal ci um carbonat e;

al kali metal hydrogen carbonates sudt as pot assi um hydr ogen carbonate, and
sodi umhydr ogen carbonate; al kali netal al koxides such as sodi um nethoxide
and sodi um et hoxi de; carboxylic acid salts of alkali netals, including

al kali metal acetates such as potassium .acetate and sodi um acetate. The
anount. of the base is generally 1 to 5 equivalents, preferably 1 to 2

equi val ents 3-anghtba tengtisferiaddywl it void, 5 equivalents, to the salt of
hydr oxyl am ne. 25 - [0042] Hydroxylam ne or a salt thereof can be used as

i ntact or 1,i4n 5y Renéphphafersetsyinadagikosyéhc azcih aqukous sol ution or a

di spersion. The anmount of hydroxylamne or a salt thereof is generally 0.5
to 10 equidvadlént/snapheizkenntetnasarbeglial @mtd., and nore preferably 1 to
1. 5 equivalents, to the acid anhydride group of the cyclic polycarboxylic
‘acid anhydri del®43b the pair of carboxyl groups (pair of two carboxyl

groups) capabl f farm,ng a cyclic imde skeleton of the polycarboxylic
acid. \en a‘ﬁ?&@ﬂ?@gﬁwu‘%b &l csﬁngg%? lic acid anhydride and

a. pol ycar boxyl j cid is used, the amount of. the hydroxyl am ne aqr a salt
‘thereof is re|§.?éﬁé%%?’?ﬁe%EStBFe%%%urhn%%ﬁﬁ%ﬁg'a%¥ ro%%%@%ﬁ?%kgrgﬁoup and

the pair .%falccarthgf&ﬁnggqpé\‘\ed 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; alkalimetal 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
1l to 5 equivalents, preferably 1 to 2 equivalents, and more

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




[0043] [Reaction] The reaction between a cyclic polycarboxylic acid
_anhydride;'a'polycarboxyllc acid, or a mxture of themand hydroxylam ne
or a salt thereof is carried out in an organic . solvent. Exanples of the
~organic solvent ‘are carboxylic acids . ncluding carboxylic acids each
havi ng about one to about twenty @Bon atons, such as formc acid, acetic
acid, propionic acid, butyric aC|d, i sobutyric acid, pentanoic acid,
hexanoi ¢ acid, ~heptanoic acid, octanoic acid, nonanoic acid, decanoic
acid, undecanoi c acid, dodecanoic acid, and tetradecanoic acid; alcohols
such as nethanol, ethanol, and isopropyl alcohol; 26 aromatic hydrocarbons
whi ch maybe sub%?42luted, suchasbenzene, toluene, xylenes, and

ni trobenzene; aliphatic hydrocarbons such as pentane, hexane, and hept ane;
al i cycl i c ‘hydridedrGenaning en %nﬁ?lﬁethﬁb%Qfﬁ¥ﬁ¥%P usechaasintadtorsxane and
met hyl cycl,ohexan estgrs such as eth acetate and butyl acetate; ethers
such as dFBtﬁg? g? 1°§n§“¢¥e??aﬁ9dﬁ%ﬁﬁﬂ@§nSP?HF}Onk@¥oﬁes such as

hyl k | b h ,
Cetrach! oggage%iﬁﬁm B MHSUR Sl NS T EReL Th e ?%_Ee: A IR as
aceton'tr'lﬁergﬂ%gterﬁﬂgmo% u1Va§ég£ne%P %%rgggaq]toalégu%@i %thlxture_of

t hese solgénts can be used as a Sol'vVén e reaction

raw mat er b@lthordg-aFpMsL PL dESE oqhavieBhEs £B dife gshsca&l%(}d%idappr opriate

Wi t hin ranges not
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;




.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
‘nore preferably-about 50 to about 700 parts by weight, to 100 parts by
wei ght of the total of the cyclic polycarboxylic acid anhydride and the -
pol ycarboxylic acid used in the reac on. [0044] A significant feature o
the present -invention is carrying out the reaction while conducting
dewatering. Water to be renoved includes, for exanple, water used as a
solvent for dissolving typically the reaction raw materials, and water by
produced in reactions including neutralization reaction 27 between a

hydr oxyl arirbeasat hydndcarbasewhlbk mdgbattibshgtoetpduchasnainzepeci fically
limted and includes, for exanple, a nethod of physically separating and
renovi ng watfleepea mgldrozs ofand hdrirobkehyenenoadimhatdtce hydandaaboosbi nat i on
of these. The nethod of physically separating and renoving water includes
(a) a net sgghots @isnsabenghexangis@nig hgewener allacyhéicdadiaparbopst em by
arrangi ng a substance capabl e of absorbing or adsorbing water in the
reaction PICENPBY BY VWit he sl oy phohiarade @ddcircul ate in a
colum or ta ed with the substance, and (b) a nethaod ofﬁfistilling

of f matern?ﬁggﬁ%§% %Rﬁ%?ﬂ?%i%?ﬁﬁF §P8Heaﬁr?%wyh ?ﬁ&ﬁyaﬁptHUE. organi c
capabl e~ SFCURGer oot i SERUTT Sy eERYIet Er Far s eed 228 a1 or part

-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 appropriaté 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




of the reaction solvent. The nmethod of chemcally renoving water includes,
for exanple, (c) a nethod of arranging a substance capabl e of
‘substantially irreversibly reacting with water in the reaction system

- [ 0045] - Exanpl es of the substance c_aaa}bl_e of absorbing or adsorbing water
for use in the nethod (a) are nol ecul"ar sieves, silica gel, activated
~carbon, and hi gh-pol yner desiccants. [0046] Exanples of the organic

sol vent capabl e of undergoing azeotropy with water for use in the nethod
(b) are carboxylic acids such as formc acid, acetic acid, propionic acid,
butyric 28 acid, isobutyric acid, and isovaleric acid; ester such as

met hyl cResreae et ydrodpianinestall and a kasg ZFbetdswetemdnayethpeopi onat e,
i sopropyl formate, propyl fornmate, butyl formate, isobutyl formate, ethyl
pr opi onat &5 TRt AYEChiA§H el IReies pndiincliopsatior prapyie oz 8eahed i sopropyl
acetate, diethyl. carbonate, isoanyl nitrate, isoanyl f ormate, isobutyl
acet at e, OGuPEi;SbE%f%Y es,emlnﬁu%fiafﬁogf%‘%w?%u?y retaod net hy|

i soval erat ropyl propi.onate, isoanyl_ acetate, .ethyl _isovalegrate, propyl
but yrat e, SREPRGT - b40t SR AT OMEHT! Fagmh T & G SBpPEpy AT obats at e.

met hyl be , ; t I t o) l...l,sQbutyrate,
ben'zgl a@é? g%g, ofe)t Iéltséara{gig]a? %gafétgg%lé%is %%%&?g?ewé%%{)ﬁ%lg F%%am&t e,

propyl benzeaj eretirzRPYlyhnbENZOa & 28405 9RMa RENZAAL R reaction

‘systembyarrangingasubstance capableof absorbingoradsorbing
water in .the reaction systemor by allowing the reactionmixture

. 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_azeofropy 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]

Examples of the substance capable of absorbingor adsorbing
water for use in the method (a) are molecular sieves, silica
gel, activated carbon, and high~p-olymer 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




~ ketones such as ethyl nmethyl ketone, 2-pentanone, 3-pentanone,
3-nmet hyl -2-butanone, and 4-net hyl - 2- pent anone; ali phatic hydrocarbons such
-as hexane; "alicyclic hydrocarbons such as cycl ohexane; aromatic

hydrocar bons such as benzene, phenol, toluene, mxylene, and naphthal ene;
.al'cohol s such as ethanol, allyl alcéfior, 1- propanol , 2-propanol,

1- butanol, isobutyl alcohol, 2-butanol, tert-butyl alcohol, furfuryl

al cohol, 1-pentanol, isoanyl alcohol, 2-pentanol, tert-anyl al cohol,

cycl ohexanol , 1- hexanol , benzyl al cohol, |-heptanol, 1-octanol, 2-octanol; and

i soanyl al cohol ; hal ogenat ed hydrocarbons such as carbon tetrachl oride,
chl or of or mcidgtispbengrthlaciddend isovdlleoriostdind ;eeeter such asmethyl
cis-1,2-dichloroethylene, - 29 - trans-1, 2-di chl oroet hyl ene,
1, 2- di chl ehderhanetatd, lalihydl ecoplepanecthil cinadeder opahbyl
2-chl oropropane, 1-chl orobutane, 1-chloro-2-nethyl propane, and
chl or obenP&ReLongtPel§0RGERY A< PRl AP sy farmasty pusyh&ormgsenyl propyl
et her, 1, 2-dinethoxyethane, isopropyl ether, 1,2-diethoxyethane ani sol e,
“phenet ol e }SCPHEST et O SphERPY bR Lona g Feshid ANt We tire TERPYLI | € and
acrylonitrile; aldehydes and acetals such as chlqral, argﬁd hyde,
Lri oxane, TSREUEKFT 0T 6;P L T GFoCBhEal AP SorbaUifas Each 85 ELr bon
di sul fi de.%:aQ%;EBQte ,C9%8%99%1%%9&%@5&%3%&%@8 3 b%%&&%%%% ae. .
_ni trogen-cointal nrng-heterocyclrc torfpounds such “as piperidine, pyridine,
3- met hyl pyhkgh Ngee Ak NIGALINGL 32 cBNCOOh $1 SHEL A raRRENRLEhy1
isovalerate, propyl propionate, isoamyl acetate, ethyl
isovalerate, propyl butyrate, methyl caproate, propyl
isobutyrate, isopropyl isobutyrate, methyl benzoate, phenyl
acetate, isobutyl butyrate, isobutyl isobutyrate, benzyl
acetate,ethylbénzoate,isoamylisobutyrate,methylcinnamate,
propyl benzoate, isobutyl benzoate, and isdamyl 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,
1-pentanol, isoamyl alcohol, 2-pentanol, tert-amyl alcohol,
cyclohexanol, 1-hexanol, benzylalcohol, 1-heptanocl, 1-octanol,
2-octanol, and isoamyl alcohol; halogenated hydrocarbons such

as carbon tetrachloride, chloroform, methylene chloride,

trichloroethylene, cis-1,2-dichloroethylene,




[0047] Each of these organic solvents can be used alone or in

_conbi nation. Anpbng them carboxylic acids, esters, ketones, aliphatic
‘hydrocarbons, alicyclic hydrocarbons, aromatic hydrocarbons, al cohols, and
hal ogenat ed hydrocarbons are typically preferred. [0048] In the nethod
(b), it is preferred to renove water “from the azeotropic distillate and to
recycl e the residual organic solvent to the reaction system for saving

t he amount of the organic solvent capable of undergoi ng azeotropy wth
water. In this case, the azeotropic distillate is recycled to the 30
reaction systemafter renoving water therefrom for exanple, by bringing
wat er in toanract, Hrdichlaudgsiihayiesecapadteicilombedranieng or adsor bi ng water.
The above-exenplified substances capable of absorbing or adsorbing water
can be uséd2-fefllProngrnnnche lochanrerseparat Zapuisitersbrander goi ng
azeotropy wWith water is a solvent that is separated into an organic |ayer

and an aqﬁéﬁﬁ§°¥%9%ﬁa??7 FTShEQEdT 4 o1 vdereBaPer Gid chlardkraders:al so
Tayer s PERBTRAUCHAS THEOPGRRVEL P rgbhY FoRErT ToFOYyreavLEERE: roact  on
e EPREIERL AL RSB G Do SR SRR SRORHIE L e
toluene’ aﬁ@gofgjfﬁﬁghetole, cineole, and phenyl ether; nitriles such

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]

BEach 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




[0049] Exanples of the substance capable of substantially irreversibly
reacting with water for use in-the method (c) are chain-like acid

- anhydri des (noncyclic acid anhydrides) corresponding to carboxylic acids
each. havi'ng..about one to about twelve carbon atons, such as acetic

- anhydride and propionic anhydri de.” [[¥050] From the vi ewpoint of the
reaction rate, the reaction tenperature is generally 50C or higher,
preferably 70C or higher, and nore preferably 90C or higher. In
consideration of stability of the product, it is generally 200C or |ower,
31 preferably 180C or |ower, and nore preferably 160C or |ower. The
reacti on presstive swsteot aspeei fémating Wankkecthe\Mf@oma foolaseniplgvi ng a | ow
boiling point under normal pressure is used as the reaction solvent, it is
pref-erredbyobpisgsngi wetert hign ramadirictnwiybt ensarstarxeelcapabdet bé reacti on
tenperature, for increasing the reaction rate. [0051] The reaction node
can be angbgpdbisgchr aadsouikineh wadges,. Theahayst-ekenpdéfaad a conti nuous
mode. In the batch node, = the raw materials, solvent and other conponents
are pl ace&uﬂoﬁt%"?éé@tp@;b}ef‘bﬁ Iaé\ﬁéabb?g AR EPAEPHIHEVRERE G8hPe AHEL he
reaction roduct is extracted after_the conpletion of the reaction. In

p e
the senm bAFCRHodd N hé e QEPRBACI SOLETTT iR HRSwATT| Bndergoing

azeotropy with water is a solvent that is separated into an
organiclayer andanaqueous layerinitsazeotropiccomposition,
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 carboxylicacids each having.about 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. In consideration

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




continuously feeding all or part of the raw materials, solvent and other
,conponents to a reactor, and the reaction product is extracted after the
conpl etion of the reaction. In the continuous node, the reaction is
carried out while continuously fegdigg all or part of the raw material s,
sol vent and other conponents to a ré ctor, and the reaction product
(reaction mixture) is continuously extracted. [0052] Free hydroxyl.am ne
. [including a weak acid salt, such as acetic acid salt of hydroxyl am ne]
if contained in an aqueous solution, is susceptible to heat and is
deconposed after exposing to heat for a long tine. If an aqueous sol ution
of free 3Prefgdabky|l8¥ Eer Loverxans Bore praddedbdy 6 ¢ow loherk eact i on
system a |arge anpunt of water is present in early stages of the

react i on. TRRuES2oht PR ERE WY Er dRyPaki AeerifHerbhpdsadtasd. dhes@ t of
heating in the presence of such a, large amount of water, and the yield of
the cycli EONVRPHI RV de LO8nBBthin® POk He WL s PBFRY HSEAR A8 may of t en
decrease. Consequently, an agueous  sol ution of free hydroxylamne is

or of or abl JoPAd=S 1 1% HETEAER, BRLLSRE ot ‘oo BERERPUERY (LA RUGUSPy or
intermtt I ; i ion, unt _of .water in_.early stages
of the regg%i%%F%%$?£E&§5%§E%?néobﬁl?hggﬁg%g 5Fﬁﬁélo%§ﬁggirﬁfﬁr8f t he

reaction syst emb EOORR] 1S RakesBht rQfcthe reaction, a cyclic
1 d

N- hydr oxyi m de
{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 continuocusly extracted. |

[0052]

Free hydroxylamine [including a weak acid salt, such as
acetic écid salt of hydroxylamine], if contained in ah aqueous
solution, issusceptibletoheat and isdecomposedafter exposing

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




~ conpound corresponding to the reaction raw materials is fornmed. For
exanpl e, .t'he cyclic polycarboxylic acid anhydride represented by Formula
(), the polycarboxylic acid represented by Fornula (Il) , or a mixture of ’
"them if used as a raw material, yields a cyclic N hydroxyin de conpound.
represented by. follow ng Fornula ﬁl%%f‘[Chenical Formula 7] O A NOCH.
(rrr)y d\ wherein Ais as defined above. After the conpletion of the
‘reaction, the reaction product can 33 be separated and purified, for
exanpl e, by separation neans such as filtration, concentration,
extraction, crystallization, recrystallization or colum chromatography,
or a conbihwatroaplaniné heka: ek@ipie, Thadpedcesormecabdiikg tendtienpr esent
i nvention can produce cyclic N-hydroxyin de conpounds in.high yields from
any of cydyistempod icageoxyburt adi dadahyidy ipdeseandirpelydar boxges ofaci ds and
significantly inprove the utilization rate of the raw material conponent,
as conpar érenredcitiomenThopalunpescesddrydrixydeningvisntagesprased ashi eved
probably for the follow ng reasons. Taking the production of
N- hydr Oxy§u§§§ﬁiﬁ%hﬁp5wgLpﬁrbitﬁiecpresence 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
interzﬁittently) . 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 (III):

[Chemical Formula 7]

7
&//’- Mok
| - a1
\\_4f

0

wherein A is as defined above.

After the completion of the reaction, the reaction product can




anhydride or succinic acid and hydroxyl am ne as an exanple, the reaction
-i's supposed- to proceed according to a reaction mechanismillustrated in
‘the follow ng schene. [0055] [Chenmical Fornula 8 34 0 0 + NH2OH 0 (4)
(3) 01 000 + NH20H O J+ :Lo. NH-?—IS NHz-OH Ga OH C + p pH (4) 0 CBl
[NHaOH +H G0 C OH ~- 0 +H~zp OOH O &30~ (9) (8) (5) (6) (7) [0056] Upon
the reaction of succinic anhydride (3) as a cyclic acid anhydride with
hydr oxyl am ne (4), succinic anhydride (3) initially undergoes ring opening
to forma ring-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- openbég sepadaiced (B)d ipuridietecfibardyaruden ap aopard tinrs aletantso f orm a
conpound (6), one water nolecule then |eaves the conpound ('6) to t her eby
f or m N- hy éueRpsddditriafion, CPpcentratiem gexanaohton, crystallization,

recrystallization or column chromatography, or a combination

of these.

[0054]

‘4Theprocessaccordingtothepmesentinventioncanproduce
cyclicN-hydroxyimide compounds inhighyields fromanyof cyclic
polycarboxylic acid anhydrides and polycarboxylic acids and
significantly improve the utilization rate of the rawmaterial
component, as cémpared 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 water is present in the reaction system the forned.
N-hydroxySUCC|n|n1de (7) undergoes reverse reaction with water and readily
returns via the ammoniumsalt (6) to the ring-opened product (5). The
Ting-opened product (5) further reacts with water, fornms an ammoni um sal t .
(8) of succinic.acid-and hydroxylanﬂﬁ%‘and IS deconposed to succinic acid
(9) "and - hydroxylam ne (4) Specifically, there are equilibria in the
respective steps fromsuccinic acid (9) to N hydroxysuccinimde (7), and
these equilibria govern the yield of 35 N hydroxysuccinimde (7) Probably
for this reason, the use of an excessive anount of hydroxylam ne (4) to
succi nic anhydride (3) inproves the yieI of N-hydr oxysucci ni m de (7) on
the basis of succinic anhydride (3). [ npoyien succinic acid (9) which
is a dicarboxylic acid corresponding t suc Lyni c anhydride (3) is used as
the starting material, simlar equilibri&a are established and the
fundamental of the reaction is the same s the reaction using succinic
anhydride (3). In the case of succinic agid (9) used as a starting
material, the reactions-t% yneld N-hydrpxysuccinigide (7) by- groduce wat er

one nDIecuI re thanft ase of C nlc anhy i+de (%L us as a
starting (glr#mkzOH:&S:: u tl[m(ggi ;:E‘_—_& V@E‘z’ se::!ves Ntap proceed
t he eqU|I|b fram the|p ct to tH8 naterl §.  Coequently, a

0

process usi ¥g succinic aci® ¢9) as a rawdnaterial 0
9 (8) (5) (6) (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 reactionwithwater
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
hydroxylamine (4). Specifically, there are equilibria in the
respective steps fromsuccinicacid (9) toN-hydroxysuccinimide

(7), and these equilibria govern the yield of




is nore di sadvant ageous for produci ng N-hydroxysuccinimde (7) than a
process using succinic anhydride (3) as a raw material, fromthe viewpoint
of reaction mechanism This is because the forner process by-produces
water nore than-the |atter process. Probably for this reason, nost
processes described in docunments Us E5a“cyc|ic acid anhydride as a raw
material and few enploy a dicarboxylic acid. [0058] In the process
according to the present invention, however, 36 the reaction is carried
out while renoving water fromthe reaction system and the equilibria in

t he .schene nove from the raw materials to the product. This probably

cont ri but éshydsokivghcyieinidd (3)t arpedbatylgt iforNehislreegon dehe ameound from
any of a cyclic acid anhydride and a pol ycarboxylic acid used as the raw
mat er i al . JECOEYFCe Ghier o o i edir et iment S of sedeingrosgdmdrideent i on s
an enbodi nent conprising a first step of allow ng a %yclic pol ycar boxylic
aci d anhydr3) d¥PEPYRs RamvderdiafcN ey drosmysuccipipided Tofon hbmbasiseact with
hydr oxyl amine or ,a,salt thereof _in an organic solvent f or predeterm ned
time with&dt SHERAPEFi Aghydr Pdcond step of carrying out the reaction

whi |l e conductiEQosg watering. This enbodinment is typically advantageous
when the produced ctyclic N hydroxyim de conpound is used in the form of a

sol U'Fi on int hﬁh&ﬂ%&ﬁ% \é%qh V(Vbs hQH_ILclleJ% a& i&%a(r%'ogylic 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 servestoproceed
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]

Intheprocessaccording tothe present invention, however,




when the organic solvent is used as a reaction solvent in a subsequent
~step) and the organic solvent - is a solvent capable of formng a
dehydr ati on-condensati on product w th hydroxyl amne. [0060] Exanples of
the organic solvent capable of formng a dehydration-condensation product
wi t-h- hydroxyl anmine are aliphatic caﬁ%bxyllc acids such as formc acid,
acetic-acid, trifluoroacetic acid, propionic acid, butyric acid,
~isobutyric 37 acid, valeric acid, hexanoic acid, heptanolc acid, octanoic
acid, and decanoic acid; alicyclic car boxylic acids such as

cycl ohexanecar boxylic acid; and sul fonic acids such as nethanesul fonic
aci d. Anonget hresctionotardmaidd catd dhieachenb@ifgraalkautrrenethe about
~eight carbon atons, preferably about one to about four carbon atons, such
as form ¢ meicdiocaceysicemacrd] thedeguopilonie iacitthe ackepe efi@re ett,omof which
al i phatic nonocarboxylic acids are specifically preferred. [0061] The
reaction ttéeperutiateiialsheof thspmideti.s Helg probabbyecontiloited reaction
tenperature. The reaction time in the first step is, while varying
dependi ng toypighlviplénof metasgetiescldic Nhbyerer yiarisle aPreewpdrfcivlrs and
organi c solvent, generally about 0.5 to about 40 hours, preferably about 2
to about 29 Rb# §Ycéh8 maamfiéﬂaﬁmyndaeoml@ac@oa%% 20ifdHeE " 1t s

preferreda%h%he ngpéggggs:pnves to the second step at

[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
inanorganic solvent for predetermined 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,

trifluoroaceticacid, propionicacid, butyricacid, isobutyric




the tinme when the yield of the target cyclic N-hydroxyimde conpound in
the first step is maxing out and increases little. The reaction in the
second step is as the above-nentioned reaction tenperature. The reaction
time in the second step is, while varying depending typically on the
species:of the raw materi al conpoﬁeﬁﬂs‘and organi ¢ sol vent, generally
about. 0.5 to about 40 hours, preferably about 1 to about 15 hours, and
nore preferably about 2 to about 10 hours. [0062] - 38 According to this
"process, the formation of a reaction product between hydroxyl am ne and an
organi c solvent used as the reaction solvent is inhibited to thereby
produce aatargetaleyidiacid,hpdranyial aeidomeptatois acidodataglodcand to
increase the utilization rate of hydroxylam ne, even if hydroxylamne is
reactive wcth,t ded otepanal selidnt aliteski adeaboayéscareidouaihned probabl y
for the follow ng reasons. Upon conparison between the target cyclic

N- hydr oxy CEcdehesapecmeod®iliad acidm ahgdsekydmid reciwst Isughpabycar boxyl i c
acid and a dehydration-condensati on product of hydroxylamne with a
reactive BSHPBRRAUGEAREC ATAA-t HEGRT FhsRhIRsNRTRaxy1lie. 3cids gach ,
nmonocar boxyl i.c acid such as aceti¢ acid), in general, the former is stable
with .r'egafléV%Bgf%é‘teﬁﬁ?&f WPt erlggﬁr"d’z]?@n ?%@P%Wﬁgﬁif%@y BECUhe | atter

|2 podvart SHECUS MLATL TR £.ERon ILOR Pl K1 SegRd Sk nethon). A chair
-acid, and propionic acid, are preferred, of which aliphatic
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]




hydr oxyl am ne and a pol ycarboxylic acid is less thernodynam cally stable

- than the target cyclic N-hydroxyimde conpound but is nore stable than a
dehydr ati on- condensati on product between hydroxyl am ne and a reactive
conmpound ot her - than the pol ycarboxylic acid. Consequently, the

dehydrati on-condensation product of- Bgdroxyl amine with a reactive conpound
‘ot her "than the polycarboxylic acid is readily formed in early stages of
the reaction, but the dehydration-condensation product is converted via
the chain 39 N-hydroxy nonoam de into the target cyclic N hydroxyim de
compound with the passage of time. This reaction is an equilibrium

reaction and regirfnd ke PRESEPEScOss WAl fokhat 16k 86F 15 Fmved in early
stages of the reaction, this equilibriumreaction does not proceed, and

the dehygratuen-sanaRsaliooxpLadied pid By dsaHidTsbeveht hused Geact i ve
conpound ot her than the polycarboxylic acid (the reaction solvent in this
case) remzhesréeactaiconsidenahlse inpibpoeditanthéosiey pirodukena tdaagegacti on i s
carried out- without renoving water fromthe reaction systemin early

st ages of cykéicredgydronyinnde tdrenmawat & iangopd gdedidrand sostranreadeaf t er t he
equilibriumreaction sufficiently proceeds, the anmbunt of the produced
dehydr at i éhecehbbirtionn rpEe duk hysirorydppkye afivied 1Gihydnary lemae reacti ve
conmpound i;s small, and the target cyclic N-hydroxyim de conpound can be
effiCientPﬁ-ﬁ?@@EE%ﬁLwﬁn§O@§F organic solvent. " Thesé advantages are

obtained probably 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
fhermodynamics) 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
éroduct 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 polycarboxylic acid is readily
formed in early stages of the reaction, but the

dehydration-condensation product is converted via the chain




This will be explained below w th reference to the follow ng scheme by
‘taking the production of N hydroxysuccininmde as a result of the reaction
‘bet'ween succinic acid and hydroxylamine in acetic acid as a sol vent.
Succinic acid (9) reacts with hydroxylamne (4) to forma conpound (5)
(N-hydroxysuccinic acid nonoan de) h°"vrng a carboxyl group at one end and
a N-hydroxycarbanmoyl group at the other, and this conpound in turn yields
N- hydr oxysucci nimde (7). Hydroxylam ne (4) also reacts with acetic acid
(10) as a solvent to form\ hydroxyacetic 1 40 acid am de (11) The ent hal py
(OH) (kcal/nmol) decreases in the order of (9)+(4)+(10) > (7) > (11) > (5),
and t he f Nebyénexygymofogd@idekdaltbmbhy tetgetsepclit tNraydrdeyimid¢ 9) +(4) +(10)
> (11) > (5) > (7). Specifically, target N-hydroxysuccinimde (7) is nore
t her nodyngainearng witip| the passRokydfokyaeet ithigcirdachidmeif.Ja) , but the
latter .is nore readily formed than the forner kinetically. Consequently,
N- hydr oxy &8BE{ €PBETE TRt op1and Jaduigies thadprsensianed ¥atear | ¥Est ages of
the reaction, and this conpound is converted via the conpound (5) into
N- hydr oxy ¥8EEF ni-fri BEPYAY vitt RAEHY 5A898GeCbf T eackArs, FRAgtion is an
equi librium e tion and requires the presence OCL ter. If dewatering is
conduct edeﬁﬁlgggfﬁu@t%eg%%tl £res PSECBFSH?ecghiasn i brium reaction does
not proce n considerahl e of hydroxyacetic.acid anmde (11)
is obtai ﬁgé‘ygsg’%? ?na&dpe?% Scto i ﬁo%gg OESE %élarrcfx é%(l)n&fl “t h’:é%ge%ctl on

- 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]
Thiswillbeexplainedbelowwithreferencetothe 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 a solvent to formN-hydroxyacetic




through the first step of proceeding the reaction wi thout dewatering and .
the second step of proceeding the reaction while carrying out dewatering
as in the above-nentioned process, N-hydroxysuccinimde (7) can be
~efficiently produced while reducing the formation of N hydroxyacetic acid
am de (11).- [0064] [Chemical Formd #09F 41 - 0 OH 0 0 0 0O NHOH (10) (9)
NH OH + H20 NH20H + H2O N-OH + 2HzO (Q01) (4) OHO 0 (5) (7) EXAWPLES
[0065] The present invention will be illustrated in further detail with
reference to several exanples below which by no neans [imt the scope of
the present invention. [0066] EXAMPLE 1 In a 300-nl three-necked fl ask

equi pped wickih ambDeanciShar KThér asthONgf | @61 Unkba AN DY @dtddiirs gapacity of

200 M and having a reflux condenser on its top, a thernonmeter, and a

Teflon .. the order of (9)+(4)+(10) > (7) > (11) > (5), and the free energy
(AG) (kcal/mol) decreases in the order of (9)+(4)+(10) > (11)
> (5) > (7). Specifically, target N-hydroxysuccinimide (7)
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
fhis 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
éonsiderable 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]




(registered trademark) mxing inpeller as illustrated in FIG 1 were
placed 13. 0 g of hydroxyl ani ne 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 f|| ed wth cycl ohexane. The tenperature
‘was held at 65C on an oi| bath. Ote*folr later, 17.71 g of succinic acid
was added to the mxture in the flask, and the tenperature of the oil bath
was raised until reflux began in the reflux condenser nmounted to the top
of the Dean-Stark. Heating was term nated eight hours later. \Water
by-produced in the reaction underwgnt 42 azeotropy with cycl ohexane, and
the distillate cooled in the ref jjux condenser was separated into two

| ayers, i.e., an organic |ayer d @n aqueous layer in the Dean-Stark
fractionating unit. Tke @rganic (cycl ohexane | ayer) was recycled to
the flask. The reactiog m xture was and} yzed by hi gh- peff ormance liquid
chr omat ograpgym(-@pPLC) t@0find to h@ave Idroxysucm Rl de concentration

of 16.4 percént byt Wight— ™HE correspongs toarer T AelPasi s of
succi ni ¢ aci daof 94.7% [00673 COVPARA
t hree- necked flask equi pped with a refl condenser, a fyhernonmeter and a
Teflon (registered trademark) mxing inpeller as illustrated in FIG 2
were placed. 13.0 g of hydroxyl am ne hydrochl oride, 22.0 g of potassium
car bonat e EXBYREES g of acetic acid, and the tenperature was held at 65C

{0065]

EXAMPLE 1 I nta 300-ni

The present inventionwillbe illustratedin further detail
with reference to several examples below which by nomeans limit
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




on an oil bath. One hour later, 17.71 g of succinic acid was added to the
m xture in the flask, ‘and the tenperature of the oil bath was raised until
~ref lux began inthe ref lux condenser nounted to the flask. The reaction
“m xture was sanpled and analyzed by HPLC every one hour to find that the
concentration of N hydroxysuccinim dé 5topped increasing five hours |ater
and. becane-constant thereafter. The concentration of N hydroxysuccinin de
at that tine was 8.9 percent by weight. This corresponds-to a yield on the
basis of succinic acid of 10.4% 43 - [0068] EXAMPLE 2 In a 300-nmdl

t hree- necked flask equi pped with a Dean-Stark fractionating unit having an
~inner capacibyropy 20 th caollohaxang, ahd ehéuxisrgndensetoobedtih tap, a
thernoneter, and a Teflon (registered trademark) m xing inpeller as

i Il ustrat egfiinxEbGdendenwrne sgipeced c8AmMd tgvanlape) peecenh drganecght
aqueous hydroxyl am ne solution, 150 g of acetic acid, 2.4 g of

cycl ohexadgyeanaddsa: dqupafs saver Ahdhadiahn-Std rkHeapddiongtany unfifact i onati ng
unit was filled with cycl ohexane. The tenperature of the oil bath was

rai sed unffie Qx@RRER 15¢§an( Gy laiexansrlayere snderaerc ishike shetid aske
Dean-Stark, Heating was termnated_six hours |ater. Water in the aqueous
hydr oxyl arPer S3GHR Bh=EREC Wi 2 ARy YRRA it B4 9RSPEr F @EMrRCH L 1N dr eact i on

~underwent azeQlr Ry, M NABYE) o0S*ANS (8N JNg Pstil A& &A% ue
| 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
Von 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
- 01l 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 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

10.45%.




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 .
‘organi c layer (cyclohexane |ayer) was recycled to the flask. The reaction
m xture was analyzed by HPLC to fin% to have a N hydroxysuccini m de
-concentration of 13.4 percent by ﬁbi&hf. This corresponds to a yield on
the bases of succinic acid of 64.9% [0069] EXAMPLE 3 In a 300-mni
t hreée-necked flask equi pped with a Dean-Stark 44 fractionating unit having
an inner capacity of 20 mMl and having a reflux condenser on its top, a
thernoneter, ‘and a Teflon (registered trademark) m xing inpeller as
illustrated in[®&] 1 were placed 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 fil|®ANRLEh 2cycl ohexane. The tenperature of the oil bath was
raised until reflux began in the reflux condenser on the top of the
Dean- St ar k. Si HuPt 3 sdusFhrepeaird bégrhmangrerd Wit aPeag-562ap&r cent by
wei ght aq eous,hgdrpx | amine solutign was fed to the flask at a flowrate
of 4.0 g pERChOUPLSIhY 1 PATBIGAT CHREF AAPAATY Punp mHRRE PRY1REs
term nated ni hours. | ater. ter in the aqueoys hydraxyl am.ne sol ution
and wat er @ 5?£%P%dﬁ% P Ped Ft%SP'tﬁeg?%éhﬁqéﬁ?rmnagamén?ggg%%tropy
wih cyel QuexaneeraRt-LiEndLR] WiAk EASLPRLL Do1NA JRLhHKq £iPRYRNSEr Was
separated. intfo two [ayers, 1.e., an-organic 1ayer

1 were placed 37.41 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 six hours later. Water inthe 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




-and an aqueous | ayer in-the Dean-Stark fractionating unit. The organic
-l:ayer ‘(cycl ohexane | ayer) was recycled to the flask. The reaction m xture
was analyzed by HPLC to find to have a N-hydr oxysucci ni m de concentration’
of 19.2 percent by weight. This corresponds to a yield on the basis of
succinic acid of ~91.90. [0070] COVPARATI VE EXAMPLE 2 To a flask having an
i nner capacity of 100 mMl of a reactor as illustrated in FIG 2 were placed
+12.34 g of a 50 percent 45 by wei ght aqueous hydroxyl ami ne sol ution, 50 ¢
.of acetic acid, and 17.71 g of succinic acid. The tenperature of the oil
bath was raised until ref lux began in the ref |ux condenser nounted to

t he fl ask.frBle¢ipeatinguniitxiawriengvas isarpel ebarid yamabYzeldanbhadRPnhG every one
hour to find that the concentration of N hydroxysuccinim de stopped
increasi n@g friefdukogerdémger @ndtshdopneaconstmmettdar eaict er TeThen
concentration of N-hydroxysuccinimde at that tine was 4.5 percent by

wei ght. THiegissrred pordemeska nixing énpehkehasi sl bistswdsionie F26i-d of

20.8% [0Q71] EXAWMPLE 4 In a flask having an inner capacity of 100 m of a
react or éqU?ﬁEéUl%et%léof%é%f SFSFP(CfEF%?&'l ént iy oFURhORYARRy &Rdi nner

capaci ty % :5. g of sal?cézdrtllucsgcrzza_'é,e%nldntlfé %ean gv’:?ggk %lr%%%g_oglgtfﬁg unit
was filled with cyclohexane. The temperature of the oil bath
. 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
"atubular constant rate pump. Heatingwas terminatedninehours
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




g of a 50 percent by wei ght aqueous hydroxyl am ne solution, 0.8 g of

~cycl ohexane, 50 g of acetic acid, and 19. 81 g of glutaric acid, and the
Dean-Stark fractionating unit was filled with cyclohexane. The tenperature
of the oil bath was raised until ref lux began in the ref |ux condenser
nmounted to the Dean-Stark. Heating Was“term nated five hours later. Water
in the aqueous hydroxylam ne solution and water by-produced as a result of
the reaction underwent azeotropy with cycl ohexane, and the distillate
cooled in the ref |ux condenser was separated into two |layers, i.e., an
organi c |l ayer and an aqueous layer in the 46 Dean-Stark fractionating

uni t. Thebyrigidhd hdyeoud bydrokgkamene [sayert)onpsor@oycheetio achd, f |l ask. The
reaction mxture was analyzed by HPLC to find to have a

N- hydr oxyghdthfith decf sogeenie@dich ofhg tenperetnremf wbeghtl balihs
corresponds to , a yield on the basis of glutaric acid of 36.7% [0072]
COVPARATI V&S e Eust Thergirlocebagan gm e%ﬁ/mi&ﬂw@@wwen@%@dr epeat ed,

except for using 19.81 of glytari¢ acid instead_of 17, 71 of succinic
aci d. The%oﬁ&%rfgraas%'onmg? I IxPYREPER i A E2ePbppefd iaﬁlé‘géféﬂing Si X
hours | at er becanme constant .thereafter. The .concentratiop of
N-hydroxy% urﬁggclj nf dem AtCThEACYE %é§83£]6atp T ETECEY ﬁé%bﬁ?.oghi s

corr esponﬁ§h§8r§xyé@écgir9.@nitd@espgﬁg)§d i%cx%lalégﬁgi £ 7 hgugg ]ElzgteQ%aanO?S]

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%.

[0071]

. 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 g of cyclohexane, 50 g of 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




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 EXAVMPLE 4.
The concentration of N-hydroxyadi pinmde in the reaction mxture sanpled
eight hours later was 2. 9 percent by weight. This corresponds to a yield
on the basis of adipic acid of 19.7%° [0074] COVPARATI VE EXAMPLE 4 The
procedure of COVPARATI VE EXAMPLE 2 was repeated, except 47 for using 21.92
g of adipic acid instead of 17.71 g of succinic acid. The concentration of
N- hydr oxyadi pi m de stopped increasing six hours |later and becane constant
thereafter. The concentration of N-hydroxyglurarimde at that tinme was 0.8
percent byeaerghérk Thasttonsebpondstt o Taheydrejathiorl dver bagtiohextaingl ut ari ¢
~acid of 5.4% [0075] EXAMPLE 6 In a flask having an inner capacity of 100
m of a rdayeny waguigpedad tte &hBefhask ar Kher aeacbhdomgnicgiunen waavi ng an
-inner capacity of 10 mMl as illustrated in FIG 1 were placed 12.34 g of a
50 percen@npyvyéeigny HRffedis fiydr deoyhawene Sorudrawglwargmsfexy| ene, and
17.71 g of succinic acid, and the Dean-Stark fractionating unit was filled
with xyl eFERCTRE R eifferdt dr & PRFCEHe Dol Febak b wddiPareeaeerRIds £ef | ux began
in the r.efaI lf/):ield on the basis of glutaric acid of 36.7%.
[0072]
- COMPARATIVE EXAMPLE 3
The procedure of COMPARATIVE EXAMPLE 2 was repeated, except
for usinig 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




condenser. nounted to the Dean-Stark. Heating was term nated eight hours
later. Water in the aqueous hydroxylam ne solution and water by-produced
‘in the reaction underwent azeotropy with xylene, and the distillate cool ed
in the ref |ux condenser was separatgd into two layers, i. e., an organic
"layer and .an aqueous layer in the Déan-Stark fractionating unit. The
organic |layer (xylene layer) was recycled to the flask. The reaction

m xture was cooled to roomtenperature, and a solid was precipitated. The
solid was filtrated, was dried at 55C in vacuo and was weighed to find
that the weight was 14.2 g. The concentration - 48 of N hydroxysuccinim de
in this sébrdisias ahad% zedf byiEPcGieid ihishdad @fbe? 4Bl § persuentinby wei ght .
This corresponds to a yield on the basis of succinic acid of 40.4%
.[00761 EOWPARANSVECEXANPEE: Bon nof N+hugk dxaeiddgimibde neleerratbaci ty of 100
m of a reactor as illustrated in FIG 2 were placed 12.34 g of a 50
percent  BYCHEREHRI A4TiEGHES HPdFEANHRP PR 6P T LBRrepbitesey| Ehe, and

17.71 of succ ete ature of the oil bath was _raised until
r ef Iug bgﬁﬁﬁe? r?‘ffeor}é% Nug‘y%f?ggﬂi'éifaﬁb‘ﬂmee&tt FhatnEiPPa¥RS e reaction

m Xture l.e nal . yzed HPLC .every one our ind that the
concentra ?o%ggp b‘ﬁl-wﬁ'ﬁ ngys%’cm ﬁ“lo>£ FEEPSTEp e %IH&? S?Ihd:theq éﬁtﬂﬁours | at er
and becagg 891'3'559{5 % %q_:f Eehe The reaction m xture was cooled to room
tenperature, "and a | was precipitated. The solid

[00751"

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 inthe 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 aqueous
layer in the Dean-Stark fractionating unit. The organic layer
(2xylene 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

|
|
[
!
!




was filtrated, was dried at 55C in vacuo and was weighed to find that the
wei ght was 13.23 g. The concentration of N hydroxysuccinimde 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 Ln a flask equi pped with a“48an-Stark fractionating unit were
pl aced 10 g of pyronellitic anhydride, 90 g of acetic acid, and 20 g of
~hexane, and the m xture was heated on a bath at 49- 100C. After checking
that ref |ux began and the tenperature of the reaction m xture reached
74C, 6.66.g of a 50 percent by weight aqueous hydroxyl am ne sol ution was
added  dr opf Eehydddreysuoditrieniviasistihisesof Dd wiawoa haly sedviviyl BPB®Ror ol | i ng
its tenperature to a range from 70C to 74C and renoving water. The
reacti on rMixdurebeads dhpeyzedt by HRLdht.o Thid ddratesponds to a yield

N, N - di hydroxypyronel litic diimde was produced in a yield of 70%wth a
conver si orPIf itom bgebaedfi suecihniy ddideosf 48096- [ 0078] COVPARATI VE EXAMPLE
6 In a flask were placed 10 g of pyronellitic anhydride and 90 g of acetic
acid, and the EP%t@ke was heated on a bath at 80C. After the tenperature
of the mxture_ reached 77C, 6.66 g of a 50 percent by wei ght aqueous

hydr oxyl am ne ggmﬁﬁg%ﬁFYﬁé§m}gﬁﬁ@65dropmﬁse. The m xture was stirred for two
hours while

In 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
' 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




controlling the tenperature thereof to a range from77C to 80C The
.reaction mxture was anal yzed by HPLC to find that

N, N' - di hydroxypyronellitic diimde was produced in a yield of 42%wth a
‘conversion frompyronellitic anhydri of  70% [0079] EXAMPLE 8 A 200- n

t hree- necked fl ask was equi pped with @ punp for feeding acetic acid, a
liquid-level neter, and a Dean-Stark fractionating unit. The Dean- Stark
fractionating unit was equipped with a punp for liquid extraction. The
liquid-level 50 meter ganged with the punp for feeding acetic acid and was
SO configbrgd as to keep the liquid level in the flask constant by

feedi ng ac®0ic- adifder) aherking ddetwerd lpk derapo4nd fheftemmaratuasi d, and
50.8 g of a ﬁalt bet ween hydr oxyl am ne and succinic acid (a 1:1 salt of
hydr oxyl aftnERE MU X5EF ) LearRr] HE R x¢ 8% MRS AcPY PRAFESL ref | ux
for ten h?yr%é.Tﬁe contenth*§ t he reactor _was analgzed by HPLC at this
poi nt. of et T idrORSE PXEFS7EH cEPAFH R 2702 RERT FBRIHESS ani de wer e

produced -ipiy %éigjcgﬂe %ag%tl;f%%gdggggg%? & r%csztg. \iﬁlﬁyﬁ%ﬁ%ﬁgﬁ% .

t he Dean- St ar racti onat’i ng uni hen. to extract

the m Xt ukgnpBrbbrl @CU QARALENG AR 0R! 18 4L andl r ol RN AQYL, and the

punp for feeding acetic acid was a set I nnotion SO as eep the

liquid|evrak rBatBeoh @Sk GRNSEANLNa1TREACOP B i) tHQqr eagkor was
anal yzed by HPLC five hours |ater
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 heatedv on.a bath at
80°C. After the temperature of the mixture reached 77°C, 6.66
g of a 50 percent by weight agqueous 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 énhydride of 70%.
| [0079]
EXAMPLE 8
A 200-ml three-necked flask was equipped with a pump for
feeding acetic acid,' a liguid-level meter, and a Dean-Stark

fractionating unit. The Dean-Stark fractionating unit was

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




to find that N-hydroxysuccinimde and N-hydroxyacetam de were produced in
yields of 94.6%and 3.7% respectively. [0080] COVPARATI VE EXAMPLE 7 The
sanme amounts of acetic acid and the salt between hydroxylam ne and
succinic acid as EXAMPLE 8 were pl ac |n t he same reactor as EXAMPLE 8,
and the mixture was hel d under ref"l At the beginning of ref lux, the
punp nounted to the Dean-Stark fractlonatlng unit was set in notion to
extract the mxture in the fractionating unit at a rate of 10 g per hour,
51 and the punp for feeding acetic acid was also set in notion to keep
the liquid level in the flask constant. Ten hours |later the content in the
react or wastemaygzest by tHPLIG: troudo Adrtfegdingd hpdibdg yesuict endmvae sand

N- hydr oxyacet am de were produced in vyields of 54.4% and 44.5%

- respecti velopfipndedtas &lo Apppi Eabiliiquid Levgl]imdder dlagktensi@ntr esent

invention, cyclic Nhydroxyimde conpounds can be produced in good yields

from any & dperiipg W%r%@l i c aci d anhydri des and pol ycarboxylic
acids, and the u |I| on r at t erlal co one n be
si gni ficantl y F H’éerree F}gglﬁyilgl ‘Fﬁ/’iﬁ‘b)?ﬁl d&* éc?n%ounds are
phot ogr apRoL A %@@i?éﬁ%’?ﬁ' ﬁ%&ﬁsgﬂfl o ST BEpt od: -G 21 ng
cat al yst S’of' ﬂ§§£Ma%{l%% 58& 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 exfract‘the mixture in the fractionating unit at a rate
of 10 g per hour, and the pump for feeding acetic acid was also
set inmotion so as to keepthe liquidlevel in the flask constant.
The content in the reactor was analyzed by HPLC £ive 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,




synthetically prepariing insecticides, and initiators for polynerization
reactions. - 52 - CLAIMS 1. A process for producing cyclic N hydroxyinde
conpounds, conprising: a first step as a pre-process of allowing a cyclic
pol ycarboxylic acid anhydride, a pol ycarboxylic acid, or a m xture of them
to react wth hydroxylam ne or a salt " thereof in an organic solvent for
predeterm ned tine w thout dewatering before the second step; and a second
step as a post-process of allowing a cyclic polycarboxylic acid anhydride,
a poncarboXyIic acid, or a mxture of themto react wth hydroxyl am ne or
a salt thereof in an organic solvent while carrying out dewatering to

t hereby yi&?dY télec@f«lm@sﬁeﬁdlf%dﬂéwzﬁ%tlﬂ BPdF %3S A iFe SGrpdlnEoton The

process for rodu c N-hydroxyi m de conpounds accordlng to claim
1 *uner o s Fe¥Ey e S LSFObADIGHE BETH CaRRyMRT de o8 O GobOLAR

R RT 1\ O SPB S RaL T LS RECCREY RS A IN<d BY (REe e FARIOrTh 11 ef ent
from one I@Wd]ﬁ;ﬁy%ﬂgﬁﬁﬁggléggn%sﬁnB?d?é’%}{é)ge%m%td%n&re fofcRdEgaten an
yl group rou an a an a
cycl oal kyl y GEQuP ot ¥dr 2XY hngr 24Pss AN ety w8 gUP, -~ car boxyl

Industrial Applicability

[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.




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 of 5Zinsubstituted am no group, a
substituted or unsubstituted phosphono group, or a substituted or - 53
unsubsti tuted phosphonooxy group, where at |east two of Ra, Rb, Rc, Rd, Re
and Rf may be conbined to forma dotbABYHond with an adj acent

car bon-carbon bond or to forman aromatic or non-aromatic ring wwth an
adj acent _carbon atom or carbon chain, and where the compound may have two
or nore éyclfcPaerasankhodrpaedegingt erslper Nrpydeareinidadepmpenptes 0, 1
or 2. ZFomde fragess for producing cyclic N-hydroxyim de conpounds
according to claim1, wherein the cyclic polycarboxylic acid anhydride is
at | east 2drie YoRBEBME SePretRECEedMSUBLANENIaNRYElilgevo Y carBpogylic

anhydr ihagtgiq thﬁ)@ckh@eéilflalhpﬂtgl&Qg;bbfﬁygﬁbgjéiic@,log%hﬂ(g%it:ﬁﬁle o@%lﬁ’@iﬁ't'gi fézft’gt
nonoanhydr.i de, ramel [itic dian ride, , 8-nap al enedi car boxylic
anhydri ,h q’?’@%@&ﬂ“@%r@ﬂ@caﬁ%ﬁ%yﬁ}?e&%yﬁ} ide organic solvent “for
1, 4,5, prejetidalieret etinacat byt idewamanty deifdee the second step; and
1,4,5, 8ngphihalsenet E%Mgc%dé:ssdbitmﬁﬁ{y&digﬁdae cyézr}&c polycarboxylic

2, 3, 6, 7- napht hal enet et racar boxyl | c_nonoa \
2,3,6, 7 ﬂﬁhﬁﬂéh@?etar@@%1Yﬁ632§P?<?iléIFa%ﬂwi}r pa& myxtyhe ofr beeg$ofpract

pr oduciwig It Y§d @ 1 hyd hex wi-h dea Conpruelss aceer dirgente sbavaht, wmhesein
t he pokxﬁ%;box %d% %Fld is.a

C nd
yin ewatering %gp%gereby yield a corresponding cyclic
N-hydroxyimide compound.
2. The process for producing cyclic N-hydroxyimide compounds
according to claim 1, wherein the cyclic polycarboxylic acid

anhydride is a compound represented by following Formula (1):

[Chemical Formula 1]

%Ra 0
V4
C
RS \
REJ /O @
C
Re Rf \\0

wherein R®, R®, R%, RY, R® and Rf are the same as or different from
one another and each represents hydrogen atom, a halogen atom, an
alkyl group, a haloalkyl group, an aryl group, an aralkyl 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

prhosphono group, or a substituted or




represented by following Formula (2): [Chemical Fornula 2] - 54 - COOH Re
Rd n(2) COOH Re Rf wherein Ra, Rb, Rc, Rd, Re and Rf are the sane as or
different from one another and each represents hydrogen atom a hal ogen
atom an al kyl group, a hal oal kyl gr®Bp; 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 fwb%ﬁ'bti}bt,e(g %Q%%Q}P%/IER%}HY FTOURs UBR TS ied a8 F iy 1°grupR nitro
group, a supstituted or unsubstituted am no group, a substituted or
unsubstBt Uk edR® ahdKpAbbgcempingd Bo Sorsta dorbdedronhyibbtan agedcent

phosphonooxy group, where at least two of Ra, Rb, Re, Rd, Re and Rf may be
conbi nethritan{faarbe toukl @r tontowm En ancmalf A emt neardoomgarban rgowdtbr to
forman aromatic or non-aromatic ring with an adjacent carbon atom or

car bon axhaidyadgitt wWheied e @0 rpowadbdry chave ,t wadowhareetpai £8mpofind
car boxyl groups capable of formng a cyclic imde skeleton per nolecule;

and n denpheseliwd A mdredeydNfc IQGEaah{ AL 1 BE OLUET Hi%18Y PdrCrndh BydIoXYi i de
conpounds according to claim1l1, wherein the polycarboxylic acid is at

| east and n denotes 0, 1 or 2.

3. The process for producing cyclic N-hydroxyimide compounds
according to claim 1, wherein the cyclic polycarboxylic acid
anhydride is at least one compound selected from succinic
anhydride, glutaric anhydride, phthalic anhydride, trimellitic
anhydride, pyromellitic monoanhydride, pyromellitic dianhydride,
1,8-naphthalenedicarboxylic 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, 7T-naphthalenetetracarboxylic dianhydride.

4. The process for producing cyclic N-hydroxyimide compounds
according to claim 1, wherein the polycarboxylic acid is a compound
represented by following Formula (2):

[Chemical Formula 2]




one conpound selected fromsuccinic acid, giutaric acid, adipic acid,
phthalic acid, trinellitic acid, pyronellitic acid,

1, 8- napht hal enedi carboxylic acid, - 55 - 2, 3-naphthal enedi carboxylic acid,
1, 4,5, 8-napht hal enet etracar boxyl i ¢ -acs4, - and

2, 3,6, 7-napht hal enetetracarboxylic acid. 6. The process for producing
cyclic N-hydroxyi m de conpounds according to any one of clains 1 to 5,
further conprising using an organic solvent capabl e of undergoing
azeotropy with water as all or part of a reaction solvent and carryi ng out
the reaction while renoving water fromthe reacti on system by azeotropy
with the organic solvent. 7. The process for producing cyclic

N- hydr oxyi ni dgcéfffounds according to claim6, further conprising
recycling B azeotropic distillate after renoving water therefromto the
reaction syst®m 8 The process for producing cyclic Nhydroxyi mde
conpounds & pr&:%b to one of clains 6 and 7, wherein the organic sol vent
is at | east one sel ected fronrcarboxylic acids, esters, ketones, aliphatic
hydrocarbons alrc li¢c hydrocar aromatic hydrocarbons alcohols and
hal ogerdt bﬁbggs %’d R%?en%r%cagé Ff SAUES R %’EF?Eent from

N- hydr oxyi nrde co nds accordln ny one of clains 1 to 8, further
conpr i Gy 2BREPFENg™ H H@FF§§E¥ﬁoh%%aFPQeEO%??%Uoh§P§°@FnIﬁF@Wﬂ1?Qently

addlngaﬁﬂqﬂ?%&%ﬁ&i hyha oXﬂE”ﬂ”&rSSé?téé”ééy %Q%u%?agklg?aEXyi 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. The process for producing cyclic N-hydroxyimide compounds
according to claim 1, wherein the polycarboxylic acid is at least
one compound selected from succinic acid, glutaric acid, adipic
acid, phthalic acid, trimellitic acid, pyromellitic acid,

1,8-naphthalenedicarboxylic acid,




10. The process for producing cyclic N hydroxyi mde conpounds according to
claim1, wherein the organic solvent is a solvent capable of formng a
dehydrati on- condensati on product with hydroxylam ne. 11. The process for
produci ng cyclic N hydroxyi m de conpogrds according to claim10, wherein
the organic solvent is a nonocarboxylic acid having one to ei ght carbon
atons. 12. A process for producing cyclic N hydroxyim de conpounds,
conprising the step of allowing a cyclic polycarboxylic acid anhydride, a
pol ycard JrhEr enedicamprykeC odcitbem to react with hydroxyl amine or a
salt thereof in an organic solvent selected froma group consisting of

car boxylj £, 38 dsgples &l sne ket onesrboayl phat ¢ td hyalndcar bons, alicyclic

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

hydr ocaz poys, Widght ievet €f ¢ figa byrisaepl 1Opacidi still ation thereby yi el di ng
a corresponding cyclic N-hydroxyimde conpound; wherein the said organic

sol vent g C@Hébbﬁoeésgn@8EQBkBQuc§E§0E§QP¥c“NLHy&@B§§1M@HEec8ﬁ§5MhHQ OUt
dewat eri ng; and wherein the anount of Said organic solvent is 10 to

Bg[;iar%dég%lc %C|d%gﬁﬁgg£ :pXﬂ' g%? §L|§2§FE§§3|FC ac?gqﬁgéélhgﬁn?he

reaCtlon n organic solvent capable of undergoing azeotropy with water as
all or part of a reaction solvent and carrying out the reaction
while removing water from the reaction system by azeotropy with
the organic solvent.

7. The process for producing cyclic N-hydroxyimide compounds
according to claim 6, further comprising recycling an azeotropic
distillate after removing water therefrom to the reaction system.

8. The process for producing cyclic N-hydroxyimide compounds
according to one of claims 6 and 7, wherein the organic solvent
is at least one selected from carboxylic acids, esters, ketones,
aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons, alcohols, and halogenated hydrocarbons.

9. The process for producing cyclic N-hydroxyimide compounds
according to any one of claims 1 to 8, further comprising carrying

out the reaction while continuously or intermittently adding an

aqueous hydroxylamine solution to the reaction system.




- 56 -

10. The process for producing cyclic N-hydroxyimide compounds
according to claim 1, wherein the organic solvent is a solvent
capable of forming a dehydration-condensation product with
hydroxylamine.

11. The process for producing cyclic N-hydroxyimide compounds
according to claim 10, wherein the organic solvent is a

monocarboxylic acid having one to eight carbon atoms.

12. 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 selected
from a group consisting of carboxylic acids, esters, ketones,
aliphatic  hydrocarbons, alicyclic  hydrocarbons, aromatic
hydrocarbons, alcohols, and halogenated hydrocarbons while
dewatering by azeotrdpic distillation thereby yielding a
corresponding cyclic N-hydroxyimide compound;

wherein the said organic solvent is capable of undergoing

azeotropy with water while carrying out dewatering; and
wherein the amount of said organic solvent is 10 to 5000 parts

by weight to 100 parts by weight of the total of said cyclic

polycarboxylic acid anhydride and said polycarboxylic acid used

in the reaction.



