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The present invention relates to a catalyst that is useful
for oxidation, nitration, carboxylation, reaction for the
formation of a carbon-carbon bond, and other reactions and to

a process for producing an organic compound using the catalyst.

Background Art

An oxidation reaction is one of the most basic reactions
in the field of organic chemical industry, and various oxidation
processes havebeendeveloped. Fromthe viewpointsof resources
and environmental issues, a catalytic oxidation process, in
which molecular oxygen or air is directly used as an oxidizing
agent, is preferred. However, the catalytic oxidation process
generally requires high temperatures and/or high pressures for
activation of oxygen or, alternatively, must be performed in
the co-existence of a reducing agent such as an aldehyde to
proceed the reaction under mild conditions. Accordingly, such
a conventional catalytic oxidation process cannot easily and
efficiently produce an alcohol or a carboxylic acid under mild
conditions.

Lower hydrocarbons such as methane and ethane are nitrated

using nitric acid or nitrogen dioxide at high temperatures of



nunber of carbon atons is nitrated under the above condition, the
substrate is deconposed, and a target nitro conpound cannot be obtained in
a high yield. To nitrate hydrocarbons, a nethod using mxed acid (a

m xture of nitric acid and sulfuric acid) is wdely enployed. However,
this nmethod requires |arge anmounts of a strong acid in a high
concentration. Additionally, few processes are known for efficiently and
directly introducing carboxyl groups intp hydrocarbons under nild
conditions. A variety of processes are known for producing organic sulfur
acids or salts thereof. For exanple, processes for producing a sulfonic

acid i ncl uderém precesso gboexi dirdwegrex ,t Bheh a apadbstbkbbdenaw iy an ox4di zi ng
agent, a process of allowing an aromatic hydrocarbon to react with
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car bon-carbon bon
directly introducing carboxyl groups into hydrocarbons under

mild conditions.

A variety of processes are known for producing organic
sulfur acids or salts thereof. For example, processes for
producing a sulfonic acid include a process of oxidizing a thiol
or disulfide with an oxidizing agent, a process of allowing
an aromatic hydrocarbon to react with anhydrous SOs;-pyridine
or chlorosulfuric acid by using a Friedel~Crafts reaction, and
a process of synthetically obtaining a sulfonic acid by
subjecting an unsaturated compound to free-radical addition.
These processes, however, require extreme reaction conditions
or inevitably produce large amounts of by-products.
Additionally, no processes for directly and efficiently
sulfonating non~aromatic hydrocarbons have been known.

Processes are known in which a variety of compounds are
added to unsaturated compounds each having a carbon-carbon
doublebondor hetercatom-containing compounds andtherebyyield
useful organic compounds. Forexample, whenanactivemethylene

compound such as a malonic diester is allowed to react with



is formed as a result of a nucleophilic addition reaction and thereby
yi el ds an addition product (M chael addition reaction) . Wwen two types of
carbonyl compounds are treated in the presence of an acid or a base, one
carbonyl compound is nucleophilically added to the other to forma

car bon-carbon bond and thereby vyields an al dol condensate. These
processes, however, are generally perforned in the presence of an acid or
base and cannot be applied to conpounds ; each having a substituent that is
susceptible to the acid or base. In addition, these processes cannot

al low, for exanple, a hydroxynethyl group, an al koxynmethyl group, an acyl

group or aadestdaiy KaFPeN At e O fbr estt YagOpe ngrobiph qu€arlen atom
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exanpl e, European K Patent Publication EP-A-2103686 di scl oses a, process for
synt het i caqugaé‘b%%lr%i%a&?rﬁ%l RBEOTRIDY A ISSRRRFTY v 8T R L e act

PUbl i cat i oGRS G 26 PF RS DCRth Droraee Furody et B [AOY ni ng
pant ol act onyeieb_Lydsalzlr?"glncgolhycdcgri”1 eergsate .

These processes, however, are generally performed in the
presence of an acid or base and cannot be applied to compounds
each having a substituent that is susceptible to the acid or
base. In addition, these processes cannot allow, for example,
a hydroxymethyl group, an alkoxymethyl group, an acyl group
or a tertiary carbon atom to directly combine with a carbon
atom constituting an unsaturated boned of an unsaturated
compound or with a methine carbon atom of a bridged cyclic
compound.

Addition reactions to a carbon-carbon double bond in
accordance with a radical mechanism or coupling reactions to
form a carbon-carbon bond are also known. However, there are
few processes that can efficiently yield addition or
substitution reaction products or derivatives thereof by action
of, for example, molecular oxygen under mild conditions.

Some processes are known as production processes of
hydroxy-y-butyrolactone derivatives. For example, European
Patent Publication EP-A-2103686 discloses a process for

syntheticallyobtainingpantolactonebyallowingglyoxylicacid




gl yoxylic acid to react with t-butyl alcohol. Tetrahedron, 933 (1979)

di scl oses a process for synthetically obtaining pantolactone. This process
i ncl udes the steps of hydrol yzing

4- hydr oxy-2-nmet hyl -5, 5, 5-trichl oro-1-pentene to yield

2- hydr oxy- 4- et hyl - 4- pent enoi ¢ acid and cyclizing this conpound in the
presence of hydrochloric acid. In addition, The Chem cal Society of Japan,
Spring Conference Proceedings |1, pp._ 1p15 (1998) reports that Iight
irradiation to a mxture solution contalning an a-acetoxy-x, p-unsaturated
carboxylic ester and 2-propanol yields a correspondi ng (x-

acet oxy-y, yrdi @i dy gy DU yohBgione. derinaliiaee. FHpels URaghiofed hese
processes enploys a naterial that is not easily available or requires

speci al porttﬁﬂérsm%wicéb@oﬁ@@@)tlii@@-tib@w.e@@—wmwumeaw%grat Appddgation
Publ i cati ons No. -38909 and No. 9-327626 each propose an oxidation

catal yst clypkiysithe tdralllydebeanpongdodratyd Ngcttorspes ltosingaiydeatdd the
i mde conmpound in conbination with, f or exanple, a transition netal
conpound asylyeatlalystibidro exkediziingh anbot gardle-gudist r ke rawvetironpl &l ar
oxygen. Japanese Unexam ned Patent Application Publication No. 11-239730
di scl oses allfesdisdiosts ch procemstiar esysthet boedly cobeatningt h at

| east one reactant selected from (i) nitrogen oxides and (ii) m xtures of
car bon nond@a@e ey géilisnPrRcepresepbedes tlife sitargecE By
thereby at |east one functional group selected fromnitro group and

car boxyl groupyd=O% ¥it4 JRICBH T D 1 et S5 FRAT & PHEHENS nt@rhb®+onal
Publ i cati on, No. W00/ 3583 i scl oses a process, in jch. two conmpounds are
i T owed t o GRS R H SR ok TETOST T PEE 1 Lt Tyl SOMT T HeEk 1 de
conmpound aqu%xﬁﬁgi%%lthe presence of hydrochloric acid. 1In addition,
The Chemical Society of Japan, Spring Conference Proceedings
II, pp. 1015 (1998) reports that light irradiation to a mixture
solution containing an a-acetoxy-o,B-unsaturated carboxylic
ester and 2-propanol yields a corresponding
o-acetoxy-y,y-dimethyl-y-butyrolactone derivative. However,
each of these processes employs a material that is not easily
available or requires special conditions for the reaction.
Japanese Unexamined Patent Application Publications No.
8-38909 and No. 9-327626 each propose an oxidation catalyst
comprising an imide compound having a specific structure or
the imide compound incombinationwith, forexample, a transition
metal compound as a catalyst for oxidizing an organic substrate
withmolecular oxygen. Japanese Unexamined Patent Application
Publication No. 11-239730 discloses a process, 1in which a
substrate isallowed toreact with at least one reactant selected
from (i) nitrogen oxides and (ii) mixtures of carbon monoxide

and oxygen in the presence of the imide compound and thereby

at least one functional group selected from nitro group and



generator with respect to the imde conpound and thereby yield an addition
or substitution reaction product or an oxidized product thereof in
accordance with a radi cal nmechanism These processes using the imde
conmpounds can introduce an oxygen-atom containing group such as hydroxyl
group, nitro group or carboxyl group into a substrate or can forma
carbon-carbon bond. However, they are still insufficient in yields of the
target conpounds, stability of the catalysts or anounts of the catalysts.
Di scl osure of Invention Accordingly, an object of the present invention is
to provide a catalyst that can yield an organic conpound with a high

sel ecti Vit Yed fbek (i drthe! fs asners@sedd Dito fofie exapPt fatean moidi tion or
substitution reaction under mld condition and to provide a process for

produci ng am s et Tooraibld dssiing Nbhen@d A3 Y8315 dAratllare 0hj eeocofst he
present invention is to provide a catalyst that can introduce an

oxygen- at ontric ovtt i tige graupounds caee drhared substact evimdezaah | dther
conditions and to provide a process for producing an organi c conpound
using the citdilystprésenemorher opgetfioflinide premeennd nyedt & onafiscasd
provide a catalyst that is highly stable and can maintain its catalytic
activity foreneramer ik rASPEEENHE? ol &BidafCemee pre sevt thﬁi?éhtfib‘-\cﬁf% to
provide a radical reaction catalyst that exhibits high catalytic ,aqéivity
even in a SHI3GHOtRR  CANVIRR 1o} BT B2 HEPHrRERMCT et ot 1L %
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processes using the imide compounds can introduce an

oxygen-atom-containinggroup suchashydroxyl group, nitrogroup
or carboxyl group into a substrate or can form a carbon-carbon
bond. However, they are still insufficient in yields of the
target compounds, stability of the catalysts or amounts of the

catalysts.

Disclosure of Invention

Accordingly, an object of the present invention is to
provide a catalyst that can yield an organic compound with a
high selectivity in a high yield as a result of, for example,
an addition or substitution reaction under mild condition and
to provide a process for producing an organic compound using
the catalyst.

Another object of the present invention is to provide a
catalyst that can introduce an oxygen-atom-containing group
into an organic substrate under mild conditions and to provide
a process for producing an organic compound using the catalyst.

Yet another object of the present invention is to provide

a catalyst that is highly stable and can maintain its catalytic



tenperatures. After intensive investigations to achieve the above objects,
the present inventors have found that, when a conpound capable of formng
a radical is allowed to react with a radical scavenging conpound in the
presence of an i m de conpound having a specific structure, a correspondi ng
addition or substitution reaction product or a derivative thereof can be
obt ai ned under mld conditions. The present invention has been
acconpl i shed based on these findings.. Specifically, the present invention
provi des, in an aspect, a catalyst including an im de conmpound having a
N-substituted cyclic imde skeleton represented by followng Formula (1):
0 11 CCladtOR{y)f&ESE LdngOcivherein Ris a hydroxyl -protecting group
Such i m de compounds include, for exanple, a conpound represented by
fol | owi ng For nulza fak)cheRl objett BZ4EheNoORs€h)Y Rdvehtion Rsltd provide

a radical reaction catalyst that exhibits high catalytic

activity even in a small amount.

Another object of the present invention is to provide a
radical reaction catalyst that is highly stable even at high
temperatures.

After intensive investigations toachieve the aboveobjects,
the present inventors have found that, when a compound capable
of formingaradical isallowedto react witha radical scavenging
compound in the presence of an imide compound having a specific
structure, a corresponding addition or substitution reaction
product or a derivative thereof can be obtained under mild
conditions. Thepresentinventimnhasbeenaccomplishedbaéed
on these findings.

Specifically, thepresent inventionprovides, inanaspect,

a catalyst including an imide compound having a N-substituted
cyclic imide skeleton represented by following Formula (I):
0
Il

c—C\

| N—OR (1)

C\c/

It
0
wherein R is a hydroxyl-protecting group.

Such imide compounds include, for example, a compound

represented by following Formula (1):



O wherein Ris a hydroxyl-protecting group; Rl, R2, R3 and RO are the sane
or different and are each a hydrogen atom a halogen atom an al kyl group,
an aryl group, a cycloal kyl group, a hydroxyl group, an al koxy group, a
car boxyl group, a substituted oxycarbonyl group, an acyl group or an

acyl oxy group, where at least two of Rl, R2, R3 and R4 may be conbi ned
with each other to forma double bond, an aromatic or non-aromatic ring,
and where at |east one N-substituted cyglic imdo group indicated in
Formula (1) may further be formed on Rl, R2, R3 and R4 or on the double
bond, the aromatic or non-aromatic ring formed by at |least two of Rl, R2,
R3 and R4. The progecting group Ris preferably a hydrolyzable protecting
group. R may beRh group obtained froman acid by elimnating an OH group
fromthe aci d.R:8ach\aci ds include, for exanple, carboxylic acids, sulfonic
aci ds, carbonig faci d\—O0Barbamic &id, sulfuric acid, nitric acid,
phosphoric aci 8 d boric acids. The catal yst nmay include the imde
conpound and a Retallic conmpound in conbination. In another aspect, the
present invention Provides a process for producing an organic conpound,
the process including the step of allown coppound_gapabl g of

formng a ratica? Ptc“ysr%a@de’fﬁhlIEB’ﬁO%e‘F '%gﬂ@oé’gﬁvgngi%g Borfdtuid 1 the
Prosence Ol A S Y38 cha ke g2 BIOGly of B! L0001 BB LAT
thereof. Asattohn?, 58’58%%'/@%1(0@p,031~98‘9b$ g(}foutpgrﬂyglgaffgi 8?"01.1pl,1%eh§&noxyl
group, an alkoxy group, a carboxyl group, a substituted
oxycarbonyl group, an acyl group or an acyloxy group, where
at least two of R', R?, R’ and R? may be combined with each other
to form a double bond, an aromatic or non-aromatic ring, and
where at least one N-substituted cyclic imido group indicated
in Formula (1) may further be formed on R', R®), R?® and R* or on
the double bond, the aromatic or non-aromatic ring formed by
at least two of Rl, Rz, R3 and R®.

The protecting group R is preferably a hydrolyzable
protecting group. R may be a group obtained from an acid by
eliminating an OH group from the acid. Such acids include, for
example, carboxylic acids, sulfonic acids, carbonic acid,
carbamic acid, sulfuric acid, nitric acid, phosphoric acids
and boric acids.

The catalyst may include the imide compound and a metallic
compound in combination.

In another aspect, the present invention provides a process
for producing an organic compound, the process including the
step of allowing (A) a compound capable of forming a radical

to react with (B) a radical scavenging compound in the presence



be made of one selected from (Al) heteroatom containing conpounds each
havi ng a carbon-hydrogen bond at the adjacent position to the heteroatom
(A2) conpounds each having a carbon-heteroat om doubl e bond, (A3) conpounds
each having a nethine carbon atom (A4) conpounds each having a

car bon- hydrogen bond at the adjacent position to an unsaturated bond, (A5)
non-aromatic cyclic hydrocarbons, (A6) conjugated conpounds, (A7) am nes,
(A8) aromatic conpounds, (A9) straight-ghain al kanes and (A10) ol efins.
The radi cal scavengi ng conpound (B) may be one selected from (B1)

unsat urated conpounds, (B2) conpounds each having a nethine carbon atom

(B3) conpousels heasdt L5 Ak Bi g 1al a hetRnesd oMmaandddBdlon or substitution
oxygen-atom containing reactants (reacting agents) . Such

oxygen- at onkeant &bmibet weeae ttad sadrburichdlAldend toe exmpphed ¢Rygeoar &ar bon
nmonoxi de, nitrogen oxides, sulfur oxides, and nitric acid, nitrous acid or
sal ts ther etdrivdiel vyeache¢opst bet ween t he conpound (A) capable of forming a

radi cal and the radical scavengi ng conpound (B) include, for _exanple,
oxi dati on react iPsn§hecapBpRyndt {Aoh Ge@adtlicons, fORAPERAtd drdicadti BASg, can

sul fonation reactions, coupljng reaction and conbi nations thereof. The
tern1"addit??nﬁ%ﬁes%%s???ugé%ﬁé%$€a§f?%n%%§)ug%ﬁeﬁ%?E?%_C?gtﬁﬁﬁﬂngn a broad
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carbon-heteroatom double bond, (A3) compounds each having a
methine carbon atom, (A4) compounds each having a
carbon-hydrogen bond at the adjacent position to an unsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
compounds, (A7) amines, (A8) aromatic compounds, (A9)
straight-chain alkanes and (Al10) olefins.

The radical scavenging compound (B) may be one selected
from (Bl) unsaturated compounds, (B2) compounds each having
a methine carbon atom, (B3) compounds each containing a
heteroatomand (B4) oxygen—-atom-containing reactants (reacting
agents). Such oxygen-atom-containing reactants (B4) include,
for example, oxygen, carbon monoxide, nitrogen oxides, sulfur
oxides, and nitric acid, nitrous acid or salts thereof.

The reactions between the compound (A) capable of forming
a radical and the radical scavenging compound (B) include, for
example, oxidation reactions, carboxylation reactions,
nitration reactions, sulfonation reactions, coupling reactions
and combinations thereof.

The term "addition or substitution"” reaction as used herein

is used in a broad meaning and also includes, for example,




represented by Fornula (1) . The im de conpound nmay have a plurality of
the N-substituted cyclic imde skeleton represented by Fornula (I) in a
nol ecul e. The im de conpound may al so have a plurality of N-oxy cyclic

i m de skel eton bonded through R, which N-oxy cyclic imde skeleton is
obtained fromthe N-substituted cyclic im de skeleton represented by
Formula (I) by elimnating Rtherefrom In Fornmula (1) , the hydroxyl
-protecting group represented by R iaclqudes conventional protecting groups
for a hydroxyl group in the field of organic synthesis. Such protecting
groups include, but are not limted to, alkyl groups (e.g., nethyl,

t-butyl, angiofhalorCkriet @llksdnarioups) , al kenyl groups (e.g., ailyl
group) , cycloal kyl groups (e.g. , cyclohexyl group) , aryl groups (e.g.,
2, 4-dinitrophenyl group), aral kyl groups (e.g., benzyl, 2,

6- di chl orobenzyl, 3-bronobenzyl, 2-nitrobenzyl, and triphenyl nethyl
groups); sUdesti tMaded foet ISdrmgrioupLYte.he Inmardodymet hyl , net hyl t hi onet hyl
benzyl oxynet hyl , t-but oxymethyl, 2-nethoxyethoxynethyl,

2,2, 2-trichl or odméRgmecmploungisd( 2- chl or oet hoxy) net hyl , and
2-(trinmethylsilyl)ethoxymethyl groups), substituted ethy] roups, (e, 9.,

1- et hoxyet hyl , %-§§Fﬁ}wﬁf-ﬁﬁtHB?y@%%???t-lﬁﬁ@nﬁ4?%dﬁWHﬁ6k Iﬁﬁ%)lmlde
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group or h%md¥§¥f¥y9fgﬂeNMgdﬁéifBGyéy%@cﬁggyﬂideskeletonrepresented
by Formula (I) in a molecule. The imide compound may also have
a plurality of N-oxy cyclic imide skeleton bonded through R,
which N-oxy cyclic imide skeleton is obtained from the
N-substituted cyclic imide skeleton represented by Formula (I)
by eliminating R therefrom.

In Formula (I), the hydroxyl-protecting group represented
by R includes conventional protecting groups for a hydroxyl
group in the field of organic synthesis. Suchprotectinggroups
include, but are not limited to, alkyl groups (e.g., methyl,
t-butyl, and other C;-C4 alkyl groups), alkenyl groups (e.g.,
allyl group), cycloalkyl groups (e.g., cyclohexyl group), aryl
groups (e.g., 2,4-dinitrophenyl group), aralkyl groups (e.g.,
benzyl,2,6—dichlorobenzyl,3—bromobenzyl,2—nitrobenzyl,and
triphenylmethyl groups); substituted methyl groups (e.g.,
methoxymethyl, methylthiomethyl, benzyloxymethyl,
t-butoxymethyl, 2-methoxyethoxymethyl,
2,2,2-trichloroethoxymethyl, bis(2-chloroethoxy)methyl, and
2-(trimethylsilyl)ethoxymethyl groups), substituted ethyl

groups (e.g., l-ethoxyethyl, l-methyl-l-methoxyethyl,



acyl groups (e.g., fornyl, acetyl, propionyl, butyryl, isobutyryl, valeryl,
pi val oyl , hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, |auroyl,
nyristoyl, palmtoyl, stearoyl, and other Cl-C20 aliphatic acyl groups,
and other aliphatic saturated or unsaturated acyl groups; acetoacetyl
group; cycl opentanecarbonyl, cycl ohexanecarbonyl, and ot her

cycl oal kanecar bonyl groups, and other alicyclic acyl groups; benzoyl,
napht hoyl, and other aromatic acyl groupg),. sulfonyl groups (e.g.,

met hanesul fonyl , ethanesul fonyl, trifluoromethanesul fonyl,

benzenesul fonyl, p-toluenesul fonyl, and naphthal enesul fonyl groups),

al koxycar bonyi s g isx ey, 2TEL oxyersboswd et 1ef hoxsrearbamthoxyethyl
t-butoxycarbon;%f and %nrég Cl-C4aIkoxy-carbo#§% groups),

ar al kyl oxycprdgsy), ot ®tyesh (e §pyraiehzyt oxyc at oyt ydpr ofypr amgll group,
p- met hoxybenzyl oxycar bonyl group), substituted or unsubstituted carbanoyl

groups (e. dglscathzmpylkyl metchwdscdebgnpyl Thaddophenlyl tar bampyrt oxyloesps) ,
groups obtained frominorganic acids (e.g., sulfuric acid, nitric acid,
phosphori ¢ adividroxydedwnti cl deydis)zpyexddesnat iagdan OH group therefrom
di al kyl phosphi not hi oyl groups (e.g., dinethyl phosphinothi oyl group),
di aryl phos phitretreeytl o lm%%ﬁxﬁ,g%ﬁ%m%hyl%m%s%%ﬁ%ﬁt%ﬁ%W?sgg%ﬁb)ga%nd
FEe AL L G S TN e e
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skeleton r eipsrcﬁasl.?tn§;l?}¢l ,b%allz.%rr%l,%ﬂzglg}/l ?lﬂergam%jlqghE{pEQﬁB?Et O(%tanoyl ’
nonanoyl, decanoyl, lauroyl, myristoyl, palmitoyl, stearoyl,
and other C;-Cyy aliphatic acyl groups, and other aliphatic
saturated or unsaturated acyl groups; acetoacetyl group;
cyclopentanecarbonyl, cyclohexanecarbonyl, and other
cycloalkanecarbonyl groups, and other alicyclic acyl groups;
benzoyl, naphthoyl, and other aromatic acyl groups), sulfonyl
groups (e.g., methanesulfonyl, ethanesulfonyl,
.trifluoromethanesulfonyl,benzenesulfonyl,p—toluenesulfonyl,
and naphthalenesulfonyl groups), alkoxycarbonyl groups (e.g.,
methoxycarbonyl, ethoxycarbonyl, t-butoxycarbonyl, and other
C1-Cqalkoxy-carbonyl groups), aralkyloxycarbonyl groups (e.qg.,
benzyloxycarbonyl group and p-methoxybenzyloxycarbonyl group),
substituted orunsubstituted carbamoyl groups (e.g., carbamoyl,
methylcarbamoyl, and phenylcarbamoyl groups), groups obtained
from inorganic acids (e.g., sulfuric acid, nitric acid,
phosphoric acids, and boric acids) by eliminating an OH group
therefrom, dialkylphosphinothioyl groups (e.g.,
dimethylphosphinothioyl group), diarylphosphinothioyl groups

(e.g., diphenylphosphinothioyl group), and substituted silyl



In this case, Rincludes, but is not limted to, oxalyl, malonyl,

succi nyl, glutaryl, adipoyl, phthaloyl, isophthaloyl, terephthaloyl, and
ot her acyl groups derived from pol ycarboxylic acids; carbonyl group; and
nmet hyl ene, ethylidene, isopropylidene, cyclopentylidene, cyclohexylidene,
benzyl i dene, and ot her pol yval ent hydrocarbon groups (specifically, groups
that form acetal bonds with two hydroxyl groups). The protecting groups

ot her than al kyl groups (e.g., nmethyl. gfoup) are nore preferred as R
Specifically preferred Rs include, for exanple, groups that can form an
acetal or hem acetal w thahydroxyl group; groups (e.g., acyl groups,

sul fonyl graunss @ .koxyacariberydy lgriauads, tatishtoardianayt y g olpls,) obt ai ned
fromacids (e.g.,carboxylic acids, sulfonic acids, carbonic carbonicacid,
aci d, sul f uridearciyd,sighdspleord ¢ @Eghesy laaid borgmowes)ds) by elim nating an
OH group therefrom and other hydrolyzable protecting groups that can be
deprotected by Fper diydescompdypilcabyehanpl @sebirahity midl tomhsiisi ar e
the imde qfounds represented by Fornula (1) O the supstituents R1,

R2, R3 and i¥den $4fd 9bATE QsHRshUHHROUFh&R haltbigdh I\b't%’f'ﬁflcrﬁé‘?]ub%slm i ne,

b hl d fl Th | i | b

Pshot 11 e A rﬂh”toef%{'%aftr R G TSR e T
but yl h d_ot i

Zlk;Iygrouﬁgyéﬁ% fhg§¥HGS gé?&BGE?rng ]ab%g%ﬁgg%gﬁéIﬁfggggg%éiéﬁgrred

alkyl “orouns, gf es2d0d, & %‘i%%ie%a%‘uﬁ‘?_‘é'hﬂ‘%% LTS xhey 3Dy dhpar bon

at ons, aIkyI groups eac V|ng ron1a%out ar’bon
succinyl, glutaryl, adipoyl, phthaloyl, isophthaloyl,

terephthaloyl, andotheracyl groupsderived frompolycarboxylic
acids; carbonyl group; and methylene, ethylidene,
isopropylidene, cyclopentylidene, cyclohexylidene,
benzylidene, and other polyvalent hydrocarbon groups
(specifically, groups that form acetal bonds with two hydroxyl
groups) .

The protecting groups other than alkyl groups (e.g., methyl
group) are more preferred as R. Specifically preferred Rs
include, for example, groups that can formanacetal orhemiacetal
withahydroxyl group; groups (e.g., acylgroups, sulfonyl groups,
alkoxycarbonyl groups, and carbamoyl groups) obtained fromacids
(e.g., carboxylicacids, sulfonicacids, carbonicacid, carbamic
acid, sulfuric acid, phosphoric acids, and boric acids) by
eliminating an OH group therefrom, and other hydrolyzable
protecting groups that can be deprotected by hydrolysis.

Typical examples of the imide compounds are the imide
compounds represented by Formula (1). Of the substituents R,
R?, R® and R® in the imide compounds, the halogen atom includes

iodine, bromine, chlorine and fluorine atoms. The alkyl group




atons are typically preferred. The aryl group includes phenyl and napht hyl
groups, for exanple. Illustrative cycloal kyl groups are cycl opentyl and
cycl ohexyl groups. Illustrative al koxy groups are nethoxy, ethoxy,

i sopropoxy, butoxy, t-butoxy, hexyloxy, andotheral koxy groups each having
fromabout 1 to about 10 carbon atons, and preferably having from about 1
to about 6 carbon atons. Anong them |ower al koxy groups each having from
about 1 to about 4 carbon atons are typhcally preferred. Exanples of the
substituted oxycarbonyl group include nethoxycarbonyl, ethoxycarbonyl,

i sopropoxycar bonyl, butoxycarbonyl, t-butoxycarbonyl, hexyl oxycarbonyl,

hept yl oxycairrppmydes 0§&Y'1@W&@ID@Dyéd @6 Gyd oy, a8 BRRY | pro@@qecwé@wpmbonyl :
tetradecyloxycarbonyl hexadecyl oxycar bonyl, octadecyl oxycarbonyl, and

other alk rbqrydblgwpypss{mstger; aﬂ:-l'mt}m, C20x @l K oxye ¢hy bomy | ot}geér)ups) ;
cycl opentyl oxycar bonyl, cycl ohexyl oxycarbonyl, and ot her

cycl oal kyl cxtyrcairddony brgrmarpshdesperiablky 133reups ¢scherernegl from about

cycl oal kyl oxycar bonyl groups) ;phenyl oxycarbonyl, naphthyloxycarbonyl and
ot her aryl oxycarbouyl 1 gr%p@on(mi alHryefe@@e@Q@léwﬁl ex9upar dvayd Ligib ups)
and - 13 benzyl oxycarbonyl and ot her aralkyloxycarbonyl gr oups

(especi al | ﬂr@wma%n JI%(‘VH%E(FW tﬁ}?ﬂ/-l‘ g¥ otLFbsé) Oul*he6 a‘t‘%/qbcij“r oiﬁpmsn'cI%es
but is not |n1ted to, fornyl acet

val eryl, piNREQyIL Ow%ﬁér]fcy}l grﬁéB?aﬁ%ﬂ“ Iléin om yryI ‘g %‘;r[%tf/?/

| aur oyl , €$£§C)re §%f2§f?§ p§%§§¥§éa: and other Cl- C20 allphatlc acyl

The aryl group includes phenyl and naphthyl groups, for
example. Illustrative cycloalkyl groups are cyclopentyl and
cyclohexyl groups. Illustrative alkoxy groups are methoxy,
ethoxy, isopropoxy, butoxy, t-butoxy, hexyloxy, andother alkoxy
groups each having from about 1 to about 10 carbon atoms, and
preferably having from about 1 to about 6 carbon atoms. Among
them, lower alkoxy groups each having from about 1 to about
4 carbon atoms are typically preferred.

Examples of the substituted oxycarbonyl group include
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, t—butoxycarbonyl, hexyloxycarbonyl,
heptyloxycarboryl, octyloxycarbonyl, decyloxycarbonyl,
dodecyloxycarbonyl, tetradecyloxycarbonyl,
hexadecyloxycarbonyl, octadecyloxycarbonyl, and other
alkoxycarbonyl groups (especially, C;-Cy alkoxy-carbonyl
groups); cyclopentyloxycarbonyl, cyclohexyloxycarbonyl, and
other cycloalkyloxycarbonyl groups (especially, 3- to
15-memberedcycloalkyloxycarbonyl groups) ; phenyloxycarbonyl,
naphthyloxycarbonyl, and other aryloxycarbonyl groups

(especially, Cg-Cpo aryloxy-carbonyl groups); and



groups, and other aliphatic saturated or unsaturated acyl groups;

acet oacetyl group; cycl opentanecarbonyl, cyclohexanecarbonyl, and ot her
cycl oal kanecar bonyl groups and other alicyclic acyl groups; benzoyl,

napht hoyl, and other aromatic acyl groups. The acyl oxy group includes, but
is not limted to, fornyl oxy, acetyloxy, propionyloxy, butyryl oxy,

i sobutyryl oxy, valeryloxy, pivaloyloxy, hexanoyl oxy, heptanoyl oxy,

oct anoyl oxy, nonanoyl oxy, decanoyl oxy, 1{guroyloxy, nyristoyl oxy,

pal m t oyl oxy, stearoyloxy, and other Cl1-C20 aliphatic acyloxy groups, and
other aliphatic saturated or unsaturated acyl oxy groups; acetoacetyl oxy

group; cydapsiatanasarhanyl axn cyed ©hexanechs baryitoxyy 1 aguowbher

cycl oal kanecar bonyl oxy groups and other alicyclic acyl oxy groups;
benzoyl oxy, (ewapdd eyl WX \G,-8ad axtadiery laroratadeacyl oxsoumgsoups. The
substituents Rl, R2, R3 and R4 maybe the sane or different . In Formula
(1) , at least five ecyRlgrRRp RBcindeR4 hay be ewowbiiedted o-dorferemgbubl e
bond, an aromatic or non-aromatic ring. The preferred aromatic or
non- ar onat &ty HAECH YU abRHEE Yo BHRHE ALY henfelery andPspetPYical |y

f bout 6 to about 10 - 14 menbers.. The ri b t ljc ri
or _Condens At A A YT 41 Fi g, CBARTAL1 SRRAERY T YR R or 1440t L Such
i i ncl ude,, f | - tic alicvelic Ii

Cycl ohexand i tf S BEREY S6Yar ool VARE! 1 AGS YhTER Gray Thaveb T4GRTY uent
cycl ohexene, ri,nd; and, ptHgle £y« g@%léﬁffncgséé(tg@r;ata@'&i‘ Y2 Ve 8d acyl

substi tuentgjr,onLl A-‘aromati ¢ bri
groups; acetoacetyl group; cyclopentanecarbonyl,
cyclohexanecarbonyl, and other cycloalkanecarbonyl groups and
other alicyclic acyl groups; benzoyl, naphthoyl, and other
aromatic acyl groups.

The acyloxy group includes, but isnot limited to, formyloxy,
acetyloxy, propionyloxy, butyryloxy, isobutyryloxy,
valeryloxy, pivaloyloxy, hexanoyloxy, heptanoyloxy,
octanoyloxy, nonanoyloxy, decanoyloxy, lauroyloxy,
myristoyloxy, palmitoyloxy, stearoyloxy, and other C;-Cxo
aliphatic acyloxy groups, and other aliphatic saturated or
unsaturated acyloxy groups; acetoacetyloxy group;
cyclopentanecarbonyloxy, cyclohexanecarbonyloxy, and other
cycloalkanecarbonyloxy groups and other alicyclic acyloxy
groups; benzoyloxy, naphthoyloxy, and other aromatic acyloxy
groups.

The substituents R}, R?, R®*andR*maybe the same or different.
In Formula (1), at least two of R', R?, R® and R* may be combined
to form a double bond, an aromatic or non-aromatic ring. The
preferred aromatic or non-aromatic ring has from about 5 to

about 12 members, and specifically from about 6 to about 10



5-norbornene ring and ot her bridged hydrocarbon rings which my have a
substituent), benzene ring, naphthalene ring, and other aromatic rings

(i ncluding condensed rings) which may have a substituent. The ring
conprises an aromatic ring in many cases. The ring may have a substituent.
Such substituents include, but are not limted to, alkyl groups, hal oal kyl
groups, hydroxyl group, al koxy groups, carboxyl group, substituted

oxycar bonyl groups, acyl groups, acyloxy groups, nitro group, cyano group,
am no groups, and hal ogen atons. At |east one N-substituted cyclic imdo
group indicated in Fornula (1) may further be fornmed on Rl, R2, R3 or R4
or on the ylowd e bord coriaomali ®e0la Meteaicayailiic ming for redidansatd | east
two of RL, R2, R3 and R4. For exanple, when RlL, R2, R3 or R4 is an al kyl
group havi ng:tevo®fc i e igay bautatiang s vlicenNashpdtrotarkedncythge iSnao
group may be fornmed together with the adjacent two carbon atons

consti t uti ngirtdeiatkyliegrimupexamp kewinos, - axesa tdtc 4 basyct i réhgRl(e R2,, R3
and R4 are conbined to forma double bond, the N-substituted cyclic imdo
group may deckdrerana ogetherndv At theS ol o ds L v Vs Cht 6B RS of

R, R2, R3 and R4 are conbined to forman aromatic or non-aronmatic, ring,

t he N-substd tStHké’ﬂ:W%ﬁr_itb |Ciﬁ‘%l]d’1“g§>iﬁﬁ? nW%earf‘?)r?ﬁalbew ¢¥rloakkeng e pFSicent
Ny oxy JEAETR KT GF SR O CERE * RSB B B S PP el oD,
dlcat od | CoLm A ()Y o8 LOLIEd OB 2 B8 Slo fh gl
R2, R3 andxﬁ%& have a substituent), benzene ring, naphthalene ring, and
other aromatic rings (including condensed rings) which may have
asubstituent. Theringcomprisesanaromaticringinmanycases.
The ring may have a substituent. Such substituents include,
but are not limited to, alkyl groups, haloalkyl groups, hydroxyl
group, alkoxy groups, carboxyl group, substituted oxycarbonyl
groups, acyl groups, acyloxy groups, nitro group,  cyano group,
amino groups, and halogen atoms.
At least one N-substituted cyclic imido group indicated
in Formula (1) may further be formed on R, R?, R® or R? or on
the double bond or aromatic or non-aromatic ring formed by at
least two of R!, R?, R® and R*. For example, when R, R?, R® or
R* is an alkyl group having two or more carbon atoms, the
N-substituted cyclic imido group may be formed together with
the adjacent two carbon atoms constituting the alkyl group.

2 R® and R* are combined

Likewise, when at least two of R}, R
to form a double bond, the N-substituted cyclic imido group
may be formed together with the double bond. When at least two

ole,Rz,R3andR4arecombinedtoformanaromaticornon—aromatic

ring, the N-substituted cyclic imido group may be formed with



Preferred i m de conpounds include conpounds of the foll ow ng fornul ae:

(la) R 0 11 R CC 7 NOR RC/ n

if
R8 0 (1d) R8 O (if) wherein R5 to R8

are the sane or different and are each a hydrogen atom an al kyl group, a
hal oal kyl group, a hydroxyl group, an al koxy group, a carboxyl group, a
substituted oxycarbonyl group, an acyl group, an acyl oxy group, a nitro

group, a cyano group, an am no group
groups of R5

ring; Ain Forrmula (if)

or a hal ogen atom where adj acent

to R8 may be conmbined to fgrm an aromatic or non-aronatic
is a nethylene group or an oxygen atom and R1,

16 where one

R2, R3, R4 and R have the sanme neani ngs as defi ned above, -

or two of Nislbslitehedwoydibon atsos goagpitndingteée rimg Forlmd@d{tdion or

its N-hydroxy form (N-hydroxy cyclic imdo

group) may further be forned on

t he benzena mN+iydrosForimtma (4 Mjhydrothecwubist i truiethe sgRBupo &Re, thaée al kyl
group includes simlar

N-substituted cyclic imido group indicated in Formula (1) may
be formed on R}, R?, R® or R* or on the double bond, arocmatic
or non-aromatic ring formed by at least two of R, R?, R® and
R4

Preferred imide compounds include compounds of the

following formulae:

R5

0 0
RU 1 Rl I R6 :
- N—OR | N—OR 7 N—OR
RS Sl i
0 0 R8 0
(la) (1b) (1c)
RS ﬁ RS 8 RS 8
RS C RS C R® C
\ N\ \
. /N—OR /N—OR . O /N—OR
R R7 R
C C
{] I il
R8 R8 0 R8

(1d) (le) (1f)

wherein R® to R® are the same or different and are each a hydrogen
atom, an alkyl group, a haloalkyl group, a hydroxyl group, an
alkoxy group, a carboxyl group, a substitutedoxycarbonyl group,
an acyl group, an acyloxy group, a nitro group, a cyano group,
én amino group or a halogen atom, where adjacent groups of R®
to R® may be combined to form an aromatic or non-aromatic ring;
A in Formula (1f) is a methylene group or an oxygen atom; and

R, R?, R? R® and R have the same meanings as defined above,



al kyl groups to those exenplified above, of which al kyl groups each having
fromabout 1 to about 6 carbon atons are specifically preferred. The

hal oal kyl group includes trifluoronmethyl group and other hal oal kyl groups
each having fromabout 1 to about 4 carbon atons. The al koxy group

i ncludes simlar al koxy groups to those nentioned above, of which | ower

al koxy groups each having fromabout 1 to about 4 carbon atons are
specifically preferred. The substituteggoxycarbonyl group includes simlar
substituted oxycarbonyl groups (e.g., al koxycarbonyl groups,-

cycl oal kyl oxycar bonyl groups, aryl oxycarbonyl groups, and

ar al kyl oxycardxenphego oups) otfoNt haset flested eyt abovei dbheraoy! i ndg caiped

i ncludes simlar acyl groups (e.g., aliphatic saturated or unsaturated
acyl groupsin dcetrodeet(k) gooupt s A-hgyddaxy doyin (Yrbugspxsndyat baatiicdacyl
groups) to those descri bed above. The acyl oxy group includes simlar

acyl oxy grcupsileipy futilphathe Sumadt@d Wre dermarated acyt oSgrgibups,
acet oacetyl oxy group, alicyclic acyloxy groups, and aromatic acyl oxy
groups) to t#ose nentioned above. The hal ogen atom includes fl uorine,

chl ori ne db i t .. Each t bstit ts RS R8 is oft

Py ogen atom 4Gt ISP EYFUCGF B hacr i T b bBOHERS g bt S E bon
t , I bsti t ut . , it

2 baogen: Y graibdibe hatd Behla taeR RRr TEy Gr el RS Or R
to R8 incl i i ' t f ' i f Qr ede ;

east two oF RO BEF I aBRhe TLES AR ER il SR LN R . 1o
12-menber eq, fd -l & gRRCh L1 &2l ky1 Breler 1t uadxampkesoebnkheyRretarg ed

i mde conpounds are
and other haloalkyl groups each having from about 1 to about
4 carbon atoms. The alkoxy group includes similar alkoxy groups
to those mentioned above, of which lower alkoxy groups each
having from about 1 to about 4 carbon atoms are specifically
preferred. The substituted oxycarbonyl group includes similar
substituted oxycarbonyl groups (e.g., alkoxycarbonyl groups,
cycloalkyloxycarbonyl groups, aryloxycarbonyl groups, and
aralkyloxycarbonyl groups) to those described above. Théacyl
group includes similar acyl groups (e.g., aliphatic saturated
or unsaturated acyl groups, acetoacetyl group, alicyclic acyl
groups, and aromatic acyl groups) to those described above..
The acyloxy group includes similar acyloxy groups (e.g.,
aliphatic saturated or unsaturated acyloxy groups,
acetoacetyloxy group, alicyclic acyloxy groups, and aromatic
acyloxy groups) to those mentioned above. The halogen atom
includes fluorine, chlorine and bromine atoms. Each of the
substituents R® to R® is often a hydrogen atom, a lower alkyl

group having from about 1 to about 4 carbon atoms, a carboxyl

group, asubstitutedoxycarbonyl group, anitrogrouporahalogen



N- acet oxysucci ni mde (SP: 26.3), N acetoxynaleimde (SP: 26.7),

N- acet oxyhexahydr opht hal i m de,

(SP: 28.0),

N- acet oxypht hal i m de (SP. 27.5), )

N- acet oxyt et rabronopht hal i m de (SP: 30.3), N acetoxytetrachl orophthali

(SP: 31.0),

N-acet oxychl orendi mde (SP: 28.7), N acetoxyhim mde (SP:

25.3), N-acetoxytrinellitimde (SP: 30.0), N, N -diacetoxypyronellitic

diimde (SP: 31.1),

N- pr opi onyl

oxyphthalimde (SP. 26.5), N-butyryloxyphthalim-de (SP: 25.

N-i sobutyryl oxypht hal i m de, N-valeryloxyphthalimde (SP: 25.1),
N pi val oyl gt hahienirdeg Rokexanepbexypht bgl tnededf SPen24gtdups of R®

N- oct anoyl oxypht hal i m de (SP. 23.4),

N- | aur oyl oxypht Haldlnidees SR 28r )inds tpr tls¢ @yflomeypettiainied déngs formed

N- pal m t oyl

N- benzoyl osopphtthdleiamitdewoand Bthdy , BdrpoliRf

where Ris

oxypht hal i m de, N-stear oyl30xypht hal i m de,

an acetyl group or_another acyl group;

hpnethoxymgqﬂﬂqﬁgmﬁﬁjgﬁfﬁpdétgpmhg;q@glngsaregbecificallypreferred.
N ( 2- met hoxyet hoxynet hyl oxy) pht hal i m de (SP: 24. % - 18

N-t et r ahydr opyr &FERELFShORaltNG ¢ SESH-resh 1 de, sPMRIoNES Edifpounds
represented by Formula (1), where Ris roup that can.farm an agetal
hem acet al Nud4f &4 m&rcg% (£N_ r%%t'_%&ne J|3F8ﬁ3?|x(¥%ﬁtlﬂ‘&ﬂa%( "(SP:
25.9), P+(é%f#¥,“%ﬂ3§%ggé¥‘ﬂé?%@iﬁ%éﬁﬂ%ﬁ%f%%ﬁé%? 25.6), and other

N,N'-diacetoxycyclohexanetetracarbodiimide (SP: 28.0),
N-acetoxyphthalimide (SP: 27.5),
N-acetoxytetrabromophthalimide (SP: 30.3),
N-acetoxytetrachlorophthalimide (SP: 31.0),
N-acetoxychlorendimide (SP: 28.7), N-acetoxyhimimide (SP:
25.3), N-acetoxytrimellitimide (SP: 30.0),
N,N'-diacetoxypyromellitic diimide (SP: 31.1),
N,N'-diacetoxynaphthalenetetracarbodiimide (SP: 29.2),
N-propionyloxyphthalimide (SP: 26.5),
N-butyryloxyphthalimide (SP: 25.8),
N-isobutyryloxyphthalimide, N-valeryloxyphthalimide (SP:
25.1), N-pivaloyloxyphthalimide, N-hexanoyloxyphthalimide
(SP: 24.1), N-octanoyloxyphthalimide (SP: 23.4),
N-decanoyloxyphthalimide (SP: 22.8),
N-lauroyloxyphthalimide (SP: 22.3),
N-myristoyloxyphthalimide, N-palmitoyloxyphthalimide,
N-stearoyloxyphthalimide, N-benzoyloxyphthalimide, and other
compounds represented by Formula (1) where R is an acetyl group
or another acyl group; N-methoxymethyloxyphthalimide (SP:

25.3), N-(2-methoxyethoxymethyloxy)phthalimide (SP: 24.1),

N, N' - di acet oxycycl ohexanet et racar bodi i m de

m de

N, N' - di acet oxynaph{ hal_enet et racar bodi i m de (SP: 29.2),

8),

N- decanoyl oxypht hal i m de (SP: 22. 8),

s rhppegecrred byrwRt 01 1)

or



conpounds represented by Formula (1) where Ris a sulfonyl group: sulfuric
ester(SP: 29.8),nitric ester (SP: 28.5) ,phosphoric ester (SP: 29.6) or
boric ester (SP. 28.6) of N hydroxyphthalimde, and other conpounds
represented by Forrmula (1) where Ris a group obtained froman inorganic
acid by elimnating an OH group therefrom Preferred im de conpounds
further include, for exanple, N-acetoxy-a-nethylsuccinim de,

N- acet oxy- a- et hyl succi ni m de, N-acetoxysga,.a-di net hyl succi ni m de,

N acet oxy- a, ( 3-di met hyl succi ni m de, N-acetoxy-a, a, f3, -

-tetranet hylsucci ni m de, and ot her conpounds represented by Forrmula (Ia)
where at | @bstetornehpdrRlyrd&Ry 1Ry planida Rimide anshl kyd4 groumr{®.g:hem Cl- C6
al kyl group), of which conmpounds where groups of R, R2, R3 and R4 ot her
than the al%§MPordup ke dniashdry dicoms lar € yphealel R prefegredp that

N, a, (3-trisacet oxysucm ni m de, N-acetoxy-a, (3- b| s( propi onyl oxy) succi ni m de,
N- acet oxy- aC?rB @Emﬂy@%@(&)%{lc}é@mﬂﬁﬁ%@i with a hydroxyl group;

de
N acet oxy- 4 %%etﬁ%%%%é%{ Pk e (32 25.9),
N-acetoxy i val ayl oxy) succi ni.nm de,
N-acetoxy tﬁ%ﬁ#%ﬂ@ﬁﬁ%% ggﬁﬁX%ﬁWﬁnﬁ%ﬁ@lde]ﬁﬁp 25.6), and other

N- ct
N.ZEEE8§§ g“%%gbﬁé de%ﬁ%éy?8¥§§ ab&?hﬂ%f%é]_ ) where R is a sulfonyl group:
N—acetOXyi%dj%%ﬁfgéQHéPXEQXY)§€C§jnhgkggaester (SP: 28.5), phosphoric

N- acet oxy-a, (3 s(nmyristoyl oxy)suctinim

N-acet oxy- &gyl s(qal Mooyl 0%Y) BUeGicNiekde. (sp: 28.6) of
N-hydroxyphthalimide, and other compounds represented by
Formula (1) where R is a group obtained from an inorganic acid
by eliminating an OH group therefrom.

Preferred imide compounds further include, for example,
N-acetoxy-a-methylsuccinimide, N-acetoxy-a-ethylsuccinimide,
N-acetoxy-o, a-dimethylsuccinimide,
N-acetoxy-a,B-dimethylsuccinimide,
N-acetoxy-a,a,,f~tetramethylsuccinimide, and other compounds
represented by Formula (la) where at least one of R!, R?, R?®
and R* is an alkyl group (e.g., a C1-Cs alkyl group), of which
compounds where groups of R', R?, R’ and R? other than the alkyl
group are hydrogen atoms are typically preferred;
N,a,B-trisacetoxysuccinimide,
N-acetoxy-o,B-bis(propionyloxy) succinimide,
N-acetoxy-a,-bis (butyryloxy)succinimide,
N-acetoxy-a,B-bis(isobutyryloxy)succinimide,
N-acetoxy-a,B-bis(valeryloxy)succinimide,

N-acetoxy~-a, B-bis(pivaloyloxy)succinimide,

N-acetoxy-a,f-bis (hexanoyloxy)succinimide,



N- acet oxy- a, p- bi s(st earoyl oxy) succi ni m de,

N- acet oxy-a, (3- bi s(cycl opent anecar bonyl oxy) succi ni m de,

N- acet oxy- a, p- bi s(cycl ohexanecar bonyl oxy) succi ni nm de,

N- acet oxy- a, ( 3- bi s(benzoyl oxy) succi ni m de, and ot her conpounds represented
by Fornmula (1a) where RL and R3 are acyl oxy groups, of which conpounds
where R2 and R4 are hydrogen atons are typically preferred,

N- acet oxy- 4- met hoxycar bonyl pht hal i mi de($g: 27.9),

N- acet oxy- 4- et hoxycar bonyl pht hal i m de (SP: 27.1),

N- acet oxy- 4- pr opoxycar bonyl pht hal i m de (SP: 26. 4),

N-acet oXy- 4rl QR ARAXY,JRIDION ddﬂHﬁB?ld&ﬁk%uéﬁhéﬁmlde,

N- acet oxy- 4- butoxycarbonylphthallnlde P:

N-acet oxy- %a@uﬁwﬂh&wd@ﬁ%ymﬂe ) succinimide,

N- acet oxy- 4-t - but oxycar bonyl pht hal i m de, (SP:25.3), N acetoxy-4-pent

yl oxycar bomHgatd et vi-+ o freb I @t oxyl ek hexuyd oixyicardmny | pht hal | m de

(SP: 24.9), N acetoxy-4-octyl oxycarbonyl phthalimde (SP:24.1),

N- acet oxy- A-demd osiroarfodmyd htthisg § of dex()SPr Q3 Binide,
N- acet oxy- 4- dodecyloxycarbon | pht hal i m de (SP: 23.0

N- acet oxy- Atastatarecyt diye PNl F i geccinimi e,
N- acet oxy- 4- hexadecyl ox carbonylphthallnlde
N- acet oxy- A RAUREN 1Bl dar DA B MERF ¥ Thecinimide,

N-
N—:g::g§§-4-%§§10 en;¥&§§§é} bo ) hthahlgﬁLdnyloxy )succinimide,

N-acet oxy- %I aceq:oxgyc%[ lﬁ)rﬁ/llspp CycC ohné:»gaeriecarbonyloxy) succinimide,

N-acetoxy~a, -bis(benzoyloxy)succinimide, and other compounds
represented by Formula (la) where R! and R® are acyloxy groups,
of which compounds where R andR* are hydrogen atoms are typically
preferred; N-acetoxy-4-methoxycarbonylphthalimide (SP:
27.9), N-acetoxy-4-ethoxycarbonylphthalimide (SP: 27.1),
N-acetoxy-4-propoxycarbonylphthalimide (SP: 26.4),
N-acetoxy-4~isopropoxycarbonylphthalimide,
N-acetoxy-4-butoxycarbonylphthalimide (SP: 25.8),
N-acetoxy-4-isobutoxycarbonylphthalimide,
N-acetoxy-4~t-butoxycarbonylphthalimide,
N-acetoxy-4-pentyloxycarbonylphthalimide (SP: 25.3),
N-acetoxy-4-hexyloxycarbonylphthalimide (SP: 24.9),
N-acetoxy-4-octyloxycarbonylphthalimide (SP: 24.1),
N-acetoxy-4-decyloxycarbonylphthalimide (SP: 23.5),
N-acetoxy-4-dodecyloxycarbonylphthalimide (SP: 23.0),
N-acetoxy—-4-tetradecyloxycarbonylphthalimide,
N-acetoxy-4-hexadecyloxycarbonylphthalimide,
N-acetoxy-4-octadecyloxycarbonylphthalimide,

N-acetoxy-4-cyclopentyloxycarbonylphthalimide,



N- acet oxy- 4- ben zyl oxycar bonyl pht hal 1i m de, and ot her conpounds represented
by Formula (1c) where R6 is a substituted oxycarbonyl group;
N- acet oxy- 4, 5- bi s( et hoxycar bonyl ) pht hal i m de (SP: 28.1),

N- acet oxy- 4, 5- bi s(et hoxycar bonyl ) phthal i m de (SP: 26.8),

N- acet oxy- 4, 5- bi s( propoxycar bonyl ) phthali m de (SP: 25.8),

N- acet oxy-4, 5- bi s(i sopropoxycar bonyl ) pht hal i m de,

N- acet oxy- 4, 5- bi s( but oxycar bonyl ) pht hal 51 de (SP: 25.0),

N- acet oxy- 4, 5- bi s(i sobut oxycar bonyl ) pht hal i m de,

N- acet oxy- 4, 5- bi s(t-but oxycar bonyl ) pht hal i m de, 24.4),

N- acet oxy- 4-Grdaits(:entyd yodyaarbond yahibwl y Ipiden {1Shhide,,

N- acet oxy- 4, 5- bi s( hexyl oxycar bonyl ) pht hal i m de (SP: 23. 8),

N- acet oxy- 4 -Edats(xnctdH phercanbomddrphitgied Hatli idel deSP: 22. 9)

N- acet oxy- 4, 5- bi s(decyl oxycar bonyl ) pht hal i m de (SP: 22. 3),

N- acet oxy- MﬂQQﬂQQKMnﬁﬁQﬂREMAQKXRﬂﬁhQQMﬁHhﬂhaﬁkﬂ;iﬁ%ﬁnQQtSPrCompounds
N-acet oxy- 4, 5- bi s(tetradecyl oxycarbonyl ) phthal i m de,

N- acet oxy- 4@?4%%QWE%%EEEVFB%QéaFBHnVK?5ﬁ@hdﬁ%ﬁﬁé€stltutedOxycarbonyl

N-acet oxy-4, 5-bi s(oct adecyl oxycar.bo hthal md
N- acet oxy- $Q§Wﬁsgk $ @%ﬁér %démthallmlde (SP:

ﬁ:gggg%%ﬁ é\g hex '@ﬁ%rbﬁﬁ%ﬁ){o ony A&hthalimide (sp:

N—acetoxy-é%gkgls@penéy e{g&gﬁ&p hh%%égp;rer“%96§§5?§{”“q£yp§%@ds

represente For mfl a oxycar bonyl

grours, Caoh % [He salugs () SR AL e e e alar 1o
N-acetoxy-4, 5-bis (butoxycarbonyl)phthalimide (SP: 25.0),
N-acetoxy-4, 5-bis (isobutoxycarbonyl)phthalimide,
N-acetoxy-4,5-bis (t-butoxycarbonyl)phthalimide,
N-acetoxy-4,5-bis (pentyloxycarbonyl)phthalimide (SP: 24.4),
N-acetoxy-4, 5-bis (hexyloxycarbonyl)phthalimide (SP: 23.8),
N-acetoxy-4,5~bis (octyloxycarbonyl)phthalimide (SP: 22.9),
N-acetoxy-4, 5-bis(decyloxycarbonyl)phthalimide (SP: 22.3),
N-acetoxy-4, 5~-bis (dodecyloxycarbonyl)phthalimide (SP:

21.8), N-acetoxy-4,5-bis(tetradecyloxycarbonyl)phthalimide,
N-acetoxy-4,5-bis (hexadecyloxycarbonyl)phthalimide,
N-acetoxy-4, 5-bis (octadecyloxycarbonyl)phthalimide,
N-acetoxy-4, 5-bis(cyclopentyloxycarbonyl)phthalimide,
N-acetoxy-4, 5-bis (cyclohexyloxycarbonyl)phthalimide,
N-acetoxy-4, 5-bis (phenoxycarbonyl)phthalimide,
N-acetoxy-4,5-bis (benzyloxycarbonyl)phthalimide, and other
compounds represented by Formula (lc) where R® and R’ are
substituted oxycarbonyl groups.

Each of the values (SPs) indicated in the parentheses after

the names of the aforementioned compounds is a solubility



paranmeter [unit: (MPa) 112] determ ned by the method of Fedors [R F.
Fedors, Polym Eng. Sci., 14 (2), 147 (1974) ; E.A. Gul ke, Polyner
Handbook, VI1/675; Yuji HARAZAKI, Painting Technology, 3, 129 (1987) ]
When the catal yst of the present invention is wused in a reaction in the
absence of a solvent or in a reaction in a nonpolar solvent, imde
conpounds each having SP of less than or equal to 30 (MPa) 1/2 and
typically of less than or equal to 26 §MPa) 1/2 are advant ageously used,
fromthe viewpoints of solubility of the catalyst in the reaction system
catalytic activity of the catalyst and durability thereof. Each of the
i m de conpeundsnatar henaht:ai meda by ?i | e oetrcimed by dési medhprot £ctédmrgr oup
into a corresponding conpound where R is a hydrogen atom (N-hydroxy cyclic
i mi de conpdind). Bsidngs,aPcbyweminicondtir eact (2n fdr7 (L9 4l nt Eolucitwikef a
protecting roup. For exanple, N-acetoxyphthalimde can be obtained by
al | ﬁ\M ng MH‘F&@F@@BHW\QPPM VL /P To5adh ) wiHAR AL rcPahﬁ{}élPEd%eC}B?OJIQﬁ}f'eact
with an acetyl halide in the presence ound where Ris a
hydr ogen atom@afyBrddy cYeehct @rﬁaotealcyofﬁp@&ﬁa)ﬁecaﬁessn ot T B
conventional im.dization roceg@ ( $roces for e formation of

Brib?

i mide), such s 18 SRS ha GBS Pl oTRpeoRt S Rl e Cron
correspondi,g . ahded gfggg L fgoko 1oAEL ML NI QUhaLe 08 T B apeni N

of an acid 17051 ng erin

Typical ly ferre 52 hne WA I d i
protecti ng%faoup%% ug}f ﬁym}%ﬂ g%g}{l}jplengggglgdgggyepshét Eglaﬁmggeé@a,ai
‘dlhydrOXYRX{Q%E|MPEBEﬂdé£@1éghaﬁﬂgbéoé§hy used, from the viewpoints of

solubility of the catalyst in the reaction system, catalytic
activity of the catalyst and durability thereof.

Each of the imide compounds can be obtained by introducing
a desired protecting group into a corresponding compound where
R is a hydrogen atom (N-hydroxy cyclic imide compound) using
a conventional reaction for the introduction of a protecting
group. For example, N-acetoxyphthalimide can be obtained by
allowing N-hydroxyphthalimide to react with acetic anhydride
or to react with an acetyl halide in the presence of a base.

The compound where R is a hydrogen atom (N-hydroxy cyclic
imide compound) can be obtained by a conventional imidization
process (a process for the formation of an imide), such as a
process that comprises the steps of allowing a corresponding
acid anhydride to react with hydroxylamine for ring-opening
of an acid anhydride group, and closing the ring to form an
imide.

Typically preferred imide compounds can be obtained by
introducing a protecting group into the hydroxyl group of

N-hydroxyphthalimide, N,N'-dihydroxypyromelliticdiimide, and



ot her N-hydroxyi m de conpounds derived fromalicyclic polycarboxylic
anhydri des or aromatic pol ycarboxylic anhydrides, specifically those
derived fromaromatic polycarboxylic anhydrides. Each of the imde
conpounds each having the N-substituted cyclic imde skeleton represented
by Formula (lI) can be used alone or in conbination in a reaction. The

i mde conmpound may be fornmed in the reaction system The im de conpound
having the N-substituted cyclic imde skeleton represented by Fornula (1)
can be used in conbination with a conventional N-hydroxy cyclic imde
conmpound (a conpound where Ris a hydrogen atom) . The anount of the imde
conpound aGEOfeh Ng-Hyd A8, i3 8se Ndomp WMeNY | @ LPdd bersel eriegewidéhin a wide
range and is, for exanple, fromabout 0.0000001 to about 1 nole,

pref er abl y goloreatimity 1 0z G000 1 de sabhmtita Borba thind epo npraerips:efeiabl y from
about 0.00001 to about 0.4 nole, and often from about 0.0001 to about O0.35
mol e, rel atanteydldeswlspafi bl skt | v somponemnd (Substaeeredtif Pronot er
(Co-catal yst)] According to the invention, a pronoter (co-catalyst) can be
used in comsiiad PR EIT tahYH e onpound. Such promoters include, for
exanple, metallic compounds. By using the imde conpound in conbination

with the netal | B&SEofpdiif IMiKE FAFROUAHE SOyt e NTHethattidif can
be inmproved. Metallic el nts constitutin he_netalli onmpounds ar not
speci fi cal ISY344f tlépt}dfmfigi@tc?lnt éﬁpﬁéﬁﬁﬂtiegi éweﬁ@ﬁ% Bf ?Ifhgglh%%p%s to 15
of the Periadic Table of El enents., The term "ne%g}lic.%lenent" as used
herein al s&iHE aaeénb%qr%lrg}tjzor2§n a reaction. e imide compound may

be formed in the reaction system. The imide compound having
the N-substituted cyclic imide skeleton represented by Formula
(I) can be used in combination with a conventional N-hydroxy
cyclic imide compound (a compound where R is a hydrogen atom) .

The amount of the imide compound according to the present
inventioncanbe selectedwithinawide range and is, for example,
from about 0.0C00001 to about 1 mole, preferably from about
0.000001 to about 0.5 mole, more preferably from about 0.00001
to about 0.4 mole, and often from about 0.0001 to about 0.35
mole, relative to 1 mole of a reaction component (substrate).

[Promoter (Co-catalyst)]

According to the invention, a promoter (co-catalyst) can
be used in combination with the imide compound. Such promoters
include, for example, metallic compounds. By using the imide
compound in combination with the metallic compound, the rate
and selectivity of the reaction can be improved.

Metallic elements constituting the metallic compounds are
not specifically limited and are often metallic elements of
the Groups 2 to 15 of the Periodic Tabkle of Elements. The term

"metallic element" as used herein also includes boron B.



Exanples of the netallic elenents include, of the Periodic Table of

El enents, Goup 2 elenents (e . g. , My, Ca, Sr and Ba) , Goups 3

el enents (e.g.,Sc, lanthanoid elenments and actinoid elenments), Goup 4

el enrents (e. g. , Ti, Zr and H) , Goup 5 elenents (e. g. , V), Goup 6
el enents (e.g., &, Mo and W, Goup 7 elenments (e.g., M), Goup 8

el enments (e.g., Fe and Ru), Goup 9 elenents (e.g., Co and Rh), Goup 10
elements (e.g., N, Pd and Pt), Goup 4% elenents (e.g., Cu), Goup 12

el enents (e.g., Zn), Goups 13 elenents (e. g. , B, Al and1n) , Goup 14
el enents (e. g. , Sn and Pb), and G oup 15 elenents (e.g., Sb and Bi)

Preferred pmidlldSLoeltenentsal et edenrendrsitd DidepbE 10 earnbs i cetAent s
of Goups 3 to 12 of the Periodic Table of Elenents). Anong them elenents

of the G oupsEdehents,ofrddne PelkendhesTabl €. pMg,ECene3 anar Ba py efwyuesd, of
whi ch elenents of Goups 5to 9 are typically preferred. Especially, V,
Mo, M and Xelanenpsdieerr.edsc, Thathahendye leerites amed akltiaoebeniententss )not
specifically limted, and is fromabout O to about 6 in many cases. Such
met al | i ¢ céipoundselendénde, (0. afe, ndt anidnilfed Guoup 6l eheneary sudBiances,
hydr oxi des, oxides (including conplex oxides), halides (fluorides,

chl ori des, WrofaRy fheliarfinges) (- Sai tSof dbaiHI) (/e GEOUMIT re@RENTS

sul f at es, phosphates, borates,. and carbonates), salts of is | yaci ds,
salts of hetSeropolPaci G@OUP Ariel FR#RES i (Folgant © ACEhPBLUNGE VP g%gments

af o oment 1900, gl Ly SheTeilale S8 SIoad & 20 (8 G L2t 00,
or S © COMAANES O LR 45, SRS S8 e ST £ A e
Groups 13 elements (e.g., B, Al and In), Group 14 elements (e.qg.,
Sn and Pb), and Group 15 elements (e.g., Sb and Bi). Preferred
metallic elements include transition metal elements (elements
of Groups 3 to 12 of the Periodic Table of Elements). Among
them, elements of the Groups 5 to 11 of the Periodic Table of
Elements are preferred, of which elements of Groups 5 to 9 are
typicallypreferred. Especially, V, Mo, MnandCoarepreferred.
The valency of themetallic element is not specifically limited,
and i1s from about 0 to about 6 in many cases.

Such metallic compounds include, but are not limited to,
elementary substances, hydroxides, oxides (including complex
oxides), halides (fluorides, chlorides, bromides and iodides),
saltsofoxoacids (e.qg., nitrates, sulfates, phosphates, borates,
andcarbonates), saltsof isopolyacids, saltsof heteropolyacids,
and other inorganic compounds of the aforementioned metallic
elements; salts of organic acids (e.g., acetates, propionates,
prussiates, naphthenates, or stearates), complexes, and other
organic compounds of the metallic elements. Ligands for

constituting the complexes include OH (hydroxo), alkoxy (e.g.,



met hoxy, ethoxy, propoxy, and butoxy), acyl (e.g., acetyl and propionyl),
al koxycar bonyl (e.g., nmethoxycarbonyl and ethoxycarbonyl),

acetyl acet onat o, cycl opentadi enyl group, halogen atons (e.g., chlorine and
brom ne), CO CN, oxygen atom H2O (aquo), phosphines (triphenyl phosphine
and other triaryl phosphines) and other phosphorus conpounds, NH3 (amm ne),
NO, NO2 (nitro), NO3 (nitrato), ethylenediam ne, diethylenetriam ne,
pyridine, phenanthroline, and other ni%pgogen-containing conpounds.
Specific exanples of the netallic conpounds include, by taking cobalt
conpounds as an exanpl e, cobalt hydroxide, cobalt oxide, cobalt chloride,

cobal t brodde,cqpbalkh it r Btepog9hadtd middxat,eacgabakt gphospdeye,arand
ot her inorgani c conpounds; cobalt acetate, cobalt naphthenate, cobalt

stearate, ubmtdigrl)saldiscofcafigani’c ecidls, meeioystacetiona bcabal t, and

ot her conpl exes, and other divalent or trivalent cobalt conpounds.

|1 | ustrat i \eehosaradium onp curedsy I avod undeg t utc s leopmit ddimned goouwanadi um
hydr oxi de, vanadi um oxi de, vanadi um chl ori de, vanadyl chloride, vanadi um

sul fate, vamdddersatpase e sodi e ohhadans brem ot hef O i flbr §ENPENIRIbUNS;

acetyl acet onat ovanadi um vanadyl acetyl acetonato, .and ot her conpl exes, and
ot her vanadi2@m(2@8fpouRds SRANES d t¥dPESEY 1BNosPSHRE ©8 % OBl es of

compounds of the other netallic el enments includ d pondi
L0 the aboVe-ntiRIRAPEOT X 2B VAR T RENDbURAEPORRER O (HBEGS) /

Combi nat | o Cied st (BIEa8art NeBmBRGaRPln S REROERLeR BB hpound
signifi Cantc{iyetihny reenaestersia;[nbfné,ea;g:§1.if)<§]ir{@,t epﬁel‘?gdthroline, and other
nitrogen-containing compounds.

Specific examples of the metallic compounds include, by
taking cobalt compounds as an example, cobalt hydroxide, cobalt
oxide, cobalt chloride, cobalt bromide, cobalt nitrate, cobalt
sulfate, cobalt phosphate, andother inorganiccompounds; cobalt
acetate, cobalt naphthenate, cobalt stearate, and other salts
of organic acids; acetylacetonatocobalt, and other complexes,
and other divalent or trivalent cobalt compounds. Illustrative
vanadium compounds include, but are not limited to, vanadium
hydroxide,vanadiumoxide,vanadiumchloride,vanadylchloride,
vanadium sulfate, vanadyl sulfate, sodium vanadate, and other
inorganic compounds; acetylacetonatovanadium, vanadyl
acetylacetonato, and other complexes, and other vanadium
compounds having a valence of from2 to 5. Examples of compounds
of the other metallic elements include compounds corresponding
to the above-mentioned cobalt or vanadium compounds. Each of
these metallic compounds can be used alone or in combination.
Specifically, the combination use of a cobalt compound with

a manganese compound significantly increases the reaction rate



in many cases. The conbination use of plural types of netallic conpounds
havi ng different valances (e.g., a divalent netallic conpound in
conbination with a trivalent netallic conpound) is also preferred. The
anount of the netallic conpound is, for exanple, from about 0.001 to about
10 nol es and preferably from about 0.005 to about 3 noles, relative to 1
nol e of the i mde conpound, and is, for exanple, from about 0.00001% by
nol e to about 10% by nole and preferabby from about 0.1% by nole to about
5% by nole, relative to 1 nole of the reaction conponent (substrate). The
pronoters for use in the present invention also include organic salts each

conposed of; AnpalYal i ¢ atld @8mBinat POhY M OBIECo1 @rd DIt yees bE et es i on,
whi ch polyatom c cation or anion contains a Goup 15 or G oup 16 el enment

of the Periqgigoulatd eavehgH effntenthavilagcats [east, eneéioagant anegrailipi donded
thereto. By using the organic salts as the pronoters, the rate and

sel ecti vi t ycarfpdured risactandmi reani fruntdigr e 1 lerdd md et hiec crgerdundal t s,
the G oup 15 elenents of the Periodic Table of Elenents include N, P, As,
Sb, and Bi ,izard sheo@iripreds el enents of the Periodic Table of Elenents

i nclude, for exanple, O, S, Se and Te. Preferred elenents are N, P, As, Sb

and S, of whi cANR, 3POUAE & &N FgpRealFyCRPERT d: FRE BXGERIE gt ds to
Pyclr ooar bor BHEUSG W 8 ARLE nly S SUBSH PAETETobnd SB8 Tearbd o
oroups. Tne MSLSGATPI S oups A, DL e el | A0 St
hexyl, - Z%nd is, for example, from about 0.00001% by mole to about 10%
by mole and preferably from about 0.1% by mole to about 5% by
mole, relative to 1 mole of the reaction component (substrate).

The promoters for use in the present invention also include
organicsaltseachcomposedofapolyatomiccationorapolyatomic
anion and its counter ion, which polyatomic cation or anion
contains a Group 15 or Group 16 element of the Periodic Table
of Elements having at least one organic group bonded thereto.
By using the organic salts as the promoters, the rate and
selectivity of the reaction can further be improved.

In the organic salts, the Group 15 elements of the Periodic
Table of Elements include N, P, As, Sb, and Bi, and the Group
l6elementsof the PeriodicTableof Elements include, forexample,
O, S, Se and Te. Preferred elements are N, P, As, Sb and S,
of which N, P and S are typically preferred.

The organic groups to be combined with atoms of the elements
include, but are not limited to, hydrocarbon groups which may
have a substituent, and substitutedoxygroups. Thehydrocarbon
groups include, but are not limited to, methyl, ethyl, propyl,

isopropyl, butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl,



octyl, decyl, tetradecyl, hexadecyl, octadecyl, allyl, and other

strai ght-or branched-chain aliphatic hydrocarbon groups (al kyl groups,

al kenyl groups and al kynyl groups) each having from about 1 to about 30
carbon atons (preferably fromabout 1 to about 20 carbon atons);

cycl opentyl, cyclohexyl, and other alicyclic hydrocarbon groups each
havi ng from about 3 to about 8 carbon atons; and phenyl, naphthyl, and

ot her aromatic hydrocarbon groups each,Bavi ng fromabout 6 to about 14
carbon atons. Substituents which the hydrocarbon groups may have i nclude,
but are not limted to, hal ogen atons, oxo group, hydroxyl group,

substi t ut ecbarsyl ,oieOuPs, tetgadealRodegidadsl,, oat ydoxyl gadlps, aarib@cyt oxy
groups), carboxyl group, substituted oxycarbonyl groups, substituted or
unsubst i t utsedr ciaytianoy b ragebeps cheyarsl igrtoup; ¢ hytirocerbap grsulpst (a Lked or
unsubstituted amno groups, alkyl groups (e. g. , nethyl, ethyl, and other

Cl-C4 al kydrapmsupLlkespcl oatdups grohipsl kgl o) (e hahany | fremd
napht hyl groups), and heterocyclic groups. The preferred hydrocarbon

groups i nclaifalt flortceg@epite 30arRybogr atipssedehefnnabhy from apout 1 o
o haipht hy | Tur0 CRH A TR 11 G SRR & Lo RO o B0 STARE The
oy o MDD Db Bl bk Tt EFRh G Y s P
sul t on; um oGRS S oA BIRPONMT SIS A L5ERELE.
;3' ts incl ydey J U LRRLATRREHM LM i9en hebhaes iy amenri um chhsd de, -

atoms. Substituents which the hydrocarbon groups may have
include, but are not limited to, halogen atoms, oxo group,
hydroxyl group, substituted oxy groups (e.g., alkoxy groups,
aryloxygroups, andacyloxygroups), carboxyl group, substituted
oxycarbonyl groups, substituted or unsubstituted carbamoyl
groups, cyano group, nitro group, substituted or unsubstituted
amino groups, alkyl groups (e.g., methyl, ethyl, and other C;-C4
alkyl groups), cycloalkyl groups, aryl groups (e.g., phenyl
and naphthyl groups), and heterocyclic groups. The preferred
hydrocarbon groups include, for example, alkyl groups each
having from about 1 to about 30 carbon atoms, and aromatic
hydrocarbon groups (especially, phenyl or naphthyl group) each
having from about 6 to about 14 carbon atoms. The substituted
oxXygroups include, but arenot limited to, alkoxy groups, aryloxy
groups and aralkyloxy groups.

Examplesof theorganicsalts includeorganicammoniumsalts,
organic phosphonium salts, organic sulfonium salts, and other
organic onium salts. Such organic ammonium salts include

tetramethylammenium chloride, tetraethylammonium chloride,



t et rabut yl ammoni um chl ori de, tetrahexyl ammoni um chl ori de,

trioctyl met hyl ammoni um chl ori de, triethyl phenyl amoni um chlori de,
tributyl (hexadecyl )amoni um chl oride, di (octadecyl) dinmethyl amoni um
chloride, and other quaternary ammonium chlorides, and correspondi ng
guat ernary anmoni um brom des, and ot her quaternary ammoni um salts each
havi ng four hydrocarbon groups conbined with a nitrogen atom

di et hyl pi peridi ni um chloride, hexadecybpyridi ni um chloride,

met hyl qui nol i nium chl ori de, and other cyclic quaternary amonium salts.
Exanpl es of the organi c phosphoniumsalts include tetranethyl phosphoni um

chloride, datrahutylHHesPhan ain e @) dest rdié byt atridexatesyl 9 phasphoni um
chloride, triethylphenyl phosphonium chloride, and other quaternary

phosphoni urs iy ey 1dest h Eindnnead 1es panth nigd eu at et exa yl pipdrogdraneububr oni des,
and ot her quaternary phosphonium salts each having four hydrocarbon groups
conbi ned widHi e jphe,s phoirtust v lat roem 2 d&xayd) asnoiivmheclokgaide, sul f oni um sal ts
include triethylsulfoniumiodide, ethyldiphenylsulfoniumiodide, and

ot her sul f ahi (ootdecy Patimaidvy hyneen van dsddicooAngr obpsr ToHIRFRAE W th a
sul fur atom The organic salts al so include nethanesul f onates, _

et hanesul f GHEIQESE U BB A DNl RS , CRROERITRMRGSINY dHd €T AR AFRpREUm

al kyl -sul fonates (e.g., C6-Cl18 al kyl -sul fonates); enzenesuyl f onat es,
AR LY RO SRS Rt R AR SR P R

dodecyl benzenesul f gnat es, and otfier arvl.- sl { onal gs, whi ch iy - 28

dimethylpiperidinium chloride, hexadecylpyridinium chloride,
methylquinolinium chloride, and other cyclic quaternary
ammonium salts. Examples of the organic phosphonium salts
include tetramethylphosphonium chloride,
tetrabutylphosphonium chloride,

tributyl (hexadecyl)phosphonium chloride,
triethylphenylphosphonium chloride, and other quaternary
phosphonium chlorides, and corresponding quaternary
phosphonium bromides, and other quaternary phosphonium salts
each having four hydrocarbon groups combined with a phosphorus
atom. Examples of the organic sulfonium salts include
triethylsulfonium iodide, ethyldiphenylsulfonium iodide, and
other sulfonium salts each having three hydrocarbon groups
combined with a sulfur atom.

The organic salts also include methanesulfonates,
ethanesulfonates, octanesulfonates, dodecanesulfonates, and
other alkyl-sulfonates (e.g., Ce-Cig alkyl-sulfonates);
benzenesulfonates, p-toluenesulfonates,
naphthalenesulfonates, decylbenzenesulfonates,

dodecylbenzenesulfonates, and other aryl-sulfonates which may



be substituted with an al kyl group (e.g., C6-C e alkyl-arylsulfonates);

sul fonic acid type ion exchange resins (ion exchangers); and phosphonic
acid type ion exchange resins (ion exchangers). The anount of the organic
salt is, for exanple, fromabout 0.001 to about 0. 1 nole and preferably
from about 0.005 to about 0.08 nole, relative to 1 nole of the imde
conpound. The pronoters for use in the present invention al so include
strong acids (e.g., conpounds each havipg a pKa of less than or equal to 2
at 25C). Preferred strong acids include, for exanple, hydrogen halides,
hydr ohal ogeni c acids, sulfuric acid and heteropol yacids. The anpbunt of the

strong aci ¢hd Sudditeeedmtiesh f4pmabautgh@l(d oy abagt-c3, mol es rel ative to
1 nole of the imde conpound. The pronoters for use in the present

i nvention aliseli-edpiden 1 Lageids seachniaviaogd & yies honyéx ghange condimed
with an electron attractive group. Such conmpounds each having a carbonyl
group conbjiredewchhnge rel) ecinompratdgractiiovecddouype nonudechénge exaimd e,
hexaf | uor oacetone, trifluoroacetic acid, pentafluorophenyl nethyl ketone,
pent af | uor oplenydxahrarfdars)onet hyl ketone, and benzoic acid. The anount of
this conmpound is, for exanple, from about 0. 0001 to about 3 noles

relative to 1 ndhe @nroghe Flebei SRgaRBPFGIENE S¢ skt erare)Le AEEBRARRY o the
vent on, e SacLLon, eI J pclyde . IAdiesl RIEASL LS L
;ga flalzgger‘bs. O(8e'n%l’e, Crhelloart‘!invee atnod Prn?o -enegf o) afnilldée (cedrngurpg.r acetic acid

The promoters for use in the present invention also include
strong acids (e.g., compounds each having a pKa of less than
or equal to 2 at 25°C). Preferred strong acids include, for
example, hydrogen halides, hydrohalogenic acids, sulfuric acid
and heteropolyacids. The amount of the strong acid is, for
example, from about 0.001 to about 3 moles relative to 1 mole
of the imide compound.

The promoters for use in the present invention also include
compounds each having a carbonyl group combined with an electron
attractive group. Such compounds each having a carbonyl group
combinedwith anelectronattractive group include, for example,
hexafluoroacetone, trifluorocacetic acid, pentafluorophenyl
methyl ketone, pentafluorophenyl trifluoromethyl ketone, and
benzoic acid. The amount of this compound is, for example, from
about 0.0001 to about 3 moles relative to 1 mole of the reaction
component (substrate).

According to the invention, the reaction systemmay include
a radical generator or a radical reaction accelerator. Such
components include, but are not limited to, halogens (e.g.,

chlorine and bromine), peracids (e.g., peracetic acid and



m chl or oper benzoi ¢ acid), peroxides (e.g., hydrogen peroxide, t-butyl

hydr oper oxi de( TBHP), and ot her hydroperoxides),nitric acid, nitrous acid
or salts thereof, nitrogen di oxi de, benzal dehyde and ot her al dehydes. The
exi stence of such a conponent in the system enhances a reaction in sone
cases. The anount of the aforenentioned conponent is, for exanple, from
about 0.001 to about 3 noles relative to 1 nole of the i mde conpound. The
catal ysts of the present invention are ggeful as, for exanple, radical
reaction catalysts. The catalysts of the present invention-exhibit simlar
catalytic activities to reactions in which the conpounds (N-hydroxy cyclic

i mde compeudropiesen o igf aURdSOrsesPendd g «&.¢.R hndFogenlpefdlidd s a
hydrogen atom exhibit catalytic activities. In addition, the catalysts of
t he presentt-wesit hpdrbpseosi gai(fBe@nt, arativané agysiropelrotdiate s(i, )nitmeic can
maintain the catalytic activities for a long tinme, (ii) they can exhibit

hi gh cat al ydig, acitindud esciaverr iseldsndtereambumitezegeidigxidey can
maintain catalytic activities even at high tenperatures, as conpared wth
t he N-hydr ®8nzdddehydariand mpuriddenedat di Agley exirdencgt Qfy $uchof t he
present invention can be applied to all the reactions, in which the

N- hydroxy GRIRQNGTH d8 ERPnsoiehdd eRRFBFES TALAFYEPR He SioWiet Fa8eSand *&an

yiel d greater advantages than the case when the N hydroxy cyclic imde
ompounds. SOUSedt ScatarFues T LERapFEBoBN P EaLEr ShSL THANRISh {1

catalysts of, LNe PPV bBNEN RB18XNLRAL FRLALY Y CnBEL! SEU RS 1 N8 ude
compound.

The catalysts of the present invention are useful as, for
example, radical reaction catalysts. The catalysts of the
present invention exhibit similar catalytic activities to
reactions in which the compounds (N-hydroxy cyclic imide
compounds), where a group corresponding to R in Formula (I)
is a hydrogen atom, exhibit catalytic activities. Inaddition,
the catalysts of the present invention have significant
advantages such that (i) they can maintain the catalytic
activities for a long time, (ii) they can exhibit high catalytic
activities even in a small amount, and (iii) they can maintain
catalytic activities even at high temperatures, as compared
with the N-hydroxy cyclic imide compounds. Accordingly, the
catalysts of the present invention can be applied to all the
reactions, inwhich the N-hydroxy cyclic imide compounds exhibit
catalytic activities, and can yield greater advantages than
the case when the N-hydroxy cyclic imide compounds are used
as catalysts.

Examples of reactions, inwhich the catalystsof thepresent

invention exhibit catalytic activities, include reactions



described in the followng literature relating to the catalytic N-hydroxy
cyclic imde conpounds: Japanese Unexam ned Patent Application
Publ i cati ons No. 8-38909, No. 9-327626, No. 10-286467, No. 10-316610, No.
10- 309469, No. 10-316625, No. 11-239730, No. 10-310543, No. 11-49764, No.
11-106377, No. 11-226416, No. 11-228484, No. 11-228481, No. 11-315036, No.
11- 300212, No. 11-335304, No. 2000-212116, No. 2000-219650, No.

2000- 219652 and No. 2000- 256304, PCT_Jn% rnational Publications No.

W99/ 50204, No. W00/ 35835, No. W00/ 46 gS and No. WD00/ 61665, Japanese

Pat ent Applications No. 11-136339, No. 11-254977, No. 11-372177, No.

2000- 648, NesZ0MEDP8AThe £H010w908-16/4682 t Ne réd@801 846/ thblaza Z0R: 7680,
No. 2000-157356, No. 2000-176494, No. 2000- 179185, No. 2000- 209205, No.

2000- 34582 3-H\airc380Qy3453823mi aa tt dNpo Q00 342d24 e skoUnexanmphed Ka)eret
conpound capable of formng a radical is allowed to react with (B) a

radi cal scapgnigiaey iconpuridi dat idie My esEntdO@F, the. catW Ysi6 ofNohe present
invention and thereby vyields an addition or substitution reaction oduct
bet ween tfk@TﬁﬂﬁﬁﬁﬁuiNd» T kel Goffsound ()9 079 a Nier i Met3 Vb2 her

[ Conpounds (A) abl e of Form ng Rad Such d A bl f
form ng a rlddi 7p3é)rre Mot l%b%]cqg‘i?oalb%‘%?alJ]rn‘ij%?@‘ggr}i?ozgl];s(q Cagg%ofo?m a

iéﬁBLﬁn&‘é‘d'@Zéz i mix carpoR A Ofen %?ﬁ@%%"et,ﬁé?oiéfﬁléﬁ Gtk Yo to
(A3) “ﬁéﬁ;ﬁﬁi&?oggﬁfﬁrhé\%méﬁaﬁéﬁ? AR i atsel v el e R
having a - \31 5000-219652 and No. 2000-256304, PCT International

Publications No. W099/50204, No. WO00/35835, No. WO00/46145

and No. WO00/61665, Japanese Patent Applications No. 11-136339,

No. 11-254977, No. 11-372177, No. 2000-648, No. 2000-58054,

No. 2000-67682, No. 2000-67679, No. 2000-67680, No. 2000-157356,

No. 2000-176494, No. 2000-179185, No. 2000-209205, No.

2000-345822, No. 2000-345823, and No. 2000-345824.

For example, (A) a compound capable of forming a radical
is allowed to react with (B) a radical scavenging compound in
the presence of the catalyst of the present invention and thereby
yields an addition or substitution reaction product between
the compound (A) and the compound (B) or a derivative thereof.

[Compounds (A) Capable of Forming Radical]

Such compounds (A) capable of forming a radical are not
specifically limited as long as they can form a stable radical
and include, for example, (Al) heteroatom-containing compounds
each having a carbon-hydrogen bond at the adjacent position
to the heterocatom, (A2) compounds each having a
carbon-heteroatom double bond, (A3) compounds each having a

methine carbon atom, (A4) compounds each having a



car bon- hydrogen bond at the adjacent position to an unsaturated bond, (A5)
non-aromatic cyclic hydrocarbons, (A6) conjugated conpounds, (A7) am nes,
(A8) aromatic conpounds, (A9) straight-chain al kanes and (Al O ol efins.
These conpounds may have various substituents within a range not adversely
affecting the reaction. Such substituents include, but are not limted to,
hal ogen at ons, hydroxyl group, nercapto group, 0xo group, substituted oxy
groups (e.g., alkoxy groups, aryloxy g Qups, and acyl oxy groups),
substituted thio groups, carboxyl group, substituted oxycarbonyl groups,
substituted or unsubstituted carbanoyl groups, cyano group, nitro group,

substitut edca%%f-méééﬁ Sgn@rg‘{‘,@hgr&i{%sce%bggitgfaﬁ% adtldoyd a O O4RSa

al kenyl group, groups, alicyclit hydrocarbon groups, aromatic

hydr ocar bonb GHOUPSRS jaRén -RebREeEYC biye 18E0Nparodhehenspomes ddh wapedd e of
formng a radical act as radical donative conpounds in the reaction in

question. Twndwireiat @ C o i dd Ng(ZONMtst {Al Jom@eindayi (g9 a

car bon- hydrogen bond at the adjacent position to the heteroatom include,
for exanpl estAAlgHl)-qitd iraryl lansecondatdl @l colwf snor primary or secondary
thiols, (Al-2) ethers each having a carbon-hydrogen bond at the adjacent
position to an Gheggerceprnndonayhiafviedes leashs Wavt hguenearbsAin@dfdeEh bond
at the adjacent position to a sulfur atom (Al -3) acetals (including

heni acet al §)oteaadvaiasg by af Eeebord HyR ceRACHERF atSUHe R HddHe Bosi ti on

to an oxygen ato or thioacet j i i i
a car bon}lﬂyjd?@dé?‘rg'bBHa %%e pﬁg firg'@gelag%:lou,dfiggogterqlaotho?nns] ,aﬁsgl%lo%/legfgug‘?w ng

mercapto group, oxo group, substituted oxy groups (e.g., alkoxy
groups, aryloxy groups, and acyloxy groups), substituted thio
groups, carboxyl group, substituted oxycarbonyl groups,
substituted or unsubstituted carbamoyl groups, cyano group,
nitro group, substituted or unsubstituted amino groups, sulfo
group, alkyl groups, alkenyl group, alkynyl groups, alicyclic
hydrocarbon groups, aromatic hydrocarbon groups, and
heterocyclic groups.

The compounds (A) capableof formingaradical act asradical
donative compounds in the reaction in question.

The heteroatom-containing compounds (Al) each having a
carbon-hydrogen bond at the adjacent position to the heteroatom
include, for example, (Al-1l) primary or secondary alcohols or
primary or secondary thiols, (Al-2) ethers each having a
carbon-hydrogen bond at the adjacent position to an oxygen atom,
or sulfides each having a carbon-hydrogen bond at the adjacent
position to a sulfur atom, (Al-3) acetals (including
hemiacetals) each having a carbon-hydrogen bond at the adjacent
position to an oxygen atom, or thioacetals (including

thiohemiacetals) each having a carbon-hydrogen bond at the



adj acent position to a sulfur atom The primary or secondary al cohols in
the conmpounds (Al -1) include a wide variety of al cohols. These al cohol s
may be whichever of nonohydric, dihydric and pol yhydric al cohols. Such
primary al cohols include, but are not limted to, nethanol, ethanol,

1- propanol, 1-butanol, 2-nethyl-I|-propanol, 1-pentanol, 1-hexanol,
1-octanol, 1-decanol, 1-hexadecanol, 2-buten-1-ol, ethylene glycol,
trimethyl ene glycol, hexanethylene glyceh, _pentaerythritol, and other
saturated or unsaturated aliphatic primary al cohols each having from about
1 to about 30 (preferably fromabout 1 to about 20, and nore preferably

from about 3Hita@edlo o slit)i qrardon ahdiniir eredmopent yl net hyl al cohol ,
cyclohexylnethyl al cohol, 2-cycl ohexyl et hyl al cohol, and ot her saturated

or unsaturat ed TablpynmanypnjBacpndbmqhmlsohbbﬂzyithbcu@mpouﬁdphﬂmyﬂathyl

al cohol , 3-phenyl propyl al cohol, cinnanyl alcohol, and other aromatic

pri mary al dolmdlusie andviZichyhrobetwetdly |phadidi e, dhd seorleohivdise racy &lsi ¢

al cohol's. Typical secondary al cohols include, but are not limted _to,

2- pr opanol WhiREMAr &% aisiohyieht aHdlydmieiamalyhydric alcohols.

3, 3-di net hyl - 2- but anol , 2-octanol, _4-decanol, 2-hexadecanol

2- pent en- 4- ol , §U2hpP66Qﬁéd'éﬂcoﬁoésbﬁp§ﬁé§ﬁolbutza§ep@ﬁtaﬁéﬁP5@d-§ﬁb ot her
vi ci nal diols qﬂother s ated or saturatgd al i phatic secondary

al cohol s ed&¥ e??@ﬂ? tHrQ?%QP%ﬂ)uPugén? e SEN%F Frdh BB 3 to

0 2, B2 LALLM 6 o1 5) S
2-buten-1-0l, ethylene glycol, trlmethylene glycol,
hexamethylene glycol, pentaerythritol, and other saturated or
unsaturated aliphatic primary alcohols each having from about
1 to about 30 (preferably from about 1 to about 20, and more
preferably from about 1 to about 15) carbon atoms;
cyclopentylmethyl alcohol, cyclohexylmethyl alcohol,
2-cyclohexylethyl alcohol, and other saturated or unsaturated
alicyclic primary alcohols; benzyl alcohol, 2-phenylethyl
alcohol, 3-phenylpropyl alcohol, cinnamyl alcohol, and other
aromatic primary alcohols; and 2-hydroxymethylpyridine, and
other heterocyclic alcchols.

Typical secondary alcohols include, but are not limited
to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol,
3,3~dimethyl-2-butanol, 2-octanol, 4-decanol, 2-hexadecanol,
2-penten-4-o0l, 1,2-propanediol, 2,3-butanediocl,
2,3-pentanediol, and other vicinal diols, and other saturated
or unsaturated aliphatic secondary alcohols each having from
about 3 to abcut 30 (preferably from about 3 to about 20, and
more preferably from about 3 to about 15) carbon atoms;

l-cyclopentylethanol, l-cyclohexylethanol, and other



secondary al cohol s each having an aliphatic hydrocarbon group and an
alicyclic hydrocarbon (e.g., a cycloal kyl group) conmbined wth a carbon
atomthat is conmbined with a hydroxyl group; cyclobutanol, cycl opentanol,
cycl ohexanol, cycl ooctanol, cyclododecanol, 2-cyclohexen-I-ol,

2- adamant anol, 2-adamant anol s each having fromone to four hydroxyl groups
at the bridgehead positions, 2-adamantanols each having an oxo group on an
adamantane ring, and other saturated orsgnsaturated alicyclic secondary

al cohol s (including bridged cyclic secondary al cohols) each having from
about 3 to about 20 nmenbers (preferably fromabout 3 to about 1.5 nenbers,
nore pref ergddondd#pmiaiRew sSehohapouind armanbphac iandydypeaabby droup about
5 to about 8 nenbers); 1-phenylethanol, 1-phenyl propanol,

1- phenyl metand eh hdanalyc ldiqiedyd ceet han gk, gant oy besa Bk piratriotip ) Seeanicias

al cohol s; and 1-(2-pyridyl)ethanol, and other heterocyclic secondary

al cohol s. Tidilcad cd@uhwlatdurttaly inctesinddrwiekamleydroxyl group;

1- adamant anenet hanol , a- net hyl - | - adamant anenet hanol

a- et hyl - | - PR HfEHRk h &Pt LoPen b &k o iy C 1 bRt arerel dreiprnol,

3- hydr oxy- a- net hyl - | - adamant anenet hanol ,

3- car boxy - ANRAIRAGT Cttvark ATl 1-01, 2-adamantanol,

a- et hyl - 3a; per hydr.oi nhdenenet hanol ,, - net hyl - 4a- decal i.nnet hanol

Ba- hyd oxy L ARETVYT A Foci dhr i ol L2on Bne 5 YR YRR groups

a-nethyl-4a}p§£hydroflgﬁrggenet anal 5
r

a- et hyl - 48* p ﬁy%lf%)%% FAE ENSITET 1A X

group on an adamantane ring, and other saturated or unsaturated

—gdgﬁantanols each having an oxo

alicyclic secondary alcohols (including bridged cyclic
secondary alcohols) each having from about 3 to about 20 members
(preferably from about 3 to about 15 members, more preferably
from about 5 to about 15 members, and typically from about 5
to about 8 members); l-phenylethanol, l-phenylpropanol,
l-phenylmethylethanol, diphenylmethanol, and other aromatic
secondary alcohols; and 1-(2-pyridyl)ethanol, and other
heterocyclic secondary alcohols.

Typical alcohols further include, for example,
l-adamantanemethanol, o-methyl-l-adamantanemethanol,
a-ethyl-l-adamantanemethanol,
a-isopropyl-l-adamantanemethanol,
3-hydroxy-a~methyl-l-adamantanemethanol,
3-carboxy-a-methyl-l-adamantanemethanol,
o-methyl-3a-perhydroindenemethanol,
a-methyl-4a-decalinmethanol,
8a-hydroxy-a-methyl-4a-decalinmethanol,
oa-methyl-4a-perhydrofluorenemethanol,

a-methyl-4a-perhydroanthracenemethanol,



a- met hyl - 8a- per hydr ophenant hr enenet hanol, a-nethyl-2-tricyclo[5.2.1.02, 6]

decanenet hanol, 6-hydroxy-a-nethyl-2-tricyclo[5.2.1.02" 6] decanenethanol,
a- et hyl - 2a- per hydr oacenapht henenet hanol ,
a- et hyl - 3a- per hydr ophenal enenet hanol, a-net hyl -1 - nor bor nanenet hanol ,

a- met hyl - 2- nor bor nene- 1- net hanol , and ot her al cohols each having a bridged
cyclic hydrocarbon group, such as conpounds each having a bridged cyclic
hydr ocar bon group conbined with a carbgp atomthat is conbined with a

hydr oxyl group. Preferred al cohols include secondary al cohol's and the

al cohol s each having a bridged cyclic hydrocarbon group. Such preferred
secondary &|-GRhalsl 4 piden i iaanod th Serstht hargd cohol , and ot her

al i phatic secondary al cohols; 1-cycl ohexyl ethanol, and other secondary

al cohol s eachdtaw Ing -anrad yqhats & . hyefr bods dorergschynde, g., a Cl-C4 al kyl
group or a C6-Cl4 aryl group) and a non-aromatic carbocyclic group (e.g.,
a C3-Cl5 dydlyubddesyt—agrmuaiph ok - 2 yict ozl kEny2 - Yr&up)deonbemethaneh, a car bon

atomthat is conmbined with a hydroxyl group; cyclopentanol, cyclohexanol,
2- adanant afoine it vtdrare 21y d5ea Gen agdy nethar®hol s each having from
about 3 to 15 nenbers; 1-phenyl ethanol, and other aromatic secondary

e

al cohol s. PHEYM Yardd ot N3 HHIRETHPR e conpounds (Al -1) i ncl ude

thiols corresponding to the primary or secondary alcohols. The ethers each
havi ng a céﬁ?ﬁ%?ﬁ%&ﬁiﬁﬂﬂF DAMG AN acent position to an oxygen atom

in the Com%yﬁggh}fﬁZEQofbé¥%ene—l—methanol, and other alcohols each
having a bridged cyclic hydrocarbon group, such as compounds
each having a bridged cyclic hydrocarbon group combined with
a carbon atom that is combined with a hydroxyl group.

Preferred alcohols include secondary alcohols and the
alcohols each having a bridged cyclic hydrocarbon group. Such
preferred secondary alcohols include 2-propanol, s-butyl
alcohol, and other aliphatic secondary alcohols; l-cyclohexyl
ethanol, and other secondary alcohols each having an aliphatic
hydrocarbon group (e.g., a Ci;—-C4 alkyl group or a CgCis aryl
group) and a non-aromatic carbocyclic group (e.g., a C3-Cis
cycloalkyl group or a cycloalkenyl group) combined with a carbon
atom that is combined with a hydroxyl group; cyclopentanol,
cyclohexanol, 2-adamantanol, and other alicyclic secondary
alcohols eachhaving fromabout 3to 15members; 1-phenylethanol,
and other aromatic secondary alcohols.

The primary or secondary thiols in the compounds (Al-1)
include thiols corresponding to the primary or secondary
alcohols.

The ethers each having a carbon-hydrogen bond at the

adjacent position to an oxygen atom in the compounds (Al-2)



i nclude, but are not limted to, dinmethyl ether, diethyl ether, dipropyl
et her, diisopropyl ether, dibutyl ether, nethyl ethyl ether, nethyl butyl
ether, ethyl butyl ether, diallyl ether, methyl vinyl ether, ethyl allyl
ether, and other aliphatic ethers; anisole, phenetole, dibenzyl ether,
phenyl benzyl ether, and other aromatic ethers; and di hydrof uran,
tetrahydrofuran, pyran, dihydropyran, tetrahydropyran, norpholine,
chroman, isochroman, and other cyclic gihers to which an aromatic or
non-aromati c ring may be condensed. The sul fides each having a

car bon- hydrogen bond at the adjacent position to a sulfur atomin the
conmpounds (AlcR)dé helttdere stf I dosteardespondtngltexide, dtbehylescte havi ng
a carbon-hydrogen bond at the adjacent position to an oxygen atom The
acet al s eaahi gaw g ea hear, bdhi byprogeh didred ,atlibheyl adjfecentnepbyiltétonyt o an
oxygen atomin the compounds (Al1-3) include, for exanple, acetals derived
f rom al dehyatdse mandne @i wohvity loetderd &ivhydr busyl subaracetalyirethere,
cyclic acetals and agﬁcllc acetals. The al dehydes include, but are not

linited tongtgral Gehybesthrbt ot Heny del 1l pt o?ﬁ%m d@h‘il/d‘éthe’éuﬂﬁ@lll@’éhijde

i sobutyral dehyde, pentanal, hexanal, (f ca and ot her _al

al dehydes; ?ﬁkﬁ%@eﬂ?éﬁ@éﬁrﬁ&ﬁ&@ﬁﬁ%@ i%&ﬂ%ﬁ%?%%%ﬁap 3P§é%ﬁﬂ?y ?ﬁp?ﬁher
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2, 2-dibromod , & propanedi fl o« a0 %@f{cdéwé’fé' Cc @100k San “aBbhatic or
non-aromatic ring may be condensed.

The sulfides each having a carbon-hydrogen bond at the
adjacent positiontoasulfuratominthe compounds (Al-2) include
sulfides corresponding to the ethers each having a
carbon-hydrogen bond at the adjacent position to an oxygen atom.
The acetals each having a carbon-hydrogen bond at the

adjacent position to an oxygen atom in the compounds (Al-3)
include, for example, acetals derived from aldehydes and
alcohols or acid anhydrides. Such acetals include cyclic
acetals and acyclic acetals. The aldehydes include, but are
not limited to, formaldehyde, acetaldehyde, propionaldehyde,
butyraldehyde, isobutyraldehyde, pentanal, hexanal, decanal,
and other aliphatic aldehydes; cyclopentanecarbaldehyde,
cyclohexanecarbaldehyde, and other alicyclic aldehydes;
benzaldehyde, phenylacetaldehyde, and other aromatic aldehydes.
The alcohols include, but are not limited to, methanol, ethanol,
l-propanol, l-butanol, benzyl alcohol, and other monohydric
alcohols; ethylene glycol, propylene glycol, 1,3-propanediol,

2,2~dibromo-1, 3-propanediol, and other dihydric alcohols.



Typi cal acetals are, for exanple, 1,3-dioxolane, 2-nethyl-1, 3-dioxol ane,
2-ethyl -1, 3-di oxol ane, and ot her 1, 3-di oxol ane conpounds;

2-met hyl -1, 3-di oxane, and other 1, 3-di oxane conpounds; acetal dehyde

di ret hyl acetal, and other dial kyl acetal conpounds. The thioacetals each
havi ng a carbon-hydrogen bond at the adjacent position to a sulfur atomin
the conpounds (Al -3) include thioacetals corresponding to the acetals each
havi ng a carbon-hydrogen bond at the adggcent position to an oxygen atom
The conpounds (A2) each having a carbon-heteroatom double bond include,
for exanple, (A2-1) conpounds each containing a carbonyl group, (A2-2)
conpounds eagh cnntadat dlgs aatdi abar baahp g oup, 3-atitbXAPar8y, | m nes. The
conmpounds (A2-1) each containing a carbonyl group include ketones and

al dehydes. 2-Suthh Klet Ionesd faowb lad mehydtest hnct ide; d besto are noandl i aileed t o,

acetone, nethyl ethyl ketone, nethyl isopropyl ketone, nethyl isobutyl
ket one, metlhyd-didialdnk erarrounms hyd -ne gt kEtdhexans, pind apbher net hyl
decyl ketone, nethyl isopropyl ketone, _isopropyl butyl ketone, neth

vinyl ket onle,3 1Bt IHANS SOPPEPBAYF 23&tiDIENYAR AYyMeEPdLaesya L képamesher

acet ophenone, thyl 2-net hyl phenyl ketone, nethyl 2-pyridyl ketone,
cycl ohexyl de %?#E,C%?FEO‘B}%%T chai n ket ones; cycl opropanone,

4 el or ocycl oheniRonGLCF SPRGP SHCT Fay AT BB Hhorn. YT bt (A Cenar he

4- chl orocycl ohe one, "cycl cheptanone, cycloboctanone,
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thiocacetals corresponding to the acetals each having a
carbon-hydrogen bond at the adjacent position to an oxygen atom.

The compounds (A2) each having a carbon-heteroatom double
bond include, for example, (A2-1) compounds each containing
a carbonyi group, (A2-2) compounds each containing a
thiocarbonyl group, and (A2-3) imines. The compounds (A2-1)
each containing a carbonyl group include ketones and aldehydes.
Such ketones and aldehydes include, but are not limited to,
acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl
isobutyl ketone, methyl s-butyl ketone, methyl t-butyl ketone,
3-pentanone, methyl decyl ketone, methyl isopropyl ketone,
isopropyl butyl ketone, methyl vinyl ketone, methyl isopropenyl
ketone, methyl cyclohexyl ketone, acetophenone, methyl
2-methylphenyl ketone, methyl 2-pyridyl ketone, cyclohexyl
phenyl ketone, and other chain ketones; cyclopropanone,
cyclobutanone, cyclopentanone, cyclohexanone,
4-methylcyclohexanone, 4-chlorocyclohexanone, isophorone,
cycloheptanone, cyclooctanone, cyclodecanone, cyclododecanone,

cyclopentadecanone, 1,3-cyclohexanedione,

1,4-cyclohexanedione, 1,4-cyclooctanedione,



2, 2- bi s(4- oxocycl ohexyl ) propane, bi s(4-oxocycl ohexyl) net hane,

4- (4- oxocycl ohexyl ) cycl ohexanone, 2-adanmantanone, and other cyclic

ket ones; biacetyl (2,3-butanedione), 2, 3-pentanedione, 3, 4-hexanedione,
bi benzoyl (benzil), acetyl benzoyl, cyclopentane-|, 2-dione,

cycl ohexane-1, 2-di one, and other 1, 2-dicarbonyl conpounds

(e.g.,a-di ketones); acetoin, benzoin, and other a-keto-al cohols;
acet al dehyde, propional dehyde, butanal g7hexanal, succi nal dehyde,

gl ut ar al dehyde, adi pal dehyde, and ot her aliphatic al dehydes; cycl ohexyl
al dehyde, citral, citronellal, and other alicyclic al dehydes;

benzal dehyde, 2 -aai Hoxydrenzed dethysekel ) pudpaenzal dehyde, ci nnamal dehyde,

sal i cyl al dehyde, ani sal dehyde, phthal al dehyde, i sophthal al dehyde,

t er epht hal & depraexo@yell adidreyl aneonedne, al dehydes; and furfural,

ni coti nal dehyde, and other heterocyclic al dehydes. The conpounds (A2-2)

each havi ngt-a( 4+ ozey borye x gt oty 1 o et arien €o poudaiza paehomewi aed other

t hi ocar bonyl group corresponding to the conpounds (A2-1) each having a

carbonyl graxplighetpraesesdireeyl i(RePaletapaiang)not, ITRATERNEEL 00 nes
havi ng. & Qat BTy G 4 1o MrRHTaL of S Tie: 2 SHeh BRARELT nol udb, Tor
benzyl ani ney TS s w1 1 P T Rt AT hGRe R XYM ahi ne.

O, et Iy 5 ol oL oL N oAl aEBLL INBLEZ Sk i, benzoin,
and other oa-keto-alcohols; acetaldehyde, propionaldehyde,
butanal, hexanal, succinaldehyde, glutaraldehyde,
adipaldehyde, and other aliphatic aldehydes; cyclohexyl
aldehyde, citral, citronellal, and other alicyclic aldehydes;
benzaldehyde, carboxybenzaldehyde, nitrobenzaldehyde,
cinnamaldehyde, salicylaldehyde, anisaldehyde, phthalaldehyde,
isophthalaldehyde, terephthalaldehyde, and other aromatic
aldehydes; and furfural, nicotinaldehyde, and other
heterocyclic aldehydes.

The compounds (A2-2) each having a thiocarbonyl group
include compounds eachhavingathiocarbonyl group corresponding
to the compounds (A2-1) each having a carbonyl group.

The imines (A2-3) include, but are not limited to, imines
(including oximes and hydrazones) derived from the compounds
(A2-1) each having a carbonyl group with ammonia or amines.
Such amines include, for example, methylamine, ethylamine,
propylamine, butylamine, hexylamine, benzylamine,
cyclohexylamine, aniline, and other amines; hydroxylamine,

O-methylhydroxylamine and other hydroxylamines; hydrazine,

methylhydrazine, phenylhydrazine, and other hydrazines.



The conpounds (A3) each having a nethine carbon atominclude, for exanple,
(A3-1) cyclic conpounds each having a nethine group (i.e., a nethine

car bon- hydrogen bond) as a constitutional unit of a ring, and (A3-2) chain
conpounds each having a nethine carbon atom The cyclic conpounds (A3-1)

i nclude, for exanple, (A3-la) bridged cyclic conmpounds each having at

| east one nethine group, and (A3-1b) non-aromatic cyclic conpounds (e.g.,
alicyclic hydrocarbons) each having a hydrocarbon group conbined with a
ring. The bridged cyclic conpounds al so i nclude conmpounds, in which two
rings comonly possess two carbon atons, such as hydrogenated products of

condensed pol ygyel dSmpsd e | mmé%r&pm@m@ a meke ¥ £ 8a8en ey ek thenmpounds
(A3-1a) include, but are not limted to, decalin, bicyclo[2.2.0]hexane,

bi cycl o] 2. Z32] egbapee, birdral)of Bc2i & |cenipaneds &icly tladli4g3s Aktihdeeagsoup

bi cycl o[ 3. 3. 3] undecane, thujone, carane, pinane, pinene, bornane,
bor nyl ene, (iordor aars;hinmwrebobnenbydcagphdrondlapphorposadikdt ioaaphene;
tricyclene, tricyclo [5.2. 1.03, 8]decane, tricyclo [4 .2. 1.12,5 ]decane
exotricycl ®f 3 meg,ozar@] etahle C@ﬂdbtqqf@%mfbif[ BEach hmmﬂ algeeieine
tricyclo [4.3.1. 12'5] undecane, tricyclo [4 .2.2. 12'5] undecane,
endotr|cyMQﬂQ?QP:?QHmﬁ]undecane adamant ane, 1-adamant anol ,

L Popaaman T A s S LR MR o,

L-nitr oadarga cfl ed cygig_gc o%{poands eacthaVJ.ng e:{'glleast]orggmggglne grc?’ugp,
and (A3-1b) non-aromatic cyclic compounds (e.g., alicyclic
hydrocarbons) each having a hydrocarbon group combined with
a ring. The bridged cyclic compounds also include compounds,
in which two rings commonly possess two carbon atoms, such as
hydrogenated products of condensed polycyclic aromatic
hydrocarbons.

The bridged cyclic compounds (A3-la) include, but are not
limited to, decalin, bicyclo[2.2.0]hexane,
bicyclo[2.2.2]octane, bicyclo[3.2.1]octane,
bicyclo[4.3.2]Jundecane, bicyclo[3.3.3]undecane, thujone,
carane, pinane, pinene, bornane, bornylene, norbornane,
norbornene, camphor, camphoric acid, camphene, tricyclene,
tricyclo[5.2.1.0%%)decane, tricyclo[4.2.1.1%°]decane,
exotricyclo[5.2.l.OLGJdecane, endotricyclo[5.2.1.O&G]decane,
tricyclo[4.3.1.1%°]undecane, tricyclo(4.2.2.1%°]undecane,
endotricyclo[5.2.2.OL6]undecane, adamantane, l-adamantanol,
l-chloroadamantane, l-methyladamantane,
1,3-dimethyladamantane, l-methoxyadamantane,
l-carboxyadamantane, l-methoxycarbonyladamantane,

l-nitrcadamantane, tetracyclo[4.4.0.125.17J°]dodecane,



per hydr oant hr acene, perhydroacenapht hene, perhydrophenant hr ene,

per hydr ophenal ene, perhydroi ndene, quinuclidine, and other bridged cyclic
hydr ocarbons or bridged heterocyclic conpounds each having two to four
rings, and derivatives thereof. These bridged cyclic conpounds each have
a nethine carbon atom at a bridgehead position (corresponding to a
junction position when two rings commonly possess two atons) . The
non-aronmatic cyclic conpounds (A3-1b)_eagh having a hydrocarbon group
conbined with a ring include, but are not limted to,

1- net hyl cycl opent ane, 1-nethyl cycl ohexane, |inonene, nenthene, nenthol,

car bonent hghesh yerd roitera @dree otherhy @t dgyehdshttyshi@car bons each having from
about 3 to about 15 nenbers and having a hydrocarbon group (e.g., an al kyl

group) comderedimghendrsthrargs, geelthdrspldera vaté vese rAner diycdecay bon
group just nentioned above contains fromabout 1 to about 20 (preferably
from about qllitrmcaltﬁoiﬁtné.w)iﬂdacptbmr srgmge drhge L hom et i roy ofriler tégpdunds
(A3-1b) each having a hydrocarbon group conbined with a ring have a

met hi ne carfre 2R atC tHEPPIIEE rRp Posha T brd betaelen foer rm@g%\ndaltl%e
hydrocarbon group. The chain co ounds (A3-2) each having a_ nethine carbon
at om i ncl uFRET PIRT S FHETEPH-t eBhe DS bctHéﬂ% GUF b Ar BB BHEh S2RAING a

tertiary carbon aton1 such as |sobut nt ane, . i sohexane,
S et vl port AR5 ar REt TRl A, DO HEEHGRARaNEE |8 wm@

3, 4- di et hyl h hyl d other al iph h b h
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carbon atons, and dgrivatiyes ;thele9tc coffBounds (A3-1b) each having a

hydrocarbon group combined with a ring include, but are not
limited to, l-methylcyclopentane, l-methylcyclohexane,
limonene, menthene, menthol, carbomenthone, menthone, andother
alicyclic hydrccarbons each having from about 3 to about 15
members and having a hydrocarbon group (e.g., an alkyl group)
combined with its ring, and their derivatives. The hydrocarbon
group just mentioned above contains from about 1 to about 20
(preferably from about 1 to about 10) carbon atoms. The
non-aromatic cyclic compounds (A3-1b) each having a hydrocarbon
group combined with a ring have a methine carbon atom at the
bonding position between the ring and the hydrocarbon group.
The chain compounds (A3-2) each having a methine carbon
atom include, but are not limited to, chain hydrocarbons each
having a tertiary carbon atom, such as isobutane, isopentane,
isohexane, 3-methylpentane, 2,3-dimethylbutane,
2-methylhexane, 3-methylhexane, 3,4-dimethylhexane,
3-methyloctane, and other aliphatic hydrocarbons each having
from about 4 to about 20 (preferably from about 4 to about 10)

carbon atoms, and derivatives thereof.



The conpounds (A4) each having a carbon-hydrogen bond at the adjacent
position to an unsaturated bond include, for exanple, aronmatic conpounds
each having a nethyl group or nethylene group at the adjacent position to
an aromatic ring (a "benzyl position") , and (A4-2) non-aronmatic conpounds
each having a nethyl group or nethylene group at the adjacent position to
an unsaturated bond (e.g., a carbon-carbon triple bond or a carbon-oxygen
double bond). In the aromatic conpoundgn(A4-1), the aromatic ring may be
either of an aromatic hydrocarbon ring or an aromatic heterocyclic ring.
Such aromatic hydrocarbon rings include, but are not limted to, benzene

ring, condensedrgar begyelihes (ANgSedcnh havitrpht Bakessernhaaubgaa, bbndacene,
ant hracene, phenanthrene, triphenyl ene, pyrene, and other condensed

car bocycl i a:ld agifatonpiosh ttiwe Htoah ensétutra tédieirbket edl cde pdoyadtamp e Ngs
are condensed) . The aromatic heterocyclic rings include, but are not
linmted to,aretedriccgohpoundngs adalchv Logtanatngl groupxygretaydrnasyesoup
het eroatom (e.g., furan, oxazole, isoxazole and other 5-nenbered rings;
4- ox0- 4H pyarhanad]echet B aigrisey eelangineget isenizad (@ dRenzydieng ot e, /

4- 0x0- 4H-chronene and other condensed rings), heterocyclic rings each
cont ai ni ng EASUHANZ) RBMELSTR LSt EPBROYRCESCh PRV dpBehane iy AZHF P

i sot hi azol e, thiadiazole, and other 5-nmenbered . rings; 4-oxo-4Hthiopyran
and ot her ENMERHEVEFETS ﬁﬁ@?pbéﬁzﬁ%iaééﬁéﬁ?@%i?&s&?ﬁé’?‘ EBn%I%ﬁ%ré'%at‘f"?arl%%/,
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In the aromatic compounds (A4-1), the aromatic ring may
be either of an aromatic hydrocarbon ring or an aromatic
heterocyclic ring. Such aromatic hydrocarbon rings include,
but are not limited to, benzene ring, condensed carbocyclic
rings (e.g., naphthalere, azulene, indacene, anthracene,
phenanthrene, triphenylene, pyrene, and other condensed
carbocyclicringsinwhichtwototend4-to7-memberedcarbocyclic
rings are condensed). The aromaticheterocyclicrings include,
but are not limited to, heterocyclic rings each containing an
oXygen atom as a heteroatom (e.g., furan, oxazole, isoxazole
and other 5-membered rings; 4-oxo-4H-pyran and other 6~-membered
rings; benzofuran, isobenzofuran, 4-oxo-4H-chromene and other
condensed rings), heterocyclic rings each containing a sulfur
atom as a heterocatom (e.g., thiophene, thiazole, isothiazole,
thiadiazole, and other 5-membered rings; 4-oxo-4H-thiopyran
and other 6-membered rings; benzothiophene and other condensed
rings), heterocyclic rings each containing a nitrogen atom as
a heteroatom (e.g., pyrrole, pyrazole, imidazole, triazole,

and other 5-membered rings; pyridine, pyridazine, pyrimidine,



pyrazi ne, and other 6-nmenbered rings; indole, quinoline, acridine,
napht hyri di ne, qui nazoline, purine, and other condensed rings). The

nmet hyl ene group at the adj acent position to the aromatic ring may be a
met hyl ene group constituting a non-aromatic ring condensed to the aromatic
ring. In the aromatic conmpounds (M 1), both nethyl group and nethyl ene
group may exist at the adjacent position to the aromatic ring. The
aromati ¢ conmpounds each having a nethyl,grqoup at the adjacent position to
an aromatic ring include, but are not limted to, aronmatic ‘hydrocarbons
each having from about one to about six nethyl groups substituted on the

aromati ¢ rigigrdA.rk, 4l uaisr ¢ rdd et inds A-IRidyé befizef®line,

1- et hyl - 3-met hyl benzene, 1-isopropyl-4-nethyl benzene,

1-t - butyl - 4rgveitdiHdye nzgite: hy di-dietdoxt: i et iy e nzenin e Jreshd yd ety
pseudocunene, durene, nethyl naphthal ene, di net hyl napht hal ene,

met hyl ant hreacetensed, lingd )net hyl bi phenyl , tol ual dehyde,

di met hyl benzal dehyde, trinmethyl benzal dehyde, toluicacid, trinethyl benzoic
acid, and di meffhginsHroienagrayp agrdhhatler6epEnas idomiovupdseeatiafahd ng
from about one to about six nethyl groups substituted on a heterocyclic
ring (e.g. CiNgBgNyPe ¢ BREDILIRBENGT PP P17 S B- 1t A Ri BpReReomatic ring

ST EONEE R M T Y
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i ncl ude, t“ﬁos’éié%“td A% aromatic ring.

The aromatic compounds each having a methyl group at the
adjacentpositiontoanaromaticring include, butarenot limited
to, aromatic hydrocarbons each having from about one to about
sixmethyl groups substitutedonthearomaticring (e.g., toluene,
xylene, l-ethyl-4-methylbenzene, l—ethyl—B—methylbenzene,
l-isopropyl-4-methylbenzene, l-t-butyl-4-methylbenzene,
l-methoxy-4-methylbenzene, mesitylene, pseudocumene, durene,
methylnaphthalene, dimethylnaphthalene, methylanthracene,
4,4'-dimethylbiphenyl, tolualdehyde, dimethylbenzaldehyde,
trimethylbenzaldehyde, toluic acid, trimethylbenzeocic acid, and
dimethylbenzoic acid), and heterocyclic compounds each having
from about one to about six methyl groups substituted on a
heterocyclic ring (e.g., 2-methylfuran, 3-methylfuran,
3-methythiophene, 2-methylpyridine, 3-methylpyridine,
4-methylpyridine, 2,4-dimethylpyridine,
2,4,6-trimethylpyridine, 4-methylindole, 2-methylquinoline,
and 3-methylquinoline).

The aromatic compounds each having a methylene group at

the adjacent position to an aromatic ring include, but are not



limted to, aromati c hydrocarbons each having an al kyl group or
substituted al kyl group having two or nore carbon atons (e. g. ,

et hyl benzene, propyl benzene, 1, 4-diethyl benzene, and di phenyl net hane),
aromati c heterocyclic conpounds each having an alkyl group or substituted
al kyl group having two or nore carbon atons (e.g., 2-ethylfuran,
3-propyl t hi ophene, 4-ethyl pyridine, and 4-butyl qui noline), and conpounds
each having a non-aromatic ring condenged fo an aromatic ring, which
non-aromati c ring has a nethylene group at the adjacent position to the
aromatic ring (e.g., dihydronaphthal ene, indene, indan, tetralin,
fluorene, acenadyd ene afhenalensdrioidatone, cakth hxanhbear)alldhe group
non-aromati ¢ conpounds (A4-2) each having a nethylgroup or nethylene group
at the adj agestbposttited d1kdngtosahuavained: wdondid nect aidieon fadiomex éerpd e,
(A4-2a) chain unsaturated hydrocarbons each having a nethyl group or
met hyl ene gridupllznzeame; atypy Positéne; , L ahdd{guhphyeroepoungsdeach havi ng
a methyl group or nethylene group at the adjacent position to a carbonyl
group. The diRienvieethang ed afpleddsr BORSIPAYCR AT GAMAQUEs Bach ke el it
limted to, propylene, 1-butene, 2-butene, 1-pentene 1- hexene, 2-hexene,
1, 5- hexadi efe,2 KW HRIP Lo SUBRE 1 EIRv@EC AL KVRe STOBRIDBVBE EWGj Ar more

alone. | Tho CORBLISTY AR 56) | Hct UBELL BERD ar & WELY T Tt QPR ket ones
(o8 RCotpngen JEHUL, StV kel e, BaRenl a0pne, 05tanlonons,  aod, ol e
At having a non-aromatic ring condensed to an aromatic ring, which
non-aromatic ring has amethylene group at the adjacent position
to the aromatic ring (e.g., dihydronaphthalene, indene, indan,
tetralin, fluorene, acenaphthene, phenalene, indanone, and
xanthene) .

The non-aromatic compounds (A4-2) eachhavingamethyl group
or methylene group at the adjacent position to an unsaturated
bond include, for example, (A4-2a) chain unsaturated
hydrocarbons each having a methyl group or methylene group at
an "allyl position", and (A4-2b) compounds each having a methyl
group or methylene group at the adjacent position to a carbonyl
group.

The chain unsaturated hydrocarbons (A4~2a) include, but
are not limited to, propylene, l-butene, 2-butene, l-pentene,
l-hexene, 2-hexene, 1,5-hexadiene, l-octene, 3-octene,
undecatrines, and other chain unsaturated hydrocarbons each
having from about 3 to about 20 carbon atoms. The compounds
(A4-2b) include, but are not limited to, ketones (e.g., acetone,
methyl ethyl ketone, 3-pentanone, acetophenone, and other chain

ketones; andcyclohexanone andother cyclicketones), carboxylic



acids or derivatives thereof (e.g., acetic acid, propionic acid, butanoic
aci d, pentanoic acid, hexanoic acid, heptanoic acid, phenylacetic acid,
mal oni ¢ acid, succinic acid, glutaric acid, and esters of these acids).
The non-aromatic cyclic hydrocarbons (A5) include (A5-1) cycloal kanes and
(A5-2) cycl oal kenes. The cycl oal kanes (A5-1) include, but are not limted
to, conpounds each having a 3- to 30-nenbered cycl oal kane ring, such as
cycl opropane, cycl obutane, cycl opentanegscycl ohexane, cycl ohept ane,

cycl ooct ane, cycl ononane, cycl odecane, cycl ododecane, cycl otetradecane,
cycl ohexadecane, cyclotetracosane, cyclotriacontane, and derivatives of
these com@undserRefieidad yehoptkane . i ngsdvia aded ppriodiod-cwaber ed
cycl oal kane rings, of which 5- to 20-nenbered cycloal kane rings are
typically pefatgietd acihe pgateabkensesid AAreXariaicd aded, bhépaaponotatiai t ed
to, conpounds each having a 3- to 30-nenbered cycl oal kene ring, such as
cycl opr opermhercyld obut @ ae L de yud bpeit ewd d,cyetobet ermsid,cyshohekemsid,

1- met hyl - cycl ohexene, isophorone, cycl oheptene, cyclododecene, as well as
cycl opent adieheester3-ef cilyhesait ehe), - 1, 5- cycl ooct adi ene, and ot her

cycl oal kadi enes, cycl ooctatriene and, ot her cycl oal katri epes

. d
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compounds each having a 3- to 30-membered cycloalkane ring,

such as cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane, cyclodecane,
cyclododecane, cyclotetradecane, cyclohexadecane,
cyclotetracosane, cyclotriacontane, and derivatives of these
compounds. Preferred cycloalkane rings include 5- to
30-membered cycloalkane rings, of which 5- to 20-membered
cycloalkane rings are typically preferred.

The cycloalkenes (A5-2) include, but are not limited to,
compounds each having a 3- to 30-membered cycloalkene ring,
such as cyclopropene, cyclobutene, cyclopentene, cyclooctene,
cyclohexene, l-methyl-cyclohexene, isophorone, cycloheptene,
cyclododecene, as well as cyclopentadiene, 1, 3-cyclohexadiene,
1,5-cyclooctadiene, and other cycloalkadienes,
cyclooctatriene and other cycloalkatrienes, and derivatives
of these compounds. Preferred cyclalkenes include compounds
each having a 3- to 20-membered ring, of which compounds each
having a 3- to 1l2-membered ring are typically preferred.

The conjugated compounds (A6) include, for example, (A6-1)

conjugated dienes, (A6-2) o,PB-unsaturatednitriles, and (A6-3)



a, (3-unsaturated carboxylic acids or derivatives (e.g., esters, amdes and
aci d anhydri des) thereof. The conjugated dienes (A6-1) include, but are not
limted to, butadiene, isoprene, 2-chlorobutadiene, and 2-ethyl butadiene.
The conjugated di enes (A6-1) also include, herein, vinyl acetylene and

ot her conpounds in which a double bond and a triple bond are conjugated.
The a, (3-unsaturated nitriles (A6-2) include, for exanple,
(nmeth)acrylonitrile. The a, B-unsaturatedcarboxylic acids or derivatives

t hereof (A6-3) include, but are not limted to, (neth)acrylic acid; methyl
(meth)acrylate, ethyl (nmeth)acrylate, isopropyl (neth)acrylate, butyl

(meth)acry I@;&uﬁsmw%@kakbo&g&ti&)@@i&é Jtrede ANh L REs (e( R Ne €& C
esters; (meth)acrylam de, N-nethylol (neth)acrylam de and ot her

(rmeth) acrylamdes ated i yatd vashydhedas) nelsefed). i ncl ude, but are not linmted
to, primary or secondary am nes such as nethyl am ne, ethyl am ne,

propyl ami ne, bthd aphnegatiened hyhesi (76~ 1di eénbybdri Neyt ditsunpitahimeted

et hyl enedi am ne, 1, 4-but anedi am ne, hydroxyl am ne, ethanol am ne, and ot her
al i phatic & ndsitadismpent sPRpeme, 2tykloRelRyrati e, anddot her alicyclic

am nes; benzylam ne, toluidine, and other aromatic am.nes; rrolidine,
pi peri di ne,<” ¢k pereutaeleneidol e CORAYISFRErd 5% F 'Jﬁeélﬁgyh%?iﬁg%n
aromatic or, non-aromati.c ring._my be condensed. The, ar,omati.c. hydrocarbons
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acenaphthylggﬁa angnépigfg’b6n§5are conjugated.

The o, B-unsaturated nitriles (A6-2) include, for example,
(meth)acrylonitrile. The a,B-unsaturated carboxylic acids or

derivatives thereof (A6-3) include, but are not limited to,
(meth)acrylic acid; methyl (meth)acrylate, ethyl
(meth)acrylate, isopropyl (meth)acrylate, butyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and other
(meth)acrylic estersf.(meth)acrylamide,

N-methylol (meth)acrylamide and other (meth)acrylamide
derivatives.

The amines (A7) include, but are not limited to, primary
or secondary amines suchasmethylamine, ethylamine, propylamine,
butylamine, dimethylamine, diethylamine, dibutylamine,
ethylenediamine, 1,4-butanediamine, hydroxylamine,
ethanolamine, and other aliphatic amines; cyclopentylamine,
cyclohexylamine, and other alicyclic amines; benzylamine,
toluidine, and other aromatic amines; pyrrolidine, piperidine,
piperazine, indoline, and other cyclic amines to which an
aromatic or non-aromatic ring may be condensed.

The aromatic hydrocarbons (A8) include, but are not limited

to, benzene, naphthalene, acenaphthylene, phenanthrene,



ant hracene, napht hacene, aceanthrylene, triphenyl ene, pyrene, chrysene,
napht hacene, picene, peryl ene, pentacene, coronene, pyranthrene, oval ene,
and ot her aromatic conpounds each having at |east one benzene ring. O

t hese aromati c hydrocarbons, preferred are condensed polycyclic aromatic
conmpounds in which at least a plurality of benzene rings (e.g., two to ten
benzene rings) are condensed. These aronatic hydrocarbons may each have
at | east one substituent. Exanpl es of- sygh-aromati c hydrocarbons each
havi ng a substituent are 2-chl oronapht hal ene, 2-nethoxynapht hal ene,

1- net hyl napht hal ene, 2- net hyl napht hal ene, 2-net hyl ant hr acene,

2-t-butyl aprhacerene, Raphtbazyaat lacaeeriarZ-aatdhoxycahbopy kaatl macerss,

2- cyanoant hr acene, 2-nitroanthracene, and 2-nethyl pental ene. To each of
the benzenehuywgsie ,anaphibroraei i teribdn peinygenan panbaaene, etmmongl i c
ring, or a non-aromatic heterocyclic ring may be condensed. The

st rai ght - clrainerdiicanss ero)enficlane othet JF @abic |doFinceddst @2 cheiaiEmg

et hane, propane, butane, pentane, hexane, heptane, octane, nonane, decane,
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doubl e bonds anples o e olefins -
at least one substituent. Examples of such aromatic

hydrocarbons eachhavinga substituent are 2-chloronaphthalene,
2-methoxynaphthalene, l-methylnaphthalene,
2-methylnaphthalene, 2-methylanthracene, 2-t-butylanthracene,
2-carboxyanthracene, 2-ethoxycarbonylanthracene,
2-cyancanthracene, 2-nitroanthracene, and 2-methylpentalene.
To each of the benzene rings, a non-aromatic carbon ring, an
aromatic heterocyclic ring, or anon-aromatic heterocyclic ring
may be condensed.

The straight-chainalkanes (A9) include, butarenot limited
to, methane, ethane, propane, butane, pentane, hexane, heptane,
octane, nonane, decane, dodecane, tetradecane, hexadecane, and
other straight-chain alkanes each having from about 1 to about
30 carbon atoms and preferably from about 1 to about 20 carbon
atoms.

The olefins (A1l0) may be any of a-olefins and internal
olefins each of which may have a substituent (e.g., the
aforementioned substituents such as hydroxyl group and acyloxy
groups) and also include dienes and other olefins each having

plural carbon-carbon double bonds. Examples of the olefins



(AlO include ethyl ene, propylene, 1-butene, 2-butene, isobutene,
1-pentene, 2-pentene, 2,4,4-trinethyl-2-pentene, 1-hexene, 2-hexene,

2, 3-di met hyl - 2- but ene, 3-hexene, 3-hexen-l-ol, 2-hexen-l-o0l, 1l-octen-3-ol,
1- heptene, 1l-octene, 2-octene, 3-octene, 4-octene, 1-nonene, 2-nonene,
1-decene, 1-undecene, 1-dodecene, 1-hexadecene, 1-octadecene,

1, 5- hexadi ene, 1, 6-heptadi ene, 1, 7-octadi ene,

1- acet oxy- 3, 7-di net hyl - 2, 6- oct adi ene, - syyyr ene, vinyltol uene,

a- met hyl styrene, 3-vinyl pyridine, 3-vinylthi ophene, and other chain

ol efins; cycl opropene, cycl obutene, cyclopentene, cyclohexene,

cycl ohept engal ¢y cdoobidnes ticyTdmmpneneyyleye) otlelsetene cy2t+ounedeegne,

cycl ododecene, 1, 4-cycl ohexadi ene, 1, 4-cycl oheptadi ene, cycl odecadi enes,
cycl ododecads @mesene | | romemesnd - o2 et theme,  3-$- dretnt reeia) vy a2 ves tene,

bi cycl o[ 2. 2. 1] hept - 2- ene, bi dycl o[ 3. 2.1 ] oct - 2-ene, a-pinene, 2-bornene, and
ot her cyclikt-lvdxdnas. 2 Haetent, thededopaporhud-eapahte dfNEB¥ERENng a radica
can be used alone or in conbination, and in the |atter case, ih
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yi el ds ;iganlcan increased reaction rate in sone cases. [Radica
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e
@ctene,

o~methylstyrene, 3-vinylpyridine, 3-vinylthiophene, and other
chain olefins; cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cycloheptene, cyclooctene, cyclononene,
cyclodecene, cycloundecene, cyclododecene, 1, 4-cyclohexadiene,
1, 4-cycloheptadiene, cyclodecadienes, cyclododecadienes,
limonene, l-p-menthene, 3-p-menthene, carveol,
bicyclo[2.2.1]hept-2-ene, bidyclo[3.2.1]oct-2~ene, a-pinene,
2-bornene, and other cyclic olefins.

Each of these compounds capable of forming a radical can
be used alone or in combination, and in the latter case, the
compounds used in combinationmay belong to the same or different
categories. For example, when two or more types of these
compounds, especially two or more types of these compounds
belonging to different categories, are used in a reaction with
oxygen or another oxygen-atom-containing gas, one of the
substrates acts as a co-reacting agent (e.g., co-oxidizing
agent) with respect tothe other andtherebyyields significantly
increased reaction rate in some cases.

[Radical Scavenging Compounds (B)]



The radi cal scavengi ng conpounds (B) may be any conpounds as |long as they
can forma stable conmpound as a result of the .reaction with a radical.
Exanpl es of such compounds include (Bl) unsaturated conpounds, (B2)
conpounds each having a nethine carbon atom (B3) heteroatom containing
conpounds, and (B4) oxygen-atomcontaining reactants (e.g.,
oxygen- at om cont ai ni ng gases) Each of these conpounds may be used al one or
in conbi nati on. These conpounds may havgyvari ous substituents within a
range not adversely affecting the reaction. Such substituents include,

but are not limted to, hal ogen atons, hydroxyl group, nercapto group, 0xo0

group, substituflee oagigadupsafenging alckmoyindgr o0Bpmayby axy @smpisndand
acyl oxy groups), substituted thio groups, carboxyl group, substituted
oxycar bonylaggrlomgs as sbbyt cant Edrora wisulist idompedincaribarDyés gl bups, tloy ano
group, nitro group, substituted or unsubstituted am no groups, sulfo
group, al kyleafiteis widitkkenykdgreedp, BRRYRAYES gpbupsch atdryainds dyalrwdear bon
groups, aromatic hydrocarbon groups, and heterocyclic groups. The

unsat ur at ed FonpRERELr e BEY coReCHdESa (B HeCoRPPBRYS S chbapbuaddnaddtinavi ng
an unsaturated bond. Such conpaounds  include, for exanple, (El -1

unsat ur at e dPb ’ea@’n3 )hg{)ﬁtr?groaécr?né'lcéd“tqadﬁ”ﬁq r%‘l?%dgﬁ"oﬁgat (B4e

adj acent pogj.tion to a carbon-carbon unsatuyated bond [active ol efins
(el ectron- %gfyitgl&nen CoB e |nﬁcsﬁlnalr{’c9 oli%aecftae{iisi vée fhsat urated conpounds],

((agl:hz%a\(i?% Zl;%%%?{}-@;%ﬁﬂ%ﬁ{ﬁ_&%?@??ng@é}cﬁ roifptl_}?esg%%qripo%%ds?’%ag%@ounds
used alone or in combination.

These compoundsmay havevarious substituentswithinarange
not adversely affecting the reaction. Such substituents
include, but are not limited to, halogen atoms, hydroxyl group,
mercapto group, oxo group, substituted oxy groups (e.g., alkoxy
groups, aryloxy groups, and acyloxy groups), substituted thio
groups, carboxyl group, substituted oxycarbonyl groups,
substituted or unsubstituted carbamoyl groups, cyano group,
nitro group, substituted or unsubstituted amino groups, sulfo
group, alkyl groups, alkenyl group, alkynyl groups, alicyclic
hydrocarbon groups, aromatic hydrocarbon groups, and
heterocyclic groups.

The unsaturated compounds (Bl) include a wide variety of
compounds each having an unsaturated bond. Such compounds
include, for example, (B1l-1) unsaturated compounds each having
an electron attractive group at the adjacent position to a
carbon-carbon unsaturated bond [active olefins
(electron-deficient olefins) and other active unsaturated
compounds], (Bl-2) compounds each having a carbon-carbon triple

bond, (Bl1-3) compounds each having an aromatic ring, (Bl-4)



ket enes, (Bl-5) isocyanate or thioisocyanate conpounds, and (B1-6) inert
ol efins. The active unsaturated conpounds (Bl-1) include, but are not
limted to, nmethyl (neth)acrylate, ethyl (neth)acrylate, isopropyl
(nmeth)acryl ate, phenyl (meth)acrylate, nethyl crotonate, ethyl crotonate,
met hyl 3-net hyl - 2-butenoate, ethyl 3-nethyl-2-butenoate, nethyl

2- pentenoate, ethyl 2-pentenoate, nethyl 2-octenoate, ethyl 2-octenoate,
nmet hyl ci nnamate, ethyl cinnamate, ngtgﬁl_A,4,4-trif|uoro-2-butenoate,
ethyl 4,4,4-trifluoro-2-butenoate, dinethyl maleate, diethyl- naleate,

di ret hyl fumarate, diethyl fumarate, nethyl 3-cyanoacryl ate, ethyl

3- cyanoacr yﬁfﬁ@ne&nd(@n%{-"ﬁf Bs o Sy Asad W At &g §54 S8 pan ¥ OYEolEs ks kef oae,

vi nyl ethyl ketone, yl 1-propenyl ketone, and other a,(3-unsaturated
ket ones; propesal inerotOnaf gebyde, and other a, (3-unsaturated al dehydes;
acrylonitrile, nmethacrylonitrile, and other a,(3-unsaturated nitriles;
(nmeth)acrylic adhb actdvenufisatiudataddatpeinds 1-BInsat dhatlediegabhoxyté c
acids; (neth)acrylam de, and other a,(3-unsaturated carboxylic acid

am des; N-r{@: priopersd itdeneptaylyl(aatheéacril gR2ebueehyli tGeeed) nethyl ane ne,
and other a,(3-unsaturated imnes; styrene, vinyltoluene, a-nethylstyrene,
( 3- net hyl stisepeoprhd(mthierastylebe, deréval i (weth hadrpt dee, wehbylnds each

having an aryl group bonded at the adjacent position to a carbon-carbon
unsat ur at edcboreRa keIt sdheAc rotFGireneet by ERgesbutiadi- &g enoate, ethyl

. 2-et hyl but adi ene, vinyl acetyl ene, | opent adi ene I I ,.an
Conjuéated %n@ﬁﬁgyL—%%butengate,n@t%%ﬁ.fpbentenoateggt%$%F Yggntghgagéper

methyl 2-octencate, ethyl 2-octencate, methyl cinnamate, ethyl
cinnamate, methyl 4,4,4-trifluoro-2-butencate, ethyl

" 4,4,4-trifluoro-2-butencate, dimethyl maleate, diethyl
maleate, dimethyl fumarate, diethyl fumarate, methyl
3-cyanoacrylate, ethyl 3-cyanoacrylate, and other
a,P~unsaturatedesters; vinylmethyl ketone, vinyl ethyl ketone,
methyl l-propenyl ketone, and other a,B-unsaturated ketones;
propenal, crotonaldehyde, and other a, f~unsaturated aldehydes;
acrylonitrile, methacrylonitrile, and other a,B~unsaturated
nitriles; (meth)acrylic acid, crotonic acid, and other
o, B-unsaturated carboxylic acids; (meth)acrylamide, and other
o, B-unsaturated carboxylic acid amides;
N-(2-propenylidene)methylamine,
N- (2-butenylidene)methylamine, and other «,p-unsaturated
imines; styrene, vinyltoluene, o-methylstyrene,
B-methylstyrene, and other styrene derivatives, and other
compounds each having an aryl group bonded at the adjacent
position to a carbon-carbon unsaturated bond; butadiene,
isoprene, 2-chlorobutadiene, 2-ethylbutadiene, vinylacetylene,

cyclopentadiene derivatives, and other conjugated dienes



(i ncluding conpounds in which a double bond and a triple bond are

conj ugated). The conpounds (Bl-2) each having a carbon-carbon triple bond
i ncl ude, for exanple, nethylacetylene and 1-butyne. The conpounds (Bl -3)
each having an aromatic ring include, for exanple, conpounds each having a
benzene ring, a naphthalene ring, or another aromatic carbon ring; and
conpounds each having a pyrrole ring, a furan ring, a thiophene ring, or
anot her aromatic heterocyclic ring. Thgoketenes (B1-4) include, for
exanpl e, Kketene and 2-net hyl ketene. The isocyanate or thioi'socyanate
conpounds (B1-5) include, but are riot limted to, nethyl isocyanate,

et hyl i socy@matle;dipte rpimposocisathat ehiaktdydoudls Giosher gadabet r g hylbond

t hi oi socyanat e and phenyl thioisocyanate. The inert olefins (Bl-6) may be
whi chever ofrea-asirgfigasteshd internal ol efins and al so include dienes and
ot her olefins each having plural carbon-carbon doubl e bonds. Exanpl es of
the inert ol ef TR§( BPMBPUNAE| (BE- éﬁh?ﬁ@heha$¥@%y¢eﬁﬁibQFtﬁﬂEﬁﬂﬁ txinkene,
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as the conpou
apyrrolering, a furanring, athiophenering, oranotheraromatic

heterocyclic ring. The ketenes (Bl-4) include, for example,
ketene and 2-methylketene. The isocyanate or thioisocyanate
compounds (Bl1-5) include, but are not limited to, methyl
isocyanate, ethyl isocyanate, phenyl isocyanate, methyl
thioisocyanate, ethyl thioisocyanate and phenyl
thioisocyanate.

The inert olefins (B1-6) may be whichever of a-olefins and
internal olefins and also include dienes and other olefins each
havingplural carbon-carbon double bonds. Examplesof theinert
olefins (B1-6) include ethylene, propylene, 1-butene, 2-butene,
isobutene, l-pentene, 2-pentene, 1-hexene, 2-hexene, 3-hexene,
l-heptene, l-octene, 2-octene, 3-octene, 4-octene, l-nonene,
l-decene, l-dodecene, 1,5-hexadiene, 1,6-heptadiene,
1,7-octadiene, andotherchainolefins (alkenes); cyclopentene,
cyclohexene, cyclooctene, cyclodecene, cyclododecene, and
other cyclic olefins (cycloalkenes).

The compounds (B2) eachhavingamethine carbon atominclude,
for example, the compounds exemplified as the compounds (A3).

The one and same compound can be used as the compound (A3) and



t he compound (B2) in the reaction. The heteroatom containi ng conpounds (B3)
i nclude, for exanple, (B3-1) conpounds each having a sul fur atom (B3-2)
conmpounds each having a nitrogen atom (B3-3) conpounds each having a
phosphorus atom and (B3-4) conpounds each having an oxygen atom The
conpounds (B3-1) each having a sulfur atom include, for exanple,

sul fi desandt hiols. The conpounds (B3-2) each having a nitrogen atom
include, for exanple, amines. The conpgynds (B3-3) each having a
phosphorus atom i nclude, for exanple, phosphites. The conmpounds (B3-4)
each having an oxygen atominclude, for exanple, N-oxides. The

oxygen- at orgreO i UeH I 68t aiv St ¢ easddtgoragent s)  (B4) incl ude

f orexanpl e, oxygen-atom contai ning gases, nitric acid, nitrous acid or
salts thereof (Mméwreiheafdrera troaf-eroned iind ngascdmpdunids a@ s "Onclhele, for
oxygen- at om cont ai ni ng gases include those each having a boiling point (or
subl i mat i orexypoigits, ofB3+ksscamezonunts ezpclt havidsC.a Suchfur atom, (B3-2)
oxygen-at om cont ai ni ng gases include, but are not limted to, (B4-1)
oxygen, (B&mpaxrbbreadiohewiide, a( BALIPIRNt pbgen ORPdeés, campowpds 4achyl f ur
oxi des. Each of these oxygen-atomcontaining reactants can be used al one
or in conbiifdtitsha PRESERPEES £B2M1) Ay bt GnFoPompidscGrah BV yRd 2hd
active oxygen. The nol ecul ar oxygen i ot specifically Iimted and
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51 each having a nitrogen atom include, for example, amines. The

compounds (B3-3) each having a phosphorus atom include, for
example, phosphites. The compounds (B3-4) eachhavinganoxygen
atom include, for éxample, N-oxides.

The oxygen-atom-containing reactants (reacting agents)
(B4) include, forexample, oxygen-atom-containinggases, nitric
acid, nitrous acid or salts thereof (hereinafter referred to
as "nitric acids"). The oxygen-atom-containing gases include
those each having a boiling point (or sublimation point) of
less than or equal to 45°C. Such oxygen-atom-containing gases
include, but are not limited to, (B4-1) oxygen, (B4-2) carbon
monoxide, (B4-3) nitrogen oxides, and (B4-4) sulfur oxides.
Each of these oxygen-atom-containing reactants canbe usedalone
or in combination.

The oxygen (B4-1) may be any of molecular oxygen and active
oxygen. The molecular oxygen is not specifically limited and
includes pure oxygen, cxygen diluted with an inert gas such
asnitrogen, helium, argonor carbondioxide, andair. Molecular
oxygen is often used as the oxygen.

The carbon monoxide (B4-2) may be pure carbon monoxide or



carbon nonoxide diluted wwth an inert gas. Wen carbon nonoxide is used in
conbi nation with oxygen, a carboxylic acid can be obtained in a high yield
as aresult of the reaction with the compound (A). The nitrogen oxides
(B4-3) include conpounds represented by the formula: NxOy, wherein x is 1
or 2; and y is an integer of from1l to 6. In these conpounds, y is
generally an integer of from1l to 3 when x is 1; and y is generally an
integer of from1l to 6 when x is 2. JTypghcal exanples of the nitrogen

oxi des are N20, NO, N2OG3, NO2, N2O4, N20b, NO3, and N206. Each of these

ni trogen oxides can be used alone or in conbination. The nitrogen oxides
may be purersshisihaneesderdimuddd @5t Fainn rve coBhal ni Kige Micar®Permens dise

Such m xtures mainly containing nitrogen oxides include, exhausted gases
formed i n ode detddnimproresses iwirt winht pkggaoi, da Paeberyedcnatidgesn ox¢ des
include, for exanple, NO N203, NO2 and N205. In this connection, N203 can
easi |y be ottt iupenhaghedéeldnadfa digfitito§énthenbRprEEIPN2O} tAn ®r
nitrogen nonoxide (NO wth oxygen. Mre specifically, N203 can be
prepared byCIHRIWHuciMg: di nitrogen nonoxi de (or nitrogen nonoxide) to
react and oxygen. into a cool ed reactor to, i qui d N2O3

Accordingly, thghﬁéﬁéFFSHegc%%&QW§mfQQTQQhé%EELg§e%?£$§SEa?i e
per f or med intr%duci :qi [ rogen nonoxi d N20) and/ or. nétro en .
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- 92 of from 1 to 3 when x is 1; and y is generally an integer of
from 1 to 6 when x is 2.
Typical examples of the nitrogen oxides are N,O, NO, NyOs3,
NO,, N304, N20s5, NOj3, and NyO¢. Each of these nitrogen oxides
can be used alone or in combination. The nitrogen oxides may
be pure substances ormixturesmainly containingnitrogen oxides.
Such mixtures mainly containing nitrogen oxides include,
exhausted gases formed in oxidation processes with nitric acid.
Preferred nitrogen oxides include, for example, NO, N2Os3,
NO, and N;Os. In this connection, Ny;O; can easily be obtained
upon a reaction of dinitrogen monoxide (N;0) and/or nitrogen
monoxide (NO) with oxygen. More specifically, N;O3 can be
prepared by introducing dinitrogen monoxide (or nitrogen
monoxide) to react and oxygen into a cooled reactor to yield
a blue liquid Ny;03. Accordingly, the reaction according to the
present invention can be performed by introducing dinitrogen
monoxide (N,0) and/or nitrogen monoxide (NO) and oxygen into
a reaction system without the previous formation of N;O3. The

nitrogen oxides can be used in combination with oxygen. For

example, by using NO; in combination with oxygen, the yield of



the product (e.g., a nitro conpound) can further be inproved. The sulfur
oxi des (B4-4) include conpounds represented by fornmula: SpQOg, wherein p is
1 or 2, and g is an integer of from 1 to 7. In these conpounds, g is
generally an integer of from 1 to 4 when pis 1; and q is generally 3 or 7
when p is 2. Such sul fur oxides include, but are not limted to, SO S203,
S2, SC8, S207 and SX. Each of these sulfur oxides can be used al one or
in conmbination. As the sulfur trioxide, shumdng sulfuric acid containing
sul fur trioxide can be enployed. Preferred sul fur oxides include those
mai nly containing at |east one of sulfur dioxide (S02) and sul fur trioxide
(S03) . Theheywriadudaxi(@e gtanabei tis@tdnpaamd) rain dnrvhelr bxypeproded.
exanpl e, by using sul fur dioxide (S02) in conbination with oxygen, a
correspondi ng sUlhfeonit faciakicdas H84eHt) ainetuda corpagindd ekdreasnaedeswl t  of
the reaction with the conpound (A). The salts of nitric acid or nitrous
aci d i ncl udeormika ar SxCnotvheangitred 19,1 95d? urashiat £ Potiadsigen 94l 50m and
other alkali netal _salts; magnesiumsalts, calciumsalts, bariumsalts,
and ot her ‘altal’i nel Rarted SECAP YRSy, Isi F\EFNSER LY 3 dRCROGH 941 F5™ zinc
salts, and salts of other, netals. Preferred s?aijti ‘jéncl ude _al kal | t al

a
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scavengi ng ,cogpaund (B oi-Si PELLBIAEH:1 5053 As the sulfur trioxide, fuming

sulfuric acid containing sulfur trioxide can be employed.

Preferred sulfur oxides include those mainly containing
at least one of sulfur dioxide (S0,;) and sulfur trioxide (SO3).
The sulfur oxide can be used in combination with oxygen. For
example, byusing sulfur dioxide (S0;) incombinationwith oxygen,
a corresponding sulfonic acid can be obtained in a high yield
as a result of the reaction with the compound (A).

The salts of nitric acid or nitrous acid include, but are
not limited to, sodium salts, potassium salts, and other alkali
metal salts; magnesium salts, calcium salts, barium salts, and
other alkaline earthmetal salts; silversalts, aluminiumsalts,
zinc salts, and salts of other metals. Preferred salts include
alkali metal salts of nitric acid or nitrous acid.

The nitric acids can be supplied as intact to the reaction
systemormay be supplied in the formof solutions such as agqueous
solutions. Alternatively, these components may be formed in
the reaction system and may be subjected to the reaction.

The reaction between the compound (A) capable of forming

a radical and the radical scavenging compound (B) is performed



in the presence of, or in the absence of, a solvent . Such solvents
include, but are not limted to, acetic acid, propionic acid, and other
organi c acids; acetonitrile, propionitrile, benzonitrile, and other
nitriles; formam de, acetam de, dinethylfornmam de (DWVF),

di met hyl acet am de, and ot her am des; hexane, octane, and ot her allphatlc
hydr ocar bons; chl orof orm dichloronethane, di chl or oet hane, carbon
tetrachloride, chlorobenzene, trifluorgrethyl benzene, and other

hal ogenat ed hydrocarbons; nitrobenzene, nitronethane, nitroethane, and
other nitro conpounds; ethyl acetate, butyl acetate, and other esters; and
m xtures ofidhesereekyestcss, b iABhCASESLcAEE] iatsolamdrtt Anduehhesl wagadi C
acids, acetonitrile, benzonitrile, and other nitriles,

trifl uor oneirdylEnz éne, aaednot heimhied dgenatedtikydecodarpoosioribydciatet at e
and other esters are used as the solvent. The ratio of the conpound (A)
capabl e of drof Mt oreghrciat adicds heacaiddrht r shaw emgbmigprcompbled (B) can
appropriately selected depending on the types (cost, reactivity) of the
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conpound ( ype arge pro and is
for exanpl e hfgfggéﬂgéﬁe(xErf%lu&%%methylbenzene, and other halogenated

hydrocarbons; nitrobenzene, nitromethane, nitroethane, and
other nitro compounds; ethyl acetate, butyl acetate, and other
esters; and mixtures of these solvents. In may cases, acetic
acid and other organic acids, acetonitrile, benzonitrile, and
other nitriles, trifluoromethylbenzene, and other halogenated
hydrocarbons, ethyl acetate and other esters are used as the
solvent.

The ratio of the compound (A) capable of forming a radical
to the radical scavenging compound (B) can appropriately
selected depending on the types (cost, reactivity) of the two
compounds or combinations thereof. For example, the compound
(A) may be used in excess (e.g., from about 2 to about 50 times
by mole) to the compound (B). Alternatively, the compound (B)
may be used in excess to the compound (A).

The process of the present invention has a feature in that
the reaction smoothly proceeds under mild conditions. A
reaction temperature can appropriately be selected depending
on the types of the compound (A) and compound (B) or the type

of the target product, and is, for example, from about 0°C to



about 300C, and preferably about 20C to 200C. The reaction can be
performed at atnospheric pressure or under a pressure (under a | oad)
When the reaction is performed under a pressure, the pressure is usually
fromabout 0.1 to about 10 MPa (e. g. , fromabout 0.15 to about 8 MPa,
and particularly fromabout 1 to about 8 MPa) . A reaction tinme can
appropriately be selected wthin a range of, for exanple, fromabout 10
m nutes to about 48 hours dependi ng ongiyhe reaction tenperature and
pressure. The reaction can be perforned in a batch system sem -batch
system continuous system or another conventional system By adding the

I mde catalysiyd adde,r ﬁatw@féﬁ@}sfmﬂbwg@tlfr@rwo%:.t hentarggetc coqpound

can be obtained wth a ﬁlgher conversion or selectivity in many cases.
After the ceawlms i@t fRfrridie ateagiospher@acbires spreduet Sndeana ease s yube
separated and purified by a conventional technique such as filtration,
concent r at i omdealt stlidaddgt.i oWheexthraacéaonjon drysdaf izt under a pressure,
recrystallization, columm chromatography, and other separation neans, or
any combi natthebrpr@fssmé%épaaéﬂwo%rﬂ@amoutr% brisc@doust 1OhMPpr e2edit
invention yields an addition or substitution reaction product or a

derivati ve ¥ effouddheheli tgy dvrihed dbii it d ore bt L ¢ her Ebrpbtier grgut

capable of _formng a radical and the radi cal scavengin onpoun B
Such addi t} 6R B EUBSEY ut i 6%%%1%%5?6@%%%??%?%8?%’ b@rs%ﬁ%é&)%%,

car bon car bon bonded Bl ot o (S SRuP g, LE35t o OOl D) o
SU|fonatiO%é”ﬁg¥¥§fée§ééﬁang on the reaction temperature and pressure.
The reaction can be performed in a batch system, semi-batch
system, continuous system or another conventional system. By
adding the imide catalyst tothe reactionsystemininstallments,
the target compound can be obtained with a higher conversion

or selectivity in many cases.

After the completion of the reaction, reaction products
can easily be separated and purified by a conventional technique
such as filtration, concentration, distillation, extraction,
crystallization, recrystallization, column chromatography,
and other separation means, or any combination of these
separation means.

The process of the present invention yilelds an addition
or substitution reaction product or a derivative thereof
depending on the combination of the compound (A) capable of
forming a radical and the radical scavenging compound (B). Such
additionorsubstitutionreactionproductsinclude, forexample,
carbon-carbon bonded products (e.g., coupling reaction
products), oxidation products, carboxylation products,

nitration products, and sulfonation products.



For exanpl e, when the heteroatom containing conpound (Al') having a

car bon- hydrogen bond at the adjacent position to the heteroatomis used as
t he conpound (A), the adjacent position to the heteroatomis conbined with
an atom (e. g. , a carbon atonm) constituting an unsaturated bond of the
unsaturated conpound (Bl), to the nethine carbon atom of the conpound (B2)
having a nethine carbon atom or to the heteroatom of the

het er oat om cont ai ni ng conpound (B3), andsthereby yields an addition or
substitution reaction product or a derivative thereof. Wen the conpound
(A2) having a carbon-heteroatom double bond (e.g., the

car bonyl - gr oup- Gy akAinpUe ¢ GMMOLIBHE Het &g tytectorasa ieng espeondd( A1) a
bond between a carbon atomrelating to the carbon-heteroatom doubl e bond
(e.g., a cardboyd = aakbonahgarogamdbandat omledjaagertenito ppe tdanbon @hem i s
broken, and an atomic group containing the carbon-heteroatom doubl e bond
(e.g., an hetdropoup)id sisecirbbnkede viartpaured Affdrefrbat Aonadepbspesbhiof t he
compound (Bl1l), (B2) or (B3) to yield an addition or substitution reaction
product or % déei halkeveatepisotomphead tHd heahpdiait (EAJ) - Ha¢RA§C8 HEPRI ne
carbon atomis used  as the corrpouno(l_jﬁj(A) capable of form ngga radi cal , the

I
net hi ne  cd PO Bt UM TS TbAISRER LAY Pﬁ@daP%rEH@n??%ﬁEHr% FtFIRP BTt he
conmpound (B]),. (B2 r (B3) .to yield an, addi ti or substi,tut] reaction
P ofuct o W Her |t Sy LAHearETy 0 £t RBe ReTBRIbHe RAL T at b
conmpound (Bl) the radica avengi I el an addition
reaction 5?6%%§qln%nﬁF%$éPLé£§%f ﬂg&%gw%%zﬁgy%gﬁ%gﬁgzéﬁgggenethine Larbon
- 56 heterocatom-containing compound (B3), and thereby yields an

addition or substitution reaction product or a derivative
thereof.

When the compound (A2) having a carbon-heterocatom double
bond (e.g., thecarbonyl-group-containing compound ) isemployed
as the compound (A), a bond between a carbon atom relating to
the carbon-heterocatomdoublebond (e.g., a carbonyl carbon atom)
and an atom adjacent to the carbon atom is broken, and an atomic
group containing the carbon-heteroatom double bond (e.g., an
acyl group) is combined with the aforementioned position of
the compound (Bl), (B2) or (B3) to yield an addition or
substitution reaction product or a derivative thereof.

When the compound  (A3) having a methine carbon atom is used
as the compound (A) capable of forming a radical, the methine
carbon atom is combined with the aforementioned position of
the compound (Bl), (B2) or (B3) to yield an addition or
substitution reaction product or a derivative thereof.

Generally, the use of the unsaturated compound (Bl) as the
radical scavenging compound (B) yields an addition reaction

product, and the use of the compound (B2) having amethine carbon



atom as the conpound (B) yields a substitution reaction product (e.g., a
coupling product). The reaction between the oxygen-atom contai ni ng reactant
(B4) as the radical scavengi ng conmpound (B) with the conmpound (A) capable
of form ng a radical yields an organic conpound having an
oxygen-atom contai ning group (e.g., hydroxyl group, oxo group, carboxyl
group, nitro group, or sulfur acid group) depending on the type of the
oxygen-atom contai ning reactant. Accordiggg 0 the process of the present
invention, a conplicated organic conpound can be obtained through one step
by using two or nore types of the conpounds (A) capable of formng a
radi cal anddtom ket hadicoglouwscavRngiird doapawstsi {(B)i dro reberéby piraside
sequential addition or substitution reactions. For exanple, when the
unsat ur at ed(eorpouhde¢Bl) irnmdoxyyehn) (B4-1) as the radical scavengi ng
conpounds (B) are allowed to react wth the conpound (A), a group derived
from the conpoudd§ AFact$orRMiWRIN WichosreenfathBe-captaanbse Beamsant
constituti ng# he ug}saturat ed bond as, mentioned above, and a hydroxyl group
tRe & d

derived fr ¢gBAT ST N T URRSHY AT RUE Dt (Fer Wé&PbbRe L IRROI
reaction nmechani smin thg_ rocess of the present invention is not
clarified i wdeqaé?ark?l_%tﬁ |§O%§aedr ?%]1 I :qu i 93 hie reAR Y an
the case whirEHRETeRTaragtonyEri £ TP Y wififoadade DkbaoRe thie ™ "
o e (RS P G o5 e s aREn (OB
at the cargferaio @h the AacantnROSkyban-4oohheohel h oAt am i 4, - 57
According to the process of the present invention, a

complicated organic compound can be obtained through one step

by using two or more types of the compounds (A) capable of forming

a radical and/or the radical scavenging compounds (B) to thereby

invite sequential addition or substitution reactions. For

example, when the unsaturated compound (Bl) and oxygen (B4-1)

as the radical scavenging compounds (B) are allowed to react

with the compound (A), a group derived from the compound (A)

is combined with one of the two carbon atoms constituting the

unsaturatedbond asmentioned above, andahydroxyl groupderived

from the oxygen is introduced into the other carbon atom.

Areactionmechanismintheprocessof the present invention

is not clarified in detail, but is supposed as follows. During

the reaction, an oxidized active species [e.g., imido-N-oxy

radical (>NOe)] is formed as in the case where the N-hydroxy

cyclic imide compound is used as the catalyst, the oxidized

active species withdraws a hydrogen from the compound (A) and

allows the compound (A) to form a radical, for example, at the

carbon atom at the adjacent position to the heteroatom in the



conpound (Al), at the carbon atomrelating to the carbon-heteroatom double
bond in the conpound (A2), at the nethine carbon atomin the conpound (M,
or at the carbon atom at the adjacent position to the unsaturated bond in
the compound (A4) ; the thus-forned radical reacts with the conpound (B)
and thereby yields a corresponding addition or substitution reaction
product. The above-forned addition or substitution reaction product may
further undergo, for exanple, dehydratign reaction, cyclization reaction,
decar boxyl ati on reaction, rearrangenent reaction, or isomerization
reaction in the reaction system depending on the structure thereof or
reacti on camhgowns, (Ahd, dtetledbycyrleddsatomoreespongi ng tdesi vati ve. The
reaction between the conpound (A) capable of formng a radical and the
radi cal scaastiymheompoanegn (B)ushoubend ptef ehabtgubeupadr {52 hedaundee
conditions with mninmal polynerization inhibitors (e.g., hydroquinone) For
exanpl e, tRLipispearoen ef omhidr sheyaerPeand o3 )Inhipli 2 brthencakboneaied on
system shoul d preferably be | ess than or equal to 1000 ppm and nore
preferably al%%getq'%}?%n%aGéFttlSnl% ChEHn§3t L FRtegPepertt R eoforprRund

pol ynmeri zatjon inhi bjtor exceeds 1000 ppm__a reaction rate is |jiable to
decr ease, a t’h(lfhien#é@sEg?ﬁﬁﬂﬁgtra%n%?]grretaﬁé:SCB-lggtgP?/é:tomﬁé’émtdo(B PEd in
| ar ge anount,s_j ses.. ln contra . when t he. pr.aportion of the

ol yeri 28t St TR BT E6E Gor P BRdtT B Sy S TR PO AT BT T O r at e
i ncreases toﬁd'cm:cgtease a yield, and the reaction results have a high
reproducibﬁilty o stably yield a target conpound. The - 58

The above-formed addition or substitution reaction product
may further undergo, for example, dehydration reaction,
cyclization reaction, decarboxylation reaction, rearrangement
reaction, or isomerization reaction in the reaction system
depending on the structure thereof or reaction conditions, and
thereby yields a corresponding derivative.

The reaction between the compound (A) capable of forming
a radical and the radical scavenging compound (B) should
preferably be performed under conditions with minimal
polymerization inhibitors (e.g., hydroquinone). For example,
the proportion of the polymerization inhibitor in the reaction
system should preferably be less than or equal to 1000 ppm,
and more preferably less than or equal to 100 ppm. If the
proportion of the polymerization inhibitor exceeds 1000 ppm,
a reaction rate is liable to decrease, and the imide catalyst
and/or the co-catalyst has to be used in large amounts in some
cases. In contrast, when the proportion of the polymerization
inhibitor in the reaction system is low, the reaction rate
increases to increase a yield, and the reaction results have

a high reproducibility to stably yield a target compound. The



unsat urated conpounds (Bl) or other conpounds for use in comrercial, to
whi ch a polynerization inhibitor is added, should preferably be subjected
to elimnation of the polynerization inhibitor by, for exanple,
distillation, prior to the reaction. The sanme goes for any reaction in

whi ch the compound (A) is allowed to react with the conpound (B) in the
presence of the imde conpound. By using an appropriate conbi nation of the
conmpound (A) capable of form ng a radiggl -and the radi cal scavengi ng
conpound (B) in the reaction according to the present invention, various
organi ¢ conpounds as nentioned bel ow can be obtained. 1. Production of

1, 3- Di hydr oxys Conpoariscangoursd s eodi orenttioér scapqurrodisicteonuse | 1nbe
described below By catalysis of the imde conmpound, an al cohol

r epr esent edcamneg st i hg whoahnd pol e rOra E 2pnvitdridi it Ral anddrid, ssleould sane
or different and are each a hydrogen atomor an organic group, where Ra
and Rb may el heda subfeiahed tonglimi Rt henaelf ademto il zatkgn | s
allowed to react, with (B4-1) oxxgen and (B11) an active olefin represented

by fol | owili* ForsRA BY¢ 3oL ex89r1E3)diHeetaf 1R RE1GRd RENGrEEdHe Yane or
clectron dHT GOIY SrouS S S T AT o Mry by SO HRBHE ned vith
each ot her a:[lQLJv%rc{nt% E»ieB%t%E'Eht pﬁe atfjén%:qud C(%r)bqlﬁ @Egnﬁ?ésence of the
imide compound.
By using an appropriate combination of the compound (A)
capable of forming a radical and the radical scavenging compound
(B) in the reaction according to the present invention, various
organic compounds as mentioned below can be obtained.
1. Production of 1,3-Dihydroxy Compounds
A first embodiment of such production will be described
below. By catalysis of the imide compound, an alcohol

represented by following Formula (2):

P (2)

wherein R* and R® are the same or different and are each a hydrogen
atom or an organic group, where R* and R® may be combined to
form a ring with the adjacent carbon atom, is allowed to react
with (B4-1) oxygen and (Bll) an active olefin represented by

following Formula (3):



car bon-carbon bond, and thereby yields a 1, 3-di hydroxy conpound
represented by followng Formula (4): (4) wherein Ra, Ro, Rc, Rd, Re and Y
have the sane neani ngs as defined above. This reaction can be perforned
pursuant to a process (a process using a catalytic N-hydroxy cyclic imde
conpound) described in PCT International Publication No. W00/ 35835.

[ Al cohol s] The organic group in Ra and Ro in Fornula (2) has only to be an
organi ¢ group that does not adversely_akfiect the reaction (e.g., an
organic group that is not reactive under reaction conditions according to
the process). Such organic groups include, for exanple, hydrocarbon groups
and heterocyclic groups. The hydrocarbon groups include aliphatic

hydr ocarbon groups, alicyclic hydrocarbon groups, and aromatic hydrocarbon
- 60 groups. Seh aliphatic hydrocarbon groups include, but are not
limted to, stra;%Q;Q:or br anched ghain al i phati c hydrocarbon groups

(al kyl groups, enyhygroups, an@ al kynyl groups) each having from about
1 to about 20 carbon atons. The alicyclic hydrocarbon groups include, but
are not limted to, nonocyclic alicyclic hydrocarbon groups (e.g.,

cycl oal kyl groups and ycl oal kenyl groups) each having from about 3 to
about 20 caf intBs P%pﬁéﬁe?abqllye halve nepiRe o abbtife e apBuarease@aR bon
atons) ; and bridged cyclic hydrocarbon groups. The aromatic_ .hydrocarbon
groups i ncludedFFeRxA e?ra@%n%%g%nh‘}d‘i’é%%boﬁndﬁo’dﬁsa%a%%eﬁéwﬁg from

about 6 to about 14 carbon ataons. Thes
attractive group, where gl, Ed, R® and Y may be combined with

each other to form a ring with the adjacent carbon atom or
carbon-carbon bond, and thereby yields a l,3-dihydroxy compound

represented by following Formula (4):

o RPHO R
(4)

wherein R*, R®, RS, RY, R® and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic N-hydroxy cyclic imide compound)
described in PCT International Publication No. WO00/35835.

[Alcohols]

The organic group in R* and R® in Formula (2) has only to
be an organic group that does not adversely affect the reaction
(e.g., an organic group that is not reactive under reaction
conditions according to the process). Such organic groups
include, for example, hydrocarbon groups and heterocyclic
groups.

The hydrocarbor groups include aliphatic hydrocarbon

groups, alicyclic hydrocarbon groups, and aromatic hydrocarbon



hydr ocar bon groups may have various substituents. Heterocyclic rings
constituting the heterocyclic groups in Ra and Rb include aromatic

het erocyclic rings and non-aromatic heterocyclic rings. Such heterocyclic
rings include heterocyclic rings each containing an oxygen atomas a

het eroatom heterocyclic rings each containing a sulfur atomas a

het eroatom and heterocyclic rings each containing a nitrogen atomas a
het eroat om These heterocyclic groups_n%§ have at | east one substituent.
The rings formed by Ra and Rb with the adjacent carbon atom- include, but
are not limted to, cyclopentane, cyclohexane, cyclohexene, cycl ododecane,

decal i n, adgr@mane,sRitda 0f PeAt i BORARBH I §26098 g%l CYct Qalkane
rings, cycloal kene rings, 7and bridged carbon rings) each having from about

3 to about 120 tedrher,Sstpaefatabdy tiraemhakbuiha3 i 81apakt i &5 f@Ides Shoior e
preferably fromabout 5 to about 15 nenbers, and typically from- 61 about

5 to about Sraommbdrikyl Jhesesy ialgemaly dravesat aheadikond ggohisi)t ewedcih
(e.g., simlar groups to the substituents that the hydrocarbon groups nmay
have) . To fechnoffrdesdaitngs,tcambiogr 20r cagbpa atnmar onBlité cakiamgecbican
aromatic riqgi may be condensed. Preferred substituent Ra includes hydrogen
atom Cl1- 13FArpRYFLUPSNENChude 4 RiFy RrGr BRpst Ptk PednmROEYIE] Ldles
iy ocar borf GrOUPSLC ALY G 1481 yIZ RO SntE 1 ar &/ pred bF kbl 9+ SeRROIRRd to
QU & non- TR} £ S BORLOG, Doy 9. LEom abaut,. 5 L8 sbout S rmrbers
atom atoms (preferably having from about 3 to about 15 carbon atoms) ;
and bridged cyclic hydrocarbon groups. The aromatic
hydrocarbon groups include, for example, aromatic hydrocarbon
Qroups each having from about 6 to about 14 carbon atoms. These
hydrocarbon groups may have various substituents.

Heterocyclic rings constituting the heterocyclic groups
inR*and R® include aromatic heterocyclic rings and non-aromatic
heterocyclic rings. Such heterocyclic rings include
heterocyclicrings eachcontaininganoxygenatomas aheteroatom,
heterocyclicringseachcontainingasulfuratomasaheterocatom,
and heterocyclic rings each containing a nitrogen atom as a
heteroatom. These heterocyclic groups may have at least one
substituent.

The rings formed by R* and R® with the adjacent carbon atom
include, but are not limited to, cyclopentane, cyclohexane,
cyclohexene, cyclododecane, decalin, adamantane, and other
non-aromatic carbonrings (cycloalkane rings, cycloalkene rings,
and bridged carbon rings) each having from about 3 to about

20 members (preferably from about 3 to about 15 members, more

preferably from about 5 to about 15 members, and typically from



The al cohols represented by Forrmula (2) include, forexanple, those
exenplified as the primary or secondary al cohols in conpounds (Al -1).
Preferred al cohol s include secondary al cohols (e.g., 2-propanol, s-butyl
al cohol, and other aliphatic secondary alcohols; 1-cyclohexylethanol, and
ot her secondary al cohols each having an aliphatic hydrocarbon group (e.qg.,
a Cl-C4 al kyl group, or a C6-Cl4 aryl group) and a non-aronatic
carbocyclic group (e. g. , a C3-Cl5 cyghoal kyl group or a cycl oal kenyl
group) conbined with a carbon atomthat is conbined with a hydroxyl

group; cycl opentanol, cycl ohexanol, 2-adamantanol, and other alicyclic
secondary almoholssteadinvdavi ngmbeos abdiite B trangtsonby Hbvarertbéesst one

1- phenyl et hanol , and ot her aromati c secondary alcohols) , and alcohols in
whi ch the subsitiituesnt Rle.ids asbridgedrayrd te WyerodmticmaptouphafAets ve
Oefins] - 62 The organic groups in Rc, Rd and Re in the active ol efins

r epr esent ed Y3F FATRIE JCPHPEAR B IR or ganFechrotifdesssrinag, APy do
not adversely affect the reaction ifqééﬁanjc .groups that are inert

under reacti'dif ééﬁb‘?ﬁTW%%FélPﬁé&% Prige E4890MahBeFr RIS e
atoms,  hydl ocar BER SoRESGHAIS s BLY Bl FCUROGPEY Rer T bt oy Bhy
3 al g1 oxy SEBERY SOFoape it e AP bR Ryl ey LS Bomyh oF SGRENES ke
ar oup,  Substi it od ey , unsubsti faitecds car baTmy | o 5QupSand N sHbsL] Lt ed or
unsubstituted am de groups), cyano group,
hydrocarbon groups. Alternatively, R* and R® are preferably
combined to form a non-aromatic carbon ring having from about
3 to about 15 members (particularly from about 5 to about 8
members) with the adjacent carbon atom.
ThealcoholsrepresentedbyFormula (2) include, forexample,
those exemplified as the primary or secondary alcohols in
compounds (Al-1).

Preferred alcohols include secondary alcohols (e.g.,
2-propanol, s-butyl alcohol, and other aliphatic secondary
alcohols; l-cyclohexylethanol, and other secondary alcohols
each having an aliphatic hydrocarbon group (e.g., a C;-C4 alkyl
group, or a Cg~Ci4 aryl group) and a non-aromatic carbocyclic
group (e.g., a C3-Cy5 cycloalkyl group or a cycloalkenyl group)
combined with a carbon atom that is combined with a hydroxyl
group; cyclopentanol, cyclohexanol, 2-adamantanol, and other
alicyclic secondary alcohols each having from about 3 to about
15 members; l-phenylethanol, and other aromatic secondary
alcohols), and alcohols in which the substituent R® is a bridged

cyclic hydrocarbon group.

[Active Olefins]



nitro group, sulfur acid radicals (sulfonic acid groups, and sulfinic acid
groups), sulfur acid ester groups (sulfonic acid ester groups, and
sulfinic acid ester groups), acyl groups, hydroxyl group, alkoxy groups,
and N-substituted or unsubstituted am no groups. The carboxyl group,

hydr oxyl group and am no groups nmay be protected by a conventi onal
protecting group. The hal ogen atons include fluorine, chlorine, brom ne,
and iodine atons. The hydrocarbon groups include, for exanple, the groups
exenplified as the hydrocarbon groups in Ra and Rb. These hydrocarbon
groups may have at | east one substituent. The heterocyclic groups include,
f or exanple, theegoedpsiexgrphpb iedrR®,af’tied Rt enotyel actreupsefimRa and
Rb. These heterocyclic groups nmay have at |east one substituent. The
aIkoxycarbomyjregpmngﬂ;hyuﬂqmmylabmﬁ acennyt drivnictrgdntie, grevhexysar bonyl ,
ethoxycarbonyl ai‘)ﬁcj)xycarbonyl i sopropoxycar bonyl, - 63 butoxycarbonyl

t - but oxycardsorfifl herd Qrely 2 kosgt cfal?%olfﬁﬁc‘@f%pée The Oorganic

aryl oxycar bonyl groups include, but are not limted to, hengég¥gcarbonyl

group. The IZFHRK AN GHDdMPE tgPBaEE FREFGAED ?BPdéRé%Feacc

?iﬂiﬁLZﬁ?ﬁ%%@o@m“ %h%%iz?%%%%f %C'c’a'%' i S Poan R oo
de, f I b

NN di ot ot e By Gr b aro t 1 T 1T e 1o o caatg‘éf?{%re PO are
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gr oups.
(e.g., alkoxycarponyl groups, aryloxycarbonyl groups,

aralkyloxycarbonyl groups, and cycloalkyloxycarbonyl groups),
carboxyl group, substituted or unsubstituted carbamoyl groups
(N-substituted or unsubstituted amide groups), cyano group,
nitro group, sulfur acid radicals (sulfonic acid groups, and
sulfinic acid groups), sulfur acid ester groups (sulfonic acid
ester groups, and sulfinic acid ester groups), acyl groups,
hydroxyl group, alkoxy groups, and N-substituted or
unsubstituted amino groups. Thecarboxyl group, hydroxyl group
and amino groups may be protected by a conventional protecting
group.

The halogen atoms include fluorine, chlorine, bromine, and
iodine atoms. The hydrocarbon groups include, for example, the
groups exemplified as the hydrocarbon groups in R* and R°. These
hydrocarbon groups may have at least one substituent. The
heterocyclicgroupsinclude, forexample, thegroupsexemplified
as the heterocyclic groups in R® and R®. These heterocyclic
groups may have at least one substituent. The alkoxycarbonyl
groups include, but are not limited to, methoxycarbonyl,

ethoxycarbonyl, propoxycarbonyl, 1sopropoxycarbonyl,



[llustrative sulfinic acid ester groups are nethyl sulfinate,

ethylsul finate, and other sulfinic acidd-Cy al kyl ester groups. The acyl
groups include, but are not limted to, acetyl, propionyl, and other

ali phatic acyl groups (e.g., C2-C7 aliphatic acyl groups) , andbenzoyl,
and other aromatic acyl groups. The al koxy groups include, but are not
limted to, nethoxy, ethoxy, propoxy, butoxy, and other al koxy groups each
having fromabout 1 to about 6 carbon ghonms. The N-substituted am no
groups include, for exanple, N, Ndinethylam no, N, N-diethylam no, and

pi peridino groups. Preferred RC, Rd, and Re include, for exanple, hydrogen

atom hydriogcas:bare gsonups, [€-igutoSlefboahyDhadhd dyiee pcar-mn groups
(particularly Cl1-C4 aliphatic hydrocarbon groups) , C6-Cl4 aryl groups

(e.g., phemillgroppdariogeybadkyimy oufshe( ergloxgyekbahkyl grgupspsnenate havi ng
fromabout 3 to about 8 nenbers) , haloal kyl groups (e.g., trifluoromnethyl
group, and Wtherr<in@s hahbaedkyto, BAenygloxpcapaenytuyaeoby. CIFH&4 hal oal kyl

groups)], hetero clic grou substituted oxycarbonyl groups (e.g., Cl-C6
alkoxy-carbﬁﬁ®4 Q%Mﬁﬁr%ﬁ®Y£x?%%W%%nymcb¥@®ps or a¢ %@yl ®xycar bonyl groups,

and cycl oal k car bo S box rou substituted or

unsubsti t ut g¥ rgéﬁiﬁl§Pl%byaﬁgEBFB§ﬁtgﬁ?ﬁgﬁz Hroupr LSty earlaRy H
groups, sulfur acid ester and .ac ps i call referred Rc
and Rd ar e, TH1° XEhpt € 1%3?%8@% Visksael l %‘%ﬁ%ﬁ%%?%‘gﬁ%ﬁwgr oups
(partlculaki lﬁascn allphatlc hydr ocar bon groups) , C6-Cl4 aryl groups
(e.g., phenyigroup), cycloal kyigroups (e.g., cycloal kyl groups each having

from about t0Tﬁgoghﬁéﬂﬁﬁmﬁ£§kamﬂgﬂd§¥I@@oups include, for example,

N-methylcarbamoyl, and N,N-dimethylcarbamoyl groups.
Illustrative sulfonic acid ester groups are methyl sulfonate,
ethyl sulfonate, andother sulfonicacidC;-Csalkyl ester groups.
Illustrative sulfinic acid ester groups are methyl sulfinate,
ethyl sulfinate, andother sulfinicacidC;~Cqalkyl ester groups.
Theacyl groups include, but arenot limitedto, acetyl, propionyl,
and other aliphatic acyl groups (e.g., C,-C; aliphatic acyl
groups), andbenzoyl, andotheraromaticacyl groups. Thealkoxy
groups include, but arenot limited to, methoxy, ethoxy, propoxy,
butoxy, and other alkoxy groups each having from about 1 to
about 6 carbon atoms. The N-substituted amino groups include,
for example, N,N-dimethylamino, N,N-diethylamino, and
piperidino groups.
PreferredRC,Rd,andReinclude,forexample,hydrogenatom,
hydrocarbon groups [e.g., C;-Cg aliphatic hydrocarbon groups
(particularly C;-C4 aliphatic hydrocarbon groups), Ce-Ciq aryl
groups (e.qg., phenyl group), cycloalkyl groups (e.g., cycloalkyl
groups each having from about 3 to about 8 members), haloalkyl

groups (e.g., trifluoromethyl group, and other C;-Cg4 haloalkyl



groups (e.g., trifluoronethyl group and other Cl-C6 hal oal kyl groups,
particularly Cl-C4 hal oal kyl groups)], substituted oxycarbonyl groups
(e.g., Cl1-C6 al koxy-carbonyl groups, aryloxycarbonyl groups,

ar al kyl oxycar bonyl groups, and cycl oal kyl oxycar bonyl groups), and cyano
group. Typically preferred Re includes, for exanple, hydrogen atom and
Cl-C6 aliphatic hydrocarbon groups (especially, Cl1-C4 aliphatic

hydr ocar bon groups). The rings fornmed-byg4Rc, Rd and Re (Rc and Rd, Rc and
Re, Rd and Re, or Rc and Rd and Re) together with the adjacent carbon
atom or carbon-carbon bond include cycl opropane, cycl obut ane,

cycl opent angrowycl ppent enea r ty o cliax dné padt kgllohexeps,) 16y tletectaye,l ic

cycl ododecane, and other alicyclic carbon rings (e.g., cycloal kane rings
and cycl oal kemersi ngjsd) s ebicht ddvoxgea frony Abouousst ée apout C2arenbers. These
rings may have at |east one substituent, and another ring (a non-aromatic
ring or an alEXXY2GrRETYE! rdYPTmyd el ebrigensedyt oJe@eRsSof these rings.

The electron attractive groups Y include, byt are_not limted to,
Tt hoxy car Horyt <Y LU R RAr Boh SR OURRd TIREY © RPNy OREaRpO GHotpeups)

h b I d oth J b I ; f I tyl,
br opi oyl . BT L GTRHE " GTHET HOyTo GPOUPLS ey ahe. 7 0B, PEAPEc YT OB Bup;
carbanoyl, N, N-di net hyl car banoyl , angfothg{. ubsti%utgd%ﬁr %gsgpst{égted
car banoy| g%%fb%?r-"&ﬂﬂ\m%r%ﬁé‘r%lpm P8 T For exarprelSar At Kyl 2grotp:

ooy, ARSI, A AP SR OB SN o AR o L, 30
for example, hydrogen atom, C;-Cgs aliphatic hydrocarbon groups
(particularly C1-C4 aliphatic hydrocarbon groups), Cg~Ciq aryl
groups (e.qg., phenyl group), cycloalkylgroups (e.g., cycloalkyl
groups each having from about 3 to about 8 members), haloalkyl
groups (e.qg., trifluoromethyl group and other C;~-Cg haloalkyl
groups, particularly C;-C4 haloalkyl groups)], substituted
oxycarbonyl groups (e.g., C;-C¢ alkoxy-carbonyl groups,
aryloxycarbonyl groups, aralkyloxycarbonyl groups, and
cycloalkyloxycarbonyl groups), and cyano group. Typically
preferred R® includes, for example, hydrogen atom, and C;-Cg
aliphatic hydrocarbon groups (especially, C;-C4 aliphatic
hydrocarbon groups).

The rings formed by R°, R® and R® (R® and R%, R® and R®, R?
and R%, or R® and R? and R®) together with the adjacent carbon
atom or carbon-carbon bond include cyclopropane, cyclobutane,
cyclopentane, cyclopentene, cyclohexane, cyclohexene,
cyclooctane, cyclododecane, and other alicyclic carbon rings
(e.g., cycloalkane rings and cycloalkene rings) each having
from about 3 to about 20 members. These rings may have at least

one substituent, and another ring (a non-aromatic ring or an



The rings formed by Y and at |east one of Rc, Rd, and Re wth the adjacent
carbon atom or carbon-carbon bond include, but are not limted to,

cycl opent adi ene ring, pyrrole ring, furan ring, and thiophene ring.

Typi cal active olefins represented by Fornula (3) include the conpounds
exenplified as the active unsaturated conpounds (Bl-1). [Reaction] The
reaction of the al cohol represented by Fornula (2) with the active olefin
represented by Formula (3) and oxygen-cgm -Dbe performed in accordance with
t he procedure described in the reaction between the conmpound (A) and the
conpound (B). In this reaction, the 1, 3-di hydroxy conpound represented by
Formul a (4)arenstupposiady )t ande beoroeddensedietd othomi 0f nheserrings.

1- hydroxyal kyl radi cal corresponding to the alcohol represented by Formul a
(2) is forned i ﬂ'ﬁd’l@lwmn adtttreoksi ve garouwl Y siragldete t duk cardorPtat om at

the beta-position of the oup Y between the two carbon atons constituting
an unsat ur at e TR dt o of e %k@@%%O%Y%f|%t?%§Y%%§%@%ﬂl by2Fdr @bhar(3), and
oxygen att cks a radic at the al osition % as, a result of the
addition a %ﬁikﬂW oS- RRS 1 %?9 UFDXYORY oﬁ% F%%Fesented by

of the r (e;‘é% A SRS SR ESEIL R, D O () L e, g5, ool

P Koxicar b GRRHeRSD B Eone d&o@#3rtsanrobﬁoex@e§.&e§9%;é;&6%ﬂ9“ ™

((x-hydr oxyg vy by e O FELPRSRSY 1 Valid/Eher substituted or unsubstituted
carbamoyl groups; -CH=N-R, where R is, for example, an alkyl
group; phenyl, naphthyl, and other aryl groups; vinyl,
l-propenyl, ethynyl, and other l-alkenyl groups or l-alkynyl
groups.

The rings formed by Y and at least one of R, RY and R®
with the adjacent carbon atom or carbon-carbon bond include,
but are not limited to, cyclopentadiene ring, pyrrole ring,
furan ring, and thiophene ring.

Typical active olefins represented by Formula (3) include
the compounds exemplified as the active unsaturated compounds
(B1l-1).

[Reaction]

The reaction of the alcohol represented by Formula (2)with
the active olefin represented by Formula (3) and oxygen can
be performed in accordance with the procedure described in the
reaction between the compound (A) and the compound (B).

In this reaction, the 1, 3-dihydroxy compound represented
by Formula (4) is supposed to be formed in the following manner.
A l-hydroxyalkyl radical corresponding to the alcohol

represented by Formula (2) is formed in the system, attacks



represented by Fornula (6), as described later. The yield of the furanone
derivative can be inproved by controlling the type and proportion of the
co-catal yst or further subjecting the product to aging after the addition
reaction (or further oxidation reaction) . Areaction tenperature in the
aging period nmay be set higher than that in the addition reaction. The
furanone derivative can al so be produced by isolating the conpound
represented by Fornmula (4), for exanplegd ssolving the isolated conmpound
in a solvent, and heating the solution according to necessity. Such
solvents include, but are not limted to, the solvents nentioned |ater, as
wel | as benzehd,s atidedene,a andbonhetomradmahichdtyat peat thioms ;o fcybkofexane and
ot her alicyclic hydrocarbons; acetone, cycl ohexanone, and other ketones;
di et hyl et hepetweenahiye tafucanboarat @tshepnethensingrst hasel nretieanodnd

i sopropyl al cohol, and other alcohols. A reaction tenperature in this
procedure %L $hp axGhpt 0lefbin represaberd BC Formbbut (I50@nANeXygen

preferably fromabout 30C to about 00C. 2., Production of a-Hydroxy-y-but
yrol act one %iﬁ??%ﬁi%ui?dlﬁﬁlcéFaF9§i%fQﬁaTﬁﬁf}?ﬁ?ﬁaﬁﬂﬁ%ﬁﬁhﬁé,atﬁ%SHﬂEo% I

b I 2) i | ) d t.wth (B4-1 d
b tnaat ur Atoe h DOV T At e deY | VATI TR Fapr bOLrTE i RY oFPORTRGS
Formul a (5)€3;%Sg“gg&ﬂgyF%OE%hlgkégpq Rf are the sane or different and are

each a hydrogen at om or” an 'organi ¢ group, where Rc, Rd and Re may be

combi ned wi th eagh:f PBRELANEYPIP R SIS I PothE13%8CE M ned as a result

of the reaction, when Y is a carboxyl group or an ester group
such as alkoxycarbonyl group or aryl oxycarbonyl group, a
cyclization reaction may further proceed in the system to yield
a furanone derivative (a-hydroxy-y-butyrolactone derivative)
represented by Formula (6), as described later. The yield of
the furanone derivative can be improved by controlling the type
and proportion of the co—éatalyst or further subjecting the
product to aging after the addition reaction (or further
oxidationreaction). Areactiontemperatureintheagingperiod
may be set higher than that in the addition reaction. The
furanone derivative can also be produced by isolating the
compound represented by Formula (4), for example dissolving
the isolated compound in a solvent, and heating the solution
according to necessity. Such solvents include, but are not
limited to, the solvents mentioned later, as well as benzene,
toluene, and other aromatic hydrocarbons; cyclohexane and other
alicyclic hydrccarbons; acetone, cyclohexanone, and other
ketones; diethyl ether, tetrahydrofuran, and other ethers;
methanol, ethanol, isopropyl alcohol, and other alcohols. A

reaction temperature in this procedure is, for example, from



carbon atom or carbon-carbon bond, and thereby yields an

a- hydr oxy-y-butyrol actone derivative represented by followwng Forrmula (6):
0 (6) wherein Ra, Rb, Rc, Rd and Re have the sane neani ngs as defi ned
above. This reaction can be perforned pursuant to the process (a process
using a catalytic N-hydroxy cyclic imde conpound) described in PCT

I nternational Publication No. WXO0/35835. [Alcohols] The al cohols
represented by Formula (2) include sipilggr - 68 alcohols to those in the
production of the 1, 3-di hydroxy conpounds. [a, (3-Unsaturated Carboxylic
Acid Derivatives] The substituents Rc, Rd and Re in Fornmula (5) are simlar

to Rc, Rd apgoiRe ocn toepuLa (50°c, Sh@PUHLG HaMIRS £iBmRApdutchyee tLE8antc
groups that do not adversely affect the reaction (e.g., organic groups

that are inep¢°cqunder reaction conditions according to the process of the
present invention) such as hydrocarbon groups and heterocyclic groups. If
t he conpound réprePendedthpnFofnut-dyspxas-lausybstatuded Dxyrasbongs
group in addition to -CO2Rf group indicated in Formula (5), the -CO2Rf
group is invol vé FatalEyepicfat ioAMLdgctarertunin thaa lahedl reppesertieed

oxycar bonyl group can remain intact in the product. _ The ot her

substituted°g%@%§Wﬁ§ﬁyizbr%ﬁu;i "W95er st GFEStnEG8edBArh ) t RBYERBr £78r §@ni c

groups. Wen at | east one of Rc an?,RU is.an electron attractive
a,gtunsaturated carboxylic acid derivative represented by

following Formula (5):

Re

5
cozRE (5)

wherein RS, R%, R® and Rf are the same or different and are each
a hydrogen atom or an organic group, where R%, R? and R® may
be combined with each other to form a ring with the adjacent
carbon atom or carbon-carbon bond, and thereby yields an

a-hydroxy-y-butyrolactone derivative represented by following

Formula (6):

0 (6)

wherein R®, R®, R%, R? and R® have the same meanings as defined

above. This reaction can be performed pursuant to the process

(a process using a catalytic N-hydroxy cyclic imide compound)

described in PCT International Publication No. WO00/35835.
[Alcohols]

The alcohols represented by Formula (2) include similar



organi c group, a target a-hydroxy-y-butyrolactone derivative can be
obtained in a significantly high yield. Such electron attractive organic
groups include, for exanple, hal oal kyl groups, substituted oxycarbonyl
groups, carboxyl group, substituted or unsubstituted carbanoyl groups,
cyano group, nitro group, sulfur acid groups, and sulfur acid ester
groups. The substituent Rf is often a hydrogen atom or a hydrocarbon
group, and is preferably a Cl-C6 al kyl group (especially a ClL-C4 al kyl
group) , a C2-C6 al kenyl group (especially a C2-C4 al kenyl group), or a
C6- C10 aryl group. Typical exanples of the a, (3-unsaturated carboxylic acid
- 69 derivaldcoesls eps esensedibytkorpobauébloaref (ukeh), aedyhiydraryd,

met hyl (meth)acrylate, ethyl (meth)acrylate, isopropyl (neth) acrylate,
phenyl (rnet¢tdmpeuydiat e, and other (nmeth) acrylic esters; crotonic acid;
met hyl crotonate, ethyl crotonate, and other crotonic esters;

3- net hyl - 2- but eri@t,cB—émattmﬂm CEG?km?tWWG 2digd divoaiten tistes/]

3- et hyl - 2- but engat e, and ot yl - 2- but enoi c esters 2- pent enoi ¢

aci d; nethyl 2-6@%?@@6&%@“6@Fﬁy3 beeﬁPQnBaHéIEQﬁHU&@héﬁ ZaE%n%é%b1%r

t t t 2- t t hyl 2-oct h
5 oct enoi ¢ ELtEraR® ifthai CabPETCHEL byl - CIURET D S SRR TR nbHarede and |
th 4
4, 4, 4- f'r.”f”i"‘%]% 375 Brkrsa haéé%ﬁ%k%%%%%ﬂ’%?%?% %at%%‘&ﬁ%% (S bt her
4,4, 4-trifluoro %}3@%&%9 €L Pe fﬁéf‘c%}gﬁ&éf’ rQéHFiQM'coHBJL@%ﬁs

dlethylnaleate ei c esters; umari c ac
according to the process of the present 1nventlon) such as

hydrocarbon groups and heterocyclic groups. If the compound
represented by Formula (5) has a substituted oxycarbonyl group
in addition to -CO,Rf group indicated in Formula (5), the -COzRf
group is involved in a cyclization reaction, but the other
substitutedoxycarbonyl group canremainas intact inthe product.
The other substituted oxycarbonyl group is therefore included
in the inert organic groups.

When at least one of R® and R is an electron attractive
organic group, a target a-hydroxy-y-butyrolactone derivative
can be obtained in a significantly high yield. Such electron
attractiveorganicgroupsinclude, forexample, haloalkyl groups,
substituted oxycarbonyl groups, carboxyl group, substituted
or unsubstituted carbamoyl groups, cyano group, nitro group,
sulfur acid groups, and sulfur acid ester groups.

The substituent Rf is often a hydrogen atom or a hydrocarbon
group, and is preferably a C;-C¢ alkyl group (especially a C1-Cy
alkyl group), a C;~Cs alkenyl group (especially a C,-C4 alkenyl
group), or a Cs-Cip aryl group.

Typical examples of the a,f-unsaturated carboxylic acid



di met hyl fumarate, diethyl fumarate, and other fumaric esters;
3-cyanoacrylic acid; nethyl 3-cyanoacrylate, ethyl 3-cyanoacrylate, and

ot her 3-cyanoacrylic esters, and other a,1,-unsaturated carboxylic acids
each having fromabout 2 to about 15 carbon atons or esters thereof (e. g.
, Cl-C6 al kyl esters, C2-C6 al kenyl esters, and aryl esters) [Reaction]
The reaction of the alcohol represented by Fornmula (2) wth oxygen and the
a, (3-unsaturated carboxylic acid derivatgove. represented by Formula (5) can
be perfornmed pursuant to the process described in the reaction between the
conmpound (A) and - 70 the conpound (B). According to the process of the
present i nveéstion;iass ragpretidmychdoky darhoxyd i(6) act«l (dertihy atdryd i(caa&iad of

t he conpounds represented by Forrmula (4)) represented by follow ng Formul a
(7) is formesthgl a(metlkisonylater nethut elmé7h) abeyedheRaisROrorRyl Rd, Re,
and Rf have the sane neanings as defined above. This conpound is supposed
to be fornetherh}aerybdteonthgnyhaitrll) acaysier oRpalobjier gaetll acryllic
corresponding to the alcohol represented by Formula (2) is fornmed in the
system at t2TkRLS arfF ICH I PREP Bt B PORE Fon S nheratesatszattifat ed

carboxylic acid derivative represented Fornmula (5), an 0 en attack
S bt ol A h e LS P PRRST P B AL 52T B LA 26t af R BRTEFD, S 07O

T2 9,81° SR BUesLion., Theyl e SEfey Rt SLNeLOnyeRr s e BET S,
condi tions fwmgﬁﬁ§igﬁwbutenoic esters; 2-pentenoic acid; methyl

2-pentenocate, ethyl 2-pentenoate, andother 2-pentenoicesters;
2~-octenoic acid; methyl 2-octenocate, ethyl 2-octencate, and
other 2-octenocicesters; cinnamic acid; methyl cinnamate, ethyl
cinnamate, and other cinnamic esters;
4,4,4-trifluoro-2-butenoic acid; methyl
4,4,4~trifluoro-2-butencate, ethyl
4,4,4-trifluoro-2-butencate, and other
4,4,4-trifluoro-2-butenocic esters; maleic acid; dimethyl
maleate, diethyl maleate, andothermaleicesters; fumaricacid;
dimethyl fumarate, diefhyl fumarate, and other fumaric esters;
3-cyanocacrylic acid; methyl 3-cyanoacrylate, ethyl
3-cyanocacrylate, and other 3-cyanocacrylic esters, and other
o, f-unsaturated carboxylic acids each having from about 2 to
about 15 carbon atoms or esters thereof (e.g., C;-Cgalkyl esters,
C,-C¢ alkenyl esters, and aryl esters).

[Reaction]

The reaction of the alcohol represented by Formula (2) with
oxygen and the a,f-unsaturated carboxylic acid derivative
represented by Formula (5) can be performed pursuant to the

process described in the reaction between the compound (A) and



yiel ds the target a-hydroxy-y-butyrol actone derivative represented by
Formula (6). Wen a primary al cohol is used as the al cohol represented by
Formula (2) (i.e., when Ra is a hydrogen atonm), a

(3-acyl -a- hydroxycarboxylic acid derivative of followng Formula (8) may
be fornmed in addition to the conpound represented by Fornmula (6) . This is
provably because an acyl radical [RbC(=0)0] is fornmed in the system - 71
(8) wherein Rb, Rc, Rd, Re, and Rf havejfphe. sane neani ngs as defi ned
above. The a- hydroxy-y-butyrol actone derivative can al so be - prepared by

i solating the a,y-di hydroxycarboxylic acid derivative represented by
Formul a (7)thd arorexaumpd e(B)Xi ssolving the sane in a solvent, and heati ng
the solution according necessity, as nmentioned above. 3. Production of
Conj ugat ed Unsat@caisd nQorisotids pBYp asatsal ofs i tdreofp netseritni idey eggripoundin an

al cohol represented by follow ng Formula (2a): OH (2a) wherein Rl and R
are the sarfl Yodidiyidfroxeea riek vdrie mdarhyatmgerﬁa et rodro 61t hanc angram ds
group, where Ri and%% may. be conbi ned to forma ring with the adjacent
carbon at oReRXESF e PH é‘orrg%ta WP nTERY§ERNARE BY ERtieing diornula

r epr esent ed y f ol n For mul ‘éjnog 1r§te2mé"<’9ﬂteén Rd and Re are the sane

or di fferen Oeméed 3 af‘ny}fﬁ’ao%

e

HO  RPHO R
(7)

R’ C02Rf
R® R

wherein R?, R°, R, R%, R®, and Rf have the same meanings as defined
above. This compound is supposed to be formed in the following
manner. A l-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in the system, attacks
and is added to the beta-position of the «,B-unsaturated
carboxylic acid derivative represented by Formula (5), and
oxygen attacks a radical at the alpha-position formedas a result
of the addition to yield the compound in question. The formed
o,y-dihydroxycarboxylic acid derivative represented by Formula
(7) undergoes cyclization under reaction conditions and thereby
yields the target a-hydroxy-y-butyrolactone derivative
represented by Formula (6).

When a primary alcohol is used as the alcohol represented
by Formula (2) (i.e., when R?® is a hydrogen atom), a
B-acyl-a-hydroxycarboxylic acid derivative of following
Formula (8) maybe formed in addition to the compound represented

by Formula (6). This is provably because an acyl radical

[R°C(=0)e] is formed in the system:



- 72 atomor an organic group; and Y is an electron attractive group,
where Rd, Re and Y may be conbined with each other to forma ring with the
adj acent carbon atom or carbon-carbon bond, and thereby yields a

conj ugat ed unsaturated conpound represented by follow ng Fornmula (9): (9)
wherein Rd, Re, R, R and Y have the sane neani ngs as defined above. This
reaction can be perforned pursuant to a process (a process using a

catal ytic N-hydroxy cyclic i mde conpound) - described in PCT International
Publ i cati on No. W00/ 35835. Organic groups in R and R in Fornula (2a) are
the sane as the organic groups in Ra and Rb. Rings which are forned by and
R with the adjacent carbop atominclude simlar rings to those forned by
Ra and Rb with th@ adace carbon atom Preferred substituent Rl

i ncl udes, for exappl e, drogen at om(8)Cl-C4 al kyl groups, and C6-Cl4 aryl
groups. Prefer § n s, for exanple, hydrogen atom Cl1-C10

al i phatic hydrocarfo gr&ﬁgg (especially Cl1-C10 al kyl groups), and

al i cyclic hydrocarbon ﬁ%oups (e.g., C3-Cl15 cycl oal kyl groups or
cycl oal kenyl groups; and bridged cyclic hydrocarbon groups).

Al 't tivel R1 d R f | ined to f -ar i
car bon 11 ng TR T 3t dtvapoutt s T60 dbol” 36 eSS o CBAPERcr 11 b Fabm
bout 5t bout 8 m ith th dj t b t - 73, T
lcohol s 1 i Shbnt Aeny FORRAY (28t PerHaE B VoGt 1ot 57 01= bR i y
alCOhO|S'-ngﬁgﬁeéaﬁynﬁ§3i§giﬁﬁnghéﬂd*Vygf%ydroxycarboxylic acid

derivative represented by Formula (7), for example, dissolving

the same in a solvent, and heating the solution according
necessity, as mentioned above.

3. Production of Conjugated Unsaturated Compounds

By catalysis of the imide compound, an alcohol represented

by following Formula (2a):

R\\Tf”\\oﬂ (2a)

RJ

wherein R* and R? are the same or different and are each a hydrogen
atom or an organic group, where R* and R? may be combined to
form a ring with the adjacent carbon atom, is allowed to react
withoxygenandanactiveolefinrepresentedby following Formula

(3a):

d>=< (3a)

wherein R? and R® are the same or different and are each a hydrogen



are ethanol, 1-propanol, 1-butanol, 2-nethyl-I|-propanol, 1-pentanol,
1- hexanol, and other saturated or unsaturated aliphatic prinmary alcohols
each having fromabout 2 to about 30 (preferably from about 2 to about 20,
and nore preferably from about 2 to about 15) carbon atons;
cycl opentyl met hyl al cohol, cycl ohexyl nethyl al cohol, and other saturated
or unsaturated alicyclic primary alcohols; 2-phenylethyl alcohol,
3- phenyl propyl al cohol, cinnam c al cohoh,, and other aromatic primary
al cohol s; and 2-(2-hydroxyethyl)pyridine, and other heterocyclic al cohols.
The conpounds represented by Fornula (3a) correspond to conpounds
repr esent edatym lar ablardad)i agesapRand Yai hpdr opent adwmt.t rabitd veupsdup uent s
Rd, Re, and Y in Fornula (3a) are simlar to those in Forrmula (3). A
reaction cawhéee petf & meddplir sagnbet oonhénpdowéss €ach prbductagfohe a
', 3-di hydroxy conpound. In this reaction, a conpound corresponding to
For mul a (4)ring ¢orgoihie efIF6ERtl 6arpay FieR € RgarbRNRCEMbgoRPNEAndER® = R
= H can be formed in _addition to the conjugated unsaturated coggoung

3a),

repr esent ed* N BB r AT B COMIRGR & I BRFEGHA ALEFr ESBRPBRILYCREE AT RS
where Y is a ] roup, IS use s the conpound of Formula (3a), a
conpound coPYgg%giﬂﬁh@gtgoﬁ%?#ﬁlgg 6) (a compound of Formula (6) where Ra
= RRCH group and Rb = Rc = H) can be forned in addition to the

conj ugat ed unsaturateg conpound represented by Formula (9). - 74 For
exanpl e, when n-prop al cohol is allowed to react with ethyl acrylate,
ethyl 2, 4-di hgqrgo anoat e cor&ssponding to
Y
R R

wherein R%, R®, R}, R} and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic N-hydroxy cyclic imide compound)
described in PCT International Publication No. WC00/35835.
Organic groups in R! and R? in Formula (2a) are the same
as the organic groups in R®* and R°. Rings which are formed by
R' and R’ with the adjacent carbon atom include similar rings
to those formed by R® and R® with the adjacent carbon atom.
Preferred substituent R includes, for example, hydrogen
atom, C;-C; alkyl groups, and Ceg-Ci4 aryl groups. Preferred R
includes, for example, hydrogen atom, C;-Cio aliphatic
hydrocarbon groups (especially C;-Cijp alkyl groups), and
alicyclic hydrocarbon groups (e.g., C3-Cis cycloalkyl groups
or cycloalkenyl groups; and bridged cyclic hydrocarbon groups) .
Alternatively, R' and RI are preferably combined to form a
non-aromatic carbon ring having from about 3 to about 15 members
(particularly from about 5 to about 8 members) with the adjacent

carbon atom.



Formula (4) and 4-ethyl -2-hydroxy-y-butyrolactone corresponding to Formul a
(6) are fornmed under sone conditions in addition to the target ethyl
sorbate. The conjugat ed unsaturated conpound represented by Formula (9) is
supposed to be fornmed in the following manner. Initially, a dihydroxy
conpound corresponding to Formula (4) [a conpound of Forrmula (4) where Ra
= RRCHgroup, and Rb = R=H is forned, two nolecules of water are then
elimnated fromthis conpound and therehy yields the conpound in question.
- Reaction products can be separated and purified in the same separation
means as above. 4. Production of (3-Hydroxyacetal Conpounds By catal ysis

of the imde compeund.coiblareted)radepiesenetdorbyltolibew ngckoraubaw(dd) :
Rk-CHI 0-Rm (10) \0-Rn wherein Rk, Rm Rn are the sanme or different and are

each a hydrmeﬁt;abcﬁnp:oimanyarlgahodsgr oDpp i vhkrexarm lasdo R s uadya beolkkobbi ned
to forma ring wth the adjacent two oxygen atons and the carbon atom
i ndi cated iare hetianedl al-psopshohedl thutenet , wthebRygeh-rapdanpé, acti ve

olefin represented by Fornula (3) and thereby vyields a (3-hydroxyacet al
conpound r ebrara AL byl tBEXdNP Hy an@r%h@r(?r_q;uratq@ oa;m@n@aﬁuRe efd, Re,

Rk, R
R Rn R and v pave Lhe sns mman 13 85, J81 oL aP9Ye:, TY' 8" SRSHL O

30 (preferably from about 2 to about 20, and more preferably
fromabout 2 toabout 15) carbonatoms; cyclopentylmethyl alcohol,
cyclohexylmethyl alcchol, and other saturated or unsaturated
alicyclic primary alcohols; 2-phenylethyl alcohol,
3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic
primary alcohols; and 2-(2-hydroxyethyl)pyridine, and other
heterocyclic alcohols.

The compounds represented by Formula (3a) correspond to
compounds represented by Formula (3) where R°is a hydrogen atom .
The substituents R, R®%, and Y in Formula (3a) are similar to
those in Formula (3).

A reaction can be performed pursuant to the process for
producing the .,3-dihydroxy compound. In this reaction, a
compound corresponding to Formula (4) (a compound of Formula
(4) where R® = R'RICH group and R® = R® = H) can be formed in
addition to the conjugated unsaturated compound represented
by Formula (9). When a compound represented by Formula (3a),
where Y is a CO,Rf group, is used as the compound of Formula
(3a), a compound corresponding to Formula (6) (a compound of
Formula (6) where R* = R*RICH group and R® = R® = H) can be formed
in addition to the conjugated unsaturated compound represented

by Formula (9).



process (a process using a catalytic N hydroxy cyclic imde conpound)
described in PCT International Publication No. WO0O0/35835. In Formula
(10), organic groups in Rk, Rmand Rn include organic groups simlar to
those in Ra and Rb. Rings fornmed by Rmand R wth the adjacent two oxygen
atonms and carbon atom include, for exanple, 1,3-dioxolane ring and

1, 3-dioxane ring. To these rings, substituents such as al kyl groups and
hal ogen atons can be bonded. Preferred,guhstituent Rk includes, for
exanpl e, hydrogen atom C1-Cl10 aliphatic hydrocarbon groups (especially,
Cl-C4 al kyl groups) ; alicyclic hydrocarbon groups (cycloal kyl groups,

cycl oal kenyl gr aupisexamglbr ivdgedneyebp ¢l ydiedr ber 1g/auRso eaedt havhng
fromabout 3 to about 15 carbon atons; and C6-Cl4 aryl groups. Preferred
Rm and Rn iechypdecHdrateraaphe]l hylrdideniratydmxLlelt abirpkapiondindr bcar bon
groups (particularly, Cl-C4 alkyl groups); and alicyclic hydrocarbon
groups eachfdravihg (4 oamabbdtetiByl o2 ahpdtodP—canboratanmsndl t er nati vel y,
Rmand R are preferably conbined to forma ring with the adjacent two
oxygen at ong°BFRSRARBHRT ftDMOIrTHE 2ad &Y a? B€ ricpmeac Fe§ b orgr fRN@l F 109 S

i ncl ude conﬁgg%g%B-,YG exqulified as the acetal s each having a

car bon- hydr N a0t Hee af 5eeht S po¥t t FORPEbS an oxygen atomin the
compounds, (AL Bra LB 6oL OMELES 3k Bt as el et aeLudz i, S ghorl e
conpounds: o [E Lkl 08RG - ANd: RYHEY roth i Al QXBRREOTPRIEIRA: DY

a dihydroxy compound corresponding to Formula (4) [a compound

of Formula (4) where R* = R*RICH group, and R® = R® = H] is formed,

two molecules of water are then eliminated from this compound

and thereby yields the compound in question. Reaction products

can be separated and purified in the same separation means as

above.

4, Production of P-Hydroxyacetal Compounds

By catalysis of the imide compound, an acetal represented

by following Formula (10):

0—R"
7 (10)

0—R"

R —CH

whereinR¥, R®, R® are the same or different and are each a hydrogen
atom or an organic group, where R" and R" may be combined to
form a ring with the adjacent two oxygen atoms and the carbon
atom indicated in the formula, is allowed to react with oxygen
and the active olefin represented by Formula (3) and thereby
yields a PB-hydroxyacetal compound represented by following

Formula (11):



ot her dial kyl acetals. The active olefin represented by Fornmula (3) is the
sane as stated above. A reaction can be perforned according to the

process of the present invention for producing an organic conpound.
Reaction products can be separated and purified in a simlar separation
means to those nmentioned above. In this reaction, the -hydroxyacetal
conpound represented by Formula (11) is supposed to be forned in the
following manner. Initially, a 1,1-di-substituted oxyal kyl radial
corresponding to the acetal represented by Fornula (10) is forned, this
radical attacks and is added to a carbon atom at the beta-position of the
group Y between the two carbon atons constituting an wunsaturated bond of
the active ol ef Rh reéppesen ed by Fornula (3), and oxygen attacks a radi cal
at the al pha-pos n-Rorped as a gult of the addition and thereby

yi el ds the conpou i roducti on of Hydroxy Conpounds By
catalysis of tR& i conmpound, a conpound having a nethine carbon atom
and represented by Q@wing Formula (12): - 77 R Rp-CH Rq (12) wherein
R, RP and Rq are t S or different and are each an organic group,
where R, RP and Rq @ay pe gonbkneq\mngh each other to forma ring with the
adj acent carboreiR 9 o Rt oRreattd wi 1R VExF§EnSaRE TRANARTF VRS

olefin repr nte
P 5% ined a ove ”%hls reaction can be performed pursuant to a

process (a process using a catalytic N-hydroxy cyclic imide
compound) described in PCT International Publication No.
WO00/35835.

In Formula (10), organic groups in R*¥, R™ and R® include

organic groups similar to those in R* and R®. Rings formed by
™ and R" with the adjacent two oxygen atoms and carbon atom.
include, for example, 1,3-dioxolane ring and 1,3-dioxane ring.

To these rings, substituents such as alkyl groups and halogen

atoms can be bonded.

Preferred substituent R* includes, for example, hydrogen
atom; C;-C;p aliphatic hydrocarbon groups (especially, C;-C4
alkyl groups); alicyclichydrocarbon groups (cycloalkyl groups,
cycloalkenyl groups, and bridged cyclic hydrocarbon groups)
each having from about 3 to about 15 carbon atoms; and Cg~Cy4
aryl groups. PreferredR"andR" include, for example, hydrogen
atom; C;~-C¢ aliphatic hydrocarbon groups (particularly, C;-C4
alkyl groups); and alicyclic hydrocarbon groups each having
from about 3 to about 10 carbon atoms. Alternatively, R" and
R" are preferapbly combined to form a ring with the adjacent two
oxygen atoms and carbon atom.

The acetals represented by Formula (10) include compounds



(3) and thereby yields at |east one of hydroxy conpounds represented by
followng Formula (13) and (14): (13) (14) wherein Rc, Rd, Re, R RP, Rq
and Y have the sane nmeanings as defined above. This reaction can be
performed pursuant to a process (a process using a catalytic N hydroxy
cyclic imde conpound) described in PCT International Publication No.
W00/ 35835. The organic groups in R, RP and Rq in Fornmula (12) include
organic groups simlar to those in Ra-and Rb. Preferred organic groups
i nclude, for exanple, Cl-Cl0 aliphatic hydrocarbon groups (especially,
Cl-C4 al kyl groups) ; alicyclic hydrocarbon groups (cycloal kyl groups,
cycl oal kenyxgmolipsiedres lhiedgedteysl ¢zch hadriooareboarhooupgiiregeh hawd ng
fromabout 3 to about 15 carbon - 78 atons; and C6-Cl4 aryl groups. The
rings fornmeak fhR aRRreent Reef R aerl RP, aRPORygeREt PR AhdtiRe), conpRiagel RP
and Rq ) together wth the adjacent carbon atom.nclude, but are not

linited to, &Yctopedidicalcsermpbsans SUAhACOEpeF nshocfct i 3~ &l PE9tne.
b i | pal kane, ri | pa) kene, ri h havj ng f
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ring, perhydrof cfé wid hydrpant.hracene . hoge+ RES hydLophenant hr ene
N 5 fit ok

ring, tricyclof : ecane Tring, perhydroacenap ene rin
per hydr ophenal &n€3{d MBy1 acetals.

The active olefin represented by Formula (3) is the same
as stated above. A reaction can be performed according to the
process of the present invention for producing an organic
compound. Reaction products can be separated and purified in
a similar separation means to those mentioned above.

Inthis reaction, the f-hydroxyacetal compound represented
by Formula (11) is supposed to be formed in the following manner.
Initially, a 1l,1l~-di-substituted oxyalkyl radial corresponding
to the acetal representedby Formula (10) is formed, this radical
attacks and is added to a carbon atom at the beta-position of
the group Y between the two carbon atoms constituting an
unsaturated bond of the active olefin represented by Formula
(3), and oxygen attacks a radical at the alpha-position formed
as a result of the addition and thereby yields the compound
in question.

5. Production of Hydroxy Compounds

By catalysis of the imide compound, a compound having a

methine carbon atom and represented by following Formula (12):



nor bor nane ring, norbornene ring, and other bicyclic, tricyclic or
tetracyclic bridged carbon rings. These rings may each have at |east one
substituent. Wen R, RP and Rq are conbined to forma bridged cyclic

carbon ring with the adjacent carbon atom the nethine carbon atom
indicated in Fornula (12) should preferably be a carbon atomat a

bri dgehead position. The conmpounds represented by Forrmula (12) having a
met hi ne carbon atominclude, for examsphg, <onpounds exenplified as the
conmpounds (A3) each having a nethine carbon atom such as the bridged
cyclic compounds (A3-la), the non-aromatic cyclic conpounds (A3-1b) each
having a hydrocarbon group conbined with a ring, and the chain conpounds
(A3-2) each havi®g a methine carbon atom The active ol efins represented
by Formul a (BMga%@ the same - 79;5yas nmentioned above. A reaction can be

per f or med accordHQg to the process of the present invention for producing
an organic conp®&und. Reaction products can be separated and purified in

t he sane separation neans as above. In this reaction, the hydroxy conpound
represented by Forrmula (13) or the hydroxy compound represented by Fornul a
(14) 15 supposed d ede dOLRRdRh N, foe: {01 LN ng, @fﬁférergye%%ggg' L. or med

at the methine carbord position o he conpou r'eprese ornul'a

(12), attacks di% 34ded,t QhareagboRe ﬁ{&@q%a%&% 2bRRanRAsE L AN QL @

carbon atom at the beta--position of the group between the two carbon
Et omsI constd4nd+ ARG FBrmUASALAY atieth RaBda@fatder atddpch alc@hd,nikepr espayed by
ormul a

toreact withoxygenandthe activeolefin representedby Formula

(3) and thereby yields at least one of hydroxy compounds

represented by following Formula (13) and (14):

RP R° HO R® RP R° HO RS
R y R4 R4
R® Rd R® Y

(13) (14)

wherein R%, R% R®, R° RP, R?Y and Y have the same meanings as
defined above. This reaction can be performed pursuant to a
process (a process using a catalytic N-hydroxy cyclic imide
compound) described in PCT International Publication No.
WO00/35835.

The organic groués in R°, RP and R? in Formula (12) include
organic groups similar to those in R® and R°. Preferred organic
groups include, for example, C;-Cjpaliphatic hydrocarbon groups
(especially, C;-C4 alkyl groups); alicyclic hydrocarbon groups
(cycloalkyl groups, cycloalkenyl groups, and bridged cyclic

hydrocarbon groups) each having from about 3 to about 15 carbon



(3), and oxygen attacks a radical at the al pha-position or beta-position
formed as a result of the addition and thereby vyields the hydroxy conpound
in question. O the hydroxy conpounds represented by Forrmula (13) thus
prepared, preferred conpounds are conpounds where R, RP, and Rq are
conbined to forma bridged cyclic carbon ring (e.g., adamantane ring) with
t he adj acent carbon atom each of Rc, Rd, and Re is a hydrogen atomor a
Cl-C4 al kyl group, Y is an alkoxycarQOQ%l_group (e.g., acCl-C4

al koxy-carbonyl group), an aryl oxycarbonyl group, an acyl group (e . g . ,
a Cl-C4 acyl group, or a benzoyl group) or a carboxyl group. Such

conpounds af€omsisefsd @s.c.f o&rﬁga@pé@ps materials for pharnmaceutical s,
agricultural chemcals, and other fine chemcals, and materials for

functional pol ymers ribgsProdmeti bp R, Gar hoayR? CRIpendds®,( RP an8R?,Br®
catalysis of the im de conpound, the conpound having a nethine carbon atom
repr esent echrby Ror pul B° (1R) RPsamadl| Rled oged hegagti thi theoxgfjeoeandcanbact i ve
olefin represented by following Fornula (3b): (3b) wherein Rc and Rd are

t he sane orathm fagéndearhtagee aaehl ianihalt bgerycdicmanderan oy ghohexgneup;
and Y is an electron attractive group,, where Rc, Rd and_Y may be conbi ned
with each AMEPLRELIBPRPGYCH] G@Miavs tiirecadbarantnGhlByRLateiase rings

car bon- car bgn, bond, and._ Lher eby vl 215, 2, arbonyl. sorpoupd, 1epy ssengd by

members (preferably from about 3 to about 15 members, more
preferably from about 5 to about 15 members, and typically from
about 5 to about 8 members); adamantane ring, perhydroindene
ring, decalin ring, perhydrofluorene ring, perhydroanthracene
ring, perhydrophenanthrene ring, tricyclo[5.2.1.0%%]decane
ring, perhydroacenaphthene ring, perhydrophenalene ring,

norbornane ring, norbornene ring, and other bicyclic, tricyclic
or tetracyclic bridged carbon rings. These rings may each have

at least one substituent.

When R°, RP and RY are combined to form a bridged cyclic
carbon ring with the adjacent carbon atom, the methine carbon
atom indicated in Formula (12) should preferably be a carbon
atom at a bridgehead position.

The compounds represented by Formula (12) having a methine
carbon atom include, for example, compounds exemplified as the
compounds (A3) each having a methine carbon atom, such as the
bridged cyclic compounds (A3-la), the non-aromatic cyclic
compounds (A3-1b) each having a hydrocarbon group combined with
a ring, and the chain compounds (A3-2) each having a methine
carbon atom.

The active olefins represented by Formula (3) are the same



wherein Rc, Rd, R, RP, Rq and Y have the sanme neanings as defined above.
This reaction can be perfornmed pursuant to a process (a process using a
catal ytic N-hydroxy cyclic imde conpound) described in PCT International
Publ i cati on No. W00/ 35835. This process corresponds to the production of

t he hydroxy conpound in which a conpound having a hydrogen atomas Re is
enpl oyed as the active olefin represented by Formula (3) . In this case,

t he carbonyl conpound represented by Formmula (15) - 81 is forned instead
of, or in addition to, a conpound corresponding to Formula (13) (Re = H)
and/ or a conpound corresponding to Formula (14) (Re = H) . The proportion
of the for nedl ntemdt icorgebahdyecanA beacoivn atdredebpeafiprapd atebydsabecdi ng
reaction conditions such as reaction tenperature, anmount of the catalyst,
and the tytyd'eecsa‘rqqﬁésc@-fcahal LylsetSfémreu'awérdcicmr;f@lm@)fodﬁhe’ngaabomycyarmmrpound
represented by Fornula (15) supposed to be formed by the oxidation of

t he comourﬁ?mwﬁ%spmqmqupFQﬁﬁﬂlté ¢an)bg Repandtachaadspurefiedfin he
carbonyl conpounds represented by FormJIa (15) thus prepared, preferred
conpounds &r& c?ﬁﬂﬁ)u?ﬁ%a%"e%%“ REFFS FhPP R are conbined to forma bridged

ggglhl gfcgr ggg ri ngIt 33 rﬁ?&c%dgﬁagt ne ri gqg th t he Cﬁg‘* acent ca@scpg?n‘y atom
| k b 0 a ro

aryi oxyoar Batgt i bEy arngcafe%l c%%x Sngoa %eb&ﬁey B e Bl
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fine Che”‘%@E%OEMEHrﬁﬁf%ﬂé“ﬁéﬁtheféHE%dﬂ”Eﬁsf%&éﬁm%P'the compound

represented by Formula (12), attacks and is added to a carbon
atom at the alpha-position or a carbon atom at the beta-position
of the group Y between the two carbon atoms constituting an
unsaturated bond of the active olefin represented by Formula
(3), and oxXygen attacks a radical at the alpha-position or
beta-position formed as a result of the addition and thereby
yields the hydroxy compound in question.

Of the hydroxy compounds represented by Formula (13) thus
prepared, preferred compounds are compounds where R°, R®, and
R? are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of RS, RY,
and R° is a hydrogen atom or a C;-C4 alkyl group, Y is an
alkoxycarbonyl group (e.g., a C;-C4 alkoxy-carbonyl group), an
aryloxycarbonyl group, an acyl group (e.g., a C;~-C4 acyl group,
or a benzoyl group) or a carboxyl group. Such compounds are
useful as, for example, materials for pharmaceuticals,
agricultural chemicals, and other fine chemicals, andmaterials
for functional polymers.

6. Production of Carbonyl Compounds (1)



7. Production of Conpounds Having Electron Attractive Goup By catalysis
of the im de conpound, the conpound represented by Formula (12) having a
nmet hi ne carbon atomis allowed to react w th oxygen and an active olefin
represented by followng Fornmula (3c) : - 82 (3c) wherein Reis a
hydrogen atom or an organic group; and Y is an electron attractive group,
and thereby yields a conpound having an electron attractive group and
represented by followng Fornula (16) 3,(16) wherein Re, R RP, Rg and Y
have the sane neani ngs as defined above. This reaction can ‘be perforned
pursuant to a process (a process using a catalytic N-hydroxy cyclic imde
conpound) descrEyedtdl RGE loft eheatimedal cBapbuadl i @Re NeomyBRRHE3B8BEAg Thi S
process corresponds to the production of the hydroxy conpound where a
conpound hawinmefhiydr agarbat amaseforesrthtRdl biys Fenplaygedlas ibheaatdwae
olefin represented by Fornula (3). |In this process, the conpound
r epr esent et byefok miltdh ¢x8jen gndioramidi venst eddn skpresent edddi fo bhovbnga
conmpound corresponding to Fornmula (13) (Rc = Rd = H , a conpound
corr espondi fRF®eldof#l & (14) (Rc = Rd = H) or a conpound corresponding to
Formula (15) (only in the case where Rc = Rd = H and Re = H . The
proportions of the individual fornmed conpounds can be controlled by
appropriately &electiﬁg reaction conditions such as reaction tenperature,
amount of the tgtal yst, and the t¥Pe of the
(3
Y

Rd

whereichandearethesameordifferentandareeacheahydrogen
atom or an organic group; and Y is an electron attractive group,
where R, RY and Y may be combined with each other to form a
ring with the adjacent carbon atom or carbon-carbon bond, and

thereby yields a carbonyl compound represented by following

Formula (15):

(15)
R? Y

R® Rd

wherein R%, R%, R°, RP, Rqg and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic N-hydroxy cyclic imide compound)
described in PCT International Publication No. WO00/35835.
This process corresponds to the production of the hydroxy
compound in which a compound having a hydrogen atom as R°® is
employed as the active olefin represented by Formula (3). In

this case, the carbonyl compound represented by Formula (15)



- 83 co-catalyst (netallic conpound). The conpound represented by Formul a
(16) is supposed to be fornmed in the follow ng manner. The nethyl ol group
of a conpound corresponding to Formula (14) (Rc = Rd = H) is further
oxidized in the systemto yield a carboxyl group, and the carboxyl group
under goes decarboxylation to yield the conpound in question. O the
conpounds represented by Fornula.(16) having an electron attractive group
thus prepared, preferred conpounds ipclgyde. conmpounds where R RP, and Rq
are conbined to forma bridged cyclic carbon ring (e.g., adamantane ring)
with the adjacent carbon atom Re is a hydrogen atomor a Cl-C4 al kyl

group, and i¥s if$raedad kOy£abBoHH 1 BedR tiendko, ac@np%r@i i(@i(yegp@b@ﬂm[;
group), an aryl oxycarbonyl group, an acyl group (e. g. , a Cl-C4 acy

group or a beBaewnllgr( )\Kﬁ=a)G@Kbmmyicgmpupnchu@bs@@mﬂdu@dsaE®Emu$efu
as, for exanple, materials for pharmaceuticals, agricultural chem cals,
and ot her fihé) emi thl s, Theng ropoertiiansof oth¢ uctrissh&iwopobprensdsgcan
Production of Al cohols By catalysis of the imde conpound and where
necessary iPe GIRLpRESRNEY GPPERPFrtetltve salleshonar é@@@%ﬁﬂe@lo%ﬁ}l'l—‘—b@@rﬁl a
(2) is allowed to react, with the conmpound represented by Fornul a

havi ng a ne?‘ﬁ?}hea%ére&?r?Jé‘tnoﬁleglﬁarlaﬁéllrébyaS?P‘éP LhFha G@ﬁéllysrtepﬁééleﬁ?%d by

fol l ow ng Fornula (%g% co- cataf%ggzFﬁégéfilg)é%mgound

The carbonyl compound represented by Formula (15) is
supposed to be formed by the oxidation of the compound
corresponding to Formula (13) (R® = H) in a system.

Of the carbonyl compounds represented by Formula (15) thus
prepared, preferred compounds are compounds where R°, RP, and
RY are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of R® and
RYis a hydrogen atomor a C;-C4 alkyl group, Y is an alkoxycarbonyl
group (e.g., a C;-Cy alkoxy-carbonyl group), an aryloxycarbonyl
group, an acyl group (e.g., a C;-C4 acyl group, or a benzoyl
group) or a carboxyl group. Such compounds are useful as, for
example, materials for pharmaceuticals, agricultural chemicals
and other fine chemicals, andmaterials for functional polymers.

7. Production of Compounds Having Electron Attractive
Group

Bycatalysisof the imide compound, the compound represented
by Formula (12) having a methine carbon atom is allowed to react
withoxygenandanactiveolefinrepresentedby following Formula

(3c):



Ro Rg wherein Ra, Ro R RP, R4 and Y have the sanme neani ngs as defined
above. This reaction can be perforned pursuant to a process (a process
using a catalytic N-hydroxy cyclic imde conpound) described in PCT

I nternational Publication No. W00/ 35835. The al cohols represented by
Formula (2) include simlar alcohols as in the production of the 1,

3-di hydroxy conpounds. The conpounds represented by Fornula (12) having a
nmet hi ne carbon atominclude simlar gog@ounds as in the production of the
hydroxy conpounds. In this process, the conmpound represented by Fornul a
(12) having a nethine carbon atomis supposed to serve as the radical
scavengi ng conpound (B2). A reaction can be perforned in accordance with

the process ofi_the present invention for producing an organi ¢ conpound.
React i on produci>=s<§ be separat@d)and purified by the sane separation
means as aboved” In tNys reaction, the al cohol represented by Formula (17)
is supposed to be fornmed in the follow ng manner. A 1-hydroxyal kyl radi cal
corresponding to the al cohol represented by Forrmula (2) is forned in a
system attacks the methine carbon atom of the conpound represented by
Formul a (12) and thereby yields the alcohol in question. 9. Production of
Coupl i ng PrEtirais By tatallPEoasm ehen fiEden CFfRHE HitPRihend Het@sary in

- 85 the presence of  oxygen, a conpound having a nethine carbon atom and
r epr esent ed By F51 8 ﬁ@ggbyﬁﬁﬁo‘{ﬂQQ?B t(}lez%%bbgylqus a compound having

an electron attractive group and represented by following

Formula (16):

" H (16)

wherein R®, R°, RP, R? and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic N-hydroxy cyclic imide compound)
described in PCT International Publication No. WO00/35835.
This process corresponds to the production of the hydroxy
compound where a compound having hydrogen atoms as R® and RY
is employed as the active olefin represented by Formula (3).
In this process, the compound represented by Formula (16) is
formed instead of, or in addition to, a compound corresponding
to Formula (13) (R°=R%=H), a compound corresponding to Formula
(14) (R°®=R%*=H) or a compound corresponding to Formula (15)
(only in the case where R°=R%*=H, and R® = H). The proportions
of the individual formed compounds can be controlled by
appropriately selecting reaction conditions such as reaction

temperature, amount of the catalyst, and the type of the



wherein Rol, Rpl and Rgl are the sane or different and are each an organic
group, where Rol, Rpl and Rgl may be conbined with each other to forma
ring with the adjacent carbon atom is allowed to react with a conpound
havi ng a net hine carbon atom and represented by foll ow ng Fornmula (12b):
Ro2 Rp? | CH Rg2 (12b) wherein Ro2, Rp2 and Rqg2 are the sane or different
and are each an organic group, where Ro2, Rp2 and Rg2 may be conbined with
each other to forma ring with the adj agent- carbon atom and thereby

yi el ds a coupling product (a hydrocarbon) represented by follow ng Formula
(18): RO1 R02 RP1 CGCRp2 (18) Rg 1 Rg 2 wherein Rol, Rn', Rql, Ro2, Rp2
and Rg2 havwe-tdee aslamet neeatiangls: @scomgefum®d. above. This reaction can be
performed pursuant to a process (a process using a catalytic N hydroxy
cyclic inmide - 8be compeund) raesecepéegdi hYPqurmﬁgér hh@?oh%ls%ﬁb%%ﬁ%n No.

W)00/ 35835. I n For rrul ae (12a nd (12b t he or s and preferred
organi ¢ gr Afp<GTaHILN pe %&ﬁﬁ %&ﬁ? %nd &@ %Wﬁﬁhlé?§¥oups

e g e B L 1A TEO Py 1, 00
oxidized inthe systemtoyieldacarboxyl group, andthe carboxyl
group undergoes decarboxylation to yield the compound in
question.

Of the compounds represented by Formula (16) having an
electron attractive group thus prepared, preferred compounds
include compounds where R°, RP, and RY are combined to form a
bridged cyclic carbon ring (e.g., adamantane ring) with the
adjacent carbon atom, R® is a hydrogen atom or a C;-C4 alkyl
group, and Y is an alkoxycarbonyl group (e.g., a C;-Cy4
alkoxy-carbonyl group), an aryloxycarbonyl group, an acyl group
(e.g., aC1;~C4 acyl group or a benzoyl group) or a carboxyl group.
Such compounds are useful as, for example, materials for
pharmaceuticals, agricultural chemicals, and other fine
chemicals, and materials for functional pclymers.

8. Production of Alcohols

By catalysis of the imide compound and where necessary in
the presence of oxygen, the alcohol represented by Formula (2)
is allowed to react with the compound represented by Formula
(12) having a methine carbon atom and thereby yields an alcohol

represented by following Formula (17):



or Rol and RP1 and Rgl) wth the adjacent carbon atom and the rings
formed by Roe, Rp2, and Rg2 (R2 and Rp2, Rp2 and Rg2, Roe and Rg2, or Roe
and RP2 and Rg2 ) with the adjacent carbon atominclude rings simlar to
those fornmed by R, RP, and Rq with the adjacent carbon atom The conpounds
represented by Fornulae (12a) and (12b) each having a nethine carbon atom
i ncl ude the conpounds exenplified as the conpounds (A3), such as the
bridged cyclic compounds (A3-1a), the pon-aromatic cyclic conpounds
(A3-1b) each having a hydrocarbon group conbined with a ring, and the
chai n conpounds (A3-2) each having a nethine carbon atom The conpound
represented by Fornula (12a) and the conpound represented by Fornmula (12b)
maybe i denti cal tg, or different from each other. A reaction can be
performed in acco,d#hce with the process of the present invention for
produci ng an oggap~g-gnpound. Réartion products can be separated and
purified by the sird, separation neans as above. In this reaction, the
coupl i ng product Feﬁresented by Fornula (18) is supposed to be forned in
the follow ng manner. A radical is formed at the nethine carbon position
of the compound  represgnted by Formula (lza%, attacks the nethine carbon
atom - 87 Wre¥RE: dbmpBuRd riepr Bséncell THY FEARUPANE IBAN P Bifefebyn§iel ds

the couplin roduct, in question. 10. Produyction of Carbonyl Conpounds (2)
By catal ysi BT hahif db Ramsuii ak® RGLE FECeOuAFyoFy tohe Breseite. of

oxygen, an ?all dperhc}lcgeessr § sri%sfgegt ggtg}_/yl]:.gélI\P-Vgﬁgroforc%llaic( }.I%)_Lde compound)
described in PCT International Publication No. WO00/35835.

The alcohols represented by Formula (2) include similar
alcohols as in the production of the 1,3-dihydroxy compounds.
The compounds representedby Formula (12) havingamethine carbon
atominclude similar compoundsas intheproductionof thehydroxy
compounds. Inthisprocess, the compoundrepresentedbyFormula
(12) having a methine carbon atom is supposed to serve as the
radical scavenging compound (B2).

A reaction can be performed in accordance with the process
of the present invention for producing an organic compound.
Reaction products can be separated and purified by the same
separation means as above.

In this reaction, the alcohol represented by Formula (17)
is supposed to be formed in the following manner. A
l1-hydroxyalkyl radical corresponding tothealcohol represented
by Formula (2) is formed in a system, attacks the methine carbon
atom of the compound represented by Formula (12) and thereby
yvields the alcohol in question.

9. Production of Coupling Products

By catalysis of the imide compound and where necessary in



RgCHO (19) wherein R is a hydrogen atom or an organic group, is allowed
to react with an olefin represented by followng Fornmula (20) : (20)
wherein Rc, Rd, Re and Rh are the sanme or different and are each a
hydrogen atom or an organic group, where Rc, Rd, Re and Rh nay be conbined
wi th each other to forma ring with the adjacent carbon atom or

car bon-carbon bond, and thereby yields a carbonyl conpound represented by
following Formula (21): (21) wherein RcgsRd, Re, Rh and Rg have the sane
meani ngs as defined above. In Fornmula (19), the organic groups in R
include simlar organic groups to those in Ra and Rb. As the al dehyde

r epr esent edchdpdemendeac € IR ygdhe aat cebydes hexenp) afmethime idaebon88tom

car bonyl - group- cont ai ni ng conpounds (A2-1) can be used. In Formula (20),

Rc, Rd and #edareprdecsthee bg AbdlevimpdForhelar gaRat: groups in Rh include
simlar organic groups to those in Rc, Rd and Re. As the olefin
represented by Fornula (20), the conpounds exenplified as the inert

ol efins (Bl-6) angflactive ~unsaturat ed conmpounds (Bl-1) can be used. A
reaction can beyperformed in acc&rdgnce with the process of the present

i nvention for E?B ci ng an organ 2a onpound. Reaction products can be
separated and purg¥ied by the same separation neans as above. In this
reaction, the carbonyl conpound represented by Fornula (21) is supposed to
be formed in the foll ow ng manner.

wherein R®!, RP! and R¥ are the same or different and are each
an organic group, where R°', RP! and R™ may be combined with
each other to form a ring with the adjacent carbon atom, is
allowed to react with a compound having a methine carbon atom

and represented by following Formula (12b):

R02

5 1
RP=CH (12b)

i

wherein R%%, RP? and R%* are the same or different and are each
an organic group, where R°?, RP? and R¥ may be combined with
each other to form a ring with the adjacent carbon atom, and
thereby yields a coupling product (a hydrocarbon) represented

by following Formula (18):

—RP? (18)

wherein R°!, R®!, R¥, R%, R® and R¥ have the same meanings as
defined above. This reaction can be performed pursuant to a

process (a process using a catalytic N-hydroxy cyclic imide



A correspondi ng acyl radical is formed fromthe conpound represented by
Formula (19), attacks the carbon atom constituting the double bond of the
conmpound represented by Forrmula (20) and thereby yields the carbonyl
conmpound in question. 11. Production of P-Acyl oxycarboxylic Acids or

(3- Acyl oxyketones . By catalysis of the imde conpound and in the presence
of oxygen, the alcohol represented by Fornmula (2) is allowed to react
with an a, (3-unsaturated carbonyl conpoypd represented by follow ng
Formula (22): (22) - 89 wherein Rc and Rd are the sane or different and
are each a hydrogen atomor an organic group; and Rel and Rr are the sane

or di fferentfompithdy edeschiwedyli OBEN Bh O nat LyEsE DCREBDICHE QYR N6 . @

het erocyclic group, where R and Rd may be conbined to forma ring with the
adj acent carf@oly HA®3G. and thereby yields a B-acyl oxycarboxylic acid or
(3-acyl oxyketone represented by follow ng Formula (23) : (23) wherein Z is
a hydroxyl groupgwWi@rmRdES nl IRey)maral (@2P)i,s thehyargsgeic gnoms @l Z i s the
substituent Rel when Rel i s a hydrocarfon group  Qqr appeteroqxc]ic group;
and Ra, RbPI&IeRfLd grdard craveiRhd isBme Rmedhi nds af’ dePRFeld™ abrsBiderhi s
reaction can be perfornmed pursuant to a process é@ process using a

catal ytic N-iRAIFDxyI™ LR iCHnlidde t(?o. Fhd8scribed@ich Riapahe’ ef P ent

AppLi cat | one, 0 s 2900025 T, 218N £10LQURR YA 95T BN GGOURS, o,
or R°' and RP* and R?) with the adjacent carbon atom, and the
rings formed by R, RP?, and R¥ (R°? and RP?, RP? and R*, R*? and
R¥, or R°? and RP? and R%¥?) with the adjacent carbon atom include
rings similar to those formed by R°, RP, and R¥with the adjacent
carbon atom.

The compounds represented by Formulae (12a) and (12b) each
having a methine carbon atom include the compounds exemplified
as the compounds (A3), such as the bridged cyclic compounds
(A3-1la), the non~aromatic cyclic compounds (A3-1b) each having
a hydrocarbon group combined with a ring, and the chain compounds
(A3-2) each having a methine carbon atom. The compound
represented by Formula (l12a) and the compound represented by
Formula (12b) may be identical to, ordifferent from, each other.

A reaction can be performed in accordance with the process
cf the present invention for producing an organic compound.
Reaction products can be separated and purified by the same
separation means as above.

In this reaction, the coupling product represented by
Formula (18) is supposed to be formed in the following manner.
Aradical is formed at themethine carbonpositionof the compound

represented by Formula {(12a), attacks the methine carbon atom



groups, and the rings fornmed by Rc and Rd with the adjacent carbon atom
include simlar groups as nentioned above. According to this reaction, for
exanple, 2-propanol is allowed to react with nmethyl vinyl ketone and
t hereby yields 3-acetoxy-3-nethyl butanoic acid. Likew se, 2-propanol is
allowed to react with acrolein and thereby yields
3-fornyl oxy- 3-net hyl but anoi ¢ acid. The reaction can be perfornmed in
accordance with the process - 90 of thgypresent invention for producing an
organi ¢ conpound. Reaction products can be separated and purified by the
sane separation neans as above. In this reaction, the target
(3- acyl oxyaaf hteytdmpachd refp reFeatddsy ket ong 4 QLDEB$Q§H(B@hEYe59F€1@Bd£ 23)
is supposed to be formed in the follow ng manner. A 1-hydroxyal kyl radi cal
cor r esponditriye taouhkel ad cohoducepreseme gdidry. Fornula (2) is formed in the
reaction system attacks and is added to the beta-position of the
a, B- unsat ur at ed 1®ar bBigHuctipound Fepbesynt EdmppuRdsmiPa (22), oxygen
attacks a radical formed at the al pha-position as a result of the addition
and t hereby vyi elf¥sCaRalysysde hydroiryddenerypoerapiithdheasr esensedrpyin
following .Fornula (24): (24) wherein , , Rc, Rd, Rel and_Rr_ have the
same meani NgE é)srecfeqqcngec?f( 85’)61\959’Tﬁpsasaﬁﬁgaﬁdr?ﬁf?ﬁ%?t%ﬁd@’ goeslowing
rearrangengpf,. of {?ngyj group (RrC=0 group) and oxidation of a carbon

ich Jt e acyl

atom to wh group has been bonded, and thereby yields the
target (3-acyloxycarboxylic acid gé-($-acyl oxyket ong repr esented by

wherein RY is a hydrogen atom or an organic group, is allowed

to react with an olefin represented by following Formula (20):

=<, (20)

wherein R, RY R® and R" are the same or different and are each
a hydrogen atom or an organic group, where R°, RY, R® and RP may
be combined with each other to form a ring with the adjacent
carbon atom or carbon-carbon bond, and thereby yields a carbonyl

compound represented by following Formula (21):

0
(21)
RE Rh

wherein R, R% R®, R" and R? have the same meanings as defined
above.

In Formula (19), the organic groups in R? include similar
organic groups to those in R® and R®. As the aldehyde represented

by Formula (19), the aldehydes exemplified in the



Formula (23) . Wen an a, (3-unsaturated carbonyl conpound represented by
Formula (22), where Re' is a hydrogen atom is used as the starting
conmpound, a correspondi ng (3-acyl oxycarboxylic acid is formed. Wen an

a, (3-unsaturated - 91 carbonyl conpound represented by Forrmula (22), where
Rel is a hydrocarbon group or heterocyclic group, is used as the starting
conpound, a correspondi ng (3-acyl oxyketone is forned. 12. Production of

Pol yacryl am de Polyners In the presenceggf the im de conpound and the
conpound (A) capable of formng a radial, an a, (3-unsaturated carboxylic
acid amde is polynerized under mld conditions and thereby yields a

cor r espondi d¥r s yBed b @b en 0l yied domigdudst padapanese Hat gstéd. _
Application No. 2000-345822 (a process using a catalytic N hydroxy cyclic
i m de conpound) JIn Fymimedla é2ampl RS, & bhd RS (@eunsat saakedscabboxyl dgdaci d
am de are (neth)acryl am de, N-nethyl (neth)acryl am de

N, N- di met hyt {eretrhpadcyd moiple inNR' $0pt ogyl (imst l)morykaicde;oups to those
N-phenyl (net h) acryl ami de, and crotonam de. A reaction tenperature can
appropri at ely e Selaed ki - dBpehfnglefinheepypecnted ey ridormatar(20) and
other factors and is, for exanple, from about QC to about 150C and

pref er abl y “H§ 6RTMBBBHES RIEHRY agGoe 1By Eodetdns ALt bk andaret bre

tenperature, the nol ecul ar wei ght o he resul ting polymer can be
controlledunﬁéiqﬁﬁﬁﬁ oY Q%L'%% %@béﬁ%ﬂéﬂgﬁnd purified by, for

S P oC! DR BLLE B S0 B0 L dec BB 00 O BRI Goe
of the present invention for producing an organic compound.
Reaction products can be separated and purified by the saﬁe
separation means as above.

In this reaction, the carbonyl compound represented by
Formula (21) is supposed to be formed in the following manner.
A corresponding acyl radical is formed from the compound
represented by Formula (19), attacks the carbon atom
constituting the double bond of the compound represented by
Formula (20) and thereby yields the carbonyl compound in
question.

11. Production of B-Acyloxycarboxylic Acids or
B-Acyloxyketones

By catalysis of the imide compound and in the presence of
oxygen, the alcohol represented by Formula (2) is allowed to
react with an a,B-unsaturated carbonyl compound represented

by following Formula (22):

RcYkn/Rr (22)
0



By catal ysis of the imde conpound, the conpound (A) capable of formng a
radical is allowed to react with the oxygen-atom containing reactant (B4)
and thereby yields an organic conmpound having an oxygen-at ontcont ai ni ng
group. - 92 This reaction is perforned in the presence of, or in the
absence of, a solvent. Such solvents include the aforenentioned solvents.
The anopunt of the catalytic imde conpound is, for exanple, from about

0. 0000001 to about 1 nole, preferably_frem_about 0.000001 to about 0.5
nol e, nore preferably from about 0.00001 to about 0.4 nole, and often from
about 0.0001 to about 0. 3 nmole, relative to 1 nole of the conpound (A)

Thi's reactiwierésn K gnid Rtant ltheassnd erad £EF & FeMMBAWAGASES 2 WHENH 94 PEERT er
such as the netallic conmpound (e.g., vanadi um conpound, nolybdenum
conpound, rEngracesan corpolirdgpvupekald REoapaRiddré $heseshné b r oFbERahtoN.
When t he oxygen-atomcontaining reactant (B4) is in the formof a gas, it
may be di | lARYakRERchR hvereggasteneia gdndca oyemgrgap cara ae genogasli&ach
of the oxygen-aton}contakning reactants (B4) can be used alone or in
conbi nat i orfTBP usIRFe fo 8rdnbr Bavt Ypesompinge oxyipam & singont shnthg
reactants (B4) in conbination, two or nore types of different functional

groups carfbETTRY G@GOOF #ReB ! FBREERY ey ISudh af Bty beray carloopglic

i nclude, for_exanple, hydroxyl group, oxo group, carboxyl group, nitro
group and sélﬁjf%ﬁir é'é%‘?%ly‘bﬁ%g%?org% Lok SSERESTaPY P sy ing e rivpdas (93) or e

of thee oxygen-atomcontaining reactants (B4) can be used concurrently or
sequenti al ly. The(ﬁnnunt of the oxygen-atomcontaining reactant (B4)

0
/H(u\ (23)
R Rb Z

whereinZjj;ahydroxylgroupwhenRelinFormula(22)jj;ahydrogen
atom, and Z is the substituent R®*! when R®* is a hydrocarbon group
or a heterocyclic group; and R*, R®, R®, RY, and R® have the same
meanings as defined above. This reaction can be performed
pursuant to a process (a process using a catalytic N-hydroxy
cyclic imide compound) described in Japanese Patent Application
No. 2000-648.

The organic groups, hydrocarbon groups, heterocyclic
groups, and the rings formed by R® and R® with the adjacent carbon
atom include similar groups as mentioned above.

According to this reaction, for example, 2-propanol is
allowed to react with methyl vinyl ketone and thereby yields
3-acetoxy-3-methylbutanoic acid. Likewise, 2-propanol is
allowed to react with acrolein and thereby yields
3-formyloxy-3-methylbutanoic acid.

The reactioncanbe performed in accordance with the process



depends on the type thereof and can appropriately be selected in view of
reactivity and operability. For exanple, when oxygen (B4-1) is used as the
oxygen-atom contai ning reactant (B4), the anmount of oxygen is equal to or
nore than about 0.5 nole - 93 (e.g., equal to or nore than about 1 nole),
preferably from about 1 to about 10C noles, and nore preferably from about
2 to about 50 noles, relative to 1 nole of the conmpound (A . Oxygen is
often used in excess to the conpound (A}y \When carbon nonoxi de (B4-2) and
oxygen (B4-1) are used in conbination as the oxygen-atonm containi ng
reactants (B4), carbon nonoxide in an anbunt of equal to or nore than
about 1 My Hies Greddoin Aot o of G Qb o L | £8 ) o Bdch DX YEEHpdhd an
anount of equal to or nore than about 0.5 nole (e.g., from about 0. 5to
about 50 nHess)tire mfddurciusethn datsematacdd i@ puofifihed doyrpohunds4{mg . | n
this case, the nolar ratio of carbon nonoxide to oxygen is from about 1/99
to about 9BISEIGN ambhnPpradf exkadre. from about 10/ 90 to about 99/ 1. Wen
the nitrogen oxide (B4-3) is used as the oxygen-atonm containing reactant
(B4) ,the amobuntinothiherdactbgen thwitde gsdnPapprdprivasebyxheéisehetd e
depending on the types of the nitrogen oxide and the conpound (A) and nmay
be equal t®~ 35y LB atRiE TemsEsehtefahybBormakat (ah) 1sneheposeatpveeto 1

it rogen T ORASF 19 AR AT T e A g PYAsa Ky ‘e { han
about 08 moid it St T e B R b i T R 3 e o
relative tqple fOh@ 2 ihes FHMPUBE tacks and is added to the beta-position
of the a, B~unsaturated carbonyl compound represented by Formula
(22), oxygen attacks a radical formed at the alpha-position
as a result of the addition and thereby yields an
o,y-dihydroxycarbonyl compound represented by following

Formula (24):

HO ReloH
RY (24)

a
R b I
R® RY

wherein R?, R®, R, R?, R®! and R" have the same meanings as defined
above. This compound further undergoes rearrangement of anacyl
group (R"C=0 group) and oxidation of a carbon atom, to which
the acyl group has been bonded, and thereby yields the target
B-acyloxycarboxylic acid or P-acyloxyketone represented by
Formula (23). When an «,B-unsaturated carbonyl compound
represented by Formula (22), where R®! is a hydrogen atom, is
used as the starting compound, a corresponding

B-acyloxycarboxylic acid is formed. When an «,B-unsaturated



(A), the conversion fromthe nitrogen oxide and the selectivity of the
reaction can significantly be inproved. By using nitrogen dioxide (NO2) in
conbination with oxygen, the rate of a reaction such as nitration reaction
can be - 94 significantly inproved. In this case, the anount of oxygen is
equal to or nore than about 0.5 nole (e.g., equal to or nore than about 1
nole) , preferably fromabout 1 to about 100 noles, and nore preferably
fromabout 2 to about 50 noles, relativg, to 1 nole of nitrogen dioxide.
Wien the sulfur oxide (B4-4) is used as the oxygen-atom containing
reactant, the amount of the sulfur oxide can appropriately be selected

dependi ng ofatihien$ypesngduidie e et axivge rargutLBe (2oponngdr&Actand & s
generally fromabout 1 to about 50 noles, and preferably fromabout 1.5 to

about 30 nofasocaddat ioweupodhabkeocolcilhe pomouhd usA)d as the seactiog can
be perforned in | arge excess of the sulfur oxide. Wien the sulfur oxide
(e.g., sul farmpbhoxdded ¢orussoondicgnbtaaylony etdne akygbormédie nol ar ratio
of the sulfur oxide to the oxygen is, for _exanple, from about 10/90 to
about 90/ 10 and lfor ePpPepetapny off Pekyapsiit aBoAR0 PP yaBESt 70/ 30. A
reaction tenperature can appropriately be selected depending on, for
exanmpl e, the typgestBe RIS OUnERE AT il COMRe UaLyRM -t 0 RPEBREAFNI Ay
reactant. For exanpl e, when oxygen . (B4-1) is used as the ) ,
oxygen- at orfiARAR 8 RENP FRbRY anfddidk andhdtTHksd ehpsred Grebpeviisnmabdut oC

(o cbout S00E A0 o BESLAEATCLT [9TLPORL 2OR0 AN 2506, - B a1 b
acorrespondingpolyacrylamidepolymer [refer to Japanese Patent
Application No. 2000-345822 (a process using a catalytic
N-hydroxy cyclic imide compound)].

Typical examples of the «,B-unsaturated carboxylic acid
amide are (meth)acrylamide, N-methyl (meth)acrylamide,
N,N-dimethyl (meth)acrylamide, N-isopropyl (meth)acrylamide,
N~-phenyl (meth)acrylamide, and crotonamide.

A reaction temperature can appropriately be selected
depending on the type of the raw material and other factors
and is, for example, from about 0°C to about 150°C and preferably
from about 10°C to about 100°C. By controlling the reaction
temperature, the molecular weight of the resulting polymer can
be controlled. The reaction product can be separated and
purified by, for example, precipitation or reprecipitation.

13. Production of Organic Compounds Having
Oxygen-atom-containing Group

By catalysis of the imide compound, the compound (A) capable
of forming a radical is allowed to react with the
oxygen-atom-containing reactant (B4) and thereby yields an

organic compound having an oxygen-atom-containing group.



t he oxygen-atom containing reactants, the reaction tenperature 1is, for
exanpl e, from about OC to about 200C and preferably fromabout 10C to
about 150C. Wen the nitrogen oxide (B4-3) or sulfur oxide (B4-4) is used
as the oxygen-atomcontaining - 95 reactant (including the case where
oxygen is used in conmbination) the reaction tenperature is, f or exanple,
fromabout O0C to about 1500C and preferably from about 100C to about
125' C. The reaction can be perforned_atyatmospheric pressure or under a
pressure (under a load) . Wen the reaction is perfornmed under a pressure.
the pressure is generally fromabout 0.1 to about 10 MPa, and preferably
from about 0.2 tmhiapewact iMiaisTperreantionn céle herepaiddromdoirnil the
conventional system such as a batch system seni-batch system or
cont i nuous ays¢moe oAf taesolhentton@dweth sol vént hencéadei e afeneteohipneduct s
can be easily separated and purified by a conventional technique such as
filtration,scbrerns r atlhen angiustti Pifat hencatextyake iign,de coppoalnd 1ati ar
recrystallization, adsorption, colunn chronato%raphy and ot her separation

means, or a¥ATRMDI FRADAPCEE § HeSe08RbdraePertnbdlw.e/,. PTRIESrpPdyesEoRan
produce 2, 1.S20k1 1 BIGANEY, cOLSIPANY I, (OpLhe Qgeralomcont g0
(B4 o et eanghuaery fLom cantal b g cegelant. eha Jaigy
02" E o0 GARPPRETE (PERREL 0Ed PRI APILIERALRR PR A5 <0 BoE009
is significantly accelerated in many cases when a promoter such
as the metallic compound (e.g., vanadium compound, molybdenum
compound, manganese compound or cobalt compound) is used in
combination.

When the oxygen-—-atom-containing reactant (B4) is in the
formof agas, itmaybe dilutedwith an inert gas such as nitrogen
gas or argon gas. Each of the oxygen-atom-containing reactants
(B4) can be used alone or in combination. By using two or more
types of the oxygen-atom-containing reactants (B4) in
combination, zwo or more types of different functional groups
can be introduced into the molecule. Such functional groups
include, for example, hydroxyl group, oxo group, carboxyl group,
nitro group and sulfonic acid group. In the combination use,
two types or more of thee oxygen-atom-containing reactants (B4)
can be used concurrently or sequentially.

The amount of the oxygen-atom-containing reactant (B4)
depends on the type thereof and can appropriately be selected
inviewof reactivity andoperability. For example, when oxygen
(B4-1) is used as the oxygen-atom-containing reactant (B4),

the amount of oxygen is equal to or more than about 0.5 mole



(processes using catalytic N-hydroxy cyclic imde conpounds) | . For
exanpl e, when the heteroatom containing conpound (Al) having a

car bon- hydrogen bond at the adjacent position to the heteroatom is used as
t he conpound (A) , a carbon atom at the adjacent position - 96 to the

het eroatomis oxidi zed. For exanple, a primary al cohol vyields a
correspondi ng al dehyde or carboxylic acid, and a secondary al cohol yields
a correspondi ng ketone. A 1,3-diol yields a correspondi ng hydroxyketone,
and a 1,2-diol yields a corresponding a carboxylic acid as a result of

oxi dative cleavage [refer to Japanese Unexam ned Patent Application

Publ i cati onge Np., 20890 2124 16r anslr &NQ: h 2008 21965 2m¢ ps pL ess€Ser 4151 f0f rom
catal ytic N-hydroxy cyclic imde conmpounds)]. An ether vyields a

corr espondialgpwstlert mrakagitd 1&thydiliede pndefroee poefapahégefrbinexaouned

Pat ent Application Publication No. 10-316610 (a process using a catalytic
N- hydr oxy cyecibeutmmotespagiditive tolandig Porheacprpommry (8) . seCoyndany

al cohol vyields hydrogen peroxide [refer to PCT International Publication
No. W00/ 46145 Ofe1hriotd sl st aS ca? af e i eompayad okd) eyclic im de
conmpound) ]. Wien the coppound (A2) having a carbon-het er oat om doubl e, bond
is used as the (‘f‘%’ﬁﬁbﬁﬁﬁ E’ﬂ)mo%‘hxb ¢ detd 02% 6P%9§¥968093%SHOM%65?6 the

type of the het.er cat om can_be obtai ned. For oxi di zin

ketone, a ca &ﬂﬁq%:Quﬁ?iEﬂeeﬁﬁ%$ﬁﬁ_aEﬁ%dﬂ%?t?%ng?%dﬂ%%ﬂt%%t% F%ghft of
cleavage. FOIEXAMRI e el hifbane @uc & C@/ﬁ SREXANONG I S1dt5, 2

di car boxylic acid " such as adi pi ¢ aci d. on}con alnlng

comeunt (A b 2 < 3aar ko bl Wt ar e BEFLLAC
an amount of equal to or more than about 0.5 mole (e.g., from
about 0.5 to about 50 moles) are often used relative to 1 mole
of the compound (A). In this case, the molar ratio of carbon
monoxide to oxygen is from about 1/99 to about 99.99/0.01, and
preferably from about 10/90 to about 99/1.

When the nitrogen oxide (B4-3) is used as the
oxygen-atom-containingreactant (B4), theamount of thenitrogen
oxide can appropriately be selected depending on the types of
the nitrogen oxide and the compound (A) and may be equal to
or more than 1 mole or may be less than 1 mole, relative to
1 mole of the compound (A). When the amount of the nitrogen
oxide (e.g., nitrogen dioxide) is less than 1 mole (e.g., equal
toormore thanabout 0.0001mole and less thanlmole), preferably
from about 0.001 to about 0.8 mole, and more preferably from
about 0.005 to about 0.25mole, relative tolmole of the compound
(A), the conversion from the nitrogen oxide and the selectivity
of the reaction can significantly be improved.

By using nitrogen dioxide (NO;} in combination with oxygen,

the rate of a reaction such as nitration reaction can be



benzhydrol), is used as a co-reactant (co-oxidizing agent), a
Baeyer-Villiger type reaction proceeds under mld conditions. As a result,
a cyclic ketone yields a corresponding |lactone, and a chain ketone yields
a corresponding ester in high yields - 97 [refer to PCT International
Publ i cati on No. W99/50204 (cases where catalytic N hydroxy cyclic imde
conpounds are used)]. In addition, an al dehyde yields a correspondi ng
carboxylic acid. By using the conpound (/A3)_having a methine carbon atom
as the compound (A), an al cohol derivative having a hydroxyl- group
introduced into the nethine carbon in a high yield. For exanple, by

oxi di zi ng asbghdgedaaythi tnpyskgcar bont (A3-didde suel amsuadasmrianen akcohol
derivatives each having a hydroxyl group at a bridgehead position, such as
1- adamant anetipal, t8-adanmrng artexh albaartd 01,5 3ol gdarmmnt agetlli eb, oeanobe
produced wth high selectivity. The chain conmpound (A3-2) having a

met hi ne carbean &t dusdlas, inFsfrraiely anamydledwt 4 terabarty 108 nohek, such
as t-butanol in a high yield [refer to Japanese Unexam ned Patent

Appl i cat i on?PRIRPERLE OR NeAL 10 - B AP QU pitecabsutisPAgraleat argiptsive

N- hydroxy cycljc imde_conmpound)]. . By using the compound (A4) having a
carbon-hydr%ﬁe BIha 5t 0t Eoﬁﬁéaﬁéﬁ¥lﬁﬁsition to an unsaturated bond as

th d (A, t dj t P ti to th t t ed bond
ei 11 ctently. oxi M Zbd ek L HaPer %! Bt for L3R 2 aHinal coho ,

b I I Kk ; | e, d hayi t-hyl t
The. ad) acort Faert ¥ bt o AR LAY Bedeahriona 3 PRPHE o oF FRay Far B6haP or

CorPPEI 5 8 b-Br LAYy LeeLoeudmnEny obrendL L Fak
sulfur oxide and the compound (A) and is generally from about
1l to about 50 moles, and preferably from about 1.5 to about
30 moles, relative to 1 mole of the compound (A). The reaction
can be performed in large excess of the sulfur oxide. When the
sulfur oxide (e.g., sulfur dioxide) is used in combination with
oxygen, the molar ratio of the sulfur oxide to the oxygen is,
for example, fromabout 10/90 to about 90/10 and more preferably
from about 30/70 to about 70/30.

A reaction temperature can appropriately be selected
depending on, for example, the types of the compound (A) and
the oxygen-atom-containing reactant. For example, when oxygen
(B4-1) 1is used as the oxygen-atom-containing reactant, the

reaction temperature is from about 0°C to about 300°C and

preferably from about 20°C to about 250°C.

When carbon monoxide (B4-2) and oxygen (B4-1) are used as
the oxygen-atcm-containing reactants, the reaction temperature
is, for example, from about 0°C to about 200°C and preferably

from about 10°C to about 150°C. When the nitrogen oxide (B4-3)

or sulfur oxide (B4-4) is used as the oxygen-atom-containing



9- 327626 and No. 11-106377 (processes using catalytic N-hydroxy cyclic

i mde conpounds)]. Likew se, a conpound having a nethylene group or
nmet hi ne group at the adjacent position to an unsaturated bond yields a
secondary or tertiary alcohol, - 98 ketone or carboxylic acid, depending
on reaction conditions. Mre specifically, an aromatic conmpound having an
al kyl group or a | ower-order oxidized group thereof conbined with an
aromatic ring yields an aromatic carboxydc-acid having a carboxyl group
conbined with the aromatic ring as a result of oxidation of the alkyl
group or the |l ower-order oxidized group thereof. Such | ower-order oxidized

groups inclueactéot (exampldeng ttydcoxy walkhkyl oxyuipss ufseMMd c8mBYRation)
formyl al kyl groups, and al kyl groups each having an oxo group. For

exanpl e, benzeireacadioh tampbtat umed 1k, ofot ekbrpee, etdm BBBEENEC to about

i sopropyl benzene, benzal dehyde, or m xtures thereof; terephthalic acid is
obt ai ned f¥oMipanygperde rphilyoprapgboot Udie topalhisdpEOPY| inreaection
p-toIuaIdngde%HE-t%g%{ceggid, p- car boxybenzal dehyde, or m xtures thereof;
i sopht hal i cC&EitF IREDIRRGE R Y PERARPRRTEfe PLemsgieu8Fdensigs, a pressure

m car boxybe &ﬁ-geQXQF or mxtures thereof; tripellitic acid is obtained

fron1pseudogu ne 4 Het h .8@%%5?ﬁ%ﬂ?éé?n&%ﬁﬁ?ég%ﬁﬁéBféeééiHFe%?uﬁ?xtures

hor ool | PAUAMBLIA 44 2918 o Y31k 900 G161 LT B Bgazal gy

o0t e SHES St L SooBaTLIA k neeh SeRd bUak K M

exanpl e, a EonROMEd hayi Adcanv@t iy eoe 9y otdnaluthess 4 batch system,
semi-batch system or continuous system.

After the completion of the reaction, reaction products
canbe easily separated and purifiedby a conventional technique
such as filtration, concentration, distillation, extraction,
crystallization, recrystallization, adsorption, column
chromatography and other separation means, or any combination
of these separation means.

- This process can produce a reaction product corresponding
to the oxygen-atom-containing reactant in a high yield under
mild conditions.

Specifically, when oxygen (B4-1) is used as the
oxygen-atom-containing reactant, an oxidation reaction
proceeds and thereby yields a corresponding oxidation product
[refer to Japanese Unexamined Patent Application Publications
No. 8-38909, No. 9-327626, No. 10-286467, and No. 2000-219650
(processes using catalytic N-hydroxy cyclic imide compounds)].
Forexample, whenthe heteroatom-containingcompound (A1) having

a carbon-hydrogenbondat the adjacent positiontothe heterocatom

isusedas the compound (A), acarbonatomat the adjacent position



adj acent position to a carbon-carbon double bond yields a secondary
al cohol or ketone. In this case, by using a cobalt (Il) salt of an acid
having a pKa of |less than or equal to 8.0, such as cobalt(ll) acetate or
cobalt(Ill) nitrate, is used as the - 99 pronoter, a correspondi ng
conj ugat ed unsaturated carbonyl conmpound having an oxo group introduced
into the carbon atom of the nethylene group can be obtained in a high
yield. More specifically, valencene yielgds-nootkatone in a high yield. By
usi ng the non-aromatic cyclic hydrocarbon (A5) as the conmpound (A), an
al cohol , hydroperoxi de or ketone having a hydroxyl group, hydroperoxy
group or oxwo gieupeicrtrpadometls iokiali zed.ar botr atanpTONS bribRy alEbRELI S
obt ai ned. Under some reaction conditions, the ring is oxidatively cleaved
and yi el ds Y&etds$ responus sigond tag bakgéhgdacod. cEoboryanpl ecily and a
appropriately selecting the conditions, cyclohexane can yield cyclohexyl
al cohol , cyR¢EPRIGTY AR Ipek didiededs & clogiespemed ndokegdingi-c Acl d3wilidl hi gh
selectivity., Ljkew se, a cycloal kane such as cycl ohexane yields a
bi s( 1- hydr Al RYFFEPRORKI e NP ke bPRe 1- dydr dxycycdbpexytglds
peroxide [refer to Japanese Patent lication No. 2000-345824 ga_grocess
usi ng a catal SR DxY STEPPRY T RREEInpduRdfeF ULt Byt ue¥hge ki ¥er ong
acid as th onot e damant ane_can yi el d adapantanone jn a, high yield
[refer to aﬁ%%§%§EUL%§§%¥h%% @%?%%?S%p T?%%T%%%ngﬁg?%ﬁté%ﬂflﬁﬁglﬁ - 309469
a process ' C Iyt i 1Y o [ 40 de n . Wen_the
((:onjpugat ed %:{gdrrl};&g:uaﬂtdl [?lﬁk%)byﬁg'sczuégzaéc} %Is?%( % %rgcérplg%hdm éj(%\)é:f%;@é\ja% %a?fleso?es
conmpounds i f:0f R4 2dgReRANDE yARokYECPLI HEIME ie compounds)]. An ether

yields acorrespondingesteror acid anhydride [refer to Japanese
Unexamined Patent Application Publication No. 10-316610 (a
process using a catalytic N-hydroxy cyclic imide compound)].
In addition, a primary or secondary alcohol yields hydrogen
peroxide [refer to PCT International Publication No. WO00/46145
(a process using a catalytic N-hydroxy cyclic imide compound)].
When the compound (A2) having a carbon-heterocatom double
bond is used as the compound (A), an oxidation product
corresponding to the type of the heteroatom can be obtained.
For example, by oxidizing a ketone, a carboxylic acid or another
product is produced as a result of cleavage. For example, a
cyclic ketone such as cyclohexanone yields a dicarboxylic acid
such as adipic acid. By using the heteroatom-containing
compound (Al) having a Carbon—hydrogen bond at the adjacent
position to the heterocatom, such as a secondary alcohol (e.g.,
benzhydrol), is used as a co-reactant (co-oxidizing agent),
a Baeyer-Villiger type reaction proceeds undermild conditions.
As a result, a cyclic ketone yields a corresponding lactone,

and a chain ketone yields a corresponding ester in high yields



of the conjugated conmpound. For exanple, a conjugated diene yields an

al kenedi ol or other products as a result of oxidation. Specifically,

but adi ene yields, for exanple, 2-butene-1, 4-diol and/or 1-butene-3, 4-diol
as a result of oxidation. Wien an - 100 a,B-unsaturated nitrile or

a, (3-unsaturated carboxylic acid or a derivative thereof is oxidized, the
a, (3-unsaturated bonding position is selectively oxidized and is converted
into a single bond, and the beta-positiggn is converted into a fornyl

group, an acetal group (when the reaction is perfornmed in the presence of
an al cohol) or an acyloxy group (when the reaction is perfornmed in the
presence of [eefarhoxydTcIacedhathohhe P@sSUL ¢ahgon QRIPAORD./ SHRNG (cases

specifically, by oxidizing acrylonitrile and nethyl acrylate in the
presence ofwhetéarmtal3;i3-Nhgethoxy pryagi ieniitriidee cangon@idlybre used)].
3, 3- di met hoxypropi onate are respectively fornmed. \Wen the anmine (A7) is
used as theleRpaGAGN AN addebpde espdiddi dgoschisbbnibdasg arrtoxiyiel d scidr ned.
When the aromatic conpound (A8) is used as the conpound (A) in the
co-exi stence ofBY {1k ERF EOMPRENCoMPSUndaVARE RalrhflaccERBBAR hyEPBgen
bond at the aqggcent osk%i to _an uniaﬁurated bond be.g., fluorene) as
the co-reactant q 2§84t iﬁ@'a@@n?}?o ol.grFré¥pAdEn aYtPHoAEN YL PBY fred in
a good yielé?%&ﬁ f t 0. Japanese_, Unexam ned Pat ent Qg li cati.on _
Publ i cati on .%fﬁﬁiﬁgﬁfgpéﬁgo RB?ITﬁﬁﬁfgﬁgfr oot 8s 2?‘ Yigldat af9fi ¢
N-hydroxy cygclig el %kqu ; %j Iai 7 j I e %AQ% i el ds,
for exanple, an %ﬂc ho ?gﬂggﬁﬁgﬁ%%l% ?%8%&%?5 a%?%&g%gbﬁgﬁ%é H é T% in
(AO as thes eaIRAWRANEN a1@hol derivatives each having a hydroxyl group
at a bridgehead position, such as l-adamantanol,
1,3-adamantanediol and 1, 3, 5-adamantanetriol, can be produced
with high selectivity. The chain compound (A3-2) having a
methine carbon atom, such as isobutane, can yield a tertiary
alcohol such as t-butanol in a high yield [refer to Japanese
Unexamined Patent Application Publication No. 10-310543 (a
process using a catalytic N-hydroxy cyclic imide compound)].
By using the compound (A4) having a carbon-hydrogen bond
at the adjacent position to an unsaturated bond as the compound
(A), theadjacent positiontotheunsaturatedbondisefficiently
oxidized and thereby yields, for example, an alcohol, carboxylic
acid or ketone. For example, a compound having a methyl group
at the adjacent position to an unsaturated bond yields a primary
alcohol or carboxylic acid in a high yield [refer to Japanese
Unexamined Patent Application Publications No. 8-38909, No.
9-327626 andNo. 11-106377 (processes using catalytic N-hydroxy
cyclic imide compounds)]. Likewise, a compound having a

methylene group or methine group at the adjacent position to

an unsaturated bond yields a secondary or tertiary alcohol,



correspondi ng epoxy conpound can be obtained [refer to Japanese Unexam ned
Pat ent Application Publication No. 11-49764 and PCT |International
Publ i cati on No. W99/50204 (processes using catalytic N hydroxy cyclic

i mde conpounds)]. Specifically, - 101 when the heteroatomcontaining
conmpound (Al') having a carbon-hydrogen bond at the adjacent position to
the heteroatom such as a secondary al cohol, or the conmpound (A4) having a
car bon- hydrogen bond at the adjacent posigtion to an unsaturated bond is
used as the co-reactant (co-oxidizing agent), an epoxidation reaction
proceeds under mld conditions and thereby vyields the correspondi ng

epoxi de in leegood gt elakbByylald euwing atpkadshqgope eoapOUBHScEh&ct ednflrom
cycl oal kanes, cycl oal kanol s and cycl oal kanones to react with ammoni a and
oxygen (B4-1) adlddwe spergdn-catldm,camnt arpimagiceactmpntindnhibiéngpassehkel of
the catalytic i mde conpound, a corresponding lactam is obtained [refer to
Japanese PaI%PHP APhla chevair Node 2000l USSR I euprivvesso fistogb tnedtal yhi ¢
N-hydroxy cyclic imde conpound)]. Mre specifically, by allow ng at |east
one conpouHt G FieYdPdictherapsomayérofiaxhnsly lafdactgchatierandne to
react with a i esence of the catal yst,

E- capr ol act%ﬁﬁ@%@o%%&%%%&ibgﬁag%g{%ﬁ TR e BE 2 andeaRyhedt
(B4 1) o0 U Aggnel a7 NG Leaot 2t s, o carboryl ation peaction
go0d, 119 3 et L o chapengn. Nenarbiod, Eakelt, APRLL poLLOT EUBLAgRt L o0
conmpound) | ., o £ DL ) &%Eﬂbs, formyl group, formylalkyl groups, and
alkyl groups each having an oxo group. For example, benzoic
acid is obtained from toluene, ethylbenzene, isopropylbenzene,
benzaldehyde, ormixtures thereof; terephthalicacidisobtained
from p-xylene, p-isopropyltoluene, p-diisopropylbenzene,
p-tolualdehyde, p-toluic acid, p-carboxybenzaldehyde, or
mixtures thereof; isophthalic acid is obtained from m-xylene,
m-tolualdehyde, m-carboxybenzaldehyde, or mixtures thereof;
trimellitic acid is obtained from pseudocumene,
dimethylbenzaldehyde, dimethylbenzoic acid, or mixtures
thereof; pyromellitic acid is obtained from durene,
trimethylbenzaldehyde, trimethylbenzoic acid, or mixtures
thereof; 3-quinolinecarboxylic acid is obtained from, for
example, 3-methylquinoline, respectively in high yields. 1In
addition, nicotinic acid is obtained from B-picoline.
For example, a compound having a methylene group at the
adjacent position tc a carbon-carbon double bond yields a
secondary alcohol or ketone. Inthiscase, byusingacobalt (II)

salt of an acid having a pKa of less than or equal to 8.0, such

as cobalt (II) acetate or cobalt (II) nitrate, is used as the



t he conpound (A3) having a nmethine carbon atomis used as the conpound
(A), a carboxyl group is introduced into the nethine carbon atom

Li kewi se, in the compound (A4) having a carbon-hydrogen bond at the

adj acent position to an unsaturated - 102 bond, a carboxyl group is
introduced into a carbon atomrelating to the carbon-hydrogen bond. The
non-aromatic cyclic hydrocarbon (A5), such as cycl ohexane, yields a
carboxylic acid having a carboxyl graupgonbined with a carbon atom
constituting a ring. Wien the nitrogen oxide (B4-3) is used as the
oxygen-atom containing reactant, a nitration reaction predom nantly

proceeds angdrbheteby ¥iebdsespondexanpbea;ugatear taspendbngdnichi-8oagrpound
[refer to Japanese Unexanm ned Patent Application Publication No. 11-239730
(a process asmpgund kavahytam dkdygiroaxy icyadddudedd deteconpeund)yponFatom
exanple, when the conpound (A3) having a nethine carbon atomis used as

t he conpoun@f(ube M YARH 9 QoY Ivgim ReopPEaingdr b et high Wewilsh, MWhea the
conpound (A4) having_a carbon-hydrogen_bond at the adjacent position to an
unsaturatedSB%ﬁHfF§aﬁ%§d valearsba Yé?éﬁ?r@PQFkﬁéoﬂé {ReachiBBnYRydFogen

?SQ?OLZX%Sa;e?%fgﬂs%gc%ﬁﬁiéﬁgﬁta%%@%ﬁiéi&Qﬁ ¢ R SRR HA g2 Pt 0
strai gnt - CLQSmPé“vt&% Sk s T 56%8%%@95&&& fig
eactant TR by RO RERRRTECY PFR Mol R S RN e

react ant , Frodeed By UsiSg PR
substrate i Xf8S8 LPom constituting a ring is obtained. Under some

reaction conditions, the ring is oxidatively cleaved and yields
a corresponding dicarboxylic acid. For example, by
appropriately selecting the concglitions, cyclohexane can yield
cyclohexyl alcohol, cyclohexyl hydroperoxide, cyclohexanone
or adipic acid with high selectivity. Likewise, a cycloalkane
such as cyclohexane yields a bis(l-hydroxycycloalkyl) peroxide
such as bis(l-hydroxycyclohexyl) peroxide [refer to Japanese
Patent Application No. 2000-345824 (a process usinga catalytic
N-hydroxy cyclic imide compound)]. By using a strong acid as
the promoter, adamantane can yield adamantanone in a high yield
[refer to Japanese Unexamined Patent Application Publication
No. 10-309469 (a process using a catalytic N-hydroxy cyclic
imide compound)].

When the conjugated compound (A6) is used as the compound
(A), avariety of compounds is formed depending on the structure
of the conjugated compound. For example, a conjugated diene
yields an alkenediol or other products as a result of oxidation.
Specifically, butadiene yields, for example, 2-butene-1,4-diol

and/or l-butene-3,4-diocl as a result of oxidation. When an



nitrogen dioxide [refer to Japanese Unexam ned Patent Application _
Publ ication No. 11-136339 (a process using a catalytic N-hydroxy cyclic

i mde conmpound)]. Wen a conpound having a nethyl group at the adjacent -
103 position to an aromatic ring (at the "benzyl position"), such as
toluene, is used as the conpound (A), a nitro group is introduced into the
carbon atom of the nethyl group. Under sone conditions, the nethyl group
is converted into a fornyl group and-thgpehby yields a correspondi ng
aromati c al dehyde (e.g., benzal dehyde), or a nitro group is introduced
into the aromatic ring in the resulting compound. The use of a conpound
having a neiPylesetgratpdatitiicl @diraceptupesttir@Beticafb@ PIBE ia&ild BY
(e.qg., ethyl benzene) as the substrate yields a nitro conpound (e.g.,

X-ni tr obenz@myyivatise chetree Mmbshyk bdezgd puhe &, Bi-unatbed.ratasdoundengsone
reaction conditions, yields an oxine conpound (e g., acetophenone oxine)
where the reRPyFEPR ig 88pSFEivednvatidirshendahs eenvertey ustag aitgbgen
nonoxi de a omcontaining, reactant, an ether can yield a

th
correspondﬁ% §1dﬂﬁ§§£mg eéar8§§PFl°8flél%%%%@%t%$3???%2%ﬁ@ﬁgﬁﬁgﬁrgiﬁggzgis
U d I Publ i ca an
(B?égg;ggszggﬁﬁg céﬁﬁ?y#gg‘kﬁa Eﬁk%eﬁﬁtf?ﬁthpﬁé%85WﬁSUHH§FF preggnce
exampl e, PRibalan camyi fl POk naLldebyaealp A ligh del o Ly se by
usi ng nitrogen nDnOXI e as genfa ont ai i ng T eacta
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Patent Application No 57356 (a process using a cata
compound. More specifically, by oxidizing acrylonitrile and

methyl acrylate in the presence of methanol,
3,3-dimethoxypropionitrile andmethyl 3, 3-dimethoxypropionate
are respectively formed.

When the amine (A7) is used as the compound (A), a
corresponding Schiff base or oxime is formed. When the aromatic
compound (A8) is used as the compound (A) in the co-existence
of, for example, the compound (A4) having a carbon-hydrogen
bond at the adjacent position to an unsaturated bond (e.g.,
fluorene) as the co-reactant (co—oxidiéing agent), a
correspondingquinone is formedinagoodyield [refer to Japanese
Unexamined Patent Application Publications No. 11-226416 and
No. 11-228484 (processes using catalytic N-hydroxy cyclic
imide compounds)]. The straight-chain alkane (A9) yields, for
example, an alcohol, ketone or carboxylic acid.

By using the olefin (Al10) as the compound (A), a
corresponding epoxy compound can be obtained [refer to Japanese
Unexamined Patent Application Publication No. 11-49764 and PCT
International Publication No. W099/50204 (processes using

catalytic N-hydroxy cyclic imide compounds)]. Specifically,



N- hydroxy cyclic i mde conpound)]. For exanple, cyclohexane vyields
cycl ohexanone oxine. By allowing a chain or cyclic conpound having a
nmet hyl ene group to react with the nitrogen oxide such as nitrogen nonoxi de
- 104 in the presence of the catalytic imde conpound and a hal ogen
(e.g., chlorine) or a Beckmann rearrangenent catalyst, a corresponding
am de or lactamis obtained [refer to Japanese Patent Application No.
11-372177 (a process using a catalytic | fHhydroxy cyclic imnmde conpound)].
For exanpl e, cycl ohexane vyields E-caprolactam Wen the nitric acids are
used as the oxygen-atomcontaining reactant, a nitration reaction
pr edom nantilyepr okeedst andatbhetehyayhehdscohpourdanpl g, havengr espondi ng
nitro compound, as in the use of the nitrogen oxide (B4-3) [refer to
Japanese PatentnAppiregen bondmt 2D06-B8CEA (o piblaes soudiageeradabyf i c
N-hydroxy cyclic imde conpound)]. For exanple, when the conpound (A4)
havi ng a ca®behn-&yd? ogeponddty a2 lchkohd] atehlie pospound tB4anhansaguaat ed
bond is used as the substrate, a carbon atomrelating to the
car bon- hy dr SRfePP HoRY F R oadedit thgnad] 2 e PRsdien 1B rhens #igusd ket hi ne
carbon atomis used as the substrate, the nethine carbon atomis nitrated.
Wen the :%‘Pf-l%rbﬁa‘f?% cyd iR ISRV A Y AT ISR E 3 Bubftate, a
nitro group_ is_ introduced into a carbon atom canstitytjn aring. In this
case, a cyCTRANKAMe OLGER Ed ORI SRESENE It S ! cqndbF e8P G Tige==0Y
ni trocycl oal t? - i rocycl j o] d having a
carbon-hyd?%ggﬁf%d%@ea 8¥ﬁ§§p§%?g§%n§p%%§é§igﬁ %Ob§%§ gggggbaton1 a carbon
atomrel ating Byallowingat least one compoundselected fromcycloalkanes,
cycloalkanols and cycloalkanones to react with ammonia and
oxygen (B4-1) as the oxygen-atom-containing reactant in the
presence of the catalytic imide compound, a corresponding lactam
is obtained [refer to Japanese Patent Application No.
2000-345823 (a process using a catalytic N-hydroxy cyclic imide
compound)]. More specifically, by allowing at least one
compound selected from cyclohexane, cyclohexanol and
cyclohexanone to react with ammonia and oxygen in the presence
of the catalyst, e-caprolactam is obtained.

By using carbon monoxide (B4-2) and oxygen (B4-1) as the
oxygen-atom-containing reactants, a carboxylation reaction
smoothly proceeds and thereby yields a corresponding carboxylic
acid in a good yield [refer to Japanese Unexamined Patent
Application Publication No. 11-239730 (a process using a
catalyticN-hydroxycyclic imide compound)]. Forexample, when
the compound (A3) having a methine carbon atom is used as the
compound (A), a carboxyl group is introduced into the methine

carbon atom. Likewise, in the compound (A4) having a

carbon-hydrogen bond at the adjacent position to an unsaturated



to the carbon-hydrogen bond is nitrated. Likew se, the straight-chain

al kane (A9), such as hexane, yields a correspondi ng nitroal kane. This
reaction is supposed to proceed in the followi ng manner. - 105 The imde
conmpound reacts with the nitric acids and thereby yields an i m do-N oxy
radi cal, the radical withdraws a hydrogen atomfromthe substrate and
thereby yields another radical, and to the resulting radical, nitrogen
dioxide formed in the reaction systemigoadded and thereby yields a
corresponding nitro conpound. Wien the sulfur oxide (B4-4) is used as the
oxygen-atomcontai ning reactant, a sulfonation and/or sulfination reaction
proceeds arebnderebyriydey iy raupot s espandiuegd Diigari ca shibh Wt cack €1 of iagsal t
t hereof. For exanple, when the conpound (A3) having a nethine carbon atom
is used as thetRonpopiben-iyrogen sewfdr dbiad rgrrowgramati it raduiced i nto the
met hi ne carbon atom Wen the conpound (A4) having a carbon-hydrogen bond
at the adjERCHORPRiBR)roSeeh eﬁs%y%%%ﬁ%a%ndliegd@s@@,ar@osmlfmac'a@i d

group (e.g.,_a sulfonic acid grou r.sulfinic acid group) is introduced
into a carbd Vja{?%ﬁwcraeqké?’fﬁggfgu H%‘@%%Jn%%rao@%ﬁb%&ﬁ&m TIPS hbhu i deat i ¢
cyclic hydrpcarbon (A5), such as cyclohexane, yields an organic sulfur
acid having a suffur acid group conbined with a carbon atomconstituting a

ring. The for Moy a3l &Sl 36)0ieam b cawerled Jntg & correspondi ng

salt thereof according to conventional techni‘ques. exanple, the salt

can be obt aj:neskbya t GRCEd T 1146 PT ea Carstl] T, AChgh 3 ¥ the 20 plkal | et al

hydr oxi de, al'kali netal carbonate, al kal
predominantly proceeds and thereby yields, for example, a
corresponding nitro compound [refer to Japanese Unexamined
Patent Application Publication No. 11-239730 (a process using
a catalytic N-hydroxy cyclic imide compound)]. For example,
when the compound (A3) having a methine carbon atom is used
as the compound (A), the methine carbon atom is nitrated.
Likewise, when the compound (A4) having a carbon-hydrogen bond
at the adjacent position to an unsaturated bond is used, a carbon
atom relating to the carbon-hydrogen bond is nitrated. The
non-aromatic cyclic hydrocarbon (A5), such as cyclohexane,
yields a corresponding cyclic nitro compound having a nitro
group combined with a carbon atom constituting a ring. Even
the straight-chain alkane (A9), such as hexane, can yield a
corresponding nitroalkane. When nitrogen dioxide is used as
the oxygen-atom-containing reactant, the nitration reaction
can efficiently proceed by using the substrate in excess to
nitrogen dioxide [refer to Japanese Unexamined Patent
Application Publication No. 11-136339 (a process using a
catalytic N-hydzoxy cyclic imide compound)].

When a compound having a methyl group at the adjacent



nmet al hydrogencarbonate, al kaline earth netal hydroxide, alkaline earth
nmetal carbonate, am ne, thiourea, or isothiourea in an appropriate sol vent
such as water. - 106 Industrial Applicability As thus described, the
present invention can produce, for exanple, organic conpounds each having
an oxygen-atom containi ng group such as hydroxyl group, 0xo0 group,

carboxyl group, nitro group or sulfonic acid group, products as a result
of the formation of a carbon-carbon hondyer _derivatives thereof (e.g.,
cyclized derivatives) with high selectivity in high yields as a result of
addition or substitution reactions under mld conditions. In addition, the

present i nvesditoiocao annbiofdee cSUehgala OXIGEeMbaheRceptatNbAY) gr oWenhi nt o
an organic substrate under mld conditions. The catal yst of the present
invention iss hightsnst abt eused asabheacotpoundt $Aratal ytteoagroupt ysfor a
long time. The catalyst exhibits high catalytic activity even in a small
anount in Jarlﬁflé@ﬂlé:%@d Aa&eot tlom cambonsa o hifyt ke mbkéyilrgrourac Uinote rasomdii gh
t enper at ures. anpl es The present invention will be illustrated in
further det@fim WJECPPFrefté"reeﬁk%htYé gEQEPal S QMR B Iy, awhPERY ar T pél

intended to limt the sco of the inventjon. Reactjon products were
i dentified ftﬂA r\ﬁr\%@r%hﬁ’ aWo?%?s G- VB TSI E D A oAt e eaﬁ#efw%n(e of -

gé)e(%llafgf Oox;aﬂlzm?cﬁehyde)'\f %%eé %)i){:pc%t ggguglldseing'rgéuggglinogo %gtéaallé ma‘zlc
ring in the resulting compound. The use of a compound having
a methylene group at the adjacent position to an aromatic ring
(e.g., ethylbenzene) as the substrate yields a nitro compound
(e.g., a~-nitrobenzene), inwhich themethylene group isnitrated,
and under some reaction conditions, yields an oxime compound
(e.g., acetophenone oxime) where the methylene group is
converted into an oxime.

By using nitrogen monoxide as the oxygen-atom-containing
reactant, anether canyieldacorresponding aldehyde as a result
of cleavage of the ether bond [Japanese Unexamined Patent
Application Publications No. 11-315036 and No. 11-254977
(processes using catalytic N-hydroxy cyclic imide compounds)].
For example, pnthalan can yield phthalaldehyde in a high yield.
Likewise, by using nitrogen monoxide as the
oxygen-atom-containing reactant, a cycloalkane yields a
corresponding cycloalkanone oxime [refer to Japanese Patent
Application No. 2000-157356 (a process using a catalytic
N-hydroxy cyclic imide compound)]. For example, cyclohexane
yields cyclohexanone oxime.

By allowing a chain or cyclic compound having a methylene

group to react with the nitrogen oxide such as nitrogen monoxide



mmol of manganese (11) acetate and 5 ml of acetic acid was stirred at 100C
in an atnosphere of oxygen gas (1 atm= 0.1 MPa) for - 107 14 hours and
thereby yielded terephthalic acid and p-toluic acid in yields of 92% and
1% respectively. EXAMPLE 2 A m xture of 2 mmol of p-xylene, 0.4 mmol of

N acet oxypht halim de, 0.01 mml of cobalt(ll) acetate and 5 nl of acetic
acid was stirred at 100C in an atnosphere of oxygen gas (1 atm= 0. 1 MPa)
for 14 hours and thereby yielded terephihalic acid and p-toluic acid in
yields of 91% and 1% respectively. EXAWMPLE 3 A m xture of 2 mol of
p-xylene, 0..2 mmol of N-acetoxyphthalimde, 0.01 nmol of cobalt(I1l)

acetate andig tig esannid @fachd wasasytieethide IMMpduhdRnt AOERNEEEN Of
oxygen gas (1 atm= 0. 1 MPa) for 14 hours and thereby yiel ded

t erepht hal i ¢e.aci dchhdrpaéepl arcaaBedkinanyi ekdsrafhg8@emnandatdq ysespeacti vel y.
EXAMPLE 4 A m xture of 2 mml of p-xylene, 0.1 nmmol of
N-acetoxyph@%é??ﬁ?@@dlﬂgOﬁnh%®lOﬁﬁliﬁﬂﬁmt%ﬁ PPtaé@ﬁétér§ﬁ§r3t0nﬂapﬂnaé@t|c

acid was stirred at 150C in an atnDsB ere of air (30 atm= 3 MPa) for 3
hours and therebYy ARRL AL 1t éont RArPd21ddi 62 iRFFsaeE 160 9098 tahetyFel d
of p-toluic

was | ess, than 1% 5 A mxture of 1 mmo] of
3- nethquU|%oIY%5°Xb ﬁY?§ﬁﬁ o) %F%%%&d&?bﬁthaﬁpﬁiﬁé?mE;BQ FYplobgxane
cobalt(I1l) ace of manganese(l1) acetate, 0.1 mmol of

nitrogen di¥k? s G- caprglactam

Whenthenitricacidsareusedas theoxygen-atom-containing
reactant, a nitration reaction predominantly proceeds and
thereby yields, for example, a corresponding nitro compound,
as in the use of the nitrogen oxide (B4-3) [refer to Japanese
Patent Application No. 2000-58054 (a process using a catalytic
N-hydroxy cyclic imide compound)]. For example, when the
compound (A4) having a carbon-hydrogen bond at the adjacent
position to an unsaturated bond is used as the substrate, a
carbon atom relating to the carbon-hydrogen bond is nitrated.
When the compound (A3) having a methine carbon atom is used
as the substrate, the methine carbon atom is nitrated. When
thenon-aromaticcyclichydrocarbon (A5) isusedas the substrate,
a nitro group is introduced into a carbon atom constituting
aring. Inthiscase, acycloalkane, suchascyclohexane, yields
a corresponding nitrocycloalkane. In the non-aromatic
heterocyclic compound having a carbon-hydrogen bond at the
adjacent position to the heteroatom, a carbon atom relating
to the carbon-~-hydrogen bond is nitrated. Likewise, the
straight-chain alkane (A9), such as hexane, yields a
corresponding nitroalkane.

This reaction is supposed toproceedinthe followingmanner.




and 5 m of acetic acid was stirred at 110C in an atnosphere of oxygen gas
(1 atm= 0. 1 MPa) for 15 hours and thereby yielded - 108

3-qui nolinecarboxylic acid in a yield of 76% with a conversion from

3- et hyl qui nol i ne of 89% The above procedure was repeated, except that

N- hydr oxypht hal i m de was used instead of N-acetoxyphthalimde, and thereby
yi el ded 3-qui nolinecarboxylic acid in a yield of 63%wth a conversion
from 3-met hyl qui noli ne of 76% EXAMPLE Hpogn-a 500-nl titani um autocl ave,
15.36 g (0.113 mol) of p-toluic acid, 1. 16 g (5. 65 nmol) of

N acet oxyphthalimde, 0. 112 g (0.45 mml) of cobalt (I1) acetate

t et r ahydr at®he OimRIg gongowrsd reatfs ofinmngaeesttflit)aates adredt eheabydr at e
and 107 g of acetic acid were placed, the resulting m xture was stirred at
150C in an’iR ¥ phelel dp N s radd cofl , oxygen ddrad Invt todeavgaskegdfdged) [4
MPa (gaugesfress r$%] for 1 hour and thereby yielded terephthalic acid in a
yi el d of 956w RS ot e rand phrepthy cvields cinovhan, radsaal |

1t ani um auT60] U8 e0 5 . TP Ra BFLTROES) GERABPAZOBma42tE TS 13
mmol ) of N : i m de, 1 0.45 nmml) . of cobalt (11).acetate
t et rZihydr ati(aaé,:ae% ) %ggé?%é%&f Jl% an%%‘?‘} %‘%d gn%é]eg%%be%dﬁgd%caet%?lér? PRV at e
and 107 g pfracetd g were placed, the resulting mxture was stirred
at 170C in an atnosphere of a m xture of oxygen and nitrogen gases (1:1)

[4 MPa (gauge pressuidld sharrul REUeand4-her ely ysed as the
oxygen-atom-containing reactant, a sulfonation and/or
sulfinationreactionproceedsandtherebyyieldsacorresponding
organic sulfur acid or a salt thereof. For example, when the
compound (A3) havingamethine carbon atomis usedas the compound
(A), a sulfur acid group is introduced into the methine carbon
atom. When the compound (A4) having a carbon-hydrogen bond at
the adjacent position to an unsaturated bond is used, a sulfur
acid group (e.qg., a sulfonic acid group or sulfinic acid group)
isintroducedintoaczrbonatomrelatingtothecarbon—hydrogen
bond. The non-aromatic cyclic hydrocarbon (A5), such as
cyclohexane, yields an organic sulfur acid having a sulfur acid
group combined with a carbon atom constituting a ring. The
formed organic sulfur acid canbe converted into a corresponding
salt thereof according to conventional techniques. Forexample,
the salt can be obtained by reacting the organic sulfur acid
with an alkali metal hydroxide, alkali metal carbonate, alkali
metal hydrogencarbonate, alkaline earth metal hydroxide,
alkaline earthmetal carbonate, amine, thiourea, or isothiourea

in an appropriate solvent such as water.



yiel ded terephthalic acid in a yield of 74. 4% wth a conversion from
p-toluic acid of 77.5% A small anmount of - 109 4-carboxybenzal dehyde was
by- produced. EXAMPLE 8 In a 500-mlL titanium autoclave, 15.36 g (0.113 nol)
of p-toluic acid, 0.232 g (1.13 mvol) of N-acetoxyphthalimde, 0.79 mol
of cobalt(ll) acetate tetrahydrate, 0.79 mml of nmanganese(ll) acetate
tetrahydrate and 107 g of acetic acid were placed, the resulting mxture
was stirred at 150C in an atnosphere ofga m xture of oxygen and nitrogen
gases (1:1) [4 Mra (gauge pressure) | for 1 hour and thereby yiel ded
terephthalic acid in ayield of 70.6%wth a conversion fromp-toluic acid
of 74.3% Ar@s$trbabulppbicabthibpxybenzal dehyde was by-produced. EXAMPLE
9 In a 350-mL reactor nmade of 316 stainless steel, 3.50 g (2 6. 1 mml;
concentration |ﬁ“%ﬁ8u§y§$%ﬁ¥l€©ébyﬂMbpgﬁ§Fn§fl@w¢@he0nCEHOErngSeZZanDI)

of N acetox Ilnlde 025 SO 10 mpol) of cobalt(Il) acetate
t et r ahydr at TP 5 Y- ?ﬁﬁé? RS %%ﬁ%a%%%én%lam) acetate tetrahydrate,

d i I d h | | ed, dth
?Esiﬁéeéléﬁﬁéﬁ Jtem?nife A TS TP (Pagd ﬁ&@é%%?ga& a0 aseous
' %0, Of d.309
emper at ur & 61 THE (LU A A SO0 ATAE BReandopTo: Ba RIARE was

orm nate the’ Fesotion ie - Resip S s Parar: ?%%’5*’“2%? BESEE s,

yield of 4%rfpadt Ned CON¥QESEOBATAOM vatives) with high selectivity in
high yields as a result of addition or substitution reactions
under mild conditions. 1In addition, the present invention can
introduce such an oxygen-atom-containing group into an organic
substrate under mild conditions.

The catalyst of the present invention is highly stable and

can maintain its catalytic activity for a long time. The
catalyst exhibits high catalytic activity even in a small amount

in a radical reaction and is highly stable in a reaction at

high temperatures.

Examples

The present inventionwill be illustrated in further detail
with reference to several examples below, which are not intended
to limit the scope of the invention. Reaction products were
identified by NMR, IR and/or GC-MS.

EXAMPLE 1

A mixture of 2 mmol of p-xylene, 0.4 mmol of
N-acetoxyphthalimide, 0.01 mmol of cobalt(II) acetate, 0.01
mmol of manganese (II) acetate and 5ml of acetic acidwas stirred

at 100°C in an atmosphere of oxygen gas (1 atm = 0.1 MPa) for



durene of 100% In this procedure, methyltricarboxybenzene (yield: 20.5%,
dinethyl terephthalic acid (yield: 2.29% and - 110 trinethyl benzoic acid
(yield: 1.6% were by-produced. The above procedure was repeated, except

t hat N-hydroxypht hal i m de was used instead of N-acetoxyphthalimde, and

yi el ded pyronellitic acid in a yield of 20.9 %wth a conversion from
durene of 100% In this procedure, nethyltricarboxybenzene (yield: 34.7%,
di rethyl terephthalic acid (yield: 3.3%Wil@nhd-trinethylbenzoic acid (yield:
1.5% were by-produced. EXAMPLE 10 In a 350-m reactor nade of 316

stainless steel, 0.5 nol (concentration in the system 5% by weight) of
durene, 0. Z4diouss é\m%cfét%@mhtmw@@eteloemmC ofciobbaid (d4)okhckt at e

tetrahydrate,. 0. 005npl nese(l]) acetate tetrahydrate, and acetic
acid were pl dn tHeE Y d?%ré%BsaQ ghtd y"e®REEdivelnd the inside pressure

was i ncreased t%xgﬁgi (,gauge pressure) using a gaseous m xture contai ning
50% of oxygen gas @6 of nitrogen gas. The resulting m xt ure was

stirred at 100C Ooure an e . f or 3 hour a result,
p, [2icchalowe andithen 2t 130G (o A

pyronellitic acid was obtaine Sﬁnm a“conversion from

durene of 100%eddk it Hraceiur & | et e ene. du 19,
di net hyl terephtehal |§¢:FmaC| d l(y| el'd: 1. 1% and t?clr()lr?e)gt(l#; nzr}%ef:tdatgél (cjiartcgyl%e

0.6% wer erhyoprducedacEXAMY Bt 11 bl 300 0mt lrnegﬁ crglg)%eexﬁ %jc%@qﬁgteq{ “' ess
steel, 36 g (427. 7 mmol) of cycl ohexane, 175. 3 ng ?

gas(latm=0.lMPa)forl4hoursandtherebyyleldedterephthallc
acid and p~toluic acid in yields of 91% and 1%, respectively.

EXAMPLE 3

A mixture of 2 mmol of p-xylene, 0.2 mmol of
N-acetoxyphthalimide, 0.01 mmol of cobalt(II) acetate and 2
ml of acetic acid was stirred at 100°C in an atmosphere of oxygen
gas (latm=0.1MPa) for 14 hours and thereby yielded terephthalic
acid and p-toluic acid in yields of 89% and 1%, respectively.

EXAMPLE 4

A mixture of 2 mmol of p-xylene, 0.1 mmol of
N-acetoxyphthalimide, 0.01 mmol of cobalt(II) acetate and 3
ml of acetic acid was stirred at 150°C in an atmosphere of air
(30 atm = 3 MPa) for 3 hours and thereby yielded terephthalic
acid in a yield of 90%. The yield of p-toluic acid was less
than 1%.

EXAMPLE 5

A mixture of 1 mmol of 3-methylquinoline, 0.1 mmol of
N-acetoxyphthalimide, 0.02 mmol of cobalt (II) acetate, 0.001
mmol of manganese (II) acetate, 0.1 mmol of nitrogen dioxide,
and 5 ml of acetic acid was stirred at 110°C in an atmosphere

of oxygen gas (1 atm = 0.1 MPa) for 15 hours and thereby yielded



N- acet oxypht hal i m de, 31.98 ng (0.128 mmol ) of cobalt(ll) acetate
tetrahydrate, 45.72 ng (0.128 nmmol) of - 111 acetyl acetonatocobalt(1l), and
44 g of acetic acid were placed, the reactor was tightly sealed, and the

i nside pressure was increased to 5 MPa (gauge pressure) using a gaseous

m xture containing 50% of oxygen gas and 50% of nitrogen gas. The
tenperature of the reaction m xture was el evated on an oil bath and was
hel d at 125C. Gas absorption initiated i0@®edi ately after the tenperature
of the m xture reached 125C, and 60 mnutes |ayer, the reaction m xture
was cooled to termnate the reaction. To the resulting reaction m xture,
120 g of acktyeine} tnepsrbaydeic tasifl §501 wd edld ofhebTaliitd AatPRYRrshP@d t he
resulting solution was subjected to analysis. As a result, adipic acid

was obt ai nebir ol t hree sy kAP indf0B08 %% and a conversion from cycl ohexane

of 18.2% In thi rocedure lutaric acid (selectivity: 7.7%, succinic

acid (sel ectivi t@".epf&@)ée, P dé’rfé’xdl Wosnege(pse(é_‘\ i \ﬁlz’%/‘éﬁﬁltlﬁk@)é/o cygl olhelxanol

(selectivity: 10. 39 d. cycl ohexyl acet electivity: 1.2%.we

s pr oduced - T O FERLET R RO AL e SRR L i RRLARERE,
427. 7 I QexaN e, 5.3 ):0f - :

gl-gicet oxypht alghnﬁﬁf ewyzl.cg& ng%( .Sl?lf%%%lcéq‘g% &bngjta%cll% lnage?%?éd of

tetrahydratgys 601 96 M0cdQvSddi ot doRf 3-Reet vl geehonahocopabsél ), and 44 ¢

of acetic acid were placed, the reactor was tightly sealed, and the inside
pressure was i mxesged do 5 MPa (gauge pressure) using a gaseous m xture

In a 500-ml titanium autoclave, 15.36 g (0.113 mol) of
p-toluicacid, 1.16g (5.65mmol) of N-acetoxyphthalimide, 0.112
g (0.45mmol) of cobalt (II) acetate tetrahydrate, 0.277 g (1.13
mmol) of manganese (II) acetate tetrahydrate and 107 g of acetic
acid were placed, the resulting mixture was stirred at 150°C
in an atmosphere of a mixture of oxygen and nitrogen gases (1:1)
[4 MPa (gauge pressure)] for 1 hour and thereby yielded
terephthalic acid in a yield of 95.6% with a conversion from
p-toluicacidof 97.4%. Asmall amount of 4-carboxybenzaldehyde
was by-produced.

EXAMPLE 7

In a 500-ml titanium autoclave, 15.36 g (0.113 mol) of
p-toluic acid, 0.232 g (1.13 mmol) of N-acetoxyphthalimide,
0.112 g (0.45 mmol) of cobalt(II) acetate tetrahydrate, 0.277
g (1.13 mmol) of manganese(II) acetate tetrahydrate and 107
g of acetic acid were placed, the resulting mixture was stirred
at 170°C in an atmosphere of a mixture of oxygen and nitrogen
gases (l:1) [4 MPa (gauge pressure)] for 1 hour and thereby
yielded terephthalic acid in a yield of 74.4% with a conversion

from p-toluic acid of 77.5%. A small amount of



cont ai ni ng 50% of oxygen gas and 50% of nitrogen gas. The tenperature of
the reaction mxture was el evated on an oil bath - 112 and was held at
125C . Gas absorption initiate imediately after the tenperature of the
liquid reached 125C, and 20 m nutes |layer, the reaction mxture was cool ed
to termnate the reaction. To the resulting reaction mxture, 120 g of
acetic acid was added to dissolve all the solid matters, and the resulting
solution was subjected to analysis._Asga result, adipic acid was obtai ned
with a selectivity of 61.2% and a conversion from cycl ohexane of 23.0% In
this procedure, glutaric acid (selectivity: 9.7%, succinic acid

(sel ecti vi Uycadpbiybetivellaeexarona s( ogi-gatdduidert. 15. 79, cycl ohexano
(selectivity: 8.69 and cyclohexyl acetate (selectivity: 0.7% were

by- produced. EXAMARPEE18 A m xture of 2 mmol of p- xylene 0 1 nnnl of

N- acet oxypht hal i m de, 0.01 mmol of cobaltgll) acetate, O.

manganese (11) aveaab80amd QlﬁﬁnéﬂmaééFP€ aved was §t9rr@d11§t“T@Oqun an

at mosphere of oxygen gas (1 atm= 0.1 MPa) for _ 14 hours and. thereb
yi el ded t elPepIRtES @cadi-d 0 -g-roldui(d é& odnd - é‘a@ﬁ&?ﬁd‘é’%“@gﬁw@ Sn

Lyl ene, 608 HHSL G R a0 CHRorel 1T 196 o | 0. B T of

Cob 1) AL o3l eyt d . ol e o o

for 14 hours a“%l%%%%¢b¥h¥iPéQSPtES&%RP£€E4éCwégﬂé%irred at 150°C in an
atmosphere of a mixture of oxygen and nitrogen gases (1:1) [4
MPa (gauge pressure)] for 1 hour and thereby yielded terephthalic
acid in a yield of 70.6% with a conversion from p-toluic acid
of 74.3%. A small amount of 4-carboxybenzaldehyde was
by-produced.

EXAMPLE 9
In a 350-ml reactor made of 316 stainless steel, 3.50 g

(26.1mmol; concentration in the system: 5%byweight) ofdurene,
1.07 g (5.22 mmol) of N-acetoxyphthalimide, 0.025 g (0.10 mmol)
of cobalt(II) acetate tetrahydrate, 0.065 g (0.26 mmol) of
manganese(II)acetatetetrahydrate,andaceticacidwereplaced,
the reactor was tightly sealed, and the inside pressure was
increased to 4 MPa {(gauge pressure) using a gaseous mixture
containing 50% of oxygen gas and 50% of nitrogen gas. The
temperature of the resulting mixture was elevated on an oil
bathandwasheldat 150°C. Fourhourslater,thereactionmixture'
was cooled to terminate the reaction. Asaresult, pyromellitic
acid was obtained in a yield of 49.4% with a conversion from
durene of 100%. In this procedure, methyltricarboxybenzene

(yield: 20.5%), dimethylterephthalic acid (yield: 2.2%) and



p-toluic acid and p-carboxybenzal dehyde in yields of 78% 14% and 5%
respectively. - 113 PREPARATI ON EXAMPLE 1 (Preparation of

N- Benzoyl oxyphthalimde) In a 3-L flask equi pped with a stirrer and

t hermoneter, 100 g (613 mml) of N hydroxyphthalimde, 53.3 g (674 mol)
of pyridine and 1100 go f 1, 4-dioxane were placed and were stirred at
roomtenperature. To the resulting mxture, 94.8 g (674 mmol) of benzoyl
chl ori de was added dropwi se over 1 hour,jand the resulting m xture was
stirred at roomtenperature for further 2 hours. Subsequently, 1100 g of
pure water was added dropwi se over 30 mnutes to dissolve by-produced
salts and thamebynwitelnded c adcirdystydlelaf: t he 6&ar getreNblyepzogluaegpht hal i m de.
The m xture was stirred and aged for further 1 hour, the crystal was
filtrated using§ha Bopgehprowadurenyed werkassdappgregpitat&agnount of water,

was dried at 60C under a reduced pressure and thereby vyiel ded 162(%%(604
mol ) of NNpeygspRyRNheHdMifedeas Hsgdyd et P ast 068160t T e hFdsl

oot ar L ENETE T e T T D RS S 2

N- benzoyl o I|n1de 112 of cobalt(ll) acetate

tetrahyéra?épmo TS o] (1 ??(gPlﬁaﬁégﬁégngr) acegaté tetrahydrate

and 104 ¢ %Ehgﬁ%9f§$¥ﬂo(ﬁﬁaﬁ%éﬁ % gsnglng nlxture was stirred
e of ‘oxygen

at 190C in ere hd nitrogen gases (1:1)
[4 MPa (gaug e%‘_%,a%é&%)ﬂhtfh%rlﬂc Qeya and ther ebys ) vigh ded ragaMhaldic acid

inayield o %wth a conversion

acid (yield: 1.5%) were by-produced.

EXAMPLE 10

In a 350-ml reactor made of 316 stainless steel, 0.5 mol
(concentration in the system: 5% by weight) of durene, 0.1 mol
of N-acetoxyphthalimide, 0.002 mol of cobalt (II) acetate
tetrahydrate, 0.005 mol of manganese (II) acetate tetrahydrate,
and acetic acid were placed, the reactor was tightly sealed,
and the inside pressure was increased to 4 MPa (gauge pressure)
using a gaseous mixture containing 50% of oxygen gas and 50%
of nitrogen gas. The resulting mixture was stirred at 100°C
for 1hour andthenat 150°C for 3hours. Asaresult, pyromellitic
acid was obtained in a yield of 52.5% with a conversion from
durene of 100%. In this procedure, methyltricarboxybenzene
(yield: 26.1%), dimethylterephthalic acid (yield: 1.1%) and
trimethylbenzoic acid (yield: 0.6%) were by-produced.

EXAMPLE 11

In a 300-ml reactor made of 316 stainless steel, 36 g (427.7
mmol) of cyclohexane, 175.3 mg (0.855 mmol) of
N-acetoxyphthalimide, 31.98 mg (0.128 mmol) of cobalt(II)

acetate tetrahydrate, 45.72 mg (0.128 mmol) of



fromp-toluic acid of 67.4% A small anmount of 4-carboxybenzal dehyde was
by- produced. - 114 EXAMPLE 16 A m xture of 1.062 g (10 mmol ) of

et hyl benzene, 0.205 g (1 mml) of N-acetoxyphthalimde, 0.025 g (0.1 mmol)
of cobalt(ll) acetate tetrahydrate, 0.025 g (0.1 mml) of mnmanganese(ll)
acetate tetrahydrate and 15 m of acetic acid was stirred at 100C in an

at nosphere of oxygen gas (1 atm= 0.1 MPa) for 8 hours and thereby yiel ded
benzoi c acid and acetophenone in yielgsqof-86% and 5% (anal yzed by gas
chromat ogr aphy), respectively, with a conversion from ethyl-benzene of 99%
EXAMPLE 17 A m xture of 1.062 g (10 mmol) of ethyl benzene, 0.205 g (1
mol ) of Naaeetydxyphihaltiovota ltQ.I025 gnd @.4lg mfoddeofc acdiak¢ ¢ p)lageet, at e
tetrahydrate, 0.025 g (0.1 mmol) of nmanganese(ll) acetate tetrahydrate and
15 m of actkei ceacitedrwargssttiliohed vatsed3@g,i mnah titemigshisiee poke sgiure] ¥ampPa
(gauge pressure)] for 8 hours and thereby yiel ded benzoic acid in a yield
of 85% (anahgzedsey §&s ScMPendgegoapRY)ESWUELR ) a UScRge s i9eHs € OSo ML kture '
et hyl benzene of 96% In this procedure, acet%ghenone was not produced.

EXAMPLE 18 CANRidng o 31 050 2%y 9610 Rt 45 i1 Y11 ekt §2%. 418 g (2
mmol ) of N-acetoxyphthalimde, 0.025 g, (0.1 mml).of _cobalt(ll), acetate
t et r ahydr altgfnp@.r@% L5 ?%.%Wﬁftbf’n M@%%&@s(%l?yag%gtoﬁ 8 t%%Jr g)ﬁ;?f rate
and 13 g Ogngpgggchgihda%a§25°c. Gas absorption initiated immediately
after the temperatureof themixture reached 125°C, and 60 minutes
layer, the reactionmixturewas cooledtoterminate the reaction.
To the resulting reaction mixture, 120 g of acetic acid was
added to dissolve all the solid matters, and the resulting
solution was subjected to analysis. As a result, adipic acid
was obtained with a selectivity of 60.4% and a conversion from
cyclohexane of 18.2%. 1In this procedure, glutaric acid
(selectivity: 7.7%), succinic acid (selectivity: 2.9%),
cyclohexanone (selectivity: 17.5%), cyclohexanol
(selectivity: 10.3%) and cyclohexyl acetate (selectivity:
1.2%) were by-produced.
EXAMPLE 12
In a 300-ml reactor made of 316 stainless steel, 36 g (427.7
mmol) of cyclohexane, 175.3 mg (0.855 mmol) of
N-acetoxyphthalimide, 42.64 mg (0.511 mmol) of cobalt (II).
acetate tetrahydrate, 60.96 mg (0.511 mmol) of
acetylacetonatocobalt (II), and 44 g of acetic acid were placed,
the reactor was tightly sealed, and the inside pressure was
increased to 5 MPa (gauge pressure) using a gaseous mixture
containing 50% of oxygen gas and 50% of nitrogen gas. The

temperature of the reaction mixture was elevated on an oil bath



stirred at 100C in an atnosphere of oxygen gas (1 atm= 0.1 MPa) for 6
hours and thereby vyiel ded 4-acetoxybenzoic acid in - 115 a yield of 77%
(anal yzed by high performance liquid chronmatography) with a conversion
fromp-tolyl acetate of 86% EXAMPLE 19 A mixture of 20.00 g (215 mmmol) of
(3-picoline, 8.82 g (43 mml) of N acetoxyphthalimde, 0. 535 g (1 mmol)
of cobalt (Il1) acetate tetrahydrate, 0.527 g (1 nmol) of nanganese(ll)
acetate tetrahydrate and 282.62 g of aqeti< acid was stirred at 140C
under flow of air [1 MPa (gauge pressure) | for 3 hours and thereby
yielded nicotinic acid in a yield of 58% (anal yzed by gas chromat ography)
with a conwerdsiahhklamtPrpinl i Gasabsizit i daxXidit a2 20 i dmatixbuee yeff th202 ¢
(10 nmol ) of isopropyl benzene, 0.205 g (1 mmol) of N-acetoxyphthalim de,
0.025 g (0.thenmmhpendtucrebdlthdl)qaberaashedtli?Zdfigdrearde?0 niorseg {ayer ol )
of manganese(ll) acetate tetrahydrate and 15 m. of acetic acid wa
stirred at theOEeRRtARNARMEEPRR MESOFOBX§HerC Jas i adenthe @?39?¢%§'f3¥38
hours and thereby yiel ded benzoic acid t ophenone .and .
2-pheny|-ZIﬁﬁbﬁﬁﬁHﬁtFﬁgy¥%?ﬂElQF'%ﬁﬁ%ugﬁ%)zéﬁ gé&?@&ﬁ Hﬁi@ﬁlgyw%%§“*jed
chromat ogr aphy)., respectively, w.th a..cqonversi,o r i henzepe of
65‘(’/0 EXAMPLE éﬁsﬁoﬁi DN ‘g?gls.%ﬁéﬂa(tf&q‘m%‘doﬁh% s%%%%@%%%éelne, G505
g (1 mmol) of anpliydde: 8s02peul @, LdiBaldeOfq waaRalddiad
acetate te?@ﬁﬁ%&?ﬁ%@?é%g &4%%2§ nngl %?u manga esé?ll?wacetaté'
tetrahydratg and 1818L+9%ia¢elf G@cGid and a conversion from cyclohexane
0f23.0%. Inthisprocedure, glutaricacid (selectivity: 9.7%),
succinic acid (selectivity: 4.1%), cyclohexanone
(selectivity: 15.7%), cyclohexanol (selectivity: 8.6%) and
cyclohexyl acetate (selectivity: 0.7%) were by-produced.
EXAMPLE 13
A mixture of 2 mmol of p-xylene, 0.1 mmol of
N-acetoxyphthalimide, 0.01 mmol of cobalt(II) acetate, 0.01
mmol of manganese (II) acetate and 2ml of acetic acidwas stirred
at 100°C in an atmosphere of oxygen gas (1 atm = 0.1 MPa) for
14 hours and thereby yielded terephthalic acid, p-toluic acid
and p-carboxybenzaldehyde in yields of 79%, 8% and 5%,
respectively.
EXAMPLE 14
A mixture of 2 mmol of p-xylene, 0.05 mmol of
N,N'-diacetoxypyromellitic diimide, 0.01 mmol of cobalt(II)
acetate, 0.0l mmol of manganese(II) acetate and 2 ml of acetic
acid was stirred at 100°C in an atmosphere of oxygen gas (1 atm
= 0.1 MPa) for 14 hours and thereby yielded terephthalic acid,
p-toluic acid and p-carboxybenzaldehyde in yields of 78%, 14%

and 5%, respectively.



was stirred at 100C in an atnosphere of oxygen gas (1 atm= 0.1 MPa) for 2
hours and thereby yiel ded benzoic acid, - 116 acetophenone and

2- phenyl - 2-propanol in yields of 5% 30%and 12% (analyzed by gas
chromat ogr aphy), respectively, with a conversion fromisopropyl benzene of
59% EXAMPLE 22 A mixture of 1.202 g (10 nmol) of isopropyl benzene, 0.205

g (1 mmol ) of N-acetoxyphthalimde, 0.025 g (0.1 nmol) of cobalt(I1)
acetate tetrahydrate, 0.025 g (0.1 maoh) f- nanganese(ll) acetate
tetrahydrate and 15 m of acetic acid was stirred at 130C in an atnosphere
of air (2 MPa) for 8 hours and thereby yielded benzoic acid, acetophenone
and 2-phenyl - 2pPpE@RRACIIONN EXERIPAE Af (P2@paG¥rdct 2% (anal yzed by gas
chromat ogr aphy), respectively, with a conversion from isopropyl benzene of
68% EXAMPRE B2 z& ymiowypte afl i deol of p- xyl ene, 1 mmol of

N- acet oxy- a, a- di net hyl succi nimde (a éx-dinethylsuccininide acetate)

0.05 mmol of cobal & i) fheskateuippeatybiat HiF B and shermamtaoi d was
For 4 hour & 0nd (AECeBRa ol tod VEFERMIRGN A, oI B o
D, car borybezal eyl ok MFL3 PIa S008. 06 RO H LompeEL LY S
I m de Conp%%¥%£ﬁ'g% e%ature. To the resultingmixture, 94.8g (674 mmol)

of benzoyl chloride was added dropwise over 1 hour, and the

resulting mixture was stirred at room temperature for further

2 hours. Subsequently, 1100 g of pure water was added dropwise

over 30 minutes todissolve by-produced saltsandtherebyyielded

a crystal of the target N-benzoyloxyphthalimide. The mixture

was stirred and aged for further 1 hour, thecrystalwas filtrated

using a Nutsche, was rinsed with an appropriate amount of water,

was dried at 60°C under a reduced pressure and thereby yielded

162 g (604 mmol) of N-benzoyloxyphthalimide in a yield of 98.6%

on the basis of N-hydroxyphthalimide.

EXAMPLE 15
In a 500-ml titanium autoclave, 15.36 g (0.113 mol) of

p-toluic acid, 0.301 g (1.13 mmol) of N-benzoyloxyphthalimide,

0.112 g (0.45 mmol) of cobalt(II) acetate tetrahydrate, 0.277

g (1.13 mmol) of manganese(II) acetate tetrahydrate and 104

g of acetic acid were placed, the resulting mixture was stirred

at 190°C in an atmosphere of a mixture of oxygen and nitrogen

gases (1:1) [4 MPa (gauge pressure)] for 1 hour and thereby

yvielded terephthalic acid in a yield of 63.2% with a conversion

from p-toluic acid of 67.4%. A small amount of

4-carboxybenzaldehyde was by-produced.



N-substituted cyclic imde skeleton represented by following Formula (1):
0O 11 C CI \ NOR(lI) CG1 d 11 O wherein Ris a hydroxyl-protecting
group. 2. The catalyst according to claim1l, wherein the imde conpound is
a conpound represented by following Formula (1): R1 0 11 R2- C-OR (1)
R3--L/ CR Il 0O wherein Ris a hydroxyl-protecting group; Rl, R2, R3
and R4 are the sane or different and are each a hydrogen atom a hal ogen
atom an al kyl group, an aryl group,-ajgycloal kyl group, a hydroxyl group,
an al koxy group, a carboxyl group, a substituted oxycarbonyl  group, an acyl
group or an acyloxy group, where at least tw of Rl, R2, R3 and R4 may be
conbi ned with eaghvethene to forma double bond, an aromatic or
non-aromatic ring, and
A mixture of 1.062 g (10 mmol) of ethylbenzene, 0.205 g
(1 mmol) of N-acetoxyphthalimide, 0.025 g (0.1 mmol) of
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (II) acetate tetrahydrate and 15 ml of acetic acid
was stirred at 100°C in an atmosphere of oxygen gas (1 atm =
0.1 MPa) for 8 hours and thereby yielded benzoic acid and
acetophenone in yields of 86% and 5% (analyzed by gas
chromatography), respectively, with a conversion from
ethylbenzene of 99%.
EXAMPLE 17
A mixture of 1.062 g (10 mmol) of ethylbenzene, 0.205 g
(1 mmol) of N-acetoxyphthalimide, 0.025 g (0.1 mmol) of
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (II) acetate tetrahydrate and 15 ml of acetic acid
was stirred at 130°C in an atmosphere of air [2 MPa (gauge
pressure)] for 8 hours and thereby yielded benzoic acid in a
yield of 85% (analyzed by gas chromatography) with a conversion
from ethylbenzene of 96%. In this procedure, acetophenone was
not produced.
EXAMPLE 18
A mixture of 1.502 g (10 mmol) of p-tolyl acetate, 0.410
g (2 mmol) of N-acetoxyphthalimide, 0.025 g (0.1 mmol) of
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (IT) acetate tetrahydrate and 13 g of acetic acid was

stirred at 100°C in an atmosphere of oxygen gas (1 atm = 0.1

MPa) for 6 hours and thereby yielded 4-acetoxybenzoic acid in



where at | east one N-substituted cyclic imdo group indicated in Formula
(1) may further be forned on R1l, R2, R3 and R4 or on the double bond, the
aromatic or non-aromatic ring formed by - 118 at least two of R, R2, R3
and R4. 3. The catal yst according to claiml or claim2, wherein Ris a
hydr ol yzabl e protecting group. 4. The catal yst according to claim1l or
claim2, wherein R is a group obtained froman acid by elimnating an OH
group fromthe acid. 5. The catalyst aqeprding to claim4, wherein the
acid is one selected fromthe group consisting of carboxylic acids,

sul fonic acids, carbonic acid, carbamc acid, sulfuric acid, nitric acid,
phosphori c ;a6ii@s dard oy ¢ aacildszed byl el gtatead it rmeroes diinguitdd claim 1 or
claim?2, conprising the imde conpound and a netallic conmpound in

combi nat i orhrbmaAgurepdss Wokhpr cdnoieng iam 6rgam« carpegrdatehet fridcess
conprising the step of allowing (A a conmpound capable of formng a

radi cal to reacEX®MPRE(BP a radical scavenging conmpound in the presence of
the catalyst as clainmed in any one of clains to o . yield a product of

an addition or Bubbtteueioh 2%dd doh2lpetmrkh C%%@‘Egﬁ%é&ﬁ&r(ﬁ\) B2l the
o gani ¢ comISIACSCUGR P HGXVPBE BRI TS Whe 37 1 (e Rarhothd TR Candbl 6 of
het or o8t omARSHEdTHE AT ABHPEARAS et Hout MICR) o BERTHD P 0an) adtdte (A1)
tetrahydrate and 282.62 g of acetic acid was stirred at 140°C
under flow of air [1MPa (gauge pressure)] for 3 hours and thereby
yielded nicotinic acid in a yield of 58% (analyzed by gas
chromatography) with a conversion from B-picoline of 72%.
EXAMPLE 20
A mixture of 1.202 g (10 mmol) of isopropylbenzene, 0.205
g (1 mmol) of N-acetoxyphthalimide, 0.025 g (0.1 mmol) of
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (II) acetate tetrahydrate and 15 ml of acetic acid
was stirred at 100°C in an atmosphere of oxygen gas (1 atm =
0.1 MPa) for 8 hours and thereby yielded benzoic acid,
acetophenone and 2-phenyl-2-propanol in yields of 30%, 9% and
2% (analyzed by gas chromatography), respectively, with a
conversion from isopropylbenzene of 65%.
EXAMPLE 21
A mixture of 1.202 g (10 mmol) of isopropylbenzene, 0.205
g (1 mmol) of N-acetoxyphthalimide, 0.025 g (0.1 mmol) of
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (II) acetate tetrahydrate and 15 ml of acetic acid
was stirred at 100°C in an atmosphere of oxygen gas (1 atm =

0.1 MPa) for 2 hours and thereby yielded benzoic acid,



bond at the adjacent position to the heteroatom (A2) conpounds each
havi ng a car bon- het er oat om doubl e bond, (A3) conpounds each having a
nmet hi ne carbon atom (A4) conpounds each having a carbon-hydrogen bond at
the adj acent position to an unsaturated bond, (A5) non-aromatic cyclic
hydr ocar bons, (A6) conjugated conpounds, (A7) am nes, (A8) aromatic
conpounds, (A9) straight-chain al kanes, and (AlO olefins. 9. The process
for producing an organi c conmpound accondighng- to claim7, wherein the

radi cal scavengi ng conpound (B) is one selected fromthe group consisting
of (Bl) unsaturated conmpounds, (B2) conpounds each having a nethine carbon
atom (B3) shetterdainamec antia? Aphgngbnpopndsanahdin B4elds of 5%, 30% and
oxygen-atom contai ni ng reactants. 10. The process for producing an organic
conpound d@&or(dinad wzec kel 185, akirems b e okyg TR RS- ictiital Mg 2
reactants (B4) are at |east one selected fromthe group consisting of
oxygen, cadeewersion deomiltspyardadeenas @t uP%xides, and nitric acid,
nitrous acid or _salts thereof. 11. The process for producing an organic
conpound accor &FRYFEE 8%ain17, wherein the reaction between the conpound

() cabable of LOLTLIGER 45! 53 B0 Uehadheal aeAuoom 00, hoTRoung: (B
Carbo oD PO (LS Mndepctions, ISR 1 reRst)
cobalt (II) acetate tetrahydrate, 0.025 g (0.1 mmol) of
manganese (II) acetate tetrahydrate and 15 ml of acetic acid
was stirred at 130°C in an atmosphere of air (2 MPa) for 8 hours
and thereby yielded benzoic acid, acetophenone and
2-phenyl-2-propanol in yields of 52%, 6% and 2% (analyzed by
gas chromatography), respectively, with a conversion from
isopropylbenzene of 68%.
EXAMPLE 23
A mixture of 50 mmol of p-xylene, 1 mmol of
N-acetoxy-a,o~-dimethylsuccinimide (o, a-dimethylsuccinimide
acetate), 0.05 mmol of cobalt (II) acetate tetrahydrate and 60
ml of acetic acid was stirred at 150°C in an atmosphere of oxygen
gas (supplied using a balloon) for 4 hours and thereby yielded
terephthalic acid , p-toluic acid and p-carboxybenzaldehyde

in yields of 89%, 3% and 2%, respectively with a conversion

from p-xylene of 95%.
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CLAIMS

1. A catalyst comprising an imide compound having a
N-substituted cyclic imide skeleton represented by following

Formula (I):
| N—OR (1)

wherein R is a hydroxyl-protecting group.

2. The catalyst according to claim 1, wherein the imide

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

RA—Cy
N—OR (1)
R3 /
C

wherein R is a hydroxyl-protecting group; R!, R?*, R® and R® are
the same or different and are each a hydrogen atom, a halogen
atom, analkylgroup, anarylgroup, acycloalkyl group, ahydroxyl
group, an alkoxy group, a carboxyl group, a substituted

oxycarbonyl group, an acyl group or an acyloxy group, where
at least two of Rl,E@, R? and R4may be combined with each other
to form a double bond, an aromatié or non-aromatic ring, and
where at least one N-substituted cyclic imido group indicated
in Formula (1) may further be formed on RH R2,E§ and R* or on

the double bond, the aromatic or non-aromatic ring formed by
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at least two of Rl, R2, R and R®.

3. The catalyst according to claim 1 or claim 2, wherein

R is a hydrolyzable protecting group.

4. The catalyst according to claim 1 or claim 2, wherein
R is a group obtained from an acid by eliminating an OH group

from the acid.

5. The catalyst according to claim 4, wherein the acid
is one selected from the group consisting of carboxylic acids,
sulfonic acids, carbonic acid, carbamic acid, sulfuric acid,

nitric acid, phosphoric acids and boric acids.

6. Thecatalystaccordingtoclaimlorclaim2, comprising

the imide compound and a metallic compound in combination.

7. Aprocess forproducinganorganic compound, the process
comprising the stepof allowing (A) a compound capable of forming
a radical to react with (B) a radical scavenging compound in
the presence of the catalyst as claimed in any one of claims
1 to 6 to yield a product of an addition or substitution reaction
between the compound (A) and the compound (B), or a derivative

thereof.

8. Theprocess forproducing anorganic compound according

to claim 7, wherein the compound (A) capable of forming a radical
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is one selected from the group consisting of (Al)
heterocatom-containing compounds each having a carbon-hydrogen
bond at the adjacent position to the hetercatom, (A2) compounds
each having a carbon-hetercatom double bond, (A3) compounds
each having a methine carbon atom, (A4) compounds each having
a carbon-hydrogenbond at the adjacent positiontoanunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes, and (Al0) olefins.

9. Theprocess for producinganorganic compound according
to claim 7, wherein the radical scavenging compound (B) is one
selected from the group consistingof (Bl) unsaturated compounds,
(B2) compounds each having a methine carbon atom, (B3)
heterocatom-containing compounds, and (B4)

oxygen-atom-containing reactants.

10. The process for producing an organic compound
according to claim 9, wherein the oxygen-atom-containing
reactants (B4) are at least oneselected fromthe groupconsisting
of oxygen, carbon monoxide, nitrogen oxides, sulfur oxides,

and nitric acid, nitrous acid or salts thereof.

11. The process for producing an organic compound
according to claim 7, wherein the reaction between the compound
(A) capable of forming a radical and the radical scavenging

compound (B) is one selected from the group consisting of
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oxidation reactions, carboxylation reactions, nitration
reactions, sulfonation reactions, coupling reactions and

combinations thereof.



