; e3eR$6TRO17 DEC 2004 1 DESCRI PTI ON CATALYST COVPRI SI NG N SUBSTI TUTED

CYCLTC TM DE COVPOUND AND PROCESS FOR PRODUCI NG ORGANI C CCNPCUND% i%hweémmﬁ
CATALYST Technical Field The present invention relates to a catal'yst 'th
is useful for oxidation, nitration, carboxylation, reaction for the
formati on of a carbon-carbon bond,- and-other reactions and to a process for
produci ng an organi ¢ conpound using the catal yst. Background Art An
oxi dation reaction is one of the nost basic reactions in the field of
organi ¢ chem cal industry, and various oxi dation processes have been
devel oped. Fromthe viewpoints of resources and environnental issues, a
catal ytic oxidation process, inDM§$ﬁbpfﬁéﬁCU|ar oxygen or air is directly
used as an oxidizing agent, is preferred. However, the catal ytic oxidation
process generally requires high tenperatures and/or high pressures for
activation of oxygen or, alternatively, nust . be performed in the
co-exi SE?&%@Y@E épg@ﬂ%gﬂ@ f080bseehTad encakdehydert coprourpdAlbhe

er m

reaction un conditions. Accordingly, such a conventional catalytic

oxi dat i o oPEAGC TP 2NRIUCEA o e celdoupoTmsy BT CRTATIOIET o
carboxyl'ic acid under mld conditions. 17 DEC 2004 - 2 Lower hydrocarbons

such as nethane and ethane are nitrated using nitric acid or nitrogen

di oxi de at high tenperatures of from 250C to 300C. However, when a
hydroca@%$%ﬁ¥@gﬂuyfgﬂ&nge nunmber of carbon atoms is nitrated under the
above condition, the substrate is deconposed; and a target vitro conpound

cannot be obtaNsresdn@ iRivamtiics feldoeitior atoa thyigrsochhbbriss uaefisihod usi ng
m xed acid (a mxture of nitric acid and sulfuric acid) is wdely enpl oyed.

However ¢ d.Ni s ihash , ek 4 o Ar@erisomntsi of, aredetonon ated thea hi gh
concentration. Additionally, few processes are known for efficiently and
di rect ! yrd 0046 1930 aC3E PR L c gF B0 Dm0 ahyide boar boresc uieles anid §o
conditions. A variety of processes are known for producing o;ganic sul fur

aci ds_or, sabkeskhesepfodben ngxamplrganicasessesnd os ipgodue icagaa ysil-f oni
acid include a process of oxidizing a thiol or disulfide with an oxidi zing
agent, a process of allowi ng an aronmatic hydrocarbon to react with
anhydrous SO03-pyridine or chlorosulfuric acid by using a Friedel-Crafts

reacti ong; @pghr-suld ogess of synthetically obtaining a sulfonic acid by
subj ecting an unsaturated conpound to free-radical addition. These
processes, houwewaridaaau reaextpenks rase tifohheonds t ikasl & 9asdiiahl y
produce | arge anounts of by-products. Additionaugy, no processes, for
di rect | y; gheleef fd i efitdnyzaiild onani ogl noduatsiatand Hydi8EABE He been
known. .
processes have been developed. From the viewpoints of
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'requireslnigh'temperatures and/or
highpressuresforactivationofoxygenor,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

cannoteasilyandefficientlyproduceanalcoholcn:acarboxylic

acid under mild conditions.



Processes are known in which a variety of conpounds are 17 DEC 2004 _ 3 _
added to unsaturated conpounds each having a carbon-carbon doublé?bﬁﬁ@ @004
het er oat om cont ai ni ng conpounds and thereby yield useful organic conmpounds.
For exanpl e; when an active nethyl e conpound such as a malonic diester is
allowed to react with an ol efin having an el ectron attractive group, such
as acrylonitrile,. in the presence of a base, a carbon-carbon bond is
formed as a result of a nucleophilic addition reaction and thereby yiel dsan
addi tion product (Mchael addition reaction. Wien two types of carbonyl
conpounds are treated in the presence of an acid or a base, one carbonyl
conpound i s g ebpArPcazbrpsaigdy asaathans pee adians arg b€ ar bon
bond and thereby yields an al dol condensate. These processes, however, are
gener al Ryipg o e a9icd pe pibsedes dfoxiadtdhéphpaeBrakateafadtt be
applied to conpounds each having a-substituent that is susceptible to the
aci d orfbhem@50°f ldlPen, Hawsseepr shessebydspRarban avinoe B&sml e, a
hydr oxynet hyl group, an al koxymethyl group, an acyl group or, a tertiary

car bon BEBREE P HiGERATY 3E6HS hE WAL EPSH?Egﬁ%t‘E?IEé%W%ﬂ

unsat urated boned of an_ unsaturated conpound or, wWith a netgine carbon atom

of a br FEREIRSIAALE LS ARRMPOSRIY APEIP FEREEE IHL 1 CRMPIMBG ¥ Bon doubl e

bond in accordance' with a radjcal mechani smor, coupling reactions to form
a car boRe RN HOAR ard IR %beL‘gomﬁ.o %géei?,hﬁf%?‘é %t?%’%f e Procedses that
can efficiently yield addition or 17, DEC 2004, - 4 substitution reaction
product §SdRIIBEF %ﬁ?%@gtﬁbFﬁéFu5§ aét?%ﬁF%ﬁ,aQ%ﬂ-a@?aﬁBESPrﬁ8|%%h?ér oxygen
under nmild conditions. Sone grocesses e knpown .as roduct&gg Rrocesses of
hydr oxy1y- BaE§ryl 88PGRSFer i VVFVEE! E@?Se§3ﬁBPg;rE§P858§n atent :
Publ i cati on EP-A-2103686 discl.oses a pr.ocess fort&¥ Hng}ically obt ai ni ng
pant ol aéf'gHB LBy °dI Po®itk§ i@ geitd Fo FELE Wi h Ssobut yi ene.

i sl 0seb 2 PIBLELENROL ey hBEPEARPy “GharAK Bah e enr B3 L oning
(1675) o St ee¥s e Pubeedor S7ER R heriathy Jreft BVATRg =AERE EE8E. "Tni
gfﬁﬁgfg£§ﬂ%lE%§§93£§¥%§§Pfr?thggg?gyﬁgﬂgene to yield

or odence’ of PyUPBARTSI P BEDHCS R oaBar Kon  The: CRE oSl "Soct 815 0r  Japan,

?P:;g?agﬁ %%&ﬁ@%? roceedings Jlo . 10L3 6x1398e), LERAILS N0 1 ght

StUr €%o1Ut 7 on contai ning an a-acetoxy-a, (3-unsat urat ed

car boxyl i %ﬁ%{ﬁ{ﬁ%&%@?{%ﬁ?g% HahgS QEQBE'é%%p@f‘giﬁgaizing a thiol

a- acet oRy- yrolactone derivative. wever, each of these

processes eml ri_al P si Ly Ll-ab bRGHLT es
Syl istuﬂés Sc? ng%'ttt A LA AN Ahe8si by pa¥eklsabbe ani o

speci al € reaction. “Japanese Unexam ned Patent Application

Publ i cat | ons MO ;8 %g%(}%c%g%owotogié)?gZ@z@nﬁ@%WW S -@yhrdatinen

catal yst " conprising an i mde conpound having a specific structure or
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



17 DEC 2004 - 5 the imde conmpound in conbination with, for exanple, a
transition netal conpound as a catal yst for oxidizing an organic] ?qﬂggrﬂm
wi t h nol ecul ar oxygen. Japanese Unexam ned Patent Application Publication
No. 11-239730 discloses a process, in which a substrate is allowed to react
with at | east one reactant selected $r6n1(i) ni trogen oxides and (ii)

m xtures of carbon nonoxi de and oxygen in the presence of the imde
conpound and thereby at |east one functional group selected fromnitro
group and carboxyl group is introduced into the substrate. PCT

I nternational Publication No. WO0O0/ 35835 di scl oses a process, in which two
conpoundddadetal inmeturetedacrmpiovhdsachcht herving eheaghedereaen a
specific imde conpound and a radical generator with respect to the imde
conpoundoahilet hendbyryheltd ran taddiconéa 1od ngu lseompoyidsn ash et oduct  or
an oxi di zed product thereof in accordance with a radical nechanism These
processgseldi ngefhd ¢njaeicorpupidsdean an e&a0ed SanWoRfgeR- a¢bh¥ont ai ni ng
group such as hydroxyl group, vitro group or carboxyl _group into a

subst r ametbylean sRPRENE SREHR T arBO P Hohdl e pbREieT 2 L L ABGAGer S FFI
insufficient in yields of the target conpounds, stability of the catalysts
or anpumtishofint héefanahpyisg Eps68@§EF@noPtFﬁ@@ﬁ%VSnQQEEBrd?HﬁPy?san obj ect

of the present invention is to provide a catalyst that can_ yield an organic
conpoundcwiyilend trile, DEC tHoppresenchi gh sbprast i & CAFHOR £ AGR {?P%ﬁd as a
result of, for exanple, an addition or subpstitufjon reaction under, mld
condi ti 655 Andmed % ovires Ud thPEce UG ROR bk idsg idn Bt FEACE 108nPBANd usi ng
the catal yst. Another object of the present igﬁeq%$pn,is to EEOVSde a

cat al ystthesbycare} de podAd tdPbRYGERC bt BHCEaRLA T g Y? 68BSFHiPB’ an or gani ¢
substrate under mld conditions and to provide a_g%%ces§lfor %roducing an

or gani ¢ bR § YRS CREPEAYA GIPPOUNEE aZfot et Thi-Bct " HP FRE present
invention is to provide a catalyst that is highly stable ng.cgﬁl intain
i ts cat &fyRREHS PYid PaF6r %n?(i%‘&%ﬂrﬁ‘g C%m?ﬁ?gae]rs BBJCZSPpg% the present
inventi%&k&ii%%>%%2”é¥%er to form a carbon-carbon bond and thereby

yields an aldol condensate.

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



a radical reaction catalyst that exhibits high catalytic activity even in a
smal | anpunt. Anot her object of the present invention is to proviﬂe

radi cal reaction catalyst that is highly stable even at high tenp ﬂéﬁﬁpegmn
After intensive investigations to achieve the above objects, the present

i nventors have found that, when a <o#ipeund capable of formng a radical is
allowed to react with a radical scavengi ng conpound in the presence of an

i m de conmpound having a specific structure, a corresponding addition or
substitution reaction product or a derivative thereof can be obtained under
mld conditions. The present invention has been acconplished based on these

findi nggupst 1¥uPEEnZ2QUtSRACHEbEAEL Y ol dler DF LSBRAE s LR¥@BLIEYY, RERYLAES, 1N an

aspect, a catalyst including an imde conpound having a N-substituted
cyclic bﬁld§o§kékah%&ene&bQ%%ﬂh%& Ry il aiidrg manMlddddtiots & C A N-OR
(I') C- ;0O wherein is a hydroxyl-protecting group. Such im de conpounds

i ncl ude, forsexanpteceaseanpeEN@nbRAr asepiredubyibal bewcegskeer md a (1): |
RZR COR3 \ R4 N~R (1) R5 R6 vO wherein R is a hydroxyl-protecting group;

R1, R21h§%ro ¢~y RoutpdoRecabBet herseaRi0bsdi fF&F eskample Ar Bueds8aAa hydrogen

atom a hal ogen atom an al kyl group, an aryl group, a cycloal kyl group, a

hydr oxyPageatp pudi ialak@xn @FeER-21d 38 dex\bclgised,a process for
synthetically obtaining pantolactone by allowing glyoxylic
acid to react with isobutylene. Likewise, Japanese Unexamined
Patent Application Publication No. 61-282373 discloses a
process for synthetically obtaining pantolactone by allowing
hydrated glyoxylic acid to react with t-butyl alcohol.
Tetrahedron, 933 (1979) discloses a process for synthetically
obtaining pantolactone. This process includes the steps of
hydrolyzing 4-hydroxy-2-methyl-5,5,5-trichloro-l-pentene to
yield 2-hydroxy-4-methyl-4-pentenoic acid and cyclizing this
compound in the presence of hydrochloric acid. In 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-a,pB-unsaturated carboxylic
ester and 2-propanol yields a corresponding
a-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




substituted oxycarbonyl group, an acyl group or an acyl oxy group, re at
|l east two of R, R2, R3, R4, RS and R6 nmay be conbined with each oﬁﬂgP%éoZmM

form a doubl e bond, an aromatic or non-aromatic ring, and where at | east
one N-substituted cyclic imdo group indicated in Formula (1) may further
be formed on R, R2, R3 ,R4. R5 and R6 or on the double bond, the aromatic
or non-aromatic ring formed by at least two of R, R2, R3, R~-, R5 and R6.

17 DEC 2004 The protecting group Ris preferably a hydrolyzable protecting

group. R may be a group obtained froman acid by elimnating.an OH group
fromthe acid. Such acids include, for exanple, carboxylic acids, sulfonic
aci ds, cardionide aomgpuaariyarorb acadioswlithy iforaetaiiphé t riteaasiid;igghosphori ¢
acids and boric acids. The catalyst nmay include the imde conpound and a
met al | i anecnipoungoundcasrai et & bys t fio raveot diez 1 g pece rgahec prudgsdmatienvent i on
provi des a process for producing an organic conmpound, the process including
t he stepviofhmblewirihgr(@X)ygercondeprdesepiisi@miindbPatagt Anrddiaaiiaro react
with (B) a radical scavenging conpound in the presence of the catalyst to
yi el d a Rulnducatbén o adtit23n789 dubsiesesi ancreaetFoniberiié€R Ehe
conpound (A) and the conpound (B), or a derivative thereof. As the conpound
(A) capabblesofafeimiald evadtp calactusiteah lsa sierite sPashansal e @eEd r om (Al)
het er oat om cont ai ni ng conpounds each having a carbon-hydrogen bond at the
adj acent fposi ti)oniteodes hatdesarom (i(IA2NiksHEEenas EREPOHAAHY e

car bon- het er oat om doubl e bond, (A3) conpounds each having a methine carbon
atom (A#)d conpaemdst ddsh dresangea cfakBeninyde ceRPddRd 2rd tHhezr\cent
position to an unsaturated bond, (A5) non-aromatic cyclic hydrocarbons,

(A6) conpugbtast conpolizrict 1¢nF) @RewRsSekoE)edriorrt it onpbimids 21 Q9)
straight-chain al kanes and (A10) ol efins.

carboxyl group is introduced into the substrate. PCT
International Publication No. WOOO/35835<discloseseaprocess,
in which two compounds are allowed to react with each other
in the presence of a specific imide compound and a radical
generator with respect to the imide compound and thereby yield
én addition or substitution reaction product or an oxidized
productthereofleaccordancewithairadicaln@chanism. These
processes using the imide compounds can introduce an
oxygen-atom-containing group such as hydroxyl group, nitro
group 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



17 DEC 2004 The radi cal scavengi ng conpound (B) nay be one selected from

(B1) unsaturated conpounds, (B2) conpounds each having a methine CaﬁbP@EC 2004 |

atom (B3) conpounds each containing a heteroatom.

and( B4) oxygen- at om cont ai ni ng reactants(reacti ng agents). Such
oxygen-at om contai ni ng reactants (B4ﬁ iTclude, for exanple, oxygen, carbon
nonoxi de, nitrogen oxides, sulfur oxides, and nitric acid, nitrous acid or
salts thereof. The reactions between the conpound (A) capable of formng a
radi cal and the radical scavengi ng conpound (B) include, for exanple,

oxi dation reactions, carboxylation reactions, nitration

r eact i orsi Gulsedmattiion tvedet fomsgle dtigih@sr eatesohs ahd tonisixgamilens
thereof. The process of an organic conpound includes a step of allow ng an
ar omat i ATt espldiierhayi igb Al Bl kiPn gieadd iam andever e deandidt B9 édgr oup

t hereof conbined with an aromatic ring to oxidize with oxygen to yield a
cor r esporRliF vdrdsmat PECEESBok9Fi Bragi@ing e AT B ARG USisst i t ut i on”
reaction as used herein is used in a broad nmeaning and al so includes, for
exanpl e, thxierEd brstand sul fonation. Best Mdde for Carrying Qut the

I nvention [ mde Conpounds] A catalyst of resent invention conprises

t he
the inide codpsUieh&RIfstacl sh5sPFEaERy I:S}E?ﬁEElPPd e R&Roife a7 pEC
2004 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
activity for a long time.

A further object of the present invention is to 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 to achieve the above
objects,thepresentinventorshavefoundthat,whenaacompound
capable of forming a radical is allowed to react with a radical
scavengingcompoundjxlthepresenceofenlimidecompoundhaving
aspecificstructure,eacorrespondingaddition<n:substitution
reaction product or a derivative thereof can be obtained under
mild conditions. The present invention has been accomplished

based on these findings.

'
|




represented by Fornmula (1). The im de conpound may have a plurality of the
N-substituted cyclic imde skeleton represented by Fornula (I) in § 7 DEC 20m
nol ecul e. The im de conpound may al so have a plurality of N-oxy cyclic

i m de skel eton bonded t hrough R whigh N-oxy cyclic imde skeleton is
obtained fromthe N-substituted cycli'c im de skeleton represented by
Formula (1) by elimnating Rtherefrom In Formula (I), the

hydr oxyl - protecting group represented by R includes conventional protecting
groups fox a hydroxyl group in the field of organic synthesis . Such
protecting groups include, but are not limted to, alkyl groups (e. g.,

met hyl, t-bspgicifiedldvhethepregeatinvejrioiisproul Refy i yrBdsPeCe g.

allyl group), cycloal kyl groups (e. g., cyclohexyl group), aryl groups (e.
g., 2, 4-aicatedostehprlgddng)an diide Foypeups lz%vilrag a N-substituted

benzyl, 2, 6-di chl orobenzyl, 3- br onobenzyl, 2-nitraobenzyl, and triph%nylnethyl
gr oups) ; C¥ebiEe i initdel SHEIRAOYIERFEIBILS] Py eprEtthyicr ™M Hi onet hyl |
benzyl oxynet hyl , t-butoxynethyl, 2-methoxyethoxynethyl,
2,2,2-trichl oroet hoxyng hyl, bis(2-chloroethoxy)nethyl, and
2-(trinethylsilyl)q;ﬂg#ynethyl groups), substituted ethyl groups (e. g.,

1- et hoxyet hyl, 1-met hyN-1- net hoxyethyl, 1-isopropoxyethyl,
2,2,2-trichloroet Byl , ghad Ok net kbkyet hyl groups), tetrahydropyranyl group,
t et rahydrof uranyl gr D, 1- hydroxyal kyl groups (e. g., 1-hydroxyethyl,

- 1- hydroxyhexyl, 1-hydrgxydecyl,  1-hydroxyhexadecyl, and 17 DEC 2004 - 11
1- hydr oxy- 1- phenyl net hyl groups), and ot her groups that can form an acetal
group or hem acetal grou

ith h | ; I . 0.
Por myl - HEBEGES Bropi BrgvatBEyEgro PEbbUEyPSPeyal oyl pival oyl

hexanoyl , hept anoyl,. oct anoyl onanoyl . de o royl .stoyl,
parnitgyl, s&ﬁﬁgbiF?lé%mF?WééﬁnéE-iﬁﬁyg$?bh%$?€%%%n %?o%pg?ﬁgégﬁ%tzer

al i phatic saturate r unsaturate groups acetoacetyl group;
cyclopenfﬁﬁﬁﬁﬁ?ﬂgﬁgl,yc§8?g g%%ﬁe%%?@é%?lf?zﬁd ot her cycl oal kanecar bonyl
groups, and other alicyclic aryl groups; benzoyl, naphthoyl, and other
aromatic acyl groupg)d, eul fonyl groups (e. g., nethanesulfonyl,

et hanesul fonyl, tR ronet hanesul fonyl, benzenesul f onyl,

p-t ol uenesul f onyg3 /and \napht hal enesul f onyl groups), -al koxycar bonyl
groups(e. g., met hatycar B8R et Hdkycarbonyl ; t-but oxycarbonyl, and ot her
Cl- 4 al koxy-car roups), aralkyloxycarbonyl groups (e.g.,
benzyloxycarbonyIRgR®ngand p- met hoxybenzyl oxycar bonyl group), substituted
or unsubstituted carbanoyl groups (e. g., carbanoyl, nethyl carbanmoyl, and

phenyl caihayRylok owa)hy@feygg]—&%@éa@ﬂné [QIPIORYANG T ¢S, (R amd,

sul furic aci nitric acid, osphoric aci'ds, and boric acids) by

el i m nat %gaﬁﬁ.% WO Jiherieffasn WisaldkykBhesphi achhieybegr atps, (8. g.,
di met hyl phosphi not hi oyl group), diaryl phosphinothioyl groups (e. g.,
di phenyl pRagRRLNOL&h 0%k agrwbroapol BB Y 1L tgiioreb S loylc 1gradipsl geouy, ,
trimethylsilyl, t-butyldinmethylsilyl, 17 DEC 2004 - 12 tribenzylsilyl,
ﬁl—nd tri p@lewdsriolxx,ll rRS) -anl RE KoKyd ¢ remipyoundarayydv eyroyp uraal i ty of
oxy cyclic¢
substitutedoxycarbonyl group, anacyl groupor anacyloxygroup,

where at least two of R!', R?), R?>, R*, R® and R® may be combined
with each other to formadoublebond, anaromaticor non-aromatic
ring, and where at least one N-substituted cyclic imido group
indicated in Formula (1) may further be formed on rR', rR?, R® ,RY,
R® and R® or on the double bond, the aromatic or non-aromatic

[
ring formed by at least two of r!, R?, R}, R*, R®> and R°.




i m de skel eton bonded through R, which N-oxy cyclic imde skeleton is
obtained fromthe N-substituted cyclic inide skeleton represented ByDEC 2004
Formula (I) by elimnating Rtherefrom In this case, R includes, but is
not limted to, oxaTyl, malonyl, succinyl, glutaryl, adipoyl, phthaloyl,

i sopht hal oyl , terephthal oyl, and ofhér”acyl groups derived from

pol ycar boxylic acids; carbonyl group; and nethyl ene, ethylidene,

i sopropylidene, cyclopentylidene, cyclohexylidene, benzylidene, and ot her

pol yval ent hydrocarbon groups (specifically, groups that form acetal bonds
with two hydroxyl groups). Preferred Rs include, for exanple, groups that
can form an dtet arodediémaacetalp W tis Dueferally gr AirgnE@stge. g., acyl
groups, sulfonyl groups, al koxycarbonyl groups, and carbanoyl groups)

obt ai nedpfommEcigdy@p g. R tavbbyd i $rewp dPtaingdfiremandscichPyoni c
acid, carbam c acid, sulfuric acid, phosphoric acids, and horic acids) by
el i m natéhigname G grau Pl hereip oifomdd ot hy uehy 28808 prcte@&ng gr oups
t hat can be deprotected by hydrol ysis. Typical exanples of the injde
conpoundEomexampd &, nFasbespaGmRi deppEddrreF ByLEdr AP .acég’t he
substituents Rl, R2, R3, R4, R5 and R6 in the im de, conpounds, LQF hal ogen
at om i nctadeami @R Fkd, byehfWelc @t idhi M HiE A RO ITIRE Y9517 DEC
2004 - 13 alkyl group includes, but is not limted to, nethyl, ethyl,
propyl , #B8@ppebi¢ a®be§t, isobutyl, s-butyl, t-butyl, hexyl, decyl,

dodecyl, tetradecyl, hexadecyl, .and other ,straight- or Db ched-chai n al kyl
groups each HHV?ﬁ@tﬁﬁﬁﬁﬁdBEﬂﬂnfngea Tt %ﬁﬁ@kﬁP%@éﬁ%{%gggégﬁgpﬁy, about
1 to about 20 carbon atons) . The aryl group includes phenyl and napht hyl
groups, FORPeWAdApLB. CPPPLBEFAPPve cycl oal kyl groups are cycl opentyl and

cycl ohexyl groups. |llustrative al kox r.QuUpsS .ar
i sopr opoxy, bUi@R?FhF?ﬁﬁRSGE'?@%?FS?%? dﬂiﬁQ5ﬁé%éEé£?%%§?%%§$%%ﬁoxy,

Exanpl es of the substjtut oxycarb i i pel hox yl,
ethoxycaPESHy?? ?gﬁﬁvﬁﬁ%xéghﬁ%5ﬁ§F¥£%@tSg §§?80§§|?9§Tg§?o§y%§?%%ﬁg|,
hexyl oxycar bonyl , .hep oxycar y. t wl |, acdbonyl
dodecy! opcariimyi LTt bt SibgT oy anat Y KORhaam o SRSy

oct adecyl car bonyl nd. o I - s fespegi al ly,
Cl- C20 aP%(g&F- Eﬁgﬁ%WFaﬁ r%ﬁ%)g? 8 %?:ﬁ%eﬁtk é%%@%%?ﬁ%? Irl?é *

cycl ohexyl oxycar bonyl n t oad K r aoyps ,(egpecial ly,
R e S T e A M OSSR A P
naphthylgé%%%%Qg@%ltH% St her aryl oxycarbonyl groups (especially, C6-CZO
aryl oxy- carbonyl” 'groups); and benzyl oxycarbonyl and ot her

aralkyloxycarggnyﬁegﬂﬁmgghnd (A) capable of forming a radical, use can

tetrad I , t ad I d oth | k ; ‘ i bout .
1%t o abolPrabtedibaRS dYorme e e omRey T Canait HEPE050 B han Al oy

be-made of one selected from (Al) heteroatom-containing
compounds each having a carbon-hydrogen bond at the adjacent
position to the heteroatom, (A2) compounds each having a
carbon-heteroatom double bond, (A3) compounds each having a
methine carbon atom, (A4) compounds each having a
carbon—hydrogenbondattheadjacentpositiontx:anunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes and (Al10) olefins.



17 DEC 2004 - 14 (especially, C~-Czl aral kyl oxy-carbonyl groups). The acyl
group includes, but is not linmted to, fornyl, acetyl, propionyl; bqDFEGl 2004
i sobutyryl, valeryl, pivaloyl, hexanoyl, heptanoyl, octanoyl, nonanoyl,
decanoyl, lauroyl, nyristoyl, palmtqyl, stearoyl, and other G -C30

al i phatic acyl groups (especially, Ct-C2o aliphatic acyl groups), and other
al i phatic saturated or unsaturated acyl groups; acetoacetyl group;

cycl opent anecar bonyl , cycl ohexanecarbonyl, and ot her cycl oal kanecar bonyl
groups and other alicyclic aryl groups;. benzoyl; naphthoyl, and other
aromatic acyl groups. The acyl oxy group includes, but is not limted to,
fornyl oxy, acBtelmdicair seieoeyiddnyg, COEPPEPRoLY) TRBIRR VA 3&LESRE%r yI oxy,

pi val oyl oxy, hexanoyl oxy, heptanoyl oxy, octanoyl oxy, nonanqyl oxy,
decanoyl fxyp (Bl oy exyurayed sty esyds pafBa k SAMBRHNET & Ih&(‘gl,ngand ot her
Cl- C30 aliphatic acyl oxy groups éespeciallé, Cl- C20 algghatic acyl oxy
groups) , aametbiner carbphagfemsat BAat EAMBPUbHEafAFat EG75EYFORY §r oups:

acet oacetyl oxy group; cycl opentanecarbony] ox cycl ohexanecar yl| oxy, and
ot her cybiebarkaheransoiBA oRFYERBUPE ARG Fﬁé‘gi%?iyfc??gfcfag%gcgﬁaeoag%ygrlr ups;
benzoyl oxy, napht hoyl oxy, and ot her aronatic acyl,ox r S:

subst | tuéﬁ?§tR§; FBUCIRgXYESN RS OB FORS Ay "Fe” T Cetas%trr% (glrdl?dﬂﬁelr?%en’t. I'n
Formula (1.) , at_ least two of , R, R3, R9,..R5 d y £QFbined to
form a d&ail exaBRHe, éﬁ‘yagredhaFPE@{?P Iﬁ%‘h‘?’é]r%%’atnilctrﬂg%& °$ﬁ8‘g§fe erred

aromatic or non-aromatic . i 17 DEC 2004 - 1 ri s .fr out 5to
about 12owdABers angn@idFdS A PR aBSIC 8%t %%%%%utthfgc@r??rébers. The

ring may be a heterocyclic ring or. condens r | & JF pg it is
often a hydr o€ BPUFATYT TS §1?5I’1'%Finn5 eicr?éq%ﬁglgf&?%f %%a(r%) eg,o nonf%%&mati c
alicyclic rings (e. g., cyclohexane r.i cys) Qaldiare r esgs which
may have aaréﬁb‘é?ﬁﬁfé‘gtt,hecg%?bﬁ% &ﬁé%%n%“%go‘gﬁ’ﬁg?dcgﬂ oal kene rings which
may have a substituent) . non-aranatjc ;ﬁggq I3 Aactdond; Nor bor nene
ring and edial’}@geari dt oHt tolnrg%jrgi’ngésiljlrf I ch a[r1r£1al3r}£ﬁts1ave G subst i tuent) |,

benzene ri .ngq,ﬁ;ngf%o%;"g%%gg&gi 08 £3Ad - ObAGT RRATH, Codifiimng LBsLudbAg

condensed¥b havé"a substituent. The ri'ng conprises an
aromatic rinpg in .mny, cas ring may have a substituent. Such

subst | tuearﬂcg q‘?‘i@ﬂfbaen%/l%? e%‘r%ggr:(gﬁ' linmited to, alkyl groups, hal oal kyl
groups, hydroxyl group,._al e RO AriiRideslkstdtar exf

oxycar bonyl g)rs%’lfpgzroace’yﬁs é)l:fg%s%%i ony groups, nitro group, _cyano

group, am [ oups pge, OB Whvie@sin OBk syibstiptated cyclic
i mdo gr o%%%ﬁ%a?%ggl?%rﬁ%%rw %ﬁr(’ 1) may further be fornmed on Rl, R2, R3,
R4, RS or T ubl & JOREh @heREBIBEbEDL DhiedON: e GMAkIromEtig f or med
by at Iea%&?ﬁooﬁeﬁ&%{ R3, R91£,i‘) R5 and R6. For exanple, when R~, R2, R3,
R4, RS or i alikwl L gEQUPK PG G LB 1ara new e ey dradii rad eremathie

N subst i tﬁﬁg%l %%/%Fkllcji rrigo gr ou%@my be fornmed together with the adjacent
two carbo canstiyuting the al kyl group. Likew se, when at |east two
of RI, Rz{ga%‘?ggﬁ?e% i 17 DEC 2004 - 16 and R6 are conbined to forma
doubl e bond, tfie, MsHbsiddiutiesh 6y slibstigudaogr awmatsydvea $ usrdd a1yt her

wi th the double bond. Wen at least two of R, R2, R3, R4, R5 and R6 are
conbi ned tQ QLM @R ar eFBhUCmeanAay- andmalso inngudele KogsukbgemPded cyclic
imdo group may be forned with the adjacent two carbon atons constituting
the ring. ckhgaddihi and aulebydraxy.form (a N-hydroxy cyclic inido group) of
the N-substituted cyclic imdo group indicated in Fornmula (1), a 5-nenbered
N-substituted cyclic imdo group corresponding to the 6-nenbered
N-substituted cyclic imdo group indicated in Formula (1) or a N hydroxy

f orm t her gafs cmapdiee ffoar med gl OUR2 thik3, InRENtR®Nor R6 or on the double
bond, aromatic or non-aromatic ring fornmed by at least two of R, R2, RS,
R4, RS and R6. [ITmide Compounds] :

A catalyst of the present invention comprises the imide

compound having a N-substituted cyclic imide skeleton



Preferred i m de conpounds include conpounds of the follow ng f : '
17 DEC 2004 R11 O R12 y R1I3 ~ NORRL Rs Rs ~0 (la) R219R28rT$|7a8Elﬂ-€|ﬁU
/I 0 (I'b) ~0 CNOR CO R21 R22 (lc) wherein Rl1 to R16 are the same or
different and are each a hydrogen atom a hal ogen atom an al kyl group, a
aryl group, a cycloal kyl group, a'hﬁd*diyl group, an al koxy group, a ’

car boxyl group, a substituted oxycarbonyl group, an acyl group or1an

acyl oxy group, and Rl' to R22 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, aeamdsentegt dup Fermila ol Yroufhea iy dfo CHPEOHRamay, EEigraoup or a

hal ogen atom where adj acent groups of R t [
o, R22
a 6-nenfpdnechlity of the N—substité%ed cyclic imide sKe g%ggnblned to form

represented by Formula (I) ih.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
theN—substitutedcyclicimideskeletonrepresentadbyEbrmula
(I) by eliminating R therefrom.
InEbrmula(I),thehydroxyl—protectinggrouprepresented
by R includes conventional protecting groups for a hydroxyl
groupinthefieldoforganiqsynthesis. Such protecting groups
include, but are not limited to, alkyl groups (e.g., methyl,
t-butyl, and other C,-C4 alkyl groups), alkenyl groups (e.g.,
allylgroup),cycloalkylgroups(e.g.,cyclohexylgroup),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., 1-ethoxyethyl, 1-methyl-1-methoxyethyl,
1-isopropoxyethyl, 2,2,2-trichloroethyl, and 2—methoxyethyl
groups) , tetrahydropyranyl group, tetrahydrofuranyl group,
1-hydroxyalkyl groups (e.g., 1-hydroxyethyl, 1-hydroxyhexyl,

1-hydroxydecyl, 1-hydroxyhexadecyl, and



17 DEC 2004 - 18 N-substituted cyclic imdo skeleton indicated in Formila

(I'b) or (lIc), its NNhydroxy form a correspondi ng 5-nenbered N-Sl.1b iﬂé@tfbﬁ‘b
cyclic imdo skeleton or its N-hydroxy form R has the sanme neani ng

defi ned above. The hal ogen atom the al kyl group; the aryl group, the

cycl oal kyl group, the hydroxyl groeupilthe al koxy group, the carboxyl group,
the substituted oxycarbonyl group, the acyl group and the acyl oxy group in
the substituents RIi to RL6 include simlar groups to correspondi ng groups
in the substituents Rl to R6. In the substituents Rl' to R22, the alkyl
group includes simlar alkyl groups to those exenplified above, of which-
al kyl grieiyysirexgh Ikaheany Iiveamydbetoubs)qg abdubtbecagbonpat eRatacen
specifically preferred. The hal oal kyl group includes trifluoronethyl group
and ot heiordmahnadetalggoopp eatkmiacieng lf goou@badih & hyal aboidt gdoaas bon at ons
. The al koxy group includes simlar al koxy groups to those nentioned above,
of whi cldydwerrcalgeoxie .gr-oupmach henatng f mommaboutl 1 hucabolut 4 car bon
atons arespecifically preferred. Thesubstituted oxycarbonyl group includes
si m | ar isdisttivinytledvakgeut bariytalgrydupkekanogl,, haltk@nogdr,hoagbngydups,

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

ar al kyl ;oyeadydnyHegrogpd) Laurbpie mesicrtidigd @ladwé toyl,Thekeatphlgroup

i ncludes simlar acyl groups (e. g., aliphatic saturated or unsaturated
acyl gr aush otdest dackhylalgirharialaeykldroursy ardupshearmil Hplouid c .acyl

17 DEC 2004 - 19 groups) to those described above. The acyl oxy group

i ncl udessadivhatad Ry WS gHALRD (acyl | IEuRhatd e seaesE edd ¥ URIns at ur at ed
acyl oxy groups, acetoacetyloxy group, alicyclic acyloxy groups, and

aromat i CYCAARSHE ISR WL 4 Hosel thaangraredivide. arHe ¢ahegen at om

i ncl udes fluorine, chlorine and brom ne atons. Each of the substituents Rl
to R22 iW UK IRAITRRYBA SOWPSa RBAeP LR KA L ightils h&FYAgIEFPBRFabout 1 to
about 4 carbon atons, a carboxyl group, a substituted oxycarbanyl _group, a

nitro giRRIFBH ranﬁ&h&}j@ﬁ{lat and %Pé@méf:}?rféclfﬂf @fré’Mpée‘l 4 A4ECBBApounds
2 ot 6 0G1S Rt GG B GO bt m o,
N, N - di acet -1,8;4,5-decal i nefetracarboxdjim de,
N-acet _o%/”-li G HAA R S hox i IR EE9E F'0%ymapht hal i ni de),
Eliglr og: %ﬁ%%%é%%%ﬁ g%e’ﬂ‘i&%@iﬁ%ﬁ%%%ﬁtd%ﬁ ?I%]f%lf%? )o’pi onyl oxy) -1, 8;
N nex oGy BHE BTGP RaL ER R -SSR RE % Vhn SERGEXRBIPBRY} 1. 5
£, nopht ol Sagl et ol h gy A, oL er omunty spEsass o b
¥ T DOSMEIA B Bl oL ot R 06 copmony goup ane
p—methoxybenzyloxyca:bonyl group), substituted or
unsubstituted 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

groups (e.g., trimethylsilyl, t-butyldimethylsilyl,




_ 20 i 17 DEC 2004 iimde, and other conpounds represented by Formula (1)
where Ris a group that can forman acetal or hem acetal with a hy]dji(ﬁ%yé Y
group; .N-net hanesul f onyl oxy- 1, 8- napht hal enedi car boxi m de, 2004 ‘
N, N - bi s( net hanesul f onyl oxy) -1, 8; 4, 5- napht hal enet . etracarbo xdiim de, and |
ot her conpounds represented by Formia (1) where Ris a sul fonyl group; ;
sulfuric ester , nitric ester, phosphoric ester or boric ester of |
N- hydr oxy- 1, 8- napht hal enedi car boxi m de or |
N, N - di hydr oxy- 1, 8~4, 5- napht hal enet et racar boxdi i m de, and ot her conpounds
represented by Fornula (1) where Ris a group obtained froman inorganic
aci d by telilbmnratlisig yan Ghidyriocfpldeyeditlom dawlpof. t he i m de conpounds can
be obtained by introducing a desired protecting group into a correspondi ng
conpound whefbeRimgda hyupoged mapnhd e hy drloxyalcyigt iof Nriokeyr cgopaaend) usi ng
a conventional reaction for the introduction of a protecting group. For
exanpl e imidec stkedetiors-hrapte dhat erewtit & b ox did N -cesly beyobtai ireidéy al | owi ng
N- hydr oxy- 1, 8- napht hal enedi carboxi m de to react with acetic anhydride or to
react wiskelatoacdtsy ot jnrd | fremetlpe dbesides bt utdrdhiseycThe tohgound where R
is a hydrogen atom (N-hydroxy cyclic imde conpound) can be obtained by a
convent i eton HepaereRtpdpnoEesyula ([Foeesd imdpathaogiDichariedson:. an

i mde), such as a process that conprises the steps of allowng a

cor r espdridthgS £&8iS@ / RRVELGE st PR edetnaf L Hnklyad Sey| @ra hel £ BRLlenNd- openi ng

of an acid anhydride group, and closing the ring to forman_imde.

Typi cal I1SPG5Henerr i Y ool ¢ AbERAES, Rt bRl 9bt ai hePbyh# koY bduci ng a
protecting group into the hydroxyl group of N hydroxygl utarim de,

N- hydr oX5REERL I i SR po X3 AY HeITRIRE - hytrdxyEams;

4, 5- napht hal enet et racar boxdi i m de, and other N hgdr oxyi m de conpounds

der i ved R0t 3¢ HotSear FORYPREL a9FR i el dret bHet®c pol ycar boxyl i c

ethylidene, isopropylidene, cyclopentylidene,
cyclohexylidene, benzylidene, andotherpolyvalent hydrocarbon
groups (specifically, groups that form acetal bonds with two
hydroxyl gfoups).

Preferred Rs include, for example, groups that can form
an acetal or hemiacetal with a hydroxyl group; groups (e.g.,
acyl groups, sulfonyl groups, alkoxycarbonyl groups, and
carbamoyl groups) obtained fromacids (e.g., carboxylic acids,
sulfonic acids, carbonic acid, 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?}, R% R® and R® in the imide compounds, the halogen atom

includes iodine, bromine, chlorine and fluorine atoms. The




anhydri des. Each of the im de conpounds each having the N-substituted
cyclic imde skeleton represented by Formula (1) can be used al on§ PDEIQ" 2004
conbination in a reaction. The im de conpound may be forned in the reaction
system The i m de conmpound having the N-substituted cyclicimde skel eton
represented by Formula ( | ) can be u3ed in conbination with a

correspondi ng N-hydroxy cyclic imde conpound (a conpound where Ris a
hydrogen atom) . The anount of the im de conpound according to the present
invention can be selected within a wide range and is, for exanmple, from
about 0.000000l to about 1 nole, preferably from about 0.000001 to about
0.5 nol el kydr gnouef ématiludds,omudbdst n@t00dalted dbeumeBhylppokeshydnd of t en
from about 0.000l to about 0.35 nole, relative to 1 nole of a reaction
conponemromstibstisapeppy 1, Poohvier 1 @outnt alsrdryylac dotditd /t bekiyd ,

i nvention, a pronoter (co-catalyst) can =~ - 22 17 DEC 2004 be used in
conbi natdesry wi thdeky 1i, nt derzdappundie:gseypr-oaptepshe Ad Wkl glitor oaxanpl e,
metal | i c conpounds: By using the imde conmpound in conbination with the

met al | | dworpwshaiie aldvd graups| exeh viawingt frwe peaeti bt caropé
improved. Metallic elenents constituting the netallic conpoundsare not

speci fi ¢l Fprbppiatemardespesiciilen Mpeal 1l toakarint GFrRPra&EHEps 2 to 15
of the Periodic Table of Elenents . The term"netallic el ement” as used
herein al so {THe 8&¥3 BEPBR BRCERdRBIRReHYL 130 MRt dx&dstrs fokcl ude, of

t he Periodic Tabl e of El ts, & 2 el t . 0. , M, C,. S d
Ba) | GO T eattis (eigue SyCLPanKHArBr dBPoritt SatR O rbhront o)
Goup 4 elenents (e.qg., Ti, Zr. and H), G.oup 5 el enents (e.q., \)/,) G oup 6
el ement SY@LOREXYIITQPInd MhHUS tE& Sy &7 aéﬁ(&}?éfnt%o(ué’.s Gre "‘ﬁ%)ho,x @ oup 8
el enents (e. g. , Fe and Ru). ,. Group,_9 el enents %g g Co aTd Rh), G oup
10 el enefitRot%, FSOPRPPORY ARUCRXY: EroupOidr P8FEheEY (eCChHY I8y, Group 12
I t . 0., G 3. el : B, Al and NE 14
ol ement S E7Lg7, SRl Ph) FerracRrsaD Y5 ofERdRTL PRyt gnd Ueana B
Pr ef talli I t.s incluyde t it t I I t f
& oups. FHEOLD BT PEH T A8 rORt drbdt AT ERSh e et & of

i ch of ERae ol Lo otpeSs £ot8 a0ectyRrRat U Rl ot errod. Especi ally, V. Mo,
Spoci 11 cal Ly PHRRIAE Shd 1€ TRbm bt o re auatty s RO ekl o

ol cmont 475 CAbLraheay nyarBar dee: DahPEec FrRErbathE=BBRnYaY ovi des)
R S L s R G R VR Gt
Lhe.af or SrEnt - ontaerBraf i oo EhERT o 2ep e, CLPEIPRILEREpyeg PO ©f

acet at esq pLoBl, 20LEI - ALHIT, ALeEr0ABRLNBRgLaspBRgtsarates), conplexes, and

ot her organi ¢” conpoun the metalfic elenments.. Ligands .for
constitufLp déé?lSQgPE%Sﬁ inchudeqQkl { By geQ¥8dnyal kexy dtider @-Cao
met hoxy, et hoxy; propoxy, and but oxy)~, acyl ( a. g . , acetyl and

pr0pi0nyé%koﬁ#§9¥¥83§?08¥bu§§-(Qspe@@hﬂ@?ycéﬁbgﬂybl&@@y—carbonyl

et hoxycar bonyf ), acet yl acet onat o, cycl opent adi enyl group, hal ogen atons ( a .

g . ., chhopipe)and, bi ggiReyl r5bh QXYQ%EU@&@ﬂyldsﬁpcéﬁﬂuﬂyLMphi nes
(triphen%?phgs%ﬁin% angéotﬁe?xg§?aryl%hosp i nes) and ot her
phosphor s garpeyrds Nk ( aai-ae@bonNA, gMeRpEni(ktekciMld y(, nid+ ato) ,
et hyl enedi am ne; diethylenetriam ne, pyridine, phenanthroline, and ot her
ni trogenspopkabRi-2d Wlomiﬁéﬁypgawbes ; (fhé el oy @d tihengbipounds
i nclude, by taking cobalt conpounds as an exanpl e, cobalt hydroxide, cobalt
oxi de, cghahtnghb@kcdencsghal tankr @thde, aeghaklycairtroaiyd, uheds sul fate,
cobalt phosphate, and other inorganic conpounds; cobalt acetate, cobalt
napht henakepeeahahl,, stgacat eryangyoidaebosgllt yrafupangarrsd aci ds;
acetyl acet onat ocobal t, and ot her 17 DEC 2004

benzyloxycarbonyl and other aralkyloxycarbonyl groups




- 24 | conplexes, and other divalent or trivalent cobalt conpounds.
I'llustrative vanadi um conpounds include, but are not linited to, Vipgw gmgp, (
hydr oxi de, vanadi um oxi de, vanadi um chl ori de, vanadyl chloride, vanadi um ‘
sul fate, vanadyl sulfate, sodium vanadate, and other inorganic conpounds;
acet yl acet onat ovanadi um vanadyl acetyl acetonato, and ot her conpl exes, and
ot her vanadi um conpounds having a val ence of fron2 to 5 . Exanples of
conpounds of the other netallic elenents include conpounds corresponding to
t he above-nenti oned cobalt, or vanadi um conpounds. Each of these netallic
conmpounds can be used alone or in conbination. Specifically, the
conbi nat jempatsia iy 2 Tl ta €aNpPLELY WA Fbén PRNGASESE) conmpound
significantly increases the reaction rate in nmany cases. The conbi nation
use of pl uralThieypeylofroepal httudespobadsi hawing difdet ars, valanaes (e.g.,
a divalent nmetallic conmpound in conbination with a trivalent netallic
conmpoundicetsylal socqrBbreyt edouhey Bpolsbbwty e, mesaktiyt, cpnpausglis, for
exanpl e, from about 0.001 to about 10 noles and preferably from about 0.005
t 0 abouthexamdel, hegtanoel t edtardE ,omdikedyli,deecamaoiind,l aaneyils, for
exanpl e, from about 0. 00001% by nole to about 10 % by nol e and preferably
from aboutristdy s pplmilteyileo abeutod! angd avter CieCat a Vephaticralyd of the
reaction conponent (substrate) . The pronoters for use in the present
i nventi ofresd (arderte biygariicCsalalsipadhi « egyds et cofps) paindataintiea cat i on
or a 17 DEC 2004 - 25 polyatom c anion and its counter ion, which
pol yat ord i tion st ted contwisetwadeslgcyd gro@rsup abtételagmeytl of t he
Periodi ¢ Table of Elenents having at |east one organic group bonded thereto
By usidigfive igaanentsaies@ekonhe phhsthaxanadarhanel amhdeltdet vity of
the reaction can further be inproved. In the organic salts, the Goup 15
el ement Y ahkIvesaEbenThig eowrs Brdraithes pdligyeINc RCyAs grspsand Bi,
and the Goup 16 elenents of the Periodic Table of_ Elenents include; for
exanpl e,Penzayl senaphitheyl prandroecsl 2remiarackl prowes.sh and S, of
which N, P and S are typically preferred. The organic groups t-o be conbi ned
with atons dfadey EPERERPEPIIFQINHES ARIT 47 8Okt 1ME b d BE . TOTMI®Edear bon
groups whi ch may have a, substituent, and substituted oxy groups. The
hydr ocardoit Grotps PHIPLRRY LBEY aPRtRBY LP¥Yn t BCRBLYRELAFY, ethyl, propyl,
i sopropyl,. butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl, octyl, decyl,
t et radec{Aie y?l,V%i%h%w ,lx%lwwyl%bar Ot PRFARPYAPEHL - or
branched- chai n al i phatic hydrocarbon groups (al kyl groups, al kenyl groups
and al ky%%ﬁa’b?)bﬁb’g’f' eré%rha’ﬁ@i?\’éyfr‘gﬂ‘f%%%fo §t of%‘%‘gi’f%gycar bon at ons
(preferably. from about_1 tp about 20 carbon. atons) ; cyclopentyl,
Cyct ohed AP Trer BAIRPEFY Ry o SERFBOR GrOupandatERaLFRE T} om about 3

L S I L S el S
St oemt sl Shd ey I PEACRED, TLOUES Yo Doy el auy sre ot
subst | st oy SLOUBS. L9 LB BSNPRGPL T, gL o
Sust ¢ draa e R My B B AT 0L " o Y EIe BR P TOLI T B TP
o pheng > T T of plisy T Ene hOEY cagev e opREY Y e errea”
hydr ocarm%%%?p?&,ncéggeotﬂgf EX3HRL Ee g&{q&ax? y&g%ggch havi ng from ‘

about 1 carbon atons, and aromm ydr ocar bon groups

(especial |y, mfenyh@n tRARRMORE, GFOURY, gaChrhay NGsf 10N 180qYle G about 14
carbon atons. The substituted oxy groups include, but are not Iimted to,

al koxy of OupssF HFOXY 19 @8RRLARd (85 Al kY| s 9raPSE RY, R?, R?, RY,

R® and R® may be combined to form a double bond, an aromatic

or non-aromatic ring. The preferred aromatic or non-aromatic



Exanpl es of the organic salts include organic anmonium salts, organic
phosphonium salts, organic sulfoniumsalts, and other organic oniwrrqﬁg 004
Such organi c amoni um sal t si ncl ude tetranet hyl anmoni um chl ori de, :
t et raet hyl ammoni um chl ori de,. tetrabutyl anmoni um chl ori de,

t et rahexyl ammoni um chl ori de, trioctylsethyl ammoni um chl ori de,

tri et hyl phenyl amoni um chl ori de, tributyl (hexadecyl)anmoni um chl ori de,

di (oct adecyl ) di met hyl ammoni um chl ori de, and ot her quaternary amoni um

chl orides, and correspondi ng quaternary amoni um brom des, and ot her

guat ernary ammoni um sal ts each havi ng four hydrocarbon groups conbined with
a nitrogam@ahed reiorebbphri Betiodapoum ghl aehdershexadesykpy kidhniym

chl ori de, 17 DEC 2004 - 27 nethyl quinoliniumchloride, and other cyclic
quat er nampreap®Rt Wt s abbat Hxaspbessof tThe ranganh ¢ bRhospherbdpcsakt s

i ncl ude tetramet hyl phosphoni um chl ori de, tetrabutyl phosphoni um chlori de,

tri but yl(imex ade @dndqeiasphord tepehf orideridg ) ety pheny| phosphoni um

chl oride, and other quaternary phosphoni um chl orides, and correspondi ng
quat er nayd rolesieoninimdar osiudds riaged dnledudgyatfermaampiesphoni um sal ts
each having four hydrocarbon groups conbined with a phosphorus atom

Exanpl escof-ddomadrigaal ccguliomingsdbt §. i, nofaildehdxaret by hgudddpvicher odi de,

et hyl di phenyl sul foni um i odi de, and ot her sul fonium salts each having three
hydr ocardyari ogrldpss comysnedhiwiit may $iehvfeua atibmt iThendr, ganict ohalkeseal so

i ncl ude net hanesul f onat es, et hanesul fonates, octanesul fonates,

dodecanesiuid andteddieangdcobbékenkkydnsuvhanhtmesy heveg substfigent),

al kyl -sul fonates); benzenesul fonates, p-toluenesul fonates,

napht halr@fesuidmaicitebr ideey bengenesd f odanesbodogaeyt beazankogheanat es,

and ot her aryl-sul fonates which nmay be substituted with an al kyl group
(e.g., Geidgsdhkgroaaybeniriiogstdsich sayhevea sebstiypent bnbexngkasge resins
(ion exchangers) ; and phosphonic acid type ion exchange resins (ion
exchangerig)d, TeehmsURnN®iring @rgheitdesalromstijcoriagandiacliddmgabout 0.
001 to about 0. 1 nple and preferably from about 0. 005 to about 17 DEC
2004 condensed rings) which may have a substituent. The ring

comprises an aromatic ring in many cases. 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, acyloxydgroups, nitrogroup, ,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%, R?, R’ or
R® or on the double bond or aromatic or non-aromatic ring formed
by at least two of Rl, Rz, R3, R4, R® and R®. For example, when
R', R?, 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. Likewise, when at least two of R!, R?, R®, RY, R’




| - 28 - I i 0.08 nole, relative to 1 nole of the imde conpound. | The

pronoters for use in the present invention also include conpounds 1e§gjg>c 2004—f

having a pKa of less than i strong acids (e:g., p or equal to 2 at
Preferred strong acids include, for exanple, hydrogen halides,
hydr ohal ogeni c acids, sulfuric acid h6d-heteropol yaci ds. The anpbunt of the
strong acid is, for i examle, fromabout 0.001 to about 3 noles relative
to 1l nmole P~ i i of the imde conpound. i The pronoters for use in the
present invention also include conpounds each having a carbonyl group

conbi ned mﬁtg an electron c p i attractive group. Such conpounds each

~ havi ng an€aRboge epmuinéd it divbimed dwiuldl eaBogldec thennaktibast i e ogr oup
include, for exanple, i i hexafluoroacetone, trifluoroacetic acid,

pent af | §oCdplehyido gioymmaye fhemedet opetitaf wiamophemdudtd bbhyor onet hyl )
ketone, i | and benzoic acid.. The anpbunt of this conpound is, for exanple,
"I 1 ab#tieroagobeass ameuef3RholRés Rél &'i,va’tand RfokeeobotiBentdr tom i
reacti on conponent gsubstrate). According to the invention, the reaction
syst em FRYM FHpGABaE1ERN Ban-gepmatiorriorg athadi-calbsteianiticancgeceker at or .
Such cogﬂgnents include, but are not Iimted to, halogens (e. g., chlorine
and br of#EP, IpRERCIAE Pe. formed raicth itheaeidd st tmtebl cnepenbenzrisc aci d),
per oxi des %e" ... _hydrogen peroxide, t-butyl hydroperoxide (TBHP), and

ot her hy&r ﬁé?ﬂg%ﬁ&@s)‘t}l%irtlﬂgo aéndaddiitiens acNdhgdrealyt Sorher(@of, nitrogen
di oxi de enzal dehyde, and ot her al dehydes. The exi stence of such a 17 DEC
2004 - Y5 Xgﬁﬁéﬁéﬁ{c%w £Ré Aoy R leRRdivel - aubshitnbadiqysldneinades . The
anount 8f t he af orenmenti.oned conponent is, for exanple, from

roup indicated in Formula (1), a 5-membered N-substituted
cyclic imido group corresponding to the 6-membered
N-substituted cyclic imido group indicated in Formula (1) or
a N-hydroxy form thereof may be formed on R!, R?, R3}, R%, R® or
R® or on the double bond, aromatic or non-aromatic ring formed
by at least two of R, R?), R%® R% R% and RS.
Preferred imide compounds include compounds of the

following formulae:




about 0.001 to about 3 noles relative to 1 nole of the imde corrpound The

catal ysts of the present invention are useful as, for exanple, ?E7C¢£$l $M

reaction catal ysts. The catal ysts of the present invention exhi bi

catal ytic activities to reactions in which the conpounds (5-nenbered

N- hydroxy cyclic i mde conpounds) -, Where a group corresponding to Rin
Formula (1) is a hydrogen atom and atom ¢ nunber (nenber) constituting a
ring is 5 exhibit catalytic activities. In addition, the catalysts of the
present invention have significant advantages such that (i) they can

mai ntain the catalytic activities for a long tine, (ii) they can exhibit
high catalytic actiyjties even in a snpll anmgunt, and (iii) they can

mai ntai n catal ytige ctm§|t|es even at nperatures, as conpared with
t he 5-nenbered N— Accordingly, the catalysts
of the present gﬁe reactions, in which the
5-menbered N-hyd exhivit catalytic activities,
and can yield gre @gvantages than t ase wherrQhe 5-nenbered

N- hydr oxy cyclicRHnmde\gonpounds argmUz caFéIysts Exanpl es of
reactions, in which the catalysts o t“g prgsentyhj nventi on exhi bit

catal ytic act|V|t|e§ ncl ude reacti ons yeescri be® in the foll ow ng
literature relating to the catalytic Rad7 D2 2004 - 30 5-nenbered

N- hydroxy cyclic imde conpounds: Japanese Unexam ned Patent Application
Publ i cati ons No. 8-38909, No. 9-327626, No. 10-286467, No. 10-3166l1 0, No.
10-309f 69, No. 10-316625, No. 11-239730, No(iph0-310543, No. 11-49764, No.
11-106377, No. 11-226416, No. 11-228484, No. 11-228481, No. 11-315036, No.

L3R be appgied
y cyclicimde conpo

11- 30021 2, No. 11-335304, No. 2000-212116, No. 2000-219650, No. 2000-2| 9652

and No. 2000- 2563Qﬁ- PCT.. I nternati onal Publications No. W99/ 50204,

No. W00/ 35835, No. D00/, 88145 and No. W00/ 61665, Japanese Patent
Applications No. 1)-138§339, @b 11-254977, No. 11-372177, No. 2000-648, No.
2000- 58054, No g1i2Q00- 67§83 C’No 2000- 67679, No. 2000-67680, No.

2000- 157356, No. 6494, No. 2000-1791 85, No. 2000-209205, No.

2000- 345822, Nb. 2||E45823N—aﬁﬂ No. 2000-345824. For exanple, (A a

conpound capabh@ Q ng’a radical is allowed to react with (B) a

radi cal scavengi ng poundn n the presence of the catal yst of the present
i nvention and ther dby—i el dsVan additi on or substitution reaction pr oduct
bet ween R2! R2

(1c)

wherein R toR!'® are the same or different and are each a hydrogen
‘atom, a halogen atom, an alkyl group, a aryl group, a cycloalkyl
group, a hydroxyl group, an alkoxy group, a carboxyl group,
a substituted oxycarbonyl group, an acyl group or an acyloxy
group, and R'Y” 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 substituted

oxycarbonyl group, anacyl group, a acyloxygroup, anitrogroup,
a cyano group, an amino group or a halogen atom, where adjacent

groups of RY to R* may be combined to form a 6-membered




t he conpound (A) and the conmpound (B) or a derivative thereof . [Conpounds
(A) Capable of Form ng Radical] Such conpounds (A) capable of formng a
radi cal are not specifically limted as long as they can forma s ab[ﬁ]%c 2004
radi cal and include, for exanple, (Al) heteroatom containing conpounds each
havi ng a carbon- hydrogen bond at t-hel@8dj-acent position to the heteroatom
(A2) conpounds each having a 17 DEC 2004 - 31 carbon-heteroatom doubl e
bond, (A3) compounds each having a nmethine carbon atom (A4) conpounds each
havi ng a carbon-hydrogen bond at the adjacent position to an unsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated conpounds,

(A7) am MesubgBBjuitsdrRtdld canpavnsise 1 AN isididiaghis ¢harermhkanapiand (A10)
ol efins. These conpounds nay have various substituents within a range not
adver selgr atfert i igs thehyenckyofiordlch Sobséspoeat 8gi pehulBerbdt are not
limted to, halogen atons, hydroxyl. group, mercapto group, OX0 group,
substi t Ufesuloxyigunoepscchic ignidg sileRexyngooupss Mrhyydxyx@rasgs; rand

acyl oxy groups), substituted thio groups, carboxyl group, substituted
oxycar bony$ threoupzne subsnings eds ode finsedsebowe ed car banoyl groups, cyano
group, nitro group, substituted or unsubstituted am no groups, sulfo group,

al kyl groups,The kehydgagr aupnaltyeandl krlogpural itdyec lainy Ihyrhrcaggr e gr oups,
aromati ¢ hydrocarbon groups, and heterocyclic groups. The conpounds (A)
capabl e efcierknly @roweli cute derdeexyhdimalp,ddiat iad&kcconoungs, ithet he
reaction in question. The heteroat om containing conpounds (Al) each having
a car boncayRipagerotoiel dihe kel Hosrd ponicamenyd. druret exheataayl

group and the acyloxy group in the substituents R to R'® include

similar groups to corresponding groups in the substituents R!

to R®.

In the substituents RY to R?, the alkyl group includes
similar alkyl groups to those exemplified above, of which alkyl
groups each having from about 1 to about 6 carbon atoms are
specifically preferred. The haloalkyl group includes
trifluoromethyl group and other haloalkyl groups each having
fromabout 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
arespecificallypreferred. Thesubstitutedoxycarbonyl group
includes similar substituted oxycarbonyl groups (e.g.,
alkoxycarbonyl groups, cycloalkyloxycarbonyl groups,
aryloxycarbonyl groups, and aralkyloxycarbonyl groups) to
those described above. .The acyl group includes similar acyl

groups (e.g., aliphatic saturated or unsaturated acyl groups,

acetoacetyl group, alicyclic acyl groups, and aromatic acyl




i nclude, for exanple, (Al-1) primary or secondary al cohols or primary or
secondary thiols, (Al-2) ethers each having a carbon-hydrogen bon?7abEthﬁm w
adj acent position to an oxygen atom or sulfides each having a 4

car bon- hydrogen bond at the adjacent 17 DEC 2004 - 32 position to a ‘
sul fur atom' (Al-3) acetals (includifig-hem acetals) each having a

car bon- hydrogen bond at the adjacent position to an oxygen atom or

t hi oacetal s (including thiohem acetals) each having a carbon-hydrogen bond
at the adjacent position to a sulfur atom The primary or secondary

al cohol s in the conpounds (Al -1) include a wide variety of alcohols. These
al cohol sgrmypde twhihbevede o r OO, @hBYsE{ ToapdyRaky Ry@dnigeal cohol s.
Such primary al cohols include, but are not limted to,

met hanol s atheaol adty psopanedbyubs bud agqo) , 2 tphdyl c 1s Pt @panel, ox- pent anol ,

1- hexanol , 1-octanol, 1-decanol, 1-hexadecanol, 2-buten-1-ol, ethylene

gl ycol , tmsanet byt edea gy o ,grexanetdudtenecgiwiendy grentperptiyidiale and

ot her saturated or unsaturated aliphatic primary al cohols each having from
about 1 2oyhdroyigrdQpépraidaabhyticenydeout gtotps phaut h@8e mamd irpreet
preferably fromabout 1 to about 15) carbon atons: cycl opentyl net hyl

al cohol , akye¢ oh&hd retliinderaladgaiwlin@-uwied dhexond ietehy | clal eoirod ,arahd ot her
saturated or unsaturated alicyclic primary al cohols; benzyl al cohol,

2- phenyllettiyinalaoing .,  Bagheny| phopsubst cohetts dMnaoni®?al sahien and ot her
aromatic primary al cohols; and 2-hydroxynet hyl pyri di ne, and ot her

het er ocykYdeog¢r atioms. a Typicsak 1s¥d ovmlmy haivdolgof sonrediade ! boatabauge not
limted to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol,

3, 3- di net sATam AR, R-Gotmill Swoarolsubstidradst axyicarbonyl

group, a nitro group or a halogen atom.

Examples of the preferred imide compounds are

N-acetoxyglutarimide, N-acetoxy-a,oa-dimethylglutarimide,

N-acetoxy-B,pB-dimethylglutarimide,

N-acetoxy-1, 8-decalinedicarboximide,
N,N’-diacetoxy-1,8;4,5-decalinetetracarboxdiimide,
N-acetoxy-1, 8-naphthalenedicarboximide
(N-acetoxynaphthalimide),

N,N’ -diacetoxy-1,8;4, 5-naphthalenetetracarboxdiimide,
N-propionyloxy-1, 8-naphthalenedicarboximide,

N,N’-bis (propionyloxy)-1,8;4,5-naphthalenetetracarboxdiimi
de, N-hexanoyloxy-1,8-naphthalenedicarboximide,

N,N’ -bis (hexanoyloxy)-1,8;4,5-naphthalenetetracarboxdiimid
e, and other compounds represented by Formula (1) where R is
an acetyl group or another acyl group;
N-methoxymethyloxy-1,8-naphthalenedicarboximide,

N,N’ -bis (methoxymethyloxy)-1,8;4,5-naphthalenetetracarboxd



17 DEC 2004 - 33 2-penten-4-ol, 1, 2-propanediol, 2,3-butanediol, 2

3-pent anediol, and other vicinal diols, and other saturated. or unf$tHEated |
al i phatic secondary al cohols each having from about 3 to about 30 C 2004 |
(preferably fromabout 3 to about 20, and nore preferably fromabout 3 to - |
about 15) carbon atons; 1-cycl opentyketkranol, 1-cycl ohexyl ethanol, and 3
ot her secondary al cohols each having an aliphatic hydrocarbon group and an
alicyclic hydrocarbon (e. g. , a cycloal kyl group) conmbined with a carbon
atomthat is conmbined with a hydroxyl group; cyclobutanol, cycl opentanaol, ‘
cycl ohexanol , cycl ooctanol, cycl ododecanol, 2-cycl ohexen-1-ol, ;
2- adamant amdde, Zradlavdiracohpoeack Payrageht o/ VPerd QndoUr (Y groups

at the bridgehead positions, 2-adanantanols each having an oxo group on an \
adamant ahésrd ggouprthant ben feamumanedtal dnbahusasedl aligyshivarsggandary

al cohol s (including bridged cyclic .secondary al cohoTs) each having from

about 3 gwowbo Ul - ROk emden BE ¢y Bbeyab) §-f4 i edDette 31 E QrivdRuhi dS, menber s,

nore preferably fromabout 5 to about 15 nmenbers, and typically from about

5 to abdutN8-mehbesis)andsphioyy eohpnel , 8 14 phenybiptlopbaétet racarbo

1- phenyl net hyl et hanol , di phenyl net hanol, and ot her aromatic secondary

al cohol sxdiieide( 2ngye Lyt oenipanulds nadresaet chatyeFoeyall he( SeahrRaar y

al cohol's. Typical alcohols further include, for exanple,

1- adamank agenevhénoly ] gramthghl fuadamesteanemititdecdster, phosphoric

a- et hyl - 1- adamant anenet hanol , 17 DEC 2004 - 34 _

a- i sopr opytenondarintsateee Alinblydr@xyyds 8xypaphirbhhyhediadabaxtiaieret hanol
3- car boxy- a- et hyl - 1- adamant anenet hanol , v

a- met hy| BN JEY wirrreyehe? hhndt naph tiea byt e et vecat h omaet trahdé,

8a- hydr oxy- a- net hyl - 4a- decal i nnet hanol _

a- net hy| 20A-1y R usiEh arRIRgRiited by Formula (1) where R is a

a- net hyl - 4a- per hydr oant hr acenenet hanol , :

a- net hyl| 91 ePRp dReFHeIh B Aridvagarianat id Synet yingt ing epcdib grdup2. 1. .
02' 6] decanenet hanol ,
6-hydroX§h%ﬁ?ﬁﬁ9ﬂd-2-tricyc|o[5.2.|.02'6]decanenethano|

a- et hyl - 2a- per hydr oacenapht henenet hanol , _ , _

a- et hyl - 3a- p& Ryt dPFehEi dRSRARMTGIS can ke ahFainad boiraRefECRaAOl
a-nethyl-é—norbgrnene-l-nethanol,_and ot her al cohol s each having a bridged
cyclic HyEFGEAPEINT Yrotipt S $ER R R EAFotnBES BReRAHAY IGRIRP WIS HhEdecycl i ¢

hydr ocarban is conbined with a

r ug conbi ned w 2%? car bon atom.that A
hydr oxyl dfb%p.y F898Pr%ﬁ°ﬁ¥t ACQHE | et e dBHES FORPOURG) s UgABIt he
al cohol s_ each havi ng .a_bri dged clic hydrocarbon group. Such preferred
secondaf@cérgﬁﬁé§¥?4%&cfﬁagﬁg-Brgéﬁn%?? %ﬁ?ﬁﬁ%ﬁcﬁﬂQRﬂﬂﬁ a BﬁﬂtSFEéPgaliphatic
secondar cohal s 1-cycl ohexyl ethanol, and of her secondary . al cohols each
oo e Ao Bk R hbienr BancaEbta Lot -foonbhatteaSE R Rp POk B ERor

C6- C14 ogg? and non-aromati c carbocyclic group (e.g., a C3-Os
17 DEC 2004 % ac%/ré?%:ﬁ% Efnl]g Vg)](fbg or a cycl oal kenyl group) conbined with a

b [ i,ned w d I ; I !
cycl onertnna B, o e B R R A 2 RSP S ParB8RaFs each
having TEAMADON ot 1RJIRRAR, anlaRBRYN' ALY 1n2PeObhELALET i C

secondar
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



The primary or secondary thiols in the conpounds (Al-1) include thiols

corresponding to the primary or secondary al cohol's.” The ethers €ach having

a carbon-hydrogen bond at the adjacent position to an oxygen at om ih7teC 2004

compounds (Al1-2) include, but are not limted to,. dinmethyl ether, diethyl

et her,. dipropyl ether, diisopropyl f#hgr, di butyl ether, nethyl ethyl

et her, nmethyl butyl ether, ethyl butyl ether, diallyl ether, nethyl vinyl

ether, ethyl allyl ether, and other aliphatic ethers;anisol e, phenetol e,

di benzyl et her, phenyl benzyl ether, and other aronmatic ethers; and

di hydrof uran, tetrahydrofuran, pyran, dihydropyran, tetrahydropyran,

mor phol i ne, chranman, .i sochy oman, and ot her cyclic ethers to _which an

aronatiéﬂgfnhéﬁ?gf5W@M4%% %uf?%&”b@ngoﬁggﬁéég t%ﬁeréﬂﬁfFﬁegoégcﬁnhaving a

carbon-hxgrﬁ?en bond at the adjacent position to a sulfur atomin the

conpoundsjfp -

car bon- hydro . at_t adj acent, pasition.to _an oxygen_ato The
qugll%%ﬂqa/ gal‘:reb'}eerr(gdalmlde gﬁlgogpdfshcan Bgcgﬁ%:abgglgqp

acetal s each ving on-hydrogen € adj gn to an

£ i ! - v (0] 3 i I et
ol o At i RS AT o ol St e RSt des:
Such ¥ ' ' t al d i tals. Th | dehyd
iﬁgl ugg’q\g g{lﬁsdfa({r@%t&ﬁﬂi&e acetal s and acyclic acetals e al dehydes

mted to, formal dehyde, acetal dehyde;
propionq@QﬁB%QEHL_ t Iﬁgﬁﬁ@y i de, pentanal, hexanal
decanal , and ot e?ﬂgyip atlcéiﬁ%éé%ﬁég%g%£p opent anecar bal dehyde,
cycl ohexg gl OLNSEH A4 Cyed £ & Al IeOESs s mige,

7

fa) gedy and
benzal dehyde, phenyl acet al dehyde, and ot her aromatic al dehydes. The al cohol s

i ncl ude,omrm%moi%mwg EOmp Bt dangd »i fidangdm dr pegpanel . 1-butanol,
benzyl al cohol, &and ot’her nonohydric al cohols: ethylene glycol, propylene
glycol, do é&fﬁﬁ&&i&éﬂan@yérﬂdééOSP-éf§m£69@q&§gy@%rb@£919éher di hydric
al cohol s. Typical acetals are, for exanple, 1,3-dioxolane,

2- met hyl adh Zd €l @x&| ane, 2-ethyl -1, 3-di oxol ane, and other 1, 3-di oxol ane
conpounds 2-net hyl - 1, 3- di oxane, and other 1, 3-di oxane conpounds;

acet al dehyde glidrebliyt1a¢ atdlde aBdpOtR@s <l Kyl ingairad Nncempeyndstetine

t hi oacetal s each having a carbon-hydrogen bond at the adjacent position to
a sul furcpd D i iide LRAHS pAbshtiedCbydeothidacet plsae @y eseandi ng to
the acetal s each having a carbon-hydrogen bond at the adjacent position to
an oxygefllone or in combination in a reaction. The 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 corresponding N-hydroxy
cyclic imide compound (a compound where R is a hydrogen atom) ..
The amount of the imide compound according to the present
inventioncanbeselectedwithinawiderangeandis, forexample,
from about 0.0000001 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

-2) include sulfides corresponding to the ethers each having a




atom The conpounds (A2 ) each having a carbon-het eroatom doubl e bond
include, for exanple, (A2-1) conpounds each containing a carbonyl g7 diUp; 2004
(A2-2) conpounds each containing a 17 DEC 2004 - 37 thiocarbonyl group,
and (A2-3) imnes. The conpounds (A2-1) each containing a carbonyl group

i ncl ude ketones and al dehydes . Socl %etones and al dehydes include, but are
not limted to, acetone, nethyl ethyl ketone, nethyl isopropyl ketone,

met hyl isobutyl ketone, nethyl s-butyl ketone, nethyl t-butyl ketone,

3- pent anone, nethyl decyl ketone, nethyl isopropyl ketone, isopropyl

but yl ket one, net hyl vi nyl ket one, nethyl isopropenyl ketone, nethyl cycl ohexyl
ket one, acgtephienessbifet hyh Wwittethgliptsieytoreebhg; r%fmprgms#mw

ket one, cycl ohexyl phenyl ketone, and ot her chain _ketones; .cycl opropanone,
cyclobutfﬁﬁm&depy@hoaeampmememetqblbMéX%mRﬂWsté-n§5h9F%9€ﬂﬁﬁ%%Eﬁ§ﬁe,

4- chl or ocycl ohexanone, isophorone, -cycl oheptanone, cyclo ctehr;one,t
cycl odecasmpeund yinl atodecatcne wiydl bpermakRERREMeO™HC% Ly ct hétdifedi one,
1, 4-cycl ohexanedi one, 1, 4-cycl ooct anedi one, )

2, 2-bi s(4n@xeeyetohexyy) pfopanerebrsiar o%deyee ohBRYPYRE: hane,

4- (4- oxocycl ohexyl ) cycl ohexanone, 2-adamantanone, .and ot her | j.c. ket ones;
bi acet yl (2, 3-1eit ahbik gﬁe)n,ezs,tg-cp@?ﬁiah@a@H%th,“lﬁ‘}?e@a’n%ﬁf’%ﬁ&lﬁégbé%zoyl
(benzil), acetyl benzoyl, cycl opentane-1, 2- ionqﬁ%ﬁ%f%ohe fles -

ycl of e £~ one, and
ot her 1, Bedi epebofijtedipolnnstedgand- #Fke? bhed) 'R, benzoi n, and ot her

o B ety o
and o%/ her"nalt%;dydld @%@@éﬂﬁ'd@s% a5z ey &t Sé)a?/ll%jxly (aee_ nsr’z ?ﬂod: eoﬁ{y c?re‘ ,
R A ey,
The cgnpaﬁhaéewﬁztﬁ) Q%ﬁﬂ*’ﬁa@%ﬁ@eﬁt?ﬁ%ﬁéﬁﬂgggyﬁkg%g&gg%ﬁg%ﬁﬁetggﬁ%oundg

each having a thiocarbonyl group corres I ; wBfsntd?, 1) each
havi ng a.%@l%@ﬁ?FsdﬁonJf*%ei?ﬂfﬁ%@o%i&ggagh?%éﬁﬁ%%?g%ﬁfﬂgge no? é?nited

to, imnes (including oximes ang.hy, j Ade (eQEpounds

(A2-1) edeFOHA ﬁberaee*é?b&iﬁ"ggéapgéugﬁﬁn}g%gﬁﬂu\otfgaﬂﬁ. Sljch@gm nes

i ncl ude, for exanple, t hyl am ne, ethyl am op e, eihdna ne,
i P TT ohesd ar e a1 AU S

hexyl am n¥) » beRYP & ani re, i ne,” and ot her am nes:
hydr oxyl ami ne, - - et hyl hydr oxyl ani pe, and ofber, Jwds OedAP pesienteytrsazi ne,
nethylhydﬁﬁzgnefhﬁheﬁgPﬂég{§§¥ﬂ3gkgﬁﬁhggﬁeggﬁ§ﬁfaz?nesfﬁﬁae conpounds (A3 )

each having a nethine,c on_.at | hC or (exanphei, (A8-ang By)Glic
conpounds(éaah'hQQiﬂ@dagﬁgth?ﬁgg r%ﬁpé¥%$6%§ ,(ax%g?hine car bon- hydr ogen

bond) as a constitutional unit of i dh £ ASt &eb@i De conmpdmids each
havi ng a ﬁéPHPnilcg B@ﬁngﬁog%'?hé g?éf?%r%gﬁpounds (iB-l) i ncl ude, for

3?3{}‘;' e, (A3.1a) bridded eV if. coOMAUKls 18R IE:A DY edterterast (@ng. et hi ne
| 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
typically preferred. Especially, V, Mo, Mn and Co arepreferred.

The valency of themetallic element is not specifically limited,

and is from about 0 to about 6 in many cases.



17 DEC 2004 - 39 and (A3-1Db) non-aromatic cyclic conpounds (e.

g.,
ali cyclic hydrocarbons) each having a hydrocarbon group conmbi ned WthEG 2004
ring. The bridged cyclic conpounds al so include conpounds, in which two
ri ngs commonly possess two carbon atons, such as hydrogenated products of
condensed pol ycyclic aromatic hydrocatbons. The bridged cyclic conmpounds
(A3-la) include, but are not limted to, decalin, bicyclo[?2. 2a0] hexane,
bi cycl o[ 2. 2. 2] oct ane, bicycl o[ 3. 2. 1] octane, bicycl o[ 4. 3. 2] undecane,
bi cycl o[ 3. 3. 3] undecane, thujone, carane, pinane, pinene, bornane,
bor nyl ene, norbornane, norbornene, canphor, canphoric acid,, capphene,
tricycl ene, ghbgyﬁg@aﬂiiczcoﬁpoﬁﬁd$ﬁxd@d&he,bPﬁié?@l%Pféﬂ%ﬁ%ﬁ ST decane,
exotricyclo [ 5. 2. | . 02" 6] decane, endotric plo]%dS . 2 'l%x 02' 6]
decane, &1 dset Of ¢ stk thi Sauntigdans;idesi c9et 82, GLC B GE ane,
endotricyclo [ 5.2 . 2 . 02' 6] undecane, adamantane, lhad%gg_eggol
1-ch|orogQg@@@iﬂh@liﬂe@Etﬁym@ﬂamaﬁx&hé?riﬁgﬁdﬂN%FWV§338 mtane,
1- net hoxyadamant ane, 1-carboxyadanmant ane, 1-nethoxycarha nt ane,
1- ni t r oadamest apeoxbetideydkod| 4 Di&¥aG¢312ngff%e%r & %?&%3%@%
per hydr oant hr acene, perhydroacenapht hene, perhydr,ophenant hyr, ,
per hydr opheaakeneanpechytooirtgene, Sgdtsulli ¢ é?l RS0 He%aggﬁhégh cyclic
hydr ocarbons or bridged heterocyclic conmpounds each Vi to four
rings, anétdeppvatyivesisherdsf © sénﬁFggﬁEﬂ: 8F¥%H£%%ﬁ§%&%%£ach have 17

DEC 2004 - 40 a nethine carbon atomat a hrid | 44 .,
(corresp@ﬁ@m@mdmkh@ﬁedmﬁt@hlb%@ﬂ?W@ﬁtﬁﬁéﬁgﬁﬁ%gfggggnggﬁﬁ%hﬁi(%6gsess t wo

atoms ) . The non-aromatic cyclic conmpounds (A3- ch-baxhpdtas),
hydrocarb&muyhmq)mxw@ﬁ@@@tﬁﬁtﬁrHS?Fgge?n&%ﬁﬁg%ﬁﬁﬁuggégﬁgtIirﬁted to

1- net hyl cycl opent ane, 1-nethyl cyc| ohexane, .li f henemer®at. hol
car bonentdmyel e xemt A08OL heF P EAIEC SPTRTEITE Oy ?%@%F%%ns each having from

about 3 to about 15 nenbers and having a C I nyddoxad,. , an
al kyl gribugendsdiei se@ skt bieg %%ﬁg?oﬁﬁgé{gégiﬁ er.%é?? 5esy. The

hydr ocar bon group just nentioned above i 599 Ubclit@.ahqut 20
(preferabayk¢xbNﬁaﬁeuﬂ@?ﬁQ¥¥ﬂﬁﬁ%oﬁﬁjpéé%@%ﬂ'%ﬁ%ﬂs. fﬁgpnon%aronatic cyclic

conpounds(A3-1b)each having _a h ocar Ups CONbinRathsdarbdriylg have a
met hi ne cacbbyl BTBIMPAOPHPE nd%ﬂéoﬁxgg??Sﬁygeﬁiégn the ring and the

hydr ocar bon group. The chai.n conpoun G B pRavizad ed yired dvune, car bon
at om i ncl add ether yaaE Y 4 )it e y#%gé%éﬁg%gﬁgg?ocgrbons each having a

tertiary carbon atom such as_.i.sqhut I-SARGRY ANy, CRphkexare, atom,
3-nethy|péﬁﬂ@ﬁ@?%EQ¥%Nﬁe?hyH&ﬁ%ﬁ%ﬁégﬁgthyPhe;ane, 3- met hyl hexane

3, 4-di net hyl hexane, 3-pethyl octa : ghsahipBating byteacar bons each
havi ng fréh@abéﬁ?oh'tBQSBBﬁfnfﬁ ?g?é?ggggﬁg f?gn1about 4 to about 10)

carbon atons, and derivatiwves fon Qﬂ%dgygﬁbmpbnd@é,NHgaammhaeﬁﬂg a
carbon-hydﬂé@éﬁh&ﬂﬂf%ﬂlW%%?%ﬁéggéggghégition to an unsaturated bond

include, for exanple 17 JEC Z29P4ar 041 cBRQMBhEEiamipeynds each having a
nmet hyl gr@ﬁb R PH;F@Hé agguéggt ?hgﬂadjacgnt position to an aronmatic

ring (a "benzyl position:) aul'kgy 4523, "oHe 4 9FRE b Titepanddsteath having a
nmet hyl gr&Mfe%Y¥ﬁR?ﬁﬁ¥ﬁﬁg%ﬁb ét the' adj acent position to an unsat urated

bond (e.g.,.a carbon-carb ri beyd. or a carbon-oxygen double bond). In
the ar onat?%tﬁ%?ﬁbﬁ%%%g?%ﬁ?aé, J:t lgoar omatic ring may

Specific examples of the metallic compounds include, by

takingcobaltcompoundsasenlexample,cobalthydroxide,cobalt

oxide,cobaltchloride,cobaltbromide,cobaltnitrate,cobalt
sulfate, cobalt phosphate, and other inorganic compounds;

cobaltacetate,cobaltnaphthenate,cobaltstearate,andother

.salts of organic'acids; acetylacetonatocobalt, and other



be either of an aromatic hydrocarbon ring or an aromatic heterocyclic ring.

Such—aromati ¢ hydrocar bon rings include, but are not limted to, ﬁeﬂﬁgnam4
ring, condensed carbocyclic rings (e. g., naphthal ene, azul ene, T dacént,
ant hracene, phenant hrene, triphenyl ene, pyrene, and ot her condensed
carbocyclic rings in which two to_tey4- to 7-nmenbered carbocyclic rings
are condensed). The aromatic heterocyclic rings include, but are not
limted to, heterocyclic rings each containing an oxygen atomas a
heteroatom (e. g. , furan, oxazole, isoxazole and other 5-nenbered rings;
4- 0x0- 4H-pyran and ot her 6-nenbered rings; benzofuran, isobenzofuran,

4- oxo- 4H-chromene and ot her condensed. rings);i et /Reie icempongsiseach
contaiMQQFR%%ﬁﬁ%mm”§¥85g§§ élﬁgigﬁga %&?%éfig., t hi ophene, thiazole,

i sot hi azol e, thiadiazol e, and other pRenad , r bigsa ré-rw-14hkitteicopyr an
and othéilkpﬁﬁ#ﬂﬁﬁ¥ﬁiWﬁqﬂﬂgfg%ﬁ§gghﬁg§ﬁgﬁe and ot her condensed rings),

het erocyclic rings each, containi nLLr 99€he at Pghagdiamhehébeatiem (e. g.,
pyrrol e, tpyrégdt %umﬁ$&§£8fésefr?g§%?e, and ot her 5-nembered 17 DEC 2004
_ 42 rings; pyridjne yri j {5 di neandyyBZduefatend sidiem
6-nenber%@n?@ﬁgs?hiﬂﬂ%?gf agﬁﬁgpﬁﬁeguacridine,.naphthyridine, qui nazol i ne,

purine, and qt her conden I Lnishecmeblyliene group at the adjacent
posi ti onVeB2EAECar B tloé:_‘%r%lgnélnﬁgé be a r?em?hyl ene group constituting a

non-aromati c ring,caon : h aat heetiyDgcetonthe, arndeeilkeEonpounds
(A4-1) , 26N ﬁﬁ?ﬁ?Pagggéﬁggﬁﬁﬂﬁe?ﬁéﬁegg groug may exi st aththe adj acent
position to the aronuat, [ iamorshbeundsphanisgeacha hanffAgea net hyl
group atcpwgagéfgéegg p%gpf?ggaﬁgaan arongtic ring include, but are not
limted to, qigo ti cohydr 9eaEansnEAatt R thy othemrepoat L onele8eBbSUt si X
met hyl gFBﬁﬁ% U éti%ute on the aromatic ring (e. g., tqépenga xyl ene,
1l-ethyl -4-nmethyl b - d sondaidvt bertrermhove-mentione

1-i soprop";ﬂr(rfL -&r/reet ﬁyiigenzdeéne?é%t -F%fjt yl <j]4 met hyl benzene,
1-nethoxy-%%gﬁgh¥gp Hggggmcgﬁgdaﬂd%ne,Eashuﬁdﬂunﬂﬂm$tdhléﬂ@?mpounds
nethylnaﬁﬁ? al'ene, di net hyl napht hal ene, net hyl ant hr acene,

4, 4' - di me m@;{ gl;{églal&%ugkdghyd@mbdha'eimylbmmyr the

trimet hyl benzal dehyde, tol ui c acid, trinethyl benzoi c acid, and di net hy| benzoi c
aci d), angoéaﬁiﬁggfe;ﬁldsce 60D oS teachphaud ngt flr erABBYLS BRETE t six
met hyl groups substituted on a heterocyclic ring (e. g., 2-nethylfuran,.
3-nethy|fg5?§1f§ég§£mylfﬁ@@@£§@s12ﬁnEEHyt@pniuah%ﬂmeﬁﬁﬁhﬁ?ﬁﬁ?rdi s '
4- et hyl pyrrdi ne, 2, 4-di et hyl pyri di ne, 2,4,6-trinethylg&rigirﬁgvin

4-met hyl i pdpl e, 21 BBt Ayb oot nelurel, typks DECN@DB4LIc43omBRAYnds d

3-nmet hyl quinoline). The aromatic conpounds each having a neth quglgroup at
the adj acgntreR@shii 9a1becar dkanpti @ divglend fed2 SEEETOY Y im ted to,
aromati c hydrocarbons each having an al kyl group or sub tiiutgﬂx9lkyl group
havi ng twe g i#Rke ceartanh at arsivadery. metet %éﬁﬁ‘%ﬁ?é‘,ncgro]p IBenzene,

1, 4-di et hyl benzene, and di phenyl net hane), aromatic heterocyclic conpounds
each havi pg-ceraldeyl group or substituted al kyl group having two or nore
carbon atoms (e. g., 2-ethylfuran, 3-propylthiophene, 4- ricdi-pe, and
4-buty|quino|irm)s,ala@dntaﬁb@@ﬁd@ebaéhgﬁéﬁﬁﬁﬁnﬁ1 6ﬁ!aﬁ%ﬂé%%g*FE%gEggﬁdensed
to an aromatic ring, which non-aromatic ring has_a.neth upoat the
adj acent pasédt on Q01 theahpohal® caliafyape Pg??eaf‘ﬁ}ﬁr%o%%‘lﬁm adlye(r?efmi%ndene,

indan, tetralin, fluorene, acenaphthene, phenal e Q}H%Q%nd,
xant hene) . ¢ Jhgodon- Armomke $ ﬁ@h%@Uﬁ%st?Ahiﬁﬁf%éﬁﬂ%ﬁgagggngpné}hyI group or

met hyl ene group at the adjacent position to unsat urat.ed bone,+ nodside,
for exanplgnd(ﬁéTZEﬁ:ehaﬁ@l@nséFQWa@%%uEJﬁﬁngyﬁ%zg;ggg% ﬁgving a net hyl
group or methylene group at an "allyl positjion., 2Bbogenpeungs each
havi ng a nsyhyblgranq)pneﬁﬁﬁ&ﬂMXHﬂ§oﬁ¥égﬁugtbt %lﬂgﬁgg%ﬁﬁopos?tion to a
carbonyl group. The chain unsaturated hydrocar 4:.22) shpst tigles) but are
not |inmitedolle, pripyienso ].JLmBl}fee‘h%,tQ?- ?ﬁ%%le?lpggg\g%téeﬁe, )Sl hexene,

2-hexene, 1,5 h’?k)ig(gr%?n%tell:sogégg%e gﬁ %%teepnreésent invention also include

orgaﬁic salts each composed of a polyatomic cation or a



17 DEC 2004 - 44 undecatrines, and other chain unsaturated hydrocarbons

each having from about 3 to about 20 carbon atons: The conpoundsq (7AB£Zb2004

include, but are not limted to, ketones.(e. g. , acetone; nethylethyl
ket one, 3- pent anone, acet ophenone, an t her chain ketones~ and cycl ohexanone
and other cyclic ketones), carboxylic” acids or derivatives thereof (e. g.,

acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid,
hept anoi ¢ aci d, phenyl acetic acid, mal onic acid, succinic acid, glutaric acid,
and esters of these acids). The non-aromatic cyclic hydrocarbons (A5)

i nclude (A5-1) cycl oal kanes and (A5-2) c¢ycl oal kenes. I : es
(A5-1) igwl pteombutarsircn pod LH#i GRS DB BuhGE Rk g}ﬁ%ﬁl‘%g&? #ANeS

30-menber ed cycl oal kane ring, such as cycl gpropane,. WA di
cycl opens are.icsycboheknae Gé?é?%ﬁ?a@%%/uféggl %]8%?%%%%%@ anonane.

cycl odecane, cycl ododecane, cyclotetradecane, cyclohexadecangonded
cycl ot et Tasbsant, Etyoeotsi hevandnat ARAS ePP@a?%éggqgf%?hegg éghpounds.

Preferred cycl oal kane rings include 5- 30- p¥ cd Oahkange i ngs, of
whi ch 5-theréﬁonemﬁémédn§y5h6éP%§ﬁ€‘??ﬂ%§35¥%gﬁyglégﬂ?y preferred. The
cycl oal kenes (A5-2) include, but are.not [|im 3 yeonppdeeeach having
a 3- to abdmerBecsdvify &4l K&Fe H5AT }qgugﬁna§&§§g1opropene, cycl obut ene,

cycl opent ene, cycl ooctene, cycl ohexene, 1-nmet i ghexaneerisapbor one,
cycloheptene,IcydkbééaéééﬁéﬁégﬁélEgggs%vébgﬁfgﬁ%éne,l,3-cyc|ohexadiene,

17 DEC 2004 - 45 1,5-cycl ooctadi ene,. a otper gy cd pal katliceresroup
cyclooctakﬁﬂén@faﬁée@?ﬁgﬁ b?EﬁBgFﬁgtﬁ?e%%é,Eghdaderivatives of these

conmpounds. Preferred cycl al kenes incl NP O Sige €86 hihavudg, aft8= to
20- nenberléd gligngniot Q#%QWFC %Bﬁﬁ%ﬂg eac Gghaving a 3- to 12-nenbered ring

are typically preferred. The j ug %Q@BQ@@@ﬁdﬁ%Q dichyde, e,
exanpl e, €¥®uRhe cdhy %ga?%oarb‘ﬁ;gﬂée‘s, %%%g-e ) a, (3-unsaturated nitriles,

(A6-3 ) a, (3-unsaturated, carhoxyl L ¢ agi r fEyMatyveseferrgd,. esters,
ani des an®b a4 %nh?ﬁrVHé§$ ?he?e%ﬁq $h§§§oﬁfggatedyd?nes. (A6-1) include,

but are not limted to, butadie | SRS BN w2t B Rltonehof atieenlesmerrics
2-ethy|butadiéﬂé?O?Héné86¥ﬁﬁ§F%gganes (A6-1) also include, herein, vinyl

acetyl ene and ot her conmpounds-ins: 'qh3g¢ﬂg&&ﬁdaﬂmmnjgandp@ vhiphanddnd are
conjugateépciHéeaqbf%- E%&@hré%@éwg?triles (A6-2 ) include, for exanple,

have a substituent, and substituted oxy groups. The

and

hydrocarbon 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 straight- or branched-chain aliphatic
hydrocarbon groups (alkyl groups, alkenyl groups and alkynyl
groups) each having from about 1 to about 30 carbon atoms
(preferablyfromabout1toabout20carbonatoms);cyclopentyl,
cyclohexyl,andotheralicyclichydrocarbongroupseachhaving
from about 3 to about 8 carbon atoms; and phenyl, naphthyl,
and other aromatic hydrocarbon groups each having from about
6 to about 14 carbon atoms. Substituentswhichthekm@rocarbon

groups may have include, but are not 1imited to, halogen atoms,



(meth)acrylonitrile. The a, (3-unsaturated carboxylic acidsor derivatives

t hereof (A6-3) include, but are not limted to, (meth)acrylic acidy 7Bt nhy2004
(meth)acrylate, ethyl (neth)acrylate, isopropyl (neth)acrylate, butyl
(meth)acryl ate, 2-hydroxyethyl (nmeth)acrylate, and other (neth)acrylic
esters (neth)acryl am de, N-nethyl ol (4%t h)acryl am de and ot her

(met h)acryl am de derivatives. The am nes (A7 ) include, but are not limted
to, primary or secondary am nes such as mnet hyl am ne, ethylam ne, ---
17 DEC 2004 i propyl am ne, butylam ne, dinethylam ne, diethylam ne,

di butyl am ne, ethyl enedi am ne, 1, 4-but anedi am ne, hydroxyl am ne,

et hanol auj %rogggHy&ggxymPpbapL@uhﬁﬁﬁﬁntedoxygroups(e.g.,alkoxy

cycl opentyl am ne, cycl ohexyl am ne, and ot her alicyclic am nes benzyl an ne,

tol ui di ngro@pd, alhero-aF QiRtus arndescpyorpl Jubwes) pigrerbekne, 958 Yer azi ne,

i ndol i ne; -and other cyclic amnes to which an aromatic or non-aromatic ring
may be congdensedtedhex il ydupsar bohst { ABtRd| o P HutBr*d not -
limted to, benzene, naphthal ene, acenapht hyl ene, phenant hrene,

ant hr acepgrpapbybageoapaseapthpybenept r npheRy DEREPpy BERE L IEHERSe RE,

napht hacene, picene, perylene, pentacene, coronene, pyranthrene, oval ene,
and ot hegnauppat i atedmoimdg reaps , Mg JaPUPE LS - %nemﬁéﬁléféneeﬂ%gc of

t hese aromati c hydrocarbons, preferred are condensed polyc Elic aromatic
conmpoundgnbnothé e hc.aiC,| @Rlsy 1 ay pdumpll 4 WCdpaBécryﬂeﬁéOPPﬁgsaEé. FOUP¥wo to
ten benzene rings) are condensed. These aromatic hydrocatrbons_may_each have
at | east (eng.supbenyiliemid rBRINEES BOUWRTh éPSnﬁ?F%rﬂﬁi@FE‘)&Sr%ﬁﬂgéﬁéh havi ng
asubstituent are2-chl oronapht hal ene, Z_HEth%ﬁéfap hal ene alkvl

1- et hy| maghphefemeedohyer agh Hapht e e sy (Lot AFAEBAS, y

2-t-butyl ant hracene, 2-carboxyanthracene, 2-ethoxycarbonyl anthracene,
2- cyanoanfrtnaerech2hav i ngafif o AR 1ahkd %b?r‘é)f E&#ﬁ%ﬁgp 4 éggh of the

benzene rings, a non-aromatic carbon ring, .an.aromatic.hete i, ring,
or a nonamamaﬂﬁq:HKQQQQﬁﬁhﬂq(gﬁqqﬂflﬁSFﬁéglaqiy’Dggef§64%& ﬁggxggkgensed.
The straight-chain al kanes (A9) include, but are,not Jimt 0, t hane,
et hane, propame calsli hﬁé}nﬁeéﬁ%&b%gn%? a??é’b’t%aﬁé,C%Eﬂf%%eéteog%gr]'ang?ggdecane,

dodecane, tetradecane, hexadecane, and other straighf- i, alkanes, each
havi ng frmavaiomttho@Ya%wpéoUb%Jr%‘g% gFSn%r%ﬁlﬁ%p?g%%?‘g I%‘/.o'f Fom g%yout 1to

about 20 carbon atons. The ol efins (A1l0 e f a-olefins and

i nternal orefPHs 2BVEHCBY MRS n‘ﬁ?dh%\:/%i]égg%%gt(??ﬁéﬁtg'(e. g., the

af orenenti oned substituents such as, hydr I BEE R QIPS) and
al so incl ude GFAEREER Vi Hete GFHS &5tn éL\lfllg:ﬁ’g pl ur a% car bon- car bon

doubl e bonds. Exanples of the olefin 1 LNE ; 81tRl nd ene,
1- but ene, S21 bt é}@ar}%gﬁ?gﬂg?nipgesnatsletﬁ]é; 9%9%@%{3%%%&8 1t

2,4,4-trinethyl -2-pentene, 1-hexene : ) s 61 R A ksZ et edne,
3- hexene, O@ﬁé)@éﬁ""f‘-ﬁ?%%f@ﬁ- ol ?Pg%c%%[ﬁg-co . 1-hept ene,SII- oct ene,

2-octene, 3-octene, _4-octene, 1- e, 1 akmdeGene chllaridegene,
1- dodecené?tff"ﬁ‘éir(géféég‘ﬁ'gfnTznoggaal%%gg%é, t%jcggﬁgggéiaene, 1, 6-Chept adi ene,

1, 7- oct adi ene, . 1- acet oxy-3, 7-di hyl - 2,.68+96kadi athorShid et ondidw,l t ol uene,
a- met hyl stFF&Rbut i\??“ﬁ&?%‘ﬁ)%“i Elg‘r}g% %i'n%l’et hi op%gllne, and ot her chain ol efins:

CyCl OB 9PN S R A YRR Ol inxanmeryhatarlane,

1, 4-cycl ohexadiene, 1.4 G%Al ARERI A ENRmEhadesad eres,
di(octadecyl)dimethylammoniunlchloride, and other gquaternary
ammonium chlorides, and corresponding quaternary ammonium
bromides, and other quaternary ammonium salts each having four

hydrocarbon groups combined with a nitrogen atom;

dimethylpiperidiniwnchloride,hexadecylpyridiniumchloride,



17 DEC 2004 - 48 cycl ododecadi enes, |inonene, 1-p-nenthene, 3-p-nenthene,
carveol , bicyclo[2.2.1] kept-2-ene, bidyclo[3.2.1]oct-2-ene, a-pindnelEC 2004

~ 2-bornene, and other cyclic olefins. Each of these conpounds capable of

formng a radical can be used alone or in conbination, and in the latter
case, the conpounds used in combi matd bn~may bel ong to the sane or different
categories. For exanple, when two or nore types of these conpounds,
especially two or nore types of these conpounds belonging to different
categories, are used in a reaction with oxygen or another
oxygen-at om cont ai ni ng gas, one of the substrates acts as a co-reacting
agent (e thyl RATRNIGH AImEtEgenitdd, ind odapecty¢bl ¢ HEUBEREFAERd t her eby
yields significantly increased reaction rate in sone cases. [Rgﬁgcal
Scavengi g Jearo Wids: < B) [ExBivg lregd icdal t et vraRgl ity RIS B2 ney be any
conpounds as long as they can form-a stable conpound as a result of the
reacti onwéTdue teh amdthExpinpsplsoni usuehlebhPdunds i ncl ude ( Bl )

unsat urated conpounds, ( B2 ) conpounds each having a nethine carbon atom
(B3) hetgsoginn ghsttasphogigonpbundsdeand (B4) oxygen- at om cont ai ni ng
reactants (e. g., oxygen-atomcontaining gases). Each of these conpounds
may be usgﬂb@tpneh®xadecgbhbhﬂaphéﬁiumh§§goééﬁﬁounds may have vari ous

substituents within a range not adversely affecting the r i Such
subst i t uepisthptbuerylbhosaheniom FhAPEdder 0 2RHaPEGER g?@n%%%ﬁgﬁ?oxyl

group, i | 17 DEC 2004 - 49 nercapto group, 0X0_ groQ bstituted oxy
groups (phogphenalbikoghlerédss, &Pﬁl699r&%@&ﬁ?}n§h§u35§¥§¥v§§roups),

substituted thio groups, carboxyl group, substitut 5 hanykigsoups,
subst i t upedsphonnsmbBrPRyEed, caid ]P§P8§8§Pa59é§g08?§%%} nitro group,

substituted or unsubstituted am no groups, sulfo _gr PYBS,
al kenyl grebphawlkyfpughydpecaaPPByEf e %§ﬁ?%%5f%%ﬁyg?éﬁ §¥Egggnatic

hydr ocar bon groups, and heterocyclic .groups. T ur;alaq,&onpounds (BI)
i ncl ude atwimde Eaam@ﬂ?sopfcéﬁﬁoﬁﬁaénégcﬁuﬁEQPﬁg%h%%§%§5€Urated bond. Such

conpounds include, for exanple, (Bl:-1 n uWwis: @achnl@avi ng an
eIectrcn1thathﬁh&ﬂiﬁﬁﬂﬁh&‘éPdﬂﬁg'd%f%%%#fggésiﬁ%ggf§gggacarbon-canon

unsat urated bond [active ol efins (.el.ect - i Ci 9tgtbps) gapdpst her
active urssdtan e GHHEBTRISTS T 2) %%%@Uﬁﬁsigcﬁpﬂgving a carbon- carbon

triple bond, (B1-3), co ounﬁg eac? Qaving an aromatic ring, (Bl-4) ketenes,
(B1-5) i seoyeig@ Wit nt ofSotYanat @ conpounds, and (Bl -6) inert ol efins.

e b .

nethylg-o@FBﬁBa?%?Yi%ﬁﬁﬁg¥88F§%o ?é%'ﬁe?ﬁy?@?ﬁ%gggte?ngthyI ci nnanat e,

met hyl 4’gég§g£ggh H8a éggtﬁn%%ﬁﬁen%%glkonates,
naphthalenesulfonates, decylbenzenesulfonates,

dodecylbenzenesulfonates,andotheraryl—sulfonateswhichn@y
be substituted with an alkyl group (e.g., Ce=Cis
alkyl-arylsulfonates); sulfonic acid type ion exchange resins
(ion exchangers) ; and phosphonic acid type ion exchange resins
(ion exchangers) .

The amount of the organic salt is, for example, from about

0.001 to about 0.1 mole and preferably from about 0.005 to about



17 DEC 2004 i - 50 4,4,4-trifluoro-2-butenoate, dinethyl mal eatsli:gt git%t ?%J,

mal eate, dinethyl fumarate, diethyl fumarate, nethyl 3-cyanoacry
3-cyanoacryl ate, and other a, (3-unsaturated esters; vinyl nethyl ketone,
vi nyl ethyl ketone, nmethyl 1-propenyl ketone, and other a, (3-unsaturated
ket ones; propenal, crotonal dehyde, and %t Rer a, (3-unsaturated al dehydes;
acrylonitrile, nethacrylonitrile, and other a,(3-unsaturated nitriles;
(meth)acrylic acid, crotonic acid, and other a, ~i-unsaturated carboxylic
acids; (neth) acrylam de, and other a, (3-unsaturated carboxylic acid

am des; N-(2-propenylidene)nethylam ne, N (2-butenyli denﬁéget hyl am ne, and
ot her a,(f,:’(jé“}&?‘ltél,r aterht Ivaeso Styokaerfvihy| +Bidene™BOHB hy| st yrene,
(3-nethyl styrene, and other styrene derivatives, and other cor‘g)ﬁwgds each
havi ng an ar yin 06 pepo bepdembatse e th prefenpodt e N 24 °8ar bon- car bon
unsat ur at ed bond; butadi ene, isoprene, 2-chlorobutadjene ']@ésey\%’ﬁ t adi ene,
vi nyl acety} 61§ a€¥Es opend adi empasrdsy fadbe§2Vand 6t REF 2bnreTgated di mes (
i ncl udi ng conpounds in which a double bond and a tr%gle.bogd are

conj ugat Sfd') eqUie €OMpoINAESACBI.- 2prefiehrRavPREORICAT? A- $RFHBRSt rlf%]fe bond
i ncl ude,

or "exanpl e, nethyl acetyl ene and 1-butyne. ,Th yngds; §B1- 3)
each haviggmplearontdigen haéiﬁﬁélrqur&l%}?pc?lg?lgghg%ﬁlngs each havi ng a
benzene ring, a naphthal ene ring, or another _aronptic c n; ki ngorand
corrpound%naa@ﬂ@tbawbipngyadeDECTgemmpuBi © B@?rgﬁéorggng,&g uran ring, a
t hi ophene ring, or another aromatic heterogyclic_r] The ketiepese( Bl-4)
i ncl ude, &Hempaxgnilrem kRebehel afdll Zt%brﬂﬂtkét%ﬂé?sﬁégﬂ?ts%cyanat e or

t hi oi socyanate conpounds (Bl -5) include, but are not linmted to, nethyl
i socyanater tteyimidmoyamre@dphenyl isocyanate, methyl thioisocyanate,

et hyl thioisocyanate and phenyl thiaisocyanate.. 1ng{ 51 8bafHdisndeBl- 6)
may be whi cheére pfomobees ified AHe ipdiths ﬂg?sgflgﬁn-r?sé%;nl al so include dines

and other ol efins each having plural carbon- chapl 18 abNdsct domanpl es
of the inestpoireds gechBia®ng ﬁéﬁﬁﬁ’é’r’é’tﬁh%%%%%%@g%ﬁ ene, 1-but ene,

2- but ene, i sobut ene, | - pent ene, 2- pent ene, | - 41 NEXEBErb3nkex®yp
1- hept eneatiract&ne IR e§8,0h39%rﬁ?%lﬁfé?s %-%)(()Sgl?g?\e} ? nonene,

1-decene, | -dodecene, | , 5- hexadi ene, |, 6- j i ne1kdestfat exenpkad ot her
chai n ol etpmeipafdidsyn eé?EFBBBrﬁtécﬁg,CQg%ela%%%ﬁg, cycl ooct ene,

cycl odecene, cycl ododecene, and .qther Lic JQdi6f nreyahealdedress)l.  The
conpounds hexBElposaekrehatng tgllfﬂéltoﬁioﬁ%gércbgn tat on%ri%i ncl ude, for exanpl e,

t he conpounds exenplified as the co (A% £1ubRe e vandkeaoeegconpound
can be use(dleﬁlYtlﬁgE%B%%uﬁber(%ﬁu%gr?gp%énpoung (B2) in the reaction.

The heteroatom containing c oun ) £ 1 D€ | ot 1 exapt examBlel)
conpounds aeEcheRat Aga Sul Tc'{ﬁ% %T%‘%]m(' ?%ég%@corrp(?unds each having a

i - i f the
nitrogen E%égg a %%ts%.%%%qp%%dgbgﬂ%h3 moles relative to 1 mole ©

reaction component (substrate) .

Accordingtotheinvention,thereactionsystemmayinclude
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-chloroperbenzoicacid),peroxides(e.g.,hydrogenperoxide,
t-butyl hydroperoxide (TBHP), and other hydroperoxides),

i ioxide
nitric acid, nitrous acid or salts thereof, nitrogen dio '

penzaldehyde and other aldehydes. The existence of such a



havi ng a phosphorus atom and (B3-4) conpounds each having an 17 DEC 2004

- 52 oxygen atom The conpounds (B3-1) each having a sul fur atoq'rﬁéqu04
for .exanple, sulfides and thiols. The compounds (B3-2 ) each having a
nitrogen atominclude, for exanple; am nes . The conpounds (B3-3) each
havi ng a phosphorus atomincl ude, fo¢9exanpl e, phosphites. The conpounds
(B3-4) each having an oxygen atominclude, for exanple, N oxides. The
oxygen-at om contai ning reactants (reacting agents) (B4) include, for
exanpl e, oxygen-atom contai ning gases, nitric acid, nitrous acid or salts

t hereof (hereinafter referred to as "nitric acids"). The

oxygen- at gm» 5984 8117 BBe GAaRser Bahufecsoseaeathnhiavispgeacddesi ndltpoi nt (or
sublimation point ) of less than or equal to 45C. Such

oXygen- ahQin£eN AitHA G fPaseRnvicnede cobpbnans het fowri example, (Bzem)

oxygen, (B4-2) carbon nonoxide; (B4-3) nitrogen oxides, and (B4-4) sulfur
oxi des. EBehtof .0 hEseo cxtygen-atmmrhecomedieniing teattaplis ehnthre s al one or
i n conbination. The oxygen (B4-1) may be any of nol ecul ar oxygen and active
oxygen. ¢&hapsuhdcul ar oxygen is not specifically linmited and includes pure
oxygen, oxygen diluted with an inert gas such as nitrogen, heliu argon or
car bon di oxi dehe aret &l ystVolfethd aTr@WeﬁaHV§n§#Péna{l%é’cfed@]t RE o0kYhen. The
carbon nonoxi de (B4-2) nay be pure carbon nonoxide or carbon noxi de

di | ut ed wixampae,i mecdti cgds redkn ogadssn Lyskexi dENEsCatadYrhsSch itg‘%i on with
oxygen, a carboxylic acid can be obtained in a_high yieLd.%§ a result of
the reaciresentl 1nDEQtAG04 exPEditnisimilie CeRFINTd S ACTTFHE 1T r'ogen oxi des

(54,5 L oo S oot Y e L e 1
Pht eger GimideomoRLoOnBiheHIRE? & SEORFFeAFSSRANHEEY BP T A ACERSUEN oxi des
are Te9 (NI?’ ilglze??ltl’ydrogen atom and atomic number (member) constituting
a ring is 5, exhibit catalytic activities. 1In addition, the
catalystscﬁfthepresentinventionhavesignificantadvantages
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
5—memberedN—hydroxycyclicimidecompounds. Accordingly, the
catalysts of the present invention can be applied to all the
reéctions, in which the 5-membered N-hydroxy cyclic imide
compounds exhibit catalytic activities, and can yield greater
advantages than the case when the 5-membered N-hydroxy cyclic
imide compounds are used as catalysts.
Examplesofreactions,inwhichthecatalystsofthepresent

invention exhibit catalytic activities, include reactions

describedj11thefollowingliteraturerelatingtx>thecatalytic



NO2, N204, N205, NO3, and N206. Each of these nitrogen oxi des can be used

al one or in conbination. The nitrogen oxides may be pure substances107 DEC 2004
m xtures mai nly containing nitrogen oxides . Such m xtures mainly

contai ning nitrogen oxi des include, exhausted gases forned in oxidation
processes with nitric acid. Preferdyeglhnitrogen oxides include, for exanple,
NO, N203, NO2 and N205. In this connection, N203 can easily be obtained i
upon a reaction of dinitrogen nonoxide (N20) and/or nitrogen nonoxi de (NO 1
wi th oxygen. More specifically, N203 can be prepared by introducing

di ni trogen nonoxi de (or nitrogen nonoxide) to react and oxygen into a

cool ed r g@,ﬁ%}g%%ggd yﬁg&%fﬁ%gﬁ(&iﬂ&i T N2O 3 oriss@R s NGl Japdrhesé eact i on

accordi ng e prese ion can be performed by introducing

di ni troggn, %é&eﬂéé\%& AN 02 0 & QO8N TeRwdrde NNOs-BEDaXygen into a
reacti on systemw thout the previous formation of N203. The nitrogen oxi des
can be “§§§2582§9”ﬁbﬂaiboﬁswﬁéh,Owgemo—ﬁpeewanpbe,1by309i4|6g,N&a.i n

conbi nation wth oxygen, the yield of the product (e. g. , a nitro
conpound) ocanekyst hREL  be1ipmyoved. No. 170DEC08004 No5411FHET$M,f tio.oxi des
(B4-4) include conpounds represented by formula: SpQOg, wherein pis 1 or 2;
and q islgﬂlb@éegemet f10ppaate, Tvol m 1+Esel eomoands]-22848 et al |y an
integer of froml to 4 when pis |; and q is generally 3 or 7 when pis 2.
Such sul fgr3e@xbdes wechudsodutz ,ane. mot-3358a4dNoo, 2800-82031 6509 - 503,
5207 and S04. Each of these sul fur oxides can be used alone or in

conbi nat b -A3 otsse , subf. uroLNFAVEE2 Budi Ng .sAPPOEr-2663614d &6t ai ni ng sul fur
trioxi de can be enployed. Preferred sul fur oxides include those mainly

cont ai ni [ tatrnaedsinadeuel i sat forrs HooXiaPd /E8@D)4 ,ald - HAFAUB X3 oxFde (S03)
The sul fur oxide can be used in conbination with oxygen. For exanple, by
usi ng sulgooo /Mdigpdsdend §62) wono¢6mbihat Japanestd Baygeh, ABPEBERESPBRI ng

sul fonic acid can be obtained in a high yield as a result of the reaction
with the xzonpoundetad, Ndheldal649d7, Mar Lé-3dRd73r Mot rOPY$4% NAcl ude,
but are not limted to, sodiumsalts, potassiumsalts, and other al kal

met al SEHZGQO4Hﬁpﬁ§ﬁan.s8@@@;66@B@huﬁpsa29§9‘6aﬁﬂﬁw1§9Ft§909ﬁé78?ﬁer

al kaline earth netal salts; silver salts, alumniumsalts, zinc salts, and
salts of g hex0GMetLEI5 ®r oier 12D Gal ted IhciNrre 20979 %t ts of nitric

acid or nitrous acid. The nitric acids can be sg$ lied as iq@act to the
reacti on zyea-€20220maWNbe 20ppt34&83D e AWM o124t i 3™ RQch as aqueous

solutions. Alternatively, these conponents may be fornmed in the reaction
syst em anzio 0@y34H88234bj ected to the reaction.

g

For example, (A) a compound capable of forming a radical
is allowed to react with (B) a radical scavenging compound in
thepresenceofthecatalystofthepresentinventionandthereby
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
andinclude,forexample,(Al)heteroatom—containingcompOunds
each having a carbon-hydrogen pond at the adjacent position

to the heterocatom, (AZ) compounds each having a



.17 DEC 2004 - 55 The reaction between the conpound (A) capable of formng
a radi cal and the radical scavenging conpound (B) is perforned ithheUEC 2004
presence of, or in the absence of, a solvent. Such solvents include, but
are not limted to, acetic acid, propionic acid, and other organic acids;
acetonitrile, propionitrile, benzeniiYite, and other nitriles; forman de,
acet am de; di net hyl formam de (DMF), di nmet hyl acetam de; and ot her am des;
hexane, octane, and other aliphatic hydrocarbons; chl oroform

di chl or onet hane, dichl oroet hane, carbon tetrachl oride, chlorobenzene,
trifluoronethyl benzene, and ot her hal ogenated hydrocarbons; nitrobenzene,

ni t r onetdain ‘Hdyeaeidiane dand etdeerd ,ni (w30 conpounds: caichy haadeyate, butyl
acetate, and other esters; and m xtures of these solvents. In may cases,
aceti c agdtthiard ceiden arigani c(Zet) dsompmeidmidadid ehahengomi trile, and ot her
nitriles, trifluoromethyl benzene, and ot her. hal ogenat ed hydrocar bons, ethyl
acet at e anbai-hgrdmrsiar soadatusikd aag atdea tspbventon Theam ahsatofratkd conpound
(A) capable of formng a radical to the radical scavengi ng conmpound (B) can
appr opr izirel,y ($6l)eovedadepetdicngyohi¢Heydypesrfaost | (Adacpnyiugpredf t he two
conpounds or conbinations thereof. For exanple, the conpound (A) may be
used i n exgesmnds. g(A7f romzbout (281 cardroaitlGocenpeends, mohe) to the
conpound (B) . Alternatively, the conpound (B) may be used in excess to the
conpoundst¥9ighecipr breskbkafies hangr 8eht ¢hekks$on has a feature in that

17 DEC 2004 ' - 56 the reaction snmoothly proceeds under mld conditions. A
reaction temnJdresteurcompammralsp met ihatvs wazd o3l sebed 1daisatd g e ™t Re types
of the conpound (A) and conpound (B) or the type of the target product, and
is, for exeaphet ddvoespbyefdectdngboif reeetioand Preh Sty TSRS 20C to
200C. The reaction can be perfornmed at atnospheric pressure or under a

pr essur einghade, Putoary notvkipl Eae Yokl ogen & LEBYSH R NRBCHRH ST ¥ Bur essur e,
the pressure is usually fromabout 0.1 to about 10 MPa %e.g., f r om about
0.15 to BHBERPEC PPLUPArRKPIELUBu| HHPSE FrHiRABBUETTPURS ABodt  §WIZXY) . A
reaction time can appropriately bg sel ected vvith'é]n a range of ar_exanpl e,

f
f r om aboBECUPS mdfM XY §XNESr 289 FFHOXE FERUPH 'o?lu}?ﬁ%gpéﬁ?:‘?i%ﬁo

tenperature and pressure. The reaction can be gerfﬁr ma(th in a batch system
sem - bat 8RO8HSt eFPLEBRY L nG5GYPsy SHRAT &F U5RGt REY CRORTBKLI §A8MPEyst em ~ By
adding the imde catalyst to the reﬁctiﬁ? s%ﬁemin installorren Sy t he
target c8HPBLAHUESA BE OBFUPAEHTWFEA RHPYRRY " HERS W HIC sE1TRivity in
many cases. After the conpletion of the reaction, r.eaction pro can be
separ at eBLRRE PERi S§ %W%Wdﬂés&&ﬁﬁé%t?‘?w&q %ﬁ?ugghcée“r:ﬁiti on,
distillation, extraction, cr allitzation, recrystallizati
chr omat o@f‘&lﬂﬁy,Wa]oﬂ?é)ﬁ?épagzg(faf}x&n%ﬁ%%?’ &ﬁ(gﬁ%ﬁc%ﬁ%‘fﬁgf i%i%?é}[%se
separation neans. The process of _the present inventi i el an addition
or subst?‘tyﬁffPSﬁrF@chgir%Hpﬁr’o&&é)tmaf)crlca grr:%\'%g h%l {(}%é)%gof' gggindi ng on the
conbi nat 'hon of thﬁ.corrpound (A) capabl e of

eterocyclic groups.

Thecompounds(A)capableofformingaradicalactasradical
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



17 DEC 2004 - 5? formng a radical and the radical scavengi ng conpound (B)
Such addition or substitution reaction products include,for exapriE; 2004

car bon-carbon bonded products (e. g., coupling reaction product:€,

oxi dation products, carboxylation products, nitration products, and

sul fonation products. For exanpl e~ wh&n-t he het eroat om cont ai ni ng conpound

(A1) having a carbon-hydrogen bond at the adjacent position to the

het eroatomis used as the conmpound (A) , the adjacent position to the

heteroatomis conbined with an atom (e.g., a carbon atom constituting an

unsat urated bond of the unsaturated conpound (Bl), to the nethine carbon

atom of the copauch (Rl rhavitgna (®1+Eneacardbs tiwpdudingo the

het er oattom of the heteroatom containing conpound (B3), and thereby vyields

an addi ty g DEesARst bhhi 0y Trepatd b pr-odubtogsn bode eitviie eeipgengof . When

the conpound (A2 ) having a carbon-heteroatom double bond (e.g., the

car bonyl 58 Dtiok o aaMi dgygenpatiod, ) ©5 enpbagetahs {hectedpddnd (A), a bond

bet ween ‘a carbon atomrelating to the carbon-heteroatom doubl e bond (e. g.,

a car bonyhisaehoacat ahy) asdcanhavbnyadj agshentbygredenr B8Rdaebnt € broken,

and an atom c group containing the carbon-heteroatom double bond (e. g. ,

an acyl ga9apentsposibinedtei ehsthéuaf atementi oned position of the conpound

(B1) , (B2) or (B3) to yield an addition or substitution r ac%'o pr oduct

or a derivatrymekhﬁmeuﬁzommamqnﬁambﬁéégﬁ@léAg)tﬁ@vFﬁﬁpﬁuﬂgﬁhJ%Eﬂearbon

atomis i 17 DEC 2004 _ 5g _ used as the conpound iA% cigable gg form ng

a radi cainclheenat hiide varbenyarsmalsobersi-neBlareh2tAratr BA¥ntToned

posi tion of the compound (Bl), (B2) or (B3) to yield an addition _or

subst i t uvhdrhesact odn menedyetrish sidydnis ape Pﬁ@ﬁ%@?%léeﬁleﬁqgaf'the use

of the unsaturated conpound (Bl) as the radical scavengi C ound (B)

yi el ds an addBucbnprémetionlspbast inghedenePise2bf ‘P‘H‘g ngn%‘g%}r%dy‘?m )

havi ng a nmet hine carbon atom as the_caonpound (B).yields.a s ' i on

react i on mertddactl (@thanol a lcaapPPRG L priotInO The PEReY T oh fggﬁ%{éﬁit he

oxygen-atomcontai ning reactant (B4) as_the radical sca i ound (B)

with the mmawl(,A)l—é’aﬂQ%%lrofl‘P&tﬁPH&'a?r"gﬁicéﬁf)&yi gl §Q§§3g?§§g? c

conmpound havi ng an oxygen-at om cont ai hi n ro e. q. roxyl group, oxo
group, camaAngroup, ?ﬁQY¥?%ﬁcﬁ&XC?ilsﬁ%#ﬁﬁéﬁki%P%g%ﬂg?ygbpending on the
type of the oxygen-atom containing reactant..Accof dj t upeess of
the presemxangiantiene 94 Y&Spl P%’ég%ﬁr%FBEhf:%lb(i—"%lpd(’)g{r:lggga%%%%obt ai ned

t hrough one step by using two or .nore t ) capabl e of
form ng aum%@ﬁ%%ﬂt%%dﬂdﬁgﬁﬁéi?Ba?gﬁFys:éggﬁﬁﬁ%éE%%hggggggq%%?ﬁ?%Othereby

invite sequential addition or bstitution reacti £0ig e3P renhen the
unsat ur at e FRIVUNF Y BOF ShFF ggﬁoPBﬂgffEag %%gﬂﬁgéical scavengi ng

Db ehags FAFEHS ebfufodchay b oo FREbDR, Cebgs 0 oup o veo
ggp?LLBUtnglgggnggfgg%g§&eglggggl?scgETEhQQ9QmQQH¥Q,a@@@h@lbydroxyl gr oup
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—hydroxymethylpytidine, and
other heterocyclic alcohols.
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,



17 DEC 2004 - 59 fromthe oxygen is introduced into the other carbon atom
A reaction mechanismin the process of the present invention is nety DEC 2004
clarified in detail, but is supposed as follows : During the reaction, an
oxi di zed active species [e.g., imdo-Noxy radical (>NO ] is forned, the
oxi di zed active species w thdraws =a hydrogen from the conpound (A) and

all ows the conpound (A) to forma radical, for exanple, at the carbon atom
at the adj acent position to the heteroatomin the conpound (Al) , at the
carbon atomrelating to the carbon-heteroatom doubl e bond in the conpound
(A2) , at the nethine carbon atomin the conpound (A3) , or at the carbon
atom at 2-hsemickmeendl posi 2+propanédizo Lnsat Irktleanedhdli n t he conpound (A4 )
; the thus-formed radical reacts with the conpound (B) and thereby yields a
cor r espadd3 foemdained bl prarslibsheruti oinakeddoilon predidrer FRd Vgsdwel f or ned
addition or substitution reaction product may further undergo, for exanple,
dehydr at o oot i ored aldihedtiosecoadpicyna l debat BosgFathdR 1@ ddtd™n,
rearrangenent reaction, or isomerization reaction_in the reaction system
dependi ngbownt t he- s abesttupe {PEeEeFably rigedt e UtoRdEPi BRSUT ety 376t eby

yi el ds a correspondi ng derivative. The reaction_between the conpound (A)
capabl e m@reopnﬁﬁgrabgadﬁéam ahautnd EqdpbartséavefRgrhRg c8hPBShd (B) shoul d
preferably be perforned under conditions with m nimal '
pol yrer | 2ackehpranbyisthapely. 1-FyaleRarHoRENangdy aRINPIELESTt he proportion
of the polynerization inhibitor in the reactjon, 17 DEC 2004 - 60 system
shoul d preferdbry decoraks (rgh BAVERIAR Fgl?béélﬁpwdﬁﬂﬂaﬁw& Preter abl y

| mh b { OA"GACURLLC 1000 BIFOR=F BAEL Sofd el Y LT 8 CHTICETRRYES] and ¢ he
ome. casathi A CORPRASELol SRotha EBRBRERtn "OE ™ Ao WERyROr ShCCEH

| nor onse A PEREATGTG. (B LAPRERAN o e RAVECA  h COIF S GRGE bl 111y Lo
CompoundSIFIO AR R B P e o1 7a 2o et THBIZA dn | nbi bi tor 1 &

oo o et PAPAREL B o "L Pbeb R RS 2ol or
The compainiRe By 149 THADPaSeRte o RE I e Comsand. Ty b Eeas "
and he. HEAEAP R 0UATR G RE O L TS FA U EAETT on Gncsrar o ro the
presentlé?ﬁ%géf%% QggéﬁégEy alcohols (including bridged cyclic
secondaryalcohols)eachhavingfromaboutZStoaboutZOnmmbers
(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, a-methyl-l-adamantanemethanol,

a—ethyl—l—adamantanemethandl,




organi ¢ conpounds as nentioned bel ow can be obtained. 1. Production of
1, 3-Di hydr oxy Conpounds A first enbodi nent of such production wl

i I
descri bed bel ow. By catalysis of the inide conpound, an al cohol réb?3%%%t4@4
by fol lowing Formula (2): 17 DEC 2004 - 61 OH (2) Ra Rb wherein Ra and
Rb are the sane or different and are3gaeh a hydrogen atom or an organic
group, where Ra and Rb may be conbined to forma ring with the adjacent
carbon atom is allowed to react with (B4-1) oxygen and (Bll) an active

ol efin represented by following Formula (3): Rc Re ~ (3) Rdi' \ Y wherein
Rc, Rd and Re are the sane or different and are each a hydrogen atom or an

organi c &ucggéﬁégyﬁjaigd %ttgﬁéégg?gﬁéigctive group, where R, Rd, Re and Y

may be conbi h™ eac orma ring with the adjacent carbon

atom or ge - gar bc .12 i a 1, 3-dihyd
represeﬁ?ggﬁﬁgoggf?§€?€g9go%nﬁ %&%ﬁ%?g%%gtgéﬁé}he (4) R; X ro$ngogBound

wherein Ra., f{,x R:%—r'(?@th e 208qYnhaYEnther BanB1 eani ngs as defined above.
This reaction can be pertormed pursuant to a process (a process using a

fﬁtglxti&—éé g?e?gdpgkﬁygggiﬁdgxghgghgﬁbgg conpound) described in PCT
atronal Publication No. 17 DEC 2004 - 62 W00/ 35835.
o-methyl-4a-decalinmethanol, :
8a-hydroxy-o-methyl-4a-decalinmethanol,
o-methyl-4a-perhydrofluorenemethanol,
a-methyl-4a-perhydroanthracenemethanol,
a-methyl-8a-perhydrophenanthrenemethanol,
a—methyl~2—tricyclo[5.2.1,0L6]decanemethanol,
6—hydroxy—a—methyl—2-tricycio[5.2.1.0L6]decanemethanol,
a—methyl—Za—perhydroacenaphthenemethanol,
a-methyl-3a-perhydrophenalenemethanol,
o-methyl-1-norbornanemethanol,
a-methyl-2-norbornene-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 groﬁp.
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; 1-cyclohexyl
ethanol, and other secondary alcohols each having an aliphatic
hydrocarbon group (e.g., a Ci~Cy alkyl group or a Ce-Cis aryl

group) and a non-aromatic carbocyclic group (e.g., a C3—Cis



[ Alcohols] The organic group in Ra and Ro in Fornula ( 2 ) has only to be.
an organic group that does not adversely affect the reaction (e. ?. r204
organi c group that is not reactive under reaction conditions acéb J@%g g
the process). Such organic groups include, for exanple, hydrocarbon groups
and heterocyclic groups. The hydrecay®on groups include aliphatic
hydr ocar bon groups, alicyclic hydrocarbon groups, and. aronmatic hydrocarbon
groups. Such aliphatic hydrocarbon groups include, but are not limted to,
straight- or branched-chain aliphatic hydrocarbon groups (al kyl groups,
al kenyl groups, and al kynyl groups) each having fromabout 1 to about 20
carbon afo dalﬂ(}ﬁl @J:bﬁ%f%lf £chrinaeaeh9n graupPsconsiHeawiiiaatebbat |imted
to nnnoé@c I'c alicycltc hydrocarbon groups (e. g., cycloal kyl groups and

cy&loal HAURSY) LRGN MV iia H oMyl 13 groughodl c2@pearhanlat ons

(preferably having from about 3 to .about 15 carbon atons): and bridged
cyclic hydrogal O O3PS anddier A OTRL hkd hyehee as bosy gl bopsetontade, for
exanpl e, ;aronmat i ¢ hydrocarbon groups each having from about 6 to about 14
carbon a Qimn o Thes en MudriGar anaB6au B TRy mbrer ¥ ari-phesitistinamendt,s.

Het erocyclic rings constituting the heterocyclic groups in Ra and Rb

i ncl ude a4 Qr@théer hetenoeYE! s6cohigsyaaticabaiatomati c heterocyclic rings.
Such heterocyclic rings include | 17 DEC 2004 - 63 heterocyclic rings
each contai nimfge ?ﬁi‘i’twl@rﬁts@ﬂfbaslaa‘yhetlébd)at bm thetemeyoides (Blngs each
containing a sulfur atomas a heteroatom and heterocyclic rings each

cont ai ni pg-BuAkt tRE6Dsatopraspantiehgr bat the Phémerfevar segenderyr oups my
have at | east one substituent. The rings forned by Ra and Rb with the adj
acent cagbesnatem i nclude, but are not limted to, cycl opentane,

cycl ohexane, cycl ohexene, cycl ododecane, decalin, adamantane, and ot her.
non- ar omat i ¢ T berheisgsaétycbvahganecaihgs-hegepeankeaedr pigiheand

bri dged carbon rings) each having from about 3 to about 20 nenbers

(pr ef er ablyateam pbeit idnt boaboudxyseneabensinnphe prepeiadsy(3}om about 5
to about 15 nenbers, and typically from about 5 to about 8 nenbers) . These
ri ngs maynbauvedeatbutast e lémised tendipetyyl eieT adigtoydsett he
substituents that the hydrocarbon groups may have). To each of these rings,
anot her dﬁpgo@glnaMhemanﬂﬂ&9ﬂﬁqmglo$thﬁraﬁbé@@ﬁé—??%@§rH§§ﬁB@-%B%H nsed.
Preferred substituent Ra includes hydrogen atom Ci-CA,aIk§EC§%gu$s, and
06- Cl4 aryhegr,ompshyPrefibyl et oL i iRt hidfePWydr 6586 Fat ghp 1Y aft phatic
hydr ocar bon groups and alicyclic hydrocarbon groups. Alternatively, Ra and
Rb are pmeférydbivi nodnsithet t ¢ tharlmad -t 138 ¢ KB rﬁ‘r]]rfgpfrf’ae"v‘i%g from

about 3 to about 15 nenbers (particularly from about 5.to abqrttﬁegenbers)
Wi th t he eddtieasenantae bonPhedmt otfe HRGNoI S FRBF e SOV B £6t Rul's™ ( 2)

i ncl ude, for _
and other aromatic ethers; and dihydrofuran, tetrahydrofuran,

pyran, dihydropyran, tefrahydropyran, morpholine, chroman,
isochroman, and other cyclic ethers to which an aromatic or
non-aromatic ring may be condensed.

The sulfides each having a carbon-hydrogen bond at the
adjacent position to a sulfur atom in the compounds (Al-2)
include sulfides corresponding to the ethers each having a
carbon—hydrogenbondattheadjacentpositiontoenloxygenatom.

The acetals each having a carbon-hydrogen bond at the

adjacent position to an oxygen atom in the compounds (Al-3)



17 DEC 2004 - 64 exanple, those exenplified as the primary or secondary

al cohol s in conpounds (Al-1). Preferred al cohol s include secondar¥7abE%h?mﬁ
(e. g., 2-propanol, s-butyl alcohol, and other aliphatic secondary

al cohol s; 1-cycl ohexyl et hanol, and qt her secondary al cohol s each havi ng an
al i phatic hydrocarbon group (e.g.; a 1= 4 al kyl -group, or a C6-Cl4 aryl
group) and a non-aromatic carbocyclic group (e.g.; a C3-Cl5 cycl oal kyl

group or a cycl oal kenyl group) combined with a carbon atomthat is conbi ned
wi th a hydroxyl group; cyclopentanol, cycl ohexanol, 2-adamantanol, and
other alicyclic secondary al cohols each having from about 3 to about 15
menber sintlpHenyfethameimp lend astetierl sademtvies Sesohddideidseshany | and

al cohols in which the substituent Rb is a bridged cyclic hydrocarbon group.
[ Act i ve alicehioas] oThecadgamhydyrisiass i AURR, arRatakd RBCILHIEhEYSLLiCve ol ef i ns
represented by Formula (3) can be any organjc groups, _as long as they do
not advecssly}saphdcecyRéifeacerahs(e.The 2lgedanias dredpsiernRBtarEsi nert
under reaction conditions according to the process of the géggggt

i nvent i ®9F. 1uéhelryanifo oY 68 BEERIPE nBE OPTANE ®hal ogen
G oLps (TS 2L PRS0 AP DBHY "R GG ar g SR b o Hg Sahat,
ar al kyl oxycar bonyl gr.oups, and cycl oal kyl oxycar bonyl gr oups car boxyl group,
AR R W SRl S R G e kit Rl SRR B |

?&-guhstituted or unsubstituﬂgd aq%?e (?ﬁups y qﬁﬁ?o %{@gg% gi:ro group,
su: ;ur. ﬂ?qkﬁdi%?ﬁmqwfea& g‘_?%tf’p%ia 1o i ﬁildsfgrpups)_a
sul fur acid ester groups u n ci.d ester. .groups i.¢ ac
SUL U Sk S0 CURS (PR S RSAS. SRl LOUPSp, SO aTHL S
car boxyl BoRbeRa B Sna Ahn e br Dapscey BEChaebe £ 0y

ti I tect] . Jh I t i NGl f '
Chl or | el BFBTHEL: S D RONe L e Tyarochbor Sronsa e as. for

le, th lifi t Q! i d Rb.
Those nyt CONTHE CEr g B Fabe DaC e astE SRELEE 10 PTHiRp e o
het | i i ngl ud . : L th
A R e A i

| east onf%sygéiigggggl%ng??lggﬁygggggggky??§u8§og8§gng, but are not

limted hoxycar bony oxycarbo propoxycar bonyl ,

isopropogyﬁg{gggyi9?8338§¥$3§E0n¥Lng;PUiQEyaﬁéQemxhe,aaﬁdOBEﬁér

Cl1- C6al koxy- cafbon roups. & ary ycar bonyl groups include, but are not

imted §0q_pPeRy) oX)CALRBBYDAG: OdRneThe121 AbkykgxyaaY DanMl oghaups i ncl ude,

for exanpl e, "Benzyl oxycarbonyl gr oup. ustrative cycfoalkyloxycarbonyl

groups a§§39a§£%9§8% Doyl + NG KYEL RAXNPYEEE ODY bndritas:  The
substituted carbanmoyl groups include, for exanplé€,

dialkyl acetal compounds.

The thioacetals each having a carbon-hydrogen bond at the
adjacent position to a sulfur atom in the compounds (Al-3)
include thioacetals corresponding to the acetals each having
a carbon-hydrogen bond at the adjacent position to an oxygen
atom.

Thecompounds(A2)eachhavingeacarbon—heteroatmﬁdouble
bond include, for example, (A2-1) compounds each containing

a carbonyl group, (A2-2) compounds each containing a




17 DEC 2004 - 66 N nethylcarbanoyl, and N; N-di net hyl car banoyl groups.
Illustrative sulfonic acid ester groups are nethyl sulfonate, etfgl

sul fonate, .and other sulfonic acid Cl1-CQ al kyl ester groups . Il sPth?w%
sulfinic acid ester groups are nethyl sulfinate, ethyl sulfinate, and other
sul finic acid Cl-C9 al kyl ester groups - The acyl groups include, but are
not limted to, acetyl, propionyl, and other aliphatic acyl groups ( a . ¢
., C2-C~ aliphatic acyl groups) , and benzoyl, and other aronatic aryl
groups . The al koxy groups include, but are not limted to, nethoxy,

et hoxy, propoxy, butoxy, and other al koxy groups each having from about 1

t 0 aboutthd ceardem al @ruplhank $absB) titiBge &M MhgcPHuUnds (A2-1)

i ncl ude, f orexanpl e, N, N-di net hyl am no, N, N-di et hyl am no, and pi peri di no
groups. eRradf eonediRingRdcaabdnRe grivaputes L dds kexanplsea ndpddedsmeat.om

hydr ocar bon groups [e. g., Cl-C6 aliphatic hydrocarbon groups (particularly
Cl- A4 al9uysatket dnsdy eoat Bddegrolsss )inc 106teCl Hudr yiregmoupd ifrd.tegl tophenyl
group), cycloal kyl groups (e. g., cycloal kyl groups each having from about
3 to abawe®nmntretsyl, ebhydbdddngr nepbylei sgpropyt ikd umremetetnnlylgr oup,
and ot her Cl1-C6 hal oal kyl group, particularly Cl-C4 hal oal kyl groups)],

het er ocyicldlmtgrlokpsonsubetihywt sdbokydardivong, pedbpd {eougyl kerooe,

al koxy- carbonyl groups, aryl oxycarbonyl groups, aral kyl oxycarbonyl

gr oups~,arrEriani @ kyhoxdycarderyl} groupzy, reriwkyl gppuppysubstonat ed or
unsubstituted carbannglgroups, cyano group, nitro grough sul fur acid
groups, SiAFEAPYBEPUtEstkatone,MEHY byonyldiedigns, mathde WsoprenRsnyTypi cal |y
preferred R and Ra are, for exanple, hydrogen atom Cl-C6 aliphatic

hydr ocarkiPrf oupst iphréyelokexyl diettnel | pteksrheyerecamdbhYdr oups) ;

C6-Cl4 aryl groups (e. g., phenyl group), cycloal kyl groups_(e. g.,
cyc|oa|@wm§§kﬂ&ﬁﬁ%%ﬁ%nk@&@m@rfm%h$hb pPyridy hbketose nefipet ehexyhal oal ky
groups (e. g. trifluoromethyl group and ot her Cl1-C6 hal oal kyl groups,

par t i culRIRY ke o2l kyPLRPBUFRITN kRBRRES Ut GUCHRPEAPBBAYF gr oups (e.
g., Cl-C6 al koxy-carbonyl
gr oups, dF¥FEEREB BN of BebIP AR BFRIE DX yeuF bR P 8RBs, and

cycl oal kyl oxycar bonyl groups), and cyanQ group. Typical/l referred Re
incIudesglm?g£¥&%ﬁ%¥%?gﬁﬁﬂ?%%en4éf%%gr ﬁﬂgiﬁb a%%ﬁﬁhai?%pﬁ9HP88arbon
groups (especially, Cl1-C4 aliphatic hydrocarhon groups). The rings forned
oy R et dhetta rut L eEC RO, IS LAOeRROBE R and Rd and Re)

together with the adjacent carbon atom or cargoglcar oggbond incl ude
pen

cycl opr opEne dRYeF OB aneSY Y RPBREATANRICLT el tEREONEFEFGRERARe,

| oh , I t | odod d oth | i | i b [
(e. g, byblBATKAME FIRGLoRRd CyaTSUrReRGE FIRGE) tBach having from about 3
t o about ZQ_QE”?glsx These r%n?z gagahave at | east one substituent, and
anot her 71 g ta' hoRAFSHRPIE=Y T hE8P2 4% aromatic ring) may be condensed to

each of these rings. T n_attractive groups Y include, but are not
limted %s?gn% %gi%%?ggﬁg#?ﬁéﬁﬁ%§§barbonyl, and ot her al koxycar bonyl

0 ouDS! A0ESENGR, DD 00 Rk dfc D5 St Bhotty ittty

groups for enzoyl , acyl groups: cyano

o BN di et byl o !
Suber t EEAPEY keBCAD I OATDY k3, DoBRELHELIVHER BPR et IIR, (
| e, _ . pk L ; vinyl,
ropeny i Drteheflt O B oy IR 1) B e e Foups. The
rrngs f05§8908¥ngéﬁgg1?§—h§8ﬁ5,OB?C?Ehéﬁangui,Qngigﬁe, and other

1,2-dicarbonyl compounds (e.g., a-diketones) ; acetoin, benzoin,
and other o-keto-alcohols; acetaldehyde, propionaldehyde,
butanal, hexanal, succinaldehyde, glutaraldehyde,

adipaldehyde, and other aliphatic aldehydes; cyclohexyl




wi th the adjacent carbon atom or carbon-carbon bond include, but are not

limted to, cyclopentadiene ring, pyrrole ring, furan ring, and {,W 9@?&&2&
ring. Typical active olefins represented by Fornmula (3) include e 04
conpounds exenplified as the active unsaturated conpounds (Bl-1).

[ Reaction] The reaction of the al eolsd +represented by Fornula (2) with the
active olefin represented by Fornula (3) and oxygen can be perforned in
accordance with the procedure described in the reaction between the
conmpound (A) and the conpound (B). In this reaction, the 1, 3-dihydroxy
conpound represented by Fornula ( 4 ) is supposed to be fornmed in the

fol | owi ng JeRRRR!, cifrd hydraomdkydl f aduca heprnasRRNdiNg1hentAgsal cohol
represent ed by Formul a (2) is formed in the system attacks and is added to

a car bopeabamdehidee ReldResidian Rfhfde GriuRPebal Wesmydde two carbon
atons constituting an unsaturated bon 17 DEC 2004 - 69 of the active

ol ef i n rapheseniet R , Feamley 1E3)de ik 0xatgeis aldagks, a radical at the

al pha-position fornmed as a result of the addition and thereby yields the
1, 3- di hythtoay .0IEpeidR] riefypesaidied duh i, md & gt hd Ta 1 déh $OEP oanndl
represented by Fornula (4) fornmed as a result of the reaction, when Y is a
car boxylot@eaupromnadicesl @ehgaesp swd FastadKox ydanzdma 1 dqeide 0anar vl

oxycar bonyl group, a cyclization reaction may further proceed in the system

to yi el dthefrumatere derliivatd MeHyaddydr oxy-y- but yrol act one derivative)
represented by Fornula (6), as described later. The yield of the furanone
derivative c@8hebeomppuaded (A2 -2)nteaaihl hagyitlye at ywhe caredclgrmgplordrarp of 't he
co-catalyst or further subjecting the product to aging after the addition
r eact i on'nadndeurddmgrowndsdatd adn hasaicig on)thidcadotnyh ¢geoperature in the
aging period may be set higher than that in the addition reaction. The

f ur anonedardsmiridierc dw ahsocbsppnodacél2by) isothathawgindhe campomyd
represented by Formula ( 4 ) , for exanple dissolving the isolated conmpound
in a solamntp. and heating the solution according to necessity. Such
solvents include, but are not limted to, the solvents nentioned |ater, as
wel | as benz&he, imbheened2-ahd iocHardear buhtd xe mpdr btmibedsto cyidiisiesexane and
ot her alicyclic hydrocarbons; acetone, cycl ohexanone, and ot her ketones;

di et hyl etrruding catipgrsobodahydapdoneRerder heed; frem Hdifolcom@oaes |

i sopropyl al cohol, and other alcohols. A reaction tenperature in this
procedur@a'sl,) fegch herwiDrC 2gbanyl 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 compounds (A3) eachhavingamethine carbonatominclude,
for example, (A3-1) cyclic compounds eachhavingamethine group
(i.e., amethine carbon-hydrogenbond) as a constitutional unit
of a ring, and (A3-2) chain compounds each having a methine
carbon atom.

The cyclic compounds (A3-1) include, for example, (A3-1la)

bridged cyclic compounds each having at least onemethine group,




exanpl e, from about OC to about 150C, and preferably from about 30C to
about 100C. 2. Production of a-Hydroxy-y-butyrolactone Derivatives_B
catalysis of the im de conpound, the al cohol represented by Fornﬂlﬁ.i5§ 4084
allowed to react with (B4-1) oxygen and an a, (3-unsaturated carboxylic acid
derivative represented by followimg ¥rmula (5): RRe (5 Rd ~~ C02 Rf
wherein R~, Rd, Re and Rf are the sane or different and are each a hydrogen-
atom or an organic group, where R, Rd and Re nay be conbined with each
other to forma ring with the adjacent carbon atom or carbon-carbon bond,
and thereby yields an a-hydroxy-y-butyrol actone derivative represented by

f ol | owi reghdFofAfAH 1 )( B)an-rHdHB)c o R Rk ReorpRinawetei - RaalRbycRicRd and Re
have the same nmeani ngs as defined above. This reaction can be perforned

pur suanthytdr ddeerproriess e hproges 9 iyiduy ca rbatnalgytue Somieded 1tY- hydr oxy
cyclic imde conpound) described in PCT International Publication No. 17
DEC 2004 r\Wh@0/ 38885 ridyediricd]icThemabeohs| 8l sepissieiie¢opporadsul a ( 2)

include simlar alcohols to those in the production of the 1, 3-dihydroxy
conpoundsn which two rings commonly possess two carbon atoms, such as

hydrogenated products of condensed polycyclic aromatic
hydrocarbons.

The bridged cyclic compounds (A3-1la) 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]undecane, 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[5.2.1.0L6]decane,endotricyclo[5.2.1.0L6]decane,
tricyclo[4.3.1.1*°]Jundecane, tricyclo{4.2.2.1%°]undecane,
endotricyclo[5.2.2.0zs]undecane, adamantane, l-adamantanol,
l-chloroadamantane, l-methyladamantane,
1,3-dimethyladamantane, l-methoxyadamantane,
l-carboxyadamantane, l-methoxycarbonyladamantane,
l-nitroadamantane, tetracyclo[4.4.0.1%°.17"'°dodecane,
perhydroanthracene, perhydroacenaphthene,
perhydrophenanthrene, perhydrophenalene, perhydroindene,
quinuclidine,andotherbridgedcyclichydrocarbonsorkmidged
heterocyclic compounds each having two to four rings, and

derivatives thereof. These bridged cyclic compounds each have




(a, (3-Unsaturated Carboxylic Acid Derivatives] The substituents R, Rd and
Re in Fornula (5) are simlar to R-, Rd and Re in Formula ( 3 ) .ﬁﬁ:ﬂﬁm
groups in Rf include organic groups that do not adversely affect 1t -
reaction (e.g., organic groups that are inert under reaction conditions
according to the process of the preskht-invention) such as hydrocarbon
groups -and heterocyclic groups. |If the conpound represented by Formula (5)
has a substituted oxycarbonyl group in addition to -COZRf group indicated
in Formula (5) , the -CO2Rf group is involved in a cyclization reaction,
but the other substituted oxycarbonyl group can renmain as intact in the
product a mé&haiathesrisoh st dnutaeda dayicdrdroryd porsdt ons (therekpnadingl uded in
the inert organic groups. Wen at |east one of Rand Rd is an el ectron
attract itee :0rjgarutcl gt quys i@ drangsdn aevty drioxys yedmiion by aed oses sletwoat i ve can
be obtained in a significantly high yield. Such electron attractive organic
groups iamwdmsde, for exanple, hal oal kyl groups, substituted oxycarbonyl
groups, carboxyl group, substituted or unsubstituted carbanoyl groups,
cyano_group, Thiet nongroopatsel tuclaci dogpoupds &hital fapchadiadigst @ groups
. 17 DEC 2004 72 The substituent Rf is often a hydrogen atomor a
hydr ocartizotr egatigon arebuns grefiarerb|wi th @l rdegalinplugleouputesgecingitl y a
Cl-C4 al kyl group) , a CZ-C6 al kenyl group (especially a C2-Cg al kenyl
group), omiteh-1ho hryethyy beyclayentare exbrpt ety beyehehaxans, unsat ur at ed
carboxylic acid derivatives represented by Formula (5) are (neth) acrylic
aci d; methyengmet Myertlens e, men el ( nearhepeythere, isepkbpye, and

(et h) acryl at e, phenyl (neth) acryl ate, and ot her(neth)acrylic esters: crotonic
aci d; ne@‘#}ﬁfr credtisald.c BYRypcarbepRaach havi by F&iomabPBhitt e s

3- rrethyl- - but enoi ¢ aci d; nethyl 3-nethyl-2-butenoate, ethyl

3- net hyl 1':2ml§ﬁlpéﬁ§aﬁt@j haﬁénét?héydgoﬁéifﬁ9p GERBIR fof cr S8t %;gyl SLM)enoi ¢
acid; nethyl 2-pentenoate, ethyl 2-pentenogate, and other 2-pentenoic
esters: PCPRIRAGNE LRGP rh@ﬂh;ﬂnzi %]%?Jeﬁééﬁfévaétlﬁﬁﬁz o”é]i‘%r]i’é(&ré’c%%%ﬂ”bt her
2-octenoi c esters; cinnam c acid; nethyl cinnamate, £ ci.nna and
ot her ci SRR ¢J st dantipned atbrqvfel &8%a2nl§uﬂ:-€ﬂ8| %b%‘dFd Ri3RAut
4,4,4-trifluoro-2-butenoate, tlc 4,4, 4- t{gil uor o- 2- bﬁtenoatjgté and ot her
4, 4, 4-t r {PFEBPHRRLIBut BB éb‘é‘éFe tongbapt aarla?ﬂe? 91“Smal te, diethyl

mal eate and ot her mal efic esters aci d| rreth unarate. di et hyl
f umar at eno%nﬂr%‘PfhE?*CFtYﬁ&rllccccé‘éQ‘?ﬂ%d%?ggah S REIRAC dibon

3- | at d t | t
ond’ ot nesgus ittt B T ESR e achas é&%ﬂC%ﬁ‘e%fanoa‘? Yoihacy Srf 0
17 DEC 2004 .- 73 t 15 b t t f

al kyl espgpdin ?%lgjlrj% tc"ge;‘?rgr §‘ae %ﬁgggigl?gs%@% (?I‘%%jereoeac?l%&i pI'h

S AR R SR, TR L 0
A o A FSE  , PPABB B 11
inventioRav Hg 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 compounds (A4) each having a Carbon—hydrogen bond at

theadjacentpositiontoanunsaturatedbondinclude,forexample,




a, y-di hydroxycarboxylic acid derivative (a kind of the conpounds

represented by Fornula (4)) represented by following Formula (7) is formed

as a reaction internediate: HORb H4 Re (7) Ra ~ "CO2Rf Rc Rd wher gi[E Reg004
Rb, R-, Rd, Re, and Rf have the sane neani ngs as defined above. This
conmpound i s supposed to be fornmed-it1 he foll owi ng manner. A 1-hydroxyal kyl
radi cal corresponding to the al cohol represented by Forrmula (2) is forned
in the system attacks and is added to the beta-position of the

a, (3-unsaturated carboxylic acid derivative represented by Fornula (5), and
oxygen attacks a radical at the al pha-position fornmed as a result of the

addi t i o romayiiel cbrieut@BaLAthdvi e akic8)1 sud LRI hy1
a, y-di hydr oxycar boxylic acid derijgfive rgpféseé{ed by ofﬁﬁ?grou€7 DEC

2004 - 2t the) acdercgoes pyaliitza e widelroneadld enrepndi tiisand t her eby
yiel ds the target a-hydroxy-y-butyrol actone derivative represented by

For mul a p@)itivhen ,aapd rary 23l eohekrbmavsedcaspblinasl eabal neepngsgnted. by
Formula (2) (i.e., when Ra is a hydrogen atonm), a

(3- acyl methydr gxrpugr baxykithydend deplpabtvenof adiphtontngoEotivhat 8 ) nay
be formed in addition to the conpound represented by Formula (6). This is
pr ovabl ynbacsaserarnedc pondadiecal. , [ RbEAzDph-tsrbonnediphet Bengystkes1 0 HO Re
(8 Rb ~~ "CO2Rf Rc Rd wherein Rb, R Rd, Re, and Rf have the sane neani ngs
as def i sedbahoveydEine daulpidr dwopd)-.but yr ol act one derivative can al so be
prepared by isolating the a,y-di hydroxycarboxylic acid derivative
represent ed by Foemtend7)c  cdmpowxdaplrd,-1di,ssbkviamgmthé csatrgi mag sol vent,
and heating the sol ution according necessity, as nentioned above. 3.
Pr oduct i%6n Sdfthegnjodgare @ romsdtier dxysid cCampounds.rBy coataal ysisnadfid he i ni de
conpound, an al cohol represented by follow ng Fornula (2a):

heterocyclic ring. Such aromatic hydrocarbon rings include,

but are not limited to, benzene ring, condensed carbocyclic

rings (e.g., naphthalene, azulene, indacene, anthracene,

phenanthrene, triphenylene, pyrene, and other condensed

carbocyclic rings in which two to ten 4- to 7-membered

carbocyclic rings are condensed). The aromatic heterocyclic

rings include, but are not limited to, heterocyclic rings each

containing an oxygen atomas 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 heteroatom (e.g.,

thiophene, thiazole, isothiazole, thiadiazole, and other

S-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.qg.,

pyrrole, pyrazole, imidazole, triazole, and other 5-membered




17 DEC 2004 - 75 R ~OH (2a) R wherein Ri_and R~ are the sanme or different

and are each a hydrogen atom or an organic group, where R and R~ nag be
conbined to forma ring with the adjacent carbon atom is al | oweli Tt BE £ 2004
wi th oxygen and an active olefin represented by followi ng Fornula (3a)

H ~Re Rd Y (3a) wherein Rd and Re-ar&the sane or different and are each a
hydrogen atom or 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 conjugated
unsat urated conpound represented by following Fornula (9): Re RL ~ ~ (9) Y
R~ Rd whengjsy BgriReneR pyRidandn¥, hayeihhei se e s igs a1 dehiped above.
This reaction can be performed pursuant to a process (a process using a

cat al yt i e-nfeniedeet etindk hyidiande cyaliholinedecrildi fECn2p04hyridide, compound)
described in PCT International Publication No. wo00/35835. Organic groups
in R armhiRazal iFer,mper i(iRy) arde diteesammdesndde oigasn ¢ groups in Ra and
Rb. Rings which are formed by RL and R~ with the adjacent carbon atom

i ncl ude si m Tae e tigsl dre ghose atdrieeald byc&at pod iRbownittdit hdaradhadent car bon
atom Preferred substituent R includes, for exanple, hydrogen atom Cl-C4
al kyl groupsmagnce GemEtdydepe graypsonBéteatied Rndmduses;id aingxanpl e,
hydrogen atom Cl1-C o aliphatic hydrocarbon groups (especially Cl-C o al kyl
groups) ,cantermad yiod | e yaraesrbone raoupd n éheg.aro@@3Gis aypdaaide/l groups
or cycl oal kenyl groups; and bridged cyclic hydrocarbon groups}.

Al t er nat {AAtY),, Rothnme Fry hrar prebadaie yh y bemé rgsburp mor exashert &hemat i ¢
carbon ring having fromabout 3 to about 15 nmenbers (particularly from
about 5 ad agrit B Sadrir sho vifhe arematdiacend car bon at om

The aromatic compounds each having a methyl group at the
adjacent position to an a;omatic ring include, but are not
limited to, aromatic hydrocarbons each having from about one
to about six methyl groups substituted on the aromatic ring
(e.g., toluene, xylene, l-ethyl-4-methylbenzene,
l-ethyl~3-methylbenzene, 1—i$opropyl—4~methylbenzene,
l1-t-butyl-4-methylbenzene, l-methoxy—-4-methylbenzene,
mesitylene, pseudocumene, durene, methylnaphthalene,
dimethylnaphthalene, methylanthracene,
4,4'-dimethylbiphenyl, tolualdehyde, dimethylbenzaldehyde,
trimethylbenzaldehyde,tdluicacid,trimethylbenzoicacid,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,




The al cohols represented by Formula (2a) include a wide variety of primary

al cohol s. Typi cal exanpl es of such al cohols are ethanol, 1-propanagl
1-butanol, 2-nethyl-1-propanol, 1-pentanol, 1-hexanol, and ot her 1shiiCat288h
or unsaturated aliphatic primary al cohols each having from about 2 to about
30 (preferably fromabout 2 to about420; and nore preferably from about 2
to about 15 ) carbon atons; cycl opentyl net hyl al cohol, cycl ohexyl nethyl

al cohol, and ot her saturated or unsaturated alicyclic primary al cohols;

2- phenyl et hyl al cohol, 17 DEC 2004 - ~~ _ 3-phenyl propyl al cohol,

ci nnam c¢ al cohol, and other aromatic primary al cohols; and

2- ( 2- hy drrax yRtded Hyphai thaein@nd ot her heterocyclic al cohols. . The
conpounds represented by Forrmula (3a) correspond to conpounds represented
by Fornul a (3hewhebmaRiics campypdndgesashomavidde sidishitdigniosdig aRe, andY
in Formula (3a) are simlar to those in Formula (3). A reaction can be

per f or rechudsaaentt posheipnoceas &oompt bducimygihbe ulie3- Bubydroxytconpound.
In this reaction, a conpound corresponding to Formula (4) (a conpound of
For nul a Ximliedier,e aRomatRicRh@Hrgraupoasde&bh-hd&rindlarcai kyd tevoed in
addition to the conjugated unsaturated conpound represented by Fornmula (9).
When a conpobatitepedsdrktyddybyud-bamihg ti3a)y maheraa rbdrsabo@®RE. ggr,oup, is
used as the conpound of Fornula (3a), a conpound corresponding to Formul a
(6) (a conpourehaineorpudpylednntee e Rad=dRfChhenoempe anan® = R~ = H) can
be fornmed in addition to the conjugated unsaturated conpound represented by
For nul a ¢iphempimetkaant kb, awoma ticprepyroay cbhokompoanidsweaich bavdagt wit h

et hyl acrylate, ethyl 2,4-dihydroxyhexanoate corresponding to Fornula (4)
and 4- etdqylalkhy drmoue prbgupssiautedead byt espowpli v ing Rorandramegy ar e
formed under sone conditions in addition to the target ethyl sorbate. The
conj ugat @ArREeR 22 LeBs efie conpolmet Repfesant e?-bByorvt byl epheng, DEC 2004 ( 9 )

is supposed to be forned in the follow ng manner . Initially, a dihydroxy
conmpound? tokh eEPREAREC t 02 Tdr ATPAL Y hguirotbmpbunandf cEBPaURas (23chhere Ra ="
Ri R~CH group, and Ro = R~ = H is formed, two nolecul es of water are then

el i mi natRRAVITD M AP 2 EDRAPOLA LBFCOPEeRTA oA JERBAESFpBLIAEI WhdGBst i on.
Reaction products can be separated and purified in the same separation
means asteboRECMAt 1prddgdta DR MEthydengdi iR the TIhPeeRE OBy tdePal ysi s of
the i m de conpound, an acetal represented by followi ng Formula (10): 0-R
Rk_CH- (19)Flep? romaher &itRoR e ; 9 pmd iRy dgog aphe hedpeor LR RRr dRd28nd are
each a hydrogen at or an organic,_group, ere. Rm and Rn may be conbi ned
P Torm bt TaEtn « BlvnEean; alentorEaonsy GoRcat RS antmeRBORA bBRat om
i ndi cat ed inhthe formula, is allowed to react with oxygen
xanthene) .
The non-aromatic compounds (A4-2) each having a methyl
group or methylene group at the adjacent position to an
unsaturated bond include, for example, (A4-2a) chain
unsaturatedhydrocarbons eachhavingamethyl group ormethylene
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,




and the active olefin represented by Formula ( 3 ) and thereby yields a
(3- hydroxyacetal conpound represented by followng Formula ( 11 ) mO 0 HO
Re (11) Rk % wY . RRd wherein R~, Rd, Re, Rk, Rm R', and. Y have7 t0tel 2004
same neani ngs as defined above. This reaction can be performed pursuant
to a process (a process using a cata4tic 5-nmenberedN hydroxy cyclic imde
conpound) described in PCT International Publication No: WO0O0/35835. In
Formula ( 10 ) , organic groups in R, Rmand Rn include organic groups
simlar to those in Ra and Rbo. Rings formed by Rmand Rn with the adjacent
two oxygen atons and carbon atominclude, for exanple, 1, 3-dioxolane ring
and 1, 3Irdicweie ndgg.antd diiese dhian@s unsubsthteanhgdsyvelrasnal k¥knhgr oups
and hal ogen atonms can be bonded. Preferred substituent Rk includes, fox
exanpl e hawidrparmatomutCs- Eboabbuphad ity eaanan gheupsmpespaei al 1y,
Cl-C4 al kyl groups) ; alicyclic hydrocarbon groups (cycl oal kyl groups,

cycl oal kiemy12kgr bopsudandhuir a dged tdyicliitedydy deavhers @ cupshceachehavi ng
fromabout 3 to about 15 carbon atons; and C6-Cl4 aryl groups . Preferred
Rm and Rretimgcl edeyl ket omeandtesnttyrogeacat ophedn€p aald pitat + chbydr ocar bon
groups (particularly, Cl-C4 alkyl groups); and alicyclic hydrocarbon groups
each hawaiprfeomaibutySlelexboene ldnd artdmr atywomsic MAeteomas) vel y, Rm and Rn
are preferably conbined to forma ring with the adjacent two oxygen atons
and car bmrham i cTiec abetat slampradsensedheyebdr tel.g-( 26eficnekide
conpounds exenplified as the acetals each having a carbon-hydrogen bond at
t he adj aveaniquigt ecdal, t bubanoxggedicht pANtANPHE aohpodreranadlc 3cid, Typi cal
exanpl es of such acetals include |, 3-dioxol ane, - so 17 DEC 2004

2- net hylheptanfigxaf dfe Phenstiipdeti ca @i dxvhanpicard d,otweeinigagidxol ane
conpounds; 2-nethyl -1, 3-di oxane, and ot her 1, 3-di oxane conpounds; and

acet al dehyHe s tid, Rt apStand of Heresk a%ddslacetal s. The active ol efin
represented by Forrmula (3) .is the same as stated above. A reaction can be
performed ac PAR~BEOMRE 1Fr OvekkC v drreagbessnt A hvidrtliwte (89 -Br oduci ng
an organi ¢ conpound. Reaction products can be separated and purified in a
si nil ar QEPHRBFRE TN f%5f%gs%y%?ﬂ]r]6?fé%sabove. I'n

t hi sreaction, t he(3- hydroxyacetal conpound represented by Formula ( 11 ) is
supposed to H&S GYReG2LKANRS K%Prbwwlﬁbﬁﬁeg}ltl AFEIRQT L imited to,

1, 1-di -substituted oxyal kyl radial corresponding to the _acetal represented
by For mifAHOURFY §&C d“rfﬁéd}g thi¥ reuSfamembered 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,aswellascyclopentédiéne,1,3—cyclohexadiene,




attacks and is added to a carbon atom at the beta-position of the group Y

bet ween the two carbon atons constituting an unsaturated bond of the active
olefin represented by Formula (3) , and oxygen attacks a radical atl VHéEC 2004
al pha-position formed as a result of the addition and thereby yields the
conpound in question. 5. Production of Hydroxy Conpounds By catal ysis of

the i mde conmpound, a conpound having a nethi ne carbon atom and represented
by following Fornula ( 12 ) ~ 7 DE C 2004 RRp-CH ( 12) Rq wherein R, Rp
and Rg are the sanme or different and are each an organic group, where R, Rp
and Rg may be conbined with each other to forma ring with the adjacent

carbon af%“c;@lc%é%ﬂeﬂé’ reagtoMhih oxyoem pagithesactive olef in

represent’ed by Fornula (3)  and thereby yields at Ieast one of hydroxy

Comoundéyém&@ﬂh}féin@yaﬁ&ldmm: &rd”aﬂ@t(rli%)n@d ot e RRRiHAsRe Rp R
HORRy ~~ 'Y Ry ~~ ~Rd RRd RQ Y (113) (14) wherei’n R, Rd, Re, R Rp, Rqg

and Y haye ttﬂ?%es@%p%@l@sngsP@éf@@f:leae@yé@é)l/]@ené@ll%dl&ﬂﬁ lc%ﬂmﬁ%ﬂih@
performed pursuant to a process (a process. using a catalytic 5-nenbered

N- hy dr 0Xy/a &y Hd i rigriads - cosmmmiimsiassd ihed i 6£RET: tntasmhiadaledubl i cation
No. w000/ 35835. The organic groups in R RP and Rq in Formula ( 12 )

i ncl ude 94@aMg Ca gBOUPS $2 AhbAbetOdt hORE &heRe ﬁﬂdaﬁby Preferred.organic
groups include, for exanple, Cl-Co all phatl ¢ hydrocarbon groups

(2 8326?' glzly ¢l €4nghilit e@radiundAl A6y Ghict ulidriocae hanpgeoupss-1)17 DEC
conjugated dienes, (A6-2) o,P-unsaturatednitriles, and (A6-3)
o, B-unsaturated carboxylicacids or derivatives (e.g., esters,
amides and acid anhydrideé) thereof.

The conjugated dienes (A6-1) include, but are not limited
to, butadiene, isoprene, 2-chlorobutadiene, and
2-ethylbutadiene. The conjugated dienes (A6-1) also include,
herein, vinyl acetylene and other compounds in which a double
bond.and a triple bond are conjugated.

The a, f-unsaturated nitriles (A6-2) include, for example,
(meth)acrylonitrile. Thea,f-unsaturatedcarboxylicacidsor
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 esters; (meth)acrylamide,

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

The amines (A7) include, but are not limited to, primary

or secondary amines such as methylamine, ethylamine,




(cycl oal kyl groups, cycloal kenyl groups; and bridged cyclic hydrocarhban

groups) each having from about 3 to about 15 carbon atoms; and C6-C 4 aryl
groups. The rings formed by R Rp and Rq (R and Rp, Rp and Rq, R dnfi Did; 2604
R and RP and Rq) together with the adj .acent carbon atominclude, but are
not limted to, cycl opentene, cycroh%&ane,_and ot her nmonocyclic alicyclic
carbon rings (cycl oal kane rings and cycl oal kene rings) each having from
about 3 to about 20 nmenbers (preferably fromabout 3 to about 15 nenbers,
nore preferably fromabout 5 to about 15 nmenbers, and typically from about
5 to about 8 menbers); adamantane ring, perhydroindene ring, decalin ring,
perhydrQﬁkunﬂemdneAupuqxwdmah&xﬂuimeﬂhy&amiﬁgh e ttydt apheaant hr ene ri ng,
tricyclo[5.2.1.02" 6] decane ring, perhydroacenaphthene ring,

per hydr cpirerial lemei rs ,ngs t ndlrdyordiicamei e gl Noriboraresdi amhge, and ot her
bicyclic,tricyclic or tetracyclic bridged carbon rings . These rings may
each havedtodwastinme silbstdtaeine, \Weh ®Rhdp ahibRyt Ac eaconds hed to form
a bridged cyclic carbon ring with the adjacent carbon atom the nethine

car bon &Ysrhdpeditedtasdiriay Foe hehexylapigtoahd ghtefrabbtycbecamiaelbon at om at
a bridgehead position. The conpounds represented by Fornula ( 12 ) having a
met hi ne Renimmnsm Fatnidéne; emdxbher e roverpoamitnexeppirichilédiag, t he
conpounds, (A3) each having a nethine carbon atom such as the bridged
cyclic dOmpIutHNARiPgrazine néndgldnari endyether cydl BEEMEOES £o83
conpounds (A3-1b) each haV|ng a hydrocarbon group conbined wth a ring, and
t he chal"?){“(%"rrp?dhrﬂ}?“( Q)O%MWW@C%{C netly feay dppopordensedhe acti ve

ol efins represented by Forrmul a ( are the sane_as nentioned above: A
reacti on can H@%ﬁﬁW%FH%HYQEEGPHPHBQﬂ9QP&P%%%%%s?Wﬁaﬁ%%obﬂéﬁeﬁ?dlnventlon
for producing an organic co ound Reactlon roducts can be separated and
puri fi ed9m B9 <fre R nf e PhpRantbeReon, the

hydr oxy gggpound rﬁﬁresented by Fornula (13) or the hydroxy conpound

r epr eserftBd IAF TR iR R F iﬁe?er§Q§ﬂﬂ5§£¥}QH?tﬁ?%%ﬁ%@ﬂlﬁﬁetﬁerﬁéﬁkomnng
manner. A radical is f at_the nmet hi ne carbon sition of the conpound
represen‘f%@?ﬁf“?—"of‘ﬁﬁpﬁ (“cfﬁe) plcaefried'cl?gré{ﬁﬁnﬁs Rfefy ‘?Ibe c@&PH@ﬁ‘eatom at

th | ph b t_the beta- t f Y
bt ween RHETU T 0BRSHEORe BUnCEIERIT Tt G ACAG S B BURRoGE Bhe act i ve

| ef db I Kk d h
SLSh;EpLaiﬁp{fZe eorbﬁ%%ﬁ%é%}“ﬁ Tt or fi2a tB8Y e%a%%ﬁa %g?h?zﬁ%%gé“%pp%h and d
| opr eoattet e S T SRR gce;F@p ae%om%%?g%&u@ SE e EgTRo A
conpoun@&z&ggrgang)%&Hllgghg? Gﬁﬁggﬁ %ﬁa& %orqg |Qge%en%clgc car bon

ring (e ane r tarpon’ on1 S4ch Sof R Rd,
nguﬁe( Ie Wd{ﬁ@?ﬁ)ﬁioxé; CZI:[‘%%”% a%lpgyﬁalt)l%r %S(%ro%ar%o%% %\laiﬁfoé%%%r bonyl
have at least one substituent. Examples of such aromatic
hydrocarbonseachhavingfisubstituentare2—chloronaphthalene,
2-methoxynaphthalene, l-methylnaphthalene,
2-methylnaphthalene, 2-methylanthracene,
2-t-butylanthracene, 2-carboxyanthracene,
2—-ethoxycarbonylanthracene, 2-cyanocanthracene,
2-nitroanthracene, and 2-methylpentalene. To each of the

benzene rings, a non-aromatic carbon ring, an aromatic

heterocyclic ring, or a non-aromatic heterocyclic ring may be




17 DEC 2004 aryl oxycarbonyl group, an acyl group (e. g. , a Cl-C4 acyl -
group, or a benzoyl group) or a carboxyl group. Such conpounds %5? hgﬁfzal «
as; for exanple, materials for pharmaceuticals, agriculturalche aFs\a 4
other fine chemcals, and materials for functional polyners. 6. Production

of Carbonyl Conpounds (1) By catalysés ef the imde conpound, the conpound
havi ng a net hi ne carbon atomrepresented by Formula (12) is allowed to

react with oxygen and an active olefin represented by follow ng Formul a

(3b): RWo-H Rd Y (3b) wherein R and Rd are the sane or different and are !
each a hydrogen atom or an organic group; and Y is an electron attractive
group, wwidmiedRd and Y nmay be conbined with each other to forma ring

wi th the adjacent carbon atom or carbon-carbon bond, and thereby yields a \
car bonyl conpbend tirepiggserined by Ifikeldeew (2@ )Famsilhald, ut) Rge Rdk (15) Rg ~ |
, YR Rd wherein R~, Rd, R Rp, Rg and Y have the same neani ngs as defined |
17 DEC 200« tahDve, mkdiimaneaethaneqaprdeaner bataee , pokstamne , hexaner,ocess (a
process using a catalytic 5-nmenbered N-hydroxy cyclic imde conpound)

descri betkeptarR(T datataatnomnabe Puldcaad | coddoca VN0t 86838ecdhes process
corresponds to the production of the hydroxy conpound in which a conpound
havi ng ahdwaltagere atom ashRe §tsrangt oydth ias atlkenast esehdiafimg fepmesent ed
by Formula (3) . In this case, the carbonyl compound represented by Fornul a
(15) is dworued itvstbadtoBl cerbanadtims cand @ ref €oatpby nitr @woratespoidi ng to
Formula (13) (Re = H) and/or a conpound corresponding to Formula ( 14 ) (
Re = H )to amutpraporailern oiteme. f ormed two conpounds

The olefins (Al0) 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
(A10) include ethylene, propylene, l-butene, 2-butene,
isobutene, l-pentene, 2-pentene, 2,4,4—trimethyl—2—pentene,
l-hexene, 2-hexene, 2,3-dimethyl-2-butene, 3-hexene,

3-hexen-1-0l, 2-hexen-1-0l, 1-octen~3-0l, 1-heptene, 1-octene,

2-octene, 3-octene, 4-octene, l-nonene, 2-nonene, l-decene,
l-undecene, l-dodecene, l-hexadecene, l-octadecene,
1,5-hexadiene, 1, 6-heptadiene, 1,7-octadiene,

l-acetoxy-3, 7-dimethyl-2, 6-octadiene, styrene, vinyltoluene,
a-methylstyrene, 3-vinylpyridine, 3-vinylthiophene, andother
chain olefins; cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cycloheptene, cyclooctene, cyclononene,
cyclodecene, cycloundecene, cyclododecene,

1,4-cyclohexadiene, 1,4—cyclohéptadiene, cyclodecadienes,



can be controlled by appropriately selecting reaction conditions such as
reaction tenperature, anount of the catalyst, and the type of the
co-catal yst (netallic conpound). The carbonyl conpound represent el TbBEC 2004
Forrmula (15) is supposed to be fornmed by the oxidation of the conpound
corresponding to Formula (13) (Re=4% in a system O the carbonyl
conpounds represented by Formula ( 15 ) thus prepared, preferred conpounds
are conpounds where R, Rp, and Rq are conbined to forma bridged cyclic
carbon ring (e. g., adamantane ring) with the adjacent carbon atom each of
R~ and Rd is a hydrogen atomor a Cl-C4 al kyl group, Y is an al koxycar bonyl
group (@ycd-ododdakrichiad KoxpmGaRoN - 9roUnendn RrylaxyeRehony! group,
an acyl group (e. g., a ClL-C4 aryl group, or a benzoyl group) or a carboxyl
group. JuakAnpourgeIaie . ysafiplepdsctole, biqagb14(3DEC126804-2-exanpl e,
materials for pharnmaceutical s;agricultural chem cals and other fine

chem cales.p glchdTat iAo O AMCEEANAl cpol YRS e £ids, Production of
Conmpounds "Havi ng El ectron Attractive Goup By catalysis of the imde

conpound; theaednpeutite sepiaganind Rade®iaiba {d2hihgvd iGd daEt kiape car bon
atomis allowed to react with oxygen and an active olefin represented by

fol | ow g keelbaohdCpbr Ho-BembliNat36n, Wied eim e 115t Yy da@@en takom or an
organic group; and Y is an electron attractive group, and thereby yields a
conpounc:dmgpsurgisais et dct ¢ @b i d £ Aok ¥ ¢ L@yl e dheejamesentiad flaychal | ow ng
Formula ( 16 ) Rop Ro H Cl6) Re Y wherein Re, R, Rp, Rq and Y have the sane
meani ngsaegtefiared doovexahipls,r edein avcar wpeerdypaedhHutsesnt to a
process (a process using a catalytic 5-menbered N hydroxy cyclic imde
conpoundjorgesnrdhecdcspeTLintevaadt anate Puppesad f oohdlpe YBOPHBH885.
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) withrespecttotheotherandtherebyyieldssignificantly
increased reaction rate in some cases.
[Radical Scavenging Compounds (B)]
The radical scavenging compounds (B) may be any compounds
as long as they can form a stable compound as a result of the
reaction with a radical. Examples of such compounds include
(Bl)unsaturatedcompounds,(B2)compoundseachhavinganethine
carbon atom, (B3) heteroatom-containing compounds, and (B4)
oxygen-atom-containing reactants (e.g.,
oxygen-atom-containing gases). Each of these compounds may
be used alone or in combination.
These compounds may have various substituents within a

range not adversely affecting the reaction. Such substituents

include, but are not limited to, halogen atoms, hydroxyl group,




17 DEC 2004 This process corresponds to the production of the hydroxy
conpound where a conpound havi ng hydrogen atons as R and Rd is enpl oyed as
the active olefin represented by Formula (3) . In this process, tHef DEC Z(0%
conpound represented by Fornmula (16) is forned' instead of, or in addition
to, a conpound corresponding to Farmpya-( 13 ) ( R=Rd = H , a conpound
corresponding to Formula ( 14 ) (R = Rd = H) or a conpound corresponding to
Formula ( 15 ) (only inthe case where R=Rd = H, and Re = H . The
proportions of the individual formed conpounds can be controlled by
appropriately selecting reaction conditions such as reaction tenperature,

Conpound)- TRS LBpS0nT " obr eSnCod By ESt e E16) Prs! SubHoRtt L8 be |
formed ighciss [ QlLouk o ABRe] -anWECgSEEM,!?gSQPP ot SRR o

corresponding to Formula (14) (R~ = urther oxidize

P T R T L e

decarboxylatidn to yie he “conpo I n question. onyl
conpoundsyAAresY @ R st®suild telf kaldtdshoRne Babeths , Pehel %ﬁ_io_%gr,rpounds _
i ncl ude conpounds where R Rp, and Rq are conbined to forma~bridged cyclic
carbon mirgd gréup, AsasBni eReedidWhnWubBtti Ratad AreAE LR atars Re is a
hydrogen atomor a Cl1-C4 al kyl group, and Y is an al koxycarbonyl group

(e. 0., a@ZbdpAabkey)-§aseay Qa1 groapy! KXY DYBE P HURLidycaG group
(e. g, acCl-c4 acj? group or a be%zoyF grou%)yor 7 DEC 2004 a car boxyl
group. Jyelr e dsrAles UsefdthattiSe Hpdr &xaipde; g Pedes ) adsdf or
pharmaceutical s, agricultural chem cals, and other fine chenicals, and

mat er i altsetfenfodyaicitc ansduo) ymers: 8. Production of Al cohols By catal ysis
of the imde conpound and where necessary in the presence of oxygen, the

al cohol repra&sentadabyrkeedutempodndsi Bl invdddeoarebdéd widiethefconpound
represented by Fornmula ( 12 ) having a nmethine carbon atom and t hereby
yi el ds atond@otdd each having an unsaturated bond. Such compounds

include, for example, (Bl-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 havinga carbon~carbon triple

bond, (B1-3) compounds each having an aromatic ring, (B1-4)

ketenes, (B1-5) isocyanate or thioisocyanate compounds, and

(B1-6) inert olefins.

The active unsaturated compounds (Bl-1) include, but are
not limited to, methyl (meth)acrylate, ethyl (meth)acrylate,
isopropyl (meth)acrylate, phenyl (meth)acrylate, methyl
crotonate, ethyl crotonate, methyl 3-methyl-2-butenocate, ethyl
3-methyl-2-butencate, methyl 2-pentenoate,-ethyl 2-pentenoate,
methyl 2-octenocate, ethyl 2-octencate, methyl cinnamate, ethyl

cinnamate, methyl 4,4,4-trifluoro-2-butenocate, ethyl



represented by following Formula (17y: Ra Ro HOCC Rp (17) _Rb Rg wherein

Ra, Ro R, Rp, Rqg and Y have the sane neani ngs as defined above. This
reaction can be performed pursuant to a process (a process using 17 DEC 2004
catal ytic 5-nenbered N hydroxy cyclic imde conmpound) described in PCT

I nternational Publication No. WO0G6/ 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 met hine carbon atominclude sim|ar conpounds as in the production of the
hydr oxy compounds. In this process, the conpound represented by Formul a

(12) havi,ng e-yeifliversa-bak siaurd s Sumposed ho188E¥e asctheradi cal
scavengi ng conpound (B2). 17 DEC 2004 _ g9 _ A reaction can be perfornmed

in accometneer ey tdinidichpl ofessr e | Nei PriegENturhdvehs | oRefBY1 produci ng an
organi ¢ conpound. Reaction products can be separated and purified by the

sane separatdrraamanstds aloye. 34aydidscr ghste pnand herpbgohol represent ed
by Formula ( 17 ) is supposed to be fornmed in the follow ng nmanner. A

1- hydr oxy a8+ satadicedd 6ot eespangdiyignd ehyheeabaehalidepeeagnted Jae ,For mul a
(2) is fornmed in a system attacks the nethine carbon atom of the conpound

r epr esenterhly 1Feompleay(l k2tpnandahbesahyr Wi, @-dsm ddre &l cah ®e tiohegyest i on.

9. Production of Coupling Products By catalysis of the imde conmpound and
wher e neuessaral i ardhenplasknde, ahdootgene, B-eospbundt Bawilde hydaet;hi ne

carbon atom and represented by following Formula (12a): R 1 Rpl CH (12a) Rq
i wher eiaciRt]orRi rialngl, Refthareerytiheen istantel egr adicf foethent ogifd uvsa teacitean or gani c
group, where R, Rpl and Rql may be conbined with each other to forma ring
with t hetidgjbleesm GeeBorreatyimciackd] oot ewic eactidm ahdaotbapound having a
met hi ne carbon atom and represented by follow ng Formula (12b): 17 DEC
2004 _ 90, B_—unsaturated carboxylic acids; (meth)acrylamide, and other

o, B~unsaturated carboxylic acid amides;

N-(2-propenylidene)methylamine,

N-(2-butenylidene)methylamine, and other a,B-unsaturated

imines; styrene, vinyltoluene, a-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 (including compounds in which a double bond

and a triple bond are conjugated).

The compounds (B1l-2) each having a carbon-carbon triple
bond include, for example, methylacetylene and l-butyne. The
compounds (B1-3) each having an aromatic ring include, for

example, compounds each having a benzene ring, a naphthalene

ring, or another aromatic carbon ring; and compounds each having




Ro2 Rp2 ~H (12b) R92 wherein R2, Rp2 and Rq2 are the sane or different and

wi-t-hoach

are each an organic group, where RZ, RpZ and RgzZ may be—conbt+nred t+-h—each
other to forma ring with the adjacent carbon atom and thereby yields a
coupl i ng product (a hydrocarbon) represented by followi ng Fornul a i 1d)€C 2904
1 Ro 2 Roi ~-~-Rp2 (i8) Re 1 Ra 2 \Q,hg/]:in R, RPI, Rgl, R2, Rp2 and Rg2
have the sanme neani ngs as defined ab . This reaction can be perfornmed
pursuant to a process (a process using a catalytic 5-nenberedN- hydroxy
cyclic imde conpound) described in PCT International Publication No.

W)00/ 35835. In Fornulae (12a) and (12b), the organic groups and preferred
organic groups in Rl, Rpl, Rql, R2, Rp2, arid Rg2 include organic groups
sinilar o@’ﬁ&&&ei fRI'RE, TAAGTRE 1Mthe & ithgopheneed ing,Rqr Rolgtlend Rgl (RL
and Rpl, _RPl _and Rgl and R, or R1 and Rpl and Rgl) with the adjacent
car bon a?gﬁﬁagﬁﬁ F%téF?ﬁﬁgﬁFSrﬁéﬂgby”ﬁﬁﬁ kRs2negnd BRqg2 ) ( RacandeRp2orRp2 and
Rg2, RZ ggng %, r R2 and Rgz an%ﬁ&qz ) wth the adj acent carbon atom

i ncl ude rings st mTar fo P Rose™ebMyesetb¢rr. RhheahdoRyanwetk orl7 DEC 2004
91 the L ac rbon_atom. _The ounds. represented by Fornul ae (12a)
and (12b)fa'ﬁjé§§§8%é{\%?‘ﬁgeac%¥>ﬂ?ﬂ Sl hon atshidil B ere BOhpbunised
exenpl i fied nds (A3 uch as the bridged_ cyclic conpounds
(A3-1a), lttg hﬁ%gh?gr g%{g%n‘%@%r i %%%%ﬁpb%%%a?$§e 1byhensh %%my]@n@te,

hydr ocar oup i i_th ring, .and the chain conpounds (A3-2) each
havi ng aR%EPanEHégg oﬁ9§ Sﬁ%’Tﬁghg&nﬁgﬁﬁdsP§§?§§§ﬁtéﬂ“b}*#%ﬁﬁula (12a) and
t he conpgﬂmgiggg9gﬁggggd by Formula ( 12b) maybe identical to, or different
from each other? A reaction can be perfornmed in accordance with the

process of t r [hventio or. prodycing an organi ¢ conmpound.
Reaction pr oﬁ?sﬁgﬁé b‘léf%elpr;‘cf a{%if@nd“apﬁﬂ?ef ngHICH}ﬁY% a2 2%ion
nmeans as . ihS :eact | upli r oduc resent ed by

For mul a ?ﬁ?gyr)g:?ﬂsﬂiiugéégel gt ohge%%%op%gg}lﬁetﬂger?ﬁ Iaé\ﬂt ﬁéggﬁn‘?ﬂe‘?f:l% radi cal

s formedagh hhes gt LagacatL00,ROSHELON Ahyblie £OMREUNCT oDl esent 2d by

Formul a (12a) , atfacks the nmethine carbon atomo fie ¢

by For mutRe Ghab): andesen shy ey ieldisddien 6pHahd N-BHOTUSL 1L tesid on- 10
2—butene,isobutene,1—pentene,2—pentene,1—hexene,2—hexene,
3-hexene, l-heptene, l-octene, 2-octene, 3-octene, 4-octene,
1-nonene,1—decene,l—dodecene,1,5—hexadiene,1,6~heptadiene,
1,7—octadiene,andotherchainolefins(alkenes);cyclopentene,
cyclohexene, cyclooctene, cyclodecene, cyclododecene, and
other cyclic olefins (cycléalkenes).

Thecompopnds(B2)eachhavingan@thinecarbonatominclude,
for example, the compounds exemplified as the compounds (A3).
The one and same compound can be used as the compound (A3) and
the compound (B2) in the reaction.

The heteroatom-containing compounds (B3) include, for
-example, (B3-1) compounds each having a sulfur atom, (B3-2)

compounds each having a nitrogen atom, (B3-3) compounds each

having a phosphorus atom, and (B3-4) compounds each having an

resented -



By catalysis of the imde conpound and where necessary in the presence of

oo L 1.0\

oxygen, an al dehyde represented by TolTow ng Formora 18 )—RgEHEO(—319
wherein Rg is a hydrogen atomor an organic group, is allowed - 92 ﬁgc 2004
DEC 2004 to react with an olefin represented by follow ng Formula ( 0; C

Re Ra~~Rh (20) wherein R~, Rd, Re angggh are the sane or different and are '
each a hydrogen atomor an organic g p; where R, Rd, Re and Rh may be
conbined with each other to forma ring with the adj acent carbon atom or

car bon-carbon bond, and thereby yields a carbonyl conpound represented by
following Formula (21): 0 HRe'(21) Rs ~//~ ~ Rh Rc Rd wherein Rc, Rd, Re,

R ' and Rg have the sane neanings as defined above. In Formula (19) , the
organi c Gr¥ERE FRORg it RINRIFISr (Bddnieacdr bapé ngoat hudéurnaRamand Rb.

As the aLdeEx e represented by Fornmula (19), the al dehydes exenplified in

t he car bofly -g?0ug950ﬁﬁépmlﬁg SHpdGREs apfo thyiodgn bBhgseamppHnBsr nul a ( 20)

, R~, Rd d ge are the same, as above, and the organic groups in R'

el ude SPATP CATYRAY LG b 29S R AGSE I IRARILGRGXREP IR 2RENSS ef i N
represented by Formyla,(20)., the conpounds exenplified as the_ inert

ol efins %E?-%¥m888H§8t#éé‘éﬁsSﬁﬁgaP%Q?BQn%oﬁmﬂ%p%@ﬁua)a%%m becligde: A
reactionfggn be r f or,nmed i%haccog ance with the process of .the present

i nventi ofi ot or pr tﬂgﬂfﬁﬂp Yani ¢ "EofPBRANRdRe Y 7D SHBuhEvdngadn be
separat ed, g8 PULLL $ARNAL® 23T, 35RTLAt |00, 1RaNS as above.

The oxygen-atom-containing reactants (reacting agents)
(B4) include, for example, oxygen-atom-containing gases,
nitricacid, nitrousacidor saltsthereof (hereinafter referred
to as "nitric acids"). The oxygen-atom-containing gases
includethoseeachhavingahmilingpoint(orsublimationpoint)
of lessthanorequal to45°C. Suchoxygen-atom-containinggases
include, but are not limited to; (B4-1) oxygen, (B4-2) carbon
monoxide, (B4-3) nitrogen oxides, and (B4-4) sulfur oxides.
Eachof 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, oxygen diluted with an inert gas such
as nitrogen, helium, argon or carbon dioxide, and air.
Molecular oxygen is often used as the oxygen.

The carbon monoxide (B4-2) may be pure carbon monoxide
or carbon monoxide diluted with an inert gas. When carbon
monoxide is used in combination with oxygen, a carboxylic acid

can be obtained in a high yield as a result of the reaction




In this reaction, the carbonyl conpound represented by Formula (21) is
T |

supposed to be forned in the foll ow ng manner. A CoOrrespondrngacyt—+ateca

is formed fromthe conpound represented by Fornula (19), attacks hhfﬁﬁﬂf9ﬁ84
atom constituting the double bond of the conpound represented by FHofrmrula
(20) and thereby yields the carbonyl .conpound in question. 11. Production

of (3-Acyl oxycarboxylic Acids or (§-3§§beyketones By catal ysis of the

i mde conmpound and in the presence of oxygen, the al cohol represented by
Formula (2) is allowed to react with an a, (3-unsaturated carbonyl conpound
represented by following Formula (22): Rel Rr (22) Rd 0 wherein R~ and Rd
are the sanEREL different. and are each a hydrogen atom or an organi c group;
and Rel ¥4nd §r E°PREUEEEAdr different and are each a hydrogen atom a
hydr ocar bon g@g%ﬁy r a heterocyclic grqup, where R~ and Rd nay be conbi ned

to forma rin LR aradent (Rarbor Patlofe apuPPHedsReRTRfeRted 17
Fol 1 v nGYFEFASTTSY e O s X dhor-25 4es Rshancintasss a o
obstrugkt PRER 8. Ere 1 £HE TR 6PubalBoh. of di CRrea Mdvar BpRF TRy oup:
oot onCCaB Bl Dar of I Uf it B0y of Boasatal by Reciiaeg & |

Catalyti%rom 1 to 6 when x is 2.

Typical examples of the nitrogen oxides are N0, NO, NyOs,
NOz, N204, N20s, NO3, and Ny0g. Each of these nitrogen oxides
can be used alone or in combination. The nitrogen oxides may
be pure substances ormixturesmainlycontainingnitrogenoxides.
Such mixtures mainly containing nitrogen oxides include,
exhausted gases formed in oxidation processes withnitric acid.

Preferred nitrogen oxides include, for example, NO, N;Os,
NO2 and Nz0s. 1In this connection, N,03 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 N;03. Accordingly, the reaction according to the
present invention can be performed by introducing dinitrogen
monoxide (N20) and/or nitrogen monoxide (NO) and oxygen into
a reaction system without the previous formation of N,O;. 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., anitro compound) can further be improved.




5-nmenbered N hydroxy cyclic imde conpound) described in Japanese Patent

Application No. 2000-648. The organic groups, hydrocarbon groups,

het erocyclic groups, and the rings formed by Re and Rd with the adj adent 2004
carbon atominclude simlar groups -as nentioned above. According to this
reaction, for exanple, 2-propanol is g@hlowed to react with methyl vinyl

ket one and t hereby yields 3-acetoxy-3-nethyl butanoic acid. Likew se,
2-propanol is allowed to react with acrol ein and thereby yields
3-fornyl oxy- 3-net hyl butanoi ¢ acid. The reaction can be perfornmed in
accordance with the process of the present invention for producing an

organi ¢ conpound. t|on an b epar at ed nd purifie t he
sane 17 DEC 39 ans a§n§§8§§ CPWPPHP S EECESN %Fﬁe t ar get

(3-acyl 24Y e%aﬁobr%)g i C %c d QN el(1r3é1?f3¥>l 9>s<yf one rggrﬁsjegtgrg .lb egqoﬁr(;rrlfa (23)

i s suppos % or mBYY Iomnng naﬁner hydr radi ca

correspon 0 al.-cohel_ re far d in the
reaction fely eirnt{éah?aclgg1 g(rgl |es%<[§1) ga%gltnt In%(§(§L|lt%“|YZ)n 0 nt% f§%

~i -unsat ur at Vil u ep t (&2)7 gﬁxg

at t acks a£€ §9%§?EQ§$#E %hggaF éﬁgo |??é%¥ S%V%gof t he gﬁdition

and thereb % yields an a,y- dlhydroxycarbonyl conpound represent ed by
following Formula (24): HORe ~ OH Rr (24) 0 wherein Ra, Rb, Rte, Rd, Rel

and R have the, SA& RaANgIg%eas 19%“1&18%0' BQQV&eTr%@ cappand. 4 urddher

under goes rearrangenent of "an acyl group (RTC=0 group) and oxi dation of a

carbon at @{Bé,,t S0 RE0AGHa HAUP Hash heenRanded,1 and d:hef&bkad el ds

t he target acy oxycarboxyllc acid or(3-acyl oxyketone represented by

For nul a (Bé)use\alh@tlo@@oe {BeunsahHEabad %é@ﬁ@ﬂul@f@@k‘ﬂéx&é@r asafitRd by
Formul a (22), where Rel is a hydrogen atom is used as the startlng

conpound, sa] £QFf €SRENEi BInt A1 AENLOXMEALPOKYL b&ia6i €ahSpEOERBdoy¥AEN an a,
(3-unsaturated

Preferred sulfur oxides include those mainly containing
at least one of sulfur dioxide (S0O;) and sulfur trioxide (803) .
The sulfur oxide can be used in combination with oxygen. For
example, byusingsulfurdioxide (SO;) incombinationwithoxygen,
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
otheralkalineearthmetal 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
systemor may be supplied in the formof solutions such as agueous

solutions. Alternatively, these components may be formed in

the reaction system and may be subjected to the reaction.



17 DEC 2004 i g6 car bonyl conpound represented by Fornula (22) , where

"Rel is a hydrocarbon group or heterocyclic group, TS used as the startimng
conmpound, a correspondi ng (3-acyl oxyketone is formed. 12. Production_of :
Pol yacryl ani de Polyners In the presence of tha imde conpound and1th8EC 2004
conpound (A) capable of formng a rad'i%ll , an a, (3-unsaturated carboxylic
acid amde is polynerized under mld nditions and thereby yields a
correspondi ng pol yacryl am de polynmer [refer to Japanese Patent Application
No. 2000- 345822 (a process using a catalytic 5-nmenbered N hydroxy cyclic
i mde conpound)]. Typical exanples of the a, ~i-unsaturated carboxylic acid
am de are (nmeth)acrylam de, N-nethyl (neth)acryl am de, ' '
N, N- di et hyl ( Feehyeeeyianikrtween oy spyrerathfAtrearah e of forming
N- phenyl (et h) acryl am de, and crotonam de. A reaction tenperature can
appropri @& 8pfipalsEr@dhedradpendi IpBINIHY cppeoond k@) dgdwaafermgd and
other factors and is, for exanple, from about OC to about 150C and
pr ef er ablip fAEMPISFRNCEI %0 Abott HEOEPIADM T 013 | FRYLTFRE r eatGhon
tenperature, the polecular weight of the resulti n%,pol ner can be,
cont r ol | P LVRTE§ 2REL PSR- &i‘l&d@g‘% NEAN B tEhaP a BEF Caid Pt i PFEBLBYLICE or
exanpl e, sapr,e ipitation or reprecipitation. 13, Pr,gducti on , of _Orﬂ ni c
Compounds i MPDRGET. GRS BT Ao g2 ER b AP LBy L15r aPFSPAOBE LERASY i de
compound, S GATPOHR (A SARAP! S O {90 M 8 2t Al sl L gaplagned to react

dimethylformamide (DMF), dimethylacetamide, and other amides;

hexane, octane, and other aliphatic hydrocarbons; chloroform,

dichloromethane, dichloroethane, carbon tetrachloride,

chlorobenzene, trifluoromethylbenzene, 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




oxygen-at om contai ning reactant (B4) and thereby yields an organi c conpound

havi ng an oxygen-atomcontal ning group. This reaction IS perforned rn tne
presence of, or in the absence of, a solvent. Such solvents incl Udﬁfbﬁﬁ 2004
af orenenti oned sol vents: The amobunt of the catalytic imde conpound i

exanpl e, from about 0. 0000001 to gbg%t 1 nole, preferably from about O.
000001 to about O . 5nole; nore preferably from about 0. 0000l to about O.

4 nmole, and often fromabout 0 . 0001 to about 0. 3 nole, relative to 1

nol e of the conpound (A) . This reaction is significantly accelerated in
many cases when a prormt er such as the metallic corrpound a. g.

di d | d b
bompound) PP i oR tARBERLY: BROCRRAR pRES 83@83& PBRECORPE nfz(i\)gar ctan
B4 t be .di h
§1| tzolgznl‘ﬁég;%é@]c‘)?rfl géegac})ng%ag’%@?%ac%wn ag)a p\éoé’%& I§§ H- ?o?ﬁ %%n%(%ln er?gergtgi:{b;;ﬁt sa?B4
) can be,jsgg Q:l_ygj%es e EBGC?%?QQ%‘QA,FA] %’n&‘s' 09 oLy %t)m)re,?}tl%ves of the

oxygen- a?om cont'al ni ng reac K Com Bation Vi ypes of
di fferent ftur?Ctt' onal rou o cané@e |nt oduced into he Ie ub Such
(i

functiondf GrodEE ISP aﬂrﬁre OhyHFBRAS g oug:° car boxyl
types. opé%ﬁ‘ég% aggdyéa%ga ST Rl fidtec T n?s"b*gﬂa§'2%%t”%§“ used

t
Feactant (R e%%’ﬁf". e o S D BRS BR et Rb Ty pe (R eer ol can

appropri ahgh¥rhea select g6 dt e ?@’aetlf)ﬁ@%tﬂé/ffé'rn?&guxq@g:% Lld dfyr £0T

exanpl e, when oxygen (B4-1) is used as the oxygen-atom containing reactant

(B4), thenampruds@fe O RMA1S LEHRI LBORE csmiecot haduabeytMPa %éTQﬁe (e. g.,
equal to or nore than about 1 nole), preferably from about | to about 100

mol es, apdoMDEBoRE €h e18bLy SpOHt aPOUba 2 4y GROME1 AP 4P $SErdiel Aaddwe to 1
mol e of the compound (A) . Oxygen is often used in excess to the conmpound

(A) . Wen teadbon: soei de A(Bda ) i dd 1 ¥ 38N iBhcd i & €1 Y $rdsd Te &di nat i on
as the oxygen-atom containing reactants (B4), carbon nonoxide in an anount

of equal wiehoh AMMa@idehal, abottedanPle, E@of abdlieM@baulitlst eoadowtit 100
nol es) and oxygen in an amount of equal to or nore than about 0.5 nole

(e.g., fremebesitddbéndnqhautt R0 rdlce@s bnat empétgbudseshdebrddsmerd o 1 nole
of the compound (A). In this case, the nolar ratio of carbon nonoxide to

oxygen is frorhakeattiofOcdwbahmitfHnddiN.0dat dndypreheradhiy-datorh about
10/90 to about 99/1. When the nitrogen oxide (B4-3) is used as the

oxygen- akgptemnnt@mmt tguseaciyater B4) andtiee BmuRiendfi dnfad Byttegen Bxi de can
appropriately be sel ected depending on the types of the nitrogen oxide and
t he conpadddngAheaimt deyabelggualo tite pead®ien thadeh il sl Ymyntbe, | ess
than 1 nole, relative to 1 nole of the conpound (A) . Wen the anmount of

t he nitrogentaxgde ¢@ngoundi¢amden ahitedinde) wiishl esisidghan domodesieng. ,

equal to or nore than about 0 . 0001 nole and less than 1 nole ) ,

pref erabby selZ2cDE€i2Q04n- mggy foasmsabout 0. 001 to about 0.8 nole, and nore
preferably from

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

The process of the present invention yields an addition

or substitution reaction product or a derivative thereof

depending on the combination of the compound (A) capable of




about 0. 005 to about 0 . 25 nole, relative to 1 nole of the conmpound (A)

the conversion fromthe nitrogen oxide and the selectivity of the reaction
can significantly be inproved. By using nitrogen dioxide (N02) in17 DEC 2004
conbi nation with oxygen, the rate of a-reaction such as nitration reaction
can be significantly inproved. In thtg 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 from about
2 to about 50 noles, relative to 1 nole of nitrogen di oxide. Wen the

sul fur oxide (B4-4) is used as the oxygen-atom containing reactant, the

t of th | fur, oxjd iLatel i th
CVpes. of FORBLBAACLA HE S PR EORDBIR A SN (L SeASERT |y o about
1t bout, .50, nol d. f Ly, f ; b ,

ol ot veSPRL T B SHES T hE EbRDAAT (R} PLTRe Y Ghar ) G cban he BTt o hed i n

| ar ge excesgaggaggﬁosukkghe%g'%%ﬁppﬁ%né%ggﬁgub%ﬁbr%gdﬂ%dgaﬂlon sul fur

di oxi de) & Corbinat 0 ! the nmolar ratio of the sulfur

oxi de 0L Lfig, QXUQEN ok lrCX AR e ol Cm-BROYH HIR0 droctRaw, 90710 and
ab y QO 0

nor e prePgr rom about to about 70/30. A reaction tenperature can

appropr i %%Lil %tqgns Lt ed depending hatfioh praies.the types of the
conpound (-A) “and 't Ké “oxygen- at om cont ai ni ng reactant. For exanple, when

oxygen - 0@ 1% 12004 b (Bt A £ & 8o 486H- 88n t Hen 90Xy @R ¢AD] ai ni ng
reactant, the reaction tenperature is fromabout 0C to about 300C and

prefer ab'g%yff)rn%g‘?gég%og%woa@ﬁ%or?&% rMbesy Fa6ben periaxiale teBdna) and

oxygen ( used as” the”oxygen-atomcontaining reactants, the
reacti on JRMMIAM ¢l 3sed s G%%”Bbﬁgoflh@mz&bplﬂhe()@dtj@o@bmupoaﬁ)ﬁﬁ)oand

preferably fromabout 10C to about 150C. When the nitrogen
to the heteroatom is combined with an atom (e.g., a carbon atom)
constituting an unsaturated bond of the unsaturated compound
(Bl), to the methine carbon atom of the compound (B2) having
a methine carbon atom, or to the heteroatom of the
heterocatom—~containing compound (B3), and thereby yields an
addition or substitution reaction product or a derivative
thereof.

When the compound (A2) having a carbon-heteroatom double
bond (e.g., the carbonyl-group-containing compound )is
employed‘as the compound (A), a bond between a carbon atom
relatingtothecarbon—heteroatomdoublebond(e.g.,acarbonyl
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 (B1), (B2) or (B3) toyieldan addition
or substitution reaction product or a derivative thereof.

When the compound (A3) having a methine carbon atom is




oxide (B4-3) or sulfur oxide (B4-4) is used as the oxygen- aton}containing

react ant (|nclud|ng the case where oxygen is used in conbination)

reaction tenperature is, for exanple, from about O0C to about 150CﬂéhBEF 2004
preferably from about 1OC to-about 125C. The reaction can be perforned at

at nospheric pressure or under a presswye-(under a load) . Wen the reaction
is performed under a pressure, the pressure is generally fromabout 0.1 to
about 10 MPa, and preferably fromabout 0.2 to about 7 MPa. The reaction
can be perfornmed in a conventional system such as a batch system

sem - batch system or continuous system After the conpletion of the

reactlonus@@%ﬁitﬂécg QH&&§ aeagsbgee%ﬁﬁﬁﬁﬁxﬂﬁgrﬁﬁ bfﬁeqﬂ9¥mét5§89”'q“e

such as filtration, ncentratl istillation, extraction

CrySta|'b%%bb%”atb%@&%shéhbh%@b'QBtﬁdﬁﬁépéfeﬁeﬁQhHﬂBnéﬂrBB@E@@EQPB¥ and
ot her separatl on neans, oOr any conbi nati on of these separatl on neans . This

process GaR RAGUEHA (FR3CH T @ )PRdAUGE3 ) CHy %ﬁ@l’?ﬂ'zﬂﬁ iheon o ,
oxygen- at om conf ai ni ng reactant in a hlgh yi'el d under 17 DEC 2004 i - 101

mld condivds@nsutIRRCIddaAilon pRiaxygen (BA-ikatiSrdisetk Asot he
oxygen-atom contai ni ng reactant, an oxidation reaction proceeds and thereby

yields a corr@éﬂ@aahmg,oa%h@ahis@no@r eddctinkseheatta é@ﬁgaaﬁa Wnexagkned

Pat ent Application Publications No. 8-38909, No. 9-32T626, No. 10-286467,
and No. 20Q0r2d9650 spreerSs $RSc D MEnd aBal witd 1d SafermeireitbNrbydeaxy cyclic
i mde conpounds)]. For exanple, when the heteroatom containing conpound
(Al') havipgie®cuctgr Hed-chedigged diendo@potihe (@d)deeningpasidtiloimd eaktben

het eroatomis used as the conmpound (A) , a carbon atom at the adjacent

posi ti on dtent He thet esnpbandi @B )oxidided skbost exatpbe, reaqriompy odueahol
yi el ds a correspondi ng al dehyde or carboxylic acid, and a secondary al cohol
yi el ds a (@arg.espongiugl ked prwoduketl), 3-di ol yields a correspondi ng

hydr oxyket one, and a 1, 2-diol yields a corresponding a carboxylic acid as a
result of oxi daki veact tan dge wWereal £he tox yipgrataasen-droexami mioty Patentnt
Application Publications No. 2000-212116 and NO 2000- 2l 9652 (processes

usi ng cat @4t ks Bheenddieal Ndammgxing gohpounidd €B ¢ onpourids) Fompruadher
yi el ds a correspondi ng ester or acid anhydride [refer to Japanese

Unexami ne(h)Patagretb Mpplfi datrindm Pub Iriadidicadn yile1ds0a3legtenia propessdusi ng a
catal ytic 5-nenbered N-hydroxy cyclic imde conpound)]. In addition,a
primary drasecundaryxpdenhot yiretdst it ng e quer 0%i de, [ederxyb gRCPP,

I nternational Publication No. WO0O0/46145 (a process using a catalytic

5- menber exkdNghypdipoxgarbb8gl eyeip c reitine geompound)Jul iyr EG D osSUMlen t he
conpound (A2 ) having a carbon-heteroat om double bond is used as the
conpound dependimawendahe divge eduthe contasspadinnE Ay aiHel ng geast aiie

het er oat om can be obtai ned. For exanple, by oxidizing a ketone, a

carboxyl i ¢ acA¢aOTdme Her throdracyss mfodlit?edn%ﬁss%ltr clifeniproRy edvage. For
exanple, a cyclic ketone such as cycTohexanone yields a dicarboxylic acid
such as PRkl eried Bgarsit§orReuRE: @D RDAPESATECNFREOEBRRRAE ER )
havi ng a car bon-hydrogen bond at the adjacent p03|t|on to the heteroatom,
such as PYBESRALMP aFf EOKS EYREYOL WensPRRRHrgS ( éq.?é&})]a% éf&&"ﬂ@&t ant
(co-oxidizing agent), a Baeyer-Villager type reactio oceed mld
condition%raaécélr Qrtﬁeé@&%Q9%&ﬁ%ﬁﬁpif gemRoLs Fe oh8i %%ﬁcme
and a chain ketone yields_a corresponding ester in hi i,el ds [%efer to

PCT | nt er HaY+bhaPe@upnt tat i aAdhbION09d/ 8BB4 Frhigl @Fé%‘?ﬁ?aly

o Gehyde SEATEYS o Wia S6poRRE ”‘aﬁﬁaﬁgg"ﬁ%“r{‘%oﬁaé GV addé%&i}und (A3)
v N9 a B A BRI T SCASAICEH COPOURRE. 80 hAE 2 %@%8'#?“” Veld
Farant anELE R TR R es SoBER AP R aon B e e 3“&“ >

br dgehead postilon A4S0 83 eadamunenglech 3: 342 R01 20881 0Ll

unsaturatedbondasmentionedabove, andahydroxyl groupderived




17 DEC 2004 , 103 wth high selectivity. The chain conpound (A3-2) having

a net hine carbon atom such as isobutane, can yield a tertiary al cohol such
as t-butanol in a high yield [refer to Japanese . Unexanined Pateptpfg 2004
Application Publication No. 10-310543 (a process using a catalytic
5-menbered N-hydroxy cyclic imde comppund)]. By using the conpound (A4 )
havi ng a carbon-hydrogen bond at the adjacent position to an unsaturated
bond as the conpound (A) , the adjacent position to the unsaturated bond is
efficiently oxidized and thereby yields, for exanple, an al cohol,
carboxylic acid or ketone . For exanple, a conpound having a nethyl group
at the adjace position,.to.an_unsat urated nd yiel ds a.pri al cohol or
carboxyl'%Oﬁcgbeiﬂxggﬁpgﬁsy?EFﬁo PEFsr 105 §hé§%mfhé¥3%£ﬁé&l at'ent
Application Publications No. .8-38909, No. 9-32 c11- 7
(processes us#ﬁﬁagiﬂgwqﬁc@a&l rg,?gg %%Cyedsrsoagﬁglgcﬁq%gs%% ﬁé‘]’%%?rggﬁnds) ].

Li kew se, a conpound .havi th I rou he
adjacentiﬁo(wiggﬁr %lgn hﬁgﬁﬁﬁggye%ﬁggﬁhg§F§P8§a£ﬂ§§§%3 g%y o???é? iary

al conol . (el QBg Rt ofar DaXykia19EhdacAehendpBa108 feag! | OineaBdiLbeps. More
speci fical Ty, "an "arofmati ¢ conpound havi ng an al'kyl gfoup or a | ower-order
oxi di zed _gr.oup -t f. conhi N i i | mati c
carboxyngdégﬁa4E§§¥LJ%Fgg%@%%y#q%&%%@%%%@%%ggﬁ%%ﬁ%%%é§gﬁgﬁgfﬁggring as
a_result gghya?ékg%h't Egoﬂftf}txgec&{\}g?f nd’ PAP Md e Jueh=0tdaihoriadiAgd group

17 DEC 2 ereo Such | ower -order oxidized groups include,for

exanpl e, t%yfjcglﬂﬁ(}ﬁ 2 dNa 19" PYPExahP1B| a Ok QERsa It Shlax! 108 QURScentd al kyl
groups -each having an oxo group. For exanple, benzoic acidi sobtai nedfrom

tol uene, ofhylibenzene e HRQRRHBENRENE: lRZAIENNde, & dHebHEBSNL her eof ;
terephth§1ic acid is obtained from p-xylene, p-isopropyltoluene,

p- di | SOprepW henzane g R-d aHaldahule hdrd it dn atduh 1 -saidoxy beneal dehyde,
or m xtures thereof; 1 sophthalic acid is obtained from m xyl ene,

m t ol ual deRind 825 baxy baazm telys ea r@onmasbmriesthber@edound i(ash i ti c
acid is obtained from pseudocunene, dinethyl benzal dehyde, di nethyl benzoic

aci d, or Ju xt whescdRsseatont eRBldddderacpdsitiohttal tied uhsamudatede,
trimet hyl benzal dehyde, trinethyl benzoic acid, or m xtures thereof;

3- qui nol igweean hoxyd icomeuthd $AQbE ated hiuvseforiverd exdfiphe, reacts with
3-net hyl qui nol i ne, respectively in high yields. In addition, nicotinic acid

i s obtai nat fgoaPdu3rdi(®9l hAa. tirerebayhd Bds a comespditbviggda iy | ene
group at the adjacent position to a carbon-carbon double bond yields a
secondar Yol s i 00t k&t ofeact ion thisdease, by using a cobalt ( Il ) salt
of an acid having a pKa of less than or equal to 8.0, such as cobalt(Il)
acetate or colraddddyenidrmtdadistisac asuldiel prioho eeacaicomresiyeidi ng
conj ugated unsaturated carbonyl conpound having an oxo group introduced
i nto the ey bfunr et e widé heo ref by | examgi eupdelandbat bbtakaadtinna hi gh
yield. Mre 17 DEC 2004

cyclizationreaction, decarboxylationreaction, 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




- 105 specifically, valencene yields nootkatone in a high yield. By using
the non-aromatic cyclic hydrocarbon (A5) as the conpound (A), an alcohol
hydr oper oxi de or ketone having a hydroxyl group, hydroperoxy grodb7dﬁf%ﬂwﬂ4
group introduced into a carbon atomconstituting a ring i s obtained. Under
some reaction conditions, the ring-i %xtdatively cleaved and yields a
correspondi ng di carboxylic acid. For exanple, by appropriately sel ecting
the conditions, cycl ohexane can yield cycl ohexyl al cohol, cycl ohexyl

hydr oper oxi de, cycl ohexanone or adipic acid with high selectivity.

Li kewi se, a cycl oal kane such ascycl ohexane yi el dsa bi s(1-hydroxycycl oal kyl)
peroxidesyscbmashbh$d(@rhﬁdrabygybb.bhéxytyape®§x¢@@a}rE@e¥09% BePanese

Pat ent Application No. 2000-345824 (a process using a catalytic 5-nenbered

N- hydr oxgndymbire priederebipoded)] thBy @i r@@t@lst%ﬁé)%@mﬂ-as IEh&hsr oot er,
adamant ane can yi el d adamantanone in a high yield [refer t? ﬁgpanese
Unexani nedoBatrenbtnApfl tlcatn oyl 12kt ¢ i NP e B 6546589 L IPHcBEE usi ng a
catal ytic 5-menbered N-hydroxy cyclic imde conpound)k._Vhen %hﬁ cgnjugated
conpounda(A@¢Ct$ousgmt%sl&l%éaééﬁp§9n@e%¢&a§ea.%%ﬁiﬁ@ﬁy Bf-IEofBEaMdE i
formed depending on the structure of the conLugfted coqgound_ Faor _exanpl e,
a conj ugamed odi hbeyiet et ahyal Kafedrope 1SSt Her L BFIaRTILsS 47 88TFt of

oxi dation. Specifically, butadiene gields,fon exagq!e,Z-?utenﬁi%tgbgioI

and/ or 1-dasesne- InAorasl: ¥hedstne RFCRRGTEAN 8h. “RMBRTLR<A;
(3-unsaturated nitrile or a, (3-unsaturated carbox Aic ggé@i?ﬁ ragd DEC
2004 - 106hidpidan vidt i5he (RO SHEE 2%, TP W' SSTRsaTUrated bondi ng
position is selectively oxidized and is converted i.ntqQ a _sj e d, and
the bet a-Ju¥adsHF it® dBFFEASE i M%Sgﬁrf%‘?%hegrroﬁ?pc,“é’r? Tesdh Sgrh(%(&% (when |
the reaction is perforned, |

th . | | ?
gr oup (wﬁbﬁigﬁer?ﬁ%&@?%%b?%gBﬁﬁgb %ggﬁgﬁf%% d%ﬁ%ggﬁggq%%mgagggbgg%fféyacid)
inth ul ti d. ifically, i di. zi conitril
Lnd et by SRE TR RN RTe ot oF Tebrhneriedihdy Eag et e
d thyl 3,3-djmeth i t g i.yel i
(ar) s LR CONSBr PR YRe Rt arF SRR chn £ FBfledyMifbdie 2 0

f d. Wien_th tic. d (A8 ) LS. - inth
Co- xSt GHERE TS0 T b B AT L e SRBHRAL AN R g 8 ey byl ogen |
bond at the ad] t Pt t : d : ]

he cor r cHERDALEOEDYout O T ROT AT o oy L CpBRT G it pane | S ar mbd 1

a good yield [refer to Japanese 1 N antepntd we Papligations
No. 11-22%Q?GL%%% %%?51€9§2%ﬁ 4" %?%ggésgg {E%ng cataljﬁﬁi 5- menber ed

N- hydr oxy cli¢g imde ¢o n r ed Ohts ¢hal prakkase 6ARhyi el ds,
f or exanp?i¥ogﬁgaﬁ%dﬁﬁrf E@Sghg%%lcgagggéél?%paé}d. Bgrusing the ol efin
(A10) as the congoungngA), a correspondi ng epoxy conpound can be obtai ned
[refer toFaPEnES¥POHBYam ned Patent Application Publication No. 11-49764
and PCT i 17, DEC 2004 . J 07 od MBI 2h@Ada Rk bgathencdiapoulao(sp204
(processes usi%gE€%§§$$¥?é“%?ﬁﬁﬁgéﬁgd N;hydfbiy cyclic imde conpounds)].
Speci fical Ly, ,when £he heLer p2h08s CaRLAIHY PEdEEAR @6 <A Indrasmpguad

carbon-hy&rﬁaen bond at tﬁe adj acent position to the, heteroatom such as a
Secondary(%hQBPQBE:ﬁéaé{EbﬁgﬁﬁQHﬂﬁxkf@&tﬂ@NpﬁQs@n@aﬂﬁ@ﬁﬂhyﬂnogenibuad at

the adj acent position to an unsaturated bond is used as the co-reactant (
co- oxi di 71,0, AYENt ohyoor A LRAXrflat QI At croaredsumidesd i | d
conditions ‘and thereby yields the correspondi ng epoxide in a good yield. By
al l owi ng at |east pne corPONNgrsel echelylrerycygehpalikdnes, cycl oal kanol s
and cycl oal kanones to react with ammoni a and oxygen (B4-1) as the

oxygen- at om copt i piPde£B884t ABAt | HE thecprasenae iafn thid Icoeakgsice ibrdde
conpound, a corresponding lactamis obtained [refer to Japanese Patent
Appl i cati quiNg,. 2890343823 i(a off @¢RS I mdsiengompeatral ytare H-amer ed

N- hydroxy cyclic imde conpound)]. More specifically, by allow ng at | east
one conpound,sel&atad ¥y ore Tyeh Dhexeaenuty cldhexanol and cycl ohexanone to
react with ammonia and oxygen in the presence of the catalyst,

s-caprol actamis obtai ned. By using carbon nonoxi de (B4-2) and oxygen
(B4-1) as the,




oxygen-atom containing reactants, a carboxylation reaction smothly ‘
proceedsand thereby yields a corresponding carboxylic acid in a gbddDyiCel8l4 {
[refer to Japanese Unexani ned Patent Application Publication No. 11-239730
(a process using a i i 17 DEC 2004 _108 catalytic 5-nmenbered N- hydroxy |
cyclic imde conpound)]. For exanﬁTe?lmﬁén t he conpound (A3) having a |
nmet hi ne carbon atomis used as the conmpound (A), a carboxyl group is

i ntroduced into the nethine carbon atom Likew se, in the conpound (A4)
havi ng a carbon- hydrogen bond at the adjacent position to an unsaturated
bond, a carboxyl group is introduced into a carbon atomrelating to the

car bon- hydroggp bond. The non-aromatic cyclic hydrocarbon (A5), such as
cycl ohexane, yields a carboxylic acid having a carboxyl group conbined with
a carbon atgnxsogstituting a(?ﬁng. When the nitrogen oxide (B~-3) is used
as the oxyden-aRom containing reactant, a nitration reaction predom nantly
proceeds and thereby yields, for exanple, a corresponding nitro conpound

[refer to Japanese Unexam ned Patent Application Publicatiaon . 11-239730
(a pr oce@@eﬁgﬁﬂé*%&r@aﬁgﬁj?ité?-W%@Féﬁlﬁ?@erﬁfd}to%}d@f& ‘F%‘i?l?dad%y‘gg%%nd) ].

For exanpl e, when the conpound (A3), having a nethine carbon atomis used as
the conpdbf® PA)3n PHEARE hgﬁ%uéar"bkb%r%t%mapgnﬁi t1PRY RE i?%ﬁ%&t%en t he

conmpound (A4 havi n car bop- hydr.ogen, bond_at the _adj ace position to an
unsaturaf@Hmﬁ%ﬁajﬁéwg§ngh% 1%EBEPPEI%Y?%Q:F%a? &Y 5?%8n§%§ﬁ ogen’

bond is nitrated._ The non-aro i.c .cyclic, hydrocarbon_(AS such as

cycl ohex¥Aa&h §?gTa§ %3%%??é§ﬁgﬁ§hﬁd AYcPFEL Ft?gegbﬂpB%%ﬁ%ﬁgggﬁg B¥nitro |
group COQbhied_mﬁt a ciébo% atom constituting a ring. Even the

strai ght 1eh&PH1BPKERE™PAS) (3dich as hexane, can yield a 17 DEC 2004 - 109
correspondi ng nitroal kane. Wen nitrogen dioxide is used as the
oxygen-atom-cgntaini ng reactant, the nitration reaction can efficiently

proceed by ufi\ng t substrate in excess to nitrogen dioxide [refer. to
Japanese Unexah Pat ent Appl(8kation Publication No. 11-136339 (a process

using a cataRytic 5-Yrenbered N-hydroxy cyclic imde conpound)]. Wen a

conmpound having a nmethyl group at the adjacent position to an aromatic ring
2 1o UPBISIn RN RoathibdR ars TR s oS ar s st e MR RSP SFstn.  under
Fome ond 1 aee e T A1 Qs COKRRGA B T mearayp and
compound G ey S PR ES RS Ralihd B eyl Sh¢ Broca St the” a0 acent

POS L1101 LR ALY Al (2w QUIMIREEANRIerdS dhnsuistanteryi el ds a

nitro conmpoun .g., a-nitrobenzene), in which t

met hyl e“%%%gi-f&”gﬁ{d%{ 59na 206 WS e 15PPB 1 83611 0N SN £ b DR B ompoeinds  an
un

oxi me conpo e.g., acetophenone oXine) where the nethylene group is
conver t ed dd{td At QXIYE- £ Y1 S AY U EPmen( apnoxi de as the
oxygen-atom contal ni ng reactant,” an ether can yield a correspondi ng
al dehyde as a result of cleavage of the ether bond [Japanese Unexam ned
Pat ent Appliggti orgbigbl i g&tions No. 11-315036 and No. 11-254977 (processes
usi ng catal yti1\5/nenReyed N hydrgxy cyclic imde 17 DEC 2004 - 110
conpounds)]. Faq pht hal an” can yi el d pht hal al dehyde in a high
yi el d. Li kewiBe, b si ng' ni trogen nonoxi de as the oxygen-at om contai ni ng
reactant, a cycl og yi el ds a correspondi ng cycl oal kanone oxine [refer
to Japanese Patent Application No. 2000-157356 (a process using a catalytic
5-menbered N hydroxy cyclic imde conpound)]. For exanple, cyclohexane
yi el ds cyeh@hexaronRPoxRIyer? Bre alndowinagy cat hbaiameomeandhigs zemedumedavi ng a
met hyl ene

above. This reaction can be performed pursuant to a process

(a process using a catalytic 5-membered N-hydroxy cyclic imide

compound) described in PCT International Publication No.



group to react with the nitrogen oxi de such as nitrogen nonoxide in the
presence of the catalytic imde conpound and a hal ogen (e.g., chl or1i E@E@rzgm
a Beckmann rearrangenent catal yst, a corresponding am de or |actam’
obtained [refer to Japanese Patent Application No. 11-372177 (a process
using a catal ytic 5-nmenbered N—hydroﬁg cyclic imde conpound)]. For
exanpl e, cycl ohexane yields s-caprolactam Wen the nitric acids are used
as the oxygen-atomcontaining reactant, a nitration reaction predom nantly
proceeds and thereby yields, for exanple, a corresponding nitro conmpound,
as in the use of the nitrogen oxide (B4-3) [refer to Japanese Patent

Appli cat woo0KNB5820800- 58054 (a process using a catal ytic 5-nenbered

N- hydroxy cyclic imde conpound)]. For exanple, when the conpound (A4)
havi ng a car bputdghsbgken bond at the adjacent position to an unsaturated
bond is used as the substrate, a carbon atomrelating to the

car bon- hydr ogime borghriiss mirouat éd. Riwead Bﬁeired"muﬂcﬁ (297hpscopdyate 111
(A3) having a nethine carbon atomis used as the substrate, the pethine
car bon abemi srganist @dounhdrt deeadintardnar Felyyal fRChFdCoERRBORORAS ) is
used as the substrate, a vitro group is introduced into a carbon, atom
constitutleng.a phngrapnichpsouRsEhas &§chohl kedet 1%echndeT chefoheRBne,

yi el ds a correspondi ng nitrocycl oal kane. In the non-aromatic heterocyclic
conmpound ceaviing oasc acserdiydr dgerSomFoseSthe adPaBeRTIFBLt TGRS t he

het eroatom a carbon atomrelating to the carbon-hyd en bond js nitrated.
Li kew se incdadsyr fioghtexcHmle alWAHOBERON S PLs %\é{xg‘%‘e‘feﬁﬁ%\f A
correspondi ng nitroal kane. This reaction is supposed to proceed in the
foll owi ngu®difer. The i m de conmpound reacts with the nitric acids and

t hereby yields an_ i m do-Noxyradical, the radica i.t hdr a ogen atom
fromthe subs@h&tEY§HBCFHBP8b9r?P@Fd§n§HBPﬁeFlﬁghﬁgéF,%%gfaé%t éyresulting

dical, nit di oxi f din_th ti t ' d
[ ner oby | IRES 18 LV SLbORIATG RS SoRIouna VST e BUFFar oh He (B4 4)

is used as the oxygen-atqom containing reactan sul f i 0 nd/.Qr
sulfinatﬁﬁﬁ”ﬂﬁ%ct'HﬁhpPg&gbﬂglgnhypﬁgFgﬁ o§ig#88%§ ggfgg?%Gn P%ggg%ganic

et hi ne A bo A | USRI e ComBBtI TR o a AT TR EETd ot oup i8°
car bon- nyBrSERTP BT S e GO ALGHC o PLOA™ VG Sr URSAT Y a1 "BeC
or sul 11 r7Eo%61 b ey 128 s bibeld T AR A PoR LR 0 The
CyCT ohexahbt T bt GO AT AN CE P or VA e Pt N 2 e Fur aei o or aup
acid can BeOCGRIEIT i T Lo R ohT P EeRaRAT s Eate [P L SReararng o

conventi onal techniqgfgl%ﬁf%énﬁfg€£%§?s;rgééﬁuﬁa4gﬂbk¥yémn§55w@ Pyd eacting

t he organ?ﬁogﬁffﬁ?dac a net al hydroxide, al kali netal

car bonat e, gl kald JIoiah MYOROUEAFDONA! Phadikdl FAGneasd L Totalanyulr oxi de,

al kal i ne €ar netal carbonate,” am ne, thiourea, or isothiourea in an

appropriate solyent S4ch .agnial £f dgéddailicahyppbaesbil gryupbe priesent

i nvention Can produce, for exanple, organic conpounds each having an

oxygen-al guLRARLE! ALGoBRAUBNSYTBLRS HHENANY, goOURxatlegr altmmatiichoxy|
group, nitro group or sulfonic acid group, products as a result of the

formation N O RANE 298 nder FMatbpeRs Bhes etfoute14gcaribyul i zed
derivativgg?r%Fggbﬁgd%£§%$ectivit? ﬁﬁghigh yields as a result of addition

or substitytian reactl s rRaehJH dEbigonda y have variaddsnbeni todets.
present.invention can iIntroduce such an

Heterocyclic rings constituting the heterocyclic groups

inRaandeincludearomaticheterocyclicringsandnon—aromatic

heterocyclic rings. Such heterocyclic rings include

!




oxygen-atom containing group into an organi c substrate under mld

condi tions. i 17 DEC 2004 - 113 The catal yst of the present inve;b'g or}ﬂ'}@
highly stable and can naintain its catalytic activity for a Iong1t.( ¢

catal yst exhibits high catalytic activity even in a snmall anmount in a
radi cal reaction and is highly stabl €3i 7 a reaction at high tenperatures.
Exanpl es The present invention will be illustrated in further detail with
reference to several exanples below, which are not intended to limt the
scope of the invention. Reaction products were identified by NVR IR and/or
GC- MS. PREPARATI ON EXAMPLE 1. Production of N-hydroxynaphthalimde A 3-L
flask equeppedcytlbca istisrearh conbhingng abexataen HePHofet ke Lo WRfged by
nitrogen gas. 55.2 g (770 nmol) of hydroxyl am ne-hydrochl ori de é urity of
97% andhdt2rbcotlpyriidigseawh contidening athe Funakonag aReeese? $‘%d to

di ssol ve at room tenperature under nitrogen atnosphere. To the stirred

i Xt ur e, ahd8h@tgroEPoLlamok)ngs ¢aghnaphEpinened? cat boRJrPPc2hffyd?i de was
added. The stirred m xture was heated at 40C for 1 _hour and subsequently
was heat éetatroaBont.or Thefouret@FR@YCLiF (FHoRPRMB0EXST 2 nGar- Phe
reaction m xture was cooled to roomtenperature with stirring. The

resul ti ngubsydtalenitne solid was filtered off and washed with 5% by wei ght
of acetic . ’
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 carbén rings (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 about 5 to about 8 members). These rings may have at least
one substituent (e.g., similar groups to the substituents that
the hydrocarbon groups may have). To each of these rings,
another ring (a non-aromatic ring or an aromatic ring) may be
condensed.

preferred substituent R®* includes hydrogen atom, C1-Cq
alkyl groups, and Ce-Cia aryl groups. preferred R® includes
hydrogen atom, C1-Cio aliphatic hydrocarbon groups and alicyclic
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.

| The alcohols represented by Formula (2) include, for



aci d aqueous solution and dried at 80C for 20 hours under a 17 DEC 2004
114 reduced pressure to yield 120.7 g (81% of N-hydroxynaphthalq iti B&Cwoph
yel | ow col or. Spectral Data 1H NVR (DVMSO d6, 500 MHz) 8 : 7.8-8.0 (m 2H,
ArH), 8.4-8.6 (m 4H, ArH), 10.74 (br 1H, OH) 13C- NMR (DMVBO - d6, |25 MHz)
~: 160. 8, 134 . 6, 131. 4, 130. B, 6107 3, 126.2, 122.3 M5 (FAB+) mz 214
( (MtH)+, 100) , 177 (8) , 85 (12) PREPARATI ON EXANPLE 2 Production of

N- acet oxynapht hal i m de (N-acetoxy-1, 8-napht hal enedi carboxi m de) A 1-L flask
equi pped with a stirring, cooling tube, thernoneter and dropping funnel was
purged by nitrogen gas. 80.0 % (375 nnol ) of N hydrox aphthg% k%ijse

obt ai nedekympi eparatsicoaxexratpiécd aén‘ﬂh?@@flﬁ‘larﬁfo 58?9 8¢V wer'e added t o
the flask. The stirredm xture was heated at 60C under nitrogen atnosphere.
To the résukbimpgunidst URE-176.7 g (750 mmol) of aceti c anhydri de was added
dropwi se for 20 m nutes. After Stll’l‘la at 11 QC for i glgoqrsg t he
reaction nixt BrefemsedoaleqhPesSr BMLE grpé?ﬁ?ﬂ arvi eheRPPAF ng. “The -

crystalline solid was filtered off _an Wi_t &? dried
at 80C f Grpr2peoels FTdRYCya @é&?&@&'pﬁé&& aﬂéﬂ%g’%zcc TEIECH of

N- acet oxynapht hal i m de th ale el l.ow_cal o t CDC13,
500 Mt;(%c%k@hﬁsl (1§CY33IV3iM f@étg’)l r}5*317W§ {Ehe?pgﬁééﬁ%gg Ql%%ylgﬁ (ArH),

, L :
Y66, 6. 151k hagbng an 31 %tg%%yga%aa@a%%ﬁ”%(9?“%%18@135”@2% 2

256 M+H) + 66 214 (100 1 3
Pr Odl(.IC'EI cﬁ?%ﬁrprﬁlq‘@) adFF’uy%%"o?% 2 %’;Qlu% Q}g:gegﬁgﬁgtﬁ}g?gr nggelbzcdécA 5-L

fl ask equi pped vvlth a_s irrer andat lrggmgeg{ ohged by
ni t r ogen YEEP (£0 93/ g 525 7 )Clgghlk%gdéox am %e hydr ochl o% g (purity of

979% and 2 L of pyridine were a hes Tl aaki eddl Wwiede dingelosgd Wit h
stirring %?m?%‘?f? et &xéoo&nnglnﬂ??%ge% at m)lsphere To the stirred

mxture, 187.7 9 700 Lo Of S-RRRNt hakgark et sa6ar hong|duher
di anhydri dE°Was Ro Cljygoﬁﬁextaure was heated at 40C for 1 hour and

subsequent |y wa heat ed r OLKE 1y febinrdbage Bt t8GDdwr 1
hour, theap'gﬁ}f?ibﬁ HSAUTE )&ggcgglgl%dgt 0 roonl1tn?(’arrperat ure with stirring.

The preci ate was fi L shgdgWht he20akymaeiightseanaeetyi ¢ acid
aqueous s Fu?ﬁ@ﬁerﬁhd&d]ﬁ)ﬁ 918%&80\@? 12 hours under a reduced pressure to

yi el d 16%%(?%?1%?90 Spe §1QOBgI1QYH{ ARY i BifsBpBapbtibat afet etrackddpekdi i ni de

with bro ral

cyclic hydrocarbon group.

[Active Olefins]

The organic groups in RS, RY and R® in the active olefins
represented by Formula (3) can be any organic groups, as long
as they do not adversely affect the reaction (e.g., organic
groups that are inert under reaction conditions according to
the process of the present invention). Such organic groups
include, but are not limited to, halogen atoms, hydrocarbon

groups, heterocyclic groups, substituted oxycarbonyl groups

(e.qg., alkoxycarbonyl groups, aryloxycarbonyl .groups,
aralkyloxycarbonylgroups,andcycloalkyloxycarbonylgroups),

carboxyl group, substituted<ﬂ:unsubstituted«:arbamoyl groups



1H NVR (DVBO-d6, 500 MHz) b : 8.5-8. 7 (m 4H, ArH) , 11. Ol (brs, 2H

17 DEC 2004 - 116 13C-NWR ( DVMBO-d6, 125 Mz ) ~ : 160 . 1, 130 1 76DEC28004
9, 125 . 3 M5 (FAB+) miz 299 ( (MrH)+; (100) ), 283 (23); 232 (7), 177 (7)~
140 (5) PREPARATI ON EXAMPLE 4 Production of N, N -di acetoxy-1,8;

4, 5- napht hal enet et racar boxdi i m de A 85L | ask equi pped with a stirring,
cool i ng tube, thernoneter and dropping funnel was purged by nitrogen gas:
89.4 g (300 mmol ) of N, N -di hydroxy-1, 8~4, 5- napht hal enet et racar boxdi i m de
obt ai ned by preparation exanple 3, 400 ml of acetic acid and 122.6 g (1.2
nol ) of acetic anhydride were added to the flask. The stirred m xture was
heat ed at1Q0G:f 9%y 1cRO8E UAdEPsBitneganani desphenps) Afteanetdreimg at 120C
for 4 hodrs, the reaction m xture was cooled to roomtenperature with
stirring igh_ug ggéubtilepﬁﬁcé@id&taeiﬂMS‘i(lsuérf@ahi@f fcaddgveshed andh acetic
aci d, and dried at 80C for 12 hours.under a reduced pressure to yield 107.4
g (94% qf;1M:iNidhacet 18; 4ubfnaphtithkenereyreurs doxdifionigeaW eh ocher
color. Spectral Data IH NVR (DVBO d6, 500 MHz, 120C) ~: 2.47 (s, 6H, CH3),
8.7-8.9 (JBredirofidd, h3G MRFGBVBOd6d ¢25eHarogpel) esyl 9468YPY; | 57.5,

1 30. 9, 126.2, "125.7, 16.6 17 DEC 2004 - 117 WMS (FD+) mz 382 (M,

(100)), 33UAAR)L ﬁ&ﬁ;;(,smka@ (PYuEXANRIE N-9uP st 5p0-4d 2% t ani um |
aut ocl ave 'equi pped with a stirrer and a pressure gauge, 12.00 8 of
p- xyl ene, 107 93 1godd aeehbgracips,. OTBF6agbekyl group, hydroxyl group ;
N- acet oxy- 1, 8- napht hal enedi car boxi m de obtai ned by preparation %xanple 2 (2

% by nol exg@laatineegtoups debe Pprotacted by g GMEHHaIangL PF°¥68 éfdte ~ 4
H20 and 0.. 277 g of manganese(Ll) acetate~4 H20 were placed. The autocl ave
was chargggowpt h 3 MPa of oxygen gas and 2 MPa of nitrogen gas and pl aced
in a heated oil bath. The m xture was stirred at 15QC f,or 4 hours . After
the conpl eti orrtf Hlegesactticons itrted vslet FAV@Fe NRas Fedeon PESFE Rt er to
cool down the reaction m xture quickly. The resulting, m xture ﬁjgnalyzed
by hi gh peﬁamdmm@eat¢midmﬂw@m@@mga%&md&%g%r i¥8rﬁxe"’ﬁ\@ ’
terephthalic acid in 89%yield at 10096conver§$on ofég;xglqgeanEXQNPLE 2 1n
a 500-nl theagtoumpsueeainhid laghipgpele M ACATIM SFOARE 3 pr eSsure gauge,
12.00 g of p-xylene, 107.03 g of acetic acid, 0.144 of .
N—acetoxmigsenhpdthaaehedigapbﬁﬁiﬁﬁﬁeh%%?a?%e%ﬁiﬁﬁ[ﬁﬁgié?%.?%ﬁF%SZgﬁble 2
(0.50 by nole relative to p-xylene), 0.]112 of _cobal t (I ~4 H20
and 0.277T@eohe¢&mqaw@§é@lQﬁoﬁ@étépélﬁdﬁzof r?xﬁpgggﬂ.t¥%éﬁgﬁk cl ave was
charged with 2 MPa of oxygen gas and 2 MPa of niLro?gnaﬁgsRandqﬁkgﬁgd in a
heat ed oi lexteatglifllea misxt hpde raGaYGld® &LOPRCFor 1%hour.  After the

conpl etion of the reaction, the autocl ave )
w heterocyclic groups may have 2t least one substituent. The

alkoxycarbonyl groups include, but are not limited to,

methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

isopropoxycarbonyl, butoxycarbonyl, t-butoxycarbonyl, and

other C;-Cgalkoxy-carbonyl groups. The aryloxycarbonyl groups

include, but are not limited to, phenyloxycarbonyl group. The

aralkyloxycarbonyl groups include, for example,

benzyloxycarbonyl group. Illustrativecycloalkyloxycarbonyl

groups are cyclopentyloxycarbonyl and cyclohexyloxycarbonyl

groups.

The substituted carbamoyl groups include, for example,



i 17 DEC 2004 was placed on cold water to cool down the reaction m xture

quickly. To the resulting reaction m xture, 0.144g of .

N- acet oxy- 1, 8- napht hal enedi car boxi m de. obt ai ned by preparation ex&ﬂbﬂé62ﬂm4A

was added. The autocl ave was charged with 2 MPa of oxygen gas and 2 MPa of

nitrogen gas and placed in a heated &Pl -bath. The mixture was stirred at

| 50C for | hour. After the conpletion of the reaction, the autoclave was

pl aced on cold water to cool down the reaction m xture quickly.

Furthernore, a series of the above operation of fromthe addition of

N-acet oxy- 1, 8- napht hal enedi car boxi m de to cooling down was repeated tw ce.

The resui+nheghyl xévbanors, aaad yied-dymatghl perbanomhcegrbiga d

chr omat ogr aphy and was found to yield terephthalic acid in 94 %yield at

100% conVklesbnabive-suilfame. c EXANPES: Qr Hireoumsoseduretlayl BYdfgnate was

repeat ed, except that reaction tenperature was 190C, and thereby yiel ded

t er epht hathyl svildonat@7 Amdoehdr s UIPOYCcrrive? sTorn by bery P& OUBaVPARATI VE

EXAMPLE 1 The procedure of Exanple 1 was repeated, except that 3.07 g of

N- hydr oxybhuhbtrahive P0BABAC polid estarigrours preyrerayl s fiided9/nst ead of

N-acet oxy- 1, 8- napht hal enedi ear boxi m de, and_ thereby yiel ded terephthalic

acid in sgngiseuléi@tat@a%re@ﬁv&%i%fdfﬂl&@é‘ylr%ﬁe-.cqab‘}/@&vﬁEEezf 9P 500- m

titani um autocl ave equi pped with a stirrer, 17 DEC 2004 - 119 15.36 g of

p- t ol ui cThei acylogrougsofingdéutee REEdare. 288 §iBLtEBt &Pned@CHy Ypreparati on

-exanple 2 (1% by nole relative to p-toluic aci d? , 0, 112 g qf cobalt ( Il
) acet at BroRippylapddptheral srhat HEAGHASIONPS) (St ates @ FRPREE pl aced

The inside pressure was increased using 2 MPa OE}OX n_gas_and MPa of

ni t r ogena§is. ITHP Y enBBARINZO VY £RE Ortg'ﬁﬁ g2 9(%%3 ﬂggugfiev  on an

oil bath and was held at _150C with stirr'na’égor 1 hour. After .the

conpletiéﬁk@ﬁﬁﬂﬁ??%%&??&HQQHRP%BF86V§Vé1 i e BeEROESr FYRYEF to cool

down the reaction nixture quickl The resultin olutio% was_.anal yzed by

hi gh per PEPR&FYe PHerYr &R %’éé&&ﬁ?yaww&%eﬁgﬁﬁ%a%n% &P 3Pt hal i ¢

acidin 83 %yield at 88% conversion_of p-tolujc, acid. EXAMPLE 5 The

pr ocedur & 6100 200 2 & 0§nr &5E55ed, Tgﬁcﬁ,b?u}?ﬁj&%tgg?gaéf“ﬁgﬁ 5%8;5rature was
190C, and thereby_yiel ded. t erephthal i cid in. 94% yi 96% ver si on
of p-tol &P&qé‘éied.fmlﬁv ’ )‘(ﬂﬁgﬁﬁgﬁ?ﬂ%nﬁl’ (I)\]gée&]dtf?/leeeéo}%%nal%p?'e&ggms
repeat ed, .except. that 0. 184 g of N hydroxyphthalimde (1% by nole rel ative
to p-tol BreeIH D NI UEEd i nstead of

e oy CPURREAPRLERC T Y s M LS EY g e sqii Pl i
atom, hydrocarbon groups [e.g., Ci1-Ce¢ aliphatic hydrocarbon
groups (particularlyC;-Csaliphatichydrocarbongroups), Ceé~Cig
aryl groups (e.g., phenyl group), cycloalkyl groups (e.qg.,
cycloalkyl groups each having from about 3 to about 8 members),
haloalkyl groups (e.g., trifluoromethyl group, and other C;-Cs
haloalkyl group, particularly C;-C4 haloalkyl groups) ],
heterocyclic groups, substituted oxycarbonyl groups (e.qg.,

C1-C¢ alkoxy-carbonyl groups, aryloxycarbonyl groups,
aralkyloxycarbonylgroups,andcycloalkyloxycarbonylgroups),

carboxylgroup,substitutedorunsubstitutedcarbamoylgroups,

cyanogroup,nitrogroup,sulfuracidgroups,sulfuracidester




The procedure of Exanple 4 was repeated, except that 0.216 - 120 i 17
DEC 2004 g of N, N -di acetoxy-1,8; 4, 5-naphthal enetetracarboxdiimde ( 0 . 5%
by nole relative to p-toluic acid) was used instead of 17DEC 4
N- acet oxy- 1, 8- napht hal enedi car boxi ni de, and thereby yiel ded terepht haEI i &
acid in 88%yield at 93% conversion 6f p-toluic acid. EXAMPLE 7 The
procedure of Exanple 6 was repeated, except that a reaction tenperature was
190C, and thereby yielded terephthalic acid in 90%vyield at 92%onversi on
of p-toluic acid. EXAVMPLE 8 In a 1L titanium autocl ave equi pped with a
stirrer, a cooling tube, a mass flow and a pressure controller, 80 . 00 g
of (3-pigobupe, Bid.cy ofrageti c Tygpidald ypb®rgfefrred R and R? are,

N- acet oxy- 1, 8- napht hal enedi car boxi m de obtai ned by preparation exanple 2
(3% by npbe exaimgtlieehiydrb3epi codmn&r-Cs 21l iPhatd coivdobaprbenigroupset ate ~
4 H20 and 1. 053 g of manganese ( |I-1 ) acetate 4 H20 were placed. The
reacti on(paxticel nady ol goha bl ¢ hy dnempercmrugeoars1406dhd a3l pressure
of 10 kgf/cnR2 [0.98 MPa (gauge pressure) ] under flow of air into the

aut ocl averangst kie. geacphenyhagrpepd or f¥6lPer k31heuPEPSTHE -Fesul ti ng product
in the reaction mxture was anal yzed by gas chromat ography and was found to
yi el d ni cptinptkatigriurs6ashyhay nat rpe abewhiel SiddiP Wt 8 (BRIt i me .
EXAMPLE 9 17 DEC 2004 - |21 The procedure of Exanple 2 was repeated,
except thaloZ2kylo@rqups (® G4 et ifddioreaetinydt eaguer 2pd Qe C1ahe t her eby
yi el ded isophthalic acid in 95 %yield at 100 % conversi on of xyl ene.
EXAVPLE helThakploeseups  oPaEkdeH réym-?eﬁ@%%];k%&c%?u%)aﬂa

substituted oxycarbonyl groups (e.g., Ci-Cs alkoxy-carbonyl
groups,aryloxycarbonylgroups,aralkyloxycarbonylgroups,and
cycloalkyloxycarbonyl groups), and cyanQ group. Typically
preferred R® includes, for example, hydrogen étom, and C1-Cg
aliphatic hydrocarbon groups (especially, Ci-C4 aliphatic
hydrocarbon groups) .

The rings formed by R%, R? and R® (R® and RY, R® and R®,
RY 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
aromatic ring) may be condensed to each of these rings.

The electron attractive groups Y include, but are not
limited to, methoxycarbonyl, ethoxycarbonyl, and other

alkoxycarbonyl groups; phenoxycarbonyl, and other




reaction tenperature was | 90C, and thereby yielded isophthalic acid in 97%
yield at 100% conversion of mxylene. EXAMPLE 11 A m xture of 1.00 g of
fluorene, 0.154 g of N-acetoxy-1;8-naphthal enedi car boxi ni de obt aiTéd by 2004
preparation exanple 2 (10% by nole relative to fluorene) , 9.0 g of acetic
acid, 0. 008 g of cobalt ( Il ) acetate ~ 4 H20 and O . 008 g of
manganese(l 1) acetate~4 HZO was stirred at 120 C in an atnosphere of
oxygene gas ( 1 atm=0 . 1 MPa) for 6 hours . The resulting product in the
reaction m xture was anal yzed by gas chromat ography and was found to yield
fluorenon in 82 %yield at 96% conversion of fluorene. EXAMPLE 12 A m xture
of 1.00 g of ¢ e 2 Y, oo halesrediclgr boxi m de
obtainedgﬁ¥1%§%%%€£§¢gg %ﬁgu %é %3%%%3%39%%?é rﬁiatisgh{o cycl ohexane), 0 .
015 g of L AGSE Al anotg FBGp ARG ®oxyA1§rgupf ceargamese, ( 11 )
acetate~28€8%jﬁﬁéa§¥?f%%d at % Snc<%n g%aatnnspﬁg}g of oxygene gas (1 atm =
0.1 Mra) Nfﬁidﬁ99ﬁ§/§ca}rﬂgmb§§9latﬂd\gtﬁéQCBiﬂds’djrtd’&E&i beacis s ki tee was
anal yzed by gas chronat ography and 122 _ 17 DEC 2004 was found to yield
cycl ohexag?ggma?hpgfoaggg a0g-glr} asherad d.s,n tb¥ esemphd, 186 ya bkylk;
respectively, at 12% conversi on of cycl ohexane. EXAVMPLE 13 In a 500-nL
titaniurgguhg9's&%n§qgiB@@%ﬁMth arst iouherr amyla guoessur ¢ igatige, 12. 00 g of
uene,

4-nitro 10703 g of acetic acid,0.670g of
N'acetOxﬂzém%p%%?ﬁﬁhékﬁ?ﬁ?ﬂqaéb@X¢fﬁéE>Ixﬁkﬁenyi gy oppsparal T ahkEREHpl e 2
(3% by nole relafive to 4-nitrotoluene), 0.087% of cobalt(ll) acetate~4 H20

and 0.21%roups_

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

Typical active olefins represented by Formula (3) include
the compounds exemplifiéd as the active unsaturated compounds
(B1-1).

[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
and is added to a carbon atom at the peta-position of the group

Y between the two carbon atoms constituting an unsaturated bond



g of manganese(ll) acetate~4 H20 were placed. The autocl ave was charged
with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and placed in 3ﬁ€?§ﬁf§ 0
oil bath. The m xture was stirred at 170C for 1 hour. After the c |- Q
of reaction, the autoclave was placed on cold water to cool down the
reaction m xture quickly. The resuttidg-m xture was anal yzed by high
performance |iquid chromatography and was found to yield 4-nitrobenzoic
acid in 98%yield at 100% conversi on of 4-nitrotoluene. EXAMPLE 14 In a
- 500-nL titanium autocl ave equi pped with a stirred and a stirrer and a
pressure gauge, 12.00 g of 4-bronotol uene, 107.22 g of acetic acid, 0.537 g
of N acetexynd; 8-papht bakengdieprboxhvidebpbraimeda by3 pr epad avkxpgemxanpl e 2
(3 % by nole relative to 4-bronotoluene) , 0. 070 g of cobalt ( I |
acetate zt¢aH2Q anchical & ghef aDpngapeset{ohlfdrmed ADBECr260at-o0f123
acetate~4 H20 were placed. The autoclave was charged with 2 MPa of oxygen
gas and 2nMPadef tRichr agen tgas oyd viledded the 4 ,Beatidgdsidxybatdnpaund mi xt ur e
was stirred at | 70C for 1 hour. After the conpletion of reaction; the
aut ocl aveepas sphaeed bgn Feahah wat(@rn) .t o cool down the reaction mxture
qui ckly. The resulting m xture was anal yzed by high performance liquid
chr onat ogr aphynandewasmpound repyéebdtﬂdbbmnﬁgémégac(étiﬁorﬁe§5@§yﬁeld at
100% conver si on of 4-bronotol uene. EXAMPLE 15 In a 500-nL titani um
aut ocl aveeequitppEdcne thesctsitan,r @heand s gr 6850HPEY §adigRuUP 12X 68 §SEFT
4- et hyl ani sol e, 106.91 g of acetic acid,0.752g
of N- acet epryul, Bunhphs el lenadiazdryd Gre8PoRE & 4IEd OBy HrePaYdt PERYBxanpl e 2
(30 by nole relative to 4-nmethylanisole ) , 0. 098 g of cobalt (Il )
acet at e -a &yed0 zartd o .re24t ipromayafgatdes( PEPcaest dte tASHSY SIeMe tHI aced.
The autocl ave was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen
gas and pliaged d Fardreaiedaiiviatre (Orehydsexy & Was ¥ a@E@ P 150C for 1
hour. After the conpletion of reaction, the autoclave was kﬁ %%Ion cold
wat er to dsoivatovre )t heepresgniord A% EFEGHE dy. a?hélel's€§d1b[% 3 iStt'ur e was
anal yzed by hi gh performance |iquid_chromatography and was faugd to yield
p- ani si ¢ Hg cbllamhg' phrikal Hergene esLY Aind” %‘%"r‘ PUsTPREPESTi Vel y at 100%
conversi on of 4-nethylanisole. EXAVWPLE 16 In a 500-ni 1itanium aytoclave
equi pped sentral king Ebe typPRNHer9peUt iR of the co—catalystortur

subjecting the product to aging after the addition reaction
(or further oxidation reaction). A feaction temperature in
the aging period 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,andotheraromatichydrocarbons;cyclohexane
and other alicyclic hydrocarbons; 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




and a pressure gauge, 12.00 g of 4-chlorotol uene, 106.95 g of acetic

aci d, 0. 726g of N-acet oxy- 1, 8- napht hal enedi car boxi m de obt ai ned by
preparation exanple 2 (30 by nole relative to 4-chlorotoluene ) 4 DECO28pi0
of cobalt (I I ) acetate ~ 4 H20 and 0 . 232 g of manganese(ll) acetatev4d
H20 were placed. The autocl ave was-charged with 2 MPa of oxygen gas and 2
MPa of nitrogen gas and placed in a heated oil bath. The m xture was
stirred at 170C for 1 hour. After the conpletion of reaction, the autoclave
was placed on cold water to cool down the reaction m xture quickly. The
resulting mxture was anal yzed by high performance Iiquid chromatography

and was found, Lo 45 Chberabenzol ¢ 536t d aintl (60r ¥ £ Ty Fr kb sonver si on
of 4-chl 910 %%%éﬁ%kﬁ!gqguﬁgce2004 - 125 CLE A ca?%lyst conpri sing an

i mde co fb@hﬁubstltuted cyclic |n1de skel et on represented by
fmumn?%ﬂ%@%%J ~C - NOR(I) GCO wherein Ris a

hydroxyl - protgcti cﬂkRHQul%f Fhayeabakysipaeess thogohe Béalvativederein
the imde conmpound Is a conpound represented by following Fornula (1): 1 R2

R C O 3 R4 / Na@Ratk) vB3 sRSF tR: Whede copdundy, hizdmdxdhadr oepresemtedoup; RI,
R2, R3, RO, R5 and are the sane or different and are each a hydrogen
aton1 a B@IQggmuabomy)aﬁsaékyﬁwgman)reﬂmtamyhhgﬂaépl aogygevabRyl agr oup, a
hydr oxyl group, an al koxy group, a carboxyl group, a substituted

oxycar boaylgﬂglﬁglél%raﬁe@r Wa rifoaiifl iey sl dacidrdxa tgrveupsepatesyesn tagd [lmast two of
R, R, R3, R4, R5 and R6 nmy be conbined with each other to forma double

bond, anf@&Q%&hm@ @oril-zaar@eti c ring, and where at |east one

N-substi t ut ed cyclic imdo group - 126 17 DEC 2004 indicated in Formula
(1) may further be formed on R; R2, R3; R4, R5 and R6 or on the double

bond; the aromatic or non-aromatic ring fornmed by at Least twd. of R, R2,
R3, R4, R5 a&id R6. K

(5)
cozRE

wherein R, RY, 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 5-membered N-hydroxy cyclic imide

compound) described in PCT International Publication No.




3. The catalyst according to claim1 or claim2, wherein Ris a o
hydr ol yzabl e protecting group. 4. The catal yst according to clain1% ﬂr
claim?2, wherein Ris a group obtained froman acid by elimnating'a Q§¢ 2004
group fromthe acid. 5. The catal yst according to claim4, wherein the acid
is one selected fromthe group consi 3ti rRg of carboxylic acids, sulfonic

aci ds, carbonic acid, carbamc acid, sulfuric acid, nitric acid, phosphoric
acids and boric acids. 6. The catal yst according to claim1l or claim2,
conprising the imde conpound and a netallic conpound in conbination. 7. A
process for producing an organic conmpound, the process conprising the step
of al | owyp@o #9885 conpound capable of formng a radical to react with (B) a
radi cal scavengi ng conmpound .in the presence of the catalyst as clained in
any one of clagimohols) 6 to yield a product of an addition or substitution
reacti on between the conpound (A) and the conpound (B), or a 17 DEC 2004
derivative thet€eafl.cdholsThepreessed by poodutiang2 anincadé cs tohpound
according to claim7, wherein the conpound (A) capable of form nga radica

i s one sgheshelsftenthbeegiaupheopsosiichgoaf of Athehdt, Srodthyidzesnt ai ni ng
conpounds each having a carbon-hydrogen bond at the adjacent position to

the het eceapotthd6A2 ) conpounds each having a carbon-het eroat om doubl e

bond, (A3) compounds each having a nmethine carbon atom (A4) conpounds each
havi ng a car bpg; pydrnogearhoad asrbbeyatipadentd PesivihdAveslan unsaturated
bond, (A5) non-aromatic cyclic hydrocarbons; (A6) conjugated conpounds,

(A7) am nes, TH8)swronatuencoiouRliand RS)inthagyhta (i Argl R&M&43T and

(A10) olefins. 9 . The process for producing an organic corpound according
to cl ai mts, Rihareandt Rt imadiocaiulec dvengi PHIeBHP IFRNPB)1R R ohBCSBPRCt ed
fromthe group consisting of (Bl ) unsaturated conpounds, (B2) conpounds
each havbngamﬂu@rmmps¢§Eﬁb@0@nﬁﬁdY€%§ehﬁﬁéﬂ%ngg€&ﬁﬁﬁ?ﬁQQﬂEoﬁpounds

and (B4) oxygen-atom containing reactants. 10. The process, for producing an
organi ¢ cogeoued grosmsditihptt Ad dinf Wi TPade: gk -%%’t?}ﬁgcont ai ni ng
reactants (B4) are at | east one selected fromthe grou ,consist%ng of

oxygen, cadsonlimendd ddie MuAGRFE Oxides Prgfy invention) such as

hydrocarbon groups and heterocyclic groups. If the compound

represented by Formula (5) has a substituted oxycarbonyl group

in addition to —COzngroup indicated in Formula (5), the -CO;R¢

group is involved in a cyclization reaction, but the other

substitutedoxycarbonylgroupcanremainasintactintheproduct.
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 o~hydroxy-y-butyrolactone derivative
can be obtained in a significantly high yield. Such electron
attractive organic groups include, for example, haloalkyl
groups, substituted oxycarbonyl groups, carboxyl group,
substituted or unsubstituted carbamoyl groups, cyano group,

nitro group, sulfur acid groups, and sulfur acid ester groups.




17 DEC 2004 - 128 oxides, and nitric acid, nitrous acid or salts thereof.
11. The process for producing an organi c conpound according to claim7,
wherein the reaction between the conpound (A) capable of form ng % T 88Ccalds .
and the radi cal scavenging conpound (B) is one selected fromthe group
consi sting of oxidation reactions,” cAfboxyl ation reactions, nitration
reactions, sulfonation reactions, coupling reactions and conbi nati ons
thereof. 12. The process for producing an organi c conpound according to
claim7, wherein an aromatic conpound having an al kyl group or a

| ower - order oxidized group thereof conbined with an aromatic ring is

al | owed to oxinl zebwttihuexydeni g ofyerlachpdrorer afeRd hg HFGFREFEOWar boxyl i ¢
aci d. 17 DEC 2004 129 ABSTRACT A catal yst of the invention includes an

i ni de cogpoupd draviagee Nesaibby iat Ot aykyl guonmiéesrerdedn vrapmaSent ed by
followng Formula (1): Q N-OR (lI) Cy wherein Ris a hydrox L- rofecting
group. Paekelrecbud)i s aaChyiy alyenbl egprunr desPsg igrldup %@‘F&yg k 1&Y]E;roup
obtained froman acid by elimnating an OH group therefrom Such acids
i ncl ude, gkonpgxaapl e, Ceafborylilc 946183, sul fonic acids, carbonic acid,
carbam c acid, sulfuric acid, nitric acid, phosphoric acids_and boric acids
The cat al ysTypayal retaneleheod wihgede BrgbaaguaRdes FRTIPKYEIEARLENd in
conmbination. In the presence of the cataly%B, £ﬁ0 a.gﬁ OUQ%1§§8§BLG of
form ng deravatalbeissrentovrted by ™Y 3 Ho BT a FE&i 4 scavengi ng
conpound and thereby yields an addition or substitution re i,on product of
t he corrpm&thGA)(m&ﬁé)taﬁéYé@rFﬁouﬁd:h(yé) @t @GERN &S e Jt%oeprrgogéﬁw Thi s

S DL oduce 20 o garl e Rl Ll SEAEED) Ebyasg 2 1 o

under rnléiégﬁgglg;ggghic acid; methyl crotonate, ethyl crotonate, and
other crotonic esters; 3—methyl—2~butenoic acid; methyl
3-methyl-2-butenocate, ethyl 3-methyl-2-butenoate, and other
3-methyl-2-butenoic esters; 2-pentenoic acid; methyl
2-pentenoate, ethyl 2-pentenoate, and other 2-pentenoic
esters;2—octenoicacid;methylZ—octenoate,ethylZ—octenoate,
and other 2-octenoic esters; cinnamic acid; methyl cinnamate,
ethyl cinnamate, and other cinnamic esters;
4,4,4—trifluoro—2—butenoic acid; methyl
4,4,4-trifluoro-2-butenoate, ethyl
4,4,4-trifluoro-2-butenoate, and other
4,4,4-trifluoro-2-butenoic esters; maleic acid; dimethyl
maleate,diethylmaleate,andothermaleicesters;fumaricacid;
dimethylfumarate,diethylfumarate,andotherfumaricesters;
3-cyanoacrylic aéid; methyl 3-cyanoacrylate, ethyl

3-cyanoacrylate, and other 3-cyanoacrylic esters, and other

a,B—unsaﬁurated carboxylic acids each having from about 2 to




about 15 carbonatoms or esters thereof (e.g., C;-Cgsalkyl esters,
C,-Cg alkenyl esters, and aryl esters).

[Reaction] |

The reaction of the alcohol represented by Formula (2)

with oxygen and the o, B-unsaturated carboxylic acid derivative

represented by Formula (5) can be performed pursuant to the

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

the compound (B).

According to the process of the present invention, an
a,y-dihydroxycarboxylic acid derivative (a kind of the
compounds represented by Formula (4)) represented by following

Formula (7) is formed as a reaction intermediate:

o RPHO  R°
(1)
R C02RE
R® R4

wherein R?, R?, RS, RY, R®, and Rf have the same meanings as defined
above. This compound is supposed to be formed in the following
manner. .Al—hydroxyalkylradicalcorrespondingtx;thealcohol
represented by Formula (2) is formed in the system, attacks
and is added to the beta-position of the a,P-unsaturated
carboxylic acid derivative represented by Formula (5), and
oxygenattacksaradicalatthealpha—positionform@dasaresult

of the addition to yield the compound in question. The formed

a,y—dihydroxycarboxylicacidderivativerepresentedbyEbrmula
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;m%;Mw I 7M1 7Ne/ 1 7M /] TVB21 T 7M W] 7VB ] 7Ne] 7M 7M | ] 7M D] 708
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A b A b b

X Cx QoD@ @@nhula (2) (i.e., when R* is a hydrogen atom), a

(Q
(Q
(Q
(Q

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

[RPC (=0)e] is formed in the system:

e

HO R

0
(8)
b. £
R CO2R

R® R4

wherein R?, R¢, RY, R, and Rf have the same meanings as defined
above. The a-hydroxy-y-butyrolactone derivative can also be
prepared by isolating the a,y-dihydroxycarboxylic acid
derivative represented by Formula (7), for example, dissolving
the same in a solvent, and heating the solution according
necessity, asvmentioned above.

3. Production of Conjugated Unsaturated Compounds

Bycatalysrsoftheimidecompound,analcoholrepresented

by following Formula (2a):
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by following Formula (9)

Re

i
R\(\%\Y (9)
j d

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 cétalytic 5-membered N-hydroxy cyclic imide
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3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic
primary alcohols; and 2—(2—hydroxyethyl)pyridine, and other
heterocyclic alcohols. l

The compounds represented by Formula (3a) correspond to

compounds represented by Formula (3) where R® is a hydrogen
" atom. Thésubstituentst,Rﬂ adeinfbrmula(3a)aresimilar
'. to those in Formula (3).

A reaction can be performed pursuant to the process for
producing the 1,3-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;R® group, is used és 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).

For example, when n-propyl alcohol is allowed to react
with ethyl acrylate, ethyl 2,4-dihydroxyhexanoate
corresponding to Formula (4) and
4-ethyl-2-hydroxy-y-butyrolactone corresponding to Formula
(6) are formed under some conditions in addition to the target
ethyl sorbate.

Theconjugatedunsaturatedcompoundrepresentedbdermula
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(9) is supposed tobe formedinthe followingmanner. Initially,
a dihydroxy compound corresponding to Formula (4) [a compound
of Formula (4) where R* = RiRjCﬁ group, and R® = R® = H] is formed,
two molecules of water are then eliminated from this compound
andtherebyyieldsthecompoundinquestion. Reactionproducts

can be separated and purified in the same separation means as

~ above.

4. Production of B-Hydroxyacetal Compounds
By catalysis of the imide compound, an acetal represented
by following Formula (10):
0—R
R*~ch (10)
n
-R
whereian,Rm,R“arethesameordifferentandareeachahydrogen

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 P-hydroxyacetal compound represented by following

Formula (11):

(11)
Rk Y .

wherein R®, RY, R®, R¥, R®, R?, and Y have the same meanings as
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defined above. This reaction can be performed pursuant to a

process (aprocessusingacatalytic 5-memberedN-hydroxycyclic

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
R™ 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 Rkincludes, for example, hydrogen
atom; C;-Cyo aliphatic hydrocarbon groups (especially, C;-C4
alkylgroups);alicyclichydrocarbongroups(cycloalkylgroups,
cycloalkenyl groups, and bridged cyclic hydrocarbon groups)
each having from about 3 to about 15 carbon atoms; and Cg-Ciq
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 preferably combined to form a ring with the adjacent
two oxygen atoms and carbon atom.

The acetals represented by Formula (10) include compounds
exemplified as the acetals each having a carbon-hydrogen bond

at the adjacent position to an oxygen atom in the compounds

(A1-3). Typicalexamplesofsuchacetalsincludel,B—dioxolane,
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2-methyl-1, 3-dioxolane, 2-ethyl-1,3-dioxolane, and other
1,3-dioxolane compounds; 2-methyl-1,3-dioxane, and other
1,3~dioxane compounds; and aéetaldehydé dimethyl acetal, and
other dialkyl 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.

Inthisreaction,theBehydroxyacetalcompoundrepresented
byEbrmula(ll)issupposedtobefbrmedinthefollowingmanner.
Initially,a]q1—di—substitutedoxyalkylradialcorresponding
totheacetalrepresentedbyEbrmula(10)isformed,thisradical
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):
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RP—CH (12)

wherein R°, RP? and R? are the same or different and are each
an organic groﬁp, where R°, RP and R? may be combined with each
other to form a ring with the adjacent carbon atom, is allowed
toreact withoxygenandtheactiveolefin representedby Formula
(3) and thereby yields at least one of hydroxy compounds

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

RP R°HO R® R R° HO R®
R® Rd R® Y

(13) . (14)

wherein R%, R%, R%, R°, RP, R? and Y have the same meanings as
defined above. This reaction can be performed pursuant to a
process (aprocessusingacatalytic5-memberedN-hydroxycyclic
imide compound) described in PCT International Publication No.
Wo00/35835.

The organic groups 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;~-Cypaliphatichydrocarbon groups

(especially, C1-Cs alkyl groups); alicyclic hydrocarbon groups
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(cycloalkyl groups, cycloalkenyl groups, and bridged cyclic
hydrocarbon groups) each having from about 3 to about 15 carbon
atoms; and C¢-Cy4 aryl groups.
The rings formed by R° RP and R? (R° and RP, RP and RY,
R° and RY, or R° and RP and RY) to'gether with the adjacent carbon
atominclude,butarenotlimitedto,cyclopentene,cyclohexane,
‘ andothernmnocyclicalicycliccarbonrings(cycloalkanerings
and cycloalkene 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
about 5 to about 8 members); adamantane ring, perhydroindene
ring, decalin ring, perhydrofluorene ring, perhydroanthracene

ring, perhydrophenanthrene ring, tricyclo[5.2.1.0L6]decane

ring, perhydroacenaphthene ring, perhydrophenalene ring,

norbornane ring, norbornene ring, and otherbicyclic, tricyclic
or tetracyclic bridged carbon rings. These rings may each have
at least one substituent.

When R°, RP and R? 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 éxample, compounds exemplified as the
compounds (A3) each having a methine carbon atom, such as the

bridged cyclic compounds (A3-la), the non-aromatic cyclic
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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
as mentioned 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
the same separation means as above.
In this reaction, the hydroxy compound represented by
Formula (13) or the hydrox_y compound represented by Formula
(14) is supposed tobe formed in the followingmanner. A radical
is formed at the methine carbon position of 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 oxygen 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°, RP, 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 Cy-C, alkyl group, Y is an

alkoxycérbonyl group (e.g., a C1~-C4 alkoxy-carbonyl group), an
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aryloxycarbonyl group, an acyl group (e.g., a C;-C4 acyl group,
or a benzbyl group) or a carboxyl group. Such compounds are
useful as, for example, materials for phérmaceuticals,
agricultural chemicals, andother fine chemicals, andmaterials
for functional polymers.
6. Production of Carbonyl Compounds (1)
By catalysis of the imide compound, the compound having
a methine carbon atom represented by Formula (12) is allowed

to react with oxygen and an active olefin represented by

following Formula (3b):

d>=< (3b)

whereichandearethesameordifferentandareeachiahydrogen
atom or an organic group; and Y is an electron attractive group,
where R°, 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 carbonyl compound represented by following

|
Formula (15): %

D
R R 0
(15)
>0
R® Rd

wherein R, R%, R°, RP, Rqg and Y have the same meanings as defined
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above. This reaction can be performed pursuant to a process
(aprocessusingzacatalytic5—memberedN—hydroxycyclicimide
compound) described in PCT international Publication No.
WO00/35835.

This process correspbnds to ﬁhe,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). 1In -
this case, the carbonyl compound represented by Formula (15)
is formedinsteadof, or inadditionto, a compound corresponding
to Formula (13) (R® = H) and/or a compound corresponding to
Formula (14) (R®=H). The proportionof the formed two compounds
can be controlled by appropriately selecting reaction
conditions suchasreactiontemperature, amount of thecatalyst,
and the type of the co-catalyst (metallic compound).

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
R? are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of R® and
R%is ahydrogenatomoraC;-Csalkyl group, Yis analkoxycarbonyl
group (e.g., aCi-Cyalkoxy-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
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example, materia s forpharmaceuticals, agricultural chemicals
andotherfinechemicals,andmaterialsforfunctionalpolymers.
7. Production of Compoﬁnds Having Electron Attractive
Group
By catalysis of the imide compound, the compound
represented by Formula (12) having a methine carbon atom is

allowed to react with oxygen and an active olefin represented

by following Formula (3c):

>=< (3¢)

wherein R® is a hydrogen atom or an organic group; and Y is
an electron attractive group, and thereby yields a compound
havinganelectronattractivegroupandrepresentedbyfollowing

Formula (16):

RP R°
Rq>$<n (16)
R® ¥

wherein R®, R®° RP, RY and Y have the same meanings as defined
abo&e. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide
compound) described in PCT International Publication No.

WO00/35835.
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This process corresponds to the production of the hydroxy
compound where a compound having hydrogen atoms as R® and R%
is employed as the active oléfin represented by Formula (3).
In this process, the compound represented by Formula (16) i.s
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
co-catalyst (metallic compound).
The compound represented by Formula (16) is supposed to
be foimed in the following manner. The methylol group of a
compound corresponding to Formula (14) (R® = R® = H) is further
oxidizedinthesystemtoyieldacarboxyl group, and the carboxyl
group undefgoes decarboxylation to yield the compound in
question. |
Of the carbonyl compounds represented by Formula (16) thus
prepared, preferred compounds include compounds wherelR°', RP,
and R? are combined to form a bridged cyclic carbon ring (e.qg.,
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., aC;-Csalkoxy—-carbonyl group), anaryloxycarbonyl group,

an acyl group (e.g., a C;-C4 acyl group or a benzoyl group) or
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a carboxyl-group. Such compounds are useful as, for example,
materials for pharmaceuticals, agricultural chemicals, and
other fine chemicals, and maferials for functional polymers.
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):

-R° (17)

wherein R?, 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 5-membered N-hydroxy cyclic imide
compound) descfibed 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
atom include similar compounds as in the production of the
hydroxy compounds. In this process, the compound represented
by Formula (12) having a methine carbon atom is supposed to

serve as the radical scavenging compound (B2).
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A reaction can be performed in accordance with the procéss
of the present invention for producing an organic compound.
Reaction products can be sebarated 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 to the alcohol
represented by Formula (2) is formed in a system, attacks the
methine carbon atom of the compound represented by Formula (12)
and thereby yields the alcohol in question.

9. Production of Coupling Products

By catalysis of the imide compound and where necessary
in the presence of oxygen, a compound having a methine carbon

atom and represented by following Formula (12a):
R

p1 |

R —(|:H (12a)
R _

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):
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R02

|
Rp?-<|:H (12b)
R
wherein R°?, RP? and R® are the same or different and are each
an organic group, where R°?, R and R® may be combined with
y

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®', RP', R¥, R°?, RP? and R® have the same meanings as
defined above. This reaction can be performed pursuant to a
process (aprocessusingacatalytic5-memberedN-hydroxycyclic
imide compound) described in PCT International Publication No.
WO00/35835.

In Formulae (12a) and (12b), the organic groups and.
preferred organic groups in R°!, RP}, R¥, R°?, RP?, and R¥ include
organic groups similar to those in R°, RP, and R?. 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, and the
rings formed by R°?, RP?, and R¥ (R°? and RF?, 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°, R®, and R? with

|
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the adjacent carbon atom.

ThecompoundsrepresentedbyEbrmulae(12a)and(le)each
having a methine carbon atom include the compounds exemplified
as the compounds (A3), such as the bridged cyclic compounds
(A3—1a),thenon—aromaticcycliccompounds(A3—1b)eachhaving
a hydrocarbon group combinedwitha ring, and the chain compounds
(A3-2) each having a methine carbon atom. The compound
represented by Formula (12a) and the compound represented by
Formula (12b) maybe identical to, ordifferent from, each other.

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 coupling product represented by
Formula (18) is supposed to be formed in the following manner.
Aradical is formedat themethine carbonposition of the compound
represented by Formula (12a), attacks the methine carbon atom
of the compound represented by Formula (12b) and thereby yields
the coupling product in question.

10. Production of Carbonyl Compounds (2)

By catalysis of the imide compound and where necessary
in the presence of oxygen, an aldehyde represented by following
Formula (19):

RYCHO (19)

wherein RY is a hydrogen atom or an organic group, is allowed
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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 R

- may be combined with each other to form a ring with the adjacent

carbon atomor carbon-carbonbond, and thereby yields a carbonyl

compound represented by following Formula (21):

(21)

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

| In Formula (19), the organic groups in RY include similar
organic groups to those in R* and RP. Astﬁealdéhyderepresented
by Formula (19), the aldehydes exemplified in the
carbonyl-group-containing compounds (A2-1) can be used.

In Formula (20), R, RY and R® are the same as above, and
the organic groups in R® include similar organic groups to those
in RS, R? and R®. As the olefin represented by Formula (20),
the compounds exemplified as the inert olefins (B1-6) andactive
unsaturated compounds (Bl-1) can be used.

A reaction can be performed in accordance with the process
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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 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 PB-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, f-unsaturated carbonyl compound represented

by following Formula (22):

Rc\ﬁkn/f*r (22)
0

whereinRCandearethesameqrdifferentandareeach@ahydrogen
atom or an organic group; and R®! and R® are the same or different
and are each a hydrogen atom, a hydrocarbon group or a

heterocyclic group, where R and R may be combined to form a

ring with the adjacent carbon atom, and thereby yields a
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B-acyloxycarboxylic acid or B-acyloxyketone represented by

following Formula (23):

0
(23)
a
R Rb Z
R° R

wherein 2 is a hydroxyl group when R®! in Formula (22) is ahydrogen
atom, and Z is the substituent R®! when R®! is a hydrocarbon
group or a heterocyclic group; and 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
5-membered N-hydroxy cyclic imide compound) described in

Japanese Patent Application No. 2000-648.

The organic groups, hydrocarbon groups, heterocyclic
groups,andtheringsformedbyRCandewiththeadjacentcarbon
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 reactioncanbeperformedinaccordancewiththeprocess
of the present invention for producing an organic compound.

Reaction products can be separated and purified by the same
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separation means as above.

In this reaction, the target B-acyloxycarboxylic acid or
B-acyloxyketone represented by Formula (23) is supposed to be

formed in the following manner. A l-hydroxyalkyl radical
correspondingtothealcoholrepresentedbyFormula(2)isformed
inthereactionsystem,attacksandisaddedtothebeta—position

_ ofthea,B—unsaturatedcarbonylcompoundrepresentedbyEbrmula
(22), oxygen attacks a radical formed at the alpha-position
as a result of the addition and thereby yields an

a,y-dihydroxycarbonyl compound represented by following

Formula (24):

HO  R°'oH |
RY (24)
Ry

wherein R?, R®, R, RY, R*! and R* have the same meanings as defined
above. This compound further undergoes rearrangement of an
acyl group (R*C=0 group) and oxidation of a carbon atom, to
which the acyl group has been bonded, and thereby yields the
targetB—acyloxycarboxylicacidorB—acyloxyketonerepresented

by Formula (23). When an o, P-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 o, B-unsaturated
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carbonyl compound represented by Formula (22), where R® is a
hydrocarbongrouporheterocyclicgroup,isusedasthestarting
compound, a corresponding B;acyloxyketone is formed.

12. Production of Polyacrylamide Polymers

In the presence of the imide compound and the compound
(A) capable of forming a radial, an a,B-unsaturated carboxylic
acid amide is polymerized under mild conditions and thereby
yields a corresponding polyacrylamide polymer [refer to
Japanese Patent Application No. 2000-345822 (a process using
a catalytic 5-membered N~hydroxy cyclic iﬁide compound) }.

Typical examples of the a,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 crdtonamide.

A reaction temperature can appropriately be selected
depending on thé 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 catalysisof the imide compound, the compound (A) capable

of forming a radical is allowed to réact with the
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oxygen-atom-containing reactant (B4) and thereby yields an
organic compound having an oxygen-atom-containing group.
This reaction is perforﬁed in the presence of, or in the
absence of, a solvent. Such solvents include the
aforementioned solvents. The amount of the catalytic imide
compound is, for example, from about 0.0000001 to about 1 mole,
preferably fromabout 0.000001 toabout 0.5mole, more preferably
fromabout0.0000ltoaboutO.4mole,andoftenfromabout0.000l
to about 0. 3. mole, relativev to 1 mole of the compound (A). This

reaction is significantly accelerated in many cases when a

promoter such as themetallic 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, itmaybedilutedwith an inert gas such asnitrogen
gas or argongas. Eachof 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, two or more types of different functional groups
can be introduced into the molecule. Such functional groups
include, forexample, hydroxyl group, oxogroup, carboxyl group,
nitro group and sulfonic acid group. In the combination use,
thtypesornmrecnftheeoxygen—atom—containingreactants(B4)
can be used concurrently or sequentially.

The amount of the oxygen-atom-containing reactant (B4)
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depends on the type thereof and can appropriately be selected

inviewof reactivityandoperability. For example, when oxygen

(B4-1) is used as the 6xygeﬁ—atom-containing reactant (B4),

the amount of oxygen is equal to or more than about 0.5 mole

(e.g., equal to or more thanvabout 1 mole), preferably from

about 1 to about 100 moles, and more preferably from about 2

toabout 50moles, relative to lmole of the compound (A) . Oxygen

is often used in excess to the compound (A).

When carbon monoxide (B4-2) and oxygen (B4-1) are used
in combination as the oxygen-atom-containing reactants (B4),
carbon monoxide in an amount of equal to or more than about
1l mole (e.g., from about 1 to about 100 moles) and oxygen in
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). 1In 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-containing reactant (B4), the amount of the
nitrogen 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 0.0001lmoleandlessthanlmole), preferably
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from about 0.001 to about 0.8 mole, and more preferably from
about 0.005 to about 0.25mole, relative to 1 mole of the compound
(A),theconversionfromthefﬁxrogenoxideenuitheselectivity
of the reaction can significantly be improved.

By using nitrogendioxide (NO;) in combinationwith oxygen,
the rate of a reaction such as nitration reaction can be
significantly improved. 1In this case, the amount of oxygen
is equal to or more than about 0.5 mole (e.g., equal to or more
than about 1 mole), preferably from about 1 to about 100 moles,
and more preferably from about 2 to about 50 moles, relative
to 1 mole of nitrogen dioxide.

When the sulfur‘oxide (B4-4) is used as the
oxygen-atom~-containing reactant, the amount of the sulfur oxide
can appropriately be selected depending on the types of the
sulfur oxide and the compound (A) and is generally from about
1 to about 50 moles, and preferably from about 1.5 to about
30 moles, relative to 1 mole of the compdund (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, from about 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

theoxygen—atom—containingreactant. For example, when oxygen




10( 10(37!10% & ()-3S5 10% & ()-3 310% & ()- |1110% & ()-EEH XI |1 JdEnmC S
101 * 109& ()-3(!109%& ()-YY | |
' 109 () - Fl %@L0%& () - 3s! 10%& () - 310%& () - JGIpJJIKKKKAYNC 10! 10118@,5& 2004

104109 ()- 2" 10%& ()-F 0s109%& ()-4 . 10%& ()-, 10%& ()- GKKK' K; LALPLa?YNC

10! Y " f10%<<& ()-' " f109& ()-' '!10%&0()=1{y10%<& ()-&10%& ()-& 10% & () -
PLMVWMNNNN} ASH= 10 10< 10< \ , | .
10<1 0' 1 10%<&' ()-!7)"10%: & ()-!X) 10%<& ()-) 10% & ()-FS& 10%<& () - |
NNNN&OF OP~\ =SH=  10F 10%4& ()-!.3

(B4-1) is used as the oxXygen-atom-containing reactant, the
reaction temperature is from about 0°C to about 300°C and
prefeﬁably from abouf 20°C fo about 250°C.

When carbon monoxide (B4-2) and oxygen (B4-1) are used
as the oxygen-atom-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 reactant (including the case where

oxygen is used in combination), the reaction temperature is,-

for example, from abouf 0°C to about 150°C and preferably from
about 10°C to about 125°C. The reaction can be performed at
atmospheric pressure or under a pressure (under a load). When
the reaction is performed under a pressure, the pressure is
generally from about 0.1 to about 10 MPa, and preferably from
about 0.2 to about 7 MPa. The reaction can be performed in
a conventional system such as a batch system, semi-batch system
or continuous system.

After the completion of the reaction, reaction products
canbe separated and purified by a technique such as filtration,
concentration, distillation, extraction, crystallization,
recrystallization, adsorption, columnchromatographyandother
separationmeans, or any combination of these separationmeans.

This process can produce a reaction product corresponding

to the oxygen—atom—éontaining reactant in a high yield under
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mild conditions.

Specifically, when'oxygen (B4-1) is ﬁsed as the
oxygen-atom-containing reacﬁant, 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 5-membered N-hydroxy cyclic imide
cpmpounds)]. For example, when the heteroatom~-containing
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heteroatom is used as the compound (A) , a carbon
atom at the adjacent position to the heteroatom is oxidized.
Forexample,aaprimaryalcoholyieldszacorrespondingaldehyde
or carboxylic acid, and a secondary alcohol yields a
corresponding ketone. A 1,3-diol yields a corresponding
hydroxyketone, and a 1,2-diol yields a corresponding a
carboxylic acid as a result of oxidative cleavage [refer to
Japanese Unexamined Patent Application Publications No.
2000-212116 and NO. 2000-219652 (processes using catalytic
S-memberedN-hydroxy cyclic imide compounds)]. Anetheryields
a corresponding ester or acid anhydride [refer to Japanese
Unexamined Patent Application Publication No. 10-316610 (a
process using a catalytic 5-membered N-hydroxy cyclic imide
compound) ] . In addition, aprimary or secondary alcohol yields
hydrogen peroxide [refer to PCT International Publication No.

WO00/46145 (a process using a catalytic 5-membered N—hydroxy
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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—cohtaining
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heteroatom, such as a secondary alcohol (e.g.,
benzhydrol), is used as a co-reactant (co-oxidizing agent),
aBaeyer-Villiger type reactionproceeds undermildconditions.
As a result, a cyclic ketone yields a corresponding lactone,
and a chain ketone yields a corresponding ester in high yields
[refer to PCT International Publication No. W099/50204 (cases
where catalytic 5-membered N-hydroxy cyclic imide compounds
are used)]. 1In addition, an aldehyde yields a corresponding
carboxylic acid.

By using the compound (A3) having a methine carbon atom
as the compound (A), an alcohol derivative having a hydroxyl
group introduced into the methine carbon in a high yield. For
example,byoxidizingakmidgedcyclichydrocarbon(A3—1a)such
as adamantane, alcohol derivatives each having a hydroxyl group
at a bridgehead position, such as l-adamantanol,

1,3—adamantanedioland143,5—adamantanetriol,cankﬁaproduced
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methine carbon atom, such as isobutane, can yield a tertiary
alcohol such as t-butanol iﬁ a high yield [refer to Japanese
Unexamined Patent Application Publication No. 10-310543 (a
process using a catalytic 5-membered 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),theadjacentpositiontotheunsaturatedbondisefficiently
oxidizedandtherebyyields(forexample,analcohol,carboxylic
acid or ketone. For example, a compound having a methyl group
attheadjacentpositiontoantnmaturatedbondyieldsapmimafy
alcohol or carboxylic acid in a high yield [refer to Japanese
Unexamined Patent Application Publications No. 8-38909, No.
9-327626 and No. 11-106377 (processes using catalytic
5-membered 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, ketone or carboxylic acid, depending on
reaction conditions.

More specifically, an aromatic compound having an alkyl
group or a lower-order oxidized group thereof combined with

_an aromatic ring yields an aromatic carboxylic acid having a

carboxyl group combined with the aromatic ring as a result of

oxidation of the alkyl group or the lower-order oxidized group
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thereof. Suchlower-orderoxidizedgroups include, forexample,
hydroxy alkyl groups, formyl group, formylalkyl groubs, and
alkyl groups each having an §xo group. For example, benzoic
acid is obtained fromtoluene, ethylbenzene, isopropylbenzene,
benzaldehyde, or mixtures thereof; terephthalic acid is
obtained from p-xylene, p-isopropyltoluene,

» p-diisopropylbenzene, p—toluaidehyde, 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. In addition,
nicotinic acid is obtained from B-picoline.

For example, a compound having a methylene group at the
adjacent position to a carbon-carbon double bond yields a
secondaryalcohol 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
promoter, a corresponding conjugated unsaturated carbonyl

compound having an oxo group introduced into the carbon atom

of.the methylene group can be obtained in a high yield. More
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By using the non-aromatic cyclic hydrocarbon (A5) as the
compound (A), an alcohol, hydroperoxide or ketone having a
hydroxyl group, hydroperoxy group or oxo group introduced into
a carbon atom constituting a ring is obtained. Under some
reaction conditions, the ring is oxidatively cléaved and yields
a corresponding dicarboxylic acid. For example, by
appropriately selecting the conditions, cyclohexane can yield
cyclohexyl alcohol, cyclohexyl hydroperoxide, cyclohexanone
or adipic acid with high selectivity. Likewise, a cycloalkane
such as cyclohexane yields abis (1-hydroxycycloalkyl) peroxide
such as bis(l-hydroxycyclohexyl) peroxide [refer to Japanese
Patent Application No. 2000-345824 (a process usinga catalytic
5-membered N-hydroxy cyclic imide compound)]. By using a
strong acid as the promoter, adamantane can yield adamantanone
inahighyield [refer to Japanese Unexamined Patent Application
Publication No. 10-309469 (a process using a catalytic
5-membered 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, butadieneyields, forexample, 2-butene-1, 4-diol
and/or l-butene-3,4-diol as a result of oxidation. When an

o, B-unsaturated nitrile or a,P-unsaturated carboxylic acid or

S 10((
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a derivative thereof is oxidized, the a,B-unsaturated bonding
position is selectively oxidized and is converted into a single
bond, and the beta-position is converted into a formyl group,
an acetal group (when the reaction is performed in the presence
of an alcohol) or an acyloxy group (when the reaction is
performed in the presence of a carboxylic acid) in the resulting
compound. More specifically, by oxidizing acrylonitrile and
methyl acrylate in the presence of methanol,
3,3-dimethoxypropionitrile and methyl
3,3-dimethoxypropionate are respectively formed.

When the amine (A7) 1is used as the compound (A), a
corresponding Schiff baseor oxime is formed. Whenthearomatic
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-oxidizing agent), a
corresponding quinone is formed in a good yield [refer to
Japanese Unexamined Patent Application Publications No.
11-226416 and No. 11-228484 (processes using catalytic
5-membered N-hydroxy cyclic imide compounds)]. The
straight-chain alkane (A9) yields, for example, an alcohol,
ketone or carboxylic acid.

By using the olefin (Al0) as the compound (A), a

corresponding epoxy compound can be obtained [refer to Japanese

Unexamined Patent Application Publication No. 11-49764 and PCT
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International Publication No. W099/50204 (processes using
catalytic 5-membered N-hydroxy cyclic imide compounds)].
Specifically, when the hetefoatom—containing compound (Al)
having a carbon-hydrogen bond at the adjacent position to the.
heteroatom, such as a secondary alcohol, or the compound (A4)
having a carbon-hydrogen bond at the adjacent position to an
unsaturatedbond isusedas the co-reactant (co-oxidizingagent),
an epoxidation reaction proceeds under mild conditions and
thereby yields the corresponding epoxide in a good yield.

By allowing at least'one compound selected.from
cycloalkanes, 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 usingAa catalytic
S-membered N-hydroxy cyclic imide compound)]. More
specifically, by allowing at least one compound selected from
cyclohexane, cyclohexanol and cyclohexanone to ;eact with
ammonia andoxygeninthe 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
smoothlyproceeds 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
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catalytic S5-membered N-hydroxy cyclic imide compound)]. For
example, 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 bond, a carboxyl group is introduced into a carbon
atom relating to the carbon—hydrogen bond. The non-aromatic
cyclic hydrocarbon (A5), such as cyclohexane, yields a
carboxylic acid having a carboxyl group combined with a carbon
atom constituting a ring.

When the nitrogen oxide (B4-3) is used as the
oxygen-atom-containing reactant, a nitration reaction
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 5-membered N-hydroxy cyclic imide compound)]. For
example, when the compound (A3) having a methine carbon atom
isusadasthecompound(A),then@thinecarbonatomisrdtrated.
Likewise, when the compound (A4) having a carbon-hydrogen bond
at the adjacent position to anunsaturatedbond 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
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can efficiently proceed by ﬁsing the substrate in excess to
nitrogen dioxide [refer to Japanese Unexamined Patent
Application Publication No. 11-136339 (a process using a
catalytic 5-membered N-hydroxy cyclic imide compound)].

When a compound having a methyl group at the adjacent
position to an aromatic ring (at the "benzyl position"), such
as toluene, is used as the compound (A), a nitro group is
introduced into the carbon atom of the methyl group. Under
some conditions, the methyl group is converted into a formyl
groupandtherebyyieldsacorrespondingaromaticaldehyde(e.g.,
benzaldehyde), or a nitro group is introduced into the aromatic
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),inwhichthemethylenegroupisnitrated,
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,anethercanyieldacorrespondingaldehydeasearesult
of cleavage of the ether bond [Japanese Unexamined Patent
Application Publications No. 11-315036 and No. 11-254977

(processes using cétalytic 5-membered N-hydroxy cyclic imide




10@7 10% 10%@& ()- 10%@K& ()-S 10%@B& ()- &10%@& ()-L910%e& ()- 10@
10@[9ON7! 10@1 % L0%@8k () - #&10%& ()- ! 10%@ ()-!, 109 ()-!. 17 DEC 2004
L 10%@g& ()-!, 1096$& ()-789: ~ @ lO@LSlO%u& O+ 10%u& ()- 10B 35
10@6MLOYEE: () - 510%@ () -! | % 10%@E, () 0" rdE=_@ 10@!

10% u& ()-: 10% u& () - 10% u& () - @0% L}é} ()~ 10%ug ()-

@ 10% u&' ()-' BSCaB~ @ 10@ 710% u& ()- 93

10% & ()-,/110% u& ()-!s(10%u& ()- %10%u&'() #110% u& ()-fD 10@!
10%##48& () - VB 109%& ()-810% & ()-f&10% & ()-S 10-u 10-u
10- u#10% u& ()-MA?f D 10@ ! 10%&’ ( %}10%)&'() 10%8&! 109%8& ()-10
10%+& (FpouUnddhhe, (F)ow?izasfls»

2391 0w Bf(it)&ldll?&)mlé)mem@%&' ()-+
m@&())]ﬂ%mﬂ)J#]D%m&()

a high yield. leew1se, 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
5-membered 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
in the presence of the catalytic imide compound and a halogen
(e.g., chlorine) or a Beckmann rearrangement catalyst, a
corresponding amide or lactam is obtained [refer to Japanese
Patent Application No. 11-372177 (a process using a catalytic
5-membered N-hydroxy cyclic imide compound)]. For example,
cyclohexane yields e-caprolactam.

When the nitric écids are used as the
oxygen-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 5-membered N-hydroxy
cyclic imide compound)]. For example, when the compound (A4)
having a carbon-hydrogen bond at the adjacent position to an
unsaturatedbond is used as the substrate, acarbonatomrelating

to the carbon—hydrogen bond is nitrated. When the compound
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(A3) having a methine carbon atom is used as the substrate,
the methine carbon atom is nitrated. When the non-aromatic
cyclic hydrocarbon (A5) is used as the substrate, a nitro group
is introduced into a carbon atém'constituting a ring. 1In this
case, acycloalkane, suchascyclohexane, yields a corresponding
nitrocycloalkane. In the non-aromatic heterocyclic compound
having a carbon-hydrogen bond at the adjacent position to the
| heterocatom, 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 toproceed inthe followingmanner.
The imide compound reacts with the nitric acids and thereby
yields an imido-N-oxy radical, the radical withdraws a hydrogen
atom from the substrate and thereby yields another radical,
and to the resulting radical, nitrogen dioxide formed in the
reaction system is added and thereby yields a corresponding
nitro compbund.

When the sulfur oxide (B4-4) 1is used as the
oxygen—-atom-containing reactant, a sulfonation and/or
sulfination reaction proceeds and thereby yields a
corresponding organic sulfur acid or a salt thereof. For
example, when the compound (A3) having a methine carbon atom
is used as the compound (A), a sulfur acid group is introduced

into the methine carbon atom. When the compound (A4) having

acarbon-hydrogenbondat theadjacent positiontoanunsaturated
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bond is used, a sulfur acid group (e.g., a sulfonic acid group
orsulfinicacidgroup) is introduced intoa carbonatomrelating
to the carbon-hydrogen bond. The non-aromatic cyclic
hydrocarbon(AS),suchascyclohexane,yieldsancmganiésulfur
acid having absulfur acid group combined with a carbon atom
constituting a ring. The formed organic sulfur acid can be
converted into a corresponding salt thereof according to
conventional techniques. For example, the salt canbe obtained
by reacting the organic sulfur acid with an alkali metal
hydroxide, alkali metal carbonate, alkali metal
hydrogencarbonate, alkaline earth metal hydroxide, alkaline

earth metal carbonate, amine, thiourea, or isothiourea in an

appropriate solvent such as water.

Industrial Applicability

The present invention can produce, for example, organic
compounds each having an oxygen—atom—containing group such as
hydroxyl group, oxo group, carboxyl group, nitro group or
sulfonic acid group, products as a result of the formation of
a carbon-carbon bond or derivatives thereof (e.g., cyclized
derivatives) with high selectivity in high yields as a result
of addition or substitution reactions under mild conditions.
In addition, the present.invention can introduce such an
oxygen-atom-containing group into an organic substrate under

mild conditions.
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The catalyst of the present invention is highly stable
and can maintain its catalytic activity for a long time. The
catalystexhibitshighcataljticactivityevenjjlasmallamount
in a radical reaction and is highly stable in a reaction at

high temperatures.

Examples

The present inventionwillbe illustratedin furtherdetail
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.

PREPARATION EXAMPLE 1

Production of N-hydroxynaphthalimide

A 3-L flask equipped with a stirrer, cooling tube and
thermometer was purged by nitrogen gas. 55.2 g (770 mmol) of
hydroxylamine-hydrochloride (purity of 97%) and 1.2 L of
pyridine were added to the flask and were stirred to dissolve
at room temperature under nitrogen atmosphere. To the stirred
mixture, 138.7 g (700 mmol) of 1,8-naphthalenedicarboxylic
anhydride was added. The stirred mixture was heated at 40°C
for 1 hour and subsequently was heated at 70°C for 1 hour. After
stirring at 90°C for 1 hour, the reaction mixture was cooled
to room temperature with stirring. The resulting crystalline
solid was filtered off and washed with 5% by weight of acetic

acid aqueous solution and dried at 80°C for 20 hours under a
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reduced pressure to yield 120.7 g (81%) of
N-hydroxynaphthalimide with yellow cblor.

Spectral Data -

1H-NMR (DMSO-d6, 500MHz) §: 7.8-8.0 (m, 2H, ArH), 8.4-8.6
(m, 4H, ArH), 10.74 (brs, 1H, OH)

13C_NMR (DMSO-d6, 125MHz) 6: 160.8, 134.6, 131.4, 130.8,
127.3, 126.2, 122.3

MS (FABY) m/z 214 ((M+H)*, 100), 177 (8), 85 (12)

PREPARATION EXAMPLE 2

Production of N—acetgxynaphthalimide
(N-acetoxy-1, 8-naphthalenedicarboximide)

A 1-1 flask equipped with a stirring, cooling tube,
thermometer and dropping funnel was purged by nitrogen gas.
80.0 g (375‘mmol) of N-hydroxynaphthalimide obtained by
preparation example 1 and 200 ml of acetic acid were added to
the flask. The stirredmixture was heated at 60°C under nitrogen
atmosphere. To the resulting mixture, 76.7 g (750 mmol) of
acetic anhydride was added dropwise for 20 minutes. After
stirring at 110°C for 1.5 hours, the reaction mixture was cooled
to room temperature with stirring. The crystalline solid was
filtered off and washed with acetic acid, and dried at 80°C
for 12 hours under a reduced pressure to yield 82.6 g (86%)of
N-acetoxynaphthalimide with pale yellow color.

Spectral Data

14-NMR (CDCls, 500 MHz) §: 2.48 (s, 3H, CHs), 7.7-7.8 (m,
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13C-NMR (CDCl;, 125 MHz) §: 166.6, 159.4, 135.0, 131.8,
131.7, 127.4, 127.0, 122.1, 17.8

MS (FAB") m/z 256 ((M+H)*, (66)), 214 (100), 198 (12)

PREPARATION EXAMPLE 3

Production of

-dihydroxy-1,8;4,5-naphthalenetetracarboxdiimide

A 5-L flask equipped with a stirrer, cooling tube and
thermometer was purged by nitrogen gas. 110.3 g (1.54 mol)
of hydroxylamine—hydrochlqride (purity of 97%) and 2 L of
pyridine were added to the flaskandwere dissolvedwithstirring
at room temperature under nitrogen atmosphere. To the stirred
mixture, 187.7 g (700 mmol) of
1,8;4,5-naphthalenetetracarboxylic dianhydride was added.
The stirredmixture was heated at 40°C for 1 hour and subsequently
was heated at 70°C for 1 hour. After stirring at 90°C for 1
hour, the reaction mixture was cooled to room temperature with
stirring. The precipitate was filtered off, washed with 5%
by weight of acetic acid aqueous solution, and dried at 80°C
for 12 hours under a reduced pressure to yield 160.1 g (69%)
of N,N’-dihydroxy-1,8;4,5-naphthalenetetracarboxdiimide
with brown color.

Spectral Data

'y-NMR (DMSO-d6, 500 MHz) 6: 8.5-8.7 (m, 4H, ArH), 11.01

(brs, 2H, OH)
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13C-NMR (DMSO-d6, 125 MHz) & : '160.1, 130.6, 126.9, 125.3
MS (FAB') m/z 299 ((M+H)¥, (100)), 283 (23), 232 (7), 177

(7), 140 (5)

PREPARATION EXAMPLE 4

Production of
N,N’-diacetoxy~1,8;4, 5-naphthalenetetracarboxdiimide

A 2-L flask equipped with a stirring, cooling tube,
thermometer and dropping funnel was purged by nitrogen gas.
89.4 g (300 mmol) of
N,N’—dihydroxy—l,8;4,5—naphthalenetetracarboxdiimide
obtained by preparation example 3, 400 ml of acetic acid and
122.6 g (1.2 mol) of acetic anhydride were added to the flask.
Thestirrednﬁxturewasheatedat100°Cfor].hourundernitrogen
atmosphere. After stirring at 120°C for 4 hours, the reaction
mixture was cooled to room temperature with stirring. The
resulting precipitate was filtered off and washed with acetic

acid, and dried at 80°C for 12 hours under a reduced pressure

to yield 107.4 g (94%) of
N,N’-diacetoxy-1,8;4,5-naphthalenetetracarboxdiimide with
ocher color.

Spectral Data

'H-NMR (DMSO-d6, 500 MHz, 120°C) §: 2.47 (s, 6H, CHj),
8.7-8.9 (m,. 4H, ArH)

YYC-NMR (DMSO-d6, 125 MHz, 120°C) §: 165.9, 157.5, 130.9,
126.2, 125.7, 16.6
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MS (FD') m/z 382 (M*, (100)), 339 (42), 296 (31), 43 (94)
| EXAMPLE 1

In a 500-ml titanium autoclave equipped with a stirrer
and a pressure gauge,.l2.00 g of p-xylene, 107.03 g of acetic
acid, 0.576 g of N-acetoxy-1, 8-naphthalenedicarboximide
obtained by preparation example 2 (2 % by mole relative to
p-xylene), 0.112 g of cobalt(II) acetaté°4 Hz0 and 0.277 g of

| manganese (II) acetate-4 H,O were placed. The autoclave was

charged with 3 MPa of oxygen gas and 2 MPa of nitrogen gas and
placed in a heated oil bath. The mixture was stirred at 150°C
for 4 hours. Afterthecompletionof the reaction, the autoclave
wasplacedoncoldwatertocooldownthereactionmixturequickly.
The resulting mixture was analyzed by high performance liquid
chromatography and was found to yield terephthalic acid in 89%
yield at 100% conversion of p-xylene.

EXAMPLE 2

In a 500-ml titanium autoclave equipped with a stirrer
and a pressure gauge, 12.00 g of p-xylene, 107.03 g of acetic
acid, 0.144 g of N-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (0.5% by mole relative to
p-xylene), 0.112 g of cobalt(II) acetate-4 H,O and 0.277 g of
manganese (II) acetate- 4 H,O were placed. The autoclave was
charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and
placed in a heated o0il bath. The mixture was stirred at 150°C

for 1 hour. After the completionof the reaction, the autoclave
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To the resulting reaction mixture, 0.144g of
N—acetoxy—l,8—naphthalenediéarboximide obtained by
preparation example 2 was added. The autoclave was charged
with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and placed
in a heated oil bath. The mixture was stirred at 150°C for 1
hour. After the completion of the reaction, the autoclave was
placed on cold water to cool down the reaction mixture quickly.
Furthermore, a series of the above operationof fromthe addition
ofN—acetoxy—l,8—naphthalenedicarboximidetuacoolingckwnlwas
repeated twice. The resulting mixture was analyzed by high
performance liquid chromatography and was found to yield
terephthalic acid in 94% yield at 100% conversion of p-xylene.

EXAMPLE 3

The procedure of Example 1 was fepeated, except that
reaction temperature was 190°C, and thereby yielded
terephthalic acid in 97% yield at 100% conversion of p-xylene.

COMPARATIVE EXAMPLE 1

The procedure of Example 1 was repeated, except that 3.07
g of N-hydroxyphthalimide (20% by mole relative to p-xylene)
was used instead of N-acetoxy-1,8-naphthalenedicarboximide,
and thereby yielded terephthalic acid in 59% yield at 93%
conversion of p-xylene.

EXAMPLE 4

In a 500-ml titanium autoclave equipped with a stirrer,
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p-toluic acid), 0.112 g of cobalt(II) acetate-4 H,O and 0.277

g of manganese(II) acetate-4 H,O0 were placed. The inside

pressure was increased using 2 MPa of oxygen gas and 2 MPa of

nitrogen gas. The temperature of the resulting mixture was

elevated on an o0il bath and was held at 150°C with stirring

for 1 hour. After the completionof the reaction, the autoclave

. wasplacedoncoldwater tocool down the reactionmixture quickly.

The resulting solution was analyzed by high performance liquid

chromatography and was found to yield terephthalic acid in 83%

yield at 88% conversion of p-toluic acid.

EXAMPLE 5

The procedure of Example 4 was repeated, except that a

reaction temperature was 190°C, and thereby yielded

terephthalic acid in 94% yield at 96% conversion of p-toluic

acid.

COMPARATIVE EXAMPLE 2

The procedure of Example 5 was repeated, except that 0.184

gof N-hydroxyphthalimide (1% bymole relative top~toluicacid)

was used instead of N-acetoxy-1,8-naphthalenedicarboximide,

and thereby yielded terephthalic acid in 45% yield at 50%

conversion of p-toluic acid.

EXAMPLE 6

The procedure of Example 4 was repeated, except that 0.216
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10@ (0.5% by mole relative to p-toluic acid) was used instead of
N—acetoxy—l,8—naphthalenediéarboximide, and thereby yielded
terephthalic acid in 88% yield at 93% conversion of p~toluic
acid.

EXAMPLE 7

The procedure of Example 6 was repeated, except that a
reaction temperature was 190°C, and thereby yielded
terephthalic acid in 90% yield at 92%conversion of p-toluic
acid.

EXAMPLE 8

InalLtitaniumautoclaveequippedwithastirrer, acooling
tube, amass flowandapressurecontroller, 80.00gofB-picoline,
311.3 g of acetic acid, 6.58 g of
N-acetoxy-1, 8-naphthalenedicarboximide obtained by
preparation example 2 (3% bymole relative toB-picoline), 1.070
gofcobalt(II)acetate-4Pb0and1.053gofmanganese(II)acetate
‘4 H,O were placed. The reaction mixture was controlled to the
temperature at 140°C and the pressure of 10 kgf/cm? [0.98 MPa
(gauge pressure)] under flow of air into the autoclave and the
reaction was performed for 3 hours. The resulting product in
the reaction mixture was analyzed by gas chromatography and
was found to yield nicotinic acid in 66% yield at 73% conversion
of B-picoline.

EXAMPLE 9
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The procedure of Example 2 was repeated, except that 12.00
g of m-xylene was used instead of p-xylene, and thereby yielded
isophthalic acid in 95% yield at 100% conversion of m-xylene.
EXAMPLE 10
The procedure of Example 9 was repeated, except that a
reactiontemperaturewas190°C,andtherebyyieldedisophthalic
acid in 97% yield at 100% conversion of m~xylene.
| EXAMPLE 11 |
A mixture of 1.00 g of fluorene, 0.154 g of
N~acetoxy—1,8—naphthalenedicarboximide obtained by
preparation example 2 (10% by mole relative to fluorene) , 9.0
g of acetic acid, 0.008 g of cobalt(II) acetate-4 H,0 and 0.008
g of manganese(II) acetate-4 H,0 was stirred at 120 °C in an
atmosphere of oxygene gas (1 atm = 0.1 MPa) for 6 hours. The
resulting product in the reaction mixture was analyzed by gas
chromatography and was found to Yield fluorenon in 82% yield
at 96% conversion of fluorene.
EXAMPLE 12
A mixture of 1.00 g of cyclohexane, 0.152 g of
N-acetoxy-1,8-naphthalenedicarboximide obtained by
preparation example 2 (5% by mole relative to cyclohexane),
0.015 g of cobalt (II) acetate 4 H,0 and 0.015 g of manganese (II)
acetate-4 HyO was stirred at 100 °C in an atmosphere of oxygene

gas (1 atm = 0.1 MPa) for 8 hours. The resulting product in

the reaction mixture was analyzed by gas chromatbgraphy and
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In a 500-mL titanium autoclave equipped with a stirrer
and a pressure gauge, 12.00 g of 4-nitrotoluene, 107.03 g of
aceticacid,0.670g;ofN—acetoxy~1,8—naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-nitrotoluene), 0.087% of cobalt(II) acetate-4 H,O0 and 0.215
g of manganese(II) acetatej4 H,O were placed. The autoclave
was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated o0il bath. The mixture was stirred at
170°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction
mixture quickly. The resulting mixture wés analyzed by high

performance liquid chromatography and was found to yield

4-nitrobenzoic acid in 98% yield at 100% conversion of
4-nitrotoluene.

EXAMPLE 14

In a 500-mL titanium autoclave equipped with a stirred
and a stirrer and a pressure gauge, 12.00 g of 4-bromotoluene,
107.22 g of acetic acid, 0.537 g of
N-acetoxy-1,8-naphthalenedicarboximide obtained by
preparation example 2 (3% by mole relative to 4-bromotoluene),

0.070g;ofcobalt(li)acetate'4Hﬁ)and0.175<;ofnmnganese(II)
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After the completion of reaction; the autoclave was placed on
cold water to cool down the reaction mixture quickly. The
resulting mixture was analyzed by high performance liquid
chromatography and was found to yield 4-bromobenzoic acid in
95% yield at 100% conversion of 4-bromotoluene.

EXAMPLE 15

In a 500-mL titaniumvautoclave equipped with a stirrer
and a pressure gauge, 12.00 g of 4-methylanisole, 106.91 g of
aceticacid, 0.752gofN-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-methylanisole), 0.098 g of cobalt (II) acetate-4 Hy0 and 0.241

g of manganese(II) acetate'4 H,O were placed. The autoclave

was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated oil bath. The mixture was stirred at
150°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction
mixture quickly. The resulting mixture was analyzed by high
performance liquid chromatography and was found to yield
p-anisic acid and p-anisaldehyde in 85% and 5% yields
respectively at 100% conversion of 4-methylanisole.
EXAMPLE 16

In a 500-mL titanium autoclave equipped with a stirrer
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and a pressure gauge, 12.00 g of 4-chlorotoluene, 106.95 g of
aceticacid,O.726gofN—acetoxy—l,8—naphthalenedicarboximide
obtained by preparation exaﬁple 2 (3% by mole relative to
4-chlorotoluene), 0.095 g of cobalt (II) acetate-4 H,O and 0.232
g of manganese(II) acetate-4 H,0 were placed. The autoclave
was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated o0il bath. The mixture was stirred at
170°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction

mixture quickly. The resulting mixture was analyzed by high

performance liquid chromatography and was found to yield
4-chlorobenzoic acid in 96% yield at 100% conversion of

4-chlorotoluene. i
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CLAIMS

1. A catalyst comprising an imide compound having a
N-substituted cyclic imide skeleton represented by following

Formula (I):

0
/
c—C
¢ Ny—or
\C C/ (n
N\
)

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):

Rl o
2 /
Cl

\
N—OR (1)

wherein R is a hydroxyl-protecting group; R*, R?, R3}, R?, R® and
R® are the same or different and are each a hydrogen atom, a
halogenatom,analkylgroup,anarylgroup,eacycloalkylgroup,
a hydroxyl group, an alkoxy group, a carboxyl group, a

substitutedoxycarbonyl group, anacyl groupor anacyloxy group,
where at least two of R, R?, R®, R?, R® and R61nay be combined
witheachotherto formadoublebond, anaromaticornon—-aromatic

ring, and where at least one N-substituted cyclic imido group




17 DEC 2004

- 126 -

indicated in Formula (1) may further be formed on R, R?, R3,
R*, R® and R® or on the double bond, the aromatic or non-aromatic

ring formed by at least two of R!, R?, R®, R?, R® and RS.

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. Thecatalystaccordingtoclaimlorclaim?2, comprising

the imide compound and a metallic compound in combination.

7. A process for producing an organic compound, the
process comprising the step of allowing (A) a compound capable
of forming a radical to react with (B) a radical scavenging
compound .in the presence of the catalyst asiclaimed 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
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derivative thereof.

8. Theprocessforprodubinganorganiccompoundaccording
toclaim7, wherein the compound (A) capable of forming a radical
is one selected from the group consisting of (Al)
heteroatom—containingcompoundseachhavingeacarbon—hydrogen
bond at the adjacent position to the heteroatom, (A2) compounds
each having a carbon-heteroatom double bond, (A3) compounds
each having a methine carbon atom, (A4) compounds each having
acarbon—hydrogenbondatthgadjacentpositiontoanunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6).conjugated
compounds, (A7) amines( (A8) aromatic compounds, (A9)

straight-chain alkanes, and (Al0) olefins.

9. Theprocess forproducinganorganiccompoundaccording
to claim 7, wherein the radical scavenging compound (B) is one
selectedfromthegroupconsistingof(Bl)unsaturatedcompounds,
(B2) compounds each having a methine carbon atom, (B3)
heteroatom-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 one selected from the group

consisting of oxygen, carbon monoxide, nitrogen oxides, sulfur
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oxides, and nitric acid, nitrous acid or salts thereof.

11. The process for pfoducing 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
oxidation reactions, carboxylation reactions, nitration
reactions, sulfonation reactions, coupling reactions and

combinations thereof.

12. The process for producing an organic compound
according to claim 7, wherein an aromatic compound having an
alkyl group or a lower-order oxidized group thereof combined
with an aromatic ring is allowed to oxidize with oxygen to yield

a corresponding aromatic carboxylic acid.




