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COVPOUND AND PROCESS FOR PRODUCI NG ORGANI C COVPOUNDS USI N E CATALYST
Technical Field The present inventiqn relates to a cataly%Wﬂﬂ I ef ul
for oxidation, nitration, carboxylation, reaction for the %W
car bon-carbon bond, and other reactions and to a process for psaguci ng an
organi ¢ conpound using the catalyst. Background Art An oxidation reaction
is one of the nost basic reactions in the field of organi Eﬂﬂw

he

i ndustry, and various oxidation pgﬁﬁgﬁ@gﬁuﬂgve been devel

vi ewpoi nts of resources and envir sues, a catalytlc Xl

process, in which nolecular oxygen or air is dlrectly used as QWZOX|d|Z|ng
agent, is preferred However, the catalytic oxidation process generally
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agent sucjgssag %QGMSSU@N@Q&&&?I{:“ GEAGHLEN URGET LT opLsfons.

Accordi ng such a conveniiona i ¢ OxXIl atlon pr easily
and efficiently produce an al cohol or a carboxylic acid under mld

condi tions. - Lower hydrocarbons such as nethane and et hane are
nitrated %%%@9 fr#f fgld or nitrogen dioxide at high tenperatures of from
250C to 3 wever, when a hydrocarbon having a | arge nunber of carbon

t t t d,
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a process for producing an organic compound using the catalyst.

Background Art

An oxidation reaction is one of the most basic reactions
inthe field of organic chemical industry, and various oxidation
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 requires high temperatures and/or
high pressures for activation of oxygen or, alternatively, must
be performed in the co-existence of a reducing agent such as
an aldehyde to proceed the reaction under mild conditions.
Accordingly, such a conventional catalytic oxidation process
cannot easily andefficiently produce analcohol or a carboxylic

acid under mild conditions.



Additionally, few processes are known fox efficiently and directly

i ntroduci ng carboxyl groups into hydrocarbons under mld conditions. A
variety of processes are known for preducing organic sulfur acids or salts
t hereof . For exampl e, processes for producing a sulfonic acid include a
process of oxidizing a thiol or disulfide with an oxidizing agent, a
process of allow ng an aromatic hydrocarbon to react w th anhydrous

S03- pyridine or chlorosulfuric acid by using a Friedel-Crafts reaction, and

a process of nthetically obtaining a sulfonic acid by subjecting an
ungaturated c X SEnRY 50?¥§39?ﬁd?¥%$a%Hﬁ%&?Sﬁfﬂ¥ﬁ§§gaB%dE§§bégFaﬁgﬂever,
requi re extrene.reaction conditions or,.inevitably, produce | arge ampunts of
bygpr oductE ARG Sh AP, Ohd T 84 o F éé%%meé:faﬁ‘%eéﬁnggy

sul fonat i nQn-aromaf | ¢, hydrocar bons have been known. Prqcesses are known
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t hereby yie €Seé processes, howeve e generally

erforned,j ese . ACJ r. | e ggg e applied to
(I[:)orrpoundglaIﬁecgthcrﬁﬂ“ﬁacgjir na; %ﬁ%ﬁitﬁau%nftrgt%aqpﬁ %uscergﬁ%ﬂeo o] tﬁg acid or
base. | n addit, ; r 0 I Ngne)
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of a bri%%%%§?6ﬁdf%f ound. Addition reactions to a carbon-carbon doubl e

bond in accordance with a radical mechanismor coupling reactions to forma

car bon- car bo”AbQEQi%EE%a%giS?r%%@é’%esH‘a‘é’@V%owhhSB? ﬁE@dﬁ@Wn?r gegasgs that

can efficiently yie tion or - 4 ‘substitutton reaction products or
deri vati vas fhereofadyoRcdd o ofne f s exaip! %xa%ll%9U|p%"oc@9é%%P gpder nild

conditions. Sone processes are known as producti Oon processes 0

hydr oxy- w&&ly&q{@stmef&ﬁa Yai § Ve 1o a prarRse. o FUkOReannEal eAtol
Publ i cati‘on EP-A-"2103686 di scloses a process for synthetically obtaining
pant ol actone; sy, 13 il QMG Il HOBMIE A% aly@nkgaat p%ha_slsse_@uayh@n@n%

Li kewi se, Japanese Unexami ned Patent pl'i cation Publication No. 61-282373
di scl osesarf HRREST hQUroyateh €al Fyaebtwti %w&i@mngﬁbm%éow ng
hydrated glyoxylic acid to react with t-butyl alcohol. Tetrahedron, 933
(1979) disekasesodulFaeessadtd byyns hed iaCakl ¥ydebterarng adwlact ene. This
process includes the steps of hydrolyzing

4- hydr oxygy eidBd -& Syntrd el oroy lompentengs to sikfshic acid by

2- hydr oxy-4- et hyl - 4-pentenoi c acid and cyclizing this conmpound in the
presence ffpfuutrioahlzer besaeudatkd asiabdhed,tolfecehericialalSeatetyont Japan,
Spring Conference Proceedings |11, pp. 1015 (1998) reports that |ight

i rradi at ieddpaobbXbeks S@ldkée O reQl diend Ngr &fle deRCAiGHY canditiiogat ur at ed
carboxylic ester and 2-propanol yields a corresponding

a- acet oxyor Yinewitasny lpyodude rid wpd ameouders vt ise-phiodveves, each of these
processes enploys a naterial that is not easily available or requires
speci al ceadiitdiconsl fyor idhereaedden.for directly and efficiently

sulfonating non-aromatic hydrocarbons have been known.

Processes are known in which a variety of compounds are



Japanese Unexam ned Patent Application Publications No. 8-38909 and No.

9- 327626 each propose an oxidation catalyst conprising an i m de conpound
having a specific structure or - 5 1he imde conpound in conbination
with, for exanple, a transition netal conpound as a catal yst for oxidizing
an organi c substrate wi th nol ecul ar oxygen. Japanese Unexam ned Patent
Application Publication No. 11-239730 discloses a process, in which a
substrate is all owed to react with at |east one reactant selected from (i)
ni trogen O%Id s, and é m xtures of carbon npnoxi de and oxygen in the
presence Bf9EAe? it aE FPbEAd“SRBC TR ?e%?cgth?%égg Bne2FRART FBRAP  gr oup

sel ect ed fro nitro.grou nd car box roup is introdquced . into the
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the present Tnvention is pT OV a cata e and
can nalntﬁ%g aésagaéfégil Og&éﬁgé{g for a Iong tinme. A further obj ect of
t he prese I nventi on provi dé’a radical reaction catal yst that

exhi bits high gatal %’)t’:'o%egge's\f' LYwEYED, Ik el L 18908t o rmed 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



Anot her obj ect of the present invention is to provide a radical reaction
catalyst that -is highly stable even at high tenperatures. After intensive

i nvestigations to achieve the above_objects, the present inventors have
found that, when a conpound capable of formng a radical is allowed to
react with a radical scavengi ng conpound in the presence of an im de
conpound having a specific structure, a correspondi ng addition or
substitution reaction product or a derivative thereof can be obtained under
mild condltlons resent invention has been acconp Ilshed based on these

fi ndi ngs. S48 b’é‘&‘?%‘?r&gfa??tlfjﬁé’rﬂ%ﬁq F}%WF‘BHVSIS&}}@CF&O Py agt188pect, a

cat al yst ding an jmde co und havi ng a N- sups |tuted clic imde
skel et on ?g %%n%%%ﬂ?%efom?%ﬁgﬁgaﬁbﬁﬁﬂg%n(qﬁ crgnele eendl ?t) c- ~0
wherein R is drox rotecti rou i de co ounds i ncl ude, for
exanpl e, a co?ﬁ? %seesntae?f H%“Qf%& I q@cﬁtﬁlﬂ% Rrﬁ@eﬁsﬁﬁ R3 R4

INOR (1), R
( )hyg}oxy—y—butyrolactone derivatives. For example, European

Patent Publication EP-A-2103686 discloses 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~1l-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-o,B-unsaturated carboxylic
ester and 2-propanol yields a corresponding
o-acetoxy-y,y-dimethyl-y-butyrolactone derivative. However,
each of these processes employs a material that is not easily
available or requires special conditions for the reaction.
Japanese Unexamined Patent Application Publications No.
8-38909 and No. 9-327626 each propose an oxidation catalyst

comprising an imide compound having a specific structure or



wherein Ris a hydroxyl-protecting group; Rl, R2, R3, R4, R5 and R6 are the
sane or different and are each a hydrogen atom a hal ogen atom an al kyl
group, an aryl group, a cycloal kyl graqup, a hydroxyl group, an al koxy
group, a carboxyl group, a substituted oxycarbonyl group, an aryl group or
an acyl oxy group, where at least two of R, R2, R3, R9, R5 and R6 may be
conbined wth each other to forma double bond, an aromatic or non-aromatic
ring, and mhere at | east one N—substituted cyclic imdo group indicated in
Formula (. 1) y further pe formed o R9, R5 and R6 or on the
doubl ¢ bowae lFlFmgezSPB\Pé’t‘in@Jorf‘c%lﬁl%%hﬁ’fll‘"’&tf“vHd{;’rf%ﬁ‘féﬂl%yaétrainé&&lom of
R, 4, R5 an rotectlng group Ris preferably a
hydr ol yza‘B‘FEa F&F‘@@H“ﬁgaﬁtao%tagy%)foﬁ 21 & BHYT OBt F FRRYL F SHRSET 246 d by
elimnatin group fromthe acid. Such acids include, faor exanple,
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(B3) conpounds cont ai ni hg eroatom an Xygen- at onm cont ai ni ng
react ant Sg%ér?@:?éwlg w%‘%%”ké)sge%‘?é‘o %%gﬂ?l&é %i QhchﬂeePegéj%%l B4)
i ncl ude, for eX bon nDnOXI e, rogen oxi sulfur

oxi des, ' apgl 1474 foaci g SUidL s 26 & Al s %rlo%’cetc’for The okeagtkans

bet ween the conpound (A capa
productthereofJJlaccordancew1thzaradicaln@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



a radi cal and the radical scavengi ng conpound (B) include, for exanple,

oxi dati on reactions, carboxylation reactions, nitration

reactions, sul fonation reactions,coupligg_reactions and conbi nati ons

t hereof . The process of an organic conpound includes a step of allow ng an
aromati ¢ conmpound having an al kyl group or a | ower-order oxidized group

t hereof conmbined with an aromatic ring to oxidize with oxygen to yield a
correspondi ng aromati c carboxylic acid The term' addition or substitution”
reaction g; gsed hegeln i S, use i ad neanln also |nc%#%§s, for
exanpl e, aF%ﬁC RUBUTThration YEBLE Wb ot ita Plyi hig® CUte e
Inventlon talyst of .the esent inve on_conpri ses
the T m deConptoha ngek e Lludn Feetht o) orfieh fae SRERLE B T
represent%d ¥OFornuIa dg Qf %% conpound I g ave a gluraliﬁﬁ;of t he
N-subst it uted™ QYT c” it de Skel%t &) é%?@?%ﬁpea BYEGr RO Yo

nol ecul e hgh a%ghgg conpound may al so have a plurality of N-oxy cyclic

i mde skeleton bon 5 t hrough R, which N—oxy cyclic imde skeleton is

obtained fromAfs, ﬁ%EQ$§%§ét§§ﬂeré§'&%s%ﬁ n%%ﬁk?%?liée?%éiSﬁéﬁgegy

Formul a (I) by el 1mna or mula
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groups for a roxyl "group 1'n organi ¢ s esr's

rotectln it e |
i g e S i
al | yI gr Olépéro % eal-kylodl 7 e aeti( %nlé’}églnﬁ?ﬁﬁ}ﬂluﬂ@@%e Al groups (e.

g., 4-di ni t rophenyl group groups
benzyl 2, 6-di cpl prabanzyl o%jgeen@_@%brésewﬂwﬁd ri% 1’:5' et hyl

groups) substltuted met hyl “groups (e. , et oxynet , met’hyl t hi onet hyl

benzyl oxygetdwdiydr l@%%xw%@wly 3@@1@%@&99%&%{&% its catalytic
2,2,2-trichloro %hoxynet hyl , "bi $(2-chl or oet hoxy) net hyl , and

2- (tr|net@gkgbhy&)ngOénghgyhlg@oups) substituted ethyl groups (e. g.,
1- et hoxyet hyl, 1-nethyl -1-nethoxyethyl, 1-isopropoxyethyl,

2,2,2-trichl OrNeMW&heﬁ%J?edEtdﬁ)&‘h%t BYESQBQUPﬁf@nE%ﬁabé’dtf&lﬁii/ﬁcﬁmde group,
tetrahydrofuranyl group, I-hydroxyal kyl groups (e. g., 1-hydroxyethyl,
1- hydr oxyhex¥biciihydrexyeacrhtalyBydraxyhexadecyk, hagl catalitic
1- hydr oxy- 1- phenyl net hyl groups), and other groups that can form an acetal
group or hemigeelabvenoup wi khaalhydeaxyl. group; acyl groups (e. g.
formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, pivaloyl,
hexanoyl , heptaneyher oshpaoylof norAREEIsendecaneyk i ohausoyd , pryridd eyl ,
pal mtoyl, stearoyl, and other Cl-CZO aliphatic acyl groups, and ot her
al i phati cradtiunat edaotionsests by ed Hoatl igr dupdlyasetbaeetyén groupigh
cycl opent anecar bonyl, cycl ohexanecarbonyl, and ot her cycl oal kanecar bonyl
groups, andmptleruakscyclic aryl groups; benzoyl, naphthoyl, and ot her
aromatic aryl groups), sulfonyl groups (e. g., nethanesulfonyl,
et hanesul f onyl Afterfinoensetrdanesest ooyt jobenzenaeshiévaythe above
p-t ol uenesul fonyl, and napht hal enesul f onyl groups),
al koxycar bbngtgsoupst prgsemetihmercartohaleetdmd/ thabomiign &-damrmiyshr bonyl ,
and ot her Cl-C4 al koxy-carbonyl groups), aral kyl oxycarbonyl groups (e.g.,
benzyl oxycapbbhyloffoupiagda p’—a@td&dxitbe‘#ﬂzmvm@@arb@wt wWirtdup)sadsideslt i t ut ed
or unsubstituted carbamoyl groups . 9., carbanoyl, methylcarbanmoyl, and
phenylcarﬁaﬁﬁ§nggnguvwﬁxmgmgmp§ﬂnbpaeﬁ@ﬁCﬁﬂUhann@m@%mﬁ@ma@ﬂaélxaqug
sul furic acid, nitric acid, phosphoric acids, and boric acids) by
el i minati ﬁgsmld—lfgﬁéﬁpctﬁéﬁef% §ﬁFrGS§PR9PpEcﬁiﬁﬁwfhpﬁyﬂuQﬁ@Ip’stl(® g.,
di met hyl phosphi not hi oyl gr oup), di aryl phosphi not hi oyl groups (e.
di pheny| pKEaphiiABLEE M Cly0gUR)d erameﬁtslmicgﬁa?@é G e @%ﬁbge@émcber
trimethylsilyl, t-butyldinmethylsilyl,

mild conditions. Thé present invention has been accomplished

based on these findings.



- 12 tribenzylsilyl, and triphenylsilyl groups). The im de conpound may
have a plurality of N-oxy cyclic imde skel eton bonded through R which
N-oxy cyclic imde skeleton is obtained fromthe N-substituted cyclic imde
skel eton represented by Fornmula (1) by elimnating Rtherefrom In this
case, Rincludes, but is not limted to, oxalyl, malonyl, succinyl,
glutaryl, adipoyl, phthal oyl, isophthaloyl, terephthaloyl, and other aryl
groups derived from pol ycarboxylic acids; carbonyl group; and nethyl ene,

et hyl i dene, igopropylidene, cyclopentylidepe, . .

ye] ohexyl | deRREBERLGH | SEnd haF SATTE: BBy b AP R RS HOATGERARE
(specificall roups that, formacetal bonds wth.two dr oxyl, gr.oups).

br of o e LT HET THA SR EAAR SR gE GIPBAE edinEor M bRk ST

hem acetal _with a hydro roup; grou . cyl groups,. sujfonyl

gr oups, af:k’\é%lgambﬁ?l Sgﬁ‘agg? gﬁagﬁﬁ?ﬁgﬁ%%y gﬁ'%]u]g%‘%llrb‘gtg?ﬁ%‘ﬁl? rb{ﬁ’aci ds
(e. g. , carboxylic acids, sulfonic acids, carbonic acid, carbam c acid,
sul furic acid, phosphorig acids, and boric acids) by elininating an CH
group therefrom andcetdier hydr ol yzabl e protecting groups that can be
deprotected by hydr Iysgﬁ;_ﬂﬁpicgl exanpl es of the imde conpounds are the
i m de conpounds repheseme y F fhul a (1) . O the substituents Rl, R2,
R3, R4, R5 and R6 inCtﬂQ i m de conpounds, the hal ogen atom i ncl udes i odi ne,
brom ne, chlorine and fl@orine atons. The - 13 al kyl group includes, but
is not limted to, nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,
s-butyl, , nhexyl, d 1 et yl, hexadecyl, and ot her
straight-%ggy%ggnghgg-%hggﬁgékz%lnggégglégchgﬁgéfng fromabout 1 to about
30 carbon at ong, {€Speeh@l Lym él'% ﬂnéPu@é’Pufogoefz%ﬁp;F’P@, a%OggI}l oudde aryl
group includes phenyl and naphthyl groups, for exanple. I Iust?atlve

cycl oal kyl-cgraypatanenrgyebonsnti vy @pdnays! ehexyl groups. Illustrative

al koxy groups are net hoxy, ethoxy, isopropoxy, butoxy, t-butoxy, hexyl oxy,
octyl oxy, decyl oxy, dodecyl oxy, tetradecyl oxy, octadecyl oxy, and ot her

al koxy groups eachR@ ipy fromabout 1 to about 30 carbon atons

(especi ally, about 20 carbon atons). Exanples of the substituted
oxycar bonyl groupR cludﬁ_ﬂﬁ{hoxy??rbonyl, et hoxycar bonyl ,

i sopr opoxycar bonyh#’, butoxycarbon%l, t - but oxycar bonyl , hexyl oxycar bonyl ,
hept yl oxycar bonyl , 5 \oxycar bonyl, decyl oxycarbonyl, dodecyl oxycarbonyl,
tetradecyloxycarbd%yRQ h&xadecyl oxycar bonyl , octadecyl oxycar bonyl, and

ot her Cl-C30 al koxycarbonyl groups (especially, Cl-CZO al koxy-car bonyl
groups); @xekepant Ylsoxoad Aonyl-peartd ahiexy besyearongf, Endrot Reérand

cycl oal kyl oxycar bonyl groups (especially, 3- to 20-nenbered

cycl oal kyRbxymeardyensagieovps Yt fibenyitoxydas bonydch naphidud geey cardagnyl , and
ot her aryl oxycarbonyl groups (especially, C6-CZO aryl oxy-carbonyl groups);
and benzyhekgganleay, andldtiegraum) kylaxyicgrbopyla gyolpslkyl group,

3

a hydroxyl group, an alkoxy group, a carboxyl group, a

substitutedoxycarbonyl group, anacyl groupor anacyloxygroup,
where at least two of R}, R?, R% R!, R® and R® may be combined
witheachother to formadoublebond, anaromaticornon—-aromatic
ring, and where at least one N-substituted cyclic imido group
indicated in Formula (1) may further be formed on RY, R?, rR3,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°®.



- 14 (especially, C--Czl aral kyl oxy-carbonyl groups). The acyl group
includes, but is not limted to, fornyl, acetyl, propionyl, butyryl,

i sobutyryl, valeryl, pivaloyl, hexaqpx%,_heptanoyl, oct anoyl, nonanoyl,
decanoyl, lauroyl, nyristoyl, palmtoyl, stearoyl, and other Cl-C30

al i phatic acyl groups (especially, Cl1-C20 aliphatic acyl groups), and ot her
aliphatic saturated or unsaturated aryl groups; acetoacetyl group;

cycl opent anecar bonyl, cycl ohexanecarbonyl, and ot her cycl oal kanecar bonyl

g oups, 2nd ohet, AISyel L5 Lo ouv Sefgpil o IsE oML andpther
or L oy SERLYLENY 200 Y Xk Bty onye  [saB oy gl wahep v o
decanoy! oxt shAULELoY oBYLLSLOYLENY RELILLOY 95k SO, o5ty ot e
oroups). 30d ohlh o Lahatic sat i sled an dnsa wated sonaras
ouher, cvcLeskiqpecatbanvhony, 0% and et Alievcll ot o e
cubst | uegis Blr[ycFgy 5, 79 and Do my be the same or T fferent i1
0,01 2 doubhe: Bty A8 ALOTLIG AN AORLABLE RS TIG AT o0,

and speci Eﬁﬁbh%dfﬁﬁnb yhag-gﬂ.about 10 nmenbers . The ring may be a
het erocyclic ring or con ansed eterocyclic ring, but it is often a

hydrocarbon rifg, SR s+ NEhufee LA 19%AMRi%n P8 A1 AldLycl i
rings (e. g., cyé?ohexgne ring andgofﬁer éycloaﬁkéﬂgﬁgYngs mﬁ%ch n§§ have a
substituert, GyShOhEXeNs, IJ hBBLnaY CLRB! kEaEe 41 nas WLl R have a
substituentf ? non-ar%natic_ gﬁ'ggg ?inas'(e. . g?nor ornene ting and
other bridged by oeara (AN WhbelnABYaPaNeedo BURSEALMENY JradRenzene
ring, naphthal ene ring, and other aromatic rings (including condensed _
rings) whigh-dmt fave espubsidicencatBegingd h& 8% BRe YYUBHAE rINg 1IN
many cases. The ring may have a substituént.” Such substituents include, but
are not | pmidrR0c40a1 k¥ $f OLPS pritaheal ki hbnH QURS: oY Ersdt ighAuRn al koxy
groups, carboxyl group, substituted oxycarbonyl groups, acyl groups, acyl oxy
groups, ni ¢e8cHl BHPoe EYAEN EHOWbmBBUNY JROURSd 8RE Bahpgendat®np.oAta | east
one N-substituted cyclic imdo group indicated in Formula ( 1 ) may further
be fornmedgeniRdtiRe, tR8reB4. RS or R6 or on the double bond or aromatic or
non-aromatic ring formed by at least two of Rl, R2, R3, R9, R5 and R6. For
exanpl e, when & th2colBouRd, (RD Ripadd d sfafodhkyd agradpchayiige tasm or nore
carbon atons, the N-substituted cyclic imdo group nmay be fornmed together
with the adjmadenbft wnecaehentatofBononALl) t hetagobbemakkyktadnaup. Li kew se,
when at least two of R, R2, R3, R9, RS

compounds each having a carbon-hydrogen bond at the adjacent

position to the heteroatom, (A2) compounds each having a
carbon-hetercatom double bond, (A3) compounds each having a
methine carbon atom, (A4) compounds each having a
carbon-hydrogen bond at the adjacent position to anunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes and (Al0) olefins.



- 16 and R6 are conbined to forma double bond, the N-substituted cyclic

imdo group may be forned together with the double bond. When at |east two

of R, R, R3, R4, R5 and R6 are conpigeq to forman aromatic or

non-aromatic ring, the N-substituted cyclic imdo group may be forned with

the adj acent two carbon atons constituting the ring. In addition, a

N- hydroxy form (a N-hydroxy cyclic imdo group) of the N-substituted cyclic

imdo group indicated in Formula (1) a 5-nmenbered N-substituted cyclic

i mdo group corresPondl ng to the 6-nenbered substituted cyclic imdo

gr oup i ndi cat ed™fnt 3+ 73 as?ai‘felbgl%g NSRS Far MPYhBReBRe e Be-$%r ned on
t he doull e aromatic or non-aromatic

r| ng for %&C’B’y Q%I 85§§§P tSH ﬁPmpﬁﬁng ?%29 PRIRAYRE . SPFRIFEE i i de

He o K ARSIV e R

heteroatomand (B4) oxygen—-atom~containing reactants (reacting
agents). Suchoxygen—-atom-containing reactants (B4) include,
for example, oxygen, carbon monoxide, nitrogen oxides, sulfur
oxides, and nitric acid, nitrous acid or salts thereof.

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

The process of an organic compound includes a step of
allowing an aromatic compound having an alkyl group or a
lower-order oxidized group thereof combined with an aromatic
ring to oxidize with oxygen to yield a corresponding aromatic
carboxylic acid.

The term "additionor substitution" reaction as usedherein
is used in a broad meaning and also includes, for example,

oxidation and sulfonation.

Best Mode for Carrying Out the Invention
[Imide Compounds]
A catalyst of the present invention comprises the imide

compound having a N-substituted cyclic imide skeleton



0 Rzl Rzz (Ic) Rzl Rzz (1.b) wherein R11 to R16 are the sane or different
and are each a hydrogen atom a hal ogen atom an al kyl group, a aryl group,
a cycl oal kyl group, a hydroxyl group, an_alkoxy group, a carboxyl group, a
substituted oxycarbonyl group, an aryF group or an 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, a acyloxy group, a
nitro group, a cyano group, an am no group or a hal ogen atom where adj
acent groH%Er%$eWedt]ByR§9rIﬁﬁ§/abéIl:on%r'k}ﬁe&f%ldjef SIRRC BidEvberare 2 - 18
N-substituted cyclic _imdo skeleton indicated in Formula_(1b) or (1lc), its
N- hydr oxyPHeFat 1 &Y cof r BRpollasRSEL kshBer euchE SubBt feubkBlelelic ini do
skeleton or its N-hydroxy form R has the_sanme neanings as defined above.
The hal ogERPEEBRTCeHL BN YYrPodp) thé BPYECYHGup, TRRelmide compound

may also have a plurality of N-oxy cyclic imide skeleton bonded
through R, which N-oxy cyclic imide skeleton is obtained from
the N-substituted cyclic imide skeleton represented by Formula
(I) by eliminating R therefrom.

In Formula (I), the hydroxyl-protecting group represented
by R includes conventional protecting groups for a hydroxyl
group inthe fieldof organic synthesis. Suchprotectinggroups
include, but are not limited to, alkyl groups (e.g., methyl,
t-butyl, and other C;-C4 alkyl groups), alkenyl groups (e.g.,
allyl group), cycloalkyl groups (e.g., cyclohexyl group), aryl
groups (e.g., 2,4~dinitrophenyl group), aralkyl groups (e.qg.,
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-chlorocethoxy)methyl, and
2-(trimethylsilyl)ethoxymethyl groups), substituted ethyl
groups (e.g., l-ethoxyethyl, l-methyl-l-methoxyethyl,
l-isopropoxyethyl, 2,2,2-trichloroethyl, and 2-methoxyethyl
groups), tetrahydropyranyl group, tetrahydrofuranyl group,
l1-hydroxyalkyl groups (e.g., 1-hydroxyethyl, l1-hydroxyhexyl,

1-hydroxydecyl, l-hydroxyhexadecyl, and



cycl oal kyl group, the hydroxyl group, the al koxy group, the carboxyl group,
the substituted oxycarbonyl group, the acyl group and the acyl oxy group in
the substituents R11 to R16 include_sggitar groups to correspondi ng groups
in the substituents RL to R6. In the bstituents R1' to RzzZ, the al kyl
group includes simlar alkyl groups to those exenplified above, of which

al kyl groups each having fromabout 1 to about 6 carbon atons are
specifically preferred. The hal oal kyl group includes trifluoronethyl group
and ot her _hal oal kyl _groups_each having fromabout 1 to about 4 carbon

at ons. Thé'BVﬂB??YQ?GHBGPHémﬁﬁﬁglsgﬁ?V%?)al%%%yoEﬂ%ﬁuﬁ¥QQP%rﬁﬂﬁ§ IFerht i oned
above, of which | ower alko§¥ogrou s each having fron1aq§ to about 4

ut 1
carbon at 6AE™ALEREERE T OprRF 3 eRE 2 TAESHBST H t Py BROE |t BHRPRGr oup

oroups, - coEP babkgPBRy b BonyF SbiapsscaFyFoxyeapbonyt: ppBtse lana

el uties SPAPRBYLE oA PYaTCY AR ST of 2Pt o vt ed
"o Sor olRaFROE ( Mo ey | B Hlovey FTAEC Kby A oDl 1ShERNRIE s m | ar
et ontet IR BFbupi-Gri BYEPPEciE,Fody Braupe: and Arbma: L BLgFo%y o1 oups
bt br om SECALBHY. CEQRBF T RESBuBS L1 HBRCE® raiCbboRa3 Y BFERR'a hycr agen

atom a1 8yet oBLKuL,gEouBoRRY| ng, I BILAROUL 1oy abobadogachon atom.

car boxyl up, a su o] roup,“a nitro group or a hal ogen
N acet oy R 2 AP Re PERL T Fro 4 R e B L P re T MR e

b 5 decal BT 2l { AT haR A T Qe RE BB Byt B Aanh Ty Gt SSAESAVE e
L e

N- pr opi 0nxk@fyaérgmeéﬂggaég%sﬂyggrQgﬁkghgsul%ﬁ{'ylpi s(propi onyl oxy) -1, 8;

4, 5- napht hal enet et racar boxdi I m

N- hexanoy QﬁMléegéQépbgﬁgh?ngﬁhcﬁéﬁﬁﬁhglgﬁesulfon 1 groups),
N, N' - bi s(hexanoyl oxy) -1, 8: 4, 5- napht hal enet etracarboxdiimd e, and ot her

conpounds ;1 RBLk 98 ERbEHYRY; reRiaul &, d 1) mébBebe anpapla(‘e%%dxggfa%r@rl,anot her
aryl group; N nethoxynethyl oxy-1, -naphthaYenedlcar oxi m de,

N, N - bi s( gebhesyyehiybaxY) - 4nd; 4theRapMdiala @SR HRNd groupdd, i1 m de,
and ot her conpounds represented by Fornmula (1) where Ris a group that can
forman agebaky0bxhenrBesyal gmblps aehydr, oyhzgl 84pcarbonyl group and

N- net hanesul f onyl oxy- 1, 8- napht hal enedi car boxi m de,

N, N - bi s( pehbanesybénpylexyratb8n¢l Sgpapp) hakepstetnaearbe xdiimde, and

ot her conpounds represented by Fornula (1) where Ris a sulfonyl group;

sul furic eskebstidutedccasbemnoybPhgsplipsi ceegt ercarbhmoiyt, est er of

N- hydr oxy- 1, 8- napht hal enedi car boxi m de or N, N -di hydroxy-1, 8;

4, 5- napht hatepetetbaraybpxdid phdeylaadbahbel crompa)ndsroeps edertieddy
Formula (1) where Ris a group obtained froman inorganic acid by

el i m nati igoanitklrgeniip thédef feny. Eashldhiribheachddentonpouadsdean be

obtai ned by introducing a desired protecting group into a correspondi ng
conpound phesph&ris acihyslr egehbatrom &N dydrigx g ldydhiac iingi de @drgroupd) usi ng
a conventional reaction for the introduction of a protecting group. For
exanpl e, thacefosy, ld8ahaphphabphédothibpXi grdepsaniebg. obt ai ned by al | owi ng

dimethylphosphinothioyl group), diarylphosphinothioyl groups
(e.g., diphenylphosphinothioyl group), and substituted silyl

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



N- hydr oxy- 1, 8- napht hal enedi car boxi m de to react with acetic anhydride or to
react wth an acetyl halide in the presence of a base. The conpound where R
is a hydrogen atom (N-hydroxy cyclic hgiQp conmpound) can be obtained by a
conventional imdization process (a précess for the formation of an imde)

, such as a process that conprises the steps of allow ng a corresponding
acid anhydride to react with hydroxylam ne for ring-opening - 21 of an
aci d anhydri de group, and closing the ring to forman imde. Typically
preferred i mde conpounds can be obtained by introducing a protecting group
into the RydPeRYY1§Eblp, obNF RYdPBRDYLELAYInPYEUPS) -

N- hydr oxy- 1, 8- napht hal enedi car boxi m de, N, N -di hydroxy-1, 8; ,

4, 5- napht hal enBt2tiHGe EERRIURLE2YaRa Vet ReP L RERYHEBXYE Ml o6 sisoufds
derived from.alicyclic polycarboxylic anhydrides _or aromati c pol ycarboxylic
anhydri des™E5cRkBf St AR PﬁPﬂéchﬁ%BHﬁBsReab’ﬁlﬁBvNﬁaxtf hEYR-4Gbsti-HEt ed

CyeL o TS RE BEShel T bR Sak ey oLl A () g peusad g of in
"ot coent B4 - PBARER XY CanY RLTEAA |1 ot AU RIS R Bepond! ng
The. armpunt SF-E T G- oM GECO B d o CEHa: G BEa N 17 ant can be
select od MANR,S WG LRI9e aldeln | s SIRIpLe  LENLRboUL L0 0000001 Lo
or ot a0l teLEBMADOUL 0 J8A0BE L, 2B (08 IoLe:, 90g BLLgn [ om abour
(substrat gl cLPEATRS SL (Cha8a BLYBLM1 AGEBL] Ndnkonk R hRYEN T 0N

ethylidene, isopropylidene, cyclopentylidene,

cyclohexylidene, benzylidene, andotherpolyvalent hydrocarbon

groups (specifically, groups that form acetal bonds with two

hydroxyl groups).

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 from acids (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 RH

R?, R®>, R*, R® and R® in the imide compounds, the halogen atom

includes iodine, bromine, chlorine and fluorine atoms. The



- 22 be used in conbination with the i mde conpound. Such pronoters

i nclude, for exanple, netallic conpounds. By using the imde conpound in
conbi nation with the netallic conpoyng, the rate and selectivity of the
reaction can be inproved. Metallic el fent s constituting the netallic
conpoundsare not specifically limted and are often netallic el ements of
t he C?oups 2 to 15 of the Periodic Table of Elenments . The term"netallic
el enent” as used herein also includes boron B. Exanples of the netallic
el enent s |nclude of the_Periodic Table of Elenments, Goup 2 elenents
(e.g., Myaléxl SFoﬁﬁdllBﬁ}Ud@ouBEtSl%lré%n]t@%feed gtor mL Nyt ahoi-d

el enents and actinoid el enent g G oup 4 el enents Ti, Zr and Hf
) C}oupp§°€Véne%E%p¥%PYl bu Xb 16PEHWS Y6 P ERBRY & / (%‘bgtyi()heﬁﬂifand

G oup 7 elenents

el enents E&SY§s dé§%?ﬂﬂ? ﬁﬁf 6ﬂg'§bgggg§£§fsEﬁggoﬁhgihgggiﬂg BdC?ou
e Aol e i
:32(;: gg?ct‘T’a[])?i‘e]il?oc?hEl%’gfrrrélrlt%T%%%Jrﬁ\JS ?ﬁgﬁéﬁt%:;ﬁf@%ﬁ oﬁft&mﬁ Pg 11 of
o Felonlc Tt 4% ?:é’f%z*i%*‘%;ﬁf PRebact Br iV el oo
fT?gmnggzs 8%;;; %f%ﬂr%tﬂew’%& le;al% g‘s%fg@@.f?aswff&%%% i 1
ipﬁlrdglnégglarﬁ g Flﬁ#?egagyllgfeﬁ%héaf?'su %i lg? Ehydﬁgilgggl oxhges
{odi des) | SeESRPs SrOELEE F%og?? -% Sbke nefARRY “Sredaptves °

bor at es, 8@93?8& 0@&&? %% §¥ﬂ§ Qétaégkké &|h§ﬁ§ gl yaci ds,

and ot her rga ic co ntione i C elenents;

sal t sof 05@@8%{8 ifé\%? (e%chgh v1n frotn'habo?t 1 to about 30 carbon gtoms

acet at es, prop pru55|a ht henaf és, orstear ates), conpl exes, and

ot her org nd I e . Ligands for constituting
t he Conplg§§§e89§FQg éﬁ?%hy roxo%6 kPﬁggé ?ggﬁg?', met hoxy, et hoxy,

propoxy, andbugoxy lesa&f'tﬂg s@bst 1 AGELY | o RN PEORY PNYEup &l KOXYgQr bonyl

(e. g., nethoxycarbonyl and

et hoxycar paRybkyagebyh @et@EﬁB EXEBBH?@ta@b@ﬂ¥%§5§?@arﬁ%h§99n atoms (e. g.
, chlorine and gronlne X C& oxygen atom aquo) , ~phosphi nes

(tfithHYB9E8§QEhBBoﬁ ) OEh%htbkyéEYBBH §?hh@§§laﬂgﬁekﬁéh¥
phosphor usconpounds, (amm ne), “NQ nitro rato)

ethylenedhéﬁtp@ox9bgkﬁah9metbb@guagycaybbﬂyme dehenan Bé@bbﬁ 1,and ot her
ni t rogen- cont ai ni ng conpounds peci fic exanpl es of the neta I|c conmpounds

include, bydkakipgyeabsbhytonpedrdacagianyexanpphel, cobalt hydroxide, cobalt
oxi de, cobalt chloride, cobalt bromde, cobalt nitrate, cobalt sulfate,
cobal t phasphateylangcatbBenyilnosgeabecgLoRPsadsSongLPakid astiat &, -cgpal t
napht henate, cobalt stearate, and other salts of organic acids;

acetyl acehorakgeabbbhylagdoapbenespec24119pnpl-exgsalansyetchebodyval ent or
trival ent cobalt conpounds. I|llustrative vanadi um conpounds i nclude, but
are not | gabtipd) t ocyyavaseh upl by deaxboey 1 y anadli aine :oxi abey cvainady umastd or i de,
vanadyl chloride, vanadium sul fate, vanadyl sulfate, sodium vanadate, and
ot her i nobgasirc cgoipalkgdpxgcatrpbagdt gnatipganadpaniatagadpk to

acetyl acetonato, and ot her conpl exes, and ot her vanadi um conpounds having a
val ence of0fFmenBetredscyExaaiit wisoofcadmporindsocop st helhairhearoxyetaattdng/ lgl enent s
i ncl ude conpounds correspondi ng to the above-nentioned cobalt, or vanadi um
conpoundsnapathyabxyhaesbongial bnd cthpeusdgloagchebousgd gltomesor in

conbi nati on. Specifically, the conbination use of a cobalt conpound with a
manganese (esppodndlyi gfsfCoantrlyokyereabesyfihgrpeaet ;oandate i n many cases.
The conbi nation use of plural types of netallic conpounds having different
val ances pengyloaydavhbeni mptabthercempobmdokncesbbinyat osoumst h a
trivalent netallic conpound) is also preferred. The anmount of the netallic
conpound is, for exanple, fromabout 0.001 to about 10 noles and preferably
from about 0.005 to about 3 noles, relative to 1 nole of the imde
conmpound, and is, for exanple, from about 0.00001% by nole to about 10% by
nol e and preferably fromabout 0. 1 o by nole to about 5% by nole, relative
to Z nole of the reaction conponent ( substrate )



The pronoters for use in the present invention also include organic salts
each conposed of a polyatomc cation or a . - 25 polyatomc anion and its
counter ion, which polyatom c cation &r anion contains a Goup 15 or G oup
16 el ement of the Periodic Table of “Efémeénts having at | east one organic
group bonded thereto. By using the organic salts as the pronoters, the rate
and selectivity of the reaction can further be inproved. Tn the organic
salts, the Group 15 elenents of the Periodic Table of Elenments include N,

P, As, Sb, and Bi, and the Goup 16 el enents of the Periodic Table of

El ements i(pepagdaliys @xdhplé;agkyg9X$ecaﬁbonﬁl Prepefied el ements are N,

P, As, Sb and S, of which N, P and S are typically preferred. The organic
groups to be cBHbiated WrAatlews vgesrheus| efem?s el R, tbutt amy Inot
limted to, hydrocarbon groups which may have a substituent, and

subst it ut 88Sb¥y, gP68Ps°NThe Ry8r5¥ar boACHFBYRELT nERUBEY LhuP1¥R&CHSt |imited
to, nmethyl, ethyl, propyl, isopropyl,. butyl, isobutyl, s-butyl, t-butyl,
pentyl, hBRFRROEEL yhep %E?Y}'t%TF%H%¥§4,n$hﬁaﬂﬁﬁnﬂqeQﬁﬁQMﬁﬂahﬁuﬁﬁyﬂyI, and
ot her straight- or branched-chain aliphatic hydrocarbon_ groups (al kyl
groups, aPKERSFOBE oA P A KTHERE8Y burl SRERE PavFry~HEBAT BEBEREYE t o
about 30 carbon atons ferably fromabout 1 to about 20 carbgn atons) ;
cycIopent?F?uE§c?%ﬁB§9§$£gMd biter attRBR T ?E&ﬂ(ﬁﬁﬁ%ﬁﬁ?@ﬁ%ﬁ%éﬁgﬁ%h havi ng
from about out 8 carhon atons; and and ot her

3 to ab henyl , napht hyl,

ar omti . RYUPBE L BoR® b BApST CAE R HEP T For Ao B Y AR 25 Tdar bon
ot 1 i t EOEB! HEF DER T BRRSTOOY Do OGP AR Brorer o

bsti d . | k " I , d
2oyt oxy f SaperL e EPBREGr Ryt olpoubanet T T SR boty 2 o G s

bstitut I d b it ,
substi t ut SanEpvincinBbrbil s EREnETRYs BECHER ks YEPS BEsHRs - o L ety
t hyl, d ot 5 | Kyl , |oal , | .
R R A i A
hyd b i nel | . havi f
about 1 retabutrRlo BEPHESnye Sy BNEY Bvaluty o HOBHER R R b oups "

ial Ly; - i 6 b 14

Carbon at SubePUREXL  pbaDREBL T¥isy " BHRERSOT DI h BB TBREEL P i ad to,

al koxy o 8UPSnoRLKLOXY n8RaNBS1800 ALBLEKLOKY.O! OURS oPXATRL oo of the

organi c sa I e organi nrum sa ani ¢” phosphoni unsal ts,

organi c_syl,toat salt spadnd:y ek, or geRho LU SahtSornSuch, s gani ¢

amoni um salts i nclude tetramet hyl ammoni um Chl ori de, tetraethyl amoni um

chloride, 5t ebrabytyd b WeRISOT & §i6e £ £1 T RhexyEAMEPIbHETE £h Q5 188y
trioctyl nmet hyl ammoni um chl ori de, trlethylphenyﬁannonlun1ch|or| e,

tributyl( !a@zsaggy?;lamwe%@bbaai;ﬂégsﬁdﬁﬁ@ﬂ@ma%mf@wé@@mdw

chloride, "and ot her quaternary anmmoni um chl orides, and correspondi ng
quat er nar yraIpBi HELPHARLES0xFNErehiper cHHaAbBEARENcBAWBBHhY bR, ts each

havi ng foudr hydrocarbon groups conbined with a nitrogen atom
di met hyl pipetbdeRbHBLERbER IS yhexadesyhpyr EdenbEMkeAkBEIFEBny loxy
groups and other alicyclic acyloxy groups; benzoyloxy,
naphthoyloxy, and other aromatic acyloxy groups.
The substituents R}, R?, R?}, R*, R® and R® may be the same
or different. In Formula (1), at least two of RY, R2, R3, R,

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

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



- 27 nethyl quinoliniumchloride, and other cyclic quaternary ammoni um
salts. Exanpl-es of the organic phosphoniumsalts include

t et ramet hyl phosphoni um chl ori de, tetrggutylphosphoniun1ch|oride,

tri butyl (hexadecyl ) phosphoni um chl ori de, tri et hyl phenyl phosphoni um

chl oride, and other quaternary phosphoni um chl ori des, and correspondi ng
quat ernary phosphoni um brom des, and ot her quaternary phosphonium salts
each having four hydrocarbon groups conbined with a phosphorus atom
Exanpl es of the organic sul foniumsalts include triethylsulfonium.i odide,
et hyl di ph&APBEsOpfoRT O baiEed BRRRRMerl 3 MFHiim FH13 SReE Rl three
hydr ocar bon groups conbined with a sulfur atom The organic salts al so

i ncl ude nEFRBARANYT Bifst @ROUBLRIMERRA T Dnallde, rHrd BAYRE RO CYCclic
dodecanesul f onates, and ot her al kyl -sul fonates (e. g., C6-Cla
aIkyI-suIFéﬁat€§)F°B€ﬁ§§ﬁ@sGPF6HQF§§}lS-FéPEen@EGIané€e§?ten a

napht hal enesul f onat es,  decyl benzenesul f onat es, dodecyl benzenesul f onat es,

and otherh&PngéﬁpPBnéﬂggmhi%%F¢m64¥%§s%ﬂ%%?Q?nefpﬁw?¥ﬁ%@4%1kyI gr oup
.g., C6-Cl1$ al kyl - | sul f onat ; | f oni idt o
Fosths (PO BReRERIBAL SR SRBS o -« SEFACREBRNE GG BRGR ot ns
[ h Th t. of th [ |t is, f le, f
Sbout 0. OB9LP3 kBB T0TT 1B E Y grer braR P HHou LB about
- 28 0.08.nol ti t | e.of t imd T t
for use i AiPRETSH BEBRE S A G S00P M RILT ST AT S RO (R OB,
conpounds_each hav'ng a ﬁgacgf.less t han Q%_egﬁ?l to 2 at ZSQ%. Preferred
strong acf'd% Iaﬁ(cﬂnﬁiié, k?lf) X rﬁ}lng,s Wd?oge T %e,nefﬁ>7&P8h%T d)etrﬂef aci ds,
| furi i het I ids..Th t of the,st id i f
sulfurLe pedoRld, PR anelyaeldou g aTRuY, oL LNE Stan Sidgldy o7
conpound. 118, PROBREEETehe! puRg | BudnSepLeseny Jaenti o, &l se.inel e
conpounds “€ach 7 [ o Wi h | ect

£ .
avli ng a carbon group conbi'ne amnm e ron attractive

group. SUEtB{xggg?QH”?.%ng%Ehwﬁ%?éh”ﬂa?; B%QOQVEPBE‘BEEugﬁW “ﬂ‘i’e‘é‘%%ﬁ :"‘”

el ectron a I've gr I'nclude, “for exanple, hexarl uoroac

{ri f1uoroasabiesag! gy PPORALLor ARy lnRLhulL ketpneyy ReTtaf ligjopheny

(trifluorone ) ketone, and benzoic aci e anount s’ conmpound i s,

for exanple;,{d0m ahout %u%QO%JBQtEBQ#t§i%'1 d,ebat 1 u& LGt iple Pl the

reaction conponeni (substrate). According to the'invention, the reaction
system may i n LCa o] r adi e ,an rator.
Such conp%ﬁén%gﬂggcgﬁégggbubaggggﬁgg PF%FP%H ?gégﬁgygggggh?é.gggskghlorine

and brom eracj . er, I ixd r nziLe acid),
peroxidesg?égpgf,@%igéé gﬁﬂgggng%%%EﬁﬁgﬁﬁyIOﬁgg?g%g?ggi%gg%ééhé§¥génd

i oxi do.  Bensa Achyae and ore T fe RS R P B R iy 1 T o0er
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 RY, R?, R®, R*, R® and R®. For example, when
rR', R?, R?® R% R® or R® is an alkyl group having two or more
carbon atoms, the N-substitutedcyclic 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?, R?, R’



- 29 conponent in the system enhances a reaction in sone cases. The anount
of . the aforenenti oned conponent is, for exanple, from about 0.00l to about
3 noles relative to 1 nole of the im.d conpound. The catal ysts of the
present invention are useful as, for ¥ anpl e, radical reaction catalysts.
The catal ysts of the present invention exhibit simlar catalytic activities
to reactions in which the conpounds (5-nmenbered N hydroxy cyclic imde
conpounds) , where a group corresponding to Rin Fornula (1) is a hydrogen
atom and atom.c nunber (nenber) constituting a ring is 5 exhibit catalytic
activiti @d Ry abeli Eomptnede @ dionm st §O@ﬁol@hé0p¢esghﬁ Nnoehet bhubade
significant advantages such that (i) they can nmaintain the catal ytic
activiti é¥Flgie am%ﬁgalfq%maénk?e) EPRBACEIRKMT Bt thi Ghe crly Peldct i viti es
even in a small anmount, and _(iji) ,they cgn rrgl ntain catalytic activities
even at HIfY PénpEPEtUEYS, O4sRoorfar Bar Vit hRt NG Bre ks EBMREAFEr bRy
cyclicimgde conpounds. Accordingly, the catal %st s of the present_jnvention
can be apfgﬂri“éﬂnlaffoé[‘fi:lton%r Pé?&ctaFBH‘é‘tlicanﬁ'cE s Bt e ‘RVﬁ'}H?oxy
cyclic imde conmpounds exhl gl t C taJ ct ivities, and cgn yield greater

advant agesIRATONE Ba¥ePRnENTTH éﬁjﬁ% &¥P EGEPPR RRPBR
corrpounds are used as catalysts. s of i ons Whl ch the
cat al yst s sqct éﬁ'\ |rr11\7£9'rt| dh égﬁﬁﬁﬁf’%a?agyk‘p’ér&é@ﬁ PEfed 2 i ncl ude

rlbed thefo owln Liter

PR 5. r R ) swlevcﬁﬂf%uﬁ? che A BiRatetS %sﬁ%éfsﬁ%nh%z%ﬁ%ﬁ'eé“ ¢
o 16, 57 "Catwé“ Cfb‘c%fbcat Rt e s- “}@&Lbeﬂf%éﬁ SR 510843,
N 11 s feeasd NE 11%06377?%8%%{1%3@3%% WpaRBs, o 11-220481,
Coior oot 5@3&% A B e T DGR b 50 B9 ™50/ 38195 and No.
A La 5“‘"3‘%3%8‘%6853“% £BRE 5 1 FoRfleardn SRS, MR RYSF000 3579 '
D000- 2003DeC L R @380%93‘3%%3020%5%0 2P naf 1 ap S e AT T [0 ERea "D

exanpl e, k(fz ad| c % coaﬂoa}pl e gof I131)r r§4r)g a radigal is allowed to react

with (B) scavengl ng conpound I A the presence of the catal yst of
the present |pyerLi-084and,LAeLS n%o)ﬁ'ngl 50 20 30 RR Bl S YaS Ut i on
reaction product betvveen he conpound (A) t he conpound (B) or a
derivati vg tihgyt d&g{ﬁpa(y_nds (A) Capable of Form ng Radi cal] Such
conmpounds (A) capabl e of formng a radical are not specifically limted as
| ong as they can forma stabl e radical andinclude, for exanple, (Al)

het er oat om cont ai ni ng conpounds each having a carbon-hydrogen bond at the
adj acent position to the heteroatom (A2) conpounds each having a



- 31 carbon-heteroatom doubl e bond, (A3) conpounds each having a nethine
carbon atom (A4) conpounds each having a carbon-hydrogen bond at the

adj acent position to an unsaturated bggd, (A5) non-aromatic cyclic

hydr ocar bons, (A6) conjugated conpounds, (A7) am nes, (A8) aromatic
conpounds, (A9) straight-chain al kanes and (A10) ol efins. These conpounds
may have various substituents within a range not adversely affecting the
reaction. Suchsubstituents include, but are not Iimted to, hal ogen atons,
hydr oxyl group, mercaptogroup, oxogroup, substitutedoxygroups (e.g., alkoxy
groups, aryloxy groups, and acyloxy groyms), gubstituted thio groups,

car boxyl group, suR it%yed oxycar bonyl substituted or
unsubstituted carhanbyl “Qroups, cyano gr itrgpgroup, substituted or
unsubstituted am groups—oRI f o gr &ikes HGoups, al kenyl group,

al kynyl groups, R¥i dyclié hydrocarbon gr aro t|8 hydr ocar bon groups,
and heterocyclic gg psQQThe conpounds (A ~ o of ?orning a radi cal act
as radi cal donative &Snpdunds in the R4 uestion. The

het er oat om cont ai ni ng conpounds (Al) eacW\ ha ng(gqcarbon-hydrogen bond at
the adj acent positidnaj)o the heteroato nc , tor exanple, (Al-1)
prinmary or secondary al cohols or primaryRr sBfondary 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 - 32
position to a sulfur atom (Al-3) acetals (iftbudi ng hemi acetals ) each
havi ng a carbon-hydrogen bond at the adj acent position to an oxygen atom
or thioacetals (including thiohem acetals) each having a carbon-hydrogen
bond at the adjaceq@sposﬁ$ion to a sulfur atom The primary or secondary

al cohols in the conpounds (Al -1 ) include a wde variety of alcohols. These
al cohol s may be whi ofAQDnohydric, di hydri ¢ and pol yhydric al cohol s.
Such primary al ci®f i@, but are not limted to,

met hanol , et hanol , 1N ub%nol,2-nethy|-1-propano|, 1- pent anol

1- hexanol , 1-octanol decangl™, VI hexadecanol , 2-buten-1-ol, ethylene

gl ycol, trimethyge al.c hexanet hyl ene gl ycol, pentaerythritol, and

ot her saturated or rat ey aliphatic primary al cohols each having from
about 1 to about 30 fpreferabl’y fromabout 1 to about 20, and nore
preferably from aboR# 1 tR# about 15) carbon atons; cycl opentyl met hyl

al cohol , cycl ohexyl nmet hyl al cohol, 2-cycl ohexyl ethyl al cohol, and ot her
saturated or unsaturated alicyclic primary al cohol s~ benzyl al cohol,

2- phenyl et hyl al cohol, 3J1phenyl propyl al cohol, cinnamyl alcohol, and ot her
aromatic primary al cohols; and 2-hydroxynet hyl pyri di ne, and ot her

het er ocyclherak @0t 8 RITYRLGA e SEROBERTYE A LOANOL B Iael dikkeh aBld @R ot
limted to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol,

3, 3- di net Bybm2-DHh 88gkn A6 ARALkA- §86aP9la a 2y NYRARL AN Aycloalkyl

group, a hydroxyl group, an alkoxy group, a carboxyl group,
a substituted oxycarbonyl group, an acyl group or an acyloxy
group, and RY to R%* are the same or different and are each
a hydrogen atom, an alkyl group, a halocalkyl 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



- 33 2-penten-4-ol, 1,2-propanediol, 2,3-butanediol, 2,3-pentanediol, and
other vicinal diols, and other saturated or unsaturated aliphatic secondary
al cohol s each having fromabout 3 to ggoqy 30 (preferably fromabout 3 to
about 20, and nore preferably fromabout 3 to about 15) carbon atons;
1-cycl opentyl et hanol, 1-cycl ohexyl ethanol, and other 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 conbined with
a hydr oxyl groug; cycl obut anol, cycl opentanol, cyclohexanol, cyclooctanol,
cycl ododebafBPs 236§€ﬂdﬁé%EH:ﬂﬁBIP skalahantidbicatrchdanbmtainb? s 1¥dch
havi ng from one to four hydroxyl groups at the bridgehead positions,

2- adanmant 9holl $CachtRaliRYIaR%Ex6°§Moup AT ERSRARABREaRE™EREESENnd ot her
saturated or unsaturated alicyclic secaondary al cohols (including bridged
cyclic seloRdaRLEFEBACTRT L sacH IR iSHE ST QBotEs N TRYIFRXY X Wedver s
(preferabggsfron1about 3 to about 15 nenhers, nore preferably from about 5

to about nefBerameafBaryprearPy L dRPEADBAPVE -t 0 about 8 nenbers);

1- phenyl et hanol,, 1-phenyl propanol, 1-phenyl net hyl et hanol., di phenyl net hanol ,
and other arongt$ ﬁ“%e%%%‘ﬂa?’ifgﬁ'l c%l%l&)glncgrﬁ‘{pz-ﬁﬁ RAY NS, T ot her
het erocyclic.secondary al cohol s, i cal al cohols further include, for
exanpl e, TY853ﬁgﬁ¥gngﬁﬁPﬂan © %Y%%?ﬁ%f;qﬁ%ﬂﬁﬂﬁﬁﬂ%i RarfdicvP- The

a- et hyl - 1- adanmant anenet hapol , - 34 . asisopropyl - 1- adanmant anenet hanol

3 hyat oxy AL REERY | S50 RhanEnT AmuRet haneFa CRRARGAYT TR ARTEA

3- car boxy-a- net.hy] -.1- adamant anenet hanal . 6 :

oot by SROPB AN G AR RS 1A e pHoP tAREGRERT RS haddic e
2?&2¥ﬂ;?¥ %ﬁ%g?%g%ﬁéﬁa%gﬁg%é#%g%g%% ?kg groups in the substituents R*
a-nethyl-g - per hydr oant hr acenenet hanol ,

a- et hyl - 8a- per hydr ophenant hr enenet hanol ,

a-nmethyl -2-tri o[ 5 : 'Qhﬂg n tJ2anq .

6- hydr oxy- a- rref%%hézﬁur?blscj:tyl%“oe[ i %? ggzgag?d’ec%}leer?ejt)ﬂ'alnﬁr,oup includes
a- met hyl - 2a- ydnQac . :

ety S s Pl hhed qoover st which aliyd,

a-met hyl - §5:88 Q%QSH%&?HH%B%&%%B&&% het Alaahd s Ha0h hay geg%eb” dged

cyclic hydrocarbon group, as conpounds each having a bri cyclic

hydr ocar b F L i i a t LS S| wth a
hydr oxyl 8?8%%?9§$£$g??g§ggfgﬁﬁb|éﬂ?%?%9§§§£%%n §?§§alcoho s and the

al cohol s : i r'gg@g |4 y gD Rrafer red
secondarygg%géﬁg¥gﬂgﬁgygd% 2-pﬁ%%gﬁgﬁéQéH%S?éFQgFégﬁg#gsand oF%gﬁng{iphatic

SeCPndarYfﬂbﬁQﬁﬂhﬁi1%2P¥Sb@93%¥£r€éﬂ%ﬁ%hs.anﬂh@%ﬁﬁ&%ﬁﬁQPBQ?H%c@d%%@o|S each
havi ng an al i phatic hydrocarbon group (e. g., a Cil- al kyl group or a

C6- C14 ar ¥km@l QU1 iediely 3 rBoRsat §MBldse RAHPOEHEH b HFOUBE(#hlch 1BdWe3 C15 -
35 cycloal kyl group or "a cycl oal kenyl group) conbined with a carbon atom

that is cambRedyMhipds @adnHdhaxYhgof R abeXe Qpenta@dRlt, 4 CyLHhexaals,
2- adamant anol ,  and ot her alicyclic secondary al cohols each having from

about 3 tarkspERAiracsl 1l phefyteidandhe ausk ot hete@bRBhkBos ¢ Iy
al cohols. The primary or secondary thiols in the conmpounds (Al-Z) include

thiols coinespasdi BgmtakhgupstiBuycar oggeandanylabeotipks.(eThe, et hers each
havi ng a carbon-hydrogen bond at the
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,

acetocacetyl group, alicyclic acyl groups, and aromatic acyl



adj acent position to an oxygen atomin the conpounds (Al-2) include, but
are not limted to, dinmethyl ether, diethyl ether, dipropyl ether,

di i sopropyl ether, dibutyl ether, netﬁ | ethyl ether, nethyl butyl ether,
ethyl butyl ether, diallyl ether, net éI'VinyI ether, ethyl allyl ether,
and other aliphatic ethers; :
ani sol e, phenet ol e, di benzyl et her, phenyl benzyl et her, and ot her aronmatic

et hers; and di hydrofuran, tetrahydrofuran, pyran, dihydropyran,

t et rahydropyran, norpholine, chroman, isochroman, and other cyclic ethers
to whi ch SACHPSMEE? CheSnBRsSareREEI 2PPTRg AP BEYEOHdetsedP THelUdfT i des
each having a_carbon-hydrogen bond at the adjacent position to a sulfur
atomin tBeMédAPoaRUSOERLIZPUPHCI(GdE - subFiRBEE6r FESPEARGRAG o the et hers
each having a carbon-hydrogen bond at the adj acent position to an oxygen
at om TheUREBLHFELELCRCKHAIRHGIBCRRT bR Ry POhFE ERUR he i

vanpl o SEULAKRY HAT IR R Y Gy HRL eSS PEBRI & BPOSEE SR dos,
Such acetals include cyclic acetals d acyclic acetals, The al dehydes
Tncl ude. BHOVEre Mot PAHPIRH TEOTf DRORIYehy HEIOGLRE al GRhyHLIe and
ropi onal dehyde, butyral dehyde,_ i sobutyral dehyde, pent | , hexanal ,
PRl s L o Tl it s Rt R e e e
cycl ohexanecar bal dehyde, and ot her .alicycl.i c .al dehydes;
enzal den) 46T BHERyT Gbr 21 HRRGRE A BERP Gt FECR SRR s EREUH conol s
benzyl - al GoRBEPSANAL ST Ror & nombRyAVE o ot < ity B GRARG <o ihl ) Mone
| ycol, 1, 3-propanediaql, - di_br - - pr ediol, and other dihydric
ngohols.g%ﬁgpégg ggg?%lgggﬁg,b?ogngﬁéﬁéFg,ggggid:oxolane, e
2-met hyl -1, 3-dj L 2- - - di ox , r 3-di oxol ane
conpouxds; 2-n%?%@#fgssgﬁig&%xéfég%ﬁg%?h§$§qgsgéﬁﬁk§%§§c%%%ounds;
acet al dehyde di_nmet hyl acet al.,.and. ot her di al kyl ,acetal .c ounds.. The
t hi oacet a §a8§%ﬁxﬁggFgarém&g?boﬁfﬁ§8F8§gﬁab§ﬁngF%$H§gﬁﬁ%&%&ﬁﬁdﬁdsition to
a sulfur atom.n.th onpounds 1-3).inglude thioacetals corresponding to
t he acetag§agggﬁxﬁégfﬁégEm%ggﬁ%%fH§a%%B%§ebond at the adjacent pgsitiog to
an oxygenNagggkggge1cgggggg?%5§§%cgrggggmgaging a carbon- het er oat om doubl e

bond i ncl ude, exanple, conmpounds each containing a carbonyl
group:  (Afr 8 -63APAYAYS-€a6h4CaNLALAN B eRet racA poklliardrRonyl group, and

(A2-3) imnes. The compounds (A2-1) each containing a carbonyl group

i ncl ude kgtapesoahdiahdahydesalqualckebaresiand al dehydes include, but are
not limted to, acetone, nethyl ethyl ketone, nethyl isopropyl ketone,

met hyl isq@ugﬁgtggpggghtﬂgqﬁmhdgjputyI ket one, nmethyl t-butyl ketone,

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

i sopropyl RytyLketeseorpt-hybyunylkapanaamehby ki sapaepenyiiketene, nethyl

cycl ohexyl ketone, acetophenone, nethyl 2-nmethyl phenyl ketone, nethyl

2- pyridyl nket-opeongyekghexglnpbanykikatanearapdinter, chain ket ones;

cycl opropanone, cycl obut anone, cycl opentanone, cycl ohexanone,
4-nethy|cwcN@hg&@ngmapiéngnbaywcyqBohe&aa@pﬁthbseab@eamaca@w©kahemaanone,
cycl ooct anone, cycl odecanone, cycl ododecanone, cycl opentadecanone,

1, 3- cycl okieyanedieaatoylo4yeyuclsehayantdieneditadboxtnaaet, anedi one,

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

4- (4- oxoc¥s Nokexyl (hexehekaexangore, 824adamaphananencard reidaeboxydlimd dket ones;
bi acetyl (2, 3- but anedi one), 2, 3- pent anedi one, 3, 4- hexanedi one, bi benzoyl
(benzi l), eacehyl beheoydommywhdp ardmresen 2dign&oraydlaoliéxanbete 2R dione, and
ot her 1, 2-di carbonyl conpounds(e. g., a-di ket ones) ; acet oi n, benzoi n, and ot her
a- ket 0- al aohelcet vacetraluge bydenophepi acglldepde, but anal , hexanal
succi nal dehyde, gl utaral dehyde, adi pal dehyde, and other aliphatic

al dehydes N-mgtholxgmglthyloxy-1, 8~naphthalenedicarboximide,

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



- 38 aldehyde, citral, citronellal, and other alicyclic al dehydes;

benzal dehyde, carboxybenzal dehyde, nitrobenzal dehyde, ci nnamal dehyde,

sal i cyl al dehyde, ani sal dehyde, phthglgbdqhyde, i sopht hal al dehyde,

t erepht hal al dehyde, and ot her aromati € “al dehydes; and furfural,

ni coti nal dehyde, and ot her heterocyclic al dehydes. The conpounds (A2-2)
each having a thiocarbonyl group include conpounds each having a

t hi ocarbonyl group corresponding to the conpounds (A2-1) each having a
carbonyl group. The imnes (A2-3 ) include, but are not limted to, imnes
(i ncl udi ngivkffresan® P HR £ATRINFerRPEgsPnsRct AE Eorpaladsl ( Alere each
havi ng a carbonyl group with ammonia or am nes. Such_ani nes include, for
exanmpl e, RethyGariRe:hat Fpndaiean Bicehdlatt REMLIBGEYRAM e 2hwdAam ne,
benzyl am ne, cyclohexglanine, ani | ine, and ot her _am nes; hydroxyl am ne,

0- net hyl h§8PBRYI Birfk éﬁﬁsB%ﬁ@PYH9HV6;y?éﬁ?HB§PaH?H?Q%FﬁéPoﬁéWHQthdrazine,
phenyl hydrazine, and ot her h¥dra%ines. ng C ngougds ﬁA3 % each having a
met hi ne” cHr BorPaf bREFRENEARITPBY LeXdnple®/ E A3-12PNEDRILPRSESHPBHAGS each

Const 1t ut FORATLGRY (376 o5 hPF RPmain fnaepy oeRar £ GOnO T Sohkh ARG o
(A3 15) bR-GGBG IRV ool i TOACH T W THET Lone RRAT RS BF oup.
nyar ocar bBAER = EHEF T HGE ROty TG T RS U LGS The
commonl y. Bos 6N TRRYRE b8 a8 oAt o CUEk A HPaF BERSE CACRSUTLEE” of
(310 1 ABRuNB! Sk, Fop 8 Rar PR EER TS BecA TR Loy TH F Ofeane,
bi oyol of 39508 OIS ERPone hdp e Fohr ) B AR IS RE A e

bornylenethg?égggﬂane, nor bor nene, canphor, canphoric acid, canphene,
tricyclene, tricyclo[ 5. 2. 1. 03" a ] decane, tricyclo[ 4. 2 . 1. 12

S ] decane, exgf L G¥Cle [ig?ji:es_goﬂ%%\,%?u'c 6] 4B PP B R il - 2 -

1. Oz 6] decane, tricycl ndecane,

1 bt AT T BT S SGANEN T Ae 1 et hyl ATSRGR ks, COECRRE wiRRTENT | 1
1 ot howy At Doy St SRO o O F S CA ety Kk, T BT S S 12

per hydr OpReRanT Py Ehe bes Ty OF Aunaal BRS, L et Ry ar o ot RIS A%e, and

other brigdgedpCychd e dWLMPCAr RANS HoxRf11dged, Reler-OeHdd i¢ LYBGWdE each
having twdo to four rings, and derivati'ves thereof. These bridged cyclic
conpoundseaghpBa¥Btained by allowing
N-hydroxy-1,8-naphthalenedicarboximide to react with acetic
anhydride or to react with an acetyl halide in the presence
of a base.
The compound where R is a hydrogen atom (N-hydroxy cyclic
imide compound) can be obtained by a conventional imidization
process (a process for the formation of an imide), such as a

process that comprises the steps of allowing a corresponding

acid anhydride to react with hydroxylamine for ring-opening



- 40 a nethine carbon atom at a bridgehead position (corresponding to a
junction position when two rings commonly possess two atons). The
non-aromatic cyclic compounds (A3-1b),each having a hydrocarbon group
conbined with a ring include, but are™not limted to, 1-nethylcyclopentane,

1- net hyl cycl ohexane, |inonene, nenthene, nenthol, carbonenthone, nenthone,
and ot her alicyclic hydrocarbons each having from about 3 to about 15
menbers and having a hydrocarbon group (e . g. , an al kyl group) conbined
wi thitsring,and their derlv tives. The hydrocarbon group just nentioned
above con?gl?l% FH ‘? I HHHRrt (PrEF SRR 589 HodeT 88 about

10) carbon_ at ons. The non-aronatic cyclic conpounds(A3-1b) each having a
hydr ocar bth*§f bup conbi ned mnth aring have a nmet hine carbon atom at the

bondi ng positi_on be en t .and, t dr ocar bon .The, chai n
conpounds ( A3- eﬁgt éWBy rﬁ%bﬁ@ﬁné%h&éga %@ not

limted to drocar each haV|n a tertla bon ato such as
i sobut anet Fg%ékﬁ&%. P59 %% HASTRRP hiApRnt ARy -%in%fh??b% ane,

2- et hyl ? %f %Ihex ne, 3,4- dlnethylhexane 3 met hyl oct ane, and

ot her al i PRAYFEORYHT b2t HBhI® Each havi ng from about 4 to about 20

(prefera y fcrlom abf)dé 4 t0 ab %Ogac%rbon &t ons, and derivatives

t her eof . & CoTpoL iﬁhs ea%%e avi Hg AT EEY bon- hydrogen bond at t he adj

acent pos[l]tﬂjpnd{}'? a)?}ﬁsﬁté'r?t?dn%éq'ﬁh%lf&hé‘ggtrégarkgﬁ)?‘(ﬁglrﬁide, afd

aronmati c COITpOUI’l avin roup or group at the

a] acent BORLLIRDI 030 2 0AB! Lnp )08l e f?@é&"fP&ﬁ'éiPﬁ%llé‘”d (A4-2)

non-aromati c conpo group or ené group at the

adj acent ;g&f éé%i@%ﬁ%lﬁg@#@é@o?%ﬂoxﬁ&ﬂc %@1%85996‘629{ on triple bond

or a carb xygen In the aromati npoun 4-1), the
aromatic % be either of an aromatic hydrocarbon ring or an aromatic
het erocyclic ring. Such aromatic hydrocarbon rings include, but are not

limted to, benzengerdig. GoRde Sguﬁ@i%%%ch%iﬁhrt%% fesu8st 1RARALNal ene,

azul ene, indacene, anthracene, enant hrene, triphe ene, pyrene, and

ot her condgaged 1%@%&ﬁnseg%§ﬂe%em'e%hb "PolRuign fy dh peTedRer ed

carbocyclit rings are co The aromatic eterocycllc rings include,

but are ngichd g ed éambh%@ia?m b Or 4 AGSorBAC @O 8481 gl X e ngn at om
as a heteroatom (e. g. , furan, oxazole, isoxazole and other 5-nenbered

rings; 4-9Xordihddy rign tard r@b@@ioﬁ gpEbened THAGS 1 RERERHIHF Y having
i sobenzof uran, 4-oxo-4H chronene and ot her condensed rings), heterocyclic

rings eaChheﬂﬂ%@bBtﬂﬁw%éa%iéﬁ1@hﬁﬁkﬁ§sEéié%@ﬁQ@b@@hé@te@kmyFBkmBmane
t hi azol e, isothiazole, thiadiazole, and other 5-nenbered rings;

4- 0x0- 4H {1y opy Be aaed%m@qn@im@m@rﬁdlthrms:m@s@idnm@neh@ado@yher
condensed rings), heterocyclic rings each containing a nitrogen atomas a

het er oat 08y 4 Bi.c .midey ebfbeungy [@Z@npound WAZek R ilsr & analgandother
5- menber ed

The amount of the imide compound according to the present

inventioncanbeselectedwithinawide rangeandis, for example,

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



- 42 rings; pyridine, pyridazine, pyrimdine, pyrazine, and other

6- menbered rings; indole, quinoline, acridine, naphthyridine, quinazoline,
purine, and ot her condensed rings). ngnethylene group at the adj acent
position to the aromatic ring may be @“net hyl ene group constituting a
non-aromatic ring condensed to the aromatic ring. In the aromati c conpounds
(A4-1 ) , both methyl group and nethyl ene group may exist at the adjacent
position to the aromatic ring. The aromatic conmpounds each havi ng a net hyl
group at the adjacent position to an aromatic ring include, but are not
linmited tg u® conipjarsdanpohish Eaehimias AgMPPERHabotEClh REORetaFsut si x
met hyl groups substituted on the aromatic ring (e. g., toluene, Xxylene,

1- et hyl - 41l By beitZegeampley et 31 ki€ IHAMRMNYKHe, BY using the imide

1-i sopropyl - 4- et hyl benzene, 1-t-hutyl -4-nmnethyl benzene,

1- met hoxyCATRRERY | e rAFRE RaFeant y’lléﬁthE%%%ghh%r@?mmﬁ%e,the rate

nmet hyl napht hal epne, di pet hyl napht hal ene, net hy| ant hr acene,

4, 4' - di netRY1 BEPREHY }t¥o¥5a€E%h§%%?tﬂ?ﬂe?ﬂ9l%%ni%?ﬂ%ﬁ?ge,
trimet hyl benzal dehyde, t ol ui c_aci d, trji nethyl benzoi caci.d, and di net hyl benzoi c
acid), and hetwé?'td;cl'fﬂ‘? EBEBﬁﬁEErﬁ@%ﬁtﬁ’ﬂ RS e EOBARYED® d56ut  si x

4- et hyl | %ﬁ%l%"%%@tmﬂgﬁ? Eoﬁ*ﬁ%@ ,erlogl&sTaA%% of ﬁ?ﬁéP%i- ngh?‘?]é)e.rm'l'he
Fo an ar o ERL T oce TP ide, BuSER PRET R Rroat f5L dFBuap FEhar ocar bons
car bon-at BREREES B L B0 B e S 8T YR PEYADH P8k Tk e e

di pheny! et hanGln A ORBLLG Dtergeyclte gomppundseah naw g ancaliyl oroup

or subst a group ‘having two carbon a

2-ethyl fug %EEm%'nQr O(F%.iﬂt.hi Q&’,hEQEthéhSE?)é'l%rein‘Ps”a%d QBQiﬁb?Egte‘fi'e%‘éin@%i nej,

and conpounds €ac g~ & non-aromati ¢ ring condense an aromatic
postti on ToTPE EARRERES, {4 e Ty 2 A e L e B s htan,

non- ar omt | & EARBU I A 2)  Bihhavh nay SHt R sl or ATy Tehe gr oup
(- 2) bl b UARdo L S0 B s BB o o R A0 n e ety

et hytene (g1 gup &b s dh) yioRash ool d M ), sompaundsceash having a

met hyl group”or ne ene group at the ad] acent position to a carbonyl

group. Thgr6h31 1 Unbahaet €4 efl Ny dr Q8@ bans M2 @)1 dri tiid€e RUL, 81§ not
limted to, propylene, 1-butene, 2-butene, 1-pentene, 1-hexene, 2-hexene,
1, 5- hexads888ps 130Ct &Rdht S(QCHENE, Al and In), Group 14 elements (e.g.,
Sn and Pb), and Group 15 elements (e.g., Sb and Bi). Preferred
metallic elements include transition metal elements (elements
of Groups 3 to 12 of the Periodic Table of Elements). Among
them, elements of the Groups 5 to 11 of the Periodic Table of
Elements are preferred, of which elements of Groups 5 to 9 are
typicallypreferred. Especially, V, Mo, MnandCoarepreferred.

The valency of themetallic element is not specifically limited,

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



- 44 undecatrines, and other chain unsaturated hydrocarbons each having
fromabout -3 to about 20 carbon atons. The conpounds (A4-2b) include, but
are not limted to, ketones (e. g. , acetone,
nethylethylketone,3-pentanone,acetobhéﬁoﬁé,and ot her chai n ketones; and
cycl ohexanone and ot her cyclic ketones), carboxylic acids or derivatives
thereof (e. g., acetic acid, propionic acid, butanoic acid, pentanoic acid,
hexanoi ¢ aci d, heptanoi ¢ aci d, phenyl aceti caci d, mal oni ¢ aci d, succi ni c aci d,
glutaric acid, and esters of these acidsi. The non-aromatic cyclic

hydr ocar bons (&3h imedlaidel q Asmppupys| baf kades uid agasnoy kimleed Kenes. The
cycl oal kanes (AS-1 ) include, but are not limted to, conpounds each

havi ng a 8lemeniarpesiteseanese! daidiarddeisngoxsden aEnelied by clsard ex

cycl obut ane, cycl opentane, cycl ohexane, cycl oheptane, cycl ooctane,

cycl ononaf&idejel baddgies (Eepbidaecanéordyesotaionidtenntd iggddafdxadecane,
cycl otetracosane, cyclotriacontane, and derivatives of these conpounds.

Pr ef er r edSeyEPoaFkaeafifgs (Pnel udBibrat8sgosHefbEred BYEFBARKkSSe rings, of
whi ch 5- to 20-nenbered cycl oal kane rings are typically preferred. The
cycloalkeﬁ@§aF%51Z?D?nEPﬁéQPaBEF)aréaﬁBg PEniBeBOot¥acdlfipodadsSeaéh havi ng
a 3- to 30-nenbered cycl oal kene ring, such as cycl opropene, cycl obutene,
cycIopentEﬁE?rEQBiﬁﬁﬁggﬁe,aegcPBhﬁfeﬁB?rgéﬁéFh9¥mE9BP§ﬁe9énE?eisophorone,

| ohept : | odod .aswel I t adi A, 3- | ohexadi : -
G 3 ePBRL A SRES M G L e G RAOF Bdes ST S L L Her e ‘ang
vl al kenBECtALE BB CoSORTIS G Tk Ty BAB0 R B SbEReAbE 6 T 11 rof
whi ch h _havi 3- to 12- i .typical |
pref or r cdBOTRESE5R] AFA e EoApIaRUS SPABP PG TEne POF Sk AAE A1)

' ted,di , < (AB- 2 3- t ted nitril AG- 3 :
(3 Unsat uPAPBHeaaf ST S: Bt b erPoRerves. Focfite VLR es and
acid anhydékdesh thereof”hgye cggﬁ uga&ed dines(iA@-l@%)incIEdﬁg but are
not |imt8d P8y ‘BufadiHe T Lopr BREY 7 BXERPEY 6 SN HAF 6R8Y ) aRGYL (€- 9+

S T huscn g T onk e o, (6ct) o2 i e vion
IS b
o T Sl e c byt i L o (o e e | ok b

(T ) Sty (1 i o o

(nEth)acr¥E§H§9§pHSEbM§BE¥?%ndotherphosphoruscompounds,NH3(ammine),

NO, NO, (nitro), NO;3 (nitrato), ethylenediamine,
diethylenetriamine, pyridine, phenanthroline, and other
nitrogen-containing compounds.

Specific examples of the metallic compounds include, by
taking cobalt compounds as an example, cobalt hydroxide, cobalt
oxide, cobalt chloride, cobalt bromide, cobalt nitrate, cobalt
sulfate, cobalt phosphate, and other inorganic compounds;
cobalt acetate, cobalt naphthenate, cobalt stearate, and other

salts of organic acids; acetylacetonatocobalt, and other



The amines (A7 ) include, but are not limted to, primary or secondary

am nes such as net hyl am ne, ethyl am ne, - 46 propyl am ne, butyl am ne,

di et hyl am ne, diethyl am ne, dibutyl am ne, ethyl enedi am ne,

1, 4- but anedi am ne, hydroxyl am ne, et haffolani ne, and ot her al i phati c am nes:
cycl opentyl am ne, cycl ohexyl am ne, and ot her alicyclic am nes: benzyl am ne,
tol ui dine, and other aromatic am nes; pyrrolidine, piperidine, piperazine,

i ndoline, and other cyclic amnes to which an aromatic or non-aromatic ring
may be condensed. The aromatic hydrocarbons (A8 ) include, but are not
limted t 6ombéAZeAe, an@ApHiRl eiealendnapht Alveahent pheraht Mceamounds.

ant hr acene, napht hacene, aceant hryl ene, tri phenyl ene, pyrene, chrysene,

napht hacehéluptEahévepergadhan ¢graMmattte 1ngdigtenBitpgramal didit@dhl ene,
and ot her aronatic.congoundseach havi ng at | east one benzene ring. O these
aromati c R9dr 52BrB6RE, NpfEpEifed HrBaddHBeAsE8epolpRFELIE SRORALFE,
conpounds in which at |east a plurality of benzene rings (e. g. , tw to
ten benzeKerRfHgsFRapELEBndERRREI WFhES %ﬁ%wnHQQﬁqx&k%ﬁiﬁ%ﬁﬁﬂs%ﬁﬂ}uéhch have
at | east one substituent. Exanples of such aromatic hydrocarbonseach having
asubst i t uBAP2ERES: cAPEr BRABRt ARAPEABR1S- RETRBRYHS PNt hal ene,

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

2-t-butyl QEFHV éEEﬁEPHQ?EX@BB%H’E‘t hvaredyl cetnRGRE MY afthidete,

2- cyanoant hracene, 2-nitroant hracene, and 2-nethyl pental ene.. To each of the
benzene rFﬁBE?eﬁeﬁonéﬁgoﬂﬁ??E %%R%Qﬁpmi?ﬁﬁp%ﬁpéﬁcﬂé&%%gH%ﬂ@ﬂ&ﬁVE?ngring,

- tic_het | i i b - 47 d d.. Th
Strai ght - ERATA 5l RandS4(Udhes AE FRREOUBE O Pt neT AFTed 116 o LA Te,

th , s but t h , . h t . , d )
dodecane, TBLFaRcEANEo CRERaHBEAREPORAA G Far 8t aPGRE-EHAFHCR Ranes oach
havi ng fronbag ut 1 tao about 30 chbon t ons. and refe& bly fromahout 1 to
about 20 £3PBoh- St SAL AT AT I AL 67 Ry BAS RGP La2 61 IR R
i nt | qlefj h_of which. h ,substy t . N N o
;Posgggnt? ﬁeégiﬁ§§§i?383?55§u&ﬁaégwééﬁgg§ Hg?d%%gggélé%§?%kyt%§oups) and

I i nclud ' d. ot |, ef.i h I bon-
b o CoHaERTLIE SR ELIS] RS ARG I P AU PhoEE bOREREROT
1- but Vol i 1- . 2= :
2.4 4ctr| PRI L OepEhy on et R A Py 57252 bu it

3- hexene, s hexens 1 0ds 2 1N 1oLy hagch e e o1 12 NSl eng d 9k an

2- oct ene, ctene, 4-octen n nonene, ene, 1-undecene,

1-dodeceng, 2 pexadecegee 1- gt gdeceng; o1 Snhexadiene. Lofohentadnene,

1, 7- oct adi ene, acet oxy- { hyl oct adr ene, styrene, vinyltol uene,

a- et hyl styhenga« 3oMi PYERYAI Hi-Rga 3Kt Kbt Rl 9PReREN3BANAS hes ghabn ol efins;
cycl opropene, cycl obutene, cycl opentene, cycl ohexene, cycl oheptene,

cycloocteﬁgefgygggnonene, cycl odecene, cycl oundecene, cycl ododecene,
1, 4- cycl ohexadi ene, 1, 4-cycl ohept adi ene, cycl odecadi enes,

The amount of the metallic compound is, for example, from
about 0.001 to about 10 moles and preferably from about 0.005
to about 3 moles, relative to 1 mole of the imide compound,
and is, for example, from about 0.00001% by mole to about 10%
by mole and preferably from about 0.1% by mole to about 5% by
mole, relative to 1 mole of the reaction component (substrate).

The promoters for use in the present invention also include

organic salts each composed of a polyatomic cation or a



- 48 cycl ododecadi enes, |inonene, 1-p-nenthene, 3-p-nenthene, carveol,

bi cycl o[ 2. 2. 1] kept - 2-ene, bidyclo[3.2.1]oct-2-ene, a-pinene, 2-bornene, and
ot her cyclic olefins. Each of these_cggpqynds capable of formi ng a radi cal
can be used alone or in conbination, and in the latter case, the conpounds
used in conbination may belong to the sane or different categories. For
exanpl e, when two or nore types of these conpounds, especially two or nore
types of these conpounds belonging to different categories, are used in a

GUbst r at eBOAPE CONLC LRI SR £h CaHte1 dony. WL b3 Hravoili GEREop wit h
t to the oth nd th b ield ignifi tly i d ti
a6 in sORETUAILEONE RAAP AR T SERVEN GG CHREUNHETSE) PITHES PAgiom e |
i B b d I th f

tabl 6 coNBBURUo RS AP ERERL Mo <P ROXF cCRFbNOUPL REESP L, GAPUDERARAPES of

h ds._include (Bl tur.at ds, (B h
havi ng o RACAERE- catbaR Btk DRaE STHET O Hon e n TG "CanhBadse and
(B4) OXyggﬂﬁaE§T%§99%§£g'89 EgéCEQQE i&ﬁ-cgn’FB%¥HSQ'BE°E&§§B%@?P'”9
gases). Each © €se  conpounds Ry bBe us€éd aloné or 1Tn conbrnafion. These

. . . éd |
ciTecting the TEEReIar e RuaTEe R ERo bl 1 P Bn AP Phe ISR

uents -1 nclu ut are not I'mted to,

hal - w49 ,
bt {ut SDRSy by e Liuag e, TR O HR G iy oxy

9r°“p5)’83§2§§%%§ég9 BPiQhQrggpﬁagggr?Qé%E ngﬂgeméHP§tEBHESQe°X¥8§rb°”V'

groups, or “unsub carbanoyl “groaps, cyano gfoup, nitro

group. sUBsLbULECoOr s UNsUbshh 4L o0 AN AG.PURSAHIS o Q1 QUPp Y|

gr oups, grolip; " al kynyl' groups, cyclic rocarbor groups,
aromati c 5%g§§aaspoafgaﬁyeﬁ,N9nﬁ behiesosye! LoogEaupy. pThgctinsat ur at ed

conpounds include a wde variety of conpounds eac avi ng an

unsat urat ed bogih oBHGH1 CQRAIPIIS, bBU RN PN 1 EXAMBLE o £ Bhe b1 fasalsur at ed
conpounds each having an el ectron attractive group at the adjacent position

to a carboR:¢aaBoL NSAlhated RONEY [@ft hyarekakbas ﬁ?bﬁﬁérm&?ﬁr@a@ ent
ol efins) and ot her active unsaturated conpounds], (Bl-2) conpoundséach

having a gayBoR- sapBentubRte RAAMsubBL1BhteQ@MBRYNYSc8BEN hAyd ng an aromatic
ring, (Bl-4) ketenes, (Bl-55 i socyanate or thioilsocyanate conmpounds, and

ger:EL:- 6) ingybireksthBa. gf@@p@ciﬁc\!ﬁu&é‘?a&wﬁ e kamounidsed Blo, Lndtigiiyde, but

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
(preferably fromabout 1 to about 20 carbon atoms) ; cyclopentyl,
cyclohexyl, and other alicyclic hydrocarbon groups each having

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. Substituents which the hydrocarbon

groups may have include, but are not limited to, halogen atoms,



not limted to, nmethyl (nmeth)acrylate, ethyl (nmeth)acrylate, isopropyl
(meth)acryl ate, phenyl (neth)acrylate, nethyl
crotonate,ethylcrotonate,nethyIS-nethél-2-butenoate,ethy|

3- et hyl - 2- but enoat e, net hyl 2- pent enda é,iéthyIZ-pentenoate,

met hyl 2- oct enoat e, et hyl 2-oct enoate, nethyl ci nnamate, ethyl cinnamate,
methyl 4,4, 4-trifluoro-2-butenoate, ethyl - 50

4,4, 4-trifluoro-2-butenoate, dinethyl mal eate, diethyl maleate, dinethyl
fumarate, diethyl fumarate, nmethyl 3-cyanoacrylate, ethyl 3-cyanoacrylate,
and ot her 0%° FRUMSAYAFarEd JESUE,sSUls hi/f ured Ryl Keawrie (evbnylalétdiy

ket one, nethyl 1-propenyl ketone, and other a, (3-unsaturated ketones;
propenal,6ﬁ@ﬂ§ﬁal@éﬁgﬂéyaﬁﬁp%ﬁﬁwﬂa%ﬂ ESYLAEHt GFated) al GRAYRPERE group,
acrylonitrile, nethacrylonitrile, and other a,(3-unsaturated nitriles;
(met h) acr yHPEtaERESAcoBY BT RORY] FLARE 0B HEELATUESAUpS ANFREd tedrasbxyl i ¢
aci ds; (neth£ acrylam de, and other a,~3-unsaturated carboxylic acid

ani des; NEEZPBFBpengFPHRfe) REERY| dEPHE; RNEEPObEFEHPY i GBREFAELRFFaRTne, and
ot her a, (3-unsaturated i mnes; styrene, vinyltoluene, a-nethylstyrene,

(3- et hyl $PFHRRE THRGIAHEC SEHBRe ey v aFPURS, (St oPREPYEorfIdtilds each
unsat ur at SECVBREES Hicad ey L IR, CHCARPORYBEBERERe 25 LERAA adi ene
) ud ng EoRpoufHEn Y h i CH AR nBE CHBAY sAR Ty T e v S o
'l ude, FBP BRGRT BT R RGN G T R BHCS hor ST OB poLO(B1 3)
benzene 1 BAGULS FAPRHAY B TAcHy E60 Cah o AR ond [ A RaF BT T ng™bnd -
ing. or BAOIAGr CaPSHALFRTREDFBRYRP | L TRHG TR WHRThEL UBIHr IV nde
compounds ¢ BELS) STRR VS Tbat R EERar 3 P TR0t o F RAERST. FEORYancil ot hy

| socyanat ¢, henul LoseyanaLe, TREINAC! LAY soevatalgp ety Lot bl giageyanat e

and pheny i'0i'socyan of ef1ns ) e Whi ¢ r of

-ol efi Lt | ef ] i I d oth | ef i
cach havi T0CaFarar - SaPEinSeatpen tatpr a0 nasy By TR ee of “the inert |
ol ef ins (BL-6)inghude ofhyhens o propulens shMMI®ycaniq anmonium

2- but ene, i sobut'ene, I - pent ene, 2-pent ene, Xxene, 2- hexene, 3-hexene,

1- hept ene ct 2~ : z :
1-nonene,Fﬁéggéne,q;H%ﬁggéﬁgﬁF?gyﬁg%g'lénef??%?ﬁgﬁpgaygﬂg?S?}%§6é¥gﬁiene,
and ot her ghgk? AR NSchBhKEREY)s. CYGERRE™LANS, ariSh DIR%ENE s iGHCl RRCT ene,

cycl odecene, cyclododecene, and other cyclic ol efins (cycloal kenes). The
conpounds +&+Bamkt893AARYL NG 8nTBEALBE €aEPaBLALQAMNBE} UEe chiigkigxanpl e,

t he conpounds exenplified as the conpounds (A3) . The one and sane conpound
can be usedta2aphih¢16pmBAYNA CAShrand,t heteaABAYNEminBA) ulnchigrieact i on.
trioctylmethylammonium chloride, triethylphenylammonium
chloride, tributyl (hexadecyl)ammonium chloride,
di (octadecyl)dimethylammonium chloride, and other quaternary
ammonium chlorides, and corresponding quaternary ammonium
bromides, and other quaternary ammonium salts each having four

hydrocarbon groups combined with a nitrogen atom;

dimethylpiperidinium chloride, hexadecylpyridinium chloride,



The het eroat om cont ai ni ng conpounds (B3) include, for exanple, (B3-1)
conpounds each having a sul fur atom (B3-2) conpounds each having a
nitrogen atom (B3-3) conpounds each gﬁv[pg a phosphorus atom and (B3-4 )
conpounds each havi ng an - 52 oxyg atom The conpounds (B3-1) each
having a sulfur atominclude, for exanple, sulfides and thiols. The
conpounds (B3-2) each having a nitrogen atominclude, for exanple, am nes.
The conpounds (B3-3) each having a phosphorus atom i nclude, for exanple,
phosphates. The conpounds (B3-4) each having an oxygen atom i nclude, for
exanpl e, RebRY4gEinThendiigeRlardffeonndi AE eréaéﬁéﬁt§uéﬁéééﬁﬁﬁg agent s)
(B4) include, for exanple, oxygen-atonmcontaining gases, nitric acid,
nitrous aélMPoBrUBafRstener PO Hes ePhafRRroFEI Rt PP PPRRNEWMt $RELRC ds”) .
The oxygen-aﬁoa}containing ga es | ncl ude Ehose each having a boiling point
(or subl i MBELBACpbFRFFMGFRYEBEOPRARNGHMGIAPTEHS45C . Such

oxygen- at om cont ai ni ses include, but axe not l[imted to, (B4-1)
oxygen, (gﬁpﬁf EEVEBHgﬁgEBQFH@,ckgﬂgéﬁenitrogen oxi des, and (B4-4) sul fur

i des. Each - at At ai nj , t ant b d al
"n Conbi naEFBACYTUBSGRIBEA L, BAOSPPRE) “Be Hng=SReno! ecul ar oxygen and act i ve
. The, i s.not ifically limted and includ
oxygen. ofS 4ERPATPOFBU NI CRCRR Y REr ePRGE dten=ad REPPoQERECRENFEM ar gon or
car bon diOﬁide and_ai Mbl.ecul ar .ox us%d as _t he oxygen. The

i f
car bon nnﬁo??ﬁgo?Bﬂmzfgﬁﬁ§lggSpu?gdcg¥g§%5h§ﬂ§%%§2q8? E&PBEH nonoxi de

diluted w.th Lnert S, en carbon _npnoxide_ is used jn conbination with
oxygen, ‘deég? g%} }1]!(;:1 %%?%l%%\/g]n’ b‘—’lenagt?tQ gﬁﬁegu?ﬁegnﬁfﬁrp%?sé?%o%éuﬂé 5% 2%51 t of

the react Eeggh ha&ri%?’ge fWuE:khré%gp%é;%%gggg&A I%Jn'ﬁﬁ&%é rw\olj\%%na .Op)ﬁodsepsi'lo( B4$_ 3)

i ncl ude conpounds represe ereirmn xXAs or 2;

and ¥ 15 880kt ARl Ol L0 dnd O frafl IlesE campOUDS, Yolsagenerally an

i nteger o rom when X' 1s and y 1S gener an‘integer of from1l

Kgog,“he”téié§h§1sI!EBﬁ@hm?ﬁﬁﬂE&§§e%%yﬁﬁ%pﬂ%h&%%%ﬂf%%&%ﬁ?i@&fd@?“bndNo1
other sulfonium salts each having three hydrocarbon groups
combined with a sulfur atom.

The organic salts also include methanesulfonates,
ethanesulfonates, octanesulfonates, dodecanesulfonates, and
other alkyl-sulfonates (e.g., C¢-Cys alkyl-sulfonates);
benzenesulfonates, p-toluenesulfonates,
naphthalenesulfonates, decylbenzenesulfonates,
dodecylbenzenesulfonates, and other aryl-sulfonates which may
be substituted with an alkyl group (e.g., Cg-Cig
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



NO2, N204, N205, NO3, and N206. Each of these nitrogen oxides can be used
al one or in conbination. The nitrogen oxides may be pure substances or

m xtures mainly containing nitrogen oxides . Such m xtures mainly
cont ai ni ng nitrogen oxi des i ncl ude, ~ exRaust ed gases formed in oxidation
processes with nitric acid. Preferred nitrogen oxides include, for exanple,
NO, N203, NO2 and N205. In this connection, N203 can easily be obtained
upon a reaction of dinitrogen nonoxide (N20) and/or nitrogen nonoxi de (NO
wi th oxygen. Mre specifically, N203 can be prepared by introducing

di nitrogef- fBnoxide fotahiveogenlnoadki d6)the iwade apuwproxpden into a
cooled reactor to yield a blue I'iquid N203. Accordingly, the reaction
according to tHee presererpricehtfennclre peepentorieantbyon At Foduslvge

di ni trogen nonoxi de (N20) and/or nitrogen nonoxide (NO and oxygen into a
reacti on 8y50eeh agi®dute the FrEBVUET Gaedht Ne1op AZDB2 Jhelgig (Tdgén oxi des
can be used in conbination with oxygen. For exanple, by using NO2 in

conbi nat i oA eWtdl okggerat t3RECyi el Broferhed pyoteid geids gincludeyi thay
conpound) can further be inproved. - 54  The sul fur oxides (B4-4) include
conpounds®¥aPpP &8 e AYEF e ot hifes - BySgohaheserAcRidsy 8rlsuraf@dd s an
integer of froml to 7. In these conpounds, is generally an integer of
from 1 to2BdvReheporelyachddd - q The vt IQF %ft?r Lfeh 355% 138, $9¢h sul fur
oxi des include, but are not limted to, SO, S203, S02, S$S03, S20 and S09.
Each of tR&ESEPLGI f °%i¥ﬁ%§:Qaﬁbﬁetﬁsﬁﬁo%Fd%Eng% ﬁeiéﬁﬁyﬁaF?dhﬁm t he

sul fur tri x'de,,fugin sul furic acid containing sulfur trioxide can be
enpl oyed. © rt?%r?@ﬁ @ug?ﬂP0899des i ncl ude those mainly containing at |east
one of sulfur dioxide (S02)_and suylfur trioxide (S03).. The sul fur oxide
can be used irﬁb%%ma FER 1A% HSBxyy ‘?pﬁSFGanﬂer‘Teé‘,QW 62?89‘%%

o be obEaTRElRT S A Y EP P o et P i P eHE S BT B it e ¢
conpound %@%. TFe salts of nitric acid or nihrous.acid include, but are not
[im ted tBCCERT R SHITE " potSEsTUN LTS S25hd DUHE “aF RAPY TbiS Wal t 5,
nagneslunkggégﬁ?d%%k uﬂ?%fgl%EOng%%l%gkﬁ%gt%knﬁngng#hgé,forexa ple,

al kal i neearthnetal salts: “sirver salts, al’ G 5& ?s, ZI'nc sg\ts, and

sal s of RLDERIUBLALS . RLST eLi 9 apbLacL 00! ydgaal kahl 0Phal caaLLo: o

nitric aci rous ac rr¢ acrds"cah be 'su ntact to

e ot 0 YL UL E SRR S0yl e L1 ool s HUED s

reaction syStemMANG JBYqbe SHRLESIAY §P (H1S L&RASLLRE is, FoP2xample,
from about 0.0001 to about 3 moles relative to 1 mole of the
reaction component (substrate).

According tothe invention, the reaction systemmay include

a radical generator or a radical reaction accelerator. Such
components include, but are not limited to, halogens (e.g.,
chlorine and bromine), peracids (e.g., peracetic acid and
m~chloroperbenzoic acid), peroxides (e.g., hydrogen peroxide,
t-butyl hydroperoxide (TBHP), and other hydroperoxides),
nitric acid, nitrous acid or salts thereof, nitrogen dioxide,

benzaldehyde and other aldehydes. The existence of such a



The reaction between the conmpound (A) capable of form ng a radical and the
radi cal scavengi ng conpound (B) is perfornmed in the presence of, or in the
absence of, a solvent. Such solvents i@FIude, but are not limted to,
acetic acid, propionic acid, and ot Fef organi ¢ acids; acetonitrile,
propionitrile, benzonitrile, and other nitrites; formam de, acetam de,

di met hyl f ormam de (DVF), dinethyl acetam de, and ot her am des; hexane,
octane, and other aliphatic hydrocarbons; chloroform dichl oronethane,

di chl or oet hane, carbon tetrachloride, chlorobenzene,

trifl uor oREMRYNBENZEN & Neatids BRh &NhRAICE§eh ACeF thydr be &BEnSasaft r dBenzene,

ni tronmet hane, nitroethane, and other nitro conpounds; ethyl acetate, butyl
acet ate, ARQUAthef B¢ FLOreRRN hisiadt SOMEPTEeRdsdSsof 9ENE%AMPIer Pt ases,
acetic acid and _other organic acids, acetonitrile, benzonitrile, and other
nitrites, aPPPE AoP Bhet Ryd BRNE chdo ity t6lR&r VRaltBgeBP e Ry drieR arbici®s, et hyl
acetate and other esters are used as the solvent. The ratio of the conpound
(A) capabF&™BPUPgrning a radical to the radical scavengi ng conpound (B) can
appropriately sel ected dependi on the types (cost, reactivity) of the two
ohbounde. or cCORBIGRAOHLS Rer BOF PHEGE X IRTRBE LORELOABEINS £5) ThE Do
used in excess %F.g.,,frgnlabout 2to agout 50 tines b% nol e) éo t he
conpound EBFTPLRy EAAACAVeFF2CERe 6RHBINTTEB) TS PREGLYTCF nPexEtRSs to the
conmpound g?). Tge.grocgss of %h@.gresen invent&on.has g.fe%ture in that

- 56t hePFESEPToRYRBSLANY SFRICEEAS BINGBF RAFE¥6nE PEGATITASPLCLi on
tenperature _can appropri.ate be sel ect ed_.dependin n,the types .of the
conbound. (AFCANE SO BT i ba ST “Ea JerYF Bt e C e 1 s,
for exarrpIiIen,.dfrg@ agoué gc“;orab%ut BOO%O&ned re(ier anSyRabOLtt 20C to 200C.
The react i0n “Can’be %%r? fmerbe at a?ﬁ%g%heri C Sﬁgoe e 5 Puhider @ prlessur e
(under a l,qad)_ . he r.eactiqn_]j erfa d, under ressure,. the
bressure (&kna PEPPBRA ASRT o6& st SuPanstb Eo Rt el B Giiou

0.15 to a?@%ing P2y ang, pand ic%%'aalvt%lc‘;rggga%@m%# sl tf’naabé’é‘{tf?rlvp dpe . A

reaction i ng can appropriately be-'se in a range of, for exanple,

f b ' 4 L0998 |
rom about. 10, 0LUULES (.9 Shoul, 48, hout 3 03SILRg op. LhECTeRRt s

t enper at ure and press reactron can ornmed In a

sem - bat CQ,gyst g fg{‘;ﬂswg%tnﬁ}ﬁ%%@a% @HQté‘%{e%f}%‘i’gnéégﬁﬂtfé@tﬁ@%fy

adding the imde ca e reaction sys n 1ns ment s,

target COEWH??;? t be 0Pt ained it By A: BE NSl oif OVEr SOk AcS&Iacdvity In

: &
many cases. A e conpl etion of the reaction, reaction products can be

separ at edcgad pHrd fdhed 1P%rBuhechehgug | '%Ctﬁhréézcééhtxﬁ%‘iﬁﬁ)é‘in concentdiat i on,

distillation, extraction, crysfallization, rystallization, col'um

chr omat 0gL,phY; ARd SOLRELS GRAKALKOR ABARS tuPksaNY sCORRLAREOR 1 0h these
separation means. The process of the present invention yields an addition

or substi BuhlRReHBAG-HAMRYR0U6E1 O A derddrdiRid heneel réerendi, iheon the
conbi nati on of the conpound “(A) capabl e of
catalysts of the present invention can be applied to all the
reactions, 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.
Examples of reactions, inwhichthecatalystsof thepresent

invention exhibit catalytic activities, include reactions

described in the following literature relating to the catalytic



- 57 formng a radical and the radical scavengi ng conmpound (B) . Such

addi tion orsubstitution reaction productsinclude, for exanple, carbon-carbon
bonded products (e. g., coupling reaction products), oxidation products,
carboxyl ati on products, nitration proddcts, and sul fonation products. For
exanpl e, when the heteroatom containing conpound (Al) having a

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

unsat ur at demenbpoaddNEFBiYirokg theliet hinhdecavthpnuatiem ofapdmesenpound (B2)
havi ng a nethine carbon atom or to the heteroatom of the

het er oat ofmegamanridngatenpopdl { 83} j cmnkul hitcathioys Nals B &l t iNen or
substitution reaction product or a derivative thereof. Wen the conpound
(A2 ) havPng2doecés bn-héPek84&86rm dbabl @0bonad6Le, gNp.t h€~309469, No.

car bonyl - gr oup- cont ai ni ng conpound )i s enployed as the conmpound (A), a bond
bet ween al@aBboA2at oNprelat?dg 88 ,t Ne-caPbdhOhéBer Hat omldddbré bdad (e . g
., a carbonyl carbon atom) and an atom adj acent to the carbon atomis

br oken, aﬁé éﬁ6§F6n1§Ogré&p2%6ﬁlérnN@g 3 el 8t Hon -Nret erload DM Houbi®e bond
(e.g., an acyl 8rou is conbined with the af orenenti oned position of the
conpound (Brp1o08B2)Nor 1IB3O 023 2yi B d e A4 oNoer2@0bsti2bl Pola-eact i on
product or a derivative thereof. Wen the conpound éAB haV|n a net hi ne

carbon at 6RPP52196588 Ngsed048- ?ﬁ86§8nﬁ69nH°(A¥0@9p 55806ﬁ P@ nlng a

radi cal, the nethine carbon atomis conbi ne forenention
posi ti on 6Pt?ﬁéaéé@ﬁa&r¥’diqlaﬂatl(%%r W@@@)’ 5@8%@1@ Qﬁoadaﬁﬁﬁém bbvr
substitution reaction pro or a derivative thereof. Generally, the use

of the un@QPQ/éﬁééf’céﬁﬂoI&ﬂd W%@L@/ ek ¢ he faranate KANAHYIARP ESRIGHE (B)
yi el ds an_addj tlowageactlon roduct, and the_ use of the conpound (B2 )

havi ng a Net hiHel t&tbon gt o 3%51%%7C8I?p0%d32%37z/1 ods2304ube et N+ on
oxygen- at CROLGRPAPAY B0t 2RBERb! 660 NS 1HOG-T i S P TRiound. (B
Sorpound Hav! A40d 9A3z9§§pa§'p§n299h iq‘ﬁgﬁaag&%‘ﬂbﬁégozéﬁﬁﬁ;i?y&%&?agiSup,
oo OB 0Ll s B ! P dafhg ThrdBE L1,
the presegpohmygaghyn:
For example, (A) a compound capable of forming a radical
is allowed to react with (B) a radical scavenging compound in
thepresenceof the catalyst of thepresent invention and thereby
yields an addition or substitution reaction product between
the compound (A) and the compound (B) or a derivative thereof.
[Compounds (A) Capable of Forming Radicall
Such compounds (A) capable of forming a radical are not
specifically limited as long as they can form a stable radical
and include, for example, (Al) heteroatom—-containing compounds
each having a carbon-hydrogen bond at the adjacent position

to the heterocatom, (A2) compounds each having a



conplicated organi c conmpound can be obtained through one step by using two
or nore types of the conpounds (A) capable of formng a radical .and/or the
radi cal scavengi ng conmpounds (B) to thereby invite sequential addition or
substitution reacti ons. Fox exanpl & %hen the unsaturated conpound (Bl) and
oxygen (B4-1) as the radical scavengi ng conpounds (B) are allowed to react
with the conmpound (A), a group derived fromthe conpound (A) is conbined
with one of the two carbon atons constituting the unsaturated bond as

menti oned above, and a hydroxyl group derived - 59 fromthe oxygen is

i nt r oducezkihany hete mtdteam ckrdigre dond, AASgactippumdshanichmhiBminbeapr ocess
of the present invention is not clarified in detail, but is supposed as

fol | ows. MBINg tderhanctiah, & loxdadipamdtdam Specines de. g., i m do- N-oxy
radical (>NO) ] is fornmed, the oxidized active species wi thdraws a hydrogen
from t he Ry qERJeihbcaf ladvshe ke Jesepsurrs ()on ofagy wnaaradetad, for
exanpl e, at the carbon atomat the adj acent position to the heteroatomin
t he conpdiftif/( ARS) nogprarpBatafbercht@mydcadmReno t(AS)caphdRIABESr oat om
doubl e bond in the corg)ound_ (A2 ) , at the nethine carbon atomin the
conpound §¥EPundsyr G/t iR Don( At oA ERAMNAHE LHRBHAPosiATon to the
unsaturated bond in the conmpound (A4%Z% : the thus-formed radical reacts
with the SHrisiia IBLmid ¥anaerPdi @Y £l msspondi ng addition or
substitution reaction product. The above-fornmed addition orsuybstitution
reaction prodde€SRay FEPHRES BRdePgye VBrieRanprestdeHgnEat FdRhERagt i on,
cyclization reaction, decar bg%gl ation_reaction, rearrangement reaction, or

i soner i z#HAEF FRAGIVET 561 % ALTFEhe PP s st et WepemiHySBRSEhEVERFBict ur e
dorl vat i VEC G + BIEA G BBk ThEOcSSHRT TAmEasas SO PEPiFng a
porf or o T LGRIET 6RO SF TR PG CHGFGREr JAOPBR (i BT ETKE. g,
't her GRS Y188V Chut SROLRGYPPEY FEBHEF oo LRSS HHERpF A ual 1o
propor {1 SH P& AT (R S 5 e GG P00 BEFU r eact f on
rate is |jabl etltugC ddecrease, and .t he i 'dggcat il %JSn't and/ aor._the co-catal yst

h
S o iRt T eshira 1ealey T PROUBRY r SRPOWRER P he

has to béeused ﬁarge FOUNt S

be* e Al " “Sors "EAl . e
R L A S e S > R ey

O I ncrease a adtion fesults
unsat ur at S EonBouRac b or B BtbBl R PR R ey el 1
Lo ol m o B th StsbiRort S i e o by YO e o
i ch t ne RSB (AU T owed To react w th Che compound (B) in the

presence of t hgol iR RPN Cap Y1 USING AR APPLIRT LAY & LorbLRaLEeD of the

conmpound (A) cap € 0 ormng-a radical an e radical scavenging
compound {B)adifrd ROMRARId ON RGAY ki d Ne, RfRSENIL Nvention, various

or gani ¢ conpounds as nentioned bel ow can be obtained. 1. Production of

1, 3- Di hydr oxy r&@MRRUBESatom~containing compounds (Al) each having a
carbon-hydrogen bond at the adjacent position to the heterocatom
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



A first enbodi ment of such production wll be described bel ow. By catalysis
of the im de conpound, an al cohol represented by followi ng Fornula (2): -
61 OH ~ (2) Ra" Rb wherein Ra and Rb_are the sanme or different and are
each a hydrogen atomor an organic gréap, where Ra and Rb may be conbi ned
to forma ring with the adj acent carbon atom is allowed to react with
(B4-1) oxygen and (Bll) an active olefin represented by foll ow ng Formul a
(3): R Re ~/ (3) Rdi' \ Y wherein R~, Rd and Re are the sanme or different
and are each a hydrogen atomor an organic group; and Y is an el ectron
attractiveogibupn wheresRLIRd, aRemandAY-Ahyabetsdabilhadludihgeach ot her to
forma ring with the adjacent carbon atom or carbon-carbon bond, and

t her eby yhenggcatals Bedidiylia vky9 @orpeRei-represenbeddnt £ |a@war¢@n|tor mul a
(4): HORb HORe (4) Ra ~ ~Y Rc Rd wherein Ra, Rb, R, Rd, Re and Y have
the same Re&hthgs RS dBf PHEESRbBVEN, TﬁFsthéaéFPBﬂléaﬁlBélﬁéﬁﬂérned pur suant
to a process (a process using a catalytic 5-nenbered N-h%droxy C¥C|IC i mde
conpound)tHé@E?mbéﬂeFﬁlPtTeFﬁPeFﬁ&%PBnélCPEBPPCQV?BﬁgRB ond g the

adjacent position to a sulfur atom.

The primary or secondary alcohols in the compounds (Al-1)
include a wide variety of alcohols. These alcohols may be
whichever of monohydric, dihydric and polyhydric alcohols.

Such primary alcohols include, but are not limited to,
methanol, ethanol, 1-propanol, 1-butanol, 2-methyl-1-propanol,
l-pentanol, l-hexanol, l-octanol, l-decanol, l-hexadecanol,
2-buten-~1-0l, ethylene glycol, trimethylene glycol,
hexamethylene glycol, pentaerythritol, and other saturated or
unsaturated aliphatic primary alcohols each having from about
1 to about 30 (preferably from about 1 to about 20, and more
preferably from about 1 to about 15) carbon atoms;
cyclopentylmethyl alcohol, cyclohexylmethyl alcohol,
2-cyclohexylethyl alcohol, and other saturated or unsaturated
alicyclic primary alcohols; benzyl alcohol, 2-phenylethyl
alcohol, 3-phenylpropyl alcohol, cinnamyl alcohol, and other
aromatic primary alcohols; and 2-hydroxymethylpyridine, and
other heterocyclic alcohols.

Typical secondary alcohols include, but are not limited
to, 2-propanol, s-butyl alcohol, 2-pentancl, 3-pentanol,

3,3-dimethyl-2-butanol, 2~octanol, 4~decanol, 2-hexadecanol,



W)00/ 35835. [ Al cohol s] The organic group in Ra and Rb in Formula (2) has
only to be an organic group that does not adversely affect the reaction (e.
g., an organic group that is not rea05|ve under reaction conditions
according to the process). Such organlg groups include, for exanple,

hydr ocar bon groups and heterocyclic groups. The hydrocarbon groups include
al i phatic hydrocarbon groups, alicyclic hydrocarbon groups, and aronmatic
hydrocarbon groups. Such aliphatic hydrocarbon groups i ncl ude, but are not

limted t straight-_or_branched-c aln aliphatic h carbon groups (al kyl
groups, ?RBﬁ?FeQréuﬁé and~ BFR?ﬁ?F bPBupg ? EHEﬁnﬁ g fromabout 1 to
about 20 5bon at ons The C|IC h%dgocarbon %rougs |nclude but are
not |init&d3tBEnkBREEYRLY @ i BLRYER 6 s PO T E SaFurahid oal kyl

atom ( prBFeF C%%’?l'lﬁ%t?%ﬂgag#f%%s eac“ PRI PR TE0ME R Al 20 oo bon
bri dged I d ti | ude,
For gigmﬁ%@ b, i r%%w%d% 35%%%5?8&52 SR P osth g r BRTAbodk: 31 about
14 i .
Het:é?écﬁﬂiﬂf‘%gﬁﬁa%ésﬁsf/ l”’car 4BBR: Rt e e 8Fa¥§§Y§é'5 S t:stﬁﬁe?és
t

Such hot of BJE1 PRORF %%‘E%%cmei”g§CZggeﬂz?aﬁé§§§ﬁr c r?néggééﬁh' cont ai ni ng
an oxygen gl ggs eﬂﬁ&ﬁ{gﬁ%%gkhhﬁ£${8§y%zhilphggz SREA, SODLALAING, 4 Sul fur

atomas a eroatom an eterocyc rngs®eac al ni hg a ogen

qubst | ucRPE SrarH 15(????&58%9’5%? d-r o Ero TR AR @Rﬁ%@’f“&%ﬂgtom
i ncl ude, aykhagecQQFOL' gLLed oy sxch8@89§§aewlExcgoﬁgagegylgggoegexene

cycl ododecane, anan anée non- ar o on-rings

(cycl oal ké?ﬂ@ Ebﬂgé yckgéhgsggtéh%ers ?909 kgﬁgﬁ C?&E?Bo Logg)  each

having fro out 3°to about prefera om a out "t o about

15 ”e”beréycTBBSdQE%S ch&EQHh@QQ L1240 QbQHBméﬁtgﬁgﬁers and typically

f rom about t o about ese rings nay ave af |east one

subst i tueatﬁggggntaab%' %&grﬁﬁﬁnwﬁ&@ SHDSH AN Syl hefigrooar bon

groups nmmy To eac ese rilngs, anot a non-aromati c rlng

Or an ar ogRidyfe w%emdbgogwmeq a@%ﬁ%ﬁ%&%l%@é&hth‘é‘%ﬂtngRén'd?&J udes
hydrogen atom Cl al kyl” groups, and C6-Cl4 aryl groups. Preferred Rb

I ncl udes BydngasaftBmdnt-dddr #hy PRI 6t RY HrQGRIARAR b PURS AN AdLycl i ¢

hydr ocar bon groups. AIternatlver, Ra and Rb are preferably conbined to
forma nopjacgpat CseabRalry AY-BAYLEY Eﬁ@ﬂhé@ﬂ&tb§186e6bgyklié nmenber s

(particularly fromabout 5 to about 8 nenbers) W th the adjacent carbon
atom Thesakeahaky d1@¥RsENt 84chhavandt foh dboluRCd Hdeabd & 20 members
(preferably from about 3 to about 15 members, more preferably
from about 5 to about 15 members, and typically from about 5
to about 8 members); l-phenylethanol, l-phenylpropanol,
l-phenylmethylethanol, diphenylmethanol, and other aromatic
secondary alcohols; and 1l-(2-pyridyl)ethanol, and other
heterocyclic secondary alcohols.
Typical alcohols further include, for example,

l-adamantanemethanol, oa-methyl-l-adamantanemethanol,

a-ethyl-l-adamantanemethanol,



- 64 exanple, those exenplified as the primary or secondary al cohols in
conpounds (Al-1). Preferred al cohols include secondary al cohols (e. g.,

2- propanol, s-butyl alcohol, and other. aliphatic secondary al cohols;

1- cycl ohexyl et hanol , and ot her secoﬁdéﬁ& al cohol s each having an aliphatic
hydr ocarbon group (e.g., a Cl-CQ al kyl group, or a C6-Cl4 aryl group) and a
non-aromati c carbocyclic group (e.g., a C3-C 5 cycl oal kyl group or a
cycl oal kenyl group) conmbined with a carbon atomthat is conbined with a
hydr oxyl group; cycl opentanol, cycl ohexanol, 2-adamantanol, and ot her

al i cycl i c osdcopdary lallceldemandacienisaviang 1f,r om about 3 to about 15 nenbers;
1- phenyl et hanol, and other aronmatic secondary al cohols) , and al cohols in
whi ch t he 3shiysiroryeat R hiyd: -4 tadiaggad apaieitd ampdr ocar bon group. [Active

O efins] The organic groups in R Rd and Re in the active ol efins

r epr esent ed CBy P& mI-Aethy Iy Icaslapanganpeaegaaine lgr oups, as long as they do
not adversely affect the reaction (e. %., organi c groups that are inert
under reatrTERhydnderiPersvdcedngiengmeshenelpr ocess of the present

i nvention). Such _organic %noups i ncl.ude, but are not limted to, hal ogen

at ons, hy&r8€aPudn ‘gregss !l imeedhédpdli c groups, substituted oxycar bonyl
groups (e.. g., alkoxycarbonyl groups, aryloxycarbonyl groups,

ar al kyl oxPeateRPryTEaps Ay ~ARcIosaR NBRFE&N8dny | gr oups), car boxyl group,
substituted or unsubstituted carbanoyl groups - 65 (N-substituted or
unsubstitGfgﬁtgﬁﬂdéagP@EB§FF°5§§ﬁ6eﬁﬁ8ﬁgﬁaﬁpéro group, sulfur acid radicals
(sulfonic acid grouyps, and sulfinic acid oups) , sulfur acid ester groups
(sulfonicQﬁﬁﬁﬁhggfgﬁ'Qﬁ&&ﬁ??oéﬂ§h§ﬁFﬁpﬁW€% éP@iester groups), aryl groups,
hydr oxyl grou | kox oups, .and N-substituted_or unsubstituted am no
groups. TﬁémﬁgbggigFg%@%b?ﬁﬁ&?@f?@&?&ﬁﬁngﬁﬁtgﬁpﬁ&'groups may be protected

chi or e, CBIGRTHS aRGRGS (Sr-ama. OTha YR CEREBBAGr oupsi ncl ude.  or
Thase nyaroCARBORYgRaNRE My 2Rsa A LPRE -nd C4BSErRABREaphd
et or ocy o B0 G HR2 e Re VARG R RBRE THBESTGLYAr | ¢ o oups my have at
T ted {8 RO BaPEGY L CE AR ERRBB - i opoxycar bonyl

I sopr opoxycar | r -...L=but oxycar bonyl, and
ot herd - aﬁfgggﬁcérgg%g%é%%n%%%%¥an01

roups.” The aryl oxycar bonyl groups include, but are

not limt Qm%%hgﬁ%?%%%%é%%%%%%ﬂﬁtm%%ﬁ%ﬁo1Th%n%r%%%%Eoéﬁ%%é%ﬁgyka%%P“ps

i ncl ude, for €x benzyl oxycar gréup. 1 ITUstrativ
CyC|Oa|ky%%&x%%rgoﬁf+d@é@uf§bf¥63H@H%dH%?BBH g%%%ﬁCbQBMh #%ompounds

cycl ohexyl oxycar bonyl groups. The "substituted carbanoyl groups i1nclude, for
exanpl e, eachbRaving a bridged cyclic hydrocarbon group combined with
a carbon atom that is combined with a hydroxyl group.

Preferred alcohols include secondary alcohols and the
alcohols each having a bridged cyclic hydrocarbon group. Such
preferred secondary alcohols include 2-propanol, s-butyl
alcohol, and other aliphatic secondary alcohols; l-cyclohexyl
ethanol, and other secondary alcohols each having an aliphatic

hydrocarbon group (e.g., a C;-Cs alkyl group or a Ce¢-Ciy aryl

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



N- net hyl car banoyl, and N, N-di net hyl car banoyl groups. Illustrative sulfonic
acid ester groups are nethyl sulfonate, ethyl sulfonate, and other sulfonic
acid C1-C4 al kyl ester groups . IIIustratlve sulfinic acid ester groups are
met hyl sul finate, ethyl sulfinate, and other sul finic acid Cl-C4 al kyl

ester groups . The acyl groups include, but are not limted to, acetyl,

propi onyl, and other aliphatic acyl groups ( a. g . , C-C~ aliphatic aryl
groups ) , and benzoyl, and other aromatic acyl groups . The al koxy groups
i nclude, but are not limted to, methoxy, ethoxy, propoxy, butoxy, and

ot her al keyglgedkps axastp drwiair feaferolugroup b cabbinesd whtlbarcators. The
N-substituted am no groups include, for

exanpl e, Nakowi freahyi antomd NiedH dv BEihya dnvdien=ind PipaEri diwed aressiolpr ef erred
R~, Rd, and Re include, for exanple, hydrogen atom hydrocarbon groups [e.
g., Ci- cscapﬂphasaaohyd?oééﬁ@éﬁtgn@&psapéapthémlaﬂnyyelle4sapppﬁaﬁwc
hydrocarbon groups ) , C6-C19 aryl groups % eﬂg phenyl group), cycloalkyl
groups (ealgohoéyeElachihaying bups abash e i ng Gﬁﬁa&ﬂﬁh§¥xkﬁﬁﬂﬁﬂﬁ 8
menbers) , hal oal kyl groups (e.qg., trifluoronethyl group, and other Cl-C6
hanaIkyIa@?oabheﬁaﬁFP@ﬁFéPI?eeﬁnéngaPéSPQ9ﬂsgroups)] het er ocyclic
groups, substituted oxycarbonyl groups g Cl- C6 alkoxy carbonyl

groups, aryl ox%%r%ﬁ%rigr%ﬁéacom%’ylt %9&§r BBNYG reRRO s (A1-T)

cycl oal kyl, rbon roups car boxyl roug, substituted or unsubstltuted
carbannyl@?ﬁiﬁ 9§ﬁg gFBEﬁesﬁpppbngrngF SuPFufazyi 8rgPEGREY2LYI f ur acid
ester - roups, and acyl groups. Typically preferred R~ and Rd are,
for exainécohgﬁﬁogen atom C1-C6 aliphatic hydrocarbon groups

articul arl al i phatic hydrocar bon ar roups (e.
P ey of ol Ceierintacs olse fecaag u@%@%%$?9|ba?§u gl oo e
from about

group and? 89ﬁanglpeﬁlﬁéPBnFRy?gg?%ggigalk qgﬁ?y&%%gﬁﬁu%%légrgvonethyI
o oups, & 1 ERyta BTy FoF SUBs ARSI 3%35@5‘5“88H§%§F 55, dhgenvy e
"hol udes. CPBFOBYARBIS Igrh§aﬁ?sésﬁgl§§%cr§§§%dgé?g@% SRR g ﬁbaﬁoc;fﬂoﬁe
oy R R Bh %ki'f'v%(zﬂaé% Al e SRILCRECRE - B8R e iy ™
%ggr%giég}gn%%g?ﬁ%? Sgﬁ%rzié?ﬂgeﬁ% gt 8%@%2?2251@22%85??gﬁgﬁ%e -
(e. g., cy g e%¥k§ﬁ§j¥ﬁ%ﬁsp§%§éggfg 59?3ﬁ3§3 e%ﬁ%ﬁig§Fh% ggﬁgghout 3

to about aRdW§ﬂn§¥aro%a%a%:étﬁgésnexmﬁaYE atokeash. gﬂﬁz%Hgﬁg an

anot her rrng a non-aromati c rrng or an a omatic ri condénsed to

each of 't Bgsenti BgRydl ngggﬁctEgerahgaésgyyengraee Bnd1iRe) Udrobiih, are not

limted to; nmefhoxy et hoxycarbo . and ot her ~al koxycar bonyl
groups, p@§885¥8ﬁéﬁon¥hd QEHthéﬁéhlc e@ﬁeréfyéQ%Hﬁéﬁt&HﬂQrdMé%MESoffOf”V|

acetyl, propiony benzoyl, and of her acyl groups; cyano group; carboxyl

group; cahggng¥bmayly-ghggtﬁgycggb@ggmgnsgad ot her substituted or
unsubsti tuted carbanmoyl groups; -CH=N-R, where Ris, for exanple, an alkyl

group; phenyl, Tlﬂ‘@%\ﬁﬂf’ide@n@a@ﬂ "&%vﬁw a PN -1 d‘b’cﬁgerﬁ- PP lpheet hynyl,
and ot her 1- alkeny groups or 1-al kynyl groups. The rings fornmed by Y and

at | east gpeagbnR~ poB@;tlaﬂdtBea\Mswthea@@m aﬁeehecaeagauae@m an-2)
car bon-car bon bond i nclude, but are not limted to, cycl opentadlene ring,

pyrrol e ringiubidr anlkings apédrkBbepheng Ebn@heT¥Rheak asthveaeliafi BS
represented by Fornmula (3) include the conmpounds exenplified as the active
unsat ur at edrpeApPaYAEsgeRBIckd at the adjacent position to an oxygen atom.

The acetals each having a carbon-hydrogen bond at the

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



[ Reaction] The reaction of the alcohol represented by Formula (2) with the
active olefin represented by Fornula (3) and oxygen can be perforned in
accordance with the procedure descrlbgg in the reaction between the
conpound (A) and the conpound (B) hi's reaction, the 1,3-dihydroxy
conpound represented by Fornmula (4 ) is supposed to be fornmed in the
foll ow ng manner. A 1-hydroxyal kyl radical corresponding to the al cohol
represented by Fornmula (2) is forned in the system attacks and is added to
a carbon atom at the beta- g5|tion of the grou Y between the two carbon
atons consPFtUEfngt Ak %A E Fatd8@ehahd deriped 5¥0Whélﬁﬁbygﬁso?%@ln

r epr esent en attacks a radjc t the

 gha- post POl br et ;?t%ﬁﬁfzé%b; sl bt e e

o coon WL TRTRASI I WHECh Ptilen ol v s «
oo R A S AR AL AR SR oo
o osem B0 B PRATRAS (o 5 oBRD par ARG T o o
co- catalyg? o?t?%¥t%g$p§ﬁgf_C?iﬁ8h¥ﬁgsbrgﬁﬁ£?p? %5?ﬁar§??§?h¥ﬂ% addi tion
reacti on (ge, LHELLGE g dRILA ALkl obkn o LoBEL LoD {omREL gLuLe T the

agi ng peri e se han in i Oh reaction. The

repr esent BBy FoN RaT anpca e B ARG, b AR pRint RERIIRRYAR=cormpound
n a sol venl 1alg%%oﬁgafm%é@eb§9'a% 95 36ROLAING, | 9o BECESP Lk Siah

sol vents inclu pbut™ are not nlte ven S nentlone [Fater, as

wel |35, DENgeng, Lol uens,. andh othat. of oarmtic iy drgeargnsn gyl aigxane and

ot her alicy ydfocar ons; ace éXanone and o ketones

sopr opyl i BRb 5 ﬁo?ﬁ]“@?ﬂi’o Shér tpfg’?:reﬁ‘%ﬁfﬁ%l{rgﬁg Erag‘te?ﬂ?%%%i:ﬁ.s
Pr ocedur €51 5. 41 9 omo=1 -0 E3AERLEL of  OFhANGKAL Ot By &P%taié&%lend

preferably’ on1a out out roduct on of

a- FNdfOXYTy PH&YVQéQEQQEGaEEV'fék'¥§§m§ﬂecaiaé¥§iéx8iaﬁée i mde conpound,
t he al cohof " represente

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; acetaldehyde dimethyl acetal, and other
dialkyl acetal compounds.

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

The compounds (A2) each having a carbon-heteroatom double
bond include, for example, (A2-1) compounds each containing

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



by Formula (2) is allowed to react with (B4-1) oxygen and an

a, (3-unsaturated carboxylic acid derivative represented by foll ow ng
Formula (5): Rc Re Rd~~CO2Rf (5) V\h_erﬁ]%n_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 may be conbined with each other to forma ring with the adjacent carbon
at om or carbon-carbon bond, and thereby yields an

a- hydroxy-'y-butyrol actone derivative represented byfollow ng Fornmula ( 6 )
O HO_ 0 (6) Re Rd Ra Rc R~ wherein Ra, Rb, R-, Rd and Re_have the sane
meani ngs BRlQedTheEy hbreupP THiN réacti ohkMéafShe Pee fEIMRAIIPIR sdamtl)to t he
process (a process using a catal ytic 5-nmenbered N-hydroxg cyclic imde
corrpound)e%l‘é]%EPPBé&nilﬁgF%‘FaFHPéﬁﬁeﬁli%Fn%BWé<§tti°(§3r?sl\%1.‘ aldepydes.

W00/ 35835. [ Al cohol s] The al cohols represented by Fornul.g (2) include
simlar a$‘6%}£|df%t‘frbe% R FrHehegT ‘1‘%?1 Ut FEFe MRty tg%@t@orrpounds.

acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl
isobutyl ketone, methyl s-butyl ketone, methyl t-butyl ketone,
3-pentanone, methyl decyl ketone, methyl isopropyl ketone,
isopropyl butyl ketone, methyl vinyl ketone, methyl isopropenyl
ketone, methyl cyclohexyl ketone, acetophenone, methyl
2-methylphenyl ketone, methyl 2-pyridyl ketone, cyclohexyl
phenyl ketone, and other chain ketones; cyclopropanone,
cyclobutanone, cyclopentanone, cyclohexanone,
4-methylcyclohexanone, 4-chlorocyclohexanone, isophorone,
cycloheptanone, cyclooctanone, cyclodecanone,
cyclododecanone, cyclopentadecanone, 1,3-cyclohexanedione,
1,4-cyclohexanedione, 1,4-cyclooctanedione,

2,2-bis (4-oxocyclohexyl)propane,
bis(4~oxocyclohexyl)methane,

4~ (4-oxocyclohexyl)cyclohexanone, 2-adamantanone, and other
cyclic ketones; biacetyl (2,3-butanedione), 2,3-pentanedione,
3,4-hexanedione, bibenzoyl (benzil), acetylbenzoyl,
cyclopentane-1,2-dione, cyclohexane-1,2-dione, and other
1,2~dicarbonyl compounds (e.g., a—diketones) ; acetoin, benzoin,
and other oa-keto-alcohols; acetaldehyde, propionaldehyde,
butanal, hexanal, succinaldehyde, glutaraldehyde,

adipaldehyde, and other aliphatic aldehydes; cyclohexyl



[a, ~i -Unsaturated Carboxylic Acid Derivatives] The substituents R~, Rd and
Re in Fornmula (5) are simlar to R Rd and Re in Fornmula ( 3 ) . Organic
groups in Rf include organic groups tht do not adversely affect the
reaction (e.g., organic groups that™ a inert under reaction conditions
according to the process of the present invention) such as hydrocarbon
groups and heterocyclic groups. If the conpound represented by Formula ( 5
) has a substituted oxycarbonyl group in addition to - CO2Rf group indicated
in Formula (5) , the -CO2Rf group_is involved in a cyclization reaction,
but the odheehyddstqitinedd @kgéaﬂeéﬂ@ﬂ Friptess 2bheyal he alstedotdsisd t he
product . The other substituted oxycarbonyl group is therefore included in
the inertPeRrgakiengddupsarvperbarzpbdshvdne bitROBAAZRYAPBYERA. el ectron
attractive, organi¢c group, a_target a-hydroxy-y- but rol actone derivative can
be obtarn%an%m%lg?ﬁhﬁ?rc%ﬂtt?ygﬁbﬁe9Y€?d akipldeB¥EPon attractive organic
groups include, for exanple, hal oal kyl groups, substituted oxycarbonyl
gr oups, c@?BB%%?l@?%ﬁ%e'shB@PPFB?Edlﬁ?hﬁﬂ§ubE?F?BPEHa%arﬁaﬁﬁQP'g?Bﬁps
cyano grou nitro group, | fur acid groups,. and sul fur acid ester groups
SPher At i L PSS FBA BURYAF Sher o P AR
group and is preferably. a Cl- al k group (especially a Cl C9 aIkyI
group) , 8° %%FC%GBTR%5¥¥lb?oﬁb§B§¥ﬁ@ fally a C2 C9 al kenyl group), or a

Co-C o aryl gr cal e es of the a nsat ur.at ed car boxylic

acid deri zatr \Fgééo Ceoo‘ﬁg% @%rp or§Affh f(aéjlfiﬁ X a%t%‘?%d}r cgla%Lffd net hyl
nmet h) acr e eth th)ac ate, iso

(et ) acr T8 %d%h%%%r?§€$ﬁ ehYhdkan s ?ﬁé$¥ﬁ£?ﬂrgt §FPEPesters; crotonic

acid; neth crotonate,, et croton te, . and other .crotonic es

ot hy T SO EERRReRAEhE o ThR Kot 20 t) Ct Aeh AL AT YRR

3-net hyl - 2- but enoat e, and other 3- nethyl 2-butenoi c esters; 2-pentenoic

aci d; net%y? B: pent enoat e, et hyl 2 pent enoate, and ot her 2-pentenoic

esters; 2- OCteQﬁhal%ﬁh%s Eth te#%aF §EQ¥L§:?C&eﬁgﬁt and %ther

2-octenoi c esters; Ci nna Ci nnanate CI nnarra e, and

& 44t T neraSBh Tt i ?‘brfd'r‘fﬂﬁr% G ﬁ%@fﬁé‘ﬂteno% DOURGF o her
4, 4, 4-t 11 (ko1 p-23 byteno g est@areoorrggt | &4 .25 SR LG i ety

naleate nd ot her Ic’esters I C acl funarate

di et hyl  ugge At o, A0 ygtgfudturﬁatc?ggtstgh e %gfc%ﬁfﬁél' i gtﬁgtgmrrst hy|

3- cyanoacry at e, cyahoacry -cyanoactylic esters,

and ot her t o] fromabout 2 to
ond R ol suINal U 0,626 D0HLL ) a6 s oach Dyl oRe] o bt
esters,

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 each having amethine group
(i.e., amethine carbon-hydrogen bond) 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-la)

bridged cyclic compounds each havingat least one methine group,



Cz-C6 al k
al cohol r

enyl esters, and aryl esters). [Reaction] The reaction of the
epresented by Fornula (2) with oxygen .and the a, (3-unsaturated
carboxylic acid derivative represenge%spy_Fornula (5) can be perforned

pursuant to the process described in t'He reacti on between the conpound (A)

and the c
a, y-di hyd
repr esent
as a reac

onpound (B). According to the process of the present invention,

roxycar boxylic acid derivative (a kind of the conpounds

an

ed by Formula (4)) represented by following Fornula (7) is forned

tion internedi ate:

HORb HO Re (7) Ra
Ro, R Ra2"Re, ﬁ&bhfnﬁ&v€r9W€t§§h§Yﬁé&ﬁiﬁ%§P8§n§éfNﬁé@-ab@&é?yﬁﬁﬂ§

conpound
radi cal c
in the sy

IS supposed to be f

~ 02 Rf R_Rd wherein Ra,

di he foll i .. A 1-hyd | kyl
RSB ReRs t Gache PAVAgHoP PEOTOCRTEEN 5OrDr CUIRihes HEh o ed

t tt k d i dded to th ta- i ti f th
a, (3- unsafaugg%‘gg C’@f% %3?%‘98'@8?89g&ﬁ%ﬁ?@é%@ﬁf%?ih?lﬁgsgcwﬁm%sr( 5), and

oxygen at
addi tion
a, y-di hyd
(7)underg

t.ac a . radical at the

rox%parboi%hlc acji d.derivative represented.hy Fornula - 74

OYSEGERIEAT T oR T ORYET Sr S PHRRSRE PPoNSANd thér &by =+¢

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([3.2.1l]octane,
bicyclo[4.3.2]Jundecane, bicyclo[3.3.3]Jundecane, thujone,
carane, pinane, pinene, bornane, bornylene, norbornane,
norbornene, camphor, camphoric acid, camphene, tricyclene,
tricyclo[5.2.1.0%®%decane, tricyclo[4.2.1.12%]decane,
exotricyclo[5.2.1.0%%]decane, endotricyclo(5.2.1.0%%decane,
tricyclo[4.3.1.1%%lundecane, tricyclo[4.2.2.1%%]undecane,
endotricyclo[5.2.2.OL6]undecane, adamantane, l-adamantanol,
l-chloroadamantane, l-~methyladamantane,

1, 3-dimethyladamantane, l-methoxyadamantane,
l-carboxyadamantane, l-methoxycarbonyladamantane,
l1-nitroadamantane, tetracyclo[4.4.0.1%%.1"°dodecane,
perhydroanthracene, perhydroacenaphthene,
perhydrophenanthrene, perhydrophenalene, perhydroindene,
gquinuclidine, and other bridged cyclic hydrocarbons or bridged
heterocyclic compounds each having two to four rings, and

derivatives thereof. These bridged cyclic compounds each have

KE L pha- posi tion forned It of th
e2 YT ePR P oo rrineR 1queanrans THe Py tohs, “Sich & 11°



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

(3-acyl - a- hydroxycarboxylic acid derivdtive of following Fornmula ( 8 ) may
be formed in addition to the conpound represented by Formula (6). This is
provably because an aryl radical [RoC(=0)) is forned in the system HO Re
(8 Rb G2 Rf c~d RR wherein Rb, R, Rd, Re, and Rf have the sane

meani ngs as defined above. The a-hydroxy-Y-butyrol actone derivative can

al so be preprtkinewardeinaatag 2he Aridaphpadoageht boxyldar taESRPTEENYvat i ve
represented by Formula (7 ) , for exanple, dissolving_the sane in a

sol vent, &RAd2haHPFR§ORhBOSHELENONRNGRCENEI A§REBCESENPY L YaBOREREFOREE above.
3. Production of Conjugated Unsaturated Conpounds By catalysis of the imde
conpound, 25R™8) cohol represented by following Fornula (2a): - 75 R ~OH

2a) R
(22) The non-aromatic cyclic compounds (A3-1b) each having a

hydrocarbon group combined with a ring include, but are not
limited to, l-methylcyclopentane, l-methylcyclohexane,
limonene, menthene, menthol, carbomenthone, menthone, and
other alicyclic hydrocarbons each having from about 3 to about
15 members and having a hydrocarbon group (e.g., analkyl group)
combinedwith its ring, and theirderivatives. The hydrocarbon
group just mentioned above contains from about 1 to about 20
(preferably from about 1 to about 10) carbon atoms. The
non-aromatic cyclic compounds (A3-1b) eachhavingahydrocarbon
group combined with a ring have a methine carbon atom at the
bonding position between the ring and the hydrocarbon group.

The chain compounds (A3-2) each having a methine carbon
atom include, but are not limited to, chain hydrocarbons each
having a tertiary carbon atom, such as isobutane, isopentane,
isohexane, 3-methylpentane, 2,3-dimethylbutane,
2-methylhexane, 3-methylhexane, 3,4-dimethylhexane,
3-methyloctane, and other aliphatic hydrocarbons each having
from about 4 to about 20 (preferably from about 4 to about 10)
carbon atoms, and derivatives thereof.

The compounds (A4) each having a carbon-~hydrogen bond at

theadjacent positiontoanunsaturatedbondinclude, forexample,



wherein R and R are the sane or different and are each a hydrogen atom or
an organic group, where R and R~ nay be conbined to forma ring with the
adj acent carbon atom is allowed tO‘JfFCt wi th oxygen and an active olefin
represented by followi ng Fornula (3a) Re Rdi ~Y (3a) wherein Rd and Re are
the sane or different and are each a hydrogen atom or an organi c 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 unsaturated conmpound represented by
f ol | owi N ¥R GCPOpouRds RECH AT ¥ MRENRd GFRHRPH TREDRENFPLOWR and Y
have the sane neani ngs as defined above. This reaction can be perforned
pur suant &% BHrstiecenta RRodesd (9 R # e iR i S nEhh REN- hydr oxy
cyclic imde - 76 conmpound) described in PCT International Publication
No. W00/PsBEEEs oY )gadind dPdupd PRPRATRAG RS FRVRBHRGFaceSR) havérPhd sane as
t he organic %;oups in Ra and Rb. Ri n%f which are formed by R ,and R~ with
the ad] NEAY LN QoMETHYIIGRE SiFRiPartr th§sate2ERBSePPE! P8 YO Ra and
Rb with the adjacent carbon atom Preferred substituent R _includes, for
exanpl 6, HydvSGen RGN, HrA0d eaffkyl 2gFoGBETGRACEB. EEAPARYPOBFoGs
Preferred RE iqpludes,é%g&)ex Qg%ﬁ, hydr ogen atom Cl1-Clo aliphatic
hydr ocar B RFoudy 4585 SE4419 3’ cl o al kyl groups), and alicyclic
hydr ocar bon grou (e, 0...C3-C15 cycl oal kyl, groups _or cl gal kenyl groups;
and bridged c 8I?geh§ﬁ?%%5%%oﬁmﬁﬁ%ﬁ%§§.8¥§¥€ﬂn§%ingﬁpa Caﬁanﬁkm%Ye
preferablk{esceol iene% Q forrnaa non-ar matir cnarb%n rin nhavrion t_fircom about 3
t o about e errsé&é}ﬁcdrfaatﬁcyrm “hoit” 51 abo g e €rs) with the
adj acent ,carhon at.am _The al gohol s represented hy . Fornula_(2a).include a
Mt var 1S o A G conar . SHURRERT B aeRt e G o
et hanol , 1-.prqQpanal., 1-hutanagl , 2- | -1-pro -p - hexanol
and othe#ﬁggfﬁghﬁgg &%mgﬁggtgPétéggg%Péhggpg’p??ﬁ§%9séﬁc§%%$§8g%% chaving
from about. o, ahout ef bl r a to nd nore
prefer abIL%/mf?qréorrged Ut r%%}éﬁg%loeg{&lgz@aer dn g}%an{e;nedy(a:%%g%%rn%ﬁnne:’t hyl
al cohol , t hyl. a er rat ed
C;ﬁ%eﬂa%%é %Ol%lﬁ-legg{)lﬁéne % gﬁ,hz;'ﬁtrl% a l‘HtaﬁeeLd ndipald

alicycli mary al do en dl cohol”,
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 oxygenatomas a heteroatom (e.g., furan, oxazole,
isoxazole and other 5-membered rings; 4-oxo~4H-pyran and other
6-membered rings; benzofuran, isobenzofuran,
4-oxo-4H-chromene and other condensed rings), heterocyclic
rings each containing a sulfur atom as a heterocatom (e.g.,
thiophene, thiazole, isothiazole, thiadiazole, and other
5-membered rings; 4-oxo-4H-thiopyran and other 6-membered
rings; benzothiophene and other condensed rings), heterocyclic
rings each containing a nitrogen atom as a hetercatom (e.g.,

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



~ _ 3

The conp
represen
Rd, Re,

reaction
1, 3-di hy
For nul a
- H can
represen
where Y
conpound
R1R~CH g

_ _ 3-phenyl propyl al cohol, cinnam c al cohol, and other aromatic primary
al cohol s; and 2-(2-hydroxyethyl)pyridine, and ot her heterocyclic al cohols.

ounds represented by Formula (3a)_correspond to conmpounds

ted by Fornula (3) where R~ is a hydrogen atom . The substituents

and Y in Formula ( 3a) are simlar to those in Fornula (3).
can be perforned pursuant to the process for producing the

A

droxy conpound. In this reaction, a conpound corresponding to

4 nd of F |, 4) where. Ra - RLR~-CH d Rb = R-
s R ey e A e e P S B4 P R BREAr GP &S G L ST

ted by, F . 9).. , d t ed F | 3

B e R T 1 aed BT e AR OU R B POTNY (P a
aLhgaRongL noctes for muba (o) Lacsanpeund of Fomula (6) where Ra

rti'8h’ to the conj ugat ed

roup an can orne

unsaturated c

al ¢ oﬁlgypeoﬁggh{lfgég g&{& L3k @gl{’ g\%hg‘é l‘%{‘(ﬁﬁ% Jdiri q'?)oi% 9 %ﬁg{gﬁ.{ﬂ%a hen

n- propyl
2, 4-di hy
4- et hyl -
under so
conj ugat
supposed
conpound
R1IR~CH ¢
el i m nat
React i on
means as

a o"reac acryl a

S Be B R I SR e & %%?ﬁ%f%m?%ﬁc 5% or e
ggoBSQﬁiéé&ioE‘é vEHeaQE’bx‘thQct?iBgﬁt telﬁ{ %?&%eéwr{»%’éfé _@t&r%cil]}fk?sg ) is

unsat ur at ed conpound repres or mu

be, f [ e .10l i . it .a,.di (o)
(88 PEL T R Loo O T A TRRTE RS ok Db nlly Yeri e oo e Ra
rggfacggg ﬁ@sftf%ﬁ H tﬁgzﬁggﬁgti&mpigglecules of water are then

f he conpoundi n questi on.

produgies 1GRmake SeBALBLAA sABLcRU 484 d ﬁetth?ls@ggu%?%;t?ltae: %‘i s of

ed fromthis conpound an

y vyiel

above. 4. Production of (3-Hydroxyacetal Conpounds

the i m de,goapenndpoait: 868t b hRPRESRAEEE Byn§ohhew.ng, FeuRULa:(AB}: O-Rm

Rk- CH (

10) "\ 0- Rn
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, l-isopropyl-4-methylbenzene,
1-t-butyl-4-methylbenzene, l-methoxy-4-methylbenzene,
mesitylene, pseudocumene, durene, methylnaphthalene,
dimethylnaphthalene, methylanthracene,
4,4"'-dimethylbiphenyl, tolualdehyde, dimethylbenzaldehyde,
trimethylbenzaldehyde, toluicacid, 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-methylquinocline,



wherein Rk, Rm Rn are the sane or different and are each a hydrogen atom
or an organic group, where Rmand Rn may be conbined to forma ring with

t he adj acent two oxygen atons and the carbon atomindicated in the formula,
is allowed to react with oxygen and t A€ active ol efin represented by
Formula (3) and thereby yields a (3-hydroxyacetal conpound represented by
followng Formula ( 11 ) Om0 HORe (11) RK ~ ~ Y Rc Rd wherein R~, Rd, Re,
Rk, Rm Rn, and Y have the sanme meani ngs as - 79 defined above. This
reaction can be performed pursuant to a process (a process using a
catalyticaBdnﬁnE@thlHPhyQEéR§)eyclic i m de conpound) describedin PCT

I nternational Publication No. WO00/35835. In Formula ( 10 ) , organic
groups in R, Tienagiainat i aoggpe umdgaRe€hghatipsdsa me iy 1en¢ Hbgain #tRa and
Rb. Rings fornmed by R'~and Rn with the adjacent two oxygen atons and carbon
atom i ncl t@e 2GIcEKarpisd t1Pn3t @iagk 8rana t i Fngl athd NE 131 o REBe2 ¥¢ APE To
these rings, substituents such as al kyl groups and, hal ogen atons can be
bonded. PF&F&FPRdEIUETRAIEHT NRIFLOSATRAES, CR6R R BHPE 21 Mdfolg & C&Pons

Cl-d o aliphatic hydrocarbon groups Sgs ecially, Cl1-C9

al kyl gr ouﬁg)sfu Isit&%‘Itieéi %y’ﬁbﬂo@gPBB ag S&Efswctew‘loﬁlwkg%abesnsc(fclgoal kenyl
groups, and brjdged Cyclic hydrocarbon_groups), each having fromabout 3 to
Tbout 15 CarPOHESEeRE! BRAPEROTRACRyl 1ok oHpStny BraresTEd Ritand B

i, SR R s R
havi ng from apout 3 to about 10 .carbon 0 . Alternatively, Rmand Rn are
pr of or abl SHCORET helr 14 T AU LG At ALKHS. GHPABSRET 0B A ém MEEds and
carbon, a1 o, e gsgtal s, Lepr goch edeby for pula (40 ) tpehude corpounds
od) acert BOSLAL PRy 04RO XAET SLOMA LUy SOUPOUIEE (A hnae eac
having a non~aromatic ring condensed to an aromatic ring, which
non-aromatic ring has amethylene group at the adjacent position
to the aromatic ring (e.g., dihydronaphthalene, indene, indan,
tetralin, fluorene, acenaphthene, phenalene, indanone, and
xanthene) .
The non-aromatic compounds (A4-2) each having a methyl
group or methylene group at the adjacent position to an
unsaturated bond include, for example, (A4-2a) chain
unsaturatedhydrocarbons eachhavingamethyl groupormethylene
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,



- 80 2-nethyl -1, 3-di oxol ane, 2-ethyl -1, 3-di oxol ane, and ot her

1, 3-di oxol ane conpounds; 2-nethyl -1, 3-di oxane, and other 1, 3-di oxane
conpounds; and acet al dehyde di net hyl etal, and other dialkyl acetals. The
active olefin represented by Fornula ?g)'is the sane as stated above. A
reaction can be performed according to the process of the present invention
for producing an organi ¢ conpound. Reaction products can be separated and
purified in a simlar separation nmeans to those nentioned above. In

t hi sreaction, t he(3-hydroxyacet al conpound represented by Formula (11) is
supposed ¥BIBEaEbiRRE, | AN HRCRRT | v iy UnsRiercatiad fivgdararpons each
1,1-di-supstituted oxyal kyl_radial corresponding to the acetal represented
by Fornmul B2Y31BY FEOR AR 3 HiSs aPRditcal Gt FReRAEMS i s I &P™MPOURdEar bon
atom at the beta-position of the group, Y between the two carbon atons

const i tut HAG- 2 dRSHUGRatRIE BERADT L TNE S Py TIH o (F ofr oS6E6E Sy

For mul a (3% , and_oxygen attacks a radical at the al pha- osktion formed as
a result BFEERE S&8ditt ‘?ﬁ?%ﬁvd%ﬂ%?%ﬁ?o??eP&?tPﬁEeélé’Hﬁmﬁ'{Hi PhNgLENEON. 5.
ProductioE of qrox¥ CDnPounds Bé cat I%sis of tﬂe iﬂide coppound, a
conmpound K&VPRGSA FREhFHELCAFBBRCEE oAPANAtRehr e¥Ent 8d5BYOrSP! owi ng Formul a
( 12) - 81 ,RP-CH Rq (12) wherein R d Rg are the sane or

i 1 o) ent CARACHY BEEAATLER BF JAT LY DU SRS TR, (R -an %8 bof SBe conbi ned
with each_other to for a ring.mﬁth.%he adj__acent car39q<atOQ%ﬁk§dallomed
to react W R BRYGET Ehd PPRETREE VY ST SpesBh e B EOT M4 %(3) and
Lher oby Yhebesaal oL2ast ang, of dyeoxy: GOMBIURTR 4RI SSGBLEH; BY g, oW no

Formul a (

glutaric acid, and esters of these acids).

The non-aromatic cyclic hydrocarbons (A5) include (A5-1)
cycloalkanes and (A5-2) cycloalkenes.

The cycloalkanes (A5-1) include, but are not limited to,
compounds each having a 3- to 30-membered cycloalkane ring,
such as cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane, cyclodecane,
cyclododecane, cyclotetradecane, cyclohexadecane,
cyclotetracosane, cyclotriacontane, and derivatives of these
compounds. Preferred cycloalkane rings include 5- to
30-membered cycloalkane rings, of which 5- to 20-membered
cycloalkane rings are typically preferred.

The cycloalkenes (A5-2) include, but are not limited to,
compounds each having a 3- to 30-membered cycloalkene ring,
such as cyclopropene, cyclobutene, cyclopentene, cyclooctene,
cyclohexene, l-methyl-cyclohexene, isophorone, cycloheptene,

cyclododecene, aswellascyclopentadiene, 1, 3-cyclohexadiene,



RRJd (13) Ro RHORRa ~wRd Re Y (14) wherein RC,C Rd, Re, R Rp, Rq and Y
have the sanme neani ngs as defined above. This reaction can be perforned
pursuant to a process ( a process using a catalytic 5-nmenberedN hydroxy
cyclic imde conpound) described i nTPEGP International Publication No.
W)00/ 35835. The organic groups in R Rp and Rq in Forrmula ( 12 ) include
organic groups simlar to those in Ra and Rb. Preferred organic groups

i nclude, for exanple, Cl1-C o aliphatic hydrocarbon groups (especially,
Cl-C4 al kyl groups) ; alicyclic hydrocarbon groups - 82 (cycl oal kyl
groups, cycboalvkénpktgdiogpes, and btheégedyecyeokilkahyegnesar bon groups) each
havi ng from about 3 to about 15 carbon atons; and C6-Cl9 aryl groups. The
ri ngs forggglbpcRatrRpeandard ¢RhandcRPLoRpkapdimees R and dRiiwtivemd R-
and Rg) together with the adj acent carbon_atominclude, but are not
limted tef efesopumrainideycclfeiedeared aiglot kenpefohoelede ccampeynds c
carbon rings (cycloal kane rings and cycl oal kene rings) each having from
about 3 t §3&BolEV20d ierefs %gr@$@bﬁﬁﬁ9 ¥y &folih13ht eOBPeWRAS S afthber s,
nore preferably fromabout 5 to about 15 nmenbers, and typically from about
5 to abouf2¥iREnBepss) toaddnBsiRAE A AgNdperRy dVeifdend PrR§erdécal in ring,
per hydr of | uorene ring, perhydroanthracene ring, perhydrophenanthrene ring,
tricycl o[ 5. 2. 179 COPdEERTE T TR O Wt hy AP dacEHASIR hERE erAgle, (A6-1)

per hydrophenal ene ring, norbornane ring, norbornene ring, and ot her

bi cycl i c, epndyertedstianasadherit hfivged tadated nitgsles ThRage(A4nys may

each have at | east one substituent. _ _
o, P~unsaturated carboxylicacids orderivatives (e.g., esters,

amides and acid anhydrides) 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,B-unsaturated carboxylic acids or
derivatives thereof (A6-3) include, but are not limited to,
(meth)acrylic acid; methyl (meth)acrylate, ethyl
(meth)acrylate, isopropyl (meth)acrylate, butyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and other
(meth)acrylic 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,



Wen R, Rp and Rg are conbined to forma bridged cyclic carbon ring with
the adj acent carbon atom the nethine carbon atomindicated in Formula
(12) should preferably be a carbon_gtg at a bridgehead position. The
conpounds represented by Forrmula ( 12 ?]having a nmet hine carbon atom

i ncl ude, for exanple, conmpounds exenplified as the conpounds (A3) each
havi ng a nethine carbon atom such as the bridged cyclic conpounds (A3-1a),
t he non-aromatic cyclic - 83 conpounds (A3-1b) each having a hydrocarbon
group conbined with a rin and the, chai n. coppounds (A3-2) each having a
met hi ne c%f?ﬁﬁ#%ﬁ%ﬁﬁ'T%%tg£?T%%eol O y%@%?&%en %ﬂé%¥lﬁ%+ﬁ%la ( 3) are
the sane as_nentioned above, A reaction can be perforned according to the
process of -PREY HARERM ?E@%%??%ﬂl?%+n%foﬁugT?@tgﬁe%+©%h?%'conpound.

React i duct b ted and ifiedin th ti
teans as BEOVEYIHIHR S §EACHP I ERe MYdr 89S oRpbEREC T epPBLERt bd by

F | 13 t he, hyd t b 14) i

Cupposed TELBE TH LAt KECRONPON RD LRGN ARG C AT At CAVT SoPBRREE Tt t he
t hi b iti f. th d ted, by F lg.(,.12 ,

a1 acks SRE e Bty £8 1 Ea Bt AL aht &F T CH gL HOS PO 67 14 DRr bon

t t the bet a- it f. t . Y bet the.two,

conat |t ut? BB S IR AF BHHa 0F CLRECAch P Feo BB | 7o BT RO By

Fornul a (), cand, oxygen, aktacks a Ladheal -ats ihe,al pha- pgsiLi 00, or
? % aditidIn"% ?h %y

beta-position forned as a resu o) e a eéreby yrelds the

hydr oxy CO”poWﬁg%éPoﬂ£€§éhggroGErF%%sh f%cf@%@?%ﬁ@%u&?ﬁé@ig&&%@dby

0
Formula ( 13 ) us prepar preferre gonpoun S are conpounds where R,

3, P SR TR LA, LI ENE L R ILRAE, 9

adamant ané fing acent m eac and Re is a

hydrogen afom ofede ChabRrALKYKL 90U ol AL 3L KOXYERL PORY! gradp (e. g.
- §§' ogéca?%ony¥ 8?

a Cl-C9 al koxy-carbonyf group) , an ary oup, an acyl

group (e clyacds Chafl:ROMErYl Dot BDGIEAK BUAURCL, Bocoraxyl or olp.

Such conmpounds are u or exa S mat éri or pharmaceuti cal s,

Sglr 'yﬁg'r g%ﬁi&:@@‘i‘i&ﬁé 2 o%‘ie%teheélfx& B¢ hehem Sl 3 ARdnPRlLekisad Sci fhvinget i onal
at least one benzene ring. Of these aromatic hydrocarbons,
preferred are condensed polycyclic aromatic compounds in which
at least a plurality of benzene rings (e.g., two to ten benzene
rings) are condensed. These aromatic hydrocarbons may each
have at least one substituent. Examples of such aromatic
hydrocarbons each having a substituent are 2~chloronaphthalene,
2-methoxynaphthalene, l-methylnaphthalene,
2-methylnaphthalene, 2-methylanthracene,
2-t-butylanthracene, 2-carboxyanthracene,
2-ethoxycarbonylanthracene, 2-cyanoanthracene,
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



6. Production of Carbonyl Conpounds (1) By catalysis of the i m de conmpound,
t he conpound havi ng a nethi ne carbon atomrepresented by Formula (12) is
allowed to react with oxygen and an aﬁalve ol efin represented by foll ow ng
Formula (3b): R %H Rd Y (3b) wherein ‘and Rd are the sanme or different
and are each a hydrogen atomor an organic group; and Y is an el ectron
attractive group, where R, Rd and Y may be conmbined with each other to
forma ring with the adj acent carbon atom or carbon-carbon bond, and

t hereby yields a carbonyl conpound represented by following Fornula ( 15 )
Rp R 0 (15prRgnsed.y R Rd V\,herei n R, Rd, R Rp, Rq and Y have the sane
meani ngs as defi ned - bove. ThIS reaction can be perfornmed pursuant

to a process (%h%r%%%%%g%glﬁ@aénc%}5?9?$c(%9heh%%%%@eh+998r%§? B9Elic inide

conpound) descrlbed in PCT International Publication No, WO00/ 35835.
imited to, methane, ethane, propane, butane, pentane, hexane,

heptane, octane, nonane, decane, dodecane, tetradecane,
hexadecane, and other straight-chain alkanes each having from
about 1 to about 30 carbon atoms and preferably from about 1
to about 20 carbon atoms.

The olefins (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
(Al0) 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, 1l~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,
oa-methylstyrene, 3-vinylpyridine, 3-vinylthiophene, andother
chain olefins; cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cycloheptene, cyclooctene, cyclononene,
cyclodecene, cycloundecene, cyclododecene,

1,4-cyclohexadiene, 1,4-cycloheptadiene, cyclodecadienes,



Thi s process corresponds to the production of the hydroxy conmpound in which
a conpound having a hydrogen atomas Re is enployed as the active olefin
represented by Formula (3) . In this case, the carbonyl conpound
represented by Formula (15) is formed*$nstead of, or in addition to, a
conpound corresponding to Formula (13) (Re = H) and/or a conpound
corresponding to Fornmula ( 14 ) (Re = H) . The proportion of the fornmed two
conpounds can be controll ed by appropriately selecting reaction conditions
such as reaction tenperature, anmount of the catalyst, and the type of the
co- cat al ysfcYonkide dadi ermapouhit)ondie, carfpomsit varpoudrdb repridsem ed by
Formula (15) is supposed to be forned by the oxidation of the conpound
corresponcimgedl, Edondls [(21.3). J(Rept4d-ane absgdgceml 3R - Lhectarbengl
conpounds represented by Formula ( 15) thus prepared, preferred conpounds
are conpounonaevey 2 RyoRpenandaiRy arleexcompehied ¢befrsn a bridged cyclic
carbon ring (e. g., adamantane ring) with the adjacent carbon atom each of
R~ and Rd is &awdedgeheae omiepoends cepadilieypigfetpiny g £agt Cak 6*%car bonyl
group ( a. g . , a Cl-C9~al koxy-carbonyl group ) , .an aryl oxycarbonyl
group, arcacidedrdgne €r 4n, camé@@glanwa@%krp,tftﬁ 2 W&tz @S egr 66F) " or a
carboxyl group. Such conpounds are useful as, for - 86 _

exanpl e, ne@EPO a3 BEepHaY pemeing EHPRMAYHdANUFAFBRSANPS ARG EEREr fine
chem cals, and materials for functional polyners . 7. Production of
ConpoundsCHEed Pl €$ ectiiun RamRd@ i Whay SR B &L ysiRe ok HS3R de
conpound, the conpound represented by Fornula (12) having a net hi ne carbon
atomis afPBRRENED reBRECHRLRY oXYYet dHAL ANt WRET vof of RFFH FRPPRURAfed by

foll owing Formula (3c): , , . .
belonging to different categories, are used in a reaction with

oxygen or another oxygen-atom-containing gas, one of the
substrates acts as a co-reacting agent (e.g., co-oxidizing
agent) with respect totheotherandtherebyyieldssignificantly
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) unsaturated compounds, (B2) compounds eachhavingamethine
carbon atom, (B3) heterocatom-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,



H%oRe HY (3c) wherein Re is a hydrogen atomor an organic group; and Y is
an electron attractive group, and thereby yields a conpound having an

el ectron attractive group and represented by following Fornula ( 16 ) Rp R
H(ls) Rqg Re Y wherein Re, R Rp, Ry 4Rd-Y have the same neanings as
defined above. This reaction can be performed pursuant to a process (a
process using a catalytic 5-nenbered N-hydroxy cyclic imde conpound)
described in PCT International Publication No. WO0O0/ 35835. _ 87 _ This
process corresponds to the production of the hydroxy conmpound where a
conpound havtagthgdooge ozt greups Rilzidl Rt ddospgroped 88- ¢ he ad&oixye ol ef i n
represented by Fornula (3) . In this process, the conpound represented by
Formul a (48Yups, faormeky asvead, ofnd geyilexaddrobpa) t csuks tionpeemdhio
corresponding to Formula ( 13 ) ( R=Rd = H) , a conpound corresponding to
Fornul a (98%upfR~ caFeoxyH) gveun, cewpobhbtutedr espoathegyt ogFevpsl a (15)
(only in the case where R=Rd = H and Re = . The proportions of the

i ndi vi duafu Pt Hedt ednPo uivesn et @b ritadanay by piRoprayanel YredPect i ng
reaction conditions such as reaction tenperature, anount of the catalyst,
and the tHperofIaciwr csUBALAFYRSEI(Pe RTINS tddMFGEhanNi nTHE Lo did £o
represented by Formula (16) is supposed to be fornmed in the follow ng
nmanner. THECHRt AUk §EBUPSof2 bk SiFetFeofr t EEPBAF IR} RYD ReLRYICd1€14) (R =
Rd = H) is further oxidized in the systemto yield a carboxyl group, and
the car boRYFTFdTRORNAEP YBRs FECRR bdbXyNAEFer2EBCYi eFguPhe 8dFpound in
question. O the carbonyl conpounds represented by Formula (16) thus
prepared,h%F%?%?Y%ﬁiEo PYHds i ncl ude conpounds where R, Rp, and Rq are

WTh the ad)  SUEhEnGA-HOR LEAURPTRESNES] R bIaehaR anibie S GRS Ay
roup ) ST eRh ERyI B St SACaEFF oA o [ o RCh PRIy or oup
or a benz?Xélgégy%%fgxample,(Bl—l)unsaturatedcompoundseachhaving
an electron attractive group at the adjacent position to a
carbon—-carbon unsaturated bond (active olefins
(electron-deficient olefins) and other active unsaturated
compounds], (B1l-2) compounds eachhavinga carbon-carbontriple
bond, (B1l-3) compounds each having an aromatic ring, (Bl-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-butenoate, ethyl
3~methyl-2-butenoate, methyl 2-pentenocate, -ethyl 2~-pentenoate,

methyl 2~octenoate, ethyl 2-octencate, methyl cinnamate, ethyl

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



_ 88 _ a carboxyl group. Such conpounds are useful as, for exanple,
materials for pharnmaceuticals, agricultural chem cals, and other fine

chem cals, and materials for functional polynmers. 8. Production of Alcohols
By catal ysis of the im de conpound and Owiver e necessary in the presence of
oxygen, the al cohol represented by Fornula (2) is allowed to react with the
conpound represented by Fornmula ( 12 ) having a nethine carbon atom and

t hereby yields an al cohol represented by following Formula (17): Ra Ro
HOCCRp (17) Ro Rg wherein Ra, Ro R, RP, Rq and Y have the same neani ngs
as defined, AbéveriThigreoeacbiibancahebedpoetbyhedapaasaantdiedhslprocess (a
process using a catalytic 5-nenbered N-hydroxy cyclic imde conpound)

descri bedmphePCH, | divehhylofamaprabei cdifohyNofumpoares8®88thYhe al cohol s
represented by Fornmula (2) include simlar alcohols as in the production of
the 1, 3-drAyareoxgredapountshyl TRecronpadntsatepr esdnetlieby Formula ( 12 )
havi ng anet hi ne carbon atominclude simlar conpounds as in the production
of the hydrBxynsahpoaned esitenshisiprbuesbylked coenpounyl espréd@toag by
Forrmul a (12) having a nethine carbon atomis supposed to serve as the

radi cal seavergi hpeerpvhdkg®ne, and goher g rlbamsaealeb&e@nesrned in
accordance with the process of the present invention for producing an
organi c cBrppeRdl, Reatrnad dehvdee tandapheecs Bpanapterahgdpdidehve@sty t he

sane
acrylonitrile, methacrylonitrile, and other «a,pP~unsaturated

nitriles; (meth)acrylic acid, crotonic acid, and other

o, B-unsaturated carboxylic acids; (meth)acrylamide, and other
o, B-unsaturated carboxylic acid amides;
N-(2-propenylidene)methylamine,
N-(2-butenylidene)methylamine, and other a,fB-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 (Bl1-2) each having a carbon-carbon triple
bond include, for example, methylacetylene and 1-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



separation nmeans as above. In this reaction, the al cohol represented by
Formula ( 17 )-is supposed to be forned in the follow ng manner. A

1- hydroxyal kyl radical corresponding t.o the alcohol represented by Fornula
(2) is formed in a system attacks { et met hi ne carbon atom of the conmpound
represented by Fornula ( 12 ) and thereby yields the al cohol in question.

9. Production of Coupling Products By catalysis of the imde conpound and
where necessary in the presence of oxygen, a conpound having a nethine
carbon atom and .represented by following Formula (12a): Rol Rpl CH (12a) Rq
1 wherei @ RYIIRIE FdIRgle HUE the& 198 ot hdioPRenentr W &i%e 3RS or ganic
group, where R, RP1l and Rql, may be cqgnbined with _each other to forma ring
Wi th theaé&FﬁﬁéﬁihEEFEBHyégéﬁlr?ggalﬁ%%é&EF@nF@aéﬁlﬂﬁﬂhlacéBﬁﬁouﬁﬂrhaving a
met hi ne carbon atqom and represented following Formula (12b): - 90 Ro2
Rp2 ~H ( &)™ %ﬁ§@§%1QQ§ Z €§¥£ﬁ§$§n§re ?hg $SREYBPAEPf PErent and are

ot her o FOAh TANTER FRVPRETES ABone) CHIECES SHE 08 TRer by S7S) s a

coupl | ng i odet 42 udragaron) 1 opr £380 €0 by, ghLayi ng. FEy ML A (19): o
methyl thioisocyanate, ethyl thioisocyanate and phenyl
thioisocyanate.

The inert olefins (Bl-6) may be whichever of a-olefins
and internal olefins and also include dienes and other olefins
each having plural carbon-carbon double bonds. Examples of
the inert olefins (B1-6) include ethylene, propylene, l1~-butene,
2-butene, isocbutene, 1-pentene, 2-pentene, 1-hexene, 2-hexene,
3-hexene, l-heptene, l-octene, 2-octene, 3-octene, 4-octene,
l-nonene, 1-decene, 1-dodecene, 1,5-hexadiene, 1, 6-heptadiene,
1,7-octadiene, and other chainolefins (alkenes); cyclopentene,
cyclohexene, cyclooctene, cyclodecene, cyclododecene, and
other cyclic olefins (cycloalkenes).

The compounds (B2) eachhavingamethine carbonatominclude,
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 nitrxogen atom, (B3-3) compounds each

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



wherein R1, Rpl, Rgl, Rz, Rp2 and Rg2 have the sane neani ngs as defi ned
above. This reaction can be perforned pursuant to a process (a process
using a catalytic 5-nenbered N-hydroxy.cyclic imde conpound) described in
PCT International Publication No. V@O%?BSBBS. In Formul ae (12a) and (12b),
the organic groups and preferred organic groups in Rl, Rpl, Rgl, R2, RP2,
and Rg2 include organic groups simlar to those in R Rp, and Rg. The rings
formed by Rl, Rpl, and Rgql (Rl and Rpl, Rpl and Rql, Rgl and R1, or Rl and
RP1 and Rgl) with the adjacent carbon aton1 and the rings fornmed by R2

Rp2, and REOCRATR RERS REZPARAIRLESRR) ARFIRIE VIS R2 S#dd WRp2ataRd Rq2)
with the adjacent carbon atonllnclude rings simlar to those fornmed by R
Rp, and R'&hider Lomexamplen)sitkhtdeurdish Htimd s The h@or?&ﬂﬂ?d%‘qsepresent ed
by Fornulae (.12a) and ( 12b) each having a_nethine carbon atominclude the
conpounds!Rkenpf ENE@ VARG MBLESRESHRICN ABF L UdGic K X3P bR i afedSEyclic
conpounds_(A3-1la t he non aronatlc clic conmpounds (A3-1b) each having a
hydrocarﬁgﬁadﬁ WSt (Rt i 187 R Haﬁéngaﬁdpbﬁépéﬁgpﬁ éﬁﬁﬂo&ﬁﬁéuéﬁs 2) each

h t hi b Th d F I 12 d
he. CompcuffiSremPeeentBacB) EsFmil I CEIBPUR oo AR TRAr g iget o
di ff t f h ot t f d d th
the. pr oceUtr g (HETbrBLEHaT v ea?e@Irf’rI‘%fa,B»quzféﬁegs°;Heor'QQn?ECSLnSSﬁﬁd““
Reacti on prod ?}s can be 3 arat% and@purlzled by t iane seﬁara |on
means as abovg % RRYRCE T PEIBTGR AR B 55?lﬁ&nﬁﬁodﬁg? &PhPe8ERPEE’ by
Formul a ( posed to b forned in the jo |OMAn manner. A radica
o formed B PSRN TR S T e ST 51 TS CONGOT B S5t ed by
F I 1 tt k th t t f th d ted
by E‘érﬁufaﬁ%ﬂfb?g RaCH éP@%f”%%I%%aﬁﬁs b %"ﬁ%anﬁ%ft%fprausg%? n. 10
Pr od d I d d
ro ucthg %I cﬂhﬁ%&%e preso.un sg% Oxyége%t%t%%\égﬁt&e Ef] 2 Gonpound an

wher e necessary I'h ence an-a esent ed by

fol | ow ng; formi ant %%a)céﬂg%é 1 1458 Re RY ssu@l{%’{?&%o%%?” or an

organic group, is a

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 canbeusedalone
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



- 92 toreact with an olefin represented by followi ng Fornula (20) Rc Re
Rd~~Rh (20) wherein R, Rd, Re and R' are the sane or different and are
each a hydrogen atom or an organic_grﬁ p, where R Rd, Re and Rh may be
conbined with each other to forma ri g with the adj acent carbon atom or
car bon-carbon bond, and thereby yields a carbonyl conpound represented by
followng Formula (21): 0 HRe (21) Rg ~ ~ Rh R Rd wherein R Rd, Re, Rh
and Rg have the sanme neani ngs as defined above. In Fornula (19) , the
organic groups in Rg include simlar organic groups to those in Ra and Rb
As the al%¥eHyde's eRRAMABd(BY- Fornul a (19), the al dehydes exenplified in

t he carbonyl - gr oup- cont ai ni ng, conpounds, (A2-1) can be used. In Fornula (20)
. R Rd and R kgﬁ@l?ﬁ@ggaﬁ%g%gggﬂf §3)ahﬂclude compounds represented

by the formula: NyOy, wherein x is 1 or 2; and y is an integer
of from 1 to 6. In these compounds, y is generally an integer
of from 1 to 3 when x is 1; and y is generally an integer of
from 1 to 6 when x is 2.

Typical examples of the nitrogen oxides are N0, NO, N0,
NOz, N204, N20s5, NO3, and N;0¢. Each of these nitrogen oxides
can be used alone or in combination. The nitrogen oxides may
bepure substancesormixturesmainlycontainingnitrogenoxides.
Such mixtures mainly containing nitrogen oxides include,
exhausted gases formed in oxidation processeswithnitric acid.

Preferred nitrogen oxides include, for example, NO, N.0s,
NO, and N,Os. In this connection, N2;03 can easily be obtained
upon a reaction of dinitrogen monoxide (N;0) and/or nitrogen
monoxide (NO) with oxygen. More specifically, N;0; 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 (N,0O) and/or nitrogen monoxide (NO) and oxygen into
a reaction system without the previous formation of Ny;03. 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.



the organic groups in Rh include simlar organic groups to those in R Rd
and Re. As the olefin represented by Fornula (20) , the conpounds
exenplified as the inert olefins (B;-gh and active unsaturated conpounds
(B1-1) can be used. A reaction can be~perforned in accordance with the
process - 93 of the present invention for producing an organic conpound.
Reacti on products can be separated and purified by the sane separation
nmeans as above. In this reaction, the carbonyl conpound represented by
Formula (21) is sug$osed to be formed in the foll owi ng manner. A
correspondi ng Ar§I SYREREaPX1<eT of Bt ¥ rgiitiRe CHRRAITIFS sfRF&TREE Dy

For mul a (%g) attacks the carbon, atom constituting the douple bond of the
conpound PEpFESBRt8d RPOrortRFEeIRd Lnd Ph eﬁV“ﬁﬁéFasaPh%nE%9%5ﬁ§1

conpound i_n questiop. 11. Production of (3-Acyl oxycar lic Acids or
(3- Acyl ox§ReRomeS OB - catihl VATE® (ORRRIAH el Comptit St 137 tHE FHedsence of
oxygen, th | cohol represented by Fornula,(2) is allowed to react wth an
o O Uns BEuFEOBAL o oS ahgdud AEEY Bobht RNBYAFOF| P! FOTTIS: (22
is 2.
Such sulfur oxides include, but are not limited to, SO,
5,03, S0,, S0O3, 5207 and S0O4. Each of these sulfur oxides can
be used alone or in combination. As the sulfur trioxide, fuming
sulfuric acid containing sulfur trioxide can be employed.
Preferred sulfur oxides include those mainly containing
at least one of sulfur dioxide (S0;) and sulfur trioxide (S03).
The sulfur oxide can be used in combination with oxygen. For
example, byusing sulfurdioxide (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. Preferredsalts include
alkali metal salts of nitric acid or nitrous acid.
The nitric acids can be supplied as intact to the reaction
systemormaybe supplied in the formof solutions such as aqueous
solutions. Alternatively, these components may be formed in

the reaction system and may be subjected to the reaction.



Rel C22) Rd O wherein R and Ra are the sane or different and are each a
hydr ogen atom or an organic group; and Rel and Rr are the sane or different
and are each a hydrogen atom a hydrocarbon group or a . heterocyclic
group, where R and Rd may be conbi neéd>o Torm a ring with the adjacent
carbon atom and thereby yields a - 94 (3-acyloxycarboxylic acid or

~3- acyl oxyketone represented by following Formula (23): 0 Rr~ 0 0 (23) Ra
Rb~ ~ Z Rc Rd wherein Z is a hydroxyl group when Rel in Fornmula ( 22 ) is a
hydrogen atom and Z is the substituent Rel when Rel is a hydrocarbon group
or a heterocycThe npastpsrabe tRegenRbhe Rongbunghd 2Rr chrab lehel svenimgani ngs
as defined above. This reaction can be performed pursuant to a process (a
process ugimAiczheadythe mbidie F68 VRNATHE XSRS d B) mi 8 L rpaiat)
descri bed in Japanese Patent Application No. 2000-648. The organi c groups,
hydr ocar béf §RBupsSSRBEEr 8&ycPitc 1§r 8hpsabarBcehetri Ag§CLErREd byuR and Rd
with the adj acent carbon atominclude simlar groups as nentioned above.
Accor di ngSPéVERES ineddtdnbut grediRinp Bl tod 5o 2Rt L ¢ 3 Cary RRP 1P feact

wi th nmethyl vinyl ketone and thereby yields 3-acetoxy-3-nethyl butanoic

aci d. Li kefide, anp‘P%]b%ﬁo‘Pr?%ma‘FIW’c PR W 4 4P ra AR W i kSrer eby

yi el ds 3-fornyl oxy- 3- net hyl but anoi ¢ aci d. , ,
benzonitrile, and other nitriles; formamide, acetamide,

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



The reaction can be perforned in accordance with the process of the present
i nvention for producing an organi c conpound. Reaction products can be
separated and purified by the sane_ .95 separation neans as above. In
this reaction, the target (3-acyloxycarboxylic acid or (3-acyl oxyketone
represented by Fornula (23) is supposed to be forned in the follow ng
manner. A 1-hydroxyal kyl radical corresponding to the al cohol represented
by Formula ( 2 ) is forned in the reaction system attacks and is added to
t he bet a- S|t|on of the a, (3-unsatu ated carhb n I conpound regresented by

Formul a ( ngt?ﬁl SR ¥ FEGH f“d’ldr?édma}t ion as a
It of th dd t dth b | d b | d
resul L of g ad0tLiga snd Lher sby 'depﬂ%%glsi@yemé?g %&?yéaé%a?ﬂ ¢ R Rd 0

wh Ra, and Rr _have th f d ab
Thi s comsBlRioT EVPRErSE ANS GoTPPEl (BhgR HROE o fo%fsﬂe iiedl above
Bonded, a%?fa%hﬂ?%%é’g ?%%@8%204‘ Lo §%§C§{J%§§%pg§% qup has -

c;?'b;,ﬁiY' Bt o P BREes "By HorRENE 155 1o Wbre RARe .(é” i ogen.
atom IScan be performed at atmospheric pressure or under a pressure
(underalcad). Whenthereactionisperformedunderapressure,
the pressure is usually from about 0.1 to about 10 MPa (e.qg.,
from about 0.15 to about 8 MPa, and particularly from about
ltoabout 8 MPa). Areactiontime canappropriatelybe selected
within a range of, for example, from about 10 minutes to about
48 hours depending on the reaction temperature and pressure.

The reaction can be performed in a batch system, semi-batch
system, continuous system or another conventional system. By
addingthe imidecatalyst tothereactionsystemininstallments,
the target compound can be obtained with a higher conversion
or selectivity in many cases.

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



used as the starting conpound, a correspondi ng (3-acyl oxycarboxylic acid is
formed. When an a, (3-unsaturated - 96 carbonyl conpound represented by
Formula (22) , where Rel is a hydrqpaégoq group or heterocyclic group, is
used as the starting conpound, a correspondi ng (3-acyl oxyketone is formned.
12. Production of Polyacrylam de Polymers In the presence of the imde
conpound and the conpound (A) capable of formng a radial, an a,
(3-unsaturated carboxylic acid amde is polynerized under mld conditions

and there | el ds a correspondi ng, polyacryl am de polyner [refer t
Japanese %f%ﬂgﬂﬁﬁqlé‘ftji %gﬁg.e HE %R RRL PP GOBEE UGS éﬁf a é&?gl ytic

5- menber ed N\ hydr oxy clic imde co ound%:ﬁlgb.fl pi cal exapples of _the a,
(3 Unoat (PR b AP BB S P rhrp et SPb PERELA Ay M o OF SxaRp1E)
N-met hyl (net.h) acryl am de, N, N-di net hyl (et h)acryl am de, .
N- I Sopr OpYT {REEFRET ST e NP BREATTT it 19 o P4t H29 SRACEH8Ronanm de. A
reaction tenperature can ropriately be sel ec eg.dependin on the type of
e aw TR GRRErS bncPBERRT Aot bR Grr 1 e PFafy g R e ouBi dbout oC to
about 150C, and grgfeégglétfrog%gbouiflgC%tg aboq%ulggc. By controlling the
reaction ?%ﬁﬁ%? ur%,_ et ol 2801 &Y w%i% TP R ulting polyner can be
control | ed, T.*Fm{ Sg‘a’}n'%%‘ Q«%%“%%%%’%J%%ﬁ%%%%t d Q%.H&ﬁ%@&@ %y OF
exanpl e, precipitatro of reprecrpitation. . Producti on anrc
Co”poundsh%?i’h@ga Qé%%g‘ﬁ'— AT %g&]t 8694;1”395 gh%“BdEXc%%E%ﬁ{gléig ttoh%glem de
conpound, e tonpound ( capabl e o ormng radic s allowed to react
with the hetercatom is used as the compound (A), the adjacent position

to the hetercatom 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 hetercatom 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-heterocatom double

bond (e.g., the carbonyl-group~containing compound )is

employed as the compound (A), a bond between a carbon atom

relating to the carbon-heteroatom double bond (e.g., a carbonyl

carbon atom) and an atom adjacent to the carbon atom is broken,

and an atomic group containing the carbon-heteroatom double

bond (e.g., an acyl group) is combined with the aforementioned

position of the compound (Bl), (B2) or (B3) to yield an addition

or substitution reaction product or a derivative thereof.

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



_ 97 _ oxygen-atomcontaining reactant (B4) and thereby yields an organic
conpound havi ng an oxygen-atomcontai ning group. This reaction is perforned
in the presence of, or in the absenceggf, a solvent. Such solvents include
t he af orenentioned sol vents. The anpunt of the catalytic imde conpound is,
for exanple, fromabout 0. 0000001 to about 1 nole, preferably fromabout O
000001 to about 0 . 5 nole, nore preferably fromabout 0 . 00001 to about
O. 4 nole, and often fromabout O . 0001 to about 0. 3 nole, relative to 1

I f the, d (A . ' ti ' i gni ficantl L erated i
mony casclanan s ahorans Rk he B8Rt FES 58t R anad um
ioed in COMTARCTON VhaR ERe St ST o LA NG PeaBERHE LCBAPh & i
the f ' be , di d, w ' t h it
gacor ar gon e bl RN CIBE Lol bR Lordr HTES #aRe i Lol can b
used al one,f.] 0, oMb £ELLOMon B 48400, 4005 Ollc AP £ VDS DL P

oxygen-at om cont al ni ng reactan In conblnation, two or nbre types of

different funcidonal gf,ouns AR Re il %ﬂ%‘%@ﬂa@%ﬁ ERmpomlacyke, uch

functional groups include, fox exanple, roxyl group, oxo group, carboxyl

group, ni E}K@r%?HE%%ééHg%%f@é?gﬂgbgnar(%‘dp%iéI‘dé & &ﬁ@%% k@QcYSBn tWO

types or nore o ee oxy contal nihg reactan can be used

concurre S ' 0 h - iLAi ng
reactantn%%gggétiggggﬂg%gééﬁgf%ﬁgfﬁgggegg @%@rE%?§§§%ﬂ€§%9g%%?%%?theIy be

sel ected i e d oRBSUNY ty) §9d19R8 8BbkkiYutkBh J?é‘:i(aéé%@n F%@ﬂchygen

(B4-1) is used as the oxygen-atdom containing reactant he anount of

oxygen is(gayal 40-QipIPhE pRauebput 0.5 mole (e. g., equal to or nore
than about 1 nole), preferably fromabout 1 to about 100 nol es, and nore

preferably fromeabedtt2oh®babitn BReMiRfanf8l @i it di ipheaek ahle
conmpound (A) . Oxygen is often used in excess to the conmpound (A). Wen

carbon nopexj des ¢Bé- zad@agloswgﬁéthiA% EomploRinds €8 i i €9 NN abingBuas t he

oxygen-atom contai ning reactants (B4), carbon nonoxide in an anount of

equal to OK) NedEar heb Abmind & &l filQ@saBaubryahe cabewbokBd Nl es)

and oxygen in an amount of equal to or nore than about 0.5 nole (e.g., from

about 0. 5haeimPeu oRPgERl86dmaEEnOAL £INE TG UL 8l hY§ Hiidoxpl gr@ﬁpt, he

conmpound (A) . In this case, the nolar ratio of carbon nonoxide to oxygen

is from abeditgrt/}y tarabayll §9088/ hiltko andupy,eberabl fuf raamabedupl0/ 90 to

about 99/1. Wen the nitrogen oxide (B4-3) is used as the

oxygen- at @pEndii 1ag WmMgheeagdantt €Pd)oxidee-artuiHcoft die iy teageanexi de can

appropriately be sel ected depending on the types of the nitrogen oxide and

t he conpound (@E&)ccrdlnmpytde:tefuaodas Orofimwhe tdrsehtmilrereart inmy, ke | ess

than 1 nole, relative to 1 nole of the conpound (A) . Wen the anmount of

t he nitr ogemp bikicaleed enryanind toagenndi oxh @& cbsaliass thaoudh nole stepg. ,

equal to ornore than about O . 0001 nole and less than 1 nole) , preferably
by using two ormore types of the compounds (A) capable of forming

a radical and/or the radical scavenging compounds (B) to thereby
invite sequential addition or substitution reactions. For
example, when the unsaturated compound (Bl) and oxygen (B4-1)
as the radical scavenging compounds (B) are allowed to react
with the compound (A), a group derived from the compound (A)
is combined with one of the two carbon atoms constituting the

unsaturatedbondasmentionedabove, andahydroxyl groupderived



_ 99 fromabout 0.001 to about 0.8 nole, and nore preferably from about O
. 005 to about 0 . 25 nole, relative to 1 nole of the conpound (A) , the
conversion fromthe nitrogen oxide and the selectivity of the reaction can
significantly be inproved. Hy using nitrogen dioxide (NO2) in conbination
w th oxygen, the rate of a reaction such as nitration reaction can be
significantly inproved. In this case, the anmount 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 lL.es, and nore preferably from about
> 1o about8d WBFeStYRERatPvaRtEOTuRBRe BF O iFogencdl GRFEEn HER- ¢ he

sul fur oxide (B4-4) is used as the Oé en-atom cont ai ni ng, ., _

eact ant, t hearaRECH-PREEGFR Bt BN E R OXB5FaH T 3¢ BES 958 tod i den

d di . t.he.t f,t f i d dth d d i
o T 2 Y el iR ta) P S Buiond A8 PSS el 1% o
about 30 gglegéarglakive to } nglﬁ gf t he goq;ound 2% . .The [__ptiop can
be perfor fBd TRoFargR’ eXBeR¥ B 2RSS FUrSRST e Mivsh t nd i Plre0%i de

.., | fur dioxi i, d i nbi, i ith , L, | i
of The SUFPHroOki CaCRS ) kSt P8 AR At b7 PPBIARAUE DD (o
bout 90/ 10 f bly f t 30/ t 30 ti
Fenper at ufel ah S8br 5hrT sy e L apda cadaharhd SRS St “The "

Lypes of LS GAIPOUN oLA) ANt i, 08y S 00V ARSI N0 A Al For

exanpl e, en oxyg I's use he oxygen-at om cont ai ni ng

br of er abi 5P i anout 0L For apecr 55 RaRCehs B A he TP “and
oxygen (Bdely aLe.used a5 the SXVEBR-ALOEYEARLAl BLNGICeABtANyS, cthe

reacti on tenperature or exanp rom about to about

pref er abl xof by abus) 106 dio, RROUS LE0G LR Chen iy OBEBoaXLda(BA-3) o

sul fur oxi I'S used as the oxygen-atom contal ni ng react ant

(i ncl udi ng,tier 5298 WIRT A GXYPURd Saysednt BosabiAAL eﬁ)e,uﬁ%e%{r%fc@de erég[‘y

tenperature 1s, for exanple, fromabout 0Cto about 150C an

f rom aboupoRBG @n@bOURdZRE (ATS ERBHGIL fabe raeianBdaatsalimspher i c

pressure or under a pressure (under a Toad) . en the reaction iIs

per f or medt HBAEEmBoRAESBRY @ind RBREBISYiB1HS JENSF A podd 0y aRRUl Gl O
about 10 MPa, a%%oprefg?gbf§ frgn1§%§gt 0.2 to abouﬁx% Ngg% The ﬁéaction

can be pepkosBdthBudicANyeALL9BaAl peyghiem such as a batch system
sem - bat ch system or continuous system After the conpletion of the

reaCtiOﬂ,_reaCT&@QbBﬁ@dﬁékﬁeaéﬁd@%fﬁ%&ﬁ§%B§t§ﬂQtPHﬁ&EEQQi@ﬁﬁkd&ﬁﬁﬁique
such as filtration, concentration, distillation, extraction,

crystal | i mayi edrtheer Mstiakhbzatbencadapl Bl i a8ngakiMoghi-eaBEQGRAPhY and
ot her separation means, or any conbination of these separation means . This
process capcphiodugend d=RAGINNIEELElSLy TOf I &5 peRELAGN, & ddrangement
oxygen-atomcontai ning reactant in a high yield under

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



- 101 mld conditions. Specifically, when oxygen (B4-1) is used as the
oxygen-at om cont ai ni ng reactant, an oxi dation reaction proceeds and thereby
yi el ds a correspondi ng oxi dat i on prodg§t_jrefer to Japanese Unexam ned

Pat ent Application Publications 8909, No. 9-327626, No. 10-286467,
and No. 2000-219650 (processes using catalytic 5-nenbered N hydroxy cyclic
i m de conpounds)]. For exanple, when the heteroatom containing conpound
(Al) having a carbon-hydrogen bond at the adjacent position to the

het t [ d as  th b t t t dj t
posi tion FSTRE FRPEIBaR eﬁf?%?giyﬂ?éiﬁesacﬁtﬁ%&aq?%%uO o g Henol

| d di deh b I d d | coh
Vi ol ds 5 e6r BShonar RapoHe caS1han; oF ghbrasca APrelpondtnghe o
hyd ket - di l.d d d
esult of PERPUBE 19 & drage pEr e Tapifese @a%qQ%aﬁ%%@%b@ﬁ%%ﬁ“ e

| P b| 0- 212 2000- 219
g oat S EAF e SRt f\ﬂ'ﬁ@g?&& efcﬁe?aé%rm pe gfiﬁp%% AR e e

ﬁ'ni'ngn ﬁeégﬁé?i%%ﬁ%ﬁ Bat.afﬁ%pﬁﬁi ca?nhxj RELet géiigt‘é%%%éiis usi ng a
cat al YU 6 95 pTbes el Ne ILALOX S thisto L ILIE FOTRONORY ool 3041 on,
a

primary or Sécondary al cohol gen peroxi

| nternati gﬂﬁéﬁfgm: fatmglggacwgﬁf 394¢2 (i‘spi8%esg$\iés!c§\%c@1 t%%' ¢

5- menber e i 2771 de” Ronpoan e conpound

(A2 ) haV&HQréaggé glt}?éleééjsaé %"h;d%‘i*a' RB”QhéS #‘én‘?ﬁe he]{ S T R wad (A,

an oxi dation correspon m can be

obt ai ned. ,ROr,1£X3 8uc9¥)l%'t§t€é6 Qa]%lgﬁg%fd%t% a[/érhﬁoff‘r%d G eanot her

pr oduct |s produc as a resu a cycllc et one

such as cygbobigxananecyhebiifag QB??r99X¥£%8raEhﬂeéuﬁBsa§o§thbC eid. By

usi ng the heteroatom contail ni ng coirpound i ng a carbon-hydrogen bond

at the adbéﬁﬁ@&c@%' Q£ ég%l%%‘%&%ttg% 1%%&*131%@&%88@93@%&1' %phol

(e.g., benzhydrol), is used a“co-reactant (co-oxidizing agent),

Baeyer - Vi Fkégéféﬂ’ﬁ Eé%iﬂﬂbn%d)ﬁ%e%%%ét%hdo?%@é tHAVe A% 4 | o%SU” a

cyclic ketone yields a correspondi ng |actone, and a chaln ket one ylelds a

cor r espongdhAg, €85 by, Nebi: g&awpqledsdigtefﬂaépofcgr&e&ea&@ﬁb%ctpw i cation
No. W99/50204 (cases where catal'ytic 5-nmenbered N hydroxy cyclic inide
conpoundsTakes#a€dydes | Fo RS {1 A bl dehydecy i @l ds dnfRidespaondisng
carboxylic acid. By using the conpound (A3) having a nethine carbon atom as
the conpoyndowéy, t@rl:e%cﬁzobJQ'tthNeV@émﬁd@urh@VéE'bg i RndrgxybeAEOUPE ivMe oduced
into the nethine carbon in a high yield. For exanple, by oxidizing a
bridged cyghte bydpegaabon (A3-1la) such as adanmantane, al cohol derivatives
each having a hydroxyl group at a bridgehead position, such as
1- adamant anol , B, u%‘la‘d;aWE@@Q@F@laQ@dCa}mBlﬁa@d@Ha@faﬂ@é réshpowrad (26
pr oduced - 103 with hi gh selectivity. The chain conpound (A3-2) having a
met hi ne cakpaplatcdto Shly as dEQUt aRe thearkh di & Usaateniagecapeaie@l such
as t-butanol in a high yield [refer to Japanese Unexam ned Patent
Appl i cat i @B) Rubt he alda@t iN® ad803d0H4 I Bhe IR UShgnai e} alaytiicus
5-menbered N-hydroxy cyclic imde conpound)].

organic compounds as menticned below can be obtained.

1. Production of 1,3-Dihydroxy Compounds
A first embodiment of such production will be described
below. By catalysis of the imide compound, an alcohol

represented by following Formula (2):



By using the compound (A4 ) having a carbon-hydrogen bond at the adjacent
position to an unsaturated bond as the conpound (A) , the adj acent
position to the unsaturated bond is gfficiently oxidized and thereby
yields, for exanple, an al cohol, carboxylic acid or ketone . For exanple, a
conpound having a nmethyl group at the adjacent position to an unsaturated
bond yields a primary al cohol or carboxylic acid in a high yield [refer to
Japanese Unexam ned Patent Application Publications No. 8-38909, No.
9-327626 and No. 11-106377 (processes using catalytic 5-nmenbered N hydroxy
cyclic imde aHnmpounds)]. Likew se, a conmpound having a nethyl ene group or
nmet hi ne groue#g: t he adjacen%zposition to an unsaturated bond yields a
secondary Ofa l%,iary al cohol ;" ket one or carboxylic acid, depending on
reaction conditi'ons. Mre specifically, an aromatic conmpound having an

al kyl group or a | ower-order oxidized group thereof conbined with an
aromati c _pi i B_aro i rboxykic acid havin ar boxyl _group
conbined%h%ﬁ%%ﬁé?é?%%ﬁ??@tg%%aggé%ﬁpgégﬁ?fe%faggfﬁé ?%ﬁgo ¥€%0%T%yl group
or the | -ard i.di.zed p =10 80, C of der
oxidizedgggghgg %hcPéggb%?o?gégghpwg?r%ygiSﬁgﬁgiky?yg§%u€%+8¥%%%y cgigroup,
fornyl al Q%ﬂ§ y havi.ng . exanpl e,
benzoi c g%%g?éo té%ﬁggg}ghgo %giggﬁifﬁﬁﬁgéhggﬁgf ?gégégby‘ﬁgﬁz%§%§t

benzal defyde, (@) xbyiGsnt beaeplif eheRlihald g1a¢id Lsonblahped fyom

p- xyl ene, p-1sopropyltofuene, p-dii'sopropyl benzene, p-t% ual dehyde,

p-tol uic i L Foxmhenzal dehyde, or mixtures thereof; isophthalic acid
is obtaiﬁ% %ﬁﬂ%%iﬁiylengi %gfolualdehyde, m car boxybenzal dehyde, or

m xtures thereof; trinellitic acid is obtained from pseudocunene,

di et hyl benzgledehyde,e di et hyl benzoi c acid, or m xtures thereof;
pyronellitic id is" obtained fromdurene, trinethylbenzal dehyde,
trinethylbenjéﬁf“ﬁggz, or nixt Ufks t her eof 3-qui nol i necarboxylic acid is
obtained frof for é&anple, 3- et hyl qui nol i ne, respectively in high yields.
Tn addition, nicotinic acid is obtained from (3-picoline. For exanple, a
conpound Mg &emeRhyd enexgnedptakt thRcadiagentepOstt 4QA 4Pedeach

car bon-carbon doubl e bond yields a secondary al cohol or ketone . In this
case, by Mgy ReORMdm (bod lan SRJdni®f ARG drkaw RG &Pk fcdgss than or
equal to 8.0, such as cobalt(I1l) ‘acetat'e or cobalt(ll) nitrate, is used as

the promeinact i@ GeeRe)di/Ag reoRf UGt efde WisatyumateHe CaboyEd CRIPrRUNd
havi ng an oxo group i ntroduced into the carbon atom of the nethyl ene group
can be oki=aimedndtr adifdinyiLldngirigh thelQRjasRed fdaaddry .atbal &cene
yi el ds nootkatone in a high yield. By using the non-aromatic cyclic

hydr ocar keixHoASkaadb driteotdmpadnithgrdby dle Bd€ ahgl3-diydidapenoxstigownd ket one
havi ng a hydroxyl group, hydroperoxy group or oxo group introduced into a
car bon atr@presrsitidditiynE <l dwighg Farrtidianed.) :Under sone reaction
conditions, the ring is oxidatively cleaved and yields a correspondi ng

di carboxylic acid. For exanple, by appropriately selecting the conditions,
cycl ohexane gmn yiRéHO cygl ohexyl al cohol, cycl ohexyl hydroper oxide,

cycl ohexanone di pn\g7acid w thshigh selectivity. Likew se, a cycl oal kane
such ascyclogﬁ ! bi s(1- hydroxycycl oal kyl ) peroxi de such as
bi s( 1- hydr oxycycl g yl') ‘peroxide [refer to Japanese Patent Application No.

2000- 345824 (a pretesyd using a catalytic 5-menbered N-hydroxy cyclic inide
conpound)]. By using a strong acid as the pronoter, adamantine can yield
adamant anone in a high yield [refer to Japanese Unexan ned Patent

Appl i cat iwdrerRulnl RtaRF pR°NR?, 1R 80846Bate hrocess nsimngs est ¢ §ined
5-menbered N-hydroxy cyclic imde conpound)]. When the conjugated conmpound
(A6) is wdmdeas Théscoepothdn 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.



(A) , a variety of conpounds is fornmed depending on the structure of the
conj ugat ed conpound. For exanple, a conjugated dine yields an al kenedi ol or
ot her products as a result of oxidq;igg._Specifically,butadiene yi el ds, for
exanpl e, 2- but ene-1, 4-di ol and/or 1-buténe-3,4-diol as a result of

oxi dation. Wien an a, (3-unsaturated nitrite or a, (3-unsaturated
carboxylic acid or - 106 a derivative thereof is oxidized, the a,
(3-unsaturated bonding position is selectively oxidized and is converted
into a siﬁ ¢§ %g g% and the beta-position is converted into a fornyl group,
an acet al 8 ﬁ % en the reaction is performed in the presence of an

al cohol ) or aqggﬁ%lo y group (when the reaction is perfornmed in the
presence of a Jyéﬁﬂc acid) in the resulting conpound. More

et R IR e LA
3, 3-di neth i t ti : h ' A7

Used a5 UHe “COREOUNUE (AP et BOF REAbIAr Ay G4 1Y BABCbr BuT R i-d oPor mod.
When th ti d (A8) i qd th d (A i h

co-egxi ste eﬁcgggfl,ac go?r é%glg%!ér,o%%:ﬁ%a?nglosu%%t( /Eze?)a%%g&%ﬁ%“&%é)aflﬁg‘ﬁ%ﬁg’a‘r ogen
Ppnd at 1068 AGR0!aRosELI0D Lo A uRpaLuLe) od hand Jfiadhe Jddigiene) as

t he co-react co-oxi dr zin a correspon I non orned in

L L el ! WSS e L J08 Lpian B e o

N- hydr oxy gg&ﬁéc i mde conpounds)]. The straight-chain al kane (A9) vyields,
for exanpfe, an al cohol, ketone or carboxylic acid. By using the olefin

(A10) as the qqﬂpqﬂgﬂ: ndi - r%ggﬁp S bt ai ned
[refer to Japanese né&%ﬁ?ﬁgh%ggﬁgﬁqugﬁﬁgﬁﬁgﬁéﬁ’ u |ggg?on ﬁ%ﬁngl-49764
and PCT =& ; iF¥E§ i i . S usin
catalyticggqﬁgihgggg%%?%§ roxj°é?%%?ga%%?giD%%ﬁ%%ﬁ%ﬁ%€f9%§§§%?%?§§ ly, mhgn

the hetergoabegs COrtRAINIANG FHRIPUM, drda R RS RpEakReWRkdr ggen shand at

the adj acent position to the hetéroatom such as a secondary al cohol, or
the conpound {Adidehavsndsrgagen- by db peeonbench a1 n t he: gdh fcent position

to an unsaturated bond is used”as the co-reactant ( co-oxidizing agent ) ,
an epoxi dgyd P £8GH I UPLG8eHdS 1 WNESIp N ld kendi §EonRssanthd Bekeny1yi el ds
t he correspondi ng epoxide in a good yield. By alldow ng at |east "one

conpound %ﬁé@@é P& aloroR ¢ yRY 0atdeRBBS U tCY o kanoloscapdor Y d kanpaes to
react with amoni a and oxygen (B4-1) as the oxygen-atom containing reactant

in the prgseeger pé Hjhﬁd@ix&ﬂdﬂ g&oupsden EPAROU ML Areohisespotdidiy thact ami s
obtained [refer to Japanese Patent Application No. 2000-345823 (a process

usi ng a cad@byytTid- ABIDEE Blc NP EsOXYo6N ChtSup s e, §0Npeystrdlkibr e
specifically, by allowi ng at | east one conpound sel ected from cycl ohexane,
cycl ohexagobups dany od pdexanensy 1 Gragsd) Waddh aamii@ fakth epegen 3 kot he
presence of the catalyst, E-caprolactamis obtained. By using carbon
monoxi de £Bdu2)2 tandrb¥yoetorB4phle fax d01e hxy ey -Btcmakeniad idigboaact ant s,

a carboxyl ation reaction snoothly proceedsand thereby yiel dsa correspondi ng
car boxyl i t5 agirbdmaaogedd yhelutjdeferytoidappieses tivex aningss PatTart
Application Publication No. 11-239730 (a process using a
aromatic hydrocarbon groups include, for example, aromatic
hydrocarbon groups each having from about 6 to about 14 carbon
atoms. Thesehydrocarbongroupsmayhavevarious substituents.
Heterocyclic rings constituting the heterocyclic groups

inR*andR®include aromatic heterocyclic rings and non-aromatic

heterocyclic rings. Such heterocyclic rings include



- 108 catalytic 5-nenbered N-hydroxy cyclic imde conmpound)]. For exanple,
when t he conmpound (A3) having a nethine carbon atomis used as the conpaund
(A), a carboxyl group is introduced i %o_the nmet hi ne carbon atom Likew se,
in the conpound (A4 ) having a carbon-hydrogen bond at the adjacent
position to an unsaturated bond, a carboxyl group is introduced into a
carbon atomrelating to the carbon-hydrogen bond. The non-aromatic cyclic
hydr ocarbon (A5), such as cycl ohexane, yields a carboxylic acid having a

car boxyl %rqggjconbjned with a carbon atomconstituting a ring. When t he
ni t rogen BXFFCTEAL Y L1 BIFSEFILOR IR DM O BRT GO TR RG ERERELARY, a
nitration reactio redom nant | roceeds and_t hereb ields, for exanple,
D Corr cap TR o LOAP6aNE T 15 3 AP aREL LM R RSa TR Re
Application Publication No., 11-239730 (a praocess using a catalytic

5- mrenber ctP TR Sy (G E SnlRe A BITHRGER RGN Pieconpound
(A3) having a nethi ne_carbo tomis.used as the c ound ((A). ,. the nethine
Car bon at DR EROTI P ot JACSH PERPLECYakan TRETRSBBU (S RART oS
carbon-hygrogﬁp and at the adj acent position to an unsaturated bond is
used, a ca?%o %Hd%%Telating to the carbon-hydrogen bond is nitrated. The
non-aromati ¢ Gycl | ;‘fngﬁo"r‘:ﬁéab 0 143“5),«;' RUCHL 2% Gy ghonexane. . i &l %go%.
correspondi ng cycflc itro compoun avi nga nitro-group combined with a
carbon ato stitutin ring. .Even.the strai - chai I A9), such
as hexanel,rrl]%:%%&y’l ek?‘# aaLge %Ofogqm&c%rerd;sifﬁdn&' ﬁé%ﬁ)l% %ggﬁgl{a%&%l@ﬁg%a%ﬁr ogen

di oxi de ié}é&‘fﬁk?&f)?&é,“@?éf@&@&@%ﬁ yFO@é@gﬂrﬂg éf%g%r?g%net g, g 5{1%1% gn

reaction can I Ci ent procee using the su e fnexcess
i o . P . .
Publ 1 cat 1 S kb O S5aase L Brateol Ter S St B 8t ¢ "BIELAEL R Ny ony
e i . . vt { th
a4y acent  BOSIT ORY O ARIS oEREr T PROICLt TTTe VORI FCR LTI ) “Buch as

t ol uene, | c , ni LS, Lnt into the
u éﬁo%t?%% ﬁémﬁ@ﬁ% P%%r’%ﬁégfakﬁu dfr_%m é}BBth%QBPabéu{: 7 adieeds

carbon atom t he net er sonme conditions, the nethyF'group i's

convert ed:?d'éﬂl-i Qgr%ffe‘%ra%ﬂ a%@ﬁ%ggﬂ 5 ey £8Y,Y 118 f8mBetyr r&%@%ggiﬂ&%&%o”ﬁt I c

al dehyde ., ben or anitro group 1S introduced into the

aromati c ff&gawutt@ﬁeeém{ RO SRR N Tmesé@%ngg r@afﬁgﬁe%@l@%itng a

nmet hyl ene group at the adjacent position to an aronatic ring (e.g.,
et hyl benz&@@)su%%ttitﬁi%e%&ﬁ?éf&? e Arfl19% r8hbE ¢ SPARAUME L fuents that

a-nitrobenzene ) , in ich’the methyl ne group is nitrated, and under sone

reaction oadh ¢ 0NSa ! §So@bs Ok JEn £AUPOURY, (&l .oRGATRNENANE 0Xi NE)
where the nethylene group™is converted into an oxinme. By using nitrogen

nonoxi de ot ier AXHIENaah O §0Bkhat NENG AE3G! ARt ardMatl BeFifaN ndebd a
correspondi ng al dehyde as a result of cleavage of the ether bond [Japanese

Unexam negofl@d@séd Appl i cation Publications No. 11-315036 and No. 11-254977
(processes using catal ytic 5-nmenbered N-hydroxy cyclic imde

Preferred substituent R® includes hydrogen atom, C;-C4
alkyl groups, and Cg-Ciq4 aryl groups. Preferred R® includes
hydrogen atom, C;~Cjpaliphatic hydrocarbon groups andalicyclic
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



- 110 compounds)]. For exanple, phthalan can yield phthal al dehyde in a

hi gh yield. Likew se, by using nitrogen nonoxide as the .
oxygen-at om contai ning reactant, a gyghoq}kane yi el ds a correspondi ng
cycl oal kanone oxinme [refer to Japanese 'Patent Application No. 2000-157356
(a process using a catalytic 5-nenbered N-hydroxy cyclic imde conpound)].
For exanpl e, cycl ohexane yields cycl ohexanone oxinme. By allow ng a chain or
cyclic compound having a nethylene group to react with the nitrogen oxide
such as nitrogen nmonoxi de in_the presence of the catalytic imde conpound
and a hal 8§8RPLe, FhossmesePRL} foed 2 SERk RARREERT ARGRAEAT YEHARAS  a
correspongi ng amde or |lactamis obtained [refer to Japanese Patent
Appl i cati of KBMP2¥rd92{%3 -4 process using a catal ytic 5-nmembered N-hydroxy

cuchic,m g compeundll FoL, Sramhley gyl shorgne, Vel o5 cpprgl actam
Nt onatssclien, pedenL T L procesds apf.insielariel b [ e
[reter Ca3RpERse FoLsnl ofBil) sehL o1y 200, SIORE L drpsers g @
(he compoune i bt 195, SELERDULLORED oS, 2 L1 2 Saol o i
e, carbog By o9, Bont | 3 Lt AR, U5, SN el k)
oom 5 ThSb8LCE e L Do ALy WELSERLORR (1 g ecd o
10, Bkl Reseagem, vplenl ot ssuch e mielabeane, VIRALAL
oL SERPEVH G960 OO0, B Al Acent yUERAL SN LiE g oot om
the strai Q*ﬂﬁégzﬁi‘% @é%&?&aéf%)rco%‘i@ Qécﬁ%%%gegkﬁlgdﬁgufgﬁgm ng

ni t r oal kane. IS reaction 1s supposed to proc OW ng manner.

The i ni degopmaudsteacheittBehheont toha sehds audrbberedyorhebds an

i m do- N-oxy radi cal, ical w thdraws a hydrogen atom from

substrate QBQhB*ﬂgp ehyh ¥ heLdR o aBODGh 1 ERYIGAL up8Pd hant e I@ﬁtﬂﬁiidg%of adi cal ,

ni trogen a|OX|de ormed 1n the reaction systemis added and thereby vyields

a correspapding Ai,EL8-50RRAURGuien the sul fur oxide (B4-4) is used as the
oxygen-at om containing reactant, a sul fonation and/or sulfination reaction

proceeds and thesepye YbEL Esng) correspondi ng organic sulfur acid or a salt
t hereof . For exanple, when the conpound (A3) having a nethine carbon atom

i's used as thergOmEHh & Hroupd $Hl RYS RACAL GIOUR tBRel b ORMICRAG AL the
met hi ne carbon atom™ When 't he conpound (A4) having a carbon-hydrogen bond
at the adiepeeBtnpesi b{ Foinfu) (BNSakHIBE &ty 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.g., alkoxycarbonyl groups, aryloxycarbonyl groups,

aralkyloxycarbonyl groups, and cycloalkyloxycarbonyl groups),

carboxyl group, substituted or unsubstituted carbamoyl groups



- 112 bond is used, a sulfur acid group (e.g., a sulfonic acid group or
sulfinic acid group) is introduced into a carbon atomrelating to the

car bon- hydrogen bond. The non-aronati% cyclic hydrocarbon (A5) , such as
cycl ohexane, vyields an organic sulfur acid having a sul fur acid group
conbined with a carbon atomconstituting a ring. The formed organic sul fur
acid can be converted into a corresponding salt thereof according to
conventional techni ques. For exanple,thesalt can be obtained by reacting the
organic sulfur acid with an al kali metal hydroxide, alkali metal carbonate,
al kal i metllrshpard§etiedr psnapeularkhvrrad @ra%% %‘?‘é@shyo‘?&fﬂ%§r%‘ﬂaal i ne
earth netal carbonate, amne, thiourea, i sothiQurea in an appropriate
sol vent sOdhresIHRTRr . SW%@H@tqq%ﬂ %ﬁﬂ&qaééb|FP9§°?H€ BF e eREOURTe®I%N can
produce, for exanple, anl unds ,each havin

oxygen- at SHulééﬁtlﬁlarﬁJrfb %&@6 su%‘iqu %?Feﬁﬁi?g‘ﬁ’soﬁ%ﬁ%bc aboxy!
group, vitro group or sulfonlﬁ acid g qg roducts as a result of the
format i on®5FeX GAPBBR: cAPHoR HHRAT Br 3T |%%.?9e%r?WRﬁeKﬁa?¥; G-CURicl i zed

derivatives h selectivity in hi ie s ar sult of addition
o bt By Bt e i khuy HEeubsonan YHnéu%FﬁlaaaF the

resent.i nven n.i nt. roduce such n ox tom CO i nl n ro into
P o i e £ e g F e A PG P T BT R At P |

h bl e |
For | ong i W He ALy SRR LER h S a0 ATEFORRE TS GV i n

smal | anou 8 in a radical reaction and is highly stable in a reaction at
hi gh tenpgraPBfes Exanpl es The present invention will be illustrated in

Tﬁ{;gg;ddetallThe haf§55%65€bm§ 0 gENEE fl&ggwﬁé¥;gﬁié¥%névﬂ '%ﬁ?ﬂ%,nOt

and iodine atoms. The hydrocarbon groups include, for example,
the groups exemplified as the hydrocarbon groups in R* and R®.
These hydrocarbon groups may have at least one substituent.
The heterocyclic groups include, for example, the groups
exemplified as the heterocyclic groups in R® and R°. These
heterocyclic groups may have at least one substituent. The
alkoxycarbonyl groups include, but are not limited to,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, t-butoxycarbonyl, and
otherC;-C¢alkoxy~-carbonyl groups. Thearyloxycarbonyl 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,



tolimt the scope of the invention. Reaction products were identified by
NVR, | R and/or GC-M5. PREPARATI ON EXAMPLE 1 Production of

N- hydr oxynapht hal i m de A 3-L flask eaﬁépged vvlth a stirrer, cooling tube
and thernoneter was purged by nitrogen gas . .29 ( 770 mmol ) of
hydr oxyl am ne- hydrochl oride (purity of 97% and 1.2 L of pyridine were
added to the flask and were stirred to dissolve at roam tenperature under
nitrogen atnosphere. To the stirred mxture, 138.7 g (700 mmol) of

1, 8- napht hal enedi car boxyl i ¢ anhydri de was added. The stirred m xture was

heat ed atN-Z% HErCar 7Y lan i Db dturbig th ynegp thamesd. GrG for 1 hour .

After stirring at 90C for. 1 hour, the reaction m xture was cooled to room
t enper at ur'e- i 1R Siye FpﬁéonTﬁea?%%lﬂsttl%gEWEFaﬂW AetoyY guhbeneétftered of f
and washed wi.th 5% %Fe ht of acetic acid gg:s}eous gol ution and dried at

80C for FFHOUPSL EBEFS a2 i LOHIEF SHLANRLA 251848018 ey S\ F 198995 (819
oo SR BRSSP el Sl (02
?3)6 %301%@%?%%%5%%%%wﬁfﬁmaés)léqlﬁ i%yla%s?’t?el%r%ﬁéﬁimn ON
(N, hoet ob/19 A S L o oh e AGE (LY HEaE i AREF A b a

i trogen® C°°'4g8%t “b%asé“e B %rlél%n‘g‘/d?%%‘ﬁ%ﬁ{%ﬁr?ﬁzaga%b?éf‘%ggc i
prepar ati on lexa

The |St| rre X P% \’/vaasmﬂ Zogay 066% ﬁtl Z aCI drt\(l)i::rez af%grg)bl%grteh‘?z%;?flg
750

oS L 1678 (750, o) o 3 00V e e g o

o2 oo Sl L OB BURST LS WL 1T 8 DI 051114 b8 ne

under a reg}%ﬁ%qq‘ftesé%aerk%cﬁm Jrr% 82y 6 Ngrs(‘lbgt?itdoc%doamlno groups

N- acet oxynap m de W e yel 'ow co
include, forexample, N,N~-dimethylamino, N,N-diethylamino, and

piperidino groups.

Preferred RS, RY, and R® include, for example, hydrogen
atom, hydrocarbon groups [e.g., Ci-C¢ aliphatic hydrocarbon
groups (particularlyC;-Csaliphatic hydrocarbon groups), C¢—Cig
aryl groups (e.g., phenyl group), cycloalkyl groups (e.g.,
cycloalkyl groups each having from about 3 to about 8 members),
haloalkyl groups (e.g., trifluoromethyl group, and other C;-Cg
haloalkyl group, particularly C;-C4 haloalkyl groups)],
heterocyclic groups, substituted oxycarbonyl groups (e.g.,
C1—-C¢ alkoxy-carbonyl groups, aryloxycarbonyl groups,
aralkyloxycarbonyl groups, and cycloalkyloxycarbonyl groups),
carboxyl group, substituted or unsubstituted carbamoyl groups,

cyano group, nitro group, sulfur acid groups, sulfur acid ester



Spectral Data 1H NWR (CDC13, 500 MHz) ~ : 2. 48 (s, 3H CH3) , 7.7-7. 8 (m
- 115 2H, ArH), 8.2-8.3 (m 2H ArH), 8.5-8.7 (m 2H, ArH) isC_NWR (CDC13,
125 MHz) 8 : 166.6, 159.4, 135.0, 131.8, 131.7, 127.4, 127.0, 122.1, 17.8
MS (FAB+) mz 256 { (MrH+, (66) ) T 974 7(100) , 798 (12) PREPARATI ON
EXAMPLE 3 Production of N, N -di hydroxy-1,8;

4, 5- napht hal enet et racarboxdiimde A 5-L flask equipped with a stirrer,

cool ing tube and thernoneter was purged by nitrogen gas. 110.3 g (1.54 nol)
of hydroxyl am ne-hydrochl oride (purity of 97% and 2 L of pyridine were
added to gheupaskndmicwkereraiissol s iWall ystinefieryeat R oandt Bfrgereat ur e
under nitrogen atnosphere. To the stirred mxture, 187.7 g (700 nmol ) of

1, 8; 4, 5- n&phtdiEmea ehvdsagpoxat o, drafihpdipde tigsh vdtedarype gtdunsed

m xture was heated at 40C for 1 hour and subsequently was heated at 70C for
1 hour. AfPertientarhy Gt Cocd fratliqdydroceebosagtpBrs x¢anCes vy lcool ed
to roomtenperature with stirring. The precipitate was filtered off, washed
with 5% b§raePghiced - acebpeYacP8CHALeotECs0RUKYONIranBsSdlFed-at 80C for 12
hours under a reduced pressure to yield 160.1 g_(690) of

N, N - di hy@¥e%92ikgl AuoupspRtRlinaieing faBRralsxet P eL@iUths medle i&dl-or .
Spectral Data 1H NVR (DVBO d6, 500 MHz) 8 : 8.5-8. 7 (m 4H, ArH) 11.01
(brs, 2, helpalkyl groupssdener ( BRESHEIONe 5NN, YT @UP arEh ofher361 s 126. 9,

125. FAB+ 2 MtH) + 1 2 2 232 (7 177 (7
125.3 VS (FBr), o2 299 ( (MHT, (300} ), 2283 )2y 232,000y, 177 (7).

substituted oxycarbonyl groups (e.g., C;-C¢ alkoxy-carbonyl
groups, aryloxycarbonyl groups, aralkyloxycarbonyl groups, and
cycloalkyloxycarbonyl groups), and cyano group. Typically
preferred R® includes, for example, hydrogen étom, and C;-Cg
aliphatic hydrocarbon groups (especially, Ci~Cs; aliphatic
hydrocarbon groups).

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



PREPARATI ON EXAMPLE 4 Production of N, N -di acet oxy-1, 8;

4, 5- napht hal enetetracarboxdiimde A 2-L flask equipped with a stirring,

cool ing tube, thernoneter and dropping funnel was purged by nitrogen gas.
89.4 g (300 nmmol) of N, N -dihydroxy=1; 8; 71 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
heated at 100C for 1 hour under nitrogen atnosphere . After stirring at

| 20C for 4 hours, the reaction m xture was cooled to roomtenperature with
stirring. aTheoxesayrbonygl preeips t afwrmels, fadetarled pafop immd wadeedomlt,h acetic
acid, and dried at 80C for 12 hours under a reduced pressure to yield 107.4
g (94% o ohedi ackl GELUR T 4ySnasptnuiad eacboryacardaxdidambdeonith ocher

col or. Spectral Data 1H NMR (DMSO-d6, 500 MHz, 120C) ~: 2.47 (s, 6H CH3),
8.7-8.9 (l?hN- dime i y) caBeBINVRL ( BIRINCR Bilse T 28 SHpE ut ug SubpgE tuged1 57, 5,
130. 9, 126.2, 125.7, 16.6 - 117 NS (FD+) niz 382 (M-, (100) ) 339

(42) 29@5‘{]@%5‘0371@“(% EARLIR 1 e e BodSm LT 1AM Qwitdst Bk lequi pped
with a stirrer and a pressure gauge, 12.00 g of _p-xylene, 107.03 g of
acetic acgaouB759%e%Y£f %?%EE?b%y in@ ABBAT haF BhedF e4PBoXVETHE obt ai ned by
preparation exanple 2 % by nole relative to xylene) , 0.112 g _of

cobal t (|iypae%%%¥%~43¥@xﬁ¥ﬁuja@db¢7h§ro% ﬁﬁh@@ﬁ£§%¥?WQSé@%ﬂa@ékﬂnHéo wer e
pl aced. The autocl ave was charged with 3 MPa of oxygen gas and 2 MPa of

ni trogen %E%u%ﬁd placed in a heated oil bath. The mxture was stirred at
150C for eti gn of the reaction,. thg autoclave was

pl aced on coI g[rk}ﬁatréﬁgzserf@tﬁgl%dgg%n t A8 r@Ec{‘?‘Bﬁt ¢ e 1qu5| Eki yAITHe

and vis T8O T RS BRORE) PEORr B 4RO SR ROMEDAd Lo Fer o] on of
p-xylene.but are not limited to, cyclopentadiene ring, pyrrole ring,
furan ring, and thiophene ring.

Typical active olefins represented by Formula (3) include
the compounds exemplified as the active unsaturated compounds
(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 beta-position of the group

Y between the two carbon atoms constituting an unsaturated bond



EXAMPLE 2 In a 500-m titanium autoclave equi pped with a stirrer and a
pressure gauge, 12.00 g of p-xylene, 107.03 g of acetic acid, 0.144 g of
N- acet oxy- 1, 8- napht hal enedi car boxi m de obt ai ned by preparation exanple 2
(0.5% by nole relative to p-xylene)7 6112 g of cobalt(ll) acetate~4 H20
and 0.277 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 a
heated oil bath. The m xture was stirred at 150C for 1 hour. After the
conpl etion of the reaction, the autoclave - 118 was placed on cold water
to cool ded¥nthheartavei ohehirt neprgseekey. bTorerreulasidti npd extdam

m xture, 0.144g of N acetoxy-1, 8-napht hal enedi car boxi m de obt ai ned by

pr epar at i efitegdapk ecadivgal addébe Thehaupoe] bven viemrredrheged weshll aPa of
oxygen gas and 2 MPa of nitrogen gas and placed in a heated oil bath. The
m xt ure wabespddi&doat andothergeby NoghdsAther 1ty Reddbigirerivosompoune
reaction, the autoclave was placed on cold water to cool down the reaction
m xture qHPEKPFENEGFt Rer AErBULE déPi-es of the above operation of fromthe
addi ti on of N acetoxy-1, 8-napht hal enedi carboxi m de to cooling down was
repeat ed tw celnTHeS reQPPrRY FER¥SFRNIRE Rindigsel by hi o Pe8d rhehce

| i qui d chromat ography and was found to yield terephthalic acid in 94 %
yield at I66%Eonber'ts SRaGH 1Py VRAR. Y ERARFIE 20 e SHWEQdr &1 ¢S Hnpl e 1
was repeated, except thié reaction enPerature s 190C, and_t hereby

yi el ded t 8FEPRL TR @181 FOFN CFFOLPY| I AP RFOFHF¥onUEY SFHROBY L (BE&HRme.
COVPARATI VE EXAMPLE 1 The procedure of Exanple 1 was, repeated, except that
3.07 g of aI\FH%P‘Si‘frbﬁf‘hﬁﬁFﬁFaen(‘?ﬁ%B IHafe REPSEFVel R ot iR ST Sias used
i nstead of ,N-acetaxy-1, 8-napht hal enedi car boxi m de, and t hereby vyi el ded

t er epht haFi-81l8cPdfPR25998y AerdVat 1980 (EoRVErSKIRY OPUBY X9 RRECNEXAMPLE 4 I n

a 500-m 52&%@5 gb% t?%k%&%aﬁgghpﬁﬁngéﬁglg ?éffrgg’desérfgéé later.

The yield of the furanone derivative can be improved by

controllingthe typeandproportionof theco-catalystor further
subjecting the product to aging after the addition reaction
(or further oxidation reaction). A reaction 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, and other aromatic hydrocarbons; 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



15.36 g of p-toluic acid, 104.0 g of acetic acid, 0.288 g of obtained by
preparation exanple 2 (1% by nole relative to p-toluic acid) , 0. 112 g of
cobalt ( Il ) acetate ~ 4 H20 and 0 . 277 g of nanganese(ll) acetate~4 H20
were placed. The inside pressure was I'Acreased using 2 MPa of oxygen gas
and 2 MPa of nitrogen gas. The tenperature of the resulting m xture was

el evated on an oil bath and was held at 150C with stirring for 1 hour.

After the conpletion of the reaction, the autoclave was placed on cold
water to cool down the reaction m xture quickly. The resulting solution was
anal yzed byahpghb, ferdhoalvant @ °Citguiltowt i 6 08T ognapine nchivias fromabdua yi el d
terephthalic acid in 83 yield at 88% conversion of p-toluic acid. EXAMPLE 5
The proced0f@ tof dxampl BO@Ovas repeat ed, except that a reaction tenperature
was 190C, and thereby yielded terephthalic acid in 94%vyield at 96%
conversi on of -t dngducadiah cEOVPARATOXFE—EANRLES 122 dthen g Mecddwrte vefs Exanpl e
5 was repeated, exceEt that 0. 184 g of N-hydroxyphthalimde ( 1% by nole
rel ative to p-Boratelueid)cfkke inddeiopsoeaddofthe alcohol represented

N- acet oxy- 1, 8- napht hal enedi car boxi m de, and therebX Yielded terephthalic
aci d in 4% jeenglat (0% coiasibircotepctoVifl &R4dl) BANRE BT hR@
procedure of Exanple 4 was repeated, except that 0.216 - 120 g of

N, N - di acet BxynsaBusatedaphrhakghécetradadpbkdat hvder¢prssenyedoby rel ative
to p-toluic_acid) was used instead of

N acet oxyF2Ll8oKapEt Rar@Hedi ¢ar boxi ni de, and thereby yiel ded terephthalic
acid in 88%yield at 930 conversion of p-toluic acid. EXAMPLE 7 The
procedure of Exanple 6 was repeated, except that a reaction tenperature was
190C, and thgﬁeby yiel ded terephthalic acid in 900 yield at 92%onversi on
of p-toluic (d. MPLE 8 In a 1L titani um autocl ave equi pped with a

stirrer, a ¢ In 5
1 CozRE (8)

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 representedby 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.



tube, a mass flow and a pressure controller, 80 . 00 g of (3-picoline,
311.3 g of acetic acid, 5.58 g of N-acetoxy-1, 8- napht hal enedi car boxi m de
obt ai ned by preparation exanple 2 (3% by nole relative to (3-picoline) , 1.
070 g of cobalt ( Il ) acetate ~ 4 H2®land 1. 053 g of manganese ( | | )
acetate 4 H20 were placed. The reaction m xture was controlled to the
tenperature at 140C and the pressure of 10 kgf/cnR [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 m xture was
anal yzed W90gas58Bpomat ography and was found to yield nicotinic acid in 66
o yield at 73% conversi on of ~3-picoline. EXAMPLE 9 - 121 The procedure
of Exanple 2 wisledpulailed, except that 12. 00 g of m xylene was used

i nstead of p-xylene, and thereby yielded isophthalic acid in 95 o yield at
100 o conver siBre @il aahodisefeprEXANMPEE P Fhemplacedurigdfudx sdplidag was
repeated, except that a reaction tenperature was 190C, and thereby vyiel ded
i sopht hal pécalkplsi hRoo7ogeelid Bhe1DDOGBehieRsPBHNtRE I RyPéhBdreXAVPLE 11 A
m xture of 1.00 g of fluorene, 0.154 g of

N- acet oxy<2MBORAPHt hal enedi car boxi m de obt ai ned by preparation exanple 2
(10% by nole relative to fluorene) , 9.0 g of acetic acid, 0 . 008 g of
cobalt (| | )[lcdetlnsaturpied Grdbaxylioodial dfDawiirireset] | ) acetate~4 HzO
was stirred at_120 C in an atnosphegre of oxygene gasn§ latm=0_. 1 MPa )
for 6 hours . THHe SUESHUGUSE 5 8dudt RRAtRe iRekefPBAant Xt % P idR4l yzed by
gas chromat ography and was found to yield flugrenon in 82%yield at 96%
conversioﬁodga ﬁudﬁéﬁéﬁ EXARPIELYD (i xOFgendC 9regPr§ oF RydicHédsne,
0.152 g of N-acetoxy-1, 8-napht hal enedi car.boxi m de obt ai ned, by preparation
exanmpl e 2°t83°hy gﬁ‘é’l”é’er‘P%FiC\Pen%W&r&ﬁéﬁaﬁ%ﬁ?c%t.heoﬁ%aﬁtb?nc(@bé;l?t' (1 1)
acetate ~ 4 H20 and O . 0&% g_of pman anesg é || %,acetat8.~.4 H20 was
stirred aPT98B € FHOURS at AL pAEF el BF L bXVYERE §BRCEACRt FPRAHT1°RPa) for 8
nours. 135%&;&%@”&pEr?Q“S}:oc':Qséhgfrt?r?gt;';?é‘se”}létk‘ﬁge%ioﬁ aLyzgd by gas

hydrocarbon groups and heterocyclic groups. If the compound
represented by Formula (5) has a substituted oxycarbonyl group
in addition to -CO;Rf group indicated in Formula (5), the —-COzRf
group 1s involved in a cyclization reaction, but the other

substitutedoxycarbonyl groupcanremainas intact inthe product.
The other substituted oxycarbonyl group is therefore included
in the inert organic groups.

When at least one of R® and R® is an electron attractive
organic group, a target a-hydroxy-y-butyrolactone derivative
can be obtained in a significantly high yield. Such electron
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.



- 122 was found to yield cycl ohexanon, adipic acid and glutaric acid in
1% 6% and 1% yields, respectively, at 12% conversi on of cycl ohexane.
EXAMPLE 13 In a 500-nL titaniun1auppc%gvg equi pped with a stirrer and a
pressure gauge, 12.00 g of 4-nitrotoluégne, 107.03 g of acetic acid,0.670g
of N acetoxy-1, 8-napht hal enedi car boxi m de obtai ned by preparation exanple 2
(3% by nole relative to 4-nitrotoluene ) , 0 . 087%of cobalt (I | )
acetate ~ 4 H20 and 0 . 215 g of manganese(ll) acetate~4 H20 were pl aced.
The aut ocl ave was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen
gas and pl aceJn%sﬁbﬁEgFéﬁn&ﬁ %@ﬁ?e%ﬁéﬁ%q&%aﬁgg%?ﬂ@goﬁarpp@c for 1
hour. After the coppletio q; reactign, the autoclave was #aced on cold

wat er to 268¥Pd AL R i 5 e e L REPUPTRESPRSHR K i xtwure was

anal yzed by hjgh performance |jquid chromatograph nd was foynd tqQ vyield
4- i 1 1 obeP BT RGP i madgmiy ot EBYL SHGHPCORVBRSE Bh 1812 A2nft PdsVane.
EXAMPLE 14 In 500-nL _ti aniungautoclave equi pped with a stirred and a
stirrer afiP¥Phr eREF CHE00e2T 2. B8°YP of 4- br onot ol uene, 107.22 g of acetic
acid, 0.537 g of N-acetoxy-1, 8-naphthal enedi car boxi m de obt aj ned hy
prepar ati on eﬁaﬁHFESQe@a OﬁDEEerQﬂ TR Lo A BT oAt cidy . 070
g of cobalt £ [

. - d Q. f | )
Do coothtriviisde8Seittonctd Ry il 1) 4R, ?%%Qf [98P0REs (655&6% o
2 i i j . T
i xtur e e P e oo Bt P " ORR T e B A B bPBRBYT reaction.

ui oty TREC LS P EE P RRnFE ol Rlen Bl e A R S R e ' ©

qui ckly. & resur{i nce qui d

1000 conves BER o M ST G 6 an PRt is e s Eb O e TS aad” ¢
| of o4 i it e
aut ocl ave equi PoEd kL8 BSLELL o5 400 3 PEOSSL B0 0AURE 0} 2n0Png

4- et hyl an ic ac

of N- acet oxy- - napht h iC | M _C al ¢ ar.at i le 2
(3% by ot ey o L T B o O P D S B P acer ot o
4 H20 and;One 2441 0p Of  PBRgRNESELLEL ; a5 Shal oo 1RO uEGL RLRggd. The

aut ocl ave was charged w t a of oxygen gas and 2 MPa of nitrogen gas

and pl aces.gngchiet d oihy Do hoodhEndh K LI £ndaSL LT peBontoASOC Tor 1

hour. After e conpletion” of reaction, the aut ocl ave was placed on cold
water to %QQ&rQO‘é’ﬂoE*&%nro%CééJFcli‘;qma’éh%%%t@ﬂ&étefhétféﬁli'—fo'c%nfaa%felﬁe was

anal yzed by hi gh performance uid chromat ography and was found to yield

s oEFA AL P aPLENLSE Ve B ol b peotchiah o0
equi pped MhP) acshhihBEe, and other cinnamic esters;
4,4,4-trifluoro—~-2-butenoic acid; methyl
4,4,4-trifluocro-2-butenocate, ethyl
4,4,4-trifluoro-2-butencate, and other
4,4,4-trifluoro-2-butenoic esters; maleic acid; dimethyl
maleate, diethylmaleate, andothermaleicesters; fumaricacid;
dimethyl fumarate, diethyl fumarate, and other fumaric esters;
3~cyanoacrylic acid; methyl 3-cyanoacrylate, ethyl

3-cyanoacrylate, and other 3-cyanocacrylic esters, and other

o, P~-unsaturated carboxylic acids each having from about 2 to



- 124 and a pressure gauge, 12.00 g of 4-chlorotoluene, 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 (3s by nole relative to 4-chlorotoluene ) , 0. 095 g
of cobalt (| | ) acetate ~ 4 H20 and’@ .~ 232 g of manganese(ll) acetate~4
H20 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 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
resul ti ngabhput dbeardramadys od datdrigbheeed brimmpce dii-Guid kyhresratregr aphy
and was found to yield 4-chlorobenzoic acid in 96a yield at 100% conver si on
of 4-chl ofot@l adkenyl est2gs,ClaadvBryl Astatrallyst conprising an imde
conpound having a N-substituted cyclic imde skeleton represented by

foll owi ng FormRBeagtion] C-C 0 CQ ~ -OR (lI) C- ~0 wherein Ris a

hydr oxyl - protecting group. 2. The catalyst according to claim1l, wherein
the imde The reaction of the alcohol represented by Formula (2)

with oxygen and the a, f-unsaturated carboxylic acid derivative
represented by Formula (5) can be performed pursuant to the
process described in the reaction between the compound (A) and
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:

HO  RPHO R
(7

R* cozR’
R® R¢
wherein R?®, R?, R®, RY, R®, and Rf have the same meanings as defined
above. This compound is supposed to be formed in the following
manner. A l-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in the system, attacks
and is added to the beta-position of the a,f-unsaturated
carboxylic acid derivative represented by Formula (5), and
oxygen attacks aradical at thealpha-position formedas aresult

of the addition to yield the compound in question. The formed

o,y-dihydroxycarboxylicacidderivative representedby Formula



conpound is a conpound represented by following Formula (1): 1 RRR CO R3 R4
~-OR (1) RS R6 ~0 wherein Ris a hydroxyl-protecting group; Rl, RZ R3,
R4, R5 and R6 are the sane or different and are each a hydrogen atom a
hal ogen atom an al kyl group, an aryl 'droup, a cycloal kyl group, a hydroxyl
group, an al koxy group, a carboxyl group, a substituted oxycarbonyl group,
an aryl group or an acyl oxy group, where at least two of Rl, R2, R3, R4, RS
and R6 may be conbined with each other to forma double bond, an aromatic
or non-aromatic ring, and where at |east one N-substituted cyclic imdo
group - (I26:ndemdiceat @vcl hz&Foiomaderireaatayorf condet ibes bodnee mbyR1l, R2,
R3, R9, RS and R6 or on the double bond, the aromatic or non-aromatic ring
formed byyaelHeashet wargktRé-hRAroRy~yRéut RS0 hadt Bbe BerThettateal yst
according to claim1 or claim2, wherein Ris a hydrolyzable protecting
group. 4. r¥heesanikgdsbyafesmdilag (bd.claim 1l or claim2, wherein Ris a
group obtained froman acid QY elimnating an OH group fromthe acid.

When a primary alcohol is used as the alcohol represented

by Formula (2) (i.e., when R® is a hydrogen atom), a
B~acyl-a-hydroxycarboxylic acid derivative of following
Formula (8) maybe formed inaddition to the compound represented
by Formula (6). This is provably because an acyl radical

[R°C (=0)e] is formed in the system:

(8)
R® 002RE

wherein R, R%, R% 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, as mentioned above.

3. Production of Conjugated Unsaturated Compounds

By catalysis of the imide compound, an alcohol represented

by following Formula (2a):



5. The catal yst according to claim4, wherein the acid is one selected from
the group consisting of carboxylic acids, sulfonic acids, carbonic acid,
carbam c acid, sulfuric acid, nitric acid, phosphoric acids and boric
acids. 6. The catalyst according to cl2im 1 or claim2, conprising the

i mde conpound and a netallic conmpound in conbination. 7. A process for
produci ng an organi ¢ conpound, the process conprising the step of allow ng
(A) a conpound capable of formng a radical to react with (B) a radica
scavengi ng conpound in the presence of the catalyst as clainmed in any one
of clainms 1 to 6 to yield a product of an addition or substitution reaction
bet ween the @& nd (A and Qgg)conpound (B), or a - 127 derivative
thereof. 8 . hE pPBcess for produci ng an organi c conpound according to
claim 7, whereill the conpound (A) capable of forming a radical is one
selected fromthe group consisting of (Al) heteroatom contai ning conpounds
each having a carbon-hydrogen bond at the adj acent position to the

het eroatom (A2 ) conpounds each having a carbon-het eroat om doubl e bond,
(A3) conpounds each having a nethine carbon atom (A4) conpounds each

havi ng a "E¥4sem Ryane ém tsoriae samems aif fasent apesa ¥ 6ache AndaLAgatur at ed
bond, (A5) non-aromatic cyclic hydrocarbons, (AG) conjugated conpounds,

(A7) ani fESM CABRMPSHRIYIE S5rPBuNHBErEAB) &g & gReychai AoBPkAREstoand
(A10) ol efins. The process for%groducingaan or gani c conpound accordi ng

9, . ,
to clai mPIHACFERD Hid 86 *AT 2SRV SFIRP E6RPouhd FB)CYRY dRerSdfEct ed
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organic c gund according to claim9, wherein the oxygen-.atom containing

reactants (B4) are at | east one selected fromthe group consisting of
oxygen, carbon nonoxi de, nitrogen oxides, sulfur

d>=< (3a)

whereianandRearethesameordifferentandareeachzahydrogen
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 conjugated unsaturated compound represented

by following Formula (9):

Re

Ri
\ﬁfky (9)

R R
wherein RY, R®, R, R} and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process

(a process using a catalytic 5-membered N-hydroxy cyclic imide
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of oxidation reactions, carboxylation reactions, nitration reactions,

sul fonation reactions, coupling reactions and conbi nati ons thereof. 12. The
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aromati ¢ conmpound having an al kyl group or a | ower-order oxidized group
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alicyclic hydrocarbon groups (e.g., C3-Cjs cycloalkyl groups
orcycloalkenyl groups; andbridgedcyclichydrocarbon groups) .
Alternatively, R® and R? are preferably combined to form a
non—~aromatic carbon ring having from about 3 to about 15 members
(particularly fromabout 5 to about 8 members) with the adjacent
carbon atom.

The alcohols represented by Formula (2a) include a wide
variety of primary alcohols. Typical examples of suchalcohols
are ethanol, l-propanol, l-butanocl, 2-methyl-l-propanol,
l-pentanol, l-hexanol, and other saturated or unsaturated
aliphatic primary alcohols each having from about 2 to about
30 (preferably from about 2 to about 20, and more preferably
fromabout 2toabout 15) carbonatoms; cyclopentylmethyl alcohol,
cyclohexylmethyl alcohol, and other saturated or unsaturated

alicyclic primary alcohols; 2-phenylethyl alcohol,
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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.

The conjugatedunsaturatedcompound representedby Formula
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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):

Rk—CH<0_Rn (10)

-R

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

yields a B-hydroxyacetal compound represented by following

Formula (11):

(11)
R Y

wherein R%, RY, R®, R¥, R, R", and Y have the same meanings as
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defined above. is 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 R* includes, for example, hydrogen
atom; C;-Cjo aliphatic hydrocarbon groups (especially, Ci-C4
alkyl groups); alicyclic hydrocarbon groups (cycloalkyl groups,
cycloalkenyl groups, and bridged cyclic hydrocarbon groups)
each having from about 3 to about 15 carbon atoms; and Cg—Ciyg
aryl groups. PreferredR"andR"include, for example, hydrogen
atom; C1-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

(Al1-3). Typicalexamplesofsuchacetalsincludel, 3-dioxclane,
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2-methyl-1, 3~-dioxolane, 2-ethyl-1l,3-dioxolane, and other
1,3-dioxolane compounds; 2-methyl-1,3-dioxane, and other
1,3-dioxane compounds; and acetaldehyde 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, thef-hydroxyacetal compound represented
by Formula (11) is supposed to be formed in the following manner.
Initially, al,1-di-substituted oxyalkyl radial corresponding
tothe acetal representedby Formula (10) is formed, this radical
attacks and is added to a carbon atom at the beta~position of
the group Y between the two carbon atoms constituting an
unsaturated bond of the active olefin represented by Formula
(3), and oxygen attacks a radical at the alpha-position formed
as a result of the addition and thereby yields the compound
in question.

5. Production of Hydroxy Compounds

By catalysis of the imide compound, a compound having a

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

wherein R°, RP and RY 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
toreact withoxygenandtheactiveolefin representedby Formula
(3) and thereby yields at least one of hydroxy compounds

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

P R°HO R R R°HO R
R Y RY Rd
R® R4 R® Y

(13) (14)

wherein RS, RY, 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;~Cipaliphatichydrocarbon groups

(especially, C;-C4 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 Cg—Ci4 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) together with the adjacent carbon
atominclude, but arenot limitedto, cyclopentene, cyclohexane,
and other monocyclic alicyclic carbon rings (cycloalkane rings
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[5.2.1.0%¢]decane
ring, perhydroacenaphthene ring, perhydrophenalene ring,
norbornane ring, norbornene ring, andotherbicyclic, 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 amethine
carbon atom include, for example, compounds exemplified as the
compounds (A3) each having a methine carbon atom, such as the

bridged cyclic compounds (A3-la), the non-aromatic cyclic



10%& ()- 910%& ()-g5 10%& ()-- 10%& ()-% 10%& ()-YYZZ[[6_7 _~?415 10b9
10%& ()-@ 10%b& ()- 10%& ()- ! 10%b& ()- :
10%¢& ()-s10%& ()-7_8_9 @JaxaqudK%LgJ K@ 100 100Y 10908 ()- Y 109%& ()-

| 10%/& ()-° 10%0& ()- 10%0%& () ObLAMITAf ghhhuVAK@! 10%b& () -
10%& ()- 10%& ()-! 10%b& ()-F 10%& ()-Fs10%& ()- 10Chiiiiijjrk_@!
10%@ & ()-f! 10%@e& ()-f 10%@& ()-f 10%@& ()- 10b 10b 10bl 10%&' ()-rkk
nZmnnnn} [ M?15

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 hydroxy compound represented by Formula
(14) is supposed tobe formed inthe followingmanner. A radical
is formed at the methine carbon position of the compound
represented by Formula (12), attacks and is added to a carbon
atomat the alpha~-position or a carbon atomat 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,
Rd, and R® is a hydrogen atom or a C;~C4 alkyl group, Y is an

alkoxycarbonyl group (e.g., a C;—-C4 alkoxy-carbonyl group), an
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aryloxycarbonyl group, an acyl group (e.g., a C1—-C4 acyl group,
or a benzoyl group) or a carboxyl group. Such compounds are
useful as, for example, materials for pharmaceuticals,
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)

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

R R

(15)
R? Y

R® Rd

wherein R%, R%, R°, RP, Rg and Y have the same meanings as defined
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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.
WO00/35835.

This process corresponds to the production of the hydroxy
compound in which a compound having a hydrogen atom as R® is
employed as the active olefin represented by Formula (3). In
this case, the carbonyl compound represented by Formula (15)
is formedinsteadof, orinadditionto, a compound corresponding
to Formula (13) (R® = H) and/or a compound corresponding to
Formula (14) (R®*=H). Theproportionof the formedtwocompounds
can be controlled by appropriately selecting reaction
conditions suchas reactiontemperature, 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
RY are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of R® and
R%is ahydrogenatomor aC,~C4alkyl group, Y is an alkoxycarbonyl
group (e.g., a C;-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

10%b& () -1 mov}rg\=5 110%0& () -

10b



10b 10b 10b+ 109%& ()-'f 10%b& ()-nf 109%& ()-m 10%b& ()-!

APB45 1 1000 1000 1000 -10%00&' () - % 10%08&' ()-% 10%008 () -

10908 () - 10%0& ()- 8p~<PB45 1 10!, & 1P%O0& ()- !, & 10%"& ()- , & 10%0& () -
109%00% ()- 10%0% ()- s10%& ()-pXYZlb_@ 1 10! 10%g& ()-9! 109%& ()-

109%g& ()-910%g& ()- 100

example, materials forpharmaceuticals, agricultural chemicals
andother fine chemicals, andmaterials for functional polymers.
7. Production of Compounds 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
havinganelectronattractivegroup andrepresentedby following

Formula (16):

RP R°
q>$(ﬂ (16)
R

R® v

wherein R®, R®°, RP, RY 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) described in PCT International Publication No.

WO00/35835.

10%bé& () - #
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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 olefin represented by Formula (3).
In this process, the compound represented by Formula (16) is
formed instead of, or in addition to, a compound corresponding
to Formula (13) (R®= RY = H), a compound corresponding to Formula
(14) (R® = RY = 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 formed in the following manner. The methylol group of a
compound corresponding to Formula (14) (R® = R® = H) is further
oxidizedinthe systemtoyieldacarboxyl group, andthe carboxyl
group undergoes decarboxylation to yield the compound in
question.
Of the carbonyl compounds represented by Formula (16) thus
prepared, preferred compounds include compounds where R°, RP,
and R? are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, R® is a hydrogen
atom or a C;—-C4 alkyl group, and Y is an alkoxycarbonyl group
(e.g., aC;-Cqalkoxy-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 materials 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) isallowed 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) described in PCT International Publication No.
WO00/35835.

The alcohols represented by Formula (2) include similar
alcohols as in the production of the 1, 3-dihydroxy compounds.
The compounds representedby Formula (12) havingamethine carbon
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 process
of the present invention for producing an organic compound.
Reaction products can be separated and purified by the same
separation means as above.
In this reaction, the alcohol represented by Formula (17)
is supposed to be formed in the following manner. A
l1-hydroxyalkyl radical corresponding 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 alcochol 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 (1l2a):

Rol

|
RPLCH (12a)
i

wherein R%, RP! and R* are the same or different and are each
an organic group, where R°*, RP' and R* may be combined with
each other to form a ring with the adjacent carbon atom, is
allowed to react with a compound having a methine carbon atom

and represented by following Formula (12b):
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R

5 |
Rp—?H (12b)
R92

2 and R¥ are the same or different and are each

wherein R%?, RP
an organic group, where R°, R and R¥ may be combined with
each other to form a ring with the adjacent carbon atom, and

thereby yields a coupling product (a hydrocarbon) represented

by following Formula (18):

—gP2 (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 (aprocessusingacatalytic 5-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 RY. 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 RP?, RP? and R¥, R%
and R%, or R°? and RP* and R¥) with the adjacent carbon atom

include rings similar to those formed by R°, RP, and R? with
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the adjacent carbon atom.

The compounds represented by Formulae (12a) and (12b) each
having a methine carbon atom include the compounds exemplified
as the compounds (A3), such as the bridged cyclic compounds
(A3-1la), the non-aromatic cyclic compounds (A3-1b) each having
a hydrocarbon group combinedwitha ring, and the chain compounds
(A3-2) each having a methine carbon atom. The compound
represented by Formula (1l2a) and the compound represented by
Formula (12b) maybe identical to, ordifferent from, eachother.

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.
Aradicalis formedat themethinecarbonpositionof 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):

RICHO (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 RS, R% R® and R" are the same or different and are each
a hydrogen atom or an organic group, where RS, RY, R® and R
may be combined with each other to form a ring with the adjacent
carbon atomor carbon-carbon bond, and thereby yields a carbonyl

compound represented by following Formula (21):

(21)

wherein R%, R%, R®, R" and RY have the same meanings as defined
above.

In Formula (19), the organic groups in R? include similar
organic groups tothose inR*andR®. Asthe aldehyde represented
by Formula (19), the aldehydes exemplified in the
carbonyl-group-containing compounds (A2-1) can be used.

In Formula (20), RS, R? and R® are the same as above, and
the organic groups in R® include similar organic groups to those
in R%, R and R®. As the olefin represented by Formula (20),
the compounds exemplifiedas the inert olefins (B1-6) and active
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 P-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, 3~unsaturated carbonyl compound represented

by following Formula (22):

R°\(kn,ar @2
0

wherein R®and R% are the same or different and are each a hydrogen
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 P-acyloxyketone represented by

following Formula (23):

0
(23)
Ra/}‘zwj\z

R® RY

whereinZ is ahydroxyl group when R®' in Formula (22) isa hydrogen
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, and the rings formed by R® and Rewith the adjacent carbon
atom include similar groups as mentioned above.

According to this reaction, for example, 2-propancl 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-methylbutanocic acid.

The reactioncanbeperformed inaccordancewiththeprocess
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 PB-acyloxycarboxylic acid or

B-acyloxyketone represented by Formula (23) is supposed to be

formed in the following manner. A l-hydroxyalkyl radical
correspondingtothealcohol representedby Formula (2) is formed
inthereaction system, attacks and is added to the beta-position
of thea, B~unsaturated carbonyl compound represented by Formula
(22), oxygen attacks a radical formed at the alpha-position
as a result of the addition and thereby yields an

o,y-dihydroxycarbonyl compound represented by following

Formula (24):

HO R°lOH
RT (24)

R lp

wherein R?, RP, RS, R, 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
target f-acyloxycarboxylicacidor f~acyloxyketone represented
by Formula (23). When an o,B-unsaturated carbonyl compound
represented by Formula (22), where R®** is a hydrogen atom, is
used as the starting compound, a corresponding

B-acyloxycarboxylic acid is formed. When an a,p-unsaturated
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carbonyl compound represented by Formula (22), where R®*! is a
hydrocarbon group or heterocyclic group, is used as the starting
compound, a corresponding PB-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 o,f-unsaturated carboxylic
aclid 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 S5-membered N-hydroxy cyclic imide compound)].

Typical examples of the a,f-unsaturated carboxylic acid
amide are (meth)acrylamide, N-methyl (meth)acrylamide,
N,N-dimethyl (meth)acrylamide, N-isopropyl (meth)acrylamide,
N-phenyl (meth)acrylamide, and crotonamide.

A reaction temperature can appropriately be selected
depending on the type of the raw material and other factors
and is, for example, fromabout 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 react 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 performed 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 0.000001toabout 0.5mole, morepreferably
fromabout 0.00001 to about 0.4 mole, and often fromabout 0.0001
to about 0.3 mole, relative to 1 mole of the compound (A). This
reaction is significantly accelerated in many cases when a
promoter suchas themetalliccompound (e.qg., vanadiumcompound,
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 suchasnitrogen
gas or argongas. Eachof the oxygen-atom~containingreactants
(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, for example, hydroxyl group, oxo group, carboxyl group,
nitro group and sulfonic acid group. In the combination use,
two types or more of thee oxygen-atom-containing reactants (B4)
can be used concurrently or sequentially.

The amount of the oxygen-atom-containing reactant (B4)
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depends on the type thereof and can appropriately be selected
inviewofreactivityandoperability. Forexample, when oxygen
(B4-1) is used as the oxygen-atom-containing reactant (B4),
the amount of oxygen is equal to or more than about 0.5 mole
(e.g., equal to or more than about 1 mole), preferably from
about 1 to about 100 moles, and more preferably from about 2
toabout 50moles, relativeto 1mole 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
1 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). In this case, the molar ratio of carbon
monoxide to oxygen is from about 1/99 to about 99.99/0.01, and
preferably from about 10/90 to about 99/1.

When the nitrogen oxide (B4-3) is used as the
oxygen—-atom-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 1l mole of the compound
(A), the conversion from the nitrogen oxide and the selectivity
of the reaction can significantly be improved.

By usingnitrogendioxide (NO;) in combinationwith oxygen,
the rate of a reaction such as nitration reaction can be
significantly improved. In 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 compound (A). The reaction
can be performed in large excess of the sulfur oxide. When
the sulfur oxide (e.g., sulfur dioxide) is used in combination
with oxygen, the molar ratio of the sulfur oxide to the oxygen
is, for example, 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

the oxygen-atom-containing reactant. Forexample, whenoxygen
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(B4-1) is used as the oxygen-atom~containing reactant, the
reaction temperature is from about 0°C to about 300°C and
preferably from about 20°C to about 250°C.

When carbon monoxide (B4-2) and oxygen (B4-1) are used
as the oxygen-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 about 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
can be separated andpurified 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-containing reactant in a high yield under
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mild conditions.

Specifically, when oxygen (B4-1) is used as the
oxygen-atom-containing reactant, an oxidation reaction
proceeds and thereby yields a corresponding oxidation product
[refer to Japanese Unexamined Patent Application Publications
No. 8-38909, No. 9-327626, No. 10-286467, and No. 2000-219650
(processes using catalytic 5-membered N-hydroxy cyclic imide
compounds)]. For example, when the heteroatom-containing
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heterocatom is used as the compound (A), a carbon
atom at the adjacent position to the heteroatom is oxidized.
For example, a primary alcohol yields a corresponding aldehyde
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
5-membered N~-hydroxycyclic 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)]. Inaddition, aprimaryor secondaryalcohol yields
hydrogen peroxide [refer to PCT International Publication No.

WO00/46145 (a process using a catalytic 5-membered N-hydroxy
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cyclic imide compound)].

When the compound (A2) having a carbon~heteroatom double
bond is used as the compound (A), an oxidation product
corresponding to the type of the heterocatom can be obtained.
For example, by oxidizing a ketone, a carboxylic acid or another
product is produced as a result of cleavage. For example, a
cyclic ketone such as cyclohexanone yields a dicarboxylic acid
such as adipic acid. By using the heteroatom-containing
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heterocatom, such as a secondary alcohol (e.g.,
benzhydrol), is used as a co-reactant (co-oxidizing agent),
aBaeyer-Villiger type reactionproceedsundermildconditions.
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)]. In 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, by oxidizing a bridged cyclic hydrocarbon (A3~1la) such
as adamantane, alcohol derivatives each having a hydroxyl group
at a bridgehead position, such as l-adamantanol,

1,3-adamantanediol and 1, 3, 5-adamantanetricl, can be produced
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with high selectivity. The chain compound (A3-2) having a
methine carbon atom, such as isobutane, can yield a tertiary
alcohol such as t-butanol in a high yield [refer to Japanese
Unexamined Patent Application Publication No. 10-310543 (a
process using a catalytic 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, for example, analcohol, carboxylic
acid or ketone. For example, a compound having a methyl group
at the adjacent position to an unsaturated bond yields a primary
alcohol or carboxylic acid in a high yield [refer to Japanese
Unexamined Patent Application Publications No. 8-38909, No.
9-327626 and No. 11-106377 (processes using catalytic
S-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 groups, and
alkyl groups each having an oxo group. For example, benzoic
acid is obtained from toluene, ethylbenzene, isopropylbenzene,
benzaldehyde, or mixtures thereof; terephthalic acid is
obtained from p-xylene, p-isopropyltoluene,
p~-diisopropylbenzene, p-~tolualdehyde, p-toluic acid,
p-carboxybenzaldehyde, or mixtures thereof; isophthalic acid
is obtained from m-xylene, m-tolualdehyde,
m-carboxybenzaldehyde, or mixtures thereof; trimellitic acid
is obtained from pseudocumene, dimethylbenzaldehyde,
dimethylbenzoic acid, or mixtures thereof; pyromellitic acid
is obtained from durene, trimethylbenzaldehyde,
trimethylbenzoic acid, or mixtures thereof;
3-quinolinecarboxylic acid is obtained from, for example,
3-methylgquinoline, 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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specifically, wvalencene yields nootkatone in a high yield.

By using the non-aromatic cyclic hydrocarbon (AS) 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 cleaved 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(l-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, P-unsaturated nitrile or a,p-unsaturated carboxylic acid or
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a derivative thereof is oxidized, the a,-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) is used as the compound (A), a
corresponding Schiff base or 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.qg.,
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 (Al10) 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 heterocatom-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
unsaturatedbondis usedas 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 using a catalytic
5-membered N-hydroxy cyclic imide compound)]. More
specifically, by allowing at least one compound selected from
cyclohexane, cyclohexanol and cyclohexanone to react with
ammoniaandoxygeninthe presenceof thecatalyst, e-caprolactam
is obtained.

By using carbon monoxide (B4-2) and oxygen (B4-1) as the
oxygen-atom-containing reactants, a carboxylation reaction
smoothly proceeds and thereby yields a corresponding carboxylic
acid in a good yield [refer to Japanese Unexamined Patent

Application Publication No. 11-239730 (a process using a
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catalytic S~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
is used as the compound (A), themethine carbon atomisnitrated.
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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corresponding nitroalkane. When nitrogen dioxide is used as
the oxygen-atom-containing reactant, the nitration reaction
can efficiently proceed by using the substrate in excess to
nitrogen dioxide [refer to Japanese Unexamined Patent
Application Publication No. 11-136339 (a process using a
catalytic 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
group and thereby yields a correspondingaromaticaldehyde (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), inwhich themethylenegroupisnitrated,
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, anethercanyieldacorrespondingaldehyde as a result
of cleavage of the ether bond [Japanese Unexamined Patent
Application Publications No. 11-315036 and No. 11-254977

(processes using catalytic 5-membered N-hydroxy cyclic imide
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compounds)]. For example, phthalan can yield phthalaldehyde
in a high yield. Likewise, by using nitrogen monoxide as the
oxygen—-atom—-containing reactant, a cycloalkane yields a
corresponding cycloalkanone oxime [refer to Japanese Patent
Application No. 2000-157356 (a process using a catalytic
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 g-caprolactam.

When the nitric acids 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 isusedas 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 carboﬁ atom is nitrated. When the non-aromatic
cyclic hydrocarbon (A5) is used as the substrate, a nitro group
is introduced into a carbon atom constituting a ring. In this
case, acycloalkane, suchascyclohexane, yields acorresponding
nitrocycloalkane. In the non-aromatic heterocyclic compound
having a carbon-hydrogen bond at the adjacent position to the
heteroatom, a carbon atom relating to the carbon-hydrogen bond
is nitrated. Likewise, the straight-chain alkane (A9), such
as hexane, yields a corresponding nitroalkane.

This reaction is supposedtoproceedinthe 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) is 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 theadjacentpositiontoanunsaturated
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bond is used, a sulfur acid group (e.g., a sulfonic acid group
orsulfinicacidgroup) is introduced intoa carbon atomrelating
to the carbon-hydrogen bond. The non-aromatic cyclic
hydrocarbon (A5), such as cyclohexane, yields an organic sulfur
acid having a sulfur acid group combined with a carbon atom
constituting a ring. The formed organic sulfur acid can be
converted into a corresponding salt thereof according to
conventional techniques. Forexample, 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
catalyst exhibits highcatalyticactivityeven ina small amount
in a radical reaction and is highly stable in a reaction at

high temperatures.

Examples

The present inventionwill beillustrated in 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 color.

Spectral Data

'H-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 (FAB") m/z 214 ((M+H)%, 100), 177 (8), 85 (1l2)

PREPARATION EXAMPLE 2

Production of N-acetoxynaphthalimide
(N-acetoxy-1, 8-naphthalenedicarboximide)

A 1-L 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 fiask. Thestirredmixturewasheatedat 60°Cundernitrogen
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

'H-NMR (CDCl;, 500 MHz) & : 2.48 (s, 3H, CHs3), 7.7-7.8 (m,
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2H, ArH), 8.2-8.3 (m, 2H, ArH), 8.5-8.7 (m, 2H, ArH)

13C~-NMR (CDCls, 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
N,N’-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-hydrochloride (purity of 97%) and 2 L of
pyridine were added tothe 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

'H-NMR (DMSO-d6, 500 MHz) & : 8.5-8.7 (m, 4H, ArH), 11.01

(brs, 2H, OH)
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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
~-dihydroxy~1,8;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.
The stirredmixture was heated at 100°C for 1 hour under nitrogen

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, CHj3),
8.7-8.9 {(m,. 4H, ArH)

13C-NMR (DMSO-d6, 125 MHz, 120°C) §: 165.9, 157.5, 130.9,
126.2, 125.7, 16.6
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EXAMPLE 1

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, 0.576 g of N-acetoxy-1l,8-naphthalenedicarboximide
obtained by preparation example 2 (2 % by mole relative to
p-xylene), 0.112 g of cobalt (II) acetate*4 H;0 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 o0il bath. The mixture was stirred at 150°C

for4hours. Afterthecompletionofthereaction, theautoclave

wasplacedoncoldwater tocool down the reactionmixture quickly.

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 Hp,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 oil bath. The mixture was stirred at 150°C

for 1 hour. After the completion of the reaction, the autoclave
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To the resulting reaction mixture, 0.144g of
N-acetoxy-1,8-naphthalenedicarboximide 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 o0il 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
of N-acetoxy-1,8-naphthalenedicarboximide to cooling down was
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 repeated, 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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15.36 g of p~toluic acid, 104.0 g of acetic acid, 0.288 g of
obtained by preparation example 2 (1% by mole relative to
p-toluic acid), 0.112 g of cobalt(II) acetate-4 H,0 and 0.277
g of manganese(II) acetate-4 H;O 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 oil bath and was held at 150°C with stirring
for 1 hour. After the completion of the reaction, the autoclave
wasplacedoncoldwater tocool down the reactionmixturequickly.
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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g of N,N’-diacetoxy-1,8;4,5-naphthalenetetracarboxdiimide
(0.5% by mole relative to p-toluic acid) was used instead of
N-acetoxy-1,8~-naphthalenedicarboximide, 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 flowandapressure controller, 80.00gof B-picoline,
311.3 g of acetic acid, 6.58 g of
N-acetoxy-1,8~naphthalenedicarboximide obtained by
preparation example 2 (3% bymole relative tofB-picoline), 1.070
gofcobalt (II) acetate -4H,0and1l.053 gofmanganese(1I) acetate
‘4 Hy,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



I"s 109%&' ()-S 109& ()-sY10%' ()-px6}}[M?110 10KK 10KK 10KK! "1 10%KK& ()-!
10%z& ()-'s 10%z& ()- 10%& ()-sF10%& ()- Nornmal" "Heading 13]c"
"Headi ng 23] c" "Heading 33]c" "Fbadlqg 43] c" "Headi ng 53] c" "Heading 63]c"
"Headi ng 73] c" "Heading 83]c" "Heading 193] c"A "Default Paragraph Fontl O
c$). 549 ?D} IXPSV8\ Laf krw| } nHhZz F\ ge4#N‘j (E. 39?EHNSY" “Edi , ot x} h&Ui 3@ K) FY?
! X', 2G>Ccl NSnX4] agEl LqvH{ k. 06

"$&(*, . 02468: <>@BDFFULNPRTVXZ\A‘bdfhjInprtvxz|~K1#+1JY;#WFaa|sI71HP;gVKj6
I"H#SUR () *+,-,/0123456789: O f!#$]',/1<JAEJa

W W 7_Ldhr knu-S8SNDs RF 954 2 6 S ygm EW&@ ZEX PR Ahed7iA} L9 2xBxi H

Czig’é\gP ES %&t@%ﬂ t]e’ad %B(Pdé‘fydﬁ”jekl 0 R £ P86 Ti mes

New Rormnib‘srolpahtcgpa%fce%cq%wipl S%)‘p yle tc{ g\é\b{ggpccuor{lever51on of m-xylene.

EXAMPLE 10

The procedure of Example 9 was repeated, except that a
reaction temperature was 190°C, and thereby yielded isophthalic
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,O 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,O0and 0.015 g of manganese (II)
acetate+4 H,0 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 chromatography and
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was found to yield cyclohexanon, adipic acid and glutaric acid
in 1%, 6% and 1% yields, respectively, at 12% conversion of
cyclohexane.

EXAMPLE 13

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, 0.670gofN-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-nitrotoluene), 0.087% of cobalt(II) acetate 4 H;0 and 0.215
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
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-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),

0.070 g of cobalt(II) acetate 4 H,0 and 0.175 g of manganese (II)
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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 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-bromobenzoic acid in
95% yield at 100% conversion of 4-bromotoluene.

EXAMPLE 15

In a 500-mL titanium autoclave 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 H,0 and 0.241
g of manganese (II) acetate+4 H;0O 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 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, 0.726gofN-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-chlorotoluene), 0.095 g of cobalt(II) acetate-4 H,0 and 0.232
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
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.
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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/ \N OR
%; C/ (1)
TR
0

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):

wherein R is a hydroxyl-protecting group; R', R?, R?, R!, R’ and
R® are the same or different and are each a hydrogen atom, a
halogen atom, an alkyl group, anaryl group, a cycloalkyl group,
a hydroxyl group, an alkoxy group, a carboxyl group, a

substitutedoxycarbonyl group, anacyl grouporanacyloxygroup,
where at least two of R}, R?, R}, R*!, R® and R® may be combined
witheachotherto formadoublebond, anaromaticornon-aromatic

ring, and where at least one N-substituted cyclic imido group
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indicated in Formula (1) may further be formed on R!, R?, R?,
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 R®.

3. The catalyst according to claim 1 or claim 2, wherein

R is a hydrolyzable protecting group.

4. The catalyst according to claim 1 or claim 2, wherein
R is a group obtained from an acid by eliminating an OH group

from the acid.

5. The catalyst according to claim 4, wherein the acid
is one selected from the group consisting of carboxylic acids,
sulfonic acids, carbonic acid, carbamic acid, sulfuric acid,

nitric acid, phosphoric acids and boric acids.

6. Thecatalystaccordingtoclaimlorclaim2, comprising

the imide compound and a metallic compound in combination.

7. 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 as claimed in any one
of claims 1 to 6 to yield a product of an addition or substitution

reaction between the compound (A) and the compound (B), or a
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derivative thereof.

8. Theprocess forproducinganorganiccompoundaccording
toclaim 7, wherein the compound (A) capable of forming a radical
is one selected from the group consisting of (Al)
heteroatom-containing compounds each having a carbon-hydrogen
bond at the adjacent position to the heteroatom, (A2) compounds
each having a carbon-heterocatom double bond, (A3) compounds
each having a methine carbon atom, (A4) compounds each having
acarbon-hydrogenbondat theadjacentpositiontoanunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes, and (Al10) olefins.

9. Theprocess forproducinganorganic compoundaccording
to claim 7, wherein the radical scavenging compound (B) is one
selected fromthe groupconsistingof (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 producing an organic compound
according to claim 7, wherein the reaction between the compound
(A) capable of forming a radical and the radical scavenging
compound (B) is one selected from the group consisting of
oxidation reactions, carboxylation reactions, nitration
reactions, sulfonation reactions, coupling reactions and

combinations thereof.

12. The process for procducing 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.



