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skel eton represented by follow ng Fornul a (I)
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[ Document Nane] Specification [Title of the Invention
CATALYST COWPRI SI NG N- SUBSTI TUTED CYCLI C | M DE COVPOUND AND PROCESS
PRODUCI NG ORGANI C COVPOUNDS USI NG THE, CATALYST [Clains] [Caiml1l] A

a N-substituted cyclic |m

Q%J
AN, 2

catal yst according to claim1, wherein the im de conpouneissi®«a conpound

represent gl Dreh®! hAMLNY SR A

[Title of the Invention]

ggogfornula 2]

CATALYST COMPRISING N-SUBSTITUTED

CYCLIC IMIDE COMPOUND AND PROCESS FOR PRODUCING ORGANIC

COMPOUNDS USING THE CATALYST
[Claims]

[Claim 1]

A catalyst comprising an imide compound having

a N-substituted cyclic imide skeleton represented by following

Formula (I):

[formula 1]

0
/
c—c’
7T
C N—OR
N
T
Yo

wherein R is a hydroxyl-protecting group.

(Claim 2]

The catalyst according to claim 1, wherein the

imide compound is a compound represented by following Formula

(1) :

[formula 2]

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

NN

*G00002*



1 RRRCOR3 R4 ~N-OR (1) wherein R is a hydroxyl-protecting group; R1,
R2, R3, R4, RS and R6 are the sane or different and are each a hydrogen
atom a - 4 halogen atom an alkyl group, an aryl group, a cycloalkyl
group, a hydroxyl group, an al koxy group, a carboxyl group, a substituted
oxycar bonyl group, an acyl group or an acyl oxy group, where at |east two of
Rl, R2, R3, R4, R5 and R6 may be conbined with each other to forma double
bond, an aromatic or non-aromatic ring, and where at |east one

N- subst i d lic im indicated in F I 1 furth b
for mod. onttoeRatons et Bt b e Ro o EC b Y T Ponat i o or
non-aronat%c EEQ lfoEm&d b% at %gast t wo ofaF{La R2 HESQ R4, RS and.R6.

[O ai m 3] THE RAT Al JEP RecaPdFh§Ord EFaMRT 12 oF S EPRF ¥ 29 BHRfefn R i's a

hydr ol ti . im4 h t al yst di t laim1
o ) b8 RLALET b8 9000 il R aby] e PR AR BT8R Bhel e an

group frgp.phe. acidl o [ Qi weSk: Me cat alystacoor ding, § 0,018l g, jeher el n

the acid 1S O0ne sele romt’he group cbnsisting o oxXyl17¢ aci ds,

sul f oni Cwﬁghgighco l'%qg%r If?%é% cgg@ﬂf%g%ﬁ%{a%ndaﬁosrﬁgg ua%)g n%%i—%’rorﬂni .ttriicC aci d,

phosphori ¢ acids an e catalystaccording to claim

1  aim 2. d ! | O o di
Coﬁ{)i ﬁaﬂ:gb}_&, [%pd;?f#:e?e]ngktfgaé{noql% ﬁQQHBHggtﬂ@gdacQ‘c’lgé irl‘%l&oo[%%%‘dﬁ 'n

process for producing an organic co und, the

Pr ocess ¢QuPELebA%: | Ny gt es of1 allgmieNg ) B cegRuRTygapabke, ofs for i ng a
radical to react wth (B) a radical Scavengi hg conpound in’the’ présence of
the catakysk®asCh@LFESh the double bond, the aromatic or non-aromatic

ring formed by at least two of R', R?, R?®, R*% R® and R®.

[Claim 3] The catalyst according to claim 1 or claim 2,
wherein R is a hydrolyzable protecting group.

[Claim 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.

[Claim 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.

[Claim 6] The catalyst according to claim 1 or claim 2,
comprising the imide compound and a metallic compound in
combination.

[Claim 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



-5 in any one of clains 1 to 6 to yield a product of an addition or
substitution reaction between the conmpound (A) and the conpound (B), or a
derivative thereof. [Claim8 ] The process for producing an organic
conmpound according to claim 7, wherein the conpound (A) capable of formng
a radical is one selected fromthe group consisting of (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

car bon- het er oat om doubl e bond, (AB) conpounds each havi ng a nethine carbon
at om (AAJBaédnﬁBﬁddg‘é%%ﬁ“%éhrﬁ@Gat@aYB%HiHy@#@@éﬁtbéﬁdaata@%bth@?acent
position to an unsaturated bond, non-aromatic cyclic hydrocarbons
(AB) conjdgdes§ é&h"ﬂ}d@ﬁ’dsrea(c,&?)ona er%en(,&@)e EPERRITE cpsitd<he Ag)
straight-chain kanes, and ( ol efins. [Cla|n19] The process for
producrn§9£ﬁqdpéa |d'c (ﬁﬁﬁYQ1 BEgeA%ai m 7, wherein the radical

d I t d f th t f (Bl
el Comate (5 Lo con s e 4o g sl (o)
B3) het t t d d t
(57 el g omouy, g (B0, den somepnian o
d t I 9, wh h t t B4
:fcr;a;?%oﬁgdzg%gzrgdopssrﬁ%rﬁg% 25, EHACERE S EEL ML BB Rkl (50 e

nonoxi de, ni trogen oxi .sul fur ox rous acid or

o ek bR EOrtEin R L hadih 48 2o ANG PLAG Lo A0 ch - M ALSdS, 2
compound a6eor g 19, £LALM T, Wherein b, foas #g@gmb%%ego@g . comound

(A) capable orm &i°Cal he radi € scavengi'n hpound (B) is

one sel egted fromihe groupcausl %glegmoéo%rgar 508 T £AST 1 Ofhounds

carboxylatron reac ratr on reactrons, |ons

coupl i ng I %CBEQEﬁg%QqWﬁﬂﬂﬂkP%%EBB% L D& Ra) [9%%?%h 2s lQSthQ& Tor

producrng an organrc compound according to'c erern an aromatic

conpound *@avrglglnarg/roﬁén@éﬂaatcvh%(% Jl@%ggrtgéw 98 QU £ hey eof

conmbi ned wt Icring is oxidize with oxygen to yield a

corr espondig RASTRLbS-SARRKYL] & ALl nykiRealrbell D386 RLLAN G dhe

| nventi on
compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes, and (Al10) olefins.

[Claim 9] The process for producing an organic compound
according to claim 7, wherein the radical scavenging compound
(B) isone selected fromthe group consistingof (Bl) unsaturated
compounds, (B2) compounds each having a methine carbon atom,
(B3) heterocatom-containing compounds, and (B4)
oxygen-atom-containing reactants.

[Claim 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

oxides, and nitric acid, nitrous acid or salts thereof.



[0001] [Technical Field to which the Invention pertains] The present
invention relates to a catalyst that is useful for oxidation, nitration,
car boxyl ation, reaction for the formation of a carbon-carbon bond, and

ot her reactions and to a process for producing an organi ¢ conpound usi ng
the catalyst. [0002] [Prior Art] An oxidation reaction is one of the nost
basic reactions in the field of organic chem cal industry, and various
oxi dation processes have been devel oped. From the viewpoi nts of resources
and environne éﬂl.i%§1esT a catalgtic oxi dati on rocess, in which

nol ecul ar oxyg abp il TEERTRERTY TaL e A AN DRI LI MY G GoRPoung

Cemper ot GFGACARM G Fi GH o olbbF BLF e BEET VATh B e pheropposad oo | O
| t tiyel t b f dinth - exi st f duci, t
Such as & at SRAVHE To DYOLHAA 1 HA Gt IO (idert ShEAG o GRATERGISS
A di ngl h ti I t ti i dati t [
and i 11 SPBRE R pI BULEE. GRC o BoRGE Cr FhRar Ry PUSEPACGRASPOnETa

condi {1003, 4100031 - Lower oy acarbens. such 2. et ane andetpage are

nitrated usirng nitric aci rogen di oxi r&tures of from

250C 10 2005 KRuevel, gD udkocauhon balng.g Lot et of car bon

atons is d’ under above con e’is conposed,

and a ta%gﬁgiHLE{gn%ogygyggfcannot be obtained in a high yield. To nitrate
hydr ocar bons, a nethod using m xed acid (a mxture of nitric acid and

sulfuric actd)cisutindel yoRuRl syeds HRUENALa, LMo JHBLAOML T Sl EBR LT ge

anounts of a strong acid ina concentrati on. ionally, few

acid ina f Addl |
Processese s Eakagutl Lor & clitlynand dhagetly 11507 XY

_ d
groups into car bons under con rons. [0 A vari et

processez gy ¢ $55U$]Jf3% EBQQQQEQQeQrQQP&fzed group thereof combined

with an aromatic ring is allowed to oxidize with oxygen to yield
a corresponding aromatic carboxylic acid.
[Detailed Description of the Invention]
[0001]
[Technical Field to which the Invention pertains]

The present invention relates to a catalyst that is useful
for oxidation, nitration, carboxylation, reaction for the
formation of a carbon-carbon bond, and other reactions and to
a process for producing an organic compound using the catalyst.

[0002]
[Prior 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



g _ sulfur acids or salts thereof. For exanple, processes for producing a
sul fonic acid include a process of oxidizing a thiol or disulfide with an
oxi di zing agent, a process of allomlng an aromatic hydrocarbon to react
wi t h anhydrous S03-pyridine or chloroSulfuric acid by using a
Friedel-Crafts reaction, and a process of synthetically obtaining a
sul fonic acid by subjecting an unsaturated conpound to free-radical
addi tion. These processes, however, require extrene reaction conditions or
i nevitably produce | arge ampunts of by- products. Additionally, no processes
for dire®Ergessd élflfvi}t%@hﬁq%leﬁh‘llfaénaf‘hfﬁﬁnn% SHrorkgt P TRGEAYCBF®BRS have
been known. [Q0Q6] Processes are known in which a varjety of_conpounds are
added t 02@nSX¥iGrZ188 AGRPSundS BAEHSKAF g %Qﬁ%Y%Bn E%?b%ﬁtﬂﬁﬁBF% bond or
heteroaton}contalnln npounds _and thereb d usef ul ani ¢ conpounds.
For exanpreConen BICGRtT e e R eI CbrpS PG TS GERDSE  BURRE G/ 5 oot or 1 5
al | oned g eact with an olefin having an electron _attracti royp, such
as acryl GHAHIE S ﬁarac e COF OB OBAYED & ol BERIEARES ybgw-s f or red
as a res%lt of _.a_nu qéllc addi t.i on reaction _ and therebg ¥ | dsan
addi t i on®fr BEGREPTE ch%etr AT BHrESEt o a\AﬁgﬂuFﬁ\Bgtﬁ‘Bﬁg of “carBony!

d h f d b I
conpound 7' 2 ﬁ&sfﬂﬁ% o %5#%6@(1%@%”%%61?«‘%%& RGror o drnca B4PBORSear bon

bond and_t her el ds al dol onde sat %gog % These rocesses
novever . P5rerGaRgLAr | § 5RrT GERLENCA AT séﬁgéx&sco?x L8 BEOGER and

t b I d .t
cannot be applied 10 ¢ gg%%q%ae%%a A 2o substiduent o e a1 ow

susceptlb base ese processes

for exang%qd a E%qrﬁ XﬁEEgédlgﬁgﬁB an alkoxynethyl group, an acyl group or

atertiary car Bon atom t o di Fect y conmbine with a carbon atom constituting
an unsaturated boned,gk,an unsaturated conpound or with a methine carbon
atom of a bridged cycllc conmpound. [0008] Addition reactions to a

b b I
car bon- car bony goublg hond id-ceocance. Wd e anhadiicale TRENAN SRR

coupling reactrons to forma c al so known. However,

there arq o pIOEESSES d Al neARoEERI 6] enidy Rlighadghiled: oFe 3wt tution

reaction pr oduct sor vati vest reo Yy action o or exanp e, nol ecul ar

oxygen U%%gngsd% 58%%'0%0”%{ +O000) JFRAE, BUACERARRAANS KN AR QU oduct i on

processes O droxy- bUt actone erlva I ves or exanpl e pean

Pat ent P%&nb%%t b@rba@%a% %'t%%@sﬁsqﬁﬁ@fé)@@é RAdUO0ERESahOe BRI Gal |y
obt ai ni ng pantol actone by allow ng glyoxylic acid to, react

Wi t hi sobyhil igst td keWsSEe col@RAMEs e akhex aa-ped MiatentofpBhihaaddrabt
Publ i cation No. 61-282373 discl oses a process for synthetically obtaining
pant ol actanspbyiddd OW H%igh yiddid. To nitrate hydrocarbons, a method
using mixed acid (a mixture of nitric acid and sulfuric acid)
is widely employed. However, this method requires large
amounts of a strong acid in a high concentration.
[0004]
Additionally, few processes are known for efficiently and
directly introducing carboxyl groups into hydrocarbons under
mild conditions.

[0005]

A variety of processes are known for producing organic



hydrated gl yoxylic acid to react with t-butyl alcohol. Tetrahedron, 933
(1979) discloses a process for synthetically obtaining pantol actone. This
process includes the steps of hydrolyzing
4- hydr oxy-2-nmet hyl -5, 5, 5-trichl oro-1-pentene to yield
2- hydr oxy-4- et hyl - 4-pentenoi ¢ acid and cyclizing this conmpound in the
presence of hydrochloric acid. In addition, The Chem cal Society of Japan,
Spring Conference Proceedings |11, pp. 1015 (1998) reports that |ight
irradiatioq. 0 a mxture salution co aiging an a-acetoxx-a,gB- nsat ur at ed
car boxyl i este P éﬂbﬁﬁﬁéﬁbﬁ T8%s a"Qbr FEEPBREY ngrocesses for
a-acet oxy-y, y-di net hyl -y- butyrol act one derivative.. However, each. of these
br ocessed TIPS & KOS T¢HAL FLURBE BREF P95 SUaPF bt & B9 o GkfiT es
speci al caqndj.t.i e_reacti,on. [0010 Jaganese Unexam hed Pat ent
trg %ﬁg

f .
Aool 1 oat iFon B ages BrENan B 58885 aORE T of SB5e58° Bach Bl LRbEH an

oxi dat i on, cat-alyst COPRELSLDG,AN, | Mdle. ComUNd havind 8ospesl i, structure
or the imde conpound’in co |na¥|on vm%lm or ‘examnpl g, a*t7ans i %n net al

conpound I r W4 ggﬂ! - i cul ar
oxygen. 5§§%ﬁ%§€égh£§%ﬁ§§§% a?gﬁkﬁ%ﬁgﬁﬂgéﬁloﬁfﬁz |§%?%§EWE%R’%%%§39730
(sl 0ses Bctsbe WM AISubeiaAle e 3 vt e, LRAE W h at | east
one reactant selected from( i i trogen oxi des an i m Xt ures of
car bon TRAR 00 AVOED: 4P 08 BERANGE (O £hbE-EEhdRa g lmeLnt A

t her eby afﬂﬁghsﬁ %ﬂg func%?%n%# gf%ﬁ se ecteg ??on?ﬁ?t?g‘%Q%up éﬁd - 11
car boxyl QAo lScLileodyad Jdi Orbhe: suhsld:Ahte rBCTBRezaa] ol
Publicatioﬁ hb? V@OO%SSBSS |sc'o§e é process, fn mh#ch t wo conpdﬁnds are
al | oved 1 react (ahl ACANGG gl LR REeS @Il A fpeG fi c inide
conpound an&'a raEQCgi_generatoP\%%rlrégpect tp)?ﬁE fﬁ?ﬁé conmpound and
thereby yiglid iamaaddi, i) (Mo cuasld el QN Ye@3al) QR PLERCE Q130 oXi di zed
product thereof in accordance with a radical meéchanism These processes
usi ng t hey1Mote +G AP YRS reaR tiikt hYAHER a3 oY $iaRrea iRIBrC GRloinNi Ng group
such as hydroxyl group, nitro group or carboxyl group into a substrate or
can form a carbon- qaplpe) bond. However, they are still insufficient in
yields of the target conpounds, stability of the catalysts or amounts of
the catal yst sprb@83sks[ Freblesut o bansevedvhyithe baveshbomdécees di ngly,
an object of the present invention is to provide a catalyst that can yield
an or ganizedeemeeu e swithit ad kil @onpeheels valch havany ah eirelod-asrdohesul t of
for exanple, an addition or substitution reaction under nild condition and
to provi deudlRr 8eassS or0he}cdditiond - tai HaRiaC coafRAWAG Weidnghkhepgat al yst .
Anot her obj ect of the present invention is to provide a catalyst that can
i ntroducegian coxygeniabognaost ChmbAgn@s OUFdmMeatiplel,grhea subsdtate under
mld conditions and to provide a process for producing an organi c conpound
usi ng t heetalydleyiet compeud® su¥btasaatdiemichfieettof itshel poesénb tarwwsnti on i s
to provide a catalyst that is highly stable and can maintain its catal ytic
activitywiah anl odgftihmaavAnfuahheteobyentavtrabeipe esemip) nvesttiaon is to
provi de a radical reaction catalyst that exhibits high catalytic activity
even i n acxydlonianddet . iAndthpreebheetoDh béage praesembonAgenbborbersd t o
provi de a radical reaction catalyst that is highly stable even at high

t enper at usesormed as a result of a nucleophilic addition reaction and

therebyyields anadditionproduct (Michael additionreaction).
When two types of carbonyl compounds are treated in the presence
of an acid or a base, one carbonyl compound is nucleophilically
added to the other to form a carbon-carbon bond and thereby

yields an aldol condensate.



[0012] [Means for solving Problem After intensive investigations to

achi eve the above objects, the present inventors have found that, when a
conpound capable of formng a radicalgis allowed to react with a radica
scavengi ng conpound in the presence o? an i mde conmpound having a specific
structure, a correspondi ng addition or substitution reaction product or a
derivative thereof can be obtained under mld conditions. The present

i nvention has been acconplished based on these findings. [0013]
Specifically, the ?ég gt i nvention provides, in an aspect, a catalyst
including an i mde ﬁz und having a N-substituted cyclic i mde skel eton

represented b ol Lowa Fr iac(l LOua B oo B GG bl O
L de, COppuBfsel A0S L0, SIRIPLE A SOTPOG e ZSnLeg by, Lol Tow no
each having a substituent that is susceptible to the acid or
base. Inaddition, 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.

[0008]

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

[0009]

Some processes are known as production processes of
hydroxy-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



wherein Ris a hydroxyl-protecting groups 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 cycloalkyl_gr up, a hydroxyl group, an al koxy
group, a carboxyl group, a substltute oxycar bonyl 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 aromati c or non-aronmatic
ring, and where at | east one N-substituted cyclic imdo group indicated in

F I h be f. d d R6 h
Goun o= e g V0B T aRRef P Bl ey et e

: : 4 [0015]_Th t t
preferngStaRH§8F8Pygg%$61&P t é%Fﬁéoa?Bﬁbprgc O C IQ%F%%%: 5hed from

I Li f t h d S I , f

S« BAFSGEELIE L P AR B O Sl
sul furic 8E§ Q E ﬁcdgo hgsgggﬁlf_ C d§ gnd erlc fCIdS catalyst
may |ncIu§ %@ npoﬁﬁd and a ne? $1IC %%%po%ﬁ% I |n§i|on

[0016] I 81@?8@% c?z?&? t4 IBQF %én&éﬁ’&i‘é &58&' ?ﬁélf‘ Pﬁ&gcf% &g for

produci ng-an org iccC npoun rocess 1 nc ud|n al | owi ng

(A) a CO@BBEBQnﬁaP bt[l'?e?é] Jsoéri‘é@%fahf@%%ﬂ'lo&?alr "“ th ﬁ(o? i dpdi cal

scavengi ng onpoun e presence e ca o yield a prdduct of

an addi 408 Shenubeti 4t oefa%kveofbg%%%ﬁ@]é&?féﬁé%‘ﬂwf‘% apabl ¢

conmpound or a derivative the e conpoun

f f I f;
of form Ry, gg%a@bﬁg (195§ Q%Eﬁg%each 919%%91§P$§ﬁ£ﬁ9%ﬁ rog&ﬁ.tur

het er oat om¥ taini ng conpou aving a carbpbo en at the

adj acent n t 1t ) gg\ﬂﬁi

car bon- he?g§%%?§n$%§aépﬁl§§n%§q?ﬁ§§%%% a eac aV|ng a nethﬁhe car bon
atom (Aéktgenaaandspeaﬁanequ@g1ascaregere¥959agﬂgbond at the adj acent
position to an unsaturated

a-acetoxy-y,y-dimethyl-y-butyrolactone derivative. However,

each of these processes employs a material that is not easily

available or requires special conditions for the reaction.
[0010]

Japanese Unexamined Patent Application Publications No.
8-38909 and No. 9-327626 each propose an oxidation catalyst
comprising an imide compound having a specific structure or
the imide compound incombinationwith, forexample, atransition
metal compound as a catalyst for oxidizing an organic substrate
withmolecular oxygen. Japanese UnexaminedPatent Application
Publication No. 11-239730 discloses a process, in which a
substrate isallowedtoreact withat least one reactant selected
from (i) nitrogen oxides and (ii) mixtures of carbon monoxide
and oxygen in the presence of the imide compound and thereby

at least one functional group selected from nitro group and



- 15 bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated
conpounds, (A7) am nes, (A8) aromatic conpounds, (A9) straight-chain

al kanes and (A10) ol efins. [0018] Ihgqudical scavengi ng conmpound (B) may
be one selected from (Bl) unsaturated conpounds, (B2) conpounds each havi ng
a nmet hine carbon atom (B3) conpounds each containing a heteroatom

and( B4) oxygen-atom contai ni ng reactants(reacting agents). Such

oxygen-atom contai ning reactants (B4) include, for exanple, oxygen, carbon
nonoxi de, nitro?en oxi des, ,sul fur oxides, and nitric acid,_nitrous acid or

d
sal ts t hEREBPXYLOBISPPTRE FBAEPABAEdpPTReRENEVRBRPBLRA (B)T capabl e of

f ' di cal, di cal ' d (B) include, f
exanpl o, LK FAREFAROPLATT LT EoR Doyt ONT It CATRRGe e £ MRS,
{hor cof . LOURBFATHES pPOBRSENGr ARC R ULATES COPARE Tl aEe s LOEF of
allowi ng.an_aromatic co und _havi. an_al kyl group .or | ower,- or der

oxi di zed 0r 505 ERSPEBFScBRDENSHoW-CACan™arEnEPTEOF tg P8 BxFaF3E=4i t h

T 01 oneBr felnlof Ul FERPYuate TR Bt e S A g P e T 2

br oad [ I ' . : i dati d. sul.f tion.
[0022) T iBceoropLed 5 mabebE TRt iR Ror i Bl R el

£ th . . . S .

O e, PRESAIEL MR O oLl Shrcd DS b dS COTMNILIBNLRY Anege |
COMPOUNTEEBYpUaLE Bphyf h! ndhe! REnDLSHAS! ELH! PHLEYALEE LA de skel et on
represenPe Sy ormula”(lI') in a nolec Pe " The I ni de conpound may al so have

a p'ura!bkggeh-gkemxcsxegaggggkggogpegs&ﬁgagfggggo&pggggagg% whteh N-oxy

cyclic im skeleton 1s o omt st l1c 1 mde

skel et ongreppegentednBy, ropulg (hioby ehbetpatbngrReLheEstrOD
carbon-carbon bond. However, they are still insufficient in
yields of the target compounds, stability of the catalysts or
amounts of the catalysts.
[0011]
[Problem to be solved by the Invention]

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

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

a process for producing an organic compound using the catalyst.



[0023] In Fornmula (1), the hydroxyl-protecting group represented by R

i ncl udes conventional protecting groups for a hydroxyl group in the field
of organic synthesis . Such protect__iﬁt groups include, but are not limted
to, alkyl groups (e. g., methyl, t-b g&l, and ot her Cl1-C4 al kyl groups),

al kenyl groups (e. g., allyl group), cycloal kyl groups (e. g., cyclohexyl
group), aryl groups (e. g., 2,4-dinitrophenyl group), aral kyl groups (e.
g., benzyl, 2, 6-dichl orobenzyl, 3-bronmobenzyl, 2-ni trobenzyl , and

tri phenyl met hyl groups); substituted nethyl groups (e. g., nethoxynethyl,
met hyl t hi onet T}I@F,aﬂﬁw SRYREENYT the Pregent nyexiyhet Hyd to provide

2- met hoxyet hoxynet hyl , 2,2, 2-trichl or oet hoxynet hyl, = . ,

bi s( 2- chir &R %/)t#@tthjy? nighd vostebi adnsy FENIMA YTk L IR 2 b bps)
substituted ethyl %roupi &e. ﬂ., 1- et hoxyet hyl, 1-nethyl-1-nethoxyethyl,
1-i sopr op\ g?ﬁ&lf 3 3, 2906 ERfSroet hyl, “and’ 2- met hoxyet hyl groups),

rou

hyd | f | ., . 1-hyd | kyl . .
G s iy T
- Xy- 1- . ups s, t, .
groﬁp or%héﬁgéggﬁafeﬁfﬁﬁﬁgwfﬁﬁaéyﬁ3d28§§leﬁpg&ﬁggapﬁﬁ%gFéﬁﬁéy%ép g.,

fornyl, acetyl., propionyl, butyryl, isqobutyryl, valeryl, pivaloyl,
hexanoyl? é%%gxoﬁwgno&¥aﬁoﬁpf %oﬁ§88§%; decanoyl, lauroyl, nyristoyl,

pal m toyl, stearoyl n he 1- C20 _al i.phatic. acyl .groups, and ot her
al i phatic sat%ﬁ%?%%rdﬁbﬂﬁgéfﬁgéi§H%§€fﬁn§réﬁggptégét6§cg?y?r%ﬂ%ékxa
cycl open Kb . CyC VA P 0 y I ecar bonyl
o oups. o e TS b Y R 088 e
aromatic I ), sulfonyl groups (e. g., nethanesulfonyl,
ethanesuF%%ﬁﬁfgkggggruoronethanesulfonyI, benzenesul f onyl
p-toluenesulfonyl,[g qzqaphthalenesulfonyl groups),
aIkoxycarbonylgroups?e.g.,nethoxycarbonyl, et hoxycar bonyl ,
t-butoxycarbonyﬁe?ﬁgdfgghg%lggﬁgngggg9§M]carbonyl groups),

e.g.,

ar al kyl oxycar bonyl groups enzyl oxycar bonyl group and _
p- met hoxybenzxkeéy%@@ﬂglvgrQHGéftJ%ngﬁbﬁyt@ Qhievelf eugﬁ&{?ét | tuted

h
car banoyl groups (e. g., carbanoy yl car banoyl, and phenyl car banoyl

groups), ogreeRs, diapbpredehE oMM GaNhavad dihd hat, Wil EWdnpARid, nitric
acid, phosphoric¢ acids, and boric acids) by elimnafing an OH group

t her ef r oga pdbakkyt FRQERRINI LY a 198 QUPSI dfed o react with a radical

di met hyl phosphi not hi oyl group), di aryl phosphi not hi oyl groups (e. g.,

di phenyl B'&Q%Bhb@ﬁbW&Nﬂoﬂ{c@lﬂﬁ)bh@PgéHﬁé_é'6fléﬁQLn§!dé/Eoﬁf>@HH§_r(a9vi ;.
trinmethylsilyl, t-butyldimethylsilyl, tribenzylsilyl, and triphenylsilyl
groups) . af &84 r ilheti-atdareprpesndcBpY¥nhiang adil et bkysfsthtaryvidiyclic

i m de skel eton bonded through R, which N-oxy cyclic imde skeleton is

obt ai ned rkaemt bhep N GudIS loirt AtcRe- icyead iivee tRbdeoSked©beNobERL REENIrRIE DY
Formula (1) by elimnating Rtherefrom In this case, R includes, but is
not | i m meddteondxed yhs . malhenpkessnecimynt Pruhasybeeadidquanpl igHdaal oyl ,

i sopht hal oyl , terephthal oyl, and other acyl groups derived from

pol ycar bbsgkdcoacttesecdihdnygsgroup; and net hyl ene, ethyli dene,

i sopropylidene, cycl opentylidene, cyclohexylidene, benzylidene, and ot her

pol yval ent hydrocanfboa3groups (specifically, groups that form acetal bonds
with two hydroxyl groups). [0025] Preferred Rs include, for exanple, groups
t hat can forspeanifices bl y ptheeneaceat@inwehhian lppdivixdeds, groap;asgresins (e. g.,

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

[formula 3]



i - 19 acyl groups, sulfonyl groups, al koxycarbonyl groups, and carbanoyl
groups) obtainedfromacids (e. g., carboxylic acids, sulfonic acids,
carbonic acid, carbam c acid, sulfuric acid, phosphoric acids, and boric
acids) by elimnating an OH group ther®ftom and other hydrol yzable
protecting groups that can be deprotected by hydrolysis. [0026] Typical
exanpl es of the im de conpounds are the im de conpounds represented by
Formula (1) . O the substituents RL, R2, R3, R4, R5 and R6 in the imde
conpounds, the hal ogen atomincludes iodine, bromne, chlorine and fluorine
atons. The al kyl group includes,/but is not limted to, nethyl, ethyl,
propyl, isopropyl, butyl, isqpuuyﬁ, s-butyl, t-butyl, hexyl, decyl,

dodecyl, tetradecyl, hexadec&l and ot her stralght- or branched- chai n al kyl
groups each having from abofif 1 t¥-aBBut 3dItarbon atons (especially, about

1 to about 20 carbon atons) . 27] The aryl group includes phenyl and
napht hyl groups, for exanple. Il Nystrative cycl oal kyl groups are
cyclopentyl and cycl ohexyl groups. Illustrative al koxy groups are nethoxy,

et hoxy, isopraopoxy, butoxy, t-butoxy, hexyloxy, octyloxy, decyl oxy,
dodecylo%?er@épr§dééy@oﬁydr@é&&d§69¢@§$lnﬁn&rSPﬁer al koxy groups each
havi ng from about 1 to about 30 carbon atons (especially, about 1 to 20
carbon atons). [002§P14]- 20 Exanples of the substituted oxycarbonyl group

i ncl ude nethoxgc rbonél, et hox arbon ggrog % ﬁrbonl

but oxycar bony FLCE. Bt B% EERBONDHS RBREFERy cEPBORFFIERGPL S| BRPEBRnY!

oct yl oxycar bon arbon dodecyl xycarbonyl

tetradecf@@f?@éPESgy%¥ %@ﬁgﬁﬁﬁﬁ X &g Snﬁﬂ? ‘oct adecyl oxycar bonyl, and

ot her 33 Iko§ carbonyl groups (especially, Cl-C20 al koxy- carbonyl

groups) fEWB&@ntyloxycarbonyl, cycl ohexyl oxycarbonyl, and ot her

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

cycl oal kyl oxycar bonyl groups)}ghen | oxycar bonyl, napht hyl oxycarbonyl, and
ot her aryl oxycar bonyl groups%i ially, C6- C20 aryl oxy- car bonyl groups);

and benzyl oxycar bonyl and of, aIkonxycarbonyI groups (especially,

C~- C21 ar al kyl oxy-car bonyl R oupsﬁ _[ 29] acyl group includes, but is
not limted to, fornyl, a , pvoplonyl 6fyryl, i sobutyryl, valeryl,
pi val oyl , hexanoyl , heptanogg \anoyl , nonanoyl decanoyl, |auroyl,
myristoyl, palmtoyl, stear®ylgé and other Cl1- C30 allphatlc acyl groups
(especially, Cl1-C20 aliphatic acyl groups), and other aliphatic saturated

or unsaturated acyl groups; acetoacetyl group; cyclopentanecarbonyl

cyel ohexgngeantondly »ang oLhor-syel gal kanesanonyl eoups god ol

alicyclic acy groups enz nap i‘c acy gr oups.
[ 0030] R® are the same or different and are each a hydrogen atom, a

halogen atom, an alkyl group, an aryl group, a cycloalkyl group,
a hydroxyl group, an alkoxy group, a carboxyl group, a

substitutedoxycarbonyl group, anacylgrouporanacyloxygroup,
where at least two of R}, R?, R3, R!, R® and R® may be combined
witheachotherto formadoublebond, anaromaticornon-aromatic
ring, and where at least one N-substituted cyclic imido group
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®.



- 21 The acyl oxy group includes, but is not linmted to, fornyloxy,

acetyl oxy, propionyloxy, butyryloxy, isobutyryloxy, valeryl oxy,

pi val oyl oxy, hexanoyl oxy, heptanoyl ,.. oct anoyl oxy, nonanoyl oxy,

decanoyl oxy, |auroyl oxy, nyristoyl oxy, palmtoyloxy, stearoyloxy, and other
Cl- C30 aliphatic acyl oxy groups (especially, Cl-C20 aliphatic acyl oxy
groups), and other aliphatic saturated or unsaturated acyl oxy groups;

acet oacetyl oxy group; cycl opentanecarbonyl oxy, cycl ohexanecarbonyl oxy, and
ot her cycl oal kanec yl oxy groups and other alicyclic acyl oxy groups;
benzoyl oxy, napht y, and ot her aromatic acyl oxy groups. [0031] The
substituents , R2 . R4, R5 and.R6_nmay be the_s or different. In
Formula (1) » Sth8§§E%ﬁ%8 8F°ﬂ?,ﬂRé§ ﬁ§?¥§a?bgg 3nggééoﬁﬁﬁa%éeconbined to
forma dquhl e hond, an _aro LC .0f non-aro i_.c ring. The preferred

aromat i (Pré)&er%nl-nﬁ r?%tulpc’ rgﬁ%a%aés)e % om‘a Otrc}%ttgltnéedaggﬁfn 12 fen e?%, and
speci fical.lLy fr. u b 1 S . j

het er ocyegjinbénﬁtﬁggg%%ctoorifgé#%é% %giorenr g&gg I gdr'i n%l;m%u%&?gs ?%5{%?‘?%% a

hydr ocar Lhgq ~Su i : .ude, _f e, han-ar tic.alicyclic
rings_(é&ﬂgégggg%Fbﬁggg%%X_?%%Qgﬁ' dtﬁ%?f%ﬁ%?ggkﬁgheggfgagqghééh&hay have a
substi t yep an&%'a%'l%?&e%%ﬁf'u'}%?g@igt, hﬁ&tﬂ%'Qé&é?”@hég?}g8§i¥‘h58{‘démy have a
subst|tuen€3 , non-aromatic bridged'rings (e. g., 5-norbornéne ring and

ot her thQQQth%QERﬁQﬁQOH rings which may have a substituent) , benzene -
22 ring, naphthalene ring, and other aromatic rings (including condensed

rings) whi chomay. hays, & SHRSLAL UG nIhGu 48 RRMRLLSES) A QIBLLC Ting in

many cases. The ring may have a substituent. Such substituents I nclude, but
are not ddfpdefl 1% Ainariyps, haloal kyl groups, hydroxyl group, alkoxy
groups, carboxyl group, substituted oxycarbonyl groups, acyl groups, acyl oxy
groups, nitro group, no group, am no groups, and hal ogen atons. j 0032] At
| east one N-substituted cyclic imdo group indicated in Formula ( 1) may

further be feohnhbtRlsp&at, Rie f¥bsdR® Hvd¥t fon Bobﬁ?e%&#@f@c@@@d or

aromatic or non-aromatic ring formed by at least two o , R2, R3, Rgq, RS
and R6. ff pe¥anRitg wWhelrfiniEonPburd®, tRe BroBBsisSiABlalkyl @ke&up having
two or nore carbon atonms, the N-substituted cyclic imdo group nay be

fornmed tnged ket anMiblyihbe (Af] Aceifpdumt AR AbEMEceRASY hutddgcihe al kyl
group. Likew se, when at least two of Rl, R2, R3, R4, R5 and R6 are

conbi nedd pehot MiadoBbl £ rhanda 1teaNrsgilisd EbMpednaycd ic@el pidloegt®OUpP May be
formed together with the double bond. Wien at least two of Rl, R2, R3, R4,
RS and Rf e ceeabiyaed:d ¢1iboHm Bhod@liotBfiah 8tddhohoAA@EbbEt L tuigion he

N-substituted cyclic imdo group may be formed with the adjacent two carbon
at ons cansiddiuin bgtivieen the. cp@P3Bhd PrZ2f et d hemcdepoanpoyBils oncd ude
conmpounds of the - 23 follow ng fornul ae:

derivative thereof.

[0017]
As the compound (A) capable of forming a radical, use can

be made of one selected from (Al) heteroatom-containing

compounds each having a carbon-hydrogen bond at the adjacent

position to the heterocatom, (A2) compounds each having a

carbon-heteroatom double bond, (A3) compounds each having a

methine carbon atom, (A4) compounds each having a

carbon-hydrogen bond at the adjacent position to an unsaturated



[ formula 5] R11 0 R12 ~i RI3\ NORR / 15- 4 Q RRs 0 R~ Rz2 CO
INOR (la) CONOR ~0 (Ic) (I'b) wherein R11 to Rs are the sane or
different and are each a hydrogen atg_ a hal ogen atom an al kyl group,
aryl group, a cycloal kyl group, a hydroxyl group, an al koxy group, a
car boxyl group, a substituted oxycarbonyl group, an acyl group or an
acyloxy group, and R' to Rz2 are the sane or different and are each a
hydrogen atom an al kyl group, a hal oal kyl group, a hydroxyl group, an

SLESEY ar, g@Lozéggr%géyéa rourg(ﬁ%subsaft%%%gr%x%parbogylc égggétgg acyl
compounds, (A7) amines, (A8) aromatic compounds, (A9)
straight-chain alkanes and (Al10) olefins.

[0018]

The radical scavenging compound (B) may be one selected
from (Bl) unsaturated compounds, (B2) compounds each having
a methine carbon atom, (B3) compounds each containing a
heterocatomand (B4) oxygen-atom-containingreactants (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.

[0019]

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.

[0020]

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.

[0021]

The term "additionor substitution” reaction asusedherein



- 24 a cyano group, an am no group or a hal ogen atom where adj acent
groups of R' to R22 may be conbined to forma 6-nenbered N-substituted
cyclic imdo skel eton indicated in_FQ nula (I b) or (1c) or a 5-nenbered
N-substituted cyclic i mdo skel eton. F0034] The hal ogen atom the al kyl
group, the aryl group, the cycloal kyl group, the hydroxyl group, the al koxy
group, the carboxyl group, the substituted oxycarbonyl group, the acyl
group and the acyloxy group in the substituents R11 to R16 include simlar
groups to con&gsPondin grou S |n the substituents RL to R6. [0035] In the
subst it uEht'$SEL 034 RCAPKYY YROUPL FNhctRehadRs i FAF 2 aE®LYyr oups to
t hose exenplifjed above,. of whjch al kyl groups each having fromabout 1 to
about 6 %%gﬁﬁﬁﬁ?ﬁ(ﬁﬁ;eﬁ%%iéﬁ%?*?%ally preferred. The hal oal kyl group

i ncl udes trifluor0ﬂ§§2% group and ot her hal oal kyl groups each having from
about 1 to about 4 n atons. The al koxy group includes simlar al koxy

groups to thos nti oned above, of icgggo r. al.koxy groups each havi ng
from about 1 t@joa Sout® 4 Ccaarrroyolr{lqatoo%\lgg}ee chr\fcijtoﬁ}l y preferred.

Thesubsti t ut n9§%§%&9§p h%& up includes simlar substituted oxycarbonyl
groups (e. g., al oxXycar ~3I groups, cycl oal kyl oxycarbonyl groups,

aryl oxycar bonyl . _grqups, .and, aral kyl oxycar banyl groups). to.those.descri bed
above. The aggFagﬁggg%iH%Ig%% s?%??éﬂjgg§%noq(%ﬁ?ﬁ%ﬁ%ﬁhgkfe}még?

al i phati t upsat oups, ; Acet o roup,

al i cycl icgo@%é/%(gr%%ﬁlgg azpn a%%a‘f?%@%%@l%r ou%s n%[%é t%g‘%{eé%o_ergcri bed above.
The acy! pxb: GEOHR.& NG} YASHS] A1 | A7 BGHO YGOSR mad) ARALIC -
sat urat ed of unsat urat ed acyl oxy groups, acetoacetyloxy group, alicyclic

acyl oxy gi&g?f%%fﬂ%%?! 1g9eyd eé”é&&%%ftfhfé%“%%éﬁ%%é@”ed above. The

hal ogen atom | uorine, chlorine and bromne atons. Each of the

substi t upnt se Bl 4@ R EokRudht e fibrmédﬁlQQQEuiiémel'geOE_gf\%re abkybuggoup

havi ng from about 1 to about 4 carbon atons, a car group, a

substi t Uﬂi?}? 2DV PORYH 1 GF QHPr v & FLEQy GRUR OF magBal 1006 & 8BhgE§036]
Exanpl es of the preferred i mde conpounds are N acetoxyglutarim de,

N-acet oxyr foudh ®, THhAXhR UL RS IdD A6 Nndget 9%y 1€ Bon 15 dpFRliRlakubari m de,
N- acet oxy- 1, 8-decal i nedi car boxi'm de, N, N -di acetoxy-1, 8;

4, 5- decai h ORL8LHagaLhexd é%&ﬂf‘c ihhaeed et BregpB5Bak ened) egrRaxsm de
(N-acet oxynapht hal i m de), N, N -di acet oxy-1, 8;

4, 5- naPNﬁﬂ'W%Pﬁrﬁﬁ@zﬁfﬂ%Qi i’@ﬂ@z_@efrom._ ] ] ]

N pr opi onyl oxy- 1, 8- napht hal enedi car boxi m de, N, N -bi s(propionyl oxy)-1, 8;

4, 5- napht hal enet et y@gag poxdi i m de,

N-hexanoyl oxy- 1, 8- napht hal enedi car boxi mi de, N, N -bi s(hexanoyl oxy) -1, 8;

4, 5- napht hal emeretmarargxydihéhgdeoxgndpebhetteagppindsreppessppead by

Formula (1) where Ris
by R includes conventional protecting groups for a hydroxyl
group inthe field of organic synthesis. Suchprotectinggroups
include, but are not limited to, alkyl groups (e.g., methyl,
t-butyl, and other C;-C4 alkyl groups), alkenyl groups (e.g.,
allyl group), cycloalkyl groups (e.g., cyclohexyl group), aryl
groups (e.g., 2,4-dinitrophenyl group), aralkyl groups (e.g.,
benzyl, 2,6-dichlorobenzyl, 3-bromobenzyl, 2-nitrobenzyl, and
triphenylmethyl groups); substituted methyl groups (e.g.,

methoxymethyl, methylthiomethyl, benzyloxymethyl,



- 26 an acetyl group or another acyl group;

N- met hoxynet hyl oxy- 1, 8- napht hal enedi car boxi m de,

N, N - bi s( met hoxynet hyl oxy) -1, 8; 4, 5- ht hal enet et racar boxd iim de, and

ot her conpounds represented by Fornula (1) where Ris a group that can form
an acetal or hem acetal wth a hydroxyl group;

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

N, N' - bi s( net hanesul f onyl oxy) -1, 8; 4, 5- napht hal enet etracar bo xdii m de, and

ot her caonpounds represented by Fornula (.1 ) where Ris a sulfonyl group;
sulfurictn_gi%{ y,merﬁlﬁi'c ERGHOBIRIHOMEE erer or boric ester of

5. 5 naph e T G ACA DRI L a3 P REP LE5RBOIRGY) Febradented by

el M mad i SR G BP0 A0 BR GFEie et Tdiibunds can
compound RS (9 1% 72 ThydrSgelT e (RARabey e B A Th e compound) | usi ng
xanpl o 1AL IIE B pRe PG e A A boa Y ae SR DTGBRaTTerThy al | owi ng
reatt wiki Y deon e A B e RS 57 The
be-obt ai e By HaCeEERBITs A G Ft kP tRY Loy dhdt i RRIE LD o
formation dfg%iﬁg) ) ,1i§#§¥€§¥§%ﬁ%éﬁ§§§s %QQ; conpri ses the steps of

al l owi ng a-corr i'ng td react w th hydroxyl ami ne for
ring-openi N _aGi @ﬂ%ﬂ{.d r , L.n rij t orm an
i m de. [ejbaggj]ﬂ{fsﬁiqc%ﬂe&%re enyrle r%#]%éég ’c%#%o%%ggkc ﬁggésojﬁggltn(ga by

i ntroducd t r [We f .
N—hydrpgag u?gg%%% é;b?ﬁﬁg&%ﬂ?ﬁb%%g?ﬁggﬁ?ﬁgﬁgﬁééFggg§gﬁ§%ﬁh§roup’

NN - di xdnoniobdl 4d-naphiialienetetdanar baxgiddide, and gher

N- hydr oxyi'mi de conpounds ‘derived fromali'cyclic polycarboxyli'c anhydrides

o _ar omalJ, pglyoar boxyli e, ynkdideseokO0AP], Fashaol ok sy compounds

each having the N'substitutéd cyclic i mde skel eton répresented by Fornul a

(1) can hmsrd ,abeB&n8Y 1, M £OAY) PAlAR dtdya ,F BaTHIeRy 1 Ther bat-ger compound
may be formed’in the reaction system The i'm de conpound having the

N-subst idrid e Hacld, cch e sl il Qe yIe RIS, &Ry JtidRllA ipHadican be

used in conbination wth a correspondi ng N-hydroxy cyclic imde conmpound (a

conpound; a2 R icy adBsdnegeR AL gddAL] acetoacetyl group;
cyclopentanecarbonyl, cyclohexanecarbonyl, and other
cycloalkanecarbonyl groups, and other alicyclic acyl groups;
benzoyl, naphthoyl, and other aromatic acyl groups), sulfonyl
groups (e.g., methanesulfonyl, ethanesulfonyl,
trifluoromethanesulfonyl, benzenesulfonyl,
p-toluenesulfonyl, and naphthalenesulfonyl groups),
alkoxycarbonyl groups (e.g., methoxycarbonyl, ethoxycarbonyl,
t-butoxycarbonyl, and other C;-C; alkoxy-carbonyl groups),

aralkyloxycarbonyl groups (e.g., benzyloxycarbonyl group and

p-methoxybenzyloxycarbonyl group), substituted or



- 28 The anmount of the im de conpound according to the present invention
can be selected within a wide range and is, for exanple, from about

0. 0000001 to about 1 nole, preferablé from about 0. 00000l to about 0. 5
nol e, nore preferably from about 07 ®001 to about 0.4 nole, and often from
about 0.0001 to about 0.35 nole, relative to 1 nole of a reaction conponent
(substrate) . [0042] [Pronoter (Co-catalyst)] According to the invention, a
pronoter (co-catalyst) can be used in conbination with the imde conpound.
Such pronoters include, for exanple, nmetallic conmpounds. By using the imde
conpoundini sk Wead ore Mamoy hed Patig | (e conpouriimnae rate and
selectivity of the reaction can be inproved. [0043] Metallic elenents

const i t Ute Yy tGrrhpmei 1 i endaiiundsarannitl epeepsi ealdopdd abtednadd are
often netallic elenments of the Goups 2 to 15 of the Periodic Table of

El enent sEzomMpaxran *ared @t ds ol erertul @y i af itbr it ml s @G udes boron

B. Exanples of the netallic elenments include, of the Periodic Table of

El ement PRAGRAP LE aicdfdnt dnELORLC aqigis)ChY SFimhre BRI arcPSugsosPel enent s
(e. g. , Sc, lanthanoid el enents and actinoid elenents) , Goup 4 el enents
(e.g., TiRerATzgly )2l RipIPringidhty ( gxpursy) (e Foup 6 el ements (e. g.,
Cr, M and W, Goup 7 elenents (e. G.oup .8 elenents (e.qg., Fe

andRu) @W@@f’ nothloyl ggeegah@“igﬁxl%wim@wgéow 9., Ni,
o "2y | (B PR ReB 5o TR Loy gt b A DS Bl 24 L Bhont S (.
Tet a1 11 SN §ricl YOS TRAGT {16 it IS (ot Bkt o of G oups 3
& oups S PPN petioh i PTG o 1 AR o pr ef orred, of whi ch
el enments of Goups@g)-zt#]hQ are typically preferred. Especially, V, M, WM

and Co are preferr e valency of the netallic elenment is not
specifically irri.teg and is frrgarln bé)‘yt 0. to %lio%t 6fi g_many cases. [0044]
Such netal | i ¢ "EofPoiRdS TRIFIdE™htd 'S & PRI At htYed Tt 8, O8Y eREnt 2F y

subst ances, , hydr oxi.des,, oxid (i nhcludj ng . conpl.ex oxides). , .hal | des
(fluori dlen%l,dechﬁ oeﬂie(feosn, bo‘%no#ﬁdggcshrachudm g{di gls])CrFP Ngeﬂxtys Cé?cslojxdo |l(§ise (e. g.,
nitrates

' A - . salts of
iral eI By SRURNAL B P WAL SR B0 GaRONAeS). . SALLR 0

er opol yaci ds, gani ¢ conpounds of
acet at o Bra AR EPREER2LLLA K EORLE: RENAELL ShERRLEnBH PRebBentns oo and
he compogaes FARRGALBRThRbEF ) F1 st LR oy et ol hoxy,
o ehon SRR Vet ooy e, AAARADA).

al koxycar
et hoxyc vl 0 ' ; | ogen atons (e. g.
& t—)haelc‘iﬂl affd %J.?@-Ié% @ﬁé)xlywo%@glgfewpfrd?@

, chloriné and bromne) , N,
polycarboxylic acids; carbonyl group:; and methylene,
ethylidene, isopropylidene, cyclopentylidene,
cyclohexylidene, benzylidene, andotherpolyvalent hydrocarbon
groups (specifically, groups that form acetal bonds with two
hydroxyl groups).

[0025]

Preferred Rs include, for example, groups that can form

an acetal or hemiacetal with a hydroxyl group; groups (e.g.,



- 30 H20 (aquo), phosphines (triphenyl phosphi ne and ot her

triaryl phosphi nes)and ot her phosphorusconpounds, NH3(anm ne), NO, NOZ

(nitro), NO3 (nitrato), ethylenedign%ﬁei di et hyl enetri am ne, pyridine,

phenant hrol i ne, and ot her nitrogen-containing conmpounds. [0045] Specific

exanples of the netallic conpounds include, by taking cobalt conpounds as

an exanpl e, cobalt hydroxide, cobalt oxide, cobalt chloride, cobalt

brom de, cobalt nitrate, cobalt sulfate, cobalt phosphate, and ot her

i norgani ¢ conpounds; cobalt acetate, cobalt naphthenate, cobalt stearate,

and ot he?C¥hal $E0 S or{faht A Bk YO URTet 34 HRBIGHR GEOb A EOURRId Brdher

conpl exes, and other divalent or trivalent cobalt conpounds. Illustrative

vanadi untorRERdS TPHEPU Pt HiRe B EEORACH i Bell - t SaRRATEY LHPRYER oxi de,

vanadiunngf%ded vanadi um ¢ Ionide,,ﬁanad | chloride, vanadi,um sul fate,
A

vanadyl ¥ UNCFER2aCe2CiAd ARA™ T W&Ashi SUddhEdtnasLdr

acet yl acet onat ovanadi,um vanadyl. acet, cetonat o, and ot her._ conpl exes, and
oher e ER AT KO 18 S B P B S et o Gr R e ot
conmpounds, of 1 he othe tallic elenments include. conpounds corresponding to
e Sbov T T h o EL AR ES By SpENTAR N IS LIS CRateCaBeal |1 o
conpounds_can be_used.al o e, Qr i n conbination. Specifically, the

conmbi natTon  Use’ o?c%e%gb’élnl%yc N with a manganese conpound

significantly incrﬁﬁﬁ9§ the reaction rate in nmany cases. The - 31
conbi nati on use of " p ur%l types of netallic conpounds having different

U 3;?2& ( ﬁé?‘aﬁai.%@cfcﬁe%ﬁ*%@?oi—j %ih%?‘i%?@%é %%éﬂ%%ﬁ%%ﬁ%]@riﬁ%%a%&%ea?f the.
; . 1
B ; a?’ : i . % A ole %ut o b

10 by nol € and preferably from about y rfole to a y nol e,
relati Veiﬁ#’l&dé@li%cpfn e F&aGld ,O.F&hcl%rﬂ%%e%guld( %‘i?&%&[i%&e)at-om[squ"ﬁxe-rhe

pronoters for use In the present Invention so include organic salts each

conposed Ofy R HUYALANI.AA | oo B0l yahotla 8 oRcRAdL L scaguter i on.

which p atomi c ration or anion contains a Goup 15 or oup 16 el enent of

the Perigdig, Tahlse 1emBNES1 havi 9. &)1 | @aiutQne QrgaRkivg  ghaup: bonded
thereto.ﬂgyﬁﬁsing %ﬁ% rganic§sélts as@%he préﬁ%?érs, thgqrate gnd

sel ecti vid ¥, Of qbbigck8act &PPagady I UHANRIIRE 11, MBhAVEthe F QR43]; frit LHE organic
salts, the Goup 15 el'enents of the Periodi¢ Table of Elements include N,

P, AS, SbrardditbdiohAnd atlm@l%eyﬁpé%ae&r@ﬁﬁ%@tﬁ?ohbmeaﬁgﬁ& adice I8bhe of
El ements include, for exanple, 0, S, Se and Te. Preferred elenments are N,
P, As, Sk aadben Hfondi(@RplNciB1aRd shake 1tyPiasahlty2 oref@dredtons) .

[0027]

The aryl group includes phenyl and naphthyl groups, for
example. Illustrative cycloalkyl groups are cyclopentyl and
cyclohexyl groups. Illustrative alkoxy groups are methoxy,
ethoxy, isopropoxy, butoxy, t-butoxy, hexyloxy, octyloxy,
decyloxy, dodecyloxy, tetradecyloxy, octadecyloxy, and other
alkoxy groups each having from about 1 to about 30 carbon atoms

(especially, about 1 to 20 carbon atoms).

[0028]



- 32 [0049] The organic groups to be conmbined with atons of the el enents
i nclude, but are not limted to, hydrocarbon groups which nmay have a
substituent, and substituted oxy ggoggs; The hydrocarbon groups incl ude,
but are not limted to, methyl, ethyl’; propyl, isopropyl, butyl, isobutyl,
s-butyl, t-butyl, pentyl, hexyl, octyl, decyl, tetradecyl, hexadecyl,
octadecyl, allyl, and other straight- or branched-chain aliphatic

hydr ocar bon groups (al kyl groups, al kenyl groups and al kynyl groups) each
havi ng from about 1 to abqut 3Q carbaon atons (preferably fromabout 1 to
about 20 car MRS C)fa;tc}t%/cq %Hﬁecgﬁiycﬁ?é%ﬂr}y]arﬂf ey cl i c
hydrocarboqﬂgroqgﬁﬁeac havﬂng fromabout, 3 to about 8 carbon atons; and
phenyl , RAPRTRAYTETRAMY bt herAF Hrat PR hydr bR bIRCHY 03pROR4Eh havi ng from

bout 6 to_about 14 carbon atops. Substjtuents which the hyd b
. havePFEY (VDB L ar & MOTOF {67 TR0 b, HArOLen STone Y bxo oroup,

o oupe, e SEYFISSEhrbiine) o ekt SR Bae i %%%i‘i%%é%ﬂ%%iar oyl
R e S b A R G N T S R R

ar oups (TRl tec L o R A B R YL PR o B B e The

P om abott 1 (o ahou 30 2 pol a e By O B e BT Coerbon
Shout 140N Re S E oy SR e P Aead R IR BT are ot
Exanpl es” GF°E K oL gan L aal T Py b P, Caratty U 231 & o gani o

Phosphon; Y bl feq 04,83BEE Y LATUTLSALY Sy ASL 01 BRE916300E  BBLYT, Sal ts.

Such organi ¢ anmoni u salts”inc e tefranet hyl anmoni um chl ori )

tetraet hyl aump 4y CLosh g, 1,647 30 Y| 209Dk M 041 deroups
t et rahexylammoni um chl oride, trioctyl methyl anmoni um<chl ori de,
triethyl phepyt emmp WM-h| of # feox §LEPHb YA fDeXACSy) ) agm@ni um chl ori de, di
(oct adecyl )™ di net hyl ammoni um chl ori de, and ot her quaternary ammoni um
chl ori degen2)th £P¢ 4 ASHONT N9 G EF NAF Y1 1PTRRN EdF 196 @71 dg@soupsd ot her _
guat ernary ammoni um salts each havi ng four hydrocarbon groups conbined with
a nitrogeds a1 oy met-pyl,pi Pes 1 8y Dbk cant s h g, g hexgslecyl pyri di ni um
chl oride, nethylquinoliniumchloride, and other cyclic quaternary anmoni um
salts. Exanpl es of [¢deoprgani c phosphonium salts include
t et ramet hyl phosphoni um chl ori de, tetrabutyl phosphoni um chl ori de,
tributyl (hexagdgeylcyphgspheniyelalksriger 1 imithyliphiersd plagsgbenium
chl oride, and ot her quaternary phosphoni um chl ori des, and correspondi ng
quat er nagyephids phedtd Lsh P1 Orb e y BN di osihet y epBy evabs yy bhosphrehoyiy sal ts -
34 each having four hydrocarbon groups conmbined with a phosphorus atom
Exanpl eshetatdwel orrgast aneydl f ardtansdl t sionacloyde deicanyllsullbambyin, i odi de,
et hyl di phenyl sul foni um i odi de, and ot her sul fonium salts each having three
hydr ocarieni giropps padnbitogd , ws tdapo gl bod atloem Chpo0H1d 1l iieaorgacyd salts
al so i ncl ude net hanesul f onat es,

groups (especially, C;-Cy aliphatic acyl groups), and other

aliphatic saturated or unsaturated acyl groups; acetoacetyl
group; cyclopentanecarbonyl, cyclohexanecarbonyl, and other
cycloalkanecarbonyl groups and other alicyclic acyl groups;
benzoyl, naphthoyl, and other aromatic acyl groups.

[0030]



et hanesul f onat es, octanesul f onates, dodecanesul fonates, and ot her

al kyl -sul fonates (e. g., C6-Cla al kyl-sulfonates); benzenesul fonates,

p-t ol uenesul f onat es, napht hal enesul fonates, decyl benzenesul f onat es,

dodecyl benzenesul fonat es, and ot her aryl -sul fonateswhi ch may be substituted
with an al kyl group (e.g., C6-Cla al kyl-arylsulfonates); sulfonic acid type
i on exchange resins ( ion exchangers ) ; and phosphonic acid type ion
exchange resins (ion exchangers). [0052] The anmount of the organic salt is,
for exanple, from,about 0. 001 nol.e and preferably from

tq about 0 . 1 nol

about 0. ooghﬁ8cl&ﬁﬁY%E%%PﬁBFéPgFérgPFVES?%til F&ddtC t HRTRYH @ReY conpound.
[ 0053] Thetpﬁgﬁnter%_f%% use in th 3pr sent angption al so include strong
aci ds (& -G ErpouiTis B O}"H’dvitqlr‘g & YR Yot HSELN AT %Y requal to 2 at
25C) . Pref.er ron cids Jnclude, far exanple, hydrogen halides,
hydrohaﬂ%ﬁ%ﬁ%§%5 i"d ﬁ%ﬁqu$%%¥Qﬂge anq§19§y, ﬁ?ﬁ%ﬁﬂgﬁk%ﬂyacids. The amount
of the st iq is, faor I from,about .0.001 .t o about 3 noles
rel ati v%%t%%%yﬁ%lxg,’o?lotnﬁglolyﬁi)%ggpc?r?ﬁg&ﬁa{lO["@OSL]r]auFﬁé’lﬁr}%/rmt ers for use in
the pre vl ion_al ingl n ach _havi.ng a _carbonyl grou

P Wiltsﬁ%ﬁ%gygc 23 d8lS ' %Q:'g%(?r%a/q%g rAnda O Cg— yt g P

conbi ne ron attracti've group. ¢h“Conpounds eack having a

b I ; ' | ; iye. include, f
cxanpl & RGAT Cof ouear y e ¢ FaBERAT Pt ot “aRball s el
ket , fol heyd ket i ' t hi d
BT S  a ek  E i S St

t he rea%ggggSgogggQ%QEeﬁ§qg§5r%t Lp; 982 eﬁ%%ﬂ%@%%%o% 103§ 1 nvention, the

reaction system may includde a radi cal generator or radi cal” ‘reacti on

accel er akon ohateh CAMPRAEALK i, NGhder HRY 368 oﬁqtka!nie@atrﬁg nézgig <2l ogens (e.

g., chlorine and brom ne), péracids (e.g., "peracetic aci

m chl or gReRBEN2AKC ’Gl?) a1RS118eS (A oxY- gélalﬁ rs(?gf)'%nﬁ%ryq)é:xg‘?’ t-butyl

hydr operoxi de (TBHP), and ot her hydr oper oxi"des), nitric”ac nitrous acid

or sal t $abhensgh oxkl,t LegedtHeeXiademalkerzakyebyde apdQt her al dehydes. The
exi stence of such a conponent In t he system enhances a reaction In some

cases. The anount [ghsthe af orenenti oned conponent is, for exanple, from
about 0.00l to about 3 noles relative to | nole of the im de conpound. -

36 The substituents RY, R?, R3}, R!, R® and R® may be the same
or different. In Formula (1), at least two of R!, R?, R®, RY,
R®> and R® may be combined to form a double bond, an aromatic
or non-aromatic ring. The preferred aromatic or non-aromatic
ring has from about 5 to about 12 members, and specifically
fromabout 6 to about 10 members. The ringmay be a heterocyclic
ring or condensed heterocyclic ring, but it is often a
hydrocarbon ring. Such rings include, for example,
non-aromatic alicyclic rings (e.g., cyclohexane ring and other
cycloalkane rings which may have a substituent, cyclohexene
ring and other cycloalkene rings which may have a substituent),
non-aromatic bridged rings (e.g., 5-norbornene ring and other

bridgedhydrocarbonringswhichmayhaveasubstituent), benzene



[ 0056] The catal ysts of the present invention are useful as, for exanple,
radi cal reaction catalysts. The catalysts of the present invention exhibit
simlar catalytic activities to re_acﬁ' ons in which the conmpounds
(5-nmenbered N-hydroxy cyclic imde cohpounds ) , where a group
corresponding to Rin Fornula (1) is a hydrogen atom and atom c nunber
(menber) constituting aring is 5 exhibit catalytic activities. In
addition, the catalysts of the present invention have significant

advant ages such that (i) they can maiptain the catalytic activities for a
long ti me;"Yi i“)apﬁ"i%?l%iz? &Xfi%i 1A Sﬁg%t AFGTRELGCEIDFEI £5DSVEAIRG a sal |

anmount, and, (iii) they can maintain catalytic activities even at high

t enper atq.ﬁ’r}éjse,(nsfég cldTﬂ%sr)ed"q‘\‘/ﬁrEt%h e r}Sa-Vr?e Po & eF N Fdoxy TRGcFiEfni de
conpounds. Accordi nglé, the catalysts of the E%'raes nt invention can be

appl i ed SEBHLL THET 82EIPSAS, THRIMAR AP HhE B Tember&d "R AYBRExY2EScl i ¢

i mde conmpounds, exhibit_ catalytic _activiti an an_yield, greater

advant agaenguﬁﬁgﬁtlflﬁglcCasseu%\ﬁgﬁ%tsﬁétg-e%ﬁbler}@éjq\?’n (] o??g&%tl% ml"ﬁ?%e
conmpounds._ ar ed cat gl yst.s.,..[-0057]. Exanpl gs of, reactions,, in which the
cat al ysgjc S ’of‘—ﬁtkﬁél ﬁ%ﬁl@nst’ %n%léjrﬁ%ikélnl é(rhdlul?ls' é’tdgﬁoﬁyllc HtiRi tal%el%o,xyi ncl ude
reactio sScri Lot faollownglite relating to the catalytic
S-WHbeI%(fq&sHygrgg%?kg%c ?811&71Sﬁ%géc}%ln%do%en%é%%v‘?%ﬁg%ens% Bhexant n%%ygatent
Appl i cat | b) i ' -.3890 : - -3 6 ..-10-286467,
No. 1o-é¥%§¥§g %%§f§%§§88ggﬁfgkgggﬁ@?%%gﬁ2%¥a%§§rfﬁpzéég§ﬁfgkggp%0-310543,
No. 11-497 - 77, No. 11-226416, No. 11-228484, No. 11-228481,
No. 11-%%&1%4%# 0212, No. 11-335304, No. 2000-212116, No.

2000- 219650, No. 19652 and No. 2000-256304, PCT International

Publ i cati onsNo. W99/ 50204, No. W00/ 35835, No. W00/ 46145 and No. W00/ 61665,

Japanese Pat gty Agpli 6al NS, 1 303391 Nors - 254887, 0001 372177,
No. 2000- 648, No. 2000-58054, No. 2000-67682, No. 2000-67679, No.

2000- 67@%01Fd¥9m1%0QQ81§15 ¢uriRer2880rd£8494on N, 2000R17RHBS 25 Nor
2000- 209205,  No.  2000- 345822, No. 2000- 345823, arid Nb. 2000-345824. [0058]

For exanpl@r o6Ah& d6ABRAUNSh & BRabt Sndi 1 d B NG Sr-didh £alr 1 Ablpued to
react with (B) a radical scavenging conpound in the presence of the

cat al ystpphtt Dea Bt eseNlod RYENE OR® and, tifepaByRrY] elrds aRaAgdkt | PReRT
substitution reaction product between the conpound (A) and tﬁe_ conmpound (B)
or a derdlvakfyver¥ hereok® J,0G89] s[ SAMROKPUSLMp Garabhe ©fio FOF e Radi cal |
Such conpounds (A) capable of formng a radical are not specifically

i m t ed @S ddand: &fs | ey Naud Qi & apt Bi ¢ Al edl g andh nel wdes s ere@xanpl e,
(Al') heteroatom containing conpounds each having a carbon-hydrogen bond at

the adj acRydthRASkiitaNthe d&adbeteroas QRrboA2hteRBPOUNgsieathnhavheg a -
38 carbon-het eroat om doubl e bond, (A3) conpounds each havi ng a nethi ne

carbon aflxpl gAéhpConpoOxawsseaaihdravitngeaseatborehyrd; oren RBpref , ar>t he
adj acent position to an unsaturated bond, (A5) non-aromatic cyclic
hydr ocardin®? 4:A6)camn nghated fearpauddabl EAZdndpi ties, N{AS) s At ouedd ¢
conmpounds, (A9) straight-chain al kanes and (A10) ol efins.
cyclic imido group may be formed together with the double bond.
When at least two of R}, R?, R%® R% R® and R® are combined to
forman aromatic or non-aromatic ring, the N-substituted cyclic
imido group may be formed with the adjacent two carbon atoms
constituting the ring.

{0033]

Preferred imide compounds include compounds of the



[ 0060] These conpounds nmay have various substituents within a range not
adversely affecting the reaction. Such substituents include, but are not
limted to, hal ogen atons, hydroxyl Hroup, nercapto group, 0xo group,
substituted oxy groups (e. g. , alkoxy groups, aryloxy groups, and acyl oxy
groups), substituted thio groups, carboxyl group, substituted oxycarbonyl
groups, substituted or unsubstituted carbanoyl groups, cyano group, nitro
group, substituted or unsubstituted am no groups, sulfo group, alkyl
groups,agl enyl group, al kynyl groups, alicyclic hydrocarbon groups,

aromat i <%¢HW%H%§ s, and heterocyclic groups. [0061] The conpounds
(A capﬁ%{e of fq{ning a radical act as radical donative conmpounds in the
reactioni n&uébt}on. [ 0062] The het eroat om contai ni ng conpounds (Al) each
havi ng a carbon-hydrogen bond at the adj acent position to the heteroatom
include, for exanple, (Al -1) primary or qgcondﬁry al cohol s or - 39
primary or secondarwz%hi s, (Al-2) et hehs eak havi ng a car bon- hydrogen
bond at the adjacent ytion to an oxyg7 om sul fides each having a
car bon- hydr ogen b8Rg at t gfli acent po -(gmsulfur atom (Al-3)
acetals (includi ngéhem agetals ) each had a cafbon- hydrogen bond at the
adj acent position_f oxygen atom or cet aNs~9Rncl udi ng

t hi ohem acet al s) e%chWhavOng a car borg? 3 hofid at t he adj acent
position to a sulfur atom [0063] The pr y/ or ﬁgcondary al cohols in the
conpounds (Al-1) inclyde a wide variety ancohol s. These al cohols may be
whi chever of monohydric, dihydric and pd#y/hydR#c al cohols. [0064] Such
primary al cohols include, but are not limted to, nethanol, ethanol,

1- propanol , | - but anol , 2- net hyl - 1- propanol, 1-pentanol, 1-hexanol, 1-octanol,
1- decanol , 1-hexadecanol, 2-buten-1-ol, ethyl(éhe glycol, trinmethylene

gl ycol , hexanet hyl ene gl ycol, pentaerythritol, and other saturated or
unsaturated aliphatic primary al cohols each having from about 1 to about 30
(preferably fromabgit 1 go about 20, and nore preferably fromabout 1 to
about 15) carbon atonygs—¢€ycl opentyl net hyl al cohol, cycl ohexyl net hyl

al cohol, 2-cycl ohexy, al #gohol , and ot her saturated or unsaturated
alicyclic primary a 6 nzyl al cohol, 2-phenyl ethyl al cohol,

3- phenyl propyl al coh i nnanyl-g{ cohol, and ot her

(1c)

whereinRFltoR}Garethesameordifferentandareeachahydrogen
atom, a halogen atom, an alkyl group, a aryl group, a cycloalkyl
group, a hydroxyl group, an alkoxy group, a carboxyl group,
a substituted oxycarbonyl group, an acyl group or an acyloxy
group, and R} to R?? are the same or different and are each
a hydrogen atom, an alkyl group, a haloalkyl group, a hydroxyl
group, an alkoxy group, a carboxyl group, a substituted

oxycarbonyl group, anacyl group, aacyloxy group, anitrogroup,



- 40 aromatic primary al cohols; and 2-hydroxynet hyl pyridi ne, and ot her

het erocyclic al cohols. [0065] Typical secondary al cohols include, but are
not limted to, 2-propanol, s-butyjiﬁjqphol, 2- pent anol, 3-pentanol,

3, 3-di net hyl - 2- but anol , 2-octanol, 4-decanol, 2-hexadecanol, 2-penten-4-ol,
1, 2- propanedi ol , 2, 3-butanediol, 2,3-pentanediol, and other vicinal diols,
and ot her saturated or unsaturated aliphatic secondary al cohols each having
fromabout 3 to about 30 (preferably from about 3 to about 20, and nore

preferabl§ from about 3 to, about 15% ca bgn atons; 1-cycl opentyl et hanol
1- cycl ofeXY PR IHEIBIE BRABLHR FTEERoNTEr 2 aPEBRG Cat ReRgVERIRERN al | phat i ¢

hyd b d i i c _hydr . 9. | oal kyl
combi oA Stk ot At oreHapei SOBBIBEHetowf PR aPoRy b Goup:  —
| ob |, I t | ,..cyclaoh |, . I , I d |,
2 cyel onbrarsr i B BYAR TR R R Re A Er PR Ras P ar P one to
havi ng’ &1 048 OPBLD oAl SR RE 1 hg s aRd bRl At T B gt
unsat ur at ed alicqud%4 econdary al cohol s kincluding bridged cyclic
secondary al cohol s) ea?h havi ng from about 3 to about 20 nenbers
f bl 3 b f bout 5
IL ErgbiL? 15 Iéﬁﬂéf??%ﬂdjic%?cg#%y%?I%”%%%ﬁlﬁr P8 ELT S i) T
- en , - - - n n
i phonyltnanc . 2ad el ner e e dery st uns, hE HhEBR S o e
1-(2- j h : j d | cghol 0066
S S A i S P R AR R s S

a- met hyllsadanppta té@ﬁkou 16 P%gé g%b%%%%%%efﬁmt&? Ol 3nciude

a-isoprébyl-l-adanant nenet hanot, 3-hydr oxy- a- net hyl - 1- adamant anenet hanol
3'Carbo%ﬁﬂﬂlgﬁtE¥Bﬁés@9§Q§ﬂ5§ﬂﬁﬂﬁkﬂﬁﬁpbroups in the supstituents R!

a- met hyl - 3a- per hydr oi ndenenet hanol , a- et hyl - 4a- decal | nnet hanol ,

8a- hydr @y w&- et hyl - 4a- decal i nmet hanol

a- met hyl - 4a- per hydr of | uor enenet hanol ,

a- et hyl - 4a- per hydip@antihr acenenet hanol ,

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

a- met hyl - 2- t ghcygt of S 2t 1t @2n 63 dg¢apeng®happé, alkyl group includes
6-hydroxy-a-nethy|-2-tr|cyclo[5.2.1.02'61decanene¥hanol,

a- met hy|si§ﬁ‘l@$@¥l§ﬁ9@%@®@%@%ﬁ%@%té%@lified above, of which alkyl

a- et hyl - 3a- per hydr ophenal enenet hanol , a- net hyl - 1- nor bor nanenet hanol ,

a- met hylgrduper Bacneravingetthamobhboafdl ot Besbah € 0h0t sriv@e e thad ngred bri dged
cyclic hydrocarbon group, such as conpounds each having a bridged cyclic
hydr ocarsper igiedn 160 phicfed raid.h Bheanddoa dkpn §hatpi snedabesed with a

hydr oxyl group. - 42 [0067] Preferred al cohols include secondary

al cohol s rad uorematttghobsoapcindaiy daboadged gyelipe dydh acarian group.
Such preferred secondary al cohols include 2-propanol, s-butyl alcohol, and
ot her alfirphadbcutsaecondapytad cabbba;atlnyy.cl thexyl ketharolip jandl wideer
secondary al cohol s each having an aliphatic hydrocarbon group (e. g., a
Cl- C4 alskylilgmrosupkoxy ayrCargESl 4 oarlyd sgmenp) card abowos; arfowhich loawdxocyclic
group (e.g., a C3-C s cycloal kyl group or a cycl oal kenyl group) conbi ned
W th a edkioxy atoups edch havdmbi Aiedmeliduta lhydradoodt ¢r caipboryediameent anol
cycl ohexanol , 2-adamantanol, and other alicyclic secondary al cohols each
havi ng fremmdouii Gty fbeffenbeds; Thehenyt ethandloxyaadbonlyérgaruprat i c
secondary al cohols. [0068] The primary or secondary thiols in the conpounds
(Al-1) includes similar substituted oxycarbonyl groups (e.g.,

alkoxycarbonyl groups, cycloalkyloxycarbonyl groups,
aryloxycarbonyl groups, and aralkyloxycarbonyl groups) to

those described above. The acyl group includes similar acyl



include thiols corresponding to the primary or secondary al cohols. [0069]
The et hers each having a carbon-hydrogen bond at the adjacent position to
an oxygen atomin the conmpounds (A;-g include, but are not limted to,

di nret hyl ether, diethyl ether, dipropyl ether, diisopropylether, dibutyl
ether, methyl ethyl ether, nethyl butyl ether, ethyl butyl ether, diallyl
ether, nmethyl vinyl ether, ethyl allyl ether, and other aliphatic ethers;
ani sol e, phenet ol e, di benzyl et her, phenyl benzyl et her, - 43 and ot her
aromatic_ethers; and dihydrofuran, tetrahydrofuran, ran,_ di hydropyran,

t et r ahy d?oPR &S 'r‘?ﬂr’pﬁhﬂlﬁﬂé‘?lgh‘?‘%ﬁfﬁﬁt? SEhV%ﬁ%F?réﬁgécﬁ% IEPEPPe et her s

to which_an aronmatjc_or _non-aro ic ring may be condensed. .[0070] The
sul fi des? AL FHAW hP 20 & D ﬁﬁ%‘beﬁ?ﬁbrﬂf%’tpst’h@ PECERT Y508 Eon to a

| f i h d 1-2) incl | fjd di h
cthers cen it CEOTR HOR Ry BT SGe Bond Be SHE-4E) ebit BoarEren Lo an
oxygen aéf%ﬁl%qug %Jgﬁ €§§%§%sg$gﬁri2§¥%é55€&gaggggf%%gro en bond at the

adjaCFnt posiiion _ " conpoun?s iq3_rincludezdfor
%ﬁilﬂpgﬁ’e%a %ﬁ%&%@@ﬁ%ﬁ%%2‘{?2%%%%ﬁco%%%&?%l%%&?g?gﬁioxa%%%c???é%;he?'
LJPSp?olﬁa?%%%@&,ﬁréﬁkﬁ;%“d%_ﬁga%?t.ié%[?&f&?&%"%?ﬁ%%‘?%éiﬁ?ﬁﬁ%ﬁ?hﬁei%gﬁ% ,
Cycl oneXiaRe T balBenHe e T her o TSy ol A Ay qaa ot e B

benzal debysles phenacet abdehyder ROk g derc abarRe o) dehydes < Theal conol s

i nclude, but are not limted to, netha anol, 1-propanol, 1-butanol,

benzyl &%6& t her [ ks I opyl ene
egcoI,a%?S-pr%%%%ggﬁogéiggg?g?ﬁggﬁ%?%#g?ggéggﬁgggﬁf&ﬂgﬁ%h%?ﬁéPog?hydric

al cohol s4 dymi&alaaaed als @godar g@‘?&%’ﬂ,’l & shp3tdkxelaB&ycarbofifl
2-met hyl - 1, 3- di oxol ane, 2-ethyl -1, 3-di oxol ane, and ot her Y,S-dloxolane

COMpOUNdgs oo e i - do 3 03208 2 Aileh deTadord: di Oxane compounds;
acet al dehydedi net hyl acet al , and ot her dial kyl acetal conmpounds. [0072] The

thi oacetal s each hpyp®g) a carbon-hydrogen bond at the

Examples of the preferred imide compounds are
N-acetoxyglutarimide, N-acetoxy-a,a-dimethylglutarimide,
N-acetoxy-B,p-dimethylglutarimide,
N-acetoxy-1,8-decalinedicarboximide,
N,N’~-diacetoxy-1,8;4,5-decalinetetracarboxdiimide,
N-acetoxy-1, 8-naphthalenedicarboximide
(N-acetoxynaphthalimide),
N,N’-diacetoxy-1,8;4,5-naphthalenetetracarboxdiimide,
N-propionyloxy-1,8-naphthalenedicarboximide,
N,N’-bis(propionyloxy)-1,8;4,5-naphthalenetetracarboxdiimi
de, N-hexanoyloxy-1,8-naphthalenedicarboximide,

N,N’-bis (hexanoyloxy)-1,8;4,5-naphthalenetetracarboxdiimid

e, and other compounds represented by Formula (1) where R is



adj acent position to a sulfur atomin the conmpounds (Al-3) include

t hi oacetal s corresponding to the acetals each having a carbon-hydrogen bond
at the adjacent position to an oxygejL atom [ 0073] The conpounds (A2 ) each
havi ng a car bon- het er oat om doubl e bond i nclude, for exanple, (A2-1)
conpounds each contai ning a carbonyl group, (A2-2) conpounds each
containing a thiocarbonyl group, and (A2-3) imnes. The conpounds (A2-1)
each containing a carbonyl group include ketones and al dehydes . Such

ket ones _and a%&g?ydes include, but are not limted to, acetone, nethyl
ethyl k&FoRECTNet RYPUPs §r GPVItIICEt GF¥ 1 HECHPF i sobutyl ketone, et hyi

ﬁe?ﬁty:y' 23 ?ﬁswlmﬁé@&&gxx ﬁoﬁha{é%ﬁﬁ% | ewgﬁ%ﬁ%% BRa iy e nyi ES?S%L o h|
1ot hy RRa KEESRE et yﬁ%yayﬁcaiﬁeﬁ PahE R P B Exy R BHERT ket one,
and othq m&& 5naggt Eﬁéﬁ zﬁ#o cycI % %%cbpgyc Sgﬁgla rgLo entanone

cyclohexanone EXaAnone or ocyc

o OPhor s s I ANERY 20ARCro A Sh AR ANO0F n ey SadaaAOne d%%&'%oldecanone

cyclopentade an cyc exane cl'ohexane

1,4 cycl %%%, ﬁg&%Qﬁan%s%lgbﬁ%ﬂf%§oﬁy%lBpgﬁébéﬁgﬂgﬁn% rboximide,

bIS(4-O nmet hane oxocyc )cyc SR exanone,

o1 acetyl (5 S Bt anGa oney 2 S R Enatr one > R b4 REE S5 2B B nzoy!

O her 1 op T e o B R RS Oan) DA aST o hanyal e and of hor
Cuccl nat danyder o dh g el Sy e, pal Sehy e o Aot AT R

al dehydesi ee¥! l@@ﬁi‘&’és@ég%@mycﬁ‘éiﬂl Ciddneld 1@ ne Binch A deim@ld cyclic

al dehydes; benzal dehyde, carboxybenzZal dehydé, nitrobenzal dehyde,

CInnanabqehyﬂerdgabu@b&@Ldebydes -aBbsahdebydectphthabakdehydae,
i sopht hal al dehyde, terepht hal al dehyde, and ot her aromatic al dehydes; and

furfur a'andnb@ﬁblrn@bﬁlﬁbﬁﬁés aBgretbptecheberoemrbis pl dehydes.r [{0E4] The

conpounds (A2-2) each having a thiocarbonyl group include conpounds each

havi ng grbhbagardionsd repalh £A6F§SROAdIcAd K Pet A1 6aNRAYNS oliAZ-cklp each
havi ng a carbonyl group. - 46 [0075] The imnes (A2-3) include, but are

not |i nmthedetr@omi.m nes (i ncl udi ng oxi mes and hydrazones) derived fromthe
conpounds (A2-1) each having a carbonyl group with ammonia or am nes. Such
am nes include, fogooexanple, nethylam ne, ethylam ne, propylam ne,
butyl am ne, hexyl am ne, benzylanine, cyclohexylanine, aniline, and other
am nes; hydrbxghafi tee Orinkd byhbydnax WHaanbaebard neidhey intaadadiang nes;
hydr azi ne, nethyl hydrazi ne, phenyl hydrazi ne, and ot her hydra2|nes [0076]
The conpodesisr£dAp rpteath nhayt ogp d niret dicoe reaplool iailgopoonpelindeshere

R is a hydrogen atom (N-hydroxy cyclic imide compound) using

a conventional reaction for the introduction of a protecting

group. For example, N-acetoxy-1,8-naphthalenedicarboximide

can be obtained 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.

[(0038]



for exanple, (A3-1 ) cyclic conpounds each having a nethine group ( I . a .
, a methine carbon-hydrogen bond) as a constitutional unit of a ring, and
(A3-2) chain conmpounds each having a gethine carbon atom [0077] The cyclic
conmpounds (A3-1) include, for exanﬁl@ (A3-1a) bridged cyclic conpounds
each having at |east one nethine group, and (A3-1b) non-aromatic cyclic
conpounds (e. g., alicyclic hydrocarbons) each having a hydrocarbon group
conbined with a ring. The bridged cyclic conpounds al so i nclude conmpounds,
in which two rings commonly possess two carbon atons, such as hydrogenat ed
products of CORIEREEAUPE! WiesES iFelardmycirodrydr belr Bbiwdr@argyclic 47 The
bridged cyclic conpounds (A3-1a) include, but are not limted to, decalin,
bi cycl o[ PMPdgFrERayEd) bfsépc%[oébt?lae@cpan% COHVER s b infddpakaon
bi cycl o[ 4. 3. 2]undecane bl%yclo 3. 3] undecane, thujone, carane, pinane,
pi nene, PBPFEHE, (hAraRASSTe fo%ork Srﬁaﬁ@atheﬂb%ﬁn@ﬁé”mﬁgﬁphéﬂu3 &PpRori c
aci d, canphene, tricyclene, tricyclo é . 2. 1. 03 8] decane, tricyclo [4
2 1 19%?68%6&}?& Cé%?tﬁ’crr%sc?fcltBe[S‘SG spt alllcb‘zm%]a GeCZREPOBAABE | cyclo |

6] , de ane trlc Io [ undecane, tricyclo
[4 2 2, aﬁlz‘g ‘Eﬁ%f?fe]c fhe" oe’?’F‘cPth 61[Y§rf’xifjléﬁ‘l Récﬁﬁélg‘éf&&i‘?éﬁﬁane
1- adamant noI hl qr oada ntane yl adamant ane,
T 55 ety TA R AL o R SRS | TE oD et e 27
1-nethox¥carbonyladanantane 1- ni t r oadamant ane,
tetracyc 4.0.12'S.1' ' 1] dodecane, perhydroant hracene,
perhydroacenaphthepﬁ gfrhydrophenanthrene, per hydr ophenal ene,
per hydr oi ndene, %% dine, and other bridged cyclic hydrocarbons or

bri dged heter, cI| co nds aV|n ta fo r, LhLRds n
derlvatlvestﬁprééﬁl ]ﬁbeg (ﬁl 5%%§§n as egbh ggéhe% gP’hine

b h .
when tuot 1o St gég%es%@fs’fm%o&é“’r‘resﬁﬁ%%?%@%#%?t'rf% 6 eyel i
conpoundﬁ ﬂfg e}%fﬁggrﬂgﬁ%gg a hydrocarbon group conbined with a ring

i ncl ude, “limted to, 1-nethylcyclopentane,

1- net hyl b th th ,
I o LSy GREXAE; & d%%%‘@‘ar'%%%@@@%%%ﬂﬁ%ﬁg&%om about 3 to about 15
menbers @ngh hawvi n@r@xpyﬂfémﬁ G&Ewﬁén@tet a%b%mﬂmﬁaré 95 R4P )

el r der ydr ocar

conbi ned Wi t hi T st and t ivatives on’ group j ust

ment | Ones'ﬁﬁ%opw@-w@f@kgmég%&nmn&st@eﬁb@éﬁ ok Pieleyably from about 1

t o about carbon at he non-aromatic cyclic conpounds(A3-1Db)each

havi NG 3Dyt ORBEAON, 9T ARy EOTRE DGe Vh f dhn e 1 rkgoﬂﬂé’y%:@o £PLhine carbon atom

at the bondl ng posit ween the ring and th drocar bon group. [0080]
The chai g, ceaPoYRgls (A3-2) each having a nethine carbon atominclude, but
are not limted to, chain hydrocarbons each having a tertiary carbon atom
such as isobutane, [hgppent ane, isohexane, 3-nethyl pentane,

2, 3- dlnethylbutane 2- met hyl hexane, 3-net hyl hexane, 3, 4-di net hyl hexane,

3-met hyl oct ang,craBe Widemniakl ohadbendy d=REaRBENEg At NbavibeE ithesdabout 4
to about 20 (preferably from about 4 to about 10) carbon atons, and
deri Vat'&?élié"efn@&fe skeleton represented by Formula (I) can be used

alone or in combination in a reaction. The imide compound may

be formed in the reaction system. The imide compound having

the N-substituted cyclic imide skeleton represented by Formula

(I) can be used in combination with a corresponding N-hydroxy

cyclic imide compound (a compound where R is a hydrogen atom) .

[0041]



[ 0081] The conpounds (A4 ) each having a carbon-hydrogen bond at the adj
acent position to an unsaturated bond include, for exanple, aromatic
conmpounds each havi ng a mnet hyl grogpz%r_nethylene group at the adjacent
position to an aromatic ring (a "benzyl position"), and (A4-2) non-aromatic
conpounds each having a - 49 nethyl group or nethylene group at the

adj acent position to an unsaturated bond (e.g., a carbon-carbon triple bond
or a carbon-oxygen doubl e bond). [0082] In the aromatic conpounds (A4-1),
the aromatic ring may be_either .of an aromatic hydrocarbon ring or an
aromat i ¢ het cHRFERIR p gt RSaaH ar GHEEP B Ayt £hi iR HeRde, but
are not Limted to, henzene ring, candensed carbocygclic _rings . 9.,

napht hal S50 878 BT ARMEEHET Vin RTACBHBe R RERATh b E0L (AAIRy  ene,
pyrene, and other._con carbocyclic rings .in i t to ten.4- to
7;nenbergﬁ°@a?%%%§c$i§8§§ﬁg%_g?ég%%%%éﬁ§%55/ e art _fﬁggﬁgié&ﬁ%Vblic_
rings ingl yidooPul ape.oy bidlited Lo, JIRIELOGHT I8 oh! 095, £3Ch RAt &l ni ng
an oxygen'atom as a heteroa on1f% e FUTEn, - oxazol 8 soxazol e and

ot her 5 gpnies e ¢ | na%;, &~ gxar Aoy auoangoglbes Goaenberad ) nosi

benzof ur an, “Tsobenzof urar, 4-0Xo- ronené and’ o r-condensed Ti ngs),
het erocygl kg rj C { ni a I (e. g.,
thiophenggighi%zo éﬁﬂ?gékﬁﬁgg% éﬂgﬁhfgg%gﬁé g%9§%§§%?h3§£§¥ﬁ§%§%$éd rings;

4-oxo-4FLthiopyran[gagz?ther 6- menber ed ri ngs; benzot hi ophene and ot her
condensed rings), heterocyclic rings each containing a nitrogen atomas a
het er oat om ( € pGymoVE T &k &L c PYL i m dazol e, triazole, and other

5- menber ed ri%gs;m%yr%d?%e,cpyr?%iéf%e, pyri m di ne, pyrazine, and ot her

6- menber ed riAgs; rd Ok, ¢ AHI NAFdAE; 0RACH HiBRor BAPIMAYEIHiNEst) cand0

gui nazol i ne, puri%e, and ot her cond%%sbg'?ingg). [g%83] Tﬁgﬁ%e%ﬁﬁpene gr oup

at the agdh 2GRN n RN il §Den QBRI Ge ELRGIRY . DesacABligRe sgr Oup
constituting a non-aromatic ring condensed to the aromatic ring. In the

aromat i c; GEIRAQNNUS, £ Adkalkb e, PRAERaMRE BYd o QU ANd BRRLBYhgnendriguRieMay exi st
at the adjacent positionto the aromatic ring. [0084] Thé aromatic
conpoundgoRashinavh b IRHNEN WML tBE hbea 8l CEHpPRSd [ itQe kA tan
aromatic ring include, but are not limted to, aromati c hydrocarbons each
havi ng f pam 3B0HEL PREL Y00 BDEHE SEXCHBbAYEaH! BEPSmEHESEHL Ut ed on the
aromatic ring (e. g., toluene, xylene, 1-ethyl-4-nethylbenzene,
1-ethyl - 3-net hyl bengeng] 1-isopropyl -4-net hyl benzene,
1-t-butyl -4-net hyl benzene, 1-nethoxy-4-mnethyl benzene, nesityl ene,
pseudocunene, Mgt ENE: eMehByik Bagutidtad e nft retdadananhy bahgsends are

met hyl ant hr acene, 4, 4' -di net hyl bi phenyl, tol ual dehyde,

di met hyl hevzepdehydeallyi rehhyédhenzal gdehydrdmindtallic elements of

acid, trinethyl benzoi caci d, and di net hyl benzoi ¢ acid), and heterocyclic
conpoundsheatoumy Rnigo firsoaf alidiPeeiedic Bholé o« Klemehyk. griupsesubsti t ut ed
on a heterocyclic ring (e. g., 2-nethylfuran, 3-nethylfuran,

3- et hyt hmepakhec 2iawthyl pysi dsaé, h8rakhhyl pyridcheded- betrbyl Pyri di ne,

2, 4-di met hyl pyridine, 2,4,6-trinethyl pyridine, 4-nethylindole,

2- met hyl Buampléesef themetallicelements include, of the Periodic Table

of Elements, Group 2 elements (e.g., Mg, Ca, Sr and Ba), Groups
3elements (e.g., Sc, lanthanoidelementsandactinoidelements),
Group 4 elements (e.g., Ti, Zr and Hf), Group 5 elements (e.qg.,
V), Group 6 elements (e.g., Cr, Mo and W), Group 7 elements
(e.g., Mn), Group 8 elements (e.g., Fe and Ru), Group 9 elements

(e.g., Co and Rh), Group 10 elements (e.g., Ni, Pd and Pt),



- 51 and 3-nethylquinoline). [0085] The aromatic conpounds each having a
net hyl ene group at the adjacent position to an aromatic ring include, but
are not limted to, aromatic hydrqpqﬁpqps each having an al kyl group or
substituted al kyl group having two or  nore carbon atons (e . g .

et hyl benzene, propyl benzene, 1, 4-diethyl benzene, and di phenyl net hane),
aromati c heterocyclic conpounds each having an al kyl group or substituted
al kyl group having two or nore carbon atons (e. g., 2-ethylfuran,

3- | £ hi . 4- hyl idi d 4-b | i | i , d d
oA RSP e O o PG e AN T R Al Gty

- ti i h t hyl t dj t it t th
ot - Bicps | Q41 BRRAGSTTR W CBE AT U0 18 N o RORR R 4 O 1O e
fl . ht h h | i nd , d t ) 00861 Th
e e B T
S Do) HUAGING B9ShLHPD Lk A BahUl 2180 AL LIShURES [T FEAIP! ©

Or”Ethykﬁﬂ%r@hggp3ﬁé?ﬁf%"5%l@ﬂelﬁgyigéy%;Ta ﬂ% géAEggﬁeﬁ?gE9u@9ﬁx§§Ch havi ng

a net hyl group-or yl'ene group a adj acent posi to a r bonyl

group. [§QG/7] elefneg%tsogﬁetl‘fgac%%r@?%f ’SBaifgoﬂ“%?%o%E:%Bi;(@a'?_é‘)o% nel ude,

but are not limte propyl e uten ut ene, pentene, 1- hexene,

2- hexen%leﬁve%’t exadi eﬂfé’%} %rfewh§'clché nﬁ%‘%gccé%hggsfa 2 é’f%er chai n

unsat ur at ed hydrocarbons each’ having from about to about 20 carbon atons.

The coMMQWIEs: 10-A: kPP e+ ACh UdGis UL 287E, NPT ML | MintHth £8.a & eSS £&y. 9-

acet one, “net hyl ét'hyl ket one, 3- pént anoné, acet ophenone, and ot her chain

ket 0”95;T}x%”\ﬁafé’&éfp@?;g{éorgét§ﬂﬁi@bﬁ%heﬁ¥cﬂé fo K 8HRREHh ca9arPOMXY] E & aci ds or

derivatives thereo ., acetic acid, propionic acid, "butanoic acid,

pent anoisqRGisd r Rexamyu& acid, Meptanciie aend. RRgRyl aceticacid, nal onic
acid,succinic acid, glutaric acid, and ester$ of these acids). [0088] The

non-aromatic cycligoadrocarbons (A5) include (A5-1) cycloal kanes and
(A5-2) cycl oal kenes. [0089] The cycl oal kanes (A5-1) include, but are not

limted to, gsuch metallic compounds include, but are not limited to,
elementary substances, hydroxides, oxides {(including complex
oxlides), halides (fluorides, chlorides, bromides and iodides),
salts of oxoacids (e.g., nitrates, sulfates, phosphates,
borates, and carbonates), salts of isopolyacids, salts of
heteropolyacids, and other inorganic compounds of the
aforementionedmetallicelements; saltsof organicacids (e.g.,
acetates, propionates, prussiates, naphthenates, or stearates),
complexes, andother organiccompounds of themetallicelements.
Ligands for constituting the complexes include OH (hydroxo),
alkoxy (e.qg., methoxy, ethoxy, propoxy, andbutoxy), acyl (e.qg.,
acetyl and propionyl), alkoxycarbonyl (e.g., methoxycarbonyl
and ethoxycarbonyl), acetylacetonato, cyclopentadienyl group,

halogen atoms (e.g., chlorine andbromine), CO, CN, oxygen atom,



conpounds each having a 3- to 30-nenbered cycl oal kane ring, such as

cycl opropane, cycl obutane, cycl opentane, cycl ohexane, cycl oheptane,

cycl ooct ane, cycl ononane, cyclodecgnﬁj_gyclododecane, cycl ot et radecane,
cycl ohexadecane, cycl otetracosane, cyclotriacontane, and derivatives of
t hese conpounds. Preferred cycl oal kane rings include 5- to 30-nenbered
cycl oal kane rings, of which 5- to 20-nenbered cycl oal kane rings are
typically preferred. - 53 [0090] The cycl oal kenes (A5-2) include, but

are not |imted to, co ynds each having, a 3- .to 30-menbered cycl oal kene
e R e h o P OTBRneY, R e ph ey B aD B bR: SR, ShpeIoact b

cycl ohexene, 1-nethyl.-cycl ohexene, i sophorone, cycl oheptene, |

ool ododdueife LA N HE A SHenCaRF S TP her ey TR s (ammine)

1, 5-cycl.goc i ene, _and her_cycl oal kadj .enes cl ooctatriene and ot her
cycloal@ggrieﬁegplgﬁﬁ)degbéaf?%%EaB?Jth%%%yﬁ%ﬁﬁé%ﬁﬁépePreferred cycl al kenes
i ncl ude ¢o nds .each .having a 3- to 20-nenhered rin f i.ch conpounds
each havcflne{;g%l -nettor Pherthéred %nneg éjr%]ee ntaﬁlpl cal lyneﬂrenecfroet%]eﬁ 0091] The
conj ugat.ed conpo ( i nclude, for exanple, (A6-1 ) conj ugated

di nes, %&%fg)oqu,&gg-saulr@gf%rda%q@d)q%ﬂsr'i |l es, and (A6-3 ) a, (3-unsaturated
carboxylic acidsor[dgﬂg vatives (e. g., esters, amdes and acid anhydri des)
t hereof. [0092] The conj ugated dines (A6-1 ) include, but are not limted

to, bUtadie”?gg%i?%%?%%agﬁl%?!8£ﬁ%§%%iﬁ%Tiidaggpéb%%%%'?5%?9&5”?b The

conjugated d SO inc erein, yl"ace ane-and” ot her

compoUnds, fh bk 2 ARG 00 sand. fndid Py BORG A 0N Uggb et [ 0093)

The a, (3-unsaturated nitri I'ncl ude, exa

h QN Lbf ey LG 1261 obal P4
(ot Dhe i bbb pe oA .det HORAL LRI 287 OONYLL G R9IA" conal ®

derivatives thereo I nclude, "but are 'not linite , (meth)acrylic

aci d; met hyda ddTet ) acry |l @preldy, dfEtdRss ﬁ'rﬁ:tr%]ayrlisc?;ﬂecﬁrﬁg unds;

d
(meth)acrylate,” butyl (nmeth)acrylate, 2-hydroxyet h)acrylate, and
(

ot her (rRjdNACH¥EL &85 IRIbn 1 ABbRLRERYE &M dRa 1N SRLAYL oL ( nRihdacey! am de
and ot her (neth)acrylam de derivatives.

salts of organic acids; acetylacetonatocobalt, and other
complexes, and other divalent or trivalent cobalt compounds.
Illustrative vanadium compounds include, but are not limited
to, vanadium hydroxide, vanadium oxide, wvanadium chloride,
vanadyl chloride, vanadium sulfate, vanadyl sulfate, sodium
vanadate, and other inorganic compounds;
acetylacetonatovanadium, vanadyl acetylacetonato, and other
complexes, and other vanadium compounds having a valence of
from2tob5. Examplesofcompoundsoftheothermetallicelements
include compounds corresponding to the above-mentioned
cobalt  orvanadiumcompounds. Eachofthesemetalliccompounds
can be used alone or in combination. Specifically, the
combination use of a cobalt compound with a manganese compound

significantly increases the reaction rate in many cases. The



[ 0094] The amines (A7 ) include, but are not limted to, primary or
secondary am nes such as nethyl am ne, ethylam ne, propylam ne, butylam ne,
di net hyl am ne, diethyl am ne, dibutylam ne, ethyl enedi am ne,

1, 4- but anedi am ne, hydroxyl am ne, ethanol am ne, and ot her aliphatic 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. [0095] The aromatic hydrocarhaons (A8 ) include, but are
not i m{¥PRL £§ﬁé9fn8§HFﬂ I%%%?Sé%gﬁ§6ﬁ@ﬁ&Feﬁ MPRHBASNEAY ERE,

ant hr acepe, napht hacene, aceant hryl ene, t ri_phenyl ene, pyrene, chrysene,

napht haccglrfe{]el%rgeﬁé;laﬁé?%ﬁ e{"]l?e',g perft aﬁ:‘evr‘?el,erbtor“lﬁ@eljl‘bﬁoé‘m e-% oval ene,
and ot her_ ar.omati c conmpounds each havi t, | east one, benzene ring. O
hese. AR 1t JOMbahas = Hraraath G e oIRGB Hol YoyaE aronat i

conpoundgré eﬁMg h - 55 at least a plurality of benzene rings (e. g.
two to tn benzehe rings) are condensed. These aronmatic hydrocarbons may

each have at | east dHE%substituent. Exanpl es of such aromatic
hydr ocar bonseach hEV|n& asubstituent are2-chl oronapht hal ene,

2-meth - I e h ht hal

2. mot hyl ant b BeaHEO TSt (O D P AP R oot be T Bokyaon Aradbne, from

2- et hOXY%fP%Y ot E%C t O]TQG ﬁggggag}l@r eefberar?ng'ftfo%%%@cé’f‘ﬁos and

2-met hyl pental ene. To ea enzene rings, non-aronati c car bon

ring, a r i t CYCli G ki n r opza L€ qhe ic ring
may be 26% ensed% Fgﬁg%? %%éagﬁrgigﬁt?c g%% nggﬁgzi?igg %ﬁ%ﬁﬁ%@%’but are
not limdedtq, FELhaRe:, £ hangn %ﬁo%l%@:”@’.o@%?%‘etﬁ Fh%(?!@%% aBB¥@NEys hept ane,
oct ane, nonane, decane, dodecane, tetradecane, %xa ecane, and ot her
strai ghtischahl ahkapesseash hamidlg SHIP 8beut L] 4o @bt 3R ca5hon at ons
and pref@fggly ?roﬁ?aﬁout 1 ?o abo&t 20 carbonQQtonB. [ 0097 Thgg%lefins
(AL0) may,he ABYaefva-+d ehidie 3R HIEELBRL o Rl Rhiddh PAC s BbsMbi £8) My have a
substituent (e.g., the aforenentionedsubstituents such as hydroxyl group
and acyl oxy groups)o@d al so include dimes and other ol efins each having
plural carbon-carbon doubl e bonds. Exanples of the ol efins - 56 (A10)
i ncl ude et hylrgae, r Rt £8r ukdih @R, pZeduiteNBveh 8 QBHIANRR idc P& ene,
2-pentene, 2,4,4-trinethyl-2-pentene, 1-hexene, 2-hexene,
2, 3- di me3dydiriz d1ane, e arh e st X envb19h tomtiex eixrtli-onl .ok ect en- 3- ol ,
1- hept ene, |1 -octene, 2-octene, 3-octene, 4-octene, 1l-nonene, 2-nonene,
1- decengyo llydtHieiceRB 1 oh- S0deicanecubtBexages aneichl petlademesecation
1, 5- hexadi ene, 1, 6-heptadi ene, 1, 7-octadi ene,
1- acet oxyr 3nTodid@ityin aGanimdEane Grauprene,l ewmenyl é DlthenBeriodic
a- met hyl styrene, 3-vinyl pyridine, 3-vinylthi ophene, and ot her chain ol efins;
cycl opr apsyies oy @ ledmdrane haoyidippantienst ol ehepenie; gyl heptdeae,
cycl ooct ene, cycl ononene, cycl odecene, cycl oundecene, cycl ododecene,
1, 4- cycluieeaddi .endy ds ¥ng yhleodwpdiraitt end t scy<l-bdescaciheness, the rate
cycl ododecadi enes, |inobnene, 1-p-nenthene, 3-p-nenthene, carveol,
bi cycl o[ghR.sHlkeptiZ-taney £ Mty deac3i2nl |aact -2remiesr depiimgnmvezt.bor nene, and
ot her cyclic ol efins.

(0048]

In the organic salts, the Group 15 elements of the Periodic
Table of Elements include N, P, As, Sb, and Bi, and the Group
16 elements of the Periodic Table of Elements include, for
example, O, S, Se and Te. Preferred elements are N, P, As,

Sb and S, of which N, P and S are typically preferred.



[ 0098] Each of these conpounds capable of form ng a radical can be used

al one or in conbination, and in the latter case, the conpounds used in
conbi nati on nay belong to the san&_q&zdjfferent categories. For exanple,
when two or nore types of these conpounds, especially two or nore types of
t hese conpounds belonging to different categories, are used in a reaction
W th oxygen or anot her oxygen-atom containing gas, one of the substrates
acts as a co-reacting agent (e. g., co-oxidizing - 57 agent ) with
respect to the otg%5 g@d thereby yields significantly increased reaction
rate in sone case ﬁ 99] [Radi cal Scavengi ng Conmpounds (B)] The radi cal

[ d B d I th f
St 2l 0° conpoaNE B e b S PRRLET O A F S 80 LB o5 of
h nd d B t d B2 d h
havi n§°§l‘%‘r’%éiuh.en'eg§%” 55 o HOBE Gt ERRORAtbin aehiRg EBhBANI. and
B4 ¥ t t
gases) . R, 2 %”?%%2‘5%'0%8&%?%%%5@%83Ozﬁ RESR Do nat .”Z)Rg [ 0100]

These C%g%‘[}%%%%b%%y '}%‘éﬁg‘ﬁh'c% Euen%ggnﬁé W R o ed L& ety Nty adver sel y

affectin he reactlon |nc ude, ar'e no |n1ted t o,
hal ogen X [ uted 0X
grougs fﬂﬁgﬂ; p?¥899 y£ %%P§§%ups y|é§985?8&p38 Qﬁgy y?oxy roups) Y
Substit ued uf h'kﬂe UBScygal 8L0uRa0 SUDS HELULRE Jaxycarhatml, Or oups,
substit st t car anDy gro ps, cyano gHoup, 0 group,

subst i t yfad 1or ams lél%%te' £ ed 00 B QB LA060uR Aty O oups,

al kenyl group, alkynyl groups,” alicyclic hydrocarbon groups, aromatic

hydr ocar I e (o] [Q1 1! nsat ur at ed
conpouné@Q?E%fQP%§ 8gggggm}§£95gﬁ#g?§g% %ggﬁgggngibggghaﬁgﬁ?%E?EXF

unsat ur gl-addaonda RUGHGOEPIURRS aRElude cof Abottamal ea kBl Lgsat urat ed

conpounds each having an €l ectron attractive group at t e adjacent position
to a Car?ﬁ@ﬁﬁ@%ﬁ@@rﬂﬁﬁ@hHBﬁEQQ%QQBQuE@ﬂiéaﬁb&hﬁEbﬁ% ©ef i ci ent
ol efins) "and ot hef active unsaturated conpounds], conpoundéeach

havi ng &&ahekyaar od otthick! £1 hid B&a@bcs%%t@p&lﬁ@@ach%m@n

aromatic ring, Bi- 4) ketenes, (Bl-5) isocyanate or thioisocyanate

CONpPouUNds-onARBolBL36} of ABBL Ok ek Abon [£d8=3 ; Thed astdvgl unsadrniaied

conpounds (B1-1) include, but are
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,
oxo group, hydroxyl group, substituted oxy groups (e.g., alkoxy
groups, aryloxy groups, and acyloxy groups), carboxyl group,
substituted oxycarbonyl groups, substituted or unsubstituted
carbamoyl groups, cyano group, nitro group, substituted or
unsubstituted amino groups, alkyl groups (e.g., methyl, ethyl,
and other C;-C4 alkyl groups), cycloalkyl groups, aryl groups
(e.g., phenyl and naphthyl groups), and heterocyclic groups.

The preferred hydrocarbon groups include, for example, alkyl

groups each having from about 1 to about 30 carbon atoms, and



not limted to, nmethyl (nmeth)acrylate, ethyl (nmeth)acrylate, isopropyl
(meth)acryl ate, phenyl (neth)acrylate, nethyl

crot onat e, et hyl cr ot onat e, nmet hyl 3- nethyl - 2- but enoat e, et hyl

3- et hyl - 2- but enoat e, net hyl 2- pent endat e, et hyl 2- pent enoat e,

met hyl 2- oct enoat e, et hyl 2-oct enoate, nethyl ci nnamate, ethyl cinnamate,
nmethyl 4,4,4-trifluoro-2-butenoate, ethyl 4,4,4-trifluoro-2-butenoate,
dinethyl mal eat e, di et hyl naleate dinethyl fumarate, diethyl fumarate,

met hyl anoac Iate t hyl cyanoacrg i and other a, ~i-unsaturated
esters; a&uﬁ?llﬁe FFORAEERS, g&PH?F SERPPCKR bﬁe PheRKY | o4 - RRIpENA ket one,

and other a, ~3-un urated ketones;_ pro enal ot onal dehyde, and ot her
(3 unGECHPAL AT B Y et T OALP PRI § BFI BoOREL HaCATToR EF PG  ailf of her

a, (3-unsatura nitrile acryllc aci oto c aC|d and
ot her 2. P%S&ﬁ%ﬁ?&ﬁa%ﬂ iR et dut AR By S hRES:

a, (3-unsat ur at ed ca rbox%rl% %Cdeag'dﬁg'l &2 8 genylldene)nethylanlne

N ( 2- bu@gnypldeﬁéyngfﬁyl ERURE, 2Ad SSEAEY 182Yi 9GR58Rur at ed i mi nes styrene,
vi nyl t ol uene, ngb%glﬁtyrene (3-net hyl styrene, and ot her styrene
derivatives, and othér “conpounds each havi ng an aryI group bonded at the

2 chi or obut adreRr 3. F e TP ERRE s ATer UG O s Y (G o P "

2- chl or obut adi eng, i'ene, Vi nylace

doubl o BERS At 4T EP%QW%%%?@S%%ﬁa%?g%gdﬁﬁ%ﬁf@ﬁ%ggg%oﬁﬁéC? 1. 2)
each ha\sltﬂgfen%rglﬁﬁgﬁ{a@%e&@rp' 8,800 Jn il | Bl SX3TH) Grc1 e

net hyl acety he conpo each havi ng an aronatlc

ring '”‘E'e‘&%meft%l%ﬁ%'l%ﬁxe%%%‘}‘i@‘és ‘E@EQQ% b/lgnﬁog§gﬁe@%llblr@.

napht hal'ene ring;, or another aronatic car I ng; conpoung each

havi ng %eE% 59k9lrhﬁ%nl%m %%§§r66%9 t%t&@h%%?@@ﬁmbh@@m ehi1dpaiaer aromatic

het erocyclic ring e ketene B1-4) inclu or exanpl e, keteéne and

2- ”EthyE%%b%@?lm@%%yﬂ%%ﬁﬁ%ﬂ%he %&o&ﬁb@'SQ%X@@%&@p%@RQQ%&Q%n& B&- 5) include,
but are not limted to, nethyl isoCyanate, ethyl isocyanate, phenyl

lSOCyan%h@orE%EhyErHBbQ¥§Q%%%@@E%yl?bﬂ%bn&ﬁhobﬁ@%!%ﬂ%te and phenyl - 60
t hi oi socyanat e he inert ol efins -6) be whi chever of

a-ol ef i gg ( @@@abl@tc?'fl.'?@'lm‘é't%fy'lﬁﬁlm%BQuﬁ' @t@léf‘ﬁcﬁé’d%n@' sﬂﬁérmt@mﬂrpl efins
each having plural carbon-carbon bonds. Exanples of the inert olefins

(B1-6) iapmbHdemetRYbeReeshr apyl ederebpbHteng, Jubdkenary ammonlum
i sobut ene, | - pent ene, 2- pent ene, | - hexene, 2- hexene, 3- hexene, 1-heptene,

1- OCten%mo&1@@b?ﬂ§nd%n@ﬁﬁﬁ@@atér@&f?@@mm&nﬂ@ﬂ@@?tskﬁﬂﬂﬁﬁaelné:ﬂﬁﬁﬁcene
1, 5- hexadi ene, 1, 6-heptadi ene, 1, 7-octadi ene, and other chain ol efins

(alkene&pdrgwahg@an@Q@@psc¢©h@haéaneltﬁyalﬁ@ck@qen ayemodecene,
cycl ododecene, and other cyclic olefins (cycloal kenes). [0105] The

conpoundsmetB1pigachdiaviungcial sEidd NRegatbeonl pyotmt neideh 1 dwirdegxanpl e
t he conpounds exenplified as the conpounds (A3) . The one and sane conpound
can be uwesedyasutiheldaipaurtloAdde,aaddt beheenpoundc( B2ptietnblre reacti on.
ammonium salts. Examples of the organic phosphonium salts
include tetramethylphosphonium chloride,
tetrabutylphosphonium chloride,
tributyl (hexadecyl)phosphonium chloride,
triethylphenylphosphonium chloride, and other quaternary

phosphonium chlorides, and corresponding quaternary

phosphonium bromides, and other gquaternary phosphonium salts



[ 0106] The het eroat om contai ni ng conpounds (B3) include, for exanple,
(B3-1) compounds each having a sulfur atom (B3-2) conpounds each having a
nitrogen atom (B3-3) conpounds each;having a phosphorus atom and (B3-4)
conmpounds each havi ng an oxygen atom The conpounds (B3-1) each having a
sul fur atominclude, for exanple, sulfides and thiols. The conpounds (B3-2
) each having a nitrogen atominclude, for exanple, am nes . - 61 The
conpounds (B3-3) each having a phosphorus atom i nclude, for exanple,

hosphat s, The. B3-4) each havi tom i nclude, f
Exanpl o AEbARGEES T 0N 7Y FRE=0Ry o RUOHECRLBRR HoCh ot R ARPRSTHBac | ng

agents) (.B4) includ far aml e, _oxygen-atom caontai ni,n ses, nitric
acid,rﬂ%?%ﬁm géﬁ@ngsngtgﬁﬁﬂgfgéPlEthgFﬁﬁ%P@rng%ér%Eglg €as "nitric
acids") ., .Th W - at.om ¢cant ai_ni es include those .each having a

ot 11 nt Bor S S aer A pof T Lo ed IR 45 Rer a8e © such
oxygen- at Q j Ni. s. include, .but .are net limted to, (B4-1)

oxygen, ao(t%%té)ﬁ%lgfr oqugnm%ﬂaoa%sde%éﬁa%ﬁ% ttﬁ%(%:geeen(?1 Xdlr ecsa,rebéjr]iqd g(rl':%pf) sul fur
oxi des. Eﬁﬁﬂ e o¥ﬁg - at ontaining reactants can be used al one or
i n conbina |5%%1P§%%§f1 eq§¥§§§%}'84-1) may be any of nol ecul ar oxygen and
active oxygen. Theﬂﬂﬂhﬁcular oxygen is not specifically limted and

i ncl udes pure oxygen, oxygen diluted with an inert gas such as nitrogen,

hel fum _ar goRyar «caLhow g“ag{isdsas%nﬂagh?%ﬁ_“@)lee%a%uwmeiss often used as

the oxygen. [0109] "The carbon nonoxi e pure ca{bon nonoxi de
or car b%ml%r@eég,e@c\eﬂa%s%gfloﬂ%,rdesgaao Yhenocal bgn muoxigde Is used

d
in conbination wth oxygen, a carboxylic acid can be obtained in a high

yield agp@ndesildy10fs it dRaad | @ g. - §2c, a1l hihe aameud (A -

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).

[0052]

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
0.08 mole, relative to 1 mole of the imide compound.

[0053]

The promoters for use in the present invention also include
strong acids (e.,g., compounds each having a pKa of less than
or equal to 2 at 25°C). Preferred strong acids include, for

example, hydrogen halides, hydrohalogenic acids, sulfuric acid



[0110] The nitrogen oxides (B4-3) include conpounds represented by the
formul a: NXOy, wherein x is 1 or 2; and y is an integer of from1l1l to 6. In
t hese conpounds, y is generally an_i?geger of froml to 3 when x is 1; and
y is generally an integer of from1l 10 6 when x is 2. [01l1] Typica
exanpl es of the nitrogen oxides are N20, NO, N203, NO2, N204, N205, NO3,
and N206. Each of these nitrogen oxides can be used alone or in
conbi nati on. The nitrogen oxi des may be pure substances or mxtures mainly
containing nitrogen oxides . Such m xture inly containing nitrogen
oxi des i%ﬂﬂtﬂﬁ£e§§¥H§0§F€&ﬁbasg efémﬁﬁatiﬁ%ogﬁaaF 5ANEr 8Eédses  wEPh nitric
acid. [0l12] Preferred nitrog oxi des ing¢lude, for_ exanple, NO, N203, NO2
and N205 X3P L&y §r85’nﬁ98PFo§;8(Rl]Zd%° @%?%a@i?‘?f‘ﬁ% Thtal hed fhdnmalfeact i on
of dinitr qﬁg nonoxi de &h%ﬁ? and/ or nitrogen nonoxi de (NO wth oxygen.
More speti fitaliS: I NEERAH Be prepared by introduci ng dinitrogen monoxi de
(or nitrogen nnnox%ﬂﬁ?]to react and oxygen into a cooled reactor to yield a
blue |iquid N203. ccéfdingly, the reaction according to the present
invention ca r f.orme i ntroduci ng. di.ni.trogen monoxi de (N20) and/ or
it rogen mongRERIEs e Hh oo TEd S it PR AL oPetian FRoteRt he
previ ous t{0 N T - it i an, be, used in
cgmgarovq\?tciqs %?(%gﬁ%q%gra Qgrbo?@?%&f%&‘?%ggﬂbgé’”%% a elgct:t

conbi natio exanp I "CSiTbi nat ron wit h
nroved TG rRe BT 1 ok ams e e LB TRy T e ent ca by
hese conpiniee Vg TR oRact hrdiecea ey Aot BpB Rk e & ShefPhr <1 anc
e not T to,Ce;toﬂéggotg‘,ii%oz,“{f%,lt b, R e R S P
SRR i s R R g L S RS e =R

sul fur QX des J Behpdanbnese Bk f‘é%ax%&rﬁ,aif}id?fg aWodte@dshopner8f asshfur
di oxi de (S02) and sultur trioxide (S03) . The sulfur oxide can be used in

conbi natj go) ¥4 LB19%XY9eM0 FRL1ATPLE reB¥ t¥ShNbrBHHdHt dbeXEE8ate 02 ) iN
conbi nati on with oxygen, a corresponding sulfonic acid can be obtained in a
high yield as a regigsjof the reaction with the conpound (A).

According tothe invention, thereaction 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
component in the system enhances a reaction in some cases. The
amount of the aforementioned component is, for example, from
about 0.001 to about 3 moles relative to 1 mole of the imide

compound.



[0116] The salts of nitric acid or nitrous acid include, but are not
limted to, sodiumsalts, potassiumsalts, and other alkali netal salts;
magnesi um salts, calciumsalts, bari salts, and - 64 other alkaline
earth netal salts; silver salts, alumniumsalts, zinc salts, and salts of
other netals. Preferred salts include alkali nmetal salts of nitric acid or
nitrous acid. [0117] The nitric acids can be supplied as intact to the
reaction systemor may be supplied in the formof solutions such as aqueous
sol uti ons. Alternﬁtl % t hese conponents nmay be fornmed in the reaction
system and may be Qgﬁ'écted to the reaction. [0118] The reaction bet ween

t he conpound ﬁ bIe of L rmng a.radical ,and the radica avenglng
conpound (8) ﬁﬁénb BB VSREIBP hE e éﬁc a

I t.. .S | t | t t ted, t t d
e onea s 50%31@5%%;&%@?3% et (e b erorpy
(o) érfﬁg{%ﬁtfgcet s ﬁschesfl‘?nrl s tAdNae, bt S cother

all phat e dud ck?%%@%&i%{ﬂmgéc@ R LT AT, O Do

enzen uorone enzene %alogenated

hydr ocar 2&1’&% Eb{nﬁBQﬁBé hé‘férog%ﬂg”gor%é Qﬁﬁfﬁé’gus %”Qn $‘1§1§u1’“ﬁ”°

compoun aceta butyI ers; m Xt ures of

th I gani
acgfgnfgrﬁﬁgg§%hxggﬁltrli éﬁggﬁhgcﬁﬁ%@¥$£gmg%§§?lS%rone 1"Ijﬁl'i[)][q‘%zene and
ot her hg e%aaigd hy&m?%%al%rﬂyé a¥¢8LAkE and @ﬁg&?a?@i@ﬁs & used as

t he Sol vent. 0119 rat1 o of the conpoun capabl e of

form ng c%t gr' g%'of @ heler& achh £ al 2RV BRG N\ %‘EGH%E@F@)a&%@zF&HsOP“ ately

sel ect ed dep ing on t e types (cost, reactivity) the two conpounds or
conbi nats'u%stha%rw %ml%taﬁetﬁ@wegegﬁyé& é‘@ﬂl@fti‘é@dfdz? excess

(e.g., from about to about 50 times by nole o the conpound

Alter”a%'Y%hﬁ1tiﬂg,CPﬂPPHﬂQu(%hnﬁ%&hQ%1%S§Qghfb£%§§§§l&Cééﬁ%%f@ﬂQQUHd (A).
even in a small amount, and (iii) they can maintain catalytic
activities even at high temperatures, as compared with the
5-membered N-hydroxy cyclic imide compounds. Accordingly, the
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.

[0057]

Examples of reactions, inwhichthecatalystsof thepresent
invention exhibit catalytic activities, include reactions
described in the following literature relating to the catalytic
5-membered N-hydroxy cyclic imide compounds: Japanese

Unexamined Patent Application Publications No. 8-38909, No.



[0120] The process of the present invention has a feature in that the
reaction snmoothly proceeds under mld conditions. A reaction tenperature
can appropriately be selected dependjng on the types of the conpound (A)
and conmpound (B) or the type of the target product, and is, for exanple,
from about O0C to about 300C, and preferably about 20C to 200C. The reaction
can be perforned at atnospheric pressure or under a pressure (under a | oad)
When the reaction is performed under a pressure, the pressure is usually

Aol ?3?%?’&@@2%@?33@"?@? ool 99’19{52??26?%?&82& ?155:3[%9 f%ggﬁﬂ%t;wpa’ 1an
P RSk 628 2 of o e 2eaa ﬁgr-ﬁﬁ%?ﬁgoﬁéigi NG Al dortar and.

. T i i
e - batd 1063 7dg NayCar o B laEr g s Ly ePERED: o e Rt Ent bna
system By -addi;ng 1%8? 1046, £ agéés.tlf%eﬁ%gqif%%t ! QBQQYgig%ﬁng%onversi o

i nstal | ment’s,” thé target conpound ¢an ai ned w

or Sel ealiogl-bY oleB oA Ca90%oh 923l AL 8L tﬁgg%gg%'a%tohonpﬁfr the reaction,

reaction products ¢an be separated a purifi by "a“t'echni'que such as

f1tratiofe HARISALTAILON: c4 24 d kBt iRibo AYHACINONyoploYSlsalls] 4 | on.

recrystallization, col unm chronmatography,and ot Her separati on méans, or any

combl kiR /A6 14BCARGSABAI REDON6 TEADS. Jd 04l e The PLOGESS O, d i Present

invention yields an addition or substituiion reaction product or a

deri vat izee {hefepisserendindz ohotne \combi ngyh oy PchI.hQOSQErg)@Er,‘q\IS%ﬁ% capabl e

of formng a radical and the radical scavengi ng conpoun

addi ti ono@psuBebiat Ukbon2668Ckh 8B 2P RIUCE Go G104 HEtes f Qo &XATI 657 &7 pon- car bon
bonded products (e. g., coupling reaction products), oxidation products,

car boxyh@t.i 000p-a8uGES, Rt 2lio@n 10%6Q4YGt fo . andosuhfonati ofopr oduct s.
[0124] For exanpl e, whent heheteroatom contai ni ng conpound (Al) having a

car bon- hydoagen2bendyat, bheoadjssagent nBosbboeniugshbhe Rekeineatomis used as
t he conpound (A) , the adjacent position to the heteroatomis conbined with

an atomppoa-348824.a carbon atom constituting an unsaturated bond of the
unsat urat ed conpound - 67

[0058]

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

[0059]

[Compounds (A) Capable of Forming Radical]

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

to the heteroatom, (A2) compounds each having a



(Bl), to the methine carbon atom of the conpound (B2) having a nethine
carbon atom or to the heteroatom of the heteroatom containing conpound
(B3), and thereby yields an additi_(_)n3 r_substitution reaction product or a
derivative thereof. [0125] Wen the conpound (A2 ) having a

car bon- het eroat om doubl e bond (e.g., the carbonyl -group-containing conpound
)i s enpl oyed as the conmpound (A), a bond between a carbon atomrelating to
t he carbon-het eroat om doubl e bond (e . , a carbonyl carbon atom and an

the car IRAE e”“é%eﬁ%érﬁ%tﬁo%%%f’%b@%ﬁ@%&,bg.g@?”sﬁ?n&%ﬁ%?ts%%f VeBHbned W th
L RO A 0 SRR e (] 0 (20 i
(A capdt BT TG BOPA PS SEHE RECTH1e: CarBoR S e r 5 E8hBined w1 h
addi 1 orb BT UBSY: PBNT BROTBLLTI SR bt GaLRL o Bl AR vEoPRBrBbFS [ 0127]
Gener al lé’dmggglﬁmusse B; ha?nﬂpezg,t ggﬁa)ggﬁ{o%%ucndcém%launac?s t h@%f{)adl cal

scavengi hg ‘conpound yie ion Treaction produ and the use of

t he Conpﬂ‘agiékﬁf—u%hﬂan\’iﬂ%%é@tﬂﬁgbﬁgﬁf)boﬁefﬁs@s atom as the conpound (B)

yields a su I'on reéeaction pro (e.” 9., @ coupling product). [0128]
The reaction betmeﬁﬂmﬁﬂe oxygen-atom containing reactant (B4) as the
radi cal scavengi ng conpound (B) with the conpound (A) capable of formng a

radical yiel %el & %&g%hﬁdgom@gu;lgveav 990?9 O¥¥@en:ALATLCQNLAL Al 99 group

(e. g., hydroxyl grou 0X0 group, carboxyl group, nitro group, or sulfur

acid graup) éjﬁB’é%QNE&hs(éla} foébfﬁ)??&fthtehfeé)é’é/ﬂ&?: atSQI&PQGEQ{':D{GSnfgaCt ant.

[ Ol 29] Acc&%dlng to the process of "the present 1nvention, a conplicated

organi c d trad 0 NG, b i t nor e
types ofl t Ee cdn%ggrrhfs%e?%? lglélgjhgfb%&egéf Lll%}olrm ng§%&rﬁga¥lc}{$%ldg%dl{ %?O"? e radi cal
scavenging: CRIoyPdsol By d 9rbber alysknvitecsaangnblal @dd Ll anysky

substitution reactions. For exanple, en the ‘unsat ur compound (Bl1l) and

oxygen (g%dg)s,aérgzl(fa%('yagf&%s,Scaq«l\éeaeymexyczjmwﬁ, Bbsarie urldowgdot o react

wi th the conpound a group derived fromthe conpound (A) is conbined

wi th oneyfugdie davdb&af b AN St dtdd Rk e dHIsAt Wadgsk bond as
menti oned above, and a hydroxyl group derived fromthe oxygen is introduced

into thes el GHPHT aneMbdtdi3edAchedahbgn Frehpsi, SByhAot §eopppcess of
the present invention
nitro group, substituted or unsubstituted amino groups, sulfo
group, alkyl groups, alkenyl group, alkynyl groups, alicyclic
hydrocarbon groups, aromatic hydrocarbon groups, and
heterocyclic groups.
[0061]
The compounds (A) capableof formingaradical actasradical
donative compounds in the reaction in question.
[0062]
The heteroatom-containing compounds (Al) each having a

carbon-hydrogen bond at the adjacent position to the heteroatom

include, for example, (Al-1l) primary or secondary alcohols or



is not clarified in detail, but is supposed as follows. During the
reaction, an oxidized active species [e.g., |Imdo-N oxy - 69 radical (
>NO) ] is formed, the oxidized actjggaspecies wi t hdraws a hydrogen fromthe
conmpound (A) and allows the conpound (A) to forma radical, for exanple, at
the carbon atom at the adj acent position to the heteroatomin the conpound
(A1) , at the carbon atomrelating to the carbon-heteroatom double bond in
t he conpound (A2) , at the methine carbon atomin the conpound (A3) , or at
the carbon _atom at the adj acent _position. to the unsaturated bond in the
conpoun& F¢AFTY Prtﬁ&cpﬁﬁﬁkﬁbgﬁéﬁlﬁadﬁéﬁraﬁe§5%§r®iFﬁ éaaéﬁﬁo&nd (B) and

th b ield ' dditi tituti ti duct.
[0151) FRESRBOUSFOPRE GIPEIOR D7 LUSRT PARE DRCPHC™ DRV BPOGUA ay

further undergo, for ex L.e, dehydration reaction ization reaction,
decarbofﬁ]a?#%ﬁd?%é%cﬁbﬁgg%g rF ahgenen Y?éﬁ@FP&%?n%Fﬁ¥§%ﬁmﬁ.%%ﬁ?%ﬁw reaction
inther I ste ndi on,the,structure thereaf. ar reaction
conditi %%?Eéﬁg ?ﬁe%e%yﬂﬁﬁgl%ggg’cgﬁgégﬁoﬁggﬁag e#ﬁ?&%ﬁ@épg[OISZ] The
reactio e, SOMRQUE b i di cal and the
radical%gggégggg%éwégﬁpou%gggg%ﬁ% %ﬁ?@ %f%?é?%%?g%beaggbgd?%iéfﬁﬁkkﬁ

condi ti \M: i.ni_oal | i.zationinhihitors_(e.q.. roqui none). For
exanple?Q%ﬁgh%EoggrFggﬁxgge%gg%go’yﬁgr#géfggﬁgﬁzﬁig% ggu?ﬁgghe reaction
system referahly I .t ha [ a .00 n re
prefera%ﬁgghggga?ﬁgﬁﬁgp g%&%lﬁégl%gogp%ﬁfgﬁh bﬁ§90g99~883§}8§o?F?8n of the
p°|y”9r%€%%E§ﬂti§%%9E%%5 %%C%e@%l%ggoaﬂgﬁk a reaction rate is liable to
decrease, "and the imde catal yst and/or the co-catalyst has to be used in
large amounts in se@gi3gases. In contrast, when the proportion of the
polymerization inhibitor in the reaction systemis low, the reaction rate

i ncreases tophBGLaRE AoY & thndid, theoheast | 9R Heeshbsuhay e £ hiygh
reproducibility to stably yield a target compound. The unsaturated

conmpounds (Bl Qr woOLREKGQRRQUBES 2NRLKUSE .| NTKOSTEL CLho1 L Onihi Kb a
pol ymeri zation inhibitor is added, should preferably be subjected to

el i m nagingrneketh® rPRbuERRZat, 08 i hJhi-Rkt hdbpo1layaexamhecndisti || ation,
prior to the reaction. The sane goeS for any reaction in which the conpound
(A) is allowed to[peaat; with the conpound (B) in the presence of the imde
conpound. [0133] By using an appropriate conbination of the conpound (A)

capabl e of fondhngr éms agi £8tcRATs t Hec T adk Cabu s caveng N a eoirund ,(B) in the
reacti on accordi ng to the present Invention, varlous organic corrpounds as

ment i ongdtbahew, Gahdi 100t ap AeFland D1 34but anBnoduetd taiy 16f1 b rxdadyidr oxy
Conmpounds
l-pentanol, l-hexanol, l-octanol, l-decanol, l-hexadecancl,
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



A first enbodi ment of such production wll be described bel ow. By catalysis
of the.im de conpound, an al cohol represented by follow ng Fornula (2):
[formul a 6] ~1 _OH(2) b RRwhergin Ra and Ro are the sane or different
and are each a hydrogen atom or an organic group, where Ra and Rb may be
conbined to forma ring with the adjacent carbon atom is allowed to react
with (B4-1) oxygen and (Bll) an active olefin represented by follow ng
Formula (3): [formula 7] Rc Re (3) Rd~~ Y wherein R, Rd and Re are the sane

or different .and ar.e_each-.a rogen.atomor an organic_group; and Y is an
ol cot oAl PR RaE3C 1 8ol DER R OO o i L AOPLE I OHR! BB 1% cae
other tao ﬁﬁg'“ﬁéﬂg J%cent carbon atom or car bon-carbon

I,t.h, t.he ad]
bond,anéFheFéby yﬁggaﬁgfgéfgfﬁiﬁéoXy conmpound represented by foll ow ng
Formul a (4): [forq%b%SQ] HORb HORe (4 R~ -YRRKd

Typical secondary alcohols include, but are not limited
to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol,
3,3-dimethyl-2-butanol, 2-octancl, 4-decanol, 2-hexadecanol,
2-penten-4-0l, 1,2-propanediol, 2,3-butanediol,
2,3-pentanediol, and other vicinal diols, and other saturated
or unsaturated aliphatic secondary alcohols each having from
about 3 to about 30 (preferably from about 3 to about 20, and
more preferably from about 3 to about 15) carbon atoms;
l-cyclopentylethanol, l-cyclohexylethanol, and other
secondary alcohols each having an aliphatic hydrocarbon group
andanalicyclichydrocarbon (e.g., acycloalkyl group) combined
with a carbon atom that is combined with a hydroxyl group;
cyclobutanol, cyclopentanol, cyclohexanol, cyclooctanol,
cyclododecanol, 2-cyclohexen-1-o0l, 2-adamantanol,
2-adamantanols each having from one to four hydroxyl groups
at the bridgehead positions, 2-adamantanols each having an oxo
group on an adamantane ring, and other saturated or unsaturated
alicyclic secondary alcohols (including bridged cyclic
secondary alcohols) each having from about 3 to about 20 members
(preferably from about 3 to about 15 members, more preferably
from about 5 to about 15 members, and typically from about 5

to about 8 members); l-phenylethanol, l-phenylpropanocl,



wherein Ra, Rb, R~-, Rd, Re and Y have the sane neani ngs as defined above.
This reaction can be perfornmed pursuant to a process - 72 (a process
using a catalytic 5-nenbered N-hydroxy cyclic imde conpound) described in
PCT International Publication No. W00/ 35835. [0135] [Alcohols) The organic
group in Ra and Ro in Fornula (2) has only to be an organic group that does
not adversely affect the reaction (e. g., an organic group that is not
reactive under reaction conditions according to the process). Such organic
groups i,nclude,, f xanpl e,. hydrocarbon _groups and heterocyclic, groups.
10756] TREPAAGABERTIds Roths PRERCOU PEARAE e AYArOchs bty G
alicyclic hydrocarhon. grqups, and aronmatic.h ocarbon groups. Such

al i phat i°¢<R gﬁggaf SHh%}5Up§hpngldgePyﬁﬁgy&Réghgpoﬂrni oF%?rstraight- or
branched-chai n ali.phati c _hydrocarbon.groups (al kyl groups, al kenyl groups,
and aIkyﬁ%FrSFgﬁﬁég)S&&@ﬁd%gyiﬁ CPBS%gabout 1 to about 20 carbon atons .
The alicyclic hyd%%%%% on groups include, but are not limted to,
nonocyclic alicyclic hydrocarbon groups (e. g., cycloal kyl groups and

cycl oal kenyl ) Vi 3 a carbon atons
(preferably Egé?§g§f?gggggg%tEggFgégg%ﬁquéeta%gﬁngg%%ﬁég) ; and bridged
cyclic hydrgcarbgn aroups .. The aE%n§Lhcﬁg%dro%arbon roups include, for

exanpl e, ggoﬁﬁpignﬁygrocargdnaﬁpgup eachRav Sangﬁlggg " 6 to about 14

carbon _ _- _at r rbon groupsnmay have varioussubstituents.
[0137] ﬁeFéﬁgéy?|%@EFFﬁgg%%%%ﬁﬁﬁ %?Vng the heterocyclic groups in Ra and Rb

incIudea@&ggg%kggﬁghq%%%xghkég%%%gﬁa%gq non-aromati c heterocyclic rings.

Such heter rings inc erocyclic rings each containing an

oxygen alags,d-BelekagtonL hekerdcyehienthags each containing a sul fur
a

atom as a Neteroatom and heterocyclic rings €ach containing a nitrogen

at om as 3a aeheLoakoMetHyase -AakALACKEEhE taLAURS MY have at | east one

substituent.
a-methyl-3a-perhydroindenemethanol,

a-methyl-4a-decalinmethanol,
8a-hydroxy~a-methyl-4a-decalinmethanol,
a-methyl-4a-perhydrofluorenemethanol,
a-methyl-4a-perhydroanthracenemethanol,
a-methyl-8a-perhydrophenanthrenemethanol,
a—methyl—Z—tricyclo[5.2.1.OLG]decanemethanol,
6-hydroxy-a-methyl-2-tricyclo[5.2.1.0% %] decanemethanol,
o-methyl-2a-perhydroacenaphthenemethanol,
a-methyl-3a-perhydrophenalenemethanol,
a-methyl-1l-norbornanemethanol,
oa-methyl-2-norbornene-l-methanol, and other alcohols each
having a bridged cyclic hydrocarbon group, such as compounds
each having a bridged cyclic hydrocarbon group combined with

a carbon atom that is combined with a hydroxyl group.



[01 38] The rings formed by Ra and Rb with the adjacent carbon atom i ncl ude,
but are not limted to, cycl opentane, cycl ohexane, cycl ohexene,

cycl ododecane, decalin, adanmantane, gnd. other non-aromatic carbon rings
(cycl oal kane rings, cycloal kene rings, and bridged carbon rings) each
having from about 3 to about 20 nenbers (preferably from about 3 to about
15 nenbers, nore preferably fromabout 5 to about 15 nenbers, and typically
fromabout 5 to about 8 nenbers) . These rings nmay have at | east one
substituent (e . 006 imlar groups to the substituents that the

hydr ocar bon groups é% have). To each of these rings, another ring (a
non-aromati c .ri Qr_.an-.ar tig rin may be_condensed. [0139] ,Preferred
substi t uent 556?%5 g e§1ﬁ§§g§§eﬁn§ 8%% &f¥8§8ary ?ECOEP%§|a5%ohB§, and

C6- C14 ary. rLQu Rref. 1 nel ogen.ato 1-Cl | i phatic
hydr oca%gloéﬁ%rl%ugéc%#fq;é?{dggqﬁ?d(#%?ggg? gyﬁ%ﬁ%uap%b%%%grgﬁatig% y, Ra and
Rb are pyeferahly Lo t - -aronat | on Ji aving from
about 3&{0 about 15% mer%:&s a?pgaog{clmcsﬁllglr #%‘Fr oréﬁ]tpar%gﬁdtq{(%’t oSr ahgt%t 8 nenbers)

Wi th theadjipgent g aldat Qt&%g\;a[ﬂy@éﬁo%e%} cohg %1%€Pi§é§@£&qe49 1 Formul a

(2) include, for exanple, e exenpli as the primary or secondary

al cohol s.¢ np z %@ﬂﬁ i condary
al cohol S%ﬂ(ﬂérfbg_,,95@%&%#@@%%%1&3@%@932{ ot %naﬁ:i a%l:%?secondary
al cohol g, dl-d G HRE X oly, apd e o] cqhgl avi ng an
aIiphat?gmﬁydrogggbéﬁog%gﬁg'%éfga,Cgk%l?éz?glEg?hgrghp? g?§%?2%?%£4 aryl
group) afibui )N RARA 0 RN -G ARG Ha b oFyRUR ( &rdup & L3r.C1e @ckpal kyl
group or a cycl oal kenyl group) conmbined™with a carbon atomthat i's conbi ned
with a hydnealkyar odip ¥ epenbanekny LYebobexah indi Adanantanod, and

ot her alicyclic secondary al cohols each having from about 3 to about 15
nenber s;atbrphery! ekhasfbinaadwothes RyQPELYT é@@lg@ﬂaé?/c@é 481, and

al cohols in which the substituent Rb 1s a bridged cyclic hydrocarbon group.
[0142] [Aedliorex@refli,nS]-adamafanBlg @nhgarithed QUATYJLIR REomihrdye in the
active olefins represented by Fornula (3) can be any organic groups, as

| ong as dlfhdde exdh Ageh§ erymalieet 3 e sheatid e} (Sphdnyl OFgANGT, gr oups
that are inert under reaction conditions according to the process of the
present dmy ethedn )ar o cOrsgainelaghoupsohadlsude, but are not limited to,

hal ogen at ons, hydrocarbon groups, heterocyclic groups, substituted

oxycar bonyl groupqo0s8]1g., al koxycarbonyl groups, aryl oxycarbonyl groups,

ar al kyl oxycar bonyl gr oups, andcycl oal kyl oxycar bonyl groups), carboxyl group,
substitut ed Dheupsithst Vv todt etbacardanpyhigneupa {hesubspotnded(mr-1)
unsubstituted am de groups), cyano group, nitro group, sulfur acid radicals
(sul f oniincdcidg ghiuwds, candesploniding &ol dhgr pupspry sul fsecoaciadyest er gr oups
(sul fonic acid ester groups, and sulfinic acid ester groups), acyl groups,
hydr oxylalgrotuwd,s .al koxy groups, and N-substituted or unsubstituted am no
groups. The carboxyl group, hydr oxyl group and am no groups nmay be protected
by a conventi onal [PO6&tdcti ng group.

The ethers each having a carbon-hydrogen bond at the
adjacent position to an oxygen atom in the compounds (Al-2)
include, but are not limited to, dimethyl ether, diethyl ether,
dipropyl ether, diisopropyl ether, dibutyl ether, methyl ethyl
ether, methyl butyl ether, ethyl butyl ether, diallyl ether,
methyl vinyl ether, ethyl allyl ether, and other aliphatic

ethers; anisole, phenetole, dibenzyl ether, phenyl benzyl ether,



[0143] The hal ogen atomns include fluorine, chlorine, brom ne, andiodine
atons. The hydrocarbon groupsincl ude, for exanple, the groups exenplified as
the hydrocarbon groups in Ra and Rb.,sThese hydrocarbon groups nay. have at

| east one substituent. The heterocyclic groups include, for exanple, the
groups exenplified as the heterocyclic groups in Ra and Rb. These - 76
het erocyclic groups may have at | east one substituent. The al koxycarbonyl
groups include, but are not limted to, methoxycarbonyl, ethoxycarbonyl,

propoxycarbo i_.Sop car bonyl , .but ar bonyl , t-bu xycar bonyl , and
bt hor Cenea g - ERREaR T L Btpe a’ﬁﬁﬁly%i%a%o TS S HAUde.  but
are not limte hen on carb roup The o) carbonyl gr oups
i ncl udePYFol géhﬁpggpge I%x?égg ony Eroup mPFPﬁ?? %rv8

cycloalk rhon ¢]8 C nt vyl 9% car.bonyl

C clohexé gﬁ%%ﬁrﬁbn% dgrgﬁgg g{%ﬁi%]égﬁgrsU%stq'%ﬁ% I%:/ar é%%§(:é?bups

i nclude, fo e ylca and N, N-di net hyl car banoyl groups.
|||UStratIVér§é??g%IC agnggg Fgrggﬁgg%%egre met hyl sul fonate, ethyl

sul fonate, and othgp-gyl fonic acid Cl-C4 al kyl ester groups. Illustrative
sulfinic acid ester groups are nethyl sulfinate, ethyl sulfinate and ot her

sul fini e acih Cle (e Sl | 58 S 1AUDS. oAl AP I Pl EnuL are

not limted to, acet propi ony and ot yl groups ( a, ¢

, CZ- G334 éEéHPabbslé%h %Oﬂpéuifuraago&e%oi{he 2BflpeLARL gnemBiic acyl
groups . +he al koxy groups include, but are not |n1Fed to, nethoxy,

et hoxy, ; BE@RAXY sub¥l 8X¥. c@EQehFBﬁalﬁbk96YtHEOHEﬁe§§CEaBﬁVhangQOH1abOUt 1
to about 6 carbon atons. The substituted am no groups includé, for

exanpl ecyr%HLH‘?awg@m&d\ht\kc%eédhval@éw@@@ﬂgl@hl%%rardbsa?ggﬁm [0145]
Preferred R, : Re include, for exanple, hydrogen aiom hydrocarbon
groups [e. g., Cligpvahiphatic hydrocarbon groups (particularly Cl1-C9

al i phati c hydrocarbon groups ) , C6-Cl19 aryl groups (e. g., phenyl group),

cycl oal kyl griaipscd€al §- casly ChOR kY| a 9 SHIRSH SRpdlr bgerh NGohd Ot abgait 3 to
about 8 nenbers) , hal oal kyl groups (e. g. , trifluoronethyl group, and

ot her Clg§hchatogbkytighotp, aRasky§eth adtom Cln GhhalaldoHdor oup%)]
het er ocycli c groups, substituted oxycarbonyl groups (e. g., Cl-C6
al koxy- eaeboayl @peupgamplyl oxyesrnbenykraedpSrom aldehydes and
ar al kyl oxycar bonyl groups, and cycl oal kyl oxycar bonyl gr oups), carboxyl group,
substitytedholsussuhat dt HhagdeatbanoysGEOUpSst LYANDNGr iy, ce11® group,
sul fur acid groups, sulfur acid ester groups, and acyl groups. Typically
preferradeRadpdaid &gl iOraea e, Thedadgenyatsmn&luds, ahitphatd ¢
hydr ocar bon groups (particularly Cl1-C9 aliphatic hydrocarbon groups ) ,
C6- C19 abyllgiotgps tle. fgrmapbiehybegraty)al dateyda) ydopdroosisieledeg
cycl oal kyl groups each having from about 3 to about 8 nenbers) , hanaIkyI
groups betygaldehydél uosaset ywd 1 dgioppe apdnathed , GleXitndnh] cldeylalgr oups,
particularly Cl1-C9 hal oal kyl groups)], substituted oxycarbonyl groups (e.
g., Cl-e6dabkbxy-eatbbaylicgeddpbydeyloxychopbenybgeoapbaddahkykexycar bonyl
groups, and cycl oal kyl oxycar bonyl groups), and cyano group. Typically
pr ef err egicReherehadesbal dehgdanpbed hybeogehiayomicaadd€hydssal i phatic
hydr ocar bon groups (especially, Cl-C9 aliphatic

benzaldehyde, phenylacetaldehyde, andotheraromaticaldehydes.

The alcohols include, but are not limited to, methanol, ethanol,
l-propanol, l-butanol, benzyl alcohol, and other monohydric
alcohols; ethylene glycol, propylene glycol, 1,3-propanediol,
2,2-dibromo-1, 3-propanediol, and other dihydric alcohols.

Typical acetals are, for example, 1,3-dioxolane,



_ 78 _ hydrocarbon groups). [0146] The rings formed by R Rd and Re (R and
Rd, R and Re, Rd and Re, or R and Rd and Re) together with the adjacent
carbon atom or carbon-carbon bond i ngj ude cycl opropane, cycl obutane,

cycl opent ane, cycl opentene, cycl ohexane, cycl ohexene, cycl ooctane,

cycl ododecane, and other alicyclic carbon rings (e. g., cycloal kane rings
and cycl oal kene rings) each having fromabout 3 to about 20 nenbers. These
rings may have at | east one substituent, and another ring (a non-aronatic

ring or _.an 0 i¢ rjn may be condensed tQ each of these rings. [0147]
The eIe@FF@%%ﬁg?ﬁaéfﬁ&ggéﬁ g %‘F @Wﬁdi/gﬁﬁﬁoéPgaﬁﬁv PR C&geto,

met hoxycgarbonyl , et hoxycarbonyl , jand ot her al koxycar bonyl groups;
phenoxygaﬁbgﬁfﬁPlQH& S%W@Pu Vo%ygﬁFggﬁyﬂ’gfgﬁﬁ ?HFOrﬁéﬁ,%ﬁgéFyl,
propi onyl ., benzoyl , and other _acyl ,groups;..cyano .group; ., carboxyl group;
Cor banoyt SRR T b ag AR s TR Patee by 2Rttt ot o
car banoy]. _groups;. - CEH=N-R re Ris, for exanple, an al kyl group; phenyl,
naphthy%}agkggo%ﬁgFaérfpmgpguﬁgf vinyl, 1-propenyl, ethynyl, and other

1- al kenyl groups 350%2§Ikynyl groups. [0148] The rings formed by Y and at

| east one of R Rd, and Re with the adj acent carbon atom or carbon-carbon

bond i ncl udey, e ity AL DI LT L0010, GYELORERLABE0E Jd0ac I O € Ting,

furan ring, phene ring. TypicC actrve o S represented by

o = 6hgyP) Ui e cammauads euemLL o cn Lo passhurate:

conmpoun reaction of "t he al coho

represented oy EHEH%E@tégfzﬁ&ﬁgsél@ﬁdﬂ%% ia:\bet‘ﬂleeghgtéﬁgre?§&@t #yy Formul a

(3) and oxygen can be per med I'h accordance wth the procedure descri bed

in the %%_S%BH—H?H%S%&B&&%‘P%@ aAh 3¢ bB%i‘E?LEFHOE'gdar( Blxyddi150] In

this reaction, the 1, "3-di hydroxy conpound represented by Formula ( 4 ) is
supposed i@ . be forned in the foll ow ng manner . A 1-hydroxyal kyl radi cal
corresponding to the al cohol represented by Fornula (2) is fornmed in the
system attacks ang@ohgjadded to a carbon atom at the beta-position of the
group Y between the two carbon atons constituting an unsaturated bond of

the active orgbidbrRRIRELNASH eba%:rFHéWh? d 8arb8Adnexygentahifaks & radical
at the al pha-position forned as a resulf of the addition and thereby yields
the 1, 3pdnbydhexvdeonmpevndxsgplesepied] Pycdsdids (Beh containing
a carbonyl group, (A2-2) compounds each containing a
thioccarbonyl group, and (A2-3) imines. The compounds (A2-1)
each containing a carbonyl group include ketones and aldehydes.
Such ketones and aldehydes include, but are not limited to,
acetone, methyl ethyl ketone, methyl isopropyl ketone, methyl
isobutyl ketone, methyl s-butyl ketone, methyl t-butyl ketone,
3-pentanone, methyl decyl ketone, methyl isopropyl ketone,
isopropyl butyl ketone, methyl vinyl ketone, methyl isopropenyl
ketone, methyl cyclohexyl ketone, acetophenone, methyl
2-methylphenyl ketone, methyl 2-pyridyl ketone, cyclohexyl

phenyl ketone, and other chain ketones; cyclopropanone,

cyclobutanone, cyclopentanone, cyclohexanone,



In the conpound represented by Formula (4) forned as a result of the
reaction, when Y is a carboxyl group or an ester group such as
alkoxycarbonyl group or aryl oxycarbenyl group, - 80 a cyclization
reaction may further proceed in the systemto yield a furanone derivative
(a- hydroxy-y-butyrol actone derivative) represented by Formula (6), as
described later. The yield of the furanone derivative can be inproved by
controlling the type and proportion of the co-catalyst or further
subjectln% %E E t to ag g E er the a dition reacti gor further

oxi dat | nMPEAEE ﬁXPsae rof ¢ ﬁtﬁé?&f/ﬁ}s ﬁapﬁeeageﬁapﬁer 86/ my be set
hi gher thaE b % ﬁ n react he furanone derivative can al so
be prodJ¢&d°BYyPi gBPQFinﬁyF 89¢ ﬁBSUﬁd F¥6}8§88?88n8y Formula (4) , for

exanpl e _di IV|n t he |soI ted ound_in and eatlng t he
solutlony§§§§98|ng £6°neces SSI ggﬁaESPvén?S ﬁgFESQeXSGF ar8%not limted

to, the SQ|¥§9%88QEQBI Qggetaﬁ glgggtaﬁgdgﬁgéene t ol uene, and

ot her ar ofat | rocar ons éloﬁ Xane an er"alicyclic hydrocarbons;

acet one, §¥8E9Q2X8Q8Q§Clgpgx8&2§ ?gkgnes di et hyl ether, tetrahydrofuran,
an

and ot héf “et hersl |éopropyl al cohol , and ot her al cohol s.

A react cedure is, for exanple fromabout 0Cto
about %g% ﬁgSE?Egéﬁggp%Bpkgﬁgg but 30C to about 100C. [0151] 2.

e oduct 401406, 8= WIEARYTL DYLYEALASHERE, DerughiiEs, Mo A Y 0! Che

i m de conpoun & al cd représente For nu to react
with ( nsa 0 yI rdpwative
represgﬁyéglgyg%abégmb?%?€%§?ng %o%%&?hggleﬁéngtj éﬂﬁéﬁ%§¥% Rd!!l C02 R

wher ei n3Ry, hBYanBai8Rd, RbiBERZLDE ?BEE29E d'BE@E?TEeﬁQQ are each a hydrogen
atom or _an organi ¢ grolp, where R nd he may "~ be conglned W th each

other teytoppLAtEhBIIWLLRAIbRE, aeycﬁeﬁekaﬁ@LQOQ 8t BALOY aRAr BeRzgar bon bond,
and thereby yields an a-hydroxy y- butyrolactone derivative represented by
fol I owi Rg2EQR PHLBoLO) cdrduiis®(LQ . , a-diketones) ; acetoin, benzoin,

and other a-keto-alcohols; acetaldehyde, propionaldehyde,

butanal, hexanal, succinaldehyde, glutaraldehyde,

adipaldehyde, and other aliphatic aldehydes; cyclohexyl

aldehyde, citral, citronellal, and other alicyclic aldehydes;

benzaldehyde, carboxybenzaldehyde, nitrobenzaldehyde,

cinnamaldehyde, salicylaldehyde, anisaldehyde,

phthalaldehyde, isophthalaldehyde, terephthalaldehyde, and

other aromatic aldehydes; and furfural, nicotinaldehyde, and

other heterocyclic aldehydes.

[0074]
The compounds (A2-2) each having a thiocarbonyl group
include compounds each having a thiocarbonyl group

corresponding to the compounds (A2-1) each having a carbonyl

group.



O HO 0 (6) Re Rd Ra R Rb wherein Ra, Rb, R-, Rd and Re have the sane
meani ngs as defi ned above. This reaction can be perforned pursuant to the
process (a process using a catalytic,b-menbered N hydroxy cyclic imde
conmpound) described in PCT International Publication No. WO0O0/35835. [0152]
[ Al cohol s] The al cohols represented by Fornula (2) include simlar al cohols
to those in the production of the 1, 3-di hydroxy - 82 conpounds. [0153]
[a, (3-Unsaturated Carboxylic Acid Derivatives] The substituents R, Rd and
Re in Fornul a (S)ﬁre%ﬁirrilar to R Rd and Re in Formula ( 3 ) . Organic
groups in Rf incl eo gani ¢ groups that do not adversely affect the
reaction (e. organi c,.gy oups that are .inert _unpder reaction, conditions
accor di ng toqpﬁel%ro%%sggégﬂtﬁgcpngén u%ﬁﬁéﬁ??gg&L:Ufﬁggg’hﬁ%f%%%rbon
groups and terocyclic _gr . 1f_the compound, represented by Formula (5)
has a su lsr%clklt%u eF éﬁiﬁéﬂ%ﬁbgﬁéﬁg Crl%%%é?erls)a S tfgr%- E&fc%’P%% "Thdi cat ed
in Formul.a (5 - Rf is.L.nvo I cyclizatli reaction,
Q?%éﬁ 5%%§%ig%1n§0% Cag%%ﬂ&%laéPgépLXQH Lim8nt¥ Ek Snd 2L

but the uted oxycarbo can remaln as intact in the

pr oduct ; |t ut ). on I is t re included in
t he iner%ucg?ggﬁ%%r%ﬁyd%’m% %ﬁl%t’ nggpﬁ%ﬁ% ncsgaf’ %ecgﬁfdl%lsgnleé an
electro .1 \e (o u tar.qet a- - y.- butyrol act one

deri vat irbvr:d-rpt al?laqrblenedb?{;u ae(fq?lg{eg’ g}eﬁﬁﬁa?%g%t’l ?P |Zg{1103}‘|yle’f/ed. Such el ectron

attract iéﬁﬁ:lQJ .l%ngrncé",psad.irlcilr{-@e1arfcprotmnﬁ1ne@al Qﬁ}&%x ra%il%,

substitut'ed oxycarbonyl” groups, ‘carboxyl group, substitut or

unsubst id 84, QAT RAMTIN 1 B P San £ YAH 19 Mo Y 1 i LURy y S A1 ,aci d
groups, and sul fur aci'd ester groups.

methylhydrazine, phenylhydrazine, and other hydrazines.

[0076]

The compounds (A3) eachhavingamethine carbonatominclude,
for example, (A3-1) cyclic compounds each havingamethine 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.

[0077]

The cyclic compounds (A3-1) include, for example, (A3-1la)
bridgedcyclic compounds each having at least onemethine group,
and (A3-1b) non-aromatic cyclic compounds (e.g., alicyclic
hydrocarbons) each having a hydrocarbon group combined with
a ring. The bridged cyclic compounds also include compounds,
in which two rings commonly possess two carbon atoms, such as
hydrogenated products of condensed polycyclic aromatic
hydrocarbons.

[0078]



[ 0155] The substituent Rf is often a hydrogen atom or a hydrocarbon - 83
group, and is preferably a Cl1-C6 al kyl group (especially a Cl1-C9 al kyl
group) , a CZ-C6 al kenyl group (equgjajly a CZ-C4 al kenyl group), or a
C6-C o aryl group. [0156] Typical exanples of the a, (3-unsaturated
carboxylic acid derivatives represented by Fornula (5) are (neth) acrylic
acid; nethyl (neth)acrylate, ethyl (nmeth)acrylate, isopropyl
(meth)acryl at e, phenyl (net h) acryl ate, and other(nmeth)acrylic esters; crotonic

acid; nmethyl _craqtonate, ethyl crotonate,, an ther _crotanic esters;

S et byl 2 bERE L4 6T B Rt ryD la oRGAEES. ity Rre mot

3- et hyl.-.2-.hut enoat e, and ot her_ 3- hyl - 2- but enoi c esters; 2-pentenoic
aci d; néﬁﬁ?&effﬁéhtéﬁ%ﬁgéf“efﬂﬁﬁmﬁg§2n¥%ﬁﬁgﬁéénﬁhd ot her 2-pentenoic
esters; 2-.0¢t engiCc ,acj,d; net hyl 2-.0ct engat e, .et hyl 2- oct enoat e, and ot her
2-octenc%i3|lé: echto rzs';2 ‘g]r?r?ge'n(?xaél&ycﬁ&qﬁy?'&ﬁﬁﬁiﬁ&eé, et hyl cinnamate, and

other c ib -l%é_gls t3e ZaLe négfl’e%’a%-et r ibfi: cuy%t’l%: [3?: t%u tSﬁ rl‘.l(l)’lidce caa(é:li_eg u ttglnr%}(;go%ﬁle

4,4, 4-triT1°dor o- 2-butenoat e, €t hy trifl uoro- €,’ and ot her

4,4, 4-trjf r o-2-hut enqj. ters; |_ef i j.d; . _di I | eat e, di et hyl
naleateé%gk %Btﬁéfhaeéi l%?%%?SF%F&%%FVCb%gi&?%gFﬁEt %] ﬁﬁ%&%’e,

di et hy! fyypaicalen ANAOLIGT | WIREKG.AS! 818, SCKARARE! YI.q AEh Ly et hy|

3-cyanoacryl ate, éthy cyanoacrylate, and ot -dyanoacrylic ‘esters,

and ot hery;a,, (3 [unsatuiatadcarhoxyl e, aqids eagh jhaifg fif.om about 2 to
g . .

- 84 about 15 carbon ‘atons or esters thereof ( a . E1- o5 al kyl

esters, L&l e, 29l eP5) R R W& S S)c1d §l:1v5§7]t  lgearddofle The

reaction of thée al cohol represented by Fornula (2 oxygen and the a,

(3- unsatyriated Jgar Boxy hi2e 1agiad deld, vatdi v J1ennesent ad sy, firaa (5) can be
performed pursuant to the process described in thé reaction between the
compound @ rard kg sCONMPOWAR | (Biecane, adamantane, 1-adamantanol,
l-chloroadamantane, l-methyladamantane,
1,3~dimethyladamantane, l-methoxyadamantane,
l-carboxyadamantane, l-methoxycarbonyladamantane,
l-nitroadamantane, tetracyclo[4.4.0.1%°,1"1%dodecane,
perhydroanthracene, perhydroacenaphthene,
perhydrophenanthrene, perhydrophenalene, perhydroindene,
quinuclidine, and other bridged cyclic hydrocarbons or bridged
heterocyclic compounds each having two to four rings, and
derivatives thereof. These bridged cyclic compounds each have
a methine carbon atom at a bridgehead position (corresponding
to a junction position when two rings commonly possess two
atoms) .
[0079]

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

hydrocarbon group combined with a ring include, but are not



[ 0158] According to the process of the present invention, an

a, y-di hydroxycarboxylic acid derivative (a kind of the conpounds
represented by Forrmula (4)) represenjged by followng Fornula (7) is forned
as a reaction internediate: [fornula 11] HORo HORe (7) R~ "CO2Rf C'd R
R wherein Ra, Rb, R Rd, Re, and Rf have the sane neani ngs as defi ned
above. This conpound is supposed to be forned in the follow ng manner. A
1- hydr oxyal kyl radi cal corresponding to the al cohol represented by Formul a

(2715 S nhe Sesomc a agke g e adiod Lo e et positon of

the a, (3-unsaturate erivative“repres

A A Rr N RIS A AN AR R PR A O 29 2

resul t he addition to nmpound 1 n qdestion. e formed

2,y DYy Cai DY € A BHIOH LB ERrSSERL 8 it Fog

(7)under goescycli zation reaction conditi‘onsan ereby y?%ﬁ%% t he

[0190] ok By M S e SR PR R SRR a  Feprbeenr TpR ©
combinedwith its ring, and their derivatives. The hydrocarbon
group just mentioned above contains from about 1 to about 20
(preferably from about 1 to about 10) carbon atoms. The
non-aromatic cyclic compounds (A3-1b) eachhavingahydrocarbon
group combined with a ring have a methine carbon atom at the
bonding position between the ring and the hydrocarbon group.

[0080]

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.

[0081]

The compounds (A4) each having a carbon-hydrogen bond at
theadjacentpositiontoanunsaturatedbondinclude, for example,
aromatic compounds each having amethyl group or methylene group
at the adjacent position to an aromatic ring (a "benzyl

position"), and (A4-2) non-aromatic compounds each having a



by Formula (2) (i.e., when Ra is a hydrogen atom), a
p- acyl - a- hydr oxycar boxylic acid derivative of followng Formula ( 8 ) nmay
be formed in addition to the conpou represented by Formula (6). This is
provably because an aryl radical [RbC(=0)] is forned in the system
[formula 12] O HO Re Rb C02 Rf ¢~ d R R wherein Rb, R Rd, Re, and Rf have
t he sanme neani ngs as defined above. The a-hydroxy-y-butyrol actone
derivative can also be prepared by isolating the a, y di hydr oxycar boxylic
for | e, djssolving the

acid derivative re resentgg 3 For nmul a % )
same i n LUy GREIBARE RETY énﬁharsapu FohNBCRS o HOC ieReLET ey, tas

t d ab . _Product f Co ted t ted
Conpound® B 63EaRISPs P8Pt HE - P @ CORPOURGEZar"al EOOF FEBFestr ea by
foIIoan% Fornula 2a%k> fornula 13] Ri ~OH (2a) R wherein R and R~ are

t he sane or are a h a hydrogen atom or an organi c group,
where R and R~ conblned to forma ring with the adj acent carbon
atom is allomed to re&ct wi th oxygen and an active olefin represented by

fol I ow ng FO&HU{ﬁe aromatic compounds (A4-1), the aromatic ring may
be either of an aromatic hydrocarbon ring or an aromatic
heterocyclic ring. Such aromatic hydrocarbon rings include,
but are not limited to, benzene ring, condensed carbocyclic
rings (e.g., naphthalene, azulene, indacene, anthracene,
phenanthrene, triphenylene, pyrene, and other condensed
carbocyclic rings in which two to ten 4- to 7-membered
carbocyclic rings are condensed). The aromatic heterocyclic
rings include, but are not limited to, heterocyclic rings each
containing an oxygen atomas a heteroatom (e.qg., 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 hetercatom (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 heterocatom (e.qg.,
pyrrole, pyrazole, imidazole, triazole, and other 5-membered
rings; pyridine, pyridazine, pyrimidine, pyrazine, and other

6-membered rings; indole, quinoline, acridine, naphthyridine,



(3a) [fornmula 14] H Re Rd~~Y (3a) wherein Rd and Re are the sane or
different and are each a hydrogen atomor an organic group: and Y is an

el ectron attractive group, where Rd,.,Re and Y may be conbined wi th each
other to forma ring with the adj acent carbon atom or carbon-carbon bond,
and thereby yields a conjugated unsaturated conpound represented by
followng Formula (9): [formula 15] -8 ReRLiIi i YR Rd wherein Rd,
Re, R, R~ and Y have the sanme neani ngs as defined above. This reaction can
be perforned p#nsuant tQ a process rocess using a catalytic 5-nenbered

ap
N- hydr oSt +E§éP &nFniHBr&Bﬁpoéﬁé)OHQ%ErFBQHePﬁeﬁchpﬁﬁérnational Publ i cati on
No. W00/ 35835. [?@8 % Organic groups in R and R~ in Fornula (2a) are the
sanme as the organi é éups in Ra and Rb. Rings which are forned by R and

R- with the adj bon atomincl.ude sinilar, ri to those f d b
Ra and R wi 1 FRETA4F BCGH i bOR ACaMFOTO Pt BF Lo A tuent R

o oups EPRGIEF FBk A T IRog oPBre GyaiH o 1 BURRE BB eE D

211 Cyel FERYPBEarBonnly aantates §ihBca ety cr By o retpdend

R and Werard pram MR SRR bR e B RO Bl B o4 86 F ng havi ng

o, SR 3ehD ORI UETURLS sCHRRLLEL ALY rom about S to about ¢
[0084]

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



- 88 _ [0163] The al cohols represented by Fornula (2a) include a w de
variety of primary al cohols. Typical exanpl esof such al cohols are ethanol,
1-propanol, 1-butanol, 2-methyl-1-prppanol, 1-pentanol, 1-hexanol, and

ot her saturated or unsaturated aliphatic primary al cohols each having from
about 2 to about 30 (preferably fromabout 2 to about 20, and nore
preferably fromabout 2 to about 15 ) carbon atons; cycl opentyl nethyl

al cohol, cycl ohexyl net hyl al cohol, and other saturated or unsaturated
a!'cyc!B%dngﬁ%E¥y§#§3g%h§he 1pheny|ethy| al cohol , 3-pheny|propy| al cohol ,
ci nnam ¢ al cohol”, “and "ot hér ~aromatic primary al cohols; and
2-(2-hydroxyethy|)65rggine, and ot her heterocyclic al cohols. [0164] The
conmpounds represe teg y Formula (3a) correspond to conmpounds represented
by Fornmula ( where R LS t s Ih ? i n ..Re, and Y
in Formula ( a? ar% %f%$|%§h§%?§ﬁ%§%“?h%ggﬁn Ig %g ﬁ§%%§§5§§%ﬁgé§5tion can
be per f @huedy UL SHatodiQ £d1e +Br 96 &3%nl-A1 PLOAYC - di-byglroxy
conpoung. I'n fﬁ%s r é%fi&h, a conpoung ébrrggggkggHéﬂ%b%Egr%%Fég%ﬁ) (a

conpound ; i + EQr fY} 8a forfad 1 WNEFEr §h b ARG HIhAYR ndNdn R kv R gzrc!ﬂlé) can be

formed in addition to the conjugated unsaturated conmpound Tepresented by

For nmul a6 Qups et & £PRPOURE %ﬁ%@ﬁ@%%&%gyﬁoggm (e g89 where Y

is a CO2Rf group, is used as tﬁé conpound of Formu , a compound

CorresP%@ﬂ%ﬂethE@,”‘%lr%p@ﬁbeﬁ%e%‘érquy'ZlddQLte_tE9'1méh%e('1e§ hnyhere Ra = RIR~CH
group and = R=H) can be forned in addition to the conjugated

unsat ur @ti@@leﬁgmeuﬁanwpr@ﬁ&ﬁ&@ph h}étE%t&gbaie%omﬁ&l&@] cEeh 1Ay e, when

n- propyl alcohol is allowed to react w et hyl acryl ate, ethyl

2, 4- di hydr gxyhexa € £ YUty 1% yIogrelLg 14y iAfdtwo or more
4- et hyl - 2- hydr oxy-y-butyrol actone corresponding to Fornula (6) are forned

under seaebeandibmenygel. §.addi-ti-apirarkhe BapgepyetRybpsenbate. [0167] The
conj ugat ed unsaturated conpound represented by Formula (9) is supposed to

be formadethyt berfidihew agdmarbeartylbnihoalhg) , aaddhydmesyneenmpadnd
corresponding to Formula (4) [a conpound of Fornula (4) where Ra = RIR-CH

group, aa¢iRbg #nBn=akbmbksitofimgcohenpelacihes @ marbiteriage WHigth
elimnated fromthis conpound and thereby yiel dsthe conpoundi n questi on.

React i onopradumhs iean mirhsspatad g amslgponpfbitethe Bdfheesamp ssapamt i on
means as above.
to the aromatic ring (e.g., dihydronaphthalene, indene, indan,
tetralin, fluorene, acenaphthene, phenalene, indanone, and
xanthene) .
[0086]

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 pcsition to

a carbonyl group.

[0087]



[0 68] 4. Production of (i-Hydroxyacetal Conpounds By catal ysis of the
i mde conpound, an acetal represented by follow ng Formula (10): - 90
[formula 16] k /0-Rm R -CH (10) ~Q;3Q3wperein R, Rm Rn are the sane or

different and are each a hydrogen at™om or an organi c group,

where Rm and Rn

may be conbined to forma ring with the adjacent two oxygen atons and the
carbon atomindicated in the fornula, is allowed to react with oxygen and
the active olefin represented by Formula (3) and thereby yields a

(3- hydroxyac%%al c%ggound re res nt edol%r\m%l | ow ng Forrru a (11): [fornula

17] RmRn 0 (¥15°

HEeLEs)

eceil A4R22) RINCRadeROURM R and

Y have the sa ni ngs as def ned ve. Thi eactlon can be perforned
PGl i 3eb

mﬂsuan@q?na
cyclic imd
V000! 35838 X589

& p%%%% Cust

-hexadiene,

B Renb e PR PRdr oxy

e _conp tin%)xe%ees:c edin PCT |nt erna nat| %rée}l BF:%I%Itle%%tll on No.

undecatrines, and other chain unsaturated hydrocarbons each

having from about 3 to about 20 carbon atoms. The compounds

(A4-2b) include, but arenot limited to, ketones (e.g., acetone,

methyl ethyl ketone, 3-pentanone, acetophenone, and other chain

ketones; and cyclohexanone and other cyclic ketones),

carboxylic acids or derivatives thereof (e.g., acetic acid,

propionic acid, butanocic acid, pentanoic acid, hexanoic acid,

heptanoicacid, phenylaceticacid, malonicacid, succinicacid,

glutaric acid, and esters of these acids).

[0088]

The non-aromatic cyclic hydrocarbons (A5) include (A5-1)

cycloalkanes and (A5-2) cycloalkenes.

[0089]

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.



In Formula ( 10 ) , organic groups in Rk, Rmand R include organic groups
simlar to those in Ra and Rb. Rings forned by Rmand R' wth the adjacent
two oxygen atons and carbon atom _-5P§1 include, for exanple,

1, 3-di oxol ane ring and 1, 3-di oxane ring. To these rings, substituents such
as al kyl groups and hal ogen atons can be bonded. [0170] Preferred
substituent Rk includes, for exanple, hydrogen atom Cl-Clo aliphatic

hydr ocar bon groups (especially, Cl-C4 al kyl groups); alicyclic hydrocarbon
groups (cycloalkyl%%%% s, cycl oal kenyl groups, and bridged cyclic

hydr ocar bon groupé) each having from about 3 to about 15 carbon atons; and

0o CLi 2yl hascy oY ELELL o S a0 el oo o exapley Ly ogen

atom C1-C6 alrj ( oca n ‘groups fbar a i
gr oups) ;o AR, AldC 'cmchax%gfgf 300 8! ShBRefBC R hayy DL [ RILEDPU 3 10 about

10 carbon atons. ternativ aré pre y combined to form a

ring “j%mC%nﬁi%gﬁﬁﬁﬁﬁgp W%Oq?ygfg?@%gmg,%ggﬁﬁgéﬁ%%n%to cﬂ@@b@&%%als

represent ed i ncl ude conpo S ‘exenplitied a ‘e acetals

each haviyag ohesarhons hydkagen: hofh st Lbie 1adinsenh nosy L gt 0.0, Oxygen

atomin the conpounds (Al- Typi cal exanples o acetal s include 1,

3- di oxolanacdRidhy -ds 3o 8 @%QlANepAieldi el 8- £l OX01 ey aNch Ot her

1, 3- di ox6l ane compounds; 2-nethyl -1, 3-di oxane, and ot her 1, 3-di oxane

conpounds;s -2 13eekaldenude Gideithdy acetiala kard «plher dial kyl acetal s.
[0171] The acCtive olefin represented by Formula (3) is the sane - 92 as

stated akMRoAMEACHORNEABtRBrPEYEDESERaBEEOREENUahQ ddei PLoLRss of the
present invention for produci ng an organi c conpound. Reaction products can

ggoigpar@ ede3Bd-Rbih s, | P i id Ak yeeRaAkahie@Ni ABAAS t Codhaseidrent i oned
. each having a 3- to 20-membered ring, of which compounds each
having a 3- to l2-membered ring are typically preferred.
[0091]

The conjugated compounds (A6) include, for example, (A6-1)
conjugated dienes, (A6-2) a,B-unsaturatednitriles, and (A6-3)
o, B-unsaturated carboxylic acids or derivatives (e.g., esters,
amides and acid anhydrides) thereof.

[0092]

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.

[0093]
The o, f-unsaturatednitriles (A6-2) include, for example,

(meth)acrylonitrile. The «,pB-unsaturated carboxylic acidsor



[0172] In thisreaction,the(i-hydroxyacetal conpound represented by Fornul a
( 11 ) is supposed to be forned in the following manner . Initially, a
1,1-di -substituted oxyal kyl radial_ cgrresponding to the acetal represented
by 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 atons
constituting an unsaturated bond of the active olefin represented by
Formula (3) , and oxygen attacks a radical at the al pha-position forned as

ol S5l S, RUL on andathes vl gl ot commoungn gy on

Lgl7gtn ' eanmonnd b i d thinpoun ? m and_represented b
ol Towi e SRS, A8 BB i SR T ] rer el n R Ro and

Ry are the e, g oA QLent-30d pe:AIch 99 0L0aRIE group, Where R Rp and

Rg may be conbinéd with éa 6rma‘fing with the adj

acent cq&%gﬂgggggpﬁhﬁ,a%nggqgkgﬁgﬁggt(Wkkpég%égg?tgndahgeogﬁgive olefin

represente a (3) "an y yie gast one o ﬁydroxy
compoun I ted fQl.l Qw E :13) and (14): [formula 19] Rp R
R R R B

HO Re Rq ~% ~ Y (13)
N-methylol (meth)acrylamide and other (meth)acrylamide
derivatives.

[0094]

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

[0095]

The aromatic hydrocarbons (A8) include, but arenot limited
to, benzene, naphthalene, acenaphthylene, phenanthrene,
anthracene, naphthacene, aceanthrylene, triphenylene, pyrene,
chrysene, naphthacene, picene, perylene, pentacene, coronene,
pyranthrene, ovalene, and other aromatic compounds each having
at least one benzene ring. Of these aromatic hydrocarbons,

preferred are condensed polycyclic aromatic compounds in which



(14) wherein R~, Rd, Re, R RP, Rqg 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-nenbered N hydr cyclic imde conmpound) described in
PCT International Publication No. V@%%/BSBBS. [0174] The organic groups in
R, Rp and Rg in Formula ( 12 ) include organic groups simlar to those in
Ra and Rb. Preferred organic groups include, for exanple, Cl-Clo aliphatic
hydr ocar bon groups (especially, Cl-C4 al kyl groups) ~ alicyclic hydrocarbon
groups | oal kyl . gro cycl oal kenyl groups, apd bridged cyclic

Py bcaront gs bube fBeRY S PR S Gt B0t B - BEBUC TaNarTErPat ons; and
and Ry, 22RO oAl e 88 e SRR SR RO TP el acent
carbon at i_ncl t are.n limte cycl opentene, cycl ghexane, and
ot her ngﬁggigﬁié%%%Fc?bei%U%EFggﬁePFﬁgsgféﬁg}%él%gngu?lnagog% lEycloalkene
rings) i f . )€ e b f rom about
5 to abodiirs bepe B b LoaE P e B R b B RS e e
and typicall.y fr t to-al I damant ane ri ng,
perhydréfﬁ%gﬁgx %%g?gggégﬁfﬁ 9i%§¥%3§P%§ r%ﬁﬁ%ggéne ring,

per hydr ega I er hydr.oph r ring,
tricycIg?ﬁ%%ﬁ%ﬁggﬁg?ggggﬁg'r?ngf%gg?%3§%%§%%ﬁgbhthene ring,

per hydr ophepaliene ntiig.coRel, bornaneJil ag. sRgrhgenener i ng, and ot her
bicyclic,tricyclic or tetracyclic bridged carbon rings . These rings may

each have .ahkeRal-eRe 13WRSIleeRt - 2L A8LWReRaRenB and Rq are conbined
to forma bridged cyclic carbon ring with the adj acent carbon atom the

met hi ne 2ca1;heR Ak AMLldadicC ated izﬂm'é%'h??i @nihdknghourd prefepablyebe a carbon
atom at a bridgehead position. [0177 he conpounds represented by Fornul a

( 12 ) havi-Rgea MR NG ¢anhan-akend Realridde. fiay,examhematam@ounds
exenplified as the conpounds (A3) each having a nmethine carbon atom such

as the brdidgedyeNsld 6iR9MOMNRAS-AASEbRA ¢ i & NEe O AF OB 16 ney Rk i L onpounds
(A3-1b) each having a~hydrocarbon group conbined wth a ring, and the chain
conpoungsndhdsdy.each having a nethine
[0096]
The straight-chain alkanes (A9) include, but are not
limited to, methane, ethane, propane, butane, pentane, hexane,
heptane, octane, nonane, decane, dodecane, tetradecane,
hexadecane, and other straight-chain alkanes each having from
about 1 to about 30 carbon atoms and preferably from about 1
to about 20 carbon atoms.
[0097]
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



- 95 carbon atom [0178] The active olefins represented by Formula (3) are
the sanme as nentioned above. A reaction can be perforned according to the
process of the present invention forggoroduci ng an organi ¢ conpound.
Reaction products can be separated and purified in the sane separation
means as above. [0179] In this reaction, the hydroxy conpound represented
by Formula (13) or the hydroxy conpound represented by Fornula ( 14 ) is
supposed to be fornmed in the following manner . A radical is fornmed at the

hi . L h d d F I 12 ,
a1 acks (ad | 0BA0EE BE0RLehRsoRPABeRe  { RECALBRa paLPERGRcer & car bor
t t. - Y f t t t t
const | 1 4CRE aRCanar b BPRE oo e 2 Ve oY Y G Guisd by

For mul aliﬁéxeﬁgd %)(jg%n@t,t %C'ﬁs—dﬁm%@gkiébagﬁtéﬁg,a%%@ﬁ@ﬂéi tion or

beta-position férimed as a’resiult o € addrtron’and thereby yields the

hydr oxy 3QHE?8HD@-BT Cﬂl—effetﬁe%—-l—[(fql,SPl?ger‘i—h?—@i/F'&Q%ﬁég%%@‘?%ﬂ%ﬁe resent ed
a

by For mul 137) "thus prepared, ‘preferred conpoun are conpounds where R,

Rp, and By aEReCOIDLARANED § 0581 &n Y i AOed &y L) izc—e Qe iR e 9.

adamantane ring) wth the"adjacent carbon atom each of' R Rd, and he is a

hydrogen_gh@ak8hed €labhebk¥l GLQURad¥cbiedN]-oct8Becghkoxycarbonyl group
(e.g., a CL-C9 al koxy-carbonyl group), an aryioxycarbonyl group, an acyl

group (1a@s5-n@xadiefeCl1Ch-a6YLaARAHR, @7 7a0BERE9%hegrOUp) or a carboxyl
group. Such conpounds are useful as, for exanple, materials for

phar maceubieabgy-89riauhtehghchegleat sqapde Pt ey féne, Ghery16d)15:etrd

materials for functional polyners. [0181] 6. Production of Carbonyl

ConmpoungspeihyBYt GREREY ISy iGfy TG I dTRE SOPDIPNEh i iR £OIMRANRA VI Ng
chain olefins; cyclopropene, cyclobutene, cyclopentene,
cyclohexene, cycloheptene, cyclooctene, cyclononene,
cyclodecene, cycloundecene, cyclododecene,
1,4-cyclohexadiene, 1,4-cycloheptadiene, cyclodecadienes,
cyclododecadienes, limonene, l-p-menthene, 3-p-menthene,
carveol, bicyclo[2.2.1]hept-2-ene, bidyclo[3.2.1]oct-2-ene,
o-pinene, 2-bornene, and other cyclic olefins.

[0098]

Each of these compounds capable of forming a radical can
be used alone or in combination, and in the latter case, the
compounds used in combinationmaybelong tothe same ordifferent
categories. For example, when two or more types of these
compounds, especially two or more types of these compounds
belonging to different categories, are used in a reaction with

oxygen or another oxygen-atom-containing gas, one of the

substrates acts as a co-reacting agent (e.g., co-oxidizing




a nmethine carbon atomrepresented by Formula (12) is allowed to react with
oxygen and an active olefin represented by followng Fornula (3b): [fornula
20] R H Rd~~Y (3b) wherein R~ and Rdgare the sane or different and are each
a hydrogen atomor an organic group; and Y is an electron attractive group,
where R, Rd 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 carbonyl
conmpound represented by followng Formula (15): [fornula 21] - 97 RORO

(15) Rq'w~ﬂ%y@§¥h$%%?y§€¥§%ﬁ%OBQErth%%%ﬁgaang%géggéﬁpgggc%%gﬁgneanings

as defi ned” above. react i on can be "pertor cess (a

process i | C. 5= e h y cyclic imde conpound)

describe?%ﬁg%%ﬁﬁl%%{%%?oﬂ%afgbé%lg%%i%%{% W00/ 35835. [0182] This

process correspondﬁoéggfhe production of the hydroxy conpound in which a
y

conpound having a hydrogen atomas Re is enployed as the active olefin

r epr esent ed r il | | - car bonyl conpound
DRt STy SRR Y,

represented by For a (15 S te f, or in addition to, a

conmpound cor rﬁl%oggg&eglté)c(f%ﬂ%ﬂ?g (ﬁé%éogﬁ)esf(%g%n 58rard, %%H\%?HHQS

correspondi ng to Formul a _ roporti on the formed
two compouindsh£ar ReeGORLA0FS B DY +ARPALOREBLEhY £8! £Gd NG ¢ @aCthan

conditions such as reaction tenperature, anobunt of the catalyst, and the
type of theceoogalalyst rbertahl.i CEgoMPOAOdDE such compounds include
(Bl) unsaturated compounds, (B2) compounds eachhavingamethine
carbon atom, (B3) heteroatom-containing compounds, and (B4)
oxygen-atom-containing reactants (e.qg.,
oxygen-atom-containing gases). Each of these compounds may
be used alone or in combination.
[0100]

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

[0101]



[0183] The carbonyl conpound represented by Formula (15) is

supposed to be

formed by the oxidation of the conpound corresponding to Fornula (13) (Re -
H in a system [0184] - 98 O _thg carbonyl conpounds represented by
Formul a (15) thus prepared, preferred conpounds are conpounds where R Rp,

and Rq are conbined to forma bridged cyclic carbon ring (e.

ring) wth the adjacent carbon atom each of R~ and Rd is a
or a C1-C9 al kyl group, Y is an al koxycarbonyl group (e. g.

g., adamant ane
hydr ogen at om
, a Cl-c4

al koxy- car bopyl .groun),. %;55153 |08 arggpyinggg @’ Qdac¥érg®€ﬁpgénpounds

Cl-C4 acyl group, or a
are usef 0
oxanm o conpBindpobach having an upsaturater BPgﬁche%%%& <
Cheﬂlcalacﬁga@ Wﬁhﬁékéﬁ%l&oréiﬂwthﬂgékuEgkéHQ&%p J&H@ék

Conpounds Havi hg El ectron At ractive Goup By cat y5|s of

enzo group) or"a car

%un?%er fine

}}1 q,%mtl on of

conpoundy, Lhe EeRROURY rLER,§EeRtedbY FeRBULA 6LRLNaKiAg18nmRbhine car bon

atomis allowed to react with oxygen and an active olefin represented by

folIomnegrﬁghnegebéﬁchnsékgeg%ba BehaH[Ret(3e) owaergisn Re is a hydrogen
atomor an organic group; and Y is an electron attractive group, and

thereby (ghekd$oa- QQEEEH@ch%YEQQnQT ghecbeABrahktack! Ve sdtavRtand

represented by follow ng Fornul a

compounds], (Bl- 2)compoundseachhav1ngaacarbon carbontriple

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

(B1-4)

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

(B1l-6) inert olefins.

[0102]

The active unsaturated compounds (Bl-1) include, but are

not limited to, methyl (meth)acrylate, ethyl (meth)acrylate,

isopropyl (meth)acrylate, phenyl (meth)acrylate, methyl

crotonate, ethyl crotonate, methyl 3-methyl-2-butenocate, ethyl
3-methyl-2-butenocate, methyl 2-pentenoate, ethyl 2-pentenocate,
methyl 2-octenoate, ethyl 2-octencate, methyl cinnamate, ethyl
cinnamate, methyl 4,4,4-trifluoro-2-butenoate, ethyl
4,4,4-trifluorc-2-butencate, dimethyl maleate, diethyl
maleate, dimethyl fumarate, diethyl fumarate, methyl
3-cyanoacrylate, ethyl 3-cyanocacrylate, and other
o,B-unsaturated esters; vinylmethyl ketone, vinyl ethyl ketone,
methyl l-propenyl ketone, and other a,B-unsaturated ketones;
propenal, crotonaldehyde, andothera,P-unsaturatedaldehydes;

acrylonitrile, methacrylonitrile, and other a,B-unsaturated



- 99 [formula 23] Rp R(1s) Rg Re Y wherein Re, R Rp, Rg and Y have the
sane neani ngs as defined above. This reaction can be perforned pursuant to
a process (a process using a catalytjec 5-nmenbered N-hydroxy cyclic imde
conpound) described in PCT International Publication No. WO00/35835. [0186]
This process corresponds to the production of the hydroxy conmpound where a
conpound havi ng hydrogen atons as R and Rd is enployed as the active olefin
represented by Fornmula (3) . In this process, the compound represented by

F I d d d
girgsgo%égééegb 3@%§§|a@§§§§ gfﬁg Ckﬁt%ngftEggdégﬁﬁguﬁggggrpesponding to

Conl'y | f+PRenEacemqhers cafbo%aaﬁlgand*‘r%ﬂﬁ%rey e 30T of the |

react | ol DaHATELORE CBHchoREoREBER: R renperatir . aﬁﬁéﬁﬁ{' 3? the cat al yor.

and theNL¥2e8$BE ﬁ&ﬁgeﬁ%égg ﬁ&lggghglllc conpound). [0l 87] The conpound

represente i's*supposéd to - 100
N-(2-butenylidene)methylamine, and other a,B-unsaturated

imines; styrene, vinyltoluene, a-methylstyrene,
B-methylstyrene, and other styrene derivatives, and other
compounds each having an aryl group bonded at the adjacent
position to a carbon-carbon unsaturated bond; butadiene,
isoprene, 2-chlorobutadiene, 2-ethylbutadiene,
vinylacetylene, cyclopentadiene derivatives, and other
conjugated dienes (including compounds in which a double bond
and a triple bond are conjugated).

[0103]

The compounds (B1-2) each having a carbon-carbon triple
bond include, for example, methylacetylene and l1-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
a pyrrole ring, a furan ring, a thiophene ring, or another
aromatic heterocyclic ring. The ketenes (B1-4) include, for
example, ketene and 2-methylketene. The isocyanate or
thioisocyanate compounds (B1-5) include, but are not limited
to, methyl isocyanate, ethyl isocyanate, phenyl isocyanate,

methyl thioisocyanate, ethyl thioisocyanate and phenyl



be fornmed in the follow ng manner. The nethyl ol group of a conpound
corresponding to Fornmula ( 14 ) (R=Rd = H) is further oxidi zed in the
systemto yield a carboxyl group, _ang the carboxyl group undergoes

decar boxylation to yield the conmpound in question. [0188] O the carbonyl
conpounds represented by Formula ( 16) thus prepared, preferred conpounds

i ncl ude conpounds where R, Rp, and Rq are conbined to forma bridged cyclic
carbon ring (e.g., adamantane ring) with the adjacent carbon atom Re is a

hydr ogen %%ggb%ra%ag%-CQ al kyl group, and Y is an al koxycarbonyl group (e.
g. , a 6?— a %oxy-cérbonyl group) , an aryl oxycarbonyl group, an aryl

group (e. g. , a g%igq aryl group or a benzoyl group) or a carboxyl group.
Such conpounds ar use#ul as, for exanple, materials for pharmaceutical s,

agricul tural .chem cal s ot i ne. chem cal and terials. for

fgncti onal po ef/rriLan}rlgl? [%J.L%g]gn%. P%{rbél)lucr??%n eofwcl'ﬂlci%%%?rs % O&—a?%t;sljsr}ss of the
I m de cqppo o 20gh Wher GRASA 6 1 b N8Py BSOS S Y OXYGESh o f al cohol
represent ed by Fornulajﬁfﬁﬁls 3?&ome to react mn?% tﬁe conpoun

repr esemed by Pl il o d2:hoiavd R IR e g8 DO OBLBNG Ler oby

yi el ds an al cohol "represented by foll ow ng Fornu ornmul a 24] -

101  RaReriasCerRP) (ndThaBRJRR 1M, e Pt ek®, R-pBRen ?zﬂ-%t‘ér{’@ve the

sane neani ngs as defined above. “This ‘reaction can be performed pur'suant to

a procesgobatRh@CesSH it dik 2 Coddt dild £15nBRARET ed nihlaydr XV SYGld C 1m de
conpound} described’in PCT International Publication No. WO00/35835. [0190]

The al cqholepreepr eseptednby Fydalme ( 3)-okhehddessbatéas, al aohdse,as in the
production of the 1, 3-di hydroxy compounds. The conpounds represented by

For mul a1t-qééehehavi-agdaceriehi ne scackaniahem nneludetsigiiehar, canpounds as in
the production of the hydroxy conpounds. In this process, the conpound

r epr esent,@doby afaemdl, aarf{d )k hBa\yhag nfo et i H1e ackeber ) at@p i spsuased to
serve as the radical scavengi ng conpound (B2}, [0191]
cyclohexene, cyclooctene, cyclodecene, cyclododecene, and
other cyclic olefins (cycloalkenes).
[0105]
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.
[0106]

The heteroatom-containing compounds (B3) include, for
example, (B3-1) compounds each having a sulfur atom, (B3-2)
compounds each having a nitrogen atom, (B3-3) compounds each
having a phosphorus atom, and (B3-4) compounds each having an
oxygen atom. The compounds (B3-1l) each having a sulfur atom

include, for example, sulfides and thiols. The compounds

(B3-2) eachhavinganitrogenatominclude, for example, amines.



A reaction can be perfornmed in accordance with the process of the present

I nvention for producing an organi ¢ conpound. Reaction products can be
separated and purified by the same_sgparation nmeans as above. [0192] In
this reaction, the alcohol represented by Fornmula ( 17 } is supposed to be
formed in the followng manner) A - 102 1-hydroxyal kyl radi cal
corresponding to the al cohol represented by Fornula (2) is forned in a
system attacks the methine carbon atom of the conpound represented by

Product (61 GFTERHAS e%%%useg%syg?zipﬁl %2}?50@%92“63 88 LoRbtith and
Car bon SromeaRiRr 8o SSeRr ERTES 1 1M RECRBR Ul Ao Loae o nadiBg"Ea " e
oxygen atom include, for example, N-oxides.
[0107]

The oxygen-atom-containing reactants (reacting agents)
(B4) include, for example, oxygen-atom-containing gases,
nitricacid, nitrousacidorsaltsthereof (hereinafterreferred
to as "nitric acids"). The oxygen-atom-containing gases
include those eachhavingaboilingpoint (or sublimation point)
of lessthanorequalto45°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.

[0108]

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 1is often used as the oxygen.

[0109]

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



[formula 25] Ro 1 Rpl CH (12a) Ral wherein R1, Rpl and Rql are the sane or
different and are each an organic group, where Rl, Rpl and Rgl may be

conbi ned with each other to forma rgng with the adjacent carbon atom is
allowed to react with a conpound having a met hi ne carbon atom and
represented by followng Fornula (12b): [fornula 26] Ro 2 Rp2 ~ H (12b) Rqg2
wherein R2, Rp2 and Rg2 are the sane or different and are each an organic
group, where R2, Rp2 and Rg2 may be conbined with - 103 each other to

forma rj. th t l.acent carbon atom and thereby yields a coupling
w?%%hﬁ@% co&%g%%@a(%?

pr oduct roca represented by following Formula (18): [fornmula 27]
Ro 1 Ro 2 Rpl G C-[Iga%o(]ls) Ral Rg2

The nitrogen oxides (B4-3) include 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.

[0111]

Typical examples of the nitrogen oxides are N,O, NO, N,Oj3,
NOz, N204, N05, NO3, and N;0¢. Each of these nitrogen oxides
can be used alone or in combination. The nitrogen oxides may
be pure substancesormixturesmainlycontainingnitrogenoxides.
Such mixtures mainly containing nitrogen oxides include,
exhausted gases formed in oxidation processes withnitric acid.

[0112]

Preferred nitrogen oxides include, for example, NO, N0s,
NO; and N;Os. In this connection, N;03 can easily be obtained
upon a reaction of dinitrogen monoxide (N;0) and/or nitrogen
monoxide (NO) with oxygen. More specifically, Ny;03 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,0) and/or nitrogen monoxide (NO) and oxygen into

a reaction system without the previous formation of N203. The



wherein R1, Rpl, Rg~, R2, 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 catal ytic 5-nmenberedN hydroxys; cyclic imde conpound) described in
PCT International Publication No. WO0O0/35835. [0194] In Formnul ae (12a) and
(12b), the organic groups and preferred organic groups in Rl, Rpl, Rgl, Rz,
Rp2, and Rg2 include organic groups simlar to those in R Rp, and Rg. The
rings formed by Rl, Rpl, and Rgl (Rl and Rpl, RP1 and Rgl, Rgl and R1, or

RL and Ryl Ryl ;). Lh the adj b d the rings forned

by R0 PRSI Rt AR R ket AT L D SRRy UBE- RofShd P2 and

R42) Wit dj . at om | i i i) t hose, formed b

R R SIS Y Che i secht earboihram v[Ple e cofpotrate
lag (12 - i hi

Car bon- atom T BePUiG Tt e Lomastnde” XaRr TR danget e AR bIRAE T5a) . "ucn

as the bridged cyqbﬁgjﬂonpounds (A3-la), the non-aromatic cyclicconpounds
(A3-1b) each having a hydrocarbon group conbined with a ring, and the chain

conpounds ( A3r¢) s&8eN-hayingsaARL Al “&&ﬁﬁ@&%&&&éﬁn&@%%&%@& A

represented by Fornula (12a) and the conmpound represente y ﬁ%la ( 12b)

may be ib@)e%irﬁﬁhatz01Sp@q,d%ﬁéf’é§ﬂt%fir50m ogash oidey 44 Qﬁgﬂtﬁéfa&fi on can

be perforned in accordance with the process of the present vention for

produci ngcan 10kgani.c £QMPRESE. cBRpsLAQY, Py odiictsh &AM e sepatatsd. and
purified by the sane separation neans as above. [0197]  In this Teaction,

the coupld mgopr @dust 4 reRESSENM £d Py fPMlsaqbABYall $ ySEPRLS R &y Be for ned
in the following manner. A radical is forneg at the " methi ne carbon position
of the ggmpqund represented by Fornula (12a) , attacks the nethine carbon
atom of the conpound represented by Forrmula (12b) and thereby yields the
coupling product ifgigugsti on.

Such sulfur oxides include, but are not limited to, SO,
S203, S0z, S03, S207 and S04. 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.

[0115]

Preferred sulfur oxides include those mainly containing
at least one of sulfur dioxide (S0Q,;) and sulfur trioxide (SO03).
The sulfur oxide can be used in combination with oxygen. For
example, byusing sulfurdioxide (S0O,) incombinationwith oxygen,
a corresponding sulfonic acid can be obtained in a high yield
as a result of the reaction with the compound (A).

[0116]

The salts of nitric acid or nitrous acid include, but are

not limited to, sodium salts, potassiumsalts, and other alkali

metal salts; magnesium salts, calcium salts, barium salts, and



[0198] 10. Production of Carbonyl Conpounds (2) By catalysis of the imde
conpound and where necessary in the presence of oxygen, an al dehyde .
represented by following Formula (19): [fornula 28] - 105 RgCHO ( 19 )
wherein Rg is a hydrogen atom or an %rganic group, is allowed to react with
an olefin represented by followng Formula (20) [formula 29] 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 group, where R, Rd, Re and R' nay be conbi ned
with each other to forma ring with the adj acent carbon atom or

car bon- @&PB&® Idd NeRIr t MBREBY Spildisdss bl it pahy P, edwpdaddmrspiteasent ed by

following Formula (21): [fornmula 30] 0O HRe (21) Rgi' \ ° Rh Rc Rd
zinc salts, and'salts of other metals. Preferredsalts include

alkali metal salts of nitric acid or nitrous acid.
[0117]

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

[0118]

The reaction between the compound (A) capable of forming
a radical and the radical scavenging compound (B) is performed
in the presence of, or in the absence of, a solvent. Such
solvents include, but arenot limited to, aceticacid, propionic
acid, and other organic acids; acetonitrile, propionitrile,
benzonitrile, and other nitriles; formamide, acetamide,
dimethylformamide (DMF), dimethylacetamide, and other amides;
hexane, octane, and other aliphatic hydrocarbons; chloroform,
dichloromethane, dichloroethane, carbon tetrachloride,
chlorobenzene, trifluocromethylbenzene, and other halcgenated
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



wherein R-, Rd, Re, Rh and Rgq have the same neani ngs as defined above.
[0199] In Formula (19) , the organic groups in Rg include simlar organic
groups to those in Ra and Rb. As [h%gngehyde represented by Formula (19),
t he al dehydes exenplified in the carbonyl - group-contai ni ng conpounds (A2-1)
can be used. [0200] - 106 In Formula (20) , R-, Rd and Re are the sane
as above, and the organic groups in Rh include simlar organic groups to
those in R Rd and Re. As the olefin represented by Formula (20), the
conpounds _exenplified as the inert olefins (Bl1-6) and active unsaturated
conpound®¥B1*1) can be used. [0201] A reaction can be performed in
accordance with tqé grqcess of the present invention for producing an
or gani ¢ conpound. dacti on products can be separated and purified by the
tion, the carbonyl

sare separ 2l hgh MRS ao. Bbovss o 0207 | s hesplian, Lhesacton)

ol oul g TRNGL s AcSOLESSRANALD AR Rl s, LocEd Lomine corpound

double Bt HEpERTPANDS, Lo 98 ol FUIA LAY, 00, Aberby il o
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).

[0120]
The process of the present invention has a feature in that

the reaction smoothly proceeds under mild conditions. A
reaction temperature can appropriately be selected depending
on the types of the compound (A) and compound (B) or the type
of the target product, and is, for example, from about 0°C to
about 300°C, and preferably about 20°C to 200°C. The reaction
can be performed at atmospheric pressure or under a pressure
(under aload). Whenthereactionisperformedunderapressure,
the pressure is usually from about 0.1 to about 10 MPa (e.g.,
from about 0.15 to about 8 MPa, and particularly from about
1 toabout 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.

[0121]

The reaction canbe performed in a batch system, semi-batch



[ 0203] 11. Production of ~i-Acyloxycarboxylic Acids or ~3-Acyl oxyketones By
catal ysis of the imde conpound and in the presence of oxygen, the al cohol
represented by Formula (2) is allqw%% to react with an a, (3-unsaturated
car bonyl compound represented by follow ng Formula (22): - 107 [formula
31] Rel Rc/ Rr C22) Rd O wherein R and Rd are the sane or different and
are each a hydrogen 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

het erocyclic group,,K where R and Rd may be conbined to forma ring with the
adj acenfYEAFBorF At lobR U R SMFeEEL 9 L VA IRe 1 CPBVERT LR daf BOk§ i ¢ Biti d or
(3-acyI0éyketone fee%fsented b% fg{lomﬁng,Fornula (23): [faornmula 32] 0 Rr/
\ 0 (23pdRaNRFDeITGE GaRRLY BF O NS S Ry bRy LG B e 1RE1 Sy For nul a (
22 ) is hydrogen atom and Z is the substituent Rel when Rel is a

ydT ocaFBBNL GFoRn GIMEP H Gt PELGLERE: VAR ReiL FEET ROETHHAT R have

t he sane neaTings ai defined above. This reaction can be perfornmed pursuant
to a pr8teS§§-Fa-procéss"ulPRYg 2E5Fal ytic 5-membered N-hydroxy cyclic inide
conpound) describ?gl59]Japanese Pat ent Application No. 2000-648. - 108

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.

[0123]

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
forming a radical and the radical scavenging compound (B). Such
additionor substitution reactionproducts include, for example,
carbon-carbon bonded products (e.g., coupling reaction
products), oxidation products, carboxylation products,
nitration products, and sulfonation products.

[0124]

For example, when the hetercatom~-containing compound (Al)
having a carbon-hydrogen bond at the adjacent position to the
heterocatom is used as the compound (A), the adjacent position
to the heteroatom is combined with an atom (e.g., a carbon atom)

constituting an unsaturated bond of the unsaturated compound



[ 0204] The organi c groups, hydrocarbon groups, heterocyclic groups, and the
rings fornmed by R and Rd with the adj acent carbon atominclude simlar
groups as nentioned above. [0205] _According to this reaction, for exanple,
2-propanol is allowed to react with nethyl vinyl ketone and thereby yields
3- acet oxy- 3- net hyl but anoi ¢ acid. Likew se, 2-propanol is allowed to react
with acrolein and thereby yields 3-fornyl oxy-3-nethyl butanoic acid. [0206]
The reaction can be perforned in accordance with the process of the present

i ti duci i d. Reacti t b
epar at SHTAnCERUTTY PGBy RESTG “CaBapa FBR N ad HoBv A To807] I n
t hi ti t he t t.(3- I b i id 3- I ket
opr esont BACB) Bor AP 2377 SO UBBocEn NBvBECRBPNeas fitbhe ol | owing

: -h | kyl radical di to. th | cohol ted
pyror mirac P3P AEER KBRENLnk 8, EBnBRRROTBATE: el Bre2ged SR3The  BRuca to the
bet a- Lhion of th . 3- unsat | . ted b
For mil ot a5 Tol ptenuBet LRk aY, HRLErof PR e BRe a B4 T B5S Bl on as a
result gﬁegggfgdditiop and thereby yields an a, y-di hydroxycarbonyl conpound
represente y follow ng - 109 Fornula (24) [fornmula 33] HORe 10 H Rr

(24) Ra Rb / \ RRY{9 Xherein Ra, Rb, R, Rd, Rel and Rr have the sane
nmeani ngs as defin aB ve. This conmpound further undergoes rearrangenent of

an @yl o ouh LGB AURRaADEL PHABKID. O -0 D00 GL O dastl oh Che

acyl group has been bonded, and ther
target~baaeyk@xg9arQeéyEaeb@ﬁyg-a&&épagxheéyhgﬁgneoﬁﬁe&ﬁae9&§d by Formul a

(23). Wien an a.(3-unsaturated carbonyl conpo
employed as the compound (A), a bond between a carbon atom
relating to the carbon-heteroatomdouble bond (e.qg., a carbonyl
carbon atom) and an atom adjacent to the carbon atom is broken,
and an atomic group containing the carbon-heterocatom 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.
[0126]

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

[0127]
Generally, the use of the unsaturated compound (Bl) as

the radical scavenging compound (B) yields an addition reaction

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



represented by Fornula (22) , where Rel is a hydrogen atom is used as the
starting conpound, a correspondi ng (3-acyl oxycarboxylic acid is forned.
When an a, (3-unsaturated carbonyl _cggpaund represented by Formula (22),
where Rel is a hydrocarbon group or heterocyclic group, is used as the
starting conmpound, a correspondi ng (3-acyl oxyketone is forned. [0208] 12.
Production of Polyacrylam de Polyners In the presence of the imde conpound
and the conpound (A) capable of formng a radial, an a, (3-unsaturated

car boxyLi g aci ghg@f?‘%&%&?géﬁ%éﬁga% %erti@d d conditions and, thereby

n
yi el ds” & Cortespondi g p A da polymer [rat arot6TIAFHENE Pat ent

Appl i catiion No 3458 kocess using - 110 a catalytic
5-nenbe#%daﬁﬂhﬁdgggglgéglEgoggfg%'conpound)]. Typi cal exanpl es of the

a, (3-unsat urated %?ﬁ§g§ylic acid am de are (neth)acryl am de,
N- net hyl (net h)acryl am de, N, N-di met hyl (et h) acryl am de

N-i sopropyl ('f'i?é'})e%(‘crﬁilo@m)9€weé\hQ%@M%%&%ﬁh%gﬁéﬁégg{%gﬁéﬁgq:egé{ta mde. A

reaction tenperature can appropriate ing on the type of

the rawpatess alhapdqgther s£actn §n§%mg%uﬁ@r<ssxaﬂehemé TQRRRe 0C to
about | 50C and preferably from about 10C to about 100C. By controlling the

reactional eARERBI YT §F EHEnIRY €L Ut adi Vel Ahte 100s te JrRpid RO RRJuEr can be
controll ed. e reaction product can be "separated and purified by, for

exanpl enaRiggi 4 balhyeRn -ak ocheRbaEhRhE ALl 409, ,18yaPeeductiup of Organic
Corrpoundg Hagi ng O%l?gen-atoom cont ai rlli tﬁg@fc?%%g B?/J] cat%l ysigI CQ)J]E O?lirilje i mde

conpoungdxot dieo GO () g@;@ﬁ@?'ﬁi@fofﬂdﬂggo% sadegal adsg }dRued to react
wi th the oxygen-atom containing reactant (B4) and thereby yiel dS§ an organic

conpoundeBaringgash QXﬁégﬁppétdEﬂtﬁ@%}@yc?érﬂgaﬂérﬁn@en{Qﬁrlﬂﬂg Tisztgaction is
performed in the presence of, or in the absence of, a solvent. Such

sol vents include tbezsforenenti oned sol vents. The anmount of .the catalytic
i mde conmpound is, for exanple, from about 0. 0000001 to about 1 nole,

preferably faedmedows € .t0000Pdcdds abputhd prés&mt einvdiei ff eferably
complicated organic compound can be obtained through one step
by using two or more types of the compounds (A) capable of forming
aradical 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, andahydroxylgroupderived
from the oxygen is introduced into the other carbon atom.
[0130]
Areactionmechanismintheprocessof thepresent invention
is not clarified in detail, but is supposed as follows. During

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



- 111 fromabout O . 00001 to about 0. 4 nole, and often from about O.

000l to about 0. 3 nole, relative to 1 nole of the conpound (A) . This
reaction is significantly accel erat in many cases when a pronoter such as
the netallic conpound (e . g. , vanadi um conpound, nolybdenum conpound,
manganese conpound or cobalt conpound) is used in conbination. [02] 1] Wen
t he oxygen-atomcontaining reactant (B4) is in the formof a gas, it may be
diluted with an inert gas such as nitrogen gasor argon gas. Each of the
oxygen- aton}contalnlng reactants (B4) can be used alone or in conbination.
By u5|n§aﬁﬁﬁaor:ﬁﬁ?@]beEQrB?dtﬁ@%ﬁé&ﬁ%ﬁ%ﬁ%ﬁ?é%ﬁﬁ&ﬁﬁlﬂjW%%&Q%ﬁﬂ% (B4) in
conblnatlg % gity es of |ffere t ﬁfnctloga r oups can be

i nt rodu€e yﬁﬁ?gePh rﬂ%l T fdHcProna QWBUE ein %ﬂ d ¢ ) exanpl e,

hydr oxy! b | { d
o oup. FR AT GADLRALr O L ER e DA (Y pEAe P ROPE t%am"”ﬁe% filgn e =
h |
sequent %‘%%Cgﬁé%%h%e ARBERDRH e %at‘)ssﬁnét@ﬂt“” W Tt ant (Ba)
depends 0@, §15¥983L@§r%8f g@?b%%”h%%g %tﬁ %b?% %e'%Ptedt%” vi ew of

reactivity and oper i Sused as the

oxygen: abamcaRt Al sy ngtr@fg&tn%fttm%%‘%aftgﬁaacmum 9,[eh§ ¥glghsyeaual to or

nore than out nor e

f bl
Pr om ot ot R earbobigrofaf tndlalfa BB bORIR 10 €5 £ o8 esrgé%ﬁfpa?%ﬁ%% !
Cxygen ppll HERHISEdnbBuRACaRs | enbiiencorRatcl t/é)dlcta%étct@%ﬂt&ar bon

nonoxi de and oxygen are used in conbination as

oxygen r ( rbo ago¥gt of

equal t§B%?688§%a%ﬁan aﬁ%ﬁf%%%k§?g84éeéag %ﬁgﬁgg t%Eﬁﬂ%ut 0 nol es)
and oxyggnshgsagtggggﬁtrggceggal pkB4QELore than about 0.5 nole (e.g., from
about 0.5 to about 50 noles) are often used relative to 1 nole of the
compound (A) . bhRkgjcase, the molar ratio of carbon nonoxide to oxygen
is from about 1/9& to about 99.99/0.01, and preferably from about 10/90 to

about 99/ 1. §Q214L¥0eR 1B AiditAgeNbOXiE8: { Bdt 3dnire 388 naS iRt

oxygen-atom contai ning reactant (B4), the anount of the nitrogen oxide can

appropr patekMrbgesel,gatedodependRampiet NachyBeat 9bnt PRaBEE HAgEN oxide and
t he conpound (A) and may be equal to or nore"than 1 nole or may be | ess

than 1 69&@125@&@Wﬁéadﬂldhf@%@aﬁﬁoi Ba €05 OHRE L Oh , -r b ridigneiount  of
the nitrogen oxide (e.g., nitrogen dioxide) is less than 1 nole (e.qg.,

equal teegbtiBhf bRamsahewtzBtiocRA0RéapBlenand tassrtharidnmBlketem,
preferably fromabout 0.001 to about 0.8 nole, and nore preferably from

about 0dePBhdiagalrothelst riZdc ud @ helrebd@t b & clhetl ot endi ti bes gempound (A)
t he conversion ?rontthe nitrogen oxide and the selectivity

thereby yields a corresponding derivative.

[0132]
The reaction between the compound (A) capable of forming

a radical and the radical scavenging compound (B) should

preferably be performed under conditions with minimal

polymerization inhibitors (e.g., hydroquinone). For example,

the proportion of the polymerization inhibitor in the reaction

system should preferably be less than or equal to 1000 ppm,

and more preferably less than or equal to 100 ppm. If the



- 113 of the reaction can significantly be inproved. [0215] By using
nitrogen di oxide (NO2) in conbination wi-th oxygen, the rate of a reaction
such as nitration reaction can be significantly inproved. In this case, the
amount of oxygen is equal to or nore than about 0.5 nole (e.g., equal to or
nore than about 1 nole) , preferably fromabout 1 to about 100 noles, and
nore preferably fromabout 2 to about 50 noles, relative to 1 nole of
nitrogen dioxide. [ 0216] Wen the sulfur oxide (B4-4) is used as the
oxygen-at om cont ai ni.ng reactant, the anmount of thesul fur oxide can

appr opr PECEPY thensef el @ P afepeaidh 2t o thdiljses sxcerdssuPParprixi de and
the conmpound (A) and is generally fromabout 1 to about 50 noles, and
pref er alfl FeREBHPADRRES LS 1dPa6olP rIRAERY, anedl hpvimide ICaAYHT t he
conmpound (A) . The reaction can be perforned in | arge excess of the sulfur
oxi de. WREAOFhENS AFHATREVRE h8S §O be SgrAutn diddueors tdser Jqine

conbi nation with oxygen, the nolar ratio of the sulfur_ oxide to the oxygen
is, for S8R&fpl ell LAut WEBRda e BreBBHE 198/ M0t AR P MM A erAbl y from
about 3Q/ éo t.g abqut 70/ 30. &[:0217] A reacgti gn t enper at ur e .can agpr opriately
be sel ec8dPdERENd NG EN FEPGE1ERATYISES™ RE (PHes COF £RECEIRAPOGAES(A) and

t he oxyqen-aton}c ntai ning reactant, For gﬁanFIe, when o&ggen - 114
(B4-1) rECt§8G°Ss Phjen‘a’i‘?g%ﬁ-%tydrﬁ nfANFARG FRACEERE, TeHel r2dtd%on

is f h QC b 300 f bly f b 20C
hbont | S80EL o T TOG R Tk b:E WA B P o AT SR ARy (AT ar o used
th - t ai ni t t th ti t L, is, f
exanpl e LPRSHE RS0 CORPCHBa P L300 QhIeHr GPRPRENSSY F6m BBBUER10C to about
150C. W t he.nit . oxi.d B4- 3 . | f.ur, .oxid -4) i d th
oxygen-act%n eé:gﬁfgl%i’ Lt?%‘ﬁeﬁ%géétp%n]’gynﬁrr%zlaﬁr iors?;lr%kﬁ%b%%%E\S/\A%gégdzjxsﬁoe‘#scfs 3:ed i6n
nbi i th i Ur.e i f fr. bout OC t
about 18688V eb e e Er e R R G T o B P R e A o can e
per 1 of T3ndbAbUUSPNRL LG REERAY 8: OFs TdRT oA, BEISSUSchUB A dpad) . Vhen

the reaction i s perforned under a pressure, ressure s generally from

about O etgaf?@o&j%eéof g?ﬁgngegéw‘?i%aﬁy@{&ﬁné?é’“:%%xﬁgéur'i Qg)o% 7 Mpa,

The reaction can’b€é per d'rn-a conventional sys suc a bat ch

SVStenlaﬁﬁgbégaESFEé%E%‘ﬂEéﬂ'Hﬂ%nEEHB8H§dSM§fQH}the presence of the
imide compound.
[0133]

By using an appropriate combination of the compound (A)
capable of forming a radical and the radical scavenging compound
(B) in the reaction according to the present invention, various
organic compounds as mentioned below can be obtained.

[0134]

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):

[formula 6]



[0219] After the conpletion of the reaction, reaction products can be
separated and purified by a technique such as filtration, concentration,
distillation, extraction, crystalli%@%ion,

recrystallization, adsorption, col um romat ogr aphy and ot her separation
means, or any conbination of these separation neans . - 115 [0220] This
process can produce a reaction product corresponding to the

oxygen-atom containing reactant in a high yield under mld conditions.

[ 0221] Specifically, when oxygen (B4-1) is used as the
oxygen-at om cont ai ni ng reacgpnt, an oxidation reaction proceeds and thereby
yi el ds a correspondi ng oxi dption product [refer to Japanese Unexam ned

Pat ent Application Publicakﬁqn No. 8-38909(2No. 9-327626, No. 10-286467,
and No. 2000- 219650 (prokesse8’using catal ytic 5-nenbered N hydroxy cyclic
i mde conpounds)]. For exanple, when the heteroatom containing conpound

Al) having a carbon-hydrogen bond at. e adj acent position to the

Elet )er oa?’bﬁgﬁénﬁ@%gpgﬁﬁ %‘H?l@r(%gg,]e%?rga?ﬁ I‘?‘%P%?ﬁ%ta R¥fEF A hcent
osition,to the heteroatomis oxidi zed._ Jor ex | e,, a prinary. al cohol
Dol s ATOB PR OT RE kP ERGUS OThees B aPre KR o P et v ol conol

ield pondi, tone. A 1,3-djol yields di
Dy i oxy REEBT®. - M AT, SE0i 1 uE 5088 T E€hond A 12 8 BOBITEE aci d as a

result of. oxidative cleavage,|[ref.er to_Japanes nexam ned Pat ent

hop | catth BB LLa TeTE Nt H600T, 25728008 Rbe T Bo o bReea s {pRiesses

usi ng catalyti.c 5-nmenbered_ N-hydroxy cyclicimde conpounds)]. An ether

yi el ds §°§%¥Wé880E8FW5§35389-0r acid anhydride [refer to Japanese
Unexaniq%g Ea&eng]Application Publ i cation No. 10-316610 (a - 116 process
using a cara y?ic 5-nmenbered N-hydroxy cyclic imde conpound) ] . In
addition, a primary or secondary al cohol vyields hydrogen peroxide [refer to
PCT International Publicgtion No,e W00/ 46145 (a process using a catalytic
5-menbered N hydroxy cyc _im % conmpound) ). [0222] Wien the conpound (A2
) having a carbon-het erogidm bl e bond is (dded as the conmpound (A), an
oxi dati on product correébonding Yo the type of the heteroatom can be
obt ai ned. For exanple, by oxidizing a ketone, a carboxylic acid or another
product 8 Ri adyeechas & Resutl Ofe ChaAy age o for . FEUEldE ketone
such as cyclohexanone yields a dicarboxylic acid such as adipic acid. By
using t henfat-ehaa! aRLROBLALAI BUGEATROYANLLALLNEAY] Y anCRRRAR:RYdr ogen bond
at the adjacent position to the“heteroato such as a secondary al cohol ( a
. 0., 2 0L) wr S U cQdr tv(£0:0x1 di zi agent), a
Baeyer-%??%?égé9%yggb§gé§?ﬁ%ﬁ§S?Bpgeﬂgﬁﬁégg ﬁiﬁgy?%%g%%wgﬁé. As A result, a
cyclic kekangeybe! €8 2oear nespandingn! aakongy 8adcacalabn kebang.yi el ds a
corresponding ester in high yiefds [refer to”PCT International Publication
No. WD9R,902R4-6e¢BERADIME £ndahak¥bl G iz 1R Er 8dghn PR dmsdun | M de
conpounds are used)]. In addition, an al dehyde yields a Correspondi ng

c?rboxy&59ra§EHteBO%§3koﬁyou§hagbeﬁuganp@vmd (A3) having a nethine carbon
atom

[formula 8]

e

HO, RRHO R
(4)

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

above. This reaction can be performed pursuant to a process



- 117 as the conmpound (A), an al cohol derivative having a hydroxyl group
introduced into the nethine carbon in a high yield. For-exanple, by
oxi di zing a bridged cyclic hydrocarhgn_(A3-1a) such as adamantane, al cohol
derivatives each having a hydroxyl group at a bridgehead position, such as
1- adamant anol, 1, 3-adamant anedi ol and 1, 3, 5-adanantanetriol, can be
produced with high selectivity. The chain conmpound (A3-2) having a nethine
carbon atom such as isobutane, can yield a tertiary al cohol such as

t - but angl | jgh.vie refer. to_ nese. Unexam ned Patent .Application
Publ i cagiaodn @.ngg-sééiégéga%g%ﬁégegsﬁ%g%n ecchgty N CCBE MRS EE N- hydr oxy
cyclic Lm 0224 Y | . 4 aving a

car bon- hy Egagﬁyggﬁgg%%b?Eeggd%gge%#§%gg?#?gﬂgﬁgggﬁﬂgﬁég S%apgd bond as the
conpoungOP@)358§§§ adj acent position to the unsaturated bond is
efficiently oxrdrzed and thereby yields, for exanple, an al cohol,
carboxylic acid orofgg?ne. For exanple, a conmpound having a nethyl group at
the adj acent position to an unsaturated bond yields a primary al cohol or
carboxylic agifdibBshigh yield [refer to Japanese Unexam ned Patent
Application Publications No. 8-38909, No. 9-327626 and No. 11-106377
(processes UsidG calfly Grbup TRMPeRed RP NYIR@HMuGYClhe Lot ds Gprpounds) ] .

Li kewi se, a conpound having a nethyl ene group or nethine group at the

adj acenpe RASbEHANL EGALARBAt WA £ oUWl &t £ 05 23 rReeopdlantactiohl8 or
tertiary al cohol, ketone or carboxylic acid, depending on reaction

condi ti Qasg. [ 0225} r d £c SPEShH | Gdt Yis AR G £ URRUNG hRVYIIRG an al Kyl
group or a |l ower-order oxidized group thereof conbined with an aromatic
ring yi ebflgi8nods 08BELEAEAELEXYLEhE BEbEeHAYI NGB 1 A eyl c g Up£onbi ned
with the aromatic ring as a result of oxidation of the al kyl group or the
| ower - of fleru@¥) dEgedegampPe| hEy&Bbca DHER! @WBtpor 88 REtEFEEPclic
groupsi ncl ude, f or exanpl e, hydroxy al kyl groups, fornyl group, fornylalkyl
groups, gaddpal kyl groups each having an oxo group. For exanple, benzoic
aci di sobt ai ned fromtol uene, ethyl benzene, isopropyl benzene, benzal dehyde,
or m xtures therepbi13serephthalic acid is obtained from p-xyl ene,

p-i sopropyltol uene, p-diisopropyl benzene, p-tolual dehyde, p-toluic acid,
p- car boxybernzad defyittesa o gidums henend ;al gopt hal hed stk ben obt ai ned
frommxyl ene, mtol ual dehyde, m carboxybenzal dehyde, or m xtures thereof;
trimell gtoepariad iicycohicai yreeb d4 B p g eodps igitea r éhaei bylyheozalrthehy de,

di met hyl benzoi ¢ acid, or mxtures thereof; pyronellitic acid is obtained
from dugeoepst r idueith\d lhigytve ide hyydie;odardbeet lyidugez dine: lacied, bart @iret ur es

t hereof ; 3-quinolinecarboxylic acid, is obtained from for exanple,

3- met hyhqui hohined tespsttavehy-ior hbgimghedldshalin atldphabbec nicotinic acid
is obtained from ~i-picoline. - 119 [0226] For exanple, a conpound
havi ng aydetbyteor qgrooygs delkhé groups, alkenyl groups, and alkynyl

groups) each having from about 1 to about 20 carbon atoms. The
alicyclic hydrocarbon groups include, but are not limited to,
monocyclic alicyclic hydrocarbon groups (e.g., cycloalkyl

groups and cycloalkenyl groups) each having from about 3 to
about 20 carbon atoms (preferably having from about 3 to about
15 carbon atoms); and bridged cyclic hydrocarbon groups. The
aromatic hydrocarbon groups include, for example, aromatic

hydrocarbon groups each having from about 6 to about 14 carbon



adj acent position to a carbon-carbon double bond yields a secondary al cohol
or ketone . In this case, -by using a cobalt ( I | ) salt of an acid having
a pKa of less than or equal to 8.0, -such as cobalt(ll) acetate or
cobalt(Ill) nitrate, is used as the pronoter, a correspondi ng conj ugat ed
unsat urated carbonyl conpound havi ng an oxo group introduced into the
carbon atom of the nethyl ene group can be obtained in a high yield. Mre
specifically, val encene yields nootkatone in a high yield. [0227] By using
t he non-aromati ¢ cycli carbon (A5) as the compound (A, an al coho
hydr opePbRTe. iOREE BHAEALGF RGT & e ST OURT LAY SO OHuD or oxo
group introduced IE#S 2 carbon atom constituting a ring is obtalned Under
some reaction cond i) s, the ring is oxidatively cleaved and yields a

di d b | id |
: ﬁérﬁiﬁﬁ.” o %télﬁ@%ﬁ?ﬁ%&'a%@agﬁsam@ [l&%ﬁg‘éoﬁéﬁﬁ 5%’1?%&5’% 128 d"z’%ngtl 9
t t
D e BaAE %%’%@%f%ﬁé%ﬁ%%*@%&g% e B BT AR 155 bt e

h n f
Appl ?ZP?%%%Y%S%S%%% R 3 el PR e e

N hydr oy ccyeli g s cconpanndll s By Shd A0 86 LA Lhepr oot er

adanmant ane “can anone yie er to

Japa”esﬁe%@ﬁﬁéphﬂﬁgrp%k%eréﬁpﬁé%E%{hPﬁgE%%TfEﬂé Q@ak&%e %%ﬁﬁﬂt(a Process

using a cata roxy-cyclic im e conp '0228] When

t he con a i e qygﬁ ariety of
compoun gglégﬁggﬁggeggge%gﬁﬁg %%Hﬁh%og?r%ctdf qn%Deéconjugated conpound.
For exa nj .@gﬁz Ik dj 9,0 t ducts as a
result g?lcgﬁ?agt&?bn pecﬁg I ca %()Cﬁluﬁqz yflﬁg dég e Ol R
exanplesabgv%gggng 4-di ol and/or 1- butene 3,4-diol as a result of

oxi dati on en an a, (3-unsaturated nitrile or a, [3-unsaturated
carboxylic acid oro§3g$r|vat|ve thereof is oxidized, the a, (3-unsaturated
bondi ng position is selectively oxidized and is converted into a single

bond, and thg,detiayR08bEhe8 HySrEARVERT Gdt hntik adf At 95P4Pn ABpAcet al
group (when the reaction is perforned in the preSence of an al cohol) or an

acyl oxy i dEQURe( WHER AN heactigitdd REr I drit drite RLRIIMe a0, a
carboxylic acid) in the resulting conpound re specifically, by oxi di zi ng

any'Q”b?Eleeﬁ@He”EE &hoaeagbahs laeeaﬁlﬁreggaﬁsneénaetBaaobther
3, 3-dine hoxyproplonl l'e and neth yl 3, 3- dlnethoxyproplonate are

respect h¥glyrbRsaed. c59389]ry%§5 R8§cﬁaaﬂﬁaﬁ@7}1h§suse c@8al kengonpound
(A), a corresponding Schiff baSe or oxine is forned. en the aromatic

conmpoundif48, ) an@ BisethEs dh PRI EArhi RathggCorexi Sbanes to- 121 of,
for exanple, the conpound (A4) having a carbon-hydrogen bond at the

adj acenkbpasi2o sembe ran (PAsaé bavl e dendbbat 3.to dbuaten®Enea®elrle
co-react ant (co-oxidizing agent), a corresponding quinone is fornmed in a

good yi fabde[pgrefferrdl W dpanegsuinéxadrabed t P8 eambARBl, | £adl itgpilallliycat i ons
No. 11-226415 and No. 11-228484 (processes using catalytic 5-nenbered
N- hydr oXyom\eddut bridlebeagmomensets) Therisdsarghysalay hagkekana cgAl) vyi el ds,
for exanple, an al cohol, ketone or carboxylic acid. [0230] By using the
ol efi n 6A4Gukas iitheeronfpogng {id)ilaar groups to the substituents that
the hydrocarbon groups may have). To each of these rings,
another ring (a non-aromatic ring or an aromatic ring) may be
condensed.

[0139]

Preferred substituent R® includes hydrogen atom, Ci-Cy4



correspondi ng epoxy conpound can be obtained [refer to Japanese Unexam ned
Pat ent Application Publication No. 11-49764 and PCT International
Publ i cati on No. W99/50204 (processgp using catal ytic 5-nenbered N-hydroxy
cyclic imde conpounds)]. Specifiéélﬂy, when t he het eroat om cont ai ni ng
conmpound (Al) having a carbon-hydrogen bond at the adj acent position to
the heteroatom such as a secondary al cohol, or the conmpound (A4 ) having a
car bon- hydrogen bond at the adj acent position to an unsaturated bond is
used as the co-reactant (co-oxidizing agent ) , an epoxigdation reaction
proceedéli¥deFrRIPE  cBRE Cicohy akd Lt HEPERY -yi BreseradcBr riexpbitiTg epoxi de

in a good vyield. [031] By allown t | east one conpound sel ected from
cycl oal BYAES TR %ila‘r%l@l&ﬁga&g{?ﬁb’ﬂm ?EorRacndgtrycli g
ammoni a_and oxygen (B4-1) as_fhe oxygen-atomcontajning reactant_in the
presenc®Y °Fﬁ£%88téF9PP%'in%%%eﬁ%%%gﬁ%hY'dgiBPgeggdﬁﬂgdﬁfﬁé&ﬁ%FAXs

obt ai ned efer, to Japanese Patent Application No, 2000-345823 (a process
ot ng 2 ceaPAneE: £S R BoR a8 REFPAF AByELYET ¢ 1 BE7COApRERR) 0 Nor o

speci fi call by, al Llowing at | easi.one ¢ und sel ected fram cycl ohexane,
oycl ohesafiBl 2RRHE ge! BRESRRBNGERD L ERER S o | AT & sk NAIGEIE 1t t b
presence of the catalyst, s-caprolactamis_obtained. [0232] By using carbon
nonoxidgepéiyfﬁ gﬁ&%oﬁéﬁeﬁéééi-f% ggrgﬁg 8§§§en-aton}containing react ants,
a carboxylation r %ggb n snmoot hly proceedsandt hereby yi el dsa correspondi ng
carboxylic acid iﬁ a ggod yield [refer to Japanese Unexan ned Patent

Appl i cat | on Fybl 630 90 Noco 425299230 BEAGESS 51 10,681yt | ©

5- menber ed droxy cyclrc e conp . When t he

compoun hawj I r [ ompound (A), a
car boxygxéfrﬁé%'?ﬁ\é{c{% g}é ué%@??@%s{) & ?%?ﬁ‘:a'ﬁi’ Aé%(rg Sgﬁg%g%a%%eovﬁn%se, in the
conpoun n(ééméogg&%ngAg_Q?rbon-hydrogen bond at the adj acent position to
an unsafurate ond, 'a"carboxyl group is introduced into a carbon atom
relating to the C?bﬁ@@ hydr ogen bond. The non-aromatic cyclic hydrocarbon
(A5), such as cyclo ex%ne, yields a , carboxylic acid having a carboxyl

ar oup, combi nel ki tPed £2L000: 8 oM £ORSLILULARG-3 £iDhho1e- (425 10233] when

t he nitrogen oxi de S use f he  oxygen-atom contai ni g’ reactant, a

nitrati gopEeaghLeN B"-SQ‘E%%”Q@%:BMOF_N ogradstAAY LhepgbY ¥ gbdsndhey, texarrpl e,

a corresponding nitro coffpound [refer to Japanese Unexam ned Patén

App'iCahﬁ@@hgggbi?aEkfmoH@xyiétg§gg§p 48d RBOEES SSUIM A alcohols
catal yti ch-nmenbered hydr oxy cyclicimde conpound)]. For exanple, when the

conpoundacAdaviayd B8 &1 PBEAH 18 HRIRRA RNy FSupSRA &S, Efa-wmq?ld (A,
the methine carbon atomis nitrated. Likew se, en the conpound (A4 )
havi ng greapbosr hydr.aaen £291d ggdbubleand] AGRIH-PaA ¢ 05 d R yHIsiRE ur at ed
bond i s used, a carbon atomrélating to the carbon-hydrogen bond is

ni trat egrohpe(dan: AR0ORd,¢ SHCldL UMdEesaphon a(Apd1o8UREn RS diilihexane,

yields a corresponding cyclic nitro conpound having a nitro group conbi ned

with a eambB9Reat PN EONSEd ABEN NG hAG. i Evesnbgeatw at Y -ohaidkyal kane

(A9), such as hexane, can yield a correspondi ng nitroal kane. When nitrogen

di oxi degi8up$ el @Bopdrer MYDE A 1PRSRMAI, NP REdBRAB AR , t died RidHeat | on

reaction can efficiently proceed by using the substrate in excess to

ni trogealdcoxide @i edatp alaphoasee e haiinedfPamedbolp Bl tsafbaut

Publ i cation No. 11-136339 (a process using a catalytic 5-nenbered N hydroxy

cyclic usi flempeppoundphenfy0284kn¥henandcotheundrbaytng aeaehbylygroup at

t he adj acent position to an aromatic ring (at the "benzyl position") , such
alcohols), and alcohols in which the substituent R’ is a bridged

cyclic hydrocarbon group.
[0142]

[Active Olefins]



- 124 as toluene, is used as the conpound (A), a nitro group is introduced
into the carbon atomof the nethyl group. Under sone conditions, the nethyl
group is converted into a fornyl ngﬂy_gnd t hereby yields a correspondi ng
aromatic al dehyde (e . g. , benzal dehyde) , or a nitro group is introduced
into the aromatic ring in the resulting conpound. The use of a conpound
havi ng a nethyl ene group at the adjacent position to an aromatic ring (e.

g. , ethyl benzene) as the substrate yields a nitro conmpound (e . g. ,
a-nitrobenzene ) , in,which the nethylene groyp is nitrated, and under sone

reacti on condPfi ORE2nYF JTRURS Wkifne ToAPBLRd 1ethe, agEeV8phkabhes oxi ne)
where the neth%legg 9rﬁup is converted into an oxinme. [0235] By using
ni t r ogert SHEREKTGE %aBY FR IBB’(%e )2 Com BEAY MTRF HEaGERNPS /aRS el RF can
ield di |, dehyd |t of cl f the ether bond
[ Japancé® GREXaAPnBH PALERT SAGHI REAEFon PabT TGt Ohe (RbY 119585058 and No.
11- 254977 i t ti.c _5-menb .\ hyd lic imd
compounder PP R SRR H R i 6as it BBHLRAP AP dRRREN ROl gh
Celd. L . . . . 1 h ot 3 ni
Yoot ant L5 SRS Rinc iy BrasSATCsPPREELRE! ho YEk R TENEATBRTE [ ef or
Lo Japangse JBat eplAQRLI fALT 90n 02000127290, (2 BrocensqHslng, g catal ytic
5- menbered N ydroxy cyclrc imde conpbund% >~ For “exahp X cycl ohexane
ield I iAE. - 5 i hai i
Jonpoundhab ho 8 REPRYFARE GFBUBSro s aamr ultn TR B AL Chon o
it : . ¢ Lviic im d and
nal ogen (Ce0g. . caRr ey Rep Ry BeTeY, AR IS R B > 1 ®
: . I h . ¢ ¢
hopl 1 oot on s TS T S A RS R TS R PRI N hyar oxy
cyclic lcwr%%xﬁ{qn@p&un}g) Eub!éﬁ&t‘?f&%@%fax@(fﬂs@l% XEEEQEOEILQ?}%\%@M am
S are use ontal ni ng

[ 0237] When the hitric aci as the oxygen-atom

react ant(y-aubisthalikel beaghsABsPiedealNANt Y PFOCSEAS Apshd hfg&tty yi el ds,
for exanple, a corresponding nitro conpound, as in the use of the nitrogen

oxi de (B4+3)h brehg! 401dapanese fatient ARBLIERKEENa Mg 200058054 (2

process using a cafalytlc 5-menbered N-hydroxy cyclic imde conpound)]. For

exanpl e.suMFgR i thec CORMRS )(Adh1 BaviNg Pe 586 P-diyly 098N rBand &tid he adj

acent position to an unsaturated bond is used as the substrate, a carbon

at om r elegteRdgkeupBe §AHPON1RYHI 08P 0N E5 dHduEs ed. Adigp£,onpound
(A3) having agneFEine carbon aton1islused as the %%gstﬁﬁygﬁifﬂgjnethine

carbon akeroky 1Ngkbabeda1Weey YReupen- anamMitsapeysku¢clydrocarbon (A5) is
used as the substrate, a nitro group is introduced into a carbon atom

const it whisD®s@ikuR@d driiddgBoERSE, TheyLmat Kageoup | BlydasxEN e efigxane,
yi el ds a correspondi ng
and amino groups may be protected by a conventional protecting
group.
[0143]
The halogen atoms include fluorine, chlorine, bromine,
and iodine atoms. Thehydrocarbon 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



- 126 nitrocycl oal kane. In the non-aromatic heterocyclic conpound having a
car bon- hydrogen bond at the adj acent position to the heteroatom a carbon
atomrelating to the carbon-hydroge ond is nitrated. Likew se, the

strai ght-chain al kane (A9), such as ‘hexane, yields a correspondi ng

nitroal kane. [0238] This reaction is supposed to proceed in the follow ng
manner. The im de conpound reacts with the nitric acids and thereby yields
an i mdo-Noxy radical, the radical withdraws a hydrogen atom fromthe
substrate and thereby yields anpther radical, and to the resulting radical,
ni t r ogeHSERCIE1Gr REQUPT TRY PeYEt Pbni8§StePFsSHBAEHTHRATt het Dy vi el ds

a correspondin g}tr conpoun 39] .Wien the sul fur, oxide (B4-4) is used

d. [.0
e n@&PHPﬁglpgh mt PUL &3 Okt ildAi&Sd & sul finati on

th EH<
?Zactson roceeds, and .t hereb i_el ds correspondi q organi c sul fur acid or
a salt Pﬁ%?@&ﬁ?aﬁané%anﬁFgP a8 PPRE ¢ o BpERR yfﬁf% R¥di’ng a met hi ne car bon

IS, d h A, | f [ i S i d
The ot fERB o RPBON ALY e R CaRabRa (AR RIS o8 WA bBchyar ogen
bond at ' t Lt t bond i d | f
acid gr GG g iRl A A S A AR AR

introdug%%fd&é) %%ﬁgggigawa%ﬁ?éggng%%g%&g 5%}%5- §§5§§§Pobﬂﬂ9' The

non- aromati c cycli rocaf . sucC hexane,

yi el ds ¢ [ fur -ac g Vi, ul feur ' roup conbined with a
car bon %?8%#%%%5&??3 P#Jla%#?# % fﬁ%l?g%ﬁegggr%%%ggqulfur acid can be
convert in r i Saht I r di t

convent?%ﬁgﬁﬁgg ﬁ%%%gs?ﬁggghggangﬂ%P%ﬁ§§§?3e3§&%§§%ﬁk%ﬁ%&ﬁf?ﬁpﬁ%ﬁcting t he
organic [V gp-Yey A A i r Qxl I ar bonat e,
al kal i ﬁ;égﬁ)ghﬁ r ogg\é\&c%g%oﬂ ?Jéggg%ﬁ}gﬁ‘gie %@t%ﬁ@aﬁﬂhﬁ%% ec?}lya kal i ne
earth l,;ogar bonate, amne, thiourea, or isothiourea in an appropriate
sol vent sugﬁ as water. [0240] [Effect of the Invention] The present

i nvention can proq@qq4]for exanpl e, organi c conpounds each having an
oxygen- at om cont ai ni ng group such as hydroxyl group, oxo group, carboxyl

group, nitr OTHéOéllﬁ)bei*éHJcé&n&&r@&:h@yEr@f’cﬂapﬂﬂ%’f&cﬁeeﬁsf@r rEed1of the

formati on of a carbon-carbon bond or derivatives thereof (e. ¢., cyclized

der | vat iyugek nghh rBlafiy 86! 86l W, e ciifelhgh cKir@bile,as g olgsul t of additi on
or substitution reactions under mld conditions. I'n addition, the present

i nventi qn16ar rhRtKedyGEr SHER a%l&é¥ﬂ€9‘@£&?§%&*e%@£ﬁ919§ﬂ%ﬂdﬁé} an
organi ¢ substrate under mld conditions. [0241] The catal yst of the present

i nventi @niy3 S11HHNA 15,280 € oA rCAN M8 i @b Da cl scLal Ry Y bls& edCddotigy, for a

| ong tine. The
Illustrative sulfinic acid ester groups are methyl sulfinate,
ethyl sulfinate, andother sulfinicacidC;-C4alkyl ester groups.
The acyl groups ;nclude, but are not limited to, acetyl,
propionyl, andotheraliphaticacylgroups (e.g., C2-C;aliphatic
acyl groups), and benzoyl, and other aromatic acyl groups. The
alkoxy groups include, but are not limited to, methoxy, ethoxy,
propoxy, butoxy, and other alkoxy groups each having from about
.1 to about 6 carbon atoms. The N-substituted amino groups
include, forexample, N, N-dimethylamino, N, N-diethylamino, and

piperidino groups.



- 128 catalyst exhibits high catalytic activity even in a small anount in
a radical reaction and is highly stable in a reaction at high tenperatures.

[ 0242] [ Exanpl es] The present inventj

) nwll beillustrated in further
detail with reference to several exan-gl es bel ow, which are not intended to

limt the scope of the invention. Reaction products were identified by NWR
| R and/or GC-Ms. [0243] EXAMPLE 1 In a 500-m titani um autocl ave equi pped
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-1, 8-naphthal enedi carboximde (2 0 by nole
relative to p-xyl 493)4,510. 112 g of cobalt(ll) acetate 4 H20 and 0 . 277 g of
manganese ( lP I é acgt ate - 4 H20 were placed, The autocl ave was charged
with 3 MPa of6%§gERYgRs dhd 2PHPR of "Rt iR gefP ¥ AMIL 91 eI heat ed

oil bath. The mixture was stirred at 150C for 4 hours. After the conpletion

of the FEREYI BYIPRE RN o AR SWaE *F-acéd™ bR TotRf et ©ri¥Ir LTOYdbwn t he
ti 1 xt i T | ting m xt | d hi gh
o o U LAl e B MR el o
i ~ i Ver S - . -
a 500- m%r it %ioﬁl%sau(tedgl'avghee(ﬂ‘mrlpﬁér&’p‘ﬁ)g%{hcgcgﬁga%é(ﬁ FrE®Sor'&sSure gauge,
| 2. 00 f p-xVyl 107.03 f. i iLd 14
N- acet gf(: -cfl,%é%é’pﬂgltl%ﬁl%%éa |Célgkrl%6§<$c%t Ieo(%rt %géﬁt b@tﬂoaﬁ%:g?‘g%a{f’?%elf@ p- xyl ene) ,
0.112 f .t { H 17 f I
avet at o P15 SRRg St nB SR Y S R TERpBR Pl enyE e SHRUIPRES T of oxygen
d f ni | d~i J th. Th 1 Xt
vas oti PRARLIS T REbhRT PRI AL R s BAMEAEE B Peaction, the.
aut ocl a‘ﬁ%t\é@%ﬁglcﬁﬁ%d gBupel d s‘ﬁ%%‘%&th%eﬁoggy@%‘é’%gtﬁ%ﬁmrg?%%tp'soQer."g)ft,ur €

qui ckly. To the reésul’ting reaction m xtur

N-acet oxy-&, 8 naph} p&ﬁat %gm ' ' pr ion exanple 2
was addg. he aut o{:}?éave Ead(’: ar g%d%@%@{%%%?yloxgsgeﬁdas and 2 MPa of
ni trogen gas.,andyRLassw yin & [18at eda k1 bat iyl LN Ay red at
150C for rl hgur. yAfat er herb cornpl et onlyofl theyr ég tc:glcf)ffl)tOlIll he aut%%:)l'ave was

placed Qn gekd 1WAl ! 9}1599[&@9@’8 den s @3St | @&% Iengg'&gqgtlyu s,

Furthernore, a series of the above operation o omt

of N- acel:gx¥p ly S5 apht habepedi s ashexi,m Le; 4 grgeggi %ﬁﬂwa}ef?aﬁsgd@@t ed twce

The resulting mxture was analyzed by hi gh pe_rfor nmance _
chromat ggbapby andwaeyfoypdubs. yiehsh NépaﬁlrEﬁgmMé&&fw hAq94 %pd el d at 100

o0 conversion of p-xylene’ [0245]

for example, hydrogen atom, C;-Cg aliphatic hydrocarbon groups
(particularly C;-C4 aliphatic hydrocarbon groups), Cg~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;-Cs
haloalkyl groups, particularly C;-C4 haloalkyl groups)],
substituted oxycarbonyl groups (e.g., C;-Cg alkoxy-carbonyl
groups, aryloxycarbonyl groups, aralkyloxycarbonyl groups, and
cycloalkyloxycarbonyl groups), and cyano grqoup. Typically

preferred R® includes, for example, hydrogen atom, and C;-Cg

aliphatic hydrocarbon groups (especially, C;-C4 aliphatic



- 130 The procedure of Exanple 1 was repeated, except that reaction
tenperature was 190C, and thereby yielded terephthalic acid in 97 %yield
at 100% conversi on of p-xylene. [0246]g COWARATI VE EXAMPLE 1 The procedure
of Exanple 1 was repeated, except that 3.07 g of N hydroxyphthalimde (20%
by nole relative to p-xylene) was used instead of

N- acet oxy- 1, 8- napht hal enedi car boxi m de, and thereby yielded terephthalic
acid in 59%yield at 93% conversion of p-xylene. [0247] EXAMPLE 4 In a
500-m ti i ogl uipped with a stirrer, 15.36 g of p-toluic

aci d, lolérll. QSH%};%%&%@WE@?& 0.288 g of

N-acet oxy- 1, 8- napht/palsgnedi car boxi m de (1% by nole relative to p-toluic
acid) , 0. 112 g of cobalt ( I I ) acetate 4 H20 and O . 277 g of
manganese(l ) Tpeetahgd FROmURr syPRacegt sfherFngkde, pf g8SuRe YRg kACreased
using 2 MPa of oxygen gas and 2" MPa of nitrogen gas. The tenperature of the
resul tingdrand HF £ JMaR° alnRVAt e o )aRogkkhbatdt @ndneagsaNekdnatcaiaQan Wi t h
stirring for 1 hour. After the conplefion of the reaction, the autoclave
was pl aced ofio £ @adbeat-&JaridnCoohd daWl udiecyeaebt opant xtafEl aplitdde, The
resulting solution was anal yzed by hi gh performance |iquid chromatography
and was ftgundpkatynel dcenepehitane; agcdohaxBde) yiyeldhatkkeB8% conversion of
p-toluic acid. - 131 [0248] EXAMPLE 5 The procedure of Exanple 4 was

r epeat edcyexoeptahkat cacleacticoant el attee wascyf0Ce aatbdheriatys yi el ded
terephthalic acid in 94 %yield at 96% conversion of p-toluic acid. [0249]
COVPARATI(¥EgEXANRLEcZ1 Xhaeprongduard oty Exeabkend masgs epeadtechawixaept that
0.184 g of N-hydroxyphthalimde ( 1% by nole relative to p-toluic acid) was
used i nstfead afout dced avypul, 30 napikelkal. eneldé samrioxisnnde heaardat Heysgdry yi el ded
terephthalic acid in 45%yield at 50% conversion of p-toluic acid. [0250]
EXAMPLE o6né&hesupsotedane, odndExanptles vl ndasy r(epeahedrorzcépt rihqtod.anl6 g of

N, N - di acet oxy- 1, 8~4, 5- napht hal enet etracarboxdiim de (0.5% by nole relative
to p-tol aromatid) riag)usey besteadeoked to each of these rings.

N- acet oxy- 1, 8- napht hal enedi car boxi m de, and thereby yiel ded terephthalic
acid in 88%yield @193% conversi on of p-toluic acid.

The electron attractive groups Y include, but are not
limited to, methoxycarbonyl, ethoxycarbonyl, and other
alkoxycarbonyl groups; phenoxycarbonyl, and other
aryloxycarbonyl groups; formyl, acetyl, propionyl, benzoyl,
and other acyl groups; cyano group; carboxyl group; carbamoyl,
N,N-dimethylcarbamoyl, and other substituted or unsubstituted
carbamoyl groups; -CH=N-R, where R is, for example, an alkyl
group; phenyl, naphthyl, and other aryl groups; vinyl,
l-propenyl, ethynyl, and other l-alkenyl groups or l-alkynyl
groups.

[0148]
The rings formed by Y and at least one of R°, RY, and R®

with the adjacent carbon atom or carbon-carbon bond include,



[ 0251] EXAMPLE 7 The procedure of Exanple 6 was repeated, except that a
reaction tenperature was 190C, and thereby yiel ded - 132 terephthalic-
acid in 90%yield at 92%onversion efy p-toluic acid. [0252] EXAMPLE 8 In a
1L titanium autocl ave equipped with a stirrer, a cooling tube, a mass fl ow
and a pressure controller, 80 . 00 g of (3-picoline, 311.3 g of acetic
acid, 6.58 g of N-acetoxy-1, 8-napht hal enedi carboxi mde (3% by nole rel ative
to ~3-picoline) , 1.070 g of cobalt (Il) acetate '4 H20 and 1. 053 g of

| 4 H2 I d. ..Th ti ' .
Control PG PEOTREL (bRbbaTur e RO LHE it B K0 Hgtdane [0, 08
MPa (ga¥g§a8r§§ﬁ§gfégg Fggggh%hgm&gk air into the autoclave and the

reacti on was per our 5. Fhe resulting product in the reaction

m xt ure was €f51 a i nicotinic
acid in 66%yle %ég%cgéﬁgégﬁggégggﬁg%%% -SgggYﬁﬁgﬁhﬁ%gggi%éﬁgﬁkﬁt 9 The

pr ocedu o) T, t ene was
used ingﬁgéﬁbo p-fiﬁéﬁé, éﬁﬁgﬁﬁéggﬁvgéﬁgﬁggd@?%%p %%gg?gxgﬁﬁgyln 95% vyi el d
at 100 Ypganyersion of mxylene. [0254] EXAMPLE 10 The procedure of Exanple
9 was repeated, except that a reaction tenperature was 190C, and thereby

yi el ded isophthal ifg1497 133 acid in 97%yield at 100% conversion of

m xyl ene.

[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).

[0150]

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
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 1,3-dihydroxy compound
represented by Formula (4).

In the compound represented by Formula (4) formed as a
result of the reaction, when Y is a carboxyl group or an ester

group such as alkoxycarbonyl group or aryl oxycarbonyl group,
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] ca] ca] Céllg%f@:]ﬁ@]tqd%] §§L§Ql:ghad&@pm@1c?gn Fe) s@lvent, 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
example, fromabout 0°C to about 150°C, and preferably fromabout
30°C to about 100°C.
[0151]

2. Production of a-Hydroxy-y-butyrolactone Derivatives

By catalysis of the imide compound, the alcohol represented
by Formula (2) is allowed to react with (B4-1) oxygen and an

o, P-unsaturated carboxylic acid derivative represented by
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compounds.
[0153]

[a, B-Unsaturated Carboxylic Acid Derivatives]

The substituents R°, R and R® in Formula (5) are similar
to R®, R® and R® in Formula (3). Organic groups in R include
organic groups that do not adversely affect the reaction (e.qg.,
organic groups that are inert under reaction conditions
according to the process of the present invention) such as
hydrocarbon groups and heterocyclic groups. If the compound
represented by Formula (5) has a substituted oxycarbonyl group
in addition to -CO,Rf group indicated in Formula (5), the -CO.Rf
group is involved in a cyclization reaction, but the other
substitutedoxycarbonylgroupcanremainas intact intheproduct.
The other substituted oxycarbonyl group is therefore included
in the inert organic groups.

[0154]

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.

[0155]

The substituent Rf is often a hydrogen atomor a hydrocarbon
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/R’ /R -
10%& () - Z?o&;?/%n@ islporeferably a C1-Cg alkyl group (especially a C1-C4

alkyl group), a C;-Cs alkenyl group (especially a C,-C4 alkenyl
group), or a Cg—Cio aryl group.
[0156]

Typical examples of the a,Bf-unsaturated carboxylic acid
derivatives represented by Formula (5) are (meth)acrylic acid;
methyl (meth)acrylate, ethyl (meth)acrylate, isopropyl
(meth)acrylate, phenyl (meth)acrylate, andother (meth)acrylic
esters; crotonic acid; methyl crotonate, ethyl crotonate, and
other crotonic esters; 3-methyl-2-butenocic acid; methyl
3-methyl-2-butenocate, ethyl 3-methyl-2-butenocate, and other
3-methyl-2-butenoic esters; 2-pentenocic acid; methyl
2-pentenoate, ethyl 2-pentencate, and other 2-pentenoic
esters; 2-octenoic acid; methyl 2-octenoate, ethyl 2-octenoate,
and other 2-octenoic esters; cinnamic acid; methyl cinnamate,
ethyl cinnamate, and other cinnamic esters;
4,4,4-crifluoro~2-butenoic acid; methyl
4,4,4-trifluoro-2-butencate, ethyl
4,4,4-trifluoro-2-butencate, and other
4,4,4-trifluoro-2-butencic esters; maleic acid; dimethyl
maleate, diethylmaleate, andothermaleicesters; fumaricacid;
dimethyl fumarate, diethyl fumarate, and other fumaric esters;
3-cyanoacrylic .acid; methyl 3-cyanocacrylate, ethyl
3-cyanocacrylate, and other 3-cyancacrylic esters, and other

o, B-unsaturated carboxylic acids each having from about 2 to
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[0157]
[Reaction]
The reaction of the alcohol represented by Formula (2)
with oxygen and the a, f-unsaturated carboxylic acid derivative
represented by Formula (5) can be performed pursuant to the
process described in the reaction between the compound (A) and
the compound (B).
[0158]
According to the process of the present invention, an
o,y-dihydroxycarboxylic acid derivative (a kind of the
compounds represented by Formula (4)) represented by following

Formula (7) is formed as a reaction intermediate:

(formula 11]

Ho, R°HQ  R°
(7)
R COzR?
R® Rl

wherein R?, R®, RS, RY, R®, and Rf have the same meanings as defined
above. This compound is supposed to be formed in the following
manner. A l-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in the system, attacks
and is added to the beta-position of the «,B-unsaturated

carboxylic acid derivative represented by Formula (5), and
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oxygenattacks aradical at the alpha-position formedas aresult
of the addition to yield the compound in question. The formed
o,y-dihydroxycarboxylicacidderivative representedby Formula
(7) undergoes cyclizationunder reactionconditions and thereby
yields the target a-hydroxy-y-butyrolactone derivative
represented by Formula (6).
[0159]
When a primary alcohol is used as the alcohol represented
by Formula (2) (i.e., when R® is a hydrogen atom), a
f-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
[RPC(=0)e] is formed in the system:

[formula 12]

(8)
b f
R CO2R

¢, RY, R®, and Rf have the same meanings as defined

wherein R®, R
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.

[0160]
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3. Production of Conjugated Unsaturated Compounds
By catalysis of the imide compound, an alcohol represented
by following Formula (2a):

[formula 13]

R\|/\0H (2a)

RJ’
wherein R* and RI are the same or different and are each a hydrogen
atom or an organic group, where R' and RI may be combined to
form a ring with the adjacent carbon atom, is allowed to react
withoxygenandanactiveolefinrepresentedby following Formula
(3a):

[formula 14]

d>'=< (3a)

whereinR?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 conjugated unsaturated compound represented
by following Formula (9):

[formula 15]
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R. A
Ty ?

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
compound) described in PCT International Publication No.
WO00/35835.

[0161]

Organic groups in R' and R? in Formula (2a) are the same
as the organic groups in R® and R°. Rings which are formed by
R* and RI with the adjacent carbon atom include similar rings
to those formed by R* and R® with the adjacent carbon atom.

[0162]

Preferred substituent R* includes, for example, hydrogen
atom, C;-C4 alkyl groups, and C¢-Ci4 aryl groups. Preferred R
includes, for example, hydrogen atom, C;-Cyp aliphatic
hydrocarbon groups (especially C;-C;p alkyl groups), and
alicyclic hydrocarbon groups (e.g., C3-Cis cycloalkyl groups
or cycloalkenyl 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 from about 5 to about 8 members) with the adjacent

carbon atom.
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[0163]

The alcohols represented by Formula (2a) include a wide
variety of primary alcohols. Typical examples of suchalcohols
are ethanol, l-propanol, l-butanol, 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,
3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic
primary alcohols; and 2-(2-~hydroxyethyl)pyridine, and other
heterocyclic alcohols.

[0164]

The compounds represented by Formula (3a) correspond to
compounds represented by Formula (3) where R° is a hydrogen
atom. Thesubstituentst,Re,adeinEbrmula(3a)aresimilar
to those in Formula (3).

[0165]

A reaction can be performed pursuant to the process for
producing the 1,3-dihydroxy compound. In this reaction, a
compound corresponding to Formula (4) (a compound of Formula
(4) where R* = RYRICH group and R® = R® = H) can be formed in
addition to the conjugated unsaturated compound represented

by Formula (9). When a compound represented by Formula (3a),
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where Y is a CO,R® group, 1is used as the compound of Formula
(3a), a compound corresponding to Formula (6) (a compound of
Formula (6) where R® = R*R’CH group and R® = R® = H) can be formed
in addition to the conjugated unsaturated compound represented
by Formula (9).

[0166]

For example, when n-propyl alcohol is allowed to react
with ethyl acrylate, ethyl 2,4-dihydroxyhexanocate
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.

[0167]

Theconjugatedunsaturatedcompound representedby Formula
(9) is supposedtobe formed inthe followingmanner. Initially,
a dihydroxy compound corresponding to Formula (4) [a compound
of Formula (4) where R* = R*R3CH group, and R® = R® = H] is formed,
two molecules of water are then eliminated from this compound
and thereby yields the compound in question. Reactionproducts
can be separated and purified in the same separation means as
above.

[0168]
4. Production of P-Hydroxyacetal Compounds
By catalysis of the imide compound, an acetal represented

by following Formula (10):
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[formula 16]

m

R"—CH (10)
\O_Rn

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):

[formula 17]

(11)

wherein RS, R%, R®, R¥, R®, R%, and Y 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.
[0169]

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
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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.

[0170]

Preferred substituent R* includes, for example, hydrogen
atom; C;-Cy¢ aliphatic hydrocarbon groups (especially, C;i-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-Ciy
aryl groups. PreferredR"andR"include, for example, hydrogen
atom; C;-C¢ aliphatic hydrocarbon groups (particularly, C;-Cy
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
(Al-3). Typicalexamplesofsuchacetalsincludel,3-dioxolane,
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.

(0171]

The active olefin represented by Formula (3) is the same
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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.

[0172]

Inthisreaction, the-hydroxyacetal compound represented
by Formula (11) is supposed to be formed in the following manner.
Initially, al,l-di-substituted oxyalkyl radial corresponding
totheacetal 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.

[0173]

5. Production of Hydroxy Compounds

By catalysis of the imide compound, a compound having a
methine carbon atom and represented by following Formula (12):
[formula 18]

RO
R"—<::H (12)
R4
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



10t  109% 0& ()-L10% 0& ()- 10M 10M 10M ! 109%VE& ()- O,!109%& ()-Y

1090v& ()-jfuj @ 10t:10% & ()- 10'0 10'0 10'0 10% o0& ()-4 + 10% & () - 4l
109% 0& ()-m & 10%& ()-m def gnvk A§410t 910% o& ()- 10: 10: 10:/ 10% & ()-
0/ 100& ()-8& 10% & () - %&! 10% P& () - %ICY @ A6 10t % 10% 0& ()- +% 10%& () -
10% 0& ()-  109%s7& ()-

other to form a ring with the adjacent carbon atom, is allowed
toreact withoxygenandtheactiveolefinrepresentedby Formula
(3) and thereby yields at least one of hydroxy compounds
represented by following Formula (13) and (14):

[formula 19]

RP R° HO R® RP R° HO R®

(13) (14)

wherein R, RY, R, R°, RP, RY and Y have the same meanings as
defined above. This reaction can be performed pursuant to a
process (aprocessusingacatalytic 5-membered N-hydroxycyclic
imide compound) described in PCT International Publication No.
W000/35835.

[0174]

The organic groups in R°, RP and RY in Formula (12) include
organic groups similar to those in R® and R°. Preferred organic
groups include, for example, C;-Cypaliphatichydrocarbon groups
(especially, C1-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-Cj4 aryl groups.

[0175]

The rings formed by R°, RP and R? (R° and RP, RP and RY,



10% 0& ()-1 + 10%& ()-19$L~]>6 10t3 10% & ()- +3

109 ()--1& 10%: & ()-)L10% & ()- 10' 0 10' 0 10' ol 710% 0& () - LMNOVZ" 26 10t
+- & 109 ()- 10% & ()-Z 0 10%& ()-2,410% & ()-tsL10% & ()- 10: 10:

10: RA5 A6 10M 109Vv& ()-) !'f 109& ()-) 109%V& ()- MLO%VE ()- 10: 10:

10:-& 10% & ()- 567>0kJ" A6 10M "F 109%5& () -

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
mempbers (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.
[0176]

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.

[0177]

The compounds represented by Formula (12) having a methine
carbon atom include, for example, compounds exemplified as the
compounds (A3) each having a methine carbon atom, such as the
bridged cyclic compounds (A3-la), the non-aromatic cyclic
compounds(AB—lb)eachhavhmgahydrocarbongroupcombinedwith

a ring, and the chain compounds (A3-2) each having a methine
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carbon atom.
[0178]

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.

[0179]

In this reaction, the hydroxy compound represented by
Formula (13) or the hydroxy compound represented by Formula
(14) is supposed tobe formed in the followingmanner. A radical
is formed at the methine carbon position of the compound
represented by Formula (12), attacks and is added to a carbon
atom at the alpha-position or a carbon 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.

[0180]

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,

R, and R® is a hydrogen atom or a C;~Cq alkyl group, Y is an

"a?6
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alkoxycarbonyl group (e.g., a C;-C4 alkoxy-carbonyl group), an
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.
[0181]
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):

[formula 20]

> (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):

[formula 21}
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(15)

wherein R%, RY, R°, RP, Rqg and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide
compound) described in PCT International Publication No.
WO00/35835.

[0182]

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). 1In
this case, the carbonyl compound represented by Formula (15)
is formed insteadof, or inadditionto, a compound corresponding
to Formula (13) (R® = H) and/or a compound corresponding to
Formula (14) (R°®=H). Theproportionofthe formedtwo compounds
can be controlled by appropriately selecting reaction
conditions suchasreactiontemperature, amount of thecatalyst,
and the type of the co-catalyst (metallic compound).

[0183]

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.

[0184]
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Of the carbonyl compounds represented by Formula (15) thus
prepared, preferred compounds are compounds where R°, RP, and
R? are combined to form a bridged cyclic carbon ring (e.qg.,
adamantane ring) with the adjacent carbon atom, each of R® and
Risa hydrogenatomoraC;~-Csalkyl group, Yisanalkoxycarbonyl
group (e.g., a C;—-C4 alkoxy-carbonyl group), an aryloxycarbonyl
group, an acyl group (e.g., a C;-C4 acyl group, or a benzoyl
group) or a carboxyl group. Such compounds are useful as, for
example, materials forpharmaceuticals, agricultural chemicals
andother finechemicals, andmaterials for functional polymers.

[0185]

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):

{formula 221

::>===¥<: (3¢c)

wherein R® is a hydrogen atom or an organic group; and Y is
an electron attractive group, and thereby yields a compound
havinganelectronattractive group and representedby following

Formula (16):
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[formula 23]

. H (16)
R

R® ¥
wherein R®, R%, RP, R? and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide
compound) described in PCT International Publication No.
WO00/35835.
[0186]

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°=R%=H), a compound corresponding to Formula
(14) (R® =R¥*=H) or a compound corresponding to Formula (15)
(only in the case where R°=R*=H, and R®* =H). The proportions
of the individual formed compounds can be controlled by
appropriately selecting reaction conditions such as reaction
temperature, amount of the catalyst, and the type of the
co-catalyst (metallic compound) .

[0187]

The compound represented by Formula (16) is supposed to
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be formed in the following manner. The methylol group of a
compound corresponding to Formula (14) (R°®=R%=H) is further
oxidizedinthesystemtoyieldacarboxyl group, and the carboxyl
group undergoes decarboxylation to yield the compound in
guestion.

[0188]

Of the carbonyl compounds represented by Formula (16) thus
prepared, preferred compounds include compounds where R°, RP,
and RY are combined to form a bridged cyclic carbon ring (e.q.,
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;-Cgalkoxy—-carbonyl group), anaryloxycarbonyl group,
an acyl group (e.g., a C;-C4 acyl group or a benzoyl group) or
a carboxyl group. Such compounds are useful as, for example,
materials for pharmaceuticals, agricultural chemicals, and
other fine chemicals, and materials for functional polymers.

[0189]

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):

[formula 24]
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l-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in a system, attacks the
methine carbon atom of the compound represented by Formula (12)
and thereby yields the alcohol in question.
[0193]

9. Production of Coupling Products

By catalysis of the imide compound and where necessary
in the presence of oxygen, a compound having a methine carbon
atom and represented by following Formula (12a):

[formula 25]
|
CH (12a)

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):

[formula 26]

R02

p&é

H (12b)
I 2
Rq

R

wherein R%?, RP? and R® are the same or different and are each

an organic group, where R, RP? and R¥ may be combined with
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each other to form a ring with the adjacent carbon atom, and

thereby yields a coupling product (a hydrocarbon) represented

by following Formula (18):

[formula 27]

(18)

= —-O-—FU

a2

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.

[0194]

In Formulae (l2a) 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°*, R, and R* (R® and R®!, R®* and R¥, R* and R%,

or R°" and R and R™) with the adjacent carbon atom, and the

rings formed by R°?, RP?>, and R%” (R°® and RP?, RP® and R¥, R*

and R%,

or R°? and RP? and R%¥) with the adjacent carbon atom

include rings similar to those formed by R°, RP, and R* with

the adjacent carbon atom.

[0195]

The compounds represented by Formulae (12a) and (12b) each



10 10% & ()- 910% & ()-101010 5109 ()-f3 109%& ()- +f3

10944H& ()-hhQ il *1+l,1-1awWvce 1010: 10: 10: 510% & ()-3 10% & ()-M!3

109& ()-M 10% & ()- Of 10%&'()--L4h§gqpqqqqq~sh] >6 10L10% o0& ()- 10t 10t
10t + 10% & ()- O+ 10%"& ()--! 10%E& ()- "y:10% & ()-gss[uvvvv/wk ?6 10 "
109 ()-:1 10'0 10' 0 10' o+ 10% 0& ()-3'!110% 0& ()- +3'!109%& ()-

10% o0& ()-"/wy||||||}bA6 10 +9Y 10%u& ()-  9f 109& ()- L109%& ()- 10: 10:
10:! 10% & ()- 10% & ()-:}~(B UJ?6

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 (12a) and the compound represented by
Formula (12b) maybe identical to, ordifferent from, eachother.

[0196]

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.

[0197]

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 (l2a), attacks the methine carbon atom
of the compound represented by Formula (12b) and thereby yields
the coupling product in question.

[0198]

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):

{formula 28]
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RICHO (19)
wherein R? is a hydrogen atom or an organic group, is allowed
to react with an olefin represented by following Formula (20):

[formula 29]

wherein R°, R, R® and R" are the same or different and are each
a hydrogen atom or an organic group, where R°, R% R® and R"
may be combined with each other to form a ring with the adjacent
carbon atomor carbon-carbonbond, and thereby yields a carbonyl
compound represented by following Formula (21):

[formula 30]

(21)

wherein R%, RY, R®, R" and RY have the same meanings as defined
above.
[0199]

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.

[0200]
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in R%, R? and R®. As the olefin represented by Formula (20),
the compounds exemplified as the inert clefins (B1-6) and active
unsaturated compounds (Bl-1) can be used.
[0201]
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.
[0202]
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.
[0203]
11. Production of B-Acyloxycarboxylic Acids or
B-Acyloxyketones
By catalysis of the imide compound and in the presence
of oxygen, the alcohol represented by Formula (2) is allowed

to react with an a, f-unsaturated carbonyl compound represented

by following Formula (22):
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[formula 31]

(22)

whereichandearethesameordifferentandareeachakwdrogen
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 Rdxnay be combined to form a
ring with the adjacent carbon atom, and thereby yields a

B-acyloxycarboxylic acid or B-acyloxyketone represented by

following Formula (23):
[formula 32]
M
RT 0
(23)
a
R Rb Z

whereinZ is a hydroxyl group when R®'in Formula (22) isahydrogen
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
described in

5-membered N-hydroxy cyclic imide compound)

Japanese Patent Application No. 2000-648.
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(0204]

The organic groups, hydrocarbon groups, heterocyclic
groups,andtheringsformedbyRcandewiththeadjacentcarbon
atom include similar groups as mentioned above.

[0205]

According to this reaction, for example, 2-propanol is
allowed to react with methyl vinyl ketone and thereby yields
3-acetoxy-3-methylbutanoic acid. Likewise, 2-propanol is
allowed to react with acrolein and thereby yields
3-formyloxy-3-methylbutanoic acid.

[0206]

The reactioncanbeperformed inaccordancewith 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.

[0207]

In this reaction, the target B-acyloxycarboxylic acid or
B-acyloxyketone represented by Formula (23) is supposed to be
formed in the following manner. A l-hydroxyalkyl radical
corresponding tothealcohol representedbyFormula (2) is formed
inthe reaction system, attacks andis addedtothe 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
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[formula 33]

H RrR°loH

R® 1y
R 4 0

R° R

wherein R?, R®, R®, 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 a,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 «,p-unsaturated
carbonyl compound represented by Formula (22), where R®! is a
hydrocarbon group or heterocyclic group, isusedas the starting
compound, a corresponding PB-acyloxyketone is formed.
[0208]

12. Production of Polyacrylamide Polymers

In the presence of the imide compound and the compound
() capable of forming a radial, an a,B-unsaturated carboxylic
acid amide is polymerized under mild conditions and thereby
yields a corresponding polyacrylamide polymer [refer to

Japanese Patent Application No. 2000-345822 (a process using
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a catalytic 5-membered N-hydroxy cyclic imide compound)].

Typical examples of the a,P-unsaturated carboxylic acid
amide are (meth)acrylamide, N-methyl (meth)acrylamide,
N,N-dimethyl (meth)acrylamide, N-isopropyl (meth)acrylamide,
N-phenyl (meth)acrylamide, and crotonamide.

A reaction temperature can appropriately be selected
depending on the type of the raw material and other factors
and is, for example, from about 0°C to about 150°C and preferably

from about 10°C to about 100°C. By controlling the reaction

temperature, the molecular weight of the resulting polymer can

be controlled. The reaction product can be separated and

purified by, for example, precipitation or reprecipitation.
(0209]

13. Production of Organic Compounds Having
Oxygen-atom-containing Group

Bycatalysis of the imide compound, the compound (A) capable
of forming a radical is allowed to react with the
oxygen-atom-containing reactant (B4) and thereby yields an
organic compound having an oxygen-atom-containing group.

[0210]

This reaction is performed in the presence of, or in the
absence of, a solvent. 8Such solvents include the
aforementioned solvents. The amount of the catalytic imide
compound is, for example, from about 0.0000001 to about 1 mole,

preferably fromabout 0.000001 toabout 0.5mole, morepreferably
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10% & (rriom about 0.00001 to about 0.4 mole, and often from about 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 such as themetalliccompound (e.g., vanadiumcompound,
molybdenum compound, manganese compound or cobalt compound)
is used in combination.

[0211]

When the oxygen-atom-containing reactant (B4) is in the
formof agas, itmaybedilutedwithan inert gas suchasnitrogen
gasor argongas. Eachof theoxygen-atom-containing reactants
(B4) can be used alone or in combination. By using two or more
types of the oxygen-atom-containing reactants (B4) in
combination, two or more types of different functional groups
can be introduced into the molecule. Such functional groups
include, for example, hydroxyl group, oxo group, carboxyl group,
nitro group and sulfonic acid group. In the combination use,
two types ormore of thee oxygen-atom-containing reactants (B4)
can be used concurrently or sequentially.

[0212]

The amount of the oxygen-atom-containing reactant (B4)
depends on the type thereof and can appropriately be selected
inviewof reactivityandoperability. Forexample, whenoxygen
(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
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toabout 50moles, relative tolmole of the compound (A). Oxygen
is often used in excess to the compound (a).

[0213]

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.

[0214]

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 0.0001moleandlessthanlmole), preferably
from about 0.001 to about 0.8 mole, and more preferably from
about 0.005 to about 0.25mole, relative to 1 mole of the compound

(A), the conversion from the nitrogen oxide and the selectivity
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[0215]

By usingnitrogendioxide (NOz) incombinationwith 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.

[0216]

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.

[0217]

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.

[0218]

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.

[0219]

After the completion of the reaction, reaction products
can be separated and purified by a technique such as filtration,
concentration, distillation, extraction, crystallization,
recrystallization, adsorption, column chromatography andother

separationmeans, or any combination of these separationmeans.
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[0220]

This process can produce a reaction product corresponding
to the oxygen-atom-containing reactant in a high yield under
mild conditions.

[0221]

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 hetercatom-containing
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heteroatom is used as the compound (A), a carbon
atom at the adjacent position to the hetercatom 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
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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
cyclic imide compound)].

[0222]

When the compound (A2) having a carbon-heterocatom double
bond is used as the compound (A), an oxidation product
corresponding to the type of the heteroatom can be obtained.
For example, by oxidizing a ketone, a carboxylic acid or another
product 1s 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 heteroatom, such as a secondary alcohol (e.g.,
benzhydrol), is used as a co-reactant (co-oxidizing agent),
aBaeyer-Villiger type reactionproceeds undermildconditions.
As a result, a cyclic ketone yields a corresponding lactone,
and a chain ketone yields a corresponding ester in high yields
[refer to PCT International Publication No. WO99/50204 (cases
where catalytic 5-membered N-hydroxy cyclic imide compounds
are used)]. In addition, an aldehyde yields a corresponding
carboxylic acid.

[0223]

By using the compound (A3) having a methine carbon atom
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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-adamantanetriol, can be produced
with high selectivity. The chain compound (A3-2) having a
methine carbon atom, such as isobutane, can yield a tertiary
alcohol such as t-butanol in a high yield [refer to Japanese
Unexamined Patent Application Publication No. 10-~310543 (a
process using a catalytic 5-membered N-hydroxy cyclic imide
compound) ] .
[0224]

By using the compound (A4) having a carbon-hydrogen bond
at the adjacent position to an unsaturated bond as the compound
(A), theadjacentpositiontotheunsaturatedbondisefficiently
oxidizedandtherebyyields, forexample, analcohol, carboxylic
acid or ketone. For example, a compound having a methyl group
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
5-membered N-hydroxy cyclic imide combounds)]. Likewise, a
compound having a methylene group or methine group at the

adjacent position to an unsaturated bond yields a secondary
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or tertiary alcohol, ketone or carboxylic acid, depending on
reaction conditions.
[0225]

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
thereof. Suchlower-orderoxidizedgroupsinclude, 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-methylquinoline, respectively in high yields. In addition,

nicotinic acid is obtained from B-picoline.
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[0226]

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(Il) acetate or cobalt(IIl) nitrate, 1is 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
specifically, valencene yields nootkatone in a high yield.

[0227]

By using the non-aromatic cyclic hydrocarbon (A5) as the
compound (A), an alcohol, hydroperoxide or ketone having a
hydroxyl group, hydroperoxy group or oxo group introduced into
a carbon atom constituting a ring is obtained. Under some
reaction conditions, the ring is oxidatively cleaved and yields
a corresponding dicarboxylic acid. For example, by
appropriately selecting the conditions, cyclohexane can yield
cyclohexyl alcohol, cyclohexyl peroxide, cyclohexanone or
adipic acid with high selectivity. Likewise, a cycloalkane
such as cyclohexane yields a bis(l-hydroxycycloalkyl) peroxide
such as bis (l-hydroxycyclohexyl) peroxide [refer to Japanese
Patent ApplicationNo. 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
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inahighyield [refer to Japanese Unexamined Patent Application
Publication No. 10-309469 (a process using a catalytic
5-membered N-hydroxy cyclic imide compound)].
[0228]

When the conjugated compound (A6) is used as the compound
(A), avariety of compounds is formed depending on the structure
of the conjugated compound. For example, a conjugated diene
yields an alkenediol or other products as a result of oxidation.
Specifically, butadieneyields, forexample, 2-butene-1,4~diol
and/or l-butene-3,4-diol as a result of oxidation. When an
o, B-unsaturated nitrile or a,B-unsaturated carboxylic acid or
a derivative thereof is oxidized, the «,B-unsaturated bonding
position is selectively oxidized and is converted into a single
bond, and the beta-position is converted into a formyl group,
an acetal group (when the reaction is performed in the presence
of an alcohol) or an acyloxy group (when the reaction is
performed in the presence of a carboxylic acid) in the resulting
compound. More specifically, by oxidizing acrylonitrile and
methyl acrylate in the presence of methanol,
3,3~-dimethoxypropionitrile and methyl
3,3-dimethoxypropionate are respectively formed.

[0229]

When the amine (A7) is used as the compound (A), a

corresponding Schiff baseor oxime is formed. Whenthearomatic

compound (A8) is used as the compound (A) in the co-existence
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of, for example, the compound (A4) having a carbon-hydrogen
bond at the adjacent position to an unsaturated bond (e.g.,
fluorene) as the co-reactant (co-oxidizing agent), a
corresponding quinone is formed in a good yield [refer to
Japanese Unexamined Patent Application Publications No.
11-226416 and No. 11-228484 (processes using catalytic
S5-membered N-hydroxy cyclic imide compounds)]. The
straight-chain alkane (A9) yields, for example, an alcohol,
ketone or carboxylic acid.

[0230]

By using the olefin (Al10) as the compound (A), a
corresponding epoxy compound can be obtained [refer to Japanese
Unexamined Patent Application Publication No. 11-49764 and PCT
International Publication No. W099/50204 (processes using
catalytic 5-membered N-hydroxy cyclic imide compounds)].
Specifically, when the heteroatom-containing compound (Al)
having a carbon-hydrogen bond at the adjacent position to the
heteroatom, such as a secondary alcohol, or the compound (A4)
having a carbon-hydrogen bond at the adjacent position to an
unsaturatedbond is usedas the co-reactant {(co-oxidizingagent),
an epoxidation reaction proceeds under mild conditions and
thereby yields the corresponding epoxide in a good yield.

[0231]
By allowing at least one compound selected from

cycloalkanes, cycloalkanols and cycloalkanones to react with
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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
S-membered N-hydroxy cyclic imide compound)]. More
specifically, by allowing at least one compound selected from
cyclohexane, cyclohexanol and cyclohexanone to react with
ammoniaandoxygeninthepresenceof thecatalyst, e-caprolactam
is obtained.

[0232]

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
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), 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.
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[0233]

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 an unsaturatedbond is used, a carbon
atom relating to the carbon-hydrogen bond is nitrated. The
non-aromatic cyclic hydrocarbon (A5), such as cyclohexane,
yields a corresponding cyclic nitro compound having a nitro
group combined with a carbon atom constituting a ring. Even
the straight-chain alkane (A9), such as hexane, can yield a
corresponding nitroalkane. When nitrogen dioxide is used as
the oxygen-atom-containing reactant, the nitration reaction
can efficiently proceed by using the substrate in excess to
nitrogen dioxide [refer to Japanese Unexamined Patent
Application Publication No. 11-136339 (a process using a
catalytic 5-membered N-hydroxy cyclic imide compound)].

[0234]
When a compound having a methyl group at the adjacent

position to an aromatic ring (at the "benzyl position"), such
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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 therebyyields acorrespondingaromaticaldehyde (e.qg.,
benzaldehyde), or a nitro group is introduced into the aromatic
ring in the resulting compound. The use of a compound having
a methylene group at the adjacent position to an aromatic ring
{e.g., ethylbenzene) as the substrate yields a nitro compound
(e.g., a-nitrobenzene), inwhichthemethylenegroupisnitrated,
and under some reaction conditions, yields an oxime compound
(e.g., acetophenone oxime) where the methylene group is
converted into an oxime.

(0235]

By using nitrogen monoxide as the oxygen-atom-containing
reactant, anethercanyieldacorresponding aldehyde as a result
of cleavage of the ether bond [Japanese Unexamined Patent
Application Publications No. 11-315036 and No. 11-254977
(processes using catalytic 5-membered N-hydroxy cyclic imide
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.
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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.

[0237]

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
(A3) having a methine carbon atom is used as the substrate,
the methine carbon atom is nitrated. When the non-aromatic
cyclic hydrocarbon (A5) is used as the substrate, a nitro group
is introduced into a carbon atom constituting a ring. 1In this

case, acycloalkane, suchascyclohexane, yields a corresponding
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is nitrated. Likewise, the straight-chain alkane (A9), such
as hexane, yields a corresponding nitroalkane.

[0238]

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 compound.

[0239]

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
bond is used, a sulfur acid group (e.g., a sulfonic acid group
orsulfinicacidgroup) isintroduced intoa carbonatomrelating

to the carbon-hydrogen bond. The non-aromatic cyclic
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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. For example, the salt canbe obtained
by reacting the organic sulfur acid with an alkali metal
hydroxide, alkali metal carbonate, alkali metal
hydrogencarbonate, alkaline earth metal hydroxide, alkaline
earth metal carbonate, amine, thiourea, or isothiourea in an
appropriate solvent such as water.
[0240]

[Effect of the Invention]

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.

[0241]
The catalyst of the present invention is highly stable

and can maintain its catalytic activity for a long time. The
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catalyst exhibits highcatalyticactivityeven ina small amount
in a radical reaction and is highly stable in a reaction at
high temperatures.
[0242]
[Examples]

Thepresent inventionwillbeillustrated 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.

[(0243]

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-1,8-naphthalenedicarboximide (2 %
by mole relative to p-xylene), 0.112 g of cobalt (II) acetate
*4 HO0 and 0.277 g of manganese(II) acetate-4 H,O were placed.
The autoclave was charged with 3 MPa of oxygen gas and 2 MPa
of nitrogen gas and placed in a heated oil bath. The mixture
was stirred at 150°C for 4 hours. After the completion of the
reaction, the autoclave was placed on cold water to cool down
the reaction mixture quickly. The resulting mixture was
analyzedbyhighperformance liquid chromatography andwas found
to yield terephthalic acid in 89% yield at 100% conversion of
p-xylene.

[0244]
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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 (0.5%
by mole relative to p-xylene), 0.112 g of cobalt(II) acetate
*4 H,O and 0.277 g of manganese (II) acetate-4 H;0 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 was placed on cold water to cool down
the reaction mixture quickly. 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 operation
of fromtheadditionof N~acetoxy-1,8~-naphthalenedicarboximide
to cooling down was repeated twice. The resulting mixture was
analyzedbyhighperformanceliquidchromatographyandwasfound
to yield terephthalic acid in 94% yield at 100% conversion of
p-xylene.

[0245]

EXAMPLE 3
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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.

[0246]

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.

[0247]

EXAMPLE 4

In a 500-ml titanium autoclave equipped with a stirrer,
15.36 g of p-toluic acid, 104.0 g of acetic acid, 0.288 g of
N-acetoxy-1,8-naphthalenedicarboximide (1% by mole relative
top-toluicacid), 0.112 g of cobalt (II) acetate* 4 H,0Oand 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
was placedoncoldwatertocool downthe reactionmixture quickly.
The resulting solution was analyzed by high performance liquid
chromatography and was found to yield terephthalic acid in 83%

yield at 88% conversion of p-toluic acid.
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[0248]
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.
[0249]
COMPARATIVE EXAMPLE 2
The procedure of Example 5 was repeated, except that 0.184
g of 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.
[0250]
EXAMPLE 6
The procedure of Example 4 was repeated, except that 0.216
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.
[0251]
EXAMPLE 7

The procedure of Example 6 was repeated, except that a

reaction temperature was 190°C, and thereby yielded
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terephthalic acid in 90% yield at 92%conversion of p-toluic
acid.
[0252]
EXAMPLE 8
Inalltitaniumautoclaveequippedwithastirrer, acooling
tube, amass flowandapressurecontroller, 80.00gof p-picoline,
311.3 g of acetic acid, 6.58 g of
N-acetoxy-1, 8-naphthalenedicarboximide (3% by mole relative
to B-picoline), 1.070 g of cobalt(II) acetate -4 H,O and 1.053
g of manganese (II) acetate *4 H,O were placed. The reaction
mixture was controlled to the temperature at 140°C and the
pressure of 10 kgf/cm® [0.98 MPa (gauge pressure)] under flow
of air into the autoclave and the reaction was performed for
3 hours. The resulting product in the reaction mixture was
analyzed by gas chromatography and was found to yield nicotinic
acid in 66% yield at 73% conversion of PB-picoline.
[0253]
EXAMPLE 9
The procedure of Example 2 was repeated, except that 12.00
g of m-xylene was used instead of p-xylene, and thereby yielded
isophthalic acid in 95% yield at 100% conversion of m-xylene.
[0254]
EXAMPLE 10

The procedure of Example 9 was repeated, except that a

reaction temperature was 190°C, and thereby yielded isophthalic
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acid in 97% yield at 100% conversion of m-xylene.
[0255]

EXAMPLE 11

A mixture of 1.00 g of fluorene, 0.154 g of
N-acetoxy-1, 8-naphthalenedicarboximide (10% by mole relative
to fluorene) , 9.0gof aceticacid, 0.008 gof cobalt (II) acetate
*4 Hy0 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.

[0256]

EXAMPLE 12

A mixture of 1.00 g of cyclohexane, 0.152 g of
N-acetoxy-1,8-naphthalenedicarboximide (5% by mole relative
to cyclohexane), 0.015 g of cobalt (II) acetate-4 H20 and 0.015
g of manganese(II) acetate'4 H,O 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 was found to yield cyclohexanon, adipic acid
and glutaric acid in 1%, 6% and 1% yields, respectively, at

12% conversion of cyclohexane.



