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

CYCLTC TM DE COVPOUND AND PROCESS FOR PRODUCI NG ORGANI C CCNPCUND% i§hweémmﬁ
CATALYST Technical Field The present invention relates to a catal'yst 'th

is useful for oxidation, nitration, carboxylation, reaction for the
formati on of a carbon-carbon bond,- and-other reactions and to a process for
produci ng an organi ¢ conpound using the catal yst. Background Art An

oxi dation reaction is one of the nost basic reactions in the field of
organi ¢ chem cal industry, and various oxi dation processes have been

devel oped. Fromthe viewpoints of resources and environnental issues, a

catal ytic oxidation process, inDM§$ﬁbpfﬁéﬁCU|ar oxygen or air is directly
used as an oxidizing agent, is preferred. However, the catal ytic oxidation
process generally requires high tenperatures and/or high pressures for
activation of oxygen or, alternatively, nust . be perforned in the

cO-exi SEaRaeyah BoUBRYSTRG AO80BseYeNTAS encaidehydpEtcopPOURBdAThe _
reaction under WIP conditions. Accordingly, such a conventional catalytic

oxi dat i o oPEAGC TP 2NRIUCEA o e celdoupoTmsy BT CRTATIOIET o
carboxyl'ic acid under mld conditions. 17 DEC 2004 - 2 Lower hydrocarbons
such as nethane and ethane are nitrated using nitric acid or nitrogen

di oxi de at high tenperatures of from 250C to 300C. However, when a

hydroca@%$%ﬁ¥@gﬂuyfgﬂ&nge nunmber of carbon atoms is nitrated under the |
above condition, the substrate is deconposed; and a target vitro conpound |

cannot be obtgNsHesdne iMivamniicd delToeNitior atoa thydrsachboriss uaeffisihod using
m xed acid (a mxture of nitric acid and sulfuric acid) is wdely enpl oyed. 1

However ¢ d.Ni s ihash , ek 4 o Ar@erisomntsi of, aredetonon ated thea hi gh
concentration. Additionally, few processes are known for efficiently and

di rect ! yrd 0046 1930 aC3E PR L c gF B0 Dm0 ahyide boar boresc uieles anid §o
conditions. A variety of processes are known for produci ng organic

a process for producing an organic compound using the catalyst.

Background Art

An oxidation reaction is one of the most basic reactiong
inthefieldoforganicchemicalindustry,andvariousoxidation
processes have been developed. From the viewpoints of
resources and environmental issues, a catalytic oxidation |
process, in which molecular oxygen or air is directly used as
an oxidizing agent, is preferred. However, the catalytic
oxidation process generally'requireslnigh'temperatures and/or
highpressuresforactivationofoxygenor,alternatively,must.
be performed in the co-existence of a reducing agent such as
an aldehyde to proceed the reaction under mild conditions.
Accordingly, such a conventional catalytic oxidation process

cannoteasilyandefficientlyproduceanalcoholcn:acarboxylic

acid under mild conditions.



sul fur acids or salts thereof. For exanple, processes for producing a

sul fonic acid include a process of oxidizing a thiol or disulfidé?WDE@ 2004
oxi di zing agent, a process of allow ng an aronatic .hydrocarbon to react
wi t h anhydrous S03-pyridi ne or chtpggsylfuric 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 anmounts of by-products. Additionally, no processes
for directly and efficiently sul fonating non-aromatic hydrocarbons have
been known. M@%§§é§0§ﬁébﬁﬁ§vﬁﬂ¢fha\‘ﬁmﬁi‘%‘adl%/aﬂﬁéf@%e gdfpoiincRtegde 17
DEC 2004 _ 3 _ added to unsaturated conpounds each having a carbon-carbon
doubl e WBhRY GFl tHet @ Psaib pFcORE BPBERF Rt sdshaah taBPebstyrepdlusef ul
organi ¢ conpounds. For exanple; when an active nethyl ene conpound such as a
mal oni c£dpeAY°Citso 3008Ged Haveedot WiknH BHAEPERFRORNA TR BA B2 %8 r on
attractive group, such as acrylonjtrile,. in the presence of, a base, a

car bon- BeRBBR DoFRLROT SLEE 48 YRR WS Rliel RBPAEI Sk ¢ on
reaction and thereby yieldsan addition product (M chael addition reaction.
Wien t wehe s tdia i Bt OSRRRIim asda gafgéﬁt@ot]f% CPH‘QOBPgS%%’éO%f an acid

or a base, one carbonyl .conpou is nuc|leophilically added to the,other to
form a BErIROHDR %S‘ﬁ@ha)ﬁﬁeﬂﬁer %H#E g }Qfg%?%%’?b%%%’d@rfg%p&d These

processes, however, ar eneral |l y rformed in the presence of an acid or
base aanéﬁﬂﬂﬁ%x%ﬁiﬁﬁﬁfi mﬂ§%85ﬁp§gHH§F%HEﬁfﬂétﬁﬁg guzgﬂngtﬁ%h?)that i's
For_exarpl 1181y GREYPwEChy | AGPBEBE: ahAFIBRb BN COPEas, 14k 5ey! group of
atertiary carbon atomto directly conmhine wth car.bgn atom constituting
an unsafliFyrsd BénédSGFQQQl%%%éd¥h@e@1 &m&ﬂﬂ%?é%r H'a met hi ne car bon

atom of a bridged,cyclic c ound. Addition reacti .0, r car bon
doubl e bond %&géE&8%8ghXe“g%FPﬁogngﬁﬁégﬁa%88 5h#é§?%?£23%%ﬁﬁﬁggﬁgactions
to forma carhon-carban bond are also k " re.a W

pr ocess & TERAL Yo iRt 5?8?8?8ﬁt?§r9?§¥g‘%ﬂ%ﬁ%?éﬁﬁg¥ﬁyg%?cég Oggoﬁﬁggg

substi t uti.on re%giLon roducts or derivativesthereof by action of, for
exanpl e ECRCAT 180 Fgen under nild conditions. Some processes are known

xanpl e, EurBpEah BEYoRE PHBLTEArF ok EPEA BT 088R6 Al Cur LRes R oa eess for
W Uh | S GO EeE S i EE 5 RO UNES S e At o el catan o
pant of aEEORE DR FOAR 1yt St ad Yoy P L aerd €5 Teact & th tobutyl
ot i i 17 BTG Ao TS (o7 Soee ) A Dds T Rearaps et “hyar ol yai ng

4- hydr oxy- 2}%{5\{%_:(:: gxyér%'ctarrjb%w Ph0zda PEN £ drthpd@ddks SOs-pyridine

2- hydr oxy- 4- pentenoic acid and cyclizing this conmpound in the

presence 0 i [ dpy id FeReqadhecChenikcataSorde wnaf Japan,
Spri ng &rn%giégégﬁﬂkgéégﬁgbﬂ ?3%‘@9 =5 5°0 1955 ) reports that Iight

I rradiat] %%é{esas 'E%t%h?tﬁé’ii%é?i‘y CONE R MiAY Ansdt A6LLOXHcad (Byunsat ur at ed
es -

carboxyf} er and propanol yilelds a correspondi ng

a- acet oxyoy, yodi ety Ly hutwielpctapsudart y e rddoveneadagadonaf t hese
pr ocesses éhﬁfoys a material that is not easily available or requires

speci al condi far the,Least i ikapanesembnexadt ned ddaiddnti ofspl i cat i on
PubIicatr'ﬁ})egésjéHf):?)%%-S %509 and No. 9-327626 each propose an oxi dation
CatalyStor inevitably produce large amounts of by-products.

Additionally, no processes for directly and efficiently

sulfonating non-aromatic hydrocarbons have been known.

Processes are known in which a variety of compounds are



conprising an imde conmpound having a specific structure or 17 DEC 2004 -
5 the imde conpound in conbination with, for exanple, a transitg ?rD T tﬂ]‘ﬂ'r
conpound as a catalyst for oxidizing an organic substrate with nol ecul ar
oxygen. Japanese Unexam ned Pat ent plication Publication No. 11-239730

di scl oses a process, in which a substrate is allowed to react with at |east
one reactant selected from (i) nitrogen oxides and (ii) m xtures of carbon
nonoxi de and oxygen in the presence of the im de conpound and thereby at

| east one functional group selected fromnitro group and carboxyl group is
introduced into the substrate. PCT International Publication No. WO0O0/ 35835
di scl oseddadptocessatiimankidc kompeuodisp eands havd ngl lrowed od 1C@gdo™wi t h each
other in the presence of a specific imde conmpound and a radical generator
wi t h r edpeblet bonHeoirmhes ecorpomnecaita iniade Ppmpiosing sa m gk dig b Yor
substitution reaction product or an oxidized product thereof in accordance
with a yadildaisefohani ganiFhegeopinidessEPUSKAFPFe "RC8e2BoAPBUARS can

i ntroduce an oxygen-atom containing group such as hydroxyl group, vitro
group omethyBerylcaprend sehasastalatie eteehATfist Al Ao¥araFcht8aFbon bond.
However, they are still insufficient in yields of the target conpounds,

st abi | i wytdf anpheledial pavingr 2ANBUARESLER BRELRGEAVGSTEOURY sENERUPR of

I nvention Accordingly, an object of the present invention is to Rrovide a
cat al ysecriyaondas iyise| #ndihe Pg&sies cCorhuRaASGr t4h CRTPOR7T PEECFHBANY 6  hi gh
selectivity in a high yield as a result of,, for exanple, an.,addition or
subst i t disi fArmedcas on r@sPdit Rl @ YRR Hh @AY 88k isrogdds for
produci ng an organi ¢ conpound using the catal yst. Another object,of the

pr esent thewehyi wields a8 gskdiRn %r%‘é‘tl%Fﬁytlcpﬁ‘ﬁﬁ FIR% 5866518R) -
oxygen-at om contai ni ng_group into an organic substrate under mld

condi t i denafde toDssoVf §8 tROBYCeIBPPIRIP AEGUTE TR T 18r ydhPESRERPGUNd usi ng

the catal yst . Yet another object of the present, i nvention.is rovi de
OJ.yan acid or a base, oné carbonyl co poung is nucrieopﬁllllc%?lg

added to the other to form a carbon-carbon bond and thereby
yields an aldol condensate.

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

Addition reactions to a-carbon-carbon double bond in
accordance with a radical mechanism or coupling reactions to
form a carbon-carbon bond are also known. However, there are

few processes that can efficiently yield addition or



a catalyst that is highly stable and can maintain its catalytic activity
for along tinme. A further object of the present inventionis to rOﬁ'ge &]
radi cal reaction catalyst that exhibits high catalytic activity ei&h k 4004
smal | amount’. Anot her object of the present invention is to provide a

radi cal reaction catalyst that is -ighly stable even at high tenperatures.
After intensive investigations to achieve the above objects, the present

i nventors have found that, when a conpound capable of formng a radical is
allowed to react with a radical scavenging conpound in the presence of an

i mde conpound having a specific structure, a corresponding addition or

substi t YtH9R 1 £ 8RE b L OdCHr 88udt S Y&t 1 v e fhes eakred lpagbt ghned under
mld conditions. The present invention has been acconplished based on these

findingss, r&f PREmdAQ4 SRacihiIcal lokyddhe udRsenti lidn\eIHd i gHHyi des, in an
aspect, a catalyst i1ncluding an i m de conmpound having a N-substituted

cyclic imdesskel pobeE8RECaeB! Ry hel bewuagtkenmpracelkes~@fC-C Q N OR
(I') C- ;Owherein Ris a hydroxyl-protecting group. Such im de conpounds

i ncl udepyhiebxoxanpheyra1setBAENdekepheseated hyr fokdawiag Forspkan(1):
Patent Publication EP-A-2103686 discloses a process for
synthetically obtaining pantolactone by allowing glyoxylic
acid to react with isobutylene. Likewise, Japanese Unexamined
Patent Application Publication No. 61-282373 discloses a
process for synthetically obtaining pantolactone by allowing
hydrated glyoxylic acid to react with t-butyl alcohol.
Tetrahedron, 933 (1979) discloses a process for synthetically
obtaining pantolactone. This process includes the steps of
hydrolyzing 4-hydroxy-2-methyl-5,5,5-trichloro-l-pentene to
yield 2-hydroxy-4-methyl-4-pentenoic acid and cyclizing this
compound in the presence of hydrochloric acid. In addition,
The Chemical Society of Japan, Spring Conference Proceedings
II, pp. 1015 (1998) reports that light irradiation to a mixture
solution containing an a-acetoxy-a,pB-unsaturated carboxylic
ester and 2-propanol yields a corresponding
a-acetoxy-y,y-dimethyl-y-butyrolactone derivative. However,
each of these processes employs a material that is not easily
available or requires special conditions for the reaction.

Japanese Unexamined Patent Application Publications No.
8-38909 and No. 9-327626 each propose an oxidation catalyst

comprising an imide compound having a specific structure or




i RZR COR3\ RA N~R (1) R5 R6 vO wherein R is a hydroxyl-protecti

n -
group; RlL, R2, R3, R4, R5 and R6 are the sanme or different and are’e‘gyﬁtazmM

hydrogen atom a hal ogen atom an al kyl group, an aryl group, a cycl oal kyl
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
R, R, R3, R4, RS and R6 may be conbined with each other to forma double

“bond, an aromatic or non-aromatic ring, and where at |east one

N-substituted cyclic imdo group indicated in Formula (1) may further be
formed on R, R2, R3 ,R4. R5 and R6 or on the double bond, the aromatic or
non- ar onatd tmidagofpoued bycatbirastionwdtbf fRIr,eRAp RS, aR¥arkRE. tdmh R6. 17
DEC 2004 The protecting group Ris preferably a hydrolyzable protecting
group. Retml bempogndups abtat amkys t fom @nl dici thdpned T ganac isvdp sdrra®é¢ group
fromthe g0|d: Such acids include, for exanple, carboxylic acids, sulfonic
aci ds, oartftompteauildr ccardrani c Japdessdlfaramired Batant Anpldeiatigghosphori ¢
acids and boric acids. The catalyst may include the imde conpound and a
met al | i cPwwhpramibn Neonbina8Pda0 dhsahosteraaBpeeesst henpreseht ai nventi on
provi des a process

substrate isallowed to react with at least one reactant selected

from (1) nitrdgen 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

carboxyl group is introduced into the substrate. PCT

International Publication No. WOOO/35835<discloseseaprocess,

in which two compounds are allowed to react with each other

in the presence of a specific imide compound and a radical

generator with respect to the imide compound.and thereby yield

én addition or substitution reaction product or an oxidized

productthereofleaccordancewithairadicaln@chanism. These

processes using the imide compounds can introduce an

oxygen-atom-containing group such as hydroxyl group, nitro

group or carboxyl group into a substrate or can form a

carbon-carbon bond. However, they are still insufficient in

yields of the target compounds, stability of the catalysts or

amounts of the catalysts.

Disclosure of Invention
Accordingly, an object of the present invention is to

provide a catalyst that can yield an organic compound with a



for producing an organic conpound, the process including the step of

allowing (A a conpound capable of formng a radical to react with gB?aD%C 200”

radi cal scavengi ng conpound in the presence of the catalyst to yiel
product of an addition or substitution reaction between the conpound (A)
and the conpound (B), or a derivat rvé thereof. As the conpound (A) capable
of formng a radical, use can be nmade of one selected from (Al)

het er oat om cont ai ni ng conpounds each havi ng 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, (A3) conpounds each having a nmethi ne carbon
atom ( Aok oedanidy idachnhavithgh &/ kb s Bydesgdh dbndat exaapddi-acent
position to an unsaturated bond, (A5) non-aromatic cyclic_ hydrocarbons,
(A6) corjrugaidéd iconpouriass t {7y leninfast o ngdesnii e eumboier ancag)
straight-chain al kanes and (A10) ol efins. 17 DEC 2004 The radical
scavengi iy REsTiicin@ PBRpCcrEy Beropeode &Ry e fORFATBL )CARRAng asddg
conmpounds, (B2) conpounds each having a nethine carbon atom (B3) conpounds
each conthg rialg2 by #let er oat om and( B4) oxygen- at om cont ai ni ng

reactants(reacting agents). Such oxygen-atom contai njng react a_nés (B4)
i ncl ude, for PABedHsi% CoRrdeRt ERPLBREABNABXIHES Rt PRoyRNEVERELAS A f ur
oxides, and nitric acid, njt roucé_1 acid or salts thereof. The reactions
bet ween ¢#ea LGHpotARL (G AP FoHYIF S I &GN Hhd e TR al
scavengi hg conpound gB) include, for example, i dation reactions
car boxyl HEF @Ry 8AERNOASURF t 2T (’)‘ﬁlqeéa@fggrfs?récg]txtfb% 2o FealtI'orE coupl i ng
reactions and con?i nati ons .t hereof. The grocess of .an E%e}:ni [ cosrg)ound
i ncl udes® % Sof OB PEAGUTH e B PHIEE CoRB3ERd "Wa?\ﬂ%g KN Group or a
| ower - order aqxidi ze roup.thereof conbined wth an arqnafi ing,to
oxi di ze with 0Xy§er ry?gp 8ch %%FP&BB%%?% ]é}vo%gctli%ng r %fpy]{él\};l%aeci d. The
term "addition or bstitution" reactiaon as_use er.ei n,.Ls ed..in.a broad
neani ng %r?@t@qjsyosq ﬁgfiid‘essBllgg‘aye?%%biee?ngx?%ﬂagﬁ&éanl%’ gﬁ%f%ah% %ﬂnﬂ: Best
Vode Tor, SRLLYLDISY o' DM ERE  O"
A further object of the present invention is to provide
a radical reaction catalyst that exhibits high catalytic
activity even in a small amount.
Another object of the present invention is to provide a
radical reaction catalyst that is highly stable even at high
temperatures.
After intensive investigations to achieve the above
objects,thepresentinventorshavefoundthat,whenaacompound
capable of forming a radical is allowed to react with a radical
scavengingcompoundjxlthepresenceofenlimidecompoundhaving
aspecificstructure,eacorrespondingaddition<n:substitution
reaction product or a derivative thereof can be obtained under

mild conditions. The present invention has been accomplished

based on these findings.

'
|




[1 m de Conpounds] A catalyst of the present invention conprises the inide

conpound having a N-substituted cyclic imde skeleton 17 DEC 2004

represented by Formula (1). The im de conpound may have a pIurallty of t%

N-substituted cyclic imde skeleton represented by Fornula (1) in a

nol ecul e. The i m de conpound nay arsd Have a plurality of N-oxy cyclic

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

obtained fromthe N-substituted cyclic imde skeleton represented by

Formula (1) by elimnating R therefrom In Formula (1), the

hydr oxyl -protecting group represented by R includes conventional protecting

groups fox &plegdifdeal lynotipe PHepRaLIININ GfoTPEaNE €8y HhRB BS$PECuch

protecting groups include, but are not limted to, alkyl roups (e g ,

met hyl , a CeGeystahachugengcn w%%ypms%aﬁsl)avhm%éhyrsg‘%

all'yl group), cycloalkyl groups (e: g. Iohexyl gr ou aryljgroups (e.

9., 2, 4-@eh e ook IS kplRRpn rzﬁpanqaﬁnfger% s fed L Og'lng Jemia

benzyl 2, 6-di chl orobenzyl , 3- br onobenzyl, 2- nltrobenzyl and triphenyl net hyl

groups); substituted nq;hyl groups (e. g., nethoxynethyl, met hyl t hi omet hyl ,

benzyl oxynet hyl, t-hutéxymethyl, 2-nethoxyethoxynet hyl,

2,2, 2- trlchloroethmxynuthyl bIS(2 chl or oet hoxy) net hyl , and

2- (trlnethyIS|IyIPQt o) @ﬁéﬁhyl d¢toups), substituted ethyl groups (e. g

1- et hoxyet hyl, 1- naphy? 1- nmet hoxyet hyl, 1-isopropoxyethyl,

- 2,2, 2- trlchloroethyl aﬁd 2- nethoxyethyl groups), tetrahydropyranyl group,
tetrahydrofuranyl group, 1- hydroxyalkyl groups (e. g., 1-hydroxyethyl,

1- hydroxyhex hydr o xyhexadecy and 17 DEC 2004 - 11

1- hydr oxy?2 ﬁr%h%n h%tﬁyﬁyg %ﬁ%)prg g%ﬁ%r g?%éps that can form an acetal

group or hem al:(l:&’l 1m9c5gucpon%<§@nc§s hJY &P <¥e, 9§ Jypexample, a compound

represented by following Formula (1):

R* /
R® R6
wherein R is a hydroxyl-protecting group; R', R?, R®, RY, R® and
R® are the same or different and are each a hydrogen atom, a
halogen atom, an alkyl (jroup, an aryl group, a cycloalkyl group,
a hydroxyl group, an alkoxy group, a carboxyl group, a
substitutedoxycarbonyl group, anacylgrouporan acyloxygroup,
where at least two of R!', R?), R?>, R*, R® and R® may be combined
with each other to formadoublebond, anaromaticor non-aromatic
ring, and where at least one N-substituted cyclic imido group
indicated in Formula (1) may further be formed on rR', rR?, R® ,RY,

R® and R® or on the double bond, the aromatic or non-aromatic

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




acyl groups (e. g.; fornyl; acetyl, propionyl, butyryl, isobutyryl,

val eryl, pival oyl; hexanoyl, heptanoyl, octanoyl, nonanoyl, decanbylDEC 2004
| auroyl, nyristoyl, palmtoyl, stearoyl, and other O -C20 aliphatic acyl
groups, and other aliphatic saturated or unsaturated acyl groups

acet oacetyl group; cyclopentanecarboﬁyry cycl ohexanecar bonyl, and ot her
cycl oal kanecar bonyl groups, and other alicyclic aryl groups; benzoyl,
napht hoyl, and other aromatic acyl groups), sulfonyl groups (e. g.,

met hanesul fonyl , et hanesul fonyl, trifluoronethanesul fonyl, benzenesul fonyl,
p-tol uenesul fonyl, and napht hal enesul f onyl groups), al koxycarbonyl
groups(e. g. , feehprptadidmd gnstiroRy dar Pagfler ablhuoclrbomalland ot her
Cl- G4 al koxy-carbonyl groups), aral kyl oxycarbonyl groups (e.g.,

benzy| oxyoardmniylg @muyp an® W@bﬁo&y@é‘?@l%@%ﬁgrﬁﬂo%@dhﬁﬁl%@ﬁst i tuted
or unsubstituted carbanoyl groups (e. g., carbanoyl, nethylcarbanoyl, and
pheny| caebamoyd ronps) , O ratmzp obiaR Hdt [AGH i nSHGENRE18S decdédey.
sulfuric acid, nitric acid, phosphoric acids, and boric acids) hy

el i m nat fory exanOleyr 6apPPKFLEEr R A8 ARFOBRGSPREABL HARROYroGEYe. g.,
di met hyl phosphi not hi oyl group), diaryl phosphi nat hi oyl groups (e.. g.

di pheny| preRyh Ao Sy | SEEBEHIC A s iU BEd i ﬁ%«osgmﬁsc Eaé’l“ggf’ :
trinmethylsilyl, t-butyldimethylsilyl, 17 DEC 2004 - 12 tribenzylsilyl,
and tripﬁ@%yb@¥19la@%%ﬁps). The imide conpound may have a plurality of
N-oxy cyclic imde skel eton honded through R which N ox I.C 4 m de
skel eton is ﬂ%?ﬁéélﬁ/ﬁ&ﬁ‘%%énﬂﬂ s‘i"?&g\%ﬁlec‘f/%lp?%u?%aélgy %%Céegtlglnlén
represented by Fornula (1) bX elimnating Rtherefrom In this case, R

i ncl udesCoBpPuRd #Bt CPMRLPEHIPB; oxaTyl, malonyl, succinyl, glutaryl,

adi poyl, phthal oyl , isophthal oyl, terephthal oyl., a ups
deri ved fHmn{%P?@SPSS?ﬁR?FEmg%é?rga?ﬁgﬁﬁviﬁgiﬁﬁ5%b$£%§%ﬁ?ﬁé&fgg

et hyl i dene, isopropylidene, cyclopentylide ‘ : :
cyclohex?PFd@ﬁ%,%%ﬁggl?%éﬁg¥§ﬁﬂz5%%‘P¥88Vyggﬁe%fo%§%?d%%? %ﬁﬁ%?dﬁg%
(specifically, groups,that, faorm acetal i I X ps) .
Pref erred*RE ?ﬂc"i”uj;‘g"flrﬁ%r [%&a qog%oé?iguggfltgﬁ%}[é‘ %gnfég\%}‘%{gnga%%a?%ggr

hem acetal with a. hyd yl _group, : | shdonyl

O oUps. - SRR Ry LB Do BRa R s o rBaaa L A PO s

(.91 carlioxylic,aelds,  sul hand . 46icl5e SLBON £oach st bost corcl &

sul furic aci oric acids) by elimnating an CH

group theref%gghygggwggge£h$§ggﬂé§&ﬁ@I@Hpggkpgmgngogbg@ﬁ@ tthat eanabe

depr ot ect€d“ ysSi's. Typical exanpl es of the im de conpounds are the
i m de conpaounds .repr, t by Formula (1) . O the substituents Rl, R2,
R3, R4, r&H&%éﬁg g%%ﬁgmﬁﬂide conpounds, the hal ogen atom i ncl udes i odi ne,

bromi ne, chl ogi | ng)atonEL1 IR folhiPEG 300 call3usal kyh group
i ncl udes, butk%gﬁﬁgggﬁﬁk#%gaqt%, ﬁgfhyl, etﬁyl?ggropyl, i sopropyl, butyl,

i sobutyl . s-hutylye toRUtad e ey Isrdiectll) dedecyat detidadeciiindiexadecyl,
and ot her straight- or branched-chain al kyl groups each having from about 1
to about ég%ﬁgyﬁa§qegkﬂnﬁa9gﬁgegiéﬁfbbniﬁyaﬁodeﬁ(boahoat 28ecadbenentons)
position to the heteroatom, (A2) compounds each having a
carbon-heteroatom double bond, (A3) compounds each having a
methine carbon atom, (A4) compounds each having a
carbon—hydrogenbondattheadjacentpositiontx:anunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6) conjugated

compounds, (A7) amines, (A8) aromatic compounds, (A9)

straight-chain alkanes and (Al10) olefins.



The aryl group includes phenyl and naphthyl groups, for exanple.

|l lustrative cycloal kyl groups are cyclopentyl and cycl ohexyl groubg. DEC 2004
Il'lustrative al koxy groups are nethoxy, ethoxy, isopropoxy, butoxy,

t - but oxy; hexyl oxy, octyl oxy, decylogy, dodecyl oxy, tetradecyl oxy,

oct adecyl oxy, and ot her al koxy groups each having from about 1 to about 30
carbon atons (especially, about 1 to 20 carbon atons). Exanples of the
substituted oxycarbonyl group include nethoxycarbonyl, ethoxycarbonyl,

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

heptyl oxycarbonyl, octyl oxycarbonyl, decyl oxycarbonyl, dodecyl oxycarbonyl,
tetradecyloxymﬁetna@ﬂqalh@ﬂ@d@@@ﬂ@%y§§mﬁéﬁpﬁ,(%bt%@%d??d%V%é%éﬁﬁ?%?Pand

ot her Cl- C30 al koxycarbonyl groups (especially, Cl-C20 al kqQxy-carbonyl
groups) ; fcywl @bhtwmy@mb@&wqmmm%exgﬁ?dxﬁ%wﬂff% eﬁfg‘ ﬁﬁ"é“g

cycl oal kyl oxycar bonyl grougs (esgecially, 3- to 20-nen%eted :
cycl oal kgl ngyiandonskgPBUPSPR, phEAY | 6XPEANBERY P2 RafRPAFEEYEafbony! , and

ot her aryl oxycarbonyl groups (especially,. C6-CZO aryl oxy-carbonyl_groups);
and benzikebsyeatppmpd &*@ 6%%@5?5?&29?%&9%%%%aéFS‘&psS @‘ref#%éﬁ?g 2004 -
14 (especially, C--Czl aral kyl oxy-carbonyl groups).. T G
incIudes?ggntsgs n%%c¢PﬁWﬁ@@"@GPmFGPﬁ}F}n§8g39E? fgﬁf2§§?fﬁkﬂg§%§F,

i sobutyryl, valeryl, pivaloyl, hexanoyl,. heptanaqyl,h o |, oyl ,
decanoyl ,‘folfa@?@yp{emﬂﬁyﬁedyl ?aﬁgpﬁir?%%‘?’?l%’e&lécﬁé,g'eélngggg?%f G - %o

al i phatic acyl groups (especially, .Cl-C20 al.i,phati I ), and ot her
al i phat | @xddesgraedd &t ﬁ§hﬁﬁ?§%e@l§ RA] sgga3%92§%§¥§1%§$%up;

G oups.and ot FBP aA<5ETe SAEEad: Bupe resufosR! e oo aRgeay o'

For myl oxyt TAEAEGF OV CRRoRT BT by R Gy e PRanUt) Sy as = vl eryl oxy,
Gecanoyl GRATSAy GG LTR P ERy, B o o, S harorl oy, and ot her
O oupS) - KA AT pRATP € e O A S st o AL boy vy ot oupe,

ot hor -y SR BT o Sus. and ot her a1 cycl 1o Bcyt oxy o oups:
cubet) tuent s BRC RFCRSE o5 AT RS ran e he wame o1 i TTerent . In

Fornul a ( iow-g@m%§a§£oﬁyeigfc£%po&§a 13y 119, arba BIOYL Rgromy de @ombi ned to
forma do & Bond, an aromatic or non-aromatic ring. The preferred
aromati ¢ fgwé¥wgfﬁégmgifﬁized group thereof combined with an aromatic
ring to oxidize with oxygen to yield a corresponding aromatic
carboxylic acid.

Theterm"additionorsubstitution"reactlonasusedhereln

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

oxidation and sulfonation.

Best Mode for Carrying Out the Invention

[Imide Compounds]

A catalyst of the present invention comprises the imide

compound having a N-substituted cyclic imide skeleton



i 17 DEC 2004 - 15 ring has fromabout 5 to about 12 nenbers, an?
specifically fromabout 6 to about 10 menbers. The ring nay be a 17 DEC 2004
het erocyclic ring or condensed heterocyclic ring, but it is often a
hydrocarbon ring. Such rings include, for exanple, non-aromatic alicyclic
rings (e. g., cyclohexane ring and dtthet cycl oal kane rings which may have a
substituent, cycl ohexene ring and other cycl oal kene rings which nmay have a
substituent) , non-aromatic bridged rings (e. g., 5-norbornene ring and

ot her bridged hydrocarbon rings which nay have a substituent) , benzene
ring, naphthalene ring, and other aromatic rings (including condensed
rings) whipatesemt dvavey Feubsltd t Uent . TTRe inidg EOMPOLSEs "8y &Adfafic ring in
many cases. The ring may have a substituent. Such substjtuents include, but
are’ not gliunaled st ®f ditkey|N-grsist tHRDLAUGH L Gricthsie group, al koxy

ke
groups, carboxyl group, substituted oxycarbonyl groups,, acyl groups, acyl oxy
gr oups, nidpe sprowgy] boy Basmyileupl hrithé @P%%%‘é}gangmﬁllﬂ'@é% éf’gl%?}m t | east

one N-substituted cyclic imdo group indicated,in For y further
be formetayalRd h&pe aR3lurAliRg o NRBXBCYS Jt%émagﬁbﬁf]ggo%hép épl‘grggrrati c or
non-aromatic ring forned by at |east ,two of , . R2,.R3, RO, R6. For
exanpl e, thheuglRR, RRicRaN-fy F¥ShiC pgide ﬁhgiﬁﬁgP b?éﬁﬁzﬁé§§g§§?%b or nore
carbon atons, the N-substituted cyclic imdo group nmay be f oget her
with thetlaeli\]a@@@ts’ct%t@ﬁ%ﬁﬁlh?&%d@oﬁg?{%m?% pg%geg%ﬁgﬁbgﬁf)oﬁ@lﬁ kewi se,
when at |east two of Rl, R2, R3, Rg, R5 i 17 DEC 2004 - 16 and R6 are
conbi ned(Ib Pured EndRabLRIbBNERCFREERPsubstit ut ed cyclic imdo group maybe

formed together with_the douple bond. -Wien.at .J. R3, R4,
R5 and R6 ar eiBRBEMHEE tD # Egﬁﬁﬁ’rifraor’i}’r}a_ﬁr(? t%rCino??-sé}:%%tgg IIr%ijsneg_:]inll&%tdhe
N-substituted, cyclic imdo ou be | t }ggﬁg; Wo car bon
at ors coﬁgthh?gkﬁd?ﬁec??ﬁ .{}ﬂgﬁgg$¥?%%§9%. q%@%é%&yﬂ$%?ﬂ{(a hﬁﬁéhroxy

lic imd f _the N-substi syclig,d i el di :
Formul a GEpUPATSHHEFRERED AP EABAET COl EHCBAT | o o e Ech e S8abndi ng to

R by SR EHRrabs S BT S IR NS Lo 5, ()

R Ro. KADUREL RN REr P St G Bl L dnao e | AETahe conpounds. of

EBe(fg') | %%%Fég&ﬁgi ?%:yﬁ_lalixl}&/l%g&gﬂke.'a]:]; Oy RI2n¥xRLFroORRILR's R's
groups (e.g., 2,4-dinitrophenyl group), aralkyl groups (e.g.,
benzyl,2,6—dichlorobenzyl,3—bromobenzyl,2—nitrobenzyl,and
triphenylmethyl groups); substituted methyl groups (e.g.,
methoxymethyl, methylthiomethyl, benzyloxymethyl,
t-butoxymethyl, 2-methoxyethoxymethyl,
2,2,2—trichloroethoxymethyl, bis (2-chloroethoxy)methyl, and
2—(trimethylsilyl)ethoxymethyl groups), substituted ethyl
groups (e.g., 1-ethoxyethyl, 1—methyl—1—methoxyethyl,
1-isopropoxyethyl, 2,2,2-trichloroethyl, and 2-methoxyethyl
groups) , tetrahydropyranyl group, tetrahydrofuranyl group,
1-hydroxyalkyl groups (e.g., 1-hydroxyethyl, 1-hydroxyhexyl,

1-hydroxydecyl, 1-hydroxyhexadecyl, and



0O (Ib) ~ 0O CNOR CO R21 R22 (Ic) wherein R11 to R16 are the same or

different and are each a hydrogen atom a hal ogen atom an al kyl 197;[”306 04
aryl group, a cycloal kyl group, a hydroxyl group, an al koxy group,

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

acyl oxy group, and R1l' to R22 are-thel sane or different and are each a
hydr ogen atom an al kyl group, a hal oal kyl group, a hydroxyl group, an

al koxy group, a carboxyl group, a substituted oxycarbonyl group, an acyl
group, a acyloxy group, a nitro group, a cyano group, an am no group or a
hal ogen atom where adj acent groups of R' to R22 may be conbined to form
a 6- nenfietgdiroxy}a -PHErRA0k thyll8 gridugid)st iathdt edheychireupsi dhaskehget on
indicated in Fornula (Ib) or (lc), its N-hydroxy form a correspondi ng

5- nenberfedm\as Wrsttidlugedupyet hemimcet asket@tpwiah a thydddyydr gxguporm R has
t he sanme neani ngs as defined above. The hal ogen atom the al kyl group; the
aryl greagyl twupsc| @aldeyl Tmoup,, tdueetyidr oodpigrmodp, daeyatkoxy group, the
car boxyl group, the substituted oxycarbonyl group, the acyl group and the
acyl oxy igradut viny it,heasabyii triemtloyR i hevaRegli melpideicsilyi batageplps to
correspondi ng groups in the substituents Rl to R6. In the substituents Rl
to R22, ndrerayl dgrenpyilncladesysi mymistaddyl pglodpoviio sheseogkenplifi ed
above, of which al kyl groups each having from about 1 to about 6 carbon

at ons ared padiefy dakCyo prlefrrateid amiel ratomskylang s hcd bidewatic |
trifluoronmethyl group and ot her hal oal kyl groups each having from about |

t o aboutSatuiEy it o at urRted @SN FOUPI nARIER ST 1 Fr@Roxy gr oups
to those nentioned above, of which |ower al koxy groups each having from

about 1 IS IARARtaNQGHIRAN Bk orfeY Br PN TGy br A1 r@dheThesubst i t ut ed

oxycar bonyl group includes simlar substituted oxycarbonyl groups (e. g.,
al koxyc &AL RGPt Sa%PSox FREr DERGT YrictissliampydxgEarBeny|
groups, .and ar.al kyl ox%car bonyl gcroups) to those described above ._. The
acyl gr dFRINe) uBeBhsnpYar 2B \AThftoapempEicACY higronmS)e SaLhPRYEd or
unsat urated acy] groups, .acetoacetyl group, alicyclic acyl groups, and
ar omat i GHEHHRAS (el'ﬁ'DE@%WQS‘EaLJQfe Hmsﬁt%{)%“? Mscribed above. The

acylOxy‘é¥f¥¥hggg%é¥§§%esulfonyl, 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—methoxybenzyloxyca:bonyl group), substituted or
unsubstituted carbamoyl groups (e.g., carbamoyl,
methylcarbamoyl, and phenylcarbamoyl groups), groups obtained
from inorganic acids (e.g., sulfuric acid, nitric acid,
phosphoric acids, and boric acids) by eliminating an OH group
therefrom, dialkylphosphinothioyl groups (e.g.,
dimethylphosphinothioyl group), diarylphosphinothioyl groups
(e.g., diphenylphosphinothioyl group), and substituted silyl

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




simlar acyloxy groups (e.g., aliphatic saturated or unsaturated acyl oxy
groups, acetoacetyl oxy group, alicyclic acyl oxy groups, and aromabi? |
acyl oxy groups) to those mentioned above. The hal ogen atom i ncl udé€s DEC 2004 /
fluorine, chlorine and brom ne atons. Each of the substituents Rl' to R22 |
is often a hydrogen atom a |ower —alk¥l —group having from about 1 to about
4 carbon atons, a carboxyl group, a substituted oxycarbonyl group, a nitro
group or a hal ogen atom Exanples of the preferred i m de conpounds are |
N- acet oxygl utari m de, N-acetoxy-a, a-dinmethylglutarimde, N acetoxy--~3,

~i -di met hyl gl utarim de, N-acetoxy-1, 8-decalinedi carboxi m de,

N, N - di aostenzyl,s8;14,15- dechl i migtletmplar bk oj T oimke), .

N- acet oxy- 1, 8- napht hal enedi car boxi mi de (N acet oxynapht hal i m de),

N, N' - di acet ofpeliBide5comphtihdl magt ktvacamoxdiliitiydef N-oxy cyclic

N- propi onyl oxy- 1, 8- napht hal ened. i car boxi m de, N, N -bi s(propi onyl oxy)-1, 8;

4, 5- naphiialee rrdtedtatagardoaid nihdeygh R, which N-oxy cyclic imide

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

4, 5- naptitkediedat dts adurdionait | 7 en et hed- et i tohpd urisl tepirédat ed by
Formula (1) where Ris an acetyl group or another acyl group;

N- et ho@?ﬁﬁﬁ‘fﬂfbé’(%’)l{?§eﬁ’ésﬁthnag@ﬁ@ﬁﬂ-éa(rIBo‘RY gild@inating R therefrom.

N, N - bi s(met hoxynet hyl oxy) -1, 8; 4, 5- napht hal enetetracarboxd __ 20 i 17 DEC
2004 ii Miyehiagdser %Wé#ﬁ@@nd@u? eprmeseht BHE DY troreA Y Y AadREYd 'R is a
group that can form an acetal or hem acetal wth a hydroxyl_ group;

N- met hariB¥if iyl Sdta B hapit Hep vhe PR dYXY hi desophthaldyl,

N, N - bi s( et hanesul f onyl oxy) -1, 8; 4, 5- napht hal enet . et racarbo xdi i m de, and

ot her cdiRFSRIUNFEpHes FREP TR A a9¥AYPswide el ¥ed sEBCRul f onyl  gr oup;

sul furic ester , nitric ester, phosphoric ester or boric ester of

N- hy dr oBRHY ARG H st %hr%zg&]?%?% Sroup/ and methylene,

N, N - di hydr axy: 1, 8~4, 5- napht hal enet et boxdj j mi de, and oth d
epr esert T BYAFS mif SRR GhCT N | &V L R bASRed T om an i nor gani ¢
id by elinnatin t her ef Each of the inid d
be. obt 41 Ttk By LTI HG 4T G0SPFEa P DTS ROLBF LR F A6 B8 Pspondi ng
d where Ris a.h t h 1j G inide. d) usi
o Convertl R BRI N8 B SHAE FOR AL bt BRI G gh 808 For

exanpl e, Nacetox '-111 8§)napht hal enedi car boxi m de can be obtai ned by all ow ng
N- hydroxyxci,cg(%ap%f%éf ehedi carboxi mde to react with acetic anhydride or to

react with ag acetyl Nald 461 0dbhe eBEeSERES O ARASE that can form

an acetal or hemiacetal with a hydroxyl group; groups (e.g.,
acyl groups, sulfonyl groups, alkoxycarbonyl groups, and
carbamoyl groups) obtained fromacids (e.g., carboxylic acids,
sulfonic acids, carbonic acid, carbamic acid, sulfuric acid,
phosphoric acids, and boric acids) by eliminating an OH group
therefrom, and other hydrolyzable protecting groups that can
be deprotected by hydrolysis.

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

includes iodine, bromine, chlorine and fluorine atoms. The




The conpound where R is a hydrogen atom (N-hydroxy cyclic i m de conpound)
can be obtained by a conventional imidization | process (a proces§ f @f( Rg04
formation of an imde), such as a process that conprises the steps of

al l owi ng a correspondi ng acid anhydride to react wth hydroxyl am ne for

ri ng- opening of an acid anhydri de g? oup, and closing the ring to form an
imde. Typically preferred i m de conpounds can be obtained by introducing a
protecting group into the hydroxyl group of N hydroxyglutarim de,

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

4, 5- napht hal enet et racar boxdi i m de, and ot her N hydroxyi m de conpounds

deri ved aflrkorh alriceyec liine Ipalegsakhox ilsi aodnhyaditeds tor aedimyti, c epblyyecar boxyl i c
anhydri des. Each of the im de conpounds each having the N-substituted
cyclic ipraeylskelseparpydpr beeniedl bybFoy hulssrfuykark thmtuded hakyde or in
conbination in a reaction. The imde conpound may be forned in the reaction
syst em dBEwylindddecyipouatradecny, thexadesdst pndt edheydtinaidhde okel et on

represented by Fornula | ) can be used in conbination with a
cor r esponting et iox e ldydl pEorRBdeae Msoiing faoroabeuhd! Witep®ORti s a
hydr ogen ato . The anmount of the im de conpound according to the present

i nventi gt eanbpe afdretliesPRiainildva dpdet lahgabmtt £9,c3 o REmpSd - from
about 0. 000000l to about 1 nole, preferably from about 0.000001 to about
0.5 nol e, nofd&eppaidr 5PYPT BALAEBEIPIREDODFNY Saity o F IR, £2%d of ten
from about 0.000l to about 0.35 nole, relative to 1 nole of a reaction
conponerfRX R r AP st Epdgito c¥Flead kydt 3F 99PS 12 16 COFh FRFH Yt RAd

i nvention, a pronoter (co-cat.al ystl) can
cyclohexyl groups. ILllustrative 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).

Examples of the substituted okycarbonyl group include
methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, t—butoxyéarbonyl, hexyloxycarbonyl,
heptyloxycarbonyl, octyloxycarbonyl, decyloxycarbonyl,

dodecyloxycarbonyl, tetradecyloxycarbonyl,
3

~

hexadecyloxycarbonyi, octadecyloxycarbonyl, and other C;-Cso
alkoxycarbonyl groups (especially,.Cl—Cm alkoxy-carbonyl
groups); cyclopentyloxycarbonyl, cyclohexyloxycarbonyl, and
other cycloalkyloxycarbonyl groups (especially, 3- to
20—memberedcycloalkyloxycarbonylgroups);phenyloxycarbonyl,
naphthyloxycarbonyl, and other aryloxycarbonyl groups
(especially, Ce-Czo aryloxy-carbonyl groups); and

benzyloxycarbonyl and other aralkyloxycarbonyl groups




- 22 17 DEC 2004 be used in conbination with the i mde conpound. Such
pronoters include, for exanple, metallic conpounds: By using the ihpdgr( 2004
conpound in conbination with the netallic conpound, the rate and
selectivity of the reaction can be inproved. Metallic elenments constituting
the netallic conpoundsare not spectfiédalHly limted and are often netallic
el ements of the Goups 2 to 15 of the Periodic Table of Elenents . The term
"metallic elenment” as used herein also includes boron B. Exanples of the
metallic elenments include, of the Periodic Table of Elenents, Goup 2

el enents (e. g.. , My, Ca, Sr and Ba) , Goups 3elenents (e.g., Sc,

| ant hanof eked At SN dacio, N ok tel BPEsk §) ca BOMPL 4g£bepeNts (e.g., Ti, Zr and
Hf ), Goup 5 elenents (e.qg., V), Goup 6 elenents (e. g., C, M and VJ),

G oup 7 el emamites acgl groupMihclufesypbitel ey SLikeitdd to FEARMTIRY)
Goup 9 elenents (e. g., Co and Rh), Goup 10 elenents (e. g., N, Pd and
Pt), G agethil elmnepienye, gutySs), Gouptilye] ev@Désyle. pgvaldpl, G oups
13 elements (e. g. , B, A1l and In) , Goup 14 elenents (e. g. , Sn and Pb)

, and Graxridy kel drmpitandel, gctarhylanchdBianoy1Rr efeerared, Inetiakdross1gl ement s
include transition netal elenents (elenents of Goups 3 to 12 of the

Peri odi auviaidwowf, Brémetioy)l., fpengoyhemndedenentCs-0§, 4 hepkaoupsadylto 11 of
the Periodic Table of Elements are preferred, of which elements of Goups 5
to 9 aregugypaldsperisfely edii-Especligilatic/adyl, gviowrs) Carar etgheef er r ed.
The val ency of the netallic elenent is not specifically imted, and is
from abakimhatiamrumted manyrsdorated 2dIRC 2004 s23 aSedivamettalll i ¢
conpounds include, but are not linmted to, elenmentary substances,

hydr oxi CBEER URXi AHEL qreTti ant ¢Rr UMD o) Ysdi desane daathiates!  fanghotdes,
.chlorides; bromdes and iodides) , salts of oxoacids (e. g., nitrates;

sul f at esSYpHusbFRRecarhenyut edrowny ang siiae sl ioyglis dfcvls ggeiupsdi ds,

sal ts of heteropol yaci ds,_ and ot her inorganic conpounds of the

af or emeRSHAREL metaph ol endiid sO BRE¥ sHFOBR bR *CBL| FEPEPE: .
acetates,pr%pionates,prussiates,naphthenates,orstearates) conpl exes, and
ot her organil® §TERPHRE Istes | Bt &F epEnkidnited fandermpdoxy,
constituting the conpl exes include OH (hydroxo), alkox¥ (a. g. ,

met hoxy,2 SR HOYGEY privpeRONBHeR but DRYY Ty Legyl ¥Sebutyryloxycetyl and

propi onyl ) al koxycarbon Iﬁﬁe. g., nethoxycarbonyl and

et hoxycaf 5?%%et®%%&ié XY CYRF PR FEY enyPPHRBOBLIOKYl ogen atons ( a .

., chlori db i CO, A t H2 , ph hi

Ut phemA ST AP Bt OFY| o0 BROL AT hos nEOBEREY, ) PSP nes

hosphor usconpounds, NH3( anm ne NO, 2 (njtro), 3 itrato),

B byt ondlrShT ey L er ot EREEFT K he. SPosrorHeky b aanehRBF! i Clind ot her
nitrogen-containin onpounds. Speci fi.c .exanpl es of. the netalli.c conpounds
i n_cljuge,a]glypﬁagﬁjﬁ%é’gﬁg& gﬁ%ﬁ?gg edssp_egcsl ygzlgtrbq?’éia]c?%éﬁl‘ﬁ)‘?ﬁy&ﬁxﬁ'fe,nfcobal t
oxi de, coba chl_or co rom C nitrate, .coba sul f at e,
cobalt TR SR EBp Rt L e USRS 0E A 3= SER e a1
napht hen cobalt, stearate, and ofther. salts of organic acjids;

acgtylac (gﬂ% bé%%%}?,cg%%i%%%eggoué7 %ﬁif%%%ﬁténiﬁ Yo n%?%kes, and ot her
di val ent I 0 n I i | ounds

o vl onte ) SRSk SOol L TRRUNGene 1 Lst 1 Ly Yabaghy o ggmo
vanadi u i i de i fa | sul fate,
sodiun13%%2%%%ég%%ﬁﬁﬁggﬂg%lfﬁ%?ggﬁi%C¥g§p uﬁgéﬁﬁgbe%ngﬁg?gggfovanadiun1

anadyl at h e d anadi um conpounds
xaviné_a a-%%%%ﬂ%. Tr%%%a€gh§£.g%&ﬁ%g?%ségfl%ggp%g%ggé6¥ thelgther_np )
metallic el engit g a6l ude GQTROUNGS gor ri@s pandi g f5onk pepahgue il | oned
cobal t, or vanadi um conpounds. Each.of these netallic CTonpounds can be used

al one org Ny GBI | Oty §B%hfllacghby,a£ hee £oii Ratdror Usg? oR2a gobal t
conpound with a nmanganese conpound significantly increases the reaction

rate in gmny Casesay The COMDLRaLI 08 tisen of Rubal domes £Hf JmRimldilc _
conpounds havi ng d|¥ferent val ances (e.g., a divalent netallic conpound in

conbi natd o M-I hddivakagt Metald o SORPHREhak § cab 8 hdH-ef@idfd.c The
anount of the netallic conpound is, for exanple, from about 0.001 to about
10 nol es and preferably from about 0.005 to about 3 noles, relative to 1
nol e of the im de conpound, and is, for exanple, from about 0. 00001% by
nole to about 10 % by nole and preferably fromabout 0 .1 % by nole to
about 5 % by nole, relative to 1 nole of the reaction conponent (substrate)
The pronoters for use in the present invention also include organic salts
each conposed of a polyatomc cation or a 17 DEC 2004




- 25 polyatom c anion and its counter ion, which polyatomc cation or anion
contains a Goup 15 or Goup 16 elenent of the Periodic Table of E 204 (
havi ng at | east one organic group bonded thereto . By using the ani ¢ S
salts as the pronpoters, the rate and selectivity of the reaction can

further be inproved. In the organic k&l ts, the Goup 15 el enents of the
Periodic Table of Elenents include N, P, As, Sb, and Bi, and the G oup 16

el enents of the Periodic Table of Elenents include; for exanple, O S, Se
and Te. Preferred elements are N, P, As, Sb and S, of which N, P and S are
typically preferred. The organic groups to be conbined with atons of the

el ement s jindc hude £ ot adoRithet thi Bbbed 10, mbBydeecar han gg@@@&\e@lq  may have
a substituent, and substituted oxy groups. The hydrocar on groups i ncl ude,
but are feim bt &b abotiet Ty hemBehyl., PhOMING hEPPEAPYkcRblyll iksobut yl,
s-butyl, t-butyl, pentyl, hexyl, octyl decyl, tetradecyl, hexadecyl,

oct adecWinaaldrylconatuth satchatetsé raad @bt ¢ wlxtgﬂrmmdztchﬁs noﬂttéxph@t ic

hydr ocar bon groups (al kyl groups, al kenyl groups and al kynyl groups) each
havi ng fhyemcataottfonl nimgbogucB0 rdagzo i natlawk: , ( el ensalalpl ,r om about 1 to
about 20 carbon atons) ; cyclopentyl, cyclohexyl, and other alicyclic

hydr ocamuonr- agromaisi eathchaving frgan(abgul Sydloladbmrie & iagrdohoghens; and
phenyl, naphthyl, and other aromatic hydrocarbon groups each having from
about 6 dyzlaleditant Kardsowhdtaddnma yShlastel tuenbstwhnehtt, heyhydhecankon gr oups
may have include, but are not limted to, hal ogen atons, 17 DEC 2004 - 26
oxo gr oupnmyddwelgcmbpaéhbsmztm@jwt)xszhgmampsv(e aasubgtltueartkoxy
groups, aryloxy groups, and acyloxy groups), carboxyl group, substituted
oxycar bayoyl-agramgisic berbglglexiure@g@r mrssub§tnpmb@etn©a|ebamwargi otper cyano
group, nitro group, substituted or unsubstituted am no groups, alkyl groups
(e. hﬁﬂQQﬁdhE@h9¢arhﬂﬂrépmﬁwhygkmaﬁhaybQF@M©§}tUGEYbL@émkﬁhegroups
aryl groups (e. phenyl and napht hyl groups), and heterocycllc groups.
The prefldmsd rtdenransh gmslp 2ich @t afr@maémll@gSal (kyiclgddngs each
having from about 1 to about 30 carbon atons, and aromatic hydrocarbon
groups (Espasad ¢ inghenyhish epntTe g o) s ehiehemiavi Mg S roMabout 6 to
about 14 carbon atoms. The substituted oxy groups include, but are not
limted qu@ﬂ&ﬁ(frg@é@ﬁ?tl& yll@ﬂyllj‘r Bapy ansear alg d—”)@WQgF‘@tYp@aVExarrpl es
of the organic salts include organi c anmni um salts, organic phosphonium
salts, & §HHP51§BPPBm upr SR suds Steinetydar CHnrEREPE L1MSEER or gani ¢
ammoni um sal t si ncl ude tetranea%ﬁ#annnnlun1ch|or|de tetraeth%iannonlum

chIorid&O't%ﬁ%%ﬂnﬁ%ﬂ%ﬁﬁﬂnﬁ%ﬂﬁ ¥ﬁ|%ﬁ9uﬁ%¢r%ﬁﬂﬁ9¥% FowRT chi bPTde
trioctyl net hyl ammoni um_chl oride, trieth henyl anmoni um chl ori de,

tr1 buty IRt CHEPA I BERPENI S BB LUl £ B ORISR o Il RHsmeieim
chl oride, and ot he uat ernary ammoni um chl ori des, and correspondi ng
it or A T o BT RS /o QB BRbqnt 8P e B AT aee “aach

havi ng fou dr ocar bon groups conbined with a nitrogen atom
dlnethyl 4¥ﬁ%iﬁQﬁQuﬁQ9W%Tide hexadecyl pyridi niumchloride, 17 DEC 2004

At least one N-substituted cyclic imido group indicated

in Formula (1) may further be formed on R}, R?), R%, R?, R’ or
R® or on the double bond or aromatic or non-aromatic ring formed
by at least two of Rl, Rz, R3, R4, R® and R®. For example, when
R', R?, R} R% R’ or R® is an alkyl group having two or more
carbon atoms, the N-substituted cyclic imido group may be formed
together with the adjacent two carbon atoms constituting the

alkyl group. Likewise, when at least two of R!, R?, R®, RY, R’




met hyl qui nol i ni um chl ori de, and other cyclic quaternary ammoni um salts. R
Exanpl es of the organi c phosphonium salts include tetranethyl phos hg@ﬁﬁgmm# ‘
chl oride, tetrabutyl phosphoni um chl ori de, tributyl(hexadecyl)phosgh

chl oride, triethyl phenyl phosphoni um chl ori de, and ot her quaternary ‘
phosphoni um chl ori des, and correspondéng quat ernary phosphoni um br om des, 1
and ot her quaternary phosphonium salts each having four hydrocarbon groups |
conbined with a phosphorus atom Exanples of the organic sulfoniumsalts

i nclude triethyl sul foniumi odide, ethyldi phenyl sul fonium i odide, and ot her
sul foni um salts each having three hydrocarbon groups combined with a sul fur
~atom THR&JRJame cribbned soo | fiinude doetianesuld, onaten - sablanesykfonat es,
oct anesul fonat es, dodecanesul fonates, and other alkyl-sulfonates (e. g.,

C6- C1$ &MIeicsimidpanesin mpgrize fesuetionageshe pwiehuenesid finabesq .

napht hal enesul f onat es, decyl benzenesul f onat es, dodecyl benzenesul f onat es,
and ot h&hegr 9t- sappénhveso@hRth RfnyRbe Riubafidnd &xf wirth cambahkyl +gr oup
(e.g., C6-Ca alkyl-arylsulfonates): sulfonic acid type ion exchange resins
(ion exéﬁéﬁg€?§¥°@a§ﬁ§<vh@§ph@mbmaadbdahypethemﬁsuﬂuﬂnﬁnﬂé$bp§1¢bon
exchangers). The anount of the organic salt is, for exanple, from about O.
001 to &F3GP erowprprE hadfprededrabtly theomddlbaent) twd0batboabatbms 17 DEC
2004 | - 28 - .1 i, 0.08 nole, relative to 1 nole of the im de conpound. |
The profBP&ld tPEANGs &hien rimg -pr éBeaddifivent i enNahydrioryl ddemcdrmpounds each
havi ng RK@ of less than i strong acids (e:g., p or equal to 2 at 25C).
Pref er r EG"¥EFEKY DT HC LREAREE OuRr o0& xdifpNesubgti byeadimtdldesimido

hydr ohal ogeni ¢ gcids, sul furic acid _and heteropol yaci ds. The anmount of the
strong EPHPi $PARGATEd R BmEE MUl do hldbod SoTETbetts chBburulss tridiwsed el at i ve

to 1 nole §.~i.|.i of the i mde conpgund.
cyclic imido group corresponding to the 6-membered

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

Preferred imide compounds include compounds of the

following formulae:




i The pronoters for use in the present invention also include conpounds

each having a carbonyl group conbined with an electron c p | att&fﬁhﬁ%ﬁ ﬂm4,

group. Such conpounds each having a carbonyl group i i conbined

el ectron attractive group include, for exanple, i i hexafl uoroacetone,
trifluoroacetic acid, pentafluorophehyl-"; i (nmethyl) ketone,

pent af | uor ophenyl (trifluoronethyl) ketone, i | and benzoic acid. The
anount of this conpound is, for exanple, 'I | about 0.0001 to about 3 noles

relative to 1 nole of the f r omi reaction conponent (substrate).
According to the invention, the reaction system may include a radical
generator or a radiﬁﬁl reaction accel e :tor.dﬁuch conponents include, but
are not limted tge auggens (e. 9., c e and brom ne), peracids (e.g.,
peracetic acid aqd | or oper benzoi c per @xi des (e. g., hydrogen

per oxi de, t-but BRAydro _L%ﬁide ( TBR -g? hydr operoxi des), nitric
acid, nitrous f\or salts thereof, ni #n diwxi de, benzal dehyde and

ot her al dehydes. g i stence of such 2 7 DECN20DM - 29 conponent in
t he systen1enhan%lswa rgaction in SRIE . e anmount of the
af orenenti oned conponent is, for exanpNg, ffom agout 0.001 to about 3 noles
relative to 1 nole ef,yhe imde conpoung—ihe caﬁhlysts of the present
invention are useful as, for exanple, gRadicgfzreaction catalysts. The
catal ysts of the present invention exhibit simlar catalytic activities to
reactions in which the conpounds (5-nenbered N-hydroxy cyclic imde
conpounds) , where a group corresponding to(jR)in Formula (1) is a hydrogen
atom and atom ¢ nunber (nmenber) constituting aring is 5, exhibit catalytic
activities. In addition, the catalysts of the present invention have
significant advantages ﬁHCh that (i) they can maintain the catal ytic
activities for a | t,itme, (ii) they can exhibit high catalytic activities
even in a small and @iii) they can maintain catalytic activities

3 s conpared with the 5-nenbered N-hydroxy
Accondi ngly, the catal ysts of the present invention
(he redctPBns, in which the 5-nenbered N-hydroxy
exhidit catalytic activities, and can yield greater
: whﬁg t he 5-nenbered N hydroxy cyclic

cyclic imde c
advant ages than t

R21 R22

(1c)

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

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

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




i mde conpounds are used as catal ysts. Exanples of reactions, in which the

catal ysts of the present invention exhibit catalytic activities, | ncljﬂéjgeﬁlﬂlr
[

reactions described in the following literature relating to the chial

17 DEC 2004 - 30 5-nmenbered N hydroxy cyclic imde conpounds: Japanese
Unexam ned Patent Application Publ+caBi eons No. 8-38909, No. 9-327626, No.
10- 286467, No. 10-316610, No. 10-309f69, No. 10-316625, No. 11-239730, No.
10- 310543, No. 11-49764, No. 11-106377, No. 11-226416, No. 11-228484, No.
11- 228481, No. 11-315036, No. 11-300212, No. 11-335304, No. 2000-2121l6,
No. 2000-219650, No. 2000-2l 9652 and No. 2000-256304, PCT International

Publ i catii-essbNoi 9S4 50204, Nl WB0HK SESE3Sn Nord 1\WRQ/H 64450 Amegh Nop1b)
W00/ 61665, Japanese Patent Applications No. 11-136339, No. 11-254977, No.

11- 3721 7@y Noc) 2006s 648hydoox 2006rhB084¢0 Noe s8R 8F 68 2meNBe r2800- 67679,
No. 2000-67680, No. 2000-157356, No. 2000-176494, No. 2000-179l 85, No.
2000- 209205ub Noi t 2OO9-BASBRR2, inio 20@0-e340833, 1 aadN-Noyd 2000-25a824K  For
exanple, (A a conpound capable of formng a radical is allowed to react
Wi th (B)has rthié codms caeventngy esnpefibded nalbdree pr esence of the catal yst of
the present invention and thereby yields an addition or substitution
reacti on prodingt hedtagsan attem,c dipowidkylAgramg ,t Hdec erpdurct ofp), athea
derivative thereof . [Conpounds (A) Capable of Form ng Radical] Such
conpoundsY¢gablaphigeows, fiorerngdzoxwldigrumar ¢heotaldeeni fgreald,y theni t ed as
|l ong as they can forma stable radical and include,for exanple, (A)

het er oat @¥F ROFY hi i QIgP € OHPpD LSS teldteit dvhvaxg s ksaro rgdoudr odédre eand. at t he

adj acent position to the heteroatom (A2) conpounds each having a
group and the acyloxy group in the substituents R to R!® include

similar groups to corresponding groups in the substituents R!
to R®.

In the substituents RY to R?, the alkyl group includes
similar alkyl groups to those exemplified above, of which alkyl
groups each having from about 1 to about 6 carbon atoms are
specifically preferred. The haloalkyl group includes
trifluoromethyl group and other haloalkyl groups each having
fromabout 1 to about 4 carbon atoms. The alkoxy group includes
similar alkoxy groups to those mentioned above, of which lower
alkoxy groups each having from about 1 to about 4 carbon atoms
arespecificallypreferred. Thesubstitutedoxycarbonyl group
includes similar substituted oxycarbonyl groups (e.g.,
alkoxycarbonyl groups, cycloalkyloxycarbonyl groups,
aryloxycarbonyl groups, and aralkyloxycarbonyl groups) to
those described above. .The acyl group includes similar acyl
groups (e.g., aliphatic saturated or unsaturated acyl groups,

acetoacetyl group, alicyclic acyl groups, and aromatic acyl




17 DEC 2004 - 31 carbon-het eroat om doubl e bond, (A3) conpounds each having

a met hine carbon atom (A4) conpounds each having a carbon-hydrog ? Pgedsz
t he adj acent position to an unsaturated bond, (A5) non-aromatic c§ I %
hydr ocar bons, (A6) conjugated conmpounds, (A7) am nes, (A8) aromatic
conpounds, (A9) straight-chain al kane8 and (Al10) ol efins. These conpounds
may have various substituents within a range not adversely affecting the
reaction. Such substituents include, but are not limted to, hal ogen atons,
hydr oxyl group, nercapto group, 0Ox0 group, substituted oxy groups ( a . g .
, al koxy groups, aryloxy groups, and acyl oxy groups), substituted thio

groups, geslexyltcgthupe Gebstibed etbay.carbenyty 6RyRssogyagiditead or
unsubstituted carbanmoyl groups, cyano group, nitro group, substituted or

unsubst i ¢ i elthanaapl gepupsoussl! {e. gr oupl i phkylc gsoupsatabikenyl group,
al kynyl groups, alicyclic hydrocarbon groups, aromatic hydrocarbon groups,

and het enmsy/ich &t g cupsl 0Tt ey oo U Rt oAl etaahd e gafodr milig v riadi cal act
as radi cal donative conmpounds in the reaction in question. The

het er oat @ny toxy giroupg , conpeunus t ( ABcydaxty davipg) accahdbsanindriogena bond at
t he adjacent position to the heteroatominclude, for exanple, (Al-1)
pri mary aposecoritar yhadlagsmwlatanr iprdlneies ofl weciorearghldi oles,arfdl- 2) et hers
each having a carbon-hydrogen bond at the adjacent position to an oxygen
atom orbsuhineest@exh Ravhngfathardorshydreyen Ronto &**t he aitfeaceant
hydrogen atom, a lower alkyl group having from about 1 to about
4 carbon atoms, a carboxyl group, a substituted oxycarbonyl
group, a nitro group or a halogen atom.

Examples of the preferred imide compounds are
N-acetoxyglutarimide, N-acetoxy-a,oa-dimethylglutarimide,
N-acetoxy-B,pB-dimethylglutarimide,
N-acetoxy-1,8~decalinedicarboximide,
N,N’-diacetoxy-1,8;4,5-decalinetetracarboxdiimide,

N-acetoxy-1, 8-naphthalenedicarboximide
(N-acetoxynaphthalimide),

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

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

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

N-methoxymethyloxy-1,8-naphthalenedicarboximide,

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




17 DEC 2004 - 32 position to a sulfur atom' (Al-3) acetals (including
hem acet al s) each having a carbon-hydrogen bond at the adjacent poiit'gn to |
an oxygen atom or thioacetals (including thiohem acetals) each ha 7ng & 2004 |
car bon- hydrogen bond at the adjacent position to a sulfur atom The primary -
or secondary al cohols in the conmpoung8 (Al -1) include a wi de variety of 3
al cohol s. These al cohol s nmay be whi chever of nonohydric, dihydric and §
pol yhydric al cohols. Such primary al cohols include, but are not limted to,

met hanol , et hanol , | - propanol , | - but anol , 2- net hyl - 1- propanol, 1-pentanol,

1- hexanol, 1-octanol, 1-decanol, 1-hexadecanol, 2-buten-1-ol, ethylene ;
gl ycol , timies hydrehe t@letcebmpbexaretbyLenengbi o . rdient el yhhriddle and

ot her saturated or unsaturated aliphatic primary al cohols each having from
about 1 R dsabguouB@h@ir edefalityal aesrahait hdmi 8cabautyidd, a AR IBRA

preferably fromabout 1 to about 15) carbon atons: cycl opentyl nefhyl

al cohol , gxyab oHexyd et iysu b copbbx y 21 £§-ch abiexys Béhydi ah £9b2i miaad ot her
saturated or unsaturated alicyclic primary al cohols; benzyl alcohol,

2- pheny | ¥itMhytbis todiohangs phioyy poopyt 1 a8 coONDInash tinelehe 8d €06k rband ot her
aromatic primary al cohols; and 2-hydroxynet hyl pyri di ne, and ot her

het er ocy®di onideohokdso t Tgpiccaipsectndapye aénbbadls; Foehude, (buwhare not
limted to, 2-propanol, s-butyl alcohol, 2-pentanol, 3-pentanol,

3, 3- di mek hyla sublicandlgraucsahbhyid-edeeanohi t24kexsidecaphbsphoki cDEC 2004

esterorboricesterof N~-hydroxy-1,8-naphthalenedicarboximide
or N,N’-dihydroxy-1,8;4,5-naphthalenetetracarboxdiimide,
and other compounds represented by Formula (1) where R is a

groupobtainedfromaninorganicacrdbyeliminatingan(ﬁigroup

therefrom.

Each of the imide compounds can be obtained by introducing
a desired protecting group into a corresponding compound where
R is a hydrogen atom (N-hydroxy cyclic imide compound) using
a conventional reaction for the introduction of a protecting
group. For example, N-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.

The compound where R is a hydrogen atom (N-hydroxy cyclic
imide compound) can be obtained by a conventional imidization
process {(a process for the formation of an imide), such as a
process that comprises the steps of allowing a corresponding

acid anhydride to react with hydroxylamine for ring-opening



- 33 2-penten-4-ol, 1,2-propanediol, 2,3-butanediol, 2, 3-pentanediol, and

other vicinal diols, and other saturated. or unsaturated ali1phafic

secondary al cohols each having fromabout 3 to about 30 (preferablﬂ 7rmé 2004
about 3 to about 20, and nore preferably fromabout 3 to about 15) carbon
atons; 1-cycl opentyl et hanol, 1-cyqqufxylethanol, and ot her secondary

al cohol s each having an aliphatic hydrocarbon group and an alicyclic
hydrocarbon (e. g. , a cycloal kyl group) conbined with a carbon atomthat

is conbined with a hydroxyl group; cyclobutanol, cyclopentanol,

cycl ohexanol , cycl ooctanol, cycl ododecanol, 2-cycl ohexen-1-ol,

2- adamant anol , 2- adanani anpl s each havjng fromone to four hydroxyl groups

at the '&ﬁbﬁ%ﬁﬁ?ﬁég§4r %<5¥%thﬁﬂ¥%ﬁgP§l&&cﬁ%ﬁa6ﬁﬁg gﬁ g?Gmgﬁgup on an

adanant%p%xkgng, and ot her saturated or unsaturated alicyclic secondary

alcoholsntlndluding bri dged cyclic secondary al cohoTs) each having from

about 3 to a . nenbers. _(pref.erably from about 3.to out 15 nmenbers,

nor e prefera§&§tl %g%ﬁé 5ﬁ1E§u¥%F§ &%ﬁ %gmﬁgu ngFagnget$ i@épﬁé P¥om about

5to ab ?ﬁg s);. A yl et vr A I ,

1- phenyloi#r{ett]ﬁoyﬁ a%o% ,p%?%‘lﬁ%%ﬁe{%% l,r;ta(ﬁgﬁ'g%/ hﬁ&g(?%t??%%c%%dar y

al cohol s;_ ; J t hanol, and ot her heterocyclic secondary
R B

al cohol s. ‘urther include, for exanple,

1-ad lo_.as =1z h |,
a-gtﬁgF?ﬁ-gﬁanﬁa?gﬁg%etHﬁn&?%ieéﬁgg%gggé 4--é32n0
a- i sopr qpw rJlg AUATENL ADENEL DANO 4 o 13 Y AL Qs @ A1 Y = d AFARNT @pgmet hanol

3- car boxy- a- net hyl - 1-"adamant anenet hanol ,

a- met hyl s3as P eyl Qb Peleneaet unds & M edar dgeadi nepthagol

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

a- met hyl s diey perbysey of & UDRISPEREAEANGE , aromatic polycarboxylic

a- met hyl - 4a- per hydr oant hr acenen®et hanol ,

a- net hyl a@ay@erdwslr ophenant hr enenet hanol , a-nethyl-2-tricyclo [5. 2.1.

02' 6] decanenet hanol , ' '

6- hydr oxy- a- meidy bf2-h & iieM &0t SmBotin2 ' Llderatengihan @l substituted

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

a- met hyl cgat periyids phaesiad e Riiaireht et Bpt hytmdi Ao bprawnereiadol |

a- met hyl - 2- nor bor nene- 1- net hanol, and ot her al cohol s. each having a bridged
cyclic hylsweahon gsmbpnaslch iasacorpatings. eatle havdegcandsugedycyclic
hydr ocar bon group conbined with a carbon atomthat is conbined with a

hydr oxyl bgriarmedPrief eteedecalctdbal syinehudeTise cionidiy v oadpeahal hasridat he

al cohol s each having a bridged cyclic hydrocarbon group. Such preferred
secondar yhalNeclblss iitndleddey 21 pe dpean@ s kst dtbly lreplresieoltedang Fatdmerlaal i phati c
secondary al cohols 1-cycl ohexyl ethanol, and ot her secondary al cohols each
havi ng afl alagrhdkei usagidimcamiomagricupwith g.Gorar«Epa@ialk W-hypdowxyor a

C6- Cl4 aryl group) and a non-aromatic carbocyclic group (e.g., a C3-Cs

17 DEC 2094l ic 35idy choglokykd ¢& cugmporural ghelroak kenglhytoupdn edei)ned with a
carbon atomthat is conmbined with a hydroxyl group: cyclopentanol,

cycl ohexanol ,The ademett afdihe amd det denpakina yeldor dewbhdatlye @inssiesits each
having from about 3 to 15 nenbers ~ 1-phenyl ethanol, and other aromatic
secondar ynagebhoh canfres et eaneg wdit hdacontde yanaedng 1 9 £Re ccompoinds (Al- 1)
i nclude thiols corresponding to the primary or secondary

from about 0.0000001 to about 1 mole, preferably from about
0.000001 to about 0.5 mole, more preferably from about 0.00001
to about 0.4 mole, and often from about 0.0001 to about 0.35
mole, relative to 1 mole of a reaction component (substrate).

[Promoter (Co-catalyst)]

According to the invention, a promoter (co-catalyst) can




al cohols. The ethers each having a carbon-hydrogen bond at the adjacent
position to an oxygen atomin the conpounds (A1l-2) include, but arke/rbiC 2004
limted to, dinethyl ether, diethyl ether,. dipropyl. ether, diisopropyl

et her, dibutyl ether, methyl ethyl ether, nmethyl butyl ether, ethyl butyl
ether, diallyl ether, methyl vinyF éher, ethyl allyl ether, and other

al i phatic ethers; anisol e, phenetol e, di benzyl et her, phenyl benzyl et her, and
ot her aromatic ethers; and di hydrofuran, tetrahydrofuran, pyran,

di hydropyran, tetrahydropyran, norpholine, chroman, isochroman, and ot her
cyclic ethers to which an aromatic or non-aromatic ring nmay be condensed.
The sul fidgseaaahcbapi ngt aonariiont hgdmigenceopeuBe - t RIERIPACBARESHSsi tion to
a sulfur atomin the conpounds (Al-2) include sulfides'correspong%ng to the
ethers eagdn fayj feaeganbdr, hyetalbbic FompPoandse Bdj d8eR? PUsiHTOR to an
oxygen atom The acetal s each having a carbon-hydrqgen Q%E%:at tQ% adj acent
POSI t i ONcéfp &N @XMy eratioratiion hé thopeuRREa L MiC FHOMPIINBECBHFL ™S 36
include; for exanple, acetals derived from al dehydes and al cohols or acid
anhydri desa Setbcateiaysofnthadecagtipe @eBtaPsIHRYCYEGclic acetals. The

al dehydes include, but are not limted to, fornalq§£%de agghggqi de;
pr opi onal dehydet a bt g edledehfdecon Soblt g GBAVREE2 et SREPCUReRanal |
decanal, and other aliphatic al dehydes; cycl opentanecarb of

cycl ohexanecapbalfiéhgdeéy éhml§?ﬁe@nﬁl?E?c%?%egﬂﬂ%5 g%? SRR

benzal dehyde, phenyl acet al dehyde, and, ot her omati ¢ al de The, @l cohol s
i ncl ude, thetGroepadt tpi115Pédzbﬁ,P%%F?géﬁh%%gﬁenf%ggr%pazgﬁ@% but anol ,

benzyl "al cohol , and other nonohydrjc al cohals: et hyl Wl s Propyl ene
gl ycol, I'n@tpidganediesients @Sdi‘{ﬁ%g‘-%%l-nplac}ﬁgnel&}%uﬂgsngj ot her di hydric
al cohol s. Typical acetals are, Lir ex

5+ ot hyi Eeepcot &ne Mokt ¢ LomS R A AE" ki BEHer At X6l ane
cCoal demyosanabty| Scoka “SHREDE Rl o4 191 ELTRT e EEmA AT e
2 'sul Tur BebRREREEHE -BomssmiSn (A0} 0 PAET S (I ACEt S Correapondi ng to
the acetal s 2. DaVLNE S7 ORI NVAL 9NbPNEAuy b Rshaneni(engstion Lo
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),
Group 11 elements (e.g., Cu), Group 12 elements (e.g.., Zn) ,
Groups 13 elements (e.g., B, Al and In), Group 14 elements (e.g.,
Sn and Pb), and Group 15 elements (e.g., Sb and Bi). Preferred
metallic elements include transition metal elements (elements
of Groups 3 to 12 of the Periodic Table of Elements). Among
them, elements of the Groups 5 to 11 of the Periodic Table of
Elements are preferred, of which elements of Groups 5 to 9 are
typically preferred. Especially, V, Mo, Mn and Co arepreferred.

The valency of themetallic element is not specifically limited,

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



____The conpounds (A2 ) each having a carbon-het eroat om doubl e bond i ncl ude,

for example, (A2-1) compounds each containing a carbonyl group, (1A2-BHC 2004
conpounds each containing a 17 DEC 2004 - 37 thiocarbonyl group, and
(A2-3) imnes. The conmpounds (A2-1) each containing a carbonyl group

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

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

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

but yl ket one, net hyl vi nyl ket one, net hyl i sopropenyl ketone,, net hyl cycl ohexyl
ket one, acet gphenpaealnethybmonndsyl ’ Eéﬂbﬁé? %%?Hng§¥6§Fde|

ketone, cycl ohexyl phenyl ketone, and other chain ketones: %%%{qg&ppanone,
cycl obut anang,t £y |sapentanse, hydebshdeanopeldas net iyt eyt deXdnone,

4- chl or ocycl ohexanone, i sophorone, ¢ cloheptanone;wf clogct%pQﬁg;
cycl odecapomes) ©yehadedecahome) deyccbpentdgde &t 99S 30y SSAedi one,

1, 4- cycl ohexanedi one, 1, 4-cycl ooct anedi one, osphates

2, 2- bi s(4a0xecyc! oheaylijipr dpade, bP§€4£6§0c§895ﬁ§§§V)ﬁgth ne, '

4- (4- oxocycl ohexyl ) cycl ohexanone, 2-adamant anone,, and @t her |4« ket ones;
biacetylﬁargtbutaaadioaeppzﬁgeﬁéntéﬁéﬁﬁoﬁé,l§929ﬁ¥%%%§§’oﬁgﬁgﬁfégﬁzoyl
(benzil), acetyl benzoyl, cyclopentane-1, 2-di one, cycl -l, 2-di one, and
ot her 1,&edb@@pbdwwhddmpo@wﬂkG@ﬁ@?,&ﬂﬁqaﬁﬂ&ﬁé§¥?5§%§5¥£, eggg%n, and ot her

oc- ket o-al cohol s; acetal dehyde, propi onal dehyde | 54 nal.,,
succi nal gehyeemenglivnecaneledlHC ei&m&&Fae rﬁi@e% %ggg,ttaﬁgg aa?lir%ér(]gt i %

al dehydes; cycl ohexyl 17 DEC Z004 ,- 38 al deh j t girtbrenel | al
and othemdﬁﬁanﬁHAmI@@ﬁ@h?H%§gPB@ﬁ?é?H@ﬁy&5¥9§5%%§§§%%H§g%82hyde,

ni t robenzal dehyde, ci nnanmal dehyde, salicyl al d i debyders.
phthalald&ﬁmWaxé%@@hd@éh%ﬁﬂﬁﬂ&ﬂ%c?%?@%ﬁ?ﬁgpgpﬁgﬁgﬁgglggg ot her gronatic

al dehydes; and furfural, nicotinal dehyde o] detdt qeyelroxaal,dehydes.
The conpdungsndALa) coash HAHMG EQ?h¥%%%%%%%§I£€g¥Ru)i ncl ude conpounds

each having a thiocarbonyl group corres (N mpeynds .(@A4- 1) each
havi ng a ahk&Gonye - §roWs e /i ﬂflﬁ%’éy(ﬁﬁEg%ggg’i’ %a%%%@&ﬁ)ﬁ) arg (r::(ot gﬁZm t ed

to, imnes (including oxines and. bydr degiyed ddiamsthea mspadunds
(A2-1) eashehgVianf RIORY )'g?égéxXE%%Bgﬁgénﬁé %r anines?hghch am nes

i ncl ude, for exanple, methylamneg,.e L he ~RHep¥haridienyiul ydwm ne,
hexyl am nendisamayyaf RO Y cﬂ%ﬂ%§¥}%%$%%$g%§iFyne,gand ot her am nes;

hydr oxyl am ne, 0-nmet hyl hydr oxyl.am. hehehy Xy amxiessn ayanazi ne
nethylhydhaipﬁépqﬂﬂﬁ@ﬁﬁyaraf%%ﬁréﬁiﬁﬁgﬁg% Eygggzines. The conpounds (A3 )

each having a nethine carbon _atom.i.t 1ohespaxaspkad oABet ) cyclic
conpoundsﬂeﬁchaﬁQQ?ngpaoﬁggﬁpﬁg g%%ggh%ﬁ§lg. ,pa met hi ne car bon- hydr ogen

bond) as a constitutignal uni I 1 ASnpourcdiaj NHe dapodnds s each
having a rERLYe POSR réetsgn?&i'ﬁie:h% Ihlra%pcorrpoundsﬁ%AB- 1) i nclude, for

S?gzgle, g@%—%&k Qakgg%g,cxﬁ%iqnggggegpgseeaymehadﬁagiab,Ieast one net hi ne

diethylenetriamine, pyridine, phenanthroline, and other
nitrogen-containing compounds.

Specific examples of the metallic compounds include, by
takingcobaltcompoundsasenlexample,cobalthydroxide,cobalt
oxide,cobaltchloride,cobaltbromide,cobaltnitrate,cobalt
sulfate, cobalt phosphate, and other inorganic compounds;
cobaltacetate,cobaltnaphthenate,cobaltstearate,andother

.salts of organic'acids; acetylacetonatocobalt, and other



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

atfTcycli ¢ hydrocarbons) each having a hydrocarbon group conbinedT?iBE a?MM
ring. The bridged cyclic conmpounds al so include conmpounds, in whlch &D '
rings comonly possess two carbon atons, such as hydrogenated products of
condensed pol ycyclic aromatic hydro bons. The bridged cyclic conpounds
(A3-la) include, but are not limted to, decalin, bicyclo[?2. 2a0] hexane,

bi cycl o[ 2. 2. 2] oct ane, bicycl o[ 3. 2. 1] octane, bicycl o[ 4. 3. 2] undecane,

bi cycl o[ 3. 3. 3] undecane, thujone, carane, pinane, pinene, bornane,

bor nyl ene, norbornane, norbornene, canphor, canphoric acid, canphene,
tricyclene, tricyclo [5..2 .1. 03 e, - 1€ Y 1[4 cdmbolidds]. decane,
exot ri cyasmpless, ?n.cl Ptheéz‘]]‘li%f‘%ﬁg]éa%g?@%ﬁ’ oltérriltccycl o[ 5 .%)2 . 1. 02" 6]
decane, tricyclo[4.3.1.12 5]lundecane, 1 Li.cy 42t 22 42 ' riRjundedare),
endot ri cliel s fratpve vana n‘éfmﬁﬁ)gggigbeggg%%n?ane, 1- adanant anol ,

1- chl oroadanmant ane, 1-nethyl ada ' 1o33 dereyhyhadanmphaneide,
1-nethoX?%daﬁ%%%%h%?1ﬁg§5?%6§§égg%%%?gﬁg,Ol}nethoxycarbonyladanantane,

1-ni troadamant ane, . tetracycl 4. a1 Pard?2 wanddyll]sulottecanesodium
perhydroﬁﬁ@ﬁ?é&eﬁ%}Oﬁé?ﬁde%g%%ﬁ%%h?%en%, per hydrophenant hr ene,

per hydr ophenal ene, r hydr Qi qui pUgbbdhae,; and ot her bridged cyclic
hydrocarB@ﬁ@dﬁFebrFE§e8¥ﬁgge?g§3§FPc conp%unds each having two to four

rings, and detivativest . Thesga.bridgedtgyatetonatpouaudeathehave 17
DEC 2004ageﬁﬁaaﬁekgpﬁﬁﬁg%éggﬁgﬁ“atonﬁa? a bridgehead position

(correspondi to a_juncti Rashbiom whepotndsr hagsngoanval gngeseEss two -
atons ) 9°?P§%ﬁ§ﬁ1a?%%a§%?%gyclig éonpounds (A3-1b) each having a )

hydr ocar %%Hg%goﬁ Eéﬁ ggQ%@ﬁge%tffb@mdma of khdet Hertnetal hiot eLERERES t o,

1- net hyl t hyl cycl ohexane, |i nonene, nent?ene, ment hol ,
car bonent hone mﬂi’wﬁdé"@oﬁ orddirgy cld ccihy datowes treet B havi ng from
about 3 ﬁﬁngﬁgh 15 "menber s anagﬁ%ving a hydrocarbon group ( a . ., an

al kyl gro conbi . Wintd ddomiddsng, EasH ofidigsaleet g4l i 9 €OMPPHE
hydrocarﬁﬁaé%@%ﬁ%p?%gggﬁg%%?kﬁﬁﬁlabove contains fromabout 1 to about 20
(prefer ab{%% f§%n&§@ Ul 1 @né 0o abont cdfdpinat bon. atsgres 1 fira hoh- aridfat i ¢ cyclic
conmpounds 3- )each having a hydrocarbon group conbined with a ring have a
met hi ne car hon, at poh alsd Be Herbialg pospoind widiweenR RN F R AR
hydrocarbon group. The chain conpounds (A3-2) each having a nethipe carbon
atom i ncl ggg ; BULLAF 8yNDicHéab é et Heoo recbainnhyat@ddy BBRY €38R havihg a
tertiary ca bon atom “such as isobutane, isopentane, isohexan vin
3-met hyl pEBfn%@ﬁatgoﬁ'QégeéhyéMahﬁ,YMtth}lBhé%éhé, C%II‘P@‘B%@F Xarne
3, 4-di et hyl hexane, 3-nethyloctane, and ot her aliphatic Q%%&pca QQQS each
havi ng fromealout t4vha aleist (20 o-pr ef eviamilenir Sidtaddde & aB6ut™ 10)
carbon atons, and derivatives thereof. The cqnpound%u%Q§ )%g%ggﬂgaving a
car bon- hy drggemn RqRe atitthe adijiacdrntpositidldd d &AW t Urated bond

i ncl ude, for exanple, 17 DEC 2004 - 41 aromatic conpounds each having a
met hyl gr g rd@Ri.hyl ene group at the adjacent position to an aromatic
ring (a "benzyl position"), and (A4-2) non-arqutic fO”Qa £aghohaving a
met hyl group orheehhybene grtoepnatal heC LHMRBMY p5si 1o 10 "an ‘'unsat ur at ed

bond (e.g., a carbon-carbon triple bond or a carbon-o | nd
e about 0.001 to about 1gmoles and pre%erab?y %‘é’&ﬁ’h&ﬂ}’rpo‘ao@% )

to about 3 moles, relative to 1 mole of the imide compound,

and is, for example, from about 0.00001% by mole to about 10%

by mole and preferably from about 0.1% by mole to about 5% by

mole, relative to 1 mole of the reaction component (substrate) .
14

The promoters for use in the present invention also include

orgaﬁic salts each composed of a polyatomic cation or a



__1n the aromatic conpounds (A4-1), the aromatic ring nmay be either of an
aromati ¢ hydrocarbon ring or an aromatic heterocyclic ring. Such1qrﬁﬁﬁt2ﬁﬁ
hydr ocarbon rings include, but are not limted to, benzene ring, condensed
carbocyclic rings (e. g., naphthalqu azul ene, indacene, anthracene,
phenant hrene, tri phenyl ene, pyrene, %d ot her condensed carbocyclic rings

in which two to ten 4- to 7-nenbered carbocyclic rings are condensed). The

aromatic heterocyclic rings include, but are not limted to, heterocyclic
rings each containing an oxygen atomas a heteroatom (e. g. , furan,
oxazol e, isoxazole and other 5-nmenbered rings;. 4-Qxor4 t her

6- menbergsh yd ngsic kerizof andnits BEHAGT 4PN, w%%&(ﬁ@#%@%ﬁ%ﬁ%&épot her

condensed rings), heterocyclic rings each nt.ai ni n fau-apm as a
het er oat@fna(rﬁ.orgcontainprﬁeﬁépu?lﬁ%96I%‘fo‘?%ggh‘?g%%+%? O?‘:h?g!ai azol e, and ot her
5-menbered rings; 4-oxo-4H-thiopyran_and ot her 6- e | RGSrded

benzot hi pagheaecandlenhatscbadéngedtr LRGSY, Rt 8?8%5@% F:ﬁr iunblgs each

containing a nitrogen atomas a heteroatom (€., 0., WS O+E, tBY AZed e,
i m dazol ehetetazol By W%Fh%@@%@?iﬁs as bhERr B 42 rings:

pyridine, pyridazine, pyrimdine, pyrazi e b-inghsreatl. rings;
i ndol e, auidnekileetizditivdiofe theap i n%gdn &%&%ﬁazm ine, purine, and other

condensed rings). The methyl ene group..at..t I AGRY oPpagid Penibaithe
aromatic ri nglndsb%@raaﬁéf:kﬁﬂ]e% SBS%procug’nggie?%i ng a non-aronmatic ring
condensed to the aromatic ring. .In.t .0 I CoSQMPPUNS (A Gronpbot h
met hyl grizig eaed ﬁé?ﬁ?PéﬁelﬁFgBﬁeD%yr}gx?ssst’ng%'t%e adj acent position to the
aromati'c ring. The aromatic conpound Vit T hnén tBt tyt1gdeppfat the
adj acent lfostkgmeantod Anh Q?%n}g?ggo‘?}%zraﬁﬁ% ude, but are not linited to,

aromati ¢ hydrocarbons each hayi f QDA @nernledtabeute N,x Bve?syl groups
subst it utexeeml e he® ardnet§ ca?(¥n'gg(e.9(}g@ ol uene, xyl ene,

1-ethyl - 4- met hyl benzene, . 1- et hyl- 3- nngt hylLbepgengily preferred.
1-i sopr opyp - ap %hy‘Pge‘ﬁlEéﬂlé, ﬁl%%ﬂ?y? 4- et ﬂ%l benzene,

1- met hoxy- 4- net hyl benzene S| nPsfpcurRR®ndof ¢he,elements

met hyl napht hal ?rﬂf“ﬁéﬂ%ﬁoﬁp%]{'%%l%eqﬁoe, met hyl ant hr acene,

4, 4" -di met hyl bi phenyl , t ol ual d @ el eenzardghypdes which may

trimet hyl b@ﬁ%éﬂ@etﬁ‘é)&ﬁrﬁ ﬁll%% ggll;%gtgrl et h)}}{a?oﬂenzoi ¢ acid, and di net hyl benzoic

acid), and heterocycli.c c 0 each thavieag oxyorgralmst. ofiBet o about si x

net hyl gr 8ags &uf is'g;dt%élg%or{g %rﬁh(éZtser oc;}cl icring (e. g., 2-met hé{lfgr an,

3-net hyl furan, 3-nethythi oph 1udeTeblyl pyei doneliditedhyppyrRPafie:

4- et hy| p%ﬁd&ioﬁé,r%%,nﬁé&?’#g’%hép’%}ﬁ dine, 2.4, 6-trimethyl py(rii dine, .

4-met hyl i ndol e, 2-net hyl quinoebioe, pudyl PEG204/L, 43budiyd, T-PULy-:,

3- net hyl qlﬁt%m%i'ng)rf)p%lﬁé grg%ﬁat#)g Z:onpo%nds each having a nethyl ene_group at

the adj acent ‘%Si%&glt% 1ar By i ¢ teicngdenylludes xaircat e ofsedPCHilred to,

aromatic tﬂfd”f cdrbons™éach “havi ng an al kyl group or substituted al kyl group

having two %hﬁrﬁ&%%?@r al OfB; 6t - Gor , bedmyhbenzeatn ptdPYPbefizene,

1, 4-diet hﬁ Zene, and di phenyl et hane), aromatic heterocyclic corgﬂﬁgnds

each havi nﬁ%gno&g]l_gg ngj%é)r(aslu@su b&uhgd,ahkyénglo@ulpo%%i%fgdta\%‘y& re

carbon ato fe. g., Z2-ethylfuran, 3-propylthiophene, 4-ethylpyridine, and

. 4-butyl qui n?g{u@g? . 28 £99PAYNEsomasbohavingoaaheRtaPBNERFEOP §°¥Sndensed
to an aronBtic r ng, which non-aromatic ring has a nethyl enﬁa?qéou,g At t he

adj acent p?é%gkgg FQ the @588t ilccd khgut €0 carben REGFEAaIHY F1e-Y T hdene,

i ndan, tet n, F ugrene, acenapht hene, phenal ene, indanone, ndvin

xant hene) . C?t@goﬂgg}yqr,qim b%h@@r@mmgtsl_1<Ahy2)f0@&éﬁ0ﬁa‘§/¥‘?ﬁgp%\ er"i‘§‘thhy_ gr%up or

| methylene group at "the adjacent position to an unsatuyrat eﬂ bondhjcﬂﬁ%ude,
for exanpl Gf,ro&féb%%)c ghabnaubsat Br ahedohyarorar baRd BARRY havPAg & et hyl

\ group or methylene group at an "allyl position", and A4-2b)$fr%9lrrgggggs each

. having a methylbrge@uaremnaiethyénecgrioop @othe eé’cﬁ}h t$bsition to a

. carbonyl group. The chain unsaturated hydrocarbons_ (A4-2a).i %I l&g(_?[b hut

\ 6 to about 14 carbon atoms. Substituents whgch tzhg hyg o ©

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



are not limted to, propylene, 1-butene, 2-butene, 1l-pentene, 1-hexene,
2- hexene, 1, 5-hexadi ene, 1-octene, 3-octene, 17 DEC 2004 - 44 ‘13 DEC 2004
undecatrines, and other chain unsaturated hydrocarbons each having from
about 3 to about 20 carbon atons: The conpounds (A4-2b) include, but are
not limted to, ketones (e. g. , acetone; nethyl ethyl

ket one, 3- pent anone, acet ophenone, and ot her chain ketones~ and cycl ohexanone
and ot her cyclic ketones), carboxylic acids or derivatives thereof (e. g.,
acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid,
hept anoi ¢ aci d, phenyl acetic aci d, mal oni ¢ acid, succinic acid, glutaric acid,

and est gL.§, gf-olipesy B ds) grdhp, ambsrianatdcCory glricwiptsy de ogar XYA5)
i ncl ude (A591§ gy?ﬁ%alﬁgﬁés and (A5-2) cycl oal kenes. The cycl oal kanes

(A5-1) ipeduge, huflare gretudd nehedatplorpnpounes) e hREY h@%P B to
30- nenber ed cycl oal kane ring, such -as cycl opropane, cycl obutane,

cycl opens qpst 1 exetahexanabaycl greppanesubytibbeedrer wWrikiioiaHed
cycl odecane, cycl ododecane, cyclotetradecane, cycl ohexadecane,
cycl ot et agpsaPel GYolpsy i agenbageouRndndsrPvELPYRs EHPERdSEEEEMPSunds.

Preferred cycl oal kane rings include 5- to 30-nenbered c¥cl al kane rings, of
whi ch 5- yheuBBt renhededhioye boabikanea ¥iylgsranpst (i Tal PELhYer T T _% 7 The
cycl oal kenes (A5-2) include, but are not limted to, conpougds each having
a 3- to 3Qdnevher el -Cych by kerwoupy, WigdioadkydyFEpPSpeney-cJtP bt ene,
cycl opentene, cycl ooctene, cycl ohexene, 1-nethy|-0éclohe ene isoghorone,
cycl ohept(ene;. ,cpbbogddate maRsWRY } SR FOpeAPn8REIPCE Ly El ShaRETT ene,
17 DEC 2004 - 45 1,5-cyclooctadi ene, and othe Cégloalkadi%neg 1
cycl ooct atrei pme famdedt hedreger BARKEFTRASS CIHP ddrin G FVES Sof °t fidse
conpounds. Preferred cycl al kenes include conpou each having a.35 to
20- menbergmburisngachf hakies EBRPARRIE datR PO O CATRY f%«?nn%ﬁbgﬁgd ri ng
are typically preferred. The conjugat ed conmpqunds &Agg i ncl g .
exanpl e, JrABiAi @ dNjdaAgRIRPIHiEeES d@gp§Cfa3ﬂy(3p T nggtg gﬁfgggles, and
(A6-3 ) a,(3-unsaturated carboxylic acidsor deriyati ( , @glers,
am des armgkaa)d e@@maayggg)qu{%@é}&qt % to a'i)ou% iX ca:yk?én Stons .
substituted oxy groups include, but are not limited to, alkoxy
groups, aryloxy groups and aralkyloxy groups.

Examples of the organic salts include organic ammonium
salts,organicphosphoniumsalts,organicsulfoniumsalts,and
other organic oniumsalts. Suchorganicammoniumsaltsinclude
tetramethylammonium chloride, tetraethylammonium chloride,.
tetrabutylammonium chloride, tetrahexylammonium chloride,
trioctylmethylammonium chloride, triethylphenylammonium
chloride, tributyl(hexadecyl)ammonium chloride,
di(octadecyl)dimethylammoniunlchloride, and other gquaternary
ammonium chlorides, and corresponding quaternary ammonium
bromides, and other quaternary ammonium salts each having four

hydrocarbon groups combined with a nitrogen atom;

dimethylpiperidiniwnchloride,hexadecylpyridiniumchloride,



The conjugated dines. (A6-1) include, but are not limted to, butadiene,
i soprene, 2-chl orobutadi ene, and 2-ethyl but adi ene. The conj ugat ed{df B 2004

~ (A6-1) also include, herein, vinyl acetylene and other conpounds in which a

doubl e bond and a triple bond are conJ ugated. The a, (3-unsaturated
nitriles (A6-2 ) include, for exampl%e! tmeth)acrylonitrile. The

a, (3-unsaturated carboxylic acidsor derivatives thereof (A6-3) include, but
are not limted to, (neth)acrylic acid; methyl (meth)acrylate, ethyl
(meth)acrylate, isopropyl (neth)acrylate, butyl (neth)acrylate,

2- hydroxyet hyl (meth)acrylate, and other (nmeth)acrylic esters

(et h) agfotaTigia n Y ireidy |« (oretdy acayd sof ke apidc bt hedUg RBERTEEr yI ani de
derivati ves. e amines (A7 ) include, but are not linmted to, primry or
secondaryRiHings Silohs as Bxetdplleamiafe, thet %@ ife Phosphonium 75 2004 |
propyl am ne, butyl am ne, dinethylam ne, diethylam ne, dibutylam ne,

et hyl enegiarnidee, t &t dareit layeoh aspnen i b debk9r 8#f ne, et hanol ami ne, and ot her
al i phatic am nes; cyclopentyl am ne, cycl ohexyl am ne, and other alicyclic

am nes beszyiwnt yephdoplodiwe, chhdradfer aromatic ami nes; pyrrolidi ne,

pi peridine, piperazine, indoline, and other cyclic amnes to which an
aronatictpibﬁoplaMQnadécylbpgoﬁﬁyobéu@oﬁﬁéﬁ§é§?'The aromati ¢ hydrocarbons

A8 include, but are not limted to, benzene, naphthal ene,
gcen;pht byl eneylphenghphpephonium chloride, and other qudternary

ant hr acene, napht hacene, aceant hryl ene, tri phenyl.ene, pyr.e rysene,
napht hacphesppboén®s, chépylidss, perk &8&6@,@8&‘1&51%(,9%%&/6&2}%25?{;ne, oval ene,

and ot her aromatic conpounds each having at | east Lhings O

t hese ar phatpbhohydmoeaeBbAss, pped s %I“Qttc?&ﬁlﬁléﬁ’sgggsg 3%132[ i ¢ aromati
conpounds in which at least a plurality of benz Il horukWo to
ten benzemehrhangsng S cbHEEASEIPORHEERST § |l§%§y%%€}g;ar%§ﬁgﬁn%§ueach have

at | east one substituent. Exanples of such _arqmati driogarkenseach having -
asubst i t weom.ar BRashilePoRAphtFareFEr1+2- ﬁé‘?ﬁ(?)?ﬁ%pﬁt%ﬁ‘agenle,

1- met hyl napht hal ene, 2-net hyl napht hal e - LhLACENEde, and

2- t - but y|tariteadene fonigyy BS&?}}@E‘I’ h?gg%ﬂg?pé?ﬁ%%%({%ggr bonyl ant hr acene,

2- cyanoant hracene, 2-nitroant hracen a - Vi Peptak ensn deoepsh of the
benzene rdtWHE Saﬂrffﬁf”d%%nﬁaf sc%?%bﬁh?‘( fg> Zglﬁl@%gongti c heterocyclic ring,

or a non-aromatic het erocgci%c riggmmay be 17 DEC 2004 - 47 condensed.
combined with a sulfur a .

The organic salts also include methanesulfdnates,
ethanesulfonates, octanesulfonates, dodecanesulfonates, and
other alkyl-sulfonates (e.g., Cs=Cis alkyl—sulfonates);
benzenesulfonates, p—toluenesulfonates,
naphthalenesulfonates, decylbenzenesulfonates,
dodecylbenzenesulfonates,andotheraryl—sulfonateswhichn@y
be substituted with an alkyl group (e.g., Ce=Cis
alkyl-arylsulfonates); sulfonic acid type ion exchange resins
(ion exchangers) ; and phosphonic acid type ion exchange resins
(ion exchangers) .

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

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



____The straight-chain al kanes (A9) include, but are not limted to, rregpgng

et hane, propane, butane, pentane; hexane, heptane, octane, nonan@f ecan%?
dodecane, tetradecane, hexadecane, and other straight-chain al kanes each
having from about 1 to about 30 carbon atons and preferably fromabout 1 to
about 20 carbon atons. The ol efins (407 may be any of a-olefins and
internal ol efins each of which nay have a substituent (e.g., the

af orenenti oned substituents such as hydroxyl group and acyl oxy groups) and
al so include dinmes and other ol efins each having plural carbon-carbon
doubl e bonds. Exanples of the olefins (A10) include ethylene, propylene,

1- but engy @ ey ene, ré 5oLk eneo 1-peheent, te pipl dfeCompOUnc-

2,4,4-trinethyl -2-pentene, 1-hexene, 2-hexene,.2,3-djnetgﬁl-éﬁéi £ne,
3-hexene, 3- hgyeprdnole2siexensd il the peeernS-glventHhfend, 1= oct ene,
2-octene, 3-octene, 4-octene, 1l-nonene, 2-nonene, l-gecege -%éqggggene,

1- dodecegey odg hexadecensy . 1-onteasrdheach SafdisdPeRe? 6L FEDt adi ene,

1, 7-oct adi ene; 1-acetoxy-3, 7-di nethyl -2, 6-oct adi ene, st%regedevipg£toluene,
a- met hyl st.ycgngs1 8o V2 nyt @B9cdi.neP8etrnyrehfbpARACECAAT bERer“Charn ol ef i ns:
cycl opropene,” cycl obutene, cyclopentene, cycl ohexen 5 cygl Rt g8€4

cycl ooct eranptys onbeye) heyéHede Jo; o BiHde@ehe™’ cyclododecene,

1, 4- cycl ohexadi ene, 1, 4-cycl ohept adi ene, cyc| odecadi enes,.: 2004 -
48 cycl agedecadireped yadidsnendhe1 apoRRht ﬁénﬁgeg?gﬁr’rﬁﬁt She %é?ggél ,

bi cycl o[ 2. 2. 1] kept - 2-ene, bidycl o[ 3. 2. 1] oct- 2- ene, i &0 4- heneene, and
ot her cyahdsanpdlesf fmom Eaohtof - PREse (f’élri;ﬁ’&uhd@oggﬁaﬁ%ﬁeg% or i ng a radical
can be 'used alone or in conbination, and in the latter case, the conpounds
used in comtdheatinirderssonROWHY- to the sane or different categories. For

exanpl e, when two or nore types of these co sh ablihdmieor nore
types of thes&heoppouditerd I%n‘@?%énttg“edpf?ﬁggﬁg%g%tnggﬁes, are used in a

reacti on with oxygen or another oxygen-ato HRIE: ©R8n dre-tfort he
subst r at esompdEn@s cacha eded P@‘é%’gmq ?lé?‘g%%?ﬁ%g?oxi di zing agent ) with

respect to the other and thereby yields.sianifjcanisl EAepeasedyra@get i on
rate in sanerazabege qﬂ%ﬂ?calsu§ga?/%[ﬁ%?lﬁ%d%oe%%glu¥§§ (Jé)] The radi cal

scavengi ng conpounds (B) may, be any co . hengdas fidreyxampilé or m a
stabl e cocrpmhhdedylé?l"r%%ﬁP—FCBFOPI’?‘%Feaan’PL%n@ISV\?ﬁla radi cal . Exanpl es of

such conmpounds include ( Bl ) unsaturated.:co W dpent A Yorepipourds each
havi ng a hetihﬁéoéélal%ﬁo%eomtr(l%;)uoﬁéjgé:%%é%o%ontz)i ni ng compounds, and

(B4) oxygen-atomcontaining re ant s (£ rQEY GRoriedMydgnkat onag
gases). Ea(mﬁ?t@ﬁilt)hb%%o’&%nﬁﬁfhto%%?/r%r(eﬁqs%% &Fone or i n conbination. These

conmpounds may have_ vari,ous bst i 1 Didd R JiaRDes ndlomdrenpély
af fectinga ?’éé‘é%?(ﬁflfgucﬁ%&%%‘%li&lrt?ﬁéoﬁt%%i ncl ude, but are not limted to,

hal ogen at ons, hydroxyl _gr.oup, Ll 3144 PEC 2004k tvd ko memcd® ©fgith@p, oxo
group, substqe @tbé’dlto@/ro r%(}ugs? fi]é).olllé.3; al koxy groups, aryl oxy groups, and
acyl oxy groups), substitute i car boxyl group, substituted
oxycar bonyqef’tﬁ"t)]tﬁﬁ,c%t%%rf?rtlgt E%Elg?giﬁgﬁﬁzstitut ed car banoyl grqﬁqcf?yano
group, nitro group, substi NSUbehé tridlhed iam sys trrompy, L group,
al kyl groups, é%ﬁﬂsnbgr%ﬂ%,we; ‘%nr;ﬁi groups, alicyclic hydrocarbon (_g{joups,

aromati c hydrocarbon grou hetgr eayCctégscpionpsccdherangnt urst
conpounds ?B‘f%‘%?ﬁ‘:}r Lﬁfg’ear‘%’so eac[\}grai ety of

components include, put are not limited to, halogens (e.g.;

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

m-chloroperbenzoicacid),peroxides(e.g.,hydrogenperox1de,
t-butyl hydroperoxide (TBHP), and other hydroperoxides),
nitric acid, nitrous acid or salts thereof, nitrogen dioxide,

penzaldehyde and other aldehydes. The existence of such a



conpounds each having an unsaturated bond. Such conpounds include, for
exanpl e, (Bl-1) unsaturated conpounds each having an el ectron at hr?c[}gcq/ 004
group at the adjacent position to a carbon-carbon unsaturated bond' [attiVe
ol efins (el ectron-deficient olefins) and other active unsaturated
conpounds], (B1-2)conpoundseach havitg a carbon-carbon triple bond, (B1-3)
conpounds each having an aromatic ring, (Bl-4) ketenes, (Bl-5) isocyanate
or thioisocyanate compounds, and (Bl-6) inert olefins. The active

unsat urated conpounds (Bl1-1) include, but are not limted to, nethyl
(meth)acrylate, ethyl (nmeth)acrylate, isopropyl (neth)acrylate, phenyl

(et h) acéé!ht@éﬁenfrﬁtrhyhe system enhances a reaction in some cases. The

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

3- et hyl 1Rohet enpatie: mEdRERmerinerbabepeeehy| 2spefeereample, from

met hyl 2- oct enoat e, ethyl 2-octenoate, nethylcinnamate, ethyl cinnamate,

met hyl 4aB0dttoi bbucte-Zodut ehaatles eelpltivel foDEQnObe40f thgpimide

4,4, 4-trifluoro-2-butenoate, dinmethyl mal eate, diethyl maleate, dinethyl

f umar at ecofipetihgl. fumarate, nmethyl 3-cyanoacryl ate, ethyl 3-cyanoacryl ate,
and other a, (3-unsaturated esters; vinyl nethyl ketone, vinyl e%hgl

ket one, net hythd-qrodensts kdt the prasendt heveat {30 Ak Ed 2Ret bRks;
propenal , cr ot onal dehyde, and ot her a, (3-unsaturated al dehydes;

acryl oni exiahelenetdaadoplonicadtion sadadyrés -a, TBEuRLRLYEFSdOfi 1 es;
(nmeth)acrylic acid, crotonic acid, and other a, =~i-unsaturgted carboxylic
aci ds; ( petdsenacriyivaritdeon sxdidtiftes inidary fededitiéd ac%lb"d%ﬂ?% YRid

am des; N-(2-propenylidene)nethyl am ne, N (2-hutenylidene)nethylam.ne, and
ot her a, (Pantsans anedhieh Fds cePpPBRES (\/ﬁ‘ﬁ%ﬁ‘&ﬂ’iﬁe‘%g,'%% éf";%gne,
(3-nethyl styrene, and ot her styrene derivatives, .and other. c s each
havi ng animrdd cgmpepndendedharethdrafPaceht cpBePETBH Y%El@a?%ﬁgggr bon
unsat ur ated bond; but adi ene, isoprene, 2-c Iorobu%&% esne h%i:‘:atttﬁyiglét adi ene,
vi nyl acet §1)ens, a hpsiraean aPBRNHEEPTAC VU R RS E8R° T agat&d odi mes (

i ncl udi ng conmpounds in which a double bond and a trigpl e

conj ugat edl)tinthd scSnpehdsitBre byl ¥hth %%Fﬁ\ﬁ]gt]ae%ar blgnn%car r%bg‘r(lj t'r it&ee bond

i nclude, for exanple, nethylacetyl ene and, 1-butyne. ..T 1-3)
each havioatahyskoedt te Preg i uERNt ¥R aYanp r}lfc%érlr%%ﬁ%gg%glgc e%gvi ng a

benzene ring, a naphthal ene ring, or another ar J hon yd hgsand
conpoundsseak Hthrvi g thEY BRE BRdAtainithg cpagat-'rar el&ria%lqg-fluran oring, a

t hi ophene ring, or another aromatic het.er ol By i T tenesed Bl- 4)
i ncl ude, ®oForRXdnRt%, Wet'eh@CInG33- h?ﬂrgg'%/leiﬂe%%%%ftslo%%wé% e or

t hi oi socyanat e, conpounds (Bl -5) inc¢lude, a i 21 4 edh g0 it hyl
i socyanat 8VeBtHy|2 PEGdyad ?B?Ephaerh |(%l§8c§§%é(t %gn%%ﬁ%%l oi socig/anat e,

mmy be whAERGVAFLEF §UBMeRTnE aRI P APEPRAE L OPEf Fie hl a0 tne ude di m

may be whREhéVer: d-rntérna I'ns and al so include dines
and other olefins each having plural [ - - deule 4 ., Exanpl es
of the i néf‘f“eﬁlpéF?ﬁlsN"(qucfl Xfﬁ@?gﬁglggﬁffl ene, pﬁ%w ene, 1- gllrjgti?ne,

2- but ene, i sobut ene, | -.pent ene, 2- L NG rIEXENE e hexened 3ohexenehe
1- hept eneFaf-""gé’tséﬁe?%%&%ﬁée?erg‘?ga ene%lcgr-?oct ene, %?Jnonene,

1-decene, | -dodecene, I., 5-h

hexadiene d_ 6 hentadiengdrbxk estadienamidnd ot her

chai n ol efi%$ EQRened) ; hcyc opentene, cycl ohexéne, cyclooctene,

cycl Odecenci%’rqg,‘%]‘%'dgsgggﬁﬁgﬁfg’cﬁ@%;ﬂ%ﬁ%&l@'ﬂt&e@,eéha&:a(rcy;(ileaai keaespr The

compounds aving a I ne carbon atom i ncl ude,
advantages than the case when the 5-membered N-hydroxy cyclic
imide compounds are used as catalysts.
Examplesof reactions, inwhichthecatalystsof thepresent

invention exhibit catalytic activities, include reactions

described in the following literature relating to the catalytic



for exanple, the conpounds exenplified as the conpounds (A3) . The one and
sane conpound can be used as the conpound (A3 ) and the conpound (B%)7iUEC 2004
the reaction. The heteroatom containing conpounds (B3) include, for

exanpl e, (B3-1) conpounds each having a sulfur atom (B3-2) conpounds each
having a nitrogen atom (B3-3) compayumds each having a phosphorus atom and
(B3-4) conmpounds each having an 17 DEC 2004 - 52 oxygen atom The
conpounds (B3-1) each having a sul fur atominclude, for exanple, sulfides 1
and thiols. The conmpounds (B3-2 ) each having a nitrogen atom i ncl ude, for ‘
exanpl e; am nes . The conpounds (B3-3) each having a phosphorus atom

i ncl ude, Ir%mk?é‘fg%ll@* %@P&)ﬁl{:ié élia'hfm. R E3: 4)Tasate havi ng an
oxygen a?on1|nc ude, ? r exanpl e, N oxides. e oxygen-at om cont ai ni ng
reactants, (1 each i B9 2060t SApd Bat 14 udle1 st il 8-38909, No.

oxygen-atomcontal ning gases, nitri.c acid, nitrous acid or salts thereof
(herei”a§L§g7é§ erfigd §0-8564871 rks. acodsty61Thenoxygensapasnconbai ni ng
gases include those each having a boiling point (or sublimtion point ) of
| ess thapo%l@%@', tig . 45€-2S9¢BooXNeEeN at BB E0R] akbi. Nd 1§498$4i, ntloude, but |
are not [Imted to, (B4-1) oxygen, (B4-2) carbon nonoxide; (B4-3) nitrogen *
oxi des, andi16B4+4) sulfui-pxédes, Fachi Di228wse, axygeht-s2284 EbntNe ni ng
reactants can be used alone or in conbination. The oxygen (B4-1) may be any |
of ol ecyhanieypgenand 1aciooed 20xygerl 1-THES 3ml edlol.aR00Ry§2A LS, nde-
specifically limted and includes pure oxygen, oxygen diluted with an inert

gas suchoagopbtinggen, nbel 2000 -angeés20rndaNbon 2606xi286,304nd F&Tr . Mol ecul ar
oxygen'is often used as the oxygen. The carbon nonoxi de (84-%2 may be pure

car bon map@eirge tAonedrbasl tenoxereNdi. WEd S0 a0+ MO0 /F23 3 MM car bon
nonoxi de is used in conbination with oxygen, a carboxylic acid can be 3
obt ai ned wiou 0y 46105 winel HoaswWaopEsUbE5ef Japenesacbabant AypbEcabooRs |

g

No. 11-136339, No. 11-254977, No. 11-372177, No. 2000-648, No.

2000-58054, No. 2000-67682, No. 2000-67679, No. 2000-67680, |
No. 2000-157356, No. 2000-176494, No. 2000-179185, No.

2000-209205, No. 2000-345822, No. 2000-345823, and No.

2000-345824. |

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

[Compounds (A) Capable of Forming Radical]

Such compounds (A) capable of forming a radical are not
specifically limited as long as they can form a stable radical
andinclude,forexample,(Al)heteroatom—containingcompOunds
each having a carbon-hydrogen pond at the adjacent position

to the heterocatom, (AZ) compounds each having a



.- 53 wth the conpound (A). The nitrogen oxides (B4-3) include conpounds
represented by the formula: NxOy, wherein x is 1 or 2; and y is anf yrifeQe004
of froml to 6. In these conpounds, y is generally an integer of froml to
3 when x is|; and y is generally an integer of from1l to 6 when x is 2.
Typi cal exanpl es of the nitrogen exides-are N20, NO, N203, NO2, N204, N205,
NO3, and N206. Each of these nitrogen oxides can be used alone or in

conmbi nati on. The nitrogen oxi des nmay be pure substances or m xtures mainly
contai ning nitrogen oxides . Such m xtures mainly containing nitrogen

oxi des include, exhausted gases formed in oxidation processes with nitric
aci d. Prefreyorethatiddegem @outss itnaldjdeas)orcoayanmpds, ebdh N2®3ngNa2 and
N205. In this connection, N203 can easily be obtained upon a reaction of

di ni t r ogest HivrROXd e (rN2)omgnd(20t) nidmmyendsrorot deaN) avi t h oxygen. Mre
specifically, N203 can be prepared -by introducing dinitrogen nonoxide (or
ni t r ogercapyum<ide)rdgerr pant anthexyjercentt ol thoh €d aracsetutretydel d a

bl ue I'iquid N203. Accordingly, the reaction according to the present

i nvent i drorgin (36 )pepheamenaby ci aycbiadiyir aianharoge AfonorndeggNed) and/ or
ni trogen nonoxi de (NO and oxygen into a reaction systemw thout the

previ ouscdmramtdson G8F7 N20Binghe (A8 ) ogreemaid ¢esorpeuh@s used2) n conbi nati on

wi th oxygen. For exanple, by using NO2 in conbination with oxygen, the

yi el d ofstimighioduivaing ealkpnes aamdt (A1Cbnpbedts can further be inproved.

17 DEC 2004 - 54 The sul fur oxides (B4-4) include conpounds represented by

fornul a: SpOfhegeerasimpqurids Magt MEveay@d g ous sHbistidgentst WHitddriato 7. In

these compounds, q is generally an integer of from1 to 4 when pis |; and

q i s geneardé¢ ot aiver sty af fiestinagikh IartiiPnoxi Hesh iSvOISidd USHitS are not

limted to, SO, 5203, 502, 503, 5207 and_ S04. Each of these_sulfur oxides

can be utedladen®dusrate NesnbiRAEeS o ARaLageR GLOHS  RYSRPHEEL FHiPhg

sul furic acid containing sulfur trioxide can be enplgyed.
mercapto group, 0xXo 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.

Thecompounds(A)capableofformingaradicalactasradical
donative compounds in the reaction in question.

The heteroatom-containing compounds (Al) each having a
carbon-hydrogen bond at the adjacent position to the heteroatom
include, for example, (Al-1l) primary or secondary alcohols or
primary or secondary thiols, (A1;2) ethers each having a
carbon-hydrogen bond at the adjacent position to an oxygen atom,

or sulfides each having a carbon-hydrogen bond at the adjacent



- Preferred sul fur oxides include those mainly containing at |east one of

sul fur dioxide (S02) and sulfur trioxide (S03) . The sul fur oxi Qe7qgaglgbg][]1,
used in combination with oxygen. For exanple, by using sul fur dioxide (
S02) in combination with oxygen, a corresponding sulfonic acid can be
obtained in a high yield as a resul t3%df-the reaction with the conpound (A).
The salts of nitric acid or nitrous acid include, but are not limted to,
sodium salts, potassiumsalts, and other alkali netal salts; magnesium
salts, calciumsalts, bariumsalts, and other alkaline earth netal salts;
silver salts, alumniumsalts, zinc salts, and salts of other netals.

Pr eferrﬁ%ﬁag{to% il Ade; pfkal Atomf alABad )t sacétals r (tnabuding nitrous acid.
The nitric acids can be supplied as intact to the reacti on systemor nmay be
suppl i ed,d gy dhee £ 08 Meaknsed wi il B e -ty drpgEguisosd lagit tlm s dIACEBEnat i vel v,
these conponents may be fornmed in the reaction systemand may be subjected
to the rgaeti o to 1dn DEGy@eAdaton5 ofhehieacetahs beéinebnding conpound (A)
capabl e of formng a radical and the radical scavengi ng conpound éB) is
per f or megh i héheapeeseateeath bavingt Aecabsenchydrodanshrodngt &ign
solvents include, but are not limted to, acetic acid, propionic acid, and
ot her orgafnaeéenti gosiatenhonit ri belfproptenitrile, benzonitrile, and other

nitriles; formam de, acetam de; dinethylformm de (DI\/F%, di ne{’qr;%_lécet am de,
and ot her ariTies priewaneproetcondazind leoher salh gt FemRYBRgE a ;

chl orof orm di chl or omet hane, di chl oroet hane, carbon iet ra{c.hl or i dg

chl or obenzeneadet i fitider saetikeflyberkz @Acohais - ot FeSRaf bGRARE B AY dPScar bons:

ni trobenzene, nitronethane, nitroethane, and other nitro c s: ethyl
acet at e, whithlevaceodt son@hddstiver derd< FRg RYEYES 167 atthgé)jglérl%dl vents.

In may cases, acetic acid and other organic acjds, acetopitrile,
benzonitril e, Sead prhwarii airpeslst #PFEBGF’O@PFWB@nI}%%e,fl%%\%égt%%? ‘

hal ogenat ed hydrocar bons, ethyl acetate and other esters ar s the
sol vent . nEfwhanatli,ccioianpk, doREeRAACLA) RHENY 10 -If‘%jfw;g?aslr:gélglg% ‘to the
radi cal scavengi ng conpound (B) can appropri atel el ec fng on the
types (cdstpenteastli vilexsmalhe 1t‘\%t€6‘t?ﬁouﬁlaa%?xeir’m?n%%g%%gggﬂg%éof. For

SEOT S s VTS Sl B SRUED 1EL o
| rvent ) orh et kR € g Unaben S9E DR 3b0% 2 BEP 8 R e e oot h y
proceeds lgr?sdaet‘tuzgil.gd %%.ni(%ai};[aitoincspr'ib\mary 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;
cyclopentyimethyl alcohol, cyclohexylmethyl alcohol,
2-cyclohexylethyl alcohol, and other saturated or unsaturated
alicyclic primary alcohols; benzyl alcohol, 2-phenylethyl
alcohol, 3-phenylpropyl alcohol, cinnamyl alcohol, and other
aromatic primary alcohols; and 2—hydroxymethylpytidine, and
other heterocyclic alcohols.
Typical secondary alcohols include, but are not limited
to, 2-propanol, s-butyl alcohol, 2—pentanol; 3-pentanol,

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



reaction tenperature can appropriately be sel ected depending on the types
of the conpound (A) and conpound (B) or the type of the target predugF.; 206
is, for exanple, fromabout O0C to about 300C, and preferably about 20C to
200C. The reaction can be perfornmed at atnospheric pressure or under a
pressure (under a load) . Wen the reaction is performed under a pressure,
the pressure is usually fromabout 0.1 to about 10 MPa (e.g., from about
0.15 to about 8 MPa, and particularly fromabout 1 to about 8 MPa ) . A
reaction time can appropriately be selected within a range of, for exanple,
from about 10 m nutes to about 48 hours depending on the reaction

t enper at2Hgemneh p4-essur &, 2 Theoparedioh, candbeuparédiokd in a batch system
sem - bat ch system continuous system or another conventional system By
addi ng the3ipenteaned adystandotherrebetiah ddpdsening FHR AlSERRHES S he
target conmpound can be obtained with a higher conversion or selectivity in
nmany cases.unidtrrated compiettich seconderyeatepdal sreaeh itV IROEHIS can be
separated and purified by a technique such as filtration, concentration,

di still atbont Bxta adoudn30cipEeaerabhY i ie™ PEOWEs Bal Pi $RPHb e Colddith

chr omat ogr aphy, and ot herseparati on nmeans, or any conbjnation of these

separ at i oareeansfeThblyr EeBsabputhé BPeéEﬁPtiﬁgénFPBHOQi@FS?Sén addi ti on
or substitution reaction product or _a derivative_thereof %Qpending on the-
conbi nat Loayelopratydapbanale Al -6xFaBhexyLethanobECBHORENSE,  forning a
radi cal and the radical scavengi ng, conpound ;B%ﬁ. Su&h addgtion or

subst i t usPeAnAaAYt2 bPCRP bA GRS PARLDAET 8 1BRANPLDY CAPHBRCRRr bt Donded
products (e. g., coupling reactjon products), . oxigdation products

car boxyl apPcw o f%?hHﬂFPﬁ?FBHndﬁb&hcﬁ%?;ﬁ%ﬂaggyigﬁﬁﬁ%rF?ﬁ%ﬁﬁﬁgs. For
exanpl e, when the heteroatom containi ng.conpound (Al) havi ng ]
carbon-hyéﬁﬁgéncﬁéﬁ@naﬁtpﬁbtQ&Fa&énFoﬂgépﬁgngFg %hé%ﬁ%¥€?§a§§ﬁ¥¥¥ used as
the conpound (A) , the adj.acent position.to the heteroat i onbined with
an at om C¥CSgOPUEaRlporY; ﬁen&?ﬁ@i’t Wic&ﬁggﬁ(aﬁﬁ at t?ryactzieo%rpg!oané)cldf t he
unsat urat ed _conpound (Bl), to.the nethine car f» the conpound (B2)
havi ng a SHSERARSSEENEIn %—%Clﬁpef(@r‘t"ﬁe- Oﬁét 2r %gtgén%%gc?nt X

het t t ai ni d (B3 dth b i ddi

Cubst | Ut GRAERAT ERe A3 2 SR abPvES el bop apRRy R EbLBE B
A2 havi -h d | i an ox
garbény?§6$gﬁgjg%%§§?‘%§ %éga g§h59¥?§§¥%%¥gyggx%§EFEEP%%%%%%nél?Af, a bond
bet ueen g oarbon A omcel atl.0q Lo,  Decahan Bet e oakom dauitschese (e, o

n-a adjacent to the carbon atomis broken,

‘ Lo & 9 tal hets - d (e. g. ,
end-en S 3w, ooty o 0 e b hetatosom el gc s e

I oned position of the conpound

() o P B B B A 0 PR e e ot
atomis (preferably from about 3 to about 15 members, more preferably
from about 5 to about 15 members, and typically from about 5
to about 8 members); l-phenylethanol, l-phenylpropanol,
l-phenylmethylethanol, diphenylmethanol, and other aromatic
secondary alcohols; and 1-(2-pyridyl)ethanol, and other
heterocyclic secondary alcohols.
Typical alcohols further include, for example,

l-adamantanemethanol, a-methyl-l-adamantanemethanol,

a—ethyl—l—adamantanemethandl,




i 17 DEC 2004 _ 5g _ used as the compound (A) capable of form ng a radical,
the nmethi ne carbon atomis conbined with the aforenentioned positiﬁzﬁ tnﬂﬁ‘r
conmpound (Bl1), (B2) or (B3) to yield an addition or substitution r %
product or a derivative thereof. Generally, the use of the unsaturated
compound (Bl) as the radical scaveng fig-conpound (B) yields an addition
reaction product, and the use of the conmpound (B2 ) having a nethine carbon
atom as the conpound (B) yields a substitution reaction product (e. g., a
coupling product). The reaction between the oxygen-atom containing reactant
(B4) as the radical scavengi ng conpound (B) with the conpound (A) capable
of formng. a ical.yi I onpound havi ng an
SEs%ééﬁgifLlygﬁgﬁQn@€ngﬁQ@ﬁéﬁof,np 9

oxygen-a(fom ning group (e. g:, hydroxyl group, oxo group, carboxyl

group, nit D | YL 85h S 05 QLR ISRENdi ng on the type of the
oxygen- a oW%%%%gi%ilﬁ%ﬂ?gact a?lt. According to t he process of the present

I nventiog, L§, CAL €6y, PL 92RESmSRFRALRE: KaRo e obt ai ned through one step
by usi nggt(\:/\%r%%?e typ%s of thrg conpounds (A) capable of formng a

radi cal an the,radigakirs¢auenehagnsasppunds (B) to thereby invite
sequenti‘gr&qég%},ti 0?1 gr sgbls:ti tution reactions. For exanple, when the

unsat ur agefl. cRUPOWAC6Bh) 1 AREtANMEEn (B4-1) as the radical scavenging
conpounds (B) are allowed to react with the conpound (A), a group derived
from t heggoppQupdy (A nksngorhbnadcwl i hmeaRaablihe two carbon at onms
constituting the unsaturated bond as nentioned above, and a hydroxyl group
derived o_hétREC-300perhrofnamrthenexyganlis introduced into the other
carbon atom A’'reaction nmechanismin the process of the present invention
is not chamithgd-iua-getraiydrdbthirscenpmestdnad ,fol lows : During the
reaction, an oxidized active species [e.g., imdo-Noxy radical (>NO ] is
forned, pheecexiydi-aadpachiyde ophesiaas hwehlkdiedhsn®lhydr ogen from the conpound
(A) and allows the conmpound (A) to forma radical, for exanple, at the
car bon ahgmeahytlhe-@djio@@ﬁm;t[Sstiu.iOGrF]td@dalmenmhamdLom in the conpound
(Al) , at the carbon atomrelating to the carbhon-heteroatom double bond in
t he conp@;rm@d(ré&)y—aﬁteﬁrhﬂ—rﬁe{dﬁﬂwcdaﬂtﬁoﬂ.éi-dk%?]rdetdﬁei@mﬁkﬁﬂmlr(A& , or at
the carbon atom at the adjacent position to the unsaturated bond in the
conpound of-A% thy,l e penisdravech apddincalemeddatrwi t h t he conpound (B) and
thereby yields a correspondi ng addition or substitution reaction product.
The aboverfrertiyd -sddigd Wiy droghdystiangnedmangslot i on product may furt her
undergo, for exanple, dehydration reaction, cyclization reaction,
decar boxyl-atd Wy r-€lacta dm rraymmeiipgieiht reaction, or isonerization reaction
in the reaction system depending on the structure thereof or reaction
condi t i ons-metridy tHerreinb ot rd - breothanpbndty Aerey RO TheS?8Rct i on
bet ween t he conpound (A) capable of forming a radical .and the ro%ggd%al
scavengi fipCigrpeuRd 10BEds REGRdCpREREP EBFYOB SRR orih! (rdEPTESRE T ons
wh n1n|£ggh having a bridged cyclic hydrocarbon group combined with

a carbon atom that is combined with a hydroxyl group.

preferred alcohols include secondary alcohols and the

alcohols each having a bridged cyclic hydrocarbon group. Such

preferred secondary alcohols include 2-propanol, s-butyl

alcohol, and other aliphatic secondary alcohols; 1-cyclohexyl

ethanol, and other secondary alcohols each having an aliphatic
hydrocarbon group (e.g., a Ci~Cy alkyl group or a Ce-Cis aryl

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



___polynerizationinhibitors (e.g., hydroquinone). For exanple, the proportion
of the polynerization inhibitor in the reaction 17 DEC 2004 -‘€? g%s n
shoul d preferably be | ess than or equal to 1000 ppm and nore pr eg |@ﬁ
| ess than or equal to 100 ppm If the proportion of the polynerization
i nhi bitor exceeds 1000 ppm a reaeti3h rate is |iable to decrease, and the
i mde catal yst and/or the co-catalyst has to be used in |large anmounts in
sonme cases. In contrast, when the proportion of the pol ynerization
inhibitor in the reaction systemis |low, the reaction rate increases to
increase a yield, and the reaction results have a high reproducibility to
stably yi r : edorpimednds o Bthrbbnot her
conpound@ﬁ#%#fﬂze ?ﬁggggﬁgfg?g%?x?ge%gﬁéﬁggﬁgolynerization inhibitor is
added, SJ{Q%M Chgteffsr 2, B B i ter te th yioe oyl MigRakipgn cet Lo npahyier i zat i on
i nhi bi t or , tor exanple, distillation, prior to the reaction. The sane
goes fonaﬁgy {gﬁﬁgfylilbaﬁméﬁtéﬁgupog@@u@ﬂhé£0alSc@tlﬂmedetondeapt Wi th
t he conp unaﬂ{ In the presence of the im de conpound. By using an
appr opr i af &16onbi Bt haR 16y £k 86808 {Phernbpabl @ -phehylrthgra lradi cal
and the radical scavengi ng conpound (B) in the reaction according to the
present jifnyesthon, avarhous ssgendisrgogboundssas mentioned bel ow can be
obtained. 1. Production of 1,3-D hydroxy Conpounds A first enbodi nent of

such product inofe Wdimsiey deseecbedakel ovioBy tathysienmiunde Aide
conpound, an al cohol represented by follow ng Formula (2): 17 DEC 2004 -
61 OH (2icRaa&brmhelei BoRaeapdnBhngr eot hbesamémerydikf seeandasd are each a
hydrogen atom or an organi c group, where Ra and Rb may be conbined to form
a ring waiBohbesadj acent carbon atom is allowed to react with (B4-1)
oxygen and (B1l1l) an active olefin represented by follomﬁng Formula (3):
The ethers each having a carbon-hydrogen bond at the
adjacent position to an oxygen atom in the compounds (Al-2)
include,knn:arenotlimitedto,cﬁx&thylether,diethylether,
dipropylether,diisopropylether,dibutylether,methylethyl
ether, methyl butyl ether, ethyl butyl ether, diallyl ether,
‘methyl vinyl ether, ethyl allyl ether, and other aliphatic
ethers;anisole,phenetole,dibenzylether,phenylbenzylether,
and other aromatic ethers; and dihydrofuran, tetrahydrofuran,
pyran, dihydropyran, tetrahydropyran, morpholine, chroman,
isochroman, and other cyclic ethers to which an aromatic or
non-aromatic ring may be condensed.
The sulfides each having a carbon-hydrogen bond at the
adjacent position to a sulfur atom in the compounds (Al-2)
include sulfides corresponding to the ethers each having a
carbon—hydrogenbondattheadjacentpositiontoenloxygenatom.

The acetals each having a carbon-hydrogen bond at the

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



Rc Re ~ (3) Rdi'" \ Y wherein Rc, Rd and Re are the sane or different and
are each a hydrogen atom or an organic group; and Y is an el ectro:p 04
attractive group, where R, Rd, Re and Y may be conbined with each Jt RgIC g%
forma ring with the adjacent carbon atom or carbon-carbon bond, and
thereby yields a 1, 3-dihydroxy cﬁnﬁcﬁ.m“d represented by follow ng Formul a
(4): HO Rb HO Re (4) Ra ~ Y Rc Rd wherein Ra, Rb, R~, Rd, Re and Y have
the same neani ngs as defined above. This reaction can be performed pursuant
to a process (a process using a catalytic 5-membered N-hydroxy cyclic imde
conpound) described in PCT International Publication No. 17 DEC 2004 - 62
W00/ 358851 upAl, c6hal skaTipd cor gansite 1gr olgy liviedRs ramd JRstahyd=s AN ( 2 ) has
only to be an organic group that does not adversely affect the reaction (e.
g., an edgahidsgesupcifarniydisidaseacBigl araEr1peaBEldfec Gidiltions
according to the process). Such organic groups include, for exa | e,

hydr ocarelseit agsoaps aﬁmcﬂiéﬁeﬁﬁeyéiﬁe dﬁ‘ftﬁjﬁsldeﬁY erﬁ/&lné‘(,léltdﬁon bYEoBRE i ncl ude
al i phatic hi/drocar bon groups, alicyclic hydrocarbon grou d aromatic
hydr ocamisénlimétips. t@ucﬁ?ré‘lqlrﬁﬁdwq,erh?&ﬁééﬁpﬁaﬂd&roﬁﬁgpi‘-ﬂg?&ﬂ@ YB§it are not
limted to, straight- or branched-chain aI| hath hydrogf g g gups (al kyl
groups, tWérﬁHdeé?Y&?pslSQHHté{FEQWPY FolpRY L& gb8ut 1 to

about 20 carbon ataons. The aljcyclic hydrocarbon ou chu(gle but are
not | i malét AthemedRia e aﬂ‘i‘%}& Y4 hy R B %?f%% 1(‘2 ' cycl oal kyl.
2 ome. (TS °a'$%?w#$m?§%be“ PR J*é%‘r’%lo% @f%ab"”t and
For oxaAEa SN o %359 PhBRGP4 R “Cact Tt RO Frrans ?fﬁ%%'o”éktiﬂ?
L carion slom, Totse st roves g g oot M
1 e ar oL helengEuelbe. R R DDA S Lol RN 1

alcohols;ethyleneglycol,propyleneglycol,1,3—propanediol,

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

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

2-methyl-1,3-dioxolane, 2-ethyl-1,3-dioxolane, and other

1, 3-dioxolane compounds; 2-methyl-1,3-dioxane, and other

1,3—dioxanecompounds;acetaldehydedimethylacetal,andother

dialkyl acetal compounds.

The thioacetals each having a carbon-hydrogen bond at the

adjacent position to a sulfur atom in the compounds (Al-3)

include thioacetals corresponding to the acetals each having

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

atom.

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

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




- 63 heterocyclic rings each containing an oxygen atom as a heteroatom
het erocyclic rings each containing a sulfur atomas a heteroatonLg?ne 4
het erocycli.c rings each containing a nitrogen atom as a heteroat Hegy
het erocyclic groups nmay have at |east one substituent. The rings forned by
Ra and Rb with the adj acent carbon Atominclude, but are not limted to,
cycl opent ane, cycl ohexane, cycl ohexene, cycl ododecane, decalin, adamantane,
and ot her non-aromatic carbon rings (cycl oal kane rings, cycloal kene rings,
and bridged carbon rings) each having fromabout 3 to about 20 nenbers
(preferably fromabout 3 to about 15 nenbers, nore preferably from about 5
t o aboutthlinomMeens, cardd,ypndallhg-8y omabes; THo chpiurBggmrersy) . These
rings may have at | east one substituent (e.g., simlar groups to the

subst i t wenttscohias ihheglydaoban hdrreueuipsc eye kavenesTandadhledlyde®ese ri ngs,
another-ring (a non-aromatic ring or an aromatic ring) nmay be condensed.

Pr ef er r sdidubstidngentarikh aldhydess- Hydrlogen duamar€lnc4 alikyiltegr aups, and
C6-Cl4 aryl groups. Preferred Rb includes hydrogen atom Cl-Clo aliphatic
hydr ocardust greoupstayd athgydetworny,dmethybonsgpoopyl Kétareaatmerdiyy, Ra and
Rb are preferably conbined to forma non-aromatic carbon ring having from
about 3 itspkadoult kesomentrestthy barbutyl drd yorfe omesbyit t Sot oy hlketton® ,menber s)
wi th the adjacent carbon atom The al cohols represented by Formula (2)

i ncl ude,3faantanmOEOOW! -dedy ] ekeinpie, ndiozel ekepptopyedkatonhe primary
or secondary al cohol s in conpounds (Al-li. Preferred al cohol s incl ude
secondarisenraniol but#l kgtone,prepanbl inglkatanc| rehby l igedremesylal i phatic
secondary al cohols; 1-cycl ohexyl ethanol, and other secondary al cohols each
havi ng dfete@ndHhdreehny devebeboRy ribripone, gaceorhemangl Wetéyéup, or a
C6-Cl4 aryl group) and a non-aromatic carbocyclic group (e.g.; a C3-C15
cycl oal K&/Tmej Rpnyl chetoad kergthyt oY e nEBCARE h ﬁy’éng@ﬁYét om t hat
is conbined with a hydroxyl group; cyclopentanol, cyclohexanol,

2- adanmarRhiort %@Whe@nfgl Peyeri eha®R ofefe?Yye Bl conot SPEABANARGY ng from
about 3 to about 15 nmenbers: 1-phenyl ethanol, and other aromatic secondary
al cohol SSYCIPREP R0l SYTFHORPT eAR PR stpStPReRARORB i s a bridged cyclic

hydr ocar pon E%fqﬁg iﬁmtive Ciefinsé The organic groups,in E~, Rd and Re in
the actiV@otarirecteheriemmed by 5?%%?%9?%@6%% OB8’ ahy°BrgaRrE  groups, as
| ong as they do not adverse£% affect the rﬁa tion Se. g., organic groups
that ar €Y FEPRCRIFEIT? eaty FHACTHAUPEF onSYGEROFIFRGE0 the process of the
present invention). Such organic groups include, but.are not lLimted to,
hal ogen SroHRieStantEE oy Sraaratefetaraieel T cograteheudRentpiPes
oxycarbony} groups (e. q., al koxycarbonyl groups. aryloxycarbonyl.groups,
ar al kyl ox¥ a?%%#@?%%%ﬁﬁg}gﬂﬁ'c cfoa¥k ?%%g%%?ggﬂg?groups), car boxyl group,
substitug ed or S URSUPSLLLYLRE,GR] BagRYLe 0T OUPS 17 DEC 2004

bis (4-oxocyclohexyl)methane,

4- (4-oxocyclohexyl)cyclohexanone, 2-adamantanone, and other

cyclic ketones; biacetyl (2,3-butanedione), 2, 3-pentanedione,

3,4-hexanedione, bibenzoyl (benzil), acetylbenzoyl,

cyclopentane-1,2-dione, cyclohexane-1,2-dione, and other

1,2-dicarbonyl compounds (e.g., a-diketones) ; acetoin, benzoin,

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

butanal, hexanal, succinaldehyde, glutaraldehyde,

adipaldehyde, and other aliphatic aldehydes; cyclohexyl




65 (N-substituted or unsubstituted am de groups), cyano group, nitro

group, sulfur acid radicals (sulfonic acid groups, and sulfinic ﬁiﬂEC
groups) , sulfur acid ester groups (sulfonic acid ester groups, d 2004
sulfinic acid ester groups), acyl groups, hydroxyl group, al koxy groups,
and N-substituted or unsubstituted &9 no groups. The

car boxyl group, hydroxyl group and am no groups may be protected by a
conventional protecting group. The hal ogen atons include fluorine,

chl orine, brom ne, and iodine atons. The hydrocarbon groupsincl ude, for
exanpl e, the groups exenplified as the hydrocarbon groups in Ra and Rb.

These hydiREFHRONC PF PHPS BN d1aveL £t laﬁascst&@@ Sukstditient gefil8es;
het er ocycl i ¢ "groups i ncl ude, for exanp e, the groups exenplified as the

het er oC y&hiz6 161cdyRR , | afd A dREa IThasRIde B0 i £a i &Wp$e MBY have at

| east one substituent. The al koxycar bonyl groups i ncl ude, but are not

li mt ed digunafRtnyeRr, beaylicyatd Il 0t i s Jroxysar bonyl ,

i sopropoxycar bonyl, but oxycarbonyl, t-butoxycarbonyl, and ot her

Cl- Céal qu&abwmﬁw,ou@phmlabdmwr bﬁn/é;gmmsalcm@ﬂlw@, Hd are not
limted to, phenyl oxycarbonyl group. The aral kyl oxycarbonyl groups incl ude,
for exampher bebapkoxysadbpnyegt aupd Sudfustaigt ndeotyeladaldkiyidaxy aardbonyl
groups are cycl opentyl oxycar bonyl and cycl ohexyl oxycar bonyl groups. The
substi t witge rc avdiarydy dricupsl detotdege, for exanpl e, 17 DEC 2004 - 66

N- net hyl car banoyl, and N; N-di net hyl car banoyl groups. Illustrative sulfonic
aci d ester gfraepsoapeuneishyR2s2l)f erathe hastimgl as wifioratorayild gxtdugs sul f oni ¢
acid Cl1-CQ al kyl ester groups . Illustrative sulfinic acid ester groups are
nmet hyl siddliutkt esomgtdwidss idamdtayiandch dthiercatbdnnl cgacud Cl1- C9 al kyl

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

pr opi onydqrm@abastdierg dlo phat compoyhdgr 6Apsl) each dhavindCa CardlonyRati c acyl
groups) , and benzoyl, and other aromatic aryl groups . The al koxy groups

i nclude,gtmtp.are not Iimted to, methoxy, ethoxy, propoxy, butoxy, and

ot her al koxy groups each having fromabout 1 to about 6 carbon atonms. The
N- subst i t ut edhgnimbngs olfgs-3) include, but are not limited to, imines

i ncl ude, f orexanpl e, N, N-di net hyl am no, N, N-di et hyl anmi no, and plperldlno
groups. Grmeflardiow pxmm aaddhREraAehade; de pi ves afphre  they Gosgpeynstso
hydrocarbon groups [e. g., Cl1-C6 aliphatic hydrocarbon groups (partlcularly
Cl- C4 al {Btrat) canidheedmishm g*acﬁhmyl IIRUEL W Iy [AmosiFs Qe angnespheny|
group), cycloal kyl groups (e. g., cycloal kyl groups each having from about
3 to abciHcIB amiRS shnc moafqtsue@@mib% (eetlyylamines| @bRyHBRAPE. gr oup,
and ot her C1-C6 hal oal kyl_ group, particularly Cl-C4 hal oal kyl groups)],

het er oc\RIGRY ok, kwbetanined byxhiBbrei la%abéa@éne , Cl-Co

al koxy-car bonyl groups, ary|oxycarbonyl groups, aralk onycarbonl

gr oups~, @il RRF BEATRAA X y%%%%h%?lg@%@p%§heﬁa?%bR9FgrBMBr°§MB§PFPGted or

unsubstltuted carbanD | gr oups, ¢ ano rou nit roup, | fur acid
gr oups, Qe thy Hey Yy i%mlég an hgr hgdroxyiamgnesP hygra21ne,

methylhydrazine, phenylhydrazine, and other hydrazines.
The compounds (A3) eachhavingamethine carbonatominclude,
for example, (A3-1) cyclic compounds eachhavingamethine group
(i.e., amethine carbon-hydrogenbond) as a constitutional unit
of a ring, and (A3-2) chain compounds each having a methine
carbon atom.
The cyclic compounds (A3-1) include, for example, (A3-1la)

bridged cyclic compounds each having at least onemethine group,




17 DEC 2004 groups, and acyl groups. Typically preferred R and Ra are, for
exanpl e, hydrogen atom C1-C6 aliphatic hydrocarbon groups (particularly
Cl-C4 aliphatic hydrocarbon groups) ; C6-Cl4 aryl groups (e. g.,1pﬁdH§$ 2004
group), cycloal kyl groups (e. g., cycloal kyl groups each having from about
3 to about 8 nembers) , hal oal kyl grd@ps (e. g. , trifluoronethyl group and
ot her Cl-C6 hal oal kyl groups, particularly Cl-C4 hal oal kyl groups)], :
substituted oxycarbonyl groups (e. g., Cl-C6 al koxy-carbonyl
groups, aryl oxycar bonyl gr oups, ar al kyl oxycar bonyl gr oups, and
cycl oal kyl oxycar bonyl groups), and cyanQ group. Typically preferred Re
i ncl udessnd ofA EXianp I reyn +redrmogieic atym iancoi@ic@sdal (phat i cahydyotae bon
groups (especially, Cl-C4 aliphatic hydrocarbon groups). The rings forned
by R~, Rd/darutaReoqr)arehdd haRdirgnd Ry diRetaaidrRgromp RomipidieRd wakdt Re)
together with the adjacent carbon atom or carbon-carbon bond incl ude
cycl opr apaneg .cythebet ktgsd oyslldpe spapeundypch bpe rittehld1de pormpleangise,
cycl ohexene, cycl ooctane, cycl ododecane, and other alicyclic carbon rings
(e. g., byeihdaihkane rings eomneyky delscass tivpgsirearhd bhaMs ngsYFomSabout 3
to about 20 nenbers. These rings may have at | east_one substituent, and
anot her kydepqenaiord aperde¢es rohgcordansad opat YEYFLhg) 2RaP2baCcondensed to
each of these rings. The electron attractive groups Y include, but are not
linmited hydrogasR®ar bonyl , et hoxycarbonyl, and ot her al koxycar bonyl
groups; phenoxycarbonyl, and ot her 17 DEC 2004, 68 ar¥Jox%caer£yl
groups_ f or nyITheak&t ¢eedprupt bmFomaemssy ((A3aha) otfeludey PUgr dtipdCteyano
groups car boxyl groups carbanngl, QBN-d'ngLEélcarbanDyl, and ot her
subst i t ubBELBPA UR_ubdeFRttRd BAFHA 9?'gr XaN@r=N-R, where Ris, for
exanpl e, an al kyl group: pheny|l, naph 3y , ~and_ot her aryl groups; vinyl,
1-propen?%?y%%%g%yg;Zbﬂﬁtg?ﬁerb¥9§FE8i t gFSBEEaB?'l-aIkynyl groups. The
rings forped by Y and at | east one of R~ d,..and Re with,the adjacent
car bon a?bﬁ¥6}gé%r%oﬁlﬁﬁ?ﬁﬁﬂnBOn ;F¥8F8é8;§bagu858038F’lFQPP@Hefo,
cycl opentadiene ring, pyrrole ri furan rin and thi ring. Typical
active oF%F?ﬂ%Iernggnt8anﬁ9eFo$ﬁﬁPgn?3)bPﬁEg&SEefhéoggﬁgggﬁgé exenplified
as the active unsaturated compounds (Bl-1).. [R i i.on of the
al cohol PEPPEERALEM 89mEgPﬁUI a?§g°ﬁ§9h30£d' CeAgheR, THcLRIEHLS
tricyclo[5.2.1.0%%]decane, tricyclo[4.2.1.1%°]decane,
exotricyclo[5.2.1.0L6]decane,endotricyclo[5.2.1.0L6]decane,
tricyclo[4.3.1.1*°]Jundecane, tricyclo{4.2.2.1%°]undecane,
endotricyclo[5.2.2.0zs]undecane, adamantane, l-adamantanol,
l-chloroadamantane, l-methyladamantane,
1,3-dimethyladamantane, l-methoxyadamantane,
l-carboxyadamantane, l-methoxycarbonyladamantane,
l-nitroadamantane, tetracyclo[4.4.0.1%°.17"'°dodecane,
perhydroanthracene, perhydroacenaphthene,
perhydrophenanthrene, perhydrophenalene, perhydroindene,
quinuclidine,andotherbridgedcyclichydrocarbonsorkmidged
heterocyclic compounds each having two to four rings, and

derivatives thereof. These bridged cyclic compounds each have




the active olefin represented by Formula (3) and oxygen can be performed in
accordance with the procedure described in the reaction between hf 2004
conmpound (A) and the conpound (B). In this reaction, the 1, 3-di hyd 5&?’
conpound represented by Fornmula ( 4 ) is supposed to be fornmed in the
foll owi ng manner . A 1-hydroxyal kyl 4@dical corresponding to the al coho
represented by Fornula (2) is forned in the system 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 17 DEC 2004 - 69 of the active

ol efin represented by Fornula (3), and oxygen attacks a radical at the

al pha- pesintiafinbot aEdon s ttont @suk th0f dddtes adl giotsiian candcbherebynyiields t he

1, 3-di hydroxy conpound represented by Formula (4). In the conpound

repr eserdicec bjyurfaariad pd<t)t fat materastwo residd ofmidrel y eactsons when Y is a
carboxyl group or an ester group such as al koxycarbonyl group or aryl

oxycar bandmsgr.oup, a cyclization reaction may further proceed in the system
to yield a furanone derivative (a-hydroxy-y-butyrol actone derivative)
represent ed BheFopnubhaof@ficasydéscr¢drpotrder (A3 yiesiah dfavtivey Bur anone
derivative can be inproved by controlling the type and proportion of the
co- cat allygiragafhen rerowbjasringd tHeprodiag tacdgidey Hrtemneh&oiddi tion
reaction (or further oxidation reaction). A reaction tenperature in the
agi ng pekrimikemythe Setethgheyciopentang, i hru¢lehwbey¢lohckeneti on. The
furanone derivative can al so be produced by isolating the conpound

r epr esentEonsndFormenthene, menthel exeaprenantheonei mgepheonsol afe€d conpound
in a solvent, and heating the solution according to necessity. Such

sol vent sot et udd,i el igr BYABPCRFRPRE RS h%ﬁén‘é%r@éh%léo%rﬁ Fer&Putater, as
wel | as benzene, toluene, and other aromatic hydrocarbons; cycl ohexane and
ot her al 12 emPerratdBavBais hEeEPEAELORIBIRXanSne 2l kBL KOURt ones:

di ethyl ether, tetrahydrofuran, and other ethers; nethanol, ethanol,

i sopr opyFOBP LRGN LA DERRE  ANCOHRE ST RTAFACLVES -t ehPRMHAROEITY I i s
procedure is, for 17 DEC 2004 ~o exanpl e, fron1aboui 0OCto ab%H§ 150C,
and pr ef BFABP \J 45 oMedoRnesh @hoy kRt 2366t rom #padhict i 'oh AUt

The al coNete refteLunt BmbgoReF nil b (35OLE L] obeiors PEABE-w 1he (B D)
oxygen angd an S YA A S S POINEL £ P LIS LS d R SaR od By
group combined with a ring have a methine carbon atom at the
bonding position between the ring and the hydrocarbon group.
The chain compounds (A3-2) each having a methine carbon
atom include, but are not limited to, chain hydrocarbons each
having a tertiary carbon atom, such as isobutane, isopentane,
isohexane, 3-methylpentane, 2,3-dimethylbutane,
2-methylhexane, 3-methylhexane, 3,4-dimethylhexane,
3-methyloctane, and other aliphatic hydrocarbons each having
from about 4 to about 20 (preferably from about 4 to about 10)
carbon atoms, and derivatives thereof.

The compounds (A4) each having a Carbon—hydrogen bond at

theadjacentpositiontoanunsaturatedbondinclude,forexample,




following Fornmula (5): RRe (5 Rd ~~ G2 Rf wherein R~, Rd, Re and Rf _are

the sanme or different and are each a hydrogen atom or an organi c group,
where R, Rd and Re may be conbined with each other to forma ring MQAHCtipRL
adj acent carbon atom or carbon-carbon bond, and thereby yields an

a- hydr oxy-y-butyrol actone derivativelrepresented by foll ow ng Fornula (6):
0 HO(6) 0 RRd Ra R Rb wherein Ra, Rb, R Rd and Re have the sane neani ngs
as defined above. This reaction can be perforned pursuant to the process (a
process using a catalytic 5-nmenbered |V-hydroxy cyclic imde conpound)
described in PCT International Publication No. 17 DEC 2004 W00/ 35835.

[ Al coholasomBite cad sabebsds eREATRAE AL Dihek@kMY @ Rd r i Hides & gi al cohol s
to those in the production of theQ%TS-gih?gﬁéxylioﬁpougﬁgiIﬁégk5a£

(a, ( 3- Uagattieatsel) aCanhoxpddia At ¢ dDem \Waonseslc Bl@ll_gstl(fast'iﬁé&fa;}ﬁ R, Rd and
Re in Fornula (5) are simlar to R-, Rd and Re in Fornula ( ) Organi c

groups iposkitiiom¢l)ydenar gan-e)gnhouparbhatidocsapoaduer saky ahieal Lhe
reaction (e.g., organic groups that are inert under reaction conditions

accor di mgthylt heoppooessecahyllbaepyesapt at nveat h@ficsnehpasi Bydnhogar bon
groups and heterocyclic groups. If the conpound represented by Fornmula (5)
has a sabstinsatedateycbobdnye.gr.oup taraddithenohotr COZRf bghaupri adi cat ed
in Formula (5) , the -CO2Rf group is involved in a cyclization reaction
but t he cetrthon-oxysteint yloedd lexyeardonyl group can remain as intact in the
product . The other substituted oxycarbonyl group is therefore included in
the inert or§antkegoopstiwWemetuidsmsitidens ,othR anmdmBd iics rangeheagt r on
attractive organic group, a target a-hydroxy-y-butyrolactone derivative can
be obt aPfe@iithex $ifgrinf ag@matyl chihgledrpicelriponSudmgeloet tarore mintartziot | ve or gani ¢
groups include, for exanple, haloalkyl groups, substituted oxycarbonyl
gr oups, NEAEESRYIClgicotpnds ubSech wrrnadi awhydiyscitrboad réagbaimyludepups,
cyano group, nitro %KOUD, sul fur acid groups, and sulfur acid ester groups
_ but are not limited to, benzene ring, condensed carbocyclic

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

phenanthrene, triphenylene, pyrene, and other condensed

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

carbocyclic rings are condensed). The aromatic heterocyclic

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

containing an oxygen atomas a heteroatom (e.g., furan, oxazole,

isoxazole and other 5-membered rings; 4-oxo-4H-pyran and other

6-membered rings; benzofuran, isobenzofuran,

4-oxo-4H-chromene and other condensed rings), heterocyclic

rings each containing a sulfur atom as a heteroatom (e.g.,

thiophene, thiazole, isothiazole, thiadiazole, and other

S-membered rings; 4-oxo-4H-thiopyran and other 6-membered

rings; benzothiophene and other condensed rings), heterocyclic

rings each containing a nitrogen atom as a heteroatom (e.qg.,

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




17 DEC 2004 72 _ The substituent Rf is often a hydrogen atomor a

hydr ocarbon group; and is preferably a Cl1-C6 al kyl group (especially a
Cl-C4 al kyl group) , a CZ-C6 al kenyl group (especially a C2-Cq d'ﬂeé&ﬁ 2004
group), or a C6-Clo aryl group. Typical exanples of the a, (3-unsaturated
carboxylic acid derivatives represem2d-by Fornula (5) are (neth) acrylic
acid; methyl (neth)acrylate, ethyl (nmeth)acrylate, isopropyl

(met h)acryl at e, phenyl (nmet h) acryl at e, and other(meth)acrylic esters: crotonic
acid; nmethyl crotonate, ethyl crotonate, and other crotonic esters;

3-net hyl - 2-butenoi ¢ acid; nethyl 3-nethyl-2-butenoate, ethyl

3- net hylrizvdayt egeatie neandy ol Hee i Be Veh Yyl m 2d ik o) £51€) indPopast-enoi ¢
acid; nmethyl 2-pentenoate, ethyl 2-pentenoate, and other 2-pentenoic
esters: @mestenwdrangd; ireidid,2gathehont g actihyirz oakpneaieidand, ot her
2-octenoic esters; cinnamc acid; nethyl cinnamate, ethyl cinnamate, and
ot her ciquiardzolegtegr spurdink A-and fdtthoro-ddrividreswd or aegsls. met hyl

4,4, 4-trifluoro-2-butenoate, ethyl 4,4,4-trifluoro-2-butenoate, and ot her
4,4, 4-trifl uGhertiutlene gresp etsshamd pdcentapbdi tdonetdiyhe mabeatec di et hy
mal eate, and other malefic esters; fumaric acid; dinethyl fumarate, diethyl
f umar at e irgndagtier hehbylenesimrep gonpantaciyki @ ragi-thromtthiyt ring
3-cyanoacryl ate, ethyl 3-cyanoacrylate, and other 3-cyanoacrylic esters,
and ot hegordenBdirsattiratachbreat boxydng. adind$heach dmating dompwdssut 2 to
17 DEC 2004 - 73 about 15 carbon atons or esters thereof (e. g. , Cl-C6

al kyl estidsl) CRoth m¢keny|grmiepnd nethnlghe antansnay ®east iaghlthehe
reaction of the alcohol represented by Fornula (2) with oxygen and the a,

( 3- unsatdfiRENc RVUNEAE tritthelaareratie riepFesented by Formula (5) can be
perfornmed pursuant to the process described in the reaction between the
compound (A) TRfdarpBaEsRpetEoYBysS sxdbh@vigd 8 Rakhpi 0deeepP ¢ft the present
invention, an a,y-di hydroxycarboxylic acid derjvative (a kind of the
conpounddiagsinis S 10 Fep n 213t ieprgnirel ege f PRBWRRY FoEmul a (7)

is formed as a_reaction internediate; HO Rb H4 Re
limited to, aromatic hydrocarbons each having from about one

to about six methyl groups substituted on the aromatic ring
(e.g., toluene, xylene, l-ethyl-4-methylbenzene,
l-ethyl~3-methylbenzene, 1—i$opropyl—4~methylbenzene,
l1-t-butyl-4-methylbenzene, l-methoxy—-4-methylbenzene,
mesitylene, pseudocumene, durene, methylnaphthalene,
dimethylnaphthalene, methylanthracene,
4,4'-dimethylbiphenyl, tolualdehyde, dimethylbenzaldehyde,
trimethylbenzaldehyde,tdluicacid,trimethylbenzoicacid,and
dimethylbenzoic acid), and heterocyclic compounds each having
from about one to about six methyl groups substituted on a
heterocyclic ring (e.g., 2-methylfuran, 3-methylfuran,
3-methythiophene, 2-methylpyridine, 3-methylpyridine,
4-methylpyridine, 2,4-dimethylpyridine,

2,4,6-trimethylpyridine, 4-methylindole, 2-methylquinoline,




(7) Ra ~ "CO2Rf Rc Rd wherein Ra, Rb, R-, Rd, Re, and Rf have the sane
meani ngs as defined above. This conpound is supposed to be fornmed in_the
foll owi ng manner. A 1-hydroxyal kyl radical corresponding to the afkbﬁ& 2004
represented by Fornula (2) is fornmed in the system attacks and is added to
the beta-position of the a,(3-unsatuated carboxylic acid derivative
represented by Fornmula (5), and oxygen attacks a radical at the

al pha-position formed as a result of the addition to yield the conpound in
qguestion. The fornmed a, y-di hydroxycarboxylic acid derivative represented by
Formul a 17 DEC 2004 - 74 (7)undergoescyclization under reaction

condi ti crshrgl-ridgiebhyu el tise t he target a-hydroxy-y-butyrol act one
derivative represented by Fornmula (6). When a prinmary al cohol is used as

the al cohol mepr esenbedc bympoundbac{@h Kaveng ahtrRa drse gy agen aton),
a (3-acyl -a-hydroxycarboxylic acid .derivative of followng Formula ( 8 )
may be fidreredjiareaddpbsbhibn tdhenceanpeanic nepiesantiadehybirorand aog6). This
is provably because an acyl radical [RbC(=0)] is formed in the system 0 HO
Re (8) RuimitedlO2Rf aRomAdt iwhbrdirncRitboRs &dchRegviang R diawd glreupane
meani ngs as defined above. The a-hydroxy-y-butyrol actone derivative can
al so be grepastitbyeidsdikatl ggoehbas ipgdivioyar nryearddyor] atomsi(e.deri vati ve
represented by Formula (7) , for exanple, dissolving the sane in a solvent,
and heat¢tiy thenzoter i propetioenii ege netedsiigthyukbemmeneneandbove. 3.
Production of Conjugated Unsaturated Conpounds By catalysis of the imde
conpoundiiphreny bedbhanehr esemasd coye fordowd hic Fompoluads2ed ch havyinpEC 2004

an alkyl group or substituted alkyl group having two or more

carbon atoms (e.g., 2-ethylfuran, 3-propylthiophene,

4-ethylpyridine, and 4-butylquinoline), and coémpounds each

having a non-aromatic ring condensed to an aromatic ring, which

non-aromatic ring hasamethylene group at the adjacent position

to the aromatic ring (e.g., dihydronaphthalene, indene, indan,

tetralin, fluorene, acenaphthene, phenalene, indanone, and

xanthene) .

The non-aromatic compounds (A4-2) each having a methyl

group or methylene group at the adjacent position to an

unsaturated bond include, for example, (A4-2a) chain

unsaturatedhydrocarbons eachhavingamethyl group ormethylene

group at an "allyl position", and (A4-2b) compounds each having

a methyl group or methylene group at the adjacent'position to

a carbonyl group.

The chain unsaturated hydrocarbons (A4-2a) include, but

are not limited to, propylene, l-butene, 2-butene, l-pentene,

l-hexene, 2-hexene, 1,5-hexadiene, l-octene, 3-octene,




- 75 R ~OH (2a) Rwherein R and R~ are the sane or different and are
each a hydrogen atom or an organic group, where R and R~ may be conbi ned
to forma ring with the adjacent carbon atom is allowed to react MW tDtEC 2004
oxygen and an active olefin represented by following Fornula (3a) H ~Re Rd
Y (3a) wherein Rd and Re are the samkdor different and are each a hydrogen
atom or an organic group; and Y is an electron attractive group, where Rd,
Re and Y may be conbined with each other to forma ring with the adjacent
carbon atom or carbon-carbon bond, and thereby yields a conjugated

unsat urated conpound represented by following Formula (9): Re Rl ~ ~ (9) Y
R~ Rd wherdidathdndRg, dfid Rheandh¥ihavestiersase Aparbhgsbassdebicaed above.
This reaction can be performed pursuant to a process (a process using a

cat al yt inavG-mefhenedbiuty @r exyabyati 20 iddfison akbnldEC 20@4compdubidsconpound)
described in PCT International Publication No. wo00/35835. Organic groups
in R and4R2h)nifkolmitab(i2a) ranettinenisanet as kelhenesgeni €. gacepsnen Ra and
Rb. Rings which are formed by Rl and R~ with the adjacent carbon atom

i ncl ude mEbfiYlaethy hdre tom e, hbsee i tamate by cRaophdn&he wiatnhl ¢ tiee adhadent car bon
atom Preferred substituent R includes, for exanple, hydrogen atom Cl-C4
al kyl grkaipsne s dreh-didl arsst angee pasnd Rrigfer redc R imetomss), , f or exanpl e,
hydrogen atom Cl1-C o aliphatic hydrocarbon groups (especially Cl-C o al kyl
gr oups) ,carbxi liicy ddidshyalr slsaribyvent igiesupdefeofy.(e .63, Caketycl ealikyl groups
or cycl oal kenyl groups; and bridged cyclic hydrocarbon groups}.

Al t er natA R ion iRy aszrid,H@u‘aa@opf:e‘a‘@r%,bpyn@@nbiiﬁe@ci@, fhersare impacadenmat i ¢
carbon ring having fromabout 3 to about 15 nmenbers (particularly from
about 5 hePtaEImitC 8chentpéyesly hfadt ichecbdlj Beéanicadich wepinimacakbeohol s
represented by Fornmula (2a) include a wide variety of primary al cohols.

Typi cal ke EesC GiCkUc Rl cohbPss L Erasmacidslr opanol , 1-butanol,

2-nmet hyl - 1- propanol , 1-pentanol,_ 1-hexanol, _ and other saturated or

unsat urat ed afi€pRabrarprpiaryCHfEbhoivsreserrasi MO F g laskutA2-4d about 30
(preferably fromabout 2 to about 20, and nore preferably fromabout 2 to
about 15°¥Ckeabeanes oRd HerobeRi ot S#e2 cohol , cycl ohexyl net hyl

al cohol, and ot her saturated or _unsaturated alicyclic primry al cohols;
2-pheny|etrnHTQ£ ggﬁépalkanes (A5~1) include, but are not limited to,

compounds each having a 3- to 30-membered cycloalkane ring,
such as cyclopropane, cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cyclononane, cyclodecane,
cyclododecane, cyclotetradecane, cyclohexadecane,
cyclotetracosane, cyclotriacontane, and derivatives of these
compounds. Preferred cycloalkane rings include 5- to
30-membered cycloalkane rings, of which 5- to 20-membered
cycloalkane rings are typically preferred.

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

cyclododecene,aswellascyclopentédiéne,1,3—cyclohexadiene,




17 DEC 2004 - ~~ _ 3-phenyl propyl al cohol, cinnam c al cohol, and other

aromatic prinmary al cohols; and 2-(2- hydroxyethyl)pyrldlne and ot her i
het erocyclic al cohols. . The conpounds represented by Fornula (3a) 17 DEC 2004
correspond to conpounds represented by Fornmula (3) where Ris a hydrogen
atom . The substituents Rd, Re, andYgpn-Fornula (3a) are simlar to those

in Formula (3). A reaction can be perforned pursuant to the process for
produci ng the 1, 3-di hydroxy conpound. In this reaction, a conpound
corresponding to Formula (4) (a conpound of Fornmula ( 4 ) where Ra - R R-CH
group and Ro - R- H) can be forned in addition to the conjugated

unsat ur af eqd. A£pyesent@do b FOLpul 4o { )i MMen, a compound

repr esent’ed G& Formula (3a), where Y is a CO2Rf group, is used as the |

conpound: pf1 SOk ¥BH A d3@)and &&fmpml%ylr@m@iég tanoF@relﬂk)%t(l@)es( a
conmpound ‘of Formula (6) where Ra ="Ri R~CH group and = H) can be

formed idr adidd @Bmb@uilid COPkéQéEQQdU@%IéJI]@é@Qs QLQfHJ_LQ}HIQ doﬂ@fo%ﬁﬁ&t ed by
Formula (9). For exanple, when n-propyl alcohol is allowed to react with

et hyl aCéé’d:l@tH%vﬂighﬂ 32, o di (WHT@NEX 200, €0 € O BSI s ds Rergnl a (4)
and 4-et hyl - 2- hydroxy-y-butyrol actone corresponding to Fornula (6) are
fornmed ungleingosescondi 1ponsmboraddiihgnate thigitalrugt pethgkrsarbate. The
conj ugat ed unsaturated conpound represented by Formul a 17 DEC 2004 ( 9)
i s supposed tThdeohhigetetitdripdreld a6 nanaanaer, fod skainphky, (26-di)hydr oxy
conpound corresponding to Formula (4) [a conpound of Fornula (4) where Ra =

R R~-CH gtotpugandd i eneR; mél2) &, Bounedrutrwe canl actl Bss Obnwatreg-Hre then
elimnated fromthis conpound and thereby vyiel dsthe conpoundin question.

React i ong pp-oghtis4 Sutabe e asepayatieth ands purddrtiathtiivdneesgnp «ssaparsgt i on
means as above. 4. Production of (3-Hydroxyacetal Conpounds By catal ysis of
t he i m demtdapoand, aahdasphgtiridpseseheedoby following Formula (10): 0-R
Rk_ CH~ (10) ~O0_Rn wherein R, Rm Rn are the sane or different and are
each a hydr odére aboriugetad digaasc(AfF-dupinshede, Rmard eRnohelyinpie exbnbi ned
to formaring with the adj acent two oxygen atons and the carbon atom

i ndi cat etdoj nbvhadienaul asopseakl odedhilorpbatadnenh, orpden and the active

olefin represented by Fornmula ( 3 ) and thereby
2-ethylbutadiene. The conjugated dienes (A6-1) also include,

herein, vinyl acetylene and other compounds in which a double
bond.and a triple bond are conjugated.

The a, f-unsaturated nitriles (A6-2) include, for example,
(meth)acrylonitrile. Thea,f-unsaturatedcarboxylicacidsor i
derivatives thereof (A6-3) include, but are not limited to, |
(meth)acrylic acid; methyl (meth)acrylate, ethyl
(meth)acrylate, isopropyl (meth)acrylate, butyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and other
(meth)acrylic esters; (meth)acrylamide,

N-methylol (meth)acrylamide and other (meth)acrylamide
derivatives. .
The amines (A7) include, but are not limited to, primary

or secondary amines such as methylamine, ethylamine,



yi el ds a (3-hydroxyacetal conpound represented by following Formula ( 11 )

MmO O HORe (11) RK % wY . R Rd wherein R~, Rd, Re, Rk, Rm R', and Y
have the sane neani ngs as defi ned above. This reaction can be pér?&%ﬂb@ﬂ%
pursuant to a process (a process usiggﬁa catal yti c 5-nenbéredN hydr oxy
cyclic imde conpound) described im -l nternational Publication No:

W00/ 35835. In Forrmula ( 10 ) , organic groups in R, Rmand Rn include
organic groups simlar to those in Ra and Rb. Rings formed by Rmand Rn
with the adjacent two oxygen atoms and carbon atominclude, for exanple, 1,
3-dioxolane ring and 1, 3-dioxane ring. To these rings; substituents such
as al kylpaproupeniared Hal mglemiatersd st el doinded. d Rs € ¢ sethspbst i t uent Rk

i ncl udes, fox exanple, hydrogen atom Cl-C o aliphatic hydrocarbon groups
(especi aibpty@enGhel lgthygrengs)anired i ol +loutyksdcamiboa, gr oups (cycl oal kyl
groups, cycl oal kenyl groups, and br.idged cyclic hydrocarbon groups) each
havi ng fhrvsmatowmidig,o edfmnto Udnige bamdtanssr andi 862 1Clld anjhegr oups .
Preferred Rmand Rn include, for exanple, hydrogen atom Cl1-C6 aliphatic
hydr ocarditsi Qpresiisl apidre i eyt dehgxy Bamae akkyllotdreoups) ¢y ahilc aliiogsl;i ¢
hydrocarbon groups each having from about 3 to about 10 carbon atons.

Al t er natisrg L arRmeanto Ridi veprafdeptibey agompitdcn bnéor pyareiligineth t he
adj acent two oxygen atons and carbon atom The acetals represented by

For nul a RAPEF YAinel pd@ccamicmddngrdipei f fod elshehecvwlt@alamigeshthavi ng a
car bon- hydrogen bond at the adjacent position to an oxygen atomin the
conmpound® YA -3t )2 LOMAMG G AT QIR R LG ek Gideral Re | pendersed.

3-di oxol ane, - so 17 DEC 2004 2-nethyl -1; 3-di oxol ane; o
2-ethy|-1,3-gﬂ&éﬂ%ﬂﬁﬁ1%hM§r8Fﬁ§POE?§Aﬁkﬁ@ﬁ%ﬁ@@céﬁﬁdﬂﬁﬁ%?t1lmlted
2-met hyl - 1, 3-di oxane, and other 1, 3-di oxane conpounds; and acet al dehyde

di met hy |t &iStZeNfivd TR @it ky | 2 GREARN Y 19Re acPhoRaBFRERREr epr esent ed

by Formula (3) is the same as stated above. A reaction can be perforned

accor di rfiJ tr 29 Gr beRRENBFCRRe AR VilRnEnt FoHPRIRY bRBYUBYEE &N or gani ¢

conpound., Reaction BEOgUCtS can, be se ara&ed and purified in a simlar
separ at i OH ¥y PBPPABEERENtR UTRAE 2BV ¥ PR, Penitacene, coronene,

1 oot SRR YR ReYRCe Bl RTROUG P Soppi e Y FL A 1) 1

b 0T substi Lt e ool radial gartesnending 19 s agelal e esent ed
preferred are condensed polycyclic aromatic compounds in which
at least a plurality 6f_ benzene rings (e.g., two to ten benzene
rings) are condensed. These aromatic hydrocarbons may each
have at least one substituent. Examples of such aromatic
hydrocarbons eachhaving a substituent are 2-chloronaphthalene,
2-methoxynaphthalene, 1l-methylnaphthalene,
2-methylnaphthalene, 2-methylanthracene,
2-t-butylanthracene, 2-carboxyanthracene,
2—-ethoxycarbonylanthracene, 2-cyanocanthracene,
2-nitroanthracene, and 2-methylpentalene. To each of the
benzene rings, a non-aromatic carbon ring, an aromatic

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




attacks and is added to a carbon atom at the beta-position of the group Y __
bet ween the two carbon atons constituting an unsaturated bond of ;hﬁ ﬂc%bve «
olefin represented by Fornmula (3) , and oxygen attacks a radi cal 1 £
al pha-position forned as a result of the addition and thereby yields the
conpound in question. 5. Production 7 Hydroxy Conpounds By catal ysis of
the i m de conpound, a conpound having a nethine carbon atom and represented
by followi ng Fornula ( 12 ) ~7 DEC 2004 RRp-CH ( 12) Rqg wherein R, Rp
and Rq are the sane or different and are each an organic group, where R, Rp !
and Rg may be conbined with each other to forma ring wth the adjacent
carbon at@fernsedl l owed to react with oxygen and the active olef in
represented by Fornmula (3) and thereby yields at |east one of hydroxy
conpounds r eghes emtrad goy —fodldiewialg drersTula® ) ( iclantk,( MYt R RO Re Rp R |
HORRg ~~ "'YRg ~~ ~Rd RRd RQY (13) (14) wherein R Rd, Re, R Rp, Rg
and Y havienithel sapmenemamegetaandelpngshadboverahbi, speeasthé phetamehe
performed pursuant to a process (a process using a catalytic 5-nenbered
N- hydr oxyemteale ¢ datiales conpoame,) diesame pedbdecd¥d, | béeradeconal Publication
No. w000/ 35835. The organic groups in R RP and Rq in Formula ( 12 )
i ncl ude lror:galcamgs oapsl sthekast talghitoseshain RA kame sRbacPriederned romgani ¢
groups include, for exanple, Cl-C o aliphatic hydrocarbon groups
(especi abgut G114 ablokrl 3§r capbdn; atbhns yahd @ rg/dkodat pofrge alpysit 117 DEC
2004

to about 20 carbon atoms.

The olefins (Al0) may be any of a-olefins and internal
olefins each of which may have a substituent (e.g., the
aforementioned substituents such as hydroxyl group and acyloxy - ‘
groups) and also include dienes and other olefins each having
plural carbon-carbon double bonds. Examples of the olefins
(A10) include ethylene, propylene, l-butene, 2-butene,
isobutene, l-pentene, 2-pentene, 2,4,4—trimethyl—2—pentene,
l-hexene, 2-hexene, 2,3-dimethyl-2-butene, 3-hexene,

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

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

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

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



- 82 (cycloal kyl groups, cycloal kenyl groups; and bridged cyclic

hydr ocar bon groups) each having from about 3 to about 15 carbon atons; and
C6-C 4 aryl groups. The rings formed by R Rp and Rq (R and Rp, Rp7abdCRej04
R and Rq, or R and RP and Rg) together with the adj acent carbon atom
include, but are not limted to, eycd ®pentene, cycl ohexane, and ot her
nmonocyclic alicyclic carbon rings (cycloal kane rings and cycl oal kene ri ngs)
each having from about 3 to about 20 nenbers (preferably fromabout 3 to
about 15 menbers, nore preferably fromabout 5 to about 15 nenbers, and
typically fromabout 5 to about 8 nmenbers); adamantane ring, perhydroindene
ring, desahigiddditdiRaldy drofddipdene fizglqmerp@f{é}y@,r opnl Iy acenensl ng,

per hydrophenant hrene ring, tricyclo[5.2. 1. 02" 6] decane ring,

per hydr eagenanht BeeechioNe. 2pan Imég;ta@h%?@,eﬂ_ﬁdybme{ 3N9rh9ERANG —ene,

ring, norbornene ring, and other bicyclic,tricyclic or tetracyclic bridged
carbon I GgsenelNeE8J WIS MBYn &L HAVE @11 b eaBd s ORg, substituent. Wien R,
Rp and Rg are conbined to forma bridged cyclic carbon ring with the

adj acent carBaghabemhése dRigb RIS AR 1t 6 £ OghCAd e dad ikerimdaa (12)
shoul d preferably be a carbon atom at a bridgehead position. The conpounds
repr esemdeedisey oo ar( ih2cdmbanatfon, nEhdi e ey Do tdromaseg| wee, for
exanpl e, conmpounds exenplified as the conpounds (A3) each having a nethine
car bon atcmpowriddiuasdtimecdib tgedi sy abyOadamptd dae(sAkd ) ditfifemeon- ar omat i c
cyclic 17 DEC 2004 - 83 conpounds (A3-1b) each having a hydrocarbon
group cadiiewgtkivdd h &od rgamgpick,t Methaiwo compeueds &S Hf edodsdiavi ng a
met hi ne carbon atom The active olefins represented by Formula ( 3 ) are

t he saneapaomenis oneshabioyvkl y Aveact iror e anybes pef f oneed acwpedndg to t he
process of the present invention for producing an organi c conpound.

React i orbgradiiots toati bée septre exh @nice purirki esed it her sarel erpdrtdt | on
means as above. In this reaction, the hydroxy conpound represented by

For mul a qxy@jeroron andiyie x9x yoepodinenrepresbmted ¢¥ys Fornal af(thd ) is
supposed to be formed in the following manner. A radical is forned at the
met hi ne L@rdorepsiacon % 2 heocoapouhed rapersent ed. bycFopruflazing2 ) |
attacks and is added to a carbon atom at the al pha-position or a carbon
atom at adentoeviathosispest vi thaethesamdt et eleri e hds vignddrisem tdivors
constituting an unsaturated bond of the active olefin represented by

For mul a ¥®)reagrid oxgaeniant aeke dnra@nearaaest he al pha- position or

bet a-position formed as a result of the addition and thereby yields the
hydr oxy conmpdfedliiGelguesyesiging Compounds (B)]

The radical scavenging compounds (B) may be any compounds
as long as they can form a stable compound as a result of the
reaction with a radical. Examples of such compounds include
(Bl)unsaturatedcompounds,(B2)compoundseachhavinganethine
carbon atom, (B3) heteroatom-containing compounds, and (B4)
oxygen-atom-containing reactants (e.g.,
oxygen-atom-containing gases). Each of these compounds may
be used alone or in combination.

These compounds may have various substituents within a
range not adversely affecting the reaction. Such substituents

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




O the hydroxy conpounds represented by Formula (13 ) thus _prepared,

preferred conpounds are conpounds where R, Rp, and Rq are conbined to form
a bridged cyclic carbon ring (e. g., adanmantane ring) with the adffagdiiC 2(0%
carbon atom each of R, Rd, and Re is a hydrogen atomor a Cl-C4 al kyl
group, Y is an al koxycarbonyl group {¢.g., a Cl-C4 al koxy-carbonyl group),
an 17 DEC 2004 aryl oxycarbonyl group, an acyl group (e. g. , a Cl1-C4 acyl
group, or a benzoyl group) or a carboxyl group. Such conpounds are useful
as; for exanple, materials for pharmaceuticals, agricultural chem cal s, and
other fine chemcals, and materials for functional polyners. 6. Production

f Carb t i i m d d
oot oy TRECAIRTOLONR, b QYo Al B HBy B ORoR PP kGO oun
t w : i i d | i - |
(30 RS e e B B ok R L B e S RS e
each a hydnggen a8 1%}&1@9@&&%@%%@%@ 2 f'<§£&5§9 attractive

group, where R Rd and Y may be conbi ned w er"to fofma ring

Wi th thenadaaeite £ A AP I HER] RAFLEHRAN RRNhs ,aRY shie ey, yi el ds a
car bonyl conpound represented by follow ng Forrmula ( 15°) Rp"R 0 (15) Rq ~

, YRc mﬂmfEebap&suﬁ@ltiaaté@,oﬁqngagsﬁm\fgdtmiﬁar&:dw,i Rgg ras defined

17 DEC 2004 above. This reaction can be perforned pursuant to a process (a

e I ek Pame et ) S g e e
hydrocarbon groups, aromatic hydrocarbon groups, and
heterocyclic groups.

The unsaturated compounds (Bl) include a wide variety of
compounds'each having an unsaturated bond. Such compounds
include, for example, (Bl-1) unsaturated compounds each having
an electron attractive group at the adjacent position to a
carbon-carbon unsaturated bond [active olefins
(electron—deficient olefins) and other active unsaturated
compounds], (Bl-2) compounds each havinga carbon~carbon triple
bond, (B1-3) compounds each having an aromatic ring, (B1-4)
ketenes, (B1-5) isocyanate or thioisocyanate compounds, and
(B1-6) inert olefins.

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

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




Thi s process corresponds to the production of the hydroxy conpound in which

a conpound having a hydrogen atomas Re is enployed as the active %!Bfin
represented by Formula (3) . In this case, the carbonyl conpound 1 EC 2004
represented by Fornula (15) is forned instead of, or in addition to, a
conpound corresponding to Formula+13) Re = H) and/or a conpound
corresponding to Fornula ( 14 ) ( Re = H) . The proportion of the forned
two conpounds can be controlled by appropriately selecting reaction
conditions such as reaction tenperature, amount of the catalyst, and the
type of the co-catalyst (metallic conmpound). The carbonyl conpound

repr esent,et, oyt FHor s Bo{ABut Sn SAURPOS@Thd O PE ﬁ&l@@ﬂepydi«@@h?ﬂ dation of
t he conpound corresponding to Formula (13) (Re = H) in a system O the

car bony Imacicsgos4n o e el et dye Fad tettiay{ &Smardbels peepared, preferred
conpounds are conpounds where R, Rp, and Rg are conbined to forma bridged

cyclic cafdpmadduy l*te J.otlghndnt gatoddcnN@glaté | hahdeoadeacent carbon atom
each of R~ and Rd is a hydrogen atomor a Cl-C4 al kyl group, Y is an

al koxycar s pritgrd®esters ; & il 1GHcoh KDX¥ t6aEHGMHy VECHP) ketdhe,
aryl oxycar bonyl group, an acyl group (e. g., a Cl-C4 aryl group, or a

benzoyl mgrwup) 1epraedloxylk ogepuand Sahe £ BoWIHS Al 6 tuse el oa%.s ;f or
g6 17 DEC 2004 i exanple, materials for pharmaceutical s;agricul tural

chem calsrapehal herot oneldbrpieaksd arite @) Briak st 0t EurQidedRalespol yners .
7. Production of Conpounds Having Electron Attractive G oup By catal ysis of

t he i m decoinpoiind; 1 ¢ heneddrgranyricrrigpridlsentaedi by hfear o) Bauhib2) ukatiedg a

nmet hi ne carbon atomis allowed to react with oxygen and an active olefin

r epr eserftider Phe ol (sl ey it aa¢Be) (crbRei ¢l ac{@c)and other
o,B-unsaturated carboxylic acids; (meth)acrylamide, and other
o, pP-unsaturated carbéxylic acid amides;
N-(2-propenylidene)methylamine,
N-(2-butenylidene)methylamine, and other a,B-unsaturated
imines; styrene, vinyltoluene, a-methylstyrene,
B-methylstyrene, and other styrene derivatives, and other
compounds each having an aryl group bonded at the adjacent
position to a carbon-carbon unsaturated bond; butadiene,
isoprene, 2—chlorobutadiene,,2—ethylbutédiene,
vinylacetylene, cyclopentadiene derivatives, and other
conjugated dienes (including compounds in which a double bond
and a triple bond are conjugated).

The compounds (B1l-2) each having a carbon-carbon triple

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

example, compounds each having a benzene ring, a naphthalene

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




wherein Re is a hydrogen atomor an organic group; and Y is an el ectron

attractive group, and thereby yrelds a conmpound travimganmetect+on
attractive group and represented by following Formula ( 16 ) Rp Ro'H C16)
Re Y wherein Re, R Rp, Rq and Y have the sane meani ngs as defined BHHQ%.NM4
This reaction can be perforned pursugﬂg to a process (a process using a
catal ytic 5-nmenbered N-hydroxy cycli m de conpound) described in PCT

I nternational Publication No. WO0O0/ 35835. 17 DEC 2004 This process
corresponds to the production of the hydroxy conpound where a conpound
havi ng hydrogen atons as R and Rd is enployed as the active olefin
represented b Eornula (3) . In this process, the conpound represented by
For nul a (alg)yr'ryfg Porme§, Pndtgdd Sindr & Fhdewinsnen tiag,a comoirtter
corresponding.to Formul a 13).( R=Rd =H) , a conpound corresponding to
For nul a ? fﬂgflEREQEﬁﬁogy%ﬁlSr hé%onﬂ3ﬁh&e@§mﬁ€5ﬁBﬂdﬂﬁginglEdemufar( 15 )
(only in ase,where R = Rd = H :and Re = . The proportions of the
individug%gggﬁﬁédkggﬁﬁguﬁag 5W86@yé5ﬁﬁﬁﬁﬁhed¥%§ AppEUpRRateby sel ecti ng

reaction it ch _as reacti enperature, anmount of the catal yst,
i S S n L el e e

d i ed to be f din the foll ow
e Fe R B LR R o R R bt SO t boPRY MR 1) (R
= Rd = i 1L i.di in.th temto vield a carboxyl group, and
Che car bt Ry E e LR R TP ADToRTaTs @ ch@rembound | n

questiongh©hitRE,GaLPANYl conpounds represented by Formula (16) thus
pr epar ed, preferye conpounds i ncl ude conpounds where R, Rp, and Rq are

conbined to f i d cycljc. carbon ring (e.g., adapantane ring) wth
t he adj acent g%?%%ﬂgé d%ﬁg%%g?sl%}h dfﬁﬂéﬁ“ﬁgﬂhﬁ%ﬂe%ﬁ?ﬂ?f)ﬂ%@k@ilﬁﬁoup, and
Y is an ghloxyearhonyl «;aup .0...a.:Cls CAal koxy- car bon ro an
aryloxycarbonylgroup,lgﬁlggy?ggf%ﬁ%> g%lgéef§%§%i§éﬂmg8ghg§r btS a
benzoyl gaeHPha®ing éiuggg:ggpéonfcarbon double bonds. Examples of

theinertolefins(B1—6)includeethylene,propylene,1—butene,
2—butene,isobutene,1—pentene,2—pentene,1—hexene,2—hexene,
3-hexene, l-heptene, l-octene, 2-octene, 3-octene, 4-octene,
1-nonene,1—decene,l—dodecene,1,5—hexadiene,1,6~heptadiene,
1,7—octadiene,andotherchainolefins(alkenes);cyclopentene,
cyclohexene, cyclooctene, cyclodecene, cyclododecene, and
other cyclic olefins (cycléalkenes).

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

The heteroatom-containing compounds (B3) include, for
-example, (B3-1) compounds each having a sulfur atom, (B3-2)
compounds each having a nitrogen atom, (B3-3) compounds each

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



a_carboxyl group. Such conpounds are useful as, for exanple; materials for

phar maceutical s, agricultural chemcals, and other fime thentrcats—and
materials for functional polymers: 8. Production of Alcohols By cat ququsC 2004
of "the i mde conpound and where necessary in the presence of oxygen, the

al cohol represented by Formula ( 2 ) is allowed to react with the conpound
represented by Fornmula ( 12 ) haviﬁgﬁf nmet hi ne carbon atom and t her eby

yi el ds an al cohol represented by following Formula (17y: Ra Ro HO-C- C- Rp
(17) Ro Rq wherein Ra, Ro R Rp, Rg and Y have the sane neani ngs as defi ned
above. This reaction can be perforned pursuant to a process (a process
using a catalytic 5-nmenbered N-hydroxy cyclic imde conpound) described in
PCT IntePﬁXﬂ?gnQFO@ublTQ%H?QWPQ%ﬂd 39838 chThevahgohosslfeprasent ed by
Formula (2) .include simlar alcohals as in the production of the 1,

3-di hydr 9§18§ﬁp0 Ads X 3FRd S o FNGEAEE S pce$b4d@ -by TREr RAIMROENYE ) havi ng
a nething gg?on %}onllnclude simlar conmpounds as in the production of the
hydr oxy 8§p AR PAVERE @ I HERERN ALRB IEEHBHIMJIL B Sreseia dBinEer mul a
(12) havi; a_net hine bgn atom|js supposed to serve as the radica
scavengiEggcgﬂﬁgﬁﬂangggg“g?l?aﬁgkﬁﬁﬁbaggad@hg?ﬁp?%%%t?Bﬁmchﬁcb@d%erforned

in accorggggg W t i nvention for producing an

th rqcess of the present
organi c conpo}ﬁ%%‘?f??eapgﬁo%ﬁ]%%%‘ucfr ec‘éﬁmB‘éuggﬁa BR e &3FHbRVENEdaBY t he
same se LQn ns._a bove. In this reactiqn, the al cohol represented
by Forn5?§§%e§7a?8?s§§S§B§§ed%96 8§apgiﬁédﬁrﬁxﬁ St-ol | owi ng nanngr. A

(2161 or ot nh S EGn CRFORRPRARL CPHAS R R Car bor ot 63 cRSTREY Lonpound
o Produdty b BFLeHeI TRY FPBIBRs By YeRtary Ers CoP i TiH G2 SBimound. and
Carbon af o and o een 2 B e S e s Baf R B e e PR e
to as "nitric acids"). The oxygen-atom-containing gases
includethoseeachhavingahmilingpoint(orsublimationpoint)
of lessthanorequal to45°C. Suchoxygen-atom-containinggases
include, but are not limited to; (B4-1) oxygen, (B4-2) carbon
monoxide, (B4-3) nitrogen oxides, and (B4-4) sulfur oxides.
Eachof these oxygen-atom-containing reactants canbe usedalone
or in combination.

The oxygen (B4-1) may be any of molecular oxygen and active
oxygen. The molecular oxygen is not specifically limited and
includes pure oxygen, oxygen diluted with an inert gas such
as nitrogen, helium, argon or carbon dioxide, and air.

Molecular oxygen is often used as the oxygen.

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

or carbon monoxide diluted with an inert gas. When carbon

monoxide is used in combination with oxygen, a carboxylic acid

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




R1 Rpl CH (12a) Rg i wherein R, Rpl and Rgl are the sanme or different and

are each an organic group, where R, Rpl and Rgr—may be Tombrned—wHtt—each

other to forma ring with the adjacent carbon atom is allowed to r?g%tf 004
wi th a conmpound having a nethine carbon atom and represented by fJI 'hgZ
Formul a (12b): 17 DEC 2004 _ 90 _ 5032 Rp2 ~H (12b) R92 wherein R2, Rp2
and Rg2 are the same or different and~are each an organi c group, where R2,
Rp2 and Rq2 may be conbined with each other to forma ring with the

adj acent carbon atom and thereby yields a coupling product (a hydrocarbon)
represented by following Fornula (18): Ro 1 Ro 2 Rpi ~-~-Rp2 (i8) Re 1 Ra 2
wherein R, RPb Rgl, R2,  Rp2 and Rg2 have the sane neani ngs as defi ned
above. THi-SPr E88t Fgﬁ‘peé}ﬁ‘dbép‘r}erforned pursuant to a process (a process
using a catalytic 5-nenbered hy?lr oxy. cyclic imde conpound) described in
PCT Inter nati%()]?u%ln IR PrIAC .B‘%m%b/l@sés@.e FAMREEAHF ey aosgnEed (12b),

t he organi c,_groups and eferred organic groups in Rl, Rpl, Rgl, R2, Rp2,
arid Rgzg?'nEllqﬁdéédD%?%ﬁ Eliqg{)buﬁ’ it '§rl§g Prose 3 K iRpan kRt $®Ler The

rin for by R, l,.a Ral (R1 an l,, RPl and_Rgl, Rgl and R, or
Rll g?\d Rﬁgegﬁ%‘x&qlt)o %Pt h Y chéa‘efgi gé@HPuE Ft?po%]a?Sﬁfl%ﬁ&lg’hénrf‘h‘@%g?Br med by
R2, 2, .an 2 2, . .and .\Rg2, RZ and 2, or, R2 and 2 and
Rq2 ;vam '?E ?ﬁ@qa%ij(%c%m%%gr &r%oit’oﬁflldn I?Jﬁeg??ﬁJ@%EgYn?li‘aJrnY%g?ﬁo% f or ned

by R R 3pd ReoWst Bhenll PEC,2004

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

Preferred nitrogen oxides include, for example, NO, N;Os,
NO2 and Nz0s. 1In this connection, N,03 can easily be obtained
upon a reaction of dinitrogen monoxide (N;0) and/or nitrogen
monoxide (NO) with oxygen. More specifically, N»O3; can be
prepared by introducing dinitrogen monoxide (or nitrogen
monoxide) to react and oxygen into a cooled reactor to yield
a blue liquid N;03. Accordingly, the reaction according to the
present invention can be performed by introducing dinitrogen
monoxide (N20) and/or nitrogen monoxide (NO) and oxygen into
a reaction system without the previous formation of N,O;. The
nitrogen oxides can be used in combination with oxygen. For
example, by using NO; in combination with oxygen, the yield

of the product (e.g., anitro compound) can further be improved.




91 the adjacent carbon atom The conpounds represented by Fornul ae (12a)

and (12b) each having a nethine carbon atom i nclude the conpounds
exenplified as the conpounds (A3), such as the bridged cyclic conpoprisC 2004
(A3-la), the non-aromatic cyclic conpounds (A3-1b) each having a
hydrocarbon group combined with a ring, and the chain conpounds (A3-2) each
havi ng a nethine carbon atom The conpound represented by Forrmula (12a) and
t he conpound represented by Forrmula ( 12b) naybe identical to, or different
from each other. A reaction can be perforned in accordance with the

process of the present invention for producing an organi c conpound.

Reaction produgts ¢ be separated gnd.purified by the sanme separation
nmeans as above. 9 % '%§I%§%§%soéégt%§ &%ﬁ&PgﬁQCBP§8EPPSr§6P§§§ﬁpgﬁdby
Formul a (,.18 i.S, supposed to be farumed, in the_fallow ng nanner. A _radical
is forned %tfc%ﬁwnéuslr?e't h!gﬁéq’cé”’?‘n@ec;:r? lﬁlog)i irLrlg 0}1 Kol tzt’hgngoﬂ‘p%ﬁn rlélpreeaseernto«gd by

Formul a (228) 1 B5LACKS  heJmet g ccarion Ay am-ghotha 1gomoynd Jgpr esent ed

by Formula and t her eby yi e € ¢o g product i'n question. 10.

Producti o r I oun 2) I i m-de ound and
wher e ned@ggg?éﬁfﬁqgﬁé g?%géﬁbg§o$'oiﬁ%e§?$%ﬁ¥%kﬁgﬁgﬁéh?éﬁggggﬁ%%geby
follow ng; Fosmula ( 19 ) RgCHO ( 19 ) wherein Rg is a hydrogen atomor an
organi c group, is allowed - 92 17 DEC 2004 to react with an olefin

represented bysfal loW Mg Borimdsa; 62hgBe Bet Rare Rl 20nhed &ld) Bo, Rd, Re

and Rh are the sane or different and are each a hydrogen atom or an organic

group; MQ{@,RSOBd,S@q ang, Rhdmo,be goabifed yddd KachLOtNheradd drm a
ring with the adj acent carbon atom or carbon-carbon bond, and thereby

yi el ds a ganheay) soepeundcbrpigaenbad bys £kl Mg £05BUk8e( dhinidy H Re
(21) Rs ~//~ ~ Rh Rc Rd wherein Rc, Rd, Re, R' and Rg have the sane
nmeani ngs 3§1¢gtiBedc2Q0¥8ntaining sulfur trioxide can be employed.

Preferred sulfur oxides include those mainly containing
at least one of sulfur dioxide (S0O;) and sulfur trioxide (803) .
The sulfur oxide can be used in combination with oxygen. For
example, byusingsulfurdioxide (SO;) incombinationwithoxygen,
a corresponding sulfonic acid can be obtained in a high yield
as a result of the reaction with the compound (A).

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

The nitric acids can be supplied as intact to the reaction
systemor may be supplied in the formof solutions such as agueous

solutions. Alternatively, these components may be formed in

the reaction system and may be subjected to the reaction.



In Fornmula (19) , the organic groups in Rg include simlar organic groups

"to those in Ra and Rb. As the al dehyde represented by Fornula (19), the

al dehydes exenplified in the carbonyl -group-contai ni ng conpounds &AZ 1) can -
be used. In Fornula (20) , R-, Rd and Re are the sane as above, ahd Dhé 2004
organic groups in R' include simlar_organic groups to those in R Rd and
Re. As the olefin represented by For a (20) , the conpounds exenplified
as the inert olefins (Bl1-6) and active unsaturated conpounds (Bl-1) can be
used. A reaction can be perforned in accordance with the process of the
present invention for produci ng an organi c conpound. Reaction products can
be separated and purified by the sane separation neans as above. In this
reaction, theTbarboagticompinren diresenpednpy (Fbrearabi2pf fermipgosed to
be formed in the follow ng manner. A corresponding acyl radical is forned
from t he *6APdGAY aeprischrddchpy WYﬁﬂ%lr(glngpé?ﬂlpéck‘g) tifePEALBERSEt om
constituting the double bond of the conpound represented by Fornula (20)
and therelﬂygtﬂeelﬁfsesc%%é?%rfy‘f FongsiitPIeP st oh. Satverk od ftSton of
(3- Acyl oxycar boxylic_Aci ds orﬁéB-Acyl,ox,yketones By catalysis of the imde
conpound STH S hRChFES e U BF S BRY ge 1Skt 2t A6R Ilcrae%ﬁ'%s@ﬁP@éIOBfrcFor nul a
(2) is allowed to react wth an a, .(3-unsaturated._carbonyl conmpouynd
obr esentii oy 0| Mg SEGAMI AC35%7 REFCRPLE 53} CRIBECRAERLER A8 and Rd

and Rel SRPIGRLE e e I o CHS AP ATEkden SCHyARbgen atom a
o or m &g Eme s BEEN e CERBOR HH ot ey ARGy SA Bagegs
hexane, octane, and other aliphatic hydrocarbons; chloroform,

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

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

The process of the present invention has a feature in that




17 DEC 2004 - 94 J3-acyl oxycarboxylic acid or (3-acyl oxyketone represented

by followmng Fornmula (23): 0 Rr~O 0 C23) Ra ~b~ ~ Z RC Rd wherein Z 1S a
hydr oxyl group when Rel in Formula ( 22 ) is a hydrogen atom and ET BEtCh?[lUlo
substituent Rel when Rel is a hydrocarbon group or a heterocyclic group:

and Ra, Rb, R-, Rd, and Rr have the game nmeanings as defined above. This
reaction can be perfornmed pursuant to a process (a process using a

catal ytic 5-nenbered N-hydroxy cyclic imde conpound) described in Japanese
Pat ent Application No. 2000-648. The organi ¢ groups, hydrocarbon groups,

het erocyclic groups, and the rings formed by Re and Rd wth the adjacent

et i ont T r oS ahel e Moo AP bRaRGPCFEoa FBHER T0'FoBrL e LR et 191 i myl

ket one a erehy vield - acet oxy- 3- net hyl. but anoi cid.,Likew se,
2-pr opan’g a%gl%f&o%\%)de 1%%&%%%0 a%atf)?é’ ré)é’lr&lagl%%yaﬁﬁ ?%%?‘g%?gﬂeeqedéﬂng
3-fornyl oxyi-3- i i T reaction ca performed in
accor _dané(%?e§ E/&?% %ﬁe\eg %ﬁ)gggsggﬁg?ﬁgdpp&e&‘rﬁ icﬁ\rpgﬁyingntzgéroﬁr%&n&yr? an
organic cpmRoLNd  JRAC ALY, OUY 35020 2% SR E! S AN LRHY bhed Py the
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). When the reaction isperformedunderapressure,
the pressure is usually from about 0.1 to about 10 MPa (e.qg.,
from about 0.15 to about 8 MPa, and particularly from about
1 to about 8 MPa) . .Areactiontimecanappropriatelybeselected
within a range of, for example, from about 10 minutes to about
48 hours depending on the reaction temperature and pressure.

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

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

The process of the present invention yields an addition
or substitution reaction product or a derivative thereof

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




separation neans as above. In this reaction, the target

(3-acyl oxycarboxylic acid or (3-acyl oxyketone represented by Fornula (23)

is supposed to be formed in the follow ng manner. A 1-hydroxyal kyl] faldl Ga2004
corresponding to the al cohol represented by Fornula ( 2 ) is formed in the
reaction system attacks and is addegta the beta-position of the a,

~i -unsat urated carbonyl conpound represented by Fornmula (22), oxygen

attacks a radical forned at the al pha-position as a result of the addition
and thereby yields an a, y-di hydroxycarbonyl conpound represented by
following Fornula (24): HORe ~ OH R (24) O wherein Ra, Rb, Rte, Rd, Rel

d R h th , [ fined 2. Thi df
Cnder go0EoFBARR AnTEENT L BPCaT ey GF bab ¢ FETDTgr B ARGE bk AT on of a
b t to_whi th I : ield
Che tar GERUS ARDIthe CaT bORITLe" SERHbr LR Ay Ay Kok oReF B e entat by -
F I 23). W - .ed b ted b
For mul & £35pOTihar BoRe P TEH BUArBgEn Ao /1 & Ubad g The ating

compound, . 362t L55PaNdlag L3 20UKeAT batKhg 1atidr panmd, vhen an a.

(3-unsat tira __carbonyl" conpound represented by

For mul a E'xﬁ%)ra’ti%e%%olaﬁlctiss, %n*av%%%l%%ow R Ricthet erocyclic group, is
starti

used as e g conmpound, a correspondi ng (3-acyl oxyketone is forned.

12. ProductiO? of. Ralyacr yvhapide ROt ¥PBs SohPcbhea Pheagmpdfuridhaal i de
conpound and Re Conpourld (A) capable of formng a radial, an a,

(3- unsat yr.atied, ﬁ%@%&!ﬁlﬁyé%&eﬁ@&ﬁa a% PRbYAR|42esk Wilsrt 160 ¢ocendi ti ons

and thereby yields a correspondi ng pol yacryl am de polyner [refer to

Japanese h(%%te%r?at%%hiscélééarhé\l%hégeﬁipaélﬁ&%ﬂ A e acusitngoaitabal ytic
5-nmenbered N-hydroxy cyclic imde conpound)]. Typical exanples of the a,

~i -unsat WAt gd 1AL dnf i ad Shifictewat B et bhags yd gnedey rbon atom)

N- et hyl (et h) acryl am de, N, N-di net hyl (nmeth)acryl am de,

N-i sopr o dmEiti@acly landeatiraieaybénatdy atiey basade,r sard cooponadi de.
(Bl), to the methine carbon atom of the compound (B2) having
a methine carbon atom, or to the heteroatom of the
heterocatom—~containing compound (B3), and thereby yields an
addition or substitution reaction product or a derivative
thereof.

When the compound (A2) having a carbon-heteroatom double
bond (e.g., the carbonyl-group-containing compound )is
employed‘as the compound (A), a bond between a carbon atom
relatingtothecarbon—heteroatomdoublebond(e.g.,acarbonyl
carbon atom) and an atom adjacent to the carbon atom is broken,
and an atomic group containing the carbon-heteroatom double
bond (e.g., an acyl group) is combined with the aforementioned
position of the compound (B1), (B2) or (B3) toyieldan addition

or substitution reaction product or a derivative thereof.

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




A reaction tenperature can appropriately be sel ected depending on the type

of the raw material and other factors and is, for exanple, fromabaqut OC to
about 150C and preferably from about 14C to about |00C. By controﬂfﬁﬂéctﬂﬂﬁ
reaction tenperature, the nolecular weight of the resulting polynmer can be
controll ed. The reaction product cangie separated and purified by, for
exanpl e, precipitation or reprecipitation. 13. Production of O ganic
Conmpounds Havi ng Oxygen-at om containing G oup By catalysis of the imde
conpound, the conpound (A) capable of formng a radical is allowed to react
with the 17 DEC 2004 - 97 oxygen-atom containing reactant (B4) and
ther eby viselids, 8flo AR LOMPELDL, DEYIENGD A R g8Rs RLATHGAThERL AY O OUP.
rmed I n the , a

This reaction Is per presence of,” or in the absence o

sol vent. -3yl sak¥ents tBRbYdedt Betal eheMBRbLoned: $8h¥antbesiIhgqappunt of
the catalytic i mde conpound is, for exanple, from about™ 0. 0000001 to

about 1 wBlee coRiRhefRhinL )f I orBabet '@3)08%03)'%% WOUID £ HTbL; more

preferably from about 0. G000l to about | e, and often from about O

0001 to aheut i@utd JPI@adteldt iptddurtl JPle Rfritha: cmaebd?) . This
reaction is significantly accelerated in nmany cases when a pronoter such as

the metal lic ceApeHndy( &he HOse ofV@nadiHBxeapREOEAdCoRBLYRdenym cagpound,
manganese conpound or cobalt conpound) is used in conbination. Wen the

oxygen- atcore £4d & DiskG vicdG it oriind g B) vy 1d1eid anmddi i gageaktibay be
diluted with an inert gas such as nitrogen gas or argon gas. Each of the
oXygen- atadu@t,ah i G e eSe barite ¢BdpducanBRe nsethqhanecoiné sagbohi nati on.
By using two or nore types of the oxygen-atom containing reactants (B4) in
conbi nat iaayom &wahey compeuhypEs glelldbfeesebstivaci bonsdagyriompprodache

i ntroduced into the nolecule. Such functional groups include, for exanple,

hydr oxyl @r.@up, oxouplipy mesdoety). group, nitro group and sulfonic acid
group. In the conbination use, two types or nore of the

oxygen- at om c@hieatr & agi or dcttartes: (B4 ox yopm e anserbromnicuinge meby tent
sequentially. The anpbunt of the oxygen-atom containing reactant (B4)
(B4) as the radical scavenging compound (B) with the compound
(A) capable of forming a radical yields an organic compound
having an oxygen~atom—containing group (e.g., hydroxyl group,
oxXo group, carboxyl group, nitro group, or sulfur acid group)
depending on the type of the oxygen-atom-containing reactant.
According to the process of the present invention, a
complicated organic compound can be obtained through one step
by using two ormore 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 (B1l) and oxygen (B4-1)
as the radical scavenging compounds (B) are allowed to react
with the compound (A), a group derived from the compound (A)

is combined with one of the two carbon atoms constituting the

unsaturatedbondasmentionedabove, andahydroxyl groupderived




i 17 DEC 2004 - 98 depends on the type thereof and can appropriately be

selected in view of reactivity and operability. For exanple, when oxygen
(B4-1) is used as the oxygen-atom containing reactant (B4), the qapqynt ﬂm4
oxygen is equal to or nore than about 0.5 nole (e. g., equal to or nore
than about 1 nole), preferably fromakput | to about 100 noles, and nore
preferably fromabout 2 to about 50 noles, relative to 1 nole of the
conmpound (A) . Oxygen is often used in excess to the conmpound (A). Wen
carbon nonoxi de (B4-2) and oxygen (B4-1) are used in conbination as the
oxygen-atom contai ning reactants (B4), carbon nonoxide in an anount of

|t th bout .1 | .q.., f t 1t b 00 |
oG- oxyQEROTNERE SASERE of dauaPabsed Srsce et BBRC TR b S e g from
bout 0.5t bout . 50 | , . of d i t h
go?r;ound (A;).Zgl F%gFﬁilgng‘%sczfsa?r}%g“e Jr'r%fctélreerbrrgéscleeos%% gglfevgrnes%orgltog}l?ggn?%oéxggen is
f bout 1/99.to.abaout. . 99/.0.01,.. a b Ot
om0 88, 8,55 Sl ey g aoveud kg0 1

€ rogen oxi'de s use

OXygen- aL g CaNLRL B0 eALt AOLAPA) 1L losuBYEL OL. bho DhiAgUGnogyl de can

appropriate € Sel'écted depending on the types he nitrogen oxi de and

h d (A ) | : I
than 1 nararerd GG Tl 185ERH" i nlla TREg kR ahgiodB fes it AR 36e. BS2,
the ni trggﬁg}%g;zsg% £€ofl: thd LEMGEINGT OXf Aflg 13 RsS tﬁq@aeo&\p@:%@)((mg-,

equal to or than about O .” 0001 nole and less than 1 nole ,

prefer ab|t>¥/> gorﬂrZ aQ';a%i?c%% Fo B8 xahia®, abouheGAPbr £t shaw!t e 8dgBkentand nore

pr ef er abl om about 0. 005 to about 0 . 25 nole, relative to 1 nole of

the compound t(A)h tolife HRALEICHQN L hOMhE hROrHdURUGA1Xi s Kl chiBon
selectivity of the reaction can significantly be inproved. By using

ni trogen axida AN dd GRMINAIPMMdIodgedout e vehe Dh eheeaction
such as nitration reaction can be significantly inproved. In this case, the

amount ofcompranm iA2equal the MEtHDEe daidorakodth i Bhantandeugd (A8gyal to or
nore than about 1 nole) , preferably fromabout 1 to about 100 noles, and

nore prefar abkhd EomEbaubnatt ehabeiia&hipbest i orltat t ve uneat urakedof
nitrogen di oxi de. Wen the sulfur oxide (B4-4) is used as the

oxygen- atRE 9At EhdidighpRaet ant ) ; tiiee aMIEHE oehedeadiibllirr exd e wiah
appropriately be sel ected depending on the types of the sul fur oxide and

the conmpainy dofpcand i(B)genar ehéyeby oyl @bdsita Torareapoutd 50y rmoldés,ioand
preferably fromabout 1.5 to about 30 noles, relative to 1 nole of 'the
conmpound dA)subshie: yietsd | ter ctadobeppediot med in | arge excess of the sul fur
oxi de. When the sulfur oxide (e.g., sulfur dioxide) is used in conbination
wi th oxygen, (e damdas-fatned afidt héoaw:f sub i tdet ton rhecoipg@rddict or
exanpl e, fromabout 10/90 to about 90/10 and nore preferably from about
30/ 70 t o mbpufurfH&0. uideeqct | Dor t exqepbe ur decpdrappeopreaceipnbe sel ect ed
dependi ng on, for exanple, the types of the conpound (A) and

cyclization reaction, decarboxylationreaction, rearrangement

reaction, or isomerization reaction in the reaction system

depending on the structure thereof or reaction conditions, and

thereby yields a corresponding derivative.

The reaction between the compound (A) capable of forming
a radical and the radical scavenging compound (B) should
preferably be performed under conditions with minimal

polymerizationinhibitors(e.g.,hydroquinone). For example,

the proportion of the polymerization inhibitor in the reaction




t he oxygen-atom contai ning reactant. For exanple, when oxygen - 100 17
DEC 2004 i (B4-1) is used as the oxygen-atomcontaining reactant, the
reaction tenperature is fromabout 0C to about 300C and preferabrb7fw%ﬁ1ﬂm4
about 20C to about 250C. \When carbon nonoxi de (B4-2) and oxygen (B4-1) are
used as the oxygen-atom containi ng-r & ctants, the reaction tenperature is,
for exanple, from about OC to about 200C and preferably from about 10C to
about 150C. \Wen the nitrogen oxide (B4-3) or sulfur oxide (B4-4) is used
as the oxygen-atom contai ning reactant (including the case where oxygen is
used in conbination) , the reaction tenperature is, for exanple, from about
0C to abeyttamOEhaniidppetéeabbyyf benmlabsuthanCorocabait t225¢00 TRHRMr eact i on
can be performed at atnospheric pressure or under a pressure &ug%gr a | oad)
e

. \Wien t hedr macti pneifsrpbifyoless dhder oF maesdure®, 10fe Biessa
generally fromabout 0.1 to about 10 MPa, and preferably fr8g1about 0.2 to
about 7 MPapoEhéoneabtilon rakyirr bea HmEdh i id o e haPO9yBPEm such as
a batch system sem -batch system or continuous system After tge c
conpl et i anre&ct henreaiee iigh ligkde tondprbaacts 2t B8 d838FatBE2aXE  purifi ed
by a technique such as filtration, concentratiog, distillatian, extraction,
cryst al | iszat/iconthe exoyer a1 yghthasm LIRS DANc bR ERT T YNet odt By and
ot her separation neans, or an%.conbination of thgs se§§ratkg9a@§%gs . This
process CRAFH-0dEBECAPFEATEI RSP BB AT BTN itﬁbe Pg-Yhe
oxygen-atom contai ning reactant, in a high yield under 17 4 i
Y9 inhibitor in the reaction systéh gé ow, the reactggg:ggge
increases to increase a yield, and the reaction results have
a high reproducibility to stably yield a target compound. The
unsaturated compounds (Bl) or other compounds for use in
commercial,towhichapolymerizationinhibitorisadded,should
preferably be subjected to elimination of the polymerization
inhibitorby,forexample,distillation,priartothereaction.
The same goes for any reaction in which the compound (A) is
allowed to react with the compound (B) in the presence of the
imide compound.

By using an appropriate combination of the compound (&)
capableofformingaradicalandtheradicalscavengingcompound
(B)jxlthereactionaccordingtotﬂmapresentinvention,various
organic compounds as mentioned below can be obtained.

1. Production of 1,3-Dihydroxy Compounds

A first embodiment of such production will be described

below. By catalysis of the imide compound, an alcohol

represented by following Formula (2):




- 101 mld conditions. Specifically, when oxygen (B4-1) is used as the
oxygen- at om cont ai ni ng reactant, an oxidation reaction proceeds ahd Dhér @ik |
yi el ds a correspondi ng oxidation product [refer to Japanese Unexam ned :
Pat ent Application Publications No. 2-38909, No. 9-32T626, No. 10-286467, ‘
and No. 2000-219650 (processes using &afalytic 5-menbered N hydroxy cyclic |
i m de conpounds)]. For exanple, when the heteroatom containing conpound
(Al') having a carbon-hydrogen bond at the adjacent position to the
het eroatomis used as the compound (A) , a carbon atom at the adjacent
position to the heteroatomis oxidized. For exanple, a primary al cohol
yields a corrggpondi ng al dehyde or carboxylic acid, and a secondary al cohol
yi el ds a correspondi ng keton?. A 1,3-diol yields a correspondi ng
hydr oxyket onet~~apd a 1,2-dio|2&ields a corresponding a carboxylic acid as a
result of &idaRive cleavage [refer.-to Japanese Unexani ned Patent
Application Publications No. 2000-212116 and NO. 2000-2l 9652 (processes
using catal ytic 3-nmenbered N-hydroxy cyclicimde conpounds)]. An ether
yi el ds a"B8FPeBFordichy @sedm?ame P M te? P EFEr S 0" Fdpaieagen
Unexam ned Pat ent plication Publicatiaon No., 10-316610 4a.§roc$ss using a
cat al yti 8t8MnRhbetr e rﬂ?%%‘ar%&?uﬁyc"l’kﬂ%r?rﬁd@ngo%’pdﬁ??é]) € YHVIHATY i R, a
primary qrsecondar oholykfjds dr ogen geroxide [,refer

a

| PCT |
| nt er nat FBRBI2 BB UgFﬁoﬁhﬁﬁ??N%ﬁﬁ7 8480 E?%cé§%a&§PN§da%§a?%T§Yic '

5-menber ed N hydr oxy | 02 cyc)ic am de conpound)]l. 17 DEC 2004 \Wen the
conmpound¥¢AD fggégyﬁﬁxﬁgﬁﬁﬂﬁﬁx-hgt r&gt8ﬁ£a§§b?ge%£ﬂdr?gr%§%89 é Yhe
conmpound _(A), an oxjdation product corresponding to the type of the
heteroaté%#ﬁ&ﬁlﬁg éﬁf&?&@d}%ﬁOr exanpl e, by oxidizing a ketone, a
carboxylic acid or another product is produced as a result of cleavage. For
exanpl e, a cyglic ketone such as cycTohexanone yields a dicarboxylic acid
such as adi piRe_aci d.R By using the heteroatom containi ng conpound (Al)
havi ng a cang rogen bond 48) t he adjacent position to the heteroatom,
such as a seRondary Yal cohol (e.g., benzhydrol), is used as a co-reactant
(co-oxidizing agent), a Baeyer-Villager type reaction proceedsunder mld
conditions. A4S ageespht @ @yclic ket g?ﬁeybfl Q?fffegﬁfl‘:eﬁﬁ_@n?g@ge!aéﬁt one,

3 5 g ester 1n high yields [refer to

S
and a chai'nketone’yi'el'ds” a correspon _
PCT Inter “%%d%%}enp%@dmﬁ?&f o), No- g A9/ R0204 (LRPES Mhene Lad@lyéh

5- member €d roxy cyclic anngzconp un are used)]|. In addition, an

al dehyde yi &L Y IPON ar hexyké ¢, agivd By HusikBaLl Reqcearaund (A3)
havi ng aaﬁéﬁkgﬁéﬂgh 6%ﬁ&§tggsgg ghbqg%npoun (Af?§én al cohol derivative
having a r 4 P dtrhe JBfhane G A i dcamhbgh yiel d.
For exanpl e, g§¥%§?éggﬁﬁgggzﬁﬁ#%§gdbeclic ﬁgﬁtocarbon (A3-1a) such as

adamant ar}%vrk%&%b&%&ﬂég laVies: IRacdb Pave Nds @ hysr Oxd 862¢ Boboand
a

bri dgehe position, such as 1-adamantanol, 1, 3-adanmantanedi ol and

1,3, 5- adamItANSdPlny AN DSy B Pdtsatila 1a)DEC 2004 , 103 with high
selectivity. The chain conpound ({A3-2) having a nethine carbon atom such
as isobutane, can yield a tertiary al cohol such as t-butanol in a high
yield [refer 4,0 Jgpggeseg? Unexanm ned Patent Application Publication No.
10- 310543 (a pPMNQCAsSS \ysjNg a cata@:tic 5-nmenbered N hydroxy cyclic imde
conpound)] . %¥ o] gonpound {AA ) having a carbon-hydrogen bond

R® R

wherein R?, R®, RS, RY, R® and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide

compound) described in PCT International Publication No.



at the adjacent position to an unsaturated bond as the conpound (A) , the

adj acent position to the unsaturated bond is efficiently oxidized qnfuggc 2004

t hereby yields, for exanple, an alcohol, carboxylic acid or ketone
exanpl e, a conpound havi ng a net hyl group at the adjacent position to an
unsat urated bond yields a prinary al 88hal or carboxylic acid in a high
yield [refer to Japanese Unexam ned Patent Application Publications No.
8-38909, No. 9-327626 and No. 11-106377 (processes using catalytic
5-nmenbered N-hydroxy cyclic imde conpounds)]. Likew se, a conpound havi ng
a nmet hyl ene group or nethine group at the adjacent position to an

unsat ur awedopdnd3yi el ds a secondary or tertiary al cohol, ketone or
carboxylic acid, depending on reaction conditions. Mre specifically, an
aromat i ¢ conppaihcbialvshg an al kyl group or a | ower-order oxidized group
thereof conmbined with an aromatic ring yjelds an aromatic carboxylic acid
havi ng a car bbxyloxgaup: corehicnéa & tand Re ot diegrivd a i(dd BSSaCPRe¥uf? of

oxi dation of the al kyl group or the | ower-order oxidized group .17 DEC
2004 - | b4 athergehicSuedup Ghert dpesmIxpdr2Ede§¥ AleThEPFdes ot L @Ranpl e,
hydroxy al kyl groups, fornyl group; fornylal kyl groups, and al kyl groups
each havi(eggan erooggeupc HEPUBXE Fe}sb%ﬂ50¥%a%k%ﬁ?s%%?%Fnﬁﬁ??%h?goluene,
et hyl benzene, isopropyl benzene, benzal dehyde, or m xtures thereof,;

t er epht haloingiddionsi aceprailngd tor ¢k BEACESS) -p- PE6Pr BpFRPSFuEREPS

p-di i sopropyl benzene, p-tolual dehyde, p-toluic acid,. p-carboxybenzal dehyde,
or m xt udeslukleredr iexepmittal iy HAR Q?Wﬂﬂﬁ%qﬂﬁjqqq;h?ﬁ%@ﬁ?ﬁ%;lc

m t ol ual dehyde, m carboxybenzal dehyde, or m xtures thereof; trinellitic
acid is &3Caib¥ed from pseudocunene, di net hyl benzal dehyde, di net hyl benzoic
acid, or mxtures thereof; pyronellitic.acid is obtained fro rene,
trinethylbenzﬁb&eﬁV@é?CFFbﬁgtH%PB@EZ&PElggﬁd?l&P%ﬁ% Chﬁsgﬁ %§é§)?

3-quinolinecarboxylic acid is obtained from _far_ e | )
3-nethyh@ﬁQRﬂﬁm%¥l?@§béEgW$Q9Fﬁr.QRgﬁP§?%1aggqﬁﬁﬁgﬁhfpgﬁfoﬁ?ggfpnic acid

o oup al THRBET] ACBAR AOSFPRH L BV CAPB ORI 7 AOR 0O RO i raY &

of “an aci 6 haVGESh gy of TR ehan R 8 LIRS Coban 1 (1)
coni ugat CTRRAAUNSR BER bRy LSRR AAERY oA 0B gD o e dduced
Vi'eld,  MTEOE Ty SR BOBANS SIGE SEBAE TELa Ty o0 SACRaE 31 A s noetkat one
comound ¢ ah- SRR B T e LG 2k P e St or ou.
g Te obvATen Ol CeOhE Pt ERPEEE PP GRS BLET, BYCTe o dat  vely
appropr | 2R EPYPE et 7R ST s ot 212 yel oy

al cohol, %SL%V@;&:%WQPsﬁgégf%f&yﬁﬂhﬁé@%@ef%m%&m sagbhwbdth hi gh

sel ectivi W S€, a cyc ane such ascycl ohexane yi el dsa

bi s(1- hydg gx | -PgHAX gl as i sy@iobydbexygyehpshexsig

per oxi de ?se%/%%g%rg%}%%ésgh%a}%gﬁ?éApplyi%(s:lalti 0?1/ Ng. 2000-%45824 (a process
using a Cag%&%’gg Ry AERRELBENNGRYAEeXY neY ahiks  ifBirdexeamieyndilomalyicusi ng a
strong acrd as e gronnter, aganantane can yi el d adamant anone in a high
yield [refer n XA e iRat erém ApRlutc 8t t @ bt léaata opomo.
10-309469B?gr%?8%g§g'ﬁgﬁ%%ga cataly#ig 5-ﬁ%nbered N- hydroxy cyclic imde

conpound) en ' %%%%d%?ﬂxﬂﬂghé 6pvesrarsiedisasubbei coapoand (A)
a varietykgfm%dnp%ﬁﬁagggg%%orned ependindﬁon the structure of the

conj ugat ed conpauadecken i eXalRg €, ceneonjugaiedhd etgirokgslan akkenedi ol or
ot her products as a result of oxidation. Specifically,butadiene yields,for
exanpl e, 2-husenes i 4ndi gheandhert ik het eneegc ¥i dirdhgasaral nesuhrophtic

oxi dation. When an a, (3-unsaturated nitrile or a, (3-unsaturated

carboxyli Qb Q/clic rings. Such heterocyclic rings include

!




17 DEC 2004 - 106 a derivative thereof is oxidized, the a, ~3-unsaturated
bondi ng position is selectively oxidized and is converted into a si gﬂjée 4
bond, and the beta-position is converted into a fornyl group, anlat .200
group (when the reaction is perforned_in the presence of an al cohol) or an
acyl oxy group (when the reaction i3 Bérf‘or med in the presence of a
carboxylic acid) in the resulting conpound. Mre specifically, by oxidizing
acrylonitrile and nmethyl acrylate in the presence of nethanol,

3, 3-di met hoxypropionitrile and methyl 3, 3-di net hoxypropi onate are
respectively forned. When the amne (A7) is used as the conpound (A), a
cor r espondt8goSebi i€ rhage arclogpmeaisingpmakydsrert PRa S AER T2 tJhpound
(A8 ) is used as the conpound (A) in the co-existence of, for exanple, the
conpoundhéAdYyobgei hg rd no@rdmeh byut agehngerih lftun #ecnapackatepo’tt on to an
unsaturated bond (e. g., fluorene) as the co-reactant (co-oxidizing agent),
a corr espaddhagequigohéci sihgenedchncangasddipfep di i FEPERTt BLIRpAfede
Unexam ned Patent Application Publications No. 11- %)1264I 6 agd Ng 11-228484
(pr ocessestespngoat afyese Beherpey el M HAHRX Y Q3YE B d&286nBdtinds) ] .
The straight-chain al kane (A9) yields, for exanple, an al cohol, ketone or
car boxyl ismbstiidueBy -usi ng the ol efin (A10) as the conpound (A), a
correspondi ng epoxy conpound can_be obtained [refer to Japanese xam ned
Pat ent Applic@bﬁoﬁq%/mﬁpé@@idowrﬁo.aﬂféﬁ Eha Ce?gf%r[‘%’ igg - 107

| nt tional Publication No. W99/50204 i '
5. menbor AT B GRS PO A4 CEanEBanty TR BaPE c ARy LT AER t he

ad] acent OB (e LA G Om S s S M oREeE o he
conmpound (A4) havitgig zérééé)#n-h qcél%o ng%fog E?rtl%tplem?g% é‘ﬁ@féaP_Qéhéion to an
unsat ur ateR TN St t - o-oxtdi zing agent ) , an
epoxi dation reacti on proceeds under .mil g conﬁiﬁégﬁ hhesshy yicgl ds the
cor r esporf s epdd & lidged 58550% EFBISByCarT oW NG at T east one conpound
sel ected fromcycl oal kaneP cycl qoai(kafr}%lms A4+ oy ¢oabkapone s dr@gct with
anmoni a a?‘féio‘b%?&e’i‘ieﬁ‘%ﬁ-r;’t) %’%e{%]éao X/gen-a om contalning reactant in the

presence of the catalytic im_de coAapou di ggq! A
obt ai ned FPE? @Fetfﬁrfﬁ’ée‘{n£§8mﬁg°[oec(t %Op?ggggi%%&%b%g%%OO?B% 3 (a Eyrocess

using a catal ytic 5-nenbere hydr cygl L g im Iﬁgmi@ﬁ.lé\gg@

speci fi cafFgR apPud P did ﬁ]ao‘ég %gégeg%'cofn}lﬁ%%enémg l'ected from cycl ohexane,
cycl ohexanol and cycl ohexangne i 2O 3,B88diexxrges thnt he
presence SFGtW%%}%%?esgéap%%Tgﬁ a%r;ygb%bt ai ned.uBy Usi ng carbon

nonoxi de - and_oxygen -1 S ) .OXygessah OBECORkakNkNggsgact ant s,
a car boxyl‘('géi ég{dFS%FEéﬁ ﬁ!%g?ﬁl g}‘agr 8%2%()jsand thereby yields a

correspondi ng. carboxyljc acjd i 19004 hyi 8L df r8fpiattic HapanesayUnexan ned
Pat ent ApBPPgBFFo’ﬁlln-’éb{a}@é%ﬁ %#Oﬁgil%g- 539730 (a process using a i i 17
DEC 2004 108 , cat %I ytic 5-nmenbered N-hydroxy cyclic imde conpound)]. For
exanpl e, \‘Eﬁélﬁlepﬁ conpound (A3) having a nethine carbon atomis used as the
conmpound (A), g _carboxyl 18ntNRe ofduepsad Htigydhegert htor, caron at om
Li kewi se, in tﬁ@egg%génag%%?tha\r}i ng a carbon-hydrogen bond at the

adj acent pasj.tiaqn an at Upat ed-Jaonghoupscar pexyk rgreou®’i $nchtdeduced
into a caragiwlatq(%:r%tu e’atalllllnr&sg o the (g'}r @gcn-%ydr ogen bond. The non-aronatic

cyclic hydr %g,%;g%%naéﬁﬁ) ¢, SEGH B HMGl OReAaBEa rybRlgi U scandei y e laci d
havi ng a carvo group tonbined with a carbon atom constituti ng a ring.

hydrocarbon groups. Alternatively, R® and R® are preferably
combined to form a non-aromatic carbon ring having from about

3 to about 15 members (particularly from about 5 to about. 8

members) with the adjacent carbon atom.

| The alcohols represented by Formula (2) include, for



When the nitrogen oxide (B~-3) is used as the oxygen-atom containing
reactant, a nitration reaction predoninantly proceeds and therebly7yD®el dzgs
for exanple, a corresponding nitro conpound [refer to Japanese Unexam ned
Patent Application Publication No. 11-239730 (a process using a

catal yti c5-nmenbered N-hydroxy cyclic fH de conpound)]. For exanple, when the
conpound (A3) having a nethine carbon atomis used as the conpound (A)

the nethine carbon atomis nitrated. Likew se, when the conmpound (A4 )
havi ng a carbon-hydrogen bond at the adjacent position to an unsaturated
bond is used, a carbon atomrelating to the carbon-hédro eqigqgﬁgig

ni trat edexFhplaprtaronmereopsyELPe afHRRPALBGR V(5T ERER L 65T hexane,
yi el ds a corresponding cyclic nitro conmpound having a nitro group conbi ned
wi th a canbopmavondsoddditllt-ing a ring. Even the straight-chain al kane
(A9), such as hexane, can yield a :17 DEC 2004 - 1 -correspandi ng

ni troal kane. WhehenrefogdRoBPeRi 4BCLEAEsERCRRRE 82%88%?§t3%¥§66taining

reactant, the nitration reaction can effjciently.pr |- he
subst r at @-propreeds 5o Mo Fer WUxi F&F PSS, atl(%p?‘;ég:ggce;%eélﬁexar% ned

Patent Application Publication No. 11-136339 p [ nsakal ytic
5- menber @dmﬂ?}m’?o%ycdfé{qb@%yrﬁ%g‘a&?ﬁpoﬁﬁ )f?gé\ﬁeégggégﬁggu%gcﬁavi ng a
met hyl group at the adjacent position to an LC.li at, kheyibenzyl
posi ti on"edch hagdRIAN PALRERE LS RYFEREA AT eoglg)ﬂrrtr()%ﬂﬂd' E%%\)CQ A nitio gr oup
is introduced into the carbon.atom of 1t A Rc Hadeb nec

condi t i or5O4kye Orifelahglﬁ"(g’r‘oﬁﬁy?'sgﬁ%%er Agﬁaﬁnﬁ%)g gr%glgﬁyf gr oupcgﬁd t her eby

yi el ds a correspondin romat i c,al Dezatsefydebup)or a
nitro gr ARPYR (Enlrod c%d'%ﬂhfzgctlﬁgqg%giﬁ‘%p roirﬁag h the resul ??ng conpound.
The use of a conpound havin y Ol nd dney 1adh aceRid-essiltion to
an ar onnt‘F%mkP:W%g)("él. @ aﬁ%qgle%tgﬁe#ﬁgg ’tg%]e substrat e yi el d?da nitro
conpound (e.g., a-nitrohenzene), | i t he_gehinyhessgloups ttheat ed, and
under son‘ér?‘gﬁcﬁ Ocpoe?{gi?%o(;efn’s,c’yﬁlglh sagl%loxi me conpound (e.g.,

acet ophenone oxi pe) wher le02-19HRNA s £ eeRVasd @l 3 Bd mlautoxi nme.
By using ﬁ?‘f‘?@ﬂ‘@iﬁcrﬁ)%%%%eéggl{gﬁtg%gfygiﬁ- at om ggnt ai ning reactant, an ether

can yield a correspondin S anhesvhtrofrehaavageeabndaeyet her
bond [Japéﬁe@@m%ﬁégamgnggeggfqgﬁ%ﬁggggl'i cation Publicati %nps No. 11-315036 and
No. 11-254977, (proces 109 <Cat ahytha s sepbeL edehk BPdt oxybrydged ini de
17 DEC 206 cPhF’@SQ'c%‘%‘?;;%&%?g‘)B?.S For exanpl e, phthalan can vyield

pht hal al dehyde _i i iel j kewi se, by using nitrogen nonoxi de as the
oxygen- at S#géﬁt giy%r%gcgi}?ggt nto,ulﬂa cycl oal kane yi el ds a correspondi ng

cycl oal kanone %icggvgr gpg%itﬂg Japanese Patent Application No. 2000-157356
(a process using a catalytic %-menbered N- hydroxy cyclic i mde conpound)].
For exanpl e, c%ﬁgkoggﬁgﬁgc%@&@?sCMIRGhep@ha@aeRMmEheBycanw@mphgfanéhain or
cyclic conmpoun aving a nethylene group to react with the nitro%en oxi de
such as nitrogen oy decikRuliBe(py esanoe ahytdsyamt @algpaurs made €BHpound
and a hal ogé)n (e.g., chlorine) or a Beckmann rearrangenent catal yst, a

corr espondgw%g?é’gi de Hod achandes whtfdiened theefrerctéodapg@nse PaLERtC
Application . "11-3721 77 (a process using a catalytic 5-nmenbered N hydroxy
cyclic inide comaundire Foerexanke, reyet ohvexams i ians aogstdiBCam
When the nitric acids are used as the oxygen-atomcontaining reactant, a
nitration {%@%{&@e% eglp M Ma NG +&/s gt o caesn taineh )t heSaigh WIEIAds.C (95 %Xanpl e,
a corresponding nitro conpound, as in the use of the nitrogen OX{fgf (B4-3)
[refer to gﬁgg{}&é? Pat ente Appt | Tahi oed No, 2G0®BE054 U8 prot a
catal ytic 5-nenbered N-hydroxy cyclic imde conmpound)]. For exa e, when

t he conpouggo(lﬁé) havi pgcactacbgnotysly ogsrs tigniced ChEcadiAtentd B%Yion to
an unsaturated bond is used as the substrate, a carbon_atomrelating to the
car bon- hydraggn, bandokycairbbatad gres, t Reyderisangonyl . 9roups,

aralkyloxycarbonyl groups, and cycloalkyloxycarbonyl groups),

carboxyl group, substituted or unsubstituted carbamoyl groups



17 DEC 2004 - 111 (A3) having a nethine carbon atomis used as the
substrate, the methine carbon atomis nitrated. Wen the non-aronhtfi BEC 2004
cyclic hydrocarbon (A5 ) is used as the substrate, a vitro group is
introduced into a carbon atomconstituting a ring. In this case, a

cycl oal kane, such as cycl ohexane, yi ébds- a correspondi ng nitrocycl oal kane.
In the non-aromatic heterocyclic conpound having a carbon-hydrogen bond at
t he adj acent position to the heteroatom a carbon atomrelating to the

car bon- hydrogen bond is nitrated. Likew se, the straight-chain al kane (A9),
such as hexane, yields a corresponding nitroal kane. This reaction is
supposed (10 BEQPeedrEn bheuhalbewi gt aanaside Theoups e TyRpoUIRDYRAC S Wi th
the nitric acids ang t hereby yields an i m do-N-oxyradical, the radical

Wit hdravg ;@ %VgEBQED a4 0y F 1M & headsldests dise 1foa itherabygypebds @t her

radi cal , and 16 the resul ti ng radical, nitrogen dioxide forned in the
reaction S%)ﬁ]sft-%rpd' scoaddpdbuand ! baleby adiel dstarcprowspddildgnvict #81donpound.
When the sul fur oxide (B4-4) is used as the oxygen-atontcontaining

react ant o & Sulyf | oRnan@harisulcf bratli eatezagrPvRspr 0BEBHSIEAYPE her eby
yields a corresponding organic sulfur acid or a salt thereof. For exanple,
when t he \gaImauNd driljp halilogky guetipae auk BoTe Y A/ RF as the conpound
(A) , a sulfur acid group is introduced into the nethine carbon atom Wen
the compayshiyAd)t ead agiao gaohps- hyThegenobsd wrotthe ¥ ¥ehITF88i tion to
an unsat ur at ed 17 DEC 2004 - 112 bond is used, a sulfur acid group
(e.0., a s feAine gebdpsmeupberpsatédtred bace EPrEIPHIeY REPEEEESETi nto a
carbon atomrelating to the carbon-hydrogen bond. The non-aromatic cyclic
hydr ocar bgro¢pd) ., such as cycl ohexane, yields an organic sulfur acid
having a sul fur acid group conbined with a carbon tom,consg}i t ut.i ng a ring.
The formed or gand heaslddan aoins daeyelec FAVOTEES /i OF 106G 8ESEHEFg sal t

t hereof according to conventional techniques . For exanplLe, 't t can be .
obt ai ned hydreadniert vthe. oﬂ@mnhndémqlmo%effﬁ‘%stwcalﬁx% 'kgf”f er%\%‘éﬂslaé’

hydroxi de, alkali netal carbonate, alkali netal hydr o%encarigogﬁheRb al kal i ne
earth met ahehydowxs deeng K iiath asaf b MALACHTRYOFIOCEP Sam e, i ourea, or

i sothiourea in an appropriate solvent such as water. | ndustr.i.

Appl i cabi [chegeThgdppessheni G¥eRPEoR2Y abP BF o%l'ijcje‘?asf‘tbror&asl{rr%gﬂ,laéol%eg%tn‘l c
conpounds each havi ng an oxygen-atomcontai_nin ro s oxyl
group, ox@hgr beperoayisdi@ JFONRF, RCLNGeyr & %ﬁggﬁ dn&%QE??é éroup,
products as a result of the formation of a carbon-c§$b8ﬁdb nd @ ese
derivat i vesetipdrifdfed @s ghe ORISRy deG FHMNPSs )Y Wit h®high Selectivity in
high yields as a result of addition or substitution (| und mld
condi t i onhetaradwilticoEgraunrs Feds &S Arentror CAR F%??gggggﬁgdch@gﬁ
oxygen-atom containin roup into an organi.c substr.ate 1u ild

co%gi ti onsalkoxycarbongylg gropups inc uc?e,g%ut are Hdé ﬁrﬁ&% B

methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl,

isopropoxycarbonyl, butoxycarbonyl, t-butoxycarbonyl, and

other C;-Cgalkoxy-carbonyl groups. The aryloxycarbonyl groups

include, but are not limited to, phenyloxycarbonyl group. The

aralkyloxycarbonyl groups include, for example,

benzyloxycarbonyl group. Illustrativecycloalkyloxycarbonyl

groups are cyclopentyloxycarbonyl and cyclohexyloxycarbonyl

groups.

The substituted carbamoyl groups include, for example,




i 17 DEC 2004 - 113 The catalyst of the present invention is highly stable

and can maintain its catalytic activity for a long tinme . The catiéysL‘
exhibits high catalytic activity even in a small anount in a radi DEC 2004 .
reaction and is highly stable in a reaction at high tenperatures. Exanples
The present invention will be illustPlted in further detail with reference
to several exanples bel ow, which are not intended to I'imt the scope of the
i nvention. Reaction products were identified by NVR, IR and/or GC- VS
PREPARATI ON EXAMPLE 1 Production of N-hydroxynaphthalimde A 3-L flask

equi pped with a stirrer, cooling tube and thernoneter was purged by

ni t rogerNgasthpbcrigaidyD, nand) NoR-Ayde byl aatlpanbydr gchlipsi de (purity of
97% and 1.2 L of pyridine were added to the flask and were stirred to

di ssol veIhtusboat i eaperidianiec anddresiter oyompst Abspheleyl Potlifismadts,rred

m xture, 138.7 g (700 mmol ) of 1,8-naphthalenedicarboxglic anhydri de was

added. Téehglisudddnaitet Lared e hsatldendc A0ic €orCaa eahgrauss®fuent | y
was heated at 70C for 1 hour. After stirring at 90C for 1 hour, the
react i onIhinstretivie wofigdlc 6Chleons t eREEIARs ar®i Ret_Y ] rsylfg.natife
resulting crystalline solid was filtered off and washed with 5% by wei ght
of acetietheluddiccrs sndetbarsvd dmichatd §ott 4Btk P eREGFIRARST a
The acyl groups include, but are not limited to, acetyl,
propionyl, andotheraliphaticacylgroups (e.g., C2~Cyaliphatic
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.

Preferred R°, RY, and R® include, for example, hydrogen
atom, hydrocarbon groups [e.g., Ci1-Ce¢ aliphatic hydrocarbon
groups (particularlyC;-Csaliphatichydrocarbongroups), Ceé~Cig
aryl groups (e.g., phenyl group), cycloalkyl groups (e.qg.,
cycloalkyl groups each having from about 3 to about 8 members),
haloalkyl groups (e.g., trifluoromethyl group, and other C;-Cs
haloalkyl group, particularly C;-C4 haloalkyl groups) ],
heterocyclic groups, substituted oxycarbonyl groups (e.qg.,
C1-C¢ alkoxy-carbonyl groups, aryloxycarbonyl groups,
aralkyloxycarbonylgroups,andcycloalkyloxycarbonylgroups),

carboxylgroup,substitutedorunsubstitutedcarbamoylgroups,

cyanogroup,nitrogroup,sulfuracidgroups,sulfuracidester




17 DEC 2004 _ 114 reduced pressure to yield 120.7 g (81% of v

N- hydr oxynapht hal i m de with yellow color. Spectral Data 1H NVR ( DMSO- d6,
500 Miz) 8 :.7.8-8.0 (m 2H ArH), 8.4-8.6 (m 4H ArH), 10.74 (§rpp g 4
OH) 13C-NWVR (DVMSO-d6, |25 MHz) ~ : 160. 8, 134 . 6, 131. 4, 130. 8, f %
126.2, 122.3 M5 (FAB+) miz 214 ( (Wey+- 100) , 177 (8) , 85 (12)
PREPARATI ON EXAMPLE 2 Production of N acetoxynaphthali-m de

(N-acet oxy- 1, 8- napht hal enedi carboxi m de) A 1-L flask equipped with a
stirring, cooling tube, thernoneter and dropping funnel was purged by
nitrogen gas. 80.0 g (375 mmol) of N hydroxynaphthali m de obtai ned by

pr epar atgosugxamphe dephdy2@iposd dfyrecetlily goied eneresl &Jdeddt B" tane f | ask.
The stirredm xture was heated at 60C under nitrogen atnosphere. To the
resul ti ngofiedand,e,7BydrggeRsHtomplCy-6§ addphiat ianhydrpderhas g dr opwi se
for 20 mnutes. After stirring at 110C for 1. 5 hours, the reaction m xture
was cool ¢fatbicobarignpeCatalgpvit he dtidndasgbothereppst al Cérassiyld was
filtered off and washed with acetic acid, and dried at 80C for 12 hours
under a geduped(prgssupbenylygebuprd2. cEcgopdbyy OroNPgcdofymapht hal i mi de
with pale yellow color. Spectral Data 1H NVR (CDC13, 500 MHz) 8 . 2.48 (s,
3H, CH3)cycYoalRy8 qraups $2ChHvhUd fromabopf SaEp)ab@ioSgueginer sy  Ar H)
8.5-8.7 (m 2H, ArH) 13C NWR (CDC13, |25 MHz) ~: 166.6, 159.4, 135.0,

131. 8, |Balaalkgy. droupy. (& - d22 triflmogoms thvABIFORPz2R8 6 YRYMER) &6 (66) )
, 214 (100) , 198 (12) PREPARATI ON EXAMPLE 3 Production of

N, N - di hpdRoryky189208p8apREFELEHeEELYaCar BoxeR R HEY A FEQURThkk equi pped
with a stirrer, cooling tube and thernoneter was purged by ni t.rogen gas.
| 10. 3 g 6UbS4ipltpdoPXNFAESRPYANIFOIRFdr (Gl -or (“de ep%]r‘f% b?a’é‘?%%;nd 2 L
of pyridine were added to the flask and re._dissolyed with stirricrllg at
room t enpEEPEPE: & WY 33 ERUYEhI P HBE pRER FY%BxHﬁérgﬁﬁﬁﬂﬁf?HEEM?%, 187.7 g
(700 nmol ) of 1,8;4,5-naphthalenetetrac%%gﬁ§¥Iic di_anh dr'dei@%§l§dded. The .
stirred wyedeed KdeRysarderatt AFEURSY 11 YA Sfiss¥quentFy “Ras*heat ed at
70C for 1 hour. After stirring at 90C for 1 hour, the reactio i xture was
cool ed t@rﬁé&ﬁrﬁé#rﬁgrh?ﬁ%édﬁfth?%?’f? iewﬁé‘/‘glf%%?’bi?ta?rg' véa%&flll ;ééred of f,

washed wi th 50 by wei ght of acetic acid agueous, solution ied at 80C
For 12 hOURENRiae: & Rt st s (% B4 a0, 25 (BbopTaFLe

N, N - di hydr oxy- 1, 8; 4, 5- napht hal enet etracar boxdiimde with brown col or.
Spectr al i[ﬁé%ré’cﬂh%quﬂ%%%, 500 MHz) b : 8.5-8. 7 (m 4H ArH , 11. O

(brs, 2H, CH)The rings formed by R°, R? and R® (R® and R%, R® and R%
RY and R®, or R® and R? and R®) together with the adjacent carbon
atom or carbon-carbon bond include cyclopropane, cyclobutane,
cyclopentane, cyclopentene, cyclohexane, cyclohexene,
cyclooctane, cyclododecane, and other alicyclic carbon rings
(e.g., cycloalkane rings and cycloalkene rings) each having
from about 3 to about 20 members. These rings may have at least
one substituent, and another ring (a non-aromatic ring or an
aromatic ring) may be condensed to each of these rings.

The electron attractive groups Y include, but are not
limited to, methoxycarbonyl, ethoxycarbonyl, and other

alkoxycarbonyl groups; phenoxycarbonyl, and other




17 DEC 2004 - 116 13C-NWR ( DVMSO-d6, 125 Mz ) ~: 160 . 1, 130 . 6, 126.
9, 125 . 3 M5 (FAB+) m'z 299 ( (M+H)+; (100) ), 283 (23); 232 (7), 177 (7)~
140 (5) PREPARATI ON EXAMPLE 4 Production of N, N -diacetoxy-1,8; 17 DEC 2004
4,5- napht hal enet etracar boxdiim de A 2-L flask equipped with a stirring,

cool ing tube, thernonmeter and droppi ag f~unnel was purged by nitrogen gas:
89.4 g (300 mmol) of N, N -di hydroxy-1, 8~4, 5- napht hal enet et racar boxdi i m de
obt ai ned by preparation exanple 3, 400 m of acetic acid and 122.6 g (1.2
nol ) of acetic anhydride were added to the flask. The stirred m xture was
heated at 100C for 1 hour under nitrogen atnosphere. After stirring at 120C
for 4 hours, the r { O 1 Xt ur C 1,0 grasynd ensdrigeyw t h
stirring?rﬁ%%x¥§%ﬂ$$§%% %?g% %itg?%ﬁaééqg%ﬁgéreéfoff éﬁﬁpmashed with acetic
acid, an ri 2 S ¥ A riRdyaedrpupssearbamoyl el d 107. 4
g (94% %?Qﬁtﬁ%_rg%gggf%%ﬁpﬁ&c E& n%pht él enet et ragar boxdi i m de wth ocher
col or. eﬁL&%ePﬂ%ﬁcé%% ( DVBQ: 6h 50, L 2OCH run Tt {sut&H, CH3)
8.7-8.9 (M. , ArH) 13C NR//R (DVBO-d6, 125 MHz, 120C) ¢S : 165. 9, 157.5,

| 30. 9, §§8b%m %35 ZQU%Q,G_CHAH-@EGJE@M R ikl 7 folBekEDp)en an38RKY M,

(100)) . 43y 296 (31), 43 (94) EXAMPLE 1 In a 500-m titanium

aut ocl avgr%g[%&i;pgﬁén%t,hn@pﬁttihmer adid ot heresayrle gyaugs,; ¥Ar00 g of

p- xyl ene,” 107: 03 g of acetic acid, 0.576 g of

N-acet oxy- 1,8:a2p0t hat rpagicasheximmete htlaiearad gyoppeparalrahkeRdhpl e 2 (2
% by nole relative to p-xylene ) , 0. 112 g of cobalt ( Il ) acetate ~ 4
H20 and roudbl O of manganese(Ll) acetate~4 H20 were placed. The autocl ave
was charged with 3 MPa of oxygen gas and 2 MPa of nitrogen_gas andpl aced
in a heated oirhebat AgsTHerment byeY wasd sat rreastatones@E for B hAMS R After
the conpletion of the reaction, the autoclave was placed on cold water to
cool domnﬁnheth@agaﬁaaeﬁtxtarboquatkmynfﬁﬂibQQHQQHhﬁf%W&¥hﬁ@c%€§eanalyzed
by hi gh performance |iquid chromatography and was found to yield

t er epht hahic a6 thath 189tk td atc yriO@esdRddiesico i 10  p PAFILEHE. TERANPLE 2 In
a 500-m titanium autoclave equipped with a stirrer and a pressure gauge,
12. 00 g ofupaxyieng, d6F.O8igplénaceing.acid, 0.144 g of

N- acet oxy- 1, 8- napht hal enedi car boxi m de obtai ned by prepar ggon gi%gple 2
(0.50 by nol e Tygliatd vact avp-odd iy represengedioy Bérnﬁl(lﬂ? cStatea H2o
and 0.277 g of manganese(ll) acetate~4 H20 were pl aced. The autoocr{d'asve was
charged wihé cdryRarais exypgend idaedand thapgtéenitsdlyere has SR PHaced in a
heated oil bath. The m xture was stirred at 150C for 1 hour. After the
conpl eti onBdf1li he reaction, the autoclave

[Reaction]

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

In this reaction, the 1,3-dihydroxy compound represented
by Formula (4) is supposed to be formed in the following manner.
A l-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in the system, attacks
and is added to a carbon atom at the peta-position of the group

Y between the two carbon atoms constituting an unsaturated bond



i. 17 DEC 2004 was placed on cold water to cool down the reaction m xture
quickly. To the resulting reaction m xture, 0.144g of : 0
N- acet oxy- 1, 8- napht hal enedi car boxi nmi de obtai ned hy preparation exéﬁ£|éfézm“
was added. The autocl ave was charged with 2 MPa of oxygen gas and 2 MPa of
nitrogen gas and placed in a heated 69 -bath. The m xture was stirred at
| 50C for | hour. After the conpletion of the reaction, the autoclave was

pl aced on cold water to cool down the reaction m xture quickly.
~Furthernore, a series of the above operation of fromthe addition of
N- acet oxy- 1, 8- napht hal enedi car boxi m de to cooling dowm was repeated tw ce.
The resubti pge M4t Ube WaSFanakygedsbytsighy pesfoubanc®) ) i gud doxygen
chromat ography and was found to yield terephthalic acid in 94 %yield at
100% conyetsk8 frfixydEne. tE¥AVPhEa3pdhet poncisiumed ¢fs Exarphétlofias
repeat ed, except that reaction tenperature was 190C, and thereby vyi el ded
t er epht hahiCaa6ii@ ibh QA cHiealethyaty ileQ@lh iy ar, Si-ohi hyfd ey | aame O WWVPARATI VE
EXAMPLE 1 The procedure of Exanple 1 was repeated, except that 3.07 g of
N- hydr oxyphtrbakinfiede by2@%day: ol @ )r.el ative to p-xyl ene) was used instead of
N- acet oxy- 1, 8- napht hal enedi ear boxi m de, and thereby yi el ded terephthalic
acid in 59% yiel dhat cé@poundveepronenteg- Ryl EasnulaexXAVPEEraerinag 800- n
titani um autocl ave equi pped with a stirrer, 17 DEC 2004 - 119 15.36 g of
p-t ol ui c reciud;t &B4t0e greasfctaicet,i whani ¥,19 2268rgoBY LoHEARRLL By BPEBAr ati on
exanple 2 (1% by nole relative to p-toluic acid) , 0 . 112 of cobalt ( Il
) acet at erotipHR0chnals G Lk AT ay sin yla gganesey 149y la Osysee A0 9ReHR pl aced.
The inside pressure was increased using 2 MPa of oxygen gas and 2 MPa of
ni t r ogen agay.clile tiempeareaaionomayh & urddet PSRt die this SYPEER & on an
oil bath and was held at 150C with stirring for 1 hour. After the
conpl et i graifd thef umaninenie 1 e tine c | ervey deex pHadet Y0P st Pt er to cool
down the reaction mxture quickly . The resulting saol utian nal yzed by
hi gh per fdsmigradtel vé quieP kST DR DA BHE Wed «f nﬂleﬁgrﬁb&\%iﬁgﬁeépht hal i ¢
acid in 83 %yield at 88% conversion of p-toluic ;():id. EXAI\/P{i 5 The
procedur €t Beakpl ef 4 hast pepreredlerktapt Ve Hat" a°F eHeP T 81 Eﬁﬁerature was
190C, and thereby yielded terephthalic acid in 94Z%¥ie%g €§ J.cQnversion
of p-tol Wentes Ll imDVPARNPOANERERPPEL DOFRE ThEed i &2 bY° 5%3\% was

repeated, except that 0. 184 g of N-hydro ht hal i m (1% e relative
to p-tol Lﬁ%bmmn%%h%s@ﬁoql%’% =Ry aging a)%/tper r{%e acpdeitlon l3:year£94:|.eonr

N-acet oxy- 1, 8- napht hal enedi carboxi m de, = an tlhere{\__byo i.el de hthalic

acid in 46% yferdhar GovEabhoRr PR B h: t & FiTEAd d'}/ “@?%ng}':ﬁg%)
the aging period may be set higher than that in the addition
reaction. The furanone derivative can also be produced by
isolating the compound represented by Formula (4), for example
dissolving the isolated compound in a solvent, and heating the
solution according to necessity. Such solvents include, but
are not limited to, the solvents mentioned later, as well as
benzene, toluene, and other aromatic hydrocarbons; cyclohexane
and other alicyclic hydrocarbons; acetone, cyclohexanone, and
other ketones; diethyl ether, tetrahydrofuran, and other
ethers; methanol, ethanol, isopropyl alcohol, and other

alcohols. A reaction temperature in this procedure is, for




The procedure of Exanple 4 was repeated, except that 0.216 - 120 i 17
DEC 2004 g of N, N -diacetoxy-1, 8; 4, 5-napht hal enetetracarboxdiimde ( 0 . 5%
by nole relative to p-toluic acid) was used instead of 17 DEC 2004
N- acet oxy- 1, 8- napht hal enedi car boxi m de, and thereby yiel ded terephthalic
acid in 88%yield at 93% conversion oD p-toluic acid. EXAMPLE 7 The
procedure of Exanple 6 was repeated, except that a reaction tenperature was
190C, and thereby yielded terephthalic acid in 90%vyield at 92%onversi on

of p-toluic acid. EXAMPLE 8 In a 1L titanium autocl ave equi pped with a
stirrer, a cooling tube, a mass flow and a pressure controller, 80 . 00 g

of (3-pi Cg%ﬁﬁ_f%é%#toﬁg?gog{ 096l L&t 508 ,5%ngldﬁéeferably from about

N—acetox?- enedi car boxi m de obtai ned by preparati on exanple 2

(3% by ngﬁ?”%%%hgwﬁtfbééépiCO|ine) , 1. 070 g of cobalt ( Il ) acetate ~

4 H20 a manganese ( |- 1 ) acetate 4 H20 were pl aced. The

reaction m xtyre pyas, atdplded-H9dkBe yl-rpet gt oI &cBbnd 4l avalc t ies pressur e
of 10 kgf/cn2 [0.98 MPa (gauge prgssurg) ] under flow of air into the

aut ocl ave andpybethegetisahr was ipaidearomsbiiat, Shaalcehdlheepesstntad product
in the reaction m xture was anal yzed by gas chromat ography and was found to
yi el d ni g9t FBirfuasi @2} i 6 Yhyied dkatreaX Vovdahy éB3i-dn oky@8npRopel fhe
EXAMPLE 9 17 DEC 2004 - 121 The procedure of Exanple 2 was repeated,

except tﬁeg—é%sat%age@f JROOY:EI1E Aas: 1dS el riivettaat oferrogdrdres] kand t her eby
yi el ded isophthalic acid in 95 %yield at 100 % conversi on of mxyl ene.
EXAMPLE ¥31lowing Formula (5): :

Re

(5)

R cozRE

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

a-hydroxy-y-butyrolactone derivative represented by following

Formula (6):

0 (6)

wherein R?, R®, R%, R? and R® have the same meanings as defined
above. This reaction can be performed pursuant to the process
(a process using a catalytic 5-membered N-hydroxy cyclic imide

compound) described in PCT International Publication No.




The procedure of Exanple 9 was repeated; except that a reaction tenperature
was | 90C, and thereby yielded isophthalic acid in 97% yield at 100%)
conversi on of mxylene. EXAMPLE 11 A m xture of 1.00 g of fluorene, 6@ 2@04
of N acetoxy-1; 8-napht hal enedi car boxi m de obt ai ned by preparation exanple 2
(10% by nole relative to fluorene)-,79.6 g of acetic acid, 0 . 008 g of
cobalt ( Il ) acetate ~ 4 H20 and 0O . 008 g of nmanganese(ll) acetate~4 HZO
was stirred at 120 C in an atnosphere of oxygene gas ( 1 atm= 0 . 1 MPa)
for 6 hours . The resulting product in the reaction m xture was anal yzed by
gas chromat ography and was found to yield fluorenon in 82 %yield at 96%
conver sigho®f 354 p9rene. EXAMPLE 12 A mixture of 1.00 g of cycl ohexane,

0.152 g of N-acetoxy-1, 8-napht hal enedi car boxi m de obt ai ned by preparation
exanple 2 (5%pdy-drmdesyel ative to cyclohexane), 0 . 015 g of cobalt ( I | )
acetate ~ 4 H20 and 0 . 015 g of manganese ( Il ) acetate~4 H20 was stirred
at 100 C in amhatamspharse eporeseganrel pgsrotmaim £2D. IndPadle foimBldours. The

resulting product in the reaction m xture was anal yzed by gas
chromat ography18ndo thdze_ih7tRECp2BAdcwasnf ofindhieo lyideldd hywslostyexanon;
adipic acid and glutaric acid in 1% 6%and 1%yvyields; respectively, at 12%
conver si epmpbuayel ohexane. EXAMPLE 13 In a 500-nL titani um autocl ave
equi pped with a stirrer and a pressure gauge, 12.00 g of 4-nitrotol uene,
107.03 g of acefpcuashtubab@gcatbdkatetoryid, Benaphthaksedi car boxi m de
The substituents R°, R? and R® in Formula (5) are similar
to RS, RY and R® in Formula (3). Organic groups in Rf include
organicgroupsthat<k>notadverselyaffectthereaction(e.g.,
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 —COzngroup indicated in Formula (5), the -CO;R¢
group is involved in a cyclization reaction, but the other
substitutedoxycarbonylgroupcanremainasintactintheproduct.
The other substituted oxycarbonyl group is therefore included
in the inert organic groups.
When at least one of R® and R® is an electron attractive
organic group, a target o~hydroxy-y-butyrolactone derivative
can be obtained in a significantly high yield. Such electron
attractive organic groups include, for example, haloalkyl
groups, substituted oxycarbonyl groups, carboxyl group,

substituted or unsubstituted carbamoyl groups, cyano group,

nitro group, sulfur acid groups, and sulfur acid ester groups.




obt ai ned by preparation exanple 2 (3% by nole relative to 4-nitrotol uene),
0.087% of cobalt(ll) acetate~4 H20 and 0.215 g of nanganese(ll) acetate~4
H20 were placed. The autoclave was charged with 2 MPa of oxygen gis 88 2004 .
MPa of nitrogen gas and placed in a heated oil bath. The ni xture was
stirred at 170C for 1 hour. After thé2conpletion of reaction, the autoclave
was placed on cold water to cool down the reaction m xture quickly. The
resulting m xture was anal yzed by hi gh performance |iquid chromatography
and was found to yield 4-nitrobenzoic acid in 98%yield at 100% conver si on
of 4-nitrotoluene. EXAMPLE 14 In a 500-nL titani um autocl ave equi pped with
a stirred andra stbstétuand RE iy eSsene ypdyegen 2t00 @F afYAIRGHRGT uene,
107.22 g of acetic acid, 0.537 g of N-acetoxy-1; 8-naphthal enedi carboxi m de
obt ai nedgbyupr epar Abipre Bxanpl e 22C{-F e by hslroure(g6P¢6 184 14-Bibt ol uene)

, 0. 070 g of cobalt ( I I ) acetate ~ 4 H20 and O . 175éﬂ %i manganese (
11 ) 171 0EC @006), B2G.-Grelkenyld sppmdespgicdded.y Frie 5utdtFENE was
charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and placed in a
heat ed ogkobgpl h. oThe GxEur 8r¥ads I¥PPred at | 70C for 1 hour. After the

conpl etion of reaction; the autoclave was placed on cold maher t o, cool down
the reaction Typtcak examgklys ofhdheeguPripgakikatrd rasPary ﬁfeﬁcbg hi gh

performance |iquid chromat ography and was found to yield 4-hro nzoic
aci d in G5%iynsidestrIv00s SRR Y %%rlblfllﬁ-(t?go%?d a%ﬁlﬂ%g? “I'n a

2900 . b casmt s PesAS LB v gt a0 S © oauge
(30 by e chaparsIa e BT hyRSRTLBPEV)aCc0hasdatet STERBbarE L T )«
The. aut osieder SiasreRaRGEc G Eh T BFobR)BER: CAe Gha 2 NER o RTEr ogen
T Belen e e s it BT RSl R 10 o, 1
anal yzed DTG et GRS 1 (UG, CHPSHEC a0 Bty i nts Foura Lo yiel a.
Conver i G AR HTE T EHRbT C20 ERENPLE BT 4 SO A 1 15 ST tim aut ol ave
equi pped gﬁgéhé%ég;{éfrethyl 2-pentenoate, and other 2-pentenoic

esters;2—octenoicacid;methylZ—octenoate,ethylZ—octenoate,

and other 2-octenoic esters; cinnamic acid; methyl cinnamate,

ethyl cinnamate, and other cinnamic esters;

4,4,4—trifluoro—2—butenoic acid; methyl

4,4,4-trifluoro-2-butenoate, ethyl

4,4,4-trifluoro-2-butenoate, and other

4,4,4-trifluoro-2-butenoic esters; maleic acid; dimethyl

maleate,diethylmaleate,andothermaleicesters;fumaricacid;

dimethylfumarate,diethylfumarate,andotherfumaricesters;

3-cyanoacrylic aéid; methyl 3-cyanoacrylate, ethyl

3-cyanoacrylate, and other 3-cyanoacrylic esters, and other

a,B—unsaﬁurated carboxylic acids each having from about 2 to




17 DEC 2004 124 - ', and a pressure gauge, 12.00 g of 4-chl orotol uene, v
106.95 g of acetic acid,0.726g othacetoxy-l,8-naphthalenedicarbogifﬁgyt 004 (
obt ai ned by preparation exanple 2 (30 by nole relative to 4-chloroto ueng 9 ?
, 0. 095 g of cobalt ( I I ) acetate ~ 4 H20 and 0 . 232 g of |
manganese(l 1) acetatev4 H20 were pt a¢céd- The autocl ave was charged with 2 |
MPa of oxygen gas and 2 MPa of nitrogen gas and placed in a heated oi

bath. The m xture was stirred at | 70C for 1 hour. After the conpletion of
reaction, the autoclave was placed on cold water to cool down the reaction

m xture qui ckly. The resulting m xture was anal yzed by hi gh perfornmance

liquid clyonmleghapn anshaas dawid titeyéet dedgchlmrabenkyilesasird,in 960

yield at 100 conversion of 4-chlorotol uene. 17 DEC 2004 - 125 CLAI M 1.

A cat al ys}-G0APkESNJedR eirdi, dancoapglne shtarisng a N-substituted cyclic inide
skel eton represented by following Fornmula (I): GCO0O/ ~C NOR(l) GCO
wherein R is [Rrdushioeyl - protecting group. 2. The catal yst according to

claim1l1, wherein the imde conmpound is a conpound represented by follow ng
Formula (1): Th&RxddE b8 ¢ ¥id GR ddho R eRsre @niivet diyn FRimila (2)

hydr oxyl - protecting group; Rl, R2, R3, RO, R5 and R6 are the sane or

di f f er enyyi eRGaiereash theydpegrnaatioated dratageri iat emi datemldatiing oup, an

aryl group, a cycloal kyl group, a hydroxyl group, an al koxy group, a

car boxyl rgppapentedubgt Founetaoxyrachonyé peofprmed pRYSUFRBUFP drhen

acyl oxy group, where at least two of R, R2, R3, R4, R5 and R6 may be

conbi nedpwbthseattsotiieed tio Fhemenaividsl beboren dne sioamaund éf) il aromat i ¢
ring, and where at | east one N-substituted cyclic imdo group

the compound (B).
According to the process of the present invention, an
a,y-dihydroxycarboxylic acid derivative (a kind of the

compounds represented by Formula (4)) represented by following

Formula (7) is formed as a reaction intermediate:

Ho  RPHO R
(N

R® cozRT
R® R4
wherein R?, R?, RS, RY, R®, and Rf have the same meanings as defined
above. This compound is supposed to be formed in the following
manner. .Al—hydroxyalkylradicalcorrespondingtx;thealcohol
represented by Formula (2) is formed in the system, attacks
and is added to the beta-position of the a,P-unsaturated
carboxylic acid derivative represented by Formula (5), and
oxygenattacksaradicalatthealpha—positionform@dasaresult

of the addition to yield the compound in question. The formed

a,y—dihydroxycarboxylicacidderivativerepresentedbyEbrmula



- 126 17 DEC 2004 indicated in Formula ( 1) may further be fornmed on R ;
R2, R3; R4, R5 and R6 or on the double bond; the aromatic or non- 3ﬂ§$i
ring formed by at Least two. of R, R2,. R3, R4, R5 and R6. 3. Théa% Q®Q4
according to claim1 or claim2, wherein Ris a hydrolyzable protecting
group. 4. The catalyst according te @ldai-m 1l or claim2, wherein Ris a
group obtained froman acid by elimnating an OH group fromthe acid. 5.
The catal yst according to claim4, wherein the acid is one selected from

t he group consisting of carboxylic acids, sulfonic acids, carbonic acid,
carbam c acid, sulfuric acid, nitric acid, phosphoric acids and boric

aci ds. 6.(77hedeal@lassty aceos €l 88 uhded! rd 48 tli & c6hai 813ns coRPrhist ¢igy t he

i mde conmpound and a netallic conmpound in conbination. 7. A process for
produci ng; anger gaBi €2¢gRROUNHy dirb& yRH 06865 r60ABE bRkNGethastiep Of al | owi ng
(A) a cofrpound capable™of formng a radical to react wwth (B) a radica
scavengi pgpeespadvBd biynrbkeupkeesence of the catal yst as clained in any one
of claine 1 to 6 to yield a product of an addition or substitution reaction
bet ween t he cwhpeun@riAhrgndltbeotanposed 48)theorlaohol7r &G 9O0ded
derivative thereof. 8 . The process for producing an organi c conpound

accor di ngyt Gochailm 12)wher.ei.n wihenc®ipovand hpjiregpabbeond , f 8rmi nga radi cal
is one selected fromthe group consisting of (Al) heteroatom containing
conpoundg-gagh -hawniydg ok yearboxyiydr egenl kiend vatt itvee ofdjfaddtwipgsi tion to
the heteroatom (A2 ) conpounds each having a carbon-het eroat om doubl e
bond, (AZpromipoifideasgdeht diavedgnadrbitthionet e ahbaremniomd yearegenpednds each
havi ng a carbon-hydrogen bond at the adjacent position to an unsaturated
bond, (ABy mormarlendid)c cYbliiscibygrovabBbonbecensr ednpeyat Eaddedgounds,

(A7) am nes, (A8) aromatic conpounds, (A9) straight-chain al kanes, and
(A10) ol gRPag=09¢] Thefproedssnfbhepspdbemng an organi ¢ conpound accor di ng
to claim?7, wherein the radical scavenging conpound (B) is one sel ected
fromthe group consisting of (Bl ) unsaturated conpounds, (B2) conpounds
each having a q?thﬁﬁe c&® bon atom (B3)

(8)
R® C02RE

R® R4

wherein R?, R¢, RY, R, and Rf have the same meanings as defined
above. The a-hydroxy-y-butyrolactone derivative can also be
prepared by isolating the a,y-dihydroxycarboxylic acid
derivative represented by Formula (7), for example, dissolving
the same in a solvent, and heating the solution according
necessity, asvmentioned above.

3. Production of Conjugated Unsaturated Compounds

Bycatalysrsoftheimidecompound,analcoholrepresented

by following Formula (2a):




het er oat om cont ai ni ng conpounds, and (B4) oxygen-atom contai ning reactants.
10. The process for producing an organi ¢ conpound according to chqigE%,zmM
wherein the oxygen-.atomcontaining reactants (B4) are at |east one
selected fromthe group consisting of oxygen, carbon nonoxide, nitrogen
oxi des, sul fur 17 DEC 2004 - 128 oXides, and nitric acid, nitrous acid
or salts thereof. 11. The process for producing an organi c conpound
according to claim7, wherein the reaction between the conpound (A) capable
of formng a radical and the radical scavengi ng conpound (B) is one
selected fromthe group consisting of oxidation reactions, carboxylation
reactions, nitration reactions, sulfonation reactions, coupling reactions
and conbi natgions_thereof. 12. The process for producing an organi c conpound
according to ofarmi7, wherein{%# aromatic conpound having an al kyl group or
a | ower-order giidized group thereof conmbined with an aromatic ring is
allowed to oxidize with oxygen to yield a correspondi ng aromati c carboxylic
aci d. 17 DEC 2004 129 ABSTRACT A catalyst of the invention includes an
i m de conpound having a N-substituted cyclic imde skeleton represented by
following Formula (1): Q NOR (1) Cy wherein Ris a hydroxyl-protecting
. group. Preéesird’RricsRhahydihed yazebbe dirfdteectritngnd cagpsa¢h aayy decgeyr oup
obt ai ned from , )

atom or an organic group, where R' and R’ may be combined to

form a ring with the adjacent carbon atom, is allowed to react

withoxygenandanactiveolefinrepresentedby following Formula

(3a):

d>=< (3a)

wherein R and R® are the same or different and are each a hydrogen
atom or an organic group; and Y is an electron attractive group,
where R%, R® and Y may be combined with each other to form a
ring with the adjacent carbon atom or carbon-carbon bond, and
thereby yields a conjugated unsaturated compound represented

by following Formula (9):

Re

RW\Y (9)
j d

R R
wherein R%, R®, R}, R and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process

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




an acid by elimnating an OH group therefrom Such acids include, for
exanpl e, carboxylic acids, sulfonic acids, carbonic acid, carbamc acid,
sul furic acid, nitric acid, phosphoric acids and boric acids . ThFYCﬁtelﬁﬁﬁ
may i nclude the imde conpound and a netallic conpound in conbination. | '
the presence of the catal yst, (A) -a ¢énpound capable of form ng a radi cal
is allowed to react with (B) a radical scavengi ng conpound and t hereby
yi el ds an addition or substitution reaction product of the conpound (A) and
t he conpound (B) or a derivative thereof . This catal yst can produce an
organi ¢ conpound wth a high selectivity in a high yield as a result of,

for exanpbmpowijadtddoibed SnbstT t it Onsea6hhPNpUPUera Rl bd genditi ons.
]7M7Ms | 7TM V] 7TM ] 7MB] 7TME] TM 7TM TM 7TM 7TM 1 7TM7M [7M7 ]7TM 7M )] 7M 7M

] 7M 7Ma]woB) /g ] TM M TM ] TM TM ] TM T ] TM TM W] 7M 7MB] 7M DB] 7M
JI7M7Mi]7My J7M ] 7M 7ML 7TM ] 7M) 3] 7MVI TM 7TM ] 7TMy 1] TW] TM ] TM7

Organic groups in R' and R’ in Formula (2a) are the same
as the organic groups in R® and R®. Rings which are formed by
R* and R} with the adjacent carbon atom include similar rings
to those formed by R* and R® with the adjacent carbon atom.

Preferred substituent R* includes, for example, hydrogen
atom, -C;-C4 alkyl groups, and C¢-Ci4 aryl groups. Preferred R’
includes, for example, hydrogen atom, C;-Cjo aliphatic
hydrocarbon groups (especially C;-Cip alkyl groups), and
alicyclic hydrocarbon groups (e.g., C3-Cis cycldalkyl groups
or cycloalkenyl groups; andbridged cyclic hydrocarbon groups) .
Alternatively, R' and R} are preferably combined to form a
non-aromatic carbon ring having from about 3 to about 15 members
(particularly from about 5 to about 8 members) with the adjacent
carbon atom.

The alcohols represented by Formula (2a) include a wide
variety of primary alcohols. Typical examples of such alcohols
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 2 toabout 15) carbonatoms; cyclopentylmethyl alcohol,

cyclohexylmethyl alcohol, and other saturated or unsaturated

alicyclic primary alcohols; 2-phenylethyl alcohol,




M.=I]7M) ] 7MB ] 7M1 7M2/17M /] 7MB?i ] 7M W] 7MB ] 7Ma] 7M 7M | ] ZM D] 70MR
My ]7MI1]7M Bl 7M ]7MFB]7I\/Q']7M-i]7MB]7M*B]'7M|]7I\/$]7M\/]7MV¥
M/ J7TM Y] 7M [17M]17M | 17MfV] 7MR 7M] 7M | ] 7MDv] 7TM ] 7MD 17 D¢
17M 7M 1 7W/B] 7VMDV] TM ] TM TM TM 7TM 7M }17M ,17M 7M 7M 7M 7M ] 7M 7M
MM 7My 1] 7M7M 7M Y] 7M) Y] 7M 7M 7W]7M 7M 7M ] 7M

3-phenylpropyl alcohol, cinnamic alcohol, and other aromatic
primary alcohols; and 2—(2—hydroxyethyl)pyridine, and other
heterocyclic alcohols. l

The compounds represented by Formula (3a) correspond to

compounds represented by Formula (3) where R® is a hydrogen

" atom. Thésubstituentst,Rﬂ and Y in Formula (3a) are similar

- to those in Formula (3).

A reaction can be performed pursuant to the process for
producing the 1,3-dihydroxy compound. In this reaction, a
compound corresponding to Formula (4) (a compound of Formula
(4) where R* = R'RICH group and R® = R® = H) can be formed in
addition to the conjugated unsaturated compound represented
by Formula (9). When a compound represented by Formula (3a),
where Y is a CO;R® group, is used és the compound of Formula
(3a), a compound corresponding to Formula (6) (a compound of
Formula (6) where R?® = R'RICH group and R® = R® = H) can be formed
in addition to the conjugated unsaturated compound represented
by Formula (9).

For example, when n-propyl alcohol is allowed to react
with ethyl acrylate, ethyl 2,4-dihydroxyhexanoate
corresponding to Formula (4) and
4-ethyl-2-hydroxy-y-butyrolactone corresponding to Formula
(6) are formed under some conditions in addition to the target
ethyl sorbate.

Theconjugatedunsaturatedcompoundrepresentedbdermula
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Y
can be separated and purified in the same separatlon.means as

~ above.
4. Production of B-Hydroxyacetal Compounds
By catalysis of the imide compound, an acetal represented
by following Formula (10):
Rk—CH<0—Rn (10)

-R
whereian,Rm,R“arethesameordifferentandareeachahydrogen
atom or an organic group, where R"™ and R" may be combined to
_form a ring with the adjacent two oxygen atoms and the carbon
atom indicated in the formula, is allowed to react with oxygen
and the active olefin represented by Formula (3) and thereby
yields a P-hydroxyacetal compound represented by following

Formula (11):

(11)
Rk Y .

wherein R®, RY, R®, R¥, R®, R?, and Y have the same meanings as
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10993&&10%1&L@thisreaction,therhydroxyacetalcompoundrepresented
byEbrmula(ll)issupposedtobefcrmedinthefollowingmanner.
Initially,a]q1—di—substitutedoxyalkylradialcorresponding
totheacetalrepresentedbyEbrmula(10)isformed,thisradical
attacks and is added to a carbon atom at the beta-position of
the group Y between the two carbon atoms constituting an
unsaturated bond of the active olefin represented by Formula
(3), and oxygen attacks a radical at the alpha-position formed
as a result of the addition and thereby yields the compound
in question.
5. Production of Hydroxy Compounds

By catalysis of the imide compound, a compound having a

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

wherein R°, RP? and R? are the same or different and are each
an organic groﬁp, where R°, RP and R? may be combined with each
other to form a ring with the adjacent carbon atom, is allowed
toreact withoxygenandtheactiveolefin representedby Formula
(3) and thereby yields at least one of hydroxy compounds

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

RP R°HO R® R R° HO R®

(13) . (14)

wherein R%, R%, R%, R°, RP, R? and Y have the same meanings as
defined above. This reaction can be performed pursuant to a
process (aprocessusingacatalytic5-memberedN-hydroxycyclic
imide compound) described in PCT International Publication No.
Wo00/35835.

The organic groups in R°, RP and R? in Formula (12) include
organic groups similar to those in R* and R°. Preferred organic
groups include, for example, C;~-Cypaliphatichydrocarbon groups

(especially, C1-Cs alkyl groups); alicyclic hydrocarbon groups
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hydrocarbon groups) each having from about 3 to about 15 carbon
atoms; and C¢-Cy4 aryl groups.
The rings formed by R° RP and R? (R° and RP, RP and RY,
R° and RY, or R° and RP and RY) to'gether with the adjacent carbon
atominclude,butarenotlimitedto,cyclopentene,cyclohexane,
‘ andothernmnocyclicalicycliccarbonrings(cycloalkanerings
and cycloalkene rings) each having from about 3 to about 20
members (preferably from about 3 to about 15 members, more
preferably from about 5 to about 15 members, and typically from
about 5 to about 8 members); adamantane ring, perhydroindene
ring, decalin ring, perhydrofluorene ring, perhydroanthracene

ring, perhydrophenanthrene ring, tricyclo[5.2.1.0L6]decane

ring, perhydroacenaphthene ring, perhydrophenalene ring,

norbornane ring, norbornene ring, and otherbicyclic, tricyclic
or tetracyclic bridged carbon rings. These rings may each have
at least one substituent.

When R°, RP and R? are combined to form a bridged cyclic

carbon ring with the adjacent carbon atom, the methine carbon

atom indicated in Formula (12) should preferably be a carbon
atom at a bridgehead position.

The compounds represented by Formula (12) having a methine
carbon atom include, for éxample, compounds exemplified as the
compounds (A3) each having a methine carbon atom, such as the

bridged cyclic compounds (A3-la), the non-aromatic cyclic
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compounds (A3-1b) each having a hydrocarbon group combined with

a ring, and the chain compounds (A3-2) each having a methine
carbon atom. |

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

as mentioned above. A reaction can be performed according to

the process of the present invention for producing an organic

‘ compound. Reaction products can be separated and purified in

the same separation means as above.

In this reaction, the hydroxy compound represented by
Formula (13) or the 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 atom at the beta-position

of the group Y between the two carbon atoms constituting an
unsaturated bond of the active olefin represented by Formula
(3), and oxygen attacks a radical at the alpha-position or

beta-position formed as a result of the addition and thereby

yields the hydroxy compound in question.

Of the hydroxy compounds represented by Formula (13) thus
prepared, preferred compounds are compounds where R°, RP, and
R? are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of RS,
RY, and R® is a hydrogen atom or a Cy-C, alkyl group, Y is an

alkoxycérbonyl group (e.g., a C1~-C4 alkoxy-carbonyl group), an
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aryloxycarbonyl group, an acyl group (e.g., a C;-C4 acyl group,
or a benzbyl group) or a carboxyl group. Such compounds are
ﬁseful as, for example, matérials for phérmaceuticals,
agricultural chemicals, andother fine chemicals, andmaterials
for functional polymers.

6. Production of Carbonyl Compounds (1)

By catalysis of the imide compound, the compound having
a methine carbon atom represented by Formula (12) is allowed
to react with oxygen and an active olefin represented by

following Formula (3b):

>= (3b)

whereichandearethesameordifferentandareeachiahydrogen
atom or an organic group; and Y is an electron attractive group,
where R°, R? and Y may be combined with each other to form a
ring with the adjacent carbon atom or carbon-carbon bond, and
thereby yields a carbonyl compound represented by following

|
Formula (15): %

D
R R 0
(15)
>0
R® Rd

wherein R, R%, R°, RP, Rqg and Y have the same meanings as defined
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above. This reaction can be performed pursuant to a process
(aprocessusingzacatalytic5—memberedN—hydroxycyclicimide
compound) described in PCT international Publication No.
WO00/35835.

This process correspbnds to ﬁhe,production of the hydroxy
compound in which a compound having a hydrogen atom as R® is
employed as the active olefin represented by Formula (3). 1In -
this case, the carbonyl compound represented by Formula (15)
is formedinsteadof, or inadditionto, a compound corresponding
to Formula (13) (R® = H) and/or a compound corresponding to
Formula (14) (R®=H). The proportionof the formed two compounds
can be controlled by appropriately selecting reaction
conditions suchasreactiontemperature, amount of thecatalyst,
and the type of the co-catalyst (metallic compound).

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

Of the carbonyl compounds represented by Formula (15) thus
prepared, preferred compounds are compounds where R°, RP, and
R? are combined to form a bridged cyclic carbon ring (e.g.,
adamantane ring) with the adjacent carbon atom, each of R® and
R%is ahydrogenatomoraC;-Csalkyl group, Yis analkoxycarbonyl
group (e.g., aCi-Cyalkoxy-carbonyl group), an aryloxycarbonyl
group, an acyl group {(e.g., a C;-C4 acyl group, or a benzoyl

group) or a carboxyl group. Such compounds are useful as, for
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example, ma erialsforpharmaceuticals,agriculturalchemicals
andotherfinechemicals,andmaterialsforfunctionalpolymers.
7. Production of Compo.unds Having Electron Attractive
Group
By catalysis of the imide compound, the compound
represented by Formula (12) having a methine carbon atom is
allowed to react with oxygen and an active olefin represented

by following Formula (3c):

>=< (3¢)

wherein R® is a hydrogen atom or an organic group; and Y is
an electron attractive group, and thereby yields a compound
havinganelectronattractivegroupandrepresentedbyfollowing

Formula (16):

RP R°
Rq>$<n (16)
R® ¥

wherein R®, R®° RP, RY and Y have the same meanings as defined
abo&e. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide
compound) described in PCT International Publication No.

WO00/35835.
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This process corresponds to the production of the hydroxy
compound where a compound having hydrogen atoms as R® and R%
is employed as the active oléfin represented by Formula (3).
In this process, the compound represented by Formula (16) i.s
formed instead of, or in addition to, a compound corresponding
to Formula (13) (R°=R%=H), a compound corresponding to Formula
(14) (R°=R¥=H) or a compound corresponding to Formula (15).
(only in the case where R® = R*=H, and R®=H). The proportions
of the individual formed compounds can be controlled by
appropriately selecting reaction conditions such as reaction
temperature, amount of the catalyst, and the type of the
co-catalyst (metallic compound).

The compound represented by Formula (16) is supposed to
be foimed in the following manner. The methylol group of a
compound corresponding to Formula (14) (R® = R® = H) is further
oxidizedinthesystemtoyieldacarboxyl group, and the carboxyl
group undergoes decarboxylation to yield the compound in
question. |

Of the carbonyl compounds represented by Formula (16) thus
prepared, preferred compounds include compounds wherelR°', RP,
and R? are combined to form a bridged cyclic carbon ring (e.qg.,
adamantane ring) with the adjacent carbon atom, R® is a hydrogen
atom or a C;~C4 alkyl group, and Y is an alkoxycarbonyl group
(e.g., aC;-Csalkoxy—-carbonyl group), anaryloxycarbonyl group,

an acyl group (e.g., a C;-C4 acyl group or a benzoyl group) or
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a carboxyl group. Such compounds are useful as, for example,
materials for pharmaceuticals, agricultural chemicals, and
other fine chemicals, and materials for functional polymers.
8. Production of Alcohols
By catalysis of the imide compound and where necessary
in the presence of oxygen, the alcohol represented by Formula
(2) is allowed to react with the compound represented by Formula

(12) having a methine carbon atom and thereby yields an alcohol

represented by following Formula (17):
—R° %))

wherein R?, R® R°, RP, R? and Y have the same meanings as defined
above. This reaction can be performed pursuant to a process
(a process using a catalytic 5-membered N-hydroxy cyclic imide
compound) descfibed in PCT International Publication No.
WO00/35835.

The alcohols represented by Formula (2) include similar
alcohols as in the production of the 1,3-dihydroxy compounds.
The compounds representedby Formula (12) havingamethine carbon
atom include similar compounds as in the production of the
hydroxy compounds. In this process, the compound represented
by Formula (12) having a methine carbon atom is supposed to

serve as the radical scavenging compound (B2).
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A reaction can be performed in accordance with the process
of the present invention for producing an organic compound.
Reaction products can be separated and purified by the same
separation means as above.
In this reaction, the alcohol represented by Formula (17)
is supposed to be formed in the following manner. A
l1-hydroxyalkyl radical corresponding to the alcohol
represented by Formula (2) is formed in a system, attacks the
methine carbon atom of the compound represented by Formula (12)
and thereby yields the alcohol in question.
9. Production of Coupling Products
By catalysis of the imide compound and where necessary

in the presence of oxygen, a compound having a methine carbon

atom and represented by following Formula (12a):
|

(llH (12a)

R _

wherein R°!, RP?

and R™ are the same or different and are each
an organic group, where R°*, RP! and R¥ may be combined with
each other to form a ring with the adjacent carbon atom, is

allowed to react with a compound having a methine carbon atom

and represented by following Formula (12b):
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R92
wherein R°?, RP? and R® are the same or different and are each

an organic group, where R°, RP? and R% may be combined with

each other to form a ring with the adjacent carbon atom, and

thereby yields a coupling product (a hydrocarbon) represented

by following Formula (18):

~RP? (18)

wherein R®', RP', R¥, R°?, RP? and R® have the same meanings as
defined above. This reaction can be performed pursuant to a
process (aprocessusingacatalytic5-memberedN-hydroxycyclic
imide compound) described in PCT International Publication No.
WO00/35835.

In Formulae (12a) and (12b), the organic groups and.
preferred organic groups in R°!, RP}, R¥, R°?, RP?, and R¥ include
organic groups similar to those in R°, RP, and R?. The rings
formed by R°*, RP!, and R™ (R°! and RP*, RP! and R¥, R® and R%,
or R°! and RP! and R¥) with the adjacent carbon atom, and the
rings formed by R°?, RP?, and R¥ (R°? and RF?, RP? and R%¥, R%
and R¥, or R°? and RP? and R¥) with the adjacent carbon atom

include rings similar to those formed by R°, R®, and R? with

MB' S10%

s9

|
i
I
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the adjacent carbon atom.
The compounds represented by Formulae (12a) and (12b) each
having a methine carbon atom include the compounds exemplified
as the compounds (A3), such as the bridged cyclic compounds
(A3-1la), the non-aromatic cyclic compounds (A3-1b) each having
a hydrocarbon group combinedwitha ring, and the chain compounds
(A3-2) each having a methine carbon atom. The compound
represented by Formula (12a) and the compound represented by
Formula (12b) maybe identical to, ordifferent from, each other.
A reaction can be performed in accordance with the process
of the present invention for producing an organic compound.
Reaction products can be separated and purified by the same
separation means as above.
In this reaction, the coupling product represented by
Formula (18) is supposed to be formed in the following manner.
Aradical is formedat themethine carbonposition of the compound
represented by Formula (12a), attacks the methine carbon atom
of the compound represented by Formula (12b) and thereby yields
the coupling product in question.
10. Production of Carbonyl Compounds (2)
By catalysis of the imide compound and where necessary
in the presence of oxygen, an aldehyde represented by following
Formula (19):
RYCHO (19)

wherein RY is a hydrogen atom or an organic group, is allowed
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to react with an olefin represented by following Formula (20):

=, (20)

wherein R%, RY, R® and R" are the same or different and are each
a hydrogen atom or an organic group, where R°, RY, R® and R
- may be combined with each other to form a ring with the adjacent
carbon atomor carbon-carbonbond, and thereby yields a carbonyl

compound represented by following Formula (21):

8 (21)
R® Rh

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

| In Formula (19), the organic groups in RY include similar
organic groups to those in R* and RP. Astﬁealdéhyderepresented
by Formula (19), the aldehydes exemplified in the
carbonyl-group-containing compounds (A2-1) can be used.

In Formula (20), R, RY and R® are the same as above, and
the organic groups in R® include similar organic groups to those
in RS, R? and R®. As the olefin represented by Formula (20),
the compounds exemplified as the inert olefins (B1-6) andactive
unsaturated compounds (Bl-1) can be used.

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

In this reaction, the carbonyl compound represented by
Formula (21) is supposed to be formed in the following manner.
A corresponding acyl radical is formed from the compound

. represented by Formula (19), attacks the‘carbon atom

constituting the double bond of the compound represented by
Formula (20) and thereby yields the carbonyl compound in
question.

11. Production of 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):

Rc\ﬁkn/f*r (22)
0

whereinRCandearethesameqrdifferentandareeach@ahydrogen
atom or an organic group; and R®! and R® are the same or different

and are each a hydrogen atom, a hydrocarbon group or a

heterocyclic group, where R and R may be combined to form a

ring with the adjacent carbon atom, and thereby yields a
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B-acyloxycarboxylic acid or B-acyloxyketone represented by

following Formula (23):

0
Rr/U\O 0
(23)
a
R Rb Z
Rc Rd

wherein 2 is a hydroxyl group when R®! in Formula (22) is ahydrogen
atom, and Z is the substituent R®* when R®*! is a hydrocarbon
group or a heterocyclic group; and R?, R°, R%, R% and R* have
the same meanings as defined above. This reaction can be
performed pursuant to a process (a process using a catalytic
5-membered N-hydroxy cyclic imide compound) described in
Japanese Patent Application No. 2000-648.

The organic groups, hydrocarbon groups, heterocyclic
groups,andtheringsformedbyRCandewiththeadjacentcarbon
atom include similar groups as mentioned above.

According to this reaction, for example, 2-propanol is
allowed to react with methyl vinyl ketone and thereby yields
3-acetoxy-3-methylbutanoic acid. Likewise, 2-propanol is
allowed to react with acrolein and thereby yields
3-formyloxy-3-methylbutanoic acid.

The reactioncanbeperformedinaccordancewiththeprocess
of the present invention for producing an organic compound.

Reaction products can be separated and purified by the same

ly 109 ()-Z
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separation means as above.

In this reaction, the target B-acyloxycarboxylic acid or
B-acyloxyketone representedlby Formula (23) is supposed to be
formed in the following manner. A l-hydroxyalkyl radical
correspondingtothealcoholrepresentedbyFormula(2)isformed
inthereactionsystem,attacksandisaddedtothebeta—position

_ ofthea,B—unsaturatedcarbonylcompoundrepresentedbyEbrmula
(22), oxygen attacks a radical formed at the alpha-position
as a result of the addition and thereby yields an

a,y-dihydroxycarbonyl compound represented by following

Formula (24):

HO  R°'oH |
RT (24)

RR Ly
RR°R°‘ 0

wherein R?, R®, R, RY, R*! and R* have the same meanings as defined
above. This compound further undergoes rearrangement of an
acyl group (R*C=0 group) and oxidation of a carbon atom, to
which the acyl group has been bonded, and thereby yields the
targetB—acyloxycarboxylicacidorB—acyloxyketonerepresented

by Formula (23). When an o, P-unsaturated carbonyl compound

represented by Formula (22), where R®' is a hydrogen atom, is
used as the starting compound, a corresponding

B-acyloxycarboxylic acid is formed. When an o, B-unsaturated
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carbonyl compound represented by Formula (22), where R® is a
hydrocarbongrouporheterocyclicgroup,isusedasthestarting

compound, a corresponding P-acyloxyketone is formed.

12. Production of Polyacrylamide Polymers
In the presence of the imide compound and the compound

(A) capable of forming a radial, an «a,B~unsaturated carboxylic

acid amide is polymerized under mild conditions and thereby

yields a corresponding polyacrylamide polymer [refer to
Japanese Patent Application No. 2000-345822 (a process using
a catalytic 5-membered N~hydroxy cyclic iﬁide compound) }.

Typical examples of the a,B-unsaturated carboxylic acid
amide are (meth)acrylamide, N-methyl (meth)acrylamide,
N,N-dimethyl (meth)acrylamide, N-isopropyl (meth)acrylamide,
N-phenyl (meth)acrylamide, and crdtonamide.

A reaction temperature can appropriately be selected
depending on thé type of the raw material and other factors
and is, for example, from about 0°C to about 150°C and preferably

from about 10°C to about 100°C. By controlling the reaction

temperature, the molecular weight of the resulting polymer can
be controlled. The reaction product can be separated and
purified by, for example, precipitation or reprecipitation.
13. Production of Organic Compounds Having
Oxygen-atom-containing Group
By catalysisof the imide compound, the compound (A) capable

of forming a radical is allowed to réact with the

10-
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oxygen-atom-containing reactant (B4) and thereby yields an
organic compound having an oxygen-atom-containing group.
This reaction is perforﬁed in the presence of, or in the
absence of, a solvent. Such solvents include the
aforementioned solvents. The amount of the catalytic imide
compound is, for example, from about 0.0000001 to about 1 mole,
preferably fromabout 0.000001 toabout 0.5mole, more preferably
fromabout0.0000ltoaboutO.4mole,andoftenfromabout0.000l
to about 0. 3. mole, relativev to 1 mole of the compound (A). This

reaction is significantly accelerated in many cases when a

promoter such as themetallic compound (e.g., vanadium compound,
molybdenum compound, manganese compound or cobalt compound)
is used in combination.

When the oxygen-atom-containing reactant (B4) is in the
formof agas, itmaybedilutedwith an inert gas such asnitrogen
gas or argongas. Eachof the oxygen-atom-containing reactants

(B4) can be used alone or in combination. By using two or more

types of the oxygen-atom-containing reactants (B4) in
combination, two or more types of different functional groups
can be introduced into the molecule. Such functional groups
include, forexample, hydroxyl group, oxogroup, carboxyl group,
nitro group and sulfonic acid group. In the combination use,
thtypesornmrecnftheeoxygen—atom—containingreactants(B4)
can be used concurrently or sequentially.

The amount of the oxygen-atom-containing reactant (B4)
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depends on the type thereof and can appropriately be selected
inviewof reactivityandoperability. For example, when oxygen
(B4-1) is used as the 6xygeﬁ—atom-containing reactant (B4),
the amount of oxygen is equal to or more than about 0.5 mole
(e.g., equal to or more thanvabout 1 mole), preferably from
about 1 to about 100 moles, and more preferably from about 2
toabout 50moles, relative to lmole of the compound (A) . Oxygen
is often used in excess to the compound (A).

When carbon monoxide (B4-2) and oxygen (B4-1) are used
in combination as the oxygen-atom-containing reactants (B4),
carbon monoxide in an amount of equal to or more than about
1l mole (e.g., from about 1 to about 100 moles) and oxygen in
an amount of equal to or more than about 0.5 mole (e.g., from
about 0.5 to about 50 moles) are often used relative to 1 mole
of the compound (A). 1In this case, the molar ratio of carbon
monoxide to oxygen is from about 1/99 to about 99.99/0.01, and
preferably from about 10/90 to about 99/1.

When the nitrogen oxide (B4-3) is used as the
oxygen-atom-containing reactant (B4), the amount of the
nitrogen oxide can appropriately be selected depending on the
types of the nitrogen oxide and the compound (A) and may be
equal to or more than 1 mole or may be less than 1 mole, relative
to 1 mole of the compound (A). When the amount of the nitrogen
oxide (e.g., nitrogen dioxide) is less than 1 mole (e.g., equal

toormore thanabout 0.0001lmoleandlessthanlmole), preferably
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from about 0.001 to about 0.8 mole, and more preferably from
about 0.005 to about 0.25mole, relative to 1 mole of the compound
(A),theconversionfromthefﬁxrogenoxideenuitheselectivity
of the reaction can significantly be improved.

By using nitrogendioxide (NO;) in combinationwith oxygen,
the rate of a reaction such as nitration reaction can be
significantly improved. 1In this case, the amount of oxygen
is equal to or more than about 0.5 mole (e.g., equal to or more
than about 1 mole), preferably from about 1 to about 100 moles,
and more preferably from about 2 to about 50 moles, relative
to 1 mole of nitrogen dioxide.

When the sulfur‘oxide (B4-4) is used as the
oxygen-atom~-containing reactant, the amount of the sulfur oxide
can appropriately be selected depending on the types of the
sulfur oxide and the compound (A) and is generally from about
1 to about 50 moles, and preferably from about 1.5 to about
30 moles, relative to 1 mole of the compdund (A) . The reaction
can be performed in large excess of the sulfur oxide. When
the sulfur oxide (e.g., sulfur dioxide) is used in combination
with oxygen, the molar ratio of the sulfur oxide to the oxygen
is, for example, from about 10/90 to about 90/10 and more
preferably from about 30/70 to about 70/30.

A reaction temperature can appropriately be selected
depending on, for example, the types of the compound (A) and

theoxygen—atom—containingreactant. For example, when oxygen




10T-s!1090& () - +MLO%I& ()-#!10%0& ()-!10%& ()-&MLOW& () - 98: vAEYNC '!1096*_1
@ML0% u& ()- fs!10% u& ()-% | | o
fs!10% u& ()-%s!'10%f& ()-% 10% u& ()-& 10% u& ()-'"bC ! 10%.13?)@5(;) 2004
F10%& ()-s10%& ()- "10%& ()- 10-u 10-u 10-u3l!'10% u& ()-~ i1)LdEDb
'110% 10%& ()--110%& ()- + 10%& PO )10%& ()- %@ |
10%& ()-LM 10%& ()-L9:; <HxnbC '!110% (1 109%&' ()-G 10b 10b 10b7 10%& () -
510%& ()-3 10%& ()- 110%& ()- HO' 7z[ <nbC 1L10%& () -
*1109%& ()-( 109 ()-!'L!'109%& ()-!'L!'109%& ()-!10%& ()-nm/gbC

(B4-1) is used as the oxXygen-atom-containing reactant, the

reaction temperature is from about 0°C to about 300°C and

preferably from about 20°C to about 250°C.

When carbon monoxide (B4-2) and oxygen (B4-1) are used

as the oxygen-atom-containing reactants, the reaction

temperature is, for example, from about 0°C to about 200°C and
~ preferably from about 10°C to about 150°C. When the nitrogen

oxide (B4-3) or sulfur oxide (B4-4) is used as the

oxygen-atom-containing reactant (including the case where

oxygen is used in combination), the reaction temperature is,-

for example, from about 0°C to about 150°C and preferably from

about 10°C to about 125°C. The reaction can be performed at

atmospheric pressure or under a pressure (under a load). When
the reaction is performed under a pressure, the pressure is
generally from about 0.1 to about 10 MPa, and preferably from
about 0.2 to about 7 MPa. The reaction can be performed in
a conventional system such as a batch system, semi-batch system
or continuous system.

After the completion of the reaction, reaction products
canbe separated and purified by a technique such as filtration,
concentration, distillation, extraction, crystallization,
recrystallization, adsorption, columnchromatographyandother
separationmeans, or any combination of these separationmeans.

This process can produce a reaction product corresponding

to the oxygen—atom—éontaining reactant in a high yield under
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mild conditions.

Specifically, when'oxygen (B4-1) is ﬁsed as the
oxygen-atom-containing reacﬁant, an oxidation reaction
proceeds and thereby yields a corresponding oxidation product
[refer to Japanese Unexamined Patent Application Publications
No. 8-38909, No. 9-327626, No. 10-286467, and No. 2000-219650
(processes using catalytic 5-membered N-hydroxy cyclic imide
cpmpounds)]. For example, when the heteroatom~-containing
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heteroatom is used as the compound (A) , a carbon
atom at the adjacent position to the heteroatom is oxidized.
Forexample,aaprimaryalcoholyieldszacorrespondingaldehyde
or carboxylic acid, and a secondary alcohol yields a
corresponding ketone. A 1,3-diol yields a corresponding
hydroxyketone, and a 1,2-diol yields a corresponding a
carboxylic acid as a result of oxidative cleavage [refer to
Japanese Unexamined Patent Application Publications No.
2000-212116 and NO. 2000-219652 (processes using catalytic
S-memberedN-hydroxy cyclic imide compounds)]. Anetheryields
a corresponding ester or acid anhydride [refer to Japanese
Unexamined Patent Application Publication No. 10-316610 (a
process using a catalytic 5-membered N-hydroxy cyclic imide
compound) ] . In addition, aprimary or secondary alcohol yields
hydrogen peroxide [refer to PCT International Publication No.

WO00/46145 (a process using a catalytic 5-membered N—hydroxy
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cyclic imide compound)].

When the compound (A2) having a carbon-heteroatom double
bond is used as the compound (A), an oxidation product
corresponding to the type of the heteroatom can be obtained.
For example, by oxidizing a ketone, a carboxylic acid or another
product is produced as a result of cleavage. For example, a

. cyclic ketone such as cyclohexanone yields a dicarboxylic acid
such as adipic acid. By using the heteroatom—cohtaining
compound (Al) having a carbon-hydrogen bond at the adjacent
position to the heteroatom, such as a secondary alcohol (e.g.,
benzhydrol), is used as a co-reactant (co-oxidizing agent),
aBaeyer-Villiger type reactionproceeds undermildconditions.
As a result, a cyclic ketone yields a corresponding lactone,
and a chain ketone yields a corresponding ester in high yields
[refer to PCT International Publication No. W099/50204 (cases
where catalytic 5-membered N-hydroxy cyclic imide compounds
are used)]. 1In addition, an aldehyde yields a corresponding
carboxylic acid.

By using the compound (A3) having a methine carbon atom
as the compound (A), an alcohol derivative having a hydroxyl
group introduced into the methine carbon in a high yield. For
example,byoxidizingakmidgedcyclichydrocarbon(A3—1a)such
as adamantane, alcohol derivatives each having a hydroxyl group
at a bridgehead position, such as l-adamantanol,

1,3—adamantanedioland143,5—adamantanetriol,cankﬁaproduced
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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 iﬁ a high yield [refer to Japanese
Unexamined Patent Application Publication No. 10-310543 (a
process using a catalytic 5-membered N-hydroxy cyclic imide
compound) ] .

By using the compound (A4) having a carbon~hydrogen bond
at the adjacent position to an unsaturated bond as the compound
(A),theadjacentpositiontotheunsaturatedbondisefficiently
oxidizedandtherebyyields(forexample,analcohol,carboxylic
acid or ketone. For example, a compound having a methyl group
attheadjacentpositiontoantnmaturatedbondyieldsapmimafy
alcohol or carboxylic acid in a high yield [refer to Japanese
Unexamined Patent Application Publications No. 8-38909, No.
9-327626 and No. 11-106377 (processes using catalytic
5-membered N-hydroxy cyclic imide compounds)]. Likewise, a
compound having a methylene group oOr methine group at the
adjacent position to an unsaturated bond yields a secondary
or tertiary alcohol, ketone or carboxylic acid, depending on
reaction conditions.

More specifically, an aromatic compound having an alkyl
group or a lower-order oxidized group thereof combined with

_an aromatic ring yields an aromatic carboxylic acid having a
carboxyl group combined with the aromatic ring as a result of

oxidation of the alkyl group or the lower-order oxidized group
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thereof. Suchlower-orderoxidizedgroups include, forexample,
hydroxy alkyl groups, formyl group, formylalkyl groubs, and
alkyl groups each having an §xo group. For example, benzoic
acid is obtained fromtoluene, ethylbenzene, isopropylbenzene,
benzaldehyde, or mixtures thereof; terephthalic acid is
obtained from p-xylene, p-isopropyltoluene,

» p-diisopropylbenzene, p—toluaidehyde, p-toluic acid,
p-carboxybenzaldehyde, or mixtures thereof; isophthalic acid
is obtained from m-xylene, m-tolualdehyde,
m-carboxybenzaldehyde, or mixtures thereof; trimellitic acid
is obtained from pseudocumene, dimethylbenzaldehyde,
dimethylbenzoic acid, or mixtures thereof; pyromellitic acid
is obtained from durene, trimethylbenzaldehyde,
trimethylbenzoic acid, or mixtures thereof;
3-quinolinecarboxylic acid is obtained from, for example,
3-methylquinoline, respectively in high yields. In addition,
nicotinic acid is obtained from B-picoline.

For example, a compound having a methylene group at the
adjacent position to a carbon-carbon double bond yields a
secondaryalcohol or ketone. Inthiscase, byusingacobalt (II)
salt of an acid having a pKa of less than or equal to 8.0, such
as cobalt(II) acetate or cobalt(II) nitrate, is used as the
promoter, a corresponding conjugated unsaturated carbonyl
compound having an oxo group introduced into the carbon atom

of.the methylene group can be obtained in a high yield. More
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specifically, valencene yields nootkatone in a high yield.

By using the non-aromatic cyclic hydrocarbon (A5) as the
compound (A), an alcohol, hydroperoxide or ketone having a
hydroxyl group, hydroperoxy group or oxo group introduced into
a carbon atom constituting a ring is obtained. Under some
reaction conditions, the ring is oxidatively cléaved and yields
a corresponding dicarboxylic acid. For example, by
appropriately selecting the conditions, cyclohexane can yield
cyclohexyl alcohol, cyclohexyl hydroperoxide, cyclohexanone
or adipic acid with high selectivity. Likewise, a cycloalkane
such as cyclohexane yields abis (1-hydroxycycloalkyl) peroxide
such as bis(l-hydroxycyclohexyl) peroxide [refer to Japanese
Patent Application No. 2000-345824 (a process usinga catalytic
5-membered N-hydroxy cyclic imide compound)]. By using a
strong acid as the promoter, adamantane can yield adamantanone
inahighyield [refer to Japanese Unexamined Patent Application
Publication No. 10-309469 (a process using a catalytic
5-membered N-hydroxy cyclic imide compound)].

When the conjugated compound (A6) is used as the compound
(A), avariety of compounds is formed depending on the structure
of the conjugated compound. For example, a conjugated diene
yields an alkenediol or other products as a result of oxidation.
Specifically, butadieneyields, forexample, 2-butene-1, 4-diol
and/or l-butene-3,4-diol as a result of oxidation. When an

o, B-unsaturated nitrile or a,P-unsaturated carboxylic acid or
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100 100d aer¥@btauest i r&df IO idized, the o, 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
performedjjlthépresenceofeacarboxylicacid)letheresulting
compound. More specifically, by oxidizing acrylonitrile and
methyl acrylate in the presence of methanol,
3,3—dimethoxypropionitiile and methyl
3,3-dimethoxypropionate are respectively formed.

When the amine (A7) 1is used as the compound (A), a
corresponding Schiff baseor oxime is formed. Whenthearomatic
compound (A8) is used as the compound (A) in the co-existence
of, for example, the compound (A4) having a carbon-hydrogen
bond at the adjacent position to an unsaturated bond (e.g.,
fluorene) as the co-reactant (co-oxidizing agent), a |
corresponding quinone is formed in a good yield [refer to
Japanese Unexamined Patent Application Publicat%ons No.
11-226416 and No. 11-228484 (processes using catalytic
5-membered N-hydroxy cyclic imide compounds)]. The
straight-chain alkane (A9) yields, for example, an alcohol,
ketone or carboxylic acid.

By using the olefin (Al0) as the compound (A), a
corresponding epoxy compound can be obtained [refer to Japanese

UnexaminedPatentApplicationPublicationNo.11—49764andPCT
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1 210% cifically, ‘'when the heterocatom-c¢ontaining compound (A1)

having a carbon-hydrogen bond at the adjacent position to the.
heteroatom, such as a secondary alcohol, or the compound (A4)
having a carbon-hydrogen bond at the adjacent position to an
unsaturatedbond isusedas the co-reactant (co-oxidizingagent),
| an epoxidation reaction proceeds under mild conditions and
thereby yields the corresponding epoxide in a good yield.
By allowing at least'one compound selected.from
cycloalkanes, cycloalkanols and cycloalkanones to react with
ammonia and oxygen (B4-1) as the oxygen-atom-containing
reactant in the presence of the catalytic imide compound, a
corresponding lactam is obtained [refer to Japanese Patent
Application No. 2000-345823 (a process usingAa catalytic
S-membered N-hydroxy cyclic imide compound)]. More
specifically, by allowing at least one compound selected from
cyclohexane, cyclohexanol and cyclohexanone to react with

ammonia andoxygeninthe presence of the catalyst, e-caprolactam

is obtained.

By using carbon monoxide (B4-2) and oxygen (B4-1) as the
oxygen—-atom~containing reactants, a carboxylation reaction
smoothlyproceeds and thereby yields a corresponding carboxylic
acid in a good yield [refer to Japanese Unexamined Patent

Application Publication No. 11-239730 (a process using a




10< 10< 10<4 10%& ()- 3 10%& () - 35ab}[ <1A10 1008 ! 10%08 (

)_

| FI 109008 () - F! 10908 ()-'y: ! 10%00& ()- !y:110%ré& ()- y: ! 10%& ( -‘bcdp%gH:
o)

10 100 10< ! 10%& ()-y& :110%<& ()-1:110%<& ()-10%& ()-& 10bE&EH-

100>f 9%V 1 | 109%& ()-L109%& ()-F s10%& ()-S 10%& ()-L10%& ()-O0L' 10%& () -

10< 10<%lv" TdEMN/ 1 ! 10%Fs10%& (7- 3 0R09b& ()- ~10%& ()-

10%& () -

s10%& ()-!10%& ()- T pvirg\:1! #- 10%& ()- 10b 10b 10bFL':!10%& ()-!y0S
109 ()-!S 10%b& ()-S 109 ()-2NdEg\: 1! # & 10% & () -, s10% & () -

L&10% & ()- | L10%& ()- FS 10%& ()- " 10%& ()-6qz[<g\:1!3

catalytic S5-membered N-hydroxy cyclic imide compound)]. For
example, when the compound (A3) having a methine carbon atom
is used as the compound (A); a carboxyl group is introduced
into the methine carbon atom. Likewise, in the compound (A4)
having a carbon-hydrogen bond at the adjacent position to an
unsaturateclbond, a carboxyl group is introduced into a carbon
atom relating to the carbon—hydrogen bond. The non-aromatic
cyclic hydrocarbon (A5), such as cyclohexane, yields a
carboxylic acid having a carboxyl group combined with a carbon
atom constituting a ring.

When the nitrogen oxide (B4-3) is used as the
oxygen-atom-containing reactant, a nitration reaction
predominantly proceeds and thereby yields, for example, a
corresponding nitro compound [refer to Japanese Unexamined
Patent Application Publication No. 11-239730 (a process using
a catalytic 5-membered N-hydroxy cyclic imide compound)]. For
example, when the compound (A3) having a methine carbon atom
isusadasthecompound(A),then@thinecarbonatomisrdtrated.
Likewise, when the compound (A4) having a carbon-hydrogen bond
at the adjacent position to anunsaturatedbond is used, a carbon
atom relating to the carbon-hydrogen bond is nitrated. 'The
non-aromatic cyclic hydrocarbon (A5), such as cyclohexane,
yields a corresponding cyclic nitro compound having a nitro
group combined with a carbon atom constituting a ring. Even

the straight-chain alkane (A9), such as hexane, can yield a
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corresponding nitroalkane. When nitrogen dioxide is used as
the oxygen-atom-containing reactant, the nitration reaction
can efficiently proceed by ﬁsing the substrate in excess to
nitrogen dioxide [refer to Japanese Unexamined Patent
Application Publication No. 11-136339 (a process using a
catalytic 5-membered N-hydroxy cyclic imide compound)].

When a compound having a methyl group at the adjacent
position to an aromatic ring (at the "benzyl position"), such
as toluene, is used as the compound (A), a nitro group is
introduced into the carbon atom of the methyl group. Under
some conditions, the methyl group is converted into a formyl
groupandtherebyyieldsacorrespondingaromaticaldehyde(e.g.,
benzaldehyde), or a nitro group is introduced into the aromatic
ring in the resulting compound. The use of a compound having
a methylene group at the adjacent position to an aromatic ring
(e.g., ethylbenzene) as the substrate yields a nitro compound
(e.g.,a—nitrobenzene),inwhichthemethylenegroupisnitrated,
and under some reaction conditions, yields an oxime compound
(e.g., acetophenone oxime) where the methylene group is
converted into an oxime.

By using nitrogen monoxide as the oxygen-atom-containing
reactant,anethercanyieldacorrespondingaldehydeasearesult
of cleavage of the ether bond [Japanese Unexamined Patent

Application Publications No. 11-315036 and No. 11-254977

(processes using cétalytic 5-membered N-hydroxy cyclic imide
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compounds)]. For example, phthalan can yield phthalaldehyde
in a high yield. Likewise, by using nitrogen monoxide as the
oxygen—-atom-containing reacfant, a cycloalkane yields a
corresponding cycloalkanone oxime [refer to Japanese Patent
Application No. 2000-157356 (a process using a catalytic
5-membered N-hydroxy cyclic imide compound)]. For example,
cyclohexane yields cyclohexanone oxime.
By allowing a chain or cyclic compound having a methylene
group to react with the nitrogen oxide such as nitrogen monoxide
in the presence of the catalytic imide compound and a halogen
(e.g., chlorine) or a Beckmann rearrangement catalyst, a
corresponding amide or lactam is obtained [refer to Japanese
Patent Application No. 11-372177 (a process using a catalytic
5-membered N-hydroxy cyclic imide compound)]. For example,
cyclohexane yields e-caprolactam.
When the nitric 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 is used as the substrate, acarbonatomrelating

to the carbon—hydrogen bond is nitrated. When the compound
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(A3) having a methine carbon atom is used as the substrate,
the methine carbon atom is nitrated. When the non-aromatic
cyclic hydrocarbon (A5) is used as the substrate, a nitro group
is introduced into a carbon aténrconstituting a ring. 1In this
case, acycloalkane, suchascyclohexane, yields a corresponding
nitrocycloalkane. In the non-aromatic heterocyclic compound
having a carbon-hydrogen bond at the adjacent position to the
| heterocatom, a carbon atom relating to the carbon-hydrogen bond
is nitrated. Likewise, the straight-chain alkane (A9), such
as hexane, yields a corresponding nitroalkane.
This reaction is supposed toproceed inthe followingmanner.
The imide compound reacts with the nitric acids and thereby
yields an imido-N-oxy radical, the radical withdraws a hydrogen
atom from the substrate and thereby yields another radical,
and to the resulting radical, nitrogen dioxide formed in the
reaction system is added and thereby yields a corresponding
nitro compbund.
When the sulfur oxide (B4-4) 1is used as the
oxygen—-atom-containing reactant, a sulfonation and/or
sulfination reaction proceeds and thereby yields a
corresponding organic sulfur acid or a salt thereof. For
example, when the compound (A3) having a methine carbon atom
is used as the compound (A), a sulfur acid group is introduced

into the methine carbon atom. When the compound (A4) having

acarbon-hydrogenbondat theadjacent positiontoanunsaturated
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bond is used, a sulfur acid group (e.g., a sulfonic acid group
orsulfinicacidgroup) is introduced intoa carbonatomrelating
to the carbon-hydrogen bond. The non-aromatic cyclic
hydrocarbon(AS),suchascyclohexane,yieldsancmganiésulfur
acid having absulfur acid group combined with a carbon atom
constituting a ring. The formed organic sulfur acid can be
converted into a corresponding salt thereof according to
conventional techniques. For example, the salt canbe obtained
by reacting the organic sulfur acid with an alkali metal
hydroxide, alkali metal-carbonate, alkali metal
hydrogencarbonate, alkaline earth metal hydroxide, alkaline
earth metal carbonate, amine, thiourea, or isothiourea in an

appropriate solvent such as water.

Industrial Applicability

The present invention can produce, for example, organic
compounds each having an oxygen—atom—containing group such as
hydroxyl group, oxo group, carboxyl group, nitro group or
sulfonic acid group, products as a result of the formation of
a carbon-carbon bond or derivatives thereof (e.g., cyclized
derivatives) with high selectivity in high yields as a result
of addition or substitution reactions under mild conditions.
In addition, the present.invention can introduce such an
oxygen-atom-containing group into an organic substrate under

mild conditions.




10< 10< 10< Y7 109%<& ()- s3 10%& ()- y/ 10%& ()- s- 10%& ()- "$}" <nmbC
1M11109T& ()- 109%0& ()-! 109 ()- 10%0& ()-!'L' 109 ()-L' 109%& () - } avVK@
1'!1 10T 10T 10T. 10%& ()-'9 (@O0¥BB& () - . .
(@097 & () - FL 10& ()-S1090& ()-K}"2VK@ 11! 10%0K ()- 1 1000¢ b yf-DEC 2004
10908 ()- 9' ! 10908 ()-!!10%00&'():9} ~10%s& () - kadEVK@
LMTY+MLO%OS' () -f) 10908 () -s' 1090& () -1 % 109608 () -! -
10908 () - MLO%O& () -YZ[\h7n~_ @ 1'! MLO%@& ()- glOo%& ()- @ 10%& ()-!10% F
&é&)-- 100 100 1000-110%& ()- niX"sur?~ @ 1!is!110%a& ()-!|=@0%& () -
 @0%66& ()- :10%@& ()- 109 ()- 10%&&' ()-4udYNC 1!!
0 The cata &st of‘%%e(éreseﬁ%&ig%en%ion is hig%gg)stable

and can maintain its catalytic activity for a long time. The

catalystexhibitshighcataljticactivityevenjjlasmallamount

in a radical reaction and is highly stable in a reaction at

high temperatures.

Examples

The present inventionwillbe illustratedin furtherdetail
with reference to several examples below, which are not intended
to limit the scope of the invention. Reaction products were
identified by NMR, IR and/or GC-MS.

PREPARATION EXAMPLE 1

Production of N-hydroxynaphthalimide

A 3-L flask equipped with a stirrer, cooling tube and
thermometer was purged by nitrogen gas. 55.2 g (770 mmol) of
hydroxylamine-hydrochloride (purity of 97%) and 1.2 L of
pyridine were added to the flask and were stirred to dissolve
at room temperature under nitrogen atmosphere. To the stirred
mixture, 138.7 g (700 mmol) of 1,8-naphthalenedicarboxylic
anhydride was added. The stirred mixture was heated at 40°C
for 1 hour and subsequently was heated at 70°C for 1 hour. After
stirring at 90°C for 1 hour, the reaction mixture was cooled
to room temperature with stirring. The resulting crystalline
solid was filtered off and washed with 5% by weight of acetic

acid aqueous solution and dried at 80°C for 20 hours under a
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Spectral Data

1H-NMR (DMSO-d6, 500MHz) §: 7.8-8.0 (m, 2H, ArH), 8.4-8.6
(m, 4H, ArH), 10.74 (brs, 1H, OH)

13C_NMR (DMSO-d6, 125MHz) 6: 160.8, 134.6, 131.4, 130.8,
127.3, 126.2, 122.3

MS (FABY) m/z 214 ((M+H)*, 100), 177 (8), 85 (12)

PREPARATION EXAMPLE 2

Production of N—acetgxynaphthalimide
(N-acetoxy-1, 8-naphthalenedicarboximide)

A 1-1 flask equipped with a stirring, cooling tube,
thermometer and dropping funnel was purged by nitrogen gas.
80.0 g (375‘mmol) of N-hydroxynaphthalimide obtained by
preparation example 1 and 200 ml of acetic acid were added to
the flask. The stirredmixture was heated at 60°C under nitrogen
atmosphere. To the resulting mixture, 76.7 g (750 mmol) of
acetic anhydride was added dropwise for 20 minutes. After
stirring at 110°C for 1.5 hours, the reaction mixture was cooled
to room temperature with stirring. The crystalline solid was
filtered off and washed with acetic acid, and dried at 80°C
for 12 hours under a reduced pressure to yield 82.6 g (86%)of
N-acetoxynaphthalimide with pale yellow color.

Spectral Data

14-NMR (CDCls, 500 MHz) §: 2.48 (s, 3H, CHs), 7.7-7.8 (m,
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PREPARATION EXAMPLE 3

Production of

-dihydroxy-1,8;4,5-naphthalenetetracarboxdiimide

A 5-L flask equipped with a stirrer, cooling tube and
thermometer was purged by nitrogen gas. 110.3 g (1.54 mol)
of hydroxylamine—hydrochlqride (purity of 97%) and 2 L of
pyridine were added to the flaskandwere dissolvedwithstirring
at room temperature under nitrogen atmosphere. To the stirred
mixture, 187.7 g (700 mmol) of
1,8;4,5-naphthalenetetracarboxylic dianhydride was added.
The stirredmixture was heated at 40°C for 1 hour and subsequently
was heated at 70°C for 1 hour. After stirring at 90°C for 1
hour, the reaction mixture was cooled to room temperature with
stirring. The precipitate was filtered off, washed with 5%
by weight of acetic acid aqueous solution, and dried at 80°C
for 12 hours under a reduced pressure to yield 160.1 g (69%)
of N,N’-dihydroxy-1,8;4,5-naphthalenetetracarboxdiimide
with brown color.

Spectral Data

'y-NMR (DMSO-d6, 500 MHz) 6: 8.5-8.7 (m, 4H, ArH), 11.01

‘(brs, 2H, OH)
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"C-NMR (DMSO-d6, 125 MHz) 6: 160.1, 130.6, 126.9, 125.3

MS (FAB') m/z 299 ((M+H)*, (100)), 283 (23), 232 (7), 177
(7), 140 (5) '

PREPARATION EXAMPLE 4

Production of
N,N’-diacetoxy~1,8;4, 5-naphthalenetetracarboxdiimide

A 2-L flask equipped with a stirring, cooling tube,
thermometer and dropping funnel was purged by nitrogen gas.
89.4 g (300 mmol) of
N,N’—dihydroxy—l,8;4,5—naphthalenetetracarboxdiimide
obtained by preparation example 3, 400 ml of acetic acid and
122.6 g (1.2 mol) of acetic anhydride were added to the flask.
Thestirrednﬁxturewasheatedat100°Cfor].hourundernitrogen
atmosphere. After stirring at 120°C for 4 hours, the reaction
mixture was cooled to room temperature with stirring. The
resulting precipitate was filtered off and washed with acetic
acid, and dried at 80°C for 12 hours under a reduced pressure
to yield 107.4 g (94%) of
N,N’-diacetoxy-1,8;4,5-naphthalenetetracarboxdiimide with
ocher color.

Spectral Data

'H-NMR (DMSO-d6, 500 MHz, 120°C) §: 2.47 (s, 6H, CHj),
8.7-8.9 (m,. 4H, ArH)

YYC-NMR (DMSO-d6, 125 MHz, 120°C) §: 165.9, 157.5, 130.9,
126.2, 125.7, 16.6
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MS (FD') m/z 382 (M*, (100)), 339 (42), 296 (31), 43 (94)
| EXAMPLE 1

In a 500-ml titanium autoclave equipped with a stirrer
and a pressure gauge,.l2.00 g of p-xylene, 107.03 g of acetic
acid, 0.576 g of N-acetoxy-1, 8-naphthalenedicarboximide
obtained by preparation example 2 (2 % by mole relative to
p-xylene), 0.112 g of cobalt(II) acetaté°4 Hz0 and 0.277 g of

| manganese (II) acetate-4 H,O were placed. The autoclave was

charged with 3 MPa of oxygen gas and 2 MPa of nitrogen gas and
placed in a heated oil bath. The mixture was stirred at 150°C
for 4 hours. Afterthecompletionof the reaction, the autoclave
wasplacedoncoldwatertocooldownthereactionmixturequickly.
The resulting mixture was analyzed by high performance liquid
chromatography and was found to yield terephthalic acid in 89%
yield at 100% conversion of p-xylene.

EXAMPLE 2

In a 500-ml titanium autoclave equipped with a stirrer
and a pressure gauge, 12.00 g of p-xylene, 107.03 g of acetic
acid, 0.144 g of N-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (0.5% by mole relative to
p-xylene), 0.112 g of cobalt(II) acetate-4 H,O and 0.277 g of
manganese (II) acetate- 4 H,O were placed. The autoclave was
charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and
placed in a heated o0il bath. The mixture was stirred at 150°C

for 1 hour. After the completionof the reaction, the autoclave
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was placedoncoldwater tocool downthereactionmixture quickly.

To the resulting reaétion mixture, 0.144g of
N—acetoxy—l,8—naphthalenediéarboximide obtained by
preparation example 2 was added. The autoclave was charged
with 2 MPa of oxygen gas and 2 MPa of nitrogen gas and placed
in a heated oil bath. The mixture was stirred at 150°C for 1
hour. After the completion of the reaction, the autoclave was

placed on cold water to cool down the reaction mixture quickly.
Furthermore, a series of the above operationof fromthe addition
ofN—acetoxy—l,8—naphthalenedicarboximidetuacoolingckwnlwas
repeated twice. The resulting mixture was analyzed by high
performance liquid chromatography and was found to yield
terephthalic acid in 94% yield at 100% conversion of p-xylene.

EXAMPLE 3

The procedure of Example 1 was fepeated, except that
reaction temperature was 190°C, and thereby yielded
terephthalic acid in 97% yield at 100% conversion of p-xylene.

COMPARATIVE EXAMPLE 1

The procedure of Example 1 was repeated, except that 3.07
g of N-hydroxyphthalimide (20% by mole relative to p-xylene)
was used instead of N-acetoxy-1,8-naphthalenedicarboximide,
and thereby yielded terephthalic acid in 59% yield at 93%
conversion of p-xylene.

EXAMPLE 4

In a 500-ml titanium autoclave equipped with a stirrer,
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15.36 g of p-toluic acid, 104.0 g of acetic acid, 0.288 g of ‘
obtained by preparation example 2 (1% by mole relative to

p-toluic acid), 0.112 g of cbbalt(II) acetate-4 H,O and 0.277
g of manganese(II) acetate-4 H,O0 were placed. The inside

pressure was increased using 2 MPa of oxygen gas and 2 MPa of
nitrogen gas. The temperature of the resulting mixture was
elevated on an o0il bath and was held at 150°C with stirring

for 1 hour. After the completionof the reaction, the autoclave

. wasplacedoncoldwater tocool down the reactionmixture quickly.
The resulting solution was analyzed by high performance liquid
chromatography and was found to yield térephthalic acid in 83%
yield at 88% conversion of p-toluic acid.

EXAMPLE 5

The procedure of Example 4 was repeated, except that a
reaction temperature was 190°C, and thereby yielded
terephthalic acid in 94% yield at 96% conversion of p-toluic
acid.

COMPARATIVE EXAMPLE 2

The procedure of Example 5 was repeated, except that 0.184
gof N-hydroxyphthalimide (1% bymole relative top~toluicacid)
was used instead of N-acetoxy-1,8-naphthalenedicarboximide,
and thereby yielded terephthalic acid in 45% yield at 50%
conversion of p-toluic acid.

EXAMPLE 6

The procedure of Example 4 was repeated, except that 0.216
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(0.5% by mole relative to p-toluic acid) was used instead of
N—acetoxy—l,8—naphthalenediéarboximide, and thereby yielded
terephthalic acid in 88% yield at 93% conversion of p~toluic
acid.
EXAMPLE 7
The procedure of Example 6 was repeated, except that a
reaction temperature was 190°C, and thereby yielded
terephthalic acid in 90% yield at 92%conversion of p-toluic
acid.
EXAMPLE 8
InalLtitaniumautoclaveequippedwithastirrer, acooling
tube, amass flowandapressurecontroller, 80.00gofB-picoline,

311.3 g of acetic acid, 6.58 g of

N-acetoxy-1, 8-naphthalenedicarboximide obtained by
preparation example 2 (3% bymole relative toB-picoline), 1.070
gofcobalt(II)acetate-4Pb0and1.053gofmanganese(II)acetate
‘4 Hp0 were placed. The reaction mixture was controlled to the
temperature at 140°C and the pressure of 10 kgf/cm? [0.98 MPa
(gauge pressure)] under flow of air into the autoclave and the
reaction was performed for 3 hours. The resulting product in
the reaction mixture was analyzed by gas chromatography and
was found to yield nicotinic acid in 66% yield at 73% conversion
of B-picoline.

EXAMPLE 9
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The procedure of Example 2 was repeated, except that 12.00
g of m-xylene was used instead of p-xylene, and thereby yielded
isophthalic acid in 95% yield at 100% conversion of m-xylene.

EXAMPLE 10

The procedure of Example 9 was repeated, except that a
reactiontemperaturewas190°C,andtherebyyieldedisophthalic
acid in 97% yield at 100% conversion of m~xylene.

| EXAMPLE 11 |

A mixture of 1.00 g of fluorene, 0.154 g of
N~acetoxy—1,8—naphthalenedicarboximide obtained by
preparation example 2 (10% by mole relative to fluorene) , 9.0
g of acetic acid, 0.008 g of cobalt(II) acetate-4 H,0 and 0.008
g of manganese(II) acetate-4 H,0 was stirred at 120 °C in an
atmosphere of oxygene gas (1 atm = 0.1 MPa) for 6 hours. The
resulting product in the reaction mixture was analyzed by gas
chromatography and was found to Yield fluorenon in 82% yield
at 96% conversion of fluorene.

EXAMPLE 12

A mixture of 1.00 g of cyclohexane, 0.152 g of
N-acetoxy-1,8-naphthalenedicarboximide obtained by
preparation example 2 (5% by mole relative to cyclohexane),
0.015 g of cobalt (II) acetate 4 H,0 and 0.015 g of manganese (II)
acetate-4 HyO was stirred at 100 °C in an atmosphere of oxygene
gas (1 atm = 0.1 MPa) for 8 hours. The resulting product in

the reaction mixture was analyzed by gas chromatbgraphy and
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was found to yield cyclohexanon, adipic acid and glutaric acid

in 1%, 6% and 1% yields, respectively, at 12% conversion of

cyclohexane.

EXAMPLE 13

In a 500-mL titanium autoclave equipped with a stirrer
and a pressure gauge, 12.00 g of 4-nitrotoluene, 107.03 g of
aceticacid,0.670g;ofN—acetoxy~1,8—naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-nitrotoluene), 0.087% of cobalt(II) acetate-4 H,O0 and 0.215
g of manganese(II) acetatej4 H,O were placed. The autoclave
was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated o0il bath. The mixture was stirred at
170°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction
mixture quickly. The resulting mixture wés analyzed by high

performance liquid chromatography and was found to yield

4-nitrobenzoic acid in 98% yield at 100% conversion of
4-nitrotoluene.

EXAMPLE 14

In a 500-mL titanium autoclave equipped with a stirred
and a stirrer and a pressure gauge, 12.00 g of 4-bromotoluene,
107.22 g of acetic acid, 0.537 g of
N-acetoxy-1,8-naphthalenedicarboximide obtained by

preparation example 2 (3% by mole relative to 4-bromotoluene),

0.070g;ofcobalt(li)acetate'4Hﬁ)and0.175<;ofnmnganese(II)
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acetate4 H,O were placed. The autoclave was charged with 2
MPa of oxygen gas and 2 MPa of nitrogen gas and placed in a
heated o0il bath. The mixturé-was stirred at 170°C for 1 hour.
After the completion of reaction; the autoclave was placed on
cold water to cool down the reaction mixture quickly. The
resulting mixture was analyzed by high performance liquid
chromatography and was found to yield 4-bromobenzoic acid in
95% yield at 100% conversion of 4-bromotoluene.

EXAMPLE 15
In a 500-mL titanium autoclave equipped with a stirrer

and a pressure gauge, 12.00 g of 4-methylanisole, 106.91 g of
aceticacid, 0.752gofN-acetoxy-1,8-naphthalenedicarboximide
obtained by preparation example 2 (3% by mole relative to
4-methylanisole), 0.098 g of cobalt (II) acetate-4 Hy0 and 0.241
g of manganese(II) acetate'4 H,O were placed. The autoclave
was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated oil bath. The mixture was stirred at
150°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction
mixture quickly. The resulting mixture was analyzed by high
performance liquid chromatography and was found to yield
p-anisic acid and p-anisaldehyde in 85% and 5% yields
respectively at 100% conversion of 4-methylanisole.

EXAMPLE 16

In a 500-mL titanium autoclave equipped with a stirrer
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obtained by preparation exaﬁple 2 (3% by mole relative to
4-chlorotoluene), 0.095 g of cobalt (II) acetate-4 H,O and 0.232
g of manganese(II) acetate-4 H,0 were placed. The autoclave
was charged with 2 MPa of oxygen gas and 2 MPa of nitrogen gas
and placed in a heated o0il bath. The mixture was stirred at
170°C for 1 hour. After the completion of reaction, the
autoclave was placed on cold water to cool down the reaction

mixture quickly. The resulting mixture was analyzed by high

performance liquid chromatography and was found to yield
4-chlorobenzoic acid in 96% yield at 100% conversion of

4-chlorotoluene. i
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1. A catalyst comprising an imide compound having a
N-substituted cyclic imide skeleton represented by following

Formula (I):

0
/
c—C¢’
¢ Ny—or
\C C/ (n
N\
)

wherein R is a hydroxyl-protecting group.

2. The catalyst according to claim 1, wherein the imide

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

wherein R is a hydroxyl-protecting group; R*, R?, R3}, R?, R® and
R® are the same or different and are each a hydrogen atom, a
halogenatom,analkylgroup,anarylgroup,eacycloalkylgroup,
a hydroxyl group, an alkoxy group, a carboxyl group, a

substitutedoxycarbonyl group, anacyl groupor anacyloxy group,
where at least two of R, R?, R®, R?, R® and R61nay be combined
witheachotherto formadoublebond, anaromaticornon—-aromatic

ring, and where at least one N-substituted cyclic imido group
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indicated in Formula (1) may further be formed on R, R?, R3,
R*, R® and R® or on the double bond, the aromatic or non-aromatic

ring formed by at least two of R!, R?, R®, R?, R® and RS.

3. The catalyst according to claim 1 or claim 2, wherein

R is a hydrolyzable protecting group.

4. The catalyst according to claim 1 or claim 2, wherein
R is a group obtained from an acid by eliminating an OH group

from the acid.

5. The catalyst according to claim 4, wherein the acid
is one selected from the group consisting of carboxylic acids,
sulfonic acids, carbonic acid, carbamic acid, sulfuric acid,

nitric acid, phosphoric acids and boric acids.

6. Thecatalystaccordingtoclaimlorclaim?2, comprising

the imide compound and a metallic compound in combination.

7. A process for producing an organic compound, the
process comprising the step of allowing (A) a compound capable
of forming a radical to react with (B) a radical scavenging
compound .in the presence of the catalyst asiclaimed in any one
of claims 1 to 6 to yield a product of an addition or substitution

reaction between the compound (A) and the compound (B), or a
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derivative thereof.

8. Theprocessforprodubinganorganiccompoundaccording
toclaim7, wherein the compound (A) capable of forming a radical
is one selected from the group consisting of (Al)
heteroatom—containingcompoundseachhavingeacarbon—hydrogen
bond at the adjacent position to the heteroatom, (A2) compounds
each having a carbon-heteroatom double bond, (A3) compounds
each having a methine carbon atom, (A4) compounds each having
acarbon—hydrogenbondatthgadjacentpositiontoanunsaturated
bond, (A5) non-aromatic cyclic hydrocarbons, (A6).conjugated
compounds, (A7) amines( (A8) aromatic compounds, (A9)

straight-chain alkanes, and (Al0) olefins.

9. Theprocess forproducinganorganiccompoundaccording
to claim 7, wherein the radical scavenging compound (B) is one
selectedfromthegroupconsistingof(Bl)unsaturatedcompounds,
(B2) compounds each having a methine carbon atom, (B3)
heteroatom-containing compounds, and (B4)

oxygen-atom-containing reactants.

10. The process for producing an organic compound
according to claim 9, wherein the oxygen-atom-containing
reactants (B4) are at least one selected from the group

consisting of oxygen, carbon monoxide, nitrogen oxides, sulfur
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combinations thereof.

12. The process for producing an organic compound
according to claim 7, wherein an aromatic compound having an
alkyl group or a lower-order oxidized group thereof combined
with an aromatic ring is allowed to oxidize with oxygen to yield

a corresponding aromatic carboxylic acid.
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ABSTRACT

A catalyst of the invention includes an imide compound
having a N-substituted cyclic imide skeleton represented by

following Formula (I):

//0

C/ \J OR

\C C/ (n
3
%0

wherein R is a hydroxyl—p;otecting group. Preferred R is a
hydrolyzable protecting group. R may be a group obtained from
anacidbyeliminatinganOHgrouptherefrom. Suchacids include,
for example, carboxylic acids, sulfonic acids, carbonic acid,
carbamic acid, sulfuric acid, nitric acid, phosphoric acids
and boric acids. The catalyst may include the imide compound
and a metallic compound in combination. In the presence of
the catalyst, (A) a compound capable of forming a radical is
allowed to react with (B) a radical scavenging compound and
thereby yields an addition or substitution reaction product
of the compound (A) and the compound (B) or aderivative thereof.
This catalyst can produce an organic compound with a high

selectivity in a high yield as a result of, for example, an

addition or substitution reaction under mild conditions.




