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A PROPESS FOR SEPARATI NG - AN OXI DATI ON REACTI ON PRODUCT AND AN

OXI DATI ON CATALYST FI E
The present invention relates to a process for ox'i'd2| on
a yst r

reacti on product Qr.its~sed-t—"—"-"1 and an oxi dati on cat om a
reaction nixture,1WMESHEETHA§§EEN) m xt ur e; bei ng obt ai ned by oxi dat gzof
a sub-.- . stratie mﬁtﬁEﬂ@“ﬁ@ an_i fn de conpound such as N hydroxy- ’fg
phthal i m de as t oxtdati on catal yst. BACKGRCUNdbE#
THE | NVENTI ON thms@mmsmmmmr i mi de conpounds
are known as oxi dation catal ysts, such oxidation being 15 conduct ed by
al | owi ng a substAteXIPAITON REAVIICN FROPUCT AND AN) GRIDATION DATALASTY de,
a ketone, an anmine and a het er ocycl i ¢ conpound to contact wﬁtQ/

nol ecul ar oxygen (Japanese Patent Application Laid-open No.

38909/ 1996 (JP-A-8-38909)). An oxidation reaction by nmeans of this
20 catal yst, which can be cond®FIEi® OFIAHENINVENTION i ons

5 The present invention relates to a process for
separating-an~oxidation_reactipn product or its salt,
and an oxidation catalyst from a reaction mixture, the
reaction mixture being obtained by oxidation of a sub-
strate with using an imide compound such as N-hydroxy-

10 - phthalimide as the oxidation catalyst.

BACKGROUND OF THE INVENTION
N-hydroxyphthalimide and other imide compounds
are known as oxidation catalysts, such oxidation being
15 conducted by allowing a substrate such as a hydrocarbon,
an alcohol, an aldehyde, a ketone, an amine and a
heterocyclic compound to contact with a molecular oxygen
(Japanese Patent Application Laid-open No. 38909/1996
(JPiA-8-38909)). An oxidation reaction by means of this
20 catalyst, which can be conducted under mild conditions
without any exhaust gas treatment, can provide an oxida-
tion reaction product including an alcohol, an aldehyde,
a kétone and an organic acid at a high conversion fate
and selectivity. Such an oxidation reaction product.is
25 separated from a reaction mixture commonly by distilla-

tion.

Distillation, however, is not always an
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wi t hout any exhaust gas treatnent, can provide an oxida- tion
reacti on product including an al cohol, an al dehyde, a keto
organic acid at a high conversion rate and sel eﬂ_“'s\gﬂaﬁ.‘r HAG: BEEM
oxi dation reaction product is 25 separated from g reacreppACEDt ure |
commonly by distilla- tion. - o2 - Dist s r, IS
not al ways an : -2-
advant ageous process for separation of an oxidation reaction product
froma reaction gavant&gediephetdsdffor sepdibaOrdtladbf Odin r @RLdaOIoWr oduct
and the substrate have | ow boiling points (e.g. 50 to 150[err] O,
distillation 5 re&é€tibhSproddet efrem adi teactignimiytwre. vikhen awotly 60
the substrate with a |ow boiling point. On the ot her hand, when the
oxi dati on reactitine poxiidatiors reactiom oppoducit vand thdi sitbdirate dhanee nt
(e.g. 150 to 500[err]Q), t he oxi dation catal yst m ght be deconposed
during 10 di stow| beibingipeints (argi €80 ot BE0°Chi ghiseibbation e
wi th heating. The im de conpound has a | ow deconposi -

5 results in deterioration of purity and yield owing to

an

the the substrate with a low boiling point. On the
other hand, when the oxidation reaction product is a
compound Withla high boiling point (e.g. 150 to 500°C),
the oxidation catalyst might be decomposed during

10 distillation which is carried out at a high temperature
with heating. The imide compound has a low decomposi-
tion temperature,.for examéle, 230°C in the case of N-
hydroxyphthalimide. Thus, distillation, as a process
for separating a high-boiling-point oxidation reaction

15 product, has a risk of thermal decomposition of the
oxidation catalyst, failing to reutilise the oxidation
catalyét and_raising the coét. Besides, the thermally
decomposed product of the oxidation catalyst might
degrade the quality of the reaction product. As men-

20 tioned above, it is not wise to choose distillation for
separation of an oxidation reaction product having any
boiling point from a reaction mixture without any con-

sideration.

25 SUMMARY OF THE INVENTION
It is therefore an object of the present inven-

tion to provide a process for separating an oxidation
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tion tenperature, for exanple, 230[err]Cin the case of N

hydr oxypht hal i m de. Thus, distillation, as a process for separating a
hi gh- boi | i ng- poi nt oxi dation reaction 15 product, has a risk of thernal
deconposition of the oxi dation catalyst, failing to reutilise the

oxi dati on catal yst and raising the cogt. Besides, the thermally
deconposed product of the oxidation catalyst m ght degr ade the
quality of the reaction product. As nen- 20 ti oned above, it is not w se
to choose di sti |ldesttdlyst auch as Nsdyydraxyphtifaldmide dat iodhere doiiden
product havi ng any boiling point froma reaction m xture w thout any
con- si dercmimipmunds £2%m a reaction mixturSUdMWRMNEd TbiyE oxNJENLoON

It is therefore an object of the present inven- tion to provide a
process for sepafatd myphetratiedsuain as a hydrocarbon in order to make

- 3- catal yst such as N-hydroxyphthalim de or other imde
conpounds from @ffeahiven usexaft dhsproxidatipon eatadmsin of a

substrate such as a hydrocarbon in order to make effective use of the
oxi dation cd al yst . It is another object of the present invention to

provide a process for efficiently separating the imide
compound to be reutilised while preventing decomposition
thereof, even when the oxidation reaction product is a
compound with a high boilinj point.

10 It is yet another object of the present inven-
tion to provide a process fpr efficient separation of
the oxidation reaction prodﬁct and the oxidation cata-
lyst from the reaction mixture obtained by oxidation of
the substrate, the process not being affected by the

15 boiling point of the reaction product.

A further object of the present invention is to
provide a process for seéparating the oxidation reaction
product and the oxidation catalyst from the oxidation
reaction mixture by an easy operation under mild condi-

20 tions.

After intensive works for achieving the above
objects, the inventor of the present invention has_found
that, in an oxidation readtion using an.imide compound
such as N-hydroxyphthalimide as the oxidation catalyst,

25 use of an aqueous solvent at least contailning water and
a non-water-soluble solvent helps efficient distribution

of the oxidation reaction product into an aqueous sol-



5 It is another object of the present invention to provi de
a process for efficiently separating the imde conpound to be
reutilised while preventing deconposition t hereof, even when the
‘oxi dation reaction product is a conmpound with a high boiling point.
10 ~ It is yet another object of 1hg present inven- tionto
provide a process for efficient separation of t he oxi datiion reaction
product and the oxidation cata- | yst fromthe reaction mxture
obt ai ned by oxi daintonager and elffdcieht! GalstributipnooEstheobxidatdon
affected by the 15 boiling point of the reaction product. A
further object Qfatdlgst datdt a RodRwater-solable solpenti dayerpr eaehs for
separating the oxidation reaction product and the oxidation catal yst
fromthe oxidatiswlvent actdagt asnam ektrachingn sedsentper Sheopresaat nil d
condi- 20 tions. After intensive works for achieving the
above obj datventtiion iisvbased oh the pbeventtindiegsi.on has found
that, in an oxidation reaction using an imnm de conpound such as
N- hydr oxyphtShal i m de asThieesepagation pxogegst of 2be presehtaAnygotion
sol vent at |east containing water and a non-wat er-sol ubl e sol vent
hel ps efficient id & progeissn for sepafratiagoand sxidatieac reastjondprodi-nt o
an aqueous sol - '

uct and an oxidation catalyst from a reaction mixture

obtéined by oxidation of a substrate in the presence of
an imide compound shéwn by the formula (1) as the oxida-
10 tion catalyst, which process comprises using an aqueous
solvent containing at least water and a hon-water-solu-
ble solvent separable from the aqueous solvent, thereby'
efficiently distributing the oxidation reaction product
into the aqueous solvent layer and thé oxidation cata-

15 lyst into the non-water-soluble solvent layer,

--Rl 9
.'I C\N--. . ’
=gl (1)
~R2 1(% . n
0

20 wherein R! and R? independently represents a hydrogen
atom, a halogen atom, an alkyl group, an aryl group, a
cycloalkyl group, a hydroxyl group, an alkdxy Qroup, a
carboxyl group, an alkoxycarbonyl group or an acyl
group; R! and R? may together.form a double bond, or an’

25 aromatic or nonaromatic ring; X stands for an oxygen
atom or a hydroxyl group; and n denotes an integer of 1

to 3.



-4- vent |ayer and efficient distribution of the oxidation

catalyst into a non-water-soluble solvent |ayer, each sol vent acti ng
as an extracting solvent. The present i nvention is based on the above
findi ngs. 5 The separation process of the present invention

is a process for separating an oxidation regction prod- uct and an
oxi dation catalyst froma reaction m xture obt ai ned by oxidation of a
substrate in the presence of an i mde conmpound shown by the fornul a

(1) as the oxida- 10 mHeAnEdAIGNpoudd GhdluARSS fHHTHNsSIRMCES Mg an
aqueous sol vent containing at |east water and a non-water-sol u-

bl e sol vent sepairitexfpthdienaisenid ctere N-hydivainide comgfdundsant |y
distributing the oxidation reaction product i nto the agueous sol vent

| ayer and the oxdglath@nsulstratesd, tHerd may bd hentionesl aryddodrbomngl| vent
| ayer, 20 wherein Rerr] and R err] independently represents a

hydr ogen dloohal halalgishyden) ketaldg, apinegs and dretlemponglica
5 compounds. Use of the above substrate provides a corre-
sponding oxidation reaction product (e.g. an alcohol, an
aldehyde, a ketone, a carboxylic acid). Water can be
used as the aqueous solvent containing at least water
(hereinafter it may be referred to as "hydrophilic

10 solvent" or "aqueous solvent"). As the non-water-solu-
ble solvent (hereinafter it may be referred to as "hy-
drophqbic solvent” or "hydrophobic organic solvent"),
use can be made of hydrocarbons, ketones, esters and
nitriles.

15

DETAILED DESCRIPTION OF THE INVENTION
[Imide Compound]
In the compound of the formula (1), the halogen
atom as the substituents R! and R? includes iodine,

20 bromine, chlorine and fluorine atoms. Examples of the
alkyl group include methyl, ethyl, propyl., isopropyl,
butyl, isobutyl, sec-butyl, t-butyl, pentyl, hexyl,
heptyl, octyl, decyl groups and other straight chain or
branched chain alkyl groups each having about 1 to 10

25 carbon atoms. A preferred alkyl group includes an alkyl
group having about 1 to 6 carbon atoms, and, in particu-

lar, a lower alkyl group having about 1 to 4 carbon



cycl oal kyl g}oup, a hydroxyl group, an al koxy group, a car boxyl
group, an al koxycarbonyl group or an acyl group; R err] and R err]
may together forma double bond, or an 25 aromatic or nonaronmatic ring;

X stands for an oxygen atom or a hydroxyl group; and n denotes an

I nteger of 1 to 3. -6 - - 5-

The i m de conpound includes, for instance, N hydr oxypht hal i m de and
ot her N-hydroxyi m de conpounds. As the substrates, there may be
menti oned hydr ocatbmss, al cohol s, al dehydes, ketones, am nes and

het er ocyclic 5 conmpounds. Use of the above substrate provides a corre-
spondi ng oxi dati on reactThe arpliugtodp. inciudescofior, emample, agphehylle, a
ket one, a carboxylic acid). Water can be used as the aqueous sol vent

cont ai ni ng at
"hydrophilic

10

15

20

25

l e
10

gsoupaand a naphthylegnetiper Thenaycbealkydrgedupo as

solvent" or "aqueous Ssolvent"). As the non-water-sol u-
bl e sol vent (heréhnifdes cychepehtylefeycikdherwyds ahg- cyclooctydpsooups.
sol vent" or "hydrophobi c organic solvent"), use can be nade of
hydr ocar bons® kelA8nthe aikexy gneups. tharerpagsbe mentioned, for

instance, methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy, t-bufoxy._pentyloxy, hexyloxy and other
alkoxy groups each having about 1 to 10 carbon atoms.
Among them, alkoxy groups each having about 1 to 6
carbon atoms, in especial, lower alkoxy groups each
having about 1 to 4 carbon atoms are desirable.

Examples of the alkoxycarbonyl group include
methoxycarbonyl, éthoxycarbonyl, propoxycarbonyl,
isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl,
t-butoxycarbonyl, pentylokycarbonyl, hexyloxycarbonyl
and other alkoxycarbonyl groups each having about 1 to
10 carbon atoms in the alkoxy moiety. A preferable al-
koxycarbonyl group includes an alkoxycarbonyl group
having about 1 to 6 carbon atoms, above all, a lower
alkoxycarbonyl group having about 1 to 4 carbon atoms.

As examples of the acyl group, there may be
mentioned formyl, acetyl, propionyl, butyryl, iso-
butyryl, valeryl, isovaleryl, pivaloyl and other acyl
groups each having about 1 to 6 carbon atoms.

The substituents R! and R? may be the same, or

be different from each other. Further, R! and R? in the

formula (1) may bond together to form a double bond, or



15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[ m de Conpound] In the conpound of the fornmula (1), the
hal ogen atom as the substituents R err] and Rlert] i.w.ugik L4di ne
20 brom ne, chlorine and fluorine atons. Exaan=$HHESHHﬂ'HA Eglkyl
group include nethyl, ethyl, propyl, isopropyl, bREPLACEB obut
sec-butyl, t-butyl, pentyl, hexyl, heptyl, o&tyt—TOECYl Qgroups and
ot her straight chain or branched chai n al kyl groups each havi ng about
1to 10 25 caharaidtic orA nomiromatd alditg .gr QU prefainet arommtiy
group having about 1 to 6 carbon atons, and, in particu- lar, a | ower
al kyl group havioyy radyartodatiic 4iosy has about 5 to 12 members, in :
- 6- at ons. The aryl group includes, for exanple, a
phenyl gr grtaichlamatduty 16 ool mEmbenstl odteyIrigrgoumay be a
I ncl udes cycl opentyl, cycl ohexyl, and cycl ooctyl groups. 5 As the al koxy
groups, there mheterowycieomad cdmiensed hetestooyd e mitoxiyt, mayh@oacti-
pr opoxy, i sopropoxy, butoxy,

5 cally be a hydrocarbon ring. Such a ring includes, for

example, nonaromatic alicyclic rings (e.g. a cyclohexane
ring and other cycloalkane rings, each of which may have
a substituent, a cyclohexene ring and other cycloalkene
rings, each of which may have a substituent), nonaro-

10 matic bridged rings (e.g. 5—nqrbornene ring and other
bridged hydrocarbon rings each of which may have a subs-
tituent), and other optionally substituted.aromatic.
rings including a benzene ring and a naphthalene ring.
The ring may practically comprise an aromatic ring.

15 A preferred imide compound includes compounds

shown by the following formulas (la) to (1f).

0 B
| ‘ C R4 C
- \
o o T
20 Cu/ B i ’
_ R6 0
(la) (1b) (1c)
3 | R3 0
b Lt Rt &\
R4 C\N___ R Nyess Ne=cX
25 R5 ﬁ 1 Id
R6 0. R6 0 RS
(1d) (1e) ' _(H)

—_— _
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| sobut oxy, t-butoxy, pentyloxy, hexyloxy and ot her al koxy groups each
havi ng about 1 to 10 carbon atons. Anmong them al koxy groups each
havi ng about 1 to 6 10 carbon atons, in especialp—ewar_al koxy groups
each having about 1 to 4 carbon atons are de fﬂ'ﬁSISHEET A
Exanpl es of the al koxycarbonyl group includg - met hogm aRsEN

et hoxycar bonyl, propoxycarbonyl, | Ssopropoxycarbo carponyl ,
isobutoxycarbonyl, 15 t=butoxycarbony| pentyloxycarbonyl

hexyl oxycar bonyl avilepéerR Y| km&ycm‘i bmmlﬂgrm&meeﬁﬁehpvi-é;gr@émnm 1
to 10 carbon atons in the al koxy noiety. A preferable al-

koxycar bonyl groaphydcbgdnrsatomal &nxgtleybogyoup| caphydroxybhagrogpabamt 1 to
6 carbon atons, above all, a |ower 20 al koxycar bonyl group havi ng about
1 to 4 carbon atabkoxy group, a carbexgXagpbep, cantaktkexytagboupl gheup, nay
be mentioned fornyl, acetyl, propionyl, butyryl, iso- butyryl,

val eryl, isoval eanl acplvgroyp, aadnbthergreyp, a cygnougtounchanagmingo about
1 to 6 carbon atons. 25 The substitﬁent§ Rlerr] and R err] may
be the sane,5or groupperdafhaiegenfatomeaghdoRnerR”® sudtpchave] the | samed

Rlerr] in the formul a él% nag bond together to forma doubl e bond, or
meanings as defined above. _

In the substituents R3®, R*, R® and R®, the alkyl
group includes the same alkyl groups as exemplified
above, in particular alkyl groups each having about 1 to

10 6 carbon atoms. Examples of the alkoxy group include
alkoxy groups as mentioned above, among which lower al-
koxy groups each having about 1 to 4 carbon atoms are
desirable. As'examples of the alkoxfcarbonyl group,
there may be mentioned those as exemplified above, in

15 particular lower alkoxycarbonyl groups each having about
1 to 4 carbon atoms in the alkoxy moiety. The acyl
group includes the above-mentioned acyl groups,
especially, acyl groups each having about 1 to 6 carbon
atoms. The halogen atom includes fluorine, chlorine and

20 bromine atoms, typically speaking. The substituents R3,
R*, R® and R® may practically be a hydrogen atom, a
lower alkyl group having about 1 to 4 carbon atoms, a
carboxyl group, a nitro group or a halogen atom.

"In the formula (1), X denotes an oxygen atom or

25 a hydroxyl group, and n usually denotes about 1 to 3,
preferably 1 or 2. The compounds of the formula (1) may

be employed singly or in combination in the oxidation

is Sheet Has Been Reilaced
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-7- an aromatic or nonaromatic ring. A preferred aromatic or
nonaronmatic ring has about 5 to 12 nenbers, in particul ar about 6 to
10 nmenbers. The ring may be a het er ocycl e or condensed heterocycl e,
but it may practi- 5 cally be a hydrocarbon ring. Such a ring includes,
for exanpl e, nonaromatic alicyclic rings_(e.g. a cyclohexane ring
and ot her cycl oal kane rings, each of which nay have a substituent, a
cycl ohexene ring and ot her cycl oal kene rings, each of which may have a
substituent), nopaaetion) matic bridged rings (e.g. 5-norbornene ring and
ot her bridged hydrocarbon rings each of which nmay have a subs-
tituent), and other optiAnsaaéydsatibydiides coor@sponding to nglse i imideli ng a
benzene ring and a naphthal ene ring. The ring may practically conprise
an aromati c ringcomppbund of thé poemelac(l) n therenpaynbei mehtilened pnporinds
shown by the following formulas (la) to (1f), [err]
- 8 - example, succinic anhydride, maleic anhydride and other
5 saturated or unsaturated aliphatic dicarboxylic anhy-
drides, tetrahydrophthalic ahhydride, hexahydrophthalic
anhydride (1, 2-cyclohexanedicarboxylic anhydride),
1.2,3.4—cyclohexanetetracarboxylic acid 1,2-anhydride
and other saturated or unsaturated nonaromatic cyclic

10 polycarboxylic anhydrides (alicyclic polycarboxylic
anhydrides), hetic anhydride, himic anhydridé and other
bridged cyclic polycarboxylic anhydrides (alicyclic
polycarboxylic anhydrides), phthalic anhydride, tetra-
bromophthalic anhydride, tetrachlorophthalic anhydride,

15 nitrophthalic anhydride, trimellitic anhydride,'methyl-
cyclohexenetricarboxylic anhydride, pyromellitic anhy-
dride, mellitic anhydride, 1,8:4,5-naphthalenetetra-
carboxylic dianhydride and other aromatic polycarboxylic
anhydrides.

20 Desirable imide compounds include an imide
compound derived from an aliphatic polycarboxylic -
anhydride (e.g. N-hydroxysuccinimide, N-hydroxy-
maleimide), an alicyclic polycarboxylic anhydride or an
aromatic polycarboxylic anhydride (e.g. N-hydroxyhexa-

25 hydrophthalimide, N,N'-dihydroxycyclohexanetetra-
carboximide, N-hydroxyphthalimide, N-hydroxytetra-

bromophthalimide, N-hydroxytetrachlorophthalimide, N~



wherein R err], Rerr], Rerr] and R err] .respectively represent a
hydrogen atom an al kyl group, a hydroxyl group, an al koxy group, a

car boxyl group, an al koxycarbonyl group, an acyl group, a nitro group, a
cyano group, an am.no group or a halogen atom and Rerr], Rerr], X and n
have the same neanings as defined above. ., _ In the substituents
Rlerr], Rerr], Rerr] and Rerr], the alky* group includes the sane al kyl
groups as exenplified above, in particular alkyl groups each havi ng about

1 to 6 carbon a%iaf%§§§§€§%f§%9fNlﬁfd€+¥9“¥?£mfww'iﬁ“ﬁ*ﬁ%bx koxy groups

as nmentioned abo | owe oxy groups each having about 1

to 4 carbon at ongrghé 1ﬂ€ﬁhia@lm,ﬁ-gigfaf@f%ﬁrém@lﬁikﬂﬁy&ér benwt - group,

there may be nentioned those as exenplified above, in particular |ower

al koxycarbonyl g4 phpEr&RfhapRvhialeRObtradatPofinfddPand 088 bn. t MBhas&oxy
moi ety. The acyl droup 1ncludes the above-nentioned acyl groups,

especi al 'y, acyl 161@8PSofpstintisVshewagood dxi@iisgracpivetoss. The hal ogen
atomincludes fluorine, chlorine and brom ne atons, typically speaking.

The substit ugnt sré&gpect, of Rsepatatidnoot theroxidayiom acéactiony peoduct

hydrogen atom a |ower al kyl group having about 1 to 4 carbon atons, a

car boxyl group, andithe @gxbdationacabadget, adopreferable imixié heompound a

(1), X denotes an oxygen atomor a hydroxyl group, and n usually denotes

about 1 to 3, is an imide compound which has high compatibility with
and solubility in the hydrophobic solvent, for instance,
an imide compound derived from an alicyclic poly-

10 carboxylic anhydride or an aromatic polycarboxylic
anhydride. It is particularly desirable to make use of
an N-hydroxyimide compound derived from an alicyclic
polycarboxylic anhydride, above all, from an aromatic
polycarboxylic anhydride, such as N-hydroxyphthalimide.

15 The imide compound is prepared by a conventional
imidation process (a process for forming an imide), for
instance, by a process which comprises opening the ring
of an acid anhydride group by allowing a corresponding
acid anhydride to react with hydroxylamine NH.OH, and

20 closing the ring for imidation.

[Co-catalyst]
The oxidation catalyst need not necessarily
comprise the imide compound of the formula (1) alone,
but may comprise the imide compound of the formula (1)
25 and a co-catalyst. The co-catalyst can be constifuted

with a transition metal compound (e.g. an oxide, an

organic acid salt, an inorganic acid salt, a halide, a



preferably 1 or 2. The conpounds of the formula (1) may be enployed singly
or in conbination in the oxidation

-9- reacti on. As acid anhydri des corresponding to the
i m de conmpound of the formula (1). there may be nentioned, for
exanpl e, succinic anhydride, maleic anhydrige and other 5 saturated or
unsaturated aliphatic dicarboxylic anhy- drides, tetrahydrophthalic
anhydri de, hexahydrophthalic anhydride (1, 2-cycl ohexanedi carboxylic

anhydri de), compZeR; 4aCHetoPSyaLF! 8E1ACEEDOKY | 581851 dod, £-BHRYAIN | de
and other saturated or unsaturated nonaromatic cyclic 10 polycarboxylic
anhydrides (alicyempsun@l ycarboxylic anhydri des), hetic anhydride,
hi m ¢ anhydri de and ot her bri dged cyclic polycarboxylic anhydrides

(alicyclic pol yCar'hQéYééﬁoﬂﬂ@j{ﬁiﬁﬁe&Qen@h(@@-’-d}ﬁi&&hﬁ/ﬂrﬁé&l dStERe
bronopht hal i ¢ anhydride, tetrachlorophthalic anhydride, 15 nitrophthalic
anhydride, trinetbithtadpsydindtudaBtimgtal compoBi@s OLGSRNES N acaramsytiC
anhydride, pyronellitic anhy- dride, nmellitic anhydride, 1,38;
4, 5- napht hal snet eioa-metal compoandil i andi anbydon deompound hetr athent i c
pol ycar boxylic
compounds containing a Group 13 element of the Periodic
Table of the Elements (e.g. boron B, aluminium Al). The
co~oxidizing agent can be used singly or in combination.
As the elements of the transition metal, there
10 may be mentioned, for instance, Group 3 elements of the
Periodic Table of Elements (e.g. scandium Sc, yttrium Y,
lanthanoid elements such as cerium Ce and samarium Sm,
actinoid elements such as actiniﬁm Ac), Group 4 elements
(e.g. titanium Ti, zirconium Zr), Group 5 elements (e.g.
15 vanadium V, niobium Nb), Group 6 elements (e.g. chromium
Cr, molybdenum Mo, tungsten W), Group 7 eleménts (e.qg.
manganese Mn, technetium Tc, rhenium Re), Group 8 ele-
ments (e.g. iron Fe, ruthenium Ru),_Group 9 elements
(e.g. cobalt Co, rhodium Rh), Group 10 elements (e.g.
20 nickel Ni, palladium fd, platinum Pt) and Group 11
elements (e.g. copper Cu). Favourable elements include
Ce, V, Nb, Cr, Mo, W, Mn, Fe, Ru, Co, Rh, Ni and Cu.
The species of the co-catalyst is not |
particularly limited as far as it contains the ébove
25 element and has oxidizing activities. Although the co-

catalyst may be a simple substance of a metal or a

hydroxide, it may practically be a metal oxide, a double



anhydrides. 20 Desirabl e i m de conpounds include an im de

conpound derived froman aliphatic polycarboxylic anhydri de (e.qg.

N- hydr oxysucci ni m de, N hydroxy- mal ei m de), an alicyclic

pol ycar boxyl i c anhydride or an aromati ¢ pol ycarboxylic anhydride
(e.g. N-hydroxyhexa- 25 hydrophthalimdg, H N -dihydroxycycl ohexanetetra-
car boxi m de, N- hydroxyphthalim de, N hydroxytetra- br onmopht hal i m de,
N- hydr oxyt et rachl oropht hal i m de, N -
- 10 - hydogxaset bygen Achiidopxybsnsalte, eabhydonkgining the

trinellitimde, N N -dihydroxypyronellitimde, N N -

di hydr oxynapht hahpoeéetlemanboxan degaand acidnsalbesan inorganile acifounds
show good oxi di zing activities. In 5 respect of separation of the

oxi dation reactisalp;odubalide, anddat beondinateoocompbahgis{a eoppiéxr) abae

I m de conpound I's an i m de conpound which has high conpatibility with
and solubility ihetérohgdiyaphdbor sbbvealt,feachnefawbich containsi thee '
conpound derived froman alicyclic poly- 10 carboxylic anhydride or an
aromati ¢ pol §carwekgli element.

Examples of the boron compound are a boron
hydride, a boric acid, a boric acid salt; a boron oxide,
a nitrogen compound, a halide, and a boric acid ester.
Preferred boron compounds include a boron hydride,

10 orthoboric acid, and other boric acids or their salts,
among which a boric adid is particularly preferable.
These co-oxidizing agent can be used alone or as a
mixture of two or more.

[Substratel

15 By allowing a substrate to contact with molecu-
lar oxygen in the presence of the oxidation catalyst, a
corresponding oxidation reaction product is efficiently
produced.

The substrate includes a variety of compounds

20 which have a position to be oxidized. The examples are
ethanthiol, phenylmethanethiol and other thiols; diethyl
sulfide, methyl propyl sulfide, diphenyl sulfide and
other sulfides; formamide, acetamide_and other amides,
as well as hydrocarbons, alcohols, aldehydes, ketones,

25 amines énd heterocyclic compounds. Desirable substrates
include hydrocarbons, alcohols, aldehydes and ketones.

The hydrocarbon, which only needs to have a



anhydride. It is particularly desirable to nake use of an

N- hydr oxyi m de conpound derived froman alicyclic pol ycar boxylic
anhydri de, above all, froman aromatic pol ycar boxyl i ¢ anhydri de, such
as N hydroxyphthalimde. 15 "The im de conmpound is prepared by a
conventi onal i mdation process (a proggss for formng an imde), for
I nstance, by a process which conprises opening the ring of an acid
anhydride group by allowi ng a correspondi ng acid anhydride to react
w th hydroxyl am pesitiienr t&beaofid2fed Chnsoridisabléenposbtion) dation.

[ Co-cat al yst ] ' The oxi dation catal yst need not necessarily
conprise the imfiactadpsuadsatutratedoominsgiijratedealiphatibubydeag-
conprise the imde conpound of the fornmula (1) 25 and a co-catal yst.
The co-catal yst canbbop wbhichimaycbave a smbstituenhsi ai satueratédconpound

(e.g. an oxide, an organic acid salt, an inorganic acid salt, a
hal i de, a unsaturatedcabpcyslia hydrocpobonavhiichrmayshawéta, or a
bor on conpound. The co-oxi di zi ng agent (co-oxidant)

used as the 5 substituent, a condensed cyclic hydrocarbon containing a
nonaromatic ring such as a completely or partially
hydrogenated condensed polycyclic hydrocarbon, a bridged
cyclic hydrocarbon containing a tertiary carbon atom (a
methine carbon), a methyl group-containing aromatic

10 hydrocarbon and the like.

As the saturated or umnsaturated aliphatic hydro-
carbons, there may be mentioned a C.-:0 saturated hydro-
carbon including'butane, isobutane, pentane, hexane,
octane and decane; a Cs-20 olefin hydrocarbon such as 2-

15 butene and isobutene; a straight-chain or branched-chain
aliphatic hydrocarbon such as butadiene (1,3-butadiene}),
isoprene (2-methyl-~1l,3-butadiene) and other conjugated
dienes (preferably, isobutane and other branched satu-
rated hydrocarbons; isobutene and other branched unsatu-

20 rated hydrocarbons; butadiene, isoprene and other
conjugated dienes). As the saturated or unsaturated
alicyclic hydrocarbons, there may be exemplified cyclo- .
alkanes (e.g. cyclobutane, cyclopentane, cyclohexane,
cycloheptane, cyclooctane, cycldnonane, cyclodecane,

25 cycloundecane, cyclododecane, cyclotridecane,
cyclotetradecane, cyclooctadecane, cycloicosane, cyclo-

docosane, cyclotetracosane, cyclotriacontane); cyclic



co-catal yst includes netal conpounds such as a transi- 5 tion netal
conpound, and a boron conpound or ot her conpounds containing a G oup
13 el ement of the Periodic .Tabl e of the Elenments. (e _g..haron B
al um nium Al). The co-oxi di zi ng agent can be UFH(S SHBEET HASrBEEN
conbi nati on. As the elenments p§f the tiansi tRgmAGEDal , there
10 my be nentioned, for instance, Goup 3 el enent $ef—t+fe Per odi C
Tabl e of Elenents (e.g. scandium Sc, yttriumY, | ant hanoi d el enent s
such as cerium Celapgnsagel guncPolopropendst cpoldbatenent sysliopeatenst i ni um
Ac), Goup 4 elenments (e.g. titaniumTi, zirconiumZr), Goup 5

el ements (e.g. &yclohsrenein ¥ychohbptendh) cyEloopténel ecpolonbnene,

chrom um Cr, nol ybdenum Mo, tungsten W, Goup 7 elenents (e.g.
manganese M, techododeceine);rbpoiloalkafiieftesufedgel eyclopentadiene(e. g.
iron Fe, rutheniumRu), Goup 9 el enents (e.g. cobalt Co, rhodium
Rh), G oup 10 el é¢nBntyclehgxad2éneni ¢kélciclohekadilenen, Pil, 3ptytiioum Pt) and
G oup 11 el enents (e.g. copper Cu). Favourable el enents include

Ce, V, Nb, Cb. MpepvadimnerandrRothep, cRnlohphadienes, 1,5-cyclo- The
species of the co-catalyst is not Rarticularly limted as far as it
contai ns the abo9etadiene| apdnothay Awcleqrtadiapealti ovelealkaprienaegh t he
co- catal yst may be_a sinple substance of _a netal or a

hydr oxi de, it na&epgacpveéppytggraenﬁﬂa|aeﬁiez9laaababeéraenes (e.g.

cyclooctatetraene). A desirable alicyclic hydrocarbon

has a 3- to 30-membered ring, preferably a 3- to 25-

10 membered ring, and more preferably a 3- to 20-membered
ring (e.g. a 5- to 20-membered ring, particularly, a 5-
to l6-membered ring).

The polycyclic hydrocarbons such as the con-
densed@ polycyclic hydrocarbon and the bridged cyclic

15 hydrocarbon include a compound having at least one
methylidyne group (i.e. methine carbon-hydrogen bond
~CH<) at a bridgehead position and/or a junction site (a
junction position of two rings). The condensed poly-
cyclic hydrocarbons containing a nonaromatic ring sucﬁ

20 as the completely or partially hydrdgenated condensed
polycyclic hydrocarbon, which may practically be con-
densed with a 5- to 8-membéred ring (particularly, a 5-
or 6-membered ring), includes, for instance,
acenaphthene, fluorene, tetralin, indene, indane, per-

25 hydroanthracene, perhydrophenanthrene, perhydro-
phenalene, perhydroacenaphthylene, decalin, hexahydro-

indane and others. Examples of the bridged cyclic
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- 12 - ' oxi de, oxygen acid or its salt, each containing the

above el enent, an organic acid salt, an inorganic acid salt, a
hal i de, and a coordi nate conpound (a conpl ex), a het er opol yaci d or
its salt, each of which contains the 5 netal el engnt

Exanpl es of the boron conpound are a borop 315 . hydTHISESSHEETOPAS & 1! d, a
boric acid salt, a boron oxide, a nitrogen c npounﬁEpEA |5e, and a
boric acid ester. Preferred boron conpounds inekade—a—bolan_hydri de,
10  orthoboric agagocafBoat bee batyelae HydebchiBohssdel§. pinaneanong
which a boric acid is particularly preferable. These co-oxi di zi ng
agent can be usegiaenec bbrasne, norbofhaher,enoibbrnent, Tbieyclo- _

[ Substrate] 15 By allowi ng a substrate to contact with nol ecu-

| ar oxygen in thé¢3preddoctant,t bdcyciloddi.Gn2dandegane)a tricyctdcer hydaodi ng
oxi dation reacti-on product is efficiently pr oduced. The
substrat e i ncl udearbonsr i(et. g.ohdeamaptands exbtrmbychomavé.a.p&sfﬂﬂenane,be

oxi di zed. The exanples are
5 endotricyclo[5.2.1.02%'%]decane), tetracyclic hydro-

carbons (e.g. tetracyclo[4.4.0.1%2°%.17-1%]dodecane),
dimers of dienes such as dicyclohexadiene and dicyclo-
pentadiene, hydrogenated products of these dimers (e.g.
dicyclohexane, dicyclopentane) and their derivatives,

10 and terpenes (e.g. monocyclic monoterpenes, dicyclic
monoterpenes, monocyclic sesquiterpenes, dicyclic
sesquiterpenes, tricyclic sesqﬁiterpenes, diterpenes,
triterpenes, tetraterpenes, polyterpenes and their
derivatives). Use may be practically made of,-as the

15 bridged cyclic hydrocarbon, a di- to tetra-cyclic hydro-
carbon having about 7 to 16 carbon atoms (preferably,
about 6 to 14 carbon atoms) as the constituent of the
ring (e.g. pinane, bornane, norbornane, norbornene, ada-
mantane) .

20 The methyl group-containing aromatic hydrocarbon
need only be a compound in which at least one methyl
group is substituted to_the-aromatic ring (e.g. abéut 1
to 10, preferably about 1 to 8 methyl groups), the
aromatic ring being whichever of an aromatic hydrocarbon

25 ring or an aromatic heterocyclic ring. Examples of the
methyl group-containing hydrocarbon are aromatic hydro-

carbons substituted with about 1 to 6 methyl groups such
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et hant hi ol , phenyl net hanet hi ol and other thiols; diethyl sul fide,
met hyl propyl sulfide, diphenyl sulfide and ot her sul fides;
formam de, acetam de and ot her am des, as well as hydrocarbons,
al cohol s, al dehydes, ketones, 25 am nes and heterocyclic conpounds.
Desirabl e substrates i ncl ude hydrocarpgns, al cohols, aldehydes and
ket ones. _ The hydrocarbon, which only needs to have a
- 13 - position to be oxidized (an oxidizable position), _
i ncl udes a sat ur ake¢oQuer8saforat ad, api-phiiylenbydng2, 3-trimeghpdbenbent, may
have a substituent, a saturated or unsaturated alicyclic hydrocarbon
whi ch may have ail,293s54bteitramethydbenrednescd-¢cybutylhidmechybbenzentai ni ng
a nonaromatic ring such as a conpletely or partially
hydr ogenat ed condemetHopgllemethylbgrdrenar, bkrmedhpilndphdhalene,celic
hydr ocarbon containing a tertiary carbon atom (a met hi ne carbon), a
met hyl gr oup- conmeithyigaphthaiene, 1Q, 5hddmethylhoaphttiateeel akd. 2,5-
As the saturated or unsaturated aliphatic hydro- carbons, there my
be nmenti oned5a Cdimg@hydnaphtbdlandcoand di- ozr brvd-amylu€i:ng blkanes
| sobut ane, pentane, hexane,
such as diphenylmethane, triphenylmethane, dibenzyl and
stilbene. A preferable methyl group-containing aromatic
compound includes a Cs-10 aromatic hydrocarbon in which
about 1 to 4 methyl groups are substituted per molecule.
10 The above hydrocarbons may be substituted with
various substituents, depending on the species of the
hydrocarbon. Examples of the substituents are a halogen
atom, an alkyl group, an oxo group, a hydroxyl group, an
alkoxy group, a hydroxyalkyl group, a carboxyl group, an
15 alkoxycarbonyl group, an acyl group, an amino group, a
substituted amino group, a cyano group and a nitro
group.
Desirable hydrocarbons are (1) a conjugated
diene (e.g. butadiene, isoprene), (2) a compound having
20 a carbon-hydrogen bond at a position adjacent to an
unsaturated bond (e.g. a Cs-20 olefin hydrocarbon such
as 2-butene), (3) an alicyclic hydrocarbon (e.g. a 5- to
l16-membered cycloalkane such as cyclohexane and
methylcyclohexane, a 5- to l6-membered cycloalkepe such
25 as cyclohexene), (4) a condensed cyclic compound (e.g.

decalin, tetralin) containing a nonaromatic ring (e.g. a

cycloalkane ring or a heterocycle), (5) a bridged cyclic



octane and decane; a (Jerr]-[err] olefin hydrocarbon such as 2- 15 butene
and i sobutene; a straight-chain or branched-chain aliphatic
hydrocar bon such as butadi ene (1, 3-but adi ene), i soprene
(2-net hyl -1, 3-but adi ene) and ot her conjugated - di enes (preferably,
| sobut ane and ot her branched sat u- rajged_hydrocarbons; isobutene and
ot her branched unsatu- 20 rat ed hydrocarbons; butadi ene, isoprene and
ot her conjugat ed dienes). As the saturated or unsaturated
alicyclic hydrocagtigoearbbar ¢engy hdamantphefi adrbypehene) contalikdngsa(e. g.
cycl obut ane, cycl opentane, cycl ohexane, cycl ohept ane, cycl ooct ane,
cycl ononane, cyclkes¢dtarny, cazbon ayomo(admeshdnecgarbdojecéfid, a methyl
cycl otri decane, cycl ot etradecane, cycl ooct adecane, cycl oi cosane,
cycl o- docgrenp,-conthindhgaavematicchglivbcazbont §eed,. ayCki-co
-14- olefins (e.g. cyclopropene, cyclobutene, cycl opentene,
cycl ohexene, cychuvhmpténchydyoravbosnén whitbnahens, 1 to 4cpetbydcormeyps
cycl oal kadi enes (e.g. cycl opent adi ene, 1, 3-cycl ohexadi ene,
1, 4- cycl ohexadi ease §pps§§§u§ed per molecule, such as toluene and (o-,

m-, p-) xXylene), and so on.

By the oxidation of the hydrocarbon, a corres-
ponding oxidized product, such as an alcohol, an alde-
hyde, a ketone or an organic carboxylic acid, is pro-

10 duced. By way of example, oxidation of a conjugated
diene provides a corresponding alkenediol. Meanwhile, a
product produced by oxidation of butadiene is a butene-
diol (a cis- or trans-form of 2-butene31,4-diol or 1-
butene-3,4-diol), the position of the hydroxyl group

15 being not specifically restricted.

The saturated alicyclic hydrocarbon is oxidized,
according to the degree of oxidation, into a derivative
having a hydroxyl group and/or a derivative having a
carbonyl group, and which is further oxidized into a di-

20 carboxylic acid. To give an example, oxidation of
cyclohexane provides cyclohexanol and/or cyclohexanone,
which is further oxidized into adipic acid. Thus, use
of at least one compound selected from cycloalkanes,
cycloalkanols or cycloalkanones as a substrate can

25 provide a corresponding dicarboxylic acid.

The condensed cyclic hydrocarbon or the bridged

cyclic hydrocarbon is oxidized to give a corresponding



5 hept adi ene and ot her cycl ohept adi enes, 1, 5-cycl o- oct adi ene and

ot her cycl ooct adi enes); cycl oal katri enes (e.g. cyclooctatriene); and
cycl oal kat etraenes (e.qg. cycl ooctatetraene). A desirable alicyclic
hydr ocar bon has a 3- to 30-nmenbered ring, preferably a 3- to 25- 10
menbered ring, and nore preferably a 3- to 2§-oenbered ring (e.g. a
5- to 20-nenbered ring, particularly, a 5- to 16-nmenbered ring).

The pol ycyclic hydrocarbons such as the con- densed pol ycyclic
hydrocarbon and bhkedatidgegrogyiattc (alketbud; oanr abooholl uda aldehpaenda
havi ng at | east one met hyl i dyne group (i.e. nethine carbon-hydrogen .
bond - CH<) carbexplidgabsdll, phai papbienllan; a kebtoheoorsahealeohol.
junction position of two rings). The condensed pol y- cyclic

hydr ocar bons conBAabmidged adheayoiddci hydraogasboh h@80ingaplukalcbeptiaryy or
partially hydrogenated condensed pol ycyclic hydrocarbon, which may
practically be coarbon atomenisdowidhzedstot gigeneiheadditing to a
(particularly, a 5- or 6-nenbered ring), include, for instance,
acenapht hene5 f| monepdcohel; afi aorragpandingdnadyopein which hydroxyl

hydr oant hr acene, perhydrophenant hrene, perhydro- phenal ene,

per hydr oacenapht 8¥PBRE, agechppdedhEQatiher plural terkiar¥ gaybephagems,

Exanpl es of the bridged cyclic .
depending on the conditions. For instance, oxidation of

adamantane gives an adamantanol and/or an adamantane-
polyol (e.g. adamantanedioi, adamantanetriol).

10 Oxidation of the methyl group-containing aro-
matic hydrocarbon yields a corresponding oxidized prod-
uct (an alcohol, an aldehyde, a ketone, a carboxylic
acid), particularly a carboxyl group-containing aromatic
compound. For instance, benzoic acid, phthalic acid,

15 isophthalic acid or terephthalic acid is produced by
oxidation of toluene or (o-, m-, p-) xylene.

The alcohol includes alcohol derivatives of the
above-mentioned hydrocarbons, such as aliphatic monohy-
dric alcohols, aliphatic polyhydric alcohols, alicyclic

20 monohydric alcohols, alicyclic polyhydric alcohols and
aromatic alcohols.

As the aliphatic monohydric alcohols, there may
be exemplified C:1-20 saturated aliphatic alcohols such
as methanol, ethanol, l-propanol, isopropanol, 1l-buta-

25 nol, isobutanol, l-pentanol, 2-pentanol, neopentanol, 1-
hexanol, l-octanol, l-decanol, l-dodecanol, myristyl

alcohol and 1l-hexadecanol; and unsaturated aliphatic



-15 - hydr ocar bon are bicyclic hydrocarbons (e.g. pinane,
pi nene, bornane, norbornane, norbornene, bicyclo- [ 3. 2. 1] oct ane,
bi cycl o[ 4. 3. 2] undecane), tricyclic hydro- carbons (e.g. adamant ane,
exotricyclo[5.2.1.0[err] ]decane, 5 endotricyclo[5.2.1.0 [err] ]decane),
tetracyclic hydro- carbons (e.g. tetrggyclo[4.4.0.1[err].1[err]]
dodecane), di mers of dienes such as dicycl ohexadi ene and di cycl o-
pent adi ene, hydrogenated products of these diners (e.gqg.
di cycl ohexane, datgohopenkach)asndllipti aldeholat cretyl alcohehd terpenes
(e.g. nonocyclic nonoterpenes, dicyclic "~ nonot er penes, nonocyclic
sesqui t er penes, propairggl alcohedsquiteopedde]l andcgekraniedsquisethenes,
di t er penes, triterpenes, tetraterpenes, polyterpenes and their
derivatives). Useliphabécppalvhydrlig addohols,atheire may bebmedyddnedc|ic
hydrocarbon, a di- to tetra-cyclic hydro- carbon having about 7 to 16
carbon atons (pretbydsng, glycol.apvapyﬁene gdycalbobrimetbylenet gdycol,
constituent of the ring glnane,.bornane, nor bor nane,
nor bor nene, &da-1.2- butnaﬁﬁéné) 1 3pbutanediol The4rmbukanediodp- dofitai ni ng
aromati ¢ hydrocarbon need only be a conpound in which at |east one
met hyl hexanediol, 2,5-hexanediol, neopentyl glycol, pinacol,

and glycerin. As the alicyclic monchydric alcohols,

there may be mentioned alicyclic monohydric alcohols

having 5 to 30 ring'members, such as cyclopentanol,

10 cyclohexanol, cycloheptanol, cyclooctanol, cyclodecanol,
cycloundecanol, cyclododecanol, cyclotetradecanol,
cycloicosanol, methylcyclohexanol, cyclohexen-~1l-ol,
cycloocten-1-0l, cyclogeraniol, borneol and menthol. A
preferable alicyclic monohydric alcohol includes a

15 compound with 5 to 30 ring members, preferably with 5 to
25 ring members and more preferably with 5 to 20 ring
members (e.g. 5 to 16 ring members). The alicyclic
polyhydric alcohol includes 1,2-cyclohexanediol and 1,4-
cyclohexanediol, to name a few. As the aromatic'alco-

20 hols, there may be exemplified benzyl alcohol, salicyl
alcohol, benzhydrol and phenetyl alcohol.

A primary or secondary alcohol is desirable
among these alcohols, which may be any of the aliphatic
alcohol, the alicyclic alcohol or the aromatic alcohol.

25 Desirable alcohols are (1) a compound having a
hydroxyl group at a position adjacent to an unsaturated

bond (e.g. unsaturated aliphatic alcohols and aromatic



group is substituted to the aromatic ring (e.g. about 1 to 10,
preferably about 1 to 8 nethyl groups), the aromati c ring being

whi chever of an aromatic hydrocarbon 25 ring or an aromatic heterocyclic
ring. Exanples of the met hyl group-containing aromati c hydrocarbon
are aromatic - hydro-carbons substitutedagith about 1 to 6 nethyl groups
such ' - 16 - as toluene, (o-,
m, p-) xylene, 1,2, 3-trinmethyl benzene, 1,2, 3,4-tetranet hyl benzene,
4-1-butyl - 1- net hallbeho@seincluding- aklbxaldohelhybberytnalcohol, benz-

1- net hyl napht hal ene, 2- met hyl napht hal ene, 1, 5-di net hyl napht hal ene
and 2, 5- 5 dhpdrbi)napld haheadicyadidi alooholi (ergl- & 6sr}s[ e¥eclo-

al kanes such as di phenyl net hane, triphenyl net hane, di benzyl and

stil bene. A pref8ilkpnelnsughl agr cvglobaxanaingndr sahhydcycloheganpdlind

I ncl udes a C[err]-gerr] aromati ¢ hydrocarbon in which _about 1 to 4
met hyl groups ar é3 uegtﬁiiﬁxglééraﬁgpbemlée-g1oborneol) havhagapotier-

hydr ocarbons nay be substituted with vari ous substituents, depending
on the speci 8s otipk¥ carbonhafie®ciprBAthiransrEbos) apd sheslikeents are a

hal ogen atom an al kyl group, _an oxo_group, a hydroxyl grou an
al koxy group, a hydroxya?%}ﬁagiﬁﬁp?fatkﬁr5689F°gr8E es 8 cdrréspohaing

aldehyde, ketone or carboxylic acid. By way of illus-
tration, the alicyclic alcohol provides, according to
the degree of oxidation, a corresponding alicyclic
10 ketone or polycarboxylic acid. Oxidation of 2-
methylcyclohexanol yields 2-methylcyclohexanoné, and,
further, 2-methyladipic acid.
The aldehydes include aldehyde derivatives of
the above hydrocarbons. Examples of the aldehydes are
15 aliphatic aldehydes which includes C:-.20 saturated
aliphatic aldehydes such as formaldehyde, acetaldehyde,
propionaldehyde, butylaldehyde, hexanal, octaldehyde and
nonaldehyde, unsaturated aliphatic aldehydes such as
acrolein, geranlal and citronellal, and aliphatic poly-
20 aldehydes such as glyoxal, malonaldehyde, succin-
aldehyde, glutaraldehyde, adipaldehyde, pimelaldehyde,
suberaldehyde and'sebacaldehyde: aromatic aldehydes such
as benzaldehyde, oxybenzaldehyde, cinnamaldehyde, sali-
: cylaldehjde, anisaldehyde, l-naphtylaldehyde, vanillin
25 (vanilaldehyde), phthalaldehyde, isophthalaldehyde and
terephthalaldehyde; alcyclic aldehydes such as formyl-

cyclbhexane; heterocyclic aldehydes such as nicotin-



15 al koxycar bonyl group, an acyl group, an am no group, a

substituted am no group, a cyano group and a nitro gr oup.

Desirabl e hydrocarbons are (1) a conjugated di ene (e.g. butadiene ,

i soprene), (2) a conpound having 20 a carbon-hydrogen bond at a position
adj acent to an unsaturated bond (e.g.2g8 C4-20 ol efin hydrocarbon such
as 2-butene), (3) an alicyclic hydrocarbon (e.g. a 5- to 16- nenber ed
cycl oal kane such as cycl ohexane and nmet hyl cycl ohexane, a 5- to

16- menber ed cycl adikhgdesanl fdbfural.cycl ohexene), (4) a condensed cyclic
conmpound (e.g. decalin, tetralin) containing a nonaromatic ring (e.dg.
a cycl oal kane ri ngopidathencofcibeecaldébyde diveged corresponding

- 17 - hydr ocarbon (e.g. adamant ane, norbornene) containing a
tertiary carbon eashokyliet Achd.caFpongxapplea owifigtion of adipin-
group-contai ning aromati ¢ hydrocarbon (e.g. a (err]-[err] aromatic
hydr ocar bon i n waldehigdeuprovides néipip geddps 5 are substituted per

nol ecul e, such as toluene and (o-, m, p-) Xxylene), and so on.
5 The ketones include ketone derivatives of the

aforesaid hydrocarbons, such as aliphatic ketones,
alicyclic ketones, aromatic ketones and heterocyclic
ketones. As the aliphatic ketones, there may be men-
tioned C:-20 aliphatic ketones such as acetone, methyl
10 ethyl ketone, diethyl ketone, dipropyl ketone, methyl
propyl ketone, methyl butyl ketone and pinacolone. The
alicyclic ketones include 4- to 30-membered alicyclic
ketones (cyclic ketones) such as cyclobutanone, cyclo-
pentanone, cyclohexanone, cyclooctanone, cyclononanone,
15 cyclodecanone, cycloundecanone, cyclododecanone,
cyclotetradecanone, cyclooctadecanone, cycloicosanone,
2-methylcyclohexanone, 2-ethylcyclohexanone, 2,6~
dimethylcyclohexanone, 4-chlorocyclohexanone, 4-
methoxycyclohexanone, cyclohexanedione, cyclopentenone,
20 cyclohexenone, cyclooctenone, cyclodecenone, menthone
and camphor.. Preferred alicyclic ketones include a
compound having 5 to 20 ring members, more preferably 5
to 16 ring members. As the aromatic ketones, there may
be mentioned acetophenone, propiophenone, benzophenone,
25 deoxybenzoin and l-naphthalenone. The heterocyclic
ketones include inden-1l-one, 1,2,3-indanetrione,

fluoren-9-one, 4-pyranone and other heterocyclic



By the oxidation of the hydrocarbon, a corres- pondi ng oxi di zed
product, such as an al cohol, an al de- hyde, a ketone or an organic
carboxylic acid, is pro- 10 duced. By way of exanple, oxidation of a
conj ugat ed di ene provides a correspondi ng al kenedi ol. Meanwhile, a
product produced by oxidation of butadiene 35 a butene- diol (a cis-
or trans-form of 2-butene-1,4-diol or 1- but ene- 3, 4-diol), the
position of the hydroxyl group 15 being not specifically restricted.

The saturated al ke¥6hes.hydrocarbon is oxidized, according to the
degree of oxidation, into a derivative havi ng a hydroxyl group and/or
a derivative having a Oxidationnygf theuketome glives ascérrespondingi zed
into a di- 20 carboxylic acid. To give an exanple, oxidation of

cycl ohexane provcdeborytichagddol @AadgdvecacEewecezawpde, oxidabhonhofs
further oxidized into adipic acid. Thus, use of at |east one conpound
sel ected from cydiethkanketone proviydéesahkehdtsacidcgplopraphontc acid.
substrate can 25 provi de a correspondi ng di carboxylic acid.

The condensel cy@xidahjanoofr o¥alopctanonei wiedids suberye| aeldydrocarbon is

oxidized to give a corresponding _
A primary or secondary amine is preferable among

the amines. Examples of the amines are aliphatic amines
such as methylamine, ethylamine, propylamine, butyl-
amiﬁe, dimethylamine, diethylamine; dibutylamine, ethyl-

10 enediamine, 1,4-butanediamine, hydroxylamine and etha-
nolamine; alicyclic amines such as cyclopentylamine and
cyclohexylamine; aromatic amines such as benzylamine and
toluidine. Oxidation of the amine providés a corres-
poﬁding Schiff base and/or oxime.

15 'As the heteroéyclic compounds, there may be
exemplified (a) a nonaromatic heterocyclic compound or a
condensed cYclic hydrocarbon containing a nonaromatic
heterocycle (e.g. pyran, pyrazoline, piperidine,
‘piperadine, indoline, isoindoline, chromene, xanthene,

20 chromane, isochromane), and {(b) a heterocyclic compound
which has an aromatic heterocycle and a methyl or
methylene group in a position adjacent to the aromatic
heterocycle (e.g. heterocyclic compounds in which an
alkyl group having about 1 to 6 carbon atoms is substi-

25 tuted to an aromatic heterocycle containing 1 to 3
hetero atoms selected from an oxygen atom, é sulfur atom

or a nitrogen atom, such as 2-methylfuran, 2,5-dimethyl-



- 18 -

oxi dation product (a ketone, an al cohol, an aldehyde a

carboxylic acid), in particular, a ketone or an al cohol. A bridged

al i cyclic hydrocarbon having plural tertiary

carbon atons

to give, in addition to a 5 nonoal cohol, a corr pﬂ&p@ﬁEN whi ch

hydr oxyl

dependi ng on the conditions. For instance, oxidatijon of

groups are bonded to the plupgl -tent’

gi ves an adanmant anol and/or an adanant ane- pol yol (e.g.

adamant anedl ol , fdaemnt 2rmethgllthiopBene, 2,5-dOmedihyilthiophehe,nBthyl -
gr oup- cont ai ni ng ar o- mati ¢ hydrocarbon yields a correspondi ng
oxi di zed prod- methydpyridinel c3hmethyhpyridinee, 4ameshyhpyridineboRybrc
acid), particularly a carboxyl group-containing aromatic conmpound.
For instance,
terephthalic acid is Rroduced by . oxi dation of toluene or (o-, m, p-)

xyl ene.

beAiwethydpyrighnkal Bcesbydpyrigine; spgh2haetbyadci d or

quinolipe)al cFherei heteresyslichermpennds: pvesosidiped

above-nmenti oned hydrocarbons, such as aliphatic nonohy- dric

al cohol s,
al cohol s,

As the allphatlcaﬁﬁﬂﬁhydp

al P
al i

Cerr]-[err]

1- pr opanol

10

15

20

25

phaFPc958?yﬁ9§FP§PSP€6HSI§1°8F9é§elkétOEGS RENEAYRPRYLiC
cyclic polyhﬁdrlc al cohol s an romati ¢ al cohols.
ddatdeRorE, tPﬁeP@tﬁﬁ9CY°11° S@mB?BHBIKPPed

SooPoRNEE TSR E B 1R pomce B RaRERRe B

hetero atom (e.g. an oxygen atom, a sulfur atom, a
nitrogen atom) into a carbonyl group in the nonaromatic
heterocycle, and produces a compound having a corre-
sponding carbonyl group. By oxidizing the heterocyclic
compound (b), a compound having a methyl group in a
position adjacent to the aromatic heterocycle provides a
corresponding heterocyclic aldehyde or a corresponding
heterocyclic carboxylic acid, and a compound having a
methylene group in a position adjacent to the aromatic
heterocycle provides a corresponding heterocyclic ke-
tone.

Among the above oxidation reaction products,
preferable compounds include a compound having compat-
ibility with or solubility in the agqueous solution

. containing water at least, examples of which are an
aliphatic or aromatic carboxylié acid having about 1 to
12 carbon atoms (particularly, adipic acid and other
aliphatic carboxylic acids; above all, aliphatic poly-
cyclic acids); a heterocyclic carboxylic acid (e.g.

picolinic acid); an alcohol having about 1 to 20,

Thls Sheet Has Been Replaced




25 nol, isobutanol, 1-pentanol, 2-pentanol, neopentanol, 1- hexanol ,
1-octanol, 1-decanol, 1-dodecanol, nyristyl al cohol and 1-hexadecanol ;
and unsaturated aliphatic - 19 -
al cohol s such as allyl alcohol, crotyl alcohol, propar gyl al cohol,
citronellol and geraniol. As the al Lpbat kc pol yhydric al cohols, there

may be nenti oned
1, 2-but anedi ol , 1, 3-butanediol, 1, 4-butanediol, 1, 6-

gl ycol ,

hexanedi ol ,

5

et hyl ene glycol, propylene glycol, trinethylene

2, 5- perfinrdbdly, abeupelt ¥b §bycchrbpnnatoms, especiadlyl goerin.
As the alicyclic nonohydric al cohols,

there may be nentioned

al i cyclic nonohydliphatichmbgohydrichalcehod haviogr abgutedb&ps4 carhons

cycl opent anol ,

cycl odecanol ,

cycl oi cosanol

cycl oger ani ol ,

|ncludes a__15 compound with 5 to 30 ring _nenbers, preferably with
r|ﬁﬁlﬁé#ﬁeﬂs°§n&hﬁDPP°HPeFQPéHB?tﬁPtﬁlﬁn?@ EBdr?n§°1Y°1

having a bridged ring such as an adamantanepolyol pro-

al cohol
5to

10

15

20

25

10

cycl ohexanol , cycl oheptanol, cycl ooctanol,

at0m§yéeognd§cbn§5n0é9cl 9nddecméyolcyel ot ePPANOSNol

met h
baRs

s

| cycl ohexanol , cycl ohexen-I-ol, cycl ooct en- I-oI
sAlagdaneailkenediol SUChpﬁéfbﬂ&ﬁnédaplc9btaénﬁ§nbﬁydr|c

duced by oxidation of the bridged cyclic hydrocarbon

having plural tertiary carbon atoms). In addition,

carboxylic acids except the above-mentioned carboxylic

acid having about 1 to 12 carbon atoms are preferable,

including an aromatic carboxylic acid having about 7 to

16 carbon atoms (e.g. benzoic acid), and an aliphatic or

alicyclic carbbxylic acid having about 13 to 20 carbon

atoms.

The boiling point of the oxidation reaction

‘'product is not strictly limited, and is, for instance,

about 0 to 500°C. Even if the oxidation reaction prod-

uct has a high boiling point of about 150 to 500°C, the

process of the present invention ensures efficient

separation of the oxidation reaction product and the

imide compound while suppressing decomposition of the

imide compound.

The oxidation reaction with the use of the imide

compound shown by the formula (1) proceeds smoothly even

under comparatively mild conditions. The reaction

temperature can be liberally selected according to the

species of the imide compound and the substrate, and,



menbers (e.g. 5 to 16 ring nenbers). The alicyclic pol yhydri c al cohol
I ncl udes 1, 2-cycl ohexanedi ol and 1, 4- cycl ohexanediol, to nane a few
As the aromatic alco- 20 hols, there nay be exenplified benzyl alcohol,
salicyl al cohol, benzhydrol and phenetyl al cohol. A
primary or secondary al cohol is desirable - 25 -~anong these al cohols, which
may be any of the aliphatic al cohol, the alicyclic alcohol or the
aromatic al cohol. 25 Desirabl e al cohol's are (1) a conpound havi ng
a hydr oxyl gEompexamplpesisi ahoutlj Actot 300° €n pmefeuablydabout BOnto
(e.g. unsaturated aliphatic alcohols and aromatic

- 20 - al c@pér €.i apdunong RreferabiyhaboubeAfytoaleBhEt, Bheaz-
hydrol), (2) an alicyclic alcohol. (e.g. a (Jerr] cyclo- al kanol such
as cycl ohexanol aﬁéaﬁﬁiﬁylm?YI§ﬁ@%§ﬁ§ﬁ}ly be copductadaptcgeEpnrdafBokel
(e.g. borneol) haV|n9 ater- 5 tiary carbon atom (a nethine_ carbon) and
the Iike. 150°C (ékgdaﬁpoﬁooiOghg)alc@hﬁlr§ﬁ9§§°& €8Rrr bepBAyfAFMed
al dehyde, ketone or carbox%llc acid. By way of illus- tration, the
alicyclic al cBhol ehtrBerdBE e§cé5W8FHBeF6° presspre gEghRdessedevakefon, a

correspondi ng alicyclic
P g %essure, in which case the pressure may practically be

about 1 to 100 atm (e.g. 1.5 to 80 atm), preferably
about 2 to 70 atm, and more preferably about 5 to 50
atm. The reaction time can be suitably selected from a

10 range of about 30 minutes to 48 hours, preferably about
1 to 36 hours, and more preferably about 2 to 24 hours,
considering the reaction temperature and the pressure.

In the present invention, by using both an

aqueous solvent containing at least water and a non-

15 water-soluble solvent, an oxidation reaction product and
an oxidation catalyst are respectively distributed into
a layer of the aqueoﬁs solvent and a layer of the non-
water-soluble solvent, thereby separating the oxidation
reaction produét and -the oxidation catalyst. In other

20 words, the reaction mixture is treated by shaking or the
like, with the use of the aqueous solvent containing at
least water and the non-water-soluble solvent separable
from the aqueous solvent, whereby the oxidation reaction
product is diétributed into the agqueous solvent layer

25 and the oxidation catalyst into the non-water-soluble
solvent layer, being séparated from each other. Adcord-

ing to the above extraction method, which does not



10 ket one or polycarboxylic acid. Oxidation of 2-

met hyl cycl ohexanol vyi el ds 2-net hyl cycl ohexanone, and, further,

2- met hyl adi pi ¢ aci d. The al dehydes i ncl ude al dehyde
derivatives of t he above hydrocarbons. EX&WD'QH§?§HE§F s are
15 aliphatic al dehydes which includes C[ecrpgsaturate i C

al dehydes such as fornmal dehyde, acet al dehyde, de

but yl al dehyde, hexanal , octal dehyde and nonal dehyde, unsat urated

al i phati c al dehydpecidatAyarequire anyohégh-tegmperasiirenteattingnelthel , and

al i phatic poly- 20 al dehydes such as gl yoxal, nal onal dehyde, succi n-

al dehyde, gl ut ar axddayden gditpdivdthgdn, bpi eEfeciidtredy, separatedbdnahdehyde

and sebacal dehyde; aromatic al dehydes such . as benzal dehyde,

oxybenzal dehyde, easgnmanndshyuddersmild conditdighsg| walthdut anifeairdelfyde,

1- naphtyl al dehyde, vanillin 25 (vani | al dehyde), phthal al dehyde,

i sopht hal al dehydbeing decomppgedphshathpdechpgeccakpdysti canl Benhyeuseduch as

formyl - cycl ohexane; heterocyclic al dehydes such as nicotin-

- 21 - 5 al dahpddijdens yevepawhen the oxidation reaction product
has a high boiling point, this process ensures efficient
separation of the oxidation reaction product and the
oxidation catalyst, and the oxidation catalyst is still
reusable.

10 ' [Aqueous Solution containing at least Water]

As the aqueous solution'containing water at
least, use can be made of an aqueous solvent comprising
water as the principle component. This agueous solution
includes a mixture of water and a water-soluble organic

15 solvent (e.g. Ci.3 alcohols such as methanol, ketones
such as acetone, ethers such as dioxane and tetra-
hydrofuran). The proportion of the organic solvent in
the mixed solvent is about 0 to 25% by weight (gener-
ally, 0 to 10% by weight) relative to water. A prefera-

20 ble aqueous solvent is water. Where necessary, an
aqueous solution containing a basic substance may be
employed for formation of a salt of a carboxylic acid.

[Non-water-soluble Solvent]

The non-water-soluble solvent need only be

25 separable from the agueous solvent. Examples of the

non-water-soluble solvent include hydrocarbons (e.g.

aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic

eet Has Been Replaced
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Oxi dation of the al dehyde gives a correspondi ng carboxylic acid. For
exanpl e, oxidation of adipin- al dehyde provi des adi pic acid7 5

The ketones include ketone derivatives of the ' 1 bons,
such as aliphatic ketones, alicyclic ketones, gt’ﬁﬁ?ﬁfg? %hgﬁ}nd
het er ocyclic ket ones. As the aliphati g7ket oneq, theR e_ne
tioned CJerr] aliphatic ketones such as acetone, nethyl 10 ethyl ketone,
di ethyl ketone, dipropyl ketone, nethyl propyl ketone, methyl butyl
ket one and pi nachlydrecatbens, halalgenatledc hydrocayrbonsl)ydaléohbds,
30-nmenbered alicyclic ket ones (cyclic ketones) such as cycl obut anone,
cycl o- penkaitones,c gsitersxanditeo cpmpounids)ond trdyeisoandamixEuress
cycl odecanone, cycl oundecanone, cycl ododecanone, cycl ot et radecanone,
cycl ooct adecanonef thelsei sodyents. Use canmbehppdionaidyamade, among

2- et hyl cycl ohexanone, 2, 6- di met hyl cycl ohexanone,

4-chl or ocycl ohex&heme, agcording et they specdlesx afotbe oxddaitdoanaeiactdon
cycl opent enone, 20 cycl ohexenone, cycl ooctenone, cycl odecenone, nenthone
and canphor . 5pr ePEFOABgtaoxc Fhe exidasden catiadysta esec BY9FORPHOPA¢ ng 5
to 20 ring nenbers, nore preferably 5 to 16 ring nmenbers. As the
aromati ¢ ket ones Soiend may be addgd tenthendeagtdospRdxsnEe gE&Tophenone,
benzophenone, 25 deoxybenzoi n and  1-napht hal engne. The heterocyclic

ket ones incl ude FREBASTiGRe Of1 thesoxddatdon; geaction, or may be used as

the reaction solvent. If used as the reaction solvent,

the hydrophobic solvent can be further used, after the

10 oxidation reaction, as a separation solvent from the
aqueous solvent. In the case where a hydrophobic sub-
strate (e.g. a hydrocarbon, a ketone) is used as the
substrate and also used aé the reaction solvent after
the oxidation reaction, the remaining substrate.can be

i5 utilised as the separation solvent from the aqueous
solvent.

Examples of the hydrocarbon include aliphatic
hydrocarbons, alicyclic hydrocarbons, aromatic hydro-
carbons and halogenated hydrocarbons. As the aliphatic

20 hydrocarbon, there may be mentioned Cs-:s aliphatic
hydrocérbons such as pentane, hexane, isohexane,
heptane, isoheptane, octane, isooctane and decane. A
preferable aliphatic hydrocarbon includes a Cs-1:2 hydro-
carbon (particularly, a Cs-10 hydrocarbon). As the

25 alicyclic hydrocarbons, there may be exemplified Cs-;:s
alicyclic hydrocarbons such as cyclopentane, cyclo-

hexane, methylcyclohexane, dimethylcyclohexane,

This Sheet Has Been Replaced
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fl uoren-9-one, 4-pyranone and other heterocyclic
- 22 - ket ones. Oxi dation of the ketone gives a
correspondi ng carboxylic acid. To give a few exanple, oxidation of
di et hyl ketone provides acetic acid and propionic acid. 5 Oxidation of
cycl ooct anone yi el ds suberic acid. - 28 - Aprimary or secondary
am ne is preferabl e anong the am nes. Exanples of the am nes are
al i phati c am nes such as net hyl am ne, ethylam ne, propylam ne, butyl-
am ne, di net hyl amthglcyicdvhgxamene cydilbheptamenandeclygllooct@neenedi am ne,
1, 4- but anedi am ne, - hydr oxyl am ne and et ha- nol am ne; alicyclic am nes
such as cycl opendplsdmabd eaadicyclicchyldwbeayben decladesati Csaaknadisyeh as
benzyl am ne and tol ui di ne. Oxidation of the am ne provides a corres-
pondi ng Schiff bsddcahydmocerben. Efxamples of Abet aromatdcobydrrocarbon
conpounds, there may be exenplified (a) a nonaromatic heterocyclic
conpound or a  inclyded€rsed eyompgipyhyvdracseazhonsnsychi a§ henseacoenuatic
het er ocycl e ge.g. yran, pyrazoline, piperidine, pi per adi ne, -
i ndol i ne, i s8i ndéPilHeneghethydbenggnehefumene and (o-, m-, p-) Xylene.
As the halogenated hydrocarbons, there may be exempli-
fied chloromethane, dichloromethane, chloroform, carbon
tetrachloride, dichlorodifluoromethane (freon),
dichloroethane, trichloroethylene, dichloropropane,
10 dichloropentane, chlorobenzene, dichlorobenzene and
trichlorobenzene.

The alcohols include alcohol derivatives of the
above hydrocarbons, examples of which are aliphatic
alcohols, alicyclic alcchols and aromatic alcohols. As

15 the aliphatic alcohols, there may be mentioned aliphatic
monohydric alcohols having 4 to 15 carbon atoms includ-
ing butanol, heptanol, hexanol, methylhexanol, ethyl-
hexanol, heptanol, octanol and decanol. As the alicy-
clic alcohols, there may be mentioned alicyclic alcohols

20 having 5 to 15 carbon atoms including cyclohexancl,
methylcyclohexanol, ethylcyclohexanol, cycloheptanol and
cyclooctanocl. The aromatic alcohol includes aromatic
alcohols having 6 to 12 carbon atoms such as benzyl
alcohol and phenethyl alcohol.

25 _ The ketones include ketone derivatives of the

above-~mentioned hydrocarbons such as aliphatic ketones

and alicyclic ketones. As the ketones, there may be



20 chronmane, isochromane), and (b) a heterocyclic conpound whi ch has

an aromatic heterocycle and a nethyl or net hyl ene group in a position
adj acent to the aromatic het erocycl e (e.g. heterocyclic conpounds in

whi ch an al kyl group having about 1 to 6 carbon atonms is substi- 25

tuted to an aromati c heterocycle containifngzd fo 3 hetero atons

sel ected from an oxygen atom a sulfur ato or a nitrogen atom such

as 2-nethyl furan, 2,5-dinmethyl - ' -

23 - f ur anex@mpeifyéd habppkatic2kétanest hgving ophtoel 5 2carbon

met hyl pyri di ne, 3-nethyl pyridi ne, 4-nethylpyridine, 2,5-

di net hyl pyri di neatgmet sychyas dinethyhdebhyitt kgtone, methyhoisoytyThese
het er ocycl i ¢ conpounds are oxidized 5 to give correspondi ng al cohol s,
ket ones or carbok¢teme and diisebutykiketene: oindhalheyetbeyketenesnpound
(a) converts a nmethylene group in a position adjacent to a

het ero atonl(e.gha&ﬁn9x§géﬂ 39 oRRrROB LR EQMS o$uEh as cyclohexanere. at on)

into a carbonyl group_in the nonaromatic. 10 heterocycle, and produces a
conpound hav?ng Bethyieyclohexanone, cycloheptanone and cyclooctanone.

As the esters, use can be made of an ester com-
pound having 3 to 20 carbon atoms. Examples of the
ester are C:-10 carboxylic écid-C1-1o alkyl esters
including methyl acetate, ethyl acetate, propyl acetate,

10 isopropyl acetate, butyl acetate, hexyl acetate, amyl
acetate, isocamyl acetate, 2-ethylhexyl acetate, methyl
propionate, ethyl propionate, butyl propionate, hexyl
propionate, amyl propionate, ethyl valerate, ethyl
hexanoate, ethyl heptanoate, ethyl octanocate, and ethyl

15 decanoate; C.-:; carboxylic acid-Cs-i1o cycloalkyl esters
such as cyclohexyl acetate and cyclooctyl acetate; aryl
esters such as phenyl acetate and phenyl propionate; C;.
12 aromatic carboxylic acid-Ci.10 alkyl esters including
methyl benzoate, ethyl benzoate, butyl benzoate, di-

20 methyl phthalate, diethyl phthalate and dibutyl
phthalate; and other ester compoﬁnds.

The nitro compounds include nitro compounds
having 2 to 10 carbon atoms, such as aliphatic nitro
compounds including nitroethane, nitropropaﬁe and nitro-

25 pentane; and aromatic nitro compounds including nitro-
benzene, dinitrobenzene, nitrotoluene and nitroxylene.

The nitrile includes a nitrile having 7 to 12



spondi ng carbonyl group. By oxidizing the heterocyclic conpound (b),
a conpound having a nethyl group in a position adjacent to the
aromati c heterocycle provides a correspondi ng heterocyclic al dehyde
or a corresponding 15 heterocyclic carboxylic acid, and a conpound havi ng
a met hyl ene group in a position adjacgmt-to the aromatic

het erocycl e provi des a correspondi ng heterocyclic ke- t one.

Anong t he above oxidation reaction products, 20 preferable conpounds

i ncl ude a conpocarbdmvabonsoipeluding benhonityiletandrotienbCyiiy in the
aqueous sol vent contai ning water at |east, exanples of which are an
al i phatic or aranematicambbrilés.acid having about 1 to 12 carbon
atons (particularly, adipic acid and other 25 al i phatic carboxylic

aci ds; above all, aliphiaveuyapie non-watsktselukle/ssoleenis cinelude c

carboxylic acid (e.g. picolinic acid); an alcohol having about 1 to
20, the hydrocarbons, the ketones, oghe esters apdfehenbly about 2
to 15, carbon atons, especially an al i phati ¢ nonohydric al cohol

havi ng abou$® 2 Bbtuilteshonlt is merepfayeupablepte 4p%e)a Rydrecadhoml (e.g.

pol yol's having 5 to 15 carbon atoms (e.g. hexane, cydlohexane,
toluene), a ketone having 4 to 15 carbon atoms (e.g.
methyl ethyl ketone, cyclohexanone), an ester compound
having 3 to 20 carbon atoms (e.g. ethyl acetate, phenyl

10 acetate, methyl benzoate) and a nitrile having 7 to 12
carbon atoms (e.g. benzonitrile).

The proportion of the hydrophilic solvent_to the
hydrophoblic solvent can be suitably determined according
to the species of the oxidation reaction product and the

15 oxidation catalyst. For instance, the former/the latter
is in the range of about 0.1/1 to 10/1, preferably about
0.2/1 to 5/1, and more preferably about 0.3/1 to 3/1 (by
weight). In general, the proportion is about 0.5/1 to
2/1 (by weight).

20 The frequency of extraction of the reaction
mixture using the hydrophilic solvent and the hydropho-
bic solvent can be arranged depending on the species of
the oxidation reaction product and the oxidation
catalyst. The extraction can be conducted about 1 to 5

25 times, generally about 1 to 3 times.

The extraction step separates the oxidation

reaction product and the oxidation catalyst, carrying



i ncl udi ng an al kenedi ol such as butenedi ol obtai ned by 5 oxidation of the
above conjugated diene, and a polyol havi ng a bridged ring such as an
adanmant anepol yol pro- duced by oxidation of the bridged cyclic

hydr ocar bon having plural tertiary carbon atons). In addition,
carboxylic acids except the above-nentionegicarboxylic 10 acid having
about 1 to 12 carbon atons are preferable, I ncl udi ng an aronmatic
carboxylic acid having about 7 to 16 carbon atons (e.g. benzoic
acid), and an al(tdeisfermring) thealaxhddtion ardamdyilanc pardhdtanavinghdibe 13
to 20 carbon atonms. 15 The boiling point of the oxidation
reaction prigefimaphiisl i tgrsiup cinto [the tasmiecarsd selvendr laysmang the
about 0 to 500C. Even if the oxidation reaction prod- uct has a high
boi | i ng poi nt ofimistaitcomg®ung 300[tdve jaEidatdon catalystssingfo tihe hydnort

I nvention ensures efficient 20 separation of the oxidation reaction
product and t he phobic jsaluentod@vert wile oxisintdon Rprt@dFHHaan iben of the
i m de conpound. The oxidation reaction with the use of the

i mi de Tongsngathan i By the eegimagtdng sqirsded Feansded yindgetheys
under conparatively mld conditions. The reaction t enper ature can be
liberal ly sel ectR&AHdM FHffam ahdeutilisgdci dheyrsuhatnafieyCathBfound and

t he substrate, and, . .
. also used effectively, if being non-water-soluble and

acting as the reaction solvent as well, because the
remaining substrate after the oxid&tion reaction can be
10 used as the hydrophobic solvent separable from the

aqueous solvent. The non-water-soiuble substrate in-
cludes hydrocarﬁons (e.g. aliphatic, alicyclic or methyl
group-containing aromatic hydrocarbons) and ketones
(e.g. aliphatic or alicyclic ketones). Incidentally, a

15 water-soluble substrate is extracted into the agqueous
solvent layer with the oxidation reaction product.

The oxidation catalyst, the substrate and the

oxidation reaction product, having been extracted by a
liquid-separating operation using the aqueous solvent

20 and the hydrophobic organic solvent, are recovered by a
conventional separation process such as filtration,
concentration, distillation, extraction} crystallisa-
tion, recrystallisation, column chromatography or a
combination of these processes.

25 The co-catalyst may be separated by the same
process as above, where necessary.

In the case where the oxidation reaction product



- 25 - for exanple, is about 0 to 300[err]C, preferably about 30 to
250[err]C, and nore preferably about 40 to 200[err]C. The reaction
may practically be conducted at around 40 to 150 C (e.g. 50 to
100[err]C). The reaction can be. perforned 5 ei t her under atnospheric
pressure or under el evated pressur-e, ghn.whi ch case the pressure my
practically be about 1 to 100 atm(e.g. 1.5 to 80 atm, preferably
about 2 to 70 atm and nore preferably about 5 to 50 atm The
reaction tinme cds lan stidanilcy caaibostydd df aebda (el@. mdiphatiicakarboxylic

m nutes to 48 hours, preferably about 1 to 36 hours, and nore '
preferably aboutacidso stithh@sr ;dipic acddnsisthberig tald dr and isebaicdeper at ur e
and the pressure. In the present invention, by using both an
aqueous sol vent agdidt;aiariomptéiic lcaaxboxyldtier agridisa smoh aslbenzeatier asdldybl e
sol vent, an oxidation reaction product and an oxidation catal yst are
respectively di pihvthaliied aaide isophthalligecacddd and iexephihadicemcidnd a

| ayer of the non- wat er - sol ubl e sol vent, thereby -separating the
oxidation 5 othexn cexrbexydde: agidsthe aosaddt odn thet girgenic| gagbex- 20
words, the reaction mxture is treated by shaking or the like, with
the use of the ¥dd€odsishopanbecefifdciendlat led into the aqueous sol-

vent layer, where necessary, by converting the organic
carboxylic acid into a corresponding salt with the use
of a base. A free organic carboxylic acid can be gene-

10 rated by'adding an acid to the extracted carboxylic acid
salt. As the base, use can be made of an inorganic base
or an organic base. The inorgaﬁic base includes, for
instance, émmonia; a hydroxide of an alkali metal such
as sodium hydroxide and potassium hydroxide; a hydrogen-

15 carbonate of an alkali metal such as sodium hydrogen-
carbonate and potassium hydrogencarbonate; a carbonate
of an alkali metal such as sodium carbonate and potas-
sium carbonate; a hydroxide of an alkaline earth metal
such as calcium hydroxide; a carbonate of an alkéline

20 earth metal such as calcium carbonate; and the like.
The organic base includes an amine (e.g. aliphatic
amines such as dimethylamine, diethylamine, trimethyl-
amine, triethylamine, methylenediamine and ethylene-
diamine; heterocyclic amines such as pyridine and

25 morpholine) and other compounds containing a basic
nitrogen atom.

The carboxylic acid can be extracted by addition



| east water and the non-water-sol uble sol vent separable fromthe

aqueous solvent, whereby the oxidation reaction product is
distributed into the aqueous solvent |ayer 25 and the oxidation catal yst
i nto the non-wat er-sol ubl e sol vent | ayer, being separated from each
ot her. Accord- ing to the above extragti.on method, which does not

- 26 - specially require any high-tenperature heating, the

oxi dation catal yst can be effectively separated in an easy nanner
under mld condidf ahe Wasiautsubstamceoior by pH@ongdmAconThecpH oF tthel t he
catal yst can be reused. 5 In addi tion, even when the oxidation reaction
pr oduct haxtxrdutdlonb @vistege paynicangs s romo e te fs thoed Ogf fpireifemt-
separation of the oxidation reaction product and the oxi dati on

catal yst, and t lablyxifomm aboxt @ it 8.5 still reusable. 10

[ Aueous Sol ution containing at |east Water] . As the aqueous

sol ution contai ni ng wat §heaiamount oifeidie basdccsubsdamege can he
sol vent conpri sing
' 5 in relation to the species of the oxidation reaction
product. For example, the amount is not less than about
0.5 equivalent (e.g. 0.7 to 5 eguivalents), preferably
about 0.8 to 3 equivalents (e.g. about 0.9 to 1f5 equiv-
alent) and more preferably about 0.8 to 1.5 equivaleﬁt
10 (e.g. about 0.9 to 1.2.equivalent), relative to 1

equivalent of the carboxylic acid.

It should be noted that too much addition of the.
basic substance may end in poor separation efficlency of
a carboxylic acid and an oxidation catalyst, when the

15 oxidation catalyst is weakly acidic.

As the acid for generating the free organic
carboxylic acid from the carboxylic acid salt, use can
be made of an inorganic acid (e.g. hydrochloric acid,
sulfuric acid, nitric acid, phosphoric acid) or an

20 organic acid (e.g. an organic carboxylic acid such as
acetic acid and propionic acid; an organic sulfonic acid
such as methanesulfonic acid, ethanesulfonig acid, p~
toluenesulfonic acid and benzenesulfonic acid).

Extraction in this invention may be conducted

25 under heating. The extraction temperature is, for
example, about 0 to 100°C, preferably about 5 to 50°C,

and more preferably about 10 to 35°C, practically being



wat er as the principle conponent. This aqueous sol ution I ncl udes a

m xture of water and a water-soluble organic 15 solvent (e.g. (Jerr]

al cohol s such as net hanol, ketones such as acetone, ethers such as

di oxane and tetra- hydr of uran). The proportion of the organic sol vent
I n the m xed solvent is about 0 to 2%% hy wei ght (gener- al ly,
O to 10% by weight) relative to water. A prefera- 20 bl e aqueous sol vent
is water. \Were necessary, an aqueous sol ution containing a basic
substance may beabout €Ifpliy 30 f@s tHur faur rathancesf extymdtiain &ffir-boxylic
aci d. [ Non-wat er - sol ubl e Sol vent ] The

non-wat er - sol ublesiesndw,erex sk o1 ymaye be2 condupaadblicf meregdaarygquesler

sol vent. Exanples of the non- wat er - sol ubl e sol vent i ncl ude

hydr ocar bons (e.ap influendehef ishdaming fidxres, aid aydiex dbymbrsplwibiohr
aromatic - 27 -

hydr ocar bons, ha&lakataddrgasursy bons). al cohol s, ket ones, esters,
nitro conmpounds, nitriles and m xtures of these solvents. Use can be

optional |y rfade anong The mragess @fr diheg present dpvends.osf, time whdickat i on

reaction the extraction step employs the aquéous solvent contain-~
ing at least water and the non-water-soluble solvent,
enables not only efficient separation of the oxidation
reaction product and the oxidation catalyst but also

10 effective reutilisation of the oxidation catalyst and/or
the substrate. In terms of cost and safety, this pro-
cess is of great advantage for separation and purifi-
cation of the oxidation reaction product on an indus-
trial basis.

15 According to the process of the present inven-
tion, since the oxidation reaction product and the
oxidation catalyst are separated from the reaction
mixture obtained by oxidation of the substrate in the
presence of the oxidation cataljst shown by the formula

20 (1) with the use of the aqueous solvent containing at
least water and the non-water-soluble solvent separable
from the agqueous solvent, the oxidation catalyst, saved
from decomposition, can be efficiently separated énd re-
utilised. Even if the oxidation reaction product is a

25 compound with a high boiling point, the oxidation cata- -
lyst can be efficiently separated for reutilisation

without being decomposed. Besides, the process is not



5 product or the oxidation catalyst. These hydrophobic sol vent may
be added to the reaction mxture after conpl etion of the oxidation
reaction, or nay be used as the reaction solvent. |If used as the
reaction sol vent, t he hydrophobi c sol vent can be further used, after
the 10 oxidation reaction, as a separatisgn _solvent fromthe

aqueous solvent. In the case where a hydrophobi c sub- strate (e.g. a
hydr ocarbon, a ketone) is used as the substrate and al so used as the
reaction sol ventafffddtifed by tHeodigdf ipyintca® ithe didatdon Meagtion
substrate can be 15 utilised as the separation solvent fromthe aqueous

sol vent. product BermirEngfie fificient eepdrationciofieahd iodistatdion
hydr ocar bons, alicyclic hydrocarbons, aromatic hydro- car bons and

hal ogenat ed hy drmegsrthicors .prasiudic axd et ioocid(idny dradedipisdns, Thieeroxiday- be
mentioned Clerr] aliphatic hydr ocar bons such as pentane,  hexane,

i sohexane, timptresgticoipaudaet, and e axidadtion cathldsdaman e
preferabl e aliphatic hydrocarbon includes a CJerr] hydro- car bon
(particul arlsy, sepgratdgd Hyndrascgasmmannen vndeas mild iaonditdansd widdy bons,
there may be exenplified Cferr] alicyclic hydrocarbons such as

cycl opent ane, cyxd dieed for hdghrdempenatune heabdd, di net hyl cycl ohexane,
The following examples are intended to describe
the present invention in further detail and should by no
means be interpreted as defining the scope of the inven-

10 tion.

EXAMPLES
Example 1
Cyclohexane (20 ml) and water (150 ml) were
15 added at 26°C to a model mixture for an oxidation reac-
tion mixture composed of cyclohexane (2.548 g, 30 mmol),
cyclohexanone (1.472 g, 15 mmol), adipic acid (0.731 g,
5 mmol), ﬁ-hydroxyﬁhthalimide (0.816 g, 5 mmol) and
benzonitrile (150 ml), and mixed completely. The re-
20 sulting mixture was laid still so as to be separated
into two layers. More water was added to the separated
organic layer and mixed completely, and the mixture was
separated into two layers. The water layers and the
organic layer were analysed by gas chromatography and
25 liquid chromatography. The recovery of cyclohexanone . in
the organic layer was 93%. The extraction rate of N-

hydroxyphthalimide in the organic layer was 77%. The



- 28 - et hyl cycl ohexane, cycl oheptane and cycl ooctane. A

desirable alicyclic hydrocarbon includes a CJerr] alicy- clic

hydr ocar bon. Exanpl es of the aromatic hydrocarbon i nclude Cerr]
aromati c hydrocarbons such as benzene, . 5 toluene, ethylbenzene, cunmene
and (o-, m, p-) xylene. As the haloggpated hydrocarbons, there may
be exenpli - fied chl oronet hane, dichl oronethane, chloroform carbon
tetrachl oride, dichlorodifluoromnmethane (freon), di chl or oet hane,

trichl oroet hyl erextrhEtict i .adiflic €bid| i aisntvater ddyam e ene,
di chl or obenzene and trichl or obenzene. The al cohol s

i ncl ude al cohol gB%jvatives of the above hydrocarbons, exanpl es of

whi ch are aliphatic al cohol s, alicyclic al cohols and aronatic

al cohols. As 15 tEwampieimt i ¢ al cohols, there nay be nentioned aliphatic
nmonohydri c al cohols having 4 to 15 carbon atons incl ud- i ng butanol,
hept anol, hexanol, nethWatsrar(d40 atllylwas added dxoamomodedp meixiiureodicanol
and decanol. As the alicy- clic alcohols, there may be nentioned
alicyclic alkohdamns oxifation rreation Inictiiure corpasad i diyglahasaneexanol |
met hyl cycl ohexanol , et hyl cycl ohexanol, cycl oheptanol and cycl ooct anol .
The aromatic al cohd?48 ritd (#edmolhmigyclohexanone (1.472 g, 15 mmol),

adipic acid (0.731 g, 5 mmol), N-hydroxyphthalimide
(0.861 g, 5 mmol) and methyl benzoate (140 ml). The
mixtﬁre was mixed completely at 26°C and separated into
10 two layers. Water was fﬁrther added to the separated
organic layer, and the mixture was mixed completely,
left still and separated into two layers. The water
layers and the organic layer were analysed by gas
chromatography and liquid chromatography. The recovery
15 of cyclohexanone in the organic layer was 94%. The
extraction rate of N-hydroxyphthalimide in the organic
layer was 80%. The extraction rate of adipic acid in
the water layer was 97%.
Example 3
20 A mixture of cyclohexane (4.028 g, 50 mmol), N-
hydroxyphthalimide (0.816 g, 5 mmol), acetylacetonato-
cobalt(II) Co(AA): (0.015 g, 0.025 mmol) and benzo-
nitrile (200 ml) was made to react for six hours at
100° C under an oxygen atmosphere. Thus obtained was a
25 reaction mixture containing cyclohexane (2.946 g, 35
mmol), cyclohexanone (0.981 g, 10 mmol), adipic acid

(0.731 g, 2 mmol), N-hydroxyphthalimide and benzo-



al cohols having 6 to 12 carbon atonms such as benzyl al cohol and
phenet hyl al cohol. 25 The ketones include ketone derivatives of
t he above-nmenti oned hydrocarbons such as aliphatic ketones and
alicyclic ketones. As the ketones, there may be

- 29 - exenplified aliphatic ketonesgfhaving 4 to 15 carbon

atons such as nethyl ethyl ketone, nethyl isobutyl ket one and

di i sobutyl ketone; and alicyclic ketones having 5 to 15 carbon atons
such as cycl ohexgpeR€le. 5 net hyl cycl ohexanone, cycl oheptanone and

cycl ooct anone. As the esters, use can be nmade of an ester com
pound having 3 to 20 carbtentidi®mixfueepl egcdhdédene (20 mb) eandrwatderr |

carboxylic acid-Clerr] alkyl esters i ncludi ng nmet hyl acetate, ethyl
acetate, propyl 6re0ankt) wdfe addedrapyéaCcand aniked ytompheéteky. heRye
acetate, anyl acetate, isoanyl acetate, 2-ethyl hexyl acetate, nethyl
propi onat e, et hyhixtape owasclabdt gtibl obo opat gepacatiéd into twoplayers,
anyl propionate, ethyl valerate, ethyl hexanoat e, et hyl heptanoate,
et hyl oct anoat e, Thedsepayated sorgamtanbayer Wierfirtkebokediwithivwatpesr]
cycl oal kyl esters
mixed completely, and separated into layers. The water
1ayers'and_the organic layer were analysed by gas chro-
matography and liquid chromatography. The recovery of
cyclohexanone into the organic layer was 94%. The
10 extraction rate of N-hydroxyphthalimide in the organic
layer was 79% based on the amount of N-hydroxyphthal-
imide in the reaction mixture. The extraction rate of
adipic acid was 99% in the water layer.
Example 4
15 A mixture of adamantanol (25 g, 164.2 mmol), N-
hydroxyphthalimide (5.36 g, 32.8 mmol), acetylacetonato-
vanadium(III) V(AA): (0.114 g, 0.328 mmol), benzonitrile
(150 ml) and acetic acid (150 ml) was made to react for
20 hours at 85°C under an oxygen atmosphere, thereby -
20 giving a reaction mixture containing adamantanol (1.41
g, 9.2 mmol), an adamantanediol (13.9 g, 82.6 mmbl), an
adamantanetriol (10.5 g, 57.5 mmol), N-hydroxyphthal-
imide, benzonitrile and acetic acid.
After acetic acid was distilled off from the
25 reaction mixture, more benzonitrile was added thereto in

order to make the volume 300 ml. Water (300 ml) was

added to the mixture and mixed completely. Then the



such as cycl ohexyl acetate and cycl ooctyl acetate; aryl esters such
as phenyl acetate and phenyl propionate; C7- 12 aromatic carboxylic
acid-Cerr] alkyl esters including met hyl benzoate, ethyl benzoate,
butyl benzoate, di- 20 nethyl phthalate, diethyl phthal ate and di butyl
pht hal at e; and ot her ester conpounds. The nitro conpounds

I ncl ude nitro conpounds having 2 to 1dicarbon atons, such as aliphatic
nitro conpounds i ncl udi ng nitroethane, nitropropane and nitro- 25
pentane; and ar ghiBttErd i wd® SEPREATSES imEd ULhyersi by teaving tedariture

di ni trobenzene, nitrotol uene and nitroxyl ene. The nitrile
includes a nitrigeihpyi Nthe $€pdirated organic layer was added with -
30 - carbon atons includi.ng benzonitrile and other C7-12

aromatic nitril esdditional water, Mumsed addmpleielyatand ssepditatad| et sa
incl ude t he hydrocarbons, the ketones, the esters and the 5
nitriles. It is waterfhayer dné am esgamid\yaysnar bddas chromaboegraphy o 15
carbon atons (e.g. hexane, cycl ohexane, tol uene), a ketone having 4

to 15 carborb at caed (Eiquid chromatography for the water layers and the
organic layer indicated that, in the organic layer,
adamantanol was recovered at 98% and N-hydroxy-
phthalimide was extracted at 80% based on the amount of
N-hydroxyphthalimide in the reaction mixture; and the
10 adamantanediol and the adamantanetriol were extracted
into the water layer ét the extraction rates of 92% and
99%, respectively.
Example 5
In the presence of an N-hydroxyphthalimide
15 catalyst (1 mmol), isobutane (10 mmol) was oxidized in a
benzonitrile solvent (40 ml) for four hours at 90°C
under an oxygen atmosphere to give a reaction mixture
containing-t-butanol and acetone (conversion rate of
isobutane 90%, yield of t-butanol 80%, yield of acetone
20 5%). The reaction mixture was extracted twice by using
40 ml of water each to obtain a water layer and an
organic layer. The thus separated layers were.analysed
by gas chromatography and liquid chromatography. In the
water layer, the extraction rate of t-butanol was 94%,
25 and that of acetone was 100%. In the organic layer, the
extraction rate of N-hydroxyphthalimide was 81%, based

on the amount of N-hydroxyphthalimide in the reaction



met hyl ethyl ketone, cycl ohexanone), an ester conpound having 3 to 20
carbon atons (e.g. ethyl acetate, phenyl 10 acetate, nethyl benzoate) and
a nitrile having 7 to 12 carbon atons (e.g. benzonitrile).

The proportion of the hydrophilic solvent to the hydr ophobi ¢ sol vent
can be suitably determ ned accordi ng §?the speci es of the oxidation
reaction product and the 15 oxidation cata yst. For instance, the '
former/the latter is in the range of about 0.1/1 to 10/1, preferably

about 0. 2/di%eurd 1. Pl NDH LIPS SH Ethd ViRDde twis Bfécéxfeﬁéd(tssby

weight). In general, the proportion is about 0.5/1 to

weight). 20 concenﬂf@tiﬁ@WWrgﬁnﬂdtI&fér Ofo Ofethdie I 186 tsSTvent
m xture using the hydrophilic solvent and the hydropho- bi ¢ sol vent

can be arranged gegeantkdgcted t isobpeanes of t he oxidation reaction
product and the oxidation catal yst. The extraction can be conducted

about 1 to 5 25 tExamplgederal |y about 1 to 3 tines. . The
extraction step separates the oxidation reaction product -and the
oxi dation ca%al yst, carrinnthe presence of an N-hydroxyphthalimide - 31 -
catalyst (1 mmol), 1,3-butadiene (10 mmol) was oxidized
in a benzonitrile solvent (40 ml) for six hours at 70°C
under an oxygen atmosphere tb give a reaction mixture
containing 1,4-butenediol (conversion rate of 1,3-buta-
10 diene 90%, yield of 1,4-butenediol 72%). The reaction
mixture was extracted twice by using 40 ml of water each
to obtrain a water layer and an organic layer. The thus
separated layers were analysed by gas chromatography and
liquid chromatography. The extraction rate of 1,4-
15 butenediol was 93% in the water layer. The extraction
rate of N—hydrbxyphthalimide in the organic layer was
75%, based on the amount of N-hydroxyphthalimide in the
reaction mixture. The N-hydroxyphthalimide was recov-
ered by concentrating the organic layer to remove the
20 solvent and unreacted 1,3-butadiene.
Example 7
A mixture of toluene (9.21 g, 100 mmol), N-
hydroxyphthalimide (1.6 g, 10 mmol), acetylacetonato-
cobalt(II) Co(AA). (0.15 g, 0.5 mmol) and acetic acid
25 (250 ml) was made to react for six hours at 100°C under

an oxygen atmosphere. Toluene was converted into ben-

zoic acid at 95%, the yield being 95%. After removal of



(transferring) the oxidation reaction product having the hydr ophi lic
group into the aqueous solvent |ayer and the I m de conpound as the
oxi dation catalyst into the hydro- phobi ¢ sol vent |ayer. The

oxi dation catal yst may be, 5 together with the extracting sol vent,
recycled into the reaction systemor jgeutilised. The substrate can be
al so used effectively, if being non-water-soluble and - acting as the
reaction solvent as well, because the remai ni ng substrate after the
oxi dation reactigheCaBePfc al@idug%ddﬁtihﬁahyaﬁ PPbeRzenOHVES (S6PahiBp| e
fromthe aqueous sol vent. e non-wat er-sol ubl e substrate in-

cl udes hydrocar bghg w&tér e400hal) CcontatyfhyCsoditimt Bydroxide (3.8 g,
group-contai ning aromati ¢ hydrocarbons) and ket ones (e.g. aliphatic
or alicyclic ketopeasmol) | werdeaddédytoathd Sreaat bon soixbhree subBhe ahtx+ s
extracted into the aqueous solvent layer with the oxidation reaction
pr oduct . ture wddamixedavedbh byt shykingi handuthémn alaidnsitiht to

oxi dation reaction product, having been extracted by a

| i qui d- separat i ngeopepatabeduinhg twe hayevss aovater lager amd ame

hydr ophobi ¢ organi c sol vent, are recovered by a conventi onal
separati on proceetgantd hayerit r'the oseparated corganlicatayer dastagabui on,
extraction, crystallisa- tion, recrystallisation, colum

chr omat ogr aphy ofdded withcwabenaf 406 i) i eive@drveblsey. shaking, and The

co-catal yst may be separated by the sane
laid still for layer separation. The organic layer, and

the water layers which were made acidic using hydro-

10 chloric acid were analysed by means of gas chromato-
graphy and liquid chromatography. Benzoic acid was
extracted into the water layer at a rate of 90%
(extracted as sodium benzoate). In the organic layer,
the extraction rate of N-hydroxyphthalimide was 85%

15 based on the amount of N-hydroxyphthalimide contained in
the reaction mixture._

Example 8
A mixture of 2-methylpyridine (9.3 g, 100 mmol),
N-hydroxyphthalimide (1.6 g, 10 mmol), acetylacetonato-

20 cobalt(II) Co(AA). (0.15 g, 0.5 mmol) and acetic acid
{250 ml) was stirred under an oxygen atmésphere for six
hours at 100°C. At a conversion rate of 82%, 2-methyl-
pyridine was converted into 2-pyridinecarboxylic acid
(picolinic acid) with a yiéld of 77%. After removal of

25 acetic acid by distillation, benzonitrile (400 ml) and
water (400 ml) wefe added to the reaction mixture, and

mixed completely by shaking. The mixture was left still



process as above, where necessary. In the case where the

oxi dati on reaction product - 32

is an organic carboxylic acid (e.g. aliphatic carboxylic aci ds such
as adi pic acid, suberic acid and sebacic acid; aromatic carboxylic
aci ds such as benzoic acid, pht hal ic sacid, isophthalic acid and
terephthalic acid; 5 other carboxylic acids), a salt of the organic

car box- ylic acid can be efficiently led into the aqueous sol -

vent |ayer, wherfomeGafsAlsepdattitlyer Ty ddipardigalidrganic XRfd10X%dd C
acid into a corresponding salt wth the use of a base. A free organic
carboxylic aci d faarther grided wilth nedtest byacoddilg amisead cednplidteelgxtbyact ed
carboxylic acid ' salt. As the base, use can be nade of an inorganic
base or anshalginyg Grihskhen lmid @igidili sdase todeaidepadatred into

i nstance, ammoni a; a hydroxi de of an al kali netal such as sodi um
hydr oxi de and podtves siayerns/.dr Shaeanalysidy arferthe drgarciar days®e agfd drheal kal i
nmetal such as sodi um hydr ogen- carbonat e and pot assi um

hydr ogencar Bonatwater daysxrsthy gas chyfomatogdaphy ramnd|lisncid ashromdton
car bonate and pot as-
graphy indicated that 2-pyridinecarboxylic acid was
extracted into'the waterllayer at 85% and that N-
hydroxyphthalimide was extracted into the organic layer
at 80% based on the amount of N-hydroxyphthalimide.

10



si um car bonate; a hydroxi de of an al kaline earth netal such as
cal cium hydroxi de; a carbonate of an al kaline 20 earth netal such as
cal ci um car bon The organic base includes an anine
(e g. aI | phat [ H'mlnﬂﬂmmﬂm“wch as di net hyl am ne, diethyl am ne,

rime trsethylam ne, nethysened gie—and_et hyl ene-
dlan1ne heterocycllc am nes such as pyridi ne ang . fﬁETmm@
ot her conpounds contai ning a basic ni trogen
carboxylic aci d what btsecxlatmeddidy addition
- 33 - of the basic substance or by pH control. The pH of the
extraction system may rahge A rprocdss t £6r t gegdratping ean oxidatidn yréamm
about 6 to 8. The anpunt of the basic substance can be
decided 5 intiehaproducbd and apeokidabionheabalyist i Hromeacréamtion
product. For exanple, the anount is not |ess than about 0.5
equi val ent (e.g.mbxure ebtaglned| eytexidptiorrably substrabeuinotizeto 3
equi valents (e.g. about 0.9 to 1.5 equiv- al ent) and nore preferably
about 0.8 to51. 5P§Q%¢D@¢eﬂf anoimide. gompound shown oby . thedfexmpbat §1)
relative to 1

) and

The

as the oxidation catalyst, which comprises using an
agueous solvent containing at least water and a non-
water-soluble solvent separable from said aqueous sol-
vent, thereby distributing the oxidation reaction prod-
10 uct into a layer of the aqueous solvent and the oxida-

tion catalyst into a layer of the non-water-soluble

solvent,
o C\ _
15 v ez (1)
R .
0

wherein R! and R? independently represent a hydrogen

atom, a halogen atom, -an alkyl group, an aryl group, a
20 cycloalkyl group. a hydroxyl group, an alkdxy group, a

carboxyl group, an alkoxycarbonyl group or an acyl

group; R! and R? may bond together to form a double

bond, or an aromatic or nonaromatic ring; X indicates an

oxygen atom or a hydroxyl group; and n denotes an inte-
25 ger of 1 to 3.

2. A separation process as ¢1aimed'in claim 1,

wherein R? and R? of the imide compound of the formula

his Sheet Has Been RTnaced
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equivalenL-gL—Lhe—eanexy++t"acid | It should be noted that

much addition of th i c substance may end in poor separation

e 1T O = T

generati ng t'he “f r ee organlc car boxyl isg acid fron1tnﬁpunefboxyllb acid
salt, use can be nade of an inorganic acid (eé-g—hytroctiorTt acid,
sul furic acid, nitric acid, phosphoric acid) or an 20 organic acid (e.qg.
an organi c car bopayy ibbrﬁpitsbg&miexa&o form aGetdromitiit a1d noneionaitdcad-d; an -
organic sulfonic acid such as net hanesul fonic acid, ethanesulfonic
acid, p- tt Uenarenberid rdeigd and benzenesul foni c aC|d)

Extraction in this invention my be conducted 25 under heating. The
extraction tenperature i3, MBoseparatienaproseszbast dlatimedOGpnecipif 1,

preferably about 5 to 50 C - - and nore preferably about 10 to 35[err]C,
practical ly bei mherein the imide compound of the formula (134 is any one
about 15 to 30[err]C. For an enhanced extraction effi- ci ency,
extraction riay b duired gomppunds shosgs &y thendrllowing formulas (la) to
(1f),
o ) T
. R 1
C/ B I /N-—-X R5 C/ = n
10 R2 i R2 ﬁ : i
(1a) | (1b) (1c)
B0 B9 B 9
1t 1 1]
R4 C\ R4 C\N . R4 C\N ; _
""'X — —
/ /
15 B ¢ w ¢ :
g0 g0 g0

(1d) " (le) . (1f)

wherein each of R3®, R*, R® and R® represents a hydrogen
atom, an alkyl group, a hydroxyl group, an alkoxy group,
20 a carboxyl group, an'alkoxycarbonyl group, an acyl -
group, a nitro group, a cyano group, an amino group or a
halogen atom; and R!, R? and n have the same meanings as
above. o
4. A separation process as claimed in claim 1,
25 wherein said substrate is a hydrocarbon, an alcohol, an

aldehyde, a ketone, an amine or a heterocyclic compound.

5. A separation process as claimed in claim 4,
This Sheet Has Been Re;
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an influence of shearing force, and under atnospheric e+~——_ el evated -
pressure. 5 The process of the present invention, in which -

the extraction step enpl oys the aqueous sol vent cont alJTmMHWH ” east
wat er and the non-water-sol ubl e sol vent, enabl es '% I mw,ﬂ ' nt

separation of the oxidation reaction pjoduct and thé oXi d%tion *

catal yst but also 10 effective reutilisation of the oxidation catalyst
and/ or the substrate. In terns of cost and safety, this pro-

cess is of greatyhRérenhageifiohyaepaasbonnigananpustfi(1) a satarated of the
oxi dation reaction product on an indus- trial basis. 15

Accordi ng to theupsataesated abephatienhydnsearbon whithomayshave ahe

oxi dation reaction product and the oxi dation catal yst are separated
fromthe reacti osubstituenkt uf2)oat aatedabgdoardansatunateficatibgcliice in

t he presence of the oxidation catalyst showm by the fornmula 20 (1)
with the use of bhdragarbos whic¢hnmayohawenangubstituent| efi3) aaten-and the
non- wat er - sol ubl e ‘sol vent separ abl e fromthe aqueous sol vent, the

oxi dati on cabal ydensedveyclic compoundecontainingna nenapematiccringly
separated and re- utilised. Even if the oxidation reaction Eroduct S
a 25 conpound{®Wta bBridgadbeyriig bydnecarhenogepbainingaaatertiary| yst
can be efficiently separated for reutilisation wi t hout bei ng
deconposed. Besi 885PoRhatamec@Es(F3 aogmethyl group-containing aromatic

hydrocarbon.
6. A separation process as claimed in.claim 5,
10 wherein said unsaturated aliphatic hydrocarbon is a
conjugated diene or a compound having a carbon-hydrogen
bond at a position adjacent to an unsaturated bond.
7. A separation process as claimed in claim 5,
wherein said alicyclic hydrocarbon is a 3- to 30-member-
15 ed cycloalkane which may have a substituent.
8. A separation process as claimed in claim 4,
wherein said alcohol is a primary or secondary alcohol.
9. A separation process as claimed in claim 4,
wherein said substrate is at least one species selected
20 from the group consisting of cycloalkanes, cycloalkanols
and cycloalkanones.
10. A separation process as claimed in claim 4,
wherein said substrate is a non—water-sdluble compound.
11. A separation process as claimed in claim 1
25 for separating a carboxylic acid and the oxidation
catalyst from a reaction mixture containing the carbo-

xylic acid as the reaction product, which process com-



- 35 - affected by the boiling point of the oxidation reaction
product, ensuring efficient separation of the oxidation reaction

product and the oxidation catalyst. The oxida- t i duct
and the oxidation catal yst can be 5 separated in Hﬂfﬂﬁmimﬁﬂmﬁ der
mld conditions with no need for highskenperatu LTy, g
The foll owi ng exanpl es are intended to descri be the present invention
in further detail and should by no means be interpreted as defining
the scope of theprn¥es-usifig wht@f. and an organic solvent which is
EXAMPLES Example 1 Cycl ohexane (20 nl). and water
(150 M) were 1lincompdedbae ®kEthrwatero shevdby distwibutingaa saldadbfon
reac- tion m xture conposed of cycl ohexane (2.548 g, 30 nmol),
cycl ohexanone (1tKé2cgrbosyintol aciddfpimedcwithOa7Basic substabcembhio a
N- hydr oxypht hal i m de (0.816 g, 5 nmol) and benzonitrile (150 m ), and
m xed conpl et el ylaYar o€f-waRér asdi thagoridationwaatadydtsintdb aolagero be
separ at ed :

: 5 of the organic solvent.

12, A separation process as claimed in claim 1,
wherein said non-water-soluble solvent is at least one
species selected from the group consisting of hydro-
carbons, alcohols, ketones, esters, nitro compounds and

10 nitriles.

13. A separation process as claimed in claim
12, wherein said non-water-soluble solvent is at least
one species selected from the group consisting of (1)

_ aliphatic, alicyclic or aromatic hydrocarbons, (2)
15 halogenated hydrocarbons, (3) aliphatic, alicyclic or
aromatic alcohols, (4) aliphatic or alicyclic ketones,
(5) aliphatic or aromatic ester compounds, (6) aliphatic
or aromatic nitro compounds and (7) aromatic nitriles.

14. A separation process as claimed in claim 1,

20 wherein the proportion of the aqueous solvent cdntaining
at least water relative to the non-water-soluble solvent
is such that the former/the latter is 0.1/1 to 10/1 (by
weight).

15. A separation process as claimed in claim 1,

25 wherein said oxidation reaction product has a boiling
point of 0 to 500°C.

16. A separation process as claimed in claim 1,



into two |layers. Mire water was added to the separ at ed organi c | ayer

and m xed conpletely, and the m xture was separated into two Tayers.
The water |ayers and the organi c | ayer were an

chromat ography and 25 | i qui d chromat ogr aphy TheT"ﬂmﬂ"ﬁ"mHm”I{IIl
cycl ohexanone in the organic |ayer wagg93% The*extractiwonsrawe of
hydr oxypht halim de in the organic |ayer was 97@6 The -

- 36 - extraction rate of adipic acid in the water |ayer was

98% E¢RBRbEn2said oxidation ¥Y8hetibadProthcraRagdddedoiingnode
m xture for 5 an oxidation reaction m xture conposed of cycl ohexane
(2.548 g, 30 mMmoppinetysekohnsBasens0Hic472 g, 15 mmol), adi pic acid
(0.731 g, 5 mmol), N hydroxyphthalim de (0.861 g, 5 mml ) and net hyl

benzoate (140 nl). The 17. &l s¢paravésnnpxedesonpsetbaimad Ph[elalf hApd
separated into 10 tw layers. Witer was further added to the separated
organi c | ayer, awHerbénnsaidrsubstrataeciiscatipleastyone compbuhl seléttedd
separated into two | ayers. The water
from the group consisting of alicyclic hydrocarbons each
having a 5- to 20-membered nonaromatic ring, alcohols
corresponding to the.hydrocarbons and ketones'corres—
ponding to the hydrocarbons.
18. A separation process as claimed in claim 1,

10 wherein N-hydroxyphthalimide is distributed into the
organic layer and the oxidation reaction product or its
salt is distributed into the water layer from a reaction
mixture by means of water and an organic solvent incom-
patible with water, said reaction mixture being obtained

15 by oxidizing; in the presence of N-hydroxyphthalimide as
the oxidation catalyst, at least one compound selected
from the group consisting of 5- to l6-membered alicyclic
hydrocarbons, élcohols correspdnding to said hydrocar-
bons and ketones corresponding to said hydrocarbons.

20 19. A separation process as claimed in claim 1,
wherein N-hydroxyphthalimide is distributed into the
organic layer and adipic acid or its salt is distributed
into the water layer from a reaction mixture by means of
water and an organic solvent incompatible with water,

25 said reaction mixture containing adipic acid obtained by

oxidizing, in the presence of N-hydroxyphthalimide as

the oxidation catalyst, at least one compound selected



| ayers and the organic |ayer were anal ysed by gas chr omat ogr aphy and
| i qui d chromat ography. The recovery 15 of cycl ohexanone in the organic

| ayer was 94% The extraction rate of N hydrox he
organic | ayer was 80% The extraction rate of ammlrmm:“wmmm
the water | ayer was 97% Exanpl e 34 2 * CA 'Y ¥ ufe of
cycl ohexane (4.028 g, 50 mmol ), N hydroxyphthallnlde (0.816 g, 5
mol ), acetyl acet onat o- cobalt(ll) Co(AA)2 (0.015 g, 0.025 mml) and
benzo- ni trickem( 288 GrbupleonBi8tiag’ 8&C bytlbhekdnBOUE§cdbhexanol
100[ err] C under an oxygen atnosphere. Thus obtained was a 25 reaction
m xture contai ni agdcyvgcobhsgaaone.946 g, 35 nmmol ), cycl ohexanone
(0.981 g, 10 mmol ), adipic acid (0.731 g, 2 mol),
N—hydroxyphthallnlde and benzo- : - 37
nitrile. To this m xture, cyclohexane (20 m) and
wat er (150 M) were added at 26[err]C and m xed conpletely. The
m xture was laid still to be separated into two | ayers. 5 The separat ed
organic |l ayer was further fed with water,




m xeds®onpl etely, and separated into layers.. The water

organi c | ayer were anal

chromat ography. The recovery. of _
extraction rate of N hydroxyphthalimde in the organic

was 94% The 10
| ayer was 79% based on
reaction mxture.
wat er | ayer.

g, 164.2 mol), N
acet yl acet onat o-
benzonitrile

20 hours at 85[err] C under an oxygen at nosphere,

reaction m xture contai
adamant anedi ol (13.9 g,
nmol ) ,

The extraction rate of

_ - layers and the
ysed by gas chro- mat ogr aphy and |liquid
cycl ohexanone into the organic |ayer

t he amount of N hydrgxypht hal - imde in the
adi pic acid was 99% in the
Exanple 4 15 A m xture of adamantanol (25
hydr o>ABSERACT rORICHE . BB GL,0SIRES nmol ) ,
vanadiun(111) V(AA)3 (0.114 g, 0.328 mmol),

(150 mM) and acetic acid (150 m) was nade to react for

t hereby 20 giving a
A exiiatiommeagtion mixturey, (0.0 @ddpic aeid,
82.6 Mol ), an adamant anetriol (10.5 g, 57.5

N- hydr oxypenzelc acid, byieredimhymnd ran coxidptican icatalyst are

25 mor e

Af ter

acetic acid was distilled off fromthe

reacti on m xture,

benzoni tri | 8 waseEkRtPRBEY ct@Parated from gerreackinn mixtung widsdhey .

Water (300 m) was .

t he

10

15

20

added to the m xture and m xed conpl etely. Then
use of an aqueous solvent (e.g. methyl benzoate, benzo-

nitrile) containing at least water (e.g. water) and a
ﬁon-water-soluble solvent seéarable from the aqueous
solvent, the reaction mixture being obtained by oxidiz-
ing a substrate (e.g. a hydfocarbon) in the presence of
an imide compohnd such as N-hydroxyphthalimide shown by

the following formula (1) as the oxidation catalyst,

s
=
(=1
CAZO
e

\ ,N%X (1)

’
’
R

<2
=

wherein R! and R? repreéénts a substituent such as a
hydrogen atom and a halogen atom; R' and R? may together
_form a double bond, or an aromatic or nonaromatic 5- to
12-membered ring: X stands for O or CH; and n is 1 to 3.
No. decomposition of the oxidation catalyst is observed

in this separation process.




- 88 -t + + mxture was separated into Iayers by IeaV|nd
still. The separated organic Iayer was add . ag
m xed conpl etely and separ, Si hg!.ayer an
| ayer. Gas chromat ographyg? d mat ogr aphy fa
| ayers and the . orga | ayer 1 ndicated that, in the
adamant anol was recovered at 98% and N- hydr oxy- pht h

{REBLAREMENT <SHEET

difftTonal wat er

d lanqar geRi 997
t he mater

EE o

—

extracted at 80% based on the amobunt of = 8 = N hydroxypht

alitmde 1n the

reaction m xture; and the 10 adamant anedl ol and t he adamant anetri ol wer e

extract ed into the water éﬂ%?@ gt Ehgngxﬁsag&gsgcgiggigogeégéggﬁg an

99% respectively.

oxi tized in o o b¥Saden pERhr 43cppkxT Brionr) - HrAREx

resence o

urs at 90[err]C

d
L R 0. e

t-butanol and a con sion ra

% “vyi éld

t -~ but anol 8096 gg aggﬁbong ngf° ﬁf%uPeTgeggﬁﬁgtbgguglxghrgmwﬁg

extracted tmnce r e

to-obtain a water |ayer

and an orggghﬁ baygrhaigsehhuioﬁgpahatgd,Iﬁygig_aaaenahabgsehe same

meanings as defined above.

In the substituents R3, RY, R’ and R®, the alkyl
grouﬁ includes the same alkyl groups as exemplified
above, in paﬁticular alkyl groups each having about 1 to
6 carbon atoms. Examples of the alkoxy grouplinclude
alkoxy éroups as mentioned above, among which lower al-
koxy groups each having about 1 to 4 carbon atoms are
desirable. As examples of the alkoxycarbonyl group,
there may ba mentioned those as exemplified above, in
particular'1ower_a1koxycarbonyl groupé each having about
1 to 4 carbon atoms in the alko#y moiety. The acyl
'group includes the above-mentioned acyl groups,
especially, acyl groups each having about 1 to 6 carbon
atoms. The halogen atom includes fluorine, chlorine and
bromine atoms, typically speaking. The substituents R?,
RY, R® and R® may practically be a hydrogen atom, a
lower alkyl group having about 1 to 4 carbon atoms, a
-carboxyl group, a nitro group or a halogen atom.

in the formula (1), X denotes an oxygen atom or
a hydroxyl group, and n usually denotes about 1 to 3,
preferably 1 or 2. The compounds'of the formula (1) may

be employed singly or in combination in the oxidation



by-gas chrom
the extracti
100% In th
N- hydr oxypht
N- hydr oxypht
- 39 -

concentrati ng

Qe d chromat ography. In the wat er |ayer,
daxuns I was 94% 25 and—%ha%—ﬁ+~aee%eﬁe—mas
rgani c | ayer,|t

ext
of aoismBiig pases " on th a”‘HIIiIIIHIIIIIIIIIIIIIIIIIIII

m xture. The N-h dr oxypht haI‘H? de was recovere
to renove e sol vent and unr eact ed

I sobut ane. : Exampl e 6 In the presence of an ]
N—hydroxyphthal Ly. &ngq%é) t o6 SORafdRa @3~ Was’
oxi di zed *m db%%‘?ﬁz%?ﬁ?ﬁ?% é%l Ven aﬁ;‘?é?g? d;‘?x hO?.II’S at 70[err]C
under an oxygen_at nps a reaction m xture cont ai ni ng

1, 4- but enedi ol goﬁ?eﬁ%ﬁ% ér(gt:'gi § 1,3-buta- 10 diene 90% vyield of

L 4-butenediol 72% . Te rgagiipfheion prbdidk Caaslthsdcisdoaisel by

using 40 nl of water each n a water |ayer and an organic

layer. The thus"’dhcﬁro S@ﬂé:g{éﬁ&e %ﬁﬁéuﬂ&rSfaﬁﬁéYESQmQIagﬁﬁ)Cbéoaﬁiroaﬁéphy

and - liqui mat 0g e extraction rate of 1, 4-
butenedi ol was §8%h8 LHRpYGRES $RYFA by EReCXbLB6WLRG formulas (la) to

(1£),
0 B 9 |
(]} H 1]
Rl C\ R C\ Rfl C\N".X
C/N_X | A=t - ¢/ .
- R2 i R2 E i
0 : 0 B 0
(1a) (1b) (1c)
3 B3
R3 IOI R Pl "
R4 Cy R4 C\ R4 \
. Na=:x =% =1
2 B . ¢
g0 g0 g0
(1d) . (le) _ (1£)

wherein each of R3, R*, R’ and R® represents a hydrogen
atom, an alkyl group, a hydroxyl group, an alkoxy group,
a carboxyl group, an alkoxycarbonyl group., an acyl
group, a nitro group, a cyano group, an amino group or a
halogen atom: and R?!, R‘L;z_and n have the same meanings as
‘above.

4. A separation process as claimed in.claim 1,
wherein said substrate is a hydrocarbon, an alcohol, an
aldehyde, a ketone, an amine or a heterocyclic compound.

5. A separation process as claimed in claim 4,



rate.of N- hydr oxypht halim de in the organic Iayer was 75% based on
. the armount of N—hydroxyphthalln1de in the action mxture. The

N- hydr oxypht halft ered by co ;l fl ni c
| ayer to renov gﬁéﬁ‘ N%m;n and unreacted rﬁ‘ qui

Exanmple 7 . A m xtufejof toluene (9.21 g, 100

hydr oxypht hal i i de 28.16A%,19% il ), acetylacetonato- cobal t (11)
Co(AA)2 (0.15 ¢, 10.5 mml ) andiagetic acid (250 M) was nade to react
for six hours gt an o%ygen at nosphere. Tol uene was

converted into |ben- Zoji.¢c Id at 95% the yield being 95% After
renoval of

the acetic
acid by distillation, benzonltmlggqgﬁﬁ§rﬂ%R SEPARET{ﬁEWIer (400 m)
contai ni ng sodi yx fﬁ?&'ﬂ‘ff&; (@E&@ON pROD&SrrT;g%)AWﬁ@QﬁfQNt@A@MST

reaction m xture. was m xed well by shaking, and then
laid still to 5 be separated into two |ayers, a water |ayer and an
organi c |l ayer. The separated organic |ayer was again added with water

(400 m), mixed well by shaking, @¥l.p oF THE INVENTION

5 ' The present invention relates to a process for
lseparating an oxidation ;eaction product or its salt,
‘and an oxidation catalyst from a reaction mixture, the
reaction mixture being obtained by oxidation of a sub-
strate with using an imide compound such as'N-hydroxy-

10 phthalimide as the oxidation catalyst.

BACKGROUND OF tHE INVENTION
N-hydroxyphthalimide and other imide compounds
are known as oxidation catalysts, such oxidation being
15 conducted b& allowing a substrate such as a hydrocarbon,

an alcohol, an aldehyde, a ketone, an amine and a

heterocyclic compound to contact with molecular oxygen

(Japanese Patent Application Laid-open No. 38909/1996

(JP-A-8-38909)). An oxidation reaction by means of this
20 catalyst, which can be conducted under mild conditions

without any exhaust gas treatment, can provide an oxida-

tion reaction product including an alcohol, an aldehyde,

a ketone and én organic acid at a high conversion rate

and selectivity. Such an oxidation reaction product is
25 separated from a reaction mixture commonly by distilla-

i ' tion.

Distillation, however, is not always an



laid still for l|ayer separation. The organic |ayer, and t he water

| ayers which were made acidic using hydro- 10 chlorig ' i ed
by neans of gas chromat o- graphy and |iquid chrofaRBRAGSMENT BEHEES ¢
aci d was extracted into the water |layer at a ratg ¢ 90% ]
(extracted as sodi um benzoate). In the organic |ayer, zehmnpnqwﬁctinn
rate of N-hydroxyphthalimde was 85% 15 based on thejano i

N- hydr oxypht hal i m de contained in t he reaction ﬁ]Xt“'“

Exanpl e 8 Aquneof24mHM%Wimne(CBg,1m)mmU,

N- hydroxyphthalimde (1.6 g, 10 mmol ), acetyl acetonato-——20 —cobalt(Ir1)

Co(A4 2 (0.15 g, Qvgnggggéugngrgggéﬁcfggl ?piﬁafégﬁSg;”k% ¥@sastibhed under

an oxygen atnnspﬁere ours a t a conversion rate
-of 82% 2-net hyl p n Egrldwﬁgﬁagggﬁygfc
acid (plcof?%FElgglé?b&hgﬁ E@S ¥E?E538h k?fgﬁ renoval of
acetic acid by dighi bkeaaemonbgeéemﬁl b8o&4RR ghh and substr%teeha%oo m )
were added to the reaction mxture, and m xed conpl etely by shaki ng.
iThe mxture was hgftp8ihlihg points (e.g. 50 to 150°C), distillation 41 -

5 results in deterioration of purity and yield owing to

the substrate with a low boiling point. On the

other hand, when the oxidation reaction product is a
compound with a high boiling ‘point (e.g. 150 to 500°C),
the oxidation catalyst might be decomposed during

10 distillation which is carried out at a high temperature
with heating. The imide compound has a low decomposi-
tion temperature, for example, 230°C in the case of N-
hydrbxyphthalimide. Thus, distillation, as a process
for separating a high-boiling-point oxidation reaction

'15 product, has a risk qf thermal decomposition of the
oxidation catalyst, failing to reutilise the oxidation
catalyst and raising the cost. Besides, the thermally
decomposed product'of the oxidation catalyst might
degrade the quality of the reaction product. As men-

20 tioned above, it is not wise to choose distillation for
separation of an oxidation reaction product having any
boiling point f£rom a.reaction mixture without any con-

sideration.

25 SUMMARY OF THE INVENTION
It is therefore an object of the present inven-

tion to provide a process for separating an oxidation



for | ayer separation. The separated organic |ayer was

further added

. wWith water (400 ml), m xed conpletely by shaki ng pent—t-hen—tate—sti{ |
so as to be separated into two | ayers. The anal yiiBEEifACﬁMENBr%EﬁTC
| ayer and the 5 water |ayers by gas chronmat ography

graphy indicated that 2-pyridinecarboxylic acid was
the water | ayer at 85% and that N

into the organic |ayer at 80% based gn t he anmoun
N- hydr oxypht hal i m de. 10 What is cla

1. A process for separating an oxidation reac-

hydr oxypht hal

an@'ﬁm—mﬂTt
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t here

heterocycle or condensed heterocycle, but it may practi-
cally be a hydrocarbon ring. Sdch a ring includes, for
example, nonaromatic alicyclic rings (e.g. a cyclohexane
ring and other cycloalkane rings, each of which may have
a substituent, a cyclohexene ring and other cycloalkene
rings, éach of which may have a substituent), nonaro-
matic bridged rings (e.g. 5-norbornene ring and other
bridged hydrocarbon rings each of which may have a subs-
tituent), and other optionally substituted aromatic
rings including a benzene ring and a naphthalene ring.
The ring may practically comprise an aromatic ring.

A pfeferred imide compound includes compounds

shown by the following formulas (1a) to (1f)_,

0 S
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aQzo
e
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(1d) (1f)



10 tion product into a |layer of the aqueous solvent and the ation
~catalyst into a |ayer of the non-water-soluble TN 3
‘lerr] wherein Rlerr] and R err] independently r-(i* H-agdn
atom a hal ogen atom an al kyl group, an aryl group,

group, a hydroxyl group, an -al koxy group, a car po ‘

al koxycar bonyl group or an acyl group; Rerr] apdiR err] may bo
together to forma double bond, or an_aronmatic §r*momaronatic anP X
i ndi cates an oxygen atomor a hydroxyF4group, afpd n_denotes an e-
25 ger of 1 to 3. 2. A separation process as clainmed in claim

P M R s
cyclohexene, cycloheptene, cyclooctene, cyclononene,
cyclodecene); cycloalkadienes (e.g. cyclopentadiene,
1,3-cyclohexadiene, 1,4-cyclohexadiene, 1,3-cyclo-

5 heptadiene and other cycloheptadienes, 1,5-cyclo-
octadiene and other cyglooctadienes); cycloalkatrienes
(e.g. cyclooctatriene); and cycloalkatetraenes (e.g.
cyclooctatetraene). A desirable alicyclic hydrocarbon
has a 3- to 30-membered ring, preferably a 3- to 25-

10 membered ring, and more preferably a 3- to 20-membered
ring (e.g. a 5- to 20-membered ring, particularly, a 5-
to l6-membered ring).

'The polycyclic hydrocarbons such as the con-
densed polycyclic hydrocarbon and the bridged cyclic

15 hydrocarbod include a compound having at least one
methylidyne group (i.e. methine carbon-hydrogen bond
-CH<) at a bridgehead position ahd/or a junction site (a
junction position of two rings). The condensed poly-
cyclic hydrocarbons.containing a nonaromatic ring such

20 as the completely or partially hydrogenated condensed
polycyclic hydrocarbon, which may practically be con-
densed with a 5- to 8-membered ring (particularly, a 5-
or 6-memberéd ring), include, for instance,
acenaphthene, fluorene, tetralin, indene, indane, per-

25 hydroanthracene, perhydrophenanthrene, perhydro- _
phenalene,'perhydroacenaphthylene, decalin, hexahydro-

indane and others. Examples of the bridged cyclic



to 12-nenbered ring. ' 3. A separation process as clainmed in cla
-1,  wherein the imde conpound of the formula (1) is y_one of the

conpounds shown by the following fornulas (la) to (i )R

[err] wherein each of Rerr], Rerr], Rerr] and R g EPLACEMENT S EET
hydr ogen atom an al kyl group, a hydroxyl group, an
car boxyl group,
cyano group, an amno group or a halogeqsatonl and R[
n have the sane neani ngs as above. 4. Aljseparation process
claimed in claiml, wherein said substrate is a hyd~eearbon.—an al collo

an al dehyde, y

A separatlon pro

10

15

20

25

,k%ynﬂer?v%grcup?

rr]l. Rerr], [X]a

an al koxycarbonyl group, an acyl grp

%dﬁ@é&?ﬁ na%f@“Hl% ?%%HE@HHdd% qURPUHLnane,

ess as c ai ned
pinene, bornane, norbornane, norbornene, bicyclo-

[3.2.1]octane, bicyclo{4.3.2]lundecane), tricyclic hydro-

02.6

carbons (e.g. adamantane, exotricyclo[S5.2.1. ldecane,

endotricyclo[5.2.1.0%-6

]decane), tetracyclic hydro-
carbons (e.g. tetracyclo[4.4.0.12'5.17'1°]dodecane),
dimers of dienes such as dicyclohexadiene and dicyclo-
pentadiene, hydrogenated products of these dimers (e.g.
dicyclohexane, diéyclopentane) and their derivatives,
and terpenes (e.g. monocyclic monoterpenes, dicyclic
monoterpenes, monocyclic sesquiterpenes, dicyclic
sesquiterpenes, tricyclic sesquiterpenes, diterpenes,
triterpenes, tetraterpenes, polyterpenes and their
derivatives). Use may be practically made of, as the
bridged cydlic hydrocarbon, a di- to tetra-cyclic hydro-
carbon having about 7 to 16 carbon atoms (preferably,
about 6 to 14 carbon atoms) as the constituent of the
ring (e.g. pinane, bornane, norbornane, norbornene, ada-
mantane).

The methyl group-containing aromatic.hydrocarbon
need only be a compound in which at least one methyl
group 1s substituted to the aromatic ring (e.g. about 1
to 10, preférably about 1 to 8 methyl groups), the
aromatic ring being whichever of an aromatic hydrocarbon

ring or an aromatic heterocyclic ring. Examples of the

m

a
nd
as
I,
5.

methyl group-containing aromatic hydrocarbon are aromatic

hydro-carbons substituted with about 1 to 6 methyl groups

such



-44- wherein said hydrocarbon is any of (1) a saturated.or

unsat urated aliphatic hydrocarbon which may have a REPINCBMENT LBHEET 2)-a
saturated or unsaturated aligyclic hydr ocar bon {wh
substituent, (3) a con- 5 densed cyclic conpound cqntai ajomatic
ring, (4) a bridged cyclic hydrocarbon contai nijng éfégggf gﬁ?

-carbon atom or (5) a methyl group-containing aromatilc hvdrnaanb .

6. A separation process as clainmed in claigyp, 10 :
unsaturated aliphatic hydrocarbon is a conj ugat
havi ng a car bon- hydr ogen bond at a position adjacent to an

unsaturated bonGuran, 2- methyltﬁﬁopﬁéﬁﬂx”fﬂsIﬁhﬁﬁﬁﬁ§§§h§§pﬁe§énﬁﬂ-'n claim
5, wherein said allcycllc hydrocarbon is a to 30-nenber- 15 ed

cycl oal kane whi Q{éﬂ@dﬂﬁi@ﬁléu@%éﬂ!ﬂfﬂpyridlne, 4-methPlpYrSePAE At R 08-
process as clainmed in claim4 wherein said al cohol is a primary or

secondary al cohalimethylpyridine, %- AIBERPF 2L d Dife PARE €3 Sm@Bhglal med in
claim 4, wherei n said substrate is at |east one speci es sel ected

quinoline). These heterocyclic compounds are oxidized

ereln sald

<

5 to give corresponding alcohols, ketones or carboxylic
acids. Oxidation of the heterocyclic compound (a)
converts a methylene group in a position adjacent to a
hetero atom (e.g. an oxygen atom, a sulfur atom, a
nitrogen atom) into a carbonyl groﬁp in the nonaromatic

10 heterocycle, and produces a compound having a corre-
sponding carbonyl group. By oxidizing the heterocyclic
compound (b), a compound having e methyl group in a
position adjacent to the aromatic heterocycle provides a
corresponding heterocyclic aldehyde or a correspondinj

15 heterocyclie carboxylic acid, and a compound having a
methylene group in a poeition adjacent to the aromatic
hetefocycle provides a corresponding heterocyclic ke-
tone.

Among the above oxidation reection products,

20 preferable compounds include a compound having compat-
ibility with or solubility in the aqueous _solvent
containing water at least, examples of which are an
aliphatic or aromatic carboxylic aeid having about 1 to

12 carbon atoms (particularly, adipic acid and other

25 aliphatic carboxylic acids; above all, aliphatic poly-

cyclic acids); a heterocyclic carboxylic acid (e.g.

picolinic acid); an alcohol having about 1 to 20,



20. fromthe group consisting of cycloal kanes, cycloal kanol s and
~cycl oal kanones. 10. A separation proces '
4, wherein said substrate is a non-water-sol ubl ¢ REPUNGEMENT SHEET
11. A separation process as clainmed in claim1 25 f separatTng
carboxylic acid and the oxidation catalyst from a rg@&i&gq | x{ufe
. containing the carbo- . xylic acid as the reactignjpr t, I ch
process com 26 - 45 pLiS£S
usi ng water and an organic sol vent which s i ndonpatible wth water,
thereby distributing a salt of t he carboxylic aetd=formed—wtir—=a

basi ¢_subst ance dg¥eLdlly reqdPlary HEYIRtfifbi PO SBLON co yST 1Nt o

a layer 5 of the organic sol vent . A separation process

as claimed in claifadsion cathidi apish rl&f!ea@éf&e 'é’@ﬂ)&ré@édeﬂ a5 at
| east one speci es sel ect fromthe group con5|st|ng of hydro-

carbons, al coholgaskeiatiess lﬁﬁié?cf il (ESh SOFDONRAS: BiRGut 18 £dukréf es.
-13 A separation process as clained in claim

being decomposed, so that the catalyst can be reused.

Q

5 In addition, even when the oxidation reaction product
has a high boiling point, this process ensures efficient
separation of the oxidation reaction product and the
oxidation catalyst, and the oxidation catalyst is still
reusable. |

10 [Aqueous Solution containing at least Water]

As the aqueous solution containing water at
least, use can be made of an aqueous solvent comprising
water as the principle component. This aqueous solution
includes a mixture of water and a water-soluble organic

15 solvent (e.g. C:.; alcohols such as methanol., ketones
such as acetone, ethers such as dioxane and tetra-
hydrofuran). The proportion of the organic solvent in
the mixed solvent is about 0 to 25% by weight (gener-
ally, Olto 10% by weight) relative to water. A prefera-

20 ble aqueous solvent is water. Where neéessary, an
aqueous solution containing a basic substance may be

employed for.ggg formation of a salt of a carboxylic acid.

[Non-water-soluble Solvent]

The non-water-soluble solvent need only be

25 separable from the aqueous solvent. Examples of the
non-water-soluble solvent include hydrocarbons (e.g.

-aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic



12,.>wherein said non-water-soluble solvent is at |east one speci es
seél ected fromthe group consisting of (1) al i phati c, alicyclic or
aromati ¢ hydrocarbons, (2) 15 hal ogenated hydrocarbops »en
alicyclic or aromatic al cohols, (4) aliphatic or aafm§$Fﬂ hﬁéﬁg

(5) aliphatic or aromatic ester conpounds, (6) aliphatfc or aroﬁptlc
nitro conpounds and (7) aromatic nitrites. 14 26AMAYP1998t i '
process as clained in claim1, 20 wherein the proporftijon of the aqugoys
sol vent containing - at |east water rel-atdnN€ to.thd non-warer=sorusl

sol vent I's such that the forner/the latter is 0. 41.to 10/1 (by

wherei n sai d oxi BIEFEFRBLRS, Rt G SRS %‘Sﬁ” C AR o o

wherei n said oxi dation reac poi n

500C ke thies A SRAAL QN A QGS o&?d :{;ﬁ:glié‘% x?&rﬂif‘ttures

- 46- wher ein sai d ox atlon reactlo product

point of 150 to [ S
clained in claim %Ot%res]e s\/(\3r1evreen|ts saiU(fesu%asI% rb;% e s atéT?gjég{lg%%eégﬁé ound

sel ected

them, according to the species of the oxidation reactiomn
5 product or the oxidation catalyst. These hydrophobic
so;vent may_be added to the reaction mixture after
completion of the oxidation reaction, or may be used as
the reaction solvent. If used as the reaction solvent,
the hydrophobic solvent can be further used, after the
10 oxidation reaction, as a separation solvent from the
aqueous solvent. In the case where a hydrophobic sub-
strate (e.g. a hydrocarbon, a ketone) is used as the
substrate and also used as the reaction solvent after
the oxidation reaction, the remaining substrate can be
15 utilised as'thefseparation solvent from the agqueous
solvent.
Examples of the hydrocarbon include aliphatic
hydrocarbons, alicyclic hydrocarbons, aromatic hydro-
carbons and halogenated hydrocarbons. As the aliphatic

20 hydrocarbons, there may be mentioned Cs -5 aliphatic

hydrocarbons such as pentane, hexane, isohexane,
heptane, isoheptane, octane, isooctane and decane. A
preferable aliphatic hydrocarbon includes a Cs-i12 hydro- h
carbon (particularly, a Cs-10 hydrocarbon). As the |
25 alicyclic hydrocarbons, there may be exemplified Cs-1is
alicyclic hydrocarbons such as cyclopentane, cyclo-

hexane, methylcyclohexane, dimethylcyclohexane,
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5 frU”’Tﬁ”_group consisting of alicycldc hydrocarbgus_each ~hawh ng a
E aromatic ring, al cohols C REPESIEMENTNSHEEY  he.

hydro m ones CQrres- pondi ng to t}he

18. A cess am:sl%ammswaem' m 1, 1d

N hydroXyphthal i mde is di st ri hgpggtgmt o orgaﬁﬂ?’@ﬁ%a d t he
Lhuted into t wat er

oxi dati on reaction product b5 2|s distr
| ayer froma reaction nlxture by means ” of watier and an organlc_
sol vent incom patible with water, said reactter—tixttre—tretrny
obtai ned 15 bwhati dszcn@aimed g presence of N hydroxyphthalim de as

the oxidation catal yst, at |east one conpound sel ected fromthe group
consisting of 5- to 16-ngpbenegrakiesscFoe separabyfgoanr baidatabaokehe-
correspondi ng to said hydrocar- bons and ket ones corresponding to

sai d hydrocarbonsion?froduct and 29 oxAdatidhacatalpstcEromia ceactidni n
claim1l, wherei n N-hydroxyphthalimde is distributed into the

organi c | ayer ansizdupgecobtiadned blys oxdldatiendioft ai substrate ini the t he

wat er |ayer froma reaction m xture by nmeans of wat er and an organic
sol vent i ncofpat preeencehofagar imide compiotndesbbwanbyi ther Eocwaillai filng

adi pic acid obtai ned by oxi di zing, in the presence of

N- hydr oxypht hal i asdéhesoxidatiphe catiedysiton wbdch gompriseseusingnanconpound

sel ected T
aqueous solvent containing at least water and a non-

water-soluble organic solvent Separable from said aqueous sol-

éent. thereby distributing the oxidation reaction prod-

10 uct into a layer of the aqueous solvent and the oxida-

tion catalyst into a layer of the non~-water-soluble

organic solvent,
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wherein R! and R? independently represent a hydrogen
atom, a halogen atom, an alkyl group, &n aryl group, a

20 cycloalkyl group, a hydroxyl group, an alkoxy grdﬁp, a
carboxyl group, an alkoxycarbonyl group or an acyl
group; R! and R? may bond together to form a double
bond, or an aromatic or nonaromatic ring: X indicates.ani
oxygen atom or a hydroxyl group; and n denotes an inte-

25  ger of 1 to 3.

' 2. A separation process as claimed in claim 1,

wherein R! and R? of the imide compound of the formula

/.—————/.

LI



fromthe group consisting of cycl ohexane, cycl ohexanol and cycl ohexanone.
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What is claimed is: 4 -

1. A process for separating an oxidation reac-
tion product and an oxidation catalyst from a reaction
mixture obtained by oxidation of a substrate with

molecular oxygen in the presence of an imide compound by

the formula (1) as the oxidation catalyst, which comprises
using an aqueous solvent containing at least water and a
non-water-soluble organic solvent separable from said
aqueous solvent, thereby distributing the oxidation reac-
tion product into a layer of the aqueous solvent and the
oxidation catalyst into a layer of the non-water-soluble

organic- solvent,

R 9
“
¢ N==:=X (1)
s - c/ "
R i
0

wherein R! and R? independently represent a hydrogen
atom, a halogen atom, an alkyl group, an aryl group, a
cycloalkyl group, a hydroxyl group, 'an alkoxy group, a
carboxyl group, an alkoxycarbonyl group or an acyl
group; R? and R? may bond together to form a double
bond, or an aromatic or nonaromatic ring:; X indicates an
oxygen atom or a hydroxyl group; and n denotes an inte-
gér of 1 to 3.

2. A separation process as claimed in claim 1,

wherein R! and R? of the imide compound of the formula



