- 17-. # =4 OX DATION PROCESS CF BRANCHED ALI PHATI C HYDROCAIERQE6Q ~
AND PROCESS FOR PRODUCI NG THE OXI DE . QKEHE%QF THE
INVENTION 5 . This invention relates to an oxidatio rogass,
which is useful for oxidation of a non-cygic branched -  aliphatic
“hydrocarbon wth oxygen to produce a correspondi ng al cohol or ketone,
and to .a process for produci ng the oxide. 10

BACKGROUND OF TR IDNYEWH BNOCESS OF BRANCHEDSALITMHATACC MIYDROSARBONE
t-butanol is characterized by high oxidation resistance and hi gh

reactivity of a hydroxyl ANDOPROCELS! FOR PROBURINGRMHE OXID®l cohol and a
secondary al cohol. Therefore, the tertiary al cohol is broadly used as
a petrol additive, a reaction reagent such as a tertiary butyl ation
agent. The t-butanol is produced by acting a concentrated .
sul furic acid on isobutene geneFEEEBD Oy THECHNWENZAONSO 20 on, and
hydrol yzing a generated sulfate with water. Thi s process, however,
requi res tbeatment of %Thibkuinventionarellated tedancsxtiletieacprotess,
operability. ' A preferred oxidation process fromthe
vi ewpoi nts of wbdelr des usedudnforopxedatienaofabanpni-cycdic briagahedn,
whi ch is conducted with direct use of nol ecul ar. oxygen or air as an
oxi di zi ng agenelipbadier hydrocaskodawith okygebr docpaddugeurat ed
hydrocarbon such as
corresponding alcohol or ketone, and to a process for
producing the ox1de.
10 . .
BACKGROUND OF THE INVENTION
A tertiary alcohol such as t-butanol is
characterized by high oxidation resistance and high
reactivity of a hydroxyl group relative to a primary
15 aleohol and a secondary alcohol. Therefore, the
tertiary alcohol is broadly used as a petrol additive, a
reaction reagent such as a tertiary butylation agent.
The t-butanol is produced by acting a concentrated
sulfuric acid on isobutene generated by erecking and so
20 on, and hydrolyzing a geuerated sulfate with water.
This process, however, requires treatment of sulfuric
acid and reduces the reaction operability.’
A preferred oxidation process from the
‘viewpoints of resources and environment is a catalytic
25  oxidation, which is conducted with direct use of

molecular oxygen or air as an oxidizing agent. However,

oxidation of a branched saturated hydrocarbon such as



- 2- | sobutane (e.g., C4-6 fraction) with air provides a
denet hyl ated ketone and it is difficult to forma =  tertiary alcohol.
In page 762 of the "Lecture Draft 11" (1994) of ' 5 67t h Spring Annual
Meeting of Chemi cal Society of Japan, - 2 Jt is reported that oxidation
of an al cohol such as benzyl al cohol or benzhydrol with air using
vanadonol ybdophosphori at e and N hydr oxypht hal i m de provi des a ketone

such as acet ophgspitafe PengophenopefraBtion) wilkhohiyi pirdvided ahat
oxi dation of fluorene or adamant ane wi t h oxygen using

N- hydr oxypht haieiie dRyUated ketoneaaﬁarnesmendmﬂgladanambaﬁahmoa f1 uorenone.
SUMVARY OF THE | NVENTI ON 15 It is, therefore, an object of the
present - texenargnaloohodyvi de an oxi dati on reaction which insures

ef ficient oxidation of a non-cyclic branched aliphatic hydr ocar bon
and provides a correspbndpagea?&ﬂhof the "LecturéobDeafanlI& piogeédsofor
produci ng an oxide. 20 It is another object of the invention to
provi de 5 6AthxSpgringnAnnuali Meethhng ofihChemicddaSorietyonfolfapan,
catal yst, efficiently oxidizes a non-cyclic branched al i phatic

hydr ocar bon anditpisvrepertedr thahedxiflathioh of an alckbpdneuwht Ashi gh
conversion and selectivity, and a 25 process for producing such oxide.
A further objebengyltadcohodnorohenghydrpiovidh air usénQOX|dat|on

reaction, which produces a tertiary al cohol
vanadomolybdophosphoriate and N- hydroxyphthalimide

.provides a ketone such as acetophenone or benzophenone
10 in a high yield, and that ogidation'of fluorene or
adamantane with oxygen using N-hydroxyphthalimide gives

a corresponding adamantanol or fluorenone.

' SUMMARY OF THE INVENTION |

is - It is, therefore; an Objéct of the present

invention to provide an oxiddtibn reaction which'insures
.efficient oxidation;df a non;GYGiic branched aliphatic

hydrocarbon and provides'a corresponding alcohol or
ketone, and a.process for producing an oxide.

20 | - It is another objedt df_the invention'to provide
an oxidation feaction thaf inhibits deactiﬁation of a

_ catéiyst, efficiently oxidizes a hon-cyclic braﬁched

aliphatic hydrdcarbon and prévides a-branched alcohol or
ketone Wifh.high conversion and selectivify,:and a

25 proceSs for produding-sucﬁ 6xide._ N

_ A furthér'object'of the inventidn.is tb proVide

an oxidatibn reaction, which prOdudes_a'tertiary alcohol



- 3- by oxidation with oxygen, w th high conversion and

sel ectivity, and a process for producing the tertiary al cohol .

The present inventors did nuch investigation to 5 acconplish the above
objects, and as a result, -found t hat oxidation of a non-cyclic '
al i phati c hydrocarbon (e.qg., |sobutan%) wi th oxygen in the presence of
an = oxidation catalyst conprising an imde conpound. or an

oxi dation catal yst- conpri sing the |n1de C oyt d and a 1 tal yst
provi des the ¢ é§ﬁ5ﬂ§i B&éﬂb Iﬁiﬂ% gh qﬂ?W?rs nbﬁ?%ﬁol) or
ket ones (e.g., ace ff|C|entI The pr lLaventi has been
acconpl i shed bé’s"g‘c?‘b‘{}'"%jﬁé"atﬂﬂfg for producing ‘Fﬁﬁ? t ﬁg'aﬂ dati on

process of the §g> |nvent|on conprlses an oxi dation of a substrate
by - conteuﬂ#iﬁf ‘'on- cycllc branched aliphatic hydrocarbon

(hereinafter may refer CéLS a s é_tra orvs\sll ti%dogrp@onih@ 3t attll% prtgsence

of an OX|dat|on cataly npoun SHOWN the

fol | ow f
rgspg\(/:\nt ingel %}%és'@ﬁisgl %bod'reo eeft a\M(;Saren atom’ r?r?'ﬂﬁz e
group, an aryl that, Hifi1dh 'aPal-l 'ﬁl‘i@aﬁ.ﬂﬂéﬂﬁ@‘lﬂycﬂfo@é&bo@ﬁ a koxy

group, a car box group, an al oxycar
(e.g., isobutane) with oxygen in the presence of an

oxidatipn catalyét_comprising an imide compound or an
oxidation catalyst comprising the imide compound and a -
10 co—catalfsf provides the corrésponding branched alcohols
(e.g., t-butanol) or kétones_(e.g;, acetone)
efficiently. 'The present invention has been
aCcomplished based1bn the above findings.
Thus, the oxidation process of the present
15 invention comprises aﬁ oxidation of a sﬁbstrate by
contacting a non-cyciic.branchéd aliphatic hydrocarbbn
(hereiﬂafter may refer to as a substrate) with dxygen in
the presence of an okidatioh catalyst comprising an

imide compound shown by the following formula (I),

20 g
-R1 . .
.:' C\N;;_ .
N /T (1
.R2 Fl n -

wherein R! and R? respectively represent a
25 hydrogen atom, a halogen afom, an alkyl group, an aryl
group, a'cycloalkyl_group,-a hydroxyl group, an alkoxy

group, a_carboxyl'group. an_alkoxycarbonyl group, Oor an



_a- acyl group; or Rlerr] and Rerr] may bond together to forma

doubl e bond, or an aromatic or non-aromatic ring; X represents an
oxygen atom or a hydroxyl group;.and n denotes an integer of 1 to 3,
or an oxi dation catal yst 5 conpri si-ng th i m de compound and a-
co-catalyst. In this process, the branched aliphatic hydrocarbon is
preferably a saturated aliphatic hydrocarbon having a tertiary

_hydrogen'atonl??gbtggbﬁ Ofoihﬁlcﬁnégﬁalﬁ % bSna to etﬁ@f £8SE8pmeEa from not

| ess than an e nDunt to nor e t n 10 nole %relative to

the imde compgyfflie bong, BE &R S2bAk¥SE 89"H6h38§oﬁaEQGD9Hﬁg cgnt ai ni ng
an el ement sel ected fromthe group consisting of Goup

el enents of theeBebkadts IﬁbbﬁygénEheaﬁnb§ aah&(iﬁai‘tyﬁ.' gfoup; angehal and
G oup 3B elenents of the Periodic Table of 15 | enent s. A

process for praddetB8 an Qﬁtéﬁe@fofhf £6€3¢Nbr an oxiﬂ&@ﬂbhoﬂafalﬁst a
process for producing an alco a ket one) conprises contacting a

hon-cycli csbr apehgéising tﬁélmﬁiaechmﬁbaﬁaraﬁa 4l tb-exygegsth thae presence
of the 20 oxi dation catalyst to provide a correspondi ng al cohol or

ketone. This ptheéesSproBEspl,odhécbgafichedsalbighagic hydrakaeboh is

non-cyclic branched aliphatic hydrocarbon with high selectivity by
contacting thepiesechbly a satatapédtamibhdtQcahbdnouarbonxhgvmngnathe
"presence of .a 25 non-protic sol vent. I ncidentally, the

term "di val ent teraharyi hgdrogen atom. A ratio of the co-catalyst is,
for instance, from not less than an effective amount to
10 not more than 10 mole % relative_fo the imide compound.
The co—catalyst comprises a compound containing an
element selected from the group consisting of Group 2A
elements of the-Periodic Table of Elements, a tranéition
metal and Group 3B elements of the Periodic Table of
15 - Eleménts. .
-A process for prodﬁcing an oxide of the present
invention (i.e., é p:dcess fbr'producing an aicohol or a
ketone) cbmprises contacting a non-cyclic bfanched'
aliphatic hydrocarbon'ﬁith oxygen in_the'presence of the
20 oxidation catalyét to provide a correspoﬁding.alcohol br
ketone. This process may produce a corresponding
_alcdhol to non-cyclic branched aliphétic hydrocafbon
with high selectivity'by COntacting the branched
“ aliphatid hydrocarbon with.03ygen in the presence of a
25 non-protic solvent. |
| Inéideﬁtally, thé term “divalenf transition

metal compound" comprises a transition metal compound



met al conpound" conprises a transition metal conpound

i 5- produced in a reaction system " DETAI LED
DESCRI PTI ON OF THE | NVENTI ON [ 1 m de conpound] 5 . ‘In the
conmpound shown by the formula (1), the _ g _ halogen atom as the
substituents Rerr] -and R err], includes | odi ne, brom ne, chlorine
and fluorine atons. The al kyl - group includes, for exanple, nethyl,

ethyl, propyl, producedsanr apyeacikionl systemutyl, sec-butyl, t-butyl,
pentyl, 10 hexyl, heptyl, octyl, decyl, or other straight chain or
branched chain al kyl groups each having about 1 to 10 carbon atons.
An illustrative preferred al kyl group ~includes al kyl groups each
havi ng about 1 to 6 carDERAILED DESCREPTIONpOFt THEl ANVENBEONal kyl groups
each having 15 about 1 to 4 carbon atons. As the aryl
group, there may[Amidentompedndior I nstance, a phenyl group and a
napht hyl group. Exanpl es of -the cycl oal kyl group include cycl opentyl,
cycl ohexyl and Tpctbeccympgunndpshowhebwl kbheyfgroupai (t)udtbe for 20
exanpl e, met hoxy, ethoxy, propoxy, isopropoxy, butoxy, | sobut oxy,
t-but oxy, pentpadegenhetpmexas ihe stbetituentsaRkorpdgREupdneiduvdesavi ng
about 1 toe 10 carbon atonms. Among them al koxy groups each having
about 1 to 6 dlodingar bseminenschlarpaet ppdl fluppiee atemgy gfbepelkydh 25
having-about 1 to 4 carbon atons are desirable. Exanpl es of
t he al koxycar h@R9MPgiBGAUARS| ufer example, methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl,
10 hexyl, heptyl, odtyl, decyl,.or other straight chain or
branched chain alkyl groups each having about 1 to 10
carbon atoms. An illustrative preferred alkyl group
includes alkyl groups each having about 1 to 6 carbon
atoms, in particular lower alkyl groups each having
15 about 1 fo 4 carbon atoms. |
As the aryl group, there may be mentioned, for
instance, a phenyl group and a naphthyl group. Examples
of the cycloalkyi group include cyclopentyi, cyclohexyl;
and cycloocfyl groups. The alkoxy group includes, for
20 example, methoxy, ethoxy, propoxy, isopropoxy, butdxy,
isobutoxy, t-butoiy, pentyloxy, hexyloxy, and other
alkdky groups each having about 1 to 10 carbon atoms.
Among them, alkoxy groups each having about 1 to 6
carbon.atoms, in particular lower alkoxy groups each
25 having about 1 to 4 carbon atoms are desirable.
Examples pf the alkdkycarbonyl group include

methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, iso-



nethoxycarbonyl et hoxycar bonyl, propoxycarbonyl, iso-

= 6- propoxycarbonyl but oxycar bonyl, i sobutoxycarbonyl, t-

but oxycar bonyl , pentyloxycarbonyl hexyl oxycar bonyl, and ot her

al koxycarbonyl groups each having about 1 to 10 carbon atons in the
al koxy nmoiety. A preferred al koxy- 5 “car bonyl group includes those each
havi ng about 1 to 6 carbon atons in the al koxy noiety, anong which

booms i n the abreRsATeRRHond1e ButBaTdalBlhte S I8butokodeBBRRLY 1o |
group 'nC|UdesbuEB%yb3§%%B§ﬂ 5%5@&2P§?%Q5P8§§ﬁﬁyh xﬁr Q?@H!bon LY GHl,

| sobutyryl, valery groups

each having e%bg b%&oﬁb%”&ach having about!AEtsURgL i tuents
e gither % Pt

Rlerr] and R[er sane or different from each

other. In the EBE%Bhaa&%hs 1%5theRE§kbkyaﬁ@1@E9rr]AU%&e?@&QeHQQ&kB&&-tO

forma doubl e bond, or . aromatiC non-aromatic ring. A preferred

aromati c 05  carbo@Rl a@mp &n@lﬂaegasth%ea ealchd nlawh@g abbayt 15tb06l2
nmenbers, in particular about 6 to 10 nenbers. Such a ring my be a

heterocycl i ¢ Iicagbdh atomBlansete ddkoxfemeraetys| amohighghiln! lowelay
practically be a hydrocarbon ring. As such a ring, there may be

mentioned, for alkokFeacbonyl roups each Bueling @boyt 1 to 4(eagbon
cyclohexane ring and ot her cycl oal kane rings whi ch may have a
substituent, cutomseinnthe adkoxy moiety are tymiicaldlyl Vesdirabileut ed
cycl oal kene rings), non-aromatic

The acyl group includes, for instance, formyl,

10 acetyl, propionyl, butyryl,;isobutyryi, valeryl, iso-
valaryi; pivaloyl, and ofher acyl.groups each having
about 1 to 6'ca£bon atoms. |

. The substituents R! and R? may be either the
same or different from each other. 'in the formula (1),

15 R! and Rz'may.bond together to form a double bond, or an
aromatic or nOn-aroﬁatia ring. .A preferréd aromatic or
non-aromatic rianmay bé a ring having about 5 to 12
memﬁers, in particular about 6.t0 10 mémbers. Such a
ring may be a heterocyclic ring or a condensed

20 heferocydlic ring, but.it'may.practically be a
hydrocarbon ring. As suah a ring, there may be
mentioned for 1nstance non- aromatic alicyclic rings
(e.g., cyclohexane ring and other cycloalkane rings
Whlch may have a substituent, cyclohexene ring and other

25 optionally sﬁbstiﬁufed cycioalkene rings), non-aromatic
bridged (crbss-linkéd) rings (e.g;, 5-norbornene ring

and other optionally substituted bridged hydrocarbon



bri dged (cross-Iinked) rings (e,g , 5-norbornene ring and ot her
optionally substituted bridged hydrocarbon

-7- ‘'rings), benzene ring, naphthal ene ring and ot her optionally
~ substituted aromatic rings. The ring nay_ _ practically conprise an
aromatic ring.. A preferred iﬁ%de conpound i ncl udes conpounds

5 shown by.the following formula, [err]

wher ei n R[err]riﬁhgpkipeﬁh%h%l:gﬂ%,?b%;%#hhﬂéﬁﬁﬁEdﬁﬁtEhd othekepr esent a

hydr ogen atom "an group, group, an al koxy group, a

carboxyl ar oup ogdll ondll 152 SEBRLIAURAR birBiitic #ndEY!  BhURANG My 0 Or OUP,
ah .tcyano gr upkﬁfn m 2% grouptor a halo?en atonL tge bon doubl bgtmgen
the nitrogen a Y e ing.bond or a double bond; -
and Rerr], R[Erri, faQH: n ﬁg@%@%hgisg#SMB&i% #ggﬁings as defined above.
: gfkyl In the subgt ipréeairsell ¢hille BbfibohnaRiatlhdagdcbhpbuhdst he
| 5 shown by the following formula,
a0 a0 'O R
c\'N--- C\ R4 C\N-.-
o = RS o/
R2 il R2 ﬁ 1]
0 | (. g O
10 (1a) (1b). (1c)
R3 0 R3 0 R3 0
. 1 n :
Ri< C\ R4 C\ R4 C\
N===X N==X N==X
RS 9’ RN ¢ RS ¢
| R 0 g O O
15 :
(1d) (te) | 1)

wherein'R3,lR4, R® and R® independently

represent a hydrogen atom, én alkyl group, a hydroxyl
group, an alkéxy group, a carbbxyi group, an

20 alkoxycarbonyl gfoup; an aéyl group, a nitro group, a
cyano group, ah amipo'group_bf a halogen atom; the bdnd
betﬁeen the nitfogen atom "N" and "X" denotes a single
Bond or a double bond; and R!, R?, X and n have the same
meanings as_defined above.

25 - In the substituents R?, R*, R® and R®, the alkyl
group includes'alkyl grbupé;similar to thosg exemplified

above, in particular alkyi groups each having about 1 to



grohp I ncl udes al kyl groups simlar to those exenpllfled ' above, in
particul ar al kyl groups each having about 1 to :

- 8- 6 carbon atons. The al koxy group includes the sane al -

koxy groups as nentioned above, in: partlcq;ar | ower al - koxy groups
each having about 1 to 4 carbon atoms: Exanpl es of t he al koxycar bonyl
group i nclude the sane 5 al koxycar bonyl groups as exenplified above, in
especi al PEREAT b I b -
carbon atons iglthe éﬁioxy rmlet%g’>é E%&Bﬁgsg%%ﬁg Eﬁ&%pﬁeé e %ah@ él be

mentioned the §i aﬁj yp < a%rméascﬂoaehh%%ve.  1in gsgelt&%&ﬁraﬁe%r bﬂ-_

particul ar acyl ach having 10 about 6 carbon atons.

Exanpl es of th d%? QAU Ydch havinCapdat 1V R€ caghbar bitgmand broni ne
atons. The sub- stltuents R err Rlerr], Rerr] and R err] nay

practically be g4 of the etm&ydaa%h | lgroudy anRI uBecktneavaie 1 to 4
car bon: at ons, carboxyl groups, nitro groups or hal ogen atons, 15

respectivelsy. alko carbonyiT@&o§£@b%b %xb&p&ﬂleﬂrﬁbb&eﬁlhndéﬁgb%&agn
oxygen atom or a hydroxyl group bond between the nitrogen atom"N'

and "X' is a simgler RAKbxGcarbdifl groups eaehdhaviingt Bboutn 1utealdl y
denotes about 1 to 3, 20 preferably 1 or 2. The im de conpound shown by

the - f or mdaxrHoh) atvmshdnidthd alkoxy @moietycondisnaheoacyl greup,

oxi dation reaction:. _ As . exanpl es of the acid anhydride

correspondi ng there tay e imendc oned dhed sdinitllae aoyiulgarofipls, toheéheseay be
mentioned above, in particular acyl groups each having

10 about 1 to 6 carbon atoms} . Examples of the halogen atem
include fluorine, chlorine and bromine atome. The sube
stituents R3, R*, R® and R® may practically be hydrogen
atoms, lower alkyl groups each having 1 to 4 carbon
atoms; carboxyl groups,_nitro'groups or halogen atoms,

15 respectively . |

The symbol X in the formula (1) denotes an
oxygen atom or a hydroxyl group. A bond between the
nitrogen atom "N" and "X" is a single bond or a double
bond. Further, n usually denotes about 1 to 3,

20 preferabiy 1 or 2. The imide compound shown by the
formula (1) qah be used singly or in combination in the
oxidation'reactidn. |

As examples of the acid anhYdride cbrresponding
.to the imide compound of the formula (1), there may be

25 mentioned succinic anhYdride,.maleic anhydride, or other
saturated or unsaturated aliphatic'diearboxylic acid

~anhydrides, tetrahydrophthalic anhydride,'hexahYdfo-



25 " ientioned succinic anhydri de, mal eic anhydride, of ot her

saturated -or unsaturated aliphatic dicarboxylic acid anhydri des,
_tetrahydrophthal i c anhydri de, hexahydro-- - '
-9- pht hal i ¢ anhydride (1, 2-cycl ohexanedi carboxylic
- anhydride), 1,2,3,4- cyclohexanetetracarbo%&l|c acid 1, 2- anhydri de,
and ot her saturated or unsaturated nonaronmati c cyclic pol ycar boxylic

IohycrTast"! “Bneniyac  ShhGHFLRE CLnACBRIPRER R BB AR AT L oy 1
anhydri des (2l LAkGhESaBS! Y 525094 L Lo IBRMIRRABS) racarboxBi 2hbaqaalydr | de,

tetrabronnphth rachl.orop ydri

ni trophthal i c gy ﬁﬁgass 2Bl otheETBELELEANBYGhda

met hyl cycl ohexene FircarBoX erﬁEFFt?IC anhydri de,
rellitic anhydobi8romatic é élécb8§§gnaﬁﬁb§gg&et 6@3a" Bakyhriadsanhydri de,

and ot her "aroma PO ycar I'C an Exanpl es

of a prefegredé?g&€9ﬁggepg gﬁhEBBHQSiclgﬁthrﬁﬁgﬁqxyﬁggibnhﬁhgﬁrlde,

N- hydr oxymal ei exa- roph

N, N - dlhydrOXyBiﬁhehﬁﬁEQEEEHEaCaﬁﬁobther brihﬁbﬁecleE&dFBIyEHEBBkyilée
N- hydr oxyt et r abr onopht h m.de, N-hydroxytetrachl oropht hal 1 m de,

N- hydr oxyhet - anhydrhﬁbge amib¥619&y blyﬁhéﬁokxiﬁhdaﬁh¥d5iﬂ@ébornen 2, 3-
20  di carboxi m de) roxy rinmelTitimde N -di hydr oxy-

pyromel i tim dghtﬂamlcdah gaeﬂaaphélﬂ@haﬂemophthaliet aaBgakedeni de and so
forth. A typically preferabl I m de conpound i ncl udes an
N- Eygr ogyl n de teeffaelldrophthalgti dnlyliredeannakirephithalpel snhylexyei c
anhydride, in

10 trimellitic anhydride, methylcyclohexenetricarboxylic

anhydride, pyromellitic anhydride, mgllitic.anhydride,
1,8:4,5-naphthalenetetracarboxylic dianhydride, aﬁd
other aromatic polycafboxylic ahhydrides.

Examples of a preferred imide compouhd include

15 N-hydroxysuccinimide, N-hydroxymaleimide; N—hydroxyhexa-.
hydrophthalimide, N;N‘—dihydroxycyclohexanetetfacarbo;
ximide, N-hydroxyphthalimide; N-hYdroxytetrabromophthal-
imide, N-hydroxytetrachlorophthalimide, N-hydroxyhet-
imide, N—hydrdxyhimimide (N-hydroxy—S—norbornen-Z,3—

20 dicarboximide), N-hydroxytrimeilitimide; N;N'—dihydroxy-
pyromellitimide, N,N'-dihydroxynaphthalene-
tetf&carboximide.and-so forth. A typically preferable
imide ccmpound inciudes én N-hydroxyimide_comppund
derived from an élicyclic polyc&rboxYlic anhydride, in

25 pérticula: from aﬁ aromatic polycarboxylic anhYdfide,
such as N—hydroxyphthalimidé. | |

The imide compound may be prepared by a con-



25 particular froman aromatic pol ycarboxylic anhydride, ' such as
N- hydr oxypht hal i m de. The im de conpound nmay be prepared by a
con- _ .- 10 - _ vent i onal

i m dation process (a process for the fornation of an imde), such as
a process that conprises the steps B all owi ng a correspondi ng aci.d
anhydride to react with hydr oxyl am ne NH[err]CH for ring-opening of

an acid ' 5 anGudtigeagr oheaaaady kgsgags 15 pkBEebS EBEMAR EliAgtion

These i m de |es

efficiently OX'Q'éﬁ imEﬂQ)Cy bﬁ as biglat kf @ygbﬁﬁ 5989 Eéﬁsor
i Fych as a pRocliE tha B i‘ibf

- wWth oxygen even con I ONns. artic

an 10 OX'dabgogéégbihgsk EB%BEEBSﬁdﬁﬁgt%GhﬂeaﬁBQHQEBQ %BdrEQ t with

"co-catalyst in I hati on activrtres ar reall

substrate can hga@idh2fdng’ (iaGDBTELY. 248G~ -openinblofi bl 8 oder at e

condi tions and rmation rate conver si on é or selectivity

can be enhg nceg?nyaéiaeT ff.-gagors da@ﬁBEiththQ Eﬁﬁgpﬁ:ﬁsfahn' aﬂemﬁ.haa the a

substrate 1s effiCiently™o |ze In the presence 0 cat al yst

conprising the imde C@HBQHnﬂm?&eacéﬁbéhﬁhbchave h1§M562ﬂH£Qﬂﬁ i sing the
I m de conpound and the co-catal yst to give an alcohol a ket one

corresponding hetiketide, andbehhakerwchibniighoxeheck 4l hin- cycllc
[ Co-catal yst] _ A co-oxidi zing agent as the co-catal yst includes
or conprises nalibhﬁﬁibon?d%oaaiboﬁswi@ﬁpaﬂﬂdoﬁoﬁﬂthsbﬂggen even in

" mild or moderate conditions. Particularly, when an

10 oxidation catalyst compfises the amide compound and the
co-catalyst in a combiﬁation, high activifies are
_realized, thé substrate can.be_oxidized éfficiently even
in mild or moderate conditions and a transformation rate
or conversion and/or selectivity can be enhanced.

15 Therefore, according to the présent invention, the a
substrate is efficiently oxidized in the-presencé of a
catalyst comprising the imide compound or a catalytic
sstem comprising the imide compound and thelco-catalyst
to give an alc@hél and a ketone'C6rresponding to the

- 20 substrate with high selectivity. .
[Co~catalyst]
- A cQ-oxidizing agent as the go-catalyst includes
. or comprises metal compounds'such as compound cbmprising
'or containing'a'Grqup 2A element of the Periodic Table

25 of Eiements (e.g., magnésium, calcium, strontium,

barium), a tfanSition metal comp@und, or'compounds

'containing a Group'3B element (e.g., boron B, aluminium



or contalnlng a Goup 2A elenment of the Periodic Table 25 of El enents

(e.g., magnesium calcium strontium barium, a transition netal
conpound or conpounds containing a G oup 3B elenent (e.g., boron B,
al um ni um Al) of the Perjogdic_Table of El enents. These co-
catal ysts may be enpl oyed independent!y of "in conbi nat i on.

As the elenents of the transition netal, there 5 may be nentioned, for

[ nstance, GrougJAcel eRRNbazabaiicnanie ofeklabAchIb! eaboEtBImNIS (2.0

scandi um Sc, yttrium ant hanum La, cerium Ce, samarium Sm and

ot her 'aefatm%@semayeabs gibgaa%h&e aﬂaearth?r o&Clhnoi d

el enments), Goup 4A el enents of t eriodic Table o - Elenments (e.g.,.
titanium Ti, ZidomPAnd#ién.. hafnium Hf ), G oup 5A elenents (e.g.
vanadi um V, ni obi um Nb, tantal um Ta), G oup 6A elenents (e.qg.
chromumCr, nol xgdeRENeVemehtB96FCEhd) treh8iPidh MeEARNt €héfel.
manganese M, technetium Tc, rheniumRe), Goup 8 15 el enments (e.g.,
iron Fe, rgthemiaympBUmedtion@dcs fogohaktance, GEoupr BadelamBAtsi 6EdtHs I T,
ni ckel N, palladium Pd, platinumPt), Goup 1B elenments (e.qg.,
copper Cu, sil pefriodic TA@leg@EdEAeheamé Geoup, ZBcahamamtScofytheiﬁmruoduc
Tabl e of Elements (e.g., zinc Zn, cadmumCd). 20

preferred el emramt anid uhﬁthannmtahysbernumudes samarlameSmnhndobtth
transition netals (e.g., lanthanoid el enents, actinoid elenments and

ot her Group 3Alah¢hnnbad elementsnhacﬁéniuﬂlAcTabﬂeomheElantmnsidcioup 4A
elements, elements), Group 4A elements of the Periodic Table of

10 Elements (e.g., titanium Ti, zirconium Zr, hafniﬁm HEf),
Group 5A elements (e.g.,_vanadium V, niobium Nb,
tantalum Ta), Group 6A elements (e.g., chromium Cr,
molybdehum Mo, tungsten W), Group 7A élements (e.g.,
manganese Mn, technetium Tc,'rhenium Re), Group 8

15- elements (e.g., iron Fe, ruthenium'Ru, osmium Os, cobalt
Co, rhodium Rh, iridium Ir, nickel Ni, palladium'Pd.
platinum Pt), Group 1B elements (e.g., coppér Cu, silVér
_Ag, gold Au) and Group 2B elements of the'Pefiodic'Table
of Elementé (e.g., zinc Zn, cadmium cd).

20 A preferred elemént;of the co-catalyst.includes
elements of the transition metals (e.g., lanthanoid
eleﬁénts, actinoid élements and other GrOup 3A elements
of the Periodic Table'bf Elements, éfoup 4A elements,
Gfoup 5A elements;'Grbup 6A elements, Group 7A elements,

25  -Group:s elements, Group 1B élements, and Group 2B
elements of the.Periodic Table of Elements) and Group 3B

‘elements of the Periodic Table of Elements (e.g., boron



G oup 5A elements, Goup 6A elenents, Goup 7A elenents, 25 G oup 8

el ements, Goup 1B elenents, and G oup 2B el emrents of the Periodic
Tabl e of El enents) and G oup 3B el ements of the Periodic Table of

El emrents (e.g., boron ' - 12 -
conpounds). In particular, high OXIdIZIng act|V|t|es - are denonstrated
when the im de conpound of the formula . (I') is used in conbination

2 omoundofigBhil )19 1 parfhenfaro’ nobiooxFioUPnd nELEVRAIEs V) o1

ot her G ou t her oup~6A e nents h, -
Tc, Re Oﬁrgta@ﬁ QHHtZﬁéﬁhéﬂEEﬁé iﬁfdeFEom?QunEmof“%h@rformulaOther

Goup 8 el enents, G oup enent s The

speci es of the(gq- Eétﬁkiﬁt1h5c8ﬁbin&QionpﬁiEhCH|ébh?oﬁh&1é6ﬂt§§ni as it
contains the el enen and has oxi di zi ng proper and it may a

sinpl e ~ Syhst gpcerobthuer a¥bds A 818mbats, Tveo§00enéﬁlaﬁbupBSA
practically be an oxide of a netal (a double oxi de or an oxygen acid

or a salt gsher gdkhen®B,0C#2NM6, aWi 8rsatheraBrolp 6Ai 8RéMeNALS, amn( Balt, a .
hal i de, a coordi nate conpound (a conpl ex) conpri sing the netal

el enent, a pol gaco# b&her Grolipt ZAOBREMEALE, OFe@NRuS0OPO) YRE| djiosrits salt.
As the boron conpound, there nmay be nentloned for exanple, a boron

hydri de (e.g., othegn@rodpber anements, 'oiret:uabnranherpenbapomne,-
~decaborane), a boric acid (e.g., orthoboric acid, netaboric acid,
tetraboric elementls. a borate (e.g., a nickel borate, nagnesium
The species of the co-catalyst is ﬁot
10. particularly limited as far as it contains the elemeht
and has oxidizing property, and it may-bé a_simple
substance or hydroxide of a metal. The co¥catalyst may
practically be an oxide of a mefal {a double oxide or an
oxygen acid or a salt thereof), an organic acid salt, an
15 iﬁorganic acid salt, a haiide, a coordinate compound (a
complex) compfiéing the'mgtal elément, a polyacid (a
.hetéropolyaCid or an isqpolyacid) or its salt.
As the boron compound, there may be mentioned,
for example, a boron hydridé (e;g., borane, diborane,
20 tetraborane, pentaborane, decaborane), a boric acid
(e.g., orthoboﬁic acid, metaboric acid, tetraboric .
acid), a borate (e.g., a hickel borate; magnesium
borate, manganese borate)i B203, and other boron oxides,
borazane, borazene, bbrazine, boron_amide; boron imide,
25 and-other_nitrogen-containing boron compoﬁnds} BF3,

BCli3, tetrafluoroborate, and other halides, esters of

boric acid (e.g., methyl borate, phenyl bo:ate) and so



bor'éte, manganese borate), Blerr](err], and other boron oxides,
borazane, borazene, borazi ne, boron am de, boron im de, 25 and ot her

ni t rogen- cont ai ni ng boron conpounds, BF3, BCl[err],
tetrafluoroborate, and other halides, est %s_of boric acid (e.qg.,
met hyl borate, phenyl -borate) and so -

- 13 - on. A preferred boron conpound includes boron hydrides,

orthobor i ¢ acl gn ang. Yr¥erfly odthIBeipotal LnARKEY poron pyabTaag whi ch

a boric acid can pr y be enploye co-cat al'ysts may be

enpl oyed si ngl h
| % uées Nh(%—b)éthOb%fagbs acl}ﬁog‘é)hgato%‘ﬁ@r é‘c a&]ﬂ)s ort ?;élﬁ?gl !tglbg%ggﬁl ng.

Ex I f th I
Zr ame)r ?]S oV[ er ‘ré]m er y ll&{/% %r Irﬂoalg(lra%d %huﬁ%e§@:% er r%]r %}nerl;s I\/tr)g err],

MO, Mh R O 10
Fe[err] [Cf (ra; ]r ]q q'lliilelé% or %aq%ﬁa%rﬁ?qmgw bt Einglo%he rsrih QrCoba (Ja'rﬁ(ra]

Co[err]desr], ShbiaathonRnlerr]Jerr], ' Cu[err]CIerr] and so forth.
As exanpl es of t he doubl e oxi de or -oxygen acid salt, the_re may be

mentioned MAl [err] J erhk, hydroxilleTiebehtks Malb@)er,r MnO(OH), Fe(OH):
Klerr]Mn[err](err], CaO xM(Jerr] (x=0.5, 1, 2, 3, 5), manganese

salts [e.qg., Na&Nh@é(oB@%[Nhgﬁhaaauq gpeakingh Exanpdest of( Yhe
Klerr]MnJ err], Na[err]MJerr], BavndJerr], and other

manganat es( V1) meKMlGIief lb]xidlﬁal‘ﬂnq]_.eﬂle] smqumorz]., Zth[zef VBB 20ks,,
Csvhd err], AgMhJ err], Ca(M(err])[err], Zn(MJerr])[err], -
Ba(M err]) [ eCxp, KB #MoOs),[ ¥n0,, Mn304, EdPR( ¥nOR) [ M7 .alfelat her
per manganat es] . As the organic acid salts, there may be 20
exenpl i fi 8@ asFeaBal.t Feo®uat RuOranfaulase Cadat §002 .c60a0s . RhO2,pRbpOcnat e,
manganese propi onate, cobalt napht henate, manganese napht henat e,
cobal t stear at €u2@angapdsso forth. As examples of the double oxide or
oxygen acid salt, there may be mentioned MnAl:204,
MnTiO3, LaMnO3, K2Mn20s, CaOexMnO» (x=0.5, 1, 2, 3, 5),
manganese salts [e.g., NasMnO4, Ba3[MnO4]2 and other
15 manganates(V), KzMnOs4, NazMnO4, BaMnOs, and other
manganates(VI), KMnOs, NaMnO4, LiMnOs, NH4MnOs, CsMnO4,
AgMnOs, Ca(MnOs)2z, Zn(MnOs)2, Ba(MnOs)2, Mg(MnOi):2,
Cd(MnO4)2, and other permanganates]. '
As the orgahic acid salts, there may be
20 exemplified as cobalt acetate, manganese acetate, cobalt
propionate, manganese propionate, cobalt naphthenate,
manganese naphthenate, cobalt stearate, manganese
‘stearate, and other salts with a Cz2-20 fatty acid,
manganese thiocyanate, and ‘corresponding salts of Ce,
25 Ti, Zr, V, Cr, Mo, Fe, Ru, Ni, Pd, Cu and Zn. The

inorganic acid salt in,cludés, for i'nstancé, cobalt

nitrate, iron niti:'ate, manganese nitrate, nickel '



stearate, and ot her salts with a C2-20 fatty acid, . nanganese‘
t hi ocyanate, and corresponding salts of Ce, 25 Ti, Zr, V, C, M, Fe,

Ru, Ni, Pd, Cu and Zn. The ' inorganic acid salt includes, for

i nstance, cobalt nitrate, iron n|tr manganese nitrate, nickel
-14 - nitrate, copper nitrate, other nitrates, and

sul fates, phosphates and car bonates each correspondi ng to these
nitrates (e.g. £ t 8 tf& suéﬁ&t h Sgasul fate,
cobal t phosphart%E ??%n pﬁ%ééﬁ = 9% nanggnggenﬁﬁosp at an i ron
carbonate, a ”EHEEE%&E phospﬁéf@@“&ﬁ& céfﬂ&nﬂ@éQhégﬁﬁl@3rré§%6ﬂ§1 i des,
t here may be menfioned, for instance, SnQ 3 ,

ZrQod 2, VCI3, fgfﬂﬁeséhﬁi@raﬁggjﬁedgecjéob5f€j§ulfﬁ€e3 iron suffdte; RhQ 2,
RhCl 3, Nid2, Pdd2, ptd?2 C12, and ot her chlorides, or

fluori des, br%ﬂganeéelealéaﬁe cobatf ggnaﬁeonﬂwﬂ pRos é@echl orides
(e.g., NhFZ Br2, MF3, FeF2, Fe eBr2, FeBr3, Fel2, CuBr,

CuBr2), ansl Otlhéﬁgaﬁésdeﬁho%ﬁéfé'VhQ131rMeééi:36ﬁ53Eé, A RanganbES 5,

Merr]2WhC 6, wherein Merr] represents a nonovalent netal, and 15 ot her

conpl ex hali desarbonate, iron pdbh€hlogatd)CONAsi théi | BL1des Cormbex may
I ncl udes, for exanple, CH (hydroxo), nethoxy, ethoxy, propoxy,

but oxy and ot hpe mékbigngdoupsr bnetayhceprsmCdiyl Smhg, TiClz ptieClacyl
groups, nethoxycarbonyl (acetato), ethoxy- 20 car bonyl and ot her
~ al koxycar bonyl ZgoClps, Vatet yVvaCet p-MnCl2, MaCb;, cheCbpenFedlenyRuGloup,
chlorine, brom ne and
CoClz, RhClz, RhCls, NiClz, PdClz, PtCl2, CuCl, CuClz,
10 and other chlorides, or fluorides, bromides or iodides
leach corresponding to'these chlorides'(e.g., MnF2,
MnBra, MnFs, FeFz, FeFs, FeBrz, FeBrs, Felz, CuBr,
CuBr:), and other halides, MMnCls, M!2MnClse, M'2MnCls,
M1.,MnCle, wherein M! rep:esents a monovalent metai, and
15 other complex halides.

The 1igand constituting the complex includes,
for ekample, OH (hydﬁoXo), methoxy, ethoxy, Ppropoxy, |
butoky and other alkoxy groups,_acetyl, propionyl and
other acyl groups, mefhoxycarbonyl (acetato), ethoxy-

20 carbonyl and other alkoxycarbonyl groups, acetylaceto-
nato, cyclopentadienyl group, chlorine, bfomine ana
other halogen atoms, CO, CN, ~oxygen atom, H20 (aquo)
phosphine (e.g., trlphenylphosphine and other triaryl-

. phosphine) and other phosphorus compounds, NH3 (ammine){

25 NO, NOz (nitro), N03'(hifrafo), ethylenediamine, di-

ethylenetrlamine pyrldine phenanthrollne and other

nltrogen—containlng compounds. In the complexes or



ot her hal ogen atons, CO, CN, oxygen atom H20 (aqu), phosphi ne

(e.g., triphenyl phosphine and other triaryl- . phosphi ne) and ot her
phosphorus conpounds, NH3 (amm ne), 25 NO,- NO2 (nitro), NO3 (nitrato),
et hyl enedi am ne, di - et hyl enetri amg,- pyri di ne, phenanthroline and
ot her ni t rogen-cont ai ni ng conpounds. In the conpl exes or
- 15 - complex salts, the same or different |igands may be

~coordi nated sigahplex saltopbihetsane or different Ihgandsgamaly ilse
practically, for exanple, OH an ' al koxy group, an acyl group, an
al koxycar bonyl cgopdinatéd siwglyleretnnedtmbimatdmgen atom CO, CN, H20
(aquo), ~ triphenyl phosphi ne or other phosphorus conpounds, or a

ni t r ogen- cont ai ni ng cdofpeubhibgamt | isipractiddBly NCRonreikample, NiB. an

The transition netal elenment and the ligand may 10 optionally be

enpl oyed i n coabkozmyi gnoup, fam nagytogpder, an alkSxydarbemybl| @roupcl| udes,
for instance, acetylacetonato conpl exes [e.g., acetylacetonato
conpl ex of5Ce, aSetyYacetonatozra NalagenMastowh, CPe, ClRu HED (aguolu or Zn
titanyl - acetyl acet onat o conpl ex Ti O( AA) 2, zirconyl acetylaceto- 15
nat o conpl ex Ztoiphenylphesphine coy| athennphosphopusxcompoundsy /¥ 23 cyano
conpl exes [e.g., hexacyanomanganate(l), - hexacyanoferrate(l1)]
carbonyl conpl BktEogencgentaining compeundchprlusiye «xEsNHz, gNO2 and

tri carbonyl cycl opent a- di enyl manganese(l),

bi scycl opent adN@pyl manganese(11), 20  biscycl opentadi enyliron(ll),

Fe(CO 5, Fe2 (CO9, Fe3(CO 12], njt I d . NO) 4,
(<9 (O The tx(?ar(xsi io mgtlza]r. Ogi/emgt?ir:m grlljg t?hé el:lggéng erﬁay)

10 optionally be employed ih-cpmbination to form a complex.
Such a complex includes,_for instance, acetylacetonato
-complexés [e.g., acetylécetonafo complex of Ce, Sm, Ti,
Zr, V, Cr, Mo, Mn, Fe, Ru, Co, Ni, Cu or Zn, titanyl-
acetylacetonato complex TiO(AA):2, zirconylacetylaceto-

15 nato complex'ZfO(AA)z, vanadylacetylacetonato compléx
VO(AAfz], cyano complexes_te.g., hexacyanomanganate(I),
hexacyanoferrate(II)], caibonyl complexés or cyclo-
pentadienyl domple#es [e.g.( tricarbdnylcyclopenta-
dienylmanganese(I), biscyclopéntadienylmanganese(II),

20 biscyclopentadienyliron(II), Fe(CO)s, Fe2(CO)s9,
Eea(CO)lz],'nitrosyl_cdmpounds fe.g., Fe(NO)4,'
Fe(CO)2(NO)2], thiocfanéto complexes_[e.g;, thid-
cyanatocobalt, thiocyanafomanganese; thiocyanatoironl],
or aéetyi_complexes [e.g. cobalt acetate, manganese

25 acetate, iron acetate, copper acetate, zirconyl acetate

. ZrO(OAc)z,.titanyl acetate TiO(OAc)z, vanadyl acetate

VO(OAc)2].



Fe(tI»Z(hK»Z], t hi ocyanat o conpl exes [e.g;, t hi o- ~cyanat ocobal t,

t hi ocyanat omanganese, thi ocyanatoiron], or acetyl conplexes [e.q.
~cobalt acetate, nanganese . 25 acetate, iron acetate, copper acetate,

zirconyl acetate Zr (QGAc) 2, titanyl éalcet ate Ti O(OAC)Z vanadyl

acetate VQ( QAc) 2] . 16 -

The pol yacid (isopol yacid or heteropolyaC|d) S practlcally at | east

Porodi c Tabl o of - THF hEhfatia (1 ARSI A R QR Bl 11

acid) 5 or Wnﬁ%gggf{:éf%gcég)iega? 51%',;{3;&19 kidectle {@rfrdn% d¥bup 5

particul ar e centr atom an It may any of, for
i nstance, Cu, | b, Ta,
a. M. WS em%xté‘ né; Grg@p ésnelé_%on'ﬂg' of F\the Weﬁodﬁm'ljﬂlzjlfé/ of_\l s

i1 lustrative ﬁ@emeﬁf@”peﬁéhoést@e(aﬁﬁﬁﬁQQQédﬁ&)C’Mﬁr¥ﬁdifﬁﬁiémhéiﬁﬁlOned

cobal t nol ybdat e, cobal ftungstate, nnlybdenuntungstate

“manganesengl ybgatg, (ﬁaﬁgaﬁféeaaﬂaytawpwamﬁn@ﬁ@miﬂ@ There is no
denunt ungst at e, vanadonol ybdophosphate manganesevana- di unmol ybdat e,

and manganesevgaaHosRl ¥PILPAPEPASt fo tHE cedPESE &PoAtaNdSIE may the
enpl oyed i ndependently or in conmbi nation. In the

constitutive nghgl ofpnpetngnstahbesecep-Be, B, AR} ab¥ystGe, the, VBl ey, of
the el enent is not particularly restrlcted and it may be about from
two to 20 . sNx Pal BscisB, VUsNbofTa, dCyal Mof wra$15|$eprﬂ'emtm I,
Fe, Co, Ni, Rh, Os, Ir, Pt, or Cu. Ae illustrative
10 examples of the heteroﬁolYacid, there may.be_mehtioned
. cobaltmolybdate; eobalttungstate, meiybdenumtungstate,'
manganesemolybdate, manganesetungstate, manganesemolyb—:
denumtungstete, vanadomolybdophosphate,_manganesevana—
diummolybdate, and manganesevanadqmolybdophosphate.
15 These co-catalysts-may be employed independently or in
combination. |
| | In the constitutive metal compound of these co-
catalysts, the.valency of the element is not |
particulariy restricted, aﬁd it may'be about from two to
20 six valencies. Use of a divalent transition metal
" compound (e.g., a divalent.cobalt compound) as the co-
catelyst sometimes enhances oxidation activity. By way
of illustrafion, a catalytic system compfising the imide
compound in combination with a-divalent.transition metal
- 25 compound (e.g., a diValent-cobalt compoﬁnd) instead of.a
_trivaient transition metal'eompound'induces an oxidized

product in a short time with high selectivity and yield.



COnnound (e.g., a divalent cobalt conpound) as the co- cat al yst

sonet i nmes enhances oxi dation activity. By way ~of illustration, a
catal ytic system conprising the imde conpound in conmbination with a
divalent transition nmetal 25 conpoundni , a divalent cobalt conpound)
I nstead of a trivalent transition ?al conpound induces an oxi di zed
product in a short time with high selectivity and yi el d.

- 17 - t u offa,C c at
| east one el enent selegﬁbgagbghéé?ou ﬁE Bf BBHBHH?d eaﬁﬁhﬂhﬂﬁg)

Group 6A el ene tslgg gngrE}Mﬂkn@”@electe@r9E8m7ér6h?”ﬁﬂtél@ﬂeﬂts M) of
the Periodic Table o enents inhibits inactivation (deactivation) of

the cat alg (83, 4 ‘i-%parz hCuGRbubh8al B1dRenPEPQENE). ,C¥8) MB) ana severe
reaction conditio erefore, the process i nsures oxi dati on of the

substrate w t heepugeda0kldments (e.W.,NMAONRN ¢hel Péé!éa&égeablelaf
Further, the use of a conpound contalnlng t he G oup 4A elenent (e.g

Ti, 2r), Gs0UP F3Am@neEEANNIDits inactivitios QdRaCAivhedeRl) O ghe O, Nb)
G oup 7A el enent (e.g., WMr) or Goup 8 elenent (e.g., Fe, Co) of t he

Periodi ¢ Tabl e caftaliiygeilin partheudarCahal Wl decsohpdund) &ven danarkabl e
enhancenent of the oxidizing activity and provi des effective

oxi dation of tzevewsirealctioBy coaditions.of Therefaurel,ethe prbekgsi c system
conprising, as the co- catalyst, a conpound contai ning the G oup 5A

el enent (esuresVoxi@atdjon’ Afelthersubstrgte Mithoox@genpol alfr
el enent (e.g., Co) of the Periodic Table of El enents has
with commercial advantages.
10 Further, the use of a compound containing the
" Group 4A element (e.g.; Ti, Zr), Groun 5A element (e.g.,
V), Group 6A element (e.g;,_ér, hb)( Group 7A element
(e.g., Mn) or Group 8 element (e.g., Fe, Co) of the
Periodic Table of.Elements as the co-catalyst results in
15 remarkable enhancement:of the oxidiZing activity and'
provides.effective oxidation of the substrate. By way
of an example, a catalytic system comprising, as the co-
_ catalyst; a'compound'COntaining the Group 5A element- |
"(e.g., V), Group 7A element (e.g., Mn) or Group 8
20 element (e g., Co) of the Periodic Table of ‘Elements has
high actlvities. A catalytic system compr151ng, as the
-co-eatalyst, a compound containing the Group 7A element
(e.g., Mn) or Group 8 element'(e.g., Fe) of the Periodic
Table of Elements_has'high'activities for the snbstrate
25 and provides'a correspbnding oxide (e.g., an.aicohol or
e ketone) with high selectivity.

A combination use of the imide compound of the



high activities. A catalytic system conprising, as the

co-catal yst, a

conpound containing the Goup 7A el enent (e.g., WMr) or Goup 8
el enent (e.g., Fe) of the Periodic Tabl e of El enments has high

activities for the substrate 25 and p P%Ides a correspondi ng oxi de
I gh select|V|ty

(e.g., an al cohol a ketone) with
conbi nati on use of the I m de. conpound of the

aroop 16 ol erclPO4F FREMLE, (1) WL Lhe epieatayst contplnlag the

G oup I B elenment o

oxi dati on Catab¥hhﬁ iﬁSEthéﬂﬁuéfsthe Per9683k THBiQVSfEﬁieﬁénfge

sel ectivity in the oxidation

reaction, and I nhibits deactivation of

the imde —  (o¢gDPORRY- adhehs' Sfcﬁdaizﬁlbﬁ EQEHWEE.bOQy‘sﬁeﬁdi{ﬂQﬁfQ@OUS
for conmerci al productlon Furtherinore, a use of the oxidation

catal ytic gréyt! enpeevemeat nSfatﬁengéméétQGiﬁir i1hethdl §rigafPennd of

10 t he above fornula (1), and plural co-catalysts [e.qg.

a conpound

cont ai ni ngst herghg¥Por” 8h@NEAhiBitEhaeBeti¢dtion of tﬁabiﬁi@é El enment s
(e.g., a manganese conpound), and a .~ conpound contai ning the Goup 8

el ement of thecBapb@Ad¢ Therefobe¢ €hikl 66mbBifateofl. isaadvanbagesasund) ]

sonetimes 15 has further enhanced catalytic activities
effective and ebti eommerpialluprodaceioan oxi de with high
and selectivity. In the above.conpl exed catal ysi s,

and provi des
conver si on
aratio of the

conpound cont ai ni ng thEufthepmore, a8uséeaEnthef oxhéaPrbon ochtalgtie of

El enents (the

10

15

20

25

second
system comprising a combination of the imide compound of

the above formula (1), and plural co-catalysts [e.g., a
compound containing the'Group 7A element of the_Periodio
Table.of Elements (e;g., a manganese compound), and a
compound coﬁtaining the Group 8 element of the Periodic
Table of Elements (e.g., an iromn compound)] sometimes
hés further enhanced catalyficoactivities and provides
effective and efficienf production of an oxide with high
conversion;and-selectivity._ In the above complexed
catalysis, a ratio of tﬁe compound confainingfthe Group
8 element of the Periodic Table of Elemente (the second
co-catalyst) is.not'particularly limited, and is, for
instance, about 0.1 to 25 moles (e.g., about 0.1 to 20
moles), preferably about 0.2 to 15 moles, and more .
preferably_about 0;5”to 10 moles relative to'one mole of

the compound containing the Group 7A element of the

Periodic Table of Elements (the first co-catalyst).

The oxidation catalyst may be whichever of a

homogeneous system'or a heterogeneous system. The



20 co-catalyst) is not particularly limted, and is, for I nst ance,
about 0.1 to 25 noles (e.g., about 0.1 to 20 nol es), preferably about
0.2 to 15 noles, and nore preferably about 0.5 to 10 noles relative .
to one nol e of - the conpound contaLn'gg_the-(}oup 7A el ement of the
25 Periodic Table of Elenents (the firs%.co-catalyst). The
oxi dati on catal yst may be whi chever of a - honbgeneous systemor a

het er ogeneous g¥%ShaWiohNBatalyst or oxidation catalytic system ma¥9be
oxi dation catalyst or ‘oxidation catalytic system nmay. be a solid

catal yst conprigsikgdiad eatahysitC conppeseny aUBatalytiBoEbffofdngé Bupport or
carrier, as well. As the support, use can be practically made of

activated 5 pe#tBANonZ@O0LUbPort birC2arsibirGaagl weilla, Renthsaite, or
ot her porous supports. In the solid catalyst, a supporting anount of

the catal ytic gopperent useycha becbractichhay madel ofi wetiehtedof the inide
conpound of the - formula (1) to 100 parts by weight of the support is

10  about 50. 1ca@bd®,paeblilte,wsiighica,pstlitcabajuainat, Befitonite, or30
parts by weight and nore preferably about 1 to 20 - parts by weight. A

ratio of the cotherappsousupppposts. In thet belddppatalystabeut 0.1 to 30
parts by wei ght, preferably about 0.5 to 25 parts by weight, and nore
15 preferabl y salppotrtinigo afdupdr bf ltheweaghlytiel gompeneot may beosughrts
by wei ght of the support. . Arelative ratio of the co-catal yst
to the inide that aomedatdvef raftdof ofnthe dmideagompovsleofedhProm a wide
range, an increasenent of the anmpbunt of co-catalyst to

formula (1) to 100 parts by weight of the support is

10 about 0.1 to 50 parts by Weight,'preferably about 0.5 to

30 parts by weight and more preferably about 1 to 20

parts by weight. A ratio of the co-catalyst supported

on the support is about 0.1 to 30 parts by weight,

preferébly about 0.5 to 25 parts by Weight, and more

-15 preferably about 1 to 20 parts ﬁy weight, relative to

100 parts by weight of the support.

A relative ratio of the co-catalyst to the imide
compound of the formula (1) may be selected from a wide
range, an increasement of the amount of co-catalyst to

- 20 the imide compound may deteriorate the activities of the
imide compound'COnsidérably, thus high activities can
not.be.sometimes maintained for a long time. Therefore,
for the purpose of maintaining high activities of the
oxidation catalyst, the oxidation catalyst preferably

25 | comprises the imide compound'and the co-catalyst of not

less than an effective amount to not more than about 10

mole % (é.g., about 0.01 to 10 mole %, preferably about



20 the im de conmpound nmay deteriorate the activities of the 1 m de
conpound consi derably, thus high activities can not be sonetines
mai ntai ned for a long. tinme. Therefore, for the purpose of maintaining.
hi gh activities of the oxi dation catal yst, the oxidation catalyst
preferably 25 conprises the imde conmpound and the co-catal yst of not

| ess than an effective anbunt to not nore than about 10 nole % (e.g.,

about 0.01 to @Dogokg %?mBﬂﬁf@rthﬁ ﬁBQHtpreferab1¥ about 0.1 to 7
- 20 - d% and nore preferably about 0.1 to 7

mole % re'at'W@lbp%UthEEEQQeCQBpQHEd1m§ﬂéaabﬁESﬁH§|Yadvanta%ébﬁsDYidation
catal yst, generally, conprises the imde conpound and out 0.1 to 8 -

ol e % (speci f ithdl bxidakaeh cétal&sto gefibkra1Yy, oboinpeisescehal ymiaeel ative
to the imde conpound. The proportion of the imde

conpound of theompoundfahauhboﬁ%)OIm tbegombdat gopspeaifieally, eaboud the
production of a ketone, an al cohol, an al dehyde or an 10 al cohol) is

sel ected fsom a Rio0&dmoaeg®,) amdtﬂeycbobatalysterematevbetabﬁne m0@81 to 1
nole (0.01 to 100 nole 9%, preferably about 0.001 to 0.5 nole (0.1 to
50 nole %, compdand .pr ef erably about 0.01 to 0.30 nole and practically
about .0.01 to 0.25 nole, relative to 1 nole of the 15 substrat e,
typical ly speaki ng. The proportiBepefidthg imiféeccampounndodfttizei m de
conpound, t he proportion of the co-catal yst (a co-oxidizing agent)
used in such afbemmﬂﬂodldadnbehblbuiaatyosereecédOHrbm}a-. in the
production of a ketone, an alcohol, an aldehyde or an
10 alcohol) is'seleeted from a_broad range, and may for
example be about 0.0001 to 1 mole (0.01 to 100 mole %),
preferably about 0.001 to 0.5 mole (0.1 to 50 mole %),
more preferably about 0.01 to 0.30 mole and practically
about 0.01 to 0.25 mole, :elatiue to 1 mole of the
15 substrate typically speaking. '
| Depending on the amount of the imide compound,
the proportion of the'co-catalyst (a co-oxidizing agent)
| .used in such a reactidn can be liberally selected from a
range not interfering with the actiVity'and selectivity,
20. and is, for example, about 0.0001 mole (0.0l mole %) to
0.5 mole (50 mole %), pfeferably about 0.0001 to 0.3
mole, and more preferably about 0.001 to 0.2 mole
relative to one mole of the substrate. The co-catalyst
is practically used in a_ratio of 0.0005 to Q.l_mole
25' (e.g., about 0.005 to 0.1 mole) per one mole of the

substrate.

[Substrate]



range not interfering wwth the activity and selectivity, 20 and is, for
exanpl e, about 0.0001 nole (0.01 nole % to 0.5 nole (50 nole %,
.preferably about 0.0001 to 0.3 - nol e, and nore preferably about 0.001
to 0.2 nole relative to one nole of ihg substrate. 'The co-catal yst
Is practically used in a ratio of 0.0005 ?o 0.1 nole 25 (e.g., about
0.005 to 0.1 nole) per one nole of the substrate. . [ Substrat e]

-21- ~ Thephgengh bPetRdi d2ihaRi6at h¥alyse"BbipigihgCthe
i m de conmpound and the co-catal yst provides an al cohol .~ or a ketone

froma non-cycliyg dar @dmpednd hRBathe co-cat%iQ%QcékBeﬂdeefBhChiabhtl 5

Any conpounds which is a non-cyclic branche al i phati c hydrocarbon

(specifically, o s2ketadnRdfrom a ApHLegaiienbranched alaﬁﬁa@dary car bon
atom in particular, a tertiary carbon atom (a nethine carbon

atom or a net hyyigosardoauperéaaibatyged as a substrate. 10 A
commerci al ly useful hydrocarbon includes, for exanple, a branched

al i phatic lgydrocarbon hay epmpbaniis4wh®cBOis a nofpEgtiiabbyanbhed 4 to 20,
and nore preferably about 4 to 16) carbon atons. The

substrat e i ncl addphaticangdedcalrbphaispecificalygr, oaashearhgedng about 4 to
12 carbon atons (contai ning a branched chain having about 1 to 4
‘car bon : ahydirpcazxboln )ahavinguhasecondamgnicardoni atbmxaha,
| sohept ane, i sooctane, isodekane,. i sododekane, 2, 3- - :
particular, a tertiary carbon atom (a methine carbon
atom or a methylidine group) can be used as a substrate.
10 A commercially uéeful hjdrogarbon ingludes, for example,
a branched aliphatic hydrbcarbon having about 4 to 30
' (preferably about 4 to 20, and more ﬁreferably about 4
to 16) carbon atoms. |
The substrate_ihcludes a branched éliphatic
15 hydrocarbon-having about 4 to 12 carboh atoms
(confaining a branched chain having about 1 to 4 carbon
atoms), such as isobutane, isopentane; isohexané,
isoheptane,_isoodtane, isodekane, isododekane;-2,3-
dimethylbutahe, 2-methylpentane, 3-methylpentane, 2,3-
20 dimethylpentaﬁe, 2,4-dimethylpentane, 2,3,4-
trimethylpentane,-3-ethylpentane, Z—ﬁéthylhexane, 3-
metﬁ&lhexane,'2;3-diméthylhexane, 2,4-dimethylhexane,
3,4-dimethylhexane, z,s-dimethylhexAQe, 2,3,5-
trimethylhexane, 2?propylhexane;'3-buty1hexane, 2-
25 methylheptaﬁe,=3—methy1heptane, 4-methY1hep£ané, 2-
ethylheptane,_3-ethy1heptane, 2,6-dimethylheptane, 2-

methyloctane, 3-methyioctane, 2,7-dimethyloctane and 2-



di et hyl but ane, 2-net hyl.pent ane, 3-nethyl pentane, 2,3- 20

di met hyl pent ane, 2, 4-di net hyl pentane, 2, 3, 4- tri met hyl pent ane,

3- et hyl pent ane, 2-net hyl hexane, 3- met hyl hexane, 2, 3-di met hyl hexane, .
2, 4- di met hyl hexane, 3, 4-di net hyl hex 2, 5- dlnethylhexane 2,3,5-
trimet hyl hexane, 2-propyl hexane, 3-butyThg£ane 2- met hyl hept ane,

3- net hyl hept ane, 4-net hyl hept ane, 2- ethylheptane 3- et hyl hept ane,
2

fzzg:g:23{2;:2g@%§ﬂ§1n§n§ne. p§3%2¥£8&tQEEthtEEtH¥&P8ééP€on compraies

et hyl nonane. Prelgrngd ahuphatic HyHL8eALBoR ARUPALSEBout a fobignched

al i phatic hydrocar aV|ng a n atons, preferably

about 4 to 8 CééPBBnaﬁegﬁs,aggef?rabgﬁeﬁb&hgahl¥oa§085rﬂoﬁoa§oﬁ§rb&ﬁdatons

i ncl udi ng the car bon nunb anc charn hese

Substrates myshguesaBy18y UBOLEUR to ¢ cA¥BSI hHGRLSinEXaaDhgoRb Such

substituents in hal ogen atons (1 odi ne, brom ne orine and

f1uorine catBBR) nuABe®XB£9AOHPanéhBAdERRYh O oup, al koxy groups 10
(e.g., nethoxy, ethoxy, propoxy, I SOpropoxy,:- butoxy, | sobut oxy,

t - butoxy, hexyl oxy andTﬁéQersabgﬁfateéOMa§ have ahpVbfiOvabpelisl to 6 carbon
atons; in particular |ower koxy groups having about 1 to 4 carbon

at ons) , bﬁdé@iﬁﬁbhﬁb grﬂkaﬁpiésgof BuehokMbEL Dyhents hydetuget hyl 15
and ot her hydroxy-(err] al kyl groups), a carboxyl group,

al koxycar bonyl hgneggs atofis, (IIBﬁhlﬁéyCBi:bmﬁlné chlorigéhanf@cfliionihe
pr opoxycar bonyl, isopropoxycarbonyl,
: atoms), an oxo group, a hydroxyl group, alkoxy groups
10 (e.g;, methoxy, ethoxy, propoxy, isoprbpoxy, butoxy.,
isobutoxy, t-butoxj, hexyloxy and other alkoxy groups .
having abouf 1 to 6 carbdn atoms, in particular lower
- alkoxy groups héving about 1 to 4 carbon atoms),
| hydroxyalkyl groups (e.g}, hydroxymethYl,.2-hydroxyethyl
15 and 6ther hydroxy-Ci-4 alkyl groups), a cérboxyl_group.
alkoxycarbbnyl groups (e.g., methoxycarbonyl,
ethoxycarbonyl, propoxycarbdnyl, isopropoxycarbonyl,
butoxycafbdnyl, isobutdxyqarbonyl, t-butoxycarbonyl,
hexyloxycarbonyl and othef aikdxycarbonyl groups having
-20 labout l'to 6 carbon atoms in the alkoxy moiéfy, in
| particular lower aikoxfcérboﬁyl_g#oups having about 1 to
4 cérbon atoms in the alkoxy moiety), écyl grbups (e.g..,
_formYl, acetyl, propionyi, butyryl, isobutyryl, valeryl,
isovaleryl, pivaloyl, and other acyl groups haVing about
25 1l to 6 ca:bdn atbms), an.amino group, a substituted
| amino group, a cyanb group, a nitro'group and-the like.

Further, the branched hydrocarbon may be



but oxycar bonyl

t he al koxy noi
about 1 to

, i sobut oxycarbonyl, t-butoxycarbonyl," hexyl oxycar bonyl
and ot her al koxycarbonyl groups having 20 about 1 to 6 carbon atons in
ety, in ~particular | ower al koxycarbonyl groups having
4 carbon atons in the aLkggy_nDiety), acyl groups (e.g.,
, propionyl, butyryl, isobutyryl, valeryl, I soval eryl ,

formyl, acetyl
pi val oyl , and

am no group, a Gihst

and the liKke.
- 23 -
terpene (e.g.,

hydrocarbon hagg 8¢ gilaine ¥ Uea R has a sERRfidd

ot her acyl groups having about 25 1 to 6 carbon atons),

LG wih @ TR R G ol v 3 07 ou

stdiidde/t @ gVt e thdnle,C Mm,b%\%aw and Thudend

ment hane, nenthene, thujane and thuje

|
carbon atom at the non-cyclic 5 site. [Cxidgﬁﬁon reacti on]

The oxygen usedpdbiRddiAllyN Oitdritd aloTYarbioh atom atRthiee ndml-cy@19ey 9en,

but. nol ecul ar

advant ages.s Suitel0 nol ecul ar oxygen is not specifically Iimted, and

oxygen is practically enpl oyed for econom cal

an

) as far'as t he
lda¥bon a®ichi,ary

use may be made of whichever of pure oxygen, or oxygen di |l uted
wi th an inert gasosidationmiddaegdmnlhel i um argon or carbon di oxi de
gas. Air is preferably enpl oyed fromthe viewpoints of handling

property and safety, armhe bxygencased dal ogidatibp. of the substratén anount

of oxygen can
t he substrate,

10

15

20

25

be sel ected froma range according to the species of

mayl bes edtiive oxygen, but molecular oxygen is
practically employed for economicai advantages. Such
molecular oxygen is not specifically limited, and use
may.be made of whichever of pure oxygen, or oxygen

diluted with an inert gas such as-nitrdgen, helium,

argdn or carbon dioxide gas. Air is preferably employed

from the'viewpoints of handling property and safety, and
economical property. -
_An amount of oxygen can be selected from a range

according to the species of the substrate, and usually

is, 0.5 mole or more (é.g., 1 mole or more), preferably

about 1 to 100 moles, andamore pfeferably about 2 tb 56
moles relative to 1 mole of the substrate. The oxygen
is practically uSed in an excess mole relative to the
subétrate, In specific, the'reaction is advantageously
Qarried out in an atmosphere containing molecular'oxygen
such as air or ongen.gas.

; Oxidation process of the invention is generally

~conducted in an inert organic solvent. As the organic

‘solvents, there may be'mentioned,'for.example, formic



is, 0.5 nole or nore (e.g., 1 nole or nore), preferably about 1 to
100 nol es, and nore preferably about 2 to 50 20 moles relative to 1 nole

of the substrate. The oxygen is practically used in an excess nol e
relative to the -~ substrate. In specifjc, the reaction is

advant ageousl y carried out in an atfrbsphere contai ning nol ecul ar
oxygen such as air or oxygen .gas. 25 Oxi dati on process. of

t he invention | en L Ds AN, Ae | | vent. As
- the organic - 581850?%%%#%,a?%%feﬁﬁggyﬁé£%e%§%§n%%€ ?%?&%xaﬁ% e?gfornic

- 24 - | { [ L. d el ' ~organi c '
carboxylic acigékg?xg§§%o§$§§$b8§y ?gfgg*gg?ﬁbgyﬁﬂgaﬁé?gﬁftr?le!7
propionitrile, LLEq ke : Bhb &1 o, ' acet am de,
G ot hyl {or S T Es 1108 PEGpRLHECrLLe, bBREbMLEELILLAR b ERer

~t-butanol, t-agykrijes, £befblidaNdasbbshidbsolohsthPEESARamPEé aBMPNI
ot her al i phatic hydrocarbons, benzene and other aromatic

hydrocarbogs, @iheEryPaELtEMERE0ERTELEAES, amides , It Chheans] Dapeampar bon
tetrachl oride, chlorobenzene and 10 other hal ogenated hydrocarbons,

ni trobenzene, alcoholti hh@NBthaRcal1B8bhbDEt NRBRaABY 6&bH&he NAAhA OCOtRSPOUNS,

ethyl acetate, butyl acetate and other esters, dinethyl et her,
di ethyl ether, adiphapiepkydebberbofispxpenzend and othéhearemaitis, and
m xtures of these solvents. 15 I nci dental ly, the substrate may be

enpl oyed .as t haydrocarbeasti chlepbfenh, dichledomethanexcess anmount. Use

e dichloroethane, carbon tetrachloride, chlorobenzene and

10 other halogenated hydrocarbons, nitrobenzene,
nitromethane, nitroethane and other nitro compounds,

~ ethyl acetate,'butyl acetate and other esters, dimethyl :
ether, diethyl ether, diiéopropyl ether, dioxane and
other ethers, and mixtures of these solvents.

15 Incideﬁtallj, the substrate may be employed as thé
‘reaction solﬁent,'if qsed in an excess amount. Use may
practically be made_of, as the solvent, acetic acid or:
other organic acids, acetonitfile, benzonitrile or other
nitriles.

20 In the present inventipn,'the oxidation réaction
in the presence of a.noﬁ—protonic compouqd piovides an
alcéhol'from the branched hydrocarbon advahtageously,'
and the oxidation reaction in the presence of a protonic-
acid improves the formation efficiendy of a ketone from

25 the branched hydrocarbon. The non-protonic compound or
the protonic acid may bé.ény of.thé solvent listed

above. According to the preferred process of the



praétically be. made of, as the solvent, acetic acid or ot her organic

acids, acetonitrile, benzonitrile or other nitriles. 20 In
the present invention, the oxidation reaction in the presence of a
non- prot oni ¢ conmpound provi des an a£ ohol from the branched

hydr ocar bon advant ageousl y, - and the %deation reaction in the

presence of a protonic - acid inmproves the formation efficiency of a

k fr - th | f
.{ﬁLfEEOtgﬁfl “Brachly shORRVER"Y HLBERRSERe plEFRAR BEBRATARLTOTROCTG Ny
Lo e P cenFariiaR S 8bublT corzaenongtng FRBFEPRIOt, eriiary

T (e

hydr ocar bon. having a ormed I'n the presénce

of non-protic carpoROh¥Bh) LESe8chal! {n fnBOPrekehbE B! AbnSprYemk).

~The non-protonic conpound”(non-protic solven f - includes a nitrile

(e.g., aceﬁon'EB&&gnthQEbQEiEilkgia non—pESEl%REBlhfeﬁolﬁanEWide [e.g.,
e, .demet h ( ), d

formam de, acetam yl for mam de i met hyl acet am de],

hal ogenated 10 hydr ogagbasn(gretont! 86mpena (hehlpreteEhssEvent)
a

di chl oroet hane, tetrachl oroethane, chlorobenzene), nitro conpound
(e.g., nitrobepzaen@deBi hr perhaBe(e.g., abetbAttiane). pedpebhttritey.
di net hyl et her, di et hyl et her, diisopropylether, dioxane), a sulfoxide

15 (e.g., di pehkphitiios)dehn Bmi@ehyepy:.!okbgmanide, acetamide,
hexanet hyl phosphoryl am de (HVMWPA), and a m xture
demethylformamide(DMF), dimethylacetamide], halogenated
10 hydrocarbon (e.g., chlofofo;m, dichloromethané,
dichloroethane, tetrachloroethane, chlbrobenzeﬁe), a
nitro compound (e.g., nitrobehzene, nitromethane,
nitroethane), an ether (e.g., dimethylether,
diethylether,.diisopropylether, dioxane), a sulfoxide
15 (e.g., dimethyléulfdxide),-N-methYlpyrrolidone, .
hexamethylphosphoryl amide (HMPA), and a mixture
thereof. |
As the proton écid, there may be exemplified.
6rganic acids (e.g., formic acid, acetic écid, prdpionic
20 acidiahd other organic carboxylic acids; oxalic acid,
cifric acid, tartarig acid and othef_hfdroxycarboxylic
acids.'methanesﬁlfonic acid, ethanesulfonic acid and
other alkylSulfonic acids, benzenesulfonic acid, p-
toluenesulfonic acid and"ofher-arylsulfonic acids), and
25 indrganic-acids (e.g., hydrbchloric acid, sulfuric acid,
~ nitric acid, phosphéric acid).

The process of the invention is characterized .in



'thereof As the proton acid, there may be exenplified
organi ¢ aC|ds (e.g., formc acid, acetic acid, propionic 20 acid and ot her

organi ¢ carboxylic acids, oxalic acid, citric acid, tartarie acid and
. ot her hydroxycarboxylic aci ds, nethggesul fonic acid, ethanesulfonic
acid and ot her al kyl sul fonic acids, benzenesulfonic acid, p-
t ol uenesul fonic acid and ot her arylsul fonic acids), and 25 I nor gani ¢
acids (e.g., hydagckher okidaitdonsbhotionagméothly procéeds even, in
phosphoric acid). The process of the. invention is
characteri zed icomparatively mild or moderate conditions: 2A reaction that
the oxidation reaction snoothly proceeds even in conparatively mid
or noder ate conémpezaturd ceaaCbeooluntaridypsedeotedcaccbedingubbathey
sel ected according to the speci es of the substrate and the catal yst.
The 5 tenpspecies of, ther substzate, anldothe38atalg86] er The,
preferably about 50 to 150[err] C, nore preferably about 60 to
120[ err] C5 andempecaitaxel isabfor i@stente0[ ebop€. 30 to 200°C, The
reaction nmay be carried out at anbient pressure (atnospheric
pressure) or upteferaplysabout 50 to( AHORE, ambyedprefenahlyhabeutic6Pon is
conduct ed under a pressure, the pressure is, usually, about 1 to 100
atm (e.gto aBOLC, 1andtoraotapnilypabputaapytabé&ﬂ‘Q to 70 atm

and nore preferably about 5 to 50 atm under an g gen or air
atmosphere. A reactionThenEeaghipe mag be| caEripdyorhod namP%ﬁFﬁ a range of

about 30 mnutes to
pressure (atmospheric pressure) or under a pressure

10 .(under a load). When the reaction is conducted under a
pressure; the pressure is, usually, about 1 to 100 atm
'(e:g;, about 1.5 to 80 atm),ipreferably about 2 to 70
atm, and.more'preferably about 5 to 50 atm under an
oxygen or air atmosphere. A reaction time can be

15  1liberally chosen within a range of about 30 minutes to
48 hours, preferably about'l'to.36 hours, and more
preferably about 2 to 24 hours, according to the
reaction temperature and preSSure;

The reaCtion maf’be effected.in a conventional

20 manner such as in a bat¢h_syStem, semi-batchisystem or
continuous.system, in the presence of'moiecular oxygen
or under flow of molecular oxygen. After completion of
-the reaction, a reaction product can ea511y be isolated
and purified according to a conventional_technology,

25 such as filtration, condensation,'distillation,
extraction, crystallization,'recrystallization, column

chromatography,'or.other isolation means, Or a



48 hours, preferably about 1 to 36 hours, and nore - preferably about 2
to 24 hours, according to the , reaction tenperature and pressure. -

The reaction may be effected in a conventional 20 nmanner such as in a
batch-system seni-batch systemor = _ 9nginuous system in the presence
of nol ecul.ar oxygen or under flow of "nol ecul ar oxygen. After .
conpl eti on of the reaction, a reaction product can easily be isol ated
and purified ageapdhagibd geCenyga! taBahoisgagl ooy, 25  such as

filtrationz condensation, disti extraction, crystallization,
recrystallization, colsgg presenﬁhi90859§6ﬁpéég foé&@fée%%ﬂ%ﬁidfﬂe”&ans,

or a I nati on of
these technol ogpfScyclic brancnedTaiiPhaﬁa_t hiyB¥688a+B8n CRitR’ b2¢GbMCtY
oxi di ze a non-cyclic branched ali phatic” hydrocarbon with oXygen to

give a correspghgeng abgeks oﬁ&ihﬁtaméoﬁbmcértﬂétoné sPReé6f treOXi dation
catalyst is used. Incidentally, the -present invention can efficiently

oxi di ze thg noBpeyekiie oxidathbanehedlgkiPhat uselydr oA8igeNtALLE, | BRI ti ng
t he catal ytic activities and can provide a branched al cohol or

ket orie with hi peeseansinvention tahcegfieoBnelgi oRidife the neheeytyity.
Particularly, the present invention is useful to produce a tertiary

al cohol by thebfindhtdoaliphatiei hidesyggeboni whthi ghhibhbshgrtheéi on rate or
conver si on and selectivity. 15 - ' EXAMPLES
catalytic activities and can provide a branched alcohol
or ketone with high transformation rate or conversion
.10 and selectivity. Particularly, the present invention is
useful to produce a tertiary alcohol by the oxidation

with oxygen with high transformation rate or conversion

and selectivity.

15 | * EXAMPLES
-The following examples are intended to describe
the presénf invention in more detail, but shou1d by no
means be.construed to 1limit the scope of the invention.
Example 1

20 To benzonitrile was édded 5 mmol of isobutane,

| 0.5 mmol_6f N-hydroxyphtha11mide (NHPI) and 0.0125 mmol
of ébbalt'acetate Co(OAc):2, and the resﬁltant mixture
was stirred under an air atmosphere at a pressure of 10
atm and at a tempgrature of 100°C for 8 hours. The

25 productslin the reactibnﬂmixture were analyzed by gas
chromatography, and, as a result,  t-butanol (jield 81 %)

and acetone (yiéld 14 %) were formed.



The followi ng exanples are intended to describe t he present invention
in nore detail, but should by no nmeans be construed to limt the
scope of the invention. Exanmple 1 20 _ To benzonitrile was
added 5 mmol of ‘i sobut ane, 0.5 nmmal 2@f _N- hydr oxypht hal i m de ( NHPI)
and 0.0125 mol of cobalt acetate Co(OAc)2, and the resultant m xture

was stirred under an air atnosphere at a pressure of 10

atmand at a

tenperature of 1@HamplleC2for 8 hours. The 25 products in the reaction
m xture were anal yzed by gas chromat ography, and, as a result,
t-butanol (yield 81 % The reaemdoacwasneooﬂuetédl4n9¢heesaméomander as

- 28 - Exanpl e 2

The reaction was conducted in the

sane nmanner as Examplebdamepicept dhadptthiehsttirirdngt wasi efffeatedf feect dd for 4
hours, and, as a result, t-butanol (yield 67 %9 and 5 acetone (yield 11
% were fornedhours, andexaspleere@sult, t-butanolTlfgieddcéiof)wasdconduct ed
I n the sane manner as Exanpl e 1 except using acetic acid instead of

benzonitri e, asttone {viedd i1l #)bweameoformed.d 21 %
(yield 22 %9 were forned. Exanpl e 4

10

and acet one
The reacti on was

conduct ed i n t he Bx@amPleadner as Exanpl e 1 except that the stirring

was effected at a pressure of 5 atmto give t-butanol (yield 63 %
and The reaction was conducted in the same manner as

Example 1 except:using acetic acid instead of

benzonitrile, and, as a result, t-butanol (yield 21 %)

10 and acetone (yield 22 %) were formed.

Example 4

The reaction was COﬁducted in the saﬁe_manner as

Example 1 except that the stirring was effected at a

pressure_qf 5 atm to give thutanol (yield 63 %) and

15 acetone (yield 11 %).

Example 5

The reaction was carried out in the same manner

as Example 1 except that the stirrlng was effected at a

temperature of 80°C and as a result, t butanol (yleld

.20 63 %) and acetone (yield 8 %) were formed._

- Example 6

The reaction was carried out in the same manner

as Example 1 except using 0.25 mmol of NHPI instead of

0.5 mmol of NHPI, and, as a result, t-butanol (yield 66

25 %) and acetone (yield 16 %) were formed.

Example 7

The reaction was effected in the same ménner as



15 acetone (yield 11 9. ' Exampl e 5 ' The reaction was

carried out in the sanme manner as Exanple 1 except that the stirring
was effected at a tenperature of 80[err]C, and, as a result,
t-butanol (yield 20 63 % and acetone 4yield 8 %9 were formed.

Exanmple 6 . The reaction was carried out in the sane manner

as Exanple 1 except using 0.25 nmmol of NHPI instead of 0.5 nol of
NHPI, and, as gxafiflétl éxbepenesinyi ¢lo19$ mmé1L of9 and acetone (yield 16
% were formed. Exanmple 7 . The reaction was effected
in the sane MevaRAAPE(II)acetylacetonato VO(AA): instead of 0.@P25

Exanpl e 1 except using 0.0125 nmol of : vanadyl (11)acetyl acet onat o
VQ(AA) 2 insteatimel &£032F0Ac)., am@ & &£0fé¥e)le, tvvutasoR (gbeld,25
t-butanol (yield 25 % and acetone (yield 10 %9 were forned. 5
Exanpl e 8 %) and acefltwer epléldnloes) ebéest Bormedf he sane manner as
Exanpl e 1 except using 0.0125 nmol of acetyl acet onat ocobal t (I11)
Co(AA) 2 i st ead EkaipDd28% nmol - of Co(QAc)2, and, as a result,
t-butanol (yield 84 % 10 and acetone (yield 13 % were forned.

Exampl e 9 Theheeactixan orasvest £ddtead eth i the samsmeanmmemaas as
Exanpl e 1 except using 0.0125 mmol of acetyl acet onat ocobal t (I111)

Co( AA) 3 i nst eadBxammplbe 0l 26xcept using 0.0125 mmol of
acetylacetonatocobalt(II) Co(AA)z instead of 0.0125 mmol

of Co(OAc)., and, as a result, t-butanol (yileld 84 %)
10 and acetone (yield 13 %) we?e formed.
Example 9 ' | |
| The reaction was effectedtin the same manner as
Ekample 1 except using 0.0125 mmol of |
_acetylacetonatocobalt(ItI) Co(AA)s instead of 9.6125
15 mmol of Co(OAc)., and, as a reéult, t-butanol (yield 58
%) and acetone (yield 10 %) were formed. |
Example 10
To benzonitrile was added 5 mmoi of isobutane,
0.5 mmol of NHPI and 0.0125 mmol of cobalt acetate
20 Co(OAc):., and the reéultant mixture was stirred under an
oxygen atmosphere at a pressure of 1 atm_and at a
température of 100°C for 24 hours. As a result, t-
. butanol (yield 1# %) and acetone (yiéld 4 %) ﬁere
formed.
25 Example 11
To benzonitrile was added 5 mmol of isobutane,

0.05 mmol of NHPI and 0.0125 mmol of cobalt acetate



15 mmol of Co(OAc).2, and, as a result, t-butanol (yield 58 % and

acetone (yield 10 %9 were forned. Exanpl e 10 To
benzonitrile was added 5 nmol of isobutane, 0.5 mmol of NHPI and
0.0125 nmol of cobalt acetate 20 Co(OAc)2, and the resultant mxture was
stirred under an oxygen at nosphere a pressure of 1 atmand at a

t enperat ure of'lOO[err]C for 24 hours As a result, t- but ano

T2 Benzoni 111 1G04k 883@4% S oy LBHE mpgeund VA g enfeity 1

0.0125 mmol of ' - 30 -
Co(QAc) 2, and ‘? t’g n?&t%r%r?\%surs' i?fre:L uant and at a air

h
for 24 hour e, ﬁgrﬁéee?%@%%f Po &' £3¢ B Rours ! andﬁaﬁfetﬁﬂﬁ[ e
10 %9 were 5 l}ﬁ’{ %wld Eiagg %%& etor];e N%ield-rfb@ﬁ drile was

added 5 mmol and 0. 0125 nnDI of

cobalt aceg atef % Cb(CM@) 2, and the resultant m xture was stirred under
an alr a nDsp ere at a pressure of 10 atmand at a t enperature
of 50[err]C for yésles a result t- but anol (yield 32 % and

acet one (yleld 5 or ned. .
: To benzon;trile was added 5 mmol of isobutane,

0.05 mmol of NHPI and 0.0125 mmol of cobalt acetate
Co(OAc):, and the.reSuitaﬁt mixture was stirred under an
10 air atmosphere at a pressure of 10 atm and at a
temperature_of 50°C fof 55 hours. As a result, t-
butanol (yield 32 %) and acetone (yield 5 %) were
formed. | |
.Example 13
15 The reaction wasfeffected in the same manner as
Exemple 1'except'using 0.0125 mmol of
“titanylacetylacetonato TiO(AA)z instead of 0.0125 mmol
~of Co(OAc)z, and, as a result, t-butanol (yield 6 %) and
acetone (yield 2 %)'were'formed.
- 20 .Example 14
The reaction was effected in the same mannef as
'Exaﬁple 1 except using 0.0125 mmol of |
Zacetylacetonatovanadium V(AA); instead of 0.0125 mmol of
Co(OAc)z, and, as a result, t- butanol (yleld 18 %) and
25 acetone (yield 9 %) were formed.
Example 15

The reaction was effected in the same manner as



Exanple 13 15 The reaction was effected in the same manner as
Exanpl e 1 except using 0.0125 nmmol of . titanyl acetyl acetonato Ti Q[ AA) 2
i nstead of 0.0125 mol ~ of Co(OAc)2, and, as-.a result, t-butanol
(yield 6 %9 and - acetone (yield 2 9% re formed. 20 Exanpl e 14
The reaction was effected in the sane nanﬁ Exanpl e 1 except .
using 0.0125 nmol of acetylacetonatovanadlun1V(AA)3 I nstead of 0.0125

mol. of )1 @?‘q,egﬁ &irn"gg‘d.t()lzts %lfo"’ln@f (yield 18 %9 and 25

acetone (yield wer e " The

reaction was efai&%ﬁ%déidﬂ%ﬁ:o%ﬁﬁ%ﬂ%ﬂ@r@é)a instead of 0.0125 mmol
- 31 - - Exanpl e 1 except using 0.0125 nmol of

acet yl acet onat QENicioN8)T,( ARG, Iarsstae&‘ésa‘lto HLutER]L (yield's ‘ 30%)2,

and, as a result, t- butanol (ylel and acet one (yi el % were
forned 5 Eﬁﬁﬁﬂﬂd@ﬁﬂﬁe (yield 9 %) ﬁgyélfﬁyﬁédpn was effected in the
sane nmanner as Exanpl e 1 except using 0.0125 nmol of
acet yl acet gnat onmx@gaipase(1léd ) Mi(AA) 2 i nst ead of 0.0125 mrol of
Co(QOAc)2, and, as a result, t-butanol (yield 28 10 % and acetone (yield
8 % were forned. The béadionlwas effected in the samel manneas as
effected in the sane manner as - Exanple 1 except using 0.0125 nmol of
Example 1 except using 0.0125 mmol of

acetylacetonatomanganese(II) Mn(AA): instead of 0.0125
mmol of Co(OAc)., and, as a result, t-butanol (yield 28
10 %) and acetone (yield 8 %) wére formed.
- Example 17 | |
The reaction was effected in the same manner as
Example 1 except using 0.0125 mmol of
_ acetylécetonatomanganese(III) Mn(AA); instead of 0.0125
15 'ﬁmol of Co(OAc).:, aﬁd, as a result, t;butanol (yield 48
%) and acetone (yield 12 %) were formed.
Examp1e 18 |
: The reaction was effected in the same manner as
Example 1 except using 0.0125 mmol of
20 acetylacetonatoiron Fe(AA)a instead of 0.0125 mmol of
Co(OAc)z, and, as a'resuit, t-butanol (yield 52 %) and
acefone (yield 9 %) were formed.
| Example 19
| | The reéction was.effected in the same manner as
25 Example 1 except using 0.0125 hmol of
acetjiacetonatonickel Ni(AA): instead of 0.0125 mmol of

' Co(OAc)z, and, as a result, t-butanol (yield 25 %) and



acetyl acet onat omanganese(l11) M(AA)3 instead of 0.0125 15 mmol of
Co(QAc) 2, and, as a result, t-butanol (yield 48 % and acetone (yield
12 %9 were forned. .. Exanpl e 18 The reaction was .
effected in the sane manner as Exgng#e_l except using 0.0125 mmol of
20 acetyl acet onat oi ron Fe(AA) 3 instead 0.0125 mol of Co( OAc) 2,
‘and, as a result, t-butanol (yield 52 % and acetone (yield 9 %9 were
f or ned. I geaction was effected in the
same nmanner asacgéaﬂgESg%%}g f §}c38feu§§%§e 70125 nmol  of :
acetyl acet onat oniggkalb1di 66A) 2 i nstead of 0.0125 mmol of - Co( CAc) 2,

and, as a result, t-butanol (yield 25 % and :

- 32 - acetone (yhgl defctonewlsl 8FFBEted in thEXSHMECmERner as
The reaction was effected in the same manner as Exanpl e 1 except using

0.0125 mml of Examplacet keeptodsiAgopRo128UMNA) 2oenst ead of 0.0125 mmol of

Co(QAc) 2, and, as a result, t-butanol (yield 47 % and . acetone (yield

11 9% weresfor gedtylacetonatocopper Cu(AA).3iBstead of 0.0125 mmol of
Co(OAq)z, and, as a result, t-butanol (yield 47 %) and

acetone (yield 11 %) were formed.



Wiat is clained is: 1. An oxidation process which

conpri ses contacting a non- cyclic branched allpha%+e—hydfeeafbﬁﬁ———
wi th nol ecul ar oxygen in the presence of an OX|dat|on

produce a ketone, an al cohol or an al dehygg wherﬂ!"m mi @Hm
catal yst conpri ses; - an imde conpound sho

formul a (1) [err] Mmmn1qew]amjmew]

i ndependent |y ueRkeS&"t18imeda ishydrogen atom a hal ogen atom an al kyl

group, an aryl group, a cycloal kyl group, a hydroxyl

group, an al koxy

15 group, a carboxyl groupn agiakk9sHCprbe8¥E §6MPPises eontactingcl
group, or Rerr] and Rlerr] may together forma doubl e bond or an

aromati c or nopoAl-@Feliie bradchdd apiphatie hgdrocarbonygtthabaygen an

hydr oxyl group; and n denotes an integer of 1 to 3,

or 20

said inm de conphenpreréneeCofCanibxifation catalyst,2whéredri datidon process

according to Caiml, ~ Wwherein the branched aliphatic
saturated gli pbatigatipr catalystheompgiseserti ary carbon
3. An oxidation process according to Caiml, wher ei

hydr ocarbon is a
‘atom 25
n the ratio of

the co-catalyst is in anrangdeobompoundOShbwnsbyhaheaﬁOélovtngvﬁoﬁmﬂﬁﬁt to

not nore than 10 - 34 -
(1)

R

{ N=x | ()

A

.‘~R2 .

Az
e

10

o=

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

15 group, e carboxyl group; an alkoxycarbonyl group, or an

acyl group,'or R! and R? may together form a double bond

or an aromatic or non-aromatic ring; X represents an

oxygen atom or a hydroxyl group; and n denotes an

1nteger of 1 to 3, or

20 'said imide compound and a co-catalyst.

2. An oxidation process according to Claim 1,

whefein the branched aliphatic hydrocarbon is a .-

saturated aliphatie hYdrocerbon having a tertiary carbon

atom.

25 : 3. An oxidafion process accbrding to Claim 1,

wherein the ratio of the co-catalyst is in a range of

"not less than an effective amount to not more than 10

R Br
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mol e% relative to-the imde conmpound. 4. An oxidation process
according to Caiml, wherei n the co-catal yst conmprises an efement
sel ected fromthe group consisting of Goup 2A e 5
Periodi c Table of Elenents, transition rreggl and GoupJﬂ[ﬁimmmilHimH“Is of
the Periodic Table of Elements. 5. An oxi FON 1pr @Cess
according to Caiml, wherei n the co-catalyst is a transition netal

conmpound mdhiedh re®aRivectoathel enmae eohpetad.fromthe group 10
consi sting of Goup 3A elenents, Goup 4A el enents, G oup 5A

el enents, Goup 6A el egent an Skmaatienebeaeabs accord1ﬁ§0ﬂ6 8faghenent s and
G oup 1B elenents of the Periodic Tabl e of El enents. 6.

An oxi dation pyhegeinather doRgatalysti Gomprises aheedementi detectatal yst
contains an el enent selected. . fromthe group consisting of

| ant hanoi ds, Tifrofr th¥, gbup consibltiny/ ofhGrbap BA, eCemeRis bif &hd Cu.

7. A process for producing an oxi de which conprises the step of

cont acti ngsa nPexrdpdiicc Tabdec b€d El2@endi, pltransibhydnometbdnanidt Groxpgen in
the presence of an - oxidation catalyst clained in Caiml to give an
al cohol or a k&Boedemeuliscorfr ¢hpoRerigdic Table of Ejedmen&sbon.

8. A process for producing an oxide according 25 to Caim7, wherein a
non-cyclic branched al bphahhcoxidathour prachss accovdingt td Glakmokygen in

t he presence of a non-protic solvent to give an al cohol correspondi ng
to _ wherein the co-catalyst is a transition metal compound

'whlch comprises an element selected from the group
10 consisting of Grdup 3A elemgnts, Group 4A elements,
~ Group 5A elements, Group 6A elements, Group 7A elements,
. Group 8A elementé and Group 1B elements éf the Periodic
Table of Elements.
6. An oxidation prodess according to Claim 1,
15 wherein said co-catalyst contains an element selécted.
from the group consisting of lanthanoids, Ti, Zr, V, Cr,
Mo, W, Mn, Fe, Ru, Co, Rh, Ni and Cu.
7. A process for producing an oxide which
comprises the step of contacting a non-cjélic branched
20 aliﬁhatic hydrocarbon with oxygen in the preSence_of an
oxidation catalysis claimed in Claim 1 to give an
alcohol or a ketone each corresponding to the
hydrocarbon. | -
8. A process for producing an oxide acco#ding
25 to Claim 7, wherein a non-cyclic branchéd aliphatic
hydrocarbon is céntacted with oxygen in the presence of

a non-protic solvent to give.an alcohol'corresponding to

-
-
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35 ° t he branched aliphatic hydrocarbon. 9. A process
for produci ng an oxi de accordi ng to daim?7, wherein the proportion
of the co-catalyst is fromnot |ess than an effective amount to not

nore than 5 10 nole%relative to the imde conpou

reaction tenperature is 60 to 120[err] C 35 - HMIWMHEHHUIHr

produci ng an oxi de accordi ng to daim?7, wherein & non-wcyaml 1 € brfanched

saturated Cer I ghat L ¢, hydroca ing a tertiary carbon atom

i s 1? lcoPtac?%?_RFF?gggggg%iﬂPFﬁlﬁS§Yé$8€§€§g+b 8 ol e% of the o

co-catal yst relative o] e and a
9.t %f%%ﬁg%ig??uﬂgoﬁgﬁﬁ%ggﬁﬁdﬁgfde acc@f&fﬂ& ;

ket one corresponding to"thé
to Claim 7, wherein the proportion of the co-catalyst is

from not less than an effective amount to not more than
5 10 mole% relative to the imide compound,_and the
reaction témperature is 60 to 120°C.

10. A process for producing an oxide according
to Claim 7, wherein a non-cydlic branched saturated C4-¢
aliphatic hydrocarbon having a tertiary carbon atom is

10 contactéd with oxygen with use of 0.05 to 8 mole%® of the
co-catalyst relative to the imide compound to produce an

alcohol and a ketone corresponding to the aliphatic

hydrocarbon.
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