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DESCRI PTI ON  Met hod for Producing a, 3-Unsat urated
Carboxylic Acid 5 TECHNI CAL FI ELD The present
invention relates to a nmethod for producing an a, --
unsat urated carboxylic acid froman olefin or an

a, 3-unsat urated al dehyde by using a noble

nmet al - contai ni ng catal yst. 10 BACKGROUND ART There has
been many researches on a nethod for producing an
[err],[err]- unsaturat cOESORIPTYONC aci d through

l'i qui d- phase oxidation of an olefin or an
[err],[err]-unsaturated al dehyde with nol ecul ar oxygen
by using a noble netal - containing catal yst. For

exanpl e, Mathed ferfProducingen fsUnsaturated Larboxydie Acid 15

di scl osed, wherein an olefin is oxidized with

nol ecul ar oxygen in liquid phase by using an

activated supported p i | - cont ai ni ng
catal yst which has bmw [By contacting an
ol ef i ' carban nunber. of 3 10 wi th a
suppor L Besiin TPRTEEER e miethfg Pordiadlicho an,.p-
[ .

Biteblyiedbarty VB 408 r0rh & GERRRERD RS iRaRyRted pigepiyce by

‘ ' A B ' at ent Docunent 3 are
%&ﬁ%gﬁqﬂg@%}gﬂhﬁ@ibdg}ﬁ reacti on system
respectively, to inprove selectivity to an a, 13 -
unsaturated carboxylic acid. In Patent Docunent 4, a
met hod i s disclosed, BAOEGROUND ARJt i on sol vent
containing a carboxylic acid having carbon nunber of
2 t o Bherechids beeon maryesearches ot @ eethad forgprodubiolg an o, p-
number of 3 to 6 25 is used. Further, in Patent
unsatwated carboxylic acideheoughdiquid-phase iopidation of an olefin or an
concerni ng reaction solvents and additives having an

aBrunsatyrated atdebivde gvifromelaculgriaxygen byausing aanoble metal-

containing catalyst. For example, in Patent Documents 1 to 4, a method is

disclosed, wherein an olefin is oxidized with molecular oxygen in liquid phase
by using an activated supported palladium metal-containing catalyst which
has been activated by contacting an olefin having carbon number of 3t0 6
with a supported palladium metal-containing catalyst. In particular, a method
is disclosed, wherein a surfactant and an alcohol in Patent Document 2 and
a free radical inhibitor in Patent Document 3 are caused to be present in
each reaction system, respectively, to improve selectivity to an o, p -
unsaturated cafboxylic acid. In Patent Document 4, a method is disclosed,
wherein a reaction solvent containing a carboxylic acid having carbon
number of 2 to 6, tertiary butanol or a ketone having carbon number of 3 to 6

is used. Further, in Patent Documents 1 to 4, there are no descriptions
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Pat ent Docunent 1: Japanese Patent Application
Lai d- Open No. 60- 139,341. 5 Patent Docunent 2:
Japanese Patent Application Laid-COpen No. 60- 139, 643.
Pat ent Docunent 3: Japanese Patent Application
Lai d- Open No. 60- 155, 148. Patent Docunent 4:
International Publication No. WO 021083, 299. 10

DI SCLOSURE OF | NVENTI ON  PROBLEM TO BE SOLVED BY THE
covideNTingre attivry solventsamdadditives avidg an guiddissediationm
propyl ene by using the supported pall adi um
expomient (pKa)i ofilegs thetradyst descri bed i n Exanpl es of 15
Pat ent Docunents 1 to 4, by-products such as allyl
Ratent EpsumtaarJapa@epelﬂaiemtgAmim:auon daic:OpenrNo. 60-

roduced in large amobunt in addition to the by-
ﬁ? %adtis described in Patent Docunents 1to 4 (for

, acet ai dehyde, acet acrol ein acetlc aC|d

BA8nE OGNt 3xi-aprnesn Aalert Aprisaling Aaid-Dnep Na, 6

{gégapol ynmers and ol i goners are not captured, and
the actual 20 selectivity to acrylic acid in

PBl PoshiERY o) HABeBeLE P APERUBA TR RN, s0-

fg ?rly, when nethacrylic acid is produced from
sobutyl ene, the selectivity to methacrylic acid

PasAiDoc Pm&nbac HfgtnAtor] @ivm&éuama Wom@ak bigh,

nmet hacryl ate an vari ous polynmers and ol goners are
produced in large amount. Further, with 25 the
increase in the concentration of acrylic acid or

nmet hacrylic aci d DISGKOSRURE QRIMNMENTI®Ne i s i ncrease
in the amount of acrylates or nethacryl ates
PROBLEM TO BE SOLVED BY THE INVENTION

However, when acrylic acid is produced from propylene by using the
supported palladium metal-containing catalyst described in Examples of
Patent Documents 1 to 4, by-products such as allyl acrylate and various
polymers and oligomers are produced in large amount in addition to the by-
products described in Patent Documents 1 to 4 (for example, acetaldehyde,
acetone, acrolein, acetic acid and carbon dioxide). In Patent Documents 1 to
4, these polymers and oligomers are not captured, and hence, the actual
selectivity to acrylic acid in view of these by-products is lower than those
described in Examples of Patent Documents 1 to 4. Similarly, when
methacrylic acid is produced from isobutylene, the selectivity to methacrylic
acid becomes low because by-products such as methallyl methacrylate and

various polymers and oligomers are produced in large amount. Further, with

the increase in the concentration of acrylic acid or methacrytic acid to be
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whi ch are by-products other than those above.
Consequently, the selectivity obtained in the nethod
for producing an a, p-unsaturated carboxylic acid by
using the catal yst described in Patent 5 Docunents 1
to 4 is not sufficient yet, and hence, a nethod In
whi ch an a, 13- unsaturated carboxylic acid can be
produced in higher selectivity has been desired.
predhSed Gthereial it @ sBROBhEimtunt of ecrytdtes or emsthaorylates
resides in a nmethod for producing an a,P 10

whichtare dyeproductsoxther thascthoséaboven ol efin or an

a, p-unsaturated al dehyde in [|iquid phase by using
nobl eCrBsequendly: thenselgctidlybjainedria tmg/mﬂmed fr moducmg an

npound (A) havi n an_aci d dissoci ati on exponent
qgmsa&wage%gatm af-"é' b\rb'éS'BQ &g patalyst described, inyPatent

BP8uBapt T iAis ont airent Y87 an0ance, mhetodiGavieh an o.p-
iR Mated alondlic BRR e BfodiitRi 5 Higir, siSEVEY WA been

dg#wghion at infinite dilution. Mre exactly, it is a
val ue obtained fromthe following formula (2), in an

ue”ol ed |
aci i ssoci a twﬁzmwéntso meéwﬁow%

represented by follow ng ornul

PKa= The préddntfinventidh resiaes i E%éﬁ‘l@: fol' Fp delﬁ:lﬁgaéﬁ dfat

a conmpound has two or nore stages o
ulisaturated carboxyic htilfromadresietin ofan d, B&lrﬁs“atlﬂ'ated aldehyde in

di ssoci ati on exponent (pKa) of the conpound nmeans
liquid phase by usingsa neblmetal-containing catalyst and by causing a
compound (A) having an acid dissociation exponent (pKa) of less than 4 to
be present in the liquid phase.

The acid dissociation exponent (pKa) in the present invention means
a logarithmic value of a reciprocal of a dissociation exponent of a compound
(HA) in solution and the value at 25 °C in water solution at infinite dilution.
More exactly, it is a value obtained from the following formula (2), in an acid

dissociation-equilibrium reaction of HA represented by the following formula

(1.

HA <= H'+A” (1)

pKa= -log LHT&%—] (2)
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EFFECT OF THE I NVENTION 5 By using a nethod for
produci ng an a, p-unsaturated carboxylic acid from an
olefin or an a, p-unsaturated al dehyde in liquid phase
by using a noble netal-containing catal yst and by
causi ng a conpound (A) having an acid dissociation
exponent (pKa) of less than 4 to be present in the
liquid phase, it is possible to produce an

a, p- Urgitiher; i the cxvedibvay hicongsouhd Ivagived6F mor@ stages of acid
selectivity. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
dissadiatign-eqeiiibriumreattioms, thé acidadissogiatiors exporeent dpKa) of
carboxylic acid is produced through |iquid-phase
theicompaundmeansdhatinthe firstrstage- unsaturated 15

al dehyde by using _a nobl e metal -containing catal yst

(hereinafter, sonBFFiRSsT OFHTEEJMYENTIQN alyst"), it

is necessary to cause a conpound (A) having an_ acid |
di ssddY 4BINGA MBtoRRfar RTRMESINgAN e BcUnsrivaled Gaexylic acid

resent

AT 3 o Bl Sl S

- e mngtR Gty B ok Ao it PR i

b atas i t i -
AT RoCAER irBheRD (el A s TR EH B bredbot Iing fgpic

;ﬂh hSai | vaC :
HTRESS: i RORSIB! @ HoBLBE 3 pluselliritd ERrbbiic 486 higher
deledthty, it is preferably 20 % by mass or |ess,

particularly preferably 15 % by mass or 25 less. 4

Exanpl es of the conpound (A) having an acid

di ssoci ati on exponent (pKa) of less than 4 include

i nor gani BESInWQDEFORQERRYINGIDUTTTHEdANVENHEION i ng

reagents, and anong them organic conpounds are

pr ef dndbe gresent invention, when an a,p-unsaturated carboxylic acid is
produced through liquid-phase oxidation of an olefin or an a,p-unsaturated
aldehyde by using a noble metal-containing catalyst (hereinafter, sometimes
expressed as “catalyst’), it is necessary to cause a compound (A) having an
acid dissociation exponent (pKa) of less than 4 to be present in the liquid
phase. The acid dissociation exponent (pKa) of the compound (A) is
preferably 3 or less, more preferably 2 or less.

The amount of the compound (A) to be added is preferably such an
amount that a concentration of the compound (A) in the reaction solution
becomes 0.01 % by mass to 30 % by mass. It is more preferably 0.1 % by
mass or more, particularly preferably 0.5 % by mass or more. Further, itis
preferably 20 % by mass or less, particularly preferably 15 % by mass or

less.
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carboxylic acid conpounds are nore preferable. The
carboxylic acid 5 conpounds nay be aliphatic
carboxylic acid conpounds or aromatic carboxylic acid
conmpounds; saturated carboxylic acid conmpounds or
unsat urated carboxylic acid conpounds; or

nmonocar boxyl i ¢ aci d conpounds or pol ycarboxylic acid
compounds such as di carboxylic acid conpounds.

Fur t hExamplestdfahe 2oRpaUndc(A) Hadingoap adidsissdunaticagpetent

carboxylic acid 10 conmpounds, nitrogen-containing
(pkia) of Yesscthani4dincludednodanic.compeunds, organicicbmpounds or
conmpounds, keto acid conpounds or oxy-acid conpounds

Qi’tﬂhaﬁng reagents, ndearhpog them, organixeompeunds araipeeferable and
gartlc acid (pKa: 1.93), formc acid (pKa: 3.55),

reexylicaagid compeunds are mqremrptﬂrablen sKhe:caiboayligaid
2 9@& chloroacetlc acid (pKa: 2.68), dichloroacetic
g may bepg lpwwm%@wsm%mmoaad%ot pr«sunatlc

Sl et on R
l%&%g&raé&g ggrb'o%'y %@iﬂd d}’c PB)‘I‘(%@[Q c? %%ld compounds
& deycitbaaiddd 3@*"%8%5? sush %0%63"3%?‘4 it AR,
thméger és g@% ca@éﬁh&a@ﬂ'%n&?&ﬁy& gé@)ggfﬁﬁ%q@ér@g@ Ahéid
cphsouritis; Wutf&gé\ﬁééma e mw&&&w:&&&&h as amino

f1 uoroacetic acl d, d| tic acid

doid tbrpounds] kétoasid comploahas @F iofty-ie cdsmbeunas 88h bel §sed.
preferable, I1n particular, trifluoroacetic acid is

pr ef &Gpﬂmﬁcallvhme examplesdnélﬂc)ie @3pahtic asié @plkhone3prfotric
conbi nation of two or nore kinds. The reason why the
apid {pian\3.65), oitriaracid (pa 28T, atehlorabehzaigldoid {uiat 2.92),
25 inproved by the addition of the compound (A) is not
Cé'!l%raacetl@a@deéKaf a&S)f dichlorpaceticaacid (pika: ‘bB@)s lIriddoroacetlc
F”i , . the conmpound ( $H5mmdto pr onpt
RI&0. §6bml%mlr%a@d (wkaeﬁ 5, lactiy ag«dd@ma@ 3rﬁﬁ)eoxalmcrd
pRg. [I%%ﬁ picrlc acid (pKa: 0.33), picolinic acid (pKa: 1.03), flucroacetic
acid (pKa: 2.59), difluoroacetic acid (pKa: 1.08), triflucroacstic acid (pKa:
0.30), phthalic acid (pKa: 2.75), isophthalic acid (pKa: 3.50), terephthalic acid
{pKa: 3.54), maleic acid {(pKa: 1.75) and malonic acid (pKa: 2.65). Among
them, any one of chloroacetic acid, dichloroacetic acid, trichloroacetic acid,
fluoroacstic acid, difluoroacetic acid, trifluoroacetic acid, maleic acid and
malonic acid is preferable, in particular, trifluoroacetic acid is preferable. The
compound (A) can be used alone or in combination of two or more kinds.
The reason why the selectivity to an o,p-unsaturated carboxylic acid is
improved by the addition of the compound (A) is not clear, however, the

following reason is presumed. Firstly, the compound (A) is presumed to



bet ween the product a, p-unsaturated carboxylic acid
and the raw material or solvent. Secondly, a new
reaction route is presunmed to proceed preferentially,
wherein the conmpound (A) reacts with the raw nmateri al
to 5 produce an ester of the compound (A) and the
resultant ester of the conmpound (A) is hydrol yzed and
oxi di zed to produce the a, p-unsaturated carboxylic

prombtedydroigsis of anugster whiches iadsy-pfoduct praRidUiedrn the ebaction
as polyners, oligonmers or esters can be suppressed.

betwelen the gseducti mpemsaturated carbopylitf acidland the rawrrmbterial or
cause a carboxylic 10 acid conmpound (B) having carbon
salverdr Secondly, agnem deacticnrpute isspriesumgidstoqurpeeedn
exponent (pKa) of 4 or nore to be present together
grephally, meme(wnpwndq@mrqu thecrawrmaterial to

saturate

5 RrRyEs o estar Sttnasrampatnd (e tifreshl a'ataessswidm@
AT S o
PG Bhdes KB %ﬁfﬁgﬂﬁ ot ol hyblfots S0Eh a8 baymers,
‘ﬂ@é’ era%{r%r%ng% 50 SpdfRSted:. " ihel 1 is
pr ef elh&h&br@@er?@ﬁ%’entlﬁ?ﬁ%lg é@?&olgg@g 'c%'ikﬁac%rboxyllc

preferably 50 % by mass or ess anpl es of

10  avid eompoundaB) thavmigoearben MBintier of tce aha haVitigPan ackf
2 to 6 and having an acid dissociation exponent (pKa)

di$sotiatiomexporient|(pka) o4 e moredd e priésentitogelher with the
propionic acid (pKa: 4.67), n-butyric acid (pKa:

corgyynd (Adntthe iliquidcphiasgep K§h|s4mb&)vesrtheedednotmtpm the o,p-
(pKa: 4.64), 1l-valeric acid (pKa: 4.58), n-hexanoic

tmﬁactur@mcawmm agiddooré.c acid (pKa: 4.00), glutaric
acid Ka: 25 4.13) and adipic: acid Ka: 4. 26)
Armng emouaa!a?f tmecai#)%'& a@dac@rr@pourysf &) hswving e@'ban

15 Ig%;y é}k:k# gf I6 it be_ekl)cyc]e?g ljscprg elrgbl?/ns%crﬂ alnaelatr%lu%t t?%t% 'S
concentration of the compound (B) in the reaction solution becomes 1 % by
mass to 70 % by mass. It is more preferably 2 % by mass or more,
particularly preferably 4 % by mass or more. Further, it is preferably 60 % by
mass or less, particularly preferably 50 % by mass or less.

20 Examples of the carboxylic acid compound (B) having carbon number
of 2 to 6 and having an acid dissociation exponent (pKa) of 4 or more include

- acetic acid (pKa: 4.56), propionic acid (pKa: 4.67), n-butyric acid (pKa: 4.63),

i-butyric acid (pKa: 4.63), n-valeric acid (pKa: 4.64), i-valeric acid (pKa: 4.58),
n-hexanoic acid (pKa: 4.63), succinic acid (pKa: 4.00), glutaric acid (pKa:

25 4.13) and adipic acid (pKa: 4.26). Among them, any one of acetic acid,

propionic acid, n-butyric acid, i-butyric acid and n-valeric acid is preferable, in
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6 particular, acefic acid is preferable. The

carboxylic acid conpound (B) may be used alone or in
conmbi nation of two or nore kinds. The carboxylic acid
conmpound (B) does not include the a, p-unsaturated
carboxylic acid which is the reaction product. 5 As

the nobl e netal -containing catalyst to be used in the
present invention, those on the nmarket or those
partidulas,cadeticanid Boprefsrable; OTie varboxylivhsidtongpsuritP{B)emay
nmetal with a reduci ng agent can be used. Wen the

b bsed alane eriarcombination ef twy et rmume tkirelsel thee tafboxyliedcid
it is preferred to activate it by contacting it with
compawnrd (B) depsnotinehidedbe oofwinsaturated carboxyliesadid which is
The noble netal contained in the noble

thergpchimpraduchy cat al yst to be used in the present
r hodi um

Y ook Bk hSpB N SoBaiing Al SLsa b Lo e roasic
ibDéiarh BosH o Hhe afitkar G gse Bréiusie by FARECHRY 8 compound
ftitbiniid & o Remelsl Wi & FadldhS RBRAE sar h8 (Redh IReri thE®

| - ROb|. - i 0 C .
S i o RPN R B o Bt
aAivalo/R by'c%nth?ﬁﬂﬁq{swﬁh mbhgga%éh yraﬁbué to w@g tin@a
cat al yst “conponefit 1's support n carrier, however,

rehclign.not necessary to 20 be a supported catal yst.
Exanpl es of the carder include activated carbon,

car borheéohable metdl contaiméd!in he. nobilg Afstakcortalning catalyst to be
titania and zirconia, and - anong them activated
useddorihe présent imverdionris aayionepofgiatiaahin, platindm; riodium,

-specific surface area of the carrier, though it cannot

rytegiiyol ndissng, golddsilves andsesmiumyidridcamodg ke, apy onezof
pkaillg(cjliu?;\. ﬁg{irgliﬂ%f rh{j:)rgj?urtnt1 ?ut}\iehi%h.iigdibgeagda Ségldo;s preferable, in
particular, palladium is preferable. Two or more kinds of these noble metals
may be contained in the catalyst. The noble metal-containing catalyst may
contain metals other than noble metal.

Generally, the catalyst is used as a supported catalyst in which a
catalyst component is supported on a carrier, however, it is not necessary to
be a supported catalyst. Examples of the carrier include activated carbon,
carbon black, silica, alumina, magnesia, calcia, titania and zirconia, and
among them, activated carbon, silica or alumina is preferable. As for a
specific surface area of the carrier, though it cannot be absolutely said
because it differs depending on a kind of carrier and the like, in the case of

activated carbon, it is preferably 100 m?/g or more, more preferably 300 m%g

or more, and also preferably 5,000 m%/g or less, more preferably 4,000 m?/g
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25 activated carbon, it is preferably 100 n2/g or

nore, nore preferably 300 n2/g or nore, and al so

preferably 5, 000 g or | ess, nore preferably 4,000

mg 7 or less. As the specific surface area of the

carder becones smaller, the catalyst having its

ef fective conponents being supported nearer the

surface can be produced. As the specific surface area

affles$ic Asdheispeciiic surfecel axeg of the tarier bbebres smallergthe

its effective conponents being supported in |arge

eatalyst hawing its effective cooywnents béiagsupponttd neanemihet saface

catalyst, the supported ratio of a noble netal to the

¢all be proquces: é‘ﬁé?'ﬁtﬂpﬁcdlcls%aﬁp argaof dhe sarrierthecomss larger,
ss.of the ~carrier before it is supported, nore

‘ggé%eé&m Raving; its.effectiva, compoRgnts being supperted én large amount

éaeégrab 1 % by nmass or nore, and al so preferably 40

hye P ‘or less, nore preferably 30 % by nass or

e oM saBE oL bt s oo sl bEaRopie
RN IE b iy 888 e b e
SO 5901 B1s PloRAE ARG RIGRINED o 4 i Pkl il °

fadtHentok preferabiol 9989 imass b mops, ar&PﬁlsBQ:SéfgargégQ% %OBy

met hod in which™a noble nmetal Is support

mass oelesspmarepreferatily 30 % amass lor Véds) furtiieicte Fréfdrably
conpound solution and drying it followed by reducing

20 % by mnasscardess) at nosphere can be |isted. Anong

them a |iquid-phase reduction nethod is preferable.

As a The methedforapogucinge supportethcatplyst iscubtqrticyiatly

l'i qui d- phase reduction nmethod in which a reducing

limjtadt ang, farrsample diquidiphaseraductionmethbds in whicbra noble
reduce it is preferable as well. Hereinafter, a

rﬂ%‘@ﬁ BSYRRO hiGagrier RwdisppEsing @ garder in-a solution of a noble

metal compound followed by reducing it by adding a reducing agent to it, or
gas-phase reduction method in which a noble metal is supported on a carrier
by impregnating a carrier with a noble metal compound solution and drying it
followed by reducing it in a reducing atmosphere can be listed. Among
them, a liquid-phase reduction method is preferable. As a method for
producing an unsupported catalyst, liquid-phase reduction method in which a
reducing agent is added to a noble metal compound solution to reduce it is
preferable as well. Hereinafter, a method for producing a catalyst by liquid-
phase reduction method will be explained.

As the solvent to be used in the case of reduction in liquid phase,
water is preferable, however, depending on solubility of a noble metal

compound and a reducing agent and dispersibility of a carrier in the case of



10

15

20

25

phase reduction nethod will be explained. As the
sol vent to be used in the case of reduction in liquid
phase, 25 water is preferable, however, depending on
solubility of a noble nmetal conmpound and a reducing
agent and dispersibility of a carder in the case of 8
usi ng the carder, organic solvents such as al cohols
whi ch include ethanol, | - propanol, 2-propanol,
using tthe carrierdongabid soteénts lseich rassalebiholb which inttude ethanol, 1-
acetone, nethyl ethyl ketone, nmethyl isobutyl ketone
piePangt [2opRopanoh ¢-butangbanmd t- -butamol: ietenes whichdacludet i c
acid, n-valeric acid and isovaleric acid; 5 and

acRipBeameENd el katanes matbylisphutyiketnas and cystohexanone;

cl phexane can be  used al one or in conbination of
Qﬁe q& whighingluderacatisracid,m-valeric aeishand isayalasic agid

it BreesBaroass’ wé‘g%@gﬁ%ﬁwsetaw Pespe and fyelaherans can be
] AR, ot EGR i o o) B RBRRD, | Cov. ox des.

rore. e nopld mghd SC.%’Q{R“?}M@WH%? bt et dRhE it
ﬁEWé\ﬁéreﬁ)r‘B‘ ﬂi@bérgon&@é Uxides %ﬁé%dt%é‘ rﬁ{rﬁﬁ%sp%l?ﬁﬁégbl e.

case o produci nd a suppor

tefradAimineEompieR op ac@%?éﬂet@ﬁ‘éfﬁ%ﬁﬁ’plék of ﬁi’éjﬁgblb%Bfé‘F is

solvent in a desired der or 15 sinultaneousl

preterable, andaileridey, okideeBostates; Pltkites ra:r\sutfste@ cﬂ‘rheﬁélﬁé
carder. The concentration of the noble netal conpound

etz is mose ipnefecable sang fetiverphalides, acetdtss orRRrates 6Patoble
nore preferably 0.2 % by mass or nore, particularly
petal is patticularly preferabless or nore, and is preferably 20

% by +1mss or |less, nore preferably 10 % by nass or

| ess, Inghecasalof prgdusiag arsupippried catalyst; amardenand aswble

Subse 8uent|y a reduci n% agent is added to this
metal compound are added to the solvent in a desired order or

simultaneously to prepare a noble metal compound solution with dispersed
carrier. The concentration of the noble metal compound in this solution is
preferably 0.1 % by mass or more, more preferably 0.2 % by mass or more,
pairticularly preferably 0.5 % by mass or more, and is preferably 20 % by
mass or less, more preferably 10 % by mass or less, particularly preferably
7 % by mass or less. Subsequently, a reducing agent is added to this
dispersion to reduce the noble metal, to support the reduced noble metal on
the carrier. In the case of producing an unsupported catalyst, the
concentration of the noble metal compound in the solution is preferably the
same range as that in the case of the supported catalyst mentioned above.
The reducing agent to be used Is not particularly limited, however,

examples include hydrazine, formaldehyde, sodium borohydride, hydrogen,
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di spersion to reduce the noble netal, to support the
reduced noble netal on the carrier. In the case of
produci ng an unsupported catal yst, the concentration
of the noble nmetal conpound in the solution is
preferably the sane range as that in the case of the
supported catal yst nmentioned above. 25 The reducing
agent to be used is not particularly limted, however,
torminpacid, fanriatel ethyldnezpropylene; rhabutehq,o‘bbum usnbutylene
bor ohydri de, hydrogen, 9 formc acid, formate,
hﬁr@wtga@nepﬂdnntm 2-heptenee tehexpnby2drexenes oytioheéxare, allyl
é 3- but adi ene, - heptene, 2-heptene, 1 -hexene,

cobgle methal ﬂlméﬁb @srolgin gnd nwtlamr@!eln n¥hisaedyrcing agent
aICﬁhoI roleln and nmet hacrol ein. This reducing

¢ US@Q@ asincombinatign of fve srmerakings.of two or
h h d
roe. i RBas? it bBTeGAERgiRtAN I ges, T RebflsAiero garry out

RS fr § BHUR HeNR R A 4 Atiiads” o 855 RR ing Folubilty
dftnbtkd uéing ‘”ag/ehf‘ﬁtb fe S61ufhn! “‘?tt}@ chse, %E éﬂ%ﬁ? gﬁ ttéé

pressurrze reduci ng agen

sreasir davidd %ﬁr@séuﬁiéd b% ik e @e’?ﬁ“ rThe pressure is

her ei naft er, essure 1s

gerasally fdm 0. 1% NP Rjage! ;ﬁetséwfe hbﬁesﬁéﬁer@ ﬂfs%u?@ré i on

in the pressure device is replaced by ineft gas such
exprassadpegagy pressu %t 0t isiprefepdbleithat Mdﬁﬂh@e‘.é‘ﬁomon in

agent. In the case that the reducing agent is |liqu
theqressurerdevidenisreplaced bydned gasGuchrasynitragen Tﬂ*ﬂﬂbugm
of the noble netal and the reduction can be
iptieducing dbe reducinglagenta r educi ng agent in a sol ution
of a noble nmetal conpound. In this case, the anmount of
the rladheicage Aaatithereducingsagent is liuid, thare isno timityon a
4|mted however necrally it is about I to 100 nols
eyice tp,¢argy out Wgug&m of the apbledneialiand the reduction can be

carried out by adding a reducing agent in a solution of a noble metal
compound. [n this case, the amount of the reducing agent to be used is not
particularly limited, however, generally it is about 1 to 100 mols to 1 mol of
the noble metal compound.

The reducing temperature and the reducing time are different
depending on a noble metal compound to be used or a reducing agent. The
reducing temperature is preferably -5 °C or more, more preferably 15 °C or
more and-preferably 150 °C or less, more preferably 80 °C or less. The
reducing time is preferably 0.1 hour or more, more preferably 0.25 hour or
more, particularly preferably 0.5 hour or moré, and preferably 4 hours or less,

more preferably 3 hours or less, particularly preferably 2 hours or less.
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The reducing tenperature and the reducing tine are
different 20 dependi ng on a noble netal conpound to be
used or a reducing agent. The reducing tenperature is
preferably -5 OC or nore, nore preferably 15 *C or

nore and-preferably 150 OC or |ess, nore preferably 80
OC or less. The reducing tine is preferably 0.1 hour

or nore, nore preferably 0.25 hour or nore,

par t i the suppomed tatalyst yn &hichthernable mietel issupported on the
preferably 4 hours or less, 25 nore preferably 3 hours
&HITipe ek thepunsupported qatglya& isseparated iafter seductions sThe ar@thod
The supported cataly in which the noble netal is

f@ﬂﬁseataé@gdhe m&alysm npbpamcutaﬁlu Imtﬂﬂo%m,tf@ﬁ example; &
se ter reduction. The method for
Hmvﬁ fﬁ*gas fi a&laf' Angkgenteifuggtion £an; t@w%ﬁd y The sepagated

or_exa as filtra

Ellst BpGPpR afiag E@eJESﬁ‘:d%ﬁféH%‘&%ﬁa‘?%#’ﬁ&@aﬂ}g}ﬂed
p’fﬂ ?%@@%Wﬁ%%%gﬁgﬁﬁt Do ous et hods can be used.
Toe; ans'Bindlnt of nd'BbIE e kol MifleirBsidiBl sqnyent after

i ety T S
dditbentraton o@tﬁ@ﬂ@ﬁlbﬁﬁetﬂp cORIpdUNEBRIore IhB%HhEﬁon , A'feducing

nobl e nmetal in the residual solvent after

coryition oothedike! MEnes AbBle)AbLa BthecredRILRS %@I@eﬁﬂdﬁer the
confirmed easily by adding a reducing agent such as
separatiomef theuratalyst carh be aletested @indtdonfinmedeeasily by adding a
the residual solvent can be determ ned quantitatively
redugingragsant stk ais hydnaips. Fusthen the an@untds thiaaoble metal in
catal yst may be activated previous to being used in
thadesidyal splvgm s datermined guantitatively vathnan elemental
activatin catalyst is not particularly limted
CIEVETEY §5 ods can be used. As the method for

The catalyst may be activated previous to being used in the liquid-

phase oxidation reaction. The method for activating the catalyst is not
particularly limited and various methods can be used. As the method for
activating the catalyst, a method in which the catalyst is heated under
reducing atmosphere in a flow of hydrogen is normal.

The physical properties of the catalyst prepared can be confirmed with
BET specific surface area measurement, XRD measurement, CO puise
adsorption measurement, TEM observation and the like.

In the next place, a method for producing an a,p-unsaturated
carboxylic acid through liquid-phase oxidation of an olefin or an «,p-

unsaturated aldehyde with molecular oxygen will be explained.
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activating the catalyst, a nethod in which the

catal yst is heated under reducing atnosphere in a

fl ow of hydrogen is normal. 20 The physical properties
of the catal yst prepared can be confirnmed with BET
speci fic surface area neasurenent, XRD neasurenent, CO
pul se adsorption neasurenent, TEM observation and the
like. I'n the next place, a nethod for producing an

a, p- ubxampiest afthe cawtniefjn includs proplylamg isdbiutylenie phd 2=
OX|dat|on of an olefin or an a,p- 25 unsaturated

byigan Examplen ofthe taw arsB-unygmnatmi|atddwd@<|ppwm@nrolenn

Ex | es . of the raw ol efin |Include
medRARgieim creipnalehyge i mesnyiasralsing englnRamaldehyde (5

ﬁlg%!gnsa yrat ed al dehyde i ncl ude acrol ein,
R¢TGI8Mn, cr ot onal dehyde (P- net hyI acrol ei n) and

o or R %%f}géﬁé%%‘?ws%ﬁl 3 Bhiraw mrgral, hae: "
GBS S AR . R 5 b pgon o
T T T
G%@&é!ﬁe AW matBriaNits *ahﬁtﬁd@ r%BESSH?ﬁﬁé‘Q irfi6 carsoky ﬁroup in

acid to be produced. I0 T produci ng-a
thelo, BririiaiirateficadoRpic/adid 16 Bechrobuté®  present

invention is suitable for |iquid-phase oxidation

pr oduTheeethod forcpradudingfarpafrunsaturied Qarsexyit et 6 tte
nmet hacrylic acid fromisobutyl ene or nethacrol ein.

Miesentinventin is suitablefordiquial-phasesaxidatior gredubiry deryiieacid
contain a 15 small anount of inpurities such as a

fg‘émmrapmnBMMahmndarrMbacrullc geidframdsbbutylene or

al dehyde.
methactrolein.

The raw olefin or the raw o,p-unsaturated aldehyde may contain a
small amount of impurities such as a saturated hydrocarbon and/or a
saturated lower aldehyde.

As the source of molecular oxygen to be used in the liquid-phase
oxidation reaction, air is economical, and also pure oxygen or mixed gas of
air and pure oxygen can be used. If necessary, mixed gas in which air or
pure oxygen is diluted with nitrogen, carbon dioxide or water vapor can be
used too.

The solvent4o be used in the liquid-phase oxidation reaction is not
particularly limited, and, for example, water; alcohols such as tertiary butanol
and cyclohexanol; ketones such as acetone, methyl ethyl ketone and methyl
isobutyl ketone; organic acid esters such as ethyl acetate and methyl

propionate; hydrocarbons such as hexane, cyclohexane and toluene can be
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As the source of nolecul ar oxygen to be used in the

i qui d- phase oxidation reaction, air is economcal,
and al so pure oxygen or m xed gas of air and pure
oxygen can be used. If necessary, m xed gas in which
air or 20 pure oxygen is diluted with nitrogen, carbon
di oxi de or water vapor can be used too. The sol vent
to be used in the |iquid-phase oxidation reaction is
used. Ammongdhenn, ketdnesihayvihg eatbonfmmibercofS to G\mmehertlary
al cohol s such as tertiary butanol and cycl ohexanol ;
Mﬂﬁﬂb@e@rsfarableacﬁtma@vemmawbe useg along onmixauee of two or
net h 25 isobutyl ketone; organic acid esters such as

@Prﬁ/%nééefmeana the cage of psipg aleohals, ketanes and @rganic acid
, AipDrferitiodo ies dhs ae-a MiguE M waar Bt this case.dhe
&ﬁﬂﬁreé b oS Rl v A2
88 5 ok la e o orthe WRE sBaRL e eI GEBH S by
a8 oF H{cﬁe‘g‘?ﬁ@ g\‘@& I%'rp % fﬁﬁn?@f‘ or etsg% %é‘% ofthe mixed

water 1s n

SUINERY Al g?ef%’?atbf¥ 5095 %P/qﬁag? be gsg% tma% dBsrabi tHa? the

m xed' sol v e prefe by mass or nor

soMbritis hofmdgenedls iile HBaA Uéfuéé?ﬁm 4 ﬁeféﬁ&g&?é@é’étafé‘e

m xed solvent, nore preferably 50 % by nmaSs or | ess.

It i sﬁlﬂmgfﬂhbdnthtﬁphéé@oxaﬂahwréactbnhﬁavwwméd out either
while it can be used in a heterogeneous state. 10

inlat ¢antiguoub sysienubdirpd datchosysdern) arcontinobus systeyn ise
carded out either in a continuous systemor in a

rsaferablefor industry dnMiewnabprodugtiviym i s preferabl e for
industry in View of -productivity. The anount to be

used U6 ameust i be usedof theolefinrardbe mﬂmsatwatqmadehyde
s the raw, materi al of the |iquid-phase

\‘%}blﬁgﬁ I}Q{%Mqﬂ@{ of $he liqyidihiasp oxidation reaction is preferably

0.1 part by mass or more to 100 parts by mass of the solvent, and more
preferably 0.5 part by mass or more; and preferably 20 parts by mass or
less, and more preferably 10 parts by mass or less.

The amount to be used of the molecular oxygen is preferably 0.1 mol
or more to 1 mof of the olefin or the a,p-unsaturated aldehyde which is the
raw material, more preferably 0.3 mol or more, and particularly preferably 0.5
mol or more; and 30 mols or less, more preferably 25 mols or less, and
particularly preferably 20 mol or less.

The catalyst is generally used in a dispersed state in a reaction liquid
in which liquid-phase oxidation is carried out, while it may be used in a fixed
bed. The amount to be used of the catalyst is preferably 0.1 part by mass or

more as the catalyst existing in the reactor to 100 parts by mass of solution
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15 0. 1 part by mass or nore to 100 parts by mass of
the solvent, and nore preferably 0.5 part by mass or
nore; and preferably 20 parts by nass or |ess, and
nore preferably 10 parts by mass or |ess. The anount
to be used of the nolecul ar oxygen is preferably 0.1
nmol or nore to 1 nol of the olefin or the
a, p-unsat urated al dehyde, which is the 20 raw
existing il themeastopy ebee prefgrably30 Soparbby mass oramdre, and
particularly preferably 0.5 nol or nore; and 30 nols
mmpulas!y mzaéalpjvéf pariby ynas orgnere;raridssreferably 30 parts by
ticularly preferably 20 nol or |ess. The catal yst

F@rsgé\ﬁ&%a, nsorasnsaferablu 20 pavty by massardess, and particulenly
plete q%miﬁpﬁfts Bl TIBES OLIERS; n 2 11 xod 25 bed- The.
iy Bt o 45
§§85rdlhg bR 118 SoRApH §"ﬁ¥%ﬁ$‘§ﬂ%ﬁ°ﬁ&'§% s 6 Peadion
fé?r‘i;feraftﬂ is p?egféiaﬁyébh cﬁ‘rrﬁ{zfé Wded 'é'ggé?ggalyl & %?nsl?&eye and

nDr e parts by

BoRérat Qb;oo % P94 it o FRBforbly BRG P fbsR2 i ey

y 15 parts by Ss or "l ess. e reaction

He@Btien predsuré i¥pidierabfpathodpherie pressura’(o mpapw Mbré Shore

dependi ng on the solvent and the raw materials to be

preferabln2 MRz2.ot iriote, arrdprateiablye10 M4 of &issbmordprélerably 7
nore, nore preferably 50 CC or nore, and preferably

19Pa ardess. | ess, nore preferably 150 CC or | ess.
Furt her, the reacti on pressure is preferably
at nospheric pressure (0 ERAMRLESore, nore 10

preferably 2 MPa or nore, and preferably 10 MPa or
| ess, HetgiRaflare the prespntinveptionis fusher cengmtalEsxplained with

reference to examples and comparative examples, however, the present
invention is not limited to the examples. In the following examples and
comparative examples, “part” means part by mass.

(Analysis of a raw material and a product)

Analysis of a raw material and a product was carried out by using gas
chromatography. The conversion of an olefin or an o,p-unsaturated
aldehyde, the selectivity to an a,p-unsaturated aldehyde to be produced and
the selectivity to an o,p-unsaturated carboxylic acid to be produced are
defined as follows: -

The conversion (%) of an olefin or an a,B-unsaturated aldehyde = (B /
A) x 100;

The selectivity (%) to an a,p-unsaturated aldehyde = (C / B) x 100;

and
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Herei nafter, the present invention is further
concretely explained wwth reference to exanples and
conpar ati ve exanpl es, however, the present 15
invention is not limted to the exanples. In the
foll owm ng exanpl es and conparative exanples, "part"
means part by mass. (Analysis of a raw material and a
product) Analysis of a raw material and a product was
car r i €heseledliyityit any ogfrunsaturated toagbeawyiy ackh®) = (D / B) x
conversion of an olefin or an a, p-unsaturated 20
@ehyde, the selectivity to an a, p-unsaturat ed

al dehyde to be produced and the selectivity to an
a, p- uh&@mvedoaaw@@xﬁ represants Ml pumbesof @aplefir or an

S-UAtuRded BIdeNide AUBBHGUAE TeRreSents ohmbesofae olefin or
&5 Pt b2 e S Ror o
dtifEng Wdthgll HibdReed, ol cburrpbrfand ibe! of i 5.6-
G108 B SN AL BLE DG e B b tcion

; R i epresents nol
@aﬁa@ﬁ%@hﬁrﬂsqﬁsﬁtﬁa{aﬂﬂagtbmﬁg{g is'(.ep

nunber of an a, p unsatur hyde produced; and D

r epr €Fieg followihg BXARPlesPandBomphratiVeséiddipibs Yemonstrate the
carboxylic acid produced. Further, in the case of

repregsns thixmoh auminee of lsobutylene sapplied, & represents tihe mol

met hacrylic acid fromisobutyl ene, wherein A

number omy isobutylene reacted, C represents the mol number of methacrolein

produced and D represents the mol r{umber of methacrylic acid produced.
<Example 1>

(Preparation of catalyst)

To 60 parts of 85 % by mass acetic acid aqueous solution, 1.1 parts
of palladium acetate was dissolved under heating and the resultant solution
was introduced into an autoclave with the internal volume of 150 mi together
with 5.0 parts of activated carbon powder (specific surface area; 840 m?/g)
and the autoclave was shut tight. While stirring was carried out at a rate of
500 revolutions per minute, the inside of the system was replaced by
nitrogen by introducing nitrogen gas into the system to the system pressure
of 0.8 MPa, three times. Then propylene was introduced into it to the system
pressure of from atmospheric pressure to 0.6 MPa and the resultant system

was heated to 70 °C and kept at the same temperature for 1 hour.
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represents the nol nunber of isobutylene supplied, B
represents the nol nunber of isobutylene reacted, C
represents the nol nunber of nethacrolein produced
and D represents the nmol nunber of nethacrylic acid
produced. <Exanple 1 > 15 (Preparation of catalyst)
To 60 parts of 85 % by nass acetic acid aqueous
solution, 1.1 parts of palladium acetate was

di ssofbeda thegystemewas cgoladdoithe roemutemperatung, the system
was i ntroduced into an autoclave with the interna

RSssHee was lowerad andhhenaytoclave was. apened sThe resultant tiquid
38 EReSE idRn aliCee.prassus Lnge & nigen tiew andhiecleBowder
WS Cpflingi whlohiyssied by % emass Bpotdne adituisny
SOl HEt Madk P WEE ikl Sotplted” JRLRR 55, A anidil aBdunt
SNIREARE b Rdratel g BB .HR ftafes 8HY s Ghffmed that
TS Qi o ) ipbond PRRMSUHEP. 1 1% 0"

tenperature for system was cool ed

to t MEhé BRIDK FIWRrahUS BbtdiRéd Wé%td?le@g Wﬁgﬁqu% a nitrogen

| onered and t'he autocl ave was open sul tant

flowiand paliagium hMetakrsuppuirid caaysPWas oBiiNEE. THeSupdorted
nitrogen flow and bl ack powder = was obtai ned, which

ratio ofqaliadiuby of thig/citalysh aasaieone niaggeous 5 sol ution
and bl ack powder was finally obtained. At this tine, a

smal | (Evaluation offreagtibrdzi ne nonohydrate was added to

the filtrate and it was confirmed that there was not

f ound! @AY adeelave havingfiniesnalyviume ofB80shbeduipped with gas
was dried over night under a nitrogen

i’F‘ r%&u&bm'a&ﬁ (hereinaftes: exprassrshas adeaetos), V90 pats of 75 % by
rﬁggs‘?‘ iaggf%heTahq%e%lﬂg%%liﬁt%% was introduced as a reaction solvent, and
also 5.5 parts of the above-mentioned catalyst and 200 ppm of p-
methoxyphenol to the reaction solution as radical scavenger were added.
Further, 3 parts of trifluoroacetic acid (pKa: 0.30) was added as a compound
(A) and the reactor was shut tight. After that, 6.5 parts of liquefied
isobutylene was introduced to it and stirring of the system was carried out at
a rate of 1,000 revolutions per minute.

Then, the temperature of the system was raised and when it reached
90 °C, nitrogen was introduced into the system to 2.4 MPa, and the inside
was further pressurized to 4.8 MPa by air. With the progress of the reaction,
the pressure in the reactor dropped. Every time when the internal pressure
dropped by 0.1 MPa, oxygen gas was added to reach the internal pressure

of 4.8 MPa, and the amount of oxygen gas equivalent to a total of 1.7 MPa
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10 ratio of palladiumof this catalyst was 10 % by
mass. (Evaluation of reaction) To an autocl ave havi ng

i nternal volunme of 330 m equi pped with gas

i ntroduction port (hereinafter, expressed as a
reactor), 100 parts of 75 % by nmass acetone aqueous
solution was introduced as a reaction solvent, and 15
also 5.5 parts of the above-nentioned catal yst and 200
fbRtanols tadt mokobisehutylans) was used: t The systent was stirred for 50
radi cal scavenger were added. Further, 3 parts of
mingtesdreaction; time)cunder Shis:.condition. Vwringithisireactian time, the
compound (A) and.the reactor was shut tight. After
Enatersneot ialeBod isabiens wes adlsieabowt S0c%.
introiﬁced to g& and stirrin yst em was

carri ef thegystery wag 'é?%legitg QBIQE{)PS éédl‘ ife-water Mh ang

G romBopeliSud S BEIBHba e yeilehals R B8 svalem
T A ol A i v
gérﬁglé?fén@ihé @ﬁalﬁf‘%%mq{éfé‘fy {é;rﬁﬁ\gefﬁ g¥ hginbrl@eé@ﬁﬁﬁé’ filter

ropped. Every ti'ne en t'he I'n €ss

(Poreeb: lays fm). N reachos %R/%gjénm Q’%‘g@éot/%doe@ﬁb the

I nternal pressure of 4.8 anount o

quandtitativslp detsriminée Withigasechreinatogthphy.” MPa 16 (1.04
nols to 1 nol of isobutylene) was used. The system was

sti rr Ad & resuli@f IGPramissiofy spectrabanaliysie Jof tine psadtidhssolvent,
condition. During this reaction tine, the conversion
elusionefepaliadiuns sas yotatetected. Jdierssalis ebthe eviduation are
Then, the systemwas cool ed to about 10 OC in

shawnin Eableat.h and 5 gaseous conponents were totally
recovepred ile reducing the system pressure. The
syst eFF4@®PIRNed and a part of the reaction |iquid

led and th t | et el d
\Qlf,ls us‘fﬁ%ﬁﬁﬁ}%ﬁ&q@dp% ggﬁnakxgmpy\éa% vfa%n&r?ieg o¥xt B%'é’&eihat. in

the evaluation of the reaction, 3 parts of chloroacetic acid (pKa: 2.68) was
added as a compound'(A) instead of 3 parts of trifluoroacetic acid and the
reaction time was 60 minutes. The amount of oxygen gas used in the
reaction was equivalent to 1.7 MPa (1.04 mols to 1 mol of isobutylene). The
results of the evaluation are shown in Table 1.

<Example 3>

The same procedure as in Example 1 was carried out except that, in
the evaluation of the reaction, 3 parts of formic acid (pKa: 3.55) was added
as a compound (A) instead of 3 parts of trifluoroacetic acid and the reaction
time was 60 minutes. The amount of oxygen gas used in the reaction was
equivalent to 1.5 MPa (0.92 mols to 1 mol of isobutylene). The results of the

evaluation are shown in Table 1.
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.(pore size: 0.5 ttm. The reaction solution and gas

recovered were quantitatively determ ned with gas
chromat ography. 10 As a result of | CP em ssion
spectral analysis of the reaction solvent, elusion of
pal | adi um was not detected. The results of the
eval uation are shown in Table 1. <Exanple 2> The sane
procedure as in Exanple 1 was carried out except that,
in 3<Bxampleedal uation of the reaction, 3 parts of
chlorpacetic acid (pKa: 2.68) was added as a conpound
(A) i hBesameprogedure as iif Exampleub wasceariied aut éxcent that in
reaction tinme was 60 m nutes. The anount of oxygen gas
thevalyationof thedeaction, the agwunt of Z6t%thy mass pratone agueous
%9I€ to 1 nol . of iaﬁbuﬁylengéﬁ The results of the

uyion, as &reacton splyent wasgduced 1080 pants;4f pads of geetic

0 re as,jn Exanple 1.was, carried except
SR oRRS Sph b ide 05,8 SBrbofuc peistsarmnound oy Bbaghe
LCaac - ) d, as_a conmpound (A
e yAf wabioiintyge THERAENGH bt ohiodh BRS LRESR he
. . ot

reaRfibh Was edufaidhitiolt MPH (£ 0 Ol BUEHiGh oflsgBk AR, The
re3ulls oF el duatidP re Showd i Tyb@E) . The results of

eval uation are shown In 1. 17 <Exanple 4>

The saBxamprcssiure as in Exanple 1 was carried out
except that, in the evaluation of the reaction, the

anmourThesarffe pfobgdursas ACExanpleaf WeRUarried but brtethat, in
reacti on solvent was reduced to 60 parts; 40 parts of

the evaluaioncifdhé peactioh, it anmmrnd dtizd % byanass hostvhecaqueous
acid conpound (B); and the
solution as a reaction solvent was reduced to 80 parts; 20 parts of acetic
acid (pKa: 4.56) was added as a carboxylic acid oon-1pound (B); and the
reaction time was 45 minutes. The amount of oxygen gas used in the
reaction was equivalent to 1.6 MPa (0.98 mols to 1 mol of isobutylene). The
results of the evaluation are shown in Table 1.

<Comparative Example 1>

The same procedure as in Example 1 was carried out except that, in
the evaluation of the reaction, triflucroacetic acid as a compound (A) was not
added and the reaction time was 80 minutes. The amount of oxygen gas
used in the reaction was equivalent to 1.6 MPa (0.98 mols to 1 mol of
isobutylene). The results of the evaluation are shown in Table 1.

<Comparative Example 2>

The same procedure as in Example 1 was carried out except that, in
the evaluation of the reaction, 3 parts of acetic acid (pKa: 4.56) was added

as a compound (B) instead of 3 parts of trifluoroacetic acid as a compound
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reaction time was 50 m nutes.
used in the
nmols to |
eval uation are shown in Table 1.

t hat ,

of 75 % by mass acetone aqueous

ac

e

géﬁﬂfv‘f%imlg&

ISO

tic

mol of
in

acid (

i sobutyl ene).

The

The anmount of oxygen gas
reacti on was equivalent to 1.7 MPa (1.04
results of the

<Exanpl e 5> 10 The
same procedure as in Exanple 1 was carried out except

t he eval uation of the reaction,

solution as a
(Aaand the tasction timmwas @Suminites: The @amount of @xpgen gassed

t he anount

pKa: 4.56) was added as a carboxylic

reartion was eguivaient tore? MRa (t.0dmolste Tvmol db

etpsuiactthe e

¥

amount of oxyqen gas used In the 15

yationpee shows imbaklett 1 nol
n@) The gsults of the evaluation are
1'=‘ ve Ex

shomn ?atlve Exanpl e 1> The sane
Sl i bl

{19 yaidatirf QLR Ao, M8 BoMling of Y5 % R mBRS skdfone agueous
stﬂadoh Bsid@

nol s

@aia Khi 2563 WasSaiy ada tabh

e sane procedure as 1 n

2>

hBs’ mﬁbﬁéﬁ 'soRn

et aRsieise fibo bl ?29‘5@5&? aidtic
B kB

Exanple
rled out

wifluergadetiotacid as a%nﬁ:btﬁ.lrﬂ:}/@il% A6t &dddd? %nﬂftﬁﬁtréaé‘hor?’tlme

parts of acetic acid (pKa:

56) was added

as a

wasFounthutey. The tarsolintfof dxpgen ga@ijséd lifh (HedFeRREOR Was
acid as a conpound 18 (A) and the reaction tine was

Fuivaleot tos].71MPadidamols took pud of isabubdene). iThe fesults of the
reaction was equivalent to 1.7 MPa (1.04 nols to 1 no

aluatioshare show in Taklerksul ts of the eval uation are

shown in Table 1.
Table 1
Compound (8), | Sarboxylic ackl | Reaction | Conversion of | Selectivityto | - Selectivty to
trat omnmumdﬁ& time isobutylene | methacrolein | methacnyic acid
concentration | (min) (%) (%) (%)
Trifluoroacetic acid,
Ex.1 29 mass% - 50 527 447 255
Chloroacetic acid,
Ex.2 2.9 mass% - 60 548 433 23.0
Formic acid,
BX3 | 5gmass% - 60 487 464 208
Triflucroacetic acid,| Acetic acid,
Ex.4 29 mass% 38.8 mass 50 536 402 307
Trifluoroacetic acid,| Acetic ack],
Ex5 29 mass* 18.4 mass% 45 514 358 335
Comp.
ExA - - 80 577 4 350 20.1
Comp. Acetic acid,
Ex.2 - 29 mass% 65 593 374 19.7
Comp. Acstic acid,
Ex3 - s88mass% | 70 525 30.7 188
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<Conparative Exanple 3> 5 The sane procedure as in
Exanple 1 was carded out except that, in the
eval uation of the reaction, the amount of 75 % by mass
acetone aqueous solution as a reaction solvent was
reduced to 60 parts; 40 parts of acetic acid (pKa:
4.56) was added as a carboxylic acid conpound (B);
trifluoroacetic acid as a conpound (A) was not added;
and tAs merticriednatioves it Wasiorindthat, metomding teethepresent f
oxygen gas used in the reaction was equivalent to 1.7
inpantian,@n exf-ynsaturated catioxylio eoidydamis praduceddn tiigher
of the evaluation are shown in Table 1. Table 1
slagldiye V4, Carboxyil caci d Reaction Cnversi onof
SdeWto Sdectk*tD concentration conpound (B), tirne
nmobuW nebacrolein netwylic acid concentration (mn)
N NNE)d Trifluoroacedc: acid, 50 52.7 44.7 25.5 2.9
mass% Ex. 2 Chl oroaostic acid, eo 54.8 43.3 23.0 2.9
mass% Ex, 3 Formic acid, 60 48.7 46.4 20.8 2.9 mass%
Ex.4 Triftioroaostic: acid, Acetic acid, 50 53.6 40.2
30.7 2.9 mass% 38.8 mass% Ex5 Trffl uoroacefic acid,
Acetic add, 45 51A 35.8 33.5 2.9 mass% 19.4 mass*/o
(5& -P. - - 80 35.0 20.1 BL
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Conmp. Acetic acid, 65 59.3 37.4 19.7 BL2 Z9 nmass%

| conp. Acetic acid, 70 5Z5 30.7 18.8 L BL3 38.8 mass%
15 19 M nentioned above, it was found that, according
to the present invention, an a, p-unsaturated
carboxylic acid can be produced in higher

selectivity. 20 WVHAT IS CLAIMED I'S: 1. A nethod for
produci ng an a, p-unsaturated carboxylic acid from an
olefin or an a, p- unsWMHARISCLAIMERS: in i quid phase
by using a noble netal - containing catal yst and by
causi ng a conpound (A) having an acid dissociation

HborE BB autash Bl BT SRbRiic 45 rom an
e HE B R RERP iR RS0 R S e
St PRt Bhy byl fauBii8 cotinplihoth) Beking an geio
BpEx3bor eificret (ot eSS TRGRA Rl fresbfh e il dhpse.
Che rabl b Beliod fBF PRIGU, bR £ It Blod carb DR dbid
astordifigoclalin 1, further causing a carboxylic acid compound (B) having
carbon number of 2 to 6 and having an acid dissociation exponent (pKa) 6f 4
or more to be present together with the compound (A) in the liquid phase.

3. The method for producing an c,B-unsaturated carboxylic acid
according to claim 1 or 2, wherein the noble metal-containing catalyst

comprises palladium.
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