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

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

nmet al -contai ning catal yst. 10 BACKGROUND ART There has
been many researches on t hod for producing an a, s-
unsat urated carboxylic éﬁEéE*“PEKyN | i qui d- phase

oxi dation of an olefin or an a, 3-unsaturated al dehyde
w th nol ecul ar oxygen by using a noble netal -

T To s Meibelor Progllhe &P T CRCHTEAGA 1 | s
oxi di zed with nol ecul ar oxygen in |iquid phase by

usi ng an activated supported pal |l adi um

net al - cont ai ni ng cat al ygEHMICAR F@ﬁi)been activated by
contacting an ol efin having carbon nunber of 3 to 6

Wi th e neBbheRvERliorAbiEs B ol i roduding ahveh:

In particular, a nmethod 1s disclosed, ererna
snsatucatedtcaabdxylie @i¢ oe ah dldtH 6Mén B

a free radicalx?nhibitor in Pateﬁ?&Dggﬁgg%?hgﬂgﬁgﬂuéﬁydeby
taingeal nobleraetal €vatdining catalgst. r eact i on system
respectively, to inprove selectivity to an a, 13 -
unsaturated carboxylic acid. In Patent Document 4, a
method I's disclosed, wherein a reaction solvent

contai ning a car boxyl BAGKGROUNDARTEar bon nunber of

2 to ? tegtlggy but anol or a ketone having carbon
nunber NEFe Bag Hegn many regasichas em Renethod forproducing an o,B-

?ﬁ%@g 3’_ %ﬁ&%@%&ﬁﬁ?ﬁ@ﬁ@éﬁﬁg&ﬁ&%: &ié&étgbsmf\lﬁmgleéin or.an
8- UnSharaeh Hd Sy e WR AT cliBN Eygdhn ll:ye agintghaarrl]oél'e 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 3 to 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 selectivitytoan o, g -
unsaturated cafboxyiic acld. 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:

I nternational Publication No. WO 02/083, 299.

CRERATeA ROV E And AdATNES. Riing e g ol
?EXPB?‘IB @r#z% 05\% I‘Slsfugggz:fr iegega: Lag;(g?pl es of 15
FRAENH DBBSHERD pbfods pBleAtMERor Y Shefi o0

AReped in large anount In addition to the by-
products described in Patent Docunents 1 to 4 (for

Paen Bocanehebd Gbgﬂﬂﬁese Pﬁfﬁrﬁ%&éﬁf i Ehﬂ»-o@@ﬁtbll& gl d

and car bon di oxi de I n Paten cunent s

B8R Jol ynmers and ol i goners are not captured, and

hence, the actual 20 selectivity to acrylic acid In
Ratentdbocuraent By Japaness Patent ApplicatidrabaidbOpen No. 60-
descri bed in Exanpl es of Patent Docunents 1 to 4.
456Ri148.1y, when nethacrylic acid is produced from
I.sobutyl ene, the selectivity to nmethacrylic acid
PatentdiorusmeniA'a memsfiopabBuliaationdio.d8/Gr0B/ad,599.
nmet hacryl ate and various polynmers and oligoners are
produced In |large anmount. Further, with 25 the

ot hacryl i ¢ aci d EISGEOSUREREMTEN GRS ner case
'n the amowiog] effFY BESoLUeBBYA e IRUERTION

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
acld 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 methacrylic acid to be
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whi ch are by-products other than those above.
Consequently, the selectivity obtained in the method
for producing an a,s-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, 3- unsaturated carboxylic acid can be

RS ara lornepsein the %ﬁﬁp gﬁ@é’&%‘mgﬁﬁéﬁgémates
Wi B bliptediioss asherthaBitaoss ahoWh ol et i or an

nobi o ittty e Sateind oplaive b B8 B9 praing an
pERSafhra s St G By L R Rl el iR Patent

Ditefhentd B9 & ﬁﬂtsﬁ‘.@ﬁ&iéﬁtjl : WQHEE% 4 mﬁ‘ﬁm{! ﬂ'é%?thaan o,B-

present 1 nvention nmeans a logarrt'hmc va

uRsaRraeal catboRyl £5@ ehA e Qo8 -

(HA) in sol utii% and tﬁewﬁagﬁggﬁggﬁieﬂ%ﬁgem%?g?wﬂgs been
gdesivéd.on at infinite dilution. Mre exactly, it is a
val ue obtained fromthe followng formula (2), in an

acid dissoci at i MEANS FOR SOLVYINGPHROBLEM HA

represented by the following formula (1). 20 HA Ens-
H++A Thp prpsent inventidnlteSidesin sBrrfetingdh for, produtihg are6.B-

that a conpound has two or nore stages of acid
unsatyratadcabeglicacist from ar atefinorsan alfeunsatdrated aldehyde in

ﬁ” ssoci ation exponent (pKa) of the conpound neans
qﬂ.ga n‘f\qspmy ¥$ing @ RQbig énetal-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 %%—1 (2)



10

15

20

25

EFFECT OF THE I NVENTION 5 By using a nethod for
produci ng an a, 3-unsaturated carboxylic acid from an
olefin or an a,j-unsaturated al dehyde in |iquid 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
l'i qui [ ossi bl e to produce an

a,j- uﬂ?‘gﬁ'\hﬁ? Zﬁ’etaiet&é:s%aﬁ% a gompound hasi tWReor maee stages of acid
jMi . .BEST . F CARRYI ) THE | NVENTI

i ERiaonesan it dFesusne. Mﬁiﬁﬁ#@ﬁ%mﬁxmh hipKa) of

E?é;d E%ﬁféﬁgeﬁﬁéﬁn%ﬁ@t?ﬁﬂﬂé*ﬁéﬁs 98- unsat urat ed 1|5

o|defyde, by us! 1o gcpeBroomyAL OBRION'S, 021 2) Vo1

LA g

B oM Brin oySHnSatraRaod I kil BRacs BY Ldihg o

. heble metalcoptaihingadatalyst and by eausidg aTE&nEHGH@YAPﬁaﬁHgtan

conpound (A) to be added Is_preferably such an " anmou
abigh dissaciatiomexpanant (pKa} otless thaniado be)preseitia the liquid
reaction solution becones 0.01 %by mass to 30 % by
phase, it is possihle &0 pradusesdn g, funsatubated wassoxylic meictin higher

gg'rti_qul arly preferably 0.5 % by mass or nore.
eeWdlY. 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

i nor gan: BEST AR OB GRRFYIRG AR aHENENTTaN g
Lf:ggﬁaﬁeﬁgggﬁf‘iﬂ(}gnﬁm Whell 454 F-urdl u%ltréglsca%gxylic acid Is
produced through quuid-phase oxidation of an olefin or an a,B-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
oynds such as di carboxylic acid conpounds.

Fur t hdrearmales s tha pomppuing (A} haviog ascacid sissesiasigaraxpeaent
AT 6 SRR S s
R S T
SRR 2R CorhBBtnag ats'tore Ridfeatde, gt Hadboniiigeia
Sooung iy SR o Uk
SIS oEfe ¢othBodias, seRirbtag ety SofiauplB
QnQMaM%eric%i&céﬁiéun&s,_ )r?gﬁg@?_ﬁggﬁéﬁd cBgdunds

(pKa: 2.59), difluoroac C aci ¢

or pblycarbuyiit Bcidastripduids sudh 29 dicaPiiyit aEicédrfipoitds
2.75), isophthalic a%id (pKa: 3.50), ggﬁggﬁ{ha'ﬁg&a0|d
Forher, Bsthp, carbbxylic emid dompsands, helbgeritedeaast g lie e
(pKa: 2.65). Anong 20 them any one of chloroacétic
gemgounts itrogan-eontainingdarboxylio lagichesrapounds sdch as amino
fl uoroacetic acid, difluoroacetic acid,

acidrqanapeinds, ketaacid, compasindsari axyeaaid coripatinds @zincdhe esed.
prefesgblﬁ, Inéﬁarticular, trifluoroacetic acid is

pr ef ePREFEICaly, dhe examplpsinclydeaspantic agiddpKaohO3); formic

SGIRREL 59 e SRR 588 o s ke 592,
ek B o861 B LS RE ok bt
A ok i, AERL Bl e 2 4B kb SRl St ot
(ke 1904)! pRfic acid (pKa: 0.33), picolinic acid (pKa: 1.03), fiuoroacetic
acid (pKa: 2.59), diflucroacetic acid (pKa: 1.08), trifiuoroacetic acid (pKa:
0.30), phthalic acid (pKa: 2.75), isophthalic acid (pKa: 3.50), terephthélic 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,
fluoroacetic 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 a,B-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
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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

el o b L L
tREH T8 brogutt BTSN Rate (b RmiRthalf pBd AR FaF aterial o
St SERORAKY o' rfow FobdiohToRMRHREUEN 1 BKHER " OO"
prefrentiallyp Wherdih the bnPoupd! (9\) ?&a&g %gﬁg@eef ra%ﬁagféﬂan to

with the “conpound (A) i'n the [iqul
iprpdwceean testersaflthe tormpourido(A) i dathe reSitHt Wstdredt the

carboxylic acid nore. The anmdbunt of the carboxylic:

gompaLmen(#y ris! hy@olyeed s oxidlzed toldrodued te &/p-dndéatufated

to be added is preferably such an anpunt that a

sarhaylic acid andfas & cesultyformatiqrBdf byrptdtucteesdh as polymers,
solution becones 1 % by mass to 70 % by mass. It is

Rligemers peesiers can epsuppsessest. nore, particularly
4 % by mass or nore. Further, it Is

D of IBHIg piasent iyenianct s prederabiter kiber catse a carboxylc
B Ehiboind doiheting Garon eyha oh te & aishnaving an ace
sl BB 0 o BA B i Sar WThe
SEORPERTAT el R0 B s Rl RS et o o .-
Grlurdof Saponeleid e, (P11 %), P hexane ¢
o TRy AT S Al B Aipelfe e oo
g?ng?g gik') le etacal tg» bé abldéd id pret6iabhrSGcHaN Anfourt tRal & | 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, itis preferably 60 % by
mass or less, particularly preferably 50 % by mass or less.

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:
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, acetic 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,f3-unsaturated
carboxylic acid which is the reaction product. 5 As
the nobl e netal -containing catalyst to be used in the

eElar a5t B rtprabies s sarbomyin ack compoLmsuies ma

! | I itn aenO can be used. Ieg‘lt e !
B8l fod hibte %y df CFHBRRIERLIGCSr BRre ki, Mg carporgiscia

SO Ao Il 158 i bn gk b ukiac hion 1
The réedion preliatt, contai ned in the nobl e

net al -cont'aining catalyst to be wused in the present

i nventAgmel ol _}‘néta[&céilﬁtgffﬁg F}S{aWQt 16 batUsadTh t@% gpéaﬁﬁﬁ% 9

ruthenium iridium go ver’ ‘and osm um

irvemtioanthoserpthe Makke Or ¥RosePpRIc B‘bg’éﬁ?'ﬁéétmﬂsa compound
ruthgnlunl iridiumand gold Is" preferabllle, I'n .
pantaining & nolle Imetai withissrediuefey aférit-cah'ive Géeﬂ.‘)%éﬂ fits

of these noble nmetals nmay be contained in the

bablel yetal-containiigl eatalyston therairkétris usatial ¥spref@red to
contain nmetals other than noble netal. Generally, the
aglivate dt by eontecting it withsa peducing agentprevioustowsedibirea
cataI%st conmponent is supported on a carrier, however,
[faqtionnot necessary to 20 be a supported catal yst.

Exanples of the carrier include activated carbon,
car bokﬁsma@ magtal contained in $ie nabigraetal-coptaining catalyst to be

hod H hedRsBh eafon Ry and pEpaadivg,, pieiinugs, ocium,

ARG, iFdG7 581 sPaand Sty ad rmong Bem.aricamaor
palgidrh, pREhURT, rABGiub) Futtlehfum! RdlUhF shdS5oi8ts 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 élumina is preferable. As fora
specific surface area of the carrier, though it cannot be absolutely sald
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



10

15

20

25

25 activated carbon, it is preferably 100 n2/g or
nore, nore preferably 300 n2/g or nore, and al so
preferably 5,000 n2/g or less, nore preferably 4,000
n2/g 7 or less. As the specific surface area of the
carrier becones smaller, the catalyst having its

ef fective conponents being supported nearer the

3 od “An i aPeqRl SHHESE arortof e Siifios basaes siaile the

byt i s RREBAATRDROALAS, iR Sub5GHeE nefist e surtace
CRIHY phaduiod, REPRT BDSGNG iR arda BT Hefgaret Bopdyeb Terger,
rer ALy MR pRSctNE Chfibhent® b3 Bt W rge amount

raaf ploducdd% by mass or nore, and also preferably 40
% by 10 mass or less, nore preferably 30 % by mass or

| ess, I the baserof & snppbred katalystOtHé Sppoed t%io!cﬁ‘sasn?ble

The met hod for producing a supported catalyst is no
petel tothardayrier is prefedablgiod 9% by nease ot moré toithe maza ot the
reduction method in which a noble netal is supported
gartier baforedt istsuppostied; piarg prefenably €.5 %6 by massior aore]
obl e 15 netal conpound foll owed by reducing It by
grEose peefigrably 1= massior mare, apdsisn peaferabiyi40i% by
net hod i n which F nobl e nmetal is supported on a

1gssi At less,\more prefarabivi0 % bymass okless, furthermerarpreferably

?ﬁgpg&g% solufion and drying it followed by reducing
REYAE q§a. at nrosphere can be |isted. Anpng

nca Ne theod BEBRRETTE SPRnMGH Safpivt i€ pot Gadeyby
Al 4R 33 AL, NOOITARE recliih Fikiflod o Wriashd roble
RtiIGE sUippdited ghpd: Garfiat ?g%%ihgy{%ﬁf&?ﬂ &%olutfdn of a noble

met hod for producing a
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. Herelnafter, a method for producing & 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 solubllity of a noble metal

compound and a reducing agent and dispersibllity of a carrier in the case of
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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 carrier In the case of 8
using the carrier, organic solvents such as al cohols

T i Fartt QFonE Botenis Bl ES Sldarait whk Geluce ethanol, 1-
5954008, 2R B R B R i U,
v MO —
DGR RERROWERR (Rugp SBENCRER nRater S0 ArAbb e ecis
ighdtfdrocdrboRs WHIEH inciutd lzgptane,mé%ané %ﬁl’é@iﬁﬂeecan be

chl ori des, oxi des, acetat nitrates, su

usbdaxione orircesrmbipation oR6Rb B Afdth ) conpl ex of the
noble netal is 10 preferable, and chlorides, oxides,

acet afTéw, noble nadtabscampound & be uskdds RePpartichRiry linited,
nore preferable, and further, halides, acetates or

howexersobexampleh chlorides abxides, Euetates| nittages) seifatesh! e.
In the case of producing a supported catalyst, a
tatraaraming, gompiaxpraceatdacetonatqpcomplexraf the thoble metéalds

sol.vent in desired order or 15 sinultaneously to

prefgranle. and ghigriges, axidesnasatates.ditratesronguliates abanoble

carri.er. The onﬁfntr tiog of the noble netal conpound

[Etak 5 £nais Rrefesables ang,furBer belides. Roatalps s ciirales e eajoble
. Ly . 0.2 %Db , ticularl

AP BB oidgralll or more, and i s pr ef orabl y 20

% b 0, % by .

1509 el by b QiR babRy % B8R Kaobi

FIRRRHISHOURT afe AGIMFId e SNt it aXlH ol SHabPbP

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,
pérticularly 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 unéupported 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 nenti oned above. 25 The reducing

S 5 o A b e
AL, U2 o8 TS 2 OFE s, i
st g oo o s
TanBwlsed &loedrin FOFhUIRARTH 6LPMR & mbhé Ringgduci ng

agent can be used alone or I n conbination of two or

mor e Hhiees case that the rédisding Bgént 8 YaisCAlis bRisABfd to tarry out
gas, it is preferable to carry out™ reduction i1n a

peductionsindepiessureudévies sach ast=pradoelale tb fdreass td'solubility
solubility of the reducing agent into the solution.

of thenredusingeagentdntorthiecsolution. hie thisrcasey tive iheidecef the
pressurized by the reducing agent. The pressure s
SERRSUEe deviceddpoessurized byrthe reduging agentir The pressure is

hereinafter, pressure is 10 expressed in gage
gpgg@jlyggqm 0 1 DRa doage prassure;thereigatiennressyreris i on
.0 _the pressure device.is replaced by inert gas such
slpiasSPg o G305 pressirel. ot s praforabla thet ihe gas-ahése portion in
FEPtosslfe 46fiet & fepaced bt ertdas such A8 tmosneieviousito
BlrodbEioe e tp06uRa /8™, reauci ng agent i n a sof uti on
Che r ShTierodse Mot fRRAEha adbrit® i frere FEof BFifon &'
v calt PRt il ot G o
carried out by adding a reducing agent in a solution of a noble metal
compound. In 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.

10
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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 C or nore, nore preferably 15 C or nore
and-preferably 150 C or less, nore preferably 80 C or

| ess. The reducing tine is preferably 0.1 hour or

or of or D0F SuBb& et ibwnichdhe qab@”‘é{eiyl 5 Suppetied omthe
SPEier SO UtyBiphBl Ralabyat i Sepiralad afigptmdlionatt a%;@éthod
$or ¥epsanha g peteh I ﬁhﬁé&?ﬂ*ﬁ@%i?fgﬁ@p%@?%e%"ﬁwﬁ
RGO SUeh RO A P ERRTbad Bel b 21 ¥phaigted
ety %"‘”éy“s?"’ﬁ% b B e L o
Gyl vegious methodig'dande asédg. | imted and various

met hods can be used. The anpbunt of the nobl e netal

cont aiTiredamouttief thesiohie metal smithinabtis the F@éﬂ&&él'é?ﬂvérﬁ after
preferably 10 ng/l or less. This anount can

seductionds lpyeferably 10emp/l ar less. oThis hmdmhloanfw abl]usted by a

conpound before the reduction, a reducing 10 condition

pngﬂ@tratpq(eof theqabde msataismmhpomd before shel veductiony aneducing
g t he IL()ar ation of the catalyst can be detected

SHB '&'Bﬂqurth%!i adheyable metabiy the residuali sajvangafter doe h

razi Furt her, the anmpbunt of the nobl e netal

BRpdion ardfe earalgsa cobrie deleciad sd eonimen casiy by adding a
FtiRing Bl eubihs Bydialhes & uiary tHaampiia poihe naple metal i
FIURE SolvBnt b b HieEimiRRe e iRl ath 87 Siemantal

3ﬁﬁi§(ﬁi§‘§®h'é§ Fmted and various nmethods can be used.
e met hod

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 pulse
adsorption measurement, TEM observation and the like.

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

unsaturated aldehyde with molecular oxygen wiil be explained.

11



10

15

20

25

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

52, B ho B oSG ek ook BSBEH R SR
S8, SRl B M5 Mo ARGSRR DA i,
BB kA gB e[ PR SR Epacenyce

PHeryREASIIML ed al dehyde include acrol ein,
nmet hacr ol ei n, crotonai dehyde (p-nethyl acrol ein) and

Ci nnarmnltie BHSE tHat-arPblefil ias6d a5 Me réw 'n?%tghgl. e 6,g-nat

an olefin is used as the raw materi al,

umsaturatedscarbexylivadid to beiptotivcdich@s b saveltasbém Skeleton as
sane carbon skeleton as the original olefin. Further,

ithe origineholefinh further sinsthe tase that @l of-dabatdeated aldetnde is
as the raw material, its aldehyde group changes into

ssed @8, thegavupaterial titscaldebydegeaupr chanpesanteosarborylarodp in

to be produced. 10 The net hod for producing an

ha o.friesatwated cashondiepcidtake pragucede  present

[ nvenéi on i sug' table for |iquid-phase oxidation .

or odudinégmathopt Tor PERdusing ap e rusealuatecearherylicacid ef the
rvlic acid fram., sobuytylene or, nmethacrolein. .

PSR e SuiatlE o2 Prass aXiatPBpratucRg REis acid

' . unt,,of i.purities, sych as a
585 Bl 5 SRl APE bl A s o Ehudhe &
fetRa¥dfein.

The raw olefin or the raw a,B-unsaturated aldehyde may contain a
smail 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 wused too. The solvent4o

et 2ipafa Jnsim,ketones Baingiasb Sébh&rb@rr?ﬁéitb‘r%”ahﬁ tertry
Bt ehe pHecie, 3o iebivent npibausel slobbpraniire of two or
‘% (Bfinds, ERAREIN RSO or s Bleands. ofsR ang RgariS acid
e R LI e ﬁa%’*“g*@”&“@@ﬁ%%?ﬁ 1 cpsg,the

GRS Wl 1 ok BeARRHr il MW, it & gﬂapgﬁé% by

can be used alone or m xture o WO Ofr

M@ motdtd the Mmass oPthevhied ﬁl@’ﬂoi'rﬁyre gﬁ K
et use t en1a

organic acid esters, it Is preferab

massdrunore)idrd preferably! 70 %hby meRsor [6£LtdthaTres ofthe mixed
water is not particularly limted, however, it is i

solyeat, ahorg @reférably 500%sbymassror less.t hds desifalslé thitcthe

m xed solvent, nore preferably 5 % by nass or nore,

salyept isthamegenenusywirile itecan be used in Aheategenssus Statae

m xed . sol vent, nore preferably 50 % by mass or | ess.

It i sAibeugh Meliquidphese Oxﬂﬂtmweacuommmmeauad out either
whi |l e gt can be used in het er ogeneous state. 10

!&1 2480 ’PPQLI%SW%MQI 9 ﬁam;claﬁvﬂsm GhCoRtitaus BYistaMitie

gﬁ%ﬁ%i?gq 'rﬁl : Gfrﬂ'?‘ﬁ CO ouisﬁsy?): g;ne?;b: 2 ?or
Lgeﬁs*hgt‘*{%‘@m%'?‘g&."% R e or e Baieatylod aldenyde
'tﬁe t4\g n'i :%ﬁﬁ%?iby@f %I@% J)xl&”dsgn PORSBn is preferably

|on reaction iIs
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 mol of the olefin or the o,B-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 nol ecul ar oxygen is preferably 0.1
nmol or nore to 1 nol of the olefin or the

a %g;unsa urated al dehyde which Is the 20 raw
eeingdn thegeactar, cnareipferably 08 ipasby:ass oxmaore, and

Sy histaiie f ciai i misss g6 racts; andgeetesmply 30 paris by
6 it leB) ot BieTofeRy aff ol aacinara ot lass, and paicLiAry

L o . . - i dat i . i ed
Spterhin 18 PR Hy M IBR". T ed 25 bed. The

part by 2@t SemBoretde £ HeBackon Bt @A pltmary set
idepehBing éh MPselRéMSar tHEras r%teg@gé‘{d 68 ugéc’i PHeYeabfon
inthe reactor, nore preferably 0.5 par y mass or
Nemperaoed isnﬂéférébilb@”d 3C BF A{d6 2loYe nérd?éféblgf’!io "eSor Mbre, and

nmore; and preferably 30 parts by Ss or less, nore

prefocablp 2002C polets, iprapaderably $56¢ *Caitdesi! Fukher e/
preferably 15 parts by mass or less. 5 The reaction

reagiionspressurerid préferalsiy atmosphenicspressu © MPap of moregimore
depending on the solvent and the raw materials to be
nsﬁa.rabm% MBaariroore, andpeeferably 10MPadrdess; otkOpréferably 7
Eﬁ%g, nmore preferably 50 C or nore, and preferably

r ®8S| ess, nore preferably 150 C or |ess. Further,

the reaction pressure is preferably atnospheric
pressure (0 MPa) or rrore,E)gﬁleBLE@ preferably 2 MPa or

oS HGinBfiSE-3¢ Brasent invention is furifier Soncretely explaidd 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 a,B-unsaturated
aldehyde, the selectivity to an o,B-unsaturated aldehyde to be produced and
the selectivity to an o,B-unsaturated carboxylic acid to be produced are
defined as follows: -

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

The selectivity (%) to an o,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"
nmeans part by mass. (Analysis of a raw materi al and a
producﬂ) qa of a_raw nateri and a product

carri ed'beRe 5%’ PR GRsunsatyr 6@’%\4@# aQ'ﬁd%)'(D/B)X

%g, ersion of an olefin or an a, p-unsaturated 20

éhyde, the selectivity to an a, 3- unsaturated

o o g, Bube RAHIEE A Ftesb A6t Ahbet ot al SighB or an
@ﬁgﬂggﬂﬁ‘ﬁhé;ogé{?gﬂ‘@?e %JQFI{?@O§J§E%§%@§ mo’&ﬂugﬂ%gm £ 3 Slefin or
Hio, BaliriEtiratdd a %y%@ 3? ﬁ18| ﬁhﬁ\%‘%\‘ %? an a,p-

(C/ B) x 100; IVI
un@aﬂm&l@ﬂtaldémfhecéfda%&ﬂ* éndiEJ' r‘égf@@ents I/n c%fjé?\oa B-

I'n the above fornul ae, A represents no

ahséiunated carboxylic-aoit pioduakead Falrmﬁhyﬁ%é @aaé 'o? @xidation
represents nol nunber of an olefin or

eartionsaftan ajfednsatdrdtd aldetyde cC/B S 0. pr es e nts rnol
nunber of an a, (1 unsaturated al dehyde produced; and D
repr ed élﬁtfgllmhgmmnmles:andrcompafatwe;emmptwhlemonstrate the
car boxylic acid produced. Further, in the case of
Bsaclion, Qfmroaweﬂ mathaerylie agidfromdsohutyieaa, wheesip de,
C/Bis The foll ow ng exanpl es and conparative

[e%{ﬁﬁ?%@ the melfumber afiisobutyene seipplied,d3 represastsithe mol
Hﬁrtnli)%? IE)\(iso%u?ly éﬁje ;éa? I S ?gépélsgﬁt% thghn%lerllumber of methacrolem

produced and D represents the mol number 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 m 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 mass acetic acid aqueous solutlon,

ﬁeit Pnd{%hw%fﬁ*%? s e b6 i B Jerdperatiiau e aystem
Vil e ot e Blfpd dler a8 oogietl e resuant liquia
Was SLJ?&#?EﬁiﬁaaﬁﬁﬁgﬁeFurr.Jﬁyéﬂﬁé%ggaﬁﬁg%uﬁwﬁyb&ﬁ%ﬁﬁﬁhder

 WasSolsthing?d WHi éﬁ’%& e&‘h%dﬂf‘){ 78794 Hg ‘?n? s e d&ﬂﬁ% %gu%ug he

system was repl aced ni t'r ogen

solutionendiblack Powdep Wa%Wﬁisfﬂngb?alhEG N?ﬁlﬁ'ﬂﬁf F el amount

of 0.8 MPa, three tines propyl ene uce
bhhydrazineomonehgyiste wastidiattoahe filthte anf IF%E*tQin‘ﬂﬁned that

pressure to 0.6 MPa and the resultant system 2

thereenas nofouadany depusitidn ¢frpa||aarmnterrperature f0f 1
hour. 15 Then the system was cooled to the room

t enpedfediiack powder thusmbtainedwasdried ovenvwightiuader 4 hitrogen
?utoclave was opened The resultant liquid was

lowiand-pallacium metal-sepperted catalyat wasr obtained: ofens@ppovted
was obt ai ned, which was washed by 75
%qﬂﬁrﬂégoﬁﬂ'ﬂl‘gm's&&&@!ﬁé”@ 10% bydnassmd bl ack powder
was fi aII obt ai ne t this tinme, a small anmount of
hydra 6 ®Mas added to the filtrate and it

of pal P@ﬂ%ﬁaﬂcfﬁﬂgtw e fesBEolbime. ot B0 batiRe vt gos
RSB oK el ERARRsed 58 %%%t&ﬁhﬁ@ bRt 28 % by

neta sup
mass acetone aqueous solutlon 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 triflucroacetic 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
80 °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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Costirr ?(5?9%0

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
Introduction port (hereinafter, expressed as a
reactor), 100 parts of 75 % by nmass acetone aqueous
sol ution was |Introduced as a reaction solvent, and 15

AT NSOt S o
{ ?'?‘?‘ﬁﬁ ﬁ%%e”@%&ﬂ?%%n% 5@8%@5@’%5@08% the
t hat partgﬂquﬁB E@?’fée%s@@ﬁ%%@hhp%%mer

a0 g gl e
ngasdotis comgiongrie V\ie?m?&hg Fc@vBfed WRIlE Yé&tféi?\%’g'?e é)gétéﬁ'fj

and when It reached 90 nitrogen was 1 ntr
i pressuree Fyssystetowds épbRed antd pae of Bl
further pressﬁ??zed top4 8 MPa be air. ﬁﬁﬁmﬁﬁ%qukiwas

masupledsand thetumtalystowas somplételyreamieticy tsing ﬁlérﬁaﬁdﬁﬁ filter
dropped. Every tinme when the Internal pressure 2

c(paﬁﬁp&laeb@) Squrn). MPhe reagtmxs@atsomaad gasadcovered amhet he

i nt ernal ressure of 4.8 MPa, and the anmount of

SupGeitatys @%farmmeéirwnh gas cheonagtography? MPa 16 (1. 04

nols tp 1 nol “qpc,obutyl ene) was used. The system was
n

GF'E%S'?'F saeetra) analyaig of thegeaction solvent,
5PUsion of Paustibiztas fof defefdad. afine sesits.afne eveluaion are
hﬁﬁm gﬁa@gatem was cooled to about 10 Cin ice-water

aseous conponents were totally recovered
whi | e g I the system pressure. The system was
opened and 'a part of the reaction |iquid was sanpl ed

?rg ﬂb |tr Zﬁ‘fﬁrﬁ? gﬁécé’&ﬁe SRR 'Eafiple 1SNRY 84rrilY Y di&ept that, 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 cartied 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 pm. 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

proced i n Exanple 1 was carried out except that,

[ EI 15%%%'_ﬁél?a¥>yati on pf the reacti oga 3 parts of

(% 1 e sefnibrBadiieces i ErmPRCy waS cRiST e St v, n
'tR@ EviaRiatioh Bt tH@??Q&id??, tHd Eﬁouﬁf‘ﬁfezﬂf%‘ g& ﬁ#%&gﬁg ditieous

used in the reaction was éequiva

TS ek Lot kgt o B o
sl (TK@CRE6Y Wad addBd BEABARD N@éciﬂ%ﬁml)féﬁ&;pﬁe

that, in the evaluation of the reactiom,

freaction tmiedvdE0 miButes)l TS ardintof a5ygerCaPassy er e

Instead of 3 parts of trifluoroacetic acid and t

reaaticrowas eiquivalent t60. MRy £504 Titals o unbl afis@m:tgl%ﬂe). The
gas used In the reaction was 25 equivalent to 1 MPa

fesuts oidhe evaluationl arefshowobintTaded) . The results of
the evaluation are shown in Table 1. 17 <Exanple 4>
The saﬁ%ﬁﬁﬂmﬁéﬁure as in Exanple 1 was carried out
except..that, in the evaluation of the reaction, the
amount! N6rSa8e pregequse asdp &xample d wwasisarried autiexseptthat, in
Bl AIERIGR ot e reRetan s HiHeUd RIS AcDBmEsRIAPERNG AqUOLS
86iutloh YWPL HEiktbR ot wakreduced to 80 parts; 20 parts of acetic
acid (pKa: 4.56) was added as a carboxylic acid cor;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 triflucroacetic acid as a compound
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reaction tinme was 50 m nutes.

used
nmol s

In the

to 1 nol of

| sobutyl ene) .

eval uati on are shown in Table 1.
sanme procedure as In Exanple 1 was carried out except
t he anount

that

flﬁ ?ﬁé Feactiony;

aci d conpound

In

Bt ofa B8RSR RIGCHS. _
%@wé@? I YRR el B ©

%dbﬁt?l%ne&g?hé TSN

reaction

shown In Table 1.

pr ocedlees@me |pro&edursl = ik BmPIa 10/E
the eval uati on of the reaction,

In

S equiva

The

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

<Exanpl e 5> 10 The

t he eval uation of the reaction,
qutlon

SHameun

t gboxygengas used

SRR BT 1

of Isc&nﬁmbgfgme @'ﬁ?ﬂ |bgs)ul ts of the evaluation are
<Corrpar ative Exanple 1> The sane

dhe dvalsiation afties: rehotibh, thiesamsint 6’40751%18?'

reaction tinme was 80 m nutes.
nmols to |

The sane

i

nmol of

9a@qma

g%%bgh !3Fet

Bgutvei T AR ohmas %i‘yg@rp
sG] Eﬁ‘@?"ﬁ‘&b WFRER 1

shown I n Tabl e

aci d

| sobutyl ene).

apgu

grocedure as in Exanp
ifl §s e0mpeuad 4ALwes a0t atidedicand:tiet ieaction time
$Ka 4.56) was added
f?’ﬁlﬂﬁf‘eﬂ&ﬁ“&&d initae r@aaim was
e reaction ti
deqbytyiepe).i 'ﬁh@ ﬁ@suits of the
MPa (1.04 nols to |
sults of t he evaluatlon are

to 1.

The anoun

| e

s %P#r,e“d‘&ﬁ%xchp?fhat in

uor oacet

nsd ddMone a ueous
of oxygen gas

goutionras & ceaction salventaraerpducet 4060t sarts: %M%?ts(& abietic
The resul'ts of the

aeidl (pisa: 958\ was rdded ias aTearbexiliic aci@eoppoant\(B);Exanpl e

1 was carded out

as a

mo

Table 1

Com ' Carboxylic acid | Reaction | Conversion of | Selectivity to Selectivity to
p°”"dl l.W compound B), | tme | Isobutylene | methacroiein|methacryic acki
concentration | (min) (%) (%) (%)

Trifluoroacetic acid,

Ex.1 29 o - 50 827 4.7 255
Chioroacstic acid,

B2 | o o mass% - 60 548 433 230

Formic acid,

Ex3 2.0 mass - 60 48.7 464 208
Trifluoroacetic acid,| Acetic acid,

Ex4 29 % 383 % 50 5386 402 307
Trifiuoroacetic acid,| Acetic acid,

Ex5 2.0 mass% 19.4 mass™ 45 514 358 335

Comp.

Ex 1 - . 80 57.7 350 201

Comp. Acelic acd,

Ex2 = 2.9mass% 65 593 374 19.7

Comp. Acetic acid,

Ex3 - S&Bmaﬁ% 70 825 307 188
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<Conparative Exanple 3> 5 The sane procedure as in
Exanple 1 was carried 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);

and t A 0B5phEa 3Bl wheTaURE thit edardas tom aumeers
DEABEnEER oP Sheptlybieh) PO rURTRAG Pan BE bisd ac?éguﬁelﬁer

8bldcligity.eval uation are shown In Table 1. Table 1 ~
por d (B) Reaction tinme bowlew n neUacid
concentration (mn) (%9 (% (%9 EM
Trtiiuoroaceticadd, - 50 52.7 44.7 25.5 2.9 mass% Ex2
Chl or08oetic add, 60 54.8 43.3 23.0 2.9 nmass% Ex. 3
Form c add, - 60 48.7 46.4 20.8 2.9 mass% Ex4
Trifluomacetic add, Acetic add, 50 53.6 402 30.7 2.9
mass% 38.8 nass% as Trifl uoroaoetc acid, Acetic acid,
45 51.4 35.8 33.5 2.9 nass% 19.4 nass% Conp. 80 57.7
35.0 20.1 E)d
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Conp. Acetic add, 65 59.3 37A 19.7 Ex2 2.9 mass%
Conp. Acetic add, 70 52.5 30.7 18.8 Ex3 38.8 nass% 15
19 As nentioned above, it was found that, according to
the present invention, an a,j-unsaturated carboxylic
acid can be produced in higher selectivity. 20 WHAT
IS CLAIMED ISt 1. A method for producing an

a, R-unsaturated car 3@’#{3&&1 S e WEU)I@ an olefin or an
ein

a, (3-unsaturated al |qU|d phase by using a
nobl e netal -containing catalyst and by causing a

cay boxylic,acid conpound havi ng, an.ac
i b Elethe o7 R e RSt let 23ty apig figm an olefin or
an o%%%@furéiéd BRidHyaei th MRaRIE phdse Ttﬂ? usRided riobfe metal-containing
produci ng an a, (3-unsaturated carboxylic acid
catalystcand byycausing: & sianbaxylic acich eempaust () hayiidan ycid dissociation

o LR b3t B SROAR T s, o,

nore to be present together wth the compound (A) in
the liquid phase. 3. The nethod for producin
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to 6 and having an acid dissociation exponent (pKa) of 4 or more to be present
together with the compound (A) in the liquid phase.

3. The method for producing an a,B-unsaturated carboxylic acid according to

claim 1 or 2, wherein the noble metal-containing catalyst comprises palladium.
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