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VETHOD OF PRODUCI NG a, O UNSATURATED CARBOXYLI C ACI D
COVPOUNDS Field of the Invention The present invention
relates to nethod of producing 5 a,(3-unsaturated
carboxylic acid conpounds such as a, (3-unsaturated
carboxylic acid or a, R-unsaturated carboxylic ester,
acrylic acid or nethacrylic acid as well as nethyl

acrylate and nethyl nethacrylate, which are inportant
METHOIU OE'SPRODUARN G noat Ut AT URAT B IOARBOX Yidsi ACID COMPOUNDS
nononmer. 10 BACKGROUND OF THE | NVENTI ON Anong

a, 0-unsaturated carboxylic acid or a, (3-unsaturated

ar-boxyli.c ester articularly inmportant nethacrylic
Eglcqlépac#d tﬁ}ﬁetsﬁwférfgéjt%cryl ic ester have conventionally
been mipdysed i WirRint {dH Q1@ d Q8 enetifoRCHE YPoducing
cyanohydrin obtained by reacting acetone with

YR e tAd tha rbeEl Wa S ¢l & T dhseloge s wclieddod of
produci ng a,(3-unsaturated carboxylic acid or ester
ohyp -corsantiatpd cackolyt ki zchdial; oc frbogptiucasstecanpoxylic

car boxyl i c_ anhydride wth 20.forml dehyde. or
St SERYHLC ShaFaF BYtRATAYL A0 BALEIARYCL LaRME iAoy ate

i obi X] -50 i.ch | ival-ent
e RSB 36y e ERE o e AL BERRAR 2o raw
S itd e FANGh @XPRNSE W S rPhhaHBi #IOT | de was

required. A nethod of producing acrylic acid or

met hacrylic acid using a solid catalyst 25 having an
acid site haviﬁ& acid strength of pKa <_ -3.0 has been
BREEEN ¥ ALNBENUERN 2 which is equival ent of

US 46, 77, 225) and articglar&y diacloseg therein is a
met hod-‘mgrrnga, -unsaturated carboxylic acid or o, f-unsaturated

carboxylic ester, particularly important methacryiic acid and
methyl methacrylic ester have conventionally been produced
widely through a route via acetone cyanchydrin obtained'by
reacting acetone with hydrocyanic acid.

There was also disclosed a method of producing
o, p-unsaturated carboxylic acid or ester by contacting a
carboxylic acid, carboxylic ester or carboxylic anhydride with
formaldehyde or formaldehyde source by using a catalyst
containingniocbiumoxide {JP2001-507697W, whichisanequivalent -
of W098/29379). In this method, however, molsture sensitive
and expensive niobium fluoride was required. A method of
producing acrylicacidormethacrylicacidusingasclidcatalyst
having an acid site having acid strength of pKa < -3.0 has been
proposed (see JP~A-60-246342, which is equivalent of US
46,77,225) and particularly disclosed therein is a method of
using silica alumina containing Al,;0; in the amount of 13 to

28%, which showed insufficient selectivity.
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using silica alum na containing A12G3 in the anmount of
13 to 28% which showed insufficient selectivity. 1
DETAI LED DESCRPTI ON OF THE | NVENTI ON According to the
met hod of the present invention a,(3-unsaturated
carboxylic acid or a,13-unsaturated carboxylate 5 is
produced with good selectivity. An aspect of the
present invention relates to a nethod of producing

a, (3-unsaturated carboxylic acid of forrmula (3) CH2

RL ON'HO (3) wherein R denotes a hydrogen atom an
DETANLEG GES CRAT 1Y |O/yrlp, INVIEN PN al kyl group, an

Conpr Aot L S P B ensor
AR Rep R Br SN B RS SRR ot tene

demtRfuddie il god heephaveyitgth a et hyl enating
agent in the presence of a catalyst containing a netal
of G eup azdpktobft hbePepresent TabkotobnEredehes th ahwethod

amount . of not nore i .
of producing a,P-unsaturated carboxylic acid of formula (3)

CH,

O (3)

RT H

O
wherein R* denotes a hydrogen atom, an alkyl group, an aryl group,
an aralkyl group, an alkenyl group or an alkynyl group,

which method comprises reacting a carboxylic acid of

formula (1)

H H

o 1
R ~y )

Q

whereinR'denotes the same as the above, or acarboxylicanhydride

of formula (2}

H H H H
R’Xroﬁm @
0 0

wherein R! denotes the same as the above, with a methylenating

agent in the presence of a catalyst containing a metal of Group
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than 5 weight % and another aspect of the invention

relates to a nmethod of producing a, (3-unsaturated

carboxylate of formula (5) (6) 5 0 wherein Rl denotes

a hydrogen atom an al kyl group, an aryl group, an

aral kyl group, an al kenyl group or an al kynyl group,

and R2 denotes an al kyl group, an aryl group, an

aral kyl group or an al kenyl group, 10 which nethod

IO ithesPeencti ogr &b tardd Blleakatal ihothelanqu)t 2 4pt more

wherein R1 and R2 denote the sane as the above, with a

tieamyd eveitdhiy % Jagest anethies psesesceforha éavapyien relates

containing a netal of Grqup 15 13 of the Periodic

oI e DROERERARSUF HNE 7o PANGIHAL S3RUS6t CrEPERYLAGR of formula
fght % DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

é?esent invention is hereinafter detailed. 20 A

description will bemade to R and R2 groups.

Thecdebbxylic acid of fornula (1), the carboxylic

anhydfti de of fornula (2), 3 the a43-unsaturated

d of forpula (3), the carboxylate of

, - 2, (3- tMMsat urated carboxyl ate of

) are ereinafter referred to as carboxylic

wherein R! denotes a hydrogen atom, an alkyl group, an aryl group,
an aralkyl group, an alkenyl group or an alkynyl group, and

R? denotes an alkyl group, an aryl group, an aralkyl group
or an alkenyl group,

which method comprises reacting a carboxylate of formula

(4)

H H

O (4

R1 R?

)

whereinR! and R? denote the same as the above, withamethylenating
agent in the presence of a catalyst containing a metal of Group
13 of the Periodic Table of Elements in the amount of not more

than 5 weight %.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is hereinafter detailed.
AdescriptionwillbemadetoRlandRzgrqups.Thecarboxylic

acid of formula (1), the carboxylic anhydride of formula (2),
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carboxylic anhydride (2), a, Runsaturated carboxylic
acid (3), 5 carboxylate (4), and a, R-unsaturated
carboxylate (5) respectively. Exanples of the alkyl
group represented by R1 or R2 include, for exanple, a
A -10 al kyl group, which may be linear, branched or
cyclic, such as nethyl, ethyl, propyl, butyl,

cycl opentyl, 10 cycl ohexyl, pentyl, hexyl, heptyl,

a6d W, Pramdatalr ey lcardosanipl €sa®fd tde fophuls oUd) , the
represented by R or R2 include, for exanple, a C6-10

arnpoxyrlane sdchioasuphdiyl,, andloyl ﬁ-msata,ptﬂtwd cErhopydgte of
Bl T3 oL R e sl B S el [ o,
h | et.hyl 5.nh | | | . .
SN anaytRs BRI haRy ns AR R B N il 1 E B0 (30,
ﬁr&%&m&&d@ y, TaHd X FlssatuGedd & Kesw1H8oups)

Ichmay be linear, branched or cyclic, such as
naapdctiprapenyl , butenyl, pentenyl, hexenyl,
cycl ohexenyl, heptenyl, octenyl, nonenyl, or decenyl.
20 Exdsinsl & of kbiead kvl prepeur regaidad by Ry g™ include,
i ncl ude for ex I C2-10 alkynyl . QroUp. i.ch
{185 cHE Pl Rect (o Ykt Eree oy S S e dufy Biip ¥ ranched
%3,561 | nyk, ¥nWehyne b1, NBREYDY! yecl tyl,
(%ét n ﬁfungﬁ§ﬁy¥%1%r ecynyl}rﬁré%g?gbly Rlyrgp?%ge%%gn Y

Syt srgaey BN dditey GL-Hdk vl Kyhegt LP, ocPpl anehybrer decyl.
preferably hydrogen and the C1-3 alkyl group in
car box@stamp s df(th)e acHisaun cepnhgantad R, or R® include,
a, (3-unsaturated, carboxylic ac%d (éﬁ, C rQOéxéate htvl
{0 SxaRALe, E GmLAPEYABPUR AR BB AR RIS ) CORYr GLBRyhLY L
R2 reFHfa%neﬁEess totfetg%'agloaﬂ}l@/lgr%ru%ugepgggem[ea by R! include,
for example, a C7-11 aralkyl group such as benzyl, phenylethyl,
phenylpropyl, naphthylmethyl or the like.
ExamplesofthealkenylgrouprepresentedbleorRzinclude,
for example, a C2-10 alkenyl group, whichmaybe linear, branched
or cyclic, such as vinyl, propenyl, butenyl, pentenyl, hexenyl,
cyclohexenyl, heptenyl, octenyl, nonenyl, or decenyl.
Examples of the alkynyl group represented.byfﬂ include,
for example, a C2-10 alkynyl group, which may be linear, or
branched, such as acetylenic, propynyl, butynyl, pentynyl,
hexynyl, heptynyl, octynyl, nonynyl, or decynyl.
PreferablyR! represents hydrogenandthe C1-10 alkyl group,
and more preferably hydrogen and the Cl1-3 alkyl group in
carboxylic acid (1), carboxylic anhydride (2), a,B-unsaturated
carboxylic acid (3), carboxylate (4), and o, p-unsaturated
carboxylate (5).

Preferably R? represents the C1-10 alkyl group, and more
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4 preferably the -3 alkyl group in carboxylic acid
(1), carboxylic anhydride (2), a,(3-unsaturated
carboxylic acid (3), carboxylate (4), and
a43-unsaturated carboxylate (5). Specific exanpl es of
the carboxylic acid (1) wherein RL 5 is hydrogen or

al kyl include, for exanple, acetic acid, propionic
acid, butyric acid, valeric acid, 3-nethylbutanoic
pcéferataby otlve @Ltd, ahlepl agodepatihdcachprylic acid, (1},
nonanoi ¢ acid, capric acid and undecanoic acid,
@aam@xﬁbl©ﬁmhﬂgn%Wmé&yLMbﬁmﬂﬂﬁﬁHQﬁaqqgcaﬁapéythPq%ﬁ
10 hydro en alk | ude,  for

GRPOUTERES 0 b SH cooTYDs FHUEA R P REDARAGAF PadD) -
val erig, Jﬂfﬁé e%?am R4 hRuEbargheyanbydeide(1) wherein R!

capr0|c anhydr i heptan0|c anhydri de, capryllc

a8 hydi-oden J10aRKPI 6 nanhydr, i fier erappl e, aarityjdracid apdopionic
undecanoi ¢ anhydride. 15 Exanples of the carboxylic

acid, burywherasiind,Rialer ie gL id Foimeddy omrt asadpielid, caproic
phenyl aceti c .acid, para- tonIacetlc acid, and

#Hapht RPPICA0IC aEid: BRRWH IG5t ReneqibigkgFig, capricacid

| %ngdraggaéglcmgg in RLis aryl include, for

enyl aceti c anhydri de, 20 para-toluylacetic

anhydrm@mﬁﬁ@s naphiky | acaid ey pdyahin wler i adxanplasefin R is

carboxylic acid (1) wherein is aral kyl 1nclude,
fipdrexanpbe, aBkpheiytpudpj ofive axamplExaapbéscoﬁnhydride,
carboxylic anhydride (2) wherein Rl is aralky
prepieeicfarhesisigee, b3 bﬁéﬁyﬁﬁhﬁﬁFbﬁﬁc aﬁh?aipdénhzérlder

g?Qgﬁg§fb8La£Q§ccg£ yé¥£a8,3858réié Ergrlde, heptan01c
anhydride, caprylic anhydride, nonanoic anhydride, capric
anhydride and undecanoic anhydride.

Examples of the carboxylic acid (1) wherein R! is aryl
include, for example, phenylacetic acid, para-tolylacetic acid
and naphthylacetic acid.

Examples of the carboxylic anhydride (2) wherein R' is
aryl include, for example, phenylacetic anhydride,
para-toluylacetic anhydride and naphthylacetic anhydride.

Examples of carboxylic acid (1) wherein R! is aralkyl
include, for example, 3-phenylpropionic acid.

Examplesofcmrboxylicanhydride(2)whereianisaralkyl
include, for example, 3-phenylpropionic anhydride.

Examples of the carboxylic acid (1) wherein R! is alkenyl
include, for example, vinylacetic acid, 4-pentenoic acid and
10-undecenoic acid.

Examples of the carboxylic anhydride (2) wherein R! is

alkenyl include, for example, vinylacetic anhydride,
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i nclude, for exanple, vinylacetic acid, 4-pentenoic
acid and 10-undecenoic acid. Exanples of the
carboxylic anhydride (2) wherein RL is al kenyl
i nclude, for exanple, vinylacetic anhydride, 5
4- pent enoi ¢ anhydri de and 10-undecenoi ¢ anhydri de.
Exanpl es of carboxylic acid (1) wherein Rl is al kynyl
i nclude, for exanple, 3-butynoic acid, 3-pentynoic
‘e ech tamcb 1 S -drenchini e avidl. 1 G- ubaeqpeesi ofantiedride.
car boxylic anhydrlde (2) wherein Rl 'S
al kynylsannkase, ldc Rehd ynbi vhanfAd |Pde is alkynyl

of ot

3-pentynojic anh rid 3- hexynoi hyd r
Jé}tflé—bé%a FPlg ¢ abﬁdtrgtoelcac%%% P nles T ela ana

égﬂigF nore preferred is propionic acid. 10
Pr rred car oxyllc anhydride (2) are acetic
anhy drdxenp 1aid dff apieoRiacbaRdrd dehyenrielepreiemhedein R' is
propi oni ¢ anhydride. Exanples of the carboxylate (4)
alriqmtdle;ntbudexafwm exametay B-hobyardc anhhydr igtsot tpentynoic

proeéi acetate butyI acetate ﬁéntyl acet ate, hexyl
Y%ﬁ%ﬁzﬁ%PY ptyl acetate, octyl

acet att?ref“e J:r{%é‘g%&‘c Ld8eel g G ceggg‘é@i'da}ndproplonlc

acet ate, ace ace

AR atrﬁ)re wéﬁfmllﬁ Eé}iﬁam‘!&: nydi@cet ate, aI Iyl
acet’ate, net hyl proplonate et hyl propionate, propyl

pr opi anadfyrrdibicalrbpxeiliienatkrydpedey| 2 prao anatép anhydride
hexyl propionate, 20 cycl ohexyl propionate, hepty
@%Btgﬁapelc@cﬂfwdrﬂr%l Bate ®refieginAd bf HFoPiaNe.C elelayqirlde
pr opi égﬁ% thﬁgcggfggﬁy ate {(4) include, for example,
methyl acetate, ethyl acetate, propyl acetate, butyl acetate,
pentyl acetate, hexyl acetate, cyclohexyl acetate,

heptyl acetate, octyl acetate, nonyl acetate, decyl acetate,
phenylacetate,naphthylacetate,tolylacetate,benzylacetate,
phenylethyl acetate, vinyl acetate, allyl acetate,

methyl propionate, ethyl propionate, propyl propionate,
butyl propionate, pentyl propionate, hexyl propionate,
cyclohexyl propionate, heptyl propicnate, octyl propionate,
nonyl propionate, decyl propionate, phenyl propionate,
naphthyl propionate, tolyl propionate, benzyl propionate,
phenylethyl propionate, vinyl propionate, allyl propionate,
methyl butyrate, ethyl butyrate, methyl valerate, ethyl valerate,
methyl 3-methylbutanocate, ethyl 3-methylbutancate,

methyl caproate, ethyl caproate, methyl heptanocate,

ethyl heptanocate, methyl caprylate, ethyl caprylate,

methyl nonanoate, ethyl nonancate, methyl caprate, ethyl caprate,

methyl undecanoate, ethyl undecancate, methyl phenylacetate,
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napht hyl propionate, tolyl propionate, benzyl

propi onate, phenylethyl propionate, vinyl propionate,
allyl propionate, nethyl butyrate, ethyl butyrate,
nmet hyl val erate, ethyl valerate, 25 nethyl

3- et hyl but anoat e, ethyl 3-nethyl butanoate, nethyl
caproate, ethyl caproate, nethyl heptanoate, ethyl
hept anoate, nethyl caprylate, ethyl caprylate, nethyl

e diyan phtey letdata tgnarddlyd, pastamto loapreated,a tat,hy |
caprate, nethyl undecanoate, ethyl undecanoate,

e@wﬂypagﬁeﬁwlawétameéat@rem Whaaahgdatlace takshy|

pgﬁﬁtt0| etatggfhsfhﬁ ﬁar l%g%pé{acetate nethyl

X thyl hgh 10@0@3@4@(3 met hyl
et 4 l g'toﬁlyece{}l rr1ny et at net hyl

eih@qnbﬁﬂ9§t£ce€é@dlnﬁﬂﬂﬁﬂl@n@éhtenoﬁtbhyéthyl 4-pentenoate,
10-undecenoat e, ethyl 10-undecenoate, nethyl

n&tblqﬂyddaumdeeiemdat@-,bmwdatlé) m&idqﬂm@-%nt ynoat e,
et hyl 3- pentynoate net hyl hexynoate and e;?
N@trw;y &%Ynomg qtegle, 3 &‘%fy e AP a Pgpynoate;

Frbnnrr ok ERaBhe reh A s PEE R hoBE 8D APE YIS Shexynoate.

et hyl}-ﬂ?ﬁ’l @Heé‘@e?ot leledlr Y a BSo 8PP é@é/QQIg dFfe B@hyl acetate
present | nAvention |nclude for exanple, formal dehyde,

dnel rRitIgNy Ger dpiemiatsgr nrk Metdfdmied Hresee gyl leramsieshate.
while containing a solvent. 15 Fornal dehyde can be
used Examplicsustfdrenmetharhemaddmadagenargeat may be employed

sup%llgggg%gﬁ Bﬁ&gggﬁanaggeﬁ S h%tlonsuc as naidéhyde,
0 PHelnGnl%Fo Pr e ?ﬁ%%
of%é%%éﬁ?%% precursor and methylal. These may be used while
containing a solvent.

Formaldehyde can be used in various forms. Formaldehyde
canbe supplied inthe formof an aqueous solution suchas formalin
and 100% of formaldehyde, and formaldehyde precursor can be used
in the case of supplying in the form of 100% of formaldehyde
with difficulty. Formaldehyde precursor is not particularly
limited if a compound such as to be easily decomposed into
formaldehyde in a reaction system. Specific examples of
formaldehyde precursor include trioxane and para-formaldehyde,
preferably trioxane. These can also be used while dilﬁted with
an organic or inorganic solvent.

The amount of the methylenating agent is typically 0.01
to 10 moles, preferably 0.03 to 3 moles, more preferably 0.1
to 2 moles per mol of the carboxylic acid (1) or the carboxylate
{4). In the case of using carboxylic anhydride (2), the amount

of the methylenating agent that may be fed is usually
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in the case of supplying in the formof 100% of

formal dehyde w th difficulty. Formal dehyde precursor

is not particularly 20 limted if a conpound such as

to be easily deconposed into formal dehyde in a

reacti on system Specific exanples of formal dehyde
precursor include trioxane and para-fornal dehyde,
preferably trioxane. These can al so be used while
abipndseihatigly 0af2drganinolees,i poefdanablyd) vt o @BoTke, more
amount of the methylenating agent is typically_ 0.01
reefRrafiied - pterf draples o3 Mg inbhescarppiylic anhydride

TS0 kBB TR, pd L for 1o
45100 2oy i Srpn el felind long e, amount _ of Lhe

enating agent that nay be fed is usually 7

appr o4, Mt 8l 4 tQir & d 8a Ao 2P1 £8 achueS £ ebhi18.(306 4 Préduced
noles, nore preferably 0.2 to 4 noles per nol of the

arbexying catipanildes a2y, (1Asof arboxydl idetylpdride (2) with
precursor, the anmount thereof is calculated in terns
g¥e MR eI £29Punsat ur at ed carboxylic acid of

for m'”larh gcﬁ'z)eoixcsatsoer %%ucreed Rlb%lezﬂ%%%vts\j {3% h%%%l ia("toﬁﬁi %amely,

(1) or Yyt anhydri de

SRRl et iaRG R8N0t a5l & e A% vhebe RirHeROLeE @nhydride
hydrogen atom nanely, carboxylic acid (1) as a raw

(ot erd & 1w aerthoxyd 1 camshyekti de adid (@) asetaic samhydride
material are acetic acid or acetic anhydride

et i wel w, thhebtltiaieey, brusamsaa tedregbearbogydis (3),
Bl bfacshll 1509 Siadnd il Lhaccane gt B orou,
r?acin@lgf,av&a[%oe}wﬂc AU £r Pi))xyéé Ca raw material or carboxylic
anhydride (2) as a raw material are propionic acid or propiocnic
anhydride respectively, anda, f-unsaturated carboxylicacid (3}
is methacrylic acid.

o, B-unsaturated carboxylate of formula (5) is produced
by reacting carboxylate (4) with a methylenating agent. In the
case where R! denotes a hydrogen atom, namely, carboxylate (4)
as a raw material is acetate, and the obtained o, B-unsaturated
carboxylate (5) is acrylate, and in the case where R! denotes
a methyl group, namely, carboxylate (4) as a raw material is
propionate, and «,B-unsaturated carboxylate (5) is
methacrylate.

Examples of the metal of Group 13 of the Periodic Table
of Elements include, for example, Al, Ga, In and Tl. Preferred
is Al or Ga.

The metal is frequently used as oxide, which may be oxide

of the metal of Group 13 of the Periodic Table of Elements alone,
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anhydride (2) as a raw material are propionic acid or

propi oni c 15 anhydri de respectively, and a,

O unsaturated carboxylic acid (3) is nethacrylic

acid. a, Ounsaturated carboxylate of formula (5) is
produced by reacting carboxylate (4) with a

nmet hyl enating agent. In the case where Rl denotes a
hydrogen atom nanely, carboxylate (4) 20 as a raw
aretiertiuale p§ twetlkinds ammphe oftakhades (o the metal of Group
P-unsaturated carboxyl ate (5£Pis acryl ate, and

Tohs ©Tulfe I RE e 5t 0X1d8 REt RPF BRGAPD, OhaHEPYP 15"and other

carhoxyl.ate (4),as _a_raw,materi [ . QRI QRa

S Rl a et BD i 8o bR, pRAER, PETLe BRPa1s or
G@Eﬁ?ll%s Al LbRePEhataff Jﬁ@f’@rég’lffiﬂ @sﬁ%ﬁa‘o%‘e@ form on a
Tabl"e ofa El enents i1 nclude, for exanple, , &G, In

Ak idr dIfeidiaty dthdt alferfent {dje. netal is

frequently used as oxide, which may be oxide of the

met al BkaGpdeps 48 téfe caerberiigyilndrabferoixErhentsose that

al one, 8 a m xt ft ki nd f i d f .

B eE A st R IR B Bhetld Satebhpeciic
tal,.0 e th ' .

S i 120000, Neey JTRgl SXle, AEOTIITI Oy 210,

Mdera08},abeop! efiet abk¥1iRed SHPRAHBAT Ba@bod. Breferred
carrier conprising other elenment(s). Exanples of the

cargider. i nclude, for exanple, those that do not
substanti.ally contain the netal of Goup 13, and
speciﬂ?th:?a*é&%t &8 quRRegied herngan hopredinrpre, fogj ppample,
8325 s P90 o P 508 Gif5h] i

method and spray drying method. Among these, the impregnating
method is preferred. Typically the impregnating method is

carried out in such a way that a carrier is put into an aqueous
solution of metal source compound of an element of Group 13 in
the form of, for example, nitrate, and the resulting impregnated
material is then collected, for example, by filtration to obtain
a solid, which is then dried and calcined. The calcination
temperature is generally in a range of 100 to 1300°C, preferably

200 to 1200°C and more preferably 300 to 1000°C, approximately.
The content of the element of Group 13 of the Periodic

Table of Elements is usually in a range of 0.001 to 5 weight %
in terms of the metal of Group 13 with respect to the catalyst,
and is more preferably 0.01 to 3 weight %, still more preferably
0.05 to 2 weight %, still further more preferably 0.05 to 1.5
weight % and much more preferably 0.1 to 1 weight %.

The reaction of the present invention can be performed

inacontinuous systemorabatchsystem, preferredisacontinuous
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10 is Si02 The catalyst in supported form can be
produced, f or exanple, by inpregnating nethod,
co-precipitating nmethod, drying-up nethod and spray
dryi ng met hod. Anong these, the inpregnating nethod
is preferred. Typically the inpregnating nethod is 15
carried out in such a way that a carrier is put into
an aqueous solution of metal source compound of an
slef@ntfaf Adugptddal nprédect oo of, for exanpl e,
nitrate, and the resulting |npregnated material is
then (Bid ecwoweat d6rcaxbemybic Beid | tlr at FalbpEYdBEapRhydride
a solid, which is then dried and cal ci_ned.

P8y
@ eerncaer*aﬂxzbafe%nb@r gtsumw.rgatg%wa £97 58 ThAgEoRF inuous

pre er a%sysé%n I%-r e]%%d%mé&laégggﬂ rrat %]Qecx‘ya# egg(%ﬁn g 0t 0.1

& 1die ghemert of g&pup bt pfydthe p?@'ﬂe&dilﬂyT@QBGt@fZO g/hr.
El ement’s iI's usual?y in a range of 0.001 to 5 weight %

I n terlrs tife themotdical off tBeoppebdn uhvewpent, Bo thert gas
catalyst, 25 and is nore preferably 0. 01 to

ol st supplied| in rﬁﬂdétm%f EPaEAYPOX DL ¢ @@%ulgm cgpboxylic

st l#ﬁﬂc‘ﬁéh&e or e X/{%?l y g 059\é°%ﬁ;{.§g}1§“%§h£mg agent.

%g%ﬁ?%ég]ég ﬂh@elﬂéﬁﬁegé%HE§?€$§é"th¥de%.p%%ﬁ%bﬁ?gnd'Qrgon,

'nuous systém o system” preferred is a

£ NUEMSer? By St @ EHT 1Y nesisd riml vpewdoet costs The

anount of carboxylic acid (1) , carboxylic anhydride

(2) orTmear@@rx’yiamQS(pdnjemarbalwmeé@rm@at@rtﬂjmlrmtlare range
conti nuous reaction systemis general gg$gprOX|nate y

oh 154 mgéoafco np@ iy efea aplnr 298r te $L0IC andafaryhpr more
£¥§¥er§§1¥ ggg é%h£g}]approx1mately.

Reaction pressure is not particularly limited, and the
reaction is typically performed approximately in a range of 0
MPa, which is equal to atmospheric pressure, to lb MPa in gage
pressure, more preferably 0.05 to 1 MPa.

Reactionmixture after completionof thereactioncontains
o, pP-unsaturated carboxylic acid (3) or o, f-unsaturated
carboxylate (5) as products, and may further contain unreacted
raw materials and occasionally other.impurities.

o, Pp-Unsaturated carboxylic acid (3) or o,p-unsaturated
carboxylate (5) may be purified from this reaction mixture, if
necessary for further use, and a method therefore is not
particularly limited and general methods such as distillation

and extraction can be applied.

Examples

The present invention is further detailed hereinafter by

10



10

15

20

25

In the reaction of the present invention, an inert gas
can be supplied in addition to carboxylic acid (1)
carboxylic anhydride (2) or carboxylate (4) and a
met hyl enati ng agent. Exanples of the inert gas

i ncl ude nitrogen, heliumand argon, 10 and nitrogen
is typically used in view of costs. The reaction is

pref erabl yperfornedat atenperature range of 150 to

00 & e jpefandbly 200 T mOODC ecetfart her nore
preferably 250 to 3500C, approximately. Reaction

~ pressure is.not particularly limted, and the 15

éeactioq_is typically performed approximately in a
X 9L 0 MPa, which is equal to atmospheric

pr eSSLir«F’ls {i/%éfl@ Mg L85 Q@ﬁ%iﬂb??%rﬁ;fa@é@réﬁ Eﬁren‘ftﬁiff’ﬂ ¥ILYSIA

0.05 to ' e¢action mxture er conpletion o
AHEMTEAC TN, 1O Bd NSro Pe Pred Stk ad esb Dat hoxybf clag2dg of
(3) or (x,p-unsaturated 20 carboxylate (5) as

G OH0 & snHz o meenyu fagtturesd donWaKe® BHREaCHBYICARWINDUSTRIES,
material s and occasionally other inpurities.

I I UkB 200 @ oEd Crrpshande yakar ( gndpptirred at a temperature

- t ed I 5), . b if.ied f
SEPBROTEaRAten oL she (5] e b LA Bl
¢ S ) vl i
e o
£ 4 akd andceie bea fppt icad cibxanpbes hdhes dresentffle furnace

invention is further detailed hereinafter by 10 way of
akprpted tand itempetraltiuriet of bAEf@te rBepare alcatalyst. As

a result of elemental analysis by IES-AES method, Ga content
was 0.60 wt %.

5 g of the catalyst was introduced into a reaction tube
made of SUS having an inside diameter of 3/4 inch. Amixed liquid
(in which 20 g of trioxane was dissolved in 230 g of propionic
acid) of propiconic acid (Special Grade, manufactured by KANTO
KAGAKU) and trioxane (Special Grade, manufactured by KANTO
KAGAKU) and nitrogen were introduced into the reaction tube
heated to a temperature of 300°C at a flow rate of 0.2 ml/min
and 82 ml/min, respectively. The internal pressure of the
reaction tube was maintained at 2 kg/cm? (equivalent to 0.2 MPa)
ingage pressureby aback-pressurevalveplaced inthe downstream
part of the reaction tube.

When a reaction liquid collected in 1 to 3 hours after
starting to supply themixed liquid is subjected to quantitative
analysis by gas chromatography (GC), the conversionof propionic
acid was 8.6% and the selectivity of methacryliclacid in terms

of the converted propionic acid was 92%.
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14.3 g of Si02 beads (CAR ACT, manufactured by FUJI
SILYSIA 5 CHEM CAL LTD.) were projected into a
solution of 1.02 g of Ga(NO3)3nH20 (manufactured by
WAKO PURE CHEM CAL | NDUSTRIES, LTD.) in 200 g of
I on- exchange water, and stirred at a tenperature of
50C for 5 hours. The beads from which the sol ution was
renoved by decantation were dried at a tenperature of
100C under reduced 10 pressure and thereafter cal cined
for 5 hours in a nuffle furnace adjusted to a

tare of 500C to prepare a catal yst.

resul t %It%!%g%ﬁ&%l 6 % %Eﬁ % %Egﬁﬁfﬁ%gﬁ%gﬂﬂercgs Example

cont erﬁ
1 RidRuced BEBP @c[:@ﬁ%t n@n3tgb@f s%zm@ad@f 19U haybngtion,

an i nside dianefer of "3/4 inch. Amxed liquid (in

whiwthi 20 g 9 ¢ rd DX S * dHgS ol meath fac2B0ed) oy WAKO PURE
propionic acid) of propionic acid (Special G ade,

GGt LN edS By L KANEOD . KAG%K@&Sﬁﬂévﬁﬂﬂé%gﬁéGGE%é%?a?XChange

GRARE | nBRoRuEBBULRL B RLSPEHER] of e S0P ReabEaiEs Aethod:
%%@g&g%g 030709C“a§ @ flowrate of 0.2 m/min and

respectiv The internal pressure of the

react iyier 4he w_@acrtmdmt adarse@eatfo%mleg/ eAla( egmi Yakembnner as
to 0.2 MPa) in gage pressure by a back-pressure val ve
Hﬁampﬂb|1nekbepuoﬁnstu$%ng'5pgr®fcﬁh&Im@tﬁéaﬁﬁuoﬁhﬁub@nverSlOn
25 When a reaction liquid collected_ in ?

ff PAOPLANIT PRGC BuppBY AN %%(éelﬁpa&ﬁf&tb’so mefhacrylic

bjected t t at
bt grehyP § oS orTenRRE R st vas kg

mas 8.6% and the selectivity of nmethacrylic acid in
terns of the converted propionic acid was 92%
Example 3

A catalyst was prepared in a similar manner as Example
1 except for projecting 14.3 g of Si0; beads into a solution,
of 0.91 g of ALl (NO3)3°9H,0 (manufactured by WAKO PURE CHEMICAL
INDUSTRIES, LTD.) in 200 g of ion-exchange water. As a result
of elemental analysis by IES-AES method, Al content was 0.13
wt %.

When the reaction was performed in the same manner as
Example 1 except for using 5 g of the catalyst, the conversion
of propionic acid was 9.0% and the selectivity of methacrylic

acid in terms of the converted propionic acid was 92%.

Example 4
A catalyst was prepared in a similar manner as Example
1 except for projecting 14.3 g of Si0; beads into a solution

of 1.78 g of Al (NO3)3*9H0 (manufactured by WAKO PURE CHEMICAL

12
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11 Exanple 2 A catalyst was prepared in a simlar

manner as Exanple 1 except for projecting 14.3 g of

Si 02 beads into a solution, 5 in which 1.92 g of

Ga( NO3) 3nH20 (manuf actured by WAKO PURE CHEM CAL

| NDUSTRI ES, LTD.) was dissolved in 200 g of

i on-exchange water. As a result of elenental analysis

by | ES- AES net hod, Ga content was 0.79 wt % Wen the
INCAIITRAE 3ya & Tpen f dnnel ignod isdmirémhmngmsfamr 1@&s a result

Exanpl e 1 except for usi ng %@gf the catal yst, the
aforpdemsingal @maéwm%mybI SraEfaBerhady afd ¢Rptent was 0.17

selectivity of nmethacrylic acid in ternms of the
nvert ed prop| onic acid was 91% Exanple 315 A

cat aI Pr )

B&ngilon, ex@épa Bdr gszLfngAls( @DcSﬁ H:r%-l?;@t(almrsutf acheresnyrsion
WAKO PURE CHEM CAL | NDUSTRIES, LTD.) in 200 g of

abprevdoaige anatevas A$. 3% raasliithe eeleksiwatsl odmagyRasrylic
by | ES- AES net hod, Al content was 0.13 20 % ngg

ahe rigndigar il fﬁﬁf%ﬁr}fﬁﬁ@#twm%ﬁﬁﬂg .
Exanple 1 except for using 5 g of the catal yst, the
conversion of propionic acid was 9.0% and t he

Belfetd | ty of nmethacrylic acid in terms of the

converted propionic acid was 92% 25 Exanple 4 A

cat al ystcawad. yteparsegriepaaesi dnl ar simhher msnfERanps eExample

1 except for projecting 7.1 g of Si0; beads into a solution of
9.09 g of AL(NO3)3*9H;0 (manufactured by WAKO PURE CHEMICAL
INDUSTRIES, LTD.) in 100 g of ion-exchange water. As a result
of elemental analysis by IES-AES method, Al content was 0.61
wt %.

When the reaction was performed in the same manner as
Example.l except for using 5 g of the catalyst, the conversion
of propionic acid was 8.8% and the selectivity of methacrylic

acid in terms of the converted propionic acid was B87%.

Example 6

_ 7.2 g of Si0; beads were projected into a solution of 1.18
gof Al (NO3) 3+ 9H,0 (manufactured by WAKO PURE CHEMICAL INDUSTRIES,
LTD.} in 100 g of ion-exchange water, and stirred at a temperature
of 50°C for 2 hours. The beads dried-up under reduced pressure
were dried at a temperature of 100°C under reduced pressure and
thereafter calcined for 5 hours in a muffle furnace adjusted

to a temperature of 500°C to prepare a catalyst. As a result

of elemental analysis by IES-AES method, Al content was 0.93

13
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1 except for projecting 14.3 g of Si02 beads into a
solution of 1.78 g of Al (N03)3.9H20 (nmanufactured by

WAKO PURE CHEM CAL 12 I NDUSTRIES, LTD.) in 200 g of

i on-exchange water. As a result of elenental analysis

by | ES- AES nethod, Al content was 0.17 wt % When the
reaction was perforned in the sanme manner as 5

Exanple 1 except for using 5 g of the catal yst, the
wiorver si on of propionic acid was 9.3% and the

selectivity of methacrylic acid in ternms of the

converthan pithi tad @t it damsPontRrIsdni} cie 192 ¢ manner as

at al yst. was prepared jn sim.lar manner as ampl e .
SRR FareBlof ah 1oy o SgObrthS (7 Hhadae s hig Bofversion
|yt j f 09 0 s r .
g M G i e
AOTH ex%¢ hangls Wat efhe ASordvd €64l t pr &b i ch Brent ol wael 5% s
by | ES- AES net hod, Al content was 0.61 15 w % Wen
the reaction was perfornmed in the sanme manner as

Exanpl e 1 except for using 5 g of the catal yst, the
ibn of propionic acid was 8.8% and the

&
selectivid§ thacryl.i acl-d in t é _
converti Bt D BESRY s v ) Bt BYF oy sTLvsTa
cﬂimft&%L bepdls) Wa £ 8{5:905?&&@&:1' D082 SObLULE O8n0b£ 19 185 ¢ of
g of Al (NR)’ 3.9H20 ( manuf act ur edbyWAKO PURE CHEM CAL
¢NDURTRF ES;0 ey f ddt J¥H o WAKIN PERENGHFHICALEI NDBATRIES,
stirred at a tenperature
LTD.) in 200 g of ion-exchange water, andstirredat a temperature
of 50°C for 5hours. Thebeads fromwhichthe solutionwas removed
by decantation were dried at a temperature of 100°C under reduced
pressure and thereafter calcined for 5 hours in amuffle furnace
adjusted to a temperature of 500°C to prepare a catalyst. As
a result of elemental analysis by IES-AES method, Ga content
was 1.11 wt %.

The reaction was carried out in a similar manner as in
Example 1 except that 5 g of the catalyst was employed, the
conversion of propionic acid was 92.0% and the selectivity of

methacrylic acid in terms of the converted propionic acid was

90%.

Comparative Example 1

Ammonia water was added dropwise to a solution of 10.4
gof Al (NO3)3+*9H,0 {manufacturedbyWAKO PURE CHEMICAL INDUSTRIES,
LTD.) and 33.1 g of $1{0OEt}4 (manufactured by WAKO PURE CHEMICAL
INDUSTRIES, LTD.) in amixed liquid of 40 g of ion-exchange water
and 320 g of ethanol so that the pH of the added solution became

14



25 of 50C for 2 hours. The beads dried-up under

reduced pressure were dried at a tenperature of 100C

under reduced pressure and thereafter calcined for 5

hours in a nuffle furnace adjusted to a tenperature

of 500C to prepare a catalyst. As a result of

el emental anal ysis by | ES-AES net hod, Al content was

0.93 13 wt % Wen the reaction was perfornmed in the

Sanmd ghhnsedad rombphpelabrteporfdpowss ng MiiFegireppitate

M R Bos TP PYRe of ity M- S5 T8 4F artsmpREappre of
t t i oni id 85% . Examl e 7 14.3
R G e SR S TR ATt B0 by POUELBPEYE R Shours

| 1%%%&%?%3%%&%&9%?% £@h§e§a§9EHt5@QO@6C @oPrepare

10 Ga (manutactured by WAKO PURE
5  LidaMalAlstl. NDASTRI F=5uld 2 tihe 20@mgnakli anadyshangg IES-AES
water, and stirred at a tenperature of 50C for 5

megilvasl, Prle dsedicRn® A vihi ©h et sol ution was renoved
b dpuLation SeL fhich s 4 SR A A0 G s
d 1 8xHH El leOJ]f‘ l‘ffé?ﬂ&;e Syllét@ﬁ%s@ %gtta(?.aﬁ%ttt, g?ﬂ@r@&%f@rsion

0 Cto prépare a catal . ares
& pFRptiahianakysi §abyo | ES-ARS tiRt BedecGaveent 8Ptmet@Scrylic
1.11 wt % The reaction was carried out in a simlar
10  aminhem gwims dkar ednwexded phepidic gfcihevas 76%.
catal yst was enpl oyed, the 20 conversion of propionic
acid was 9.0% and the selectivity of nethacrylic acid
in ternms of the converted propionic acid was
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90% Conparative Exanple 1 25 Amoni a water was added
dropwi se to a solution of 10.4 g of Al (NO3)3 9H20
(manuf actured by WAKO PURE CHEM CAL | NDUSTRIES, LTD.)
and 33.1 g of Si (Oet) 4 (manufactured by WAKO PURE
CHEM CAL [ NDUSTRIES, LTD.) in a mxed liquid of 40 g
of ion-exchange water and 320 g of ethanol so that
the pH of the added sol ution becane 14 8, and stirred
WHATF dEnQIAgME@xdtise f or 4 hours. Wiite precipitate
coll ected by pressure filtration was dried at a
tenperature of 100C under reduced pressure and
thereagfter calciped for, 5. hours, in a nuffle furnace. .
i usted Pt TenbEECEE 0 SobeiatphEperd ey diiic acid
t . a result of the elenental analysis by

ﬁ@%@laneﬁh)od, Al content was 6.42 wt % Wen the
reactjon was performed in the same manner as Exanple
th for using 5 g of the catalyst, the conversion
pionic acid was 9.2% and the selectivity of
rylic ©l0 acid ixé)terms of the converted

aci s 76%° /15 WHAT IS CLAIMED IS: 1. A
nmet hod off] producing a, p-unsaturated carboxylic acid
of fornu (3) CH2 5 R1 wherein Rl denotes a hydrogen
atom anal kyl group, an aryl group,

wherein R! denotes a hydrogen atom, an alkyl group, an aryl group,
an aralkyl group, an alkenyl group or an alkynyl group,
which method comprises reacting a carboxylic acid of

formula (1}

H H

O 1
R \H )

Qo

wherein R! denotes the same as the above, or carboxylic anhydride

of formula (2)

H H H H

R ° R @

0O O

wherein R' denotes the same as the above, with a methylenating
agent in a presence of a catalyst containing a metal of Group
13 of the Periodic Table of Elements in the amount of not more

than 5 weight %.
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an aral kyl group, an al kenyl group or an al kynyl

group, which nethod conprises reacting a carboxylic
acid of formula (1) HH (1) 10 O wherein Rl denotes
the sane as the above, or carboxylic anhydride of
formula (2) (2) O O wherein Rl denotes the sane as the
above, with a nethylenating 15 agent in a presence of
a catalyst containing a nmetal of Group 13 of the
Periodi.c Aakdtthad ofl prefising d, lfe vsatniraifechoarborglate of
than 5 weight % 16 2. A nethod of producing
fore@landatiur at ed carboxyl ate of formula (5) O (6)
wherein Rl denotes a hydrogen atom an al kyl group, an

aryl up, 5 an aral kyl group, an al kenyl group or
an al group, and R2 denotes an al kyl group, an
aryl

n aral kyl group or an al kenyl group,
V\:h' MH%” se (Bgacti ng a carboxyl ate of
for nul a '

whereinRldenotesahydrogeﬁatom,analkylgroup,anarylgroup,
an aralkyl group, an alkenyl group or an alkynyl group, and R?
denotes an alkyl group, an aryl group, an aralkyl group or an
alkenyl group,

which method comprise reacting a carboxylate of formula

. 4

wherein R and R? denote the same as the above, withamethylenating
agent in a presence of a catalyst containing a metal of Group
13 of the Periodic Table of Elements in the amount of not more

than 5 weight %.

3. Amethodaccording toanyone of Claims 1 and 2, wherein
the catalyst is a catalyst in which metal of Group 13 of the

Periodic Table of Elements is supported on silica.

4. Anmethod according to any one of Claims 1 to 3, wherein

themetal of Group 13 of the Periodic Table of Elements is aluminum

17
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(4) 10 2 (4) wherein R1 and R2 denote the sane as the
above, with a nethylenating agent in a presence of a
catal yst containing a nmetal of Group 13 of the
Periodic Table of Elenents in the anpbunt of not nore
than 5 weight % 15 3. A nethod according to any one
of Clains 1 and 2, wherein the catalyst is a catal yst
in which netal of Goup 13 of the Periodic Table of
ol g@BNtism.s supported on silica. 20 4. A nethod
according to any one of Clainms 1 to 3, wherein the
metal of Group 13 of the Periodic Table of Elenents is

alum num 17 or_gallium 5. A nethod acc gg g to an§ d 4
one 015 Cl%lfh%tHOdBa‘é‘?qugvﬁ%raé’rYn F¥re OfalB87YSi & o

rﬁﬁ&p bﬁl%lg%sgg rd' g%f%uf% %1 aéESEHEn%CtQ Claim

ccordlng to any o

101@'§%é£ﬂ€3§%1dM8¥*§ﬂb ﬂdﬁidnﬁabdenatlng agent is

trioxane. . A nethod according to any one of

d ai s 1t05 wherein- the anmount of the netal of

G oup 13 of the Periodic Table of Elenents containe

in t hé.cahatgidtod scoogding tio saypne gf Claims 1to 5, wherein

the methylenating agent is trioxane.

7. Amethod according to any one of Claims 1 to 5, wherein
the amount of the metal of Group 13 of the Periodic Table of

Elements contained in the catalyst is 0.05 to 1.5wt%.
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