10

15

20

25

3 Cctober 2006 METHOD OF PRODUCI NG a, ( 3- UNSATURATED
CARBOXYLI C ACI D COVPOUNDS Field of the Invention 31523&0%1'2006
present invention relates to nethod of producing

a, (3-unsaturated carboxylic acid conmpounds such as

a, (3-unsaturated carboxylic acid or a, (3-unsaturated
carboxylic ester, acrylic acid ornethacrylic acid as

wel |l as nethyl acrylate and nethyl methacryl ate,

METHOD @F ePROTIIC ING o, SoNUPSATURATE D GRRBOBYBIC AGI D @OMPOUNDS
acrylate resin nononer. 10 BACKGROUND OF THE | NVENTI ON
Anmong a, ( 3- unsaturated carboxylic acid or

, 3- b | t t I arl
FEdh Dot NEERI PG aci ¢ Zﬁderne'? byl et hactyl i
eSterTﬂévﬁrgg@K@nﬁhggﬁkEanﬁgﬂaeE Seﬂe%goﬂﬁg%l¥goducing

a‘route via acetone cyano I‘I n obt ai ned

afBaﬁthGuéﬁﬁben%aWbeyﬂX@rQE!aanméehﬂdsTEﬁEﬁ Was also
dr scl osed a method of produci ng a, (3-unsaturated

oG grhaxgkucaseddcarbesy bic by icbat actf-nghsattrathek Warboxylic
aci d, carboxylic ester or carboxylic anhydride with 20

eﬁ@?ﬁm@ﬁﬂﬂkﬁ?Qﬁl¢@Fﬁﬁﬁmﬂ%ﬁ%§¥%ﬁﬁ%%a§V igpgmathyl acrylate
taI ni ni obi.um oxi de(JP2001-507697
BReFl APRA TR SBH R8P 2eaTet o TeRouhds as raw
mHEEEQlehFHEVSS EHEétHéglﬁeﬂéhEhéﬁ a”d expensi ve
ni obi um fl uori de”was required. met hod of  produci ng

acrylic acid ornmethacrylic acid using a solid catalyst
25 having an acid site having acid strength of pKa _<

BAGKGRAENDHOENTHPr 6P¥ENAIONee JP- A- 60- 246342, which is

equi val ent of US 46, 77,225) and fartiqularly
di sc| BEeRd Chdains atalra tesk FaeP ic acid or o, B-unsaturated

carboxylic ester, particularly 1mportantAmethacrylic 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
a;B-unsaturated carboxylic acid or ester by contacting a
carboxylic acid, carboxylic ester or carboxylic anhydride with
formaldehyde or formaldehyde source by using a catalyst
containingniobiumoxide (JP2001-5076%7W, whichis anequivalent
of W098/29379). 1In this method, however, moisture sensitive
and expensive niobium fluoride was required. A method of
producingacrylicacidormethacrylicacidusingasolidcatalyst
having an acid site having acid strength of pKa < -3.0 has been
proposed (see JP-A-60-246342, which is equivalent of US
46,77,223) 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.



using silica alumna containing A1203 in the anount of

13 to 28% which showed insufficient selectivity. & taber 2006
Oct ober 2006 DETAI LED DESCRPTI ON OF THE | NVENTI ON ctober
According to the nethod of the present invention
a, (3-unsaturated carboxylic acid or a, (3-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
formula (3) CH2 R1L H(3) O wherein Rl denotes a
DEYALDEBNDAREORPTAANADKY THEr GUNENEZAOHr yl group, 10 an
aral kyl group, an al kenyl group or an al kynyl group,
mhlchAﬁﬁﬂhdén@ohﬁrFb@smﬁébéﬂlﬁé ﬁh@apﬁéﬁ?PﬁclaaﬁétéPn

rmula (1) HH erein R de
cr fe3aAE B A ARRAY Lot 26 L ATV ES ARG PG TP Ry Late

5 1gf%£85HH%ﬁe&§¥thEBH Ee@éc%lvggahto 0 wherein Rl

otes Sanme~as the above h a net hyl enati ng

afgegAh Na$PECPT SEHKE i e Dorct Wit CONtrad I s adret alethod
0 oup

of producing a,pB-unsaturated carboxylic acid of formula (3)

CH,

O (3)

R1 H

O
whereiandenotesaahydrogenatom,analkylgroup,anarylgroup,
10 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 M

>

wherein R'denotes the same as the above, oracarboxylic anhydride

15 of formula (2)

H H H H

R1™ © R @

Q O

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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in the amount of not nore than 5 weight % and

anot her aspect of the invention relates to a meth %cutwr2006
of produci ng a, 0-unsaturated carboxylate of fornula

(5) CH2 R1L ~~R2 (6) 5 O wherein R denotes a

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

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

13ndf e dmitcel @M adlleybfgEbapents ian ydhegeowpntanf not more
aral kyl group or an al kenyl group, 10 which net hod

thempbi weightatt i andaarerbeky2sechiof gl mveiqn relates
RlL OR2 (4 O wherein R _and R2 denote the s ne as d?

tapd e thact of 2 restasineng: Prignsaberet ¢4 %O&Y ormula

(S catal yst containing a netal of Goup 15 13 of the
ériodic Tabl e of Elenments in the anount of not nore

than 5 weight % DETAILED DESCRI PTI ON OF THE | NVENTI ON

The f¥Hsent invention is hereinafter detailed. 20 A

deschj ption will be made to RL and R2 groups. The

carb Iic cid of f la (1), the carboxylic

Rcula ( ?u

O

wherein R denotes a hydrogen atom, analkyl 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)

O G

R R?

0

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.
AdescriptionwillbemadetoRlandR2grqups.Thecarboxylic

acid of formula (1), the carboxylic anhydride of formula (2},
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3 Cctober 2006 the a, 3-unsaturated carboxylic acid of
formula (3), the carboxylate of fornmula (4), and

R-unsat urat ed carboxylate of fornula (5) are ¥ October 2006
hereinafter referred to as carboxylic acid (1),

carboxylic anhydride (2), a,(3-unsaturated carboxylic

acid (3), 5 carboxylate (4), and a, (3-unsaturated
carboxyl ate (5) respectively. Exanples of the alkyl
tpeoupprapsesapteddbyakRboay1R2 aptHudeE, fotnnlaxddpl,etha
C1-10 al kyl group, which may be |inear, branched or
caybbkylasacht efsurmnllaylttl) etamd o, Bropyptubated carboxylate of

fa%wy?gﬁ%ersr SELASPE o S o R lE L acia 1),

B A e S

cQEbEQ?lQE@ @4 gaﬁapar BPE%%SEE%QtEPA BarbBeludee (bor
exanpl e 7-11 aral'kyl group such as benzyl,

rphpeytevhyy, 15 phenyl propyl , naphthylnethyl or the
i ke. nEIes of the al kenyl group resented b
or REExmepigsof the aé%aﬁvpg@%renr%ea RE A R %ﬁp lncluder

whi ch hed I
“GF e '@%psnéﬁef@ﬁ@ﬁ”%r%&mgﬁkﬁ £k fihdt, branched
ogy Lopexenyc %%%sepk tepy!, Wylbutqu d%%'iwpentyl

anp1es the a yny group repr €sent ed by
ciyBtbHERy1, fpéneyanphexya Chep@val kpByklgnonpl wlm cdbcyl.
may be I|near or branched, such as acetylenic

pr opyﬁyampbesyquthe Fatlyaybup mwntqﬁe]pyﬁqwr R? include,
T T A L L NSl L
RGPS ST oS o < incie
£8r (Skdppat,ubateth1 aralkyl group such as benzyl, phenylethyl,
phenylpropyl, naphthylmethyl or the like.
ExamplesofthealkenylgrouprepresentedbleorRzinclude,
for example, aC2~10 alkenyl group, whichmaybe linear, branched
or cyclic, such as vinyl, propenyl, butenyl, pentenyl, hexenyl,
cyclohexenyl, heptenyl, octenyl, nonenyl, or decenyl.
Examplee of the alkynyl group represented by R! 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 hydrogenandtheCl-10alkyl group,
and more preferably hydrogen and the Cl-3 alkyl group in
carbeoxylic acid (1), carboxylic anhydride (2), o,pf-unsaturated
carboxylic acid (3), carboxylate (4), and a,B-unsaturated
carboxylate (5).
Preferably R? represents the C1-10 alkyl group, and more
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carboxylic acid (3), carboxylate (4), and
a, (3-unsaturated carboxylate (5). Preferably R2
represents the Cl1-10 al kyl group, and nore 4 3 3 October 2006
Oct ober 2006 preferably the C1-3 alkyl group in
carboxylic acid (1), carboxylic anhydride (2), a,
G3-unsaturated carboxylic acid (3), carboxylate (4),
and a, (3-unsaturated carboxylate (5). Specific
panesfiepladsl yoft hteh € lca ledbigptli g mesipd il )camberstli R d s(1)
hydrogen or al kyl include, for exanple, acetic acid,
qeuisixotiic aabydridetf) i.caePounsateratedMariaudiie acid (3),
3 neth | baci d, caproic acid, he t anoi c ca

KGRI a S, O i ST - AR R (201
Eangs YhECe Aoyl sl (2) Mhef g Rhekin R
10 hygi%ggglg$gxg@§?8?n%fut%Q forcgsgnp g acg Pc stein

1HYEF b Sken o RIIORII0M €1 @ddly @b dkantplleyr d€etbydibdderopionic
val eri ¢ anhydride, 3-nethyl butanoi c anhydri de,

acdr, dhut wnhydcide vaeptiaretiod, anhythytevtaapighicdd, caproic
anhydri de, nonanoi ¢ anhydride, capric anhydride and

chBF enahfydritieCaREy Ek&AHics %@n@ﬁgleé\%&«ypﬁerm acid
is aryl include, for exanple,
E#eﬁlﬁ%@C&nO&caac %1

para-tol yl acetic acid and

napht@&%ﬂ&ﬁ%%COQChﬁe Eé§39k9§lefaﬁﬂﬁd9§ﬁgo¥ﬁb'Ghereln R is
anhydride (2) wherein RL is™ aryl include,

hexaRlee, qﬁuamﬁyacekkﬂxmnhydkud@xa&@laaradbﬂnqﬂanngdnnde,
anhydri de and naphthyl acetic anhydride. Exanples of
pearionid anayidd ide) Wvdveiis Rnhivslrgds) kyalemi@ gadiydride,
Bf%kt ﬁggmahOLCpg%%%bg&%PIo@a%r%%cganhydrlde, heptanocic
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-phenylpropicnic acid.

Examples of carboxylic anhydride (2) whereinR! is aralkyl
include, for example, 3—phenylpropionic anhydride.

Examples of the carboxylic acid (1) wherein R* is alkenyl
include, for example, vinylacetic acid, 4-pentenocic acid and
10~undecencic acid.

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

alkenyl include, for example, vinylacetic anhydride,
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Exanpl es of carboxylic anhydride (2) wherein R is

aral kyl include, for exanple, 3-phenylpropionic

anhydri de. 25 Exanples of the carboxylic acid (1) 3 October 2006

wherein Rl is al kenyl include, for exanple,

vinyl acetic acid, 4-pentenoic acid and 10-undecenoic

acid. Exanpl es of the carboxylic anhydride (2) wherein

Rl is alkenyl include, for exanple, vinylacetic

daphptends c BnByOrticiec an2006 - uhdeseneic endwyldypddede and

10-undecenoi ¢ anhydri de. Exanpl es of carboxylig¢ acid

(1) wAERBPASRI Ofs carkpyllici ﬁ&leidél)fabeéﬁaﬁpﬁe is alkynyl
ic acid an 3-

Bt es ER RS EERIE L e e BOI FE At AP RE e acid and

3wgg& heiRLl S 4. alkynyl |nclude f or exanple,
? nélcaanhydrlde 3-pentynoi ¢ anhydri de and

3 hexmamplaehwr tHe. cReBbxpLiedagRyBOxyEi ¢2RCilefdin R is
are acetic acid and propionic acid, nore preferred is

a@kgpyémnnkuﬁ&;fQﬁeRampéemﬁrunminn@¢anhaﬂhyde»@ep@ﬂﬁynoic
are acetic anhydride and propionic anhydride, nore
aph¥pElfed and EFGﬁﬁaﬁPécaﬁﬁgdﬂFd €. Exanples of the

car boyyl at e ) for npl_ e t . acet.at e

ctny! EheEbEredesrimm IS ed o RS ottt A8 fa R ionic
aé&@tahéreh8¥éke§9ébahg 9%9&%H%%ybc§@€tate 15 heptyl
acefate, octyl acetafe, nonyl acetate, decyl acetate,

phenybrea€etrata, casgpht fyic agaiairldd akyl apsai@dteic anhydride
benzyl acetate, phenylethyl acetate, vinyl acetate,
apHfipropHcatiat énhm!t:hyle, oot phaf @rr@dnﬁ pm@m@hw@hydrlde

propyﬁxg&ggggng ethe carboxylate (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,
phenyl acetate, naphthyl acetate, tolyl acetate, benzyl acetate,
phenylethyl acetate, vinyl acetate, allyl acetate,
methyl propionate, ethyl propionate, propyl propionate,
butyl propionate, pentyl propionate, hexyl propionate,
cyclohexyl propionate, heptyl propionate, octyl propionate,
nonyl propionate, decyl propioconate, phenyl propionate,
naphthyl propicnate, tolyl propionate, benzyl propionate,
phenylethyl propionate, vinyl propicnate, allyl propionate,
methyl butyrate, ethylbutyrate, methyl valerate, ethyl valerate,
methyl 3-methylbutancate, ethyl 3-methylbutancate,
methyl caproate, ethyl caproate, methyl heptanoate,

ethyl heptanoate, methyl caprylate, ethyl caprylate,
methyl nonanoate, ethyl nonancate, methyl caprate, ethyl caprate,

methyl undecanocate, ethyl undecancate, methyl phenylacetate,
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butyl propionate, pentyl propionate, hexyl propionate,
20 cycl ohexyl propionate, heptyl propionate, octyl3 October 2006
propi onate, nonyl propionate, decyl propionate,
phenyl propionate, naphthyl propionate, tolyl
propi onate, benzyl propionate, phenyl ethyl
propi onate, vinyl propionate, allyl propionate,
nmet hyl butyrate, ethyl butyrate, nethyl valerate,
eehhylphahglaCetaﬁs,nmehyyi39&@@h?¢b@¥£ﬂ©%t@teethyI

3- net hyl but anoate, nethyl caproate, capr oat e,
eHy hyPaFRpEahBRi aCet 3t By | MEERRY hnaplt hﬁgwi’—ag

s G L
LRgecangRle Y%’S%Q?‘i%‘?ﬂggcgﬂgﬁﬁfg eyl aabegu heotate.

e PRy B~al ¢y haeehaks, methyl pasentalonteacetalyd, 4npehyénoate,
napht hyl acetate, ethyl naphthyl acetate, nethyl

m@t@hbnyﬂpum@80ﬁa®@te,e@h?y131@h@m9$9¢@@abﬁate, met hyl
vinyl acetate, 5 eth ' acet at e,

I
mgtlb%:ht %n%‘éf-lénoéf—ﬁyl e%hbw S—Zhggy%oatﬁetxﬁ?ﬁ:hyi 3-pentynoate,

dece noat e, t
BRSSO Gt By 0 MMSGRORLE MU 5 npmoace.
et hyl%ﬂ?@%@%atﬁref@ffﬁﬂ carﬁgkljmﬁﬂbe(é)aﬁge@ﬁe’t}ﬂyl acetate
3- hexynoa Annng these, preferred carboxylate (4)
and engehpy| pacpiatetd) mode nptéférpedpisnaeehyhopeopionate.
preferred is nmethyl propionate. Exanples of the
met hylbxamplegy agéhe m%@@ywtb@%ﬁﬂe@teahatﬁn%@e employed
igr sent invention include, e

HRIRRASRIE prOET S AR Ly FAF. o FABRBeay o bhs Healy e
fm;‘fdeﬁﬁ%aﬁltgagréors%!n\@mathylal. These may be used while

containing a solvent.

Formaldehyde can be used in various forms. Formaldehyde
canbe suppliedinthe formof anaqueous solutionsuchas 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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15 For mal dehyde can be used in various forns.
For mal dehyde can be supplied in the formof an

aqueous sol ution such as formalin and 100% of 3 October 2006
f or mal dehyde, and fornal dehyde precursor can be used

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
approxigasielly tetdrpod@dolrtso pfefenaddiyddd no®d moles, more

reaction s%sten1 Speci fic exanples of fornmal dehyde )
prederaddy Prél teded e lpame ramg lpaf atherearkeryc anhydride

R SRR e TR
AT A ke Ierlylanating agenlid s (ypically 0.01
to nol'es, préterably 0. to nol es, nore

pr ef e&aPL}inga%urtaQegl é@ﬁ;ﬁqrc4§r@id off £d1qnbias p@?(])tilsipﬁroduced

acid (1) or the carboxylate In the case o

byst ewr tihrdorybbeyanbyaridié 1§ 2)x cabboagbintanhgyfdrtinike (2) with
met hyl enating agent that may be fed is usually 7 3

thet sgéhyienetiagppgrinfately 0.02 to 20 nol es,

preferab 0.06 to,6 noles, nore referably 0.2 to 4
ol s BeF MioP 8P BREZEaRoaiSTT £ anfy oY RHASCH 24 EoRs "paReLY:
ydes Rgr r.sor., e ther ' : ‘
ETeat A L e s S A T L
(car bexyl rawaekhdcefiafioarel acedlid acpoducedetly anhydride
reacting carboxylic acid (1) or carboxylic anhydride
ré2pewittire liyh e et byd tnad ion § —ageat u Hart etdhea dasey Wheeeid (3),
R1 denotes a hydrogen atom nanel iarbox lic

PR AEACMAA L Tt SR ORSFE RO He Tagry bgroue,
ndhed ! AW TBLELh 2L aE84299h! 452G 940 nAGeYiG 12 ¥R xy1ic

anhydride (2) as a raw material are propionic acid or propionic
anhydride respectively, and o, B-~unsaturated carboxylic acid (3)
is methacrylic acid.

o, Bf-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 a,p-unsaturated
carboxylate (5) is acrylate, and in the case where R! denotes
a methyl group, namely, carboxylate (4) as a raw material is
propicnate, and a,f-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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respectively, the obtained a, (3-unsaturated carboxylic
acid (3), 1is acrylic acid, and in the case where

denotes a nethyl group, nanely, carboxylic acid (1 ctober 2006
as a raw material or carboxylic anhydride (2) as a

raw material are propionic acid or propionic 15

anhydri de respectively, and a, n-unsaturated carboxylic
acid (3) is methacrylic acid. a,(3-unsaturated

acai houye ate tofo kinagl ar(B)ré ohroedyesd ofbyhegaetahgpf Group
carboxylate (4) with a nethylenatln agent In _the
18aserwhePbxRATBepbt @51 e RF gy Meftdmondrayp 13 and other

AR S TP B IS s
G?Sﬁép?ﬁ ean@'?ﬁjcﬂé‘r ; ?e\é?%ﬁ:%b'ﬂ; .d}.ﬁth.@u';'%pé‘r@&ﬁ hdrm on a

namel y, car ) as”a raw nmateri al

cREeREeNabRAprakdng, 63h@@sanumaheqs¢arboxylate (5) is
net hacryl ate. 25 Exanples of the netal of Goup 13 of

t he PeExatmth:eé'@lﬂ the gfarEiemehnslidel Ui ekempdganphese that
G, In and T1l. Preferred is A aor

G. T
dpgwrtr sHhERENyiaded RN BEHERCIMICHL RbySHRIR ] 3ean%§1°e01f ic
13 of .the P

' b
krGrlRr e afoner BT dndr o 5o0R T PRy Figer 20
7KbNGSe );, r@é@z,ogé@m £es1 Qe | Q%d@&@hv@f:e@'c%ﬁfbor@3’Pr%rferred

a mxture of dxide’ of the netal of Group 13 and ot her

igebab, oxi de, and may exi st as conplex oxide of the

metals of Goup 13 and other netal, preferably in a

supp@he@@tﬁiMﬂﬁﬁnauﬁpeatﬁﬁépﬁﬁm@mbﬁHﬁ?dﬁQﬁQ for example,
the carrier includ

gxéﬁarggn%ﬁbgg pﬁgﬁod, co-precipitating me%hod drying-up
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 agueous
sclution of metal source compound of an element of Group 13 in
the formof, 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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do not substantially contain the netal of G oup 13,

and specific exanples thereof include, for exanpl

Si02, A1203, Ti02, Zr02, zZnO, Fe203, Ce02, SiC, FOctober 2006

zeolite, and activated carbon. Preferred 10 is Si02.

The catal yst in supported formcan be produced, for

exanpl e, by inpregnating nethod, co-precipitating

nmet hod, drying-up nmethod and spray dryi ng met hod.

shshieg thesdndulse riimlr egrodiictdonvet hod is preferred.

Typically the inpregnating nethod is 15 carried out in

such Zheogmewnt of canboxyliis gaid, h% br R %%?q%bh’sc anhydride
| ution_ of t.al urce co und an el enent _ of

(&7 b EFHEYIAE 49 P o2 DR CBR AP R UTE D, 2 ippit inuous

r%%t&%ﬁ“%&%'ﬂggl PRI GRALEsL y BESEL-I A B 1 DOM PIAHLGE 0.1

exanpt e ratron tain d, whith

bSlbbe@/ﬁflﬁéiraDd; ¢ @i Bgdalybe, cpkeksatbop @03 to 20 g/hr.
tenperature is generally in a range of 100 to 1300C,

pr ef elabtje 288ctbot200Ckbadreseniprisfesabhl gn 3¢ timert gas
1000C, approximately. The content of the el enent

of
cencep SLPRILachanreaflbhi en TebIca ToO X difeArL d| &1 s gAnRpxylic

By ArLBF Gedup ™ SR ial e ), hehe EEEIRgEnatigy agent.
EQAfph %snﬁfe%lﬁ)%?r%ﬁplg\ésolﬁlzlhae n%kg En %eﬁiurh' af®lfgon,

pre rab to 2 ‘weight 9% stil ur f her nore

aaaehe.rc@bl;;éno i85 ti@ital 1 ywweisght 19 arﬁ@wnmfh OBItes .
preferably 0.1 to 1 weight % The reaction of the
pr esemhemmmms;aneﬁerpbitf/@enré@rmeﬁ at abAMpPARYeGYre range
system or_a batch system preferred is a_continuous

oF B0 ober> 65 mgygtemf%rabimu%%té% 4&@o€u%$%ﬁilrtﬁ€ef more
prQQ%QEbTE %g %XyEB% églap %%XL £Q9X¥|IC anhydri de
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 10 MPa in gage
pressure, more preferably 0.05 to 1 MPa.
Reactionmixtureafter completionof thereactioncontains
o, B-unsaturated carboxylic acid (3) or «,B-unsaturated
carboxylate (5) as products, and may further contain unreacted
raw materials and occasicnally other impurities.
o,B-Unsaturated carboxylic acid (3) or o,B-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
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(2) or carboxylate (4) as raw materials for use in a
continuous reaction systemis generally approxi

in arange of 0.1 5 to 100 g/hr per 1 g of a catgqigbﬁhﬁZOOG
preferably 0.3 to 20 g/hr. 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 nethyl enati ng agent.
wkyanpl esapmplebeandeits get lavited mheregen, hel i um and
argon, 10 and nitrogen is typically used in view of
costs. The reaction is preferably perforned at a

Et nggra ure range of 150 to 500C, nore preferably 200
5™ and further nore preferably 250 to 350C,

appf Oﬁfh”??ﬁ%ﬁ’sﬁ %%a%n (LS embﬁu@QEtBi‘éH'tﬁPF@ﬁ’!ﬁSILYsIA

i mited reaction i's typically perforned

cammgun@tgl Yy wara pabgecebdlinkBaa whildkibs equal.o20g of
at nospheric pressure, to 10 MPa in gage pressure,

GapNe; preetiePakihyn0f 86t uoed WaWAEE@aEﬁiRE)ﬁIHﬁMtQMe IADUSTRIES,
LganEIetlon of the reaction contains (3-unsat ur at ed

GRyF e IRh %ﬂo'csyxehaa%wa&ﬁsrat IAEE4 L FE0GH B&@g}p@g@ture
o Sy LR B e kb DT SRR 50 5 omovec
bg;cy%g%}n(q at eq"n(g?fg@%.béccaf?%' felré%élfﬂufe 6F 1R YAt £ educed

uri romthis reaction

pm'axtsur:e arid theeeagsarycd ridad fhers heersand aanwef hedurnace
therefore is not 25 particularly limted and genera
adgthbdd soch mngm&mﬁuﬂeatdﬁ)rﬁooaﬁdtexpr@mr@rﬁ catdeyst. As

Eggﬁlf‘g(]og:? | &S %];rhag%fffﬁ%?smby r&vegl Eo§'1 mesth lgt I?;ea 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. Amixedliquid
(in which 20 g of trioxane was dissolved in 230 g of propionic
acid) of propionic 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)
ingagepressurebyaback-pressure valveplacedinthe downstream
part of the reaction tube. |

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

of the converted propionic acid was 92%.
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3 Cctober 2006 way of exanples and is not limted
thereto. Exanple 1 14.3 g of Si 02 beads (CAR ACT,

manuf actured by FUJI SILYSIA 5 CHEM CAL LTD.) wersOctober2006
projected into a solution of 1.02 g of Ga(NO3)3nH20
(manuf actured by WAKO PURE CHEM CAL | NDUSTRIES, LTD.)
in 200 g of ion-exchange water, and stirred at a
tenperature of 50C for 5 hours. The beads from which
the solution was renoved by decantation were dried at
a tenperature of 100C under reduced 10 pressure and
EXREWd&f Per calcined for 5 hours in a muffle furnace

adj us ggékag§sgegggzﬁ%gé$rgp ?QOC:%fth$¥"H§hé%F as Example

cat al errent al anal'ysi's

1! ER=AFS FBLNOMy 3 LB ERGLENL3 Yok @160 Mbads Hnof ddiaition,

catal yst was introduced into a reaction tube 15 nade
iaf whldSnhhaviong gadfi i (M ;i enmicer(mahudad tivrell LAMWAKD PURE
liquid (in which 20 g of trioxane was dissolved in

CRENIGASFINDUATRIB S, LER; dwastditopi vid 6nadi0dy pSgedi-gxchange

G ade, manufactured by KANTO GAl andg trj

wass&c aﬁwaﬁ%?u%n%f a%]t?f?%t%{/@ Wﬁ%;%@"&-}ﬁﬁs method,
itr isntroduced into the reaction tube 20

G egpgggggmgg eﬁﬁgﬁagﬁrg'of.sooc at aflowrate of 0.2

M /M Ghe@n€h82-8LEFEBn WESPESEFYAhYA he idHeIT@t manner as
pressure of the reaction tube was naintained at 2

Exghpi {espiemt dittr usifg25MPa)t the gatelpstssulie dpnwersion
back-pressure valve placed in the downstream part of ,
ofhprppaeniena¢ideva2y Weand kbacsebactighiy ehmesdtasFylic

FReid FETRnPectoe Forah drond AR ra s 7 e -
chromat ogr aphy (GC), the conversion of propionic
Example 3

A catalyst was prepared in a similar manner as Example
1 except for projecting 14.3 g of SiO, beads into a solution,
of 0.91 g of A1(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%.

Exanple 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 A1 (NQO;3)3°9H,0 (manufactured by WAKO PURE CHEMICAL
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acid was 8.6% and the selectivity of methacrylic acid
interns of the converted propionic acid was 92%

3 October 2006 Exanple 2 A catalyst was prepared 1 3&ﬁuﬂwr2006
simlar manner as Exanple 1 except for projecting

14.3 g of Si02 beads into a solution, 5 in which 1.92

g of Ga(N03)3nH20 (manufactured by WAKO PURE CHEM CAL

| NDUSTRI ES, LTD.) was dissolved in 200g of
INBHS@'R&E&mngthtm 208s g § duitexsthagigerwat g - and$ ysirgsult

| ES- AES nmet hod, . Ga content was 0.79 wt % V%en t he
Ofeaéﬁméﬁt@ésaB%1Y6iﬁe%Y|?F%r%§$nm%ﬁh?ﬂﬂnﬁ% coatepy was 0.17

Ex%nple 1 except for using 5 g of the catalyst, the
ofiversion of propionic acid was 7.8% and the

sel ecﬁh&at ¥naf rgﬁEEi‘BEyL’hS p@?'fgrfn@dt @ﬁ”ﬁh@f staﬁ% manner as

converted propionic acid was % Exanpl e

E&ahgh¥st swserdy epar ading B qSIoITI tné cbmtmbys'ﬁ,s t&'»eampmersmn
1 except for projecting 14.3 g of Si02 beads into a
ofopuopbanicoicix g %R SARNNCBYS. Y e act mﬁé@a@)ryllc
WAKO PURE CHEM CAL | NDUSTRIES, LTD.) ,in 20 9.9

apdf- dRchEABE At he BEnYexLe IPrOBFO Lenght gl aﬁaP}§rs

by | ES- AES net hod, Al content was 0.13 20 w % Wen

the reaction was perforned in the sane manner as
ekXAppkesl except for using 5 g of the catalyst, the
conversion of propionic acid was 9.0% and the

sel echi ¥atylpbt medbasr ¢pared aioh ch isintidrars manriehre as Example
converted propionic acid was 92% 25

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 0.6l
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 8.8% and the selectivity of methacrylic

acid in terms of the converted propionic acid was 87%.

Example 6

7.2 g of 8i0; beads were projected into a solution cf 1.18
gofAl {NOj)3*9H;0 {manufacturedbyWAKO PURE CHEMICAL INDUSTRIES,
LTD.) in 100 g of ion-exchange water, andstirred 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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Exanple 4 A catalyst was prepared in a simlar manner
as Exanple 1 except for projecting 14.3 g of Si02

beads into a solution of 1.78 g of Al (N03)3.9H20 3 October 2006
(manuf actured by WAKO PURE CHEM CAL 12 3 Cctober 2006
I NDUSTRI ES, LTD.) in 200 g of ion-exchange water. As a
result of elenmental analysis by | ES- AES net hod, Al
content was 0.17 wt % Wen the reaction was
wWer¥f.ormed in the sane manner as 5 Exanple 1 except

for usjing 5 of the catal yst, the conversion_ of
pr opi D Fiibd HRES S BB REFE CBRS LV It GAT® manner as

ryli s I .er f c p i.Qnl :
TRUALY' iopBE A ST 1oL M ERHELLSE, PP BBlroson
F ?k@&b'i@hi&aé‘&f& s Exalagg iﬁé?@épécfQﬁi@g%ﬁﬁﬁéﬂ}Gacrylic
7.1 g of Si02 beads into a solution of 9.09 g of
2l 1(ENG3) T A0 o(firarmief acinvead daly PAAIKA dPUIRE aCHEMWEAL 85% .
I NDUSTRI ES, LTD.) in 100 g of ion-exchange water. As a
result of elenental analysis by |IES-AES nethod, Al
content was 0.61 15 w % Wen the reaction was

d in the same nanner as Exanple 1 except for

using,§ g i&;?}\%gﬂgﬂgy %%ﬁgigﬁg 92!3]%%rf3cﬂc‘%!§hre9f?y FUJT SILYSIA

propi oni ¢ Wels % electivity o
omihenty It . )agicdd pricgetedf e COREEGMIAPIET g of .

acid was 87% 20 Exanple 6 7.2 g of Si02 beads were
Gar (0iCat$ etHiont(maausektitired bff WAKG PURE CHEMICAL INDUSTRIES,
LTD.) in 200 g of ion-exchange water, and stirred at a temperature
of 50°C for Shours. Thebeads fromwhichthe solutionwas removed
by decantation 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, 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 9.0% 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 (manufacturedby WAKO PURE CHEMICAL INDUSTRIES,
LTD.) and 33.1 g of 8i (OEt), (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
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gof Al (N03) 3. 9H20 (nanuf actured by WAKO PURECHEM CAL

I NDUSTRIES, LTD.) in 100 g of ion-exchange vvater

stirred at a tenperature 25 of 50C for 2 hours. 36&90‘0&2006

beads dri ed-up under reduced pressure were drled 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

Scatred gbirrad ag regut ¢empefatheedprdl heuwes ysWhilhg precipitate

IES—AES nmet hod, Al content was 0.93 13 3 Cctober 2006
%C%Hyt%e$%%?l@#%w f”’élsrrﬁﬁl?ﬂ atha kgpperature of

R Greder r%éuﬁ‘éh&%esae%fre BRC s S e nEPOC KBS Qo hours
1?129 m‘i:t}f‘:afl%e%gfﬁé 4 é t@?it ttjg\%r ¥ érhé%g/?t%géa qrﬁﬁ g{] 6;%13’8 ,Q;g;epare

e conver n| C aclrd was

aotaSbQ?,zsbeadzss(MFés%ﬁ_’E ofanubastumedthY fHlySl Sy AES-AES
CHEM CAL LTD.) were projected into a solution of 0.95

rgthfod, P GaONE)BmEBO§.A@nwtadt.ur ed by WAKO PURE

CHEM CAL I NDUSTRI ES,, LTD.) in 200 g of, ion-exchange

- wat er "hgRd toe; rr@é&tépnaW@éwﬁ@rranF@d 3 sPE Pemeshanner as

he_beads. fro ch t Iu r V. .
E‘E){%H%D ca;rll-t a’t(cfg;% mfeorreug‘p?‘ é’dga(;ll ng tsc g‘n’pé?gg ?\yg’% ﬁli%(fe@%verswn
olfnﬂﬁl’)pﬁgﬁ!ﬂ@egm.ﬁrv?ésﬂg ©9aRe d! Eﬁée%igétf\@i€¥n§@ refharrylic
hours”in a nuffle furnace 15 adjusted to a tenperature

aafi dSAACteampr efartea convelrtesid pAvpimmiesudidfvas 76%.
el emental analysis by | ES-AES nethod, Ga content was
1.11 w % The reaction was carried out in a simlar

manner as in Exanple 1 except that 5 g of the

cat al yst was enpl oyed, the

15
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20 conversion of propionic acid was 9.0% and the

selectivity of nmethacrylic acid in terns of the

converted propionic acid was 90% Conparative Exa:F'rp()}'cte‘ﬁm2006

1 25 Amoni a water was added dropwi se to a sol ution of

10.4 g of A1(NO3)3.9H20 (manufactured by WAKO

PURECHEM CAL | NDUSTRIES, LTD. ) and 33.1 g of S

(Cet) 4 (manufactured by WAKO PURE CHEM CAL
WHARDUSTERLESMEDTDSY in a m xed |liquid of 40 g of

I on- exchange water _ and 320 g of ethanol so that t . .

oH b 4 hl aBaIS G, B et Aty SRt oppEbogyLic acid
of apdr@tilar @gdyat roomtenperature for 4 hours. Wite

pr eci @{_@te coll ected by pressure filtration was

dried a tenperature of 100C under reduced pressure

and t calcined for 5 hours in a nuffle
furg ad to a té¥perature of 500C to prepare 5
aRA4talys As aHMesult of the el enmental anal ysi s by

| ES- AES thod, Al content was 6.42 wt % Wen the

reaction @as perforned in the same manner as Exanple
wher€XACR Tndisdda ad H%@fo/éé‘ﬁ GG YShn 18 FONYREEPON an aryl

of propionic acid was 9. 2% and the selectivity of
greephaenyleiralkyd agrelpn aeratkehylhgrowpvert ean alkynyl group,

pr opi oni ¢, aci s 76% 15,3 t gher 200 WHAT | S
OrCEA?' %Frﬁgeﬁéﬁgfﬁ8ﬁyéﬁt8r8 ugpﬁgméf(gﬁﬁnsaturated

car bo 2c acid of formula (3) CH2

)

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 carboxylic acid of

formula (1)

H H

O 1
R ~H M

)

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

anhydride of formula (2)
H H H H

RV ° R? @
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5 Rl OOH (3) O 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, 10 o? P 3 October 2006
a, (3-unsaturated carboxylate of formula (5) CH2 Rl R2
(6) O 15 wherein R 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
whegreim, Randanptegr dls %ﬁmearaBkyilhegraimiveorOEnaalq@errmxylate of
ch nmet hod conprises reacting a carboxylic
fornte W 20 formula (1) H H RL YY O N (1) O 2%
wh re|W4R1 denotes the same as the above, or
Iic anhydride of fornmula (2) HHHHRL QRL
? O 16 COct ober 2032 wherein Rl denotes the
\yﬁp or ?boxylate of formula (4) H

wherein R! and R? denote the same as the above, with a
methylenating agent in a presence of a catalyst consisting
essentially of, as a metal species, a me;al selected from the
group consgisting of Al, Ga, In and Tl, and the amount thereof

is not more than 5 weight % with respect to the catalyst.

2. A method according to Claim 1, wherein the catalyst

is a catalyst in which the metal is supported on silica.

3. A method according to Claim 1 or 2, wherein the metal

is aluminium or gallium.

4. A method according to any one of Claims 1 to 3,
wherein the carboxylic acid of formula (1) according to Claim 1

is acetic acid or propionic acid.

5. A method according to any one of Claims 1 to 4,

wherein the methylenating agent is trioxane.

6. A method according to any one of Claims 1 to 5,

wherein the amount of the metal selected from the group

17



5Rl )y RR (4 Owherein RL and R2 denote the sanme as

the above, with a nethylenating agent in a presen

of a catalyst consisting 10 essentially of, as a 5 Dctober 2006
netal species, a netal selected fromthe group

consisting of Al, Ga, In and Tl, and the amount

thereof 1is not nore than 5 weight %with respect to

the catalyst. 2. A nethod according to Caiml,

combps€ingt Be cat al ¥st 1hS drid artaldintelindd W Cihkh@atalyst is

0.@ aten 1- oyt

nmetal is sugported on silica. 3. A nethod according to
; Wherein the nmetal is alumniumor
gallium 20 4. A nmethod according to any one of Cains
1to 3, wherein the carboxylic acid of formula (1)
according to Claim1l is acetic acid or propionic
acid. 5. A nethod according to any one of Clains 1 to
4, 25 wherein the nethylenating agent is trioxane. 6.
A nmet hod according to any one of Clains 1 to 5,
wherein the amobunt of the netal selected fromthe
group 17 3 Cctober 2006 consisting of Al, Ga, In and
Tl contained in the catalyst is 0.05to 1.5m% 18
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