; KLe3eu: u7,"N66T' , PROCESS FOR PRODUCI NG a, |3 - UNSATURATED CARBOXYLIC ACID
Background of the Invention The present invention relates to a process for
producing a , a 5 -unsaturated carboxylic acid. JP2001-507697T, which
“corresponds to W98/ 29379, discloses a process for preparing a , a
-unsaturated carboxylic acid or ester thereof froma carboxylic acid or
ester and fornal dehyde in the presence of a catal yst 10 contai ni ng oxi de of
ni obi um whi ch was prepared from hygroscopi ¢ ni obium fluoride. JP62-221651A
di scl oseé’féf)ﬁﬁk&SeE@PoP%ﬁﬁDH@IN&a@tagyUﬂ\ISrthﬁRnQéﬂEByCABdi(ijM@u%ﬂiD oxi de
to a solid catal yst having an acid strength show ng an acid point of pKa <_
-3.0 for the producti on of simlar conpounds, and 15 ammoni um sul f ate,
amoni ummggp&%wg %I% furl c acid, ammniumsulfite or sulfurous acid
i s disclosed”as raM/na EHAM9 sulfur oxide. It also discloses an

oxi di zi ng abi | Th¥ pedsdini ﬁgze@ﬁm?p&@mtew&haaiaraébs@deiep%dﬁ/cmgr aCB N,

Mo, Wor Pb or a heteropolyacid containing V, or Wor both as an
addi t $ onatngsupatedtarbbxyleaddt al yst. 20 Accordl ng to the present
invention, a, ~i -unsaturated carboxylic acid can be readily prepared. The

pr esent |nventi on provides a process for producing a , (3 -unsaturated

carboxyl i c aci §pgho{- %ro%%ﬁT( jvé'ﬁichgorQe%JmEH t%SV@O§§ 29\%@ ed1sclosésegalr_lesent S

a hydrogen atom an alk ral"kyl "group,

al kenyl @teoeRs Gér p\ie‘p)ﬁlifﬁig gﬁoﬁlﬂinéﬁwi&éﬁte@m&ﬁ& 4680 A8 Pt HerbHOPFYHd C aci d
of formula (2): HHOR ~ ~H O (2) 5 wherein R represents the sane as

defined abearboxylie HCfd)lomasa@thmtd fromldelepde sorthehereseocé nfteheatrlgstence of

a sulfate of .nickel balt, iro al um num per chrom um . nanganese,
gt UL RE %’1‘1#9&? IR hv"i%%onnffﬁﬁr%cf AEBroscoPIGPIRRIHEY

t her eof . gxaRl es of the al kyl group represented by R include, for exanple,
a 10 C1-10 al kyl group such as nethyl, ethyl, propyl, butyl, pentyl, hexyl,
heptyl, oct yI JEemﬂz165&Ad&gylose£>aa@s@b@%socﬁf ubﬁlgaaybatgrlmpobmhewa)y for
exanple g -10 aryl group such as phenyl, toly e.g. p-tolyl) or

napht hyl & |8§bfuesfom%€et<aaaq0ﬂ<1¢| cagag@p haﬁmgxa@ aq1 rstmmﬁblséwwang:m1 15

aryl ar al a | et h Exanpl es of
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sulfite or sulfurous acid is disclosed as raw material of sulfur oxide. It also
discloses an oxidizing ability retaining component such as an oxide of V, Cr,

Co, Ni, Mo, W or Pb or a heteropolyacid containing V, Mo or W or both as an

additional component of the catalyst.

20
According to the present invention, @, 8 -unsaturated carboxylic
acid can be readily prepared.
The present invention provides a process for producing «, 8
-unsaturated carboxylic acid of formula (1):
CH,
e

25 O (1



Exanpl es of the al kynyl group include, for exanple, a C2-10 al kynyl 20
group such as ethynyl, propynyl, butynyl, pentynyl, hexynyl; heptynyl,
octynyl, nonylnyl, or decynyl. Specific exanples of the carboxylic acid of
formula (2) include, for exanple, acetic acid, propionic acid, butyric
acid, valeric acid, 3-nethyl butanoic acid, caproic acid, heptanoic acid,
caprylic acid, nonanoic 25 acid, capric acid, undecanoic acid, phenylacetic
acid, p-tolylacetic acid, naphthylacetic acid, vinylacetic acid,

4- pent enoVaerind} rapregantsca hadeoga atond-anualldigroupi ap adylaoupnenc aci d,

and 3-hexyngjc, acid. 2 Preferred are acetic acid .and propionic.acid, and
nor e pref%ﬁaﬁjéﬁl $ROUD, BhiadkeRYIegoyp qg&}lﬁ&p 48 Whych EomBEFes KeaLting &1 of a
precur sor.4Re&6kOCaci -in a formof an aqueous sol ution thereof
such as forrgg{(gltéﬁ%ﬁeiqg@gggit g?')or ol i goner thereof (e.g.formalin or may be
used as it is without any diluent.4qThg oligonmer of formaldehyde such as

tri oxane or paraformal dehyde nay b sed. Preferred is trioxane.

For mal dehyde and t he ol i goner may sed with a diluent such as an
organi ¢ or inorganic solvent. 10Rfhe alfount tf the formal dehyde is usually
0.0l to 10 noles, preferably 0.03 to 3linoles, nore preferably 0.1 to 1 nol
per nol of the carboxylic acid (2). EerrpI es of tBe a , (3 -unsaturated
carboxylic acid include, for exanple, nethacrylic acid, which is produced

f rom pr opwvhereinakipacsknts ther sehdetsy defindk aoles woth thensldehgtle drngl ude,
for exanple, nickel sulfate, cobalt sulfate such as cobal tous sulfate or
cobal ti c RigPPEIE, theteho s fthee paesancas of ¢ roufateunf anigkel eqhalt.civom,f at e,

al um num - er,sulfate such as cuprous _sulfate or cuprj.c sulfate,
chrom um afslg lglﬁlgn’scégﬁ&ésché%lpbﬂ%glasrlﬁafne?ts%’ DECB R A S ﬁf’fpé{h%,dlﬂﬁln’ganese
sul fat e sudhu@s ofRRAANPIYSr Wikt At tHleré@mgani ¢ sulfate, zirconiumsulfate,
zinc sulfate, silver sulfate, palladiumsulfate, indiumsulfate, and nickel
anmoni um sul f atExanapkts@fyhe tadkylsgrolupt repsesemtad byaR anglude ufol atxamBe e er r ed
are ni.cke | fate, cobalt sulfate, alumnumsylfate, iron sul]fate, and
vanagpl séjlr'ﬁ§taelﬁyfﬁ?%‘pp?‘éq 4 @aetﬁwl,rﬁtgxg}mppzﬁ V]E’aﬂe@.ty}l' Rexghlreptel, may be
used alo r as a mxture thereof or as a conplex thereof. The
sul fate E}%ﬁ}?éfl%%b%grdﬁfgl | ine water nay al so be used, or the sulfates) may

be used in a sWpoipld Jfahe 071 gréwp Peluds Ul dxansplel ﬁacmpadxgmg@@up The
sul fate can_be readi Iéﬂ}er epared or may be conmmerci al i y avail able 30

typi cal | yUch as plyanyat tedyk @rgnp-twlyRiorarapbshpt.er abl y cal ci ned before use. The
3

Examples of the aralkyl group include, for example, a C7-11

15  arylaralkyl such as benzyl, 3-phenylpropyl, or naphthylmethyl.

Examples of the alkenyl group include, for example, a C2-10 alkenyl
group such as vinyl, propenyl, butenyl, pentenyl, hexeneyl, heptenyl, octeny],
nonenyl, or decenyl.

Examples of the alkynyl group include, for example, a C2-10 alkynyl

20 group such as ethynyl, propynyl, butynyl, pentynyl hexynyl, heptynyl,
octynyl, nonylnyl, or decynyl.

Specific examples of the carboxylic acid of formula (2) include, for
example, acetic acid, propionic acid, butyric acid, valeric acid,
3-methylbutanoic acid, caproic acid, heptanoic acid, caprylic acid, nonanoic

25 acid, capric acid, undecanoic acid, phenylacetic acid, p-tolylacetic acid,
naphthylacetic acid, vinylacetic acid, 4-pentenoic acid, 10-undecenoic acid,

3-butynoic acid, 3-pentynoic acid, and 3-hexynoic acid.




calcination is usually conducted at a tenperature range of from50 to

| 000C, preferably 100 to 500 C, nore preferably 150 to 450 C and yet nore
preferably 200 to 400. The reaction of the carboxylic acid (2) and

“f or mal dehyde can be 5 conducted by a batch process or by a continuous ,
process. Preferred is the continuous process for industrial production. In
the continuous process, the carboxylic acid to be reacted is usually fed in
an amount of O.lg/hr to 100g/ hr, preferably 0.3g/hr to 20g/hr per 1 g of
the metal sul f dreferTad dreramititegideanst propiopicacds and: eretrefarded he
carboxylic acid %2%% 10 are usually fed into a reactor together with an

i nert gasP™dBEINGECYitrogen, helium or argon. Nitrogen is preferably used
for its cost. ' tihe @l de e or t eto
with the car bo?&ﬁ%ﬁgg%l%&({]ﬁ%s%ugftﬁ%@ gon %lctoeaa ;0[}8% Sgir;r:)%lr%g%tt?r‘ re\iggange of

150 to 504¥anpslef ehablfyrdO6F ha 4@HourDssupionl tHabbl sablous 25PndldeBHAE, and
15 usually at a gauge pressure of O MPa (i.e. atnospheric pressure) to a

gauge Spr ydrate of di@vizer fheotef b formalam) argeaprles sge@ asf 1t0isOGMRaut o a
gauge pressure.of |MPa, After the regagtion, the product is uysually

separ at ed'By gflélﬁpll" a'?h‘é‘)n OZI&LY a%fi gﬁ“é’fﬂéeﬁié‘ge b&UER tafer LIRKARS 8T i f
necessary tp,] ton:is 1] f the
Fol | ow ne Semamt agengl K BE BRET PioRiEoh e Bk, RERHANGE A alfitn,

i nvent i oroligoeieat mayEXRBME ude WidR G diludhne ktilchsal hat argagxaby dhatganic

(Ni S04*6H20), available from Nacal ai Tesque, Inc., placed on an evaporating
di sh was %lﬁeqtnto a Muffl e oven kept at 350C and nmi ntai ned at the

tenperat ure forywb hours, tal ne el l gw sol.i d was, no d,angd screened to a
12 14024 nesh &P AT %?hg]é‘? o@f‘é’iahu‘i%ly d%d“%&ﬁbfg‘gﬂ?mé‘? efl%h%‘ro_ d into a
reactor npderablySdHRRY §%81%\é,' R PLAURINY 61 ¢ 4 Wi peAnYAPSE kR NY Pi pe

provi ded at the ‘upstream of the reactor"was filled with quartz granul es
Wi t h 20- 28rbegtic aoidi(2abl e from Nacal ai Tesque, Inc. A mixture solution of
propi oni ¢ acid,_ avai]| abl g t;‘hrom Kgnto Kagaku, an j.oxane, .available from

I

tr , .a
Kanto Kagaku, preasaples 8y thes@ol biHgsatiyased « sarbex Ci%01§3@@db‘fiepr Bi oni ¢

211 ow arcaro By TReRRNE AL RReR B afBRnE G BeliPhTEAR e

presgpre forishRHyde. reactor was kept at 2kg/cnR, which corresponds to
0.2MPa, by adjusting a back pressure regul ating valve provided at the
downst ream of tHxamplestafr theRealfaticomcadet fovrexaoplec néckead rilfegeacpleali od of 2

hours to 4 urs after 10, initiation of feedin s .anal db

Gas- ohr o HLGLE SR, SoUPBRIPRY SIS Hapo YA B (o DI et Fle e ACH BB 11%
in terms gf.,QEAR] bccga%gicaMfét%%dlﬂnﬁﬁ{lﬁP QiafOr BLAE AR E UM RED 1N
tri oxane. Exanpl e 1 e reacti 6n was conguct ed in"a simlar manner as in

Exanpl e Tupxeepsulfietomiupetd swlfhfeathrdiniah \sdilfate swels aplcheeshous sulbfatduf f | e
oven_at roomtenperature and then heated to 350 and thereafter kept for 5
hour 80at orhehxarmsesafate. nyaeganese selfatersudhe ascimanganews  sulfadensr of

propi oni ¢_aci d .and %in terns of.fornalde e cqgntain in tyioxane. 20
Bcanpl o aRe TR AebER RS A SR, SRR s "R 2
except tRalfatdlanthilhl Su18MENaNASHiNEA! S8 ridhidAPsulYa ! dndlf oBhHRE 'l fage aCi d
was 11%in terns of propionic acid and 49%in terns of formal dehyde 25
cont ai neduch tsi vanadyl sulfate. Preferred are nickel sulfate, cobalt sulfate,

aluminum sulfate, iron sulfate, and vanadyl sulfate. More preferred is nickel ’

25  sulfate. The sulfate may be used alone or may be used as a mixture thereof or

as a complex thereof. The sulfate containing crystalline water may also be

used, or the sulfate(s) may be used in a supported fo‘rm on a support such as

silica or alumina.

The sulfate can be readily prepared or may be commercially available

30 typically in a hydrated form, which are preferably calcined before use. The



Exanpl e 4 The reaction was conducted in a simlar manner as in Exanple 1
‘except that the Muffl e oven was heated to 400. Yield of methacrylic acid 30
was 8% in terns of propionic acid and 37%in terns of fornal dehyde 5
‘contained in trioxane. Exanple 5 15g of nickel sulfate hexahydrate and 1.8
g of cobalt sulfate 5 heptahydrate (CoS04*7H20) were dissolved in 200 g of
i on- exchange wat er and evaporated at 50~ to dryness. The obtained solid
material was put into a Muffle oven kept at 350 and nmintai ned at the

t enper at u¢acingtion ifmsusllyCondinted atea tehperatase nohgkedf froth 5¢tedfed o a 12

to 24 mesh siz T react.j was conduct in . a simlar ner as in
Exanpl e 1%3%‘@%%1:@ Whébggpcé{l%eyﬂre%%gg’r é@of F‘?)rﬁfiﬂogkearn;la‘glﬂeftap@rﬁnd
cobal t suﬂnfe%%b\gﬁgggg?q@ocdl eld of methacrylic acid was 7% in ternms of

propi oni ¢ acl Yoin terns of fornal dehyde contained in trioxane.
Exanpl e 6 15 30théfrenttike! ofSthd ahebhirNueIda(®, andaidrabll@chydndacakai
Tesque, Inc., placed on an evaporating dish was put into a ffle oven kept
at 300C aevardmgiant Ay reedvadeh pirecasenpebutaicentionods prucess. Grefeirnad] iy ghk ow
solid was glgl ded and scrgened to.a 12 10 24 Egsg si ze. 5g of thus obtained
mol ded mefORH IO YRR O CeFialog a2 Py 198 FRdee FOnQIYNS\RIRERSS: dhamet er
of 3/4 20.4 . i.Z] i - Provi t f the
Feactor . REVRiTaRRBeaeRteR i Rolfy1oh iGN POLO IEHINE TERE L ok,
and tri oxgreéerablnll3ghetd 208hKeelr d Kefthdimepakepdfad. by di ssol ving 20g of
trioxane in 230g of propionic acid was fed into the reactor pipe heated at
300C at a flow mmaddelny daay thenpresvosqrathiesetotandthe caypboxyliownciss (225

123mL/m n,  The essyce inside the reactor. was .kept at 2kg/cnR, which
cor r d0portrs TaBlsS TRk S, A Tahfior g 5 ettt 8 4B eet JUFAAR BT,
provi ded idliddiCofoui NI & ifeltabhPhsed RRGH] AftcsOL UL On coll ected
during a period of 1 hour to 3 hour after 1nitiation of feeding was

anal yzed by gasFhehreamaioogofipliy foruhaldehydw el had pleaursoretitbrofo mithaheyl i c

acid was 12% 3Q.in t efggs_ of propioniic acid and 54%in terms of formal dehyde
cont ai nedatpoylic agidoiZms u %bwén#uqmé tleactameperadyre gange tafdl it ta

i mil i | i ckel syl hyd
Sut |t o UG PREreLEiy BB &8 RGCCRRR) pi Bl PhetBous YsREaR6 I HRE U o7
of mithaaigally &ch Gav@s phddsiure a0 MEPRT(L.Or Sith P HerRCHFbsB0EL)IH%A igﬂu%@r ms of

f or mal dehyde contained in trioxane. 10 Exanple 8 30g of nickel sulfate
hexahydr diressureadl 2OMP o, moefavablt at aTgayge preéssure ofl R.O5YBm tara gaager at i ng

di sh was put intg ff oven kept. at . 350C and pmi ntajned at the

t enper at dﬁ@sﬁ"lﬁe of ME’S.A&{ égﬁe'i?aﬁE‘PPo e ATPAUGES HeraRY S&Har%‘@ge@ﬁed to a
12 to 24 y1&shasbi - ﬁp%;a : : [ re charged
into a react o&r1 mag’g eo?m%fltjghgén&gd a i%gﬁ%tg?ggégﬁeﬁbgﬁg%k%rﬁ A vapori zing
pi pe was not provided at the upstream of the reactor. A m xture solution of
propioni ¢c_acid, available from Kanto Kagaku, and trioxane, available from
Kant 30Ka§a?$é\j{lp Pepared by dissolving 20g of trioxane in 230g of propionic
acid was fed igho the reactor. pi.pe heated, at 20 a flow anmount of

0. 2m/ mi n accomemaRoBy RSN HASRAET B Wamhe TSI RE S BB de ¢ he
reactor Wag ak€Riot ab b%!%hgf%ed%'lﬁhi&ﬂ{ers%ge%@Mé}m@o@t\f&et&y adj usting a
back pressure regul ating val ve provided at the downstream of the reactor.
Reaction solution collected during a period of 1 hour to 3 hour after

initiati %8‘ of feeding was anal yzed by 25 gas-chronat ography, which reveal ed
t hat vyi el a@?plﬁe]thacrylic acid was 8%in ternms of propionic acid and 35%in

S o T A R S L

- Nacalai Tesque, Inc., placed on an evaporating dish was put into a Muffle

oven kept at 3560C and maintained at the temperature for 5 hours. Obtained
yellow solid was molded and screened to a 12 to 24 mesh size. 5g of thus
obtained molded material were charged into a reactor made of SUS and

30 having a diameter of 1/2 inch. A vaporizing pipe provided at the upstream of



7 were gradually added to 38.2 g of colloidal silica containing 40m %

Si 02, available from N ssan Chem cal Industries, Ltd under stirring and
aged under stirring for 1 hour at roomtenperature. Wiite solid obtai ned by
‘evaporating water was cal cined at 300C for 4 hours and at 450 for 6 5
hours. Obtained white solid was nol ded and screened to a 12 to 24 nesh
size. 5 g of the nolded particles were charged into a reactor nade of a SUS
pi pe having a dianmeter of 3/4 inch, and cotton quartz was pl aced on top of
the char reactorywas fiblledobithi quantzl gramvieatwish 2AD2§ noéshyriailabde dromhes wer e

oidet
filled t . h i zi [ ided at .th t h t
vas 10 {13 PEURWIER e rEREIREE soRo A i SO B0 BRBBIS A aci d,
i | abl [ ' I ku,
o apar o0 53 8] St g 0 Rr e, AR ol RislB Bapk R, PRAo8E' T g

i nto the dsgulving POgPoPerrdfi@needst 2F0PIdTephasbait akidBGPagtfed intowthsount of
O Im/mn acconpani ed by 15 nitrogen flow of 82ml/m n. The pressure inside

t he r8actaponimEng appe aan¢kegactar, pw dieatet rass peAds ato a0 flavPameynadfust i ng
a back pressure. regul ati ng . val ve provided at__t dowpstream of the,reactor.
React i on CIRYTBhagomRATEd b Hrgesn agw 68 S By Bo | oS RHs, g ¢ or
initiati i - i al ed
that yi el oaP "SGR e o 2RAES RSN O P Db, M a2 G 2706

in terns Dbatlopredstedydeule@igovaed providedoatatie. dSwnstebamsf thle réhcpsocess
for producing cx , /3 -unsaturated carboxylic acid of fornmula ~1); CHZ OR
~ ~H O wHgastionRselusiass spllectedhduringea peweqd ofn2ahayrs ge octidhouwns after group,
an aral kyl .group, | kenyl grqu r_an_alkynyl aro i Gh_conprises
r‘eactllﬁng 1g1tg%q;%rg>9§|at§%3% Wyaﬁfg?ag?’g‘iff 2y ( £3s c}#/qg\{@o%rgpuﬁjﬁ %{‘% reﬂﬁe% rein R
representhat ?ﬁ‘elﬁ%@&a@?{rﬁ@ﬁ&idﬂp&é’@l%v‘m éérﬁgrmx%gtmﬁ@ a@ld 8nlIL0oK 80T
thereto in the presence of a sulfate of nickel, ‘cobalt, iron, alum num
copper, dermsiofformalidghyds epontzdinednn trpxaneac, silver, palladium, indium

or vanadyl, or mxtures thereof. 2. A process according to claim1l, wherein
the sulfate is nickel sulfate, 15 cobalt sulfate, alum numsulfate, iron

sul fate, ]ﬁ){aﬁiﬁ% yl sulfate. 3. A process according to claiml1l, wherein the
sulfate i'sS nickel sulfate. 4. A process according to claim1, wherein the

car bagyl i ¢ aci @HeSréetionC wagl ebrfuchédRh W isfmaAak dnahne aRr C B3@n@sleor di ng to
claim1l1, wherein the precursor of
except that nickel sulfate hexahydrate was placed in the Muffle oven at room
temperature and then heated to 350°C and thereafter kept for 5 hours at the
temperature. Yield of methacrylic acid was 9% in terms of propionic acid and
40% in terms of formaldehyde contained in trioxane. |
20
Example 3
The reaction was conducted in a similar manner as in Example 2
except that the Muffle oven was heated to 300°C. Yield of methacrylic acid

was 11% in terms of propionic acid and 49% in terms of formaldehyde

25  contained in trioxane.

Example 4
The reaction was conducted in a similar manner as in Example 1
except that the Muffle oven was heated to 400°C. Yield of methacrylic acid

30 was 8% in terms of propionic acid and 37% in terms of formaldehyde
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Obtained material was molded and screened to a 12 to 24 mesh size. The
reaction was conducted in a similar manner as in Example 1 except that the
10  catalyst prepared from nickel sulfate and cobalt sulfate were used. Yield of
methacrylic acid was 7% in terms of propionic acid and 32% in terms of

formaldehyde contained in trioxane.

Example 6

15 30g of nickel sulfate hexahydrate, available from Nacalai Tesque, Inc.,
placed on an evaporating dish was put into a Muffle oven kept at 300°C and
maintained at the temperature for 5 hours. Obtained yellow solid was
molded and screened to a 12 to 24 mesh size. 5g of thus obtained molded
material were charged into a reactor made of SUS having a diameter of 3/4

20 inch. A vaporizing pipe was not provided at the upstream of the reactor. A
mixture solution of propionic acid, available from Kanto Kagaku, and
trioxane, available from Kanto Kagaku, prepared by dissolving 20g of
trioxane in 230g of propionic acid was fed into the reactor pipe heated at
300C at a flow amount of 0.2ml/min accompanied by nitrogen flow of

25  123ml/min. The pressure inside the reactor was kept at 2kg/cm?2, which
corresponds to 0.2MPa, by adjusting a back pressure regulating valve
provided at the downstream of the reactor. Reaction solution collected during
a period of 1 hour to 3 hour after initiation of feeding was analyzed by
gas-chromatography, which revealed that yield of methacrylic acid was 12%

30 in terms of propionic acid and 54% in terms of formaldehyde contained in
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Example 7 ‘

The reaction was conducted in a similar manner as in Example 6
except that nickel sulfate hexahydrate was put into a Muffle oven kept at
250C and maintained for 5 hours at 250°C. Yield of methacrylic acid was
12% in terms of propionic acid and 54% in terms of formaldehyde contained

in trioxane.

Example 8

30g of nickel sulfate hexahydrate, available from Nacalai Tesque, Inc.,
placed on an evaporating dish was put into a Muffle oven kept at 350C and
maintained at the temperature for 5 hours. Obtained yellow solid was
molded and screened to a 12 to 24 mesh size. 5g of thus obtained molded
material were charged into a reactor made of SUS and having a diameter of
3/4 inch. A vaporizing pipe was not provided at the upstream of the reactor. A
mixture solution of propionic acid, available from Kanto Kagaku, and
trioxane, available from Kanto Kagaku, prepared by dissolving 20g of
trioxane in 230g of propionic acid was fed into the reactor pipe heated at
330C at a flow amount of 0.2ml/min accompanied by nitrogen flow of
82ml/min. The pressure inside the reactor was kept at 2kg/cm2, which
corresponds to 0.2MPa, by adjusting a back pressure regulating valve
provided at the downstream of the reactor. Reaction solution collected during
a period of 1 hour to 3 hour after initiation of feeding was analyzed by
gas-chromatography, which revealed that yield of methacrylic acid was 8% in
terms of propionic acid and 35% in terms of formaldehyde contained in

trioxane.

Reference Example

12.1 g of niobium fluoride, available from Aldrich Company, Limited,

o| dE~_@
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under stirring for 1 hour at room temperature. White solid obtained by
evaporating water was calcined at 300°C for 4 hours and at 450C for 6

5 hours. Obtained white solid was molded and screened to a 12 to 24 mesh size.
5 g of the molded particles were charged into a reactor made of a SUS pipe
having a diameter of 3/4 inch, and cotton quartz was placed on top of the
charged catalyst to hold it and thereafter 40 g of quartz granules were filled
thereon. The vaporizing pipe provided at the upstream of the reactor was

10 filled with quartz granules.

A mixture solution of propionic acid, available from Kanto Kagaku,
and trioxane, available from Kanto Kagaku, prepared by dissolving 20g of
trioxane in 230g of propionic acid was fed into the vaporizing pipe and
reactor pipe heated at 300C at a flow amount of 0.1ml/min accompanied by

15 nitrogen flow of 82ml/min. The pressure inside the reactor was kept at
2kg/cm?, which corresponds to 0.2MPa, by adjusting a back pressure
regulating valve provided at the downstream of the reactor. Reaction
solution collected during a period of 2 hours to 4 hours after initiation of
feeding was analyzed by gas-chromatography, which revealed that yield of

20 methacrylic acid was 6% in terms of propionic acid and 27% in terms of

formaldehyde contained in trioxane.
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wherein R represents a hydrogen atom, an alkyl group, an aryl

group, an aralkyl group, an alkenyl group or an alkynyl group,

which comprises reacting a carboxylic acid of formula (2):

H H

R H

O ()

10 wherein R represents the same as defined above, with formaldehyde
or a precursor thereto in the presence of a sulfate of nickel, cobalt,
iron, aluminum, copper, chromium, manganese, zirconium, zinc,

silver, palladium , indium, or vanadyl, or mixtures thereof.

2. A process according to claim 1, wherein the sulfate is nickel sulfate,
15 cobalt sulfate, aluminum sulfate, iron sulfate, or vanadyl sulfate.

3. A process according to claim 1, wherein the sulfate is nickel sulfate.

4. A process according to claim 1, wherein the carboxylic acid is acetic

acid or propionic acid.
5. A process according to claim 1, wherein the precursor of

20 formaldehyde is trioxane.



