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DESCRI PTI ON METHOD FOR PRODUCI NG a, 3- UNSATURATED
CARBOXYLI C ACID 5 TECHNI CAL FI ELD The present
invention relates to a nethod for producing an

a, 3-unsaturated carboxylic acid by oxidation of an
olefin or an a, (3-unsaturated al dehyde wth nol ecul ar
oxygen in liquid phase in the presence of a catal yst
containing at |east pal DESCRIPTIONBACKGROUND ART

Met hods for producing an a, p-unsaturated carboxylic
acid by oxidation of an olefin or an a,p-unsaturated
al dehyde wi th nol ecul ar oxygen in i uidjfhase in the
or METHORFOR ERQDYSINGanbAINSATURATRE GARBANAHIGACID
have 15 been proposed in various docunents such as
Patent Docunents 1 to 3. These nethods are

gh?gaghﬁ;gtzﬁtrjalt gdt hglt ﬁb‘gbﬁénﬁéhsged with m): ecul ar
oxy9en e Bl Gy A0S e B o
ffuREBGRITerSoigIE el BPokRENch 8t ahiottFor 57 utPpeted

S ANt D gt b faeghtiss R Mg Bl pprice HEERAGet
cOhiatAi HR@&E%W[O\I PROBLEM TO BE SOLVED BY THE

I NVENTT ON 25 wever, when the present inventors

produced an a, p-unsaturated carboxylic acid from an

olefin or an a, 3-unsaturated al dehyde according to the

nmet hods described i n BAGKEROUND RETent Docunents 1 to

3, it was found that 1 by-products such as various

pol yrrer Mednerdsior poeducing\an e, frundatizatedrcarboxdic auid byt

in addition to the by-products described in Patent _
oxidatiaaef anplefin or an pyB-pasatirated aldehyde with malecularcexygen in
.pal yrI[lers _arwl ol i %orrer were not captured, )
Ilgmd phase in the presence of a catalyst containhing at least palfadium have
been proposed in various documents such as Patent Documents 1 to 3.
These methods are characterized in that an olefin or an a,p-unsaturated
aldehyde is oxidized with molecular oxygen in liquid phase, using a palladium
catalyst prepared in various methods.
Patent Document 1: International Publication Pamphlet No. WO 02/083,299 A1,
Patent Document 2: Japanese Patent Application Laid-Open No. 60-155,148.

Patent Document 3: Japanese Patent Application Laid-Open No. 60-139,341.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
However, when the present inventors produced an o,f-unsaturated
carboxylic acid from an olefin or an a,f-unsaturated aldehyde according to the

methods described in Examples of Patent Documents 1 to 3, it was found that
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and hence the actual selectivities to the a,
3-unsaturated carboxylic acid in view 5 of these

by- products were found to be | ower than those

descri bed In Exanples of Patent Docunents 1 to 3. In
Pat ent Docunent 2, a nethod was further disclosed in
which the reaction was carried out in the presence of
biyrpreduetsisueh dswerltuspalyrmershard olignrmpgtsawvere produced in large
hydoxyt ol uene and

amaunt i atditiondo the by-predusts described inuPglephBoclimeants 1ao 3.
the reaction system and in this case, it was
IriPatenti2ecuments e & dhese polymers andradigomers weramot saptured,

carboxyl.jc acic; s . nproved. However, it was found =
apag{eqcﬁethe actal sglectiviges 10,the af-unsatugated carboxylic acid in view

T —
of BRfroh@Mes tele (he Vi i d of “the & p-unsaturat ed
car boxy||¢ ﬁat&ﬁc%dt&éﬁﬁsz, 'g%fh%ﬁ' w:%J %?@éélé’ﬁ% Pwhich the

met hods 'f or produci ng a; 3-unsatur oXYy
651 88 S ot £ s eRE ARl P rARES 1

boggatedefidoRtoludnd andip, 20méR}leAb-bid@-MeRHRBLeHDBIRPheRol) in

to provide a nethod for 20 producihg an

thee reactiontsystnecarchinotbieytdse, #ovab desdribeidahayihe sbieddvitiio the
FOR SOLVI NG PROBLEM The present invention resides in a
onfuheaturatedcavbioilio @cikhwas irpravesht Howedbrcibwasxplnd that the
aci d by oxidation of an olefin or an a, p-unsaturated
regctigndeeipdn olefin omanex fitunsatingteshaldahyde)ta an phsasaturated
the presence of a catalyst containing at |east i
caehaxylic arid waR eensidatabhsinbibitedansbinereastien petivityds lowered, in
th i sti f p-net h I
sgm% r%f:ﬂgﬁ ,cgﬁ i?ilg%,;%%bﬁ?m%eﬂn\%a)ﬁhgléy& tﬁg %,,ﬁ-unsaturated carboxylic
-tris(p-hydrooxyphenyl) ethane, conpounds having an
aﬁd)‘yﬁé? %l? *in the nolecule and conpounds havi ng an

(l;l;gi)(it St g:?ﬁ:ltn_sgéﬁé@%@:let %%t%eﬁﬁb%qsqﬁ&ﬁﬁgnséﬁm%d carboxylic
acids described in Patent Documents 1 to 3 were not sufficient yet and a
method with higher yield has been desired.

It is an object of the present invention to provide a method for

producing an a,f-unsaturated carboxylic acid with high yield.

MEANS FOR SOLVING PROBLEM
The present invention resides in a method for producing an
a,B-unsaturated carboxylic acid by oxidation of an olefin or an a,p-unsaturated
aldehyde with molecular oxygen in liquid phase in the presence of a catalyst
containing at least palladium, wherein at least one compound selected from the

group consisting of p-methoxyphenol, 4,4'-dihydroxytetraphenylmethane,
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According to the present invention, an
a, 13-unsaturated carboxylic acid can be produced in
hi gh yi el d when produced by oxidation of an olefin or
an a, (3-unsaturated al dehyde with nol ecul ar oxygen in
liquid phase in the presence of a catalyst containing
at |l east palladium 10 BEST MODE FOR CARRYI NG QUT. THE
1 |1W$@tbmydfbwp1writypétrfane pompuahdg having. sm NRsed grc&tpemh the
carboxylic acid of the present invention is a nethod
makecyle @atdcompaumds, having an IN-aitdytgroipx ithe realecule iy caused
oxidation of an olefin or an a,|-unsaturated al dehyde
tawbe lgommistarl ar oxygen 15 in liquid phase in the
presence of a catal yst containing at |east palladi um
wherein at | east one conpound sel ected fromthe group

ol e Eﬁﬁéf%ﬁ?ﬁkﬂw@mm

o PR R S GARE R  ypee
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 east palladi um however, It may contain an el enent

ot her than palladium 25 The kind of the el enent other
than palladiumis not particularly limted, and it

may i ncl (BESPIMODEIROR CARRYING QUETHEWNVENTIQK)

gold, lead, thallium mercury, carbon, or the |ike.

Pal | adi Theinsetbodtfar preducimgtareafaunsatarated catbioxylia asidasf the
a 3 supported type catalyst which will be nentioned
pregent jnvemtion is:amsethnd feprodusingant ef-unsatutated |cert;oxyllc acid
preferably with the anmobunt of 25 % by mass_ or

rrvéﬂd,aénow gfan @lafin Beap ebuhsaturatad @Qghygqgwnbynolecular oxygen

al | ad d t.h, a reduci ent
@&iﬁ@egﬂweﬁwsa{% S vl bontaining dtfieast piladii
w{?WOd Utndt oA S und e SR8 M th& Grotl i sty &

p-methoxyphenol, 4,4’-dihydroxytetraphenylmethane,

1,1,1-tris(p-hydroxyphenyl)ethane, compounds having an N-oxyl group in the
molecule and compounds having an N-nitrosyl group in the molecule is caused
to be coexistent.

Hereinafter, the method for producing an o,f-unsaturated carboxylic
acid of the present invention will be explained in detail.

The catalyst to be used in the present invention necessarily contains
at least palladium, however, it may contain an element other than palladium.
The kind of the element other than palladium is not particularly limited, and it
may include platinum, rhodium, ruthenium, iridium, gold, lead, thallium, mercury,

carbon, or the like. Palladium is contained in the catalyst (in the case of a
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pal | adium the nmethod for producing the catalyst is
not particularly limted, and for exanple, a nethod
of reducing the conpound which contains the el enent

ot her than palladiumby causing it to coexist with the
pal | adi um conpound, or a nethod of reducing the
conpound which contains the el enent other than 10

sppbored typetoatalystivhizhi will be meatibréd téh tHis hidans the portion
pal | adi um prepared by previously contacting the

epegptatie warrrjrpreferhbly Withahe edwuim of 2§24 thyoaasber med.
The pal | adi um conpound is not particularly limted,
and pal Theicatalystidasr belproduset atdir examyileldy ganthetifigian
acetate, palladiumnitrate, palladiumsulfate,

ppbadiden eampewrthwith a-fadvicingeagentite seduse thet palladivrn gompound.

119 Sane oA RIPHOGINGG CAtAlS! Ines CoBtRILaR SlRTen! Ghetinvey

oIS B athodL ot prafudie %, cSTREolRanvTR D EHe. and
forap Rt RS Mo ok fes IR i seffBo i WRRTEcons =GRS sliinent

off At pad B ol 135 chBRek Wil 68 Bl fomPbiing, or 2
TR AR o or AP iR K 1@ bkpligitcther thar

paktadiu éﬁ%iﬁﬂqth@ @obgist #RthMétal pailddiém Fl?ébbﬁgi %V;Ereviously

conmpound w th e reduci ng agent, condition o
cphtaetingthd Eﬂllﬁdﬂumrﬂmﬁ;@oumywm@ adediting St cdh e Wied. he

state of the reducing agent, or both of 25 the
condi t i he palladiant esmpoynd is hotcparticylbeyg énvted, and gpaHadium
hase may jointly be adopted. The catalyst is
cgbﬂﬂer adlqcfitanmmmrpadiadm atetate,ipalladiunh nitrate, palladium sulfate,
cat al yst -conposi ng el enents including at |east ]
pabadivin @mmwrwbgmdee@atbadlum tetraamiminercosnplex, pajladium
i ncrease the surface area of the catal yst-conposing
agpiaceianate compiex. palladiurmalipy, ar $irelike 6an be used.  A'catalyst
catal yst-c ing.elenents, andlor in order to
i on WhichdPaifaIBAIURL Combofind is Syprarted.af iaRregnated can
Y the catalyst 5 is not necessarily the
a?%%)ﬁ%%% one, and it may be the one that is nerely
The reducing agent is not particularly fimited, and hydrogen,
hydrazine, formaldehyde, ethanol, sodium borohydride, a compound having
double bond, or the like can be used. The compounds having double bond
includes propylene, isobutylene, allyl alcohol, methallyl alcohol, acrolein,
methacrolein, acrylic acid, methacrylic acid. As the method for contacting the
palladium compound with the reducing agent, condition of gas phase or liquid
phase may be adopted depending on the state of the reducing agent, or both of
the conditions of contacting in liquid phase and in gas phase may jointly be
adopted.

The catalyst is preferably a supported catalyst in which
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conposed of catal yst-conposing el enents including at
| east palladium As the carrier, activated carbon,
carbon bl ack, silica, alum na, magnesia, calcia,
titania, zirconia, or the Iike can be used. \Wen the
carrier is used, the palladiumloading ratio of the
supported 10 catalyst is preferably 0.1 % by mass or
CHEHEstioaMpusirelenesntd ficliding tat ishss PEMHiUﬂﬁare sUpported on a
preferably 0.5 % by mass or nore, turthernore
carriefrén abder to iftregsetiss surfacerarea ofthe catdlystetamposing iefegments
ratio is preferably 30 % by mass or less to the
te realizerthe digh dispersien efdhexatalyst-caomposingfelerabnis, 28dfr in
ogy mass or |ess, furthernore preferably 15 % by nass

en tepontrobtherreidigaibasic sies afdha catalyate d Howtayies the catalyst
served to the reaction. The nmethod of activation is

isg¢t praesselily dhe pupppited aneqnnd itapay be the cRedbatiarmerely

A anf T TR RS .
oA bl p RSB Yiho GBI F oS! 2l Sranie,
Zﬁcéﬁ-ané%lérl eéjcmc@% B?é&l ic acid is produced by

oxidation” of an olefirn or an a, 3-unsaturated al dehyde

W th moad fe QAHEER A.iééd', ggegsadﬁmﬁﬁsadiﬁg Tl ofitHe sported

of an a, ] 3-unsaturated car Ic acid ma e carrie

catdlydt¥s praferibly 0ff B PS8 WP Role/BhBR&dr KuTor isupported,
batch type operation,” 25 however, a continuous type
negrerprbierably ©.5 PEbghiass dympres fferiadintorepréferabgf1 ¢8y mass or
productivity. The raw ol efins include propyl ene,
marebuThieqatiadmnlozding mtie. is pbeféraibiyg 3096 by maep vl s to the
and i sobutyl ene are suitable. The raw
carries -heferstilissaupportied cmpiie preéfarablyl 80 26 byl reass or less,
net hacr ol ei n, crotonal dehyde (43-nmethyl acrol ein),
furthaiese peefetrbly 1 8-%Myrpase polessn) . Anong t hem
acr ol eig_ and net hacrolein are suitable. The raw .
ol efi n ohetRealysnay be-astivatedrhalate it isseneg e thareaction.

t aj [ ], t of., t ted hyd b
T&%Sp%{h%gaofsa%vatlgnnﬁur{]ot p%rtlc%lgrﬂ( ll:Jnrwl eg, anc}/ varlr?cg:uasr m%ﬂ'uods can be

used. Heating in the hydrogen flow under reducing atmosphere is ordinarily
used as the method of activation.

in the presence of the catalyst containing at least palladium as
mentioned above, an a,f-unsaturated carboxylic acid is produced by oxidation
of an olefin or an a,B-unsaturated aldehyde with molecular oxygen in fiquid
phase.

The production of an a,p-unsaturated carboxylic acid may be catried
out by any one of a continuous type operation and a batch type operation,
however, a continuous type operation is industrially preferable in view of the
productivity.

The raw olefins include propylene, isobutylene, and 2-butene.
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| ower saturated al dehyde as inpurities. The

a, 43-unsat urated carboxylic acid to be produced is, in
the case that the raw material is an olefin, the one
havi ng the sanme carbon skeleton as the olefin has,
and, in the case that the raw material is an

a, 43-unsaturated 10 al dehyde, the one in which the

A@h@iﬁjlmé?n,%r@p?leha drithiseb(itglemesarelEuaB, 2l TRy has

changed Into the carboxyl "group. As the reaction

ospunsaturatedizddetseldsiinclutde gerslding mathacroldihecrotonaldehyde

a, 43-unsat urat ed carboxylic acid, for exanple, it is
(nedtbylabtotein) cinraraaldebyde (Rphenglacmoieinyl sAneogdtem; aorolein
the group consisting of tertiary butanol,
anddnetheageniein are suitabieond herrewngiefie onihe faw oxf-unsatungted

I sobutyl ketone, acetic acid, propionic acid,
ajdefydermay gentain a smallarpeuet efa saturated hydrecasbor and/or a

i so-val eri id, ethyl acetate, nethyl propionate,
IgyeerSaturat ﬁ@ﬁ’@%gﬁésdﬁ'@uf'ﬁﬁﬁrene. Among them at | east

70, PSRN 45 A RS, B o
o SRR S B0 e AN pgon
o e i and e 40 4 AT

afiehydeNét aHeirBlnichane ayadh oggibdp iimt%;&,?a?ﬁéaﬁﬁltdté(& BMehyde

The "anpbunt of water to be stent |

haschafgedinty the Bht I?lmpver, it is preferably 2 % by
mass or nore to the total nass of the organic sol vent

and wat & thepeactionedatveritity be Usdahinrthe produdtionef tAS
This amount is preferably 70 % by nass or |ess, nore

ogfi-eheatupdied 3Aarboxyjic @eid; foexdrapls, it i preferable  vfe ahleast one
organi ¢ solvent and water is preferably honogeneous,

campeuat selegieg from e groogaessisting ®f tertiancbutanab gy¢lohexanol,
produci n% an a, f3-unsaturated carboxylic acid of the

agetonen methyl étbyldigtone, methyhisebutvhkeidngs agetic agldy prapionic acid,
R B RerOHty T 26K BrvRjericRS i iR A fLacetate
ety irobleBtl HExERE Sl o i o dibeng RmcadRast
ol Hohigbid $HIMBa 1drh Bfe GRILP Mrkidting 8%y butanol, methy)
isobutyl ketone, acetic acid, propionic acid, n-butyric acid, iso-butyric acid,
n-valeric acid and iso-valeric acid is more preferable. Further, causing water to
coexist with the organic solvent is preferable to produce the «,B-unsaturated
carboxylic acid in high selectivity. The amount of water to be coexistent is not
particularly limited, however, it is preferably 2 % by mass or more to the total
mass of the organic solvent and water, more preferably 5 % by mass or more.
This amount is preferably 70 % by mass or less, more preferably 50 % by mass
orless. The mixture of the organic solvent and water is preferably

homogeneous, however it may be heterogeneous.



10

15

20

25

to be coexistent. The yield of producing an

a, 13-unsaturated carboxylic acid froman olefin or an
a, 3-unsat urat ed al dehyde can be increased by causing
the conpound to coexist. The conpound is supposed not
only to have the function that it effectively
suppress the polynerization of the a, p-unsaturated 10

car boxylr theanethdy fod pesdliong aflosp-ureattraidedarbekylic acid of the
i nprove the activity of the reaction fromthe olefin

present nventiGn uib simportad teatd ihyalt dne ¢dmpound selected from the
a, p-unsaturated carboxylic acid. The conpound to be
geauxeonsistingwi prmethoxypheings; 14,4 'sdipydroxytetiaphaenylimathane,

one conpound selected fromthe group consisting of

1L indtis(pxyshenmhenybethane, gompeubds hevingmare Myoxid greumin the
and %oggounds hall'\a' g an N-oxyl group in the nolecul e,
maieeulp ABpompaHTEls sing AR Nrpiteasyhgrsupdn tae mpiopue s caused

S T S
ko ?’L%II@W S URABEEY AT G Ringreagnd by causing the
oA ESAFTIRE, BEOBATAMREA NG o
BT RS ot EOTRMARl o D
cartRRylicladia-progused bdbalso to maintain or improve the activity of the

4- acetyl oxy-2, 2,6, 6-tetranet hyl pi peridi ne-N-oxyl,
readtienZrom they olfin, & the togg-unsatursicol aldehyle®r thex BLunsaturated

4- met hoxy-2, 2, 6, 6-tetranethyl piperidine-N oxyl,
carboixylickgeid, 2, 6, 6- t et ranet hyl pi peri di ne-N-oxyl, 2, 2,

6, 6-tetranethyl-4-piperidone-N-oxyl,

3- car baibg icomppundlothe: ceaxistam with the catalys is\preterably at least

Among them 4-hydroxy-2, 2, 6,
oge ceirawedifalestad fiom gragipygonsisting of p-methoxyphenol,

4-acetyl am no-2, 2, 6, 6-tetranet hyl Bigeri di ne- N-oxyl or |
4,4’-dihydroxytetraphenylmethane an com\t/Jo nds having an N-oXyl group in
the molecule, more preferably either one or both of p-methoxyphenol and
4,4'-dihydroxytetraphenyimethane.

The compounds having an N-oxyl group in the molecule include
2,2,6,6-tetramethylpiperidine-N-oxyl,
4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl,
4-acetylamino-2,2,6,6-tetramethylpiperidine-N-oxyl,
4-benzoylamino-2,2,6,6-tetramethylpiperidine-N-oxyl,
4-propionylamino-2,2,6,6-tetramethylpiperidine-N-oxyl,
4-butyrylamino-2,2,6,6-tetramethylpiperidine-N-oxyl,
4-acetyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl, _
4-benzoyloxy-2,2,6,6-tetramethylpiperidine-N-oxyl,

4-methoxy-2,2,6,6-tetramethylpiperidine-N-oxyl,
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4- acetyl oxy-2, 2,6, 6-tetramet hyl pi peridi ne-N-oxyl is
preferable. Further, the conpounds having an
N-nitrosyl group in the nolecule include

N- ni t rosophenyl am ne, N-nitrosodi phenyl am ne,

N- ni t roso- cycl ohexyl hydr oxyl am ne,

N-ni trosophenyl hydroxyl am ne and salts of 10 these -
4eathpryH2d2, 6, 6Atetragnethgipiperidindg-Neexyd) phenyl am ne or

N- ni t rosophenyl hydr oxyl am ne amonium salt is
22, 6réetedianeethykée-piariioneeNreyhani sm about why the
a, (3-unsaturated carboxylic acid can be produced in
3rayhamioyl-a, 45, 5ctetremeghylinyselidinesNumgt  tAmoogithem,i s
nc|l ear . however, it is presunmed that these conpounds

4r‘?@e&-3.a.ﬁ@-@éna@r&thw tperidine-Noothe a, (3- unsat ur at ed

R B AR
AT B Lo S8 e oo
7 42 e e ORI Bt Moo
AR S SR NSRBI L1 L1 |

I\aﬁmeb-dyt:ldmym&dﬁdwfa@niﬁ@mw&%obﬁ%ryn%oﬁégh?mtir%egﬁg salts of

part by nmass of nofe to 100 parts SS 0

el compounds rAamong 3hemsRtriratediphehgamitsor nor e
preferably 0.005 part by mass or nore, because the

Nehitrestpbénylhydroggamige ahemgniehdsalsistpreferabisti nent as

t he amount of use increases in the 25 regi on where the
amount dhewstailes! meahanisimabdutiwhy thetdyf-unsgituratedheanrboxylic
the amount of use is large, it is hard to realize the
agidr ean be praduceddn hight yielsby gausieg these compounds tmeoenist is
t he anmount of, use, and hence fromthe econonical point

upelear, nowgver.jkispregwnedithakibiese copirosngsiincreapea the seigctivity
e unied caran a8 B Smeersinathe Rdwetive oY

of prBysh waVBEIne FRE 5 e ibaliohiBIRE which taBlivt tree
r%%%% é@%’%gﬁgg g?)}f&(gh@l’ﬂ%@h@ftﬁ%t{ M@Fgé 174 th8intdraction
oPtHESB dERRR AU PRI atBFGRHIRR is the main component of the

catalyst causes the reaction activity to increase to obtain the o, f-unsaturated

carboxylic acid in high yield.

The amount of use of these compounds is preferably 0.001 part by
mass or more to 100 parts by mass of the raw olefin or the raw o,f-unsaturated
aldehyde, more preferably 0.005 part by mass or more, because the effect of
increasing the yield is more prominent as the amount of use increases in the
region where the amount of use is small. Further, in the region where the
amount of use is large, it is hard to realize the effect of further increasing the

yield by increasing the amount of use, and hence from the economical point of
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by using the other conpounds additionally, there is a
case of an occurrence of the inproved effect that the
production of polynerized by-products is nore
suppressed in conparison with the case of using only

t he above-nenti oned conpounds. 10 The ot her conpounds
whi ch can be used together with the above-nentioned

vewibe edsountaf use is poefernbiy Srpartsthyt mass @ less, more preferably 1
hydr oxyt ol uenes such as 2, 6-di-t-butyl-p-cresol;

pai Byumass o dess. ndgl hesepcamplourdsctarabe usbd mivrie ezinreombination
and am ne-cont ai ni ng conpounds such as

ofiphirakkindsidepenging o the-qamepasitioneof thei reactiassalvent.  Further, it

.concentration of the olefin or the a,j-unsaturated

I$;PagHiade useither sompaundsy arlopaiasithese campowads dornats

SRS Fohe S ek S s ocauso
oo A EoRRBBERLS 2 e 3t Bl o
YOS A0 by RGBSRk P2y mor

apprd ' I e
SOpbrecped 10 EOM SAkon YA oasBUI 5/ 15 gofyShidoneo
comrpoupdsy, a nmxed gas in which air or pure oxygen is

diluted with nitrogen, carbon dioxide, water vapor,

or the Theeteancerhpourids whkf. catbbd NSe@ BYEtheOith the

nol ecul ar oxygen is preferably 0.1 nole or nore to 1
above-mgntionedraompoweridsrinoludethydrequinorse; unahtedhwitoxytoluenes
al dehyde, nore preferably 0.3 npole or nore an

SHeh B8R & Grgi-EbphykPecraboly solfdr-cantaining campourdesactoast i s

g Rr ferably 20 nole or |ess, nore preferably 15 nole

PHe @@ﬁ%@ﬂdﬁmmmtamm eprapaungs sachese or | ess.

O di narily, the catalyst is used in a suspended state
N'W“?’R@N' rPBK-PA anyﬁneﬂ@moef, it my be used in a

(1 xed, D28 cHREo TR abbe s be o Prdrrlbiiba ionyce
witdhSi5'tRE rd h&@rial of the reaction is preferably 0.1 % by mass or more to
the solvent existing in the reactor, more preferably 0.5% by mass or more.

This concentration is preferably 30 % by mass or less, more preferably 20 % by
mass or less,

As the source of molecular oxygen to be used in the production of
the a,B-unsaturated carboxylic acid, air is economical, however, pure oxygen or
a mixed gas of pure oxygen and air can be used, and if necessary, a mixed gas
in which air or pure oxygen is diluted with nitrogen, carbon dioxide, water vapor,
or the like can also be used.

The amount of molecular oxygen is preferably 0.1 mole or more to 1
mole of the raw olefin or the raw a,p-unsaturated aldehyde, more preferably 0.3

mole or more and furthermore preferably 0.5 mole or more. The amount is



10

15

20

25

reactor, nore preferably 0.5 % by mass or nore and
furthernore preferably 1 % by mass or nore. This
anmount of use is preferably 30 % by nass or less to

the solution existing in the reactor, nore preferably
20 % by mass or less and furthernore preferably 15 %
by mass or less. 10 The reaction tenperature and the
pr@‘atﬁthly)ao melexariess meorer preterably temeds orlleds mradiurthermore
the solvent and the raw materials for the reaction to
praferabdy 40 mole ardess.i on tenperature is preferably 30 C
or nore,_ nore preferabli/F 50 C or nore. This

terrperag'ﬁ"@aﬂbﬁ ¢alplyst is uaml io asuspended aiate in the reaction
VBB G5 53, B S TR AL BB or e
B b0 0T 4 A BT HRBE R o' e
R YK M i GaFemF e %
oS s TR S s e
t@@dl’@ﬁ@ﬁ? exiBaME iethe Fe'&%td?r grebe&WEO% P‘g)%nalﬁn of |ess and

limted to these Exanpl es. term™part

frtHdroore préfepdtiy @6 B0y lﬁﬁ&@@l‘@s’sVe Exanpl es neans
part(s) by nmass, and analysis of the raw materials and

the 25The veaction teeperatre iaad thereactiongpressure are properly
chr omat ogr aphy. Wen i sobutyl ene was used as the raw
selected depencimy ondhe solyent asdtha rdve neatedals dot thei regctien to be
nethacroleln to be produced, selectivity to and yield
. 1bhergattiontempesatume tSopr@éerpbbrca&%@ ofimeoréefriane greferably

. Capversion of isobutylene = (B/A) x 100;
éep&rtm?ﬁ wy Hhs MHs@%ﬂeelﬁ pretgyably @3}333 qr legs; more preferably

5Bl S ol e b Her e
4@@%&@%@@ ggb%ﬁgfigp éﬁg’r?nptréssr[?re is expresse8 in gauge pressure),
more preferably 0.5 MPa or more. This pressure is preferably 10 MPa or less,

more preferably 5 MPa or less.

EXAMPLES

Hereinafter, the present invention will be more concretely explained
with reference to Examples and Comparative Examples, however, the present
invention is not limited to these Examples.

The term “part(s)” in the following Examples and Comparative
Examples means part(s) by mass, and analysis of the raw materials and the
products were carried out using gas chromatography.

When isobutylene was used as the raw material, conversion of

isobutylene, selectivity to methacrolein to be produced, selectivity to and yield of

10
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B represents nol e nunber of isobutylene reacted, C
represents nole nunber of nethacrolein produced and D
represents nole nunber of nethacrylic acid produced.
10 Further, when nethacrolein was used as the raw
material, conversion of nethacrolein, selectivity to
and yield of nethacrylic acid to be produced are

misthaostic agid © be@ prodUced\wre siefine@fasTBidwsr ol ein (% =
(F/E) x 100; Selectivity to nethacrylic acid (% =
(@ F) xChpersion of isobMitydénk (%) net ha¢BA)ixc1esj d (%) =
(GE) x 100. In these fornulae, E represents nole
nunber &elentivityio oethacrolaip¥e) ed, £ (CARNed00fs nol e
nunber of methacrolein reacted and G represents nole
nunber &eleativityto meatbacnyliclapidddelc ed (D)a2nH08; and0
(Cataly reparation) To an autocl ave equi pped with a
stirri n%ﬁﬂgé’(ﬁg}e@@w&? asidofelacet i c=dBVM) x 190parts of

o scol vbthese BAH e ABPIRSSals Bolf FHgber f“»f{séeix%  Supplied,
B APIESTHS LG ol ich B 3 dRnG oo retediis imdle,pumber of
Aol Fidd ekl Pl Prestits S Rulibel bt Fitnbti gl

tSHRlgdl | ons per minute and gas-phase portion of the
paut ocl ave was replaced by nitrogen and 0.6 MPa of

propyl erFanBias witksn ethdoleftiwas Lisod RsanaE9aHk J‘ﬂatetr%
at C

resultant systemwas heated to 70 C, stirre

cbaversiomefunethadraibin, stleetiwastosamppiell andetiiriltSddidto be
was cooled to roomtenperature and the autoclave was

pogriuced aredidfinedrasofotlows: | i qui d cont ai ning precipitate
was taken out and the precipitate was filtrated from
t he r eaConvardion of thedhabrolein {(%pgen=FFE)owm @xd washed
with hot water. The precipitate thus obtained was
dried SelEgivighto methaayic asiddpe)ni+ (G« 10Qvand
obtain ctivated carbon-supported

el of methacryiic acid (%) PP ' £%a/E) x 100.

In these formulae, E represents mole number of methacrolein
supplied, F represents mole number of methacrolein reacted and G represents
mole number of methacrylic acid produced.

Example 1
{Catalyst preparation)

To an autoclave equipped with a stirring blade, 51 parts of acetic acid,
9 parts of water and 1.1 parts of palladium acetate were fed and dissolved
under heating at 80 °C while stirred, and the resultant system was cooled to 10
°C, and 5.0 parts of an activated carbon (specifié surface area; 840 m?/g) as a
carrier was added to it and the autoclave was shut tight. Stirring was started at

S00 revolutions per minute and gas-phase portion of the autoclave was

| replaced by nitrogen and 0.6 MPa of propylene gas was introduced.

11
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pal | adi um catal yst. Pall adium | oading ratio of the

catal yst was 10 % by mass. (Evaluation of reaction)

To an autocl ave equi pped with a stirring blade, 75

parts of acetone 10 and 25 parts of water were fed as

a reaction solvent and 5.5 parts of the activated

car bon-supported pal |l adium cat al yst obt ai ned by
Sabseguendly; thenrbultant Sisterarwadhoatepaot7m0TC, stirred at 70 °C for 1
p- met hoxyphenol were added and the autoclave was shut
hougand stiuingewas stappedeand thiessysterowasocoaléd tdeoom temperature
aut ocl ave was replaced by nitrogen and 6.5 parts of

and dne autaclaveowas pipenedaad thatreaetinrelinuid containing precipitate was

15 systemwas stirred at 1,000 revol utions per mnute.
taien %&Mhﬁd)rgglp@te\meﬁ filtkated frem thegeration ﬁﬂulsinsu:l,er nitrogen

1w antiivesizd S5 Tiavlen; i Sirch d“ﬁuﬁgﬁt&“‘ﬁgbﬂéﬁé,ﬂé'ﬁ@

oy it 89St wHBoe HPHBIOEREN AdiaS Pabip-supported
. . C [ o

PRRGGITRARNEE, FrleEthoadila fricolYhe' GHabefles dp by mess.

(E\Fﬁuéﬁﬂrpsf :%‘é%tiéﬁ)d the gas outl et was opened and the

energing gas was collected while the internal
pressur o @h dmsclaea@hglrpp\eﬂsmwh%ﬁﬁrmb blﬁae,f 75 %ﬁﬁ%'g?'&cetone

liquid containing catalyst was taken out fromt

and 2eqartscofondter Were ded ak sieaotion soRehthed 5/8 phrts of the
menbrane filter (pore dianeter; 0.5 m and only 25 the

actveded carborgsipported paltzaiemadialy$tobtaineddyeaboveamientioned
liquid and the sanpled gas were anal yzed by gas

meiinecand 4.0 part ofp-mstheaphencl were addedand the afitoclave was
i sobutylene of 77.3 % the selectivity 12 to

shil tightr oBubse@dently, gagiphape podiarcef thetauteedave wasoeplaced by
acid of 26.1 %and the vyield of methacrylic acid o

BOUEnATIR S Rt P TiaueTes SR EYIane asaredupest e fanst the
i i AR ol o . o
tff R YRR TRt 3ir wAYIRHERUEE into the rutoslave 1o e Intaenal

pt¥BulESHS 2 MPa.  Oxidation reaction of isobutylene was carried out for 60

minutes under this state.

After the reaction was finished, the inside of the autoclave was
cooled to 10 °C by ice bath. A gas-sampling bag was attached to the gas
outlet of the autoclave and the gas outlet was opened and the emerging gas
was collected while the internal pressure of the reactor was released. The
reaction liquid containing catalyst was taken out from the autoclave and the
catalyst was separated with membrane filter (pore diameter; 0.5 um) and only
the reaction liquid was recovered. The recovered reaction liquid and the
sampled gas were analyzed by gas chromatography.

As the result, the conversion of isobutylene of 77.3 %, the selectivity

12
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the conversion of isobutylene of 75.8 % the
selectivity to nethacrolein of 46.0 % the selectivity
to methacrylic acid of 20.2 % and the yield of
methacrylic acid of 15.3 % were obtained. 10 Exanpl e
3 The sane procedure of the catal yst preparati on and
the evaluation of reaction as in Exanple 1 was

16 Rieth&stoli of X80P, iHtselB B)ﬁi@lhﬁegslic ofB6A%%ANd the
to 4,4'-di hydroxytetraphenyl met hane. the result,

yieheof mrevsdciyiinacitl of 20aped weps6bRiined- 1 % the o
selectivity to nethacrolein of 48.8 % the selectivity

Exampte get hacrylic acid of 22.4 % and the yield of
met hacrylic acid of 17.3 % were obtained. Conparative
Exanpl eThe Bame pracedure etiihveccatélystprepatationsand the evaluation of
preparation and the evaluation of reaction as in

reaclinplas in Examplert was caniedadiegceph that p-methwsppeonbivas
was 20 changed to h drogui none. As the result, the
CBERIR ' SO IRDRI A S AdCBAm Sy BIPoHGIRN SR b o tAS hg result
e o ! FRhUBIBRE 2578 8 3%a e SHBCHYIH 19 Tppthacrolein o
B o e seler b iednpfitadb P ehe Boing pEVeR & mefhacryii
a@ge&a‘:@é '?gulqu%bwﬁe&val uation of 25 reaction as in
anplé

was carri ed out except that p-nethoxyphenol

g added. As the result, the conversion of
Ely&go%utyl ene of 77.8 % the selectivity to

et hacr phgisantd pzeliufé of the RAIgst préphdation a4 hacgvdlistion of
acid of 9.1 %and the yield 13 of nethacrylic acid of

reactioboassinErxahhplencdas capiddodt drpe tieitpPmeti®gphehbbwas
Selectivity Yield Additives of to to of isobutylene

changexdt tood & -dihyerdatetydphenyimethaneh agvsithe cesult, dhé coAvérsion of
islgg)utyigrﬁg 2)f 77.1 %, the selectivity to methacrolein of 48.8 %, the selectivity to
methacrylic acid of 22.4 % and the yield of methacrylic acid of 17.3 % were
obtained.
Comparative Example 1

The same procedure of the catalyst preparation and the evaluation of
reaction as in Example 1 was carried out except that p-methoxyphenol was
changed to hydroquinone. As the result, the conversion of isobutylene of
42.8 %, the selectivity to methacrolein of 66.1 %, the selectivity to methacrylic
acid of 16.3 % and the yield of methacrylic acid of 7.0 % were obtained.
Comparative Example 2

The same procedure of the catalyst preparation and the evaluation of
reaction as in Example 1 was carried out except that p-methoxyphenol was not

added. As the result, the conversion of isobutylene of 77.8 %, the selectivity to

methacrolein of 23.6 %, the selectivity to methacrylic acid of 9.1 % and the yield

13
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Ex. p-nmethoxyphenol 77.3 42.0 26.1 20.2 Ex.2
4-acetylamno-2,2,6,6- 75.8 46.0 20.2 15.3
tetrarriethyipi perldi ne-N oxyl EX.3

4, 4" -di hydr oxyt et raphenyl net hane 77.1 48.8 22.4 17.3
Conp. hydroqui none 42.8 66.1 16.3 7.0 Ex.1 Conp. none
77.8 23.6 9.1 7.1 Ex. 2 Exanple 4 To an autocl ave

ok methaerglioatid of 71 % weng obkaided. 75 parts of acetic
acid 5 and 25 parts of water were fed as a reaction
Teblevent and 5.5 parts of the activated

carhon-supported pal T adl Ugchadraibn] SSeildtialy o] © Geldrtvin'e Yield
samg procedure  as in EX&L?;' ef 1, |2. Stparts of 4 of

met hacr ol ei i*4féPS0. 02 par
added and the autoclave was ghut |tighy. Subseggently, (%)

Ba31PNasep nidfokyphBndlT [ N€| agiac ave 45s TEpt 9%%11' oy 20.2

N Toge tHakrito mWwWas stirnedat—10 1,0
Fedol qﬁﬂw 2E‘ayéétq;%ﬂand H8& ed t #6680 4 M2t he 15.3

B34 PUinroxytdtiaPherimethane o3 i'“‘mw gy 173

OCIT ave O TIre 1rireritra [.JI oS Ut Ul . 4 IVFEA.
%KL‘dati on hysheuinone of nethackd ein \mé carrietedut flor 7.0
ol nmutes UIId.CI ) this—state—Affer—thereaction—way
El shed, t hendnasi de of tlhe 78t ogl a\B8.6was| 159dool edq 7.1
Fo—20—Cbyicebath—A gas—sanmpting—bag—was—attaeched

Exanipe¢4gas outlet of the autoclave and the gas outlet
was opened and the emerging gas was collected while

t he i nt ¥o anl aytoclave equippedhwith aatitring blade| 26 pastedf atbtic acid
reaction liquid containing catal yst was taken out from

anht @5partscofwaten wbrelied asaat wagtion salveatpad & & paby of the

centrifugation and only the reaction liquid was 20
aﬂ@weéﬁagvonrﬂ@pp@w/ml iurpnatalyst prepared bynthe same procedure
asin lxg%p? a% %%r Sar?sngfl %é?hdacrc}lée}mbgn 33020353 g?;)f)n%t?'n%r)](yphenol
were added and the autoclave was shut tight. Subsequently, gas-phase
pdrtion of the autoclave was replaced by nitrogen and the system was stirred at
1,000 revolutions per minute and heated to 90 °C. When the heating was
finished, air was introduced into the autoclave to the internal pressure of 3.2
MPa. Oxidatioh reaction of methacrolein was carried out for 20 minutes under
this state.

After the reaction was finished, the inside of the autoclave was
cooled to 20 °C by ice bath. A gas-sampling bag was attached to the gas
outlet of the autoclave and the gas outlet was opened and the emerging gas
was collected while the internal pressure of the reactor was released. The
reaction liquid containing catalyst was taken out from the autoclave and the
catalyst was separated by centrifugation and only the reaction liquid was

recovered. The recovered reaction liquid and the sampled gas were analyzed

14
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As the result, the conversion of nethacrolein of 84.9
% the selectivity to nethacrylic acid of 73.9 % and
the yield of nethacrylic acid of 62.7 % were

obtai ned. 5 Exanple 5 The sane procedure of the

catal yst preparation and the evaluation of reaction
as In Exanple 4 was carried out except that

bp gaetcheomatozraphyvas changed to
xAbff‘;acetyl amtor?g-g,%\é& 6-t et ramet hyl pi peri di ne- N-oxyl . As
t he resAktthe redut, tduencenvsrsionaf methherolehafi8dod 98ahe %
the selectivity to nethacrylic acid of 10 74.2 % and
selgetivityetoimethaenylicanig bf €3 &ctedarut thegyialduofimethashici acid of
Exanpl e 6 The sanme procedure of the catalyst
68/clsavare obfamed. t he eval uation of reaction as in
4 was carried out except that p-nethoxyphenol

ExarrPI
Eﬁ?g‘fe%ﬁangzjztg 6, 6-tetr t hyl,piperi di ne- N-oxyl . A!? .
the.r st saftibibsalk BB s bhg e e afation of
redegiol sy ESEmYpid Wk P?'é‘%?ﬁ@y%k%ei&ha‘*%‘-’@g}@%@ﬁ@%@s
o 0 405G 2B AnBiBoATRBIN Sy, A theresur,
tHe @ ePsidn M Pn@RREIoRN %‘FBRR?(%G, Bhe saﬁbﬁﬂm %m%d of

was 20 changed to 4,4' -di hydroxytetrap

74 2% @ the viblcofansiachiieacid of 5B uacyéeiecdttamedS4. 9 %
the selectivity to nmethacrylic acid of 71.6 % and the

Examipte 6f nethacrylic acid of 60.8 % were obtained.

Exanpl e 8 The sanme procedure of the catal yst

pr epar alhesamelprocederediiheicatalpst préparatisntanuhthesevatuation of
Exanpl e 4 was carried out except that p-nethoxyphenol

regedion @sdndadanple ¥ was carriad out(@wephthat pxyethengphenol was
ethane. As the result, the conversion of nethacrolein

changes! to 4acehiony2.24 bdergmethyiripeadingiNoxyki dothegesult, the
c%/t%\?%giﬂtglgp? n%gthgc%lgnogf Bgeé &,"’}%Z lsieﬁec%\giitftoolfne?#écdfyl%) Xe’i& %f
72.2 % and the yield of methacrylic acid of 64.1 % were obtained.
Example 7

The same procedure of the catalyst preparation and the evaluation of
reaction as in Example 4 was carried out except that p-methoxypheno! was
changed to 4,4'-dihydroxytetraphenylmethane. As the result, the conversion of
methacrolein of 84.9 %, the selectivity to methacrylic acid of 71.6 % and the
yield of methacrylic acid of 60.8 % were obtained.
Example 8

The same procedure of the catalyst preparation and the evaluation of
reaction as in Example 4 was carried out except that p-methoxyphenol was
changed to 1,1,1-tris(parahydroxyphenyl)ethane. As the result, the conversion

of methacrolein of 79.2 %, the selectivity to methacrylic acid of 68.7 % and the

15
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Exanpl e 9 The sanme procedure of the catalyst
preparation and the evaluation of reaction as in
Exanpl e 4 was carried out except that p-nmethoxyphenol
was 5 changed to N nitrosophenyl hydroxyl am ne anmoni um
salt. As the result, the conversion of nethacrolein
of 75.9 % the selectivity to nmethacrylic acid of

yietd of Phethacrylicagideaf$4ot %raeraobtdined.aci d of 55.5 %
wer e obtained. Conparative Exanple 3 The sane
Exaoydel@ e of the catal yst preparation and the
evaluation of 10 reaction as in Exanple 4 was carried

out excdpe aame preaedure el ihiecealalyabpreparatiogeand the evaluatlon of

roqui none. As the result, the conversion of
?%qtm@% ndexarpple $was oarried eukexeapt that:nymeghoxyphenol was

Febaatlg N @t%%ép r{w?v%@g’@%’@?\?@?%“ BERGEA: o iedesvl the
Eﬁi‘%ﬁ@%ﬁg a7 R 2 e Sectili g Pretd@iie actd of
7Ea 2 ol o1 Bt T BP g 5 B pre edRte "

rsion of nmethacrolein of 69.0 % the
sel ecrthlt“(/%??at mgt hacrylic acid of 72.2 % and the

yi el d offherizhse f e
Conpar aIrlh ve aa%dgeg?érﬁgt@acﬂé&p%o%eggﬁﬂmgﬁﬁ vaillation Of‘

resdtiohys indExdmpletd wasdadidd sutsdapt thatp- ﬁfethémﬁbhenwas
as In Exanple 4 was carried out except that

changedtxpdreqainones  Asithe gesult, ahg benvdsicrzofvaethierdlbin of
result, the conversion of nethacrolein of 38.6 % the
6448 % the selectivityntet methagrylic acid df 30.37%. and/thengeldaf methacrylic
yield of methacrylic 25 acid of 29.8 % were obtained.

a@@‘rﬁfaﬂ'% |%éVﬂ£R&b!ﬂl@e@ The sane procedure of the

cat ally epar ation and the evaluation of 16
Gomparatye Exampledanpl e 4 was carried out except that

-met ho henol was
P 2%8 same procedure of the catalyst preparation and the evaluation of

reaction as in Example 4 was carried out except that p-methoxyphenol was
changed to 2,6-di-t-butyl-p-cresol. As the resuit, the conversion of
methacrolein of 69.0 %, the selectivity to methacrylic acid of 72.2 % and the
yield of methacrylic acid of 49.8 % were obtained.
Comparative Example 5

The same procedure of the catalyst preparation and the evaluation of
reaction as in Example 4 was carried out except that p-methoxyphenol was
changed to phenothiazine. As the result, the conversion of methacrolein of
38.6 %, the selectivity to methacrylic acid of 77.3 % and the yield of methacrylic
acid of 29.8 % were obtained.
Comparative Example 6

The same procedure of the catalyst preparation and the evaluation of

16
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changed to N-phenyl -N -isopropyl - p-phenyl enedi am ne.

As the result, the conversion of nethacrolein of 23.6
% the selectivity to methacrylic acid of 15.5 % and
the yield of nethacrylic acid of 3.7 % were obtained.

5 Conparative Exanple 7 The sane procedure of the

catal yst preparation and the evaluation of reaction
réaction d= mBkample/rhvasadaried odt bxcaaRht th

p- et hoxyphenoF was not added. é/@:ﬁt he I?-le ?),(tht?gm was
changed $o NAplwdnyiRi Hsaprobgi-p-phenPlRnddmihbe Aslthe réstilt, the
to nethacrylic acid of 28.3 % and the yield of
copvérsonydf rmethsictolein G236 % yitecselddtivith taimettaciib aeidlof
Conversion Selectivity Yield Additives of to of

10 Haand the yielbohmethadricoacid ofi8thcwere obtainet. Ex. 4
met hoxyphenol 84.9 73.9 62.7 EX.5

Bvefxampe 7, 6, 6- 80.0 74.2 59. 4

e T S I i B alonr
réacion gy FONRR A RBR R PUERReant et By mashiahencl ws not
Bt AN O o OTBIOAR 33 B
t@p H’Eé‘tﬁ’éﬂ?ﬂ@&&i&'og%%é %de glge gieT@ ofisthébryfiacid ¥ 256 % were

not hf azi ne
obtained.
Table 2
Conversion |  Selectivity Yield
Additives of to of
methacrolein| methacrylic acid | methacrylic acid
(%) (%) (%)
Ex. 4 p-methoxyphenol 84.9 73.9 62.7
4-acetylamino-2,2,6,6-
Ex.5 tetramethyipiperidine-N-oxyl 80.0 74.2 594
4-acetyloxy-2,2,6,6- '
Ex. 6 tet thyipiperidine-N-oxyl 88.8 722 64.1
Ex. 7 | 4,4-dihydroxytetraphenylmethane 84.9 71.6 60.8
Ex. 8 |1,1,1-tris(parahydroxyphenyljethane 79.2 68.7 544
N-nitrosophenythydroxylamine
Ex. 9 ammoniurn salt 759 73.1 55.5
CEn;mg ' hydrogquinone 64.5 703 456.3
comp. 2,6-di-t-butykp-cresol 69.0 722 498
CE)OTQ phenocthiazine 38.6 773 298
Comp. N-phenyt-N'-isopropyl-
Ex 6 b-phenvienediamine 236 155 37
Cé’xm;’ none 90.3 28.3 256

As mentioned above, it was found that an a,B-unsaturated carboxylic

acid can be produced in high yield according to the present invention.
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Ex. 5 Comp. N-phenyl-N -isopropyl- 23.6 15.5 3.7 Ex 6
p- phenyt enedi am ne Conp' none 90.3 28.3 25.6 Ex. 7 As
nmenti oned above, it was found that an a,j-unsaturated
carboxylic acid can be produced in high yield
according to the present invention. 17 What is clained
is: 1. A nethod for producing an a, (3-unsaturated
carboxylic acid by oxWihatisolaivheais:ol efin or an
a, 13-unsat urated al dehyde with nol ecul ar oxygen in 5
liquid phase in the presence of a catal yst contai ning
at |l east palladium wherein at | east one conpound
seI ect ed. f Agnethes fgr prﬁdmaeu,wnsawawtmbgmsmad by
- di hydr oxyt et r aphenyl net hane
Oild@’ﬂqnpﬁ iag(qie G'F e&M&%aﬁQ@dehWBh warleaular ayygen in
N- 0X nol.ecul e and co ounds

igid Fm%tivﬁi eg?e@es § 4 EvabeanTg ot eassealiatiumowherein
af i%%{ 8hé cBmpo%nd selected from the group consisting of p-methoxyphenol,

4,4'-dihydroxytetraphenyimethane, 1,1,1-tris(p-hydroxyphenyl)ethane,
compounds having an N-oxyl group in the molecule and compounds having an

N-nitrosyl group in the molecule is caused to be coexistent.
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