Production of ethylenically unsaturated acids or
esters thereof This invention relates t o the

w@emdaetston of ethylenically uns at ur at ed arPCT/G#2@®9/050523
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or esters t her eof , particularly al ka cr yl i ¢ ac
i ds or alkyl (alk) acrylates s u c h as ne thacryl
c ac i dor alkyl (neth) ac r ylat e s and, i n

particul ar, purification of the said acid or ester
pr FReuchiam @ s b ydresdiraliloh unsgtiir @t f Grdse S @ ters

may be made by reacting an | ic acid (or ester) of
the formula R3- CH2 - COOR4, ere R3 and R4 are each,
i ndependently, a suitable substituent known in the art

of, acrylic conpounds such as hydrogen or an alKk .

oF ol TREFREFaRI § ok - or oal 16 OG CORH a7 bi PenvRBRically
exaRRltairdtéd carbony at ows, Wdth & suictrabl e oet hybenRecularly
source, for exanple, a source of fornal dehyde. Thus,

fot kiafst ahe€, afet Reer pii ¢ atkdlor glkklaesikrtses such as

t f ci hyl hacr, -
fﬁgﬁg%égi ?g?iéﬁiégc??%n S?ﬂﬁbbpiéﬁ%ghggF , 6$€?EEQ§1Q’ H
cod respohdt ngoatkyicesten, o€ thg samet Ayl dpvopeenatreproduct
mﬁth,fornaldeh¥%§uas,a nmet hyl ene source i n accordance

Vit ht EheS Felack Setidnce 1. Sequence 1

Such acids or esters may be made by reacting an alkanoic
acid (or ester) of the formula R’°- CH, - COOR*, where R’
and R* are each, independently, a suitable substituent
known in the art of acrylic compounds such as hydrogen or
an alkyl group, especially a lower alkyl group containing,
for example, 1-4 carbon atoms, with a suitable methylene
source, for example, a source of formaldehyde. Thus, for
instance, methacrylic acid or alkyl esters thereof,
egpecially methyl methacrylate, may be made Dby the
catalytic reaction of propionic acid, or the corresponding
alkyl ester, e. g. methyl propionate, with formaldehyde as
a methylene source in accordance with the reaction

sequence 1.

R°- CH, — COOR® + HCHO ------- > R® - CH(CH,OH) - COOR‘’
and
R° - CH(CH,0H) - COOR® —————- > R - C(:CH,) - COOR? + H,0

Sequence 1

An example of reaction sequence 1 is reaction sequence 2



An exanpl e of reaction sequence 1 is reaction sequence
2Sequence 2 The reaction is typically effected a t an

wWeb@oaswdl t enperature, usually in the range 250CHGB20@050523
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, using a basic catalyst. Were the desired product is
an ester, the reaction is preferably effected in the
presence of the rel evant al colfol in order to nlnlnlse
the formation of ,the corresponding acid throu

Hy#lr o yaizs "0FOPRe BsiE#O Arso Tor> comveniCh Pﬁ j ~gCOOR*
q@ﬁen Q%§ E?@h? tochpkroduce the er maldehyde 'nchﬁ4 4 H,0
formlin hyl

formo Hence, for the productlon of
netdacnyt at e, the reaction mixture fed to the cat al yst
will generally consist of nethyl propionate, nethanol,
formal dehyde and water. Conventionally, methyl

mehhackylatei bas 1@99%1#9[!;@@1&@9113/' BeystEkal | y ¥i aat heelevated
so-cal | ed acetone-cyanohydrin route. The process is
capiparatrrtensivveadid piddueles meahge mefhddfyfate asing a

?%£§18tég§£¥%gtghwﬁ8§é r]Dey B&Oﬁy8&32£r§§”%ﬁr8gker,

e acefone-tyanohydrin roufe sirab
yf¢$©wihueiandpnéﬁerabmpueﬁﬁee$edHomeveﬂuatpeseena@ ke the

successf ul | ved by diam no. or yam n ounds
stich® %N @ KF n?h%e‘ﬁ%d?ﬂ‘é?n Iﬁénf%g g] PofRabion of the
(%&Pﬁe§ﬁgﬂ&h§gegbéﬁlQ%rod%H“ﬂ%de¥§W§§ eeMBILiddter. Also
process for the production of MVA uses a catal ysed

for convenience it 1is often desirable to introduce the
formaldehyde in the form of formalin. Hence, for the
production of methyl methacrylate, the reaction mixture

fed to the catalyst will generally consist of methyl

propionate, methanol, formaldehyde and water.

Conventionally, methyl methacrylate has been produced
industrially via the so-called acetone-cyanohydrin route.
The process is capital intensive and produces methyl

methacrylate at a relatively high cost.

The MMA product stream from the acetone-cyanohydrin route
has an undesirable yellow hue and other impurities.
However, these can be successfully removed by diamino or
polyamino compounds such as N,N-diethylene triamine (DETA)
or ortho-phenylenediamine. A new improved commercial
process for the production of MMA uses a catalysed
reaction between methylpropionate and formaldehyde as
mentioned above. Unfortunately, this process also
produces a vyellow hue. Use of DETA alone to remove the

yellow hue was surprisingly found to be unsuccessful.



reacti on between net hyl propi onate and fornal dehyde as
nmenti oned above. Unfortunately, this process al so
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yel | ow hue was surprisingly found to be

unsuccessful . According to a first aspect of the

present invention there is pr ovi ded a production

process for the manufacture of ethylenically .

SR tf Btedt aci d51 65t @3Pers PheFeefPrpjereathVeRtoprathere

n: al i: id, 0 |k i.C i
PR R TR O By e Ao e o
i adepeadéntlly vhydsegerradredn alidd grougstar s héhereof, by
presence o f. a catalyst system}{ o prodyce said :
BT Bn Bl BRe I AtET aera D 1ORetart oF oatoren alkanoic
charact eri sed it ihaty tAtecacidoor” est&Fc PROJUEY RS are each

subsequently contacted with a di enophile to thereby
rerdeRewieebl bukadreserherefRoml erlefEicilt y, 11 hehe presence

di enophi [ 0 of_ for wh [ ' -
s%?ec‘tgedks}:g%y?htg g&%&%%contséstﬁggﬁ%ée - C%%)?\?p -éEk,ﬁlenlcally
-INCRaburhakd, anher eb n ¥sitersepeodeck feloardbeegioag in that
consi sting ofeggdro en, alk het er o

, YI , , -OR halo or ,
a‘f]%?,a%%r%?n ST R 3NEC R2 Fnﬂ%}ﬁéﬁ@éﬁw Yr%BPE@%E?d with a
hd’ﬁér%ﬁkﬂil@' Kyl ek rab | r ek Hel 85 0o 1 SRF LSEML St re SO .

O which hetero atons may be unsubstituted or
substituted with one or nore o f the groups consisting
o f hydrogen, alkyl, -OR aryl, aralkyl or alkaryl,
wherein Ris as defined for Y above;

Preferably, the dienophile is a compound of formula I

wherein 7Z is selected from the group consisting of -C(0)Y,
-CN, -NO; or halo, wherein Y is selected from the group
consisting of hydrogen, alkyl, hetero, -OR, halo or aryl,
wherein R, R' and R’ independently represent hydrogen,
alkyl or aryl and hetero represents N, S or O which hetero
atoms may be unsubstituted or substituted with one or more
of the groups consisting of hydrogen, alkyl, -OR, aryl,
aralkyl or alkaryl, wherein R is as defined for Y above;
2’ may be any one of the groups selected for 72 above or
may additionally be hydrogen, alkyl, aryl or hetero; or Z
and Z' may together be -C(0)Y(O)C- so that the dienophile

forms a cyclic group of formula Ia



Z ' may be any one of the groups selected for Z above
or may additionally be hydrogen, alkyl, aryl or

wheioeneie4r Z and Z1 may together be -C(O Y( O ET/€82009/050523
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that the dienophile fornms a cyclic group of fornula

| awherein R1 and R2 are as defjned above, Y is hetero

as defined above or Y represeﬁts an al kyl ene group of
formula - (CH2)s wherein Sis 1, 2 or 3, preferably

1 YIhe rsaction of the present invention nay be a

ti nuous reaction and the subsequent

Odi enophil e may take pl ace before

and/ orlsaf t ot her subsequent treatnent steps.

i however, the crude product is substantially
separated \romthe reactants before being brought into
contact witgkthe gfnophile. In a continuous process

of the present invention, the product nay be present

in a product streamwhich is contacted with the

di enophi l e after reaction in a_suitable reaction
vekger1acEor @ity Ro #he fiSsr steaspeet 2Ray peen 15 hetero as
shd eeted. ofbeo PERCESSeOfe LORL L NYENLLRDI L PRELLEULA kY rmula
suitable in the manufacture of (Co-salk) acrylic acid

or (@lRylF @Cosealik) Saceylat @8sprppef eralfeyabethacrylic

acid or especially nethyl nethacrylate, in which cases

the al kanoic acid or ester is propionic acid or nethyl

priepi esate ibespeactivel prekBnparhiveltdion thgyphecessbdsch or

particularly suitable for .
continuous reaction and the subsequent contact with the

dienophile may take place before and/or after other
subsequent treatment steps. Typically, however, the crude
product is substantially separated from the reactants
before being brought into contact with the dienophile. In
a continuous process of the present invention, the product
may be present in a product stream which is contacted with
the dienophile after reaction in a suitable reaction

vessel according to the first aspect has been effected.

The process of the invention is particularly suitable in
the manufacture of (Cpgalk)acrylic acid or alkyl (Co-
galk)acrylates, preferably methacrylic acid or especially
methyl methacrylate, in which cases the alkanoic acid or
ester is propionic acid or methyl propionate respectively.
In particular, the process is particularly suitable for
the reaction of an alkanoic acid or ester thereof with a
methylene or ethylene source, such as a source of

formaldehyde in the presence of a catalyst system.

The term “alkyl” when used herein, means, unless otherwise

specified, C; to C;gp alkyl and includes methyl, ethyl,



the reaction of an al kanoic acid or ester thereof with
a net hyl ene or ethylene source, such as a source of

wo anopaddehyde in the presence of a catal yst syRCBEGB20DPE50523

10

15

20

25

30

term"al kyl" when used herein, neans, unless otherw se
specified, Ci t o G o alkyl d i ncludes nethyl,

et hyl , et henyl, propyl, propen butyl, butenyl,

pentyl, pentenyl, hexyl, hexenyl and heptyl groups,

ot eférably, Rﬁ‘a@ﬁyz/ll,retHMPeﬁ)ergylb,Utb’&tryl, pene §IY landrentyl,

%ﬁ%ﬁ%e g@teﬁﬁxgﬁher 2&n @e%kfieﬂep?bkykﬁ%ﬂﬁgggég?gggrably,

en t re | s suffrcrent nu er or car
|meeby lor ditanchedy obe lsaturtay d oenunsiat amdt égxbe. Unless
cyclic, .acyclic.ar part cl. ic /facycl ic , be upsub .
STRELMiRn SPSbStrtat cdil b\t ST At OBy SR or “ROPE 1o °
ssibst it uent snsebect ed themohala@onGyand NiddHr oPRl9anched,
-OC(O R20, -C(O R21, -C(O OR22, -NR23R24, -C(O NR25R2
6o e - SREUG2te OISR3DSAL B SFRR27RP8, CYinbubst PEUEedCoror part

S ti.t y 0., uns [ su [ tut.
I—g?§ lv]\hé;}rglgr\{%%l%cf obl%o eglg%hibn%%ggﬁl e%]?l’ytéﬁgf)% gslﬁltlted ot
hyerogent edabp, onsobshot et edoot i substit seedcaeyl form halo,

unsubstituted or _substituted,al kyl, or,, in_the case of ,5 ,
FHA Nl L TRY ¢ 1 60% oy anGCARA Rami ek T or b (0) 0K, ~NRR™,

| nt eyt by grre, orcnor er{°pr elaralizy'dessubhbapsfdituted or
oxygen, sul phur, silicon atonms, o r by silano or

dé @b Ryl ShEedn agndups 0 o wnailke b Byt eReredf substituted Het,
F%ﬁégé§9|¥;9tpg ﬁbkyéa8&0%%%e%%%d%%%ﬁ@§t£é¢§§§%nt hydrogen,

halo, unsubstituted or substituted aryl or unsubstituted
or substituted alkyl, or, in the case of R?', halo, nitro,
cyano and amino and/or be interrupted by one or more
(preferably less than 4) oxygen, sulphur, silicon atoms,
or by silano or dialkylsilcon groups, or mixtures
thereof. Preferably, the alkyl groups are unsubstituted,

preferably, linear and preferably, saturated.

The term “alk” or the like should, 1in the absence of
information to the contrary, be taken to be in accordance
with the above definition of “alkyl” except “Cy alk” means

non-substituted with an alkyl.

The term “aryl” when used herein includes five-to-ten-
membered, preferably five to eight membered, carbocyclic
aromatic or pseudo aromatic groups, such as phenyl,
cyclopentadienyl and indenyl anions and naphthyl, which
groups may be unsubstituted or substituted with one or
more substituents selected from unsubstituted or
substituted aryl, alkyl (which group may itself be

unsubstituted or substituted or terminated as defined



preferably, linear and preferably, saturated. The term
"al k" or the like should, in the absence of

WO pfoon#smaei on to the contrary, be taken to be iPCT/GB2009/050523
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accordance with the above definition of "al kyl" except

"Co al k" means non-substitutegsmﬁth an al kyl. The t er
"aryl " whe n used herein includes f

|ve to-tennenbered, preferably fivet o ei

dﬁﬁﬁ%%%ﬁ Eﬁde&WﬂQQ:%W%ﬁ%tmﬁycléﬁeé§ éuaou%$@ﬁﬁ¥lFuEed or
enyftuté& 8P @érﬂbﬁﬁY%d’agygg &agé§8¥h ang%lo, cyano,

ani ons and napht gr oups
wmsumt i DRt ed OGr(C3®HSt i @ L@)e&lﬂwu Ct( ohoaﬁ%s cNR2ﬁB24r, (SR R?®,

[ e nt._sy,se | f r omun sub;,s t yt
SR soaER oreh ar s iR R TR B ot mE Y, each
iiﬁ@bfpem?délﬂf&llt{ﬁttéptr%ds@lhtsulb§dtﬂd@|b@1q ohnkeE hated ed or
as definedherein) , Het (which group may itself be

uPisibst tete@deby L sebstikut edvbi Cher kAt 8808B @éﬂlhééelf be

NS e S Yo L0 G QBB go derined

AU SR3D, oo r¢( S) NR2FR28caber eifn 19 tm R3D eacho, cyano or
i ndependent |y represent hydrogen, unsubstituted or
sﬂﬁkﬁ?tuted aryl or alkyl (which alkyl group may

itself be unsubstituted or substituted or term nated

as defined herein), or, in the case of R21, halo, .
nfie otetpandadkagmilioor Thealdnns "dlkard/| e oponstrued with

"f%§é§¥£ée t%uyghged%¥¥%f%¥§%¥ngp the Yalkyl” and Y“aryl”

parts above.

The term “halo” when used herein means a chloro, bromo,
iodo or fluoro group, preferably, chloro or fluoro.

Without prejudice to the scope of protection and without
being bound by theory, upon making this surprising
discovery, the inventors tested whether there may be a
diene impurity that was causing the colouration. However,
reaction with the dienophile does not seem to affect the
diene impurities identified, indicating that the impurity

may not be a diene.

The term “Het”, when used herein, includes four- to
twelve-membered, preferably four- to ten-membered ring
systems, which rings contain one or more heteroatoms
selected from nitrogen, oxygen, sulfur and mixtures
thereof, and which rings contain no, one or more double
bonds or may be non-aromatic, partly aromatic or wholly
aromatic in character. The ring systems may be monocyclic,
bicyclic or fused. Each “Het” group identified herein may

be unsubstituted or substituted by one or more



reference to the definitions of the "alkyl" and "aryl"
parts above. The term "hal 0" when used herein neans a

W@ kdodne64br ono, i odo or fluoro group, preferabP@r/GB2009/050523
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chloro or fluoro. Wthout prejudice to the scope of
protection and w thout being hound by theory, upon

meki ng this surprising discovery, the inventors tested

whet her there naY be a diene inpurity that was causing

t ieP el Burat s ofcl Pohed ef L OFe&étlicon GMATH 1 HEl i @nophPt ea L kvl

dP%ﬁl"borﬁ g?%’%}i%@%ﬁ% trﬁ%f S%%gglkmlﬁét'&?substltuted or

identifie dicatin e inpurity may not be
déepet i The ederam " Hetr'm 1 mneadused Hefemad i nekades -OR, -

four- 1t t nenber tef er abl 5
t #g%ﬁ erg%!$ﬁﬁb SysFZﬁ%OBmhich B % ohtalﬁO6HéRér R,
noK€ , hete(OptITs @@Ie@t@ﬁ«wmpaﬁgtrmgﬁelaxwén,to R’ each

sul fur and m xtures thereof, and which rings contain
oD dee i rbrley dBRIBITe HBRdS By deyI BE moRD aréraE i Euted or

PAILLy; ALOORLL £ Pro}!‘hgﬂ%larv‘?ﬂ?& Cah R ?hé%‘ﬁ%egggyﬂ? may be

ring systens nay be nbnoctyclic icycticor
Eanhubbkﬁ%ugmmhpnadenﬂméteduheﬁemn~n&wﬂmxnated.as defined

nsubstituted or suybstituted 2pn e ar , .

FESubdt iYuent’ selecfed S ro @;Q/Jé%v DhitPe, amino or
Q¥9an%|ky|IQW@'%@r%ﬂkyHeQPOU@h@§V 1ﬁé¥ﬂ&e§ §MNS$YBS such as
tituted or substituted or term nated as defined
h@p@hyn_edcgigg substituted azetidinyl, pyrrolidinyl,
imidazolyl, indolyl, furanyl, oxazolyl, isoxazolyl,
oxadiazolyl, thiazolyl, thiadiazolyl, triazolyl,
oxatriazolyl, thiatriazolyl, pyridazinyl, morpholinyl,
pyrimidinyl, pyrazinyl, guinolinyl, isoquinolinyl,
piperidinyl, pyrazolyl and piperazinyl. Substitution at

Het may be at a carbon atom of the Het ring or, where

appropriate, at one or more of the heterocatoms.
“Het” groups may also be in the form of an N oxide.

Preferably, R and R’ are independently selected from
hydrogen or alkyl. Preferably, when R' and/or R’ are alkyl
they are selected from C;-Cs alkyl, wherein alkyl 1is
otherwise defined above, more preferably, methyl or ethyl,
most preferably, when alkyl, they are methyl. Typically,
when one of R' or R’ is alkyl, the other is hydrogen, more
typically, one 1is hydrogen and the other is methyl or
ethyl, most typically, one is hydrogen and the other is
methyl. In especially preferred embodiments, both R' and
R’ are hydrogen.



OC(O R 20, -C(OR21, -C(O OR22, -N(R23 )R24, -C (0) N
(R25)R2 6, - SR2 9, -C(O SR30 or -C (S) N (R 27) R28

wob@peindR1O to R30 each independently represePtT/GB2009/050523
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hydr ogen, unsubs titu ted or substituted aryl or alkyl
(which al kyl group itself may pe unsubstituted or
substituted or termnated as defined herein) or, in
the case of R21, halo, nitro, amino or cyano. The term

"t LORALSY nePAdES Ugroup Siith a8 Gpficonalqared with DETA.
stbsti LuL efloAzelt dhnykraPYEOlill Bydne 118 d320kdhoving other
i ndol ylI', furanyl, oxazolyl, isoxazo j?, oxadlazo?yf,
thmpua iz ioed yrbm tth ¢ acdudlea poollugtl , Erédealaydly, the
oxatriazolyl ., thiatriazolyl pyridazinyl .
FRHOITRY] OF YRT s BRAD) DX pyPasl Ky FD GBTRoFF RGP, Place in a
| seguirBeld M eppicperd dinyl | c pysadohy| wandhpidpes agh Bybphile.
Substitution at Het nmay be at a carbon atom of the Het
rwgPbrSindey e apphopriace, faenenehef hbBredsfnphelile of the

h N . .may . al.so int

e R ot o B & orany L A RE are T naBpendent] y oS °F

sefext edafir @hnehy drrogen wre adky| an®r eherabimgy Vilrena Rteaction
nd/or R2 are al kyl they are selected from Cl-C4
%EW?Q%ME?%iﬁe%?%%TlY% RPN S2: defi ned above, nore

preferably, nethyl or ethyl, nost preferably, when

al kyl, they are nethyl. Typically, when one of Rl or

R2dy gnakkyoudhe, ogher iitse hyirogesaarwrety of DETA with

dienophiles, dienophiles act as a beneficial agent for
removal of colour from a product produced by the above
process, particularly in the absence of DETA.
Accordingly, DETA treatment and the treatment of the
present invention should preferably, take place in
separate steps to avoid reaction therebetween.
Preferably, the DETA treatment of the crude product

follows the dienophile treatment step.

Preferably, the DETA and/or dienophile compound
concentrations are selected so that a suitable excess is
present for their respective uses. DETA has a relatively
low reactivity and excess (compared to impurity
concentration) must be present to effect reaction with any
impurities. On the other hand, dienophile compounds of the
present invention are susceptible to hydrolysis or
alcoholysis forming acids and esters readily, accordingly,
a large excess (compared to the potential colour former
concentration) is present to effect removal of the
relevant colour former. Typically, the dienophile is
present in the range 10 to 50,000ppm by weight in the

crude product to be treated, more preferably, 100 to



typically, one i s hydrogen and the other is nethyl or
ethyl, nost typically, one is hydrogen and the other

wo g00ae4iloyl . I n especially preferred enbodi ment BCT/G82(99/050523
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R1 and R2 are hydrogen. Optionally, the crude product

Is also treated with DETA ThQ;treatnent wi th DETA has

the benefit of renoving other “inpurities fromthe

crude product. Preferably, the treatnent of the crude
p@%d@@EPRPtHYDE¢ﬂ4ﬂer%np¢§@% T Ge sepafare $egPehhreated,

th r n it hy Lenephil Syy.pr.jsi Yinltnh
haﬁs%égﬁé?%uagy%hatbpﬁeggiegégﬁpﬁgmb#ﬁ?hégi ven%?o% ?scrude
meredeffecdi e whesntmot . | Hovheepr esérceofcdDBETRthan of the

when it, is present and.there be reactjon between .
R BRhLEE e Rompotihtses AT ANt GEBAS 1y, CHe SphFeptRation
toh enfRacityity ood Dendd adthrdbenaphilesin a continuous
di enophiles a ct as a benefi c i a | agent for

rRADVAF Sof LE6! o8F UFroR P Produtte prodiced 1At he abopecduct
Psf, 06,6 Ss, particul arl yintheabsen

c € of DETA. Accordingly, DE TAtreatnent an d t h e
treatment of the pr e s ent invent i onshoul d
preferably, .t a ke pl ace.i ns ar at.est e P

DY GURNELEISE 10 MePR (P FOBCE ReP EbbRReBRaCtBPR Othel than
ferabhyntcd eyDEnEA trneat®Nt,0:fst B e cedtders but not
product follows the dienophile treatnment step .

Prederably, oX hcatDEYSt A and/ or di enophi | e conpound

Suitable dienophiles in accordance with the present
invention may be selected from the list comprising or

consisting of:-

maleic anhydride, maleimide, thiophen-2,5-dione, acrylic
acid, acrolein, alkyl acrylates, acrylonitrile, maleic
acid, dialkyl maleate and vinyl halides. Preferred
dienophiles are maleic anhydride, maleimide and thiophene-
2,5-dione, more preferably, maleic anhydride and

maleimide, most preferably, maleic anhydride.

According to a second aspect of the present invention
there 1is provided an ethylenically unsaturated acid or
ester crude product purification process characterised in
that the acid or ester crude product is contacted with a
dienophile to remove at least one colour forming impurity,

preferably, yellow colour forming impurity, therefrom.

A guiltable grocesgs for preparing the ethylenically
ungaturated acids or ester pricr to purification by
contact with a diencphile comprises contacting an alkanoic



concentrations are selected so that a suitable excess
is present for their respective uses. DETA has a

wo 2doansnel y | ow reactivity and excess (conpar eRCT/6B2009/050523
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i mpurity concentration) must be present to effect
reaction with any inpurities. t he ot her hand,
di enophi | e conpounds of the p} sent invention are
susceptible t o hydrolysis or aIcohonS|s form ng ]
aRF 3 ahdeeseer §tr 84di 1P maccoridirgh yE Ok argetexgesgitable
(conparedet o, the potential, .colour. fOrMerL. .15 1 as define

;'j_.

concentratlon) i's present to effect reroval “of "t he
rieteviant col our former. Typically, the dlenophlle i's
present in the range 10 to 50, 000ppm b y weight in the
crude product to be treated, nore preferably, 10 0
t 020, 000ppm by wei ght in the crude product to be
treated nost preferably, 1000 to 10, 000ppm by wei ght
5 e crqg product to be treated. However, the
Qf the dienophile is not limted and
depe g n th@ concentration o f inmpurity to be
r eno Iy, in a continuous process, the crude
pr oduct to be t eated is a product stream By
inmpurities is neant products of the reaction other
thaﬂfethyleﬂtdahfy ansat uréatedhaeidsy o v= esters butowm C:-Ca:
reactants or cataI SU|tabLe dlenopqtlee in

k = or arvl as
bétdah‘é Wt b t‘ﬁe pre ieht LT >
de:1med nereir or H, more preferably, ¢ -Cy ailkyl, or H,
moat praferably, C9-C¢ alkyli or H, especiaily, methyl or
H;

¥ is either © or &, preferably, O;

n is an integer from 1 to 100, preferably, 1 to 10, more
wreferably 1 to 5, especially, 1-Z;

and m dla 1 or 2, preferably 17

in the presence of a suitable catalyst, and optionally in

P T e ma i m ae aa ome - - - S PR 1. e 3 . T 4 ey e ]
the pregence of an alcohol; wherein R and R are sach

independently hydrogen or an alkyl group.

In a2 particularly preferrad embodiment the compound of
formula T iz devived from formaldehyde in the presgence of

mathanol and/or water. In such a casze, the compound of

U
o
Fh

formulia I may be defined az a suitable sourcs

formaldehyde,

For the avoidance of doubt, a suitable source of
formaldehyde includes any equilibrium composition which
may provide a source of formaldehyde. Examples of such
include but are not restricted to methylal (1,1

dimethoxymethane), polyoxymethylenes - (CHy;-0);i- wherein i=1



invention may b e selected fromthe list conprising or
consisting of:- maleic anhydride, nalei mde,

wa bioopsemt 2, 5-di one, acrylic acid, acrolein, BCKRGB2009/050523
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acryl ates, acrylonitrile, maleic acid, dialkyl naleate

and vinyl halides. Preferred gLenophiles are maleic
anhydri de, mal eimde and thi ophene- 2 ,5-dione, nore
preferably, maleic anhydride and nal ei m de, nost

pFef &f @bl §ormal &ic ﬁﬁﬁW@iﬁﬁﬁydﬁmc@?Hhﬁ@Oio Hagegongnd other

etﬁ%‘?l%r‘i Hm PEER Sig\é%rgéogutcgere 48 provided.an..  of

yl eni cal unsaturated acid or ester crude product
pﬁwrmabﬁdahlmeprm@ssn@haala@tmtlsfh prophatatde acid or
ester crude product is contacted with a dienophile to
renmove at |east one colour formng inpurity,

preberabhy, yeld owoagbaymetarmengsi Npuk tyighler efhemis of
A suitable process for preparing the ethylenlcally
uﬁ%%@@%@@%ﬂd%c@@§ @?té§ﬂéﬁ pﬁﬁérOr (eHput)iFCHat i(0RCKal-1"

L [ phi es, cont _

B e R S Y %%%%%ﬁi%wr o
aaShe&ahhﬁlﬁ@mymetb&l&ﬁbmyhenﬂlona@th&keme ofr  onoul amethyl

a s.defined belo ere R and Rs are independent]
TS SR AR N PR R S e S e fdd%ﬁ%de may
a kyb 'bea|el§eg)6| Lo ot s et d ned herein, ROLoH (caiobe) (R
pr ef erabl o al kyl, or H
where R and R may be the same or different groups and

at least one is selected from a C;-C;g alkyl group, for

instance R’' = isobutyl and R’) = methyl.

Preferably, the suitable source of formaldehyde is
selected from 1,1 dimethoxymethane, higher formals of
formaldehyde and methanol, CH3-0- (CH»-0) ;-CH3z where 1i=2,
formalin or a mixture comprising formaldehyde, methanol

and methyl propionate.

Preferably, by the term formalin is meant a mixture of
formaldehyde:methanol:water in the ratio 25 to 65%: 0.01
to 25%: 25 to 70% by weight. More preferably, by the term
formalin is meant a mixture of formaldehyde:methanol:water
in the ratio 30 to 60%: 0.03 to 20%: 35 to 60% by weight.
Most preferably, by the term formalin is meant a mixture
of formaldehyde:methanol:water in the ratio 35 to 55%:
0.05 to 18%: 42 to 53% by weight.

Preferably, the mixture comprising formaldehyde, methanol
and methyl propionate contains 1less than 5% water by
weight. More preferably, the mixture comprising

formaldehyde, methanol and methyl propionate contains less



nost preferably, C-Ce alkyl or H, especially, nethyl
or H; Xis either Oor S, preferably, O; nis an

wo paoegerwsfrom 1 to 100, preferably, 1 to 10, nRECEGB2009/050523
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preferably 1 to 5, especially, 1-3; and mis 1 or 2 ,
preferably 1 ; in the presenczzof a suitable catal yst,
and optionally in the presence” of an al cohol; wherein
R and R are each independently hydrogen or an al kyl
grBap. 1Pn ¥ part PYul'Er 19t br ef fdeld BABSGITRERLY /t Hele mixture

C : I IS, derj 0 r hyde . L.Rn-
(B 65bnde of Eerhaol andr S nater " SUcH b Shgiorate
t bencoimpouhdl of o f Or il wate melyy becdefift ned as a suitable
source of formal dehyde . For the avoi dance of doubt, a

sti-¢ ablersourcecoflifrgr malodehydeiiingl ddes hany sspect of the
equi librium conposition which may provide a source of .
ffoi:i"h*Seroi(Qﬁyélé'."t ’ai’rp'r‘es'“b‘?"%clnbinE’Eudéngt are ot “€=¢ ot
restrieted tne pethylalbo( knl dinpthoxyiethanelaiurated acid
pol yoxynet hyl enes -(CH2-O)i- wherein i=lto 100

fof nmat t 9 (¢ or et dehydes et hafdl - < wat er) and ot her

equi l i brium conpositions such a s a mxture of
fiormal-dehyde, - metianol and net hyl propionate.

Typi cal ly, the pol yoxynet hyl enes are hi gher formals of

wherein R and RY are defined in the same way asg for the

-

aikanoic acid or ester above; and m is 1 or Z:
the process comprising the steps of-

=D contacting an alkanoio acld or ester of the formula

R?ﬂﬁbeQORﬁ wherein R and RY are as already
zbove, with 2 methyiene or ethvlene source of formuia I,
in the presence oif a sultable catalyst and opticnally in
the presence of an alcohel to produce an  impure

ethylenically unsaturated acid or ester of the formala:-

M T et o ]

P) subseguently contaciting the impure ethylienicalily

unsaturated acid or ester of step {a) with a dienophile to

thereby remove discolouration therefrom.

referalkly, the ethvienically unsaturated acid or ester is
ected from methacryiic acid, acrylic acid, methvyi
methacrylilate, ethyl acrviate or butyl acryiate, more
preferakbly, it is an ethyienically unsaturated saster, most

vraferably, methyl methacrviate.

The process 1is particularly suitable for the purification

of (Cpsalk)acrylic acid or alkyl (Cpsalk)acrylates,



f or mal dehyde and net hanol CH3-O (CH 2-O 1-CH3
("formal-i") , wherein i=l to 100, preferably, 1-5,

wegpegimkl y 1-3, or ot her pol yoxynet hyl enes wi BEI/@B2009/050523
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| east one no n nmethyl term nal group. Therefore, the

source of formal dehyde may algg be a pol yoxynet hyl ene

of formula R31-O (CH2-O) R332, where R31 and R32 may

be the sane or different groups and at |east one is .
sefeetetl Yromra CobelbcarkyPhgPbuplef 6PTFASPaRden 32 kanoic

'§QP&t¥£ ?Q?e%S%Pgrg% h%ﬁth”“”ﬁgéﬁp enér@ES@£ﬂ§Pé§e source
source o or mal dehyde i s sel ecte roml , 1

dswelt haxyhethahéshhighen tloenmlssehcéorfmabdehydéyandsystem,
met hanol -O 2-0 .1-CH3. where i=2, formalin or

o HEA 80T SRS T i dohye. | et habiBP i ety ety
RROPH SOAY Ba t LY 1@f1LY abwmd}byopaﬁol@r ariarowl hethy$ peaPlonate
a m xture of formal dehyde inmethanol :water in the
redseeeBlYol65% 0.01 to 25% 25 to 70% by wei ght.

More preferably, by the termformalin is nmeant a

m xture of formal dehyde : nethanol :water in the ratio
POctodb0gav0. H3ttypi28%W s3bhrte GOW yn weirght ruddbsproduct is

referably, by the termformalin is meant a mxture o
FURr ik Gbhy e CHBYRERDPT : Wat BF LRKL t RECPAPT 085 (MpP) Co MMA

55%4 n6- 0% iy 18 v 42 .t 0 H3% by amicght« tBreferapl y, thes ang
m xture conprising fornmal dehyde, nethanol

generally in the invention is a caesium catalyst on a
support, for instance, silica which may include other

metals and metal compounds.

Preferably, the amount of dienophile contacted with the
product in the present invention 1s between 100 and
50,000ppm by weight crude product, more preferably,
between 500 and 20,000ppm by weight crude product, most
preferably between 1000 and 10,000ppm by weight crude
product.

As the product is not pure prior to addition of the
dienophile, the optimal ppm concentration may need to be
initially determined retrospectively after determining
product levels and the effectiveness of subsequent colour

removal from the crude product.

In the present invention, it is possible that other colour
forming impurities are present during the reaction with
the dienophile which are themselves subsequently removed
in further steps. Therefore, the effectivness of the
colour removal by the dienophile may be determined after

these further treatment steps.



and net hyl propionate contains |ess than 5% water by
wei ght. More preferably, the m xture conprising

wo anopaddehyde, net hanol and nethyl propi onat e ROHGAR099/050523
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| essthan 1% wat er by wei ght. Mst preferably, the

m xture conpri sing fornaldehygg, nmet hanol and net hyl
propi onate contains 0.1 to 0.5% water by weight.
Therefore, according to a still further aspect of the
present invention there is provided a process for

pff aring cad}ﬁjdf’?ibh)é' G a‘&eﬁﬁ@}f%%k@a' é%d“%?éé‘é_é&%d in the
ac or ester of the fol ormul a : - -C( =
(d}ﬁ@®1pr@@ﬁEEAfwheﬁdwntR®nandf%m@nQpMEﬁénedeibetheen 50°C

sane, as for the alka id or ester oV

TP 1S ) e opt e e tabrig ny The cahe LiRYS most

C}@ﬂéﬁ@khlﬁgyan%%aaﬁw mJOd Obcasiemnm of . the foEMiay R MPa,
4, wherein R3 and R are as al ready defi ned

ABove, DA E A AbAE hyl GHE OFE ot RPFere Sdiitoe 1S f oPRAFAZabLY,
hocided e pfgaence of a spitable catalyst and

opt fonally i n the presence of an al cohol to produce an
impure ethylenically unsaturated acid or ester of the

CEFF ke Bt s fiurds BURYPEnT STy "GRGt aFatei ey by the
osr&st €5 9F shepplakewrt Nndditanephide 10 removed from both
impure and relatively pure crude product. If it is
removed from relatively impure crude product, then the
colour after treatment may appear little changed because
of the presence of other coloured impurities which are
readily removed in the normal purification process. In
such cases, the improvement in colour can be observed
after further purification steps. Typically, an impure
crude product of the present invention has a purity prior
to the dienophile treatment step of at least 60% w/w (Co-
gsalk)acrylic acid or alkyl (Cogalk)acrylate/crude product,
more typically at least 70% w/w, most typically, at least
80% w/w. The process of the present invention is found to
be particularly advantageous in such product streams
Alternatively, relatively high purity product streams can
be treated in which case the improvement in colour can be
observed directly after treatment and also after
separation of the purified (Cy-galk)acrylic acid or alkyl
(Co-salk)acrylate fr om the unreacted dienophile,
degradation products from decolouration reaction, and
other impurities which may be separated by distillation.
In this case the crude product of the present invention
has a purity prior to the dienophile treatment step of at

least 90% w/w (Cpsalk)acrylic acid or alkyl (Co-



t hereby renove di scolouration therefrom Preferably,
the ethylenically unsaturated acid or ester is

wazloegtedl from net hacrylic acid, acrylic acid,PeEGB09/050523
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nmet hacryl ate, ethyl acrylate or butyl acrylate, nore

preferably, it is an ethyleniislly unsat urated ester,

nost preferably, nethyl nethacrylate. The process is

particularly suitable for the purification o f

(G- DAY ey G R i B OFUGF ky (- papkgally at least 95%
I typi fr eqed | of the

2@{¥b§%§%%iﬁgpg?i%%%icggl%%§%$ %2?é€p¥hereof wth a

net hyl ene or ethyl ene source such as fornmal dehyde in

t resence of catal yst system, .preferably .

TR PR At d s BEYREESPTy chyt O HePRaiSAGEbed with

(MVA) r£5.680 PHORABOIFG 1a6kA nQF BRI-NYilmiRrioR) aadles and with

respectively. Accordingly, a typical source for an MVA

creroRr preeluet et hegehatal §2¢ cox onver st ohl bEs et hypn only.

propi onate (MEP) to MVA using formal dehyde. A suitable

catalyst for this and generally in the inventioni s a

caesuum cat alhysts oovavsappoet , spectrastfance sasidli€a treated

whi ch nmay include other petals and netal conpounds.

F?%?%?%b%?,t?h AMURt" 'of Odi edphi | e contacted with

the product in the present invention i s between 10 0O

and 50, 000ppm by wei ght crude product, nore
preferably shows hazen values of samples treated according

to the invention.

COMPARATIVE TESTS

Various comparative tests were performed to examine

removal of colour from an MMA crude product.

Comparative Oxygen Treatment

A study was made to determine whether formation or

degradation of colour was promoted by oxygen.

Samples of MMA were heated at different temperatures and

times with air or nitrogen bubbling through the MMA rich

solutions in flasks with condensers to prevent
distillation. There was no difference in the colour of
the air and the nitrogen treated samples. Accordingly,

oxygen treatment was found ineffective.

Time and Light Stability of colour

The colour is not indefinitely stable. A sample of MMA
was examined for Hazen value(also known as the Platinum-

Cobalt/APHA Colour defined in ASTM D 1209, for clear,



W@ rwde4pebduct
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bet ween 500 and 20, 000ppm by wei ght crude product,

nost preferably between 1000 and 10, 000ppm b y wei ght

. A's the product is not pure pPCTGBR008/050523

addi tion of the dienophile, the optiml ppm

concentration may need to be },Iﬁ?iti ally determ ned

retrospectively after determ ning product |evels and

the effectiveness of subsequent col our renoval from

t hedlet ude!l prodleEuifs t Refpredemy isRAHL 61l ¢ilpsions of a
' t h our rming i itie e

o2 bt T T ng he Feact Ion i Ch T ne A arcph: T o a cft e

areghhenssel vés tsabseguentdoy TEhmvedthe ndiukeher shmpdiately

Th f h ffecti f th | | b v.
(PELST OROBREF By SO HbE Sy HEnEd TrTEFot hRsd ritgig Jin tuwo

t1 684 fEAhsSt epsmpyRicalf condht hons ol teymer atie- and days.
pressure in the crude product for addition of
di e ophil Per af @S bt teens 52000 ah"200 0C , nore

preferably, 800C and 150 0C , nost preferably, 900C
and 130 0C ; between 0.001 MPa and 1 MPa, nore
pra&bes abl y, 0.003 MPa and 0.5 MPa, nost preferably,

between 0. 01 MPa and 02 MPa.—The yellow hue or

di scol ouration which is renoved S tferocess of the

PFESENt s AYEATTon can be 1enmoyed from both Tnpure and
relatively pure crude product. | f it is

Location 1 (after 30 days) 6

Location 2 (after 30 days) 13

Comparative Heat Removal

Heat stability was examined further with respect to

heating samples of MMA for 75 min and 315 min under total

reflux (103°C). The Hazen readings are:
Table 2

Minutes Hazen Value

Heating

0 23

75 12

315 48

Thus the colour initially fell and then rose again with

heat treatment. It is suspected that this rise was due to

formation of MMA oligomers, some of which are weakly

coloured. Accordingly, heating is unsuitable for colour

removal, although mild heating for short periods may

reduce colour.



renmoved fromrelatively inpure crude product, then the
colour after treatnent may appear |little changed

whewanswio f the presence of other col oured i npUF/GBRE®Y/050523
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which are readily renoved in the normal purification

process. In such cases, the ingprovenent in colour can
be observed after further purification steps.
Typi cal | [ oure crude pr oduct of the present

| AP RARL WaARSY W Y2FERS t he di enophil e

treatnment step of at Ieast 60% w w (Cosal k) acrylic

acid or al kyl (Co-salk) acrylate/crude product, nore
typnoabky af leastror0%wingtemostl & i caldgnprated edst colour
80% w/ The process of the present invention is found
to- B € particul arly advantageous in such product

streams Alternatively, relatively high purity product
streans can be treated in which case the inprovenent

ih cdlarcexnh be observed directly after treatnment and

al so after separation of the purified (Co-salk)

acrylic acid or alkyl (Co-salk) acrylate fr o mthe
Lﬁﬁ@@:&bdfdtmnopﬁiHepodegma@ahbomuammmaﬂswdf@nnsed After

decolouratlon reacti on, and ot her i url i es qﬂé d%D
b %agé&%fﬁ%di%DQmmRﬁmH?%fFBﬁe|QYﬁ F59REs& EPEF* 19
P& oducty ofe thespresenty 4 Nyent | onrkas vay MUty @\%}p%rrat@ed by

the dienophile treatnment step of at |east 90 % .
(Colsadtkoy aRr9nIhc macinprort idltiams { Codaleke was no benefit

afﬁyégggégr%%§%§g99uct, nore typically at |east 95%

Table 3

Material Hazen Value
MMA 23

Sample + Decolourising | 28

Charcoal Ex Aldrich

Sample + DARCO G60 Charcoal 33

2 Sodium Borohydride

Sodium borohydride was added to samples of the MMA (ca
2g/50ml MMA) . There was no observable reaction. The

samples were then treated as shown in the table:

Table 4

Sample Hazen Value
Fresh Sample 23

90 min reflux at 103°C 16

90 min at 60°C 24




w w, nost typically, at |east 97% w w. Enbodi nents of
the invention will now be described with reference to

waQ bwofiglekowi ng non-1imting exanpl es and wi t h PEF/EB2I90O50523
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to the figures and by way of illustration only. Figure
1 shows UV-visible spectra foi sanpl es treated
according to the invention; a 8 Fi gure 2 shows hazen
val ues of sanples treated according to the invention,

CVPARATPVE TESTESVAPPEas Edmpardat infe Hext svhwetle could have
. A .
PeLLor oBd.LO-8X3 T AL ercﬁjl'ﬂ\}yaglerpcf 5 995?&9@ Zehs%sence of

crude product. Conpara e Oxygen Treat nent
wesr oiavier t de det hrirré onket ke reorimtioreordeegr adagt oaodium

f col our. was,. pronot ed by oxygen. Sa es_of MVA were
o et T AT S8 Pt SRS o RIS wi th it or
ni trogen bubbling through the MVA rich solutions in
flasks with condensers to prevent distillation. There
was MEHiI¢ errticER i tHelWikdur of the air and the
nitrogen treated sanples. Accordingly, oxygen
treatnment was found ineffective. Tine and Light
Stiabi foly oefingoautke rikke sgol ®ut Bsandtbiladefdiani t2eldrich Fine

st.abl e. sanpl e of % .
Chemicals, were used for adsorption measurements:

Aluminium oxide Acidic
"o Basic
"o Neutral
"o Typ 506-C-1
Silica gel 70-230 mesh 60A For column chromatography
o 60-200 mesh Typ 22
"o 35-70 mesh 40A Typ 10181

50ml samples of each material were packed into a 100 ml

column.
Table 5
Hazen Value

Untreated MMA 6
Silica gel Typ22, 60-200mesh 6
Silica gel 70-230mesh 60A 6
Silica gel Typ 10181, 35- 6
70mesh 40A
Silica gel Typ 506-C-1 6
Aluminium oxide Basic 8
Aluminium oxide Neutral 6
Aluminium oxide Acidic 3




was exam ned for Hazen val ue (al so known as the
Pl ati num Cobal t/ APHA Col our defined in ASTM D 1209,

wo 2009adwar , | i ght yell ow |iquids, defined by speCi/GB2w9/050523
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dilutions of a platinumcobalt stock sol ution, ranging
fromO at the light end of the scale to 500 at the
darkest) imrediately after sanpling. Sanmples were
stored in darkness in two |ocations. Sanples of each

wehe Yitesteatart &it80 tdgy$CiTHE colBuim test R swase bl to 3
f@é%@¥sunI@Q|Qf%09PQEl Q&ﬁy fﬁ tf HP¥abeQ?H; its). DNone
stability was exam ned furt th respect to eatlng

SaMﬂEmeoﬂﬂNwArfmaﬂ%lﬁenWNm 35 emitedyndemdetdl the basic

lux (103 0OC z n are: Table 2
RIS €0 o7 ?anh%\ﬁ?lﬂf%wraﬂ%‘f?ie% 68k dai n
W th heat treatnent. IS suspected that this rise
was due to formation of MVA ol i goners, sone o f which
ate SREERIY EBIFGwredef ACeHediiaging S heats neeF§ormed Wlth the

ugéyﬁ%gbéfuﬁ9£acgbog§aﬁ§ V%%e %Jgﬁgégﬁbqgg%ﬂ%%aibﬂg column

ort periods ma ce colo
ABSORBMN@N<SXB$EWB A nunber of adsorption materials
were conpared for colour renoval . 1 Charcoa
Table 6

Hazen Value

Untreated MMA

first 50ml eluate

second 50ml eluate

third 50ml eluate

fourth 50ml eluate

fifth 50ml eluate

ol o Ol O] B Wl o

sixth 50ml eluate

Thus the capacity of the column is very low and this does
not appear to present a suitable method for colour

removal.

REACTION WITH VARIOUS COMPOUNDS

The evidence of removal of colour with time, and the
apparent absence of impact of oxygen suggests that the
coloured material may be fairly unreactive. Nevertheless,

the reaction with some dienophile compounds was examined.

Two series of samples are presented in Table 7 and 8. In

each case, the sample of MMA was heated for 30 minutes (at



wappeaxicky carbon per 50 ni
separated by filtration through mcron filters.

Table 3 2 Sodi um
wa s added t o sanpl es
There wa s
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Sever al

After | eaving at

was no benefit

i n col our

Bor ohydri de Sodi um bor ohydri d

of the MVMA (ca Zg/ 50m NW%%
oHX. arHé §ampl

fornms of decol ourising charcoa

wer e used.

roomtenperature overnight with

YEﬂDZ@

of MVA,

t he MVA WaRCT/GB2009/050523
Ther e

obSérvaBhe ateaks ezPqief e Gthen Otfr et ed MlA was
réﬁ%ﬂﬂa& % th?uS%b'gre %% %Jhgt QHQH% éSVSES a rotary
appear simlar fo that cou ave een expected

f$@ﬂpequtvalencheaﬁkngshenLtmaeﬂxﬂﬂﬂbﬂbity of the colour
Theref ore,

hydri d th
%‘?%# OB &S haoh RS antPAs

rﬁl%pe@r}aaﬁaﬁa@e Gol srasedhesf ot
avai l able from Al dri ch Fi ne Chem

adsorptlon measur enent s:
" " Typ 506-C|

Ne

co unn chronatography

é§¥ﬂgence thatr%ated MMA

pm%; Ngs 1@t evd ahss . al |
ca

were used for

Alunlnlun1OX|de Aci di c Basic
Silica ge

70- 230 nmesh 60A For

Additive Actual Hazen Value
No additive 19

Benzogquinone 13

Maleic anhydride 7

Dimethyl maleate 10

Table 8

Additive Actual Hazen Value
MMA untreated 28

Naphthagquinone 15

Fumaronitrile 25

Maleimide 9

Benzogquinone 13

Acrylamide 19

Maleic Anhydride 7

Surprisingly,

than other systems.

Benzoguinone

the dienophiles are clearly more effective

appears to

have a

positive impact as does naphthaguinone and fumaronitrile

but maleimide and, particularly, maleic anhydride are

particulary effective.

A further study was attempted using freshly prepared MMA

with a Hazen value of about 35. 50 ml samples were tested



" " 60-200 nmesh Typ 22 " " 35-70 nmesh 40A Typ 10181
50m sanples of each material were packed into a 100

workoogodigen. Tabl e 5The MVA treated with the acPci/6B2009/050523
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alum niumoxide fell to 3 Hazen units (fromthe

starting figure of 6 units) . i:lone o f the other

sanpl es was affected, indeed the basic al um na gave a
slightly higher level of colour. A second series of |
ekperiffenfd MRasperfér med *POK thetlaci®di € af ki id t pinutes,
exam fee i he, capagi;ty «af +the ;19 UH £ v :
co ou(?‘.ge(%a%?/e g@%kusdt F?é: caé‘;‘cﬂ“y%ﬁ t he c%?%ﬁg ?gaporator
ver gahpweandetrki scedesinod appeéarlt oiphesentadaditives and 3
suj table nmethaod for colour renoval . REACTION WTH

VARS @%F%ﬁ/ﬁ‘ﬁllf%fﬁee evi dence of renpval of col our

wth tinme, and the apparent absence o f inpact of

oxygen suggests that the coloured material may be
fBitr Feuriraeset P e thNever thiet exrh véhede eadtiorlw thl late and

spIe; gl enophil e compounds V‘%?l&ﬁ;ﬁfé@gdto-r . SghLes of
sarrpjfes are presented in Table 7 and 8 . Tn ea case,
the sanple of MVA was heated for 30 m nutes (at8Q0C )

nder refl nd it hen % of th
QRggct{gn #ftg'ga{ef% f%%%ﬁrfggoo the MA was

Addition to MMA

The impact of maleic anhydride 2000 ppm was examined by
heating a 500 ml batch of MMA for 30 min at 80°C, followed
by removal of ca 80% of the contents of the flask overhead
by rotary evaporation at reduced pressure. The colour of
the distillate and residue was measured as shown below in

Table 9.

Table 9

Actual Hazen Values

Starting MMA 19

After addition of MAH, [5
Distillate

After addition of MAH, |9

Residue

The coloured MMA was studied wusing a UV-Visible
spectrophotometer. Figure 1 shows the UV-visible spectrum
taken every 5 nm for samples of deionised water, a
decolourised sample of MMA produced (according to the

invention) and a coloured untreated sample. Each sample



renmoved by | ow pressure distillation on a rotary
evaporator. Due to the unpredictability of the col our

wo eveh4tosom sanpl e to sanple, the different uneCEGB2@WI/050523
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MVA sanpl es may have different starting Hazen val ues.

Tabl e 7 Tabl e Surprisingly, t?ﬁ di enophiles are

clearly nore effective than ofther systens.

Benzoqui none appears to have a positive inpact a s

does hapttthagiui Rone &Rd F%ar 8AREFRSIte HutOomteiinigeer as a
Lcularly, maleic anhydride are particulary

2?%%%??@%%'A further study was attenpted using freshly

prepared MVA with a Hazen val ue of about 35. 50 ni

sanples were testedin the sanme nner above, _at .
SRDCoF 5P 136 R UEE T ol Fonet By Gaculind diBei || Goroeak is
s &ec 1 Q1 BF Yn SV apes ad0F . 112 Siapt £Sawed esdmsied; a
control without additives and 3 wt % nal ei ¢ anhydri de.
In the case of the maleic anhydride, the distillate

resgi entd all our | e
Afflo! PRLARRIN P 62720 éydggllléecc%dd#{li e
i rpadti rof falted ¢ Andydvi de L2000 rppimowas ceRanimed bBy-Visible

P%?%%n-ﬂﬁ.509h31aé§%§£Efgn“@gﬁfé?g§%§%§1§daéy§§§C%00 nm.

Addition of maleic anhydride to a pilot plant stream

Maleic anhydride was added to a pilot plant MMA production
stream at 1000 ppm relative to the process stream. The

level was increased in stages to over 7000 ppm.

The impact on the colour of the MMA derived following
distillation of lights and heavies is shown in the figure
2. Figure 2 shows the Impact of Maleic Anhydride on Pilot
Plant MMA Product Stream when added to the product stream

at a defined level relative to the flow from the column.

The data used in figure 2 are tabulated below (Table 10):

Table 10

Fed MAH Hazen Value

1000 19.2
2000 13.5




by renoval of ca 80% of the contents of the flask
overhead by rotary evaporation at reduced pressure.

wabmogeleaur of the distillate and resi due was PEEEBR®Y/ 050523
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as shown below in Table 9 . Table 9 The col oured MVA
wa s studied using a UV-Visi bEg spect r ophot onet er.
Figure 1 shows the UV-visible“spectrumtaken every 5
nmfor sanples f deionised water, a decol ouri sed
sample o f MW %roduced (accorth.blg to the invention)
and—acotoureg Antreated—sanyt Each sanpl ewas taken
iin a4 cmce dgai nst dei oni sih5water as a reference
A n adsor ptdocan appears to peakylat 360 nm . The peak
its—essentially not present in the treated sanple. The
observed coldW0|i s due to an abBorption in the W
tar tTng Tt g g vi ST bt e regron f the UV-Visible
gpectrum The absorption has di % ppeared by ca 500 nm
Addi tion of aoellei ¢ anhydride tosg pilot plant stream
P . ,
R

D

ilot plant MVA
product i on” st4%4m at 1000 ppm rellati ve to the process

stTeam The jeygpt was 1 ncreased, bin stages to over 7000
ppm The inpact [on the col our o‘%‘ t he MVA derived
following distillation of lights and heavies is shown

in the figure . . :
Phe Satagwere fitted to an exponential decay assuming a

zero value for the Hazen scale of 4 units.

Attention is directed to all papers and documents which
are filed concurrently with or previous to this
specification in connection with +this application and
which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
(including an y accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a generic series

of equivalent or similar features.



2 . Figure 2 shows the Inpact of Ml eic Anhydride on

Pilot Plant MVA Product Stream when added to the
weewdaeto4st ream at a defined | evel relative toP@HEB2I00M50523

fromthe colum. The data used in figure 2 are

t abul at ed bel ow (Tabl e 10) Tagie 10The data were

fitted t o an exponential decay assum ng a zero val ue

for the Hazen scale of 4 units . Attention i s

directed t o al | papers and docunents which a r e f i
lTﬁeq i %%‘H&{‘t ié Y t Iilegtq:ierc.eav' tgu.%hte 04k LP1s of the
speci fication i n connecti on wth t hi s appl icati

ohocandoimg @nbodimenogse .nTheo puvienitiorc exispedst tb  any
on Wi .t h this specification, and. the contents of al |
TURRdate akd dEONNERDY S TR Hotaf ed thir STYE by catures
5 refereneecdAilh of the keakueesrdicsehesed i (Dnthi$ding any
specification (including an y acconpanyi ng cl ai s,

abSEPERENEABIIFARILAGS) , 2BABF oftaldndf drRe 1Sty frare any
prace i scl - e hned..i n

Covbrnats b, Coxcan: Torm: ratiomTarere B¢ oA hE e any

afesiueh deapuressandd odistepsedre nutual ly excl usive.

Each feature disclosed in this specification

(i ncl udi ng any acconpanyi ng cl ai ns, abstract and

drawi ngs) nmay be replaced by alternative features

serving the sane, equivalent or sinlar purpose,

unl ess expressly stated
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ot herwi se. Thus, unless expressly stated ot herw se,

each feature disclosed is one exanple only of a
wQeenswsseri es of equivalent or simlar featuP€E€BEGBR®I/ 050523

invention is not restricted t o the details o f the

foregoi ng enbodi nent (s ). Thg I nvention extends to

any novel one, or any novel %blnatlon, of the

features disclosed in th i s_specification (including

any acconpanying cl ai ms, abSLi2hB8 and drawi ngs), or t

o any novel one, or any novel conbination, of the

steps of any nethod or process so disclosed.Clains 1 A

plmhktimr@dwumsohOHIQhaﬁaamﬁactWM£ofmanufacture of

et hyl eni cal unsat ur at ed CIdS r ester ther

PR e Y PR G G R L P BENATS Rt by
aﬁeéict@fmt e f@hmﬁlaid%ﬁn(a‘aag% 4o herse 3 @fld 4 aleanoic
each independently hydrogen or an, al kyl group, |n t he

presencef o thea foatuilpstR sydreRPPRo %@%@%CE s%m@ are each
e Qde;?&&é‘rlljc}’yUH?&%B‘%QBegra%lnd Ak & ‘%E P% presence

aracterised int the acid or ester
smhsequenhkqupmtaSWedem th a QMenbpheleseomihethpyenically
renmove di scal ouration therefrom 2 A roduct|

proEeser AEEEr g tof cPaMMTL BT WHer ki %@Ca%hssﬂ. |'g? that

i sh@ £OMPosAde §fcf op PHbAC-L M@e£§bﬁeéue§t§§|@@B%QcEégﬁwlth a
the group consisting of -C(OY, -CN, -NO2 or halo,

whise et ph ¥ ¢ ste et et ey f Yoy thel gsoupouration therefrom.

2 A production process according to claim 1, wherein the

dienophile is a compound of formula I

wherein 7Z is selected from the group consisting of -C(Q)Y
-CN, -NO; or halo, wherein Y is selected from the group
consisting of hydrogen, alkyl, hetero, -OR, halo or aryl,
wherein R, R' and R’ independently represent hydrogen,
alkyl or aryl and hetero represents N, S or O which hetero
atoms may be unsubstituted or substituted with one or more
of the groups consisting of hydrogen, alkyl, -OR, aryl,
aralkyl or alkaryl, wherein R is as defined for Y above;
Z' may be any one of the groups selected for Z above or
may additionally be hydrogen, alkyl, aryl or hetero; or Z
and Z' may together be -C(0)Y(O)C- so that the dienophile

forms a cyclic group of formula Ia



consi sting of hydrogen, alkyl, hetero, -OR halo or
aryl, wherein R, Rl and R2 independently represent

whyweogew, al kyl or aryl and hetero represent sPCI/GB3081050523

10

15

20

25

0O which hetero atons may be unsubstituted or
substituted wth one or nore 8& t he groups consisting
of hydrogen, alkyl, -OR aryl; aral kyl or al karyl,
wherein Ris as defined for Y above; Z ' nmy be any
one of the groups selected for Z above or may
additionally be hydrogen, alkyl, aryl or hetero; or Z
and Z1 may together be -C(OY(OC so that the

di@e ophil & fornms a cyclic group of fornula |awherein R

1 an e a s defined above, Y is hetero a s
defi ned abo oY represents an al kyl ene group o f
for mul 2 )s- wherein Sis 1, 2or 3. 3 A
pLeQ process accordingt oclaiml or 2 ,

erein thg ethylenically unsaturated acids or esters
are sel ect froma Co-sal k acrylic acid or alkyl
(Co- 8al k) 'acrylat’é . 4 A production process according
to any preceding claim wherein the reaction i s that
o f an al kanoic acid or ester thereof with a nethyl ene
ovlneethyl &ne asourke suehaa sdaf soed cebovie f of mabdehydero as
sence 0 % the cata

in.th 5 A
PSS o pr6cBbs” abURFarRGES o Ay by LEBA HEOEPaPfy formula

- (CHs) ¢— wherein S is 1, 2 or 3.

3 A production process according to claim 1 or 2,
wherein the ethylenically unsaturated acids or esters are
selected from a Cpgalk acrylic acid or alkyl (Co-

galk)acrylate.

4 A production process according to any preceding claim,
wherein the reaction is that of an alkanoic acid or ester
thereof with a methylene or ethylene source such as a
source of formaldehyde in the presence of the catalyst

system.

5 A production process according to any preceding claim,
wherein R' and R’ are independently selected from hydrogen

or alkyl.

6 A production process according to any preceding claim
wherein when one of R' or R? is alkyl, the other is

hydrogen.



wwhheerreeiinn R 1 and R 2 are independently sel ected
from hydrogen or alkyl. 6 A production process

wW@ewdngiomg t o any precedi ng clai mwherei n whePCDGB2@9/050523
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R1or R2is alkyl, the other is hydrogen .7 A
production process accordi ng éf any of clains 1-5,

wherein both RL and R2 are hydrogen. 8 A production
process according to any preceding claim wherein DETA
t?eaI%mHFOQFCFﬁ@naéﬁécﬁﬁSeé%%?©@?b@%c¥oaﬁ@d’Fﬁke%lalms 1-5,

pwﬁ&FeJhﬂ? }é‘o@‘?p@ %tn% 2eQrEhﬁgd§8 Lact with a

di enophi A production process according to any
precedlng cIa|n1 wherein the di enophile concentration

f i t he DETA t t | t
R I AU NI EE MR W RER

usieSre 10 ArpPAOaUCiteR i acesshacseh di RE ts @y product also
preceding claim wherein the dienophile is present in

thekegngel a0t 0150, DOCHIM by LReisgivP | F e ePuderct with a
pﬁpgyﬁé nip.be treated. 11 A production process

according to any preceding claim wherein the

di enophile is selected fromthe |i st conS|st|ng of : -

| eic anhydride, nalei m de, thiophen-2, 5-di
n%rylz?cp% Y EH FPEPACS A %9?05%%'5%*5%36‘“3/ Precedl“g claim,

a&ﬁ&f@ﬂhtfhéedlgﬁbﬁhgle concentration and, 1f present, the
DETA concentration is selected so that a suitable excess

is present for their respective uses.

10 A production process according to any preceding claim,
wherein the dienophile is present in the range 10 to

50,000ppm by weight in the crude product to be treated.

11 A production process according to any preceding claim,
wherein the dienophile is selected from the 1list
consisting of:-

maleic anhydride, maleimide, thiophen-2,5-dione, acrylic
acid, acrolein, alkyl acrylates, acrylonitrile, maleic

acid, dialkyl maleate and vinyl halides.

12 An ethylenically unsaturated acid or ester crude
product purification process characterised in that the
acid or ester crude product is contacted with a dienophile

to remove at least one colour forming impurity therefrom.

13 An ethylenically unsaturated acid or ester produced by

a process according to any of claims 1-12.



acid, dialkyl maleate and vinyl halides. 12 A n
ethylenically unsaturated acid or ester crude product

WEeopfisiedt i on process characterised in that theCHGB208050523
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ester crude product is contacted with a dienophile to
renove at | east one col our fogging impurity therefrom

13 An ethyl enically unsaturat acid or ester produced

by a process according to any of clains 1-12.14 A
pf”oce%@rfo@le spr dpar inige ol (purd i pigr ahy ettiydeneEhllgnically

un [ acid.or_e of -t f ing. f la ;-

R R L T C LR e o1 R andt Y Ard Hef T hEa T
t@g«§@nﬁﬁm@y)§§mi§w the al kanoic acid or ester above;

and mis I'0r 277 the process conprising the steps ofa

) contacting an al kanoic acid or ester o f the formula
R8-€CH2: CORR 4 dwher ek RBidnc R4 rarehascaheeady =5 for the
defined. above, with a methylene or ethylene source of
f%*ﬁ%EEIT “het e £5téhdkﬁﬁ”%Té”T%dng%dénny?%elected
from Cl-Cl2 hydrocarbons, preferably, Cl-Cl2 al kyl,

al kenytoorsarybuast defd ndd: heteban, cor H, nore

preferably, Cl-Cl10 alkyl, or H, nost preferably,

Gy Ce.alkyl:or H. ., especial by,-methyl Qr b X i8e formula
either 0 or 3, preferably, O ; nis an integer froml
t@*{@ﬁ;C@ﬁéferaﬁkygﬂI1t@“10@1ﬁnﬁ@ are as already defined

o~ v Y . P e P N e 2L T e = N ANTT YAy oy A e RPN
ahove, with a methyiene or einyliene source of formuls I,

R5X X
C;/ RS
H m
I

-5

where &

~ ~

nd R are independently se2iacted from C:-Ciy

o

hvdrocarbong, preferably, €. -Cip, alkvl, alkenvi cr arvl as

defined herein, or H, movre preflerably, C.-U.y alkyl, or H,

Q

moat preferably, T -C¢ alkvl or H, especizily, methyl

Hs
X iz eithear O or 5, preferably, O:

n ig an integer from 1 to 1480, preferably, 1 to 10, more

referably 1 to 5, egpecially, 1-3;

T

and m 18 1 or 2, preferably 1;

in the presence of a sultakble catalyvst and opticnally in
the presence of an alcchel to produce an impure

aethylenically unsaturated acid or ester of the formula:-



preferably 1 to 5, especially, 1-3; and mis 1 or 2 ,
preferably 1 ; in the presence of a . suitable

w@a00ahys81 and optionally in the presence of anPGl/GBRWP/050523

5

to produce an inpure ethylenically unsaturated acid or
ester of the fornula :- R3-C(z, (CH2)m )COOR 4;b )
subsequently contacting the ififpure ethylenically
unsaturated acid or ester of step (a) with a o
di enophP F& 40t heely 'renbve i sg]@l‘aourléi%ﬁ’ Bff ¢ heFeFrem-catly
19, A, process as;herei nbeforec-described andyWith: cnopriie o
reference to the exanpl es. S B} i

thereby remove discolouration therefrom.

15 A process as hereinbefore described and with reference

to the examples.



