WO 2009/ 141641PCT/ GB2009/ 050523 1 Production of ethylenically unsaturated
acids or esters thereof This invention relates to the Eroduction of

et hyl eni cAPRIBI446K 5t ur at ed aci ds or estersthereof, par tBCUEBI/095Bacrylic

acids or al kyl (al k) acrylatessuch as nethacrylic acid or al kyl (meth) acr
yl a te s and, in particular, purificatign of the said acid or ester
product during such production. 10 Such acids or esters may be nmade by

react i ng an abkangke;ag! de(engeLasbashy! BASERLTIEEARECIER o QUTRY, uner e

R3 and R4 are eac a su 't GEAt koW IR “the art
of acrylic conpounds such as hydrogenthera&bfan al kyl group, especially a

| oner al kyl group containing, for exanple, 1-4 carbon atons, with a
sui t abl e nmet hyl ene source, for exanple, a source of fornaldehyde Thus, for

i nstance, nmathac i B %19&&'tssttﬁtespr%%%qfl,one&p@%@ yYe ABEAVLy
met hacryl ate, may y be nmade by the 20 catalytic reaction of proplonlc aci d,

or the cbérregpontiag eé®ykcester , o8, gesketrhyl ph@memétfe pafFthcularly
or ! s 58, BRI e JOuT B L L AGEPY TaiS AL LI Lenct 9y seguence
R3 - CH (0102 crQQAGRE 2cRA - & ( a1&HR) - (kX Madr@Gtes and, in
particular, purification of the said acid or ester product
during such producticn.
10
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
15 an alkyl group, especially a lower alkyl group containing,
for example, 1-4 carbon atoms, with a suitable methylene
source, for example, a source cof formaldehyde. Thus, for
instance, methacrylic acid or alkyl esters thereof,
especially methyl methacrylate, may be made by the
20 catalytic reaction of propicnic acid, or the corresponding
alkyl ester, e. g. methyl propionate, with formaldehyde as
a methylene source in accordance with the reaction

sequence 1.

25 R?- CH, - COOR® + HCHO --——---——-— > R® - CE(CH,0H) - COOR*
and
R® - CH(CH,OH) - COOR? ~----- > R’ = C(:CHpy) - COOR' + H,0

Sequence 1
30

An example of reaction sequence 1 is reaction sequence 2



2 CH2 - CH2 - 000R4 + HCHO CH2 - CH(CH20H) - OO0OOR4 Sequence 2 > CH3 -
CH (04206905009/%)1@&11 > CH3 - C(:0H2) - MORI' + H20

PCT/GB2009/050523
2

CH; - CH, - COOR® + HCHO ------- > CH; - CH(CH,0H) - COOR*

CH; ~ CH(CH,OH) - COOR* ------ > CHy - C(:CHy) - COOR® + H0

Sequence 2

5 The reaction is typically effected at an elevated
temperature, usually in the range 250-400°C , using a
basic catalyst. Where the desired product is an ester, the
reaction is preferably effected in the presence of the
relevant alcohol in order to minimise the formation of the

10  corresponding acid through hydrolysis of the ester. Also
for convenience it is 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

15 propionate, methancl, formaldehyde and water.

Conventionally, methyl methacrylate has been produced
industrially via the so-called acetone-cyanchydrin route.
The process 1s capital intensive and produces methyl

20 methacrylate at a relatively high cost.

The MMA product stream from the acetone-cyanchydrin route
has an undesirable yellow hue and other impurities.
However, these can be successfully removed by diamino or
25 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. Unfertunately, this process alsc
30 produces a yellow hue. Use of DETA alcne to remove the

yellow hue was surprisingly found to be unsuccessful.



5 The reaction is typically effected at an el evated tenperature, usually in
the range 250-400C , using a basic catalyst. Were the desired product is
an ester WORBIYdHWi on is preferably effected in the pr&Ed{ei063/005%3

rel evant al cohol in order to mnimse the formation of the 10 correspondi ng
acid through hydrolysis of the ester. Al so for convenience it is often
desirable to introduce the formal dehyde in the formof formalin. Hence, for
the production of nethyl nethacrylate, reaction mxture fed to the

catal yst wi PFCgénérdl |t§’ ConsirStt &Fpr?&thﬁfel@eprpdiﬁ%ﬁ{é it & k| Chere
fornmal dehyde candh- ot @6d Sonpvendi onadd Yo rsBEBY| Rt hageyhahe hasbeens £
produced industrially via the so-call ed acetone-cyanohydrin route. The
process i s eapivilgnignlesiwvesahdrpeeducasimst h9lr 2es retifackyeatelfat Ry
relatively high cost. fh%&’”ﬁl% dygt aséiﬁam of oL he aocj?t e &Y}?M@% rin
route has an undesira I ue and ot her i npuriti es. ese
can be ssiccesstyl lof rt&nmvﬁdrrbu’lah 2 QD -@oES  phletasni B0 amirrm“uraiSe stecth as
N, N-di et hyl ene triam ne (DETA) or ortho- p%ﬂ£§genedlanlne new i nproved
commerci al prEEEssdEs L ﬂh@yﬁF%Hﬁ%{ s8LOFPeatE) ydEY R OR

bet ween met hy# propionat e, apd é&é@&hdehwep%dﬁﬁ%@tl aned sa lenically
Unfortunately, this process also 30 produces a yell ow hue.

.al one to remmve tuhe bl Immu@rvmsmrpm@idw@ty dl‘cﬁnﬁjrft@rh@e@nsutc@sgt ul .

3 According f.ifst aspect of e present_ invention there i r V|ded a
product i on 6%803§§df85 %e§hﬁ fh&%ure of° thy §H§%ﬂ Con?%%ﬁ?ﬁaﬁe aci ds
or estens theeeebhiby reachieerbaf r@moaﬂ&m@cmmﬂtwn esiate foforan al kanoi ¢
5 acid, of the formula R3-CH2-COOR4 where R3 and R4 are each independently
hydrogen or an al kyl group, in the presence of a catal yst systemto produce
said ethylenically unsaturated acid or ester product characterised in that
the acid or ester product is subsequently contacted with a 10 dienophile to
t her eby renbrefedirstdlyourtatl dnenlbeteflroms Pr efcarahing atheadireniophi le is a
conmpound of formula I wherein Z is selected fromthe group consisting of
-C(0)Y, -ON, -NO2 or halo, wherein Y is selected fromthe group 20

consi sting of hydrogenz al kyl, hetero, -OR halo or aryl, wherein R R4 and
R2 i ndependent repr€sent hydrogen, al kyl or aryl and hetero represents N,

S or 0 which h tons may be unsubstituted or substituted with one or
nor e of g gdroups co 2sting of hydrogen, alkyl, -OR aryl, 25 aral kyl or
al karyl, whereln Ris as defined for Y above; Z° may be any one of the

groups seletted for Z above or may additionally be hydrogen, alkyl, aryl or
hetero; or Z and Z4 may together be -C(0)Y(0)C so that the dienophile
forms a cyclic group of formula la

wherein 7 is selected from the group consisting of ~C{Q)Y,
-CN, -NO; or halo, wherein Y is selected from the group

20 consisting of hydrogen, alkyl, hetero, -0R, halo or aryl,
wherein R, R! and R? independently represent hydrogen,
alkyl or aryl and hetero represents N, S or 0 which hetero
atoms may be unsubstituted or substituted with one or more
of the groups consigting of hydrogen, aikyl, -0OR, aryl,

25 aralkyl or alkaryl, wherein R is as defined for Y above;
Z7 may be any one of the groups selected for 7 above or
may additionally be hydrogen, alkyl, aryl or hetero; or 2
and 7z' may together be -C({0)Y{0O)C- so that the dienophile
forms a cyclic-group of formula Ia

30



Ola4 mherein RI and R2 are as defined above, Y is hetero as defined
above or Eresents an al kyl ene group of fornula 5 - éC}Qé s- wherein S
isl, 2 WO@“/ t18flerably 1. The reaction of the present?§HGEHPEPHhy be a
batch or continuous reaction and the subsequent contact with the di enophile
may take place before and/or after othery 10 subsequent treatnent steps.
Typically, however, the crude product is substantially separated fromthe
react ants before being brought into contact with the dienophile. In a
continuous p { the present invention, the product nmay be present in
a product strea‘ is contacted with 15 the dienophile after reaction
in a suitable reg £5Qel according to the first aspect has been
effected. The p of the invention is particularly suitable in the
manuf act ur eg _Zalk)acrylic acid or alkyl (Co_ 20 gal k)acryl ates,
preferably methacryl Ac acid or especially nethyl nethacrylate, in which
cases the al kanoi ¢ a®®d or aster is propionic acid or nethyl propionate
respectively. In particular, the process is particularly suitable for the
reaction of an al kanoic acid or ester thereof with a 25 nethyl ene or

Lol Sor SoMeresAURh A58 PO e Al TRLPALAENKIR theL B GRaNoe, 0he

cat al yst systen1 5 et henyl, openy utyl butenyl penty

pent enyl, hex¥inedexenys @ﬂthf@pyésghﬁﬂpan pleibeablgrouptbylfoemhyh

I I h
ﬁ;gpy butyé$%f§2t§he%ggn %XXE 19n5eg§ %Ehgzé%ggasEeC|fled al kyl groups

The reaction of the present invention may be a batch or
continuous reaction and the subsequent contact with the
dienophile may take place before and/or after other-
10 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 inventicn, the product
may be present in a product stream which is contacted with
15 the dienophile after zreacticon 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 (Cgpgalk)acrylic acid or alkyl {Co-
20 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
25 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 octherwise

specified, C; to Ci¢ alkyl and includes methyl, ethyl,



5 sufficient nunber of carbon atons, be linear or branched, be saturated or
unsaturated, be cyclic, acyclic or part cyclic/acyclic, be unsubstituted,
subst i tut%@zwfh“éﬁ)‘/'i‘ﬁ nated by one or nore substituents s&CE&ERIYIERE3hal o,
cyano, nitro, -OR', -0C(0)R', - C(0O)R21, 0(0) OR', -NR23R24, 10 -C(0O)NR'R
_SR', -C(0)SR', -C(S)NR'R28, unsubstituted or substituted aryl, or
unsubstituted or substituted Het, wherein R' to R' each independently
represent hydrogen,, hal g, unsubstituted or substituted, aryl ;or

unsubst i t ut é%hogn dﬂstpfﬁtpeﬁidl kyt CFor i ¥itn ?Hgy%ése ]g(; t%'r?lyr%él FHi¥to, 15
cyano and apken@cand/,omdieyint elexepted dydonepgdyInoge olpisef eralderdiass, t han
4) oxygen, sul phur, silicon atons, or by silano or dialkylsilcon nglroups, or

m xtures thBPESY L. Pretaranl Pramel al RpEVdroRRN a¥é @dibBEF¥dt-edniess _
preferably, JLinean andpreferabl v 1988 urghsdo2halpe hekm "@l&reohsthe Iike
shoul d, in the absence of information to the contrary, be taken to be in
accordange wutfiithendbovebdef iafi t¢orbof dabkyl " bexdepearCoaliktanched,

meansnon-supstituted with an alkyl. 25 The term "aryl"_ when. used herein
i ncl udes fi g&- At e ey é’d’{%ﬁ%%“r%% ;lb?i Ve Yo @i gHeY FenbePdd, Pert
carbocycl i ¢ccar ot/ Of c PseYdop@r ONald £uPkAUPSy t2ULh asHhentuted or
cycl opent adi enyl and i ndenyl anions and naphthyl, which 30 groups may be

unsubst i t ut 88TEENSEESt PYUCES Wit Fogife B Siorta tibs I trted s @ttt ¢ r om
unsubsti t ut r. s i tutediaryl do (whi gr ou i2selfipbg2s
unsubst i t ut g’%""%ﬁ"s&gﬁc’fut ed or t%(%?né}r(\%t édwgs(%rd?gf i'nefj)C @?ﬁar éin), IE@H(et’

(whi ch @b oupcriay NRESEFf bBRUNS HistitAR'ed ot (SubBtRI Ut echorbd el nad edr as
defined herein), halo, cyano, nitro, OR19, 00(0)R20, 0(0) R21, O OR22,
NoR24, 0( 0) RERES 18- B8 B0 or® & SNETH e iﬁ%l@agétété%@r‘f‘( et

i ndependent Ly, chepresent thy 09 ciNsHshbhibad1 9r resdddritt ety @&F yde®f

al kyl (which alkyl group may itself be unsubstituted or substituted or
term nat ed agldef ivmedidrdrigin)ed opr igvlisie todsed of TR OThafdsulps Exloutegano
or am no. 1Q _The,ter. ! ryl" or." I " ul e1C ued. Wit h
reference t 8t KeCdeti ﬁjitte?fonl%?%l’t h%r"'glﬁygﬂéaﬁggga?)gl % p’a?ﬁﬁg{bo@le&é's The
term "habo" cwheto used henehp neansSoa okl ofintcbtromred aolo @né | var omgroup,
preferably, chloro or. fluoro. Wthout prejudi ceph'o t he scqpe of protection

and wi t hout (BERAGIEURY 155 hEBPR, Apotr WeKE ng SPAPS Uur S 'sidny df sebvery,
the inventogs: tested whef her,.t hefie. TRy1 be1a 20 diengd npurd by hhatuyas

causi ng the col odration. However, reaction with the dienophile does not
seemto aff eéberehd .diferefdrpduly t i €de deity ¥ | gdoubadiagat | wystihat i thieed,

I mpuri ty m%rg%ter%%l%/,dil%?lee'ar and preferably, saturated.
20
The term “alk” or the like should, 1in the absence of
information toc the contrary, be taken to be in accordance
with the above definition of “alkyl” except “Cp alk” means-
non-substituted with an alkyl. '
25

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 anicns and naphthyl, which
30 groups may be unsubstituted or substituted with one or
more substituents selected from unsubstituted or
substituted aryl, alkyl (which group may itself Dbe

unsubstituted or substituted or terminated as defined



25 The term "Het", when used herein, includes four- to twelve-nenbered,
preferably four- to ten-menbered ring systens, which ri [n.one or
nor e hetg%baﬁgﬁgﬁ | ected from nitrogen, oxygen, sulfur ﬁﬁ%ﬂkﬁﬁgg%

t hereof, and which rings contain no, one or nore double 30 bonds or may be

non-aromatic, partly aromatic or whollygromatic in character. The ring
systens may be nonocyclic, bicyclic or fused. Each "Het" group identified

herei n may bsgituted ; rlgﬂhﬁgitﬂé d; e - ipuents
sel ected fﬁgﬁgﬁgﬁgf c%%né, ﬁggr ) o%%, a?k&?gf%gigﬁga k%?bzg%ﬁgpﬁgygitself
be unsubstidultedi trtsdibst i tetred:ared easi daf ededshdetingd haltej nyadR;,

R R OC (0)20-C (0)21- 2 - R4, - N R 6, .-~ 5 SR, _C
(0) SRn gr)n%??%;)%ﬁl(g%g%%i Whgﬁg% R Féogﬁﬁgécﬁﬁﬁﬁ %peﬁggﬂpﬁyféghresent
hydrogen, uniibst ictigt gd*or subst it utetraT ylwiosrad Kyl r{whiteh &Ryl egrpup

itself may be unsubstituted or substituted or term nated as defined herein)
or, in the cadersgmndent lia sermias dn tanf e 6t I 0 .cydRs LoTHel &R A HBE" t hus

Cnel ud . ot bl Ldinyl |
i da 2ol y1° e byt e Phy Shyr ! pS PIhLL! P2 bL DMy T EEY 1
thi azol yl, dhsa@dsazaehyled taod azallydt, i buatd azol ylerntimatedazel yiefined

pyridazi nyl, norpholinyl,. 15 pyrimdinyl, razi nyl, quinolinyl,
isoquinoIiHV?FebgberPHPny}? 55?ai8?§? 856:%¥pe§5;¥ﬁylpléﬁﬁstﬁ%iﬂ?%noﬁt Net
may be at a,garbon atomof the Het ring or, where appropriate, at one or
nore of the heteroatons. 20 "Het" groups nmay also be in the formof an N
oxide. Preferably, Rl and R2 are independently sel ected from hydrogen or

al kyl . Prefgrabl when and/ aor. R2 ar l.Lkyl, the e._select fr Cl-c4
al kyl , wher@il% %1% VP i %l?grgtlhepvrvi sear&'e]ﬁ"ly?lled Séboou\}}ec?/ %r%&br%lfp%%gbwgﬁ]net hyl
or ethyl, mbstepegter abl ythwher faldkiioddeyr arhdrethyky 1 Typincal tyrywen one
of RlI- or RR is alkyl, the other is hydrogen, nore typically, one is
hydr ogen arRP¥he 3RFe®-is nethyl or ethyl, nmost typically, one is hydrogen
and the other is 30 methyl. In especially preferred enbodi nents, both RI-
and R2 are hydrogen.

15 The term “halo” when used herein means & c¢hloro, bromo,

iocdo 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 inventcrs tested whether there may be a
20 diene impurity that was causing the colcuration. However,
reaction with the dienophile does not seem to affect the
diene impurities identified, indicating that the impurity

may not be a diene.

25 The term “Het”, when used herein, includes four- to
twelve-membered, preferably four- to ten-membered ring
systems, which rings contain one or mcre heterocatoms
selected from nitrogen, oxygen, sulfur and mixtures
thereof, and which rings contain nc, one or more double

30 bonds or may be non-aromatic, partly aromatic or wholly
arcmatic 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



8 Optionally, the crude product is also treated with DETA. The treatnent
with DETA has the benefit of renoving other inpurities fromthe crude
product. WPEMYHB4, the treatnent of the crude product BYIYGBIOEIROERKes
place in a 5 separate step than the treatnent with the di enophile.
Surprisingly, it has been found that the,dienophile of the invention is
nore effective when not in the presence of DETA than when it is present and

there may be reacti on between the respective conpounds. 10
Advant agaouSisaeCErte ProSIaRs el DTLOE. FXSHOr o eRep s 21kyL
di enophi | es (aati ap abeneafi gtalugoenty forcsemval Of 6ol oy f LM pseduct

produced by the above process, particularly in the absence of DETA. 15
Accor di ngl y subps tiA W edt AEnt tarBl iR aq ead nedt L vied herpreisent 1GR/ent i on

shoul d pref | ywzo t ak e il Aate st st gzavoi 45Q0R26

t her ebet weeg)aggéf €r ab >(/8i ?ﬁé Dgﬁ@%eét rrenmfeaffsghé cr%&dé)e%?%d ct 'fol | ows
t he di enpphiskRé’t r eat(msR*St ep. 20 (PyERRF 3By, wileme DE RX and/ ckUi endphi | e
conpound concentrations gre sel ected so_that a suitable excess is present

for their réSPERFREisesy BERY RES AT VA F OISy ol $BREG VB S5h oF

excess( conmpanediteitBRuLIY 22 GANGANt Al aN)a st P RS esedd: £ onef fiect
reaction with any inpurities. On the other hand, dienophil e conpounds of

t he present unsudsttioraee suscepbisbligutedydrol yersior tddohdl ydESitedm ng
acids and esters readily,. accordingly, | afige excess (.conmpared.to the

pot enti al cglleé‘ﬁuer:L )orcr)rref c%ﬁgen(fr% ic()% ?s’prgggﬁf trél%%écg%rl@%v%ﬁf of
the rel epantyeal®ur foneerce Aypircadty, thhe dierophicse bsumwsesticin dde
range 10 to 50, 0 OQppm by weight in the crude product to be treated, nore
pref erably, °¥0bi q b2 1ol 0, DOBFINE By WEi Ghe-Ziht tithl &iitle prYEtRt i EoNYBer

treated, most,piefenably, 1100014a 10:000Rpm by Weight1in thescsuslsy pr oduct

to be treated. However, the conCentration of the dienophile 1s not Timted
and dependsoora thex zodcehtr ath ora 5odf yitnpurtintiya tia deorlepbvedtr Typdtally, in
a continuous pr.ocess, the cr udetgr.oduci 0 be t.rcgat ed i.s a ([i)rolguilt sjlnream

By i npuriti 883% MRARt Yprodubt SU6f &t ¥ dacti¥dn OF Ak Yiran 40P &L hyFent cal | y
unsat ur as edpact df iRl i 89116 Sphuta PAtn ¥ €9Ct 4ALS OL iGay 8l ySisoquihibiali e,

di enophil es in accordance wth the present invention may be selected from

the |ist coRpPediing ol 12 xens? Y ing bf: PiRsIt&iz tadhy dPPest iraltei dn det

t hi ophen- 2, 5-di , ryld c_aci r i.n, Al yl , acrylonitrile,
mal ei ¢ aci d%egﬂl a: E\{/I B%aléleeat% ?na %ﬁygkﬁg‘l iodfgsgxgr g%g:r rf;al%:lﬁgj i Witk
appropriate, at one or more of the hetercatoms.

20 “Het” groups may alsc 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 sgelected from C;-C; alkyl, wherein alkyl 1is
25 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 is hydrogen and the other is methyl or
ethyl, most typically, one is hydrogen and the other is
30 methyi. In especially preferred embodiments, both R* and

R* are hydrogen.



20 di enophiles are mal ei ¢ anhydride, mal ei m de and thi ophene2, 5-di one, nore
pr ef er abl mal ei ¢ anhydri de and nal ei m de, nost prefer el

anhydrid .d%’@g/b‘p&flng to a second aspect of the present %éﬁ?@ﬂwﬁ%there
is provided an ethylenically unsaturated acid O ester crude product
purification process characterised in thlgat the acid or ester crude product
is contacted with a dienophile to renove at | east one col our formng

i mpurity, e y o] 0 i ng.i rity, A

sui tabl e p?sogg%lsé %?ybrgiﬁ%r ;gr%%tehg{rec{oﬁ{/&enigsca %outn%é%tafjt%g{g& glg]i %IJE@%? ester
prior to purtiditcatdioneby eOnhadETA hals ahdi éogtafist cofiprésesicontabtirng an
al katoic WD 2009/ 1,4164%PCT/ GBtgnOOQ/ 050523 10 acid or stgr of the Egr mul a

i ve- C112- CCCRAU TS SHiARbIE Soutbedof RePiYCene drt of AylPdhe’ of the

formul aas defdeskdr RSX thel 8RB apdoRiak: wethndepandekat! y1sekechedafrom
C1Cl12 hydxocarbons, prefer bly, Cl1-Cl2.yl, a lkeryl or aryl as defined

herein, i5, soperpref etabby th@n ckbeal kyatmpny, withnpgde plepepabiye-d - Co
o cher TR B Yoo P bbe et gl PR o Bpuiel bl v 1
especially,idv@ntion is more effective when not in the presence of
DETA than when it is present and there may be a reactiocon
between the respective compounds.
10
Advantageously, despite the reactivity 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.
15 Accordingly, DETA treatment and the treatment of the
present inventiocn should preferably, take place in
separate steps to avoid reaction therebetween.
Preferably, the DETA treatment of the crude product
follows the dienophile treatment step.
20
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 (ccmpared to impurity
25 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
30 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 tc be treated, more preferably, 100 to



and mis | or 2, prefera 15 in the presence of a suitable catalyst, and
optionally In presence of an al cohol; wherein R and i are each

i ndependedOI200%M#ieddgen or an al kyl group. In a parti cul RATYCHI8I0pIBJ
enbodi nent the - nmpound fornula | is derived fromformal dehyde in the
presence of 20 nethanol and/or water. |Ingsuch a case, the conpound of
formula | may be defined as a suitable source of formaldehyde For the

avoi dance of d a suitabl e saurce of for Ide de ipcl udes an

ot |t unPEo QRS G WHECHESS Sy ChRoSH GE o ROt LRt of Ot oifhmt ekt
Exanpl es of m%'é,%h)ﬁr'é@'eli@%llg}—'t BF € Ngd 1@8©®o§p@db§ow@&tgml 61! (tlhel crude

di met hoxynet hane pol yoxynet hyl enes -(01-12-0 wherein i=1 11 to 100
formal i n (f@realidéhyide, bﬂeﬁﬁ&ﬁéﬁd\Mﬂngvﬁﬁmi %eﬁO@&@ﬂqqﬂﬁhﬂﬁcﬁﬁmﬁ%$tlons
such a s a f.qr nal.d t p

Typi cal ly, ?Léhgkﬁ'ox %%tﬁ% eﬁgégg¥%gﬁﬁ ornals ggﬂﬁcééﬁ#%ﬁﬁggklgh

met hanol 5 CH3-f0- Lﬁ@ﬂi&t&ﬂ1ﬁ}8k( fDemahedj Tywmmaﬂhyj—hxtoaloﬁonpimﬁ@mably,
1-5, especially 1-3, or ot her % ﬁ.nEth Ienes with at | east one non

met hyl t er nPR&ICSGOUpt Pohér @ OF e PTPAECSouT Re 6t FBRAMISHeytle 2mey A8 GF so be
a pol yoxynethylgpe of formula R31-0-(OH2-0-)1R32, where R31 and R32 may be
the sanme or different groups and at |east one is selected froma C2-C10

al kyl group, for instance R31 = isobutyl and R32 = nethyl 15 Preferably,

t he suitabl e source .of. fornalde ect fron11 dlne Xyne hane
mmwrfmn%%éwu&%m%é1 ﬁ% ]g% H%\%mel—
formal i npor e&wmmeaqqrgaruﬁwgdmwud%tmdﬁs rret;har@é t@rlds metyl not
propi onate. 20 Preferably, by the termformalin is neant a m xture of

f or mal dehy d&SRELRRNSI WaCatalysthe ratio 25 to 65% 0.01 to 25% 25 to 70%
by weight. More preferably, by the termformalin is nmeant a m xture of

f or mal dehyde: net hanol : water 25 in the ratio 30 to 60% 0.03 to 20% 35 to
60% by wei glsmiﬂ\@lsﬁeprcéf@mphxileby ihme eecorflenpel i wishneant aoneéxenutre of
f or mal dehyde: met hanol : wat er. in e rati,o 35 to_b5% 05 to 18%. 42 to 53%
by weight. 30 Fleretaplsy the rﬁ Ure® ‘éoﬁﬁ?i“su gf&rln%‘fdgﬁ%% *5thandl and
met hyl psopi-onatietcent alms- | ess than 5% water by weight. Mre preferably,
the m xture conprising fornmal dehyde, nethanol and net hyl propionate
contains |l ess WD 2009/ 141641PCT/ GB2009/ 050523 12

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

maleimide, most preferably, maleic anhydride.

Lccording to a second aspect of the present invention
25 there 1is provided an ethylenically unsaturated acid or
ester crude product purification prccess 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 guitable gprocess for preparing Lhe ethylenically
unsaturated acids or ester prior to purification by

contact with a diencphile comprises contacting an alkanoic



than 1% water by weight. Most preferably, the m xture conpri sing

for mal dehyde, net hanol and net hyl propionate contains Q %_wat er by
wei ght . #099/441641 according to a still further aspect %&/#ﬁ%&ggbﬁb ent
invention there is provided a process for preparing and purifying an
ethylenically unsaturated acid or ester19f the follow ng. formula:-

R3-(11(-(CH2),)-COOP. 4 wherein P. and R A are defined in the sane way
as for the 10 al kanojc_ acid Qr ester aboue; -and-hApis 1 of 2; ;Lhe pyacess
conprising The steps of- "a) contacting an al kanoic ‘acid or ester 'ofL t he

formul a 13.3eCH2= CODP.o; . iwhiesied no R3 camd 1k @l efasnallreddya glefienedadbove,
with a methylene or ethylene source of formula I. 15 in the presence of a
sui tabl e cat@ty%t and optionally in the presence of an al cohol to produce
an inpure ethylenically unsaturated acid or ester of the fornula:-

P. 3-C(- (CH2) 00001 b) subsequently contacting t.he inpure ethylenically 20
unsaturated acid or ester of step (a) with a dienophile to thereby renove
di scol ouration therefrom Preferably, the ethyienically unsaturated acid or
ester is sek®Bctled fryoh nethacrylic acid, acrylic acid, nmethyl 25

met hacryl at e, cacry or butyl acrylate, nore preferably, it is an
ethvienically §atur gt ed ester, nost preferably, nethyl nethacrylate. 13
typical lgy fromlitth edctign of the corresponding al kanoic acid or ester
thereof with a nethylene or ethyl ene source such as formal dehyde in the
presence of a catalyst system preferably nme thacrylic acid or especially
net hyl 5 metREEFyITat ef M) f r 6Fhepr‘bfb‘é"ﬁfd‘fﬁ%d%’éi' iff or® “lf/m? fyFpropi 1‘(5n§t"é“"‘-2
respectively, Accordingl Vo-astypheal sourgce :fior1an MMAGrude psoduct.zi s the
catal yti c conversion of nethyl propionate (MEP) to MMA 10 using

f or mal dehydéef fosdi tabkéncaval yist rfore tii st e fenevaldy 4-hthe hvEnti on
is a caesiumcatalyst on.a support, .for, i nstance, sil.ica which nay include
ot her net aIig""éﬁdPﬁé‘t"élldé:'olﬁ‘rfou"’rl*dé’.6 I ]"Pr‘ef%r abfy,%ué%glé"rfgldrft o Jx'e/n(‘)ghi | e
contactgd with the product in the present invention is between 100 and

50, 000ppm by wei ght crude product, nore preferably, between 500 and

20, 000ppm by wei ght. crude_ product . .npst. preferably between 1000 and

10, 000ppm b%]/ Wei %’r{?h?ﬁ ude“20” priod fc"l"T"J‘Qi“*?’ ¢

n is an integer from 1 to 100, preferably, 1 to 10, more

creferably 1 to 5, especialliv, 1-3;
and m ls 1 or 2, preferably 17

15  in the presence of a suitable catalyst, and optlionally in
e nregence of an alonhel; wherein R oand R ars sach

independently hydrogen or an alkyl group.

In a particvlarly preferred embodiment the compound ¢f

formula ig derivaed from formaldehyde in Lhe presence of

20 methanol znd/or water, In such & caze, the compound of
formula I may be defined as =& suitable source of

formaldehyde.

For the avoidance of doubt, a suitable source of

formaldehyde includes any equilibrium composition which
25 may provide a source of formaldehyde. Examples of such

include but are noct restricted to methylal (1,1

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



As the product is not pure prior to addition of the dienophile, the optinal
ppm concentration may need to be initially determ ned retrospectively after
det er mi niWg 20®/Widduct | evel s and the effectiveness of HEFEEBABHISOZB| our
removal fromthe crude product. In the present invention, it is possible
that other colour formng inpurities are-present during the reaction with
30 the di enophile which are thensel ves subsequently renoved in further

steps. Therefore, the effectivness of the col our renoval by the_ dienophile
oy be det etfi 108 afCEnaEs e TG B TSt ee =Gyt CHet

condi tions @fy.i £Mpeyat Une ko peassibe d Nstdie cryde produgt fafraddigson of
di enophil e are between 50C and 200' C, nore preferably, 8000 and 150C , nost

5 pref er abl forgetdghdde300e thenwde @@l OBLNYRa PAsP IPTNE - nore preferably,
0.003 MPa and 0.5 MPa, nost preferably, between 0.01 MPa and 0.2 MPa. The
yel | ow hue or discolouration which is renoved by the 10 process of the
present §nvertdiarmldan behs enmyigh £ vont bholdneéapuree ahd gted at fyehnylpuret cr ude
product. If it is renoved fromrel at] veIP_{ i npur e crude pro‘(‘j%lct, then the
col our aft efofmedtirewcemay agiddtan et ¢ | eleangel Peeavle bffeHRebresknce of
ot her col ouged JiJdpuriti es Whigeh apectarbeadi | v SemoyedebRatihe nannal
purification process. In such cases, the inprovenent in colour can be
observed af pérhdur phéyopynidtilcatd oas sveps. Iypi taklsy; anes npone e el
product of the present invention has a rit rior t he .di enophi | e

t r eat ment s%@ﬁm&fna t 9 ERSt %}OW%{%_PJ;% §§Pg)cea€rf;l%iocrmaaclid %oyrcpealr&%ﬁ’

(Co_sal kpacuylst eber wdepdr pelkghe tARNEnky Rifcakbymal al @dstoy QUM @ ) JRISE
typically, at |east, 80%ww The process of the present invention is found
to be parti ¥te&i9 W adeBAt BgeoBdYi ResUdIP ptdtRicP Fsfldard SAt SRS e35d
relatively hig |t r oduc 15%2 _krea hn I C t he
i npr ovenent Eitnhl(:é;%géhr%g%n dSue % Z%F&%gﬁ |rect?yl%'§f Fleor %?ggtlneg)rﬁg and a go
after separanisaanck Rie spurddbedyy GoBakK) acmgkhglaci d or al kyl (Co_sal k)
acrylate fromthe unreacted dienophile, degradation products from

decol ouration reaction, and 30 other inpurities which may be separated by

distillati oprdiethbs Gasen Ehesarudey peoditatr&f tbhe presem 14BweRtd onshas a
purity prior to the dienophile treatnent ste;)1 of at |east 90% w w
(Co_sal k) ace@lliaceddigoml kyll (dbmetipxzneshea%641PCYEB2009F 050523045

8al k) acryl at:g/,¢1 ‘i‘f‘e ;d Gla FREEALYA! cal by ab_| 835159200 Wy SOSt; o
typically, at 1'éas hg%)o\l;!\?lw. Enﬁoé fents” of tlgue i nVénti 6n vﬁ? now be
descri bed wifichrzlriaf esenee hoxtheef ot dnowe ingi mp n-Lloirmiatliced yelegnpheeish amdl Wi t h
reference to the fi LJI_I‘ES and by way of illustration only.
and meth proplonate.
20
Preferably, by the term formalin is meant a mixture of
formaldehyde:methanol :water in the ratio 25 to 65%: 0.01
to 25%: 25 tc 70% by weight. Mcre prefersbly, by the term
formalin is meant a mixture of formaldehyde:methanol:water
25 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.

30 Preferably, the mixture comprising formaldehyde, methancl
and methyl propionate contains less than 5% water by
welght. More preferably, the mixture comprising

formaldehyde, methancl and methyl propioconate contains less



Figure 1 shows UV-visible spectra for sanples treated according to the
invention; and Figure 2 shows hazen values of sanples treated according to
t he i nveMtQ i1 ARATI VE TESTS Various conparative te&tYORE0NE2E or med
to exam ne renoval of colour froman MVA crude product. Conparative Oxygen
Treatment 20 A study was made to deterfpne whether formation or
degradation of col our was pronoted by oxygen. Sanples of MVA were heated at

different t eratures d, ti . W.Lh ai L. bhl.j.ng. .t h the
MVA rich ZS%H%Pu?i“onwsa?%Pf Pgs@esﬁ 'con%oeér)éegggtfgqglr%és}énféﬂcﬁ]s?ﬁPFgglgon.
There was neomhbff ef egceoirmatiBlehgalequr mefththeai & ndnahetttey hi progénntteat ed
sanpl es. Accordingly oxygen treatment. was found ineffective. 30 Time and
Li ght St abif9t¥2bts cOIburS Fhes cirber P¥ WotIRhdefi nit el y stable. A sanple
of MVA was exani ned for Hazen val ue(al so known as the Plati nurrCobaL%/EAPHA
Col our def | Tred $hO ASTMEB-£2 69,7 of “cl 2ars™116 Fi""‘@j’h’[h"%r’ial ‘T‘-%‘l\i\F‘f—‘itqt‘ﬁfds,’- ‘def i ned
by specisfi ed,dijluti ons.of, a; phatimum.cobal t ;st.0¢ke80! Wt i ofy . rangi ng.fromo0
at the I'ight ené of the scale to 500 at the darkest) imediately after
sanpl i ng. Sampbesiverenst predivandarknesshyyetwoibl ) ocats bnsatSdnphes of
each were retested after, 30.days.. é‘e c}o}!l_l?y__gugesti ng was as follows: Table

Powing for

1 Hazen ¥al T Fr esh ‘Sahpt &

B (= {CHy Y ) ~CO0R!

wherein R° and E° are defined in the same wav as for the

10 zikanoic acid or ester above: and m is 1 or 2:

1 Sy e eI Yt = + oy ~F —
Lhe LDrocess Comprising the zsteps of

&) contacting an alkanoio acid or ester of the formuls
3~y : ; . 3 G mA maes e e it e e
RfmCﬁngOORﬂ, wherain R and ¥ are as alreazady deiined

P

above, with a methviene or ethylene source of formuia I,
15 in the presence ¢f a =sultable catalyst and opticnally in
the prasence of an alcchel to produce an impure

ethylenically ungaturated acld or ester of the formila:-

R7= (= {Ciy), ) COORY;

Py subseguently contacting the impure ethylenically
20 unsaturated acid cor esisr of ztep {a) with a diencphile Lo

thereby remove discolouration therefrom.

Preferably, the ethylenically unsaturated acid or ester is
selecied from methacrviic acid, acryvlic acid, mathyl
25 methacryliate, ethyl acryviate or butyl aorviate, more
vreferably, it is an ethylienically ungaturated ester, most

wraeferably, methyl methacrylate.

The process is particularly suitable for the purificatiocon

30 of (Cgpalk)acrylic acid or alkyl (Cpzalk)acrylates,



23 Location 1(after 30 days) 6 Location 2(after 30 days) 13 10 Conparative

Heat Renpval Heat stability was exam ned further with respect to heating
sanpl es OVONRRR/HY4175 min and 315 min under total requ?d%ﬁﬁ%W%mﬁﬁ@ Hazen
readi ngs are: 15 Table 2 M nutes Heating Hazen Value 0 23 75 12 315

13

typically from the reaction of the corresponding alkanoic
acid or ester thereof with a methylene or ethylene source
such as formaldehyde in the presence ¢f a catalyst system,
preferably methacrylic acid or especilally methyl
5 methacrylate (MMA) from propancic acid or methyl propionate

respectively.

Accordingly, a typical scurce for an MMA crude product is
the catalytic conversion of methyl propionate (MEP) to MMA
10 using formaldehyde. A suitable catalyst for this and
generally in the invention 1s a caesium catalyst on a
gsupport, for instance, silica which may include other

metals and metal compounds.

15 Preferably, the amount of diencphile contacted with the
product in the present invention is between 100 and
50,000ppm by welght crude product, more preferably,
between 500 and 20,000ppm by weight crude product, most
preferably between 1000 and 10,000ppm by weight crude

20  preoduct.

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
25 product levels and the effectiveness of subsegquent colour

removal from the crude procduct.

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

these further treatment steps.



48 Thus the colour initially fell and then rose again with heat treatnent.

I's suspected that this rise was due to fornmation of
of mhlch“g}ﬂ) ﬂﬁﬁy 20 col oured. Accordingly, heating |%@ﬁﬁgghg§%$%§for
al though m1d heating for short periods may reduce col our.

col our

renoval ,

sone

WO 2009/ 141641PCT/ GB2009/ 050523 17 COVPARATI VE ABSORPTI ON SYSTEMS A nunber
of adsorption materials were conpared for colour renoval. 5 1Charcoal
rms of decol ourising charcoal were used. After |eaving at room

Sever a

tenperature overnight with approx I g 10 carbon per 50 nmi of MVA,

fo

the MVA

was separatbﬁpbyamIddmdi@nonhroﬁghtampeoatﬁrbtemsd'ﬁnﬁﬁﬁmas n@ behefit in

rennﬂghkggg%ghgt %%rggdlﬁ%%%nofﬂ&ﬁeﬁmmﬁzﬁe 9@'%%@%%%%0%%Eéing

col our

10

15

20

25

30

and 200°C, more preferably, 8C°C and 150°C, most
preferably, 90°C and 130°C; between 0.001 MPa and 1 MPa,
more preferably, 0.003 MPa and 0.5 MPa, most preferably,
between 0.01 MPa and 0.2 MPa.

The yellow hue or discolouration which is removed by the
process of the present invention can be removed Irom both
impure and relatively pure crude product. If it 1is
removed from relatively impure crude product, then the
colour after treatment may appear little changed because
of the presence of other ccloured 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-
salk)acrylic acid or alkyl (Ce-salk)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 colcur can be
observed directly after treatment and also after
separation of the purified (Cypsgalk)acrylic acid or alkyl
{(Cogalk)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 diencphile treatment step of at

least 90% w/w (Cpgalk)acrylic acid or alkyl (Cs



Char coal Ex
Bor ohydri de

Al drich 28 Sanple + DARCO G0 Charcoal 33 15 2Sodi um
Sodi um bor ohydri de was added to sanples of the MVA (ca

29/ 50nl NNRPZIMREIMEIvas no observabl e reacti on. The 20 safSTésBINRYE0FHen

treated as
90 mn refl

10

15

20

25

30

shown in the table: Table 4 Sanple Hazen Val ue Fresh Sanpl e

ux at 103C 16 90 min at 60C 24

salk)acrylate/crude product, more typically at least 95%
w/w, most typically, at least 97% w/w.

Embodiments of the invention will now be described with
reference to the following non-limiting examples and with

reference to the figures and by way of illustration only.

Figure 1 shows UV-visgsible spectra for samples treated

according to the invention; and

Figure 2 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 cendensers to prevent
distillation. There was no difference in the colour of
the air and the nitrcgen treated samples. Accordingly,

oxygen treatment was found ineffective.

Time and Light Stability of colour

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

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

23



18 The col our |evels appear simlar to that which could have been expected
from equival ent atings in the absence of borohydride. e here is
no evi demzq()w&‘flgglodi um borohydride is having an i npactl’%ﬂ&i‘g‘{‘]g{‘]?“_ﬂ% Acidic
and Basic Columms The following materials, all available fromA drich Fine
Chem cal s, were used for adsorption neaggrenents: Al um nium oxide Acidic
Basic Neutral TiVITyp 506-C-1 15 Silica gel 70-230 nesh 60A For col um

chr omat ogr aphy,. ! 607 2001 1ESh 4Typ 22 ; T35+ A Typr 10181 of 250t
sanpl es of e%%}htw\ét erlgal \%gre pécke%li nto ayol O m 20 colum. T%b(I)e %
Hazen Val ueplint ieatedo MyALE Sid ¢ ka sgeluthyp2?2, 6@0200neshr o6 Si | iada gkk

70- 230mesh Pgﬁht end of the scale to 500 at the darkest) immediately
after sampling. Samples were stored in darkness in two
5 lccations. Samples of each were retested after 30 days.

The colour testing was as follows:

Table 1
lHazen Value
Fresh Sample 23
Location 1 (after 30 days) 5
Location 2 (after 30 days) 13

10 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:
15 Table 2

Minutes Hazen Value

Heating

) 23

75 12

315 48

Thus the colcour initially fell and then rose again with
heat treatment. Tt i1s suspected that this rise was due Lo
formation of MMA c¢ligomers, scme of which are weakly
20 ecoloured. Accordingly, heating is unsuitable for colour
removal, although mild heating for short periods may

reduce cclour.



6 Silicagel Typl0181, 35- 70mesh 40A 6 Silica gel Typ 506-C-1 6 Al um nium

oxide Basic 8 Al um nium oxi de Neutral 6 Al um ni um oxi de Acidic

3 19 The

MVA t r eatwedl 2009(H1G&the aci di c al um ni um oxi de fell to 3 HXELAGRRAWYEOFBr om t he
starting figure of 6 units). None of the other sanples was affected, indeed

t he basic alum na gave a slightly hi gher17l evel of colour. 5

COMPARATIVE ABSORPTION SYSTEMS

A number of adsorption materials were compared for colour

removal.

1 Charcoal

Several forms of decolourising charccal were used.

After

leaving at room temperature overnight with approx lg

10 carbon per 50 ml of MMA, the MMA was separated by

filtration through micron filters. There was no benefit

in colour removal.

Table 3

Material Hazen Value
MMA 23

Sample + Decolourising | 28

Charcoal Ex 2Aldrich

Sample + DARCO G600 Charcoal 33

15
2 Sodium Borohydride

Sodium borchydride was added tc samples of the MMA

2g/50ml MMA) . There was no observable reaction.

20 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

{ca

The



A second series of experiments was perforned with the acidic alumna to

exam ne the capacity of the 10nml column to renove col o

Hazen VaMe200Ni4ieH ed MVA

third 50mL el uate 5

10

15

20

The colour levels appear similar to that which could have

been expected from eguivalent heatings in the absence of

borohydride. Therefore,

there is no evidence that sodium

18

6 first 50mL el uate 3 sewg%?ﬁi}(?%ﬁ%@gte

borohydride is having an impact on colouz.

3 Acidic and Basic Columns

The following materials,

Chemicals, were used for adsorpticn measurements:

Aluminium oxide Acidic
L Basic
" " Neutrail

non Typ 506-

Silica gel 70-230 mesh 6CA For column chromatography

all available from Aldrich TFine

Cc-1

mon 60-200 mesh Typ 22

m " 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 G
Silica gel 70-230mesh 60A 6
Silica gel Typ 10181, 35- 6
70mesh 404
Silica gel Typ 506-C-1 6
Aluminium oxide Basic 8
Aluminium oxide Neutral 6
Aluminium oxide Acidic 3

4



fourth 50mL el uate 5 fifth 50nl el uate 6 sixth 50mL eluate 6 Thus
the capacity of the colum is very |ow and this does not appear to present
a suit ablVOREMdEH or col our 15 renoval . REACTI ON W TH WARIGRISOIVENFIBUNDS
The evi dence of renoval of colour with tine, and the 20 apparent absence of
i npact of oxygen suggests that the colouyed material may be fairly
unreactive. Neverthel ess, the reaction wth sone di enophil e conpounds was

exam ned. 8 under d t hen about 80%. of the s remved

by | ow O, o B dder et 30 e gout a0nt of, Lhe AV ugo ronp

unpr edi ct abH'a'zteYl Qf itthe ppmwtﬂz@vgitafrn;qmgsaﬂw&é ®© sapphedi tishe dides ent

untreated MVA 5 sanples may have different starting Hazen val ues. Table 7
of the other samples was affected, indeed the basic

alumina gave a slightly higher lewvel of colour.
A second series of experiments was performed with the
acidic alumina to examine the capacity of the 10ml column

to remove colour.

10 Table 6

Hazen Value

Untreated MMA

first 50ml eluate

gecond 50ml eluate

fourth 50ml eluate

fifth 50ml eluate

6
3
4
third 50ml eluate 5
5
6
6

sixth 50ml eluate

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

15 removal.

REACTION WITH VARICUS COMPOUNDS

The evidence ¢f removal of colour with time, and the
20 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 serics of samples are presented in Table 7 and 8. In

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



Addi ti ve Actual

28 Napht

10

15

20

thONSHE 5 Funaronitrile 25 Mal ei mide 9 0523

20

80°C) under reflux and then about 80% of the MMA was
removed by low pressure distillation on a rotary
evapcrator. Due to the unpredictability of fthe colour
level from sample to sample, the different untreated MMA

samples may have different starting Hazen values.

Table 7

Additive Actual Hazen Value
No additive 19

Benzoguinone 13

Maleic anhydride i

Dimethyl maleate 10

Table 8

Additive Actual Hazen Value
MMA untreated 28

Naphthagquinone 15

Fumaronitrile 25

Maleimide 9

Benzoguinone 13

Acrylamide 1%

Maleic Anhydride 7

Surprisingly, the dienophiles are clearly more effective
than other systems. Benzcquinone appears te 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

_ Hazen Val ue No additive 19 Benzoqui none 13 Ml ei c anhydride
7 D net hﬁ"!f;{hml eate 10 10 Table 8 Additive Actual I—lazenPé/_la]IG%%m9 N: unt r eat ed



Benzoqui none 13 Acrylam de 19 Maleic Anhydride 7 Surprisingly, the

di enophiles are clearly nore effective than other systens. Benzoqui none
appears t\HOR8W¥I426415 positive i npact as does napht haqui FETERAOP/050523
fumaronitrile but maleimde and, particularly, maleic anhydride are
particulary effective. 21 in the sane nner as above, at 80C for 30
m nutes, followed by vacuumdistillation on the rotary evaporator. 2

sanpl es were tested; a control w thout additives_an wt %, el ej ¢
‘anhydride. PR t heScaa"of e Sl 8F c MY Eri §&, ?ﬁeéjdi T | Pat OHRES S dues

were essentirghlyyeel o4 lessud® dDer eYeatReACHLhORK iy Bl i &y Ay sl b £le
Addition to MVA The inpact of mal ei c anhydri de 2000 ppm was exam ned by

heating a 560 g#nd@chete MMASEEE: 3@ M atoBOCL thelfordditsvey rasttbval of

ca 80% of the.contents fl ask overhead by rotary evaporation at
reduced preggﬁr§21$ﬁé 8%% &Eﬁgﬁ'the distillate and resi due was neasured as
shown befow in Table 9. 20 Table 9

In the case of the maleic anhydride, the distillate and

residues were essentially colouriess to the eve.

Reaction with Maleic Anhydride

10
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
15 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.
20 Table &
Actual Hazen Values
Starting MMA 19

After addition of MAH, |5
Distillate

After addition of MAHO, |9

Residue

The coloured MMA was studied wusing a UV-Visibile
gspectrophotometer. Figure 1 shows the UV-visible spectrum
25 taken every 5 nm for samples o0f deionised water, a
decolourised sample of MMA produced (according to the

invention) and a coloured untreated sample. Each sample



Actual Hazen Values Starting MVA 19 After addition Distillate of NAH 5
After addition Residue of MALI, 9 The col oured MAA was_studi ed usi
UV-V'S|bwﬁ)gwgng6bhotoneter Figure 1 shows the UV- V|s?%P§B§%@@ﬁpaﬁ125

taken every 5 nmfor sanples of deionised water, a decol ouri sed sanpl e of
MVA produced (according to the invention) and a col oured untreated sanple.
Each sanple WO 2009/141641PCT/ GB2009/ 050523

was taken in a 4 cm cell against deilonised water as a

reference.

An adsorption appears to peak at 360 nm. The peak is

5 essentially not present in the treated sample.

The observed colour 1is due to an absorption in the UV
tailing into the visible region of the UV-Visible
spectrum. The absorption has disappeared by ca 500 nm.

10

Addition of maleic anhydride to a pilot plant stream

15 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
20 distillation of lights and heavies is shown in the figure
2. Figure 2 shows the Impact of Maleic Anhydride con Pilot
Plant MMA Product Stream when added tc the product stream

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

25
The data used in figure 2 are tabulated below (Table 10):

Table 10

Fed MAH Hazen Value

1000 10.2
2000 13.5




22 was taken in a 4 cmcell against deionised water as a reference. An
adsorption appears to peak at 360 nm The peak is 5 essentially not present
in the t Q28 e. The observed colour is due to anPABERIVEABN t he
W tailing into the visible region of the UV-Visible spectrum The
absorption has disappeared by ca 500 nm,510 Addition of nuleic anhydride to
a pilot plant strean115 Nhleic anhydride was added to a pilot plant MVA
producti on streamat Z pr+elatve—to—the process stream The |evel was
i ncreased ijn stages to gg’%r 7000 ppm Théel3i%mpact on the col our of the MVA
derived followng 20 diggpp|Tation of TTghEsg|and heavies is shown in the
figure 2. Higure 2 shows the |npact of Ml elc Anhydride on Pilot Plant MVA
Product Strjeam when ad@@@oto t he product gthMeam at a defined |evel relative
to the fl owf+emthe—e O —25—Fhe—data—sed in figure 2 are tabul ated

bel ow (Tablle 10): Tablg % Fed MAH HazenVhlue 0 37

4800 6.5
6000 5.9
7200 4.7
7200 4.7

The data were fitted to an exponential decay assuming a

zero value for the Hazen scale of 4 units.

5 Attentiocon is directed to all papers and documents which
are filed concurrently with o©ozxr previous to this
gpecification in connection with this application and
which are open to public inspection with this
specification, and the contents of all such papers and

10 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
15 process so disclosed, may be combined in any ccmbination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
200 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 cne example only of a generic series

25 of equivalent cor similar features.



1000 192 2000 13.5 23 2000 13.5 3000 11.5 4000 7.7 4000 7/ 4800 6.5

6000 5.9 7200 i,
WO 2009/141641 PCT/GB2009/050523

24

The invention is not restricted to the details of the
foregoing embodiment (s). The invention extends to any
novel one, or any novel combination, of the features
5 disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.



4/ 7200 4/ The data were fitted to an exponential decay assum ng a zero

val ue for n scale of 4 units. 5 Attention is dir papers
bl FER G hyy

and docun® are filed concurrently with or previous

specification in connection with this application and which are open to
public inspection with this specificati @s and the contents of all such
papers and 10 docunents are incorporated herein by reference. Al of the
features disclosed in this specificaticgaaigicl uding an y acconpanyi ng
clainms, abstract and draw ngs), and/oralT of the steps of any nethod or 15
process so di scl osed, may be conbined in any conbi nation, except

conbi nati ong where at | east .so f feature d/ r ual ly
excl usi ve. Each%Tea 5F§ﬁﬁ§§éfﬁggggfﬁ§%%ﬁé ggé%if?%g?idﬁé??ﬁgﬁﬁgﬁﬁ% Zanny
acconpanyi ng t¢lyaiarsi,c by racsaandadeaw agi)ismay rbees eplracedhbdyeatf erimat i ve
features _serving the sanme, equivalent or simlar purpose, unless expressly
stated of hefRiesE&1thu_T (#t e84 *X8RPAES ST §1 8y atodd 8?ﬁ@ﬁhﬂ§%,a8ac%#$%%¥h?e

di scl osed i 5 Qre exanphe pHLYMLPh R°IERLrddbFeriRS LR0f AUV al ente Hin
simlar features. 24 The invention is not restricted to the details of the

f or egoi ng ernbodicemmtentsd)y hyfimdawvent i on exkghdgrogranymoved pFRScDEE any
novel conbing%ion, of tEesﬁgaturfsmS gk§cl%% u3é1 tha&cﬁ S eciéﬁfagifn
(i ncluding a yé%céﬁﬁﬁg ying eYArwE, apst fact and &?awnngé?hy or {0 a%y

novel one, @hsaBLHmowel £OMDI Al | @5 cof pirhelsitepshafaayr Peéhod rortipiocess
so disclosed. WO 2009/141641PCT/ GB2009/ 050523 25 C ai ns ,
10 the acid or ester product is subsequently contacted with a

dienophile to thereby remove discolouration therefrom.

2 A production process according tc claim 1, wherein the

15 dienophile is a compcund of formula I

20 wherein Z is selected from the group consisting cf -C(QO)Y,
-CN, -NO; or halo, wherein Y is selected from the group
consisting of hydrogen, alkyl, heterc, -OR, halo or aryl,
wherein R, R' and R? independently represent hydrogen,
alkyl or aryl and hetero represents N, 5 or O which hetero

25 atoms may be unsubstituted or substituted with one or more
of the groups consisting of hydrcgen, 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 additiconally be hydrogen, alkyl, aryl or heteroc; or Z

30 and 2' may together be -C(Q)Y(0)C- so that the dienophile

forms a cyclic group of formula Ia



1 A production process for the manufacture of ethylenically unsaturated

aci ds or t reof, by 5 reaction of an al kanoic a of an
al kanoi c \géizg'gﬁ]é%&&he formul a R3-0H2- 000R4 where R3 and(yﬁi'r%ﬁooazgséﬁfs

i ndependently hydrogen or an al kyl group, in the presence of a catalyst
systemto produce said ethylenically unsmturated acid or ester product
characterised in that 10 the acid or ester product is subsequently
contacted with a dienophile to thereby renove discol ouration therefrom 2A
production process according to claiml1l, wherein the 15 dienophile is a
conpound of forrmula I <R2 20 wherein Z is selected fromthe group
consisting of,-C(0O)Y, -ON, -NO2 or halo, wherein Y is selected fromthe
group consisgq drogen, alkyl, hetero, -OR halo or aryl, wherein R
Rl - and R2 indepgndentNy represent hydrogen, alkyl or aryl and hetero
represents N, S (hetero 25 atons may be unsubstituted or
substituted wt r nore of the groups consisting of hydrogen, alkyl,
-OR, aryl, ! oh al karyl, wherein Ris as defined for Y above; Z' nmay
be any one of the gr s selected for Z above or may additionally be
hydrogen, al kyl, arylR6r hetego; or Z 30 and Z1 may together be -C(0)Y(0)C
so that the dienophile forns a cyclic group of fornula la 0O la 26
wherein R1 and R2 are as defined above, Y is hetero as defined above or Y
represents an aIkyI e gr 20f_ f or S rein S i 3. 10
3A produétlgrli1 rocegg_d%cg % 7't ¢ almﬁgﬁé@ ab§ﬂ§feﬁ2 %%eigihlﬁénlcally
unsat ur at ed dagii@gs: 0BRSS ar &“@ﬁﬂeﬂdrﬁds farrona Ik Qoeroal kr @y yb i cf @otdl or

al kyl (Co_ oalk)acryl ate. 15 4A productlon process according to any
precedi ng cldiCHe) s— wherein § 1s'1, 3.

10 3 A production process according to claim 1 or 2,
wherein the ethvlenically unsaturated acids or esters are
selected from a Cpealk acrylic acid or alkyl (Cp

galk)acrylate.

15 4 A preduction 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
gource of formaldehyde in the presence of the catalyst
systemnm.

20
5 A producticn process accoerding to any preceding claim,
wherein R' and R? are independently selected from hydrogen

or alkyl.

25 6 A production process according to any preceding claim
wherein when one of R' or R? is alkyl, the other is

hydrcgen.



wherein the reaction is that of an al kanoic acid or ester thereof with a
net hyl ene or et hyl ene source such as a source of formal dehyde in the

presence Wﬁzgdgﬁ4fﬂa%al yst system 20 5 A production procagSr/@ssasadosss t 0 any
preceding claim erein Rl- and R2 are independently selected from

“hydrogen or alkyl. 25 6 A production process according to any precedi ng

cl ai m wherein when one of R or R2 is al¥yl, the other is hydrogen. WO
2009/ 141641PCT1GEB20091050523 27 7 A production process according to any of
cl ai ns 1-5, 7whepeigrdaridt iR ahtb d&k2s anechydriogernto 8aAypodducta oms pt o6ess
according to_any preceding claim 5 wherein DETA treatnment of the acid or
ester produbheardp PakBsRpl akd Rn A SIPHERERtep than contact with a

di enophile. 9 A production process according to any preceding claim 10
wherein the di enophile concentration and, if present, the DETA

concentrati 8n i3 pebdotédoso privatess suwidatlineXcesany Peesdnngfotainer

respectiye uses. . producti o r.ogcess according t eced

claim 1 mﬁgl?éieﬂrrlt I:J?gn@i e#‘n%?)ﬂﬁ“%nlgsggr %z]e%tacrln‘:?tﬁg %asril%é‘ﬁa%rcfcg)u‘%b %gg%pm by -
wei ght in thedydglprasgueh te beepaaited. stepl AhprodyshitaicPrR6Less a
according to any preceding claim wherein the dienophile is selected from
the |ist 209&8RePsiilRg of : - mal ei c anhydride, mal einide,

t hi ophen-2, 5-di one, acrylic acid, acrolein, alkyl acrylates, acrylonitrile,
mal ei ¢ acid, dialkyl maleate and vinyl halides. 25 12 An ethylenically
unsat ur at ed%aci 8 prodster oar waegarsed ectcqugiinfg dat | oy ppoeesdivhacheisri sed

in that the acid,or ester, crude, product is contacted w.,th a dienophjle to
renove é | 8 §Fe&Hed§9(dfqu§gﬁ 9 FAREFRtYAthRF e _lgk?resentf £#e
2009/ 141641 BETHhGBRRYR30R23H281 43 sANkeeess O tRAEPAr i g edsh PuekEykpg an
ethylenically unsaturated acid or ester of the follow ng fornul a: -

R3- 0( - (CH2) &f. presert for \herda mreRPepid VR4 U@es -defined in the sane way as
for the 5 al kanoic acid or ester above; and mis 1 or 2;
10 A production process according to any preceding claim,

15 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
20 consisting of:-

maleic anhydride, maleimide, thiophen-2,5-dione, acrylic

acid, acrolein, alkyl acrylates, acrylonitrile, maleic

acid, dialkyl maleate and vinyl halides.

25 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.



the )rocess conprising the steps of- a) contacting an al kanoic acid or
ester of the formula R3-0H2-000R4, wherein and R4 are as already defined
above, W i RosyElikd! ene or et hyl ene source of fornula |,pcTiSB2009/05052310
where R5 and RE are independently selected fromO0. 1-( hydrocarbons,
preferably, 01-01.2 alkyl, alkenyi or zg as defined herein, or H nore
preferably, 01-(310 alkyl, or H, nost preferably, Cl-C6 al kyl or H,
especially, nethyl or. 15H, X is either 0 or S, preferably, O;

13, Aprocess for preparing and purifying an ethylenically

unsaturated acid or ester of the following formula:-

R-C (= (CHaY ) ~COOR?

3]
Ui
-+
[a}
4
ot
jma
41l

. . -2 ] £ I " o
wherein R and R° are defined in the same way

5 alkanoic acid or ester above; and m 1z 1 or 2;
the process comprising the steps of-

2) contacting an alkanoic acid ¢r ester of the formula
- 3 "Ly NN -4 2P A 3 nd L. 54 PRORraN P - NPT N U S A
B -CH.~CO0R", wherein R and R are as already defined

1 P T v o~ e ey s ~ P I 1.
ahove, with a methvieng or einyvieneg source of iformuia I,

10 I

5

where R° and R® are indspendently selected from ;-Cio
hvdrocarbons, preferably, C,~Cip alkyl, alkenyl or aryl as
defined herein, or H, more preferably, C.-Cip alkyl, or H,
mogt preferably, C~Ce¢ alkyl or H, especizily, methyl ox

15 H;
X ig either O or 8, praferably, O;

P
1

n ig an integer from 1 to 100, gpreferably, 1 to 10, nore

praferably I to 5, especially, 1-3:

and m is 1 or 2, preferably 1;

[£)]

20 in the presence of a =uitable catalyst and opiticnally in
the presence ¢f an alccochel to produce an  impure

ethylenicalliy unsaiturated acid or ester of the formala:-

R7~C (= (CHy) ) COOR";



nis an integer from1l to 100, preferably, 1 to 10, nore preferably 1 to 5,
especially, 1-3; and Mis 1 or 2, preferably 1; 20 in the presence of a.
sui t abl eﬁétzﬁﬁ Joagnd optionally in the presence of an ql@ﬁagigoygsegfpduce
an inpure ethylenically unsaturated acid or ester of the fornula:-
R3-0(..-CO )rn/COOR4; WD 2009/ 141641PCT/ GB2009/ 050523 29 b) subsequently
cont acti ng the inpure ethylenicaily unsalurated acid or ester of step (a)
with a dienophile to thereby renove discol ouration therefrom

b} subseguently contacting the impure ethyienically

-

unsaturated acid or ester of gtep {a) with a diencophiles to

thereby remove discolouration therefromn.



