PF 57281 1 Hydrogen-catal ysed process for preparing (meth)acryl ates of

N- hydr oxyaPkyd7aBed | actans Description 5 The present invention relates to
a process for catalytically preparing (ngeth)acrylates of N-hydroxyal kyl ated
| actams and to their use. (Meth)acrylic esters are prepared usually by
catalytically esterifying (nmeth)acrylic acid 10 or transesterifying other
(et h) acr y Hy@rogsh-2agilyskt bratkeohp bfeparing ethisgaes obN-Istiropgkylaedds or
strong bas Sta id- or base-sensitive (neth)acrylic esters therefore
general ly "cannot be prepared selectively by an esterification or
transesterification. WO 03/ 6568 describes the acidic esterification of
acrylic acpDaswgtbn 15 hydroxyet hyl pyrrolidone with only 71 %yield. NL
6506333-.and GB 930668 di scl ose the transesterification of

N- hydroxyal kyl l actans with (nmeth)acrylic esters in the presence of al kali
metal or afhBRTaseNENKeItcd selatesriela papasss forcatahiinrilvairpaaiinedRedbacryiatesof

di sadvant agehyeirosyaigiatear i astessendiis tHdralset he met al conpounds are

noi sture-sensitive and are therefore deactivated readily. In addition,
traces of the catalysts remaining in the product influence any subsequent
pol yner i za{Velh)acarlig esieassy afedreraigd esuallyhy capalvfiseboesterding waethiasidistadch a
conpl i ¢at edr ramseeterifyBurdthar (restwpatylic sstesuaty slcstly ingde Blzsonde dfstiopgns of an

aqueous sct [ tathe prod - - ' GB
930668 add.a#"?%RQ?HT@Q?%E?O%%@E‘%r%&9%%%%%@éﬁﬁ%ﬂﬂéw%?%%%ﬁsﬁ% 9 cs by
reacting REMRIPeDRAKSA selectply byianesterficalonriapsesterficgiPe. 30 The use of
(meth)acryloyl chloride in the reactions described |leads to salt formation
and, ow ng i i | VA . I i . ions, for exanple

M chael ag&d(?to?ﬁgg dggcr{bl‘:é@&ﬁa%sé(%é{éfg%ﬁegfgfﬁﬁgﬁ ofﬁéery%creaeéd:%ﬂi nvention to provide
a furtfdr préeseihipyrwlidpienith ppktAYadeldl at es are preparable from

N- hydr oxyal kyl ated | actans in high conversions and high purities from

urber and I OB 1y ol oo HeEtPEL RSB SRl et O
Shoul d be N FeHNRGRIC seigrs ErihaRSenRE ekl Br anawribe akeies #89r erove

and not r eslisbttitamuramgtradlkokides.ner aftertreatnents, for exanple in the form of
wor kupogt eps, of the reaction product.

A disadvantage of these processes is that the metal compounds are moisture-sensitive
and are therefore deactivated readily. in addition, traces of the catalysts remaining in
the product influence any subsequent polymerization, and therefore have to be
removed from the product in a complicated manner. Such a removal is usually carried

25 out by means of an agueous scrubbing, so that the product subsequently has to be
dried.

GB 930668 additionally discloses the preparation of lactam (meth)acrylates by reacting
N-hydroxyalkyllactams with (meth)acryloyl chloride.

30
The use of (meth)acryloyl chloride in the reactions described leads to salt formation
and, owing to its high reactivity, to unselective reactions, for example Michael
additions.

35 It was an object of the present invention to provide a further process with which
{meth)acrylates are preparable from N-hydroxyalkylated lactams in high conversions
and high purities from simple reactants. The synthesis should lead to products with low
color number and high purity. In particular, the fraction of Michael adducts should be
suppressed. Any catalyst needed should also be simple to remove and not result in any

40  further aftertreatments, for example in the form of workup steps, of the reaction
product,

The object is achieved by a process for preparing (meth)acrylates of N-hydroxy-



The object is achieved by a process for preparing (nmeth)acryl ates of
N-hydroxy BF 57231 2 al kylated lactans, in which cyclic N hydroxyal kyl at ed
lactams (C) O' ~;NR? HR (C) 5 in which RL is Cl-C5-al kyl ene, or

C2- C20- al kyl ene interrupted by one or nore oxygen and/or sul fur atons

and/ or one or more substituted or unsubsfituted imno groups and/or by one

or nore cydgatkylactardsCH which SXEONhydrox (€& 1 :tams@CEO (NH) -, -(CO) - or
10 -(CO O g%ups, where the %di calé rreylr\?zﬁi)yoned may each be substituted by

aryl, alkyl, aryloxy, alkyloxy, heteroatons and/or heterocycles, with the
provi so tha®, Rl nmust not have any atom other than a carbon atomdirectly
adj acent to e |l actam carbonyl group, 15 R2 is Cl-C20-al kyl ene,

C5- C12- cycl odl Ryleré-0¢f C6- Cl2-aryl ene interrupted by one or nore oxygen
and/ or sulfumR'atons and/or,Qne or nore substituted or unsubstituted imno
groups and/or by one or no cycloalkyl, -(CO-, -QCOO, -(NH(COO,
-QCO(NH)-, -D(CO- or -(COO groups, where the radicals nentioned may
each bes20 jswhshi tuted by aryl, al kyl, aryloxy, alkyloxy, heteroatons and/or
het erocycles, or R2-CHis a group of the fornmula -[X;]k-H, k is froml to
50 and 25 %HQ for each i =1 to k, may independently be selected fromthe
group of -RoHe Caie-atkyienscepCrfm-alogne integiuptediy- anaor e OXygenrgndipy NH2) -

- g('lé_l%'lg NHGE@Ur atom&HRd/GHOREZ) mors sub@ﬁ(u@tﬁdmﬁblabéﬂté{tled (phido Gtdups aAd/br ’bé -

- G oo BEO TS g A, ST 0l BRECO)RE eI B § 4 7
vinyl, 0n t-feO}-csavnse Wheredhe radicals meationaddpayearioeassybsiiugetycaryhieiky( S) ar e
esterified amibRy, alkyeiki) retsrghiomsadhictbrdetdrodyarest eri fied with at | east one
(meth)acrylic ester (D). 35 Wth the aid of the process according to the

invention, it is possible to prepare (neth)acrylates of N-hydroxyal kyl at ed
| act ans wi t¥itheie Pegidso AR onustet have i #gm dlarrdhamg&3rbon atrg ﬁhrw%a d,
adjacent to the lactam carbonyl group,
15
R? is C4-Cy-alkylene, Cs-Ci-cycloalkylene, or Cs-Cip-arylene interrupted by one or
more oxygen and/or sulfur atoms and/or one or more substituted or unsubstituted imino
groups and/or by one or more cycloalkyt, -(CQO)-, -O(CO)O-, -(NH}{CO)O-,
-O(CO}NH)-, -O(CO)- or -{CO)O- groups, where the radicals mentioned may each be
20 substituted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms and/or heterocycles, or

R?-OH is a group of the formula ~[Xj-H,

k is from 1 to 50 and

25
Xi,  foreachi=11tok, mayindependently be selected from the group of
-CHz-CH2-0-, ~-CHx~CHz-N(H)-, -CH-CHz-CHz-N(H)-, -CH,-CH(NH,)-,
-CH-CH(NHCHO)-, -CH2-CH(CH3)-O-, -CH(CH3)}-CH-O-, -CH,-C(CH3)2-0-,
-C({CHy3);-CHz-0-, -CH;-CH;-CH2-0-, -CH,-CH,-CHz- CH3-0-, ~CH,-CHVin-0-,

30  -CHVin-CHz-O-, -CH,-CHPh-O- and -CHPh-CH;-O-, where Ph is phenyl and Vin is
vinyl,

in the presence of at least one heterogeneous inorganic salt (S) are esterified with

(meth)acrylic acid or transesterified with at least one (meth)acrylic ester (D).

35 -
With the aid of the process according to the invention, it is possible to prepare
{meth)acrylates of N-hydroxyalkylated lactams with at least one of the following
advantages:

- high yield,



PF 57281 3 - good col or nunbers and - no washing steps required for the
purificati ®F 5f28tthe reaction m xture. In this docunent, (meth)acrylic acid
represents nethacrylic acid and acrylic acid, 5 preferably nethacrylic
acid. In the above definitions, Cl-C20-alkylene optionally substituted by
aryl, alkyl, aryloxy, alkyloxy, heteroatbns 10 and/or heterocycl es neans,
for exanple ob@thiyt neberd aRd et hyl ene, 1, 2-propyl ene, 1, 3- propylene,

1, 4- butylen I , 3- propyl ene,
2.2 d i mn ot g Sk PR P BylcatoR P ARon Y
C5-C12-cyc|oalky|ene optionally substituted by aryl, aIkyI, aryl oxy,

al kyl oxy, ety esduamst, (hethaaetir adieteprazeyits! rﬁ@thmmacid and exrgipaed,

cycl opr pyI y cycl ohexyl ene, cycl ooctyl ene,
cycl odogecy enreabﬁ/éﬁétgg 2a %ﬁ(rene optionally substituted by aryl, alkyl,

aryl oxy, al kyl oxy, heteroatons and/or heterocycles and interrupted by one
or nore oxYggi fndé defistiddsyr atons and/or 20 one or nore substituted or
unsubstituted imno groups and/ or by one or m)re cycl oal kyl, -(CO) -

-Q(CO G, -(NH)(CO CO(NH-, -OCO - rouP rreans for
exampl e, 1LoxXeaoglky peeewr@ﬂiésuqst@fw 8% atvk: %yh@MWnéfky@xmh?qrwém 1, 9-
nonyl eng, knaahdiefodyuby haiaas, fdr Sxamx andthAens tyd-ethglend; oxarrdpﬁermentyl ene,

- I
Loxa 1T DEBERE: koS ReheteAE Kb BgL b ik BNy, L 5o opy
1- oxa- 3, 3- M%ﬂ%lzzld'@e%‘éhi 91%‘?%’%912@@7”63@13 @U@fl@ﬂﬁ hyl - 1, 6-hexyl ene, 1
-oxa-2-methyl- 1, 3-propylene, 1,4-dioxa-2,5- dinethyl- 1, 6- hexyl ene,

1- 1, 5- 2
1, ZX 2yc | ohe¥ rﬁ"é néﬁg%kg% Op]hfﬂé Qub?gtﬂgeﬁtb erﬁlné{l\(@ n%yio;i ]%kyio&y qeﬁraﬁ%e ny?re ne,
4. 4" - bi 5he@)‘?p@ﬁ@eteﬂ.°°¥°‘8§ geang, far %’Eﬁ e Oﬂlmﬁilﬁnq c:yslﬁpeﬁyheaﬁe

1, 4, 7- t ri azgeldhdkyRbehaptopcyiene, dycdbdibdaagerk, 6- hexyl ene,
1, 4-di aza- 7- oxa- 1, 7- hept yl ene, 4 7- diaza 1l-oxa-1, 7- heptylene

4-aza-1|-oxa: 1, 6-he ene, aza- , aza ro ylene
b T T aralblp Sntonaly 35888 By 0l =l iy plE%: rsterodl

4- aza- 1- oxandiombeteydoycles @nd indarpbpded by énazammrem)dgerxandfonmlﬂmy htosramépt vyl ene,
j 2;2 I%- nghgﬁ mfbrd gubs@%ﬁé@&ﬁﬁsﬁﬁhﬁute& ifmBeRd sed?m‘a,;)or by oneormore . oo
CFC12- aryl &4 O%)'b!f O(FF%T' 6%@ i 1 D‘ﬁé@% E%Cﬁ%) ﬁwyrb@ ;P;O? I RIAYBRY ,

het er oat omemndﬁboexa‘mmlerbog@ﬂ ésprnmdem 1f43dloma|ﬁprh@<,ylene21 4, 74ri8xa-019-

;rg ghgng{ ﬁ\'&ﬁyieﬂe 4 oﬁ'—Pﬁl%ﬁJléﬂéeﬂ 5- a.eiavh ‘Bft?ctﬂéné()flc}kletetn§peﬂt9leﬁéaﬂ8k§3 af Rl

net hyl - 25 Ee[‘]ﬁ?'faeﬁg d ahﬁm 8?93"%”93 pﬁ’@gyﬁmgﬁlé" B‘H%ﬂﬁrqe%? Tyg‘@ﬁt 7l ene,

butylene 1-oxa-3,3-dimethyl-1,4-butylene, 1-oxa-3,3- dlmethyl 1,5-pentylene,
1,4-dioxa-3,6-dimethyl-1,6-hexyiene, 1-oxa-2-methyl-1,3-propylene, 1,4-dioxa-2,5-
dimethyl-1,6-hexylene, 1-oxa-1,5-pent-3-enylene, 1-oxa-1,5-pent-3-ynylene, 1,1-, 1,2-,
1,3- or 1,4-cyclohexylene, 1,2- or 1,3-cyclopentyiene, 1,2-, 1,3- or 1,4-phenylene,

4 4’-biphenylene, 1,4-diaza-1,4-butylene, 1-aza-1,3-propylene, 1,4,7-triaza-1,7-

30 heptylene, 1,4-diaza-1,6-hexylene, 1,4-diaza-7-oxa-1,7-heptylens, 4,7-diaza-1-0xa-1,7-
heptyiene, 4-aza-1-oxa-1,6-hexylene, 1-aza-4-oxa-1,4-butylene, 1-aza-1,3-propylene,
4-aza-1-oxa-1,4-butylene, 4-aza-1,7-dioxa-1,7-heptyiene, 4-aza-1-oxa-4-methyl-1,6-
hexylene, 4-aza-1,7-dioxa-4-methyl-1,7-heptylene, 4-aza-1,7-dioxa-4-(2-hydroxyethyl)-
1,7-heptylene, 4-aza-1-oxa-(2’-hydroxyethyl)-1,6-hexylene or 1,4-piperazinylene and

35
Cs-Cip-arylene optionally substituted by aryl, alkyl, aryloxy, alkyloxy, heteroatoms
and/or heterocycles means, for example, 1,2-, 1,3- or 1,4-phenylene, 4,4'-biphenyiene,
tolylene or xylylene.

40  Examples of R are 1,2-ethylene, 1,2-propyiene, 1,1-dimethyl-1,2-ethylene, 1-hydroxy-
methyl-1,2-ethylene, 2-hydroxy-1,3-propylene, 1,3-propylene, 1,4-butylene,
1,5-pentylene, 2-methyl-1,3-propylene, 2-ethyl-1,3-propylene, 2,2-dimethyl-1,3-



1, 5-pentyl ene, 2-nethyl -1, 3-propyl ene, 2-ethyl-1, 3-propyl ene,

2, 2-di met hPF-37281PF 57281 4 propyl ene and 2, 2-di net hyl -1, 4- butyl ene;
preference is given to 1, 4-butylene, 1,5-pentylene and 1, 3-propyl ene;
particular preference is given to 1, 3-propylene. 5 Exanples of R2 are

1, 2-ethyl ene, 1,2-propylene, 1,1- dlnethy -1, 2-ethyl ene, 1-hydroxy-

met hyl -1, 2 Qid%dnermd 22 Hyshtiopv-4b3ylenepyl ene, 1, 3-propyl ene, 1, 4-butyl ene,
1, 6- hexyl e I ne,

> o di met hrﬂafefel-l%gg@ rE_ﬁvenltt:\?ﬂ £ 5&8%58 n.fea p%nﬁrkafﬁ?é an?j 433 EFo?)B?élg%e

1, 2-cycl opé’ﬁftw@h@refﬂ_"eBQQ:'ﬁchVGBé‘hﬂ53I @ﬁ@y'enel 2-cycl ohexyl ene,

1, 3-cycl ohexyl ene, ortho-phenyl ene, 3-oxa-1,5-pentylene, 3,6 10

i oxa- 155 5Ly R 9. ﬁ%@néaeow profydds, wnﬂawétﬁpq 2 PIGleRE SNAGaicRy Jf ver

to 1, 2- eth ence is
given to Feé by P@M@”%ré b rgxyp} QWP&H%‘%&H@ -Rep e’b%\ﬂ‘f'@l:i‘iy?f‘epref erence is
given to 1 1Zs-bé*yjdrené-metlﬁmet:ﬂpmglee@,@emsl {.Gprapyiene, 2,2-dimethyl-1,3-

N- (2- hyd ., I

N (o Lo Ol S U Solieil Xy BbaRdnd 2, ” ?‘% §"’épr*ﬁo actam

N- ( 2- hydr oﬁﬁj?ﬂé%ﬂe)‘ﬂﬁ’b? ol %'EYCA?H%}M@”NC(@O Rhenysas o&%ﬁ &ipr ol act am
pr ef er gnce dickadl,3-entyleae MHnf 3,6§-tHoxayles, hyluppyayiapiet ﬂmfmeamujls given to

N-( 2- hydroyyzp%ﬁg {;é, 1, éfcﬁp&@n@oﬁ‘goor%ﬂédedPEF&EulBF ?Fe?ér@ﬁ%?eqs tgﬁzeﬂ'té/e” to

N- (2- hyd
esg eri ?!I (r:gﬁ%ﬁ gﬁ@ d d12cRBY PN e H P@H@Bﬁ)’ RE&T§ENES 5&"@”381 %?@B’@”&bl y the

transesterification of the alcohol (C) with at |east one, preferably exactly

one, (et NRgkybl Sp&SsLlc) e NBFHIGELE y‘f'ro‘u%heo SO Broffnleast one
EES i W bl NGl e

C10- al kyl eébt=hgirofypapyt)trmaciagtaircaraciiq2 (Emydromyerhexyaethyl)twmja(aamd Cl - C4-
al kyl est engai@foncoREdNACON-| zh@&b@etﬂgypym.deﬁ@faﬁafrq -@lnjdihgprpeyment

sat ur at ed rrean exc t of course the
o doubl  PHRRETR AL St HPHEED (g N d- VR AR B Eheconpounds. ( D
are nethyl, ethyl, n-butyl, isobutyl, tert-butyl, n-octyl and 2-ethyl hexyl

(met h) ogcr wce@:%mglw%@ﬁnbyrkt%ﬂemgle\éwﬂﬁc&lon ARk ABHR (8] é/[h)%@nc acid or

1, 4- but anedi o et

i
Tomot e Bstbraglvang R diit P%Wﬁ%ﬁ%%a'cwq' et aféﬁeﬁgps afteahexast e ol
35 tetra(meng) (amﬁﬂ;v)laawbc eﬂav )aueiEactast infte EW@@I‘ICFESOfgﬁt vaast ore helerogeneethyl |

n-butyl anhetg @{,@yém?g (meth)acrylate, very particular preference to
met hyl, ethyl and n-butyl (meth)acrylate, in particular to methyl and ethyl
(meth)acrylate and especially to nmethyl (nmeth)acrylate).

25  Compounds (D) may be esters of (meth)acrylic acid with a saturated alcohol, preferably

saturated C4 ~ Cyg-alkyl esters of (meth)acrylic acid, more preferably saturated Cy — C,-
alkyl esters of (meth)acrylic acid.
In the context of this document, saturated means compounds without C-C multipie
bonds (except of course the C=C double bond in the {meth)acryloyi units).

30 |
Exampies of compounds (D) are methyl, ethyt, n-butyl, isobutyl, tert-butyl, n-octyl and
2-ethylhexyl (meth) acrylate, 1,2-ethylene glycol di- and mono(meth}acrylate,
1,4-butanediol di- and mono{meth)acrylate, 1,6-hexanediol di- and
mono(meth)acrylate, trimethylolpropane triimeth)acrylate and pentaerythritol

35 tetra(meth)acrylate.

Particular preference is given to methyl, ethyl, n-butyl and 2-ethylhexyl {(meth)acrylate,
very particular preference to methyl, ethyl and n-butyl (meth)acrylate, in particular to
methyl and ethyl (meth)acrylate and especially to methyl (meth)acrylate).

40
Inorganic salts (S) usable in accordance with the invention are those which have a pKg
value of not more than 7.0, preferably of not more than 6.1 and more preferably of not



40 Inorganic salts (S) usable in accordance wth the invention are those

whi ch have P& §B1 val ue of not nore than 7.0, preferably of not nore than
6.1 and nore preferably of not PF 57281 5 nore than 4.0. At the sane tine,
t he pKB val ue should not be less than 1.0, preferably not less than 1.5 and
nore preferably not less than 1.6. In tﬁ-’e context of this docunent,

het er ogeneouse mad V. Atshasame timeatepKiaate shotld riohbe |dssitharenO) pneferaﬂjigse

whi ch have g,blr% gln %é’nd ﬁ’moﬁ{] efe?%ﬁ%hgﬂ?%tﬂ. msat 25C of not nore than 1

g/l, prefer nor e nore preferably of not nore
than 0.25 g/lI. The inorganic salt preferably has at |east one anion
sel ect ed f nipMhetdoategt oftthiscionsmsit, heterab@neduscatdigstabe, (MCiRBrdanchwdthdben

car bonage ( r)thog?%&e(éa%utﬁht} §g§¢§ H Q@%}d oot ?”O?r_%m)

di hydr ogenp at eéﬁ

hydr ogensul’"?qnt o/t ieseignablyrRf r@*aWBE?xWPBtOe's k0 lp@;mgre

Cl8-al kyl, o5 g - Cl8-al kyl or C6 - Cl2-aryl opt| onaIIy interrupted by one
or nore oxygen and/or sulfur atons and/ or one or nore substituted or

unsubstituted i m ng groups. Preference is given to carbonate and
phosphat e. Pﬁdﬂ%ﬁ%ﬂ"ési'lgpr&f%ﬁp'ﬂH%?@P%d’“?@“wﬁaﬁ?'q‘:@ fesm dhangrarp 6angsiBuct s,

for exaopl ef c@Bonktp HOSFH ateBogdncamonseBCEs) q:rr@splméty{pfh@ﬁphat es. TEe
t
consr ot} ﬁg%%#)gg‘“@%‘gfﬁ%““?@& E%ffsiénﬁég??*%ﬁn&ﬁ@’@‘? ST T um 1 hon.

cerium
manganese, hyficgRisHiate (s Bd&iﬁjﬁ‘?ﬂe”é%*él (TS0 &(@ICE’&‘?O")_’PFPC Z(E'lugbr)e'f"ﬂ?@nce is
given to aIH@aﬁt Cq nﬂ@btkylaold'.?pamg—aﬂwmr Cprd,paghopticnally intdriupted syodhaior or

pot assi um nP&étokfg}QnaéHdK erf%?:ﬁﬂ%gérﬁg ahd8F 8bCmSR! éu%sﬁﬁ?edldr%ﬁ%stlﬂ?tg@ﬂ‘nmyawm

and K2 , and a rates; very particular preference 1s given to
K2CO3 drd KEPEE: 30 According to the invention, K3PO4 may be used in
anhydrous form and also as the tri- hepta- or nonahydrate. The

esterifi catg.oRrdieetd GRSERL GhbdrzfRbhPPhdahakyzed by an inorganic salt is
effected 35rgeF1eng @ at fr(gm ??0 %Og preferably at from 30 to 100C,

nore preferably at from 40 to 90C and nost preferably at from50 to 80C. |If
appr opri at €hospreate saalso omdenstgodto rvaan thedoodénaatior progients| ©r esaopim of , f or

exanpl ep  fipidsdmfled) BbHoRpisdiad dad HolpsRspHAas, Preferably from 200 to 600 hPa
and nore 40 pr eé%?abl@p 208 to 4009%% en the water released in the

esterification or the | ow
The inorganic salt preferably has at least one cation selected from the group consisting

of alkali metals, alkaline earth metals, ammonium, cerium, iron, manganese, chromium,
motybdenum, cobalt, nickel or zinc.

25 Preference is.given to alkali metals and particular preference to lithium, sodium or
potassium.

Particularly preferred inorganic salts are LisPO,, K3PO4, Na;PO,4 and K,CO3, and also
their hydrates; very particular preference is given to K»CO3; and K;PO,.

30
According to the invention, KsPO4 may be used in anhydrous form, and also as the tri-,
hepta- or nonahydrate.

The esterification or transesterification catalyzed by an inorganic salt is effected
35 generally at from 30 to 140°C, preferably at from 30 to 100°C, more preferably at from
4( to 80°C and most preferably at from 50 to 80°C.

If appropriate, the reaction may be carried out under gentle vacuum of, for exampile,
from 150 hPa fo standard pressure, preferably from 200 to 600 hPa and more

40  preferably 200 to 400 hPa when the water released in the esterification or the fow-
boiling alcohol formed in the transesterification, if appropriate as an azeotrope, is to be
distilled off.



boiling al cohol fornmed in the transesterification, if appropriate as an
azeotrope, ppstzgtbe distilled off. PF 57281 6 The nolar ratio between
(meth)acrylic acid or (nmeth)acrylic ester and al cohol (C in the
esterification or transesterification catalyzed by an inorganic salt is
generally 1 - 6:1 nol/nol, preferably 1 % 5.5:1 nol/nmol and nore preferably
1-50:1nol/mol. 5 The reaction tinme in the esterification or

Lo 15 hour s eTnepE B RYRarE e adtiin 4% 8P gtRl el SR YeLhdlry s Fom
2 to 8 hoursster i@awfé@ﬁﬁ%ﬁi@ﬂf@ﬁf@m@ﬁfg'ﬂﬁCbbyS%ﬂ neraanic s iy aenar @'Bn medi umis

general | y i N- §:hendlangSorbferdbly abewst1 Rofhol shdbmbml frefepatf er alo:ymdi/dol. 1. 8 and
nor e prg erably 1 - 2.5 nol % based on the sumof the conponents (C) used.
S

In the terification or transesterification, polynerization inhibitors (see
bel ow) ar e Thegepetinadisg inlthe eslgificaden on‘ﬁ@nqgﬁ‘@st@qrai@n@ﬁta@@gbu@asmysg@@ (see

bel ow) durigy i$ §ener@RGionPss fit R deZRslird préfBrably Yo ars Kosditd 12 Rorsednarred. 20
esterification catalyzed by an inorganic salt,

In the esterlflc 9 ag&}o
t he pr oduct@OHE bag)rlyerr%tzs) diTed with a color nunber bel ow 500 APHA,
preferably bel ow 200 and nore preferably below 150 (to DIN I SO 6271). The

reacti ofy CarhdXcPfsdf inBrg@h@aaits instk Y&utltien alediinkfs e@@ramﬁ@nﬁ@frangyfrdmt hout

addi ti on of I re u td hydr ous
(e vt oreBro 2R Bl PRGraby o PRa )8 perE R b5 AR abre £ o 1
and nost prtéﬁékl@tﬂf&h%@rm@f@”@ yseqre| ght) Mor eover , the m xtures are
substantially free of primary and secondary alcohols, i .e. al cohol content

bel ow 10, g%ﬁeesa%ﬂ{caﬁggegmﬁseg@hﬁca%sﬁf AR AMichors 20 BOSH) B! erabl y

bel ow 0. 5% e orga s are wn for these
pur pose¥ fricessaipieauifetti ary nonool s such as CS C6- al cohol s, preferably
tert-butanol, tert-anyl alcohol, pyridine, poly-C -C4- aI kyl ene gl ycol

di - C1- CG4- al f

et hers, for-hiéx':)r%&%heCr %fﬁgycﬂ% ngpﬂgg%sq %é/ngélgé} gq}ﬁ?%%g% o?t zgél? ﬂyig et her,
35 pol yet hyf‘@ﬁémﬁlsﬁ‘@:bﬂprﬂf‘aﬁ@ghyl et her 500, Cl-C4-al kyl ene car bonat es,
especially propylene carbonate, C3-C6-al kyl acetates, especially tert-butyl

acet at &g THFmé Qétgm%\aon &pdﬁargb%ah@xsnc ﬁ%@@%hﬁﬁ%ﬁf sﬂP%ﬁro&ﬁE@“e

et hyl nmeth ? oxane exane,
met hyl cycl cﬁ{@ﬁaﬂ%ralst%qtﬁaﬁ%w“hé@l%num ﬁb*??l% preferebly AWMLY & Rane,
acet oni t ri | repregmefetaidy belowri60 (torDIRUBOI GHTARI c

The reaction can proceed in organic solvents or mixtures thereof, or without addition of
25 solvents. The mixtures are generally substantially anhydrous (i.e. water content below
10, preferably below 5, more preferably below 1 and most preferably below 0.5% by
weight). Moreover, the mixtures are substantially free of primary and secondary
alcohols, i.e. alcohol content below 10, preferably below 5, more preferably below 1
and most preferably below 0.5% by weight.
30
Suitable organic solvents are those known for these purposes, for example tertiary
monools such as Cs-Ce-alcohols, preferably tert-butanol, tert-amy! alcohol, pyridine,
poly-C4-Cy—alkylene glycol di-C4-Cs-alkyl ethers, preferably polyethylene glycol di-
C4-Cy-alkyl ethers, for example 1,2-dimethoxyethane, diethylene glycol dimethy! ether,
35 polyethylene glycol dimethy! ether 500, C¢-C4-alkylene carbonates, especially
propylene carbonate, Ca-Cs-alkyl acetates, especially tert-butyl acetate, THF, toluene,
1,3-dioxolane, acetone, isabutyl methyl ketone, ethyl methyl ketone, 1,4-dioxane, tert-
butyl methyl ether, cyclohexane, methylcyclohexane, toluene, hexane,
dimethoxymethane, 1,1-dimethoxyethane, acetonitrile, and their mono- or multiphasic
40  mixtures.

In a particularly preferred embodiment of the transesterification, the reaction is carried



40 m xtures. In a particularly preferred enbodi mrent of the
transest er igfp g&#gion, the reaction is carried PF 57281 7 out in the presence
of the (nmeth)acrylic ester used as the reactant. Very particular preference
is given to performance of the reaction in such a way that the product (O,
after the reaction has ended, is obtaindd as an about 10 - 80% by wei ght

sol ution iyt Rehe HREBERISETING (RietBRicBlic 6SRAuSSH 4B ereada®NVeryigartiaddri cul ar as
a from20 to ,50%

\ ht | ution. The. t in.th
Ceact i on methamrer Eravedresppytrte o Hisshadiendt gt el W e pERleL By 10
The react i @fienthp reectionhes eaded inebtained as an abowt B35 by weight selblieain theact or

or in a syinkfBskryiRMstUsbEBY thedieabahG VpHBoularhe o feefi 2006 5S0%YbyReigatf i ed out
in all react @ES suitable for such a reaction. Such reactors are known to

those sRi | IS8%"PH the art. Preference is given to effecting the 15 reaction
in astirred tank reactor or a fixed bed reactor. To mi x the reaction

M xture, ampelfBANAES afPprebent s 8@ reSiRA irfiddiurd ithéralissappadl alspendsd 8ot

required. Th be effected, for exanple, by feeding in a gas,
pref er ablysgﬁdsn@bgg’ﬁ’gs%'gas (see below). The reaction medi um may be nono-

or multiphasic and 20 the reactants are di ssol ved, suspended or enulsified
t her ei g Damhiengadtidh niBass éftttted dtdtindRBREIANaRPiesn adiibisdradadtor dhig sdesi red

val ue and i LLe i:ncreased or reduced during the course of the
reaction. %Pe/recrjltegrpll)(g%ﬁé@f g'(/\% @M'lglegi the case of an esterification or alcohols

which are released 25 fromthe alkyl (nmeth)acrylates in a
transest er iTfheqaédton nay &f tpaéP Ut BI s byitable foss@PVE &Rclidh. SuaRNner known

per se,. forregaiéﬂg%gk#?«%w %‘iHS%d%&{eﬁﬁr?H{eean.%&8%88%& ivén%%‘ﬁ%l:ﬁnﬁﬁn@ ppi ng,
absor ption, “pervaporation an ITTuslion, by neans ol VeIt aRes Of
ext r actliPon reamioniiea stivediank Geacinr obe fxed bed RpCiaror exanpl e, by passing an

oxygenous gas, preferably air or an air-nitrogen m xture, through the
reacti on m-xt ' ri ' LL feS ks ' Ui t gbl e
et hods. 1 or! HRane [qachRPRBRIe 2 hBnaiIrk) 88 k0. SherEstirt iRt A4
size, for reXAMRsH g*,‘e Mixinchean bigfieckd. i siample bY Begingrid f)9asePelHBRIN A by

di still ati axygenonsighs {de@ bebiw)alde afacBan abius meybperaneabt multiphdeianes .

Howeveryg i thd feRlag Q’@%@és@'v@d,t&sF@ﬁd@dt&%%Lﬁémﬁéqﬁemrﬁmfiﬁg g{e RhK¥dn, the

(meth)acrylate apd 1ts, pare cohol Ich freguen orns_an azeotrope,
Girect Ly | OBOS IR AT HOAPR PTG Ve AR, (TSRS NTEESe S or der ¢ o
reutilize iredudeddering tfercopstesafittie eatiion with 40 (neth)acrylic acid.

The removal of water in the case of an esterification or alcohols which are released

25  from the alkyl {(meth)acrylates in a fransesterification is effected continuously or
stepwise in a manner known per se, for example by reduced pressure, azeotropic
removal, stripping, absorption, pervaporation and diffusion, by means of membranes or
extraction.

30  The stripping can be effected, for example, by passing an oxygenous gas, preferably
air or an air-nitrogen mixture, through the reaction mixture, if appropriate in addition to
a distillation.
Suitable methods for absorption are preferably molecular sieves or zeolites (pore size,
for exampie, in the range of about 3-10 angstrom), a removal by distillation or with the
35  aid of suitable semipermeable membranes.

However, it is also possible to feed the removed mixture of alkyl (meth)acrylate and its
parent alcohol, which frequently forms an azeotrope, directly into a plant for preparing
the alkyl (meth)acrylate, in order to reutilize it there in an esterification with

40  (meth)acrylic acid.

After the reaction has ended, the resulting reaction mixture can be used without further



After the reaction has ended, the resulting reaction m xture can be used
W t hout fumpsreg®F 57281 8 purification or, if required, purified in a
further step. In general, the purification step only renoves the

het er ogeneous catal yst used fromthe reaction mxture and the reaction
product from any organic sol vent used. ® Renoval of the het er ogeneous

cat al yst i %Uﬁﬂéaggh o ifgg@@fe@i, brifla) if ia'f&r!ﬂ%ris{%[{!_m. electrofiltration,
absorption, centrifugation or decantation. The heterogeneous catal yst

renmoved may subsequently be used for further reactions. 10 The renoval from
t he organi dn generainthe pirideatiootstap euneamavey the/hetproopngausicsialyst eeed froedbeon or,

in the casesfitio fhiktdre ARCthE PEbABEO BrEIUSS frdiY ahy bigadicisdventipdsiver, the
purifi cgtl on step preferably renoves only the heterogeneous catal yst and

any solVent used. 15 The reaction mixture, purified if appropriate, is
pr ef er abl y Ramgvatefdhe hetespagneeud ¢aielysins effectadhgereralldy (ilvietian.acryl ate of the

E\F h%/ﬂ ; oxya:el@dt, rafilgdtidrd absdrBtidrs ctéﬁtg atiﬁdorcﬂe%bht!ati@ﬁ.iT;}ﬁ@IméEe[r)?gm@og@@lefamtt ed
nmeth)acrylic ac r.unconvert e r ster , and al so any
by- pr oduct §em8Y‘?#e%?9%b%?ﬁ3&Hﬁsbﬁ 138 t?rofﬂ)tﬁ%ir&ét@P " usual ly rectification
colums of customary design with <circulation evaporators and condensers.
The fead i srheireieva oy theloRgdriesdMaint AeffeBidenerallfBy biotilaGioh rebifRatbnibe here

is, for ex | e - r abl ¥.130 - 170C and nore preferably 125
- 155C, thwgpcafsé%ggor“g&g?%og étfgeur%gsb%“&%égq' 145C, and the top 25 pressure 3
- 20 nbar, preferably from3 to 5 nbar. It will be appreciated that the

person skiHdweslet, thd p@ifisstiorcasp pleserabigrernhovascort the hetetoqpealisit&tapBtamd essur e
ranges in \Mﬂk%giveﬁt egarti cular (meth)acrylates of the N hydroxyal kyl at ed

| actanms can bée puritred by distillation. What is essential is a separation
of thel8esired product fromreactants and by-products under conditions
under whi ciThehreadeaintigtdrey padfiiset if aispropixs aslpaterbialy sasjed@d pws slishiliatidnanno

heor et cal i B Aot F*?éa't“?fgﬁ%?‘?%gts?Z&éﬁﬂgﬁé.&*ﬁm‘éﬁw}f50

nown, per se and
have the cUbHRGNVEHREFIRINECTYlIERER G UBANYRTE] (ethloshic aster (i #hd AlEPpl e al |

comon i nt enpdlygprodusts fexaspl e trays, 35 packi ngs and/ or random packi ngs.
Among tiRe trays, preference is given to bubble-cap trays, sieve trays,
val ve trays, Thorman trays and/or dgal | ow tra%giﬁtarmng t he random

S J -f .
packi ngs, JW@f%“ﬁ’gﬁttoé' {ndfs Gre, wrHaly reEcREion GRIINSI PREY dasEN B saddl es,
Raschi g, lcirtdsticr ev@abtators mgs cohdansets. Ohe faedad preferablgllirds thelmitoRakegdrc. , or

brai ds. the bottom temperature here is, for example, 100 - 180°C, preferably 110 - 170°C and

more preferably 125 - 155°C, the top temperature preferably 140 - 145°C, and the top

25  pressure 3 - 20 mbar, preferably from 3 to 5 mbar. It will be appreciated that the person
skilled in the art can also determine other temperature and pressure ranges in which
the particular (meth)acrylates of the N-hydroxyalkylated lactams can be purified by
distillation. What is essential is a separation of the desired product from reactants and
by-products under conditions under which the desired product is exposed as far as

30  possible to no degradation reaction.
The distiltation unit has generally from 5 to 50 theoretical plates.

The distillation units are of a design known per se and have the customary internals.
Useful column internals are in principle all common internals, for example trays,

35 packings and/or random packings. Among the trays, preference is given to bubble-cap
trays, sieve trays, valve trays, Thorman trays and/or dual-flow trays; among the random
packings, preference is given to those comprising rings, helices, saddles, Raschig,
Intos or Pall rings, barrel or Intalox saddles, Top-Pak etc., or braids.

40  The desired product is preferably distilled batchwise, which first removes low boilers
from the reaction mixture, usually solvent or unconverted (meth)acrylic acid or
{meth)acrylic ester (D). After removal of these low boilers, the distillation temperature is



40 The desired product is preferably distilled batchw se, which first
renoves | oRFEN28érs fromthe reaction m xture, usually solvent or
unconverted (meth)acrylic acid or (neth)acrylic ester (D). After renoval of
these low boilers, the distillation tenmperature is PF 57281 9 increased
and/or the vacuumis reduced, and the dekired product is distilled off. The

remai ni ng m@séadehahumntrreamcdum i6 feduseddny thk dededgdodunt Pudistijed offt he reaction
conditions, the formati on of by-products in the reaction is prevented,

whi ch can ot herwi se stem for exanple, fromchem cal catalysts or as a
resul t of Jﬁ@é@mﬁ’@lﬂ@@%@aﬁ'%e@épe}tﬁd{‘%ﬂﬁﬁxij'i%ﬁrij% of the (meth)acrylate used,
whi ch can otherw se only be prevent ed by addition of stabilizers. In the

i nventi ye Cﬁrﬁﬁ%&p{ﬂg re?&’.‘mhtcbﬂc?]f% h%qglln'\gt%@ q?ﬁgg%u@gqﬁ%é Rakiyp geaction

m xture over a ent |na case in the
(et h) acr yPrevesisdpwiica can @Fheé‘%‘éﬁﬁteén FeR RO WG%CWH%@PHM Ty a
phenot hi azirgwuit Pladedied ffeerragicamplyenetizbtior oftibié Yrhetthyacnpdtb wispthevtoth can

6-tert-but %kheﬁg;ée%hng&ggwé}ﬁ@@by R@%Wfﬁﬁs‘faﬂk@@ efe ibh¥ntGx AERlGh, N - di -

sec- butyl - m ne or
4- hydr oxy- @dgltlgnqj Stabilizaheampe adgeq)g%g,reﬁcngp gwxyre over and above the storage
4- 0x0- 202, Gidbillzet pres@itivy bpy pavel id thee(ridtiojeglyliocorhvound), for exd@gieP from 15 BASF

Akt engesekgaﬂaaa‘ngne bRofeftiPbiicl RrattkRe 3§he%@mo%@xarnasfzetgatﬂdy;f4r om 50 to

2000 ppm vant ageous transesteri t| on |s
carried outm*? ﬁe@é%‘@f“ -digyethyiRhg a%a@omﬁe '%‘F'@?%rf%ﬂﬁ";@”@?

air-nit rogeecmmyll p{peenylélﬁ)edﬁnemla@r trogeEch s ddtyarggt2, ﬂﬁédtetramathyd}r dance wth
tﬁggn'epvegt 'ngérem@ r\fsm eﬁey&Q 2 e{ é@éf{%&hﬁaeerm.@ém 6} @Jh&k@%@@b%{&ﬁ 'atcl o or
decant 46 oﬁ/’gf’n&mns*;ﬁ@a?havaﬁs 2 G Plagh RUISCBE o BT LhBroRob g aRs

conpl i cat e@0®@phes, neutralizations, distillations and the like for renoval
of 25 the catal yst can generally be di spensed with. The catalysts in
accordance th the LY, enti.o hi bi.t only. ow. tendepcy.tp side

Feact | ons. AtEMeHET s HE SPTCEL A tardPrdati s s S Pe Eenseaty ze o
t r ansest er iahiwygermys 9as, proferatdpaipasic-nitrogemmiitynes. si de reactions, for

exanpl @oM chael 30 reactions, to a relatively high degree. In addition, the
reaction i very selective er t.he |n entiv eaction conditions

Rt O | Sy olh VS BE et SRS NP E TSR P S0, ¢ g
(based on fmﬁeth@me:}r@dmw awwmemmm)aamqﬂyamrw ofpts@praseldbliltm &ds@or dance

with the Irayﬁmtaerﬂnp|@h|trundsw6rr@éeéa{awrh gél%iallﬁs@ﬁtoemrfw&mw@ﬁhe fedctigyanmpl e, as
monomers or com norre[s in t ar.at.ion 8
product; compliCated was e neu raltzatlons stillations and the like for removal of

25 the catalyst can generally be dispensed with.

The catalysts in accordance with the invention exhibit only a low tendency to side

reactions. The inorganic salts are usually sufficiently basic to catalyze a

transesterification but not too basic to catalyze side reactions, for example Michael
30 reactions, to a relatively high degree.

In addition, the reaction is very selective under the inventive reaction conditions;
generally less than 10%, preferably less than 5%, of by-products are found (based on
the conversion).
35
The {meth)acrylates, prepared in accordance with the invention, of N-hydroxyalkylated
lactams find use, for example, as monomers or comonomers in the preparation of
poly(meth)acrylates and dispersions, for example acrylic dispersions, as reactive
diluents, for example as radiation-curable coating compositions or in paints, preferably
40  in exterior paints, and also in dispersions for use in the paper sector.

The examples which foliow are intended to illustrate the properties of the invention but



pol y(net h)acryl ates and di spersions, for exanple acrylic dispersions, as
reactive @Fsmgys, for exanple as radiation-curable coating conpositions or
in paints, preferably 40 in exterior paints, and also in dispersions for use
in the paper sector. The exanples which follow are intended to illustrate
the properties of the invention but PF 99281 10 without restricting it.
Exanpl es ; LS ment, unless stated otherw se, "parts" are
understoodﬁ?%aﬁggﬁﬁwﬂgﬁys by weight". Exanples 1 to 4 10 In a
transesterification apparatus (114-neck flask with Vigreux colum and |iquid
di stri but oBxamples transesterification of nmethyl nethacrylate (MVA) with

hydr oxyet hyl pyrrol i done (HEP) was carried out at a bath tenperature of 100C
under edyced pressure (approx. 400 - 700, nbar vVer - 5 hpurs., This was
done. by 5t nit 155 PP AT LayeRg SFAy e 6gBYing Bs art HekeSead o mRRlRF Y (it s ng o ¢
wi t h nmet hylweigdtthacryl ate (nolar 15 nmethyl nethacrylate :

hydr oxyet hyl pyrrolidone ratio = 5.6 : 1) and then starting the reaction by
addi ng thefﬁ?ta Séf The net hanol formed was subsequently renoved from the
reaction moXPlP¥Sak4h azeotrope with methyl methacrylate. To stabilize

met hyl nethacrylate or nethacrylates forned in the course of the reaction,

oot Byl B vt s vere
t est ed (uséﬁﬁttrrﬁb%%@'ﬁh%ﬁégs er%ﬁ%@”nﬁlm%t%@%%h%ﬁ%@g%&' | pyrrolidone).
After the dwdraxfethiipyrralidons GiER) was carried petraliarhatiytempgiatdredfd98° Gasdamal yzed
Eydgas tzﬁ r?&ﬁ&ﬂ%{ré&ﬁ@@bpﬁo&! BOL 500 mﬁfﬁ?«eﬁﬁr—cﬁgﬁdré.lﬁﬁ@%ﬁs l@léné:\’@ggﬁﬁhéw |0f
ydr oxyet hy rrolidone riQus. ca s .EX. no
Vil By s qq?@md?owt&%a?%@ne[%@e'%ﬂ? ﬁﬁ@w&a&vﬁﬁs%@@#@@ DHRle
[ ar ea%q!5[ arresiby! methacviptel ygrpgetbylpyrpgidens ratiogss.2 : 12 2R sertingtle 16.9 78.8
? Na OCH3 0-réacﬂt%n%y3aadﬁhg4ﬁe 6atta(y§10ﬂrﬁ§friélm'b{ forrhed QaE’rsi:iﬂsetquaﬂzM?re?rg)vgdznoﬁn
conpari so e sts afforded a
di stinctl y%ﬁe %@ﬁ&?pﬁ%{?%ﬁrﬁgf%&géﬁecwltﬁéﬁmﬂ M@Q%%&%% a transesterification
than with sodi um net hoxi de or titanium
To stabilize methyl methacrylate or methacrylates formed in the course of the reaction,
20  stabilizers (50 ppm of phenothiazine and 500 ppm of hydroquinone monomethyi ether)
were added and air was introduced. Various catalysts were tested (use in each case of
0.8 mol% based on hydroxyethylpyrrolidone).

After the end of the reaction time, the remaining liguid phase was analyzed by gas
25 chromatography (amounts in area percent):

Table 1.  Reaction of hydroxyethylpyrrolidone with various catalysts

Example Catalyst Methanol Methyl | Hydroxyethyl- | Product of
[area%] methacrylate | pyrrolidone  {value
[area%)] [area%]) [area%]

1 KsPQ, 0.1 25.3 52 66.2
2 KoCO3 0.1 2.6 16.9 78.8
3 NaOCH, 0.1 422 13.8 42.4
{comparison)

4 Ti{OiPr) - 21.7 75.1 2.6
{comparison)

It can be seen that the inventive catalysts afforded a distinctty higher fraction of product
30 of vaiue by a transesterification than with sodium methoxide or titanium
tetraisopropoxide.



tetrai sopropoxi de. PF 57281 11 Exanple 5 A 750 ml reactor with O dershaw
col um andpFigpagq distributor was initially charged wwth 280 ng of

hydr oqui none nononet hyl ether (350 ppn), 600 g (6.0 nol) of nmethyl 5

nmet hacrylate (MVA) and 194 g (1.5 nol) of N hydroxyethyl pyrrolidone, which
were stirred at a stirrer speed (anchofftstirrer) of 400 rpmand an air
supply of Eygmblets Subsequently, 6.37 g (30 mml; 2.0 nol % based on
N-hydroxyet hyl pyrrolidone) of anhydrous potassium phosphate were added, the
vacuum was established (300 nbar) and the suspension was heated (the Jacket
t enper at ur & T@smbgpcist with Oiderse® tyjumo and dagd distribéar mestiaitialtyierasd Withyf t er

fgggm 202% mqtcﬁih dﬁdaa|n%ﬁéﬁﬁi3§g%ﬂnylpsm@n (350 B qxgle(%ol(%xggﬁdmdﬂnetﬁ}drl ng the
505 ana ey i e TR BoPRh A Rt abhio Bohe dbT el "o ¢ o
300 min, tktredaia stmrer\aasedamgbbraawet )ioé 400 oy angvas arrén@nlé@ﬂﬁﬂ@ suspensi on
Watsh fool ?%uﬁ@gﬁl}ef\ §3ﬂé?Joaﬂn{ohr2q}‘91|6!°/§bB§&ﬁ§r\JNﬂ1y@Hﬁc§/étﬂ9Ip§ﬂr6ﬁd@heI6!0 rﬂd of
nme nme a al e e resi aue rugae
et o BB b GBS BRI b A da i Vel 58 b EhrapfitRadabh it

N, N- di - sec-abdtiyd sysppheiory wen bektadi(the jgast iegiperatdrewsascadjufited 10l 1284C kvt h a
suppl y 10f ?fheranslslfltr%rrf-.bététtcdnﬁsnvmrtabsro&xz@ﬁﬁm&é e sUBRERAGH ¥eqrEtoditdl  t hen

ﬁi L; Ei(rjggyte?th_ [&/ﬁ.ﬂﬁé %ﬁ%gﬁ@%hgéﬁ%ﬁea\fvgs Pé)n%\)ed conf?' nL%u(sl?f%rQﬂux -efflux ratio
(N-(2- (et M@@r%ﬁtﬁ;ﬂn}iél‘nmgelﬁ)q@yﬁﬂﬂr@l ip denkgttonerase diomuarreex.i63° Gty hS°Lb Adleri ty (GC

anal ysi s: 38068, thd Reaceeh s BHABLANYES VaBuIrARIEA rébesd. THaBaspenstiUgas a
hi gher yi el §o|e8 aREEqﬁe@Wﬁt‘éréd}h ohbgﬂt L E&dt.ohfﬁ%ﬂ @ itk Hmeﬁ{‘i g&%‘q;&%

cat al yst tff ation ac

03/ 65685 Ex@ippade! toflgsiTihe rapighelaf8a 9 @b seidp IPERALIChwaseARiIBe wmn wmet ially
charged W HEmd&A with Z00 (prel 6ON, NidisR@ it S/Iléﬁédigmhfér 96 &) appWare 600 g (6.0

N hyar oxyeliRle FOR SR bPal MUY 1sfiBinab S v Sebect 181 r%;' i ey (30
mmol ; 2.0 H&ﬁ %%bﬁh@rﬁ)rwdq%@fr@aﬂe@ﬁg}icpw& 61|baao%7e39&ﬁ “Vp)cﬁf Bydixyvsthéar bonat e
wer e added pyirbiiovia crethacrasted sit @ ested/idyBRthylpatdlidams) wdre obtaeeriainigh was
heat ed §Jt hmg%%taﬁa eggfeb}r eTH@éol@rqhd#ﬁﬁe%%a%%o%%@%bé’oum%b@f thermDStat

contro suspension

mn). Duri ﬂ@”?h% 'Qg%ré/&‘ij@rpbtﬂf‘%q I“Ith%l“@”%%%erfﬁéwﬂ'b@ihwwmwﬁﬁw éf‘%"he

t enper at ur én the dabe obibietasitiic eserifichtionacpptiogto WBDOIE5689C. After 300 mn, the
reacti on was ended and the vacuum was 35 renoved. The suspensi on was cool ed
and then filtered through a pressure suction filter (30 m of MVA were

added to fEfEMPER residue).
25

The apparatus described in exampie 5 was initially charged with 280 mg of hydro-
quinone monomethyl ether (350 ppm), 600 g (6.0 mof) of methyt methacrylate (MMA)
and 194 g (1.5 mol) of N-hydroxyethylpyrrolidone, which were stirred. Subsequently,
4.15 g (30 mmol; 2.0 mol% based on N-hydroxyethylpyrrolidone) of potassium

30 carbonate were added, the vacuum was established (300 mbar} and the suspension
was heated (the jacket temperature was adjusted to 120°C by means of thermostat
control). After approx. 20 minutes, the suspension began to boil (t = 0 min). During the
reaction, distillate was removed continuously and the temperature in the bottom rose
from approx. 63°C to 79°C. After 300 min, the reaction was ended and the vacuum was

35 removed. The suspension was cooled and then filtered through a pressure suction filker
(30 ml of MMA were added to fiush the residue).

438 g of crude product were obtained. The excess MMA was first removed. Then,
400 ppm of N,N-di-sec-butyl-p-phenylenediamine (106 mg) were added to the crude
40 product freed of MMA and distilled with supply of air. The product of value was
obtained (147°C, 3.6 mbar). 238 g (81%) of N-hydroxyethylpyrrolidone methacrylate
(N-(2-(methacryioyl)ethyl)pyrrolidone) were obtained in high purity (GC analysis:



438 g of crude product were obtained. The excess MVA was first renoved.
Then, 400 pR57281 N, N-di - sec- but yl - p- phenyl enedi am ne (106 ng) were added to
the crude 40 product freed of MVA and distilled with supply of air. The
product of value was obtained (147C, 3.6 nbar). 238 g (81% of

N- hydr oxyet hyl pyrrol i done methacryl ate 12

(N-(2- (et kyacroy]. qﬁb);srohMumﬂyrrw&l AR OB PEIAQRIGINaRBehN hi gh purity (CGC
anal ysis: PF 57281 12 99.79% . The col or nunber was approx. 60 (APHA col or

nunmber). Exanple 7 5 The apparatus described in exanple 5 was initially
charged wi tBxapg® fg of hydro- qui none nononet hyl ether (350 ppm), 600 g (6.0
nol ) of nethyl net hacryl ate and 194 g (1.5 nol) of

N- hyd | = 11 t d.
Subsequént I\ PPRET ?%ﬁﬁé@ﬁ%%‘e‘%w JE M%}ﬁ’?é@“& SRS ol | done)
of pot assi mwrmemmf@mthweﬁﬂeabﬁf@oppm h@OQ/Qé@JQmM%@ vneteerrdates®® nbar) and
the 10 suspeasj @5 ¥a5 ohﬁadyﬁﬁbxﬂ/éth pirfslehe PR alok hambee= a07 A igre120C by

nmeans of ther tat _contr

beann Lo bonTegSugagey. £ 13, CH? it e R & Firabiathy 13%%? 3

MVA and net%@ﬂ@ﬁ?luﬂva@rb@’tﬁﬁ/‘@afe ew@ﬁchthadasmyn was eeteblisedr3p) mbae anskiper ature
in the 1pot tspapavToratihdIsdL6L [the RRketadfperalife W46 @3RI WRE°C BYBIERfs bpder

Cuspensi Ea%ﬁéﬁ*f%aat?%ﬁﬁﬂwﬁﬁ?%@fvé?%ﬂ%fﬁ'ﬁ@%é”‘"é%g%ﬂ 2R B H o). 500
of product Ruringitae eeaghon, digdilate deresirare obMA ad Gathapclywep semated i qui d (APHA
col or nUﬂbeoanndc%&Dy mtédnaohﬂunfmbltmmm@mﬂalbbtt@n WGy B gD°Chaia i n 9!

f’rﬁfﬁ;&’:oxye? Ry pyrr\’ﬁ%wgﬁéﬁhz”* o gy BPesbu Bilequdinp o ety e
**x % gurhdof Vlfﬂﬁrﬁl’r@d tadthe sisnsasien “W§§09|ﬁﬁlaylﬂélﬂeﬁeérthfphﬁh é@nQSéHte giction
pot assi um fhef @80 gruf pﬂ:fduét @ieD2 9g%:) GRrgobtemed fae wrdlightRFydidwBh ligdid (MFA i S

actams, 5 ArReES PP WS AR B R SR AR SR Pl B A R T

Product* HEP™ MMA By-products™* | Color number (APHA)
26.5 0.4 1.0 2.1 121
N-hydroxyethylpyrrolidone methacrylate
20 ™ N-hydroxyethylpyrrolidone
***sum of by-products

*

The product was analyzed for the content of potassium. A content of < 0.001 g/100 g
was found.



Rin whichpelB R is Cl-Co-al kyl ene, or C2-C20-al kyl ene interrupted by one
or nore oxygen and/or sulfur atons and/or one or nore substituted or
unsubstituted imno groups and/or by one or nore cycloal kyl, -(CO)-,
-QCOO0, -(NH(COO, -QCO(NH-, -df® - or -(COOG groups, where the
radi cal s ti.oned nmay each be substituted by aryl, 15 al kyl, aryl oxy,

al kyl oxy, ”ﬁ@?aéﬂsoﬁ?'g}n% %nd/ or het erocycles, with the proviso that Rl nust not
have any atom other than a carbon atomdirectly adjacent to the |actam

carbonyl grOUR prot@s&fripfedalingdhethldarnigee of M@&gﬁ&ﬂh@@'lﬁérﬂ@.ﬂn which

CS- Cl12- aryl eng '%-h%’o% I'ﬂ lfc?% |¢)t errupted by one or nore oxygen and/ or
sul fur atons %Yr%? or Yoh # é rﬂ%é tuted or unsubstituted i mno groups
and/ or By one or nore cycloal kyl, -(CO-, -Q(COO, -(NH)(CODO-,
-QCO(NH)-, - CO- or -(COOC groups, where the radicals nentioned nmay
each be substituted by aryl, alkyl \\aryl oxy, al kyloxy, 25 heteroatons and/or

het erocycles, or R2-OHis a group bgﬁ_ob‘lﬁla-[x;jk-H, k is from1lto
50 and 30 X; , for each i =1 to k, iﬁdepe dently be selected fromthe
group of -CH2-CH2-O, -CH2-CH2-N(H)-, -CH2-CH2-CH2-N(H)-, -CH2-CH(NH2) -,

- CHz- CH( NHCHO) -, -CH2-CH(CH3)-0-, -CH(CH3)-CH2-0-, -CH2-C(CH3)2-0-,
-C(CH3) 2- CH2-0-, -CH2-CH2-CH2-O, -CH2-CH2-CH2- CHz-O, -CH2-CHVIin-O, 35
- CHVi n- CH2-0-, -CHz-CHPh-O and - CHPh-CH2-0-, where Ph is phenyl and Vin is
vinyl, in thd HP@ ence of at |east one heterogeneous inorganic salt (S) are
esteriflled wth (meth)acrylic acid or transesterified with at | east one

th i Gyt )| OnrZe..e [ ' , inth
(meth)acrylig ‘?§b‘?"cs-,(a%lené,[ o?CS:) Eﬂgaswé?@qm;gg@erbg'dha ér%vﬁ% éié@(#u arfi&’ €1 n the

at | east one |Boraﬁan| Cc ﬁ{al ( EF 5 1 , ngi?ém)re
than 7.0 and SHOY™ 1288 3PHRAR0ME B MR URSUiedANUNSYPS e NP GEUPE ANURESY um at
25C of not nmne of hame tygidalky!,3-(CDire -P(CR)Es s-(Ibld i 6OION gOGOENHe FOEFO)- lne
Bl eot e T o e B B S omacar bonat ¢
( HOCB )q pho?ﬂwgta@g?’ﬁ&%‘y‘f’,‘%ﬁs?iﬁffs%%‘ﬁﬁé@{ﬁﬁg? "YMPEI2") 1" di hydr ogenphosphat e
(H2PO4), sulfate (S042"), hydrogensul fate (HSO4), sulfite

with the proviso that R must not have any atom other than a carbon atom directly

adjacent to the lactam carbonyl group,

20 R? is C{-Cyg-alkylene, Cs-Cp-cycloalkylene, Cs-Ciz-arylene, or Co-Cyg-alkylene
interrupted by one or more oxygen and/or sulfur atoms and/or one or more
substituted or unsubstituted imino groups and/or by one or more cycloalkyl, -(CO)-,
-O(CO)O-, -(NH)}CO)O-, -O(CO)NH)-, -O(CO)- or -(CO)O- groups, where the
radicals mentioned may each be substituted by aryl, alkyl, aryloxy, alkyloxy,

25 heteroatoms and/or heterocycles, or

R2-OH is a group of the formula -[XJx-H,

k is from 1 to 50 and

30
X, , for each i = 1 to k, may independently be selected from the group of
-CHz-CH3-0-, -CH»-CHz-N(H)-, -CHz-CHp-CHz-N(H)-, -CH,-CH(NH3})-,
-CHx>CH{NHCHO)-, -CH,-CH(CH3}-0O-, -CH(CH3)-CHz-0-, -CH;-C{CHj3),-0-,
-C(CH3);-CH>-0-, -CH-CHp-CHp-0-, -CH3-CH3z-CHj- CH,-0-, -CH,-CHVIn-0O-,

35 -CHVin-CH;-0-, -CH,-CHPh-0- and -CHPh-CH,-O-, where Ph is phenyl and Vin is
vinyl,

in the presence of at least one heterogeneous inorganic salt (S) are esterified with
(meth)acrylic acid or transesterified with at least one (meth)acryiic ester (D).
40

2. The process according to claim 1, wherein the at least one inorganic salt (S} has a



(S@82), hydrogensulfite (HS03) and carboxylate (R6-COO, where R6 is C, -
C18- al kyl pPFB7282 - Cl18-al kyl or C6 - Cl2-aryl optionally interrupted by one
or nore oxygen 10 and/or sulfur atonms and/or one or nore substituted or
unsubstituted imno groups. 4. The process according to any of the

precedi ng cl ai ns, wherein the inorgani c14alt has at |east one cation

sel ected fr omKBh%w&mt RS thah I 7MW afd nallé@sltham}oaggd a%blﬂ@llllgﬁﬁ trts)eeﬁatcromeL a: s,
ammoni um cer| u e c m um nol ybdenum coba ni cke
or zinc. Trﬂg%'rn g@@%ﬁ“&? %?hqn Pg}:ﬁy of the preceding clains, wherein
t he inorgam c salt is sel ected fromthe group consi sting of Li 3PO4, K3PX4,
Na3PO4 and 3K2(KBproaess adayrdirdf tosith&edfeind pre2édifg clalnts, Whesss shetinoaficrgitt o any
of the Brece%%gatiéa%'t Jhe a?«ﬁﬁ%@Ib@tje_ﬁirohﬁhﬁ?k&fpt(ﬁb‘*ﬁfsﬂrﬁ;{h éaI?Eor?a&é?ttE’oQ‘?“s' sting

f 1,2-éthyl
1- hydr oxy et HrgePcbRYREHCOR) HeFBhae P br*ﬂﬁiﬂg@ﬁého@hﬁtepﬁ*@@fbne
%542b;t él en;a , diflydbedephbspiate (J—izmmduﬁéte&sm?qchﬁﬁ@ensﬁ!{fﬁthBOI) Sufitepyl ene,
I e )
1, 2- cycl open?@oé’n) %y&’rrfB%XQLﬂ?R? SRt %’&Jrlﬁ&%@ Féﬁé?'B;j ?(rhgr%eh is C1 = Cre-
1, 3- cycl ohexydeheor Grt Go- qywéﬁy en&ir bemwna"vsnﬁ@érﬁpgeﬂéweone or more oxygen

3, 6- di apa- 1, Saritérydufincatome addfr 8né b moee dubstitlfedusrdesybstingted nind geoupsocess
according to any of the preceding clains, mherein Rl is selected from 30
t he group conS|st|ng of 1,2-ethylene, 1, 2. yl ene

1, 1- di et hyﬂl Theprecess @?@rdmgltomr% braAnaCIzimsy whereinsthe inorganic salt

2- hydr oxy Shasralnaﬁseaﬁe cdtiosr geleapad fedre the gjlroép borigidtipg of alkah rzeaé \dlicmiae

2- met hyl - rﬁﬂ%ﬁb@f&b En?qo‘?\‘id?é( 'cgé @1 I%rrﬁ rigafiese %hu%nﬂhnﬁEFnWbdémﬁnprOpy' ene

and 2, 2 d| rret ene cess accor t'o any of the
precedilfig cl a‘FC}?@'t W@TH“‘GC) i s sel ected from the group consisting of
N- ( 2- hydr oxyet hyl ) - pyrrol | done, N-(2- hydroxypropyl ) - pyrrol | done,

¥ s oo PR SRR O e LR e pfecal et o
capr ol act am selecte from the group consisting of LisP 04, Na3P04 an ch : and
hydrates thereof.
20
6. The process according to any of the preceding claims, wherein R? is selected from
the group consisting of 1,2-ethylene, 1,2-propylene, 1,1-dimethyi-1,2-ethylene,
1-hydroxymethyl-1,2-ethylene, 2-hydroxy-1,3-propylene, 1,3-propylene,
1,4-butylene, 1,6-hexylene, 2-methyl-1,3-propylene, 2-ethyl-1,3-propylene,
25 2,2-dimethyl-1,3-propylene and 2 2-dimethyl-1, 4-butylene, 1,2-cyclopentylene,
1,3-cyclopentylene, 1,2-cyclohexylene, 1,3-cyclohexylene, ortho-phenylene, 3-oxa-
1,5-pentylene, 3,6-dioxa-1,8-octylene and 3,6,8-trioxa-1,8,11-undecylene.

7. The process according to any of the preceding claims, wherein R' is selected from
30 the group consisting of 1,2-ethylene, 1,2-propylene, 1,1-dimethyl-1,2-ethylene,
1-hydroxymethyl-1,2-ethylene, 2-hydroxy-1,3-propylene, 1,3-propylene,
1,4-butylene, 1,5-pentylene, 2-methyl-1,3-propylene, 2-ethyl-1,3-propylene,
2,2-dimethyl-1,3-propylene and 2,2-dimethyl-1,4-butylene.

35 8. The process according to any of the preceding claims, wherein (C) is selected from
the group consisting of N-(2-hydroxyethyl)-pyrrolidone, N-(2-hydroxypropyl)-
pyrrolidone, N-(2'-(2-hydroxyethoxy)ethyl)pyrrolidone, N-(2-hydroxyethyl)-
caprolactam, N-(2-hydroxypropyl)caprolactam and N-(2'-(2-hydroxyethoxy)ethyl)-
caprolactam.



