WD- 99/ 38837 -1- PCT/ FR99/ 00164 | MPROVED PROCESS FOR THE
MANUFACTURE OF H GH PURITY M XED ( METH) ACRYLI C ANHYDRI DES The present
invention relates to a process f or manufacturing nixed anhydri des
represent ed byWPh824388%&ral forrmula (1¥:1lin which: 10 PCT/FR$P£00164
represents Hor CH3; and - R2 represents an al kyl, al kenyl, aryl,

al karyl or aral kyl neprROVED 2R0CEEENEOR THE MAWMGEACTURY QeessIgH-an  al kal i

nmetal (neth)acryl ate of a [).. 15 in which: - Rl is as
defi ned above; and 20 P%?&%&/I #«g@h”‘ﬁdﬁgﬂz&%@(gc ANHYDRIDEY with a

chl orof ormat e of gener@hefprowbat( ihvent2bni redhteb R? i=s @socafd nisk above.
M xed anhydri d ] cy i.ng nts. ;the use of which has been
described in p§39?5502§%?ﬂ§3i@g%ﬁ3p|§%§y 1883veﬁ$?5ﬁgﬁn§ﬁ d}pﬁegﬁgb [err]
and acid chy or ggesrRLCEgkmula {(P)in addition, the only by-products
generated by the m xed anhydrides of formula (1) in the acylation reactions
are Cer] and the alcohol R2{H, which are easier to renove than

(meth)acrylic acid or HCL. QF The processess for synthesizing the
non-acrylic _ 2
H,C=C~C-0-C-0-R (1)
o] 0
in which:
16 - R! represents H or CH;; and

- R? represents an alkyl, alkenyl, aryl, alkaryl or
aralkyl residue,

according to which process an alkali metal

(meth)acrylate of general formula (II):

15
R1
H2C=C~C~O-M (II)
!
0
in which:
- R* is as defined above; and
20 - M is an alkali metal,
is reacted with a chloroformate of general formula
(III):
—r el
Cl-C-O-R (I1I)
i
0
25
in which R? is as defined above.

Mixed anhydrides are mild acylating agents, the
use of which has been described in peptide synthesis in
place of conventional anhydrides

30

R-C-0-c-r' and acid chlorides g-g-ei.

¢} 13 o



m xed anhydri des which have been described in the literature are nostly
based on the nethod described by Vaughan in J. Am Chem Soc. 73, 3547,
1951: the m xed anhydride is synthesized by equi nolar reaction between 10
an: al kyl chl or of or mat e and a +elt+ary am ne carboxylate, at |ow
tenperature (generally less than 00), in a solvent nmedi um (tetrahydrofuran,
acet one, tol uene, chIoI@fedditéon,)thBesmd@sknh@n@@@@tBogﬂﬁd«dte&abplvent

nedi um at veryyL oyl %:% rﬁgﬁﬁde@eoff follfudd (B Ny FORSE ?%é‘%fat?{ rat i on

process lies in the IS necessary to separate o
the trial kyl anﬁ%ﬁ?ﬁhﬁ)@ﬁl ¥F¢ deCantdingh t@iee@lﬁpbéztleg @fh: twmoﬁmﬁneaquml | .

Chem Soc. Japtol96fovd ltnd®2indhnbryicadaspd piondo  describe, among
the exanples, the synthesis of car oethoxynethacgé;lc anhydride:. C 3 by

reacti on between pot as@%n?ﬁ%‘ﬁ?%%‘?sjﬁ AT FHNEIIRAZ YT R RARTRIEC in a
sol vent nedi umixé&hl aifdrides aihiQE mvteheb@éﬁseaggcﬁib@ariﬂh nezhelhe

t hesi ‘ boet h h I bed
T Erench bAFRRECARRIFES: FORt PR RE3e91 3RsHRe SEherhsATRed dhhyl - 30
amoni um net hdgughanteinadd Amt hghemehlSocof (7r3rmt3647|,n 1% 1soltrentmingedi um

(acetonitrile) . &ff%gtcﬁjgs gggggggggacByacq%mgﬁgrar}_tyadcrel%%s Best detscrl bed

in Cerman paten on between a carboxylate and a
chlorof orfdt e #h a 8bkyknhl o¢]@$@¥¢rﬁm§ﬂ&:@ boxgndt e ol drertatdny of admingeen

0.95 and 1.10.carbodylate, at low temperature (generally less than
0°), in a solvent medium (tetrahydrofuran, acetone,
toluene, chloroform, etc.). Besides the need to work in
a solvent medium, at very low temperature, one of the

15 main constraints of the process lies in the fact that
it 1is necessary to separate off by filtration the
trialkylammonium chloride which precipitates in the
medium.

In Bull. Chem. Soc. Jap. 1968, 41, 2521-3,

20 Harada and Kondo describe, among the examples, the
synthesis of carboethoxymethacrylic anhydride:

CH,4

H,C=C-C-0~-C-0-C

25 285
0
by reaction between potassium methacrylate and ethyl
25 chloroformate, in a solvent medium (chloroform), at
0°C, in the presence of pyridine.

The synthesis of carboethoxymethacrylic
anhydride is also described in French  patent
application FR-A-2 212 340, starting with triethyl-

30 ammonium methacrylate and ethyl chloroformate in a
solvent medium (acetonitrile).

The synthesis of non-acrylic mixed anhydrides
is described in German patent DE-C-1 133 727 by
reaction between a carboxylate and a chloroformate in a

35 chloroformate/carboxylate molar ratio of between 0.95
and 1.10.



The processes described in the literature nostly relate to non-acrylic

m xed anhydri des and present, depending on the case, many drawbacks, the
chi ef ones being the use of solvents and the use of 5 amines in
staichionetric anmount relative to the carBoxylic acid or in catalytic
anount. The need to separate out the al kyl ammoni um chloride by filtration
al so constitutes a dra®hackpriocessss ofdesheipedcesises tescrilbeeratutde 10

iterature,  RBkegoenkeart! | Lo aRBn hbbl);car fikead LinpaH AL Arang

proportions or bet an ese conditio i s possible
to obtain a ni REGSEREr h)RRSAII@NRPdritR €a6eai MIRY | i dtrtal‘”éaé‘rﬂiﬁnet?lil%al

anhydrl de [errLnkber rdneﬁebéﬂnga%hedﬁslé“egf akaventsThird tBe Fh%ret'&f” arly
i nconveni en when it is desjred synt hesi ze car boxyal %%l
h i de.

(meth) acryl?c 3RAPEF; dé-”con%’é‘?h?h’*ﬂgomﬁ'éﬁ/mzo apeiRt e FELREEVG | é'—oan
The Applicant eamaanyllnas ahistoyer g eutalysmglayhouhmm THesaepBobt&nNs can

081 e Y TORRREPR IR, B0 MAG0%Bhel " SRSLLAAORCET ERTROND S

W th a corrpdxapdc@ﬁst(.tutgaiscanquwbbcl(.lI) nolar ratio of greater

than or equal to 1.15; Alﬁﬁg‘j:ecéf oftﬁehe t% o n& QEE?B 5{2}”5}"?‘3
rre

process for preparing a high-purity mxe |c an ydr
reacti on bl weéhtenatubsverdit | sRegeBLs d@rﬁ)ou@l@i@ ((IIIII)) 2rel used| )in

characterized et;ﬂﬂnb@lart Eﬁ‘ro’iﬁix@:ﬁ%@CtéP“b’e&w@éhr '(ﬁCbEPUEna” 121 a0ue@ehs
nmedi um and in t he am nes, th chl orof ormat e

(I 11)/al kal i mt;lhélse( rf*b‘?‘ﬁSiéEh?lnét'e % 13S nBP&s iks ot‘E)ePﬁﬁaétn |%ed8t X8dual to
. 15,

(meth)acrylic anhydride Rl

15
1

r! R
containing little symmetrical anhydride H2c=é-c-o—c-¢|:=c1-12,
1
R’ being as defined above. This is particularly
inconvenient when it i1s desired to synthesize
carboxyalkoxy (meth)acrylic anhydride containing very
20 little methacrylic anhydride. The Applicant Company has
discovered, surprisingly, that these problems can be
solved by modifying the conditions of the reaction
between compounds (II} and (III), and in particular by
carrying out this synthesis with a compound
25 (III) /compound (II) molar ratio of greater than or
equal to 1.15.

A subject of the present invention is thus a
process for preparing a high-purity mixed (meth)acrylic
anhydride (I), by reaction between the abovementioned

30 compounds (II) and (III), characterized in that the
said reaction is carried out in an aqueous medium and
in the absence of amines, the chloroformate
(III)/alkali metal (meth)acrylate (II) molar ratio
being at least equal to 1.15.



-4-"1n general, the reaction is carried out with conpounds (I1) and (I11)

In which: - Rlerr] is chosen from J[err] alkyl, [err] alkenyl,
phenyl, phenyl [err] alkyl) and [err] alkyl) 5 phenyl residues; and -
M r.epresents Na or K. The m xed anhydrides of forrmula (I) in which R2
-represents J[err] alkyl, such as ethyl, n-propyl, isopropyl, n-butyl

or isobutyl, are of parti geharal) thd eresttbom mwﬁﬁéitﬂédaoﬁawwgtnﬁ
preferred m xe j d of _the,dnuention.. These are mld acylating
go gggﬁév@?? anggvg% gé@h&h}eg'

agents whi ch Iﬁ%anz repl ace nmethacrylic
anhydri de or (meth)RcrsoythehéorifisomhiGihCgeneld&yd, meChrdhs yldlkeasild or

hydrochloric acid i ac i.Qn regactions, t progcess of_.t pr esent
i nvention, the chl oél% lrr‘at ?r%%ll)fla)/é?’r(;(f“f’ %ka#ﬂ( mggﬁ) agélyl%zﬁ’e a(ﬁ]%lfl)nol ar
ratio can e bet weephanyb zgiduesyr éngk ably between 1.5 and 1.7, in order

to limt the formatyore®feLchty-Ny QUK s of the type [err] for exanple.
At and above 1.15, a substantial inprovement in the selectivity and

yi el ds are observed; 25€thi%ed apvrfridrs ofnfomyla 6f) in which R

car boet hoxynmet hesrysécranhggid,de hskgdfri edchut ay reaagti,on Ibqsw,?odi um
et pacry! e andastOtls o slamte: gl on I the Temen s
ratio is flvouimbéeesd0 and teomstifutsel ectfamiyy fi psepennbdzimiged th
et oy LA ORELLENET ) SpencT AR, B8 QUITA G e
agents which can very advantageously replace
methacrylic anhydride or (meth)acryloyl chloride which
generate methacrylic acid or hydrochloric acid in
15 acylation reactions.
In the process of the present invention, the
chloroformate (III)/alkali metal (meth)acrylate (II)
molar ratio can be between 1.15 and 2, preferably
between 1.5 and 1.7, in order to limit the formation of
20

by-products of the type H2C=C-C-0-C- =CH2

for example. At and above 1.15, a substantial
improvement in the selectivity and yields are observed;

25 thus, when the synthesis of carboethoxymethacrylic
anhydride is carried out by reaction between sodium
methacrylate and ethyl chloroformate, a reduction in
the formation of methacrylic anhydride and by-products
is observed. Moreover, a high molar ratio is favourable

30 in terms of selectivity, but is penalizing with respect
to the production efficiency.

The reaction according to the present invention
is advantageously carried out at a temperature of
between -10 and +30°C, preferably between +10 and

35 +20°C.



between -10 and +30[err]C, preferably between +10 and 35 +200C. 51n
accordance with one specific enbodi nent of the present invention, the

al kali metal (neth)acrylate (Il) is prepared in aqueous sol ution by
neutralizing (neth)acrylic acid wth- she hydroxide MOH, the 5
MOH (et h)acrylic acid nolar ratio being between 1 and 1.5, in particular
between 1 and 1.1, andIthacwatrelehakekatitiebnat Gpethraer Wraiclifddnt Wef ght

ratio *being b ~2.a 7...0.n _particular between 1.5 2 fter
whi ch the chl O?g}ﬁg%%g%gﬁa ﬁqﬁvelng‘l;&éléctt&? vﬁﬁﬁajfo meﬁéi al(’ﬁﬁgﬁpﬂ%{%fate
(met h) acryl at e (EED) .i9 npreparedr dancaqueows t kolutbor by paettral fzing

advant ageous c tc of, {: p. nt .hnvent | r tio et ween
the al kali et g?k?ﬁéatsﬁggié%gl a’_taeCtl | )&gtl’?] t ﬁg%chr%#gg%%%?e F‘?ﬁl’) intslpecar ried
out in the A5 MBHédBAER) agFylic ppasd- MPARLT sptieabslipgt betdiesolvernd or

fixed to a pol ymgyic isUPRRdt igiahras gesiedener dihyinyhbenzeng copglymer or
a crosslinked polyvin {5 fyridi ne resin and used in_particular 1n a
proportion of ?’PB%F(S?% 31t o Tl nolmeth 3eamliads adIE) onV®190S t¥aeP 0. 01

nol, per nol e béiagkbkitwsehall . 6mank) evqrwratﬁa:{ﬂilc)ulaEheadﬁmltlr.@sa&i

catal yst i s adyant us hqgsen from quat ernar nmonium salts, .
phosphoni um sa fsaggggcw%%eﬁ r Fhioro O,Eglaé:)‘?an%llgs} of° q{%ﬁcetrerf;r‘?lq}nmni um
salts nenti®n thg békabhtenefal htseth)aamhyldte -(II).Jerr]each represent [err]

gLﬁ)z/;l,'such as CHerr]gplerrl . 9kqkyd such;as phe&;[é, orpggﬁg&a%h as
’ advantageous characteristic of the present invention,

the reaction between the alkali metal (meth)acrylate

(II) and the chloroformate (III) is carried out in the

15 presence of a phase-transfer catalyst, dissolved or

fixed to a polymeric support such as a styrene-

divinylbenzene copolymer or a crosslinked polyvinyl-

pyridine resin and used in particular in a proportion

of from 0.001 to 0.02 mol, in particular from 0.005 to

20 0.01 mol, per mole of alkali metal (meth)acrylate (II).

The phase-transfer catalyst is advantageously

chosen from quaternary ammonium salts, phosphonium
salts and crown ethers.

- As examples of quaternary ammonium salts

r
25 RS_L@_R7 x© ,
le
mention may be made of those in which:

- R* to R’ each represent C;-Cy4 alkyl, such as CHs,
CzHs, C4Hg, CgHiz and Cy¢H33, or aryl such as phenyl,
or aralkyl such as benzyl;

30 - X represents one from among Ci, Br, I, OH and
HSO4;
and, in particular, tetramethylammonium chloride,
benzyltrimethylammonium chloride, benzyltri-n-
butylammonium chloride, tetra-n-butylammonium
35 chloride, tetra-n-butylammonium bromide,



30" - X represents one fromanong C, Br, I, OHand HSJerr]; and, in
particular, tetramethylammoni um chloride, benzyltrinmethyl amoni um

chl ori de, benzyltri-n- butyl amoni um chl ori de,

t et.r a- n- but yl ammoni um 35 chloride, 6 - tetra-n-butyl ammoni um

brom de, -6- nmethyltrioctyl amoni um brom de and tetra-n-butyl- amoni um
hydr ogen sul phat e; mstbxbhpi@stmﬁmwhnsbhmnbunm$detandheh$tnmrmmbutmiﬂade of
[err] 5 [errla8 gg@ ég .crown ethers, nmention may be
made of 18-crown-6 and gl enz%@![s croﬁqG "Working in t he presence of a

phase-transfer catal yst increases the reaction substantially (3 to 5 10
hours as oppos&d t 0235 KaTPdedi HoRNRIMRATAI . STHES r cRERFHANa8ROT g to

the invention is gepggal by (Q;ﬁé‘)r rpﬁgge Qet, Hg)qP%ge (csily Idagp®ci@n  a
thernostatically-control I ed reactor Whi'l'é 7igorously

controllingthe tenﬁ@:féat)u(ﬁéisl"%b l:ra,rd@ 15 reaction mixture separ ates
out into two phases by settling if the stirring is stopped (or into

three phases if a pags@xsﬁ@mégerofcaéﬁwtetﬁef@edmeﬁtf&@ hQy@ KOl i C
support). The ‘reactign grogress i's ponjtored y re ularly gkl ng sanpl es of

the aqueous phase aff 2B CEILRVE mPd rHE-hedwial aIC’I¥£’IWirl ﬁet aI (meth)acryl ate
(I'l'). The reaction is wonkifer et agheonptesenybenst ha dsigd £8- Of areOfRser si on

of the alkali Fﬁ% %H%geégéfgg lat%hglgeact reat rStan gl/b %& %%gffnd of

t he reaction,
10 hours as opposed to 15 hours without catalyst).

The reaction according to the invention is
generally carried out with stirring in a
thermostatically-controlled jacketed reactor while
rigorously controlling the temperature. The crude
15 reaction mixture separates out into two phases by
settling if the stirring is stopped (or into three
phases if a phase-transfer catalyst is used, fixed to a
pelymeric support). The reaction progress is monitored
by regularly taking samples of the aqueous phase and
20 assaying the residual alkali metal (meth)acrylate (II).
The reaction is considered as complete when the degree
of conversion of the alkali metal (meth)acrylate (II)
is greater than 95%.
At the end of the reaction, the phases of the
25 two-phase or three-phase reaction mixture are separated
by settling at room temperature, advantageously washed
with water (amount: 20 to 100% of the weight of the
organic phase, preferentially 30 to 40%) at room
temperature, the organic phase containing the mixed
30 anhydride (I) and the excess chloroformate (III) then
being stripped off under vacuum at a temperature of
less than or equal to 35°C. The mixed anhydride is thus
obtained in very high purity.
It 1is necessary to introduce at least one
35 polymerization inhibitor into the reaction medium, in a
proportion of from 500 to 5000 ppm, in particular from
500 to 1000 ppm, relative to the alkali metal



25 two- phase or three-phase reaction mixture are separated by settling at
roomtenperature, advantageously washed with water (anmount: 20 to 100% of
t he wei ght of the organic phase, preferentially 30 to 40% at room
tenperature, the organic phase containi ag7the m xed 30 anhydride (1) and
the excess chloroformate (111) then being stripped off under vacuum at a
tenperature of (meth)ehawloteedldl t00850C. iThepmeguvdsanhydetiacsylhus

obtained in ve i gh;pu t t e at |east one 35
GYidl Oh;UBLEY: Lh béef'&??x?ﬁ?{é’e thd NHQQYe

pol yneri zation inhibitor into the reaction dium 1n a proportion of from
500 to 5000 ppm in paPBi c#¥a"EYesm 506 mlmz&&mon rénhibieorso the

al kali netal ment{on(MRAp) aseYimdde (IdP hydlro@inbsePr REHASOT ether,
(neth)acryl$ gpld - in orderﬁép overstabil'ize the |atter. exanpl es
of pol yner? zat¥GROIULRAPET t oRLeNERERZA Ray %R?lﬂaeé BeTRyRrbYLTRRFR net hyl

ether, 5 hydregesbane, phenothiazine and di-tert-butyl-para- cresol.
The exanples which | low__illustrat.e esent, .i.nv ntlon t hout
however, limting its é§8pe Xﬁﬁlgﬁgse‘g%ﬁﬁblegogiﬂg péﬁé‘ é am%hﬁlven
on a 10 wei ghtrbash$ en&eptlmhewetbbhErmheeevad}cbimmklmgumﬁﬁiﬁdQQQB g of
an aqueous 26.5% s %ﬁgr at ol t e 4

i ntroduced 9§é QHéH%}Q%E gﬁ%%no%eéne %k? éQ g?é’fﬁ% aucg% ifto a
15 jacket®d rwgdoBE RAssE ?éﬂ%@tawhﬁ¥ﬁ|Q$hﬁﬁWﬂ$ﬁrﬂﬂﬁhﬂ&ﬂ@dthe aid of a

circul ati on of gwaierrt hernostatically adjusted to 20[err]C, next, 162.8 ¢

of ethyl chlorofornmate, .
408 g of an aqueous 26.5% sodium methacrylate

solution, into which are introduced 900 mg of
hydroquinone methyl ether, are introduced into a

15 jacketed reactor whose temperature is maintained with
the aid of a circulation of water thermostatically
adjusted to 20°C; next, 162.8 g of ethyl chloroformate
(ethyl chloroformate/sodium methacrylate molar ratio:
1.5:1) are introduced over 5 minutes.

20 The heterogeneous mixture is stirred for 15
hours. The phases are then separated by settling at
room temperature. The organic phase is dried over
calcium sulphate and the volatiles are then stripped
off under vacuum at a temperature of less than 35°C, in

25 order to remove the excess chloroformate.

153 g of product are thus obtained (yield:
96.7%) in a carboethoxymethacrylic anhydride NMR purity
of 95%, the remaining 5% consisting of methacrylic

T

o) o)

30 anhydride

EXAMPLES 2 to 5
Example 1 is repeated, modifying the

temperature and the ethyl chloroformate/sodium
35 methacrylate molar ratio.
The results are reported in Table 1.



(ethyl chl orof or mat e/ sodi um nmet hacryl ate nolar ratio: 1.5:1) are introduced
over 5 mnutes. 20 The heterogeneous mxture is stirred for
15 hours. The phases are then separated by settling at room tenperature.
The organi c phase is dried over cal cium-s8l phate and the volatiles are then
stripped off under vacuum at a tenperature of less than 35*C, in 25 order
to renove the excess chloroformate. 153abhleflproduct are thus obtained
(yield: 96.7% in a carboethoxynethacrylic anhydride NVR purity of 95% the
remai ni ng 5% ng o1 netnacryric eXAVPEES 2,10 ETEXdrpu T S

r epeat ed, i%%?r?]e t+he—terperat ad—Z2thp *"'E >

1
CLTTC U CTITPCT TGt—uT ull c Il

chl or of or mat e §63¥ﬁd¥@9roﬁﬁpﬁﬁ€V§P§%@mnDIar rat|i d:5Thelr®s|il 1 <5 af e 3r eport ed
in Table 1. me Ehadighllage Inddeamrbéio 2 3

4 ) 5 :Et hy! | ebhpsafterent e¢sodi um | 1.55 [.35 [ 35 3155 .
net hacryl at e i epperature ([erri <

35 15 Reacmgéﬁéﬁoﬁ‘cﬂmé ) 350 g 77 2’4 Degr ee

of conversion|BFIFHR TodidRtersion o, the gpdiun [9@ls L P9t Bab Oyl Atfe 9(8%5
Conposi ti on ofmeheaematec(Phase separated out |by seftling| (% byl wei ght)
ethyl chlorof pceBpesition of the orddnic p28se |22.5 | 63 .

car boet hoxyme{ Bags yd b a&@ydg&d’ ettl§ﬁg (P3py | 65 35 .| nethacrylig
anhydri de 2

weight)
e ethyl chloroformate 39.7 29 22.5 63
® carboethoxymethacrylic anhydride 55 63 65 35
e methacrylic anhydride 5 7 11 2
¢ ethanol <1 <1 1
e water 0.3 0.2 0.1
Composition of the organic phase
stripped of volatiles (% by weight)
e carboethoxymethacrylic anhydride 91 90 85.5 | 94.5
e methacrylic anhydride 9 10 14.5 | 5.5
EXAMPLE 6

5 The process is performed in the same apparatus

as in Example 1.

445.1 g of aqueous 33.2% sodium methacrylate
solution stabilized with 1.2 g of hydroquinone methyl
ether are loaded in. 8.8 g of tetra-n-butylammonium

10 bromide (0.02 mol/mole of sodium methacrylate) are then
introduced. Next, 193.2 g of ethyl chloroformate are
introduced with stirring and while maintaining the
temperature of the medium at 20°C (ethyl
chloroformate/sodium methacrylate molar ratio = 1.3).

15 The reaction mixture is 1left stirring while
controlling the temperature at 20°C. The reaction
progress is monitored by assaying the residual sodium
methacrylate in the aqueous phase separated out by
settling (the phases of the mixture separate out by

20 settling as soon as the stirring is stopped). After
reaction for 3 hours, the degree of conversion of the
sodium methacrylate is greater than 99%. The reactor is
then emptied, the phases of the reaction mixture are



. et hanol <1 <1 1. water

0.3 0.2 0.1 Conposition of the organic phase stripped of volatiles (%
by wei ght) . carboet hoxynet hacrylic anhydride 91 90 85.5 94.5 .
met.hacryl i c anhydride 9 - 918 14.5 5.5 EXAWMPLE 6 5

The process is perforned in the sane apparatus as in Exanple 1. 445.1 g of
aqueous 33. 2% segauate8t bacrettalléngolait i wronst tdmdd zzdding ,t htHe 2oggaxiic

hydr oqui none e do [ g tr yl fum 10
brom de (0. 02%?%%0?%§0f a%'h [ umagrgﬁhaég?r qualgéf) %téfhgg‘&n?wgduce xt,
193.2 g of et h?lrgéhllérbh@ﬁ@ral% serayatedqute dwisgttdingri ng and whi | e
maintaining the tenperabyrs g Bk ol waldiiMprodtler - AY eTilfs

(et hyl chlorofornate/sodlun1nethac late molar ratio =
The reactidn TRFRVAFEd | ¥hichf Praducty | hy SHAPLELzeRt P’éFhl r9g0t2h@ of

tenperature at dZQE:éE:f:]-&tifbepéE@rCéi'@ébPrOghés%xlc%s@DrtlHlQﬁQﬁdhha&%saﬂé ng the
resi dual sodi um net hacr I n ueous  phase arated out by
Settling (the BEYED WitV hrurhr 9o et arp 2ot AL A ol oty o
soon as the stempergtisestdHppess.thadtFF°ceaction for 3 hours, the degree

of conversion of the s ggug1qggh§g£¥gg£ im%§§$%$ l%?ggngg%é ghe Igactor

is then enptied, the p ase e reac separated by
settling ak0roobtaénpdr attivce, NfReporgaHi @ﬁph‘@ls-‘écfll sigasineld asitteldl, 5 W htlof
wat er and the %ﬁéhggegagagth§%§@62|§é§5parated out by settling. 234.5 g of

crude washed produCt are thus
EXAMPLES 7, 8 (comparative) and 9 (comparative)

Example 6 1s repeated, varying the ethyl
chloroformate/sodium methacrylate molar ratio.

15 The results are reported in Table 2.
Table 2
EXAMPLE 6 7 8 S
(comp. ) (comp.)
Ethyl chloroformate/sodium 1.3 1.15 1.05 1.1

methacrylate molar ratio

Composition of the final

product (% by weight)

® carboethoxymethacrylic

anhydride 93.5 90 65 80

¢ methacrylic anhydride 5.5 9 19 10

* G ~0-C-0-C,H,
i 1 2
o

. ::,n,no-nc-o—lc-o-c:,us 8 5
o o

e ethyl methacrylate 6 3

Yield of carboethoxymeth-
acrylic anhydride relative to| 85.5 80

the sodium methacrylate

When the chloroformate/methacrylate molar ratio
20 is less than 1.15, poor selectivity towards carboxy-
ethoxymethacrylic anhydride is observed. It is



5 recovered, which product is stabilized with 0.02 g of

di-tert-butyl -para-cresol. The excess chloroformate is renoved under vacuum
using a rotary evaporator at a tenperature of less than 35/ err]C. 198 g of
car.boet hoxynet hacryl i ¢ anhydride are 16 ldbtai ned, the NWR purity of which
Is indicated, wth the yield, in Table 2 bel ow EXAMPLES 7, 8
(conparative) madifesétdypaimposs)blxanu e obtiadinr epeapedduwtr yofig gded et hyl

??;'pgiffeﬁrf'ﬁt Tabre-oy RELPE NS Fardl 0 19 T resgie Ae

8 ( cOBRAMPLE (¢8np. ) Et hyl chl or of or mat e/ sodi um 1.3 1.15
1.05 1 1 methacryrateppBlass’t aki 9&%&%& 10N 19fe tdEnd é}%aﬂﬂ%“:t (%
by wei ght) car boet hoxy ne?ha fIC anhydrid

aﬁe%ﬂa@?‘?@?%e a%hydrl de 5 5 9 19 10
[err] 1 30913 g of &n aqueous2386%%]sodium methacrylate

8 h
Yield of gé{’%}igfﬂ%xfﬁ@gﬁalggﬁyI"‘P(ﬁ’an%y%lr? d8tr é}y&qqgéxlpgneSgng%ylgo t he
sodi um et hacrgthee Waes t headkHor dhor mawe/ et hefcr Wodlened| arrg atiler20 i s

ess than 115 RALCSA! eot X} 1XA81Ar Y CARYSY nodt Rt RGN e

10 butylammonlum bromide per mole of sodium methacrylate.
125.1 g of ethyl chloroformate are then introduced with
stirring, while controlling the temperature of the
medium at 15°C (ethyl chloroformate/sodium methacrylate
molar ratio: 1.2).

15 The reaction progress 1is monitored as 1in
Example 3. After reaction for 4 hours, the degree of
conversion of the sodium methacrylate is greater than
99%. The phases of the crude product are then separated
out by settling but not washed, and stripped of

20 volatiles under wvacuum at a temperature of less than
35°C.

The NMR analysis of the product stripped of
volatiles is as follows:

e carboethoxymethacrylic anhydride............ 95.5%
25 e methacrylic anhydride.....cvcvevernnnnnnnns 4.5%
The yield of carboethoxymethacrylic anhydride
is 87.5%.
EXAMPLE 11

Example 6 is repeated, using  potassium
30 methacrylate instead of sodium methacrylate and working
at 10°cC.
The composition of the final product (% by
weight) is as follows:
e carboethoxymethacrylic anhydride............... 93
35 e methacrylic anhydride....... ..t ieinennnnanns 6

............................



- 10 - manifestly inpossible to obtain a product of good purity below this
nol ar ratio. EXAMPLE 10 The process is perforned in the sane apparatus 5 as
in Exanple 1. 309.3 g of an aqueous 33.5% sodi um et hacryl ate sol ution
stabilized with 0.8 g of hydroqui none methlyl--ether are |oaded in. 192
g of toluene are then introduced, f ol | owed by 0. 02 nol of
tetra-n- 10 butyl amoni um brom de per nole of sodium nethacrylate. 125.1 ¢
of ethyl chl or%fzgrg_méﬁg akethen introduced with stirring, while controlling
t he tenperatur i 150C (et hyl chl orof ormat e/ sodi um

net hacryl ate nol ar rat E¢amplg) 615is repeatefipe weekitgordt phfgFesandis

monitored as vayEXPk8e3. nAthes r&ACHN fiast-RUnSFelrhecdegr g6t Of
conversion of the sodjumnethacrylate is greater than 99% T ses of

: | he pha
the crude pPodd@ch e1§ héRtieguradediod? b§meBRE| i%g Bl ﬁ@ﬁl/\%M?ed?f and
stripped of 20 seddiaim meshaagglayacuum at a tenperature of less than 35 C

The NMR anal ysis of the.product stripped of, volati is,as follows: *
car boet hoxymet hacr yl i c%gﬁh§8ﬂ‘1§j§s. ?‘F.g. F?P?FF?Q 1@5'%%%36925833' * met hacrylic

anhydride ............ .. ... ... ... ATABILEN8 yi el d of
car boet hoxymet hacrylic anhydride is 87.5% EXAMPLE 11 Exanple 6 is
r epeat ed, ugtre Pet-aSS 30— eHaetyHet-e—Retee f

nmet hacryl ate el_nd woEkamgieat 10[ler] C12 The'|conpodBti on of the fii4nal prdduct
(9% by wei ght) [iz5 25 Lol].0u5°

(Bu) P¥Br® | (Bu) 119 | (cHy) (Cotyy) NPBLO
catalyst
Yield of final

product (relative
to the sodium 94 97 99.5
methacrylate

converted) (%)

Degree of con-
version of the

sodium meth-

acrylate greater 4.5 h 3 h 1.5 h
than 98.5%
after...

Composition of

the final product

(3 by weight)

o

e carboethoxy-

methacrylic 94 94 96
anhydride
¢ methacrylic 4 6 3
anhydride
o CH0-C-O-C,tt; . 2 1
b

10



* carboet hoxynet hacrylic anhydride ............... 93% 35 * nethacrylic
anhydride ............. ... ... ... .... 6% EXAMPLES 12 to 14 Exanple 6 is
repeated, working at 10[err]C and varying the nature of the phase-transfer
catalyst, 5 WwWWOcBA9¥38BAVroduced in an -artkurt of 0.01 nBCTNER29 000564 um
nmet hacryl ate. The results are reported in Table 3. TABLE 3 Exanpl e

12 13 14 Phase- tdy er (Bu) [err] [err]
[err] catalyst Yield of final producr—?ggiative to the sodium 94
97 99.5 net hacryl ate converted) (% Degree of con- version of

t he sodi um net h-, aCry|Bt6c§§§atefor flafubacturing 3 & high-puritly5 h
t han 98. 5@6af;§ ngfs Lti oqhqi e final product @6b% “e'égh§
car boet hoxy- mePRERI§FFELIic anhy @ﬁg represegied he Shydri de

nmet hacryld c formula (2): 3 anhydri de
Rl
Ol e et 2
Hzc—c E 0=-C-0~-R (1)
o} o)
in which:
10 - R' represents H or CH3; and

- R? represents an alkyl, alkenyl, aryl, alkaryl or
aralkyl residue,

according to which process an alkali metal

(meth)acrylate of general formula (II):

15
Rl
HZC=C~§-O-M {(II)
O
in which:
- R' is as defined above; and
20 - M is an alkali metal,
is reacted with a chloroformate of general formula
(III):
—Ce 2
Ccl f O~R (III)
0
25

in which R? is as defined above,

characterized in that the said reaction is carried out

in an aqueous medium and in the absence of amines, the

chloroformate (III)/alkali metal (meth)acrylate (II)
30 molar ratio being at least equal to 1.15.



[err]

Pr ocess for

represented by the general 5 formula (I): in which: 10 - Rl err]
represents H or CH3; and - R2 represerts -an al kyl, al kenyl, aryl,
al karyl or aral kyl residue, according to which process an al kal i

nmet al

(et h) acRyl at e of-’rg@ﬁéis aRcrording (Pl Clai® iln whatacterizag e¥n] is

1 - 12 - CLAIMS 1.

manuf act uri ng a hi gh-purity (meth)acrylic anhydride,

as defined abo‘éﬁata%ezoreactloﬂv' i g %ﬁl@i | ot hthl TInR/IREG Wi a

chl or of or mat e of general formula 25 in which Rerr] is as deflned above

charact eri zed PRIt HALIY hdPs¥RyCReaction is carried out in an aqueous medi um
and in the absence gf an newoskhe ﬁhbﬁroclilom@t @1yl )/agk@ll SEk&hyl,

(et h) acryl
2.

carried out wi t h cophengilsrésiduand 4idl) in which: - Rlerr] is chosen
from [err] alkyl, ol eLple8LKEOWa or x.
3. Process according to either of Claims 1 and 2,

10

15

20

25

30

35

characterized in that the chloroformate (III)/alkali
metal (meth)acrylate (II) molar ratio is between 1.15
and 2, preferably between 1.5 and 1.7.

4, Process according to one of Claims 1 to 3,
characterized in that the reaction is carried out at a
temperature of between -10 and +30°C, preferably
between +10 and +20°C.

5. Process according to one of Claims 1 to 4,
characterized in that the alkali metal (meth)acrylate
(II) is prepared in aqueous solution by neutralizing
(meth)acrylic acid with the hydroxide MOH, the
MOH/ (meth)acrylic acid molar ratio being between 1 and
1.5 and the water/alkali metal {(meth)acrylate (II)
weight ratio being between 1.5 and 7, after which the
chloroformate (III) is reacted with the alkali metal
(meth)acrylate (II).

6. Process according to Claim 5, characterized in
that the MOH/(meth)acrylic acid (II) molar ratio 1is
between 1 and 1.1 and the water/alkali metal
(meth)acrylate (II) weight ratio is between 1.5 and 2.
7. Process according to one of Claims 1 to 6,
characterized in that the reaction between the alkali
metal (meth)acrylate (II) and the chloroformate (III)
is carried out in the presence of a phase-transfer
catalyst, dissolved or fixed to a polymeric support and
used in particular in a proportion of from 0.001 to
0.02 mol, in particular from 0.005 to 0.01 mol, per
mole of alkali metal (meth)acrylate (II).

8. Process according to Claim 7, characterized in
that the ©phase-transfer catalyst 1is ~chosen from

t I | t t to,1.15 -
egs(ac)cBng’Xth grér%]rnl( 1c ‘gr Zi}gfiec?q t‘ﬁé?c"tf’he SPeeth i on is



5 - phenyl, phenyl [err] alkyl) and [err] alkyl) phenyl residues;
and - Mrepresents Na or K -3. Process according to either of
Clainms 1 and 2, characterized in that the chloroformate (Il11)/alkali 10
nmetal (meth)acrylate (I11) nolar ratioe i14 between 1.15 and 2, preferably
between 1.5 and 1.7. 4. Process according to one of Clains 1 to 3,
characteri zed QWateJaJuarineammanwmnsiaﬂ;tsar phedpbohiam satlespearat urmeowdt

bet ween - 10 an% plerr]C, preferably 15 between +10 and +20[err]C 5.
Process according to one of Clains 1 to 4, characterized in that the

al kali metal (feth)acrjregesg| Ia)Cq0§dpF1§pa1ﬁ@d ane agliecesa et utli okoby8,

neutralizing (H’ﬁébiéﬁéi‘itéd 881 fhat t B the hwdixige MIdriddle Bl

MOH (meth)acryljc acid molar ratio bei ng between 1 and 1.5 and t'he
wat er/ al kald nBRapet méthh) Bey It PERSE weS3fHE L9t F‘éxﬁéifﬁg 5t weén & and
7, after whi chthh@e@bb@é@f geaateoh| hiktuger cact e WebBal @talllsalfle@i al

th late, (I di
(et e o e e TRt SSBRR LR, 2461 B Shv g

bet ween 1 aat rboh tempberdimirejatadyahkadeousiet aWaehedih)nad:hylvaateax(ll)

wei ght ratio '%tb%"éé‘%e” aé?%]?é ant ‘the Pé?&&ﬁ%c %%%%rd'&gnéa%[rﬁl

Clains 1 to char errzed I'n react bet ween I kal i
metal (et acﬁgleatrlélk'(eldl yarmadt e cHlbr Gk nhbe (@xaessi sclberefarmate in t he

presence of a phage- tkansfer sctaztl%ﬁé?f 109'§§P$ﬁ’§9e§rufx&é?dvheuﬁmp(a'tyr?r' c
support and used in particular in proportion of rqm .001 to 35 .02

nol, in partichfEPerf#FBRE 0°D0EED @‘?EP_L MoleTusdr TR 6 al kal i et al
(rret h)acrylatei(ll). 8process PraeeessiiagCotdi Rthd 00€l atTaims charast ey, zed in
that the phaggaggg g;féedcatalythatls Chfsggt féﬁgn polymerization
15 inhibitor is introduced into the reaction medium, in a
proportion of from 500 to 5000 ppm, in particular from
500 to 1000 ppm, relative to the alkali metal
carboxylate [sic] (II), or to its precursor (meth)-
acrylic acid.
20 11. Process according to Claim 10, characterized in
that the polymerization inhibitor is chosen from
hydrogquinone methyl ether, hydroquinone, phenothiazine

and di-tert-butyl-para-cresol.

-

A



- .34 - quaternary amoni um salts, phosphoni
Process according to one of Clains 1 to
the end of the reaction, the 5 phases of th
of . the three-phase reaction mxture if the
support, are separated out by settling at

washed with wat
the m xed anhydE@T(l) and the exces
stripped of volatiles under vacuum at

r

umsalts and crown ethers. 9.
8, characterized in that, at
e two-phase reaction m.xtyre, or
catalyst is fixe@#6°% Zréég)fﬁﬁlfi c

oom t enper at ure, advant ageously

room t WORLDANTEILECGTUAL PROFERFEIORGANIEATFON ONt ai ni ng 10

C horﬁ;
%"Pgi eratare of |ess than or

.ormate (111) is then

equal

to 35[err] C. INTERNATIQNARAPPLICATIQNPURLIHEDANDERTHEFATENE CREPERATIQN TREATY (PCT)

ri

char act er (sﬁ{"gﬁ;ﬁg’%‘éﬁm"?m pory

i nt roduce rreact1 on nedi um

ppm in parti epicwed, bwwe S00 to
netal carlpoxylate [sic] (I1),

1000 p

A
or tojts

(43) € litérhatiSnal pdbeatidnfagie: al kal i

inf a p[%ﬂ)?%ﬁ“%* H#‘ iri%‘r’notn%ﬂ&? o 5088 99138337

20 11. Process according to Clalml0,
pol yner i z ft2tontarmkipnsl application nwhess € RCT/FRIHYO1
hydr oqui npne, -phenot hi azi ne and di-tert-but

recursor (neth)- acs&%mm@sio&m
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{57) Abstract

The invedtion concerns a method consisting in making 2 mixed {meth)acrylic anhydride of formula () by reseting an alkaline
(meth)acrylate of formula (I1) and a chloroformate of formula (TH), carrying out said reaction in an aqueous medium and in the absence of
amines, the mol ratio chloroformate (IIYalkaline (meth)acrylate (II) being at least equal to 1.15. R represents H or CHj; R2 represents an
alkyl, alkenyl, aryl, alkaryl or aralky] residue; and M is an alkaline metal,

(57) Abrégé

On fabrique un anhydride (méth)acrylique mixte de formule () ea faisant réagic un (méthjacrylate alcalin de formule @) ot un
chloroformiate de fermuls (IM) et, selon V'invention, on effectue ladite réaction en milicy aqueux et ca 1'absence d'mmines, le mpport
molaire chioroformiate (TH)/(méthiacrylatz alcalin (1) éuant o moins égal & 1,15, R! représente H ou CHa; R? représents un resic alkyle,
slodnyle, aryle, slkaryls ou aralkyle; et M est un métsl alcalin,




