OLYLACI ONES AND THEIR PREPARATION This is a divisional patent
/ (aphllcatlon) from parent patent appllcatlon 87/ 15214 (publication No. 2

192 202 A). The invention provides poly r]-hydroxyacryli c

pol yl'act ones, 5 t he nol ecul ar meFS%fJof which is sué%?ﬁ#ggglﬁkﬁsfs
hydrol ysis to the correspondi ng sodi um poly-[err]-hydroxyacryl ate the
average nol ecul ar weight MWof this sodiumsalt is 2000 to 10' 000 and the
process for their production. Preferred poly-[err]-hydroxyacrylic acid

pol yl act ones are those 10 whi ch upon hydrolysis to the
correspondi ng sodi um pol y-[err]-hydroxy- acryl ate have an average nol ecul ar
wei ght MWV of the sodium poly-[err]- hydroxyacrylate from 3000 to 10' 000,
nore preferably 4000 to 8000. By average is neant an average in the weight.
The mal ecul ar wei ght of these polyners nay be neasured according to known
met hods, e.g. 15" . by means of gel perneation chromat ography. The

nmol ecul ar wei ghts indi- cated above are as determ ned by gel perneation
chromat ography using a 10% aqueous sol ution of sodium
poly-[err]-hydroxyacrylate at a pH of 6.5-7. Preferably the sodi um

pol y-[err]-hydroxyacrylate is obtained by hydrolysis of the corresponding
polyl actone with a buffer salt having 20 a buffering action at pH
6.5 to 7.5, particularly a -phosphate buffer. - 2 -
©150-5096/11 The pol yl actones may be prepared by pol ynerization of
[err]-chloroacrylic acid in an aqueous acidic nedium The concentration of
the [err]-chloroacrylic acid in the aqueous reaction nmedi um may :
advant ageously be from $OLYLACGORESD ANDETHEDR ,PREPARATION ef erably from5 to 40 %

y\%elght Pol yrmeri zation 1s convenienily carfrred cut at a tenperature

wi thin the range of 40-150C, preferably

This is a divisional patent Gg@&hxﬂ&mjfhunpanaﬂ:pmrmt
application 87/15214 (publication No. 2 192 202 3).

Theinmaﬂnon;xovnks,gﬂyﬂrhyﬁxmwxnylu:acﬂipohﬂacﬁxms,
5. thexmﬂecuhn:wenjﬁ:QEMMidaxs mmﬂ1thatxgnnlnﬁhxﬂysxs'ﬂ:the
am:espmxﬁng}xﬂimnpolywvhyhnxwxmykﬂe the average molecular
weigh£ Mw of this sodium salt is 2000 to 10'000 and the process
for their production.

Pra&uraipohrorhwhnxwxzykk:acﬁipohﬂacﬂxmsane those
W 10 ) which upon hydrolysis to the corresponding sodium poly-o-hydroxy-
acrylate have an average molecular weight Mw of the sodium poly-o-
hydroxyacrylate from 3000 to 10'000, more preferably 4000 to 8000.
Byammmageis:mmmtam1awenxp in the weight. The molecular weight
_ of these polymers may be measured according to known methods, e.qg.
‘15 by means of gel permeation chromatography. The molecular weights indi-
cated above are as determined by gel permeation chramatography using
a 10% aqueous solution of sodium poly-o~hydroxyacrylate at a pH of
'6.5-7. Preferably the sodium poly-c-hydroxyacrylate is obtained by
| hydrolysis of the corresponding polylactone with a buffer salt having
20 a buffering action at pH 6.5 to 7.5, particularly a phosphate buffer.



err] nore preferably [err] advantageously in the presence of a | =
| ymeri zation catalyst. Suitable catalysts are for exanple water- so1ub|e N
azo- bi s- conpounds such as 4, 4' -azo- bi s=(@&=cyanopent anoi ¢ 10 150-58864)I or. ¢
2,2' -azo-bi s-(2-am nodi propane) di hydrochl oride; a peroxy conpound such as
benzoyl hydroperoxi de, cunene hydroperoxi de, dibenzoyl peroxide, sqdium
perborate, hydrogen peroxide or potassiunlor anmoni um per oxydi sul phat e.

Preferred pol yneri sajd o er co upd icularly
pot assi um and ammoni %ﬁrﬁ%iﬁ pero | supg?éf?gﬁ{d %FBS%%—‘&E £<| de, the
| atter bei ng espedilerdacrylid¢ eciddin Bgdﬂquge\us peidid sledivy be added as such

to the reaction mediumor used as hydrogen peroxide-yielding conpound, e.g.
. pot assi um per oxi de. Preferably hydrogen peroxide is added directly to the
reacti on medi um 20The concentratien efythe oo-guoseRcryligasid inothe agyedisti t he

pol yneri zati on refed {37 RERHR MY Qavahtafédisly B 2Ean saaenm % Dydwefonihi 017
conpound such as nercapt oet hanol, thiophenol or_eth i ogl colate

Preferably, hoREeERTabli£rem| S ke 40 & Pﬁr?’qlsh'é'a?P{lw gﬁtip ’E%S%ﬁ’éﬁﬁﬁlyof a
chain transfer cageida ol@ afteﬂuiéhbérédﬁeerﬁi'tﬁm'mé mghbf wni-ismc; re@efsbled

25 range e. kee to eaction
par anet er s, r68 ?é\rﬁjl ’5° 8‘?%%%}%;78 io,g’ ‘ﬁ'@ngﬁﬁﬂﬁ e PEeFenceyth 8gen
peroxide is ad\p@mylm-ansiop osrdyst. Suitablencatalystsoars. Eort exami:lg
preferably 7 L akY. ?Ed _ ::ya%
150-5096/11 . V\hen %5%%%?1%’5 ?_(Hls a er%‘ig Qﬁ&? oué]cfﬁ %ﬁs F ll.ﬂ ar
wei ght tHan hy@cédkn Opelé(r%i@-hlﬁ { Mmhomnebrdlég@kmblwdammroxy i
Pol ymeri zat i on dafip &QﬂVé\iﬁlﬁ%'Bérﬁa I'h réis&oﬁaee; Qlfenal HRArbgireRede,l and 5.\
The reaction mxture th
dibenzoyl zeroxi e, sod:.um perborate, hydrogen peroxide or potassium
or ammonium peroxydisulphate. Preferred po_lmensation catalysts are
‘the peroxy campounds, particularly potassium and ammonium
15 peroxydisulphate_ and hydrogen peroxide, the latter being especially

preferred, Hydrogen peroxide may be added as such to the reaction

medium or used as hydrogen peroxide—yielding campound, e.g. potassium

peroxide. Preferably hydrogen peroxide is added directly to the

reaction medium. '

20 - It may also be advantageous to carry ocut the polymerization in
the preéence'_of a chain transfer agent, e.g. a thiol campaund such as
mercaptoethanol,-thipphenol or ethyl thioglycolate. Preferably, \' |
‘however, the polymerization is carried out in the absence of a chain \J
_ transfer agent. To regulate the molecular weight within the desired
25 range e.g. to keep it low, it is preferred to vary reaction
paramei:ers, for example the temperature or the amount of catalyst.

Hydrogen peroxide is advantageously used in an amount of fram
3.5to1ll g, _prefetably 7 - 10 g per mole of ot chlorocacrylic acid.



i norgani c or organic acid, for exanple sul phuric, hydrochloric or
pho&pho’rl c atid or an aronmatic sul phonic acid such as p-toluene sul phonic
gci d.* Hydrochloric acid is preferred. The reaction steps to give the
pol yneric compound conprise a polynerizaticon step to 150-5096/11
poly-[err]-chloroacrylic acid (optionally 10 partially in the salt form
when the [err]chloroacrylic acid is used for exanple in an al kali netal

salt fornm), the hyWhenl the satdlysheis bl peroxy ¢anpatreli of ra hlighdremolequdar tw'edlg'nﬁ 0
h boxyl '
the carboxyli o aol dafudr3ak He? 61181 14 36 Qle” B} hOBorPRARGRRA drcBhe "

full. Theresultlngp RSt l'e T nwat er an resent’ as -a
solid in the aqueous reaction 15 medium It may be isolated and purified

by any known nethod, e. ﬁbl?ﬁ\%htzﬁﬁiérp’is%orﬁ@ﬁfddti&'%?gxed tudati 4 5% vilie

"pol yl &ct one nay be conver I nto_the correspondi ng

pol y- [\er r] - hydr oxyeetween d ard &.saThes reactien drixbirenay benagidifind withan e. g.
an al kali metgl hyﬂfoegaﬂ% of dtgahid Bbid) £60 HxufpIY g5¢, RytisothQet ide or

anmoni um hydr oxi de_or amn

_ C2- 4al kanol ami ne, IS Pﬁ?‘c‘ﬁl 349, of eﬁ"rfrg'f‘a%éc tﬁ.’]’gglé‘?m'ga?‘f"dd@fq}{/@ﬁ 4’F8§‘He§'ﬁch a
base and havi ng a sulpheaiicngcitt Hpdroehlqricoacid 8s preferreily at pH 6.5 to
7.5, the alkali netal hydroxides, especially sodium hydroxi de, being
preferred. The poly-[err]- hydroxyacryllc acid salts may 25 al so be

obtai ned directly w thdtte Eeactinn stepsita give she modymerict eEppand caeprise a by

addition of an adusayfefseidp stbs tlaobé’iﬁ-?%&?ﬁb%&&ﬂ%& 861 gptica1Ty xture.

The foll ow ng Exanpl €s,_.1n_which rcenta

tenperaturesm\re |Wr&bﬂ]§e§“6§ﬁt when, °r3f E ?‘H@e?ﬁ jugRd for
é s | example in ariEQkEDjQﬁétél salt form), the hydrolys:.s of the chlorine

located in the o{-position to the carboxylic acid and lactonization.
Iactonization may be partial or full. The resulting polylactone is
insoluble in water and is present as a solid in the agqueous reaction
15  medium. It may be isolated and purified by any known method, e.q.
- filtration or centrifuging. If desired_, the polylactone may be
converted into the corresponding poly-cX-hydroxyacrylic acid salts by
reaction with an aqueous base, e.g. an alkali metél hydroxide, e.g.
lithium, sodium or potassium hydroxide, ammonium hydroxide or an
20 ¢ amine, e.g. a mono-, di~ or tri-C;_salkyl or -C,_galkanolamine,
particularly tri(C,.3zalkanol)amine, or a buffer salt derived fram
_ such a base and having a buffering action at pH 6 to 8 preferably at
vy " pH 6.5 to 7.5, the.alkali metal hydroxides, especially sodium
-~ o hydroxide, being preferred. The poly-ﬂGhydroxyaciylic acid salts may
25 also be obtained directly without any intermédiary isolation of the
polylactone, by addition of an aqueous base to the
polylactone-containing reaction mixture. '

The following Examples, in which the percentages are by
weight and the temperatures are in degrees Centigrade, illustrate
30 the invention.



gxarrpl e 1 1120 g dem neralized water, 175.5 g sodiumchloride and 385.5 ¢
-odium [err] -chloroacrylate are introduced at roomtenperature in a 2.5 1
flask equipped with stirrer and thernometer. 180 g of a 30 % 150<5096/11
hydrochl oric acid solution are then added dropwi se within 30 m nutes at
such a rate that the tenperature does not exceed 40 (pH = 2.5). Thereafter
75 g of 35 %hweroxi de are added in the course of 5 mnutes, the
reaction mxtu ted within one hour fromJ[err] to [ferr] and stirred

for three hours at [err] After cooling to room 10 tenperature, the
resul ting polyl act ongpSq 4 o6l 48" YRsked 4 O!mq' . zed
water. There is obtzrill rzlg(stlg gégié%rgg%ﬁa?‘r%tl6n¥?§?eghaw%%§9§$%econ 2%#'%019 27

% The filtrati%9diunRe-shlogrrexylate axre. intradyned ot roam temperature3n g 25 the
vet filtration icgkfskeqeippalingdh Stiprariing éhe%h&n&éir.)emdﬁg df Bhaglgrring in
1606 g deﬁ ner gl i.zeg waier.c.%Ollﬁ pf a 30% so%wgéﬂ droxi de are_then added
dropwi se Wi t hi MYPEOTRIRREE Scid ROlELIAN-pLe (Fhen 3 198 WithiRe30 adnptdsng
m xture is. furtatesuct arrate that] ¢he]|temperature dudsaiotbekeetdl 40° P E QUSES.
Thereafter 7 g f Q d ber oxj are a ng,the mxture
is stirred forﬁgferﬁfr?ﬁ ce;sf %%%eé%?#y%#%ﬁtﬁ?g&%ﬁéoﬁ" g&ﬁ FRUEET (Frer
evapor at ed to dr pirihes, otheyseartdpn aixtyrends sheated Wishir cnkthouy £k 407 to
poly-[err] hydresy. h Gt iogh _ T
pol ydi spelr Sity mﬁ? %Eﬁaﬁeg‘%ﬁhgﬁ ﬁg%%‘anéﬁwgﬁ Ac%‘%ng%g?gﬁg?ﬁ‘easur ed by
usi ng 2510 sttsmBeratupes he sastiting pelylactone;is filkered andrthen vgsbedir e of
Exanple 1 is rajientgodot @ deningraaiired wateQf Thére BO!dHtasidds Lséigeeﬁaiteéﬁoﬁhe

o Lr9 PO R YT S0 8ED G 0827 WL RGPS T SS  W Y

450 g of a 30 & o/
110°,
Example 2
15 ' 632 g of the wet fili:ration cake as obtained in Example 1 are -

suspended with stirring in 1606 g demineralized water. 201 g of a 30%
'sodium hydroxide are then added dropwise within 10 minutes, the
tenpera!:ure rising to 30-32°. The resulting mixture is further
stirred at 30-32° and at a pH of 6.5-7 for 50 minutes. Thereafter 7 g

20 of 35 % hydrogen peroxide are added and the mixture is stirred for 30

' minutes. The resulting Yellcw:i.sh solution can be either evaporated to

dryness, or used directly as such. The resulting sodium poly-of~ \a
hydroxyacrylate has a molecular weight of 5260 and the polydispersity ‘«/
Mw/Mn obtained by gel permeation chramatography (measured by using

25 standard polyacrylic acid) is 3.17. ' '

Example 3

The procedure of Example 1 is repeated to the production of the
polylactone suspension. The resulting polylactone suspension is not
filtered but reacted directly with 450 g of a 30 % sodium hydroxide



o

5 : 150-5096/11 solutipon at 50-60. To the resulting
slightly - turbid, brown red solution there is added 7 g of 35 % hydrogen

peroxi de and the whole mixture is stirred&=[err] for 30 ninutex50-5b%6/11
resulting sodiumpoly-[err]-acrylate has a nol ecul ar weight MNV5 of

4865 and a pol ydispersity Mv Mh of 5.41 (neasured as disclosed in Exanple
1). Exanple 4 The procedure of Exanples 1 and 2 is repeated but using 60 g
of 35 % hydrogen fHBkiqneat $0-68% Fp the geslting slightly: turbidatbxpyrred)o

The resul ting sodigglueidny thére s Aade@xy acos |35t € Hy@Boden"Bérx¥& andeteh hdlu
of 6200. Exanple

5 .The .pr.ocedur e, of les, 1,and 2 is repeated but using
45 g of 35 % hydrd’&égufﬁgﬁﬁﬁ%rﬂﬁeg@ﬁg}%‘@ B?'nur%‘ﬁﬁ'resul ting sodi um
poly-[err]- 15 hydr oxyacryl ate has a nol ecul ar wei ght MW of 7000.

Exanpl:e 6 The procedur f . g e t |

35 % Rydrogen per oxi deel'l‘h sf%g%f§g&b&”$ﬂé, I;%?SJU(I%&I nge g%%itéuﬁggéoﬁr&gé?g’reg?ﬂ i
hydr oxyacryl®te haf 486fpand A Polydispersity W/ Mr0oD 5041 d0easured Badpscloped Hing
of a 12 % hydrochlggig1aghd sol ution are introduced in a 1.5 1 flask and

heated to [err] Fromtwo separated dropping funnels, there added
si mul t aneously wi thin one hour 64 g of sodium/|[err]-chloroacryl ate

di ssolved in 233 mﬁﬁ 4and 25 g ammoni um 25 per oxydi sul phat e
di ssolved in 35 g™water. The tenperature is kept

The procedure of Examples 1 and 2 is repeated but 'using_ 60 g of
35 % hydrogen peroxide instead of 75 g as polymerization catalyst.

L/.’ 10 The resulting sodium poly-(-hydroxyacrylate has a molecular weight
Mw of 6200,
Example 5
The procedure of Examples 1 and 2 is repeated but using 45 g of
35 % hydrogen peroxide instead of 75 g. The resulting sodium poly-o(-
15 hydroxyacrylate has a molecular weight Mw of 7000.
Example 6
The procedure of Examples 1 and 2 is repeated but using 30 g of
Co, ~ 35 § hydrogen peroxide instead of 75 g. The resulting sodium poly—OC-

o/ o hydroxyacrylate has a molecular weight Mw of 10'000.

20 Example 7

75 gofal2s hydrochloric acid solution are introduced in a
1.5 1 flask and heated to 70°. Fram two separated dropping funnels,
there added simultaneously within one hour 64 g of sodium
O=chlorcacrylate dissolved in 233 g water and 25 g ammonium
25 peroxydisulphate dissolved in 35 g water. The temperature is kept



6 - 150-5096/ 11 constant at [err] The resulting
@ol yl act one percipitates. Wen the reaction is conplete, the polylactdne is
filtered, washed with water and dried~ gri.,el d: 35 g pol yl act o?fgo_rgb%yﬁ after ¢
hydrol ysis with a sodi um di hydrogeno phosphate / di sodi um hydrogeno
phosphate buffer 5 into the sodiumsalt a nol ecul ar wei ght Mv of 10, 000.
Exanpl e 8 The procedure of Exanple 7 is repeated but the tenperature is

kfeft Cﬁnzt alnt ébnét_ﬁ?ﬁ]ad msfjmd _-nge Eem]td ing glollylathoge [peryipithtex. ihen ithe
after hydrolysis wi.th a sodi.um di [ 0 ixsQdi :
hydr ogeno phosﬁﬁ%tgé%dfsf 8?“313?8' tf‘??é %‘%‘%ﬁ%@gl ,fg??@%,gguﬁ%? H%?’gﬁ? %5
600(@. Exanpl e andhiripdodeld:ec 36fg Bohylaictone havingafiter hppdnolysis wablpear at ure
is kept consta 3’% ' ta%%ggg r | .

havi ng after h)% ro yéﬁyd\knoé%%a SO |u$r41 gi ﬂ%/sﬁégt%dgﬁ)ésﬂ&@te |s%§|€$1érﬁé e
hydr ogeno 5phos phte dhesddiun isadb a meleawar Weight My #6110:008r wei ght Mvsof
3500; = - 7 - 150-5096/11 Cains: - 1. A e

pol y-[err]-hydroxyacrylic acid polylactone, the mol ecu] ar wei ght of whic
I's such that um&.dg.ol ysis to the correspon- di-ng sodi um

poly-[err]-hydroxyacryl ate the average nol ecul ar weight 5 Mv of
this sodiumsalt is_2000 to.10' p. f rm;‘_h 1 H&.Ia'i a
pol yl act one accordi ﬁéet%'o&%ﬂr% %g%%@ﬁ)lrefzi#)%g%%fﬁegrl 4 gg;é) S : tibe 9s 2
[ err] - chl or oackept cconstanti at £#3-82° instead of 70-72°, Yield: 35 g polylactone
having after hydrolysis with a sodium dihydrogeno phosphate/disodium
10 hydrogeno phosphate buffer into the sodium salt a molecular weight Mw N 3

of 6000. c | o/

Example 9

The procedure of Example 7 is repeated but the temperature is
kept constant at 90-92° instead of 70-72°. Yield: 34 g polylactone
15 having after hydrolysis with a sodium dihydrogeno phosphate/disodium
hydrogeno' phosphate buffer into the sodium salt a molecular weight Mw
of 3500.



aqueous acidic nmedium 3. A process according to Claim2, in which the
pol riza- 10 . tionis carried out in the presence of a peroxy
conpound as pol ynmeri zation catalyst. 4. A process according to ' r 3
in wiich [err]-chloro- acrylic acid is pol'fmgr'l'zed in an aqueougog'é&aqzlge
medi um usi ng from 3. 5Claims3g- hydr ogen peroxi de or an equival ent ampunt of a -
15 per oxy conpound of a higher nolecul ar weight per nole of [err]
chlo- roacrylic acid as palynerization catalyst. 5.. A_polylactone as
obt ai ned by a process accdrdt Mglyo-hRdraxyacHilic) agidsrolylacipnes the melpcadar
‘;]O(rj the pr Old!JCt i 0_nd0f wa:%gﬂﬁt 6f hati dlseswun !hit?_ﬁf)&n h?@rtlxlylsis tto the corr%s_pon-
ydroxyacrylic acid s a)..conpfi si reacti a pol yl act one, acgor di o]
Caiml or 5 with an gmgaéi%@y&’" %&ﬁ%‘i.’@%ﬁ tﬁﬁé%"&’d?g.e 7‘91%“3%&?33}1%
for the prodbction of Ma ghlthi§ epdjushpaltoisa2000| te 1860@0.pol yl act one
substantially as herein described with 25 reference to Exanples 1
and 3'to 9. 8. A poly-[err]-hydroxyacrylic acid polylactone substantially
as herein described wth rZefé&Rreeess Sorthapproduationgot; a; pobylagtone peenrding

for the production of +g mtiﬁrt,s%Ikﬁi:!i@iﬁ?gkliliﬂrlhngh&-dé}ﬂ&‘@ﬂr&hi& ¢4 dirsaht

iall h i ' h f Ex I 2
tsgbg? antially as erelaaluéio%sscgéil%«id n\{gdtlum. reference to anpl es

c

3. A process according to Claim 2, in which the pdlymeriza-
10 tion is carried out in the presence of a peroxy compouhd as
Ly polymerization catalyst. '
4. A process according to Claim 2 or 3 in which a-chloro-
acrylic acid is polymerized in an aqueous acidic medium using
from 3.5 to 1llg hydrogen peroxide or an equivﬁlent amount of a
15 peroxy compound of a higher molecular weight per mole of «~chlo-
roacrylic acid as polymerization catalyst.

5. A polylactone as obtained by a process according to any
one of Claims 2 to 4.

6. A process for the production of a water-soluble poly-o«-
20 hydroxyacrylic acid salt (a) comprising reacting a polylactone
&L// : according to Claim 1 or 5 with an aqueous base or a buffer salt
thereof.

7. A process for the production of a poly-eo-hydroxyacrylic
acid polylactone substantially as herein described with
25 reference to Examples 1 and 3 to 9.

" 8. A poly-a-hydroxyacrylic acid polylactone substantially
as herein described with reference to Examples 1 and 3 to 9.

9. A process for the production of a water-soluble poly-o-
hydroxyacrylic acid salt, substantially as herein described with
30 reference to Exahples 2 to 9.
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