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processed5t o ycahpbunidgbemprising moivy hiyddobanatemd> (for exanpl e el astoners,

foans, coatings). DMC catal ysts are usually obtained by reacting an
aqueous solution of a nmetal salt with the aqueous sol ution of a netal

cyanide salt i Senc: ' L | f an
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7031 Co( 5 2 st EPSC, s i i o vt (YT d mAGFEMAF s
700 949). JP- Aabul 4oredddtionUst the Drefpydtichl 3f nfoBofinéféhal p3iyeber \haivg &3Minat"- A
761 708 and WO 97/40086 di scl ose DMC catal ysts which, by using tert:
but anol as t hedentdeibonsls 3®-cadlep monopisgiarvempatisomewish theconwensionak production lof a
pol yether (EP- 5‘01;9 erg]:fb?wlgﬁi éeans of alkali metal catalysts, such as alkal: metal hydroxides.
The resulting polyether polyols may be processed to yield high-grade polyurethanes
15 (for example elastomers, foams, coatings). DMC catalysts are usually obtained by
reacting an aqueous solution of a metal salt with the aqueous solution of a metal
cyanide salt in the presence of an organic complex ligand, for example an ether. In
one typical catalyst preparation method, aqueous solutions of zinc chloride (in
excess) and potassium hexacyanocobaltate are, for example, mixed and dimethoxy-
20 cthane (glyme) is then added to the resulting suspension. Once the catalyst has been
filtered and washed with aqueous glyme solution, an active catalyst of the general

formula

ZI’B[CO(CN)ﬁ]Z x ZnCl, Yy H;0 Z glymc
25 - -

is obtained (c.f. for example EP-A 700 949).

JP-A 4 145 123, US-A 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761 708 and
WO 97/40086 disclose DMC catalysts which, by using tert.-butanol as the organic
30 complex ligand (alone or in combination with a polyether (EP-A 700 949, EP-A
761 708, WO 97/40086)), further reduce the proportion of monofunctional
polyethers with terminal double bonds in the production of polyether polyols.
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one or nore, preferably one, double nmetal cyanide conpounds, 25 one or
mor e, prdfer abkstivityethesatplyst may theplbeused osudh low hencentrations)(25 apm arbelowd or
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sorbitan esters, polyal kyl ene glycol glyci rs, po
production.

15 It has surprisingly now been found that DMC catalysts which contain three or more
different complex-forming components possess greatly increased activity in
polyether polyol production in comparison with catalysts containing only one

complex-forming component.

20 The present invention accordingly provides a double metal cyanide (DMC) catalyst

containing

a) one or more, preferably one, double metal cyanide compounds,

25 b) one or more, preferably one, organic complex ligands other than c), and

c) two or more, preferably two, complex-forming components other than b)
from the class of compounds comprising functionalised polymers selected
from the group: polyethers, polyesters, polycarbonates, polyalkylene glycol

30 sorbitan esters, polyalkylene glycol glycidyl ethers, polyacrylamide,
poly(acrylamide-co-acrylic acid), polyacrylic acid, poly(acrylic acid-co-
maleic acid), polyacrylonitrile, polyalkyl acrylates, polyalkyl methacryiates,
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,poI y(acryl am de-co-acrylic acid), polyacrylic acid, poly(acrylic aci'd- co-
mal efi ¢ aci d), VPP ylonitrile, polyal kyl acrylates, polyaPRYEP00/10550
nmet hacryl ates, 12 MAR 2004 WO 01/34297 PCT/ EP00/.10550 -3 pol yvi nyl nethyl
et her, pol yvi nyI et hyl ether, polyvinyl a@tate, polyvinyl alcohol,
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to 10 wt. % and/or one or nore water-soluble netal salts, pre

to 25 wt.% of t heethass,glycesides, caitoxmlmcbcsms pﬁgolfyhydnctaieolmla;dmcmcldmoof

t he double nmetal cy %ﬁs(qs ounsa In.the fornmula (1 Mis sel ected
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particularly prefercopouride Xs are identical or different, preferably
|dent|cal and an anion, and preferably selected fromthe group conprising
hal i des, li’]ydrom des, suI fates, carbonates, cyanates, thiocyanates,

i socyanat es e nitr The
LaPSLR 2 O R e B o S SRS b
the catal ysts tadOandh)ghd/sr ) bfic of Mot WhteRscliille hitdal SIS preferablyFhecAsswobs,
wat er-soluble netal salts and water-soluble netal cyanide salts. 25
of the formula (T) M(X), originating from the production of the double metal cyanide
compounds a). In the formula (I), M is selected from among the metals Zn(IT), Fe(II),
15 Ni(ID), Mn(Il), Co(II), Sn(il), Pb(I), Fe(IIT), Mo(IV), Mo(VD), AKII), V(V), V(IV),
St(M), WQAV), W(VI), Cu(ll) and Cr(Ill). Zn(Il), Fe(Il), Co(Il) and Ni(Il) are
particularly preferred. The Xs are identical or different, preferably identical and an
anion, and preferably selected from the group comprising halides, hydroxides,
sulfates, carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates, carb-

20 oxylates, oxalates or nitrates. The value ofnis 1, 2 or 3.

The double metal cyanide compounds a) present in the catalysts according to the
invention are the reaction products of water-soluble metal salts and water-soluble
metal cyanide salts,
25 _ 3
Water-soluble metal salts suitable for the production of double metal cyanide
compounds a) preferably have the general formula (I) M(X),, wherein M is selected
from among the metals Zn(Il), Fe(Il), Ni(II), Mn(II), Co(II), Sn(I), Pb(I), Fe(II),
Mo(IV), Mo(VI), Al(IIT), V(V), V(IV), St(ID), WAV), W(VI), Cu(Il) and Cr(II).
30 Zn(I), Fe(IT), Co(IT) and Ni(Il) are particularly preferred. The anions X are identical
or different, preferably identical, and preferably selected from the group comprising
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Fe(lll), Co(ll), X\I?III C(ir), C(IM w(lL)y, Ma(Lir), tr(Cliin),

Ni (1), Ra(IIl), Ru(Cll), V(1V) and V(V) M is particularly preferably

lected f tal's Col | Fe(11), Fe(lll), 15 Cr
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identical or different, preferably identical, and are selected from anong

the group of hQN[EbsMnW}drMﬂ(%sﬁ’(mI NilBs RhEDH R s V(YY) aangd 8V).21 is
t hi t t t rb I 0

itrat oo Nor PAREYANTbfiferabS StRLREXANTMGE0e GRTRY CROFH Co bR, SR 5.
for a, b iand CC@{IIE) SRICARIONI(IT). The water-soluble metal cyanide salt may contain one or

more of these metals. The cations Y are identical or different, preferably identical,

and are selected from among the group comprising alkali metal ions and alkaline
earth metal ions. The anions A are identical or different, preferably identical, and are
selected from among the group of halides, hydroxides, sulfates, carbonates, cyanates,

20 thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates or nitrates. Not
only a, but also b and ¢ are integers, wherein the values for a, b and ¢ are selected
such that electron-neutrality of the metal cyanide salt is ensured; a is preferably 1, 2,
3 or 4; b is preferably 4, 5 or 6; ¢ preferably has the value 0. Examples of suitable
water-soluble metal cyanide salts are potassium hexacyanocobaltate(Ill), potassium

25 hexacyanoferrate(Il), potassium _hexacyanoferrate(Ill), calcium hexacyano-
cobaltate(III)} and lithium hexacyanocobaltate(III).

Preferred double metal cyanide compounds a), which are present in the catalysts

according to the invention, are compounds of the general formula (II)
30

M(M'«(CNy]. ,



. 1

such that electron-neutrality of the netal cyanide salt is ensured; a' iZ?IAR?l][Il
preferably 1, WOO013427 4; b is preferably 4, 5 or 6; .c pref cPGHEDONIASSOt he

val ue 0. Exanples of suitable water-soluble netal cyanide salts are

pot assi um hexacyanocobal tate(l11) potassi-gm 25 hexacyanoferrate(ll),

pot assi um hexacyanoferrate(lli), cal cium hexacyano- cobaltate(lll) and

lithium hexacyiﬁrmﬁ i%g&ﬁég@gg?gfe;%ﬁéﬁlggg%&lbl e netal cyani de conpounds

a), which are presen cording to the invention, are
conpounds of tMeasgemies dmbRiMilaad(111) 30 MK M x{CN) Y1= 12 MAR 2004 WO
01134297 PCT/ EPOO/ 10550 -5 in which Mis defined as in the formula (1) and
M as in the flar¥ny and | are infagers and 'selegted suchy that electmoneneutenligndf thel dubéad
such that elec -neutralit f the double nmetal cyani de conpound is
ensured 5 Pref'é%‘ggﬁ)’;?m%%"‘?@%“@sf’}s"g‘i L 6 and z = 2, M= zn(Il), Fe(ll),
Co(11) orsNi(Il) and M= CO(lIl), Fe(lll), C(lI1) or Ir(lll). 10

Exanpl es of suitable double netal cyani de conpounds a) are zinc hexacyano-
cobal t at e( | H) ,Preferabbhexacyanoiridate(l11), zinc hexacyanoferrate(l 1) and

cobal t (1) hexagyanogcobalta e(_li ). Further exanples of suitable double
metal cyani de X €dnpounds B& ¢ound, for exanple, in US-A 5 158 922.

Zi nc hexacyangg Jgnmz,gaé(g?t%ﬁﬁj &r}Nii(ﬁ) rticularly preferably used. The
ands I'n

organic conplex Iig present the DMC catal ysts according to the
i nventi on ar e Mooy F(IDoCHID cidlilave been exhaustively described in

h .
t he prior,

Examples of suitable double metal cyanide compounds a) are zinc hexacyano-

cobaltate(Ill), zinc hexacyanoiridate(Il), zinc hexacyanoferrate(Ill) and cobalt(I)

hexacyanocobaltate(IlT). Further examples of suitable double metal cyanide

compounds may be found, for example, in US-A 5 158 922. Zinc hexacyano-
15 cobaltate(IIT) is particularly preferably used.

The organic complex ligands b) present in the DMC catalysts according to the
invention are known in principle and have been exhaustively described in the prior
art (for example in US-A 5 158 922, US-A 3 404 109, US-A 3 829 505, US-A
20 3941 849, EP-A 700 949, EP-A 761 708, JP-A 4 145 123, US-A 5 470 813, EP-A
743 093 and WO 97/40086). Preferred organic complex ligands are water-soluble,
organic compounds having heteroatoms, such as oxygen, nitrogen, phosphorus or
sulfur, which may form complexes with the double metal cyanide compound a).
Suitable organic complex ligands are, for example, alcohols, aldehydes, ketones,
25 ethers, esters, amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic
complex ligands are water-soluble aliphatic alcohols, such as ethanol, isopropanol,

n-butanol, isobutanol, sec.-butanol and tert.-butanol. tert.-Butanol is particularly

preferred.

30 The organic complex ligand is added either during preparation of the catalyst or

immediately after precipitation of the double metal cyanide compound a). The

organic complex ligand is normaily used in excess.
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20 3 941 849, BOWNSMY 949, EP-A 761 708, JP-A 4 145 123, USEATERNNR055 3
EP-A 743 093 and WO 97/40086). Preferred organic conplex |ligands are

wat er - sol ubl e, organi ¢ conpounds havi ng héteroatons, such as oxygen,

ni trogen, phosphorus or sulfur, which may form conpl exes with the double
nmetal cyani de conpound a). Suitable organic conplex |igands are, for

exanpl e, al cohols, al dehydes, ketones, 25 ethers, esters, am des, ureas,
nitriles, sulfTheDMGdcatelystsracsortdingrteothe ifverkion roadtatn ¢ieendouble angrbleoyanide

| i gands are water-sol uble aliphatic alcohols, such as_ethanol

i sopropanol ,  ROIBReUNdsI2) M qusBtitiesRf|20 tg S0 Wik prafsrablyaf 2310 80 WY Fdative to
- | G , . . :
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preci pi tatsi on ef 0516 3dciPcpretiratly 6§ 2o I8 weOfeltive ) the flantitp o el finished

complex ligand is normally used in excess. WD 01/34297 6 2 MAR 2004
PCT/ EP00/ 10550 catpkystDilize JRYIG| sptalwstacsordingitp the inveation gepvansianabnecatain dHe

doubl e nmetal cyani C unds i ntitjes of.20.t.0 90 wt. %
breferably of 38Nt e ety T bn v B0 b Sufod o i fRes sl ot
catalyst, and h*ﬁﬂxﬁnﬁ’&@%&%%mﬁ:ieﬂ%ﬂﬁin@hﬁ?oﬂaﬂ{‘é)[t!es 5 of 0.5 to 30
wt.% preferably of 1 to 25 w.% relative to the quantity of the finished

catal yst. The DMC catal ysts according to the invention conventionally
contain to . % preferably | to 40 .% relative.to t quangity
o "t he 1Ml she romex troing, comgotenls 3 seblendro e BRAUEHNG | e T ARG
conponent s c). adQrdiRETb Ghe [fNeAliBY o BROMSIVeStdtdd RiHcliaRlRed Yolynils, glycidyl
producti on of thercaggl ysftzs1 accoragﬁ)ng to the %dnver‘lztion ar gbt he gyady

- above- st at ed f athets, ghabsides] carboyplibr acid gistees dff polybydriar alcolgily, diikei abéds or the
carboxylic acid esters of polyhydric alcohols, bile acids or the salts,
esters or ani dé¥tS hest@sf or Amidey dhereph s cygledexinsy uzhosphinswt repmpoyngds, o,pB-

unsat urat ed cagogyhief RboyifSARe St of MMCsuttbd At Fitehce dMhiFE LoHFadRGE' Ve

conpounds.
15

Functionalised polymers suitable for the production of the catalysts according to the
invention are known in principle and are exhaustively described in EP-A 700 949,
WO 97/40086, WO 98/16310 and German patent applications 197 45 120.9,
197 57 574.9, 198 10 269.0, 198 34 573.9 and 198 42 382.9. Suitable functionalised

20 polymers are, for example, polyethers, polyesters, polycarbonates, polyalkylene
glycol sorbitan esters, polyalkylene glycol glycidyl ethers, polyacrylamide,
poly(acrylamide-co-acrylic acid), polyacrylic acid, poly(acrylic acid-co-maleic acid),
polyacrylonitrile, polyalkyl acrylates, polyalkyl methacrylates, polyvinyl methyl
ether, polyvinyl ethyl ether, polyvinyl acetate, polyvinyl alcohol, poly-N-

25 vinylpyrrolidone, poly(N-vinylpyrrolidone-co-acrylic acid), polyviny! methyl ketone,
poly(4-vinylphenol),  poly(acrylic  acid-co-styrene), oxazoline  polymers,
polyalkyleneimines, maleic acid and nmaleic anhydride copolymers,
hydroxyethylcellulose and polyacetals.

30 Functionalised polymers preferably used are polyethers, polyesters, polycarbonates,
polyalkylene glycol sorbitan esters and polyalkylene glycol glycidyl ethers.
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I5 Functionalised polyners suitable for the production of the catal ysts
‘according to twolaareEnti on are known in principle and are epCaIvEFR0/YESsY
described in EP-A 700 949, WD 97/40086, WO 98/ 16310 and Cernan patent
applications 197 45 120.9, 197 57 574.9,_498 10 269.0, 198 34 573.9 and
198 42 382.9. Suitable functionalised 20 poI yners are, for exarrpl e,
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poly(acryl am dgs 90 MHI yg%f#?;gm 1 Qr Y%hit G Tllm et ’av&%é'frﬁ)%cmdr%

aci d-co-nal ei ¢ aci e, polyalkyl ac kyI

met hacryl at es, bmmllﬁgilanﬂelﬁybarneﬂlhﬂy Pprefedablyl betveat 200 aﬂdrﬁer IOEOTW ary |

acet ate, polyvi nyI al cohol , poly-N 25 vinyl pyrrolidone,

pol y( N-vi nyl pyBstisralyopRiaingd &&rmg-@e&msouyolwpamwpﬁwf cpekidps i Sheopssence of
ly(4- | ph I
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pol yal kyl énei mnes,” nal €i C c an copol ymers

hydr oxyet hyl Cebédtﬁ@iiﬁvéiﬁﬁialﬁﬁb YRoE @kahsie IﬁQO:wﬂﬂ?anshitﬁﬂd p@l%th@ﬁ?&yols are,

preferably used are pol yethers, polyesters car bonat es éal Kyl ene
gl ycol sor bi tafpresxaémrde,andlyﬁvﬂwwpk@@neob’DLScmOlﬁme@ﬂcétméyoés,

2004 WD 01/ 342 PCT/ EPQ0/. 10650, Pol,y S era used, are

pol yet her pol yBT?lé’(%WHQ’ eﬂf)drp(?ﬁ??lsf u%epoﬁ’wé 51 %f%"% oxifle PO | y
preferably of ﬁutltyféng odie upEBRiera WoTtR O@hIBAE OXide aﬁ@loghﬁl%ﬁﬂéne bstigeemnd 150
and 107, particularly preferably between 200 and 5 104." They are

gener al I ylGobt apolytbxytetramethyignenglycplpol yneri sati on of epoxides in the
presence of 5 suitable starter conpounds conprising active hydrogen atons
wi th basic, acidic or coordinative catalysis (for exanple DMC catal ysis).

Sui t abl e pol ye A p}%ﬁﬁ S
pol y( oxyelto hy%/eggl)%’&‘ptglﬁﬁ e&b@gﬁﬁdpéplgc}m% ﬁ/&( g%%?%?ﬁ%u&{ Bg%r@%}?)sc? xgl
EQ' PO pol yol s, h}mlrbyjzené gmupdemq:ldiayngrarpragblmt;{hlemasm iofl delomp G0G00s wehioh are

et hyl ene oxi de and.{) pr op | ene, oxi de and 10 pqly ox;It et ranet h)ﬁl e_n‘e]}
gl ycol s. ed in grea er detail in German patent appllcatlon 97 45 120.9. Particularly

15 preferably used polyesters are those having average molar masses of 400 to 6000 and
OH values of 28 to 300 mg of KOH/g which are suitable for the production of
polyurethanes. Suitable polyesters are, for example, poly(ethylene glycol adipate),
poly(diethylene  glycol  adipate),  poly(dipropylene  glycol  adipate),
trimethylolpropane-branched poly(diethylene glycol adipate) or poly{tetramethylene

20 glycol adipate).

Polycarbonates preferably used are aliphatic polycarbonates comprising hydroxy end
groups and having average molar masses of below 12000, which are described in
greater detail in German patent application 197 57 574.9. Aliphatic polycarbonate
25 diols paving average molar masses of 400 to 6000 are particularly preferably used.
Suitable polycarbonate diols are, for example, poly(1,6-hexanediol) carbonate
poly(diethylene glycol) carbonate, poly(dipropylene glycol} carbonate, poly(tri-
ethylene glycol) carbonate, poly(1,4-bishydroxyinethylcyclohexane) carbonate, poly-
(1,4-butanediol) carbonate or poly(tripropylene glycol) carbonate.
30
Polyalkylene glycol sorbitan esters preferably used are polyethylene glycol sorbitan
esters (polysorbates), which are described in greater detail in German patent
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Pol yesters preferably used are linear and partially branched pol yesters

conprising hyWodU4¥Id groups and having average nol ar nmassEETHEPMSHISHY
10000, which are described in greater detail in.German patent application
197 45 120.9. Particularly 15 preferably 1&ed pol yesters are those having
average nol ar nmasses of 400 to 6000 and OH values of 28 to 300 ng of

KGHI g which arg,pdidaP) 6 ﬁ@@s&@epgfg@g‘yﬁgg gﬁygcpf sorBfiy HdRbl N1 nd BisteHP o

pol yesters are, for exanple, poly ycol adi pate),

pol y(di et hyl enfattglayidewithdé 0l 8 )C atpaisandi2niocilymehef ehylend oride éd particularly
trimet hyl ol propane- branched pol y(di et hyl ene gl ycol adi pate) or
pon(tetranetNVF@ﬁ@d-ZO gl ycol adipate). Pol ycarbonates preferably used
are aliphatic polycarbonates conprising hydroxy end groups and having
aver age nol ar masses of bel ow 12000, which are described in greater

detai | in5Ger npélyslRyiend gives!! g'ly‘@a}l%e%&gre%ﬁ? %s&d arblthéiatand dPaboiefr gt e

25 diols having average nol ar masses of 400 to 6000 are particularly

pref erabl y useef polgpiopylehe ghysbl and (pohathylaie glycads whidhoarcedesomibed, in greater
pol y(1, 6- hexanedi.ol )..carbonate pol y(djet gl ycol ) carbonate,

pol y(di propyl e%éalgwmd’&?"% ‘@?‘Y‘%bh?(@rq!ﬁpggt hyl ene gl ycol) carbonate,
pol y(1, 4- bi shydr oxynet hyl cycl ohexane) carbonate, poly- (1, 4-butanediol)
carbonate or poly(tripropylene glycol) carbonate. 30 Pol yal kyl ene gl ycol
sor bi t an est er &lyprdyl ethetslof mmwchesic @r polypetib ¢ ommpsrisihg atdbass ovdmoaomeesiis) S

(pol ysor hates),,.whi.ch are, descrjbed in greater detail in German patent 12
MAR 2004%@ oﬂ@ggw W@F‘MF@D’%@W mgngy Ai-; By teBR- Arpplyfonefippalalcohols are

Pol yet hyl ene ¢ r.hi ] L 3 i ©S ' ith
6 1o 18 C at ot e de st hAB Rt B teiialdiofrhe cllalysls ity and!
preferred. 5 Pmvpaidaycemporgnye)) gl ycidyl ethers preferably used are nono-

and diglycidyl ethers of polypropylene glycol and pol yet hyl ene gl ycol,
whi ch are described in greater detail in German patent application 198 34

573.9. Preferred glycidyl ethers are those of mono-, di-, tri-, tetra- or polyfunctional
15 aliphatic alcohols such as butanol, hexanol, octanol, decanol, dodecanol,
tetradecanol, ethanediol, 1,2-propanediol, 1,3-propanediol, 1,4-butandediol, 2,2-
dimethyl-1,3-propanediol, 1,2,3-propanetriol, 1,6-hexanediol, 1,1,1-
tristhydroxymethyl)ethane, 1,1,1-tmsthydroxymethyl)propane,
tetrakis(hydroxymethyl)methane, sorbitol, polyethylene glycol and polypropylene
20 glycol, wherein both not only mono-, di-, tri-, tetra-, but also polyethers may be
considered.

Mono- or diglycidyl ethers of butanol, hexanol, octanol, decanol, dodecanol, tetra-
decanol, ethanediol or 1,4-butanediol as well as polypropylene glycol or
25 potyethylene glycol, in particular having degrees of polymerisation of 2 to 1000

monorner units, are particularly preferably used.

The glycidyl ethers are generally obtained by reacting mono-, di-, tri-, tetra- or
polyfunctional alcohols with epichlorohydrin in the presence of a Lewis acid, such as

30 for example tin tetrachloride or boron trifluoride to yield the corresponding
chlorohydrins and subsequent dehydrohalogenation with a base (for example sodium
hydroxide).
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dycidyl ethers of nononeric or polyneric (conprising at |east two rm'n%H‘éFs 2004
units) 10 al i WOMBE297aromatic or araliphatic nono-, di-, toPCT/EPOY/10§50 or

pol yfunctional al cohols are furthernore preferably suitable for the
production of the catal ysts according to 4%e invention (conponent c)).
Preferred glycidyl ethers are those of nono-, di-, tri-, tetra- or

pol yfunctional 15 aliphatic al cohols such as butanol, hexanol, octanol,
decanol , dodecanol, tetradecanol, ethanediol, 1,2-propanediol,

1, 3- propanedi oMethbdd -forttenpledaction & gycidyimethbigl ard  gdn@alpardkidwn and are
1,2, 3-propanetriol,. 1,6-hexanediol, 1,1,1- tris(hydroxynethyl)ethane, 1,

1
1, é- Et Ir i s( h%/o?)@ﬁWHyﬂssﬁfisthrfeg cxallaplpam ﬁm@m@y,nﬂﬂw}lqnﬁmaﬁ@egictai}
sorbitol, po an Lvor opyd.ene c erei 0
not only ngnoyfécg?‘é@&?’r i%]?{&{%etg s a‘?]: p%tlﬁ/ al g%gd‘po‘?vggh’g% e?raffqbea"dc é"l'?f'é’r ed.

Mono- or 8i gl YErg¥lopedihesfsmdlisthidl TehmisthexalMhe A LM elitiofle Wélfheim, New
dodecanol, tetra- decanol, ethanediol or 1, 4-butanediol as well as

pol ypr opyl ene §pike b98% pagesSidol yet hyl ene gl ycol, in particul ar having
degrees of polynerisation of 2 to 1000 nononer units, are particularly
preferably used. The glycidyl ethers are generally obtained by reacting

mono-, di-, trihe gl\&GHYE ' | T=ya] in
in the presence eo% 5(a figevt\]/?ési‘E S%Efagby{sﬂ&gﬁ& %@B%O?g&%ggiaﬁn{)#e&ﬁlﬁgkdé{%ﬁh ggﬁs de
or boron triflmaybepresentyn iedfiristedvatalyss pothe iforen asodriginatlyittrodwced g also in

subsequen} dehydr ohal ogenat.i W th ase (for exanple sodium

hydr oxi dgg) 1 %%W@B’QGEO&MBE‘]W lysegpformsso 9 Met hods for the
production of glycidyl ethers are generally well known and are
exhaustively described, for exanmple, in Kirk-Qhnmer, Encycl opedi a of

Chemi cal  TechSwitabipyglyaosidesforEomponert d) iie@dmpdOis, sythgsised/B6n earbohgdrares d

U |l mann, 5 Encycl opedia of Industrial_ Chemi.stry, volume A9, 5 h edition,

Wei nhei m  New (SY&frR), anfloppn-sugags(aglyoons), in which the aglycon is attached by an oxygen
atom via a glycoside bond with a hemiacetal C atom of the carbohydrate to give the

15 acetal.

Suitable sugar components comprise monosaccharides such as glucose, galactose,
mannose, fructose, arabinose, xylose or ribose, disaccharides, such as sucrose or
maltose and oligo- or polysaccharides such as starch.

20
Non-sugar components which may be considered are C,-Cso hydrocarbon residues
such as aryl, aralkyl and alky! residues, preferably aralkyl and alkyl residues,
particularly preferably alkyl residues having 1 to 30 C atoms.

25 Glycosides preferably used are the so-called alkylpolyglycosides, which are
generally obtained by reacting carbohydrates with alcohols such as methanol,
ethanol, propanol and butanol or by transacetylation of short-chain alkylglycosides

with fatty alcohols having 8 to 20 C atoms in the presence of acids.

30 Particularly preferred alkylpolyglycosides are those having glucose as the repeat unit

in the chain, with alkyl chain lengths of Cs to Cis and average degrees of
polymerisation of between 1 and 2.



The glycidyl ethers used for the production of the catal yst accordi ng}t ZtMAR 2004
the inventi on WaBL38¥7present in the finished catal yst in thBCTEHEPAY/LASSO
originally introduced or also in 10 a chemcally nodified, for exanple
hydrol ysed, form Suitable glycosides for-10enponent c) are conpounds

synt hesi sed from carbohydrates (sugars) and non-sugars (aglycons), in

whi ch the aglycon is attached by an oxygen atomvia a glycoside bond with

a hem acetal C atom of the carbohydrate to give the 15 acetal. Suitable

sugar conponenmMetiodspior sthe nprodeaionhaf ighrdsidel: Ara eféralty Seell daoast and, are
mannose, fructose, arabinose, x%l ose or ribose, disaccharides, such as

sucrose or naf¥@uEivehodescribed, for examplsa dn deirk-Athumery Enceedopedia eh Chemical
Non- ' e, ' - C30..h b .
Foor duge suchTeanbBelVohlinfe L bSLAREE RIS et SRAIME ISR Shee. 2

al kyl resisduesyoluar, i108laaitlon sﬂﬁfgmwvafﬂsnb%,qﬂﬁew esgihavseRq Angearfle C
atons. 25 dycosides preferabfy used are the so-called

al kyl pol ygl yco€hersie, 11 pagesdB84-14bhd998).y obt ai ned by reacting
car bohydrates with al cohols such as nethanol, ethanol, propanol and
but anol or by transacetylation of short-chain alkylglycosides wth fatty

al cohol s havi ngyBidcAfloylie aeidesters %@éﬁﬁ@é&%ﬁh@% afL if8lSexarpld dletsH AL Y

preferred al kyl pol yglycosi des are t I ng glucose as the repeat unit
in the chain, Gistdartmixilit aciiawith labiplgticor aficyclic alzohiilé havidg ave ongerdegiread of
pol ynerisation of between 1 and 2. WO 01/34297 -10 2 MAR 2004 )

PCT/ EPooﬁ§o55ogf|9&%<98% mojgculs, such as ethylsne @iycgl,ybgmecgpb Léweenanediolye| |

known and are @%ﬁ*ﬁ'ﬂ t ey o) forn £ GB‘!F?D i i I -
Encycl opedi a o?l emé céaY&JITg%ﬁﬁﬁngg%gm\}’o?ﬁhﬁﬁ, a 01e@i]!iéim(t)dinj,’ qiggggmﬁgalés
916 et seq.; Rbdpmtadediol,kobufahetiok, 56viexmnsdicl, 101,h-tAhethyivlethane, 1,1,1-
Stuttgart/ New York, 1996, pages 1581 et seg.; Angewandte
trimethylolpropane, pentaerythritol, carbohydrates (sugars) or sugar alcohols such as
sorbitol or sorbitan. Suitable sugars are monosaccharides such as glucose, galactose,
15 mannose, fructose, arabinose, xylose or ribose, disaccharides such as sucrose or

maltose and oligo- or polysaccharides such as starch.

Carboxylic acid components which may, for example, be considered are C;-Csp

carboxylic acids such as aryl-, aralkyl- and alkylcarboxylic acids, preferably aralkyl-
20 and alkylcarboxylic acids, particularly preferably alkylcarboxylic acids such as acetic

acid, butyric acid, isovaleric acid, caproic acid, caprylic acid, capric acid, lauric acid,

myristic acid, palmitic acid, stearic acid, oleic acid, linoleic acid or linolenic acid.

Preferably used carboxylic acid esters of polyhydric alcohols are esters of 1,2,3-
25 propanetriol (glycerol), 1,1,1-trimethylolpropane, pentaerythritol, maltose or sorbitan
with C,-C,3 alkylcarboxylic acids.

Particularly preferred carboxylic acid esters of polyhydric alcohols are mono-, di-,
tri- or tetraesters of 1,2,3-propanetriol (glycerol), pentaerythritol or sorbitan with C,-
30 Cis alkylcarboxylic acids.



Cheni e, 110, pages 1394-1412 (1998). Suitable carboxylic acid est er s | gfMAR 2004
pol yhydri c al cHeotig427e, for exanple, esters of C2- C30 car bB&VIEPBO/HSFY S
with aliphatic or alicyclic alcohols having two or nore hydroxyl 10 groups
per nol ecul e, such as ethylene glycol, 1.-3ipropanediol, 1, 3-propanediol,

di et hyl ene glycol, triethylene glycol, 1,2, 3-propanetriol (glycerol),

1, 3- but anedi ol - 1O g : 4 lactBs 1Ak
1,1,1-trinethy?%?é?ﬁgﬁg?égsgg%%n??#E%@%%?g?%?%gggg, e% erét‘???%ﬂ?'he

car bohydr at es {sslages shereuf frong fiats ateqehiethly saetilknasm andrabs extanstivebyoddsctibed,
Sui t abl e sugars are nonosaccharides such as gl ucose, gal actose, 15 "
mannose, f r uct 5 &xamplenimba&-Othyrer, Jarcyslopadivn 8 Chemisal- Tachnolams volume 853

sucrose or maLt. | i 095« OF. POkysac ' SUchmag. . 5t.a

Car boxyl i c aci %&giﬁﬂgﬁg’rﬁ%%%% sﬁg‘y%x'f'ﬁ?’%xgéong@f mbeé%ca%ﬁ!st}%hé@grggrt’elqew
C2- C30  c3rboxybtic BRI 'AEndSdopediadbp |dtlstridd "Cheike),CoSIRRSYATLG, 5
aci ds, preferably aralkyl 20 and al kyi carboxylic acids, particularly
preferably al keditiom,H&8Y] pagesatidel&uch as acetic acid, butyric acid,

i soval eric acid, caproic acid, caprylic acid, capric acid, lauric acid,
nyristic acid, palmtic acid'stearic acid, oleic acid, linoleic acid or

| i nol eni ¢ aci dBnEra%i‘cﬁrémbme%ﬁ%ﬁlgwgeaeb e B drefoill YafboR{1i@ ALMBY HHhich are

al cohols are esters of 1,2,3- 25 propaeetiol "(glycerol),

1,1, 1-tri met hydegradatipanerodnetst aér giobesicral] , andawhicte ave gemetnllyaderived Hr@R- C
18 al kyl carboxylic acids. Particularly preferred carboxylic acid esters of
pol yhydril@ al cebshelan24-9ip aeid bydntroducing hydegxy greynsda oepasityn at C-3, C-6, C-7

1, 2, 3- propanet Eli“p _I(gl ycerol), pentaerythritol or sorbitan with C2- 30 C18
al kyl carboxyli c a€i'ds. 12 MAR 2004 WO 01/34297 PCT/ EPOO/ 14550 -11 Met hods
for the production of carboxylic acid esters of polyhydric al cohols or the
isolation thereof fromfats are 'general |y well known and are exhaustively
descri bed, f oPrefsrraddhile acids arg okthegenesal fommdgcl opedi a of Cheni cal

Technol ogy, volume 9, 3"d edition, 1980, pages 795 et seq.; Ronpp,

Lexi kon Chem e, 8t' edition, Stuttgart, New 5 York, 1981; U Il mann's

Encycl opedi a of Industrial Chem stry, volune 0, 5th

O""

Ri‘ ) H § 3
15 R
wherein Ry, Ry, R3 and R, independently represent H or OH and Rs represents OH,
NH-CH;-COOH, NH-CH,-CH,-SO3;H, NH-(CH,)3-N"(CH3),-CH,-CHOH-CH,-SO5
or NH-(CH2)3—N+(CH3)2-(CH2)3—SO3'.
20

The free acids or the salts thereof are suitable, preferably alkali metal or alkaline
earth metal salts, as well as the esters thereof, preferably having alkyl residues with 1
to 30 C atoms and the amides thereof, preferably having alkyl residues or sulfoalkyl,
sulfoalkylaminoalkyl, sulfohydroxyalkylaminoalkyl and carboxyalkyl residues in

25 acid or salt form.



edition, 1987, pages 173-218. Bile acids suitable for conponent c) aft@ MpR400
steroi d car box¥yDidg/34887ds, which are degradation products of PCHYBP@ZL08500] |
and which are generally derived from 10 5p-chol an-24-o0ic acid by

I nt roduci ng hydroxy groups in a position.3-C3, CG6, G7 and C12.
Preferred bile acids are of the general fornmula 15 wherein Rl, R2, R3 and

R4 | ndependent r at., H.ar e . %
NH- CH2- CH2- S ”ﬁﬁ(%%bl@%%g&i‘%ﬁ@égg@‘&m“W@&° id
N ( OFR) 3- W OBl red (BcPihy B0y pRholie2 . SResc IRIS= 0, 4 g SR LSOHaeopar e
sui t abl e, preferably al kali netal or alkaliné earth metal salts, as well
as the esters dhobicewid sodmfrersahl sotiawi wholate)y lithiarsi clmistcwpbtassmmt chdéeC
atons and the am des_thereof, preferably havi n&l&al kyl residues or

sul f oal kyl , s&lyqogmlwya%(a@ankma-lrwﬁmw rebelantAdydis Ackhb Ni-legrbogymethyl]-
b | f 0 0 7
(I;?:[I'/ E)I%Sl 05502&%?%‘ Salrrigll eéao?aas}gl I%ﬁ I g\f}glg}g‘fgé@ra}ﬁhg&s%m cgl%rg's or

am des ther eOftaﬁb@hdﬂ&mabﬁ ga,da,m&%ﬁﬁd:&zﬂs?rchbwﬁrwm SEkig hNLl]@fku?f&elﬂ
acid; R = RB=R4 = RS , R2 = ic acid sodiums t(sodlum

chol ate), |it Hmide:dhot Bs & Rpo Ok RaumtcRor MCszEISIﬁSEth,lsodlam téurocholate,

3a, 7a, 12a-tri 50-,chol i C rbox I am de. R
U2 R = febRehltpacy 43%1%&@#?@@0%-019@%5 AR iR 2 DA R,
ta rochol C aci 3 '

N- Fz sul f Ioet hyl ?{3( 3"31%3’ HE@%%}/ Eé%% %eﬁgﬁ%@é q’%ﬁ"%"lgt&m
sodi um t aar oc t'gjyaideoxycﬂem(yﬁéiﬁl I(Qadauﬁlﬁyﬂ?ox%ﬁ}-dhdlmﬁ%yc Sidid C N [carboxg= Oi C
acid; RR = R4 = RS = H), sodi um deoxychol ate, potassium

deoxychol at e, mPﬁlm]%dGeBxyclﬁoF@% R1& Ryl 5 &b Rsox PEHEH2CQOH, sodium glyco-
(3a, 12a-di hydrc?eoxy(ﬁ'l[oiat h?auq_gde%4 Qno(flca%{:l(a IEliélﬁ%OL-cf%()ydrc)xy-sB-chcolan-24-olc acid

N-[2-sulfoethyl]amide; R = Ry = OH, R, = R; = H, Rs = NH-CH,CH,-SO;H),
sodium taurodeoxycholate, chenodeoxycholic acid (3a,7a-dihydroxy-5p-cholan-24-
15 oic acid; Ry = R3; = Rs = OH, R; = R; = H), sodium chenodeoxycholate,
glycochenodeoxycholic acid (3a,7a-dihydroxy-5p-cholan-24-0ic  acid N-
[carboxymethyl]amide; R, = R; = OH, R; = R4 = H, Rs = NH-CH,-COOH), sodium
glycochenodeoxycholate, taurochenodeoxycholic acid (3e,7¢-dihydroxy-58-cholan-
24-oic acid N-{sulfoethyl]amide; R; = R; = OH, R; = R4 = H, Rs = NH-CH,-CH;-

20 SOs;H), sodium taurochenodeoxycholate, lithocholic acid (3a-hydroxy-5p-cholan-
24-o0ic acid; Ry = Rs = OH, R; = R; = R4y = H), sodium lithocholate, potassium
lithocholate, hyocholic acid (3a,6a,7a-trihydroxy-5p-cholan-24-oic acid; Ry =R, =
R; = Rs = OH, Ry = H), sodium hyocholate, lithium hyocholate, potassium
hyocholate, hyodeoxycholic acid (3a,6a-dihydroxy-5p-cholan-24-oic acid; R; = R;

25 = Rs = OH; Ry = Ry = H), sodium hyodeoxycholate, lithium hyodeoxycholate,
potassium hyodeoxycholate, cholic acid methyl ester, cholic acid ethyl ester,

deoxycholic acid ethyl ester and hyocholic acid methyl ester.

The sodium, lithium or potassium saits or the methyl or ethyl esters of cholic acid,
30 glycocholic acid, taurocholic acid, deoxycholic acid, glycodeoxycholic acid, tauro-

deoxycholic acid, chenodeoxycholic acid, glycochenodeoxycholic acid, taurocheno-



methyl]amide: R, = R4 = OH R2 = R3 = H, R5 = NH CH2- COOH), sodi um gl ydoMAR 200
‘deoxychol at e, wabgidggrxychol i c acid (3a, 12a-di hydr oxy- 5[ 3- chotamnkrddi iss
acid N [2-sulfoethyl]amide; R = R4 = OH R2=R3 =H R5 =

NH CH2CH2- SGBH),  sodi um t aur odeoxychol at g, chenodeoxychol ic acid

(3a, 7a-di hydroxy-5 [i-chol an-24 15 oic am& =R =OH R =R

H), sodium che ode&gl( Cho%{ﬁtl 8@/ S];anolc]iel %lobfg I| aci d

(3a, 7a- di hydr o457 iipch YQoholic; TRYFolin aid opmixtuges
OH, = R4 = ?‘?@% ]?&%H“m gl ycochenodeoxychol at e,
taurochenodeox?ﬁe}} ?I c acﬁgﬁ%%{ a- di‘hy oxy 51-chol an- 24-o0ic acid
N-[sulfoethyl]Jamde; R = R3 = OH R2 = = H R5 = NHCH2-CH2 20 SG3H),
sodi um taurochenodeoxychol ate, lithochol | c aci d (3a-hydroxy-5 3-chol an-

24-0ic acid; RBile aciis=such as parsachptic ackla(3e, T, 1 2cstehydraxyr§ an-24-oic acid),
pot assi um, | | t hochol at.e,

(3a, 6a, 7at ri hifaP ygl'[ql hgﬁi&hﬁ 'EP ai%a!g%yéﬂ -qRolan-240ic agid), —7-puolithegholigy, -

, sod h | |
yodeoxyenol 1 coag era el iRy AP Rt o PAE L ARRO BB B5lry G-
RS = OH, R3 = Rddrax )H)iB-cﬁ@l@hilmdwQﬁﬁ%ﬁyﬂm&)ah&chblhé Béid MAnQYKISIRRNOHR e, Br

pot assi um hyodeoxychol ate, cholic acid net hy ester, cholic acid ethyl
ester, deoxycﬂ'@lsﬁlﬁS,&&tmOetam}desébctrewfmaﬂstlymmblﬂ ic acid nethyl ester. The
sodium lithiumor potassiumsalts or the methyl or ethyl esters of cholic
acid, 30 glycocholic acid, taurocholic acid, deoxycholic aci d,

gl y00d60><1300h0| The 8é ‘Hcldé%k!l ﬁlcdsea%,yislft% bf afifd g@ﬁéf 'Is%v'eﬁ lﬁ’lgivﬂand

gl ycochenodeoxycholic acid, taurocheno WO 01 34297 -13 1 2 'MAR 2004

PCT/ EPOO/ 10550an¢whylmn@b]|ycdeambr¢d mlNdn:bz: Hokenc Tzck.dabhyd € heR5)c104C) Sktchell et

hyodeoxycholic acigd or. m xtures f are particularly preferably used.
Bil e acids sucﬁfl ﬁré{fcﬁ& ’c" ](‘:‘P't? ?ei’ , 19 tY‘i"ﬁFyEl%&ﬁmg Ravenps exikon; ¢
aci d 5 urso Ll chol an- 24-o0ic acid
7- oxg)l i t hochol ﬂ?ﬂg%?‘g?(gﬁ%&dgoxspﬁo?gﬁﬁ%ﬁ%n g@l oi ¢ acid), .

lithocholic acid 3-sulfate (3a-

15 Suitable cyclodextrins for component ¢) are, for example, unsubstituted
cyclodextrins or the ester, alkyl ether, hydroxyalkyl ether, alkoxycarbonylalkyl ether
and carboxyalkyl ether derivatives thereof or the salts thereof.

Cyclodextrins are cyclohexa-, cyclohepta- or cyclooctaamyloses having 6, 7 or 8
20 1,4-linked glucose units, which are formed during the degradation of starch by
Bacillus macerans or Bacillus circulans under the action of cyclodextrin glycosyl

transferase, such as for example o-,B-, y- or 8-cyclodextrin.

Carboxylic acid components suitable for cyclodextrin esters are aryl-, aralkyl- and

25 alkylcarboxylic acids having 2 to..30 C atoms, preferably 2 to 24 C atoms,
particularly preferably 2 to 20 C atoms, preferably aralkyl- and alkylcarboxylic acids,
particularly preferably alkylcarboxylic acids.

Linear or branched alkyl groups having 1 to 30 C atoms, preferably 1 to 24 C atoms,

30 particularly preferably 1 to 20 C atoms may be considered as the alkyl component
for cyclodextrin alkyl ethers, hydroxyalkyl ethers, alkoxycarbonylalkyl ethers and
carboxyalkyl ethers.
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‘hydroxy-5 3-chol an-24-o0ic acid 3-sulfate), norcholic acid and bisnorcholic

acid, or the WIWS42%8sters or amides thereof are al so suit aBFFEPADI0FHe
bile acids and the salts, esters or ami des thereof are generally well
known and are exhaustively described in-Ndehr. Chem Tech. Lab. 43 (1995)
1047, Setchell et al.: The Bile Acids, volune 4, Plenum New York 1998
and Rdnpp, Lexikon Naturstoffe, Stuttgart, New York 1997, pages 248 et
seq.. 15 Suitable cyclodextrins for conponent c) are, for exanple,

unsubst i t ut ed Prefeedbbyiasedroybiodextrihdfre@s] Y, and ykytlodétitifis artl/the auor- kil and
et her, al koxycarbonyl al kyl ether and carboxyal kyl ether derivatives
t her eof or t helfis@iErssmopey dipfand Gyestessiesamenessteay/dicthers thererh whichyare gaegrally  or

Formed duri ng TREA0H SHrting o7 s e Brooeniny v elbibEre Agenos sucfbisiphe
circul arssundeianife ainbdty ﬁflfaﬁygﬂ Qﬁ?FM'i&bs RSy to 36 ?%fo?r'is"i‘%ﬁch SGhr as
y- or & odextfin. ts

X
for exanple a-4 -, -cycC Car boxyl i c acid conpdnen

sui tabl e for ocxanpteemethyl)ethsl, propyhbatydrpehtyl, e, ksptyl, actgll chldride, bromide or

al kyl carboxyli.c acids, having 2 to. .30 C atons, preferably. 2 to 24 C
atons, parti ch%‘ﬁFﬁ“@Pé%é‘rC& catiqnowith acetig agid or suesipic Agid, ingthe) nrgsence; pfy

al kyl carboxyl ig;@cids, particularly preferably alkylcarboxylic acids.

Li near or branched al kyl groups having | to 30 C atons, preferably | to 24
C atons, 30 particularly preferably I to 20 C atons nay be consi dered as
t he al kyl component for cyclodextrin al kyl ethers, hydroxyal kyl ethers,

al koxycat®ony | Metayl-ceypledextendmethyirboyslodegtin,anéthylsy-cyelaglexiir, ethylp-cyeo-
Oyl odee 1 M DB e oSSl BrEH rhhb S Shbadin 26"
triesters or er ' rs 4 LAl e »ge LiY. l.ned b
et heri fying aEH,;z H%Eﬁ?} gtncé/cs,l-d g%/t@ﬁ’ogigﬁrﬁ{cﬁ@ﬁ\g %i‘fﬁgﬁﬁ%tﬁgﬁ%ﬁéﬁﬁéﬁ&%@’gs Y
for 5 exanpl e Zj6-ddtigl!p-sytiddekeindr Abldibutiieficgeisdddin,nd 213,6-aimeth

such as for exanple nethyl, ethyl, propyl, butyl, pentyl, hexyl, hept}l,
octyl chl ori dedexipni 28.6etrimethyl-B-cyclodextrin,  2,3,6-trimethyl-y-cyclodextrin,  2,3,6-
15 trioctyl-a-cyclodextrin, 2,3,6-trioctyl-B-cyclodextrin, 2,3,6-triacetyl-a-cyclodextrin,
2,3,6-triacetyl-B-cyclodextrin, 2,3,6-triacetyl-y-cyclodextrin, (2-hydroxy)propyl-a-
cyclodextrin, (2-hydroxy)propyl-B-cyclodextrin, (2-hydroxy)propyl-y-cyclodextrin,
partially or completely acetylated and succinylated «-, B- or y-cyclodextrin,
2,6-dimethyl-3-acetyl-B-cyclodextrin or 2,6-dibutyl-3-acetyl-B-cyclodextrin.
20
Methods for the production of cyclodextrins are generally well known and are
exhaustively described, for example, in Rompp, Lexikon Chemie, 10" edition,
Stutigart/ New York, 1997, pages 845 er seq. and Chemical Reviews 98 (1998) 1743.

25 Suitable phosphorus compounds for component ¢) of the catalyst according to the
invention are organic phosphates, such as for example mono-, di- or triesters of
phosphoric acid, mono-, di-, tri- or tetraesters of pyrophosphoric acid and mono-,
di-, tri-, tetra- or polyesters of polyphosphoric acid and alcohols having 1 to 30 C
atoms.

30

Suitable organic phosphites are mono-, di- or triesters of phosphorous acid and

alcohols having 1 to 30 C atoms.
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. 1
iodidé and/or by esterification with acetic acid or succinic acid in t%
presence of aWiOM/3423 Met hyl - a- cycl odextrin, methyl -0-cycl o#€TEPDI]0550
met hyl -y-cycl odextrin, ethyl-I -cyclo- dextrin, butyl-a-cyclodextrin,
butyl - p-cycl odextrin, butyl-y-cycl odextri.ns.2,6- dinethyl-a-cyclodextrin,
2, 6-di net hyl - p-cycl odextrin, 2,6-dinethyl-y-cycl odextrin,

2,6-di ethyl-o-cyclodextrin, 2,6-dibutyl-R-cyclodextrin,
2,3,6-trinethyl-a-cyclo- dextrin, 2,3,6-trinethyl-p-cyclodextrin,

2, 3, 6- tri nmet hyBuitabteyarigade phosphonates3tob cdmpbrien06} are; for eXahpREMbho-or diesters
2,3,6-trioctyl -E)-cycl odextrin, 2,6 3,6-triacetyl-a-cyclodextrin,
2.3.6-triacet yPL phnsphenie @eids alkylphosphosict acidse arylphospheric eaids: alkexycarbonyl-
(2- hydr oxy) pro - A- | odextri 2-.hydr ox ropyl : p-cycl o trin, .
(3~ oxy) br oBYIPespffis agss | koxicarrlmiudEntt asidh; chgndiphasPhonian
succi nyl ased aacidd-arfdl dyaB¥SHRPIOHC | Boids or mono-, di-, tri- or tetraesters of
2, 6-di net hyl - 3-acetyl -o-'cycl odextrin or

2, 6-di but yl - 3- alk@diphogphonisl asiilsend aleoh@d hivang dds 36 &F atbine. pr oduct i on of

cycl odextrins are generally well known and are exhaustively descri bed,
for exanple, in Ronpp, Lexikon Chem e, 100" edition, Stuttgart/ New York,

1997, pages 84fy@ler $8 h@%s%ﬁ%lﬁ%r)&gi;(ﬂoﬁﬁ@ @8&1@ 2Rk Jﬁ%a?lﬁg’m%%iﬁ@ke

phosphorus conpounds r conponent c at al'yst accor

i nvention ar e aylphosphoptiessgehbirdxalcohiolsthagingflon 3@ awne. nono-, di - or
triesterg,.of phosphoric acid, nono-, di-, tri- or tetraesters of
pyrophosaﬂori c acid and nono-, di-, tri-, tetra- or polyesters of

pol yphosphori CPI?cgéﬁn%g siitdbed %&ﬁ]}‘? gfrgdﬂgﬁc;n %Pth%Q:aEﬂ}bs oS x‘éiri%(jtosﬁlnie tu%pelgﬁan

or gani ¢ phosphi are nono-, triesters o S aci

al cohol s havi n@ofhpbnen30 o)) ataes estérs?2 MARpESPHInIONO a0l 3 4R/ TpHosgHifR0 04ci@H 50
-15 Sui tabl e organi ¢ phosphonates for conponent c) are, for exanple, nobno-

or diesters ofialkylpbasphinie agidsqor arnvinhosplusishamds and jaleoholsr havime dpteoRd C
acids, al koxycgrhonyl -

15

Phosphinites suitable for the production of the catalysts according to the invention
(component ¢}) are esters of alkylphosphinous acid, dialkylphosphinous acid or aryl-
phosphinous acid and alcohols having 1 to 30 C atoms.

20 Suitable alcohol components are mono- or polyhydric aryl, aralkyl, alkoxyalkyl and
alkyl alcohols having 1 to 30 C atoms, preferably 1 to 24 C atoms, particularly
preferably 1 to 20 C atoms, preferably aralkyl, alkoxyalkyl and alkyl alcohols,
particularly preferably alkoxyalkyl and alkyl alcohols.

25 The organic phosphates, phosphites, phosphonates, phosphonites, phosphinates or
phosphinites used for the production of the catalysts according to the invention are
generally obtained by reacting phosphoric acid, pyrophosphoric acid, polyphosphoric
acids, phosphonic acid, alkylphosphonic acids, arylphosphonic acids,
alkoxycarbonylalkylphosphonic acids, alkoxycarbonylphosphonic acids, cyanoalkyl-

30 phosphonic acids, cyanophosphonic acid, alkyldiphosphonic acids, phosphonous
acid, phosphorous acid, phosphinic acid, phosphinous acid or the halogen
derivatives or phosphorus oxides thereof with hydroxy compounds having 1 to 30 C



1
.a'l kyl phosphoni ¢ aci ds, al koxycarbonyl phosphoni ¢ aci ds, ' 2 VAR 200
cyanoal kyl phosPb#¥¥2% aci ds and cyanophosphoni ¢ acids or npR&T/EFEYI055E
or tetraesters of al kyl di phosphoni c acids and al-cohols having 1 to 30 C
atons. Further phosphorites suitable for -dérponent c) are diesters of
phosphonous acid or aryl phosphonous acid and al cohols having | to 30 C

atoms. 10 Phospihfiat@eh SA triidihishol Oletiiahifl, p@@ﬁﬂm,i Biitanbl, ! Pontardfl Al HéRArol, 2-
according to the 1hvention (conponent c)) are esters of phosphinic acid,
al Iéyl {aho?]plhi nlhethalhlexi?u,otl, di:u))%»tdgyl,ptmmbl,%mnamblds_deqratnahylctduiosqﬂo_ os i,n}tcidat:aiﬁdls

and al cohol s having 0 ns. osphi nites sujtable for e
product i on of teffadecapel, pentadecap r&’l‘ﬁj‘%@"ﬁﬁéﬁpmﬁ’éﬁ%‘ﬁoﬁ’? iaboRnadecanol, o o
esters of al ky i aq'h]ﬂ' .Eﬂllih | p ' i d - .
phosphi nous acﬁn’%%gggﬁ%g bl s éﬁ\yﬂ{ng leo%&@)atomBEZOb@Sr%g[{hgma{’l cozhol
conponent § ar eethibRethabl, Roprpostietansl; 2lbutekyathingl, pleenksh iydiokyhcetio deidastligy |

al cohols having 1 to 30 C atonms, preferably | to 24 C atons, particularly
preferably | testero bydrosyasetiqratidr psipy! aestrk yhydroxypeonianiky [acidn pthl i ghter,

al cohol's, particularly preferabl | koxyal kyl sand..al kyl, al cohal s. The
organic phosphéY%g’f gﬁﬁi ta&d:a1 E}%’B)leh%#%’t eg,%'egﬁﬁg%ﬁijri)if% ,°?’§‘F‘F??Jé%m %’gﬁes
or phosphinit g {C@Qné,hg,p&ggaﬁylb%ﬁebh g&dls according to the
i nvention are génerally obtained by reacting phosphoric acid,

pyrophosphoric acid, polyphosphoric acids, phosphonic acid,

PRSI N AT i AT S——————

e ds. phosphonacs Phastre Jehf uid2-alaieply aok HREporic bl QRPN

acid or the haksgerbutyphosphonivesid rdipityls pter, ushenylptiesphbhier ecfl dwoctyl legwr,oxy

compounds havi f 119,30, 3% AR 2004V, 01 24297 PCTLFROOLASEN, s
phonoacetic acid triethyl ester, 2-phosphonopropionic acid trimethyl ester,

15 2-phosphonopropionic acid triethyl ester, 2-phosphonopropionic acid tripropyl ester,
2-phosphonopropionic acid tributyl ester, 3-phosphonopropionic acid triethy! ester,
tributyl phosphite, trilauryl phosphite, tris(3-ethyloxyethanyl-3-methyl) phosphite

and heptakis(dipropylene glycol) phosphite are preferred.

20 Methods for the production of phosphoric acid, phosphorous acid, phosphonic acid,
phosphonous acid, phosphinic acid and phosphinous acid esters are known and are
exhaustively described, for example, in Kirk-Othmer Encyclopedia of Chemical
Technology, volume 18, 4" edition, 1996, pages 737 et seq.; Rompp, Lexikon
Chemie, volume 4, 10™ edition, Stuttgart/New York, 1998, pages 3280 et seq.;

25 U’Hma_nn's Encyclopedia of Industrjt:al Chemistry, volume Al9, 5t edition, 1991,
pages 545 et seq., Houben-Weyl: Methoden der organischen Chemie, volume XII/1
and XII/2, Stuttgart 1963/1964.

a,B-Unsaturated carboxylic acid esters suitable for the production of the catalysts
30 according to the invention (component -c)) are, for example, mono-, di-, tri- or

polyesters of acrylic acid and alkyl-, alkoxy-, alkoxycarbonyl and alkoxycarbonyl-

alkylacrylic acids with alcohols having 1 to 30 C atoms or polyether polyols.
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-16 atons, such as nethanol, ethanol, propanol, butanol, pentanol,

‘hexanol , 2- etWP®84WIol, heptanol, octanol, nonanol, decanoPCTEFIEHSSDI|
tridecanol, tetradecanol, pentadecanol, hexadecanol, heptadecanol,

oct adecanol , nonadecanol, nethoxynet hanal]j7-et hoxynet hanol ,

pr opoxynet hanol , but oxynet hanol, 2 5 ethoxyethanol, 2-propoxyethanol,

2- but oxyet hanol , phenol, hydroxyacetic acid ethyl ester, hydroxyacetic

acid propyl ester, hydroxypropionic acid ethyl ester, hydroxypropionic

acid propyl esggitablelaldolt] lRampehedts aré ndonidr, 3 e dbopolytyddic Jryl, aralkyl, alkoxy-
tri hydr oxypropane, -trinethyl ol propane or pentaerythritol. 10

1,1,1
Phosphori ¢ aci #kylr ind aiky! elsobels heningphdei 30 &cpiemsy phaferpblyedtter 24 Shetoprsori ¢
acid trioctyl _ester hasphorj [ ri s(2-ethyl he ) ,est e phosphori c
2ot d tris(2 bR SRyERy PRIGEETC o B lime SRRl SRRy Rlky, Baf 3807
phenyl phogphonjjgotiad ﬁaﬂﬂcﬁﬁ}lxbrﬁéﬁaﬁl&,alkd% heaatign Bicehalel d triethyl ester,
y

phosphonoacetic acid trinmethyl estér, phos- phondacetic acid triethyl
ester, 2-phosphonopropionic acid trinethyl ester, 15 2-phosphonopropi onic

acid triethyl ester, 2-pho onopr opi oni ¢ aci ri propyl ester,

2- phosphonopr opt cs“étéﬁl& %B‘?ql%t @F@F,”@-Mﬁg&&ﬂﬁoﬂﬂipﬁwlmc
triethyl ester ri y ' fi p. P%’E

tris(3-ethyl ox%lg%ﬂa%tg%fsb rn@%&@?&%&)?%ﬂ%ég%[%hﬁ %Eea[s) a |§e’ %ff‘ﬁr%lﬁlser?é the
gl ycol ) phosphéthers aligteqfitavidigrmeleciléy Wil df 20010 16000pprtierably @f 300 to 9000,
phosphori ¢ acid, .phosphorous acid, phosphonic acid, phosphorus acid,

phosphi nil® aci eArtisklasiyprefmabiy 0E4QA 108088t er s are known and are

exhaustively described, for exanmple, in Kirk-Qhmer Encycl opedia of
Chemical Technol ogy, volume 18, 0 edition, 1996, pages 737 et seq.;

Ronpp, Lexi kone,AagEngrated OdarbBxyfic abidlshwRidh trh& be Jousitieraa td TRr ¥oid hHES,
pages 3280 et seq.; 25 Ul mnn 's Encycl opedia of Industrial em stry,

vol ume Al 9, 5t alkidialkaxy- andelkoxyedwaylabytcailicaeigs havogddn-204y htomgpsuchaen

der organi sche l e, ..vol. JI].1 Kl [,12, uttgart 1963/ 1964.

a3 Unaat ur ot Sy fod Toetimentic ] p-RetibBendtc aehElipiohiscai dntais- ne

catal yst 35 30 28CHmeinythchlict 484 (HURNALA)) 3 FARARAR YA hcid Gendcitlic RXRYRE €

nono-, di-, tri- or polyésters of acrylic acid and al kyl -, "al koxy-,

al koxycar bony| 3-amthadyacrylic aciBpoprgferably acrylic acid, 2-methylacrylic acid, 3-methylacrylic
acid and 3-methoxyacrylic acid, particularly preferably acrylic acid and 2-methyl-

acrylic acid.

20 The «,B-unsaturated carboxylic acid esters used for the production of the catalysts
according to the invention are generally obtained by esterifying mono-, di-, tri-, tetra-
or polyhydroxy compounds having 1 to 30 C atoms, such as methanol, ethanol,
ethanediol (ethylene glycol), 1-propanol, 2-propanol, 1,2-propanediol, 1,3-propane-
diol, 1,2,3-propanetriol (glycerol), butanol, 2-butanol, i-butanol, 1,2-butanediol,

25 1,3-butanediol, 2,3-butanediol, 1,4-butanediol, 1,2,3-butanetrio]l, 1-pentanol,
1-hexanol, 1-heptanol, 1-octanol, 1-nonanol, 1-decanol, 1-dodecanol, 1-tridecanol,
1-tetradecanol, 1-hexadecanol, 1-heptadecanol, 9-octadecanol, 1,1,1-tris(hydroxy-
methyl)propane, pentaerythritol, methoxymethanol, ethoxymethanol, propoxy-
methanol, butoxymethanol, 2-ethoxyethanol, 2-propoxyethanol, 2-butoxyethanol,

30 hydroxyacetic acid methyl ester, hydroxyacetic acid ethyl ester, hydroxyacetic acid
propy! ester, hydroxypropionic acid methy! ester, hydroxypropionic acid ethyl ester,
hydroxypropionic acid propyl ester or polyether polyols such as polyethylene glycols



alkylacrylic acids with alcohols having 1 to 30 C atonms or pol yet her 12 MAR 2004
polyols. 1 2 MAMR#@3I297WO 01/ 34297 PCT/ EPOO/ 10550 - 17 Sui t abl #CAMEPIHBISS0
conmponents are nono-, di-, tri- or polyhydric aryl, aralkyl, al koxy- alkyl
and al kyl al cohols having 1 to 30 C atons,18preferably | to 24 C atons,
particularly preferably I to 20 C atons, preferably aral kyl, al koxyal kyl

oS morL ror cREPB PR A I ShE Bk SSRNALMY SRR b g

pol yal kyl ene  gptismally g{ﬂ@rﬁescﬁgﬁ%m@gﬁ pol ypr opyl ene gl ycols and
pol yet hyl ene glycols or the ethers thereof having nol ecul ar weights of

200 to 10000, preferably of 300 to 9000, 10 partlcularly preferably of
400 to 8000. a Unsat ur at “arb li.c ac ds Whl be, copsi dereqd .are
acrylic acid a]r\fg’ ﬁL'wa“ §TQ§ g, S?I ﬁ‘l" ?}F‘i“?ﬁ% g
having | t50 20pfgp a&ea&a 1sygrbpaﬁedla e} 'Biiiaﬂ&hé‘l' 'P%g&eﬁi’é‘?t h?&ﬁ%}-dﬁén@tﬁbﬂ)

3-met hyl acryl i c aC| d (crot acid), trans | met hyl acry aci d

(tiglic acid), IB,BHﬂ(hydrd)gzhmdM)lprcmam;l d ($ens{hydm1cymethyl)propanc ethoxylates,
3- et hoxyacryl acl a_' ra ly acrylic acid, 2- rre aci d,
3-met hyl acryiié ’aET"‘ / )REBP%"crmeEO’é)é?tES pap eam yg alser 26y

acrylic acid a d. 20 The a,i-unsaturated carboxylic
! E@yﬁoﬁ?&ﬁé@&: uctﬂr&eﬂ .

acid esters us Ion of the catalysts according to the
i nvention are generally obtained by esterifying nono-, di-, tri-, tetra-
or pol yhydroxy conpounds having 1 to 30 C atons, such as net hanol,

et hanol , 10et haReticalarly orefomeches. Rymysetrated carboxliarasid esterp prspaivathylene glycol
1, 2- di o] triol . (gl

a2 2P Phcogle SR SRR Sofubbins Bl BRBAREAAA Lo BRI e giol

- 2, 3- but anedi ol methatryfidtRAREEdS po@cﬁyﬁn@lgl}%ﬂﬁﬂiniﬁlhacﬁlﬁe&‘i&@&h )

1- hept anol, 1-octandl, 1-nonanol, 1-decanol, 1-dodecanol, 1- tr| ecanol,
1-t et radecanol gly&olhmhteaado&s;er,lpﬂmaﬂmgmpl giaonylia creich reitr, polypropylene

,1,1-tris(hydro nme r entaerythrital, it ho thano,
et hoxynet hanol 8 f%?l ‘33{}%'%}& I"s uP?I&?Wi’Vﬁﬁﬁoﬁ}’c%n& H’aﬁ"&l | ester,
2- propoxyat hanq),lz,g, BropEA @iy CEABIAL -acid ester, 1,2,3-propanetriol dimethacrylic acid ester,
1,2,3-propanetriol triacrylic acid ester, 1,2,3-propanetriol-1,3-(2-hydroxyprop-

oxylate) diacrylic acid ester, 1,2,3-propanetriolpropoxylate triacrylic acid ester,
1,4-butanediol acrylic acid ester, 1,4-butanediol dimethacrylic acid ester, 1,6-
hexanediol diacrylic acid ester, 2-hydroxypropyl methacrylic acid ester, 1,1,1-
20 tristhydroxymethyl)propane triacrylic acid ester, 1,1,1-tris(hydroxymethy!)propane
ethoxylate triacrylic acid ester, 1,1,1-tristhydroxymethyl)propane ethoxylate
trimethacrylic acid ester, 1,1,1-tris(hydroxymethyl)propane propoxylate triacrylic
acid ester or 1,1,1-tris(hydroxymethyl)propane propoxylate trimethacrylic acid ester.

25 Methods for the production of a,B-unsaturated carboxylic acid esters are generally
well known and are exhaustively described, for example, in Kirk-Othmer:
Encyclopedia of Chemical Technology, volume 18, 4™ edition, 1996, pages 737 et
seq.; Rémpp, Lexikon Chemie, volume 4, 10" edition, Stuttgart, New York, 1998,
pages 3286 et seq.; Ullmann's Encyclopedia of Industrial Chemistry, volume Al9,

30 5" edition, 1991, pages 545 et seq., Houben-Weyl: Methoden der organischen
Chemie, volume XII/1 and XII/2, Stuttgart 1963/1964.



30 hydroxyacetic acid nethyl ester, hydroxyacetic acid ethyl ester, 17 MR 700
hydr oxyacet i c WOM¥34297 opyl ester, hydroxypropionic acid net hHET/EBAISSE

hydr oxypropionic acid ethyl ester, hydroxypropionic acid propyl ester or

pol yet her polyols such as pol yet hyl ene glygels WD 01/34297 18 1 2 MAR 2004
PCT/ EPOO/ 10550 and pol ypropyl ene glycols with the appropriate

a, P-unsat ur at Cﬁ’éfp l'eﬁ?x% ' . Pffg&a' a ' R SRy ;

catal ysts. l\/bggizc, Rj}%irfb r?aef;ﬁ?eelf) 1sn(a(ll)g acr H ?ﬁ(t:érgaﬁggﬁneﬁacr ylﬁﬁtci:é)%l(l:tlaglevaog h

et hanedi ol , 1,{Re groguctipaneflithe ,cathlystspacoadinglitol the lindedtiomn éxlithe ,amphiphilic

1, 6- hexanediol, 1,2,3-propanetriol, 1,1,1-tris(hydroxymnet h'Y'l ). pr.opane,

1, 1, 1- t ri s( hydPelegiat sipuciuse dissens, ica. Hasy,qoataiisat least one hydrophilic ionic group (or
col's

1,1, 1-tris(hyd l.)Rr.O pr h ]
poi ypr opy! ene. bgEaRIRE 1bRISHBAER) B A0 AR le Bl fordh HoPndtie
cC, p- unsagur at@adictd’ BR¥Mples oFCubh §61i€ 'strfade d?Onjepfabith@ile &inysolinds akdyybé C
acid ester, polyethylene glycol diacrylic acid ester, polyethylene glycol
met hacryl i ¢ acloundin the grqupl of stutfgdtams soapgcorhulgifiens, Hetergphts and disgersantsr |

pol ypropyl ene glycol acrylic acid ester, polypropylene glycol diacrylic
acid ester, polypropylene glycol nethacrylic acid ester, polypropyl ene

gl ycol dimet haPlEé"hiyﬁroﬁﬁiIQ RHE oroupe thag i RIFORAMAIdNIQ! calioAfer ¥t | Avidbrishic
ester, 1,2,3-propanetriol di mat%acryl IC acid ester, 1,2, 3-propanetriol

triacrylic aci@mphoteric) dat@re3Eparoplas of aniohic praips 2ardhvatboxyjgse,guifonaty) sulfaje,
diacrylig.acid,ester, 1,2, 3-propanetrj.ol propoxylate trjacrylic¢ acid ester,
1. 4- but an@di of thigsplfate. Briosehdaaiee, Phosphinge AoBIAC doelithiAhgpRate, graups
ester, 1,6- h | | SV ' T 27 aVaaly i C
coi d ester, 1 TRAHEE DY CaRhY griugd d afishdtiun, pRUGHERNRY O VILASEOS

1, 1, 1-tri s( hy dExatypied dfydwineiado groups a@bytairiee sulfobetaind dransing olkids groups.

1,1,1-tris(hydroxynethyl)propane ethoxylate trinethacrylic acid ester,
1,1, 1-tris(hydroxynet hyl ) propane propoxylate triacrylic acid ester or

1,1,1-tris(h r t R |- cl,dnest 25
Vet hods. Tor § hetto GapRIdeS eBBh S pRRGIMY Tl HyBROBE felhd"LinER &,
general | ¥5 aralkyl and alkyl residues. Fluoroalkyl, silaalkyl, thiaalkyl or oxaalkyl groups are,

however, also suitable.

Examples of suitable classes of compounds having hydrophilic anionic groups are
carboxylates such as alkyl carboxylates (soaps), ether carboxylates (carboxymethy-

20 lated ethoxylates), polycarboxylates such as malonates and succinates, bile acid salts,
for example bile acid amides having sulfoalkyl and carboxyalkyl residues in the salt
form, amino acid derivatives such as sarcosides (alkanoylsarcosinates), sulfonamido-
carboxylates, sulfates such as alkyl sulfates, ether sulfates, for example fatty alcohol
ether sulfates, aryl ether sulfates or amido ether sulfates, sulfated carboxylates,

25 sulfated carboxylic acid glycerides, sulfated carboxylic acid esters, sulfated
carboxylic acid amides, sulfonates, for example alkyl, aryl and alkylary! sulfonates,
sulfonated carboxylates, sulfonated carboxylic acid esters, sulfonated carboxylic acid
amides, carboxyl ester sulfonates, such as a-suifofatty acid esters, carboxyamide
sulfonates, sulfosuccinic acid esters, ether sulfonates, thiosuifates, phosphates, for

30 example alkyl phosphates or glycerol phosphates, phosphonates, phosphinates and
dithiophosphates.
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wel |- known and are exhaustively described, for example, in Kirk-Q hmer:
Encycl opedi a owaOH&R¥al Technol ogy, volume 18, 4th edition, POIGEPV/HEGeSs
737 et seq.; Rdnpp, Lexikon Chem e, volune 4, 14 h edition, Stuttgart,
New Yor k, 1998, pages 3286 et seq.; Ul m@in s Encycl opedia of Industrial
Chem stry, volunme A19, 30 5th edition, 1991, pages 545 et seq.,

Sttt gart 1063 TBRHES o Sl 935S SOChrRiti Byink HohBpnile et BLGe tis e
structural feaptary)fsedondarypttrtiary Whil apetermaty amirdhiule ealéchivitg alkih aryidad

suitable for the ;I:)rod,uction of the catalysts according to the | nvention

i s the anphi phitalky! vesidues,| alkoxylpted t ammonin ewits, jquaternany yaramaniah esters,

| east one hydr L{lc fanic gro ydr i1 Joni G mjety). and at
| east one hydrg%k’lhﬁn%' s ’rgg(aﬁ@muoi csgggzrﬁﬁn@w’)"% Jﬁgtghﬂﬁggg%ﬂmgﬂch
i oni ¢ surfsace- sdlfs, oRARIhAMEGE sAK! LAY GAELS sABY o RAnineWMides! Bultdifudrsal$ of
surfactants, soaps, enulsifiers, detergents and di spersants. The

hydr ophi | i ¢ i oAvigolmivmpltsrsoquinodinivam saiisiapd ittopyloamisalts. ¢ or zwitterionic
(amphoteric) nature. Exanpl es of anionic groups are carboxyl ate,

sul fonate, sulfate, 10 thiosulfate, phosphonate, phosphi nate, phosphate or

di t hi ophosphat Exﬁh?lé?,sof sEtaBIR cRlsedf of bMmPOAKIsORBHRS AhGdRFRIN Pitterionic
phosphoni um or sul foni um groups. Exanples of zwitterionic groups are

bet ai ne, sul f ofempliotericd igraupi are amine exides) unpsdazdlimwinydérivptivds| suchrasupsdamok
preferably C2-C50 hydr.ocarbon residueg, such as aryl, .15 aral kyl and

Bl kyl T eskldues PR SRS, Shofainry for eRRERISAIOL ' B0 ARGPPPYbEEnSF.c.

however, al so rdRblifes. ERAOR it ahl 10
hydr ophi lic an?%&?l(%b% groups aréelﬁé)égjrcbﬁ%/sl %?e@ogtﬁﬁgtgs’ g‘frkyi @g‘?@g"%@%ﬁg@
(soaps), et her chalimedlegithings (car boxynmethy 20 | ated et hoxyl ates),
pol ycar boxyl ates such as nal onates and succi nates, bile acid salts, for
exanpl e bile acid am des having sul foal kyl and car boxyal kyl residues in
the salt formrya@RO.dH. %Eiﬂc)‘ﬁf:dé-me%ﬁfhgoﬁdﬁﬁﬁﬁ OFL&GSe, also contain two or
(al kanoyl sar cosi nat es?, sul T onam do-

15 more hydrophilic {(anionic and/or cationic and/or zwitterionic) groups or moieties.

‘-

O

Methods for the production of the ionic surface- or interface-active compounds
suitable for the production of the catalysts according to the invention are generally
well known and are exhaustively described, for example, in Ullmann's Encyclopedia

20 of Industrial Chemistry, 5™ edition, volume A25, pages 747-817, VCH, Weinheim,
1994, Kirk-Othmer, Encyclopedia of Chemical Technology, 4™ edition, volume 23,
pages 477-541, John Wiley & Sons, New York, 1997, Tensid-Taschenbuch, 2™
edition, H. Stache (ed.), Carl Hanser Verlag, Munich, 1982, Surfactant Science
Series, volume 1-74, M.J. Schick (Consulting Editor), Marcel Decker, New York,

25 1967-1998, Methods in Enzymology, volume 182, M.P. Deutscher (ed.), pages 239-
253, Academic Press, San Diego, 1990.

Catalyst composition is conventionally analysed by elemental analysis, thermogravi-
metry or extractive removal of the complex-forming components with subsequent

30 gravimetric determination.
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carboxyl ates, sulfates such as al kyl sulfates, ether sulfates, for ﬂe'})égtorrp 'e o

‘fatty al cohol wWexaB#293ul fates, aryl ether sulfates or anido

sul fates, sulfated carboxylates, 25 sulfated carboxylic acid glycerides,
sul fated carboxylic acid esters, sulfated2learboxylic acid am des,

sul fonates, for exanple al kyl, aryl and al kyl aryl sul fonates, sulfonated
carboxyl ates, i LARGLEAoLARPIY A irhiEhtor® Riag T cryubhlif) HaRGBIRArhAIYE 6r
acid am des, carbox ester Sulfonates, such as a-sulfofatty acid esters,
car boxyani de abphowt Esystailinifyois conventionally alakystdebyspovaien &-ray\difitactonedry.

t hi osul fates, phosphates, for 30 exanpl e al kyl phosphates or glycerol
phosphat es, phosphonat es, phosphi nates and dithiophosphates. 1 2 MAR 2004
VO 01134207 PGl BERh SRt AL 6% 1o WU OBl Bn Sk ERREOc bR OU 1S
havi ng hydrophiTrc ¢ oni ¢ groups are Imary, secondary, tertidry and
guat er narg anmmoni um sal ts having al kyl, aryl and aral kyl residues,

al koxyl ated ammoni um salts, quaternary anmmoni um esters, benzyl amoni um
sal ts, al kanol @montinerhexacyanocphalta umsalts, imdazolinium5 salts,
oxazol i ni um sa{)ts, H{BI Ezol iIni gm salts, salts of am ne oxides, sulfonium
salts, quinol Phi unftEPY€05a080 i nol i ni um salts and tropylium salts.

Exanpl es of sugy abl ﬁv&bﬁﬁﬁé&oﬂfplﬁoﬁﬁﬂﬁfg%nib%ﬁbﬁtgoﬁth_@)é_%ﬁﬁié'thﬂ_edfiype.
zwitterionic (‘anphoteric) group are am ne oxides, imdazolinium
derivatives, such as imdazol 10 inium carboxyl ates, betaines, for exanple

| kyl - ' | bet ai . J.Sulf t ai ' b i e d
Dhospnol 110 do. TRo DN FRAED REoBHBE oifhe DIBIoH ate BCPRITALY Prites if ol
surface- or in&ﬁeitag& 1@&5&ufré‘ae@yg)ﬁ@&?sﬁww%%wmc%ﬁmlsmmitﬂnw or

15 nore hydrop anionic and/or cationic and/or zw tterionic) groups
or noieties. Meydnadtssaltey int freeti@iardafcthe dornmila (Hy ihdhe presenckadfesrgamc complex

I nterface-actiyve conpounds suitable for the production, the catal ysts
according to tHgmdsBnwhish ﬁ'Fé‘e&B?Feﬁ‘&P?“V‘athﬁﬁ B"m gg’f?b‘%ireg’eé% Y@Ffa\‘f%l y
descri bed, for Qﬂﬁf ¥ hyilric PEA B QU et Ei@r amid
Chem stry, 5t hcégl Tl c():n, ldv%t%né@% pa%@%%?%%‘@/o , e\%‘e%hei m T amaes
15 thereof, cyclodextrins, phosphorus compounds, o,B-unsaturated carboxylic acid

esters nor ionic surface- or interface-active compounds, and two or more complex-

forming components c).

In this process, the aqueous solutions of the metal salt (for example zinc chloride
20 used in stoichiometric excess (at least 50 mol% relative to the metal cyanide salt))
and of the metal cyanide salt (for example potassium hexacyanocobaltate) are
preferably first reacted in presence of the organic complex ligand b) (for example
tert.-butanol), wherein a suspension forms which contains the double metal cyanide
compound a) (for example zinc hexacyanocobaltate), water d), excess metal salt ¢),

25 and the organic complex ligand b).

The organic complex ligand b) may here be present in the aqueous solution of the
metal salt and/or of the metal cyanide salt, or it is added directly to the suspension
obtained after precipitation of the double metal cyanide compound a). It has proved
30 advantageous to mix the aqueous solutions and the organic complex ligand b) with
vigorous stirring. The resulting suspension is then conventionally treated with a

mixture of two or more complex-forming components ¢). The mixture of two or



1994, " Kirk- t hmer, Encycl opedi a of Chenical Technol ogy, 4t' edition, 12 MAR 208
‘vol une 23, pawWe@dAFBIS41, John WIley & Sons, New York, 1997pCT/EP00/10550

Tensi d- Taschenbuch, 2"d edition, H Stache (ed.), Carl Hanser Verl ag,

Muni ch, 1982, Surfactant Science Series.2yalume 1-74, MJ. Schick
(Consulting Editor), Mrcel Decker, New York, 25 1967-1998, Methods in

press, San' o oP8 soifex thmipe SPRBERTR b s here BRERRYETBr0 S p RRREE iy o,

el enent al anal yatefand the bifagicRoimpléiEligasd 8. extractive renoval of the
conpl ex-form ng conponents w th subsequent 30 gravinetric determ nation.
WO 01/ 34297 -21 1 2 MAR 2001 PCT/ EPOO/ 10550 The catal ysts according to

he i i ystal l.i iall ] i hous.
Oyt al tini ty T8 caRyEnis Bhm i DOk b mippaiin e Ripoh mAPRIs Sl a5
Particul asly pEegirpupRfbnCairTIrS m&g&?&}a&ﬁ%ﬂémddwam theRsohdtéd Ezﬂﬁ’l?ﬁ)is

containing 5 a) zinC hexacyanocobaltate(lll), b) tert.-butanol and’c) two

or t ml)r et conpl ebh;:_ﬂ manl:adg:rﬁoapammn?ssubdndﬂﬁ thd:)u\ge?i_stcamipltbxtlggand bl(fgﬂ' Excanipc
catal ysts accordjn o the inpvention are conventijona produced in an
agueous sol ut | 'ah{"ﬂﬁs resusrendeyl anct then dsolated agaip % fHrRtion.oF contrygatiop). oy s
(1), with metal..cyapi; ' N 0 € JTLH )]:nrc A he
presence of o?{l;]anl c goﬁ&%ﬁﬁtﬂs{?gﬂgﬁl&s@éb%% %\%‘?éﬁ’ gvra%&ensg{ut%her ?ﬁé]%#l ona fsged
pol yners, gl ycautilas pbiassiwm chloyidestrain she cacatysh axoording &cihe imehton. of

pol yhydri ¢ al cohols, bile acids or the salts, esters or am des 15 thereof,
cyclodexﬂ I ns, phosphorus conpounds, a, p-unsaturated carboxylic acid
esters nor ionj r.Jont.erf T G lmgﬁ1 : . e
conpl ex- form Jﬁfé" gg#tpﬁgﬁt&ge %ﬂ)g%?ﬁoﬁﬁfegaﬁp&g}cig?s@@ge aque%mgh%’gﬁﬁﬁngﬁggof
the nmetal saltprefepsbip batwaes 40iand 80hIAY| fifative to the entire solution. It is furthermore

advantageous to add to the aqueous washing solution a small quantity, preferably 0.5

to 5 wt.%, relative to the entire solution, of the mixture of two or more complex-

15 forming components c).

It is moreover advantageous to wash the catalyst more than once. The first washing
operation may, for example, be repeated for this purpose. It is, however, preferred to
use non-aqueous solutions for further washing operations, for example a mixture of
20 the organic complex ligand and the mixture of two or more complex-forming

components c).

The washed catalyst, optionally after being pulverised, is then dried at temperatures
of in general 20 to 100°C and at pressures of in general 0.1 mbar to standard
25 pressure (1013 mbar). )
The present invention furthermore provides the use of the DMC catalysts according
to the invention in a process for the production of polyether polyols by polyaddition
of alkylene oxides onto starter compounds comprising active hydrogen atoms.
30
Preferably used alkylene oxides are ethylene oxide, propylene oxide, butylene oxide
and mixtures thereof. Synthesis of the polyether chains by alkoxylation may be
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20 used in stoichionetric excess (at least 50 nmol%relative to the net
"cyani de sal t)) vemoil/3#R9%1 he netal cyanide salt (for exanpl e potPCIERIBNO550
hexacyanocobal tate) are preferably first reacted in presence of the
organi c conplex ligand b) (for exanple tept. -butanol), wherein a
suspensi on fornms which contains the double netal cyanide conpound a) (for

exanpl e zi nc hexac ogobal tate).. water d excess netal salt e 25 gnd
the organic coﬁﬁﬁ%‘f‘aﬁgr g%{nﬁ‘aﬂ)pae"l*ﬂléh 8P§’a?ﬁ' ¢ MOBRBFR% PP gﬁd’rb'?a brl?i?%”ae
present in theaQuRdysr BYIsts AthCS o D@ifferdt MlonSmletic RPSHidss. Phrthd?AcARs fay
cyanide salt, or it 1s added directly to the suspension obtained after

preci pitation bé fourd moliimegnmeLedyclopddie dier catustriaiian Hhermie, voheme BAAled9I%)
advant ageous to m bhe aqueous sol utions and the organic conplex |igand
b) with vi gorl‘)‘ﬁ%"sﬁt7 ft{ég. The resulting suspension is then
conventional ly treated with a mxture of two or nore conpl ex-form ng
conponents c¢). The m xture of two or 12 MAR 2004 WD 01/ 34297

PCT/ EPO0/ 10550 Stazi2r rompoandspt@uprishigriactivec Rydeogeanitoms) are Spréfetably coinpomidsy
used as a mxture with water and the organic Coﬁil ex ligand b). The

catal yst is thBAVINgdnumber avesge) meolequlaseweighis afs1th go 1X980randet toSshydroey] as

5 centrifugati it jon. |n refer vari %#ti,d' t he

i sol ated catal ys lﬁ;lg'sfr%eﬁr:‘lﬁl‘\;/\‘/lé@ﬁel(TJILl 'bt% hﬁ)lf'gllgtl Oélaégbg’us goﬁ%’fo ‘g‘f E%ﬁ%“%r%)ﬁ:ﬁ}’c
conpl ex |i ganddiethflémer @yeilp! gietilentei gigeol,eSL3peasidsheangyddien] dsitaieaid],
again by filtration or centrifugation). In this nmanner, it is possible to

remove, 8¢ exappmethylenee glysol, (baspherad chn trimsthylolpiopans, glyseroh pentasoythritol,um

chloride, fromyt at al yst gccording.to the invention. 10 The quantity of
t he organic coﬁ%ﬁ%gtgff?r&a%garbﬁcgﬁ&%ﬁéﬂ%ge% & washing solution is

preferably between 40 and 80 wt.% relative to the entire solution. It is
furthernore advantageous to add to the aqueous washing solution a small
quantity, pref Staxisfyc@npounds Somprisigg rastiaei hydrogen hatorast whishs akeitused, amef
the mxture of a&%ta%%ogs?)rr gs%nmn%ﬁ_have been produced, for example, by conventional
15 alkali metal catalysis from the above-stated low molecular weight starter compounds
and comprise oligomeric alkoxylation products having (number average) molecular

weights of 200 to 2000.

The polyaddition of alkylene oxides onto starter compounds comprising active

20 hydrogen atoms catalysed by the catalysts according to the invention generally
proceeds at temperatures of 20 to 200°C, preferably in the range from 40 to 180°C,
particularly preferably at temperatures of 50 to 150°C. The reaction may be
performed at total pressures of 0.0001 to 20 bar. Polyaddition may be performed
without solvents or in an inert, organic solvent, such as toluene and/or THF. The

25 quantity of solvent is conventionally 10 to 30 wt.%, relative to the quantity of
polyether polyol to be produced.

Catalyst concentration is selected such that, under the stated reaction conditions, the
polyaddition reaction may be maintained under good control. The catalyst

30 concentration is generally in the range from 0.0005 wt.% to 1 wt.%, preferably in the
range from 0.001 wt.% to 0.1 wt.%, particularly preferably in the range from 0.001
to 0.0025 wt.%, relative to the quantity of polyether polyol to be produced.



15 formi ng components c). It is noreover advantageous to wash the cat a1l7yg“PR 2004
‘nore than onceWOM&4297r st washi ng operation may, for exanpl ®CTRPOSHSSRt ed
for this purpose. It is, however, preferred to use non-aqueous sol utions
for further washing operations, for examlpg.a m xture of 20 the organic
conplex ligand and the m xture of two or nore conplex-formng conponents

c). The washed catal yst, optionally after being pulverised, is then dried

at tenperatures of in general 20 to 100C and at pressures of in general

0.1 nbar to stZhe@iushber avaRsg) ﬁwl@u(ai:g\l%hmthe poip@hey RIS produesdtus@ the
furthernore provides the use of the I catal ysts according to the

i nvention in aPi9fes6etrsording tohthepinyemtian are inf the oange frem 500 yio| K0BY0 g/mol,

pol yaddi ti on of .al.kyl.e oxi des 0 st onpounds .c ri.si .active
. Pydtogen at omsPreRetty if dfe Siiee Fod "Lt iooioth, o360 Rerecuel Pistobly ifiche
propyl ene 5oxi dengh bt 2506 1930600 g/aldfl M xtures thereof. Synthesis of the
pol yet her chai ns by al koxylation may be 1 2 MAR 2004 WO 01134297
PCT/ EPOO/ 10550 -23 performed, for exanple, with only one nononeric epoxide
or, may al so pgoceed. randqm r in blocks with 2 or 3 djfferent )
nonomeri ¢ epox?‘glé'%‘.ﬁﬂm W%eo%‘?r%“l“gd FRYHRUGUSIY rﬁ’dls"PHt"BH“ﬁli’n fOTERRMPIG Bhdli e
der industriel bam 6hemi%archYProd®s A21, 1992, pages 670 et seq.. S Starter
conpounds conprising active "hydrogen atons are preferably conpounds
havi ng (nunber average) nol ecul ar wei ghts of 18 to 2000 and 1 to 8
hydr oxyl ,.groups. .The foll ow.n y .be nmentioned hy way of exanpl e:
et hyl ene 1§ ycoﬁ,y vigiug o theie dﬁﬁ%?g%f ingreasgd APHNIY &WE@P{YS"E, 3CCRRURE 1@ ibe
glycol, 1,4-bu { d : i .
trimethyl ol pr oggglgt?d'ﬁ[lln%g‘?o , X‘gen aélfv;dta ﬁ}:ﬂtﬁéﬁ%s @gp Eweéﬁ’ewgﬁﬁ%ﬁ the
- degraded st ar cquamtity\af gslyether polyol to be produced). If the polyether polyols produced in the

presence of the catalysts according to the invention are used in the production of
polyurethanes (Kunststoffhandbuch, volume 7, Polyurethane, 3" edition 1993, pp-

15 25-32 and 57-67), it is possible to dispense with removing the catalyst from the
polyether polyol, without having any negative impact on the product qualities of the
polyurethane so obtained.



Starter conpounds conprising active hydrogen atons which are used are1 2 MAR 200
"advant ageous! ywigwigez29rhi ch have been produced, for exanple, PpPgT/EP00/10550
conventional 15 alkali netal catalysis fromthe above-stated | ow nol ecul ar
wei ght starter conpounds and conprise ol ihgomeric al koxyl ation products
havi ng (nunber average) nol ecular weights of 200 to 2000. The

pol yaddi ti on OE alkélene oxi des onto starter conpounds conprising active
20 hydrogen at al ysed by the catalysts according to the invention
generally proceeds at tenperatures of 20 to 200C, preferably in the range
from40 to 180C, particularly preferably at tenperatures of 50 to 150C
The reaction r@ggggglgggggggg%d at total pressures of 0.0001 to 20 bar.

Pol yaddi ti on nay be perfornmed w thout solvents or in an inert, organic
sol vent, such as toluene and/or THE The 25 quantity of solvent is
conventiogaIIyE} R Owm.% relative to the quantity of polyether

pol yol to be ~ Catal yst concentration is selected such that, under
the stated reaction conditions, the polyaddition reaction my be

mai nt ai ned under good control. The catal yst 30 concentration is generally

in the range fPwdrgiaooGa MG, aqatalyst weithoglyearels teicaprpgteand (2 phosphenpprapienis

0.001 wt.%to Q.. .% particu |y preferably in the range from 0. 001
to 0.0025 wt. W‘&Q@%\?&%Ga{aﬁ@{ gﬁlanti ty of polyether polyol to be
produced. 1 2 MAR 2004 WD 01/34297 PCT/ EPO0/ 10550 -24 The (nunber

average) nolecul ar weights of the polyether polyols produced using the
process d8cor dArsglutiontofd 2i5rg/Mt5 romodrad zing chivgrideam e nilrof dissitied watet @oalded

I |, f bly.in the. 000 t 000 I , ti I l
rererably i n B viEStpl Sur AR UMD PrED o 0GR 4 BB phRORSAM e
performed cont hguelsoYoitafdl i Gothi HHRLPled wittf, KEXRER Y HirdfiePa Mkt of

sem -batch process. 10 By virtue of their distinctly Increased activity,
t he catal ysts &¢gamfderhebutanol hmd 50 gvoddistidled vegertie addeddoithe wanltingeuspension

concentrati Onsaugcl2 ﬁnegpsmnﬁ:ﬂeﬁdvi%g:l'o%sy trm? ll%t xin\llneutéso(ﬁggo rpm). A mixture of 0.5 g of
15 glycerol tricaproate and 0.5 g of 2-phosphonopropionic acid triethyl ester, 1 g of
tert.-butanol and 100 g of distilled water is then added and stirred for 3 minutes

(1000 rpm). The solid 1s isolated by filtration, then stirred (10000 rpm) for 10

minutes with a mixture of 70 g of tert.-butanol, 30 g of distilled water, 0.5 g of
glycerol tricaproate and 0.5 g of 2-phosphonopropionic acid triethyl ester and

20 refiltered. Finally, the product is stirred once more (10000 rpm) for 10 minutes with
a mixture of 100 g of tert.-butanol, 0.5 g of glycerol tricaproate and 0.5 g of 2-
phosphonopropionic acid triethyl ester. Afier filtration, the catalyst is dried to
constant weight at 50°C and standard pressure.

25 Yield of dried, pulverulent catalyst: 5.8 g

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 9.8 wt.%, zinc = 23.2 wt.%, tert.-butanol = 3.0 wt.%, glycerol tricaproate =
11.4 wt.%, 2-phosphonopropionic acid triethyl ester = 16.9 wt.%.

30



quanti'ty of polyether polyol to be produced). If the polyether polyols
produced in th Oﬂr’z'éiggce of the catalysts according to the iPr‘r'\T%'ﬁ“ BS54 e
used in the production of polyurethanes (Kunststojf kandbuch, volune 7,
Pol yuret hane, 3'Cl edition 1993, pp. 15 2262 and 57-67), it is possible
to dispense with renoving the catalyst fromthe polyether polyol, wthout

havi ng any neggrx'hﬁlégpact on the product qualities of the polyurethane
so obtained. 1 04 WO 01/34297 PCT/ EPOO/ 10550 -25 Exanpl es Catal yst

preparation 5 Exanple A Production of a DMC catal yst with glycerol

tricaproate and 2- phosphongpropionic 3acid triethyl ester .(catalyst A . 10

A sol ution of M@C@QQ?.%D |qataa¥st271ﬁkaorrﬂ5mrpag cEBEo i e

wat er i s added,_w i FPEN to a solution of 4 g
2otbiholbAREONR, did P tChne0

(12 mmol ) of pot Xxacyanoco of distilled water.
| medi atelsy thereafter, a mxture of 50 g of tert.-butanol and 50 g of
distilled water_is added to the resulting suspension_ and then stirred

vi gorously for The spmaunethod mesmsed gsjn Example; &y excopt that agpalypropylens, glyee))

tricaproate ang. Q. % f.2--Rhosphonanr Qpi onL.c i r4 L gesof
tert. -butanol glrggyci%?g eg‘%fm%l%%e?a@gqnmé?}e@%ssot ggantgdddg%éhﬁ%ﬁl?%} 3 gr 3
m nutes (1000 tridd- esten were iised lisgstdad0dfa196krbl tricaproatt andn2-phbsphofibpropiodic
(10000 rpm for 10 mnutes with a mxture of 70 g of tert.-butanol, 30 g
of distilled waeditnetbylesterof gl ycerol tricaproate and 0.5 g of
2-phosphogbopr opionic acid triethyl ester and 20 refiltered. Finally, the
product iS stirred once nore (10000 rpm) for 10 mnutes with a m xture of

100 g of tert. sheiarakied puiveduleht @ta¥ysered gt ri caproate and 0.5 g of 2-
phosphonopropi onic acid triethyl ester. After filtration, the catalyst is

dried to constant weight at 50C and standard pressure. 25 Yield of dried,
pul verul ent CatE?tlarXesl}tél a?lél%sig, thermogravimetric analysis and extraction:

| Cobalt = 10.3 wt.%, zinc = 23.4 wt.%, tert.-butanol = 1.3 wt.%, polypropylene
15 glycol diglycidyl ether = 20.5 wt.%, 2-phosphonopropionic acid triethyl ester = 8.5

wt.%.

Example C

20 Production of a DMC catalyst with a polyester and cholic acid sodium salt
(catalyst C).

The same method was used as in Example A, except that a polyester prepared from
adipic acid and diethylene glycol and slightly branched by trimethylolpropane having
25 an average molar mass of 2300 (OH value = 50 mg of KOH/g) and cholic acid
sodium salt were used instead of glycerol tricaproate and 2-phosphonopropionic acid

triethyl ester.

Yield of dried, pulverulent catalyst: 4.8 g
30
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El enent al anal X&i)s, t her nogravi netric anal ysis and extraction: Cobal tuMAR 200
9.8 Wt.% zinc™OMBPINt o tert.-butanol = 3.0 w.% gl ycer ACHEROQAPSSBat e

= 11.4 w.% 2-phosphonopropionic acid triethyl ester = 16.9 wt.% 30 1 2
MAR 2004 WO 01/ 34297 PCT/ EPOO/ 10550 -26 B&hyple B Production of a DMC
catalyst with a pol ypropyl ene gl ycol diglycidyl ether and

2- phosphonopr opi&Rental aRA19s; r'%vﬁﬁ&% TRV S igy:The sanme net hod
was used as in Exanple A,gmge’xd(‘:ept that a f)n((l)f1 Bfopy‘%xen%ng 'ycol diglycidyl

ether with an &ebalage 1807 at.ofmsinc of 4D waitd, Rerpibasabbrodopitd4 polgestet =

triethyl ester re used .instead of glycerol tricaproate and

2- phosphonopro&%gm#" &@i‘ﬁaﬁlﬂiséﬂlﬁms"gﬁ%—?.“’ti"@— Yield of dried, pulverulent
catalyst: 6.8 g Elenental analysis, thernogravinetric analysis and
extraction: Cobalt = 10.3 w.% zinc = 23.4 w.% tert.-butanol = 1.3

wt. % pol wpropﬂxa@hng%mﬁsoq glycidyl ether = 20.5 wt.%

2- phosphonopropionic acid tnethyl ester = 8.5 w.% Exanple C 20
Production of a DMC catalyst with a polyester and cholic acid sodiumsalt
(catalyst Q The e th s used as in EXx le A . except 1hat

ol yester pr ephrieLt Adnvte Sabhal s aberm] Mrbrps CH o Bhowhorsy
branched by tr prapidhid 8@ RN esteaicatifyseb)an average nol ar nmass of 2300 (OH

value = 50 ng of KCOHI g) and cholic¢ acid "sodiumsalt were used instead of
gl ycerol tricaproate and 2- phosphonopropionic acid triethyl ester.

10 A solution of 12.5 g (91.5 mmol) of zinc chloride in 20 ml of distilled water is added
with vigorous stirring (24000 rpm) to a solution of 4 g (12 mmot) of potassium
hexacyanocobaltate in 75 ml of distilied water. Immediately thereafter, a mixture of
50 g of tert.-butanol and 50 g of distilled water is added to the resulting suspension
and then stirred vigorously for 10 minutes (24000 rpm). A mixture of 1 g of a

15 glycerol tricaproate (Aldrich), 1 g of tert.-butanol and 100 g of distilled water is then
added and stirred for 3 minutes (10000 rpm). The solid is isolated by filtration, then
stirred for 10 minutes with a mixture of 70 g of tert.-butanol, 30 g of distilled water
and 1 g of the above glycerol tricaproate and refiltered. Finally, the product is stirred
once more (10000 rpm) for 10 minutes with a mixture of 100 g of tert.-butanol and

20 0.5 g of the above glycerol tricaproate. After filtration, the catalyst is dried to
constant weight at 50°C and standard pressure.

Yield of dried, pulverulent catalyst: 5.3 g
25 Elemental analysis, thermogravimetric analysis and extraction:

Cobalt = 12.3 wt.%, zinc = 27.0 wt.%, tert.-butanol = 7.2 wt.%, glycerol tricaproate
=3.7 wt.%.



Yield of dried, pulverulent catalyst: 4.8 g 30 1 2 MAR 2004 WD 01/ 34D@MAR 7204
“PCT/ EPOO/ 10550W®H/®M¥ent al anal ysis, thernogravinetric analRCIVEPONISS0
extraction: Cobalt = 12.7 w.% zinc = 25.2 w.% tert.-butanol = 4.2

w.% polyester 12.8 wt.% cholic acid s@gumsalt = 3.7 wt.% 5 Exanple

D (Conparison) Production of a DMC catalyst with glycerol tricaproate

w t hout 2-phos FORLQ0L cidtriethyl ester (catalyst D) 10 A
sol ution of 12.39lQle Bimifiso zinc chloride in 20 m of distilled

water is added wth vigorous stirring (24000 rpm) to a solution of 4 g
(12 mml ) of potassium _hexacyanocobaltate in 75 nl of distilled water.

| mredi at el y t hBraduetiqr of DMG eatplystovith Bphgsphoneprepionis acithiiethyh gsteowishayt
distilled water,.| ded to,the resulting suspension and then stirred

vi gorously for B ?%@at(eé%%&sti;m_ A mxture of | g of a 15 glycerol
tricaproatse (Aldrich), | g of tert.-butanol and 100 g of distilled water
is then added and stirred for 3 mnutes (10000 rpm. The solid is

i sol ated by fi The aamermethidwassised rasdnfExandle D fednemarison)y eacept xhatr 2-pbés-70
g of tert.-butanol, 30 of .distil]ed water _and I of the above gl ycerol
tricaproate anB"OPFH ‘"eo‘?c“gitﬁﬁihlyb,esfeﬁe&g%ugﬁsi%s tﬁ“rs'ieég 0‘2&% 53&51%55
(10000 rpm fomc;grog{erﬁ.&ﬁﬁan @ mxture of 100 g of tert.-butanol and 20
0.5 g of the above glycerol tficaproate. After filtration, the catalyst is
dried to constant weight at 50C and standard pressure. Yield of dried,

pul verul ent catal yst: .53 25 El enental anal ysis, thernogravinetric
anal ysi s 1Qnd e&l?erléeg%?ﬂ’ PE%S&??“@ME]Z.S%S\&S% zinc = 27.0 wt. %
tert.-butanol = 7.2 wt.% glycerol tricaproate = 3.7 wt.% 1 2 MAR 2004
WD 01/ 34297 PCT/ EPOO/ 10550

Elemental analysis, thermogravimetric analysis and extraction:

hn

Cobalt = 10.2 wt.%, zinc = 23.5 wt.%, tert.-butanol = 2.3 wt.%, 2-phosphono-
propionic acid triethyl ester = 26.1 wt.%.

15
Example F (Comparison)
Production of a DMC catalyst with polypropylene glycol diglycidyl ether without
2-phosphonopropionic acid triethyl ester (catalyst F)

20

The same method was used as in Example D (comparison), except that
polypropylene glycol diglycidyl ether having an average molar mass of 640 (Aldrich)

was used instead of the glycerol tricaproate from Example D.
25 Yield of dried, pulverulent catalyst: 6.0 g

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 8.7 wt.%, zinc = 20.2 wt.%, tert.-butanol = 4.2 wt.%, polypropylene giycol
diglycidyl ether ligand = 30.5 wt.%.
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-28 .Exanpl e E (Conpari sop) Production of a DMC catal yst with 1 2 MAR 2004
- 2- phosphonopr opicoswrazerci d triethyl ester without glycerol tPCTHEPORHNISSO
(catalyst E) 5 The sanme nmethod was used as in Exanple D (conparison),

except that 2-phos- phonopropionic acid trigethyl ester (Fluka) was used
instead of the glycerol tricaproate fromExanple D. 10 Yield of dried,

pul ver ul ent cahal St C9 El enental anal ysis, thernogravinetric anal ysis
and extracti onM X OHPansQR) o5 zinc = 23.5 w.% tert.-butanol = 2.3
wt. % 2-phosphono- propionic acid triethyl ester = 26.1 w.% 15 Exanple F
(Comparison) Production of a DMC catal yst with pol ypropyl ene gl ycol

di gl yci dyl et herodottidoof a PMO aatahsh epthopi polyestenorvithout ickoliy lacidstodium salt
(catalyst F) 20 The sanme net hod was used as in Exanple D (conparison),
except that p | ene gl ycol diglycidyl ether having an average nol ar

mass of 6 (Aldrich) was used instead of the glycerol tricaproate from
Exanple D.” 25 Yield of dried, pulverulent catalyst: 6.0 g El enental
anal ysi s, ther Thekaié mthiddcwadaded s Sn Bxdmple Dacbinpirisotf exbépt thdk . a’polyestér

zinc = 20.2 wm.% tert.-butanol = 4.2 w.%_ polypropylene glycol
di gl yci dyl et herepriedafign: @lipis wgid ognd3clighylgns Riyept and Ezg%mm@hed by

(Conpari son) Zml\r/‘no‘gh)zwlgﬂf%opane having an average molar mass of 2300 (OH value = 50 mg of
KOH/g) was used instead of the glycerol tricaproate from Example D.
10

Yield of dried, pulverulent catalyst: 3.9 g

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 12.2 wt.%, zinc = 25.7 wt.%, tert.-butanol = 7.1 wt.%, polyester =
15 12.3 wt.%.

Example H (Comparison)

Production of a DMC catalyst with cholic acid sodium salt without polyester
20 (catalyst H)

The same method was used as in Example D (comparison), except that cholic acid

sodium salt was used instead of the glycerol tricaproate from Example D.
25 Yield of dried, pulverulent catalyst: 4.2 g

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 12.6 wt.%, zinc = 27.3 wt.%, tert.-butanol = 10.9 wt.%, cholic acid sodium
salt = 4.3 wt.%.
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PCT/-EP00/ 10550 Production of a DMC catalyst with a polyester without? 7 MAR 2004
‘cholic acid soswoenw®2d7t (catalyst G 5 The sane net hod was PETEPDE10580
Exanpl e D (conparison), except that a polyester prepared from adipic acid
and di ethyl ene glycol and slightly branchegg _by trinethylol propane having

an average nolar mass of 2300 (OH value = 50 ng of KOH g) was used

I nstead of the_glycerol _.trjicaproate from Exanple D. 10 Yield of dried,

pul ver ul ent cagg!?iﬁ?ﬂm&ﬁm anal ysi s, thernogravinetric analysis
and extraction: Cobalt = 12.2 wt.% zinc = 25.7 w.% tert.-butanol = 7.1
wt.% polyester 15 12.3 w.% Exanple H (Conparison) Production of a DMC
catal yst w th Gen¢rabmethod sodi um salt wi thout polyester 20 (catalyst H)
The sane nmethod was used as in Exanple D (conparison), except that cholic
acid sodiumsalt was used instead of the glycerol tricaproate from

Exanmpl e Dc 25 ¥hel | ; s ht =

anal ysi s, 5t her rsr(%groa\?? #@PJ rdlyc;&q'g Qfé %glﬁéﬁéé%g&ggﬁgﬁﬁ?@ﬁr é‘é%%% rﬁb@gﬁlgf %kl\ﬂht %
zinc = 27.3 wt 1000 gandl) abdtsang@l of-catflyQ (@6 .pm,clebitive tache quastityrof mdyether
4.3 wt.% 30 1 2 MAR 2004 WD 01/34297 PCT/ EP0OO/ 10550 - 30 Production of
pol yet her pol yBPkolGEhdeaprodtadd dre imitially dntrosbicodriniey R0 glyaupclayeapndar
compound (nunbs}’ot&:\{i%g ag%se (anl%loncglgcii heated %‘ t10?"C while being stirred. Propylene oxide
(approx. 5 g) is then added in a single portion until the total pressure has risen to

10 2.5 bar. No further propylene oxide is then apportioned until an accelerated pressure

drop is observed in the reactor. This accelerated pressure drop indicates that the

catalyst has been activated. The remaining propylene oxide (145 g) is then

continuously apportioned at a constant total pressure of 2.5 bar. Once all the

propylene oxide has been apportioned and after 2 hours' post-reaction at 105°C,

15 volatile fractions are removed by distillation at 90°C (1 mbar) and the temperature

then reduced to room temperature,

The resulting polyether polyols were characterised by determining their OH values,

double bond contents and viscosities.

20
The course of the reaction was monitored using time/conversion curves (propylene
oxide consumption [g] vs. reaction time [min]). The induction time was determined
from the intersection of the tangent to the steepest point of the time/conversion curve
with the extended baseline of the curve. The propoxylation times of significance to
25 catalyst activity correspond to the period between catalyst activation (end of

induction period) and completion of propylene oxide addition. The total reaction

time is the sum of the induction time and propoxylation time.



1000 g/nol) and 5 ng of catalyst (25 ppm relative to the quantity of1' 2 MAR 2004
"pol yet her pol ¥OI101836298e produced) are initially introduced i REGERIZSS50]
aut ocl ave under protective gas (argon) and heated to 105C whil e being
stirred. Propylene oxide (approx. 5 g) L8lthen added in a single portion
until the total pressure has risen to 10 2.5 bar. No further propyl ene
oxide is then isoned until an accelerated pressure drop is observed
in the reactor'ﬂﬂﬂeflaccel erated pressure drop indicates that the

cat al yst has been activated. The remai ning propyl ene oxide (145 g) is then
continuously apportioned at a constant total pressure of 2.5 bar. Once all
the propyl eneProductionfpolysther polpalrwittoeatalyst #d(23fap81) 2 hours' post-reaction
at 105C, 15 volatile fractions are renoved by distillation at 90C (1 nbar)
and the tenperature then reduced to roomtenperature. The resulting

pol yet her pol ypligctidrifn&har act eri sed by determ ni ng thejigp OHnye! ues,

doubl e bond contents and viscosities. 20 The course of the reaction was
moni t or ed usi NBropoxyatemrivee:si on curves (propyl ene oxi deldconsumpti on [ g]
vs. reaction tjine [mn]). The induction tine was deternm ped fromthe

i ntersection of RHERUANIHRE to the steepest point of t i i tonver si on
curve wtht basehi f ve. The propgyylation times of
si gni ficance Pg()lgéhc ta ;'st %ﬁ?\%‘%}m?gﬁ)e ond to the period between
catal yst activation (end of Dadicbomiconent (anoblig): conpl & i on of propyl ene
oxi de addition. The total reaction tine is the sumof the induction tine
and propoxyl ation time. 12 MAYsegty, 2570 (@Fesi297 PCT/ EPRY 10550 - 31

Exanpl e | (Production of polyether polyol with catalyst A (25 ppm

I nduction™time: 100m n Propoxylation tinme:40m n Total reaction tinme:140m n

Example 2

Production of polyether polyol with catalyst B (25 ppm)

Induction time: 140 min
Propoxylation time: 37 minn
Total reaction time: 177 min
Polyether polyol: OH value (mg KOH/g): 30.0
Double bond content (mmol/kg): 7
Viscosity, 25°C (mPas): 821

10



Pol yether pol yol : OH val ue (ng KOH g):29.4 Doubl e bond content (nmol/ kd)z. 5AR 1004
"Viscosity, 25CWMNR&9397845 5 Exanple 2 Production of pol yet h@CTERK/ISS t h
catalyst B (25 ppm) Induction tine:140m n Propoxylation tine:37m n Tot al
reaction tinme:177mn Pol yether polyol: O4H3gal ue (ng KOHI g):30.0 Doubl e

bond content (mollkg):7 Viscosity, 25C (nPas):821 10 WD 01/ 34297 -32

Exanple 3 Pr od%&_ff pol yether polyol with catalyst C (25 ppm 1 2 MAR
2094 PCT/ EPOO nduction tinme:80m n Propoxylation tinme:27m n Tot al
reaction tinme: 107m n Pol yet her pol yol: OH val ue (ng KOHlg): 30.1 Doubl e bond
content (mmol |l kg):7 Viscosity, 25C (nPas):863 5 If the catalyst is not
removed, the nBroguctiareimelysther phlvobwitl catalyst: C 225 ppr) ppm Co = 2 ppm

Induction time: 80 min
Propoxylation time: 27 min
Total reaction time: 107  min
Polyether polyol: OH value (mg KOH/g): 30.1
Double bond content (mmol/’kg): 7
Viscosity, 25°C (mPas): 863
5
If the catalyst is not removed, the metal content in the poiyol is: Zn = 5 ppm, Co =
2 ppm.
Example 4 (Comparison}
10

Production of polyether polyol with catalyst D (25 ppm)

Induction time: 166 min

Propoxylation time: 291  min

Total reaction time: 457 min

Polyether polyol: OH value (mg KOH/g): 30.9
Double bond content (mmol/’kg): 8

Viscosity, 25°C (mPas): 874



Exanpl e 4 (Conparison) 10Production of polyether polyol wth catal yst Il MAR 2004
(25 ppm) | ndUCBIOO(HBﬂ? : 166nm n Propoxyl ation time:291ni n Tot BCTELN1156H
time:457m n Pol yet her pol yol: CH val ue (ng KOHIg):-30. 9 Doubl e bond cont ent
(mmol / kg): 8 Viscosity, 25C (nPas):874 12-NBR 2004 WO 01/ 34297 -33 Exanpl e
5 (Conpari son) Production of polyether polyol wth catalyst E (25 ppm
PCT/ EPOO/ 10550k awigfel 3 %ﬁ? #Bsehym n Propoxylation tinme:110m n Tot al
reaction tine: m n r pol yol : OH val ue (nmg KOH g):29.9 Doubl e bond
content (mmol/kg): 10 Viscosity, 25C (nPas):862 5 Exanple 6 (Conpari son)
Production of polyether, polyol wth catalyst (25 ppm Induction
time:154mi n Pr %ﬁ’g W%?fm?ﬁﬁ?%ﬁrwtéﬁ?%%@r%&iﬁm time: 191mi n Pol yet her
pol yol : OH value (ng KOHI g):30.7 Doubl e bond content (mrol/kg):7

Induction time; 99 min
Propoxylation time: 11¢  min
Total reaction time: 209 min
Polyether polyol: OH value (mg KOH/g): 299
Double bond content (mmol/’kg): 10
Viscosity, 25°C (mPas): 862

Example 6 (Comparison)

Production of polyether polyol with catalyst F (25 ppm)

Induction time: 154  min
Propoxylation time: 37  min
Total reaction time: 191 min
Polyether polyol: OH value {mg KOH/g): 30.7
Double bond content (mmol/kg): 7
Viscosity, 25°C (mPas): 809

10



, 12 MAR 700
Viscosity, 25C (nPas):809 10 WO 01/34297 -34 Exanple 7 Conpari song -

Production of WEI034292r pol yol with catal yst G (25 ppm PCT/BFHE

| nduction time: 130m n Propoxylation tinme: 150m n Total reaction timnme:280m n
Pol yet her pol yol : OH val ue (nmg KOHI g): 29. 53®eubl e bond content (mmollkg):5
Viscosity, 25C (nmPas): 861 5 Exanple 8 (Conparison) Production of

pol yet her pol ambbil ony! (25 ppm Induction time:217mn

Pr opoxyl ati on . ' eaction tine:250m n Pol yet her pol yol: OH
value (nmg KOHI g):29.6 Doubl e bond content (mmol/kg):6 Viscosity, 25C
(mPas) : 855 10 Under, the reaction conditions described above, catal ysts
A-C, whi ch corkmafisctionef pelystherralyel witheptdlyhCo#ePapart from ‘
tert.-butanol, exhibit higher activity than catalysts D-H which contain
only one conplex ligand apart fromtert.-butanol. 15 Catalyst A, which
cont ai ns bot h pdyamnhaimd:ri capr oate and 2- phosphonopropii@oic i d triethyl
ester as conpl ex-form ng conponents, thus exhibits substantially higher

Propoxylation time: 150 min
Total reaction time: 280 min
Polyether polyol: OH value (mg KOH/g). 29.5
Double bond content (mmol/kg): 5
Viscosity, 25°C (mPas): 861
5
Example 8 (Comparison)
Production of polyether polyol with catalyst H (25 ppm)
Induction time: 217 min
Propoxylation time: 33  min
Total reaction time: 250 min
Polyether polyol: OH value (mg KOH/g): 29.6
Double bond content (mmol/’kg): 6
Viscosity, 25°C (mPas): 855
10

Under the reaction conditions described above, catalysts A-C, which contain two
complex-forming components apart from tert.-butanol, exhibit higher activity than
catalysts D-H, which contain only one complex ligand apart from tert.-butanol.

15 Catalyst A, which contains both glycerol tricaproate and 2-phosphonopropionic acid
tnethyl ester as complex-forming components, thus exhibits substantially higher
activity, in particular with regard to propoxylation time, than do catalysts D or E,
which contain glycerol tricaproate or 2-phosphonopropionic acid triethyl ester
respectively as the complex-forming component.

20



‘abti'vi‘ty, in particular with regard to propoxylation tinme, than do 17 MAR 2004
catal ysts D orM@013#f7ch contain gl ycerol tricaproate or PCT/EP00/10550

2- phosphonopropionic acid triethyl ester respectively as the

conpl ex-form ng conponent. 20 12 MAR 2004 35W0 01134297 PCT/ EPOOQ 10550 -35
Exanmpl es 1-3 show that, by virtue of their distinctly increased activity,
the novel uVCEﬁzﬂ{;ﬁb%?b%hﬂ@QﬂitdbynﬁrthQ of IHfeir FRFBHY BRRrBBM REivi7 e hbvel N
production of polyether polyol 1n such I'ow concentrations that It iIs
possi bl e to di DpD satalysts laccording torthetiimeention iraly pe iséd inrthe podpctionodf. pobyetizr VAR
2004 -36 Cainms 1. A dquple netal cyanide. (DVQ)-catalyst conprising,5 10
2. 153. 4. 20 Bolyeljp sugh loy; congeniratighgthabit iy RQSH%MP dwé?ﬁea'@ﬂwwmﬁl?e b) at
| east one Orga@ét%ly& m&i Jli gand which is differnt fromc), c) at |east
one pol yester an east” one bile acide, bile acid salt, bile acid ester
or bile adid am de. A DMC-catal yst according to claim1, which
additionally conprises d) water




and/or e) water-soluble netal salt. A DMC-catalyst according to claiq #aR 2004
wherei n the double netal cyanide conpound is zinc hexacyanocobaltate(f).

A DMC- cat al yst according to any one of clains | to 3, wherein the organic
conplexing ligand is tert.-butanol. A process for the production of

pol yet her polyols by pol yaddition of _gtkylene oxides to starter conpounds
conprising active hydrogen atons in the presence of at |east one
DMC- cat al ysts according to any one of clains | to 4. Use of DMC-catal ysts
accordi ng toClaimsone of clains 1 to 4 in the production of polyether

pol yol s by pol yaddition of al kyl ene oxides to starter conpounds

conprising active hydrogen atons.

1. A double metal cyanide (DMC)-catalyst comprising
5 a) at least one double metal cyanide compound,
b) at least one organic complexing ligand which is diffemt from c},

c) at least one polyester and at least one bile acide, bile acid sait, bile

10 acid ester or bile acid amide.

2. A DMC-catalyst according to claim 1, which additionally comprises d) water

and/or €) water-soluble metal salt.

15 3. . A DMC-catalyst according to claim 1, wherein the double metal cyanide
compound is zinc hexacyanocobaltate(11I).

4, A DMC-catalyst according to any one of claims 1 to 3, wherein the organic
complexing ligand is tert.-butanol.

20
. 5. A process for the production of polyether polyols by polyaddition of alkylene
oxides to starter compounds comprising active hydrogen atoms in the
presence of at least one DMC-catalysts according to any one of claims 1 to 4.
25 6. Use of DMC-catalysts according to any one of claims 1 to 4 in the production

of polyether polyols by polyaddition of alkylene oxides to starter compounds

comprising active hydrogen atoms.



